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B pabote mpesicTaBIeHbl Pe3y/IbTaThl OLIeHKM BIMAHUA OCHOBHBIX KIMMAaTH4eCKnX (GakTo-
POB Ha LIMPVHY FOAMYHBIX KO/IeL MMCTBeHHNIBI cubupckoit (Larix sibirica Ledeb.), mpo-
u3pacTamllell B BepxoBbsx p. Vpreima. OTOOp ApeBeCcHbIX KePHOB IPOBOAVIICA Ha CeBep-
HBIX MaKpOCK/IOHaX xpe6ToB CapbiMcakTbl, Tap6ararait u IOxubiit Anrait B Kasaxcrane,
a TaKXKe Ha IOKHOM MaKpockioHe xpe6Ta IOxubiit Anraii B Kasaxcrane u Kutae ¢ Tpex
Y4YacTKOB Ha BepXHell rpaHMIle /ieca U C YeThbIpeX — Ha HIpKHelr. [lo pesynbraTam feHapo-
XPOHOJIOTMYECKOTO aHa/IM3a MONMYYeHBI 1Be 0000IeHHbIE JpeBeCHO-KOIblleBble XPOHO-
noruu IRTv u IRTn, oTpaxkaroiye ¥3MeHYMBOCTb PaAMaTbHOTO PUPOCTA TMCTBEHHUIIBI
CMOMPCKOIL B peroHe MCCIefOBaHMs Ha BepXHell 1 HIDKHel! IpaHMI[aX Jieca COOTBETCTBEH-
Ho. Ha BepxHell rpanniie ieca pagyanbHbIil IPUPOCT IMCTBEHHUIIBI CUOMPCKON 3aBUCUM
OT TepMUYECKOTO peXyMa Hayajla Iepyofa BereTaluyy (MIOHb — VIONb). AHA/IN3 JUHAMU-
KM pafiMaJbHOTO IPUPOCTa IO0Kasas, 4To B nepuopnl 1850-1873, 1881-1900, 1906-1939,
1957-1965, 1982-1990 IT. IpMUpOCT ApeBeCUHBl HAa BepXHell TpaHulle jleca XapaKTepuso-
BaJICsI TIOHIDKEeHHBIMY 3HadeHusAMI. C 1850 I. HaO/M0aeTCsT TOTIOKUTEIbHbI TPEHT, B 13-
MEHEHUY IPUPOCTA APEBECHUHBI, YTO TOBOPUT 00 YIyUIIEHUN TePMUIECKIX YCTIOBUIL C KOH-
11a Manoii negHuKoBoIt snoxu. Hanmdme [0CTaTOYHO CUMIBHOTO KIMMATUY€CKOTO CUTHAsIa
(r=0,7) mosBosAeT ucnonb3oBarb xpoHonoruo IRTvV 111 peKOHCTPYKLUY TeMIIepaTypHO-
ro psga. Ha HypKHel rpaHnIie /1eca M3MEHYMBOCTD PaJMaIbHOTO MPYPOCTA ONpeensaeTcs
AVHAMMKOI OCAJIKOB 3MMHe-BeCeHHe-TIeTHero nepuopa (gexabpb — utoinb). Hanbonbinee
3HaueHMe IPU 3TOM VIMeeT yBJIa)KHEHMEe BO BpeMs 3aBepIIeHMs CHETOTasHNA U Havasa
BereTanyy (Maill — MIOHDB). AHaIM3 AUHAMMKY PajgManbHOrO MPUPOCTa MOKA3as, YTO 3a
nocegHme 150 1eT peXXM yB/IaKHEHM A He IpeTepIIes CyLleCTBeHHBIX M3MeHeHuit. [Tonn-
JKEHHBIE 3HAaY€HNA IPUPOCTa IPUXOAATCA Ha mepmopst 1850-1859, 1877-1907, 1916-1936,
1944-1951, 1962-1968, 1973-1992 rT.

Kntouesvie cnosa: pagyanbHbIil IPUPOCT, AEHAPOKIMMATUYECKIIT aHA/IN3, TMICTBEHHNLIA CH-
Oupckas, TeMIepaTypa MIOHS — MIONA, OCafKM fAeKabps — uioss, Bocrounsiit Kasaxcran,
BepxoBbe bacceitHa p. Vprsia.
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1. BBemenue

3HaueHMe KOCBEHHBIX MCTOYHUKOB MHGPOpPMALMU B OLleHKE COBpPEeMEHHBIX 1 IPO-
IITBIX M3MEHEHUIT KIMMaTa XOpoIo u3BecTHO. OCO6eHHO BaXKHBIN BK/IA BHOCUT WH-
dbopmanys, momTydeHHas 0 APEBECHBIM KOJbIlaM. B HEKOTOPBIX pernoHax, KIH04eBbIX
B TEOPeTHYECKOM OTHOLIEHNM, TAKMX KaK BEPXOBbsI 6ACCETHOB KPYIIHBIX PeK AWM, U
B TO K€ BpeMs KIMMATUYeCKU YHUKA/IbHBIX, IPOBELEHO HEJOCTATOYHOE KOMUIECTBO
MEHIPOKTMMATIIECKIX UCCTenoBanmit. TAKMM PernmoHOM sIBIISIETCS BEPXOBbe OacceiiHa
p. Mpreima. Ecin B BepxoBbax 6accertno O6m, Ennces n XoBja mpoBeeHO 0CTaTOYHO
MHOT0 JIeHAPOKIMMaTndecKux pabot (D’Arrigo et al., 2000; Oiimgymaa u np., 2004; Myglan
et al., 2012; Mukhanova et al., 2016; Andreeva et al., 2019), To B BepxoBbsix VpTbiia
cymectBeHHo MeHbie (Chen et al., 2012; Zhang et al., 2015; 2018). [I/s1 BOCTOYHO 4ya-
ctu Kazaxcrana moctpoeHa jpeBeCHO-KOJbLieBast XpOHOIOT M IO Gepese 60pomaBuaToit
(Zhantlessova and Zhumadina, 2015), HO BAUsSHME KIMMATH4YeCKnX (HAKTOPOB HA pa-
IMabHBI IPUPOCT He pacCMOTPEHO. BiusiHue KnyuMara Ha IPUPOCT ApeBeCUHBI B I0TO-
3amafiHbIX paitoHax Asras, Tae 6eper Havano p. VIPTHIII U ee IPUTOKM, MOXKET OBITH OT-
JIMYHBIM OT COCEIHUX CEeBEPO-BOCTOUHBIX PailOHOB AJITast, IOCKOMBKY KIMMAaT Xapak-
TepusyeTcsi 60/ee ONTYMATbHBIMI YC/IOBYUSMM, YTO OOYCTIOB/IEHO €r0 PacHoIoXeHVeM
B 60/Tee HM3KUX MINPOTAX ¥ OTKPBHITOCTHIO BO3AYLUIHBIM MaccaM ATaHTUKN. [1o faHHBIM
Meteoctanuym Karon-Kaparaif, cpegHme 3HaueHMsI TeMIepaTypbl BO3[yXa 3a CaMblil
XOJIOFHBI Mecsy (sHBapb) coctaBnsaoT —14 °C, 3a camblii tenbiii (nionp) — +17 °C.
CpenHee TofoBOEe KOMMYECTBO ocankos pocturaer 400 MM. B HampaBneHnm c 3amaga
Ha BOCTOK HaOMIOffaeTcsl yCUIeHMe KOHTMHEHTATbHOCTY KIMMara: MO JaHHBIM MeTeo-
CTaHLIUM AJTall, CpelHET00BOe KOJIMUECTBO OCaKOB coCTaB/AeT okono 200 M, TemIle-
parypa caMoro XO/IOZHOTO Mecslia COOTBeTcTByeT —16 °C, camoro Temmoro — +22 °C.
JIokaybHbIE YC/IOBUSA IPOU3PACTAHUA [PEBECHO PACTUTE/IBHOCTI MOTYT B JAaHHOM CIIY-
Jae MMeThb Oorblilee 3HAYEHNe, HEXKeN PerMOHaIbHBIE.

