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SUOI CUN Au ORE OCCURRENCE AS AN EXAMPLE OF POTENTIAL CARLIN- Cfcgpb%
TYPE SULPHIDE-GOLD MINERALIZATION IN NORTHEAST VIETNAM G S

Petr A. Nevolko', Tran Tuan Anhz, Tatiana V. Svetlitskaya3 , Tran Trong Hoa", -%e§
Ngo Thi Phuong’, Ngo Thi Huong®

13 Sobolev Institute of Geology and Mineralogy SB RAS, Novosibirsk, Russia

2438 Institute of Geological Sciences, Vietmam Academy of Science and Technology, Hanoi, Vietnam
! nevolko@igm.nsc.ru

? trantuananh@yast.gov.vn

7 svt@igm.nsc.ru

* trantronghoavn@gmail.com

? phuongphg2017@gmail.com

5 ngohuong1412@gmail.com

Abstract. The territory of the northeast of Vietnam is the most important region of the country in terms of metallogeny,
especially for precious and non-ferrous metals. A large number of Au, Pb, Zn, Sb, Hg, and Ni-Cu-PGE deposits are located in this
territory, regionally confined to the southwestern margin of the South China Block. This region is located northeast of the Red
River Shear Zone, which marks the boundary between two large geoblocks. The Song Hien rift basin is an important metallogenic
region of northeastern Vietnam and extends for more than 200 km in the NW-SE direction, up to the state border with China. On
the adjacent territory of China, the Song Hien structure passes into the Youjiang rift basin, where a large number of gold deposits
attributed to the Carlin formation are also known. The Suoi Cun deposit is located to the east and southeast of the Cao Bang city
and the large Cu-Ni-Pt-bearing mafic-ultramafic Suoi Cun massif. The mineralization is hosted by the rhyolites of the Triassic
Song Hien formation and represents by hydrothermal low-temperature veins and crushing zones with chalcedonic quartz. Ore
minerals in quartz-vein and metasomatically altered rhyolites are represented by pyrite, marcasite, and arsenopyrite. The amount
of ore minerals is not constant and varies in a wide range from poor dissemination to 30 %. Ore zones have a zonal structure. The
outer zones, 50—100 meters wide, are represented by altered rhyolites. The central part of the ore bodies is ore breccia, the fragments
of which are represented by both massive pyrite aggregates and differently altered and mineralized rhyolites. The cement of the
breccias is different and depends on the spatial position in the section of the ore body. The outer part of the inner mineralized zone
is cemented by quartz and, more rarely, by carbonate. According to the results of Ar-Ar dating, the calculated age of hydrothermal
sericite from the axial part of the mineralized zone was 218 + 1 Ma. The main geological and mineral characteristics of the Suoi
Cun deposit include: (1) the confinement of mineralization to zones of crushing and multiple breccia formation in the rhyolites of
the Song Hien Formation; (2) wide development of chalcedonic quartz and marcasite, indicating low temperatures of mineral
formation; (3) chloritization, sericitization, silicification, and sulfidization as the dominant types of metasomatic transformation;
(4) mineral association represented by pyrite, marcasite, arsenopyrite, and stibnite; (5) absence of native gold in ores, positive
correlation between gold and Carlin group elements (As, Sb, Hg, Tl); (6) relation of mineral formation with regional tectonic
events, lack of genetic relationship with magmatism. Using the critical characteristics for Carlin type deposits, we conclude that
the Suoi Cun deposit is represented by this formation.

Keywords: Song Hien, Vietnam, Suoi Cun, Carlin-type, gold deposits
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Tran Trong Hoa*, Ngo Thi Phuong”, Ngo Thi Huong®
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AnHoranus. beuio uzydeno pynonpossienue 3o10ta Cyoil KyH Ha ceBepo-BocToke BheTHama. I'taBHBIE XapaKTepUCTUKU
PYIOIPOSIBICHHS BKIIOUAOT: (1) IPHypOYeHHOCTE OpyAeHEeHHs K 30HaM IpOOIeHHs M OpeKIHPOBAHHS B PUONUTAX; (2) ITHPOKOe
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1. Introduction

Northeast Vietnam is the most crucial region in metal-
logeny, incredibly precious and non-ferrous metals.
A large number of Au, Pb, Zn, Sb, Hg, and Ni-Cu-PGE
deposits are concentrated in this territory, regionally con-
fined to the southwestern margin of the South China
Block [Nguyen, 2008; Tran et al., 2008, 2012, 20164, b;
Anh, 2015; Nevolko et al., 2017; Svetlitskaya et al., 2015,
2017]. This region is located northwest of the Red River
Shear Zone, marking the boundary between Indochina
and South China blocks. The Song Hien structure, a rift
intracontinental basin, is an essential metallogenic region
of northeastern Vietnam and extends for more than 200
km in the NW-SE direction, up to the state border with
China [Tri and Khuc, 2011]. On the adjacent territory of
China, the Song Hien structure passes into the Youjiang
rift basin, where a large number of gold deposits at-
tributed to the Carlin-type formation are also known [Qiu
et al., 2016; Zhang et al., 2019; Duan et al., 2020; Hu et
al., 2022; Wang et al., 2022]. The sediments of the rift

basin are mainly Triassic carbonaceous shales, to varying
degrees, sulfidized, united in the Song Hien formation. To
a lesser extent, the Song Hien formation contains basalts
and rhyolites, which are confined, as a rule, to the lower
part of the section. Terrigenous carbonaceous deposits of
the formation play the role of host rocks for many depos-
its and ore occurrences of gold, arsenic, antimony, and
mercury. However, there are examples of gold deposits in
the region the host rocks are igneous formations; for ex-
ample, the Hat Han deposit is localized in Early Triassic
gabbroids (Cao Bang Complex) [Tran et al., 2016b]. At
the same time, the mineralogical and geochemical fea-
tures of mineralization fully correspond to deposits local-
ized in carbonaceous shales, including those of the Car-
lin-type.

The problem of the genesis of the Carlin-type gold de-
posits is widely discussed and hotly debated. At least sev-
eral mutually exclusive hypotheses for their formation
have been proposed. A number of researchers defend the
magmatic nature of ores, believing that magma intrusion
caused fluid circulation and ore components came from a
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magma chamber [Silitoe, Bonham, 1990; Muntean et
al., 2011]. Others believe that the fluid and ore compo-
nents were extracted from the wall rocks during their
regional metamorphism [Phillips, Powell, 1993; Large
et al.,, 2011] or under the influence of magmatic heat.
These discussions are not just academic disputes, but
also have important practical implications. After all,
the correct definition of the formation type directly in-
dicates the potential of the object and dictates the geo-
logical exploration methodology. An incorrect identi-
fication of the deposit type leads geologists to search
for deposits in geological settings where they do not
may occur.

New obtaining data on the material composition and
geological conditions of the localization of Carlin-type
deposits in "atypical" regions would allow to concentrate
on the key factors of ore-forming processes. Because typ-
ical features of Carlin-type deposits are to form extended
belts (trends) or large ore provinces, a reasonable identi-
fication of deposit as the Carlin type significantly ex-
pands the exploration perspectives of the region as a
whole.

On the one hand, rhyolites are the host rocks of the
Suoi Cun Au occurrence, on the other hand, mineralogi-
cal and geochemical features of Suoi Cun's ore are similar
to deposits in carbonaceous terrigenous deposits, includ-
ing Carlin type gold deposits.

Therefore a detailed study of ores and mineralized
rocks, supplemented by Ar-Ar isotopic data, will contrib-
ute to understanding the nature of ore-forming processes
and make it possible to link mineralization processes with
regional geological events. In this work, we provide new
data on the geology, mineralogy, and geochemistry of
ores and mineralized rocks of the Suoi Cun Au ore occur-
rence and discuss about possible attribution to the Carlin-
style mineralization.

Our study focuses on important features of the Suoi
Cun gold occurrence, which have not been previously dis-
cussed. The most important ones among them follow:

(1) detailed mineralogical studies of ores and altered
rocks, including the restoration of the development his-
tory of the mineral-forming process,

(2) study of geochemical signatures of ores and altered
rocks, especially in the context of the proposed Carlin-
type gold mineralization,

(3) linking the process of gold mineralization with
global regional tectonic events using Ar-Ar isotopic
data,

(4) and the most importantly, to show many similari-
ties between mineralization at the Suoi Cun gold occur-
rence with typical Carlin-type mineralization, which, in
turn, can positively affect both scientific interest and in-
crease attractiveness as a promising area for exploration
in the studied region within North Vietnam.

2. Geological structure of Northeast Vietnam

The territory of Vietnam is geologically composed of
two main geological units [Faure et al., 2014], the Indo-
china Block in the southwest and the South China Block
in the northeast [Tran et al., 2008; Zhang et al., 2013].
The collision time of these blocks is assumed to be Tri-
assic [Lepvrier et al., 2011; Faure et al., 2014]. In this
paper, we adhere to the nomenclature proposed by Tran
Van Tri and Vu Khuc [2011], who distinguish the fol-
lowing domains in the region: Song Chay dome uplift,
Lo Gam—Phu Ngu folded areas, Quang Ninh and Ha
Long, and the superimposed Song Hien and An Chau
depression (Fig. 1).

The Song Hien structure, located in the NE Vietnam,
is a rift basin filled with volcanic-terrigenous deposits
[Tran et al., 2008; Tri, Khuc, 2011], which is limited to
the Cao Bang-Tien Yen and Phu Luong-Song Thuong re-
gional faults in the northeast and southwest, respectively.
The rift basin extends for more than 200 km in the NW-SE
direction, up to the state border (Fig. 1). Triassic terri-
genous and volcanogenic-terrigenous deposits locally in-
tercalated with felsic lavas and their tuffs (mainly in the
lower part of the stratigraphic sequence) dominate in the
section of the Song Hien Basin [Faure et al., 2014] and are
combined into the Song Hien Formation [ Tri, Khuc, 2011].
This formation is characterized by a relatively broad distri-
bution of gravel stones, including tuffaceous, organic and
sulfide-rich black carbonaceous shales, and fine-grained
sandstones. The processes of the Indosinian orogeny inten-
sively deformed Triassic deposits.

In the north, in Yunnan and Guangxi provinces of
China, these sedimentary rocks fill the large Y oujiang rift
basin [Guangxi BGMR, 1985; Galfetti et al., 2008], over-
lying the Devonian-Carboniferous-Permian-Early Trias-
sic carbonate platform, widespread in northeastern Vi-
etnam and southwestern China. According to Faure et al.
[2016], Middle Triassic turbidite deposits in the Yujiang
Basin are correlated with those of the Song Hien Structure
both stratigraphically and structurally.

Sedimentation occurred during two primary cycles:
(1) during the Late Permian-Early Triassic, during the rift
basin formation, there were extensional conditions ac-
companied by intense marine volcanism and the for-
mation of carbonaceous sedimentary rocks. (2) during the
Middle Triassic development cycle of the basin, sedimen-
tation was characterized by foreland settings and the for-
mation of a thick section of turbidites as a result of the
collision of the Indochina and South China blocks [Zeng
et al., 1995; Tri, Khuc, 2011; Chen et al., 2014; Faure et
al., 2014]. After the peak of the Indosinian orogeny, in the
period from the Late Triassic to the Early Jurassic, the
regional tectonic stress field in the newly formed oro-
genic belt gradually changed from compression (in the
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Late Triassic) to post-orogenic longitudinal compression  [1997, 2004, 2008, 2011], NE and SE strike zones were
(in the Early Jurassic) [Chen et al., 2015; Faure et al., formed during this time, and thick cover structures (NE
2016; Qiu et al., 2016]. According to Lepvrier et al. = Vietnam nappe) were formed.
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Fig. 1. A. Tectonic sketch of continental blocks and suture zones in Southeast Asia, showing the position
of North Vietnam, after [Lepvrier et al., 2004]. B. Scheme of the main lithotectonic units (domains)
of North Vietnam (modified from [Tran et al., 2008]. C. Generalized structural map of northeastern part
of North Vietnam (compiled from [Lepvrier et al., 2004] and from the 1: 200,000 geological maps
of Lang Son, Mong Cai, Hai Phong [DGMYV, 1999a, 1999b, 2000]

Puc. 1. A. TekToHH4YeCKasi cXeMa KOHTHHEHTAJIbHBIX 0JIOKOB U MIOBHBIX 30H B FOro-BocTouHoii A3umn,
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equuull (momeHoB) CeBepHoro Boernama (mo matepuanam [Tran et al., 2008]). C. O6o6mennas
CTPYKTYPHO-BeIlleCTBEHHAs KAapTa ceBepo-BOocTOUHOI yacTn CeBepHOro BretHama (cocTaBiieHa 10 MaTepuajgamM
[Lepvrier et al., 2004] u reonoruueckum kapram macmrada 1: 200 000 (simcter Lang Son, Mong Cai,

Hai Phong [DGMYV, 1999a, 1999b, 2000]
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Much work has been devoted to the magmatism man-
ifested in the Song Hien structure [Tran et al., 2008;
Roger et al., 2012; Chen et al., 2014; Halpin et al., 2016;
Svetlitskaya et al., 2022]. Permian-Triassic magmatism
in the region is characterized by developing a bimodal
volcano- plutonic association, in which basaltic andesite
and gabbro-dolerite are accompanied by rhyodacite—rhy-
olite and granite—granodiorite [Tran et al., 2008]. Ultra-
mafic and mafic intrusions (wehrlites, lherzolites, gab-
bronorites) are often associated with basalts and gabbro-
dolerites. The age of mafic-ultramafic rocks of the Cao
Bang igneous complex (LA-ICP-MS U-Pb zircons)
within the Song Hien structure, vary from 274-262 to
252-248 Ma [Tran et al., 2008; Halpin et al., 2016; Svet-
litskaya et al., 2022].

Rhyolites and dacites interbedded with volcanic-terri-
genous deposits are widespread in the Song Hien structure;
the time of'their formation, estimated from zircons (LA-ICP-
MS), is in the range of 254-241 Ma [Tran et al., 2008; Hal-
pin et al., 2016; Svetlitskaya et al., 2022]. The formation of
granite and granodiorite massifs on the territory of northeast-
ern Vietnam occurred in the interval from 252 to 245 Ma in
syn- and post-collision settings [Tran et al., 2008; Roger et
al.,2012; Chen et al., 2014; Halpin et al., 2016]. The young-
est igneous rocks in the study region are Cretaceous two-
mica granites of the Pia Oak complex have been estimated
to be ca. 84-85 Ma (Ar-Ar) and 87-90 Ma (U-Pb), with

which skarn and greisen deposits of tungsten are genetically
related [Roger et al., 2012; Chen et al., 2014; Nguyen et al.,
2020; Nevolko et al., 2022].

In the structure of Song Hien, many gold deposits and
ore occurrences are localized. Geochemically, most of the
deposits are characterized by the association of Au with
As, Sb, and Hg [Tran et al., 2008; 2016a, b; Anh, 2015;
Nevolko et al., 2017]. Bo Va, Tham Riem, Khung Kho-
ang, Ban Nung, Loc Soa, and Hat Han are the most sig-
nificant and well-studied. The entire set of gold deposits
in the Song Hien structure can be divided into two types
based on the lithological composition of the host rocks:
(1) deposits in terrigenous carbonaceous deposits and (ii)
in altered igneous rocks.

3. Geological structure of the Suoi Cun Au
ore occurrence

The Suoi Cun Au ore occurrence is located to the east
and southeast of the provincial center of Cao Bang and
the enormous Cu-Ni-Pt-bearing mafic-ultramafic massif
of Suoi Cun. Effusive-sedimentary rocks of the Triassic
represent deposits within the area of ore occurrence. The
mineralization is confined to the rhyolites of the Song
Hien Formation and represents hydrothermal low-tem-
perature veins and brittle deformation zones with chalce-
donic quartz (Fig. 2, 3 a, 3 b).
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Fig. 2. Schematic geological map of the Suoi Cun Au ore occurrence
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Fig. 3. Appearance of ores and mineralized rocks from the Suoi Cun Au ore occurrence
Py — pyrite, Qz — quartz, Rhyolite clasts — fragments of rhyolites, Pyrite clasts — fragments of massive pyrite aggregates

Puc. 3. BHemHuii BUI pya 1 MHHEPATH30BaHHBIX MOpoJ ¢ pyaonposiBienus Cyoii Kyn
Py — mupur, Qz — kBapu, Rhyolite clasts — o6omMku pronutos, Pyrite clasts — 00JOMKH MacCHBHBIX arperaToB IUpHUTa

Ore minerals in quartz-vein formations and metaso-
matically altered rhyolites are represented by pyrite,
marcasite, and arsenopyrite. The number of ore minerals
is not constant and varies widely from poor dissemina-
tion to 30 %. The number of ore minerals directly de-
pends on the degree of metasomatic transformation of
rhyolites. Because the occurrence has not been appro-
priately explored, there is limited information available
on its geology.

At the Suoi Cun Au ore occurrence established two
subparallel ore zones extending to the north-northeast.
The apparent width of the ore zones is about 300 me-
ters. These mineralized zones located within the rhyolites

of the Song Hien Fm and have not recorded outside vol-
canic rocks. On the surface, ore zones have been traced
for more than 1 km strike length on.

Mineralized zone have a zonal structure. The outer
zones, 50-100 meters wide, are represented by altered rhy-
olites. Moreover, in the direction toward the central part of
the mineralized zone, the degree of metasomatic transfor-
mation of rocks increases significantly from weakly altered
rhyolites with rare pyrite dissemination up to chlorite-seric-
ite-carbonate metasomatites with rich sulfide dissemination
(to massive pyrite aggregates). The central part of the ore
zones is an ore breccia with fragments of massive pyrite ag-
gregates and differently altered and mineralized rhyolites
(see Fig. 3).

11
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The cement of the breccias differs and depends on the spa-
tial position in the ore zone section. The outer part of the inner
mineralized zone is cemented by quartz and, to a lesser extent,
carbonate. As we move towards the axial part of the ore body,
the carbonate material disappears. In the axial part of the min-
eralized zone, black chalcedonic quartz is more widely ob-
served as cement. Meanwhile, ore mineralization iS mani-
fested both in breccia fragments and in the bulk of cement.

4. Research methods

Samples of ores and mineralized rocks were collected
from natural outcrops. Polished sections were studied un-
der a Carl Zeiss Axio Lab polarizing microscope
equipped with a digital camera at the Sobolev Institute of
Geology and Mineralogy, Siberian Branch of the Russian
Academy of Sciences, Novosibirsk, Russia and Institute
of Geological Sciences, Vietnam Academy of Science
and Technology, Hanoi, Vietnam. From the most repre-
sentative images, 67 polished sections were made to study
the mineral composition of ores.

Ag, Cu, Pb, Zn, W, and Tl were analysed by ICP and
ICP-MS (multiacid digestion), Au, As, Sb, and Hg by
INAA. Chemical analyses were carried out by Activation
Laboratories Ltd., Canada, following standard operating
procedure described by Hoffman [1992, 1998]. Detection
limit were 1 ppb for Au, 10 ppb for Hg, 0.1 ppm for Sb,
0.2 ppm for Cu, 0.05 ppm for Tl and Ag, 0.5 ppm for As,
Pb, and Zn, and 1 ppm for Mo and W.

Ar-Ar dating of hydrothermal sericite was performed
on a Micromass Noble gas 5,400 mass spectrometer at the
Analytical Center for multi-elemental and isotope re-
search SB RAS, Novosibirsk, using the method of step-
wise annealing in a quartz reactor [Travin et al., 2009].
A newly formed hydrothermal sericite from the axial part
of the mineralized zone was selected for the study. The
sampling was controlled under a binocular to exclude
xenogenic relict mineral phases in the analytical sample.
The determination error was +1c.

5. Research results
5.1. Mineral composition of ores

At the Suoi Cun Au ore occurrence, according to the
textural and structural characteristics and features of the
mineral composition, several types of ores (or mineralized
formations) can be distinguished, successively replacing
each other in the section of the mineralized zone. Based on
these parameters, we discriminate (from the periphery to
the axial part of the mineralized zone) four following
zones: (1) the outer zone, composed of altered rhyolites
with disseminated pyrite; (2) the transitional zone repre-
sented by altered rhyolites with veinlets and pockets of
massive sulfide aggregates; (3) the inner zone composed of
breccias with quartz-carbonate cement, fragments of al-
tered rhyolites and massive pyrite aggregates; and (4) the
axial zone, which is similar to the inner one, is represented
by ore breccia cemented by black chalcedonic quartz with
disseminated marcasite and antimonite.

Altered rhyolites with disseminated Py1

Vein and massive pyrite Py2

B

Fig. 4. Textural and structural features of ores and mineralized rocks of the Suoi Cun Au ore occurrence

Puc. 4. TekcTypHO-CTPYKTYpHBbIE 0CODEHHOCTH PY/A M MHHEPAJIN30BaHHBIX nopoy pyaonposiBienust Cyoii Kyn
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The outer zone, composed of altered rhyolites, is charac-
terized by a width of 50-100 meters. Metasomatic changes
are expressed in sericitization, carbonatization, sulfidization,
and chloritization. The degree of alteration of rhyolites no-
ticeably increases as one approaches the axial part of the ore
body. The least altered rhyolites completely retain the tex-
tural and structural characteristics of primary volcanic rocks
(Fig. 4 b), while the more developed metasomatites lose
their porphyritic structure and acquire a massive appearance
(Fig. 4 a). First-generation pyrite represents ore minerals in

Altered rhyolites with disseminated Py1

altered rhyolites (Pyl; Fig. 5 a, b). Pyrite is characterized by
grains of small size (from 1-5 microns) and isometric ap-
pearance, often grouped into nests and clusters. Differently,
altered rhyolites contain relics of primary iron oxide phases
(magnetite or ilmenite) replaced by pyrite. At the same time,
rutile relics are formed in place of primary minerals. Thus,
the formation of pyrite dissemination is associated with the
sulfidization of previously existing iron minerals, i.e., only
sulfur with accompanying elements was introduced by hy-
drothermal solutions.

Fig. 5. Mineral composition of altered rhyolites (Outer zone, a-d) and mineralized rocks of the Transition zone (e-h)
Py — pyrite, Rt — rutile, Qz — quartz, Carb — carbonate, Mr — marcasite, Apy — arsenopyrite, Rhyolite clasts — fragments of rhyolites

Puc. 5. MuHepaabHbIii OCTAB H3MEHEHHBIX CY1b(HIN3NPOBAHHLIX PHOJUTOB (BHemusas 30Ha, a—d)
M MUHepaIn30BaHHbIX nopox Ilepexonnoii 30ub1 (e—h)
Py — mupur, Rt — pyrun, Qz — kBapu, Carb — kapOoHat, Mr — Mapkasut, Apy — apcenorupur, Rhyolite clasts — 06770MKl pHOTHTOB

13



Teonozus mecmopooicoenuii / Geology of deposits

The transition zone, having a width of 10-15 m, its posi-
tion is not constant and it often wedged out. It is represented
by a zone with veinlets and massive sulfide aggregates in the
most heavily altered rhyolites (sericite-carbonate metasoma-
tites). Aggregates of pyrite and minor arsenopyrite and mar-
casite reach sizes up to a few centimeters (Figs. 4 c, d). Pyrite
of the second generation (Py2), which composes the miner-
alization in the intermediate zone, is represented, as a rule,
by euhedral grains up to 0.5 mm in size (Fig. 5 e, g). Pyrite
grains often show signs of growth zoning (Fig. 5 h). Rarely
the second-generation's pyrite aggregates contain arsenopy-
rite grains overgrown with marcasite (Fig. 5 f).

The inner zone of the ore body is characterized by
breccia textures and is represented by fragments of aggre-
gates of pyrite of the second generation (Py2) and altered

sulfidized rhyolites cemented by quartz and quartz-car-
bonate cement (Fig. 4 e-h). The width of the inner zone
is about 50 m. At the same time, the proportion of car-
bonate material in the cement noticeably decreases, up to
complete disappearance, as it approaches the axial zone.
Fragments of sulfidized rhyolites and pyrite aggregates
are overgrown with rims of massive pyrite with the for-
mation of bizarre cockade textures (Fig. 4. e, f). Pyrite of
the third generation, identified by us in specific concen-
trically zoned aggregates, develops as a rim around frag-
ments of sulfidized rhyolites (Fig. 6 a-d) and is usually
found in quartz-carbonate breccias. Pyrite of the fourth
generation is characterized by a massive appearance and
relatively large grains, forming rims around fragments of
altered rhyolites (Fig. 4 e, f; Fig. 6 f-h).

.

] A
e o |

Ore breccia with pyrite clasts (Py2) overgrown with Py3 and Py4

Fig. 6. Mineral composition of mineralized breccias of the Inner Zone
Py — pyrite, Qz — quartz, Carb — carbonate, Rhyolite clasts — fragments of rhyolites, Pyrite clasts — fragments of massive pyrite aggregates

Puc. 6. MuHepaabHbIi COCTAB MIHEPATN30BAHHBIX Opekunii BHyTpeHHei 30HbI
Py — nupur, Qz — kBap, Carb — kap6onar, Rhyolite clasts — 0610Mku pronuros, Pyrite clasts — 0070MKH MaCCHBHBIX arperaToB MAPHUTA
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Dark chalcedony-like quartz ore breccia
with rhyolite and pyrite clasts, and disseminated Mr and Stb

ﬂ‘ﬁ #‘% Ists =t

Fig. 7. Mineral composition of mineralized breccias of the Axial Zone
Py — pyrite, Mr — marcasite, Stb — stibnite, Rt — rutile, Qz — quartz, Rhyolite clasts — fragments of rhyolites, Pyrite clasts — fragments of
massive pyrite aggregates

Puc. 7. MuHepaiabHbIi COCTAB MIHEPATH30BAHHBIX Opexunii OceBoii 30HbI
Py — mupur, Mr — mapkasut, Stb — anrumonut, Rt — pyrun, Qz — kBapiy, Rhyolite clasts — obiomku puonuros, Pyrite clasts — o6momku
MAaCCUBHBIX arperaTtoB MUpUTa
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Carbonate*
Sericite
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Pyrite 3
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Marcasite 2
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NAAAY Syn-ore tectonic events
Carbonate* - carbonate veinlets and carbonatization host rocks

Quartz* - chalcedonic-quartz veinlets and silicification host rocks

Fig. 8. Mineral assemblages and paragenetic sequences of the Suoi Cun Au ore occurrence

Puc. 8. ITapareneTuyeckasi cxemMa mocjief0BaTeIbHOCTH MUHEpPai000pa3oBanus Ha pyaonposiBaennu Cyoii Kyn

The breccia type of ores represents mineralization within
the axial zone; however, the role of cement is played by low-
temperature chalcedonic quartz of a dark, almost black
color. In many respects, the axial zone is similar to the inner
one in terms of ore textures. The width of the zone in places
of blowing reaches more than 50 m. The fragments are com-
posed of altered and mineralized rhyolites and pyrite aggre-
gates of earlier generations. In the bulk of the breccia ce-
ment, there is a uniformly distributed dissemination of
“sheaf-like” marcasite aggregates, up to 0.5 mm in size. An-
timonite in ores is an uncommon mineral. It appears rela-
tively rarely as isometric and acicular grains in the ground-
mass of low-temperature quartz (see Fig. 7 f). In some cases,
it is seen that marcasite aggregates are overgrown with rock
fragments (Fig. 7). Therefore, mineralization at the Suoi Cun
Au deposit proceeded in at least three stages: (1) metaso-
matic alteration, (2) early-ore stage and (3) main-ore stage
(see Fig. 8).

5.2. Geochemical characteristics of ores
and mineralized rocks

Altered rhyolites with pyrite dissemination are char-
acterized by low content of Auand Ag (0.085-0.091 ppm
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and 0.59—1.14 ppm, respectively). Relatively high values
were established for Pb (up to 365 ppm) and Zn
(323 ppm), while the content of Cd does not exceed
1.9 ppm. Samples of altered and pyritized rhyolites are
characterized by Mo concentration at 1-3 ppm, Cu con-
tent varies from 13.1 to 48.8 ppm, Bi content does not
exceed 0.9 ppm. Two of the three samples are character-
ized by an increased concentration of Sn and W (up to 27
and 23 ppm, respectively). The content of typomorphic
mineralization elements of the Carlin type (Carlin-suite
elements: As, Sb, Hg, TI, Ba, Se), although not high, but
sufficient to identify of mineralization type. As content
ranges from 147 to 7010 ppm, Sb from 16.2 to 62.5 ppm,
Hg between 1.06-9.81 ppm, and Tl ranges from 1.08 to
2.65 ppm. Se content is not high, up to 1.4 ppm, while the
Ba concentration in individual samples reaches 693 ppm.

Samples of ore breccia with fragments of pyrite aggre-
gates contain "pre-ore" concentrations of Au (from 0.326
to 0.637 ppm) and low concentrations of Ag (from 0.55
to 1.22 ppm). The Pb and Zn concentration are signifi-
cantly lower than in altered rhyolites, respectively, from
12.7 to 49.5 ppm and 9.9 to 18.8 ppm. Lower content of
Cd is naturally noted, from 0.1 to 1 ppm. Compared to al-
tered rhyolites, ore breccias have a higher Mo content (from
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6 to 29 ppm) with a comparable level of Cu content (14.4—
25.1 ppm). Bi, W, and Mo in significantly elevated concen-
trations in ore breccia samples have not been established.
The content of Carlin-suite elements is noticeably higher
than in pyritized altered rhyolites (As — from 72.7 to 3,730
ppm, Sb — from 93.2 to 367 ppm, Hg— from 7.59 to 15 ppm,
TI— from 0, 78 to 5.78 ppm, Ba from 33 to 827 ppm and Se
from 1.7 to 8 ppm).

Ore breccias with black chalcedonic quartz, fragments
of rhyolites and pyrite aggregates, and dissemination of
marcasite and antimonite (ore breccia from the axial part
of mineralized zones) are characterized by Au content
from 1.08 to 6.4 ppm. At the same time, similarly to other
types of mineralized rocks, the Ag content does not ex-
ceed 1 ppm. The contents of Pb, Zn, and Cd are comparable
to those in ore breccias from the inner zone (11.5-77.9 ppm,
7.6-93.5 ppm, and 0.1-0.7 ppm, respectively). Mo is con-
tained in samples in an amount from 1 to 16.9 ppm. Cu con-
tent is slightly higher and reaches 112 ppm. Bi, W, and
Mo in significantly elevated concentrations in the studied

ore breccia samples from the axial zone have not been es-
tablished. The content of typomorphic elements for Car-
lin-type mineralization naturally increases. As in the sam-
ples varies from 986 to 67,700 ppm, Sb — from 108 to
308 ppm. Hg and Tl in the studied samples contain 1.16
to 35 ppm and 1.3 to 5.75 ppm, respectively. Se content
is relatively increased (from 2.1 to 9.4 ppm) at lower but
sustained concentrations of Ba (from 78 to 233 ppm),
probably associated with more pronounced silicification
processes.

5.3. Age of mineralization

1. The results of Ar-Ar dating are illustrated in Fig-
ure 9. Based on the dating results, an age plateau was built
containing seven annealing steps and including 99% of
the released *Ar, indicating the data's reliability. The cal-
culated age of formation of hydrothermal sericite from
the axial part of the mineralized zone was 218 £ 1 Ma.

300

250+
£ 200
g Weighted plateau = 218,0£1 Ma
< 150+ Includes 99% of the **Ar

100

50+
20 40 60 80

Cumulative *Ar Released, %

Fig. 9. Ar-Ar age plateau for newly formed sericite from ores of the Suoi Cun Au ore occurrence

Puc. 9. Ar-Ar Bo3pacTHOe IJ1aTO IS HOBOOOPA30BAHHOIO cepUIUTA U3 pyA pyAonposiBienus Cyoi Kyn

6. Discussion

6.1. Geochemical "portrait”
of the Suoi Cun Au ore occurrence

Carlin-type deposits are characterized by a specific set
of typomorphic elements that determine their geochemi-
cal "portrait". In general, this group of elements includes
Au, As, Sb, Hg and T [Zhang, Zhang, 2003; Zhang et al.,
2005; Peters et al., 2007; Large et al., 2011]. Whereas
orogenic deposits in sedimentary sequences are charac-
terized by a narrower set of elements — Au, As, and Sb
[Goldfarb et al., 2005; Large et al., 2011; Goldfarb,
Groves, 2015; Yudovskaya et al., 2016; Nevolko et al.,
2017]. At the same time, "satellite" elements rarely form

economically significant accumulations. In most cases,
they are presented only as impurity components. How-
ever, there are examples of complex deposits with signif-
icant resources of Hg, Sb, As, and, less often, Tl. Thus,
the large Wuchuan and Wanshan deposits in the south of
China, related to the Carlin Formation, contain more than
10,000 tons of Hg with relatively small gold reserves.
Similarly, the Dachang deposit, located in China's Golden
Triangle, is characterized by small gold reserves and low
grades of As, Hg, and TI but contains more than 500,000
tons of antimony [Hu et al., 2002].

In general terms, it can be concluded that in most
cases, only one of the components is of industrial im-
portance, while the role of others is sharply subordi-
nated.

17



Leonocus mecmopooicoenuii / Geology of deposits

100000 1000
Kyrgyz _’;.gf' B B
deposits ¢~ B
10000 B8
o Kyrgyz
o deposits
b oo
£ 10004 i
= o
g a :
g . $
100 :
~m 0 Chinese
o [u] (= 5
RE S deposity
u] [=] o
4 o 14 [
3 %0 " Nevada 0 NU d o
el e deposits evacd
o A deposits o
1 T T r T 0,01 T T J T r
0,001 0,01 0.1 1 10 100 1000 0,001 0,01 0.1 1 10 100 1000
Au, ppm Au, ppm
10000 10000
A C d
- C| d|
Kyrgyz o s [ Kyrgyz @ g
o ! ¢ Y 8 |-
10001 deposits o ‘ = 10004 deposits © o
o}
1 H
ol o
1004 = d £
£ 1004 ° % d
Q d 1 i I_'-‘ g.
Q =5 E]ﬁ o Qe
g 95 % (=)
I . = n A
0mo® Chinese 1 5 Chinese
e deposits deposits
BL o -‘EF e Nevada P
13 - g 0.1] deposits
o o
Nevada o .
deposits 2 o
0,1 T 3 T T T 0,01 T u T T r
0,001 0,01 0,1 1 10 100 1000 0.001 0,01 0.1 1 10 100 1000
Au, ppm Au, ppm
1000000 E 10000
2 Chinese
1000005 - . b, deposits
e A Thoa
Nevada 8oy o 10003 1, R e
10000, deposits o . Y] A A2
g- A .
Q o8 o
- 10004 C
3] I
m
1004
deposits -l
103 d ; evada
eposits i
H Chinese deposit
deposits j
1 : - : - - 1 : - - - |
0,001 0,01 0,1 1 10 100 1000 0,001 0,01 01 1 10 100 1000
Au, ppm Au, ppm
Suoi Cun

@ Altered rhyolites with disseminated Py
¢ Ore breccia with pyrite clasts

Dark chalcedony-like quartz ore breccia
¢ with rhyolite and pyrite clasts, and
disseminated Mr and Stb

1 Nevada Carlin-type deposits
A Chinese Carline-like deposits
> Kyrgyz Carlin-type deposits

Fig. 10. The content of impurity elements in ores and mineralized rocks of the Suoi Cun Au ore occurrence relative
to the gold content. Data from Chinese deposits: Danzhai [Lu, 1994], Yata, Getang, and Shuiyindong (Sanchahe)
[Ashley et al., 1991], Bojitian [Hu et al., 2017 a, b]. Data for Nevada deposits: Beast [Ressel et al., 2000 a, b],
Griffin and Meikle [Ressel et al., 2000b], Getchell [Cail, Cline, 2001], Betze-Post, Golden April, Meikle,

Ren, and Rodeo [Emsbo et al., 2003], Betze-Post [Kesler et al., 2003], and Pipeline [Hickey et al., 2014].

Data from Kyrgyz deposit: Chauvai [Nevolko et al., 2019]

Puc. 10. Conep:kaHue 3J1eMEHTOB puMeceii B pyAax 1 MUHePAJIH30BaHHBIX nopoaax pyaonposiBienusi Cyoii Kyn
OTHOCHTEJBHO COlep:KaHud 30J10Ta. JlanHbIe Mo MecTopoxkaennsaM Kurasa: Danzhai [Lu, 1994], Yata, Getang
u Shuiyindong (Sanchahe) [Ashley et al., 1991], Bojitian [Hu et al., 2017 a, b]. /lanHbIe 10 MeCTOP O:KTEHUIM
Hesanpl, CIIIA: Beast [Ressel et al., 2000 a, b], Griffin u Meikle [Ressel et al., 2000 b], Getchell [Cail, Cline, 2001],
Betze-Post, Golden April, Meikle, Ren u Rodeo [Emsbo et al., 2003], Betze-Post [Kesler et al., 2003] u Pipeline
[Hickey et al., 2014]. Jlannsie mo mectopo:xkaennsamM Kupruzuu: Chauvai [Nevolko et al., 2019]
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Fig. 11. Correlation of impurity elements in ores and mineralized rocks of the Suoi Cun Au ore occurrence.
Data from Chinese deposits: Danzhai [Lu, 1994], Yata, Getang, and Shuiyindong (Sanchahe) [Ashley et al., 1991],
Bojitian [Hu et al., 2017 a, b]. Data for Nevada deposits: Beast [Ressel et al., 2000 a, b], Griffin and Meikle
[Ressel et al., 2000b], Getchell [Cail, Cline, 2001], Betze-Post, Golden April, Meikle, Ren, and Rodeo
[Emsbo et al., 2003], Betze-Post [Kesler et al., 2003], and Pipeline [Hickey et al., 2014]. Data from Kyrgyz deposit:
Chauvai [Nevolko et al., 2019]

Puc. 11. Koppensinus 371eMeHTOB IpUMecel B PyAax U MUHEPAJIM30BAHHBIX Nopoaax pyaonpossiaenus Cyoii Kyn.
Jannbie mo mecTopo:xkaeHusiM Kutasi: Danzhai [Lu, 1994], Yata, Getang u Shuiyindong (Sanchahe) [Ashley et al.,
1991], Bojitian [Hu et al., 2017 a, b]. /lannbie o mectopo:xxkaenusiMm HeBanpl, CIIIA: Beast [Ressel et al., 2000 a, b],
Griffin m Meikle [Ressel et al., 2000b], Getchell [Cail, Cline, 2001], Betze-Post, Golden April, Meikle,
Ren u Rodeo [Emsbo et al., 2003], Betze-Post [Kesler et al., 2003] u Pipeline [Hickey et al., 2014].
Jannsbie o mectopoxknenusiMm Kupruzun: Chauvai [Nevolko et al., 2019]
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Geochemical features of ores and mineralized rocks of the Suoi Cun Au ore occurrence (ppm)

Table 1

Tabnuna 1
I'eoxuMHuyeckHe XapaKkTepUCTHKH Py M MUHEPAJH30BAHHBLIX Nopoy pyaonposiBieHus Cyoii Kyn (ppm)

Altered rhyolites with Dark chalcedony-like quartz ore breccia with rhyolite
. . Ore breccia with pyrite clasts and pyrite clasts, and disseminated Marcasite
Element disseminated Py oo
and Stibnite
CK-1 | CK-2 | CK-3 | CK4 | CK-5 | CK-6 | CK-7 | CK-8 | CK-9 | CK-10 | CK-11 | CK-12 | CK-13 | CK-14
Au 0.085 | 0.086 | 0.091 | 0.326 | 0.457 | 0.607 | 0.635 | 0.637 | 1.08 1.31 1.37 2.54 2.69 6.4
Ag 0.59 | 0.65 1.14 | 0.68 | 0.95 0.95 0.55 1.22 | 0.15 0.86 0.96 0.47 0.7 1
Cd 0.1 1.2 1.9 0.1 0.2 0.1 0.1 1 0.1 0.1 0.7 0.2 0.1 0.1
Mn 162 152 975 137 119 83 107 204 87 92 95 244 98 182
Pb 22.5 365 272 209 | 22.6 21.7 49.5 12.7 18.3 22.3 77.9 13.2 11.5 48.2
Ni 9.7 28.7 9 5.8 8.6 18.7 36 7.9 342 18.3 27.4 28 3.7 99.3
Zn 20.9 186 323 16.6 | 18.6 18.8 9.9 18.8 16.1 21.1 93.5 22.1 7.6 19.4
Mo 1 1 3 19 29 21.1 17 6 6.6 9 1 5 16.9 1
Cu 13.1 23.6 | 48.8 | 249 | 251 11.4 20.9 19.9 13.8 10 97.7 253 22.1 112
Bi 0.9 0.2 0.2 0.2 0.2 0.12 0.2 0.2 0.06 0.2 0.3 0.4 0.12 0.3
Sn 5 24 27 3 3 2 2 1 1 3 14 3 3 4
W 1 19 23 1 1 1 1 1 1 1 1 1 1 1
As 147 | 3,250 | 7,010 | 537 312 3,370 | 3,730 | 72.7 986 1,720 | 67,700 | 4,420 | 994 5,440
Be L.5 2.8 2.9 1.4 1.3 0.7 0.8 1.7 0.8 1.4 1.8 1.5 1 0.8
Ca 2,800 | 600 500 400 500 400 800 700 600 800 300 4,400 | 2,500 | 4,200
Co 5.4 3.6 16 2.6 2 1 4.8 0.8 6 2.7 6.7 7.7 2 24.1
Cr 35 44 46 1 1 2 1 1 188 1 1 1 15 128
Cs 5.89 10.8 13 5.07 | 3.62 3.79 2.12 6.6 3.99 5.95 9.6 6.28 4.72 291
Fe 30,600 [ 31,800 | 87,200 | 24,500 | 15,300 | 108,000 | 125,000 | 94,400 | 39,400 | 56,400 | 82,600 | 32,100 | 26,500 | 147,000
Hf 3.2 1.2 2.8 1.7 4.6 1 1.6 0.3 1 1.4 0.1 0.8 2 1.5
Ga 15.2 16.3 13.6 5.1 12.4 5.7 3.8 3.5 10.4 11.1 13.5 9 8.5 7
Ge 0.2 0.9 0.4 0.2 0.2 0.2 0.3 0.2 0.1 0.2 0.3 0.2 0.1 0.3
Li 11.5 | 224 18.5 | 34.6 43 25.2 23 19.5 | 323 28.3 17.6 40.1 35.5 16.4
Mg 2,000 | 2,900 | 2,400 | 1,000 | 1,200 800 300 300 300 | 2,100 | 1,700 800 700 2,500
Na 14,300 | 300 300 300 300 200 300 300 300 300 300 300 300 900
Rb 125 122 179 73.3 74 40 19 13 5.9 97 138 40.4 50.3 53.7
Sb 16.2 | 458 | 62.5 136 93.2 159 367 161 186 157 308 289 108 286
Sc 6.5 15.7 16 5.6 6.6 2.5 2.1 0.8 10.3 4.3 10.5 3.1 3.6 3.7
Se 1.4 1.2 1.3 2.1 1.7 4.9 8 5.6 4.3 3.7 2.1 5.4 3.2 9.4
Sr 33 97.7 | 97.8 | 78.7 | 28.2 30.3 37 26.7 | 24.6 57.5 77.1 29.4 52.5 26.9
Th 32.1 31.7 | 31.6 17.1 16.9 2.9 8.1 1.4 1.9 17.7 14.8 14.9 9.1 9.1
Ba 325 693 525 827 158 33 41 55 129 138 233 225 168 78
Tl 1.08 1.71 2.35 1.24 | 0.78 5.78 5.73 2.89 1.78 5.19 2.17 5.38 1.3 5.75
U 5.8 4.1 4.5 3.8 3.6 1.6 1.5 1.4 1.4 2.8 3.5 2.4 1.7 1.8
\% 34 108 125 30 36 12 14 11 78 27 99 20 14 39
Y 33 304 | 324 | 247 | 269 6 11.3 3.2 18.1 19.3 28.9 40.4 19.1 12
Zr 107 57 129 73 168 31 66 17 50 52 124 37 34 62
Hg 9.81 3.77 1.06 12 7.71 7.59 15 11 4.79 35 4.02 25 1.16 18
Table 2
Comparison of Carlin-type gold deposits in southwest China, Nevada, and Vietnam based on this paper
and compilation by Hofstra et al. [1999], Hu et al. [2002] and Cline et al. [2005]
Tabnuma 2

Conocrap/ieHHE BaKHEHIINX XapaKTEePUCTHK MeCTOPOKIEHHI KapJIUH-TUIIA, PACMIOJI0KEeHHBIX HAa TeppuTtopuu Kuras,
HeBanp! 1 BbeTHama (o MaTepuasiam JaHHOro uccienoBanus u JanubiM Hofstra et al. [1999], Hu et al. [2002] u Cline et al. [2005])

Characteristic Nevada Carlin type deposits Chinese Carlin type deposits Suoi Cun occurrence
Deposit size <1-1,000 t Au <1-80t Au not estimated
Gold grades 0.6-22 ppm Au 4.0-7.0 ppm Au 0.3-6.5 ppm Au

Other deposit types present in
some districts

Older sedex Au, barite, and base
metals; older pluton-related base
and precious metals; younger
Hot spring Ag—Au and Hg

Older MVT base metals; older
sedex barite; coeval Sb, As, TI,
Hg, U vein and replacement de-
posits

Older Cu-Ni-PGE, coeval Sb,
As, Hg, Au

Age of deposits

Mid-Tertiary

Late Triassic

Late Triassic
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Characteristic Nevada Carlin type deposits

Chinese Carlin type deposits

Suoi Cun occurrence

Post-collision extension

Tectonic settings (Cordilleran orogeny)

Post-collision extension
(Indosinian orogeny)

Post-collision extension
(Indosinian orogeny)

No consistent spatial or genetic

Relation to magmatic event . .
clation to magmatic events relationship

No consistent spatial or genetic
relationship

No consistent spatial or genetic
relationship

localized along preexisting struc-
tures that may have originated as
normal faults during Late Prote-
rozoic continental rifting

District controls

localized along structures that
formed during Indosinian orog-
eny

localized along structures that
formed during Indosinian orog-
eny (NE Vietname nappes)

Cambrianto Mississippiancalcar-
eous marine sedimentary rocks

Cambrianto Triassic calcareous
marine sedimentary rocks depos-

Host rocks deposited on a subsiding ex- ited on a subsiding extended cra- |igneous rocks (rhyolite)
tended cratonic margin; locally |tonic margin; locally igneous
igneous rocks rocks
. Decarbonation, silicification, ar- |(Silicification, argillization, sulfi- |Silicification, argillization, sulfi-
Alteration types e . . .
gillization, sulfidation dation dation

Arsenian pyrite, arsenopyrite, or-
piment, realgar, stibnite, cinna-
bar, thallium sulfides, quartz,
calcite

Ore and gangue minerals

Arsenian pyrite, arsenopyrite, or-
piment, realgar, stibnite, cinna-
bar, thallium sulfides, quartz,
calcite

Pyrite, arsenopyrite, marcasite,
stibnite, quartz, calcite

Mainly in arsenian pyrite and
marcasite as submicron inclu-
sions and solid solution

Residence of gold

Submicron inclusions in arsenian

. . not estimated
pyrite and arsenopyrite

S, Au, As, Sb, Hg, Tl, Ag, Ba,

Geochemical signatures W, £Te, £Se, AU/Ag >5

S, Au, As, Sb, Hg, Tl, Ag, U,
Au/Ag=1-20

S, Au, As, Sb, Hg, Tl,
Au/Ag=0.5-7.2

New data on the geochemistry of mineralized rocks
and ores of the Suoi Cun Au ore occurrence (see Fig. 9)
convincingly demonstrate a stable positive correlation of
Au with As, Sb, and, to a lesser extent, Tl (see Fig. 10).
Since, according to geochemical data, there is a positive
correlation between Au and As, and no native Au has
been found in ores, we assume the presence of invisible
gold as micro impurities in pyrite (marcasite) and/or
arsenopyrite.

For all varieties of ores and mineralized rocks from
the Suoi Cun Au ore occurrence, there is a stable positive
correlation between Sb and Hg, less pronounced in the TI-
As pair (Fig. 11). The total content of Hg and Sb is also
characterized by a positive correlation with the content of
As. Such patterns may indicate a single mineralization
process, i.e., Carlin group elements were introduced into
the mineralization zone by the same hydrothermal fluid.
Elements such as Cu, Pb, Zn, and Sn do not correlate with
Au or other elements of the Carlin group.

Ba content has a stable positive correlation with Sr
(see Fig. 11); however, either a weak negative correlation
is observed with gold and arsenic, or their relationship is
not established (Fig. 11). This dependence is explained
by the removal of Ba and Sr from the mineralization zone
during the metasomatic transformation processes
(silicification, sericitization).

All these geochemical characteristics and genetic
relationships between different groups of elements are
widely described in many Carlin-type deposits in various
regions of the world. In order to compare the

geochemistry of ores and mineralized rocks of the Suoi
Cun Au ore occurrence with regular deposits of the Carlin-
type (Tab. 2, Fig. 10, 11), we used data from nine deposits
of the Carlin province (Nevada, USA), five deposits of the
Golden Triangle region (southern China) and deposits of
the Carlin-type of the South Fergana mercury- antimony
belt [Ashley et al., 1991; Lu, 1994; Ressel et al., 2000 a, b;
Cail, Cline, 2001; Emsbo et al., 2003; Kesler et al., 2003;
Cline et al., 2013; Hickey et al., 2014; Tan et al., 2015; Hu
etal., 2017 a, b; Nevolko et al., 2019].

The most suitable objects of analogs can be
considered deposits of the Carlin-type, located in the
south of China and the South Fergana belt, Kyrgyzstan.
As can be seen from Figures 10 and 11, the geochemical
characteristics of the Suoi Cun Au ore occurrence are
almost entirely identical to regular deposits of the Carlin-
type in terms of the concentration of typomorphic
elements. Thus, considering the data in Table 1 and 2;
Figures 10 and 11, we conclude that the mineralization at
the Suoi Cun Au ore occurrence, based on mineralogical
and geochemical data, fully corresponds to Carlin-type
mineralization.

6.2. Geodynamic settings for the formation
of the Suoi Cun Au ore occurrence

The Song Hien rift is a southern part of the large
Yujiang sedimentary basin in southern China hosted
numerous Carlin-type deposits. Therefore, it seems
appropriate to correlate the obtained age of the Suoi Cun
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Au ore occurrence with the published age data of the gold
mineralization at the southern China. In numerous works,
many authors provided information on the age of formation
of gold ore deposits in China, attributed to the Carlin-type
[Chen et al., 2006, 2015; Hu et al., 2017b; Pi et al., 2017;
Zhu et al., 2017]. According to numerous determinations,
the formation age of deposits fits into the range of 210-220
Ma. In addition, good convergence in the time of formation
of the Suoi Cun Au ore occurrence is also noted with gold
deposits in sedimentary strata within the Song Hien Rift in

Vietnam (Table 3). Previous studies have established
formation ages for the Hat Han (209.1 +2.3 Ma), Bo Va
(184.8 £2.1 Ma), Khung Khoang (211.6 £2.3 Ma), Loc
Soa (215-224 Ma), and Ban Nung (2143 £2.2 Ma,
215.8 £ 6.1 Ma) fields [Tran et al., 2016a; Nevolko et al.,
2017]. The time range of mineralization of the sub-young
type of deposits fits into the interval of 184-215 Ma. Thus,
the formation of mineralized zones at the Suoi Cun Au ore
occurrence corresponds to the main metallogenic period in
the region.

Table 3

Age of formation of gold deposits in the northeast of Vietnam

Tabnuma 3

Bo3pacr ¢popmupoBaHus 30J10TOPYAHBIX MECTOPOKIEHUH HA ceBepO-BOCTOKe BbeTHama

Deposit Brief description Age Reference
Suoi Cun Zones of crushing and veining in rhy(_)hte_s, pyrite-arsenopyrite- 218,0 + 1 Ma (Ar-Ar) This article
marcasite mineralization
Hat Han  Metasomatically altered gabbro with pyrite-arsenopyrite | )4 | 4 5 3 \a(Ar-Ar) | [Nevolko et al., 2017]
disseminated mineralization, veinlet antimony mineralization
Bo Va Black carbonaceous shales w1th. disseminated pyrite and 184,8 2,1 Ma (Ar-Ar)| [Nevolko et al., 2017]
arsenopyrite
Khung Khoang Black carbonaceous shales with disseminated pyrite 211,6 +2,3 Ma (Ar-Ar)| [Nevolko etal., 2017]
Loc Soa Quartz veins in carbonace_ous terrigenous rocks with pyrite- 215-224 Ma (Ar-Ar) [Tran et al., 2016a]
arsenopyrite mineralization
Quartz veins in carbonaceous terrigenous rocks and diorites with 2143 +2,2Ma
Ban Nung pyrite-arsenopyrite mineralization 215,8 + 6,1 Ma (Ar-Ar) [Tran et al., 2016a]

The host rocks for the mineralized zones at the Suoi
Cun Au ore occurrence are rhyolites, whose age, accord-
ing to U-Pb determinations, is about 248 Ma [Tran et al.,
2016a; Svetlitskaya et al., 2022]. Considering the domi-
nance of the breccia nature of ores and the younger age of
hydrothermal mineralization, it is evident that minerali-
zation cannot be linked with volcanic processes.

An analysis of the geological development of the ter-
ritory makes it possible to "inscribe" this metallogenic pe-
riod into the general sequence of the formation of struc-
tures in North Vietnam. On the one hand, there is cur-
rently no reliable information about magmatic events oc-
curring in the period 0of 200-230 Ma in the territory of NE
Vietnam. On the other hand, widespread folded for-
mations are described in the region, which involve Trias-
sic deposits [Lin et al., 2008; Faure et al., 2014; Qiu et al.,
2016]. According to specialized studies [Lin et al., 2008;
Zhang et al., 2009; Faure et al., 2014], the folding pro-
ceeded during the Early-Middle Triassic and is inter-
preted as a collision between the Indochina and South
China blocks (Indosinian orogeny). Post-collision exten-
sion after the "peak" of orogeny at the turn of 200-
230 Ma is assumed as the most probable "reason" for the
formation of Carlin-type mineralization in NE Vietnam.
Thus, the processes of "merging" the Indochina and South
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China blocks, also known as the Indosinian orogeny, are
the main factor in forming gold mineralization in north-
eastern Vietnam.

7. Conclusions

The main geological and material characteristics of
the Suoi Cun Au ore occurrence include:

(1) Confinement of mineralization to zones of crush-
ing and multiple brecciations in rhyolites of the Song
Hien formation,

(2) Wide development of chalcedonic quartz and marca-
site, indicating low temperatures of mineral formation,

(3) Chloritization, sericitization, silicification, and
sulfidization — as the dominant types of metasomatic
transformation,

(4) Mineral association represented by pyrite, marca-
site, arsenopyrite, and antimonite,

(5) The absence of native gold in ores, a positive corre-
lation of gold with carlin group elements (As, Sb, Hg, TI),

(6) Connection of mineral formation processes with
regional tectonic events, lack of genetic connection with
magmatism.

Compared with the typical carlin deposits studies, we
conclude that the Suoi Cun ore occurrence is representa-
tive of this formation.
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Abstract. The Koibal Steppe is a territory inside the South Minusinsk Basin (Middle Siberia) between the Yenisei and Abakan
rivers. There are hollow and ridge relief of the paleodelta its a width are more than 50 km in the southern part of the Koibal steppe.
GIS-modeling based on a DEM-derived geomorphometry are allowed to characterize in detail this landforms. Hollows and ridges
had form a fan pattern are diverging giant outflow cone which doesn't characterized the structure of alluvial plains. The good
preservation of the fluvial relief of the giant delta testifies to its young upper quaternary age. The strata with a total area of more
than 6,000 km?” spread within the Koibal steppe has a two-tiered structure. The lower tier is represented by fluvial and mudflows
deposits with a total thickness of up to 40 m. It were formed at the exit of glacial superfloods along the Yenisei Valley from the
West Sayan Ridge. The upper tier is represented by subaerial sediments were formed by the aeolian processes as a result of the
redeposition of the lower tier sands. This aeolian sands composing the Koibal steppe surface form ridges of sublatitudinal direction.
Lying under them the superflood layer is represented by boulders, boulder-pebbles, sands (water-stone mudflows) and mixtites
(mud-stone mudflows). These facies naturally combine in space. A boulder pebbles with rounded boulders predominate in the
lower part of the super flood strata. A obliquely and parallel layered sands lie above. A mixtites with flame-like textures ofa liquid-
plastic flow are in the higher part of the superflood strata. There are no not lithified rocks of the Paleogene, Neogene, Holocene
and Pleistocene between the deposits of superfloods and the Paleozoic basement. This indicates that the inner part of the South
Minusinsk basin underwent extensive denudation in the Late Pleistocene. This situation is not typical for intermountain basins.
Usually deposits accumulate throughout the Late Cenozoic, coming from the uplifting mountain frame. There are no large locations
of megafauna in this area. In fact, all the known Late Paleolithic monuments are younger than 15,000 years on this territory. That
means they appeared after the superflood. The age of the last superflood is assumed to be about 20,000 years (the final stage of
MIS-2). This does not exclude the possibility of glacial superfloods being on the Middle Yenisei about 90,000 years (cold sub-
stages 5 d, b) and at the end of the glaciation of MIS-6 by analogy with the superfloods of the Altai Mountains along the Chuya
and Katun rivers valleys with access to the plain (Upper Ob). The sediments of the water-stone and mudstone mudflows of the
Koibal steppe are stratigraphic genetic analogs of the Upper Yenisei strata, which performs extensions of the Upper Yenisei Valley.
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BBenenne

Koiibanbckasi CTenb, pacoNIoKeHHAsI B FOT'0-3aI1a THOM
yact HOxHOo-Munycunckoir Komnosunsl (FOMK) Ha
Mexaypeube Exmces u AOakaHa, BeIpakeHa B penbede
TIOJIOTOBOJTHUCTOM paBHUHOHN ¢ oTMeTkamu 250—350 M Haz
yp. M. (puc. 1). B nenTpansHOi ee yacTH BO3BBIIIAETCS
CTPYKTYpPHO-/IEHYAAlMOHHBII OCTaHel, CIOXKEHHbIA ma-
JIE030MCKUMH MOPOJaMH, Ha MOBEPXHOCTH KOTOPBIX pa3-
BUT XOIMHCTO-yBanucThii (400-300 M) 1 Ky3CTOBO-TpS-
noBbIi (350-550 M) Tume! penbeda. OTaeTbHbIC BEPIINHEI
ocranua nocturatotr 580 M. CTpyKTypHO-IeHYIallMOHHAS
BO3BBILIEHHOCTH OXBATHIBAETCSI TIOJIOTOBOJIHUCTON paBHU-
HOH ¢ I0ro-3amajia ¥ I0ro-BOCTOKa, T.€. OHa OrpaHUYeHa C
BHEIIHEH CTOpoHBI rpanuiiell Koibamsckoil cremu, a ¢
BHYTpPEHHEW — OCTAHI[OM.

Astopsl cpennemactiradbuoi (1 : 200 000) reomoru-
yeckoi kapThl 1963 r. [XepackoB, AHucHMOBa, 1963]
CUMTaJM, YTO O3Ta paBHUHHAS TEPPUTOPHUS CIIOKEHA
CpeHe-BepXHe-4YeTBePTHUHBIMU HepacwICHEHHBIMHU
KpacHO-OypBIMU IMEeCUYaHBIMH TJIHHAMH C TaJbKOH, mec-
KaMH ¥ BaJIyHHO-TQJIEYHUKAMU «JIPEBHEH IOJIMHBI PEKH
Enuceii», Bo3pact KOTOpoil ompenensiach UMH HCXOAS
U3 THIICOMETPUIECKOT0 TIOIOKEHHS TOBEPXHOCTH, OITH3-
KO K TMIICOMETPHUYECKUM YPOBHSAM IUIOIMIAIOK TPEThel
¥ BTOPOH HaANONMEHHBIX Teppac Exnncest.

MOIIHOCTB 3THX OTJIOKEHUHN B IPUEHUCENCKON YaCTH
oonee 40 M [XepackoB, AHrCHMOBa, 1963]; npu 3TOM B
pa3pes3e JOMUHHUPYIOT BaJlyHHO-TAJIEYHHUKH, a B pailoHe

AbakaHa 0ollee CYIIECTBEHHYIO POIb UTPAIOT MECKH, U
MOIIIHOCTh TOJILIN CHUXaeTcs 10 5—15 m. Ha reonoruue-
ckoif kapre 2019 r. u3naHus JaHHas TOJNIIA TTOKa3aHa Kak
«QIUTIOBMH TpaloNvHbl EHMCcEs», 3OMIIEHCTOLEHOBBIN
BO3PACT KOTOPOTo OB OMPEENICH IO CIIOPOBO-ITBLIBIIC-
BbIM criektpaM [[latanuna u ap., 2019].

B cBs3u C BBIMICH3IIOKEHHBIM CIIEAYET 0CO00 OTME-
TUTh, YTO HA KOCMUYECKIX CHUMKAX OTUETIUBO (PHKCH-
pyercsi coBpeMeHHas AoyiinHa Exnuces, mmpruHa KOTOpoi
(am3kue Teppacel BMecte ¢ noitmoit) B KOMK o0braH0 He
MIPEBBIIAET 5 KM (B cpellHEM 2 KM), TOrJa KakK IIUpUuHa
«IpeBHEH JTOIMHEBD) C 3alajia Ha BOCTOK OT p. AGakaH J10
p. Enuceit npepermaer 50 kM (puc. 1). Takum o6pa3zom,
MIPOMCXOXKICHUE paccCMaTpUBAaeMOW TOJIIHU HE COOTBET-
CTBYeT aJUTIOBUAIBHOM nmapanurme. HenocraTouHo apry-
MEHTHPOBAH W IPUIIUCHIBAEMBINA 3TOW TOJILE APEBHUMN
Bo3pact. Oco00 MoTIepKHEM, UTO IO TaHHBIM T'€0JIO0TH-
YecKoro KaptupoBaHus [XepackoB, AHHCUMOBA, 1963;
[Matanuua u ap., 2019] na teppuropun FOMK orcyr-
CTBYIOT M€3030ICKHE, 1aJIe0r€HOBbIE, HEOT€HOBBIE OTJIO-
KeHus. VICKIoyeHueM SBJSIeTCS  Me-TaleoLeHoBast
KOpa BBIBETPUBAHUS, KOTOPAsl 3aJIeraeT MpepbIBUCTHIMU
JMMH3aMH U KapMaHaMH HETIOCPECTBEHHO Ha JIMTH(HUIIH-
POBaHHBIX IOPOJAX Mae030sl.

Ha natu B3ri1s7, 31€ch Takxke OTCYTCTBYIOT DOILIEHCTO-
[[EHOBEIE, HIDKHEHEOIDICHCTOIICHOBBIC U (DAKTHICCKH HET
JOCTOBEPHBIX JAHHBIX O HAJIWYMHU CPEIHEHEOIUIeHCTOolIe-
HOBBIX MEXJIETHUKOBBIX OTIOXKeHUH. [Ipu 3TOM Hepeako
BEPXHEUCTBEPTHUHBIN Cy0adpaIbHBIN ITOKPOB JIOKUTCS HA
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PasMbITYIO MTOBEPXHOCTb KOPbI BBIBETPUBAHUS UJIA HCIIO-
CpE€ACTBECHHO Ha KPOBJIIO MaJI€030MCKUX opoAa. 9TO CBH-
ACTCIbCTBYCT O TOM, YTO IOMK noaseprajacb B HEOIIC-

MCTOLIEHE HHTEHCUBHOM JACHYAallnu, 4TO KpafIHe HEXapak-
TEPHO A TUINUYHOT'O MOp(i)OJ'II/ITOI‘ CHE3a MECKTOPHBIX
KOTJIOBHUH.

YenosHbie 0B03HAYEHUS:

E..::...54 D 5

Puc. 1. Tepputopus ucc/jief0BaHMii HA TeHeBO Moje/M peJibeda
VcnoBubie 0003HaueHuUs: 1 — rTHAPOCETH; 2 — HACEIEHHBIE MTYHKTHI; 3 — rpanuibl Koibanbekoit crenu; 4 — rpaHulbl CTPYKTYPHO-ICHYIa-
IMOHHOH BO3BBIIICHHOCTH; 5 — reoyormdeckue paspessl (Ne: 1 — xapbep y nomussl p. AGakaH; 2 — paiioH AeTanbHOM mypdoskm; 3 —
Kapsep y HoBomuxaiinoBkn); 6 — apxeonormdeckue naMsaTHUKH naneonuta (Ne: 1 — O3nauennoe-1; 2 — Asponpom; 3 — CmupHOBKa; 4 —
Mamas lapraiika; 5 — Tarapckuit octpoB; 6 — M3bix; 7 — CapreikoB; 8 — ApmmanoBka; 9 — Illanruros; 10 — CocHoBoe O3zepo; 11 —
YanreikoB; 12 — KyitOermeBo; 13 — YTyx-xas-kucre; 14 — Yayr-buns; 15 — Yers-Tabart; 16 — Konrypa; 17 — Markednk)

Fig. 1. Hillshade map of the study area
Symbols: 1 —rivers; 2 — settlements; 3 — the Koibal steppe boundary; 4 — the boundary of structural and denudation upland; 5 — geological
sections (1 — quarry near the Abakan river valley; 2 — the area of detailed drilling; 3 — quarry near Novomikhailovka); 6 — paleolithic
archaeological sites (1 — Oznachennoe-1; 2 — Aerodrom; 3 — Smirnovka; 4 — Malaya Shartayka; 5 — Tagarskiy ostrov; 6 — Izykh; 7 —
Sartykov; 8 — Arshanovka; 9 — Shalginov; 10 — Sosnovoe Ozero; 11 — Chaptykov; 12 — Kuybyshevo; 13 — Utukh-khaya-kiste; 14 — Ulug-

Bil'; 15 — Ust'-Tabat; 16 — Kongure; 17 — Matkechik)

OTcyTcTBHE BO BHYTPEHHEH 4YacTH KOTJIOBUHBI
HUKHE-CPeIHe- U B 3HAUUTEIbHOW Mepe BepXHEKaitHO-
30HCKHX OTJIOKEHUH HE MOXKeT OBITh OOBSICHEHO HU ped-
HBbIM, HU O3€pPHBIM CeAUMEHTOreHe3oM. @opMupoBaHue
paccMaTpuBaeMOll MONOrOBONHUCTOM PABHUHBI, BBI-
CTIIAaHHOHM BaJIyHHO-TaJICYHHKAMH U TI€CKaMH, OOBsACHS-
€Tcsl BpPEMEHHBIM 3aTOMJICHUEM KOTJIOBHHBI O OTMETKU
350 M rasnuanbHBIME cynepnaBonkamu [Komatsu et al.,
2009; ApxanaukoBa u ap., 2014; Arzhannikov et al.,
2023], mpoxoauBinmMu 1o fonuxe Bepxuero Enuces no-
Cclle OMOPOXKHEHUS JIETHUKOBO-TIOAPYAHOIO 03€pa TiIy-
ounoit 140 M B [lapxanackolf KOTJIIOBHHE, KOTOpOE HEOI-
HOKpaTHO BO3HHKAJO U, 10 AaHHEIM [Krivonogov et al.,
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2005; Gillespie et al., 2008], mocnenHuit pa3 CyIecTBo-
Bajo BO BPeMEHHOM HHTepBane 17-19 Tbic. 1. H. [Ipu
nocrymieann u3 rop B FOMK 6onbmoro o6sema Boas
uMena MeCTO IuTomaaHas (IroBHANbHAS JCHYIAIHS,
MacCOBOE€ MHTCHCHBHOE IIEPEOTIONKECHUE 00JIOMOYHOTO
MaTepHala U ero akKyMyJIAus B IpefiesiaX BHYTpEHHEH
nenbTel FOMK. BricTpoe (B acnekTe reojioru4eckoro
BPEMEHU — OJHOMOMEHTHOE) HAKOIUICHHE OOIBIIOro
00beMa OTIIOXKEHHUH BO BHYTPEHHEH YacTH KOTJIOBHUHBI
MIPUBENO K CMEIIeHHI0 pycina Exrces Ha BOCTOK.
Bo3pact mocnenHero CymneprnaBoAKOBOTO COOBITHS
SIBIISIETCS. TUCKYCCHOHHBIM. Hambonee momynsipHO MHe-
HUE O TOM, YTO 3aBEPIICHHUE CYMEPHABOAKOBON HCTOPUH
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nonuHel EHuces npunuiocs Ha snoxy MHC-2 unu He-
MHoro panee [Komatsu et al., 2009; Ap»xaHHUKOBa 1 JIp.,
2014; Arzhannikov et al., 2023]. Kpome TOro, BrICKa3bI-
BaJIUCh NPETONIOKEHHS, YTO MO aHAJIOTUU C YETBEPTHY-
Hol ucropueil FOro-Bocrounoro Anras u Ilpenantaii-
CKOHM paBHHHBI HanOolsiee MaciiTaOHble KaTagIOBHAIb-
HBIE COOBITHS TOCIEAHUI pa3 nMenn Mecto Ha EHncee
oxoso 90 ThIC. JI. H. TIpH JErpajaliud MEepBOrO MO3AHE-
YEeTBEPTUUHOro onefaeHeHus: Antae-CasHCKOH TOpHOM
obnactu [30mMpHUKOB U 11p., 2021].

OmHakKo B X0/1€ MoNeBbIX padoT 2022 1. cymeprnaBoa-
KOBBIE€ OTJIOXKEHHS! KOHLA 31noxu MMC-2 BBISBICHBI B
OeperoBrIXx 00pBIBaxX Ha IeBOM Oepery Enucelickoro Bo-
JoxpaHuiuia [30JbHUKOB U 1p., 2022]. Bmecte ¢ Tem
HaJlW4yie NaJEeOIMTUUECKUX MaMSATHUKOB HA TEPPUTO-
pun FOMK 1 ee ropHOTrO 00paMieHus pAIOM HCCIen0-
BaTeleil HepeAKo TPAaKTyeTcsa Kak MPOTUBOpEYalIee Cy-
NeprnaBoAKOBON mapaaurme. B cBs3u ¢ 3TUM paccMoT-
puM reonoro-reoMopdonorniyeckoe crpoenne Koii-
0anbpCKOi cTemny.

[ Fat () [ East(67.5-1125) I southwest (202.5-247.5)
I North (0-22.5) [ soutneast (112.5-157.5) [ West (247.5-292.5)
[ Northeast (22.5-67.5) [ South (157.52025) [l Northwest (292.5-337.5)

I orth (337.5-360)

0 25 5

I'NC-ananus peabeda Koiibanbckoii crenu

HawubGonpmmii mHTEpeC B acmekTe o0CY:KIaeMOi Ipo-
OJIEMBI ITPENICTABIISIET Pebed) MONOrOBOJIHUCTON PAaBHUHEL.
B ee mpezenax emie B cepeHe MPOIIIOro Beka 3aKapTHPO-
BaHBI CyOMEpHIMOHAIFHO OpPHEHTHPOBAHHBIE TPS/IBI, CII0-
JKEHHBIE BAJ[yHHO-TaJIEYHBIM MaTepHaoM | XepacKoB,
AnncumoBa, 1963] u pazaenstonie Ux BeTBSILIMECS Ma-
neopycna [Komatsu et al., 2009; ApxaHHWKOBa W JIp.,
2014]. Otu dpopmsI pernbeda BUIHBI HA JAHHBIX JUCTAHIIN-
OHHOro 3ouaupoBanus (1/13); npu 3TOM 4eTKOCTh MpPOsIB-
JIeHns] Ha IUQPOBBIX N300paKEHUSIX B CIIEKTPATBEHOM JI0-
MEHE YacTO 3aTYIIEBBIBACTCS HAJIOKEHHEM IaxXOTHBIX W
TIACTOMIIHBIX TTOJIEl Ha €CTECTBEHHYIO CTPYKTYPY IPHPOA-
HBIX JIaHMIAa(TOB, MMOAYSPKUBAIOITYIO penbed. s Toro
9TOOBI TIOTY4YHTh OOJiee aJieKBaTHOE MpeJicCTaBlIeHHe Oblia
HCIIONB30BaHa IH(poBast Moaens permbeda (LIMP) orkpsr-
toro pocryma SRTM (pazmep mukcenst 30 x 30 M), Ha oc-
HOBE KOTOpO# B mporpaMmHoM nakere ArcGIS momydeno
HECKOJIBKO MPOCTEHIINX HU(POBBIX Mojienei (puc. 2).
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Puc. 2. Peabed aeabThl B mpeaesiax mojaoroBoTHuCTol paBHUHBI KoiiGanbckoil cTenn Ha cxemax
a — JKCIIO3MIMS CKIIOHOB (B a3MMYTaJbHBIX Ipadycax); b — yribl HaJeHus CKIOHOB (B Ipaiycax); ¢ — OTKIOHCHHE OT YCPEAHCHHOTO

penbeda (B M); d — TeHeBast Mozienb penbeda

Fig. 2. Topography of the delta within the plain of the Koibal steppe
a — aspect; b— slope (in degrees); ¢ — deviation from the average relief (in meters); d — hill shade
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IIpexne Bcero u3 ucxoanor LIMP npu nomonu pact-
pOBOr'0 KaNbKynsTOpa MOAyns Spatial analyst makera
ArcGIS 6b11a BeIpe3ana 00JacTh C MAKCEISAMHE, BBICOTHI
KOTOpPBbIX ObLIM MeHblIe 320 M HaJ ypOBHEM MHUPOBOTO
OKeaHa, YTO MO3BOJMIO OKOHTYPUTh MOJIOTOBOJTHHUCTYIO
PaBHHHY M UCKIIOYHTH U3 KIACCH(PUKAIMH KyICTOBEII
penbed CTPYKTYpPHO-ICHYNAIIMOHHOTO OCTaHIa U Top-
HOro oOpamiieHHs. 3aTeM B TOM XK€ IIPOrPaMMHOM ITa-
KeTe OBUIM TIOCTPOCHBI: CXeMa JKCIIO3UIMH CKIOHOB
(puc. 2, a) 1 cxema yrjoB najieHusi CKJIIOHOB (puc. 2, b),
KOTOpBIE OBLTH pacKiIacCH(YUIIPOBAHBI OJTHIM U3 HanOO-
JIee MOMYISIPHBIX aTOPUTMOB, UCTIONIb3YeMbIX 1iist [IMP,
BcTpoeHHBIX B ArcGIS — wmeromoMm  KBapTuieit
(32 kmacca). Ha aTux m300paskeHHUSIX JIOXKOMHHO-TPSIIO0-
BEII penbed okazalics ropasao 6oiee KOHTPACTHO MPOSIB-
JieH, 4eM Ha KOCMOCHMMKaxX. OJIHAKO 3KCIO3ULUS U
YKJIOH THEBHOM MTOBEPXHOCTH HE MO3BOJISIOT Cpa3y UHTY-
UTHBHO OIPENEIATh, T Ha N300paKEHUH ITOIOKHUTEIh-
HBIC, a TIE OoTpUlaTelbHbIe QopMEI penbeda. [loaTomy
ObLIIa TOCTPOCHA CXeMa OTKIIOHEHUH BRICOT OT YCPEIHEH-
HoOro penbeda. Jlns aToro cHayama ObLT CO3MAaH ycpen-
HEHHBIH pelibed) MyTeM pacdera CPeIHEro B CKOIb3SIIEM
OKHE paJinycoM 2,5 KM, a 3aTeM ITOT yCpeIHEHHBIH pe-
Jbed TPU OMOIIU PACTPOBOTO KaJbKYJIATOpPa OBLI BbI-
yreH u3 LIMP. B pesynbpTaTe ObLI0 MONYydeHO MU(POBOE
n3o0pakenue (puc. 2, ¢) ¢ OTMETKAMH BBICOT IMOJIOXKH-
TENbHBIMH  (TMPEBBIMIAIOINAMHE  YCPEIHEHHBIN penbed),
KOTOpble (PUKCHUPYIOT TPSABI M XOJMBI (KOPUYHEBBIN
IIBET), U C OTMETKAMH OTPUIATCIHHBIMU (HIKE YCpeI-
HEHHOTO penbeda), KoTopble GUKCUPYIOT JTOKOMHEI U 3a-
naauHbl (cuHui 1Bet). JJanHoe mudpoBoe n3o0paxkeHne
MEHEee JIeTaJbHO, YeM JBa MPEIBIAYIINX, HO 3aT0 Oomee
JIETKO TSl HETTOCPECTBEHHOM nHTepnperanuu. Emre 60-
JIee TIPUBBIYHO JIJISI BOCHIPHUSTHS, XOTSI TOXKE HE TaK Jie-
TaJNBHO, PeNbe() BETBIINXCS PACXOIAIINXCS PyCel 0Tpa-
JKCH Ha TCHEBOM Mojenu penbeda (puc. 2, d).

[Ipu aHamu3e MOAYYCHHBIX HU(DPOBBIX H300pasKeHUH
oOpamaeT Ha ceOs BHUMaHHE TOT (aKT, YTO OCH TPSII U
JNOKOMH HEe 00pa3yloT PHCYHOK CETMEHTHPOBAHHON
MOWMBI I TTEeTIIC00pa3Ho MeaHApupyromux pycen. Co-
OTBETCTBEHHO, JAHHBIA pellbed) HE COOTBETCTBYET HIICE
JUTHTENBFHOTO Oy manus maneo-EHuces mo teppuro-
puun IOMK. Bonee Toro, o4eBHAHBI OJHOTHUIIHOCTH
MPOUCXOXKACHHUSA U OIMHAKOBAs CTENEHb COXPAHHOCTH
TP U JOXKOWH, YTO CBHAETEIHCTBYET O CHHXPOHHO-
CTH W HEIPOJOIDKUTEIHHOCTH BPEMEHH HX 00pa3oBa-
Hus. [Ipm >TOM OpHEHTHpOBKA JOXOWH BEEpHO pac-
KpPBIBAETCS B KOTJIIOBUHY, YTO COOTBETCTBYET (DIIFOBH-
aJIbHOM CTPYKType T'MTaHTCKOIo KOHyca BBIHOCA, HO HE
aJTIOBUANIBHBIM TeppacaM. Xopollasi COXPaHHOCTHh B
COBpPEMEHHOM penbede Ha OOMHMPHOW TEPPUTOPUH
paccMaTpuBaeMbIX (IFOBHANBHBIX CTPYKTYP HE MO3BO-
JII€T CYUTATh UX BO3PACT JApPEBHEE MO3THETO HEOIJIEH -
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CTOLIEHA W YX TeM 0ojiee OTHOCHTh MX K JOIUICHCTO-
HeHy, Kak 3To crnenano B pabdore T.A. lllaTanuHoil u
coaBnTt. [2019].

B ceBepo-3anagHoi 4acTu, paccMaTpuUBaeMOro TH-
TFaHTCKOTO KOHYCa BBIHOCA Ha CXEME JKCIO3HUIMU CKJIO-
HOB (pHC. 2, @) OTYETIUBO MPOCICIKUBAIOTCS CYOITHPOT-
HbI€ TI0JIOCHI, KOTOPbIE COOTBETCTBYIOT JOMUHUPYIOLIEH
pO3€ BETPOB M Ha MECTHOCTH MPEACTABIIEHBI 30JIOBBIMU
MeCYaHbBIMH HAHOCaMH, COPMHPOBAHHBIMH 32 CUET TIe-
peBenBaHUS (DIIOBHANBHBIX IMECKOB [Ap)KaHHHKOBA M
np., 2014]. ITlecuanbie MacCHUBBI HM30METPHYECKOW U
VIUIMHEHHOH (OpMBI TpoTATHBaroTcs n3 Enmceii-Aba-
KaHCKOTO MEXIypeubs Ha mpaBolOepexxbe EHmces, rre
OHU 00pa3yIOT JJIMHHEIC MOJIOCHI, (PUKCHPYIOIIHECS Ha
JJ13 cocHOBOM pacTUTENBHOCTBIO. D0JI0BBIE IPSbl OpH-
SHTUPOBAHBI IOMEPEYHO (HIFOBHATIBHBIM JIOXKOMHAM U
rpsiiaM, IepeKPHIBAIOT X M BMECTE C TeM HEe OPOHHUPYIOT
UX, YTO TAK)KE CBUAETENILCTBYET O MOJIOZOM BO3pacTe Ma-
JeoAenbThl. PaccMOTpUM OTIIOXKEHUS, ciararoume pe-
meedp Koitbanbckoll cTemw M BBICTIIIAIOIINE JTHUIIE
IOMK.

I'eonnoruveckoe CTpoeHue YeTBEPTHYHOM TOIIIN

B 2018 r. B pamMKax apXxeoiornieckux padoT Ha Tep-
putopru Koitbanbckoll cTemu ObUTM W3yYEHBI YETBEp-
TUYHBIC OTJIOKEHUS B Kapbepe (Teolormueckoe HabIo-
neraue Ne 1 Ha puc. 3) u cepus mryp¢oB (TeoIorndeckoe
HabOmromeHne Ne 2 Ha puc. 6) B paifoHe OBIBIIETO yiyca
Koroxexos [Kuprunekos u ap., 2018].

[Ipexne Bcero pacCMOTPUM Kapbep ¢ KOOpIAUHATAMU
53.380399° c.m., 91.032862° B.1. (reomormyeckoe
HaoOmonenne Ne 1 Ha puc. 3). Hamu 3amokymeHTHpOBaH
(parMeHT CTEHKH Kaphepa, OT OPOBKH KOTOPOTO CBEPXY
BHU3 BCKPBITHI TPH Mayku. BepxHss npencraBieHa nec-
KOM, MOIITHOCTEI0 1-3 M. CpenHsis clioXKeHa BaTyHHO-Ta-
JMEYHUKAMHA C JOMHHHPYIOIISH MapajuieIbHOl CyOoropu-
30HTAJIBHON CIOHUCTOCTHIO MOITHOCTBIO A0 7 M. HrkHss
CIIO)KE€HA MPEUMYIIECTBEHHO BAIyHHUKAMU C TaJIbKOW U
OTACTHHBIMA OKaTaHHBIMH TITBI0AMH MOIITHOCTBIO 0 8 M.
B npukpoBenbHON 4acTH HUYKHEW TOJIM OTMEYAOTCA
MIPEPBIBUCTHIE TPOCIION U JIMH3BI IIECKA, a TAKXKe oIecya-
HEHHOCTh COOCTBEHHO BaJYHHHUKOB. TYT K€ OTMETHM,
YTO KPOBJISI HUKHUX BaJTyHHUKOB HE BCET/la HAXOAUTCS
Ha OJHOM THIICOMETPUYECKOM YpPOBHE, HO y4acTKaMH
CHIDKaeTcsl pakTUIEeCKH 10 YPOBHS HX IOOIIBEL, T.€. 10
KPOBJIM MaJIC030MCKUX MOPOA; MPU 3TOM MOIIHOCTD Ie-
PeKpbIBalOLIe Maykl BaJyHHO-TAJIEYHUKOB HACTOJIBKO
K€ YBEIMUMBACTCA, YTO OBLIO IMPOCIEKEHO B IPYTHX
cTeHkax kapwepa. K coxxanenuto, y aIMUHUCTpalluH JaH-
HOT'O JICHCTBYIOMIET'O YTONBHOI'0 Kapbepa He OBLIO TOTY-
YEHO pa3pelicHre Ha OoJee UIMTEeNbHBIC PaOOTHI M Ha
Oonee METANBHYIO MOKYMEHTALHIO TEONIOTHUECKUX pa3-
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pe3oB. [ToaToMy npyrue CTeHKH Kapbepa He ObUIH OTpH-
coBaHbl. TeM He MeHee NpPEJCTAaBICHHBIA Ha PHUCYHKE
paspes JaeT BO3MOXKHOCTh 3a(pHKCHPOBATh TPEXWICHHOE
cTpoenue Toimu. [Ipu 3ToM napasienbHo CIOUCTHIE Ba-
JYHHO-TAJICYHUKH CO CTPYKTYPHBIM HECOTJacueM JIo-
JKaTcsl Ha KOCOCIOUCThIC BanyHHUKH. O BpeMeHH hopMHu-
POBaHMS 3TUX TPEX MayeK MoKa HeT JaHHBIX. DTO MOTYT
OBITH CBUJICTEIBCTBA TPEX Pa3HBIX CYMEPIABOAKOB, IO-
CIeTHUI M3 KOTOPhIX (IECKH) CYIIECTBEHHO YCTYIaj
NpeabIIyIIMM (BalyHHUKA M BalyHHO-TAJICYHUKH) Kak

TI0 BOTHOCTH, TaK U TI0 CIIOCOOHOCTH K IEPEMEIIICHHIIO/aKKY-
MYJISIME OTJIOKEHHM, HO BMECTE C TEM HE UCKITIOUECHO, YTO
B IAHHOM CJTy4ae HaOIFOAaI0TCsl TPH Pa3HbIX (haliK OTHOTO
CyNEpNaBoOAKOBOro  COObITHA.  JIOCTATOYHO — YBEPEHHO
MOKHO CJIeTaTh BBIBOJ O KaTa(IFOBHAIBHOM TeHE3HCe aHa-
JIM3UPYEMOIA TOJIIIHU B [IEIOM, YTO JIOOIHUTENBHO TTOATBEP-
JKJTACTCS OKATAHHBIMU KPYITHBIMU BATYHAMH U [JIbIOAMH, 13-
BJICYEHHBIMH MECTHBIMU YTOJIBIIIUKAMHI U3 BAITYHHO-TaJIey-
HHUKOB U CIIO)KCHHBIMH Y 3/[aHUSI JIMUHUCTPAIIIK Kapbepa B
KaueCcTBE HEOOBSICHUMOTO (heHOMeHa (prc. 4).
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Puc. 3. Pa3pe3 pparmenTa cTeHKH Kapbepa
YcnoBHbIE 0003HAUEHUS: | — MMECOK; 2 — raibKa; 3 — BaTyHbl; 4 — TUTH()UITUPOBAHHEIC TTOPOJIBI MTAICO305I

Fig. 3. Geological section of the quarry fragment
Symbols: 1 —sand; 2 — pebbles; 3 — boulders; 4 — lithified the Paleozoic rocks

Puc. 4. Ilpumep okaTaHHBIX IJ1bI0 U3 OT/I0KEHMIT BATYHHHKOB B Kapbepe y c¢. HoBomuxaiisioBka

Fig. 4. The photo of rolled boulders from the quarry

Hanuuue neckos, BallyHHO-TJIEUHUKOB U BaJIyHHU-
KOB C TJIBIOAMH B PBIXJIBIX OTJIOKEHHSX BHYTpEHHEH 4a-
ctu FOMK HeoHOKpaTHO (PMKCHPOBAIOCH MTPU TEOJIOTO-
CbEMOYHBIX paboTax.

Tak, B kapeepe y ¢. HoBoMmuxaiinoBka (reomorude-
ckoe HabmoaeHue Ne 3 Ha puc. 1) cBepXy BHH3 BCKPBITHI

[IIaTtanuna u ap., 2019]: 1) rpaBuitHO-raNeyYHUKH C JIMH-
3aMH KOCOCJIOMCTOTO TTeCKa MOITHOCTBIO 2,5 M; 2) TIECKHU
TOPU3OHTAJIBHO CJIOMCThlE MOILIHOCTBIO 2,5 M; 3) Ba-
JYHHO-TaJICYHO-TPaBUHHO-TIECYaHasi CMECh MOLIHOCTBIO
2,5 M; 4) mecKu TOPU3OHTAIBHO CIIOUCTBIE C JIMH3aMU
rpaBUsg MOLIHOCTBIO 2,5 M.
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O6mras MomHOCTh cocTaBiseT 10 M. 31ech ke oTMe-
TUM, YTO TEKCTYPHO-CTPYKTYPHBIA OOJUK OTIIOXKCHUU
3TOro pa3pe3a He COOTBETCTBYET TUIIMYHBIM MPe/ICTaBIIe-
HUSM O (panusx paBHUHHOR peku. OTCYTCTBYIOT ITOAMEH-
HbIE U CTapUYHbIE OCAJIKH, a CIIOH 3, IPeCTaBICHHBIN Ba-
JYHHO-TAJICYHO-TPAaBUHHO-TIECYaHBIM ~ MHUKTHUTOM, HeE
UMEET aHaIoroB cpeiu (aruid aumoBus. Bmecte ¢ Tem
OYEBH[THO, YTO ONHMCAHHAS TOJIIA UMEET (IIFOBHATEHEII
reHe3nc. AHAJIOTUYHBIE OTJIIOKEHHUSI BCKPBITHI B MHOTO-
YHCIEHHBIX Kapbepax, UCIOIb3YEMbIX Ul JOOBIYH YTIIs
u [I'C. CornmacHO NaHHBIM, TPUBEICHHBIM B paboTe
T.A. Hlatanunoit u coaBT. [2019], MoImHOCTH 3TOH
Tomu B paiioHe cena bes coctaBnsier 15-24 M, a B Je-
BoM Oopty p. Enuceii B paiione r. CasHOropcK, 1Mo JaH-
HBIM pa3BenouHbIX pabot Ha [1I'C, ona mocturaer 30 M.
Hanomuum, uro, mo pgaHHBIM [XepackoB, AHHCH-
MoBa, 1963], MakcumanbHasi MOIIHOCTH STOW TOJIIU
npeBbimaer 40 M.

Cornacuo [artanuna u ap., 2019], nanHas Tonma
BBITOJHSIET IIUPOKYIO PaBHUHY MpafoinHbl EHuces U B
0opTax AONUHBI (haIMATBHO 3aMEIIaAeTCs JeTIOBHATBHO-
MIPOJIFOBUAJIBHBIMU I 03€pHO-AJUTIOBUATIBHBIMHU OTJIO-
JKEHUSIMH 30IUIEHCTOILIEHOBOW KaCITMHCKOM CBUTHL. CBHUTa
MOIIHOCTBIO 710 18—20 M U Gosiee cloKeHa KPacHO-KO-
PUYHEBBIMH, JKEJITO-KPACHBIMU TJIMHAMU U CYTJIMHKAMU C
TIIBI0aMu, IeOHEM, TaTBKOH C THH3aMH IECYaHO-TPaBHiA-

HOr0 MaTepuala; UMEET OrPaHUYEHHOE paclpocTpaHe-
HUC B JIOMMHOOOPA3HBIX IMOHMKEHISX APEBHETO pEilb-
eda, Ha CKIIOHAX, a TAKKE B TPUOOPTOBBIX YACTSAX JOTUH
Ha BBIXOJIC WX U3 TOpHOI obnacT. OTHCaHHBIE OTIOXKE-
HUSL, SBIISICH CMECSIMU TPyO000IIOMOYHOT0 MaTepraia u
MEJKO3eMa C TpaBUIHO-TIECYaHBIMH JIMH3aMH, HE IO-
XO)KU HU Ha JICTIOBHUH, HU Ha mpomoBuid. Tem Ooree He-
MIOHSITHBIM SIBJISIETCS MPUCYTCTBUE KACIIMHCKOM CBUTHI B
npezenax nojJoroBOJIHUCTON paBHUHBI HA 3HAYUTEIBHOM
YIAJIEHUH OT JENOBHAIBGHO-TIPONIIOBAANBHOrO Iniehha
MPEATOPUH.

Hamwu 31Tn oTiokeHwst ObLTH OMUCAHBI B 7 mrypdax
(reonoruueckoe HabmoaeHUe Ne 2 Ha puc. 1) BIOIb Ipo-
(bwIs, 32JI0KEHHOT'0 Ha IOT0-BOCTOYHOW OKpanHEe CTPYK-
TYpPHO-3PO3UOHHOT0 OCTaHIA C MepeceueHeM IPaHUIIbI
MEXIy CTPYKTYpPHO-ICHYIallMOHHBIM OCTaHLIOM U T0JI0-
TOBOJTHUCTOM paBHMHOM W BBIXOAOM B OJHY M3 Iajieo-
NOXOMH Ha paBHUHE (pUC. 5).

OxapakTepusyeM 4 CTeHKH pa3HbIX H1yphoB (puc. 6).

lypd Ne 1. 3amamnas crenka (puc. 6, a). [rybuna
2,3 M. N =53,41623°; E =91,18092° (=4 m), H =297 m.
CBepxy BHM3 OT JTHEBHON ITOBEPXHOCTH BCKPBITHI:

Croii 1. CybaspalibHBII TOKPOB MOIIHOCTBIO 0,65 M:

0,0-0,3 m. Cepast 10 TeMHO-CEPOIl TyMyCHpOBaHHAas
cymnech HecnoucTas. [logomBa poBHas. 3anexp — nepe-
MaxaHHas 1oYBa.

|:| CyOGa3pabHblii HOKPOB

- MUKTHT

- DnIOBHAIIBHBIC IECKH

300
295
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290) 2
3 4
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Puc. 5. 'eomopdosiornyecknii npodpuib BAoabL TuHuN 1ypdos

Fig. 5. Geomorphological profile along the line of detailed drilling
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Puc. 6. Hlyppsr: a—Ne1;b—-Ne2;¢—NeS5;d —Ne 7

Fig. 6. Drilling sites:a—Ne1;b—-Ne2;¢—Ne 5;d — Ne 7

0,3-0,45 M. Bypas cynecp Hecnouctas. HuxHuid KOH-
TaKT HEPOBHBIH ¢ «3aTekamuy». KamranoBas crenHas na-
JICONOUBa.

0,45-0,65 M. Cepblil HECTIOUCTBINA MECOK C PEAKUMU
3epHaMU JpecBbl. ['eHe3HC H010BbIH.

Crnoit 2. Bypo-mecTpoLBETHBI MHUKTUT BHIUMOHN
MOIIHOCTBIO 1,65 M.

0,65-2,3 m. [TecTpast Mo3anyHas accolMalus CEPIX U
CBETJIO-CEPBhIX MECKOB M OYpBHIX ¢ KPacHOBATO-KHPITHY-
HBIM OTTEHKOM aJeBpHUTOB. JIUTONOrHMUECKHE Pa3HOCTH
3ajieraroT B BUJE IOJIOC U NMIAMEHEBUIHBIX BKIFOUECHUH,
KOTOpBIE BO3JBIMAIOTCA C FOT0-BOCTOKA HA CEBEPO-3ama]
nog yrnamu ot 40 1o 50°. ITonockl U30THYTHI, «CMSITBDY,
pasopBaHbl U «pacTacKaHbl». BcTpedaroTcs Menkue,
CpenHue, peaKo KPyIHbIe MEeOHH U JpecBa pasInIHOro
I[BETA U IETPOrpaMueckoro cocrana (MeCYaHUKH Kpac-
HOLBETHBIE U CEpble, U3BECTHSIKU, KPEMHHU), UTO CBUAE-
TENBCTBYET 00 WX OTHOCHTENBHO JalbHEM IepeHoce.
Brokaiimme BRIXOIBI Ha THEBHYIO TOBEPXHOCTH KOPEH-
HBIX JIMTHQUITIPOBAHHBIX MOPOJ HAXOIUTCSA B IOIYKH-
JIOMeTpe K ceBepy OT HIypda Ha Ky3CTOBOH BO3BBIIICH-
HOCTH U TIPEZCTAaBIIEHB! OJHOPOAHBIMH KPacHOI[BETHHIMA
MeCYaHUKaMH OHJaHOBCKOM CBUTBI BEPXHEro JCBOHA.
Bcerpeuens! aBe Menkue ranbku. O6craHoBKa (HOpMHIPO-
BaHUS — KUJIKO-TNIACTUYHOE TEUECHUE IPA3EBON MACCHL.

Hlypd Ne 2. 3amagnas crenka (puc. 6, b). I'myOuna
2,4M.N=53,41628° E=91,18024° (= 3 M), H=293 m.

Crnoii 1. CybaspanpHbIii TOKpOB MOIIHOCTEIO 0,6 M
(mo 1,3 M npH BBHIOIHEHNUH 3aMajIiH ):

0,0-0,2 M. Cepast 10 TeMHO-CepOil TyMyCHPOBaHHas
cynech Hecnoucras. IlonomBa poBHas. 3anexb — mnepe-
MaxaHHas TI0YBa.

0,2-0,4 m (o 0,8 M — MOLITHOCTb JIOKAJILHO YBEJTUYH-
BAeTCs 3a cUeT BHINOMHEHHS 3amaguHbl). bypas cymech
HeconcTas. HIbKHNI KOHTaKT HEPOBHBIH € «3aTEKaMm».
KamrranoBast crermHasi majeonovsa.

0,4-0,6 M (10 1,3 M — MOLITHOCTb JIOKAJILHO YBEJTUYH-
BAeTCs 3a CYET BHINOIHEHUS 3anaauHbl). Cepblil HecIou-
CTBII IIECOK C PEAKUMU 3€PHAMHU JPECBBL. BepxHUil KOH-
TaKT HedeTkui Hepeskuid. [lomomBa HepoBHas. I'enesuc
30JIOBBII.

Crnoit 2. Bypo-mecTpouBeTHBI MHUKTUT BHIMMOMN
MOIIHOCTBIO 1,8 M:

0,6-2,4 ™. IlecTpple OTIIOKEHHSA, AaHAJOTHYHBIE
cioto 2, onucaHaoMy B mrypde Ne 1. MuTepecHo, uTO ¥
IHa 1mrypda B ceBepHOI M BOCTOYHOW CTEHKAX 3a(HKCH-
POBaHBI IPOCIION CEPOr0 U TEMHO-CEPOro Iecka, KOTo-
pBIe B 3amMaJHON CTEHKE WHTCHCHBHO IE(OPMHUPYIOTCS.
3TO CBUIIETENBCTBYET O TOM, YTO 3aJIerarolue o rps-
3€BBIMH MUKTUTAMHM MapalieIbHO-CIIOUCThIE TTECKU BO-
BJICKAIOTCS B JehOpMAaIii KHUIKOIUTACTHYHOTO TEICHUS
MHUKTHTOB. DTO YKa3bIBa€T Ha B I[€JIOM CHHT'€HETHUECKYIO
MPUPONY SKUAKOIUIACTUYHBIX TEKCTYp (DIIOBHATBEHBEIM
TEKCTypaM, MOATBEPKIask TAKUM 00pa3oM CHHCEIUMEH-
TaMOHHOCTh MHUKTUTOB H TOJICTHJIAIOUIMX IIECKOB.
B MukTHTaX 3adMKCHpOBaHBI KpYIHBIE IeOHU (7O
10 cM) pasHoro merporpaduueckoro cocrtaBa (cepsie,
BHUIIHEBBIC, PhDKE-KPAaCHBIC TIECYAHUKHU, U3BECTHSIKH), a
TaKKe MEJIKHI 1e0eHb 1 apecBa. HeoqHOpoaHbIH eTpo-
rpaduuecKuil COCTaB 0OJIOMOYHOTO MaTepraia i OpHEH-
THUPOBKA TEKCTYp TeUEHUS NEPIEHINKYIISIPHO HalpaBJie-
HUIO Ha OMKaMIINA CKIOH C BBIXOAAMH JIMTHMOUIHPO-
BaHHBIX NIOPOJ] CBUAETEIIBCTBYET O TOM, YTO OTIIOKEHUS
MIECTPOrO CJI0A HE SIBJIAIOTCSA KOJUIIOBUEM (B YaCTHOCTH
MECTHBIM CKJIOHOBBIM CONH(DIIOKCHEM), HO IPEICTaB-
JISTIOT COO0H pe3yNbTaT aKKyMYJISIIIAN TPSI3EBBIX OTIIOXKE-
HUH OTHOCHUTEJIBHO JajbHEro NepeHoca.

