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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.

Keywords: Black Sea, European sector, Arctic, sea level, atmospheric circulation, ice cover

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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Hano obocnosanue axmyanvnocmu cxopeuutell dKoro2uzayuu 1ecnozo odpasosanus 8 Poccuiickoi ®@edepayuu Ha
OCHO6€ CPABHUMENbHO20 AHAIU3A YHeOHbIX NIAH08 N0020mMOosKU bakanaspog no nanpaeienuio 35.03.01 «Jlecnoe denoy
6 18-mu eyzax Poccuu. Buviserena 6 yueOmvlx nianax npeocmaieHHOCmb OUCYUNIUH, KOMopbvle Gopmupylom
cospementble 632715106l HA OKPYJICAIOWYIO Cpedy U HANpAasisiiom HA peuienue npobiemvl COXpAHeHUue Jeco8 KAk
2apaHmo8 COXpaneHusi OUONO2UYECKO20 PA3HO0OPA3Us U YCMOUYUBO20 NOOOEPICAHUSL 2N0OANLHO20 KIUMAMA.
Ipusedenvl Kpamxue pekOMeHOAyuu no KOPPEKMUpogKe VueOHbIX WIAHO8 6 JeCHbIX 8Y3aX 6 HANpasieHuu
UCNONBL308AHUSL 8 0OPAZ0EAHUU MEOPEMUYECKUX PA3PADOMOK 6 0OIACMU ONMUMATLHOU TeCUCHOCTU, DAYUOHALLHO2O0
PazMewenust IeCHbIX HACANCOeHUT, ONMUMANIbHO20 NOPOOHO20 U GO3PACMHO20 COCMABA Jlecos8, NPU KOMOPOM
MAKCUMATLHO RPOSGTSIONCS UX IKOIOSUYECKUE CEOUCMEA.

KiroueBble ¢jI0oBa: JIMKBUAINS JECHOTO MOKPOBA, KOHIICIIIH JICCHOTO Hacoca, MpodaHalys B €CTCCTBEHHBIX HAyKaXx,
TEOpHsi OMOTHYECKOM PEryJISIIIHU, YPOBCHb SKOJIOTHUECKOTO 00Pa30BaHMUs.

Keywords: forest cover elimination, forest pump concept, profanation in the natural sciences, theory of biotic
regulation, level of environmental education.

INTRODUCTION

At the end of 2005, Professor V.G. Gorshkov, the author of the scientific concept of biotic regulation of the
environment [Gorshkov, 1995], together with A.N. Makarieva, put forward the theory of the biotic pump of
atmospheric moisture [Gorshkov, Makarieva, 2006; In memory of Viktor Georgievich Gorshkov, 2020], according to
which virgin forests and swamps provide transport of moist air from the ocean to land. With this conclusion, the authors
are trying to draw the attention of the scientific community and authorities to the catastrophic consequences of large-
scale destruction of forest cover in many countries, including Russia. In the open letter dated 05.05.2006 (Forests as
guarantors of the existence of Russian rivers and life on land (on the issue of adopting a new Forest Code))
[https://www.bioticregulation.ru/life/les2_r.php] they noted: “Scientific evidence has been obtained that the existence of
rivers and precipitation on land is determined by the activity of undisturbed natural forests. An undisturbed forest is a
living pump using solar energy to pump atmospheric moisture evaporated from the surface of the ocean onto land. It is
shown that droughts, fires, floods, as well as hurricanes and tornadoes on land are the consequences of forest cover
disturbance and the termination of the forest moisture pump operation. The destruction of the forests leads to the
complete desertification of continents."”

In this regard, the need to form a competent community of universal scientists and specialists from various
branches of the economy, who are deeply versed in the theory of biotic regulation of the environment, is becoming
increasingly acute. Appropriate environmental education should contribute to the formation and development of this
community.

PROBLEM STATEMENT.

The low level of environmental education in forestry universities in Russia hinders the penetration and
development of the environmental ideas in the field of forest policy, science and practice.

In our opinion, the problem comes from the fact that natural science disciplines are poorly represented in the
curricula of training in this area: theoretical physics, evolutionary biology, meteorology and climatology, the ecological
cycle of knowledge (ecology, nature management, etc.), that is, all those academic disciplines that, according to V.G.
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Gorshkova (2006) "form views on life and the environment" and guide to solving the problem of forest conservation as
guarantors of conservation of biological diversity and sustainable maintenance of the global climate.

The purpose of our study was to provide comparative analysis of the content in the curricula of disciplines
forming modern views on the environment. The objective of the study is to identify a potential direction for optimizing
the content of curricula with disciplines of the environmental cycle of knowledge.

MATERIALS AND METHODS OF STUDY

When choosing universities for the survey, we used such an integral indicator as the rating for 2019. Experts
have traditionally adopted the main criteria in compiling the rating: the quality of education, scientific activity,
international relations, the demand for university students by employers. 496 universities participated in the rating (out
of 2067 universities in the country). 52 universities of them provide training in accordance with the bachelor's degree
program 35.03.01 Forestry. They annually graduate more than one thousand specialists in forestry and forestry
management [https://vuzoteka.ru/universities//JlecHoe-nen0-35-03-01].

The main source materials became the curricula of the surveyed universities in the program 35.03.01 Forestry,
which provide a quantitative characteristic in hours of the share of the academic load in physics, biology, meteorology
and ecology. We have selected universities included in the "TOP-10", as well as for representativeness, universities in
the middle and lower positions.

The data obtained during the survey allowed analyzing the information contained on the websites of the
institutes of higher education and identifying the main problems on the way to the formation of modern views on the
environment among future forest workers.

STUDY RESULTS AND THEIR DISCUSSION

Analyzing the table, it is difficult to disagree with the associate professor of the Ural State Forest Engineering
University E.Yu. Serova [Serova, 2016, p. 23-24] that “the quality of training of specialists in Russian forestry institutes
of higher education raises certain questions” from the fact that “there is a lack of breadth of outlook on life, knowledge
in related fields - forest biology, chemistry, economics, social sciences, etc. The forest education is most often very
narrow, technical, aimed more at mastering the implementation of routine procedures that have been developed over
decades than at critically comprehending and reworking these procedures from the standpoint of modern science and
practice. The rapid development of related fields of science, primarily biology and chemistry, has very little effect on
the theoretical foundations of Russian forestry and has very little effect on the standards of forest education.”

Considering the presence in the curricula of disciplines that form modern views on the environment (be
reminded that they are necessary for understanding the role of natural forest ecosystems in the biotic management of the
environment and understanding the processes of functioning of the biotic (forest) pump of atmospheric moisture, etc.),
it is necessary to note the following methodological and methodical errors.

1) in 6 out of the 18 universities presented in the table, the physics was taught in a small amount - 108 hours for
the entire period of study, in one - only 54 hours, and in another - it was not presented at all;

2) in 5 out of the 18 universities, the role of biology is "downplayed” (180 or less hours for the entire period of
study);

3) in 10 out of 18 universities, meteorology and climatology were taught in an abridged version, and in another 5
universities, these disciplines, traditionally considered relevant for forest workers, were ignored when compiling the
curricula;

4) in 6 out of 18 universities the role of environmental disciplines was clearly “belittled”, and in another one, the
ecology as a discipline was not included in the curriculum;

Only in 3 out of 18 universities (items 1, 2 and 4 in Table 1) we have not identified methodological and
methodical errors hindering the formation of modern views on the role of the natural forests in the sustainable
maintenance of the global climate.

CONCLUSIONS

To repair the current situation in the forest education, the curricula is needed to be essentially adjusted by
increasing the role of disciplines that form the modern views on forests as "guarantors of the existence of Russian rivers
and life on land."” It is this idea that is being implemented by the leaders of the forest education: the National Research
Tomsk State University, the Pacific State University and the Siberian State University of Science and Technology. In
the curricula of these universities, a significant number of hours is devoted to the study of the disciplines of the natural
science cycle (physics, biology, climatology and meteorology, ecology) reflecting the modern methodology of biotic
regulation of the environment.
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BBEJIEHUE

OO0 akTyaJbHOCTHM ODKOJOTH3ALMH JIECHOTO XO3JHCTBa HACTOSTEIBHO BBICKA3bIBAINCH BEAYIIHUE
OTCUECTBCHHBIC IKOJIOTH coBpeMeHHocTH. Tak, H.®. Peitmepc [Peiimepc, 1994, C. 231] ceroBan: «Expa mu
Kakas-To 00JacTh YeIOBEYECKOH AESITeNPHOCTH TaK Jajeka OT AKOJIOTHYECKHX HJEallOB, KaK JIECHOW H
IpyTHe BHIBI MPOMBICIOB». Cpear OCHOBHBIX JKOJOTHYECKHX MPOOIEM B JISCHOW OTPACIH OH BB
creaytomue [Peiimepc, 1994, C.232-233]:

- IUIOIIanb JIECOB, OCOOEHHO TPOMHYECKUX W CHOMPCKONH TaWTH, CTPEMHUTEIBHO COKPAIIAeTCs
(Tpormueckux Ha 11-12 MiTH. Ta B TOJ, TaliTM Ha TOYHO HEW3BECTHYIO IUIOMIAb, BUANMO, HA 2-3 MIIH. Ta B
ron);

- JyYlIMe JIECOMPOMBICIOBBIE TEXHOJOTMU COXPAHSIOT JIECONOKPBITYIO IUIOmaab (Hampumep,
CKaHIMHABCKasi TEXHOJIOTHS), MAIOT OONBIINN MPHPOCT APEBECHHBI, HO PE3KO OMOJAXKHBAIOT JIeC W
MPEBPAIIalOT €ro B MAPKOBbIE HACAXKACHUS, B KOTOPBIX JIeC HE JOCTUTAET YKOJIOTMYECKOM 3peocT, MyCcTeeT
OT MHOTUX BUAOB OUOTHI, IErpagiupyeT Kak IKOCUCTEMA;

- BEJIETCS XUIITHUYIECKHI MPOMBICET BCEX TaK Ha3bIBAEMBIX HEJPEBECHBIX MOJIE3HOCTEH Jieca;

- IO CUX TIOp HE OCO3HAETCS, UTO aKKJIIMMATH3AIUS «TIOJIE3HBIX» BUOB B JIECaX aHTUIKOJIOTUIHA.

B xonme 2005 r. mpodeccopom B.I'. ['OpmikoBeiM, aBTOpOM HAYYHOH KOHIICTIIIUH OUOTHYECKOM
perymanun okpyxaromei cpeasl [Iopmkos,1995], coBmectHo ¢ A.H. MakapseBoil BBIABHHYTa TEOpHUS
ouotuyeckoro Hacoca armocdeproii Biaru [['opiikos, Makapbea, 2006], corniacHo KOTOpOii JI€BCTBEHHbBIC
neca W 0oj0Ta 00eCeYrBalOT TPAHCIOPT BIAXKHOTO BO3AyXa C OKeaHa Ha cymry (puc. 1). DTta Teopus
y6eI[I/ITCHI)HO MOATBECPIKAACTCA aHAJIM30M HAKOINJICHHBIX JAHHBIX 10 MUPOBBIM OCaJiIKaM Ha CyllI€ U B OK€aHC.

TP S \"' &
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Pucynok 1. Cxema (B.I'Topuikos). Eciu BeIpyOuTS Jieca, BeTep He OyIeT AyTh C OKeaHa, M HaJ CyIIed He
BeimanyT goxkau [https://ecodelo.org/rossiyskaya federaciya/44599-pamyati_viktora_georgievicha_gorshkova]

Onmpasick Ha KOHIENTYaAIbHBIH MOIX0J K PACCMOTPEHHUIO B3aWMOJEHCTBHUS OMOTHI C OKpYKaromei
CpeJIoi, OHH JIOKa3EIBAIOT [https://ecodelo.org/rossiyskaya_federaciya/44599-pamyati_viktora
georgievicha_gorshkova], uro:

e CYIIECTBYIOIIMKA TPHUPOAHBI OWOTHYECKHI MeXaHW3M YIPaBJICHUS OKpYXKarolled cpemou
OecrperieieHTeH BO BeeneHHoM 1o cBOeH CI0KHOCTH U 3 PEKTUBHOCTH;

e B OTCYTCTBHE OMOTHYECKOTO YIpaBJICHUS OKpYXaromias cpelia M KIuMar 3eMi ObICTpO TMepeuayT
B COCTOSTHHE, HEMPUTOHOE JJIS )KU3HU YeJIOBEKa;

e yCTOMUMBOE MOAJEpKaHWEe OJaronpuATHBIX MapaMEeTPOB OKpY’Karollell cpelsl HEBO3MOXKHO 0Oe3
COXpaHEHUS €CTECTBEHHBIX 3KOCHCTEM B INTOOALHBIX MaciTadax.

Takumu BBIBOJIAMH 3TH Y4YE€HBIE CTaparoTcs TPHBIEYh BHUMAaHHE Hay4yHOH OOIIECTBEHHOCTH
U BJIACTEH K KaTaCTPOPUUECKUM TOCIEACTBUSIM IIUPOKOMACIITAOHOH JHMKBHIALMU JIECHOTO IOKPOBa BO
MHOTUX CTpaHaX, B ToM umciie u B Poccuu. B otkpbiTom muceme ot 05.05.2006 t. (Jleca kak rapaHTBHI
CYLIECTBOBAaHUS PYCCKHX PEK M IKU3HM Ha cyme (K BOompocy o nmpuHiatuu HoBoro JlecHoro Kopekca))
[https://www.bioticregulation.ru/life/les2_r.php] umu otmeueno: «IlonydeHbl HaydHbIC JTOKA3aTEIbLCTBA
TOro, 4YTO CYIIECTBOBAaHME PEK M OCAAKOB Ha CyIIE OIpenensieTcs ACSTeJbHOCThI0 HEHApyIICHHBIX
€CTECTBEHHBIX JiecoB. HeHapylieHHBIN Jec mpencTaBiseT co0Oil KMBOM HAacoc, HA OCHOBE COJIHEYHOMH
SHEPrUY 3aKaYMBAIOIINK Ha CyIly aTMOC(EPHYIO BIIary, HCIIaPUBIIYIOCS C MMOBEPXHOCTH OkeaHa. [lokazaHo,
YTO 3aCyXH, [T0Kaphbl, HABOJHEHU, a TAK)KE yparaHbl U CMEPYH Ha CYyIIE SIBJIAIOTCA CIEACTBUEM HapyIICHUS
JIECHOTO IIOKPOBA U MpPEKpallleHusl AECWCTBUS JIECHOTO HAacoca BJAard. YHUYTOXEHHE JIECOB IMPHUBOIUT
K TIOJTHOMY OITyCTHIHUBAHHUIO KOHTHHEHTOBY.

U3 stoit HOBOM (usmueckoit kaptuHsl B.I'. 'opmkoB nu A.M. MakapreBa NpenenbHO MOMYJISPHO
BBIBOAST Ba)KHBIE [UI YEJIOBEUECTBA CIEICTBHS, KOTOpBIE 3aciyKMBAlOT IOJPOOHOrO IMTUPOBAHUSI.
«[lockonbky nec 3¢(dekTuBHO 3amacaer BJary B IIOYBE M MHTCHCUBHO €€ WCHapsier, BO3JyX HaJ JIECOM
BCEI/Ia BIQXKHBIM W, CIIEJIOBATENBHO, JIETKO MOJAHMMAETCS (TaK KaK MpU MOAbEME MPOUCXOANUT OXJIaKICHHE
W KOHJCHCAIMA). DTOT NOABEM KOMIICHCUPYETCS IPUTOKOM BIYKHOTO BO3[yXa M3 OJHM3IIeKalnX 00acTel,
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Harpumep, ¢ okeaHa. [IpuHocuMas ¢ okeaHa Bijlara BbINAJAET B BUAE OCAIKOB HaJ JIECOM U KOMIIEHCHUPYET
peuHoi cTok. TakuMm oOpa3om, TOKa €CTh Jiec, HIAET MOXKIb, W TEKYT peku. MOKHO CKa3aTh M TaK: YTOOBI
XOJIUTh, HEOOXOIUMBI HOTH, YTOOBI JICTATh — KPBUIbS, & YTOOBI PacpOCTPAHUTH KU3Hb U3 OKEaHa BIIyOb
cymH, OMOTe HYXHO OBUIO co3/aTh Jieca. Eciam nec uMcye3HeT, TO KPyroBOpPOT BOJBI Ha CYIIE CTaHET
B CpelHEM Ha TOPSIOK MEHee WHTEHCHBHBIM, a B IIIyOMHE CYyIIN MPEKPaTHUTCS BOBCE. JTO YTBEPXKICHHE
TaKkke sBisgeTcs HOBBIM. OHO COCTaBISeT CyTh KOHIICTIIMA OMOTHYECKOTO Hacoca aTMOC(hEepHOH BIaru
(;mecuoro Hacoca). Jlec ciocoOeH ynpaBisTh HCHAPEHUEM, KOHJIEHCAIIMEH W NIEPEHOCOM BOJISHOTO Iapa 3
o0JacTH WCHapeHWs HaJl OKeaHOM B 0ONacTh KOHIEHcaluu Haj JecoM. CTATmBas BOJSHOW Tap,
WCTIAPUBIIUIICS HajJ OKEaHOM, JIeC YHOCHT C OK€aHOB JHEPrHi0, HEOOXOOUMYIO i BO3HUKHOBEHHS
yparaHoB U pacHpeessieT 3Ty SHEPTUIO Ha OCAJKU U BETEep HaJl JIECOM, KOMIICHCUPYS PEYHOU CTOK B OKEaH.
[Iporeccrl B OMOTE HA MHOTO TIOPSIKOB BEITUYHMHBI CJIOXKHEE JIOOBIX Te0PU3nIecKux mporeccoB. Omnucath
B JeTalsix Onopu3nKy MeHCTBHS OMOTHYECKOTO Hacoca BPs I Koraa-muoo yaactes. [losToMmy ykasanue Ha
CYIIECTBOBAaHUE OMOTHYECKOTO JISCHOI'O HACOCa MOXKET OBITh MOJTYYCHO U3 HEMOCPEICTBEHHBIX HAOIIOICHUH
3a  pacmpeieNieHUsIMH  OCaJKOB, BETPOB, JABJICHHUS U TEMIEPAaTypbl HaJ  JIECOM, OKCaHaMH,
COTIPUKACAIOMIAMHUCS C PEYHBIMH JIECHBIMH OacceiiHaMU W JUIIEHHBIMA JIeCa TEPPUTOPUSMHU CYIIIID»
[Gorshkov, Makarieva, 2007].

Ccputasice Ha cBoux 3apyoOexseix komter [Muller, 2017], B.I'. T'opmkoB u A.M. Makapsepa
YKa3pIBalOT HAa TO, 4YTO CIUIOIIHOM HEHAPYIICHHBIM JIEC 3pEbIX BBICOKHX JI€PEBHEB, IOKPBIBAFOIIMNA
HECKOJIbKO MUJITIOHOB KB3/IPATHBIX KHJIOMETPOB, 00JIaaeT BAKHEHIITUMHU BO3MOKHOCTSIMH, OH CITOCOOCH:

1) yBenuuuBaTh UCIApEHUE B ACCATKU pa3, IO CPABHEHUIO C OTKPHITOM MOBEPXHOCTHIO OKEAHOB;

2) pacmpenensTh OCaAKd HCHApUBIICHCS BIArd C IMIOMOIIBIO PETYJISAIMU NAaBJICHUS U BETPA,
BBI3BIBAEMBIX KOHACHCAIIUEH U UCITyCKaHHEM OMOIIOTUIECKIX a3pO30JIbHBIX Sep KOHACHCAIUH;

3) ycTpaHsITh BO3HUKHOBEHHE yparaHOB M CMEpUei C IMOMOIIBI0 PETYJISLUUA COMPOTUBICHUS BETPY
JIUCTOBOTO ITOKPBITHS JPEBECHBIX KPOH BBICOKHMX JIEPEBHEB M MHOXKECTBOM JIPYTHMX OCOOCHHOCTEH Jieca,
KOTOPbIE IOKA HEU3BECTHBI.

Onm Taxke oTMmedaroT: «3amamgHas EBpoma, O6maromapsi Cpeam3eMHOMY MOpPIO, 1O CYTH SIBISETCA
OCTPOBHBIM TOCYAapCTBOM H CTpaJaeT TO OT HAaBOJHEHUH, TO OT 3acyXx. OHa He cTaja IMyCThIHEH H3-3a
cyliecTBoBaHUs  EBpasuiickoro JsecHoro mosica Poccum, 3acachlBalOlIero  Bjary, B OCHOBHOM,
¢ ATIaHTHYECKOro OKeaHa uepe3 3amagHyro EBpomy. YHuuTOXeHue jiecoB Poccum ckakercs, B IEPBYIO
ouepenb, Ha kiuMate 3amanHoi EBpomnbl. [locnennsst go/mpkHa Obula Obl OBITH KpaliHe 3aMHTEpPECOBaHA
B COXpaHEHHUU poccHiickux JecoB. Jleca HEOOXOAMMO 3alMINATh JUISI COXPAHEHHUS OCAJKOB U PEK
Y peTyJSIuy KrMaTta. Jlec - 3To He BO30OHOBIsIEMBIH «pecypey» Orocdepsl, He 3amac yriaepoaa JPeBeCHHBI,
MIPUTOTHOM TSI UCTIONB30BaHUS YeloBeKkoM. Jlec — He mctounuk kuciopona. Kucinoposa armocdepsr nmeer
MAaccy, B THICSYY pa3 OOJBIIYI0 MacChl BCETO OPraHMYECKOro yriiepoja B Jiecax. Kuciopoj atMocdeps He
MOXKET YNpaBIAThCs OWOTON W 4yemoBekoM. Jlaxke ecnmu Oymer coxokeHa Bcs Ouomacca JIECOB H BCETO
HCKONIaeMOT0 TOIUIMBA, BKIIFOYAs KaMEHHBIH yToJib, Macca KUCIOpojaa B aTMochepe M3MeHUTCs He Ooree,
yemM Ha 1% (3TO OXHO3HAYHO CJIEAyeT U3 HAOIIOAaeMOro KOJIMYECTBA KHUCIIOpoaa B aTMocdepe
Y OPTAaHUYECKOTO YTepoja B MCKOMAEMOM TOIUIMBE). DTO MEHBIIE BEIWYUHBI Pa3HUIIBl KOHIICHTPAITUH
kucnopona Mexnay llerepOyprom u MockBo#, ompenenseMoil pasHHIEd B aTMOC(HEPHBIX TaBICHUAX.
Kucnopon perynupyercs BOJHOH OHMOTOH TOJBKO B PacTBOPEHHOM BHJIE B OKeaHaX, 03épax M pekax»
[Gorshkov, Makarieva, 2007].

AM. MakaprseBa, B.I'. Topmkxo wu mnpodeccop Kamudopuuiickoro yampepcutera b. Jlu
MPOJIEMOHCTPUPOBAJIH BO3JIEHCTBHE JIECOB HA HaOIOAaeMble OcaJki B EBpa3nuiickom IeCHOM TosICe UTMHOM
CeMb ThIC. KM W IIMPUHON Oojiee OaHOW ThIC. KM, B Ama3zoHuu u Konro, B ABctpanuu, B Kaname u Ha
Ausicke [Makarieva, Gorshkov, Li, 2013] u, takum 00pa3oMm, MOKa3ajid, 4TO JIETOM EBPA3HMCKHI Jiec
CTSATUBAET OCAJIKHU C OKeaHOB. OcaJky B OKEaHax JIETOM MEHbLIE, YeM HaJ JIeCOM. 3UMOMH, KOrjaa JieC He
AKTUBEH, HAOOOpOT. 3UMHMI JIECHOW TIOKPOB I0J00paH TakK, YTOOBI OCAJKH B BHJE CHera ObUIM
OINITHMAaJbHBI, BINIOTh A0 BECHBI M naBojakoB. To ke B Amazonuu u Konro, B Kaname m Ha Ajsicke. B
ABCTpanuu 0caJgkoB HaJ CyLIEH BCEr/la HAMHOTO MEHBIIE, YEM HaJl OKEAaHOM, U B CYXOM, U B OTHOCUTEIHHO
BJIQKHBIN CE30HBI.

N3 »sTOrO cCriemyer, 4YTO manmbHEHINIEE WTHOPHPOBAHWUE ONPENCSIIAIONICH pOIM  HEHAPYIICHHBIX
SKOCUCTEM 3eMIIH B MOJACPKAHUU YCTOMUMBOCTU OKPY>KAIOIIEH cpebl U KIIMMaTa MPUBEAET K Pa3pyLICHUIO
KpYyroBOpPOTa BOJBI HA CyIIE, NOJHOMY OIMYCTHIHUBAHUIO M MPEKPALICHUIO XKU3HU Ha cyiue. JKu3Hp MoxeT
COXPaHATHCA TOJNBKO B MPUOPEKHBIX OOJACTAX CYIIH, TpaHUYAmUX C MupoBeiM okeaHoMm. [Ipu
COBPEMEHHOM IKCILTyaTaIlNH JIECOB 3TO MOKET MPOU30NTH B TeUeHHE cToeTHs. Kimmmat 3eMiu, mpuroTHbIiI
JUIS J)KU3HHU B OKEaHE, MOXKET COXPAHUTHCS M3-32 HEBO3MOXXHOCTH pPa3pylICHHs] OMOTHYECKOW peryIsiiuu
OKpY’)KaoIIeH Cpe/ibl OKeaHa HUYTOXKHBIM 110 BEJIMYMHE OMOMACCHI (DUTOIIAHKTOHOM, HEIOCTYIHBIM JIJIS
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MOEJaHNs] KPYITHBIMH XXHBOTHBIMH U 9eJIOBEKOM. JIJ1st TOTO, YTOOBI CHU3UTHh HAHOCUMBIH yIIepO MPUPOTHBIM
JKOCHCTEMaM, MEePBOOYEPENHBIE MEPHI TOJKHBI OBITH HANPaBJICHBI Ha COXPAaHEHHE JIECOB MHpA C MOJHOW
JIUKBHUJAIMCH JIECONPOMBIIICHHOCTH B HUX (C IIEPEBOJIOM IPOU3BOJACTBA APEBECUHBI Ha ILIAHTAITUH)
W 3alpeTOM MPOBEIEHHs AOPOT uepes3 Jieca, 3alpeToM CPEACTB TEXHHYECKOTO MEPEABMKCHUS MO JIECHBIM
pekaM W MO BO3AyXy Hax JecoM. Jleca MOMKHBI OBITH MAOCTYIIHBI TOJNBKO IS E€CTECTBEHHOM,
HEMOTOPH30BaHHOW pekpeanun. HeoOxomumo, YTOOBI cpemcTBa MaccoBoW WHMoOpMaruu (GopMupoBain
MPEJICTABICHUS. O HEMPECTHIKHOCTU 3aHATOCTH B JIFOOBIX OTPACfaX, CBSI3aHHBIX C YHHYTOXKECHUEM JIECOB
[https://ecodelo.org/rossiyskaya federaciya/44599-pamyati_viktora_georgievicha_gorshkova].

[To tBepmomy ybexnmenuto B.I'. ['opmkoBa m A.M. MaxkapbeBo#, Teopusi OHOTHYECKON PeryIIsnu
SIBIIICTCSL 3aKOHOM JKH3HU B TaKOH K€ Mepe, KaK W 3aKOH COXPAaHCHUS SHEPTrUU, OCHOBHBIM (DM3UYCCKUM
3akoHOM. Ho, K coalleHHI0, TpHUHATHE OMOTHYECKOH pEryJsIIMM KaK OCHOBHOTO 3aKOHA JKHU3HU
OTKJIQJIBIBAETCS JINIIH TIOTOMY, YTO 3TH JaHHBIE OTHOCATCS KO BCeM 0e3 MCKIIOYEHHs O0JacTsIM HayKH.
CoBpeMeHHOE Hay4dHOE COOOIIECTBO, COCTOSIIIECE, B OCHOBHOM, U3 Y3KHX MPO(ECCHOHATIOB, HE MOXKET MOKa
JIOJDKHBIM 00pa3oM OLICHUTh BCIO OOIIHOCTh M BAXKHOCTH 3TUX JAaHHBIX. B 3TOW CBsI3u BakHEeias 3a1ada —
MOBBIIIIEHHE OOPA30BAHHOCTH CIICIIHAIMCTOB JIECHOTO XO3SIiCTBa B OONACTH 3HAHWU O TPUPOAE, JHIIH B
3TOM cly4yae Takue Mepbl OyAyT MOIIepcaHbl W HACENCHHWEM, M PYKOBOIWTEISIMHA rocyaapctBa. Ho Ha
CeroHAHUI neHb, 1o MHeHHIO B.I'. 'opmikoBa: «CrienuaiicToB, UMEIOIIUX OOIIUE MPENCTABICHUS 00
OKpyXaromieli cpene W Owocdepe u mnpuHIMIAX ee (YHKIHOHUPOBaHM, mpocto HeT. I[lomobHo
Y3KOCTIETIM(PUIHBIM KIIETKaM TeJla )KUBOTHOT'O, COBPEMEHHBIE SKCIIEPTHI 00JIaaf0T 3HAHUSMH JINIIE B KaKOH-
TO opHOW oOnactu. HeoOxommMmo mpopBaThcs dYepe3 TpaHUIBl ITUX obnacteli u  chopMUpOBaTh
KOMIIETEHTHOE COOOIIIECTBO y4eHBIX-yHHBepcaioB» [https://ecodelo.org/rossiyskaya_federaciya/44599-
pamyati_viktora_georgievicha_gorshkova]. ITomumo 3TOrO0, pacnpocTpaHeHHe KOMIBIOTEPHBIX MOJCICH |
pacnpeacjacHue IrpaiTOB Ha OCHOBAHUW HUTHUPYEMOCTU B CCTCCTBCHHLIX HAayKaX ITPUBEJIO K YaCTUYHOMY
BHITECHCHUIO Hay4YHBIX HcciefoBanuii npodananmeii. OTcioga HapacTaromias JaBHHA MyOJIMKalui B CETH
WNuteprer Ha TeMy «3al0myxaeHus 0 CO, u rII00aTEHOM MOTEIICHUID)
[https://www.proza.ru/2012/10/30/1006;  https://www.kp.ru/daily/27088.3/4159464;  http://izverzhenie-
vulkana.ru/2019/05/zabluzhdeniya_o_co2_i_globalnom_poteplenii.html].