Llenb HacTOsAIIEN PAOOTHI: OLIEHUTD BIUSHIE OCHOBHBIX KIMMATNIeCKUX (haKTOPOB
Ha IIMPUHY TOAUYHBIX KOMEL TMCTBEHHNUIIBI CUOMPCKOIL, IPOU3PACTAIOLell B BEPXOBbSIX
p. Vipteima. OcHoBHBIE 3a/1aun: 1) 0TOOpaTh {peBeCHble KEPHBI TI0 TMCTBEHHNUIIE CUOUP-
CKOJ1 B BepXoBbe OacceriHa VIpThliiia; 2) IOCTPOUTD PerMOHANIbHBIE JPeBECHO-KOJIbIIeBble
XPOHOJIOTMY Ha OCHOBAaHMMU MCC/IEOBAHNS N3MEHYMBOCTU IIPUPOCTA TOANYHBIX KOJIEL]
JIMCTBEHHMIBI CUOMPCKOIL HA COBpEMEHHOM aTarie’; 3) BHISIBUTH OCHOBHBIE KJIMMAaTIYe-
ckre QakTopbl (TeMIepaTypa BO3fyxa, aTMOCepHble 0CaIKI), TMMUTUPYIOLINE MIPU-
POCT IpeBeCHMHBI NUCTBEHHMIBI CHOMPCKON, U KOCBEHHBIE CBSI3U MEX[Y NPUPOCTOM
TOIOVYHBIX KOJIEIl U pacXofiaMy BOJbL; 4) pacCMOTPETb BO3MOXHOCTD IIOTYYeHUA KIM-
MaTUYeCKUX PEKOHCTPYKIINI Ha OCHOBE IPEBEeCHO-KOMbLeBOI MHGOpMALMK B PETMOHE.

2. Marepuanbl 1 METOAbI

2.1. ITocmpoeriue Ope6ecHO-KOMbUEBbIX XPOHONOZUTI

B 2018 r. npoBogyIich paboThl O OTOOPY [ApeBECHBIX KePHOB JMUCTBEHHUIIBI CH-
6upckoit (Larix sibirica Ledeb.) Ha ceBepHBIX MaKpOCK/IOHaX XpeOTOB CapbIMCAaKTHI,

! Tlox coBpeMeHHBIM TanoM B pab0oTe MOHMMAETCS MEPHOT, C KOHITa Mastoii IEHNKOBOI SMOXM IO
Hacrosiee Bpems (1850-2018 rr.).
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@ Vuactku c6opa 06pasioB Ha BepXHeii rpaHuLe Jeca
H . Vuactku cOopa 00pa3LoB Ha HIKHEI rpaHULIE Jeca
*  MeTeoponoruyeckie CTaHIun

A THIpOIOrHYecKHe MoCThl
I I

Puc. 1. YyacTkn cb6bopa o6pasios fgpeBecunbsl. ®oro: A — pommua p. Byxrapma, b — pmommna
p. TayTexenn

Tapb6ararait u ¥Oxusrit Anrait B Kazaxcrane, a Tak)Ke Ha I0)KHOM MaKpPOCKJIOHe XpeOTa
FOxusiit Antait B Kazaxcrane u Kurae (puc. 1).

C6op MaTepuaa IIPOBOANICS COITIACHO 6A30BBIM JIEH/IPOXPOHONIOIMYECKIM TIPVH-
numam (Fritts, 1976; Cook and Kairiukstis, 1990; IllusaTos u fp., 2000). Ha cknonax ce-
BEpPHBIX 9KCIIO3MLINI OBI/IM BBIOPAHBI CEMb YYaCTKOB /11 0TOOpa 00pa31ioB: TPY Ha BEPX-
HeM IIpefiesie NpouspacTanus pacTutenbHocTy (2300 M) u yeThIpe Ha HIDKHeM (1200 m).
KepHbl 0TOMpamich BO3pacTHBIMU OypaMiu C JXMBBIX Pa3sHOBO3PACTHBIX JiePeBbeB IO
IBYM, pe>Xe OfHOMY, paguycam Ha Beicote 0,3-1,3 M. Ha ka>xjoM yuacTke 06pasibl oTOM-
pamuch B cpefHeM y 15 epeBbeB. Ha yuacTke fpeBecHO-KonmbLeBoi xpoHonoruyu BUHv
(cm. puc. 1) obpasigsr 66111t 0oTo6pans! y 30 gepeBbeB. B m1abopaTOpHBIX yCIOBUSAX fpe-
BeCHBbIe 00pasIbl 3aKPeIUIA/INCh Ha JIePeBSHHOM OCHOBE U HMIIM(OBAINCH JIs JIy4Ileil
BU3ya/IM3aluy TPAHNUI] MKy KOMbIIAMIL.

