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OO011en3BecTHO, YTO KaXKI0€ M3 TPEX MOCIEOHUX ACCATHICTHH XapaKTepHU30Baloch 0oJiee BBHICOKOH TeM-
neparypor y MOBEPXHOCTH 3€MIIM 110 CPABHEHHIO C JIIOOBIM MPEABIYIIUM JecsIThieTueM HaunHas ¢ 1950 T
Ha ¢one stux m3meHeHni B HAyYHOH JTUTEpaType B MOCIEAHEE BPEeMs MOSBISIETCA BCe OOJbIIIee KOIMIECTBO
paboT, CBUAETENbCTBYIOMNX 00 3KCIAHCUHU IPEBECHBIX U KYCTapHUKOBBIX BUIOB B @PKTUUYECKHE 1 BEICOKOTOP-
HBIE DKOCHCTEMBI. B cTaThe pUBeICHBI pe3yIbTaThl HCCIICAOBaHUS (HOPMHUPOBAHHS JIPEBOCTOCB BEpXHEH Tpa-
HUIIBI JIEca U 3apOociiel KPYITHBIX KyCTapHUKOB B OJJHOM U3 MAJIOM3yYeHHBIX PETHOHOB IEHTPAIHFHOTO CEKTOpa
Cy6apkruku Poccun — mmaro [Tyropana. O0beKTOM Hccien0BaHts SIBUINCH APEBOCTOM JIUCTBEHHUIA [ MenHa
Larix gmelinii Rupr. u 3apociu onbxu KycrapHukoBout Duschekia fruticosa (Rupr) Pouzar. Tlokaszano, uro Ha
(hoHE COBpEMEHHBIX M3MEHEHUH KJIMMaTa B MTOCICIHEM CTOICTHH (OCOOCHHO BO BTOPOM ITOJIOBHHE) MTPOUCXO-
U0 CMEIEHHE BEpPXHEH I'paHHIbl paclpoCTpaHEHHS APEBECHON M KYCTapHHUKOBOH PAaCTHTENBHOCTH BBILIE
B ropbl. J{0Ka3arensCTBOM JaHHBIX MPOLECCOB CIYKUT 3aKOHOMEPHOE M3MEHEHHE MOP(POMETPHUECKUX Tapa-
METPOB M CPEIHETO BO3pACTa N3yYaeMBIX BHIOB I10 Mepe MPOABMKEHHUS B TOPY B MOCIIEAHEM CTOJICTHH.
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It is well known that each of the last three decades has been characterized by a higher temperature at the Earth’s
surface compared to any previous decade since 1950. Against the background of these changes, an increasing
number of works have recently appeared in the scientific literature, indicating the expansion of tree and shrub
species into Arctic and high-altitude ecosystems. The article presents the results of a study of the formation of
stands of the upper border of the forest and thickets of large shrubs in one of the poorly studied regions of the
central sector of the Subarctic of Russia — the Putorana plateau. The object of the study was stands of Gmelin larch
(Larix gmelinii Rupr.) and thickets of shrub alder (Duschekia fruticosa (Rupr) Pouzar). It is shown that against the
background of modern climate changes in the last century (especially in the second half), the upper limit of the
distribution of woody and shrubby vegetation was shifted higher into the mountains. The proof of these processes
is the regular change in morphometric parameters and the average age of the studied species as they move uphill
in the last century.

Beenenue

BrisiBlIeHHEe W KOMMYECTBEHHAS
OIICHKa TPaHC(OPMAILIUU BBICOKO-
TOPHBIX JIECHBIX YKOCHUCTEM Ha ce-
TOHSIIHHUNA JCHb — OJTHA M3 aKTy-
aJbHBIX 33J1a4 JJIs1 DKOJIOTUH, POJIb
KOTOPBIX 3HAUYNUTENIHHO TTOBBIMIALT-
csl Ha ()OHE MBMEHEHMSI COBPEMEH-

goro kauMmara. OOIIEn3BECTHO,

YTO KaXJ0€ M3 TPEX MOCIEeTHUX
JECATUIIETHI XapaKTEepH30BaI0Ch
Oonee BBICOKOM TeMmmeparypor y
MMOBEPXHOCTH 3eMJIM TI0 CpaBHe-
HUIO C JIIOOBIM NPEBIAYIINM Jie-
caTuiieTueM HaunHas ¢ 1950 T [1].
OKOCHCTEMBI, PACIIOIOKEHHBIE B
apKTHYECKUX W BBICOKOTOPHBIX
paiioHax, SBJISIIOTCS OIHUMH H3

