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T'opbl FOxHOIT Cubupu 061a1a10T OTPOMHBIM JIECOPECYPCHBIM MTOTEHLIMAIOM. 3a rnocienHue 20 JIeT MmosiB-
JISIETCST BCe OOJIbIIe TEPPUTOPUIT HAPYIIIEHHBIX JIECOB, ITOCTPAAABIINX OT MTOXapOB, PYOOK M, KaK CUUTAIOT
MHOTHE UCCJIeNoBaTe/Iu, TeKyIllei apuan3aluy Kiumara. B crtaTtbe maercs olleHKa BIWSIHUAS U3MEHEHMIA
KJIMMarta Ha TOTeHILIMaJIbHOe TepepaciipeaeieHue JIECHBIX BBICOTHO-TTOSICHBIX KOMILIEKCOB PACTUTEbHO-
ctu (BITK) B ropax FOxHoit Cubupu u npuieratoiieiit CeBepHoit Monrosnu (B okHe 48°—58° c.ur. 1 80°—
120° B.1.). Haiu pacueTsl KITMMaTUYECKKX ITOKa3aTesei it cepearHbl XXI B. ObLIM OCHOBaHbI Ha PE3YJib-
TaTax MoJeu obuieil HUpKyasiiu atMocdepbl 1 okeaHa (MOILIAO) MHcTuTyTa BBIYUCIUTEIBHON MaTe-
matukn PAH (INM-CM5-0) u cueHapueB MeXnpaBUTEIbCTBEHHOM T'PYIIIBI 3KCIIEPTOB 110 U3MCHEHUIO
kaumara (IPCC, 2022): ymepeHHOTro cliieHapus ssp126 u xkecTkoro ssp585. IIporHo3Hble OLeHKU U3MEHe-
HUS KIMMaTUYeCKUX nokasareseit K 2050 r. cocTaBUIIN: UIOIBCKOM TeMIlepaTyphl oT 2 1o 5°C, sHBapCcKoii
temriepaTypbl oT 1 10 4°C u rogoBbIX ocaakoB oT 50 10 125 MM B 3aBUCHMOCTHU OT CLICHAPUSI U PETrMOHa B
ropax lOx#oit Cubupu n CeBepHoii MoHrommu. B cooTBeTCTBUM ¢ TAKMMU U3MEHEHUSIMU KJIMMAaTa Io-
TeHIMaJIbHbIe apealibl ocHOBHEIX BITK MoryT npeTteprneTh ciaenyiomyo TpaHchopMalnio. CylecTBEHHO
YMEHBIIATCS TUTOIIAaU TYHAP, CyOaIBITMIICKOTO W TIOATOJIBIIOBOTO PEIKoIechs. PaciipocTpaHeHe TOpHO-Ta-
€XXHBIX CBETJIOXBOMHBIX 1 TEMHOXBOMHBIX JIECOB YMEHBIIIUTCS B 1.7 pa3a 1o ymepeHHOMY clieHapuio 1 2.3 pa3a
10 XKeCTKOMY cuieHapuio. OmHako TeMHoxBokHbIe BITK coxpaHsT 00IIyI0 TUI0manb, IOTHUMASICh B Cy0-
anbnuiickuii BITK. [ToTeHLIManbHOE JIeCHOE ITPOCTPAHCTBO (BKJIIOYAs 9KOTOHbI JIECOTYHIPBI M JIECOCTEIHN )
U3MEHUTCS B HE3HAYNUTEILHOM CTETNIEHN: He MI3MEHMTCS TIPU MSIITKOM CLIEeHApUU U cokpaTutTces Ha 10% nipu
JKECTKOM clieHapuM. BaBoe Bo3pacTeT MOoTeHIIMAIBLHOE IPOCTPAHCTBO JIECOCTENHU, B KOTOPYIO TpaHChOp-
MMPYIOTCSI TOPHO-TaeXXHbIe CBETJIOXBOMHEBIE Jieca Ha CBOEM HIDKHEM rpaHulle. bosble Tpetn gecoctenu
OyIeT COOTBETCTBOBATH YCJIOBUSIM PACIIPOCTPAHEHUS IIMPOKOJIMCTBEHHO JIECOCTEIH ; TAKXKE IMPOU30MIeT
pacIIMpeHue CTEITHOTO W MOJIyTYCTHIHHOTO TOSICOB.

Karoueswie croea: n3aMeHeHUe KJMMaTa, KimMatudeckas moaenb INM-CMS5-0, ymMepeHHBIl clieHapuit
ssp126, skeCcTKUIA clieHapuii SSpS585, OMOKIMMATUYECKHE MOIEIU, BBICOTHO-TIOSICHbIE KOMITJIEKCHI PACcTH-
TEJIbHOCTU, TEMHO- Y CBETJIOXBOMHAs Taira
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BBEAEHWE

IIpobaema 110GATBPHOTO U3MEHEHUS KIUMaTa U
€ro ITOCJIENCTBUI IS pa3jIMYHBIX PETMOHOB 3eMJIU
COXpaHsSIeT aKTyaJIbHOCThb yXKe IIoJIBeKa. MexXmyHa-
pOIHasI rpymiia 3KCIEePTOB IT0 U3BMEHEHUSIM KJIMMaTa
(MI'DUK, IPCC) peryasapHO KaxKable MsITh JIET Bbl-
MycKaeT aHAJIUTUYEeCKUe NOKIaabl, HaunHas ¢ 1990 r.:

! JlonoiHUTEIbHbIE MaTepUalIbl IJIST 3TOW CTaTbU JOCTYITHBI O
doi  10.31857/S2587556623070129 w1  aBTOPM30BaHHBIX
MOJIb30BaTeNeH.

First Assessment Report (AR1) of the IPCC (1990);
SAR (1995): 1S92 scenarios; TAR (2001): SRES sce-
narios; AR4 (2007): SRES scenarios; AR5 (2013); mo-
caeaHuil u3 Kotopblx AR6 BhIllen B aBrycre 2021 T.
(www.ipcc-data.org). B Mmupe HabogaeTcs mosiBie-
HYE HOBBIX KIIMMAaTUYECKUX LIEHTPOB, HOBBIX MOJIE-
JIeil oOImeil HUPKYIIInu atMochepbl M OKeaHa
(MOLAO) 1 HOBBIX ClIEeHapUeB COIIUATbHO-3KOHO-
MUYECKOTo pa3BuTus odiiecta. [Ipu aTomM mist on-
HUX PETMOHOB 3eMJIM TTPOTHO3UPYETCS YBEJIMICHHE
KaTacTpodUIeCKIX TPUPOTHBIX SIBJICHUI, TIOBBIIIIE-
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HHUE YPOBHSI MHPOBOTO OKeaHa, OITyCTHIHWMBAHUE C
MOCJIEAYIOIIMMYA  KIMMAaTUYECKUMU  MUTPALUSIMU
HaCeJICHUSI, XOTSI IPYTUe PerMOHBI MOTYT MOJIYYUTh
kmMatndeckue 6oHycel (MI'OUK, 2021).

Topbl SABISIOTCS XOPOIIMM IIOJMTOHOM IJISI MC-
cJIelIOBaHUS BIUSIHUS TEKYIIUX U IIPOTHO3UPYEMBIX
KJIMMaTUYEeCKUX M3MEHEHUiIl Ha CTPYKTYpPy pacTu-
TEJILHOTO MOKPOBa, MOCKOJBKY M3MEHEHMS IIPOMC-
XOIISIT HA KOPOTKUX PACCTOSIHUSIX B COTHU METPOB B
CpaBHEHUM C COTHSIMU KMJIOMETPOB Ha paBHMHaX. B
asmarckoii yactu Poccuu, B Cubupu, TakuM vuaeaab-
HBIM TTOJIMTOHOM SIBJISTIOTCS Tophl FOxHo#t Cubupnu
(I'so3neuxuii, Muxaitnos, 1987; Muxaiiios, 1961).
Mx 6a30BbIii SHEPTeTUYECKNL YPOBEHb HAXOIUTCS B
cyOapmaoHOM 30HE CTETei, a 3aIlagHblii aTIaHTHUJe-
CKUi1 TIEpEeHOC U IOCTAaTOYHO BHEICOKME aOCOJIIOTHEIC
BBICOTHI JAIOT BO3MOXHOCTb peaju3alnyd CaMoOTO
IIIMPOKOIO CHEKTPa BHICOTHBIX ITOSICOB PACTUTEIbHO-
CTH — OT MOJIYITYyCTBhIHb U CTeIIeil MEXXTOPHBIX KOTJIO-
BUH 0 TYHAPOBO-AJILIINIICKOTO U HUBAJIBHOTO Yepe3
OoJrbIIOe pa3HOOOpa3re BO3MOXHBIX TUIIOB JIECHOM
pactutenbHOCTU (Tumsl ..., 1980). B Cubupu Bausi-
HUE ATJIAHTUKU CHIDKAETCS IO Mepe MPOIBIKEHHUS C
3aranaa Ha BOCTOK, YTO CIIOCOOCTBYET apuaU3aluu 1
obegHeHHI0 Habopa BBICOTHO-IIOSICHBIX CIIEKTPOB
pPacTUTEIILHOCTH.