[IInprHa TOAMYHBIX KOJIEL U3MepsAIach ¢ TOYHOCThI0 0,01 MM Ha IOTyaBTOMAaTH-
vyeckoil ycranoBke LINTAB-6. IlepexkpecTHas faTMpoBKa MHAVBUAYAIbHBIX JipeBec-
HO-KOJIbLIEBBIX XPOHOJIOTMII IPOBOAMIACH C NCIONb30BaHMEM IIporpaMMm TsapWin
Professional (Rinn, 2003) u Cofecha (Holmes, 1983; Grissino-Mayer, 2001). KagectBo
HepeKpeCcTHOrO JAaTMPOBAHMS IOATBEP)KAAOCh 3HAYEHUAMN MHJIEKCA IIepeKpeCcTHOTO
matuposanus (CDI> 10) u koadpuumenta MesxcepuitHoit Koppemsinuu (r5>0,5).

MupexcupoBanne 1 0ObeAMHEHNe NHANBNUAYAIbHBIX APeBeCHO-KOJIbIIEBbIX XPO-
HOJIOTMIT B JIOKanbHble mpoBoaunock B mporpaMme ARSTAN (Cook and Holmes,
1999). Ilpu cTangapTM3anUy UCIOAB30BAIICh HETATUBHAS SKCIIOHEHTA, JTMHEHasI
perpeccuss WM TOPM3OHTaNbHAasA NMMHMA. KadueCTBO IOTy4eHHBIX /TOKAaIbHBIX XPO-
HOJIOTMIT TOATBEPXKAANOCh BEIMYMHON CTaHAapTHOTO oTKaoHeHus (SD>0,2), xo-
adpPuumenrta yyscrBurenbHoct (MS>0,2) M BBIpa)KEHHOrO CHUTHajAa IOIY/IALNK
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(EPS>0,80?). B uccnemoBanum nCmonb30Banuch Kak craugaptubie (std), Tak u «ocra-
TOYHbIe» (res) XpoHomorun>,

B03MOXXHOCTD 0OBeMHEHNS TOKATBHBIX XPOHOIOTHIT TPOBEPSATACh METOIOM T/IaB-
HbIX KoMIOHeHT (Peters et al., 1981; AriBassn u ap., 1989). [l cobmofeHns NpuHLUIA
aKTyaIM3Ma CBsI3b MK PAAaMM pacCMaTPUBAJIACh HE TOIBKO 3a BeCh MIMEIOLIVIICS Ie-
PMOZ BpeMeHH, HO U Ha OT/eNbHBIX 50-1eTHNUX mepuomax (co caBurom 25 net). XpoHo-
JIOTMU TIPU3HABAINCh BO3MOXKHBIMI K OObeMHEHUIO B TOM C/Iydae, KOIjja Ha KaKIoM
oT/ienibHOM 50-71eTHeM meprofie OO/bliiasi YacTh M3MEHYMBOCTY IPUPOCTA TORUYHBIX
KOJIeI] OTIMCHIBAIACH OfHOI KOMIIOHEHTO (TIpy cOOCTBEHHOM 3HaYeHun 6ormee 1) ¢ dak-
TOpHBIMU Harpyskamu 6ornee 0,5.

HeonguopomHOCTh 060011[eHHBIX TeHAPOXPOHONIOTYECKUX PS/IOB, BbI3BAHHAS Ha-
JIM4VeM B X COCTaBe Pa3HOBO3PACTHBIX [IePEBbEB, YCTPAHSIACH C IIOMOIIBIO IMITMPUKO-
cratuctudeckoro Mmetoga Illuarosa (1986).

2.2. [lenopoxnumamuueckuti aHanu3

Il OLeHKM BIMAHUA OCHOBHBIX K/IMMATHYECKMX IapaMeTpoB (cpenHe-
Mecs4YHas TeMIlepaTypa BO3JyXa, MeCsdHble CYMMBI OCAJKOB) B IIporpamme
DendroClim2002 (Biondi and Waikul, 2004) paccunTbiBamich GyHKIMM OTKIMKA
C Masi IpeIbIAYIIero Tofia 0 CEHTAOPD TEKYILEero 3a Ce30HbI rojia (0OCeHb, 3UMa, BECHa,
JIeTO) U 3a Pas3MYHble IePUOLBI B HECKOTBKO MeCsIeB 3a TEKYINIT U 3a IIPeALIeCTBY-
IOLINIL TOABI 11O TaHHBIM MeTEeOCTAHIINIA, IPEeACTaBIeHHbIX B Ta0I. 1.

Tabnuya 1. OCHOBHbBIE XapaKTEPUCTHKI METEOPOTOTMYECKIX CTAHI[UIT

ITepuop ) Ilepuop i Boicora
HasBanue HaOII0geHNIT HaOIIOgeHNIT
. Koopmunats! HaJy. M.
METEOCTAHIMM | 3a TEMIeEpaTypoil | 3aarMocdepHBIMU (1)
Bo3pyxa (IT.) ocagkamu (IT.)
Poccusa
Ax-Kem 1949-2004 1966-2004 49°55' ¢. 1., 86°32' B. 1. 2056
Kapa-Tropex 1940-2017 1940-2017 50°02' c. mr., 86°27'B. 1. 2601
Korr-Arau 1934-2017 1936-2017 50°00’ c. 1., 88°40' B. 1. 1692
Kpi3p1-O3sex 1934-2017 1934-2017 51°53' ¢. 1., 86°00' B. 1. 324
Myryp-AKchl 1963-2017 1966-2017 50°23' c. 1., 90°26' B. 1. 1850
Toamn 1961-2004 1961-2004 50°95’' c. mr., 90°03' B. 1. 981

2 Cornacuo (Wigley et al., 1984), npu snauernu EPS menee 0,85 10kanbHast XpOHOIOIUSA B Goblueli
CTEIleHN OTpaXkKaeT MHAMBIAYaIbHbIe 0COOEHHOCTH IIPUPOCTA PEBECHBIX KOJIEL], HEXKeN XapaKTepusy-
eT MPUPOCT BCEro JIECHOTO MacCyBa. B HacTosIeil paboTe B KaueCTBe YAOBIETBOPUTEILHOIO IPUHSITO
sHaderne EPS> 0,80, 4To 1m03BO/IsIeT He OTKA3bIBATHCS OT AHA/IN3A JIOKATBHBIX XPOHOJIOTHIL, Y KOTOPBIX
Ka4eCTBO CHVDKEHO B HE3HAUNTE/TBHOI CTEIIeHIL.