CnaboMy MPOHMKHOBEHHUIO M PAa3BUTHIO DKOJIOTUYECCKHX HJICH B cepy JIGCHOW TMOJIUTUKH, HAYKU H
MIPAKTUKU COOTBETCTBYET HEBBICOKUH YPOBEHB IKOJIOTHIECKOTO 00pa30BaHUs B JIECOXO3SICTBEHHBIX By3axX.

ITOCTAHOBKA TIPOBJIEMbI

B namie Bpemst BbICIee JiecHOe oOpazoBaHHe B Poccuu, IOCTpOGHHOE B OCHOBHOM Ha (yHIaMeHTe
COBETCKOW BBICHICH INIKOJBI, TepexuBaeT ouepenHylo pedopmy. CoBpeMeHHblE NpeoOpa3oBaHUs
00ycnoBiIeHbl BHeIpeHHeM HoBoro deaepanbHOro rocy1apcTBeHHOro odpasoBarenbHoro cranaapra @I'OC
BIIO mno wnampasnenuto mnoxarotoBku 35.03.01 «JlecHoe peno» (ypoBenb OakanaBpuata) (IIpukas
MunnctepcTa o0pazoBanus v Haykd P® ot 1 oktsa0ps 2015 1. Ne1082).

CornacHo n. 4.2 3Toro cra"gapra, oObeKTaMH HPO(PECCHOHATIBHONW JIESTENBHOCTH BBITYCKHUKOB,
OCBOWMBIIINX MpOrpaMMy OakanaBpHarta, sBISIOTCS:

- JIECHBIE U YPOOIKOCHUCTEMBI Pa3IMYHOTO YPOBHS M MX KOMIIOHEHTBI: PACTHTENBHBIA W KUBOTHBIH
MHUp, TIOYBBI, TOBEPXHOCTHBIE U TTOI3¢MHBIE BOJBI, BO3AYIIHBIE MacChl TPOMOCchepsr;

- IPUPOJHO-TEXHOTEHHBIE JIECOXO3IHCTBEHHBIE CHCTEMBI, BKIIFOUAOIIHE COOPYKEHUS H MEPOTIPHSTHS,
MOBBIIIAIONINE TIOJIE3HOCTh MPHUPOJHBIX OOBEKTOB W KOMIIOHEHTOB TPUPOJBL: JIECHBIE M JEKOPaTUBHBIE
IMUTOMHHKH, JICCHBIE TUIAHTALNH, NCKYCCTBEHHBIE JIECHBIE HACAXKIICHHUS, JIECOMapKH, THAPOMEITHOPATHBHBIC
CHCTEMBI, CUCTEMbI PEKYJIbTUBAIINH 3eMelTb, IPUPOJO00XPAHHBIE KOMIUIEKCHI H IPYTHE;

- JIECHBIE 0CO00 OXpaHsieMble MPUPOIHBIC TEPPUTOPUH U JPYTHE Jieca BHICOKOW MPHPOJOO0XPaHHON
IEHHOCTH, WUMEIOIUE HUCKIIOYUTENLHBIE WM OCO00 Ba)KHBIE JKOJOTMYECKHE CBOWCTBA, 3KOCHCTEMHEIC
(YHKLIMH 1 COUUATIBHYIO POJIb.

Cormacuo 1. 4.3, Bugamu npodecCHOHATBHOU MEATETHPHOCTH, K KOTOPBIM TOTOBSITCSI BBITYCKHHUKU,
OCBOWMBIIIME MTPOTpaMMy OakaliaBpuaTta, SIBIISIOTCS: MPOSKTHAS; OPraHU3aIMOHHO-YIIPaBIIeHYeCKasl; HayYHO-
HCCIIEI0BATENbCKAs; IPOU3BOICTBEHHO-TEXHOJIOTHYECKAS.

CormacHo m. 5.3, BBIYCKHHWK, OCBOMBIIMK mporpamMMmy OakajaBpuara, IOJDKEH 00JaaaTh
CIIeIYIOINMU 001enpPOodeCCHOHATBHBIMU KOMITETCHIIUSMHU:

- obnamath 0a30BBIMH 3HAHHSMH O POJIM OCHOBHBIX KOMIIOHEHTOB JIECHBIX WU YpPOOIKOCHCTEM:
pPacTUTENFHOIO M JKUBOTHOIO MHUpa, IOYB, IMOBEPXHOCTHBIX M TIOJ3EMHBIX BOJ, BO3AYIIHBIX Macc
Tponochepsl B HOpMHUPOBAHUH YCTONUMBBIX, BRICOKOMPOAYKTUBHBIX JiecoB (OITK-4);
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- o0Onamate 0a30BBIMH 3HAaHMSAMH CHCTEMAaTHKH, AaHAaTOMHH, MOPQOIOTUH, (UHONOTHH U
BOCIPOM3BOJICTBA, T'eOrpa)Mueckoro paclpoCTpaHEHHs, 3aKOHOMEPHOCTH OHTOTEHE3a W HKOJIOTHH
Ipe/ICTaBUTEIeH OCHOBHBIX TAKCOHOB JIecHbIX pactenuii (OITK-5);

- 3HaHUEM OCHOBHBIX IIPOLIECCOB IIO0YBOOOPA30BaHUS, SKOCHCTEMHBIC (YHKIUH MOYBBI, CBSI3H
HEOJHOPOIHOCTH IIOYB C OMOpa3HOOOpa3HeM, CBA3M IUIOJOPOAMS IOYB C NMPOAYKTUBHOCTBIO JIECHBIX U
yp6o6uorenosos (OITK-6);

- 3HaHWEM 3aKOHOMEPHOCTH JIECOBO30OHOBIICHHS, POCTa M Pa3BUTHUS HACAKACHUI B Pa3TUUHBIX
KJIMMAaTHYeCKUX, Ieorpaduieckux M JICCOPACTUTENIbHBIX YCJIOBHSX HPU PA3IUYHOW HMHTCHCHUBHOCTH HX
ucnonszoBanus (OITK-7);

- CIIOCOOHOCTBIO HCIONB30BaThb B TOJIEBBIX YCIOBHSIX METOABI HAONIOJCHUS, OIMCAHUS,
WACHTU(QHUKALNY, KIaCCUPHUKALUU OOBEKTOB JIECHBIX W YPOOIKOCHCTEM PpA3IMYHOTO HEPAPXHUUECKOTro
yposus (OITK-11);

- CIIOCOOHOCTBIO yMETh B TMIOJIEBBIX YCIIOBHSIX JaBaTh JIECOTHIIOJIOTHYECKYIO XapaKTepUCTUKY
o0CllelyeMOoro yd4acTka, ONpEAENSATh CTaJAWW BO3PACTHOTO Ppa3BUTHA JIECHBIX HACAXACHHWM, HTaIlbl
CYKIIECCHOHHOW JTMHAMHKH JIECHBIX U ypOoskocucTeM (OIIK-12);

- CIIOCOOHOCTBIO YMETh B IIOJIEBBIX YCJOBHUSIX ONPEAEISATh CHCTEMAaTHYECKYI0 IPHUHAUICKHOCTD,
Ha3BaHM OCHOBHBIX BUOB JIECHBIX PaCTEHHM, BPEAHBIX U MOJIE3HBIX JICCHBIX HACEKOMBIX, (PUTOMATOTEHHBIX
rprOOB M APYTHUX XO3SAHCTBEHHO 3HaYMMbIX oprann3moB (OITK-13).

CormacHo m. 5.4, BBHIIYCKHUK, OCBOMBIIMKA TIporpamMMmy OakajaBpuaTa, MJOJDKEH o00ajarh
npodecCHOHANEHBIMA  KOMIETEHIMSAMH, COOTBETCTBYIOIIMMH BHAY (BHAaMm) TpodeccHoHambHON
JesITENIbHOCTH, Ha KOTOPBIH (KOTOpBIC) OpUEHTHPOBaHA IIporpaMMa OakaiaBpuara:

- YMEHHEM IPUMEHSTH COBPEMEHHbIE METO/IbI HCCIIEI0OBAHMUS JIECHBIX U ypboskocuctem (ITK-10);

- YMEHHMEM HCIOJNb30BaTh 3HAHUS O TPUPOJE Jieca B LENAX IUIAHUPOBAHHWS M TPOBEACHUS
JIECOXO03SMCTBEHHBIX MEPONPUSATHHA, HAMpPaBICHHBIX HAa PallMOHATBHOE, IOCTOSHHOE, HEHUCTOLIUTENHLHOEe
WCTIONB30BAaHUE  JIECOB, IOBBILIEHHME MPOIYKTUBHOCTH JIECOB, COXPAaHEHHE CPemaoo0pa3yroluX,
BOJIOOXPAaHHBIX, 3AIIUTHBIX, CAHUTAPHO-TUTMEHUYECKUX, O3ZOPOBHUTENIBHBIX M HHBIX IOJE3HBIX (YHKUUI
necos (ITK-13);

- YMCHHEM HCIIONb30BaTh 3HAHUS TEXHOJOTMYECKUX CHUCTEM, CPEICTB M METOJOB NpPU pPEHICHUH
npod)eCCHOHANBHBIX 3aJay JIECOBOCCTAHOBJICHUS, YXOAa 3a JIECAaMM, OXPaHbl, 3alIUThl M HCIOJIb30BAHUS
necos (T1K-14).

OTMeTHM, 4YTO B HAallleM HWCCICAOBAaHUHM AaKIEHT CJeJaH Ha KOJWYECTBCHHBIC MapaMeTphl
MPEICTABICHUS B YUEOHBIX IUIaHAX YETBIPEX Pa3AeioOB €CTECTBEHHO-HAYUHBIX TUCLUIUIMH. TEOPETHYECKON
(u3UKY, HBOTIOLMOHHON OMOJIOTHH, METEOPOJIOTHH M KIIMMATOJIOTHH, SKOJIOTHYECKOr0 IIMKJIa 3HAHUH, — TO
€CThb BCeX TeX y4eOHBIX JUCIUILTUH, KOTOpble, o yoexaenuio B.I'. Topmkosa, «hopMHUpYIOT B3MIISABI HA
XKHU3Hb M OKPYXAIOLIYIO0 Cpelly» M HalpaBJIIOT HA PEIICHUH MPOOJEeMbl COXPaHEHUs JIECOB KaK rapaHTOB
COXpaHeHUs1 OMOJIOrHYECKOro pa3sHOOOpa3usl U yCTOWYHBOTO MOAAEPKaHUS TTI00aJIbHOTO KIIMMATa.

[Tpu BBIOOpE BY30B Ui 0OCIIEOBAaHHWS HAMH HCIIOJNB30BaH TaKOM WHTETPANBbHBIA TOKa3aTenb, Kak
peiituar Ha 2019 1. OCHOBHBIMH KPHUTEPUSIMH TP COCTaBJICHMM PEUTHHra TPAAMIMOHHO TPHUHATHI
Ka4yecTBO 0OyuYeHMs, Hay4Hasl AEATEJbHOCTh, MEXIyHAPOIHBIE CBSI3M, BOCTPEOOBAHHOCTH PadOTOAATEIIIMU
CTYIEHTOB By30B. B peiftunre ydactBoBasnio 496 By30B (13 2067 By30B CTpaHbl), U3 HHUX HOATOTOBKY IO
HanpasieHuto Oakanaspuara 35.03.01 «JlecHoe aeno» BeayT 52 By3a, KOTOPBIE €KErOHO BITYCKAIOT O0Jee
OJIHOM ThIC. CIEIHATMCTOB JIECHOTO | JiecomapkoBoro xossiicta[https://vuzoteka.ru/sys3si/JIecHoe-aemno-35-
03-01].

MATEPUAJIbI U METO/IbI UCCJIEJJOBAHUI

Ilenmpr0 HaIIETO WCCIEMOBAHUS SIBUJICS CPABHUTENBHBIA aHAN3 COJCPKaHWS B Y4eOHBIX IUTaHAX
JTUCIHILTNH, (OPMUPYIONIMX COBPEMEHHBIE B3MISANBI HA OKPYKAWIIYI Cpeay. 3ajada HCCIEHOBAaHUS —
0003HAYUTh MOTCHIIMAIBHOE HAIIPABJICHUE 10 ONTHMU3ALNN HAMOJIHEHUS YYeOHBIX IJIAHOB JAMCIUIUIMHAMU
9KOJIOTHYECKOTO ITMKJIa 3HAHMI.

OCHOBHBIMM HCXOJHBIMH MaTepHallaMd CTaldu Yy4eOHbIe IUTAHBI OOCIEIOBAHHBIX BY30B 11O
HampasieHuto 35.03.01 «JlecHoe aeno», B KOTOPBIX MPUBEACHA KOJIMUYECTBEHHAsI XapaKTEPUCTUKA B Yacax
nojieii ydeOHOM Harpy3ku 10 (u3uKe, OMOJIOTMH, METCOPOJOrMM M SKoyjorud. Hamu oToOpaHBI BY3bI,
Bxomsmnme B «TOII-10», a Takke, A PENpPe3cHTATUBHOCTH, BY3bl, 3aHUMAIOLIUE CPEAHME U HUKHHE
no3uuuu (tadm. 1).
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JlanHbIe, TONy4YeHHbIE B XOZA€ OOCIIeZIOBaHMWS, MO3BOJSAIOT KPUTHYECKH OIICHHTh HH(OpPMAIIHIO,
COJlepKalllylocsi Ha caiTax BY30B, W BBIIBUTH OCHOBHBIE MPOONEMbI Ha MyTH K (OPMUPOBAHHUIO
COBPEMEHHBIX B3IISZ0B Ha OKPYKAIOIIYIO cpedy Y Oyaymux paboTHHUKOB Jieca.

Ta6iuuna 1. XapaktepucTuka JIECHBIX BY30B Poccwm 1Mo mpefcTaBIeHHOCTH B Y4eOHBIX IUTaHAX
moaAroToBky OakamaBpoB Hampasierus 35.03.01 «JlecHoe neno» MUCIUIUINH, (OPMHUPYIOIINX COBPEMEHHBIC
B3IJIS/IBI HA OKPYKAOILYIO Cpeay

HasBanue By3a, ropon

Panr
cpenu
JIECHBIX
BY30B

Paur u peiitunr
(B Oannax)
Cpeay Beex
By30B PO

Hasnume B y4eOHBIX IUIaHAX JUCLUILIMH, (POPMHUPYIOIIIX
COBPEMEHHBIE B3IIAbl HA OKPYKAIONIYIO CPELy, Jackl

dusuka

buonorus

Kanma-
TOJIOTHS

DKoI0THA

1

HannonansHbIi
HCCIIEIOBATSIILCKUI
Tomckuit
roCyJJapCTBEHHBIN
YHUBEPCUTET,

r. Tomck

9 (568)

144

324

72

360

TuxookeaHcKui
TOCYAapCTBEHHBIH
YHHBEPCHTET,

r. XabapoBCcK

102 (460)

288

288

72

360

Hogsropoackuit
rOCyIapCTBCHHBIH
YHHUBEPCHUTET HM.
Spocnasa Mynporo, T.
Benuxkuiit HoBropon

108 (457)

54

198

90

Cubupckwuii
rOCyapCTBEHHBII
YHHUBEPCUTET HAyKH U
TEXHOJIOTUH UM.
akanemuka M.®.
PemeTHena,

r. KpacnHosipck

111 (455)

108

288

216

396

[lerpozaBoackuit
rOCyIapCTBCHHBIH
YHHUBEPCHTET,

r. [lerpo3aBoack

123 (452)

108

288

360

VneaHOBCKHUH
rOCyIapCTBCHHBIH
YHUBEPCHTET,
I. YIbSIHOBCK

127 (450)

144

252

108

72

CeBepHbIil (ApKTHYECKHIA)
(benepaybHblit
yHuBepcurer um. M.B.
JlomoHOCOBA,

. ApXaHTeJbCcK

129 (450)

180

216

108

108

Baiikanbckuit
roCyJapCTBEHHBIN
YHHUBEPCHTET,

r. UpkyTck

130 (450)

144

144

144

IoBomxkckuit
roCyJapCTBEHHBIN
TEXHOJIOTHUECKUI
YHHUBEPCHTET,

r. Momkap-Oma

162 (439)

108

288

216
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1

OMckuit
roCy/AapCTBEHHBIN
arpapHblii YHUBEPCUTET
uMm. IT.A. Cronsinuna,
r. OMCK

10

173 (436)

108

180

180

Barckuit
roCy/AapCTBEHHBIN
YHHBEPCHUTET,

r. Kupos

15

216 (420)

216

360

216

MBITHIIUHCK U (HrTHa
MITY um. H.D. baymana,
r. MpITHIIN

20

268 (405)

144

288

72

108

Camapckuii
roCyJapCTBEHHBIN
arpapHbIii YHUBEPCUTET,
r. Kunens

25

308 (394)

108

180

108

144

VYpansckuii
rocyaapcTBeHHbIH
JIECOTEXHUYECCKUH
YHUBEPCHUTET,

r. ExatepuaOypr

30

371 (381)

216

324

108

108

Kabapamao-bankapckuit
roCyAapCTBEHHBIN
arpapHblil Y HUBEpCUTET
uMm. B.M. Kokosga, T.
Hanpuuk

35

427 (369)

144

180

108

108

Ceepo-KaBkasckas
roCy/apCTBeHHAs
aKajieMus,

r. Uepkecck

40

512 (351)

180

180

180

JlarecTanckuii
rOCyIapCTBCHHBIH
arpapHBI YHUBEPCHUTET,
r. Maxaukaja

45

543 (341)

108

360

144

72

Kazanckuit
rOCyIapCTBCHHBIH
arpapHBI YHUBEPCHUTET,
r. Kazann

50

1614 (31)

144

360

72

216

PE3VJIbTATHI UICCJIEJJOBAHUI 1 X OBCYXJIEHUE

AHanmu3upys TaONuIly, TPYJAHO HE COIJIACHTBCSA C JIONEHTOM YPalbCKOTO TOCYAapCTBEHHOIO
necotexanueckoro yuusepcuteta E. F0. Ceponoii [CepoBa, 2016, c. 23] B TOM, UTO «KauyeCTBO MOATOTOBKHU
CTEUAMCTOR B POCCHIMCKUX JIECHBIX BYy3aX BBI3BIBACT OMNPECICHHBIC BOMPOCHI». Tak, paccMarpuBas
HaJIMYue B YYCOHBIX IUIAHAX JUCIUILIMH, (POPMUPYIOIIUX COBPEMEHHBIC B3IJISAbI HA OKPYXKAIOIIYIO CPEay
(HaHOMHI/IM, 9YTO OHHU HCO6XO)II/IMI)I JJ11 OCO3HaHUsA POJIM €CTECCTBEHHBIX JICCHBIX 3KOCHUCTEM B 6I/IOTI/I‘IGCKOM
yIpaBJIEHUH OKPYXAIOILIEH Cpeoil U MOHUMAaHUs MPoLeccoB (YHKIMOHUPOBaHUS OMOTHYECKOTO (JIECHOTO)
Hacoca arMoc(epHOW BIard H [1p.), HEOOXOIMMO OTMETHTH CIIEAYIOIIME METOJO0JOTHYECKHEe |
METOANYECCKHUEC HpOC‘IeTBI:

1) B wectn u3 18-TH NpenCTaBICHHBIX B TaOJUIIE BY30B (DM3HMKa MpeErogaBajack B MAJIOM O00beMe —
108 yacoB 3a Bech nepuoj 00yueHHs, B OAHOM — TOJIBKO 54 yaca, a emie B OAHOM — COBCEM He NpeACTaBIICHA;

2) B mATH u3 18-TH By30B «mpuHIDKeHa» posb Ouosnoruu (180 u MeHee yacoB 3a BeCh MEPHOI
o0y4eHus);
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3) B 10-T11 3 18-TH By30B B COKpAIIIEHHOM BapHaHTe MPETOAaBaINCh METCOPOIOTHS U KJIMMATOJIOT U,
a eIe B IATH BY3axX OTH, TPATUIIMOHHO CUHUTAIOIINECS aKTyalbHBIMH IS paOOTHHUKOB Jieca AWCIMILIAHEI,
OBLTH TPOUTHOPUPOBAHKI MPH BKJIFOUYECHUU B YYCOHBIC TUIAHBI;

4) B mectd u3 18-TH BY30B SIBHO «IIPUHIDKEHA» POJH SKOJOTHUECKUX JUCIMILINH, & €lie B OJHOM —
9KOJIOTHA KaK TUCIUILTHHA OTCYTCTBOBaJa B yI€OHOM ILTaHe.

BBIBO/IbI

Jlis ucnpaBieHHs CIIOXHBILETOCS TMOJIOKEHUS B JICCHOM OOpa30BaHMU HEOOXOIUMa CYIIECTBEHHAs
KOPPEKTUPOBKA YYEeOHBIX IUTAHOB B HAIPABJICHUM TIOBBINICHUS POJH JUCIUIUIAH, (HDOPMUPYIOIINX
COBpEMEHHbBIC B3IIISAABI HA Jieca KaK Ha «TapaHThl CYIIECTBOBAHHS PYCCKUX PEK W JKU3HM Ha CYIIIC)
[https://ecodelo.org/rossiyskaya_federaciya/44599-pamyati_viktora_georgievicha_gorshkova]. H6o
ycTapeBlliee pacCMOTPEHHE YeJIOBEKOM Jieca Kak 3araca APeBECHHBI, C TOMOIIBI0 KOTOPOH MOKHO YCKOPUTh
SKOHOMHYECKHI POCT, TpU3HAEeTCs Bce Ooliee ycTapeBIIUM H HenenbiM. «Jlaxke pa3bopka raek,
CKPEIUISIONINX PEbChI )KEIEe3HO0POKHOTO MOJIOTHA, HA TPYy3Hia JIIsl JIOBJIH PHIOBI - B U3BECTHOM pacckase
A.TI. YexoBa, pecTaBISETCS JIUIIH OUeHb C1aboit ero ananorueii» [['oprikos, Makapsesa, 2006, C.5].

Ha mam B3rimsam, HE0OOXOIMMO BO3BpAlIaTh B JIECHOE OOpa3OBaHHME TEOPETHUECKHE pa3pabOTKH
OTCYECTBCHHBIX YYCHBIX, IOCBATHBIIMX CBOIO JIEATEIHHOCTh BOMPOCAM ONTUMAILHON JIECUCTOCTH,
palMoOHaIbHOMY Pa3MEUICHUIO JIECHBIX HACAXIEHHI, a TAKXKE ONTHMAaJIbHOMY COCTaBy JIECOB, IPU KOTOPOM
MaKCUMaJIbHO MPOSBISIOTCS MX JKOJIOTHUECKHE CBOMCTBA. B mepBylo odepenb, MBI UMEeM BBHIY pabOTHI
A.A. MomuanoBa [Momganos, 1961; 1966; 1968], M.M. JIeBoBuua [JIeBoBHu, 1963; 1986], I'.B.
[Maymokseuuioca [[aymokseuutoc, 1978], T'.A. Xapuronosa [XapuToHoB, 1963] u Apyrux, KOTOphIE Ha
CCI‘OILHSIIHHI/Iﬁ JC€Hb, K COXAJICHUIO, OKa3aJIuCh HOHy3a6I)ITI)IMI/I. Nmenno nepeaoBasa TCOPECTUICCKASA MBICIIb
MOMOTAeT JyYIle U MPaBHIbHEE BUICTh COBPEMEHHBIC SKOJIOTUUCCKUE MTPOOIEMBI. «A BUIIETh MPOOIEMY», —
Kak Myzapo yrBepxaan H.®. PeiiMepc, — «yxe monoBrHa IyTH K ucTuHe» [Peiimepc, 1994].
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B noiime p. Upmviw na meppumopuu Xanmuvi-Mancuiickozo aemonomnozo oxpyea — IOzper  onucana Hoeas
accoyuayus necuvix noumennvix donom Carici juncellae—Alnetum incanae ass. nov., xomopas ommnecena K coio3y
Salici pentandrae—Betulion pubescentis Clausnitzer in Dengler et al. 2004 (nopsioox Salici pentandrae-Betuletalia
pubescentis Clausnitzer in Dengler et al. 2004) xracca Alnetea glutinosae Tx. 1937. Ilposedeno cpasnenue Ho6otl
accoyuayuu ¢ oauzkumu cunmaxconamu 6 3anaonot Cubupu u Esponeiickoi wacmu Poccuu. Xopowee cocmosnue
nonynsyutl Alnus incana na mop@anvix nousax ROUMeHHbIX OOIOM (8bICOKOE NPOEKMUBHOE NOKpblmue, ysemeHue,
NI0OOHOWEHUE) 8 YCIOGUSX NOMENIeHUs. KIUMAma Mno360isiem oxcudams 0ojee WUpoKo2o pacnpocmpaneHus
coobwecms smoii accoyuayuu ¢ 3anaonou Cubupu.

Kniouegwie cnoea. pacturensHOCTh 00710T, Kiaccudukanus bpayn-bianke, cepas onpxa, moiMeHHbIe 00si0Ta, XaHTHI-
Mascuiickuit aBTOHOMHEIH OKpyT — FOrpa, 3anaxuas Cubups.

Key words: mire vegetation, Braun-Blanquet classification, gray alder, flood plain swamps, Khanty-Mansi Autonomous
Area, Western Siberia.

SUMMARY

Gray alder — Alnus incana (L.) Moench (Betulaceae) in the taiga zone of Western Siberia is a rare species
located on the northern and eastern borders of its area. Alnus incana occurs sporadically in the floodplain of the Irtysh
[Flora ..., 1992; Gordeev, 1999; Kapitonova et al., 2017], the Ob River [Taran et al., 2004], and the valleys of small
rivers of its left bank tributaries [Lapshina et al., 2018].

A new association Carici juncellae—Alnetum incanae ass. nov. of treed floodplain swamps, with the
participation of gray alder (Fig. 1, 2) was described in the right-bank floodplain of the Irtysh River in its lower reaches
(60.73 N; 69.81 E). The association combines rare birch-alder-tussock sedge communities of floodplain swamps that
develop under conditions of flooding by river waters and moderately rich ground water supply.

Differentiating species combination: Alnus incana, Carex juncella, C. canescens, Calliergon giganteum,
Calliergonella cuspidata, Climacium dendroides, Haplocladium microphyllum, Lewinskya elegans, Pylaisia polyantha
(Table 1).

Communities similar in floristic composition were recently described on the territory of the “Malaya Sosva”
Nature Reserve under the name of ass. Alno incanae-Betuletum pubescentis Lapshina et al. 2018 [Lapshina et al.,
2018]. The main difference of the new association is a taller tree layer, the development of a dense layer of gray alder
(up to 70%), the dominance of tussock-forming sedges, and the complete absence of Sphagnum mosses (Table 1),
caused by differences in the ecological conditions of habitats (more favorable microclimatic conditions, variability of
the moistening and higher richness of peat soils in the floodplain of the Irtysh).

The new association is assigned to the alliance Salici pentandrae—Betulion pubescentis Clausnitzer in Dengler
et al. 2004 (order Salici pentandrae-Betuletalia pubescentis Clausnitzer in Dengler et al. 2004) of the class Alnetea
glutinosae Tx. 1937. The order and its central alliance combine low-lying eutrophic and mesoeutrophic birch swamps
and swampy low forests of Eurasia fed by ground water and river water.

