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[TpuBoasTCst pe3ynbTaThl MMAJICOIKOIOTHYECKONH PEKOHCTPYKIMHM TSI HU3KOrOpbs 3amaaHoi yactn Bocrounoro
Casna 3a mocnennue 7.9 ThIC. KaJE€HAApHBIX JIET, ITOJyYEHHbIE HA OCHOBE paguoyriepoaHoro AMS-paTupoBaHus,
CIOPOBO-ITBUIBLIEBOI0, OOTAHMYECKOTO aHAIN3a W aHAJIM3a MaKpPOYacTUIl YIiisl TOP(SHBIX OTIOXKEHUH B OacceliHe p.
Muna (mpaBoOepexkbe p. Enucei). YcraHoBineHo, YTO B HEpHOI yCHJICHMS apuau3anmu 7.9-5.7 Teic. Kaja. J. H. B
cpesHeM TeYeHHH p. MyHa Ha yJacTKe C IMMPOKOH ITOMMON CKJIaJbIBAINCH YCIOBHS JJIsl OTIIHYPOBBIBAHUS CTAPHUIIBI C
MTOCTETICHHBIM €€ 3aiICHHEM, 3apacTaHneM U 3a0omaunBanreM. Ha ckimonax Kyrypunuckoro u Kotickoro bemoropss B
9TO BpeMs ObUTM Pa3BUTHI ITMXTOBO-EIOBO-KEIPOBBIE JECA, YACTO CIYYaIuCh Mokapbl. OTKIMKOM Ha TEPMHUUYECKUH
ONITUMYM TOJIOIIEHA MOXKHO CYMTATh CHIDKEHHE OOBOJHEHHOCTH MONMBI M Hadalxo TOP(OHAKOIUICHWS, YCHIICHHE
MOXKapHOW akTUBHOCTH. CTaOMIBHBIM yBIaXHEHHEM omInyajcs rnepuox 5.3-4.1 Teic. Kai. JI. H., KOTAA 10 CKJIOHAM
MIPON3paCTaN MMMXTOBO-EII0BO-KEAPOBHIE Pa3HOTPABHO-IIAIOPOTHUKOBEIE Jieca. Ha ocHOBe aHamM3a MakpO4acTHI] yIiIst
BBIJICTICHO TPH dTama yCHIeHHS MmokapHoi aktuBHOCTH: I — 6800-5400 xan. 1. H., II — 4600-3200 xai. 1. H. (TOXapHBIC
smm3one! okono 4300 u 3400 kamn. JI. H. OTIMYAIOTCS MaKCHMaJbHBIM IMHKOBBIM 3HAYEHHUEM CKOPOCTH aKKyMYIISIIUU
yrast), [T — 1800 kaxi. 1. H. — 1o HAacTOosIIee BpeMs, IIOCTICAHUHN 3TAll XapaKTepH3yeTcs HANMEHBITIMHA MEKITOKAPHBIMH
naTepBanamu (oxono 200-400 net). Ha matst 7500, 6200, 5250, 2200 u 1100 xan. 1. H. IPUIUTUCH NOXKAPHBIE COOBITHS
CO CKOPOCTBIO aKKyMYJISIIMH YIJIsI, HE MpEBBIIIAtoNIeil moporopoe 3HaueHue. CHIDKEHHE OOIIeH YBIIaXHEHHOCTH B
mepuon 4.1-3.3 TBIC. KaX. J. H. CIIOCOOCTBOBAJO BBICOKOW ITOXKAPHOW AaKTUBHOCTH, TIIOBIICKIICH YBEIUYCHUE
OCBEIEHHOCTH TEPPUTOPUHN M YCWICHHE PA3BUTHS PACTEHHH HIDKHHX SPYCOB — KyCTapHHKOB M TpaB. HaunHas c 2.4
TBIC. KaJl. JI. H. B NBIIBLIEBOM CIIEKTPE HAPACTAET COJIEpP)KaHHME MBUIBIBI TEMHOXBOHHBIX BHOB, OOJIOTO MEPEXOIUT C
eBTPOHO-Me30TpOPHON CTaauu pa3BUTHS Ha MeE30TPO(HYIO, YTO COBHAJAECT CO 3HAYUTEIBHBIM YMEHBIICHHEM
BEJIMYUHBI COMHEYHON WHcomamuu mist 55° c. m. Ilocme 1200 kam. 5. H. Ha CyXOHOJNaX Pa3BUTH IHXTOBO-EIOBO-
KEJPOBBIC Jieca B YCIIOBUSIX CTAOMIBHOIO YBIAXKHECHUS, IIOMMEHHOE OOJIOTO MEepernuIo Ha Me30TPO(HO-0IUTOTPOPHYIO
craguio pa3Butsi. BpemenHnoit natepsan 700-600 kai. JI. H. OTIMYAETCS CHIPKEHUEM JIONN XBOWHBIX PacTeHUi, OCHOBY
CIOPOBO-IIBUIBLIEBOTO CIIEKTPa cocTaBIsIOT Betula sect. Nanae, cem. Ericaceae u pon Sphagnum, HA3Kas NbUIBLEBAs
MIPOAYKTUBHOCTH JPEBECHBIX OTME4YeHa W Okoio 450-400 kan. JI. H., 9TO MOXKET OTpa)kaTh IOXOJOHaHWEe Majoro
nemnaukoBoro mepuona. I[locmemame 150-200 ner Qurcupyercs cokpameHue nonu Pinus sibirica W yBenwdeHUe
conepkanust Pinus sylvestris B cocTaBe APEBOCTOS, YTO B COBOKYITHOCTH CO CTAOMIIBHO BBICOKHM COJEp)KaHHEM
MaKpOYIJIS OTPaKaeT HapacTaIoIIyl0 KOHTHHEHTAJIBHOCTh KJINMaTa.

Knrwouegvle cnosea: pPEKOHCTPYKIUS PACTHTENBHOCTH M KIMMaTa, TOJOLEH, TOP(SHBIE OTJIOXKEHHUS, MOXKapBhI,
HU3KOropke, Bocrounsrii CasH.

Mires in the foothill areas have high palacoecological information content. Pollen and spores, which record
composition and abundance changes of the main forest-forming species’ pollen in combination with pollen of shrubs
and grasses, make it possible to trace altitudinal shifts in vegetation belts caused by relative warming or cooling
[Blyakharchuk, 2011; Borisova, Panin, 2019; Blyakharchuk & Kurina, 2021; Bezrukova et al., 2022]. The feature of
peat strata to retain various organogenic and mineral fractions that fall on their surface as a result of deluvial and river
runoff [Volkova, 2005; Chernova, 2005] makes it possible to identify periods of increased erosion, including those of a
pyrogenic factor. To date, within the Altai-Sayan region, the features of palaeoecological conditions in the western part
of the Eastern Sayan have been less studied. To understand the main trends in the development of mountain taiga
landscapes in specific physical-geographical, climatic and forest growth conditions, a comprehensive study of peat
deposits seems extremely important.
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The study site is located on the north-western macroslope of the Eastern Sayan in the floodplain of the Mina
River (right bank of the Yenisei River). The river valley lies between the slopes of the Kuturchinsky and Koysky
Belogorye, north of the Manskoye Belogorye ridge (the western end of the main watershed ridge of the Eastern Sayan),
and belongs to the northern part of the Mansko-Kansky low-mountain region. The mires are confined to the widest
sections of the Mana and Mina rivers valleys. At the river mouth of the Mina the terrace part is swampy; in the high-
mountain belt, small areas of mires are confined mainly to the shores of overgrown lakes. The studied mire area is
located on the right bank of the Mina River in the middle reaches above the mouth of the left-bank tributary of the
Kuturchin River. The modern mire vegetation cover is represented by a mixed sparse forb-sphagnum-green moss
forested mire.

Using botanical analysis of peat, three columns were studied: 1) in a terrace depression at a point with
coordinates 54.92° N, 94.28° E and an absolute mark of 560 m, where the thickness of the deposits was 2.40 m, of
which: peat - 2.05 m, peaty loam - 0.35 m; 2) at a distance of 450 m from the slope depression, the total thickness is
1.95 m, of which 1.25 m is peat, 0.7 m is loam; 3) at a distance of 750 m from the slope, where peat is 0.8 m, below
there is gravel.

Samples of the thickest column were studied using a combination of methods: pollen [Grichuk, Zaklinskaya,
1948], botanical analysis [Kulikova, 1974], macrocharcoal analysis [Clark, 1988], determination of peat ash content
was carried out according to [GOST 11306-2013, 2019]. AMS dating was performed in Poznan Radiocarbon
Laboratory, Poland.

Peaty loam (depth interval 2.40-2.05 m, 7900-5700 cal. yr BP) includes remains of the bark of Picea obovata
and Pinus sibirica, as well as tissues of green and sphagnum moss. The peat core has a two-layer structure; in the
interval of 2.05-1.35 m, the deposit is formed by lowland woody-sphagnum peat, with ash content values varying from
15 to 30%, except for the depth interval of 1.87—1.81 m (4500—4100 cal. yr BP), where the maximum value of 53% is
observed. A sample from this stratigraphic layer was separated in an aqueous medium with subsequent examination of
the fine and medium-dispersed phase using a TESCAN VEGA 3 SBH scanning electron microscope with an OxfordX-
Act energy-dispersive microanalysis system. The content of Si (6%) and Al (2.2%) indicates a high proportion of
terrigenous admixture in the formation of the stratigraphic layer, likely associated with post-pyrogenic erosion in the
study area. The upper part of the core (1.35-0.07 m, approximately from 1100 to 60 cal. yr BP) is formed by sphagnum
peat.

Starting from 7970423 cal.yr BP on the Kuturchinsky and Koysky Belogorye slopes fir-spruce- siberian pine
forests grew. In the Mina River valley with a wide floodplain conditions developed for the pinching off of an oxbow
lake with its gradual silting and overgrowing. The time interval of 7200-5700 cal. yr BP was characterized by high fire
activity and the beginning of peat accumulation in the Mina River floodplain (around 5700 cal. yr BP), which may
reflect the response of landscapes to the Holocene Thermal Maximum.

The period 5300—4100 cal. yr BP is characterized by consistently high humidity, with slopes covered by fir-
spruce-cedar forests and a forb-fern ground cover. The time interval 4500-4100 cal. yr BP is characterized by the
passage of strong fires and increased surface erosion, which contributed to a high input of mineral particles to the
surface of the mire, which together may reflect the manifestation of pyrogenic erosion.