AHajoruyHoe CTpoeHHe HMeT mypher Ne 3
(N =53,41633° E = 91,17953° (= 4 m), H=293 m) u
Ne 4 (N=53,41620°% E =91,17896° (= 4 m), H=291 m).
B mrypde Ne 3 cybGaspanbHBIA TOKPOB HMEET MOIIHOCTD
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0,7 M, a MUKTHUT, B KOTOPOM 3a()KCHPOBAHEI e OpMHUPO-
BaHHbIE NI€CYaHas U aJIeBPUTOBAs MOJIOCHI, BO3bIMAIOLIH-
€csl Ha CeBep Moj yriioM 45°, UMeeT BUJUMYIO MOIIHOCTh
1,8 M. B mypde Ne 4 cybaspanbHBIiT TOKpPOB MIMEET MOIII-
HocTh 0,8 M, @ MUKTUT € MATHUCTOM TEKCTYpOH 3a cyer
BKJTIOYEHHI NIECKa UIMEET BUUMYIO MOUIHOCTD 1,2 M.

OxapakTepu3yeM Tenepb I'€OJIOrMYECKOe CTPOCHHE
myppoB B NOKOWHE, THUINE KOTOPOH HIKE Ha 5—7 M,
9eM MOBEPXHOCTH TJIE JIOKATM30BaHBI MTYPQBI, OMUCAH-
Hble Bble (Ne 1-4).

ypd Ne 5. Bocrounas ctenka (puc. 6, ¢). I'mybuna
2,4 M. N=53,41577°, E=91,17713° (= 5 m), H= 286 m.

Croit 1. Cy6aspanibHblil TOKPOB MOIIHOCTHIO 1,4 M:

0,0-0,2 m. Bypas maneonouBa, YaCTUYHO MepenaxaH-
Has C MOBEPXHOCTH.

0,2-1,4 m. Cepble aJIeBpUTUCTHIC TECKH, HE CIIOH-
CThI€, 30JIOBBIE.

Croit 2. ®mroBUaIbHBIE TECKH BUAUMONW MOLTHOCTBIO
I m.

1,4-2,4 M. Cepsle mapauieabHO-CyOTOPH30HTAIBHO
CJIOMCThIE TPOMBITBIE TIECKH C PEIKUMHU YEPHBIMH U KO-
PUYHEBBIMU IPOCIOSMHU B HECKOIBKO MUJUTUMETPOB. [1o-
JIOIIBa HE BCKPbITA.

lypd Ne 7. Bocrounas crenka (puc. 6, d). ['mybuna
2,4 M. N =153,4144170° E =91,1716940° (+ 4 m).

Cnoii 1. CybaspalibHBII TOKPOB MOIIIHOCTHIO 1,4 M:

0,0-0,2 m. Bypas naneonouBa, YaCTUYHO MepenaxaH-
Has C MOBEPXHOCTH.

0,2-1,4 m. Cepble aJIeBpUTUCTBIC TECKH, HE CIIOH-
CThI€, 30JIOBBIE.

Croit 2. ®mroBUaIbHBIE TECKH BUAUMONW MOLTHOCTBIO
I m.

1,4-2,4 M. Cepsle mapajuieabHO-CyOTOPH30HTAIBHO
cioucteie iecku. [lomomBa He BekphiTa. ['eHesuc ¢urro-
BUaJbHBIN. Bunumas MomHocTs 1 M.

B mrypdax 5 u 7, rme BCKpBITH MapauIeaIbHO CIOH-
CTBIC TIECKU, Cy0adpajbHBIN MECYaHBI ITOKPOB HMEET
MOIIIHOCTH OOJIbINIE, HEXENH B IIypdax, TIe BCKPBITHI
MUKTHTHL B mypde Ne 6 (N = 53,41465°; E =91,17216°
(£ 7 M) H=283 M), KoTOpHIi1 pacnooKeH Ha TOH ke Io-
BEPXHOCTH, 4TO U mypdpsr Ne 5, 7, mox cybaspambHBIM
MMOKPOBOM ~ MOIIHOCTBIO (0,5 M  BCKpBITBI  IECTpbIE
MHUKTUTBI C MATHUCTO-IIOIOCYATON TEKCTYpOil BUIMMOM
MomHoCcThIO 1,7 M. B BepxHeit yactu cios 6oliee 4eTKko
BBIPaXKEHA CIIOUCTOCTb, BCTPEUAIOTCS IMPOCIIOH, JIMH3BI
JPECBBI ¥ MEJIKOTO MIEOHS. ITO CBUAETEIBCTBYET O TOM,
YTO MUKTHUTHI SBJISIIOTCS HE MPOCTO MEPEKPHIBAIOILUMHU
JUTSL TTapaJuIeNIbHO CIIOMCTBIX ITECKOB, HO M UX (haluaib-
HBIMH aHAJIOTaMH, KOTOPhIMHU MECKH MOTYT 3aMeIaThCs
1o ropu3oHTaiu. [losBieHNE 3TUX TPSI3EBBIX MUKTHUTOB
BHYTpHU TOJS (DIFOBHATBHBIX ITECKOB OOYCIOBICHO TEM,
YTO B JAHHOM MECTE JIOKaJIM30BaH OTHOCUTEIbHBIN KPYy-
TOU YCTYHI MEXKIY BO3BBIIICHHOCTBIO H JTOKOHHOM.
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[onpITOXKMBasE JaHHBIE IO ONHCAHHBIM IMIypdam,
MpeKIe BCETO OTMETUM, YTO YYACTOK HAXOOUTCS Ha
Kparo majeonoxOnHs! 1 mpoduits urypdos (ot 1 mo 7) 3a-
JlaH B HAIPABICHUH OT OOJIee BRICOKUX OTMETOK K Oolee
HU3KUM. 37eCh KE TTOTIEPKHEM, UTO BBICOTA ITOBEPXHO-
ctu myphoB Ompenensiachk MO0 TUIIOBOMY HaBUTATOPY
OBITOBOTO KJacca, T.€. C He OYCHb HAJIKHOH TOYHOCTBIO.
HwoxHsis yacTe CBOTHOTO pa3pesa MpeicTaBieHa mapa-
JETBHO CIOMCTHIMU TIECKaMU BOJHOTO (ITO-BUANMOMY,
MPEUMYIIECTBEHHO JIAMIHAPHOTO) TEUCHUS U MIECTPHIMH
MSATHACTO-TIOJIOCYATHIMH MHKTUTAMH C TIPOCIOSMH U
JMUH3aMHA ()ITFOBHANBHBIX TTECKOB KHIKOIUIACTHIECKOTO
TEUCHHsI. DPpaTUUECKUE KPYIHBIC MICOHH W MeIKas
raibKa, BCTPEUCHHBIC B OTIIOKCHHSX, CBHIICTEIECTBYIOT
HE 0 MECTHO-CKJIOHOBOM INepeHoce 00JIOMOYHOIO MaTe-
puana, Ho 00 OTHOCHTENBHO JajbHEH TPaHCIIOPTHPOBKE
MOTOKOM. B wacTHOCTH, Ha 3TO yKa3pIBaeT Maiioe KOJH-
9ECTBO, HO BCE K€ MPUCYTCTBHE ralbku. OCTpOyTONIBHBIE
00JIOMKH TaKKe SBJISIOTCS XapaKTePHBIMH IS CyTIepIia-
BOJIKOBBIX OTJIOXKCHUH, KOIZa MOIIHBIH TOTOK 3aMM-
CTBYET KOJUTIOBUH M IIEPEHOCHUT €T'0 BO B3BEIICHHOM CO-
CTOSTHUH (haKTHICCKU 0e3 OKATHIBAHHS.

ITaneonuTnyeckre MeCTOHAXO0KICHUS
Koiidaabckoii crenu

Apxeonorinueckie 00bEKTHI BEPXHETO MAlICOUTA B
IOxxHO-MUHYCHMHCKOM KOTJIOBUHE XOPOLIO H3BECTHBI
CIENHANCTaM, OTPaXKEHBI B JuTepaType [AOpaMoBa u
ap., 1991; Jlucuuern, Xynsakos, 1997; Jlucunen, 2000;
Hpoznos u np., 2017a; AcraxoB u ap., 2019; Bacumnbes,
3y0OkoB, 2021], Hay4HBIX OTYETaX, MY3EHHBIX KOJUICK-
nusx. ['umoresa o katactpouyeckoM MaBOIKE B BEPX-
HEM HEOIUIEICTOLIEHE TaKkKe BOILIA B KOPIYC PEruo-
HaJIbHBIX T'€0apXe0JOrMuYeCKUX UCCIeJOBaHUH [ XapeBuY
u 1p., 2018; AkumoBa u ap., 2020] 1 BbI3Baja U3BECTHYIO
KPUTHKY Ha OCHOBAaHHMU apXEOJOTMUYECKUX HCCIIeA0oBa-
HUM B ropHOoH nonuHe Enuces [BacunbeB, 2021].
B Koiibanbckoii crenu n3BectHo 6omee 40 apxeorormye-
CKUX O0BEKTOB C MaTephallaMi KaMEHHOTO BeKa, KOTO-
pble MpUBsI3aHbl K BEPUIMHAM U CKJIIOHaM BOAOPA3/IEIIOB,
CKJIOHAM HaJl HU3KMMH TeppacaMu W Ha CaMHX HU3KHX
teppacax [Jlucumem, 2000, c. 94]. bonpmuHCTBO 00BEK-
TOB CBSI3aHO C MECTOHAXOXKICHUSIMH apTeakToB U Ta-
neodaynsl Ha BeiayBax [Jlucuie, Xymskos, 1997; Jlu-
cunpid, 2000, c. 94-105]. JJatupoBka HEKOTOPBIX MaTe-
pHAJIOB OCIIOKHEHa, HO TaM, TIe HHTepIpeTanus paKTh-
YeCKUX JaHHBIX HE BBI3BIBAET OCOOBIX TPYIHOCTEH,
MOYXHO YBEPEHO CBSI3BIBATH apTe(haKThI C PUHAIIOM BEpX-
Hero maneonuta [Jlucuuwm, 2000, c. 105; Bacumnbes,
3y0kos, 2021, c. 29].

B 30He THraHTCKOH JENbTHI, CHOPMHPOBAHHOH 32
cueT BBIOpoca ceneBoro moroka u3 CastHCKOro KaHbOHA,
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Ha Tepputopuu KolOanbCKoi cTenmn W3BECTHA CIHH-
CTBEHHas cTpaTuuIpoBaHHas crosiHka O3HaueHHoe [
y 1. CasgHOropcka OKoJo I0ro-BOCTO4HOM rpanuibl Koii-
Oanbckoit crenu. KynbTypHBIH cioil 3adukcupoBaH y
TTOJTHOXKUS TOPBI Ha CITA00BBIPAXKCHHOM TEPPACOBUIHOM
ycTyme, KOTOpblii Bo3BblIaeTcss Ha 5—6 M Hax 30—
35-meTpoBoii Teppacoii Exnuces, T.e. Ha BeicoTe 0koIo 40
M HaJl ypOBHEM COBpeMeHHO# peku. Haxoaku KaMeHHbIX
U3JIENIUN, KOCTEH KUBOTHBIX (IIPEUMYILECTBEHHO CeBep-
HOT'O OJICHS) OOHAPY)KEHBI B CIIOE CYIECH, KOTOPBIH MO~
CTHJIACTCS CYNECSIMHU M CYTJMHKAMHU C JTe(OpPMUpPOBAH-
HOM TOPU3OHTAJIBHON CIOMCTOCThIO. [10 KOCTSIM mamsT-
HUK JTATUPOBaH PaJuOyriIepoAHbIM MeToaoMm 15 020 +
75 net [Acrtaxos, 1986, c. 116—117; Bacuibes, 3yOKoB,
2021, c. 29]. OcranbpHbIe MAMSTHUKA TMaJICOTUTa OTHO-
CATCSI K 9KCIIOHUPOBAHHOMY THILY, T.€. HaliJIeHBl Ha Jie-
(GIUpOBaHHOW JHEBHOHN IMOBEPXHOCTH.

MecToHaxoXIEHU 3KCIOHUPOBAHHOTO MaTepHuaa
HCCIeIOBaNCh B AonnHe EHnces — AapoipoM (ceBepHee
Casnoropcka, B nonune Enuces), Tarapckuid octpoB
(BBIIIe yeThs p. AbGakan); B gonuHe p. AbGakaH (y aanoB
[[ManruHOB, ApalliaHoB); Ha BO3BBILIEHHOCTAX U CKIIOHAX
xpebTa M3bIX MexIy JenbTol maBoaka u JonuHoi EHn-
ces — CapreikoB, CmupHOBKa, M3b1x, bopku, Manas
[Tapraiika. Ha 3anagHoi OKpanHe 3TOU NENBTHI, HA Or0-
3amagHoM Oepery CocHOBOTO 03epa TakkKe McCieoBaHa
cepus OIHOMMEHHBIX 3KCIIOHMPOBAHHBIX MECTOHAXOXK-
nenuit. Ha Teppuropun Koiibansckoit crenu B mpeaenax
TIOJISL paCIpPOCTPaHEHUSI OTIIOKEHUN MO3/IHEHEOIIeHCTO-
[EHOBOTO CEJIEBOr0 IMOTOKA, OOIIUPHBIC KOJICKITHH Ka-
MEHHBIX U3CIAN MO3JHEANICOTUTHICCKOrO O0JIIKa CO-
OpaHBI Ha BBIIYBaX, TIE BCICICTBHE BETPOBOH ApO3UH
ObUTH OOHA)KEHBI CKOIUICHHWs mpeameroB. Ha mecroHa-
xoxaennu llanrnHoB 0OHApYKeHa TUTOMIAIKa I0 00pa-
0OTKE KaMHS B Pa3BETHHOM CJIO€ CBETIIO-CEPOro mecka (B
5 kM ot aana lllanruHOB, Ha CKJIOHE XpeOTa Ha BBICOTE
okono 40-50 M ot yposHst p. Abakan) [JIucumerH, 2000,
c. 101]. Cepust opyamii, HyKJIEyCcOB, OTIICIIOB HaWJIeHA Y
aama ApIIaHOB, Ha BBEICOTE 6—7 M OT YpoBHS p. AbGakaH
Ha MOBEPXHOCTU TEMHO-KOPUYHEBOIrO cyriMHKa [Jlucu-
ubH, 2000, c. 105].

Ha Bo3BeIIeHHOCTSIX TOpBI M3bIX, OTACISIOIIEN 30HY
pacmpocTpaHeHHs OTIOXKEHUH popbiBa B Koibamsckoit
crenu oT AoyuHbl EHNCes, S5KCIIOHMPOBAaHHBIE MTPEIMEThI
HaiizieHbl y banHoBa XyTopa B cepoM Iecke, KOTOpbIi me-
PEKPBIT «KOPUYHEBOW TJIMHOM M TymMycom» (MecToHa-
xoxneHue M3pix, Ha BbicoTe okoyio 40 M Haja ypOBHEM
p. Abakan) [Jlucumem, 2000, c. 101]. Ha 3amamaom
ckJoHe orpora M3bixa, ropsl lapraiika, BeisBIIeHa PO-
M3BOJACTBEHHAs IUIOLIa/IKa (MECTOHaXOXKIeHue Manas
[Mapraiika) [JIucuuen, 2000, c. 101-102]. Ha roxHo#
okpanHe oTporos M3erxa, BOmu3u 1. CMHpHOBKA y Oepera
o3epa, Ha ckJIoHe 45—50-MeTpoBOM I'pUBBI HailIEHBI Ka-
MEHHBIC apTe(aKThl ¥ KOCTH Jomanu [ Peiraputon, 1953,

c. 283]. Ha 3amagHoMm ckitoHe Topbl U3bIX, HaJ TOIUHON
AbakaHa B BBIIyBax Ha TPEOHSIX XOIMHUCTOU TPSIBI CO-
OpaHBI KaMeHHBIC opyaus y aana CapTeikoB [ AOpaMoBa
u ap., 1991. c. 62].

Ha xparo mons pacnpocTpaHeHuUsl CENeBbIX OTJIOXKe-
HUH BEPXHEro HEOIUIEHCTOLEeHa, Ha BbIIyBaX y IOro-3a-
nagHoro modepexbss COCHOBOTrO 03epa, CEBEPO-BOCTOU-
Hee c. YanThIKOB, HCClIeoBajlach IpyIna MECTOHaXO0X-
JCHUH, HA KOTOPBIX, CPEIH MPOYEro, ObLI OOHApYKEH
KOMILIEKC IPEIMETOB, ONpeAesieMbIX KaK KilaJ KaMeH-
HBIX U3/I€TMI U KOCTSHBIX 3ar0TOBOK JJ1s1 opynuit [Jlucu-
b, 2000, c. 94-98; Bacuibes, 3yokos, 2021, c. 29].
B o0Ha)XeHUSAX TPOCIEKUBAIOTCS CBETIO-CEPBIC MECKH,
MEPEKPHIBAIOILINE «CBETIO-CEPBIN MECOK C BKIIOUEHUSIMU
KPYIHBIX JIMH3 U TIBHI0 CHHEBATOrO Necyanukay [Jlucu-
ubH, 2000, c. 94].

[MonpITOKMBast JTaHHBIE MO U3BECTHBIM OOBEKTaM Ka-
MEHHOro Beka Koi0anbCcKoi CTenr MOXKHO CHENaTh BBI-
BOJI, YTO OHU Ha OCHOBE JaTHMPOBAHHUSA 10 TUIIOIIOTMH Ma-
TepUaa v paJuoyTrIIePOIHBIM METOIOM OTHOCATCS K (pu-
HaJIy BEPXHETO MaleonnTa. ApTeakThl COOTHOCATCS C
apoHTOBCKOH (15-12,5 THIC. 1. H.) M KOKOpeBCKOi (15—
10 ThIC. JI. H.) KyIBTYpaMH, a TaKKe HaceJeHHeM Iepu-
oJla paHHero rosioueHa. HuxHss nata 11 Bcex apxeosno-
THYECKUX O00BEKTOB — 15 ThIc. 1. H. [AcTtaxoB, 1986,
c. 117; Jlucumwin, 2000, c. 105].

B Koitbanbckoit crenu, 3a mpeneiaMu ACNbTH MPo-
PBIBA, H3BECTHBI CTPATH(HINPOBAHHBIE OOBEKTHI M Me-
CTOHAXOXKJCHHUS Ha BBIAYBaX, acCOIHHPYEMEIE C CyO-
a’palbHBIMM TleckaMM M cynecaMu. Ha paccrossHumn
OKOJIO 35 KM BEIIIIE TI0 JoNMuHEe AOakaHa OT Kpas 3aduk-
CHpPOBaHHOH JIENBTHI, B IPEATOPHON YaCTH JOTUHEI AOa-
KaHa PacHOJIOKEHBI ITyHKTHI cOOpa MO3JHEaIeOTHTHIC-
ckux mpeameroB Konryps u Viyr-bunb, Ha KOTOpBIX
YAaJIO0Ch CBSI3aTh HAXOAKH C JIUTOJIOTMYECKUMHU TOPU3OH-
tamu. Ha crosnke KoHnryps apxeonoruueckuii MaTepuan
ACCOIIMUPYIOTCS CO CIIOEM CBETIIO-KOPUYHEBOI'O MEJIKOT'0
MecKa, 3aJIeralollero MoBepx MecKOB Ceporo U KpacHo-
Oyporo, B TOM YHCIIE C TOPH30HTAIHHOH CIIOMCTOCTHIO
[JIucuupia, 2000, c. 99-100]. Ha ocHoBaHuM aHanu3a
YCIOBUH 3ajieraHusi MNpeIMETOB M UX THUIIOJNOTHUH,
H.®. JlucuipiH maTHpyeT MECTOHAXOXJACHHUE (DHHAIOM
Bepxuero naneonuta 11-10 teic. . H. [JIucumsrn, 2000,
c. 105]. Ha crostake Yuyr-buie, mposBisromeics B 00-
Ha)KEHHSIX Ha ceIIoBHHE XpeOTa Ha BhicoTe 10 100 M oT
ypes3a p. YTbI, KaMEHHbIE U3IeNHs, KOCTH OW30HA U ce-
BEPHOTO OJIEHS COOTHOCSITCSA CO CIIOEM «CBETJIO-CEpO
cylecH, NOJCTUIIaeMOl KpacHOLBETHBIM meckoM» [JIu-
cunpi, 2000, c.98]. Apxeomoruyeckde MaTepUaibl
VYiyr-buibs XpoHONIOTHYECKH COOTHOCATCSI CO CTOSHKOU
OznayenHas | u pgarupyrorcs oxono 15 Teic. 1. H.
(HpsimaHcKas craaus mociieAHero onenenenus) [Jlucu-
b, 2000, c. 105]. TIpumepro B 50 kM BbITIIE TIO peKe
AbakaH OT Kpas IEeNbTHl MPOpPBIBAa CTpAaTHTpadhUICCKOe
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MOJIOKEHHE OIPENIENIEHO U1l CEPUM KaMEHHBIX M3JeNuit
Ha MECTOHaxXokJeHun Markeuuk-1, Ha 8—12-meTpoBoit
Teppace p. AbakaH y moc. MaTtkeunk. ApredakThl U KO-
CTH >KUBOTHBIX OBLTH OOHAPYKEHBI B CIIOE CBETIIO-KOPHY-
HeBoH cynecu Ha rinyoune ot 0,58 1o 0,8 M 0T coBpemeH-
HOW JHEBHOW moBepxXxHOCTH. Cyns 1O OOHAKEHHSIM,
HAXOJIKH CBSI3aHEI C Cy0a’pabHBIM KOMILJICKCOM, ITOKPBI-
BaBIlIEM KOPEHHBIE TIOPOJbI KPACHO-KOPUUHEBBIX AJIEBPO-
nutoB [[po3aoB u ap., 20176, c. 115-116]. latupoBka Ma-
TEpUAaJIOB, TaHHAS aBTOPAaMH HAXOJKH, OTHOCUTENBHO IIH-
POKast — IO3IHMI NajeonuT (mocie 22 ThIC. 1. H.).

Ha roro-3amazne Koitbanbckas cTemb KOHTAKTUPYET C
ropHoii nonmuaoi Enuces, rae B 8—10 kM Boinie o Exu-
ceto oT FOMK wu3BecTHa cepusi 10CTaTOYHO XOPOILIO ap-
XCOJIOTHYECKY M3YYCHHBIX MAJCOTUTUICCKIX 00OBEKTOB
(MaiiHcKkas rpyImna), 4acTb U3 KOTOPBIX HE COXPaHUIIACh
no Hamux gHel. [To cmoBam C.A. BacumnbeBa, apxeono-
THYecKre OOBEKTHI B paiioHe MaiHbI MOKa3bIBAIOT «Kap-
THUHY HETPEPHIBHOTO Pa3BUTHA KYJIbTYPhI B TUAMa30HE OT
18-19 mo 10 THIC. TeT» U B CTpaTUTPadUICCKIX «paspe-
3aX OTCYTCTBYIOT CJI€bl pa3MbIBOB, PE3KUX IE€PEPHIBOB B
0CaIKOHAKOIUICHUH, BHEPEHHUS JIMH3 U IIPOCIOEB Oolee
rpyboro wmartepmana» [BacmmeeB, 2021, c. 595].
Hackonbko MOXKHO CyIUTH MO OMyONWKOBAaHHBIM JaH-
HBbIM, KyJIbTypHBIE CJIOM Ha MaMATHHKAX MaiHCKOMI
rpymIbl cBA3aHbl ¢ omioxkeHusmu Il reppacel. Kynbryp-
HBIii CIIOM CTOSHKHU B ycThe peku Kanterup pacmonarancs
B TIOKPOBHBIX U aJUTIOBHANIBHBIX cynecsx. CrosHka Yil [
MpUypoYeHa K OTJIOKEHUSAM 23—-25-MeTpoBOM aJUTIOBU-
aNbHOI Teppachl. MallHUHCKas CTOSIHKA JIOKAJIM30BaHa B
MOKpOBHOM Tonie Ha 25-27-merpoBoit III Teppace, a
TaKKe B MOKPOBHBIX M MOJICTHJIAIOUIMX MX aJUTIOBHUANb-
HBIX neckax u cynecsax 16—18 II-merpoBoit Teppackl [Ba-
cuibeB, 3yokos, 2021, ¢. 27-28].

K coxanenuto, umeroiieecss Ha CErOTHSIIHUNA JE€Hb
CIIUIIKOM OO0IIee OMHCAaHHE TI'€OJIOro-reoMOopQOIIOrmye-
CKOT0 KOHTEKCTa MaHHCKOW IPyIIIbl TAMATHUKOB HE 1103~
BOJISIET BBISICHUTD pealibHbIE B3aMOOTHOLIEHHUSI CEJIEBBIX
OTJIOKEHUIM U OTJIOKEHUH, BMEIIAIOIIMX apXeoJoruye-
CKHE OOBEKTHI. [l pemreHust 3Toi 3amadqu TPeOYIOTCS
JONOJTHUTEIbHBIE SKCIIEIUIIMOHHbIE ccaenoBanus. M-
BECTHHI CITy4aH, KOTJa CeJIeBbIe 00pa30BaHUs HE Pa3MBbI-
BaIOT OTJIOKEHHSI Cy0adpabHOr0 KOMILIEKCA U, COOTBET-
CTBEHHO, HE Pa3pyLIaOT COAEepIKalUeCS B HUX KYJIbTYyp-
HBIE cJ1ou [30IBHUKOB U 1p., 2022]. Kpome Toro, cienyer
OTMETHTb, YTO 3TU MAMATHUKU HAXOAATCA 3a IpeAeIaMu
MerazielbThl, JOKaIn30BaHHOH B KoibaabCKoi crTemu,
T.€. 32 TpaHUIAMHU TEPPUTOPUH MCCIEIOBAHUN IaHHON
paboTHL.

Takum 00pa3oM, H3BECTHBIE apXEOIOTHYECKUe 00b-
ekThl Koitbanbckoil cremu HE MPOTHBOPEYAT T'eONIOro-
reoMOp(hOTOrHYECKUM JaHHBIM, CBUACTEIHCTBYIONIAM O
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CynepraBoAKOBOM cOObITHH 0KoJo 20 ThIC. 1. H. Bee us-
BECTHBIC 3[I€Ch BEPXHEMAICONUTHICCKHE OOBEKTHI
HUMEIOT BO3pacT He IpeBHee 15 ThIC. ieT U Moriu chop-
MHPOBAaThCsSl B MOKPOBHBIX CIOSIX Ha OTJIOKEHUSAX IO-
CJIETHETO MPOPbIBA.

3akiouenne

Ha wam B3rmsg omucaHHBIE OTIIOKEHHS Tapaii-
JIETLHO-CIIONCTBIX ITIECKOB M IOJ0CYATO-TIATHHCTBIX
MHUKTHTOB SIBJITIOTCS (alUsAMK TJISIHATIBHOTO Cyrepra-
BOAKa. bimke K CKIOHY CTPYKTYPHO-3PO3HOHHOTO
OCTaHIa JOMUHHUPYIOT IP3€BbIC MUKTHUTHI, a B JIOXKOH-
Hax — BOAHO-(pIrOBHAbHBIC TIeCKH. Kpome Toro, Tek-
CTYPHBI JKUJIKO-TUIACTUIHOTO TEUCHUS B «IIECTPOMY CIIOE
OPUEHTHPOBAaHBI HE TIO CKJIOHY 3PO3HOHHO-CTPYKTYp-
HOT'O OCTaHIa, & MePIEHANKYIISIPHO ITOMY HAIPABIECHUIO
co ctoponbl EHnces k peke AOakaH MapajuiebHO OCSIM
[aJI€OJI0KOMH THIaHTCKOH CEJICBOM  IalleO[eNbThI.
B yrompHbIX Kapbepax (IFOBHATbHBIC TIECKH MMOJACTHIIA-
FOTCSI BaTYHHO-TQJIEYHUKAMH, B KOTOPBIX BCTPEYAFOTCS
KpPYITHBIE XOPOIIIO OKAaTAaHHBIEC BATYHBI U JIA)KE OKATAHHBIC
TIBIOBI pa3mepoM OKomo 1,2—-1,3M B momepeuHHKe.
Bepxusis wacTh paspesa MpeacTaBlieHa Cy0aspalibHBIM,
MIPEUMYIIECTBEHHO Y0JIOBBIM TTOKPOBOM Pa3HON MOIITHO-
ctu. B mecuaHbIX rpuBax W JIOHAX MECTAMH OTMEYEHBI
3¢ eMepHbIe MaJeONOYBBI MIPEAIOT0KUTETHHO FONOIECHO-
BOTO BO3pacTa, OTpa)karoulue KPaTKOBPEMEHHBIE AIIOXU
YBIQXKHEHUS KIIMMaTa.

Takum oOpa3oM, TolIIa, pacCIpOCTpaHSHHAs B TIpeJie-
nax Koiibaneckoii cremu oOIIeHd Iomanpio Oolee
6 000 KM%, MMeeT IBYXbBAPYCHOE CTpoeHue. HikHmii
SIpYC MPEACTaBIIECH OTI0XKEHUSIMH BOIHBIX U IPA3EKAMEH-
HBbIX ceneil 10 40 M TOMIIKMHON, KOTOphIe (HOpPMHUPOBa-
JIUCH MPU BBIXOJIE MNIALUANBHBIX CYIEepHaBOJKOB MO J0-
nmuHe Enuces 3 3amanno-CasHckoro xpeOTa, a BEepXHHUH
Spyc — cyba’parbHBIMEI 00pa30BaHUSMHE, KOTOPEIC HAKO-
MMIJIUCH B PE3yJIbTaTe MEPEOTIOKEHUS MTECKOB HUKHETO
sipyca MPEUMYIIECTBEHHO 30JIOBBIMU Tpoueccamu. [lo-
CIeTHUI CyneprnaBOAKOBBIA SMHU30[, BEPOSTHEE BCETO,
cocTosiicsl Ha 3aBepmiaroiieM dtame craguun MUC-2.
Kpymnueie Mecronaxoxaenus ¢aynsl B Koibambckoit
CTENW HE W3BECTHBL. ApPXCONOTMYECKHE IMaMSITHUKHI
KoiibaapCKoi CTEIH IOKA3bIBAIOT, YTO BCE U3BECTHBIE
3/1eCh BEPXHEMAICOTUTHUECKHE 00bEKTHI MO cop-
MHPOBATHCSI B IMMOKPOBHBIX CIIOSX HA OTIOXEHUSIX TO-
cnemaHero npopeiBa mo3xe 20 Toic. 1. H. OTI0XKEHUS BO-
JIOKAMEHHBIX W Tpsi3eKaMeHHBIX cenel Koitbanbckoi
CTEMH SBJIAIOTCS CTPATUTPA(QUUESCKUM M TeHETHUYCCKUM
aHaJIOTOM BEPXHECHUCEHCKON TONIIIM, BBITTOTHSIOMIECH
pacmupenust fonuHbl Bepxnero Enncest [301pHIUKOB U
np., 2021].
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AnHoTtanus. B xoze nccnenoBanuii ObUTH HCIIOTb30BaHbI TEOJIOTO-Te0(pH3NUECKIE JAHHBIE TTyOOKOT0 OypeHHs CKBaYKHH IS
PETHOHAIBHOM KOppEIsLuY, a TaKkKe Pe3ylbTaThl U3Y4EHUs] T'€ONOTMUECKUX Pa3pe3oB. BblneneHbl M OnMcaHbl BOCEMb THIIOB
paspesa apTHHCKOro spyca. IIpoBemeHa uX KOppeNsmus, IOCTPOEH CYOIMIMPOTHBINH NpoduiIb. APTUHCKHE OTIOXKCHUS
(opMHpPOBAIIIICH HA CTAWH OCTATOYHOro OacceiiHa. B 30He OTKpHITOro GaccelfHa BHYTPEHHETO IPOrHOa C OpOreHa ITOCTYIIAN
TepPUIeHHBIII MaTepHal, HAKAIUIUBAJIHCh TITyOOKOBOAHBIC (DIMIIEBEIE OCAIKH, COOTBETCTBYIOIIHE IPYOOOOIOMOYHOMY U
KapOOHATHO-00JIOMOYHOMY THIIAM pa3pesa. B 3To Bpemst Ha IPOTHBOIOIOXKHOI CTOPOHE, Ha Kpalo MIATGOPMEI, CYIIeCTBOBAIA
CHHOpOTEHHast KapOOHATHas ITaT(hopMa, IMEI0Ias paMIoo0pa3HeIi Ipodris. BeIIeneHs! creyronye ee 30HbI: TIIyOOKOBOAHBII
PaMII COOTBETCTBYET IIIMHHUCTO-KapOOHATHOMY THITY pa3pe3a; HIDKHSS YacTh MEIKOBOJHOIO PaMIIa COOTBETCBYET JOIOMHTOBO-
M3BECTHSAKOBOMY pPH(Or€HHOMY THIIy pa3pe3a, a BepXHAA ero 4YacTh COOTBETCTBYET JOJIOMHTOBO-H3BECTHSAKOBOMY U
H3BECTHAKOBO-/10JIOMUTOBOMY TUIIAM pa3pe3a; BHYTPEHHUI paMIl COOTBETCTBYET aHTUAPUTOBO-10JIOMUTOBOMY U aHTUJIPUTOBOMY
THIIaM paspesa. TakuM o0pa3oM, apTHHCKOE BpeMsl OTpaXkaeT BaXKHBII TeOAMHAMHYECKUI 3Tall pa3BUTH 0CaJOYHOTO OacceifHa
Ha IIepexojie 0T OCTAaTOYHOro OacceiiHa (apTHHCKHIT IpyC M Hadao KyHTYPCKOro spyca) k Oacceifny opraanna (KyHTYp — BepXHsIs
HEPMb), 9TO OTPAXKACTCS B CMEHE (PIIHIIIA HAa MOJIACCY.

Kntouegvie cnosa: nepyckasn cucmema, apmuHcKuil Apyc, CapasuHCKull 20puU3oHm, ceK8enc-cmpamuepapus, payuansHelll ana-
U3, KOpperayus pazpe3o8, CeKGeHCvl
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STRUCTURE OF THE ARTINSK RESIDUAL BASIN IN THE SOUTH OF THE PERM REGION
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Abstract. In the course of the research, geological and geophysical data from deep well drilling were used for regional corre-
lation, as well as the results of studying geological sections. Eight types of the Artinskian section are identified and described.
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Their correlation has been carried out, and a sublatitudinal profile has been constructed. The Artinian deposits were formed at the
stage of the residual basin. In the zone of the open basin of the inner trough, terrigenous material was delivered from the orogen,
and deep-water flysch sediments were accumulated, corresponding to the coarse clastic and carbonate-clastic types of the section.
At that time, on the opposite side, on the edge of the platform, there was a synogenic carbonate platform with a ramp-like profile.
The following zones have been distinguished: a deep-water ramp, which corresponds to the clayey-carbonate type of the section;
shallow-water ramp, its lower part is dolomite-limestone reef type of section, and its upper part corresponds to dolomite-limestone
and limestone-dolomite types of section; the inner ramp corresponds to the anhydrite-dolomite and anhydrite types of the section.
The thus studied Artinskian time reflects an important geodynamic stage in the development of the sedimentary basin at the tran-
sition from the residual basin (Artinsk Stage and the beginning of the Kungurian Stage) to the foreland basin (Kungur-Upper
Permian), which is reflected in the change of flysch to molasse.

Keywords: Permian system, Artinian stage, Saraninsky horizon, sequence stratigraphy, facies analysis, section correlation,

sequences

For citation: Plyusnin A.V., Sulima A.lL., Trubin Ya.S., Pleshkov L.D., Timofeev V.D., Alekseeva O.L. (2024) Structure of
the Artinsk residual basin in the south of the Perm Territory. Geosfernye issledovaniya — Geosphere Research. 1. pp. 40-59.
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BBenenne

Aprunckuii sipyc [paypanbs 3a 6onee yem 145 et ¢
MomeHTa ero Beienenus A.IL Kpacnononbsckum B 1874 .
HEOJHOKPATHO MEHSIT CBOM 00BEM Kak B OONBIIIYIO, TAK U
MEHBIIYI0 CTOPOHY. B KilaccnueckoM MOHMMAaHUM SIPYC
nojpasaensercs Ha OypUeBCKUNA, MPTUHCKU, CAPTUHCKUAN
W CapaHMHCKUH ropu3oHTsl [Pemenue..., 1990]. Crpato-
TUNBL  pa3pe30B  pacroyiararoTcs Mo OeperaMm  pek
Oprozans, Upruna, Capra u Ceuia. MimenHo B Ilepm-
ckoM [puypanse B 1929 r. nog pyxoBoactsom I1.U. [pe-
00paskeHCKOro ObLIa JOOBITA MepBas He(Th U3 APTHHCKUX
(ChUIBEHCKAsT CBUTA CApaHWHCKOTO TOPH30HTA) pr(OB U
oTKpbITa Bonro-Ypanbckas HeTera3oHOCHas MPOBUHLIUS
(BYHITI). Tepmun «CruiBeHCKHE pUQED», KOTOphIE 00HA-
xarores o 6eperam p. CeuiBa B KyHrypckowm [puypaibe,
MIPOYHO BOMIET B OOMXO]T TEOJIOTOB.

B npouecce pecTpykTypuzanuu u MoaepHu3anuu Bo-
CTOYHO-EBporneiickoi MKansl NEPMCKON CUCTEMBI TPO-
M30IJIa TEepeoleHKa SAPYCHOW NPHHAJJIEKHOCTH TOpH-
30HTOB. Tak, capaHUHCKUI TOPU30HT BKJIIOUEH B COCTaB
KYHTYPCKOT O sIpyca o pe3yyibTaTaM OuocTpaturpadude-
ckux uccinenoBanuil [[locranoBnenus MCK..., 1998].
[TonomBa KyHI'ypcKOro sipyca npuypodyeHa K OCHOBaHUIO
KOHOJIOHTOBOI 30HBI Neostreptognatodus pnevi, Tak Kak
HUXKHSISI TPaHULIA CAPAaHMHCKOTO TOPU30HTa YCTaHOBIIEHA
IO TOSBJIEHUIO KOHONOHT Bairidia reussiana 1 coBna-
JaeT ¢ moAomBoi 3Tod 3oHbl [UyBamos, 1997]. Takas
cXxeMa XOpOIIo IPUMEHUMA K paiioHy Y GUMCKOro IiaTo,
OJTHAKO JJISl OCTaJIbHOM TEPPUTOPUH, B HACTHOCTH BCETO
[Tepmckoro IIpenypanes, co3gaer cepbe3Hble TpoOIIeMbl
JUTSL OTIPENICTICHHST CTPATUTPA)UICSCKON TPaHHIIBI MEXKITY
KYHTYPCKUM U apTUHCKHUM SIpycaMu, KaK 10 JaHHBIM I'e0-
JIOrO-TeO(U3MUECKUX UCCICIOBAHUI CKBAXKHH, TaK U IO
pe3yabTaTaM ceilicMOpa3BeJOYHBIX paboT MeToaoM 00-
nieit TryOouHHO# Touku — 2D u 3D.

[Ipu 3TOM YaCTUUHO MOTEPSUIACh CAMOCTOSTEILHOCTh
apTHHCKOrO sipyca KaK eIWHON XpOoHOCTpaTHrpadude-
CKOW €IIMHUIIBL. YBeIHYCHUE 00bEMA KYHTYPCKOTO Ipyca
YCIIOKHUIIO TPOBEICHUE TPaHUIIBI €r0 OJOUIBBI, TAK KaK

BCE€ TOPU30HTHI aPTUHCKOIO SIpyca U CapaHUHCKUH TOpH-
30HT KYHTYPCKOTO sipyca SIBJSIOTCS €JMHON HEempepbIB-
HOH ITOCJICIOBATCIIBHOCTRIO OTJIOKECHHH M MMEIOT CXO-
KU JTUTOJIOTMYECKUU cocTaB. PaHee maHHad rpaHuiia
MPOBOAMIACK [TO KOHTAKTY KapOOHATHBIX OTIOXKECHUH ap-
THHCKOTO U CYJb(aTHO-KapOOHATHBIX KYHTYPCKOTO SAPY-
coB [Pemenue..., 1990].

[Tponzonura cutyamus, KOrjaa IpeArnodTeHUE OTIaHO
MaJICOHTOJIOTUYECKUM TIPU3HAKAM, a BEC JHUTOJOTHYe-
CKHX CBEJICS K MUHUMYMY. [lo MHEHHIO aBTOpPOB, B JIaH-
HOM KOHKPETHOM CIy4ae JIMTOJOTHYECKHE MpU3HAKU
HMMEIOT MIaBEHCTBYIOMIYIO POJIb. ITO 00YCIOBICHO TEM,
YTO HOBas cTpaturpadus He oOecreyrnBacT HaJACKHOTO
pa3eNeHnsi apTUHCKOTO ¥ KYHTYPCKOTO sipyca IMpH T'eo-
JIOTHYECKOH CheMKe M CTPYKTYpHOM OypeHuu Oe3 uc-
MOJIb30BaHUS OMOCTpATHTPa(UUSCKUX HCCIIECOBAHUM.
ABTOpBI cornacHbl ¢ BeickaspiBanneM C.B. Meiiena, 4To
HE cleyeT abCOMIOTH3HPOBATE, CBOJIS TEOXPOHOJIOTHIO K
onoxpononoruu [MeiieH, 1989].

OCHOBHO# 11eJTbI0 pabOThI ABJISETCA PACCMOTPEHHE
CTPOCHUS M YCIIOBUH OCAJKOHAKOIUICHUS apTUHCKOTO
sipyca ¢ y4acTHEeM UMEHHO CapaHUHCKOTO TOPU30HTA, OC-
HOBBIBAsICh HA M3YUYEHUN E€CTECTBEHHBIX T'€OJIOTMUECKUX
paspesoB IIpenypansckoro kpaeBoro nporuda, Kynryp-
ckoro [Ipuypanbst u pe3yabTaToB CTPYKTYPHOTO M TIOWC-
KOBOT'0 OYPEHHUs BOCTOYHOM, [IEHTPAILHOMN M I0r0-3amai-
HoH yactu [lepMckoro kpasi.

HcTopusi n3y4eHHOCTH

N3ydyeHHOCTh apTUHCKHX OTIOXkeHUN Ilpmypanbs
CIOXHO paccMaTpUBaTh BHE KOHTEKCTa BCEW HIKHE-
mepMcKoi popmaru. B n3ydeHnn 3TUX mOpo. BBLIEIs-
€TCsl HECKOJIBKO 3TanoB. VICTOpHUS T€0JIOrMYecKOoro u3y-
YEHUS HWKHENEPMCKHX TIOpOJ Ha MpeIBAPUTEIBHOM
3Tane, 10 OTKPBITUS MEPMCKOM CHUCTEMBI KaK TaKOBOM,
TECHO CBsI3aHa C TIOMCKaMH U pa3BEIKON MECTOPOXKIECHHIN
TOJIE3HBIX UCKOMAEMBIX, TAKUX KaK MPUPOJAHBIE PACCOIIBI
KYHTYPCKOT'O H Y(PUMCKOTO SIPYCOB, METHBIE PYIBI YPHM-
CKOTO sIpyca U HUKHEMEPMCKUE KapOOHATHBIE MOPOJIbI
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KaK CTPOUTEINIbHBII MaTepuall. bosbiloe 3HaueHne UMeNn
3KCIIEIUIMU Ha Ypan Bblaaromuxcst yueHbix B.H. Tatu-
meBa u ['.B. ne I'eannna, .M. Jlenéxuna u I1.C. I1an-
naca, [I.1. u H.I1. PelYkOBBIX 1 MHOTHX JIPYTHX, a TAKKE
paboTHI IO CO3AaHHUIO TEONOTHYECKIX KapT FOPHO3aBOI-
CKUX OKPYTOB, ONMCAHUHN PYAHUKOB U COJISIHBIX TPOMBIC-
noB (mepsbiit tamn) [ Codponnnkuii, 1973].

Crnenyromuii (BTOpOii) 3Tan B reoJIOrH4ecKuX uccle-
noBanusx [lepmckoro Ipuypaiibs o3HaMeHOBAJICS BbIE-
JIEHHEeM MEePMCKOM cUCTeMbI B 1842 T. HIOTIaHACKUM T'e0-
aoroM P.M1. MypurcOHOM M €ro pOCCHMCKHM KOJUIErOi
H.W. KokmapoBeiM. HoBasi reonoruueckasi cucrema
Obuta Ha3BaHa 1o [lepmckoil rydoepHuu, rue ObUIH OIMU-
caHbl Hanboee MpencTaBUTeNbHbIE pa3pesbl. [lonobHbIe
OTJIOKEHMsI OBLTH W3BECTHHI B 3amamHod EBpome mox
Ha3BaHUeM «uexwmTeldny. B 1860-x rr. co3natorcs mo-
JIpOOHBIE TEOJOTUYECKUE KapThl Ypalla U eBPOIEHCKOM
gactu Poccun (I'.I1. T'enemepcen, 3.1. ['odman). [areo-
reorpauIecKUMH HCCIICIOBAHUSIME 00pa30BaHMsI TEPM-
ckux mopon monpodHo 3anumaincs A.A. lltykenbepr, a
A.H. "BaHOB AeTanbHO onucall epMCKUe IOPOIbI 10 pe-
kam Kama, Buiiepa u fI3pBa. Takxke mepMCKHUMH OTIIOXKeE-
Husmu 3anumanuce [1.U. Kporo, A.A. lltykenGepr,
@.H. Yepubios, A.A. Kpacnononbckuii, A.A. UepHOB.
Ha sToM sTane HU>kKHenepMCKHE OTII0KEHUS BBIACTSUIUCH
B 0COOBIH MEPEXOIHBIA OTJEeN — mepMOKapOoH. ApPTHH-
ckuit spyc O6but Briepsbie BoiaenaeH A.Il. Kapnunckum B
1874-1878 rr. u Ha3BaH IO APTUHCKOMY 3aBOAY, B
OKPECTHOCTSIX KOTOPOro BCTPEUeHbI Hauboee Xxapakrep-
Hble pa3pesbl 3TOro spyca, MpeACTaBICHHbIE MMEeCYaHU-
KaMU ¢ (payHOH aMMOHOHJIEH U TPUIOOUTOB. SIpyc ObLI
MOMEIIEH UM MEXAY KaMEHHOYTOJIBHOM U TIEPMCKON CH-
cTeMaMH, MockoyibKy KapnuHckuii ykazan Ha HaJM4uue B
HEM OpPraHMYeCKHX OCTATKOB, TECHO CBSI3aHHBIX KaK C
KapOOHOM, Tak M ¢ mepMcKkoi cucremoit. A B 1890 .
A.A. llltykenGeprom ObLI BBIICNICH KYHIYPCKHIA SPYC IO
UTOraM H3y4YeHHs KapOoHATHBIX mopoja KyHrypckoro
yesna, 6orateix gayHoi Opaxuonon. B Hagane XX B. yxe
OBLIO TPUHSITO MEPMOKAPOOH (APTUHCKHU SIPYC) OTHO-
CUTh K nepMcKoil cucteme. Ha 3Tom aTame Obu1o Takxke
BBUSICHEHO, YTO Ha Ypajle HIKHENEePMCKHE OTIIOXKEHUS
coOpaHbI B CKIIAJIKH, a 3alaIHee OHU 3aJIETal0T MOJIOTO C
o61muM morpyxenuem ot Ypana. Toraa ke B.U. Memnep
Ha 3TOM HOTpyXeHUU B 1869 I. yCTaHOBUI OIPOMHYIO 110
npoTsbkeHHOCTH (0T XpeOTa Kapa-Tay go r. Kynrypa) an-
TUKIHHATE Y PUMCKOr0 IUIATO C BBIXOJOM B CBOJIE ap-
TUHCKHX M YaCTUYHO CAaKMAapCKUX OTJIOXKEHWH (Torna
CUMTAJIOCh — IOPOA KapOoHa).

CucreMaTH4ecKOe IreoIOrMYecKoe HCCleI0OBaHUEe TPo-
MBILUIEHHBIX paiioHOB Ypana, HauyaBiieecs ¢ 1920-x rr.,
3HAMEHYET HACTYIJIEHUE TPEThEro 3Tana HU3y4eHHOCTH
(1922—-1937 rr.). Ha 3TOM »3Tane B HUKHEMEPMCKHUX OT-
JIOXKEHUSX OBLIO OTKPBITO OTPOMHOE IO 3amacam Bepx-
HEKaMCKO€ MECTOPOXIECHUE KaJUiHO-MarHUeBbIX COJei
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u niepBoe B Bonro-Y panbckoit HeTera30HOCHOW MPOBUH-
un Bepxuae-UycoBcKoe MECTOPOXKICHUE HEPTH B TIOPOIAX
apTUHCKOro Apyca. [Ipor3BonMIOoCs paciiupeHre OMCKOB
yrieil Ha 3anagHoM Ypaie, HaunHajach paboTa 1o Mmpoek-
TUPOBAHUIO THUAPOTEXHUYECKUX coopyxkeHuil Kamckoro
kackaga ['DC. Hawanom 3TOro srama MOXHO CUHTATh
1922 r., xorna cocrosutock IlepBoe Beepoccuiickoe coBe-
[IAHKUE T'e0JI0roB, Ha KoTopoM M.D. HomHckuM ObL10 000C-
HOBaHO PyKOBoOJsIIee 3HaueHne hopamuaudep poaa Lsa-
repuH (Schwagerina) st ctpaturpaduu HIDKHEH TIEPMH.
B oTu rompl OBUIO BBIAENCHO OONBIIMHCTBO IETATBHBIX
cTpaTurpauIecKuX IMOAPA3ICICHAIN: CBUT, TOPH30HTOB U
SIPyCOB, HO HE BCE U3 HUX B JATHEHIIIEM ObUIN MPHHSATHL

Crpaturpaduu OTIOKEHHH IOCBAIICHBI PabOTHI
I'.H. ®penepuxca, M./I. 3anecckoro, H.II. ['epacumona,
B.E. PyxxeHueBa. IMEHHO Ha 3TOM 3Talle NaJCOHTOIOTH-
yeckumu uccienoBanusiMu (I.A. Jytkesuy, C.A. Ocuros,
J.M. Pay3ep-UepHoycoBa u ap.) Obi1a 000CHOBaHA Tpa-
HUIIA NEPMCKUX U KAMEHHOYT OJ1bHBIX OTI0XeHui. B.E. Py-
eH1IeB B 1936 r. BbICTIIT CAaKMapCKUi sIpyC, Ha3BaHHBIN
o p. Cakmape, IPUTOKY p. Ypall, Ille pacloiaraercs ero
crpatorui. Ha ocHOBaHWMM 3TOrO BBIIEICHUS TO3HEE ObLI
COKpaméH OO0BEM HIDKHEH YacTH apTHHCKOrO spyca.
Hawnbonee MHTEpEeCHBIME JOCTIDKCHHSMH 3TOTO BPEMEHHU
ObLIM MCCNEeOBaHMS (DaIMaTbHBIX 3aMEIICHUHA apTUHCKIX
TEPPHUTEHHBIX TIOPOJT KapOOHATHBIMU U OIPENETICHUE CBOC-
00pa3HBIX JIMH3 MACCHUBHBIX OPraHONEHHBIX OpaxHoIo-
JIOBO-MIITAHKOBBIX M3BECTHSIKOB, KAK UMCIOIIHUX PUPOBYIO
npupony (apruHckue Ouorepmbl). B mepBoi monoBuHe
1930-x IT. U3 apTHHCKHX M3BECTHSKOB HAayallkd JOOBIBAThH
KOHLIEHTPUPOBAHHbIE CEPOBOIOPOIHBIE BOMBI U3 CKBAYKHH.
Ha 0a3e 3Tux Boja ObLIM OTKPBITHI 3HAMEHUTHIE HBIHE KY-
poptbl «Kimtoun» u «Y ctb-Kaukay.

C pacmmpenus U JeTajau3aliy reoJioropasBeJoOuHbIX
paboT 1o moruckaM He(TSHBIX MECTOPOXKICHHS H JTOPa3-
BEJKM MECTOPOXKICHHUS KaJUiHO-MarHUEBBIX COJIEH, C
1938 r. Hayascs YeTBepThI 3Tall U3yUEHUS HHXKHEIEepM-
CKUX OTNIOKeHMH. Ha 3TOM »Tame cTainu akTUBHO MpUMe-
HATH TeOPU3NUECKHE UCCICTOBAHUS, KAK B CKBaXKHHAX,
TaKk W B MPOBEICHUM IUIOMIAMHBEIX pabor. B 1949 .
B./l. HanuBkuH BBIIENAET B apTUHCKOM sipyce OypreB-
CKHIl, UPrUHCKHWI, CAPrMHCKMN M CapaHWHCKHUI TOpu-
30HTHI. CapaHUHCKHI TOPU30HT OBUT BBEIICH MM B Kade-
CTBE BEPXHEro 4jeHa apTHHCKOro Apyca, KOTOPbIil BKITIO-
9ay B ce0sl KaMaiCKyIO CBUTY, BEPXH IUBbUHCKOM CBUTHI,
CBUIBEHCKHE PU]BI, HIypTAaHCKHE MEpPreiau U (PUIUMIIOoB-
CKyI0 cBUTY. TeM He MEHee B NalbHEHIIEM (PHIIHIIIIOB-
CKU{ TOPU3OHT OCTAJICS B COCTABE€ HUKHEW 4acTU KyH-
rypckoro sipyca. bonpmum noctmxkennem B.JI. Hanus-
KrHa OBUIO BBICNCHUE UM PU()OBBIX MACCHBOB, Pa3ind-
HBIX 110 prh000pa30BaTENSIM M BO3PACTY: TyBaHCKHX (CaK-
MapCKUX), CAPTUHCKUX U CBUIBEHCKUX (ITO3IHEAPTUHCKO-
CapaHMHCKHUX), PACHONAralolIMXcsl B BUAE MOJIOC, CMEHSI-
IoLMX Ipyr npyra Ha 3anan [Hamuekux, 1949]. B konue
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3TOrO Meproia ObLTH MPHUHATH YHUPUIUPOBAHHBIE CTpa-
turpaduaeckue cxeMsl mo Pycckoit miatdopme u Ypay.
[epBrle uTONOrO-NMaNEOreorpadIeckue KapThl OTIIOKE-
Huii coctaBiieHbl M.M. Tonctuxunoii, B.J[. HanuBku-
HbiM, E.H. JlapuoHoBoii. 3HaunTeNnbHBIN BKIIaJ B BbIAETIE-
HUE JIETAJIbHBIX CTpaTUrpapUyecKux Mmoapas3nesieHui, Ta-
KAX KaK TOPU3OHTHI, CBUTHI W IAYKU, BHECIH pPabOTHI
H.IL I'epacumosa, .M. Paysep-UepnoycoBoii, B.II. 3o-
noroBoii, B.B. [leBunrrans u np. C 1962 r., cnenys pexo-
MEHJAMSIM MeKBEIOMCTBEHHOTO CTPAaTHUTPapHIECKOro
KOMHTETa, HIDKHEenepMckue omioxeHus Kamckoro [pu-
ypalibsi IPHOOPENTH COBPEMEHHYIO CTpaTA(DHUKAIHIO, TIOA-
pa3zensisich (CHU3Y BBEPX) Ha acCENbCKHUMA, CAKMapCKHid,
apTUHCKUN U KyHTYPCKHH SPYCHL

[IaTe1il 3Tan WccneaoBaHUM HMYKHEIEPMCKUX OTJIO-
xeHul Havyancs B 1964 r. B ator nepuon codpana 60ib-
mrast maopmanus o [IpeaypanbckoM nporude u mepemo-
BBIX CKIIaJKaX Ypana, Obul peli€H BOIMpOC O TEPPUTeH-
HBIX (popMalMsIX HUXKHEH MepMU KaK O COOTHOIICHUU
TEPPUTCHHOrO (IIMIIA ¥ BEPXHEH MOPCKOW MOJACCHI.
Bonpimold BkIam B ymopspoduBaHHWE CTpaturpaduu
Baecnu I1.A. Codponnnkuii, B.I1. Topckuii, E.N. Tux-
BUHCKasA. PayHUCTHUYECKHE MCCIEIOBAHUS MPOBOAUIII
J.M. Payzep-Uepnoycosa, B.I1. 3onoroBa, E.A. I'ycena,
B.I1. Oxrubecos u ap. [Payzep-Uepnoycosa, Uysamios,
1980]. MHorue uccnenoBaHus ObUIH MTOCBSAIICHBI BOITPO-
caM JTUTONOro-(pauabHOr0 CTPOCHUS OTIIOXKEHUH, KO-
TOpble ocBelleHbl B craTbsix A.A. O6opuna, B.3. Xyp-
cuka u A.Il. Hlupurakuna [O60puH, Xypcuk, 1973; 1lu-
puHKuHa, Xypcuk, 1974; Xypcuk, 1976]. Tak, no apTun-
ckomy spycy umu Juist [lepmckoro [Ipenypanbs ObL10 BBI-
JIeJIEHO CeMb THIIOB paspesa ¢ 3amaja Ha BOCTOK: 1) aH-
TUAPUTOBBIN; 2) aHTUIPUTOBO-IOJIOMUTOBBIN; 3) U3BECT-
HSAKOBO-ZOJIOMUTOBBIH; 4) 10TOMUTOBO-U3BECTHIKOBBIH
CIIONCTBIN; 5) IOJTOMHTOBO-U3BECTHSIKOBBIA pU(OreH-
HBIii; 6) IIMHUCTO-KapOOHATHBIN; 7) KapOOHATHO-TEPPU-
TEHHBIA U TEPPUTECHHBIN.

Crnenyromuit (mecroii) stan Havancs ¢ 1991 r. Tax,
JIETOM 3TOrO XK€ roja ObLI MPOBENEH MEXITYHApPOIHBIN
koHrpecc «llepmckas cucrema 3eMHOT0O mIapa», K KOTO-
poMy ObLTH 00OOIIEHBI CBEACHUS MO TEOJIOTUH U H3/IaHbI
MyTeBOAUTENN U COOpHUKH NOKIAnoB [CodhpoHUIKHIA,
Oxrubeco, 1991; Osxrubdecos u ap., 1991]. Bonpocsr
CTpOCHHS OTIOKEHUH paccMoTpeHbl B padorax B.B. Uy-
BamoBa, ['.A. Musenca, B.Il. OxrubecoBa [MuseHc,
1997; Uysamos, 1998; Oxrudecos, 2000; Exnakos, Ky-
gyuHa, 2014]. Beinuia B cBetT MOHOrpadus, MOCBAMIEHHAS
Kynrypckomy Ilpenypansio [Ilonomapesa u np., 2017].
BrocrpaTurpadus apTHHCKAX OTIIOKEHHH paccMOTpeHa
B paborax [".B. Kotmsip, b.U. 'ony6esa, B.B. UyBamosa
u np. [UYysawos, Jronuna, 1973; Uysamos, 1997, 2001;
Borocnosckas, I'pynt, 2004; T'ony6es, 2004; Kotmsp u
ap., 2013; Meruko, Anekcees, 2017]. Cnenyer Taxxe oT-
METHTH Tajeo0oTaHnYecKue 1 GuTocTpaTurpaduyeckue

padorsr C.B. Hayromeueix [Hayromeneix, 2007;
Naugolnykh, 2018; Hayronsusix, JInakesny, 2020] u np.

KpaTKne CBECACHUSA 0 I'COJTOr'H4€CKOM CTPOCHUH

Uccnenyemas miomans B aIMUHUCTPATUBHOM OTHO-
LIEHUH pacIoyiokeHa Ha TeppuTopuu JIBICEBEHCKOrO,
BepesoBckoro, KyHrypckoro pailOHOB IOTrO-BOCTOYHOM
yactd U OcuHCKOro, YacTHHCKOrO I0ro-3anajHoil yactu
[epmckoro kpas. Paiion paboT oTHOCHTCS K OacceiHy
Kawmp1, YycoBoii, JIbiceBbl 1 ChLIBHI (pUC. 1).

B TexToHMYECKOM IJIaHE OHa pacrojo)KeHa Ha rpa-
HUlle Ypaibckod ckiamayaTod obmactu Ilpenypais-
CKOT0 KpaeBoro mporuba u BocToka Bocrouno-EBpo-
neiickoit mnardopmer (BEIl). Ha maeBHyIO moBEepX-
HOCTb B pallOHE UCCIIe0BAaHUS BBIXOIAT OTI0KEHUS ap-
THHCKOI'0, KYHTYpCKOTO H ydumckoro spycoB. Co-
TJIACHO TIPHHATOW cTpaturpaduueckoir cxeme [Pemre-
HUE..., 1990], c mocranoBnenrneM MexXBeIOMCTBEHHOTO
crpaturpaduaeckoro komuteta Ne 30 [IToctaHOBIECHHS
MCK..., 1998] OypIieBCKHA, MPTHHCKUI W CAPTHHCKHIMA
TOPU30HTHI OTHOCATCS K apTHHCKOMY, a CapaHUHCKUH,
(GWIANTIOBCKAN W UPEHCKUAN TOPH30HTHI — K KYHTYp-
CKOMY SIpyCY HUXXHErO MpUypajibCKOro OTHejda MepM-
CKOH cucTeMsbl (puc. 2).

bypyesckuii copuzonm Ha3BaH 110 nepeBHe byplieBka,
pacmoniokeHHOH B paiione p. HOpro3aHb, NpUTOKa
p. Y1, B Peciybnuke bamkoproctan [Bepemarus,
1977]. 3aneraer corinacHO Ha CTEPIUTAMAKCKOM TOpH-
30HTE caKMapcKoro Apyca. CloxeH U3BECTHIKaMH C IPo-
ciosimu Mepreneid. Momnocts 10 200 M.

Upeunckuil 2opuzonm Ha3BaH 1o p. Mpruna, npuTok
p- CouiBa Ha r1oro-Boctoke Ilepmckoro kpast. 3aneraer co-
TJIACHO Ha HIDKENEXKaleM ropu3onte. V3BecTHsKU TyO0-
KOBO-MIIIAaHKOBO-(Y3YIHHHUIOBEIEC, PEKE KPUHOHIHBIC,
OOBIYHO CIIOWMCTHIE W CHJIBHO OKPEMHEHHBIC, MECTaMHU
MacCHBHBIC pU(OTeHHBIE OPaxMONOI0BO-MIIAHKOBHIE
(«BommMckue» pudbr). Mexy pudamu pa3BuTa TUBHHH-
ckas cButa. MourHocTs 10 210 M.

Capaeunckuii 2opuzonm ObLI BeIeNeH DpeaepuKkcoM B
1925 r., masBau o p. Capra, nputok p. YsI, Pecy6-
nuka bamikoproctaH. 3aneraer corjiaCHO Ha HPrUHCKOM
ropu3oHTe. CapruHCKUIl TOPU30HT MPEACTABIEH IBYMS
(danusMu: MEIKOBOJHO-MOPCKOH (Kamalckasi CBUTA),
pudoBoit (capruHckue prudbl) ¥ MEKpU(POBOH (TUBBHH-
cKas CBUTA). MeNKOBOIHO-MOPCKOM THII pa3pe3a mpen-
CTaBIICH KapOOHATHBIMH OKPEMHEIBIMU W TIMHHCTBIMH
pa3HOCTSIMHU.

Crnoxensl pu¢sl H3BECTHIKAMH OpraHOICHHBIMU, Ya-
CTO OpEKYNCBUIHBIMU, U JOJIOMUTAMA. MOIIHOCTh PH-
¢oB ot 30 10 400 M. Mexny pudamu 1 Hag pudamu pas-
BUTBI IOPO/Ibl AUBHUHCKON CBUTHI — IIMHUCTBIE U3BECT-
HSAKH, MEpreiiy, apriyiuThl. MOIHOCTh CBUTHL OT 12 10
130 m.
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Puc. 1. MecTonoJioxeHnne u3y4aeMbIX pa3pe3oB

1 — pacnonoxeHne paiioHa MCCIECIOBAHUS, 2 — PACIIONOKEHUE TEONIOrMYECKUX Pa3pe3oB; 3 — pparMeHT TeKTOHnIecKol cxeMsl [lepm-
CKOTO0 Kpasi ¢ JIMHNeH peruoHansHoro npodus [Oxrudecos, 2000; [loromapesa u np., 2017]. YcnoBHble 0003HaYeHHS: a, b — TOpoaa;
¢ — pexu; d — TOYKM CKBAXKUH U JTMHUS TPOQIILST; € — TeOIOrMIecKUe pa3pe3sl; f — rpaHUIIbI TEKTOHMYECKUX CTPYKTYP

Fig. 1. Location of the studied sections

1 — location of the study area; 2 — location of geological sections; 3 —a fragment of a tectonic map of the Perm Region with a line of the
regional profile [Ozhgibesov, 2000; Ponomareva et al., 2017]. Legend: a, b — cities; ¢ — rivers; d — borehole points and profile line; e —
geological sections; f— boundaries of tectonic structures

Capanunckuti eopusonm Ha3BaH 1o p. CapaHa, npu-
TOK p. Y b1, CBepuIoBCcKast 00J1aCThb. 3aJIeraeT CorliacHO
Ha CaprHHCKOM TOPU30HTE U COIJIACHO MEPEKPhIBAETCS
(WIMIITIOBCKUM TOPH30HTOM KYHT'YPCKOTO sipyca. meer
B CBOEM 00BEMeE JIBA JINTOIOTUIECKUX KOMILIEKCa: pUQO-

BEI (CBUIBCHCKAasl CBUTA) U MEXpU(DOBBIA (TIMHHUCTO-
JIETPUTOBbIE HW3BECTHSAKA UM MEpreid ILIypTaHCKOH

cBUTH). VlHOTIa B OCHOBAaHWH €T0 BBIMOIHIIOT BEPXH
IUBBLUHCKOH CBUTEHL. MomHocTh 10 150 M.

ABTOpBI HACTOSIIETO HWCCICAOBAHUS MPUHUMAIOT
cTpaturpaduueckyro cxemy [Pemenue..., 1990] B kaue-
cTBe OCHOBHOU Jtst pabotel. Ha Gonpmieit actu Ilepm-
CKOTO Kpasi, rae omocTpaturpaduueckoe BEIICICHHIE ca-
PaHHHCKOTO TOPH30HTA II0 CKBAXXHHAM HEBO3MOXKHO,
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KPOBJISI apTUHCKOT'O sIpyca OTOMBAeTCs 0 moomBe (u-
JINTIITOBCKOT O TOPU30HTA, C YCIOBHBIM BKIIFOUEHUEM cCa-
PaHUHCKOTO TOPU30HTA B COCTaB ApTHHCKOTO spyca MO
crpartudukaryu B.J]. Hanuekuna.

HwxHenepMckue ocagoyHble TOJIIM, CIATarOMINe
[pemypanbsckuii mporud u ero ooOpaMIICHUE, XapaKTePH-
3YIOTCSl 3HAYUTEIBbHOM HW3MEHUYMBOCTHIO JIUTOJOTHYE-
CKOT'O COCTaBa, YTO CBSI3aHO C OCOOCHHOCTSMH MAJeO-
reorpaduu B paHHernepMckoe Bpems. [1o pesymnpraTam
aHalm3a BCEr0 Pa3sHOOOpas3ds TUTEPATYPHBIX U CKBa-
JKHHHBIX JAHHBIX aBTOPAaMH BBIIEIECHO BOCEMb THIIOB

pa3pe30B apTHHCKOIO sIpyca ¢ BOCTOKA Ha 3amaj B BUJE

30HAJIBHBIX TOJIOC CYOMEpPHIMOHATBLHOI0 TPOCTHPAHHUS
(puc. 2, 3).
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Puc. 2. JIntosoro-crparturpaduyeckuii npoduiib paiiona uccjien0BaHus
Twurst pa3zpe3os: 1 — rpy000010MOYHEIH; 2 — KapOOHATHO-00IOMOYHBIH; 3 — MIMHUCTO-KapOOHATHEIH; 4 — IOJIOMHTOBO-M3BECTHIKOBBII
PpUOTreHHBIH; 5 — TOJIOMUTOBO-M3BECTHIKOBBIA CIIOMCTHIN; 6 — N3BECTHIKOBO-TOJIOMUTOBBIH; 7 — aHTHIAPUTOBO-IOJIOMHUTOBEII; 8 — aH-
ruapuToBsli. [lonmucn cBUT B KpyKKax: | — IUBBHUHCKAS; 2 — Kamaiickas; 3 — ypmuHCKast; 4 — mypraHckas. Ocaodssie moponsl: 1 —
KOHTJIOMEPATHI ¥ TPABEIINTHI; 2 — IECYIaHUKHU C IPOCIOSIMH aJIeBPOIUTOB; 3 — apTMLINTHL; 4 — TIECYaHHUKH C IIPOCIIOSMH aJIEBPOIUTOB U
KapOOHATHON OpeKkdneii; 5 — M3BECTHAKH; 6 — U3BECTHAKN OKPEMHEHHBIE; 7 — U3BECTHSIKH TTIMHICTHIC; 8 — OpeKInH KapOOHATHBIX ITOPOJ;
9 — meprens; 10 — 1OIOMHT U3BECTKOBUCTHIN; 11 — momomur; 12 — nomoMuts! cynsdarnzupoBanHsle; 13 — anrunpursl. Ctparturpadude-
ckuit iepepsiB (14). Pudocrponrenn: 15 — popamunudepsr; 16 — 6paxnononst; 17 — mmanky; 18 — kpunonngen; 19 — crpoMaTonuTsL;

20 — U3BECTKOBHCTHIC BOIOPOCIH

Fig. 2. Lithological and stratigraphic profile of the study area
Types of sections: 1 — coarse clastic; 2 — carbonate-detrital; 3 — clayey-carbonate; 4 — dolomite-limestone reef; 5 — dolomite-limestone
layered; 6 — limestone-dolomite; 7 — anhydrite-dolomite 8 — anhydrite. Signatures of the suites in circles: 1 — Divyinskaya; 2 — Kamayan;
3 — Urma; 4 — Shurtan. Sedimentary rocks: 1 — conglomerates and gravelstones; 2 — sandstones with siltstone interlayers; 3 — mudstones;

4 — sandstones with siltstones and carbonate breccias; 5 — limestones; 6 — silicified limestone; 7 —

clayey limestones; 8 — breccias of

carbonate rocks; 9 — marl; 10 — calcareous dolomite; 11 — dolomite; 12 — sulphated dolomites; 13 — anhydrites. Stratigraphic break (14).
Reef builders: 15 — foraminifers; 16 — brachiopods; 17 — bryozoans; 18 — crinoids; 19 — stromatolites; 20 — calcareous algae

1. Ipyboobromounviti mun paspe3a (ypMUHCKas
cBuTa). PacnipocTpaHéH B BuJie aHKJIAaBOB B CEBEPO-3aria-
HOI 4YacTh 3arajHo-YpaibCKOM CKJIa4aTo-Ha[BUTOBOU
30HBI ¥ Ha OOIIMPHOHN FOro-BocTouHON Yactr FOpro3aHo-
ChUIBEHCKOHM BIAJMHBI. YpMUHCKAsL c6Uma BBIJEIEHA
M.B. KpyrnoseiM B 1933 1. B 3anagnom [lpuypanse u
HazBaHa 1o ceiny Ypwmsl, p. Cbuisa. [IpencraBieHa KOHIIIO-
MeparaMu, TPaBeTUTaAMH, TECUaHUKaMH, aJeBPOIUTAMH,
aprisumTaMu U Meprersamu. Mormsocts ot 200 1o 500 M.

OOJIOMOYHBIMH ~ OTJIOKCHHSIMH ~ TIPEACTaBJICH HE
TOJIBKO aPTUHCKUU SIpyC, HO U BECh IPUYPATbCKUIA OTAET
MEPMCKOI CUCTEMBI M YaCTh BEPXHEro OT/Aeja KaMEHHO-
YTOJIBHOM CHUCTEMBI. JINTONIOTHYEeCKH MPECTaBIIeH KOH-
rJIOMepaTaMH U OpPEeKYHSIMH, COCTOSIUMH U3 OOJIOMKOB

KapOOHATHBIX, TEPPUTCHHBIX, MArMATHYECKIUX U MeTa-
Mopduyeckux mopoxa. M3-3a OTCYTCTBHS KaKHX-JIHOO
JTAHHBIX O MOJIOKCHUH HUKHEH 1 BEpXHEH TpaHHUI] apTHH-
CKOT0 spyca HEBO3MOXKHO MOJPAa3AeNUTh €ro Ha TOpH-
30HTBI U OIPEACIUTE €ro UCTUHHYIO MOIIHOCTh B 00JI0-
MOYHOM THIIE pa3pesa, MPeIoI0KUTEIHLHO OHa COCTaB-
nsiet He MeHee 1 960 M 110 TaHHBIM TIIyOOKOro OypeHusl.

2. Kapbonammuo-obnomounwitl mun paspesa. I[1o coctaBy
CJIATaroLIMX TOPOJ MOAPa3AeIeTcs Ha JIBE TOMIH: TOMILY
00JIOMOYHBIX TIOPOJ] — «YPMHHCKYEO CBHTY» H TOJIIY
OKPEMHEHHBIX  KPUHOHJIHO-MILIAHKOBBIX  HM3BECTHSKOB.
Tomwya 0b6n10MOuHBIX NOPOO — YPMUHCKASL CBUTA TI0 COCTaBY
CJIaTaroLMX MOPOJI TTOIpa3IesisieTCs Ha 1B YaCTH: HHXKHIOIO
(TJIMHUCTYIO) U BEPXHIOIO (AJIEBPOIIMTOBO-TIECYAHUKOBYIO C
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JIMH3aMU KOHIJIOMEPAaToB). MoLIHOCTh cocTasiser ot 80 10
660 M. Kapbonamnas monuja KPUHOUIAHO-MIIIAHKOBBIX 3~
BECTHSIKOB PaclpoCTpaHeHa B BOCTOUHOM rooBuHe [pey-
paybCcKoro mporuda. B KpoBIie TONIIM 9acTo 3aJIeraloT BO-
JIMMCKUE OPTaHOTeHHBIE TOCTPOMKH, TIEPEXOIIIHE TIO TIPO-

[<er]-2
—]-3
—-4
|—]-5
-6
[ )7
. |8
O
I -10
-1
12
[ ]-13

CTUPAHMIO B TMEPEXOIHYI0 MauKy, MPEACTaBICHHYIO Tepe-
CJTauBaHUEM TEMHO-CEPBIX CUIIBHO TIIMHUCTHIX U3BECTHSIKOB
" Meprened ¢ m3BecTHsakaMu. MorrHocTs ot 15 710 20 M, B
Y4YaCTKax Pa3BHUTHS BOIUMCKHUX PH()OB MOXKET MPEBHIIIATH
150 m.

ycomai

Puc. 3. KapTa THIOB pa3pe3a apTHHCKOIO0 SIPyca, COCTABJIEHHAS MO Pe3yJIbTATaAM 0000IIeHNS TAHHBIX
Pa3BeI0YHOr0 H MOMCKOBOTO OypeHuUst

VYcnoBHbIE 0003HAYECHUS: KPACHBIM KOHTYpOM Irpanuna Ilepmckoro kpast; 1 —ropoaa; 2 — BomoeMsl; 3 — peku; 4 — IpaHHIIbI TUIIOB pa3pesa;
5 — TeKTOHHYIECKHUX CTPYKTYp. THIEI pa3pe3oB: 6 — rpy0000I10MOUHEIH; 7 — KapOOHATHO-00JIOMOYHBIH; 8§ — IIIMHUCTO-KapOOHATHBIN; 9 —
JIOJIOMHTOBO-U3BECTHIKOBBINA pU(OreHHbIH; 10 — M0IOMHUTOBO-N3BECTHAKOBBIN CIIOUCTHIH; 11 — M3BECTHIKOBO-TOIOMUTOBBIN; 12 — aH-
THIPUTOBO-OIOMUTOBEIH; 13 — aHruapuroBerid. CokpamieHus: TeKTOHnIeckux CTpykTyp: B3/l — BsiTckas 3ona mucnokarmii, BKB —
Bepxuekamckas Brnaguaa, L{YI1 — HenrpansHo-Ypanbckoe nopustre, bC — bamkupckuit ceon, BiuicM — Bucnmckas MoHokimuHab, C —
Bepxueneuopckas genpeccust, KOC/] — FOprozano-CruiBenckas aenpeccust, KUC — KocsBuncko-Uycosckast cemiopuna, KonC — Konsun-
ckas cemiouHa, Con/l — Conmukamckast nenpeccust, KC — Kamckuit ceon, baC — babkunckas cemnosuna, BKM — Bemmcko-Kynrypcekas
MoHokIuHaMb, [1C — [Tepmckuii cBon, PakC — PakmmHckas cemioBiHa

Fig. 3. Map of the types of the section of the Artinsky stage compiled based on the results of generalization
of data from exploration and prospecting drilling
Legend: the border of the Perm region is outlined in red; 1 — cities; 2 — reservoirs; 3 — rivers; 4 — boundaries of section types; 5 — tectonic
structures. Types of sections: 6 — coarse clastic; 7 — carbonate-clastic; 8 — clayey-carbonate; 9 — dolomite-limestone reefogenic; 10 —
dolomite-limestone layered; 11 — limestone-dolomite; 12 — anhydrite-dolomite; 13- anhydrite. Abbreviations of tectonic structures: B3] —
Vyatka dislocation zone, BKB — Verkhnekamsk depression, LIVII — Central Ural uplift, BC — Bashkir arch, BucM — Visim monocline,
BucM — Upper Pechora depression, FOCJI — Yuryuzano-Sylven depression, KHC — Kosvinsko-Chusovskaya saddle, KonC — Kolva saddle,
ConJl — Solikamsk depression, KC — Kama arch, baC — Babkinskaya saddle, BKM — Bym-Kungur monocline, [IC — Perm arch, PakC —

Raksha saddle
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3. Tnunucmo-xkapbonamuulil mun paspe3a pa3BuUT B
3amagHbix yyacTkax Ilpemypanbckoro mporuba. Paspes
clIoXeH B ceBepHoW uwactu llepmckoro kpast (CHU3Y
BBEpX): TOJILEH OKPEMHEHHBIX KPUHOUIHO-MIIIAaHKOBBIX
HM3BECTHIKOB MOIIHOCTBIO OT 82 10 220 M; TOIIICH IiIu-
HUCTBIX 3€JIEHOBATO-CEPhIX M3BECTHSIKOB M JIOJIOMHUTOB
OT MepBhIX MeTPpoB J10 40 M; Tommieit kKapOOHATHO-TITUHH-
CTBIX MOpoJ (AuBbUHCKas cBUTa) OoT 11 10 85 M. Paspesst
TIIUHUCTO-KapOOHATHOTO THIA TOAPA3ICISIIOTCS HA JIBE
TOJIIYU: KapOOHATHO-TIMHUCTYIO (IMBHUHCKASI CBHUTA) U
KapOoHaTHYIO. /[ugvbunckas ceuma Ha3BaHA IO TOpE
Husbs BOnm3u r. Kpacnoydumcka CepmioBckoil obia-
ctu. [IpencraBneHa MeprensMu, aprujUIMTaMH € IPOCIIO-
SIMM TJIMHUCTBIX U3BECTHSIKOB. B pa3zinuHbIX cOOTHOIIE-
HUSX 3aHAMAET CTpaTHTpadUICCKHIi OypIIEBCKO-CapTriuH-
CKHMI BO3pacTHOM AMamna3oH. MOIIHOCTh JAWBBUHCKON
CBUTHI H3MEHSIETCS OT MePBEIX MeTpoB 10 100 M u Gonee.
Tax, nmo uccnenoBanHoii 3ysaTckoi ckB. 217 oHa mocTu-
raer 249 m. Ha 3amagHOM KpbLTe Iporuda B mojoce pas-
BUTHUS TUBBUHCKOW CBHUTHI PacIPOCTPaHEHbl OpraHOreH-
Hble TIOCTPOWKH, BBIJENSEMbIE B TPYIIY CAPTUHCKUX
OonorepmoB. CBHTa YaCTHYHO OXBATHIBACT W JOJIOMH-
TOBO-H3BECTHSIKOBBIN pU(OTeHHBIN THI pa3pesa.

4. JlonomMumoso-uzeecmusakosvlll puhocenHblil mun
paspe3a pacnpocTpaHEH B 30HE cowieHeHus: BocTouyHo-
EBpomeiickoit matdopmsl 1 [Ipegypanbckoro mporu6da B
nooce mupuHoH 20—50 kM. ApTHHCKHE pU(BI (CBUTBEH-
cKue puQBbl) 3aIeraroT Ha TOJIIE OKPEMHEHHBIX U3BECT-
HSKOB 1 JIOJIOMUTOB KaMalCKOW CBUTHI.

Kamaiickas ceuma Beinenena B.J[. HanuBkuHbIM B
1949 r. u Ha3Bana no nepesHe Kamau, p. CouiBa. Ctpa-
TUTpaUIECKd COOTHOCHUTCS C CApTHHCKHM T'OPH30H-
ToM. CBUTa MNpeACTaBlieHa MepeciauBaHUEM OKpeMHe-
JIBIX U3BECTKOBUCTBIX JTOJIOMHUTOB U JTOJIOMUTOBBIX H3-
BECTHSIKOB C TTIMHUCTHIMU pociosimu (5—10 cm). Momr-
HocTh OT 30 10 90 M.

Coinsenckas céuma NMpeacTaBiieHa CHUIBEHCKUMU Op-
TaHOT€HHBIMU TIOCTPOWKAMHM, CIIOKEHHBIMH CBETJIO-Ce-
PBIMU C KOPUYHEBATHIM OTTEHKOM M3BECTHSKaMH, Opra-
HOT'CHHBIMU WM PU()OTeHHBIMI OpPaxMOMOIOBBIMU, TIE-
JIUIUIOA0-MIIaHKOBO-BOAOPOCIIEBBIMU  CAPAaHUHCKOT'O
Bo3pacTa. MomHocTh 66 M.

Mexpudosass Qanus mpeacTaBieHa TIUHHCTO-IET-
PUTOBBIMHM HM3BECTHSIKAMH W MepreisiMu (uypmauckas
ceéuma). Momnocte or 250 nmo 300 m. Hlypranckas
CBHTAa, Ha3BaHa 1o p. [llypran, nputok p. Upruna Ilepm-
ckoro kpas. OTHOCUTCSI TaKK€ K CapaHMHCKOMY TOpH-
30HTY. OTJIOKEHUS IIYPTAaHCKOW CBUTHI 3aIIOJHSIOT MEX-
pudossie mpoctpancTBa. CII0KEHBI U3BECTHIKAMH K-
TOBATO-CEPHIMH W CBETIIO-CEPBIMH IEIUTOMOP(OHBIMU
TOJICTO- U TOHKOCJIOUCTBIMH, C IIPOCIOSMHU U3BECTHSIKOB
KPUHOUIHBIX C pa3JaBICHHBIMA PaKOBUHAMHU TEIHULIHU-
o ¥ Opaxuomnoj. MomHocTs 525 M.

Tunsl pa3pe3oB 5—8 mpencTaBieHbl HepacuJeHEH-
HBIMH MHTEpBaJlaMH pa3pe3a apTHUHCKOrO sipyca, BCKPbI-
TBIMH TOJIBKO TITyOOKMMH CKBa)KHHAMH B 3alafHOW Ya-
ctu kpast. [lo HeKOTOpEIM MpH3HAKaM (Hammgue 0a3aib-
HBIX OpeK4Hii) B apTHHCKON TOJIIIE N0 HAIPABICHHUIO C
BOCTOKa Ha 3aIaj YBEIHYUBACTCS YHCIO BHYTpUpOpMa-
LIMOHHBIX Pa3MbIBOB.

5. Jlonomumoso-u36ecmusiKo8biil CIOUCIbLL MUN PA3-
pe3a. Pa3BuUT K 3analy OT IOJIOCHI pacpOCTPaHEHHUS ap-
THHCKHX pU(oB. CIIOKEH MepeclanBaHUEM pPa3IMYHBIX
M3BECTHAKOB C MOAYMHEHHBIMHU MPOCIOSIMHU J0JIOMHUTOB,
BCTPEUAIOTCAd OKPEMHEHHBIE MporiacTku. KomuuecTBo
M3BECTHSAKOB B pa3pe3e YBEIMYMBAETCS B BOCTOUHOM
HAIIPaBIICHUH, OHU CTAHOBSTCS MpPeoONaNaloIed mopo-
noii. [ToBceMecTHO HAOMIOIAFOTCS BKIIFOUSHHS THIICA, aH-
TUAPUTA, KPEMHS, @ B BOCTOYHBIX pa3pe3ax — OKPeMHEH-
Hble rpociiod. MoiHocTs ot 80 10 200 M.

6. U3zeecmHsaKo680-0010MUmMogblll mun paspes3a pas-
BUT Jlajiee K 3amajay ¥ IpeAcTaBjeH JI0JOMUTAMH C MO~
YMHEHHBIMU TPOCIIOSIMU  U3BeCTHsKa. IloBcemecTHO
HAOJIONAIOTCS BKIIIOUCHHS THIICA, aHTHAPUTA, KPEMHS.
Mormurnocts oT 40 10 80 M.

7. Aneudpumoso-00i0Mumosslil mun pazpe3a Pa3BuT
3amajiHee B BHJIE MTOJIOCH CyOMEepHINOHAIEHOTO IPOCTH-
panus. ['paHUIIBI ApTUHCKOrO sipyca B JaHHOM THUIIE pa3-
pe3a JIOBOJBHO YCIOBHBI. J[0JOMUTOBBIE IPOCIOU CO-
craBisioT 40-50 % paspes3a U B ceBEpHBIX pa3pe3ax Ts-
TOTEIOT K KPOBJIE, a B FOXKHBIX pa3pe3ax — K MOJOILIBE U
cpenxeii yactu spyca. Momnocts ot 30 10 80 M.

8. Aneudpumoswlii mun paspesa pa3BUT BIOIbL FOTO-
3amaHoN TpaHMIIbl Kpas U CI0XKEH aHTHIPUTaMH C IPo-
CJIOSIMH JOJIOMUTOB U MPUMa3KaMH [NIMH. MOIIHOCTh OT
20 10 50 m.

MarepuaJibl H METOANKA UCCJIET0BAHUS

B ocHOBY pa0OTHI TOJI0KEHBI MTOJICBBIE HCCIICIOBAHNUS
aBTOpOB, MpoBoauMbie ¢ 2008 I., OCYILECTBIISBIIUECS
MapiIpyTaMH BAOJIb JKEJIE3HOAOPOKHBIX U aBTOMOOUIIb-
HBIX IyTel. OOCIeI0BaATHCE TONUHBI PEK U CTCHKH Kaph-
epoB. B pe3ynpraTe mccnenoBaHuil OBUT COCTABICH pe-
€CTp TEOJIOTHYECKAX OOBEKTOB MO aApTHHCKOMY SIPYCY,
HaCUMTHIBAIOILMI AT pa3pe3oB, CyMMapHasi MOUTHOCTb
KOTOpbIX cocTtaBuia 400 M.

C 1eITBE0 MPOCIIEKUBAHKS JTUTO(AIMATEHON H3MEHUNBO-
CTH ¥ YTOYHEHHSI CTPOEHUSI apTHHCKOTO SIpyca F0XHOM YacTu
[epmckoro kpast OBUT IOCTPOSH PErHOHAIBHBIA TPO(QUITH,
TepeceKaromuil CyOMEpHIMOHATBHBIE 30HAJBHEBIC TTOJIOCH
JIUTOJNIOTMYECKUX TUIIOB pa3pesa JaHHOro sipyca. [lo muHun
JIEBATU CKBRXMH OH TPOTATUBAETCS MPEHMYIIECTBEHHO C
IOro-3arajia Ha CEeBEpO-BOCTOK. B TEKTOHHMYECKOM IUIaHe,
HauMHasiCh B BepxHekamckoil BhajauHe, Ipoduib mepece-
KaeT I0KHYI0 U I0ro-BocTouHyro dactu Ilepmckoro cBona,
CEBEpPHOE OKOHYAHNE BaOKWHCKOW CEeIUIOBHHEI, CEBEPHBIN
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y4acTok beMcko-KyHTypeKoi MOHOKITMHAIH, 3aKAHYHBASICh
y ceBepo-BOCTOUHOM rpaHulpl FOpro3aHo-ChUIBEeHCKOM fe-
nipeccun. [IporspkeHHocTs npodwist cocraisier 230,2 kM
(cM. purc. 1). BeiOpaHHbIe CKBaYKMHBI 00ECIICUSHBI TEOJI0ro-
reo(hU3MYECKUMH JAHHBIMH, ITPEKJIE BCETO KPHUBBIMH TaMMa-
kapotaxa (I'K), HeifitponHoro ramma-kaporaxa (HI'K), mo-
KazaHusIMH KaBepHoMeTpHH (DS), Kaxyiierocs conpoTHBIie-
must (KS), morermmana cobctBerHoi nomsipusarmn (PS), a
TaKoKe JIMTOJIOTMYECKAM OIMCAHHUEM KEpHA U IIlIaMa.

OmnucaHue reoIOTHYECKUX Pa3pe30B U KEPHA, a TAKIKE
(haruaNbHbId aHATU3 BBITOIHSIUCH C MCIIOIb30BaHUEM
mutepatypsl [Fliigel, Fliigel-Kahler, 1992; Emery, 1994;
Musenc, 1997; Einsele, 2000; Posamentier, Allen, 2000].

[ToMuMO 3TOr0, aHATU3UPOBAJIACH COBPEMEHHAs JIH-
TepaTypa IO TEOJOTMU IMEePMCKHX OTiokeHui [Lucas,
Shen, 2018; Zheng et al., 2019; Gong et al., 2020; Hen-
derson et al., 2020; Larssen et al., 2020; Silva et al., 2021;
Yan et al., 2020].

PeBy.]II)TaTI)I HCCJICTOBAHUA I'€0JJOIr'MYCCKHUX pa3pe3oB

ABTOpBI IPUBOAT KPAaTKUI CIUCOK Hamboiee mpe-
CTaBHUTENHHBIX M CTHHCTBEHHO TOCTYITHBIX TUIIOBBIX pa3-
pe30B apTUHCKOTO sipyca [lepMckoro kpasi.

Tpassmckuii kapvep (TpyOOOOIOMOYHBINA THIT pa3pesa
YPMHHCKOM CBUTBI) HAXOAUTCS B 2 KM K BOCTOKY OT TOpojia
JIbIchBa, HEMOCPEICTBEHHO BONM3M aBTOMOOMIBHOH HO-
poru JlpiceBa-O0Manka u peuku TpaBsHku. B kapsepe pa-
Hee BeNach pa3padoTka CIIEMEHTHPOBAHHBIX TPaBUITHO-Ta-
JICYHBIX OTIIOKEHHH, MPEACTABILIIONINX COOOH TITyOOKO-
BOJHBIN TPyO0OOIOMOYHEINA ()IUII apTHHCKOIO BO3pAcTa.
B creHKkax Tpex yCTyHOB Kapbepa MOKHO HaOIIIOIaTh KOH-
TJIOMEPATOBYIO TOJIILY, CIOKEHHYIO M3 TalleK KapOOHAT-
HBIX, MATMATHYECKAX H METaMOP(UYECKIX TIOPOJT B TIecya-
HOM pa3HO3EepHUCTOM Matpukce (puc. 4, [-3).

Paspes «Kamauy (0OMHATOBO-U3BECTHSIIKOBBIH, OKPEM-
HEHHBII, TUIT pa3pe3a KaMailcKoi CBUTBI) HAXOIUTCS HA Jie-
BOM CKJIOHE J10MHbI ChUIBBL, puMepHO B 10 KM BbIiIe MO
TeyeHuto or KyHrypa, BONH3M OTHOMMEHHOTO OCTAHOBOY-
HOTrO ITYHKTA JKeJIe3Hoi noporu (puc. 4, 4). B oOHaxeHHsIX
HEMOCPEJICTBEHHO BONM3KM CTAHIIMA MOXHO HAOIOJATh
OKPEMHEHHBIE JIOJIOMUTBI KaMailCKOH CBUTBHI C MHOTOYKC-
JICHHBIMU KPEMHUCTBIMI I'YOKaMH U PAKOBHHHBIM JIETPHTOM
(puc. 4, 5-7).

Janee npuBoauMTCS ONKCaHUE TOJIOMUTOBO-U3BECTHSI-
KoBOro prdoreHHoro tuma paspesa. Haubdomnee reomopdo-
JIOTUYIECKH BBIPAKEHHBIM JJIEMEHTOM B pelibehe SBIICTCS
eopa I'opoduwge, KOTOpas pacroiioKeHa Ha BOCTOYHON
okpaute cena bompime Kimoun CykcyHCKOro MyHUIIH-
MAJILHOT'O OKPYyTa U MPeJCTaBIsieT cOO0H M30METPUUHYIO
BO3BBILIEHHOCTH Ha MEPBOM HAAMOMMEHHON Teppace peKu
Upruna BeicoTol 254 M.

lopa sBisieTCS WCKOMAEMBIM CHLUTBEHCKHM PU(OM,
CIIOKCHHBIM OPTaHOTCHHBIMHA HM3BECTHSKAMH, KOTOPBII
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aHaJIOTWYeH 3HaMEeHUTHIM CTepIMTaMakCKUM MIMXaHaM
(puc. 5, 1). B ckane «Kamaiickue 3yOusi» B paiioHe CTaH-
mun Kaman MOXXKHO HaONIOIATh THITUYHBIE CHUTBEHCKUE
pHBL, CIIOXKEHHBIE MITAHKOBO-BOJIOPOCIICBBIMU U Opaxu-
0I10/1I0BO-MILIAHKOBO-BOJJOPOCIIEBHIMU W3BECTHSIKAMU
(puc. 5, 2). Kamenv «Epmaxy (puc. 5, 3) u paspesz «Hu-
kanuy (puc. 5, 8, 9) HaxonsATCAd B 8 KM IOTO-BOCTOYHEE
KyHrypa, cOOTBETCTBEHHO, Ha TIPaBOM U JICBOM Oeperax
Crueel Kamens Epmak mpencTaBisier coboii Tpu ckajm-
cTBIX yréca BhICOTOM 1O 40 M, CIOKEHHBIX OpaxHoIo-
JIOBO-MIIIaHKOBO-BOJIOPOCIIEBBIMU ~ M3BECTHSIKAMU ~ ChLI-
BUHCKOU cBUTHI [YaiikoBckuit, 2009].

ApPTHHCKHE U3BECTHSAKHU MPEJICTABICHBI AIBYMS OCHOB-
HbIMU (parusiMu: coOcTBeHHO puOBOM U (anueil Mex-
pudoBBIX ocankoB. B prudoBBIX U3BECTHAKAX, OTIINYAI0-
LIMXCS MACCUBHOCTBIO U KaBEPHO3HOCTBIO, BCTPEYAIOTCS
MHOTOYHUCIICHHBIE OOBI3BECTBIICHHBIC TAJUIOMBI 3€IEHBIX
BoJopociiell. IMeHHO OHU 1 ObUTM OCHOBHBIMH pU(OCTpO-
UTEISIMU-TIOPOI000pa30BaTeIsIMuy Ipr (opMupoBaHuy Yu-
KTMHCKHX PUQOB, a TAKKE CETYAThIC KOJOHUU PasHOO00-
Pa3HBIX MIIIAHOK-KPUIITOCTOMAT, PAKOBUHBI Opaxuomo,
OTHOCSIIIMXCS K OTPsIaM IIPOILYKTH/, CTPO(OMEHH, Tepe-
OpaTyaua U PHHXOHEIUTUL, IBYCTBOPYATHIC U OPIOXOHOTHE
MOJUTIOCKH, CTPOMATONUTHI (puc. 5, 4-7).

o cocencTBy HaxomuTCsl KaMeHb «MeXKeBOW, SIBIISIO-
Imiics MPOJOIDKEHUEM TOro ke puda, uto u «Epmaky, HO
OTJIETIEHHBIN OT HEro TPEIMHOMN, 10 KOTOPOM pa3BHIICA IITy-
Ookuii MexeBoi JTor. AHAJTOTHYHBIC TIOPO/IbI BRIXOJIAT U HA
JpyroM Oepery, B CTapoM 3apocCIieM Kapbepe, Ha OKpanHe
OCTaHOBOYHOTO MyHKTa «Yukanm» (puc. 5, 8). Ha BTopom
ycTyne Kapbepa BBIXOISAT MOPOIbl HIYPTAaHCKOW CBUTHI,
MIPE/ICTABIICHHBIE TUTUTYAaTBIMU HW3BECTHAKAMHM, JOJIOMHU-
TaMU U MepresiMiu MeXpUQOBOro Tuma paspesa (puc. 5, 9).

Pe3ysbTarhl pernoHATbHOM
CKBaKMHHOH KOppesiiu

PervoHanbHbIi TPOQHIIE TOCTPOEH IO JEBITH CKBa-
KUHAM, 110 JIMHUH, TIepeceKaromnield cyoMepuInoHaIbHbIe
30HAJILHBIC TIOJIOCHI JIMTOJIOTMYECKUX THUIIOB pa3pesa ap-
THUHCKOTO sipyca (pHc. 6).

Creancuna Hoorcosckass 21 sSBAsieTCS HadambHOU
CKBOKUHOW TIPO( I U HAXOIUTCS HA FOXKHOU mepude-
pur HoxoBckoro MectopoxaeHus HedpTH, B 19 kM Bo-
CTOYHEE 3arafHONW aJMUHUCTPATUBHON rpanuibl [lepm-
ckoro kpasi. CTpoeHre apTHHCKOrO sipyca JaHHOW CKBa-
JKUHBI CBSI3aHO C €€ PACIIONOXKEHUEM B 30HE AHUOPUINO-
6020 THMa paspe3a. Kposns sipyca orbuBaercs Ha abco-
moTHOM oTMeTKe —458,6 M. Pa3pes sipyca ciioxxeH TeMHO-
rONyOBIMH aHTUAPUTAMHU C TPOIJIACTKAMH TJIMHHUCTOrO
JIOIOMHUTA. APTUHCKUE aHTUJIPUTHI TIEPEKPHIBAIOTCS JI0-
JIOMHATOBOH MaYKO# (PHIIMIITIIOBCKOTO TOPU30HTA KYHTYP-
CKOTO sIpyca, MOJICTUIAIOTCS JIOJIOMATAMU CAaKMapCKOTO
sipyca. MoITHOCTh apTUHCKOTO SIpyca COCTaBIseT 25,2 M.



