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HAYKHU O 3EMJIE
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Seismotectonics of the northern sector of the Verkhoyansk fold system (north-
east of the Russian Arctic)

L.P. Imaeva', G.S. Gusevz,l’3

nstitute of the Earth’s Crust SB of RAS, Irkutsk, Russia
Institute of Mineralogy, Geochemistry and Crystal Chemistry of Rare Elements RAS, Moscow, Russia
3Academy of Sciences of the Republic of Sakha (Yakutia), Yakutsk, Russia

*imaeva@crust.irk.ru

Abstract. In the northern sector of the Verkhoyansk fold system, tectonic structures are separated by
crustal geoblocks of different ages, which belong to the Siberian platform and the Mesozoic Laptev Sea
plate. These geoblocks are key objects of studies aimed at clarifying the evolution of the transitional
‘continent-shelf’ zone of the Arctic boundary between the Eurasian and North American lithospheric
plates. Our study focused on the northern sector of the Verkhoyansk fold system and aimed to clarify
regularities of seismotectonic destruction of the crust. We analyzed the seismotectonic data on neotec-
tonic structures located in the Kharaulakh segment and the Lena River Delta, geological and geophysi-
cal structural features, active faults, modern structural plans, and the dynamic characteristics of the
present-day terrain. Based on the comprehensive analysis of the study results, we identified for the first
time a system of conjugated active strike-slip faults that reflect the structural plan of the northern sector
of the Verkhoyansk fold system. In the sublongitudinal direction along the Ust-Lena right-lateral strike-
slip fault, a structural boundary is traced as a major element of the kinematic plan of the modern struc-
tures, which predetermines the seismotectonic parameters of the zones of increased seismic activity. In
small-scale geological and tectonic maps, as well as in satellite images, the Ust-Lena fault is structur-
ally manifested from the Lena River Delta to the Orulgan segment of the Verkhoyansk fold system. The
Bulun fields of earthquake epicenters (M,, = 6.58—7.0) and a wide zone of seismic dislocations varying in
genesis are located at the southeastern termination of this fault. We analyzed the state of crustal stress
across the study area using the tectonophysical data on the Late Cenozoic rupturing and folding defor-
mations along with seismological data, and conclude that this is a unique transitional region wherein the
mid-oceanic and continental crustal structures are conjugated, and the tectonic stress field changes from
extension to compression. This study clarifies the kinematic plan of the modern structures in the shelf-
continent transition zone of the Arctic boundary between the Eurasian and North American lithospheric
plates. The study results can be useful for Arctic shelf development projects of Russian and foreign com-
panies.

Key words: Arctic segment of the boundary between the Eurasian and North American lithospheric
plates, northern sector of the Verkhoyansk fold system, continent-shelf zone, modern structures, active
faults, kinematic types, earthquake focal mechanism, seismotectonic deformations, tectonic stress types,
dynamic model of modern structures.

Acknowledgements. The studies were carried out under the RFBR Project 19-05-00062 — Dynamics of
the modern structures of the continental-shelf zone in the northeastern sector of the Russian Arctic.
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L.P. IMAEVA, G.S. GUSEYV, V.S. IMAEV

Introduction

The Arctic boundary between the Eurasian and
North American lithospheric plates has been ex-
plored, but modern structures of the shelf-continent
transition zone remain the least studied. Most stud-

114°E120° 126° 132° 138°  144° 150°

ies of this region are devoted to the Laptev Sea
riftogenesis [1-4 et al.] and the dynamics of seismo-
generating structures in the adjacent segments of the
continental Arctic-Asian seismic belt [5-7 et al.].
Many publications state that in the Kharaulakh seg-
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Fig. 1. Cenozoic tectonics of the Arctic sector of the Eurasian-North American lithospheric plate boundary (modified after [30]).

Lithospheric plates: EA— Eurasian; NA— North American.
Inset: notation of study area.

1 — Eurasian Basin; 2 — Gakkel spreading ridge; 3 — continental slope; 4 — cover of Pliocene—Quaternary deposits; 5 — rift basins;
6 — Cenozoic depressions (piedmont and intermontane troughs); 7 — mountain ranges; § — normal faults; 9 — reverse and thrust
faults; 70 — strike-slip faults (red — Ust-Lena fault); // — transform fault; /2 — locations of rotation poles for the Eurasian and North
American plates in different time intervals (after [31]); /3 — study area.
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SEISMOTECTONICS OF THE NORTHERN SECTOR OF THE VERKHOYANSK FOLD SYSTEM

ment of the Verkhoyansk fold system and the Lena
River Delta, extensional zones and seismic activity
of neotectonic structures developed under the influ-
ence of rifting in the Laptev Sea shelf (Fig. 1).

Our study focused on the northern sector of the
Verkhoyansk fold system, which is a unique geody-
namic polygon. Field seismotectonic surveys and
studies of the Late Cenozoic tectonic stress field of
the study area were complemented by investiga-
tions of paleoearthquake traces in the zones influ-
enced by large active faults. We investigated the
interactions of seismogenerating structures that de-
veloped in the zone of transition from the rift de-
pressions extending from the mid-Arctic Gakkel
ridge to the Laptev Sea shelf and further into the
Chersky seismotectonic zone of the Eurasian conti-
nent. Based on our research algorithm, we identified
zones with different tectonic regimes of the stress-
strain state of the crust and constructed a regional
structural-dynamic model of the main seismogen-
erating structures of the study area.

The research objectives were as follows:

* Analyze earthquake epicenter distribution pat-
terns based on records of both stationary and tempo-
rary networks of field seismic stations;

* Determine the kinematic type of seismotec-
tonic deformations in focal areas of earthquakes
with M =4.3-5.5;

* Consolidate a unified catalog of earthquake
source parameters;

* Identify the zones of active fracturing that influ-
ence the stress-strain state of the crust of conjugated
blocks and segmentation of modern structures;

* Identify uniformly deformed dynamic segments
within the modern structures of the Kharaulakh seg-
ment of the Verkhoyansk fold system and the Lena
River Delta and clarify their genesis; and

* Determine the structural-kinematic plan of the
junction of the main geostructures in the shelf-con-
tinent transition zone of the Arctic boundary be-
tween the Eurasian and North American litho-
spheric plates.

Our comprehensive study used data from new
regional case studies implemented by the authors
and data on the geology, tectonics, geophysics,
seismogeology, and hydrogeology of the study area
from publications by industrial and research organ-
izations.

Research methods
Our seismotectonic studies are based on the con-
cept envisaging the structural and dynamic uniform-
ity of the geophysical medium and specific regulari-

ties of seismogeodynamic processes taking place in
this medium. The research methodology was devel-
oped by the Institute of Physics of the Earth RAS
[8, 9] and supplemented as described in [7, 10, 11].
The research algorithm starts with establishing the
general trends in the neotectonic development of the
study area. Modern (Late Cenozoic) structures in
the study area were analyzed considering the recent
tectonics as a structural framework comprising ac-
tive faults and other features demonstrating the pre-
sent-day tectonic activity related to the regional
seismicity. Neotectonic structures of the Russian
Arctic are ranked by degree of activity according to
the regional principles of the classification described
in[7,10, 11].

In our study, a domain is a neotectonic geody-
namic taxon of the territorial rank, which is consid-
ered as a spatially-localized integral object with
multifactor interactions between its main compo-
nents. The classification of domains is a multi-level
system including eight classes of activity of modern
geodynamic processes that lead to the formation of
neotectonic structures. Each activity class is charac-
terized by its specific and optimal set of features
pertaining to tectonics (geodynamic setting), geo-
physics (heat flow, gravity field anomalies, and
crustal thickness), morphostructure (elevation, dif-
ference between the highest and lowest elevations,
and rates of vertical and horizontal movement of the
ground surface), material, deformation features, and
GPS measurements. Additionally, the inherited dy-
namics of the neotectonic structures were consid-
ered with respect to conditions in previous stages of
domain development. To assess the modern geody-
namic activity and specify the class of each domain,
we interpreted both its primary and additional fea-
tures. Three groups of activity classes were distin-
guished as follows: low activity (classes 1-2), mod-
erate activity (classes 3—5), and high activity (class-
es 6-8). The characteristics for the domains specified
in the northern sector of the Verkhoyansk fold sys-
tem are shown in Fig. 2.

The next stage of the study aimed to identify the
most probable areas of recent activity for a more
detailed investigation and search for reference ob-
jects. Large-scale morphostructural and structural-
dynamic mapping was carried out to provide the
two components of morphotectonic analysis. The
main concept for this analysis is consistency be-
tween terrain features and corresponding rates and
types of endogenous processes. Relative move-
ments of crustal blocks during neotectonic activity
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Fig. 2. Geodynamic activity of neotectonic structures in the Arctic sector of the Eurasian-North American lithospheric plate
boundary (modified after [6]). Lithospheric plates: EA— Eurasian; NA— North American.
Active fault systems: I — Primorsky, I — Verkhoyansk, IIT — Kharaulakh, IV — Buor-Khaya.
I — classes of geodynamic activity: low (1-2), moderate (3-5), high (6-8); 2 —earthquake epicenters (M,,): < 4.0, 4.1-5.0, 5.1-6.0,
6.1-7.0, and > 7.0 (data from [6]); 3 — kinematics of active faults: thrusts («), normal faults (b), strike-slip faults (red— Ust-Lena
fault) (c); 4 — earthquake focal mechanisms: date and magnitude (lower hemisphere), emergence of the main compression and ex-
tension stress axes (black and white dots, respectively).

cycles create the main features of the terrain — mor-
phostructures bordered by active faults. The types
of endogenous geodynamics are reflected in the

features of modern geodynamic activity within the
blocks of various ranks, as well as in the linear
fault zones separating the blocks.
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SEISMOTECTONICS OF THE NORTHERN SECTOR OF THE VERKHOYANSK FOLD SYSTEM

The data base, including geological, geophysi-
cal, and seismological data from the study area, pro-
vides the basis for investigating the structural-dynam-
ic features of the main fields of earthquake epicent-
ers characterized by a maximum seismic potential.
To this end, large-scale remote images and laser-
scanning images of the pleistoseist areas of strong
earthquakes were deciphered which allowed pre-
liminary mapping of active faults, diagnostics of
fault kinematics, and selection of sites for detailed
field surveys. Attention was given to additional in-
dicators of recent fault activity, such as displace-
ments identified by repeated geodetic surveys;
earthquake epicenters confined to the zones of dy-
namic influence of faults; focal mechanisms of
earthquakes as indicators of the dynamics; direc-
tions of crustal movements; geothermal and gas-
hydrochemical anomalies (evidence of increased
crustal permeability); and seismic profiling, seismic
survey, gravimetric, and electrical survey data. Field
studies were carried out to collect and clarify the
information on deformation and displacements of
young terrain elements and sediments, determine
their ages, and discover evidence of strong paleo-
and modern earthquakes. Trenching was performed
on seismogenic deformation sites. Based on the
field database, it was possible to clarify the kine-
matic types of the Late Cenozoic folds and faults
and the structural parageneses of active faults. The
kinematic types of the contact zones of the main
seismogenerating structures were determined, and
models showing the regional structures and dynam-
ics were created. The experience of Russian and in-
ternational joint research projects shows that the se-
quence of data collection and processing described
above ensures that the resultant datasets provide for
a comprehensive and reliable investigation of mod-
ern seismogeodynamic processes.

Seismotectonics of the Kharaulakh segment

Geological and tectonic structure. The Kharaul-
akh segment of the northern sector of the Verkhoy-
ansk fold system includes the southern termination
of the rift depressions in the Laptev Sea shelf and
the coastal conjugated structures that belong to the
Chersky seismotectonic zone (Fig. 1, 2). The sedi-
ments observed in this area cover a wide age range,
from the Upper Proterozoic to the Cenozoic inclu-
sively (Fig. 3). In terms of tectonics, the Kharaulakh
segment is a frontal zone of the Verkhoyansk fold
system that formed mainly in the Early Cretaceous
[12, 13]. This segment began to form in the Riphean

at the Siberian platform margin and developed as an
extensive passive continental margin in the course
of its long-term evolution, which is manifest in its
structure and types of dislocations observed. Based
on the structural and geometrical analyses of the
structure-forming zones of the Kharaulakh segment,
it is possible to distinguish two phases of Mesozoic
folding. In the first phase, folding occurred in the
eastern part of the segment, as evidenced by the
northeast-striking folds and faults. In the second
phase, sublongitudinal folds deviating to the north-
west were formed. It is probable that the second
phase included the formation of the main thrust
structures and the knee bend of the Kharaulakh seg-
ment, which strikes along the left bank of the Lena
River Delta to the fold zone of the Olenek sector of
the Lena-Anabar segment (Fig. 1, 2).

Cenozoic events in the study area were related to
the interaction of the North American and Eurasian
lithospheric plates in northeastern Asia. At the be-
ginning of the Cenozoic, this territory was involved
in intensive tectonic processes associated with rift-
ing along the continental continuation of the Gakkel
spreading ridge. The continental crust was partially
destructed over vast areas, including the northern
sector of the Verkhoyansk fold system [2, 5, 14].
The Cenozoic megacomplex contains mainly Pale-
ocene—Eocene continental sediments observed with
a sharp angle discordance at different horizons of
the dislocated Precambrian—-Mesozoic megacom-
plex. The sediments fill a series of sublongitudinal
depressions formed during the earliest phase of rift-
ing in the continental continuation of the Gakkel
spreading ridge. At some locations, the Paleogene
sediments are folded and disturbed by thrusts and
reverse faults. At the eastern sides of the Kengdei,
Naiba, and other small depressions, local thrusts are
confirmed by direct structural observations and ex-
ploratory drilling materials.

In the field study of the Kengdei River, we ob-
served a gently dipping thrust and a contact of es-
sentially sandy and mainly coal-bearing beds of
Lower Eocene age (Fig. 4). The footwall of the thrust
is an aleurite-sandy bed containing abundant relics
of freshwater mollusk fauna. In the hanging wing,
there are three layers of coal separated by aleurites
and variegated sandstones with numerous casts of
leaves. The thrust is marked by the displacements of
the lower coal layer. The fault plane is subhorizontal
in the southern part of the outcrop and dips at 30—35°
in the frontal part where micro-thrusts are observed.

The thrust fault is accompanied by tectonic frac-
tures clearly observed in the lithified interlayers of

11



L.P.IMAEVA, G.S. GUSEV, V.S. IMAEV

122° E 124° 126° 128° 130° 132° 134°

Dunai Islands

\ ("\'»

R

~
s

@.m Buor-Khaya éo
2 5 Bay
25 i
v
A

‘ )
Wt - {?ﬁ
Il
%

/."

\
T ‘—\

N

LG |1 [ Qua
[ 1o [EH 1 [0 12 v [TV 14 [ R J15[IRRI 16|17 ] &

Fig. 3. Fragment of the geological map of the northeastern sector of the Verkhoyansk fold system (scale 1:1,500,000) (from [22]).
Cenozoic basins: Khorogor (a), Kengdei (b), Kunga (¢), Kharaulakh (d), Naiba (e), Omoloi (f).
1-3 — Quaternary system: / — Holocene; 2 — Neopleistocene and Holocene; 3 — Neopleistocene; 4 — Neogene system, Pliocene;
5 — Paleogene system; 6 — Cretaceous system, lower series; 7 — Jurassic system, upper series; 8§ — Triassic system; 9 — Permian
system, upper series, Triassic system, /0 — Permian system, upper and lower series; // — Carboniferous, upper and lower series;
12 — Devonian system; /3 — Cambrian system; /4 — Vendian system; /5 — Riphean system; /6 — Lower Proterozoic; /7 — faults
differing in kinematics; /8 — rock fracturing diagrams, positions of vectors of the principal stress axes: extension (c,), intermediate
(o,), compression (c5), and fault planes. Black dots — positions of the figures.

sands and aleurites. The circle diagram shows sev-  sitions relative to the working plane of the fault in-
eral maximum values grouped in the sublongitudi- dicate the major thrust displacement. At the same
nal and northeastern belts (Fig. 4). Their spatial po-  time, the southeastern hanging wing shifted both to
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Fig. 4. Knyazyuregin thrust in the Kengdey depression.
1 — sandstones (@) and aleurite-sandy deposits (); 2 — coal seams; 3 — scree and soddy areas; 4 — thrust plane; 5 — paleontological
remains: freshwater mollusks (a) and casts of leaves (b); 6 — sand-gravel-pebble deposits. 4—D — fracture diagrams (n — number of
measurements).

m Sevastian-Kuel =

Bykov distributary
20 cm
|

Fig. 5. Normal faults in stratigraphically different heterochronous rocks of the Laptev Sea coast (data from [5]).
a — Carboniferous deposits of the Sevastian-Kuel River; b — Permian deposits of the Khorogor River; ¢ — Eocene deposits of the
Bykov distributary. / — sandstones; 2 — sands with pebbles of various sizes; 3 — gravelites; 4 — shale; 5 — coal (@) and lignite (¢);
6 — vegetation and silt soil; 7 — normal faults.

13



L.P. IMAEVA, G.S. GUSEYV, V.S. IMAEV

the north and northwest. The thrust is oriented
across the strike of the Kengdei depression, which
is also indicative of northwestern displacement. All
of the above-mentioned observations suggest com-
pression in the Cenozoic. The structural study re-
sults show that the compression axis was oriented
sublatitudinally. According to the analysis of the
Cenozoic cross-sections of the Kharaulakh segment
and adjacent territories, compression took place in
the Middle Miocene [5, 14, 15].

The next phase of the Cenozoic history was exten-
sion in the Pliocene—Quaternary. The axis of exten-
sion was oriented sublatitudinally and to the north-
east. Normal fault displacements are observed in the
rocks of the Laptev Sea, which are stratigraphically
different in age (Fig. 5). Such displacements are man-
ifest in the irregular shapes of the modern terrain fea-
tures, including chopped forms and sharp ledges.
Their working planes are identified in the Carbonif-
erous sandstones and aleurites with intense cleav-
age and are accompanied by bands of crushed rocks,
gouge, and numerous slickensides. Displacement
amplitudes vary from several dozens of centimeters
to a few meters. With depth, the faults are less-steeply
dipping and can be classified as listric faults.

