excluded for climate reconstruction. The optimal window for daily correlations occurred between May 24 and
August 21. For the earliest period correlation was 0,75 and 0,72 for the latest. According to the tree-ring recon-
struction, the coldest summer in Altai during the last 308 years was in 1826. The May-June period was 12.8 °C
colder than the mean in the reference period (1959-2020). The reconstruction suggests that 1779 was the
warmest May-June during the investigated period. The magnitude of the anomaly increased to 20.2 °C in this
case. Bl reconstruction showed the coldest summer in 1833 (15,6 °C) and the warmest summer in the same year
as indicated by the RW reconstruction in 1779 (20,2 °C). RW explained 33% of the total variance of the mean
May-June temperature over the instrumental period, while BI explained 51% of the total variance of the mean
May-August temperature. As a result, we can conclude that BI is a more appropriate parameter for dendrocli-
matic reconstructions of the growing season in Altai
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du Tour) allowed us to fetch out many pecularities of forming of these forests and their functioning.

The representativeness of the Aktru mountain glacier basin by hydroglacioclimatologic showings
(Tronov, 1973) allowed us to assume the general trends and tendencies are common for the Altai, though influ-
ence of local factors still define the details (Timoshok et al., 2008).

We found almost all successions in mountain glacier basin Aktru is directed to the forming of Siberian
stone forests. This forming may be direct, like transformation of tundra to stone pine forest during raising of
treeline and forest line or during post-fire secondary succession in the larch forests of the Aktru river valley
(Timoshok, 2020a) or be indirect as during primary successions at Malyi Aktru glacier forelands and gla-
cionfluvial deposits of the Aktru river (Timoshok, 2020b,c). This common direction allow us to assume the si-
berian stone pine forests serve as kind of attractor, similar to F. Clements conception of ecosystem climax.
Signs of similar changes in the past was confirmed by the data of spore and pollen analysis (Blyakharchuk T.A.
et al., 2004). The analysis also confirms that changes of Altai forest composition occurred in the past: Siberian
stone pine forest were much more common than now in the humid periods with lower impact of fire distur-
bances while larch was as common as now in dryer periods.

Siberian stone pine forests have high stability because of longevity of Pinus sibirica and its ability to pro-
duce cones and seeds until the moment of physical death of the stone pine individual. Their stability is proven
by the fact these forests survived Little Ice Age without significant changes (Timoshok at al., 2016). These for-
ests have complex mosaics of forest types. Each element of mosaic exist in its own cyclic succession. These
elements of the forest changed when trees become older and die, but new Stone pine forest is forming on the
place of the dead element. So entire forest remains existing, though trees in some element of its structure may
die. Such shortened cyclic succession is untypical for the Siberian stone pine as in the Weat-Siberian plain such
succession include a stage of deciduous forest, not existing in the Altai mountains.

O ur long-term (more than 20 years) studies of Altai forests formed by Siberian stone pine (Pinus sibirica
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CCIIeJOBAaHHWE YCTOWYMBOCTH 3KOCHUCTEM M KIMMAaTHYECKOH OOYCIIOBIEHHOCTH UX CYIECTBOBAHUS U

Ppa3BUTHA ABJIAIOTCA MHTCPECHBIM U B IE€JIOM NEPCIIEKTUBHBIM HAIIPABJICHHUEM Pa3BUTHA OTCYECTBCH-

HoM Hayku. Llenpio maHHO# paboTH! ABIsAeTCA 00001IeHNe HAamKX Oostee gyeM 20-IeTHUX HCClIeIoBa-
HUI SKOJIOTHH Ha3eMHBIX 9KOCHUCTEM AJITasi, 0COOYIO pOJIb CPEId KOTOPBIX 3aHUMAIOT KeIpOBkIe jieca, cdop-
MHPOBAHHBIX KeapoM cubupckuM (Pinus sibirica du tour).