The good condition of gray alder in the communities of floodplain swamps (high projective cover, flowering,
fruiting) allows us to expect a wider distribution of communities of this association in Western Siberia under conditions
of climate warming.
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BBEJAEHUME

B cpenneraexnoit 3one 3amagnoit Cubupu Alnus incana (L.) Moench (Betulaceae) — penxwuii Buz,
HaXOJALIMIKCS HAa CEBEPHOM M BOCTOYHOM rpaHuniax cBoero apeana. B Llentpansnoit u Boctounoii EBpore
olbXa cepast GOPMHUPYET COMKHYTHIE JIECHBIE HACAXKICHWUS, THIIOJIOTHH KOTOPHIX, C UCMOIB30BAaHUEM Pa3HBIX
KIacCH(UKAIMOHHBIX TOIXO0/I0B, ITOCBAIIEHB paboThl MHOTHX HcclenoBareneii [Paboruos, 1939; HureHko,
1972; Kopotkos, 1991; Bacumesuu, 1998; Jlerresa, 2002; Mapteinenko, 2009]. ®dutorneHoTHYECKOE
pazHooOpasue u 0OTaHUKO-TeorpaduIeCKue 0COOCHHOCTH CEPOOIHXOBEIX JIECOB €BPOITCHCKON YacTh Poccrn
u llenrpansroit EBpombl 00006mmensr U moapobno ommcansl FO. A. CemenmmenkoBbiM [2014]. Onu
MpeaCTaBIeHbl ABYMS IPYIMIIaMH COOOIECTB, pa3BUBAIOIIMXCS B KOHTPACTHBIX 110 SKOJIOTHYECKUM yCIOBUSIM
MecrooOuTanusix. OnpHa Tpynma — Me30(UTHBIE CEpOOJBIIAHMKH, BKJIIOYAET BTOPUYHBIC Jieca,
HaxXOJIIMecs Ha Pa3HBIX CTaJAUAX BOCCTAHOBICHHSI 30HANBHBIX EJIOBBIX WM IIHPOKOJIMCTBEHHO-EJIOBBIX
HEMOpPAJbHBIX TPaBAHBIX JIECOB, a TaKKe Pa3HOOOpasHble MHOHEPHbIE TPYNIHMPOBKA Ha OpOLICHHBIX
CENTbCKOXO3AMCTBEHHBIX YTOABSIX M APYTHMX XOPOLIO NPEHUPOBAHHBIX AHTPOIIOTEHHBIX MECTOOOHTAHUSIX.
Bropas rpynma o0benuHSET KOPEHHBIE BIaXKHBIE TUTPO(UTHBIE CEPOOIBXOBBIE Jieca, (HOPMUPYIOITHECS B
MECTOOOHMTaHUSIX C MPOTOYHOW BOAOH, B 30HAX UIMTENHHOTO MOATOIUICHUS MOJBIMA BOAAMH B JIOJIMHAX
HeOONBIINX PEK M py4ybeB Ha Ooratoil MUHepalbHOW mouBe. [lepBrie paccMaTpuBalOT B paHTe BpeMEHHON
CTaaNM KOPEHHBIX HEMOpAIBHBIX EILHUKOB W OTHOCAT K acc. Rhodobryo rosei—Piceetum abietis Korotkov
1986 coroza Querco roboris-Tilion cordatae Solomeshch et Laivin$ ex Bulokhov et Solomeshch in
Bulokhov et Semenishchenkov 2015 nopsaka Carpinetalia betuli P. Fukarek 1968 knacca Carpino-Fagetea
sylvaticae Jakucs ex Passarge 1968. Bropsle — MONHOCTBIO COOTBETCTBYIOT OMHMCAHHOMY B LIeHTpanbHOI
EBpomie corozy Alnion incanae Pawil. in Pawil., Sokot. et Wall. 1928, kotopbiii B COOTBETCTBUH C
COBPEMEHHO# cucTeMoil kiaccudukanuu pactuterabHocTH EBporbl oTHOcAT K nopsaky Alno-Fraxinetalia
excelsioris Passarge 1968 kmacca Alno glutinosae-Populetea albae P. Fukarek et Fabijani¢ 1968) [Mucina et
al., 2016]. Haubonee BOCTOUYHBIC HACAKICHUS KOPEHHBIX CEPOOJBXOBBIX JecoB acc. Alnetum incanae
MPUBOISATCS ISl PEYHBIX MMOWM B MOJATACKHOM 30HE Ha tore Yamypruu, barmkupuu [Comomen u ap., 1993;
ITonozoB u Comomemnt, 1999, tur. mo: Cemenuruenkos, 2014] u B necocrenHo#t 3oue FOxHoro Ypana
[Mapteinenko u np., 2003; Maprsiaenko, 2009].

EnuHCTBEHHOE MECTOHAXOXKACHHE HECKONBKUX HEOONBIINX (parMEeHTOB COOOIIECTB OJIBXH CEpOil B
Sananuoit CuOupu ¢ 00eIHEHHBIM, CJIa00 Pa3BUTHIM TPABSIHBIM MTOKPOBOM OITMCAHO B JICBOOSPEHKHOM MOMMe
OO6wu, HiKe BraaeHus B Hee p. MpThin Ha TeppuTopun Enr3apoBcKOro rocyiapcTBeHHOro 3akasHuka [Tapan
u 1p., 2004]. B mom3one cpeamnei Taiirn AlNUS incana cropaaudecKd BCTPEYaeTCsl B MOWME IMIHPOTHOTO
otpe3ka OOH U 10 KPyTHIM CKJIOHAM H JIoraM MpaBodepexHoit nonunsl Upteima [@ropa ..., 1992; I'oprees,
1999; Kanuronosa u ap., 2017].

Hecmotps Ha TecHyrO CBs3b KOPEHHBIX CEPOOJIBXOBBIX JIECOB C TMONMEHHBIMH W TPHPEYHBIMU
MECTOOOWTAaHUSIMH M CHOCOOHOCTh BBIIEPKUBATH JJIUTENHHOE TOATOIUIEHWE, MBI HE BCTpEeYalld B
JIUTEpAType OMUCAHKE COOOIECTB CepOoit 0JIbXU Ha TOP(PSHBIX 0ooTax. B BHie HEOOJIBIION, HO YCTOMYUBOM
MpUMeCH, OHa OblIa OTMEYEeHA HaMH TOJIbKO Ha 0osioTe B jqoiuHe p. EM-Eran (mpaBoro nputoka p. Manas
CocbBa) [Jlammuua u ap., 2018]. Tem yauBuTenbHee ObUIO HAXOXKICHHE B TOMME HHUKHETO TEYCHHUS P.
Hpreim  oOMMPHBIX MacCUBOB 0Epe30BO-0JIbXOBO-KOUKAPHOOCOKOBBIX COOOIIECTB, T/€ COMKHYTOCTH
KYCTapHHUKOBOTO spyca, o0pa3yeMoro onbxoi cepoil, mectramu pocturana 70%. YuuTeiBas OombIive
TUIOMIAIN, 3aHMMAaeMbIe STUMH COOOIIEeCTBAMH, XapaKTEePHBIH (PU3NOHOMHUYECKUH OOJIIMK W OTHOCHTEIHHO
BBICOKOE TIOCTOSTHCTBO BHJIOBOT'O COCTaBa, OHU OBLTH OMUCAHBI B PAHTE CAaMOCTOSITEIIHbHON acCOIHAIIHH.

XAPAKTEPUCTUKA PAMOHA UCCJEJIOBAHUI

Pation uccnenoBanuii reorpadguuecky pacrosiaraeTcs B oI30He cpeaHeit Tairu 3amnagHoi Culdupu u
OXBaThIBAET YYAaCTOK MPaBOOEPEKHON AONWHBI p. VPThHIM, BKIIOYAIOIIMH KOMIUIEKC PEYHBIX Teppac H
OTHOCHTEIBHO PETYJISPHO 3aTUBAEMYIO COBPEMEHHYIO moiimy p. MpTeimn B paiione a. Pemosioso (60.66°—
60.78° N; 69.68°-70.05° E).

Knumar ymepeHHO  KOHTUHEHTadbHBIMA. [lo  maHHeIM  MeTeocTaHuuu  XaHTbI-MaHcHiicKa
cpeaHerozioBas Temneparypa Bozayxa cocrasisier —0.5 °C. Cpennsis remneparypa staBapst —18.7 °C, urons —
+20.3 °C. Cymma temneparyp Bbime 10°C He npesbimaer 1300 °C. [TponomkuTensHOCTh 0€3MOPO3HOTO
meprosa 90 mgueit. CpemHeroaoBoe KomnaecTBo ocaakoB 567 MM (ot 704 mm B 1978 1. 10 385 MM B 1989 1.).

AOCOMIOTHBIE OTMETKH NMONMBI p. VpTHI B ero HIKHEM TeueHuH 25-30 M, HaAnoWMEeHHbBIX Teppac —
40-55 M Hag yp. M. Pexka mporekaer B IIMPOKOH JOJMHE, HM300MIIYIOIIEH MPOTOKAMH, CTapUIAMH,
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N0XOWHAMH, 03epaMH, OOJOTaMHU, KOTOPBIE MOCIIE CIajia MOJIOBOJIbS OCTAIOTCS 3aHATHIMU BOAON. CpemHsis
IIMpHHA MpaBoOepeKHOM MoKWMBI p. MpThIi B paitone ucciaenoBanus 5—10 k.

PacTuTeNbHBIN TOKPOB TEPPUTOPUHU TIPEACTABICH B OCHOBHOM JICCHBIMH, OOJIOTHBIMHU U TIOHMEHHBIMH
¢utonenozamu. JlecHple HacaXkIeHHs ~HaAMONMEHHBIX Teppac o00pa3oBaHbl IPEUMYIIECTBEHHO
CMEIIaHHBIMH TEMHOXBOWHO-MEIKOIHUCTBEHHBIMH, OEpPE30BEIMH M OCHHOBBIMH JIECAMH, HAXOISIUMHUCS Ha
pasHBIX CTaIUsIX TIOCIEHOXKAPHOTO BOCCTAHOBJICHUS KOPEHHBIX 30HAIBHBIX MHUXTOBO-EIOBO-KEIAPOBBIX
MEJIKOTPaBHO-3€JICHOMOIIHBIX JIECOB, XapaKTEPHBIX IJsl IJIAKOPHBIX MECTOOOMTaHWH cpenHel Taiiru
3amamuoit Cubupu. 3HAYUTENBHBIC IUIOMAAM 3aHUMAIOT OJIUTOTPO(GHBIE COCHOBO-KYCTaPHHYKOBO-
charHoBsie U KyCTapHHYKOBO-ITYIITUIIEBO-C(harHOBBIE BEPXOBBIE O0IIOTA.

B moiime nHambosiee HHM3KHE U c1ab0 JpEeHHpPOBaHHBIE YPOBHH peibeda 3aHATHl 3a00JI0UeHHBIMU
BOJITHOOCOKOBBIMHU JIyramu, OOpa30BaHHBIMH KpPYIHOW KOpHEBUINHOW ocokoii Carex aquatilis, u
KoukapHoocounnkamu u3 Carex juncella. Ha Gomee napeHHMpOBaHHBIX BBIPOBHEHHBIX YYacTKax B
NpUPYCIIOBOM M IICHTpaJIbHOM moliMe pa3BuThl KaHapeeuHukoBble (Phalaris arundinacea) myra.
®parmeHTapHo, Mo Hanboee BEICOKMM IPUBaM BAOJb MIPOTOK, BCTPEUAIOTCS 3aPOCITH UBOBBIX KyCTaPHUKOB
¥ TTIOMMEHHBIX O€pE30BBIX B OEPE30BO-OCHHOBHIX JICCOB.

Husuaasie 6Gonora Ha TOPQSHBIX TOYBAX pPa3BHBAIOTCA B IMPUTEPPACHOM YaCTH TOWMBI U
MPEJICTABICHbl OCOKOBO-THUITHOBBIMH TOIISIMA M JICCHBIMH 0O0JIOTaMU (TEMHOXBOWHBIMH U  OJbXOBO-
Ocpe30BBIMH  corpaMu). | HMIHOBBIE 0070Ta OTMEYCHHI HA HEOOJBIIOW IUIOMIAIA B OCHOBAaHWH
npaBoOepexHOil Teppackl p. MpThim, B MecTax BBIXOJOB TPYHTOBBIX BOJ, M OTJIHYAIOTCS BBICOKAM
00raTCTBOM BHJJOBOTO COCTaBa C Y4aCTHEM MHOTUX PEIKUX BUIOB PaCTCHHM.

Ha yyacTkax nmpuTeppacHOW NOWMBI, I'Ie OTCYTCTBYET AKTHMBHAs pPas3rpy3Ka HAIOPHBIX TPYHTOBBIX
BOJ, BCTpedaroTcsi TunmuHble BeitnnkoBo (Calamagrostis purpurea)-60J0THOTPaBHO-MOXOBBIE COTPbI
JIeCHOT0 00JIHKa ¢ Oepe30BO-KEIPOBBIM HIIH MTOJUIOMUHAHTHBIM JIPEBOCTOEM 10 18 M BBICOTOH.

OCHOBHBIE TUIOIIA/TU JIECHBIX OOJIOT Ha 00CIEI0OBAHHOM y4YacTKe B IpaBoOepekHON moiimMe p. MpThim
3aHUMAIOT YHHUKAIbHBIC MO CBOCH CTPYKType W (QIOPUCTUUECKOW KOMOWHAIIMH BHJIOB 0EpPE30BO-0JIbXOBO-
KOYKapHOOCOKOBBIE COTPHI € yuacTueM oJibxu cepoit (Alnus incana) (puc. 1, 2), KOTOpbIE U CTaal 00bEKTAMH
HAIIIETO HCCIIEAOBAHHUS.

MATEPHUAJIBI 1 METO/1bI

Wzydenne pacTuTenhbHOCTH OOJOTHBIX MacCHBOB B TpaBoOepekHol moiiMe Hmxaero Wpreima
mpoBenieHo ¢ 17 mo 24 wmions 2021 roma mpu TPOBENEHWH KOMIDIEKCHBIX JIaHIA()THO-IKOJIOTHYECKUX
WCCIIC/IOBAHNH Ha TEppUTOpUU IokHOW wactu [IpumoOckoro HedTsiHOro Mectopoxaenus OO0
«l"aznpomHedTh-XanToc». BremonHerno 38 momHBIX reo0oTaHWYECKWX omucaHuii Oomor, w3 Hmx 10 ¢
yudactuem AlNus incana, koTopblie BOIUIM B AUATHOCTHYECKYIO TaOmuity. [Iyisi BceX ONMMCaHMil ONpe/iesieHb
KOOPJIMHATHI ¢ ToMoIbio GPS-HaBuraropa.

Ha npoGusIx mromakax pazmepoM 10 x 10 m (100 M?) BEISIBIISUIM Bce BH/BI (COCYIMCTBIE PACTEHHS,
MXH, NEYCHOYHUKH) C OLEHKOH NpoeKkTUBHOro mHOKpwITHS (%). OOpaboTKa ONMMCAaHWI BBIIOJIHEHA B
COOTBETCTBHH C MPUHIMIAMHU (IIOPUCTHUECKOH Kiaccudukaiuu 1mkoibl bpayn-brnanke [Westhoff, Maarel,
1978]. Jng mepBHYHOW COPTHPOBKM T€OOOTAHHUECKMX OINMCAHWN MCIIOAB30BaHA HWHTETPUPOBAHHAS
Oorannueckas uHdopmaumonnas cuctema IBIS 7.2 [3BepeB, 2007]. B xapakrepusyrommx TaOIuIax
MPOEKTUBHOE TOKPHITHE BUIOB JaHO MO cienyroreii mkaine [Becking, 1957; Mupkun, Haymosa, 2012]: r —
enuHn4HO, + — menee 1 %, 1 — 1-5%, 2a — 6-13%, 2b — 14-25%, 3 — 26-50%, 4 — 51-75%, 5 — 76—
100%. ITocTostHCTBO BHAOB JaHO B Kitaccax oT I 1o V ¢ BeanunHo# xitacca 20%, CHMBOJIOM «r» 0003HAaYEHBI
€IMHUYHO BCTPEUEHHBIC BUJBI.

Jisi BBICHIMX CHHTAKCOHOB HCITONB30BaJM TOHATHE XapaKTepHBIX BHUJOB, BKJIIOYAss B HETO
CeNIeKTHBHbIC W TpedepeHTHbIE BHIBI, JUIS BBIJICICHHUS CHHTAKCOHOB pPaHTa acCOIMAlliK — IIOHITHE
muddepeHuupyoIe KOMOMHAIIMK BUIOB, IOHUMAs IO HEH IPpyNIly BUAOB, KOTOpPBIE, BCTPEUAsCh BMECTE,
SIBIISIFOTCS. XapaKTEPHBIMU JUISI CHHTAKCOHA, XOTSI KaXK/IBIA 10 OTAEIBHOCTH NTUPPEPESHIUPYIONIUM MOXKET U
He ObITh [Molenaar, 1976; Matseesa, 2006].
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Taoéauma 1. CoobmectBa acc. Carici juncellae—Alnetum incanae u panee omucannoi acc. Alno
incanae-Betuletum pubescentis ¢ BapmanTamu CoobGmectBa acc. Carici juncellae—Alnetum incanae u
panee onmcanHoit acc. Alno incanae-Betuletum pubescentis ¢ BapuanTamu

Caltha palustris
Carex elongata
Calla palustris

[IpoexTHBHOE MOKPBITHE SIPYCOB / MOIBAPYCOB, %o ITocrosiHCTBO
JIPEBECHBII (a) 20 10 10 5 20 20 25 20 15 15
KyCTapHHKOBBIi (b) 55 65 55 50 40 75 67 50 45 70§ , |4E |a. |82
KycrapHuKoBbiii (b1) 45 55 30 40 30 75 60 45 40 65 < cg (28 =
KycTapHUKOBHIi (b2) 13 5 25 10 10 2 7 5 5 5 5 e k= % ;- £ o 2
TpaBsHOIL (C) 70 60 65 60 70 60 70 80 70 80T E |2g |=& |=3
Mox0Boi (d) 55 45 70 65 65 60 70 45 55 45|58 | |TE |5
Uucio BusoB 41 37 42 25 34 37 43 44 32 29|8% |2§ |27 <&
Howmep onucanus 1 22 3 4 5 6 7 8 9 10
Hubdepenimpyromas komOuHarms BuaoB acc. Carici juncellae-Alnetum incanae
Alnus incana 3 3 26 3 3 4 3 3 3 4/ V™| I v
Carex juncella cl2b 2o 3 3 3 20 3 3 3 3| V*| v \Y} \Y}
Carex canescens cl+ + + + + + + + + +| r I
Calliergon giganteum d{2b 2a 3 3 2b 2a 2b 2b 2a 1| V*3
Climacium dendroides d|2b 2b 2b 2b 2b 2a 2b 2a 2b 3| V&®
nglocladium dl s + + & & + + 4 v
microphyllum
Calliergonella cuspidata d|f 1 + + + . 1 2a 1| 1N .
Hubdepenimpyromas komOuHaIms BUI0B (1. K. B.) acc. Carici juncellae-Alnetum incanae
Sphagnum squarrosum Aln. d 1 .+ I \% v Vv
Helodium blandowii d + + I" Vv \Y \Y,
Salix phylicifolia b v | V
Chamaedaphne calyculata b v I \Y
Salix myrtilloides b v i \%
Equietum fluviatile c v v v
Chiloscyphus polyanthos d{ . . . . 1" ] "
J. x. BapuanToB Sphagnum teres u S. centrale
Sphagnum teres d i \
Carex magellanica c I I :
Sphagnum centrale d " \Y;
Sphagnum warnstorfii d e : Il : V
Filipendula ulmaria cl . . . . .. + 1 +| 1t 1 | v
XapakTtepHbie BUbI (X. B.) coro3a Salici pentandrae—Betulion pubescentis u kinacca Alnetea glutinosae
Betula pubescens a|2b 2a 2a 1 2b 2b 2b 2b 2b 2b] V** | V \Y \Y
Salix rosmarinifolia bl2a 1 2b 2a 2a 1 2a 1 + 1| VvV™®
Salix pentandra b|1 1 2a . 1 1 2b 2a + v :
Naumburgia thyrsiflora cl+ + 1 + 1 + 1 + + +| v+ | 1
Galium palustre c|+ + 1 + + + + 1 + \Y . :
Scutellaria galericulata c|l+ + r + + + + + AV I : ]
c|+ + + + o+ nr I ]
C
c
b

Salix cinerea
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X. B. coro3a Carici cespitosae—Piceion obovatae

Carex cespitosa c|3 3 2b 2a 2b 3 3 3

Calamagrostis purpurea c|+ + + . + + 1 1

Carex disperma c + + ..+

Viola epipsila c

Picea obovata b
d
c
d

= W
+ w

Pohlia nutans
Pyrola minor
Rhizomnium
pseudopunctatum
X. B. kiacca Scheuchzerio-Caricetea nigrae
Comarum palustre Cl|2 2a 2a 2b 2b 2a 2b 2a 2b 1
Carex rostrata
KoHcTaHTHBIE BUIIBIL:
Plagiomnium ellipticum
Calliergonella lindbergii
Brachythecium salebrosum
Amblystegium serpens s. I.
Calliergon cordifolium
Drepanocladus aduncus
Aulacomnium palustre
Sanionia uncinata
Stellaria palustris
Ceratodon purpureus
Bryum pseudotriguetrum
Pyrola rotundifolia
Pylaisia polyantha
Lewinskya elegans
IIpoune BubL:
Rubus arcticus
Epilobium palustre
Drepanocladus polygamus
Leskea polycarpa
Campylidium sommerfeltii
Poa palustris
Aneura pinguis
Leptobryum pyriforme
Orthotrichum obtusifolium
Anemonidium dichotomum
Callicladium haldanianum
Dryopteris carthusiana
Lathyrus palustris
Bryum creberrimum
Plagiomnium cuspidatum
Pseudobryum cinclidioides

2b 2b 2b 2b 2b 2b 2b 2b 2b 2b
1 1 1 2a 2a 1 1

+
=
+

+
+
+

+ + + + + +F + B P+ +
+ - + 4+ + R R+ 4+
+ + + + = + + + + + +

+ + = + + -
+ + + e R
B+ + + P
+ + + + + - PP+ o+ o+ o+
+ P+ P+ + e
+ +

O O O O O 6 O O 0 o0 0 o o o
+ + + + + o+

+ + + + o+
+
+
-
-
-
-

+ + + + + + -
+
+
+

+ + + + -

+ . . . . +
1 . . .o+

+

O O O O O QO 0O OO O Q0 0 Qo Qo Q0 o o0

+
I

+
I
n-
IIF-+
+
I

|+-1

Ilpumeuanue. Bunsl, BcTpeueHnsle B 1 onucanuu: Brachythecium mildeanum 7 (+), Corallorrhiza trifida 10
(+), Dicranum fuscescens 7 (+), Epilobium sp. 3 (+), Equisetum fluviatile 3 (+), Hygroamblystegium humile 8 (+),
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Hylocomium splendens 7 (+), Hypnum cupressiforme 2 (+), Pleurozium schreberi (7 +), Pohlia nutans 8 (+),
Polytrichum juniperinum 9 (+), Rosa acicularis 3 (+), Thelypteris palustris 8 (+).

Asrop omucanuii: E.JI. Jlammmna. Bce omnucanus BoinonHensl 20.06.2021 na Ttepputopun XMAO, XaHTbI-
Mascuiickuii p-oH, IpUTeppacHas 4acTb MpaBoOepeKHON MOHMBI p. pThImI.

* — gomeHkiatypueiid tum: 2 — XMAO, XauTtel-MaHCHICKHiT p-OH, MpUTEppacHasi 4acTh MPaBOOEPEKHON MONUMBI p.
Upteim, 60.73921 N, 69.80959 E, om. 015E21pb, 20.06.2021, E. 1. JlanmmHa.

Cokparienne: Aln. — xapakrepubiit Bua kiacca Alnetea glutinosa.

PE3YJIBTATBI U OBCYKJIEHUE

Bepe30B0-016X0BO-KOYKapPHOOCOKOBBIE COOOIIECTBA TOP(SHBIX OOJIOT B MPUTEPPACHON YaCTH TOWMBI
HpTeima B ero HIKHEM TEYSHUH ONMCAHBI B PAHTE HOBOM aCCOMALINH.

Acc. Carici juncellae—Alnetum incanae ass. nov. (ta6m. 1, om. 1-10; HOMEHKIATYpHBIA THI
(holotypus) — omn. 2* (moneBoit Homep — om. 015E21pb, XMAO, XaHTbl-MaHCHHCKHI P-OH, OKp. .
Penosnoso, mpaBoOepexHas noiima p. MpTei, HeHTpanbHas 4acTh nputeppacHoro 6omiota, 20.06.2021, E.JI.
Jlanmwunaa); puc. 1, 2.

Pucynox 1. O6mmii Bux coobiects acc. Carici juncellae—Alnetum incanae B npureppacHoit YacTH TOWMBI .
UpThIi B €ro HHKHEM TEUCHUH

Pucynok 2. Mukpopeinbe® 1 CTpOCHHE HIDKHUX SIPYCOB B coobiectrax acc. Carici juncellae—Alnetum incanae
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Muddepennupyromas komounamusa Buaos: Alnus incana, Carex juncella, C. canescens, Calliergon
giganteum, Calliergonella cuspidata, Climacium dendroides, Haplocladium microphyllum, Lewinskya
elegans, Pylaisia polyantha.

Acconuanusi o0benInuHICT peakre 0epe30BO-0JIbX0BO-KOYKAPHOOCOKOBBIE COOOIIECTBA MOWMEHHBIX
00110T (0EpPE30BO-CEPOOTHXOBEIE COTPHI) HA BOCTOYHOM IpaHUIlE pacIIPOCTPAHEHUS CEPOH OJIBXH B 3aItaHOM
Cubupu, pa3BUBAIOIINECS B YCIOBUSIX TOATOILICHHUS PEYHBIMU BOJJAMH U OOTaToOro TPYHTOBOTO MUTAHUSL.

CocTaB u cTpyKTYypa. [peBocToii COCTOMT U3 OTHOTO HIIH JBYX MOABSIPYCOB, 00pa3oBaHHBIX Oepe3oit
nymucToi (o0miee MpoeKTHBHOE MOKphiTHE 5-25%). Bepxuwmii sipyc 10-12 (15) M BbIcOTOH, aHamMeTp
ctBosioB — 10-15 (18) cm. Bropoii sipyc, ecitu mpucyTcTBYyeT, 5-8 M BBICOTOH C AMAMETPOM CTBOJIOB JIEPEBbHEB
or 3 10 6 cMm. Hepeako B mepBhlii sipyc BBIXOASAT ApeBOBUAHBIC 3k3eMiusipel Salix pentandra mo 10 m
BBICOTOM.

I'ycroit kyctapuukossiii sipyc (40-75%) dopmupyer onbxa cepas 3-5 M Bbicotoi. C HEOOMBIITUM
obuimeM eii comyTcTByrOT Buabl uB — Salix pentandra 2-7 M, S. rosmarinifolia, pexe S. cinerea 1.5-2 m
BbIcOTOM. B TpaBsiHOM mokpoBe (60-80%, 40 cM BBICOTOI) TOMUHUPYIOT JBa BUJa KOYKOOOPa3yHOIIUX OCOK
— Carex juncella, C. cespitosa u cabempamk Oomotubiii — Comarum palustre (5-25%), 3acensroruii
Mekkoubss. C BBICOKMM TIOCTOSIHCTBOM HM comyTctByioT Calamagrostis purpurea, Galium palustre,
Naumburgia thyrsiflora, Scutellaria galariculata. Ha mpucTBOnBHBIX TOBBIICHHSX TOcemstores Pyrola
rotundifolia, Rubus arcticus. OcransHble BHIBI OCOK W OOIIOTHOTO Pa3HOTPaBbs BCTPEYAIOTCSA PACCESHHO B
HeOOJBIIOM KonmdecTBe. MoxoBoit mOKpoB  (45-70%) MHOTOBHAOBOW, TMATHUCTOTO  CIOXKCHHS,
Qg depeHIMPOBaHHBIN TI0 3JeMEeHTaM MHUKpopenbeda. Ha mprcTBOIBHBIX MOBBIIICHUSIX, CKIIOHAX KOYEK U
Herayookux MmukponoHmkenusx pactyT Climacium dendroides, Plagiomnium ellipticum, Calliergonella
cuspidata, C. lindbergii, B 00BogHeHHBIX MexKOubsix gomuuupyer Calliergon giganteum c¢ yuactuem C.
cordifolium. OOparaer Ha ce0si BHUMaHHE OOWJIME M OOJBIIOE BUAOBOE pa3HOOOpasre MOXOOOpa3HBIX,
MOCCIAIOINXCA Ha KOPE U B OCHOBAHHWU CTBOJIOB OJIbXH, KYCTOB HMB W Ha THUJION APEBCCHUHEC nHen u
BasiexuH. J[Ba snmdura — Pylaisia polyantha u Lewinskya elegans, cBsizatHbie B perHoHe HCKIFOUHTEIBHO C
OCHHOM, C BBICOKMM TIOCTOSTHCTBOM BCTPEYAIOTCS HA CTBOJIAX OJIbXH.

Bcero B coobiiecTBax accolManiy BeISBICHO 67 BUAOB: COCYAUCTHIX — 32 (B TOM YHMCIIE AepeBbeB — 1,
KyCTapHUKOB — 5, TpaB — 26), mxoB — 35, neueHounukoB — 1. Yuciao BumoB B coolmiectBax — 25-42 (B
cpenHeM 36), BBICOKO KOHCTAHTHBIX (BHIIBI C KOHCTAaHTHOCTHIO IV 1 V) — 28.