HMmMenHo Ha tore CuOMpM HaxomsITCS ABa KpyIi-
HBbIX, HaAXOISIIUXCS TMOJ OXPaHOW MUPOBOTO COOO-
1IIeCTBa, TPAHCTPAHWYHbBIX peruoHa — “Anrtaii—30-
JIOThIe TOpbl” 1 baiikallbCK1it pernoH, BKIIIOUAIOIINIA
00wekT Becemupnoro Hacnenus — “O3zepo baitkan”.

T'oper FOxHo#1 Cubupu 061agaroT OrpOMHEBIM Jie-
COpeCcypCHbIM MoOTeHUMaaoM. Ho Ha MHTEpakTuB-
Hoit kapte (https://www.globalforestwatch.org/
map/country/RUS/) 3a nocneqxue 20 et mosisisieTcs
Bce Ooblle “KpacHBIX” TEPPUTOPUUN HapyIIEHHBIX
JIecoB, MOABEPXKEHHBIX MoxapaM U pyokam (AHTa-
MOIIKWHA U 1p., 2016). B mocienHue mecatuneTust B
YHUKAJIBHBIX TEMHOXBOMHBIX Jiecax rop FOxHoit Crou-
P IPOSIBUJICA €111€ OAWH HEraTMBHbBIN (heHOMEH — Mac-
coBoe yceixanme (baxuna u gp., 2013; Caitrud u gp.,
2019; Yebakona u ap., 2022; Tchebakova et al., 2022).
OH mopoaui JaBUHy MyOJUKallvii, B OOJbIIMHCTBE
CBOEM OOBSICHSIOLIMX MPUYNHY YChIXaHUSI JIECOB aK-
TyaJbHbIMU U3MEHEHUSIMU KJIMMaTa U apuau3anuei
YCJI0BUIi MPOU3paCTaHUsI TOPHBIX JiecoB (BopoHUH u
np., 2019; Kharuk et al., 2017). O630p nuTepaTypbl
(YebakoBa u np., 2022) NoKa3bIBaET, UTO B YChIXaHUU
TEMHOXBOWHBIX JIECOB, BO3MOXHO, pealu3yercs
CUHAHepreTuueckuit a(pheKT HeCKOIbLKUX ONHOBpPE-
MEHHO JeHCTBYIOIINX A0MOTUYECKUX U OMOTUYECKUX
¢dakTOpOB.

ITo Mepe mosiBIEHUST MOZIEJIEN U CLIeHap1EeB U3Me-
HEeHMs KJIMMaTra B Hay4HOM COOOIIECTBE MOSIBUIOCH
MHOXECTBO ITyOJIMKAIIMi, IIPOTHO3UPYIOIINX U3Me-
HEHUs apeajioB OTAEJIbHBIX BUAOB PACTECHUN U XKU-
BOTHBIX (BrmaceHko v ap., 2021; MUcaes u ap., 2019; Can-
nmaHoB 1 ap., 2020; Huang et al., 2022; Petrenko et al.,
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2022; n T.1.). CaeoyeT OTMETUTD, 9YTO 3TOMY CIIOCO0-
CTBOBAJIO KaK pa3BUTHUE MHCTPYMEHTOB MOJISJIMPOBa-
Hust (BIOCLIM, MaxEnt, Random Forest u T.11.),
TaK 1 HOSIBJICHUE JIETKOIOCTYITHBIX IJTOOAIbHBIX 0a3
KJIMMaTUYeCKUX JaHHBIX JIJIsI HACTOSIIEro, MPOoIIIo-
ro u oynymero (WorldClim). OnHako B poccUiACKOit
JIECOTUIIOIOrO-TeorpacnueCcKoM Tpaguliuy IPUHSTO
OlIEeHMBaTh MECTOOOUTAHUSI HE TOJILKO IJIsI OTIE/b-
HBIX BUIOB, HO 1 JIJISI CJIOXKHBIX KOMITJIEKCHBIX PacTH-
TeJIbHBIX coobiecTs (ITomukapnos u np., 1986; Tu-
bl ..., 1980) — 3oHanbHO-TIpoBUHIMAIBHBIX (311K)
U BBICOTHO-TI0SICHBIX KoMIuieKcoB (BITK). [ToaTomy
LICHTPaJIbHBIMU OOBEeKTaMU Hallleil paOboTHI IJIs TOp
IOxnoit Cubupu u CeBepHoii MOHTOJIUM SIBISIIOTCSI
BIIK pacTtutenbHOCTH.

B crathe mpencraBieHbl MPOTHO3HBIE PacyeThl
U3MEHEHU# pacTUTeIbHOTO MokKpoBa rop HOxHoit
Cubupu u CeBepHoit Monrommn K cepenune XXI B.
10 MOJEJIN OOLIEeH MPKYISIILIN aTMOocdephl 1 oKea-
Ha (MOIIAO) MHcTuTyTa BBIUMCIUTENLHON MaTe-
matuku PAH (INM-CMS5-0) u oByM cleHapuUsM
MexXnpaBUTENBCTBEHHOM TPYMITBI 3KCIIEPTOB T10 13-
MmeHeHuto kiaumara (IPCC): ymepeHHOro cueHapust
ssp126 u 3xecTKOTO sSp585 ¢ 1Hebo:

— OIIPEeAEeINTh AUAIIa30H IIPOrHO3UPYEMBIX 3Me-
HEHUI KJnMaTa IJ1sI Hallleil TeppUTOPUU B COOTBET-
ctBur ¢ MOILIAO oTedecTBEHHOTO KJIMMaTUYSCKOTO
LICHTpa 1 KPailHUMU CLIEHAPUSIMU COLIMAJIbHO-3KO-
HOMMYECKOTO pa3BUTHUS OOIIECTBA;

— CIHPOTHO3MPOBaTh NMOTCHUMWAJIbHbBIC M3MCHCHUA
ap€ajiIoB BbICOTHO-ITOACHBLIX KOMILUIEKCOB pPaCTUTC/Ib-
HOCTH, UCIIOJIb3yA Hallln OMOKJIMMATUYECKIE MOIEIN.

METOAbI 1 JAHHBIE

Teoepaghuueckoe noroncenue. Hauim pacyeTsl U BU-
3yalu3anuy OBITA MPOBEIEHBI 1T OKHA C KOOPIU-
Hatamu 48°—58° c.ur. u 80°—120° B.4. (puc. 1). Ce-
BEPHYIO YaCTb OKHa 3aHUMaeT (pu3uko-reorpaduye-
ckas ctpaHa ropbel FOxnoit Cubupu (I'Bo3menkmii,
Muxaiinos, 1987; Muxaiinos, 1961). EctrecTBeHHBIM
npoaokeHuem rop FOxnoit Cubupu sBisieTcst hu-
3uKo-reorpaduueckast crpana CeBepHass MoHTro-
JIMs1, BKiToyaroniass MoHTonbckuit Anraii, XaHrai u
X9HT3ii, KOTOpasi UMEeT MHOTO OOIIEero ¢ ropamu
FOxHoit Cubupu (BimacoBa u ap., 2007). CeBepHble 1
3aIragHble MAKPOCKIIOHBI €€ TOPHBIX CUCTEM ITOKPHI-
ThI JIECOM, XOPOILIO BhIpaxkeHa BbICOTHASI TIOSICHOCTD,
JIeCHBIe JTaHAIIadTHI TTPEACTaBIeHBI TEMH Ke CaMbl-
MM XBOMHBIMM JIECOOOPA3YIOIIMMHU TTOPOJAMHU U CO-
OTBETCTBYIOT BBICOTHO-TIOSICHBIM CIIEKTpaM yMepeH-
HO M HEIOCTaTOYHO BIIAXHBIX (ammii rop FOxHOM
Cubupu (Jleca ..., 1978).

O06e ropHbIe CTpaHbI PACIIOI0XKEHBI HA MUPOBOM
BOJOpasenae MEXIy pekamu OacceitHoB CeBepHO-
JIeOBUTOTO 1 THUXOT0 OKeaHOB U 0€CCTOYHBIMU KOT-
noBuHamu lleHTpanbHOl A3um. WX cyOmIMpoTHas
MPOTSKEHHOCTh 0osiee 3 ThIC. KM, XapaKTepu3yeTcs
Ne 7
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Puc. 1. Pacnonoxenue rop HOxnoit Cubupu u CeBepHoit MoHronmuu (okHO 48°—58° c.ur. u 80°—120° B.4.) Ha KapTocxeme
asuarckoit yactu Poccum (cneBa) m ux Tomorpacdus (cmpaBa). Kpyxkkamu oGo3HayeHbl 280 MeTeOCTaHIMIT M TTOCTOB,
JTaHHBIE KOTOPBIX UCIOJIb30BaHbI B pacyeTax. [pamaiust Beicot (M): 1 — <500; 2 — 500—1000; 3 — 1000—1500; 4 — 1500—2000;

5 —2000—2500; 6 — 2500—3000; 7— 3000—3500; & — >3500.

CJIOXKHOI oporpadueit — abCoMIOTHbIE BBICOTHI J10-
cruraior 6osee 4 kM (TabbiH-Bormo-Yima — 4653 M
Hag yp. M.; beayxa — 4506 M Haxg yp. M.).