Inrocnun A.B., Cynuma A.U., Tpyoun A.C. u 0p. Cmpoenue apmuHcKo2o 0Cmamoyno2o bacceina

Puc. 4 ®ororpadun reoornueckux paspe3os. Kapoep «TpaBsinka» rpy6000,10M04HOI0 THIIA pa3pe3a YPMHHCKOMH
cBuThI (1-3). Kamaiickmii 10T OKpeMHeJIbIe H3BECTHAKH U TIOJIOMHUTHI KAMAWHCKO# CBUTHI apTHHCKOTO sipyca (4—7)
1 — oOmmii Bux Ha CTCHKY Kapbepa «TpaBsiHKay; 2 — COPTHPOBAHHBIN KOHIJIOMEpAT; 3 — pa3HOOOIOMOYHBINH KOHTIIOMepaT; 4 — o0mmit
Bu Ha Kamatickuii nor; 5 — paspe3 Kamatickuii 11or; 6 — U3BECTHSIKH OKPEMHEHHBIC, CPEIHECIIONCTEIE; 7 — CIOHTroNuT. MacmrabHast

nuHelka 1 M (6), 1 cm (7)

Fig. 4 Photographs of geological sections. The Travyanka quarry is a coarse-clastic type section
of the Urma formation (1-3). Kamaia Log silicified limestones and dolomites
of the Kamaia formation of the Artinskian stage (4-7)
1 — general view of the wall of the "Travyanka" quarry; 2 — sorted-clastic conglomerate; 3 — mixed-clastic conglomerate; 4 — general view
of the Kamai log; 5 — section Kamai; 6 — silicified limestones, medium layered; 7 — spongolit. Scale bar 1 m (6), 1 cm (7)
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Puc. 5. ®ororpaduu paspesos aprunckoro spyca Kynrypckoro Ilpuypanss: ropa I'opomuie (1),
Kamaiickue 3yousi (2), Me:xeBoii jior 1 kamenb Epmax (3), kapbep Unkanau: nepsslii (8) u BTopoii (9) yerynsl
JIuToreneTrveckye TUITH IOPOJ: 4 — U3BECTHSAK OPTraHOT€HHBIN OPaxMOIoI0BO-MIITAHKOBO-BOIOPOCIICBBIN OayHICTOYH C 36pPHHUCTHIM 3a-
MIOJTHEHUEM; 5 — U3BECTHSIK OPTaHOT€HHBII MIIaHKOBO-BOZOPOCIEBEII OayHICTOYH; 6 — M3BECTHSIK OPTaHOT€HHBIH OpaxHONoT0BO-BOIO-

POCTEBEI OayHACTOYH; 7 — H3BECTHIK OMOKIIACTOBBIN, 3€PHUCTHIH, CO CTPYKTYPOH IpeHHCTOYH-pyACTOYH. MacmTabHas muHelika 1 M
(47

Fig. 5. Photographs of the sections of the Artinsk stage of the Kungur Cis-Urals: Mount Gorodishche (1),
Kamaisky teeth (2), Landmark log and Ermak stone (3), Chikali quarry: first (7) and second (8) ledge
Lithogenetic types of rocks: 4 — limestone organogenic brachiopod-bryozoan-algal boundstone with granular filling; 5 — organogenic
bryozoan-algal boundstone limestone; 6 — limestone organogenic brachiopod-algal boundstone; 7 — bioclastic limestone, granular, grain-

stone-rudstone costructure. Scale bar 1 m (4-7)
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Creaoncuna Kpiokosckas 8. Pacnionoxena B 28,3 km
BocTo4HEee CKB. 21, B 7 kM 3amagnee OcuHCcKoro Heds-
HOro MecropoxkaeHus. Kposns apTuHckoro spyca
BCKpbITa Ha abcomrotHON oTMeTKe —380,5 M. CkB. 8 mpu-
ypoueHa K 30H€ aHeUOpUumogo-00J10MUmo8020 TUIa ero
paspesa. Paspes sipyca npencraBieH B HUXKHEH U cpeiHel
9acTH MepecTanBaHIEeM METUTOMOPGHBIX KPHCTAIUTHYEC-
CKHUX JIOJIOMUTOB U TIMHUCTBIX JOJIOMUTOB C €AMHUYHBIM
MPOCTIOEM aHTUAPHTA ToaydoBaTo-ceporo. KposempHas
9acTh pa3pesa CI0KeHa roly0oBaTO-CePhIM MacCHBHBIM
AHTHJIPUTOM TOJIIUHONW 9,8 M. ApTHHCKHI sIpyC Tiepe-
KpBIBAE€TCS M TMOJCTHJIAETCAd IOJIOMHTaMH, COOTBET-
CTBEHHO, (DIITUIIIIOBCKOTO TOPU30HTA M CAaKMapCKOTO
spyca. MoiHocTs sipyca 42,5 M.

Ckeaocuna Poowoecmeenckas 63 HaxoOuTcs B
34,4 xM ceBepo-BOCTOUHEE CKB. 8, B paiioHe [ 'opckoro
MECTOPOXKIICHUS He(TH, B 9 KM K CEBEPO-BOCTOKY OT
r. Oca. KpoBust apTHHCKOT0 sipyca ycTaHOBIIeHa Ha abco-
JOTHOU OTMeTKe —367,4 M. JlaHHasi CKBa)KMHA BCKpbLIA
U38ECMHAKOB0-00I0OMUMOSHILE  TUIl pa3pe3a. HikHas
4acTh ATOTO paspes3a CIOXKEeHa MPEUMYILIECTBEHHO ce-
PBIMH KPUCTAJUTMYECKUMHU JIOJIOMUTAMH C ITOAYHHEHHBIMU
MIPOCIIOSIMU CEPBIX MEMUTOMOP(HBIX H3BeCTHAKOB. Cpen-
HAS YacTh IPEACTaBlieHa IMEPECIauBaHUEM CEpPbIX KpH-
CTAJUIMYECKUX JIOJIOMUTOB M TEMHO-CEPbIX MIMHUCTBIX J10-
JIOMUTOB C BKJIIOUEHHMSIMU TuIica. BepxHss KpoBesbHas
4acThb cliokeHa 19-MeTpoBOii MauKkoil OTHOCUTENIBHO YH-
CTBIX JOJIOMUTOB. APTUHCKUH pa3pe3 MepeKpbIT aHTUAPU-
TOBO-JIOJIOMATOBBIMH OTIIOKECHHUSIMA (DIITHITIIOBCKOTO TO-
PHU30HTA, MOJICTUIIAETCS IOIOMUTAMH CAaKMapCKOr'o sApyca.
MouHocTh apTHUHCKOTO sipyca 99,2 M.

Creaorcuna Cyxobussapckas 102. JlaHHas CKBa)XWHA
OTCTOUT OT Ipeasiaymiei Ha 37,1 KM K ceBEepO-BOCTOKY.
Omna HaxoauTcs B 3,5 KM 10ro-BoctouHee bakinanoBckoro
HE(PTSHOTO MECTOPOKICHUS Ha BOCTOYHOW TpaHHIE
[Tepmckoro cBoma. KpoBns apTuHCKOro fApyca 1o
ckB. 102 3ameraer Ha aOCOMIOTHOH OTMeTKe —244.6 M.
31ech BCKPBIT 0010MUMOBO-U36ECMHSAKOBbINL MUN €0
paspesa. Ilo cpaBHEHUIO C IPEABIAYIIUM U3BECTHAKOBO-
JOJIOMUTOBBIM JINTOTUIIOM, OH XapaKTepU3yeTCs] PE3KUM
npeodiialaHueM U3BECTHSKOB PAa3UYHOIO JINTOIOTHYE-
CKOT0 cocTaBa HaJ ojoMuTamMu. HibkHss yacTh paszpesa
MOIIHOCTBIO 50 M ClIOKeHa YacThIM IepeciauBaHHeM Op-
TaHOTCHHBIX, OPraHOT€HHO-00JIOMOYHBIX U KPEMHHUCTBIX
M3BECTHAKOB C BKJIIOYEHHUSIMH TMIICA, aHTHJIPUTA U J10J10-
MHUTOB CEpbIX, KpucTaummueckux. CpenHss yacTb pas-
pe3a MOILIHOCTBIO 66 M TMpeicTaBiieHa NpeuMylle-
CTBEHHO OPraHOT€HHBIMU U3BECTHSAKAMHU C TOHKMMH IIPO-
CIIOSIMH OPTaHOTE€HHO-00JIOMOYHBIX M KPEMHHCTBIX H3-
BecTHsKOB. CpeJHsis 4acTh pa3pesa 3akaHyuBaercs 25-
METPOBOM MayKOH CepbIX KPUCTAJUIMYECKHX U OpraHo-
TeHHO-00JIOMOYHBIX JTOJIOMHTOB. BepxHsist gacTh paspesa
CIIOXKEHA 64-METPOBOM MAYKOHW CEpPBIX METUTOMOPHHBIX
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W3BECTHAKOB C PEIKUMHU MPOCIOSIMH CEPbIX KpUCTaJUIU-
YeCKHX W TJIMHUCTBIX JOJIOMHUTOB. Paspe3 apTuHCKOro
sipyca IMepeKPHIT JOJIOMUTOBOH IMAYKOH (DMIIUIIIIOBCKOTO
TOPU30HTa KYHTYPCKOTO sIpyca, MOACTHIIAeTCsl KapOoHa-
TaMU CaKMapcKoro sipyca. MOIIHOCTh apTUHCKOTO Apyca
cocraBisger 179,9 M.

Cksasrcuna FOmvruuckas 157 pacnonoxena B 30,2 kM
ceBepo-BocTouHee ckB. 102, B ceBepHOU nonoBUHE briM-
cko-KyHrypckoit monoxmHamm, Ha FOxHO-Kykymran-
CKOM MecTopoxaeHuu. Kposns aprtuHCKOro spyca
ckB. 157 orMmeueHna Ha aOcoaroTHOW orMmeTKe —90,2 M.
Pa3pe3 apruHCKOro sipyca XapakTepusyercs O0o0n0Mu-
MOBO-U3BECMHAKOBLIM pUGhocentbiM TATIOM pa3pesa, Mo-
CKOJIBKY B €r0 BEpXHEH YacTHU BCKPHIT OMOrepM MO3/He-
apTUHCKOro Bo3pacTa. HIKHAA U CpeiHss 4acTH pa3pesa
MOIIHOCTBIO 157 M CIOXEHBI MepeciiauBaHueM H3BeCT-
HSIKOB CEPBIX METUTOMOP(HBIX, CTa0OTITHHUACTBIX U JI0-
JIOMHUTOB KOPHUUYHEBATO-CEPBIX, U3BECTKOBUCTHIX, C pell-
KHMH TPOCIOAMHU OPraHOr€HHO-00JIOMOYHBIX U3BECTHS-
KOB. Bpllie 1o pa3pesy BCKpBITO Teno OuorepMa MOIIHO-
cteto 100 M. MHTEepBan 6uorepma ClIOXKEH NMpeuMylie-
CTBEHHO MAaCCHBHBIMH OpPTaHOT€HHBIMH H3BECTHSKaMU
BOJIOPOCIIEBO-MIIIAHKOBO-OPaxXHOMOAOBOI0 COCTaBa |
YaCTHYHO OPraHOr€HHO-OOJOMOYHBIMH — Pa3HOCTSMHU.
Bospact 6morepma capruHckuii. BepXHsss MpUKpOBEIh-
Has 9acTh spyca, BEHYAIONIasl TOBEPXHOCTh OHOrepMma,
npeacrapieHa 20-MeTpoBOH M3BECTHAKOBO-MEPresIbHON
Maykod. ApPTHUHCKHE OTIOXKEHHUS MEepeKPhIThl aHTUIIPU-
TaMH U JOJIOMUTaMH (IIIUIIIOBCKOTO TOPH30HTA KYH-
TYPCKOrO sipyca U MOJACTUIIAIOTCS KPEMHUCTBIMH U3BECT-
HAKAMH CaKMapckoro sipyca. MOIIHOCTh apTUHCKOTO
sipyca cocTaBisgeT 273,4 M.

3ysmckas cxeaxcuna 217 npodypeHa B 18,4 kM ce-
BEpO-BOCTOYHEE CKB. 157 1 HaX0AUTCs B 6 KM BOCTOYHEE
OKTHHCKOTO HEPTIHOTO MECTOPOXKACHUS, PACIIONOKEH-
HOoro Ha toro-ocrounoMm Oopry KKCII B 3apudosoii
3oHe. KpoBist apruHcKoro sipyca B ckB. 217 nepeceueHa
Ha abcomoTHOI orMeTke — 0,2 M. CkBa)kiHa, HaXOIIa-
SCs B 30HC 2IUHUCMO-KApOOHAmHO2o THIA pa3pesa,
BCKpPBUIA KAPOOHAMHO-2TUHUCHBIY €T0 JTUTOTHI, XapaK-
TEpU3YIOUIHICs TpeodIaJjaHieM BEpXHHUX KapOOHATHO-
[JIMHUCTBIX OTJIOKEHUU TaK Ha3blBaeMOW JMBBUHCKOM
CBUTHI HaJl HIDKHAMHU KapOOHATHBIMHU OTJIIOKCHHSIMH ap-
TUHCKOTO sipyca. JIMTOJIOrMyYecKu apTHHCKHUNA paspe3
ckB. 217 npencraBieH HmxHEH 212-MeTpoBoii kKapOoHAT-
HOW M BepxHed 249-MeTpOBOM TNIMHUCTO-MEPreNIbHON
navykaMu. HKHSIS 9acThb pa3pesa cTpaTUrpapuuecku co-
OTHOCHUTCS C OYPIICBCKUM W HPTHHCKAM TOPH30HTAMH ap-
THHCKOTO sipyca. B ocHoBaHum 3aseraer 57-MeTpoBas
Mayka CepbIX KPEMHHUCTBIX U3BECTHSAKOB C BKIIOUEHUSIMU
TUICAa U aHTHAPHUTA, C 8-METPOBBIM MPOCIOEM MAaCCHB-
HOTO OpPraHOTE€HHOI0 HW3BECTHSKA. Brllne, 10 KpoBiIH
HUKHEW 4acTH, MIPOCIIEKUBAETCS YaCTOE IepeCciiauBaHue
OpPraHOT€HHBIX KPUHOHIHO-MIIAHKOBBIX, OPraHOre€HHO-
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00JIOMOYHBIX, KPHUCTAJUIMYECKUX HOPMATBHOCIOUCTBIX
MEeNMUTOMOPGHBIX U3BECTHIKOB. B KpoBIe 3aneraer mpo-
CJIOH rUrca TONIIMHOM 0KoJ0 3 M. BepxHsist vacTh apTuH-
CKOTO pa3pesa, CIOKEHHAas OU8bUHCKOU CBUTOW HPIHUH-
CKO-CapruHCKO-PaHHECApaHWHCKOrO0 BO3pacTra, Mpe.-
CTaBJIEHA MEPresIMU C MIPOCIOSMH apruiinToB. B ocHO-
BAaHUU CBUTHI 3aJieTaeT BBICOKOTIIMHHUCTBHIM MaCCUBHBIN
Meprenb ¢ Oypoid u 3en€HOi OKpackoil TonmuHoi 20 M.
Beli1ie o pa3pe3y MacCUBHBII Mepreib CMeHseTcs epe-
CJIaMBaHHEM TOHKOCIIOMCTBIX Mepreneil 4€pHoro u TéMHO-
Ceporo 1BeTa, MUPUTU3MPOBaHHBIX. B BepxHel yacTtu pas-
pe3a MOSBISIFOTCS TIPOCIION apriiiiuTa Oyporo IBeTa Toi-
nwHOM 1,5-9,0 M. ApTHHCKHE OTJIIOKEHHS 37IeCh Iepe-
KPBITBI aHTHIPUTAMH U JTOJIOMHTAMH (DHITHIIIIOBCKOTO T'O-
PHU30HTa KYHTYPCKOTO sipyca, MOIOMIBA MX MOACTHIIAETCS
OpPraHOreHHBIMH M CJIOMCTBIMH HM3BECTHSKAMHU CaKMap-
CKOro sipyca. MOIIHOCTb apTUHCKOT O sipyca 461 m.

Ckeascuna 3yamckas 247. CKBaXuHa pacnojokKeHa
B 32,0 KM ceBepo-CeBepO-BOCTOUHEE MPEXHEH CKB. 217,
B 3apudoBoi 30He roro-soctounoro 6opra KKCII, B 5 km
K BOCTOKY OT 3amajHoi rpanuibl HOprozano-CeuiBeH-
ckoit nmempeccun, B 14,5 km Bocrounee FOpmanckoro
HE(PTSIHOTO MECTOPOXKICHUS, HAXOMIAIMErocss Ha Oopry.
KpoBis apTuHCKOro sipyca BCKphITa B CKB. 247 Ha abco-
JIOTHOH oTMeTke —275,5 M. CKBakMHa TakK ke, Kak H
TIpeABIAYIIast, HAXOAUTCS B 30HE 2IUHUCMO-KAPOOHAM-
HOeo THIIa pa3pe3a, OJHAKO UMEET TNIMHUCTO-KapOoHAaT-
HBIii TUTOTHI, XapaKTEPU3YIOIINIiCS 3HAYUTEIbHBIM IIpe-
obyaganueM KapOOHATHOM YacTH B pa3pese U COKPAIIEH-
HBIM Pa3pe3oM Mepreyield JMBbUHCKON CBUTHI.

HuxHsis yacTe pa3pe3a apTUHCKOW TONIIM YCIOBHO
compsbkeHa ¢ OypIIEBCKAM TOPU30HTOM M CIOXKEHaA Ipe-
HMMYILIECTBEHHO CEphIMH KPEMHHUCTHIMH U HOPMajbHO-
CIIONCTBIMH CITA0OTIMHUCTHIMU U3BecTHsIKamMu. OHa 1moI-
CTHJIAETCSI TAYKOM M3BECTHSAKOB M JOJIOMHTOB Cakmap-
ckoro sipyca. Tommunaa HikHel yactu 123 M.

CpenHsisi 4acTh pa3pe3a CUHXPOHU3UPOBAHA C MPrUH-
CKUM M CaprdHCKAM TOPU30HTaMH M IpEICTaBlIeHa Iepe-
ClIalBaHHEM OPraHOI'€HHBIX KPUHOMHO-MIIAHKOBBIX, Ce-
PBIX KPEMHHUCTBIX M KPUCTAIUIMYECKUX HOPMAJILHOCIOH-
CTBIX TICTUTOMOP(HBIX H3BECTHAKOB. TONIIMHA MAacCHB-
HBIX OpPraHOI'€HHBIX W3BECTHSAKOB JOCTUraer 3aech 20 M,
9TO MOXET CBHICTENHCTBOBATH O HAJTMYUH OMOCTPOMHBIX
Ten. Bmecre ¢ TeM BbIlIe, B CAPrHHCKOM TOPU30HTE, OTME-
YeHa Mayka KPEeMHHUCTBIX HM3BECTHSKOB TOMIIMHON 35 M.
TommuHa pa3pesa cpenHeit yactu coctapisieT 144 m.

BepxHsis yacTh apTUHCKOH TONIIM MTPeACTaBlIeHa Kap-
OOHATHO-TJIMHUCTHIMU ITOPOIAMH <«IHBBHHCKOI CBHUTEL.
B eé ocnoBanum npociexuBaerca 20-MeTpoBas Mayka
TJIMHUCTHIX U3BECTHSIKOB C MPOIUIACTKAMH CIaOOTITHHH-
CTBIX pa3HOCTell. B cpenHei yacTu CBUTHI HAOIIOMAeTCs
mact mepress TommuHoi 10 M, mepekpbIThIid 7-MeTpo-
BBIM IUIACTOM aprujuidta. BepxHsisi HpUKpoBeIbHAas

4acThb pa3pe3a CBUTHI BHU3Y CIIOXKEHA OTHOCUTENBHO Cclia-
OOrTMHHMCTHIMH H3BECTHSKAMH TOIIIMHOH 7,5M, a
BbIlIe — 14-MeTpoBbIM HHTEpBasioM Meprenei. Kposis
JUBBUHCKOM CBUTBI OTHENSETCA OT BBILIE3AJIEraroIIero
MOJOIIBEHHOTO aHTHIPUTA (PHUIIHIIIIOBCKOTO TOPHU30HTA
MJIACTOM aprujUTUTa TOJIILMHONW 2 M. MOIIHOCTD «JUBB-
WHCKOW» CBUTHI — 66,1 M, a BCETO apTUHCKOTO sIpyca co-
crapmseT 333,1 m.

Cxeaoicuna 62 npoghunsa bepeszosra-Jlvicbéa HaXOOUTCS
B 35,3 KM K CEBepO-BOCTOKY OT IpeAbIIyIIeH ckB. 247, B ce-
BepHoi yactu KOprozano-ChIIBEHCKOI ienpeccuu, B 9 km
3ananuee r. JIpicbBa. KpoBiig apTHHCKOro sipyca oTMeyeHa
B CKB. 62 Ha abcomotHOi orMeTrke —330,7 M. CkBaKuHA
BCKpBUIA apTUHCKUE KaApOOHAMHO-00I0MOUHbIE OTIOXKE-
HUS YPMHUHCKOH CBUTBI, CIIOKEHHBIE (DITHIIIEM — PUTMUYHO
MepeciauBalOUIMMHUCA NIECYaHUKaMH, aprijUIMTaMU, aJleB-
pOJIUTaMU, TIIMHUCTHIMU U3BECTHAKAMU U MEpresisiMu. Ap-
TUHCKasl TOJIIA TMOJCTUIIAETCSI KPEMHUCTBIMU H3BECTHSI-
KaMH CaKMapcKOro sipyca, MepeKpbhIBAeTCsl aHTUAPUTAMU
(IIHIIITIOBCKOTO TOPH30HTA KYHT'YPCKOTro sipyca. B ocHoBa-
HUH pa3pesa 3aeraet kapOoHaTHas 1avKa, KOTOpasi BHU3Y
TIPEICTAaBIICHA CEPBIMH CIIOMCTHIMA TETUTOMOP(MHBIMH 13-
BECTHSIKAMH C MPOIUIACTKAMH OpraHOI€HHOI'O M3BECTHSKA,
a B BepXHEW YacTH — KPEMHUCTBIMU H TIETUTOMOPHHBEIMU
u3BeCTHsIKaMH. MONTHOCTE KapOOHATHOM Ia4YKd COCTaB-
mster 42,5 m. KapOoHartHas mayuka nepekpeita 18-MerpoBoit
W3BECTKOBUCTOM OpeKurell ¢ BKIIOYEHHEM TalieK ypaib-
CKHX TOpo1. BrIle ocHOBaHWE (IHIIEBOM TOJIIH ClIaraeT
KapOOHATHO-TIIMHUCTASI TTAYKa, CIIOKEHHAS apTHJUTHTAME U
MeEpressiMU, MOIIHOCTb KOTOpO cocTaBisieT 116 m.

CpenHsist 9acTb (IUIIEBON TONIIM CIOXKEHA Yepero-
BaHHUEM MOLIHBIX aJIEBPOJIUTOBBIX (66-68 M) U MecHaHu-
KOBBIX (27-55 M) nauek. [lecuaHuku Menko- u cpenHe-
3€pHUCThIE, YaCTO TIMHUCTHIC, aJEeBPOIUTUCTHIE. AJIEB-
POJMUTHI YacTO TIMHUCTBIE, MHOTJAa H3BECTKOBUCTHIE.
MouHoCTh CpeHeN YacTH TEPPUTEHHOr 0 pa3zpesa 222 M.
BepxHss 9acTh (pUUIIEBON TONIIM MpPEACTaBICHA IIpe-
HMMYILIECTBEHHO MOIIHBIMU (10 38 M) MaukaMu MENKO- U
CpEIHE3ePHUCTBIX TIECYaHUKOB, pa3AeiEHHBIMH MPOCIO-
SIMHM QJIEBPOJIUTOB TOJNLIMHON 4-8 M. MOILIHOCTh apTHH-
CKOTO sipyca cocTaBisieT 551,7 m.

Creaocuna Jlvicveenckas 98 pacrionoxena B 14,5 km
CEBEPO-BOCTOUHEE MpeabIayllei ckB. 62, BOMM3U BO-
crouHoi rpanuubl FOpro3aHo-ChIIBEHCKON Aempeccuy,
Ha JIFICBBEHCKOM MECTOPOXKICHUU He(TH, B 3 KM CeBep-
Hee T. JIpicbBa. CKBa)KuHa BCKpBLIIAa KPOBIIIO aPTUHCKOTO
spyca Ha abcomoTHOH oTMeTke —99,4 M. CkBakuHa 98
Takke MpoOypeHa B 30HE Pa3BUTHSI KApOOHAMHO-00710-
MouHoeo THIA pa3pesa. [1o cpaBHEHUIO ¢ apTUHCKUM pa3-
PEe30M MpebIAyIIeH CKkB. 62 (aumeBas Tonma 31eck 00-
nee MomTHas U quddepeHrpoBaHHas U €€ JTUTOIOTu4e-
CKHil cocTaB yxe Oornee rpy0000IIOMOYHBIH. APTHHCKAS
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TOJIIA TaKXe IMOJCTUIIAETCS KPEMHHUCTBIMU HM3BECTHSI-
KaMM CaKMapcKoro sipyca, epeKpblBaeTCsl aHTUAPUTaAMU
(WIMIITOBCKOT0 TOPU30HTA KYHTYPCKOTO spyca.

B ocHoBaHum sipyca mpociiexuBaercs KapOOHaTHas
nayka TONIIMHON 47 M, CIIOXXEHHAsl BHU3Y JIOJIOMUTaMHU
U OpraHOT€HHBIMU W3BECTHSAKAaMH, a BBEPXY — KPEMHHU-
CTBIMH U3BeCTHAKaMH. HIOKHSS YacTh ¢ummima mpecras-
neHa 150-MeTpoBOil mpeuMyILIECTBEHHO aprujUIMTOBOM
TOJIIEH C MPOCIOAMU Meprenei ToamuHon 4-10 m.

Cpennss u HanboJee MPOTsHKEHHAS YaCTh (DIIAIICBON
tommu (470 M) uMeeT BechbMa pasHOOOpasHbIid U mudde-
PEHLIMPOBAHHBIN JIMTOJOTMYECKUN COCTaB U HUKIMYHOE
cTpoenue. Husel cpenneit wactu (iuma cioKeHsl aneB-
pOIUTaMHU C TIOAYMHEHHBIMH IPOCIOSAMHU IECUaHHUKOB
TJIMHUCTBIX U apTUJUIMTOB. DTH HU3BI NEPEKPHITHl KOH-
rJioMepaTaMi M TpaBeluTamMu TONIIMHON 19 M. Bpime
JTOM KOHIJIOMEPATOBOM Mayku 3ajieraer NecyaHUKOBO-
aprIMTOBAs MavKa ¢ MOIYMHEHHBIMU NIPOCIIOSIMHU aJIeB-
ponutoB ¢ TommuHO 149 M. E€ mepekpriBaeT aneBpo-
JUTOBasA Mayvka TOMIIKUHOW 60 M C MPOIUIacTKaMu mecya-
HUKOB U apriJUiMTOB. JJaHHYIO MayKy CHOBAa LIMKIMYHO
MEPEeKPHIBAIOT MECYAHUKU U aprUJUIMTHL C MPOCIIOSMHU
aJIeBPOJINTOB, KOTOPBIE 3aBEPLIAIOT pa3pe3 cpenHel ya-
cTH (hIUIIEBOM TONIIIH.

Bepxusas wacte ¢uuma TommuHO 183 M ciioxkeHa
aJIEBPOIUTAMHU C MOAYMHEHHBIMU MPOCIOSMHU apTUILIU-
TOB U IIECYaHUKOB. B MpUKpoBeNbHON YaCTH BbIACISIETCS
3-MeTpOBBIN MPOIUIACTOK AHTHAPHUTA, UTPAIOLIUNA POJIb
Mapkepa B pa3pe3ax YPMUHCKOU CBUThI. MOIIHOCTH ap-
THUHCKOTO sipyca cocTaBiseT 849 m.

O6cyxaeHust

[Maneoreorpagus u3ydaeMoro paifoHa B MO3THEM Ma-
JIE030€ ONpENENAETCs] B3aMMOOTHOIIEHUEM Pa3pacTaro-
[Ierocst TOPHOTO XpedTa Ha MECTe COBPEMEHHOro Y paa
U PaCHONIOKEHHOTO K 3amaay OT HEero MOPCKOro Oac-
ceifHa, pa3MecTuBIIerocs B mpenropaom mnporude ([1pe-
nypanbckuii mporu6). [Ipemypanbckuii mporu6, kKak u
apyrue OacceiHbI MOMOOHOTO THITA, IMEN aCHMMETPHY-
HOE CTpOEHHWe, C yriayOleHweM ONmke K CKJIaadaTo-
HaJBUTOBOMY IOSICY, TIOCKOJIbKY BO BpeMs CKyYMBaHUS
HAJBUTOBBIX MAacC CKOPOCTb MOTPYXEHHUs Mporuda B
HETOCPEICTBEHHONH ONM30CTH OT HUX MaKCHMAaJbHas
[Heller et al., 1988]. OH mosiBHIICSI B apTUHCKOM BEKe I1e-
pen hpOHTOM CKJIa4aTo-HaIBUTOBBIX CTPYKTYp Y pana u
3ajowics Ha BoctouHod mepudepun BEIL, pa3uBas-
IIEICS B TEUEHUE CPEIHETO M MO3JHETO MaIe030s B pe-
KMMe aCCUBHOM KOHTHMHEHTAJIbHOW OKpauHbl. B KoHIIE
KapOoHa Ha IOTe U B HaYaJle epMH Ha CeBepe ITOi 00Jia-
CTH TIPOM30ILIO OBICTPOE MOTPYKEHIE, OXBATHUBIIEE TO-
nocy mmpuHoi 100-200 kM u anmuHoi 110 2 000 KM.
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B obpa3oBaBmieMcst poru0be MENKOBOJHBIC H3BECT-
HSIKA CMEHIIUCH OTHOCUTEIHHO TITyOOKOBOIHBIMHU KPEM-
HUCTBIMHU W3BECTHAKaMH U Meprensmu. Hadano ¢popmu-
pOBaHUS OpOTre€Ha Ha TEPPUTOPHU Ypalla MapKHUPYeTCs
MOSIBJICHUEM OOJIOMOYHBIX OTJIOKEHHUH (uiieBoit dhop-
Marmu. Hambonee paHHWE rpaBHTAIlMOHHBIE 00pa3oBa-
HUS1, IEPEKPBIBAIONINE TIHMHUCTYIO TONIIY, OTHOCATCS K
BEpXHEH dYacTH OalIKUPCKOrO W HH3aM MOCKOBCKOTO
spyca. APTUHCKHI BEK O3HAMEHOBaH OOpa30BaHHEM
€IUHOro TIyO0OKOBOAHOTO OacceitHa. Bo BTOpOI moIo-
BHHE apTUHCKOTO BEKa IMPOM30ILIO pPE3KOe YCHIICHUE
MpUBHOCA B HEro rpy0000IOMOYHOr0 Marepuana. ITo
BpeMsl 03HAMEHOBAJIOCh HAYAIOM HAKOIUICHHS (iuiie-
Boii popmarmu. J{amee paccMOTPUM OCHOBHBIE TAITHI €TI0
(hopMupOBaHHUS.

Cmaous ocmamoynoeo 6accetina. [lo3muss daza 3a-
KPBITHS OKEAHNYIECKOro OacceifHa, CBsA3aHHAas ¢ CyOayK-
[UeH OKeaHWYECKOW KOpHl M (OPMHUPOBAHUEM OpOTECH-
HOTO TO0sica, OOBIYHO XapaKTEepU3YeTCs MEPEeXOIOoM OT
OCTaTOYHBIX OacceHOB K mepudepuitHbIM OacceiiHaM
¢dopnanma. OcraTounble OacceilHBI 3aMOTHSIOTCS B OC-
HOBHOM TJIyOOKOBOTHBIMH (DIMIIEBBIMU ocagkamu. [lo
JaTepaid OT OpOreHa B CTOPOHY Kpas IiaTdopMbl
HaOIromaeTcs cienyromui danumambHo-)opMauOHHEII
psin: (IIUIIEBBIA — MIENBbGOBBIA — PUGOTeHHBINA — IIAT-
¢dopmennsrit [Muzenc, 1997].

Ha nannoM stane ¢opmupyeTcst BHyTpEHHUIA TPOTHO.
OTKpHITHIH OacceliH 3an0NHsDICS (IUIIEBEIMU OCAIKAMH.
@Oy — MOITHBIE TONIIH TYPOUIUTOB U OTIOXKEHUH rpa-
BUTAIMOHHBIX MTOTOKOB, KOTOPBIE MOTYT COAEPXKATh aB-
TOXTOHHYIO TITyOOKOBOIHYIO (hayHY (M IepeoTI0KEHHBIE
OCTAaTKH MEJKOBOJIHBIX OpraHnn3MoB). OH BXOJIUT 3aTEM B
COCTaB CKJIaT9aTO-HAJIBUTOBOTO IMOSICA PACTYILETO OpO-
reHa. EMy cooTBeTcTByeT rpy000OIIOMOYHBIA THI pa3-
pe3a, ypMHHCKasi cBHUTa. Pa3pe3 BCKPBIT CKB. JIBICHBEH-
ckas 98 u 62 npoduns bepesoBka—JIpichBa, mpeacTas-
JICHHBIMU KapOOHATHO-OO0JIOMOYHBIMH THIIAMH pa3pesa.
I'pybo06IOMOUHBIH THIT pa3pe3a u3ydeH B Kapbepe « Tpa-
BSIHKa» B 30HE MEPEIOBBIX CKIIAZOK Y pana.

Pannenepmckas y3kas kapOoHaTHas riatdopMa
cpopmupoanacek mo nepudepun BEIL B 3amagHoM 00-
pamnennu I[Ipemypanbckoro nepemoBoro mporuda. [To-
JI0Ca apTHHCKUX OTIOKEHUH MapKHPYeT KPaeBYIO YacTh
97O TaTdopMel. [1o reognHAMIYECKON TTO3UITIH ITEPM-
cKkas miatopMa OTHOCHTCS K CHHOPOTCHHOW, 00pa3o-
BaHHOI Ha y/IaJIEHHOM OT OporeHa 3amagaoM oopry Ipe-
Iy paIbCKOT0 TepenoBoro nporuda. CHHOPOreHHBIE Kap-
OoHaTHBIE TIATGOPMEBI OOBIYHO (GOPMUPYIOTCS Ha JH-
CTaIbHOM CTOPOHE OCaJJOYHBIX 0ACCEHHOB U HMEIOT paM-
moodpasusie mpodrn [Dorobek, 1995]. Beinenensr cie-
Iyromue (alranbHbIe 30HbI U3 OacceiiHa B CTOPOHY Kpast
TTaT(OPMEL.
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I'nybokogoonwiii pamn (=menbdoBas GopMarms o
I".A. Mu3eHcy), TIMHUCTO-KapOOHATHBIA THII pa3pesa,
W3YyYEHHBII B pa3pese ckB. 3ysaTckas 247.

Menko600Hublil pamn, HIKHSS €ro 9acTh (= pugoreH-
HOU (opmarus o I'.A. Mu3eHcy), TOITOMUTOBO-H3BECT-
HSKOBBIM pH(OrCHHBIA TUI pa3pe3a W3y4YeHHBIH [0
ckB. FOMbIickas 157 u paspe3ax kamaiicKoil U CBUIBEH-
CKOM CBHT, a BEPXHsIS €r0 9acTh (= miatgopmenHas Gop-
Manus 1o I.A. Mu3zeHCy) COOTBETCTBYET NOJIOMUTOBO-
M3BECTHSAKOBOMY M U3BECTHAKOBO-I0JIOMUTOBOMY TUTIAM
pa3pesa, u3ydeHHbIX o ckB. Cyxobmssapckas 102 u Pox-
JieCTBEHCKast 63.

Buympennuii pamn (= mnatdpopmernas ¢hopMarus mo
I".A. Mu3eHcy) COOTBETCTBYET aHTUAPUTOBO-I0IOMHUTO-
BOMY M aHTHJIPUTOBOMY THUIIaM pa3pe3a, U3y4YeHHBIM B
paspe3ax ckBa. KprokoBckast 8 1 HoxxoBckas 21.

[To mepe mponBrkeHUs TPyOO0OIIOMOYHBIX OCAJAKOB
B CTOPOHY KapOOHATHOW ILTATQOPMBI MPOHCXOAUT pe-

OcTatouHbii GacceliH

KoHTUHEHTaNLHAA OKpauHa BHyTpeHHuiA nporub

BuyTpeHimil  Menkosopesd  [nyGokoBofHeid  BacceiH

KontuHenTansHas oKpavHa
ermoBOLHI
BuyTpessuA  pamn  [nyGokoBomHbIA Baccein

OcrarouHblit bacceiH
BHyTpeHHui nporub

Tporpaganus (aruaibHBIX TOSICOB. DTO, BEPOSITHO, SB-
JsieTcsl peaknued kKapOOHATHBIX IIaThopM U pudoB Ha
MOCTOSTHHO YBETUYHBAIOMIYIOCS CKOPOCTh ()JIEKCYpPHOTO
OIlyCKaHUs, XOTS PacCpeJOTOUYEHUE TEPPUTEHHBIX OTIO-
JKEHUH, IBCTATMYECKOE TIOBBIIIEHUE YPOBHS MOpPS WU
KaKOH-THOO0 IPYTOil AIKOIOTUIECKHH CTPECC TAKKE MOTYT
CIOCOOCTBOBATH MX OTCTYILICHUIO (pUC. 7, a, b).

Cmaous gopranoa. OKOHYATENBHBIN TIepexon B (hop-
JAHJOBEIA OacceliH ¢ (GopMHUpOBaHHEM BHEIIHETO MpPO-
ruba mpou3oIIeN B KyHT'YPCKUH Bek. B coctaBe ocamod-
HBIX KOMILUIEKCOB OacceifHa (opiaHia mpeodiaiaroT Mo-
JIaCCOBBIE IMECTPOLBETHBIE NIMHUCTO-TIECYaHbIE OTIIOKE-
HUS 03¢PHO-JUTIOBHATBHBIX PAaBHHUH M JICTBTOBBIX KOHY-
COB BBIHOCA WJIM CEPOLIBETHBIE MEIKOBOJHBIE TIIMHUCTO-
recyaHble BHYTPEHHUX MOpEH, Hacleaylolue Te0OXUMHU-
YecKHe U meTporpadudeckue 0COOSHHOCTH TTOPO dPOJIH-
PYEMBIX KOMIUIEKCOB. B apiIHBIX 30HaX IIMPOKO Pa3BUTHI
3BANIOPUTOBBIE 00pa3oBaHus (puc. 7, ¢).

BacceiiH chopnaHaa

KontuHenTanshas okpanHa

BHewwni npornt

Gaccedn pasHiHa

Monacca

Puc. 7. Ctagus pa3BUTHS PaHHENEPMCKOTo (2, b) u cpeaHe-m03THENIEPMCKOro () 0cag09HOro dacceiina

Fig. 7. Development stages of the Early Permian (a, b) and Middle-Late Permian (c) sedimentary basin

3akirouenne

ABTOpaMu TNPHUBEACHO JETalbHOE OMHMCAHUE Belle-
CTBEHHOT'0 COCTaBa THIIOB pa3pe3a Ha OCHOBE Pa3pe30B
CKBaXMH M I€0JIOTMYECKUX THUITOBBIX Pa3pe30B.

B pesynbrare pernoHanbHON CKBaXKUHHOW KOppEms-
UM APTUHCKUX OTIIOKCHHUU MO JAHHOMY MPOQILTIO Clie-
JIaHBI CIEAYIOIINE BBIBOIBI:

1. TlomTBepkneHa murodanuansHas 30HAIBHOCTH
CyOMepHIMOHAEHOTO TIPOCTHPAHUS OTIOKEHUH apTHH-
CKOTO sipyca 10KHOU TOIIOBHHBI [1epMcKoro Kpasi.

2. B mpurpanuuHoil 3amagHod yactu Ilepmckoro
Kpas JOMHHHPYIOT Cyab(paTHbIE H CYIb(aTHO-KapOo-
HATHBIE TTOPOJIBI, B IICHTPAIBHON YacTh — KapOOHATHEIE,
Ha BOCTOKe, B 30He [Ipemypanbckoro mporuba, — TeppH-
TCHHBIC TIOPOJIEI.
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3. B 30He pacnpocTpaHeHUsl JOIOMHUTOBO-U3BECTHS-
KOBOT'O THITa pa3pe3a BBIICICHBI pa3HO(aualbHbIe KOM-
IIJIEKCHI, CBSI3aHHbIE KaK C Pa3BUTHEM OpPraHOI'€HHBIX MO~
CTPOCK, TaK U ¢ MEXKPUQPOBOI (harmeii.

4. B 30He pa3BUTHS TIIHMHUCTO-KapOOHATHOTO THIIA
pa3pesa BBIICIECH aHOMAaJIbHBIH KapOOHATHO-TIIMHUCTHIN
MOJITHUI pa3pe3a JUBBUHCKOM CBUTHI (3ysATcKasi CKB. 217),
/i€ TIIMHUCTBIE MOPOJIbl B MOIIIHOCTHOM OTHOIIEHUH JI0-
MUHHPYIOT HaJ KapOoHATHEIMU (54 mipotuB 46 %).

5. CymectBoBaHue 19-MeTpoBOi KOHTIIOMEPATOBON
MAYK{ B IUKIAYHOM pa3pese ¢ummieBoi Tommu (JIpich-
BEHCKas CKB. 98) MOXeT CBUAETENLCTBOBATh O HAJIMYUU
BHYTpU(OPMAITIOHHOTO Pa3MbIBa.

ApTHHCKOE BpeMsi OTPaKaeT BaXKHBIA reouHaMHUYe-
CKHH 3Tan pa3BHTHSA OCaJIOYHOr0 OacceifHa Ha Imepexoje
OT OCTaTOYHOrO OacceitHa (apTHHCKUIA IpyC U HaYala KyH-
T'YPCKOro sipyca) k bacceitHy Gpopianaa (KyHIyp — BepXHss
MepMb), YTO OTpa’kaercs B cMeHe (IMIIa Ha MOJACCY
BBEPX IO pa3pesy.

Co croponsr BEII mis aptuHCcKoi kKapOOHATHOH CH-
HOPOTEHHON KapOOHATHOW TUIATGOPMBI MPUMEHEHA
pamioBasi MOJICNIb C COOTHOLIECHUEM (aruanbHO-(op-
MAaIlMOHHOM 30HaJIbHOCTH JAPYTUX UccienoBateneil. Ta-
KHM 00pa3oM, apTUHCKUHN APYC ABJAETCS HENBbHOH (op-
Maluend mopoJi, HAKONUBIIUKCS B €IUHOM T'€OJIMHAMU-
YeCKOi 00CTaHOBKE.
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Abstract. There are a great number of lakes in the East Sayan Mountains that were formed during the Holocene epoch and
keeps the most valuable archives of the regional vegetation and climate history. The high altitude position of the lakes makes their
geosystems very sensitive to climate variations, since the air temperature changes faster in the highlands than in the plains.

A thorough examination of high mountainous lakes and their historical variability under different climatic conditions can help
us better understand both the current climate warming and future changes in high-altitude environments.

The article presents the study of the bottom sediments from the high-altitude lake Nomto-Hur and the peat deposits in the
Sentsa river valley, which is hydrologically connected with the lake Nomto-Nur. The lake Nomto-Nur formed nearly 750 years
ago due to the uplift of the erosion basis of the Sentsa river caused by formation of the lava-dammed paleolake Zun-Ukhergei. At
present time, the lake Nomto-Nur is the outflow of the Sentsa river, which makes a comprehensive study of these two objects more
interesting and useful on a general regional scale.

A peat core obtained from the Senca river valley, that was dated by radiocarbon method, is estimated to be 4,700 years old.
The spore-pollen record from the bottom sediments of lake Nomto-Nur is presented from its base. Thus, the article describes the
results of the study of two cores in the range of years from 4 700 to the present, which is part of the late Holocene period.

The results of spore-pollen analysis of both objects made it possible to reconstruct the sequence of paleoecological events in
this area, and also contributed to the understanding of the dynamics of landscape and climate changes in the region. During the
study, the authors also recorded significant flood events in the study area approximately 700 and 400 years ago. The first probably
led to the formation of lake Nomto-Nur, and also had a close connection with volcanic eruptions in the region during this period
of time. A significant conclusion was made about the appearance of nomadic peoples engaged in cattle breeding in the research

area about 600 years ago.

The data also served to understanding the causes of modern warming and the nature of possible climate changes in high-altitude

areas in the future.

Keywords: spore-pollen analysis, climate, vegetation, Holocene
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Paiion ucciexoBanus

Homuna pexu CeHua pacnonaraercs Ha OKHHCKOM
uiaTo, B ropax Bocrounoro Casira Ha Tepputopun Pecryo-
ymku Bypsitust (puc. 1). B reomopdonormaeckoM miaHe 10-
JIMHA TIPEACTABISIET cO0O0M KITacCMYEeCKUil TPOr ¢ AiieMeH-
TaMU JISTHUKOBOTO perbeda B BUIe OOKOBBIX M KOHEYHBIX
MOPEH TMO3HEIIEHCTOLEHOBOr0 Bo3pacTa. OTI0KEHHUS a-
JIFOBUAJIBHOT'0, 03€PHOT'0, TIISIIUATIBHOTO, IETFOBUATBHOTO U
MIPOJIFOBUAIEHOTO T'€HE3KCa, BBIIOMHSIONINE AOJIUHY PEKH,
MIPE/ICTABIICHbI CYTJIMHKAMHU, CYTIECSMHU, IECKAMH, TalIeqHH-
KamH, BaltyHaMu [BeipkuH u ap., 2012]. B noiime pexu va-
CTO BCTpEUarOTCs 3a00I0YEHHBIC YIACTKH.

KnumaTt OKMHCKOTO MIaTo Pe3Ko KOHTUHEHTAIbHBIMN.
CpenuneronoBas TeMIepaTypa Bo3yxa B 3aBUCUMOCTH OT
abcoNrOTHON BBICOTHI M3MeHseTcs oT —5,6 °C (1 372 m)
10 —6,6 °C (2 084 m). 3uMoii B cpeTHEM BBIMAIAET OKOJIO
70 MM OCaKOB, JICTOM — OK0JI0 370 MM, YTO COCTaBJISCT
65—75 % oT cpeaHeromoBoil cymmbl ocankoB [Haydno-
MPUKJIATHON CHpPaBOYHUK..., 1991]. CHexHBIA MOKpPOB
MaJIOMOIITHBIH, YTO MPUBOIUT K TIyOOKOMY IpoMep3a-
HUIO OACTUIIAIOINUX OpoA. [I0CTOSHHBIN CHEXHBIN MO~
KpOB (OpPMHUPYETCS Y’KE B OKTSIOpe M HAUMHAET TasTh C
CepeMHbI arpelis.

Peka Cenna sBisieTcss OAHUM U3 KPYIHBIX IPUTOKOB
p- Oxka. /InuHa BOIOTOKA COCTaBISET OKOJIO 65 KM, ped-
HBIE BOZBI mpope3atoT OKUHCKOE IJIaTo Ha TIIyOWHY IO
800 M. B HIDKHEM TE€UEHHHU peKa aKTHBHO MEaHIpPUPYET

[Beipkus u nip., 2012]. Ha GombIeit yacTu TONMHHBI PEKH
UMeeT HeOONBIIOW YKJIOH, YTO, CKOpEe BCEr0, MOXKET
OBITH PUYMHON HE3HAYUTEIBHOTO Pa3HOOOpasus ycio-
BUM JUIs1 pACTUTEIBHOCTH.

B nonuae pexn mpeoOnasaeT IUCTBEHHIMYHAS TalTa C
HE3HAYHTENHFHON MPUMECHI0 Oepe3sl U enu. B ropHOM 00-
paMIIEHUW pEYHOM JONHHBI TaKKE TOMUHHUPYIOT JINCTBEH-
HWYHBIC Jieca U3 Larix sibirica. B HDKHEM TEUEHUW PEKU
BCTpEYaroTcs KepoBbie Pinus sibirica, pa3HOTpaBHbIE Jieca
napkoBoro Tumna. [lomnecok B HUX COCTOUT U3 JKUMOJIOCTH
antaiickoit (Lonicera altaica) n pomomeHIpPOHA 30J0TH-
croro (Rhododendron aureum), a B KyCTapHUYKOBOM SIpyce
TOCIIOJICTBYET OpycHHKa oObIkHOBeHHas (Vacciniumvitis-
idaea). HeGonpIme jiora Ha CKIIOHAaX 9acTo 3apacTaloT MO-
JIOIBIM OCHHHUKOM (Populus tremula).

Ha paBHMHHBIX ydacTkax IJHHIIA JOJIWHBI M CKIOHAX
FO)KHOM DKCHO3WIUH ITUPOKO PACIPOCTPaHEHBI KOOpe3n-
€BO-3JIaKOBEIE CTEIHBIC TPYIITUPOBKY U3 Kobresia sibirica,
K. simpliciuscula, Helictotrichon mongolicum n Menkonep-
HOBHHHO-3JIAKOBBIE KOMIUICKCHI U3 Festuca lenensis, Poa
botryoides, Koeleria cristata. YacTo BCTpeUaroTCs IyTOBBIC
U JIyroBO-OONOTHBIE KOMIUICKCBI W3 Ranunculus acris,
Festuca pratensis, Carex nigra, IpuypOueHHbIE K yHaCTKaM
C MOBBILIEHHBIM yBIaXHeHUEM [ BeipkuH u ap., 2012].

Ha moBepxaocTr 60moTa, e ObUT BCKPBIT pa3pe3 Top-
(SHBIX OTIIOXKEHHH, Ha3BaHHBIH Hamu CeHnia, mpeodiagaeT
TpPaBSHUCTAsl PACTUTEINBHOCTb W3 CEMEICTBA 3JIaKOBBIX
Poaceae, ocokoBbix Cyperaceae, IpUCYTCTBYIOT KypTUHBI
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carHoBBIX MXOB Sphagnum, HeOObIIHE TPYIIITHI BEPECKO-
BBIX KycTapHIuKoB Ericaceae. Penkue uBsl Salix v equHmd-
HBIC KYCTapHUKOBBIC Oepesku Betula nana o0pa3yroT
CHJIBHO Pa3peskeHHBIH KyCTapHUKOBBIH sIpycC.

O3zepo Homto-Hyp pacrmonoxxeHo B JOJUHE PEKH
Cenna. [Tnomans o3epa coctapnser 0,5 km>, riryOuHa j10-
cruraer 3,5M. Yama o3epa HMeeT HENPaBUIBbHYIO
¢dbopmy, Oepera CHIIBHO u3pe3aHbl U 3abonoueHbl. Ha mHe
BooéMa YETKO MpocexnuBaeTcs crapoe pycio p. Cenua
[[L{eTHukoB u ap., 2016].

Ozepo Homro-Hyp Oputo 00pa3oBaHo B pe3ynbTaTe
noHsITHs Oasuca Hpo3un peku CeHra, 00yCcIoBISHHOTO 00-
pa3oBaHUEM JIABOBO-TIOMNPYAHOrO Tajeoo3epa 3yH-YX-
3prai. B 3TOT nepros B JONWMHE PEKH YCTAHOBHIICS 3aCTOH-

HBIN peXXUM, HAYaJIOCh aKTHBHOE 3a00NauiBaHue U 3203¢-
pUBaHME, peKa CHJIBHO MeaHJpupoBajia. B Hactosiee
BpEMs 03€pO SIBJISIETCA MOMTIOTUTENIEM TBEPAOrO CTOKA PEKH
Cenua. OHU COEMHSAIOTCS ITPOTOKOMA, IO KOTOPOH U3 03epa
00BIYHO OCYIIECTBIIETCS CTOK. B NeTHHe maBoaku, ¢ dKc-
TpeMaJIbHBIM MTOABEMOM YPOBHS BOJbI B p. CeHIla, MpoToKa
HaYMHAET (PYHKIIMOHUPOBATH BO BCTPEYHOM HAIIPABIICHUH,
HarmonHss o3epHyto yamy Homro-Hypa sxunkum u TBEp-
JIbIM PEYHBIM CTOKOM. JTO TMOATBEPIKAACTCS HAIUYUEM
MPOTSDKEHHON KITIOBOBUIHOW JENBTHI B MECTE BIaJICHUS
ripotoku B 03epo [I1lernrkoB u ap., 2016].

Bokpyr o3epa mpeobnamaer IpeBEeCHO-KYCTAPHUKO-
Basl PACTUTENBHOCTD U3 JINCTBCHHUIIBI ¥ UBEI, 3HAYNTEb-
HbI€ [UIOIA 1 3aHUMAIOT pa3HOTpaBHbIE JIyTra (pHC. 2).
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Puc. 1. Kaprocxema uccienyemoii reppuropuu. KpacHbIMH TOYKAMH II0KA32aHO PACIIOI0AKEHHE
Toppsinuka Cenna u ozepa Homro-Hyp

Fig. 1. Map of the study area. The red dots indicate the location of the Sentsa peat bog and Lake Nomto-Nur

Puc. 2. O6mmii Bux pacturessHOCTH Ha Oeperax ozepa Homro-Hyp. @ oto aBTOpPOB

Fig. 2. General view of vegetation on the Lake Nomto-Nur shores. Photo by the authors
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MarepuaJibl © METOABI

Honnbie omnoxkenust o3epa Homro-Hyp Obuu mpoby-
penbl B 2013 1. npy OMOILIM IPpaBUTALIMOHHOTO KEPHOOT-
6opHoro ycrpoiictBa yaapao-kanatHoro tuna UWITEC
(ABctpust) ¢ BHyTpeHHUM guamerpoMm I[IBX-naitnepa
63 MM. /IMHa MONy4yeHHOro KepHa cocTaBuiaa 126 cm.
Onucanue JTUTOIOTMYECKOIO CTPOEHHUS OTIOKEHUH B
KepHe mpuBeaeHO B TaOm. 1. Jig mamuHOIOrHYeCKOTro
aHaJm3a JOHHBIX OTIOKeHUuM o3epa Homto-Hyp Obin
B3ST Kbl BTOPOH CAaHTHUMETpP KepHa, TAKUM 00pazoM
ObLTO M3y4eHO 63 oOpasiia.

Bypenne topdsauka B monmuae peku CeHIla mMpoBe-
neHo Oypom cucrtembl Uuctopda. OOmas MOIIHOCTH
BCKPBITHIX TOP(MSHBIX OTIOKEHUH B nonuHe pekn CeHna
cocraBuia 61 cM, HUXKe HaAXOIUIICS TOPU3OHT BOJBI, MO~
3TOMY M3BJI€Yb HEHAPYIIEHHBIH KEpH He MPeICTaBUIOCH
BO3MOXKHBIM. METOJIOM MaJWHOJIOTMYECKOIO aHaln3a
M3y4eH KaXIblii CAHTUMETP MOTYYEHHOr O KepHa.

Hanunonocuueckuti  memoo.  JAns  dKCTpaKIUHU
TBUIBIEI M CIIOp B JIAOOPAaTOPHBIX YCIOBUSAX 0Opa3Iibl
€CTECTBEHHOM BJIAXXHOCTH MOJBEPrajiuch CTaHAAPTHOU
npouenype oopadorku [Berglund, Ralska-Jasiewiczowa,
1986]. [lepen HagamoM 00paOOTKH B KaXKABIA 00pa3er

n00aBIIsLIMCh TabmeTku crop Lycopodium (18 583 3epHa
B Ta0JeTKe) I pacueTa KOHIICHTPAIMHY ITBLTBITEL.

Hist obHapykeHus KapOoHaTa Kalblus 10 Hadaia 00-
paboTKH B KaXKIblid 0Opaser; 00beMoM B 1,5 T BIakHOTO
ocanka no0aBsIn HeckoNbKo Kamenb 10 %-i consHoM
kucinotel (HCI). Ocamok oTMbiBanu 2—3-pa3oBBIM IICH-
TpudyrupoBanueM, 3ateM 106aBisuTH 10 %-# rumpokcu
kanus (KOH) u momemntamu Ha 10—15 MUHYT B BOASHYIO
0aHro ¢ Temneparypoi 80 °C. 3aTeM 0caJoK IPOMBIBATH
yepe3 cuto ¢ sueerd 120 mxm. CycneH3us, mpouieanas
gepe3 CHTO, COOMpPANach B IMOMUIIPOIIICHOBBIC IEHTPH-
(byXHBIE POOUPKH, MPOMBIBANIACH TPEXKPATHBIM IICH-
tpudyrupoBanuem Ha ckopoctu 3 000 00./MuH Ha TIpO-
TshKeHUH 3 MuH. 3atem mpoxommia odpadorka 40 %-it
maBukoBoil kucnoroit (HF) B anexkrpuueckoil BoasHON
OaHe, MOCIIe OCTHIBAaHHS IPOBOIMIN ICHTPUPYTHPOBA-
HUE C pgobaBieHWEM Ciaboro pacTtBopa COABI JO
HEWTPAJIILHOMN Cpeapbl.

Be3BoaHbIl MIMLEPUH HMCIIONB30BAIN JUISI XPaHEHUS
00pa3oB W MOATOTOBKH ciaifoB. [IpLTblly W CHOpBI
unentudumposanu npu yeemmdernn x400, x600 u
x1000 ¢ mOMOIIBIO OIMyONMKOBAHHBIX OINPEICTHTECH
TBUIBLEL U atiacoB [KynpusaoBa, Anemuna, 1978; Boob-
poB u nip., 1983; Moore, 1991].

Tabnuma 1

Jlutonornyeckoe onucaHue KepHos u3 ToppsHuka Cenna u ozepa Homro-Hyp

Table 1

Description of the sediment lithology in the core from Lake Nomto-Nur and Senza peat section

Hassanne o0nexTa I'opusont, cM Onncanne TOpU30HTa
0-10 Braxxusiil c1a00pa3noKUBIIANC KOPUIHEBBINA TOP)
12-10 Topd TemMHO-Ceporo 1mBeTa ¢ CymecTBeHHOH ToNel TIIMHUCTOTO MaTepraia
18-12 BrnaxHBI KOPHYHEBBIHN TO)
TopdsHNK 1OMUHE > P ph
18-21 [Ipocnolika IIHMH CEporo LBeTa
pexu Cenma >
2143 Cr0ii TEeMHO-KOPHYHEBOTO Topdha
4345 [Ipocnoii rMMHUCTOrO Marepuaa
45-61 TeMHO-KOpUYHEBBIN TOPD
0-58 Cepble aJeBPUTHI C MeIHMAHHBIM pa3MepoM 3epHa oT 15 o 18 Mkm
TeMHO-CepbIe KPYITHO3EPHUCTHIC AJIEBPUTHI ¢ METUAHHBIM Pa3MepoM 3epHa 73—-89 MKkm
JloHHBIE OTJIOXKEHUS 58-85 P pym P P A p P P
C BKIIFOUCHHSIMH 3€PCH MEJIKOTO TTeCKa
o3epa Homro-Hyp
35-126 Bornee cBeTibie, yeM BhIIIE, CEPhIC CPEAHE3CPHUCTHIC AJICBPUTHI C MEIHAHHBIM
pa3mepoM 3epHa 2040 MM

Tpumeuanue. Knaccudukarms npusoaurcs o [Pyxuny, 1969].

B xaxnom obpasue Hacuutano oT 300 1o 600 nbuib-
1eBbIX 3epeH. OTHOCUTENBHOE OOWIINE WIIH MPOIICHTHOE
COJICpIKaHUE KaXKIOro IMBUIBIEBOrO TAKCOHA PACCUHTHI-
BaJIOCh OT CYMMBI TBUIBITBI JPEBECHBIX, KyCTAPHUKOB U
TpaB, npuHsaTor 3a 100 %. IIpoueHTHOE copep)kaHue
crop OBLIO OMPENENIEeHO OT CYMMBI BCEX TOJICUUTAHHBIX
B K&XKIOM 00pas3Ile 3epeH MBLIBIBI U CIOp, IPHHITON 32
100 %. OmMHOBPEMEHHO B ATHX € 00paslax IpOBOJIH-
JIach UICHTU(UKANINS HEMBUIBIEBBIX ManuHoMopd (crop
U IUTOJIOBEIX TEN TPUOOB, CTBOPOK amMed, YCTBHUI] KIIETOK
XBOIHBIX JIPEBECHBIX) U TOACYET MUKPOUACTHUIL YTIICH.

ConepkaHue MUKpPOYACTHUI] YT yKazaHO KakK KOH-
[EHTPANusl, OCTANbHBIC HEMBUIBIICBEIC MATHHOMOP(EI
(HIIIT), otobpaskeHHbBIC HAa AUAarpaMMax, YKa3aHbl B €11~
HUIAX Ha CIAMI.

Paouoyenepoonoe oamuposanue. Bo3zpact oTIIONKe-
HUH B KEpHE OIpeieNieH METOAOM PaluOyTIepOTHOIO J1a-
TUPOBAHUS C IPUMEHEHHUEM YCKOPHUTEIBHON Macc-CIiek-
tpomerpun (YMC ¥C) B MucTuTYTe sinepHO# (GU3HKH
uM. [.U. Bynkepa Cubupckoro otnenenus Poccuiickoii
akagemuu Hayk (USAD CO PAH) u B UHcTUTyTE TEOIO-
run u MuHepanoruu uM. B.C. Co6onesa CO PAH. Beero
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MOJYYEHO JBE HAThI JUI TOP(PSHUKA U3 JOIUHBI PEKH
CeHua 1 ofiHa JaTa U3 OCHOBAHMS KEPHA JOHHBIX OTJIO-
xeHuit ozepa Homro-Hyp, n3mepeHHbie U KanmuOpoBaH-
Hble 3HaYeHHUs1 KOTOPBIX MpUBeAEHbI B Tab. 2. Mi3MepeH-
Hble 3HaueHns *C Bo3pacTa OTKAIMOPOBAHBI C UCIIOb-
3oBanneM mnporpammel OxCal v4.3 [Bronk Ramsey,
1995] u xanuOpoBouHoii kpuBoii IntCall3 [Reimer et al.,
2013]. Janee B TekcTe cTaTbU 3HAUYEHUE BO3pacTa MpH-
BOJIATCS B KAIMOPOBAHHOM JIETOUCYHCICHHU (JIET IO
HAaCTOSIIIEro BpeMeHu = J.H.). Bo3pacTHas Monens s
KepHa ObLIa TOCTPOCHA METOIOM HHTEPITOJISIIIH KaJIn O-
POBaHHOI'O 3HAUYEHHUs BO3pacTa MEXAY COCEIHUMH Ja-
TaMd U C JONYIIEHUEM O MPUMEPHO MOCTOSHHON Cpel-
HEH CKOPOCTH aKKyMYIISAIUH 32 BCe BpeMs (OpMHUpPOBa-
HUSI OTJIOKEHUH.

MarnuTHsle cBoiicTBa oTnoxeHud o03. Homro-Hyp
OBLTH U3MEPEHBI C MTOMOIIBIO CHCTEMBI MAaTHUTHOW BOC-
npuumunBoctd (MB) MS2 BapTHHITOH, OCHaIlIEHHOM
nmatunkamu MS2C70 u MS2K.

Cmamucmuueckue memoowl. J{jia MOCTpOeHHs CIIO-
POBO-TIBUIBLIEBBIX JHArpaMM HCIONB30BaHA IPOrPaMMa
Tilia/Tilia-Graph/TGView [Grimm, 2011]. Beinencaune
Ha UarpaMMe JIOKAIBHBIX MBUTBIEBBIX 30H MPOBEICHO C
MPUMEHEHHEM CTPAaTUTpapUUECKH OrpaHUICHHOrO KIia-
creproro anamm3a CONISS [Grimm, 2011].

PesynbTarsl

Xpononoeus. Ha riryoune 127 cM BO3pacT OTIIOKESHUH
03. Homro-Hyp cocraBun 746 xanuOGpoBaHHBIX JIET.

KanubpoBaHHBIN BO3pacT OTIIOKCHHUU B TOP(SIHUKE
Cenua coctasun 1006 et nHa raoybune 40,5cm u
4 723 ner Ha ryOuHe 60,5 cMm.

Hanunocmpamuepaghus. Pe3ynbTaThl CIOPOBO-TIBLTB-
LIEBOr0 aHAJIM3a MPUBENIEHBI Ha quarpaMMax (puc. 3, 4).

O3zepo Hommo-Hyp. Ha criopoBoO-TIbUIBLIEBON Iua-
rpamme (puc. 3) BbIAETIEHBI TPU JIOKAIbHbIE MBLUIbIIEBbIE
3oubl: HTH-1, HTH-2, HTH-3. OnIicanue 30H TPUBOTUTCS
B XPOHOJIOTHYECKOM TOPSJIKE — CHU3Y BBEPX.

Tabnuia 2

YMC “C natel u ux KaIMGPOBAHHBIE 3HAYCHUS

Table2

AMS C dates and their calibrated values

HanmenoBanue o0bekTa Homep o6p. I'my0uHa B KepHE, CM 14C 3nauenmne KanmnbpoBaHnHoe 3HaUCHUE
TopdsHNK 13 OTUHEI COAH-9070 40,5 1070 + 85 1006 £ 91
pexu CeHiia COAH-9071 60,5 4200 + 70 ner 4723 £100
Osepo Homto-Hyp Poz-58389 127 840 + 40 746 + 50

B xomonky «JIpyrue TpaBbDy BKIIFOUCHA ITBLTBIA TPaB, OT-
HOCHUTENIBHOE 00MIHe KOTOpBIX He mpeBbinaio 0,02 %. Jto
MBUTBIIA TpaB W3 cemelictBa Brassicaceae, Gentianaceae,
Fabaceae, Rubiaceae, Onagraceae, Saxifragaceae, Iridaceae,
Liliaceae u ponoe Geranium sp., Valeriana sp., Rumex sp.,
Lonicera sp., Polemonium sp., Plantago sp., Menyanthes.
B rpynny «Bomopocnn» OTHECEHBI KIETKH BOAOPOCIEH
Spirogyra, Botryococcus, Pediastrum.

B cmopoBo-nisutbnieBrix crektpax (CIIC) mpeobmna-
JTaeT TBUTBIA IPEBECHBIX PACTCHUH, COCTABISA, B CpPEl-
HeM, 71 %. CpeaiHee 3HaUECHHE OTHOCHTEIBHOTO OOMIIHS
MBUTBIBI KYCTAPHUKOBBIX pacTeHuil — 8,7 %, TpaBsHH-
cThIX — 12 %, a 101151 CIOPOBBIX HE MpeBbIaeT 8,3 %.

B CIIC 30861 HTH-3 (126 — 68 cM, ~746 et — 420 n.H.)
MBUTBIA JPEBECHBIX PACTCHHUH COCTABISIET B CPEIHEM
74,6 %, 9TO SIBASETCS MAKCUMYMOM JUISL OTJIOXKEHUH BCEro
KepHa. B rpymnme mWBUIBIEI JAPEBECHBIX Ipeodiamaet
MBUTBIIA COCHBI CHOMPCKOH, €H COIYTCTBYET IbUIbIA
COCHBI OOBIKHOBEHHO (Pinus sylvestris) u e CHOUPCKOI
(Picea obovata). B MeHbBIIIEM KOJIMYECTBE MPHCYTCTBYET
MBLIBIIA JIMCTBEHHHMIIBI M Oepe3sl (Betula alba-type).
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B rpynme mBUIBLIBI KyCTapHUKOB TOCHOJICTBYET
MbUTbIIA KYCTapHUKOBOH Oepesbl (Betula nana-type),
MPHUCYTCTBYET MbLIbIA OIbXOBHUKA Duschekia fruticosa,
uBbI Salix sp. U MOXOKEBENbHUKA Juniperus sp.

B CIIC 510t 30HBI HA0JIOIAETCS 3HAYUTEIIBHOE pa3-
HOOOpa3ue TMBUIBLBI TPABSHUCTOH PacTUTEILHOCTH,
Cpeay KOTOPOil BBIAEINSAETCA MbUIbLA OCOKOBBIX, MOJIBIHU
(Artemisia) 1 31aKOBBIX.

Conepxanue TIBUTBITBI TPaB-TUrPOPUTOB
(Myriophyllum sp., Nuphar sp., Typha sp.) He3Hauu-
TenbHO, 0,11 %.

B rpymnme cmop MOMHHHPYIOT CIOPBI IUIAYHOB
Lycopodiaceae (mo 2,8 %), MmanopoTHHKOOOpa3HBIX
Polypodiaceae (mo 1,96 %), cdarHoBeix MXOB (70
1,06 %). OO6wme cmop TuiayHKOB  Selaginella

selaginoides ne npessimaert 0,13 %.

B rpymnme mHempuibnieBsx nammaomMopd (HIIIT) muaOTO
KJIeTOK Bojopocieil poma Cosmarium ¥ crop TpuOoB
Sordariomycetes.

Konnentpauust MUKpOOCTaTKOB YIJIEil B 3TOH 30HE B
cpenHeM coctasnser 104 mr/cv’.
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CocraB CIIC 30ub1 HTH-2 (6852 cMm, ~420-350 n1.H.)
cynuiecTBeHHO oTiinyaercs ot coctasa CIIC npenpinymieii
30HEI. B 06mem coctase CIIC 3HAYUTENBHO COKPATHIIOCH
o0mITe TMHUTBIEI ApeBecHbIX (B cpemHeM 60,17 %) u mo-
BBICHJIOCH — KYCTapHUKOBBIX pacTeHUH (B cpeaHeM
23 %). B rpymre nbuiblibl IpeBECHBIX PACTEHUN CHU3HU-
JIOCHh OOMITUE TTBUTBITHI BCEX TAKCOHOB, MUCKITFOYAS IIBLIBITY
Oepesbl, 0OMIIHe KOTOPO MTOYTH HE U3MEHHIIOCH B CPaB-
HeHnu ¢ 30HOH HTH-3. OCOOEHHO 3aMETHO CHIKCHHUE
POJH MBUIBLIBI TMCTBEHHUIIBI.

B rpynne nbuiblibl KyCTapHUKOB ITOYTH B TPU pa3a Mmo-
BBICWJIOCH OOWJIME MBUIBIEI ONBXOBHHKA. B rpymme
MIBUIBLBI TPABAHUCTBIX PACTEHUH CleayeT OTMETUTH CYy-
MIECTBEHHOE CHIDKEHHME OOWJIHSI TBLTBIBI MAPEBBIX, 371a-
KOBBIX M OCOKOBBIX U MOBBIIIEHHUE — BEPECKOLIBETHBIX.

Conepxanue mukpoyactun yrieid B CIIC 3oub1 HTH-
2 UMeeT MK Ha TIyOouHe 65 cM. DTOT MUK KOHIIEHTPAIN
MHUKpOYACTHUI] yIIIeH COBMaAaeT C MAKCUMYMOM KOJIHYe-
CTBa YCTBUI] XBOMHBIX PACTEHUN.

Emie onuH MakcuMyM MUKpOYAcTHI] Yriieil oTMeueH
Ha rpanutie 300 Hta-2 u Hra-1 (cM. puc. 3).

B CIIC 30nb1 HTH-1 (BepxHue 52 cM, nocneaHue npu-
MepHO 350 JIeT) COOTHOIIEHHE MBUIbLBI PEBECHBIX, KY-
CTapHUKOBBIX, TPABSIHUCTBIX U CIIOPOBBIX PACTEHHI CHOBa
H3MEHsieTCsl 1Mo cpaBHeHMIO ¢ uX 3HadeHusamu B CIIC
MpeaplIyILel 30Hb1. Bo3pacTaeT 10515t MOJBIHYU, PO3OLBET-
HBIX (Rosaceae) m rBo3mmunbix (Caryophyllaceae). doms
CIOPOBBIX PACTEHUH TAKKE MOBBICHIIAC.

Emre omHO#M BaskHOH 0COOCHHOCTHIO MOA30HEI HTH-1
CTaJI0 TIOCTEIIEHHOE YBEJIWYEHHE KOJIMYECTBa KOIPO-
¢mpHBIX TpHOOB Sordariomycetes.

Konnentpauuss MUKpo4acTull yriieil B OTIIONKEHHIX
308l HTH-1 moutu B Tpu pa3a Bo3pocia B CpaBHEHUH C
ux koHuentpauueil B CIIC 3ons1 HTH-3. [lapamiensno
YBEIHMUCHHUIO KOJTHYCCTBA MUKPOYACTHII YTIICH HaOII01a-
€Tcs pe3Koe CHUKEHHE KOJIIMYECTBA YCTHUI] XBOH JIUCT-
BeHHULIBL. OcTaTku Bogopocieit poga Cosmarium UMEIOT
JIBa XOpOIIIO BBHIPaKEHHBIX MaKCHMyMa Ha TIIyOmHe 52—
40 cM u 1-3 cMm, B TIEJIOM K€ MX KOJIMYECTBO TaKKE CY-
LIECTBEHHO YMEHBIIMIIOCH B CpaBHEHHH ¢ 30HOK HTH-3.

Topghsinux Cenya.

Ha cmopoBo-nibUIbLIEBOM — AnMarpaMMe TOpPQSIHHKA
CeHlla BbIZIENEHBI JBE JIOKAJIbHBIE IBUIBLIEBBIE 30HBI:
CHu-1 u CHu-2 (puc. 4), Kaxxaast U3 KOTOPbIX TaKxke pa3-
neneHa Ha aBe noazoHbl. Onucanue cocraBa CIIC npu-
BEJICHO CHU3Y BBEPX.

B CIIC nonzonsl Cuil-2b, (61-45 cm, 4 720 n1.H. —
1 800 11.H.), B 00111EM COCTaBe MpeobaaaeT mbLIbla Ipe-
BeCHBIX pacteHuil (B cpeaneM 82 %). Cpeau HbLIbLBI
JPEBECHBIX PAaCTEHUU JOMUHHUPYET MbLIbLIA COCHBI CH-
OUPCKOH, COCHBI OOBIKHOBEHHOH W €IH CHOMPCKOM.
B rpynmne nbuiblbl KyCTapHUKOBBIX (B cpenHeM 3,8 %)
mpeobiiagaeT mbUIbIA KyCTApHIUKOBON Oepe3sl, eif comyT-
CTBYET MbLIbIA OJbXH KYCTAPHUKOBOW W UBBIL. [IbLIbLIBI
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tpas B CIIC »T0il noazonsl B cpeanem 1o 11,5 %. B oc-
HOBHOM 3TO TbLIJIbIA OCOKOBBIX. Cpeau ApyruX TAKCOHOB
BbIAesieTCs MbLTbIA acTpoBbiX. B CITC nmomzons! CHi-2b
OTMEYEHO MaKCHMaJIbHOE JJIs1 BCEro pa3pe3a KOJIUYeCTBO
YCTBHII XBOMHBIX pacTeHui (8 mt/cnaiin). Cpeau criopo-
BBIX pacTeHHUH JOMUHHUPYIOT IJIAYHOBBIE, TAKXKE TIPHCYT-
CTBYIOT CIIOPBI c(parHyMa i MHOTOHOKKOBBIX (B CpeIHEM
0k07110 3 %). KoHLleHTpa1iss MUKpOYacTHI] yIiiel He mpe-
BBHIIIAET B CpeiHeM 255 m/cm’.

B CIIC mnomzonsr Chi-2a (45-30 cM, HECKOIBKO
npesree 1800 y.H. — okos0 620 JI.H.) OTMEUEHO CHHKe-
HUE JIONH TBUIBIBI €U, MUXTHI U COCHBI OOBIKHOBEHHOM.
[Ipu 2TOM MOBBICHIOCH OOHMIIUE MBLIBIBI COCHBI CHOUP-
ckoil. B nenom B o6mem cocrase CIIC noazons! CHu-2a
3aMETHO CHIIKAeTCA MPOLIEHTHOE COJEpXKaHUe MbLIbIIbI
JpeBecHBIX pacTeHuil (B cpenHem 10 72 %). Hons
MIBUIBIBI KyCTAPHUKOB MIOYTH HE U3MEHHUJIACh IO CpaBHe-
Huto ¢ ux conepxkanueM B CIIC momzonsr Cuu-2b. O6u-
JIE TBUIBLBI TPaB BO3PACTAET 3a CUET YBEIMYEHUS KOJIU-
YyecTBa MBUIBLBI OCOKOBBIX. IlocTOSHHO OTMeuaercs
MBUIBIIA ACTPOBBIX, TOTA KAK ITBLTBIA 37TAKOBBIX TOSBIIS-
erca nuiib B BepxHuX CIIC momzonbl. OTHOCHTENBHOE
o0mITHe COp MOBBICKIIOCH 110 3,6 %.

KoHuenTpauuss MHMKpodacTHll yriied B OTIOXKEHHUSIX
nom3onbl  CHI-2a  He3HAYMTENbHA, HE  MPEBBIIIAs
125 mrr/em’. Takoke B OTIIOKEHUAX TIO30HBI TPAKTUYECKU
OTCYTCTBYIOT YCTBHILIA XBOU, 33 UCKIIFOUEHUEM UX MOSIBIIE-
Hus Ha T1yOnHe 44 ¢M 1 32 ¢M 0T IOBEPXHOCTH KEpHA.

B CIIC nomzonst Cail-1b (30-10 cm, 620-210 n.H.)
CYLIECTBEHHO CHHUKAETCs JOJIsI MBLIBIBI APEBECHOM pac-
TUTETBHOCTH (B cpemHeM 110 54 %). OTHOCHTENBbHOE 00H-
JUe TBUIBIBI KYCTapHUKOB B mom3oHe CHI-1b Taroke
CTaJIo 3HAUYUTENIbHO HIXKE, YeM B noa3one CHu-2a, u co-
cTaBuiIO B cpeaHeMm 1,3 %.

ConepxkaHue TBUIbIBI OCOKOBBIX BO3pacTaeT B He-
CKOJIBKO pa3, JOCTHrash MaKCHMAaJbHBIX 3HAYCHHH IS
Bcero paspesa. B CIIC moazons! CHii-1b mocTossHHO TpH-
CYTCTBYIOT CHOPHI C()arHOBBIX MXOB, ITAYHOB, MAIOPOT-
HHUKOB, COCTaBJIsis B cpeaHeM 2,5 % oT o0Imero cocrapa
neUTbITE U criop B CIIC.

Taxoke BBISBICHO BBICOKOE COJCpKaHUE KOMPO(HITH-
HBIX TpUOOB pona Sordaria.

KonuyecTBo ycThUIl XBOM JIPEBECHBIX PACTEHUN MO-
npexHeMy Hu3Koe. KoHIeHTpanus MUKpOYacTUl] yrien
3HAYUTENBHO BO3pAcTaeT B CPABHEHUH C HIXKHUMHU TOpH-
30HTaMH (B cpemHeM 2 218 mt/cM®). MakcHMabHBIH THK
WX KOHLEHTpalH AJs OTJIOKEHHUH BCero KepHa oTMeva-
€TC Y OCHOBAHUS TOH MOI30HBI.

B nomzone Chi-1a (10 cm — 0 cM kepHa, IpUMEPHO
210 m.H.) A0NA TBUIBLBI IPEBECHOW PACTUTEIBHOCTH B
CIIC HumxHEH yacTu MOA30HBI OTHOCHUTENHHO BBICOKAS.
OpHako 3aTeM OHAa CHMXKAeTCAd K BEPXHMM TOPU30HTaM
KEepHa, B OCHOBHOM 3a CUET M3MEHEHMS JIOJM TbUIBIIbI
00enx CoceH.
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Taxoke Bo3pacTaeT posib Oepesbl, U ee KpUBasi CTaHO-
BUTCSl pOBHEE. YBEIMUMBAETCS OOMJIME MBUIbLBI KycTap-
HUKOB (B cpegHeM 110 7,23 %) 3a cyeT NbUIbLbI KyCTapHU-
KOBO# Oepe3bl. B rpymiie mbUTBIEI TPaBSHUCTOW pacTH-
TENIHOCTH TIOBBICHIIOCH OOFITHE MBLIBITHI ACTPOBBIX U 371a-
KOBBIX. Bollee 3HaUMTENbHBIM CTAaHOBUTCA MPUCYTCTBHE
MBUIBLEI ApYyrux Tpas B cpaBHeHuu ¢ CIIC nomzon CHul-2a
u CHir-1b. B CIIC ocHOBaHWs MOJ30HBI CHUKAETCS O0H-
JI€ MBUIbLBI OCOKOBBIX, IIOCTENEHHO 3aTEM MOBBIIIASICH B
CIIC BepXHUX TOPU3OHTOB KEpHA.

HemnpuibiieBbie mamuHOMOPGBI U3MEHSIOTCS HE3HAYH-
TENFHO, OJHAKO MOXKHO OTMETHTh PE3Koe M OOHIIbHOE
MIPOSIBIICHHUE OCTATKOB IUIOMOBEIX Tl TPUOOB B KEpHE Ha
rmyoune 10-5 cM ot ero moBepxHOCTH. B cpaBHEeHUH ¢
nogsoHamu CHi-2a u CHi-1b yBemuuuBaercst xonude-
CTBO YCTBMII XBOM BbICIIMX pacTeHui. KoHueHTpanus
MHUKpOYTJIEH TMO-TIPeKHEMY BBICOKas, B CpeIHEM
1 812 wr/em’.

PesynbraTel n3mepenus MB B kepHE U3 OTIIOKEHUN
03. Homro-Hyp mokaseiBarot, 4to 3HaueHuss MB noutu
HE U3MEHSIIOTCS B MHTepBase 127—76 cM 0T NOBEPXHOCTH
kepHa (puc. 5.). OgHako B uHTepBayie 58—76 ¢cM pukcu-
pyercss uX pe3Koe M MHOIOKpaTHOE IIOBBIIIEHWE OT
100 no 480 exn. CH [IlletHukoB u ap., 2016].

OO0cy:kaeHue U HHTepIpeTauus pe3yibTaTOB

O3. Hommo-Hyp.

Pe3ynbraThl ManMHOMOTMYECKOTO aHali3a OTJIOXNKe-
HUl u3 kepHa 03. HomTto-Hyp no3sonunu pekoHCTpyupo-
BaTh IOCIIEAOBATEILHOCTD IMaIE0IKOJIOTUIECKUX COOBI-
Tui B nonuHe p. CeHua, rjae HaxoJuTcs 03€po, 3a Mocie -
HUE HECKOJIBKO CTONIETUI MO3JHETo rojoueHa. Onepupys
JUTS 3TUX OTIIOKEHHUI pacYeTHBIMU 3HAYCHUSIMU BO3pacTa
TPaHWIl BBIJICTICHHBIX TBIIBIEBBIX 30H W TOA30H, MBI
npenjaraeM MPUHUMATh 3TH 3HAYCHHS KaK yCIIOBHBIE,
JIAIOIIIME JTUIIb TPUOTM3UTEIbHBIC TPEICTABICHUS O BO3-
MOXXHOM BPEMEHH PEKOHCTPYHPYEMBIX Taneoreorpadu-
YECKHX COOBITHIA.

Cocrap CIIC 3o0ub1 HTH-3, ok. 700—450 11.H., 103BO-
JIIET PEKOHCTPYMPOBATH TOCHOJCTBO JTUCTBEHHUYHBIX
JIecoB B cpenHel yactu noiuHsl pexu Cenma. OcobeHHo-
CTH pacHpoCTpaHEeHHUs TbLIbIBI enu [Bezrukova et al.,
2005] mpenmonaraloT CyIIECTBOBAHHE €JOBBIX JIECOB
JIGHTOYHOTO TUMa B foyivHe p. CeHIa u JoIuHaxX ee mpu-
TOKOB. [10CKONBKY B TIEpPHUOIHI BRICOKMX BECEHHHX TOJIO-
BOJMI BOJ]a M3 PEKW HA4YMHAET TOCTYMaTth B 03. HomTo-
Hyp, T0 OoHa MOXET NMPUHOCUTH THUIBIY €U B BOJBI
03epa, KOTopast 3aTeM aKKyMYJIHUPYETCs B €ro JJOHHBIX OT-
noxeauax. Huskoe oounue B CIIC 3T0il 30HBI HBLUIBILI
00enx coceH U Oepesbl APEBOBHIHON, C YUETOM CII0C00-
HOCTH WX TIBUIBIIBI PA3JIETATHCS C BETPOBBIMU MOTOKAMU
Ha OYCHb 3HAYUTENBHBIC paccTostHus [Ma et al., 2008;
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Luo et al., 2009], u oTpaxaromieii 0OBIYHO PETHOHANb-
Hy10 pactutenbHocTh [HoBenko u ap., 2017], mo3BomnseT
YTBEPKAATh, 9TO 00 COCHBI U Oepe3a, KaK U B HACTOsIIIee
BpeMsl, HE MPOU3PACTaIN B JIOKAJIbHOW PacTUTENbHOCTH
KOTJIOBUHBI 03€pa, HO UIpajd BaXKHYIO POJIb B COCTaBe
peruoHanbHOU JieCHOH pactuTenbHocTH. Cymma H3J0-
KEHHBIX JAaHHBIX IO3BOJISIET PEKOHCTPYHPOBATh yMe-
PEHHO-XOJIOJHBIH 1 BIaXKHBIH KIMMAT, ONU3KHN K COBpe-
MEHHOMY.

CornacHo Bo3pactHOH MoaenH, ok. 700—450 n.H. Oe-
pera o3epa ObLTH 3200J0YEHBI, O YeM CBHIICTEIHCTBYET
BBICOKOE OOMIIME MBUIBIEI OCOK M HBBHL B o03epe B 3TO
BpEMsI CYIIECTBOBAJIH CIIOKOHHEIE YCIIOBHS, OJIAT OTIPHST-
Hble JJs1 Pa3BUTHUSI JECMHUAMEBBIX BOAOpOCHEd poxa
Cosmarium, XapakTepHBIX UIS (HUTOILIAHKTOHA ME[-
JCHHO TEeKYIIHX peK, 03ep, CQarHOBBIX OOWUTAHUH
[Sharma et al., 2007]. CocTaB mBUIBIEI TPAB MO3BOJISET
PEKOHCTPYHpPOBaTh HIMPOKOE PACIPOCTPaHEHHE B JIO-
JIMHE PEKHM U BOKPYI O3€pa IMOJIBIHHO-31aKOBO-Pa3HO-
TPaBHBIX TPYIITHPOBOK JTYTOBO-CTEITHOTO OOJMKA Ha XO-
POIIO TPOrpEeBaeMbIX MOBBIIMICHHBIX MECTaX OOHTAHUS B
TEIUIbIE JIETHUE CE30HBI.

3nauennss MB noka3seiBarot, 9to ok. 700—450 m.H. B
03epe CYIIECTBOBAJ OTHOCHUTEIBHO CIIOKOWHBIA PEXUM
ocaskoHakoruieHus. OMHAKO B MHTEpBaie TIyOoWH 58—
76 cMm (B cpenHem ok. 430 n.H., 30Ha HTH-2) pe3koe u
MHOT'OKpaTHOE MOBbILIeHHE 3HaueHnt MB o3HauaeT 3Ha-
YHUTENBHBIN, CKOpPEEe BCETO, KATACTPOPUICCKIIA TPUBHOC
B 03€pO TEPPUTECHHBIX OTJIOKEHUI, BEPOSTHO, B PE3YJIb-
TaTe MaBOAKa/CepUH MaBOAKOB. OHAKO MAaJOBEPOSTHO,
YTO BOJAa pa3Mblia OTJIOKEHUS, HACBHIILIEHHbIE UMEHHO
MBUIBLON OJbXOBHUKA. MBI Mpe/iaraeM Takoi ClieHapuil
W3MEHEHHUs] MPUPOAHBIX YCIOBUH Ha HCCIELyeMOM
yuactke nonuHbl p. Cenua. IlaBogok mim cepus maBoa-
KOB [TOBBICHJIM YPOBEHB BOJIBI B 03€p€, IPUBEAS K paciiu-
PEHUIO TUIOLIAAM €r0 MOBEPXHOCTU U, COOTBETCTBEHHO,
HU3MeHeHUIo OeperoBoit muann 03. Homto-Hyp. B Takom
cllydae 3apociid OJIbXOBHHMKA, KOTOpbIE M CErojHs Ha
MHOTHUX yJacTkax Oepera o3epa u moiMsl p. CeHIa pactyT
Y JIMHAW BOJBI, MOTYIH OBITh ITOJTOIDICHBI MITH OKA3aJIHCh
HEMNOCPEACTBEHHO y ype3a Boabl. Toraa, B ce30H(-bl) LIBe-
TEHHsI OJIbXOBHHKA TOpa3no Oojblee, YeM paHee, KOIH-
YEeCTBO €ro MBUIBIBI MOIJIO OCeNaTh Ha MOBEPXHOCTH
BOJIbI B 03€pe, Tonajast 3aTeM B €ro JOHHbIE OTIOKEHUS.
[Tocne mpexpalienust ”HTEpBaJla SKCTpeMajIbHBIX MaBOI-
KOB YpOBEHb 03€pa IMOHM3MWICS, 3apOCIH OJbXOBHHKA
MOTJT CHOBA OKa3aThCs JAlbIIIe OT Oepera, YTO CHU3UIIO
KOJIMYECTBO TIOCTYyMaBIIEH Ha MOBEPXHOCTh O3€pa
TIBUIBLIBL.

PesynpraTte! m3mepernust MB st otnoxkenuit, popmu-
poBaBILKXCcA Mo3aHee pacueTHhIX 430 J.H., CBUAETEINb-
CTBYIOT O TOM, YTO 3HAYUTEJbHBIX MABOJIKOBBIX B 3TO
BpeMsi cOOBITHIT He OBLJIO, U MPOIIECC OCaIKOHAKOIUICHHUS
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B 03. HomTo-Hyp cHOBa nmpoxoaus B OTHOCUTENBHO CIO-
KOIHOM peXrMe 03epHON cCeIMMEHTAlINH.

B nokanbHO#l pactutensHOocTH mo3aHee 430 et
(Htr-1) mponomxkanmu npeobnaiats JIMCTBEHHUYHEIE Jieca,
JIOJIMHHBIC eMbHUKH. BOmim3u GeperoBoii TMHUM 03epa Cy-
LIECTBOBAIM HMBOBBIE U OJbXOBHHMKOBBIE KYCTApPHHKOBBIE
rpynnupoBkd. HeCKONbKO TOBBIILIEHHBIE —COJACPIKaHUS
TMIBUIBLBI JTyTOBO-CTEITHOTO Pa3HOTpaBbs (CM. puc. 3) mpex-
moyararot 0oliee MMPOKOE, YeM paHee, PacIpOCTpaHEeHHe
OTKPBITBIX O0WTaHWH. V3pekuBaHME JIOKATBHON JECHOM
PaCTUTENBHOCTH MOATBEPKIACTCA M PE3KUM CHIKEHUEM

KOJIM4ECTBA YCTHUILl XBOU JINCTBCHHUIIBI.
0

10

I'n1yGuna B Kepue, cM

0 100 200 300 400 500

MB, ea. CH

Puc. 5. U3mMeHeHne MAarHUTHOI BOCIIPMMMYHBOCTH
otrno:xennii 03. Homro-Hyp

Fig. 5. Changes in the magnetic susceptibility
of the Nomto-Nur Lake sediments

Cokpariienre 0OMIHS TBUTBIBI OCOK OJJHOBPEMEHHO C
MOBBIIICHAEM OOWJIVSI BUTBIIBI BEPECKOIIBETHBIX H CIIOP
carayma, IpeAmOYUTAIONIAX ME30- UIIH OJIUTOTPODHBIE
OomorHble obutanus [Bamynkuit, 2008], mo3BomseT pe-
KOHCTPYHPOBATh CHIKCHUE YPOBHSI TPYHTOBBIX BOJ B
nonune peku CeHIla, YTO COIJIACYeTCSl C OTCYTCTBHUEM
3HAYHUTENFHBIX MTABOAKOBBIX SIBICHHUN BO BpEMs aKKyMY-
JSIAA BEPXHUX 52 CM.

[eutbIieBast 3amuCh TOPQSHBIX OTIOKEHHH U3 JO-
nmuHbl pekn CeHIa oTpakaeT 3HAYUTENbHBIC H3MEHEHUS
B CTPYKType JTaHMAPTOB U COCTaBE PACTHUTEIHHOCTH
cpenHei uvactu gonuHbl p. CeHua 3a MoOCIeIHUE
4700 ner. BospactHyro mozmenb s paspe3a CeHua
TaKXe CIEeIyeT pacCMaTPHBATh TONBKO KaK PacueTHYIO,
MPUMEHSIEMYIO IUIS OTHOCHUTEIBHOTO JATHPOBAHUS pe-
KOHCTPYHPOBaHHBIX cOOBITHH. Ha cropoBo-IBUIBIEBOI
JyarpaMMe Ha OCHOBE HM3MEHEHHUS TaKCOHOMHYECKOro
COCTaBa TBLIBIEBBIX U HEMBUIBIEBBIX MATUHOMOP(] BBI-
JICTICHBI JIBE TBUTBIICBBIC 30HBI, KaxIas U3 KOTOPHIX Je-
JIUTCSL HA JIB€ MOJ30HBI. DTHU MOA30HBI COOTBETCTBYIOT

YEeTBIPEM dTalaM H3MEHEHUS TPUPOTHOM CpEbl B HCCIIe-
JTyEMOM pailoHe.

Ha mporspkeHnE (QOpMHUpPOBAaHUS OTIOKCHHUU MOJ-
30HbI CHII-2b Ha MecTe TOp(SHUKA CYIIECTBOBAI METTKHIA
03EpHBI BOJOEM WJIM CTapHIla, B KOTOPOM HaKarlIHBa-
JUCHh CepOBATO-KOPUYHEBBIC TIHHEL. B JonmHe pexu
Cenia npeobiiagana JecHast paCTUTEIBHOCTh, B COCTAaBE
KOTOpPOW TOMUHHUPOBAJIH €JIOBBIC TOJMHHBIC JIECa C JINCT-
BEeHHHIICH. BrIcOKOe 00MITHE TBUTBITBI 00CUX COCEH U T10-
CTOSTHHOE TPHCYTCTBHE MBUIBIBI IUXTHI MOTYT O3HAYATH
nx Oonee OJNM3KOE, YEM CETONHS, HAXOXIEHHE, YTO
MOTJIO OBITH CBSI3aHO C 00JIee BHICOKHM ITOJIOKEHUEM HX
BepxHell rpanuipl B ropax BocrouHoro Casna. B jo-
KaJbHOW PACTUTENEHOCTH BOIM3W TOpQSHHUKA Mpeodiia-
Jayl JIICTBEHHHWYHEIC Jieca, BO3MOXHO, C y4acTHEM
COCHBI KEIIPOBOW U C MOUIECKOM U3 KyCTApHUKOBBIX Oe-
pe30K, UBBl. MaKCUMaJbHBIC COACPIKAHUS YCTHHI[ XBOU
JUCTBEHHHUIIBI B OTJIOKCHUSIX 3TOTO BPEMEHHOTO MHTEP-
BaJjia CBUICTEIBCTBYIOT O €€ POM3PACTAHUH B HEITOCPE -
CTBEHHOM OJIM30CTH OT TOYKH 0TOOpa Topda.

CocraB peKOHCTPYUPOBAaHHOH PACTUTEIHHOCTH TpEm-
ToJIaraeT CyIIeCTBOBAHUE YMEPEHHO-XOJIOMHOTO U BIIaX-
HOr0 KJIMMata, KOTOPBIA He OBLT ONarompHsTeH il BO3-
HUKHOBCHUSI WHTCHCUBHEBIX IIOXKApOB, O YeM CBHUIICTEIb-
CTBYIOT MUHUMAJIbHBIC KOHIICHTPAIIMN MHUKPOYACTHII YTIIS
(cM. puc. 4). Hapsiny ¢ KTMMaTUYECKMMU YCIIOBUSIMHU, BO3-
MOXKHO, YTO M OTCYTCTBHE B 9TOT HHTEPBaJ BPEMEHH B JI0-
ymHe p. CeHIla yeoBeKa Takxke ObLI0 OJaronpusTHEIM (ak-
TOPOM JJIsI CYILIECTBOBAHMS JIECHOM PAaCTUTEILHOCTH.

Bo Bpemst popmupoBanust CIIC nomzonsr CHi-2a pe-
KOHCTPYHPOBAHO CYIIECTBEHHOE CHIDKCHHE OOWITUS
TBUTBLEL €. O HOBPEMEHHOE PaCIIHPEHUE TPABSIHO-KY-
CTapHHUKOBOH PAaCTUTENBHOCTH W3 Oepe3oK, UBHI, c(ar-
HOBO-OCOKOBBIX ACCOLHAIMIA MPEAIoaaracT pa3BUTHE
mporecca 3a00JauuBaHus B JOMUHE PEKH, YTO MOLIIO
OBITH BKHOM IPHYMHON THOENH TONHHHBIX €IHHUKOB,
KOTOpBIC HE BBIHOCAT 3aCTOIHOTO YBIIA)KHEHIS.

[penmonaraercsi, 4To 3a0oNaYMBaHUE MOTIIO OBITH
BBI3BAHO AKTUBU3ALEH HOBEUIIEH BYJIKaHUYECKOHN Jesi-
tenpHOCTH Ha OKHMHCKOM IntaTto. HamGomee momonmas
¢daza aKTUBH3AIMU BYJIKAHUYECKONH Hadalach OKOJIO
1600 .. Haubosnee cuiabHBIC H3BEPKEHUS MOJIOIOU
¢aser npowmsonru 1600800 n.H. [Ivanov et al., 2011;
ApxaHHUKOB U Jip., 2013; Shchetnikov et al., 2019]. Co-
TJIACHO UMEIOIIMMCS Jatam, st pazpe3a CeHla Havaio
mporiecca 3a0oavunBaHusl B pailoHe UCCIETyeMOro pas-
pe3a Hayasioch Heckosbko paHee 1000 n.H., yTO He Mpo-
TUBOPEUHUT pe3yibTaTaM O BPEMEHHU IONIPYKHBAHUS
p. CeHia. AKTHBH3AIKs BYJKAaHOB MOTJIa IPUBECTH K 00-
Pa30BaHUIO JIABOBO-MOANPYIHOTO 03. 3yH-YKIprei, co-
OTBETCTBEHHO, K MMONTOIUICHUIO YCThs p. CeHIa, moBBI-
MICHUIO €€ MECTHOro 0asmca 3po3ud. Bo3MOXKHO, 3TO U
MpUBENO K (POPMUPOBAHUIO 3aCTOHHOTO THAPOIIOTHYE-
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CKOT0 peX1Ma B HIXKHEH 4acTH JOJIMHBI peKH, 3a00auu-
BaHHUIO U 3a03epuBaHuio ee nuuma [lllerHukos u np.,
2016] 1, B 4acTHOCTH, (POPMUPOBAHUIO TOHKOTO IIPOCIIOSI
TIIUHUCTOrO MaTepruana B Topdsianke CeHla Ha TIyOonHe
43—45 cM oT IOBEPXHOCTH TOPPAHUKA.

CamMblif MONTOJION ATaM Pa3BUTHS IPUPOIHOM CpENbl B
nonmune p. CeHlla COrjlacHO pacuyeTHOMY BO3pPacTy MOT
HadgaTthcsl okono 700—650 m.H., T.e. mocie 3aBepUICHUS
aKTHBHOW (ha3el BynkaHu3Ma Ha OKHHCKOM ILIATO
[Shchetnikov et al., 2019].

CwmeHa mBeta Topda B paspese Ha rryoune 30-32 cm
(CHu-1b) ¢ TeMHO-KOPHYHEBOTO ¢ HAJIETOM OKEJIC3HEHHS
Ha MEHee TeMHEBII 0e3 CIe/IOB OKENe3HEHHUS, a TAKKe Pe3-
KO€ M3MEHEHHUE MPOLIEHTHOTO CONEPIKaHUS TATHHOMOP(Q
MIPENOIaraloT HaJIM4Ke MepepbiBa B 0CaAKOHAKOILICHUN
okoino 700 m.H. Bo3MOXHO, IPUYMHON TEepepbIBa MOIJIO
CTaTh HABOJHEHHE, HapYILUBILIEE HEMPEPbIBHOE HAKOILJIE-
Hue TopdsHoit Tomw. [Tocne mepepriBa B paiioHe H3y4CH-
HOT'O pa3pe3a mpeodiagana IMCTBeHHUYHAs Taira (CHII-
la) ¢ HEOONBIINM YYaCTHEM eITH 0 TOJNMHE peku. B tpa-
BSIHOM TTOKPOBE 00JI0Ta/3a00JI09EHHOTO JIyTa JOMHHUPO-
BaJIi 31aKOBO-OCOKOBBIE TPYIITUPOBKH.