Hau0oJIee YYBCTBUTCIIBHBIX K H3-
MECHEHUSAM KJIMMAaTHYEeCKHUX YCIIO-
BHii [2].

eab, 3axaua, MeTOAMKA

U 00bEKTHI UCCJIEI0BAHUSA
Lens paboTBl — BBIABICHHUE U
OIIeHKa CMEIIeHHUS BEpXHEH rpaHu-
Ikl PacCHpOCTPAaHEHUS APEBECHOU
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W KyCTapHHKOBOH pPaCTHUTENHHO-
CTH, TIPOM3PACTAIOIICH Ha BepX-
HEM IIpeJieNie CBOETO pacrpocTpa-
HEHUS.

OOBeKTaMu UCCIIEIOBAaHHUN SIB-
JSUTHCh IPEBOCTOW  JIMCTBEHHHIIBI
I'menmmua (Ldarix gmélinii (Rupr)
Rupr.) u 3apocnu onbxu Kycrap-
HUKOBOH  (Duschekia  fruticosa
(Rupr) Pouzar), npouspacraroriue
B DKOTOHE BEpXHEW IpaHMIBI Jpe-
BECHOM pacTUTEILHOCTH HA 3amaj-
HOM ckjIoHe MaccuBa Cyxue TOpBI
B 3amafgHoil yactu ruiaro Ilyropa-
Ha (N69°24.421°; E090°53.344").
Pailon wuccnenoBaHusi pacrnoso-
KEH Ha KpalHeM CceBepo-3amajie
Cpemne-CruOHupCKoro TI0OCKOTOPbS,
B TIpefesiax CEBEPHOW ITOJIOBHUHBI
Tynrycckoit cunexkmmsbl  Cubup-
ckoii miargopmel. [lnaro Ilyto-
paHa pacrmomaraercsi B TIOA30HE
CEBEpHON JIMCTBEHHUYHOM Talru.
TopHelit penbed paiioHa uccueno-

20m

penkosechst
20m

20m

Puc. 1. Cxema 3aKiaik BBICOTHOTO Tpoduiist
Fig. 1. Diagram of the high-rise profile bookmark

o
s o OTAENIbHDbIE
-

°

20 m

BaHUS OOYCIIOBIUBACT OOJBIIOE
pasHooOpa3ue PacTUTEIBHOIO MO-
KpoBa M OTYETIMBO BBIPAKEHHYIO
BBICOTHYIO 30HAJILHOCTH B pacrmpe-
JIENICHNA OCHOBHBIX THUIIOB JIAH[-
madros [3].

Iepen wavamom cOopa dKcrie-
PUMEHTAIBHOTO MarepHuaia ocy-
LIECTBISUIOCH MapIIpyTHOe obciie-
JIOBaHUE palloHa HCCIeIOBaHUM,
MOAOHPANIMCh YYacTKH CKJIOHOB
JUTSL 3aKITaJKH TIPOOHBIX TIOIIANEH
(panee He TOIBEpKEHHBIE AHTPO-
[TOTEHHOMY BO3JECHCTBHIO C XOpPO-
10 ChOPMUPOBAHHBIMU TTOYBAMHU ).
Ilon o5KOTOHOM BepxHEW TIpaHu-
bl JIPEBECHOW paCTUTEIHLHOCTH
MBI TIOHUMaeM TIEePeXOIHBI MOosiC
B TOpax MEXIy BEPXHHMHU TPaHU-
[AaMH PacIpOCTPaHEHHUS COMKHY-
TBIX JIECOB M OTACNIBHBIX JIEPEBBHCB
B TYHJIpE.

