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M3noxeHbl pe3yabTaThl IPUMEHEHUS TEPMOIMHAMUYECKOTO TTOAX0a IJIs uccliefoBaHus (PyHKIIMOHUPO-
BaHMS TOPHBIX JIECHBIX OMOreOlleHO30B Ha OCHOBE MYJIbTUCIEKTpalbHOI cKaHepHOU cheMkMu Landsat 8
OLI TIRS mns nanamacdToB ceBepo-3anaaHoro [Tpuxyocyrynbs. Ha mpuMepe yuyactka xp. Xopbaoii-Capb-
Jlar paCCMOTPEHO MPOCTPAHCTBEHHO-BPEMEHHOE BapbUPOBaHUE TEPMOIMHAMMYECKUX XapaKTEPUCTUK,
paccuyMTaHHBIX B paMKax HepaBHOBECHOI Moesiu TepMoanHamMuku Tcainurca. Ha ocHoBe MeToza riiaBHbIX
KOMITOHEHT BbIIEJIEHBI TTapaMeTPhI TTOPsIAKA TEPMOANHAMMYECKOM CUCTEMbl — MHBAPUAHTHBIE COCTOSTHUS
Kaxaoi repeMeHHoM. s Kaxkaoro MHBapuaHTa OlIeHeH BKJIaj pejibeda 1 BblIeIeHbI Beaye Mopgho-
MeTPpUUYECKHME XapaKTePUCTUKU, OTMIPENEISIONINe ero MPOCTPaHCTBEHHOE BapbpoBaHue. OlieHeH BepTH-
KaJIbHBII I'paIueHT TeMITepaTyphbl B pa3inuHble ce30HbI. [loKka3zaHo, 4TO B yCIOBUSIX PE3KO KOHTUHEHTAJIb-
HOTO KJIMMaTa TepMOIMHAMUYECKasi CUCTeMa TOPHBIX JIECOB MMeeT TpU (PYHKIIMOHAIbHBIX TOACUCTEMBI,
OoTBevalollre 3a ucrapeHue, TEIIoBoe ToJie U POAYKTUBHOCTh. POCT Macchl ApeBeCHOI pacTUTETbHOCTH
YBEJIMYMBAET TOIJIOIIEHUE SHEPTUU U 9BANOTPAHCIMPAIIMIO, HO YMEHbIIaeT HepaBHOBECHOCTh ITpeodpa-
30BaHUsI COJIHEYHOI SHEPTHUH.

Karouesbie cro6a: TIOTIIONIEHHASI COTHEUHAsI SHEPTHUS, 9KCEPTUS, TIpUpallleHe MHGOpMaIuu, peibed, Bep-
TUKQJIbHBIN TPaIUEHT TeMIIEPATyPbl, -UHIEKC
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BBEAEHUE

CloxuBIiasicsi MpakTUKa HCHOJb30BaHUS MYJIb-
TUCIIEKTPAJIbHOM JUCTAHLIMOHHOM MH(OpMAalI MO -
pasymeBaeT 1100 e prupoOBaHUE IPUPOTHBIX KOM-
TUIEKCOB Ha OCHOBE KO(M(PUIINECHTOB CIIEKTPaJIbHOMN
SIPKOCTU U MX CE30HHOI IMHAMUKU, JIMOO pacyeT UH-
JIEKCOB (BereTallMOHHbIE, MOYBEHHEIC, BJIAXKHOCT-
HbI€) Yepe3 COOTHOIIECHMS OTPAXKEHUS B Pa3IMIHBIX
KaHajax. B To xe BpeMs1, Jitobast My/JIbTUCIIEKTpaIbHasI
ChEMOYHasl CHUCTeMa SIBJISIETCSI MHCTPYMEHTOM IS
MPSIMOTO M3MEPEHUsI TTIOTOKOB MPUXOMAIIC M OTpa-
JKEHHOI COJTHEUHOM pagralyiy, 4TO JaeT BO3MOKHOCTh
KOJIMYECTBEHHOI OLIEHKM COCTaBJISIIOIINX SHEPTeTH-
YeCcKOoro OajlaHca OMOTeOIIeHO30B: 3aTpaT PHEPTrUr Ha
aBanoTpaHCIMpalio, MOTOKa Teria B aTMocdepy,
3aTpaT Ha IPOU3BOACTBO OMOJIOTMYECKOM ITPOAYK-
LIMM 1 HAKOILJICHUE DHEPIUU B BUIE OPraHUYECKOTO
BeliecTBa. B MUPOBOIT 1 OTEeYeCTBEHHOII HayKe 3TU
IMOTOKM U PETYJINPYIOIIYE UX IPOLECChI, UCCIEAYIOT-
cs1 Ha Teo- ¥ OMo(PU3NIeCKNX CTallMOHAPaX, YTO MO3-
BOJIIET BepU(pULIMPOBATh MOJyYEeHHBIC OLIEHKM Ha
peabHBIX OOBEKTaX, M MCIIONb3Yysl IIUPOKUI IIpO-
CTPaHCTBEHHBIN OXBaT IMCTAHIIMOHHON MHMOPMaLTN

C HOBBIX TTO3ULIMI HCCeNOBaTh MEXaHU3MbI B3aUMO-
NEeHCTBYSI OMOTeOIIEHOTIECKOTO TOKPOBa U KJIMMarTa.
MHoroo0pa3ue MyJIbTUCIIEKTPATbHBIX JTaHHBIX ITO3BO-
JIUJIO pelIuTh MOCJENHIO 3adady Ha pasIudyHbIX
ypoBHsX: OoT JokanbHoro (Puzachenko et al., 2013) u
pernoHanbHOTO (Puzachenko et al., 2016a) mo 1o-
6anbHoro (Puzachenko et al., 2011, 20166), a HakoI1I-
JIeHHBIe 3a TTocaemHre 30 JIeT psIbl CheMOK TajTh BO3-
MOXHOCTb PacCMOTPeTh ce30HHYI0 (CaHIepCKUid,
2012) u mHoronetHIo (CaHmnepckuii, [Ty3aueHko,
2014) puHaAMUKY U3MePSIEMbIX ITapaMeTPOB.

DHepreTuyeckue MnapamMeTpbl IpeoOpa3oBaHUs
COJTHEYHOI 3HepIruM (TepMOIMHAMWYECKHIE TTepeMeH-
HBIE), PACCUMTHIBAEMBIC IO MYJIBTUCTIEKTPATBHOI M-
CTaHIIMOHHOW WHMOpMaLUM UMEIT (QYHKIIMOHAIb-
HBIE CBSI3W ¢ MI3MEPUMBIMU CBOMCTBaMU OMOTeOLIEHO-
30B, YCTAHOBJICHHBIE IJIST Pa3IMYHBIX JJAHAITA(THBIX
YCJIOBUI TPU HATYPHBIX UCCIEAOBAHUSIX: I0XKHO-Ta-
exxHble JaHamadTel TBepckoii odmactu (Sandlerskiy,
Krenke, 2020), ropHo-TaeXHbIE Jieca CEBEPO-BO-
crouHoro IlpubGaiikanbst (BanteeBa u ap., 2017),
cremnHbie JaHamadTel benroponckoii oomactu (San-
dlerskiy et al., 2010), ce30HHO-BJIaXKHBIE TPOITNYE-
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ckue jeca 1oxHoro Brernama (Sandlerskiy, 2020).
Hnsi IlenTpanbHo-7ecHoro 3amoBegHuka (LIJIT'3)
OlICHEH BKJaJ B TEpMOJVWHAMUUYECKUE MepeMeHHbIe
U UX YCTOWUYMBBIE COCTOSIHUS (ITapaMeTpbl MOpsi-
Ka/MHBapUaHThl) MOpPGOMETPUYECKUX XapaKTepu-
cTuK pesibeda (Canmiepckuii u ap., 2017), mOrogHbIX
U KJIMMaTUYEeCKUX TapameTpoB (Hanpumep, CaHu-
Jepckuii, 2012), Bo3pacTa 1 cocTaBa paCTUTEIbHOCTU
(Cangnepckuii, [TyzaueHko, 2014). [TosydyeHHbIe Me-
pEMEHHbIE U UX IMPOM3BOIHbIE B psifie paboT UCIIOJb-
30BaHbl KaK OCHOBA U151 OLIEHKU U KapTorpacdupoBa-
HUs cBoMcTB naHamadTHOro mokposa (IlyzayeHko u
np., 2014a), pecypcos (Ily3auenko u ap., 2012), ako-
cucteMHbIX yciayr U ¢dyHkuuit (IlyzaueHko m np.,
20146). Takum ob6pa3om, pazpaboTaHHasE METOI0JI0-
I'Usl aHaJIM3a MYJIbTUCIIEKTPaIbHbIX JAHHBIX TUCTaH-
LIMOHHOI MH(OpMalIMK HalllJIa IIUPOKOE MPUMEHEe-
HUE He TOJbKO B HayYHbIX MCCIEIOBaHUSIX, HO U B
TEOPUU U TIPAKTUKE YIpPaBIeHUS MPUPOIHBIMU pe-
cypcamu (XKenryxun u np., 2011; Ily3ayenko u ap.,
2012), necHoM xossiiictBe (ITy3aueHko u ap., 2014a),
MOHUTOpPUHIE OKpyxatoleii cpenbl (ITy3zaueHko u np.,
2014B; Cannnepckuii, 2017; Mepekanosa u np., 2023).
B padorax b. M. TopHOro ¢ coaBTOpamMu OTHEIIbHBIC
TEPMOAVUHAMUYECKUE TIEPEMEHHBIE, PACCUMTHIBAEMbIE
B paMKax 3TOrO ITIOIXO/a, MCITOJIb3YIOTCSI B KaueCTBE
WHAMKATOpa HApyILIeHHOCTU U MaciuTaba 3KoJornye-
ckoro ymep6a skocucteM (I'opHbrit 1 gp., 2011, 2013,
2019).