Kaumam. CioxHast oporpadus co3gaet 00abIIoe
pa3sHooOpas3ne KiImMmaThudeckKux yciaoBmii. Kimmar
rop IOxHoit Cubupu n CeBepHoit MoHToIMM onpe-
JelisieTcsl KaK KOHTUHEHTaJbHBIM YMEPEHHO-X0JIO -
HBIII 1 OOYCJIOBJIEH IIOJIOXCHUEM TOp B IMMPOTHOM
noJjioce 48°—58° c.ui. rora Cpenneit Cubupu B LieH-
Tpe Matepuka. B TopHBIX KOTJIOBUHAX U C IIPOIBIKE -
HHEM Ha BOCTOK CTeTNIleHb KOHTUHEHTAJbHOCTU pac-
TeT U KJIMMaT OLIEHMBAeTCs KaK pe3KO KOHTUHEH-
TaJIbHBIN: TOOOBAsI aMIUIMTYyIa TEMIIEpaTyp BO3ayXa
Jocturaet B KoTioBuHax Tysbl 1 3abaiikaibg 60°C, a
KO23(pPULIMEHT KOHTUMHEHTaJibHOCTH 1o KoHpanmy
6onee 100 u 90 cooTBeTCTBEHHO. B ropax oH yMmeHb-
IIaeTCd C BBICOTON: HAMMEHbIINI, paBHbIA 60, Ha-
OJromaeTcs Ha 3amnajne pernoHa B Ky3HenikoM Asaray,
70 — B Boctounom u 3annanHoM CasiHax, 10 80 Ha Bo-
CcTOKe perroHa — B 3abaiikanbe (Jeca ..., 1978; I1o-
JMKapIioB 1 ap., 1986). Camble HU3KHE STHBapCKUE
TeMIIepaTyphl TAKXKe OTMEUYAlOTCsS B KOTJIOBMHAX IO
—38°C B TyBMHCKOI U YOCYHYpPCKOil KOTJIOBMHAX, B
KoTi0oBUHe bosbiimx O3ep; camble BBICOKME — 0
—10°C B paiione Teneuxoro osepa (ct. fitmo). Ca-
MBbIe BBEICOKME MIONIbCKUE TeMnepaTyphl 1o 25°C pe-
TUCTPUPYIOTCI B cTerrstX Mouronuu u TyBwI, cambie
HU3KME — B BBICOKOropHoi TyHApe oT 3°C. B eTHee
BpeMsI MPOUCXOAUT YCUJIEHUE LIMKJIOHUYECKOM /esi-
TebHOCTH. Hamboblllee KOMMYECTBO OCAIKOB BBI-
rnajgaeT Ha HaBETPEHHBIX CEBEPO-3aIlaHbIX CKJIOHAX:
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no 1500 mMm/ron B cyOalIbIIMCKUX BBICOKOTOPBSIX
Aunras, Ky3neukoro Anaray, 3armagHoro CasiHa 1 Xa-
map-Jlabana. B ¢cBs131 ¢ 3TMM reoboraHnk MHCTH-
tyTa jeca CO PAH mis skocucTeM TaKMX MECTOOOM -
TaHUI TIPUHSUIM TEPMUH “OapbepHO-I0XKAEBbIE Jeca”
(Nazimova et al., 2014). Ha momBeTpeHHBIX IOXKHBIX
CKJIOHaX U B 3aMKHYTBIX KOTJIOBMHAX BHIIaJaeT Hau-
MEHBbIIIee Kom4ecTBO ocankoB: ot 80 mo 200 mM/Toxn,
YTO MPU HEAOCTaTKe BJIarv IUISI CYIIIECTBOBAHUS JIECOB
00YCJIOBJIMBAET SKCIO3UIIMOHHYIO aCUMMETPUIO JIAH/I -
madToB. Ha monBeTpeHHBIX CKJIOHAX I03KHBIX, I0T0-3a-
MagHBIX U I0TO-BOCTOYHBIX 3KCIO3UIIMIA HYDKHSISI Tpa-
HUIIa Jieca TTogHMMaeTcst 10 otMeTok 1200 M, a mHorIa
1600 M, BepxHss rpanuia gocturaet 2200 m (ITonu-
KapIrioB ¥ Ap., 1986). AHaTOTMYHO pacIipeneisieTcs
KOJIMYECTBO 3UMHMX OCAJKOB B BUJE CHEXHOIO IO~
KpPOBa: OT 5 CM B KOTJIOBUHAX IMOIBETPEHHBIX FOXKHBIX
cki10HOB 10 200 cM B HaBETPEHHBIX BEICOKOTOPBSIX.

Oco06rle ycnoBus cKiaaabpiBaroTcs B [Ipubaiikanbe,
KOTOpbIe (hOPMUPYIOTCS MO BAUSTHUEM MacChl BOI
03. baiikan, okasbIBalolleil OTEIUISIONIEe BIUSHUE
3MUMOM M OXJIaXIAollee JIETOM, YTO CIOCOOCTBYET
YIUIMHEHUIO 6e3Mopo3Horo repuona. B 3abaiikanabe
BIVSIHUE o03epa ocjabeBaeT, OoTMeUaeTcss HaubOJb-
11as1 TTOBTOPSIEMOCTb aHTULIMKIJIOHOB, KJIMMAT CTaHO-
BUTCSl 00Jiee KOHTUHECHTAJIbHBIM, YMEHBIIIACTCSI KO-
JmuecTBO ocaakoB (MstakoBa, 1983).

Kaumamuueckue carou 6a30BOT0 KJIMMaTa ObLIN CO-
30aHbl C MMOMOIIbIO Moayiaei splina u lapgrd mpo-
rpamMbl ANUSPLIN nytem crniaifHOBOU MHTEpPIIO-
Jqaumu (Hutchinson, 1995, 2011) naHHBIX METEOCTaH-

Ne 7 2023
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Kmumat 2050 (MOLIAO INM-CM5-0)
BazoBsrii kitumat (1961—1990)
Cuenapuii ssp126 | Cuenapuii ssp585
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Puc. 2. TemmepaTyphl ssHBapsi, MIOJsl, TOAOBOE KOJMUYECTBO OCAAKOB M MX aHOMaiuu K 2050-M romam, pacCuMTaHHBIE 110

MOLIAO INM-CMS5-0 (http://www.ipcc-data.org).

mmit. B mepBeix O0006meHHbIX gokmagax MI'DOUK
(IPCC, 2007; www.ipcc-data.org), 3a 6a30BbIiA OBLT
npuHAT nepuon 1961—1990 rr. CienyeT OTMETHTD,
gyro Ha caiitte BHUMMTU-MIII (www.meteo.ru),
colepxKallleM JaHHbIC 110 CTAaHLMSIM, BXOISIIVUM B
cuctemy BMO (BcemupHast MeTeopoiornyeckasi op-
raHu3aiys), AJIsl Hallero OKHa HaCYUThIBACTCS TOJb-
Ko 89 ctaHIuit, B TO BpeMsl Kak B CripaBOYHUKAaX MO
kaumaty CCCP (1964—1974 rr.) moxHo Haiitu: 180
TSI SHBAPCKOM M MIOBbCKOM Temmepatyphl 1 280 mrst
TOOOBBIX OocankoB. KonmnuecTBO cTaHLMIA IJIs TTOJIY-
YeHMs KAYEeCTBEHHOM CIUIaifHOBOW WHTEPIOJISLIMHA
KJIIMMAaTU4YeCKMX IToKa3aTejeil B CIOKHOM TOPHOM
penbedpe MMeeT pelnaioniee 3HadeHuwe. s Bcex
cranuuit BMO, BXonsimux B Hallle OKHO, CpaBHEHME
JUIST CPEIHUX MHOTOJIETHUX HaHHBIX 13 CIpaBOYHM-
KOB U 3a 0a30BbIil TEPUOA C MOMOIIBIO ~-KPUTEPUSI
CThlofeHTa TTOKA3aJI0, YTO MX TTOKA3aHUS Pa3INYaloTCsl
He3HauuMmo (cM. Jlor. matepuan 1). B cBs3u ¢ atum,
CIJIAHBI IS YCJIOBHO 6a30BOTo KJIMMaTa OBLIN TTOJTy-
YeHbI, UCOJIB3Ysl JaHHbIe CIIPaBOYHUKOB (puc. 2).

MN3BECTHUA PAH. CEPUS TEOTPAOUYECKAA

Kakx wu3BecTHO, MeTeOCTAaHIIMM PaCIIOJIaTaloTCs
MpEeNuMYIIeCTBEHHO B HU3KOTOPhSX; B HallleM HaGope
JaHHBIX 46 CTAHIIVI PACIIONIOKEHO B CPEIHETOPHIX
(1000 M 1 Gosiee) 1 TOJBKO 3 CTAHIIUIA — B BBICOKOTO-
pbsix (Ha BbicoTe Oojiee 2000 M). 3ameTuM, yTo U3 89
cranumit BMO, mommagarommx B Hallle OKHO, TOJBKO
40 craHIMiT pacmoJIoOXeHB Ha BhIcOoTe Bhilie 500 M
Ham yp. M. 1 Tojibko 9 Beie 1000 M Ham yp. M.