Ha mpodwune B npenmenax sxo-
TOHA BEpXHEW TpaHUIIBl JpeBec-

aepeBbst

20m

peauHbI

20m

HO-KYCTapHUKOBOM  pacTUTENb-
HOCTH TpPU BBICOTHBIX YPOBHS:
HIWKHUH — y BEpXHEH TpaHHILBI
penkoyiecuit, CpeIHUM — y BepXHei
TPaHUIBI PACIIPOCTPAHEHUS PEIH
U BEPXHUH — y BEpXHEH I'paHHIIBI
pacipocTpaHeHHUs] OTJAENbHBIX Jie-
PEBBEB M KYCTAPHHUKOB B TYHIIPE
(puc. 1, 2). Ha kax1oM BEICOTHOM
YpOBHE OBLITO 3aJI0KEHO 110 2—3 T10-
CTOSIHHBIX IPOOHBIX IIOLIAIH Pa3-
Mepom 20 % 20 M BIOJIb CKIIOHA, TAE
Yy KaXXZIOTO JIepeBa U KycTa OJbXH
KyCTapHUKOBOM  (PHKCHPOBAJIOCH
TOYHOE MECTOMNOJIOKEHNE, MTPOKC-
XOXKIeHHEe (CeMEHHOE WIIM BereTa-
THBHOE), BBICOTa, TUAMETp Ha OcC-
HOBaHUH, JHAMETP KPOHBI B JIBYX
B3aMIMHO MEPIEHINKYIAPHBIX Ha-
[IPaBJICHUSX, BO3PACT. Y IepPEeBbEB
C MHOTOCTBOJILHOM (pOopMOI pocTa
MepeYrcIeHHbIE BBIIIE XapaKTe-
PHUCTUKHU ONPENEISUIUCH OTAEIBHO
JUIs KaXJoro cTBojdMKa. Bozpact

Puc. 2. O6uwmii BUa n3yyaeMbIX 0ObEKTOB
Fig. 2. General view of the objects under study
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YCTaHABIUBAJICA IyTEM B3STHA
paauanbHBIX KEPHOB JPEBECHUHBI
(WM cuuIIoB y MOAPOCTA) Y OCHO-
BaHUS CTBOJIA JIepeBa C TOCTENy-
IOIUM TIOJICUETOM U JaTHPOBKOM
TOIUYHBIX KOJIEI[ B TAOOpaTOPHBIX
ycaoBusx [4]. Beicota Ham ypos-
HEM MOps U reorpaduyecKkue Ko-
OpAMHATHl MaKpOIUIOIIAJOK OIpe-
JEJISITICH C TIOMOIIBIO TPHEMHNKA
GPS.

AHanm3 W3MEHEHMs KIMMaTH-
YeCKMX IIapaMeTpOB B PETHOHE
MIPOBOAMJICS TI0 JTAHHBIM METEOpPO-
JIOTMYECKOM cTaHmu «JlyrHKa
(69°25'52"N86°10'11"E, paccros-
HUE JI0 UCCIEIYEMBIX OOBEKTOB —
180 km).

B mammx wccnemoBaHusAX Ha
TOYHOCTh ONpE/EIeHUus] BO3pac-
Ta JIepPEBbEB BIMSIOT CIETYIOIIHE
OCHOBHBIE (DaKTOPBI: IKCIIEHTPUY-
Hasi (opMa IONEePEeYHOTO CeueHHS
CTBOJIA, pa3In4usl BO BPEMEHH JI0-
CTIKEHHUS TIOAPOCTOM BBICOTHI OT-