B kxoHeyHOM wuTOre, pasBUTHE AUCTAHIIMOHHBIX
MYJIbTUCTIEKTPATIbHBIX U3MEPUTEIbHBIX CUCTEM JTOJIXK-
HO IMPUBECTU K CO3IaHUIO AJITOPUTMOB JIJISI UHTErpa-
LI 3HAYEHU I TEpPMOAMHAMUYECKUX XapaKTepUCTUK
MEXIy Pa3JIMUYHbIMU CPOKAMU ChEMKHU U Pa3IUUHbI-
MU CEHCOpaMM, BKJTI04ast yctaHoBiIeHHBIC Ha BITJIA,
U3MEPEeHUSIMU Ha3eMHbIX crnekTpoMmeTpoB (Ilyza-
yeHKo U Ap., 2016), a Takke TaHHBIMU U3MEPUTEITb-
HbIX KOMILJIEKCOB TMOTOKOB MapHUKOBBIX Ta3oB U
aHepreTuyeckux notokoB Eddy covariance (flux-
tower). C Ipyroii CTOpOHbI, pa3BUTHE TPEITOKEHHOTO
MOAX0Ja, MO-BUIMMOMY, NOJDKHO ONMUPAThCA Ha Ie-
pexoll K HEAKCTEHCUBHOI TepMonuHaMuke Tcannu-
ca (Tsallis, 2009), mogpa3yMeBalolleii HEIMHESHHOCTh
U CKOPPETMPOBAHOCTb B3aMMOAEHCTBUS 3JIEMEHTOB
CUCTEMBbI U, ClIeIOBaTe/bHO, TOTEHIIUATbHYIO BO3-
MOXHOCTb KOJIMYECTBEHHOW OLIEHKM YCTOMYMBOCTU
9KO- reocucteM. [lepBbie TakrMe OLIEHKU OCYIIECTB-
JIeHbl B HalllUX paboTax IJisl JECHBIX JIaHAIIa(pTOB
Pycckoii paBHuHBI B JoKasibHOM (Ily3aueHko u np.,
2019) u cpennem (Sandlersky ef al., 2020) macinTade.
HMccnenoBaHust peajibHbIX OOBEKTOB MOKAa3aIu, YTO
MOJieJib pACIIMPEHHON HealIUuTUBHON TepMOIMHAa-
MUKU COOTBETCTBYET TEOPETUYECKUM IIpeACTaBiie-
HUSIM O paboTe OMOreoLeHO30B, KAK HEPaBHOBECHBIX
OTKPBITBIX CUCTEM, 00J1a1at0lIuX CBOMCTBAMM CaMO-
OpTraHU3alMM U SMEPIKEHTHOCTH. TaknuM oOGpa3om,
aHajqu3 JUCTAHLIMOHHON MHMOpPMAalMU HAa OCHOBE
MH(OOPMALIMOHHO-TEPMOIMHAMUYECKOTO  TOaX0/a
MO3BOJISIET OLIEHUTb OCHOBHbIE OCOOEHHOCTH MpPO-
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CTpaHCTBCHHO—BpCMCHHOﬁ JMHAMUKH 6I/IOFCOHCHO-
30B.

B Hacrosem nceiaenoBaHIM pacCMOTPEHBI TEPMO-
JIMHAMUYECKHUE TapaMeTpbl PEAKUX W TPYIHOMOCTYII-
HBIX OMOTreOlLIEHO30B — TOPHBIX JIECHBIX JIAHAIIA(GTOB
ceBepHOiT MOHTOMIMM, B YaCTHOCTH, Y9aCTOK XpeOTa
Xopeaon-Cappaar, pacCudTaHHBIE IO CEpUM CIEH
MYJIbTUCIIEKTpaIbHOM CKaHepHOIi cheMKM Landsat 8
OLI TIRS ¢ mpocTpaHCTBEeHHBIM pa3pemerHeM 30 X
%X 30 m B mepuon 2013—2021. Pe3ko KOHTMHEHTAJIb-
HBII KJIMMAT MCCIIeAyeMOil TeppUTOPHUI CITOCOOCTBYET
PETyJISIPHOCTA M HAKOIUIEHUIO TUCTAHIMOHHOM MH-
¢dopMalu, KOTopasi B COYETAaHUM C IKCIEAUIIOH-
HBIMHU MCCIEIOBAaHUSIMHU, OCYILIECTBISIEMBIMU B paM-
Kax pabor CoBMecTHOI Poccuitcko-MoHTombcKOM
KOMIUIEKCHOI Ouojiormyeckoit akcnenunuu PAH u
AHM, co3maoT YHUKAJIBHYIO BO3MOXHOCTh JJISI pac-
IV PEHUS HAIIMX MIPEICTaBICHUI 0 paboTe paCTUTEIb-
HOTro mokpoBa. TakmM o0pa3oM, ILEIbI0 HACTOSIIIETO
COOOILIEHUS SIBJIIETCS BhIIEIeHIE CIEIM(PUIHBIX YepT
mpeoOpa3oBaHUSI COJHEYHOIl 3HEPTUU TOPHBIMU
JIECHBIMU OMOTeOLIEHO3aMM B YCJIOBUSIX PE3KO KOHTHU-
HEHTaJIbHOTO KIMarta. Micnonb3oBaHUe JUCTAHIIMOH-
HOIT nH(OpMAaK HO3BOIMT CPAaBHUTH TMHAMUKY TEP-
MOIMHAMUYECKUX TIEPEMEHHbBIX B pa3HbIX PETMOHAX U,
COOTBETCTBEHHO, BBISIBUTh CHELIM(PUIHOCTb UX (PYyHK-
LIMOHMPOBaHMSI B IIIMPOKOM IMara3oHe OPOKIMMATH-
yeckux ycsioBuii. COOTBETCTBEHHO, OCHOBHBIMU 3a-
JayaMU MCCJCOIOBAaHUS SBJSIOTCS: 1) 0000lIeHue
IIPOCTPAHCTBEHHO-BPEMEHHOTIO BaApbUPOBAHMS TEP-
MOAMHAMHUYECKUX TMEPEMEHHBIX ITyTeM BbIICICHUS
MHBAapUaHTOB (IapaMETpOB MOpsAKa); 2) KoJImde-
CTBEHHas OlleHKa BKJjiana peabeda B mapaMeTpsl Io-
psIKa, Kak KJodeBoro daxkropa auddepeHInaumn
HCCIIENYyEeMOI TeppUTOpUH; 3) OLleHKAa 3aBUCUMOCTU
mapaMeTpOB IMOpsIIKa OT COOCTBEHHBIX CBOMCTB OMO-
TeOILIEHO30B.

MATEPHAJIBI U METOJbI

PabGora BeImosiHEeHA JJ1ST CTPOTO OXpaHsSIeMOM Tep-
putopun (COT) Xopsmon-Capsaar (50.90° c.m.,
99.88° B.m.), pPacHoiOXEeHHOW B Mpeaerax OTHO-
WMEHHOTO Xpe0Ta, pa3aesIoniero KOTJIOBUHY 03epa
Xyocyryn u Jlapxaackyo KOoTIoBUHY (puc. 1a). JlaH-
Hasl oxpaHsieMasl TepPPUTOPUSI BXOOUT B KOMILIEKC
Vnaan-Taiira, cocrosgmmii n3 tpex OOIIT (Bxomsar
takke COT Tenrus-lllumrenq m Ynaan-Taiira) u
pacIiojioXeHa B caMOM CeBEepHOM aliMake (001acTH)
Mounroysmu — XoBcroje. BICOTHI B mpeneax uccie-
IyeMOIT TeppUTOPUU KOJIEOITIOTCS B TIpeaeiaax oT 1600
M (Hapxamckast kotnoBuHa) go 3000 M (ropa XyepH
Vyi). KopeHHble NOACTUIAIOIIYE TOPOIbI MPEaCTaB-
JIEHBI B OCHOBHOM M3BECTHSIKAMU KEMOPHUIICKOTO Me-
puona (Moore et al., 2017). JlaHHasT MECTHOCTb IO/ -
Beprajiach OJIeJICHEHHUIO 110 MEHbIIIEH Mepe ABa Kbl B
Te4eHUe IMo3aHero rmeicroueHa (ITouBeHHBINH ITO-
KpOB..., 1984). O6yacTb xapakTepusyeTcsl 3KCTpe-
MajlbHO KOHTWHEHTAJbHBIM KJIUMAaTOM C TEIUIbIM,
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Puc. 1. l'eorpaduueckoe monoxeHne KIOYEBOTO yIacTKa B MEJIKOM (a) U cpenHeM (0) macirabe.