ITo nanHabIM CripaBOYHUKOB HAXOIWJIN PErPeCcCH-
OHHBbIE 3aBUCUMOCTU ISl pacyeTa KIMMaTUYEeCKUX
WHIEKCOB, 3HAYMMBIX IS OMOKJIMMAaTUYeCKOTO MO-
JIeJIMPOBAHMST PACTUTEILHOCTU: CYMMBbI TpagyCco-THEHM
3a repuon ¢ Temrneparypami Boiie 5°C (GDDs) grow-
ing degree-days > 5°C), kotopslif oTimmyaercs ot .75,
CYMM TeMIIepaTyp, HAKOIJICHHBIX 3a MEepUOI C TEMIIE-
parypamu Bblle 5°C, mpuBeneHHbBIX B CIIpaBOYHUKAX,
Ha TipousBeneHue: (5°C X L), rae L npoaoJKUTEIb-
HoCTb Tiepuona c ¢ > 5°C; u DD, (degree-days < 0°C).
IMokazarenu Y, 75, L u DD, u3 CnpaBo4YHUKOB, pac-
CUYMTAHHBIC TI0 eAUHON METOIUKE, UCTIOIb30BaINUCh
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IUIST  HaXOXIEHWS PErpecCUOHHBIX 3aBUCUMOCTEN
Mexay GDDs v cpenHuMU TemMniepatypamu siHBaps U
mions (R? = 0.92) u DD, u cpenHeil Temneparypoii
sHBaps (R?> = 0.87). [1o 3TuM perpeccusM 3aTeM pac-
cuuThiBasiuch nporHo3Heie GDDs u DD, ans pas-
JIMYHBIX cueHapueB 1yt 2050-X TogoB, OISl KOTOPBIX
CpelHVe MeCsUHble TeMIlepaTyphbl SIBJSIIOTCS apry-
MmeHTamu (cMm. Jon. maTepuai 1).

Caou 6ydyweeo kaumama K 2050-M romaM ObUIA
nocTpoeHbI Mo JaHHBIM MOIIAO INM-CM5-0 Un-
CTUTYTa BbluMcIuTeNIbHOI MaTeMaTuku PAH (Boso-
muH, 2022), equHCcTBeHHOM poccuiickoiit MOLIAO,
Boueamein B 6a3y manHeix [IPCC (CMIP6, 2021).
Hamu 6buty B34THI ABa KpallHUX clieHapus: sspl26
(MSATKMI1, TIpeariogaralpolinii mepexon Ha 3eJICHYIO
DHEPIreTUKy) 1 SSpS585 (KECTKMIA, MpearnoIararoniui
HCITOJIb30BaHME MCKOIMAaeMOro TOIInuBa). AHOMaIUK
KJIMMaTUYeCKUX IoKa3aTeJieil ObUIM pacCYUTAHBI KaK
pasHuLa Mexny cpearHuMu 3a nepuon 2040—2060 rr.
(2050-e romwl) u cpenrHUMHM 6a30Boro KimmMara (1961—
1990 rr.) o naHHbIM — INM-CM5-0 u uHTEpIOIU-
poBaHBI B iporpamMe TerrSet mist MUKCeNst C pa3Me-
poM 0.1° (okoso 10 kM) (cMm. puc. 2). TemnepaTypbl
UIOJISI U STHBApsl U TOAOBOTO KOJIMYECTBA OCAIKOB K
2050-M rogaM OBLIM pacCUMTaHBI IIyTEM CIIOXKCHUS
aHOMaJIMi1 TToKa3arejeil ¢ 6a30BbIMM ITOKa3aTeIsIMU
3a 1961—1990 rr. ITogpobOHee pacueT aHOMAaIUii OYy-
IyIIero KjiimMarTa onucad B Jlomn. matepuaie 2.

3aTeM KapThl TPEX METEORJIEMEHTOB /111 6a30BOT0
kmMata 1 Kiiumarta 2050-X rogoB nepecuYnThIBAINCH
B KapThl KJIMMAaTUYECKUX UHAEKCOB, KOTOPbIE MBI UC-
MoJb3yeM B Halleil OWOKIMMAaTUYECKOU MOJIEIU:
GDDs u DD,,. Kapra AMI (Annual Moisture Index),
XapaKTepHU3YIOLIEro peXXUM YBJIaXXHEHUS, pACCUUThI-
BaJjlach ITyTeM JeJIeHUs KapThl CYMMBI I'paayco-aHei
3a BereTallMOHHbII eprOoI Ha KapTy TOA0BOTO KOJIH-
YyeCcTBa OCaJKOB.

Pacmumenvrnocmo eop FOxcnoii Cubupu u CesepHroii
Moneoauu. BzaumoneiicTBue 3aIragHoro mepeHoca ¢
oporpadueil peruoHa co3da€T CHUCTEMY YeThIpex
IPYIIN JIECOPACTUTENLHBIX PAOHOB, OTJIMYAIOIINXCS
PEXMMOM YBIAXXHEHUS 1 KOHTUHEHTAIbHOCTU KJIM-
MaTa, KOTOPbIi 00YCIIOBIMBAET PA3IMUYHYIO CTPYKTY-
DY BBICOTHOM TTOSICHOCTU pacTUTeIbHOCTHU. [pymnmam
palioHOB COOTBETCTBYIOT KJIMMAaTWUYeCKUe pauuu
TOPHBIX JIECOB — €AWHUIIBI KJIacCU(UKALIMU JIECHBIX
akocucteM (HasumoBa u np., 1987; Ilonukaprnos u
ap., 1986).

B nepBoif M30BITOYHO-BIAKHOU (halluv JOMUHMU -
PYIOT TEMHOXBOMHbBIC MUXTOBBIE M KEAPOBO-ITMXTO-
BEIE Jieca. Bo BTopoit BraxkHoI — nmpeo0ragaioT Ke -
pOBBIE Jieca U CBETJIOXBOWHBIE JIMCTBEHHUYHBIE U
COCHOBO-JIMCTBEHHUYHEIE JieCa B HM3KOIOPbSIX. A B
TpeThel yMEpEHHO BIAKHOM — ITPe00IagaroT JUCTBEH-
HUYHBIE Jleca B CPEIHETOPbSIX, KEAPOBBIE B BEICOKOTO-
PBSIX; U B YeTBEPTOIM HEJOCTATOYHO BIAXKHOI — IIpeod-
JIAmalT CTEMU, a Jieca BBITECHEHBI B BBICOKOTOPBSI
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(1200—1600 m) mu3-3a cyxoctu kinumara (ITomukap-
0B U 1Ip., 1986).

B 6uokaumamuueckoii modeau 20pHOl pacmumens-
HOCMuU UCTIONIb30BaHbI €AMHULIBI BLICOKOTO (30HAJIBHO-
I0) paHra — BBICOTHO-IIOSICHBIE KOMIUIEKCHI PacTH-
teapHOCTH — Ki1accehl BITK (manee BITK), nuarHocTu-
yeckue (PUTOLICHOTUYECKHE IIPU3HAKU U JeTabHast
knaccudukanmsa BITK rop KOxHoit Cnbupu maHa B pa-
oorax (HasumoBa m ap., 1987; IlonukaprioB u np.,
1986; Tumsl ..., 1980). B Halleil OMOKIMMATUYECKOM
MOJIEJIM BbIAEISIOTCS AecsTh KiaccoB BIIK, Bocemb
U3 KOTOPBIX — B TEKYIlIeM KJIMMare: 1) ropHasi TyHII-
pa, 2) cybaibnuiickoe TeMHOXBOMHOE PEeIKOJIeChe
(Abies sibirica, Pinus sibirica ¢ Picea obovata), 1 Tion-
TOJBILIOBOE CBETIOXBOMHOE penakosiecke (Larix sibiri-
ca), 3) remHoxBoliHas (A. sibirica, P. sibirica c P. obo-
vata), u 4) cBeTI0XBoIHas Taiira (L. sibirica), 5) mom-
taiira (L. sibirica, Pinus sylvestris n Betula pendula) n
JlecocTenb, 6) TEeMHOXBOMHAs YepHeBas Taiira (A. si-
birica, P. sibirica n Populus tremula), 7) crenb, cyxas
CTenb, 8) IMOJYNYCThIHS/MYCThIHS. JJOMOIHUTEIBHO
K atuM BIIK poGaBieHBl OBa Kjlacca YMEPEHHOIO
KJIMMaTa, KOTOphle MPOTHO3UPYIOTCS IIPU MOTEeTIe-
HUU: 9) MKUPOKOJUCTBEHHBIH Jiec, 10) ymepeHHas jie-
COCTEIb.

s mogenupoBaHus pacnpeneneHuii BITIK B te-
KyllleM M OyaylieM KinmMaTe Oblla MCIIOJIb30BaHAa
MoauUuKaIUs OMOKJINMAaTHUUYECKOI MOJeIn
MontBioCliM (Tchebakova et al., 2009), mocTpoeH-
Holi paHee my1s1 Antae-CastHckoro akopernoHa (Ilap-
¢denoBa, Yebakona, 1998; Monserud and Tchebako-
va, 1996) u bBaiikanbckoro 6GacceiitHa (YeGakoBa,
IMTappenosna, 2000).