[TosiBlieHME 3HAYMTENBHOTO KOJMYECTBA MHUKpOUa-
CTHII yrieii B ocajkax 30HbI CHII-1 MOXeET, ¢ OTHOM CTO-
POHBI, CBUETEIbCTBOBATH O MOTEIJICHUH KIUMaTa, pas-
BUTUHU TYCTOW PACTUTENILHOCTH, SIBJISIOIIEHCS OCHOBOU
JUIA TOPEHUS U, COOTBETCTBEHHO, BOSHUKHOBEHHUH MOXKa-
POB B JIOJIMHE PEKU, HAPYILIEHUU PACTUTEIHHOCTH, aKTH-
BH3AI[UH JPO3HOHHO OOYCIIOBICHHOTO IUIOCKOCTHOTO
CMBIBa HEMBUIBIEBBIX ManuHoMop(d. C APyroi CTOPOHHL,
10 TAHHBIM apXEOJIOTHYECKUX UCCIIeAOBaHUH, JIFOIU MO~
SIBUJIMCh B TOPHBIX paiioHax Bocrounoro CasiHa yxe B
anoxy HeonuTa. Ha 3Toii TeppuTopuu B pa3HOE BpeMs
KHUIIA CaMOEICKHE U TIOPKOSA3BIYHBIE HApOJbl, KOTOpPbIE
AKTUBHO HCIIOJIb30BAJIM JIECHYIO U MOATOJNBLIOBYIO 30HBI
JUId BbIlIaca CKoTa. BO3MOXKHO, MOXKapbl B 3TO BpeMs
HMMENH aHTPONOreHHblid xapakrep [Haponel Poccum...,
2008]. AHTpOIOreHHO OOYCIIOBICHHEBIH XapakKTep II0-
KapHBIX cOOBITHH B mocnennue npumepro 300-200 et
MOJTy4aeT KOCBEHHOE MONTBEPKICHAE U B OOJIMKE PEKOH-
CTpyHpYyEMOM TpaBSHUCTOM pacTUTenbHOCTU. B ee co-
CTaBE 3HAYUTENBHOE PAcpOCTPaHEHUE MOMYUHIIU CTEl-
Hbl€ acCOLMaly M3 MapeBBIX, T'PEUMILHBIX, CIOMXKHO-
[BETHBIX PACTCHUH, OOBIYHO PacCMaTPUBACMEIX B Kade-
CTBE MHJIMKATOPOB aHTPOIOI€HHOM HApyLIEHHOCTH pac-
turensbHOCcTH [HaconoBa u ap., 2019]. TIpoBepka BO3-
MOKHBIX TPUYMH BOHUKHOBEHUS MOXKAPHBIX SIBIICHUH B
MO3MHEHIIHIA dTan (HOPMHUPOBAHUS TOPSIHHUKA TPeOyeT
JTANbHEHIINX UCCIEA0BAHNMN.

[ocrostnnoe npucyrctBue B CIIC BepxHUX ClOEB
TopdsauKa (BepxHUe 23 cM, Monoxke 600 J1.H.) crop Ko-
PO UIBHEIX TPUOOB POIa COPIAPUCBBIX MOXKET CBHJIC-
TENbCTBOBATh O MPUCYTCTBUU B AosinHe p. CeHla TpaBo-
SITHBIX KUBOTHBIX, MOATBEPXKIas Hallle MPENOoI0KEeHHE
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O CyHI€CTBOBAHHH B 3TO BpEMA B OOJIMUHEC P. CeHua IIe-
MCH KOPCHHBIX HAPOA0B, 3aHNMABIINXCs, KaK 1 B HACTO-
Amee BpeMAa, CKOTOBOACTBOM.

3akiouenne

[Monyuennass maneoreorpadudeckas HHPOPMAIAS
MO3BOJISIET CHENATh CICAYIONIME BBIBOIBI 00 HCTOPHH
pacTUTENIBHOCTH, KiMMaTa U NPpUpOJHON cpeabl OKHUH-
ckoro miato 3a nocneauue 4700 ner.

B cpeanem teuenun nonuuel p. CeHua, rie pacro-
JIOXEH M3YUYCHHBIH pa3pe3 TOPQPSHBIX OTIOXKCHUHU, OK.
4700-1700 y.H. OBUTM MIHPOKO Pa3BUTHI JIMCTBCHHUY-
Hble U JIOJIMHHBIE eJoBble Jieca. Ha mecre 6onoTHOrO
MacCuBa CYyILIECTBOBaJ O3EpHBIA BOJOEM WM CTapHlia,
Oepera KOTOPBIX HAaYMHANIH 3a00NaYMBATHCSA W 3apac-
TaTh BEPECKOBBIMH M OCOKOBBIMH TI'PYNIHPOBKAMHU.
[Mozanee, ok. 1700700 (650) n.H., Ha MecTe pa3pesa
chopMupoBalioch 0COKoBoe Oonoto. Ilpenmonaraercs,
910 3a00MaynBaHue OBUIO BHI3BAHO aKTUBU3AIMEH HO-
BelIell ByNKaHMYECKOH AesaTeabHOCTH Ha OKHHCKOM
miato. BepositHo, uro ok. 700 (650) n.H. mpon30mLIo
OBICTpOE 110 BpEMEHH COOBITHE, HAI[PUMEp HAaBOTHEHHE,
KOTOpOE IIPUBEIIO K Pa3MBIBY TOpda M THOETH JTOIHH-
HBIX €JIOBBIX I'PYNIHUPOBOK. B pe3ynbTaTe Ha MpoTsKe-
HUU nocneqaux npumepHo 700 et B paiione mpeobia-
Jana JUCTBCHHUYHAs Talra ¢ HEOOJBIIUM YYacTHEM
€JIM 10 JIOJINHE PEKHU.

PexoHCTpynpOBaHHOH OCOOCHHOCTBIO PACTUTENBHO-
CTH B CpeJIHEM TE€UEeHUHU J10JIMHbI peku CeHlia 3a nmocien-
Hue 4700 net sBisieTCA MOCTENEHHOE CHUXEHHUE JOJIH
JPEBECHOM PAaCTUTEIBHOCTH 3a CUET COKpaleHUs IIo-
mafed Wi U3pEKUBAHUS JIMCTBEHHUYHBIX U E€JIOBBIX
apeBoctoeB. CocTaB PEKOHCTPYHPOBAHHOW PaCTUTENb-
HOCTU TIpelrnojiaraeT CylleCTBOBaHHWE YMEPEHHO-XO-
JIOJJHOT'O ¥ BIIAYKHOT'O KIIMMaTa, KOTOPBIA He OBLT Oyaro-
MIPUSITEH [l BOSHUKHOBEHUSI HHTEHCUBHBIX I10KapOB B
untepsaie Bpemenu ot 4700 no 600 n.1. Hapsay ¢ kinu-
MaTUYECKUMH YCJIOBUSIMH, BO3MOXKHO, U OTCYTCTBUE B
3TOT UHTEPBaJl BpeMeHHu B JoiuHe p. CeHla yeloBeka
TakKe OBUTIO OMarompusTHBIM (PaKTOpoM i JIECHOM
pPacTUTENbHOCTH.

OCHOBHOI TPUYMHOMN PEKOHCTPYHPOBAHHBIX U3MEHE-
HUH B COCTaBE PacTUTENBHOCTH NONuHEI p. CeHna 3a mno-
ciepaue 4700 et Morna OBITh epecTporiKa THAPOIOTH-
YECKOr0 PeKUMa PEeKH, OOYCIIOBICHHAS BYIKAHIMICCKOM
JeSITeNbHOCTBIO, YTO MPUBOJMIO K U3MEHEHHUIO YPOBHS
BOJIbI B PEKe, NEPHOJUUECKOMY MOATOILUICHUIO MONMBI,
Pa3BUTHIO 0OIIOTOOOPA30BATENBHEIX M 03€PHBIX IIPOIIEC-
coB. M3MeHeHMsI pPErHOHaNBPHOIO KIMMaTa, MO-BUAU-
MOMY, UMEII BTOPOCTENCHHOE 3HAYCHUEC B M3MCEHEHUH
COCTaBa PaCTUTEIFHOCTH paioHa.

[Totimennoe 03. Homto-Hyp, ruaponornyecku TeCHO
cBszagHOe ¢ p. Cenma, obpaszoBanock okono 750 J.H.
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YdauThIBas TOTPENIHOCTH METOJa JaTHPOBAHUS, BO3-
MOXHO, YTO K €ro oOpa3oBaHUIO INPHBEIO COOBITHE
(HaBOIMHEHHUE), KOTOPOE OBLIO MPUYMHOW pa3MbIBA H3Y-
geHHOro HaMu Topdsamka CeHIa, oOpa3oBaHUS Iepe-
pBIBa B €0 OCAJIKOHAKOIUICHWUH, a TaKXkKe THOeTH 0Ooib-
IIel 9acTH JONMHHBIX €IOBBIX TPYIITAPOBOK OK. 700 J.H.
Bonee mo3mHee HaBOMHEHWE, OTMEUEHHOE IO IHKY
MBUIBIBI OJIEXOBHHUKA B OTIOKEHMsIX 03. HomTo-Hyp oK.
430-400 n.H., MOIJIO MPHUBECTU K PA3BUTHIO B JOJIUHE
p. CeHIia mepeyBiIa>KeHHBIX OCOKOBBIX OOJIOT C OTKPBITOM
BOJIOW B 3TO BpeM.

[ToBbINIEHHBIE CONEPKAHUSI MUKPOYACTHI[ YIIICH B
nocieqaue npumepHo 450-600 ner B OTVIOKEHHUSIX
03. Homto-Hyp u Topdsinuka CeHnia, ckopee Bcero, CBH-
JIETEITLCTBYIOT O TIOBHITIICHHOW aHTPOITOT €HHON HAarpy3Ke
Ha DKOCHCTEMY JOJMHEI peku. [locTosiHHOE TPUCYTCTBUE
B OTJIOKEHHUSIX 000X U3YyYCHHBIX pa3pe3oB CIOpP KOIpo-
(UTHBIX TPUOOB B MOCIEAHUE HECKOIBKO CTOJETHH MO-
KET  CIYXHUTh MOATBEPKJICHUEM  aHTPOIIOTCHHON
HAarpy3Kd O CTOPOHBI OOMTABIIMX 371€Ch MJIEMEH KOPEH-
HBIX HapOJIOB. DTH TUIEMEHA, KaK U B HACTOSAIIEE BpeMms,
MOTJIY 3aHUMAThCSI CKOTOBOJICTBOM.
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BUOCTPATUTPA®UA U DPOPAMUHUPEPHI OJIMT'OLEHA
3AIIAJHOM CUBUPH

e
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Hayuonanvuwuii uccneoosamenvckuii Tomckuil 2ocyoapemeennwiii ynusepcumem, Tomck, Poccus, podobina@ggf.tsu.ru

Bepa MuxaiinoBua Ilogoouna

AnHotauusi. Ha 0OCHOBaHMM MHKPONAICOHTOIOIHYECKUX MCCIIEIOBAHNH YCTAHOBIICH CPEIHEONUIOLCHOBBIH (PIONENbCKuit)
BO3pacT TaBIMHCKOW CBUTHI (ropu3oHTta) 3amaguoii Cubmpu. B cBute ycraHomiena 3oHa ¢opamuaudep c Cibicidoides
pseudoungerianus, Evolutononion decoratum. Mex 1y TaBAHHCKUM U HIKEIEKAIMM HIOPOJIbCKAM FOPU30HTAMH HPEAIIONAraeTcs
HepepbiB B 0CaIKOHAKOIIEHUH, COOTBETCTBYIOIIHI PaHHEMY OJIUIOLEHY JaTA0p(CKOro Beka.

Knioueswie cnosa: popamunughepol, masounckas ceuma, proneasckuil apyc, 3anaowas Cubups

Hna yumuposanusa: Tlogoouna B.M. Brocrparurpadus u dpopamunudeps! onuronena 3amagHor Cubupu // I'eocdeprsie
nccnenoBanus. 2024. Ne 1. C. 74-89. doi: 10.17223/25421379/30/5

Original article
doi: 10.17223/25421379/30/5

FORAMINIFERAL BIOSTRATIGRAPHY ON OLIGOCENE OF WESTERN SIBERIA
Vera M. Podobina
National Research Tomsk State University, Tomsk, Russia, podobina@ggf.tsu.ru

Abstract. Tavdinskaya suite and such name horizon including foraminiferal zone Cibicidoides pseudoungerianus,
Evolutononion decoratum. This zone have been dated by author as middle Oligocene or Rupelian age. Bentic and planctic
calcareous Foraminifera there are in this zone. Assemblage of planctic Foraminifera have included such characteristic spocies as
Globigerina ampliapertura Bolli, G. officinalis Subbotina praesentata Podobina and others instead G. tapuriensis Blow et Banner
and G. officinalis Subbotina which have been showed in Regional Stratygraphic Sheme 2001. The first species (G. tapuriensis) is
characteristic for lower Oligocene (Latdorfian stage), the second one have known in upper Eocene of West Siberian and other
regions. The Rupelian age of Tavdinskaya suite have based on findings of several characteristic Foraminifera which spreding on
this level in Europe, South-Eastern of USA and Atlantic ocean. In specimens from Boom formation (Stratotype of Rupelian in
Belgium) the Foraminifera have been picked out by author. These Foraminifera are similar in systematic composition to West
Siberian ones from Tavdinskaya suite. The boundary between Eocene and Oligocene (between Njurolskaya and Tavdinskaya
suites) have been established on the base of different foraminiferal systematic composition and litology of these suites. Also
tectonic movements and paleogeographic events have been took into account on this boundary.

In the sections of Southern Europe, Middle Asia, USA and Atlantic the lower Oligocene (or Latdorfian stage) and its
foraminiferal planctic zone Globigerina tapuriensis have been established in these sections. The interruption in rock
accommodation between these suites may be corresponded to Latdorfian age. On the base of factorial data Latdorfian stage must
be restored as lower Oligocene. The Rupelian stage better return back on the former place (middle Oligocene).

Keywords: Foraminifera, Rupelian stage, Tavdinskaya suite, Western Siberia

For citation: Podobina V.M. (2024) Foraminiferal biostratigraphy on Oligocene of Western Siberia. Geosfernye issledo-
vaniya — Geosphere Research. 1. pp. 74-89. (In Russian). doi: 10.17223/25421379/30/5

BBenenne

OuuromneHoBbIe OTIOXeHus 3anaanoi CubupH B 0T-
HOIICHWU HX OWocTpaTHrpaduul SBISIOTCS OIHUM H3
CIIOPHBIX BOIPOcOB najneoreHa 3anagHoi Cubupu. Oco-
OCHHO CYIIECTBEHHO PAa3HOINIACHE MHEHHH O SPyCHOM
JeneHun onuroneHa. OTMedaeTcs 3HAYUTEIBHO pa3Has

JATHPOBKA BO3PACTa TABJUHCKOH CBUTBHI OJHOMMEHHOTO
ropu3oHTa. [10 TaHHEIM MEKPO(ayHBI paHEee YCTAHOBIICH
PaHHEOJUTOIIEHOBBIN BO3PACT 3TOW CBUTHI.

CBeneHust Mo MUKpo(hIope, 0COOEHHO IMHOIIUCTAM 1
JTMATOMOBBIM BOJIOPOCIISIM, COBEPIIIEHHO TMPOTHBOIO-
JIOkKHBI. ['eoornyeckre COOBITHS, B TOM YHCIIC TEKTOHHU-
YeCKHEe JBMXKEHUS, CITOCOOCTBOBAIHM (DOPMUPOBAHHUIO B
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OJINTOIICHOBBIX OTJIOKEHUSIX CKPBITHIX MEPEPHIBOB B
0CaJIKOHAKOIUIEHWH, KOTOpble paHee HE YYUTHIBAJIMCh.
OnHako u3BeCTHBIE (PAKTHI IO PE3KOMY H3MEHEHHIO JIU-
TOJIOTMHA W BMEIIAEMOH MHKpodayHe MEXKIy HIOPOIb-
CKUM W TaBIUHCKAM TOPU30HTAMH Jalli BO3MOXKHOCTB
YCTaHOBUTH CKPBITHIN IEPEPHIB MEXKTY JaHHBIMHU CTPATO-
HaMH, TIPEITOIOKUTEIBHO COOTBETCTBYIONIHMH JaTI0pQ-
CKOMY BeKy. B CBsI3u ¢ 3TUM BCTaJl BOIIPOC O MOJIOKEHUU
naTnopdCKoro spyca, HE3aCIyKEHHO YIpa3gHEHHOTO B
cTpaturpaduaeckoil cxeme onuroneHa. [Ipu sTom Heno-
CTaTOYHO JIOKa3aHHBIM OBLIO MPUHSTHE ABYWICHHOTO Jic-
JIEHUS OJIUTOLIEHA U COOTBETCTBYIOLINX UM JIBYX SIPYCOB:
PIONENBCKOro (HIKHUIM) U XaTTckoro (BepxHuil) [Pere-
HUE..., 1999]. [logoOHBIE APYCHl YCTAaHOBJIEHBI U B pa3-
pe3e onurorena 3anagHoi CHOMpH, HO B BRIIIIETEKAIIIX
OTIIOKEHMSIX KOHTHHEHTAJIBHOTO TEHE3WCa: B ATIIBIM-
CKOM, HOBOMUXAaMJIOBCKOM H KYPaBCKOM T'OpPU30HTAX.

[o manHBIM H3ydeHHUS MUKPO(AYHBI B MOPCKUX OTIIO-
KEHUSIX TaBJAWHCKOW CBUTHI (TOPU30HTA) C YYETOM Ieo-
JIOTHYECKUX COOBITHH IMOSBHJIMCH COBEPIICHHO IPYTHE
MIPEJCTaBIEHUS O PIOIEIBCKOM BO3pacTe ATOM YacTu pas-
pe3a. Kpome Toro, m3BeCTHO TPEXUIEHHOE JeJIEHUE OJIU-
TOIICHA B HEKOTOPBIX cTpaHaxX EBpombl, a Taxke B 10XK-
HbIX perrnoHax: Kapnartax, Kpeimy, Ha KaBxkase, B Cpen-
Heil A3nn, Ha roro-Boctoke CIIIA u roro-BocToke ATiaH-
KA. Bo Beex 3THX paspesax mo gaHHBIM popamuHUEp
YCTaQHOBJICHBI 30HAJIbHBIE MO/IPa3/IeJIeHUs IO TPEM MO~
OTZAETaM WM COOTBETCTBYIOIIMM UM sipycaM (HO 0e3 ux
Ha3BaHuA). JaHHbBIE cpelHero MmojoTAena WM COOTBET-
CTBYIOLLETO PIONENIBCKOTO sipyca MPOCIEKEHBI B TaBAUH-
ckoii cBute (Topm3oHTe) 3anamHoit Cubupu. OcobeHHO
JOKa3aTEeNbHBIMH  SIBUJIMCH HAXOOKH — XapaKTepHBIX
TUTAHKTOHHBIX (hopaMHUHU(Ep MEHTPATBFHOIO, BOCTOY-
HOT'O U I0KHOTO paiioHOB. Bce 3TH cBeeHus o MUKPO-
(dayHe SBHIHCH OCHOBOU Ul YCTAHOBIICHHS TPEXUIICH-
HOTO JIeJIEHHsI OJIUTOLIEHA C BOCCTAHOBJIEHHEM YIpa3[-
HEHHOro JaTnopdckoro spyca. B 3anmagroit Cubupu, mo-
BHIMIMOMY, 3TOT SIPYC BBIMIAJAET U3 pa3pe3a u HaOIoaa-
€Tcs IEPEPHIB B 0CAIKOHAKOILIEHUH.

KpaTkas ucropus ucciaeroBanmuii

TaBauHCKast cCBUTa MOPCKOI'O T€He31ca UMEET IMPO-
KO€ pacImpocTpaHeHHE B CpelHEH W I0KHOW yacTax 3a-
nagaHoid CHOUPHU U COCTOMT U3 OIMBKOBO-3€JICHBIX, AJI€B-
PUTHUCTBIX, HE OMOKOBUJHBIX JIMCTOBATHIX TMMH. Brep-
Bble cBHuTa Obuta ycraHoBieHa A.K. BormanoBmuem B
1944 r. xak TaBauHCKUE ciou. Bompoc o Bo3pacre TaB-
JHCKOM CBUTBHI SIBJIIETCSI HAUOOJIee CIIOPHBIM, O YEM U3-
BECTHO U3 MHOTUX OITyOJIMKOBaHHBIX paboT. [1o marepu-
anam usydenus popamuuudep [Bymarosa u mp., 1957;
dopamunudepsl..., 1964; dpeitman, 1969; [MonobuHa,
1975, 1997, 1998, 2009, 2013a; 2020; Kucensman, 1978]
u ocTpakoz [JIrodumosa u zip., 1960], Bo3pact oTJIOKEHUIH

TaBJMHCKOW CBUTHI OMPEeIeH MOMHOCTHIO MM YaCTUYHO
kak onuroueHoBbiil. Ilamuunonorn [Jlayxun, Kynbkosa,
1978], xapnonoru [Hukutun, 1978], a Taxxke psii Apyrux
uccnenosareneil [AxmerseB u ap., 2004] gatupyroT Bo3-
pacT TaBJMHCKOW CBUTHI OT CPEHEro 0 BEPXHET0 01EeHa
BKJTIOUMTENBHO. HO mpexae ueM 10Ka3bIBaTh CTPaTUrpa-
(uuecKkoe MONIOKEHUE TAHHON CBUTHI, ATh €€ JINTOJIOTH-
YECKYI0 M MaJICOHTOJOTHYCCKYIO XapaKTepPUCTUKY, HE00-
XOZMMO KPaTKO OCTAaHOBUTHCSI HA BOIPOCE O PACUICHEHUU
OJIUTOLIEHA, TIONIOXKEHUH €r0 BEpXHel 1 HUKHEH IpaHull B
o01ei crpaTurpaduaeckoil mkae.

Pemenuem Ilaneorenosoit komuccuu MCK nepBoHa-
ganpHO B Mae 1999 r. na tepputopun OsiBmero CCCP
YCTAQHOBJICHBI JIBa MOJOT/ENAa OJMIOLleHA — HUKHUHA U
BepxHUH (3aTeM oHu yTBepxaeHbl MI'K), conocrasise-
MBIX, COOTBETCTBEHHO, C PIOMEIbCKUM U XaTTCKUM Spy-
camu. OnmHaKo paHee Mo Kokkomutopopumam E. Map-
tuaM U 3. PunikoBcku [Martini, Ritzkowski, 1969] cun-
TaH, YTO JATHOPPCKHIA SAPYC BBIACIICTCS B HIDKHEM
OJIUTOLIEHE M €ro MOOIIBa COBMAJaeT C OCHOBAaHHUEM
30HbI Ericsonia subdisticha.

ABTOp CUHTAET, YTO MPUHSATOE IBYXbIPYCHOE JIETICHUE
onuroreHa (pronejabCKUil U XaTTCKUi) JOCTaTOYHO HE apry-
MeHTHUpoBaHO. Bompoc o matmopdckom sipyce HUKHETO
OJIMTOLIEHA JIOJDKEH ObITh CHOBA JIETAIHO W3YYeH IS €ro
BOCCTAHOBJICHUSI B CTPATUT paQIECKOH IIKAJIC.

UeraHckasi CBUTa, COOTBETCTBYIOLIAsi B HEKOTOPOH
Mepe TaBIUHCKOU cBuTe, B FOxHOM 3aypanse [I'eonoru-
4eckue..., 1996] otHecena k BepxHeMy doueHy. Ilo nan-
HbIM [AxMeTbeB U 1p., 2004], TaBIMHCKas CBUTAa HE MO-
JIOXE CPEeJHEro H0LEHa U, 0 UX MHEHHIO, 3TO BEpXHUU
noabespyc Oapronckoro sipyca. B.M. [logobuna He co-
rJlacHa C 3TUMH JIOBOAAMHM, TaK KaK OHM HEJOCTATOYHO
MOJTBEPKACHBI (PaKTHICCKAM MaTCPHATIOM.

B mpenenax 3anamuoit Cubupy o MEKpO(payHUCTHYE-
CKOM XapaKTePUCTUKE U TCOJOTHICCKIM COOBITHSIM aBTO-
POM TaBAMHCKAsI CBUTA IATHPOBaHA CPEIHUM OJIMTOLIEHOM
(promenbckuii Bek). [1o yHUDUIIMPOBAHHOMH peTHOHATBHOM
cTpaturpapuyeckod  cxeme | YHUHIPOBAHHBIE. . .,
1981] TaBaMHCKast cCBUTA OIpE/IeieHa MO3IHIUM 30LIEHOM —
PaHHUM OJIMTOLIEHOM. [ paHuIa MEXITy S0II€HOM U OJIUTO-
LIEHOM PSIJIOM Y4YeHbIX ObLIa MPOBeIeHa MPUMEPHO B CPei-
HEl YacTu TaBIWHCKOM CBUTHL. OObsCHEHHEM MOJJOOHOTO
pelleHus SIBISUIOCH Pa3iiMuHOe PaclpocTpaHEeHHe MUKPO-
(ayHBI B pa3pe3ax CBUTHI 3aypalibsi U IIEHTPAJILHOTO pai-
OHa, IJie OHAa MEepBOHAYAJIbHO H3ydanachk. [lo3nHee, kak
yKa3bIBaJoch B [AXMeTbeB U 1ip., 2004], natupoBanu TaB-
JMHCKYIO CBUTY CPEIHUM JOICHOM (BEpXHsS 4acThb Oap-
TOHCKOTO spyca). VX naHHble BHECEHBI B PErMOHAIBHYIO
cTpaturpaduyeckyro  cxeMy | YHU(HIUpOBaHHAS. ..,
2001]. Cenenus B.M. [TomoOuHOI OTMEUYEHBI B O0BSICHH-
TEJBbHOMN 3aMKCKe K 3TON cXeMe KaK JIMYHOE MHEHHE.

Brnepsrie B 3aypanbe P.X. Jlunman [banaxmaroBa u
ap., 1955] B TaBAMHCKOW CBUTE YCTaHOBMJIA KOMILIEKC
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6entocHbIX opamunudep ¢ Cibicides khanabadensis pau-
HEOJIUTOLIEHOBOT'O BO3PACTa Ha OCHOBAHUH COIOCTAaBIICHUS
C QHAJIOTMYHBIMHU TI0 BO3pacTy (opamMuHupepaMu Yera-
ckoit cButhl Typraiickoro nporuba, CeBeproro I1puapanss
u npyrux peruoHoB. M.B. YmakoBa [bymaroBa u ap.,
1957], u3y4aBiasi 6eHTOCHBIC (POpaMUHU(EPHI YETAHCKOH
(TaBAMHCKOM ) CBUTHI B LIEHTpalIbHOM paiioHe 3anaHoii Cu-
Oupw, BeLIeIIA KOMIUTEKC ¢ Cribroelphidium rischtanicum
PaHHEOIMIOLIEHOBOrO Bo3pacTa. [lo pacmpocTpaHeHHIo
snb(uanm Yeranckas (TaBauHCcKas) ceuta M.B. Yimako-
BOH Mofipa3iesieHa Ha Tpu 30Hb1 [DPopamMuHudepsL..., 1964].
Bospact 311X 30H U Yeranckoro (TaBIMHCKOIr0) TOPU30HTA
omnpenened M.B. YiakoBoit kak paHHuii onuroreH. OTio-
wenust ¢ Cribroelphidium rischtanicum Ha COBEIIAHUH
[VaudurmpoBannsie..., 1981] BbEENeHBI B JIOHY
Brotzenella munda. [Tox 3TiM Ha3BaHHEM KOMILIEKC BOIIIEI
B YHH()UIIMPOBAHHYIO PETHOHANBHYIO CTPATHTPAPHIECKYIO
cxemy [YuudunupoBanseie..., 1981] 3amagnoit Cubupw.
Bun Brotzenella munda (N. Bykova) B.M. [Togo6uHoit, me-
peonpenenennbliit B Cibicidoides — pseudoungerianus
(Cushman), mUPOKO pacmpocTpaHeH B TABJUHCKOH CBHUTE
3aypaiibsi, B IECHTPAITEHOM, BOCTOYHOM paiiOHaX M Ha FOro-
Boctoke [[logobuna, 1997, 2009, 2020]. BriepBbie 2TOT BHT
ycraHoBneH B omuroneHe JK. Kymmanom B CIHA
[Cushman, 1931]. B.M. Ilogo0nHO# MoO3/HEE KOMILIEKC,
BKJTFOYAIOIIMI 3TOT BHI, Ha3BaH TakoBbIM ¢ Cibicidoides
pseudoungerianus, Evolutononion decoratum [Ilomobuna,
1998]. DTOT KOMIUIEKC COMOCTaBJIEH C OJUTOIICHOBBIMHU
komruiekcamu CeepHoii EBporier [Odrzywolska-Bienkova
et al., 1978; Doppert, Neele, 1983], CIIIA [Cushman,
McGlamery, 1942], a Takxe Kanazpr u nprierarorieit Tep-
putopru Apktuku [Mc Neil, 1997].

B 10xHBIX pernoHax EBporbl, B 4aCTHOCTH Ha TEPPH-
topun Kpeima, Bun Cibicidoides pseudoungerianus
(Cushman) sBasieTcss BHIAOM-HHICKCOM Ui CPEIHETrO
onuroniena [Camoitnoa, 1947]. Jlnsg HUKHETO OJIUTO-
nena Kprima, Tak ske Kak ¥ JIjsl aHATOTUYHBIX OTJIOKEHUH
Cpenneii Asuu, xapakrepeH Bun-wHuekc Lenticulina
gerrmanni (Andreae).

H.H. Cy66otunoit [1960] 0000I1meHbI CBEACHUS IO
pacIpoCTpaHEHHIO IIAHKTOHHBIX (hopamuHHUpEp B ma-
JICOTeHE FOXKHBIX perroHoB ObiBiiero Coserckoro Co-
103a. U3 »sToit pabotel wm3BecTHO, uTO Globigerina
officinalis Subbotina HauMHaeT cBOe CyIIECTBOBAaHHUE B
KOHIIE MTO3JTHET'0 HOIICHA M XapaKTepHa JUIsl Hayaja OJH-
roueHa. CienoBaTenbHO, TPEUMYILECTBEHHO PAaHHEOH-
roreHoBeIi Bun Globigerina officinalis Subbotina B 3a-
nagHod CubupH yke BCTpeUaeTcss B Bepxax HIOPOJIb-
CKOT'0 TOPHU30HTA, a BBIIIE, B HKHUX CIIOSIX TABJAUHCKOTO
ropusonta, B.M. [Togobunoit [2020] ycraHoBieH mon-
Buja dtoro Buma G. officinalis Subbotina praesentata
Podobina B koMITIeKCe TUIAHKTOHHBIX (hopaMuHHpEp, U3-
BECTHBIX B CpEIHEM OJIMIOLIEHE MHOIMX PErHOHOB, a
TaKXke B pa3pe3ax ATIaHTHKH.
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OcTpako/ipl, ONUCAaHHbIE W3 TaBAWHCKOW CBUTHI B
[JIrobumoBa u 1p., 1960], Takke MOATBEPKIAIOT JAHHBIN
BO3PACT OTJIOKEHUH, TaK KaK COMOCTaBIISIOTCS C OJIUTO-
LIEHOBBIM  KOMIUIEKCOM ocTpakoy Cpeaneid Asuu
(cymcapckue cnoun). biu3octs 0CTpaKOAOBBIX KOMILIEK-
COB TaBJMHCKOW CBUTBI U CYMCapCKHX CJIOE€B IOKa3aHa
taoke M. A. Xoxnooii [JIunman u ap., 1960]. [TpuBenen-
Hble JJaHHbIE YKa3bIBaIOT Ha OJIMTOLIEHOBBIH (CpenHeonu-
TOLIEHOBBII) BO3pacT TaBIMHCKOW CBUTHI (TOPU30HTA) 3a-
naaHoi Cubupu.

C.b. Wankuit [1978] HarnsaHo mokazajl U3MEHEHUE
(bu3HKO-TeorpaQMuECKUX YCIOBUH 0CaIKOHAKOILICHHS
Ha TpaHule HIOPOJIBCKOTO U TaBAMHCKOTO TOPU30HTOB,
yeM 0OyCJIOBJIEHa pe3Kasi CMEHa IO pa3pe3y JUTOIOrMI
Y MUKPONaJICOHTOJIOTMYECKUX JaHHBIX. ClenoBaTenbHo,
Ha TeppuTopuu 3amaaHoil CHOUpPHU CPEeIHEMY ONUTOIICHY
(promenbckoMy sipycy), MO aBTOPY, COOTBETCTBYET TaB-
JIMTHCKasi CBUTA, OXapaKTepHU30BaHHAs1 B OCHOBHOM CeKpe-
[UOHHO-M3BECTKOBBIMUA OCHTOCHBIMH ¥ TUIAHKTOHHBIMHU
¢dopamuaHdepamu, a Takke ocrpakogamu [[lomobuHa,
1988, 1997, 1998, 2009, 2020].

Pe3yiabTarbl MEUKPO(AYHHCTHYECKOTO AHATH3A

TaBauHCKast CBUTA (TOPU3OHT), TATUPYEMast aBTOPOM
10 BO3PACTY CPEJHUM OJIUTOICHOM HITH PIOTICIBCKUAM Be-
KOM, BKJIIOYAET MPEUMYIINECTBEHHO CEKPEIIMOHHO-H3-
BECTKOBbIE (popaMUHHDEPBI U OCTPAKOIHI.

Haubonee xapakTepeH sl PIOMEIbCKOTO spyca
KOMIUIEKC MJIAHKTOHHBIX (hopaMuHu(Ep, BCTPEUCHHBIH
BO MHOTuX paspesax 3amagHodi Cubupu. Ero cocras-
0T cnenytomme Bunsl: Globorotalia kugleri Bolli,
Paragloborotalia postcretacea (Mjatliuk), P. anguliof-
ficinalis (Blow), Turborotalia perfecta Podobina,
Globigerina ouachitaensis Howe et Wallace gnaucki
Blow et Banner, G. praebulloides Blow, G. galavisi
Bermudez [ucida Podobina, G. prasaepis Blow.
G. hexagona Natland, G. angustiumblicata Bolli,
G. ampliapertura Bolli, G. angiporoides Hornibrook,
G. senilis Bandy, G. venezuelana Hedberg,
G. officinalis  Subbotina praesentata Podobina,
Globanomalina micra (Cole), G. barbadoensis (Blow).
BONbIIMHCTBO M3 MEPEUYHCIIEHHBIX BUIOB PaCIpOCTpa-
HEHBI B ONMIOLICHE CPEeNHEro moxporaena. [Ipeumyrmie-
CTBEHHO B CpeJHeM ojuroiieHe ussectusl Globorotalia
kugleri  Bolli,  Paragloborotalia  postcretacea
(Mjatliuk), P. anguliofficinalis (Blow), Globanomalina
barbadoensis (Blow), Globigerina ouachitaensis Howe
et Wallace gnaucki Blow et Banner, G. ampliapertura
Bolli, G. prasaepis Blow, G. officinalis Subbotina
praesentata Podobina.

CI10H ¢ ONUTOLIEHOBBIMY BHIAMH TUIAHKTOHHBIX (hopa-
munupep 3anaanoi CHOUpH COOTBETCTBYIOT 30HE ILTAHK-
ToHHBIX (popamunmdep [Berggren et al., 1995; Berggren,
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Pearson, 2005] — Turborotalia ampliapertura, no Yuaudu-
IUPOBAHHOW PETHOHANBHONW CTpaTUTpadUuecKoil cxeMe
[ YaudumuposanHas. .., 2001] — obmieit 3one Globigerina
tapuruensis, G. officinalis, 4To, 10 MHEHHIO aBTOpa, HE SIB-
JSIeTCS JOKAa3aHHBIM.

Hwxe npuBosTcss Haubomee MoHbIE pa3pesbl Cpea-
HEr0 OJNIUTOICHA PIOIEIBCKOr0 sipyca (TaBIMHCKAs
CBUTA) W3 IICHTPAIBHOTO U OoJee 00eTHEHHBIE — U3 BO-
CTOYHBIX paiioHOB 3amajHoi Cubupy.

CpeHEONMUroNeHOBbIE  OTIOXKEHHS  (TaBIMHCKAs
CBHTA), ITO JAHHBIM aBTOpPA, YCTAHOBJICHBI B [IEHTPATEHOM
paiioHe B yeThIpex pa3pes3ax ckB. 1, 2, 3, 4 OGacceliHa Me-
PHIMOHANEHOTO TeueHus p. Bacroran (3amaHas maptis)
mo Haxoakam (opamunudep xomiuiekca ¢ Cibicidoides
pseudoungerianus, Evolutononion decoratum. HanbGonee
MOJTHO TaBJIMHCKAsl CBUTA M3y4YeHa B pa3pese CKB. | (WHT.
385,0-252,0 m). B obpasmax W3 HUKHEHW YacTH yKa3aH-
HOTI'0 MHTEepBaja (BO3MOXKHO, TIEPEXOIHBIC CIIOM WM Ca-
MbI€ HU3bI TABJIMHCKON CBUTHI) BCTPEUCHBI arrIFOTHHUPO-
BaHHbIe Qopamunudeps! (ri. 385,0 M), a Tarke ceKpelu-
OHHO-HM3BECTKOBbIC OCHTOCHBIC W IUIAHKTOHHBIE (hOPMBL.
BunoBoii cocras cnepyrouwmii: Psammosphaera laevigata
White, Labrospira sp., Cibicidoides pseudoungerianus
(Cushman), Nonionellina oligocenica (Cushman et

McGlamery),  Elphidiella ~ vergandia  Uschakova,
Paragloborotalia postcretacea (Mjatliuk), Globigerina
officinalis Subbotina praesentata Podobina,

Protoglobobulimina coprolithoides (Andreae).

Bce ykazaHHBIE BHBI IPEICTABICHBI ¢IMHIYHBIMU JK-
semiuiipamMu. Heckompko Bhimie mo paspesy (ckB. 1,
1. 374,0 M) BUJIOBOM COCTaB KOMILIEKCa pa3sHOoOpa3Hee:
Elphidiella vergandia Uschakova, E. nitida Podobina,
Nonionellina oligocenica (Cushman et McGlamery),
Paragloborotalia anguliofficinalis Blow, Turborotalia
perfecta Podobina, Globigerina ouachitaensis Howe et
Wallace, G. praebulloides Blow. Ilo snspuauuaam u, B
yactHocTH, BUny Elphidiella vergandia Uschakova, cron
BeiZienienbl M.B. VYmakoBoit [@opamunudepsl..., 1964]
KaK OJHOMMEHHas 30Ha, a aBTopoMm [[lomobuna, 1997;
1998] — B xauecTBe HHKHEH mon30HEI 30HBI Cibicidoides
pseudoungerianus, Evolutononion decoratum. ITo maxox-
kaM Buna Elphidiella cosmica Uschakova (rm. 352,0 m)
CJIOH, BKITFOYAOIIHME MPECTABUTENCH JAHHOTO BH[A, OT-
HOcsATCs K cpemHeir  momsone  Cribroelphidium
parainvolutum, Elphidiella cosmica yka3aHHOW 30HEL.
B nopogax ¢ rir. 282,0 m (ckB. 1) oOHapy»KeH OAWH U3 BH-
noB-unekcoB Cibicidoides pseudoungerianus (Cushman)
u xapaktepubsli Bua  Cribroelphidium  perrarum
Uschakova (ITaneot. ta6a. I, IT). Ciou ¢ mogo0HbIM BHIOM
MBQUIMUL COOTBETCTBYIOT CAaMOH BEpXHEW IOI30HE
Cribroelphidium  differensapertio,  ycraHoBieHHOH
M.B. YmakoBo#i B 00beMe 30HBI B 00JIee BEPXHUX CIOSIX
TaBIUHCKOU CBUTHI [DPopamunudepsr..., 1964]. Bee tpu

YKa3aHHBIE MOJ30HBI, IPOCICKUBAIOIIUECS 110 AITbPHIH-
U7aM, aBTOPOM OOBEIMHEHBI B OJJHY BBIICIICHHYIO B 3TOM
gactn paspeza 3oHy Cibicidoides pseudoungerianus,
Evolutononion decoratum [[Togo6una, 1998, 2009, 2020].

B paspese cks. 2 (3anagHas napTus) CpeAHEONUToLe-
HOBBIE OTJIOJKEHUS BCKPBITHI Ha riryouHe 359,0 M 1 3Haun-
TENBHO BhIIIE, B uHTEpBaie 319,0-299,0 m. OHu cooTBeT-
crBytor 30He Cibicidoides pseudoungerianus, Evoluto-
nonion decoratum, ycTaHOBIEHHOW aBTOpoM. [1o ambdu-
JuuaaM oTiaoxenus u3 uarepsana 319,0-299,0 m — Bepx-
Hss1 mog3ona Cribroelphidium differensapertio. Bmecre ¢
¢dopamuHU(EepaMi  BCTpEUEHBI B pa3pe3e  CKB. 2
(unt. 314,0-309,0 ™M) ocTpakoapl, OINpeeSieHHbIE Kak
Clithrocytheridea departa Mand., Cytheridea ex gr. nimia
Mand. et Robert., moaTBEepKIafOIIME ONUTOLEHOBBIA BO3-
pacTt BMeNIarnux otioxenui [Jlrobrumosa u np., 1960].

CrenoBaTenbHO, BCE TPH MTOI30HBI IIbGHUIUII, COOT-
BercTByrone 3oHe Cibicidoides pseudoungerianus,
Evolutononion decoratum, oOHapykKeHBI B pa3pe3ax
ckB. | u 2 mepuanoHaisHOrO TeueHus p. Bactoran (3a-
najHas napTus).

B oTno)keHusIX TaBIMHCKON CBUTHI pa3pe3a CKB. 3 U3 WH-
tepBatia 353,0-276,0 M (3anaaHas napTus), MpeACTaBlIeH-
HBIX TJIMHOW OJIMBKOBO-3€JICHOM, JIMCTOBATOM, Clabo aes-
PUTHCTOH, CITFOIUCTON C OYPHIMH MSITHAME U BKITFOUCHHSIMHE
MUPHTA, BCTPeUEHBI popaMuHU(Epsl U ocTpakoabl. Dopa-
MuHUDEpEl OTHOCATCS K Komiwiekcy c¢  Cibicidoides
pseudoungerianus, Evolutononion decoratum.

B HmxHuX cnosix B uarepsane 353,0-328,0 m (ckB. 3,
3anagHasi mapTusl) OPUCYTCTBYIOT popaMuHUbeEpsl MOI-
3oubI Elphidiella vergandia, mpencrasisironiue HUKHIOO
nom3ony  3oHel  Cibicidoides  pseudoungerianus,
Evolutononion decoratum. Pacmpenenenue ¢opamuHu-
(ep 1o pa3pe3y JaHHOU MOA30HBI B OCHOBHOM PaBHOMEP-
HOE ¥ MPEJICTABICHO CIUHUYHBIME SK3EMILIIpaMu (10
5 9x3. Ha 100 r mopoxer). Tonbko B 00pasiie ¢ TIyOHHEI
343,0 M KonMYECTBO ANMbOUINUT YBEITHYUBACTCS JI0
10 5x3. Ha 100 r mopossl. Hapsiy ¢ HuMY Ha 9TOi ITyOnHe
BCTpPEUEH W MpelcTaBuTeNb Buia-uHuekca Cibicidoides
pseudoungerianus (Cushman), XapakTepHBIN IS CpeIHE-
OJTUTOLIEHOBBIX OTN0XkeHu# [Cushman, 1931].

B BeImenexamux ciiosix ITaHHOTO paspes3a (CkB. 3) B
unTeppaie 299,0-281,0 M BcTpeueHbl BUIBI BTOPOI MOJ-
30HBI Elphidiella cosmica, Cribroelphidium
parainvolutum. M3 Hux Ha riayoune 299,0 M, KaK ykasbiBa-
nock, ipeodnanaer Bun Cribroelphidium parainvolutum
Uschakova. Takoe oOunmue Ha JTaHHOW TTyOMHE 3Ib(u-
JIMU] YKa3bIBACT HA ONArompUsTHBIC YCIIOBUS OOWTAHUS
5TUX hopaMUHU(EP BO BPeMsI HAKOIUICHUS CIIOEB CPEIHEH
9aCTH TaBAWHCKOW CBUTEL.

[Ipu oOpa3oBaHWM HUKE- M BBINICTICHKAIINX OTIONKE-
HHUl Oacceiil ObUT OoJIee MENKOBOIHBIM H, BO3MOXKHO, HE-
CKOJIBKO OIPECHEHHBIM, YTO CKa3aJ0Ch Ha OOCAHCHUH Ta-
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JIeOIeH030B (hopaMHUHU]EP, IIPECTABICHHBIX B HCKOIAC-
MOM COCTOSIHUH €TMHUYHBIMU (hOpPMaMK HOHUOHH/T ¥ DJTh-
buanu.

TpeThs 1oA30HA MbGOUANI ITPOCISIKEHA aBTOPOM KaK
MOJI30HA B CaMbIX BepxHUX ciosix (m1. 276,0 M) yka3aH-
HOro BbIllIE WHTEpBaja cpenHero omuromeHa (353,0-
276,0 m). Ha riry6une 276,0 M (ckB. 3, 3amaHas mapTs)
COXpaHHOCTh (hopamuHUPep yxyamaercs. [lo-Bummomy,
YCIIOBUSI Tl OOMTaHUS U OCOOCHHO 3aXOpOHEHUS OBbLIH
HEONaronpusITHBIMA B CBSI3W C OOIIMM OOMEJICHHEM
cpenHeonuroneHoBoro 6accerina. Bumst Cribroelphidium
perrarum Uschakova, C. differensapertio Uschakova u
JpyTUe — eAMHIYIHBIC YK3eMIUTPHI (10 5 9K3. Ha 100 r mo-
poner). OTHAKO WX HAXOJAKU YKA3bIBAIOT HA MPUCYTCTBHE
B pa3pese TpeTbel (BepxXHel) MOA30HbI dIIb(QU MU L.

B pacnpenenennu 3nbpGUARII O pa3pe3y CKB. 3 00-
HApyXKCHbI BCE TPH IIOA30HBI, PAaHEEC YCTAHOBJICHHBIC
M.B. YmaxkoBoii B panre 30H [DopaMuHUDEpEL..., 1964].

Jlutonornyeckuii cocTaB U MHUKPO(PAyHHUCTHICCKAS
XapaKTepPUCTHKA TaBIMHCKOW CBHUTHI B MpeAeiax 3amai-
HOW CHOMpH 3HAYUTENHHO MEHSIOTCSA. ABTOPOM H3Y-
YEeHBI BOCEMb pa3pe3oB CKBaXWH, IMPOOYPEHHBIX B BO-
crouHoi yactu O0b-MPTHIICKOTO MEKIYpeUbs (BOCTOY-
HBIii paiioH). TaBnuHCKasi cBUTa Ha UCCIIENYyEMOM Teppu-
TOPHH TPEICTABICHA MOPCKHMH 3€ICHOBATO-CEPHIMH,
QJIEBPUTUCTHIMH JINCTOBATHIMU TNIHHAMH C TOHKHMH TPO-
CIIOSIMU, TIPUCHITIKAMH U THE3[[AMHU CBETIIO-CEPOr0 TOHKO-
3€PHUCTOrO IeCKa U ajeBpuTa. MOIIHOCTh CBUTHI H3ME-
usercs or 10 1o 60 m B Gacceitne pek Ilapabens u Ba-
ciorad 10 100 M B AsekcaHJpoBCcKOM paiioHe. B cBute
BCTPEUAIOTCS HEMHOT'OYHCICHHBIE (opamMUHUBEPH U
octpakonsl. Cpenu hopamMuHU(Ep TpeodIaaAIOT CeKpe-
[UOHHBIE NU3BECTKOBBIE (HOPMBI HOHUOHU ¥ ATBbMHU AU
B HekoTOpBIX pa3pe3ax BCTPEUCHBI AMHUYHBIC aTTITIOTH-
HUpPOBaHHBIC (opaMUHH(EPBI, CPEIH KOTOPBIX BBIIC-
JIeHbI peodalubl, ramiopparMuuIcH, a TAKKE UX THPH-
TU3UPOBaHHBIE TIceBAOMOpPGo3bl. [lo MccnenoBaHHBIM
pa3pe3aMm ckBakuH (Oacceifnbl pek Wnbsk, Uwmxarka,
Kenra) moiydeHbI JOMOTHUTENBHBIC JAHHBIC IO MUKPO-
(ayHe TaBANHCKOM CBUTHI.

B paspese ck. 10 6acceitna p. Wnbsik (Unbskckas
naprust) (uHT. r1. 304,0-302,0 M) 0OHApYKEHBI SIHMHAY-
Hble HM3BECTKOBbIe (opamuuudepsl Quinqueloculina
eoselene  Putrja,  Cribroelphidium  rischtanicum
(N. Bykova), Elphidiella vergandia Uschakova. I1o mpe-
00JIaJaHUI0 B KOMILIEKCE SK3EMILISIPOB TTOCIEIHETO BHIA
BMEIIAIOIIUE CJIOM MOTYT OBITh BBIJCTICHBI KaK HUDKHSS
mon3ona Elphidiella vergandia. B pa3pese cks. 11 Gac-
ceitna p. Unpak B obpasue ¢ riryouns! 285,0 M obHapy-
KEHA O[HA PaKOBHMHA HEYJOBJICTBOPUTEIBHON COXpaH-
Hoctu pona Cribroelphidium. Kpome dhopamunudep, B
paspese ckB. 11 (unrt. r. 310,0-305,0 m) aBTOpOM OMpe-
nenensl octpakonsl Clithrocytheridea nimia Mand.,
Cytheridea probata Mand., C. meris Mand., Cythereis
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spongiosus Liepin, Loxoconcha septorifera Mand.,
Cytheretta tomskensis Mand. Iloutu Bce CTBOPKH XOpoO-
el COXPaHHOCTH, OONBIIMHCTBO M3 HUX HMEIOT SYCH-
CTYIO MOBEPXHOCTb. [1000HBIE OCTPAKOABI IIUPOKO PaC-
MPOCTPaHEHBI B TABJMHCKON CBUTE HCCIIEAYEMOU TeppH-
topuu [JIrobumoBa u 1p., 1960].

B Gacceiine p. Umxanka (Umxkarckas maprus) Tab-
JIMHCKasl CBUTA W3y4eHA IO pa3pe3aM CKB. SK (MHT. I
191,0-179,0 m), 11k (unt. Ti. 300,0-285,0 M), 13k (uHT.
1. 300,0-224,0 m), 14k (unt. T1. 180,0—179,0 M). B o-
poOAax yKa3aHHBIX HHTEPBAJIOB OOHAPYKEHBI (hOPaMUHH-
(bepsl u octpakonsl. B pa3pese ckB. Sk BcTpeueHsl (opa-
munudepel  BunoB  Cribroelphidium  rischtanicum
(N. Bykova), Elphidiella nitida Podobina, E. vergandia
Uschakova. Ciou ¢ 3TUMH BUAaMH JTOJDKHEI OBITH BBIJIC-
nensl B nog3ony Elphidiella vergandia, coorBercTByro-
IIYIO HU3aM TaBAWHCKOTO ropu3oHTa. OCTPaKoIbl Mpe-
craBnenbl Bugamu Clithrocytheridea schweyeri Liepin,
C. nimia Mand., Cytheridea pinguis Mand., C. clarea
Mand., Loxoconcha tunicata Mand., L. septorifera Mand.
B paspese ckB. 11k (unT. 171. 300,0-285,0 M) obHapy-
xeHbl popamuHUpEpPHl U OcTpakoAbl. OJHAKO MEpBEIC
OTHECEHBI TONBKO K poxy Evolutononion: E. advenum
(Cushman), E. decoratum (Cushman et McGlamery).
O0a Buaa OMHCaHBI U3 OJHUTOICHOBBIX OTIOXKECHUH Aa-
6amer, CIIIA [Cushman, McGlamery, 1942]. Beinenena
Takke cTBOpka octpakoabl Cytheridea pinguis Mand.
B paspese ckB. 13k BCTpedeHBI OEHTOCHEIC, IUIAHKTOH-
HbIe hopamMuHUPEPHI U ocTpakosl. [LTaHkTOHHEIE opa-
MUHH(EPHl YCTAHOBJICHBI B CAMBIX HIDKHHX CIIOSIX TaB-
quHCKOM cBuThl B mHTEpBasie 300,0-292,0 m (ckB. 13k).
Cpenu Hux Ha rinybune 293,0 M ompeneneHbl BHUbI

Globorotalia kugleri  Bolli,  Paragloborotalia
postcretacea (Mjatliuk), P. anguliofficinalis (Blow),
Globigerina  angustiumbilicata Bolli  (IlaneonTon.

ta6u. III). TOT KOMILIEKC B HEKOTOPOW Mepe CXOMAEH C
KOMILJICKCOM IUIAHKTOHHBIX (opamunudep Globigerina
ampliapertura CpeJHEro OJIUTOIIEHA KPhIMCKO-KaBKa3-
CKOH IIKAJIbI M CpejiHero onuroleHa (3oHa Globigerina
ampliapertura) AmmanTuyeckoro okeaHa [Krashenin-
nikov, Pflaumann, 1977]. BmecTe ¢ TIaHKTOHHBIMH (O-
pamunudepamu B Umxarnckom paspese (ckB. 13k) Berpe-
4YeHa pakoBHHa Bupa Evolutononion  decoratum
(Cushman et McGlamery). B Bblmenexxammx ciosx
3TOT0 )K€ pa3pe3a 0OHapyKEeHBI 00Jiee MHOTOUYHCIICHHBIE
MPEACTABUTEIN JAHHOTO POJIA U CAMHUYHBIC aTTIIFOTHHH-
poBaHHBIE  (opamuHHpEpsl  POAOB  Saccammina,
Labrospira, Ammomarginulina. B pa3pe3e TaBIWHCKON
cBUTHl CKB. 14k (unT. 1. 180,0-177,0 M) BcTpeueHbl
TOJBKO CIUHWYHBIC ArTIIOTUHHPOBAHHBEIC (hOpPAMUHH-
(epsl, CXOIHBIC C TAKOBBIMHU U3 pa3pe3a CKB. 13k.

O mepBBIX HAXOJKaX IUIAHKTOHHBIX (hopaMuHH(DEp B
TaBIMHCKOM cBuTe IokHee T. OMcka cooOmmia
M.B. Ymakosa [1959]. T1o3nuee E.B. ®peiiman [1969]
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JIETAIEHO HCCIIeIoBalia IUIAHKTOHHBIE (hopaMuHHU(EPbI
TaKXe U3 FOXKHBIX pa3pe3oB 3anaanon Cubupu. Ero B I1e-
TYXOBCKOM pa3pe3e ckB. 4k (ceBepHee I. OMcKa) B Opo-
JlaX TaBJIMHCKOM CBUTHI U3 mHTepBasna 150,0-37,75 M
HaJICHBI MHOTOYHCIICHHBIC IUIAHKTOHHBIC (hOpaMUHH-
¢epsl. [To mueruto B.M. [logo6uHOW, H3y4uBIIEH ITH
(dopaMuHH]Epbl, OHU XapaKTEPHBI ISl CPEAHCOIHUTOIIE-
HOBBIX OTIOKeHWH TpuHHAaAa, ATIaHTHYECKOTO OKe-
aHa, toro-soctoka CIIA, Cesepnoii EBpornbl (benbrus) u
JPYTHX PETHOHOB MUpa. ABTOPOM, KaK YKa3bIBallOCh, 1€~
peusyueH Bech KOMIUICKC (opaMuHudep TaBAMHCKON
cBUTHI W3 paspe3a ckB. 4k c. [leryxoBo [[logoGuHa,
1988]. 3necy B cBuTE MOMIHOCTBIO Oosiee 80 M 0OHapy-
KEHBI COBMECTHO C YKa3aHHBIMHU TUIAHKTOHHBIMH CEKpe-
[UOHHO-M3BECTKOBBIC OeHTOCHBIE (GopMmbl. [Ipuuem wu3
nmociuenHux, kpome  Buaa-unaekca  Cibicidoides
pseudoungerianus (Cushman), onpezaenens! pazHoobpas-
HBI€, HO €TTHIYHBIC 216U IUUIBI, IO KOTOPHIM YCTAaHOB-
JIEHBI BCe TPU NOA30HKI (30HBI 0 M.B. YmakoBoit) [®o-
pamuHU}EpBL..., 1964].

TaBmunckas cButa B Oacceitne p. Kenra (ITapourckas
MAPTHsT) aBTOPOM HCCIIEA0BaHA IO IBYM pa3pe3aM ckB. 70 u
83. B pazpese ckB. 70 (unT. 1. 167,0-164,0 M) oOHapy-
eHbI (hopaMUHAGEPHI ¥ SIMHUIHBIE ocTpakoasl. Hanbo-
Jiee MHOT'OYHCIICHHBI CEKPEIIMOHHO-U3BECTKOBBIE OEHTOC-
HBIe (hopamMuHK(Epsl B 00pa3iie ¢ rryouHsl 167,0 M. 3nech
onpezenensl Cribroelphidium parainvolutum Uschakova,
C. rischtanicum (N. Bykova), Elphidiella vergandia
Uschakova. Cpenyt Hux mpeo6mnazaarot (10 15 k3. Ha 100 T
TOPOJIBI) MPEICTABUTEIH TOCIIETHET0 BHA, TIO3TOMY CJIOH,
BKJIIOUATOIIHE 3TH (GopaMUHUDEPEI, OTHOCITCS K HIKHEH
nomsone  Elphidiella  vergandia 3ombr  Cibicidoides
pseudoungerianus, Evolutononion decoratum.

B paspese ckB. 83 B ogHOM 00pa3ie ¢ TIIyOWHBI
104,0 M (HU3BI TABIUHCKOW CBUTHI) BCTpEUEHBI (hopaMu-
HUQEPBI, CPEAN KOTOPBHIX BBIICISIFOTCS arrTFOTHHHPO-
BaHHBIC M CEKPEIMOHHBIC M3BECTKOBEIC (GopMbl. Cpemu
MOCTIeTHUX ofpeJieneH BU]L Cribroelphidium
rischtanicum (N. Bykova).

O0001mas pe3yapTaThl HCCIICAOBAHNN BOCEMU pa3pe-
30B CKBa)KUH, MOYKHO CJIENIaTh BHIBOJI, YTO B BOCTOYHOM
paiione ¢opaMUHHU(EPBl PaCIPOCTPAHEHBI PEHMYIIE-
CTBEHHO B HIDKHEW YaCTH TaBIUHCKOW CBUTHI U CIIOU, HX
BMEIIAIOIINE, MOTYT OBITH BBIICIICHBI B MUKPO()ayHUCTH-
geckyro moa3ony Elphidiella vergandia. /IBe Britenexa-
M€ TOJ30HbI, TAKXKE YCTaHOBJIEHHBbIE paHee M.B. Yia-
KOBOH KakK 30HBI B I[EHTPaJbHOM pailOHEe, W3-3a OTCYT-
CTBHSI MUKPO(DayHBI 311€Ch HE IPOCIICKCHBL.

B Cpennem 3aypanbe aBTOpOM IPOCMOTPEH pa3pe3
ckB. 18kn Jleymu-Yepnas peuka (matepuainsl O.T. Kuce-
JICBO#1), TJI¢ B OTJIOKEHUSIX TaBAMHCKOW CBUTHI (MHT. TIL.
116,0-63,0 M) BCTpedeHBI ILIAHKTOHHBIC (OpaMHHU-
depsr  BumoB  Globigerina  ampliapertura  Bolli,
Turborotalia perfecta Podobina (ompezneneHue aBTopa)

COBMECTHO c BUJJOM-HHJIEKCOM Cibicidoides
pseudoungerianus (Cushman) u apyrumm Xapaxtep-
HbIMHA BugamMu OeHTocHBIX ¢opm ([lameontonm. Tabm.
IV). YkazaHHble BblllIe MJIaHKTOHHBIE (hOpaMHUHHU(EPHI
XapaKTepHBI IS CyOrI00aIbHBIX 30H CPEIHETO OJIUIO-
[[EHA, BBIJCNSICMBIX B BBINICYKAa3aHHBIX OKCAHHYECKUX
cTpaTurpad@UyIecKuX IMIKalaxX Mo JAHHOH TpyIie opra-
HU3MOB.

OcTpako/bl, ONMMCAHHBIC U3 TABAUHCKOM CBHUTHI B pa-
6ore [JIrooumoBa u np., 1960], Taxke MOATBEPKIAIOT
JAHHBIA BO3PACT OTJIOKEHHIA, TAK KaK COMOCTABIISIOTCS C
OJINTOLICHOBBIM KOMILTEKCOM ocTpakon CpemHeir A3uu
(cymcapckue cion). [IpuBenennbie JaHHBIE IO (HOpaMu-
HU(EepaM B OCTPAKOJaM YKa3bIBAIOT HA OJHMTOIICHOBBII
WIH CPEAHCOIUTOICHOBBIA BO3PACT TaBAWHCKON CBHUTHI
3anagnoit Cubupwu.

MukpodayHa TaBIMHCKOH CBHUTHI MPEICTABICHA B OC-
HOBHOM CEKPEIIMOHHO-M3BECTKOBBIMU (hOpaMUHU(pEpaMu U
OCTPaKOZAMH U PE3KO OTIMYACTCS OT MUKPO(hayHbI HIDKE-
JIeKAIeHd HIOPOIBCKON CBUTBL, IIIE MPEOOIAIAI0T KPEMHH-
CTBIC OPTaHU3MBI — PaIHOJISIPUH, TYOKH, THATOMOBBIE BOJIO-
pociu, a popaMuHUpEP IMEIOT B OCHOBHOM arTIFOTHHH-
POBaHHYIO KBapIEBO-KPEMHHUCTYIO CTEHKY.

Mecramu, B €AMHUYHBIX pa3pe3ax CKBaXKHH B CaMbIX
BEPXHHUX CIIOSX OMECYAHEHHOMN W MMOYTH HE OTIOKOBHTHOM
HIOPOJIBCKOM CBHTBI, OOHAPYKEHBI THPHUTU3UPOBAHHBIE
spa poaoB Reophax, Labrospira, Ammomarginulina n
Ipyrue. ABTOp IPEIIIOoNaraer, 4T0 OHH COOTBETCTBYIOT
CaMbIM HIDKHHUM CJIOSIM HIDKHETO OJTUTOLeHa (BO3MOXKHO,
natnopdckoro sipyca). IIpenmonaraercs, 4To OCHOBHAs
BEIIIIENIEKAIIAs 9acTh JaTHopdCKOro sipyca u3 paspesa
BEINAJIacT.

Haxonkw miaHKTOHHBIX (hopaMUHU(EP HAPSITY C paHee
W3BECTHBIMU OCHTOCHBIMH CEKPEIIMOHHO-U3BECTKOBBIMHU
(bopMaMu U OCTPaKOJaMU B TABIMHCKOHN CBUTE YKa3bIBAIOT
HA YCTaHOBHBIIIYIOCS CBSI3b 3aIaJHOCHOMPCKOro GacceifHa
¢ ATIaHTHKOM W MPOHUKHOBEHHE MUKPO(pAYHBI B OJIUTO-
HeHe B npenensl 3anaaqaoi Cubupn He Tombko uepe3 Typ-
TafCKUii IPOJTUB, HO, BEPOSITHO, M CEBEPHBIM ITyTEM — Yepe3
MpONUBEI HA Ypaiie. B 310 jke BpeMst, 6iaroaaps ClipeIiHry
JIHA, Yepe3 paclIMpUBIIAICS MPOIUB MexIy [ permanueit
u HopBerueii aTiaHTHYECKUE OJIMTOLICHOBBIE INTAHKTOHHBIE
(dopamMuHH(EpPBL, TO-BUIIMOMY, MMOMATH Ha TEPPUTOPHIO
HCCIIEAYEMOr O PErHOHa.

HeobxoauMo oTMETHTH (PakT OTCYTCTBHUS paguOs-
pHii B OUTOLICHE IT0 MHOTUM peruoHaM EBporbl, B TOM
YHCiIe W B Tpenenax TaBIUHCKOH cBUTHI 3amanHoil Cu-
oupu. P.X. Jlunman B cBOe# 00001Iaromieii pabore Takxke
MOKas3aja IMOJTHOE OTCYTCTBUE PAHONIIPUI B OMUTOLICHE
Mo MHOTUM peruonaM Poccuu [JIunman, 1979 (taba. 2)].
[Mono6HOe siBIICHHE YKa3bIBaeT HA 3HAYUTEIBHBIC COOBI-
THS, CBSI3aHHBIC C TCKTOHUYECKUMHU JIBUKCHUSMH BTOPOI
(a3pl amBIUHACKOrO TEKTOTCHE3a, CTPYKTYPHBIMU Tepe-
CTpOHKaMH, TIOABEMOM TEPPUTOPUH CEBEPHBIX PETMOHOB
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U PE3KHM M3MEHEHHEM YCIIOBHI OOUTAHUS OPraHH3MOB,
B TOM YHCJIC U B TaBJAWHCKOM OacceiiHe.

Cremyer OTMETHTSH BBITIAJICHUE U3 Pa3pe30B JaTaopd-
CKOTO Sipyca B HEKOTOPBIX CEBEPHBIX pernoHax EBporib
u 3amagHoii CuOMpH B CBS3M C HX MOABEMOM B 3TO
Bpemst. B roxxubIx pernonax (Kpeim, Cpennsis A3us u 1p.)
Be3lle IMPOCIIEKUBAETCA HIDKHUI ONMuromneH (3oHa
Lenticulina herrmanni), a Taxke BBIIIEIEKAIIHE CPEII-
HHW U BEPXHUN MTOOTIENBI.

Buocrparurpadpunyeckast cxema
BEPXHEI0 30LeHA — OJINTOLCHA

Mo mawubpM u3ydeHus GopaMuHUEp COCTABICHA
ouocTpaTurpaduyeckas cxeMa BEPXHEro 0IeHa U OJIH-
roueHa (puc. 1).

Ha cxeme moka3aHbl JaHHBIC aBTOPA MO 30HABHBIM
MoJApa3JeiCcHusIM MW KoMIuiekcaM ¢opaMuHudep B

CMEXKHBIX CBUTaX: HIOPOJbCKOM M TaBAMHCKOH OAHO-
HMMEHHBIX rOpu30HTOB. [Ipu 3TOM yuTeHBl pacrnpocTpa-
HEHHBIE B YKa3aHHBIX CBHUTax (TOpU30HTAX) Apyrue
rpymmel MEKpodayHbl. Eciiu B HIOPONBCKO# cBUTE (TO-
PH30HTE) BEPXHET0 20I[€Ha, KaK U 10 BCEMY 3TOMY OT-
Jlely, PpacHpoCTpaHeHbl arryIloTHHUPOBaHHBIE KBap-
[EBO-KPEMHHUCTHIE popaMUHU(EPHI U paIuOIsIPUH, TO B
BBIIIETIEKAIEH TaBIUHCKOW CBUTE OJIUTOLIEHAa B OCHOB-
HOM H3BECTHBI CEKPEIIHOHHO-U3BECTKOBBIE OCHTOCHEIE,
TUTAHKTOHHBIE (hopaMUHHU(EPH U OCTpaKoAbl. JluTomo-
T'Usl BMELIAIOUINX TOPOJI 3TUX CBUT TaKKe Pe3KO OTIIH-
yaeTcs. CBeTII0-cepble 3eIeHOBaThIe OMOKOBUIHbBIE MO~
OBl HIOPOJIBCKOM CBUTHI CMEHSIOTCS BbIILIE OJTUBKOBO-
3eJIEHBIMU JINCTOBATHIMU U HE ONTOKOBUAHBIMH INIMHAMHU
TaBIMHCKON cBUTHL. Takoe pe3koe M3MEHEHHE MO pa3-
pe3y MHKpodayHBl W JUTOJIOTHH YKa3bIBAeT Ha CKPHI-
ThIl epepbIB B ocalkoHakomieHuu [Hanuskun, 1974;
[Tomo6una, 20136, 2021].

r‘:ﬁ Ié 3ona, ¢JI0M nO XapakTepHble KomMILleKkchl opamuHudep
q:a é o3 i ¢popamunudepam
= =] = =)
o) = = =
Cibicides borislavensis Aisenstat, Cibicidoides pseu-
doungerianus (Cushman), Evolutononion decoratum
(Cushman et McGlamery), Nonionellina oligocenica
3ona Cibicidoides | (Cushman et McGlamery), Cribroelphidium differensaper-
= ’: pseudoungerianus, tio Uschakova, C. parainvolutum Uschakova, Elphidiella
= ’: : 9 Evolutononion cosmica Uschakova, E. vergandia Uschakova, E. nitida
@ = % © decoratum Podobina, Globorotalia kugleri Bolli, Paragloborotalia
= = = : postcretacea (Mjarliuk), P. anguliofficinalis (Blow), Tur-
e o o = borotalia perfecta Podobina, Glebigerina ouachitaensis
[ =" = 4 .
= S S : Howe et nglace gnaucki Blow et Bgnner, G. angustium-
= =5 - blicata Bolli, G. ampliapertura Bolli, G. prasaepis Blow,
o G. officinalis Subb. praesentata Podobina, Globanomalina
barbadoensis (Blow), Protoglobobulimina coprolithoides
(Andreae)
NANSANANNANNANANANNANNNANANNANANANNNANANNNNS
= = = Cron ¢ Reophax Reophax diffugiformis Brady, R. subfusiformis Earland n
- .
(>}
= = = é 3ona Labrospira Reophax difflugiformis Brady, R. subfusiformis Earland, R.
g E \§ -1 honesta ampullacea Brady, Ammodiscus glabratus Cushman et Jar-
= & =3 é vis, Labrospira honesta Podobina, Haplophragmoides de-
M A = plexus Podobina, Trochammina infirma Podobina, Globig-
erina officinalis Subbotina

Pl

[n]y [a]3

Puc. 1. Cxema ouocTtpaTturpadguu BepxXHero 301eHa — oauroneHa 3anaguoii Cudbupn
(o nanHbIM (popamunudep)
1 — mepephIB B 0CAIKOHAKOIICHUH; 2 — HIDKHHHN TTOJIOT/ICN OUTOLeHa; 3 — TaTaophCKuil spyc

Fig. 1. Scheme of biostratigraphy of the Upper Eocene — Oligocene of Western Siberia
(according to foraminifera)
1 — break in sedimentation; 2 — lower subsection of the Oligocene; 3 — Latdorfian stage
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MAJIEOHTOJIOI'MYECKUE TABJIMLIBI IV
Dopamuaneps! 3apucoBansl ¢ HaTypsl O.M. JI030BOH, XpaHATCS B 1a00paTOPHH MHUKPOIAIEOHTOIOrHH TOMCKOro rocyfapCTBEHHOTO
yHuBepcutera. 3anagHas CHOupb, TaBIUHCKAs CBHUTA, PIONEIBCKUH SIPYC; a — BUJ CO CIIMHHOW CTOPOHBI; 6 — BHJ C OPIOIIHON CTOPOHBL
6 — BHJ CO CTOPOHBI YCThsI

PALEONTOLOGICAL TABLES -1V

Foraminifera were sketched from nature by O.M. Lozova and kept in the micropaleontology laboratory of Tomsk State University. West-
ern Siberia, Tavdinskaya suite, Rupelian stage; a — view from the dorsal side; b — view from the ventral side; ¢ — view from the mouth

IMTAJIEOHTOJIOI'MUECKAS TABJIMIIA 1

PALEONTOLOGICAL TABLE I

®&ur. 1-2. Cibicidoides pseudoungerianus (Cushman)

1 —9K3. Ne 1823. Omckas obmacts, Tapckuit mpodwis, ckB. 46-k, ri1. 204,0 m; 2 — 9k3. Ne 1827.

Tomckast o6nactb, Mepu. TeueHue p. Bactoran (3amagnas maprtus), cks. 1, r. 385,0 m; X100

®&ur. 3-5. Evolutononion decoratum (Cushman et Mc Glamery)

3 —9K3. Ne 1828. Tomckast obmacts, Mepua. Tedenue p. Bacioran (3amagnast maptus), cks. 2, 1. 314,0 m;
4 —3Kk3. Ne 1834. Tomckast obnacts, Mepu. TeueHue p. Bacroran, cks. 3, ti1. 343,0 m; 5 — 9k3. Ne 1835.
Tomckast o6nacts, Mepu. TedeHue p. Bactoras, cks. 2, ri1. 289,0 m; x80

®&ur. 6. Evolutononion advenum (Cushman)

Ok3. Ne 1838. Tomckas o0mactb, MepuI. TeueHue p. Bacioran (3amanHast maptust), cks. 3, rir. 314,0 m; x80
®&ur. 7-8. Noneonellina oligocenica (Cushman et Mc Glamery)

7 —9K3. Ne 1830, 8 — k3. Ne 1833, cks. 1, ri1. 385,0 M. Tomckas obnacTs, Mepun. TedeHue p. Bactoran (3amanHas maprus), cks. 1, T 374,0
M (7), . 385,0 m (8); x100
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IMTAJIEOHTOJIOTUYECKAS TABJIMLIA 1T

PALEONTOLOGICAL TABLE II

®&ur. 1. Cribroelphidium differensapertio Uschakova

Ok3. Ne 1839. Tomckas obnmactb, MepuI. TeueHue p. Bacioran (3amanHast maptust), cks. 2, ri1. 314,0 m; x80

O&ur. 2, 4. Cribroeplphidium parainvolutum Uschakova

2 —9K3. Ne 1518, 4 — ok3. Ne 1842. Tomckast o6nactb, Mepul. Teuenue p. Bacroran (3amagnas maprus), (2) ckB. 2, t. 314,0 m; (4) cks. 3,
1. 299,0 m; X100

Our. 5. Globigerina ouachitaensis Howe et Wallace gnaucki Blow et Banner

Dk3. Ne 1253. Omckast o6nacts, c. [leTyxoBo, ckB. 4-K, HHT. T71. 91,4-79,6 M; x80
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IMTAJIEOHTOJIOTMYECKAS TABJIMLIA III

PALEONTOLOGICAL TABLE III

®&ur. 1. Paragloborotalia postcretacea (Mjatliuk)

Ok3. Ne 1258. Tomckas obnmacts, 6acceitd p. Umkarnka, ckB. 13-k, ri. 293,0 m; x80
Our. 2. Globigerina angustiumbelicata Bolli

Ok3. Ne 1259. Tomckas obnmacte, 6acceitd p. Umkarnka, ckB. 13-k, ri1. 293,0 m; x80
ur. 3. Globigerina ampliapertura Bolli

Dk3. Ne 1260. Omckas obnacts, c. [letyxoBo, ckB. 4-k, uHT. T1. 101,1-94,8 Mm; X80
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MAJIEOHTOJIOI'MYECKAS TABJIULIA IV

PALEONTOLOGICAL TABLE IV

®&ur. 1. Turborotalia perfecta Podobina

Ok3. Ne 1278. Omckast 06macth, c. [leTyxoBo, ckB. 4-K, uHT. T11. 101,4-94,8 m; X80

®&ur. 2. Paragloborotalia postcretacea (Mjatliuk)

Ok3. Ne 1858. Tomckast obnacts, Oacceii p. Ymkarka, ckB. 13-k, 1. 293,0 m; X80

O&ur. 3. Globigerina officinalis Subbotina praesentata Podobina

Ok3. Ne 1863. Tomckast obmacts, Mepus. TedeHue p. Bacioran (3amagnas maprust), ckB. 1, rir. 374,0 m; X100

O&ur. 4. Globanomalina barbadoensis (Blow)

Ok3. Ne 1280. Omckast 061actb, c. [leTyxoBo, ckB. 4-K, uHT. T11. 101,1-94,8 m; X80

Ha npunaraemoii cxeme (puc. 1) moxasaHsl 30HbI U
KOMILIEKCHI (popaMHuHH(Ep BEpXHETo d01eHa (IpHaboH-
CKHI SIpyC) U CpeJHEro OJNUTOLeHa (PIONEeNbCKUit spyc).
CkpeIToe cTpaTHrpaduieckoe Hecorjlacue Mpearnoiara-
ercst Mexy ciosiMu ¢ Reophax, paccmMaTrpuBaeMbIx Kak
Hadasno (OpMHPOBaHUS JAaTAOPHCKOro spyca (HHXKHETO
momotaena  onuroneHa) u  30HoM  Cibicidoides
pseudoungtrianus, Evolutononion decoratum promens-
CKOro sipyca cpeHero onuroneHa. [Iposenennsle nccie-
JOBaHUS U conoctaBienue hopamuuudep 3anamaaoin Cu-

OWpH 1 IpyTrHX PETHOHOB IIOKa3aJi, YTO CKPBITHIN Tepe-
PBIB B OC3JIKOHAKOIUICHHH MEXIy BEPXHHM DOLECHOM
(IpraboHCKHIA SIPYC) M CPETHUM OJHUTOLEHOM (PIOTICITh-
CKHI SIpyC) COOTBETCTBYET BPEMEHH JIATIOPPCKOro BeKa
panHero onurorena [[logobuna, 2020, 2021].

Ha puc. 2 noka3aHo coroctaBiieHue 1o BU1aM-HHIEK-
caM KOMIUTEKCOB (hopaMHHHU]ep BEPXHEro J0IeHa U O~
rouena 3anaaHoi CHOMpH 1 APYrUX PErnoHOB. 3araHo-
cHOMpCKHEe  IIaHKTOHHBIE — (opaMUHU(EPEl  30HBI
Cibicidoides pseudoungerianus, Evolutononion
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decoratum (TaBIMHCKUI TOPU30HT) COOTBETCTBYIOT PIO-
menecKkoMy  spycy u  ero  3oHaMm  Globigerina
ampliapertura, G. selli (P20, P21), a Taxxe 30HaM IO
HaHHOIUIAaHKTOHY (NP22, NP23). Brigensemble B Bepxax
HIOPOJIBCKOT'O TOpH30HTA ciion ¢ Reophax, BO3MOXHO,
COOTBETCTBYIOT CaMbIM HIDKHHAM CIIOSIM JIATHAOP(CKOTro
sipyca, B OCHOBHOM BBIIIIE BBITIAIAIONIETO U3 pa3pesa. [1o
cxeMe Omoctparurpaduu 3amamHoit Cubupu (puc. 2)
MIPEAToNaraeTcsl MOYTH MOTHOE BBIMAJCHUE U3 pa3pesa
natnopdcKoro spyca U ero 30HHI Mo popamuHUpEpam —
Globigerina tapuriensis (P18), mo xokkonutohopumam —
Coccolithus subditichus (NP21). B 1oHBIX peruoHax
(Kapmatsl, Kpeim, KaBka3, Cpenussi Azus), a Takxe
CHIA w Atnantuku [Ilomobuna, 2020] mpocnexuBa-
FOTCsI 30HBI (popaMuHH(DEp HIDKHETO OJHMTOICHA, HE OT-
MEUaeMOoro Kak Jatnopdckuii sipyc. [1omoOHbIe 30HEI BBI-
JeTICHBI ¥ B HEKOTOPBIX pa3pe3ax CEBEPHBIX PETHOHOB,
MO0 KOTOPBIM HM3BECTHHI IIKAIBI TUTAHKTOHHBIX (hopamu-
HU(ep 1 HaHHOIUTAaHKTOHA [ XapneHn u ap., 1985].

3akiaouenne

B Bepxax HIOpOJNBbCKOM CBUTHI (FOPU30HTA) BCTpeya-
FOTCsI OOJIOMKH PaKOBHH pofia Reophax M eITMHAYHBIC TTH-
PHTU3MPOBAHHBIC siApa TamiodparMoupeii. ABTOpOM
OBLJIO MPENIOKEHO BBIICNATE B 3TOH YacTH pa3pesa, Ha
rpaHulle C TaBJUHCKOH CBUTOH (TOPU30HTOM), CIIOU C
Reophax, mpenmnonoxXuTensHO COOTBETCTBYIOIIHE Ca-
MoMy Havamy (opMupoBaHHsS JIaTAOP(CKOro spyca.
ABTOpPOM OTMEHYaeTcs MepephiB B OCAJAKOHAKOIJIECHUU
MEXy HIOPOJIBCKOM M TaBJAUHCKON CBUTaAMH, COOTBET-
CTBYIOIIWA, TI0-BUIUMOMY, JaTAOPHCKOMY BEKy. DTO,
BO3MOHO, BBI3BAHO TEKTOHHYECKUMH JBH)KECHUSIMHU
BTOPO# (ha3bl ABIMUACKOM AIMOXY TEKTOreHe3a. Brimie-
JIEKAIINE OTIJIOKEHUS TaBIAMHCKOW CBUTHI, COCTOSIIINE

U3 3€JCHOBATO-CEPHIX, JIHCTOBATHIX, AJEBPUTUCTHIX
TJIMH, MECTaMH C MSATHAMU OXKEJIe3HCHHS, COBEPIICHHO
OTIMYAIOTCS OT TOPOJ| HIDKEIEKANCH HIOPOIbCKOW
CBHUTHI (rOpH30HTA). B TaBIMHCKOW CBHUTE MOYTH OT-
CYTCTBYET KPEMHUCTasi OPraHWKa M MOJHOCTBHIO — pa-
JTUOJISIPHH.

TaBauHCKasl CBUTA, BKIIIOYAIOMIAS 30HY C KOMILICK-
com dpopamunudep ¢ Cibicidoides pseudoungerianus,
Evolutononium decoratum, naTupyeTcst aBTOPOM CpeJi-
HUM oJUTOIeHOM. OCHOBaHHUEM JISI 3TOT'0 TOCTY KUK
HAXOJIKU XapaKTEPHBIX CPEIHEOIUTOLEHOBBIX OCHTOC-
HBIX U TUTAHKTOHHBIX (hopaMuHHU(Ep, IMUPOKO pacipo-
CTpaHCHHBIX B mpeaenax EBpornbl, ATIaHTUKH U FOTO-
BoctouHoi gactu CIIA. B oOpasnax u3 ¢opmaruu
Boom (ctpatorun pronens, benbrus), oroOpaHHBIX aB-
TOpOM, OOHApPYKEHBI (opaMUHU(EPHI, CXOIHBIE C Ta-
KOBBIMH M3 TaBJAWHCKOH CBUTHI. [IJIsl MOATBEPKIACHMS
CPEeIHEONUTOLIEHOBOr0 BO3pacTa TABAWHCKOW CBHTHI
MOCITYKUJIU TaK)Ke T€OAMHAMHYCCKHE H 1aie00noreo-
rpaduueckue wuccnenoBanus astopa [[logobuHa,
2020].

B IOxnoii EBpone, B Kpbimy, Cpenneit A3un HUX-
HUI OJUTOIICH B BUJE COOTBETCTBYIOIIUX €My JaTIopd-
ckuXx (popaMHHAPEPOBBIX 30H MPOCIEIKUBAETCS BO MHO-
THX PETHOHAX. B HIOKeNnexkalmx OTIOKEHHUSIX JTUTOIOTH-
YEeCKU OTIIMYAOMICHCS HIOPOJIBCKOH CBHUTHI (TOPH30HTA)
o0HapykeHa MHUKpodayHa COBEPIIEHHO JPYTOro CHCTe-
MaTHYECKOTO COCTaBa. JTO MOITBEPIKIAAET CYIIECTBOBA-
HUE B PaHHEM OJIUTOIICHE MepephiBa B OCAIKOHAKOILIC-
Hur. COOTBETCTBYIOIIUH €My JATAOPPCKHU SpyC, Kak
BHJIHO U3 BBIIIEH3II0KEHHOT'0, CIEIOBANIO OBl BOCCTAHO-
BUTH B 9TOM IIOJIOTJENE, IEPEMECTUB PIOTICIBCKUH SpyC
CPEHETO OJNUTOICHA HAa €ro MPEeKHEe MECTO B CTPATH-
rpadUecKoil MKae majreoreHa.
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Abstract. New data on the stratigraphic distribution of large mammals in the territory of the West Siberian Plain allowed
distinguishing three main stages in the development of the Quaternary fauna. The first is the ancient stage (Paleopleistocene, Eo-
pleistocene) that reflects warm and humid conditions, mosaic landscapes, and an ecologically diverse fauna composition. The
second stage is transitional (Early Neopleistocene) that reflects changes in the landscape, climatic conditions, and in fauna compo-
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Annortamus. HoBoe 0000mienne faHHBIX 110 cTpaTUrpaduaeckoMy pactpeieTeHII0 YeTBEP THIHBIX KPYITHBIX MIIEKOITAFOITHX
Teppuropun 3anagHo-CHOMPCKOH PaBHHUHBI ITO3BOIHMIO YTOYHHTH BpeMs CYIIECTBOBAHMS OTJEIBHBIX TAKCOHOB H BHJIOBBIC
cocTaBbl (DAaYHHCTHIECKHX KOMIUIEKCOB. B CBSI3M C MOHIDKEHHEM HEOreH-4eTBEPTHYHON T'paHUIBI M BKIIOYEHHEM B COCTaB
KBapTepa reiasus, IMOATYCK-JICOsIKbHHCKIH KOMIUTIEKC CTall caMbIM JpeBHUM 1 3amamHoid Cubupn. s maneoruelicToreHa,
JOIUIEHCTOEHA OTMEUaeTCs JOCTATOYHO BEICOKAs CTEIEHb HKOJIOTMYECKOr0 pa3sHOOOpas3Ms TaKCOHOB, YTO MOXET OTPa)aTb
OIpe/eeHHYI0 MyIbTHIAHIIA(QTHOCTE HA TEPPUTOPUN PAaBHHHEL V3MeHeHWs B cocTaBe (ayHBl MIIEKOINHTAIOMNX PAHHETO
HEOIUICHCTOIIeHa MPUBENH K (hOPMHPOBaHMIO (hayHEI ¢ mpeobiIafaHneM TaKCOHOB, TSATOTCIOMMX K OTKPBITHIM JaHAmadTaM.
Hosble paguoyriepoHble JaTHPOBAHIS ITOKa3aIH Ooree mo3qHee (BO BTOPOH IOIOBHHE ITO3THET0 HEOIUIeHCTOIeHa) BEIMUPAaHUE
HEKOTOPBIX JIOMHHAHTHBIX TAKCOHOB CPENHET0 HEOIUICHCTOICHA. YBENNUNBIIAsCS CTEIEeHb OJM30CTH BHIOBBIX COCTaBOB (hayH
CpPEIHEro U IO3IHEr0 HeOIUICHCTOI[eHa [TO3BOJIMIA aBTOPY IPETIOKUTE HOBBIH (payHCTHIECKHIT KOMIUIEKC — «TYHIPO-CTEIHOW
JUI BCero o0BeMa CpeJHEro M MO3MHEro HeoIulelcToneHa. Panee BBImemsBINMEcS MIS 3TOTO MHTEpBAJa MPUHPTHIIICKHUH,
Xa3apCKhil 1 MAMOHTOBBIH (hayHUCTHIECKHE KOMIUICKCHI IIOHIDKEHBI IO PaHTa MOAKOMIITEKCOB. OOBEIUHSIIOMNM UX SBIISCTCS
BBICOKAsI JIOJIST OOIIIX TAKCOHOB U BBICOKASI CTETICHB CIIEIMATI3AINN K TYHAPO-CTEITHBIM JIaHAa(TaM.
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Shpansky A.V. Stratigraphic distribution of large Quaternary mammals

Introduction

The Late Cenozoic is characterized by dynamic natu-
ral processes, such as the differentiation of the relief due
to orogenic activity, the emergence and disappearance of
land connections between continents and periodic
changes in their outlines due to glaciations and associated
marine transgressions and regressions. This dynamics
was causing changes in climate and landscapes, leading
to rapid changes in terrestrial ecosystems. The mammals
were the most susceptible to those changes. Many groups
have experienced adaptive radiation over the past 3—
4 million years, and new subfamilies appeared with large
generic and specific differentiation. In addition, the eco-
logical structure of the mammal fauna that formed in the
second half of the Pliocene is mostly a successor of the
Hipparion fauna that had been spread in the second half
of the Miocene and the beginning of the Pliocene
[Shpansky, 2008].

The ecological structure of the mammal fauna in the
Quaternary was related to the predominance of open
arid landscapes and was preserved until the end of the
Pleistocene in the form of mammoth fauna. This struc-
ture is largely similar to the modern African savanna
fauna [Vereshchagin, Baryshnikov, 1983; Shpansky,
2010, 2018a] with a large number of fast-running un-
gulates and a high variety of medium- and large-sized
carnivorans.

Due to the recent lowering of the Neogene—Quater-
nary boundary to 2.6 million years and a large body of
new data, including those with radiocarbon dating, a cer-
tain rethinking of the biostratigraphic basis for the divi-
sion of Quaternary sediments of the West Siberian Plain
is required. In the General Stratigraphic Scale of Russia,
the Gelasian interval has not received a clear status.
Thus, the author uses the term “Paleopleistocene” pro-
posed by A.S. Tesakov [2013] and “regional Irtysh hori-
zon” for sediments. Subdivisions of the Regional Strat-
igraphic Scale of the West Siberian Plain are used for
the remaining periods [Unificirovannaya..., 2000]. The
review presents data on the stratigraphic distribution of
only large mammals. The research is based on data ob-
tained as a result of the author’s own research and on the
analysis of published works. Data on 30 multi-species
localities of large mammals of the West Siberian Plain,
some of which consist of several bone-bearing layers,
and a number of other findings we analyzed. In addition
to the territory of the West Siberian Plain, large locali-
ties from the Minusinsk Basin (Kurtak), the Pre-Altai
Plain (the lower course of the Chumysh River), and the
Kuzneck Basin (Kemerovo Province) are also consid-
ered. In the Pleistocene, these territories were similar to
the West Siberian Plain in terms of landscape and cli-
matic conditions.

Faunal complexes of Western Siberia
after V.I. Gromov and E.A. Vangengeim

The first well-reasoned biostratigraphic scheme on
mammals based on significant factual data was published
by V.I. Gromov in 1939. For the Late Pliocene and Qua-
ternary of the European part of the USSR, he identified
nine faunal complexes: Khaprovsky, Psekupsky (divided
into lower and upper), Taman, Tiraspol, Khazar and Up-
per Paleolithic (with the Late Mousterian) [Gromov,
1939, 1948]. V.I. Gromov proposed with a high degree of
confidence the Khazar and Upper Paleolithic complexes
for the West Siberian Plain. The older complexes only in-
dicate the presence of “separate leading elements”.
V.1. Gromov understood the faunal complex as a combi-
nation of animal species common for “certain more or
less significant stratigraphic units of the Quaternary and
for certain territories” [1939, p. 200]. V.I. Gromov pro-
posed a phylogenetic tree of mammoth elephants (Ar-
chidiskodon—Mammuthus) as a leading group. Later, he
compared faunal complexes of Eastern Europe with the
existence time of various forms of mammoth elephants.
The comparison became decisive for the assessment of
the stratigraphic volume of the complexes [Gromov,
1961; Gromov et al., 1965]. Thus, the faunal complexes
became biochrons of elephants of the Archidiskodon—
Mammuthus phylogenetic lineage. This understanding of
the faunal complexes is preserved to the present day.

V.1. Gromov’s ideas on the biostratigraphy of North-
ern Asia in general and the West Siberian Plain in partic-
ular were developed in the 1960s—1970s. Diverse geolog-
ical and surveying, exploring and biostratigraphic works
were carried out at this time by the effort of many geo-
logical organizations. Many localities of Neogene and
Quaternary large and small mammals were identified.
The extensive factual data were collected in the course of
their implementation. Localities of ancient faunas (older
than 1 million years) were found only in the southern part
of Western Siberia, in the upper and middle courses of the
Irtysh, Ob, and Ishim rivers. Miocene—Pliocene and Qua-
ternary sediments are exposed in natural outcrops there.
For the Late Pliocene and Eopleistocene,
E.A. Vangengeim and V.S. Zazhigin [1965] proposed the
Beteke, Lebyazhie, and Razdolian complexes. Later, the
Kizikha and Vyatka complexes were identified mainly for
small mammals [ Vangengeim, Zazhigin, 1972; Zazhigin,
1980]. A summary of these data can be found in the mon-
ograph by E.A. Vangengeim [1977]. She included Be-
tekey and Podpusk-Lebyazhie complexes, which until re-
cently have been considered characteristic for the Middle
and Late Pliocene, in the West Siberian “anthropogenic”
mammalian complexes. She developed the basic princi-
ples of constructing biochronological scales for mammals
for the Pliocene and Pleistocene [Vangengeim, 1982;
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Vangengeim, Tesakov, 2008] and gave a clear definition for
the term “faunal complex” [Vangengeim, 1977, 1982]. The
important “condition — presence of a standard locality” is
added to the already traditional “Gromov” criteria for the al-
location of complexes [ Vangengeim, 1977, p. 71].

Estimates of the Middle Neopleistocene fauna have
remained unclear until today. There is a case when within
one zoogeographic province two conditionally identical
complexes are distinguished — Priirtysh [Kozhamkulova,
1969] and “Tatarka fauna” [Vangengeim, 1977]. Accord-
ing to the authors, they correspond to the first half of the
Middle Neopleistocene and are comparable with the
Singilsky complex of Eastern Europe. V.S. Kozhamku-
lova defined the Pavlodar Priirtyshye as a type locality for
the Priirtysh complex. The locality near the village of Ta-
tarka is also situated within this area. In addition, B.S. Ko-
zhamkulova estimated the existence interval of the Priirtysh
complex very widely — from the end of the Early Neopleis-
tocene to the beginning of the Late Neopleistocene. The
“Tatarka fauna” is a local fauna, the data of which mainly
comes from R.A. Zinova’s beach collections (1966-1967,
Geological Institute RAS, collection 895).

Stratigraphic distribution of Quaternary large mam-
mal taxa in Western Siberia

A brief overview of the stratigraphic distribution of
Quaternary mammal taxa within the West Siberian Plain
is given at family level.

Elephantidae

The most common elephant findings within the West
Siberian Plain are the remains of the Archidiskodon—
Mammuthus clade. The teeth of elephants are common
and well diagnosed. The remains of Archidiskodon me-
ridionalis gromovi Garutt et Alexejeva, A. m. merid-
ionalis (Nesti), Mammuthus trogontherii trogontherii
Pohlig, M. t. chosaricus Dubrovo, M. primigenius Blu-
menbach are found within the West Siberian Plain
(Fig. 1). The remains of an earlier form of the archidis-
kodontic elephant, 4. rumanus, known from the early Eu-
ropean Villafrancian sediments, have not been found in
the West Siberian Plain.

The most ancient findings of mammoth elephants in
the territory of the West Siberian Plain come from sedi-
ments of the Irtysh formation in Lebyazhye 2, Podpusk 1
and 2. The remains of the nominate southern elephant
(4. m. meridionalis) are rare; fragments of teeth and a
phalanx from the upper part of the Irtysh formation in Le-
byazhye 2 and Moiseyevka 1 (Pavlodar Province) and
teeth from sediments of the Kochkovsky horizon near the
village of Ust-Talovka (Altai Priirtyshye region) are
found [Vislobokova, 1973; Zhylkibaev, 1975]. In the
south-west of Western Siberia, remains from the lower
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part of the Zhunshilik formation (Late Eopleistocene) are
found near Arkalyk [Kozhamkulova, 1969; Zhylkibaev,
1975]. A fragment of an ancient elephant tooth is noted
by L.A. Vislobokova [1973] from Moiseyevka 2 on the
Irtysh River. She suggested that it belonged to the pro-
gressive form A. m. tamanensis Dubrovo. The distribu-
tion time of the southern elephant is estimated to be
within the second half of the Paleopleistocene and the
first half of the Eopleistocene.

The remains of Mammuthus Burnett elephants are
much more common and not only in the form of isolated
teeth. For M. trogontherii trogontherii, the author de-
scribed two skeletons — from Pyatiryzhsk on the Irtysh
River [Shpansky et al., 2008] and Ust-Tarki on the Om
River [Shpansky et al., 2015]. The last molars of the ele-
phant from Ust-Tarka are strongly worn and look more
primitive in their structure. They also appeared to be a
transitional type between A. meridionalis and M. trogon-
therii. It can be assumed that the geological age of this
elephant is earlier (the beginning of the Early Neopleisto-
cene) than the elephant from Pyatiryzhsk. Both skeletons
belong to adult specimens, which can reflect greater in-
traspecific variability. In addition, the Pyatiryzsk skeleton
is 70 cm higher than the Ust-Tarka skeleton.

M. trogontherii was replaced by M. t. chosaricus at
the border of the Early and Middle Neopleistocene. M. ¢.
chosaricus is already present in the Priirtysh complex of
Grigoryevka [Shpansky et al., 2007]. To the same ele-
phant, the author [Shpansky et al., 2015] refers the skele-
ton from Chembakchino, described by P.A. Kosintsev as
M. t. trogontherii [Kosintsev et al., 2004]. The latest find-
ings of M. t. chosaricus are the remains from layer 6 of
Krasny Yar (Novosibirsk Province) [Vasiliev, 2005]. The
age of these sediments is estimated as Kazantsevsky (MIS
Se). An elephant with a structure of teeth of a transitional
type between M. t. chosaricus and M. primigenius, de-
fined by L.I. Alekseeva as an early type of mammoth, had
already existed in Eastern Europe as part of the Shkurlat
complex during the Mikulinsky period [Alexeeva et al.,
1984; Alexeeva, 1990]. Nevertheless, the main morpholog-
ical features of elephat teeth (frequency of plates per 10 cm,
enamel thickness) from Shkurlat and Mezhevikhino are
within the range of variation of M. ¢. chosaricus from other
localities. In addition, the findings of M. trogontherii cho-
saricus and M. intermedius are indicated in the sediments of
the Mikulinsky Interglacial (MIS 5e) of the early Late Neo-
pleistocene for Eastern Europe [Dubrovo et al., 2007; Ba-
jgusheva, Titov, 2021]. An even more recent finding is a
skull from Asino (Tomsk Province) [Shpansky, 2000]. AMS
dates 41.865 = 1990 ka BP (UBA-38453) and 42.670 +
1310ka BP (UBA-39395) were obtained by them
[Shpansky, Kuzmin, 2021].

The Late Pleistocene is characterized by numerous re-
mains of the typical mammoth Mammuthus primigenius
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with fine enamel and high plate frequency of 10 cm. At
the same time, large accumulations of mammoth bones or
skeletons are confined to the deposits of the Late Pleisto-
cene (25-15 thousand years) [Puchkovskaya, Shpansky,
2023].