KOPOTKUM BJIAXKHBIM JIETOM U XOJOJHOM, CyXOil 3U-
Moii. Hu3kast BIaXkKHOCTh BO3/lyXa B BECEHHU Mepuot
Ha pSAy ¢ BBIMOPaXKUBAHUEM BJIaTW U3 BEPXHUX TOPU-
30HTOB ITOYB 3UMOM M BETPEHHOI MOroa0i B MEPUOL,
pacrana aHTULUUKIOHAJIBLHON OO0JIAaCTU C BBICOKMM
JaBJIeHHEM OOYyCIIaBIMBaeT UX MeIJIEHHOE IPOorpeBa-
Hue (TaMm xke). ComtacHO JaHHBIM OvzKaiiiieil MeTeo-
CTaHLIMU, PACIIOJIOXEHHOH B COMOHE PaHUMHIIXyMO3
(1573 m Hag yp.M.), B 30 KM OT y4yacTKa MCCIeOOBa-
Huii (puc. 10) 3a nepuon ¢ 1975 o 2015 rox, cpenHe-
rogoBasi TeMrepatypa cocrapigeTr 6.9°C. CpenHss
Temrieparypa sstuBapst —32.3°C, uronst — 13.8°C. To-
JIOBOE KOJIMYECTBO OCAIKOB PaBHO 263 MM U CHJIBHO
BapbUpyeT OT roga K romy, aoxoas no 400 mm/ron
(Ouxxkapran, 2020). Jo 80% ocamkoB MOCTyIaeT B
JICTHUIA MEpUOI — C MIOJS IO aBrycT. TeppuTopusi
uccienoBaHuit oTHocutTcs: K IIpuxyOcyryiabckomy
ropHo-TaexHomy paitony (I'pyoos, 1955). CoorBer-
CTBEHHO, PaCTUTEJIbHbIE COOOIIECTBA MPEACTABISIOT
Cc000i1 TOPHO-TaEXKHbIE MOJATOJIbIIOBbIE KEAPOBBIE Jie-
ca, Tepexosile B BLICOKOTOPHEIE JIyra, B OCHOB-
HOM Ha OPTaHOTEHHBIX MOYBAX C MHOTOJIETHEMEP3-
JibiIMU TopuzoHTaMu. ComIacHO KapTe pacTUTENbHO-
ctu  MoHrolbcKoit  pecniyosmkn 1979 ropma
(KapampiiieBa, 1981) mist Tepputopun xapakKTepHBI
“JInctBenHmuHbIe (Larix sibirica) 1 KeApOBO-JIMCTBEH-
HuuHble (L. sibirica, Pinus sibirica, Linnaea borealis,
Vaccinium vitis-idaea, V. uliginosum) ropHo-TaexXHbIe
Jieca Ha Mep3JIOTHO-TaeXXHbIX TOP(MSHUCTO-TIJIeeBa-
TBIX TIOYBax”.

dy
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TepmoagnHaMuuyecKue mapaMeTphbl peodpa3oBa-
HUSI COJTHEYHOU HEPrUU OUOTeoleHO3aMU PacCUU-
TBIBAJIMCH I10 MYJIBTUCHEKTpabHOI chemke Landsat
8 OLI TIRS c¢ mpocTpaHCTBEHHBIM pa3pelieHueM
30 x 30 M o 23-M 6e30061aYHbIM ClLIeHaM, MOJy4YeH-
HbIM B niepuon 2013—2021 rr. [TapameTpbl KCIOIB30-
BaHHBIX CIIEH, B YACTHOCTHU, CPEAHME 3HAUCHUS TIPU-
Xonslllell COTHEeUHOM paaualiu B KaHajdax CheMKU
CceHcopa, ab0eno M TeMIepaTyphl IeSITEIbHOM TT0-
BEPXHOCTHU LTSI MCCIIEyeMOI TeppUTOPUM TTPUBENE-
HbI B Ta0. 1.

PacyeT cocTaBisIOMNX 3HEPTETUYECKOTO GalaH-
ca TIONIOIIEHHO! COJTHEYHOI SHEPTUU U CTPYKTYp-
HO-MH(OPMALIMOHHBIX XapaKTePUCTUK, OCYIIECTB-
JISIICST TIo0 MeToauke, npemnoxeHHoit F0.I. [Ty3aueH-
Ko ¢ coaBTopamu (IlyzaueHko u np., 2019) B pamkax
MOJIeJIU HEAKCTEHCUBHOM CTaTUCTUYECKON MeXaHU-
ku Tcammuca (Tsallis, 1988, 2009). B eec ocHoBe Je-
KUT OLIEHKA SHTPOMUMN OTPAKEHHOM COJTHEUYHOM pa-
JIWalliy ¥ npupaiieHus: uHdpopmauu mo Kyinrbaky,
KOTOpBIE XapaKTepU3YIOT HEPABHOBECTHOCTH CITEK-
Tpa OTpaXXeHHOI CONHEUYHOM pagvalnu, 3apUKCH-
pOBaHHOM CEHCOPOM ChEMOUYHOM CUCTEMBbI, TUTIOTE-
THYECKOMY CHEKTPY MPUXOISIIEH COTHETHOMN pamn-
aruu.

Kitaccuueckasa cratuctudeckass MexaHUKa 6a3u-
pyeTcsl Ha MPEANOJI0XEHUN O JUMHEMHOCTHU B3aUMO-
NEUCTBUI MEXIY 3JIEMEHTAMU TEPMOIAUHAMUYECKON
CHCTEMBI, TO €CTh, CM€HAa COCTOSIHUI OMTMCHIBAETCS KaK

. =a, IPU ¥ = a + X, U, COOTBETCTBEHHO, OOpPaTHOE X = d — ).
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Taomuna 1. [Tapamerpsl ucnons3oBaHHbIX clieH Landsat 8 OLI TIRS

[Tpuxonsimast T
Mecsi Yucno Ton Hifoi;aO(TSg‘%ﬂa paauauus, Anbbeno eMnipgaTypa,
Bt/Mm?
AuBapb 4 2018 4 28.19 0.46 —16.1
12 2015 12 29.86 0.38 —10.1
Despaib 5 2018 36 39.96 0.43 -9.6
14 2018 45 47.31 0.42 -9.1
16 2016 47 46.02 0.43 —7.5
24 2019 55 51.16 0.34 -2.3
Mapt 10 2021 69 62.47 0.39 2.6
Maii 28 2018 148 92.37 0.16 29.6
Hionp 30 2015 181 93.99 0.13 34.6
Hionb 13 2014 194 92.63 0.12 34.6
20 2020 202 90.35 0.11 29.6
ABrycr 28 2019 240 80.92 0.11 28.7
29 2017 241 78.80 0.11 26.7
CeHTs0pb 15 2014 258 73.05 0.12 20.2
22 2020 266 67.38 0.20 17.9
27 2016 271 64.70 0.15 15.2
OxkTs16pb 11 2015 284 57.14 0.25 13.5
27 2021 300 47.49 0.40 6.9
Hos6pb 5 2015 309 45.16 0.43 —6.0
17 2017 321 36.47 0.40 -9.3
[exadpb 6 2018 340 29.65 0.38 —20.3
24 2013 358 27.39 0.44 —14.6
30 2021 364 27.58 0.42 -9.9

HeskcreHcuBHas TEpMOCTAaTUKa 1oapasyMeBacT, YTO B ITMOHapHBIX CUCTEMAaX UX JICMCHTBI MOT'YT B3auUMOOEH-
00JIacTIX JAJeKUX OT PaBHOBECHA, B CJIOKHBIX HECTa- CTBOBATb HEJIMHEHHO , BYaCTHOCTH 3KCITOHCHIIMAJIbHO:

d
ay =y, rIe y = e, U, COOTBETCTBEHHO, 00paTHOE X = In y.

Konctantuno Tcamnuc (Tsallis, 1988) BBe1 B 3T HOCTM B3aUMMOAEUCTBUS MEXAY 23JeMEHTaMU U
COOTHOIIIEHUS TaK Ha3biBaecMBIil ITapaMeTp Oe- IIPEIJIOXUII Cleayollee OMMcCaHue TMHAMUKMT CY-
¢dopMany, ompeneysaoNnil CTeNeHb HEIMHEM-  CTEMBI:

1
X

dy _, =€ 1, obpaTHoe

_ _ (1-q) _ x
dx—yq,r/:[ey—(1+1—q)x) =e,, €

1_
x 7-1

l-¢q

y = =In, x, In;x =1Inx npu x > 0.
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B nuHamuueckoii cucteme napamerp g =1 — 1/p,
rae p > 0 koadduuueHT koppessiuuu. To ecTb, yeM
OoJIbllIe  MPEBBIIIACT CAMHUILY, TEM OOJIbIIE BHYT-
peHHIE KOppeJisiiyy 1 00jiee OpraHM30BaHa CUCTEMa.
IIpu g < 1 cucteMa HaXOAUTCS B COCTOSIHUU e30pra-
HU3aLUU. DHTPONUS B 3aJaHHOI TaKUM 00pa30M CU-
creMe — sHTpoIrmms Tecayuica — SIBJIsIeTCsl 0000IIEHHBIM
ciiydyaeM sHTponuu bonpimana—In66ca—IIenHo-
Ha, B KOTOPOM BMECTO KJIACCUYECKOTO Jiorapudma
BBeACH ITapamerpuueckuii jiorapucdm Tcammuca c
MHAECKCOM (, KOTOPBIN IIpeAcTaBisieT coOOii Belle-
CTBEHHOE YHUCJIO:

I—Zn:pf’
S = i=1

q b

qg-1

e p; — BEPOATHOCTH cocTostHuA i, S, =Inn —

MaKCUMYM SHTPOIUU TIpU p; = l, MpY YUCJIe Kiac-
n

coB n. I1pu atom aj1st ¢ < 0 HEOOXOAUMO UCKIIOYUTh
ciydau ¢ OTpULAaTeIbHOM BeposiTHOCTLIO. [Ipu g > 0
g-aHTporus (Kak 1 BHTponusi boiblimMaHa) TeM
0oJbllie, YeM MEHbIlle Pa3HOCTh JorapupMoB BEpO-
SITHOCTE! COCEMHUX SHEPTETUUECKUX YPOBHEIL, a mpu
g < 0 — HaoOopoT. B pe3yabpTare MAKCUMYM 3HTPO-
1M1, OTBEYAIolleii YCIIOBUIO paBHOBECUSI TOCTUTACT-
Csl TIPY MOJTHOM AOMWHUPOBAHUU OJHOIO SHEPreTH-
YeCKOTO YPOBHSI.