Oopa obOpasioB (5-25 cm), omuod-

KA B OIPEIETICHUH PACCTOSHUS OT
TUIIOKOTENS 10 BBICOTHI OypeHHs
(TIonoKeHue TUIOKOTENs OTHOCH-
TEJTHPHO MHKPOAIIEMEHTOB peibeda
C yBEIMYEHHEM BO3pacTa JiepeBa
Menstercs). I[loatomy Her ocHoBa-
HUH CUUTATh, YTO BO3PACT IEPEBb-
€B OMNpEAEIeH C TOYHOCTBIO J0
1 rona. Benenctue atoro mist mo-
Jy4deHus: 0oree HaJeKHBIX Pe3yIlb-
TaToB BCE JEPEBbS JINCTBEHHHILIBI
Ha MPOOHBIX IUIOIAIIX OBUTH 00B-
€IWHEeHbl B S5-J€THHE BO3pacTHBIE
rpymmsl. Takum 00pazoM, ObIIO 13-
BECTHO 00111ee KOJTMYECTBO ACPEBb-
B, TMOSBHUBIIMXCS B TO MM HHOE
S5-1etue B T€4EHHE MOCIEJHUX CTO-
neru#t [5]. K mogpocty oTtHocHim
JlepeBIIa BEICOTOH 110 1,5 M.

B nenom no 3aBeprueHnn pador
ObUTM  OmpeJeNieHbl  TaKCaIMOH-
Hble Tokazatenu 304 nmepeBneB U
58 KyCTOB OJIbXH KYCTapHUKOBOM,
g 227 nepeBbeB M 56 KyCTOB
ONIbXM KYCTapHHUKOBOH YCTaHOB-

JICH BO3pacT.
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Pe3ynbTarsl ncciaeaoBaHus
H UX 00Cy:XKIeHne

C 11e1b10 BBISIBIICHHSI OCOOCHHO-
cTeil (OpMHUpPOBaHUS IPEBOCTOEB
BEpXHEH IpaHUIIbI JIeca U 3apociie
KyCTapHUKOB HaMU OBLIM JETallb-
HO WM3y4YeHBI COCTaB HACAKICHHM,
TYCTOTa U BO3pacTHas CTPYKTypa
JIPEBOCTOEB, MOAPOCTAa M 3apoc-
JIe KyCTapHUKOB Ha 3aJI0)KEHHBIX
MPOOHBIX TIOINAMISX.

Janusie Tabm. 1 cBHAETENb-
CTBYIOT, 4TO II0 Mepe MPOIBHKE-
HUA B ropy (1o Mepe yXyalleHus
YCJIOBHI IS pOCTa) HAOIIOMaeTCs
3aKOHOMEPHOE H3MEHEHNE (YMEHb-
IICHHE) CPEIHUX TaKCAIMOHHBIX
MoKaszaTreseil Kak OJbXH KycTap-
HUKOBOHM, TaK W JIMCTBEHHWYHBIX
JIPEBOCTOEB: AMAMETP Y OCHOBa-
HUSA Y OJIbXOBHHUKA ¥ JIUCTBCHHUITBI
YMEHbBIIIAeTCsI B 2 pasa, CPemHss
BbicoTa — B 1,5-2,0 paza, auamerp
KPOHBI — y OJIbXH KyCTapHUKOBOU
HE W3MEHSAETCS, Y JHMCTBEHHHIIBI
yMmeHblaeTcst B 2 pasza. CpeqHuit