Mozenr MontBioCliM gaBisieTcss MOIEIBLIO KOH-
BEPTHOTO THIIA, B KOTOpOit rpannnbl Mexny BITK me-
TEPMUHUPYIOTCSI TPEMSI OPTOTOHAJIBHBIMU KJIMMATH -
yeckuMu uHaekcamu: 1) GDDs, xapakTepusyroueit
MoTpedHOCTU pacTeHuii B teruie; 2) DD, xapaktepu-
3yIOIIE XOJIOOOCTOMKOCTh PACTEHMI; U 3) TOMOBBIM
UHAeKcoM yBIaxHeHus: (Annual Moisture Index,
AMI), mpencTaBIsSIOIINM OTHOIIICHUE IPamyCco-aIHEMN
BhilIe 5°C K TOJJOBOMY KOJIMYECTBY OCAJIKOB U XapakK-
TEPU3YIOIINM ITOTPEOHOCTh PACTEHUII BO Bjlare Wid
YCTOMYMBOCTD K BOMTHOMY CTPECCY.

Kimumarudeckne rpanunbsl Mexay BITK Opum
omnpezaeaeHbl MeTogoM opauHanuii. Jisa 160 meTeo-
CTaHLUH, pETUCTPUPYIOLIUX TEMIIEPATyphl, ObLiIa CO-
cTaBjieHa 6a3a JaHHbBIX, coAepKaliiast UX KJiuMaTuye-
CKMe MOKa3aTeJn U pacuyeTHbIe MHAEKChl. DTUM XKe
METEOCTAHLIMSIM 3KCHEPTHBIM MyTEM MPUITHMCHIBATIACHh
npuHamIekHOCTh K onpeneneHHomy BIIK (Tumsr ...,
1980; HazumoBa u np., 1981). 3atem mis kaxkgoro BITK
OIpEeNIEIISUTUCH €T0 TPaHUYHbIE (MUHUMAJTbHbBIE Y MaK-
CUMaJIbHblE) 3HAYeHUsS B KJIMMATUUYECKOM MpO-
CTPAHCTBE YKa3aHHBIX KJIMMAaTUYECKUX WHIEKCOB
GDDs, DDy AMI u ux 5 1 95 npoueHTuin, Kak pe-
KOMEHIyeTCs ISl KOHBEPTHBIX MoJeel Tuma
BIOCLIM (OnonoBa, I'vakoBa, 2017; Booth et al.,

Ne 7 2023



1024

IMAP®EHOBA, YEBAKOBA

GDD; GDD;
2000 ; P 2000
1800F 9 10 1800 -
1600 ) 1600 -
o 8 A
1400 . 1400 - N
1200 1200 F ‘
1000 1000 -
800 L_._ 800 |
, - . )
600 221 e00f Ot L)
n A 3
400 3 400t -
A5 i3
200 £ 71 2001 ¥ 5
* 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 i 1 +| 8

25 35 45 55 65 75 85

Annual Moisture Index

—5000 —4500 —4000 —3500 —3000 —2500 —2000 —I1500 —1000 —500
DD,

Puc. 3. OpauHanysi BBICOTHBIX MOSICOB PACTUTENIBHOCTU B TPOCTPAHCTBE KIIMMATUYECKUX (paKTOpOB: (CeBa) CyMM rpaiyco-
nueii Bbiie 5°C, GDDs, v ronoBoro nHaekca ysinaxseHusi, AMI; u (cnpasa) cymm rpagyco-aHeit Beite 5°C, GDDs, u cymm
oTpuuaTeNbHbIX Temnepatyp GDD, neTepMUHUPYIOMMX UX TpaHULBI B ropax fOxnoit Cnbupu. / — ropHas TyHzapa, 2 — cy6-
JIBITMICKOE Y MTOATOJIBIIOBOE peKoieche, 3 — TEMHOXBOIHAsI Taiira, 4 — CBeTJIOXBOIHasI TOpHasl Taiira, 5 — roxraiira v jieco-
CTelb, 6 — TEMHOXBOIHasl YepHeBasl Taiira, 7— crellb, & — cyXasi CTellb, OJIYYCTbIHS/IyCTbIHS, 9 — IIMPOKOJIMCTBEHHBIH Jiec,
10 — ymepeHHas1 1eCoCTeb.

MOIIAO INM-CM5-0/2050

Bazoserii (1961—1990) kimumar
CueHapuii ssp126 |

Cuenapuii ssp585

BricoTHO-TTOsSICHBIE KOMILIEKCHI PaCTUTCIIbHOCTHN
0o
)

0 Lo
ml | m/
m2 m2 |2
m3 m3 |3
w4 m4 W4
(M) o3 o5
W6 H6 W6
A B/ A B/ =7
'l ms 8
m9 m9 9
0o 010 070

Puc. 4. PacnpeneiieHre BBICOTHO-MOSICHBIX KOMITJIEKCOB pacTUTeNIbHOCTH B ropax IOxkHoit Cubupu: /I — ropHast TyHIpa,
2 — cyOanbpIuiickoe M IIOATOJIbLIOBOE pemKoJieChe, 3 — TEMHOXBOIiHasl TopHasl Taiira, 4 — CBETJIOXBOIiHAsI rOpHas Taiira,
5 — moxraiira v jecocrterb, 6 — TEMHOXBOMHAasI YepHeBas Taiira, 7 — CTellb, & — cyxasi CTellb, ITOJYITyCThIHS/TIYCThIHS, 9 — IIu-

POKOJIMCTBEHHBIH Jiec, 10 — yMepeHHasl JIeCOCTEeb.

2014) Bo u3bexaHue ciiydaliHbIX BBIOPOCOB. 3aTeM B
ocgx (aKTOPOB MO IPAHUYHBIM 3HAYECHUSIM CTPOU-
JIMCh TIPSIMOYTOJIbHBIE “KOHBEPTHI” KIMMATUYSCKUX
aui BITK (puc. 3).

Jasee 1Mo IMOCTPOESHHBIM CJIOSIM OCHOBHBIX METEO -
BJIEMEHTOB (CM. pHC. 2, JIEBBI CTOI0E) PACCUNTHI-
BaJIMCh CJION KIIMMATUYSCKUX MHAEKCOB B COBPEMEH-
HOM kianmate. CONpsKeHUEM CI0EB KIMMaTUYECKUX
nHaekcoB ¢ rpanunamu BITK (cm. puc. 3), 65110 110-
JydyeHo coBpeMeHHoe pacnpeneyieHue BITK B ropax
FOxHoit Cubupu (puc. 4). 1J1st OTACIBHBIX PETHOHOB
Takye MOIEIbHbIE KapThl ObLIM CpaBHEHBI HAMU C
akTyaJbHbIMU KapTamMu BITK ropHoii pactuteabHo-
ctu (cm. Hom. maTepuan 3).

AHaIOTMYHBIM METOIOM COMPSTKEHUS
MontBioCliM co cnosiMu KiInMaTU4eCKUX NHIEKCOB

MN3BECTHUA PAH. CEPUS TEOTPAOUYECKAA

B 2050-x romax ObUIO CMOIEJIMPOBAHO BO3MOXKHOE
pacnpenenernne BIIK B 6ymymiem (cMm. puc. 4).

PE3VJIBTATDBI

PesynbTaThl HAIIMX BEIYUCICHUM MOXHO OAPa3-
NEIUTH Ha IBa 0JI0Ka.

1. Uzmenenue kaumama na meppumopuu eop FOonc-
Hoti Cubupu k 2050 2. T1o cueHapusim ssp126 u ssp585
MOLIIAO INM-CMS5-0 k cepenuHe TeKylIero BeKa
MPOTHO3UpPYETCs JieTHee moTeruieHue Ha 3—4°C 1o
yMepeHHOMY U Ha 4—5°C 110 XeCTKOMY CLIEHApUSsIM;
COOTBETCTBEHHO 3MMHEE MOTEIUIEHUE COCTABUT OT
0—2°C u no 2—4°C. AHOMAJIMY TOOOBBIX OCAIKOB ITO
Bcet repputopuu rop FOxHoit Cnoupu Takke OyayT
Ne 7
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Taomuna 1. Tlnoiianbk BBICOTHO-TTOSICHBIX KOMIUIEKCOB pacTuTeabHocTu rop FOxHoit Cubupy B COBpeMEeHHOM KJIMMaTe

U TIpYU U3MeHeHUH KinmaTta K 2050-M rogaM (B COOTBETCTBHMU CO CLiEHapusiMu ssp 126 u ssp585), %

BBICOTHO-TTOSICHBIIT KOMITIEKC pacTuTeTbHOCTH| CoBpeMeHHBIN KimuMar|  CreHapwii ssp126 CueHapuii ssp585
TopHas TyHIpa 6.9 0.9 0.2
Cy0GanbnuiicKoe U MOATOIbLIOBOE PEAKOIECHE 9.0 3.6 1.4
TemHoxBoITHas Taitra 11.7 9.7 8.7
CaeTyioxBoitHas Taiira 26.9 9.9 4.7
YepHeBad Taiira 3.0 4.5 4.9
JlecocTenb GopeanbHas 25.8 32.2 26.5
Crenb 11.0 15.5 24.2
IMonymnycTbiHsS 5.5 9.0 9.3
HIupokoancCTBEeHHEI JIeC 0.0 0.2 0.6
JlecocTenns ymMmepeHHast 0.0 14.3 18.8
BCETO 100.0 100.0 100.0

MOJIOXKUTEIBHBIMU U cOCTaBAT: oT 50 mo 125 MM (cMm.
puc. 2).