JKojorusi ¥ pacnpocrpaHeHue. MecTooOnUTaHus MOWMEHHBIX JICCHBIX OOJOT (JIECHBIX TOMeH) ¢
y4acTHEM OJIbXH CEPOH OTIMYAIOTCS XapaKTEPHBIM PE3KO KOYKOBATBHIM MHKpPOpenbeoM, 00pa3oBaHHBIM
koukamu ocok (Carex juncella, C. cespitosa) 50-60 cm BbicoToii u 20-40 cM B [@aMeTpe W MPUCTBOJIBHBIMU
MOBBIIICHUSIMU JICPEBBEB, MPUIIOJHATHIMA HAa TaKyK) JK€ BBICOTY HaJl YPOBHEM BOJIbI, 3arlOJIHSIOIICH
Hanbonee riryOoKHe MEXKO4bs. MeHee TTyO0OKHe TUIOCKHE YYacTKUA W TOHWKEHHS MEXIY TMOBBIIICHHBIMU
JJIEMEHTAMH  MHKpopenbea 3aHAThl THIHOBBIMH MXaMu. (OCOKOBbIE KOYKH MOKpbIBalOT 10 50%
MOBEPXHOCTH. [IpUMEpPHO B PAaBHOM COOTHOIICHWUH YEPEIYIOTCS MPHCTBOJbHBIC TMOBBINICHUS W TUIOCKHE
MEXKOUbs. ['TTy0OKHe TOHWKEHUs, 3aroIHeHHbIe BO/IOH (Ha 5-10 cM B MOMEHT OMHMCaHUs), 3aHUMAIOT HE
6onee 5-10% mnomiaau. bepe3oBo-01bX0BO-KOUYKAPHOOCOKOBBIE COOOIIECTBA Pa3BUBAIOTCS Ha TOP(MSHBIX
nmoyBax. MOIHOCTh TOPQSHON 3aIeKH BapbUPYET B 3aBUCUMOCTH OT MEPBUYHOTO peibeda MUHEPATHLHOTO
JTHA ¥ 3aKOHOMEPHO YMEHBIIAETCS B HAIMPABJICHHUH OT Teppackl K pyciy peku ¢ 3 mo 1.5 m. CoolmiecTBa
acconuanuu onucansl B noimMe HuxHero HMprtellna, rae 3aHMMarOT OCHOBHYHO IUIOINAJb IPUTEPPACHBIX
00JIOT, UIMEIOIIMX OTPAHUYCHHOE PACTIPOCTPAHEHHE.

3ameuanue. brnuskue o GaopUCTHUECKOMY COCTaBY COOOIIECTBA OEPE30BO-KYCTAPHUKOBO-OCOKOBO-
carHoBbIX U 0epe30BO-KyCTapHHKOBO-BEHHHKOBO-OCOKOBO-CarHOBBIX MelkoiecHii ¢ ydactuem Alnus
incana onwcaHbl HEIAaBHO Ha TeppuTOpuM 3amoBenHuka «Maimas CochBa» moja HaszBanumem acc. Alno
incanae-Betuletum pubescentis Lapshina et al. 2018, rie oHu pa3BUBalOTCS Ha MONMEHHBIX 0OJIOTAX H TIO
nepudepuu TeppacHbIX OOJOT B 30HE PEryJSIPHOrO IMOATOIUICHHUS IOJBIMH BOJAMU CO CTOPOHBI PEKU
[JTammmmaa u ap., 2018]. OcHOBHOE OTIIMYKE HOBOM aCCOIMAIMN 3aKIII0YaeTcs B Oojiee pocaoM IPeBOCTOE,
Pa3BUTHUHU TYCTOTO sSpyca OJIbXH CEPOH, JOMHUHHPOBAHUH KOYKOOOPA3YIOIIUX OCOK U TOJIHOM OTCYTCTBHUH
c(arHoBbIX MXOB, YTO OOYCJIOBJIEHO pa3WYHSIMH B DKOJOTHUYECKHX YCIOBHSX MecrooOurtanuii (Oomnee
ONMaronpusATHBIMU MHUKPOKJIMMATHYECKUMHU YCIOBUSMHU, TEPEMEHHOCTBIO PEXHMMa YBIQKHEHWS W Oolee
BBICOKHUM 00raTCTBOM TOP(SAHBIX MOYB B Movime MpThiimia).

HecmoTpsi Ha BbIcOKOoe mpoekTuBHOE TOKpbiTHEe Alnus incana (mo 70%), B ONMHCAHHBIX HAMHU
OOJIOTHBIX COOOIIECTBAX C YYaCTHEM OJBbXH CEPON MPAKTHUYECKH IOIHOCTHIO OTCYTCTBYIOT XapaKTEpHBIC
Buabl corosza Alnion incanae, uro ne yausurensHO. COO3 BKIIOYAET CHHTAKCOHBI MOWMEHHBIX JIECOB,
(OpPMUPYIOIIMXCS IPEUMYILECTBEHHO B JIOJMHAX PEK M Py4YbeB Ha OOraThIX XOpOLIO YBIIQ)KHEHHBIX, HO HE
3abonoueHHbIX mouBax [bynoxos u Conomer, 2003; Epmakos, 2012: c. 458-459].
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Acc. Carici juncellae—Alnetum incanae ass. nov. hoc loco ornecena x coro3y Salici pentandrae—
Betulion pubescentis Clausnitzer in Dengler et al. 2004 u mopsaky Salici pentandrae—Betuletalia
pubescentis Clausnitzer in Dengler et al. 2004 xnacca Alnetea glutinosae Br.-Bl. et Tx. ex Westhoff et al.
1946, xapakTepHble BBl KOTOPBIX IIUPOKO MPECTABICHBI B OMUCAHHBIX coobmecTBax (tadiu. 1). Ilopsgok
U €Tr0 IEeHTPAIBHBINA COI03 OOBEIUWHSIOT HU3WHHBIE ABTPOQHBIE M ME303BTpOdHBIC Oepe30BBIe 00JI0Ta U
00J10THBIE MeNKoIechs EBpasuu 60raToro rpyHTOBOTO ¥ TPYHTOBO-PEYHOTO TUTAHKS.

Kak u BO MHOrmx Jpyrux cooOmiecTBax HH3MHHBIX JIECHBIX OO0JIOT OOpeanabHOro o00JHKa,
3aMenramux B 3anagHod CuOupu 4epHOOIBEXOBBIC TOITH, HAOOP THITHYHBIX aJbHETAIBHBIX BHIOB B HOBOM
acCOIMaIK 3aMeTHO 00eIHEeH, TI0 CPaBHEHHUIO C YePHOOJBIIAHUKAMHU eBporerickoit yactu Poccuu. Oxpaako
Oosee Ba)XHBIM SBISIETCS TOT (PAaKT, YTO B OMHCAHHBIX HaMHU COOOMIECTBaX MPAKTUYECKH MOJIHOCTHIO
OTCYTCTBYIOT THIIMYHBIE OOpeajibHble BHIbI, KaK BBICIIUX COCYAHMCTBIX PACTEHHUH, KOTOpbIE HIMPOKO
pacmpocTpadeHnsl B maHHoM permoHe — Pinus sibirica, Picea obovata, Vaccinium vitis-idaea, Sorbus
sibirica, Maianthemum bifolium, Orthilia secunda, tax u mxoB — Pleurozium scheberi, Hylocomium
splendens. Dtu BBl Oosiee MIMPOKO MPEACTABICHBI B CHHTAKCOHAX JICCHBIX OOJOT C JOMHHHPOBAaHHUEM B
JIPEBECHOM sIpyce TEMHOXBOWHBIX TMopoj coro3a Carici cespitosae—Piceion obovatae Lapshina 2010,
KOTOPBIA B CHCTEME BBICIIUX €IWHUIl pactutenbHocTH EBpomsr [Mucina et al., 2016] otHecen k kiaccy
Vaccinio-Piceetea Br.-Bl. in Br.-Bl. et al. 1939 B cocraBe oco0oii TpymIbl MOPSIKOB MHUHEPOTPOPHBIX
JIECHBIX 0OJIOT OOpeaTLHOTO OOJHKA.

dopMHupoBaHHE  pPEOKUX  0Eepe30BO-0JIbXOBO-KOYKAPHOOCOKOBBIX ~ COOOMIECTB C  yYacTHEM
eBporetickoro Buaa Alnus incana B motime HMpThiia Ha BOCTOYHOM IPaHMIIE €T0 PACTIPOCTPAHEHHS CBA3AHO C
0COOBIM OJarONPUSTHBIM THAPOTSPMHYCCKUM PEKUMOM pedHbix nonuH [Jlammuua u [Tucapenko, 2013].
JlonmuHBI pex TaekHOU 30HHI 3anagHoit CuOmpHr, 1 0COOCHHO MX MOWMBI, SBISIOTCS HaN0OJee «TeTUTBIMIY», B
CUITYy NPOXOXKACHHUA IO HUM C 10T'a Ha CCBCP TCILJILIX BO3AYIIHBIX MacC U 6OJ'II>HH/IX MaccC BOJBbI. Ux oTanyaer
Oosiee BBICOKAs OTHOCUTENbHAs BIAXKHOCTh BO3IyXa, IO CPAaBHEHHIO C MPWIIETAIONIMMHU MPOCTPAHCTBAMHU
MEXIYPEUHBIX pAaBHUH. YMEPEHHBIH J0 C1a00 BBIPAXEHHOTO AJLTIOBUAIBHBIN PEXUM, XapaKTePHBINA IS
MECTOOOHTaHUH JIECHBIX OOJIOT B JOJHHAX PEK M PyYhEB CIIOCOOCTBYET OBICTPOMY Pa3NIOKEHUIO OPTaHUKH H
MOBBIIIEHUIO TPOPHOCTH OUOTOTIOB.

Xopoliee COCTOSHUE MEHOMOMYISIUNA ONbXU cepoil Ha TOP(MSHBIX MOYBAX MOMMEHHBIX HU3UHHBIX
00J10T (BBICOKOE MPOEKTHBHOE IMOKPHITHE, IBETEHHE, IJIOJOHOIICHNE) B YCIOBUSIX IMOTEIDICHHUS KIMMAaTa
MO3BOJISIET OXKHUIIATH 0OJIee MIMPOKOE PaclpoCcTpaHeHe cooOIIecTB 3To acconuanuu B 3amagnoit Cudupu u
pacmpenne ux apeana B Oyaymem. JlanpHelee u3ydenrne TOPQSHBIX 00JOT B moiiMe p. MpThim u ero
MIPUTOKOB MOXET CYIIECTBEHHO PACIIMPUTH MIPEICTABICHUE O PACTIPOCTPAHEHUH CEPOOIIEXOBEIX OOMIOT.

3AKIIOYEHHUE

B noiime MpThiia B ero HIKHEM TeueHHUH omnucaHna HoBas acc. Carici juncellae—Alnetum incanae ass
nov. hoc loco, koropas orHecena k coro3y Salici pentandrae—Betulion pubescentis u nopsiaxy Salici
pentandrae—Betuletalia pubescentis kmacca Alnetea glutinosae. Ilopsimok ¥ ero HEHTPaIbHBIH COO3
O00BEMHSAIOT HU3WHHBIE IBTPO(HBIE 1 Me303BTPO(dHBIC Oepe30Bble HBOBO-0epe30Bble KOUKAPHOOCOKOBEIE
0O0JIOTHOTPABHO-KOYKAPHOOCOKOBEIE 00JI0Ta M OOJOTHBIE MeJKojieckss EBpasum 060raTtoro rpyHTOBOTO M
IPYHTOBO-PEYHOTO MUTaHMS.

[IprHaaneKHOCTH HOBOW aCCOLMALIMK K 3TUM BBICIIMM €AMHHUIIAM Kiaccu(ukanuy o0ycIOBIeHA TeM,
9TO B €e COOOIIeCTBaX MOCTOSHHO BCTPEYAIOTCS HEMHOTHE XapaKTepHbIE BHJIBI KJIACCA YEPHOOIBXOBBIX
necoB — kiacca Alnetea glutinosa: Salix cinerea, S. pentandra, Carex elongata, Naumburgia thyrsiflora,
Galium palustre, Calla palustris. IIpu 5TOM B HHX MPaKTHYECKHA IOJHOCTHIO OTCYTCTBYIOT THITHYHBIC
OopealbHBIe BHJBI, YTO OTIMYAECT MX OT CHHTAKCOHOB JIBYX JIPYTHX COIO30B JIECHBIX OOJOT OOpeansbHOro
oOnnka Ha OoNOTax B TaeXHOH W monTaexHoi 30He 3anamHod CHOMpPH, OOBEAMHEHHBIX B MOPSIOK
Calamagrostio purpureae—Piceetalia obovatae.

Baxxabim OAUAarHOCTHYCCKUM TIPHU3HAKOM COO6HICCTB BHOBh OIIMCAHHOU acconuanuu  ABJISACTCA
JIOMHHHpOBaHWE B KycTrapHHKOBOM sipyce Alnus incana. Ombxa cepas, HaxomsCh 3[1eCh Ha BOCTOYHOMN
TpaHMlie CBOEro apeana, CMEIIACTCSd W3 MOWMEHHBIX JIECOB Ha OOTaThIX XOpOLIO YBIaXHEHHBIX, HE
3a00JI0YEHHBIX MMOoYBax coro3za Alnion incanae Ha HU3MHHBIE TOPQsIHBIE 00JIOTA B JIOJHHAX PEK, KOTOPHIC B
KOHTHHEHTAIBHOM KiuMaTte 3amafgHoii CuOupu Ooliee BCEro COOTBETCTBYIOT €€ 3KOJIOTHYECKUM
TpeOOBaHUM.
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Hnsa socmounoesponeiickozo cexkmopa Apxmuku 3a nocieonue 30 nem ycmaHOSNEHO UBMeHEHUe KIUMAMUYECKUX
UHOEKCO8, BANCHBIX OJI PACMEHU, — SHAYUMO YMEHbUUIOCH 200080€ YUCIO0 3aMopo3kos (Ha 14-21 Oens), yeeruuunace
NPOOONIHCUMENTLHOCHb Repuoda 8ecemayuul (8 cpeoHem Ha 2 Hedenu) u CYyMMbl HAKONJIEHHO20 3a 3MOm Nepuoo menia
(6 cpeonem na 85 °C). I[lomennenue xnumama npuseno K akmueHOMY eCMECMmEEHHOMY PACCeNeHUl0 Ha cegep U008
Pacmenuil I0ACHbIX WUPOMHBIX 2DYIN, 0COOEHHO NO OOIUHAM KPYNHBIX PeK, MEKYWUX 8 MePUOUOHANLHOM HANPAGLEHUU.
Ananuz maxconomuueckozo cocmaga 24 10KaibHbix (AOp HA MEPPUMOPUU 80CMOUHOEBPONEUCKUX MYHOD, 6KIOUAS
ocmposa Koneyes, /loneuti u Baiieau, nozeonun ycmanosums 64 euoa pacmenuil, Komopslie 0OHAPYI’CEHb 6nepavle
604U OM NPEdICHUX YKA3AHULL HA UX MECIMOHAX0JICOEHUs 8 OCHOBHBIX CB00KAX npouino2o cmonemus. OcHogHas wacme
(62%) smux eudoe npunaonexcum xcHvlM wupomuvim pynnam. Ilosmoproe (uepes 6 nem) obcredosanue Xopouio
8bIAGIIEHHOU panee JoKalbHol @ropul “borsanckuii Hoc”, pacnonosicennou 6 ycmoe p. Ilevopa, nokasano, umo uz 34
6HO8b 0bHapyicenHbix 61006 11% npunaonescum bopeanvhol gpaxyuu. Ocobenno enewamisem, KAk OAleKO HA cesep
Om CBOUX NPECHUX MECMOHAXO0JCOEHUTI OMMeUeHbl HEeKOmopble GOOHble U NPUOPEIICHO-GOOHbIE PACEHUS.
Bonvuwuncmeo u3 nux He npocmo ecmpeuaiomcs OmOenbHuIMU IK3eMUIApamu, a gopmupyiom coobujecmsa u
OMAUYAIOMCSL BbICOKOU dicusnennocmuio. Hosbie mecmonaxodcoenusi opegecuvix pacmenuii (Picea obovata, Pinus
sylvestris, Populus tremula, Alnus fruticosa) mozym paccmampusamocs Kak c8UOEmenbCmseo Ux npoOBUNCEeHUs Ha cedep
nO 00IUHAM PEK U3 NOJIOCL AIeCOMYHOPLL U PACNOLOICEHHBIX T0JCHEE “TeCHbIX 0CMPo6os " .

KnaioueBble ci10Ba: TOTEIDIGHHE KIMMaTa, COCYIWCTBIE pACTEHMs, JIOKAJIbHBIE (JIOPBI, pEOKHE BHUIBI,
BOCTOYHOEBPOIIEHCKIE TYHAPHI, ApKTHKA.

Key words: climate warming, vascular plants, local floras, rare species, Eastern European tundras, Arctic.

SUMMARY

The climate in the Arctic, including the European sector, is changing rapidly (Report..., 2021). Currently, there is
uncertainty as to whether the regularities of satellite-observed greening in tundra areas indicate a change in the
vegetation cover in situ. The NDVI changes are multidirectional in different sectors of the Arctic and depend on the
period taken for calculation (Bhatt et al., 2010, 2013; Epstein et al., 2017; Tishkov et al., 2018; Myers-Smith et al.,
2020). Non-environmental factors (atmospheric changes, orbital drift, sensor degradation, snow duration or standing
water) can give “greening” signals (Gamon et al., 2013; Raynolds et al., 2013; Guay et al., 2014). The winter and spring
indicators (for example, coastal spring sea-ice area) represent potential predictors of tundra vegetation productivity a
season or two in advance of the growing season (Bhatt et al., 2021).

The question of what happens to vegetation over a long period is more accurately answered by studies carried
out by surface methods on monitoring sites having repeated geobotanical descriptions with an accurate geographical
reference. An increase in the projective cover and height of the vegetation cover, an increase in the relative abundance
of shrubs and grasses, and shrub vegetation spreading on hillsides and in river valleys have been established for the
tundra of Alaska and the Canadian Arctic (Sturm et al., 2001; Tape et al., 2006; Gould et al. ., 2009; Myers-Smith et al.,
2019; Harris et al., 2021). In other publications (Prach et al., 2010; Callaghan et al., 2011; Dani€ls and de Molenaar,
2011; Matveeva and Zanokha, 2013b), on the contrary, it is shown that, despite climatic changes, the flora and
vegetation remained mainly fairly stable in Alaska, Greenland, Spitsbergen and Taimyr. The changes are often recorded
only in the locations where the landscapes are being physically changed or destructed (Jorgenson et al., 2015; Pospelova
etal., 2017; Lavrinenko and Lavrinenko, 2020).

Flora, as a more conservative component of the vegetation cover, retains its composition and structure much
longer than vegetation (Koroleva et al., 2019), however, the dispersal of species in our time is much faster than
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expected. A repeated inventory (decades later) of local tundra floras (Pospelov and Pospelova, 2001; Sekretareva and
Sytin, 2006; Matveeva et al., 2014; Koroleva et al., 2019) shows an increase in their richness mainly due to species of
more southern latitudinal groups. Northward migration of boreal species occurs mainly along river valleys.

We calculated climate indices for Eastern European tundras, which are important for plants, using the software
ClimPACT (Alexander et al., 2013) and applying daily data series (Bulygina et al., website). Over the past 30 years,
compared with the previous 30 years, the annual number of frost days (by 14-21 days) has significantly decreased, the
duration of the vegetation period has increased (by an average of 2 weeks) as well as the number of growing degree
days (by an average of 85 °C) (Table 1).

It is important to focus attention on species discovered originally far from the previously known boundaries of
their natural habitat, since they may indicate ongoing climatic changes. In this article, we supplemented the 5 local
floras in the Malozemelskaya Tundra and Bolshezemelskaya Tundra, which we revisited in the period from 2019 to
2020, with 67 taxons (Table 2). The local flora "Bolvansky Nos" at the mouth of the Pechora River, which previously
contained 222 species (Lavrinenko et al., 2016), has become one of the richest for its zonal positions (the northern zone
of the southern tundra) and for the East European tundras in general due to new findings (34 species). The majority
(69%) of the newly discovered taxons in the 5 local floras belong to the boreal fraction and there are even more such
species (71%) in the "Bolvansky Nos" flora.

We also analyzed the species, which we found earlier during the inventory of 24 local floras on the islands and
the mainland of the Eastern European tundra (Lavrinenko et al., 2016, 2019, marked with asterisks in the tables). The
number of species discovered for the first time far from their location, which were previously indicated in the main
reports of the last century, was 64. The main part (62%) of these species belongs to the southern latitudinal groups.
Current locations indicate the northern limit of their spreading in the European North.

Most of these species penetrate to the north along the the valleys of rivers flowing in the meridional direction
from south to north (Pechora and its tributaries, More-Yu, Neruta). Some aquatic and coastal plants have been found far
north of their former locations, which is particularly impressive: Cicuta virosa, Eleocharis palustris, E. quinqueflora,
Filaginella uliginosa, Juncus bufonius, J.nodulosus, Myriophyllum sibiricum, M. verticillatum, Naumburgia
thyrsiflora, Potamogeton friesii, P. pusillus, P. sibiricus, Sagittaria natans, Sparganium angustifolium, Stuckenia
filiformis. Many of them are not found just as specients, but they form communities and are highly vital (Lavrinenko
and Lavrinenko, 2018; Lavrinenko and Dyachkova, 2021). In the last century, most of these plants were known from
the middle/southern parts of the Komi Republic (Arctic..., 1960-1987; Flora..., 1974-1979) and are reported for the
territory of the Eastern European tundra for the first time. The valleys of rivers flowing in the meridional direction from
south to north are also a passage for the migration of meadow plants — Dactylis glomerata, Lathyrus palustris, Sedum
purpureum. New locations of arboreal species (Picea obovata, Pinus sylvestris, Populus tremula, Alnus fruticosa) can
be considered as evidence of their northward movement along river valleys from the forest-tundra zone and the “forest
islands” located to the south.

It is concluded that climate warming in the Eastern European sector of the Arctic contributes to the active natural
dispersal of plant species of southern latitudinal groups to the north, especially along the valleys of large rivers flowing
in the meridional direction.

BBEJEHHUE

Knumar B ApKTHKe, BKIIOYas EBPOINEHCKUI CEKTOp, MeHseTcsl ObIcTphiMH Temmamu [Jlokman...,
2021]. TlepBblii miar K MOHMMAHUIO TOTO, KaK ApKTHKa peardpyer Ha MOTCIUVICHHE KIMMara — 3TO
JOKYMEHTHPOBAHHOE TOATBEPKICHIE U3MEHEHUIH PACTHTEILHOTO MIOKPOBA C TEYCHUEM BPEMEHH U B OTBET
na noterenne [Post and Forchhammer, 2008]. Oxna u3 3a1a4 — BBISBUTE HHINKATOPHI THX W3MEHEHHH BO
¢rope u pacturensHOCTH. CITyTHUKOBBI MOHHUTOPHHT, Ha KOTOPBIA BO3JIararoT OOJIbIINE HAICHK IbI, TIOKA HE
JaeT OJHO3HAYHOI'O OTBETA Ha BONPOC O PEAKIMU PACTHTEIBHOTO MOKPOBA Ha IOBBHIMICHUE TEMIIEPATYPHI
BO3/yXa. M3MeHeHHs ycpeTHEHHOTO 3HAYCHHs HOPMAaJIM30BAaHHOTO Pa3HOCTHOTO BETETAlIMOHHOTO WHJIEKCA
(NDVI) moryT ObITh pa3HOHAIPABICHHBIMH JUTS OJHOW U TO K€ TEPPUTOPHH, B 3aBUCHMOCTH OT TIEPHO/A,
KOTOpBIN Oepercs s pacyera. Kpome TOro, B pasHBIX CEKTOpax APKTUKM W3MEHEHHS WHIEKCA TOXKE
pasHonanpasiennbie [Bhatt et al., 2010, 2013; Epstein et al., 2017; Tumkos u ap., 2018; Myers-Smith et al.,
2020]. dus BocTouHOEBpOITEiicKOro cektopa ymeHbiienne 3Hauennii NDVI, a He “yBennuenue 3enenoctn”
Ha YacTH TEPPUTOPUH, OOBSCHAETCS M BOBCE PAa3HBIMH IEPUOAAaMH CIYTHUKOBBIX 3amuceidl [Frost et al.,
2021]. Heskomnoruveckue GakTopbl, B TOM YHCIIe aTMOC()EpHbIC H3MEHEHHS, TPei]) CIIyTHUKOBBIX JaTYUKOB,
a Takxke 0oJiee paHHee TasiHUE CHera, MOTYT JaBaTh CUTHAIIBI “yBennueHus 3eiaeHoct” [Guay et al., 2014].
Tax, NDVI, onpenensiemMplii TMCTaHIMOHHO, YyBCTBUTENIEH K MapaMeTpaM JIaHAA(QTHOTO YpOBHSA, TaKUM
KaK TPOJODKUTEIHLHOCTh CHEXKHOTO TMOKPOBA MM W3MEHEHHUS] THAPOJIOTHUECKOTO PEKUMa B pe3yibTare
TastHUsL BedHOM Mep3notel [Gamon et al., 2013, Raynolds et al., 2013]. 3umHue U BeceHHHE MPOIECCHI
(HampuMmep, U3MEHEeHHEe NPHOPEKHOH BECeHHEH IUIOIAAM MOPCKOTO JIbJIa) SIBISAIOTCS MOTEHUHAIbHBIMU
WH/INKAaTOPaMU MPOIYKTHBHOCTH TYHIPOBOM PACTHTENBHOCTH 32 CE30H MJIM JBa JIO BETeTAMOHHOI'O
neprosa [Bhatt et al., 2021]. Takum oOpa3oM, B HacTosiiee BpeMs CYIIECTBYET HEOINpPEICICHHOCTh B
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OTHOUIEHUU TOTO, MACHCTBUTENBHO JM HAOJIIOAAaeMble CIIyTHUKAMH 3aKOHOMEPHOCTH ‘‘yBEJIMYEHUS
3€JICHOCTH” Ha y4acTKaX TYHJPbI yKa3bIBAIOT HA N3MEHEHHE PACTUTEIBLHOTO TIOKPOBa iN Situ.

Ha Bompoc o ToM, 4TO MPOMCXOAMWT C PACTUTEIBHOCTBIO B TEUEHHE AJUTEIBHOTO Mepuoaa, Oomee
TOYHO OTBEYAIOT MCCIIEJOBAHMSI, IPOBOTUMBIC HA3€MHBIMU METOAAMU — HA MOHUTOPHUHTOBBIX IIIOMIAAKAX U
IIPY NOBTOPHBIX T'€000TAHNUECKUX ONUCAHUAX, UMEIOLINX TOYHYIO reorpa@uuecKyro IpuBI3KY (C IOMOLIBIO
GPS-HaBUTaTOpOB MM OTMEUCHHBIX HA KapTax-TUlaHax). AHAIN3 COCTaBa U CTPYKTYPHI PACTHTEILHOCTH Ha
MOJICJIBHBIX TUIOIIAAKAaX B TYHApax AJSICKM M KaHAJACKOH APKTHKH CBHIETEIbCTBOBAJI 00 YBEIMYCHUU
IIPOEKTUBHOI'O IMOKPBITHS U BBICOTHl PACTUTEIHHOIO IOKPOBA M O IOBBIIEHHMM OTHOCHUTEIBHOIO OOMIINS
KycrapHuKkoB U 31akoB [Gould et al., 2009; Myers-Smith et al., 2019; Harris et al., 2021]. C nmomoribto
aHamnm3a adpoPOTOCHUMKOB B ceBepHOU Auscke 3a 50 JIeT yCTaHOBJIEHO, YTO MPOUCXOJUT PacpOCTpaHEHUE
KyCTapHUKOBOW PacTUTEIBHOCTH, OCOOCHHO Ha CKJIOHAX XOJMOB W B JonuHax pek [Sturm et al., 2001; Tape
et al., 2006]. B mpyrux myonukanusix [Prach et al., 2010; Callaghan et al., 2011; Daniéls and de Molenaar,
2011], mampoTuB, MOKa3aHO, YTO, HECMOTPSl Ha KIMMAaTHYECKUE M3MEHEHHs, (pJIopa M pacTUTEIBHOCTH B
LEJIOM OCTAIOTCS IOBOJILHO CTaOMIIBHBIMHU B TE€UEHHE MOCIEAHUX JECATUICTHI Ha AJsicke, B [ peHnananu u
Ha llImumbeprene.

B nenrpansHOCHONpCcKOM cekTope Apktuku (Taiimplp, “Tapes™) W3MeHEHUS B BHIOBOM COCTAaBE H
CTPYKTYpE COOOIIECTB 30HAIBHOW PACTUTEIBHOCTU HE OBLIM BBIABIEHBI Yepe3 40 neT, nake Npu CHILHOM
TpaHchopmaiu penbeda (MOTUrOHU3AIMS YBAJOB B PE3y/bTaTe TasHHS KHIBHBIX JIbIOB) [MarBeeBa u
3anoxa, 2013b]. ITo-BuanMOMY, aBTOPBI 3aCTaIH HAYAJI0 3TOrO MPOIIECCa, a PEaKIisl PACTUTEIBHOCTH HMEET
OIIpeeNICHHBIN Jar-nepuol. B amepukaHckoil ApKTHKE B aHAJIOTUYHBIX MECTOOOMTAHUIX MPU W3MEHEHUH
MUKpopenbeda 1 BIaKHOCTH MOYBBI H3-3a TasHUS )KUJIbHBIX JIbJIOB U3MCHEHUSI B PACTUTEIBHOCTH OKa3aJHCh
OBICTPHIMH W CHJIBHBIMHU 32 Tiepuoa ¢ 1984 mo 2009 rr., B TO Bpems Kak Ha JPYTUX MOHHUTOPHUHTOBBIX
mIomaakax 6e3 u3MEeHEHHH MUKpopebeda pacTUTEIBPHOCTh H3MEHMIACh Majio [Jorgenson et al., 2015].

