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AHaJIN3 perpecCUOHHBIX CBsI3ell TeMIepaTypbl BO3ayXxa
Ha pa3HbIX BbicoTax B ropax CeBepHoro YpaJa
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Annomayus. Cmamus nocesiuyeHa akmyaibHol COBPEMEeHHOl npodaeme: 8bIA61eHUI0 MEMNEPANYPHBIX
haxkmopos, IUMUMUPYIOUUX PACAPOCIPAHEHUE U BbIJICUBAHUE paAcmeHUll 8 2o0pHbix ycaosusx CesepHo2o
Ypana. Llenv pabomol — ycmarnosieHue pecpecCUOHHbIX C8A3ell MeMNEPAmypPHbIX OAHHBIX 8 Yemblpex 6bi-
comuuix noscax odxcnotl wacmu Ceseproco Ypana (59°30' c.ut., 59°15' 6.0.) ¢ konmponvuviMu memnepa-
mypruvimu OanubiMu Memeocmarnyuu 2. Kapnunck (Ceeponosckas oonacmo 59°46' c.u., 60°00' 6.0.). 3anuce
memnepamyp 6030yxXa npo8OOULACH KPYeIOCYNOUHO uepe3 Kadxcovle 2 4 Ha evicome 1,5—2 m om nogepxuo-
cmu nouswl ¢ mas no okmaope 2019 . 6 copnonecrom nosice na gvicomax 460 u 640 m n.y.m. noo nonoeom
KeOpOBuIX OPeBoCmoes, 6 nosce NOO2oNbYOBbIX PEOKOCHOUHBIX KPUBOLECUL C dNeMEeHMamu 20PHOLL J1eco-
myHOpul Ha gvicome 820 M H.y.M. U HA NAAMO 8 nosice 20pHOU myHOpsl Ha evicome 1030 m H.y.m. Boisgneno,
YUMo usMeHeHUue memnepamypuvl 6030yXa Ha PA3HLIX 8bICOMMHBIX YPOGHAX U HA MeMeoCaHyuu RPoucxooum
OMHOCUMENbHO CUHXPOHHO, NPU IMOM PAZHOCTb CPEOHECYMOUHBIX MEMNEPAmyp ¢ KOHMPONbHbIMU OAHHbI-
Mmu memeocmanyuu Ha evicomax 460, 640, 820 u 1030 m n.y.m. coomseemcmeenno cocmasiaem 2,2, 3,0, 4,7
u 5,1 °C. /[nsa 6cex blcomHbIX ypOSHell YCMAHOBIeHd 00CMOBEPHAS. MECHAS NPAMOIUHENHAS C853b CpeOHe-
CYMOYHBIX memnepamyp 6030yxa ¢ oanHvimu memeocmarnyuu. s evicom 460, 640, 820 u 1030 m H.y.m.
KO puyuenm demepmunayuu (Rz) cocmasisiem coomeemcmeenno 0,96, 0,95, 0,92 u 0,88. Ceasu maxcu-
MATbHBIX U MUHUMATIHBIX MEMNepamyp 8 3asUCUMOCHU O 8bICOMbl MECHHOCMU HAO YPOBHEM MOpPSL C
KOHMPONbHBIMU OGHHBIMU MEMeoCanyill makdice 0ocmamouo évicoku (R’ ne onyckaemes nusce 0,83
onst maxcumanvrvlx u 0,7 0na munumansvrolx). C nOMOWbIO0 GbIA68NEHHbIX C853ell U NOTYUeHHbIX YPABHEHU
pezpeccuu OmKpbl8aAemcst 603MONCHOCb PEMPOCHEKMUBHO20 60CCMAHOBIEHUS OUHAMUKY TNEPMULECKO20
pedrcuma no OaHHbIM Memeocmanyuu 2. Kapnuuck 011 pasHo8bICOMHBIX 20PHbIX MECHO0OUMAHULL 8 104~
noti wacmu Ceseprozo Ypana 3a mHozonemuuil nepuood, 8 mom 4ucie KparuHux KpUmuyecKux memnepamyp,
KOmopble 8bICIMyNaiom Gakmopami, IUMUMUpyOuWUmMU pacceienue i 8blocusanue pacmenuil, onpeoens-
om OuopazHoodpaszue IKOCUCmeM.

KuioueBbie cinoBa: CeBepHBIN Ypall, TOpHBIE YKOCHCTEMBI, BRICOTHBIE TI0sICa, TEMITepaTypa Bo3ayxa
Bnazooapnocmu. Paboma evinonnena 6 pamxax 2ocydapcmeennozo 3adanus bomanuueckoeo caoa
YpO PAH.