Starting from 4100 cal. yr BP, a significant reduction in the amount of dark coniferous species pollen is noted
(up to 40-44% in total): Pinus sibirica — 25-27%, Picea — 5-8%, with a slight increase in the content of Abies pollen
(up to 7-9%) and Betula sect. Nanae (up to 18-23%). The total content of grass pollen increases to 20%,
representatives of the following taxons are noted: Rosaceae, Caryophyllacea, Poaceae, Artemisia, Thalictrum. In the
mire the spruce-sphagnum community is replaced by green moss-sphagnum yernik. This period is marked by the
maximum extremum in the content of macrocharcols indicating the close localization of the fire to the study point. The
totality of the identified paleosignals may indicate a decrease in overall humidity in the period 4100-3300 cal. yr BP
and high fire activity. The increase in fire activity during this period is in good agreement with the Subboreal Thermal
Maximum of the Holocene (from 4200 to 3200 cal. yr BP), which was identified by N.A. Khotinsky [Khotinsky, 1982]
for Northern Eurasia, or on a global scale with “event 4.2” (4.2-3.8 thousand cal. yr BP) [Mayewski et al., 2004; Wang
et al., 2010].

The cooling period around 2600 cal. yr BP, known for the temperate latitudes of the Northern Hemisphere
[Shnitnikov, 1957], was also noted in the highlands of the Eastern Sayan [Bezrukova et al., 2004], in Altai [Galakhov et
al., 2012], and in the Baikal region [Vorobyeva, 2010]. In the Mina core, this period was manifested by an increase in
the amount of Betula sect. Nanae (up to 25% in the pollen sum), a high content of Equisetum (16% of the proportion of
spores), and a complete absence of traces of macrocharcoal.

Beginning at 2400 cal. yr BP, the pollen content of dark coniferous species. In the range of 2400-2000 cal. yr
BP the content of spruce is noted — up to 13.6%, which may indicate a wide distribution of Picea and a consistently
high soil moisture content. At the same time, sphagnum moss dominates in the ground cover of the mire. Sphagnum
angustifolium dominates, the tree layer is absent, the mire passes from the eutrophic-mesotrophic stage of development
to the mesotrophic-oligotrophic one, which coincides with a significant decrease in the amount of solar insolation
[Berger, Loutre, 1991], for 55° N approximately to 480-490 Wm™.
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Fires occurred 1550, 1100 and 900 cal.yr BP which in the observations may reflect a change in humidification
conditions towards lower humidity. In general, the interval 1600-1100 cal.yr BP correlates well with the Cooling of the
Dark Ages (410-775 AD).

The interval 1100-900 cal. yr BP is characterized by a peak value of dark coniferous species (68-73%-— the
maximum extremum for the entire reconstruction period), the participation of Pinus sibirica — 50-52%, Picea — up to
11%, Abies — up to 12%. This period is consistent with the Medieval Warm Period, which covered significant areas of
the Northern Hemisphere from approximately 830 to 1100 AD [PAGES 2k Consortium, 2013; Moberg et al., 2005].

The most dramatic changes in vegetation composition occurred during the period 750-650 cal. yr BP: pollen
concentration was extremely low, the contribution of conifers to the pollen sum was minimal, and the majority
consisted of Betula sect. Nanae grains (over 65%), Ericaceae pollen, and Sphagnum spores.

In the interval of 600-500 cal. yr BP stable humid conditions are recorded, fir-spruce- siberianpine forests are
developed. Later, around 500-450 cal. yr BP, a high proportion of Siberian pine in the forest composition is noted (41%
of the pollen sum), with a decrease in the proportion of other dark coniferous species (up to 4—7%), a reduction in spore
content to 20%, and a maximum of Ericaceae and Arfemisia in the grass and shrub group, which may reflect increased
continentality.

Further, at 450—400 cal. yr BP, while Siberian pine remained dominant, relatively low pollen productivity was
noted. It is known that 1600-1826 AD became the coldest period of the Little Ice Age.

Later, consistently humid and cool conditions were observed in the study area, with fir-spruce-Siberian pine
forests continuing to develop on the slopes. At the final stage, an increase in the pollen content of Pinus sylvestris (up to
13%) and a decrease in the proportion of Pinus sibirica (up to 27%) were recorded. The content of macrocharcoal in
peat has remained consistently high over the past 1000 years, reflecting the increasing intensity of fires characteristic of
the entire Northern Hemisphere [Goldammer et al., 2013; Valendik et al., 2014; Ponomarev, Haruk V.I., 2016].

Key words: vegetation and climate reconstruction, Holocene, peat deposits, fires, low-mountain relief, Eastern Sayan.

BBE/JIEHUE

BopeanbHble Jleca 3aHMMAOT 3HAYUTEIBHYIO TEPPUTOPHIO HAIIEl CTpaHBl U WUIPAIOT YPE3BBIYANHO
BAKHYIO pOJIb B MOJAEPKAHHHM 3KOJIOTMUYECKOrO0 paBHOBECHS Ha 3eMie, B TOM 4YHCIE B TNOIJIOLEHHH U
CBSI3BIBAHUM YIJIEPOAA, B CMATUYCHHMHU TINI00anbHBIX W3MeHeHWi kimmata [The Boreal Forest, 2020]. B
HaCTOsIIee BpeMs IUIsi TTIOHMMaHWs OCHOBHBIX TEHJCHIWH Pa3BUTHS TAaSKHBIX JAHAIIA(PTOB B YCIOBUAX
MEHSIOIIErocs KIMMaTa IMPEACTaBIsAEeTCS 4YpE3BBIYAiHO Ba)XKHBIM H3YyYEHHE PETPOCHEKTHBHOIO OTKIHMKA
JIECHBIX 3KOCHCTEM B KOHKPETHBIX (PU3HKO-reorpauyueckux yCIoOBHSAX.

Xopotiell MajaeodKoJIOrHieckod MH(POPMATUBHOCTHIO 00JaaoT OONOTHBIE OTIOXKeHHS. OLEeHHTh
M3MEHEHHUE CTPYKTYPHI Jieca U CMEIIEHNE BBICOTHBIX TPaHUI] paCTUTENBHBIX MOSCOB B OTBET Ha MOTEIUIEHUE
WIH TIOXOJIOAaHUE KIMMAaTa TO3BOJIsIeT aHalu3 (POCCHIIM30BaHHBIX B 00JIOTE CIOPOBO-MBIIBIIEBEIX CIEKTPOB
[Blyakharchuk, 2011; Borisova, Panin, 2019; Blyakharchuk & Kurina, 2021; Bezrukova et al., 2022].
CriocoOHOCTD TOP(AHBIX TOMI YAEPKUBATh pa3iIWYHbIC OPraHOTEHHBIE W MUHEpaJbHBIE (PaKLUH,
MOMAJAIONINE HAa UX MOBEPXHOCTh, NAET BO3MOXHOCTBH BBIIENATH NMEPHOABI YCUIECHHUS AETIOBUAIBHOTO U
peunoro ctoka [Volkova, 2005; Chernova, 2005], aTarbl akTUBH3alMK 3PO3HUH, B TOM YUCIIE H TUPOT€HHOU
MIPUPOJEI.

OOBEKTOM HACTOSLIEI0 UCCIEAOBAHMS SABIISIOTCA TOP(SHBIE OTI0XKEHHUS, PACIIOIOKEHHBIE Ha CEBEPO-
3amagHoOM MakpockioHe Bocrounoro CasHa B mpeaenax Mancko-KaHCkoro jecopacTUTEIBHOIO OKpyra
Boctouno-Casinckoit mpoBuHImN Anrae-CasHckoil ropHoit obmactu [Korotkov, 1994]. Jleca Mancko-
Kanckoro paiioHa HM3KHX TOp IO LEIEBOMY Ha3HAUEHHUIO OTHOCSTCS K 3KCIUTyaTallHOHHBIM M 3aIlUTHBIM
npuMepHo B paBHOH crenenu [Draft forest plan, 2018]. Onu uMerot G6osnbiIoe 3HaYEHHE AT MOIAEPKAHUS
THIIPOJIOTHYECKOT0 PEeKUMa KPYIHBIX MPaBoOEpeKHBIX NPUTOKOB p. EHncel, Takux kak p. Mana u p. Kan.

Lens paOoThl 3aKmioyaeTcsi B PeKOHCTPYKUMH OTKIMKa jJaHAmadroB B Mancko-KanckoMm paiioHe
HU3KHX TOp Ha MaciuTaOHble W3MEHEHHUsl KiIMMaTa B ToJoleHe. (s BBIMOMHEHHs MOCTABICHHOW LEnH
pelauch CIEAyIOIne 3alaud: PEeKOHCTPYUPOBAaTh OUHAMHUKY DPAaCTHTEIBHBIX COOOIIECTB B HU3KOTOpPhE
Bocrounoro CasiHa; BOCCTaHOBUTh IWHAMUKY IOKApHOIO PEKKMMA U BBIACIUTh HHTEPBAIbl yCHUIICHUS
MOXXapHOW AaKTHBHOCTH B OKPECTHOCTSIX O0J0Ta; COMOCTABUTH IOJMYYEHHBIE NaHHBIE C H3BECTHBIMH
rII00aThHBIMU KIIMMATHIECKUMU TSHICHIIHSIMH.
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XAPAKTEPHUCTUKA PAMOHA VCCJIEJJOBAHUS

OOBeKT uccrnemoBaHMs pacrojiaraercsi Ha ceBepo-3amagHoM Makpockiione Bocrounoro CasHa, B
noiiMe p. Muna. [lonnnHa pexkn MuHa 3aneraer Mmexny ckioHamu KyrtypumHckoro n Koiickoro bemoropes,
ceBepHee xpebta Manckoe benoropre. [locnemnnuii coBmecTHo ¢ xpedtom Kanckoe Bemoropse oOpasyer
3amaJHyI0 OKOHEYHOCTh TJaBHOTO BojpopasaenbHoro xpedra Bocrounoro CasiHa. Penbed BBIOIOKEHHBIH,
XpeOTHl XapaKTepU3YIOTCs YIUIOIEHHBIMH [UPOKUMHU BEPIIMHAMH M TIOJIOTUMH CKJIOHAMH, OPUCHTUPOBAHBI
napajuieNIbHO TIIaBHOMY XpeOTy ¢ 1oro-BocToka Ha ceBepo-3amnaf [Nikolaev, Chernov, 1988].