In addition to the well-studied mammoth elephant line
Archidiskodon—Mammuthus, Elephas Falc. et Cautl. ele-
phants, belonging to the group of forest elephants of the
subgenus Palaeoloxodon Matsumoto, were distributed
within the West Siberian Plain. The most ancient finding
of Elephas (Palaeoloxodon) cf. namadicus (Falc. et

Cautl.) is a tooth fragment recovered from the greenish-
gray and blue-gray loam soil of the Erestnaya formation
(Upper Eopleistocene) near Barnaul [Vislobokova,
1973]. The remains of a more progressive forest elephant
E. (Palaeoloxodon) antiquus (Falc.) were found in
Zhana-Aul, Krasnoyarka (Pavlodar Province) in the early
Middle Neopleistocene [Dubrovo, 1960]. There is a gen-
eral trend in changes in the teeth structure among forest
elephants as well as in mammoth elephants. The fre-
quency of plates increases by 10 cm of the crown length
and enamel thickness decreases.
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Fig. 1. Scheme of stratigraphic distribution of elephants of the family Elephantidae
within the West Siberian Plain

Puc. 1. Cxema crpaTurpadpmueckoro pacnpocrpaHeHus cioHoB cemeiictBa Elephantidae
B npeaeaax 3anaano-Cudupckoii paBHUHBI

With the help of the skull found in the Early Neopleis-
tocene sediments of Pyatiryzhsk (Irtysh River, Pavlodar
Province), which also has features different from mam-
moth and forest elephants, the author could identify a new

species referred to Phanagoroloxodon irtyshensis
Shpansky [2005b]. According to V.E. Garutt [Garutt,
Tikhonov, 2001], the Phanagora elephant line is ancestral
to mammoth elephants in Eurasia.
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Rhinocerotidae

Remains belonging to representatives of three rhino
genera are found in the territory of the West Siberian
Plain — Stephanorhius, Coelodonta (subfamily Dicero-
rhinae), and FElasmotherium (subfamily Elasmothe-
riinae).

The phylogeny of the genus Elasmotherium Fischer
remains unclear. A.K. Shvyreva [2015, 2016] notes the
presence of four species in southern Eastern Europe —
Elasmotherium peii Chow (Late Pliocene—Paleopleisto-
cene), E. chaprovicum Shvyreva (Paleopleistocene, first
half of Middle Akchagyl), E. caucasicum Borissiak (Late
Paleopleistocene—Eopleistocene, Apsheron), and E. sibi-
ricum Fischer (Early-Late Neopleistocene). Remains of
Elasmotherium are quite numerous in Central and North-
ern Kazakhstan and also in the south of the West Siberian
Plain. B.S Kozhamkulova [1981] notes 30 localities of
different geological age from the Gelasian (Podpusk) to
the Middle Neopleistocene (main group).

A series of findings dated to the Karginsky Intergla-
cial has been added to them recently [Shpansky et al.,
2016a; Kosintsev et al., 2019]. The oldest findings of
Elasmotherium within the West Siberian Plain come from
the sediments of the Irtysh formation (Gelasian) near the
village of Podpusk (Pavlodar Province). Their genus is
currently difficult to define due to the scarce data.
I.A. Vislobokova notes the similarity of the remains to E.
sibiricum [Vislobokova, 1996]. The data available to the
author shows that the Elasmotherium from Podpusk was
smaller than E. caucasicum, but larger than E. sibiricum.
According to the geological age, these remains are compa-
rable to the existence time of the Chinese E. reii or the Liv-
entsovian E. chaprovicum. The importance of specific in-
terpretation of the findings in Pavlodar Province increases
due to the very large distance among ancient representa-
tives of Elasmotherium since they are geographically lo-
cated approximately in the middle. E. sibiricum is estab-
lished for the Neopleistocene of Western Siberia (Fig. 2).
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Fig. 2. Scheme of stratigraphic distribution of rhinos of the genera Coelodonta, Stephanorhinus,
and Elasmotherium within the West Siberian Plain

Puc. 2. Cxema cTpaTurpadpmueckoro pacnpocrpaneHusi Hocoporos ponos Coelodonta, Stephanorhinus
u Elasmotherium B npenenax 3anagno-Cudnpckoi paBHUHBI
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The findings of Elasmotherium in Grigoryevka
(Pavlodar Province) are dated to the sediments of the
Middle Neopleistocene Tobolsk horizon. They are found
together with the remains of Coelodonta antiquitatis
Blum as part of the Priirtysh faunal complex [Shpansky
et al.,, 2007; Shpansky, 2018b]. This is the first co-
occurance of Elasmotherium and woolly rhino
(Coelodonta antiquitatis).

A skeleton fragment found on the Burluk River near
the village of Kirillovka in 2016 is an important finding
of  Elasmotherium  (North-Kazakhstan  Province)
[Shpansky et al., 2017]. The upper tooth of Stephanorhi-
nus kirchbergensis was found together with the Elas-
motherium skeleton. The co-occurance of these rhino spe-
cies is noted for the first time. The geological age of the
remains is between Early and Middle Neopleistocene.

The genus Stephanorhinus Kretzoi within the West
Siberian Plain has been intensively studied only in the last
few years [Shpansky, Billia, 2012]. The genus is repre-
sented in the territory of the West Siberian Plain by two
species — S. etruscus Falconer and S. kirchbergensis Ja-
ger. The most ancient remains of S. etruscus come from
sediments of the Irtysh formation in Lebyazhye 2 and
Moiseyevka 1 (Fig. 2) [Shpansky, Ilyina, 2020].

About 20 record localities of S. kirchbergensis were
identified in the territory of the West Siberian Plain, in-
cluding several lower jaws with teeth [Shpansky, 2016,
2017; Lobachev et al., 2021]. The geological age of the
localities within the West Siberian Plain is from the sec-
ond half of the Early Neopleistocene to the Karginsky
horizon of the Late Neopleistocene (see Fig. 2). The most
ancient finding is a lower jaw recovered from sediments
of the upper sub-formation of the Zhunshilik formation
(the second half of the Early Neopleistocene) in the north-
east of the Turgay trough (Akmolinsk Province). More
ancient localities (the first half of the Early Neopleisto-
cene) are found in the south of Kazakhstan — Koshkurgan
and Kapchagay. Most findings of S. kirchbergensis in
Western Siberia and in Eurasia in general come from the
Middle Neopleistocene [Shpansky, 2017]. Within the
West Siberian Plain, the most recent finding is the lower
jaw from alluvium near the village of Pobeda on the
Chumysh River (Altai Krai). The radiocarbon age of the
finding is 43.3—44.4 ka cal BP [Kirillova et al., 2021].

Only the remains of C. antiquitatis Blumenbach that
existed during the Middle-Late Neopleistocene are
found for the genus Coelodonta Bronn within the West
Siberian Plain (Fig. 2). Findings of C. cf. tologoijensis
Bel., defined by 1. V. Foronova [2001] in the upper part of
the Sergey formation (the beginning of the Early Neo-
pleistocene) in the Bachatsky and Mokhovo quarries of
Kuzbass are doubtful since the author has not specified
the data and not provided a description. The older species
C. thibetana Deng et al. was not found within the West

Siberian Plain. From the Kurtak locality (left bank of the
Yenisei River), metatarsale III and I'V, closest to the Chi-
nese C. nihowanensis Kahlke of Eopleistocene age, have
been described [Klementiev, Laptenok, 2021]. The most
ancient findings of C. antiquitatis are obtained from the
sediments of the Tobolsk horizon in Grigoryevka (Pavlo-
dar Province) on the Irtysh River. According to B.S.
Rusanov [1968], the subspecies identified as C. antiqui-
tatis pristinus Russ., C. a. jacuticus Russanov and C. a.
humilis Russ. lived in the Early, Middle, and Late Neo-
pleistocene, respectively. Later, P.A. Lazarev [2008]
identified C. jacuticus as an independent species from the
Middle Neopleistocene. Revision of these taxa allowed
reducing them to junior synonyms of the nominative spe-
cies C. antiquitatis [ Shpansky, Boeskorov, 2018].

Equidae (Equinae)

Horses of the genus Equus first appear in the sedi-
ments of the Aksorskaya formation (end of the Upper Pli-
ocene) in the territory of the West Siberian Plain. The
limb bones of the archaic horse Equus (Allohippus) sp.
were found in Lebyazhye 1 [Vislobokova, 1996]. The re-
mains of two horse forms were found in the sediments of
the Irtysh formation (Podpusk 1, 2, Lebyazhye 2) — large
Equus livenzovensis Bajgusheva and small Equus sp. 1
(Fig. 3). Numerous teeth and remains of a postcranial
skeleton are referred to E. livenzovensis [Vislobokova,
1996]. Earlier, L.A. Makarova [1955] and L.A. Vislo-
bokova [1973] referred these remains to E. cf. stenonis
Cocchi. Other researchers have referred this horse to
Equus ex gr. robustus Pomel [Vangengeim, Zazhigin,
1965] or Allohippus robustus [Kozhamkulova, 1969,
1981]. I.A. Vislobokova [1973] obtained the remains of a
large horse, close to the Suessenborn horse E. cf.
sussenbornensis Wiist, from the upper part of the Irtysh
formation in Podpusk 1 and 2. More recent findings of
this horse are reported from the sediments of the Sergey
formation (Upper Eopleistocene) in Kuzbass [Foronova,
2001]. Distal limb bones of the small horse Equus sp. 2
were found together with E. cf. sussenbornensis in Pod-
pusk. According to I.A. Vislobokova [1973, p. 124],
they may belong to the “early form of the Asinus subge-
nus”. Reliable remains of horses are not found for the
first half of the Eopleistocene in the territory of the West
Siberian Plain. 1.V. Foronova [1990] identified a new
species Equus singularis for Kuzbass from sediments of
the Mokhovo formation. Findings of the phalanges of a
large “broad-toed” horse, identified by V.E. Ryasina
[1962] as E. ex gr. robustus, were obtained for the end
of the Eopleistocene from the upper part of the Erest-
naya formation of the Pre-Altai Plain (Vyatkino, Be-
lovo). Later, I.A. Vislobokova [1973] identified it as
Equus sp. 3 suggesting that these remains could belong
to a new species.

95



Tlaneonmonoazus, cmpamuepaghus / Paleontology, stratigraphy

Russian

Slratlgr_aphic 8- . .
>3z GTS 2009 Commitee” | & Western Siberia
Mal? ¢ — g
2 T [
S ¢l T c|lSleo
a " = O 02
g%i O [3) % o| 8 2l S Mammalian Stratigraphic
gicll S| S| < | 2| £|3|E®| Horizon |Fauna Complex distributy Givis
2zl o ] n 2la|s (A. Shpansky, 2018a, istribution Main sites
=sQ ol3l= V. Zazhigin, 2009) of Equidae
0'0 % [0} 2 Sartan =
[ | C b i © —
9 = 8 g 3 Karginsky § Mammoth % sla oA o K Var (Toi])
00 S © ols 4 Ermakovo | @ y '§ ! 8
] b - © P
3-127 & 28 5 Kazantsevo g 2 Lu LZ A :.?' WA Krasny Yar (Nov.)
) LB Taz S| Khazar | & '
Q|5 |7 Shirta S ¥ £ o
O | 538 Samarovo | — 8 s e o
() C o= m E v Grigorievka
% © z 9-11] Tobolsk Priirtysh g A %  Kirillovka
N - ui 2 ! i
> 25| |[z]zshaten Br |amngme
5 o 2 - Vyatka ” g
E‘ Q 2 |15-19|Talagaika '?Am 2 Abalak-Chernoe
c * 2 3 E
1] (1] Q < Late g ;AA w I Vyatkino, Belovo
. - === % =
1.0—-| E 8 8 § 20-35 S| Middle h
1 [8]® slg|° E[ e~ I
= o ‘7 arly
1 (s8] [g|8f1- & -
3| = Slo S |
1.5- o T |2 2 2 |
] O | & £ [se60 Y
> w |- -
1 =N I el B I ) e |
| (© 3
‘I-I L /5 Karagash o % I
- |l H f -1 1 1 1 ©® F--F---- @
2.0 c | o . Late | 228 2 4 [Pedouskr2
- | 8 by € |. o Mukkun | =2 |
! » | £ S| 35 [g2F----1 g g% w
©| S 3| €35 |28 | =
e — — [*} = @
) (o] —X |[T& oA o Lebyazhie 2
- = [<] Earl Sfla 2 Y
25 ©) I |8 =¥ 2 u%‘ Podpusk 1, 2
!l

Fig. 3. Scheme of stratigraphic distribution of representatives of the family Equidae

Puc. 3. Cxema cTpaTurpadgmueckoro pacnpocTpaHeHus npeacTaBuTeeii cemeiictea Equidae

The Early Neopleistocene is characterized by the find-
ings of Equus ex gr. mosbachensis Reich. Its most north-
ern findings were reported from near Tobolsk [Kaplyan-
skaya, Tarnogradskiy, 1974] and the village of Gornaya
Subbota [Kozhamkulova, 1981]. In the south of the West
Siberian Plain, its remains are found on the Irtysh River
near the village of Zhana-Bet [Kozhamkulova, 1981] and
in Kuzbass [Foronova, 2001]. In the lower reaches of the
Irtysh River, A.N. Motuzko [1975] found the remains of
Equus ex gr. sanmeniensis Teilh. et Piv. in the sediments
of Tobolsk sands exposed between the villages of Abalak
and Chernoe. The existence time of this horse is estimated
as Late Eopleistocene and Early Neopleistocene
[Vangengeim, 1977].

The horse remains of the Middle—Late Neopleistocene
in multi-species localities of Western Siberia make up
1940 % of the total number of mammalian remains and
together with bison are the most widespread [Kosintsev,
Vasiliev, 2009; Shpansky et al., 2016b; Shpansky,
2018a]. Several horse species are proposed by different

96

authors for the Middle-Late Neopleistocene. B.S. Ko-
zhamkulova [1981] includes all large horses of Kazakh-
stan and the south of Western Siberia in one group of ca-
balloid horses E. caballus subsp. explaining this by the
lack of series data from different localities. She divides
the horses of the Late Neopleistocene into E. gmelini An-
tonius, E. przewalskii Poljakow and distinguishes sepa-
rately the kulans and donkeys E. hemionus Pallas, E. (4s-
inus) hydruntinus Regalia. According to the majority of
researchers, two horse morphotypes (small and large)
lived at the same time within the West Siberian Plain in
the Late Neopleistocene. Earlier, small horses from the
territory of Western Siberia were classified as E. hy-
druntinus or E. hemionus [Kozhamkulova, 1981; Foro-
nova, 1990]. Currently, all small horses that lived in the
late Pleistocene in the territory of the south-east of the
West Siberian Plain belong to two species — Equus
(Sussemionus) ovodovi Eisenmann et Vasiliev and Equus
hemionus Pallas [Plasteeva et al., 2019]. There is no con-
sensus on the species of large horses in Western Siberia.
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Some researchers unite them with the Gallic horse of Eu-
rope, E. ex gr. gallicus Prat. [Foronova, 1990; Shpansky,
1999]. LE. Kuzmina [1997] suggests the occurrence of the
broad-toed horse E. latipes Grom in the south of Western
Siberia. N.A. Plasteyeva notes the distribution of the wild
horse (tarpan) E. ferus Boddaert. She also notes the succes-
sion of Pleistocene and Holocene horses [Kosintsev et al.,
2013]. It is assumed that the more ancient horses E. ex gr.
mosbachensis-germanicus and E. aff. taubachensis [Foro-
nova, 1990] are ancestral forms of E. ex gr. gallicus and E.
przewalskii for the Kuznetsk Basin at the beginning of the
Late Neopleistocene. The mass presence of very large re-
mains (according to metapodials and ungulate phalanges),
corresponding to E. ex gr. mosbachensis-germanicus and
even E. mosbachensis in their morphometric parameters in

Krasny Yar (Tomsk Province) together with the remains
typical for E. gallicus (with the same preservation)
[Shpansky, 1999], raises doubts about the methodological
basis for the allocation of these taxa and rather suggests a
large intraspecific variability in the size of horse bones.

It can be noted that two morphotypes of horses oc-
curred during the entire Pleistocene in the territory of the
West Siberian Plain — a large caballoid type and a small
donkey-kulan type.

Bovinae

Bovids were highly diverse in faunas of the Quater-
nary period, and within the West Siberian Plain were rep-
resented by three subfamilies: Antilopinae, Caprinae, and
Bovinae (Fig. 4).
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Fig. 4. Scheme of stratigraphic distribution of representatives of the family Bovidae
Puc. 4. Cxema cTpaTurpadgmaeckoro pacnpocTpaHeHus npeacTaBuTeeii cemeiictea Bovidae

Two horn cores of the most ancient spiral horned an-
telope are described by R.K. Kambaritdinov [1969] from
the sediments of the Irtysh formation in Podpusk. Accord-
ing to B.S. Kozhamkulova [1981], they are close to An-
tilospira cf. gracillis Teil. de Chard. et Young. [.A. Vislo-
bokova [1973, 2008] refers the remains to Antilospira sp.

Gazelles of the genus Gazella Blanville are represented
by the Chinese gazelle (G. sinensis Teil. de Chardin et
Piveteau) and the black-tailed gazelle (G. subgutturosa
Gild.). Both species are found in Pavlodar Priirtysh: from
the sediments of the Irtysh formation near Podpusk (com-
plete skeleton of G. sinensis [Motuzko, 1971]) and 4 km
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to the north-east from Podpusk (G. subgutturosa [Ko-
zhamkulova, 1969, 1981]). The remains of jeyran are
found from the Upper Neopleistocene sediments — 40 km
to the north-west from Arkalyk (Kustanay Province) and
near the village of Zhana-Aul (Pavlodar Province) [Ko-
zhamkulova, 1969, 1981].

The subfamily of caprines (Caprinae Gill) is represented
by two tribes: goats (Caprini Simpson) and musk oxen
(Ovibovini Simpson). There are no reliable findings of the
remains of representatives of the genus Capra L. in the ter-
ritory of the West Siberian Plain, although Capra sibirica
Pallas is quite common in Paleolithic cave complexes of the
Altai Mountains [Agadjanian, Shunkov, 2018]. The situa-
tion is similar with the remains of argali Ovis ammon L., but
B.S. Kozhamkulova [1969] notes the findings of postcranial
bones in Pavlodar Priirtysh in Upper(?) Neopleistocene sed-
iments. These findings require confirmation. The genus
Saiga Gray is represented by a single species S. tatarica L.
The most ancient remains of saiga were obtained by the au-
thor from Grigoryevka (Tobolsk horizon) on the Irtysh River
(Pavlodar Province) [ Shpansky et al., 2007]. Extensive com-
parative and morphological studies of saiga skulls of differ-
ent geological ages have shown that during the Middle-Late
Neopleistocene the modern type species S. tatarica existed
[Ratajczak et al., 2016]. Previously, it was believed that the
fossil remains of saiga belonged to a separate species —
S. borealis Tschersky. The subspecies of saiga S. ricea kras-
nojarika Shpansky, previously identified by the author
based on a skull from Krasny Yar (Tomsk Province)
[Shpansky, 1998], was referred to S. tatarica in the result of
detailed morphological analysis and thorough comparison
[Ratajczak et al., 2016]. In addition, the cranial remains from
Krasny Yar, as well as the remains of the saiga from the
Middle Neopleistocene (Grigoryevka), somewhat differ
from the typical S. fatarica. It can be suggested that these
differences may exist on subspecific level [Ratajczak et al.,
2016].

One of the earliest findings of musk ox remains in the
territory of the West Siberian Plain is an incomplete skull
of Praeovibos sp. obtained by R.A. Zinova [1972] above
the mouth of the Ishim River and referred to the Late Eo-
pleistocene. An even earlier finding may be an upper jaw
fragment of Ovibovini gen. indet., recovered from the
Bachatsky quarry from sediments of the Mokhovo for-
mation (Kuzbass) [Foronova, 2001; Vislobokova, 2008],
comparable with the first half of the Eopleistocene.
N.E. Bobkovskaya [2002] mentions the discovery of two
fragments of P. priscus skulls from the Lower Neopleis-
tocene sediments in Gornofilino. The remains of Ovibos
moschatus Zimm are found in sediments of the second
half of the Upper Neopleistocene. Earlier, it was sug-
gested that the fossil remains of musk oxen belonged to
an independent species — O. pallantis H. Smith, but a
comparative analysis of morphometric parameters of the
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skulls showed a high degree of similarity between the fos-
sils and the modern musk oxen [Stefaniak et al., 2021].
The southernmost dispersal of the musk ox in the West
Siberian Plain is observed at the end of the Karginsky In-
terglacial (up to 56° N) and especially during the Sartan
period (up to 54° N) [Malikov et al., 2020].

The genus Soergelia Schaub is represented by rare find-
ings of S. cf. elisabetae Schaub in sediments of the second
half of the Eopleistocene and Lower Neopleistocene [Ko-
zhamkulova, 1981; Vislobokova, 2008]. The remains of
Soergelia are not found in the Middle Neopleistocene sedi-
ments. Nevertheless, its remains are again present in Novo-
sibirsk Priobye — the alluvial locality of the Upper Neopleis-
tocene [Vasiliev, 2010, 2011]. More than 50 specimens were
found in Taradanovo. According to S.K. Vasiliev [2010,
2011], the radiocarbon date obtained by the AMS method
(more than 41,060 ka BP, AA-79331) on the skull of
Soergelia from Taradanovo is exorbitant.

The subfamily Bovinae Gill within the West Siberian
Plain is represented by the tribe Bovini Simpson and two
genera — Bison and Bos. Representatives of the genus Bi-
son H. Smiths appear in the territory of the West Siberian
Plain from the Paleopleistocene. A horn core from the
sediments of the Irtysh formation in Prorva (Pavlodar
Province) was identified as B. (Eobison) aff. tamanensis
N.Ver. [Kozhamkulova, 1981]. Bison of the subgenus Bi-
son have appeared since the Early Neopleistocene. The
earliest findings of B. (Bison) cf. schoetensacki Freud. are
obtained near Moiseevka and Krasnokutsk on the Irtysh
River (Pavlodar Province) [Kozhamkulova, 1981] and
near the village of Maly Atmas (Omsk Province) [Mo-
tuzko, 1971]. The author found the horn core in the dense
sand and pebble sediments in Berezhekovo (Kurtak) on
the Yenisei River (Krasnoyarsk Krai) [Shpansky et al.,
2020]. Earlier finds of B. schoetensacki were recorded in
the Nazarov Depression [Puminov, Buzulutskov, 1968].
B. priscus Boj has become ubiquitous since the Middle
Neopleistocene. The share of its remains in multi-species
localities reaches 20-42% [Shpansky et al., 2016b].The
extinction time of bison is close to the extinction time of
mammoths and woolly rhinos (Coelodonta antiquitatis).
The youngest dates for bison were obtained from the
Koksa River (12,090+£120 ka BP, GrA 6615), the Alei
River (12,300+450 ka BP, GrA 8087), and the Orda River
(9,3204£95 ka BP, GrA 4568) [Vasiliev et al., 2007;
Rusanov et al., 2010]. The genus Bos L. in Western Sibe-
ria is represented by B. primigenius Boj. Its oldest re-
mains are found in Grigoryevka (Pavlodar Province)
[Shpansky, 2009]. A complete skull was found near the
village of Kachira on the Irtysh River (Pavlodar Prov-
ince). Single Late Neopleistocene remains of bovids are
found throughout the southern part of the West Siberian
Plain (Pavlodar, Kokchetav, and Akmola Province). How-
ever, there are no radiocarbon dated bovid remains from
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these localities yet. In addition, a bovid skeleton was found
in Tuva having an Early Holocene age (9,860+160 ka BP,
SB RAS -6336) [Lavrov, Zabelin, 2007].

Cervidae

Pleistocene deer in the territory of the West Siberian
Plain are represented by three subfamilies: Cervinae,
Odocoileinae, and Alcinae. The true deer of the Cervini
tribe are represented by the extinct genus Eucladoceros
Falc. and the modern genus Cervus L. The only finding
of an antlered deer is Eucladoceros sp. described by
I.A. Vislobokova in Podpusk 1 [Vislobokova, 1996].
B.S. Kozhamkulova [1969] notes the most ancient re-
mains of Cervus elaphus in Early Neopleistocene sedi-
ments near the village of Lebyazhye (Fig. 5). The Middle
Neopleistocene sediments helped to find the remains of
C. elaphus from Pyatiryzhsk, Moiseyevka and other nu-
merous remains, including skulls and a skeleton fragment
from Grigoryevka [Shpansky et al., 2007]. C. elaphus is
widely distributed and occurs quite often in the Late Ne-
opleistocene. The share of its remains in multi-species lo-
calities is from 2 to 5% [Shpansky, 2018a]. Phylogenetic
and biogeographic studies have shown that during the
Late Pleistocene, the same haplotype of Cervus elaphus
existed in the territory of the West Siberian Plain [Doan
et al., 2022].

Giant deer of the genus Megaloceros Brookes are rep-
resented by the species M. giganteus (Blum.) (Fig. 5).
V.V. Shcheglova [1950, 1958] made an attempt to divide
giant deer into two subspecies of different age — Mega-
loceros giganteus ruffi (Nehr.) for the Middle Neopleis-
tocene and M. giganteus giganteus (Blum.) for the Late
Neopleistocene, which was confirmed by data from the
south-east of the West Siberian Plain [Shpansky, 2011].
An almost complete skeleton of M. giganteus giganteus
is found in Dzhambul (Pavlodar Province) [Shpansky,
2014]. Its radiocarbon dating is 43,600+550 ka BP (OxA-
20250). The last giant deer in the south of Western Siberia
were preserved in the first half of the Holocene. They are
found in localities of the Novosibirsk Province — Preobra-
zhenka 6 (7,865+40 ka BP, GrA-56935) and Sopka 2
(7,925+40 ka BP, GrA-56934) [Plicht et al., 2015]. Sev-
eral Holocene dates were obtained from Priangarye (from
8,890 to 10,320 radiocarbon years) and the Chernigovsky
quarry in Kemerovo Province (10,055+45 ka BP, OxA-
13026). The youngest findings of the giant deer today are
an incomplete skeleton from Kamyshlov (Sverdlovsk
Province [Shpansky, 2014]), its radiocarbon age is
6,816+35 ka BP (KIA-5669), and a skull from Redut on
the Miass River (6,968+33 ka BP, KIA-5668) [Soubrier et
al., 2016]. Such young dates indicate the preservation of a
refugium in southern Siberia with favorable conditions for
M. giganteus [Plicht et al., 2015; Shpansky, 2021a].

Quaternary roe deer (Odocoileinae: Capreolini) are
represented by a single genus Capreolus Gray. The most
ancient remains of Capreolus sp. were found by
L.A. Vislobokova [1973] in the upper part of the Irtysh
formation in Podpusk 2 [1996]. C. capreolus L. is repre-
sented by singular findings in the Upper Neopleistocene
sediments in the south-east of Western Siberia (Pre-Altai
Plain) and in Kazakhstan. More numerous remains have
been found in cave complexes of the Altai Mountains and
are associated with the activity of the Paleolithic man
[Agadjanian, Shunkov, 2018].

The most ancient finding of the reindeer Rangifer sp.
is a skull fragment from the sediments of the Mukur for-
mation (the second half of the Paleopleistocene) in Isa-
kovka 4, Omsk Province [Bondarev et al., 2017] (Fig. 5).
L.V. Foronova [2001] notes the finding of a reindeer in the
Mokhovo quarry at the base of the Kedrovskaya for-
mation (Lower Neopleistocene) in Kuzbass. The remains
of Rangifer tarandus L. occur quite regularly from the
end of the Middle Neopleistocene.

The history of Alcinae in Eurasia, at present, is well
studied by P.A. Nikolsky [2010]. The remains of moose
in the territory of the West Siberian Plain are represented
by two genera — Cervalces Scott and Alces Gray. The
most ancient broad-fronted moose are Cervalces sp.
found in the upper part of the Irtysh formation near Pod-
pusk [Vislobokova, 1973, 1996, 2008] and Alces sp. from
the sediments of the Mokhovo formation (Lower Eopleis-
tocene) in the Bachatsky quarry (Kemerovo Province)
[Foronova, 2001]. The remains of Cervalces latifrons
Johnson are rare. I.V. Foronova [2001] notes the remains
from the Sagarlyk formation of the Upper Eopleistocene.
A.N. Motuzko [1970b] describes a horn fragment found
in Early Neopleistocene sediments near the village of
Skorodum (Omsk Province). N.E. Bobkovskaya [2002]
found a lower jaw in Gornaya Subbota; a skull fragment
without antlers was found in the sediments of the Tobolsk
horizon at the base of Krivosheinsky Yar and Krasny Yar
(Tomsk Province) and is considered to be the youngest
finding [Shpansky, 2005a]. According to P.A. Nikolsky
[2010], the broad-fronted moose of the Early-Middle Ne-
opleistocene is represented by three species, successively
replacing each other — Cervalces (Latifrons) amplicontus
(between the Eopleistocene and Neopleistocene),
C. (Latifrons) alaskensis (Early Neopleistocene), and
C. (Latifrons) latifrons (the beginning of the Middle Ne-
opleistocene). The rare occurrence of remains of the
broad-fronted moose, at present, does not allow giving an
accurate taxonomic assessment of the available data from
Western Siberia. The moose Alces alces L. spread from
the second half of the Middle Neopleistocene. Their re-
mains reach the greatest number during the Karginsky In-
terglacial and Holocene.
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Fig. 5. Scheme of stratigraphic distribution of representatives of the family Cervidae
Puc. 5. Cxema crpaturpagu4eckoro pacnpocTpaneHus npeacraBureeii cemeiicra Cervidae
P P pacnpocTp p
Camelidae latifrons, Gazella sp., and Praeovibos sp. [Kambaritdi-

The West Siberian Plain was inhabited by representa-
tives of two genera of camels during the Quaternary period —
Paracamelus Schlosser and Camelus L. (Fig. 6). The first
genus is represented by the species P. gigas Schlosser, the
second one by the species C. knoblochi Poljakov.

The findings of the older camel P. praebactrianus
(Orlov) are reported from Upper Pliocene sediments
(Bitekeysky horizon) in Northern Kazakhstan within the
liysky faunal complex (MN 16) [Kozhamkulova, 1981].

The remains of P. gigas are found in gelasium sedi-
ments in Podpusk [Kambaritdinov, 1969]. The youngest
remains of P. gigas come from the sediments of the
Karaul formation of the Lower Neopleistocene near the
village of Zhana-Aul (Pavlodar Province). Here its re-
mains are found together with other species of the
Koshkurgan (=Vyatka for the West Siberian Plain) faunal
complex: E. (Palaeoloxodon) antiquus, Equus
mosbachensis, Elasmotherium sibiricum, Cervalces
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nov, 1969]. One camel bone was found in the blue-gray
clays exposed on Lake Maraldy. The accompanying
Khazar fauna allows suggesting that this bone was resedi-
mented in the second half of the Middle Pleistocene or
belongs to the late camel Camelus knoblochi.

The most ancient remains of Camelus knoblochi come
from Grigoryevka (Pavlodar Province) where a forelimb
fragment was found together with the remains of repre-
sentatives of the Irtysh faunal complex: Elasmotherium
sibiricum, Mammuthus trogontherii chosaricus, Bison
priscus, Saiga tatarica, Megaloceros giganteus ruffi, etc.
[Shpansky et al., 2007; Shpansky, 2018b]. According to
B.S. Kozhamkulova [1969, 1981], the Knobloch camel
continued to exist in the Late Neopleistocene within the
south-western Altai (East Kazakhstan Province). This
conclusion is based on the co-occurrence of remains of
the camel with the woolly rhino (Coelodonta antiquitatis)
and a “late type of mammoth” within Zyryanovsk and
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near the mouth of the Bukhtarma River. The presence of
the camel in the Late Neopleistocene fauna of the Pre-
Altai Plain is not excluded. Single finds of the camel, pre-
sumably of Late Neopleistocene age, were reported from

near Zarinsk on the Chumysh River [Vasiliev, 2016] and
on the Ob River 60 km to the south from Barnaul
[Buynovsky, Haveson, 1953], but the young geological
age of these remains requires confirmation.
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Fig. 6. Scheme of stratigraphic distribution of representatives of the family Camelidae

Puc. 6. Cxema crpaTturpadgmueckoro pacnpocTpaHeHus npeacraBuTeseii cemeiictea Camelidae

Carnivora

The remains of predatory mammals are of subordinate
importance in the biostratigraphy of Quaternary sediments
due to their rather rare occurrence. Nevertheless, single
findings of representatives of the families Ursidae Fischer,
Hyaenidae, Felidae Fischer, and Canidae Fischer are
known from the sediments of the Irtysh formation in Pod-
pusk 2 [Motuzko, 1971; Vislobokova, 1996]. Data on the
remains of hyenas and lions from Early-Middle Pleisto-
cene sediments show that at this period there was a change

in representatives of these groups. Among hyenas, the
change occurred at subspecies level — Crocuta crocuta
praspelaea gives way to C. c. spelaea. Among lions, Pan-
thera fossilis is replaced by P. spelaea. In addition, the ap-
pearance of bears Ursus arctos and U. savini rossicus, as
well as the small wolf Canis cf. lupus, and the wolverine
Gulo gulo is noted within the West Siberian Plain. The data
emphasizes the significance of the boundary between the
Early and Middle Neopleistocene and reflects a certain re-
sponse of the fauna to landscape and climate changes.
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There is a certain restructuring of the fauna. As indicated
below, the author provides information on the main find-
ings of carnivoran fossils divided by families.

Ursidae

A.N. Motuzko [1970a] notes the finding of an Ursus
sp. bone from the sediments of the Irtysh formation near
the village of Podpusk. A description of this finding has
not been published yet. 1.V. Foronova [2001] notes the
finding of an Ursus sp. femur in the sediments of the
Mokhovo formation in the Bachatsky quarry (Kuzbass).
In the Neopleistocene in the territory of the West Siberian
Plain, bears are represented by two species — small cave

(=steppe) Ursus savini rossicus Borissiak and brown
U. arctos L. (Fig. 7), which existed together and are often
found together in multi-species localities. The earliest re-
mains of the small cave bear were found in the sediments
of the Tobolsk horizon near the village of Kartashovo
(Omsk Province) and Moiseyevka 2 (Pavlodar Province).
For U. arctos, the earliest findings are the remains of very
large specimens: the humerus PLHM (Pavlodar Local
History Museum. Pavlodar, Republic of Kazakhstan)
9640 (identified by A. Marciszak, University of
Wroclaw) from Urlyutyub (Pavlodar Province) and a
skeleton from Anastasyevka (Shegarka River, Tomsk
Province) [Baryshnikov, 2007].
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Fig. 7. Scheme of stratigraphic distribution of representatives of the family Ursidae
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Fig. 8. Scheme of stratigraphic distribution of representatives of the family Felidae

Puc. 8. Cxema cTpaTurpadgmueckoro pacnpocTpaHeHus npejacraBurelieii cemeiictsa Felidae

The remains of U. s. rossicus from Kurtak on the Ye-
nisei River belong to the second half of the Middle Neo-
pleistocene [Malikov, 2018]. The number of remains of
both bear species is close to each other in the multi-spe-
cies localities of the Late Neopleistocene [Shpansky,
Chernous, 2012a]. The extinction of the steppe bear U. s.
rossicus probably occurred earlier than the ungulates of
the mammoth fauna [Shpansky, 2021a].

Felidae

Cats in the Quaternary sediments of the West Siberian
Plain are represented by three subfamilies -Machairodonti-
nae Gill, Felinae Fischer de Waldhem, and Pantherinae Po-
cock, and three genera — Homotherium Fabrini, Panthera
Oken, and Felis L. (Fig. 8). L. A. Vislobokova notes the find-

ing of a late representative of the saber-toothed cats Homo-
therium sp. in the deposits of the Irtysh formation [Vislo-
bokova, 1996]. 1.V. Foronova [2001] described the lower
jaw of Homotherium aff. ultimus Teilhard de Chardin from
the sediments of the Sergeyevskaya formation of the Novo-
sergeyevka quarry (Kemerovo Province). The geological
age of this finding is estimated to be the end of Late Eopleis-
tocene. Another finding of the lower jaw of Homotherium
was noted at the site of Berezhekovo of the Kurtak archaeo-
logical district (left bank of the Yenisei River, Krasnoyarsk
Krai) [Sotnikova, Foronova, 2009]. The age of this finding
is estimated as Early Neopleistocene.

Large panthers appear from the end of the Eopleisto-
cene and are represented by two species successively re-
placing each other. The lower jaws of the large Panthera
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(Leo) fossilis (von Reichenau) are found in the Upper Eo-
pleistocene sediments of the Bachatsky quarry (Keme-
rovo Province) [Foronova, 2001; Sotnikova, Foronova,
2014] and Early Neopleistocene sediments in the Kurtak
archaeological district (Berezhekovo) [Ovodov, Tarasov,
2009]. Resedimented remains of a large panther are also
found in Krasny Yar (Tomsk Province). P. spelaeca Goldf
is widely distributed from the Middle Neopleistocene.
The earliest findings come from Chernoyarka and Mar-
aldy (Pavlodar Province).

Studies of the last ten years have shown that the
youngest 14C dates of Panthera spelaea for the territory
of the West Siberian Plain are not evenly distributed.
North of 54° S, the youngest dates originate from the lo-
calities of Sergeyevo (Tomsk Province) 34,280+737 BP

(UBA-38455; 38406-34724 calBP) [Shpansky, Svyatko,
2018; Shpansky, Kuzmin, 2021] and Krasny Yar (Novo-
sibirsk Province) 25,143+825 BP (NSKA-s 559) [Vasi-
liev et al., 2018]. Several younger dates have been ob-
tained from localities south of this latitude and within the
mountainous area (Altai, Pre-Altai Plain, and Mountain
Shoria). The youngest dates are marked by finds from the
Chik River and south of Novosibirsk — 13,250+242 BP
(BINP-NSU-1306) and 18,884+677 BP (NSKA-s 394),
as well as from the Chumysh River [Vasiliev et al., 2018].
Thus, the time of extinction of the cave lion within West-
ern Siberia can be assumed to have occurred from north
to south [Aidos, 2022]. The final extinction in this area is
comparable to the time of its extinction in Central and
Eastern Europe, the Urals and Eastern Siberia.
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Fig. 9. Scheme of stratigraphic distribution of representatives of the family Canidae

Puc. 9. Cxema cTpaTurpadgmueckoro pacnpocTpaHeHusi npeacTaBuTeeii cemeiictea Canidae
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Canidae

The most ancient find of a canidae representative in the
territory of the West Siberian Plain is the lower jaw of Eo-
cion minor (Teilhard et Piveteau) from the Podpusk 2 local-
ity [Vislobokova, 1996; Sotnikova, Rook, 2010]. In later
sediments, up to the Middle Neopleistocene, the remains of
members of the Canidae family are not known (Fig. 9). The
earliest discovery of the small wolf Canis cf. lupus L. was
found in the Grigoryevka locality [Shpansky, 2018b]. Mor-
phometrical parameters of the lower jaw and teeth showed
that the Grigoryevka wolf occupies an intermediate position
in the evolutionary line between the small wolf C.

mosbachensis of the Early Neopleistocene and the typical
C. lupus of the Late Neopleistocene—Holocene. Small
canids such as Vulpes vulpes L., V. corsac L., and V. (Alo-
pex) lagopus L. appear only from the Late Neopleistocene
[Kosintsev, Vasiliev, 2009; Shpansky, 2018a].

Mustelidae

Mustelidae in the Quaternary sediments of the West
Siberian Plain are represented by three species —
Schlosser’s wolverine Gulo schlosseri Kormos, the mod-
ern type wolverine G. gulo L., and the Asian badger
Meles leucurus Hodgson (Fig. 10).
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Fig. 10. Scheme of stratigraphic distribution of representatives of the family Mustelidae

Puc. 10. Cxema cTpaTurpadgmiueckoro pacnpoctpaneHus npeacraBureieii cemeiictsa Mustelidae

The remains of these animals are very rare. A lower
jaw of G. cf. schlosseri is reported by 1.V. Foronova
[2001] from the Kedrov Formation (Lower Neopleisto-
cene) in the Mokhovsky quarry of Kuzbass. A cranio-
metric revision of badgers showed that the Asian badger
M. leucurus currently lives in Western Siberia, rather than

the European Meles meles L. [ Abramov, 2002; Gasilin,
Kosintsev, 2012]. For this reason, it is most likely that the
Asian badger was distributed in the territory of the West
Siberian Plain in the Late Neopleistocene. Various repre-
sentatives of the genera Mustela L. (ermine, weasel) and
Martes L. (marten, sable) spread from the Holocene.
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For the territory of the West Siberian Plain, the most
ancient remains of G. gulo come from layer 6 of the
Krasny Yar locality (Novosibirsk Province) and belong
to the Kazantsevo Interglacial [Kosintsev, Vasiliev,
2009]. L.V. Foronova [2001] dates the lower jaw from the
Mokhovsky quarry to the second half of the Middle Neo-
pleistocene. In multi-species localities of the Late Neo-
pleistocene, the remains of wolverines are found as single
specimens [Shpansky, 2018a].

Hyaenidae

The most ancient find of Quaternary hyenas in the ter-
ritory of the West Siberian Plain is Pachycrocuta sp. from
the Podpusk 2 locality (Fig. 11) [Vislobokova, 1996]. For
the Eopleistocene, remains of hyenas in this area are not

known. The skull of the ancient cave hyena Crocuta
crocuta praespelaea Schutt [Baryshnikov, Vereshchagin,
1996] was described from the Early Neopleistocene de-
posits in the section between the villages of Zhelezinka
and Moiseyevka. The lower jaw PLHM 9641 comes from
the Middle Neopleistocene deposits of this section, iden-
tified by the author as C. crocuta spelaea Goldf. In the
Late Neopleistocene, the cave hyena was widespread
throughout the south of the West Siberian Plain. Its ex-
tinction in this territory occurred quite early; it can be as-
sumed that the last hyenas became extinct in the middle
of the Karginsky Interglacial. Today, the youngest radio-
carbon dating of the cave hyena is 43,141+2,371 ka BP
(UBA-28335), or 46,691 ka cal BP, obtained from Krasny
Yar (Tomsk Province) [Shpansky, Kuzmin, 2021].
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Fig. 11. Scheme of stratigraphic distribution of representatives of the family Hyaenidae

Puc. 11. Cxema cTpaTurpadguyeckoro pacnpoctpaneHus npeacraBureieii cemeiicrsa Hyaenidae
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Review of species compositions 2000], the complexes of large and small mammals are

of Quaternary mammalian faunal complexes presented in parallel. Small-mammal complexes in the
scheme are marked for the Eopleistocene (Kizikha and

In the Unified Stratigraphic Scheme of Quaternary de-  Razdolian) and for the Early Neopleistocene (Vyatka)

posits of the West Siberian Plain [Unificirovannaya..., (Fig. 12).
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Fig. 12. Stratigraphic position of the mammalian faunal complexes of the West Siberian Plain
* Complexes established mainly for small mammals [Zazhigin, 2009]. ** By E.A. Vangengeim [1977]

Puc. 12. CrpaTturpadguyeckoe nonoxenne payHHCTHYECKHX KOMILIEKCOB MJIEKOMUTAIOIIMX
3anagno-Cudnpckoii paBHUHBI
* KOMIUTEKCHI, BBIZICTICHHBIC B OCHOBHOM TSI MEITKUX MIIEKOMUTaromuX [Zazhigin, 2009]. ** mo E.A. Vangengeim [1977]

No small-mammal complexes were identified for the  V.S. Zazhigin [2009] proposed for the Paleopleistocene
Middle and Late Neopleistocene [Zazhigin, 1980]. Later, (Gelasian) — Podpusk-Lebyazhie (characterizing the first
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half of the Paleopleistocene), Mukkur (characterizing the
second half of the Paleopleistocene), and Karagash (char-
acterizing the end of the Paleopleistocene and the begin-
ning of the Eopleistocene). For large mammals, the
scheme [Unificirovannaya..., 2000] shows the following:
a mammoth complex with an interval of distribution from
the Taz to the Sartan time and the isolation of mammoths
of the early and late types. For the Samarovo Ice Age, the
Khazar complex is given. For the Tobolsk age, the species
composition of the fauna is not determined. For the Tala-
gaika age, Archidiskodon cf. trogontherii and Equus sp.
are noted. For the Late Eopleistocene, the presence of
separate taxa not identified to species — Palaeoloxodon
sp., Equus sp., Ovibovini gen. — was noted. For the Gela-
sium, the Podpusk-Lyabyazhie complex (due to a later
change in the Neogene—Quaternary boundary) were not
included in the scheme [Unificirovannaya..., 2000], sim-
ilarly to the “Tatarka fauna” proposed by
E.A. Vangengeim [1977] for the beginning of the Middle
Neopleistocene and the Priirtysh faunistic complex pro-
posed by B.S. Kozhamkulova [1969] for the Middle Ne-
opleistocene. There is a situation when within one zooge-
ographic province two identical complexes are distin-
guished — the Priirtysh [Kozhamkulova, 1969] and the
“Tatarka fauna” [Vangengeim, 1977] related to the first
half of the Middle Neopleistocene and comparable with
the Singil complex of Eastern Europe. V.S. Kozhamku-
lova designated the Pavlodar Priirtyshye as a type locality
of the Priirtysh complex, the location near the village of
Tatarka, which is also located within this area, but it is a
local fauna; the material of this fauna comes from the col-
lection of R.A. Zinova (1966-1967, collection of GIN
895) on modern beaches. This state of the biostratigraphy
of the Quaternaty of such a vast and important region as
the West Siberian Plain cannot satisfy either geologists or
paleontologists.

Recently, new data on mammalian biostratigraphy
have been obtained for the territory of the West Siberian
Plain. In the stratigraphic sequence for the Quaternary, 8
faunal complexes of large and small mammals are distin-
guished [Zazhigin, 2009; Shpansky, 2018a]: Podpusk-
Lebyazhie; Mukkur, Karagash, and Razdolian
(=Skorodum fauna of small mammals) complexes are
distinguished for small mammals. The Vyatka complex is
also distinguished mainly for small mammals; the Priir-
tysh, Khazar, and Mammoth complexes are distinguished
for large mammals.

A close examination of the taxonomic features of
mammalian faunal complexes reveals the unequal taxo-
nomic changes underlying the allocation of complexes.
These differences are particularly significant between the
Podpusk-Lebyazhie, Karagash, Razdolian and younger
Neopleistocene complexes. It seems to us more correct to
use a differentiated biostratigraphic basis that more fully
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reflects both the stages of development of the mammal
fauna and the natural environment in the Quaternary pe-
riod. Similar structured biostratigraphic bases were pro-
posed for the hipparion fauna of southern Eastern Europe
[Korotkevich, 1988] and the Pavlodar Priirtysh region
[Shpansky, 2008]. For the fauna of large mammals of the
Quaternary period, we propose the use of a three-level
system of gradation and subordination of temporary
groups of mammals, such as supercomplex, complex, and
subcomplex.

Supercomplex reflects a major stage in the develop-
ment of fauna, covering a large time interval with specific
paleoecological conditions and illustrating large changes
in the taxonomic diversity of mammals (at the level of
tribes). In accordance with the stated criteria, the entire
Quaternary fauna of Northern Eurasia is one supercom-
plex. Throughout the entire period, the predominating
mammalian taxa were those related mainly to open land-
scapes with a gradual increase in cold aridization. This
stage is connected with the adaptive radiation of odd-toed
ungulate horses (Equinae), mammoth elephants (Mam-
muthini), elasmotheriinae and dicerorhinae rhinoceroses
(genera Stephanorhinus, Coelodonta, and Elasmother-
ium), deer, tylopods (Paracamelus, Camelus), bovids (bi-
son, musk-oxen and others), rodents (Arvicolinae, etc.),
and carnivorans (panthera, bears, dogs, etc.).

The identification of Quaternary complexes is based
on differences at the level of genera, subgenera, and
sometimes species in the phyletic groups of elephants,
horses, rhinoceroses, deer, musk-oxen, bears, rodents,
and others. According to these characteristics, five com-
plexes can be distinguished for the West Siberian Plain:
Podpusk-Lebyazhie, Karagash, Razdolian, Vyatka, and
Tundra-steppe.

Subcomplexes are separated at the level of species and
subspecies, and the degree of similarity of taxonomic
composition between “neighboring” subcomplexes
within the same complex is more than 75 %.

The following is a description of the faunal complexes
established within the West Siberian Plain, with an em-
phasis on a more detailed analysis of large-mammal com-
plexes.

The Podpusk-Lebyazhie complex was established by
E.A. Vangengeim and V.S. Zazhigin in 1965, later re-
named as “Lebyazhinsky” [Vangengeim, Zazhigin,
1969]. Since the main outcrop of the Irtysh formation, in-
cluding the remains of mammals, is located between the
villages of Lebyazhye and Podpusk (series of localities
Lebyazhye 1 and 2, Podpusk 1 and 2), E.A. Vangengeim
[1977] suggested the name “Podpusk-Lebyazhie com-
plex”. The generic location is an outcrop of the Irtysh for-
mation near the village of Podpusk on the right bank of
the Irtysh River (Pavlodar Province). According to
I.A. Vislobokova [1996], the oryctocenosis obtained from
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the localities of Lebyazhye 2, Podpusk 1 and 2, originating
from the lower and upper layers of the Irtysh formation, have
a slightly different geological age, but are combined into one
complex consisting of two subcomplexes and characterizing
the gelasium. Other locations: the Podpusk-Lebyazhie com-
plex includes the findings of postcranial remains of Elas-
motherium sp., Equus (Allohippus) robustus Pomel [Ko-
zhamkulova, 1969] and Stephanorhinus etruscus from the
sands of the Moiseevskaya formation at the base of the sec-
tion between the villages of Moiseevka and Zhelezinka
(Moiseevka 1 location) on the right bank of the Irtysh River
(Pavlodar Province) [Shpansky, Ilyina, 2020]; the location
of the Prorva, located 7 km upstream of the Irtysh River from
the village of Podpusk [Gaiduchenko, 1986, 2003]. The spe-
cies composition of the early subcomplex is as follows: Ur-
sus sp., Homotherium sp., Pachycrocuta sp., Archidiskodon
meridionalis gromovi Garutt et Alexeeva, Elasmotherium
sp. (similar to E. peii), Stephanorhinus etruscus Falconer,
Equus livenzovensis Bajgusheva, shallow Equus sp., Antilo-
spira cf. gracilis Teilhard et Trassaert, Gazella (Vetagazella)
sinensis Teilhard et Piveteau, Eucladoceros sp., Paraca-
melus gigas Schlosser, and Bovinae gen. indet. M.V. Sot-
nikova [Sotnikova, Rook, 2010] identified the canid Canis
sp. as Eucyon minor (Teilhard et Piveteau). The author iden-
tified the lower jaw PLHM 100/386 and metatarsal PM TSU
36/7 from Moiseyevka 1 and Lebyazhye 2 as S. etruscus
[Shpansky, Ilyina, 2020]. A fragment of a limb bone from
Podpusk reported by 1.A. Vislobokova [1996] also tends to
be attributed to the Etruscan rhinoceros S. cf. etruscus. From
the Prorva tract, L.L. Gaiduchenko [2003] reports the re-
mains of Bison (Eobison) aff. tamanensis. V.S. Zazhigin
[2009] indicates a significant number of forms of insec-
tivorans, duplicident rodents and true rodents from Podpusk
and Lebyazhie: Hemiechinus sp., Petenyia sp., Beremendia
fissidens Kormos, Hypolagus sp., Ochotona sp., Och-
otonoides sp., Castor sp., Allactaga sp., Pygerethmus sp.,
Plioscirtopoda sp., Stylodipus sp., Mimomys reidi Hinton,
M. ex gr. pliocaenicus F. Major, Cromeromys irtyshensis
Zazhigin, Borsodia petenyii (Mehely), Clethrionomys sp.,
Cricetulus sp., and Prociphneus sp.

The late subcomplex of the Podpusk-Lebyazhie com-
plex, obtained from the Podpusk 2 locality, has the fol-
lowing species composition: Archidiskodon cf. merid-
ionalis Nesti, Equus cf. sussenbornensis, shallow Equus
sp., Cervalces sp., Capreolus sp., and Gazella sp. The
quality of the preserved material (mainly postcranial re-
mains) could not be determined accurately. A fragment of
an elephant tooth from Podpusk 2 has characteristics typ-
ical of the southern mammoth — 4. meridionalis merid-
ionalis Nesti, according to I.A. Vislobokova [1996].

The Mukkur complex was emphasised by V.S. Za-
zhigin based on small mammals [Zykin et al., 1987]. Ge-
neric location: near the village of Novoselovka on the
right bank of the Bitek River, 1.5 km above the mouth of

the Kyzyl-Aigir River. Other locations: large mammals
were found in the deposits of the Mukkur formation of the
Isakovka 4 locality. From the generic location defined by
V.S. Zazhigin, numerous remains of small mammals were
obtained, which he refers to the later stage of the Podpusk-
Lebyazhie complex: Leporinae gen?, Ochotona sp., Och-
otonoides sp., Citellus (Urocitellus) sp., Dipodinae gen.,
Mimomys ex gr. reidi—coelodus, Borsodia ex gr. petenyii—
hungaricus, Borsodia sp., Cromeromys sp., and Cle-
thrionomys sp. This complex of rodents is comparable with
the Villafranchian faunas of Europe. Near the village of
Isakovka (Omsk Province) on the right bank of the Irtysh
River, in alluvial deposits belonging to the end of the
Gelasia (Mukur formation), at the location of Isakovka 4,
a fragment of the skull Rangifer sp. [Bondarev etal., 2017],
Bovini gen. indet and Equus sp. were found. A.S. Tesakov
identified numerous remains of small mammals in this lo-
cality [Tesakov et al., 2016; Zykin et al., 2021]: Soricidae,
Spermophilus sp., Prosiphneus sp., Sicista sp., Pli-
oscirtopoda sp., Allophaiomys deucalion, Borsodia ex gr.
fejervaryi-prolaguroides, Mimomys ex gr. pusillus, Lem-
mus sp., and Clethrionomys sp. Some of the material was
re-deposited from the older deposits of Gelasian (Irtysh
horizon) and Piacenzo (Seletin horizon). According to A.S.
Tesakov, the first appearance of voles of the genus Allo-
phaiomys with rootless teeth allows determining the age of
this fauna as transitional from the Gelasian to the Eopleis-
tocene. According to paleomagnetic data, the direct mag-
netization of the deposits of the upper part of the Mukkur
and lower part of the Karagash formations corresponds to
the Olduvei episode with an astronomically calibrated age
of 1.77-1.95 million years [Zykin, 2012; Zykin et al.,
2003].

The Karagash complex was identified by V.S. Za-
zhigin based on small mammals from the same outcrop as
the Mukkur Complex near the south-eastern edge of the
village of Novoselovka on the right bank of the Biteke
River [Zykin et al., 1987]. The Karagash Formation is
overlain by the Mukkur Formation with erosion. From the
lower Karagash Formation, V.S. Zazhigin identified the
following taxa: Sorex sp., Desmana sp., Leporinae gen?,
Ochotonoides sp., Trogontherium sp., Plioscirtopoda sp.,
Allactaga ex gr. major, Citellus sp., Allocricetus sp.,
Mimomys ex gr. coelodus-pusillus, M. sp., Borsodia ex
gr. prolaguroides Zazhigin, and Prosiphneus sp. The evo-
lutionary level of this fauna is estimated as intermediate
between the Mukkur and Razdolian complexes. Remains
of root-toothed voles — M. ex gr. coelodus-pusillus,
Borsodia ex gr. prolaguroides, and Cromeromys new-
toni — show more progressive features than voles from the
Mukkur Formation [Zazhigin, 1998]. The presence of
B. cf. prolaguroides and C. newtoni allows us to date this
fauna to the Eopleistocene. The species Mimomys and
Borsodia (=Villanyia, A.S.) are older than Razdolian.
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Earlier, a complex of small mammals, characterizing
the lower part of the Kochkovskaya Formation of the Eo-
pleistocene and designated as the Kizikha complex
[Vangengeim, Zazhigin, 1972; Zazhigin, 1980], was rec-
ognized by V.S. Zazhigin [2009] as invalid. Zykin con-
sidered that “the previously described fauna of the type
locality of this complex is re-deposited from several strat-
igraphic levels and cannot be considered unified” [Zykin
et al., 2003, p. 78]. Later, V.S. Zazhigin [2009, p. 219]
writes: “In connection with revision of the Kizikha com-
plex, a large hiatus between the Razdolian complex and
the Lower Karagash fauna was formed”. In 2008-2009,
radiocarbon dates were obtained from deposits of the type
locality of the “Kizikha complex” that showed the Holo-
cene age of the sediments to be 8,460+100 years (SB RAS-
7414), 5,240+120 years (SB RAS-7413), and
5,060£125 years (SB RAS-7911) (date order numbers 392
and 395 in the catalog by G.G. Rusanov and L.A. Orlova
[2013]). Remains of large mammals from alluvium of the
“type locality”, as defined by A.V. Shpansky, are also of
Holocene age [Rusanov, 2010]. The ostracod complex
identified by LI. Teterina from these sediments has a mixed
composition of Neopleistocene—Holocene age.

The Razdolian complex was identified by V.S. Za-
zhigin based on small mammals [Vangengeim, Zazhigin,
1965, 1972; Zazhigin, 1980]. The type locality is a 14 m
high cliff with an outcrop of the Kochki Formation lo-
cated on the right bank of the Alei River, 1.5 km south-
east of the village of Razdolie (18 km south-west of the
Pospelikha railway station) [Adamenko, Zazhigin, 1965].
Other localities of the fauna were noted by A.A. Krukover
[Volkova et al., 2002, p. 108]: Makhanovo is located on
the right bank of the Aley River near the village of Ma-
khanovo; Gonba-1, Elunino-1, Malinovka-1,
Shelabolikha-1, 2, 3 is located on the Priobskaya plain
(right bank of the Ob) near the villages of the same name;
the locations of the Skorodum fauna are Nettle II,
Skorodum II-1V, Skorodum A-S, Romanovo-1, lc, 3,
Nadcy are located on the right bank of the Irtysh [Kruko-
ver, Krivonogov, 1995]. These locations are confined to
the thickness of the “diagonal sands”, which are usually
mistakenly attributed to the Tobolsk horizon of the Mid-
dle Neopleistocene. The complex characterizes the sec-
ond half of the Eopleistocene.

Species composition: large mammals — Panthera fos-
silis, Homotherium aff. ultimus, Archidiskodon cf. merid-
ionalis (Nesti), Palaeoloxodon namadicus, Equus (Allo-
hippus) sp., Paracamelus sp., Ovibovini? (?Pracovibos),
and Bison sp.; small mammals — Beremendia sp., Sorex
sp., Crocidura sp., Leporinae gen.?, Hypolagus sp.,
Lepus sp., Lagomvinae gen., Ochotona sp., O. cf. pusilla,
Citellus sp., Sicista sp., Allactaga ex gr. jaculus, Allacta-
galus aut Pygerethmus, Plioscirtopoda sp., Cricetus sp.,
Cricetulus sp., Clethrionomus sp., Mimomys pusillus
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Nich., M. intermedius, Borsodia (Kulundomys) prolagu-
roides, FEolagurus argyropuloi, Prolagurus arankae,
P. pannonicus, Allophaiomys pliocaenicus, Stenocranius
hintoni Pall., Ellobius tarchancutensis Grom. et Ponf.,
Ellobius sp., and Prosiphneus sp. V.S. Zazhigin [2009]
distinguishes three stages within the complex: the early
stage has the characteristic association of Borsodia (Ku-
lundomys) prolaguroides—Prolagurus pannonicus—Allo-
phaiomys pliocaenicus, the second stage is represented
by the association Prolagurus pannonicus—Allophaiomys
pliocaenicus—Stenocranius hintoni, the late stage is rep-
resented by the association Prolagurus pannonicus—Sten-
ocranius hintoni—Microtus (Microtus) ex gr. oeconomus.
For sections in the middle reaches of the Irtysh River, the
Skorodumskaya fauna stands out; it is analogous to the
Razdolian fauna of small mammals of southern Western
Siberia [Kambaritdinov, 1969]. There are no known
multi-species occurrences of large mammals attributed to
the Razdolian complex, and remains are represented by
scattered single finds. Remains from Moiseevka 2 were
classified by E.A. Vangengeim [1977] as the Vyatka
complex on the basis of new finds of large-mammal re-
mains, including Bison schoetensacki, Ursus savini ros-
sicus, and Mammuthus trogontherii.

The Vyatka complex is distinguished by V.S. Za-
zhigin based on small mammals [Vangengeim, Zazhigin,
1972; Zazhigin, 1980]. The type locality (for small mam-
mals) is an outcrop on the left bank of the Ob River, 2 km
downstream from the village of Vyatkino (Altai Krai)
[Arhipov et al., 1989]. Other localities of large mammals
include the following: nearby to the village of Dalneye on
the Zhanyspay River (left tributary of the Ishim River)
(Akmola Province); Pyatiryzhsk, Moiseevka 2,
Zhelezinka 1, and Zhanabet on the right bank of the Irtysh
River (Pavlodar Province) [Kozhamkulova, 1969;
Shpansky, 2005b; Shpansky et al., 2008]; Ust-Tarka on
the Om River (Novosibirsk Province) [Shpansky et al.,
2015]; and Skorodum, Gornaya Subbota (Omsk Prov-
ince) [Motuzko, 1970b]. Species composition: Crocuta
crocuta praespelaea, Gulo cf. schlosseri, Mammuthus
trogontherii trogontherii Pohlig, Elephas (Palaeoloxo-
don) ex gr. antiquus, Phanagoroloxodon irtyshensis
Shpansky,  Equus  (Allochippus)  sanmeniensis,
E. mosbachensis Reichenau, Stephanorhinus kirchber-
gensis Jager, Elasmotherium sibiricum Fischer, Bison
schoetensacki Freud. Praeovibos priscus, Soergelia sp. (?
elisabetae Schaub), Cervalces latifrons (Johns.), and
Cervus ex gr. elaphus. Small mammals of the complex
are very diverse: Sorex sp., Ochotona ex gr. pusilla, Mar-
mota sp., Citellus sp., Allactaga sp., Alactagalus sp.,
Pygerethmus sp., Cricetus sp., Cricetulus sp., Clethriono-
mus sp, Mimomys pusillus, M. intermedius, Eolagurus
aff. simplicidents Grom. et Ponf., Prolagurus posterius
Kreitz., Lagurus transiens Jonossy, Allophaiomys sp. aut
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Microtus sp., M. cf. nivaloides, M. ex gr. hintoni-gregal-
oides, M. cf. oeconomus Pall., Ellobius sp., and Myospalax
sp. [Volkova et al., 2002]. Large mammals are represented
by isolated discoveries, sometimes skeletons of Mammuthus
trogontherii trogontherii (Ust-Tarka, Pyatiryzhsk), and
therefore it is difficult to identify a type locality for them.
Perhaps a more detailed study would suggest an outcrop on
the right bank of the Irtysh River between Moiseyevka and
Zhelezinka settlements as a type locality. The complex is
characterized by a new stage of mammoth elephant devel-
opment — steppe or trogontherii — M. trogontherii trogonthe-
rii; appearance and dispersal of cabaloid horses of the sub-
genus Equus — E. mosbachensis; and the first appearance of
S. kirchbergensis. Among small mammals, the first appear-
ance of the subgenus Lagurus (L. transiensis), and the ex-
tinction of Eopleistocene relics Mimomys pusillus, M. inter-
medius, Prolagurus posterius and Allophaiomys were noted.
The faunal complex of the Early Neopleistocene in Vyatka
comprises mainly species typical for the entire Northern Pa-
learctic.

Tundra-steppe complex

The largest number of mammal localities has a “young”
geological age and include the remains of representatives of
the Priirtysh, Khazar, and Mammoth complexes of the Mid-
dle and Late Neopleistocene. They have a highly diverse
species composition (Table 1), including large multi-species
localities such as Grigoryevka (Pavlodar Province), Krasny
Yar (Novosibirsk Province), Sergeyevo, Krasny Yar
(Tomsk Province), and others. From the Neopleistocene (the
Priirtysh subcomplex), remains of Panthera spelaea, Ursus
savini rossicus, Saiga tatarica, Megaloceros giganteus,
Coelodonta antiquitatis, and Bison priscus appear and are
found in large numbers, as well as a line of large caballoid
horses and other species that formed the core of the typical
fauna of open landscapes, which significantly distinguishes
it from the preceding Vyatka fauna, reflecting more mosaic
landscapes. Mammuthus trogontherii chosaricus becomes a
typical representative of mammoth elephants. The differ-
ences between the Priirtysh and Khazar faunas are the re-
placement of the broad-fronted moose Cervalces latifrons
by the typical Alces alces and the appearance of Rangifer
tarandus. Until recently, the key difference was the extinc-
tion of the rhinoceroses Elasmotherium sibiricum and Steph-
anorhinus kirchbergensis in the first half of the Middle Ne-
opleistocene. The traditional difference between the Khazar
and Mammoth fauna was considered to be the change of
Mammuthus trogontherii chosaricus to M. primigenius, the
appearance of Ovibos moschatus, Vulpes (Alopex) lagopus
and the wide distribution of reindeer and arctic fox.

In the present paper, the author proposes to lower the
status of the Priirtysh, Khazar, and Mammoth complexes
to subcomplexes and to combine them into a single complex
called Tundra-steppe (see Fig. 12). This is due to the appear-

ance of radiocarbon dates for the taxa Elasmotherium sibiri-
cum, Mammuthus trogontherii chosaricus, and Stephano-
rhinus kirchbergensis [Shpansky et al., 2016a; Kosintsev et
al., 2019; Kirillova et al., 2021; Shpansky, Kuzmin, 2021],
which previously determined the biostratigraphic difference
between these faunas. The increased proximity of the Mid-
dle-Late Neopleistocene complexes required a lowering of
their status. The name “Tundra-steppe” reflects well the
main feature of the ecological structure of all these subcom-
plexes, namely the habitat in new landscapes that developed
in the Middle Neopleistocene.

The Priirtysh subcomplex was identified by B.S. Ko-
zhamkulova [1969] from a series of occurrences in the Ir-
tysh River basin and the Ural River. An outcrop of allu-
vial deposits of the Tobolsk horizon near the settlement
of Grigoryevka on the right bank of the Irtysh River (Pav-
lodar Province), 40 km north of Pavlodar, was proposed
as a type locality by A.V. Shpansky [Shpansky et al.,
2007; Shpansky, 2018b]. The sediments are mainly rep-
resented by diagonally layered sands, pebbles, and gravel
of the Zhana-Aul formation and synchronous sediments,
sometimes strongly ferruginous to a dark brown color.
Other localities of the fauna: series of outcrops of oblique
sands on the Irtysh River in Pavlodar Province — Py-
atiryzhsk, Yamyshevo, Zhelezinka 2, and Urlyutyub; Ki-
rillovka on the Burluk River (North Kazakhstan Prov-
ince); Ilyinka on the Chumysh River (Altai Territory);
Krivosheino and Urtam on the Ob River (Tomsk Prov-
ince); Chembakchino and Koshelevo (Khanty-Mansi Au-
tonomous Area); and Khashgort (Yamalo-Nenets Auton-
omous Area). Species composition: large mammals —
Mammuthus trogontherii chosaricus, Elephas (Palae-
oloxodon) ex gr. antiquus (Falc.)* (Species that do not
originate from a type locality are indicated with asterisk
(*)), Stephanorhinus kirchbergensis (Jager)*, Elasmother-
ium sibiricum Fischer (in the south), Coelodonta antiqui-
tatis (Blum.), Equus ex gr. mosbachensis-germanicus, Bi-
son priscus Boj., Bos primigenius Boj., Saiga tatarica L.,
Cervalces cf. latifrons (John.)*, Cervus elaphus L., Mega-
loceros giganteus ruffi Nehr, Camelus knoblochi Nehring,
Panthera spelaea Goldf., Felis manul Pallas, Canis cf. lu-
pus L., Ursus savini rossicus Borissiak*, U. arctos L.*,and
Crocuta crocuta spelaea Goldf.*. Small mammals from
the type locality are not known, their list is based on mate-
rials from the Tomsk Ob region [Shpansky, 2021a]: Sorex
sp., Ochotona sp., Lepus sp., Citellus sp., Clethrionomus
sp., Dipodidae gen.(?), Cricetus sp., Eolagurus luteus
Eversm., Lagurus cf. lagurus Pall. (L. transiens by
A. Krukover [Volkova et al., 2002]), Mimomys ex gr. mid-
dendorffii-hyperboreus, Microtus ex gr. arvalis-agrestis,
Dicrostonyx cf. simplicior Feifar, Lemmus sp., Arvicola
aff. mosbachensis, Microtus oeconomus Pall., Microtus
(Stenocranius) gregalis Pall., and Myospalax sp.
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Species composition of faunal subcomplexes of large mammals of the Middle-Late Neopleistocene

of the West Siberian Plain
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Priirtysh

Khazar

Mammoth

Mammuthus trogontherii chosaricus

Elephas (Palaeoloxodon) ex gr. antiquus

Stephanorhinus kirchbergensis
Elasmotherium sibiricum

Coelodonta antiquitatis

Equus ex gr. mosbachensis-germanicus

Mammuthus trogontherii chosaricus

Stephanorhinus kirchbergensis
?
Coelodonta antiquitatis

Equus ex gr. mosbachensis-germanicus

Mammuthus trogontherii chosaricus

Mammuthus primigenius
Stephanorhinus kirchbergensis
Elasmotherium sibiricum
Coelodonta antiquitatis

Equus ex gr. gallicus (=ferus)

Equus sp. (small) Equus ovodovi

Equus ovodovi

Bison priscus Bison priscus Bison priscus
Bos primigenius Bos primigenius Bos primigenius
? Soergelia cf. elisabetae

Saiga tatarica Saiga tatarica
Cervalces cf. latifrons ?
Alces alces
Rangifer tarandus
Cervus elaphus Cervus elaphus
Megaloceros giganteus ruffi
Camelus knoblochi ?
Panthera spelaea Panthera spelaea
Felis manul
Gulo gulo
Canis lupus Canis lupus
Ursus savini rossicus
Ursus arctos

Crocuta crocuta spelaea

Ursus arctos

? Castor fiber

Megaloceros giganteus

Ursus savini rossicus

Crocuta crocuta spelaea

Ovibos moschatus
Saiga tatarica

Alces alces

Rangifer tarandus

Cervus elaphus

Megaloceros giganteus giganteus
?
Panthera spelaea

Gulo gulo

Canis lupus

Ursus savini rossicus
Ursus arctos

Crocuta crocuta spelaea
Vulpes (Alopex) lagopus
Vulpes vulpes

Meles leucurus

Castor fiber

A distinctive feature of the Priirtysh complex is the
appearance and wide distribution in Western Siberia of
a number of new taxa (giant deer, saiga, woolly rhinoc-
eros, “cave” predators, etc.), which become the basis for
the entire Middle and Late Neopleistocene fauna
[Shpansky et al., 2007; Shpansky, 2011, 2018b;
Shpansky, Chernous, 2012b;]. At the same time, repre-
sentatives of more ancient faunas are still present, such
as the elasmotherium and broad-brow elk, and the
Merka rhinoceros reaches its maximum distribution
[Shpansky, 2017]. A transitional form between the
steppe elephant (M. trogontherii) and the typical mam-
moth (M. primigenius) is formed in the phylogenetic lin-
eage of mammoth elephants, which has obtained sub-
species status under the name Khazar elephant — M. tro-
gontherii chosaricus Dubrovo.

The Khazar subcomplex was first identified by
V.I. Gromova [1932] on the basis of numerous finds of
remains of large mammals near the village of Nikolskoe
in the Lower Volga Region under the name “Volga
fauna”. Later, V.I. Gromov [1948] renamed the fauna as
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“Khazar complex”. A type locality for the subcomplex
within the West Siberian Plain is not currently identified.
Known localities of the fauna are as follows: Kartashovo,
Kachesovo, Demianskoe, Bobrovka, and Semeika
(Khanty-Mansiysk Autonomous District); Krasny Yar
(lower ossiciferous level; Novosibirsk Province); and Ta-
tarka (Omsk Province). Cumulative species composition
from different localities: large mammals — Mammuthus
trogontherii chosaricus, Coelodonta antiquitatis, Stepha-
norhinus kirchbergensis, Equus ex gr. mosbachensis-ger-
manicus, Equus ovodovi Aizenman et Vasiliev, Soergelia
cf. elisabetae, Bison priscus, Cervus elaphus, Mega-
loceros giganteus, Alces alces, Rangifer tarandus, Castor
fiber, Panthera spelaea, Ursus savini rossicus, U. arctos,
Canis lupus, Crocuta crocuta spelaea, and Gulo gulo;
small mammals — Sorex sp., Ochotona sp., Lepus sp.,
Spermophilus sp., Cletrionomus sp., Eolagurus luteus,
Lagurus lagurus, Mimomys (Stenocranius) gregalis, Mi-
crotus oeconomus, M. ex gr. middendorffii-hyperboreus,
M. ex gr. arvalis-agrestis, Dicrostonyx cf. guilielmi-hen-
seli, Lemmus obensis, Arvicola kalmankensis Zazhigin,
and Myospalax sp.
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The upper boundary of the Khazar subcomplex is
drawn by the author at the level of the upper boundary of
the Kazantsevo horizon [Shpansky, 2018a], thereby ex-
tending the age interval of the subcomplex from the Sa-
marovo to Kazantsevo time for the West Siberian Plain.
This proposal is based on the finding of three dominant
representatives of the Khazar fauna in the Kazantsevo de-
posits — Mammuthus trogontherii chosaricus, Stephano-
rhinus kirchbergensis, and Equus ex gr. mosbachensis-
germanicus [Kosintsev, Vasiliev, 2009; Shpansky,
2018a]. For south-eastern West Siberia, the Khazar sub-
complex includes several specific species (soergelia and
Ovodov’s horse), noted for the Kazantsevo time.

The Mammoth subcomplex was zoned off and named
“Upper Paleolithic complex” by V.I. Gromov [1948]. For
Siberia, as the basis of the complex, V.I. Gromov used the
remains of mammals from Paleolithic sites of the Yenisei
Valley. But such localities, due to the activity of Paleo-
lithic man, always have a distorted and selective species
composition. Geographically, these monuments are lo-
cated on the border of the West Siberian Zoogeographic
Province, and their geological age correlates with LGM
(MIS 2). For the entire time of the existence of this com-
plex, it is hardly possible to single out one locality as an
exemplary one. This is associated with a sufficiently high
degree of study of the complex, the use of the radiocarbon
method for direct age determination of skeletal remains,
and the revealed heterogeneity of the complex over time.
The greatest diversity of mammoth fauna is noted for an
earlier time interval corresponding to MIS 3. Within the
West Siberian Plain, for the Karginsky Interglacial, the
author suggests the fossil soil exposed on the right bank
of the Chulym River near the village of Sergeevo (Tomsk
Province) as an exemplary locality. The coordinates of
the position most repleted with remains are 57°15'15" N,
86°05' E [Shpansky, 2021b]. All remains of this locality
are embedded in their original location. Direct radiocar-
bon age determination of bones from stratum 4 is deter-
mined to be 32-35 ka [Shpansky, Kuzmin, 2021;
Kuzmin, Shpansky, 2023]. There are many localities of
the Mammoth subcomplex in Western Siberia. According
to radiocarbon data, the vast majority is of Karginsky In-
terglacial or Sartan Glacial. Most of the localities are
known for single finds of individual representatives of the
fauna, including Prichulymsky, Dzhambul, Kulachye,
and Vladimirskaya mine. Sometimes these finds can be
fragments of skeletons. There is a number of large multi-
species localities, such as Krasny Yar, Sergeyevo (Tomsk
Province); Chik River, Taradanovo, Krasny Yar (upper
bonebed) (Novosibirsk Province); and Baigara (Tyumen
Province). Some localities have “superimposed archeol-
ogy” — Shestakovo, Volchya Griva, and Lugovskoye. The
species composition of the subcomplex is as follows:
large mammals — Mammuthus primigenius (Blum.),

Mammuthus trogontherii chosaricus, Coelodonta an-
tiquitatis (Blum.), Elasmotherium sibiricum, Stephano-
rhinus kirchbergensis, Equus ex gr. gallicus Prat., Equus
ovodovi Eisenmann et Vasiliev, Bison priscus Boj., Bos
primigenius Boj., Saiga tatarica L., Gazella subgutturosa
(Guldenstaedt), Ovibos moschatus Zimm., Alces alces L.,
Cervus elaphus L., Megaloceros giganteus giganteus
(Blum.), Rangifer tarandus L., Canis lupus L., Vulpes
(Alopex) lagopus L., Vulpes vulpes L., Vulpes corsac L.,
Panthera spelaea Goldf, Ursus savini rossicus Boris-
siak, Ursus arctos L., Crocuta spelaca Goldf., Gulo
gulo L., Meles leucurus Hodgson; rodents and hares —
Lepus timidus L., Castor fiber L., Marmota bobac L.,
Spermophilus citellus L., Lemmus sibiricus Kerr, Di-
crostonyx guilielmi Sanford, Microtus gregalis Pallas,
M. oeconomus Pallas, and Lagurus lagurus Pallas. The
structure of the mammoth subcomplex in Western Sibe-
ria is generally identical to that of Eastern Europe and
most part of Western Europe. This similarity is even
more significant than for the Khazar subcomplex. B.S.
Kozhamkulova [1981] notes the continued existence of
Camelus knoblochi, Bos primigenius, and E. hemionus
Pallas, but no radiocarbon age determination of these
findings has been performed. The mammals Ovis am-
mon, Camelus knoblochi, and Hystrix brachyuran
vinogradovi Argyropulo have been recorded for the Al-
tai territory [ Vasiliev, 2016; Kuzmin et al., 2017]. South
of Novosibirsk, in the Minusinsk basin and the Pre-Altai
Plain, finds of Ovis ammon (Taradanovo), Cuon alpinus
(Chumysh and Krasny Yar) are noted [Vasiliev et al.,
2018], which may reflect the ecotone zone between the
West Siberian and Altai-Sayan zoogeographic prov-
inces.

Modern (Holocene) fauna of the West Siberian Plain.
The Holocene localities of mammalian remains were an-
alyzed by M.M. Devyashin [2013]. The vast majority of
the 214 sites are represented by archeological sites, such
as settlements and ritual complexes. Wild animals are
represented by preserved elements of the mammoth
fauna: Castor fiber, Lepus timidus, Canis lupus, Vulpes
vulpes, Vulpes (Alopex) lagopus, Gulo gulo, Meles
leucurus, Ursus arctos, Alces alces, Cervus elaphus, Ran-
gifer tarandus, Saiga tatarica, and Equus hemionus.
Megaloceros giganteus is preserved in the early Holocene
[Stuart et al., 2004; Plicht et al., 2015]. Due to the wide
distribution of forests, the number of forest-dwelling spe-
cies has increased, primarily of martens (Martes zibeline,
Mustela sibirica, and Lutra lutra) as well as Lynx lynx,
Sus scrofa, and Capreolus pygargus. Remains of Mar-
mota sp. and Vulpes corsac are quite numerous; isolated
finds of Gazella subgutturosa and Ovis ammon are also
known. The widespread distribution of Equus ferus and
Bos primigenius is questionable due to their morphomet-
ric proximity to domestic animals.
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Conclusions

The generalized data on the stratigraphic distribution
of individual taxa of large mammals from the localities of
the West Siberian Plain demonstrate a number of features.
Taxonomic diversity over time is unevenly represented due
to the extremely small localities of large mammal remains
in the Eopleistocene sediments of Western Siberia, and,
therefore, reflects an insufficient degree of study. The re-
vealed species diversity reaches its maximum for the Mid-
dle Neopleistocene and Late Neopleistocene and is mini-
mal for the Eopleistocene. At present, the lower boundary
of the Quaternary coincides with the appearance in West-
ern Siberia of the key Quaternary phylogenetic lines of el-
ephants and horses Archidiskodon—-Mammuthus and
Equus. The species composition of the Paleopleistocene
and Eopleistocene fauna reflects the ancient stage of devel-
opment with elephants with thick-tooth enamel of the ge-
nus Archidiskodon, archaic horses of the Stenon type, early
rhinos of the genera Elasmotherium (the form from the
Podpusk-Lebyazhie complex is similar to E. peii) and
Stephanorhinus, early antelopes and deer Antilospira cf.
gracilis, Gazella (Vetagazella) sinensis, Eucladoceros sp.,
and the giant camel Paracamelus gigas. This fauna reflects
fairly warm and humid habitat conditions, mosaic land-
scapes from arid steppes to broad-leaved forests, and a
mixed species and ecological composition.

The boundary between the Eopleistocene and Neopleis-
tocene is marked by a change at the generic level in the phy-
logenic line of elephants from Archidiskodon to Mammu-
thus, the extinction of Homotherium, the appearance of the
line of E. mosbachensis—E. gallicus, the origination of
Stephanorhinus kirchbergensis, the widespread dispersal of
Elasmotherium sibiricum, the first appearance of the subge-
nus Bison and its short-horned form B. schoetensacki. In ad-
dition, more ancient forms still occured, such as E. (4/-
lochippus) sanmeniensis, Praeovibos priscus, and others. In
general, the composition of the Early Neopleistocene fauna
near the Vyatka River is transitional, reflecting changes in
landscape and climatic conditions towards significant aridi-
zation and reduction of forest areas.

The boundary between the Early and Middle Neo-
pleistocene is characterized by a change at the generic
level in the musk-oxen Praeovibos—Ovibos; the appear-
ance of new genera, namely Megaloceros, Saiga, Bos,
Camelus, Coelodonta, and, probably, Canis, as well as
new species such as Ursus arctos and U. savini, Panthera
spelaea, Bison, and others. Since the Middle Neopleisto-
cene, the tundra-steppe area of the fauna has been estab-
lished, with dominating both in species diversity and in
the number of forms that tend to inhabit open landscapes.
This time corresponds to a significant aridization of the
climate, the maximum distribution of permafrost and eo-
lian deposits.

Thus, fauna revolutions occurred at the primary
turns of the Pleistocene, such as Gelasian—Eopleisto-
cene (=Calabrian), Early-Middle Neopleistocene
(=Early Middle-Late Middle Pleistocene), and Late
Neopleistocene—Holocene. But those revolutions were
the same at the turn of the Middle—Late Neopleisto-
cene. New data on the time of key taxa extinction of
the Middle Pleistocene within Western Siberia raise a
very serious question. Why did the mammal fauna not
react to sufficiently significant changes in the land-
scape and climatic conditions during the Middle—Late
Neopleistocene, and if it did react, how did this reac-
tion manifest itself? Moreover, there is the issue of
causes that led to extinction and the dynamics of the
ecological structure revolution in the mammalian fauna
from the end of the Pleistocene to the beginning of the
Holocene (45—7 thousand years ago). In this regard, it
is even more acute now.

The extinction of the dominant mammoth fauna taxa
within Western Siberia occurred differently for different
species and for the same species within the territory. The
process began in the second half of Karginsky interstadial
(about 40—45 thousand years). The extinction was not ac-
companied by vicariate species substitution, as in previ-
ous epochs, which led to the destruction of the paleoeco-
logical structure of the fauna that had existed for about 7
million years (since the beginning of the Hipparion
fauna).
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IKOJIOT'O-TEOXUMHNYECKAS OHEHKA HUJKHEBAPTOBCKA G@Spb%
HA IMTPUMEPE U3YYEHUA 2JIEMEHTHOI'O COCTABA G R
HEPACTBOPUMOM ®A3bI CHEI'OBOI'O IIOKPOBA
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Poman IOpreBnu IloxntkoB
Tromenckuii nayunwiii yenmp CO PAH, Tiomens, Poccusa, pozhitkov-roma@yandex.ru

AunHoTtauus. IIpeacraBieHbl pe3yabTaThl H3y4eHHUs JJIEMEHTHOTO COCTaBa TBepAO(ha3HbIX BbINAJCHUH B CHETOBOM IIOKPOBE
r. HmwkHeBapToBck. TexHOreHHas! Harpy3Ka MpOSIBISIETCS B POCTE OCHOBHBIX (PU3MKO-XMMUUYECKHX MOKa3aTesnell. MakcuMalibHO
0 CPaBHEHHIO C OHOBOM TEPPUTOPHEN YBEIMYNBACTCSI KOHIIEHTPALMS BOJIb(pamMa, KOTOPBIi BHICTYIIAET 2JIEMEHTOM-HH/IUKATO-
POM 3KOJIOTHYECKOr0 3arpsi3HEHHMSL.

Kniwouesvie cnosa: cnezosoii nokpos, yposens sacpasienus, Huxcnesapmosck, akonoeuieckuti MOHUMOPUHe, Nblieadpo3oi,
3anaonas Cubupo

Hcmounuk punancuposanusa: Padbora semonneHa Mucturyrom npobiaem ocBoermst Cesepa TiomHL] CO PAH B pamkax
rOCYIapCTBEHHOT0 3aqannss MUHHCTEPCTBa HAYKH U BhIcIIero obpazoBanus Poccuiickoit denepannu (tema Ne FWRZ-2021-
0006).

Hna yumuposanua: Iloxurkos P.YO. Dkonoro-reoxumudeckas oneHka HipkHeBapTOBCKa Ha IpUMEpPE U3Y4EHHsI JIEMEHT-
HOTO CcOcTaBa HepacTBOpHMOH (a3l cHeroBoro mnokpoBa // I'eocteprsre mccimemoBamms. 2024. Nel. C. 121-134. doi:
10.17223/25421379/30/7
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ECOLOGICAL AND GEOCHEMICAL ASSESSMENT OF NIZHNEVARTOVSK
ON THE EXAMPLE OF STUDYING THE ELEMENTAL COMPOSITION OF SOLID PHASE
OF SNOW COVER

Roman Yu. Pozhitkov

Tyumen Scientific Centre SB RAS, Tyumen, Russia, pozhitkov-roma@yandex.ru

Abstract. This article presents the results of a study of the elemental composition of the insoluble material in the snow of the
city of Nizhnevartovsk. For this purpose, sampling was carried out on March 17-18, 2021 in different land-use areas of the city
and the background area. A total of 31 samples were taken (25 in the city, and 6 in the background sites). Snow meltwater was
filtered through ashless filters with a pore size of 0.45 um. The elemental composition was determined by highly sensitive methods
of analysis (ICP-AS and ICP-MS) at the Analytical Certificate Testing Center (Institute of Microelectronics Technology and High
Purity Materials of the Russian Academy of Sciences, Chernogolovka). The man-made burden shows as an increase in the main
physical and chemical parameters (pH, electrical conductivity, content of insoluble particles) in urban conditions in contrast to the
background area. The elemental composition of dust aerosols in the snow of the background area reveals an elevated concentration
factor of chalcophile elements, which is typical of the background areas of the Earth and depends mainly on the processes of long-
range atmospheric transport. Geometric mean values of the dust load are 0.6 mg/m? and 11 mg/m? per day in the background area
and the city, respectively, which is less than the values observed in the adjacent regions. The man-made impact in urban conditions
also shows as an increase in geometric mean values for such elements as W (increases by 9.3 times), Mg (8.7 times), Mn (6.4 times),
and Co (3 times), as contrasted to the background area. Increased concentrations of W are due to the widespread and prolonged
use of winter tires; Mg and Mn originate from soil erosion processes; Co deposits in the studied area with metal-abrasive dust
resulting from abrasion of metal parts of vehicles. The content of other elements is consistent with or below their average values
in the region. Therefore, there are two factors of input of elements with increased concentrations in Nizhnevartovsk. They are soil-
lithogenic and transport. Based on the total index of pollution (Zc), the situation in the industrial, and storehouse and public utility
zones is unfavorable and classified as “highly hazardous”. Other land-use areas of the city are classified as “moderately hazardous”.
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The highest value of the enrichment factor in the city was observed for W (78.3), which, along with its high concentrations in the
snow cover, makes this element an indicator of aerial technogenic pollution of the urban environment.
Keywords: snow cover, pollution level, Nizhnevartovsk, environmental monitoring, dust aerosols, West Siberia

Source of financing: The research was carried by the Institute of the Problems Development of North of the Tyumen Scientific
Centre of Siberian Branch of the Russian Academy of Sciences within the framework of the state assignment of the Ministry of
Science and Higher Education of the Russian Federation (theme No. FWRZ-2021-0006).
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BBenenne

Ha Tepputopun Cpeanero IIpuoOpsi CKOHLIEHTPUPO-
BaHO 3HAYUTENHFHOE KOJUYECTBO MECTOPOXKIECHUH yriie-
BOJIOPOJIOB, 37I€Ch MPAKTHYECKH MOBCEMECTHO pacIpo-
CTpaHEHBI TPOMBIIIUICHHBIE 00BEKTHI, OCYIIECTBISIOIINE
JEATENFHOCTD 1O JOOBIYEe, TPAaHCIIOPTHPOBKE, Mepepa-
00Tke 1 xpaHeHuto Hedtu. [1o Ol MpUUYMHE TaHHBIHA pe-
THOH IMOJIBEPraercs 3HaYNTeIbHOMY TEXHOT€HHOMY BO3-
JEHCTBHIO, CIEIOBATEIbHO, BOSHUKAET HEOOXOIUMOCTD
MIPOBEICHUS SKOJOTMYECKOr0 MOHUTOPUHTA HE TOJBKO
HAa MECTOPOXKACHUSX, HO ¥ Ha TSPPUTOPHUH OIH3IEKAIIIIX
ropozoB. OObIYHO 00BEKTAMH HAYUHBIX HCCIIEIOBAHUI
JUIA OpezesieHs] KOJIOTMYECKOM Harpy3ku B 30HE BO3-
JEUCTBHS OT IPEANPUATHI HeQTeA00BIBatONIECH OTpacIH
sBisAtoTcs nouBsl [KpaBuenko u np., 2013; HoBokie-
HOBa ¥ Jp., 2016] u moBepxHOCTHBIE BOAbI [ MOCKOB-
4yeHko, babymkun, 2014], Ho B TocnenHee BpeMst HaOIIo-
JaeTcst pocT paboT, OCHOBHBIM OOBEKTOM HCCIICIOBAHUS
KOTOPBIX MPH IKOJIOTMYECKON OLIEHKE BBICTYIAET CHEro-
Boi mokpoB. Tak, B paborax [Shevchenko et al., 2020;
Krickov et al., 2022] u3y4eH XUMHYECKUH COCTaB pa3-
JUYHBIX (a3 cHera Uil CyOMepHINOHAIEHOTO MPOQHIIT
npotsxeHHocThI0 2 800 kM Bronb Gacceitna p. O0b, a B
uccienoBanuax [Ocunosa u ap., 2018; Makapos, Top-
roekuH, 2021; Moskovchenko et al., 2021] cHerooii mo-
KpPOB BBICTyIAeT B POJIU MPUPOTHOIO apXuBa IJIs aKKy-
MYJIHPOBAHMS aTMOC(EPHBIX MOUTIOTAHTOB HA ypOaHH-
3UPOBAHHBIX TEPPUTOPUAX Ui TOponoB ToMck, SAKyTck
u TroMeHb cooTBeTcTBEHHO. B pabore [Ca3oHoBa U 1p.,
2019] orrernBaeTcst Ka4ECTBO CHETOBOT'O TTOKPOBA HA pac-
cTostHAH 10 1 KM OT KpymHOro HedTernepepadaThiBaro-
miero 3aBona. Bo3pociree 9rcino myOmuKaIuii mo JaHHOH
TEMAaTUKE JIETKO OOBICHUTH: CHET BBULY CBOUX BBHICOKHX
JECTTOHUPYIOIIUX CBOMCTB OTpakaeT KaueCcTBO aTMOChep-
HOT'0 BO3JlyXa UCCIIEyeMOW TEpPUTOPHH, a IPOBEICHUE
TFeOXMMUYECKUX MCCIEOBAaHUNA COCTaBa CHEroBOI'O IO-
KpOBa TO3BOJIIET OLIEHUTh ITUHAMMKY MOCTYIUIEHHS 3a-
TPA3HSIOIINX BEMIECTB W3 aTMOC(EPHOTrO BO3AyXa 3a
Bech 3uMHUI nepuon [Kacumos u np., 2012].

B cBsi3u ¢ aTUM aBTOpaMu OBLT U3YYEH IEMEHTHBIN
COCTaB CHEroBOro Mokposa r. HuxHeBapTOBCK (BTOPOro
ropoza Mo NPOMBIIIJIEHHBIM MOLITHOCTSIM U YUCIIEHHOCTH
HaceneHuss B XMAO-IOrpe). OneHka 3K0J0rHYECKOro
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cocrostHust H>kHeBapTOBCKa BECbMa aKTyallbHas 3a/1aya,
Beb B OKPECTHOCTSIX TIOpoJa PacHONOKEHO OJHO W3
KpYIHEUHX He(QTSHBIX MecTopoxaeHmid mupa — Ca-
MOTJIOPCKOE MECTOPOXKIEHHIE, OCBOEHHE KOTOPOIro Hayua-
sock B 1965 r. u npopoimxkaerca 1o cux nop. Mcxons us
BBIIIECKA3aHHOTO IIENbh HACTOSIICH pabOTHl — OILECHKA
YPOBHSI a3pOTEXHOTEHHOro 3arps3HeHus r. HipkHeBap-
TOBCK I10 JaHHBIM HU3Y4€HUS JIEMEHTHOT'O COCTaBa CHe-
rOBOr0 MOKpoBa. J[si JOCTHXKEHHS LIEJIH IMOCTaBJIEHbI
CIEeyIOLUe 3aJjaud: ONPENeNUTh WHTEHCHUBHOCTH IO-
CTYIUIEHHUS 3JIEMEHTOB B CHET TOPOACKUX TEPPUTOPUI U
(DOHOBBIX YYACTKOB; BBIYHCIHTH 3HAYCHHS MBUICBOH
Harpy3Kku; OLEHUTb IKOJOIMYECKYIO0 CUTYallUI0; YCTaHO-
BUTH CTENEHb TEXHOTCHHOIO (hakTopa IpH (POpMHIpPOBa-
HUH IbLUTEa3PO30JIEH.

PaiioH, 00beKT U MeTOAbI HCCJICIOBAHUS

HuxueBapToBCK — ropoJi, pactoiioKeHHbIH B BOCTOY-
Hoii yacthi XMAO-IOrpsl, Ha npaBoM Oepery p. OOb,
YUCIEHHOCTh HaceseHuss Ha 2021r1. cocraBuser
278 725 uenosek [['opoma Poccumu..., 2022]. Penped ro-
poaa paBHHHHO-CIA00BOIHHUCTBIHN, YKIOHBI TOBEPXHOCTH
OorpIIeil wacTu He MpeBHIIAOT 5 %. B reomornueckom
OTHOLLEHUH TEPPUTOPUS FOpPoa PacloIokKeHa B Ipee-
nax 3anagHo-CHOMpPCKO# ILTUTEI, KOTOpasi CIOKEHa ap-
XEMCKUMH U TPOTEPO30iickuMH nopoaaMu. OCHOBY KO-
PEHHBIX TIOPOJI CIIAral0T OTIIOKEHUS KailHO30HCKOro BO3-
pacra. KopeHHble NOpOAbl IMOBCEMECTHO MEPEKPHITHI
MOILLHBIM Y€XJIOM YE€TBEPTUYHBIX OTJIO)KEHUH: KOMILJIEK-
COM 03€pHO-aJTIOBUANIbHBIX, AJTIOBUAJIBHBIX, 03€PHBIX U
OONIOTHBIX OTIOXKECHUH (TIECKH, CYTIIMHKY, TAUHBI). Kin-
MaT — KOHTUHEHTAJIbHBINA, C KOPOTKUM XOJIOIHBIM JIETOM
U CypOBOH JAIUTENHHON 3UMOM, TEPEXOAHbBIE CE30HBI KO-
potkue. CpeTHEMHOI0JIeTHSS TeMIlepaTypa BO3ayXa Co-
craBisier —3,4 °C, XapakTepHOE KOJHMYECTBO OCaJKOB
450-550 MM B TOI, TIpPeoOIaNAIONIUMH BETPAMH SIBJIS-
1oTcs BeTpsl 3anaanoro (18 %) u roro-3anaanoro (16 %)
HanpaBieHuii [I'enepanos, Bonkos, 2021].

Cormacao MHOTONETHUM AaHHBIM [['pebentok, Ky3ue-
1oBa, 2009], TOCTOSIHHEIA CHETOBOM MOKPOB (OPMUPYETCS
BO BTOPOH ITOJIOBUHE OKTSIOPSL, TIOMHOIEHHEIH CXOI 00BIYHO
MIPOUCXOAUT B HavaJie Masi, a8 MaKCUMaJIbHasi MOIIHOCTh 10~
KpOBa CHEra OTMeYaeTcs BO BTOPOH eKazie MapTa.
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CenuTeOHast 30Ha rOpoJia CKOHIEHTPUPOBAHA B I[CH-
TpaibpHOW wacT BAombs peku O0b. C 3amama u ceBepa K
CEMUTEOHBIM TEPPUTOPHSIM MPUMBIKAIOT OOIIMPHEIE TPO-
MBIIIUICHHBIE 30HBI, B KOTOPBIX PACIONI0KEHBI OCHOBHBIE
MIPOU3BOICTBEHHBIC IIPEIPHUATHS, B BOCTOYHOM HAIPaB-
JICHWW 3HAYUTENbHAS YacTh 3aHATa MPHPOIHBIMHU JIAH-
mrayTamu.

OT60p npob ObLT BeIOMHEH 16—17 Mapra 2021 T. Me-
tonoM 1rypda [TamoBckas u ap., 2019; SAruenxo, 2020].
[lo nmaHHBEIM MeETEOHAONMIOACHUN [ApPXHB TIOTOIHL. ..,
2022], ¢ 6nmxaiieil MeTeocTaHIINK (adpOnopT ropoa)
yCTOMYMBBII MOKpOB cHera B 3uMHHMH ce30H 2020-
2021 r. Hauan popMupoBaThHCS ¢ 24 OKTAOPS, YUCIIO AHEH
CO CHEroM JI0 Haydayia onpoOoBaHus — 143, KOIHMYECTBO
0CaJIKOB, BBIMABIIEE 32 ATOT IEPHOA, cocTaBiisieT 115 Mm.
Bcero orobpana 31 mpoba — u3 HHX 25 B pasiu4HBIX
(GyHKIMOHANBHEIX 30HAX ropoxa (7 mpod B 30HE Mpo-
MBIIUIEHHOTO U KOMMYHAJBHO-CKJIAJICKOTO Ha3HAYCHUS;

7 mpob B OOIIECTBEHHO-IETIOBON 30HE; 7 P00 B 30HE
MHOTO3Ta)KHOU JKWJIOH 3aCTPOIKH; 4 MPoOkI B 30HE Ma-
JIOPTAXKHOM YKUJIOH 3aCTPOHKH), 6 Ha yCIOBHO-(DOHOBOM
y4acTKe, Ha paccTOsiHUU 25-35 kM oT HuxHeBapTOBCKa
B BOCTOYHO-IOTO-BOCTOYHOM HampamieHud. OtOop
YCIOBHO-(POHOBEIX TPO0 MPOM3BOIIICS HA PACCTOSIHAU
He Ommke 300 M OT aBTOOpOT, C MOMEHTA Havalla CHEero-
CTaBa O MOMEHTa OIPOOOBaHHS MpeodIamand BeTpa
IO)KHOTO W IOr0-3alaJHOro HaIpaBlieHHH [ApXHUB MO-
rofel..., 2022], BeTpa ceBepo-3alaJHOro HaIpaBlICHUS
HMMeNH KpailHe peJIKyIo MOBTOPSEMOCTb, CIeI0BATENbHO,
MePEHOC 3arpa3HUTeNeH U3 Topoa MOKHO CUUTATh Ipe-
HEOPEKUMO MAaJIBIM, 3TUM (PAKTOPOM U O0YCIIOBIICH BBI-
00p yCIOBHO-(hOHOBOTO yJacTka. J{Jst Toro 4To0kI ormpe-
JETUTh (PU3MYECKUe CBOWCTBA CHera (MOIIHOCTb, IIOT-
HOCTb, BJIaro3arnac), B KaKI0i TOYKEe OMpOoOOBaHUS IPO-
BOAWMJINCh W3MEpPEHHUs BECOBBIM cHeromepom BC-43.
Cxema ompoOoBaHUS IpUBEIeHA Ha prc. 1.