B BocTOUHOEBpOMECKOM CEKTOpe Ha IJIOLIA/IKaX, 3aJ0XKeHHbIX Ha Mbice bonBanckuit Hoc B 1999 r.,
COCTaB U CTPYKTypa 30HAJbHBIX U 3a00JI0YEHHBIX COOOIIECTB B 1I€JI0OM 3a rnocienHue 20 JeT NpakTUIecKu He
nu3menunuch [Jlaspunenko u JlaBpunenko, 2017a, 2017b], HecMOTpsi HA MHCTPYMEHTAIBHO (PUKCHPYEMOE
yBEJIMYEHHE TEMIIEPaTyphl BO3ayXa u rpyHToB [Mainkosa, 2010].

Takum o00pa3oMm, Ha3eMHbIE HCCIEIOBaHUS B pa3HBIX paiioHax ApKTHKH, B TOM 4YHCIE B
BOCTOYHOEBPOICHCKOM CEKTOpe, B ILEJIOM CBUACTEILCTBYIOT O MEUICHHON OTBETHOM peakuuu
pacTUTENFHOCTH Ha TMOTEIUICHHE M O CTa0MIBHOCTH COCTaBa U CTPYKTYPHI TYHAPOBBIX COOOIIECTB.
W3meHeHns: QUKCHPYIOTCS TOJNBKO TaM, IZ€ TPOUCXOAUT (PHU3MUYECKOE H3MECHEHHE WM YHHUUTOXCHUE
nanamadros [Jorgenson et al., 2015; Pospelova et al., 2017; JlaBpunenko u JlaBpunenko, 2020].

U3menenusi, oOycloBIeHHbIE NOTEIUICHHEM KIUMaTra, (UKCUPYIOT HCCIEeNOBAaTEeNN, H3YdYaloline
¢nopy. [Tnonepamu paboT MO MOBTOPHON MHBEHTAPU3AIMK COCTaBa M CTPYKTYPHI TYHIPOBBIX JIOKAIBHBIX
¢utop 66 LH. TlocnienoB u E.B. Tlocnienosa [2001]. PeBu3ust uMu OJHON M3 M3YYEHHBIX apKTHYECKUX
KOHKPETHBIX ¢uiop — HU30BHiA p. AAMy-Hepy, ubine bukana (Tatimeip), cycTs 6onee 70 neT mocie mepBoro
ee oocienoranus A.M. TonMaueBsIM 1MOKasaia, 4To 00raTcTBO (DJIOPHI YBEIMUUIOCH Kak MUHUMYM Ha 13%
B OCHOBHOM 3a CHET BHJIOB 0OoJiee FOJKHOTO CKJIaja. ABTOPHI KOHCTATHPOBAIH, YTO apKTH4eckas ¢uopa,
HECMOTpSl Ha CYpPOBOCTb YCJIOBHM CYLIECTBOBAHUS M 3aMEIJICHHBIH XOJ €CTECTBEHHBIX CYKLECCHH,
JIOCTaTOYHO OBICTPO pearupyeT Ha M3MEHEHHE CPEJbl M YTO paccelieHHe BUJIOB B HAIE BPEMs MPOUCXOIUT
3HAYUTEJILHO OBICTpEE, YeM IpeaIoiarajoch. B 1oj30He 10KHOW TyHApHI B padione Apbei-Mac B 2002 .
obOHapyxeHo 40 BHIOB, HE BKJIIFOUEHHBIX B MPeAbINyIIuil criucok ¢uiopsl, B 2012 r. — eme mare. Bee atu
BUJBI, KPOME OJHOTO, OTHOCSTCS K OopeanbHOHM rpymmne u Ha TaliMbIpe HaXOAATCsl Ha CEBEPHOM TpaHuIe
coero apeana [Pospelova et al., 2017]. ABTopb! HabIOIANN CMEIIEHHE Ha CEBEp psia OOpeaabHBIX BHIOB
BJIOJIb IOKHOTO Oepera p. Xaranra 3a nociegaue 20 set paOotel B ee OacceliHe. OTMedaeTcss MUTpaLusi Ha
ceBep HanboJIee aKTUBHBIX JIyTOBO-KYCTaApPHUKOBBIX M OOJIOTHBIX OOpeabHBIX BUIOB 1O JOJIMHAM PEK.

OnHa U3 MepBBIX CPaBHUTEIBHBIX paboT ObLIa Takxke caenaHa 1o (ope oKpecTHOCTeH OyxThl THKCH
[CexperapeBa u Coitin, 2006]. ComoctaBHMB CBOHM Pe3yJbTaThl ¢ AHHOTHPOBAHHBIM CITUCKOM COCYIMCTBIX
pactenuii, ormyonrkoBaHHbIM b.A. TuxoMupoBbeiM ¢ coaBT. [1966], n nanubIMU ApkTH4eckoi ¢opsl [1960-
1987], aBTOpBHI KOHCTATUPOBaIM OOJIee IMUPOKOE MPOHUKHOBEHHE HEKOTOPBIX BHIOB K apKTHYECKOMY
nmobepesxpio 3a mporreamye S0 ner.

IToBTopHOe (uepe3 40 net) oOcnenoBanue JoKanbHOM (iopsl “Tapes”, pacnonoxeHHoi Ha p. [lsscuna
(TaiiMbIp), TIOKa3aJK, YTO HEMHOTUE HOBBIC JUIs palioHa BBl HAWICHBI B MOWME KPYITHO# peku [MatBeeBa
u 1p., 2014]. B To ke Bpems B paiione J[ukcona 3a 33 roma ropa COCYOWCTBIX PAaCTEHHI OCTANIach
HEM3MEHHOM, aBTOPBI HE HAIIIM TaM HHU OJHOTO HOBOro BHaa [MarBeeBa u 3anoxa, 2013a].

[Honnerit ananuz daopsl okpectHOcTel noc. Yokypaax (Cesepo-Bocrok SkyTtun), nposeneHusiii T.M.
Kopomnesoii ¢ coast. [2019] o mepBonayamsueM ucciemoBanusm M.C. bou B 1969 r. u coOCTBEHHBIM B
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2013-2014 rr. (uepes 45 yeT) mokasaj, 4YTo HanOoOJIee 3aMETHBIMH U3MEHCHHSIMH B PACTUTEILHOM ITOKPOBE
ObUIN yBEJIMYEHHE YMCIIAa BUJOB HOXKHBIX LIMPOTHBIX TPYII U MOsABIeHUE B nocienuue 15-20 nget noapocta
JHMCTBCHHHIBI. B crmcke “HOBBIX TaKCOHOB” BHIBI OopeanbHOW (¢pakuuu (25) mnpeobnagamu Hax
runoapktuueckoit (19) u apkruueckoit (15). Takue n3MeHEHUS aBTOPBI CBS3BIBAIOT C MOTEINICHUEM KJIMMaTa,
OJHAKO OTMEYalT, 4TO (uiopa, Kak Oojee KOHCEPBAaTHBHBIH KOMIIOHEHT pPACTUTEIBHOIO IIOKPOBA,
3HAQUUTENIPHO [JOJbIIE COXPaHAET CBOM COCTaB M CIPYKTYpPY, UY€M pacTUTeJbHOCTh. IlosTomy
3a()MKCUPOBAHHBIC M3MEHEHHUSI B COCTaBE M CTPYKTYpE JIOKATBHON (JIOPHI MOTYT CIIY)KUTh MHIUKATOPaMH
CYIIECTBCHHBIX U3MEHEHUH B PA3BUTHU PACTUTEIILHOTO IIOKPOBA TEPPUTOPHUH.

Jl1s BOCTOUHOEBPONEHCKUX TYHIAp €Ille B Hayalle OBYXTHICAYHBIX OBUIM HPEIJIOKEHbI HEKOTOPBIE
(duTonHIMKATOPHl KIMMaTHYeCKuX M3meHeHnuil [JlaBpunenko u JlaBpunenko, 2004]. TToka3aHo, 4To Ba)xHO
aKIEHTUPOBAaTh BHUMAaHHE Ha BUAAX, OOHApY)KCHHBIX BIEPBBIC BJIANM OT PaHEe W3BECTHBIX TPaHUI] UX
apeasioB. VX mosiBIeHHME B paiioHaX C XOpOLIO BBIABICHHBIMU JIOKAIBHBIMU (UIOpAaMH  MOKET
CBHUIIETENILCTBOBATh O MUTPALMAX M3 JAPYrHX, Oojiee I0)KHBIX TEPPUTOPHA, U OHM MOTYT HHAMLUPOBATH
MPOUCXOISIINE KITMMaTHUECKIE N3MEHEHUSI.

B Hacrosimieli craTbe Mbl pelaeM ClIeAyoLue 3aaa4n: 1) o JaHHbIM METEOCTAaHIUI Ha TePPUTOPUH
BOCTOYHOEBPOIEHCKUX TYHAP NPOAHAIN3UPOBATh W3MEHEHHE 3HAYMMBIX ISl PACTEHHH KIMMATHYCCKHX
nokasaTesiel; 2) JOMONHHUTh MATh JIOKaNbHBIX (op B Mano3eMenbckoit u Bonbliie3emenbekoi TyHIpax,
MOBTOPHO MOCEIICHHBIX HAMHU B TOCJEIHUE TOJbI, H OLCHHUTH, 33 CYET KaKUX BUJIOB OHH IMOIMOJHIINCH; 3)
MIPOaHaJIM3UPOBATh HOBBIE HAXOJKHU, KOTOPBIE OBUTN ClIEJIaHbl paHee MPH MHBEHTapU3aLMK JOKaIbHBIX (Jiop
[JlaBpunenko u ap., 2016, 2019], u akueHTUpOBaTh BHUMAHUE HA BUJAX, OOHAPY)KEHHBIX BIICPBBIC TAJICKO
Ha ceBep OT CBOUX MPEKHUX T'PaHHII.

MATEPHUAJIBI 1 METO/1bI

KimmaTuyeckue 1aHHbIC

st aHanmm3a KIMMAaTHYECKONH JTUHAMHUKH B3STHI JaHHbIE HHCTPYMEHTAJIbHBIX HAOIIOACHUIA 110 JIEBSITH
METEOCTaHIUSIM Ha TEPPUTOPUN BOCTOYHOECBPOTICHCKIX TYHp (B aAMUHUCTPATUBHBIX IpaHunax HeHerkoro
aBToHomHoro okpyra (Mm. E.K. ®enoposa; Konryes CeBepusiit; Kanun Hoc; Illoiina; Manura; Amaepma;
Meic KoncrantunoBckuit; Hapbsn-Map; Xocena-Xapa). C wucnonszoBanuem mporpammsl CIIimPACT
[Alexander et al., 2013] mbI paccunTanu CrelHaIN3UPOBaHHbIC KIMMATHYECKHE MHACKCHI, pa3paboTaHHbIC
Bcemupnoii Mmeteoposnormueckoit opranuzamueii: FDO — romoBoe umncnmo aHEW ¢ MHHUMAIIBHOW
temneparypoir Boznyxa <0 °C (mHu ¢ 3amoposkamu); TMSa — rogoBoe 4ncio JHEH co CpeaHEeCyTOYHON
Temmeparypoii Bozmyxa >5 °C; GDDgrow (Growing degree days) — romoBasi cymMMa CpPeIHECYTOYHBIX
temneparyp Bozngyxa >5 °C. IlockonbKy cpeqHEeMecsuHble IOKa3aTeldd CIIIaXKUBAalOT OOJNBIIYIO YacTh
BaXHOM MH(pOpManMu, OT KOTOPOW 3aBUCUT (PYHKIMOHMPOBAHHE PACTEHHH, WHAEKCHl PAcCUMTaHBI C
MPUBJICYCHHEM €KEJHEBHBIX JIAHHBIX — CYTOUYHBIX PSJ/IOB MaKCHMAIbHOW W MHUHHMAIBLHOW TeMIIEpaTyphl
BO3JlyXa M 0CaJIKOB [ByJbIruna u ap., cair].

sl OLeHKH 3HAYUMOCTH MEKI'OI0BOH M3MEHYHMBOCTH KIMMATHYECKHUX MHIEKCOB HMCIOJIb30BAIH P-
3Hauenue (p-value). [IpoBepka rumore3 ¢ ero MOMOIIBIO SBJISETCS aJbTEPHATHBOMN KIIACCHUECKOI MpoLieype
MPOBEPKU Yepe3 KPUTUYECKOe 3HAa4YeHWe pacrpesesieHus. Yem MeHbIe P-3Ha4eHHE, TeM OoJjblie “‘cuia’
OTKJIOHEHHS HYJIEBOH THMOTE3bl (T.€. TMIIOTE3bl 00 OTCYTCTBMM B3aUMOCBSI3M MM KOPPEJSLUH MEXIY
HCCIIeyeMbIMU TIEPEMEHHBIMH) M TEM OOJIbIIIE O’KUAaeMast 3HAYUMOCTh pe3yjIbTaTa.

dopucTHYECKHE UCCIET0BAHNSA

B xozxe nonessix uccrnegosanuii B 2019-2020 rr. 66u1 coOpaH HOBBIN MaTepuai A MATH JTOKAIBHBIX
¢utop, omybnukoBaHHBIX paHee [JlaBpunenko u ap., 2016, 2019], nox HasBanusmu “T'ycuner;” (Puc. 1, 1),
“Jlosenuxwuii” (2), “Kysueuxas” (3), “bonanckuit Hoc” (4) u “Illankuua” (5). JlomonHeHus cAeaaHbl Tpu
IEJICHANPABIICHHBIX MOUCKaX PAacTeHWH MaplIPyTHBIM METOJOM M TIPH BBITOJHEHUH Te€000TAaHHMYECKHX
onucaHui: Ui nepBoIx yerbipex ¢uiop — O.B. JlaBpunenko (Oonbiioe BHUMaHUE OBUIO YIEIEHO BOIHOU H
npubpexxHo-BogHON rope), ans “Ilankunaa” — I'.A. TrocoeiM u K.B. VBaHoBoi. Mbl He CTaBWIM Ielb
MPOBECTH TMOBTOPHYIO PEBH3HI0 ITHUX JIOKAIBHBIX (IOp, a OTMEYalll U TepOapU3UpOBalll JIHMIIL BHOBb
oOHapyXEeHHBIE TAKCOHBI. 3aHOCHBIE BUJIBI B TeorpaduuecKuil ananu3 GJiop He BKIIOUEHBI.

JloxansHas Quopa “Tycumen” (68°06'-68°15' c. ur, 53°40'-53°55' B. 1) OXBATBIBAET NENBTY
p. [Teuopsr Mexxay nporokamu Manbiii ['ycunen, Kosmokos, bernaduiiep u bonbmioit Ockosikor Lllaper, a

1 .
B kaBbIUKax MpUBeICHO Ha3BAaHKE JIOKAIBEHOHN (IIOpBI, Jaiee 1Mo TeKCTy, YTOObI N30eKaTh IOBTOPOB, CIIOBOCOYETAHHE
“noxainbHas (opa” OmyIIeHO, OCTaBICHO TOJIBKO €€ Ha3BaHME.
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Takke HebobInoi octpoB Kamuu B KopoBunckoii ry6e; “Jlopenxuit” (68°17-68°22' ¢. ., 53°51'-53°59’
B. 1.)— octpoB (41 kM%), ombiBaeMsIii ¢ ceepa ITedopckoii, ¢ rora KoposuHckoil ry6oit; “KysHerkas”
(68°48'-68°52" c. m1., 53°40'-53°59’ B. 1.) — yuactok Baonb 3axapbuHa Oepera [ledopckoit TyObI OT MbIca
Tounkuit Hoc no n-oBa Pycckwuii 3aBoport; “bonBanckuii Hoc” (68°16'-68°17' c. m1., 54°25'-54°32" B. n.) —
MOITyOCTpoB Mexay p. bompmoit Iledopoit u bonBanckoit ry6oit oT Mbica bonBanckuii Hoc Ha for 10 conku
Moxnatast u o3. Hmwxraebopomaroro; “IlHamkuua” (67°30'—67°35" c. m., 54°54'-55°12' B. m.) — y4actok
MEXIy OJHOMMEHHOW pEeKOW M ee MpaBbIM MpPUTOKOM p. BecHuro, a Taxke Oepera p. LllamkuHa B mecte
BIaJIeHUS B Hee pyd. JlabaisaBBOXK.
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Pucynok 1. Kaprocxema paiioHOB ucciemnoBanuii. 1-24 — Homepa nokanbHbix ¢uop: 1 — Dycumer; 2 —
JloBenkwnit; 3 — Kysnenkas; 4 — bonsanckuit Hoc; 5 — llankuna; 6 — OpTrHa; 7 — bonBanckas ry0a; 8 — Xeutpuyro; 9 —
Jpoitananas; 10 — Xoxoranesxa; 11 — Kocrsano#t Hoc; 12 — Xa0yiika; 13 — To6cena; 14 — Byrpsiaka; 15 — Cpennsist
[Mecuanka; 16 — Huxkwnsist [Tecuanka; 17 — [laxanueckas ry6a; 18 — Xaiinyasipckas ry6a; 19 — onruit; 20 — Baphek; 21
— Jlamumnna; 22 — Jonras; 23 — Capmuk; 24 — JlpoBsiHas. YepHbIMH KpY)KKaMd 00OO3HAu€HbI JIOKaJbHbIE (HIIOpBI
00pearbHOr0 THIA, CEPhIMH — THUIOAPKTHYECKOTO, OENbIMH — apkTH4yeckoro. ITyHKTHpHOW nuHUEeH 0003HAYEHBI
rpaHulel MoA30H: I — apkTuueckue TyHpsl, 11 — tunuunsie TyHapsl, [11 — roxHbIE TYHAPEL, [V — necotynapa

CornacHo 00TaHUKO-TEOrpa)UIecKOMyY JEJICHHI0 ApPKTHYECKOH (IOpHCTHUECKOW 00JIacTH OHHU
otHocsatest kK Kanuno-ITewopckoii nmonpoBuniu EBporneiicko-3ananHocuoupckoit nposuniu [FOpies u
ap., 1978]. Xapaxtepuctuka penbeda W PACTUTEIBHOCTH ATUX TEPPUTOPHH JaHAa B MPEIBLIYIIHX
nyonukanusx [Jlaspurenko u ap., 2016, 2019].

HomeHknatypa TakcOHOB (B OCHOBHOM) M MX THIIBI apeasioB aaHbl no H.A. Cekperapeoii [2004].

PE3YJIBTATBI U OBCYXJIEHUE

KaumaTudeckue u3MeHeHHs

Pe3ynbrarhl CpaBHUTENBHOTO aHANM3a KIMMATHYECKUX MHJEKCOB 3a aBa 30-meTHux nepuoja — 1961-
1990 1 1991-2020 rr. (Tabnuna 1) mokasanu, uro 3a nocneanue 30 Jer, Mo cpaBHEHUIO ¢ npeapyaymuM 30-
JIETHEM.

1) Ha Bcelf TeppuTOpUHM BOCTOYHOCBPOINEHCKUX TYHJIP HAOIOAANOCH YMEHBIICHHE YHCIa JHEH B
rozly ¢ 3aMopo3kamu B cpenHeM ¢ 248 no 230. [l uccienoBaHHBIX METEOCTAHIIMM CHUXKEHUE MOKa3aTens
FDO Bapeuposaio ot 14 mo 21 gust (nim 5-9%); Hanboiee MHTEHCUBHO MEPHOJL C 3aMOPO3KaMHU COKPATHIICS
Ha CceBepo-3arajie OKpyra.
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2) Ha Bceil TeppUTOpHH BOCTOYHOEBPOIECHCKHUX TYHIP HMPOAOJDKUTEIBHOCTD MEPHOa BEreTanuu (¢
temnepatypoir >5 °C) yBenuumiach B cpeaHeM Ha 2 Hemend. s HCCIEIOBAHHBIX METEOCTAHIHN
nokazatenb T Mb5a Beipoc Ha 11-19 gneit (nmm 11-37%); Hambosiee CHIIBHO MPOJOJDKUTEILHOCTh HEpHOIA
BEreTaluy BO3pocia Ha BOCTOKE OKpYTa.

3) Ha Bceil TeppuTOpHM BOCTOYHOEBPONEWUCKHMX TYHIP TOAOBas CyMMa aKTHUBHBIX TEMIEPaTyp
yBenmuumiack B cpemHem Ha 85 °C. Jlns uWccieqoBaHHBIX METEOCTAaHIME poct mokazarens GDDgrow
BapeupoBan ot 38 1o 131 °C (unmm 16-36%); HanOONBIIKI POCT CyMMbI HaKOIUIGHHOTO TEIUIa 3a MEPUO
Beretaiu (¢ Temmepatypoii >5 °C) oTMeueH Ha BOCTOKE OKpyTa.

Ta6auna 1. 3HaueHHs KIMMATHYECKUX MHIEKCOB JIJISI TEPPUTOPUN BOCTOYHOEBPOICHCKUX TYHIpP 3a
nBa 30-1eTHUX Tepuoaa

KiumaTtndeckue HHIEKCHI
MerteocTtanius
FDO TMb5a GDDgrow
Wunekc HaszBanue 1961-1990{1991-2020 {1961-1990 |1991-2020 | 1961-1990 |1991-2020
20946 Nwm. E.K. ®denoposa 266 252 45 56 113 151
22095 Konryes CeBepHblii 250 230 71 89 257 333
22165 Kanun Hoc 230 209 95 107 358 415
22271 Ioitna 228 210 106 118 505 593
22292 Wugura 234 216 100 115 512 609
23022 Amnepma 274 257 52 71 212 289
23114 Mpbic KOHCTaHTHHOBCKHIA 254 234 83 100 395 526
23205 Hapwpsin-Map 239 225 104 116 647 750
23219 Xocena-Xapa 255 237 97 110 602 698

Ipumeyanue. CokpalieHus KIMMaTHIECKUX HHAEKCOB paciudpoBaHbl B paszeine «Marepuaibl 1 METOIbD.

Bce TpeHznpl mo M3MEHEHHMIO KIMMATHYECKUX WHAEKCOB SBISIIOTCS CTATHUCTHUECKH 3HAYUMBIMH (p-
value <0.03), 4ro mO3BOMAET CaeIaTh BBIBOJ O IMOCIEAOBATCIBLHOM YIVUIICHUH KIMMATHYSCKUX
MoKa3areyieid, 3HaUUMbIX JUJIl pacTeHUH. Y MEHBIIEHUE FOJOBOTO YMCIa 3aMOPO3KOB, YBEJIMYEHUE TIEPUOAA
BEreTaly U CyMMBbl HAKOIJICHHOTO 3a 3TOT MEPUO] TeIlla O1aronpusTCTBYIOT PaclipOCTPAaHEHUIO PaCTeHUI
Ha ceBep.

JAuHamMuka uopucTuyecKoro pazHooopasus

Panee ObuIM OmyONHMKOBaHBI CHCKH BUAOB 18 nokambHBIX ¢uiop Ha octpoBax (Komnryes, Baiiray,
Jonruii) u B MpUMOPCKUX paiioHax bombiiesemMensckoit 1 Mano3eMenbCKoi TyHAp W IIECTH — Ha 3amaje
Bosnbiie3eMenbCKoi TYHIPBI, BBISIBICHHBIX B riepuoa ¢ 1995 no 2017 rr. [JlaBpunenko u ap., 2016, 2019].
Uucno BuioB B HUX BapeupyeT oT 120-167 — Bo diopax Manozemenbckoro nooepexsst bapeniesa Mopst 10
226 — B necorynnape (“Oprtuna”). K diopam apkruueckoro tuma (>40% BHAOB apKTHYECKOW (paKiiim)
OTHOCSTCSI JIOKaJIbHbIE (JIOPBI OCTPOBOB, K (hiiopam GopeanbHoro tuna (>40% — GopeanbpHOU (pakiym) —
pacIooKeHHbIE B TIOI30HE FOXKHBIX TYHJIp U jiecoTyHape (“Xaiimyapipckas ryoa”, “Illankuna”, “Opruna”),
a taroke BOim3u actyapus p. Iledopsr (“T'ycunen”, “Koctsiroit Hoc”, “Jlosenkuit”, “BonBanckuii Hoc”,
“BonBanckas ryba”, “Xsuibuyto”). Ocranshbie ¢uopsl nodepexbs (“Tobdcemna”, “Kysuerkas”, “Xalyiika”,
“JlBoiinnuHas”, “Xsxoranbsxa” u “Tlaxandeckas ry0a”), rie HU oaHa M3 (pakuuii He BkItouaeT 40%
BUJI0B — runoapkruyeckue (Puc. 1).