IMpupamenue nndopmaruu Kynsdaka, orieHrBa-
[0lllee PACCTOSIHME MEXy PABHOBECHBIM U HEpaBHO-
BECHBIM COCTOSIHUSIMU B cucTteMe Tcaiuca, ecTbh

()
K, = ;p, ( . _)1 :

Hcxons n3 001X npencTaBiIeHNN, KaK B KJIaCCH-
yeckoii TepmoarHamuke boabiiMaHa-Iu00ca, Tak U B
HEA’KCTEHCUBHOI TepMoanHamMuKe Tcajnmica GajgaHC
CHCTEMBI, ITOIJIOIIAIOIIC SHEPIUIO COCTOUT M3 CBO-
OomHOIT Heprum (IMMOTeHUMAN IJIsl COBEPIISHMUS OJIe3-
HOIM pabOTBI B CHUCTEME WJIM 3KCEPIusi), CBSI3aHHOIM
SHEpruu (3HEPIUsl He CIIOCOOHAs COBEPIIATh PA0OTY) U
MpUpAalleHNUSI BHYTPEHHE SHEPTUM CUCTEMBI:

Bq = EXq + STWq + DUq,

rne Bq — 6anaHc nomiolieHHoit sHepruu, EX — cBo-
6omHas sHeprust [m66ca/s3xceprusi, STWq — cBsi3aH-
Has sHeprusi, DUq — BHyTpeHHSISI SHEPIUsl.

DKceprusi COJHEYHOM panguanuu B cucteme Tean-
mica (EXq) paccuutbiBaeTcs Ha ocHoBe K, Takxke,
KaK U B MOJIEJIU KJIACCUYECKOU TEPMOIUHAMUKU:

EXq=E"| K +(EOUI/Em)I_q -1
q 1—¢g >
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e E°U — orpaxkeHHas colHeyHas paguanys, £/ Fn —
k
ansoeno, E™ = Z e

i=1 !

— CyMMa OTpakeHHOI

COJTHEYHOI panuauuy B KaHamax, E" = Z 1 -
i=

cyMMa NpUIIeAIIeii paqualiii B KaHaJIaX CheMKMU.
CaszanHas aHeprus (STW) paccuutbiBaeTcst Kak
t
STWq = S; “TW,
S — SHTpOMUSI OTPaKeHHOI COJHEYHOW panua-
q
o, TW — TenjgoBoif MOTOK OT AEITEAbHOCTH, 3a-

(UKCHUPOBAHHBII CEHCOPOM CHEMOYHON CHUCTEMBI
(ITMHHOBOJIHOBBI# CheMOYHBIN KaHaT).

[NpupameHne BHyTpeHHEH SJHEPTUN PACCUNTHIBA-
eTcs KaK:

DUq = Bq - EXq - STWaq.

Takum o6Gpazom, ISl KaXIOro MUKCensi ChbeMKU
ObLIIM pacCUMTAaHBI ClIeIyIOlIMe TepeMeHHbIE: MOTJI0-
IIEeHHAsT U OTpakKeHHAasl COJIHEYHasi SHEePTUsl, aboe-
J10, DKCEePTUsi COJTHEUHOM pagualiuu — 3aTpaThl IHEP-
MM Ha 3BaloTpaHCIIUpauuio (BT/M?), CBA3aHHAs
9HEeprusl — IMCcCUNalius 9HepTrur B armocdepy ¢ Ter-
JIOBBIM IIOTOKOM UM SHTpONUEN (BT/M?), IpUpALLEHUE
BHYTPEHHE SHEPTUU — aKKYMYJISILIUSI SHEPTUU B CU-
cTeMe B BuIE ymiepona (BT/M?), IIPUPALLEHUE WH-
dopmalnm B CUCTEME, IPeoOPa3yIolIeii COTHESUHYIO
SHEPruIo (HUT), SHTPOIIUS OTPAXKEHHOMN COJTHEYHOM
paguauuy (HUT), q-UHAEKC. Takke ObUI paccumMTaH
CTaHAAPTHBIN MHIAEKC, XapaKTepU3yIoIIuit O10JI0r1-
YeCKYIO0 IPOIYKTUBHOCTh pacTuTelibHOoCcT — NDVI.

AHanu3 MPOCTPAHCTBEHHO-BPEMEHHOTO BapbU-
pOBaHUSI TEPMOIVWHAMUYECKUX IEPEMEHHBIX OCY-
LLIECTBJISIJICS HAa OCHOBE MpPEACTaBICHU 00 MHBapU-
aHTax WKW MapaMeTpax MmopsijaKa, COriaCHO KOTOPbIM
COCTOSIHME CHUCTEMBI OINMUCHIBAETCS OTPaHUYCHHBIM
yucyioM (pbakTopoB. KoH1iemnius mapamMeTpoB HOpPsi-
Ka, MpemjioxXeHHasi B cuHepreTuke ['epmaHoMm Xake-
HoM B 1980 rony (XakeH, 1980), monyunia cBoe pas-
putne B ero padore 2001 roga “ITpmHONTIBEI pabOTHI
rosioBHoro mo3ra” (XakeH, 2001), B KOTOpoi1 OBLIO
000CHOBAaHO UCITOJIb30BaHUE [IJisl BBIACICHUS TTapa-
METPOB TOPSAKA METOIOM IJIABHBIX KOMIIOHEHT.
I0.T. Ily3zauenko B 2010 r. mpoaeMOHCTpUpPOBaI
TOXIIECTBEHHOCTh IIOHATHUS “IlapamMeTp mnopsiaka”
noHgaThIo “nmanamadTHe mHBapuaHT” 1o B.b. Co-
yaBe (1978). B manbHeiillieM MeTOI0J0TUSI BbiaeJie-
HUSI THBAPUAHTOB 110 CEPUSIM MYJIBTUCIEKTPATbHOI
CbEMKH, KaK B BUJE TEPMOINHAMUYECKUX TTIepeMeH-
HBbIX, TaK U B BUIE UCXOAHBIX 3HAYEHU I OTpaskeHUsI B
KaHaJlaX, MHOTOKpPaTHO MCIOJIb30Baiach JIJisl BbIOe-
JICHUSI YCTOMYMBBIX BO BpEMEHU MMPOCTPAHCTBEHHBIX
CTPYKTYP TEPMOAMHAMUYECKOUN CUCTEMbI WJIM CUCTEMBbI
orpaxkenus (Canmiepckuii, 2012; Ilyzayenko u ap.,
2019; baitbap u np., 2023). IIpocTpaHCTBEHHO-Bpe-
MEHHOE€ BapbHpPOBaHUE MEPEMEHHBIX 000OIIAIOCH
MeTonoM riaBHbIX KoMmItoHeHT (PCA, varimax nor-
malization) 1151 Kaxknoii mepeMeHHoM 3a 23 cpoka oT-
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Puc. 2. lludposas moxenb penbeda KIIOYEeBOTO yJyacTKa.

JIeJIbHO, U TaJiee UCXOIs U3 TTOJTyIeHHOM (DaKTOPHOIA
CTPYKTYpbl O00OOIIAINCh B CE30HHBIE WHBAPUAHTHI
TEePMOIMHAMMNYECKOM CUCTEMBIL.

CormacHo TeopuM, BapbUpPOBaHUE MapaMeTPOB
MopsiiKa TEPMOJUMHAMMUYECKOM CUCTEMBI B CBOIO OUe-
penb ompenessieTcs TaK Ha3bIBAeMBIMU YIIPaBIISIO-
MM HapaMeTpaMyu — BHELIIHUMM (paKTOpaMu, MO
KOTOPBIMU OOBIYHO MOApa3yMeBalOTCsl KJIUMAT, MO-
roma, pejibed 1 COCTOSIHUE PACTUTEIBHOIO MOKPOBA.
B Hacros111e# paboTe B KauecTBe yIPaBIISIONINX Ma-
paMeTpoB pacCMOTpeHbI MOP(OMETPUUECKUE XapaK-
TEePUCTUKU pelibeda Ha pasIMYHBbIX MepapXUIeCKNX
YPOBHSIX OpraHU3al1 U HEKOTOPhIE CBOICTBA pac-
TUTEJIBHOCTU, MOJYYEHHbBIE B XOJIe TTOJICBbIX UCCIIe-
JoBaHuii. Mepapxuueckue ypoOBHU BBIACISUIMCH Ha
OCHOBE CITeKTPaJbHOIO aHaju3a LU(pPOBOIl MOAEIN
penbeda otkpuiToro gmocryrma SRTM (USGS EROS
Archive..., 2018) ¢ mpocTpaHCTBEHHBIM pa3pelleHn-
eMm 30 X 30 M (puc. 2) 1o METOIMKE, MPEITOXKEHHOMN
IO.T. TTy3aueHko ¢ coaBropamu (2002). Belnu Bbine-
JIEHBI MepapXUUeCKHe YPOBHU C TUHEMHBIMU pa3Me-
pamu cTpykTyp: 150, 570, 1110, 1380, 1890, 3030 M.
st Kaxkaoro U3 3TUX YPOBHEM ObLIM pacCUMTaHbI
cTaHIApTHble MOpGOMETPUYECKUE XapaKTEPUCTUKMH,
OTpaKarollye repepacrpeneacHue Teria BjIaru pejbe-
¢oM: KpyTH3HA, aCMEeKT, OCBEIIIEHHOCTD C 10ra/BOCTOKA,
MaKcUMaJlbHasi KpUBU3HA, MUHUMAaJIbHAsI KpUBU3HA,
npoduiibHasT BBIMYKJIOCTb, IIJIAHOBAsI BBITYKJIOCTb,
MPOAOJIbHAS BBIMYKJIOCTD, TTONIepeUHast BBIMYKJIOCTb.
Bnusinue penbeda Ha mpeobOpa3oBaHUE SHEPIUU
OLICHMBAJIOCh C TIOMOIIBIO MHOXKECTBEHHOI perpec-
CHUU TMOJIyYEHHbIX UHBAPUAHTOB OT MOpdoMeTpuye-
CKMX XapakTepucTuk. [1ojieBble U3MepeHUsI CBOICTB
OMOreo1eHO30B (KOMILJIEKCHBIE OMUCAHUS MMOYBBI 1
pPACTUTENILHOCTH, U3MEPEHUST CYMM ILIOLIanei ceue-
HUI OpeBOCTOS U MHIOEKCA JIMCTOBOM IMOBEPXHOCTHU
(leaf area index, LAI) ocyliiiecTBISIIUCh Ha TPAHCEKTE
mmHHOM 1100 M (¢ mmmarom orpobosanust 20 M), 3a10-
JKEHHOM BJIOJIb KPYTOTO CKJIOHA I03KHOM 3KCITO3ULINU
ot 2000 no 2380 M Hapx yp. M. (puc. 3). TpaHcekT B oc-
HOBHOIM CBOE€M 4YacTU TIPOXOAUT Yepe3 KeIPOBBII
cpemHecoMKHYTHIM Jiec (2000—2200 M Hax yp. M.) U B
BepxHeii yacTu ckiioHa (2200—2350 M Hax yp. M.) mie-
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Puc. 3. [lonoxeHue TpaHCeKTa C PEryJiSIpHbIM IIaroM
onpoboBaHus Ha pparmMeHTe cHUMKa (Google Maps).