An example of a listric fault is a fault in the coast-
al outcrop of the 810 m marine terrace of the Buor-
Khaya Bay near the place where the Yt-Yurege River
reaches the sea (Fig. 6). Here, about 50 km south of
Tiksi Settlement (600 m northwest of the Yt-Yurege
River mouth), there is a contact zone of carbona-
ceous schists and Pliocene weathering crust repre-
sented by kaolinite clays developed on the schists.
The zone is classified as a listric normal fault with a

Fig. 6. Listric normal fault at the Yt-Yurege River mouth,
Laptev Sea coast.
Outcrops: dark — Tiksi formation (C,_,), light — Pliocene (N,)
weathering crust. Photograph by .

flattening plane (the dip angle reduces from 55° in
the upper part to 30-35° in the lower part of the
outcrop). The fault strike is parallel to the seashore,
and the dip is to the northeast (dip azimuth of 50°).
Bedrock with numerous normal fault slickensides
and 20-25 cm beds of mylonite can be observed in
this zone.

Normal faults are also observed in the Cenozoic
depressions (Fig. 3). The fault kinematics is clearly
confirmed by fracture diagrams. The Kharaulakh
depression sides are steeply-dipping (up to 70-75°)
normal faults. The normal fault planes are cut into
separate segments by strike-slip faults. The strike-
slip fault kinematics is confirmed by their positions
relative to the displaced normal faults. Normal faults
were also detected by structural observations in the
field on the western side of the Kengdei depression
and confirmed by geophysical data [14].

In the dynamic setting of the Cenozoic, faults of
two directions were active. Reverse faults with a
strike-slip component, and normal faults with a
strike-slip component developed mainly in the sub-
longitudinal direction. The sublatitudinal faults
showed more complex kinematics, and multidirec-
tional strike-slip faults with a normal component
were dominant (Fig. 2, 3). The systems of regional
and local faults active in the Cenozoic are revealed
on the basis of geological and geophysical datasets,
and their kinematics are confirmed by fracture dia-
grams and focal mechanisms of earthquake sources
[5, 11, 14]. Considering the fault locations, lengths,
and kinematics, four main fault systems are distin-
guished: I — Primorsky (strike-slip faults with a nor-
mal component), II — West Verkhoyansk (thrusts),
III — Kharaulakh (strike-slip faults with a normal
component), and IV — Buor-Khaya (normal faults).

The Primorsky system of strike-slip faults with a
normal component (I) is located in the northern part
of the Kharaulakh segment of the northern sector of
the Verkhoyansk fold system. The Primorsky nor-
mal fault system, with a small left-lateral strike-slip
component, strikes west-northwest for about 50 km.
It is subparallel to the Bykov distributary from the
Lena River Delta to Buor-Khaya Bay. Along the
western coast of the Buor-Khaya Bay, the Primor-
sky normal fault system continues as a series of sub-
longitudinal (north-northwest-striking) faults with a
total length of 160 km, which are cut by northeast-
striking faults. The highest activity is observed in
the central part of the Primorsky system, that is, the
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area from the Khorogorsky to the Kharaulakh de-
pression.

The West Verkhoyansk system (II) extends to the
right bank of the lower reaches of the Lena River. It
separates the Verkhoyansk fold-thrust belt from the
Siberian platform. Near the Chekurovka area, thrusts
are also traced on the left bank of the Lena River,
where the Cambrian strata of the footwall and the
Vendian formations of the hanging wing are in con-
tact along the inclined zone of crushed rocks. Frac-
ture diagrams and focal mechanisms of earthquake
sources confirm the kinematic type, strike, and dip of
the West Verkhoyansk thrusts (Fig. 2, 3). Despite its
ancient age, this fault system was recently active, as
evidenced by the clearly morphologically-manifest
frontal part and the epicenters of weak earthquakes
confined to the zone of its dynamic influence.

The Kharaulakh system of sublongitudinal faults
(II) is located in the central part of the study area
(Fig. 2, 3). It is a 67 km wide and almost 200 km
long zone of closely-spaced subparallel faults con-
sisting of two rectilinear echeloned segments con-
nected by a diagonal link (3 km wide, 20-25 km
long). The fault system is active, as evidenced by
clear morphological features in aerial photographs
and features observed in the field (numerous ra-
vines, gullies, rock collapse, and landslides), as well
as local earthquakes, including the 1927-1928 Bu-
lun events (M, = 8-9).

The Buor-Khaya fault system (IV) includes nor-
mal faults located along the western coast of Buor-
Khaya Bay (Fig. 2, 3). The faults cut the basement of
the riftogenic structure, and most of them penetrate
into the upper horizons of the sedimentary cover,
which suggests their young (Pliocene—Quaternary?)
age. The age assumption is based on geological and
geomorphological field observations [16] and multi-
channel seismic profiling data [17]. Sublongitudinal
faults belonging to this system are traced from the
coastal areas into Buor-Khaya Bay where they can
be clearly detected in the seafloor relief. These faults
are further confirmed by earthquake focal mecha-
nism solutions.

Seismicity and seismotectonic deformations. The
Kharaulakh segment is located within the continen-
tal part of the northwest flank of the Arctic-Asian
seismic belt (Fig. 1, 2). The first instrumental data
on its seismicity were obtained in 1909, when an
earthquake (M, = 6.8) in the Laptev Sea near the
delta of the Lena River was recorded by the global
network of seismic stations (Fig. 2, 7). Earthquakes

of M, = 5.5-6.0 with epicenters in the Laptev Sea
area were recorded in 1914-1926. The epicenters of
five Bulun earthquakes (M, = 5.8-6.8) recorded in
1927-1928 were located 140—-160 km south of the
Tiksi settlement. Analysis of the locations of the lo-
cal earthquake sources (Fig. 7) in relation to the tec-
tonic features of the Kharaulakh segment (Fig. 3)
shows that the epicenters are mostly confined to the
systems of large faults and thus confirm their cur-
rent activity. It should be noted that most earth-
quakes in this area occurred in the crust at depths up
to 35 km (94 % of the total number for the specified
depth); only 6 % were recorded in the depth range
of 36-55 km, while the most frequent local seismic
events occurred at a depth of 15 km.

The field of tectonic stresses is inhomogeneous
in the seismically-active Kharaulakh zone, as re-
vealed from earthquake focal mechanism solutions
(Fig. 7, Table 1). The major stresses acting in the
earthquake sources have different azimuths and dip
angles ranging from horizontal to subvertical. This
suggests that the seismic process in this zone de-
veloped under both extension and compression. The
seismically-active Buor-Khaya and Primorsky zones
are currently subject to extension across the strike of
the regional structures. This assumption is supported
by earthquake focal mechanism solutions showing
normal faulting. Further westwards to the Lena Riv-
er, extension is replaced with compression. In this
area, strike-slip faults, normal faults with a strike-
slip component, and thrusts are revealed from the
local earthquake focal mechanism solutions. Nor-
mal faults with a strike-slip component are shown
by earthquake focal mechanisms for the Bulun
events in the seismically-active Kharaulakh zone.

Based on the analysis of the state of crustal stress-
es from north to south, another transitional area is
revealed wherein extension (sea shocks in Buor-
Khaya Bay) is replaced by compression, as evi-
denced by thrusts in the Naiba depression. Southeast
of the Chersky seismotectonic zone, the field of tec-
tonic compression stress is stable, and the earthquake
focal mechanism solutions show strike-slip, thrust,
and reverse faults. The seismological data are con-
sistent with the geostructural observations and con-
firm a wide range of faults (normal, strike-slip, and
thrust faults and their modifications).

Seismic dislocations of various geneses were de-
tected in aerial and satellite images (Fig. 7). Geo-
structural methods were used to determine their loca-
tions and possible earthquake magnitudes of suffi-
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Fig. 7. Earthquake epicenters in the northeastern sector of the Verkhoyansk fold system.

Active fault systems: I — Primorsky, II — Verkhoyansk, III — Kharaulakh, IV — Buor-Khaya.

Cenozoic basins: Khorogor (a), Kengdei (), Kunga (c), Kharaulakh (d), Naiba (¢), Omoloi ( f).

I — earthquake epicenters (M,,): < 3.0, 3.1-4.0, 4.1-5.0, 5.1-6.0, 6.1-7.0 (data from [6]); 2 — earthquake focal mechanisms: date

and magnitude (lower hemisphere), emergence of the main compression and extension stress axes (black and white dots, respec-
tively); 3 — seismodislocations; 4 — seismic traces; 5 — thrusts, 6 — normal faults; 7 — strike-slip faults (red — Ust-Lena fault).

cient intensity for the occurrence of such dislocations.
For each seismic dislocation, its probable occurrence
time was determined by the dislocation size, mor-
phological features, and types of primary (seismotec-

tonic) and secondary (seismogravitational) deforma-
tions. In general, the identified seismogenic struc-
tures differ in size and morphology and belong to
different genetic types, that is, their formation is re-
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Table 1
Earthquake focal mechanisms (M, = 3.5) in the northeastern sector of the Verkhoyansk fold system
Dgy,mF)th:year; Hypocenter coordinates M, 'Focal me'chanisms. Data Fault types
our:min: sec | ® (°N) | A (°E) | h (km) strike dip slip sources

14.11.1927 70.10 | 128.70 15 6.8 | 268 46 -35 | F, 2009 Normal fault
00:12:08
20.05.1963 72.2 126.3 15 53 | 356 70 -164 | F, 2009 Strike-slip fault
17:01:35
21.07.1964 72.2 130.0 35 54 | 130 45 —112 | F, 2009 Normal fault
9:56:17
01.02.1980 73.04 | 122.61 27 53 | 315 55 -78 | HRVD Normal fault
17:30:27
06.04.1986 70.8 130.3 3.5 5 66 =74 | F, 2009 Normal fault
01:27:21
15.06.1986 72.8 126.3 10 4.7 | 130 60 —134 | F, 2009 | Strike-slip fault with normal
06:55:36 component
22.03.1987 71.5 128.9 7 3.5 212 42 22 F, 2009 Reverse fault
01:14:10 with right-lateral strike-slip

component
30.07.1987 72.3 128.1 18 35| 295 86 =70 | F, 2009 Normal fault
18:51:28
14.05.1988 71.8 130.3 3.5 | 167 51 -160 | F, 2009 Normal fault
13:25:50
02.11.1989 71.1 129.5 31 3.5 | 161 38 —136 | F, 2009 Normal fault
04:40:42
01.03.1991 72.2 126.7 394 | 52| 290 7 49 F, 2009 Thrust and reverse faults
01:57:06
24.03.1993 71.69 | 130.40 | 9-10 | 4.5 | 329 41 46 S, 2017 Reverse fault
22:43:29
31.01.1995 72,71 | 132.28 37 4.6 | 135 79 =34 | S, 2017 |Strike-slip fault with normal
12:43:43 component
15.09.1996 72.36 | 126.38 | 4-5 49 | 170 12 140 | S,2017 | Reverse and thrust faults
00:21:23
23.08.1998 72.77 | 129.73 | 33-35 | 4.2 | 302 29 14 S, 2017 Thrust fault
09:59:03
08.06.2001 72.70 | 123.92 | 10-12 | 4.5 | 205 84 67 S,2017 | Reverse and thrust faults
04:59:02
19.07.2007 7224 | 125.80 | 37-38 | 4.4 79 45 7 S, 2017 Reverse fault
06:18:44 with strike-slip component
12.07.2010 7298 | 123.79 | 6-7 49 | 325 9 112 | S,2017 | Thrust and reverse faults
10:06:43
11.04.2013 74.11 | 129.62 36 4.3 20 25 =70 | S, 2017 Normal fault
20:01:09

Note. M, — moment magnitude; parameters of nodal planes: strike, dip, and slip in degrees. Data sources: S, 2017 [18], F,
2009 [19], HRVD [20].

lated to seismic events (M, = 6.0-7.5) that occurred
at different times and locations.

A major seismic dislocation in the zone of dy-
namic influence of the Kharaulakh fault is the Baris
fault which is a 12-km long linear sublongitudinal

normal fault with a strike-slip component (Fig. 8).
Displacements of some landforms are predominant-
ly right-lateral. In field observations, the fault was
detected as a system of ditches 10-15 m wide. On
the slopes and peaks of the watersheds, the fault is
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Fig. 8. Beris seismodislocation.

a — photograph of the system of ground surface ruptures resulting from the Bulun earthquakes of 1927-1928 (M, > 7.0); b — aerial
photograph of the Beris seismodislocation (arrows show the fault plane); ¢ — fragment of the deciphered image: strike-slip faults (1),
watershed axes (2); d — photograph of seismogenic extension fractures in the Kharaulakh fault zone (origin place of the Beris seis-

modislocation).

marked by troughs 4-6 m wide and filled with argil-
lite and sandstone fragments crushed to debris. At
the edges of the ditches and troughs, there are steep
(80-90°) walls rising 2.0-2.5 m above the bottoms
and composed mainly of fragments of silicified
dense sandstones. The fault wings’ displacement di-

rection is reliably determined from the displace-
ment of the sublatitudinal tributaries of the rivers, as
well as the axial lines of the watershed ridges. The
western wing is horizontally displaced by 25-30 m.
The displacement involved the youngest deposits of
the fluvioglacial complex up to the floodplain and

18 MMPUPOAHBIE PECYPCBI APKTUKHN 1 CYBAPKTHUKH, 2020, T. 25, Ne 2



SEISMOTECTONICS OF THE NORTHERN SECTOR OF THE VERKHOYANSK FOLD SYSTEM

above-floodplain terraces. Based on these data and
the rock fracturing analysis, this is a right-lateral
normal fault with a strike-slip component. In our
calculation, the age of the Baris seismodislocation
is a thousand years, considering an estimated earth-
quake magnitude of 7.0-7.5. Structural-dynamic
studies of the Kharaulakh segment of the Verkhoy-
ansk fold system reveal areas that differ in the state of
crustal stress and fault kinematics, including normal,
strike-slip, and thrust faults and their combinations.

Seismotectonics of the Lena River Delta

Geologic and tectonic structure. The tectonic
structure of the Lena River Delta is defined by the
junction of large crustal geoblocks—the ancient
Siberian Platform and the Mesozoic Laptev Sea
Plate—separated by the Kharaulakh segment of the
Verkhoyansk fold system (Fig. 1-3). Their frag-
ments compose a specific structural pattern. The
ideas concerning the geological structure of the pre-
Cenozoic base of the delta were formulated accord-
ing to geophysical data interpretations [3, 4, 21] and
geological data on the contact structures of the Le-
na-Anabar and Kharaulakh segments of the Verk-
hoyansk fold system [22, 23]. It is assumed that the
delta base is a complex fold-block structure that is
similar in structure and history to the Hercynides of
the northern Taimyr Peninsula. In the delta, the pre-
Quaternary formations outcrop mainly on the banks
of the Bykovsky, Olenek, and Bulkur distributaries
and also occur as erosive remnants on islands in the
estuary of the Lena River valley (Fig. 3).

The structure of the pre-Cenozoic delta base is
represented by a series of northwest-trending blocks
covered by Cenozoic sediments of different thick-
nesses. Based on the gravity field interpretations,
the Archean formations are presumably confined to
the uplifted block of the delta [24]. According to
other data, the Archean formations may occur at a
depth of about 100 m, and the pre-Cenozoic base at
the northeastern part of the delta is assumed to oc-
cur at a depth of about 3,000 m [25]. Abundant Or-
dovician—Lower Carboniferous deposits in the delta
were identified from seismic profiles [21, 25]. The
age and composition of the Ordovician rocks are
conditionally determined by analogy with the de-
posits in the neighboring areas (Fig. 3).

Paleogene deposits comprise the major depres-
sion grabens of the delta. A general idea of their
structure is based on studies of similar sediments in
the grabens adjacent to the delta in the northern sec-

tor of the Kharaulakh segment [22, 23]. Eocene
sandstones and 0.3 to 2.4 m thick aleurolite and
brown-coal seams can be seen in outcrops observed
along the Bykov distributary. Neogene sediments
are exposed fragmentarily in outcrops observed on
islands in the delta. Paleogene and Neogene sedi-
ments formed in a setting of differentiated displace-
ments of large blocks, therefore total thickness
ranges from several tens of meters to 2—3 km at the
most subsided sites [24].

The surface cover of the delta is composed of
Quaternary sediments. However, their age is condi-
tional and determined only by the stratigraphic and
geomorphological positions of the strata without
sufficient paleontological and palynological data.
The delta surface is mostly composed of modern
sediments, such as alluvial, lacustrine-boggy, lacus-
trine-boggy-aeolian, aeolian, gravitational, and ma-
rine sediments. The islands in the delta are com-
posed of heterochronous and heterogeneous sedi-
ments. Their geological structure suggests a sharp
change in sedimentation conditions in both lateral
and vertical directions within a short time [24].

The Quaternary history of the Laptev Sea shelf,
including the Lena River Delta, is sharply different
from that of the continental part of the Kharaulakh
segment. It is related to opening of the Eurasian sub-
basin, the onset of which is assumed to occur at the
end of the Paleocene (~56 Ma) [4, 21]. This region
was dominated by strike-slip and normal-strike-slip
tectonic movements that predetermined the block
structure of the delta, as is clearly evidenced by dif-
ferent hypsometric positions of Late Quaternary and
Holocene sediments (Fig. 3). According to Galabala
[16], in the central part of the delta, the bottom of the
Holocene alluvial sediments can be traced at the cur-
rent level of the Trofimov distributary (a borehole
drilled to a depth of 25 m in the northeastern end did
not reach these sediments). In the western part of the
delta, the fault displaced Zyryansk-Sartansk (Upper
Pleistocene) horizons by 30 m.

Normal-fault structures observed in this area sug-
gest an extensional phase with the axes presumably
oriented sublatitudinally and to the northeast [6].
Under these geodynamic conditions, faults of two
orientations were active in the Cenozoic. Hetero-
chronous normal and normal strike-slip displace-
ments are typical of submeridional faults, whereas
the kinematics of sublatitudinal faults are more com-
plex, and differently-oriented oblique-slip compo-
nents are predominant [6].
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Geomorphological structure. The activity of the
newest structures of the Lena River Delta is evi-
denced by morphodynamical indicators and geomor-
phological characteristics of the present-day relief
(Fig. 9). The current structure of the delta includes
separate segments of regional fill deltas. According to
the age analysis of fan deposits, the most ancient (8570
years BP) parts of the delta are the islands in its west-
ern segment, which are bordered by the Aryn and Tu-
mat distributaries, and the youngest (15002000 years
BP) parts are the islands of the Bykov distributary in
the southeastern segment of the delta [24, 26].