BBenenue

BaxxHocTh OMOC(epHOI POl TOPHBIX IKOCHC-
TEM TIPU3HACTCS MHOTUMH HccienoBarensmi [1, 2].
HMeHHO B TrOpHBIX paiioHaX HaxomuTcs Ooliee mo-
JIOBHMHBI BCEX TNIOOATBHBIX TOPSIYMX TOUYCK, CBS3AH-
HBIX C OMOJIOTHYECKHM Pa3HOOOpa3ueM, a oT BOJIO-
OXpaHHOU (PYHKIIMH TOPHBIX SKOCHUCTEM 3aBUCHUT
MOJOBUHA HaceneHus miuanetsl [3]. OnHako, oHO-
BPEMEHHO C 3THM, FOPHBIE SKOCHCTEMBI OKA3bIBAIOT-
cA HaI/I6OJ'Iee YYBCTBUTCJIIbHBIMHU K BHCIIHUM BO3-
JJ;CI71CTBPI$[M, B TOM 4YHCJIE K HU3MCHCHHUIO KJIHNMa-
ta[1,3-5]. [ToaTOMY CO BTOpOi¥i ITOJIOBUHEI X X BeKa
B CBSI3M C MPOTPECCUPYIOIINAM KINMATHYECKUMHU

258

CMEHaMH TIpo0lieMa TMHAMUKU PACTUTEIBHOCTH B
IKCTPEMAJILHBIX TOPHBIX YCIOBHUSX — O/IHA U3 TIPHO-
PHUTETHBIX B ME&XIyHApOIHOH Ororeorpaduu [2, 6-8].
MHoOro4MCIIeHHBIE HCCIIEIOBAHMS ITOITBEPIKIAIOT, YTO
W3MEHEHHEe KJIMMaTa MOKET BBIWTH 3a TIpeJIeNbl ajar-
THBHOM CITOCOOHOCTH €CTECTBEHHON PacTUTEIILHO-
cti [9—12] m BO3HHUKHET yrposa KaTacTpodude-
CKMX CMEH OMopa3zHooOpasus, morepst yCTOHIHBO-
CTH KaK JIOKaJIbHBIX 9KOCUCTEM, TaK 1 OHochepsl
B 1enoM [4, 10, 13, 14]. JInst ropHBIX TeppUTOpUit
VYpana, B CHITy BOIOPETYINPYIOIUX (QYHKIUH IBYX
KPYITHBIX BOAHBIX OacceifHoB (Bomxkcko-Kamckoro
n OOCKoro), AaHHas MpoOJIeMa CTOMT OCOOCHHO
OCTpO.

© Tanusipes H.B., Ueanosa H.C., [lerposa 1.B., 2022



AHAJIA3 PETPECCUOHHBIX CBSI3EIN TEMIIEPATYPBI BO3IYXA HA PASHBIX BEICOTAX

[IpeanonoXUTENbHO B CBA3U C KIMMATUYECKU-
MM U3MeHeHus MU B nociennue 30-50 ser 3a cuer
WHTEHCHUBHOTO TIOCEIICHUS JIECOO0Pa3yIOMuX ape-
BECHBIX PACTEHUH BBIIIE CYIIECTBYIOLIEH BEPXHEU
rpanuibl eca Ha CeBepHOM Ypasie HaMeTUiIach
TeHJeHIUsl ee mosblmieHus [15, 16]. dns perpo-
CTIIEKIINH KJIMMATHICCKUX W3MCHCHHU U WX BIIHSI-
HUS Ha POCT U PA3BUTHUE IPEBECHBIX PACTCHHM B
SKCTPEMAabHBIX YCIOBUIX BEPXHEH I'paHHUILIBI Jieca
MIPUMEHSETCS TIIaBHBIM 00pa3oM JCHIPOXPOHOIIO-
TUYECKUAN aHANIN3 B COYCTAHUH C TEMIIEPATypPHBIMHU
JAHHBIMH PETHOHANBHBIX MeTeocTaHuui [17-19].
Hecmotpst Ha TO UTO JaHHBIA aHAN3 XOPOIIIO CeOs
3apEKOMEH/IOBAJI, C €r0 MIOMOIILI0 HENB3S MOy IUTh