3 CranpapTHble JPEBECHO-KOMbLIEBble XpoHOomoruu (std), Kak MpaBuyIo, MOKA3bIBAIOT 3HAYNTEIHHYIO
ABTOKOPPETIALNIO, OCKOIBbKY Ha IIPUPOCT TOJIYHBIX KOJIEL] TEKYIero rofja BIVSIOT YCIOBYS IIPEbIIYIINX
JIeT. B «0CTaTOYHBIX» APEBECHO-KOMBLIEBBIX XPOHOIOIVLX (res) aBTOKOPPETIALIIOHHAS COCTAB/IIONIAs yCTPa-
HeHa MOJETIbI0 aBTOPETPECCHIL, HO BMECTe C TeM YCTPAHEHBI TAK)Ke I BCe HIM3KOYaCTOTHbIE KOIeOaH s
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Oxonuarue mabn. 1

HasBaune Haglelg;::::mﬁ Haglexg;::;mﬁ Boicora
METeOCTAHIMN | 3a TeMIIepaTypoii | 3aarMocdepHbIMMU Kooppunarst Ha;([lzrj M-
Bo3ayxa (IT.) ocagkamu (IT.)
VYerb-Kokca 1940-2017 1936-2017 50°16' c. u1., 85°37' B. 1I. 978
Sitmo 1939-2017 1936-2017 51°47' c. m1., 87°36' B. 1. 697
Kasaxcran
3arican 1937-2017 1937-2017 47°28' c. 1., 84°52' B. J. 603
Karon-Kaparait 1932-2018 1936-2018 49°18' c. 1., 85°62' B. 1. 1081
Kwurait
Anrait 1954-2017 1954-2017 47°50' c. 1., 88°08' B. 1. 737
Dyxait 1958-2017 1958-2017 47°12' ¢. m., 87°30" B. 1. 496
Dyronb 1962-2017 1962-2017 47°00’ c. 1., 89°30" B. 1. 827
Xabaxe 1958-2017 1958-2017 48°04' c. m1., 86°25' B. J. 534
Hnnxs 1958-2017 1958-2017 46°40’ c. 1., 90°25' B. 1. 1220
MoHnronusa
Lauran 1965-2014 1965-2014 48°56' . m1., 89°10'" B. [1. 1905
Vnruit 1961-2016 1961-2016 48°58' c. 1., 89°59' B. 1. 1715
Smant 1970-2014 1970-2014 48°48' ¢. 1., 89°30" B. [1. 2148

Taxoxe IPOBOAWICA MONCK CBA3el MEXXY MIPUPOCTOM FOANIHBIX KOJIEL] M TULIpOTep-
mmdeckuM koapdunmentom (I'TK) Censunnona. Pacuer ['TK CensHnHOBa 1 mepuo-
JIOB Mail — MIO/Ib ¥ MIOHb — aBTYCT IPOM3BOANICA IO hopMyIIe:

FTK:ZP/O,I(tl-n1+...+tn-nn), (1)

rie P — cyMMa 0caJikoB 3a MCIIO/Ib3YeMblil IIEpUOf, ¢ — CpefH:AA MecsYHas TeMIlepaTypa
BO3JlyXa, 1 — KOJINYECTBO JHEI B MecsIe.

Jns1 BBIAB/IEHNA KOCBEHHBIX CBsA3€ll MEXIY IPUPOCTOM TOAMYHBIX KOJIEI ¥ TUJPO-
JIOTVYECKVIMY IIapaMeTPaMyl PaCCYUTHIBAIVICH QPYHKLMY OTK/IVIKA MEXIY IPUPOCTOM U
CpefHEeMeCSYHbIMM 3HAaUeHNUSAMM PacXOf0B BOJbI, M3MEePEHHBbIMM Ha TUAPOTOTMYECKUX
nocrax (Tabim. 2), 3a Te >Ke IePUOABI, KOTOpbIe OBUIN MCIIONb30BAHBI IIPY OL[eHKe BIIN-
SIHUSI OCHOBHBIX KJIMMATUYeCKUX ITapaMeTpPOB.

2.3. UncmpymenmanvHvie 0anHvle

HaHHbIe METEOPONIOINIECKUX CTaHIH/If;[ II0 TeMHepaType BO3HyXa M oCagKaM B3ATbI
C cepBepoB Bcepoccniickoro Hay4HO-MCCIEOBATENBCKOTO MHCTUTYTA TUPOMETEOPO-
normveckoit nuopmannn — Muposoro nentpa ganubix (http://meteo.ru/data.html),
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Ta6/zu14a 2. OcHOBHbBIE XApAKTEPUCTUKN I'IPOTOTNMIECKUX IIOCTOB

Hassanue pexu Ilepuop Oy S— Bricora
¥ TUAPOIOCTA HaOmomenmii (IT.) P Haf y. M. (M)

Bacceiin p. O6u

Karynp — Cpoctku 1937-2000 52°25' c. mr., 85°42' B. 1. 218
Karynb — TioHryp 1938-2000 50°13’ . ur., 86°32' B. 1. 846
Koxkca — Ycrbp-Kokca 1937-2000 50°16’ c. u1., 85°37' B. 1. 971
Yaran — Ksispin-MaHbl 1951-1995 49°55’ ¢, 1., 88°00" B. 1. 372
Yyneimman-banbikya 1930-2000 51°28' c. u1., 87°72' B. 1. 435

Bacceiin p. Viprpima

Byxrapma — Ileun 1937-1988 49°20' c. 1., 85°10' B. 7. 645

Yepnsiit VipTeim — Bypan 1938-1987 48°00' c. 1., 85°22' B. 7. 630

apxuBa «rp5» (http://rp5.ruhtml), arenrctBa NOAA (https://www.ncdc.noaa.gov.
html). Januele MmeTeoponorndeckux crauiuii Kuras 6p1m m06e3H0 npefocTaBIe bl
corpyaHukamy CUHBII3BSHCKOTO MHCTUTYTa reorpadum u sxomornn Kuraiickoii aka-
memuu Hayk. CpefHeMecsuHble 3HAYEHMsI PACXOJ0B BOJBI, IO JAHHBIM TMAPOIOTIYe-
CKIX TIOCTOB, IO/Ty4YeHbl B 6116/110TeKe [0CyAapCTBEHHOTO IUAPOIOTNYeCKOTO NHCTHU-
TyTa (e)KerojHble JAHHBIE O PEXKMME U pecypcax MOBEPXHOCTHBIX BOJ CYIIN), @ TAKXKe
u3 rugponorndeckoit 6a3sl JaHHbIX R-ArcticNET (http://www.r-arcticnet.sr.unh.edu/
v4.0/main.html) n NOAA (https://www.ncdc.noaa.gov.html).