Pexa MuHa siBnsiercsi KpyIHBIM IPaBOOEPEKHBIM MPUTOKOM p. Mana, GacceiiH KOTOpOW 3aHHUMaeT
3HAYUTENBHYIO IUIOLIaJb CEeBEepHOW dwacTH Mancko-Kanckoro paiiona Huskux rop (puc. 1). Paiion
XapaKTepU3yeTcsl COYeTaHMEeM MakcuManbHOW s Boctounoro CasHa ryctoTrel BomoTokoB — 0.68-0.7
KM/KM® i MHHHMAIIGHO BETHUMHEI IaIeHNs pycia — 2.3 M/kM. J{miHEbIe (10 3 KM) y4acTKH BPE3aHHs pycla
B KOpPEHHBIE IOPOABI YEPENyIOTCA C y4acTKaMH MEaHJPHUPOBAaHUA, B MpeAenax KOTOPBIX IPOHCXOIUT
akkymysinus ammoBus [Nikolaev, Chernov, 1988].
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Puc. 1. MecropacnonoxeHre palioHa MCCICIOBaHUs, 3B€309Ka — TOUKa 0TOOpa TOP(SHOM KOMOHKHN «MmuHay;
MTOJIOXKEHHE OMIDKANIINX N3Y4eHHBIX TOP(SHBIX pa3pe3o: 1 — 6omoro bombmoe [Grenaderova et al., 2024a], 2 —
6onoro CocHoBka [Grenaderova et al., 2024b], 3 — 6onoro ITurunHckoe (Mikhailova et al., 2021). Kapra moctpoena ¢
nomorneio reonHdopmarmonHoi cucrems! QGIS 3.32.3-Lima.

Fig. 1. Location of the study area, the asterisk indicates the sampling point of the Mina peat core;
location of the nearest studied peat sections: 1 — Bolshoe mire [Grenaderova et al., 2024a], 2 — Sosnovka
mire [Grenaderova et al., 2024b], 3 — Pinchinskoye mire (Mikhailova et al., 2021). The map was created
using the QGIS 3.32.3-Lima geographic information system.

Ha npaBoGepexxbe p. MuHa BOmocOOp OrpaHudeH BBICOTAMH CKJIOHOB IOKHOW U IOTO-3amagHoi
skcno3unuu Koiickoro benoropss. OHn nocrurator B cpenHeM oTtMeTku 1350-1250 M B BEpXOBBE pEKH,
1200-1000 ™M (otnensHBIe BepmmHEL 10 1469 M, 1518 M, [Nomery Kupenbcknii — 1733 M) B cpenHeM TedeHUH
u 1300-1000 M — B HMKHEM TedeHHUH peku. Ha neBoGepexbe BogocOop p. MuHa mpencTaBlieH CKIOHAMH
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CEeBEpO-BOCTOUYHOM dKcno3unuu KyrypunHckoro bemoropss ¢ npeoOiagaronmMu aOCOTIOTHRIMU OTMETKaMHU
okoio 1400 M (oTaenpHBIC BEPIIMHEI HA Bogopasene pocturatoT 1637 m, 1643 m, 1765 M, 1876 m). Uctok
Munbl Haxonutces Ha BbicoTe 1240 M. BricoTa ype3a peku Ha NpUYCTHEBOM Y4YacTKE, B MECTE BIaJICHUS
p. MuHa B p. Mana, cocrasiseT 490 M.

Knumar paiioHa pe3ko KOHTUHEHTAJIbHBIN, YMEPEHHO MPOXJIAIHBIN, ¢ MPOJOIKUTEIBHON U CYpOBOI
3UMOH, C HEYCTOMYMBOM MPOXJaJAHON TMOroJoH JIETOM, B T€UEHHE KOTOPOIO BBINMAJAET OCHOBHAs Macca
ocaakoB. Ha Beicotax 900-1300 M cpemusis TemiepaTypa siHBaps koneodnercs ot -17 mo -25°C, urons — ot 12
no 14°C. PacnipeneneHue ocagkoB HaXOJUTCS B TECHOM 3aBHUCHUMOCTH OT OPHMEHTALUM TOPHBIX CKJIOHOB: HA
3amaJHbIX U FOr0-3aIaIHbIX CKJIOHAX, OTKPBITHIX B CTOPOHY BIIAYKHBIX BO3AYIIHBIX IOTOKOB, UX BBIMAJAET 10
800 MM u Goree B TOfI, B CEBEPHBIX NpeAropbsax — 10 400 mm [Parmuzin, 1964]. TemnepaTypHbIi MaKCUMyM
konebnercs ot +6°C B ssHBape u 1o +38°C B urone [Krasnoborov, 1963].

OcHoBHEIME THTamMU JTaHAmAadToB BocTouHoro CasiHa SBISIOTCS TOPHO-Ta&XHBIE U BBICOKOTOPHBIC
[Mikhailov, 1961]. IIpeobnanatoT enoBo-KeIpoBO-MUXTOBBIE Jieca Ha TOPHBIX Ta&KHBIX cIa00MOA30IMCTHIX
CBETJIBIX TJTyOOKOBBILIETOYEHHBIX MouyBax [Parmuzin, 1964]. Bepxuss rpanuna neca B KyrypumHckoMm
benoropbre mpoxoaut Ha BbicoTe 1450-1600 M, CBETJIOXBOIHBIE Jieca MOAHMMAKOTCA 10 oTMeTku 900 m
[Krasnoborov, 1963]. B BbicOokoropbe HaOMIOAAaeTCsl COYETAaHHE 4YepT AaNbIUICKOH U TONbLIOBOM
pactutenbHOCTH. HeOompImre yqacTk OOJOT B OCHOBHOM 3aHUMAIOT Oepera 3apacTarolinx 03ep.

BonotHast pacTHTeNnbHOCTh TpHypoYeHAa K HanOojee IIMPOKHM OTpPe3KaM pEYHBIX JONHH |
MPUYCTHEBBIM yYacTKaM B TPEAropbe W HHU3KOrophe. Bo3pact 0omoT B JAONMHAX peK ¢ BOAOCOOpOM Ha
CEeBEPHOM MaKpOCKJIOHE 3amaaHoil yacTu Bocrounoro Casna He mpessimaer 6000 kan. i H. [Rodionova,
Grenaderova, 2016, 2018; Grenaderova et al., 2024a]. Haubonee npeBHHE M3 U3BECTHBIX TOP(IHBIX TOJII]
nepuoporenHoi obimactu Bocrounoro Casna m Cubupckoit miathopMbl, pacloioKeHHbIC B I0XKHOH 4acTh
PeiOuHCKOI BnaamHbl (caMoil KpaliHEH CeBEpO-BOCTOYHONW MEXKIopHOM BhaauHbl CasHo-AnTaiicKoi
cxnamyaroit oomactu) [Nikolaev, Chernov, 1988], umerotr Bo3pact 8500-7000 kan. n. H. [Mikhailova et al.,
2021; Grenaderova et al., 2024b] u 3anerarot Ha CTapUYHBIX (03E€PHBIX) CYTIMHKAX Pa3IMYHON MOLTHOCTH.

MATEPHAJIBI U METObI

Hccnenyemoe 00710TO HaxOAWUTCS B CPEAHEM TEUEHHM PeKHM MMHA, BBILIE YCThsl €€ JIeBOOEPEKHOr O
nputoka p. Kyrypuun. HonuHa p. MuHa 31ech acHMMETpHYHA, MOMEPEUHBIH Mpoduisb AIMKOOOpa3HBIN.
[Mupuna npaBobepexHOi 3a0onoueHHO moiimMbl gocturaer 800 M, ycTyn moimMbl Bo3Bbimaercs Ha 0.7 M
HaJ ype3oM peku. Pycno mmpunoii 10-15 M, rmybuna — 0.6-0.8 M, ckopocts Teuenus Boap! — 1.3 m/c. JleBblit
Oeper npencraBiieH CKaIbHBIM ckiloHOM KyTypunHckoro benoropsst ¢ kpyTusHoit 6omnee 45° (puc. 2).

0 100 200 300 400 500 600 700 800 m
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Puc. 2. Cxema nonepeqroro npodus 6omora B roiime p. MuHa.
Topd: 1 — npeBecHsIi, 2 — TPEBECHO-XBOIIEBOH, 3 — XBOIIEBOU, 4 — C()arHOBEIH, 5 — CYTIIMHOK, 6 — TAICYHHUK,
7 — KOJIOHKH 0TOOpa Ha AETaJIbHBINH OOTaHWYECKHH aHaIu3 Topda.
Fig. 2. Cross-sectional diagram of a mire in the Mina River floodplain. Peat: 1 —wood, 2 — wood-horsetail,
3 —horsetail, 4 — sphagnum, 5 — loam, 6 — gravel, 7 — sampling columns for detailed botanical analysis of peat.
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CoBpeMEHHBI PacCTUTENbHBII IMOKPOB INPEACTABICH CMELIAHHBIM PEAKOCTOMHBIM pa3HOTPaBHO-
carHoBO-3eICHOMOIIHBIM 00JeceHHBIM 0OomoToM. B mputeppacHoii dacTu 00noTa ApEBECHBINH spyc
obpazoBaH Picea obovata Ledeb., Betula pubescens Ehrh., n3 xycrapaukoB ormeuensl Betula sect. Nanae,
Rhododendron palustre L., xycTrapHU4KOBBIH sipyc mpencrasieH Oxycoccus palustris Pers., B MOXOBOM
MOKpoBe Tipeobnamaer 3eneHbii Mox (Aulacomnium palustre (Hedw.) Schwaegn., Pleurozium shreberi
(Brid.) Mitt, Calliergonella cuspidata (Hedw.) Loeske. Ilo manpasnenuto k ype3y peku (B 100 M OT ckiioHa)
HaOJIoAaeTcs BINAZCHUE €M1 U3 APEBECHOr0 sipyca, 3[ech U Jajee BhICOTa Oepes3bl He IpeBbImacT 3-4 M,
HATIOYBEHHBIN MOKPOB 00pa3yeT pa3HOTPaBHO-OCOKOBO-c(harHOBOE COOOIECTBO C KIIOKBOH. B meHTpansHoi
gactu O6omora (380-700 M OT ckiIOHA) B OpeBecHOM sipyce mosiBisiercs Pinus sylvestris L., Larix sibirica
Ledeb., npucyrctBytor Picea obovata, Betula pubescens, TpaBsHO-KyCTapHHUYKOBBIH ApYC HpPEACTAaBIICH:
Vaccinium vitis-idaea L., Oxycoccus palustris, Carex cespitosa L., Carex rostrata Stokes., Eriophorum,
Lycopodium sp., MoxoBoi TOKpOB cnaraiotr Sphagnum angustifolium C. Jens., Sph. fuscum (Schimp.)
Klinggr., Sph. divinum Flatberg & K. Hassel, Sph. teres (Schimp.) Angstr., Sph. cuspidatum Ehrh. ex
Hoffm., Sph. squarrosum Crome, Sph. rubellum Wils., Sph. warnstorfii Russow. bimmke k ype3y peku B
cocTaBe JIPEBECHOr0 spyca mpeodianatoT Oepe3a U cocHa cubmupckas (Pinus sibirica DuTour.), oTMe4eHBI
0arynbpHUK, KJIIOKBA, OpyCHHKa, B MOXOBOM IIOKPOBE IOMHHHpPYET 3eleHblii Mox (Pleurozium schreberi,
Tomentypnum nitens (Hedw.) Loeske, Dicranum bonjeanii De Not., Polytrichum commune Hedw.,
Calliergonella cuspidate, Hylocomium splendens (Hedw.) Bruch et al., Ptilium sp., Drepanocladus sp.). Y
peKHu mpouspacraeT Oepe3HSIK OCOKOBO-PAa3HOTPABHBIM C JIMCTBEHHULEH M €NIbI0, MOYBA aJUTIOBUAIBHO-
ceporymycoBas riieeBatasi JIErKOCYTJIMHUCTAS.