BCIO HEOOXOAMMYIO ISl POTHO3HBIX MOJIENel WH-
(hopmarmro, 0COOCHHO B HayalbHOH craauu ¢Gop-
MHUPOBAHUS JICHIPOLCHO30B. MMeromuecs: 1aHHbIe
METEOCTaHIUH, B CBS3H C MX YNaJICHHOCTBIO, HE
BCEI/Ia MO3BOJISIIOT BBISIBUTD PETHOHABHBIC H JIAH -
madTHbIE 0COOCHHOCTH KIMMAaTHYECKUX YCIOBUH
JUIsl TOPHBIX CUCTEM M HE Jal0T HEOOXOIUMYIO MH-
¢dopmanuro st pazpabOTKH MPOTHO3HBIX MOJEIeH
JUHAMHUKHM 3KocucTeM. Hale)xHble JONTOCpOYHbIC
Pa3HOBBICOTHBIE JAHHBIE O TOPHOM KJIMMAaTe, KOTO-
pbI€ MTO3BOJIAIOT MPOBEPSTH PETHOHAIBHBIC KITHMa-
TUYECKHUE MOJICNIM, CYLIECTBYIOT JIMIIbL Ul OYEHb
HEMHOTHUX PalOHOB, HallpuMep, Takux Kak EBpo-
nefickue Anpmsl [3, 20]. [ToaTtomy npoGiiema BBIsB-

TaGnuna 1

XapakTepucTHKAa NPOOHBIX ILIOMIaAei

Characteristics of the sample plots

Table 1

Bhicora, XapakrepucTHKa IPEBOCTOsI
Homep IrrT | M M¥M: Toprerit nose Tun ¢urorenosa Stand characteristics
SP number Height Mountain Type BunoBoii cocra
(in m above | high-altitude belt of phytocenosis Species h, M (m) | d, cM (sm) | S, M* (m?)
sea level) composition
111 460 Hwuzkoropasrit E-K tp.3m 3E2K2C1I120¢ 24 28 39,5
SP1 TACKHbII Dark coniferous
Low-mountain grass-green
taiga mossy forest
1112 640 CpenHeropHsIit K tp.3m. 6K3EIII+b 18 32 22,4
SP 2 TaeKHbIH Forest dominated
Mid-mountain | by Siberian pine
taiga grass-green moss
1113 820 IToaroabnoBeIit K kM. 7K2E1b 6,5 20 11,0
SP3 TaCKHBIM Sub char forest
Sub char taiga dominated by
Siberian pine
1114 1030 TopHOTYHIPOBEII Ka.m.m. - - - -
SP 4 Mountain tundra Shrub-moss-
lichen mountain
tundra with
Siberian pine
young growth

Ipumeuanue. Tun ¢putonenosa: tui neca mo b.I1. Konecuukony [21]: E-K Tp.3M. — eTbHUK-KEIPOBHUK TPaBIHO-
3eJIeHOMOIIHBINA, K Tp.3M. — KeIpOBHUK TPaBSHO-3€JICHOMOIIHBIA, K KM. — KeIpOBHUK KaMEHHCTHIH; TUIl TOPHOM
TyHapel 1o [1JI. TopuakoBckomy [22]: Ku.M.Jin. — ropHast TyHIpa KyCTapHUYKOBO-MOXOBO-JTUINARHUKOBAs, h, M —
CpelHsis BBICOTA APeBOCTOs, M; d, CM — CpeiHHil IMaMeTp CTBONIOB Ha BhicoTe 1,3 M, cM; S, M? — cymMMa TIomazei
CedeHHil CTBONOB, M° Ha | Ta.

Note. Type of phytocenosis: forest type according to B.P. Kolesnikov [21], type of mountain tundra according to
P.L. Gorchakovsky [22]; h, m — the average stand height (m); d, cm — the average trunks diameter at a height of 1.3 m
(sm); S, m? — the sum of the cross-sectional areas of the trunks (m” per 1 ha).
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H.B. TAHIBIPEB u np.

JieHus1 (aKTOPOB, JIUMHUTHPYIOLIUX BBDKHBAHUE U
pacnpocTpaHeHHe PAaCTEHHUH 1 )KHBOTHBIX B TOPHBIX
YCIIOBHSIX, OCTAETCS /IO CHX TIOP HE PEIICHHOM.

Lens gaHHOM CTaThU — UCCIIE0BAaHUE PETPECCH-
OHHBIX CBSI3€H JAHHBIX TEPMOAATOJIOTTEPOB, yCTa-
HOBJICHHBIX B YETHIPEX BBICOTHHIX mosicax Cesep-
HOTO Ypaina, B TOM YHCJIe B YCIOBHUSIX TOPHON TyH-
JIpbI BBIIIE COBPEMEHHON BEPXHEN T'PaHULLBI JIeca C
TeMIepaTypPHBIME TaHHBIMUA MeTeocTaHIuu T. Kap-
muHCcK (CBepioBckas oomacTts). B mepcnektrBe —
000CHOBaHHE METOAMKU HCCIICAOBAHUS JHHAMHUKH
Bo300OHOBINCHUS kenpa (Pinus sibirica Du Tour) n
COIYTCTBYIOIINX BHUJIOB BBIIIE CYIIECTBYIOIIEH BepX-
Hel TpaHuLIbl Jieca, 3a nocienaue 50 Jet, B CBA3U ¢
MOTOIMYHON JUHAMHUKONH TEMIEpaTyphl BO3AyXa U
BEPXHETO TOPU30HTA TOYBBI, PEKOHCTPYHPOBAHHON
Ha OCHOBE 3THUX CBA3EH.