OOPMNPOBAHNE KEAPOBBLIX JIECOB AJTTAA

YeTBepTHUHAs aKTUBHOCTH JIETHUKOB M MHO)KECTBEHHbIE KPYIHbIE OJECHEHUS] HEOMHOKPAaTHO YHUYTO-
JKaJIu pacTUTENLHOCTh B TOPHBIX JofuHax Antas. Jlaxe noxononanue B Maunblii Jleguukossiit [lepuon ynuy-
TOXWJIO 3HAUUTENbHYIO YacTh NPUIIEIHUKOBBIX JECOB, BKIIOYast kKeapoBble. OqHAKO, KOT/a JISTHUKU OTCTyTa-
JIM, Ha OOHAXKMBILHUECS TOCTIVISIIMANILHBIE TIOBEPXHOCTH, JIMILIEHHBIE JJa)Ke TIOUBbI, COPBAHHON HACTYIaBIIUMU
JIEIHUKAaMH B MEPUOJ] MOXOJIOAAHUS, HAYMHAJICA 3aHOC 3a4aTKOB PAcTEHHH M BKJIIOYAJIUCH CYKIIECCHOHHBIE
npoueccsl. B Xone nepBUYHBIX CyKIEeCCHH MPOUCXoauio GopmupoBaHue HOBBIX JiecoB. Mccnenosanus E.E.
Tumorok u coaropos (2008) rmokazanu, 4To CyKIIECCHH Ha MOPEHHBIX KOMIUIEKCAX JOJIMHHBIX JIGAHUKOB AJl-
Tasi, HaXOJAIIMXCA B Ipeesiax JECHOTO Mosca, HOCAT pa3IMYHbIN XapakTep U 3aBUCST OT MECTHOTO KIMMAra,
OJIHAKO BMECTE C TEM PElPEe3eHTAaTUBHOCTh TOPHOJICITHMKOBOTO OacceliHa p. AKTpY 1O IISLHMOTHIPOMETEOPO-
JIOTUYECKUM TOKa3aTelsiM, ycTanorieHHass M.B. TpoHoBeiM (1973) mo3BosisieT MPEANoIoKUTh YTO Hanubosee
JIETAJIBHO MCCIIEI0BAaHHbBIE CYKI[ECCUH Ha MOJIOJBIX MOpEHax JjeqHnka Maiblii AKTpy ¥ (UIIOBUOIIISIATIBHBIX
OTIIOKEHUAX P. AKTPY SIBJIAIOTCS B 3HAUUTEIBHOMN CTENIEHN TUIIMYHBIMU JUI ANITasi B IIEJIOM.

[lepBuuHbIe CyKIIECCHM NMPOTEKAIONEe Ha MOPEHHBIX KOMIUIEKCAX JieMHUKa Maiblii AKTpY BKIIOYAIOT
NHOHEPHYI0 CTaJANIO, U1 KOTOPOM XapaKTEepHO 3acesieHHe MEePBBIX PACTCHUN, HBOBO-MHPUKAPHEBO-IpHAa-
J0BO-Pa3HOTPABHYIO CTAAMIO, BO BPEMsI KOTOPOH HIEeT (POPMUPOBAHKE ITOJHOILIEHHOTO TPaBSIHUCTOTO HA3eM-
HOTO ITOKPOBA U aKTUBHOE Pa3BUTHE ITOYBHI, U 3aCe€lIEHHE JUCTEHHMUIbI, I MOXOBO-HBOBO-0ePe3KOBYIO CTa-
JUI0, Ha KOTOPOIl MPOUCXOAUT (POPMUPOBAHUE PA3BUTOIO KYCTAPHUKOBOI'O SIPYCa U POCT JEPEBbEB JTUCTBEHHH-
upl. (Tumorok u np., 2008, Timoshok et al., 2020a) Craaust MONOJOrO JIMCTBEHHUYHOTO Jieca, Ha KOTOPOI
IIPOMCXOIUT MEPEX0]l 3apociieid Oepe3KH B MOJIOOH JTMCTBEHHUYHBIH JIeC ellle He OTMEUEHO, HO CO BpeMEeHEM
9Ta CTaausl HeM30eKHO HACTYIIUT.