Puc. 1. Cxema onpoGoBaHus
A. Cxema Touek ot60pa ¢ poHOBEIM ydacTKoM. B. Cxema ornpo6oBaHms TOPOACKUX P00 ¢ GYHKIMOHATIBHBIMH 30HAMU: 1 — TOUKHU OIPO-
00BaHUS; 2 — adpONOPT; 3 — JKETE3HOAOPOXKHAS CTAHINS; 4 — TPaHMIIA TOPOKa; 5 — eaepanbHas aBTOIOpOra; 6 — JKene3Has gopora; 7 —
30HA YIIMYHO-TOPOXKHOH CETH; 8 — 30Ha MHOT03TaKHOU XKHIIOH 3aCTPOMKH; 9 — 30HA MAT0ITa>KHOH XKIIIOH 3acTpoiiky; 10 — obmecTBeHHO-
nenoBast 30Ha; 11 — 30Ha TPAHCHOPTHBIX U MHXKCHEPHBIX COOPYXECHUH, TPYOOIPOBOIHOIO TPAHCHOPTA; 12 — 30HA MPOMBINIICHHOTO U
KOMMYHAJIbHO-CKIIAZICKOT0 Ha3HAa4eHHs; 13 — 30Ha peKpearyy, TOPOACKUX JIECOB U 3eJICHBIX HACAKACHHH, CEIbCKOXO03SHCTBEHHOrO UC-
TIOJIE30BAHMS M CaJJ0BO-OTOPOTHUIECKHIX TOBAPHUILECTB
Fig. 1. Scheme of sampling
A. Scheme of sampling points with a background area. B. Scheme of sampling points in city with functional zones: 1 — sampling points;
2 — airport; 3 — railway station; 4 — city boundary; 5 — federal auto road; 6 — railways; 7 — zone of the street’s roads network; 8 — zone of
high-rise buildings; 9 — zone of low-rise buildings; 10 — public and business area; 11 — zone of transport and engineering structures; 12 —
zones for industrial and communal storage purposes; 13 — zones for recreation, urban forests and green spaces, agricultural use, horticul-
tural partnerships
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HUccnenoBanus npoBOIMIIHCH IO CTaHIAPTHBIM METOIH-
kam [PeBuy u ap., 1982; Kacumos, 1995]. /s tasuHus npu
KOMHATHOH TeMIiepatype npoObl B MO TUIICHOBBIX TTaKe-
Tax ObUTM JOCTaBlieHBI B Jaboparoputo HUU skonoruu u
PaLMOHATBHOTO HWCIOJBb30BaHUS TPUPOAHBIX PECYPCOB
TromI Y, nocse 4ero B CHEroTaibIX BOAAX OMPEAEISIIN 3Ha-
yeHust BenuuuHbl pH ¢ nomomipio nonomerpos HI83141 u
HydroMaster HM-500. DneKTporpoBOIHOCTh OMPEIENsUIH
¢ momoripio kKorgykromerpa COM-100. 3atem Obu1O OCY-
IIECTBIICHO (PHIIBTPOBAHHIE CHETOTANBIX BOI Yepe3 HUTPO-
LEIUTEONIO3HBIe  Oe330mbHBIe (UIbTpel Mapku Millipore ¢
mmamerpoM top 0,45 mMxM. Maccy mbim Ha QUITBTpe TTocie
BBICYIIIMBAHWSI OIPEICIISUIN ITyTEM B3BEIIMBAHKUS Ha 1abopa-
TOPHBIX AHAJIMTHYECKUX Becax ¢ AUCKpPeTHOCThIO 0,1 mr.
DIeMeHTHBIN COocTaB TBepAO(a3HBIX BEHITAJICHUI OIMpere-
JICH B aHAITUTHYECKOM CEPTU(PHUKAIIIOHHOM HCIBITATETEHOM
uentpe UIITM PAH (r. YepHoronoka). CoxmepkaHue
MHKpO- 1 MaKpOdJIEMEHTOB, BKJIFOUas TSUKENbIE METaIUIbl U
Metaiutonibl (TMM), orpenesnsiyii ¢ UCTOIb30BaHUEM Me-
TOZOB aTOMHO-3MHUCCHOHHOM criektpomerpun (ICP-AES) u
Macc-CIEKTPOMETPUN € MHAYKTHUBHO CBSI3aHHOW IUIa3MOU
(ICP-MS). Bcero 6b110 onpezeneHo conmepikanue 64 sie-
MEHTOB, HO JUT1 HEKOTOPBIX ITOTYICHHBIE COICPIKAHMS ObLTH
MEHBIIIE TIpeIenioB oOHapykeHus. [1o 3Toif mprunHe B AaTh-
Hel1el 00paboTKe pe3yIIbTaToOB UCIIONB30BAUCH TAHHBIC O
coneprkanuy 45 anemenTtoB. CTaTucTHIecKast 00paboTKa pe-
3yNbTaTOB OBLIa BBHITONHEHAa B Iporpammax Microsoft
Office Excel u Statistica 10.0. Cxema orrpo6oBanusi ObLiia co-
37aHa C MOMOIIBI0 TporpaMMHOro obecredeHus ArcGIS
10.6.1. Beuay Toro, 9To comepKkaHue OONBIIMHCTBA XAMH-
YECKHX JJIEMEHTOB HE COOTBETCTBOBAIO HOPMAJIbHOMY 3a-
KOHY pacIIpeIeICHAs], B KQUeCTBE CPEIHHUX BEIMYHH OBLIO
PEIIEHO UCTIONB30BaTh CPEAHEE TEOMETPUYECKOE.

Jns onpeneneHnss TeOXMMUYECKUX CBOWCTB IBUIEBBIX
BBINAJCHUI 3JIEMEHTOB BBIMIOIHEHBI MOCYEThl 3HAYEeHUH
kiapkoB koHueHTpauun (KK) u paccesnus (KP), nns noxn-
CUETOB MHCIONb30BaHbl 3HAYEHHs KJIAPKOB SJIEMEHTOB B
BEPXHEN 9aCTH KOHTHHEHTAIBHON 36MHOM KOpbI 0 BrHO-
rpagoBy u Rudnick [Burorpamos, 1962; Rudnick, Gao,
2003]. Dxonoruueckas OLeHKa MPOBOUIIACH ITyTEM BBIUMC-
JIEHUs! CIIEAYIOUIMX TOKa3aTeNel: mbuieBoi Harpysku (Pn,
MI/M*/CYT, Macchl KaXJI0ro eMeHTa, HOCTYHAOMEro Ha
cHeroBoit mokpos (D, Mr/kM%/cyT), Ko3(hMUIMEHTOB KOH-
uenTparmu (Kc), koo pumeHToB MpeBbIIeHuUs BBINa/Ie-
uust Hax goroM (Kd), cymmapHOro mokasarens 3arpsizHe-
Hus (Zc), CyMMapHOTo ToKa3aTessi HIMMHUCCUU SJIEMEHTOB
(Zd), a Taxxe koapdurrenta odoramenus (KO).

Pe3yabTarhbl M MX 00CYKIEHHE
Cpennsisi MOITHOCTh CHEra cocTaBuWiia 75 cM Ha
YCIOBHO-()OHOBOM YYaCTKE M 53 CM B TOPOJE, INIOTHOCTh

cHera ObITa OMHAKOBOH M paBHsenack 0,16 r/cv?, uro
HECKOJIbKO MeHble 3HadeHust 0,23 r/cM>, OTMEYEeHHOro

124

s HuxHeBapTOBCKa W (JOHOBOI'O yYacTKa paHee
[Pozhitkov et al., 2021]. [IpuunHa OTMEYEHHOH HAMU IT0-
HUKEHHOW IJIOTHOCTH CHEra, BEPOSITHO, OOyCJIOBIEHA
HU3KUMHU TeMIIepaTypaMy BO3[yXa H OTCYTCTBUEM OTTe-
neneit B 3uMHui ce30H 2020-2021 rr. TexHOreHHoe BO3-
JielicTBHE TOPOACKON Cpelibl POSIBIIETCS B POCTE OCHOB-
HBIX (PU3UKO-XUMUYECKHX TTOKa3aTenel s BceX o0cie-
JOBaHHBIX ()YHKIHMOHAIBHBIX 30H MO CPAaBHEHHIO ¢ (o-
HOM (puc. 2). Ha ¢oHOBOM ydacTke onmpoOOBaHHS s
CHETOTaJIbIX BOJ OTMeuaeTcs Kucias peakiusi Cpenbl, B
TOpoIie MPOUCXOAUT POCT 3HAYCHUH JIO CIA0OKHCIOro-
HEHTpaNbHOTO YPOBHS, B cpeaHeM pH yBennuuBaercst OT
1,3 pasa B 30He MajI03TaKHOM JKHUIIOH 3acTpoiku 70 1,5 B
00IIIeCTBEHHO-IENIOBOI 30HE. PaHee oTMedanoch moiie-
JAYMBAHWUE CHETOTANBIX BOJ BOIM3U HACENCHHBIX ITyHK-
T0oB XMAO-IOrpsr [MockoBuenko, baOymkun, 2012],
MPUYUHONH KOTOPOTO CIIEyeT CUMTaTh BbINaJIcHHE Kap-
OOHATHBIX TBUIEBBIX YacTHIl. CpemHue 3HAYCHUS DIICK-
TPOIPOBOTHOCTH CHETOTANIBIX BOJI B POOAX C TOPOJCKOI
TEPPUTOPHH TIPEBHINAIOT (OHOBHIC TIIOKA3aTelnd B
5,5 paza (44,1 npotus 7,98 IS COOTBETCTBEHHO), MaKCH-
MajbHoe 3HadeHue (103 puS) orMedeHO B MPOMBILLIEH-
HOIi 30H€E. DKOJOrMYECKOi HOPMOH MPOBOIUMOCTH OCa/I-
KOB TIPUHATO cuuTaTh 3HadeHue B 60 uS [Cpucros, [lo-
numyk, 2014], B HuwxHeBapTOBCKE NaHHOE 3HAYECHUE
MIPEBBIIICHO B ceMU mpobax (28 %).

Conep:xkaHue HEPaCTBOPUMBIX YAaCTHUI] B CHETY SBJIA-
€TCS BaXKHBIM 3KOJIOTUYECKUM IOKa3aTeleM, TaK KaK OHO
XapaKTepu3yeT CTEICHb 3arps3HEHUS aTMOCQEphl IMbLIe-
aspozoisiMi. Ha yciioBHO-()OHOBOM y4YacTKe COIepiKaHue
TBEPIIBIX, HEPACTBOPUMBIX YACTHI] B CHET€ BapbUPOBAJIO
or 0,3 mo 1,1 mr/n pu cpenrem 3uaveHuu 0,8 Mr/i, 9TO
yKJIampiBaercs B quana3on 0,2—3 Mr/j, yCTaHOBJICHHBIN B
CHEXKHOM TIOKpoBe (DOHOBBIX paiioHOB Apktuku [Ille-
YeHKo U Jp., 2007]. B ycioBusax ropoga oTMeyaeTcs pocTt
COJep)KaHUsI HEPACTBOPUMBIX YacTull. MaKcuMallbHbIe
CpeIHVE 3HAYCHHS BBISIBIICHBI TS OOIECTBEHHO-ICTIOBOI
30HBI, TJI€ OTMEUEHO YBEIMYEHHUE COJAEP)KaHUS TBEPABIX
9acTHUI] IO cpaBHEHMIO ¢ poHOM B 23,6 pa3a. HecMotpst Ha
3HAUUTENBHOE IIPEBBINICHIE HAll (hoHOM, B HIKHEBapTOB-
CKe HaOIFOaeTCsl YMEPEHHBIH POCT COCpIKaHUs Hepac-
TBOPUMBIX YacTHI] B CHETe, OJy4YEeHHbIE 3HAUEHUS COIIO-
CTaBUMBEI ¢ APyruMU roponamu 3amagaoir Cubupu, panee
g Tromenn [MockoBUeHKO u 1p., 2021] cpeanue 3naye-
HUS 10 JAHHOMY TIOKa3ateltto coctaBmm 37,1 mr/m, B To-
6ombecke — 30,2 mr/n [Turees u ap., 2021].

OaHMM M3 OCHOBHBIX IOKa3aTesiell MpH SKOJorHye-
CKOHl OIIeHKE CHEroBOro IIOKpOBa fABJISETCA MbLIEBas
Harpy3ka. CorfacHO NOJYYEHHBIM JaHHBIM, CPEIHS
reoMeTpuueckas BeJIMYMHA IMbUIEBOW Harpy3kd Ha
YCIOBHO-()OHOBOM YYaCTKE B OKPECTHOCTAX HrnkHeBap-
ToBCKa coctaBuaa 0,6 Mr/M%/CyT., 4TO B HECKONBKO a3
MEHBIIIC BEJIMYHH MBUICBOM HATPy3KU sl (OHOBBIX
yuacTtkoB Tromenu (5,5 mr/m%/cyT.) [MOCKOBUEHKO U Ap.,
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2021], To6ombeka (4,0 mr/m*/cyt.) [Turees u ap., 2021].
B npenmsigymux HCCIeNOBaHUSX 3HAYCHUS IBUICBOM
Harpy3Kd Ha (OHOBBIX y4acTkax BOImM3u HrxHeBapTOB-
cka B 2019 1. 6bUIM Ha HOpPANOK BhIe (8,9 Mr/mM%/cyT)
[Pozhitkov et al., 2021]. CTOUT OTMETHTH, YTO MOKa3a-
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mpH = 3neKTponpoBOAHOCTb, US

TeNb NbUIEBON HArpy3KH — BECbMa IMHAMHUYECKAs BEJIH-
YMHA U 3aBUCUT OT psijia MPUYMH (KOJIUYECTBO THEH CHe-
rocTaBa, Macca IMbUIM, HAKOIUIEHHOH CHEroBBIM MOKpPO-
BOM) U MOXXET TIOJBEPraThbcsl 3HAYMTEIbHBIM BapUallusM
JUIS OTHOW TEPPUTOPHH €KETOITHO.

3 4 5

CopepxaHue HepacTBOPEHHbIX YacTuu, Mr/n

Puc. 2. Cpeanue 3Ha4eHHsI OCHOBHBIX (M3HKO-XMMHYECKHX NOKa3aTeJIeil B cCHere
1 — ycnoBHO-()OHOBBIH YJaCTOK; 2 — 30HA MPOMBIIICHHOTO ¥ KOMMYHAITbHO-CKIIAJICKOr0 Ha3HAYCHUS; 3 — OOIIECTBCHHO-ICIIOBAS 30HA;
4 — 30Ha MHOTOITAXHOH >KHJIOH 3aCTPOHKH; 5 — 30HA MaJIO3TAXKHOH JKUIIOH 3aCTPONKI

Fig. 2. Average values of the main physical and chemical parameters in snow
1 — background area; 2 — zones for industrial and communal storage purposes; 3 — public and business area; 4 — high-rise buildings; 5 —

low-rise buildings

B ycnoBuwsx ropoga BENMYMHBI TBUICBOH HATpPY3KH
Taroke HeBelukd. CpeaHee reoMeTpHUYecKoe 3HaYeHUE CO-
crasuno 11,1 mr/m¥cyr, nwamazon 3HaveHumii 12—
37,6 Mr/mM’/cyT. B cpaBHEHHH C KPYIHBIMH IIPOMBIIIIEH-
HBIMH LEHTPaMH MOITy4YEHHbIE 3HAYEHHS COOTBETCTBYIOT
HU3KOW MBUIEBOM Harpyske, Tak i Hopuiecka mbuieBast
Harpyska MecTamu npesbimaer 1 000 mr/m%/cyt [Onyunn u
ap., 2014]. B npyrux roponax Poccun meiieBasi Harpy3ka
HE3HAYMTEIILHO BbIle, B MOCKBE 3a 3MMHUH MEpHOJ U3 aT-
Mocdepbl BeimanaeT B cpemnem 27 mr/mcyt [Kacumos u
ap., 2012], B Tomcke 25-28 mr/m*/cyt [TanoBckas u fp.,
2014]. Pacnpeznenenue MbIJIEBOM HArpy3Kd IOKa3aHO Ha
puc. 3. MakcumarnbHoOe BbITIaZIcHHE MU OTMEYEHO B LIEH-
TpaJBHOM YacTH TOpPOJIa, TJIC MBIKCHUE TPAHCIIOPTA HAH0O0-
Jiee UHTEHCUBHO.

Pe3ynbTatsl onpeneneHus 3JIEMEHTHOIO COCTaBa CHera
Ha YCJIOBHO-()OHOBOM YUaCTKE, a TAKXKE 3HAUCHUSI KIIAPKOB
KOHIICHTPAIlMK WM PACCESIHUS MpENCTaBlIeHbl B Talm. 1.
B npenenax ¢hoHOBOI TeppuTOpru B TBepAO(A3HBIX BhIA-
JIEHUSIX CUJIBHO KOHLIEHTPUPYIOTCS CIIEYIOIINE 37IEMEHTHI:
Ag, Sb, S, Cd, Hg, Pb, Cr, Cu, Zn, Bi, W, Al, P (KK > 3), x
cnabo xormenTpupyrommmes (1,5 < KK < 3) orrocsires Co,
Ni. OxonoknapkoBbie 3Ha4YeHHsS OTMedeHbl s Li, Nb.
OcranpHble aneMeHTsI paccenBarotes (KP > 3). Takum 00-
pazoMm, Ha (HOHOBBIX ydacTkax BOmm3m HrnkHEBapTOBCKa
HaOImoaeTcsl mpeoOnaflaHue HAKOIUICHUS B CHETOBOM
B3BECH YJIEMEHTOB XaIbKO(DIIBHOI TPYIIITL, JAHHBIH TE3HC
HEOTHOKPATHO BhICKa3bIBaICs panee [Kacumos u ap., 2012;

Shevchenko et al., 2017; MockoBueHko u jip., 2021], conep-
JKaHUe 3JIEMEHTOB JTATOPIIBHOA U CeNepOPIITEHON TPYIII
OBLIO Ha YPOBHE KJIapKa WITH HHXKE eTo0.

OCHOBHOIl METOIMYECKUH MpUeM, UCIONb3yeMbId B
Te03KOJIOTMUECKUX HCCIeIOBaHUAX IPU U3YUEHUH XUMU-
YEeCKOro COCTaBa MPUPOIHBIX Cpell, — ITO CpaBHEHHUE MO~
JMYYEeHHBIX PE3yJIbTaTOB C perHoHANBHBIM (hoHOM. [lo
CPaBHEHUIO CO CpeIHEPErHOHANIbHBIM 3HAaUEHUEM Ha U3Y-
9YeHHOM (POHOM YYaCTKEe OTMEUACTCs MPEBEHIIMICHUE CO-
nep)kaHus B TBepAo(da3HbIX BEIMAneHUIX B 1,6-3,6 paza
IUTSI CITSAYIONIUX 3JIeMeHTOB: Zn, Sb, Pb, Nb, Cd, Cru Zn
(tabmn. 2). JlaHHBIHA psi/T IPEICTaBICH B OCHOBHOM TSDKE-
JBIMH MeTaJIaMi. Paree ObLITIO OTMEUEHO, 9TO U3-3a 0CO-
OEHHOCTEI METEOPOIOTHIECKIX YCIOBUH U Oolee mupo-
KOTro apeajia IOCTYIUJICHHS] a3pO30JIbHBIX IpUMeceil B
3UMHUH MTeproj] HAHOONBIIHE KOITHIECTBA TSHKEIBIX Me-
TaJUIOB BBINAAAI0OT HAa MOJCTUJIAIONIYI0 MOBEPXHOCTH B
XOJIOAHBIN IEPHOA roJja U aKKYMYJTUPYIOTCS B CHETOBOM
nokpoBe [Tartapunnesa, Korosa, 2021]. HambGombimee
MPEBBINICHUE HAJ CPEIHCPETUOHAIEHBIM (POHOM OTME-
geHo st Gpocdopa (B 6,4 paza). CogepikaHue OCTATEHBIX
3JIEMEHTOB COMOCTaBUMO CO CPEJIHEPETMOHAIBHBIM 3Ha-
YeHueM JIn00 Hipke ero. CoImocTaBIIeHHE C PE3YIIbTaTaAMU
IPYTUX WCCIICAOBAaHUN TBEpAO(pa3HOH COCTABIIONICH
CHera B pa3IHYHBIX paiioHax 3amagaoit Cubupn
[Shevchenko et al., 2017; Moskovchenko et al., 2021] mo-
Ka3bIBaeT, YyTO B paiioHe HuxHeBapTOBCKa COCTaB CHEX-
HOW MBUTM TUITMYEH JJIS1 pETHOHA.
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MriM2 B CYTKH
- Max: 37.6

- Geometric mean: 11,1

Min: 0,6

MbineBan Harpy3ka,

Puc. 3. PacnipenesieHue 3HaYeHUI MbLIEBOH HArpy3Ku no Tepputopun HuskHeBapTOoBCcKa

Fig. 3. Distribution of dust load values on the territory of Nizhnevartovsk city

Tabnuma 1

DJIeMEHTHBIi cOcTaB TBepA0(aA3HBIX BHINA/IEHHIi B CHETOBOM NOKPOBe YCJI0BHO-()OHOBO# TeppuTOpUH

Table 1

The elemental composition of solid-phase depositions in snow cover of the conditionally background territory

DnemeHT
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El X Min-max V, % KK/CC KP/CS C3C/MWS
ement
Maxkpoanemenmoi/Macroelemets

Na 0,50 0,23-0,79 40,1 - 5,5 0,73
Mg 0,41 0,31-0,60 29,8 - 4,71 2,1
Al 1,52 1,09-2,50 36,2 3,7 - 3,2
P 0,32 0,20-0,58 45,7 3,7 - 0,05

S 0,88 0,51-1,51 442 20,2 - -
K 0,46 0,35-0,79 35,8 - 5,7 0,6
Ca 1,04 0,65-1,68 35,3 - 3,0 1,8
Fe 1,3 0,89-1,83 24,8 — 3,7 1,65

Muxkpoaonemenmot/Microelements

Li 7,58 5,8-12,6 31,8 - 2,9 10,7
Ti 0,07 0,03-0,14 47,2 - 7,4 0,069
Cr 508 271,5-910 41,7 6,6 - 156
Mn 102,6 51-253 61,5 - 11,2 404
Co 6,9 3,3-12,2 45,6 2,9

Ni 103 60-210,7 54,7 2 - 145
Cu 267 173,6-452 34,4 5,6 - 75
Zn 414 264,8—647,4 30,7 5,2 - 255
Ga 5,9 4,8-8,6 24,7 - 3 7,7
Rb 6,8 1,6-27,8 94 - 19,3 234
Sr 64,5 46,3-118,9 42,5 - 5,6 115
Y 4,5 2,5-7,8 38,9 - 4,6 21
Zr 38,8 29,5-60 29,8 - 5,1 38,5
Nb 7,1 4,2-26,9 96 - 1,9 3,7
Ag 2,7 1,5-5,7 52,1 43,5 - -
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ueveiT X Min-max v, % KK/CC KP/CS C3C/MWS
Element

Cd 6 08238 456 33 = 0,71
Sn 98 52344 892 5 - 74
Sb 10,3 5.9-172 38 21,9 - 6,15
Cs Ll 0,523 51,1 - 3.8 1,24
Ba 205 139-417 46,6 - 34 391
La 10,3 6,7-16,7 396 - 3 10,8
Ce 206 13,341 478 - 33 206
Pr 16 0,832 483 - 5 235
Nd 5.6 3114 46,4 - 5.2 8.7
Sm Ll 0424 55.6 - 53 1,79
Fu 03 02-04 334 - 3.9 0,47
Gd 0.8 025178 547 - 6.1 -

Dy 0.6 031 468 - 77 142
Er 04 02-0.8 48,6 - 6.7 0.8
Yb 03 0,1-0.7 73 - 97 0,73
HF 16 0,6-3 452 - 38 118
W 477 2,7-12,6 68 41 . 288
He 0.8 0,5-17 47 10,8 - -

Pb 121 63-206 30,3 .1 - 67,9
Bi 07 0,51 263 42 - .

Th i 0324 60.7 - 13,3 23
U 0,66 047-1,1 332 - 43 0,93

Tpumeuanue. Js MakpoanemMeHToB u Ti coneprkaHusi IPUBEACHEI B %, TSI MUKPOJIEMEHTOB — B MI/KT (31€ch 1 B Ta0II. 2). X — cpernee
reoMeTprdeckoe 3Hadenue; V, % — xordunuent Bapuammu; KK — kmapk xonmentparmu; KP — xkmapk paccestaust; C3C — cpenee no
3amanHoit Cubupu cormacuo [Shevchenko et al., 2017].

Note. For macroelements and Ti contents are given in %, for trace elements in mg/kg (here and in the Table 2). X — geometric mean; V,
% — coefficient of variation; CC — clark concentration; CS — clark scattering; MWS — mean in Western Siberia according [Shevchenko et

al., 2017].

Tabnuia 2

DJIeMeHTHBIH cocTaB TBepA0(a3HbIX BbINAAEHUI B CHETOBOM NMOKPOBe B PA3THYHBIX (YHKIMOHATBHBIX 30HAX
r. HuskneBaprosck

Table 2

Elemental composition of solid-phase depositions in snow cover in various functional zones of Nizhnevartovsk city

[IpomelinenHas 30Ha OO01ecTBEHHO-IETI0Bas YKwumass MHOTOSTa)KHASK YKunas manosTaxHas
OnemMeHT ) . . S . . . X .
Element Indust.rlal zone Public gnd business H1gh-r1§e residential Low-rise Ires1dent10nal
X | Minmax [V,% ]| X [ Minmax [V,% | X | Minmax [V, % X [ Min-max [V, %
Maxpoanemenmot/Macroelements
Na 0,7 0,3-1 33 0,7 0,5-0,9 23 0,8 0,6-1,1 23 0,8 0,7-1 14
Mg 33 0,6-6,9 53 5 2-8 48 3,5 1,7-5,9 37 3 1,8-6,9 68
Al 3,1 1,543 32 2,8 2,3-3,6 19 33 2,542 19 34 34 12
P 0,1 0,06-0,19 45 0,1 0,03-0,4 100 | 0,2 0,05-0,5 70 0,2 0,1-0,3 62
S 0,2 0,17-0,44 39 0,3 0,2-0,6 56 0,3 0,2-0,8 59 0,3 0,2-0,5 40
K 0,6 0,3-1 31 0,6 0,4-0,8 23 0,6 0,55-0,7 11 0,8 0,6-0,9 13
Ca 4,3 0,9-9,1 57 53 1,7-10 65 4 1,4-13,4 79 3,1 1,8-5,2 52
Fe 3,9 2,3-5,4 25 3 2,442 25 34 2,449 25 3,9 3,1-5 21
Muxpoanemenmot/Microelements
Li 9,1 5,6-12,1 21 9,5 8,1-12,5 17 9,8 7,2-12,2 15 10,2 | 8,7-11,2 11
Ti 0,2 0,11-0,25 27 | 0,15 0,1-0,2 26 0,2 0,1-0,5 58 0,22 | 0,19-0,28 | 19
Cr 190,2 | 97,5-373,6 52 252 124,4-460 51 183 94-329 41 187 137-312 40
Mn 728.9 500-1236 38 520 | 361,3-7204 | 29 | 680 | 488-1004 28 758 655-917 14
Co 19,8 13,6-32,2 31 21,6 14,4-36,2 36 20 14,8-30,3 27 22,2 17-34,5 34
Ni 128,8 | 69,2-606,8 | 108 | 173 | 69,3-279,8 41 99 54,7-195 49 220 | 68,2-936 | 109
Cu 201,6 | 101,2-406,8 | 49 222 | 75,8-464,2 65 | 286 | 113,4-595 58 242 189-302 23
Zn 1164 555-3116 69 765 | 345,6-1347 51 842 | 499-1301 31 632 | 456-758 20
Ga 6,5 3,7-10,1 29 6,1 5-8,2 21 6,9 5-9,2 20 7,6 6,5-9,7 18
Rb 21,5 11,8-35 32 19,6 13,5-27,2 26 20 14,8-24,8 18 27,1 | 22,6-31,2 | 14
Sr 1094 | 55,9-171,4 34 117 | 75,1-287,7 72 119 | 80-172,3 25 115 | 96,5127 | 12
Y 11,6 4,9-15,8 28 12 9-15,6 19 12 10-15,6 15 12,9 12-14,1 7
Zr 43,3 29,3-63,5 25 47,9 32,3-75,6 35 47 36,1-57,3 15 49,6 | 36,3-62,9 | 23
Nb 4,3 3,1-5,5 19 4,6 2,5-8,1 43 4,5 3-10,7 55 5,8 4,2-7,5 25
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3 [IpomsblnineHHas 30Ha OO111eCTBEHHO-/IETIOBAst YKunast MHOrO3Ta)KHAS Kunast manosTaxknas

EJII:qu?l;[ Industrial zone Public and business High-rise residential Low-rise residentional
X Min—max V, % X Min—max V,% | X Min-max |V, % X Min-max |V, %

Ag 0,9 0,2-110,2 257 1,4 0,1-6,5 174 | 0,4 0,2-1,9 106 0,4 0,2-0,6 39
Cd 0,9 0,5-1,5 35 1,1 0,4-1,9 60 1,2 0,7-3 59 1,9 0,9-3,2 44

Sn 5,8 2,2-9.4 41 9,3 4,6-13,2 35 16 8,3-23,8 36 10,7 | 10,4-11,2 3
Sb 9,4 5,1-19,2 51 10,2 4,7-14 40 12 7,2-23 45 9,8 7,7-11,8 18
Cs 0,9 0,6-1,3 26 0,8 0,6-1 17 0,8 0,6-1 21 1,1 0,9-1,3 17
Ba 346 226,1-845,3 56 329 | 193,74744 | 35 359 209-609 34 359 258-462 24
La 12,8 7,4-16 22 13 9-19.4 33 13 10,5-19,1 22 14,7 11,8-20 24
Ce 28,8 15,1-39,1 27 28,7 19,8-39,6 31 29 24,2-39,6 18 30,9 | 27,7-34,8 | 12
Pr 2,8 1,5-3,6 24 2,7 1,9-3,9 32 2,5 2,1-33 15 2,9 2,5-3,2 10
Nd 10,7 6-13,9 22 10,5 7,4-14,4 25 10 7,5-13,6 19 11,7 | 10,7-13,1 10
Sm 2,1 1,1-2,8 25 2 1,5-2,6 23 2 1,6-2,5 17 2,3 2,1-2,5 10
Eu 0,6 0,3-0,9 34 0,5 0,4-0,7 26 0,5 0,4-0,6 15 0,6 0,5-0,7 11
Gd 1,8 1-2,4 25 1,9 1,5-2,7 23 2 1,6-2,4 15 2,2 1,924 10
Dy 1,6 0,9-2,2 26 1,7 1,4-2,3 26 1,7 1,4-2,3 17 1,9 1,7-2,2 12
Er 0,9 0,5-1,3 27 1 0,7-1,3 20 1 0,8-1,4 19 1,2 1-1,3 11
Yb 0,9 0,4-1,3 29 1 0,7-1,4 26 1 0,7-1,3 21 1,1 1-1,3 14
Hf 1,4 1,1-2,1 26 1,6 0,9-2.8 50 1,6 1,2-3,3 44 1,5 1,2-1,8 18
w 67,5 18,6-1044 192 | 48,6 | 29,2-110,3 64 34 24,4-52,1 28 31,7 | 19,4482 | 36
Hg 0,1 0,04-0,5 89 0,1 0,04-0,3 70 0,1 0,07-0,4 67 0,13 | 0,07-0,2 45
Pb 107 34,8-192,2 47 106 | 28,3-218,1 80 136 | 51,6401 73 171 83,7-526 | 92
Bi 0,5 0,3-0,9 44 0,9 0,3-1,5 49 2,3 0,613 114 1,3 1,1-1,7 20
Th 2 1,3-2,9 27 2,2 1,5-3,6 38 2 1,6-2,4 15 1,9 0,9-3,1 43
U 1,4 1,1-2,3 27 1,2 0,9-2 32 1,2 0,9-14 15 1,4 1,1-1,6 17

[o pe3ynpTaTaM 3JIEMEHTHOrO aHANM3a YCTAHOBJICHO,
9TO pacrpenercHie Makpo- 1 MUKPORJIEMEHTOB B Pa3iny-
HBIX (YHKIMOHAJBHBIX 30HaX HrokHeBaproBcKa HMeeT
PaBHOMEPHBIN XapaKTep, CPEHAC TEOMETPHICCKAE 3HAYC-
HUSI TT0 BCEM DJIEMEHTaM MPaKTHYECKH UICHTUIHEL. TeXHo-
TEHHOE BO3/ICHCTBHUE B YCIIOBUSX TOPOJIa MPOSBILIETCS B PO-
CTE CPETHETeOMETPHYCCKIX 3HAUCHUI MO CPAaBHEHHIO C (ho-
HOM JUIS TaKMX JJIEMEHTOB, Kak W (yBelIM4MBaercs B
9,3 paza), Mg (B 8,7), Mn (B 6,4) u Co (B 3 pa3a), uTo roBo-
PHT O CYIIECTBOBaHHH JIOKATHEHBIX aHTPOIOreHHBIX HCTOY-
HHUKOB TTOCTYIUICHUS JAHHBIX 3JICMCHTOB.

BonbedpaM momagaer B OKpyKaroIIylo Cpery 1U3-3a ero
HCIIONTB30BAHS B IIUITOBAHHBIX 3MMHUX IIFHAX, COICpKa-
mmx kapoun Bonbghpama [Furberg et al., 2019], yunTbiBas
KIMMaTHYIEeCKUEe 0COOCHHOCTHU T. HIKHEBapTOBCK IPOIOI-
KUTEIFHOCTD MCIOb30BaHMs 3UMHEH PE3WHBI MOXKET JI0-
CTUTaTh BOCBMHU MeCSIIeB B Toxy. [IpoBeieHHbIC B pa3innd-
HBIX Topoax Poccuu mccrnemoBaHus cocTaBa CHeTa ITOKa-
341, 9TO coneprkanue W B HeM, Kak MPaBHJIO, OYCHb BbI-
cokoe. B TpaHCOpPTHOI 30HE BOCTOUHON YacTu MOCKBBI
BhImazicHre W co cHeroM B 45 pa3 Beilie (JOHOBBIX ITOKa3a-
tenert [KacumoB u ap., 2016]. B Tromenu (tor 3amagHoi
Cubupn) xoHueHTparms W B TBepro# (hase cHera Ha ypoa-
HU3UPOBAHHOW TeppuTopuu Oonee yem B 100 pa3 mpeBbI-
mraet ¢orobIe 3HaYeHus [Moskovchenko et al., 2021]. Oc-
HOBHBIM JIOKJTGHBIM HCTOYHUKOM TOCTYIUICHUS B CHErO-
BOH IOKPOB Topora Mg 1 Mn clieqiyeT cCuuTaTh IOYBEHHO-
9pOo3uOHHBIH (hakTop. KobaneT mocrymaer B mpupoIHBIE
Cpebl ¢ MeTauI0adpa3uBHBIMU MBUTSIMH, BOSHHUKAIOIIUMU
TIPY MICTHPAHUH JeTaliell aBTOTPAHCIIOPTa B MPOIIECCE €ro
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skcrutyaranuu [Nriagu, Pacyna, 1988]. Takum o6pa3om,
st HixHaeBapTOBCKa OTMEUEHO /1Ba OCHOBHBIX ITYTH TIO-
CTYIUIEHHUS DJIEMEHTOB C 3aBbIIIEHHBIMH KOHLIEHTPALISIMU —
9TO MMOYBEHHO-JIUTOICHHBIN (DAKTOp U aBTOTPAHCIIOPT.

Jist BeceX QYHKIIMOHATBHBIX 30H FOPOIa SKOJIOrHYe-
CKasi 0OCTaHOBKAa COOTBETCTBYET CPEIHEMY, KYMEPCHHO
OMaCHOMY YPOBHIO» COIJIaCHO IIIKajle 3HaYeHUi cymmap-
HOrO TIOKa3aTelsl 3arpsA3HEHUsS CHErOBOrO IOKpPOBa
(Zc =32-64) [KacumoB u ap., 2012], 3a UCKIIOUEHUEM
MPOM30HBI TOpOAA, ISl KOTOPOM OTMEYEH «BBICOKHH,
OIaCHBIN YpOBEHb) 3arpsi3HeHus (Zc = 64—128) (Tabm. 3).

KonuecTBo TsDKENBIX METAIUIOB U METAJUIOMIOB, KOTO-
pbIe BBIMAIAIOT CO CHETOM U3 atMOoc(hepsl B Pa3HBIX TOPO-
J1ax, 3HAYUTETIbHO MEHSIETCS B 3aBUCUMOCTH OT JIOKAJIbHBIX
1 PErMOHANIBHBIX HCTOYHUKOB aHTPOIIOr €HHBIX AMHCCHi. B
HwxneBapToBcke, 10 CpaBHEHUIO C JIPYTUMU TOPOAAMH,
HaOmoaeTes cpeanee coaepykanue B cHere V, Pb, Cu, Ni,
Co u Huskoe coneprkanne Cd, Mn, Zn. Conepxanue Pb
OBLIO BEIIIE, YeM B TaKuX ropoxax Poccru, kak Brnaguso-
crok [Kornpatees u ap., 2017] u Cupck [Grebenshchikova
et al., 2017], HO CYIIECTBEHHO MEHBIIIE, YeM B TPAHCIIOPT-
HoH 30He Mocksel [KacumoB u ap., 2016]. Ha Huskom
YpOBHE coliepkaHie B cHere HukHeBapTOBCKa KaJMHUSL
OmHuM 13 TIIaBHBIX UCTOYHUKOB Cd SIBITFOTCSI 3aBOJIBI 10
BBITUTABKE IBETHBIX MerayuioB [Nriagu, Pacyna, 1988].
B Cubupu ormeueno, uto nocrymieane Cd B atmochepy
MIPOUCXOAUT MPU CKUTAHUU YISl B KOTeNbHbIX. B HiknHe-
BapTOBCKE TEILIOAIEKTPOCTAHIINS U OTONUTENbHBIE KOTENb-
HBIE MCHOJIB3YIOT B KauecTBE TOILUIMBA MPUPOIHBII ras, a
METaJUTypriuyeckas IpOMBILIUIEHHOCTb OTCYTCTBYET.
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3HaueHUs] CyMMAapHOro IOKa3aTenss UMMUCCUH DJie-
MeHTOB (Zd) B npenienax ropojia pa3jinyaroTcs Ha 1Ba Ma-
TeMaTHYECKUX Mopsaaka, oT 39,5 B myHKTe opoOOBaHUS
B 30HE MHOTOITaXHOH 3acTpoiiku no 6 191 B myHkTe
OIpoOOBaHMs B OOIIECTBEHHO-/1ENI0BOH 30HE. CpemHne
reoMeTpudeckue 3HadeHus (Zd) mo (yHKIMOHATEHBEIM
30HaM Topojia mpuBeneHbl B Ta0n. 4. OOpamaer Ha ceOs
BHHUMaHH€, YTO 30HbI IPOMBILIUIEHHOTO U KOMMYHaJIbHO—
CKJIQJICKOTO Ha3HayeHus (CpeHee TIeOMETPHUECKOe
Zd=1759) u XWwioii MHOTOATAXKHOH 3aCTPOIKH (cpen-

Hee reoMeTprueckoe Zd = 1100) oTmuuaroTcs HanOOIb-
MM 3HAYCHUEM, YTO COOTBETCTBYET «CpPEIHEMY, yMe-
PEHHO OMACHOMY» YpOBHIO coriacHo [KacumoB u mp.,
2012].

Jns OCTambHBIX 30H JKONOTHYECKas CHUTYalus IO
JAaHHOMY ITOKa3aTelll0 COOTBETCTBYET «HU3KOMY, He-
OIACHOMY YPOBHIOY», XOTSI CPEIHUE 3HAYCHUS IO ITOMY
MOKA3aTelTto B [eJIoM Ut HkHeBapTOBCKa OBUIH BHIIIIE,
9eM JUTsl TIPE/ICTABIICHHBIX paHee pe3yibTaToB 1mo Tro-
MeHHU [ MOCKOBYEHKO U ap., 2021].

Tabnuma 3

Beanunnsl ko3¢ ¢uuueHToB KOHIEeHTpanun 31eMeHTOB (Kc) 1 cyMmmapHoro nokasartesis 3arpsisnenus (Zc)
B (DyHKIMOHAJILHBIX 30HaX HuskHeBapTOBCKa

Table 3
Indicators of concentration of elements in snow dust of functional zones of Nizhnevartovsk city
DyHKIMOHAJIbHBIE
30HBI Zc | Kc>10 Kc=5,1-10 Kc=3,1-5 Kc=1,5-3
Functional zones
ITpom3oHa / Co02,9Zn2,8Dy2 8Ti2,6Y2,6Er24Gd2,3U2 2Ew2 Al
Industrial zone 77 Wias MgsMns, CasrYbs7Rbs. Fes. Th2Smi1oNd19Pr1 gSr17Bai,7Nai,s
OO0I1ecTBEHHO- .
. Co3Dy2,sRb28Y2,6Er24Fe23Gd2 3Ti2,2Tha,1Sm1,sNd1,8
AenoBas /.Pubhc 35 Mgios Wo. MnasYbss Ui,8AlisEu1,8Pri,7Zn1,6Sr1 6Nii sBai,s
and business
MHOrosTa)XHOH
o . R Dy3Rb29C02,9Y2,7Fe2,6Er2,6Gd2 4Al2,2Zno ThaEui o
3aCTPOIKH / ngh- 58 - MgssW73Mnes | YbaCassBi3sTisp Sr1.08m1.sNd1.sU1 sBar 7Pr1.6Sn ¢Nars
rise residential
3;;&2?;;;7??:;_ 60 3 MnoaMer 2 Wes Yb47RbsDy33C032 | CazoEr2,0Y28Gdz27Al22Eu2,2Ni2,1Sm2,1U2,1Nd2,1Bi2 1
“TPOHK . AVIET.2 W6, TizoFes ThoPrisSrigBai7K1,7Nai6Zn15Ce1,s
rise residential

Tpumeuanue. 3HaUeHUS BCEX MTOKA3aTENEH MIPEACTABICHBI [0 CPEHEMY T'€OMETPHIECKOMY; ZC — CyMMAapHBIi ITOKA3aTeNb 3arpsI3HeHNS,

Kc — k0a¢ hummieHT KOHIICHTpanyy.

Note. The values of all indicators are presented in accordance with the geometric mean; Zc is the total contamination index; Kc is the

concentration coefficient.

Tabnuia 4

Bemunubl k03¢ GULINEHTOB NMpeBbINIEHNs BhINaAeHuii d1eMeHTOB HaJ onom (Kd) u cymmapHoro nokasaTtesiss HMMHCCUHH
371eMeHTOB (Zd) B pyHKIHOHANLHBIX 30HaX Hu:kHeBapTOBCcKa

Table 4

Values of the coefficient of elements deposition excess over the background (Kd) and the total imission index (Zd)
in functional zones of Nizhnevartovsk city

DyHKIUOHAIB-
HBIC 30HBI Zd Kd > 25 Kd =10-25 Kd =5-10 Kd=<5
Functional zones
Wais,1Mgi21,4Mni07,2Cas1,6 Y bse, 1 . .
IIpom3ona / Rba7,5Fe46,2C043,1Z1n42,4Dy42,1 Ti39.3Y 38, Naz3Ce207Ka03NiisoLais it NboCds, AgaoPas
; 1759 Zr1169Gai6,65b13,9Pb133Cs13Hf12,9
Industrial zone 6Er35,5Gd342U33Eu30,8Al30.5 CuniBiros SngoCrs,6 Sa3Hgo 3
Th30Sm2g 7Nd28,7Pr26,9Sr25 6Bans 4 ’
ST — Y23,7Er2Fe21Gd208Ti203Thio,1 Gao»Sbs 3Sns »
. Mgos,7Ws3,7Mna4,6Cass SmieeNdiesU16,5Al164Eu16Pr154Z01 ’ ’ ’ Crs,182,9
nenosas / Public| 787 . HfsCs6,9Cus,3
. Yb3s5,2C027,2Dy25,9Rb2s 4 4,9S1144Ni14,1Ba13 9Ce12,2 P27Ag16
and business . . PbsoNds sCds s
NaipLir 3K LaiiZrio7Biios
MHOrosTa)xHoM Tho49Eu23,0S123,2Sm23,1Nd22,8
3acTpOUKH / M_gma__ 6Wo1.7Mnss.1Ybso.2Cass.s U22,4Ba21 9Pr204Sn20Nai9gKi7.4 Cs9.4Cdo2Ps Crs5sS43
A . . 1100 Bi44Ti39,8Dy37,4Rb37C036,1Y33,9 .
High-rise resi- Fes20Er32 3Gds0.6AlyraZin Cer73Lits2laissZr1s,1Gaias Nd7, HgAgis
dential 32,95132,300630,62121,24125,5 Sb14,6Pb14,1Cu13 4Ni12,1Hf11,9
MaToy TaKHOI Al 2Eu21,5Ni21,2Sm20,90U20,7
3ACTDONKH / Mn73.4Mg71.7We7.5Y basaRb39 4 Nd20,6Bi204Th19,6Pris3Sr17,7 Cs9.6Sho4Cio P47Cr37
P . 968 Dys32,5C031,9Ti31,8Fe304Caz9Er2s,6 Bai74Ki67Nais,4Zn1s2Ce149 T S34Hg1 5
Low-rise resi- : Hfg sNbs
. Y282Gd266 Lai4,1PbisLii3 4Gaiog Agis
dentional
Zr127Cd12Sn1o0g

Tlpumeuanue. 3HadeHUs BCEX IOKa3aTesIeil MpeCTaBICHBI 0 CPEIHEMY reoMeTpHrieckoMy; Zd — cyMMapHBI ITOKa3aTelb IMMHCCUH
anemenToB; Kd — koa(hunmenT mpeBbIeHs BBIMAICHIH IEMEHTOB HaJl (DOHOM.

Note. The values of all indicators are presented according to the geometric mean; Zd is the total index of the emission of elements; Kd is
the coefficient of excess of the dropout of elements over the background.
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Jis1 BeeX QyHKIIMOHATBHBIX 30H 2JIEMEHTOM C MAKCH-
MaJBHBIM 3HAYeHHEeM KO3 (UIIMEHTa KOHIIEHTPAIUU
(Kc) u koappunmenTa mpeBHIIeHNs BRITIAAeHAN HaT (o-
HoM (Kd) siBiisieTcss W, TakuM 00pa3oM MOATBEPIKAAIOTCSI
€ro MHIMKAIMOHHbIE CBOMCTBa TEXHOT€HHOTO BO3JEH-
CTBUS B YCIIOBHSX ropoaa HuxHeBapTOBCK.

J11s TOTO 9TOOBI OLIEHUTH COOTHOIICHHE IIPU POTHBIX
U aHTPOMNOTE€HHBIX MCTOYHUKOB MOCTYIUICHHUS H3y4ae-
MBIX 3JIEMEHTOB, OB BhITIONHEH ToacdyeT KO (koaddu-
[UEHTa 00OTAIIeHUs]) OTHOCHTEIIBHO CPEJHETO COCTaBa
3eMHOU Kopbl [Buuorpamo, 1962; Rudnick, Gao,
2003], kak 15 MyHKTOB OMPOOOBAHUS C YCIIOBHO-()OHO-

A

100

10

\
\
.
v

0

BOTO y4acTKa, Tak U Jis npob ¢ Tepputopun Hrokme-
BapToBcka. CornacHo Metoauke [Li et al., 2015], 3naue-
uue KO menbmie 10 cBHIETENHCTBYET O GOpMUPOBAHIH
MbLIEAYPO30JIEH MO BIUSIHUEM TOIbKO MPUPOTHBIX UC-
TOYHHUKOB.

3nauenuss KO 10-100 yka3pIBaroT Ha CMeEIIaHHBIN
MyTh TMOCTYIUIEHUS MbLIea’dpo3oiiel (Kak MpUPOIHBIN,
TaK 1 anTponorennslii). [Ipu 3nauennax KO cBeime 100
YMECTHO TOBOPHUTB TOJIBKO 00 aHTPOIIOT€HHOM ITyTH I10-
crymuieHns. CpenHue reoMeTpuieckne 3HadeHusT Kodgd-
¢UIMeHTOB 00OTalleHHs HCCIEeIYeMBIX JIIEMEHTOB
MIpeJCTaBIeHbI Ha puC. 4.

NaMg Al P S K CaTi CrMh Fe Co NiCu ZnGaRb Sr Y Zr Nb Ag Cd Sn Sb Cs Ba La Ce Pr NdSmEu Gd Dy Er Yb Hf WHg Pb Bi Th U

doH

———ropoAa

Puc. 4. Cpeanue reomerpuyeckue 3Ha4eHUs KOI(PGHUINEHTOB 000raleHUs] CHEKHOM NbLIN
Ha (G oHOBON U yPOAHN3MPOBAHHON TEPPUTOPHUAX

Fig. 4. Geometric averages of the enrichment factors for snow dust in the background and urbanized areas

MuUHUMAaIBHBINA POCT BBIMAJCHHUS MUKPOIJIEMEHTOB B
rOpoJie MO CPaBHEHHIO C YCIOBHO-(DOHOBBIM YYaCTKOM
ormeuen a1 Hg, Ag, Cr, Cu, Cd, Pb, Cs, Sb. YuursiBas,
YTO B TOPOJI€ KOJIMYECTBO MbLIECBBIX BBIMAICHUH BO3pac-
TaeT B cpeiHeM B 18,5 pas, yBenHUCHHE MOCTYIUICHUS
STHX DIIEMEHTOB MEHBIIE, YeM POCT MBUICBOM HATPY3KH,
YTO F'OBOPHUT O HU3KOW MacCOBOM JIOJIE THUX DJIEMEHTORB B
CHEXHOH MBLTH U OTCYTCTBUU HCTOYHUKOB ITHX HJIEMEH-
TOB B ropone. [loacuersr ko3 duimenToB odorameHus
(KO) monTBepmuu, 4to Ha QOHOBBIX YIACTKAX MBLICBEHIC
YacTUIBI 00OTaIleHbl ’THMHU 3JIEMEHTAMHU CUJIbHEE, YeM
B ropone (cM. puc. 4). DToT mapaJoKCalbHbIA (HaKT, Mo
HaIlIeMy MHEHHIO, CBSI3aH C Pa3IHYUsIMA B AKKYMYIIIIIAH
3JIEMEHTOB B YaCTHIIAX pa3Horo pasmepa. Ha (hoHOBBIX
yYacTKax MHKPOIJIEMEHTHl CONCPIKATCS MpeuMyIiie-
CTBEHHO B HauOoJiee MEJNKHX YaCTHIAaX B YJIbTpaauc-
MEPCHBIX a3P030JIsX, MOCTYMAIINX B PE3YJIbTATE AaJThb-
HEro mepeHoca BO3AYIIHBIX Macc [Zdanowicz et al.,
2017]. B ropone yBenmuuuBaeTCs A0S KPYIMHBIX YaCTHII,
B KOTOPBIX KOHIIGHTPAIlMsA 3JEMEHTOB, KakK IMpPaBuUJIo,
MEHBIIIE, YeM B TOHKOJUCIIEPCHBIX.
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Panee ObLIO CKa3aHO, YTO MEITKHE YACTHITEI B HAUOOb-
mIei creneHu OOOrameHbl MUKPOdJIEMEHTaMH, YeM KpyTI-
uele [Cowan et al., 2021]. B ropone MakcuMabHbBIEC 3HAYC-
Hust KO otmeuarores mis Bonsgpama (cpemree 78,3), 4to
COOTBETCTBYET CMEIIaHHOMY (IIPHUPOIHO-aHTPOIIOT€HHOMY)
YT MOCTYIDICHUS B 00BEKT HccaenoBanus. s Mg u Mn,
HECMOTpPsI Ha UX BBICOKHME 3HAYEHHS CYMMapHOrO ITOKa3a-
Tens 3arpa3HeHus (Zc) 1 CyMMapHOTO MOKa3aTessi HMMHC-
cru AneMeHToB (Zd), cperereomerpudeckue 3HaueHuss KO
coctaBiM 4,2 1 1,4 COOTBETCTBEHHO, YTO XapaKTEPHO JUIS
TPUPOIHOrO ITyTH MOCTYIUICHHUS. Takum o0pa3oM, OCHOB-
HBIM MCTOYHMKOM WX TMOCTYIUIEHUS] B CHETOBOH IOKPOB B
YCIIOBUAX TOpOJa OIHOZHAYHO SIBJISIETCS MOYBEHHO-3PO3H-
OHHBIN (PaKTOp, a UX BBHICOKHE KOHIICHTPAIMK IO CpaBHE-
HHIO CO CHETOBBIM TIOKPOBOM C (POHOBBIX YH4ACTKOB OOBSIC-
HSIOTCS] UX BBICOKMM COJIEp)KaHHEM B MIOYBaX ropoja.

3akiouenne

HSy‘ICHI/Ie OJICMCHTHOI'O COCTaBa TBepL[O(I)aSHI)IX BEbI-
MajieHu CHErOBOI'O IMOKpOBa B HI/I)KHeBapTOBCKe IIOKa-
3aJ10, 4YTO 11O BJIUMAHHUEM aHTpOHOl"eHHOfI JACATCIIbHOCTHU
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Habmoaercs yBenmdeHre pH 10 momyTopa pas 1mo cpaBHe-
HUIO C ()OHOM, JUTsl BEIMYMH IMbUICBOH HATPY3KH OTMEUYEH
pocrt B 18,3 pa3za. [1o cpaBHeHuto ¢ npyrumu ropogamu Cu-
OupH IbUTEBast Harpy3ka B HIKHEBapTOBCKE OTHOCUTEITHHO
HU3Kasl ¥ 3HAYUTENBHO YCTYIAeT ropoiaM C Pa3BUTHIM Me-
TAJUTyprUuecKUM MPOU3BOACTBOM M TEILIOAIEKTPOCTAHIIU-
SIMH, TOIUTUBOM KOTOPBIX SIBJISIETCSI YT OJTb.

DJIeMEHTHBIA COCTaB MbLICa’po30iicii B cHere (HOHO-
BOT0 y4acTKa XapaKTepH3yeTcsi BEICOKUMHU 3HAUCHHUSIMHU
ko3 uiieHTa 00OTaIIeHNs XaTbKO(MUIBHBIX 3JEMEH-
TOB, YTO TUITHYHO TSI POHOBBIX TEPPUTOPUI 3EMITH 1 3a-
BHCHUT IIaBHBIM 00pa3oM OT MPOLIECCOB JalIbHErO mepe-
HOCa BO3AYILHBIX Macc.

[TocTynneHue TSHKETBIX METANIOB U METAJIONIOB C
TBepIO(a3HBIMU BBITIAJICHUSIMH B TOPOJIE OTHOCHTEIBHO
(hOHOBOT'O YPOBHS YBEIMUYUBAETCS Ha 1-2 mMareMaTHue-
CKuX Topsanka (3a uckiroueHneM Hg). B HamGombireit

creneHu yBenuumBaeTcs nocryruieHuss W (B 9 pas). Co-
[JIACHO 3HAYEHMSIM CYMMAapHOTO IOKa3aTels 3arps3He-
HUSA U CyMMapHOrO NoKa3aTejsi UMMHUCCHH 3JIEMEHTOB,
HanboJee 9acTo B aCCOIMANUK 3JIEMEHTOB-3arps3HUTE-
neil nonanaot W, Mg u Mn.

Ucxons w3 mopacueroB 3HaueHWH Kod(hdumueHrta
oboramenus, it Mg u Mn XapakTepeH HpUPOIHBIH
MyTh MMOCTYIUIEHUS B 00BEKT UCCIEAOBaHUSI (TIOYBCHHO-
TUTOreHHBIH (akTop). McrounmkoM mocTtyruieHuss W
cllefyeT CYUTATh UCIOb30BaHUE 3UMHUX IIUH. Takum
00pa3oM, AIEMEHTOM-HHIIKATOPOM TEXHOT€HHOT'0 BO3-
neiictusl B HuxkHEBapTOBCKE OYAET SBIATHCS HMEHHO
BOJIb()paM. DKOJOTHYECKasl OICHKA Pa3IHYHBIX ()YHK-
[IUOHANBHBIX 30H TOPO/Ia I0Ka3aja, 4To Hanbojee onac-
Has 1 HeOnaronpusTHas 00CTaHOBKA B TOpoje Habro-
JIaeTCsl B 30HE MPOMBIIIJIEHHOT0 M KOMMYyHaJIbHO-CKJIa -
CKOr'o Ha3HayeHUsl.
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RECONSTRUCTION OF THE HOLOCENE PALEO-FIRE HISTORY
IN THE MIDDLE TAIGA SUBZONE OF WESTERN SIBERIA ACCORDING
TO THE MACRO-CHARCOAL ANALYSIS OF LAKE SEDIMENTS
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Abstract. Based on the conducted macro-charcoal, statistical and radiocarbon analyses of the bottom sediments of Lake “S14”
(Khanty-Mansi Autonomous Okrug), the 12000-year history of paleo-fires in the Middle Taiga subzone of West Siberian Plain has
been reconstructed. The new data were compared with previously published paleoecological and paleoclimatic reconstructions for
the West Siberian Plain to identify the relationship between the dynamics of vegetation cover, paleo-fires and climatic changes.

According to the study, the landscapes of the Middle Taiga subzone of Western Siberia were repeatedly exposed to pyrogenic
effects. With the help of paleoecological research methods, 16 local fire episodes were identified that occurred in this area during
the Holocene. Five main stages in the paleo-fire history of the studied area were identified. High fire activity was observed in the
Preboreal period of the Holocene (three local fire episodes). From the Boreal period to the mid-Atlantic period (7500 cal yr BP)
paleo-fire activity was generally reduced due to waterlogging of the territory and at the beginning of active swamp formation in
Western Siberia, but these conditions didn’t prevent three more local fire episodes from occurring, although their intensity was less
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than in the Preboreal period. In the Atlantic period from 7500 cal yr BP. to 6800 cal yr BP., a new peak of pyrogenic activity (one
local fire) with a high rate of accumulation of charcoal happened. This peak was accompanied by a sharp desiccation of the climate,
which probably caused the fires. During the period of the Holocene Climatic optimum (1100 cal yr BP), one fire episode was
recorded with a peak in the rate of accumulation of charcoal particles. During the Subboreal period, four local paleo-fires occurred,
but they were small in power, as evidenced by the rate of accumulation of charcoal in the lake. This could be affected by the dry
and cool conditions of the period. In the Subatlantic period, there is again a gradual increase in the number of fires and an increase
in the accumulation of charcoal (four local paleo-fires).

The new data obtained, as well as the analysis of published paleoecological reconstructions, allowed reconstructing the history
of paleo-fires in the study area, as well as considering the relationship between fire activity and climatic changes. As a result of the
study, it was revealed that in the Early and Middle Holocene there was a high fire activity of the territory, despite the absence of
anthropogenic impact. Probably, such fires were caused by natural climatic causes (dryness of the climate and thunderstorm activ-
ity). Fires also occurred in the Late Holocene, but not as powerful as in previous periods. Although there is a trend for an increase
in the number of fires after 1500 cal yr BP. Since the territory is remote from anthropogenic impact, an increase in fire activity

may be associated with the current trend of climate warming.

Keywords: West Siberian Plain, Holocene, paleo-fires, macro-charcoal analysis, climate change
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BBenenne

AKXTyanpHBIM HalpaBJICHHEM MTPOrpaMMBbI (pyHIaMEH-
TaJabHBIX Hay4yHBIX uccienoBanuil B Pocculickoii ®ene-
pauun Ha nepuon 2021-2030 rr., sBisieTCsT MPOrHO3 U
MPEeIYIPEKICHAE OIMACHBIX KaTACTPOPHUYESCKHUX IPUPOJI-
HBIX M TEXHOTCHHBIX SIBJICHHH, a TakKe pa3paboTka MeTo-
JIOB aJJaNTAIINU K U3MEHEHHUSIM OKPYKAFOIIeH CpeIbl v KITH-
Mmara (http://government.ru/docs/all/132190/). C nagama
XXI B. BO MHOTHX PETHOHAX MUPA YBEIWYMINCH YUCIIO U
HHTCHCUBHOCTH MOkapoB [Abram et al., 2021; Kharuk et
al., 2021; Van Oldenborgh et al., 2021; Wang et al., 2021;
Xu et al., 2021]. Takast TeHAEHIUs HAOIIOIAETCS U Ha
TeppuTopun OopeanbHOI 30HBEI Poccuu [Bondur et al.,
2020; Kharuk et al., 2021], BKiIf0o4ast BEICOKHE IIAPOTHI
CeBepnoro monymapus. Tompko 3a mocnenaue 20 jer
(1999-2019 rr.) B mecax Cubupu npousonuio ~ 114 TeIC.
MOXAapOB, B Pe3ybTaTe KOTOPHIX BBITOPEN JeC Ha ILIO-
mam okxono 120 teic. km? [Kharuk et al., 2021].

Psip yd4eHBIX cuMTaeT, YTO OCHOBHBIM (haKTOpOM, IOo-
BIIVSIBIIMIM Ha POCT YUCIIA COBPEMEHHBIX TTOKAPOB, SIBIIS-
€TCsl BO3POCIIAsICS aHTPOIOreHHAas JNesTeNbHOCTh [Van
Oldenborgh et al., 2021; Wang et al., 2021]. Ho Tak nu
BEJIMKA POJIb YETIOBEKA B YBEIHMUCHHUHU MOKAPHOW aKTHB-
HocTH? Be3ycnoBHO, 4acTh JIECHBIX MOXKAPOB MPOHCXO-
JINT IO BUHE YEIOBEKa, HO MOXKET JIH KIIMMAT BHOCHTB 0O-
Jiee CYIECTBEHHBIN BKJIAJI B I3MEHEHUE MIUPOreHHOH 00-
cranoBku? Teicsun JIeT Ha3al, IPU MIHAMAIEHON aHTPO-
MOTCHHOW Harpy3ke Ha MPUPOJHBIC KOMIUIEKCHI, CIyda-
mHMch MacTaOHBIe IOXKAaphl, OTMEUEHHBIE B padorax

136

[Harrison et al., 2010; Hamilton et al., 2018; Wang et al.,
2021]. CormnacHo BbIBOAAM psijia UccienoBaTenei [ Apxu-
moB, Bonkosa, 1994; Harrison et al., 2021], pemarortyro
pOJIb B BOSHHKHOBEHHH MAJICOMIOXKAPOB UTPAIO M3MEHE-
HHE KIIMMATa: TOBBIIICHUE TEMIIEPATYPhI BO3IYXa, YMEHb-
IICHHE KOJIMYECTBA OCATKOB, SKCTPEMAITBHBIC ITOTOAHBIC
sIBJICHUSI (3acyxu) U MonmHuu. [Ipexie Bcero, KomebaHus
TeMIIepaTypbl U BIaXHOCTH [Apxunos, Bosikosa, 1994]
COIPOBOXKIAIUCH TIEPECTPOHKON MPUPOTHBIX KOMILICK-
coB. OcOOEHHO ATH M3MEHEHHS BBI3BIBAIIN MTPeoOpa3oBa-
HHUE MPUPOTHBIX JAHAMAPTOB M YaCTO CIIOCOOCTBOBAIH
YBEIHYCHHUIO TOXKAPHOH aKTHBHOCTH. UTOOBI OTBETUTH HA
MTOCTABJICHHBIE BOIPOCHI U OMPEIENUTE BeXyInil (pakTop,
CIOCOOCTBYIOIMI TOSBICHHUIO W PACIPOCTPAHEHHIO IT0-
’KapoB, HEOOXOAUMO 00JIaaTh HH(OPMAIIHEH HE TOIBKO O
COBPEMEHHBIX TEHJICHIMSAX JUHAMHKH ITOXKApOB, HO U 00
MHTEHCUBHOCTH M MaCIITa0aX MIPOr€HHBIX COOBITHI MPO-
TIJIOTO.

Ha ¢ore rmobampHOro MoTeruieHus KuMatr 3amaaHo-
CubHpcKoil paBHUHBI TPOIOIIKAET MEHATHCA. COriacHoO
uccnenoBaHusiM [Anisimov, Zimov, 2021], TemmepaTypa
BO3/yXa Ha TeppuToprH 3amanHoi Cudupw 3a mocienHee
JECATIICTHE TOCTeNeHHO moBbimaercs Ha 0,8—1,2 °C Bo
Bce ce30HbL. Kpome Toro, qanasie CHOHPCKOT0 METEOPOIIOo-
THYECKOI'0 apXHBa CBUACTEIHCTBYIOT O ITOBBIIICHUH CPEJI-
HerozioBoil TemmnepaTypsl Ha 4 °C 3a nocnennue 140 ner
(www.pogodaiklimat.ru) [Kirpotin et al., 2021]. Hapasne ¢
TIOBBIIICHUEM KOHBEKTUBHON aTMOC(EpHON HECTAOUITBLHO-
ctu [Gorbatenko et al., 2020], dukcupyroTcs ydacTUBIIH-
€Cs IKCTPEMAITHBIC ITOrOTHEIC SIBJICHUS — TPO3bI, IIIKBAJIBL,
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rpaj, a TaKke NEPUOAbl aHOMAJIBHOM TEIUIOW M XOJIOITHON
noroze!l [Bonkosa, 2019]. B COBOKYMHOCTH 3TH YCIOBUS
CIIOCOOCTBYIOT POCTY YaCTOTHI M MHTCHCUBHOCTH TIOXKapOB
Ha ceBepe 3amanHon Cubupu [Kharuk et al., 2021; Xu et al.,
2021]. HecMoTpst Ha pa3BUTHE B 3TOM PETHOHE J0OBIBAO-
IIMX OTpaciedl MPOMBIIUICHHOCTH, aHTPOIOreHHBIH (hak-
TOP 3/1€Ch CBEIEH K MUHUMYMY — IJIOTHOCTb HACENIEHUS CO-
crapnser <0,03 gen./km? [Kharuk et al., 2021]. OcHoBHOI
MIPUUMHON NOXaPOB B BBICOKUX LIMPOTAX SIBISIOTCS MOJI-
uun [Kharuk et al., 2021], yBenu4IeHnI0 aKTHBHOCTH KOTO-
PBIX, BEPOSITHO, CHOCOOCTBYIOT MOTEIUIEHHE KIIUMaTa U
YYaCTHUBILIHMECS 3KCTpEMalIbHbIE MOTOAHBIE SBIEeHHs. Poct
MOKapHOM aKTUBHOCTH OKa3bIBaeT BJIMSHHE Ha Jerpaja-
U0 BEYHOW MEP3JI0THI, YBEIMICHHE BEIOPOCOB YIIIEpoa 1
HapymieHre (QYHKIMOHUPOBAHUS JIECOOONOTHBIX —MpPH-
POIHO-TEPPUTOPHATTBHBIX KomIuiekcoB [Kharuk et al.,
2021; Li et al., 2021]. Bmecte ¢ 3THM TOXaphl SBISFOTCS
€CTECTBEHHBIM IIPOLIECCOM 3BOJIIOIMM MPUPOIHBIX KOM-
TUIEKCOB, HEOOXOJMMBIM JUIsI COXpaHeHHsT OHopa3Ho00pa-
3Us M Pa3BUTHS JaHMIAQTHONH CTPYKTYpHI [Scott, 2018;Ne
Bondur et al., 2020].

BoccTaHOBUTH NTOATOBPEMEHHYIO HMCTOPHIO TOXap-
HOW aKTMBHOCTH, OCHOBBIBASICh JIMILb HA COBPEMEHHBIX
JaHHBIX CITyTHHKOBOTO MOHHTOPHHIA, HEBO3MOXKHO 0€3
HCIOJIb30BAHUS METOJIOB IMaJIE3KOJIOTMYECKHX HCCIIENO0-
BaHUH. OZHUM M3 JOCTOBEPHBIX METOIOB PEKOHCTPYK-
LUU JIOKAJbHBIX MOXKAPHBIX 3IMU30/10B MPOLUIOTrO sBIIS-
€TCSl MAKPOYTONBKOBBIN aHAIN3 03€PHBIX HIIH TOP(SIHBIX
otnoxennii [Mooney, Tinner, 2011]. BogHo-06050THBIE
KOMITIeKCHI 3ananHoii Cubupu, mokpeiBaromme 70 % ee
teppurtopuu [Halicki, Kirpotin, 2018], sBisttoTcst Hanbo-
Jee UYYTKUMH HWHAMKATOpaMH HM3MEHEHHH KiMMarTa.
Kpome Toro, 03epHO-00NOTHBIC OTIOXKEHHUS XPaHAT B
cebe OrpOMHBIN «ILIACTY IMANIE0IKOIOrHIeCKOi HHDOp-
Malud B BUJE OTMEpILEH MOJIypa3ioKUBILEHCS pacTH-
TENFHONH OpPraHWKH, MAIMHOMOPQ, a TAKKE MHUKPO- U
MaKpOCKOIMMYECKUX YACTHLL YISl pACTUTENBHOrO MPOUC-
XOXKIIEHUS — IPAMBIX CBUAETENEH M0XKapoB MPOLLLIOTo.

B kauecTBe KJIIOUEBOrO y4acTKa HCCIEIOBAHMS BbI-
OpaHo 03epo «S14», pacmonokeHHOe B CPEIHETACIKHOM
MOJ30HE JICCHOW 30HBI 3amanaHo-CHOMPCKOW paBHUHBL.
Br10OpaHHbBIf 00BEKT HAXOAUTCS B XaHTbI-MaHCHIICKOM
aBTOHOMHOM OKkpyre — HOrpe (XMAO — [Orpa) BOmm3u
MEXAYHApOOHOW  TONeBOW  cTaHIMM  «MyXpHHO»
[Tsyganov et al., 2021], sBisroreiics 4acTbO MEXKIyHa-
POIHOM CeTH MO Ha3eMHBIM HCCIIEIOBaHUSAM U MOHUTO-
punry B Apkruke — INTERACT. OcHoBHBIE HampaBJie-
HUS UCCIIEOBAHUN HAa CTAHLIMHU CBSI3aHbI C U3MEHEHHUEM
KIIMMara, OMOpa3HoOOpasueM M YIICPOIHBIM IHKIOM
[Dyukarev et al., 2021; Tsyganov et al., 2021].

Hecmotps Ha pocT KonmdecTBa padoT, CBA3aHHBIX C
PEKOHCTPYKLHMEN MajeoycioBUN TOJIOLEHA, Maleomno-
»KapHas UCTOPUs OopeanbHOH 30HBI 3amaqHo-CuoupeKoit
paBHHHBI ocTaeTcs Manom3ydeHHOH [Pitkdnen et al.,

2002; Lamentowicz et al., 2015; Basixapuyk u ap., 2019;
Amon etal., 2020; Feurdan et al., 2020; Turunen et al., 2021;
Jloiiko u nip., 2022]. [TuporeHHble peKOHCTPYKIINH, BBITTON-
HEHHBIC U1 3TOH TEPPUTOPHH, OCHOBBIBAIOTCS JTHOO Ha
JaHHBIX MHAKpPOYTrOJbKOBOro aHaim3a [Lamentowicz et al.,
2015; brsxapuyk u np., 2019; Amon et al., 2020; Feurdan
et al., 2020], 6o Ha MoICUeTe BU3yaTbHO OOHAPYKEHHBIX
MPOCTIOCK YISl B TOP(SHBIX WM MMOYBEHHBIX MPOQIIIIX
[Turunen et al., 2021; Jloiiko u ap., 2022]. OOHapyKeHHbIE
TIPOCTIOMKU YIS B TOP(SHOM WM ITOYBEHHOM MPOQIIIIX
Jal0T TPyOyl0 OLEHKY IMHAMHUKH IAJICOMOKAPOB, IO-
CKOJIbKY B TAHHOM CJIy4ae IHPOTCHHBIC CIIOW CBUJICTEIb-
CTBYIOT TOJIBKO O HEMOCPEIICTBEHHOM BO3JIEHCTBUU MOXKa-
POB Ha IMOBEPXHOCTH OOJIOTA VIJIH MOYBHI B TOUKE HCCICHO-
Baawms [Ohlson et al., 2006]. AHanH3 BBISIBICHHBIX MHKPO-
CKOIMMYECKUX YaCTHI] YIS CBUICTENHCTBYET O PETHOHAH-
HOHM MOKapHOW aKTHBHOCTH, TaK KaK ATU YACTHIHI OYCHBb
menkue (Menee 100 MKp) U MOTYT IEPEHOCUTHCSI Ha 3HAYM-
TEeNBbHBIE PACCTOSHUS OT o4yara Bosropanus [Conedera et al.,
2009]. ITosToMy nprMeHEHHE JaHHBIX METOJIOB HE IO3BO-
JSIET BOCCTaHOBHTH IIEIIOCTHYIO «JICTOIHCHY» MaJeoroKa-
POB Ha JIaHMIA(GTHOM YPOBHE B OTIHYHE OT MaKPOYrolib-
KOBOT'O aHaimu3a. B cBsI3U ¢ 3THM BO3pacTaeT akTyalbHOCTh
TIPOBEIICHUS UCCIICIOBAHUH 110 PEKOHCTPYKIIMH JIOITOBPE-
MEHHOM UCTOPHH MAJICONOKapOB I'OJI0LEHa C TOMOILBIO Me-
TOZa MaKpOYTONBEKOBOrO aHanu3a. V3ydeHne muporeHHoi
AKTUBHOCTH TI03BOJIUT HE TOJBKO BOCCTAHOBUTH OXKAPHYIO
00CTaHOBKY IPOIUIOro, HO M OTBETUTH HA BOIPOC O BIHS-
HUH KIAMAaTHYECKNX W3MEHEHHWH Ha THMHAMIKY W HHTCH-
CHBHOCTb TI0’KapoB B TOJIOLIEHE.

B pabote BriepBBIC MPUBOMATCS JAHHBIC TIO JIOKAJh-
HOU TMHAMHUKE ITaJICOOKapOB TOJOICHA B CPEIHETACHK-
HOH mom3oHe 3amaaHoit CHOMpH Ha OCHOBE METOZa MaK-
POYTONBEKOBOI'O aHamm3a. [lomydeHHBIE HOBBIE pe3yllb-
TaTBl COBMECTHO C OITyOIMKOBaHHBIMH AIE0IKOIOTHIe-
CKUMH PEKOHCTPYKIHSIMHU TIOCIYKaT OCHOBOH JJISI TIPO-
THO3HPOBaHUS TOKAPHOH OOCTAHOBKH B PETHOHAX B OT-
BET Ha KIMMAaTHIECKIE N3MCHEHHS.

Lenpro mpencTaBIeHHOTO UCCICIOBAHUS SBISIETCS
PEKOHCTPYKIIUS UCTOPHH MTOKAPOB B TOJOIICHE HA Tep-
PUTOPHH CpeIHETaeKHOU MOA30HHI 3amamgHo-Cubup-
CKOIl paBHHHBEI HA OCHOBE METO/IOB MaKPOYT OJILKOBOT'O
aHaNW3a W PaJdOYTIIEPOTHOTO NATHPOBAHHS ITOHHBIX
oTnokeHui 60oTHOTO 03epa «S14» (XMAO) u BbIsB-
JIeHHUE MMOTCHINAIBHBIX (PaKTOPOB, CIOCOOCTBOBABIINX
YCIJICHHIO TOPUMOCTH JaHAMA(PTOB B JOITOBPEMEH-
HoM Macmrabe. K 3amagam wucciemoBaHUsT OTHOCH-
JUCH: TPOBEIECHUE MaKpPOYTOJBKOBOI'O M pPamuoyTiie-
POIHOTO aHAJTM30B OOpa3lOB M3 MOHHBIX OTIOXKCHUI
HCCIEeNyeMOro 03epa; KOppelsnus MOTyYeHHBIX TaH-
HBIX C OMyOIMKOBAHHBIMU ITaJICOIKOIOTHIECKIMHE pe-
KOHCTPYKIHSIMH PETHOHA; BBISBICHUE OCHOBHBIX JBH-
KymuX (pakToOpOB MANEOMOXKAPHOH aKTUBHOCTH B pas3-
HBIC TIEPUOJIBI TONOLICHA.
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Paiion ucciexoBanus

Jnst moHMMaHWs MeXaHu3Ma (DYHKIHOHUPOBAHUS H
9BOJIIOLIMU TPUPOIHBIX KOMIUJIEKCOB B OTBET Ha Ia-
JCOKIIMMATHYCCKUE W3MCHEHHSI M TIOXKAPHYIO aKTHB-
HOCTh B TOJIOLIEHE JIy4Yllle BCEro MOAXOIAT OOBEKTHI,
HaxoZsIuecss B TPYAHOAOCTYIHBIX M HEHapyILIEHHBIX
AHTPOIIOTEHHBIM BO3AEHCTBUEM TeppuTopusx. Mccnemny-
eMBIH pailoH OTHOCUTCS K cpeHeTaexkHOU moazoHe O0-
cko-Mpteiickoil nposunimu [Mcauenko, 2014]. O3epo
«S14» (60°51'45.68"N, 68°44'55.43"E; makcumanbHas
riyouHa — 440 cm, mupuna — 155 m, iuna — 310 m) pac-
MOJIOKEHO B ICHTpANIbHOW wacT 3amagHo-CuOupckoit
paBHUHBL, B 23 KM K IOro-3amnajy ot r. XaHTbl-MaHCHii-
cka (puc. 1), B mpeaenax MexayHapoJHOU MOJIEBOI CTaH-
1 «MyXpuHOD.

OxpyKaromue 03epo JTaHAma(Tl TPEACTABICHEI 00-
NIMPHBIMA KOMIUIEKCAMH TPSIIOBO-MOYaKUHHBIX OOJIOT,
PacIoNIOKEHHBIX HA MEKIYPEUHBIX MPOCTPAHCTBAX, a Ha
Oonee MPEHHPOBAHHBIX y4YacTKaX MPOM3PACTAIOT Oepe-
30BO-€JIOBBIE Jieca. Takxe Ha 3TOH TEPPUTOPUHU PacIpo-
CTpaHEeHbl CMellaHHble Jieca ¢ Pinus sibirica, Picea
obovata, Betula pubescens, Populus tremula. Topds-
HUKH TOKpBIBaIOT Gonee 50 % Iomaam ucciaeyeMoro
paiiona [Tsyganov et al., 2021].

Jig TeppuTOpUM XapaKTepeH YMEPEHHO KOHTHHEH-
TaNbHBIA KiuMaT. COrNIaCHO JaHHBIM TPEX aBTOMATH3H-
POBaHHBIX METEOCTAaHIM, PaclOIOKEHHBIX B Mpeaenax
MOJIEBOM CTaHUUU «MyXpHHO», CPEIHErofoBas TeMIle-
patypa —1,0 °C ¢ npoxjajHbIM JeTOM (CpeAHsAs TeMIie-
patypa utona +17,4 °C) u xonoaHoil 3umMol (cpeaHsis
temnepatypa sHBaps —21,5 °C). CpenHerogoBoe KoJu-
yecTBO 0caakoB — 470 + 68 MM, 0ojIbIIas YaCTh M3 HUX
BEINagaet B netHuid nepuox [Dyukarev et al., 2021]. Oc-
HOBHBIMH HCTOYHUKAMH MUTAHUS OONOTHBIX BOJ SIBJIS-
FOTCS IOXKJEBBIE U TaJIble BOJBI.

Jlns cpenHeTaexkHOM TOA30HBI 3anaaHoi Cuoupu yxe
MIPOBEZIEH PSA UCCIIEIOBAHUIA 110 PEKOHCTPYKIIUH TaJIe0ro-
’KapoB Ha OCHOBE 03epHO-TOPDSHBIX oTitoxkeHwnH [Pitkdnen
et al., 2002; Lamentowicz et al., 2015; bnsxapuyk u ap.,
2019; Amon et al., 2020; Feurdan et al., 2020; Turunen et
al., 2021; Jlotiko u ap., 2022]. Hamprumep, Ha TeppUTOpUU
Campm-Oranckoro 6omota (60°10'N, 72°50'E) B XaHThI-
MaHcHiickoM aBTOHOMHOM OKpPYI'€ PEKOHCTPYHPOBaHa UC-
TOPUS PaCTUTENBHOCTH 3a 10 ThIC. KaJl. JIET, a TaKkkKe KIuMa-
THYECKHE OCOOCHHOCTH TOJOLIEHA TS IAHHOM TePPUTOPHU
[Pitkdnen et al., 2002]. I1o cmosiM npeBecHOro yris, oOHa-
PYKEHHBIM B OTJIOXEHHSX, aBTOPbl BBISBHIIM HECKOJBKO
KPYIHBIX TajeonoxapoB 3a mocieanue 7000-8000 kai.
ner. B 2009 r. rpymnmna y4eHbIX peKOHCTpYHpOBaJia majeo-
HKOJIOTUYECKUE YCIOBHS TEPPUTOPHH B paiioHe Oomora
«Myxpuao» (60°54'N, 68°42'E) [Lamentowicz et al.,
2015], ocHOBbBIBasCh Ha JAaHHBIX CIOPOBO-IIBLIBLIEBOTO,
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Makpo(OoCCHITEHOTO, MUKPOYTOJIBKOBOI'O U IPYTHX aHAITH-
30B TOP(MSHBIX OTIOKEeHHH. [IpuMeHeHrne KoMIDIeKca ma-
JICOIKOJIOTMYECKUX METOIOB MO3BOJIMIIO aBTOpaM BOCCTa-
HOBUTbH UCTOPUIO PACTUTEIBHOIO MOKPOBA, PErMOHAIBHBIX
MIOKAPOB, & TAKKE TUAPOIOTHICSCKYIO IMHAMUKY 00I0Ta 32
nocnenaue 1300 kan. ner. B 2020 r. omyOiukoBaHbI pe-
3yNBTaTHl MccaenoBanus [Amon et al.,, 2020], mpoBeneH-
HOrO 1O JOHHBIM OTIOXKEHUsIM o3epa «CBeTIIEHBKOE»
(60°55'N, 68°30'E), pacmonoxeHHOro B 25 KM K Oro-3a-
many or r. Xantel-MaHcuiicka. B pabore mpencraBieHbI
PEKOHCTPYKIMH TAJICO3KOJIOTMUECKUX YCIOBHIA TEPPUTO-
PHUH Ha OCHOBE CIIOPOBO-IBUIBLIEBOI0, MUKPOYTOIIKOBOT0,
T€OXMMHUYECKOTO U IPYTUX aHAIU30B JIOHHBIX OTJI0KEHHH.
OCHOBHOE BHUMaHHUE aBTOPBI YACIUIIN TOMY, KaK KJIMMaTH-
YeCKHe M3MECHEHHS ToJoneHa (KoneOaHusl BIaKHOCTH) TI0-
BIIMSUTH Ha YPOBEHB BOJIBI B pekax O0b u Mprermr. [Tomumo
3TOr0, MCCIENOBATEId BOCCTAHOBWJIM IUHAMUKY PacTH-
TENBHOTO TOKPOBA W PETHOHAIBHBIX IOXApPOB 32
11 400 kaun. ner.

B roxxHO# wacTu OopeanbpHOi 30HBI 3armaHo-Croup-
CKOM paBHUHBI Ha BOCTOYHOW OKpamHe bonpmoro Ba-
croranckoro 6onora (6omoro «IlmorHHKOBO», ToMcKast
obmacte: 56°55'N, 83°22'E; 56°52'N, 83°18'E) [Feurdan
et al., 2020] mpoBeneHa PEKOHCTPYKIIHS AMHAMUKA PaCTH-
TEBHOCTH M TI0KapoOB B OTBET HA M3MEHEHME KiIUMara 3a
nocnenaue 5000 kan. sier. Kpome Toro, aBTopbl 3a0CTpuiin
BHIIMAHUE Ha MPOOJIeMe YBEITMUCHHS TOXKAPOB B 3aIIaIHOM
Cubnpy, a Takke Ha B3aMMOCBSI3H MEXKIY KU3HEHHBIMH
(hopMaMu pacTeHHH U TOKAPHBIMH PEXKIMAMH.

Henaneko ot 3Toii TOUKK McchaeNoBaHUS MaIMHONIOIH-
YECKUM, PaUOYTIIEPOJHBIM, PU3ONOAHBIM U MUKPOYTOJIb-
KOBBIM METOIIAMH OBUTH UCCIIEIOBAHBI OTIOKEHHUS OooTa
«Kpyrnoe» (56°53'01,63" c.ur., 82°34'40,63" B.1.), momy-
YEeHHbIE JAHHBIE TTO3BOJIMIIM BOCCTAHOBUTH TMHAMHKY pac-
TUTEIIFHOTO TIOKPOBa U NOXapoB 3a nocnennue 5300 kai.
net [brsxapayku ap., 2019]. Beisenena oOpaTtHast 3aBUCH-
MOCTh TOPHMOCTH JIaHAIIad)Ta OT OOMIHST aTMOCHEPHBIX
0CaJIKOB B T'OJIOIIEHE, PEKOHCTPYHUPOBAHHOI'O 110 MATUHO-
JIOTMYECKUM JaHHBIM, a TaKKe Ooliee 4acToe BOSHUKHO-
BEHHE TOKApOB B IMMEPUOJ, Korma OOJOTO MMENO MOII-
HOCTB TOP(SHOM 3aJexKu MeHee 45 CM.

[MuporeHHBIM HCCIEOBAHUSIM B CPEIHETAEKHOM
mog3one XMAO (60°10 N, 72°50'E) mocesimiena padora
¢unaCckuxX ydeHsix [Turunen et al., 2021], B KoTOpOii aB-
TOPBI U3YYMITU TEMITbl HAKOIIEHUS YIIIEpoJia U PoJib Mo-
’KapoB B €0 JHHAMUKE Ha TIpIMepe OOTOTHBIX KOMILIEK-
coB OopeanpHOH 30HB 3ananHoi Cubmpu. Ha tepputo-
pun Cypryrckoro I[Ipnobssi B Gacceiine peku bombIinoit
Oran (XMAO) npoBeneHbl ManeodKOIOTHYECKUE HC-
CIIEIOBaHMS HAa OCHOBE aHANH3a IMOYBCHHBIX IPOQUIICH
CPEIHETAaEKHOTO HJUIIOBUAIIBHO-)KENE3UCTOr0  Iecya-
Horo nonzona (60°24'32.3"N, 73°56'46.7"E) [Jloiiko u
Ip., 2022].
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Fig. 1. Geographical location of the research area

ABTOpBI BBISBIIN TUPOTEHHBIC COOBITHS UCCIEIye-
Moro paiiona 3a nocienaue 5000 kan. 1. OCHOBHOW ak-
[EHT pabOThl YYEHBIX HAINpPAaBICH Ha JOKA3aTEIHCTBO
TOT0, YTO «HETPEPHIBHOE CYILIECTBOBAHUE JIECHON CPEIbl
MPUBOAUT K MOCTOSIHHOMY TOTPYXEHHUIO TPEBECHBIX yT-
Jiell B MOYBY U COXPAaHEHHUIO UCTOPHH JIECHBIX MOXKapoB
UL OTHENBHBIX JTaHAMAa(QTHEIX (anuiiy [Jloiko u mp.,
2022, c. 187]. Oxnako, pe3yapTaToOB MPOBEIACHHBIX HC-
CIIEJOBAaHUN HEJOCTATOYHO JJISl BBISBJICHUS JOJITOBpe-
MEHHBIX ITaJICOMOXKAPHBIX COOBITHH Ha JaHAmAa(THOM
YPOBHE B IIpefiesiaX cpelHeTae HON MOA30HbI 3ama Hon
Cubupu 3a Bech IEPHOJ TOJIOIEHA.

MarepuaJibl H METOABI HCCJIEI0BAHUS

Jnst n3ydeHus: masieonokapHbIX YCIOBUH TOJIOLIEHA
HCIOJIb30BAHBI CIEAYIOLINE METOJIBI: MAKPOYTOIbKOBBIH,
paauoyTIepOAHBIN U CTATUCTUYECKUH.

Bo BpeMs mosnieBbIX paboT ObLT 0TOOpaH KepH 03Ep-
HBIX OTJIOKEHUU MOMHOCTHIO 231 cM m3 o3epa «S14» ¢
noMoIsio 03épHoro nopmueBoro 0ypa Ejkelkamp. By-
peHue MPOBOIIIOCH co Ipaa B Mapte 2020 r. ['myOuna
BOJIBI B 03epe B MecTe 0TOOpa KepHa coctaBuia 440 cM,
MOIIIHOCTh 0TOOPAaHHBIX TOHHBIX OTIOKEHHH (Oyporo ca-
mnponensi) — 315 c¢M A0 MOICTUIAIOUIMX CEPBIX TJIMH.
BepxHre monyXuIKue OTIOKEHUS OTOMPAIHCH TUIACTH-
KOBOH TpyOOH B BHJIC IIOT-KOPa, KOTOPBIHA H3BIICKAIICS U3

BOIBl U B BEPTHKAIBHOM IMOJOKEHHH TPAHCIIOPTUPO-
Bajics B labopartopuro. B maGopaTopun mot-kop pa3ou-
paiicst Ha 00pa3Isl Mo 1 ¢M, TakK e B BEPTUKAIBHOM IT0-
JMOKEHUW Il TPEHOTBPALICHUS  IEPEMEIINBAHUS
ocanka. /IBa OCHOBHBIX KepHA JOHHOTO OCaJKa OBLIH
pa3o6panbI Ha 06Pa3LBI 110 2 CM°.

JIs. peKOHCTPYKIUH JIOKATBHONH HMCTOPHH TaJICOIO-
JKapOB HCIOJIB30BANICS METOJ] MaKpOYTrOJIbKOBOTO aHa-
JIM3a 03epHO-0010THBIX oTioxeHuit [Whitlock, Larsen,
2002; Mooney, Tinner, 2011]. O BO3HHKHOBEHHUH JIOKATb-
HBIX TIOXKAPOB CBUJICTEIILCTBYET HAIMUKE B OTIOKEHUSIX
9acTHIl sl pazmepoM Oomee 125-150 MkM, KOTOpBIE MO-
T'YT IIEPEHOCHUTHCS HA PACCTOSIHKE JI0 2—3 KM OT odyara Bo3-
ropanus [Mooney, Tinner, 2011]. ExeromaHo 3Ti acTuIibt
morpe0aroTCsl Mo BHOBb 00Pa3yIOMIUMUCS CIIOSMU 03Ep-
HOTO 0CaJKa WM Topda, MPENCTaBILsis cOOO0H MmocnenoBa-
TEIBHYIO JIETOMUCHY MOMKAPHBIX COOBITHH 32 BpeMs CyIIle-
CTBOBaHUS 03epa WM O0I0Ta. AHAIN3 CONEPIKaHUSI YACTUI]
MaKpOYTOJIEKOB B KaXJJOM 3 00Pa3IIOB OTIOKEHUH TI03BO-
JISIET BBISIBUTH TUHAMUKY U HHTCHCHBHOCTB TIOXKapOB TIPO-
IJIOrO B IOJTOBPEMEHHOM MacIiTade.

JInist BBIIEIICHUSI MaKpOYTONBKOBOM (ppakimu u3 03&p-
Horo carporens Bce 113 o0pa3ioB, 0TOOpaHHBIX U3 03€p-
HOTO KEpHA, MPOMBIBAIUCH NUCTHIDIMPOBAHHON BOIOW U
MPOCEUBAIUCH Yepe3 CUTO C JUaMeTpoM suer 125 MxM.
B xaxeiii oopaserr qodasisum o 15 mit 10 %-ro pactBopa
mpodocdara wvatpus (NasP-07) u ocraBmsim Ha 24 daca.
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UYepes cyTKH OTCTaMBaHWsS 0Opasibl MMOBTOPHO MPOMBIBA-
JIMCh Yepe3 CUTO, B KKIBIA 00pasen no0aBisui 6 %o-Hblid
pactBop mepekucu Bogopoaa (H202) oobemom 20 mii, B
ATOM pacTBOpe 00pa3ibl BRIICPKUBAIUCE €IIe ABOE CYTOK
TIpY KOMHATHOH TeMriepatype. B urore, opranmdeckuii ma-
TepHal, He TIOJIBEPraBIIUIAC BO3ACHCTBUIO OTHS, 00eCIBe-
YHBAJICS, @ YSPHBIC U TBEPIBIC YACTUIIBI YIJISI CTAHOBUITUCH

350

JIOCTYIHBIMU JU1s1 ofcueTa. [loce mpoMeIBaHUs OT miepe-
KUCH BOJIOPOIa, B KaXIOM W3 OOPAa3IOB ITOJCUUTHIBAIIH
MaKpOCKOITMYECKUE YaCTULIBI JPEBECHOTO YTJIS C IIOMOIIBIO
Kamepsl boropoa mpu 45-KpaTHOM yBETHYIESHAH T10]] OHHO-
KyJISIpHBIM MUKpOCKonoM. J[aHHbIE IO KOIMUYECTBY MaKpo-
CKOIMYECKUX YaCTUI[ YIJIsl B JOHHBIX OTJIOKEHHSX O3epa
MIPEe/ICTaBIICHbI Ha puC. 2.
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Puc. 2. ®akTnuyeckue JaHHbIC KOHIEHTPALIMH MAKPOCKONMYECKUX YACTHUIL YIJIf
(IuHeiiHbIe pa3Mepsl >125 MKp) U3 KOJIOHKH JOHHBIX OTJIOKeHHH o3epa «S14»

Fig. 2. Actual data on the concentration of macroscopic charcoal particles
(linear dimensions >125 microns) in the column of bottom sediments of lake “S14”

B pammoyrneponmHoit nmaGoparopuu 1. Ilo3HaHb
(ITormpmra) GObLIO MONMy4eHO 5 pamuoyriaepoaHex YMC
IaTHPOBOK (Tabmuima). Ha ocHOBe paanmoyriiepomHbIX
IaT, OTKannOpoBaHHBIX B mporpamme Bacon [Christen,
Perez, 2009; Blaauw, Christen, 2011] B R 4.0.4 [R Core
Team, 2020] B cucTeMe CYHCICHHS «OT HACTOSIIETO Bpe-
MeHM» (3a HyJIeBYIO TOUKy oTcdeTa npuHsT 1950 r.), mo-
CTpOEHA TTTyOMHHO-BO3PACTHAS MOJIEITh IOHHBIX OTIIOXKE-
Hult o3epa «S14» (puc. 3) u paccunTaH KaJleHIapHBIA
BO3pacT Kaxxaoro obpasna. Bee manpHelmme maneope-
KOHCTPYKILIMH JUI 3TOTO pa3pe3a cAelaHbl Ha OCHOBE Ka-
THOPOBaHHOTO (KaJCHIAPHOT0) BO3PACTa.

C momompto mporpammel  CharAnalysis [Higuera,
2009], aganTUpoBaHHOH A1 cpedbl IporpaMMHUpOBaHus R,
OCYIIIECTBIICHA CTATUCTHYECKas 00pabOTKa IMONTYydEHHBIX
JTAHHBIX TI0 KOJIMYECTBY MaKpO4aCTHUI] YIJIsl B JIOHHBIX OT-
noxeHusax ozepa «S14» (puc. 4). OTta nmporpamma Mo3Bo-
JUIa paccuuTaTh CKOPOCTh AKKyMYJISIIMM YacTHIL YIJIs
(CHAR-unpekc), onpeaenuts (hOHOBBIE U TOPOrOBEIC 3HA-
YeHUs I OTJeJIeHUs JIOKaIbHBIX (B paauyce 10 1-3 kM oT
oyara BO3ropaHusi) oXapoB OT PErHOHANIBHBIX (Ha paccTo-
stHUM 70 20 KM), a TakoKe BBISIBUTH KOHKPETHBIE MTOYKapHbIE
smm30161. OCOOEHHOCTD MTPOrPaMMEI B TOM, UTO C €€ TIOMO-
IBIO OCYIIECTBILIETCS TIepecyeT abCOMOTHOrO KOTMYECTBa
YacTHUIl MaKpOYTOIbKOB B CTaHIapTHOM oObeMe obpasia
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(KOJMYECTBO MAKPOYACTHIL / 2 CM*) Ha CKOPOCTh aKKyMYyJIsi-
UM YIS (JacTHIL / cm¥ron).

[IpenBaputenpHas MOATOTOBKA K paboTe ¢ mporpam-
MOU BKJIIOYasa B ce0sl CIEAYIOIINE 3Talbl: MOCTPOCHUE
TITyOMHHO-BO3PAaCTHON MOJIEITH OTI0KEHHUH C MOCIEIYIO-
e KamuOpOBKOM JIaT, cocTaBiieHHE TaOmHIBI B Mi-
crosoft Excel ¢ BHeceHHEeM MaHHBIX 10 TIIyOWHE Bepxa U
Hu3a 06pasia (cM), Bo3pacTa (Kal. 1eT), oobema (cm’) u
KOJTMYECTBA YACTHI[ MaKPOYTOIBKOB JUIS BCEH KOJIOHKH
o0pasnoB. B kadecTBe XpOHOIOTMYECKOW OCHOBBI HC-
MOJb30BAIKCH JaHHBIE TIIYOMHHO-BO3PACTHOW MOJIEIH
omnoxkenwii. [Tocme 3toro, B mporpamme CharAnalysis
MIPOM3BEJICHA WHTEPIONALUS 3HAYCHUH KOHIIEHTPAIUU
YTOJIBKOB, TIYOUHBI 0TOOpa 00pa3IOB U MX JATHPOBOK K
€IUHOMY BPEMEHHOMY pa3pelICHHUIO C UCIOIBE30BaHIEM
MeauanHoro 3HadeHus 103 rona Ha obpaser. Ha ocHoBe
MOTYYCHHBIX 3HAYCHUH paccUrTaHa CKOPOCTh aKKyMYJIs-
LMY YaCTHIl MAaKpOYyTOJIbKOB (pHC. 4).

JIst critaskxuBaHusT KPaTKOCPOUHBIX KONEOAHUIA U OTIe-
JICHWS PETHOHAITBHBIX ITOKAPOB OT JIOKATBHBIX PACCUUTAHBI
(hOHOBBIE 3HAYECHHS CKOPOCTH aKKyMYJISIIIAH YTIIA (3TO HU3-
KOYAaCTOTHBIC KOJCOaHHsI CKOPOCTH aKKyMYIISIIIUHM YT OJb-
KOB, OTPa)KarOIHE PETHOHAJBHBIC MOKAPKI), & TAKKE IMO-
IPEIIHOCTH TP MTPOO00TOOpE, MPOOOIOArOTOBKE, aHAJIH3E
PE3YIBTATOB M BOSMOYKHOM TTEPEOTIIOKEHIN YIS,
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@DOHOBBIE 3HAYEHUS OMNPEACISUIN CTAaTUCTUYECKUMU
(YHKIUSIME, JTOCTOBEPHO OIHCHIBAIOIINMY PacpeieiCHUe
CKOPOCTH aKKyMYJISIIIMK MakpodacTul yris. Camolt onTu-
MAJTBHO OKa3anack (YHKIHSI JIOKaIbHO-THHEHHON perpec-
cun (LOWESS) ¢ nepuonom criaxxuanus 1 500 mer.