MarepuaJj u MeTOAMKA

HccnenoBanust mpoBeIeHbl B TEUEHHE YETBIPEX
JIeT C Masl 1O OKTAOPH B IOXHOHM 4acTH OCHOBHOTO
Bomopaszaena CesepHoro Ypana (HoBomsumnHCKOE,
Kaprninuckoe necanuecta CBepITIOBCKOM 00JIaCTH)
Ha 4eTbIPEX BBICOTHBIX YPOBHsX ropsl Tperuii by-
rop (Beicota 1060 M Ham ypoBHeM Mops (H.y.M.)

59°30' c.mr., 59°15' B.11.): B TOPHO-TAE€IKHOM TIOSICE
[0l TMOJIOTOM KEApPOBOIO JAPEBOCTOSI HAa BBICOTAaX
460 m m.y.M. (I11) u 640 m H.y.M. (I12); B IOsAICE TOAT-
TOJIBIIOBBIX PEAKOCTONHBIX KPUBOJIECUN C DJIEMEH-
TaMy TOPHOM JIECOTYHJIPHI Ha BbicoTe 820 M H.y.M.
(I13); na TutaTo B mosice TOPHOU TYHPHI HA BBICO-
te 1030 M m.y.M. (I14). XapakrepucTrka poOHBIX
oA iel npuBeneHa B Tadi. 1. Beicora Ha ypoB-
HEM Mops (H.y.M.) onpezessiiack ¢ nomouipo GPS-
HaBUTaTopa. 3amuch TEMIIEpaTyp BO3AyXa Ha BbI-
cote 1,5-2 M OT TOBEPXHOCTH TOYBHI (C MUKPO-
KJINMAaTUYE€CKOH 3aIlIUTON OT MHCOJISIINM) U TOYBBI
Ha DIyOMHE 5 CM OCYIIECTBISJIACh YCTAaHOBIICH-
HBIMH Ha COOTBETCTBYIOIINX BBICOTHBIX YPOBHAX
TEpMOJIaTOJIOTTEPAMU, KPYTIIOCYTOYHO Yepe3 Kax-
nele 2 4. MeTeocTaHIUsl paclojoXeHa Ha pac-
cTossHUM 60 KM OT OOBEKTOB MCCIENOBAaHUS B
r. Kapnunck (59°46’ c.mr., 60°00’ B.x. Ha BeIcOTE
202 M H.y.M.). B pabGore mpuBeneHsl pe3yabTaThl
uccnenosanuit 2019 r.

Ha ocHOBe momy4eHHBIX BPEMEHHBIX PSAJOB JIH-
HaMUKH TEeMIIepaTypbl PacCUMUTBHIBAINCH CIENYIO-
1IMe IMOKa3aTeu: CPeAHECyTOYHasl TeMIeparypa,
KOJIMYECTBO JHEN CO CPEIHECYTOYHOH TemMIiepary-
poti Beie 5 1 10 °C, Hmke 0 °C, cymma MoJI0KUTeIb-

TaGnuma 2

OcHoBHBIE TeMIIepaTypHbIe NapaMeTPbl HA HCCJIE0BAHHBIX BHICOTHBIX MOsICAX
3a nepuoj ¢ 21 mas no 31 aBrycra

Table 2
The main temperature parameters in the studied altitude zones
for the period from 21 May to 31 August
Mecropacnonoxenune / Location K 1 112 13 4

Bericora, M H.y.M. / Height (in m above sea level) 202 460 640 820 1030
Nuact*>5°C 100 98 96 88 85
Nmoc>10°C 86 73 67 57 50
Nuct*<0°C - - — 3 3

> (+°C) 1479,1 | 1249,2 | 1170,6 | 1004,2 | 962,1
° cpenHsist 32 IETHUH epUO 14,8 12,5 11,8 10,1 9,8

1> average for the summer period

£° min -2,0 -2,5 -3,0 -5,0 —-6,0

° max +31,4 +25,5 +24,5 +23,5 +23,0
Pa3znoctb cpennecyrounsix Temneparyp ¢ K - 2,2+0,09 | 3,0+0,01 | 4,7+0,12 | 5,1+£0,15
The difference in average daily temperatures
with the weather station K

Ipumeuanue. K — KOHTpOJIbHBIE TaHHBIE METEOCTAHIINH I. KaprnuHck; N — KOJIMYeCTBO JIHEH CO CpeIHECY TOYHOM
TeMIIepaTypou; t° — remreparypa, °C; Y (+#° C) — cymMMa MOJIOKHUTEIBHBIX CPEAHECYTOUHBIX TEMIIEPATYP.