3. PesynbraThl

3.1. Xapaxmepucmuxa 0pe6ecHO-KO/IbUe6blX XPOHON02Ul

CormacHO pesynbpTaTaM J€HLPOXPOHONOIMYECKOTO aHA/NN3a, BCE CEMb JIOKa/TbHbIX
npeBecHo-KonbleBbIX xpoHonoruit (BUHv, CHIv, CHIn, TAUn, KANn, UATn u TRBv)
COOTBETCTBYIOT CTaTUCTUYECKUM KpUTEepUAM KadecTBa. VccremoBaHne 3aKOHOMEPHO-
CTeli AMHAMMUKI pajMalbHBIX IPUPOCTOB [IOKA3a/I0, YTO 0ObeMHeHNe JIOKa/IbHbIX Psi-
TOB B PETMOHAIbHBIE BO3MOYKHO IIPOBECTH COITTACHO BHICOTHBIM MOACaM IPOU3PACTAHNA
pacTUTenbHOCTH B pernoHe. Tak, mokanbHble xpoHonoruu BUHv n CHIv zemoncTpupy-
I0T YCTOIYVBYIO BO BpPEMEHM CBA3b M MOTYT OBITb 00 be/IHEHBI B OHY IpeBECHO-KO/bIIe-
By10 XxpoHonoruio IRTv, oTpakarolyo 13MeHYMBOCTb PafyalIbHOTO IIPUPOCTA TMCTBEH-
HMLIBI CMOMPCKOIL B PeTVOHE MCCIefOBaHNA Ha BepXHell rpaHniie neca (puc. 2, Tabm. 3).
V3MeHYMBOCTD IPMPOCTA [IPEBECUHDI Ha HVDKHEN I'PAHMIIE JIeCa OTPaykaloT JIOKa/IbHbIE
xpoHnonoruu CHIn, TAUn, KANn. OHM X0poIIO COINIacyloTcsa Mexay co0oil, B pesyib-
Tare 4ero ObUIM 0ObefVIHEHbI B PEeBECHO-KOMbIeBYI0 xpoHonoruio IRTn. Bxmoyenne
noxanbHbIX XpoHonoruit UATn 1 TRBv B 06061mennsie xpononornu IRTv n IRTn HeBo3-
MO>KHO, IIOCKOJIBKY MX CBA3b C IPYTMMU JIOKa/IbHBIMY XPOHOJIOTUAMY He YCTONYMBa BO
BpeMEHMU, YTO CBUIETENCTBYET O MX HEHAJEKHOCTH B Ka4eCTBE KOCBEHHOTO MICTOYHMKA
uH(pOpMaLMy 0 KIMMaTe peruoHa.
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Puc. 2. CranpaptHble gpeBecHO-KonbleBble xpoHonoruyu IRTv u IRTn

Xpononoruu IRTv u IRTn xapakTepusyoTca OTCyTCTBMEM KOPPEIALOHHOM CBA3N
Mexy coboit. OLleHKa XapaKTepa 1 BeIMYMHBI TPEHA UH/EKCOB IPUPOCTA C VMCIIONb-
30BaHMEM PETPECCMOHHOrO aHajau3a I0Kasasa, 4To ¢ 1850 1. Ha BepXHel rpaHuiie seca
K03 UIMEeHT MMHeTHON annpokcumanuu coctasun 0,013 3a kaxpslie 10 s1et, Torma Kak
3a Mepuof| «KIMMaTu4eckoil HopMbl» (1960-1990 rr.) 1 3a mocnenHue 28 €T TPEeHIbI
CTaTUCTUYECKM HE3HAYMMBI. /11 HVDKHEN rpaHMIIbI JIeCa TPEH/bI HE BBIABIIECHBL.

Tabnuya 3. XapakTepucTuKu 0600IeHHBIX {PeBEeCHO-KOMbLEBBIX XPOHOIOTMII
3a nepuop 1850-2018 rr.

O6006u1eHHbIE XPOHOTOTUN

ITapamer

pamerp IRTv IRTn
Biomosenie BUHv, CHIv CHIn, TAUn, KANn
JIOKAaJ/IbHbIE CepI/II/I
SD (Std/Res) 0,2/0,2 0,3/0,2
MS (Std/Res) 0,2/0,2 0,2/0,2
EPS (Std/Res) 0,94/0,95 0,91/0,92
Aprokoppernsus 1-ro
nopas (Std/Rey) 0,453/0,001 0,559/0,065
PC1 (Std/Res), % 58/70 42/62

Tompr MaKCHMaJIBHBIX
NIPUPOCTOB

1877,1901-1902, 1904, 1941, 1945,
1951, 1953, 1957, 1977, 1979, 1992,
2008, 2010, 2012

1853, 1862, 1867, 1871, 1890, 1912,
1938, 1942-1943, 1959, 1961, 1971~
1972, 1996, 2001, 2005, 2007, 2010

rOI[bI MMHNMAJIbHbBIX

1851, 1854, 1859, 1861, 1869, 1871,

1855, 1863, 1865, 1881, 1885, 1893

TIpUPOCTOB 1882, 1884, 1907, 1912, 1914, 1917, 1894, 1896, 1900, 1923-1924, 1934,
1919, 1927, 1929, 1933, 1938, 1947, | 1945, 1949, 1963, 1965, 1967, 1977,
1949, 1958, 1961, 1985, 2009, 2014 1983, 1990-1991, 2012-2013
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B nepuopsr 1850-1873, 1881-1900, 1906-1939, 1957-1965, 1982-1990 rr. npupoct
IOPEBECHHDBI Ha BEpXHEJ I'PAaHMIE JIeCa XapaKTePU30Ba/ICA IOHVDKEHHBIMM 3HAY€HM:A-
Mu. Tofibl MMHMMAIBHBIX M MAKCHMa/IbHBIX IPUPOCTOB IOAVYHBIX KOJIel] MPUBEEeHbI
B Ta6s. 1. Ha HIDKHel! rpaHuIle leca IOHVDKEHHbIe 3HAYeHNs IPUPOCTa IPUXOATCS Ha
nepmopnl 1850-1859, 1877-1907, 1916-1936, 1944-1951, 1962-1968, 1973-1992 rT.