2. Bozmooicnvie uzmenenus pacnpedenenuss BIIK 6
eopax IO0xcnoti Cubupu npu mMooeabHbIX NPOSHO3AX U3-
MeHeHUsl KAuMama.

Ilpu conpsikeHUM Haile OWOKJIMMATUYECKOM
MoJieJiu TopHoi pactutenbHocTu MontBioCliM co
CJIOSIMM TPeX KIIMMAaTUUYECKUX UHAEKCOB ObLJIU MOy~
YeHBI pacrpenceaeHUsl BBICOTHBIX TTOSICOB B 06a30BOM
(cM. puc. 4a) u monenbHoM Kiaumare 2050-x romos,
KOTOPBII ObLJT CIIPOTHO3MPOBAH MO KJIMMaTHUUYECKOM
Mogenun INM-CMS5-0 (http://www.ipcc-data.org) B
COOTBETCTBUH CO ClIeHapusiMHU ssp 126 (cM. puc. 46) n
ssp585 (cm. puc. 4B). U3MeHeHME TUI0OIIAaneii BBICOT-
HBIX TT0sIcoB K 2050-M rogam, ImpuBeaeHO B Ta0I . 1.

Ilpu mnorenneHun KiIuMMaTa OYEBUIHBI Cyllle-
CTBEHHBIE CIIBUTYU BHICOTHBIX TTOSICOB U UX TIJIOLIAIeH
IIJIST Bcero perroHa (cM. puc. 4, tadi. 1). B coBpemeH-
HOM KJIMMaTe HeJIECHblE 3KOCUCTEMbl — TYHAPHI U
cTenu 3aHuUMaloT okosio 1/4 miomanu rop FOxHOi
Cubupu 1, COOTBETCTBEHHO, 3/4 3aHMMAIOT Jjieca (c
YUYETOM CyOaNbIUICKUX W JIECOCTEMHBIX PENKOJie-
cuit). [Ipu moTeruieHMM KiuMaTa TyHIpa MOYTH MC-
YE3HET, U €€ MECTOOOMTAHUSI MOTYT 3aHSATh CyOallb-
MUICKO-TIONTOJbIOBBIE Jieca. Ho u ux momanu
YMEHbIIIATCS B 2.5 pa3a 1o MSITKOMY CLIEHApUIO U WU
OHU TTIOUYTU UCYE3HYT I10 XKECTKOMY clieHapuio. bosb-
IIYIO YaCTh COMKHYTBIX TOPHO-Tae€XHbIX JIECOB CO-
CTaBJISTIOT CBETJIOXBOMHBIE Jieca (27%) U CylleCTBEeH-
HO MEHbIIYIO — TeMHOXBOIHEIE Jieca (15%). Cetno-
XBOWHAs TaliTa IepenaeT B JIeCOCTENb OOpeaTbHYIO, a
TOCJIEAHSIST — B JIECOCTEITb YMEPEHHYIO.

IMostBITCS YCIOBUS IJISI TPOU3PACTAHUST XBOMHO-
IIUPOKOJIMCTBEHHBIX JIECOB HEMOPAJIbHOIO O0JIMKA,
KOTOPBIX CErOAHS HE CYIIECTBYET, 3a UCKITIOUCHUEM
pedyruyma auibl cnonpckoi mromanbio 5000 ra B
nomHoxbsix KysHerikoro Anaray. I[Tnomans aTux je-
COB OyIEeT COMOCTaBUMA C TUIOIIAASIMU UCUYE3aI0IINX
CyOaTBITMICKO-TIOATONBIIOBEIX penkonecuii. Wne-
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aJbHBIE YCIOBUA CO3IANYTCH IS JIECOCTEITA: BMECTE
¢ OOpeaJbHONM IIUPOKOJUCTBEHHASA JIECOCTEIDL CO-
cTaBuUT 45% TEPPUTOPUN B TO BPEMSI, KaK CETOIHS €€
IUTOIIAb TOJILKO 26%.

Takum oOGpa3zoM, MOTEIJIEHUE B CEpEeIVHE BeKa
MNpUBEIET K 3HAYUTEIbHOMY COKPAILIEHUIO XOJOTHBIX
BIIK — ropHbIX TyHOp W CyOaJbITUICKOTO M TIOX-
roJblLIOBOro peakojiecuit. TeMHOXBOMHAs Talira ya-
CTBhIO TIEPEUNIET B UEPHEBYIO HA CBOEU HMXKHEW rpa-
HMUIIE, 4, B CBOIO O4Yepelb, B HUXKHEN 4acTU YEPHEBOM
TaliTu CO3MaAyTCsl YCIOBUS IJIsSI TTOSIBJICHUST DJIEMEH -
TOB IIMPOKOJUCTBEHHbBIX JIECOB.

Apuamnzanus KJimMarta NpuBeIeT K CYyIIIeCTBEHHO -
My yBeandeHuo 3acynumBbix BIIK: mimomanu cre-
et ¥ ITOyITyCTRIHB yBenndartcs 1.5—2 paza rmpu pa3s-
HBIX clieHapusx. I[Ipy1 3ToM OCHOBHAas 4acTh 3acCyll-
muBblx BIIK kak B Hacrosiiee Bpems, TaK U B
OynyiieM, ocraHeTcsd Ha Tepputopuu CeBepHoit
MoHronuu.

OBCYXIEHHNE

buoxkiimmaruyeckoe MOJEJIMpPOBAaHUE JIECHON
pacturenbHOCTH B ropax FOxHoit Cubupu Ha OCHOBE
KJIUMATUYECKUX OPJUHALIMIA BBICOTHBIX MOSICOB Ha-
yayioch ¢ KoHIIa 1950-x ronos B padotax (Haszumosa,
1975; Hazumosa m ap., 1981; IlonukapmoB u mp.,
1986; I1peobpaxeHckuit u ap., 1959) u npomokaet-
csl B HACTosIIIee BpeMsI B BUJIE TIPOTHO3HOTO OMOKIIN-
MaTtndeckoro moxaeiaupoBaHus (Tchebakova et al.,
2009; u op.).

B HacTos11IEE BpEMS IIPOMCXOIUT BCILIECK MCCIIE-
JIIOBAaHUW IO MOAEIMPOBAHUIO SKOJOTUYECKOM HUIIIA
BUJA, pacripelesieHusi BUAOB, HO paboT, TMOCBSIIEeH-
HBIX MOJIEJIMPOBAHMIO CJIOKHBIX COOOIIIECTB, KAKUMU
asistorcss BITK, HemHoro. B pa6ote (Zischg et al.,
2021) aBTOpBI MCMOJB3YIOT aHAJIOTUYHBIN aJITOPUTM
JIJIST MOAEJIMPOBAHUS MIepPEMEIIECHUS BRICOTHBIX ITOSI-
COB pacTUTEIBHOCTH B omHOM peruoHe IlIBeiinap-
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CKUX AJIbI TTOA, BO3ACHCTBUEM U3MEHEHMIA KJIMMATa.
CHauajia OIpenesIsIIoTCs KJIMMaTUYeCKUe WHIEKCHI
KaTeropuil pacTUTEIbHOCTU C MOCAEAYIOIIUM MOJe-
JIMPOBAaHUEM MOTECHIIMAJIBHBIX apeajloB 3TUX KaTero-
pHii B IPOTHO3UPYEMOM KJIMMAaTe.

B nannHoi1 paboTe MbI MCITOJIL30BAJIM IBA ClIEHA-
pUs1 UBMEHEHUST KJIMMaTa: MATKU clieHapuii ssp126
(green economics) M KECTKUH clueHapuii ssp585
(business-as-usual) HMHCcTUTYTa BBIYUCIUTEIBHONI
matematuku PAH (Bonomun, 2022). B Msrkom ciie-
HapyUUu MUP TPENCTaBIeH ObICTPBIM POCTOM HaceJe-
HUSI, HO C OBICTPBIM pa3BUTHEM SKOHOMUMKM, OPUEH-
TUPOBAHHONW Ha MH(OPMAIIMOHHBIE TEXHOJOIMU, Ha
COKpallleHUe MaTepUaIOeMKOCTH M BHEAPEHMUS Y CTHIX
U peCypCHO-3(P(PEeKTUBHBIX TEXHOJIOT I C AKIICHTOM Ha
IIOOAJIbHBIE PEIICHUS TTPOOIEM SKOHOMHUYECKOM, CO-
LIMAJIbHOM 1 3KOJIOTUYECKOM YCTOHYMBOCTU. B cooT-
BETCTBUM C XECTKUM CIIEHApHeM IIPOMCXOOUT OBICT-
PBIII POCT HACeJIEHUSI, HO 9KOHOMUWYECKOE pa3BUTHE
OPUEHTUPOBAHO Ha PErMOHBI, SKOHOMUYECKUI POCT
M TEXHUYECKUI IIPOrpecc HOCUT pa30OIeHHBII U
MEIJICHHBINM XapakKTep 1 IIPOUCXOIUT Ha OCHOBE HMC-
MOJIb30BaHUsI MCKomaeMoro ToruimBa. Poccuiickast
MOILAO INM-CMS5-0, kak oTMe4aeTcsl ee aBTopa-
mu (Bomomun, 2022), saBIseTcsI yMEPEHHO UyBCTBH-
TEJIbHOM K yBeJIMYeHUI0 KoHLeHTpauuu CO, 1 puBo-
JIAT K YMEPEHHBIM BEJIMYMHAM aHOMAJIMIA OCHOBHBIX
METEO03JIEMEHTOB Ha Halleil Teppuropun. CleacTBUEM
3TOTO SBJISIETCS HE OYEHb OOMbIIINE PA3IMUMsI aHOMa-
JIMI IO 9TUM KPAUHUM CLIEHAPUAM.