[epBuuHbIe cykueccuu Ha (UIIOBUOINSMAIBHBIX OTIOKESHUSX IPOTEKAIOT 10 CXOJHOW CXeMe - UMEeeT
MECTO JUTUTENbHAsI MHOHEePHAs CTaausl, Ha KOTOPOH ()OPMUPOBAHHE COMKHYTOW PaCTUTEIBHOCTH HEBO3MOX-
HO U3 32 BIMSHUS pekuMa HapyleHUH, B IEPBYIO Ouepeib HaleAel, MOXOBO-KYCTAPHMKOBAs CTAUsI Ha KO-
TOpOH MPOTEKaeT pa3BUTHE MOYBHI, PACTUTEIHHOCTH U KyCTapHHUKOBOIO spyca U 3aceJeHHe JTUCTBEHHUIBI U
CTAJMs1 TUCTBEHHUYHOTO0 Jieca, KOTopasi 37IeCh YCIEIIHO JOCTUTHYTa I0HBIX Teppacax p. AKTpy, B 30HE ¢ Hau-
MeHbBLIMM ypoBHeM HapyieHui. (Timoshok at al. 2020b).

OueBUIHBIM SIBIISIETCS TOT (PaKT, 4TO 00€ ITH CYKIECCUH HalpaBlieHbl Ha ()OPMUPOBaHHE JIMCTBEHHUY-
HBIX JIECOB, O/IHAKO, KaK MOKa3aJy Hallll HCCIEeJOBaHus, IPOBEACHHBIE B MTOoCIenoKapHbIx Jecax (Tumorniok,
2020), TMCTBEHHUYHBIE JIeca He SBIISIOTCS (PMHAIBHBIM PE3yJIbTaToM CyKLeccHHu. bblio ycTaHOBIIEHO, 4TO Ta-
Kasi CyKIIECCHs IPOTEKaeT M0 MyTH MHIHOMPOBAHHUS, [IPUOCTAHABINBAsICH TOC)e (GOPMHUPOBAHUS JTHCTBEH-
HUYHOTO Jieca Ha IEepUOA paBHBIN CPOKY >KH3HHU JHUCTBEHHHUIBI — oKosno 600 5eT, mocie 4ero JNUCTBEHHHUIA
CMEHSIETCsl KEAPOM. DTO IPEAIOIOKEHNE MOATBEPIKIACTCS NCCIIeOBAaHNEM OCOOSHHOCTEH JIeCOB Ha COBpe-
MEHHBIX (QuroBHONIIMAIBHBIX oTiiokeHusX (Tumorok E.E. u ap., 2021), npoBeieHHBIM IIPH Y4acTHUH aBTO-
POB — B HauboJiee CTapbix U3 HUX JUCTBEHHHIIA BCE €IIE OCTAETCSl OCHOBBIM M (PHUKATOPOM, OJHAKO B OCHOB-
HOM IIOKOJICHHHU KpPOME Hee y4acTBYeT U KeAp, IIPU ITOM IOAPOCT 3TUX JIECOB COCTOUT UCKIIIOUUTEIIBHO U3 Ke-
Jpa, 4TO TOBOPHT O NPOTEKaHWH B HUX cMeHbl. Takum 00pa3oM B COBPEMEHHBIH IIEPHO/IB BCE NIEPBUYHBIE CYK-
neccun OacceiiHa AKTpY HampaBiieHbl Ha (OpPMHPOBAHUE KEAPOBBIX JIECOB YEpPE3 CTAAUIO JIMCTBEHHUYHOTO
neca. [laneoskonornueckue nanueie (Blyakharchuk et al., 2004) moka3bIBaloT 4TO MOJOOHBIE CMEHBI yXKe
HMeJNH MECTO B IPOIIIOM.