[To pesynbraram padot 2019-2020 rr. IATH JIOKATHHBIX (IIOpP ITOTOITHEHB! 67 TAKCOHAMH, KPOME TOTO
HaiiJIeHo 1Tk 3aHOCHBIX BUIOB (Tabmuua 2). OtHocuTenbHO OemHble mpumopckue ¢utopsl “KysHerkas” u
“JloBenkuii”, st KOTOpbIX ObLT0 M3BecTHO 120 U 140 BumoB, coorBeTcTBeHHO [JIaBpuHenko u iap., 2016]
YBEJIMUWINCh HE3HAUYNUTENBHO — Ha J1Ba U J1eBATh BUAOB; “lllanknna” u “I'ycuHen” ¢ paHee yCTaHOBIEHHBIMH
190 u 209 Bumamu [JlaBpuuenko u ap., 2019] momosnnenst 23 u 18 Takconamwu; “bonBanckuit Hoc” ¢
HanboJjiee HachIeHHOU (iopoit — 222 Buma [JIaBpunenko u ap., 2016] 3a cuer HOBBIX Haxom0k (33 Buma U
OJMH MOJBHJ) CTajla OJHOM W3 CaMbIX OOTaThIX Ul CBOMX 30HAJIBHBIX MO3MIHUH (CEBEpHAas MOJI0Ca FOKHBIX
TYHJp) 4 B 11e7IoM TyHIp HeHenkoro aBToHOMHOTO OKpyra — 255 BUIOB.
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Tab6smua 2. Haxoaxu HOBBIX BUIOB B IIATH JIOKAIBHBIX (DJIOpax BOCTOYHOCBPONCHCKUX TyHAP B 2019-
2020 rr.

leorpaduueckass | JloxampHBIE QIOPHI M HX HOMEpa
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Botrychiaceae
Botrychium lunaria (L.) Sw. KCM IJ1 +
Equisetaceae
Equisetum variegatum Schleich. ex Web. et Mohr I r'A-M : : . +
Lycopodiaceae
Lycopodium annotinum L. s. str. I r'A-M | +*
Sparganiaceae
Sparganium angustifolius Michx. Eas3 b +* | +*
Potamogetonaceae
Potamogeton alpinus Balb. Ir 1 + . . +
P. berchtoldii Fieb. nKCM 1 + + . +
P. perfoliatus L. KCM 1 +
P. praelongus Wulf. Lr 1 . +
P. pusillus L. Lr Il +* . . .
P. sibiricus A. Benn. C-A r'A O+ +*
Stuckenia filiformis (Pers.) Boérner BA-EBp 1 . . . +*
Alismataceae
Sagittaria natans Pall. Lr 1 +*
Poaceae
Bromopsis inermis (Leyss.) Holub Epp-C b . . . + .
Trisetum sibiricum Rupr. s. str. BEa3-3A b . : . . +
Agrostis stolonifera L. subsp. straminea (C. Hartm.)
Tzvel. nEBp r'A : : . + .
Phleum alpinum L. l] r'A-M + . . . +
Arctophila fulva (Trin.) Anderss. 1] nA . + . .
Dupontia psilosantha Rupr. 1] A . . . +
Puccinellia distans (Jacq.) Parl. Esp b +
Dactylis glomerata L. Ea3 b +* +*
Cyperaceae
Eleocharis palustris (L.) Roem. et Schult. ub b +* . . .
Carex aquatilis Wahlenb. subsp. stans (Drej.) Hult. I MA . . . + .
C. lapponica O. Lang Ea3z-3A r'A-M : . . : +
C. maritima Gunn. I nA . . . +* .
C. norvegica Retz. I r'A-M . . . . +*
C. parallela (Laest.) Sommerf. subsp. redowskiana
(C. A. Mey.) Egor. eC Ab . . . +
C. rostrata Stokes 16 b . . . +*
Lemnaceae
Lemna trisulca L. KCM 1 . + . +
Juncaceae
Juncus bufonius L. s. I. Lr IJ1 +* . . . +*
J. nodulosus Wahlenb. 116 b . . ) +* .
Luzula arcuata (Wahlenb.) Sw. Esp T'A : . . ) +
Orchidaceae
Corallorrhiza trifida Chatel. 116 b . ) +
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Listera cordata (L.) R. Br. L6 b +* .
Coeloglossum viride (L.) C. Hartm. 116 Ab +
Salicaceae
Populus tremula L. Ea3 b . +*
Salix polaris Wahlenb. Ea3-3A MA +
Betulaceae
Betula nana L. x B. czerepanovii Orlova EBp-3C rA-M +
Polygonaceae
Rumex acetosella L. nEBp 1 3
Portulacaceae
Montia fontana L. nllo Ab +
Caryophyllaceae
Stellaria calycantha (Ledeb.) Bong. s. I. il A + .
S. crassifolia Ehrh. 16 Ab . +
S. nemorum L. EBp BH +* .
Oberna behen (L.) Ikonn. Ea3 b 3 .
Gastrolychnis angustiflora Rupr. s. str. Ea3 A +
Ranunculaceae
Ranunculus samojedorum Rupr. I A +
Brassicaceae
Subularia aquatica L. ullo b +*
Saxifragaceae
Saxifraga hirculus L. (5 Ab +
Grossulariaceae
Ribes hispidulum (Jancz.) Pojark. BEBp-C b +
Fabaceae
Trifolium pratense L. s. I. EBp-C b +
T. repens L. nEsp b 3
Lathyrus japonicus Willd. subsp. pubescens
Korobkov AO TA +*
Callitrichaceae
Callitriche hermaphroditica L. ullo b + +
C. palustris L. (5 Ab +
Onagraceae
Epilobium hornemannii Reichenb. AO r'A +
Haloragaceae
Myriophyllum sibiricum Kom. 116 b . +* +*
M. verticillatum L. r 1 +* | +* +*
Hippuridaceae
Hippuris vulgaris L. Lr 1 + +
Apiaceae
Cicuta virosa L. Ea3 b +* +*
Gentianaceae
Comastoma tenellum (Rottb.) Toyokuni 1] AJl +
Menyanthaceae
Menyanthes trifoliata L. 1] b +
Polemoniacea
Polemonium boreale Adams il MA +
Scrophulariacea
Limosella aquatica L. KCM 1 + .
Linaria vulgaris Mill. EBp-3C b +
Asteraceae
Filaginella uliginosa (L.) Opiz cEa3 b +* .
Ptarmica salicifolia (Bess.) Serg. Esp-C b . +
Leucanthemum vulgare Lam. Ea3z (KCM) b 3 .
Petasites radiatus (J. F. Gmel.) Toman BEBp-C Ab +
Tephroseris palustris (L.) Reichenb. nllo Ab +
Ligularia sibirica (L.) Cass. subsp. arctica (Pojark.)
V. Sergienko BEBp r'A . +
Carduus crispus L. Eas b : 3 .
Hieracium agg. laevigatum Willd. Esp-3C b + + +

42



1 2 3 4 5 6 7 8
H. agg. umbellatum L. Eaz-3A b : : . . +
Yucsio BUAOB (B TOM YHCIIE 3aHOCHBIX) 18(1)| 9 2 137(3)[24 (1)

Ipumeuanue. A6OpeBraTypa JONTOTHBHIX TpyI. Opakius ¢ mupkyM apeanamu: L] — mupkymmnossipasie u nl]
— mouYTH IWpKymmnonspaele, 116 — nmpkymOopeambHbie u nlld — moutm mupkymOopeansHsie, Lr —
nupkymronapkrudeckue, KCM — kocmononuthbie 1 TKCM — 1oYTH KOCMOTIOJIUTHBIC; AMQUOKeaHnvecKas

dpakmma: AO — cobctBenHO aMduokeanudeckue, BA-EBp — BoCTOUHOaMEpHKAHCKO-EBpPOIICHCKHE;
EBpaswmiickas dbpakmms: Ea3z — coocTBeHHO eBpasuiickue, cEasz — To jke, HO Kak COpHBIC 3aHECCHBI U B IPYTHE
paiionsl, Ea3-3A —  eBpasmiicko-3amagHoamepukanckue, BEa3-3A —  BocTouHOEBpa3MIiCKO-
sanagHoamepukanckue, EBp-C — eBpocubupckue, BEBp-C — BocTouHOeBponeiicko-cubupckue; EBponeiickas
dpakmmsa: EBp — eBpomeiickne, nmEBp — MpeuMMyIIECTBEHHO eBporeiickne, EBp-3C — eBporencko-

3amagHocuOupckue, BEBp — BocTouHoeBporneiickue; Asuarckas dpakius: eC — cuOupckue, HO 3aXOJIsIIHe
Ha CEBEpPO-BOCTOK eBporeiickoil yactu, C-A — cubupcko-amepukanckue. AGOpeBraTypa MUPOTHBIX TPYIIIL.
Apktrdeckas ¢dpakmms: A — apKTHYeCKHe W TMA — TIPEeUMYIIECTBEHHO apKThdeckme, MA —
MeTtaapktuueckue, AJl — apkToaneruiickue; [ unoapkrudeckas gpakmusa: ['A — rumoapkrudeckue, 'A-M —
TUIMOapKTOMOHTaHHbIe; bopeanbHas (dpakiusa: b — Oopeansabie, BH — OopeanbHo-HeMopanbHble, Ab —
apkToOopeansHble, [1J — mmopu3oHanbHbIe. 3BE3I0YKON OTMEUEHBI TaKCOHBI, OOHApPYKEHHBIC BIIEPBBIE
BJIAJTHA OT MPEKHUX MECTOHAXOXK/ICHHUI; 3 — 3aHOCHBIEC BUJIBL.

BoibIIMHCTBO U3 BHOBH OOHAPYKCHHBIX B ATHX IISTH JIOKAJIBHBIX (hjopax TakcoHOB — 46 u3 67 (wim
69%) mnpuHamnexar OopeandbHOM (pakumu. 3OT0, MO-BUAMMOMY, HE CIy4YailHO, YTO MOXXHO
MPOJICMOHCTPUPOBATh Ha MpHUMepe Haubojee MOJTHO BBISBICHHBIX paHee JIOKAJIbHBIX (IIOp, TaKUX Kak
“boneanckuit Hoc”, rme B 1999 u 2014 rr. ObLIM NPOBEACHBI TIIATENIBbHBIC TepOapHbie cOopbl. OHa ObLIa
OTHeceHa K OopeasibHOMY Tully (44% TakCOHOB — OopeasibHON (paKkLUuy, IPU PABHOM YYaCTHH apKTUYECKOM
U runoapktudeckoit — mo 28%). Cpenu 34 BumoB, BHOBb 00HapykeHHBIX B 2020 T., 24 (wiu 71%) — Busl
I0KHBIX IIUPOTHBIX rpymil. [locie HOBBIX HAXOAOK COOTHOIIEHHE reorpaueckKux IEMEHTOB B JIOKAILHON
(hr0pe yBEIMYMIIOCH B CTOPOHY O0OpeanbHOM (hpakiuu erie 3HauuTenpHee: 48, 26 u 26%, cCOOTBeTCTBECHHO. B
3TOM (hytope, KpoMe TOro, OTMEYEHO TPH HOBBIX OopeanbHBIX 3aHOCHBIX Buaa (Carduus crispus, Oberna
behen u Rumex acetosella), oOHapykeHHBIX Ha PEKyJIbTUBHPOBAHHON TEPPUTOPHUH OBIBILICH METECOCTAHIINH.

B nsite TokanbHBIX ropax ecTh 22 TakcoHa (OTMEUEHBI B TAOIUIIE 3BE3/I0UKOI), HA KOTOPBIE CIIETyeT
oOparute BHUMaHWe. OHHM HaWJOEHBl BAIM OT NPESKHUX MECTOHAXOXICHHH, OTMEYCHHBIX paHEe BO
GutoprcTHyecKuX CBOIKaxX [ApkTuueckas. .., 1960-1987; ®@nopa..., 1974-1979]. Euie Gosbiiie TakKuX BHIOB B
ONyOJMKOBaHHBIX paHee JoKanbHbIX (uiopax [JlaBpunenko u ap., 2016, 2019], riae oHM TakKe OTMEUCHBI
3Be37I04KaMH B Tabiuiax. Huke Mbl IPHBOIUM 3TH BUJIBI, Bcero — 64, ¢ KpaTKOi aHHOTaMel U yKa3aHueM
Ha NPUHAJISKHOCTh K IIMPOTHON (ppakmum.

Tak, Ha o-Be Konryer B mepuon 2005-2013 rr. oOHapyxeHbl OOpeabHbIE BHUJIBI, MHIUIUPYIOIINE
CEBEPHBIN Tpeiea ux pacnpocTpadenus Ha Espornetickom Cesepe: Aster Sibiricus — mecuansiit ammoBHii 1Mo
Oeperam pek, “Byrpsaka” u “Cpennsist [lecuanka”; Bromopsis inermis, Catabrosa aquatica u Dryopteris
carthusiana — okpectHoctu noc. Byrpuno, “Byrpsinka’; Carex capillaris — nsTHa cyrjiuHKa B MSTHHUCTBIX
MOXOBBIX TyHApax, “Byrpsuka” u “Hwkuss ITecuanka”; Galium uliginosum u Salix viminalis — moiimenusrit
uBHsK, “ByrpsHka”; Ranunculus reptans — cyramamcroe nHO mepecoxiiero osepa, “Cpennsis Ilecuanka”;
Stuckenia filiformis — menkoBomse peku, “Cpenusis Ilecyanka” u “Hmkusas Ilecuanka”. 3HaYUTEIHHO
MEHBIIIE Ha OCTPOBE OTMEYEHO HOBBIX TakcoHOB apkruueckoi (Carex bicolor, Gentianella aurea, Poa
arctica var. vivipara) u runoapkrudeckoii [Potamogeton sibiricus, Stellaria calycantha) dbpaximn.

Ha o-Be Baiirau B “JIssmumna” B 2004 u 2010 rr. BmepBble HaiifieHbl: OopeaibHbie EqUisetum
pretense — rokHbIH CKJIOH Teppackl, 1 Montia fontana — conensie mapiy; apkrudeckue Cassiope tetragona,
Draba pohlei u Festuca brachyphylla s. str. — apuagoBo-mMoxoBsie TyHIpHI (B pernoHaIbHOM (iiope ObuIn He
W3BECTHBI WJIM M3BECTHBI 110 E€IWHCTBEHHBIM oOpasmam c xp. [laii-Xoi); rumoapkrudeckuit Hippuris
tetraphylla — Menkve BooeMBI Ha COJIEHBIX MapIIiax.

B oacryapum p. Ilewopsl, BonBanckoit rybe, BojoeMax M BOJOTOKaxX MPHIICTAIOIIAX TYHJIP
OOHapy)KeHbl MakKpO(HTBI, BIIEPBbIE OTMEUCHHBICE Ha TEPPUTOPUM BOCTOYHOECBPONCHCKUX TYHJP:
oopeanpusie Myriophyllum verticillatum — “T'ycunen”, “JloBeukuit”, “bonBanckuit Hoc™; M. sibiricum u
Stuckenia filiformis — tam e, a tarke “Xbutbuyro” u “JBoiiHmuHas”; S. pectinata — “T'ycunery” u
“JlBorinmunas”; Sparganium angustifolius — “T'ycuner” u “Jloeukuii”; Potamogeton friesii — “bonBanckast
ryoa”; P. pusillus u Sagittaria natans — “I'ycunen; Eleocharis palustris — “T'ycunen”, “BonBanckuit Hoc” u
“BomBanckas ryda”; Naumburgia thyrsiflora — “T'ycumen”. TToaTBep»I€HO MECTOHAXOKAEHHE B HIKHEM
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teuenun p. Ilewopa pemxoro Gopeambuoro uma Subularia aquatica — “T'ycumer”. JIumes Tpu BrepBBIE
HaMIEHHBIX BUIA OTHOCATCS K APYrUM (DpakimsaM: THmoapkTudeckre Potamogeton sibiricus — menkoBomabie
Bogoembl, “I'ycuneny”, “Jloenkwii”, “bomBanckuit Hoc” w Lathyrus japonicus subsp. pubescens—
NPUMOPCKHUE TecuaHo-raje4ynbie Banbl, “bonBanckmii Hoc”; apkruueckuit Carex maritima— Oeper
[Tegopckoii Ty6s!1, “boxBanckuit Hoc”.

Jlanexko Ha ceBep OT paHee OTMEYCHHBIX MECT MPOHM3pACcTaHus HaiiieHbl OopeanbHbie: Calamagrostis
epigeios — mecuanble TOHB Ha Mano3emenbckoM modepexnse bapeniiera Mopst, “Tobcena”; Cicuta virosa —
MeCYaHble OTMENH W OKOJOBOJHBIE OCOKOBBIE 3apociu, “I'ycmuery’, “JloBemkwuii”, “bomBanckuit Hoc”;
Dactylis glomerata — moiimennbie syra, “bonBanckuit Hoc”, “Illankuna”; Eleocharis quinqueflora —
Mosozoi ammoBuid B moiiMe peku, “Illankuna”; Filaginella uliginosa — wmucteie Oepera NpOTOK,
noArormiseMbie B priuBbl, “I'ycunerr”; Juncus bufonius s. |. — mecuanbie u miucTeie Oepera pek M MPOTOK,
“T'ycuner”, “/IBoitanunas’”, “Illankuna”; J. nodulosus — anamoru4nsie Mmecroooutanus, “‘bonBanckuii Hoc”;
Listera cordata — uBnsku, “BonBanckuit Hoc”, “/IBoitnmunas’™; Lycopodium annotinum s. str., Orthilia
obtusata u Stellaria nemorum — 3apocnu onbxoBHuka, “I'ycuner” (o-B Kammn); Picea obovata — otienbHbie
MOJIOZIBIE NIEpeBbs B ycThe p. Mope-10, “Xaiimynbipckas ry6a”, CTIaHUK C OTAENBHBIMH CTBOJIAMH 110 1 M,
BBIC. Ha I0)KHOM CKJIoHe comku, “Bonsanckuit Hoc”; Populus tremula — monuna pexwn, “Illamkuna’; Sedum
purpureum — moWmeHHblid Jsyr, “I'ycunern”; Lathyrus palustris — mnoiimennsiidi nyr, “XbuUibuyro”.
Mecronaxoxaenue Alnus fruticosa, oopasyrorero 3apociu Ha o-Be Karmn (“T'ycurerr)”, — camoe ceBepHOe
U3 HBIHE M3BECTHBIX B PETHOHE, U MHAUIMPYET rPaHuIly apeaia Buna. MecronaxoxaeHue Pinus sylvestris B
“OptuHa” — caMoe ceBepHoe B bombIie3seMenbCkoil TyHIpeE.

Haxonku cubupcko-3amagHoaMepuKaHCKoro OopeansHoro Buma Elymus macrourus ma modMeHHBIX
ayrax B “Xputbuyo” u ‘“Xadmymslpckas ryda” W CHOMPCKO-aMEpPHKAaHCKOro rumoapktudeckoro Salix
pulchra — Ha msATHaxX cyriMHKa B 30HAJIBHBIX KyCTapHHYKOBO-MOXOBBIX TyHIpax B “TlaxaHueckas ryoa” u
“Xoxoranpsxa”  ABISAIOTCA  CaMbIMM  3alagHBIMM  TOoYkamMu uXx  apeamoB. Salix  herbacea —
BOCTOYHOAMEPHUKAHCKO-EBPOIIEUCKUI apKTUYECKUNA BUJ, MIMPOKO PACIPOCTPAHCHHBIM B TyHApax 3amaaHee
p. [levopsr, obHapyxkeH u BocrouHee — B “bomBanckuit Hoc” n “/lBoliHWYHAsA”, TIEe pacTeT Ha CKIIOHAX
COIIOK B cOO0IIeCTBaX YEPHUKH U JCpPEHA.

Bnaronmapss HOBBIM MECTOHAaXOXKICHHSM T'HIIOAPKTHYECKHX TAKCOHOB, pacTylIMX Ha Mapliax
Bospiiezemenbckoro mobepexbs bapeHiieBa MOpsi, 3HAYUTENIBHO PACIIMPEH MX apeaj Ha BOCTOK (paHee
BOCTOYHAs TpaHuWIla mpoxoamna mo Tumanckoit m Manosemensckoii TyHape): Plantago maritima subsp.
subpolaris — “/Ipoiitnnunas”, “ITaxandeckas ryda”, “Xaiimyapipckas ryoa”; Carex salina — tam e, a Takke
“Xputpuyto” u “BonmBanckas ry6a”; Juncus gerardii subsp. atrofuscus — “Xpuibuyro”, ‘“Xaitmyasipckas
ry6a”, Primula finmarchica — “Xpuipuyro” u “J[Botinnunas”. bopeansusiit Triglochin maritimum, ocHoBHOI
apeaJl KOTOpOTO TaKkKe MPOCTHUpAETCs BAOJIL moOepexuit bermoro m bapeHreBa mopeit Ha BOCTOK [0
p. Unauruy, a B oTpbiBe OT HETO OblJIa OTMEUEHA NOMYIISIIus Ha XalnyAbIpCKoi ryde, HelaBHO 0OHapyX eH U
B JIPYTHX MPHUMOPCKUX JOKAIBHBIX (iopax bompmesemenbckoit TyHApH — “Xputbuyro”, “/IBoiHWYHAS,
“ITaxanueckas ryba”.

Brnepseie B bosbiesemenbckoi TyHIpe HallieHbl peakue Ha eBporneiickoM CeBepe TMIoapKTHYECKUe
Bupl: Carex norvegica — MOXOBbIE TYHJPHI M ChIpble MATHA IpyHTa, “Xoxoraubsxa” u “lllankuHa”, u
Minuartia stricta— anmanornunbie MecrooOwranus, ‘“Xoxoramesxa” u “Tlaxanueckas Tyba”. Peaxo
OTMeYaeMblii B paiioHe (BO3MOXKHO, M3-3a MaJl03aMETHOCTH pacTeHUii) rumoapkruueckuii Buja Selaginella
selaginoides Haiien Ha 3aMOXOBENBIX MEJKOTPABHBIX JIyrax M OcueBHHKaX, “XoxoraHpsxa”,
“Xamnyneipckas Tyoa”. B 3amamHoii wactm bosble3eMenhCKoW TYHIPH MHOTO HAXOJIOK CHAENAaHO IS
THIIOAPKTUYECKUX BUJIOB, KOTOPBIE paHee TaM He OTMeuaiuch: Equisetum variegatum — MBOBO-MOXOBBIC
TYHIIPBHl U CHIpble y4acTKu 1o Oeperam pek, “Xputbuyro”, “/IBoitHmuHas”, “Xsxsranbsxa”’, “Illankuna”;
Eriophorum brachyantherum — msTHa cyriimHKa B 30HaJIBHBIX OCOKOBO-MOXOBBIX TyHIpaX, “‘BonBaHckwuii
Hoc”, “Xaxaranbsixa”, “Tlaxanueckas ryoa”; Stellaria calycantha — 3abosno4eHHbIe 1 pa3HOTPaBHbBIC UBHSKH,
OJIbXOBHUKH, “XbuThuyto”, “/IBoitHuunas”, “Illankuna”, “OpTHHA”; TOCIEAHUI BUI OOHAPYKEH TaKXkKe Ha
o-Be Kamun (“I'ycunerr”). Briepseie Ha 0-Be Jloserkuit B [Tewopckoit ryoe (“JloBenkuii”) B MBOBO-MOXOBBIX
coobrecTBax 0OHapyKeHa MMOMYJIIAIMS PEAKOro apKTuaeckoro uaa Ranunculus spitzbergensis, n3sectaoro
panee Tombko ¢ o-Ba Konryes. Brepsrie B bombmiezemensckoir TyHape (“Xoxaranbsixa”) Ha HUBAIBHBIX
TJIMHUCTBIX CKJIOHAX HaizieH apktuueckuit Bua Phippsia algida.

Takum oOpa3om, u3 64 BUIOB, HAlICHHBIX BIAIM OT MPEXHUX rpaHHl apeanos, 40 (wmm 62%) — sTo
BUJIbI OopeanbHoi (pakimu (Puc. 2). Bonbiias yacth TakKMX BUIOB MPOHUKAECT HA CEBEP IO JOJIMHAM pEK,
TEKYIIUX B MEPHIMOHAILHOM HarmpasieHnu ¢ rora Ha cesep (Ilewopa u ee mpuroku, Mope-tO, Hepyra).
OcobeHHO BHeyaTssieT, Kak JajleKo Ha CEeBEpP OT CBOUX INPEKHUX MECTOHAXOXKICHUH OTMEUYEHBI HEKOTOPbIE
BOJIHBIE M MIPHOpPeXHO-BOAHBIE pacTenus — Cicuta virosa, Eleocharis palustris, E. quingueflora, Filaginella
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uliginosa, Juncus bufonius, J. nodulosus, Myriophyllum sibiricum, M. verticillatum, Naumburgia thyrsiflora,
Potamogeton friesii, P. pusillus, P. sibiricus, Sagittaria natans, Sparganium angustifolium, Stuckenia
filiformis. MHorue U3 HUX HE MPOCTO BCTPEUAIOTCS OTACIBHBIMU dK3EMIULIpaMH, a GOPMHUPYIOT COOOIIECTBA
W OTJMYAIOTCS BBICOKOW >KU3HEHHOCTHIO [JlaBpuuenko u JlaBpunenko, 2018; JlaBpuneHko u J[ps4uKoBa,
2021]. B mporiiom Beke OONBIIMHCTBO ATUX BUIOB ObLTH W3BECTHBI M3 CPEIHEH/I0KHOMN YacTei PecryOmuku
Komu [Apkruueckas. .., 1960-1987; ®iopa..., 1974-1979] u m1st TeppUTOPUE BOCTOYHOEBPOTICHCKUX TYH/IP
MPUBOJATCS BIIEpBbIC. J[OJIMHBI PEeK, TEKYIIUX B MEPHIMOHATHLHOM HAMPABICHUU C IOTa HA CEBEpP, TaKXKe
SIBJISIFOTCSI KOPUIOPOM [UTs MUTpanuu JyroBbix pactenuii — Dactylis glomerata, Lathyrus palustris, Sedum
purpureum. Hoeele MecToHaxokaenus apeBecusix Bumos (Picea obovata, Pinus sylvestris, Populus tremula,
Alnus fruticosa) MoryT paccMaTpuBaThCs Kak CBHICTEILCTBO UX MPOJBIKCHHUS HA CEBEP 110 TOJIMHAM PEK U3
MOJIOCHI JIECOTYHIPHI U PACIIONIOKEHHBIX F0JKHEE “TIeCHBIX OCTPOBOB”.

16% >

b 22%
62%

Pucynok 2. JTonst Bunos (B %) apxruueckoii (A), runoapkrudeckoii (I'A) u 6opeansHoii (B) dpakuuii cpenu 64
BUJIOB pacTCHHI, OOHAPYKEHHBIX B 24 JIOKAJIBHBIX (JIOpax BIIEPBBIC BIAJH OT NPEKHUX TPAHHUIL apeajioB

3AK/IIOYEHUE

Coznanue ceTy JIOKaJbHBIX (IIOp B MEISX MOHUTOPHHTA OMOPa3HOOOPa3Hsl JODKHO OCHOBBIBATHCS Ha
KaK MOXHO 0OoJjiee TIOJTHOM BBISIBJICHWH PACTEHHU. 3a OJMH TIOJIEBOI CE30H ClIeNIaTh 3TO HE MPEJCTaBISIETCS
BO3MOJKHBIM, TIO3TOMY Ba)KHO IyOJIMKOBATh JIOTIOJIHEHHUS K (hjIOpaM, YCTAaHOBJICHHBIC B IMOCIICAYIONIUE TObI
paboT B Tex ke mecrax. Hacrosimas paboTa mpoBeneHa Kak MPOAODKEHUE OOTAaHMYECKUX HCCIIEIOBAHUIM,
MPEANPUHATEIX aBTOPaMH paHee.

CBoeoOpasue ool ¢uiope MPUIAIOT, KaK MPaBUIIO, PEIKUE, MPEACTABICHHBIE U30JMPOBAHHBIMU H
MaJOYHCIEHHBIMU TIOMYJISIUAME BB [laleko He Bce M3 HUX HYXKJAIOTCS B OCOOBIX Mepax OXpaHbl U
BKIIIOUEHBI B pernoHanbHyr0 KpacHyro kHury. Tem He MeHee, Ha TaKWX BHIaX, OOHApyKEHHBIX BIIEPBBIC
BlIaJli OT PaHEE M3BECTHBIX TPAHUI[ WX apeajioB, BAKHO AKIICHTHPOBAThH BHHMaHHE. X mosBieHune B
palioHax ¢ XOpOIIO BBISBIEHHBIMH paHee (IIOpaMU MOXET CBHJETEIHLCTBOBATH O MHUTPAIUSAX W3 JPYTHUX,
0o0Jiee F0XKHBIX TEPPUTOPHI, U OHU MOTYT MHJIUITUPOBATH MPOUCXOIAININE KIMMATHISCKIE N3MEHEHUSI.

KimmMat B BOCTOYHOEBPOIIEHCKUX TyHApax 3a mociemaane 30 JeT moTerniel, Kak U BO BCel ApKTHKE.
BrBISABIICHBI CTAaTHCTUYECKH 3HAYUMBIC TPEHABI 10 BAXXKHBIM JUISI PACTCHHM WHIEKCAM — YMEHBITHIOCH
TOJI0BOE YKCIIO 3aMOPO3KOB, YBEIMUMUIIOCH YHUCIO JHEH BEreTalluy, YBEIUUYWIUCh CYMMBbl HAKOIUIEHHOTO 32
aToT mepuon Terua. IlocrnenoBaTenbHOE YAydIIEHUE KIMMATHUYECKUX IIOKa3aTeNed, 3HAYMMBIX IS
pacTeHuni, 6JIaronpUSTCTBYIOT PACIIPOCTPAHEHUIO HAa CEBEP BUIOB M3 I0KHBIX PAOHOB.

AHann3 TaKCOHOMHYECKOrO cocTaBa 24 JOKabHBIX (IJIOp Ha OCTPOBaX H MAaTepUKE B
BOCTOYHOEBPOIIEHCKOM CEKTOPE APKTHKH IO3BOJIMI YCTAHOBUTH 64 BHJIa pACTCHUH, KOTOPBhIE OOHAPYKEHBI
BIIEPBBIC BAAIN OT MPEKHUX YKa3aHUH HAa MECTOHAXOXKIIEHUS B OCHOBHBIX CBOJAKAX IPOIIIOTO CTOJICTHS.
OcHoBHas yacTh (62%) >THX BUIOB MPUHAMIEKHUT KOKHEIM IMPOTHBEIM TpyminaM. Erie Gosbiie H0Ms BHIOB
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oopeanpuoii  (pakmuu (71%) — cpead HOBBIX HAaxXOIOK, CcIeTaHHBIX BO ¢uope “bomBanckmii Hoc”,
pacroyiokeHHOU B ycThe p. Iledopa, koTopas Oblia moBTOpHO M3ydeHa B 2020 T. CITyCTS MIECTH JIET ITOCIIe
nmocneaHero mocenicHus. Hawnbonee BEpOSATHBIC NMPUYWHBI TaKUX W3MEHEHUH B JIOKAIbHBIX (ropax —
AKTUBHOE €CTECTBCHHOE pPAaCCEJICHUE BUOB IO JIOJIMHAM PEK Ha (pOHE MOTEIUICHUs KIUMaTa, 4TO PaHee
YCTaHOBJICHO U JUISI CHOMPCKOTO CEKTOpa APKTHKH.

BJIAI'OJAPHOCTH

bnarogapum A.A. booposa (MEBB PAH) 3a onpenenenne HEKOTOPBIX BOJIHBIX PACTCHHM, TUPEKTOPA
C.A. 30/I0TOr0 M HMHCIEKTOPOB 3amoBeqHuKa «HeHelkwii» 3a MOMOIIb NMPU MPOBEACHUU SKCIICAWIIUM.
PaGora BBITTONTHEHA B paMKax rOCYy/IapCTBEHHOTO 3aJIaHMsI COTJIIACHO TeMaTHYeCKOMY IIaHy boraHndeckoro
uacturyta uMm. B.JI. Komapoa PAH mo Teme Ne 122041100242-5. VccnenoBaHue BBITOJIHEHO 3a CUET
rpanta PH® (mpoekt Ne 20-17-00160).

CIIMCOK JIMTEPATYPbI

Apxkruueckas pnopa CCCP. I-X. 1960-1987. M.; JI. [Arkticheskaya flora SSSR. I-X. 1960-1987. M.; L. (in Russian)]

Bymerura O.H., PaszyBaeB B.H., AnexcanapoBa T.M. OmmcaHue MaccuBa NaHHBIX CYTOYHOH TeMIepaTyphsl BO3OAyXa H
KOJIMYECTBAa OCAaIKOB Ha MeTeoponorndecknx craniusx Poccun u OpBmero CCCP (TTTR). CBumeTenscTBO O rocyqapcTBEHHOM
peructpanun 6a3sl maHHBIX Ne 2014620942. URL. http://meteo.ru/data/162-temperature-precipitationffonncanne-maccuBa-IaHHBIX
(mara obpamenus: 31.01.2022). [Bulygina O.N., Razuvaev V.N., Aleksandrova T.M. Description of the data array of daily air
temperature and precipitation at meteorological stations in Russia and the former USSR (TTTR). Certificate of state registration of
the database No. 2014620942. URL. http://meteo.ru/data/162-temperature-precipitationffonucanue-maccuBa-nannbix (date of access:
01/31/2022).]