The Lena River Delta shoreline is segmented in
accordance with the positions of the regional fill

deltas. In the western part of the delta (Kuba Bay),
there are Holocene marine terraces (up to 8 m high;
age of 3000 years BP) that are mapped in Grigoriev
et al. [25]. The northern part of the delta is repre-
sented by the abrasion-accumulation shores of the
Tumat alluvial fan. The abrasion bench (up to 1 m
high) is periodically flooded during tides and surges
leading to active accumulation. To the east, the delta
shoreline is exclusively abrasional. In the eastern
part of the delta, the mouth areas of the Sardakh,
Trofimov, and Bykov distributaries are actively de-
veloping estuaries. The overall water flow in the
delta area concentrates in the eastern and south-
eastern distributaries, which indicates topographi-
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Fig. 9. Geomorphological map showing cumulative and denudation relief structures of the Lena River Delta (data from [24]).
1-6 — alluvial-marine terraces, ages: / — 8000; 2 — 6000-4000; 3 — 3000; 4 — 2500-3000; 5 — 1500-800; 6 — 1200-500 yrs BP;
7 — Chai-Ary Island terrace consisting of coarse clastic sediments (height up to 12 m); 8§ — floodplain terrace consisting of sands
(height up to 7 m; age from 200 yrs to the current time); 9 — alluvial fan of glacial water deposits (age 500-200 yrs BP); 10 — struc-
tural denudation relief of low hills consisting of Pre-Quaternary rocks; /1 — terraceless stream valleys; /2 — thermally-denuded
surface of glacial complex rocks (height up to 50 m); /3 — remnant of the alluvial marine terrace of Arga-Muora-Sise Island (height
of 20-22 m); /4 — erosion-abrasion rock of Sardakh Island (height up to 50 m; Neogene); /5 — lacustrine thermokarst basins filled
with high-terrace water. Legend, not to scale: /6 — basin terrace (height up to 30 m; age 138 kyr BP); /7 — basin terrace (height of

10-15 m; age 48 Kyr BP).
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cal subsidence of the delta surface to the east and
southeast, away from the sublongitudinal system of
the Tumat distributaries.

The topographical subsidence of the northwest-
ern part of the Lena River delta towards the south-
east was observed in the field study of the Quater-
nary sediments of the Kurungnakh-Sise Island [24].
In this area, a lithological boundary is clearly de-
tected at a height of 8 m between the glacial rock
complex and the underlying sands. It is traced at the
same height for almost 4 km along the Bulkur dis-
tributary and then roughly descends towards the
Olenek distributary.

Different elevations of the glacial rock com-
plex’s surface are noted in the western and eastern
parts of the delta [24-26]. Thus, the general uplift of
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the crust in the western segment of the Lena River
Delta and differentiated block movements along the
faults offer a reasonable explanation of the anoma-
lous redistribution of water flow among the distrib-
utaries. Water and debris flow primarily to the east
and southeast into the Bykov and Trofimov distrib-
utaries, rather than taking a straight route to the
northwest in the Olenek distributary. Tectonic sub-
sidence is most intensive near the Bykov distribu-
tary (southeast), which predetermines the largest
water flow exclusively in this direction.

Seismicity and seismotectonic deformations.
Seismically-active zones of the newest structures
of the Lena River Delta were revealed by analyzing
the field of earthquake epicenters. The diagram in
Figure 10 shows the earthquake epicenters record-
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Fig. 10. Earthquake epicenters and focal mechanisms for the Lena River Delta (data from [6, 18]).
I — earthquake epicenters (M, ): —1.5 to 0.1, 0.1 to 1.2, 1.2-2.6, 2.6-4.0 (data from [27]); 2 — earthquake epicenters (M,,): < 3.0,
3.1-4.0, 4.1-5.0, 5.1-6.0; 3 — earthquake focal mechanisms: date and magnitude (lower hemisphere), emergence of the main com-
pression and extension stress axes (black and white dots, respectively); 4 — stationary seismic stations of Yakutsk Branch UGS RAS.
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Fig. 11. Landsat-7 satellite image of the Lena River Delta in 2000, showing active tectonic elements (data from [32]).
Types of tectonic regimes: I — transpression; II — transtension; III — compression.
1 —earthquake epicenters (data from [6]); 2 — earthquake focal mechanisms: date and magnitude (lower hemisphere), emergence
of the main compression and extension stress axes (black and white dots, respectively); 3 — normal faults, 4 — strike-slip faults;

5 — activated fault structures of Holocene (?) age.

ed by stationary and temporary field seismometers
within the delta area and the coastal shelf zone
[27]. The database of focal parameters of seismic
events of medium magnitude was supplemented
with seismic moment tensors, moment magnitudes,
mechanisms, and depths of earthquake foci with
M, =43-55][18].

Seismotectonic data and remote images were
used to map the active faults and diagnose their kin-
ematics. Such faults are confined to zones influenced
by earthquakes, and their focal mechanism solutions

22

are indicative of the dynamics and directions of neo-
tectonic movement. The structural-kinematic plan
of the newest structures in the Lena River Delta was
detected from Landsat-7 satellite images (Fig. 11)
and confirmed by the geological, geophysical, and
morphodynamic features in the present-day relief.
The data revealed that the patterns of the main dis-
tributaries of the delta are tectonically predeter-
mined and correlate with the strike of the conjugated
Lena-Anabar and Kharaulakh segments of the Verk-
hoyansk fold system (Fig. 1, 2).
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Fig. 12. Geodynamics and active tectonic elements of the northeastern sector of the Verkhoyansk folded system (Google
Earth image).
Cenozoic basins: Khorogor (a), Kengdei (b), Kunga (c¢), Kharaulakh (d), Naiba (e), Omoloi ( /). Faults: LA — Lena-Anabar, UL —
Ust-Lena.
1 — earthquake epicenters (data from [6]); 2 — earthquake focal mechanisms: date and magnitude (lower hemisphere), emergence
of the main compression and extension stress axes (black and white dots, respectively); 3 — normal faults, 4 — strike-slip faults.

In the satellite image, color differences show that  siderably reduced, and numerous ‘spots’ in the satel-
the Ust-Lena right-lateral strike-slip fault divides the lite image depict large thermokarst lakes (Fig. 11).
Lena River Delta into two main segments. In the It is likely that the delta zones to the west of the fault
western segment, the number of river channels is con-  experience are currently subjected to tectonic uplift-
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ing, while subsidence takes place in zones to the east
of the fault. This assumption is confirmed by geodetic
data [28]. In the western segment, positive velocities
of recent vertical tectonic movements amount to
2—4 mm/year and; further to the east, velocities de-
crease to weakly negative values.

A system of lineaments of left-lateral strike-slip
kinematics at the base of the delta is interpreted as
belonging to active faults comprising the sublatitu-
dinal branch of the zone of dynamic influence of the
Verkhoyansk marginal suture. Near the Bykov dis-
tributary, a vast pull-apart zone formed along the
system of left-lateral strike-slip faults. This system
of lineaments is associated with the main epicentral
field, wherein the source depths range from 4-12 to
37-40 km and the earthquake focal mechanism so-
lutions show reverse-fault, transpressional, and thrust
displacements.

The above-described observations ascertain the
seismotectonic activation of the sublatitudinal seg-
ments of the active faults in the zone of dynamic
influence of the Verkhoyansk marginal suture. Oth-
er lineaments (see satellite image in Fig. 11) are
second-order structures resulting from activation of
the conjugated main fault systems. The two dynam-
ic segments of the Lena River Delta, which are sep-
arated by the Ust-Lena right-lateral strike-slip fault,
experience seismotectonic crustal destruction due to
transpression (in the west) and transtension (in the
east). In the area between the Olenek and Aryn dis-
tributaries, the compression strain regime is uni-
form and associated with active faults comprising
the sublatitudinal branch of the zone of dynamic
influence of the Verkhoyansk marginal suture.

Discussion

The Ust-Lena system of strike-slip faults has
been identified for the first time in this study. It is
the main structure-forming element in the kinematic
plan of the newest structures in the northern sector
of the Verkhoyansk fold system, which controls the
parameters of the seismotectonic activation zones.
In the small-scale geological and tectonic maps
(Fig. 2, 3) and the satellite images (Fig. 11, 12), the
Ust-Lena right-lateral strike-slip fault is structurally
traced from the Lena River Delta to the Orulgan
sector of the Verkhoyansk fold system. The Bulun
epicentral field (M, = 6.8-7.0) with a maximum
seismic potential is located at the southeastern ter-
mination of the fault, where a wide zone of seismic
dislocations differing in genesis has been identified
(see Fig. 7).

At the northwestern flank of the fault, along the
system of the Tumat distributaries in the Lena River
Delta, there is a wide and structurally-shaped near-
fault extension zone consisting of several depres-
sions that are regularly developed in the northeast
direction (Fig. 11). In the Lena River Delta, there are
no extension structures typical of rifting that affect-
ed the Laptev Sea shelf. The system of Tumat de-
pressions was formed in a transtension—strike-slip
regime.

A continuation of the lineament from the Lena
River Delta to the south is evidenced by the straight-
line channel of the Lena River at the delta base be-
fore the river channel is divided into the distributar-
1es. The Bulkur and Chekurov anticlines, where re-
verse thrusts (both cross-cutting and subparallel to
the foliation) are observed in outcrops, can be inter-
preted as compression blocks at the strike-slip faults
(Fig. 3, 12). Taking into account a clearly-revealed
structural pattern of compression blocks and exten-
sion structures relative to the strike of this linea-
ment, their morphological features, and earthquake
focal parameters, the kinematics of the Ust-Lena
fault was established as a right-lateral strike-slip
fault with a normal component. Table 1 and Figures
7 and 12 show a summary of the focal mechanism
solutions from publications on the northern sector
of the Verkhoyansk fold system.

Conclusion

1. The present-day morphotectonic plan of the
northern sector of the Verkhoyansk fold system has
largely inherited the regularities of the tectonic re-
gime of the Late Mesozoic stage. The newest struc-
tures are due to the conjugation of the Ust-Lena and
Lena-Anabar strike-slip fault systems that differ in
strike and reflect the junction zone of the main re-
gional geostructures—the Siberian platform, the
Laptev Sea plate, and the Kharaulakh segment of
the Verkhoyansk fold system. The structures of the
extension zone and the seismic activation of neotec-
tonic structures in the northern sector of the Verk-
hoyansk fold system and in the Lena River delta are
not related to the influence of riftogenic processes
on the Laptev Sea shelf.

2. Based on the initial seismogeodynamic analy-
sis, structural-dynamic segments differing in the
stress-strain state of the crust (transpression, tran-
stension, and compression) are distinguished in the
northern sector of the Verkhoyansk fold system. The
data revealed that the seismotectonic destruction re-
gimes change in the areas to the west and east of the

24 [MPUPOAHBIE PECYPCBI APKTUKU 1 CYBAPKTUKU, 2020, T. 25, Ne 2



SEISMOTECTONICS OF THE NORTHERN SECTOR OF THE VERKHOYANSK FOLD SYSTEM

Lena River Delta, and the field of tectonic stresses
in the Laptev Sea shelf is mixed. Thus, a unique
transition area is identified in the northern sector of
the Verkhoyansk fold system, wherein the mid-oce-
anic and continental crust structures are conjugated
and the tectonic stress field of extension is replaced
with compression.

3. The potential seismic hazard of the newest
structures in the northern sector of the Verkhoyansk
fold system was assessed by analogy with the po-
tential seismic hazard assessment carried out in our
study of the sectors of the Arctic-Asian seismic belt
[5-7, 29 et al.]. These structures are capable of pro-
ducing seismic events with A/, = 6.5-7.0 and inten-
sities up to 8—9 on the MSK-64 scale.
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Immiscible silica- and iron-rich melts
at the Kildyam volcano complex (central Yakutia, Russia)
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Abstract. A Kildyam Volcanic Complex was discovered in the natural outcrops and quarries of the Kan-
galassky terrace in the left bank of the Lena River 26 km north of Yakutsk. The manifestations of volcanism
are represented by magnetite rich lava flows, agglomerate, pyroclastic breccia and tuff of andesites and
dacites. Kildyam iron oxide deposit has been interpreted as lava flows and feeder dykes formed from iron-
rich pyroxenite magma as a result of liquid immiscibility. Associated with andesitic lavas mineralization
occur as massive, taular bodies and stratified pyroclastic ores. Our research confirmed that tholeiitic trend
of iron-rich pyroxenites evolves towards two immiscible liquids — magnetite lava and melilitite matrix. Fur-
ther evolution leads to the separation of native iron and the transition of lavas to the calc-alkaline trend.
Immiscibility of iron- and silica-rich melts during andesitic volcanism led to the formation of exotic varie-
ties of magnetite-rich volcanic rocks. Fe-Ti-spinel mineral group is widespread at the Kildyam Volcanic
Complex in the host andesite and in the local magnetite orebodies. The presence of native iron liquids as
melt inclusions in clinopyroxene and plagioclase phenocrysts, magnetite- and silica-rich globules in an-
desite matrix, demonstrates the occurrence of liquid immiscibility in the early stage evolution of tholeiitic
magmas. Lava flows saturated with native iron, magnetite, troilite and pyrite, native iron usually spherical
in shape. According to microprobe analysis native iron contains Co — 0.04-2.89 %, Ni — 0.01-1.09 %, Pt
—up to 1.45 %; Ir —up to 2.97 %, Pyrite contains Au — 0.11-2.25 %,; Pt — 0.57-2.88 %,; Ag — 0-1.18 %;
Troilite contains Au— 0-3.15 %, Pt —0-2.02 %, Ag — 0—1.68 %. In some parts of lava flows the amount of
the magnetic fraction reaches 25-37 % of the total volume. In andesitic variolithic lavas the Pt content
determined by the ICP-MS method — 0.11 g/t. A mineral phase enriched in Au (6.85 %) and Hg (2.94 %)
was diagnosed in the Fe,TiO, — MgAl,O, spinelide. On the flanks of the volcanic field, alluvial gold is
known in the Zolotinka stream (Cape Kangalassky) and in Paleogene sediments, discovered by the Khatyng-
Yuryakh quarry 8 km from the center of Yakutsk by A.P. Smelov and A.A. Surnin. Most of the analyzed gold
fineness varies from 846 to 996. Among high-fineness gold there is an Ag alloy — electrum which is typical
for gold-silver mineralization. Discovered andesite associated iron-oxide £ gold and silver mineralization
in Central Yakutia allows to refer it to analogous El Laco deposit in High Andes.

Key words: Kildyam Volcanic Complex, magnetite lava, iron, gold, Central Yakutia.
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Introduction manifestations were noted earlier in the Vilyui syn-

Volcanic processes occurring in platform areas  cline and its frame [2]. For all the years of research,
are of significant interest in modern geology due to  a significant number of the outcrops with volcanic
their link with many deposit styles [1]. Volcanic tuffs were discovered, and not a single volcanic
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Fig. 1. Geological map of the Lena-Vilyui watershed, showing the location of Ten’-01 and Kildyam volcanic areas (geology simpli-
fied from mapping after Grinenko et al. [16]) and close up position to the mafic dyke swarms of the Vilyui rift [20]. Location of allu-
vial pyrope from lherzolite paragenesis after Afanasiev et al. [21]. Placer gold location from Smelov and Surnin [22]; Kimberlite pipes
location from DPMGI SB RAS open-file report http://diamond.ysn.ru/wp-content/pdf/nir/Otchet-0381-2014-0004-2016.pdf.

structure was found. To date, the main volcanic
centers of the Lena-Vilyui watershed are presented
on Figure 1, were Ten’-01 and Kildyam are the dis-
covered volcanic structures [3, 4].

The Sitte manifestation [N63.18°; E127.61°]
was first described by Goldbraikh [5] as a 10 m out-
crop of tufogenic rocks in Sitte river watershed. The
sharply angular, bizarre shape of the pyroclastic ma-
terial indicates the proximity of the volcanic source.
Tuffs contains fern fossils flora of Coniopteridium
and Adiantites, assigned to the Khatyryk Formation
of Lower Cretaceous.

In the Namsky well [N63.00 °; E129.50 °],
drilled to a depth of 2136 m [6] described a 4-meter
layer of andesitic tuffs at the base of the Khatyryk
Formation of Lower Cretaceous.

Volcanic cone Ten’-01 [N62.50°; E125.73°]
and the Tyugeninsky Volcanic Complex [N62.56°;
E125.76°], discovered by A.V. Kostin et al., in the
sources of the p. Tyugene, forms a large volcanic

center elongated in the north — west direction [7].
Andesites lies on the sediments of the Batylykh For-
mation (145.8-124.5 ma), reduced in Agrafen time
(104-93.5 ma) and Chirima time (93.5-86.6 Ma).
The dacite volcanic cone breaks through all these
sediments.

Volcanic rocks of the Kildyam Volcanic Com-
plex [N62.25° E129.70°], were first described by
A.V. Kostin and V.A. Trunilina [4]. The sediments
are represented by sandstones and sand with inter-
layers and strata of siltstones, mudstones and coals
of the Lower Vilyui, Marykchan and Bergein undi-
vided formations of the Upper Jurassic. In the Up-
per Jurassic stratigraphic section, previously un-
known stratified andesite-dacite lava flows with a
visible thickness of more than 10 m were discov-
ered. Due to numerous quarries in the Bolshoy Ya-
kutsk area, it became possible to study the volcanic
rocks of the Kildyam Volcanic Complex and dis-
cover that many fragments of lava are highly mag-
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netic. Chemical analysis of magnetic varieties of
lavas showed the presence of FeO,, from 21.46 to
70.8 %. Microprobe analysis confirmed presence of
Cu-Co-Ni-bearing magnetite as a main mineral in
lavas. Magnetite is associated with ulvospinel and
contains impurities of Ag-tetrahedrite, acanthite,
galena, sphalerite and chalcopyrite. Immiscibility of
silicate liquids in Kildyam andesite lavas are mani-
fested with globules of silica, plagioclase, magnet-
ite and native iron. In different lava flows, globules
are surrounded by K-plagioclase and melilite. Phe-
nocrysts in magnetite lava are represented by the
pyroxene, with native iron and troilite globules.