Jpyrum nyrem GopMUPOBaHUS KEAPOBBIX JIECOB SBISIETCS €l HE 3aBepUICHHAs BTOPUYHAS CyKIeC-
CHsl B JIECOTYHJIPOBOM JKOTOHE JIOJIUHBI P. AKTpY — TpaHCc(hopMalusi TYHJPOBBIX 3KOCUCTEM B JIECOTYH-
JpOBBIE U, BIIOCIEACTBUH, JECHbIE. B HacTOAmUNA MOMEHT OTMeUYeHa TOJIBKO IepBas 4acTh ITOM CyKIec-
CUM: Ha MEPBOH CTaJANU: CTAJMU OMHOYHBIX AepeBbeB MIPOUCXOJNUT 3aceleHHe IePBhIX 0co0el Kenapa.
OTH CUIIBHO YTHETEHHbIE, HO aJanTHPOBABIINECS K XOJIOAY JAEPEBbs CO3Mar0T GPUTOINOIIE, JIearolee Bo3-
MOJKHBIM JaJIbHEHIIYI0 KOJOHU3ALMIO Keapa U 3axBaT UM MecTooOuTaHus. Ha Bropoii craauu: cragum
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IPYII iepeBbeB, KeAp 3aceseTcs BOIU3H dTHX IEPEBbX, (GUTOIONE ITPYNIIBI KEPOB BBI3BIBACT BO3HUK-
HOBEHHUS MHKPOSKOTOHHOTO 3]dekTa, 0becrednBast yCKOPEHHE KOIOHU3AINH U pacirupenne rpymm. Crue-
JOyiomas cTagus — TpaHcopMaluu, BISETCS THIIOTETHYECKOI, T.K. ellle He HACTyIHIIa, HO MOXHO IIpe-
MOJIOKUTH YTO B XOJI¢ Hee HIDKHHE IPYIIIBI IepEeBbeB Kepa OyayT pa3pacTaTbes M CIMBAThCA APYT C APY-
T'OM M HIDKEJISKALIMMU JIECAMH, CO3/1aBasi IPOIBHIKEHIE BBEPX HE TOJIHKO I'PaHMIIBI IepeBa, HO M I'PaHHIIbI
neca.

Iocmemuum myTeM GopMHUpPOBaHUS KEIPOBBIX JIECOB SBIAETCA MX (OPMHUPOBAHHU B XOZE 3aBEPILCHUS
HOCJICTIOXKAPHBIX BTOPUYHBIX CYKIIECCHI. HACTOSAIIMHA MOMEHT IOCIENOXapHbIe JINCTBEHHUYHBIC Jieca SIBIIS-
I0TCSl OCHOBHBIM THIIOM KOCHCTEM JOJIMHBI P. AKTpY M BBICOKOTOPHI AJITasi B IIEJIOM, OHAKO HCTOPHUYECKU
npeoOialaHue STHX JIECOB CBA3aHO C CHIKEHHEM YPOBHS OCAJIKOB M POCTOM YHCIIA JIECHBIX IT0XKapoB. JlaHHbIE
T.A. braxapuyk (2004) cBHOETEIBCTBYIOT, UTO B MEPUOMBI, ISl KOTOPHIX OBIIa XapakTepHa 0ojiee BBICOKas
BJIQ)KHOCTB KeJIp MI'pajl HECPAaBHEHHO OOJIBIIYIO POJIb B CIOKEHHUHM JIECHOTO TIOKpoBa Aurtast. JTa CyKIeccHs,
pexoHcTpynpoBanHas Hamu (Tumormok, 2020) mpu MOMOIIM METOAMKH, IIOCTPOCHHOW HA TAKOM ITOIXOJE KaK
IFC ( McCormic, 1968), Bkirogaer B ce0s cTaquI0 rapH, KOT/Jia 3a CYeT OYBEHHOT0 OaHKa CeMSH HaYMHACTCS
BOCCTAHOBIICHHE PACTUTEILHOCTH, KYCTAPHHKOBOH CTaIUH, CIEAYIOMWSH 32 HEH CTaMH MOJIOOI0 JIHCT-
BEHHHUYHOTO Jieca, Ha KOTOpOil (opMHUpyeTCs JINCTBEHHUYHBIH JIeC; CTAAMIO0 MJIATO, TO €CTh CYIICCTBOBAHUS
JMCTBEHHUYHOTO Jieca 6e3 OONMbIIMX U3MEHEHHH. ¥ CTAAMI0O MATEPHMHCKOIO M0JI0I'a Ha KOTOPOH M3 IIOAPOCTa
(hopMHpyeTCs MOTHOCTHIO KEIPOBOE OCHOBHOE MOKOJICHNE IEPEBLEB, a CTAPOBO3pACTHAS JINCTBEHHHIIA COXpa-
HSETCS TOJNBKO B MATEPHHCKOM IIOJIOTE.