MormmHocTs TOpda CHMXKAeTcs MO HANMpPaBICHUIO OT MPUCKIOHOBOIO MOHMXKEHHS K ypesy. BOmmsum
CKJIOHAa MaKCHMaJibHas MOIIHOCTH Top(a gocturaer 2.05 M, B LIEHTpaIbHOM YacTu CHkaeTca 10 1.25 m, a B
50 M ot peku coctaBiseT 0.8 M, IOCTENEHHO CXO/ Ha HET.

OtOop OOJIOTHBIX OTJIOKEHHH M3 TpPeX KOJIOHOK NPOBOIWICS C IOMOLIbI0 NPoO0OTOOpHHUKA
Eijkelkamp Peat sampler. OnpoOoBanue BBINMOIHEHO ¢ maroM B 5-8 cM. IlepBasi KOlMOHKa pacmoioKeHa B
MPUTEPPACHOM MOHMKEHUH B TOUKE ¢ KoopauHaTamu 54.92° c.m. u 94.28° B.n. (abcomoTHas orMeTka 560
M) 1 uMeeT MOmHOCTh 2.40 M, u3 Hux: Topd — 2.05 M, otopdoBanHHbIH cyrauHOK — 0.35 M. Bropast konmonka
oToOpaHa Ha paccTosHHH 450 M OT NPUCKIOHOBOTO MOHMKEHH, 00IIas MOIIHOCTh gocturaer 1.95 m, u3
Hux: 1.25 M — Topd, 0.7 M — cyrnuHOK. Tperbs KOJIOHKA 3aJI05KeHa OJIMKE K ype3y PeKd, MOIIHOCTL Topda —
0.8 M, HIKE TanedHuk (puc. 2).

OOpasupl TepBOM KOJOHKH HW3YYEHBI KOMIUIEKCOM METONIOB: CIOpoBo-IbIIbIeBoi  [Grichuk,
Zaklinskaya, 1948], 6oranmyeckuii [Kulikova, 1974], maneoantpakomormueckuii anamm3 [Clark, 1988],
orpeneneHne 3ombHOCTH Topda mpoBeaeHo corimacHo [GOST 11306-2013, 2019]. Munepansl u3
BBICOKO30JIbHOH Tpocioiiku topda (1.87-1.81 M) wH3ydeHBI METOAOM CKAaHUPYIOLIEH HIIEKTPOHHOU
mukpockonuu Ha mukpockorie TESCAN VEGA 3 SBH ¢ cucreMoit sHeproaucnepcuoHHOr0 MUKpOaHaIn3a
OxfordX-Act. AMS-gatupoBanue BbimonHeHo B Poznan Radiocarbon Laboratory, Ilospira.
Pauoyrieponublii Bo3pacT B MHTepBasie rmyoun 2.30-2.35 M coctaBun 7135+35 'C (Poz-119029), 1.35-
1.40 M — 1190+30 "C (Poz-119028). KamubpoBaHue M MOCTPOCHHE IIIyGMHHO-BO3PACTHOH MOMIEIH
ocymectBieHo B nporpamme R [R CoreTeam, 2013] ¢ ucnonn3oBanmeM makera «clamy» [Blaauw, 2010].
KamiOposannsiii Bo3pact B uHTepBaje riayoun 2.30-2.35 m coctaBun 7970423 xai. 1. H., a A7 HHTEpBaja
1.35-1.40 m — 1121442 xan. 1. H.

JlabopatopHasi moaroToBKa oOpasmoB I CIIOPOBO-NBUIBLEBOI0 aHAIN3a MPOBOIMIACEH [0 METOIUKE
[Moore et al., 1991] ¢ npumenennem HCI m NaOH, B mMomudukamuyu Oe3 MpOBEACHHS aleToin3a MU
00paboTku TsKenoi kuakocTbio. [IpombiBanne 00pasnoB BeIMONHEHO uepe3 cuto 250 mxMm. OOpabotke
noaBepraiguchk mpodel oovemom 1 mi, Tabnerku co crnopamu Lycopodium s moncuera KOHIEGHTPaLUU
MBUIBLBI HE MPUMEHUINCh. AHAIIN3 IPOBOAWICA Ha MUKpockone «Mukpomen-3» npu ysenudeHun x400, ¢
ncronb3oBaHueM omnpenenurenerd [Kuprijanova, Aleshina, 1972, 1978; Beug, 2004]. Ins kaxxaoro oopasna
nozcunTheiBanock He MeHee 300-350 mpUIbLIEBBIX 3€pEH JIPEBECHBIX M TPaBAHUCTHIX B cymMMe. Ha croposo-
nbpUIbIEBOH auarpamme (puc. 3) oOmime mbutblibl TpaBAHUCTHIX (NAP) un apeBecHbix (AP) BbIpaxeHo B
MpOLIEHTaX OT MX CyMMBI (TbUTbLa mpeacTaBuTenedl cem. Cyperaceae HCKIIOUEHAa M3 pacuera), oOmiaue
CIIOPOBBIX MMOCYUTAHO OTAEIBHO. ISl BBIAEIEHNS CIIOPOBO-IBUIBLIEBBIX 30H MpUMeHsuIcs MeTox broken stick
model [MacArthur, 1957] B mporpamme R makerax ‘vegan’, ‘rioja’ u ‘analogue’.

[Ipu noaroroBke k O0TaHUYECKOMY aHaNN3y NpoOb! Topda kumaTuan B Teuenne 10 munyT B 10%-HOM
pactBope NaOH, nmpombIBanu moj cTpyei ropsiueil BOIBI 4epe3 CUTO ¢ AuamerpoM stueiiku 250 mxm [Largin,
1977]. MuKpOCKOTHPOBaHHUE OCYLIECTBIIAJIOCH MPU MOMOIIM CBETOBOIO MHUKpockoma «Mukpomen-3» mnpu
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yBenuaeHnu x200. Ins onpeneneHrs BUIOBOW NMPUHAIISKHOCTH PACTUTEIBHBIX OCTATKOB UCIONb30BAINCH
atimacel [Dombrovskaya et al., 1959; Kac et al., 1977].

Jns aHanW3a MakKpoOdacTHIl Y M3 KaXKIOro HMHTepBana Obula oToOpaHa ocpenHeHHas mpoda
o0bEMoM 1 M. JTaGopaTOpHBIil 3Tal BKIIOYAT B cebs IIPOGOIOArOTOBKY 10 cTanaapTHOi Meromuke [Clark,
1988] ¢ mpenBaputensHOM 00paboTkoil 5%-HbIM pacTBopoM mnHpodocdara Hatpus (NaP,O;) u 6%-i
nepekuceio Bonopona (H,O,). Iloncuer wactun yriast mpoBeneH mpH yBenuueHHH %20, yYHTHIBAIUCH BCE
qacTulbl KpynHee 125 MixM. BbIsBIeHHOE KOMTMYECTBO YTOJNIBKOB B Ka)KAOM WHTEpBaJie W IONYyYEHHBIH C
MOMOIIBIO KAJIMOPOBOYHON KPHBOH HMHTEPHONMPOBAHHBIA BO3pAacT ObUIM BBEAEHBI B KAaYECTBE HMCXOAHBIX
nmapamerpoB B mporpammy CharAnalysis [Higuera, 2009]. B wucxomHoMm daiine oOpaOOTKM JTaHHBIX
MPUMEHEHBI CIIeNyIOIINe 3HAUCHHS: ISl MHTEPIIOMSLUH UCIIOIB30BaJICsl BpeMeHHO# oTtpe3ok 10 mer; MeTon
CTJIKUBAHMA JAaHHBIX — (DYHKUHMS JIOKaJbHOM B3BEIIEHHOW perpeccuu ¢ podacTHeIMH Becamu (Robust
LOWESS) co crnaxwuBatomuM wuHTepBajioM B 500 JieT; THUI TOPOTOBBIX 3HAYEHWH — JIOKAJbHBIM;
BEPOSATHOCTh, MPU KOTOPOM oTcekaroTcs MuHUManbHble 3HaueHHss CHAR, — 0.05; BpemeHHOI MHTEpBal,
WCTIOJIb30BABIIMICS IS CTJIaKMBaHUS TAaHHBIX pacuéra MeKIoXapHbIX HHTEepBajioB, — 1000 mer.

[lony4yeHHBIE CXEMBI IEMOHCTPUPYIOT CKOPOCTh AKKyMYJSILHH MaKpPOCKONMYECKHX YacCTHULl YIS
(CHAR), noxaibHbIe TOXKapHBIE 3MH30bl U HHTEPBAjbl MOBTOPEHUS MOXAPOB B 33JaHHOM BPEMEHHOM
otpeske (puc. 4). JIokanbHBIA MOKapHBIA 311301 (“+°) OTpaXkaeT MEepBUYHOE OTIOKEHUE APEBECHOTO YIIIs
OT MOKapa W/WK CepUH MOXKAapOB, HAXOAALIMXCS B paguyce OT HECKOJIBKHUX JecATKOB-coTeH MeTpoB [Clark
et al., 1998] mo 3 xm [Higuera, 2009] oT o6bekTa uccieaoBaHusI.

I'paduueckoe oroOpaskeHHE pe3yIbTaTOB BBIMOIHEHO NMpH nomoiiy nporpamm C2 (pacmpeneneHue
MakpodOCCHITNI pacTeHUH, MBUIBLEI U criop) [Juggins, 2003].