3.2. Pesynvmamut 0eHOPOKAUMAMUHECKO20 AHATU3A

ITpupocT gpeBecHBI HAa BepXHell I'paHNIIe Jieca OlpefeAeTCs M3MEHUYNBOCTDIO TeM-
IepaTypbl Bo3gyxa uioHs — uions. KoaduumeHT koppemsiuyn® MeXy 3Ha4eHUsAMU
TeMIIepaTypbl BO3yXa MIOHSA — Mo (110 JaHHBIM MeTeoctaHuuit fimo, Yers-Kokca,
3aiican, Karon-Kaparaii, Kour-Arau, Kapa-Tiopek, Kpi3bur-Oszex, @yxaii, Llunxa, Xaba-
xe, Anrait, Yirnit, Snant, Uasnran, Tasnu) n ungekcamu npupocta xponosnoruu IRTv co-
crasser 0,4...0,6/0,4...0,7 (puc. 3B, 3B). Mexxay IpupOCTOM TORVYHBIX KOJIEL| M TeM-
HepaTypoit BO3[yxa, [0 JaHHBIM MeTeocTaHImit Dyionb u Myryp-AKcsl, KoapduiyeHt
koppenauuu cocrasnser 0,2...0,3/0,2...0,3. Bk1aji MIOHbCKMX TEMIIEPATYP CYILIECTBEHHO
6onpire (r=0,5...0,6/0,5...0,7), uem utonbckux (r=0,0...0,3/0,2...0,3), u onpepesnsieT 0Ko-
710 50 % M3MEeHYMBOCTY MPUPOCTA IpeBeCHHbI HAa BepXHell TpaHulle eca. B oTnuune ot
BIVISTHVA Ha IPUPOCT APEeBECUHBI TeMIIePAaTyphl BO3AyXa MIOHHA, BIMAHNE TeMIepaTypbl
UIOTIA TIPOSIBIIAETCA BO BpeMEH! MeHee YCTOIYNBO.

Ha puc. 3A nokazaHo MpOCTpaHCTBEHHOE paclipefiesieHne KoapUIeHTOB Koppe-
TALUY MeXXIY TeMIIepaTypoil BO3yXa MIOHA — UION, 110 JaHHBIM MeTeOCTaHIUIT perno-
Ha VICCTIETOBAHMA, ¥ MHJIEKCaMU pajjuanabHoro rnpupocta xpononornu IRTv. Bugno, aro
II0 Mepe yHa/leHns OT YYacTKOB cOopa 00pasl[oB KIMMATUYECKNI CUTHAI TOCTEIEHHO
ocmabeBaet. B TO >xe BpeMs ZOCTaTOYHO TECHAs CBSI3b MHAEKCOB IPUPOCTA JPEeBECHUHBI
IpOC/IEeXNBaeTCs fake C JAHHBIMM JOCTAaTOYHO Y/a/eHHBIX MeTeOCTaHLIMIA, PacHoIo-
JKeHHBIX B 250-300 KM OT y4acTKoB cbopa 00pasIioB.

KoppensiuonHas cBs3b [peBecHO-KonblleBoit xpoHonoruu IRTv ¢ ocagkamu MeHb-
e, 4eM C TeMIIepaTypoyl BO3AyXa, MIM CTAaTUCTUYecKM HesHaunma. Koaddmumenr
KOppenALMM MeX/y MHIEeKCaMy IPUPOCTa APeBeCHHbI U 0CaJiKaMy Mas — aBIyCTa, IO
TaHHBIM MeTeocTaHuwmit Sitmro, Ycrb-Kokcea, 3arican, Karon-Kaparaii, Kapa-Topek, Kor-
3p11-O3ek, cocrasser -0,2...-0,4/-0,3...-0,4. C maHHBIMIU OCTa/IbHBIX METEOCTAHINII
CTATVCTUYECKM 3HAYVMMBIX CBsA3ell He 00Hapy)eHo. O4eBUIHO, 4TO BIMAHNE OCAJKOB Ha
M3MEHYMBOCTb NIPUPOCTA B JAHHOM ClTy4ae KOCBeHHoe. MeX/ly ocajkaMu U TeMIlepa-
TypoOIll BO3yXa Masg — aBTyCTa CYILIeCTBYeT TeCHadA CTATMCTUYECK!M 3HaduMas Koppe-
nsuoHHas ¢Bssb (r=-0,5...-0,7). opMupoBaHme MIOTHON 0OTAYHOCTHU TIPU OCATKAX
IPUBOANT K CHVDKEHMIO KOMIYECTBA COTHEUHOI pafyalyy U MOHVDKEHNIO TeMIepaTy-
pyl Bo3znyxa. OTpuijaTenibHOe BANMAHME YBIaXKHEHMA Ha IPUPOCT TOAUYHBIX KOJIell Ha
BepXHeJi IpaHulie jleca IPOsBIAeTCs TaKKe Ipu pacueTe K09 PUIMeHTOB KOppesumun
mexay nupekcamu u I'TK CenssunnoBa mast — utons (r=-0,3...-0,4/-0,3...-0,5) o tem
JKe MeTeOCTaHLIMSIM, a TaK)Ke 110 JaHHBIM MeTeocTaHIMu AK-Kem.

Cratuctideckas cBA3b MeXY IapaMeTpaMy IPUPOCTa FTOAUYHBIX KOJIEI] ¥ PeYHOTO
CTOKa KOCBEHHO IIOATBEP>K/aeT Beflylliee BV AHNE TeMIIepaTypbl BO3AyXa Ha IIPUPOCT Ha