peCeKacT yyaCToK OCOKOBO-paSHOTpaBHO—SﬂaKOBOﬁ
ITyCTOIIM 1 3aKaHYMBACTCA Ha KaMEHHOM OCBIIHU.

PE3VJIBTATBI

Ha puc. 4a npuBeneH ce30HHbIIN X0/ ITPUXOISIIe
U TIOTJIOIIEHHON COJTHEYHOM 3Hepruu, a Takxke Co-
CTaBJISIONINX 3HEpPreThUeckoro OanaHca. B 1ienom
GaJlaHC U €ro COCTaBJISIOIINE COOTBETCTBYIOT CE30HHO-
MYy XOIy MPUXOISIIEN pagranuu. TakuM ke o0pazoM
BemeT cebsi TemIieparypa JesiTeIbHOM MOBEPXHOCTU
(tabn. 1). Ha puc. 406 mpuBemeH CE30HHBIN XOI
CTPYKTYpPHO-UH(OPMAIIMOHHBIX  XapaKTepUCTUK,
KOTOPBIM AEMOHCTPUPYET TOT (haKT, YTO MEPUOJ, aK-
TUBHOM pabOTHI PACTUTEBHOTO ITOKPOBA COCTABJISIET
BCEro TMopsiJiKa cTa JHEM, C Havyajia UIOHS 110 CepeIuHY
ceHTs10psi. VIHIeKcChl, oTpaxaroliiie HepaBHOBECHOCTD
MpeoOpa3oBaHUsI COTHEYHON BHEPruu, JeMOHCTPUPY-
FOT TOT (haKT, YTO MepuoI aKTUBHOI pabOThl paCTUTEIb-
HOTO MMOKPOBa HAUMHAETCS B KOHIIE Masl M 3aKaHYMBaeT-
Cs1 B KOHIIE CEHTSIOps1. YeTKM KOJIMYECTBEHHBIM ITOKa -
3aresieM, WHIULMPYIOIIMM CE30HHbIe Havalo U
OKOHYaHue paboThl OMOreoleH03a MOXHO CUMUTATh
repexo 3HaueHusI q-nmapamerpa uyepes 1 (puc. 40).

MeTon rIaBHBIX KOMIIOHEHT MO3BOJIU BbIIEJIUTD
JJISI KQKJIOM TEPMOANHAMUNYECKON MEPEMEHHOMN TpU
WHBApPUAHTHBIX COCTOSIHUS, OTpaXKalollluX 3MMHEe
(HOsIOpb—MapT), JeTHee (MIOHb—CEHTSIOpb) U Tiepe-
XOmHOe (aIIpeib U OKTSOPh) cocTosTHMS. 11 Temme-
paTypHOTo MoJisl NEPEXOJHOIO COCTOSIHUSI HE BbIIE-
Jsercsi. B Tabn. 2 npuBeaeHbl qoau (B MPOLIEHTaXx)
BapbUMpPOBaHMUsI, OMUChIBaEMOTO (haKTOpamMu MeToja
[JIABHBIX KOMIIOHEHT ISl MIOTJIOLIEHHOM COJTHEYHOM
SHEPIUU U COCTaBISOIIUX ee 6anaHca. EctecTBeH-
HO, UTO pachnpeae/ieHUe ONMUChbiBaeMOil 101 Bapbu-
poBaHUs MeXy (PaKTOPaMU 3aBUCUT OT KOJUYECTBA
CIIEH IJISI TOTO WIW WHOTO ce30Ha. I[JIsT Bcex mepe-
MEHHBIX, KpOM€ CBSI3aHHOI 3HEPTUU, OCHOBHAS J10-
JI1 ONKCBHIBAEMOIO0 WHBapuMaHTaMM BapbUPOBAHUS
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Puc. 4. Ce30HHBII X0 TEPMOIMHAMUYECKUX IMTEPEMEHHBIX (CpeIHUe 3HAUSHUSI ISl TEPPUTOPUM): @ — MPUXOISIILAs IHEPTUsI,
MOIVIOLLIEHHAs SHEPIUsl U COCTaBsIIoLLMe ee 6anaHca, 6 — CTpYKTypHO-UHGOPMaLlMOHHbIE XapaKTePUCTUKH.

nepeMeHHBIX (65—70%) NpUXOOUTCS Ha XOJOMHBIN
(3uMHMI1) Tiepuon. JleTHUIT MHBapUAaHT OIMMCHLIBAET
13—16%, nHBapuaHT NepexoaHoro nepuoaa — 5—6%.
g mpupallleHusi BHYTPEHHEH SHEeprum KapTUHa
HECKOJILKO WHas: 3UMHUI WHBapUaHT OMpencssieT
54% BapbupoBaHus, a neTHUil — 25%. B ueiom xe
TPU CE30HHBIX ITapaMeTpa MopsIiaKa OMUCHIBAIOT IT0-
psaaka 85—90% BapbUpOBaHUS COCTABISIOIINX Oa-
JlJaHCa MOIJIOLIEHHOM COJTHEYHOM paarualuu.

N3BECTHUA PAH. CEPUA BUOJIOTUYECKAS  [JJomoaHUTEIbHEIN BBIMYCK 8

Homu, onuceiBaeMOro MHBapUaHTaAMU BapbUPO-
BaHUS IJIs1 MH(POPMALIMOHHBIX WHACKCOB, MHIEKCA
TIPONYKTUBHOCTH 1 TEMIIEPATYPhI IPUBEICHBI B TA0. 3.
B uenoMm, pacnpeneiieHWe moJieil ONMMCHIBAEMOTrO
KOMITOHEHTaMM BapbUPOBAHUS IIEPEMEHHBIX CXOIHO
C COCTaBJISIIOIIMMM OajlaHca IIOIVIOLIEHHOM paaua-
uuu. [1pu aToMm st IpupaiieHus MHGOPMALIU U -
WHIEKCa JI0JIS BADbUPOBAHUSI, OITUChIBaeMast IETHUM
MHBAapHUaHTOM 3HAYUTECJIBHO BBIIIEC, YEM [JI51 OCTAJIbHBIX
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Ta6auma 2. Z[OJ'II/I OIMMCaHUA CE30HHBIMUY MHBapUaHTaMU MOTIJIOLIEHHOM COJTHEUYHOM OHEPIUUN U €€ COCTABIAIOIINX

Cocrasnsioliue 6ajgaHca
ITornomennas
MuBapuaHTt SHepTs CBA3aHHAs anpaLueHy{)e
9KCeprust BHYTpPEeHHe
SHEPTUS -
3uMHMIT (OKTIOPb—MapT) 67.39 65.29 70.65 54.07
JleTHuit (MIOHb—CEHTSIOPDH) 13.78 16.71 13.73 25.52
[TepexonHblii (MapT, CEHTSIOPb) 5.88 5.37 5.59 4.80
B uenom 87.05 87.37 89.97 84.39

Taomna 3. Jlom onmvicaHust Ce30HHBIMU MHBapUaHTaMU CTPYKTYPHO-MH(MOPMAIIMOHHBIX XapaKTePUCTUK U TEMITEPATypPhl

IIpupamenue
WuBapuanr e DHTpoNUsa (-UHIEeKC NDVI Temneparypa
3uMHMIT (OKTIOPb—MAapT) 50.43 64.28 40.65 69.87 67.10
JleTHuit (MIOHb—CEHTSIOPH) 25.35 15.65 22.10 16.59 17.66
[MepexonHblit (MapT, CEHTSIOPH) 7.62 5.69 9.00 5.42 —
B uenom 83.40 85.62 71.75 91.88 84.76

nepeMeHHbIX — 25 1 22%. Takske 05T OIUCHIBAEMOTO
TpeMs1 UHBapUMaHTaMM BapbUpoBaHus MH(MOPMAaLIIOH-
HO-TEpPMOINMHAMUYECKUX XapaKTEePUCTUK, B CpEeIHEM
HECKOJIBKO HITKE, YeM IS COCTaBIISIONINX OajaHca.

st BbiaeneHus1 (byHKUMOHAIBHBIX TTOACUCTEM
TEePMOIMHAMMNYECKOM CUCTEMBI MCCIIEAYEMOI TEPPU-
TOPUU MBI TOIBEPIJIM aHAIMU3y METOAOM IJIaBHBIX
KOMIIOHEHT cpa3y Bce IepeMeHHbIC 3a BereTalliOH-
HBIII Ce30H (KOHEIl Masi—KOHEI] CEHTSIOps). AHanmu3
MoKas3ajl, 4YTO BBIICJSIIOTCS TPU IOACUCTEMBI: “IO-
IJIOIIEHHAsI SHEePTUSI U 3aTpaThl SHEPTMU Ha dBAIO-
TpaHCIIMpaluuo”, “TeMIleparypa, CBsI3aHHasl dHEp-
TUSI ¥ SHTpONUS” U “CTPYKTYPHO-TIPOAYKIIMOHHAS”
(mpupameHue uMHGpopmauu, q-uHagekc u NDVI).
AHajlornyHasi KapTuHa HaOI0maeTcs Ipu 0000IIe-
HMM JIETHUX MUHBAPUAHTOB IJI51 KAXK10M IMTEpEMEHHOIA:
IOJIyYEHBI TC XX TPU ITapamMeTpa IIopsiIKa TEPMOI-
HaMMWYECKOM CUCTEMEL.