[ToporoBele 3HaueHHS, MOAETUPYIOLIUE JIOKAJbHbIE
MOXKapHble SMU30/bl MyTEM BbIAEJICHUS 3HAYCHUM, Tpe-
BEIIIAIOIINX (DOHOBBIC TIOKA3aTENH, PACCUUTAIN CO-
riacHo ['ayccoBodl MoJnenu paccerBaHHs NpUMeced c
BPEMEHHBIM OKHOM (B JIaHHOM CIlydae OHO OBLIO TpH-
HATo paBHbIM — 11 000 ner). be3pa3smepHblit HHIEKC OT-

HomeHns curHana k mrymy (SNI) [Kelly et al., 2011] uc-
TI0JTB30BaH JIJIsI CTATUCTUYECKON JTOCTOBEPHOCTH BPEMEH-
HOr0 OKHAa. MUHHUMAIbHO HEOOXOJUMBbIE 3HAYEHUS
SNI > 0,5, a 3aauenuss SNI > 3 SBIAIOTCI MaKCUMAaJbHO
JIOCTOBEPHBIMH ISl BBIICTICHHS JIOKATHHBIX I0XKAPOB.
Jnst o3epa «S14» Takoit mopor coctaBun ot 2,5 no 4,5,
9TO YAOBJICTBOPSIET CTATUCTUICCKUM TPEOOBAHUSIM aHa-
nu3a. B kauectBe mopora Mbl YCTAHOBWIIM 9-U TPOLIEH-
TUJIb pacHpeeieHus] IIyMOB, MPEBBILICHHE 3HAYCHUN
KOTOPOro 0003HAYall0 HajJW4yhe JIOCTOBEPHOrO MoXKap-
HOT0 3TIM30/1a HA UCCIIEAYEMON TEPPUTOPHH.

PaguoyrJiepoaHblie AaThl JOHHBIX OTJIOKEeHMIT 03epa «S14»

Radiocarbon dates of bottom sediments of Lake “S14”

= 14 =
JlaGopaTopHEIi HOMEP Tiny6usa oT6opa 06pasia, cm Bo3zpacr, “C KanmnbpoBaHHbIif BO3pact
oOpasma JIeT Hazax o Bacon (xan. 1. H.)
Poz-134628 50-51 5320+40 6096
Poz-134626 100-101 8190+50 9045
Poz-135825 145-146 8910+50 10 030
Poz-135824 190-191 9580+50 10 927
Poz-135823 222-223 9690+50 11592
Mk/cyT
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Puc. 3. I'myOunHO-BO3pacTHAS MOJEIb JOHHBIX OTJI0KeHUH 03epa «S14»

Fig. 3. Depth-age model of bottom sediments of lake "S14"
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Puc. 4. UzMeHeHue CKOPOCTH AKKYMYJISIHM MAKPOYT0JILKOB B JOHHBIX OTJIOKEHHAX 03epa «S14»,
PACCYNTAHHOE 10 JAHHBIM a0COTIOTHOIO NOACYeTa MAKPOYT0JILKOB
¢ nomomwbio nporpammsel CharAnalysis

Fig. 4 The change in the rate of accumulation of macro-charcoal in the bottom sediments of Lake “S14”
calculated according to the data of the absolute count of macro-charcoal using the CharAnalysis program

B mporpamme Tilia 2.0.41 [Grimm, 2004] moctpoena
JarpaMma KOHIICHTPAI[MH MaKpOYTOJIbKOBBIX YAaCTHII B
OTJIIOXKEeHUsIX 03epa «S14» (puc. 5) Ui TOCIEAYIOUIEro
CpaBHEHHS ¢ UMEIoIUMUCS s 3ananHoi Cubupu ma-
JICOKJIMMATUYECKUMHU  PEKOHCTPYKIUSAMH [ ApXUIIOB,
Bonkosa, 1994], orpaxaromumu oOLIyI0 AWHAMUKY
CpPEeIHUX T'OZOBBIX TEMIIEPATYP U T'OAOBOT0O KOJIMYECTBA
aTMoc(hepHBIX ocaakoB. /i cOmoCTaBICHUS MOTyYCH-
HBIX MAaKpOYTr'OJbKOBBIX JAaHHBIX C MaleOKIMMaTH4e-
CKUMH PEKOHCTPYKIHSIMHU MBI OTKAIAOPOBAIN TPAHUIIBI
MIEPUOJIOB TOJIOLIEHA JTUTEPATYPHOrO UCTOYHHKA C TIOMO-
mpro mporpammbl IntCal 20 (calib.org/calib/). Umenno
9TH KamuOpoBaHHBIC (Kall. JI. H.) JATUPOBKH HCIONB30-
BaHBI JUISl COMOCTABJICHUS C KATMOPOBAaHHBIM BO3PAaCTOM
rpaduka KOHIEHTPAUH MaKPOYTOJIbKOB U3 OTIOXKEHUH
o3epa «S14». B mporpamme Past 4.02 [Hammer, Harper,
Ryan, 2001] npoBezieH KOppeNALMOHHBIN aHaIU3 Hapai-
JIETBHBIX PS/IOB JAUTHTAIH3UPOBAHHBIX JAHHBIX MaKpo-
YTOJIbKOBOT'O aHAJIN3a C OITyOJIMKOBAHHBIMH PEKOHCTPYK-
OUSAMH TAJICOKITAMAaTa (TaK JKe TUTUTATH3NPOBAHHBIMH)
¢ BpeMeHHBIM miaroM B 100 ner. Jlururanuzamus ocy-
1IecTBJIeHA B porpamMmme PlotDigitizer
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(https://plotdigitizer.com/). [TockonbKy maHHBIE MaKpo-
YrONBKOBOTO aHAM3a HE UMEH «HOPMAIILHOTO pacipe-
nenenns» (Shapiro-Wilk test p<0,01), MBI ucmonb30-
Bad HemapaMeTpuueckuil KOAQPUIUEHT KOPPEIAIUU
Crniupmana.

Pe3yabTarhl ncciaenoBaHmii 1 UX 00CyKAeHHE

JUI. peKOHCTPYKIIUU TOJIONEHOBOW JWHAMUKHU I1a-
JICOTOKAPOB B CpenHeTae)kHOH mom3oHe 3amanao-Cu-
OWPCKOI paBHUHBI HCIIOJIB30BAHEI TIOTYYCHHBIC HAMHU Pe-
3yIBTATHI PaJANOYTIIEPOTHOr0, MAKPOYTOIEKOBOTO H CTa-
TUCTHYECKOT0 aHAIM30B JOHHBIX OTJIOKEHHHA o03epa
«S14» BHU3yaIM3UPOBAHHBIC B BUJC I'paUKOB H JUA-
rpaMM Ha PaBHOMEPHOH TITyOMHHO-BO3PACTHOW IIKAIe
(puc. 2-5). lns paccMOTPEHUS HCTOPUH PACTUTEIBHOCTH
pEerroHa B3STHI 32 OCHOBY OITYOJMKOBAaHHEBIC CIIOPOBO-
MBUIBIIEBBIC TUATPAMMEBI JUTSL CPETHETAC)KHON ITOI30HEI
3amagno-Cubupckoir paBuuHEI [Pitkdnen et al., 2002;
Amon et al., 2020].

CornacHo JaHHBIM PaJUOYTIICPOTHOTO JaTHPOBAHHUS
(Tabmuma, puc. 3), GOpMUPOBaHHE 03CPHBIX OTIOKEHUH
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B 03. «S14» Hayanock 11920 kain. 1. H., OXBAaTHB BCE IIe-
pHOABI TOJNOLIEHA: MpeadopealbHbli, OOpealbHbli, aT-
JIAHTHYECKHi, CyOOopeanbHbIil 1 cyOaTIaHTHYeCKHH. 3a
BCE BpeMsl Pa3BUTHSI 03epa U OKPYXKAIOLIUX €ro JaH-
ma)ToB, IO MOTYYCHHBIM HAMHU JIAaHHBIM O CKOPOCTH aK-
KyMYILIIIUH MaKpOYTIIS B 03EPHBIX OTIOXKEHUSX, TCPPH-
TOpUS MOJIBEPraiach HEOJIHOKPATHOMY BO3JIEHCTBHIO MO-
KapHOW aKTHBHOCTHU C HECKOJIBKUMH MEPUOAAMHU YBEIIU-
YEeHUs U YMEHBIIEHUS KOJMYeCTBa M0KapOoB.

PesynbraThl pacyera CKOPOCTH aKKyMYJISILIMA MaKpo-
Y151 B 03€PHBIX OTIIOKEHUSIX (pUc. 4), OIyuYeHHbIE C UC-
monb3oBaHreM Tporpammbel  CharAnalysis [Higuera,
2009], moka3pIBalOT JUHAMUKY MTOXKapPHOH aKTUBHOCTH.

Kak BugnO 13 rpaduka (puc. 4), 3a ~12 000 xair. nert
(oHOBasI CKOPOCTh HAKOILUICHHUS YISl BapbHpOBaja OT
0,1 mo 1,1 wactun Ha cM’/roa. 3adHKCHPOBAaHBI [Ba
MUKAa MAaKCHMAIBHOH CKOPOCTH aKKyMYJISIIHH YTrONb-
KoB: ~ 6800—7500 kan. J1. H. — B cepeJlMHE aTIaHTHYe-
ckoro mepuoma (mo 1,0 ma cm*rom) m ~ 10700—
11500 kax. 1. H. (10 1,1 Ha cM?/rox) — BO BTOpOIi IOJIO-
BHHE MpedopeanbHoro nepuoaa. MuHuManbHas (OHO-
Basl CKOPOCTb HAaKOIUIEHHs HaOJI0AaNach Ha TpaHULIE
0OpeaJlbHOTO W aTIAHTHYECKOro mepuonoB ~9000—
8000 xax. 1. 1. (0,1 Ha cM?*/rox). UuTepnperanus doHo-
BBIX CKOPOCTEH aKKYMYJIALUN YaCTHIL YIS C TOMOILBIO
nporpammbl CharAnalysis 3adukcupoBana 16 nokaib-
HBIX TOXKapHBIX 3MH3040B. X0TsA Ha rpaduke (puc. 4)
3HAYCHUH, MPEBHIIIAIONINX (POHOBBIE, TOpa3a0 OONbIIE
(23), HO OHU He OTME4YeHBI MPOrpaMMOl Kak Haubonee
BEPOSITHBIE TMOXKAPHBIE SMU30]IBI.

Pacnpenenenue konu4yecTBa nokapoB HEPAaBHOMEPHO
10 BPEMEHHU, UX BBICOKAsl 4YaCTOTa OTMEYAETCs B paHHEM
ronomene (11800 kan. 1. H.) 10 ~ 9500 kai. 1. H. (6 J0-
KaJIbHBIX TIOKAPHBIX 3MHU30/10B), CBUIETENLCTBYS O KPYII-
HBIX OYarax BO3TOpPaHHs B 3TOT MEPUOJ (CKOPOCTh aKKy-
Mynsuuu Bapsuposana ot 0,1 10 1,1 Ha cm?/rox).

B nepuog ¢ ~9500 no ~7900 xain. 1. H. TOXapoB HE
HaOmoaanock, ¢ ~7900 kaJ. JI. H. CKOPOCTh aKKyMYyJIs-
MM MaKpoOyroJbKOB yBeuumnach (j1o 0,2 Ha cM?/rog),
a~7400 ka. J1. H. Ipor30LIeN KPYIHBIHI JTOKaJbHBIH MO-
xap (0,9 Ha cm?/roxm). C ~7000 Kan. 1. H. HAUMHAETCS
MOCTEIIEHHOE CHM)KEHUE CKOPOCTH aKKyMYJSLHUU 4Ya-
crug yrisg (¢ 0,6 go 0,1 na CMz/FOL[) BIUIOTH JIO
~6100 kai. 1. H., KOrJ]a MPOU30IIEH €Ile OJUH JTOKaTb-
HBIA TIOKAPHBIA 3MH30]. 332 Bech CyOOOpEaNbHBIN TIe-
puoxa (5170-2608 kain. yi. H.) oTMEUeHO 4 JIOKAJIBHBIX
moXkapa cO CpelHed CKOPOCThIO HAKOIUJIGHUS YIS
0,3ma cm’rox. C xoHma cy66opeana (IpUMEPHO C
2700 kamn. 1. H.) g0 ~1900 kan. 1. H. cybaTiaHTHYe-
CKOro mepuoja HabmopaeTcs: o0Iiee CHUXKEHUE CKOPO-
CTH HakorieHus yroiskos (0,2-0,3 Ha cm*/ron) u or1-
CYTCTBHE JIOKAJIbHBIX MOXkapoB. C cepenuHbl cybaTiaH-
TUYECKOTO MepHoJia U 10 HAIUX AHEH MPOU30ILIO Ye-
ThIPE JIOKAJIbHBIX 3MU30Ja C 3aMETHBIM YBEIUYEHHEM

CKOPOCTH aKKyMyJsiuuu Makpoyris ~500 kam. a. H.
(0,5-0,6 Ha cm’/ron). B mocnenHne mpHOIM3NTENBHO
100 s1eT CKOPOCTh AKKYMYJISILIUU MAKPOYTOJIBKOB CYIIle-
cTBeHHO cHIkaetcs ¢ 0,6 10 0,2 Ha cM>/Tox.

Mpl cpaBHHIM PE3yNbTAThI MOJCYETa aOCONIOTHOTO
KOJIMYECTBA YaCTUL[ MAaKpOYTOJIBKOB B OTJIOKEHHUAX
o3epa «S14» 3a 11920 kan. 7. H. C TaJIEOKIMMATHYEC-
CKHMH PEKOHCTPYKIUSIMH TEMIIEPATyphl BO3LyXa U Oca/l-
KoB Juiad 3anaaHo-CuOupckoil paBHHMHBI MO yCpPEIHEH-
HBIM TaJIeONaJIMHOJIOIMYECKUM JaHHBIM (puc. 5) [Apxu-
noB, BonkoBa, 1994]. U3MeHeHus: 00MIINST MAKPOYTOJIb-
KOB COINOCTaBJIEHbI HA €IMHOW paBHOMEPHOI BpEMEHHOM
mKane (KaJuOpOBaHHBINM BO3PAcT), MPeXAe BCEro, ¢ -
HaMHUKOI rOZIOBOT0 KOJIMYECTBA OCAIKOB.

Oxa3aiock, 4TO B MEPUOJBI ¢ 00JIee CyXUMH KITHMa-
TUYECKAMHU YCIOBUSMHU (DUKCHPOBAIOCH IOBBIMICHHOE
co/iepKaHKUEe YaCTHI MAaKpOCKOIIUYECKOro yris, a B 6o-
Jiee BJIAXKHBIE MEPUOJIbI KOJIMYECTBO UX YMEHbBIIANOCH.
BrisiBieHa BbICOKO 3HAYMMasi OTpulaTeIbHas Koppems-
uusa (r = —0,69, p <0,001) Mmexay AaHHBIMH 11O COAEP-
XKAHUIO YaCTHI] MaKpOyroJbKOB W JaHHBIMH PEKOH-
CTPYKIIMH TOJIOBOTO KOJIMYECTBA aTMOC(HEPHBIX OCaJ-
KOB (KOppeJysiiisi Belach IO AWTHUTAIM3UPOBAHHBIM
JaHHBIM O0OOMX TMOKa3aTeled CHATBIX C 1IaroM B
100 neT).

Pe3ynbTaThl CTATHCTHYECKOH 00PaOOTKH € IIOMOIIBIO
nporpammbl CharAnalysis (cM. puc. 4), a Takke COIO-
CTaBJICHWE MaKpOYTOJIbKOBBIX JaHHBIX C MaCOKIMMAaTH-
YEeCKMMH PEKOHCTPYKIHUSIMH Ha €IUHOM paBHOMEPHOM
BPEMEHHOI 1IKane (puc. 5) MO3BOJIUIN BBIIBUTH OCHOB-
HbI€ 3Tanbl MCTOPUM MANEONOXKAapPOB Ha HCCIeNyeMOi
TEPPUTOPUH.

1. Ha Teppuropuu cpeaHETae)KHOW MOA30HBI 3a-
naaHo-CuOMpCKol paBHUHBI B IpeOOpeaIbHbIA PO
ronouena (11960-10620 kan. 1. H.) HabIOAAIACh MTOBBI-
LIeHHAs MOXKapHas aKTUBHOCTb, O YEM CBUAETENBCTBYET
BBICOKasi CKOPOCTh aKKyMYJIALIMM MaKpOyrojibKOB PacTH-
TenpHOro npoucxoxkaenus (~1,1 va cm?/ron) ¢ Tpems 1o-
KaJbHbIMU noxkapamu (~11500 kai. 1. H., ~11100 kan. .
H. u ~10700 kan. 7. H.), BBIAECTIEHHBIMH MPOrpaMMOil
CharAnalysis (cM. puc.4) u 0003HaUYCHHBIMH Kpac-
HBIMH KPECTUKAMH.

KonuenTpanus HecKOIbKHUX MOKAPHBIX SMTU300B Ha
HeOobIIoM BpeMeHHOM uHTepBaiie (800 yer), a Takxke
BBICOKAsi CKOPOCTb HaKOIUIEHUS MaKpOYTr'OJIbKOB, BEPO-
SITHO, CBUJIETENILCTBYIOT O KPYIMHBIX OYarax BO3ropaHus
B 3TOT nepuon. [lameoskonornyeckoe MccienoBaHUE,
npoBeneHHoe B TromeHckoir obmactu  (60°10'N,
72°50'E) [Turunen et al., 2001], Taxke BBISIBHIIO IO 00-
HapY>KEHHBIM B TOP(SIHBIX KOIOHKAX IPOCIONKAM yTIIsI
HECKOJIbKO JIOKAJIbHBIX [10XKAPOB, MPOU30LIEIINX B Te-
puox 12300-10000 kai. . H.

[lepBoe TronoLIEHOBOE MOTEIUVIEHHE MPUILUIOCH Ha
Hauvayo npedopeansroro nepuona [ Blyakharchuk, 2009],
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XOTs B LIEJIOM KJIMMAaT TOrAa ObUI CyIIe U XOJIOJHEe CO-
BpeMmeHHoro [Apxurmnos, Bonkosa, 1994]. B stot nepuon,
110 HAIlIMM JIaHHBIM, 3a)MKCHPOBaH OJIMH JIOKAJILHBIH 1O~
skapHblil arm3ox (~11500 kai. 1. H.) ¢ IOCTENEHHO yBe-
JMYUBAIOLICHCSA CKOPOCTBIO akKyMyisiiuu yris (ot 0,1—

0,4 110 1,0 Ha cM*/rox). TINK KOHIIEHTPAIIMH YaCTHUI YISt
B 00pasiax OTJIOKECHUH MPHILEICS UMEHHO Ha 3TOT Ie-
puon (~310 wactuu/2em’) (puc. 5). BeposTHo, cyxue
YCIIOBUS CIIOCOOCTBOBAJIH ITOCTEIIEHHOMY PaCIpOCTpaHe-
HUIO MOXKapoB BOKPYT 03epa.

Makpoyronbku PekoHCTpyKUMKM naneoknumara
(abcontoHble NoAcHETI)
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Puc. 5. Conep:xanne MakpoyroJIbKOBBIX YaCTHIL B OTJIOKeHUSAX 03epa «S14»
B CPABHCHHH C NATCOKJIMMATHYCCKMMHU PEKOHCTPYKIUAMH rOJI0LeHA
st 3anmagnoii Cubupu [Apxunos, Bonkosa, 1994]

Fig. 5. Content of macrocharcoal particles in the sediments of Lake “S14” in comparison
with paleoclimatic reconstructions of the Holocene for Western Siberia [Apxunos, Boakosa, 1994]

Bropas monoBuHa mpebopeania XapaKTepH30Bajach
HEOONBIINM TIOTCIUICHHEM W YBIAKHEHUEM KIIMAaTa
[Apxunos, Bonkosa, 1994], HecMoTps Ha 3TO, MUK MUPO-
TCHHOW aKTHBHOCTH IMPUIIEICS UMEHHO HA JAHHBIN TIe-
puoxa (~11300-10700 kan. JI. H.) ¥ BKJIOYaN B ce0s Ba
JIOKAJIBHBIX MOXAPHBIX 3mu301a. Ka3anock Obl, BBIABIIS-
€Tcid NPOTHBOpEYME: YBEITUUYEHUE OCAJKOB U TEIIble
ycioBus B OopeansHO# 30He 3anamgHo-CuOupckod pas-
HUHBI HE OCTAaHOBWJIM PACHpPOCTpPaHEHHUE MaJIeONokKapoB
Ha TEPPUTOPHH, a, HAPOTUB, CIIOCOOCTBOBAIM UX pac-
MPOCTpaHEeHUI0. BepoaTHO, Takue YCIIOBHS HPUBEIH K
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YBEJIIMYEHHUIO TPO30BOM aKTUBHOCTH, MPHUBEALICH K BO3-
TOPaHMIO PACTUTEIHLHOCTH BOKPYT 03epa. K Tomy sxe Ten-
JIBIC W BJIAXKHBIC YCIIOBHS MOTJIH CIIOCOOCTBOBATH HAKOII-
JIEHUIO 3HAYUTENBHOTO KOJIMYECTBa PACTUTEILHON opra-
HUKH, CIIy>)KUBLIEH TOPIOYMM MaTEpUAIOM IPU BO3HHK-
HOBEHMH TOXapoB. Kpome Toro, cropoBoO-NIbLIbIIEBBIE
cnekTpel o3epa «CBerienpkoe» (XMAOQO) [Amon et al.,
2020], pacroyio)KEHHOTO B HECKOJIBKHX KHUJIOMETpPaxX OT
TOYKH MCCIIEIOBaHUS, IOKa3aJH, YTO B 3TO BpeMs Ha Tep-
PHTOpHH CPEAHETACKHOM MON30HbI 3ananHoit Cudupu B
pacTUTENIbHOM TIOKpOBE Mpeobsiajanu Jieca. Takxe B
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CIIOPOBO-TIBUIBLIEBBIX CHEKTpax BCTpeYalIuch B HEOOIb-
oM KonmuecTBe Betula pendula, Picea obovata v Alnus.

2. B Oopeanpublii mepuon romouena (10620—
8880 kai. 1. H.) HAOIO1aI0Ch 00IIIee CHIYKEHUE CKOPO-
CTH HAaKOIUIEHUS MaKPOCKOIMUYECKHUX YacCTHLl YIS IO
CpaBHEHHIO ¢ TpeablaymuM nepuonoM (0,2 Ha cm?/rox)
(puc. 4), TeM He MeHee, MMPOreHHasi AKTUBHOCTh MPOSIBU-
Jach B BHJE TPEX HEOONBIIMX JOKAIBHBIX TOXKapOB
(~10400,~9800, ~9500 kai. 1. H. cooTBeTCBEHHO). B Tio-
MEHCKOW o0iactu B paiioHe bonbioro Bacroranckoro 6o-
JIOTa B CIOSIX TOP(MSHBIX OTIOKEHHH, COOTBETCTBYIOIIIX
sromy Bpemenu (9000-8000 xai. 1. H.) oOHapy»keHbI Tpo-
CIIOWKH YIS, CBUJETENbCTBYIOIIME O MOXKapax MPOLLUIOro
[Pitkénen et al., 2002; Turunen et al., 2021].

OOmiee CHW)KEHHE IOXKAPHOH AaKTUBHOCTH MOTJIO
OBITH CBSI3aHO C ITOCTEIICHHBIM YBEINYCHUEM (10 CpaBHE-
HUIO C TpendopeabHbIM MIEPUOIOM) OOMIIHSI BBINAIa0-
IIUX aTMOC(EPHBIX OCAJKOB. MIHTCHCHBHBII ceBepo-3a-
MaJHbI MepeHoc BO3AYMIHBIX Macc ¢ DeHHOCKaHIUU
YBEJIMYMII KOJIMYECTBO OCAJKOB B 3TOM peruone [Amon
et al., 2020]. Beicoknii ypoBeHb yBIIa)XHEHHUS B Oopealib-
HOM MEpuoJie TOATBEPXKIAIOT M JIpyrue HcciaeaoBaHus
[Blyakharchuk, 2009]. B nentpanbpHOil yacTi 3amaiaHo-
Cubupckoii paBHuHBI ~10300-9000 Kayt. j1. H. HaJajCs
mporecc 3abonmaunBanus Tepputopun [Pitkdnen et al.,
2002; Kremenetski et al., 2003; AxrtepskoBa, JlemmH-
ckuii, 2014], BO3MOXKHO, TaK >K€ TTOBJIASIBIIHIA HA CHUXKE-
HUE MOKapHOH aKTHBHOCTH B peruoHe. Hawano Gopeana
03HaMEHOBAJIOCh CYXHMHU KIIMMATHYECKUMH YCIOBUSIMHU
[Apxumios, Bomkosa, 1994], koTopsie mpuBeu K HEOOIb-
oIoMy JIOKaJIbBHOMY ToXapy B paiioHe ozepa «S14»
(~10400 kaun. 1. 1.). Kpome Toro, 3adukcHpOBaHHBIC B
JIOKAIBHBIX TIOKApHBIX JIU307[a B CepeluHe Oopeana
TaKXXe, BEPOSATHO, CBSI3aHBI C KPAaTKOBPEMEHHBIM HCCY-
LIEHHEM KJIMMaTa, OTMEUYEHHBIM B PEKOHCTPYKLUSAX pe3-
KUM CHH)XEHHEM TOJIOBOTO KOJIMYECTBA OCAJIKOB B 3TO
Bpemst [ Apxurnos, Bonkosa, 1994]. CiopoBo-nbLIbIIeBbIE
cnekTphel o3epa «CBerneHpkoe» [Amon et al., 2020] u
«Canpmcko-lOranckoro» 6omnota [Pitkdnen et al., 2002]
YKa3BIBAIOT Ha pocT o0mnus Betula pendula B pactuTennb-
HOM TIOKPOBE U YMEHbILIeHUE ponu Pinus sibirica u Picea
obovata B Hadane 6OpeaTbHOTO Meproaa. ITO TAKKE YKa-
3bIBAE€T HAa CMEHY NPUPOIHO-KIMMATHYECKUX YCIIOBHI
peruoHa. B mienoM, BIaxKHBIE YCIOBHS OOpeaIbHOTO TIe-
pHOIa M aKTHBHEIE 0OII0TOOOPa30BaTEIBHEIC MTPOIIECCHI
MOBJIMSAJIM HA YMEHbILIEHUE MOXKapHOH aKTUBHOCTU Tep-
PHTOpHH, HO HE CIIOCOOCTBOBAIM MOJTHOMY IIPEIOTBPa-
LICHUIO MTOXKaPOB.

3. B ammantuueckuit mnepuop rosjoueHa (8880-
5200 kan. 1. H.) HAOJFOIACTCsl CHIDKCHUE MTOXKAPHOH aK-
TUBHOCTU J0 YMEPEHHOM C JBYMS JIOKAJIbHBIMH IMOXKap-
HBIMH 3MHU30JaMH, OTMEUYEHHBIMU BBICOKOH CKOPOCTBIO
HaKOIJIEHHs Makpoyronpkos (10 1,0 Ha cm*/ron)

(puc. 4). YBenuueHue akKyMyJIsaLUU YIS, a TaKXKe CO-
Jep>kaHusl aOCOJIIOTHOTO YKMCiia MaKpOYacTUL[ YIJisl B OT-
JIOKEHUAX HAOI0a10Ch B epuo ~7500—6800 kai. . H.,
a ~7400 kan. 1. H. 3aQUKCUPOBAaH KPYIHBIN JOKAIbHBIN
MOXKapHBIM 3nu304. Bropoil maneonoxap HpoW30MIET
~6100 kan. 1. H., @ CKOPOCTb HAKOIUIEHUS YIJIsl CHU3U-
nack 10 0,3 Ha cm*/ron. Kpome Toro, creisl MoxKapHOi
AKTHBHOCTH B CIIOSX TOPQSHBIX OTIOKEHUH OOHapy-
KEHBI Ha Tepputopun TromeHckor obmactu [Turunen et
al., 2001] B mepuox mexay ~8110 u 4800 kan. . H.

B artnanTtuyeckuii nepuoa OKOHYATEIbHOE MCYE3HO-
BeHHe CKaHAMHABCKOTO JICHUKOBOTO IIKTA U ociabie-
HUE CBA3aHHOr0 ¢ HUM EBponeiickoro aHTUIMKIIOHA CIIO-
coOCTBOBaM (POPMHUPOBAHUIO MPSIMOrO IEPEHOCA BO3-
JYIIHBIX MacC Ha BOCTOK 13 ATnantuku [Groisman et al.,
2013], uTo mpuBeENO K rojioleHoBOMY onTuMymy ~6000—
5500 xan. 1. H. [Blyakharchuk, 2009; Groisman et al.,
2013]. Teruisle u BIa)xHbIE YCIOBUS 3TOr0 nepuoaa [ Ap-
xurnoB, Bonkosa, 1994; Blyakharchuk, 2009] B menom
MIOBJIMSAJIM Ha CHID)KEHUE MOXKApHOW aKTUBHOCTH B Cpell-
HeTae)xHoU moazoHe 3anagHoi Cubupu. OHAKO MO TaH-
HbIM MaKpOYTOJIbKOBOTO aHaju3a OTJIOKEHUH o3epa
«S14» B cepeanHe aTIIaHTUYECKOTO MEPHOAa OTMEUYEHO
HECKOJIbKO KPYIHBIX MaKCUMyMOB B CKOPOCTH aKKyMy-
JISIUY MaKpOYTOJIBKOB, OJJMH M3 KOTOPBIX IUArHOCTUPY-
ercst mporpammoii CharAnalysis kak OOJBIIONH JTOKaTh-
HbIii moxkap ~7400 xain. 1. H. DTa cepus MoKapoB MOrja
OBITH CBsI3aHA JTHOO C KPAaTKOBPEMEHHBIM HCCYIICHUEM
KIIUMaTa, OTMEUEHHBIM B PEKOHCTPYKLUAX [ApXMIIOB,
Bonkora, 1994], neckonbko panee — 7620 kai. . H.,
00 ¢ MHTEHCU(UKAIMEH TPO30BBIX SBICHUH B TOJOIE-
HOBBIA onTUMyM. IIpuMeuaTenpHO, YTO B 3TOT Ke Ie-
puox (~7500-6800 ka. 1. H.) HaOIrOAAJICS PE3KHUil CKa-
YOK CKOPOCTH OCaJIKOHAKOIJICHHsS B JOHHBIX OTJIOXKE-
HusX o3epa «Ceernenpkoe» [Amon et al., 2020], Ho 3a-
MEJTUIIOCh HaKOIJIEHHE OpraHM4ecKoro BemecTna. Pes-
KHIi pOCT CKOPOCTH aKKYMYJISILIUM IUaTOMOBBIX BOJIOPOC-
nelt Takxke orMedeH B 3ToT 700-netHuit nmepuoj. Taxke
3a(DUKCHPOBAHO YBEIMUYCHUE COICPKAHMS MBUIBIEI Bet-
ula pendula B ciopoBO-IIBUTBIIEBEIX CrIeKTpax [bisxap-
gyk, 2012; Amon et al., 2020], a mgons mbUTbLBI Pinus
sibirica u Picea obovata yMEHBIINIIACH, YTO MOXKET OBITh
CJIEJICTBHEM IIOCIIETIOXKAPHBIX CYKLECCUH B pacTUTEIb-
HOM MOKpoBe. [locTerneHHo MosBIAIach MbUIbLA HIUPO-
KOMUCTBEHHBIX mopox (Ulmus), yBeTMYUIOCH KOJUYe-
CTBO MBUIBLBI TPaBSHBIX TaKCOHOB. [IpuYMHON BO3HUK-
HOBEHHUS  HEOONBIIOrO MOXKapa, IPOU3OMICIIETO
~6100 kan. 1. H. B paiioHe o3epa «S14», Morja CiIy>KuTh
TpO30Basi AKTUBHOCTD IMpPU OJATOMPUATHBIX IS €€ BO3-
HUKHOBEHHUSI TEIIBIX U BIAXKHBIX YCIIOBHSIX.

HecMmorpst Ha o0Iiee yBeTMueHNE KOINIECTBA 0CaIKOB
U TIOBBIIIEHHE TEMIIEpaTypbl BO3AyXa B aTIAHTHUYECKOM
nepuoje, 700-1eTHUH MUK MOXKAPHOH aKTMBHOCTH M CKO-
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POCTH aKKyMYJISILIMK MaKpOYrOJIbKOB B HCCIIEAYEMOM paii-
OHE B CEpeIMHE Mepruo/ia, BO3MOXKHO, CBUIETEIILCTBYET O
pe3Kol CMEeHE MPUPOIHO-KIUMATUIECKUX YCIIOBUH. XOTH
B 11€JIOM YCJIOBUS aTJIAHTUYECKOTO MEPHOA CACPKUBAIIN
pacrpocTpaHeHre TUPOreHHON aKTUBHOCTH.

4. YeTtblpe TOKATBHBIX TOXKapa (CM. pHc. 4) MPOU30IILIO B
cybbopeansHbIil meprop roioreHa (52002600 kan. 1. H.).
[lo cpaBHEHUIO ¢ IPEBIAYLIMMH EPUOJaAMH, CKOPOCTb aK-
KyMYIBIIMA YT ObLIa YMEPEHHO MOBBIMICHHOW, HO Oe3
CKa9KOOOpa3HbIX IIMKOB Ha IMTPOTSHKEHUHU BCEro CyoOopeaa
(~0,3 Ha cM’/rox). JIokabHbIE TIOXkKaphbl OTMEUeHbI ~5150,
~4500, ~3800 1 ~2800 kaz. 1. H. cooTBeTCBEeHHO. bonee ya-
CTOE€ BO3HUKHOBEHHE YMEPEHHBIX MO MHTEHCHUBHOCTH IIO-
KapoB B CyOOOpEATLHOM IEPHOJIC KOPPEIHPYET C PEKOH-
CTPYHPOBAaHHBIM CHIDKEHHEM OOWITHSI aTMOC(EPHBIX 0Caji-
k0B [ Apxurios, Bonkosa, 1994].

[Momumo uccaenyeMoii TeppUTOPUH, PEKOHCTPYUPO-
BaHbl MOXapbl B TIOMEHCKOH 00jacTM B HMHTEpBaJie
Mexay 4560-3865 xan. n. H. [Turunen et al., 2001].
Taxoxe Ha TeppuTOopund TOMCKOH 00JIaCTH Y BOCTOUHOM
okpaunHbl bonbmoro Bacroranckoro 6omora 3aduKCHPO-
BaHbl MUKU NHUporeHHoi aktuBHocTu (~5000-1500 kau.
1. H.) [Feurdean et al., 2020]. Ha tepputopun Cypryrt-
ckoro [TprnoObsi BOCCTaHOBJICHA UCTOPHS MAJICOMOKAPOB
3a nocnegnue 5000 kai. 1. HA OCHOBE yTJeH, U3BIEUCH-
HBIX M3 MOYBEHHBIX npodueii [JIotiko u ap., 2022]. AB-
TOPBI HE BRISIBUIIH NasieonoxkapoB ctapiie S000 kai. . H.
B ux pexoncrpykuuu nepuog 5000-2800 kai. 1. H. Xa-
pakTepu3oBalicid CpeIHUM YPOBHEM YaCTOThl BO3ropa-
Huit. C 4000 ka1 J1. H. — OHU OTMETHJIM 001lee CHIDKEHUE
4acTOThI MOXapoB, a ¢ 2800 kau. JI. H. yBeJIMYCHUE YUCIia
noxapos Ha Tepputopun Cypryrckoro [1probssi.

XomonHbIe M Cyxue yciloBus cybbopeana [ApXHIIOB,
Bomnkosa, 1994; Blyakharchuk, 2009] Moriu moBmusite Ha
MOXKAPHYIO aKTHBHOCTH B peruone. B Hadane cyb0opeans-
HOTO Teprona 3a(UKCHPOBAH TOJNBKO OJWH TOXKAPHBIH
anu301 (~5150 xan. 1. H.). Tak Ha3pIBaEMOE CyXO€ MOXO0-
nonanue [ XortuHckuid, 1977] npousonwio 4500 kan. . H.,
U OHO, BO3MOXHO, CIIOCOOCTBOBAJO BO3HHKHOBEHUIO
YCIIOBHH JUIA ellle 0HOro MoXKapHoro snu3ona. Ha tep-
PUTOPUHU CpeHETaeXKHOU MOA30HBL, B CypryTcKoM pai-
OHE, TAaKKE€ OTMEUYEHBbI MHUKH MOXKapoB B 3TOT MEPHO:
4600-4400 xan. 1. H. [Jlo#iko u ap., 2022].

[IpumeyatensHo, uto 4300 Ka. JI. H. TOXOJIOAAHUE
KIIMAaTa CTUMYJIUPOBAJIO IPOMEp3aHue OOJIOT B CpeIHe-
TaeKHON Tom30He 3amanHo-CHOUpPCKOH paBHUHEI, YTO
TIpUBENO K TosiBieHuto Pinus sibirica Ha MEp3IOM TOp-
¢dsaOM Oyrpe [Blyakharchuk, 2009; Amon et al., 2020].
A yuactue Betula pendula B pacTHTEIIEHOM MOKPOBE C
Havana npebopeana u 1m0 4300 Kan. 1. H. CTAaHOBHUTCS
Mmenb1e. B nepuon ¢ 3800 mo 2800 kau. JI. H. B CBSI3M ¢
PE3KUM YBEIMYEHHUEM 3aCyLUTUBOCTH KiIUMata [ ApXHIIOB,
Bonkogra, 1994] npou3somnuio erie ABa HeOOIBIINX MOXKap-
HBIX 3IM30/1a BOKPYT HcclieayeMoro o3epa «S14y». Tawoke
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Ha Teppuropuu Cypryrckoro [Ipuobss [Tsyganov et al.,
2015] ik moxkapoB nputniencs Ha neproy 3600-3400 ka.
I1. H., X014 B uHTepBasie 40003000 kaJ. J1. H. aBTOPBI TO-
BOPAT 00 0O0IIEM CHUKEHHH TIOKAPHOH aKTHBHOCTH, CBSI-
3bIBasi 3TO ¢ 00JIee BEICOKMM YPOBHEM OOJIOTHBIX BOJI, YEM
B IIPeALIECTBYIOUIMI TIepro rofoleHa. Bee nepeunciien-
HBI€ BBIIIE YCIIOBHA TaK WJIM MHAa4Ye CIOCOOCTBOBAN BO3-
HUKHOBEHHIO JIOKAJTBHBIX ITOKApOB B CyOOOpEaTbHOM Tie-
pHOJIE TOIOIEHA, XOTSI X PaCIPOCTPAHEHHE W MacCIITaObI
CIePKUBAIUCE O0Jee XOJIIOJHBIMHU YCIOBHUSMH KITHMATA.
[TonmyyeHHbIe HAMU HOBBIE TAJICONOKAPHBIE JAHHBIE MO/~
TBEP)KAAIOTCS U JAPYyrUMU HccnenoBaHusMu [Turunen et
al., 2001; Feurdean et al., 2020; Jloiiko u ap., 2022].

5. HaumHas ¢ cybaTIaHTHYIECKOr0 TIEPHO/Ia TOIOICHA
U 70 Hacrosmero BpemeHu (2600 kai. . H. — 10 HaITUX
JHei) B paiioHe o3epa «S14» MpoU30ILIO0 YEeThIpe JO-
KallbHBIX TOXapHbBIX snu3omga (~1400, ~110, ~400 u
~250 kai. 1. H. cOOTBETCBEeHHO). OTMEUaeTCs MOCTETICH-
HO€ YBEJIMYEHHE CKOPOCTH aKKyMYJISILUH Yris (puc. 4)
[0 CpaBHEHUIO ¢ MpeaslayuM nepuogoM (ot 0,2 Ha
cMm?/roj B Hauane nepuoga 10 0,6 Ha cM%/To/ B KOHIIE Te-
puozaa). B uccnenoBanusix ass 6opeanbHON 30HBI 3ana-
HoW Cubupu 0OHApYKEHBI MTOATBEPXKICHUS YBEITNICHUS
MUPOreHHOH axkTUBHOCTH B mnocieanue 3000 xair. J.
[Feurdean et al., 2020; Jloiiko u ap., 2022] ¢ nmukaMu ma-
neonoxapon 2600-2400, ~1500, 1200, 800 u 500 xaur. . H.
COOTBETCBEeHHO. B mpezenax 6omoTHOro komrniekca «Myx-
puHO» [ Lamentowicz et al., 2015] pekoHCTpyHpoBaHa UCTO-
pyist manieonoxkapoB 3a nocnennaue 1300 kam. 1. H. Mo J1aH-
HBIM MHKpPOYTOJIbKOBOTO aHalW3a, I€ MUK PEeruoHallb-
HBIX TMOXapoB mpuuiencs Ha nepuox ¢ ~1300 mo
800 kan. 1. H. B menom mnaneonoxxapHble JaHHBIE 03epa
«S14» coBmanaioT ¢ PeKOHCTPYUPOBAHHON yKa3aHHBIMHU
aBTOpPaMM PErMOHAIBHOM NCTOpUEH OXKapOB s TEppH-
Topuu «MyxXpHuHO» 3a 3TOT nepuoi. JIpyrue uccienoa-
tenu [Jloiiko u ap., 2022] oTMeuaroT CHUKEHHUE MOXKap-
HOI akTHBHOCTU ¢ 2400 Kai. J. H., HECMOTpPSI Ha BBISB-
neHHsle nuporeHHsie muku (~1600, 1200, 500 kai. 1. H.).

[IepBble 1Ba NOKAMBHBIX MOXKAPHBIX 3IMM30/a B paii-
one o3epa «Sl14» (puc. 4), npoumsomenmue ~1400—
1100 kait. 1. H., BEpOSATHO, CBS3aHBI CO CPEAHEBEKOBBIM
kmMatndeckuM ontumymom  (800-1300 rtr. H. 2.)
[PAGES 2k Consortium, 2013], korzma Temnepartypa Bo3-
nyxa moBelcuiack Ha 1-1,5 °C [Apxunos, Boinkoaa,
1994], u yMEHBIINIOCH KOTUYECTBO OCAAKOB. Takke B
9TO BpeMs HaONIOAeTCs MOCTEIIEHHOE olIIee yBelnde-
HUE CKOPOCTH HaKoIieHus yris (cM. puc. 4). B nepuoa
~1000-500 Kau. 11. H. JTOKAJIBHBIX ITOKAPOB HE 3aUKCH-
POBaHO, HECMOTPS Ha MPOJOHKAIOIIUIC POCT aKKyMy-
JISIUUM YTIIA B OTJIIOKEHUSIX. XOTS B PErHOHAIIBHOM Mac-
mrabe Ha Teppuropun Cypryrckoro paiioHa B 3TO BpeMs
00HapY>KEHBI CIIeNIBI AJIeONOKapHOU aKTUBHOCTH [JIoiKO
u ap., 2022]. HacryruieHue Masoro JeJHUKOBOTo eproa
¢ obmmM moxonmomanueM kmmMara ~ 400-300 kar. 1. H.
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MIPUBEJIO K €lle IBYM JIOKaJIbHbIM MOXaPHBIM SIH30/IaM B
paiione o3epa «S14», mpu 3TOM CKOPOCTh HAKOILIEHUS YIJIs
(puc. 4) 1 aOCOMOTHOE YKCIIO MAaKPOYTOJILKOB B 00pa3iax
OTJIOXKEeHUH (pHcC. 5) Pe3KO YBENUUMIUCH B 3TO BPEMSL, UTO,
BEPOSATHO, CBUJETEILCTBYET O JIOBOJIBHO CYXOM KJIMMATeE B
HayaJle JaHHOT' 0 TOX0NoiaHus. 3a nocnensue 250 Kai. Ji. H.
MOCTENEHHOE MOTEIUICHNE KITMMAaTHYECKUX YCIIOBUH U yBe-
JIMYEHUE KOJIIMYECTBA OCAJIKOB, MO BCEH BUIMMOCTH, Orpa-
HUYMBAJIM PACIPOCTPAHEHHE MOXKApPOB HAa MCCIIEAYyeMOM
TEPPUTOPHH, TIOCKOJIBKY MAJIEIKOIOTHYECKUE PEKOHCTPYK-
mu [Feurdean et al., 2020; Jlotiko u ap., 2022] He 3aduk-
CHPOBAJIM HAJIMYME PETHMOHANBHBIX U JIOKAIBHBIX MOKaPOB
B 9TO BpeMsI B CpEIHETACKHOM moI3oHe 3amaaHoid Cubupu.
310 HAOMIOIACTCS U IO MaKPOYTOIBKOBBIM TAHHBIM 03¢pa
«S14». B pacTuTeNsHOM TIOKPOBE B JIeCaX, COrIaCHO OImyO0-
JIMKOBAHHOM PEKOHCTPYKLUUHU JUISl CPEJHETASKHOW MOA-
30HBI 3ana a0l CHOHpPH, TTO-TIPeXKHEMY MPeo0IaiaroT Bet-
ula pendula v Pinus sibirica [ Amon et al., 2020].

[ockombky 03epo «S14» okpyKeHO GonoTamMu U TPy
HOZOCTYIIHO JJIsI HACEJIeHHsI, MOYKHO MPEATIONOXKUTh, YTO
TPIYHHEI JIOKATBHBIX TIOXKAPOB B CyOATIaHTHUCSCKUH Iie-
PHOJI HOCHITU €CTECTBEHHBIN Xapakrep. HeoqHokpaTHble Ko-
TeOaHUs CyXHX H BIIAXKHBIX KIIMMATHYECKHUX TIEPHOIOB OKa-
3BIBATH BIMSIHHE HA JIECOOONIOTHBIE SKOCHCTEMBI CpeHeTa-
©KHOM Tom3oHbI 3amamaoll CuOHpH, BBI3BIBAs WX Iiepe-
crpoiiku. Katanu3aTtopom Takux epecTpoeK SBISUIUCH PH-
pomHbIe okapbl. HabmoqaemMoe COBpeMEHHOE YBEITHUCHHE
YaCTOTHI TI0XKAPOB MOXKET OBITH CBSI3aHO C OOIIICH TEHICH-
IUei COBPEMEHHOTO MOoTeIuIeHns KimMata [Groisman et al.,
2013]. Tem He MeHee MacIITaOBI COBPEMEHHBIX MTOXKAPOB Ha
TEPPUTOPUU CPENHEH TalWTu HE COMOCTABUMBI C MPUPOA-
HBIMH TOKapaMy MPOILIOro, KOrJia PeIIaioIyt0 PoJib HI-
pajio u3MEHEHNE KIMMAaTUYECKUX YCIIOBHIA.

3akiouenne

3a ~12000-7eTHIOI HCTOPHIO Pa3BUTHS 03€pHO-00-
JIOTHBIX MPUPOJIHBIX KOMIUIEKCOB TEPPUTOPUSI CPEIHETA-
©XKHOH moa30HbI 3anaaHo-CHOMpPCKOi paBHUHBI HEOTHO-
KpaTHO NOJBEprajiach BO3ACHCTBUIO MPUPOAHBIX MOXa-
poB. MX 4KClI0 1 M”HTEHCUBHOCTH BapHUPOBAIU MO MEpE
W3MEHEHUS KIMMAaTH4YeCKUX ycioBui. Cyxue U Teruible
KIIMMaTUYECKUE TIEPHO/IBI COMPOBOXKIAINCH YBETUUEHUEM
MOKapHOM aKTUBHOCTH, & BIIAYKHBIE 1 IPOXJIAJIHBIE — MUHH-
MAaJTbHBIM BO3IICUCTBHSAM MHUPOTEHHOTO (hakTopa.

B cepenmHe mpebopeanbHOrO TEpHOAa B paiioHe
o3epa «S14» HabONrOmaNach BHICOKAsI MOXKApHAS aKTHB-
HOCTb, O 4€M CBUACTEIHCTBYET OOMITNE MAKPOYTOIEKOB B

JIOHHBIX OTJIOXKEHUSIX ATOr0 BO3PACTa M BBICOKAsI CKOPOCTh
AKKyMYJISIITUM 9acTHIl YISl B JAaHHBIA nepuon. C Havanma
OopeanbHOrO TIeproia U BIUIOTH 10 7500 Kau. JI. H. oTMe-
YEHO PEe3KOe CHIYKEHUE YHCIIa TToKapoB. Pemraronyio pois
B 3TOM CBITPAJIO TIOCTETIEHHOE MOTEIICHUE KIIMMaTa U yBe-
JIMYCHUE KOJMUYECTBa aTMOC(HEPHBIX OCAIKOB, HHUIIUHPO-
BaBIIIMX HaYaJi0 00J0TO00Pa30BaTEIBHOIO IIpoIiecca, KOTo-
poe 3aMeTIII0 PacTipOCTPaHEHHE MTOKAPOB HA TEPPUTOPHH
SanmagHoit CHOHpH. ATIAHTUYSCKUI TIEpUoI B LIEJIOM Xa-
paKTepr30BaJiCs HauboJIee BIAKHBIM KIIMMATOM 3a BECh T0-
JIOIEH, €T0 HAYaJl0 ¥ OKOHYAHUE — HU3KOM MOXKapHOH aK-
TUBHOCTBIO0. OJTHAKO CepeMHAa aTIIAHTHYECKOro Meproza
03HaMEHOBAJIACH OJTHIM JIOKAJTLHBIM TTOYKaPHBIM 3ITHA30/I0M
BBICOKOW MHTEHCHUBHOCTH, BEPOSITHO, CBS3aHHBIM C YCHJIE-
HHEM TPO30BOI aKTUBHOCTH B YCIIOBHSIX TEIUIOTO U BIIAXK-
HOro KnmMara. B XonmomHslil 1 cyxoi cyO00OpeatbHbI Te-
YOI IIPOM30IILIO YETHIPE MH30/1a TTAJICONI0XKAPOB CPETHEN
WHTEHCUBHOCTH, COIPOBOXK/IABIIINXCS PABHOMEPHO-CPE-
Heil cKopocThto HakoruleHus yrid. Hauwmnas ¢ 2000
KaJl. JI. H. Pe3KO YBEIMYUIIOCHh YHCIIO TTOXKAPOB HA JIOKAJTb-
HOM WM PErMOHAIBHOM YPOBHSIX, O YEM CBHJIETEIBCTBYIOT
JIAHHBIE MUKPO- U MaKpOYTOJIbKOBOT'O aHAJIM30B, & TaKXKe
YBEITMUEHUE CKOPOCTH aKKyMYJISIIIUKA YTJISl PACTUTEIBHOTO
MIPOUCXOXKJIEHUS B paiioHe o3epa «S14». Cyxue nepuozpl
CyOaTIaHTHKH, B TOM urcie CpeTHEeBEKOBBIA KIMMaTHUe-
CKUI ONTUMYM, COMPOBOXIATINCH OBBIIICHHON TTOXKAPHOU
aKkTHBHOCTHIO. Kpome Toro, B Maublii J1eTHUKOBBIH TTepHO]]
B palioHe UCCIeyeMOoro o3epa 3ahMKCHPOBaHbI JIOKATEHBIE
noxapbl. O0 UX HATMYMH HA PETHOHAILHOM YPOBHE (110 JIU-
TepaTypPHBIM UCTOYHHUKAM) CBHJICTEIILCTBYIOT JAHHBIC MUK-
POYrONIbKOBOI'O aHAIN3a B paiioHe OOJOTHOIO KOMILICKCA
«MyXpuHO» U JIpyrHe Mane0odKOIOrMYECKHe PEKOHCTPYK-
UK VIS CPeTHETaeKHOW IMOA30HBI 3amagHoi Cubupw.
Ho nocrie okoruanmst Maioro JIeJHIKOBOTO TIEpHOA HH-
TEHCHBHOCTh TOPEHHUS JIECOB B OKPECTHOCTSIX 03epa «S14»
cTaja CHIDKATHCA.

BeinonHeHHass HaMHU PEKOHCTPYKIMS MAIEONOKaPHON
aKTUBHOCTHM TII0Ka3aja, YTO B TOJOLIEHE CYIIECTBEHHYIO
poiib B HQOPMHUPOBAHUH M PA3BUTHH MPUPOIHBIX KOMILICK-
COB CpelHeTaeXHOW MoA30HbI 3amnaaHo-CuOupcKoil paB-
HUHBI UTPAJIK KIMMaTUYECKUE YCIIOoBUs. MI3MeHeH s Temrie-
paTypbl W YBIKHEHWS BT Ha MHPOrEHHYI oOcTa-
HOBKY B PErMOHe, YBEMYNBAs WM YMEHbLIas KOIMYECTBO
¥ MHTEHCUBHOCTH MPUPOJHBIX MOXKAPOB. BiusiHue aHTpo-
MOreHHOT0 (haKTOpa Ha TOPUMOCTD JaHAIIadTa B POILIOM
OBbLIO0 HE3HAYUTENBHOE, €CITH BOOOILE MPOSBIIIOCh M3-3a
MAaJIOHACENICHHOCTH TeppUTOpHr. HeoOXoauMBI JOMOTHH-
TEJILHBIC UCCIIE0BAHUS TIOCIICTHETO BOITPOCa.
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AnHHoTamus. PaccMaTpuBaroTcst 0cOOCHHOCTH M3MEHEHNUS TeMIIepaTypsl BO3/IyXa B XOJIOAHOM IIONYTOANH B Oacceiine p. Jleben.
B xauecTBe HCXOJHOTO MaTepHaja UCIONE30BAHBI JaHHBIC HAOMIOJEHHH 32 TeMIepaTypaMi IIPU3EMHOTO CIIOSl BO3yXa 32 HEepHO
HOsIOps—MapT B Oacceline p. [leben Ha TeppuToprn ApMeHHH. MccienoBanue BEITOTHEHO TS MIECTH METEOPOIOTHISCKIX CTAHINIA,
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CLIMATIC FEATURES OF AIR TEMPERATURE IN COLD SEMI-YEARS
(DEBED RIVER BASIN, ARMENIA)

Varduhi G. Margaryan', Ekaterina V. Gaidukova’, Armen M. Sedrakyan3

! Yerevan State University, Yerevan, Armenia

? Russian State Hydrometeorological University, Institute of Hydrology and Oceanology, St. Petersburg, Russia

? National Polytechnic University of Armenia (NPUA), Faculty of Applied Mathematics and Physics, Yerevan, Armenia
"vymargaryan@ysu.am

? oderiut@mail.ru

Y asedrakyan.phys@gmail.com

Abstract. The article discusses the features of air temperature in cold half of the year in the basin of the river. Debed. Like a
cold half-year (or cold period of the year) is taken from November to March. As source material in the work used daily data of
actual observations of the temperature of the surface air layer for the period November — march of the river basin Debed in the
territory of Armenia. The study was carried out on 6 meteorological stations of the river. Debed in long rows observational data
(from 1935 to the present (2021). Relatively warm winters are observed up to heights of 1,000-1,100 m, where the average the
long-term air temperature in January is close to 0 °C. Average monthly temperatures turn positive in March-April, when there is a
pronounced snowmelt and flood in the rivers of the basin. It was revealed that air temperatures in the cold half of the year stand
out uneven distribution — with the height of the terrain, it is natural decreases and changes in the range from —3,5 to 3,7 °C, vertical
the gradient is 0.52 °C / 100 m. To calculate the air temperatures in in the cold half of the year, unexplored or poorly studied
territories were obtained correlation dependences between the value of the average temperatures of the cold period and altitude of
the area above sea level. Received close correlations between the average values of air temperature for the cold season at different
meteorological stations can be use to recover missing data. A closer correlation has been established between the average monthly
air temperature values, as well as between the average monthly and average values for the cold half of the year and average annual
values air temperature. These links can be used to evaluate thermal regime of air in poorly studied areas. Revealed a regular increase
in the average temperatures of the cold time of the year. On average, in the basin of the river. Debed for the period from 1963 to
2021 average the temperature of the cold half of the year increased by 1,3 °C. Last thing indicates that in the basin of the river.

© Maprapsun B.I',, I'alinykosa E.B., Cenpaxsn A.M., 2024
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Debed is observed to be softening winter. An increase in average temperature during the cold season is reflected in ice regime of
rivers. The date of establishment of ice phenomena has shifted by later dates, destruction of ice phenomena occurs earlier normal,

the duration of the period of the ice phenomenon decreases.

Keywords: Armenia, river basin. Debed, cold half of the year, air temperature, heating period, long-term changes

For citation: Margaryan V.G., Gaidukova E.V., Sedrakyan A.M. Climatic features of air temperature in cold semi-years

(Debed River basin, Armenia). Geosfernye issledovaniya — Geosphere Research. 1.
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BBenenne

U3yueHue 3aKOHOMEPHOCTEH H3MEHEHMs TemIlepa-
TypBl HPU3EMHOTO BO3IyXa M MPOTHO3UPOBAHUE JIAJTb-
HEHIIero ee XoAa MO3BOJSIOT CYIJUTh O CTENEHH KOM-
(OpPTHOCTH TPOKUBAHUS JIOACH B JAHHOH MECTHOCTH,
MPEAYIPEKAATE JTOACH, CTpaJaloNInX HEKOTOPEIMH BH-
JnaMu 3200JI€BaHU#, 0 BOSMOXHOM (hU3HIECKOM TUCKOM-
¢dopTe B ompenereHHOe BpeMs rojia MM K€ BO BCE Ce-
30HBI TOMa Ha NaHHOW Tepputopuu [MBnmesa u mp.,
2010]. B mocrmemHue BOCEMb—IEBITH JCCATHIICTUH, Ha
(oHe TII00ATBFHOrO MOTEIUICHHS, Ha TEPPUTOPHH ApMe-
HUM OTMEUYACTCs MHTCHCHBHOE M3MCHEHHUE KIMMaTHYe-
CKUX XapaKTEPHCTHK, B TOM YHCIIC 3UMHUX TEMIIEPaTyp
BO3yXa.

UccnenoBannio cTaHAApTHBHIX KIMMATHYSCKAX Xa-
PaKTEePUCTHK, TAKUX KaK TEMIIEPAaTyphl BO3yXa B XOJIOI-
HOM IIONYTOWH, MOCBSIIEHBl MHOT'OYHCIICHHBIC Hayd-
HbIe paboThl. BombIoii BKIaM B M3y4eHUE 3UMHHAX TEM-
mepaTyp Bo3myxa Apmenun BHecnmu A.b. barmacapsu
[bargacapsin, 1958], B.I'. Maprapsin [Maprapsan, 2020;
Maprapsa u ap., 2022], A.I'. Hepcecsn [HepcecsH,
1964], I'.T". Cypensn [Cypensn, 2010] u np. Ha Yetsep-
TOM HalMoHalbHOM coBewanuu B 2020 r. obcyxaancs
BOIPOC 00 M3MEHEHUH TEMIIEpaTypsl BO3IyXa Ha TEPPH-
topun PecryOnuku Apmenus [Armenia’s..., 2020]. an-
HBIE 0 TEMIIEPAaTypax BO3MyXxa B APMEHUH IPUBEICHEI B
KIIMMaTUYECKUX chpaBouyHUKax [CrpaBo4YHUK..., 1966;
Knumatuueckuii..., 2011], HO psiipl OrpaHMYMBAIOTCS
2009 romom. B aToii jxe paboTe OIIEHUBAKOTCS OCOOCHHO-
CTH TIPOCTPaHCTBEHHO-BPEMEHHBIX H3MEHEHUH TeMITepa-
TypBI BO3/IyXa B XOJIOJHOM ITONyroanu B Oacceiina p. e-
0e/l ¢ UCTIONIb30BaHUEM 0OJIee TPOJOIKUTEIBHOIO Psijia
UHCTPYMEHTAIIbHBIX HaOmoaeHuit 1o 2021 r.

Lenp HAacTOAIIErO UCCIIEIOBAHUA 3aKIIIOYAETCS B BbI-
SIBIICHUM W OIEHKE OCOOCHHOCTEH TEepPPUTOPHAIHEHOIO
pacrpeneneHus TeMIepaTyp Bo3yxa 3a X0JI0AHOE MOy~
roaue B Oaccelina p. [leben, a Takxke B aHANIN3€ UX MHO-
rOJIETHUX W3MEHeHMH 3a nmocnennue 80-90 ner.

Metoanka uccjieqoBaHust M GaKTHYECKUH MaTepHaJl

s gocTHKeHUs 0003HAYCHHOW LMW B KauyecTBE
TEOPETHYECKOH OCHOBBI TOCITY)KWJIH HCCIEIOBAHHS,
OITyOJIMKOBAHHBIC B COOTBETCTBYIOIIUX paboTax [AGmy-
JKaJIMMOB U Ap., 2015; Ama6okos u ap., 2017].

pp. 152-162. (In Russian). doi:

B kauecTBe HCXOAHOr0 MaTepHala HCIIOIb30BaHbI
(akTHUeCKUe JaHHbIC HAONIONCHUH 32 CPEIHECYTO4-
HBIMHU TeMIIepaTypaMu MNpHU3eMHOro Bosayxa «LleHTpa
ruapomeTeoposiorud 1 MoHutopuHray 'HKO Munu-
cTepcTBa OKpyxatomend cpeapl PecrnyOnuku ApmeHus
3a 80 yteT u 6onee (1935-2021 rr.) Ha MIECTH METEOPOITO-
THYECKUX CTAaHIMAX 3a Mepuon ¢ HoAOps mo mapt. Tak
KaK METEOpOJIOrMYECKHe CTAHIMU HaYMHAJIH CBOIO Jies-
TENbHOCTh B pa3HOe BpeMms (Hampumep, METeOCTaHLIUS
[Mymkunckuit nepesan aerctByet ¢ 1963 r.), TO 111 BO3-
MO>KHOCTH CPaBHEHHS PE3yJIbTATOB HEKOTOPBIE PACUETHI
Y ITOCTPOCHHBIC TPa(UKH CETaHbI 32 OO TePUOT TSI
Bcex cTaHumii — ¢ 1963 r. PacmonoxkeHne METEOCTaHIIUI
Ha BogocOope p. Jleben mokaszano Ha puc. 1. Pexa Jleben
SIBIISICTCS] SKOHOMUYECKHU 3HAYNMBIM 00BEKTOM, Ha €€ BO-
JnocOope PacmoNOKEHBl CENbCKOXO3SIMCTBEHHBIE O00b-
€KTBI, TOPOJICKUE U TIPOMBIIIICHHBIE HH)PACTPYKTYPEI.

3a XolomHOE NONyroaue (MM XOJOAHBIM Hepuoj
ro/ia) MPUHUMACTCS IEPUOJ C HOSIOPS IO MapT.

B uccnenoBanuu NpuMEHSIIUCH CIEAYIOIINE METOABI:
MaTeMaTUKO-CTaTUCTUYECKUIA, SKCTPATIOJIALIMH, aHAIIN3A,
aHAJIOTUH, KOPPEISLUOHHBIMH.

Crnemyer OTMETUTD, YTO U1l BBISBIEHUS JOJTONEpPH-
OIIHBIX U3MEHEHUH KJIMMaTa UCIOJIb3YI0T MOJIENIN HECTa-
LIMOHAPHOI'0 CPETHETO JBYX BUJIOB: JIMHEHHOTO TPpeHAa 1
CTYIIEHYATHIX U3MCHEHHH 110 OTHOLICHHUIO K 0a30BOH CcTa-
nuoHapHOH Moxenu. B paborax [Jlobanos, llamypckui,
2010; Kupummna, Jlobanos, 2015] ObUI0 yCTaHOBJICHO,
YTO MOJENb CTYMEHYAaThIX U3MEHEHUI CpeHero 3Haue-
HUS ABJIsIeTcs Oonee 3 PEKTUBHON, YeM MOIENTb JINHEH-
HOro TpeHaa. Jlaxe npeaBapuTeNbHbI BU3yaIbHbIN aHa-
JIU3 CBUJETENBCTBYET O TOM, YTO MOJEINb CTYMEHYaThIX
W3MEHECHUH CpemHUX 3HAYCHHUH OOJNBIIEe COOTBETCTBYET
CTPYKTYpe psiaa, 4eM MOAENb TPEHAa, XOTs U OHA TakxkKe
MOXET OBITh CTATHCTHYCCKH 3HaUnMOi [JIobanoB, Mam-
MmenoB, 2018].

Pe3yabTarhl M 00cy:KIeHHE

Ha Ttepputopun OacceitHa p. Jleben MHOronetHue
CpeAHUe 3HAYEHHs TeMIEepaTypbl BO3AYyXa B XOJIOJHOM
noxyronuu 3a nepuop ¢ 1963—2021 rr. B cpennem xoneo-
moTes B npeaenax ot —3,5 °C (mereocranuus [lymkus-
ckuit nmepesan) a0 +3,7 °C (mereoctanuus barpararien)
(tabm. 1). C abCOMOTHON BBICOTOH MECTHOCTH 3aKOHO-
MEpHO TIOHMXAETCSl CpEeAHss TeMIepaTypa BO3IyXa
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(puc. 2). 3HaueHUs TOCIEIHEH HA M3y4aeMOil TeppHUTO-
puH ¢ BeICOTOM Ha Kaxsle 100 M B cpenHeM 3a HOSIOpPB
nonmxkatotces Ha 0,48 °C, 3a nekadbpsr — 0,49 °C, 3a sH-
Bapp — 0,51 °C, 3a deBpans — 0,54 °C, 3a mapt — 0,58 °C.
To ecTh C TOBBIICHHEM TEMIEPATYpPhl IMOBBIMIACTCS
TaKXe BEPTHKAJIBHBIA TPATUCHT TEMIIEPaTyphl BO3IyXa.
OmHAaKO B CBS3U C BO3JCHCTBHEM MECTHBIX (DAKTOPOB ATa

43500 HD0E A400E 44200
1 1 1 1

3aKOHOMEPHOCTh MOXKET HapymaTbes. Hampumep, u3-3a
HaKOTICHUS XOJOIHBIX BO3IYIIHBIX Macc 3UMOH B JIOH-
HOM 4acTH KOTIOBMHBI Jlopm Ha METeOpOJIOrHmYecKHX
cranimsax Karmapat m MemaBaH, KOTOpbIe HaXOIATCS
BBIIIIE, B THBApE CpeHEee 3HAaUCHNE TeMIIepaTyphl BHIIIE,
yeM Ha cTaHIusAx Tammp u CrenanaBaH, KOTOpBIE HaX0-
JIITCSI Ha JTHE KOTJIOBHHEL
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Puc. 1. TeppuropuajbHoe pacnpese/iecHle TeMIIEPaTyp BO3AyXa B X0JI0AHbII NepUO roaa
Fig. 1. Territorial distribution of air temperatures in the cold season
Tabnuma 1
3HauyeHHs1 TeMIepaTyphbl BO3AyXa 3a X010 HOe MOIyroaue 3a nepuoa ¢ 1963 no 2021 r.
Table 1
Air temperature values for the cold half of the year for the period from 1963 to 2021
Meteoponormieckas | oo Mecsn v 3a HepHOHA 5 — Cpennero-
ST ) XI XII I | Caon WHUMAJIb- COIIOTHBII JIOBBIC
Hasg MHUHUMYM
Barparamen 451 7,1 2,4 0,8 22 | 65 3,7 0,4 21 12,4
Tammp 1507 23 | 22 | 46|38 03 -1,6 -5,0 -34 6,3
Omyn 1105 52 1,2 -0,8 | 0,0 | 3.6 1,9 -0,7 —24 9,5
CrenanaBal 1397 33 | -1,3 | 34| 27| L5 0,5 -3,7 28 7,3
ITymkuHCKHi HepeBa 2 066 06 | 40 | 6,2 | 58| 2,2 -3,5 6,2 —24 3,8
Bananzop 1376 4,1 -04 =25 | -1,71] 2,5 0.4 -29 =27 8,4
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Puc. 2. 3aBucuMocTh cpeHero 3HaYeHUsI HOSIOPBCKOii (a), nekadprckoii (b), sHBapcKoii (¢)
u ¢eBpaibekoii (d) TeMmepaTyp Bo3ayxa oT abCOIIOTHOI BBICOTHI Ha BogocOope p. [leben

Fig. 2. Dependence of the average values of the November (a), December (b), January (c) and February (d)
air temperatures from absolute height on the catchment of Debed River

Ucnonb3ys moiydeHHbIE pacueTHbIE 3HAYEHHUS, MO-
CTpOEeHa KapTa paclpeieleHus TeMmIepaTyp BO3AyXa B
XOJNOAHBIN nepuon roga (cM. puc. 1). Ty KapTy MOXKHO
KCIOJIB30BATH JJIsl TEMIIEPATyp BO3yXa B XOJOAHBIH I1e-
pUoA roAa HeM3y4YEeHHbIX M MaJlOM3YYEHHBIX PeK pac-
CMaTpUBaeMON TEPPUTOPUH. 3HAUCHHUS TEMIIEPATyp BO3-
JlyXa B XOJIOAHBIH MEepUoJ roJia ¢ BEICOTOM MOHMKAIOTCS:
BEPTUKAJIBHBIA TPaJMEHT TeMIIepaTypbl BO3IyXa B XO-
JOAHBIA mepuon roaa coctasnser 0,52 °C/100 m. B 6ac-
ceiine peku Jleben 3HaueHUsl TeMIIEpaTyp BO3yXa B XO-
JIONHBIN niepuon rofa ams BeicoT meHee 1 000 M u3mens-
rorea ot 1,8 mo 1,9 °C, ma Beicotax 1 000-2 000 m —
ot 2,0 10 -3,9 °C, na BeicoTax BbIe 2 000 M — ot —4,0 °C
Y MEHBbIIIE.

B TeueHne X0JI0AHOTO MOMYTOMUs HAOIIOAACTCS X0-
POLIO BBIPAXXEHHBIN XOJ CPEAHUX MECSUHBIX 3HaYCHHUN
TeMIepaTypsl Bo3myxa. OOBIYHO HU3KUE OTPUIIATEIEHBIE
TeMIepaTypbl HaOMIOAAIOTCA B sSHBape, KpOMe MeETeo-
craniuu barparamen (451 m). 13 mect MeTeoponoru-
YeCKHUX CTaHIMI HaMEHbIINEe 3HaUeHHs CpeAHEeH sTHBap-
CKOIl MecsS4YHOI TemmepaTypbl HaOIIOIal0TCA Ha METEO-
cranmuu [TymkuHCKUH nepeBa, a Hanbonpmre — B bar-
pataieHe.

JTa 3aKOHOMEPHOCTh XapaKTepHa TaKKe ULl BCEX
OCTaIIBHBIX MECALIEB XOJIOAHOr0 oyroaus. B Oacceiine

p. deben cpaBHUTENBHO TEILUIBIE 3UMbI HAOTIOIAIOTCS 10
BbicOT 1 000—1 100 M. Tam cpeaHsisi MHOTOJIETHSISI TEM-
nepatypa Boszyxa B ssHBape Onu3ka k 0 °C. Cpeansis me-
CAYHAasl TeMIlepaTypa MEPEeXOJUT Ha IMOJOXKHUTEIbHbIE B
MapTe—arnpese, Korjna HaOIoAaeTcss YeTKO BBIpaKEHHOE
CHETOTasHUE U MOJIOBOJbE HA PeKax.

YcTaHOBJIEHA TECHAsl KOPPEISLUMOHHAS CBS3b MEXKIY
CPEIHEroI0BBIMU 3HAUYEHUSIMHU TEMIIEPATyphl BO3AyXa U
CpPEIHUMH MECAYHBIMU 3HAYEHUSAMH, a TAKXKe CPEITHUMU
3HaYEHMUSIMU 32 XOJIOHOE Mojdyroaue. B xauecTse npu-
Mepa Ha pUC. 3 MpeAcTaBIeHbI rpadMKH ATUX B3aHMOCBSI-
3efl. DTH CBS3M MOXHO HCIOJB30BaTh LIS 3a0iaroBpe-
MEHHOM OLIEHKH TEPMHUYECKOr0 pekuMa BO3IyXa.

TecHast KOppeNlALHMOHHAS CBS3b IOJNyYeHA MEXIY
CpPEeIHMMH 3HAaYSHUSAMH TEMIIepaTypbl BO3yXa 3a XOJIOI-
HBIi IEPUOJ IroJja Ha Pa3HBIX METEOPOJIOrMUYECKUX CTaH-
uusax. Ha puc. 4 nns mpumepa mnpencTaBiieHbl CBSI3U
MEXKIly CPeJHUMH 3HAYEHUIMHU TeMIEpaTyphbl BO3lyXa 3a
XOJIOAHBIN epuoj roaa Ha ctanuusax Tammp u Banaazop
(puc. 4, a), Tamup u Crenanasan (puc. 4, b). ITu cBsI3u
MO>KHO HCITIONIb30BaTh AJIsl BOCCTAHOBJIEHUS OTCYTCTBYIO-
IIUX TAHHBIX.

B 0Oacceiine p. Jleben ycTORYMBEIA EpeXxo CpemHe-
CYTO4YHOIi Temrepatypsl Bo3ayxa uepes 0 °C B cpenHem
HaOmromaercs: ¢ 3-M jexaabl aexadpst o 3-i aexaibl
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¢espans — g0 Beicotsl 1 000—1 100 M, ¢ KOHIIA HOSOPS—
Havaia aekadps 1o 1-i u 2-i nekansl Mapra — Ha BBICO-
tax 1 100-1 500 M 1 co BTOpOW MOIOBHHEI HOSOPS 1O
KOHIIa Mapra — eule Bbiwe, ¢ BbicoT 1 400-1 500 m 1o
2 000-2 100 ™ (Tabm. 2). B Tabn. 2 npencraBieHbl TAKKE
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Fig. 3. Correlation between the average annual and average January temperature air (a)
and between the average annual and average for the cold half
of the year air temperature (b) in the river basin Debed
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Fig. 4. Correlation between the values of the average temperatures of Tashir
and Vanadzor (a), Tashir and Stepanavan (b) for the cold season
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Tabnuia 2

KiumaTtnyeckne XxapakTepucTHKH TeMIIepaTyphl BO3AYyXa 3a X0JIOAHBIN Mepuo roga

Table 2
Climatic characteristics of air temperature for the cold season
Cpoku u HpOﬂOJPKI/ITCJH)HOCTB rnepexona JlaTel nepBoro T ————
CPECOHCCYTOUYHOM TEMIICPATYPHI BO31yXa " IIOCJIICTHET O
0 OTOIIMTCJIIBHOI'O CC30Ha
Mereoponorude- gepes 0 °C MOpPO30B
CKasl CTaHIIHs
Hetb, Mecin ITponomKxuTensHOCTS, HAene, M;[cm Hetb, Mecin [pomomkuTenb-
Hauano Koneny AHA IlepBoro (:IZJ;ZH_ Hauamo | Korery HOCTB, THU
Bbarparamen - - - 5.XI 4.1V 07.XI 29.111 143
Tarup 28.X1 21.11 112 251X 18.V 13.X 27.1V 197
Onsyn 28.XII 21.11 54 21.X 18.1IV 27.X 1LV 167
CrenaHaBaH 03.XII 11.0I 97 6.X A% 17.X 231V 189
Hyuikiciuit 21.XI 30111 128 12.X 13.V 301X | 21V 234
nepeBaj
Banamzop 05.XI1I 06.111 90 07.X 28.1IV 20.X 18.1IV 181
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Puc. 5. Pa3HocTHO-HHTerpaibHbIe KPUBBIE TEMIIEPATYPHI BO31yXa 32 X0JIOAHbI NepHox roga

Fig. 5. Difference-integral curves of air temperature for the cold period of the year

Cpenu XONOTHBIX 3UM 0COOCHHO BRIACNSIOTCS 1948/49,
1953/54, 1968/69, 1971/72, 1992/93, 2001/02 r. IToutn Ha
Bcex moctax Ha p. Jleben B nexabpe—(heBpasie oTMmeua-
JIUCh JICMOBBIC SIBICHUSA. TeribIMH ObUTM 3WMBI B
1965/66, 1998/99, 2009/10, 2017/18 rr., Korna Ha MHO-
IMX peKax W Ha mocrax Ha p. Jlebem He ObUTIO OTMEUEHO

HUKAKHX JICTOBBIX SBJICHUHA WM OHU HOCHIIH KPATKOBpE-
MEHHBIH XapakTep.

CaMBbIM XOJNOTHBIM MOIYroAueM 3a mepuon 1964—
2018 rr. B Oaccetine p. Jeben Ov1 1971/72 r., KOTOQ
CpemHssl TeMIeparypa 3a HOSOpb—MapT COCTaBHIIA
3,0 °C, a ¢ caMBIM TeIUIBIM ToyromueM — 1965/66 T,
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KOTJla Cpe/iHAsA TeMIIepaTypa 3a HOA0pb—MapT COCTaBHIIa
3,2°C. JlaHHBIE TpUBEIEHBl NpPU MPOCTPAHCTBEHHOM
OCPEJHEHUU [0 PACCMAaTPUBAEMOMY BOLOCOODY.

JU714 BBISIBIIEHUSI IEPUOAMYHOCTH U CUHXPOHHOCTH TEMIIE-
paTypbl BO3yXa OCTPOEHBI pa3HOCTHBIE HHTETPATIbHBIE KPH-
BbIe (prc. 5). Ha ocu abcimce oTIokKeHb TOMbl, @ Ha OCH Op-
JIMHAT — CyMMa OTKJIOHEHHH OT CpeHeit BesarHbl ) (K — 1)
(tme K — MOonynbHBII KOO (DHUIMEHT TEMITEpaTypbl BO3IyXa).

U3 puc. 5 BUAHO, 4TO HA U3yYaeMON TEPPUTOPUH Xa-
paKkTepHO ONpeAesieHHOe MEePUOIMYECKOe H3MEHEHUE
TeMIepaTypbl BO3yXa 3a XOJOIHBIMA MepUon roaa, T.e.
LHUKIMYHOCTb.

OaHOMY MTOTHOMY LUKITY cOOTBeTcTBYET 45—50 J1eT, B
KOTOPOM MOKHO BBIAENUTH 5—10 MOAMKIOB HEMPOIOI-
KUTEJIbHBIX TEPUOAOB C Pa3IMYHBIM U3MEHEHHEM TeM-
nepaTypsl Bo3ayxa.
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Puc. 6. MHoroseTHue H3MeHEHHS CPeIHEH TeMIepaTypsl BO3AyXa 3a X0J01HOe Moayroaue B dacceiine p. Jleden
IPH OCPEeJHEHHUH 0 TeppuTopuH (a) i Meteoctanuuii ITymkunckuii nepesan (b) u Barparamen (c)

Fig. 6. Long-term changes in the average air temperature for the cold half a year in the river basin.
Debed as a whole (a) for weather stations Pushkin pass (b) and Bagratashen (c)

O1eHeHbl U3MEHEHUS! CPEIHUX TEMIIEpaTyp BO3AyXa X0-
JIOTHOTO ONyroaus (HOSIOpb—MapT) KaK I BCeH TePPUTO-
puu Oacceitna Jleben (cM. puc. 6, a), Tak U IS KOKI0H 13
JICUCTBYIOIIMX B HACTOSIILEE BPEMS METEOPOIOrM4ECcKOM
CTaHIMU B OTAeNbHOCTU (puc. 6, b, ¢). Ans npumepa st
OLIEHKH M3MEHEHUI TeMIlepaTyp Ha pa3HbIX BBICOTaX BBI-
OpaHa rmapa CTaHIIUii — BRICOKOrOpHasi MeTeocTaniust [1ym-
KuHCKu# niepesal (2 066 M) (puc. 6, b) 1 HUI3MEHHAas MeTeo-
cranius barparamen (451 m) (puc. 6, ¢). Bo Bcex ciyyasix
JIMHUAM TpPeHJa JAEMOHCTPUPYIOT TEHJCHIMIO MOBBIIICHHS
CpelIHUX TeMIepaTyp XOJOAHOrO MONYroAus 3a IEpUO]
1963-2021 rr. CkopocTb U3MEHEHHS TEMIIEpaTyp, COOTBET-
CTBEHHO, cocTaBister —+0,226 °C/10 net, +0,207 °C/10 ner,
+0,323 °C/10 ner. B cpemrem ays 6acceiina p. Jedem ¢ 1963
o 2021 r. cpenmHsia TeMIiepaTypa XOJIOAHOTO IOMYroaus
noBeiciiiack Ha 1,3 °C. Takue 3aKOHOMEPHOCTH Xapak-
TepHBI Kak i Pecryomukun Apmenust [Maprapsia, 2020;
Maprapsz u 1ip., 2022], Tak ¥ 14 Jpyrux TeEppUTOpuil ia-
Hersl [IIeposa, [Tonpesos, 2013; Kouyrosa, 2015; Memuk,
PeoxkoBckas, 2015; Tarapuukos u ap., 2021].

Cratuctuyeckas 3HAaYMMOCTb JIMHEHHOrO TpeHIa
OLIEHHUBAETCS € MOMOIIbIO KpuTepusi CThIOJICHTA U IO Be-
nuuuHe Kod(QUIMenTa AeTepMuHaul R (koddduim-
enTa Koppessauu). Bennunna R? mokasbiBaeT BKJIAJ JIU-
HEHHOro TpeHJa B OOIIYyI0 M3MEHYMBOCTH IMapaMmerpa.
TenneHIMS U3MEHEHHUS] CUMTANach CTaTUCTHYECKH 3HA-
YUMOMH, €CIIH €€ YPOBEHb JJOCTOBEPHOCTH ObLI paBEH WU
npeBbimai 95% (p > 0,95).

[Ipu ucrons30BaHHOM 00beMe BbIOOpKH (61 J1eT) 310
COOTBeTCTBYeT Bemumuuue R2>0,06. 3Hauenus R pac-
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CYHTAHBI JUTS KOKIOTo IpadyKa U IMPUBEICHBI HA PUCYH-
KaxX, YTO IMO3BOJISIET OLEHUTHb JOCTOBEPHOCTb COOTBET-
CTBYIOLLIETO TPEH 1.

PaccMoTpeHbl BpeMeHHbIE TUHAMHUKH JIaT HACTYIUIe-
HUA U OKOHYAHHUS OTONMUTENBHOTO IIeproja, a TAKKE ero
MIPOAOIDKUTENBHOCTH. VcciienoBaHus BENUCh C UCTIONb-
30BaHUEM PSIJIOB TEMIIEPATYpPhl BO3AyXa CYTOYHOIO pas-
peleHusl.

OTonuTenbHBIN NEepHOJ HaYNHAETCS, KOT1a IPOKC-
XOIUT YCTOMYMUBBIA MEPEXO] CPpEAHEH CYyTOUYHOM TeM-
nepaTtypsl Boznyxa uepes 8 °C B CTOPOHY MOHMKEHHUH,
a 3aKaHYMBAaeTCs BECHOM — MOCiie YCTOMYMBOTO Mepe-
X0Jla TeMIlepaTypbl Bo3ayxa yepe3 8 °C B CTOPOHY MO-
BBILIEHUA. Y CTOMYMBBIM MEPEXOJOM CUUTAETCS OJHO-
HalnpaBJIeHHas] TEHJEHIMUs OT 3aJaHHBIX 3HAYCHUU B
TeueHue MATu aHei. Ilpu pacdere Temionoreps 31aHus
HE0OXOJJMMO 3HATH CPETHIOI TEMIIEPATypy 3a OTOIH-
TENbHBIA NEPUOJ], a TAKKE MUHUMAJIBHYIO CYTOUHYIO
TeMIepaTypy M MHUHHMaJbHYIO TeMIepaTypy 3a
5 nHeii. J1u xapaktepuctuku npuBojarca B CHull kak
BEPOSITHOCTHBIE BEJIMYMHBI, HO UX COBpPEMEHHbIE 3Ha-
YEHUsI MOTYT OTJIMYaTbCs BCIEACTBUE KIMMaTHYe-
CKOI'0 TIOBBILLIEHUS TeMIlepaTypbl. B kauecTBe nomodi-
HUTENBHBIX XapaKTEPUCTHUK OTOMUTEIBHOTO Mepuona
HCIIOJNB3YIOTCS AaThl €ro Hayaja U OKOHYaHHS, Mpo-
JOJKUTEIBHOCTh MEepBOM (OT AaThl Hayajla J0 KOHIIA
roja) ¥ BTOpoi (0T Havajia roja 0 JaThl OKOHYAHHUS)
gacTel mepuosa, a TakKe o0IIasi MpoJOKUTEIFHOCTD
oronutenpHoro nepuoaa [[Ikmses, [lknseBa, 2011;
Ixnses, [Tonun, 2017].
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Fig. 7. Time course of the beginning (a), end (b) and duration (c) of days heating period according
to observations at the meteorological station of Vanadzor

MexrojoBas TUHaAMHKa CPOKOB OTONMUTENBHOIO I1e-
puona B Oacceitne p. [ebenm paccMoTpeHa Ha mpuMepe
METEOpOJIOTMUECKOi cTaHIuu T. Banagzop (cMm. puc. 7).
Jlunuu TpeHIIOB TMOKa3bIBAalOT cMelieHue 3a 61 rox
Havaja OTONMUTENBHOTO Iepuoja Ha Oolee IMO3JTHUE
CpOKH, a WX OKOHYaHWE — Ha Oonee panHue. COOTBET-
CTBEHHO, YMEHBUIMJIACh U MPOAOIKUTENFHOCTh OTOIMU-
TeNbHOrO mepuona. 3a nepuon 1961-2021 rr. Habmo1a-
€TcA 3ama3/bIBaHKue AT Hadajla OTOMMTEIFHOrO Mepuoja
B cpenHeM Ha S fHel (puc. 7, a), a BECHOM OTOMUTENEHBINA
Mepro/] 3aKaHYMBaeTCs Ha 7 JHEH paHnbliie (puc. 7, b), 00-
1as MpOJOIKUTETIBHOCTh COKpaTuiiach Ha 12 aueii (puc. 7,
¢). I3MeHeHne OTONUTEIbHOrO MEPUOoAa HAXOAUTCS B Mps-
MOH 3aBUCHMOCTH OT JMHAMUKU KIMMATHYECKUX YCIIOBHIA,
TJIABHBIM 00pa3oM, OT TEMIIEpPaTypbl BO3IyXa B PETHOHE.
Hanneiii dhakt, HapuMep, 00CyxieH B paboTe [MaprapsiH,
2021]: cokpallieHHe OTOMHUTEIBHOrO MEPHOIa MPOUCXOIUT
3a CYeT NOBBIIICHNS 3UMHHUX TEMIIEpaTyp.

Kak BugHO Ha puc. 7, Hanbonee 4acto 3a 61-neTHui
MEepPUOJl HA4YaJI0 OTOMUTENBHOTO CE30HA MPUXOAUIIOCH Ha
CepemuHy TPeThed JeKapl OKTAOPS, KOHEI — Ha HA4aJIo
nepBoi ekanpl anpenst. Haubonee paHHee HACTYIIICHUE
OTOIMUTEIHHOTO CE30HA MPUXOANUTCS Ha 6 OKTAOPSL, a ca-
Moe no3iHee — Ha 12 HosOpsI, pa3indne B CpOKax HACTYII-
nenus cocrapisier 38 nHeit. Camasi paHHsISI JaTa OKOHYA-
HUS OTOIUTEIHHOTO TIeproa OblTa oT™MedeHa 18 MapTa B
2008 r., a camas o3 01 mas B 1978 1., pasnuune B
CpOKax HaCTYIUIEHUA COCTaBiAeT 44 mHs.

B xnmumatmueckoit noktpuHe Poccuiickoit ®@exnepa-
WY TOTICPKUBACTCS HEOOX OMUMOCTD aIANTAIIH PETHO-
HOB K MEHSIOIIUMCS KIMMAaTHYECKUM YCIOBHUSAM B LIENSAX
ux ycrodunBoro paszutus [Kmumatuyeckas..., 2009].
Crnenyer OTMETHUTD, UTO P KIMMAaTHYECKUX U3MEHEHHM
HMMEET MO3UTHUBHBIE MOCIIECTBUS, B YACTHOCTH, Ha Tep-
putopuu Poccuu B mocnenHue NEcATHICTUS HaOIroa-
€TC COKpalleHHe OTONUTENBHOr0 MepUoAa U MOBBIIIE-
HUE cpelHE TemmepaTypbl 3a 3TOT nepuon [Mcaesa,

[epcrrokos, 1996; KoGeimiera u ap., 2004; ITepepeneH-
1eB u np., 2014].

AHanmu3upys NOIXy4YCHHBIE 3aBHCUMOCTH, MOXKHO OT-
METHTb, YTO JJISl pACCMATPUBACMOMN TEPPUTOPUN HAOITIO-
JlaeTCsl 3aKOHOMEPHOE TOBBIIICHUE CpeIHEH Temrmepa-
Typbl XOJOAHOTO BPEMEHH TONld, COKPAICHHE OTOIH-
TENFHOTO MepHoa. DTO CBUACTEIBCTBYET O TOM, YTO B
Oacceitne p. Jleben nabmomaercs cMaraeHue 3uMel. [1o-
BEIIIICHHE CPETHEH TEMITEPaTyPhI B XOJIOJHOE BpeMs rofia
OTpa)kaeTcs Ha JICITOBOM U TEMIIEPATYPHOM PEKUAME PEK.
JlaThl MOSIBJICHUS JICMOBBIX SABJCHUN CMECTHJIUCH Ha 0O-
Jiee MO3MHUE CPOKH, pa3pylIeHHE JEIIHOTO MOKPOBa
MPOUCXOMUT paHbIlle OOBIYHOTO, MPOIOIKUTEIBHOCTD
MepUOo/Ia C JICOBHIMU SIBJICHUSIME YMeHbIIaeTcs [Mapra-
psn, 2021; MaprapsH, Bepuunun, 2021].

[Mony4ueHHbIe pe3yabTaTHl MOXKHO UCIIONB30BAThH MPU
TUTAHUPOBAHUH OTOIUTENBHBIX Pa0OT Ha M3y4aeMOit Tep-
PUTOPHUH, JUIS pa3pabOTKH IJaHa MEePCIEKTUBHOrO pas-
BHUTHS Map3a (001acTH), B METOJMKAX MPOrHO3UPOBAHUS
00beMa CTOKA BECEHHETO TTOJIOBOIHSL.

3akiouenne

Takum 00pa3oM, B XOJ€ IPOBEICHUS HCCICAOBAHMIMA
OBLTH MTOYYEHBI CICIYIONINE PE3yabTATHL

1. Cpennsist MecsiuHasi TemIepaTypa BO3AyXa 3a Ie-
puoxn ¢ HosOpst o Mapt ¢ 1963 o 2021 r. konebnercs B
npenenax ot —3,5 10 3,7 °C. C BbICOTOI MECTHOCTH Cpe/l-
HsIs TEMITepaTypa BO3AyXa 32 XOIOIHEIH MEPHOJ roja 3a-
KOHOMEPHO MOHWKAETCS — BEPTUKAIBHBIN TPaUEHT CO-
crasiset 0,52 °C/100 m.

2. IloBcemecTHO Hambollee HHU3KHE OTPUIATEIBHBIC
TEMITepaTypbl HAOIIONAIOTCS B SHBape, KPOME METEO-
cranimu barpatamen (451 m). SlHBapckas MecsuHas
TeMmIepaTypa u3MeHsercs B npezaenax ot —6,2 no 0,8 °C.
CpaBHUTEIBHO TEILIBIC 3UMBI HAOIIONAIOTCS JIO BBICOT
1 000—1 100 m.
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3. YcTaHOBIIEHHBIE TECHBIE KOPPEJSIMOHHBIE B3au-
MOCBSI3M MEXAY CPEIHUMH MECAYHBIMH 3HAYCHUSAMU
TeMIEepaTypbl BO3AyXa, CPEIHUMHU 3HAYEHUSMH 32 XO-
JIOJHOE TMOJIYTOAWE M CPEJAHErOJOBBIMH 3HAYCHHUSIMU
TeMIepaTypbl BO3AyXa MOXKHO UCIIONIB30BaTh Il 3a07a-
TOBPEMEHHO OLIEHKH TEPMUYECKOT0 peKMMa BO3AyXa.

4. YcTaHOBIIEHHBIE TECHbIE KOPPENSLUOHHBIE CBS3U
MEXIy CPeJHUMH 3HaUEHUIMHU TeMIepaTyphbl BO3lyXa 3a
XOJIOAHBIN IEPHOJ roJla Ha Pa3HbIX METEOPOJIOrMUECKUX
CTaHIMSIX MOXHO HMCIOJNb30BaTh JJIi BOCCTAHOBIIECHUS
OTCYTCTBYIOIIUX JTAHHBIX.

5. YcToluuBBIN Nepexo] CPeAHECYTOYHOM TeMIiepa-
Typsl Bo3nyxa uepe3 0 °C B cpeaHeM Habmromaercs ¢
3-ii mexazapl aekabpst 40 KOHIA MapTa, MPOAOSIKHUTENb-
HOCTh XOJIOHOTO TIepuojia cocTaBisieT oT 54 1o
128 nHeii, MpoAOIKUTEILHOCTh OTOMUTENIBHOTO CE30HA —
ot 143 no 234 nueii.

6. Ha u3zydaemoii TeppuTOpuu XapakTepHO OIpee-
JIGHHOE MepUuoANYecKoe H3MEHEHNE TeMITepaTypbl BO3-
oyxa 3a XOJIOAHBIM mepuoi rojga. OIHOMY HOJHOMY
LUKIY cOOTBEeTCTBYeT 45—50 nmer, B KOTOPOM MOXKHO
BBIIENUTh 5—10 MOMIUKIOB HEMTPOJOIKUTEIBHBIX TIe-
PHOMOB C pa3NUYHBIM U3MEHEHUEM TeMIlepaTypbl BO3-
oyxa.

7. MHoronetHue KoneOaHWs CPeHEH TeMITepaTypbl
BO3JIyXa 3a MEPHOJ HOSOPb—MAapT XapaKTePH3YIOTCS IT0-
JMOKUATENBHBIMU TpeHIamMu. B cpemnem mo OacceiHy
p. deben 3a mepuon ¢ 1963 mo 2021 r. TemmepaTypa Bo3-
IyXa 3a HosIOpb—MapT moBsIcHiIach Ha 1,3 °C.

8. B r. Banaazop ob1ast npogoaKuTeIbHOCTh OTO-
MUTEIBHOIO CE30HAa HE3HAYUTEIbHO YMEHBIIAETCA 3a
CYET CMEUIEHUs IaThl HACTYIJIEHUs leproja Ha Oonee
MO3JHEe BPeMsI M AaThl OKOHYAHHS — Ha Ooliee paHHee
BpeMs.

Cnrucox ucmouHukos

AbnymkamumoB A.A., Ataes 3.B., Bpatkos B.B. CoBpeMeHHbIC KITMMaTHIECKHE N3MEHEHUSI BRICOKOTOpHBIX JTaHmapToB CeBepo-
Bocrounoro Kaskasa // 3Bectns [larecTaHCKOro rocyAapCTBEHHOrO NEJarornueckoro yausepceutera. EctecTBeHHBIE M TOUHBIE HAYKH.

2015. Ne 2. C. 86-94.

AmaookoB Bb.A., TammioBa A.A., KemeBa JI.A., Teynoa H.B., TayoexoBa 3.A. KiinMaTudeckre U3MEHEHHS CPEIHUX 3HAYCHHH
1 9KCTPEMYMOB IIPHIIOBEPXHOCTHOH TeMIepaTypsl BO3AyXa Ha I0re eBponeicKoi Teppuropun Poccnn / @ynnamenTansHas 1 IPUKIIaa-

Has kumatoaorus. 2017. T. 1. C. 5-19.

Barpacapsau A.B. Kimmvmar Apmsnackoii CCP. Epesan : U3a-s0 AH ApmCCP, 1958. 151 c.

HeBauesa O.B., XoBanosa H.B., PomaganoBa O.A. MHoroneTssst AMHAMHKa TEMIIEpaTypsl Bo3ayxa B Taranpore // M3Bectus By-
30B. CeBepo-KaBkasckuii pernon. EcrectBennbie Hayku. 2010. Ne 1. C. 116-119.

HcaeBa A.A., lllepcTiokoB B.I'. Konebanust KTUMaTHYECKUX XapaKTEPUCTUK OTOMUTENBHOTO MEPUOA U OIICHKA BO3MOXKHOCTEH HX
CBEPXIOITOCPOTHOr0 NMporHo3a (Ha mpuMepe Mockssr) / Bectauk MockoBckoro yrusepcutera. Cep. 5. I'eorpadums. 1996. Ne 2. C. 68—

75.

Kupunmmna K.C., Jlodanos B.A. OneHka coBpeMEHHBIX KIMMATHYECKUX N3MEHEHHI TeMIIepaTyphl BO3IyXxa Ha Teppuropun Pec-
myommky Caxa (SIkyrus) // Vaenste 3amucku PITMY. 2015. Ne 38. C. 137-151.

Kaumatuyeckas nokrpuHa Poccuiickoit @enepamuu. M., 2009. 20 c.

KaumaTtudeckuii cripapounuk. Y. I. Temneparypa Bo3ayxa u nouBsl. Epesan, 2011. 150 ¢. Ha apmsn. s13.

Koosimesa H.B., KioeBa M.B., AnexkcanapoBa A.A., Byasiruna O.H. Kiimmatudeckre XapakTeprCTHKH OTOMUTEIEHOTO TIEpH-
ona B cyobekrax Poccuiickoi denepanmu B HacTosmeM U Oyayiiem / Meteoponorus u kiumaronorusi. 2004, Ne 8. C. 46-52.

Kouyrosa E.A. V3MeHYHBOCTS 3UMHUX MHUHHAMAJBHBIX TeMmeparyp Bo3ayxa B [Ipenbaiikanse // U3Bectus Mpkyrckoro rocymap-
crBerHoro yHuBepcureTa. Cepust «Hayku o 3emmex». 2015. T. 13. C. 98-110.

Jlodanos B.A., MammenoB C.A. OreHka KIMMaTHISCKUX M3MEHEHHI TEMIEpaTypsl BO3IyXa U UX YCTOMYMBOCTH HA TEPPUTOPHUU
neHrpansHoi Asun // Yuensie 3amucku PITMY. 2018. Ne 51. C. 22-36.

JlobanoB B.A., lllaxypckuii A.E. [IprMeHeHrE SIMITUPUKO-CTATUCTHYECKUX METOIOB JUTsI MOJICITMPOBAHMS M aHAIIN3a KIIMMaTHYC-

ckux m3menennti // Yuensre 3anucku PITTMY. 2010. Ne 14. C. 73-88.

Maprapsx B.I'. V3MeHINBOCTS 3UMHHX 3KCTPEMATBHBIX HU3KUX TEMIEPaTyp MPU3EMHOr0 ClIos Bo3Iyxa B OacceliHe o3epa CeBaH
(Apmenns) // YcroitunBoe pasBurHe ropusix Teppuropuid. 2020. T. 12, Ne 4 (46). C. 523-531. doi: 10.21177/1998-4502-2020-12-4-523-

531.