* Bce sHaueHns k0o GUIUNEHTOB KOPPEALNY, TIPUBEEHHbIE B pab0Te, PACCUNTAHBI C TOCTOBEPHO-
cTbio 95%. B TexcTe cHayama MPUBOAATCS 3HAYEHNS KO3(POUINEHTOB KOPPEeLLVN, PACCINTAHHbBIE IS
CTaHJAPTHBIX (std) XpoHOIOINMIL, Yepes 4epTy — 1A «OCTaTOYHBIX» (res).
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BepxHell IrpaHulle neca. Mexy pacxofaMiu BOIbI MI0NIA — aBIycTa IO JaHHBIM IMIPO-
nornyeckux noctos p. Katynp — c. CpocTky, p. Uynpimman — c. banbikya, p. Kokca —
c. Yerb-Kokea, p. Karyap — c. Tionryp, p. byxrapma — c. Ileun, korma cTok Ha pexkax
C NPeVMYLIECTBEHHO CHEXXHO-JIOXK/ICBBIM IUTaHMEM NOCTUIAaeT HaMOONMbIINX 3Hade-
HUIL, 1 MHAeKcamMy pupocta xpononoruu IRTv koaddburineHT KOppensiumm cocTapsiet
-0,3...0,4/-0,4...-0,5. CBA3b papimamIbHOrO IPUPOCTA C pacxofilamMmu Boabl p. Yaran (ru-
npornoct Kpi3but-MaHbl) MIOHSA — UIONS, MUTaHNE KOTOPOIl IPeNMYIIeCTBEHHO JIeHN-
KOBOe, onioKuTenbHast: r=0,4/0,3. CBsA3b NpMUpoCTa TOAMYHBIX KOJIELl, IO JAHHBIM XPO-
Hosorun IRTv, ¢ pacxogamu Bobl B IpyTue IepPUOAbI Tofa IPOAB/AETCA MeHee YCTONYN-
BO VJIM CTAaTUCTUYECKY He3HAYMMA.

Omnpepensroliee BIUAHNE Ha IPUPOCT JpeBeCHHbI Ha HYDKHEN IpaHuUle leca OKa3bl-
BAIOT OCAfIKI, BBIIIAJJAIOIINe B IIEPUOT, C ieKabpsi penbIyIero rofa o Uioib TeKylie-
ro. Koaddurment koppenanyum mexay nHgekcamn mnpupocta xpononorun IRTv u sHa-
YEeHMSAMY CYMM OCafIKOB C JeKaOps MPeAbIAYILEero rofa 1o MIib TEKYIIEro COCTaBsIeT
0,2...0,6/0,3...0,6 (puc. 4B, 4B). IIpu aTOM HaMOOMBIINIT BK/IAM B M3MEHUYNBOCTD JIpe-
BECHOTO NPMPOCTA BHOCAT OCAJK!U BeCEHHe-TeTHUX MeCsIeB, 0COOEHHO Masi — MIOHS:
r=0,2...0,3/0,2...0,4.

BnusHMe ocajkoB Ha MPUPOCT TOAUYHBIX KOJIel] BO3MOXXHO IPOCTEIUTb TONBKO
[0 MeTeOCTaHUMAM, PACIONIOKEHHBIM B 30HE HAMIY4YIIEero JOCTYIa BO3AYUIHBIX MaccC
Armantuku: Aiimo, Ycrb-Kokea, 3aiican, Karon-Kaparaii, Ak-Kem, Kpispin-Osek, ®y-
xait, IInnxa, Xabaxe, Pyrons, Antait (puc. 4A). VICKI0ueHneM SIBISETCSI BLICOKOTOPHAs
crannus Kapa-Tiopek (2601 M H. y. M.). KoppensunonHas cBsi3b pagManbHOrO IPUPO-
cra ¢ I'TK CengunuoBa mass — urong (1o maHHbIM MeTeocTannuin im0, Ycrb-Kokca,
3aiican, Karon-Kaparait, Keizpin-Osek, Llnnxa, Xabaxe, @yroHb, AnTait) TakKe IOMTOXKN-
TenbHas, K0oapuuyeHt Koppensunn pasen 0,2...0,3/0,3...0,4.

[TopTBep>KAeHNEM TOTO, YTO NUMUTUPYIOIIMM (PAKTOPOM INPUPOCTA LPEBECHUHBDI
Ha HIDKHeIl TpaHMulie neca CIy»KaT OCafiKi, AB/IseTCsA KOCBeHHas CBA3b MPUPOCTA C I10-
KasaTelsIMM CTOKa peK, MMEIOIUX MPEeUMYILeCTBEHHO CHe)KHO-TIOX/eBoe MUTaHue (1o
IDAHHBIM TUApoONnocToB p. Karyup — c. Cpoctky, p. Uynbimman — c. banbikya, p. Kok-
ca — c. Yerb-Kokcea, p. Karynp — c. Tionryp, p. byxrapma — c. Ileun, p. Yepnniit Vp-
ThIII — C. BypaH) B Mae — aBrycre: r=0,3...0,5/0,4...0,6. Hanbonbuiee sHaueHne npu
3TOM MMeeT pacxofi Boabl B utone: r=0,3...0,5/0,3...0,5. CBaA3b pafuasbHOro NpUpPOCTa
C IaHHBIMM IO TUAPOTIOCTY p. YaraH — Kix. KbI3b1-MaHbI He HalifieHa.

BnusHue Temmeparypbl BO3[yXa Ha NPUPOCT FOAMYHBIX KOJEL, Ha HIDKHEN rpa-
HIIIe Jleca MpOoCIexuBaeTcs cnabo. Mexay mHaekcamy mpupocta xpoHonorun IRTn
U TeMIepaTypoll BO3[fyXa Mas — WIONA, 110 AAaHHBIM MeTeocTaHIuil YcTb-Kokca,
3aiican, Karon-Kaparait, Xabaxe, Anrait, koadduunent koppensuun paBen —0,3/-
0,3...-0,4.

4. O6¢cyxpaeHne

O1leHKa BIMSAHNUSA OCHOBHBIX KIMMATUYeCKUX (akTOPOB Ha IIVPUHY TOANYHBIX KO-
7Ie1] IMCTBEHHMIBI CUOMPCKOIL, IPOMU3PACTAaIoLIell B BEPXOBbAX P. VIpThIlla, IOKasana,
YTO Ha BepXHeil TPaHMIIE fleca PaJuaibHbIl IPUPOCT TUCTBEHHUIIBI CUOMPCKO 3aBUCUT
OT TEPMMYECKOTO peXXMMa Hadaja Iepuopa BereTanuu. JIpeBeCHO-KObleBasg XPOHO/IO-
s, NOMydYeHHas 1o BepxHeil rpanune neca (IRTv), oTpaxaer usMeHeHMs TeMunepary-
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pbl BO3AyXa MIOHS — MIOIS B MaclITabe pPeruoHa, JeMOHCTPUPYs HOTeIUIeHNe ¢ KOHIIA
Marnoit negHUKOBOI 9moxy. [JlaHHasE XPOHOJIOTYS XOPOIIO COITIACyeTcsl ¢ paboTaMu 1o
cocegHnM partonam Anras (Oiigynaa u np., 2004; Chen at al., 2012; Myglan et al., 2012;
Zhang et al., 2015; Mukhanova et al., 2016; Andreeva et al., 2019).