B 3umMHui1 nepuon pacTuTeIbHbIN MOKPOB MUHU-
MaJIbHO aKTUMBEH, MO3TOMY BJIUsIHUE pesnbeda pac-
CMaTpUBAJIOCh TOJBKO [Jis JIETHUX WHBApUaHTOB
TepMOIMHAMMNYECKNX IMepeMeHHbIX. B Tabn. 4 0600-
ILIEHbI PE3YJbTAThl PEFPECCUOHHBIX MOJE/eid NHBa-
pMAHTOB OT MOP(MOMETPUUYECKUX XapaKTePUCTUK.
Jns anpbeno, MomIoNIeHHON COTHEUYHOM paaualiud 1
COCTaBJISIIOIIMX €€ OajaHca ypOBEHb NEeTepMUHALIUU
cocrapisieT 30—40% u Hanbosee BEICOK OH JUTSI 9KCep-
ruu (R> — 0.48), npupaiieHus BHYTPEHHENR SHEPIUn
(R?> — 0.51) 1 TeMIiepaTyphl JEATENBHON TOBEPXHOCTH
(R?> — 0.63). Bxuan penbeda B MPOCTPAHCTBEHHOE Ba-
PbUPOBAHUE SHTPOIIMU OTPAKEHHO COTHEUHOM paau-
ALK NpakTUYecku otcyTeTByeT (R? — 0.1). OcHOBHOIA
BKJIaJ, pesibedd BHOCUT Ha ME30YPOBHE C JIMHEHHBIMU
pasmepamu cTpykTyp 570—1380 M, 9TO, B IIEJIOM COOT-
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BETCTBYeT CpedHell MJIMHE CKJIOHA. 3aTpaThl Ha 3Ba-
MOTPAaHCTIUPAIINIO M TTIPOU3BOICTBO OMOIOTMIECKOM
MPOIYKIIMY MaKCUMaIbHBI Ha BOTHYTHIX HU3KUX ITO-
3ULIMSIX, @ pacCesIHUE TEeTIJIOBOI SHEPTUU B aTMOche-
Py — Ha BBITYKJIBIX ¥ BBICOKUX. C pOCTOM OCBEIIIeH-
HOCTH pacTeT IIpeXIe BCEro CBsI3aHHas 2HEprus
(paccesitHue aHepruu B atMochepy).

Hannuwe nudpoBoit Momenu penbeda U cepum
U3MEpPEHU TeMIlepaTyphl B TEIUIOBOM KaHaJjie M03-
BOJISIET HAIPSIMYIO OLIEHUTb BEPTUKAJILHBIN Ipamyi-
eHT TeMItepaTypbl. Ha puc. 5 mpuBeeHbI TUITMYHEIE
CE30HHBIE 3aBUCHUMOCTH TeMITepaTypbl OT BHICOTHI
JIJISI KOHKPETHBIX CPOKOB. 31IMOI1 TeMIlepaTypa C BbI-
COTOM JOCTAaTOYHO pPaBHOMEPHO Bo3pacTaeT (5a), a
MO30HEl BeCHOM — paBHOMepHO namaet (50). Jletom —
rajaeT, Ho 6oJiee ToJIoro YeM BecHOM (5B) 1, BO BTO-
poii TIOJIOBUHE OCeHU (5T) OTHOCUTEIIBHO HE CBS3a-
HBL. Ha puc. 6 mpuBeaeH ce30HHBIN X0 BEepTUKAIIb-
Horo rpaaueHTa (°C/100 m): meTom oH 6JM30K K 0,
BECHOI M OCEHbIO — OJIM30K K CTAHIAPTHHIM 3HAa4e-
HusIM (1.1 B xkoHIe Masg u 0.8 Bo BTOpOiI1 OJIOBUHE
ceHTsI0ps1). B 11e;10M nmosryyeHHBIE OLICHKU U CE30HHbIM
XOII BEPTUKAJIGHOTO TpaJieHTa BITOJIHE COMOCTABUM C
OLICHKaMU, TIOJTy4YeHHBIMU ITyTEM COIOCTABJICHUS Me-
TEOPOJIOTMYECKUX TAHHBIX JUISI CXOMHBIX KJIUMAaTH4e-
ckux ycinoBuii (I'opnees, 2011).

B Ta6i1. 5 npuBeneHbI K03(pPUIIMEHTHI KOPPEIISLINT
(r) MeXmy JIETHUMUA MHBapUaHTaMU TePMOIMHAMUYE-
CKHX XapaKTEePUCTUK U OTAEIbHBIMU CBOMCTBAMM pac-
TUTEJILHOTO Y TI0YBEHHOT'O IIOKPOBa, U3MEPEHHBIMM Ha
TpaHCeKTe (JaHbl TOJBKO XapaKTEPUCTUKU C HAubo-
Jiee BBICOKMMMU U 3HAYUMbIMU CBsI3sIMU). Macca pac-
TUTEJILHOCTU (B IIEPBYIO OYepenb IPEeBECHOIT, BhIpa-
XXEHHas yepes3 CyMMy Tulolaaeii ceueHuit ApeBOCTOS

2023



TEPMOAMHAMMUWYECKHWE MAPAMETPHI TOPHLIX JIECOB IMTPUXYBCYTYJIbA

S123

Ta6mma 4. Bxiian MophoMeTpUIeCKNX XapaKTepUCTUK pebeda B OMmMcaHue JIETHUX WHBapUaHTOB TePMOAMHAMUYE-
CKUX MepeMeHHbIX (R” — Koo bUIIMEHT AeTepMUHALIMA MHOXECTBEHHOI perpeccuu, B sueiikax — 3HaK BIUSHUS U JIU-

HeliHbIe pa3Mepbl HepapXUIeCKUX ypOBHEH)

Bricora Kpusuzna OcCBelIeHHOCTh
IlepemeHHas R? (3HaK KpytusHa
BIMAHYS) MHH Makc or BOCTOK
570
+ ’ —
Aspbeno 0.33 1890 570 1110
[TorynolieHHast SHEPTUST 0.31 — 570
DKceprus 0.48 — 570
—570,
CBsi3aHHasi SHEePTUs 0.33 570 1380
—1380
[TpupaiieHue BHyTpeHHel sHepruu | 0.51 + — 1890 150
TemmepaTypa 0.63 — 1110 1110
NDVI 0.37 - —1110 570
570,
[TpupaiieHue nHbopMaluu 0.30 — 1890 150
DHTpONUS 0.09 —570 570 1890
(-UHIEKC 0.31 + 150 570 —570

(BSA), unngexc nmucroBoii moBepxHoctu (LAI), co-
MKHYTOCTh JPEBOCTOS M (pUTOMACCY), YBEIUIUBACT
MOTJIOLIEHUE COJTHEYHOI dHEpruu, 3aTpaThl Ha dBa-
MOTPAHCIUPAUI0O M COOTBETCTBEHHO YMEHBIIAIOT
CBSI3aHHYIO DHEPTUI0O U IIpUpallleHue BHYTpPEHHEM
sHepruu. C npoayktuBHOCThIO (NDVI) cBsizaH TOIBKO
WHJIEKC JINCTOBOI IToBepXHOCTH (4eM Bhiire LAI, Tem
Boiiie NDVI). B To xke BpeMsi, Macca IpeBeCHOI pacTu-
TEJIbHOCTHU YBEJIMYMBAET MpUpalieHrue MHGOpMaLuy U
YMEHBIIIaeT SHTPOIMIO U -UHAEKC. TeMneparypa aesi-
TEJIbHOI MTOBEPXHOCTU CBSI3aHA OTPUILIATEIBLHO C MPO-
€KTUBHBIM TOKPBITUEM MOXOBO-JIUIIAHUKOBOTO
sgpyca 1, B MEHbIIIEl CTEIEHU, C COMKHYTOCTbIO U
¢uromaccoii. C pocToM BOOOPOTHOIO ITOKA3aTEss
pacTeT NomIolleHue, 3aTpaThl Ha ucnapeHue, NDVI,
U, COOTBETCTBEHHO, YMEHBIIIAIOTCS CBSI3aHHASI SHEP-
rYs ¥ IIpUpallleHie BHYTPEHHEN d9HEPrum, SHTPOIIHS
U (-uHAeKC. BiausiHue MOIIHOCTH OpPraHOreHHOTro
TOPU30HTA B LIeJIOM He BeJIMKOo (7 = 0.3) 1 CXOmHO ¢
BIAUSSHUEM CYMMBI TUIOIIAAEH CEYEHUA U JTUCTOBOTO
WHIeKca.