Many of the magnetite rich Kildyam lava fea-
tures are typical for a Kiruna style deposits, which
are widely recognized as a part of IOCG clan with
prevailing of magnetite mineralization and occurs in
a number of locations in the world. They range from
Proterozoic to Holocene, and are associated with
volcanic rocks or sub-volcanic intrusions [8—10].
Large accumulations of magnetite have been inter-
preted as having formed by crystal fractionation or
by melt immiscibility between a silicate and an iron
oxide melts. Philpotts [11, 12], Tornos et al., [13]
propose that melt inclusions in plagioclase and py-
roxene phenocrysts are tipical for Kiruna-type de-
posits and confirms the role of silicate liquid immis-
cibility in the formation of iron-rich ore. According
to this view, iron-oxide ore formed at the same time
and by the same processes as the host volcanic rocks.

This paper is devoted to the Kildyam Volcanic
Complex in Central Yakutia with high grade iron-
oxide ore mineralization within lava flows that have
share many common features with a Kiruna-type
iron oxide deposit, characterized by a high content
of magnetite.

Geological setting

The geology of the Lena-Vilyui watershed has
been described in detail by L. M. Parfenov, A.V. Proko-
piev, V.V. Gaiduk [14], L.M. Parfenov [15], V.M. Gri-
nenko et al [16—18]. The Leno-Vilyui basin, consist-
ing of the Vilyui syneclise and the Pre-Verkhoyansk
deflection, is made of the Upper Jurassic — Lower
Cretaceous boundary rocks (Laptev and Kitchan
subcomplexes of the Verkhoyansk terrigenous com-
plex) within the eastern Siberian platform. Its fold-
ed framing was studied both from natural outcrops
in the river basins of Vilyui, Lena and Aldan and
from deep horizons using samples obtained by core
drilling [16]. Based on materials from past geologi-
cal surveys [16], rocks of the left bank of the river

Lena at Kildyam site [N62.25°; E129.70°] are rep-
resented by sandstones and sands with interbeds
and stratas of siltstones, mudstones and coals of the
Lower Vilyui, Marykchan and Bergein undivided
suites of the Upper Jurassic (J;nv-br). The Maryk-
chan Formation is composed of dark gray and black
mudstones and siltstones, often carbonaceous, with
thin layers of fine-grained light gray sandstones. The
suite includes several lenses and interlayers of brown
coal. According to the Bergein Formation, it consists
of thick strata of light gray, almost white sandstones
interbedded with dark gray siltstones and black car-
bonaceous mudstones. The suite contains several
coal seams.

Until recently, the southeastern flank of the Vi-
lui Basin did not attract attention of geoscientists in
terms of any volcanic activity. Volcanic activity of
the southeastern flank of the Vilui Basin has been
first recognized in 2014, after discovering volcanic
structure Ten’-01 (volcanic cone coordinates are
N62.50°; E125.72°), with dacite lavas and crystal-
loclastic tuffs in the Upper Jurassic section of pri-
mary sedimentary terrigenous continental rocks at
the boundary with the Lower Cretaceous continen-
tal terrigenous sediments [3].

In 2016-2019, the Diamond and Precious Metal
Geology Institute (Yakutsk, Russia) conducted geo-
logical survey at the left bank of the Lena River at
the slope of the Kangalassky terrace 26 km north of
Yakutsk (the Bolshoy Yakutsk area). A numerous
previously unknown outcrops with wide spread of
andesitic and dacitic lavas and subvolcanic rocks at
Kildyam site were discovered [4]. Geological map
(Fig. 1) showing the location of main volcanic cent-
ers and spatially associated alluvial placer pyrope
and gold manifestations. Recently discovered kim-
berlite pipes Erel, Turakh, Manchary, April and Da-
ban [19] are located southeast from Yakutsk.

Methods and analytical techniques

Ninety-six representative surface samples of ig-
neous rocks including different rock textures styles
were collected during field works of 2016-2020.
Samples of unaltered andesite from the Kildyam
site were prepared for standard petrographic study
and examined in polished thin sections, using re-
flected and transmitted light microscopy. The fol-
lowing methods were used during the study of the
Kildyam Volcanic Complex.

First, detailed field mapping was performed us-
ing ArcGis images to identify rock location in re-
gional structures. Volcanic flows morphologies were
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Representative chemical analyzes of major oxides (wt. %) and results
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Sample 1033/3 1037/2 1042/2 1033/5 1044/4 1044/5
1 2 3 4 5 6

SiO, 70.29 73.27 71.31 66.34 63.9 64.88
TiO, 0.9 0.12 0.15 1.03 0.92 0.7
AlO, 15.72 15.35 15.74 17.81 19.05 16.58
Fe,O, 1.97 0.12 1.74 4.54 0.71 4.14
FeO 0.57 1.53 0.83 0.42 5.51 3.73
MnO 0.06 0.08 0.02 0.1 0.13 0.15
MgO 0.78 0.75 0.95 1.41 1.84 1.34
CaO 2.07 1.17 1.34 1.86 1.36 1.47
Na,O 3.06 3.19 3.36 2.52 23 2.94
K,0 2.88 3.56 3.72 2.94 3.61 3.44
P,0Oq 0.35 0.12 0.13 0.42 0.22 0.24
H20* 1.1 0.47 0.04 0 0.23 0
H20™ 0.78 0.04 0.12 0.42 0 0.1
CO, 0.44 0.23 0.26 0.22 0.38 0.23
S 0.12 0.01 0.02 0.03 0.1 0.06
LOI 0 0 0.27 0.42 0 0
Total 99.53 99.93 99.76 99.64 100.26 99.80
La 70.71 56.69 50.18 48.47 66.37 59.20
Ce 137.44 102.24 95.81 99.32 119.71 106.07
Pr 15.02 11.01 10.56 11.23 13.97 12.44
Nd 54.72 41.52 35.86 40.22 53.06 50.35
Sm 8.47 5.35 5.67 5.64 7.96 6.97
Eu 1.59 1.25 1.28 1.42 1.78 1.41
Gd 7.56 4.87 5.25 5.82 7.05 6.65
Tb 0.85 0.61 0.66 0.68 1.05 0.79
Dy 4.92 3.28 2.87 3.62 5.37 4.13
Ho 0.80 0.52 0.54 0.65 1.05 0.78
Er 2.12 1.47 1.48 1.54 2.82 1.99
Tm 0.29 0.18 0.21 0.20 0.41 0.27
Yb 1.97 1.22 1.14 1.30 2.37 1.67
Lu 0.33 0.18 0.23 0.20 0.43 0.28
Cs 1.19 0.97 1.11 1.77 3.93 231
Hf 3.11 1.93 1.75 2.26 3.47 2.68
Ta 1.93 1.18 1.40 1.19 1.46 1.28
Th 16.22 12.44 10.98 10.62 25.29 14.56
U 2.56 1.70 1.82 2.34 4.77 2.92
Ba 1206.54 1372.39 1233.14 1249.43 1232.95 1314.02
Rb 89.28 93.86 89.17 104.08 122.14 99.36
Sr 376.85 375.81 378.46 348.31 262.99 308.17
Y 22.66 13.61 13.82 14.97 2591 18.59
Zr 70.40 46.02 32.49 42.20 90.33 61.71
Nb 20.35 12.43 14.71 13.20 16.86 14.92
Pt - - - - - -

Samples: 1033/3 — Yellow tuff sandstone. 1037/2 — Coarse-grained gray volcanic tuff. 1042/2 — Red volcanic tuff. Dacite series:
1033/5 — Banded dark gray lava-breccia. 1044/4 — Volcanic tuff with the remains of flora. 1044/5 — Black pumice. 1031/1 — Band-
ed lava-breccia. 1031/2 — Partially altered black and red lamellar breccia. 1044/2A — Porous lava. Andesite series: 1030/4A and
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Table 1
for trace elements (g/t) for the rocks of Kildyam Volcanic Complex
1031/1 103172 1044/2A 1030/4A 1030/8 1039 1042/3
7 8 9 10 11 12 13
69.02 63.38 67.25 56.02 56.38 40.17 0.65
0.16 0.14 0.84 0.69 0.16 0.19 0.07
16.18 15.72 17 13.45 12.98 8.58 0.62
0.31 9.68 1.23 1.57 0.65 14.19 93.66
3.38 0.86 2.71 7.2 4.93 18.23 0.42
0.07 0.3 0.13 0.35 0.3 1.6 3.06
1.15 1.1 1.6 2.03 2.62 1.69 0.9
1.43 1.25 1.53 12.12 16.32 13.01 0.51
3.2 2.77 3.06 1.9 2.16 0.26 0.09
3.44 3.24 341 2.05 2.05 0.18 0.03
0.28 0.21 0.28 0.14 0.07 0.01 0.09
0.62 0.74 0.66 0.39 0.46 0.84 0.05
0.18 0.12 0.12 0.48 0.14 0.5 0.06
0.09 0.13 0.31 0.27 0.2 0.78 0
0 0.04 0.04 0.35 0.3 0.35 0.03
0.35 0.1 0 0.8 0.07 0 0
99.5 99.54 99.93 98.85 99.51 100.08 100.18
49.52 62.59 62.73 69.35 69.23 34.53 9.73
100.76 119.93 129.39 131.07 136.00 58.71 19.19
11.48 13.47 14.75 15.61 16.90 6.55 2.53
42.25 49.49 50.64 66.98 71.05 23.12 10.88
6.17 7.59 7.51 11.90 11.12 4.12 2.08
1.48 1.42 1.73 2.57 2.99 0.80 0.69
5.59 6.69 7.07 13.75 13.93 4.69 3.27
0.72 0.89 0.90 1.99 2.00 0.68 0.69
3.89 4.35 4.68 12.85 13.34 4.66 522
0.61 0.76 0.73 3.04 2.90 0.98 1.28
1.66 2.12 2.01 8.78 8.44 243 4.73
0.24 0.31 0.30 1.26 1.26 0.40 0.77
1.54 1.41 1.74 9.20 8.93 2.44 5.80
0.21 0.23 0.25 1.53 1.45 0.47 0.90
1.77 2.04 2.12 1.14 1.32 0.32 0.03
1.99 1.66 2.64 9.92 9.46 10.38 1.22
1.35 1.12 1.61 1.28 1.31 1.33 0.17
10.70 12.63 16.49 16.42 15.79 17.36 3.79
2.56 2.67 3.29 5.99 6.14 4.60 0.80
1274.78 1242.82 1129.17 4562.00 4199.34 3026.24 77.00
100.25 94.74 98.76 48.96 54.65 7.91 2.16
390.16 327.87 310.46 2693.85 2653.61 2078.70 30.72
17.02 19.85 18.92 103.79 103.21 27.78 34.39
45.94 42.88 55.82 313.57 205.24 313.92 85.59
15.85 12.74 18.44 16.14 15.84 14.50 1.87
- - - 0.11 0.11 - -

1030/8 — Variolitic bubbly gray lava with native iron. Ultramafic series: 1039 — Subvolcanic pyroxenite. Magnetite series: 1042/3 —
Magnetite ore in lava.
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described, and the lateral or vertical successions of
lithofacies were used to identify volcanic units.
Then sample collection of the leaf flora fossils in
the red and reddish-brown crystalloclastic volcanic
tuffs and an age determination by V.S. Grinenko in
DPMGI SB RAS and A. Kirichkova in St. Peters-
burg, VNIGRI [23].

Second, a field collection of rock samples was
created to characterize lithotype, textural, and struc-
tural features. All chemical analyses of volcanic
rocks were carried out at the Diamond and Pre-
cious Metal Geology Institute, Siberian Branch,
Russian Academy of Sciences (DPMGI SB RAS).
The major oxides compositions were analyzed
using methods of spectrometry, atomic emission
spectrometry, ionometry with ion-selective elec-
trode, gravimetry and titrimetry. The major ana-
lyzed oxides were: SiO,, TiO,, Al,O,, Fe,0O,, FeO,
MnO, MgO, CaO, Na,O, K,O and P,O,. The loss
on ignition (LOI) values ranges from 0 to 0.8 %.
Trace elements were analyzed by inductively cou-
pled plasma mass spectrometry (ICP MS) in the
chemical analytical center «Plasma», Tomsk, Rus-
sia. Analyzed trace elements were: La, Ce, Pr, Nd,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Cs, Hf,
Ta, Th, U, Ba, Rb, Sr, Y, Zr, Nb and Pt.

Third, microscopic petrography and microprobe
analysis of 77 polished sections was conducted to
provide detailed data to confirm the phenocrysts and
glass chemistry, presence of magnetite and other ore
minerals. All microprobe and x-ray analyses were
carried in the Diamond and Precious Metal Geology
Institute, Siberian Branch, Russian Academy of Sci-
ences (DPMGI SB RAS). Samples were prepared
from polished sections with a sprayed thin conduc-
tive layer of carbon. Back-scattered electron (BSE)
images and spot analyses of minerals were done
using scanning electron microscope JSM-6480LV
with energy spectrometer INCA-Energy, accelerat-
ing voltage at the cathode 20 kV. Major minerals in
lavas were determined by x-ray phase analysis using
D2 PHASER diffractometer.

Fourth, sampling of a magnetic fraction from a
lava sample weighing 30 kg showed that at least 30 %
of the sample weight is magnetic. For magnetic and
non-magnetic varieties of lavas, a chemical analysis
was performed. Polished samples were prepared from
magnetic varieties of rocks for microscope and mi-
croprobe studies. For magnetite lavas, the chemical
composition of the matrix was obtained by areal mi-
croprobe scanning.

Volcanic formations

A Kildyam is a Late Jurassic—Early Cretaceous
volcanic complex in the transition zone between the
Siberian platform and the Verkhoyansk-Kolyma fold-
ed region in Central Yakutia [3, 23]. It consists of
several small eruptive centers with a conical mor-
phology and fissure outpourings of lavas. The out-
crops showing that dacite lavas first penetrate
through Late Jurassic sandstones (3.0 m) along a
fissure conduit and then cover the sandstones with
2-5 m layer. Lava flow is covered with a layer of
crystalloclastic tuffs, about 1.5 m thick, which is
brecciated by the next lava flow (Fig. 2). The Kildy-
am volcanic field covers 53.65 km? and has a lava
volume at least 0.53 km®. The chemical composi-
tions of the main varieties of volcanic rocks are
shown in the Table 1. They include volcanic tuff,
pumice, lava, lava-breccia, ignimbrites of dacite se-
ries, lava and lava-breccia of andesite series, sub-
volcanic pyroxenite and magnetite lava.

Volcanic tuffs. The recognition that some of the
inter-lava red beds are tuffs rather than laterites may
imply complex volcanic lava successions within the
Lena-Vilyui watershed. Volcanic tuffs are character-
ized by rough layering, their color varies from pale
red to brick. They contrast with the dark-coloured
lava and stand out well in ArcGis, Google and other
space images among rocks of other colors (Figure 3,
A and B). The same color of volcanic tuff character-
izes many volcanic regions of Kamchatka, Arme-
nia, Lassen National Park in Northern California,
etc. It is assumed that the color of red tuffs is the
result of temperature and fluid exposure to volcanic
ash during volcanic eruptions [24] and later weath-
ering [25]. Selective weathering changes iron oxi-
dation state in volcanic tuffs from Fe*? to Fe** form
and tuffs color changes from dark-grey to reddish
(Fig. 3, O).

Tuffs of the Kildyam Volcanic Complex have a
lithocrystalline structure with ash cement. From 0.2
to 1 mm sized phenocrysts and angular fragments of
crystals of plagioclase, weakly pelitized potassium
feldspar and quartz, irregularly separated porphyry
andesite and glass fragments are cemented by fine
pyroclastic material saturated with iron hydroxides.
The red and reddish-brown crystalloclastic volcanic
tuffs of the Upper Jurassic flora contain fossils of
leaf flora (Fig. 4) typical of the Bergeya Formation
in the Aldan River basin. The age of the leaf flora
was determined as Late Jurassic by A. Kirichkova
in St. Petersburg, VNIGRI [23].
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5-7 m of tuff-sands and
tuffs

2-3 m of crystalloclastic tuffs
and lavabreccias

5-7 m of lavas

T

Fig. 2. Field photographs from the outcrop of volcanic formations in Kildyam Volcanic Complex (left side of the Lena River)
and rock samples.
A — Outcrop of tuff-sands (yellow) and tuffs (reddish). B — Crack in crystalloclastic tuffs filled with lava. C — Lava flow brecciating
a layer of crystalloclastic tuffs with leaf flora. D — Ignimbrites (sample 1044/3) were light — fragments of porous lava with crystal-
lites, black — glass fragments and lenses elongated and flattened parallel to the surface of light porous lavas, brown — fayalite (Fa)
segregations saturated with melted interspersed spinel and hematite. E — Brecciated lava with crystallites, dark — obsidian cement.
F — Wavy lava (sample 1033/5) were light — lava with crystallites, dark — obsidian. G — Autobrecciation in the lava flow.
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Fig. 3. One of the quarries on the Lena-Vilyui watershed where red tuffs are mined for road works.
A — ArcGis satellite image of a quarry and B — A photo of the open pit showing that red tuff color is a reliable prospecting tag.
C — Selective weathering of volcanic tuff at Kildyam lava successions. D — The later lava flow (dark grey) brecciate red tuffs.

Fig. 4. The fossils of Late Jurassic flora in brick-red crystalloclastic tuffs from Kildyam volcanic field [23].
A—C — Cladophlebis aldanensis Vachr; D — Cycadales megastrobil imprint; E — Coniferales megastrobil imprint; F — Equisetites cf.
acmophyllus Kiritch.

Lava breccias. Breccia facies are common at tions. An 1-4 m wide breccia zone consist of an-

Kildyam Volcanic Complex and usually observed  gular fragments of hyalopilitic andesites or vari-
between sections of differing lava flow orienta- olitic andesibasalts and reddish-brown crystallo-
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Fig. 5. Photomicrographs of dacite lava facies.