Hanmyme 1ocTaTovHO CHMIBHOIO KIMMaTudeckoro curdama (r=0,7) mo3BojseT uc-
MOTb30BaTh XpoHonoruio IRTV s pekoHCTpyKIUY TeMIiepaTypHoro psaga. B To xe Bpe-
Ms KIMMaTU4eCKUil CUTHal B XPOHOJIOTUM COREPKUT OIpefie/IeHHble JTOKa/lbHbIE 0CO-
OEeHHOCTM: TI0 CpaBHEHUIO C OoJiee CeBepHBIMU pajioHaMy AJITas TeMIlepaTypbl MIOJs
MeHbllle BIMAIT Ha M3MEHUYMBOCTb IIPUPOCTA peBeCUHbl. Take XapaKTepHO OTCYT-
CTBMeE IOJIOKUTE/IBHOTO TPEH/IA 3a ITOC/IefHIe TPY NeCsITUIETUs [0 CPaBHEHUIO ¢ 6ortee
BOCTOYHBIMU pajtoHamyu Mounronuu u TyBel, e TpeHpst onpefenensl B 0,06 u 8 0,11 3a
kaxpple 10 1eT coorBeTcTBeHHO (Andreeva et al., 2019). [Toatomy, HecMOTps1 Ha HanKM4Ne
OOLIVX TeHJEHIINI, He PEKOMEH/IyeTCs1 OO beANHATD JAHHYIO JPeBeCHO-KO/IbIIEBYIO XPO-
HOJIOTUIO C IPYTVMMM PsfiaMI, TOTYYEeHHBbIMH JJ/IS1 BEpXHel PaHMUIIbI 7Ieca HAa TEPPUTOPUN
Antae-Cagn u 3anagHoit MOHTOMUN.

Ha HmkHeilt rpaHulie seca M3MEHYMBOCTb PafiMaJIbHOTO MPUPOCTA OIpefenseTcs
IVHAMMKOI OCAfIKOB 3MMHe-BeCeHHe-TIeTHero mepuopa (mexkabpp — uionb). BeposTHo,
TBep/ible OCAIK! BUAIOT HA yB/IA)KHEHNE BEPXHIX TOUYBEHHBIX TOPU30HTOB MOCTIE CHe-
rorasHus. Haubornbliee 3HaYeHMe IPY 9TOM MMeeT YBIAKHEHIEe B IEPUOJ 3aBepIIeHNS
CHEeTOTAasIHNUA ¥ [0 Havyajaa BereTaluu (Maii — MIOHD). [IpeBeCHO-KO/bIIeBask XPOHOIO-
s, NOMTydeHHas 1o HyDKHell rpanune neca (IRTn), orpaxkaer n3MeHeHNA KOIMYECTBA
0CaJIKOB TO/IbKO /I TEPPUTOPUM PETMOHA UCCTIeOBAHNA, HAXOAAIIENCs Mo, BIUAHIEM
BO3/IyIIHBIX MacC ATTAHTUKI. AHA/IN3 JUHAMUKY PaZiaJbHOIO IIPUPOCTA ITOKA3all, YTO
3a nocnegHue 150 et peXXuM yBIaKHEHUs He IpeTepIies CyLeCTBeHHBIX M3MEHEHUIL.
BpipgenenHble TObI MMHMMAJIBHBIX ¥ MaKCUMAJIbHBIX IPUPOCTOB, A TAKXKe IePUOJbI
MOBBILIEHHBIX U IOHIKEHHBIX MPUpPOCTOB 1o xpoHonoruu IRTh xopouro cornmacyrorcs
¢ pesynbraTamu pabors! Zhang et al. (2018), B KOTOpOII IPUBOJUTCS PEKOHCTPYKIMS
croka p. Kaba (Kuraii, CuHbL3AH- YITypCKIiT aBTOHOMHBII OKPYT). [I7151 TOr0 4TOOB!I 10~
JIy4UThb B OYAyIeM KaueCTBEHHYIO PeKOHCTPYKLMIO OCAJKOB IO JPeBECHBIM KOJIbIIaM,
PEKOMEHZIyeTCsl PaCIUPATD JEeHAPOXPOHOTIOTMYECKYIO CETh U IIPOJO/IKATh cHOp 0Opas-
1JOB JIpEBECUHBI 10 HVYDKHEN IpaHulie jleca B BepXOoBbsAX VpTbiina. YBenudeHue GpakTu-
YeCKOr0 MaTepyaja MOMOXeT YCUIUTD OOIIMil KIMMaTUYeCKIil CUTHAI B 00001 eHHOIT
XPOHOJIOTUIL.
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This paper presents the results of assessing the influence of the main climatic factors on the
tree-ring width of Siberian larch (Larix sibirica Ledeb.) growing in the upper basin of the Ir-
tysh River. Tree core sampling was carried out on the northern macroslopes of the Sarymsakty,
Tarbagatai and Southern Altai ranges in Kazakhstan, as well as on the southern macroslopes of
the Southern Altai ranges in Kazakhstan and China, from three sites on the upper tree line and
four on the lower tree line. According to the results of dendrochronological analysis, two gen-
eralized tree-ring chronologies, IRTv and IRTh, were obtained, reflecting the variability of the
radial growth of Siberian larch in the region of study on the upper and lower tree lines, respec-
tively. On the upper tree line, the radial growth of Siberian larch is dependent on the thermal
regime of the beginning of the growing season (June-July). The analysis of tree-ring growth
dynamics showed that during 1850-1873, 1881-1900, 1906-1939, 1957-1965 and 1982-1990,
tree-ring growth at the upper tree line was characterized by lower values. Since 1850 there
has been a positive trend in the tree-ring growth variability, which indicates better thermal
conditions since the end of the Little Ice Age. The sufficiently strong climatic signal (r=0.7)
makes it possible to use IRTv chronology for temperature reconstruction. On the lower tree
line the variability of radial tree-ring growth is determined by the dynamics of precipitation
in the winter-spring-summer period (December-July). The most important aspect of this is
moisturization during the completion of snowmelt and the beginning of the growing season
(May-June). Analysis of tree growth dynamics showed that over the past 150 years the mois-
ture regime has not changed significantly. The reduced values of tree-ring growth correspond
to 1850-1859, 1877-1907, 1916-1936, 1944-1951, 1962-1968 and 1973-1992.

Keywords: tree-ring growth, dendroclimatic analysis, Siberian larch, June-July air tempera-
ture, December-July precipitation, East Kazakhstan, upper basin of Irtysh River.
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