OBCYXIEHHME

Crneuuduka npeodpa3oBaHUsl COTHEUHOMN BHEP-
TMU B TOPHBIX OMOreoneHo3ax Obljla pACCMOTPEHA B
paMKax TepMOIMHAMUUYECKOTO Moaxoaa B pabore
FO.B. Banteesoii, 10.T. ITyzauenko u P.b. Cangiep-
ckoro (2017) nist ceBepo-BocTtouHoro IIpubaiikanbs.
IIpuxyocyrynee n Ilpubaiikanbe MMEIOT CXOTHBINA
pPEe3KO KOHTUHEHTAJTBHBINA KJIMMAT, HO BO BTOPOM CJTy-
yae BIIMSIHME baiikama CylleCTBEHHO €ro CMSITJaerT,
YBEJIMYMBAs KOJIMYECTBO 3UMHUX OCaaKOB. PacTuresns-

N3BECTHUA PAH. CEPUA BUOJIOTUYECKAS  [JJomoaHUTEIbHEIN BBIMYCK 8

HBII ITOKPOB JIBYX KJTIOUYE€BBIX YYaCTKOB HECKOJIBKO pa3-
Ju4yaercs. Bo-TiepBbIX, MPOCTPAaHCTBEHHBIM OXBaT B
IMpubaiikanbe MeHbl1Ie, BO-BTOPbIX, AMILIUTY/IbI BBICOT:
qs1 [pubaiikanbst — 480—1240 m Han yp. M., o1t [lpu-
xyocyryibsa — 1600—3000 M Hax yp. M. Takke cTour
OTMETUTh, 4YTO pacueTbl s Ilpubaiikanbsa ocy-
LIECTBJISUINCh B paMKaxX MOJIEIN KIaCCUYSCKOM Tep-
MOIMHAMUKHN, 0e3 OLEHKU (-MHIekca. Brpouewm,
CpaBHEHHUE TEPMOIUHAMUYECKUX XapaKTEPUCTUK,
pacCYMTaHHBIX B paMKax KJIACCUYECKOM M HEAKCTEH-
cuBHol (TcannrMcoBCKOI) MOIEIISIX IO OAHUM U TEM
K€ clieHaM i pa3nnuHbix Tepputopuii (LITJI3 wu
JaHHBIA y4acTOK), ITOKa3aJio, YTO COOTHOIICHMUS
MEXIy MEepEeMEHHBIMU U MX TPOCTPAHCTBEHHO-Bpe-
MEHHO€ BapbMpOBaHMWE TPUHLMITMAJIBHO HE MEHS-
oTcs. Pazmmums MexXmy HMUMH KOHEYHO CYIIECTBY-
JOT, 9YTO OBIJIO MOKa3aHO B Hamieil pabote 1o IleH-
TpaJibHO-JIeCHOMY 3anoBenHUKY (Ily3aueHko u ap.,
2019), HO TIpPeACTaBIISIIOT CO0O0I1 IIpeIMET OTAEIHLHOTO
KCCJIEOBaHUSI Ha OOIIMPHOM II0JIEBOM MaTepualie,
KoTopbIM 17151 ITpuxyOCyTyiibsi MBI TTOKa HE pacroja-
raem (Ho pacnonaraem mist LIJIT'3).

B menoMm, mpocTpaHCTBEHHO-BPEMEHHOE BapbU-
pOBaHMWE COCTABJISIONINX YHEPTETUUECKOTro OajaHca
U OTHOLLIEHUSI MEXIY €ro COCTaBISIIOLIUMU TMTOJT00HO
IUIST BCEX TEPPUTOPHUil, BKITIOUAsT M IOKHO-TaeKHbBIC
onoreonieHo3b! LIJII'3. Ce30HHBIN XOm COCTABIISIONINX
OajaHca TTOMYMHSIETCSI CE30HHOMY XOMy MPUXOMSIIeit
coiHe4uHol paguanuu (puc. 4a). OmHaKO B3aMMOOTHO-
IIEHUST MEXIY CTPYKTypHO-MH(POPMAITMOHHBIMU Xa-
paKTEepUCTUKAMU B CYIIIECTBEHHOI CTEIeHU pa3jinya-
foTcs. J171sT 103KHO-TaeXKHBIX GMOTEOIICHO30B XapaKTep-
Ha MpsiMast 00paTHas 3aBUCUMOCTb MEXKIY SHTPOMMEH
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Puc. 5. 3aBucHMOCTb TeMIlepaTyphbl AeSTEIbHOM MOBEPXHOCTU OT aOCOIIOTHOM BBICOTHI MO LIU(MPPOBOIt Moaenu peibeda: a —

04.01.2018, 6 — 28.05.2018, B — 20.07.2020, r — 27.10.2021.

OTpa>keHHOM COJIHEUHOM pagualuy 1 IIpupalieHueM
nHpopMaun no Kynmpb6aky m TecHask MOJIOXUTEIIb-
Hasl CBSI3b MOCJEIHEro ¢ MHAEKCOM OMOJIOrnYecKoit
npoayktuBHOcTH NDVI, a 111 ropHO-TaeXHBIX 0110~
reOlI€HO30B TaKOM >KECTKOM CBSI3U HE HaOJIIoJaeTCs.
CpaBHeHUE JIETHUX ITApaMETPOB IOPSAKA JJIST 3TUX
TPeX TUIIOB TaKXKe AEMOHCTPUPYET pa3Inyus B UX pa-
oote. Tak, mis LIJIT3 u Ipubaiikanbsa BeIACISIIOTCS
JIBE ITOACUCTEMBI: “TEeIIOBOE paccesiHue — McIape-
HUe” U “HepaBHOBECHOCTb — IIPOAYKTUBHOCTH”, a
st [Ipuxyocyryabst Tpu: “UcnapeHue”, “HepaBHO-
BECHOCTb — IPOAYKTUBHOCTD” U “TEINIOBOE pacces-
Hue”. TakuM 06pa3oM MOXHO yTBEPXKIaThb, YTO TEM-
nepaTypHbIi pexxum [1puxyOcyryiibsa B 3HaUMTEIIBHO
MEHbIIIEN CTEeNeHM OIIPeAcsIeTCsl IPUXOAOM COJI-
HEYHOM paaualliy, YeM JUISI OCTaJIbHBIX COOOIIECTB,
a B OOIBIICH CTEIIEHN TOCITOACTBYIONICH BO3IYIITHOM
Maccoil. DTy rumnore3y MOATBEPXKIAaeT CpaBHEHUE
BKJIaga peabeda B MHBApHMAHT JIETHEIO TEILUIOBOTO
noist st [puxyocyrynbs u ITpubaiikanbsi, KoTopoe
I0Ka3ajJ0 MX TOXIECTBEHHOCTb, TO €CThb, B 00OMX
ciydassx Kod(pOOUIIMEHT JIeTepMUHAIIMU COCTaBUII
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0.63. [1ig OLeHKM BIMSIHUS TEIUIOBOIO peXuMa Ha
npeoOpa3oBaHue cotHeuHoI pammanyu B 2022 1. Ha
pa3IMYHBIX yYaCTKaxX TpaHCEKTa HaMU ObIJIM 3aJI0XKe -
HEI IISITh TEpMOJIOrrepoB. Pe3yinbraThl X padOTHL Oy-
nyT mosrydeHbl B 2024 1. O4eBUIHO, YTO BIAXXHOCTH
BO3JlyXa M KOJIMYECTBO OCAJKOB TaK Xe UTPaIOT BaxK-
HYIO pOJIb B IIpeoOpa30BaHUU COTHEYHOM 3HEPTUH,
OIHAKO JJIs1 OLIEHKH UX JOJTOBPEMEHHON TUHAMUKHI
WHCTPYMEHTaJIbHBIMM BO3MOXHOCTSIMU MBI ITOKa He
pacriojiaracm.

3aBUCUMOCTb TEPMOJMHAMUYECKUX MIEPEMEHHBIX
OT CBOMCTB pacTuTenbHOCTH [1prxyOcyryiibs (Tabmi. 5) B
11€JIOM COOTBETCTBYET 3aKOHOMEPHOCTIM, HaOII01a~
€MBIM Ha IPYTUX TEPPUTOPHUSIX: POCT MACCHI IpeBEC-
HOW pacTUTEbHOCTHU YBEJIMUUBAET 3aTpaThl SHEPTUU
Ha »BanoTpaHCNUpalMio, HO, KaKk HU CTPaHHO,
MPAaKTUYECKA HE BJIWSET Ha TeMIleparypy AesTelb-
HOW TTOBEpXHOCTU. B TO ke Bpems mpupalilieH1ue UH-
dopmaliiu M MOPOAYKTUBHOCTb JISI PaBHUHHBIX
JaHATAa(PTOB OOBIYHO YMEHBIIIAIOTCS C 3a1aCOM JIpe-
BocTos. B paccmatpuBaeMoM Xe ciiydae MpOuCXOaUT
oOparHoe. OrpuniateabHast CBI3b -MHAEKCa C MaCcCOM
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Puc. 6. Ce30HHBII X0 BepTUKAIBLHOTO TpaJeHTa TeMIiepaTyp: I — rpaaueHT, 2 — CpenHsis TeMIleparypa Jjist CLIeHBI.