A — Dacite of vent facies, sample 1042/1. B — Dacite of lava facies, sample 1044/3.

Fig. 6. Photographs of vesicles in the dacite lava flows. Spherical vesicle (A) elongated vesicle (B) with no filling showing that
gas release from melt caused the formation of primary porosity, while secondary hydrothermal alteration is absent.

clastic volcanic tuffs in bubble dacite-rhyodacite
glass containing tiny feldspar microlites. The
boundaries between the inclusions of rocks and
glass are quite clear which is typical for sintered
tuffs or ingimbrites (Fig. 2 B-E). A small amount
of host sandstone in lava breccias is typical for
Kildyam fractured lava outflows. The number of
fragments of the host rock is higher in small dac-
ite extrusions.

Dacites. Dacites are present in the extrusion of
the Kildyam Volcanic Complex and in the outcrops
in the walls of the quarries of the Namtsyrsky road.
The first is dominated by dacites of the volcano vent
facies, where the glassy felsitic bulk rock is over-
flowed with crystals and crystal fragments (prevail)
of polysynthetically twined oligoclase-andesine,
pelitized sanidine and quartz (Fig. 5, A). Lava facies
dacites are bubbly to foamy, with feldspar and
quartz crystals in a glassy to microfelsitic matrix

with feldspar and light-colored amphibole micro-
crystallites (Fig. 5, B).

The formation of banded and undulating lavas is
typical for the lava flows on the slopes of the Kildyam
volcano. Lavas are characterized by the alternation of
1-15 mm thick light and dark stripes. The crystalline
phase predominates in light finely porous bands, and
is represented by feldspar and quartz. Dark bands are
represented by obsidian or by bubbly riodacite with
size of the voids larger than in the light bands and
with the predominance of the glassy matrix over the
crystalline phase (Fig. 2, F and G).

Bubble textures and shape in the Kildyam lava
flows suggest two styles of solidification. In the first
case, when the lava fills depressions in the relief and
solidifies without movement, the major bubbles
have round shapes. In the second case, when the
lava flow was moving along the slope, the shape of
the bubbles is elongated (Fig. 6).
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Fig. 7. The natural outcrops of the Kangalassky terrace with different styles of vesicles in Kildiam lavas:
A — Empty stretched vesicles in dacite. B — Complex shape of vesicles in dacite (black) filled with cristobalite (white).

Andesitic
lavaiwith

partly;
weathering

Fig. 8. One of the quarries with red tuffs at the Kangalassky terrace in the left bank of the Lena River (location N 62.18°;
E 129.49°).

A — Sand, coal, red volcanic tuff with fossils of Late Jurassic flora and andesitic lava flow, mined from top to bottom in the quarry.
B — Andesitic lava flow and related feeder dykes in steeply falling cracks discovered in the roof of a sandstone layer, covered with
an andesitic lava flow. C — Feeder dyke-1 with porous andesite lava and pumice (black) in sandstone (light) crack. Close up to

contact with the andesitic lava, sandstone is high temperature altered and changes color to pink. D — In the feeder dyke-2, close to
the bottom of andesitic lava flow, lava is altered and weathered.
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Detailed observations confirmed that vesicles in
Kildiam dacites are empty or filled with a vapor-
phase cristobalite (Fig. 7) that proves a local silica
redistribution and magmatic degassing. The pres-
ence of cristobalite in volcanic rocks is considered
an evidence of redistributed silica within the mag-
matic system [26—28]. We suggest that the presence
of large clusters of cristobalite indicates a close
proximity to the lava exit paths and empty bubbles
indicate the distant lava flows.

Andesite. Volcanic structures, composed of an-
desite lavas, are represented by a series of small
shafts with a flat outer and steep inner surface. An-
desite lava eruptions of the Kildyam Volcanic Com-
plex are confined to 0.2 to 1 m wide cracks (Fig. 8).
Andesite is of variolitic texture lava with ovoidal

segregations, submerged in a glassy or microcrys-
talline matrix, composed of intergrowths of needle-
shaped clinopyroxene — diopside, wollastonite, less
commonly hedenbergite, rarely augite and labrador
crystals, with brown altered glass, Fe-rich olivine —
fayalite is relatively less common. Andesitic lava
has a density of 2.88-2.92 g/cm® and the Pt content
of 0.11 g/t (determined by the ICP-MS method).
Petrographic and microprobe studies confirmed
the liquid immiscibility in silicate melt during crys-
tallization. Immiscible liquids are preserved as glob-
ules of one glass in another in andesites and as melt
inclusions of native iron in matrix (Fig. 9).
Pyroxenite. Abundant pyroxenite xenoliths are
discovered in a Kildyam dacite lava flow only from
a single location at the N 62.29°; E 129.80°. The

Fig. 9. A backscattered electron images (A—C) and photomicrograph (D) of variolitic andesite (sample 1030).
A — An overview shot showing the relationship of variolies, glass and native iron globules with microcrystalline matrix. Yellow
rectangle shows the location of figure 9B. B — Microcrystalline matrix with early-crystallized dendritic pyroxene forms and native
iron melt inclusion in plagioclase-made glass is composed (in %) of: Si0,-55.37, TiO,-1.28, Al,04-18.06, FeO,,,, — 13.21, CaO —
2.31,Na,0—4.74, K,0 - 4.7. C — Spherical globule [I"A,] of glass is composed (in %) of SiO, — 56.54, TiO, - 0.78, A1,0; — 14.37,
FeO,, — 5.11, MgO — 2.28, CaO — 17.56, Na,O — 2.24, K,0 — 1.33. D — Andesitic microcrystalline matrix with a drop of native
iron in troilite surrounding. Abbreviations: Gl, — Globule-1; Fe — native iron, Tro — troilite.
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edges of the pyroxenite fragments are slightly melt-
ed, and the crystalline structure of the rock is pre-
served inside completely. The melted reaction rim
with the width of 1-5 mm on xenolite margin is
dark colored as host dacites and can be recognized
only in the polished sections. Pyroxenite is heavy
(3.41 g/cm®), fine-grained black rock of allotrio-
morphic and rarely panidiomorphic structure with
FeO,,,, content > 32 % (sample 1039, Table 1).

Much attention needs to paid to a relationship
between the pyroxenite xenoliths brought to the sur-
face by volcanic eruption and lava style. Studies of
pyroxenite xenoliths derived from lavas offer unique
glimpses into the properties of the deep continental
crust. The P-T conditions for magma generation
level of the deep-seated xenoliths in lavas from the
Lena-Vilyui watershed have been previously esti-
mated as 12—8 kbar and 1200° C [29]. All found py-

Fig. 10. A backscattered electron images showing ore minerals assemblages in pyroxenite matrix (sample 1039).

A — The relations between pyroxene, olivine, plagioclase and magnetite in pyroxenite xenolith. Magnetite is composed (in %) of:

FeO,y, — 85.38, TiO, — 11.16, Al,0, — 2.54, MnO — 0.9. B — Intergrowth of magnetite crystal with rapid growth texture in the bor-
der and hyalophane. Hyalophane is composed (in %) of: SiO, — 51.71, AL,O; — 21.94, FeO,,,, — 1.5, CaO — 1.9, BaO — 16.35,
K,0 —-5.9. C - Ore globule in pyroxenite matrix is composed of fayalite, troilite and magnetite. D — Fragment of ore globule show-
ing the intergrowth of troilite and magnetite. E — Fragment of ore globule-bearing matrix showing the high degree magnetite satura-
tion of fayalite and hedenbergite. Abbreviations: Aug — augite, Fa — fayalite, Tro — troilite, Mag — magnetite, Hln — hyalophane,
Hd — hedenbergite , Btv — bitownite.
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roxenite samples are from 5 to 40 cm fragments in a
dacite lava with cristobalite in vesicles (Fig. 7, B).
There is reason to believe that this site is one of the
local volcanic centers.

Based on mineral assemblage xenoliths can be
referred to olivine clinopyroxenite. The rock com-
position includes 48.1 % of pyroxene (augite, rarely
hedenbergite), 23.6 % of plagioclase (bitownite-an-
orthite), 16.8 % of olivine (average Fo ;s Fa, ¢9s),
6.07 % of magnetite, 1.79 % of calcite and 0.75 %
of troilite. Less common minerals are Ba-feldspar
celsian and K-Ba-feldspar hyalophane. Ore miner-
als are concentrated in up to 0.7 cm in size glob-
ules, surrounded by olivine rims. Ore globules are
composed of magnetite and troilite in equal pro-
portions.

Magnetite lavas. Immiscibility of iron- and sili-
ca-rich melts during andesitic volcanism led to the
formation of exotic varieties of magnetite-rich vol-
canic rocks. Fe-Ti-spinel minerals group is wide-
spread at the Kildyam Volcanic Complex in the host
andesite and in the local magnetite orebodies. The
iron-rich lava can be identified as two main types.

1. Titaniferous magnetite iron ore. There is
abundant (up to 2 % by volume) iron mineralization
disseminated in the andesite matrix. Fe-rich andesit-
ic lava (type-1) includes native iron, troilite and mix-
ture of ulvospinel (Fe,TiO,) with spinel (MgAl,O,).
This spinel group includes Au-Hg mineral phase
(Table 2, Fig. 9). Matrix is composed (in %) of:
SiO, — 54.73, TiO, — 1.49, AL,O, — 19.0, FeO
12.79, CaO - 2.31, Na,0 - 5.17, K,0 — 4.52.

total

Fig. 11. A — Close-up photomicrograph of skeletal clinopyroxene phenocryst with melt inclusion of native iron. Matrix is a

variolitic andesite (sample 1044).

B — Close-up photomicrograph of plagioclase phenocryst with melt inclusion of native iron. Matrix is a variolitic andesite (sample
1044). C — Back-scattered electron image showing titaniferous magnetite skeletal crystal in glass matrix (microprobe analysis in
table 2). Yellow rectangle shows the location of figure 11D. D — Detail back-scattered electron image of figure 11C, showing Au-
Hg-rich phase in titaniferous magnetite. Abbreviations: G, — Globule-1; Fe — native iron; Prx — Pyroxene; Pl — Plagioclase; Sa —

Sanidine; Usp — Ulvospinele.
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Table 2
Microprobe analysis of the spinel-group minerals
in titaniferous magnetite iron ore

Table 3
Microprobe analysis of the spinel-group minerals
in magnetite lava

MgO | ALO, | TiO, | FeO,, | Au | Hg | Total MgO | ALO; | TiO, | MnO | FeO,, | Total
5.84 | 4.67 | 70.2 | 17.53 - - 98.24 Magnetite-A — main mineral phase
6.06 | 4.16 | 69.62 | 19.16 - - 99.00 - 3.05 2.2 1.58 92.63 99.7
5.81 | 3.88 | 69.92 | 19.13 - — 98.74 - 2.28 4.01 2.87 91.04 | 98.86
392 | 1.89 | 75.71 | 18.25 - - 99.77 — 2.32 3.22 2.81 91.35 | 100.21
434 | 498 | 71.43 | 17.99 - - 98.74 - 2.52 2.44 1.86 92.04 | 99.64
6.49 59 | 73.73 | 13.37 - - 99.49 - 2.88 1.27 1.63 94.43 | 100.21
5.57 | 7.28 | 68.83 | 16.44 - - 98.12 2.37 4.08 0.98 1.24 90.97 | 99.64
1.29 | 3.26 | 7636 | 746 | 6.85 | 291 | 98.13 2.14 3.49 0.95 1.32 | 89.58 | 97.48
2.8 213 | 7517 | 3.2 3.54 | 3.49 | 90.33 0.6 2.71 1.87 1.85 9237 99 .4
1.0 3.79 1.02 1.49 92.1 99.4
2. Magnetite lava contains of the magnetic frac- 3.99 10.86 _ _ 85.6 | 100.45
‘Fion from 25 to 37 % of the total volume. In magnet- 477 113 - - 83.67 | 99.74
ite-rich lavgs the FeOt'Ot content can reach 70.8 %, 378 | 1172 — — 8383 | 9933
and ultra-rich magnetite lava (sample 1042/3, Ta- XT 9,53 - - 2637 | 99.03
ble 1) shows 94.08 % of FeO, . According to the i T S— L -
total composition (in %): SiO, — 36.32, TiO, — 0.62, Magnetite-B — inclusions in the main mineral phase
ALO, — 11.83, Fe,0, — 16.99, FeO — 4.47, MnO — — | 884 | 1674 | 162 | 69.32 | 96.52
0.66, MgO —1.95,CaO —17.08,Na,O—0.54, K,0 - - 8.07 16.4 1.46 | 68.73 | 94.66
1.16, H,0~ - 1.21, H,0" - 1.8, LOI - 2.14, P,0O, — - 576 | 2097 | 195 | 6829 | 96.97
0.03, CO, - 1.62, S — 1.55 lava corresponds to me- _ 4.14 21.6 213 | 69.96 | 97.83
lil.ititic and melilite-bearing Volcanic. r.ock. The }ava _ 575 | 2173 | 185 | 6987 | 992
m'lneral assemblage made up of melilite (prevail) + TRE - - 278 | 5932 | 9827
clinopyroxene + feldspathoids + hyalophane or cel-
. . . N 8.57 - — 29.19 | 58.59 | 96.35
sian. All magnetite crystals trapped in the silicate
matrix, composed (in %) of: SiO, —35.5, TiO, - 0.9, 11.39 - - 2837 | 58.74 | 985
ALO,; - 7.5, FeO,,, — 13.96, MgO — 391, CaO — 1428 | - - 25.3 | 60.87 | 100.45
37.38,Na,0 - 0.45, K,0 - 0.75. 12.01 - - 24.67 | 60.98 | 97.66
This type of magnetite comprises that of the main 11.62 - - 24.76 | 61.23 | 97.61
massive magnetite mineralization at Kildyam. Mag- 13.6 _ _ 2489 | 60.71 | 992
le?ﬁ;Z")* (Table 3) and,ti_s domTiE?‘te; bf’ tthe (M%\ZA(l)i 1305 | - | - | 248 | 6069 | 98.54
i—Mn)-poor compositions. This depletion in MgO,
AlLO,, TiO, and MnO is much more pronounced if i;;é — — 2253'792 6529'542 Zg;;
compared to the magnetite-B (Figure 12, D). ) - B : : :

Discussion

Field evidence from Kildyam Volcanic Complex
is interpreted to show important role of fracture tec-
tonics for the penetration of magmatic melts. Due to
the fracture nature of the outpouring lavas and fluid-
magmatic differentiation of the melts, volcanic for-
mation is separated to dacitic and andesitic. A mi-
croprobe area scan of the matrix of magnetite lavas
allowed to determine its chemical composition (Ta-
ble 4) in addition to the table 1.

The combined plot of chemical makeup and mi-
croprobe areal scanning of the lavas (Fig. 13, A)

shows the basic trend defined by the composition of
the Kildyam volcanic rocks. The low silicate iron-
enriched pyroxenites and iron-depleted melilitites
are particularly interesting. Olivine-clinopyroxenite
includes about 6.07 % of magnetite that makes it
similar to kosvite and looking alike the deposits of
Iron Oxide Copper-Gold (I0OCG) style close to the
Kiruna-type. It can be assumed that the pyroxenite
melt was divided into magnetite lavas and melili-
tites, as a result of fractionation. Further melt dif-
ferentiation led to the isolation of native iron and
trachyandesite glass from the andesitic melt.
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Fig. 12. Magnetite lava minerals assemblage.
A —Magnetite globule (Gl,) with melilitite matrix in variolitic lava (sample 1044). B — High grade magnetite-lava (sample 1042/3,
Table 1). C — Back-scattered electron image, showing magnetite-A — main mineral phase (microprobe analysis in table 3). D — De-
tail back-scattered electron image of fig. 12, C, showing Mn- and Al-Ti-rich phases in magnetite. E and F — Back-scattered electron
images of melilite matrix filled with magnetite and depleted with magnetite. Abbreviations: Gl, — Globule-1; Mag — Magnetite;
Mag-A — Magnetite-A; Mag-B — Magnetite-B; Mll — Melilite.

The behavior of iron defines the calc-alkaline
and tholeiitic trends. Chin E.J. et al illustrated [30]
that magmas evolving along the calc-alkaline trend
move towards Fe-depletion, whereas magmas evolv-

. -
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20 k\/l . .x2500 10um
e ‘ . po [T s |

o s P

ing along the tholeiitic trend become Fe-enriched.
Our research confirmed that tholeiitic trend of iron-
rich pyroxenites evolves towards two immiscible
liquids — magnetite lava and melilitite matrix. Fur-
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Table 4
Microprobe areal scanning analysis of variolitic lavas (in %)
Si0, | TO, | ALO, | FeO, | MgO | €aO | Na0 | KO | Pt | Totl
Glassy variolitic matrix
61.48 0.61 12.05 8.65 1.26 11.38 3.25 1.96 - 100.64
56.54 0.78 14.37 5.11 2.28 17.56 2.24 1.33 - 100.21
56.21 0.73 14.41 3.8 2.45 17.01 2.37 1.6 - 98.58
58.69 0.84 15.66 3.76 1.08 16.31 2.61 1.95 - 100.9
58.68 0.89 13.68 4.01 2.35 16.5 2.49 1.66 - 100.26
Microcristalline matrix with iron and troilite globules
54.73 1.49 19 12.79 - 231 5.17 4.52 0.67 | 100.68
55.37 1.28 18.06 13.21 - 231 4.74 4.7 0.62 | 100.29
56.17 1.32 18.21 11.97 - 2.02 4.94 4.71 0.95 100.29
Melilitic matrix in magnetite lavas
355 0.9 7.5 13.96 391 37.38 0.45 0.75 - 100.35
36.37 - 6.43 10.95 2.22 43.88 0.5 0.21 - 100.56
35.24 0.98 7.98 12.77 33 36.9 0.94 0.73 - 98.84
34.73 - 10.14 9.08 5.05 37.96 0.61 0.2 - 97.77
Table 5
Microprobe analysis of ore minerals in variolitic andesites, %
Sample | Fe Co Ni Au Ag Pt Ir S Total
Iron native
1030/4 97.23 2.24 - - - 0.11 - - 99.58
1030/4 98.57 2.23 - - - - - - 100.8
1030/4 96.08 1.98 1.09 - - - - - 99.15
1030/4 97.32 1.77 0.47 - - 0.53 - - 100.09
1030/4 94.96 1.24 - 1.31 - - 0.28 - 97.79
1030/4 96.97 1.03 0.12 0.95 - - - - 99.07
1030/4 95.05 0.89 - 2.52 - - 2.1 - 100.56
Troilite
1030/1 60.35 - - 1.47 - 1.31 0.57 34.76 98.46
1030/4 59.72 - - 1.4 - 0.53 - 36.36 98.01
1030/1 60.31 - - 1.33 - 0.46 0.81 36.67 99.58
1030/4 61.17 - - 1.12 - - - 36.31 98.6
Pyrite
1030 48.37 - - 2.71 0.28 1.22 1.64 44.33 98.55
1030 47.79 - - 0.83 - 0.79 - 47.23 96.64
1030 49.52 - - 0.69 - 1.61 - 47.49 99.31

ther evolution leads to the separation of native iron
and the transition of lavas to the calc-alkaline trend

(Fig. 13, B).