Note. K — control data from the Karpinsk weather station; Na — the number of days with an average daily
temperature; ¢° — temperature, degrees C; Y (+#° C) — the sum of positive average daily temperatures.
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HBIX CPEIHECYTOUHBIX TeMIeparyp, CpeIHssd TeMIe-
parypa 3a neTHui niepuoj HabmoneHust (¢ 21 mast o
31 aBrycTa), pa3HOCTh CPEIHECYTOUHBIX TEeMIIEpa-
TYp Ha MPOOHBIX IIOMIAISX C JAHHBIMU METEOCTaH-
uuu B . Kapnuuck. Ha ocHOBe perpeccroHHOro
aHaJM3a MPOBEACHO MCCIEAOBaHUE CBSI3El TeMIie-

t,

°C
254

204
15+
10+

21.05—-

31.05

4

1.06-
10.06

11.06—
20.06

paryp BO3ayXa Ha MPOOHBIX IJIOMIAJSMX U METEO-
craHiuy B I. KaprnnHck.

Pe3yabTarthl u 00cyxaeHune

B Ta6:1. 2 mpuBeneHs! 00001IeHHBIC Pe3yIbTaThl
HaOmonennit ¢ 21 mas no 31 asrycra 2019 r. Tlo

B’ E2®%3 8405

21.06- 1.
30.06 1

AN

=)
o~

7

AN

N

11.07- 21.07- 1.0
20.07 31.07 10.

4

— 11.08- 21.08-

8
08 20.08 31.08

Puc. 1. IlonexanHas AUHAMUKA CPEHUX TeMieparyp Bosayxa: / —460 M H.y.M.; 2 — 640 M H.y.M.; 3 — 820 M H.y.M.; 4 — 1030 M
H.Y.M.; 5 — KOHTPOJIbHBIE JaHHbIE MeTeocTaHuu I. KaprnuHck.

Fig. 1. Sub-decadal dynamics of average air temperatures: / — 460 m above sea level; 2 — 640 m above sea level; 3 — 820 m
above sea level; 4 — 1030 m above sea level; 5 — control data from the Karpinsk meteorological station.
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Puc. 2. 3aBUCHUMOCTb CPEIHECYTOUHOW TeMIIepaTypbl Bo3ayxa () Ha BeicoTe 460 M H.y.M. (@), Ha BbicoTe 640 M H.y.M. (0), Ha
Beicote 820 M H.y.M. (8), Ha BeicoTe 1030 M H.y.M. (TopHast TyHIpa) (2) OT CPEAHECYTOUHON TEMIEepaTypbl HA METCOCTAHLIUH B

r. Kapriuuck (K).

Fig. 2. Dependence of the average daily air temperature (f) at an altitude of 460 m above sea level (a), at an altitude of 640 m
above sea level (6), at an altitude of 820 m above sea level (8), at an altitude of 1030 m above sea level (mountain tundra) (2) on the
average daily temperature at the Karpinsk weather station (K).
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H.B. TAHLIBIPEB u 1p.
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Puc. 3. 3aBUCHMOCTD CYTOYHBIX MAKCHMYMOB TEMIIEpATyphl Bo3ayXa (f) Ha BeicoTe 460 M H.y.M. (@), Ha BeicoTe 640 M H.y.M. (0),
Ha BbIcoTe 820 M H.y.M. (8), Ha BeicoTe 1030 M H.y.M. (TOpHas TyHApa) (2) OT CyTOUYHBIX MAKCUMYMOB TEMIIEPATyPhl HA METCOCTaH-

i B T. Kaprack (K).

Fig. 3. The dependence of the daily maxima of air temperature () at an altitude of 460 m above sea level (a), at an altitude of
640 m above sea level (), at an altitude of 820 m above sea level (), at an altitude of 1030 m above sea level (mountain tundra) ()
on the daily maxima of temperature at the Karpinsk weather station (K).