PE3VYJIBTATBI
AHann3 Makpo(occHInii M 301bHOCTB TOP(da

Otop¢oBannblii CyrmMHOK (uHTepBan Tayoun 2.40 — 2.05 m, 7.9-5.7 TeIc. Kam. J. H.) BKJIIOYAET
OCTaTKU Kophl Picea obovata n Pinus sibirica, TKaHH 3€I€HOT0 U carHoBoro mxa (puc. 3).
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Puc. 3. Bunbl Topda 1 OCHOBHBEIE pacTeHHA-TOPPOo0oOpa3oBaTeNn U3 OTIIOKEHHH 0ooTa MuHa,
30/1bHOCTB TOP(hA H COEPIKAHHE YACTHIL MAKPOYTJIS, LIT./CM’
Topd: 1 — rumHOBEIHA, 2 — charHOBBIN MEPEXOIHEIH, 3 — ApeBecHO-C(ParHOBEI HU3NHHEIH,
4 — otop(oBaHHEIA CYTIIMHOK.
Fig. 3. Types of peat and main peat-forming plants from the Mina mire deposits, ash content of peat
and content of macrocharcoal particles, pcs./cm’

39



Peat: 1 — hypnum, 2 — sphagnum transitional, 3 — woody-sphagnum lowland, 4 — peaty loam.

Topdsnas Tomma wMeer ABYCHoOWHOe cioxkeHue. B mHTepBame 2.05-1.35 M 3amexb oOpa3zoBaHa
HU3WHHBIM JpeBecHO-charHoBbIM TopdoM. 3HaueHHE 30JbHOCTH BapbupyeT oT 15 1o 30%, 3a uckimodeHuem
uHTepBana riyoun 1.87-1.81 m (4.5-4.1 TeIC. Kan. 1. H), rae Habmomaercs MakcuMyM — 53%. IIpoba u3
JAHHOTO CTPaTUrpauyeckoro cjaos TMOABEPrHyTa cemapaldd B BOAHOW cpele C IOCIEAYIOIUM
HCCIICIOBAHUEM MENKO- M CPEAHEAMCIEPCHON (pakiuKu C NPUMEHEHHEM CKaHUPYIOLIETrO 3JIEKTPOHHOTO
mukpockona TESCAN VEGA 3 SBH c cucrtemoii sHeproaucnepcuonHoro mukpoananmusza OxfordX-Act.
MuKpoaHanu3 MO3BONWI BBIIBUTH NPUCYTCTBUE B mpobe 3epeH nuputa pasmepom 0.5-2.5 MK,
¢dopMupyIOIIKEe MIapOBUAHBIC arperaTsl, HOBOOOpa3oBaHMs OapuTa, a TakkKe HEHMACHTHU()HUIMPOBAHHBIC B
MHUHEPAIOrHYeCKOM OTHOMEHUU (ocdatel kanplus. B OonbIIOM KOJIWYECTBE MpEACTaBiIeHa TEppUTCHHAs
KOMIIOHEHTa — KpPUCTaJUIbl IIMpKOHA pasMmepoM a0 60 MxMm (puc. 4 A), KBapma, OpToOKjasza, aibOuTa
pasnuyHoro pasmepa, BIUIOTH 10 180 MkM. B mpoGe oTMedeHBI OCTATKH APEBECHHBI CO BCKPBITHIMH H
WUCTOHYCHHBIMH B pe3yJIbTaTe MUPOIN3a KIETOUHBIMU CTeHKaMH (TommuHoi 0.8-1.1 Mxm) pasmepom o 600
MKM. IIoBEpXHOCTH YIVIMCTBIX OCTaTKOB MOKPBITHI YIIIOBATBIMM YacTULAMH aIIOMOCHIMKATOB pa3MEPOM OT
2 mo 100 MM, cmabo OTAeNseMBIX B BOIHOU CyclieH3un yiabTpa3BykoM (puc. 4 b). Cogepxxanne Si (6%) u
Al (2.2%) yka3bIBaeT Ha BBICOKYIO JOJIIO TEPPUI€HHOH mpuMecH B (OPMHPOBAHMH CTpaTUTpaduuecKoro
CJI0sI, UTO OBUIO CBS3aHO, BEPOSTHO, C PA3BUTHEM MOCTIHPOreHHON 3pO3UU Ha UCCIIEAYEMON TEPPUTOPHUH.

A

b

ew fleld: 65.5 ym Det: BSE (ISR —— — T —
WD: 15.04 mm BI: 13.00 10 prm WOD: 14.94 mm Bl 14.00

SEMHV: 20.0 kV Sityanov R&D NN SFU SEM HV: 20,0 kV Sliyanov R&D NN SFU
Puc. 4. Muxpodotorpadus npoOsr u3 untepsana 1.87-1.81 m (4.5-4.1 ThIC. Kax. 1. H.).
A — KpHCTaJUT IUPKOHA pazMepoM 55 MkM, b — gyactuna obyrieHHoi apeBecunsl. OnpezeneHie BEIMOIHEHO PH
TIOMOIIY CHCTEMBI SHEPTrOIUCTIEpCHOHHOr0 MUKpoaHanu3a OxfordX-Act, BXOIsImero B coctaB CKaHHUPYIOIETO
anexTponHoro mukpockona TESCAN VEGA 3 SBH B R&D nentpe «Hopaukens» COY.
Fig. 4. Micrograph of a sample from the interval of 1.87-1.81 m (4.5-4.1 thousand cal. years ago). A — zircon
crystal 55 um in size, B — particle of charred wood. The determination was made using the OxfordX-Act energy-
dispersive microanalysis system, which is part of the TESCAN VEGA 3 SBH scanning electron microscope in the
R&D center of Norilsk Nickel SFU.

Bepxwusst wacte Tommu (1.35-0.07 M, npumepHo ot 1.1 ThIC. Kan. 1. H. 70 60 Kaj. 1. H.) oOpa3oBaHa
cartoBeIM TOpHOM MEPEXOAHOTO TUNA, BKIIOYACT TKaHU Sphagnum angustifolium, Sph. cuspidatum, Sph.
Sfuscum, Sph. rubellum, 3nadenus 301bHOCTH BapbUpyIOT OT 7 mo 16%. Crno#t 0.07-0.00 M mpencraBien
TUIHOBBIM TopdoM (Aulacomnium palustre, Pleurozium shreberi, Calliergonella cuspidata).

CnopoBo-nbLIbLEBOH aHAIN3

[Nanuro30Ha 1 (2.40-2.00 M; 7.9-5.3 THIC. KaulL. JI. H.) OTJIMYAETCS OTHOCHTEIHHO HU3KHM COJIEpKAHUEM
NBUIBIBI U criop. B o0meM cocraBe MBUIBLEBOrO CrekTpa (0e3 ydera MbUIBLBI OCOKOBBIX) MpeodianaeT
MBUTBIIA IPEBECHBIX pacTeHui. JJomuuupyer Pinus sibirica, copep>kaHWe TBUIBIBI BApEUPYET B IMpeenax
21-34%, nonst Picea coctaBnser 5-12%, Abies — 3-6%, Pinus sylvestris — no 12%, Betula sect. Nanae B
cpenHeM — 15%. YuwacTue mbUIbLIBI TPaBSHUCTBIX pacTeHMH B cymMMme He mpeBbimaeT 10%. OTMedeHbl
MIBLTBIIEBBIC 3€pHA MpencTaBuTeneii cemelictB Rosaceae, Ericaceae, Asteracea, Chenopodiaceae, Cyperaceae,
pona Artemisia n Thalictrum. Cpean ciopoBbIX npeodnanaet Sphagnum, odunsHo Polypodiaceae.

[NanuHozona 2 (2.00-1.55 m; 5.3-2.4 ToIc. Kan. y1. H.). ComepskaHUE MBUIBLBI APEBECHBIX PAaCTCHUIN
Bapeupyer oT 80 mo 90% oT obmiero cocraBa MBUIBIEBHIX 3epeH. JJOMUHUpYIOIIEe MONIOKEHUE 3aHNMAET
Pinus sibirica (25-49%), Picea (5-12%), Abies (4-9%), Pinus sylvestris (o 6%), Betula sect. Nanae (9-
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25%). Cpeny mbUIBLBI MEIKOJMCTBEHHBIX PACTEHHH B HEOONBIIOM KOJUYECTBE MPHUCYTCTBYET IbUIbLA
Duschekia. Jlons mpuibIibl TPaBSHUCTHIX pacTeHuil Bapbupyer oT 11 mo 20% c makcumymom (20%) B
uHTepBase riyoud 1.74-1.68 m (3.7-3.3 toic. Kai. 1. H.). Cpenu HUX BeICOKa nons Artemisia u Rosaceae (1o
7% waxnpiit). OTMedensl npencraButenu cemeiicte Ericaceae, Ranunculaceae, Apiaceae, Poaceae, pomos
Polemonium, Thalictrum. Enuanuno ¢uxcupyercss neuiblia cemeiictB Caryophyllacea m Asteraceae. B
IpyIIEe COOPOBBIX PACTEHUH NOMUHHpPYET Sphagnum. 30Ha oTauyaercsi HanOonpyM obuireM Bryales mo
35%, Polypodiaceae — no 14%, Equisetum — 5-17%.

[Nanmro3ona 3 (1.55-0.96 M; 2.4-0.8 ThIC. Kai. 1. H.). JloNs MBUTBIIBI TPEBECHBIX PACTEHUN B COCTAaBE
MBIIBIIEBOTO CIEeKTpa B cpenHeM coctaisieT 91%. Homunupyer Pinus sibirica 48-52%, Picea n Abies no
12-14% axnprid. Jlas 30HBI XapaKTepHO HEOOIBIIOE, MO0 CPABHEHHIO C OCTAJbHBIMH 30HAMH, COACpKaHHUE
meuTbllel  Betula sect. Nanae — 3-7%, u TOnbKO B KOHIIE 30HBI €€ ydacThe BospacTtaer no 12-17%.
KommuectBo nbiibitet Pinus sylvestris (mo 12%) u Betula sect. Albae (1o 6%) oTpakaeT 3aHOCHBIN XapaKTep.
OTMeueHO coKpallleHHe MbUIbLBI TPABSIHUCTBIX PacTeHUH, bIIbLIA poaa Artemisia, cemericTB Ranunculaceae
n Rosaceae BcTpeyaercs eAMHUYHO.