REE element data is reported in table 1. The
>REE is low variable, ranging from 225.54 ppm to
329.43 ppm in red tuffs, from 235.29 ppm to 309.3
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ppm in dacites, from 453.69 ppm to 462.77 ppm in
andesites, 172.36 in pyroxenite and 102.12 in mag-
netite lava. Europium anomaly Eu/Eu* is ranging
from 0.2 to 0.24 in red tuffs, from 0.2 to 0.25 in
dacites, from 0.2 to 0.24 in andesites, 0.18 in pyrox-
enite and 0.26 in magnetite lava. Rare-earth geo-
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Fig. 13. Variation diagrams for the Kildyam volcanic rocks associated with iron-rich mineralization:

A - Si0, — K,0+Na,O TAS diagram after LeBas et al. [31] showing the trend defined by the composition of Kildyam volcanic
rocks. Areas on the graph: 1 — Picrobasalt, 2 — Basalt, 3 — Basaltic andesite, 4 — Andesite, 5 — Dacite, 6 — Rhyolite, 7 — Trachybasalt,
8 — Basaltic trachyandesite, 9 — Trachyandesite, 10 — Trachyte-trachydacite, 11 — Tephrite Basanite, 12 — Phonotephrite, 13 — Te-
phriphonolite, 14 — Phonolite, 15 — Foidite. B — AFM-diagram after Irvine and Baragar [32] for the Kildyam volcanic rocks, show-
ing the relative proportions of the oxides Na,O + K,O (Alk), FeO + Fe,O; (FeO*) and MgO. C — Chondrite normalized REE dia-
gram for the Kildyam volcanic rocks after Sun and McDonough [33]. Legend for volcanic rocks: / — dacite bulk, 2 — andesite bulk,
3 — andesitic matrix with native iron globules, 4 — pyroxenite, 5 — melilitite matrix in magnetite lava, 6 — magnetite lava.

chemical system of the Kildyam volcanic rocks is
characterized by behavior close to the CHARAC
(CHArge-and-RAdius-Controlled)-system (26<Zr/
Hf<46 u 24<Y/Ho<34) where H/Ho — Zr/Hf ratios
of the pair show the distribution close to chondrite
(Zx/Hf — 36.6 and Y/Ho — 27.7) [34]. The distribu-
tion of Zr/Hf ratio in red tuffs differs from 18.59 to
23.87 and Y/Ho — from 25.38 to 28.48. The distribu-
tion of Zr/Hf ratio in dacites differs from 18.71 to
26.04 and Y/Ho — from 22.98 to 27.83. The distribu-
tion Zr/Hf ratio in andesites of differs from 31.22 to
31.62 and Y/Ho — from 34.14 to 35.61. The distribu-

tion of Zr/Hf ratio in pyroxenite is 30.24 and Y/Ho
—28.25. The distribution of Zr/Hf ratio in andesites
differs from 31.22 to 31.62 and Y/Ho — from 34.14
to 35.61. The distribution of Zr/Hf ratio in pyroxen-
ite is 70.27 and Y/Ho — 26.91.

Chondrite normalized REE diagram for the
Kildyam volcanic rocks (Fig. 13, C) with included
data after M.D. Tomshin et al., [35] for the basites
of Vilyui paleorift (see Fig. 1) showing similar
REE geochemistry. This may indicate the unified
nature of the source of Kildyama lavas and basitic
magma.
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Table 6 In addition to magnetite variolitic andesites and
Microprobe analysis pyroxenites are saturated Fe-minerals, the main
of ore minerals in pyroxenites, % ones are native iron, troilite and pyrite. According to
Fo S | Au | Ag P | Totl micrqprgbe aqa}ysis (Table .5 and Table 6) minerals
Troilite contain impurities of Co, Ni, Pt, Ir, Au and Ag. Ag-
328 [ 3614 | 152 - - 100.96 bearing'tetrahedrite (Table 7) inglusions detected'in
magnetite lava that fill the vesicles together with
61.61 | 36.27 | 0.48 - 0.85 99.21 cristobalite.
61.39 | 36.58 — - 1.28 99.25
60.68 | 36.45 | - — 0.52 | 97.65 Conclusions
60.26 | 38.01 | 1.23 - 1.32 | 100.82 Kildyam iron oxide deposit has been interpreted
602 | 37.68 _ _ 1.23 99.11 as lava flows and feeder dykes formed from iron-
6008 | 3685 | 1.74 _ 157 | 10024 rich pyroxenite magma as a result of liquid immis-
5866 | 3851 | 1.07 | 015 | 204 | 10043 cibility. Associated with andesitic lavas mineraliza-
tion occur as massive, tabular bodies, stratified, py-
58.54 | 3681 | 3.1 1.68 | 073 | 10051 roclastic ores. Our research confirmed that tholeilijt}i]c
>8.48 | 37.09 | 038 — 0.97 | 9692 trend of iron-rich pyroxenites evolves towards two
Pyrite immiscible liquids — magnetite lava and melilitite
48.12 | 48.03 | 0.21 - 2.16 | 9852 matrix. Further evolution leads to the separation of
47.52 | 48.47 - 0.31 0.88 97.18 native iron and the transition of lavas to the calc-
46.65 | 51.56 - - 1.56 99.77 alkaline trend. Petrographic and microprobe studies
46.1 | 4957 | 0.97 — 0.57 97.21 confirmed the liquid immiscibility in silicate melt
4585 | 5238 | 225 , , 100.48 during crystallization. Immiscible liquids are pre-
4569 | 4788 - - 288 | 9645 served as globules of one glass in another in an-
sy o G v i e and s mal il f e o n -
4473 | 50.05 _ 118 L1 97.06 I’mmiscibility of iron- and silica-rich melts dur-
4455 | 5245 | 0.86 B 1.52 99.38 ing andesitic volcanism led to the formation of ex-
Table 7
Microprobe analysis of Ag-bearing tetrahedrite in vesicles from magnetite lava, %
Sample Cu Ag Fe Zn Sb As S Total
1064-1 31.69 | 7.16 5.23 5.55 | 2528 | 2.16 | 23.89 | 100.96
1064-1 31.71 6.1 5.72 4.07 | 2596 | 239 | 2341 99.36
1064-1 31.71 6.19 5.08 5.82 24.72 1.74 | 24.45 99.71
1064-1 32.31 6.06 5.64 533 | 2427 | 2.14 | 23.84 99.59
1064-1 31.59 | 7.06 5.87 592 | 24.78 1.26 | 23.93 | 100.41
1064-1 31.33 6.35 6.44 448 | 22.75 2.2 24.71 98.26
1064-1 32.48 6.6 5.37 577 | 2443 1.95 | 24.04 | 100.64
1064-1 32.26 6.33 6.07 5.17 24.37 1.48 24.87 100.55
1064-1 33.76 | 6.53 5.73 4.04 | 2456 | 2.28 | 24.02 | 100.92
1064-1 30.29 8.38 5.54 5.04 24.5 2.65 24.48 100.88
1064-1 3158 | 5.73 5.03 4.07 | 25.34 144 | 24.11 97.3
1064-1 32.13 5.56 4.51 5.4 27.74 1.49 | 2339 | 100.22
1064-1 3279 | 5.71 5.28 597 | 26.17 146 | 22.01 99.39
1064-1 30.6 5.55 7.06 549 | 2751 1.54 | 23.07 | 100.82
1064-1 32.1 5.47 4.73 5.94 | 29.27 1.81 21.32 100.64
1064-1 3336 | 4.54 4.12 6.06 | 26.61 1.97 | 2346 | 100.12
1064-1 3237 | 5.72 541 3.56 | 25.78 1.43 | 24.77 99.04
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otic varieties of magnetite-rich volcanic rocks. They
have a lot of common features with the Kiruna type
Pliocene El Laco volcano hosted iron oxide deposit.
The good news for the project’ economics is the
proximity of the discovered iron-oxide ores in Mes-
ozoic andesite-dacite lava flows to the city of Ya-
kutsk.

This is only a beginning and there is lots of work
to do. Further research should be associated with a
detailed study of satellite imagery and characteriza-
tion of the alteration of volcanic facies at regional to
deposit scale, prospecting and mineralogy of associ-
ated Au, Ag, Cu, Fe, and REE ores.
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YuukajabHbli aaMa3 u3 Tpyoxku HropouHckas
(HakbiHCKOe KUMOepIUTOBOE 01, 3anagHas SIkyrus, Poccus)

J1.B. Konoroposa!**, O.E. Kosansuyk!, JI.J]. Bapayxunos'

VHUTTT AK « AJTIPOCA» (TTAO), Mupnwi, Poccus
MTY um. M.B. Jlomonocosa, Mockea, Poccus

*KonogorovaDV@alrosa.ru

Annomauus. Bnepegvie 6 mupe 0OHAPYI’CEH YHUKAILHBLI AIMA3, BHYMPU KOMOPO20, 8 NOLOCHU, C80000-
HO nepemewjaemcs aimas menvuie2o pasmepd. Kpucmaiivl 0emaibHO u3yuensvl Memooom peHmaeH08CKoU
MUKpOmoMocpaghuu, Ymo no360auL0 NOCMpPOUms UX mpexmepHvle Mooenu, 0emaibHo YCMAaHO8UMb MOp-
Gonozuueckue 0codeHHoCmu KaK aiMa3a-xo35una, max u aimasa-y3HuKd, d makice Onpeoenums 8ec Kaic-
0020 u3 Hux. Ha ouamempanbHo npomueonoioNCcHbIX NOBEPXHOCMAX AIMA3A-XO3AUHA UMEIOMCS 08 CKBO3-
HbIX KaHald, Komopbsle 8e0ym 6 NOJOCHb, HYMPU KOMOPOU HAXOOUMCs aimaz-y3Huk. B kananax codep-
arcumest bapum, npuyem 0OUuH U3 KAHAL08 2epMemuito 3aKynoper smum muneparom. Ha éxooe 6 nonocmo
0ba kauana cyxcaromes u umerom ouamemp oxono 0,1 mm. Mopghonozus 6HympeHHUX cmeHoK noroCcmu
NPUOIUNCEHHO coomeemcmeayem mopgono2uu nosepxnocmu enympenuezo aimaza. CoanacHo pe3yibma-
Mam UHGPAKPacHoll CNeKMPOCKONUU, alMa3 UMeen BbICOKOE COOEPIHCAHUe CMPYKIYPHOU NPUMECU a30ma
1 250 at. Ppm. C nomowb1o pamanosckoli KOHEOKAIbHOU CHeKMPOCKONUU NPOBEOEHO UHMezpaibHoe 00b-
eMHOe Kapmuposatue, 8 pe3yibmame Komopo2o NOCI0UHO PEKOHCMPYUPOBAHO HYMPEHHee CIpOoeHUe aJl-
maza. Ilpu uccredosanuu IHOMUHECYEHYUU ¢ NOMOWbIO Ad3epd ¢ OTUHOU 6ONHbL 8030VdcOeHust 337 Hm
VCMAHOBNEHO, YMOo 00a AIMA3a UM 00HOPOOHOE PO30BO-CUPEHEBOe CEeHeHuUe.

KaroueBsbie cnoBa: Anmvas, HakbeiHckoe morne, TpyOka HropOuHCKas, nH(paKpacHas CHEKTPOCKOIHS,
KUMOEPJIHT, MaTpeIKa, 3eJICHbIN aaMa3, BKIIIOYSHHE aiMa3a, PeHTTE€HOBCKask MEKPOTOMOTpadusl.

Brazooapunocmu. Aemopol bracooapsim 3a 00CyicOeHue NOTYUEHHBIX MAMEPUANO8 U NOMOUb 8 HANUCA-
Huu cmamvu compyonuxos HUT'TI AK « AJIPOCA» (I1A0) — Manvkosya Braoumupa I pucopvesuua, bozyw
HUpuny Huxonaesny, Keoposy Tamwvsany Braoumuposny, bapanoea Jleonuoa Huxonaesuua, [lluwmapesa Po-
Mmana Anexceesuua, 3auiyescrkoeo @edopa Koncmanmunosuua, a maxoice compyonukos MI'Y um. M.B. Jlo-
monocoea — I apanuna Bukmopa Koncmanumunosuya u Kpuynuny I'anuny FOpvesny.

Brenenue BUrajy BBLIAIOIIMECS y4YEHbIE, Takue Kak Malik

@opcrep (Hay4HBIA COTPYIHHUK SKCIIEPHMEHTAIIb-
HOM meTposioruu, YHHUBepcuTeT Makkyopu, ABc-
Tpanus), Yu BaH (BHIIe-TIPE3UICHT 1O MCCIeN0Ba-
HusaM u pasButhio GIA, CIIA), Tomac Craiivuen
(munaepanmor YauBepcutera Anpbeptsl, Kanana) u
apyrue. O HeM mUcaid B CPeACTBaX MacCOBOW MH-

YHUKaJIbHBIN MOJIBIN aJIMa3, B KOTOPOM CBOOOIHO
repeMerIaeTcsl ainMas MeHbIero pasmepa (puc. 1)
Obu1 HaiineHn B SkyTtun B cepeanHe aprycta 2019 .
JanHas HaxoKa SIBJSICTCS] IEPBBIM 3a(DMKCHPOBAH-
HBIM CITy4aeM B MHPOBOW MCTOPHH aIMa3000bIvH.
U3-3a cxoncTBa 0COOEHHOCTEH BHYTPEHHETO CTpOE-

HUS C JE€TCKOM UIPYLIKOW ajaMa3 MoJTy4nsl Ha3BaHUE
«Marpelka». BHeMHUI anmas — anMas-Xo3siuH ¢
3eNeHbIM HanBeToM umeet Bec 0,62 kap. BHyTpen-
HUH anMa3 — aMas-y3HUK OJIeTHO-KETOTO IIBETa U,
o pacueram, umeeT Bec 0,02 kap. O6a anmasa ume-
FOT OKTadIPUICCKUI TaOUTYC.

HccnenoBanuem «anMasza-MaTpemikmy 3aHUMa-
muck corpynauku HUT'TI AK « AJIPOCA» (ITAO) n
COTPYIHUKH [ eMMOJIOTHYEeCKOro MHCTUTYTa AMe-
puku (GIA). I'umoTe3sr 0 ero MpoOUCXOkKICHUS BbII-

© Konoropoga /1.B., Kopansuyk O.E., bapayxunos JI./., 2020

dhopmarnmm.

[Moxoxuii cyvaii Obut onrican B padore B.K. I'a-
panuHa [1]. B TpyOke Mup ObUT HalifieH anmas C
MOJIOCTBIO, B KOTOPOM BHYTPEHHUI U BHELIHUH ajl-
Ma3 4YaCTHYHO OTAEJICHBI IPYT OT APYra MOJOCTHIO,
BBITIOJTHEHHOH XpoMuTOM (puc. 2). B aTOM citydae
ajMa3 He NepeMeracTcsi CBO00AHO B IOJIOCTH, a 3a-
(UKCHPOBaH B HEW XPOMHUTOM.

«Anma3z-Marpemnikay ObUI TOOBIT KOMITaHHEH
«AJIPOCA» nHa oborarutenbHoil (adpuke Ne 16
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Puc. 1. ®ororpadus «aamasza-MaTpEIIKmn.

Fig. 1. General view of the diamond-matryoshka.

pu oborameHnu pyas! Tpyoku HiopOuHckast, koto-
past pacrionoxeHa B HakbIHCKOM KHUMOEPINTOBOM
nojie. Pa3zpaboTKoii 3TOro MecTopoKIeHHS 3aHIMa-
ercs HropOuHCcKuii ropHO-000TaTUTEIbHBIN KOMOU-
HaT «AJIPOCA». ®abpuka Ne 16 sBisercs ogHON
W3 CaMbIX COBPEMEHHBIX B MHUPOBOIl aama3on00bI-
BaIOMICH TPOMBIIIEHHOCTH 10 YPOBHIO TPUMEHEH-
HBIX TEXHOJIOTHI U aBTOMATH3aI[IH ITPOIIECCOB.

B xmmMbGepnmroBoii TpyOke HropOmHckas mpeo-
OagaroT anaMassl | pa3HOBHIHOCTH 1O KllacCU(HKa-
uwu FO.J1. Oprosa [2], omHaKo, 0COOCHHOCTB TPYOOK
HaxbiHCKOTO TIOJIS — BBICOKOE COZIEpIKaHHE aTMa30B
IV pa3HOBHIHOCTH, KOTOPBIC SBISIFOTCS alIMa3aMH B
oboouke (10 9 % B TpyOke Hropounckast). [1o dop-
MaM Tpeo0IaIatoT aMas3bl MEPEXOIHON POPMBI OK-
Tasap—pomobonoaexap (34 %), pexe BCTpedaroTcs
okTadpsl (28 %) u pombooaekasapst (19 %) [3].
Cpenu xpucramioB | pasnHoBugHocTtu [2] mons
OKpaIlIEHHBIX aJIMa30B COCTABISET MpuMepHO 27 %,
Hauboyee pacnpoCTpaHeHHA JMIOBO-KOPUYHEBAS
(10 %) n gpimuaro-kopuuHeBas (2,2 %) oxpacka,
peKe KPUCTAIUTBI HMEIOT OTHOPOIHYIO COJIOMEHHO-
KENTYI0, 3eJICHYI0, CepPYI0 M YepHYyIo oKpacky. Cpe-
I APYTUX pa3HOBUIHOCTEH anMa3oB Haubosee pac-
MpPOCTPaHEHA XKeJTas U JKENTO-3eJ]IeHast 10 Ips3-
HO-3€JICHOW OKpacka, XapakTepHas I aJMas3oB
IV paznoBunnoctu [4].