JIPEBECHOM PACTUTENBHOCTH B 1IEJIOM COOTBETCTBYET
OTHOIIIEHUSIM, HaOMIOOAeMbIM [IJISI  FOXKHO-TAEKHOTO
JanmmadTa, e OH MaKCUMaJIeH Ha JIyrax 1 MUHUMa-
JIeH B cTaphbix enoBbIX Jecax (ITy3auenko u ap., 2019).
YuuThiBast, YTO Npu aHaIM3e (PAKTOPHOM CTPYKTYPBI
(BBIIEJIEHUY JIETHUX ITApaMETPOB ITOPSIAKA HA OCHOBE
VHBapUAaHTOB BceX MepEMEHHBIX), -UHIEKC, Ipupa-
meHne WHAOPMALMA W WHAEKC MPOAYKTUBHOCTU
OIPEACSIOTCS OMHUM TTapaMeTPOM ITOPSIAKa, KOTO-
poIii ipotuBonocTasisgeT NDVI n npupainenue nH-
dopMalIu q-UHAEKCY, BO3BMOXHO BCE OHUM ONMUCHI-

BalOT pasjNMYHbIC MCXaHU3Mbl pCaKIIMMU PaCTUTCIb-
HOCTHU HA UIBMECHECHUE ITOTOJAHbIX yCﬂOBMﬁ.

Takum ob6pa3zoM aHaau3 MPOCTPAHCTBEHHO-BpPE-
MEHHOTO BapbUPOBaHUS TEPMOANHAMUYECKUX MEpe-
MEHHBIX TIO3BOJISIET COENaTh CIAEAYIOIINE BBLIBOJIBI:
1) TepMoguHaAMMYECKasI CUCTEMA B LIEJIOM MOXKET Ha-
XOJIUTCS B TPEX NPUHIUTTNATBHO YCTOMUUBBIX COCTO-
STHUSIX — JIETHEM, 3UMHEM U TIEPEXOTHOM; 2) B CCTEME
JIEHACTBYIOT TpU (YHKUMOHAJIbHBIE TIOACUCTEMBI:
“ucrrapeHue”, “HepaBHOBECHOCTb — IIPOAYKTUB-
HOCTBH” M “TEeIUIOBOE paccessHUe”, B OTJIMUME OT MC-

Taomuna 5. Koaddunmentsr Koppensiuu (r) Mexay JEeTHUMUA MHBapMaHTaMU TEPMOIMHAMUYECKUX XapaKTEPUCTUK U
OCHOBHBIMHU CBOMCTBaMM OHMOI€OlLIEHO30B, MU3MEPEHHBIMU Ha TpaHcekTe ¢ marom 20 M (54 touku). BSA — cymma mio-
maneit ceueHuit npeBocrosi, LAl — unnexkc nucroBoit moBepxHocTu (leaf area index)

IIpoexTuBHOE
Comxivioers | Cyvxas MOKPBITHE MomiHocTb
Ilepemennas BSA LAI T X MOXOBO- pH | opranorenHoro
IpeBocTosl |uTomacca .
JINIITATHUKOBOTO TOPU30HTA
spyca
Annoeno —0.81 —0.49 -0.72 —0.44 —0.13 —0.48 —0.30
[MomoiieHHast sHepTUS 0.83 0.50 0.72 0.42 0.11 0.49 0.30
DKceprust 0.85 0.51 0.73 0.39 0.08 0.50 0.31
Casi3aHHas1 SHEPIus —0.85 —0.48 —0.67 0.05 0.32 —0.56 —0.18
INpupaineHue BHyTpeHHeir | —0.85 —0.47 —0.76 —0.37 —0.15 —0.51 -0.33
SHEpPruun
Temnepatypa 0.07 0.26 —0.28 —0.32 —0.59 0.25 —0.28
NDVI 0.18 0.50 0.08 0.22 0.20 0.41 0.03
IMpupamenue nadopmarmum | 0.81 0.63 0.53 0.06 —0.20 0.59 0.16
DHTpOMNUs -0.79 —-0.29 —0.78 —0.09 0.07 —0.51 —0.28
q-UHIEKC —0.85 —0.61 —0.64 —0.11 0.11 —0.58 —0.21
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cJieJOBAaHHBIX HAMU paHee PETMOHOB; 3) YPOBEHb Jie-
TepMUHALMU peibeOM TEPMOIMHAMNYECKUX TTapa-
MeTpoB cocraBisgeT 30—40% u OCHOBHOI BKJaf
peabed BHOCUT Ha ME€30YPOBHE; 4) B JIETHUI IEPUOL,
MPOAYKTUBHOCTh YBEJIMYMBACTCSI C POCTOM MHIEKCa
JIMCTOBOI ITOBEPXHOCTHU, a B IICPEXOAHBIC ITEPUOIBI —
C POCTOM CYMMBI TUTIOIIAACH CEUeHU IPEeBOCTOS.

SAKJIIIOYEHHWE

HecMmoTpss Ha oOIIyI0 BOCIIPOU3BOIAMMOCTh IO
CPaBHCHUIO C HAIIMMHU MNPEIbIIYIIUMUA HCCICO0BA-
HUSIMM, IPUMEHEHNE METONMKHU pacyeTra TEPMOO-
HAMUYECKUX XapaKTEPUCTUK IJIsI PE3KO KOHTHUHEH-
TaAJIBHOTO KJIMMATa IIPOIEMOHCTPUPOBAJIO CIEHU(DUKY
paboTBl TOPHBIX OMoreolieHo30B IIpuxyoCyTyirbs.
ITo-BuauMoMy, OHU OOYCJIOBJICHBI TpeMs (paKTopa-
MU: IIOTOOHBLIMHU YCIOBUSIMU, oporpadueit u cod-
CTBEHHO KiamMaToM. IlociaegHuii mo3BOIMI HaKO-
MUTh IJIMHHBIN psia 6e300auHbix clieH Landsat 4.5 u
7 3a mepuon ¢ 1986 mo 2011 rox (62 clieHBI), UTO AAET
HaM BO3MOXHOCTbH B JaJIbHEMIIIEM HE TOJIBKO ITOIIbI-
TaTbCSI OLIEHUTh JOJTOBPEMEHHYIO JMHAMUKY Iepe-
MEHHEIX, HO ¥ IONBITaThCSI HA OCHOBE JaHHBIX OJI1-
Xaiilieit MeTeocTaHLIMU MOAPOOHO MCCIeI0BaTh 3a-
BUCHMOCTh TEPMOAMHAMMWYECKHUX II€PEMEHHBIX OT
noroabl. MHpoOpMamusi ¢ TepMOJIOITEPOB MOMOXKET
HaM OLIEHUTb, HACKOJIBKO NAaHHBIE METEOCTAHIIMU,
pacIioJIOXKEHHOI B KOTJIOBMHE, COOTHOCSTCSI C Ba-
pbUPOBAHMEM TEeMIIepaTyphl II0 CKJIOHY. s paB-
HUHHBIX IOXHO-TAa€XHBIX JaHAIA(TOB ITOKa3aHO
(ITyzaueHko u np., 2019), yTo U3MepeHUst TeMIepa-
TYpPBl CO CIIyTHHMKA XOPOIIO KOPPECIIOHIUPYIOT C
JTaHHBIMU 110 METEOCTaHIIUN.

ITocKkonmbKy B KOHEYHOM MTOTE “OIpeleeHHOE
coYyeTaHUEe TEPMOIVMHAMUYECKUX MEPEMEHHBIX CBsI3a-
HO CO CTPYKTYPOM T'€OCHCTEM, OIPENECISIEMON CBOM-
CTBaMU PACTUTEJIbHOCTH, TIOYB U TUAPOTEPMUYECKAM
pexumoM” (BanteeBa u ap., 2017, ctp. 115). ITpume-
HeHue UHGOPMAIIMOHHO-TEPMOAMHAMUYECKOTO IO~
X0oJla IJIST OLIEHKM pabOThl OMOTeOleHOTUYECKOTO T10-
KpOBa Kak CJIOXKHOI CaMOOPTraHU3YIOILECs CUCTEMBI B
PA3IMYHBIX JIaHAIADTHO-KIMMATUYECKUX YCJIOBUSIX
MO3BOJIMT HaM B €IMHOI CUCTEME OLIEHUTh OCOOEHHO-
CTU UX (PYHKIIMOHMPOBaHUS. B 3TOil CBSI3M UMEHHO
uccaegoBaHue JaHamad@ToB MOHIoanu Kak 10cTa-
TOYHO pernpe3eHTaTUBHOro peruoHa mis LleHTpaib-
HOU A3uU TIpelCcTaBisieTcsl HaM BecbMa MH@oOpMa-
TUBHBIM KaK C METOAWYECKO, TaK U C TIPAKTUUYECKOM
TOUKU 3PEHUS.
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Thermodynamical Parametrs of Khubsugul Mountain Forests
(Khordol-Sardag, Mongolia)
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Presented results of using a thermodynamic approach to study the functioning of mountain forest biogeo-
cenoses based on Landsat 8 OLI TIRS multispectral scanner survey for the landscapes of the northwestern
Khubsugul region. Using the example of a section of the ridge. Khordol-Sardag considers the spatiotemporal
variation of thermodynamic characteristics calculated within the framework of the nonequilibrium Tsallis
thermodynamics model. The order parameters of the thermodynamic system (invariant states) are identified
based on the principal component method. For each invariant, we assessed the contribution of relief and the
leading morphometric characteristics that determine its spatial variation identified. The vertical temperature
gradient in different seasons estimated. Shown that in conditions of a sharply continental climate, the ther-
modynamic system of mountain forests has three functional subsystems responsible for evaporation, thermal
field and productivity. Shown that an increase in the mass of woody vegetation increases energy absorption
and evapotranspiration, but reduces the disequilibrium of solar energy conversion.

Keywords: absorbed solar energy, exergy, information increment, relief, vertical temperature gradient, q-index
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