ITpu mMomenMpoBaHUM MPOCTPAHCTBEHHOTIO pac-
TpeaeieHusl BUIOB U COOOIIECTB BCErlla BOZHUKAET
mpoobJyieMa CpaBHEHUS ¢ 3TaJOHAMM, TMOJYyYeHHbIMU
HE3aBHMCUMBIM ITyTEM, HaIIpUMeEpP, UCTIOIB30BATh TSI
9TOi e/ N JaHHbIE JUCTAHLIMOHHOTO 30HANPOBAHMSI
(Landsat, Sentinel), omHaKO 3TO HEeTpUBHAJIbHAs 3a-
laya — AemudpupoBaTh BBICOTHO-TIOSICHBIE KOM-
TUIEKCHI PACTUTEILHOCTU. DTOMY MOXHO HAalTU 00b-
sicHeHue. Buabl lecoobpasyoimnx mopoa — 3To pe-
aJIbHO CYIIIECTBYIOIIME OOBEKThI, UMEIOIIINE YETKYIO
nneHTuduKamuio; B To BpeMs kak BITK — 3To unea-
JIMBUPOBAHHBIEC CJIOXKHBIE OOBEKTHI, HE MMEIOIIe
yeTkux rpanui. Ha mpodwune, paccMOTpeHHOM B
crarbe (Hasumona u np., 2020), mpu o0HUX U TeX XKe
JiecooOpas3yrlux nmopoaax (Keap, MUxra) mo BbICOT-
HOMY mpodmrio naet cmeHa Tpex BITK: wepHeBoro,
TOPHO-TAE€XKHOTO M CyOaJbIIMICKOTO, pasjinyaio-
IIUXCS MPOAYKTUBHOCTBIO U (PIOPUCTUUYECKUM CO-
CTaBOM HarOYBEHHOIO MOKPOBa, KOTOPbIE HE UIIEH-
TUhUIUPYIOTCS Ha cHUMKax. [Ipu aToM ciemyeT oT-
METUTb, UTO, €CJIM BEPXHIOIO TpaHUILy Jeca MOXHO
CUUTATh KJIMMATOT€HHOM, TO HUKHSISI TpaHU1IA SIBJISI -
eTCsl TIPOJIYKTOM aHTPOMNOT€HHOTO BO3ICHCTBHUSI.

B Jlomn. marepuane 3 MBI CpaBHWINA C ITOMOIIBIO
karnma-craructuku (Tchebakova et al., 2009) pacnpe-
nenenue BIIK, mojiydyeHHOe 1O KOHBEPTHOM Moje-
U, ¢ pacopeneiaeHrdeM BIIK, moay4eHHBIM HaMu C
nomo1pio mporpamMmmbl MaxEnt. CpaBHeHHME KaxXIoit
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napsl BITK Ha KapTax moka3aian B II€JIOM YIOBIETBO-
puTenabHOe cooTBeTcTBHE (Karma 6osee 0.4), a ojs
TYH/IPbI, CBETJIOXBOMHOU TAMTU U CTENU — XOPOILLIEE U
ommaHoe. Ho 11 TeMHOXBOIHOM M YepHEBOI TaliTh
pe3yabTaThl OKa3ajMCh HEYIOBJICTBOPUTEIbHBIMMU,
YTO TpeOyeT NONOJHUTEIbHOTO aHaIu3a IMIPUYXH.

Hcnons3yemast 3mec MOLIAO u ee cueHapuu He
al0T 3HAYUTEIbHON apyuau3alny KJimMaTa 1 He I10-
Ka3bIBalOT CYILLIECTBEHHOIO PUCKA JJIs JIECHBIX, U B
yacTHocTu TeMHOXBOMHBIX BITK. B pe3ynbTate, nec-
HO€ MPOCTPAHCTBO (C YIETOM 3KOTOHOB JI€COTYHIPHI
1 JIECOCTEITN) U3MEHUTCSI HE TaK CUJIbHO: OT 76.4% B
COBpPEMEHHOM KiImMaTte 1o 74.4 v 65.6% nist ssp126 u
ssp585 ciieHapueB cooTBeTCTBeHHO. Ho BOBoe co-
KpaTATCs IUIOIAIM COMKHYTOTO TOPHO-TAeXXHOTO
neca. [ToreHLMaIbHBIE CMEILIEHUSI BEPXHEM U HUK-
Hel TpaHUIIBI JleCa MOTYT JOCTUTaTh COTHU METPOB.
CMsryeHue 3MMHUX TeMIlepaTyp U o0llee MOBbIIIE-
HHUE TEIJIOPECYPCOB Ial0T BO3MOXHOCTh HEMOPaJib-
HBIM 3JIeMeHTaM pedyruyMoB CyOHEeMOpaIbHBIX JIe-
COB 000TaTUTh JIeCHYI0 GJiopy. M3 cylliecTBYIOLINX B
HacTosllIee BpeMs B peruoHe (hJIOpUCTUUECKUX BJIe-
MEHTOB IIMPOKOJIUCTBEHHBIX JIE€COB MOXHO YIIOMSI-
HYTb JIMIIy CUOUPCKYIO U BUABI HAIIOYBEHHOIO IO-
KpOBa: KOITLITeHb €BPOIICHCKMII, OpyHHEpa CUOUP-
cKasl, ICMEHHUK OyIINCTBINA, CHBITh OOBIKHOBEHHAS,
BeTpeHuIla O0aiiKajabcKasl, marnopoTHUK bpayHa u ap.
(Hasumosa u 1p., 1987).

IIpu oO6imeM OJaronpuUAITHOM KIMMATUYECKOM
MOTeHL1aJje IJIs1 CTAOWIBHOTIO CYLIECTBOBAHUS TOp-
HBIX JIECOB PETMOHA K cepeIMHe BeKa, CJIelyeT OTMe-
TUTh, YTO JII00As CTENEeHb apUAN3alluU KJIUMaTa yBe-
JIMYUBAET BEPOSITHOCTD ITOXKAPOB Ha HUXKHEI IpaHu-
1ie Jieca, ONpele/sieMOil 3aCyllJIMBOCThIO KJIMaTa.
IIpu yBenWYeHUM MOBTOPSIEMOCTH ITOXAPOB U CO-
KpallleHUM MHTEPBAJIOB MEXIY HUMU BO30OHOBIIE-
HUS Jieca He OyneT, a, 3HAYUT, TpaHUIIa jieca OyneT
OTCTYIIaTh BBEPX B FOPHI, U B UTOTE JieC OYAEeT 3amMe-
LIAThCS CTEMDIO.

CrenyeT KOCHYTbCSI BOIIpOCa O IIIMPOKO PacIipo-
CTpaHEHHBIX B HACTOSIIECEe BpeMsI MOACISIX, IIprUMe-
HSIEMBIX B OIpEIeICHUM IIOTEHLMAIbLHBIX U IIPO-
THO3HBIX apeanoB BumoB (OnoHoBa, I'yankoBa, 2017).
Kak npaBuiio, B KauyeCcTBe KJIMMAaTUYECKUX CJIOEB IIPpU
TaKOM MOMACIMPOBAHUM OEpyTCsl JaHHBIE KJIMMAaTH-
yeckoii 6a3e1t WorldClim (Hijmans et al., 2005). ITpn
3TOM aBTOpPbI HE YYMTHIBaIOT, 4yTo 0aza WorldClim
ObUIa co3maHa OJjIs YCTaHOBJICHUSI OMOKJIMMATHYe-
CKMX 3aKOHOMEPHOCTEM MMEHHO Ha IIOOaJbHOM
YPOBHE, a MPpUMEHEHNE TaKMX OMOKIMMATUYECKUX
nHaekcoB Kak BIO3 — isotermality, BIO4 — seasonal-
ity m .. (Huang et al., 2022) He UMeeT cMBICIa Ha
pETrMOHAJILHOM YpPOBHE, XapaKTepU3yeMOM CYIIe-
CTBEHHO MEHbIIEl BapuaOeIbHOCThIO KIIMMAaTH4e-
cKux yciaoBuii. Takke COBEpIIEHHO HEONpaBIaHHO
HUCIIOJb30BaHME BceX 19 KamMmaTuyecKux IokKasarte-
neit u3 WorldClim. B pa6ore (Ha3umosa u np., 1981)
MOKa3aHO, 4TO “M30BITOK IPU3HAKOB KJIMMaTa He
Ne 7
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IMMOTEHLIMAJIbHOE PACITPEJEJIEHUE JIECOB B TOPAX IO)KHOW CUBUPU