[Manuro30Ha 4 (0.96-0.0 M; 0.8 THIC. I1.H. — HacTosIIee Bpemsi). OCHOBHOM ()OH B MaTMHOCTIEKTPaX I10-
MpEeXHEMY COCTaBIIseT MbUIbLA AepeBbeB (86%). Pinus sibirica coxpaHseT IPEeUMMYILECTBO, HO A0S HIXKE,
4yeM B TIpeapiaynmx 30Hax. Conepkanue neutblbl Picea n Abies mo 4-7%, 3a nckmouenreM uHtepBana 0.80-
0.64 m (620-500 kam. m. H.), TIe OTMEUYEHO yBemuueHue enu u muxThl 10 10 u 14% coorBercTBeHHO. B
untepBaie 0.88-0.80 M (okomo 690-620 xan. 7. H.) GUKCHpPYETCSs OTHOCHTEIBHO HHU3Kas KOHIICHTPAIUS
MBUIBIBI [0 CPAaBHEHUIO C OCTAJbHBIMH NMPOOaMH, y4acTHE TEMHOXBOWHBIX MOPOJ B CyMME COCTaBHIIO
11.8%, conepxanue Betula sect. Nanae B cocraBe ganHoro criekrpa gocruraer 47.6%, a Ericaceae — 16%. B
LEIOM B 3TOW MaJIMHO30HE CONMYTCTBYIOLIEE MOJMOKEHHWE B TPYNIE TpaB M KyCTapHUYKOB 3aHMMAIOT
NBUIbIIEBbIE TaKCOHBl Artemisia u FEricaceae (3-7%). IlpucyTcTBYIOT eIMHHYHBIC MBUIBIEBBIC 3€pHA
npeacraButeneit cemeiicts Chenopodiaceae, Rosaceae, Ranunculaceae, a taxxe poma Thalictrum. Cpenu
CIIOPOBBIX PACTEHUH, KaK U B MaJMHO30HE 2, aOCOMIOTHBIN NoMUHAHT — Sphagnum (91-98%).
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Puc. 5. CniopoBo-TIbIIbIIEBas AHAarpaMma oTiiokeHuii 6omora Muna. AP+NAP=100%.
AP — npeBecHbie U KyCTapHUKUA, NAP — TpaBSIHUCTBIE U KyCTaApHUYKH. J[OMOIHUTENBHBINA KOHTYp ITOKa3bIBAET
yBenmuieHne 0a30BOT0 MBUTBIIEBOr0 TakcoHa B 10 pas.

Fig. 5. Spore-pollen diagram of the Mina mire deposits. AP+NAP=100%. AP — trees and shrubs, NAP
— herbs and shrubs. The additional contour shows a 10-fold increase in the basic pollen taxon.

AHaJIM3 MAKPOCKONUYECKUX YACTHI YIJIsl
ConeprkaHne 4acTULl MaKpOYTJIsl BapbUPYET OT EAUHUYHBIX 3HAUEHUM 10 HECKOJIBKUX COTEH IITYK Ha
1 cM’. MakcuMaibHOE KOIMYECTBO MPUXOIUTCs Ha uHTepBaibl: 0.08-0.16 M — 184 m/cm’, 1.61-1.87 M — 10
291 wrr/em’ u B cyrmmake B cioe 2.13-2.20 M — 10 114 mt/em’ (puc. 3). [oxkapHbIe SMHU30I6I COOTBETCTBYIOT

CIeyIOUM BpeMeHHbIM oTMeTKam: 6600, 5750, 4300, 3400, 1550, 900, 550 u 200 xan. 1. H. IMeHHO B 3TN
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BPCMCHHBIC OKHa Ha6moz[am/101> HaI/IGOHBH.II/Ie IMPCBLIIICHUS ITPUTOKA YIJIA HAA €Tro (I)OHOBLIM YPOBHEM (pI/IC
6).
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Puc. 6. CKOPOCTB AKKYMYJIAOWHA MAaKPOCKOIMMYCCKUX YACTHUIL YIJIA U ITMKOBBIC 3HAYCHHUA B IMOKAPHBIC DITU30/1bI;
MEXKIIOJKapHBI HHTEPBAJl U YaCTOTa BO3TOPAHUI IO JAHHBIM W3YUCHHS OTIOKEHUH Oomora MuHa:

1 — KOHTYpPBI HHTEPIIOTUPOBAHHOTO IIPUTOKA TPEBECHOT'O YIIIsA, 2 — CMOACIHPOBAHHBIN ()OHOBHIH MPUTOK
JPEBECHOTO YIIIs, IIT. (CM” B TOJ), 3 — IIUKH JPEBECHOTO YISl (PAa3HOCTh HHTEPIIOINPOBAHHOIO 3HAUCHHS PUTOKA U
(hOHOBOTO 3HAUCHMUS IIPUTOKA), 4 — MUKHU, HE TIPEBHIIIAIOIINE IIOPOTOBEIC, 5 — TOXKAPHBIHN SITH30/1.

Fig. 6. Accumulation rate of macroscopic charcoal particles and peak values during fire episodes;
interfire interval and fire frequency based on the study of Mina mire sediments:
1 — contours of interpolated charcoal inflow, 2 — simulated background charcoal inflow, pcs (cm” per
year), 3 — charcoal peaks (difference between interpolated inflow value and background inflow value),
4 — peaks below threshold, 5 — fire episode.

AHanu3 MakpOCKONMYECKUX YacCTULl YIS MO3BOJWJ BBIACAUTH TPU STama YCUJICHHUS MOXKapHOU
aktuBHOCTH: | — okono 6800-5400 kam. n. H., Il — 4600-3200 xan. 1. H. (BKJIIOYaeT 2 MOXKAPHBIX AIU30/1A,
OTJINYAIOLINXCS MAKCUMAJIBHBIM IIMKOBBIM 3HaYEHUEM CKOPOCTH akkymyssiuu yrist), 111 — 1800 kai. 5. H. —
M0 HACTOsAIIEE BpeMs, OTJIMYACTCI HAMMEHBIIUMH MEXIOXKapHbIMH HHTepBajaMu (okono 200-400 ner). Ha
natel 7500, 6200, 5250, 2200 u 1100 xan. 1. H. IPUIUTACH TTOXKAPHEIE COOBITHS CO CKOPOCTBHIO aKKYMYIISIIUN
yIJs, HE MpeBBINIAIOIIEH MOpOroBoe 3HadeHue. CpemHsAs CKOPOCTh aKKyMYJSILUH JIPEBECHOTO YIUIA B
OCHOBHOM COCTABJIsIeT 2-4 qacTHIbIXcM /o1, 3a mociaeaune 200 JIeT 0TMEYeHO pE3KOE YBEIMUYEHHUE JAHHOTO
TOKA3aTeNs 0 6 YaCTHIIXCM /IO,

OBCYXJIEHHNE

Kommiekc mody4eHHBIX MAJCOCHTHAJOB M3 OTIOXKEHHH Oomora MwuHa, TOAKpEIUICHHBII
pe3ynbTaTaMH paAruoyIIIepOAHOTO NAaTUPOBAHUS, MO3BOJIMI PEKOHCTPYHPOBATH CICAYIOUIMKA X0 Pa3BUTHUS
MPUPOIHBIX ycnoBUH B MaHcko-KaHCkoM pailoHe HU3KHX Top.

Ha cxnonax Kyrtypunnckoro u Koiickoro benoropps HaunHasg ¢ 7.9 TeIc. KaJl. JI. H. MIPOU3pacTaIn
MUXTOBO-EJIOBO-KEAPOBBIC Jieca, MEPHOANYECKU CIyJaluch NOXaphl. 3a0ojauyuBaHuWe B ToiMe p. MuHa
HAYajoch 10 Mepe Pa3BUTUS B JOJIMHE IEPCTPATHBHOTO WM KOHCTPAaTHBHOTO PEXKUMa AKKYMYJSLUH
(Lamakin, 1948; Kartashev, 1972; Shantzer, 1982). IlocnegoBasiiee TopOHAKOIUICHHE B COBOKYITHOCTH C
MOXXapHOW aKTUBHOCTBIO MOXKET OTpakaTh PEaKLUIO JaHIMAPTOB HA MOTEIUIEHHE U YCUIICHUE apuAn3aluu
B TepMHUYECKUU onTuMyM romomeHa (7.5-6.0 teic. 1. H.) [Khotinsky, 1977; Wang et al., 2010]. Curnanst
CHIDKCHHsI OOINeHl yBIa)XHEHHOCTH (HUKCHPYIOTCS M HIDKE 10 MaKpPOCKIOHY, B TOpQsIHHKAX,
PacIoONOXEHHBIX B MpeAenax IKHOW yactu PriOmHCckoi Bmagusbel (puc. 1) [Mikhailova et al., 2021;
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Grenaderova et al., 2024b]. B Boctounoii wactu Bocrounoro Casna B npenenax OKHHCKOro Xxpe0Ta Hayao
TOpOHAKOIJIICHUSI TAaKXKe MPUXOAMUTCS Ha NaHHBIA uHTepBan [Bezrukova et al.,, 2004]. BepositHo, 3TO
BBI3BAHO CHIKEHNEM PEYHOT0 CTOKA M3-32 YMEHBIIIEHUS TPUTOKA TAIIBIX JIEAHUKOBBIX BOI.

HakorieHuio  MOMIHBIX  QJUIIOBHAJBHBIX M O3€PHBIX  OTJIOXKEHWH  (IpEenLIecTBYIOLIMX
Topdo0o0pa30BaHMIO) HA OTAEIBHBIX YUIACTKaX PEYHOH JOJMHBI CIOCOOCTBYET MEPEX0]] OT CTaJAWU BpPE3aHUs
K craguu paBHOBecHs. OIHa W3 TNPUYMH pa3BUTHS YYaCTKOB PEKH C 3aMEIVIEHHBIM TEUCHHEM —
(dbopMHUpOBaHHE CTPYKTYpBI, aHAJOIMYHOH mepuepuifHOMY KOMIIEHCAIMOHHOMY Baily, B peE3yJIbTaTe
IALAOM30CTaTHYECKUX ABWKeHMH. Kak, Hanmpumep, B BocTouHbIX Anbnax, rie, Mo JAHHBIM HCCIEI0BaHUS
[Mey et al., 2016], maxxe HeOoNbIIHME OJEACHEHUS CIIOCOOHBI OKA3hIBATH CYIIECTBEHHOE BIIMSHHUE Ha
BEJIMYMHBI Nporubanust U komneHcaunonHoro nonusatus. E.H. beumnckuit [Bylinsky, 1996] cumran, uto
BO3/CHCTBHE TIIMOM30CTa3UH HE OrPAaHMYCHO IIOKPOBHBIMU OJICICHEHUSIMH, a HMEeT TJI00ajJbHOoe
(mnanerapHoe) pacrpoctpanenue. MzBectHo, uto B Boctounom CasiHe MO3AHEIIICHCTOLEHOBOE OJEACH CHHUE
oXBaTbIBaJI0 OoiblIyi0 TeppuTopuio, ¥ B MUC 2 (Mopckas u3oronHas craausi; 24-11 Teic. 1. H.) ©MeNnH
MECTO KpyIHbIe ek [Arzhannikov et al., 2015].