Mepe TOBBIIICHUS MECTOPACTIONOKEHHUS TTPOBOAH-
MBIX M3MEPEHUH HaONlIonaeTcs CHUKEHHE CpeHe-
CYTOYHBIX TEMIIEpaTyp BO3/1yXa U COOTBETCTBEHHO
yBEITMUEHHUE PA3HOCTH C JJAHHBIMU METEOCTAHIINH.
Bo3MOXHO, BIUsIHUE Ha TEMIIEpaTypHbIC TaHHBIC
Ha BeIcOTE 460 1 640 M H.y.M. OKa3bIBa€T HHCOINPY-
Io11asi MOBEPXHOCTh JAPEBECHOTO MOJIOra (COMKHY-
TOCTh KpoH okosto 70 %), B TO BpeMsl Kak B II0siCe
PEIKOCTOMHBIX KpuBoJjecuil Ha BbicoTe 820 M H.y.M.
JIPEBECHBIC PACTEHHS SIUHUYHBI (COMKHYTOCTh KPOH
He 6omee 30 %), a B roproi#t TyHape (1030 M H.y.M.)
OHHU OTCYTCTBYIOT. TeM He MeHee, U3MEHEHHE TeM-
reparypsl BO3lyXa Ha Pa3HBIX BHICOTHBIX YPOBHSIX
MPOUCXOIUT OTHOCHUTEIHHO CHHXPOHHO (puc. 1).
HaubGomnee terutbiii nepros (poaoHKUTETHHOCTHIO
oxoto 40 mueit) Habmomaercs ¢ 21 wroHst 1o 31 urosst.
Kpome Toro, ormeueHo aBa KOpoTkux (He Ooiee
10 mHel) TerIBpIX Teproaa (B TOM YHCIIE U B TIOsICE
ropHoii TyHpsl Ha BeicoTe 1030 M H.y.M.) B HayaJe
WIOHA W B cepeanHe aBrycra. [Ipm stom s Bcex
BBICOTHBIX YpPOBHEH YCTAaHOBIICHA JIOCTOBEpHAs
TeCHas NPSMOJNMHEHHAs CBA3b CPEIHECYTOUHBIX
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TeMIepaTyp BO3[yXa, 3allMCAHHBIX TEPMOIATONOT-
repaM, ¢ JAHHBIMA METEOCTaHIUH (puc. 2).
[TomyueHHBIE YpaBHEHHS PETPECCUN YKA3BIBAIOT
Ha crexytomnye (axtel. Bo-mepBbIX, ¢ yBenn4deHu-
€M BBICOTBHI HaJ YPOBHEM MOpPsl KOI(PUIHEHTHI @
MpyY 3Ha4eHuHu x yBenuuuBaroTcsa ¢ 0,91 Ha BeicoTe
460 M H.y.M. 10 0,99 Ha BbIcoTEe 1030 M H.y.M., HO
TP ATOM OHH JIJISl BCEX N3YYEHHBIX BRICOTHBIX MOSI-
COB ONTU3KH K €IUHUIIE. DTO CBUACTEIBCTBYET O TOM,
YTO Pa3NU4Us B TeMIlepaType ¢ JaHHBIMH METEO-
CTaHITUHN XapaKTepU3yeT IIIaBHBIM 00pa3oM CBOOOI-
HBIH wiieH ypaBHeHus b. Bo-BTopbiX, koddduuu-
€HT b B YpaBHEHHH C YBEIMYEHHEM BBICOTHI HaJ
ypoBHeM Mopst yBenuunBaetcs ¢ 0,87 Ha460 MH.y. M.
10 4,93 na Beicote 1030 M H.y.M., T. €. Oosiee ueM B
5,5 pa3a. B-TpeTbux, TECHOTA BBISIBJIEHHBIX 3aBUCH-
MOCTEH OcTaeTcsi AOCTaTOYHO BBICOKOM JJIsl BCEX
WCCIIEZIOBAaHHBIX BBICOTHBIX MOSICOB, HECMOTPS Ha
MOSIBJIEHUE PE3KHX TepenaioB TeMIIepaTypsl C yBe-
JIUYEHUEM BBICOTHI MECTHOCTHU, KOTOPBIE CHHYKAIOT
TECHOTY yCTaHOBIIEHHBIX cBsizell. Jlms BeicoT 460,
640 1 820 M H.y.M kKoo durmenT nerepmMunariu (R>)
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Puc. 4. 3aBUCHMOCTB CyTOYHBIX MHTHIMYMOB T€MIIEpaTyphl Bo3ayxa (f) Ha BeicoTe 460 M H.y.M. (a), Ha BBIcoTe 640 M H.y.M. (6),
Ha BbIcoTe 820 M H.y.M. (8), Ha BeIcoTe 1030 M H.y.M. (TOpHast TyHApa) (2) OT CYTOUYHBIX MHHUMYMOB TeMIIepaTyphbl HA METEOCTaH-

uuu B I. Kapnuck (K).