Hoxnan 06 ocobeHHOCTAX KiuMmara Ha Tepputopuu Poccuiickoit @enepamuu 3a 2020 roa. 2021. Mocksa. 104 c¢. URL.
http://www.meteorf.ru/upload/pdf_download/doklad_klimat2020.pdf (nara o6parmenus: 01.02.2022). [Report on climate features in
the Russian Federation for 2020. 2021. Moscow. 104 P. URL. http://www.meteorf.ru/upload/pdf_download/doklad_klimat2020.pdf
(date of access: 02/01/2022). (in Russian)]

Koponesa T.M., 'oronesa I1.A., IlerpoBckuii B.B., 3BepeB A.A., Tpoesa E.1. 2019. MoHHTOPHHT JIOKaNBEHOI (IIOpHI B
okpectHocTsIX mocenka Yokypaax (Cesepo-Bocrok fxyrnum) // Borammueckwmit sxypman. T. 104. Ne 9. C. 1386-1420.
DOI:10.1134/S0006813619090084 [Koroleva T.M., Gogoleva P.A., Petrovskii V.V., Zverev A.A., Troeva E.l. 2019. Monitoring
lokal'noi flory v okrestnostyakh poselka Chokurdakh (Severo-Vostok Yakutii) // Botanicheskii Zhurnal. V. 104. N. 9. P. 1386-1420.
DOI:10.1134/S0006813619090084 (in Russian)]

JlaBpunenko HM.A., JlaBpurenko O.B. 2017a. 3abosoueHHBIE COOOIIECTBA MOHHUTOPHUHIOBBIX IUIOIIANOK CTaI[OHApa
«BbonBanckuit» // Marepuaiabl MeKIyHAPOIHOTO TMONEBOro cummosumyma «bomotHbie sxocuctembl CeBepo-Bocroka EBpombr u
mpo06JIeMbl IKOJIOTHIECKOI pecTaBpali B 30He MHOToneTHed mep3noTe» (Muta-CeikteiBrap-Hapesu-Map, 22 utonst — 4 aBrycra
2017 r.). CeixreiBrap. C. 91-93. [Lavrinenko I.A., Lavrinenko O.V. 2017a. Zabolochennye soobshchestva monitoringovykh
ploshchadok statsionara «Bolvanskii» / Materialy mezhdunarodnogo polevogo simpoziuma «Bolotnye ekosistemy Severo-Vostoka
Evropy i problemy ekologicheskoi restavratsii v zone mnogoletnei merzloty» (Inta-Syktyvkar-Nar'yan-Mar, 22 iyulya — 4 avgusta
2017 g.). Syktyvkar. P. 91-93. (in Russian)]

JlaBpunenko O.B., IpstuxoBa T.B. 2021. BoaHast 1 npuOpexHO-BOIHASL PACTHTEIBHOCTD dCTyapHs peku [ledopsl 1 BOZOEMOB
npwieratommx TyHap // Tpynsr Komsckoro Haygnoro nentpa PAH. INpuknagnas skomorus Cesepa. Bem. 9. T. 12. Ne6. C. 35-44.
DOI:10.37614/2307-5252.2021.6.12.9.004 [Lavrinenko O.V., D'yachkova T.V. 2021. Vodnaya i pribrezhno-vodnaya rastitel'nost'
estuariya reki Pechory i vodoemov prilegayushchikh tundr // Trudy Kol'skogo nauchnogo tsentra RAN. Prikladnaya ekologiya
Severa. Vyp. 9. V. 12. N. 6. P. 35-44. DOI:10.37614/2307-5252.2021.6.12.9.004 (in Russian)]

JlaBpunenko O.B., JlaBpunenko U.A. 2004. duTtonHaukanus U3MEHEHUH KIMMaTa Ha CEBEpO-BOCTOKE €BpOIeickoil yacTu
Poccun // Teorpadust u npupoausie pecypebl. Ne 2. C. 54-61. [Lavrinenko O.V., Lavrinenko I.A. 2004. Fitoindikatsiya izmenenii
klimata na severo-vostoke evropeiskoi chasti Rossii // Geography and Natural Resources. N. 2. P. 54-61. (in Russian)]

JlaBpunenko O.B., Jlappunenko W.A. 2017b. CTaGHIbHOCTD TYHIPOBBIX COOOILECTB B U3MEHSIOIEMCs KiuMare // Pacrenus
B xomogHoM pernoHe. COopHuMK MarepuanoB Bcepoc. HaydHO-mpakTmdeckod koH(pepeHuun (Skyrck, 20-21 oxtsadpst 2016 r.).
Skyrck. C. 140-149. [Lavrinenko O.V., Lavrinenko I.A. 2017b. Stabil'nost' tundrovykh soobshchestv v izmenyayushchemsya
klimate // Rasteniya v kholodnom regione. Shornik materialov Vseros. nauchno-prakticheskoi konferentsii (Yakutsk, 20-21
oktyabrya 2016 g.). Yakutsk. P. 140-149. (in Russian)]

JlaBpunenko O.B., JlaBpunenko WM.A. 2018. Kiaccubwukamnus pacTHTEILHOCTH COJCHBIX M COJIOHOBATBIX Mapliic
Bosbrezemensckoit TyHapsl (mobepexxbe bapeniesa mops) // dutopasHoodpasue Bocrounoit Espomsr. T. 12. Ne3. C. 82-143.
DOI:10.24411/2072-8816-2018-10028 [Lavrinenko O.V., Lavrinenko |.A. 2018. Klassifikatsiya rastitel'nosti solenykh i
solonovatykh marshei Bol'shezemel'skoi tundry (poberezh'e Barentseva morya) // Fitoraznoobrazie VVostochnoi Evropy. V. 12. N. 3.
P. 82-143. DOI:10.24411/2072-8816-2018-10028 (in Russian)]

JlaBpunenko O.B. u Jlappuaenko 1.A. 2020. CTaOHIEHOCTE COCTAaBA U CTPYKTYPHI TYHIPOBEIX COOOIIECTB B H3MECHSIOIEMCS
kiMate // Te3. MOKI. MeXIyHapoIHOW HaydHOH KoH(epeHImH «KOMIUIEKCHBIE WCCIENOBAaHHS MPHPOIHON cpensl APKTHKH U
Anrapkruxny (Cankr-Ilerep6ypr, 2-4 mapra 2020 r.). CII6: THI] P® AAHUU. C. 387-391. [Lavrinenko O.V. i Lavrinenko I.A.
2020. Stabil'nost' sostava i struktury tundrovykh soobshchestv v izmenyayushchemsya klimate // Tez. dokl. mezhdunarodnoi
nauchnoi konferentsii «Kompleksnye issledovaniya prirodnoi sredy Arktiki i Antarktiki» (Sankt-Peterburg, 2-4 marta 2020 g.). SPb:
GNTs RF AANII. P. 387-391. (in Russian)]

46


http://meteo.ru/data/162-temperature-precipitation#описание-массива-данных

JlaBpunenko O.B., Ilerposckuii B.B., JlaBpunenko M. A. 2016. JlokansHble GIOPEI OCTPOBOB U ITOOEPEKBS FOT0-BOCTOUHOH
yacti bapentieBa Mopst // Boraunueckuii sxypHai. T. 101. Nel0. C. 1144-1190. [Lavrinenko O.V., Petrovskii V.V., Lavrinenko |.A.
2016. Lokal'nye flory ostrovov i poberezh'ya yugo-vostochnoi chasti Barentseva morya // Botanicheskii Zhurnal. V. 101. N. 10. P.
1144-1190. (in Russian)]

JlaBpunenko O.B., IlerpoBckuii B.B., JlaBpunenko WM.A. 2019. HoBele mnokanbHble QIOPEI M MaTepHalbl K
(GopuCTHYECKOMY pailOHHUPOBAHUIO BOCTOYHOEBpoIciickux TyHIp // borammueckmit >xypHam. T. 104. Nel. C. 58-92.
DOI:10.1134/50006813619010083 [Lavrinenko O.V., Petrovskii V.V., Lavrinenko I.A. 2019. Novye lokal'nye flory i materialy k
floristicheskomu raionirovaniyu vostochnoevropeiskikh tundr // Botanicheskii Zhurnal. V. 104. N. 1. P. 58-92.
DOI:10.1134/S0006813619010083 (in Russian)]

Maskosa I'.B. 2010. MOHHTOPHHT CpefHEr0I0BO TeMIepaTypbl Hopos Ha craiuonape bonBanckuii // Kprocdepa 3emm.
T. 14. Ne 3. C. 3-14. [Malkova G.V. 2010. Monitoring srednegodovoi temperatury porod na statsionare Bolvanskii // Earth’s
Cryosphere. V. 14. N. 3. P. 3-14. (in Russian)]

Marseesa H.B., 3anoxa JI.JI. 2013a. V3mMeHeHust Bo (iiope COCYUCTBIX PACTEHHI B OKPECTHOCTsIX moc. JIukcoH (3amaHbrit
Tatimeip) 3a 32 ronma // Tp. Beepoc. nayunoit kondepenmn «bropasnoodpasue sxocucteM Kpaitnero CeBepa: MHBEHTapH3anus,
MOHHUTOPHHT, oxpaHa» (CbIkTbIBKap, 3-7 uroHs 2013 r.). CeikteiBKap. C. 201-208. [Matveeva N.V., Zanokha L.L. 2013a. Izmeneniya
vo flore sosudistykh rastenii v okrestnostyakh pos. Dikson (Zapadnyi Taimyr) za 32 goda // Tr. Vseros. nauchnoi konferentsii
«Bioraznoobrazie ekosistem Krainego Severa: inventarizatsiya, monitoring, okhrana» (Syktyvkar, 3-7 iyunya 2013 g.). Syktyvkar. P.
201-208. (in Russian)]

Marseesa H.B., 3anoxa JIJI. 2013b. CraGuibHOCTh pPACTHTENHHOTO I[OKPOBAa MPH CYLIECTBEHHOW TpaHChOpMAInK
nanamadra B TyHapax 3amagHoro Taiimbipa // Tp. Bceepoc. Hayunoi kondepenuun «buopasHoobpasue skocuctem Kpaiinero
CeBepa: WHBEHTapu3alys, MOHUTOPUHT, oxpaHa» (CeikreiBKap, 3-7 uroHs 2013 r.). CeikreiBrap. C. 96-106. [Matveeva N.V.,
Zanokha L.L. 2013b. Stabil'nost' rastitel'nogo pokrova pri sushchestvennoi transformatsii landshafta v tundrakh Zapadnogo Taimyra
/I Tr. Vseros. nauchnoi konferentsii «Bioraznoobrazie ekosistem Krainego Severa: inventarizatsiya, monitoring, okhrana»
(Syktyvkar, 3-7 iyunya 2013 g.). Syktyvkar. P. 96-106. (in Russian)]

Marseesa H.B., 3anoxa JIJI., SInuenko 3.A. 2014. M3meHeHus: Bo (uiope COCYIUCTBIX pacTeHHH B paifone TaiiMbIpckoro
OUOreOIIEHOIOTHYECKOTO CTaioHapa (cpeaHee TeueHue pexd [lsicunsl, 3ananubii Taiimeip) ¢ 1970 o 2010 r. // Borannueckuii
xypHai. T. 99. Ne8. C. 841-869. [Matveeva N.V., Zanokha L.L., Yanchenko 3.A. 2014. Izmeneniya vo flore sosudistykh rastenii v
raione Taimyrskogo biogeotsenologicheskogo statsionara (srednee techenie reki Pyasiny, Zapadnyi Taimyr) s 1970 po 2010 g. //
Botanicheskii Zhurnal. V. 99. N. 8. P. 841-869. (in Russian)]

IMocnenos U.H., ITocnenosa E.B. 2001. IToBTopHast nHBeHTapu3anus ¢iaopsl Hu3oBuUiA pexu buxansr (AAmy-Hepy, Taiimeip)
yepe3 70 ner / borannueckuii xxypHai. T. 86. Ne5. C. 13-29. [Pospelov I.N., Pospelova E.B. 2001. Povtornaya inventarizatsiya flory
nizovii reki Bikady (Yamu-Neru, Taimyr) cherez 70 let / Botanicheskii Zhurnal. V. 86. N. 5. P. 13-29. (in Russian)]

CexkperapeBa H.A. 2004. Cocynuctsle pacteHuss Poccuiickoii ApPKTUKM M CONpeneNbHBIX Tepputopuii. Mocksa. 131 c.
[Sekretareva N.A. 2004. Sosudistye rasteniya Rossiiskoi Arktiki i sopredel'nykh territorii. Moskva. 131 P. (in Russian)]

CekperapeBa H.A., Certua A.K. 2006. Monutopunr ¢uopsl okpectHocTeld OyxThl Tukcu (Apkrudeckas Skyrus) //
boranuueckuii xypHan. T. 91. Ne 1. C. 3-22. [Sekretareva N.A., Sytin A.K. 2006. Monitoring flory okrestnostei bukhty Tiksi
(Arkticheskaya Yakutiya) // Botanicheskii Zhurnal. V. 91. N. 1. P. 3-22. (in Russian)]

TuxomupoB B.A., Tlerposckuii B.B., FOpues B.A. 1966. ®nopa okpecrHoctelt 6yxThl Tukcu (apkruueckas Skyrust) //
Pacrenust ceBepa Cubupu u lansuero Bocroka. M.; JI. C. 7-40. [Tikhomirov B.A., Petrovskii V.V., Yurtsev B.A. 1966. Flora
okrestnostei bukhty Tiksi (arkticheskaya Yakutiya) // Rasteniya severa Sibiri i Dal'nego Vostoka. M.; L. S. 7-40. (in Russian)]

TumkoB A.A., benonosckas E.A., Baiichensn M.A., 'nazos I1.M., Kpenke A.H., Teprunxwuii [.M. 2018. «Ilo3eneHeHuey
TYHJAPBl Kak JpaiiBep COBPEMEHHOH AWHAMHMKH apKTUUecKoi OWoThl // ApkTHKa: skoimorusi M skoHomuka. Ne2. C. 31-44.
DOI:10.25283/2223-4594-2018-2-31-44 [Tishkov A.A., Belonovskaya E.A., Vaisfel'd M.A., Glazov P.M., Krenke A.N., Tertitskii
G.M. 2018. «Pozelenenie» tundry kak draiver sovremennoi dinamiki arkticheskoi bioty / ARCTIC: ECOLOGY AND ECONOMY.
N. 2. P. 31-44. DOI:10.25283/2223-4594-2018-2-31-44 (in Russian)]

®ropa ceBepo-BocToka esporeiickoii wactu CCCP. 1974-1977. T. 1-4. JI. [Flora severo-vostoka evropeiskoi chasti SSSR.
1974-1977. V. 1-4. L. (in Russian)]

Opues B.A., Tonmaues A.U., Pe6pucras O.B. 1978. Gnopuctnueckoe orpaHnueHne U pazaeieHne ApKTHKH. ApKTHYECKast
¢uopuctuueckas obnmacte. JI. C. 9-104. [Yurtsev B.A., Tolmachev A.l., Rebristaya O.V. 1978. Floristicheskoe ogranichenie i
razdelenie Arktiki. Arkticheskaya floristicheskaya oblast'. L. P. 9-104. (in Russian)]

Alexander L., Yang H., Perkins S. 2013. ClimPact. Indices and software. World Climate Programme. New South Wales
University of Technology. 52 p.

Bhatt U.S., Walker D.A., Raynolds M.K., Comiso J.C., Epstein H.E., Jia G., Gens R., Pinzon J.E., Tucker C.J., Tweedie
C.E., Webber P.J. 2010. Circumpolar Arctic Tundra Vegetation Change Is Linked to Sea Ice Decline // Earth Interact. V. 14. Ne8. P.
1-20. DOI:10.1175/2010E1315.1

Bhatt U.S., Walker D.A., Raynolds M.K., Bieniek P.A., Epstein H.E., Comiso J.C., Pinzon J.E., Tucker C.J., Polyakov I.V.
2013. Recent declines in warming and vegetation greening trends over Pan-Arctic tundra // Remote Sens. V. 5. N 9. P. 4229-4254.
DOI:10.3390/rs5094229

Bhatt U.S., Walker D.A., Raynolds M.K., Walsh J.E., Bieniek P.A., Cai L., Comiso J.C., Epstein H.E., Frost G.V., Gersten
R. 2021. Climate drivers of Arctic tundra variability and change using an indicators framework // Environ. Res. Lett. V. 16. Ne5.
055019. DOI:10.1088/1748-9326/abe676

Callaghan T.V., Christensen T.R., Jantze E.J. 2011. Plant and Vegetation Dynamics on Disko Island, West Greenland:
Snapshots Separated by Over 40 Years // Ambio. V. 40. Ne6. P. 624-637. DOI:10.1007/s13280-011-0169-x

Danié€ls F.J.A., de Molenaar J.G. 2011. Flora and vegetation of Tasiilaq, Formerly Angmagssalik, Southeast Greenland — a
comparison of data from between around 1900 and 2007. Ambio. V. 40. Ne6. P. 650-659. DOI:10.1007/s13280-011-0171-3

Epstein H.E., Bhatt U.S., Raynolds M.K., Walker D.A., Bieniek P.A., Tucker C.J., Pinzon J., Myers-Smith I.H., Forbes B.C.,
Macias-Fauria M., Boelman N.T., Sweet S.K. 2017. Tundra Greenness. Arctic Report Card: Update for 2017. URL.
https://arctic.noaa.gov/Report-Card/Report-Card-2017/ArtMID/7798/ArticlelD/695/Tundra-Greenness ~ (the date of  access:
01.02.2022).

47



Frost G.V., Macander M.J., Bhatt U.S., Berner L.T., Bjerke J.W., Epstein H.E., Forbes B.C., Goetz S.J., Lara M.J., Park T,
Phoenix G.K., Serbin S.P., Temmervik H., Walker D.A., Yang D. 2021.Tundra Greenness. Arctic Report Card 2021. NOAA
Technical Report OAR ARC; 21-08. DOI:10.25923/8n78-wp73

Gamon J.A., Huemmrich K.F., Stone R.S., Tweedie C.E. 2013. Spatial and temporal variation in primary productivity
(NDVI) of coastal Alaskan tundra: decreased vegetation growth following earlier snowmelt // Remote Sens. Environ. V. 129. P. 144-
153. DOI:10.1016/j.rse.2012.10.030

Gould W.A., Mercado-Diaz J.A., Zimmerman J.K. 2009. Twenty year record of vegetation change from long-term plots in
Alaskan tundra // Long Term Ecological Research Network All Scientists Meeting (Estes Park, September 14-16, 2009). Abstract
C11C-0524.

Guay K.C., Beck P.S.A., Berner L.T., Goetz S.J., Baccini A., Buermann W. 2014. Vegetation productivity patterns at high
northern latitudes: a multi-sensor satellite data assessment // Global Change Biology. V. 20. NelO. P. 3147-3158.
DOI:10.1111/gch.12647

Harris J.A., Hollister R.D., Botting T.F., Tweedie C.E., Betway K.R., May J.L., Barrett R.T.S., Leibig J.A., Christoffersen
H.L., Vargas S.A., Orejel M., Fuson T.L. 2021. Understanding the climate impacts on decadal vegetation change in northern Alaska
/I Arctic Science. e-First. DOI:10.1139/as-2020-0050

Jorgenson J.C., Raynolds M.K., Reynolds J.H., Benson A.-M. 2015. Twenty-Five Year Record of Changes in Plant Cover on
Tundra of Northeastern Alaska // Arctic, Antarctic, and Alpine Research. V. 47. Ned. P. 785-806. DOI:10.1657/AAAR0014-097

Myers-Smith 1.H., Grabowski M.M., Thomas H.J.D., Angers-Blondin S., Daskalova G.N., Bjorkman A.D., Cunliffe A.M.,
Assmann J.J., Boyle J.S., Mcleod E., Mcleod S., Joe R., Lennie P., Arey D., Gordon R.R., Eckert C.D. 2019. Eighteen years of
ecological monitoring reveals multiple lines of evidence for tundra vegetation change // Ecol. Monogr. V. 89. Ne2, e01351. URL.
https://www.jstor.org/stable/26641244 (the date of access: 01.02.2022).

Myers-Smith I.H., Kerby J.T., Phoenix G.K., Bjerke J.W., Epstein H.E., Assmann J.J., John C., Andreu-Hayles L., Angers-
Blondin S., Beck P.S.A., Berner L.T., Bhatt U.S., Bjorkman A.D., Blok D., Parker T.C. 2020. Complexity revealed in the greening of
the Arctic // Nat. Clim. Change. V. 10. Ne2. P. 106-117. DOI:10.1038/s41558-019-0688-1

Pospelova E.B., Pospelov I.N., Orlov M.V. 2017. Climate change in Eastern Taimyr over the last 80 years and the warming
impact on biodiversity and ecosystem processes in its territory // Nature Conservation Research. 3anoBegnas nayka. V. 2. Ne3. P. 48-
60. DOI:10.24189/ncr.2017.040

Post E., Forchhammer M.C. 2008. Climate change reduces reproductive success of an Arctic herbivore through trophic
mismatch // Philosophical Transactions of the Royal Society Biological Sciences. V. 363. Nel501. P. 2369-2375.
DOI:10.1098/rsth.2007.2207

Prach K., Kosnar J., Klimesova J., Hais M. 2010. High Arctic vegetation after 70 years: A repeated analysis from Svalbard //
Polar Biol. N 33. P. 635-639. DOI:10.1007/s00300-009-0739-6

Raynolds M.K., Walker D.A., Verbyla D., Munger C.A. 2013. Patterns of change within a tundra landscape: 22-year Landsat
NDVI trends in an area of the Northern Foothills of the Brooks Range, Alaska // Arctic, Antarctic, and Alpine Research. V. 45. Ne2.
P. 249-260. DOI:10.1657/1938-4246-45.2.249

Sturm M., Racine C., Tape K. 2001. Increasing shrub abundance in the Arctic // Nature. Ne411. P. 546-547.

Tape K.D., Sturm M., Racine C.H. 2006. The evidence for shrub expansion in Northern Alaska and the Pan-Arctic // Global
Change Biol. V. 12. Ne4. P. 686-702. DOI:10.1111/j.1365-2486.2006.01128.x

TIocmynuna 6 pedaxyuio: 19.02.2022
Iepepabomannviii sapuanm: 10.07.2022

48



VJIK 574

THE BLUE EARTH PROJECT: “IS HUMANITY SETTLING ITS OWN FATE ON ECOLOGICAL
SURVIVAL?”

Jheeta S.!, Chatzitheodoridis E. 2, Dominik M.%, Kotsyurbenko O.R.*, Laine P.%, Pérez M.P.%, Torres de
Farias S.’, McGrath K. !, Rezaei A.%, Nyambuya G.°, Gupta V. '°, Changela H."!, Bhatt M.C. *?, Simpemba
P.B, Gustafson L.*, Kadiri M.0."*, Godoy-Faiindez A.*®, Nelson N.*”, Nielsen J.N.}, Smith D.

Network of Researchers on the Chemical Evolution of Life (NoRCEL), Leeds, LS7 3RB, UK.
“National Technical University of Athens, Greece

University of St Andrews, Centre for Exoplanet Science, UK

“Yugra State University, Russia

*University of Jyviskyld, Finland

®National Autonomous University of Mexico

"Federal University of Paraiba, Brazil,

®8Bou Ali Sina University, Hamedan, Iran

°National University of Science and Technology, Zimbabwe

1%CMD Postgraduate College, Bilaspur, India

Y1’ Heyrovski Institute of Physical Chemistry, Czech Academy of Sciences, Czech Republic
'2School of Law—Birkbeck, University of London, UK

BCopperbelt University, Zambia

“Villanova University College of Liberal Arts and Sciences, USA

University of Benin, Benin City, Nigeria

Universidad del Desarrollo, Chile

YThe Tel Aviv University, Israel

sohan@sohanjheeta.com

Citation: Jheeta S., Chatzitheodoridis E., Dominik M., Kotsyurbenko O.R., Laine P., Pérez M.P., Torres de Farias S.,
McGrath K. , Rezaei A., Nyambuya G., Gupta V., Changela H., Bhatt M.C., Simpemba P., Gustafson L., Kadiri M.O.,
Godoy-Faundez A., Nelson N., Nielsen J.N., Smith D. 2022. The Blue Earth Project: “Is Humanity Settling its own Fate
on Ecological Survival?” // Environmental dynamics and global climate change. V. 13. N. 1. P. 49-58.

DOI: 10.18822/edgcc108267

This is a report from NoRCEL's Blue Earth Project symposium BEP2022 held online on January 8", 2022. We are
reporting the outcome pertaining to the following question: “Is Humanity Settling its own Fate on Ecological
Survival?” A succinct conclusion drawn is that the Earth is facing the sixth mass extinction of flora and fauna; this
being different from the previous five extinctions, in that it is entirely due to mankind’s activities. Five invited eminent
speakers delivered their input, highlighting the fact that there is extensive deterioration of the environment at large,
coupled with an unprecedented demise of ecosystems leading to the extinction of species across the globe.
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INTRODUCTION—SETTING THE SCENE

Humankinds’ destiny and environmental issues which we face today coupled with the seeming lack of
care for our beautiful home planet were brought into focus during the backdrop of the “Space Race” in the
1960’s, a fact that has become widely forgotten by now. The Space Race (1955-1975) was generated out of
the ambitions of the major Cold War adversaries, the USSR and the USA. On October 4, 1957, the USSR
launched Sputnik 1 into space—it was just a bleeping sphere and nothing more. This was the first ever
satellite to orbit Earth at an altitude of 577 km. Inadvertently, such actions by the USSR, set the wheels in
motion and so, five years later, the U.S. President John F. Kennedy made a speech on September 12, 1962,
entitled: “We Choose to go to the Moon”. The main message of the speech was: “landing a man on the Moon
and returning him safely to the Earth”. The Apollo Mission programme began in 1961 and lasted until
December, 1972 and although the goal of the Moon landing was achieved on July 20, 1969 by the crew of
Apollo 11, a significant step in relation to this BEP2022 report was taken by the crew of Apollo 8, namely
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Frank F. Borman Il, James A. Lovell Jr., and William A. “Bill” Anders. Their first trip away from Earth in
Saturn V blasted off on December 21, 1968 on its way to the Moon, and although their initial mission was to
test the rocket and computer technologies of the day and take close-up photographs of the lunar surface, they
were in for a surprise. They made a major discovery: the earthrise—no one had ever observed the Earth and
earthrise from space before. It was Bill Anders who took the images of the earthrise—two were black and
white, and the third was in colour. It was the latter picture which kick-started the focussing of minds to do
something about the vulnerability of the Earth, in that when the coloured image was viewed from the
perspective of the Earth being suspended like a “blue marble” in the vast darkness of the space, it looks
fragile and vulnerable (Figure 1). By the time Neil Armstrong and Buzz Aldrin, had set their feet on the
Moon on Monday, July 21, 1969 (an epic moment in the history of humanity), NASA had released the three
photos taken by Bill Anders and, at that point, the environmental movement wheels were well and truly set
in motion—take care of our home planet.

Figure 1. The famous earthrise photograph taken by William “Bill” Anders as the space module came up from
behind the Moon for the third time on December 24, 1968. It was this photo which truly set the wheels of eco-
environmental movement in motion in 1969. If by some fate or quirk animals could have their say, how would they
vote? Would they banish us from the face of the Earth to another Planet B?

Fast track forward to March 1995, the first COP (Conference of the Parties) was held in Berlin,
Germany. These COP conferences have been held annually ever since; the latest being COP26 in Glasgow,
October 31 — November 13, 2021. During this conference a lot of “buzz words” were bandied about,
including green economy, carbon neutrality, zero carbon, decarbonisation and climate change denial and,
dare we say it, carbon footprint. However, a specific focus on two elements, namely human population
growth and the demise of ecosystems and flora and fauna species was somewhat in short supply. These
topics remained elusive as either no-one mentioned them or considered them to be important enough to make
front-page news, or indeed any news, at least in the UK press.

In an attempt to throw a spotlight on these crucial issues, at NORCEL (Network of Researchers on the
Chemical Evolution of Life, www.norcel.net) we inaugurated the Blue Earth Project (BEP) with our first
conference on January 8, 2022. The principal aim of this project is to identify and explore the essence of
these major factors and find inspiration and potential suggestions for solutions; looking at these major issues
from sometimes overlooked approaches. In order to develop this concept, BEP will host a one-day
conference each year in the month of January, the next being entitled: “Is it Time for Planet B?” and in
addition will run an interactive programme and a BEP website throughout the year so as to maintain
momentum. The 2022 inaugural question “Is Humanity Settling its own Fate on Ecological Survival” was
addressed by five eminent international speakers. In this report, we summarise their main points
commencing by outlining the crisis: the impending “sixth” mass extinction. Subsequently, we briefly review
cumulative effects of atmospheric gases, and then summarise what the speakers brought forward. Finally, we
look at the impact and reach of our meeting and suggest further steps forward.