TakxuM 00pa3oM KepoBBIii jiec BLICTYNAeT CBOEr0 PoAa aTTPAKTOPOM Ha (hopMHUPOBaHHE KOTOPOIo
HaIpaBJIeHbI BCe CYKLECCHM, IPOTEKAIONINE B JIECHOM Hosice OacceifHa AKTpy M Ha ero BepXHeil rpaHuie,
onHaKo opMHpOBaHHeE OGLIMPHBIX KeAPOBBIX JIECOB B BEICOKOTOPhAX AJITasi HEBO3MOKHO U3 32 CyLIeCT-
BYIOLLETO PEKUMA NOKAPOB.

OYHKUMOHMPOBAHWME KEOPOBbIX JTECOB AJTTAA

HccnenoBanus cotpynHUKoB Hatel taboparopun (Tumornok u ip. 2016) nmokasanu, 4To CyIiecTBYIOIIUE
B JI0JIMHE AKTpY HEOOJbIINE (PparMEeHTHI KEAPOBBIX JiecoB copmupoBaiuck doiee 600 et Hazan. brnarogaps
MIMPOKUM JMaria3oHaM TOJIEPAHTHOCTH KeApa CHOMPCKOTo MO OONBIIMHCTBY IKOJOTMYECKHX (PakTOpoB 3TH
neca 6e3 CyIeCTBEHHBIX H3MEHEHHH nepexwiin Mayro JIenHuKoByro Dnoxy. DTo yKa3bIBaeT Ha OY€Hb BHICO-
Ky CTaOMIIBHOCTD KEJIPOBBIX JIECOB B YCIIOBHAX KojeOaHuUil kinMara. Jlaske cpaBHUTEILHO KOPOTKHit Giaro-
NIPUSITHBIN JJ1S1 3aCEJICHUSI Kepa IIepHoJ] MOXKET 00eCTIeuUTh NX BOCCTAaHOBIICHHE U cyliecTBoBaHke (Tumorok
E.E. u np., 2016). ®akTopamMu, 00CCICUYHBAIONINM 3Ty CTAOMIIEHOCT SIBJISTIOTCSI BBICOKASI TIPOJIOJKUTEIILHOCTh
sku3HU kezpa (500 u 6osee JIeT) ¥ ero CocOOHOCTh Pa3MHOXKEHUS, COXPAHSIOIIASACS 0 MOMEHTA (PU3UICCKOU
rudenn ocoou.

Kenposble sieca 0MMHBL p. AKTPY UMEIOT JI0CTaTOYHO OOJIBIYIO HEOAHOPOIHOCTD M COCTOAT U3 MapLesl,
(hopMupoBaHUE KOTOPHIX ONPEEIsIeTCs IOUBOM: B O0iee BIaKHBIX MECTOOOMTAaHUAX (POPMUPYIOTCS OpyCHUY-
HO-3€JICHOMOIIHBIE MapLeIuIbl, B 00JIee CyXHX - OpyCHUYHO-Pa3HOTPaBHbIE, HA KAMEHUCTHIX y4acTKax (hopMu-
pyloTcst 0a1aHOBO-pa3HOTPaBHbIE apLeiuibl. B pesynbrare HapyleHni, NPUBOIAIINX K THOENH psijia JepeBb-
€B BO3MOXXHO ()OpMHpOBaHKE OEPE3KOBBIX Mapleill, MPEACTABISIOMNX CO00 BpeMEHHBII THII, CyIIECTBYIO-
XX JIMIIB O MOMEHTA 3aMeIleHHUs TOTHOIINX JIepeBbeB MOIPOCTOM. BaxkHON 0COOEHHOCTBIO 3THX JIECOB SIB-
JISIeTCS UX CYIIECTBOBAHUE B PEKUME HEMPEPHIBHOMN LIUKIMUECKOM CYKIIECCHU B CMBICIIE YOTTa MpOTEKaroen
HE Ha YPOBHE JIeca B 1I€JIOM, a Ha YPOBHE OT/ENIbHBIX NapLeil. B xone cBoero pa3BuTus napuena J0CTUraeT
(uHAIBHOW CTAIMK - MEPTOBOMOKPOBHOTO Jieca, B KOTOPOM OHa NpeObIBaeT /10 Havyajla MacCOBOM rMOeH Jie-
peBbeB Kezipa oT crapocTu. C rubesnbio 3HaYUTENILHOTO YKciIa 0co0ei Kepa rnapuesuia BXOJIUT B CTAAHIO OKHA
B0300HOBJIeHNsA. B OkHEe BO30OHOBIICHHUS IIPOUCXOMT 3acEJICHUE Kelpa M €ro pocT, 0 Mepe pocTa Keupa,
napuensa nepexoauT B CTaAHI0 PeIUHBbI, 3aT€M - Ha CTaJAHI0 MOJIOAOr0 KeApOBOro Jeca. Brnocneacrsuu
napiiesia OKOH4YaTeJIbHO IPUOOPETaeT YePThl CBOETO OCHOBHOIO THIIA - K IPUMEpPY OpYCHUYHO-Pa3HOTPABHO-
T0, ¥ BXOJUT Ha CTaJUI0 3peJioro Jieca. ClielyeT OTMETUTb, YTO BO HEPBBIX JJISl PABHUHHBIX KEAPOBBIX JIECaX
Takas CyKIlecCHs BKJIIOUaeT CTaUI0 JUCTBEHHBIX AepeBbeB ([lanueHko, bex, 2010), B yCIOBHSIX e BEICOKOTO-
puii Antast ee He HaOJIIOIaeTCs, @ BO BTOPBIX LMK IPAaKTUYECKU HE 3aTParuBaeT COCEIHIE NapLeilIbl, B CHIY
Yero Jieca MpoI0JDKAIOT CYIIECTBOBATh O€3 CyIIeCTBEHHBIX H3MEHEeHUH. FIMeHHO 3Ta 0coOeHHOCTh 0becedn-
BaeT JOJIFOBPEMEHHOCTh CYLIECTBOBaHUS KEIPOBBIX JIECOB.
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the Holocene and store valuable archives of the evolution of vegetation and climate in the region, the