XapakTepHOW OCOOCHHOCTBIO alMa30B U3 TPY-
00k HakbIHCKOTO ITOJIS SIBIISIETCS BRICOKOE COfIepIKa-

OnueuH:

Puc. 2. Anma3s ¢ osocThlo, 3al10JHEHHOH YepHBIM XpOMU-
TOM U KPHCTAJUIOM ajiMa3a ¢ BKIIOYEHUEM oJiuBhHA [1].

Fig. 2. Diamond with a cavity filled with black chromite
and a diamond crystal with olivine [1].

HHUE KPHUCTAIJIOB C PU3HAKAMH TPUPOJHOTO TPaB-
JICHUs1, CPEITU KOTOPBIX Hanboliee pacripoCcTpaHeHb
mpamst (19,4 %), xopposus (7,5), xaBepHbI (2,9),
MOJIOCHI IacTHUecKoi aedopmanuu (2,3), maru-
poska (1,9), Tpeyronbusie Brnagunsl (1,8) [4].

Cpeny CHHTEeHETHYECKMX BKJIFOUEHMH B alMa3ax
TpyOKu HiopOuHckas peoliaiaroT MUHEpaIbl 3KI0-
THTOBOTO TapareHe3uca. OKoJI0 MOJIOBUHBI KPUCTAI-
710B (46 %) nMeroT BKITIOUeHHs TpaduTa win rpadpu-
Ta B accomuanmuu c cynbpugamu. OTMETHM, YTO
BKJIIOUCHHE «aJIMa3 B anMas3e» He SIBJSIETCS THITNY-
HBIM JUTS KPUCTAJUIOB TaHHOU TPyOKH [3].

MeTtoabl HccIeT0BaAHUS

Uccnenosanue nposoguwiock B HayuHo-uc-
CIIEZIOBATEIHCKOM TE€OJOTHYECKOM MPEANPHUITHN
AK «AJIPOCA» (ITAO). Munepanorudeckoe omnu-
CcaHWEe ajiMa3a BBINOJHEHO MOoJ OWHOKYJISpaMu
Leica Wild M420. dororpadupoBanue amamasa
MIPOBOIMIIOCH C TIOMOIIBIO OMHOKYJISIPHOTO MHKPO-
ckoma Leica M205 ¢ BBICOKOUYBCTBUTEIBHOH LIU-
poBoii Bugeokamepoii Leica DFC 495 non ynpas-
neaueMm ¢upmennoro I[IO0 LAS (Version 4.1.0
(Build 1264)). [ns Bo30yxaeHust (HOTOITFOMUHEC-
UEHIMH TPU XapaKTEPUCTHKE [[BETA CBEUCHUS UC-
nosib3oBad Jiazep ANJI-3 ¢ mmmaHON BOTHBI 337 HM.

W3ydenune BKIFOYCHMI B aiMa3axX MPOBOIUIOCH
Ha KOH(OKaIEHOM paMaHOBCKOM MUKpockorne InVia
¢upmbr RENISHAW, ocHaiieHHOM MporpaMMHbBIM
nakeToM Wire 3. Bo3OyxieHune koneGaHuii penier-
K{ OCYLIECTBISIOCH C MOMOILIBIO Ja3epHOro M3Iy-
YeHUsI C JUIMHOW BOJIHBI 532 HM, MPHU 3TOM ObLIH
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BbIOpanbl qudpaknuonnas peumerka 1 200 I/mm u
CCD-petexrop. PaMaHOBCKMI CIIEKTPOMETP UMEET
paspemrenne 1-2 cv . nenTndukanms MUHepab-
HBIX CHHT€HETUYECKUX BKJIIOUEHHH B aliMa3ax ocCy-
LIECTBISUIACH C MCIIOJIB30BAHUEM OMOIMOTEKH pa-
MaHoBckuX criekTpoB RENISHAW u nporpamMmMHo-
ro obecneuyenus oy HazBanuem CrystalSleuth.

CbemKa CIeKkTpoB (DOTOTOMUHECIICHIIUN KpH-
CTaJUIOB AJIMa30B BBINIOJHEHA C HCIOJIb30BAHUEM
BosMokHOCTeH KP-mmkpockoma InVia. Bee cmek-
TPBI OBUTH CHATHI [IPU TEMIIEPAType KUAKOTO a30Ta
(77 K). Ucrounuk Bo30yxkaeHust — nazep KP-mu-
Kpockora, A 325 HM, MomHOCTE 20 MBT.

Perucrpanus cnekrpos MK-normomenus B Boi-
HOBOM juanaszoHe 600—4 500 cm ! mpoBoaumack Me-
TOZIOM JBYXMEPHOI'0 KapTHPOBAHUSI 10 BCEH TI01Ia-
1 anMasa (cetka 1o 2 500 Todex) ¢ marom 50 MKM
¥ ¢ paspentenneM 24 cM ' Ha Dypbe-crieKTpoMeTpe
Tensor-27 ¢upmsr Bruker ¢ mukpockonom Hyperi-
on 3000. B xagecTBe BHYTPEHHETO CTaHAapTa OBLIO
MPUHITO COOCTBEHHOE MOIMOMICHUE anMasa [5].
Konuentpauuu nehexToB nepecuyuThBAINCH B CO-
OTBETCTBHU C paboramu [6—8].

[IpoBenena cbeMKa Ha PEHTI€HOBCKOM MHUKpPO-
tomorpade SkyScan 1272. PexoHcTpyKuus moiy-
YEHHBIX M300paKEHUN BBITOHSIACH ITPOTPAMMO
Nrecon. [lyist o6padotku u ananuza 3D-u3obpaxke-
HUH ncnonp3oBanack nporpamMmma CTAnalyser.

Oo0pa3zen u pe3yJbTaThbl HCCIAETOBAHUS

Munepanocuueckoe onucanue. Anmas TpeICTaB-
nser co0oi CIOKHBIA JBOWHHUK 1O HITHHEICBOMY
3aKOHY MEPEXOHON (POPMBI OKTAP—IT0CKAITPOUT
CO CTYNEHYATO-TUIACTUHYATHEIM XapaKTepOM pa3BU-
THS TpaHel U paciieruieHreM BepinH (puc. 3). Mak-
CHUMAJIbHBIE pa3Mephbl BHEITHETO ajMasza — ajaMasa-
x03s1Ha cocTaBmaoT 4,8x4,9x2.8 mMm. Ha mosep-
XHOCTH aJIMa3a-Xx03s1Ha Mpeo0raacT CHOTIOBHIHAS
mrpuxoBka. Ha peOpe, B 30He KOHTaKTa JIBYX KpyII-
HBIX CIBOMHHMKOBAHHBIX HHIUBUIOB, MPUCYTCTBYET
HeOOIBIION KJIMHOBH/THBIN TBOWHUKOBBIN BPOCTOK B
BHJIC TIJIACTHHBL.

Ha noBepxHOCTH aiiMa3a-x03siMHa HAOIIOIAI0TCS
CKYJIBIITYPBI TPABJICHUSI B BUJIC TPEYTOJIBHBIX BIIAJIHH,
a TakXkKe Y3KHe U TITyOOKHE KaHATbI TPABIICHUS, 1Ba 13
KOTOPBIX MPOHUKAIOT B MOJIOCTH ajMasa (puc. 4).

[To pesynpraram pEHTTEHOBCKOW MHKPOTOMOT-
paduu yCTaHOBIIEHO, YTO 00beM BHYTPEHHEH IT0JI0-
ctu cocrasnser 6 MM, TTomocTs IpencTaBser co-

Puc. 3. Anmaz-xo3smH: a — BHenHuit Bua kpucrania ¢ ye-
THIpeX CTOpoH. PexoHCTpykuus B Buae 3D-nzo0paxeHus, mo-
JTy4eHHas Ha PEeHTTeHOBCKOM MUKpoToMorpade SkyScan 1272;
6 — ®otorpadus aaMaza-MaTpenIKu, JeMOHCTPUPYIOLIAs IBET
1 BHEITHUI BHUJ aliMa3a-xo3sinHa. Gotorpadus nomydeHa c mo-
MOIIBI0 OMHOKYIsIpHOTO MHKpockoma Leica M 205.

Fig. 3. The diamond-owner: a — Reconstruction in the form
of a 3D image of a diamond-matryoshka, illustrating the ap-
pearance of the crystal from four sides. The image was obtained
on an X-ray microtomograph SkyScan 1272; b — Photo of a di-
amond-matryoshka illustrating the color and appearance of the
diamond-owner. Photo taken with a Leica M 205 binocular mi-
croscope.
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Puc. 4. BHyTpeHHssI MOIOCTh aiMa3a-Xo3siuHa, KPACHBIMU
CTpeNKaMH yKa3aHbl J[Ba CKBO3HBIX KaHaja. PEKOHCTPYKIHS B
Buae 3D-u300pakeHus, MOTydeHHAsT Ha PEHTTEHOBCKOM MH-
kporomorpade SkyScan 1272.

Fig. 4. Reconstruction in the form of a 3D image of a dia-
mond-matryoshka, illustrating the internal cavity of the dia-
mond-owner. The red arrows indicate two through channels of
etching. The image was obtained using the SkyScan 1272 X-ray
microtomograph.

0Ol YIUIOIIEHHYI0 KaMmepy BBICOTOH W IIMPHHOUN
oko10 3 MM, TiryomHOU okoio 0,7-1,2 MM (puc. 4).
Kanainbl TpaBiieHHs pacIioyioKeHbI CyOnepreHin-
KyJSIpHO K rpaHsM. O0a KaHajaa IMEIOT MaKCHMaJlb-
HbIl quametp 0,4 mm.

OnMH U3 CKBO3HBIX KAaHAJOB TPaBJIEHUS KpU-
CTajula MPAaKTUYEeCKH TOJIHOCTBIO 3aIlloJHEH Oapu-
TOM, KOTOPBIH SBIISETCS BTOPUIHBIM MUHEPAJIOM T10
OTHOIICHUIO K anMaly. Bo Bropom kaHaie Oaput
HaXOJIUTCS B BUJIE TPUMa3KH Ha CTEHKe KaHauna. J{u-
aMeTp KaHaJla, BBIXOJSLIEr0 Ha IOBEPXHOCTh, C Ma-
JBIM 00BEMOM TPUMECH MUHEPATHHOTO BEIIeCcTBa
paBen 0,2 MM, a AMaMeTp KaHaya, 3aMOJIHEHHOTO
MHHEpaIbHbIM BemecTBoM, — 0,3 MM. Ha Bbixoze B
IOJIOCTH 00a KaHasa UMeroT tuametp okoso 0,1 Mm.

ArMa3-y3HHUK TI0 MOP(OJIOTHH CXOX C ajIMa30M-
XO3SIMHOM, OH SIBJISIETCSI CWJIBHO YIIOUICHHBIM ILIHU-
HEJIEBBIM TBOMHHUKOM, HEPABHOMEPHO PA3BUTHIC OK-
TayIpbl CO CMEILEHUEM 10 OCH IBOWHUKOBaHHUS, HJie-
MEHTaMH MOJUIEHTPUUIECKOTO CTPOCHUS IIUPOKUX
rpaHei U napasienbHON WTpuxoBKor. Ero pasmep
1,9%2,1 mm, Tonmmua 0,5-0,6 mMm. Ha moBepxHocTH
anMasa pa3BUTHI IPU3HAKU TPABJIECHUS B BHJIE OTPU-
LATEJIbHBIX TPEYTONbHBIX Guryp (puc. 5).

Ha moBepxuocTH Oosee KpymHOTO CyOUHIUBHU-
Ja anMmasa-y3HUKa HaOJroaeTcsl OTIeYaTokK, da-
CTUYHO COBHAJAIOIIUN C OTIEYATKOM Ha MOBEp-
XHOCTH IOJOCTH anmasa-xo3suHa. [loBepxHOCTh
oTIedaTka He SIBISETCS OOBIYHOW POCTOBOM TIO-
BEPXHOCTBIO, U MOTO0HBIE IIIOCKOCTH HE SBISIOT-
Cs XapaKTEPHBIMU JJIsl KJIACCHUUECKUX MOBEPXHO-
ctelt pactBopenus (puc. 6). [1o cBoemy cTpoeHuro
JaHHasi TOBEPXHOCTh UMEET HaNOOIbIIEE CXOICT-
BO C MHAYKLUOHHON IITPUXOBKOM, XapaKTEPHOHU
JUTSl COBMECTHOTO pOCTa KPUCTAJIIOB.

B anmaze-xo3suHe n anmase-y3HHKE MPUCYTCT-
BYIOT YepHBIC BKIIIOUCHHS rpaduTa B aCCOLUAIINH C
cynbduaom. Takke 3aQUKCHPOBAHO JIBE IIETIOUKH

Puc. 5. M300pakeHne MOBEPXHOCTH aiMa3a-y3HHUKa. PekoHcTpykius B Buie 3D-n300paskenust, MogyueHHass Ha PEHTTCHOB-
ckoM mukporomorpade SkyScan 1272.

Fig. 5. Reconstruction in the form of a 3D image of a diamond-matryoshka, illustrating the morphology of the surface of the
prisoner diamond-inmate. The image was obtained using the SkyScan 1272 X-ray microtomograph.
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Puc. 6. Ornieyarox, pacroNoKeHHbIH Ha IIOBEPXHOCTH MOJIOCTH aJIMa3a-X035MHA, YACTUYHO COBINAAIOIHI ¢ MOpdooruei nosep-
XHOCTH aJIMa3a-y3HHKa. PekoncTpykims B Buae 3D-n300paskeHus, MOIy4YeHHAs Ha peHTIeHOBCKOM MHUKpoTtomorpade SkyScan 1272.

Fig. 6. Reconstruction in the form of a 3D image of a diamond-matryoshka, illustrating an imprint located on the surface of the di-
amond-owner cavity that coincides with the morphology of the prisoner diamond surface. The image was obtained using the SkyScan
1272 X-ray microtomograph.

Puc. 7. BxmoueHus B anmase: @ — Ha U300paKeHNH KPaCHbIM KPYroM OOBEICHBI BKJIIOUEHUS CyAbduna; 6 — U300pakeHne ¢ yBe-
JIMYEHHOH MPO3PAaYHOCTHIO, KPACHBIE CTPEJIKH YKa3bIBAIOT Ha CYNIb(HIHbIC BKIIOYCHHS, KpyraMu oOBe/IeHbI BKIIIOUeHUst OapuTa. Pe-
KOHCTPYKIUs B Buie 3D-1300pakeHus, TOMydYeHHast Ha peHTTeHOBCKOM MuKpotomorpade SkyScan 1272.

Fig. 7. Inclusions in diamond: a — on the image of the red circle with the addition of sulfide; b — the image of the diamond-
matryoshka with reduced transparency, red arrows on the sulfide inclusions, circles circled by the inclusion of barite. Reconstruc-
tion in the form of a 3D image obtained on a SkyScan 1272 X-ray microtomograph.
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Puc. 8. ®ororpadus anmaza-mMaTpeIiku, IEMOHCTPHPYIO-
Imasi 3eJICHBIN IBET aiaMasza-xo3suna. doTorpadus momydeHa ¢
TIOMOIIBIO OMHOKYIISIpHOTO MUKpockona Leica M205.

Fig. 8. Photo of a diamond-matryoshka illustrating the
green color of the diamond-owner. The photo was taken using
the Leica M205 binocular microscope.

BKJIIOUCHH CyIb(pUAa, KOTOPBIE PACIIONOKEHBI B
30HE JIBOWHUKOBOTO II1Ba, B Mepu(epHitHON YacTh
CaMoro KpyITHOTO OKTa3pa. BKITIOUeHHsI UMEIOT OT-
HOCHUTEIIBHO TIOBBIIIIEHHYIO PEHTTEHOBCKYIO TLIOT-
HOCTb. PazMep BKIIIOUEHUI COCTABIISIET COTHIE JOIU
MuuMeTpa, amuHa renodku 0,1-0,4 mm. OnHa u3
[IENOYeK HaXOAWUTCS B BUAMMOM TpPEIIMHE, BBIXOAS-
el Ha TOBEPXHOCTH (puc. 7). AJMa3-y3HHK TaKkKe
MMEET BKJIIOUEHHUSI C TOBBIIIEHHON PEHTI€HOBCKOU
TUIOTHOCTBIO, KOTOPBIE HAXOMISATCS B €ro LEHTpalb-
HOM 4acTH.

3ereHas OKpacka aimasa MOXET OBbITh CBsI3aHa C
MIPUPOAHBIM OOydeHHEM, B PE3ylbTare KOTOPOTro
Ha MOBEPXHOCTH KPUCTAIIIOB (POPMUPYETCS TOHKHIHA
MIPO3pavHbIi CII0H 3e7eHOro 1[BeTa. MHOTHE aBTOPHI
[5,9, 10] oOBACHSIOT 3eJIeHYI0 OKPACKy aIMa30B Ha-
TudreM B cTpykrype kpuctamia GR1-medexra, xo-
TOPBIH SIBJISIETCS] OIMHOYHOM BAKAHCUEH.

AJMa3-y3HHK UMEET CJIaOblii KEeNTbIi OTTEHOK.
JKenrast okpacka aamasa CBsi3aHa C HATMYHEM IIPH-
MeCH a30Ta B CTPYKType KpHucTajuia B Buae N3-me-
¢exra [5].