Fig. 4. Dependence of daily minima of air temperature () at an altitude of 460 m above sea level (@), at an altitude of 640 m
above sea level (6), at an altitude of 820 m above sea level (), at an altitude of 1030 m above sea level (mountain tundra) (¢) on

daily minima of temperature at the Karpinsk weather station (K).

cocrasisgeT 0,96, 0,95 u 0,92 cOOTBETCTBEHHO, I
BbICOTHI 1030 M H.y.M. yxke TonbKo 0,88.

JIONONMHUTENTLHO HAMH MCCIIE0BaHbI CBSA3M MaK-
CHUMaJbHBIX U MHHUMAaJIbHBIX TEMIIEPaTyp B 3aBU-
CHUMOCTH OT BBICOTBI MECTHOCTH HaJl YPOBHEM MODSI
(puc. 3 u 4) ¢ KOHTPOIBHBIMU JAHHBIMH METEO-
craHuuu. McciaegyeMmble MOKa3aTeau SIBISIOTCS
BRXHBIMU IS TOHUMaHUS PacIIuPEHHsI U COKpa-
LICHUsI apeajoB BUJIOB PACTEHUN UX BBIKHBAHMS
u nuddepeHIranuy pacTUTEIBHOCTH Ha BBICOT-
HBIC T10sica.

YcTaHOBIIEHO, YTO JUIS CPEAHECYTOUHBIX MAaKCH-
MYMOB (CM. puc. 3) coxpaHsieTcsl TeHICHLHS YBEIIH-
YeHUs 3HaYeHUH K03((PUIMEHTOB @ TIPU 3HAYECHUH X C
YBEJINYEHUEM BBICOTHI HaJl ypoBHeM Mopsi (¢ 0,88 Ha
BbIcoTe 460 M H.y.M. 10 0,91 Ha BBIcOTE 1030 M H.Y.M.).
Jg cpeaHecyTOUHbIX MUMHUMYMOB (CM. puc. 4) BbI-
SIBJICHA IPOTHUBOIOIOKHAS TEHICHLINSA: CHIKCHUS
3Ha4eHUH KOA(P(HUIMEHTOB a MpW 3HAYCHUH X C yBe-
JIMYEHUEM BBICOTHI Ha/1 ypoBHEM Mopsi (¢ 0,88 Ha BBI-

core 460 M H.y.M. 10 0,83 Ha BeIcOTE 1030 M H.Y.M.).
B 1ienom TecHoTa CBsI3U Temriepatyp (Kak CpeIHUX,
TaK MUHAMAJIbHBIX U MAKCUMAJIbHBIX 3HAUCHUM ) JUIS
BCEX MCCIEOBAHHBIX BHICOTHBIX TOSICOB C TAHHBIMHU
METEOCTAaHIIMH OCTAETCs BHICOKOH (R? He OImycKaeTcs
Hwxke 0,88 115t cpeaux (cM. puc. 2), 0,83 mi1st Mmakcu-
MaNbHBIX (M. puc. 3) u 0,7 U1t MUHAMAITBHBIX (CM.
puc. 4) CyTOYHBIX TEMIIEPATYP).

Bonee moapoOHBIi aHATN3 3aMOPO3KOB TTOKA3all,
9TO 3a mepuoj u3Mmepenuit ¢ 21 mas mo 31 aBrycra
2019 r. (103 gHs1) B MOATOIBIIOBOM IIOSICE €JI0BO-Ke-
JPOBBIX peAKOCTONHBIX KpuBosecuit (I13) Ha BbIcO-
Te 820 M H.y.M. ¥ BBILIC IPaHUIIBI JIECa B MOSICE TOP-
noit Tyuapsl (114) na Beicore 1030 M H.y.M. B2019 1
HaOmronanock 3 s (21, 24, u 25 Mast) co cpeaHe-
CYTOYHBIMH OTPHUIIATEIbHBIMH Temreparypamu. Ha
HIDKHUX BBICOTHBIX YPOBHSIX B 3TH JIHU CpEIHECY-
TOYHAs TEMIIEpaTypa BO3AyXa OCTaBaIACh TIOJIOXKH-
tenpHOM (0,5-1,7 °C), X0Ts B HOYHBIE Yachl OHA
omyckanach 10 —3,0 °C, Kpome Toro Ha BeicoTax 820
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1 1030 M H.y.M. BBISBIIEHBI J[Ba JETHUX 3aMOpPO3Ka:
13 mtons (mo —2,0 °C) u 15 urons (mo —0,5 °C).