Taomuua 1
Table 1

Cpez[HHe TAKCAITMOHHBIC ITOKA3aTCJIM KYCTOB OJIbXU U JINCTBCHHHUIBI HAa UCCIICAYECMOM HpO(I)I/IJ'IC

Average taxation indicators of alder and larch bushes on the studied profile

JluctBeHHMITA Onbxa
Larch Alder
2 £ 2 2 £ 2
Tokasaresn 29 2 % g9 29 g % g7g
Indicators 2 S5 S0 s S35 SN
2B 5% 23 B 5 S 23
- 2 : 2 =2 - : 2 =2
5| 3F | 25| BS | i3 | S
en = 2l T O & ol
Jlnamerp y OCHOBaHHS, CM 183+0,8 1,1+1,1 8,6+0,7 58+04 52+0,3 34+03
CpenHsist BbICOTa, M 84+04 33+0,5 33+0,3 2,4+0,1 2,5+0,1 1,7+0,1
Jnamerp KpoHsbl, M 29+0,1 24+0,3 1,4+0,1 22+0,2 2,6+0,2 2,6£0,5
Bospacr, ner 176 £3 96+ 12 53+£5 54+6 53+£5 366
I'ycroTa cTBOMNOB, 1IT./TA 875 812 875 675 1225 333
I'ycrora kypTuH, mrt./ra - - - 212 375 92
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BO3pacT OJbXHM KyCTapHUKOBOM
yYMEHBIIAeTCs B 2 pasa, JHCTBEH-
HUYHBIX JIPEBOCTOEB — B 3 pasa.
I'ycTora nepeBneB Ha BCEX YPOB-
HSX HMeeT OJNM3KUe 3Ha4YeHUs,
y ONbXH TYyCTOTa 3aKOHOMEPHO
YMEHBINAETCS OT HIKHETO YpPOB-
HS K BEpXHEMY, OJJHAKO JOCTUTACT
CBOETO MaKCMMyMa Ha CpegHeM
ypoBHe (1255 miT./ra y CTBOJOB
u 375 wr./ra y kyprus). [Inomane
NPOEKTUBHOTO TOKPHITUSI KPOH

y
YMCHBIIIACTCA. V onbpxu Ha6moz[a—

JIUCTBEHHUIIEI  3aKOHOMEPHO
eTcs caMas OoJiblIlasl IUIOIIaab Ha
cpenHeM ypoBHe (2423,75 m?/ra).

AHanu3 NaHHBIX, TpPEICTaBIICH-
HBIX Ha pHUC. 3, MOKa3bIBAET, YTO
3aceNieHNe HCCIIEAYEMOTO  CKIIO-
HA JINCTBEHHHMIIEH HAYallOCh €Ille
B koHI1le X VII B. Ha HM>XKHEM BBICOT-
HOM YpOBHE HamOoOlee MaccoBOE
3acelieHue MCCIENyeMOro ydJacT-
Ka CKJIOHA TIPOMCXOAWJIO B MEPUONT
¢ 1830-x mo 1865 rr., Korya mosiBu-
J10ch 65 % HbIHE CYIIECTBYIOIIUX
nepeBbeB. Ha cpemHem BBICOTHOM
YpOBHE OTJICIBHBIC EPEBIA JIUCT-
BEHHHUIIBI 3aCEJUTUCh PAaBHOMEPHO
BO BCEM IMIEPHONC MCCIEIOBAHUS
C HeOOJBIIMM BCIIECKOM YHC-
neHHocTH mmocie 1950-x . XX B.
Ha BepxHeM ypoBHe Hanbosee Mac-
COBOE 3aCeJICHHUE JCPEBHEB TIPOUC-
XOJTUIIO JIMIITH BO BTOPOM MOJIOBHUHE
XX B.

Onpxa KyCTapHUKOBas Ha FCCIIe-
JlyeMOM Y4YacTKe CKJIOHAa Ha HIXK-
HEM U CpEJHEM YPOBHAX Hayaia
3aCeIIATHCS TOJIBKO B Hadaie XX B.
Haubonee maccoBo 3TOT mporecc
npoucxoaui nocie 1950-x rr.

AHann3 JaHHBIX METeOCTaH-
UK peruoHa «Jlynnaka» (Tabm. 2,
puc. 4) mokasajn, YTO 3a MEPUOJ
¢ 1906 mo 2017 rr. mpowm30MIIO0
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Puc. 3. Pacnipenenenue konu4yecTBa KyCTOB OJIbXH KyCTapHUKOBOM (A)
¥ JIpeBOCTOEB JHCTBEeHHUIBI (B) Ha 3a110)keHHOM BBICOTHOM TpoduIie
Fig. 3. Distribution of the number of alder bushes (A)

and larch stands (B) on the laid height profile

Tabmuua 2
Table 2

H3menenne HpI/I3CMHOI\/’I TEMIICPATYPhI BO3AyXa IO JaHHBIM

MeTeoctanimn «Jlymnakay 3a nepuog ¢ 1906 mo 2017 rr., °C

Change in surface air temperature according to the data of the weather
station «Dudinka» for the period from 1906 to 2017 years, °C