yIydIllaeT KadecTBa AeJIeHUsI Ha KJIAaCChl PaCTUTENb-
HOCcTU”. MHOTHE aBTOPbHI CUUTAIOT TOCTOMHCTBOM
3TOI 0a3bl KIIMMAaTUYEeCKHE CJIOU IeTaJbHOTO pa3pe-
mreHus (ot 10" mo 30'"), HO Takoe paspelieHue TBIsI-
€TCsI pe3yIbTaToM (POpMaIbHOM MHTEPIOJSIIIAN U HE
JIacT XKeJTaeMOI TOUHOCTHU, €CJIM B pETUOHE HAXOIUT-
Csl MaJIoe KOJIMYECTBO METEOCTaHIIM, KaK, HaIllpr-
Mep, B ropax Win Ha OTAaJeHHBIX TeppuTopusix. bo-
Jee Toro, B WorldClim 1151 MHTE pIIOISIIMY KJIMMATH -
YeCKMX CJIOEB WCHOJB3YIOTCS HaJleKo He BCE
peruoHajbHbIEe CTAaHLIMM, TaK KaK Poccuiickas ciyx-
6a Pocrugpomet nepemaer B BMO nmaHHBIE TOJIBKO
TPETHU POCCUMCKUX CTaHLIMM. {7151 pernoHaIbHBIX MC-
clielloBaHUiT MBI PEKOMEHIYeM MCIOJIb30BaTh JaH-
HBIE BCEX METCOCTAaHLUII MCCIIEAYyeMOro peruoHa u
Ha X OCHOBE CAMOCTOSITEIbHO IIPOBOAUTDH MHTEPITO-
JISIUMIO MaHHBIX [JI TIOJYYEeHMs KIMMaTUYECKHUX
CJIOEB JIeTaJIbHOTO pa3pellleHUs, UCIIOIb3Ysl, HAIIp1-
mep, nakeT ANUSPLIN (Hutchinson, 2011).

SAK/IIOYEHHME

B Hacrosmeit paboTe pacCMOTPEHBI BO3MOXKHbBIE
MOCJICACTBUS U3MEHEHMSI KJIMMaTa ISl iepepacipe-
JIeJICHUSI BLICOTHBIX MOSICOB PACTUTEILHOCTHU B KPYIT-
HOM permoHe Top lOxuHoit Cmompm u CeBepHOI
Mounronuu. TopHast pacTUTEILHOCTh NpeacTaBiIcHA
IIMPOKHUM CIIEKTPOM THUIIOB PaCcTUTEIILHOCTU Oope-
aJIbHOTO M YMEPEHHOIO KIMMATUYECKUX IIOSICOB:
¢parMeHTaMu NyCTbIHb, CTENbIO, JIECOM Pa3IUIHON
CTPYKTYPBI U IPOAYKTUBHOCTU, TYHIPOII 1 HUBAIb-
HBIM 1osicoM. OCHOBHO€ BHMMAaHME OBLIO YAEICHO
JIECHOM pacTUTEIbHOCTHU.

151 XxapakTepucTUKY U3MEHEHUSsT KJIMMarta K ce-
penuHe Beka (2040—2060 TT.) GBUTM MCITOJIb30BaHBI
IIPOTHO3HbIE IIPOCKIIMM OTEYECTBEHHON MOIEIn
oUpKyassouu atMocdepbl 1 okeana INM-CMS5-0
MuctutyTta BhIUMCIUTENbHOU MateMaTuku PAH wu
IBa KpallHUX ClLIeHapUsI Pa3BUTHS MUPOBOIO COO0-
IIeCcTBa MATKUI — ssp126 u XkecTkuii — ssp585, pas3-
pabotaHHsie MI'OUK (IPCC). Kak oTMeuaeTcst aB-
TopaMu KJmMatudeckoir Mmoaeau INM-CM5-0, ona
SIBJSIETCSI HE OYEHb YYBCTBUTEIBbHON K YIBOEHMIO
koHleHTpauuu CO,, MO3TOMY MPOTHO3HbIE aHOMAa-
JIMM TeMIIepaTyp U OCAIKOB HE BBIIISIAAT 3KCTpe-
MAaJILHBIMHM JaXke IT0 XXKECTKOMY CIeHapuio Ssp585.
BTa MoJiesib MPOrHO3UPYET MOBBIIIIEHWE KaK TeTlIo-
pPECYPCOB, TaK M BJIarOPECYpPCOB B PETMOHE, OTHAKO
He IIPOMNOPLIMOHAJIbHOE, YTO BeAET K YMEPEHHOM
apuau3alyu U pacllipeHHuIo BIBOE CTeTei U Mmoiy-
IIyCTHIHb, OCHOBHBIE apeajlbl KOTOPHIX HAXOISITCS Ha
tepputopnn CeBepHoiit MoHTOINN.

Basoe Takxke BoO3pacreT IMOTEHLMAIbHAS TILIO-
Iagb JECOCTEIM, B KOTOPYIO TpPaHCHOPMUPYIOTCS
TOPHO-TAaE€XHBIE CBETIIOXBOWHBIE Jieca. IloTeHIu-
aJIbHOE JIECHOE MPOCTPAHCTBO (BKJIIOYash 3KOTOHBI
JIECOTYHAPHI U JIECOCTENN) M3MEHUTCI B HE3HAYM-
TEJIBHON CTENEHU: HE U3MEHUTCS TIPU MSTKOM CILIe-
Hapuu U cokpaTtutcs Ha 10% TIpu KeCTKOM ClieHa-
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puu. EcTecTBEHHBIM pe3yIbTATOM ITOTETIJICHUS KITH-
MaTa B perMoHe OymeT 3aMellleHUEe JIECOTYHAPHI
TaeXHBIMU JecaMu. TakKe pacuIUPUTCI ITOSC dep-
HEBBIX JIECOB 3a CYET TEMHOXBOMHBIX TOPHO-TAEX-
HbIX. Bosee Teruiast yacTh COBpeMEHHBIX YE€PHEBBIX
JIECOB OYJET COOTBETCTBOBAThH XBOMHO-IITMPOKOJIMCT -
BeHHBIM Jiecam EBporeiickoit Teppuropun Poccun
10 MapaMeTpaM TeTJI000eCIIedue HHOCTU Y yMEPEHHO-
CTU KJIMMATa, YTO CIIOCOOCTBYET pacCIlIMPEHUIO apea-
JIOB HEMOPAJIbHBIX B3JIEMEHTOB, HAIpUMep, JIWIIHI,
PEJIMKTOBBIX PACTEHUI HAITOYBEHHOTO TTIOKPOBA.
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Potential Forest Distribution over the South Siberian and North Mongolian Mountains
Related to Predicted Climate Change by the Midcentury

E. 1. Parfenova®: * and N. M. Tchebakova!
ISukachev Institute of Forests FRC KSC SB RAS, Krasnoyarsk, Russia
*e-mail: lyeti@ksc.krasn.ru

The South Siberian and North Mongolian Mountains have enormous forests potential; however, more and
more territories of forests disturbed by cutting and fire appeared during the late twenty years. One more neg-
ative phenomenon has been observed in unique dark-needle forests across the South Siberian Mountains:
massive dieback of dark-needled forests that was related to climate aridization by many researchers. Our goal
was to study predicted climate change impacts on the montane vegetation (altitudinal vegetation belts, AVB)
transformation in a changing climate across the South Siberian and North Mongolian Mountains (window
48°—58° N and 80°—120° E). We based on outputs of the general circulation model the of the Computing
Mathematics Institute, RAS (INM-CM5-0) and recent climate change scenarios (IPCC 2022) at 2050: the
moderate ssp126 and extreme ssp585. Predictions of climate anomalies at 2050 were July temperatures 2—
5°C, January temperature 1—4°C and annual precipitation 50—125 mm. According to this climate change,
potential AVB may undergo transformation as follows: tundra, subalpine and “podgolets” open forest (under
bare uplands) would significantly shrink; montane taiga would shrink 1.7-fold from the moderate scenario
and 2.3-fold from the extreme scenario. Dark-needled AVB would remain on the same areas at the expense
of subalpine AVB. Potential forest space including forest-tundra and forest-steppe ecotones would change in-
significantly: would not change under the moderate scenario and would 10% decrease under the extreme sce-
nario. Forest-steppe AVB would twice increase at the expense of light-needled AVB. One third of forest-
steppe would favor broad-leaved forest-steppe. Steppe and semidesert would extend.

Keywords: climate change, global circulation model INM-CMS5-0, moderate scenario ssp126, extreme sce-
nario ssp585, bioclimatic models, vegetation altitudinal belts, dark- and light-needled taiga
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