Ilepmon 5.3-4.1 ThIC. Kam. J. H. B paifloHE HCCIENOBAHUS OTIMYAICS CTaOMIBHO BBICOKHUM
yBnaxkHeHneM. Cxnonsl Kytypumnckoro m Kolickoro bemoropbs NOKpbIBagy HMHUXTOBO-EI0BO-KEAPOBBIE
Jieca ¢ pa3HOTPABHO-MANOPOTHUKOBBIM HAalOYBEHHBIM MOKPOBOM. Ha NMpHCKIOHOBOM NMOHMXEHHH B NOMMe
p- Muna mnpouspactan 3a00NOYEHHBIH enbHUK. Bpemennoi wuntepBan 4.5-4.1 Teic. Kajd. 1. H.
XapaKTepU3yeTcsl MPOXOXKIAECHUEM MOXapoB U YCHJIEHHEM NOBEPXHOCTHOM 3pO3UH, MOBJIEKIIEH BBICOKHN
MPUBHOC MUHEPAJIBHBIX YACTHL Ha 60510TO. PactpocTpaHeHnIo MoXapoB B 3TO BpeMsi MOrjla CliocOOCTBOBATh
MepUOANYECKasl CyXOCTh JIETHMX CE30HOB, KOI/la MHTEHCHBHO TOpENH 3HAYUTENbHBIC 3alachl JIECHBIX
TOPIOYMX MAaTEPHAJIOB, HAKOIUICHHBIE MPU JOCTATOYHOM YBJIAKHEHHH.

W3BecTHO, YTO MOXKapbl CYLIECTBEHHO TPaHC(HOPMUPYIOT BOHBIN OanmaHC pek ¢ 00JIeceHHBIM
Boz10cOOpoM. CHHKEHNE COMKHYTOCTH KPOH CIIOCOOCTBYET COKPAILLECHUIO IEPHOA CHETOTasHUSI, YTO BIICUET
YBEJIHYEHNE MIOBEPXHOCTHOI'O CTOKA B KPATKOBPEMEHHBIN MEPUO U MPUBOANT K YCHUIIEHHUIO 3PO3UH U POCTY
TBEPIOr0 CTOKA PEK, YTO MOXKET OTPA3UTHCS B BHJIE IPOCIIOEK, 000TalleHHBIX MUHEPAJILHBIM MaTEpHAIIOM, B
tophsHukax [Pomeroy et al., 1998; Chang, 2003]. Pa3BuTie mocTnHpOreHHON SPO3UM OCOOSHHO XOpPOIIO
MPOCIIEKMBAETCA HAa CKIIOHaX KpyTHU3HOH Oomee 12° [Gabbasova et al., 2019], koTopble 3aHUMAOT CBBIIIIC
50% mutomaau Bogocoopa pekn MuHa.

Ha nepron 4.1-3.3 ThIC. KaJI. 1. H. BBINAJAa€T MAaKCHMYyM IO COJEpKaHUIO MakpodacTul yris. Croi
OTJINYAETCs] HAMOONBIINM COAEPKaHUEM KPYIHBIX YTOJBKOB pa3MepoM OKOJIO 1 MM, CBHIETEIBCTBYIOMIMX O
ONMM3KON K TOYKE MCCIEeOBAHUS JIOKAIH3auuH moxapa. CocTaB CIOpOBO-TIBIIBIEBBIX CIIEKTPOB (DPUKCHUPYET
CHI)KEHUE COMKHYTOCTH TEMHOXBOWHBIX MOpPOJ M pacIIMpeHHe TPaBsHUCTBIX accouuanuil. COBOKyTHOCTh
BBISIBJICHHBIX I1aJICOCUTHAJIOB MOXKET YKas3blBaThb Ha CHIDKEHHE OOLIeld YBIAXXHEHHOCTH H BBICOKYIO
MOXapHYI0 aKTHUBHOCTb, KOTOpas CIOCOOCTBOBajia YBEIUYEHHIO OCBELICHHOCTH TEPPUTOPHH, YCHICHHUIO
pocTa W pa3BUTHIO PACTEHMH HIDKHUX SPYyCOB — KYCTApDHHMKOB M TpaB. OTO CBS3aHO C IOBBILIEHHEM
coZiep)KaHUsI MUHEpaJIbHBIX BEIIECTB B MOYBE, ylydlleHHeM cBeroBoro pexuma [Valendik, Ivanova, 1989;
Ivanova, Golubtsova, 2014]. Ycunenue noxapHoil aKTUBHOCTH B AaHHBIN MEPUOJ XOPOIIO COMIACYETCS CO
cpenHecyb0opeanbHBIM TepMudeckuM MakcumyMoM (4200-3200 ser Ha3am), KOTOpwId BhIgensercs H.A.
Xoruackum [Khotinsky, 1982] mns Cesepruoit EBpasun, nunm, B rmodanbHOM MacmTade, ¢ «coObrtueM 4.2
(4.2-3.8 ThIC. Kan. 1. H.) [Mayewski et al, 2004; Wang et al., 2010]. Ha BocTOYHOM MaKpOCKJIOHE
Bocrounoro CastHa M3MEHEHHMsS B COCTaBE PAacTUTENbHBIX coodmiecTB B mepuon ¢ 4450 mo 2750 n. H.
CBSI3BIBAIOT C HapacTalolleil KOHTHHEHTAJIbHOCTBIO KJIMMaTa, yBenuueHueM apunHocTu [Bezrukova et al.,
2004].

N3BectHOE nist ymepeHHBIX mHpoT CeBepHOro momymapusa mnoxonomanue okono 2700-2600 m. H.
[Shnitnikov, 1957], nposiBieHrne KOTOPOro OTMEUEHO B BRICOKOTOpHOM 30He BocTrounoro CasiHa [Bezrukova
et al., 2004], na Anrae [Galakhov et al., 2012], B I[Ipubaiikanse [Vorobyeva, 2010], Hanwio oTpakeHue u Ha
O6onore MuHa. 31ech Ha CMeHY €JIbHHKY C(AarHOBOMY HPUXOIUT EPHUK KyCTapHUYKOBO-OOJIOTHOTPAaBHO-
carHoBblii ¢ Pinus sibirica B JpeBecHOM sipyce.

Haunnast ¢ 2.4 Telc. KaJl. 1. H. KOJTUYECTBO MBUIBIBI TEMHOXBOMHBIX MOPOJ B COCTaBE MBUIBLIEBOIO
CHeKTpa TMOCTerneHHo YyBemuuuBaercs (no 70%), comepkanme emu mpocruraer 13.6%. D10 MoxeT
CBHJICTEIBCTBOBATh O IIMPOKOM pPacHpocTpaHeHHH Picea B CTPYKType IPEBOCTOSI W CTAOMIIBLHO BBICOKOW
Brnaxxaoctu 1mouB [Koltsova, 1980; Bezrukova et al., 2005]. B 310 e Bpems B HAIIOYBEHHOM ITOKPOBE OOI0Ta
TOCIIOACTBYET C(QAarHoBbIi MOX, AOMUHUpPYET Sph. angustifolium. bonoro mnepexogutr c¢ eBTpodHO-
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Me30TpOoHON cTaguy pa3BUTUS Ha ME30TPOHYIO, YTO COBMAJAECT CO 3HAYUTEIBHBIM YMEHBLICHHUEM
BEITMYMHBI cOHeUHOU nHcomsuu [Berger, Loutre, 1991], ana 55° c.m1. npumepHo 1o 480-490 Wm™.

Oxomno 2.0-1.6 TeIC. KaJl. JI. H. OTMEUEHO CHIDKEHHE O0Maug end 10 5.2%, BOCCTaHOBJIEHUE 10
npexHero ypoBHs (13.7%) mpousonuio okono 1.6-1.1 Teic. kan. 1. H. B cocTtaBe MBUTBIIEI TPaBSHUCTHIX
pacteHnii 3apUKCHPOBAaHO BBHICOKOE pazHooOpasue (9 TAaKCOHOB), HECMOTPS Ha HU3KOE y4acTHE STOM TPYIIIBI
B MBUIBLIEBOM crieKTpe (6%). B cocraBe mokambHOro 00J0THOrO COOOIIECTBA B 3TO BpeMsl ObLIT pa3BUT EPHHUK
KyCTapHUYKOBO-00JIOTHOTPAaBHO-C(arHOBBII.

Bpemennoit uarepsan 1.1-0.9 ThIC. Kasl. JI. H. XapaKTepU3yeTCss MaKCUMYMOM IbUIBLIBI APEBECHBIX B
COOTHOUICHUH JPEBECHBIC/TPABSIHUCTHIE/CIIOPBI, CPEOH KOTOPBIX IJOMHHHMPYET NbLIbLIA TEMHOXBOHHBIX
nopox (68-73% ot cyMMBI IBUTBIBI — MAKCUMYM 34 BECh IEPUOJI PEKOHCTPYKLHH), ydactue Pinus sibirica —
50-52%, Picea — no 11%, Abies — no 12%. Iloxapusie 3nm3oabel yeraHoBieHs!l it 1100 u 900 xan. 1. H.
Hanneiii nepuoxn cornacyercsd co CpenHEBEKOBBIM KIMMAaTHYECKHM ONTHMYMOM, KOTOPBIM OXBaThIBal
3HAa4YUTENbHBIC pailoHbl ceBepHOro nonymapus npuMepHo ¢ 830 mo 1100 r. H. 3. [PAGES 2k Consortium,
2013; Moberg et al., 2005] u co3man camble ONaronpusATHBIC YCIOBHUS JUIS Pa3BUTHS IHXTOBO-EJIOBO-
KeIpOBBIX JiecoB Ha ckinoHax Kolickoro n Kyrypunnckoro benoropss.

CaMbIMM KapAMHAJIBHBIMU TIEPECTPOMKAMU B COCTaBE PACTUTEIBHOIO IMOKPOBA XapaKTEpU3yeTCs
nepuog 750-650 kaji. JI. H.: KOHLEHTpauus MbUIbIBI KpaiiHe HU3Kas, y4acTHEe XBOWHBIX B (POPMHUpPOBAHUU
MBIIBIIEBOTO CIIEKTPa MUHUMAaIbHOE, OCHOBY COCTABIISIOT 3epHa Betula sect. Nanae (cBbiie 65 %), nbuibna
Ericaceae u crnopel Sphagnum. Ilo naHHBIM PEKOHCTPYKLMH, BbINONHEHHOHW [Borisova, Panin, 2019] mo
omiokeHusIM u3 o3epa Tepe-Xomp (toro-Boctok Tysbel), mepuox 700-400 1. H. mpuxogurcs Ha
KpHUOKCEpPOTHUIECKYIo (hazy.