50


http://www.norcel.net/

THE CRISIS: THE IMPENDING “SIXTH” MASS EXTINCTION

Throughout the history of our planet, there occurred five major mass extinctions. The worst of these
was due to a massive volcanic eruption and is believed to have taken place 251.9 million years ago—the
Permian-Triassic extinction event [Jurikova et al., 2020]. During this event 81% of marine species and 70%
of terrestrial vertebrates perished. The most recent mass extinction, namely the K—Pg event which happened
about 65 million years ago, was caused by a cataclysmic impactor that destroyed the dinosaurs as well as
over 70% of those species with a body mass of 25 kg or more [Muench et al., 2020]. While these past mass
extinctions happened well before humans evolved, the impending “sixth” event is distinctive in that it is
going to be brought about due to human activity and our pollution of the planet. We will highlight the main
way by which pollutants are introduced into the biosphere—namely, toxicants that are attributed to the
burning of fossil fuels, industrial and chemical waste emissions.

Combustion of fossil fuels: the crisis began with industrialisation and a drive for increased gross
domestic product per capita during the early 1800s when the global population was merely around 1 billion
people [Roser et al., 2019]. This was the time when burning fossil fuels (peat, coal, oil and gas) on a large-
scale became ubiquitous, as opposed to the burning of wood which was the norm up until then; this is
because pound-for-pound, fossil fuel yielded more energy and burnt longer when compared to wood. Fossil
fuels were used by huge industrial plants as well as domestically; the preferred choice for steam ships, early
trains and later coal-powered electric generators was coal and subsequently diesel fuels. The levels of smoke
and smog generated, even with a much lower population density compared to today, had a profound
detrimental effect on both the atmosphere and environment, notably the phenomenon of “smog” (which is a
portmanteau of smoke and fog). Further, the advent of mass-produced and petrol-powered automobiles
during the earlier part of the 20™ century added to the levels of gaseous pollutants in the air. Even in the
present day, the most commonplace sources of energy for domestic heating, lighting and cooking all over the
world are still either gas, oil, or wood. In the 1960’s, mass holidaying abroad became fashionable, which
meant that more aeroplanes took to the sky, adding further toxicants, especially within the upper atmosphere.
By and large, the fumes generated by fossil fuels are invariably mixtures of soot particles and high levels of
carbon dioxide (CO,) and carbon monoxide (CO), as well as toxic/carcinogenic oxides of sulphur (SO,) and
nitrogen (NOy). For example, although the dioxides of both nitrogen (NO;) and carbon (CO,) forms less than
0.1% of the air composition, the former is a reddish-brown gas with a distinct pungent and acrid odour and,
being heavier than the latter, form a “halo” around cities—c.f., a molecular weight of 46 with that of CO, at
44. The effect of this halo is twofold: first, it is a regular feature of some large, industrialised cities in
developing nations as an indication of highly polluted air; and second, it is bad for human health—also see
Table 3 below.

Humankind’s additional action: with the invention of refrigerators (circa 1913) and use of
chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) came another dimension to the
detrimental effect on the Earth’s atmosphere. Both CFCs and HCFCs are used on an industrial scale as
solvents, refrigerator coolants, degreasing agents, and as a propellant in aerosol cans. Further, leakage from
refrigerators and during improper disposal of such appliances adds to the inventory of gases in the
atmosphere. Likewise, vinyl chloride—a manmade gas product, which is a colourless, flammable gas used
for making polyvinyl chloride (PVC) for pipes, wire/cable coatings, vehicle upholstery, and plastic
kitchenware etc., also adds to the pollution of the atmosphere.

Natural phenomena: the levels of atmospheric pollutants are further made worse due to natural
emissions from wild bushfires (even though sometimes deliberately the work of arsonists), agricultural
burning, volcanic eruptions, sandstorms and pollen grain precipitations. An incoming meteor (e.g., Tunguska
or the more recent Chelyabinsk event) could explode in mid-air causing huge devastation; for instance, the
Tunguska explosion, which occurred on June 30, 1908 over the Siberian Forest flattened trees within an area
of 830 square miles (2150 km?). As a result, the soil and peat in the area was enriched with rare-earth
elements such as samarium (Sm), europium (Eu) and terbium (Tb) as well as with barium (Ba), mercury
(Hg) and copper (Cu), and there was raised radioactivity over the epicentre which lasted until 1945
[Golenetsky, Stepanok, 1980; Dmitriev, Zhuralev, 1984].

Input from natural sources: methane (CH,) is a natural gas produced mostly by methanogenic archaea.
They inhabit both natural and anthropogenic environments such as wetlands, boglands, marshlands,
sediments of water bodies and permafrost as well as ruminants (e.g., domesticated animal cattle, goats, sheep
as well as giraffes, bisons, elks), waste waters and landfills etc.
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The cumulative net effect of this inventory of atmospheric pollutants is multiple [Jheeta, 2022] and
some are briefly discussed in the next section.

CUMULATIVE EFFECTS OF ATMOSPHERIC GASES

Our invited speakers addressed many of the deleterious effects due to changes in the atmospheric
conditions and the biospheres of the Earth. Here we will briefly look at four problematic effects attributed to
gaseous pollutants as follows: (1) the rise in global atmospheric temperatures, (2) the deterioration of the
environment, (3) the demise of ecosystems and the resulting loss of flora and fauna, and (4) the damaging
effects on the health of humans.

Global temperature: this is related to the accumulation of greenhouse gases within the atmosphere
which include: water vapour, CO,, CH,, ozone (O3), nitrous oxide (N,O), nitrogen trifluoride (NFs), sulphur
hexafluoride (SFs), hydrofluorocarbons (HFCs); and perfluorocarbons (PFCs)—the latter four being purely
due to industrial activities. These gases prevent the dissipation of heat from the atmosphere by trapping it
within the confines of the atmosphere. By the time of the first COP conference in March 1995, it was
conspicuously obvious that the atmospheric temperature was rising; according to the NASA Goddard
Institute for Space Studies, the average global temperature on Earth has increased by at least 1.1 °C since the
time of the Industrial Revolution. The accelerated rate of temperature rise began in 1975 [Hansen et al.,
2010; NASA online, 2022]. These changing temperature patterns are the cause of disasters, including storms,
heatwaves, flash-floods, and droughts. Further, the impact of increasingly high temperatures is also causing
the escalation of ice melt at the poles, resulting in rising sea levels and both the disappearance and forging of
new coastlines around the globe, with the eventual need for evacuation of some low-lying areas becoming a
major fear; the erection of flood barriers and levees are only temporary measures and not a solution. The
melting ice also means that polar-dwelling animals (e.g., emperor penguins, polar bears and arctic foxes) are
losing their traditional habitats.

The deterioration of environment: the seas and oceans are becoming more acidic due to both acid
rainfall and gases being directly absorbed by open bodies of water; this is affecting marine flora and fauna—
such as the widespread death of coral reefs. Table 1 shows a list of gases produced during natural events
such as volcanic eruptions and bushfires, as well as during the burning of fossil fuels; these gases are the
acidic causative agents in niche environments such as freshwater habitats, as exemplified by lakes, ponds,
lagoons, rivers, streams, wetlands, and swamps, as well as saltwater marine habitats including oceans, seas,
intertidal zones, reefs and sea beds [Ramakrishnan et al., 2022].

Table 1. List of gases produced by volcanos that go on to make respective acids which are then
precipitated on to the surface of the Earth

Gaseous | Generic name Aqueous | CO,, HCI, HF, SO,, H,S and NO, are a

Carbon dioxide CO, Carbonic acid H,CO; | composition of volcano plumes and coal-

Hydrogen sulphide | H,S Sulfuric acid H,50, | fired power stations. Together all these

Sulphur dioxide S0, ditto ditto form their respective acids. It is these

Hydrogen chloride | HCI Hydrochloric acid | HCI acids that are the major causative agent of
Y - — acidification of natural waters.

Hydrogen fluoride | HF Hydrofluoric acid | HF

Nitrogen dioxide [ NO, Nitric acid HNO, It should also be noted that some of these

gases (e.g., NO, and H,S) are also
produced by naturally decaying organic
material.

The demise of ecosystems: A major cause of the demise of ecosystems is deforestation—for example
entire swathes of the Amazon rain forest have been annihilated to make way for mining industries, grazing
land for domestic animals, extensive agriculture and not forgetting felling of timber for domestic use. In
another setting, Madagascar with its niche tropical dry and rainforests, in addition to its spiny forests has
already lost 80% of its primary tropical forest due to human activity; it is estimated that within 40 years
Madagascar’s forest will be lost entirely. These acts of deforestation “vandalism” are repeated globally, and
although clearances of yet more and more areas may be seen as justifiable (i.e., a basic need for shelter,
firewood and food etc.), the results are the same: loss of biodiversity and the habitats of many plants, insects,
as well as birds and, both small and large animals which depend on such specialised ecosystems [WWF

52



brochure, 2007]. Another effect on the delicate balance of ecosystems is caused by the poaching of wild
animals to the brink of extinction, as exemplified by the hunting of endangered pangolins as an exotic
foodstuff and the killing of tigers and rhinoceroses for traditional homeopathic Chinese medicine—the
majestic northern white rhinoceros are now virtually extinct apart from the two captive female rhinoceros at
the Ol Pejeta Conservancy in Kenya. Since the late 1980’s to 2019 at least eighteen iconic species have
become extinct—Table 2.

Table 2. Extinct species 1980°s-2019 [Wikipedia, 2022]

Alagoas curassow | Franklinia Kihansi spray toad | Scimitar oryx Spix's macaw

Beloribitsa Golden skiffia Oahu deceptor | Socorro dove Wyoming toad
bush cricket

Cachorrito de | Guam kingfisher Panamanian golden | Socorro isopod

charco palmal frog

Escarpment cycad | Hawaiian crow Pére David's deer South China tiger

To add to this, many species of fish are also teetering on the brink of extinction, as their stocks are
regularly depleted due to over-fishing—e.g., some shark species, bluefin tuna and monkfish. In contrast,
during World War Il, when trawlers didn’t venture into deeper waters for fear of being attacked by U-Boats,
cod and other economically viable North Sea fish stocks were soon repleted.

Human health issues: during the early 1950s smog hung over the city of London for five days
constantly and as a result it is believed that over 4000 people died [Bell et al., 2004]; further, in more than
al00,000 cases, respiratory tract complications were attributed to this smog—e.g., chronic obstructive
pulmonary disease. In the UK, these issues pertaining to smog were sufficient to bring about the Clean Air
Act in 1956. It is now well documented that smog and polluted air have an effect not only on the respiratory
tract but also on eyes and skin; the latter includes cancer, atopic dermatitis, eczema, psoriasis or acne, etc.
According to the World Health Organisation (WHO), the impact on human health is dire, as nearly 6 million
people die prematurely from illnesses attributable to the quality of air worldwide. The biggest killers are as
shown in Table 3.

Table 3: Global deaths due to the presence of pollutants in the air [WHO online factsheet]

Clinical cause of death Effect of pollutant
27% | pneumonia Primarily inhalation of soot (PM,5)*
27% | ischaemic heart disease Exposure to PM, s and NO,
20% | chronic obstructive pulmonary disease NO, affects respiratory tract
18% | stroke CO brings on stroke after inhalation
8% lung cancer Vinyl chloride
“ PM, refers to fine particulate matter, tiny particles or droplets in the air that are < 2.5 um in
diameter. When mixed with NO,, these appear as an orange haze/halo.

THE EVIDENCE: WHAT THE SPEAKERS SAY

Our symposium featured five speakers (see Figure 2). In a succinct summary, Prof Lowell Gustafson
(USA) and Dr Mukesh Bhatt (UK) kicked off the programme with a survey of the problems faced by
humanity: physical population growth on the one hand, and the legal and moral challenges on the other. Prof
Gustafson delivered a presentation entitled: “Human Population Growth: A Set of Unprecedented
Questions.” He began with highlighting that the human population 300,000 years ago numbered a few
thousand globally; fast forward to 1900 and the population had increased to 1.65 billion. Then within only
the next 121 years, the growth was exponential and unparalleled reaching 7.9 billion. He further extrapolated
that it might rise to 11 billion by the end of this century and stated that this is an “unprecedented situation”.
He concluded that policy makers across the globe would have to dispense with old practices and values, as
well as addressing the security of food supplies and rethinking of farming practices; in short, he declared that
“wholesale change is on the horizon”. Dr Bhatt gave a talk entitled: “A Quest for Life unchained and
unbound.” He systematically explored “life” in its entirety, from within historic, religious settings and
scientific definitions of life through to anthropogenic human laws, as well as looking at what western
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society’s ideas of what life is, as opposed to those of other cultures with different and broader definitions of
what constitutes life. The issues surrounding life are, indeed, perplexing—for example he tackled the ethical
treatment of non-human species and inanimate environments and eco-systems, which are little understood or
accepted in the West. He further explored the human destiny of settling in outer space by asking: “are we
justified in interfering with what may be future sites for the origin, evolution and development of life?”” Dr
Bhatt concludes that the issues of life are extremely complex to say the least. Perhaps life needs to be defined
and continually redefined, from the molecular or organic entities to various types of xeno-species and
civilisations. Following this, Prof. Medina Omo Kadiri (Nigeria) added supporting evidence for the demise
of ecosystems which both Prof Gustafson and Dr Bhatt touched upon in their talks; her oral presentation was
entitled: “Global Assessment on Biodiversity, Conservation and Environment.” She gave a comprehensive
review of the loss of diversity across the planet, be it plants or animals. No class of multicellular life is
entirely safe from habitat loss, pollution, and climate change. From the onset, Prof Kadiri declared that
nature is “deteriorating globally at an accelerated pace”, which is reflected in the environment in general
along with the disappearance of habitats and biodiversity of species; with the eventual demise of entire
ecosystems. She concisely demonstrated with facts and figures that a million species of both flora and fauna
are on the verge of extinction, further adding that such a reduction in biodiversity, as well as habitat loss will
adversely affect the United Nations’ Sustainable Development Goals (SDGs) [UN resolution, 2015; UN
online]. These include poverty (SDG 1), hunger (SDG 2), health (SDG 3), water (SDG 6), cities (SDG 11),
climate (SDG 13), oceans (SDG 14), and land (SDG 15). In conclusion, to safeguard the “global biosphere”,
in no uncertain terms she stated: “local efforts as well as international cooperation is vital”.

(b) ©

Figure 2. Symposium speakers: (a) Prof Lowell Gustafson, Department of Political Science, Villanova
University College of Liberal Arts and Sciences, Philadelphia, USA. One of his main interests is in “Big History”,
placing historical developments in the widest context and covering a timeline from the Big Bang to the present. (b) Dr
Mukesh Bhatt, School of Law, Birkbeck College, University of London, UK. He is particularly interested in outer
space, colonisation and cultural recidivism. (c) Prof Medina Omo Kadiri, University of Benin, Benin City, Nigeria. Her
interests are in environmental management and toxicology as well as global assessment on biodiversity and
conservation. (d) Dr Alex Godoy-Fatndez, Global Young Academy and CiSGER, Facultad de Ingenieria, Universidad
del Desarrollo, Chile. The main areas of Dr Godoy-Fatndez interests are environmental policy, environmental affairs
and sustainability science. (e) Prof Nathan Nelson, Emeritus in Biochemistry Molecular Biology, The George S. Wise
Faculty of Life Sciences, the Tel Aviv University, Israel. Prof Nelson’s research interest primarily includes V-ATPase,
neurotransmitter transporters, metal-ion transporters and complexes involved in the process of photosynthesis. In
addition, he is interested in the effect the population growth is having on the health of the Earth

Finally, Dr Alex Godoy-Faundez (Chile) and Prof Nathan Nelson (lIsrael) looked at the resource and
energy situation, respectively, stressing the fact that, as encouraged under the current economic model,
neither the extensive exploitation of resources nor the free disposal of waste products is sustainable. Dr
Godoy-Fatundez’s presentation concerned “Economic System and Growth, Engineering, and Ecosystems.
How the planet has subsidised well-being?” Effectively, Dr Godoy-Fatndez’s presentation outlined how the
environmental deterioration, death of flora and fauna, and demise of ecosystems (as pointed out by Prof
Kadiri) came about. He explained that humanity today is going through one of the most pronounced periods
of increasing wealth and acquisition of commodities in all of human history, as compared to those by-gone
eras of meagre hand-to-mouth existence. These excesses come with a price. These being that ecosystems are
put at risk of deterioration due to over-extraction of natural resources surpassing Earth’s boundary limits as
well as increased general wastes, effluent discharges, and gaseous emissions; “these impacts are simply
unsustainable”, he pointed out. Further, the productivity and consumption—as exemplified by modern
agricultural practices—are constructed on economic models that encourage continuous growth beyond
Earth’s sustainable limits, without consideration of the socio-environmental costs. These models are
extrapolated across all other areas of industries—a collective conscious global disaster relating to the
biosphere. The net result being that the “plate-tectonics” of the economic models in light of the more-or-less
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permanent change in the Earth’s climate (global warming), causes the deterioration of the environment, the
demise of ecosystems and extinction of species. Dr Godoy-Faundez reminded us that there is an imminent
need to reconstruct the current productivity and consumption models such that the Earth is placed at the heart
of such models. Prof Nathan Nelson’s input was short, sharp and swift and was related to: “Energy
management for sustainability”. He stated, in no uncertain terms, that the Earth was overpopulated and that
the population should be reduced to 5 billion, matching the levels of 1987 [Erlich, Erlich, 1990], meaning
that we would need to be limiting the birth rate to 1.5 children per family. He further advocated that heavy
taxes be levied on the use of energy, curtailing overall global overconsumption and consequential waste
management in general. These were stark statements from Prof Nelson, which ought not to be ignored.

These talks can be accessed via NoRCEL s website at https://norcel.net/. Please scroll to the bottom of
the page for the links to the videos.

IMPACT AND REACH

The meeting was very well-attended with a representation from 42 different countries (Table 4). Of
these, 17 were located across the global north, and 23 were in the global south which is a positive outcome,
as the Earth’s global challenges affect the developing nations the most [Jheeta, 2022; Jheeta, 2018]. In
addition, we were intent on achieving as wide a reach throughout the world as possible. Bearing in mind the
range of time zones covered, the audience level remained relatively steady throughout.

Table 4: Countries with at least one participant at the inaugural BEP conference (January 2022)

GLOBAL NORTH GLOBAL SOUTH
Australia | Italy Slovenia Botswana | Israel Philippines
Austria Japan Spain Brazil Jordan Singapore
Canada Netherlands | Switzerland | Chile Kenya South Africa
Finland Poland UK Egypt Mexico Sudan
France Portugal USA India Malaysia Taiwan
Germany | Russia Iran Morocco Turkey
Greece Serbia Iraq Oman Zambia
Zimbabwe
19 24

At NoRCEL, we are mindful of the fact that for any programme to be seen as a success, we would
need to somehow determine how effective the campaign is. There are two ways this can be achieved: the
operative interlinked words are “impact” and “reach”. For example, one can inspire others so that this
influences their action and creates “impact”. This is different from the “reach” which simply refers to the
number of individuals with whom one engages. It is obviously easier to extend reach than to influence, and
increased reach must not come at the cost of the quality of engagement leading to impact. So how large a
group should be involved? The best way forward may be where the group is neither too small nor too large—
i.e., moderately sized. BEP is one of several projects created by NoRCEL whereby we are inspiring a
reasonably large number of people (e.g., 150 to 250) to consider the problems facing our Earth and in return
make a bigger impact. Please see Supplementary Table 1 which highlights some of the feedback received
from this inaugural BEP2022 symposium.

Open discussions followed the oral presentations. These included the prospect of damming of the Red
Sea for energy production, or the use of integrated farming. The overall gist of the discussions was a need for
a change in current economic operating models as the status-quo today represents a tragedy of the commons,
in that the depletion of resources, including energy, will eventually be destructive to all.

WHAT’S NEXT?

Scientific research has highlighted the Earth’s five previous mass extinctions of larger flora and fauna
and predicted the approach of the sixth. What does this mean? When scientists discuss the current themes of
such an extinction, it is exclusively from an anthropocentric standpoint. Yes, flora and fauna are being
eradicated at an alarming rate, there is absolutely no doubt about that, but humanity’s fears are directed
largely toward itself... fears that the human race will perish if we do nothing about the Earth’s worsening
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problems. What if humankind were extinguished due to rising sea levels; intolerable temperatures; pollution;
water shortages; disappearance of arable land and other consequences of overpopulation; so, what? If science
and history have taught us anything, it is this... after all five previous mass extinctions, life always bounced
back; it would not matter one iota to planet Earth if humans no longer existed on it... Other life would still
go on.

While no decisions were made at this first meeting, the possibility exists to invite science-based
journalists and other interested parties who have championed change in the past to come on board. There is a
need for new ideas! The next hybrid Blue Earth Project meeting will be held on Saturday 21°* January 2023
to address the question: “Is it time for planet B?” Readers may wish to consult the remit pertaining to this question
published in the “COSPAR’s information bulletin: Space Research Today” (Dominik et al, 2022).

SUPPLEMENTARY
Table 1: The feedback given to the three posed questions

Three Feedback Questions posed

1.  Q1: Your overall experience from 1 (poor) to 5 (excellent);
2. Q2: How likely are you to attend an online symposium in 2023 by scoring 1 (not likely) to 5 (highly
likely)?
3. Q3 Any additional information
Names | Scores | Additional information provided
1 MOK | Q1:5
Q2:5
2 | CK Q1:4 | Some of us are new converts to issues related to preservation of Earth and related
Q2:4 | issues so, if possible, | will like to have all the presentations in copies for proper
understanding
3 | DK Q1:3 | I score the overall experience with 3. | was expecting more from B.E.P.,
Q2:5 | having the previous exp. from the NORCEL, maybe more technical or mathematical.
4 | SK Ql: 4
Q2: 4
5 | JA QL:5
Q2: 4
6 KF Ql:4
Q2:5
7 | TCK Q1:5 | Personally, I also do not want the symposium to be another talk show with no
Q2:5 | significant contribution to the situation on the ground. So, | would like to suggest
that each and every segment of the symposium be led or moderated by a young
climate activist who can represent Thunberg's generation. The reason is to give an
opportunity for youngsters to hone their leadership skills in managing differences. |
think that it is timely that the NoRCEL's future webinars/ symposiums should be led
by youngsters. After all, the generation to come is going to manage the planet Earth
with all the problems we have created for them. Time to train them to be leaders for
climate change mitigation. Maybe they already are as shown by Thunberg's example.
Just that they are not given enough opportunity to manage the differences in their
own terms/ ways as all spheres including the NoRCEL are still dominated by ‘old
people' like us
8 | AK Q1:5 | Thank you for arranging such a great and significant academic event, as well as
Q2:5 | providing us with the opportunity to express our views.
9 | SP Q1:5 | highly likely to attend 'is it time for planet b' 2023.
Q2:5
10 | PC No I would be happy to participate.
score
11 | WDC | No First of all, congratulations on the success of the symposium, which gave both a
score | varied and interesting perspectives which challenged my previous perspectives with
worldwide contributions
With regards to the overall experience, it has to be a 5 and likewise a 5 to the follow
up symposium.
Well done - keep up the good work raising awareness.
12 | BI QL: 4
Q2:5
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Names | Scores | Additional information provided
13 | RDG Q1:5
Q2:5
14 | NP Q1:5
Q2:5
15 | ZB Q1:5 | Thank you so much for the e-mail. It was my first time to follow and later join the
Q2:5 | project. It was very amazing, and the experience was excellent. | have learnt a lot
from the symposium. I will attend the next symposium. In a nutshell my scoring for
both questions
16 | MC Q1:5 | The experience was excellent.
Q2:5
17 | RG Q1:4 | thereisstill a lot to do here. Not time yet to think about leaving. Too much money
Q2:5 | for too few people
18 | SVS Q1:5
Q2:5
19 | NeH Q1:4 | I would be happy to participate.
Q2:5
20 | PYM Q1:5 | I'would like to add that the online brainstorming with miro/ wonder.me or any other
Q2:5 | application prior to the Symposium was a very good idea.
21| MCB | Ql1:4
Q2:5
22 | AM Q1:5 | highly likely
Q2:5
23 | JS Q1l: 4
Q2: 4
24 | EK Q1:5
Q2:5
25 | ALG Q1:5 | I'd rate my experience as 4, the meeting was really interesting and | enjoyed it very
Q2:5 | much, however it would be better if I just could stay until the end of the meeting
(because it lasted longer than expected).
I would definitely attend the next meeting and I'm looking forward to it.
Another comment 1'd like to add is regarding the hour of the symposiums. I don't
know how the timezone is chosen but I guess the most fair is to determine it
according to the timezones where most participants and members from NoRCEL
live. Thank you
26 | MC Q1:5
Q2: 4
27 | IM No I'll give it one more try as you ask, keep me informed of what is coming up.
score
28 | MS QL:5 | Yes, I likely to attend an online free symposium in 2023
Q2:5
29 | MP Q1:4 | Add other activities between now and the next symposium 2023
Q2:5
30 | AS Q1:5
Q2:5
31 | KV No The directions of research related to the Blue Earth project are indeed very important
score | at the present time. But they are outside my professional competence. Therefore, |
must mark my answer to both of your questions as 1. But | confirm my interest in
the subject of the chemical evolution of life, on which | have been working for many
years, and my desire to participate in the next conference in this direction
32| AT Q1:5
Q2: 4
33|1S Q1: 4 | May the providence give you courage and energy to continue your struggle to
Q2: 4 | uplift the awareness level of some parts of human society.
34 | BS Q1:5
Q2:5
35 | KR Q1: 4
Q2: 4

57



REFERENCES

Bell M. L., Davis D. L., Fletcher T. 2004. A Retrospective Assessment of Mortality from the London Smog Episode of 1952:
The Role of Influenza and Pollution // Environmental Health Perspectives. V. 112. P. 6-8. DOI: 10.1289/ehp.6539.

Dmitriev A.N., Zhuravlev V.K. 1984. The Tunguska Phenomenon of 1908 as a Kind of Cosmic Connections Between the
Sun and the Earth // Novosibirsk: IGIG SO AN SSSR (in Russian).

Golenetsky S.P., Stepanok V.V. 1980. Searching for the substance of the Tunguska space body // Interaction of Meteoritic
Matter with the Earth. Novosibirsk: Nauka. P. 102-115 (in Russian).

Hansen J., Ruedy R., Sato M., Lo K. 2010. Global Surface Temperature Change // Reviews of Geophysics. V. 48. P.
RG4004. DOI: 10.1029/2010RG000345.

https://en.wikipedia.org/wiki/Extinct_in_the_wild (07-05-2022).

Jheeta S. 2018. Astroscience Group in Africa // COSPAR's information bulletin: Space Research Today. V. 203. P. 81-83.

Jheeta S. 2022. COP26: world overpopulation is not something to be sniffed at in press // COSPAR's information bulletin:
Space Research Today.

Jurikova H., Gutjahr M., Wallmann M., et al. 2020. Permian—Triassic mass extinction pulses driven by major marine carbon
cycle perturbations // Nature Geoscience. V.13. P.745. DOI: 10.1038/s41561-020-00646-4.

Muench D., Muench M., Gilders M.A. 2020. Primal Forces Graphic Arts Center Publishing (Portland, Oregon). P. 20.

National Aeronautics and Space Administration (NASA): “Earth Observatory: World of Change —Global Temperatures”.
Published online earthobservatory.nasa.gov. Retrieved from: https://earthobservatory.nasa.gov/world-of-change/global-temperatures
[Online Resource].

Ehrlich P.R., Ehrlich A.H. 1990. The Population Explosio / (ed.) Simon and Schuster. New York.

Ramakrishnan A. R., Kumar K., Arunachalam P., Sankar M., Selvaraj P., Jheeta S. 2022. Deleterious Effect of Ultraviolet
Radiation on Glossogobius giuris: A Short Experimental Study // Sci V.4. P.12. DOI: 10.3390/sci4010012.

Roser M., Ritchie H., Ortiz-Ospina E. 2013. World Population Growth. Published online OurWorldinData.org. Retrieved
from: https://ourworldindata.org/world-population-growth [Online Resource]. Revised May 2019.

United Nations, Department of Economic and Social Affairs: “Sustainable Development”. Published online sdgs.un.org.
Retrieved from: https://sdgs.un.org [Online Resource].

United Nations: “Transforming our world: the 2030 Agenda for Sustainable Development”, Resolution adopted by the
General Assembly on 25 September 2015 (A/RES/70/1), https://undocs.org/A/RES/70/1.

World Health Organization (WHO), Factsheet on “Household air pollution and health”. Published online www.who.int.
Retrieved from: https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health [Online Resource].

WWF  brochure entitled: Forest Area Key Facts & Carbon Emissions from Deforestation. 2007.
(https://wwf.panda.org/wwf_offices/madagascar/).

Dominik M., Jheeta S., Smith D. 2022. Is it time for planet B? COSPAR's information bulletin: Space Research Today. (in
press).

Received by the editor: 24.09.2021
Reworked version: 06.07.2022

58


http://doi.org/10.1289/ehp.6539
http://doi.org/10.1029/2010RG000345
https://en.wikipedia.org/wiki/Extinct_in_the_wild
https://doi.org/10.1038%2Fs41561-020-00646-4
https://earthobservatory.nasa.gov/world-of-change/global-temperatures
http://doi.org/10.3390/sci4010012
https://ourworldindata.org/world-population-growth
https://sdgs.un.org/
https://undocs.org/A/RES/70/1
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health
https://wwf.panda.org/wwf_offices/madagascar/