results of studying the dynamics of the ecosystems of the Eastern Sayan mountains remain extremely
scarce [1, 2]. The high mountainous position of the lakes makes their ecosystems very sensitive to warming,
since temperatures change faster in high mountain areas than in lower ones. Registration of such climate chang-
es in various regions of the Eastern Sayan helps to understand the formation of the modern natural environment
and predict its changes in the future.

Lake Nomto-Nur is located in the central part of the Eastern Sayan (1386 m above sea level), in the Okin-
sky district of the Republic of Buryatia. The lake is hydrologically connected with the Sentsa River, located in
its valley [3].

To study the bottom sediments of the lake, we used the palynological method, the method of X-ray fluo-
rescence analysis (XRF), the method of radiocarbon dating, as well as statistical and stratigraphic methods for
interpreting and presenting the results.

Tilia software version 1.7.16 [4] was used to calculate the percentage of taxa, construct a diagram, and
perform cluster analysis. Using the CONISS cluster analysis, three local pollen zones and four main zones of
element distribution in the core were identified.

According to the age model, about 700 years ago, the shores of the lake were quite swampy, as evidenced
by the high abundance of sedge and willow pollen. At that time, in the lake conditions were calm, favorable for
the development of desmid algae of the genus Cosmarium, which are typical for phytoplankton of slowly flow-
ing rivers, lakes, and sphagnum habitats [5]. The composition of grass pollen makes it possible to reconstruct
the wide distribution in the river valley and around the lake of sagebrush-grass-forb groups of meadow-steppe
appearance in well-heated elevated habitats in warm summer seasons.

Sharp changes in the parameters of SPA and XRF by 62-68 cm of the core testify to a major event in the
history of the development of the lake. We hypothesize that these processes may be related to an incident such
as an increase in the water level in the lake, possibly as a result of a flood / series of floods, which led to an ex-
pansion of its surface area and changing the shorelines of Lake Nomto-Nur. In this case, thickets of alder,
which even today grow close to the water line in many parts of the lake shore, could be flooded or ended up
right at the water's edge. Along with pollen, such macroelements as Na, Al, Si, K, Ca, Ti, contained in the soil,
also entered the waters of the lake from coastal soils. A little earlier than this period, approximately 72 cm from
the surface of the core, a sharp increase in the concentration of coal microparticles was recorded, followed by a
sharp decline in the concentration of it. This could be a consequence of fires and also affect a sharp change in
the elemental composition of bottom sediments and the content of spores and pollen in them.

D espite the fact that there are a large number of lakes on the territory of the Eastern Sayan that formed in
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