B wunTtepBane 620-500 kam. 1. H. QUKCHUPYIOTCS CTAOWIBHO BIIAYKHBIC YCIOBHUS, Pa3BUTHI MUXTOBO-
€II0BO-KEJIPOBBIC Jieca (10 MBUIbIIBI MUXTHI M €JIM B COCTABE JPEBECHBIX JIOCTUTAET COOTBETCTBEHHO 11 n
14%). Iozanee, okono 500-450 kan. 1. H., 3HAUUTENBHO BO3pPACTacT y4acTHE COCHBI CHOMPCKOH B COCTaBe
necoB (monsi B mbUIbLEBOM crekTpe — 41%). OZHOBpEMEHHO CHUKAETCA ydacTHe APYIHX TEMHOXBOWHBIX
TakcoHOB (o 4-7%), cnopoBbix pacteHuit — no 20% (BMmecto crabmibHbIX 50-55%), w3 koTophix 9%
npuxoautcst Ha Polypodiaceae, a 91% — Ha cnopsl Sphagnum. B Tpynme TpaBSHHUCTBIE+KYCTaPHUYKH
oTMeueH MakcuMyM Ericaceae u Artemisia, 4TO MOXXET OTpa)kaTh YCIOBHUS YCHIICHHS] KOHTHHEHTAJIbHOCTH.
UzBectHo, uto BuA P. sibirica, 1m0 CcpaBHEHHIO C JAPYIMMH TEMHOXBOWHBIMH IOpoJaMH, Oolee
3aCyXO0YCTOWYMB, Jy4lle 3alIUIIEH OT YPE3MEPHON COJHEYHON WHCOJALMM M TOBBIIIEHUS TEMIIepaTypbl
[Pakharkova et al., 2020], yTo MO3BONHIIO BUIY yAEPKHUBATh TOCIOACTBYIOIIECE MOJOKEHUE B CTPYKTYpE
JPEBOCTOSL.

Hanee, oxomo 450-400 kam. 1. H., IpU COXpaHEHHH AOMHMHHUPYIOILETO mNojoxeHus P. sibirica
OTMEYEHa OTHOCUTENBHO HU3Kas MbUIbLIEBAs IPOAYKTHBHOCTD (B 1 Kamyie ManepaTa pukcupyercs B 2.5 pasza
MeHblIe meUIbIB, 130 3epen Bmecto 300). M3BectHOo, uro mHTepBan ot 1600 mo 1826 r. H. 3. sBIsUICS
HanboJee XOIOIHBIM MepuogoM Maoro JIETHUKOBOIO Mepuona, Temmepatypsl okoio 400 ner Hazaa ObUTH
npumepHo Ha 0.7°C Hike cpeanero nokasatenst 1961-1990 rr. [Moberg et al., 2005].

[lo3xke Ha HcclienyeMoil TEPPUTOPUN OTMEYAUCh CTAOMIIBHO BIIAXKHBIE U MPOXJIAJHbBIE YCIOBHUS, Ha
CKJIOHAaX Pa3BHUTHl INHXTOBO-CIOBO-KEAPOBHIC Jjeca, Ha OOJNOTE — EpPHUK 3eICHOMOIIHO-C(arHOBBIH, B
MOXOBOM IOKPOBE Hapsdy ¢ JOMHUHAHTOM Sphagnum anguistifolium ormedensl Sph. rubellum, Sph. fuscum,
a taxxe Sph. cuspidatum, cpemy 3eneHbx MxoB: Drepanocladus sp., Politrichum strictum wn Pleurozium
shreberi.

CKOpOCTb aKKYMYIIALUK YIS 3a mocneaane 150 mger jocTuria MakcuMyMa — 10 7 yactui Ha 1 cM” B
rox (puc. 4), 4TO OTpa’kaeT HAPACTAIOLIYI0 MHTCHCHBHOCTH MOXKapOB, XapaKTEPHYIO AJISI BCErO CEBEPHOTO
nomymapust [Goldammer et al., 2013; Valendik et al., 2014; Ponomarev, Haruk, 2016], B cocTaBe necoB
yBeNMUUUBaeTcs yuactue Pinus sylvestris.

3AKIIIOYEHHME

B PE3YIbTATC HACTOALICTO HCCICAOBAHHA IIOJNYYCHBI HOBBIC ITAJICOIKOJIOTMYCCKHUC MOAHHBIC JIA
3anaz[H0171 yact Bocrounoro Casna. HerepBIBHaH CTpaTI/IFpaq)I/I"IeCKaH OCJICA0OBATCIIBHOCTD OTJI0XKEHHI
0omora Muna MOo3BOJINJId, OINHUPAsACh Ha MHAUKATOPBI naneoreorpa(bH%CKoﬁ O6CTaHOBKI/I, MMpOCIICANTD
HN3MCHCHUA J'IaHI[H_Ia(i)THO—KIII/IMaTI/I‘IeCKI/IX 0COOCHHOCTEH B paﬁOHe Mancko-KaHCKHX HH3KHX rop Ha
MMPOTAKCHUU Oomblell yacTu ToJIonIcHa.
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B Hauane ronorneHa Ha HEKOTOPBIX ydYacTKax pycia pekd MHHa MPOUCXOIWI MEPEXON OT CTaIuH
BpE€3aHUs K CTaJuM PaBHOBECHS, YTO INPHUBEIO K HAKOIJIEHHIO B JOJWHE MOIIHBIX AJUTFOBHAJIBHBIX U
CTapUUHBIX OTJIOXeHWH. B Tepmuueckuit ontumyMm romoueHa (7.5-6.0 Teic. 7. H.) 3TOT mporecc
CrmocoOCTBOBaN aKTUBM3aUMU TopdooOpazoBanus. [nmutenbHoe Bpems Ha 0Ooinore ObIT PasBUT €IbHHUK
OCOKOBO-C(harHOBbIM. BrimaseHne npeBecHOro spyca M mepexox Ooiiora Ha MeE30TPO(HYIO CTaguio ¢
TOCIIOICTBYIOLINM MOJOKEHHEM carnoBoro mxa mputuesncs Ha 2700-2400 xan. . H.

B Tteuyenme Bcero paccmMaTpHBaeMoro nepuona, HadvHasg ¢ 7.9 TBIC. Kad. JI. H., Ha CKIOHAax
Kyrypunnckoro u  Koiickoro  bemoroppd  mpouspacTtald  IHXTOBO-E€I0BO-KEApPOBBIE  Jieca.
OpHEHTHPOBaHHOCTh CKJIOHOB MEPNEHANKYJIAPHO HANPABIECHUIO TOCHOJACTBYIOIIMX BETPOB M HU3KOTOPHOE
MOJIOKEHUE 00eCTIeYrBaIi JOCTATOYHOE YBIaXXHEHUE U CMTYeHNE KIMMaTHIECKUX (IIyKTyamui.

OnHako T700anbHBIE KIMMAaTHYECKHE M3MEHEHHUS HAaIUIM HEKOTOPOE OTPaKEHHE B OTHOCHTEIBHO
CTaOMJIPHOM BHIIOBOH CTPYKTYpE JIECOB HM3ydaeMoro paioHa. Tak, HapacTaHWe KOHTHHEHTAJIbHOCTH BO
BpeMsi cpenHecyOOOpeaJbHOr0 TEPMHUYECKOI0 MaKCHMyMa CIOCOOCTBOBAJIO YCHJICHHIO TOXKapHOM
AKTUBHOCTH W PAa3BUTUIO IIOCTIIMPOT€HHOH »3pO3HMHM, NOBJEKUIEH MPUBHOC Ha OONOTO Pa3IHYHBIX
MHUKpoOUYacTHll (IHUPHUT, HOBOOOpa3oBaHUS OapuTa, KpUCTAUIBI LIUPKOHA, KBapla, OPTOKIAa3a, anbOuTa,
OCTaTKH JIPEBECHUHBI CO BCKPBITBIMA M HCTOHYEHHBIMU B pe3ylbTaTe MHUPOIN3a KIETOYHBIMH CTEHKaMH,
YIJIMCTBIE YaCTHIIBI, MIOKPHITHIE aTIOMOCHINKAaTOM). KpoMe Toro, B JaHHBIM BpeMEHHOH HHTEpBajl OTMEUECHO
cokparteHnue apeana Pinus sibirica v yBenn4eHue IUIOINAAN, 3aHSITOW TPAaBIHUCTBIMU COOOIIIECTBAMH.

Haunbonee OmaronpusTHbIC YCIOBHS AJS Pa3BUTHS MMXTOBO-EIOBO-KEAPOBHIX JECOB B HU3KOTOphE Ha
ckinonax Koiickoro u KyrtypumHckoro benoropes cknaapBamuck 1060-870 kan. 1. H. — B mIepuof
CpenHeBEeKOBOro KIMMAaTHYECKOr0 onTuMyMa. B 3To ke Bpems Ha 0OlOTax, pacloioXEHHBIX HIKE MO
ckiony (6omnoro bonbioe, CocHOBKa), 0TMEUEHO cHUKeHHUE yBrnaxueHus [Grenaderova et al., 2024a, b].

BepoarHo, moxomomaHus B KOHIE TOJNOLEHA SBISIFOTCA TNPUYMHOM HHU3KOM MBUIBLIEBOH
MPOLYKTUBHOCTH XBOMHBIX MOPOXA. DTO OTPa3HIIOCh B MHHUMAJILHOM NBUIBLIEBON HAIIOJHEHHOCTH MPO0O U3
OTJIOXKEHHH, chopMupoBaHHbIX 750-650 kan. 1. H. 1 450-400 kan. 1. H.

B nocnenaue 150-200 ner nporcxoanso CoKpatieHue noau Pinus sibirica 1 yBenuueHHe COAep:KaHUsS
Pinus sylvestris B coctaBe IpEBOCTOs, YTO B COBOKYHMHOCTH CO CTaOMJIBHO BBICOKHM COJAEPKaHHEM
MaKpOYTJIs OTpa)kaeT HapacTaOL[yl0 KOHTHHEHTAIbHOCTh KJIMMATa.

OMHAHCOBAS ITOAJEPKKA

HccnenoBanue BBIMOMHEHO 3a cuer TrpaHta Poccuiickoro HayyHoro ¢onga Ne 23-27-
00341, https://rscf.ru/project/23-27-00341/.

ABTOpBI BBIpaXKalOT OnarojapHocTh coTpyaHukam R&D-nentpa 'MK  «Hopunbckuil HUKENb»
Cubupckoro ¢enepanpHoro yauepcutera C.A. CunbssHOBYy m b.M. JlobacToBy 3a BBINOIHEHUE
MUHEpPAJIOrM4ecKoro aHaan3a U CKaHUPYIOIIEN 2IEKTPOHHOH MUKPOCKOIIUH.
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