3akjoueHue

B pesynbrare 1ienoce30HHbIX HAONIOAEHNH ycTa-
HOBJICHBI TE€CHBIE NTPSIMOJIMHENHBIE CBA3H TEMIIEpa-
Typ BO3AyXa Ha YETBIPEX TOPHBIX BBICOTHBIX MOS-
cax CeBepHoro Ypaina (BKJIrouasi TOpHO-TYH/IPOBBII
M0SIC) C KOHTPOJIbHBIMH TEMIIEPATYPHBIMHU JTaHHBI-
Mu Mereoctanuuu I. Kapnunack. ITomyuens! ypas-
HeHus perpeccud. C MOMOIIBIO BBISBICHHBIX CBA-
3ei OTKPBIBACTCA BO3BMOXKXHOCTDb PETPOCIICKTUBHOT'O
BOCCTaHOBJIEHHS THHAMUKN TEPMHUYECKOTO PEKAMA
10 JaHHBIM MeTeocTaHluu I. KapnuHck Juist pazHo-
BBICOTHBIX TOPHBIX MECTOOOUTAHHUH B IOKHOW Ha-
ctu CeBepHOTO Ypasia 32 MHOTOJICTHHM TEPHUOI, B
TOM YHCJIE MUHUMAJIBHBIX U MAKCUMaJIbHBIX 3HAYE-
HUI TeMIepaTyp, KOTOpbIe BBICTYNAIOT (pakTopamu,
JIMMUTHPYIOIIUMHU PACIPOCTPAHEHUE U BEDKUBAHUE
pacTeHMi, ONpeAessloT BUAOBOM cocTaB U OHO-
paszHooOpasue skocucteM. Takum oOpa3zom, Mo-
JKeT ObITh B KAKOW-TO Mepe pelieHa 1aBHO Ha3peB-
masi MeTO0JIOTHYecKas podiemMa KOJIHM4eCTBEH-
HOTO aHaluu3a BIMSHHUS JUHAMUKHM KiIuMaTra Ha
MHOTHE MTOMYJISIIIMOHHO-OMOIOTHYECKUE TIPOLIECCHI,
B YACTHOCTH Ha JMHAMUKY BEpXHEH T'PaHMIIBI JIeca.
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Analysis of regression relationships of air temperature
at different altitudes in the mountains of the Northern Urals

N.V. Tantsyrev, N.S. Ivanova*, I.V. Petrova

Institute Botanic Garden UB RAS, Yekaterinburg, Russia
*.n.s@bk.ru

Abstract. We investigate the temperature factors, which limit the spread and survival of plants in high
mountain conditions of the Northern Urals. We aim to establish regression relationships of temperature
data of four altitudinal belts in the southern part of the Northern Urals (59°30' N, 59°15' E) with the control
data received from the Karpinsk meteorological station (Sverdlovsk region 59°46' N, 60°00' E). The air
temperatures were recorded continuously day and night, every two hours, at a height of 1.5—2 m above the
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soil surface from May to October 2019 at four elevation locations: 460 m a.s.l. (in the mountain forest belt,
under the canopy of Siberian stone pine stands); 640 m a.s.l. (in the mountain forest belt, under the canopy
of Siberian stone pine stands); 820 m a.s.l. (in the belt of sub-alpine woodlands with elements of mountain
forest-tundra),; 1030 m a.s.l. (on a plateau in the mountain tundra). We have established that the change in the
air temperature at different elevation levels and at the meteorological station occurred relatively synchro-
nously. The difference in average daily temperatures between the control data from the meteorological sta-
tion and elevation points at 460, 640, 820 and 1030 m a.s.l. was 2.2, 3.0, 4.7 and 5.1 °C, respectively. We have
established a reliable close rectilinear connection of the average daily air temperatures obtained from the
station and all four elevation points. The coefficient of determination (R’) for elevation levels at 460, 640,
820 and 1030 m a.s.l. was 0.96, 0.95, 0.92 and 0.88, respectively. The relationships between the maximum
and minimum temperatures, depending on the elevation level, with the control data from the meteorological
station were also quite high (R’ does not fall below 0.83 for maximum and 0.7 for minimum). Identified rela-
tionships and obtained regression equations allow to reconstruct, retrospectively, the dynamics of the ther-
mal regime based on the data from the Karpinsk meteorological station for mountainous habitats of different
elevation levels in the southern part of the Northern Urals over a long-term period. The results also imply the
possibility of reconstruction of extreme temperatures, which act as factors limiting dispersal and survival of

plants, and determine the biodiversity of ecosystems.

Keywords: Northern Urals, mountain ecosystems, altitude zones, air temperature
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