Pasznuna xonen
Cpem Coenn Coems Y Ha4yajo BeKa
Mecsig Ape;[ ce PCAHCC PEIHCEC | Tye difference between
Month verage Average Average the end
1906-1940 | 1941-1980 | 1981-2017 .
and the beginning
of the century
STuBapp 27,7 -28,2 27,1 0,6
deBpaiib —24.8 -28,3 -26,1 -1,3
Mapt -22,8 -23,0 -20,4 2,4
Amnpenb —-15,4 -14,8 —-14,0 L5
Maii -6,0 -5,7 4.5 1,5
WroHb 4,7 5,5 7.2 2,5
Hrons 12,6 13,8 14,1 1,5
Asrycr 10,8 10,5 11,0 0,2
CeHTs10pb 3,8 3,9 4.1 0,4
OKTA0ph -8,4 -8,1 -7,8 0,6
Hosi6ps -20,2 -21,6 -20,7 -0,5
Jlexabpb -26,6 -25,6 -243 2,4
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Puc. 4. lunaMuka cpemHeit TeMrepaTrypbl BO3yXa HIOHS 3a TIEPUOJ
¢ 1906 o 2017 rr. mo gaHHBIM MeTeocTaHIMU «JlyTHKa»
Fig. 4. Dynamics of the average air temperature in June for the period
from 1906 to 2017 according to the weather station «Dudinkay

3aMETHOE W3MEHEHHE B DPEXUME
MIPU3EMHON TEMIIEPATyphl BO3yXa.
Tak, Temneparypa mas yBEJIUYU-
nack Ha 1,5 °C, mronsgt —Ha 2,5 °C
nrong — Ha 1,5 °C. B 1mesroM MokHO
KOHCTaTUpPOBaTh, YTO 3a paccMar-
pUBacMBbIii  BPEMEHHOM  Mepuof
MIPOM30LLIO U3MEHEHNE B TEMIIEpa-

TYPHOM PEXHUME JIETHUX MECSLEB.

BriBoanI

Ha cknonax rop miaro Ilyropa-
Ha 3a nmocienaue 200 jget mpoucxo-
WO CMEIIEHNE BEpXHEH TIpaHU-
LBl PacIpOCTPaHEHUs APEBECHOU
PaCTUTEIHHOCTH BIOJIb BEICOTHOTO
rpaauenta. HauOosnee akTuBHas
9KCTaHCHs Jjeca Habmomaizack BO
BTOpOil nonoBuHe XX B. IlosBne-

Bubnuoepaguueckuii cnucox
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HUE KYCTapHHUKOBOH pacTHTENb-
HOCTH Havajoch TOJIBKO B XX B.,
a Hambojiee MaccoBO — IIOCIIe
1950-x rr. AHanu3 OaHHBIX Me-
TEOCTAHIINY PETHOHA [TOKa3aJl, 4TO
KIIUMaT B paiiOHE HCCICIOBAHMIA
cram Oojiee TEIIbIM, OCOOEHHO
B JIETHEe BpeMsi rofa. Mel mpenrio-
JlaraeM, 4TO CMCIICHUIO BEPXHEH
IPaHUIlBl PAaCIPOCTPAHCHUS Jpe-
BECHOH M KyCTapHHUKOBOH pacTu-
TEJIBHOCTHU BJIOJIb BBICOTHOTO Tpa-
JIMEHTa HanOoJee BEPOSTHO MOTIIO
CIocoO0CTBOBAaTE  00Iee  U3Me-
HEHUE KJIMMAaTUYECKUX YCIOBHI
B paliOHE UCCIIEI0BaHUM.
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