Maprapsaun B.I'. JlenoBsrit pexum pek Gacceitna Jleben, Apmenns // JIéx u Cuer. 2021. Ne 61(2). C. 248-261. doi: 10.31857/

S2076673421020086

Maprapsu B.I'., Bepumunun J.A. [IposBieHNs H3MEHEHUS KITMMaTa B JISZIOBOM pekuMe pek OacceiiHa p. [eben (Apmenus) // 'eo-
cdepusie uccnegoBanust. 2021. Ne 1. C. 94-103. doi: 10.17223/25421379/18/8

Maprapsu B.I'., Asetucsan I'. /., Capresn A.T., Maprapsia I1.H. 3akoHoMepHOCTH IPOCTPaHCTBEHHO-BPEMEHHOTO pacIpeiesie-
HUS a0CONIOTHBIX MUHHUMAJBHBIX TEMIIEpATyp MPU3EMHOro ciIos Bo3myxa B Oacceiine o3zepa Cesan // M3Bectust Poccuiickoli akagemMun
Hayk. Cepus reorpadudaeckast. 2022. T. 86, Ne 2. C. 232-242. doi: 10.31857/52587556622020078

Memmk O.IL., PorxkoBekas M.A DxcrpeManbHBIE TeMIIEpaTypsl Bo3yxa Ha Teppuropuu bemapycm // Bectrumk Bpecrckoro
rOCyJapCTBEHHOTO TeXHHIecKkoro yauBepcutera. 2015. Ne 2. C. 84-91.

Hepcecsan A.I'. Kmumar Apmennn. Epesan, 1964. 304 c. Ha apmsa. s13.

epesenenues IO.II., I'mmpanoBa A.B., IlapunoBa M.M., Ayxagees T.P. CoBpemMeHHbIE H3MEHEHUS KINMATHIECKHX
XapaKTepUCTHK OTONHUTENbHOr0 neprona B Kazanu // Yaensie 3anmckn Kazanckoro yrusepcurera. EctecTBennsre Hayku. 2014. T. 156,

kH. 4. C. 123-130.

IIeposa M.B., [Tonpe3sos O.A. PexxuM TemIiepaTypsl BO3IyXa B XOJIOZHOE TOIYTOMe U KINMATHIECKHE [TapaMeTphl OTONUTEIHHOTO
nieproa Ha Teppuropuu Ceseproro, CeBepo-3amansoro Keiprerscrana. bumkek : U3a-so KPCY, 2013. 181 c.
Cnpaounuk 1o kmumary CCCP. Bem. 16. Y. II. Temmneparypa Bo3myxa u moussl. JI. : ['mapomereonsaart, 1966. 214 c.

160



Mapeapsan B.I"., I'atioyxoea E.B., Ceopaxan A.M. Knumamuueckue ocobennHocmu usmeHenus memnepamypbl

Cypensin I'.I'. Cunontiueckuii aHanmu3 6apuaeckux Hoiel, GopMupyIOmIX HOrogHO-KINMaTHIEeCKHe ycaoBus Pecrrydnnku Apme-
HUSA : UC. ... KaHA. reorp. Hayk. Epesan, 2010. 145 c. Ha apmsmn. s13.

TatapaukosB B.O., l'aspuiosa E.B., A3myxamGeroBa [I.X. 3zmenenue yBnaxuneHHoctH [Ipukacnmiickoro pernona Poccuu B
CBsI3H ¢ ri100anbHBIM noTerieneM // I'eocepusie ncenemoBanmst. 2021. Ne 4. C. 103-109. doi: 10.17223/25421379/21/9

Hlknasie B.A., ITomun J.H. Paiiornposanne tepprutopun IlepMckoro kpast 1o mokasaressiM OTOINHUTeIbHOro nepuopa // I'eorpadu-
gyeckuit BecTHUK. 2017. Ne 4 (43). C. 123-135. doi: 10.17072/2079-7877-2017-4-123-135

Hlknasie B.A., HlkasieBa JI.C. XapakTepucTHKH OTONUTEIBHOTO Neprosa B T. [lepmu u nx BpemenHsle n3meHenus // ['eorpadude-
ckmif BectHHK. 2011. Ne 1 (16). C. 44-48.

Armenia’s fourth national communication on climate change. 2020. 213 p.

References

Abdulzhalimov A.A., Ataev Z.V., Bratkov V.V. Sovremennye klimaticheskie izmeneniya vysokogornykh landshaftov Severo-
Vostochnogo Kavkaza [Modern climate changes of high-mountain landscapes of the North-Eastern Caucasus] // Izvestid Dagestanskogo
gosudarstvennogo pedagogiceskogo universiteta. Serid Estestvennye i tocnye nauk [Dagestan State Pedagogical University. Journal.
Natural and Exact Sciences]. 2015. 2. pp. 86—94. In Russian

Ashabokov B.A., Tashilova A.A., Kesheva L.A., Teunova N.V., Taubekova Z.A. Klimaticheskiye izmeneniya srednikh znacheniy i
ekstremumov pripoverkhnostnoy temperatury vozdukha na yuge yevropeyskoy territorii Rossii [Climatic changes of mean and extreme
values of surface air temperature in the south of European Russia] // Fundamental'naya i prikladnaya klimatologiya [Fundamental and
applied climatology]. 2017. V. 1. pp. 5-19. In Russian

Baghdasaryan A.B. Klimat Armyanskoy SSR [The climate of Armenian SSR]. Yerevan: Publishing House of the Armenian SSR
Academy of Sciences, 1958. 151 p. In Russian

Ivlieva O.V., Khovanova N.V., Romadanova O.A. Mnogoletnyaya dinamika temperatury vozdukha v Taganroge [Long-term
dynamics of air temperature in Taganrog] // Izvestiya vuzov. Severo-Kavkazskiy region. Yestestvennyye nauki [Bulletin of higher education
institutes North Caucasus region. Natural sciences]. 2010. No. 1. pp. 116-119. In Russian

Isaeva A.A., Sherstyukov B.G. Kolebaniya klimaticheskikh kharakteristik otopitel'nogo perioda i otsenka vozmozhnostey ikh
sverkhdolgosrochnogo prognoza (na primere Moskvy) [Variations in the climate characteristics of the heating season and the evaluation
of their potential for very-long-term forecasting (taking Moscow as an example)| // Vestnik Moskovskogo universiteta. Seriya 5.
Geografiya [Moscow University Bulletin. Series 5, Geography]. 1996. No. 2. pp. 68—75. In Russian

Klimaticheskaya doktrina Rossiyskoy Federatsii [Climate Doctrine of the Russian Federation]. Moscow, 2009. 20 p. In Russian

Kirillina K.S., Lobanov V.A. Otsenka sovremennykh klimaticheskikh izmeneniy temperatury vozdukha na territorii respubliki Sakha
(Yakutiya) [Assessment of modern climatic changes of air temperature in the territory of the Republic of Sakha (Yakutia)] // Uchenyye
zapiski RGGMU [Proceedings of the Russian State Hydrometeorological University (RSHU)]. 2015. No. 38. pp. 137-151. In Russian

Klimaticheskiy spravochnik [Climatic handbook]. Part 1. Air and soil temperature. Yerevan, 2011. 150 p. In Armenian.

Kobysheva N.V., Klyueva M. V., Aleksandrova A.A., Bulygina O.N. [Climate characteristics of the heating season in the subjects of
the Russian Federation in the present and the future] // Meteorologiya i klimatologiya [Meteorology and climatology]. 2004. No. 8, pp. 46—
52. In Russian

Kochugova E.A. Izmenchivost' zimnikh minimal‘nykh temperatur vozdukha v Predbaykal've [Variability of winter minimum
temperatures at Predbaikalie] // Izvestiya Irkutskogo gosudarstvennogo universiteta, seriya «Nauki o Zemle» [Bulletin of Irkutsk State
University, series «Earth Sciences»]. 2015. V. 13. pp. 98-110. In Russian

Lobanov V.A., Mammedov S.A. Otsenka klimaticheskikh izmeneniy temperatury vozdukha i ikh ustoychivosti na territorii tsentral'noy
Azii [Assessment of climatic changes in air temperature and their stability in Central Asia]// Uchenyye zapiski RGGMU [Proceedings of
the Russian State Hydrometeorological University (RSHU)]. 2018. No. 51. pp. 22-36. In Russian

Lobanov V.A., Shadursky A.E. Primeneniye empiriko-statisticheskikh metodov dlya modelirovaniya i analiza klimaticheskikh
izmeneniy [Application of empiric-statistical methods for modeling and analysis of climatic changes] / Uchenyye zapiski RGGMU
[Proceedings of the Russian State Hydrometeorological University (RSHU)]. 2010. No. 14. pp. 73-88. In Russian

Margaryan V.G. Izmenchivost’ zimnikh ekstremal 'nykh nizkikh temperatur prizemnogo sloya vozdukha v basseyne ozera Sevan
(Armeniya) [Variability of winter extreme low temperatures of the surface air layer in the lake Sevan basin (Armenia)] // Sustainable
development of mountain territories. 2020. V. 12, No. 4 (46). pp. 523-531. In Russian

Margaryan V.G. Ledovyy rezhim rek basseyna Debed, Armeniya [Ice regime of the rivers of the Debed basin, Armenia] // Lod i Sneg
[Ice and Snow]. 2021. No. 61 (2). pp. 248-261. In Russian

Margaryan V.G., Vershinin D.A. Proyavieniya izmeneniya klimata v ledovom rezhime rek basseyna r. Debed (Armeniya)
[Manifestations of climate change in the ice regime of the rivers of the Debed river basin (Armenia)] // Geosfernyye issledovaniya
[Geosphere Research]. 2021. No. 1. pp. 94-103. doi: 10.17223/25421379/18/8. In Russian

Margaryan V.G., Avetisyan G.D., Cargsyan A.T., Margaryan P.N. Regularities of Spatio-Temporal Distribution of Absolute Minimum
Temperatures of Surface Air Layer in Lake Sevan Basin // Izvestiya Rossiiskoi Akademii Nauk. Seriya Geograficheskaya [Bulletin of the
Russian Academy of Sciences: Geographical Series]. 2022. V. 86, No. 2., pp. 232-242. doi: 10.31857/S2587556622020078. In Russian

Meshik O.P., Ryzhkovskaya L.A. A Ekstremal’nyye temperatury vozdukha na territorii Belarusi [Extremal temperatures of air on the
territory of Belarus] // Vestnik Brestskogo gosudarstvennogo tekhnicheskogo universiteta [Bulletin of the Brest State Technical
University]. 2015. No. 2. pp. 84-91. In Russian

Nersesyan A.G. Klimat Armenii [Climate of Armenia]. Yerevan, 1964. 304 p. in Armenian

Perevedentsev Yu.P., Gimranova A.B., Sharipova M.M., Aukhadeev T.R. Sovremennyye izmeneniya klimaticheskikh kharakteristik
otopitel'nogo perioda v Kazani [Contemporary changes in the climate characteristics of the heating season in Kazan] // Uchenye Zapiski
Kazanskogo Universiteta. Seriya Estestvennye Nauki [Proceedings of Kazan University. Natural Sciences Series]. 2014. No. 156 (4).
pp- 123—130. In Russian

Perova M.V., Podrezov O.A. Rezhim temperatury vozdukha v kholodnoye polugodiye i klimaticheskiye parametry otopitel'nogo
perioda na territorii Severnogo, Severo-zapadnogo Kyrgyzstana [The air temperature mode in the cold half-year and climatic parameters

161



Memeoponoeus, kiumamonoeus / Meteorology, climatology

of the heating period in the territory of northern and north-western Kyrgyzstan]. Bishkek: Publishing house of KRSU 2013. 181 p.
In Russian

Spravochnik po klimatu SSSR [USSR climate guide]. Part 2. Issue 16. Air and soil temperature. Leningrad: Gidrometeoizdat publ.,
1966. 214 p. in Russian

Surenyan G.G. Sinopticheskiy analiz baricheskikh poley, formiruyushchikh pogodno-klimaticheskiye usloviya Respubliki Armeniya
[Synoptic analysis of baric fields forming the climatic conditions of the Republic of Armenia]. Thesis for the degree of cand. geographical
sciences. Yerevan, 2010, p. 145. In Armenian

Tatarnikov V.O., Gavrilova E.V., Azmukhambetova D.Ch. Izmeneniye uvliazhnennosti Prikaspiyskogo regiona Rossii [Changes in the
moisture of the caspian region of Russia due to global warming] // Geosfernyye issledovaniya — Geosphere Research. 2021. No. 4. pp. 103—
109. doi: 10.17223/25421379/21/9. In Russian

Shklyaev V.A., Polin D.N. Rayonirovaniye territorii Permskogo kraya po pokazatelyam otopitel'nogo perioda [The Perm region
zoning in terms of the heating period] // Geographical bulletin [Geograficheskiy vestnik]. 2017. No 4 (43). pp. 123-135. doi:
10.17072/2079-7877-2017-4-123-135. In Russian

Shklyaev V.A., Shklyaeva L.S. Harakteristiki otopitelnogo perioda v Permi i ih vremennie izmeneniya [Characteristics of the heating
period in the city of Perm and temporary changes] // Geographical Bulletin [Geograficheskiy vestnik]. 2011. No. 1 (16). pp. 44-48.
In Russian

Armenia’s fourth national communication on climate change. 2020. 213 p.

HNudopmanus 06 aBTopax:

Maprapsaun B.I'., xangunar reorpaduaeckux Hayk, TOIEHT, kadeapa ¢u3mdeckoil reorpaduu u rugpomereoponorur, EpeBanckmit
TOCyapCTBEHHBIN yHUBEpCHUTET, EpeBan, ApMeHUs.

E-mail: vmargaryan@ysu.am

IaiinykoBa E.B., kananmar TeXHHYecKHUX HayK, JOIEHT, Kadeapa HmKeHepHOH Tuaponoruy, Poccuiickuii rocyJapcTBEHHBIH THIpOMe-
Teopornoruaeckuii yausepcuret, MacTuTyT ruaponorun u okeanonoruu, Cankr-IlerepOypr, Poccns.

E-mail: oderiut@mail.ru

Ceapaxsan A.M., kanaunat GU3NKO-MaTeMAaTHIECKUX HAyK, JOLCHT, (haKyabTeT NPUKIAIHEIX MAaTeMaTHKH U (u3ukd, HarmonansHeri
MIOJINTEXHUUECKUH yHuBepcuteT Apmennn, Epean, Apmenns.

E-mail: asedrakyan.phys@gmail.com

Bxnao asmopos: eéce asmopul coenanu IK6ueaieHMHbLIL 6K1A0 8 ROOZOMO0BKY NYyOTUKAUUU.
Aemopul 3asa61310m 06 OMmcymcmeuu KOHQIUKMa uHmepecos.

Information about authors:

Margaryan V.G., Cand. Sci. (Geography), Assistant Professor, Department of Physical Geography and Hydrometeorology, Yerevan
State University, Yerevan, Armenia.

E-mail: vmargaryan@ysu.am

Gaidukova E.V., Cand. Sci. (Technic.), Associate Professor, Department of Engineering Hydrology, Russian State Hydrometeorological
University, Institute of Hydrology and Oceanology, St. Petersburg, Russia/

E-mail: oderiut@mail.ru

Sedrakyan A.M., Cand. Sci. (Phys.-Math.), Associate Professor of the Department of Physics, Faculty of Applied Mathematics and
Physics, National Polytechnic University of Armenia (NPUA), Yerevan, Armenia.

E-mail: asedrakyan.phys@gmail.com

Contribution of the authors: the authors contributed equally to this article.
The authors declare no conflicts of interests.

Cmamows nocmynuna ¢ pedaxyuio 30.04.2022; ooobpena nocne peyenzuposanus 24.10.2023; npunama k nyonuxayuu 18.03.2024

The article was submitted 30.04.2022; approved after reviewing 24.10.2023; accepted for publication 18.03.2024

162



I'eocdepunie nccnenoanms. 2024, Ne 1. C. 163—177 / Geosphere Research. 2024. 1. pp. 163-177

Hayunas craTbs
YK 551.583.1
doi: 10.17223/25421379/30/10

COIUAJTBHO-3KOHOMUYECKHUE PUCKU PECIIYBJIAKHA AJITAA CFS
B KOHTEKCTE PETUOHAJIBHBIX U3MEHEHUM KJIUMATA
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AHHoTamus. PaccMOTpeHBI TeHIEHIINY H3MEHEHHUS OCHOBHBIX KIIMMAaTHIECKIX MapaMeTpoB (TeMIlepaTypa, OCaKH, BeTep) Ha
Teppuropun Pecrryommku Antait 3a mepmox 1960-2020 rr. IlpuBemeHBI pe3ynbTaThl aHANN3a IIOBTOPSIEMOCTH OMACHBIX
METEOPONIOTMYECKUX U TUAPOIOrMYECKUX sBIEHUH. JlaHa OLlEHKa SKOHOMHUYECKMX M COLHUAIBbHBIX PHUCKOB B YCIOBUSX
U3MEHSIOIUXCS KIUMAaTHYECKUX YCIOBUI.
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SOCIO-ECONOMIC RISKS OF THE ALTAI REPUBLIC IN THE CONTEXT
OF REGIONAL CLIMATE CHANGE
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Abstract. The analytical data accumulated over the past decades on the processes of changes in the main climatic parameters
on the territory of the Altai Republic indicate an increase in negative consequences, including an increase in the number and
intensity of dangerous meteorological and hydrological phenomena. At the same time, the expansion of the time scales of meteor-
ological data and their spatial analysis remains relevant. This paper presents the results of comparing the average annual and
seasonal values of temperature and precipitation for two 30-year periods — 1961-1990 and 1991-2020. For the first time, a quan-
titative assessment of socio-economic risks for the population and infrastructure in all administrative districts of the Altai Republic
was carried out.

It is established that the average annual air temperatures in the region have increased by an average of 1.0 °C over the past
30 years, mainly due to the spring-winter season. The least intense deviations from the norm of temperatures are observed in the
mid-mountain zone and on the watersheds of the highlands. The increase in air temperature anomalies is from the northwest (0.4—
0.8 °C) to the north (1.3—1.4 °C), south (1.1-1.6 °C) and especially to the southeastern periphery of the region (1.9 °C). The
maximum temperature increase in the surface air layer in all seasons of the year is observed in the area of the Kosh-Agach weather
station.

Everywhere in the Altai Republic, the amount of spring precipitation has increased and the amount of autumn precipitation has
decreased. At the same time, the maximum levels of precipitation deviation from the norm of 1961-1990 do not exceed 40 mm. In
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parallel with the processes of increasing air temperature and changing precipitation regime in the region, there is an increase in the
frequency and intensity of dangerous meteorological and hydrological phenomena, as well as signs of changes in the hydrological
regime of the main rivers of the region. In particular, this is confirmed by the intensification of flood floods in recent decades,
provoked by heavy precipitation falling in a short time.

At the same time, during the period 1991-2021, damage from 306 dangerous and adverse weather events was registered on the
territory of the Altai Republic. Thus, only about 42 % of the previously noted dangerous phenomena caused damage, which is
explained by the spread of some dangerous phenomena in areas with weak economic activity or in its complete absence.

The highest values of economic risk are observed in territories where the increased frequency of extreme events, high popula-
tion density and well-developed infrastructure are combined. At the same time, the significance of these risk components is differ-
ent. For example, in Gorno-Altaysk and the Mayminsky district, the main role is played by a high population density, and in the
Turochaksky district there is a high frequency of dangerous phenomena (strong wind, very heavy rains, large hail, icy phenomena).

Keywords: Climate change, climate risks, damage
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BBenenne

U3BecTHO, 4TO rOpHBIE PETHOHBI OJHUMH U3 TEPBBIX
pearupyroT Ha U3MEHEHMs KIMMAaTUYECKUX YCIIOBHi, B
TOM YHCIIE 32 CUET YBEJIIMYEHUSI YACTOTHl U HUHTEHCUBHO-
CTH OMACHBIX METEOPOJIOTMYECKUX U THUIPOJIOTHUECKUX
sBiieHu (nanee OMS u OI'Sl), npuBoAAIINX K HABOAHE-
HUSM, ONOJ3HSIM, JJABHHAM, CIIOCOOHBIM HAHECTH CYIIE-
CTBEHHBIN BpeX HaceleHuIo 1 uHdpacTpykrype [Kyxes-
ckad u ap., 2020]. [Ipu 3TOM OrpaHHYEHHOCTH 3eMENb-
HBIX PECYPCOB B YCIOBHSX TOPHOT'O peibeda MPHBOANUT K
KOHIICHTPAIINU HACEICHHBIX ITYHKTOB U HH(PPACTPYKTyp-
HBIX 00BEKTOB B TOJHHAX KPYIHBIX PEK, YTO TAKXKE SB-
nsieTcsi (paKTOpOM, MOBBIMIAOIIUM COIAATEHO-YKOHOMH-
YeCcKHEe PUCKU B YCIOBHUIX U3MEHEHUS KIIUMaTa.

Tax [ABanecsH, Cyxosa, 2011; Apanecsn, 2013], ycra-
HOBM, 9T0 ¢ 1988 1. Ha pekax Katynp u bus HaGmonanocs
YBEITHMYECHUE BEPOSITHOCTH (POPMHUPOBAHKS BEICOKUX MAaKCH-
MYMOB YPOBHS BOJIbI B TIEPUOJI TIOJIOBO/IBS C BBIXOZIOM €€ Ha
MOMMY, HO BMECTE C TEM COKpaIl[aiach MPOIOJDKUTEIBHOCT
nonoBoAbsA. OCHOBHOW NMPUYMHON 3TOTO aBTOPbI CUMTAIOT
POCT BECEHHHUX TEMIIEpaTyp, MPOBOLIMPYIOIINX OTHOBPEMEH-
HOE CHETOTasiHNE B HECKOJIBKUX BBICOTHBIX 30HaX. B rofpl 10
uHTeHCUBHOTO noTeruieHus (1946-1976 rr.) cHerorasHue Ha
pasHBIX YPOBHSX 0ACCEHHOB OTMEUEHHBIX pEeK OBLIO pasHe-
CEHO IO BPEMeHH, B 0OJiee BBICOKUX BBICOTHBIX 30HAX OHO
C/IBUTQJIOCH HA JIETHUE MECSLIBL.

[o marabM [ CemenoB, 2009], B 3amagno-CudbupckoM
peruone 3a niepuog 1991-2008 rr. u3 80 cydaeB HaBOA-
HEHHUH ¢ 3aUKCHPOBaHHBIM yriepooMm 70 % mpuxomm-
JIUCh Ha TOPHBIE U IpeAropHbIe paioHbl Antas u 3anai-
Hbix CasH. Ilpu 3TOoM cpenHss TPONOKUTENBHOCTD
OIACHBIX HAaBOJIHEHUH B 3THUX pailoHax gocturaia 7 cyr,
TOrJa Kak Ha Tepputopuu Poccun — 5 cyT.
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Ha yBenuuenue couuanbHO-5KOHOMHUYECKUX PUCKOB
OT HABOJHCHHH B HACTOAIIEE BpeMs BIHSCT U (pakTop
pacIMpeHus JKAJOW 3aCTPOMKH B PETHOHAIBHOM H paii-
OHHBIX IICHTPAaX, B TOM YHCIIE 33 CUET TypOa3 u «3eICHBIX
JIOMOBY, mocTpoeHHbIX nociie 2000 r. B HemocpencTBEH-
HOU OJIM30CTH OT OEperoBoii 30HBI PEK, B CEBEPHOMN YaCTH
pecrryomuku — Yemanbckuii, Typodakckuit 1 MaiMuH-
ckuii paitonsl [[Joknaz..., 2022]. [To ganubiM ['opHO-An-
TalCKOro LEHTpa MO THAPOMETEOPOJIOTUH U MOHHUTO-
PHHTY OKpyXaromei cpernsl — drmana denepansHOro
TOCYIapCTBCHHOTO OIOIKETHOTO YUpPSKACHUSI «3a-
nagHo-CuOupckoe ynpaBieHUE O THAPOMETEOPOIOTHH
W MOHUTOPHUHTY OKpyKatouieir cpeab» (I'opHo-AnTaii-
ckuit LITMC), nMeHHO ceBepHBIC paliOHBI PecmyOmuku
Autait XapaKkTepu3yroTcsl Hanboiee BEICOKOH TOCIE BBI-
COKOTOpbs oBTOpsieMocThio OMS u OT'S.

Ha ¢oHe mocTosHHOTO pocTa MOTOKAa TYPHCTOB (C
2021 r. mpeBbimaer 2 MiH uenoBek B ron [Mokmarn...,
2022]) u pacuirpeHus o0IacTeil HX BpeMEHHOTO U TIOCTO-
STHHOT'O IPEOBIBAHMS B OTAJICHHBIX U TPYIHOXOCTYITHBIX
BBICOKOTOPHBIX paifOHaX PeCITyOIMKH BO3PACTAIOT PHCKH
OT CXO7ia JJaBUH, CeJiei, KAMHENa 0B 1 CUJIbHBIX BETPOB.
[Tocnennue xapakTepHbl IUIsl PaiilOHOB BBICOKOT'OPHBIX
MeTeocTanuid Ax-Kem u ocobenno Kapa-Tropek.

Psan aBropoB Takxke ormeuaroT [Krasnoyarova u ap.,
2015; Kyxeckas u 1p., 2020], 4To 10ITOCPOUHOE TOBbI-
LIEHHE TeMIIepaTypbl BO3[lyXa B COUETAaHUU CO CHHIKE-
HUEM CyMM 3UMHHX OCaJIKOB, COKpallleHUEM YHciia JHEH
C YCTOMYUBBIM CHEXHBIM IIOKPOBOM B KOHEUHOM CYETE
HEraTUBHO CKa3bIBAIOTCS Ha Pa3BUTUU TOPHOJIBIKHOTO
Typu3Ma, aKTUBHO Pa3BHUBAIOILErOCs Ha TEPPUTOPHUH pe-
THMOHA B MOCIIEIHUE TOJIBL.

B npyroii BaxkHo# st Pecriy6nukn Anrait orpaciu —
CEIbCKOM  XO34HCTBE, IO  MHEHUIO  aBTOpPOB
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[Krasnoyarova u np., 2015, Kyxesckas u np., 2020]
TaK)Xe MOTYT MPOSABIATbCA HETaTHBHBIE MOCIEACTBUS B
pe3yibTate M3MEHEHHs] KIMMATUYECKHX MapaMeTpOB.
[Ipu mpoaoKeHNN TEHACHUMH MOTEIIEHUS], CHIDKEHUS
0CaJIKOB U YBEIMUYEHUS JHEH C aHOMaJbHO XKapKOi oro-
JIOM B TAaKUX TPaJUIIMOHHBIX JUI paCTEHUEBOJICTBA paio-
HaX, KaKk YiiMoHckas u KaHckast KOTJIOBUHBI, YCIOXKHSTCS
arpoKIMMaTHIecKie ycrmoBus. COOTBETCTBEHHO, HEOOXO-
JMMBIM CTaHeT MEepexXoi K TPaJUIMOHHOMY Ui TOPHBIX
YCIIOBUI OTTOHHO-TTACTOMIITHOMY *KUBOTHOBOJICTBY, KOTO-
poe BMeCTe C TeM IPU COXPAHEHUH HEeCTaOMIBHOCTH TIPO-
JQYKTUBHOCTH CENbXO3YTOJMi W TOBBIIIEHUH PUCKOB Be-
CEHHE-OCEHHUX 3aMOPO3KOB, 3aCyX, JIMBHEBBIX JOXKIEH
TaKKe IOTpedyeT pa3paboTKU U PHHSTHSI YKOIOTHUECKIX
Y 9KOHOMHYECKUX MEep I MOLAEPKKH OTPaCiH.

Tennennuu pocta Temmepatypsl B I'opHom Antae B
HaCTosIIee BpeMsl OYEBUAHBI U OTMEUYAIOTCS BO MHOTHX
pabotax [Xapnamosa 2006, 2010; Cyxoea, MojuHa,
2007; ABanecsi, Cyxosa, 2011; U3menenwe..., 2011; Ko-
ObrmeBa u ap., 2015; Kyxesckas u ap., 2020]. B kaue-
CTBE OCHOBHBIX IPUYMH W3MEHEHHS KIMMaTa Mpeanoa-
raercs IepecTporka APYruxX KIMMAaTUYECKUX Iapamer-
POB pa3HOro Macmrada, 9TO IMOATBEP)KIAETCS COBIAJC-
HUEM H3MEHEHHsS XOAa CpPEeIHEroJOBOW TeMIlepaTyphl
MPU3EMHOr0 BO31yXa B MacmTabax peruoHa, Poccuu u
3eMHoro mapa [bypnakosa u ap., 2011].

M.B. Cripomstuna [2010] uzyuuB ganusie 14 mereo-
cranimii 3a nepuon 1935(40)-2004 rr. ¢ npuMeHeHUEM
CHEKTPaAIbHOT O aHAJN3a, BBISIBUJIA HEKOTOPYIO LIUKITNYE-
CKYIO COCTABJISIIOILYIO B MU3MEHEHMSIX CE30HHBIX TEMIIe-
paTyp BO3ayXa M KoJImdecTBa ocaakoB Ha Anrae. Hanbo-
Jiee YETKO B U3MEHEHUAX OCHOBHBIX KIMMATUYECKUX Ta-
paMeTpoB BO BCE CE30HBI MPOSABISUIUCH BBICOKOYACTOT-
HBIC KOJIEOaHUs ¢ TIepronoM 2—3,5 To/a, COrIACYIOIIecs
C KBa3UIBYXJETHUMH LUKJIAMH LUPKYJSILMM B aTMO-
chepe. B pa3HO CTEIEHN TPOSBIBUIACH U IIUKIIBI, BEPO-
SITHO COOTBETCTBYIOIINE COMHEYHONU aKTUBHOCTH, TPOJIOI-
)urensHocTEI0 10-11,7 ner. Hanbosiee 4€TKO 3TH HUAKITBI
BUJIHBI B U3MEHEHUSIX CPEHETIETHUX TEMIIEPATYpP.

Hpyrue aBrops! [[lapomoB u ap., 2001] noxa3biBatoT,
gro B Oacceiinax Bepxueii u Cpemreit O0u m3MeHeHHe pH-
3eMHOH TEMITEpaTypsl BO3IyXa U aTMOCHEPHBIX OCAIKOB
TECHO CBSI3aHO C IIPOH3OIICAIICH EPECTPOUKOH aTMochep-
HOM tupkyssiuuu. [lpy 3ToM oTMeuaeTcs, 4To ¢ BBICOTOM
CKOPOCTh PUPOCTA TOAOBBIX TEMIIEPATYP B OCHOBHOM CHH-
KaeTCsl, 3 UCKIIFOUCHNEM KOTJIIOBUH, B KOTOPBIX HAOIIOMa-
€TCs1 3aBUCUMOCTb MEXITy IIPUPOCTOM TEMIIEPaTypbl B IIpH-
36MHOM CJIO€ BO3[yXa M IapaMEeTpPoOM KOTJIOBUHHOCTH.
AHaNOrMuHbIE MCCIIEIOBaHUSA MPOBEIEHbI TOPHO-ajTaii-
ckumu yuensiMu MLIT. CyxoBoit u T.JI. Moaunoii [CyxoBa,
Moauna, 2007]. B nanHoi paboTe BbIsSIBJICHA TeCHAsK CBSI3b
TEPMHUYECKIX YCIOBHH Pa3HBIX CE30HOB C OCOOCHHOCTSIMHU
O0IIEIMPKYILSIIHOHHBIX TIPOIECCOB HaJl TeppuTopueii I 'op-
Horo Anras 3a nepuog 2001-2005 rr.

[To muenuto [lepctiokos, 2008], yBenuueHne KOIH-
gecTBa 00aYHOCTH, O0YCIOBIEHHOE YCHICHHEM IHKIIO-
HUYHOCTU B TIOCIEIHUE AECATUIETUS Ha TEPPUTOPHH
Poccun, crmocoOCTBOBAIO TOMOTHHUTEIFHOMY ITOTEILIC-
HUIO KJIMMATa B XOJIIOJHOE IMONyroane (TapHUKOBBIH (-
(beKT 00IaYHOCTH) U OCITA0ICHHIO MTOTEIICHUS B TEIUIOE
noiyromue (3KpaHUPYIOIIUi P PeEKT).

U.B. KyxeBckas u coanT. [2020] oTMeuatoT OT4ETIIN-
BOE BIIMSHIE M3MECHCHHH aTMOC()EepHON IHUPKYISIIUN HE
TOJBKO HA PEKUM aTMOC(EpHBIX 0CAJKOB, HO M Ha BO3-
HUKHOBEHHE HKCTPEMAJIbHBIX IMOTOIHBIX SIBJICHUH, CpeIu
KOTOpbIX B 'opHOM AnTae HaBOIHEHUS U MaBOAKH B pe-
3yIbTaTe CHIBHBIX JOXKIEH HPUBOIAT K HAUOOIBIIUM
9KOHOMHYECKUMHU TOCIIEACTBUSIM.

B pa6ore [3yeB u ap., 2019] BeLaBUTACTCS TIPEIIONO-
YKEHHE, YTO MMOBBIILIEHUE TEMIIEPATYPhl BO31YyXa B X001~
HBI TIEPHOJ B PETHOHE MOXKET OBITh PE3yIbTaTOM HE
TOJBKO TTOBCEMECTHOT'O ITOTEILUICHHSI, HO M HaOIF0Iar0-
mierocs Ha fore 3amagHod CuOMpH yBETHUYCHHS YUCIa
nHel ¢ orrenensiMu. OILyTUMBIM HOCIEICTBHEM 3JIECH
SIBIISTIOTCSL (PUKCHPYEMbIe U3MEHEHHS B JICTIOBOM M BOJI-
HOM pexuMme pek. Tak, Ha p. Maiime, mpoTeKaromen B
HU3KOTOPHOW 9acTH pecnyONuKy, Ha ()OHE YMECHBIIICHUS
MIPOAOJDKUTEIBLHOCTH YCTOMUYMBOrO MOPO3HOIO NMEPHOAa
(buKCHpyIOTCS OoNiee paHHUE JAaThl BCKPHITHS H 3aMep3a-
HUS PEKU.

Taxum 00pa3oM, HaKOTUIEHHBIE 32 TIOCTISTHIE ICCSTH-
JIETUsI aHAIUTUYECKUE JaHHBIE O MpoLeccax U3MEHEHUs
OCHOBHBIX KIMMaTHYECKUX MapaMeTpOB Ha TEPPUTOPHH
PecrryOnukn AnTail CBHICTENBCTBYIOT 00 YCHICHUH
HETATUBHBIX IIOCIEICTBHAN, B TOM YHCIE (DUKCHPYETCS
yBEJIMYEHHE KoMu4yecTBa U MHTeHcuBHOCTH OMS 1 OI'S1.
[Ipu 5TOM aKTyanbHBIM OCTA€TCsl paclIUpeHue BpeMeH-
HBIX MACIITa0OB METEONAHHBIX U WX MPOCTPAHCTBEHHEIH
aHamm3. B mamHO# paboTe mpeicTaBIeHBI Pe3yIbTAaThI
CpPaBHEHHUS CPEIHErOZ0BBIX M CE30HHBIX 3HAYEHUH TeM-
nepaTypsl U CyMMbI OCaJKOB 3a ABa 30-IeTHUX HepH-
oma— 1961-1990 rr. u 1991-2020 rT., a Tak)Ke B IEPBOM
npuOmkeHnn (M3-32 OTCYTCTBHS ITOCTYHAa K IOJHOM
0a3e MaHHBIX) IMPOAHATM3NPOBAHBI TECHICHIINH HM3MEHe-
HUS Ha TEPPUTOPUU PErHOHa CKOPOCTH BeTpa. BrepBrie
MPOBE/IeHa KOJIMYECTBEHHAs OLIEHKa COL[MabHO-3KOHO-
MUYECKIX PUCKOB ISl HaCEIIEHIS 1 HHPPACTPYKTYPHI 11O
BCEM aJIMHHUCTPATHBHBIM paiioHam PecnyOimku Anrtai.

MarepuaJibl H METOANKA UCCJIET0OBAHUS

[Ipu oneHKe 0COOEHHOCTEH U3MEHEHUI TEMITEPaTyp-
HOT'O PEeKMMa U OCAJKOB aHAJM3UPOBAIUCH UX CPEIHUE
MHOTOJIETHHE 3HAYEHHUA, NpeaocTaBiieHHble [ opHO-A-
taiickum [[TMC u ®I'BY « BHUUTMU-MII/]», mecsu-
HOro paspeineHds B mepuoabl 1961-1990 rr. (6a3zoBas
KIIUMaTH4YecKass HopMma, pekoMmeHaoBaHHas BMO) wu
1991-2020 rr. (HOBas KTUMaTUYECKasi HOpMa, JEHCTBYET
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o pacropspkeHno denepanbHON CIyKOBI 10 THIPOME-
TEOPOJIOTMM ¥ MOHMTOPHHTY OKpYXarolenl cpeabl ¢
1 uronst 2022 1.).

Hannsie no OMS Taxke npenocraBieHsl 1 opHO-Adn-
taiickum LII'MC 3a neproz 1998-2020 r. Mudopmarums mo
OIACHBIM T'HJPOMETEOPOTIOTMYECKUM ABJICHUSIM JOCTYITHA
Ha oduuuansHoM caiite ®I'BY «BHUUTMU-MII»
(http://aisori-m.meteo.ru.) 3a mepuon 1992-2021 rr.

Cratuctryeckas 00pa0b0OTKa TaHHBIX MTPOU3BOAMIACH
C TIOMOIIBI0 CTaHIAPTHBIX HHCTpyMeHTOB MS Excel.
Kaprocxembl BBIOTHSIMCH C UCTIOIB30BAHUEM MOIYJIS
ArcGis 10.4.1 u TonOTHATENHHO 00padaTHIBAIKCH B TIPO-
rpamme CorelDRAW X3.

Onenka Bausauss OMS u OISl Ha Oe3omacHOCTH
HaceJIeHUs 1 X03siicTBeHHble 00beKThl PecniyOnuku An-
Tail BKIIIOYaJia CceIylolue 3Tamnbl:

— OIpeliesieHH e TOBTOPSIEMOCTH ONacHbIX siBieHuit (O51)
B pa3pese MyHUIMIATBHBIX paiioHoB PecriyOnuku Anraif;

— OLIEHKA YS3BUMOCTH TEPPUTOPUM U HACEICHUS MY-
HUIMMATBHBIX paiioHoB PecryOnmku AnTail o OTHOIIIE-
Huro k OJ;

— OLIEHKA SKOHOMHYECKHX 1 COLMAIBHBIX PUCKOB 0T OS1;

— OLIEHKa MpocTpaHcTBeHHOro pacnpeneneuus O u
CBA3aHHBIX C HUMHU COLIMATbHO-3KOHOMUYECKUX PUCKOB
Ha TEPPUTOPUU PETHOHA.

[ pacdeTra moBTOPSIEMOCTH OMACHBIX SIBICHUH MPH-
MeHsuTuch Gopmynsl (1), (2), pekomeHnoBaHHBIE [1aB-
HOIi Teodusnueckoii odoceparopueii M. A.U. BoelikoBa
(®I'BY «I'TO») [Kobbmmesa u ap., 2015]. ®opmymna (1)
MpUMEHUMA JUIsl SBJICHHUH, HAONIOJaeMbIX OIWH pa3 B
rofy, (2) — HECKOJIBKO pa3 B TOAY:

p=n/N, (D
p=N'/N, 2

r7ie p — MOBTOPAEMOCTb JIET ¢ siBlieHueM; n — yncio O
3a Bech mepuoj] HabroaeHuid; N — 9ucio et Habloe-
Hui; N’ — gucio aer ¢ OS1.

[Ipu pacyere ya3BHUMOCTH TEPPUTOPHUH MYHHLIMIIAIb-
HBIX 00pa30BaHUi perMoHa MO OTHOIIEHHIO K KOHKPET-
HoMy OMS mo dopmyre (3) yIUTHIBAIIOCH HAUYHE Y
ATOTO SBICHUS KOI(PPHUIHEHTA aTPECCHBHOCTH, T.€. B pac-
9eTax yJacTBOBAIM TOJBKO SIBJICHHS, CIIOCOOHBIC MPHOO-
peTaTh pa3pyHIUTENbHBIN XapakTep IS HaceIeHus, 00b-
€KTOB HH(PACTPYKTYpHI U YkKoHOMEKH [KoObImeBa u np.,
2020]. Taxk, npu oLeHKEe YSI3BUMOCTH Y CTh-KOKCHHCKOTO
paiiona k OMS] He BKIIOYANTHCh JaHHBIE BHICOKOTOPHBIX
Meteoctanuuit Ak-Kem, Kapa-Tropek, Tak kak Ha 3THX
TEPPUTOPHSIX OTCYTCTBYIOT HACEJIEHHbIE ITYHKTHI M, COOT-
BETCTBEHHO, 00BEKTHI KI3HEOOSCIICUCHNSI.

Y=(s/S)xmxt, xK, 3)

rae Y — ys3BUMOCTh TEPPUTOPUHU OT KOHKpeTHOro OM S
(en.), s — cpeaHAA MJIOLIAlb BO3ACHCTBUS JAHHOTO SIBJIE-
Hus (km?), S — TIIoWAaab aAIMUHUCTPATUBHON TEPPUTOPHH
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(kM?), m — YUCIEHHOCTh HAaceJIeHUs aIMUHUCTPATUBHON
TeppuTopun (4em), fp. — Bpems aeiictBus OMSA (cyt),
K — ko puuuent arpeccuHocT JaHHoro OMA (exn.).

[Ipu oueHKe ySI3BUMOCTH TEPPUTOPUHM MYHHIIUIIATb-
HbIX oOpasoBanuid BnusHUIO OI'Sl, cormacHo MeToAMKe
[AHTOHOB, 2011], yuuThIBaIMCH:

— KOJIMYECTBO 3aTOPOONACHBIX YYACTKOB;

— KOJIMYECTBO YYaCTKOB aBTOMOOHIIBHBIX JOPOT,
HaxOSIIUXCA B 30HE BO3ICHCTBUS MOATOIIICHUS;

— KOJINYECTBO MOCTOB, HaXOSAIIUXCA B 30HE BO3/IEH-
CTBUS IABOJIKA;

— KOJTMYECTBO HACEJIEHUS, TIONAJA0IEr0 B 30HY BO3-
JIeiiCTBUA ABOJIKA;

— HaJTM4Ke TUAPOTEXHUYECKUX COOPYKEHHI.

Hroroblie mokazaTenyn yCpeIHsUIMCh U BbIPaXaich B
JOJSIX €NMHULBL. 3a eUHUIY TPUHIMAIICh MAaKCUMAIIb-
Hble 3HaY€HMsI COOTBETCTBYIOIIMX IOKa3aTesel Ha Tep-
PUTOPUHU PErHOHA.

OKOHOMHUYECKUH yIIepOd W, COOTBETCTBEHHO, PUCKH
MPUHSATO PACCUUTHIBATH Yepe3 BaJIOBOM pEerMoHabHBIN
nponykt (BPII) [KoGsrmresa u np., 2015]. Beuny orcyr-
cTBUst opunmansHoi nHopmanmu 06 BPIT B pa3pese my-
HUIUIATBHBIX 00pa3oBaHuii PecryOnuku Anrtai, s
pacueTa SKOHOMHYECKOro pucka oT Bo3aencTBus O uc-
MOJB30BAIUCH JaHHBIE 00 00BEME MPOHM3BOICTBA CEIIb-
CKOTO XO3SICTBa, 00bEME OTIPYKEHHBIX TOBAPOB COO-
CTBEHHOT'O MPOHM3BOJICTBA, BBHIMOIHEHUS PabOT U YCIyT
COOCTBEHHBIMH CHIIAMH, 00bEME WHBECTUIINI U CPEIHEH
3apruiate (3a 2021 r.).

HopmupoBaHnue HCXOIHBIX JaHHBIX [TPU pacyeTe KO-
HOMMYECKOI'O PUCKa MPOBOIMIOCH C MOMOIIBIO JIMHEH-
HOU HOPMHPOBKH [T0 MHHUMAKCY, opmyna (4):

R = (Rm:x. - RMHH.) / (Rmalcc. - RMHH.)’ (4)

HOPM.

1€ Ruopv. — HOPMHUPOBAHHBIH MOKa3aTeb IKOHOMUYECKOTO
PUICKa; Rycx. — ICXO/IHAS BEIMYMHA TIOKA3aTeIIsl S3KOHOMUYE-
CKOT'O PUCKA; Ry, — MUHUMAJIBHAS BEJIMUMHA TTOKA3aTEIs
AKOHOMUYECKOTO PUCKA; Ryaxe. — ICXOHAS BETMYMHA TTOKA-
3aTes 9KOHOMHUUECKoro pucka [KooOsiiesa u ap., 2015].
Pacuérsl commanbHON YSI3BUMOCTH M PHUCKOB JUIS
HAaceJIeHUs IPOU3BOIUIUCH HA OCHOBE IPUMEHEHUST MHU-
poBoro uHjeKca pucka (Ryu) B COOTBETCTBHH C TOJXO-
JaMu, TpeACTaBleHHBIME B pabore [KoOwimeBa u np.,
2015]. HaHHbIN HHAEKC PUCKA YUYUTHIBAET HE TOIBKO IKO-
HOMHYECKHE M COLMaNIbHBIC (HaKTOPbI, HO U 3P (HEKTUB-
HOCTh JEMCTBUM rocyaapcTBeHHOH Biactu. [locnemnue
MOTYT NPEJOTBPATUTh, CHU3UTh WJIM, HAIIPOTUB, YCUIUTH
TOCIIENICTBUS TSI COLMATbHO-DKOHOMUYECKOH cdepbl OT
TIPUPOIHOTO KaTakim3Ma. MHUPOBO HHJIEKC PUCKA OITpee-
JISIETCS. HA OCHOBE COITOCTAaBJICHUS BEPOSTHOCTEH CTUXUIA-
HBIX OC/ICTBUIA M COMATTBHOM YsI3BUMOCTH OOIIIECTBA K pas3-
JIMYHBIM THIIAM CTUXUHAHBIX OeCTBHI 110 (hopmyiie (5):

R, = pos(0,33B+0,33P+0,33I1A), (5)
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e pos — cymMmMmapHas nosropsieMmocts OS1; B — Bocipunm-
YHBOCTH (BEpPOSTHOCTH MOHECTH ymiepld); P — pearnposa-
HHE (CTOCOOHOCTh MUHUMH3HPOBATH HEraTUBHBIE ITOCITE-
ctBusl); IIA — moreHuman ajmantaiuu (JOIATOCPOYHBIE
CTpaTerny KOHOMUYECKUX U COLAIbHBIX U3MEHEHUH).
JaHHBIA moaxo OBUT aganTHPOBAH JUIS pacdera co-
LUAITBHON YA3BUMOCTH HACEIEHU MyHULIUTIAIBHBIX paii-
oHOB PecrryOmuku Antaif, UCXOJSI U3 JOCTYITHBIX CTATH-
CTHYECKUX JaHHBIX. COCTaBISAIONIME UHIEKCA PUCKA U X
BEC B MpOIEHTAX MpeacTaBieHbl B Tabm. 1. ConnansHo-

SKOHOMHYECKHUE MOKA3aTeNH 151 MyHULIMTIAIBHBIX paifo-
HOB PecryOnmkn Antaii Oputn B3ATHI Ha caiite ®ene-
PaIBHOM CITyKOBI TOCCTATUCTUKHU MO ANTalCKOMY Kparo
u PecriyOnmke Anraii (https://akstat.gks.ru) u mepecuu-
Tanbl Ha 1 000 yenoBek HaceneHusl.

Bce mokasarenu, BXOASIIUE B KKIYI COCTaBIISIO-
LIYIO COIMAJIbHOTO PUCKA, BBIPAXKAJUCh B OTHOCUTEIb-
HBIX €IMHULAX U CYMMHUPOBAIUCH C YUETOM HX JI0JIEBOTO
BKIIaJla B OTMEUEHHOH BhIIe Meroauke [KoObImieBa u
Ip., 2020].

Tabnuma 1
CocraBJjsiomue noka3areJis yi3BUMOCTH HaceJleHUs] MYHHIIUNIAJIbHBIX PaiiloHOB
Pecny0siuku Anraii 0T onacHbIX SIBJIEHUIT
Table 1
Components of the indicator of vulnerability of the population of municipal districts
of the Altai Republic from dangerous phenomena
. JloneBoit
CocTaBistionye noka3aTesns ColLuanbHO-5KOHOMHUUYECKUH TIOKa3aTelb PUCKa BKan, %
s /0
Jlonst HeTPyMOCIIOCOOHOrO HACEICHUSL. 333
BocrpurmMunBOCTE 0011eCTBa K OIac-
Jlonst HaceneHus ¢ JOXOAAMH HIXKE MPOKUTOYHOIO0 MUHUMYMa. 33,3
HBIM IIPUPOHBIM SIBIICHUSAM N
Jlo71s1 HaceNeHus, JKUBYILIETO B BETXOM M aBAPUITHOM KHJIbE 33,3
Peiitunr 3¢ pexTHBHOCTU OpraHOB MECTHOTO CaMOYIIPaBJIeHHs (OLIEHKa MOHHU-
PearupoBanue (criocoOHOCTH 00IIIe- bd P Yrp ( 25
TOPHHTA COLMAIBHO-9KOHOMHYECKOT O Pa3BUTHSL MyHHULUNIAIUTETOB.
CTBa MMHMMU3HPOBAThH HETaTUBHBIE o N
UHCIIeHHOCTh OpraHU3alMii IpaskIaHCKOH 00OPOHBI. 25
TIOCJIE/ICTBUSI) HA OIACHBIE PHPO/IHBIE .
SBITCHIS UYucno Bpaue 1 6onbHIYHBIX Koek Ha 1 000 HaceneHusL. 40
Pacxozpl Ha cOLMANIbHYIO MOIEPIKKY HaCEJISHUs! 10
Ilorenuuman aganTanyy o0IIECTBA K O0ObEM MHBECTHUIMI B OCHOBHOM KaMTal 3a UCKIIFOUEHHEM OIOKETHBIX
OITACHBIM ITPUPOHBIM SBJICHUSIM (JIOJN- |CPECTB, 110 KPYT'y MPEIIPUATHI, HE OTHOCSIMXCS K CyObeKTaM MaJIoro mpeji- 100
TOCPOYHBIE CTPATErHH) MIPUHUMATENIBCTBA

Oco0eHHOCTH U3MEeHEeHUs KJIMMaTa
Ha Tepputopun Pecnydumku Aaraii

B PecniyOnuke Antaii qelicTByeT METEOpOIOrHYECKast
U THIpoJornyeckas HabronaTenbpHeie cetr. [lepBas co-
cTouT U3 12 METeopOoNornyecKix CTaHIHii, BTOpasi BKJIIO-
yaet 22 TUPOJOrMYECKUX I10CTa, B TOM YKcie 9 cTaHuui
¢donoBoro MouutTopuara Sitmo. [TocpencTsoM ruaporo-
CTOB BEAETCS MOHUTOPUHI THAPOJIOTUYECKOTO pPEXKUMaA
Ha 13 pekax B TpE€x OacceifHaX OCHOBHBIX PEK PETHOHA —
p- Katyns, p. bus, p. Yapseim u 03. Tenernkoe.

MereocTaHIIMA PacONOKEHBI MPEUMYIIIECTBEHHO B
mpenenax 3acefi€HHBIX PEUYHBIX JOMUH U MEXTOPHBIX
KOTJIOBMH HU3KOTOpbs U cpefHeropbs ['opHoro Anras. B
BBICOKOTOPHOW 30HE HaxXOAATCA TPU CTAaHLMUHU — OJHA B
Uyiickoii KOTJIOBHHE U 1Be Ha KaTyHCKOM XpeOTe, Ha BBI-
cote 9yTh 6oee 2 000 M y TOMHOXKbS T. bermyxu u Ha Bep-
IIMHE Bojiopaszena, Ha BeicoTe Oonee 2 500 M (Tabm. 2).

Ha Teppuropun pecryONnuKi W3MEHEHUS OCHOBHBIX
KJIMMaTUYeCKUX MapaMeTpoB (TeMIiepatypa U OCajiki) BO
MHOTOM TIPOHCXOIAT TMOA BIHSHHEM OporpaduaecKkimx
ycnoBui. Tak, 3aKOHOMEPHO IO MEPE YBEMWYEHHS BBICOTHI

HaJ YpOBHEM MOpPS CHIDKAeTcs CpeiHssl TemiiepaTypa
HIOJIA, @ B KOTJIIOBUHAX, OKPY>KEHHBIX TOPHBIMA XpeOTaMH,
BO3HHKACT JICPUITUT OCAJKOB U B 3UMHHUI TIEPUOI (hOPMH-
PYIOTCS TeMIiepaTypHble HHBEPCHH C CAMBIMHA HU3KUMH 10
PETHOHY SHBAPCKUMH TeMIIepaTypaMu (Tadir. 2).

Ha BBICOKOrOpHBIX CKJIIOHax M Bonopazaenax lop-
Horo Auras (cranmmu Kapa-Tropek n Ax-Kewm) Omaro-
Japsi MECTHBIM TEIUTBIM BeTpaM (EHaM CpeHsIs TeMITe-
patypa auBaps Bbile —20 °C, B OTJIHMYUHU OT MEKTOPHBIX
KOTJIOBHH, IJIe OHa, KaK MpaBuiio, Huxe (Tadi. 2).

Hanx peunpivu monwHamu GEHBI pa3MBIBAOT 00Iad-
HOCTh W, KaK CIIJICTBHE, YMCHBIIAIOT aTMoc(epHbIe
ocanku. Spkuii nmpumep — nonuHa p. Katynp B paiione
MeTeoCTaHIMK Yemall, TJie B 3MMHUN MEepHOJ] CHEXHbBIN
MTOKPOB BBIIYBAaeTCs U UcHapseTcs (Tadm. 2).

[Tono6HBIE MUKPOKIMMATHIECKIE OCOOCHHOCTH TPO-
CIIEXKHUBAIOTCS W B TEHACHUUAX H3MEHEHMS KIMMarta.
AHanu3 MOBBILIEHUS CE30HHBIX TEMIIepaTyp Bo3ayXa B
nepuon 1991-2020 rr. oTHOCHTENBHO HOPMBI 1961-—
1990 rr. mokazan HaJM4Yue 3aKOHOMEPHOCTEH B pacipe-
JICTICHUY aHOMAJIMH B 3aBHCHMOCTH OT OPOrpaduecKux
YCIOBHH U pexUMa yBJIaXKHEHUS.
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Tabnuma 2

MecTono/o:xkeHHe U OCHOBHbIe KIMMaTHYeCKHe NapaMeTPhbl HA MeTeocTaHIUAX Pecydnkn Araii

Location and main climatic parameters at the weather stations of the Altai Republic

Table 2
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Tpumeuanue. Yncnamu 0003HaueHbI cpeiHUe MHOTOeTHIE HOpMBI (1991-2020 rT.) Temnepatypbl Bozayxa (°C) siBapsi (1), urons (2) u
cpenHeronoBbie 3HaueHus (3); cpeaHsst MHoroneTHsst Hopma (1991-2020 rr.) cymmbl ocaikoB (4, Mm), cpenasist (19762016 rr.) npoxon-

JKUTEJIBHOCTD 3aJIeraHusi CHEXKHOT'O TIOKpoBa (5, IHEl).

Note. The figures indicate the average long-term norms (1991-2020) of air temperature (°C) in January (1), July (2) and average annual
values (3); the average long-term norm (1991-2020) of precipitation (4, mm), average (19762016 duration of snow cover (5, days).

B uactHOCTH, MOCTENIEHHOE CHUKEHUE BEJIMYUH OT-
KIIOHEHUH TeMIepaTyphl BO3lyXa OT HOPMbI B TEUEHHUE
rojia, Ha4WHas ¢ 3MMHET0 Nepro/a, XapaKTepHO AJIs KOT-
noBuH lOro-Bocrounoro u LlenTpanbHoro Amnras, rue
rofioBasg cymMMa OCaJKOB He mpeBbliiaer 500 MM B Toz.
He cootBeTcTBYET 3TOM 3aKOHOMEPHOCTH JHIIb KaHckas
KOTJIOBHHA, PACIIOJIIOKEHHAs 3alajHee BCEX OCTAJIbHBIX
(puc. 1). Bo3aMOXHOI TPUYHHON ATOTO SBISAETCS OONb-
Iast YacToTa MOBTOPsAEMOCTH (DEHOB B CPABHEHHU C APY-
TUMH KOTJIOBMHaMHU (B 2 pa3a 1O CpaBHEHHIO C YHMOH-
cKkoil 1 Ypcynbekoit kotnoBuHamu [Cyxosa, 2001]), uto
TaKKe KOCBEHHO MOATBEPIKIAIOT MAaKCUMAJbHBIE CPEIU
KOTJIOBUH CPEIHETOIOBBIC CKOPOCTH BETpa M OoJee BhI-
coKas TeMIeparypa ssHaps (Tadi. 2).

U3 rpaduxoB (puc. 1) BUAHO, 9T0 B «(HEHOBBIX» ped-
HBIX JIOJIMHAX B 3UMHHN TEPHUOJ HAOIIOIAIOTCS MUHH-
MaJibHbI€ OTKJIIOHEHHUS TEMIIEpaTypbl BO3/1yXa OT HOPMBI.
Bugumo mporpeBaromuii 3pQeKT 3TUX TEMIBIX BETPOB
0TYaCTH CTJIaXHUBaET MPUPOCT 3UMHUX Temriepatyp. [Ipu
3TOM MaKCHMaJbHBIE I10 TOAY TEMIIEPATyPHbIE aHOMAIIUU
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BO BCeX JOJIMHAX pek, o3ep, B KaHckoil koTioBUHE U B
BBICOKOTOPhE OTMEUAIOTCS B BECEHHUH TEPHO/.

B nmpocTpaHCTBEHHOM OTHOLIEHHHM aHOMAJIMU BECEH-
HUX U 3UMHHUX TEMIIEpAaTyp HapacTalT OT LEHTpa peru-
OHa (CpelHeropHas 30Ha — IPUPOCT 3UMHUX TEMIIEPaTyp
otHOcuTenbHO HOpMEI 0,4-0,8 °C) K ero mepudepnu ce-
BepHOI1 HU3KOoropHOH Tepputopuu (1,3—1,4 °C) u 10xkHOM
BeIcOKOoropHO# (1,1-1,6 °C). OOpaTHas KapTHHA Xapak-
TepHa JUId JieTa U OCEeHHU, Kpome MereocTaHimu Kori-
Arau, BbIIENAIOLICNCA MaKCUMAIBHBIMU YPOBHSIMH OT-
KIIOHEHHUI OT HOPMBI BO BCE CE30HBI Tofia (puc. 2).

B.B. ITapomoB u coaBt. [2001] yxe B nepuon 1951—
1990 rr. oTMeuyanu B KOTJIOBUHAX MaKCHUMAaJIbHBIE JUIS
l'opHoro AnTasi TeHIEHIIMM PUPOCTA 3MMHUX TeMIIepa-
Typ, IPY 3TOM BBISABIISUIACH MpsiMasi 3aBUCUMOCTh OT Ta-
pamerpa KOTJIOBMHHOCTU. OIHAKO TJaBHOM MPUYUHON
M3MEHEHUI NPU3EMHON TeMIlepaTypbl BO3yXa U Ocal-
koB B.B. ITapoMOB u Ipyrne aBTOpbI CUMTAOT HEpe-
CTPOWKY peXHMa MaKpOLUMPKYJSLUUU HaJ TEPPUTOpUEI
Cu6upu B xoHne XX B.
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Puc. 1. YpoBHM oTK/JI0HeHHs OT HOPMBI (1961-1990 rT.) CpeIHEMHOr0/1eTHUX CE30HHBIX 3HAYEHU I
TeminepaTrypsl Bo3ayxa (1991-2020 rr.) B 3aBucMMOCTH OT (hOpMBbI pesbeda U yPOBHA YBJIAKHEHHUS

Fig. 1. Levels of deviation from the norm (1961-1990) of the average annual seasonal values
of air temperature (1991-2020) on the shape of the relief and the level of humidification

B pa6ote 1.B. JlatbiueBoii u coast. [2011] ecTh oT-
CBUIKA K JOCTaTOYHO OONBIIOMY KOJMYECTBY MyOJIHKa-
WA OTEYECTBEHHBIX M 3apyOeKHBIX HCCICHOBATENEH,
KOTOPbIE HAXOMAT MONTBEP>KACHUS BIUSHUN HUPKYIIAIHU-
OHHOT'O (DaKTOpa Ha aHOMAITHH TEMIIEPATyp B Pa3HBIX pe-
TUOHAX 3eMHOro mapa. HeBO3MOXXHO HE COTJIaCUTHCS C
BEIBOZIAMH aBTOPOB O TpaHCc(hopMaIiuu A3HaTCKOrO aHTH-
uukioHa. HaunHast ¢ cepenunbl 1960-X 1. mox aeiictBruemM
HM3MEHEHUH TEPMUYECKOr0 U LUPKYISILUOHHOTO PEKUMOB
aTMOoc(epbl, IEPUOIBI €ro YCHIICHHS 1 PACIIMPEHHS CMCHS-
JIUCh pa3liefieHueM Ha 4acTd M CMEIIEHHEM B 3araHOM
HaTpaBJICHUH.

AznaTcKHuil MAKCUMYM B 3UMHUIA TIEPHOT (POPMUPYET
HaJ AJiTaeM XOJIOIHYIO U SICHYIO MOT0/ly, B KOTJIOBHHAX
B 3TOT MEPUOJ IPOSBISIIOTCA TEMIIEpaTypPHbIE HHBEPCUU.
CpaBHUBas IEPHOIBI OCTA0IEHUS aHTUIMKITOHA (10 TaH-
HBIM U3MEHEHHH reonoreHuana (IkM) B EeHTpe A3uart-
CKOr0 AHTHIUKIOHA HA W300apHUYECKOH ITOBEPXHOCTH
1 000 rIIA B ssHBape 19552017 rr. [Bosnorxuna, JlaTsI-
meBa, 2019]) ¢ IMHAMUKOM CKAauKOB TeMIIEpPaTypHBIX
aHOMAaJIMH OTHOCUTENBHO HOpMBI 1961-1990 rr., 3aK0HO-
MEpPHO TPOPUCOBBIBACTCS WX OOpaTHas 3aBUCHMOCTb.
B passpix KOTIOBHHAX KOX(PQHIIUEHT KOPPEILIIIUU
MEXKIy O3TUMH ToKazaTensiMu wusMmensercs or —0,48
10 —0,57 (ipu n = 63).

[To cpaBHEHHIO C TEPMUUYECKUM PEKUMOM OCAIKH
UMEIOT 0oJlee CIIOKHYIO MPOCTPAHCTBEHHYIO U BPEMEH-
Hy10 auHaMuKy. CpelHerofloBble CyMMBbI OCaJKOB Ha

Tepputopun PecniyOonmukm Antaii 3a mepuon 1991-—
2020 rr. B cpaBHeHUH ¢ HOpMOH 1961-1990 rr. B mone-
BOM OTHOLIEHUH W3MEHUIMCHh HE3HAYUTENBbHO, KaK U CO-
OTHOLLEHHE OCAIKOB TEIJIOr0 M XOJOAHOTO IEPUOJIOB
roza. B aOCONIOTHBIX 3HAUCHUSAX BEIHYMHA OTKIOHEHUH
OT HOPMBI CYMM CE30HHBIX OCaJIKOB U3MEHSETCS B IIpe-
nenax 1-34 mwm. [Ipu aToM mpeobianaromiee yBennucHue
KOJIMYECTBA OCaJIKOB OTHOCHUTENILHO HOPMBI XapaKTEPHO
IUTSL KOTJIOBUH, (DEHOBBIX JIOJIHH CPEIHETOPhsI U BEICOKO-
ropHoii cranuuu Ax-Kem. Bce oM HMEIOT B 11€10M CX 01~
HYI0 KapTHUHY BapbUpOBaHUS aHOMAaJIMil OCaIKOB IO ce-
30HaM rojia ¢ MaKCHMyMOM POCTa OCaJKOB JIETOM U Tie-
PEXOZIOM B OTPUIIATEILHBIN 3HAK OCEHBIO (pHC. 3).

B nonunax Huskoropuii u Ha mereocraHuuu Kapa-
Tiopek OCeHHUE TEHIEHIIMH CHUXEHHUS KOJIMYecTBa
0CaJIKOB TAKKe HAOIFOTAIOTCS, HO [UTS JIETHETO IMePHOoIa
3[1€Ch YK€ XapaKTEPHO CYLIECTBEHHOE CHU)KEHUE CYMM
0CaJIKOB OTHOCUTENIbHO HOpMBI. Hannume 3akoHomep-
HOCTEW B U3MEHEHUH KOJIMYECTBa OCaJKOB B 3aBHUCHMO-
CTH OT MX TOAOBOM CyMMBI NMOATBEPKIAIOT 3HAYUMBIE
KOppeJsiIMoHHbIe CBsi3U. Tak, A BECEHHEro nepuoja
XapaKkTepHa IMOMOKUTENbHAS CBS3b C HAHOOJIEE BBICO-
KAMHU 3HAYCHUSIMH KOd(pQHIHMEHTa KOppensauuu (mpu
BeposiTHOCTH 95 %, r = 0,58), oTpunaTenpHas U MeHee
3HauyuMmass Uil oceHu (mpu BepostHocTH 90 %,
r =—-0,47) u oTpuLaTenbHble, HO HI)KE YPOBHS 3HAa4YH-
MOCTH JUIsl JIETHETO U 3UMHero nepuoaoB (» = —0,38 u
r=-0,13 COOTBETCTBEHHO).
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Puc. 2. IIpocTpaHcTBEeHHOE pacnipeae/ieHne Ha TeppuTtopun Pecmyomukn Adraii (6e3 yuérta oporpadum)
oTKJI0HeHuii oT HOpMbI (1961-1990 rr.) cpeqHEMHOT 0JIETHUX Ce30HHBIX 3HAYEHMI TemIepaTyps! Bo3ayxa (1991-2020 rr.)

Fig. 2. Spatial distribution on the territory of the Altai Republic (excluding orography) of deviations from the norm
(1961-1990) of the average annual seasonal values of air temperature (1991-2020)

PaioHkl ¢ npecinagakium pocToM cyMmMel ocagkoe 40 4 PaioHbl CHU¥EHWA TOOCECH CYMME] OCAOKDE
L 3gd 777 KOTNOBUHEI
— "(EHOBLIE" AOMMHEI
L 20 A = = = ponuHsl Oe3 hEHoE
- 10 -
I N
. 10 -
== YCTh-KaH === YeTo-Kokca & L o] T Keiaein-Ozék
== OHrygall == Karauga = e TY[OUIK
- {OUW-ATAY =l lafanuHo F -30 1 L
—Uaan —pe— Ag-Kem === NKapa-Topex
r T T T "40 T T T 1
auma BECHa neTo 0CeHb MM auma BecHa neTo OCEeHb

Puc. 3. OcoGennocTu pacupenesieHnst OTKJIOHeHHI 0T HOPMBI (1961-1990 rT.) CE30HHBIX CYyMM 0CAKOB
(1991-2020 rr.) B 3aBHCHMOCTH OT (pOpPMBI pesibed)a H YPOBHS YBJIAKHEHUS

Fig. 3. Features of the distribution of deviations from the norm (1961-1990) of seasonal precipitation amounts
depending (1991-2020) on the shape of the relief and the level of moisture
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BaxHo Taxoke OTMETUTh, YTO TOBCEMECTHBIN POCT Be-
CEHHMX OCaJKOB M YyYalleHUE CIIy4yaeB BbINAJIECHUS B
CYTKH MECAYHBIX HOPM CYILLECTBEHHO MOBBIIIAIOT PUCKH
HABOJHEHHUH, 0COOCHHO B MEPUO] MTOJOBObS. Pexopsr
10 CYyTOYHBIM MAaKCUMYyMaM OCaJIKOB aripesis 1 Mas ObLIn
oTMeueHbsl Ha 7 u3 12 MmeteoctaHimax mnocie 1990 r.,
npeumymiectBeHHO B 2004—2005 rr. [Ipu 3ToMm Ha cTaH-
musx le6annno, Yeman, Typouak, OHrynail cyTOYHBIH
MaKCUMyM MPAaKTHYECKH COCTAaBUJ MECSYHYI0 HOPMY
ocakoB. B 3TH e roxpl B paiione cranimu Yeman puk-
CHUPOBAJIMCh aHOMAJIBHO BBICOKHE TEMITEPAaTyphl BO3yXa
B JICTHUU TEpUO].

OnacHeple SIBJEHHA U HX MOBTOPHAEMOCTDH

[To manueiM ['opHo-AnTtatickoro LITMC, B mepuon
1998-2020 rT. Ha TEPPUTOPUU PECITYOIHKH B CPEIHEM 32
rox pukcupoBanock 4yTh 6osee 30 cirydacB OMACHBIX SIB-
JICHUH METeopoIornyeckoro xapakrepa. K nHanbonee ua-
cto Bo3HUKaoUM OMS oTHOCATCS OUE€Hb CHIIbHBINA Be-
Tep, B TOM 4HCJE yparaHbl U LIKBajbl, aHOMaJIbHbIE
ocajKu (OYeHb CHIIbHBIE JOXKAW, CHUIIbHBIC JIMBHU, MOK-
PBIH CHET, CUJIBHBII CHET), CUJIBHBII MOPO3, 3HAYUTEIHHO
peke rpaj ¥ CHiIbHAs kapa (Tadm. 3).

Pacmipeneneane OMS Ha tepputopuu PecryOnuku
AnTaii HepaBHO3HAYHOE M OTJIMYAETCS IO BBICOTHBIM
YpOBHSAM. SIBieHHs, OOYCIOBICHHBIC AHOMAlBHO HHU3-
KAMU TeMIIepaTypamMu, HaOIFOJATNCh B OCHOBHOM B BBI-
COKOT'OPHOH 30HE€ M B LIEHTPAJIbHBIX YacTAX CpeIHErop-
HOI 30HBL. C IepuOANYHOCTHIO B 5—7 JieT B nepuo 1998—
2020 rr. Ha TePPUTOPHUU PECITyONNKH HAOIIOJaICh CITY-
yal TOHMXXEHMsI TeMIlepaTyphl Bo3ayxa 0 —35 —
—47,7 °C. CunpHble MOpo3bl oTMeyauch B 2005 1. Ha Tep-
puropun OHnHrynaiickoro paifona, B 2005, 2011, 2012,
2018 rr. — Ha Tepputopuu Y cTh-KOKCHHCKOrO paiioHa, B
2004, 2005, 2008, 2011, 2014, 2016, 2018 rT. — Ha TEeppHUTO-
puu Komr-Arauckoro paiiona. HanGonee X0I0mMHBIM B 3TOT
riepuox npu3Had 2015 1., Korja CUITbHBIE MOPO3BI OTMEYa-
ek Ha Tepputopun Onrypaiickoro (1o —41 °C), Yerb-
Kokcunckoro (or —41,1 °C B ropax no —44,7°C B YiiMoH-
ckoi komtoBuHe), Kom-Arauckoro (10 —47,7 °C) paifoHOB.

OMSI, cBsizaHHBIE C aHOMAJILHO BBICOKMMHU TeMIIEpa-
TypaMu, JOBOJBHO PEAKH U XapaKTepHBI IJIs1 HU3KOTOp-
HBIX M CPEIHETOPHBIX 30H PECITYOINKH, B OCHOBHOM 3TO
noBbILIeHHE TeMiepatypsl 10 +35 °C, pexe BbIIIE.
CupHas xapa Habmoganacs B 20042005 rr. Ha Teppu-
Topuu Yemanbckoro paiioHa, TemrepaTypa Torjaa J0CTu-
rasna+37,9 °C; B 2014 r. — Ha repputopuun Typoyakckoro
pationa, +38,2 °C.

MaxkcumallbHOE KOJMYECTBO SIBJICHUM, CBA3aHHBIX C
CHIJIBHBIM BETPOM W METEJSIMHU, 3a(DUKCHPOBAHO B BBICO-
KOTOPHBIX TEPPUTOPUSX, B YACTHOCTH Ha oTporax KaTyH-
ckoro xpebta Ha MeTeocTannusix Kapa-Tropek (Ha BoIo-

pasznene) u Ax-Kem (B gonune o3. Ax-Kem), pacnoso-
JKCHHBIX BHE HACEJICHHBIX MyHKTOB. Ecin sxe He OpaTh BO
BHHMaHHE 3TH JIaHHbIC, TO B IIeJIoM 1o Pecnybnuke AJ-
Tal pacnpeziesiCHHE SABJICHHUH, 00YCITOBICHHBIX CHIIbHBIM
BETPOM, JJOCTATOYHO PaBHOMEPHOE.

Pacuér cymmaproii noropsiemoctt OMJSI 6e3 yuéra
BbIcOKOTOpHBIX cranmuii  (Kapa-Tiopek B cpemnem
7,3 cnyuas B roa, Ak-Kem — 5,4) mokasan, uyto Hanbosee
BBICOKAsl TIOBTOPSIEMOCTh XapaKTepHa JJIsi CEBEPHOM da-
ctu PecrryOnukn Anraii — crannuu Sliinro (1,7 cmyvaes B
rox), Typouak (1,2) u Ke3pu1-O3ék (1,0), a taxke amus
IOro-Bocrounoro Antas (Kom-Arau — 1,1). ITo apyrum
METEOCTaHIIHSIM MTOKa3aTeh CYMMapHON MTOBTOPSIEMOCTH
B cpeaHeM MeHee 1 ciayuas B rog (0,2—0,8).

[To BumaMm siBJIeHHMI HauOOJiee YacTO MOBTOPSIFOIIU-
Mucs Ha Teppuropru peruona (6e3 Kapa-Tropek n Ak-
Kewm) sBrstroTCst O4eHb CHIIBHBIN TOXIb (10 4 pa3 B ron),
CUJIBHBIM MOPO3 ¥ OYeHb CHIIbHEIHN BeTep. [IpumepHo pa3
B 2 roma HaOmogaeTcs oOpa30BaHHWE CHIIBHBIX T0OJI0-
JIEZIHO-U3MOPO3EBBIX OTIIOKEHUM ¥ OYE€Hb CHIIBHBIN CHET,
C TMEepPUOJUYHOCTHI0O B 3 TO/Ma TOBTOPSETCS KPYITHBIN
rpaji, TPOJOJDKATEIBHBIA CUIBHBIA JIOKIh M IIKBAIBI
BeTpa MPUMEPHO pa3 B 4 Toja, CHIIBHBIN JINBEHD — pa3 B
6 met. K cambIM pekuM SIBJICHHSIM OTHOCUTCSI CHIThHAs
xapa, B nepuof 1998-2020 rr. umeB1uas nokasaTelipb Mo-
Bropsiemoct (,2. HanGompmmm konmmaectBom OM S BBI-
nemnsrorest 2004, 2005 u 2002 IT. — COOTBETCTBEHHO, 110
90, 60 1 60 cnyqaes OMSI (cymMMapHOE KOIMYECTBO), OT-
MEYEHHBIX Ha TEppPUTOpHH PecnyOnukm Antaidi B 3TH
TOJTBI.

OnHoli U3 BEpOSTHBIX MPUYIHH POCTa aHOMAITUH B OI1e-
HOYHOM JI0KJajJe 00 M3MEHEHUSAX KiMMaTa Ha TeppUTO-
pun Poccutickoit ®enepannu [TpeTuil olEeHOYHBIN J10-
Knan..., 2022] orMedaercs HakJIaJIbIBaHWE HA TPOIECC
MOTEILIEHUS 3HAYMTEIbHBIX MEKICCATHUIETHUX Kojeba-
HUH, OCOOCHHO BBIpaKEHHBIX 3UMOM. Tak, 0TMEYaoch,
YTO BCJIE] 32 TIEPUOJIOM TTOTETUICHUSI MEXIY CepeIMHON
1970-x u cepenunoit 1990-x rr. MPOM3OIIIO MOXOI0/A-
HUe Ha OoJbIlel yacTu TeppuTopun Poccnu n3-3a n3me-
HEHUI aTMOC(hEpPHOH IUPKYJIAIUN aTIaHTHKO-eBPOIICH-
ckoro cektopa. [Ipu »ToM MHOTrOJIETHUE TPEHIIBI POCTa
aHOMaJIM{ TeMIlepaTypbl Ha TeppuUTOpuu PecmyOinku
Antait m Poccuiickort deneparium CXOXH, OTIHYAIOTCS
JIAIIh HHTCHCUBHOCTBIO OTKIIOHECHHH.

ABTOpPBI OIEHOYHOTO JOKJIaJla TAKXKE YTBEPXKIAIOT,
YTO TIOBBITIIEHUE TEMIIEPATYPhI MPUBOAUT K POCTY COAEP-
JKaHHs BOJSHOTO TMapa B atMochepe W MOTCHIHAIBHO
CIOCOOCTBYET POCTY OCAJKOB, OCOOCHHO UX SKCTPEMaThb-
HBIX 3Ha4eHuH. [Ipy 3TOM BecHOI oTMedaeTcs Hanboee
3aMETHOE TIPOSIBIICHUE YBEIWYCHUS BKJIa/la KOHBEKTHB-
HOW 00JIAYHOCTH, JIETOM — YBEIIMYCHHUE YACTOTHI 00JIaKOB
BEpPXHET0 sipyca W TepepacipeesicHue BKIIaa MEXIY
KY4€BO-IIOKIACBBIMHU M CJIOUCTO-IIOKACBBIMU 00JIAKaMHU.
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Tabnuna 3

Ilepeyens u KpaTKasi XapaKTePUCTHKA ONMACHBIX MeTeOPOJIOrH4ecKoro siBJIeHHii, 3aMKCUPOBAHHBIX HA TEPPUTOPUH
Pecny0suxu Anraii B nepuon 1998-2020 rr.

Table 3
The list and brief description of dangerous meteorological phenomena recorded on the territory
of the Altai Republic in the period 1998-2020
Tum O Bupger OS1 Komuuectro OS1 3HaueHue
OueHb CHIIBHBIN BeTep (He MeHee 2 M/c5)
Berep VYparansslii Berep (Gonee 33 m/c) 531 25-46 m/c
[xBan (6onee 25 m/c / 6onee 1 MuH)
OueHb CHIIBHBIN JOXKIb (He MeHee 50 MM / 10 12 1)
ot CunbHbIHM TUBEHb (j{e MCHCC}O MM/ 10 1 ) 102 30-129 st
[ponomkuTenbHbIN CHIIBHBIN OB (He MeHee 100 mm /
12—-48 4y unu 6onee 120 MM / Oonee 48 u)
I'pag Kpynuslit rpan 7 20-39 MM B fuaMeTpe
Crier OueHb (il/I.Hbell/I CHeT. 27 20-101 Mu
Mokpslii cHer
Merenb CuIbHAs MeTelb 30 Bamavocts 50100 /
Berep 23-34 m/c
Mopo3 O4eHb CUIIBHBIN MOPO3 23 ot —37,3°C no —47,7°C
Kapa CuibpHas jxapa 3 ot +37,3°C no +38,2°C

OmnacHble sSIBJIIGHUS] TUAPOIOIMYECKOr0 XapaKkTepa Ha
teppuTopun PeciyOonuku Anrtail mpeacTaBieHbl:

— TIOJIOBOJIBSIMU, MABOJIKAMU, 3aTOPaMH U 3a3KOpaMH,
MIPUBOASIIUMH K HABOIHEHUSIM;

— HU3KHMH YPOBHSIMH BOJBI, HAPYIIAIOIIUME padoTy
B0J103a00PHBIX COOPYKEHUII;

— CeIIMU U JIaBUHAMH, HAHOCSIIUMH YIIepO XO03sii-
CTBEHHBIM OOBEKTaM M MPEACTABIISIONIMMH OHACHOCTb
JUTSL HACENEHHBIX ITYHKTOB, HHPPACTPYKTYpPhHI U Hacee-
HUSL

Cornacuo manaeiM ®I'BY «BHUUTMU-MIL/]», 3a
nepuog 1991-2021 rr. xomuyectBo onacHbx OIS u va-
CTOTa UX MPOSBICHUA CTaJM yBEIMYMBATHCS, HAYMHAS C
2005 r. [Ipu 3ToM HamboNee YacTO MOBTOPSIOIIHMMUCS
OrI'Sl B permone Obuth maBoAKH (46,8 %), TOIOBOABS
(27,4 %) n Hu3kas mexensb (22,6 %). JuHamuka 1o ce-
JISIM ¥ JIaBHHAM, HAHECIITHM YIIEepO X03sHCTBEHHBIM 00b-
€KTaM WJIM CO3JABIIUM OINACHOCTh JJISi HACEIIEHHBIX
IIYHKTOB, 32 HHTEPECYEMBIH MepPUOJl OTCYTCTBYET.

[IpeBbllIeHNs KPUTUUECKUX OTMETOK B IIEPUOJ TIOJIO-
BOJIbSI Ha OOJBITIMHCTBE pek PecryOmuku AnTaii Oputn 3a-
peructpupoBansl B 2003-2006 rr., B 2010 u 2012 rr.
B Toli Uy WHOW CTENeHu ACMCTBUIO MPOLIECCOB TUIPO-
JIOTUYECKOT0 XapaKTepa B MEPUO]] BECEHHETO MOJIOBOIbs
noaBepxkeHbl Maiimunckuil, Yolickuid, Typodakckui,
Yerb-Kokcunckuit  paiionbl. Pesynbratamu AelcTBuUs
MIPOIIECCOB CTAHOBATCS 3aTOIJICHUSI U TOATOIIICHUS JKU-
JIBIX JOMOB, pa3pyLIeHHE Y4acTKOB JIOPOT, MOCTOB, IO-
Bpexxnenue JIDII, akTuBu3arus omois3He.

J1o Hagata BTOpo¥ MOJIOBUHBI X X B. KPYITHBIE TABOJIKH
OTMEYAIMCh B PETHOHE MpaKkThyecku Kaxkaple 10 jer — B
1920, 1928, 1937, 1954, 1958, 1969 rr.
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B 1984 r. npou3omnuio JOBOJBHO pe3Koe MNaeHue
CpPEIHErol0BOM TeMIlepaTypbl Bo3ayxa (B CpelHEM Ha
2,6 °C), B OCHOBHOM 32 CUET TTOHIKEHUSI 3MMHUX U JIET-
HUX Temmeparyp. Hawmbonee WHTCHCHBHOE CHIDKCHHE
3HAaYEHHUH CPeHEr0J0BBIX TEMIIEpATyP MPOU3O0ILIO B ce-
BEPHOI U ceBepo-3amaHol yacTu peruoHa — B Kbi3bui-
O3éke Ha 3,4 °C, B Typouake Ha 3,0 °C, B Uemane u
Vere-Kane na 2,9 °C. B Komi-Araue u3smenenust ObUTH
HauMmeHee 3HauuTenbHbIMU — 1,3 °C. [lpumeuarensHo,
yT0 B nepuoa 1983—-1986 rr. Taxke HaOMHOAIOCH CHU-
KEHUE COJHEYHOW aKTHBHOCTH, 4HCIO Bonbda cHu3m-
sock ¢ 91,0 no 14,8 enunur coorBeTcTBeHHO. B 1988 1.,
HaIpoTUB, IPOU30IIEN BCIJIECK aKTUBHOCTH CcOJIHLIA ¢ 34
no 123 enwnuni. P.A. ABaHecsH OTMEYaeT, 9YTO C 3TOr0
roJIa TIPOUCXOAUT YBEIHUYCHIE BEPOSTHOCTH (hopMUpoBa-
HUS BBICOKMX MAaKCUMYMOB YPOBHSI BOJIBI B IEPUO/] ITOJIO-
BO/bs Ha pekax Katynp u bus u3-3a pocra cpeaHeBeceH-
HUX TEMIIEPAaTyp U OJHOBPEMEHHOI'O CHErOTasHUs B He-
CKOJIBKHX BBICOTHBIX 30HaX OacceliHa [ABanecsH, 2013].

Hanbonee pa3pymuTenbHBINH TaBOMOK, MPOH3OIICH-
mmwmii B PeciyOnuke AnTail B KOHIIE Masi — Hadasle UIOHS
2014 r., craBmmil Ype3BRIYAHHON cUTyanuel enepas-
HOTr0 3HAYEHUs, TAaKXKe COBIAJ C TOJIOM ITMKOBOI aKTUB-
HoctH conuna (113,3 ex.). Ilo pakty ocHOBHOM ero mpu-
YUHOM CTaJI CUJIbHBIE JOXKJEBbIE OCAIKH, BHIIIABIINE 32
KOPOTKO€ BpeMsI B MHK IOJIOBOJbSI HA OCHOBHBIX PEKax
peruona. Takxe OTMETUM, YTO aHAJIM3 KOPPEJISLUOHHBIX
3aBUCUMOCTENl MEXIy aHOMAaJHUSMHU CPEIHETOZOBBIX M
CE30HHBIX TEMIEpPaTyp Ha TEPPUTOPUU PECITyOIUKH U
grcioMm Bonbga BEISBHIM CTATHCTHYECKH 3HAYUMEIE TIO-
JIOXKUTEIbHBIE CBSA3U ATOT0 NOKAa3aTeNs C TEMIIepaTypaMu
utons u aera —r=—-0,22 ... —0,25 (mpu n = 66).
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AHOMaNIMU CyTOYHBIX MaKCUMYyMOB OCaJKOB B IOp-
HOI MECTHOCTH HEPEIKO CIIOCOOCTBYIOT Pa3BUTHIO TAKHX
OIACHBIX SIBJIICHHUM, KaK PYCJIOBBIC JeopManun B Oepe-
TOBOIi 30HE TOPHBIX PEK U CEJIEBbIE SBJICHHS B BBICOKOIO-
pre. Hampumep, npopblB IUIOTUHBI U pa3rpy3ka o3epa
Maameii B utose 2012 r. 6b11a 00yCIIOBIIEHa UMEHHO HH-
TEHCUBHBIMH JIOX/ISIMH, BHINIABIIMMU B Te4eHUeE 4 THe B
ropax lOro-Bocrounoro Amnrtas. KpynHslil cenb 1o
p. Kypaiika B 2012 u 2013 rr. Takxke ObLT BHI3BaH aHO-
MaJIbHBIMH JT0’/IEBBIMH MTaBOJIKAMHU.

[To 3aTopam Hambosee CI0KHASL CUTYAITUs CKIIAIBIBA-
eTcs B pailoHe c. Ueman, rie HU pa3 OHU MPUBOIWIH K
3UMHUM HaBOTHECHUSM. Y CIIOBHSIMHA OOpa30BaHUS 3a3K0-
poB Ha p. Katynu siBisieTcst Hanuuue O60JbIIOro Kolude-
CTBa MOJIBIHEH, B HUX MPOUCXOIUT MHTEHCUBHOE Mepe-
OXJIAXKIEHHUE BOJBI, BHI3bIBAIOIEE 00pa30BaHUE TPAH3UT-
HOM IIyTH B Te4eHHE Bcel 3uMbl. Ha moBopoTax u y3kux
MecTtax pycino Karyau ObiBaer modtu monHocThiO (70—
90 %) zanryroBaHo OT HMKHEH MOBEPXHOCTH JbJAa [0
JHa. 3aKylopka pycia UIyroi 4acto coxpaHseTcs 10 MO-
MEHTa BCKPBITHSI pekl BecHOH. CTOK BOJbI OCYIIECTBIIS-
€TCs JTUIIb B OTJICJIbHBIX HE3aIIyTOBaHHBIX y4acTKaX K-
BOTO CCUCHHS U IyTeM (MIbTparuu B myre. Hanboms-
1IMe MoAbEMBbl YPOBHS BOABI MIPU 3a)KOpe, OTMEYEHHBIE
Ha p. KaTyns B npeaenax MaiiMuHckoro paiiona, 1octu-
rajim 2 M.

B uenom mposenenuslii ananu3z OISl mpensapu-
TEJBHO MO3BOJISIET TOBOPUTH O TOM, YTO U3MEHEHHUS B pe-
XKUMaX OCHOBHBIX KIIMMAaTUYECKHX MapaMeTpoB MPHUBO-
JT K U3MEHEHUIO TUAPOIOrMUYECKOro pexXnMa Ha peKax
PecryOnuku Anrtaii, B TIEpBYIO OUepedb MOCPEICTBOM
YBEJIIMYEHUS] YaCTOThl M1 MHTEHCUBHOCTU HaBOJIHEHUH B
MepUOJI TaBOJKOB, B MEHBIIEH CTETIEHH MOJIOBOAMA.

ConmnajbH0-3KOHOMHYECKHe PUCKHA

ConmnanbHO-3KOHOMHYECKUH yIepO OT THIPOMETEO-
POJIOTUYECKUX SIBIICHUN TECHO CBSI3aH KaK C ”HTEHCUBHO-
CTBIO OIACHOI'0 SIBJICHUS, TaK U ¢ (HU3UKO-Teorpaduye-
CKUMH ¥ COIIHAJbHO-I)KOHOMHUYECKHIMH OCOOCHHOCTSMHU
paiiona, oxBauenHoro Of. Ilo panHeiM @OI'BY
«BHUUTMU-MI1/I», 3a nepuog 1991-2021 rr. Ha Tep-
putopun PecnyOnuku Antait ObLT 3aperucTpUpoOBaH
yiep6 ot 306 omacHBIX M HEOJATOMPUATHBIX SBICHUH
morozel. TakuM 00pa3oM, ymiepd HaHECIH TOIBKO OKOJIO
42 % panee ormeueHHBIX OS], UTO 0OBSACHIETCS pacpo-
cTpaHeHueM HeKoTopbIX OS] Ha TEPPUTOPHSIX CO CIAbOi
XO3AWCTBEHHOH JEATENbHOCTBIO HIIM MTPU TOJIIHOM €€ OT-
CYTCTBUHU.

Hamnbonee BBICOKME 3HAUCHHS HKOHOMHYECKOTO
pHCKa HAOJIONAIOTCS HA TEPPUTOPHUSX, TIIE COUCTAFOTCS
TIOBBIIICHHAS] TTIOBTOPSIEMOCTh SKCTPEMAILHBIX SIBJICHUM,
BBICOKAs! TUIOTHOCTh HACEJICHHS U XOPOIIO pa3BUTAs HH-

pactpyxrypa.

IIpyu >TOM 3HAYMMOCTH STHUX COCTABIAIONIUX PHUCKa
pasnuuHa. Tak, Hanpumep, B I. I'opHo-AnTaiicke u Maii-
MHUHCKOM PailOHE OCHOBHYIO POJIb UTPAET BBICOKAS ILIOT-
HOCTb HacelleHHs], a B TypO4aKkCKOM paiiOHE — BBICOKas
noBTopsieMoctb OSl (CHIbHOTO BETpa, OYEHb CHUIBHBIX
JIOXKJIEH, KPYITHOTO Tpajia, TOMOJNCAHBIX sBICHU). Jlis
Ycrb-KokcuHckoro paiiona xapaktepeH HanOoliee HU3-
KUl ypOBEHb SKOHOMHYECKHX pruckoB oT O, B epByro
ouepeh HM3-3a HU3KOW YacTOTBHl WX MposBicHHs (0e3
yuéTa caMbIX BBICOKOTOpHBIX craHuuii Ak-Kem u Kapa-
Tropek) (puc. 5).

ConuansHBI PUCK OMpPEIENseTCs] Ha OCHOBE COIMO-
craBienust nmoBropsemoctd Ol u conmansHON yS3BUMO-
CTH HacelieHHs. HawmOonblme 3HaYeHHs COMUALHOTO
pucKa u3-3a BhICOKOH moBTopsiemoctd Ol BHOBBL Xapak-
TEPHBI JJ1s1 HaceNeHnus TypoYaKcKoro paiioHa. Jta CHTya-
U TAKXKE YCYTyOJIsIeTCsl HU3KOM COIMAIbHOM 3alHIIeH-
HOCTBIO HAaceIeHHUs (MaJIoe YMCIIO Bpaue W OOJbHUIHBIX
KOEK T10 OTHOIIEHHIO K YNCIIEHHOCTH HACEIICHN).

OcraybHbIe palioHBI pa3ICAINCh Ha IBE TPYIIIHI B 3a-
BHCHMOCTH OT CTETIEHHU 3alUIIEHHOCTH HACEIEHUS OT BO3-
nericteusg OS1. Jins Maiimunckoro, Yotickoro, IlleGanun-
ckoro, Kom-Ara4ckoro, Yiaranckoro paiioHoB u T. [ opHo-
Anralicka xapakTepHa JOBOJBHO 3HAYUTEIILHAS BEPOSIT-
HOCTh TIoHecTH ymiep0d ot OS, oHAaKo 37eCch OTMEYaeTCs
0oJiee BBICOKHI YPOBEHb COIMATBHBIX YCIIYT, TOCTYITHBIX
HACEJICHUIO, B CITy4ae HACTYIUICHUS SKCTPEMANIbHBIX SIBJIE-
Hu#t norogel. J{nst Onrynatickoro, Ycre-Kanckoro, Ycrb-
Kokcunackoro u UemalbCKOro paiOHOB MOHMYKAIOIIM
(haKTOpPOM COIMATBHOrO PUCKA CTaJjla HaunboJiee HU3Kas IMo-
BropsieMocTh OSl B pernoHe mpu CpeiHei CTENeHn peart-
POBaHMSA U aJaNTAIllMX OOIIECTBA K HUM (pHC. 5).

3akioueHne

[IpoBeneHHBIN aHAIN3 H3MEHEHUS KIIMMaTa Ha TeppH-
Topuu PecyOnmuiku AnTaif mokasal, 4To MmapajuiebHO ¢
MPOLIECCAMH MTOBBIICHUS TEMIIEPATYPBI BO3AYXa U U3Me-
HEHHSI PeKIMa OCaIKOB B PETHOHE (PUKCHPYIOTCS U3Me-
HEHHSI B THIPOJIOTHYECKOM PEKUME OCHOBHBIX PEK PETH-
oHa. B wacTHOCTH, B MOCIIETHUE NECATUIECTHS YBEINYH-
JIOCh KOJIMYECTBO M MHTECHCHBHOCTh HABOJIHEHUH, CIIPO-
BOLIMPOBAHHBIX MHTCHCHUBHBIM CHETOTAasHHEM B BECEH-
HUH TIEpUOA, B TOM YHUCIe B Ooee BRICOKOTOPHEIX paiio-
HaX, paHee BKIIOYABIINXCS B 3TOT Iporiecc B Oonee mo3-
HUH NEPUOJI, a TAKXKE T0KAEBbIX TABOAKOB, CIIPOBOLIUPO-
BaHHBIX OOMJIBHBIMH OCaJKaMH, BBHINMAJAIONINMHU 33 KO-
POTKUI TPOMEKYTOK BPEMEHHU.

Ha »stom done PecnyOiimka Antail cTamKuBaeTcs C
POCTOM SKOHOMHYECKUX H COIHANBHBIX prckoB. Hambo-
Jiee BBICOKME 3HAUYEHUS] SKOHOMHYECKOrO pPHUCKa Xapakx-
TEPHBI JUIs1 CEBEPHON YaCTH PETHOHA, 1€ COYETAt0TCs J0-
BOJIBHO BbICOKasi IOBTOpsieMocTh O S, BbICOKas MIIOTHOCTh
HACEIICHUSI M JOCTATOYHO pa3BHUTas MH(PPACTPyKTypHas
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cetb. OiHAKO Ha OoJbIIel Yactu TeppuTopun PA ypoBeHb
puckoB oT pa3BuThst O] HEBBICOK BBUIY HU3KOM IIIOTHO-
CTH HACEJICHU S K HHPPACTPYKTYPHL. Y POBEHb PHCKOB B Ta-
KUX paliOHaX MOKET MOBBIIATHCS BCIECTBUE HU3KOTO
YPOBHSI COLTUANIBHBIX YCIIYT, JOCTYTHBIX HACEIIEHUIO.

OnTuMansHOW aManTallMOHHOW CTpaTeruei 1Mo CHU-
JKEHUIO TIOTOJHO-KIIMMATHYECKUX PHUCKOB B HamOolee
HKOHOMHUYECKH Pa3BUTHIX pailOHaX PECITyOIHKH C BBICO-
KO YHCIICHHOCTHIO HACEJICHUS SIBJISECTCS CO3JaHUC HH-
(bpacTpyKTyphI, 00Jlee YCTOWYMBOH K KIUMATHICCKAM
BO3JEHCTBUSIM.
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BBIX COOPY>KCHUI; PEKOHCTPYKIIMS CETEH BOJOOTBEACHHUS C
LETBI0 YMEHBIICHHS YTEUEK BOJBL, CIOCOOCTBYIOMIHUX pa3-
MBIBY TPYHTA U TIPOCAJIOYHBIM SIBJICHUSIM; Pa3BUTHE «3eJe-
HOT'O CTPOUTENBCTBA» (T.€. YBEIMUEHHE TEPPUTOPUI map-
KOB 1 CKBEpOB, TJIe OTCYTCTBYET TBEPIOE MOKPBITHE) U T.J.
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Puc. 5. Jxonomu4yeckuii (cjieBa) U CONMAJIBLHBIN (CIIPABa) PUCKH OT ONACHBIX AABJICHUI
JJISI MyYHUIIUNIAJIBHBIX paiionoB PecnyOiuku AnTail, BbIpaseHHbIE B 10JI5IX e IHHUIIbI

Fig. 5. Economic (left) and social (right) risks from dangerous phenomena for municipal districts
of the Altai Republic, expressed in fractions of a unit

B MyHunmnanbHeIX 00pa3zoBaHUsX cO cabo pa3BUTOM
UH(PACTPYKTYpOH W MEHBIIEH IIOTHOCTHIO HACENCHUS
HEOOXOIUMBIMH MEpPaMH IO CHHKEHUIO PUCKA SBIISIOTCS
IOBHIIICHHE  COIUMAIBHOM  3AIHIICHHOCTH  JIFOJCH,
BKJIFOUAsl BBIJICTICHUE JIOTIOJIHUTENBHBIX CPEACTB IS
pacceneHusl JOJIei M3 BETXMX W aBAPUUHBIX JIOMOB,
yIIy4IIeHHEe TPaHCIIOPTHOU HH(PACTPYKTYPHL,
TMIOBBIILIEHUE JOCTYITHOCTH MEAUIIMHCKON MOMOIIH H T.JI.

OOmieit Mepol MO CHUKEHUIO SKOHOMHUYECKUX PUC-
koB oT OS Ha Tepputopuun PecyObmuku AnTail MoxKeT

cTaTh 3P PEeKTUBHAS CHCTEMA CTPAXOBaHMsI, 00JIEryaro-
miasi MPOIECCHl BOCCTAHOBICHHS W KOMIEHCAI[UU
yiep6oB. He MeHee BakKHBIM HHCTPYMEHTOM YIIpe-
JKJICHUST HEONArONPUSATHBIX MOCIEICTBHM I HAaCENe-
HUS U DKOHOMHUKH SIBJISIETCS TOBBINICHUE HAJICKHOCTH
MPOTHO3a OMACHBIX METEOPOIIOTUYESCKUX M TUPOIOTH-
YEeCKHX SBJICHU, YTO B YCIOBHUSIX U3MEHCHUS KIMMAaTa
HEBO3MOXKHO 0e3 OoJiee yriryOJIeHHOTO U3YICHHS IPO-
[[ECCOB, MPOUCXOMAANIMX B Pa3HBIX KIUMATaX TOPHOM
CTpaHBIL.
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