Domonromunecyenyus. Ha ciekrpe dhoromromu-
HECIICHIINH ajMasa OTYETINBO QuKcupyeTcs N3-
nedext (415 um) (puc. 9). OT1oT Hedekrt, mpeacras-
JSIIOILUM cOOOM TP aToMa a30Ta W BaKaHCHIO, Xa-
pakTepeH A OONBITUHCTBA MPUPOIHBIX aTMa30B.
Becdopmennoe mieuo crpara ot N3-aedekra npej-

6000 N3
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Puc. 9. Cnextp GoToIIOMUHECIEHIINN aTMa3a-MaTPEeIIKH.

Fig. 9. The photoluminescence spectrum of the diamond-
matryoshka.

nonoxutensHo sBisietcs H3(H4)-medexrom, ko-
TOPBIE TIPEICTABISIIOT COO0H a30THO-BaKaHCHOHHBIC
neeKTh B 00pa3yIoTCsl B pE3yIbTaTe MOCTKPUCTAN-
mmgeckoro omxkura [5]. bechopmennas momoca c
Pa3MBITBIM MaKCUMyMOM OK0J10 610 HM, npeanono-
xutensHo aBagerca (NV)’- u (NV)-nedexramu [5].

[Ipu uccnenoBaHny JTFOMHHECIICHIIMH aJIMa3a C
MOMOIIbIO JIa3epa, ¢ IIMHHON BONHBL 337 HM, Yy aj-
Ma3a yCTaHOBJIEHO OJHOPOAHOE PO30BO-CUPEHEBOE
cBeueHue c1aboi naTeHcuBHOCTH (puc. 10). JlanHOE
cBeuenue cBA3bIBaAIOT ¢ HamuuueM (NV)’- u (NV)-
Ne(EeKTOB B CTPYKTYpe Kpucrasia [5].

HUngppaxpacnas cnekmpockonus. MeToJjoM HH-
(dpakpacHoit cekrpockonuu (MKC) Ob110 npose-
JIEHO WHTErpajbHOE KapTupoBaHue. B pesynbrare
YCTaHOBJICHO, YTO «aJIMa3-MaTpEIIKay UMEEeT BbI-
COKO€ COJIep’KaHWe CTPYKTYpHOH NMpPUMECH azoTa
1 250 at. Ppm, nipu JOKaJIbHO U3BMEPEHHBIX MAKCHU-
MaJIbHBIX 3HaueHusAX — 1 820 at. Ppm u Mmunumaib-
HbIX — 589 at. Ppm (cm. Tabnuiy).

AJMa3 MMeeT 30HAIBHOE CTPOCHHE, CYMMapHOE
cofiepKaHHE CTPYKTYpHOHM NPUMECH a30Ta yBEIH-
YMBAETCSI OT NEPUPEPHH K LEHTPY, YTO XapaKTEPHO
JU1s1 OOJBLIMHCTBA NPUPOAHBIX anmasoB [11]. Hau-
OoJplIMe KOHIEHTPALMH a30Ta COCPENOTOYCHBI B
00JIaCTH HaXOXKICHHSI aIMa3a-y3HUKa. DTO TOBOPHUT
0 TOM, YTO ajiMa3-y3HHMK UMeeT 0oJiee BHICOKOE CO-
Jiep’)KaHue CTPYKTYpHOW MpHUMECH a30Ta, YeM aj-
Ma3-XO351H.

MonanbHoe 3HaueHue coiepkanus Bl-nedexra
cocraBisieT — 40 %, Mpu MaKCUMAalIbHOM 3HAYCHUH
64 % n munnmansHOM 28 %. [ToBBITIIEHHOE COmeprka-
Hre Bl-medexra TOBOPHUT O ITHTETHEHOM HaXOXKIe-
HUU B BBICOKOTEMIIEPATYPHBIX ycaoBusix [11, 12].

MopansHO€ 3HaYeHNE KOA(PPHUIIMEHTA ITOTIOIIe-
uus nosnockl Bl — 1367 cM ™!, mo nanuemM [13-15],
HEBBICOKHE 3HAYCHHS ATOT0 KOI(PPHUILIUCHTA TOBOPST
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2 MM

Puc. 10. ®otorpadust po3oBo-(hHOICTOBOH JTIOMUHECICH-
LM aJIMa3a, IPU BO3IEHCTBUH J1a3€pOM € JJIMHOMN BOJIHBI 337 HM.

Fig. 10. Photo of the pink-purple luminescence of a diamond,
at a wavelength of 337 nm.

00 OTHOCHTENFHO IOHMKEHHBIX TeMmeparypax (op-
MHUPOBAHUS KPUCTAIUIOB ajIMa3a.

ConepskaHue CTPYKTYpHOM IMpUMECH BOIOpOaa
HU3KO€, ero MojiabHoe 3HaueHue 1 cM |, mpu mak-
CUMaJIbHOM 3HauyeHuu 4 CM7l U MHHHMAJIbHOM
0 cm'. Coneprkanue IIpUMeCH BOIOPOJIA B KPHCTAII-
J1aX B3aUMOCBSI3aHO C MEXaHU3MOM pocTa. Heznauu-
TeIbHBIE KOJMYECTBA BOMOPOMHBIX IEHTPOB OOBS-
CHSIIOTCS TIOCJIOMHBIM MEXaHU3MOM pocTa, IposBJIA-
IOLIEr0OCs B MOCIOMHO-3aMKHYTOM OKTa3IpHU4eCKOM
CTPOEHMH, YTO HauOojee XapaKTepHO AJIs aIMa3oB
u3 MectopokaeHuit Axytuu [14, 16, 17].

OO0cyxneHue MOJTy4YeHHbIX Pe3yJbTATOB

B pesynbrare MHUHEpPaIOTHYECKOTO OMUCAHHS
OBLIO YCTaHOBJICHO:

1. ArMa3-X031H U aJIMa3-y3HUK TPOSIBIISIOT CXOJI-
cTBO Mopooruu.

AJNMa3-X035IMH W aliMa3-y3HUK SIBIISIOTCS IIITH-
HEJICBBIMH JTBOWHHUKAMH OKTadpa, HO TaK Kak aj-

Ma3 ObUI TOABEPKEH MPOLEccaM OKHUCIUTEILHOTO
pacTBOpeHHs, TO OKTayapuueckas gopma aimasa-
XO035IMHA B pe3yJbTare Oblla H3MEHEHa JI0 TIepexol-
HOW ()OPMBI OKTaIP—10ACKAIIPOH.

2. Ha HEKOTOPBIX CTEHKAX MOJIOCTH alIMa3a-X035H-
HA yCTaHOBJICHA MHAYKLIHMOHHAS IITPUXOBKA COB-
MECTHOTro pocra. Hanuumne naHHOHM IITPUXOBKH ro-
BOPHUT O paHee CYyIIECCTBOBABIIEM KOHTAKTE KpH-
CTAJIJIOB aJIMa3a-X035iIMHA M 3aKJII0YEHHOTO B HEM
aMa3a-y3Huka. Ha creHkax monoctu anmasa-xo3su-
Ha HUTJE HE OTMEYEHO OTIICYaTKOB APYroro MUHEpa-
J1a, OTINYHOTO OT aJiMasa.

Ecnu 651 anma3-y3HHUK ObIT CHadaIa 3aKkJIi04YeH B
JpYyroii MUHepall, a IIOTOM CHOBa OBLI 3aKJIIOYCH B
aJMa3-X035i1H, TO CTEHKH ajaMa3a-Xx03dMHa WMEeH
ObI (hopMy WIJIM OTIIEYATKU TOTO MHHEpala, B KOTO-
phIf OBUT 3aKJIHOUEH anMa3-y3HUK. [10100HbI City-
4aii ObII OTMEUEH B TpyOKe Mup: ajiMa3s ¢ BKIIIOUCHHU-
€M ajJMa3a OTJEJICHHOTO OT aJMa3a-X03sMHA XPOMH-
ToM. Ha ¢oTo BUIHO HEPOBHBIE IPAaHUIIBI TOJIOCTH,
HE XapakTepHble I GopM KpucTaia anMasa [1]
(cMm. puc. 2).

3. AnMa3-X035IMH W alMa3-y3HUK UMEIOT TMpH-
3HAKU MPUPOTHOTO TPaBICHNUS. ATIMa3-X035IMH UMEET
JiBa KaHajla TPaBJCHUS, KOTOPBIC PACIIOIOKEHBI B
30HE JIBOMHUKOBOTO IIIBA.

B mpouiecce pocra kpucramia anMasa B CTPyK-
Type (OPMHUPYIOTCSI Pa3IMYHbIC POCTOBBIE Je(eK-
ThI: IUCJIOKALIMOHHBIE JUIIONH, TUCIOKALUH U T. 1.
[5, 18]. ®opmMupoBaHHIO AaHHBIX NE(EKTOB CIIO-
cOOCTBYET HAIM4KE BKIIOYEHUH B aiMa3e, KOTOPbIC
neopMUPYIOT CTPYKTYpY Kpuctaiuia. B aTom ciy-
Yyae AUCIOKAINKA PACIPOCTPAHSIIOTCS pagraibHO-
JIyYUCTO B HANpaBJIEHUH K TTOBEPXHOCTH KpHCTaJlIa
anMasa. JlanHble nedeKTbl, HEOTHOPOAHOCTH CTPO-
CHHMS, ABOMHHUKOBBIC MJIOCKOCTH — OOYCIIaBINBAIOT
XapakTep pacTBOPEHHUS U BHEUTHHUM BHUJ KpHCTaIa
ajyiMasa IocJie MPOLECCOB aKL[ECCOPHOTO TPABJIECHMUSL.

AxueccopHoe TpasieHue onucaso FHO.JI. Opio-
BBIM [2] W TOATBEPKACHO IKCTIEPUMEHTATHHBIMU
uccnenaoBanusmu [19, 21], mposBruseTcs: J0KaIbHO
u (GOpMHpYET pa3indHble (UTYpBI TpaBJICHUS B

JedexTHO-IpHMECHBIN COCTAB «ajIMa3a-MaTpemKkn» 1o pesyiabraram UKC

Defect-impurity composition of the «diamond-matryoshka» according to the results of the ICS

A, at. Ppm | B,at. Ppm | Ntot,at. Ppm | BI,% | B2,cm™' | RzB2, em™!' | CH, cm™! | TTonoxenne CH, cm™!
Makcumym 1180 750 1 820 64 26 1376 4 3107
MuHIMYM 215 291 589 28 6 1363 0 3107
MopansHOE 792 520 1250 40 18 1367 2 3107
3HaueHHe
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MeCTax BbIXOJa JIUCIOKALUN U APYrux Je(eKTos.
B mporniecce TpaBineHUsT MOXKET MPOUCXOAUTH BBI-
TpaBIMBaHNE TOHKUX UITI000PA3HBIX KaHAJOB, KO-
TOpbIC MPOHHUKAIOT BHYTPh KpucTaia. Yacto 00-
pa3oBaHUE TAKMX KAHAJIOB IMPOUCXOIMT 10 TIOCKO-
CTH IBOWHUKOBAHMS.

B mporiecce pocra kpucrtaia ainMasa BeIICISIOT
HECKOJIbKO 3TarnoB [ 1, 5] anma3oo0pa3oBaHus, CyTh
KOTOPBIX 3aKITFOYAETCS B TOM, YTO TIPH POCTE aiMa3
MOJKET TIOTIa/IaTh B PA3IMYHBIC YCIOBHS: MOTYT Me-
HSATBHCSl TEMIIEPATYPHbBIC YCIIOBUS, JaBJICHUE, IIEpe-
CBILIICHHUE, OKUCIIUTEIIEHO-BOCCTAHOBUTENBHBIH 110~
TEHIHAN U T. J., BCIEACTBHE 3TOTO B MAaHTHUHHBIX
YCIIOBHSIX ajiMa3 MOXET PacTH, PacTBOPATHCS U
CHOBA pacTd. DTO MOATBEPKIACTCS HATUUYHEM Y
KPUCTAIIJIOB ajiMa3a POCTOBOM 30HAIBHOCTH, KOTO-
past XOpoIIo BUHA MTOCJIE PACTTMIIOBKH KPUCTAIIA.

Hanuuue 30H ¢ BLICOKUMU KOHICHTpaIusAMHU a3o-
Ta B CTPYKTYpe aJiMa3a TOBOPHT O 3HAYUTEIILHOM €T0
CONIEp’)KaHUH B aaMa3000pa3yromiei cpeme. DKCre-
PUMEHTAIBHO YCTAaHOBIIEHO [22], 4TO 110 CPaBHEHHUIO
C KyOUYEeCKUMH CEKTOPAMHU POCTA OKTAIPUICCKUE
o0pa3yroTcst ipu OoJiee BBICOKHX TeMIepaTypax U
IIOCTOAHHOM AaBJICHUU, ITPU ITOBBIIICHUU TEMIIEpA-
TYpBI IPOUCXOANT BHIKJIMHUBAaHHE KyOMYECKHUX CEK-
TOPOB POCTA.

BriBoabI

AJMa3-X03sIMH 1 aJTMa3-y3HUK 00pa30BaTUCh MTPH-
6JII/I3I/ITCHI>HO B OIHO BpEMs, P OJJUHAKOBBLIX daB-
JEHUSIX W TEeMIepaType u3 OOLIero MaHTHITHOTO
cyOcTpara, 00 3TOM CBHAETEIHCTBYIOT MOA00HAS
(opMa 1 OnNMHAKOBBINA J1e(PEeKTHO-TPUMECHBINH CO-
cTaB, ONM3KOE cofepKaHUe U paclpeeieHue Ipu-
Mecel a30Ta W BOIOPOJa, C HEOOJBIIUM yBeIN4e-
HHeM a30Ta B Bl-gopme B 1meHTpanbHON 00IacTH
MUHepalla-y3HHUKa (3TO XapaKTepHO JJIsi BCEX MOHO-
KpPHUCTAJJIOB ajiMa3a), OAHOPOAHAs JIIOMHUHECIICH-
s 1 Hamyaue N3-, H3-gedekroB B o0onx Kpu-
CTajulaX TakKXKe IMOJTBEPKIAIOT SIUHYIO MPUPOILY
3TOTO YHUKAJIBHOTO aiMasa.

[loBbIIIIeHHOE COnEpKaHUE a30Ta B MHUHEpae-
Y3HUKE CBHJICTEILCTBYET, UYTO cHavana c(hopMHupo-
BaJICsl BHYTPEHHHH aMas3, ¥ TOJIBKO TIOTOM HavaJics
pOCT anmmasa-Xo3siiHa. A HaJln4ue WHIYKIIMOHHON
IITPUXOBKH TOBOPUT O TOM, YTO OBLT KOHTAKT KPH-
CTaJUIOB alMa3a-XO3sIMHA M 3aKIIOUYEHHOTO B HEM
anMasza-y3HuKa. B TpoMexxyToyHO# cTaguu pocrta
pocT anmasa-y3HuKa ObUT 3a0JIOKHMpPOBAH JPYyTUM
MUHEPAJIOM HJIH PACIIaBOM, a B 00JIACTH HHAYKITHOH-
HOU IUTPUXOBKHM HAYMHAJICS POCT ajMa3a-XO3sIMHa.
[ocne Toro kak 0Opa3oBaICcs aMa3-X035HH, «ajMas-

MarpelKa» Mnomnaia B Cpeiy, B KOTOPOH B pe3ybTare
arpeccUBHBIX MaHTHHHBIX MPOIIECCOB ObLIa pac-
TBOpPEHA MPOCIIOiKa U c(hOPMHUPOBAIIACH ITYCTasl T10-
JIOCTb, B HEll CBOOOAHO MepeMeNIaeTcs anMas-y3HuK.
OpnHaxko HE 0CTAJIOCh HUKAKUX CJIENIOB, MTO3BOJISIO-
HIUX CYINUTH O MIPUCYTCTBUH B TIOJIOCTH U 3aTEM pac-
TBOPEHHOTO MUHEpaJIa Wi (PIFOH]IA, 3aIIOTHSBIIIETO
MPOCTPAHCTBO MEXTy KPUCTAJIIAMHU.

Ha mocnegnem aTane B KUMOEPIUTOBON TPyOKe
MPUCYTCTBOBAJ MCTOYHUK MPUPOTHON pajuaIlny,
B pe3yJibTare B KpHcTajuie 00pa30Bajich a30THO-
BaKaHCUOHHBIC IE(PEKThl U CKOpPEe BCETO BaKaHCH-
ounsi nedektr GR1, koTopbIii xapakrepeH mis
aJMa30B C 3eJIeHOH OKpackod. CTOUT 3aMETHUTh,
YTO paJMalliOHHbIE JIEPEKThI TAKXKE CIOCOOCTBYIOT
mporieccam TpaBieHus [25].

Ha Ham B3t «aiamas-MaTpelrikay sSBIsieTcs ca-
MO NPEKpacHOM WIUTKOCTpAUMEN MOJUTE€HHOCTH U
MHOTOCTaIMAHOCTH 00pa30BaHMs MPUPOIHOTO all-
Ma3a. A TakKe HaISAHBIM OOBSICHEHHEM CTPacTH
YYEHBIX T'€0JIOTOB ¥ MHHEPAJIOTOB K HAayYHBIM HC-
CJIC/IOBaHUSIM MUHEPAJIOB, BEIb B TaKMX YHUKAIIb-
HBIX KPUCTAJUIaX CKPBITO MHOTO 3arafloK, pasra-
JIbIBasi KOTOPBIC MbI MPUOIMKAEMCSI K TIOHUMAHHUIO
CIIOXHBIX TIEPUIIETUH MPOIECCOB, COMYTCTBYIOINX
o0pa3oBaHHIO MPUPOAHOTO anmmasa. Hameemcs, uto
B OimkaiiemM Oy TyIeM Hac JKAET eIie MHOTO TaKHiX
MIPUSATHBIX CIOPIIPHU30B.

ABTOpBI ITAHUPYIOT MPOJIOIDKHUTE UCCIICIOBAHNE
3aMevaTeNbHOTO ajuMasa M Oolee JIeTalbHO paccKa-
3aTh O TEHE3HCE aliMasa B CICAYIOIEH cTaThe.

Aemopul svipadicarom 61a200apHOCHb peyeH3eH-
My 3a YeHHble 3aMeYanusi U KOHCMPYKMUGHble npeo-
JIOJHCEHUSL, CNOCOOCMB08asuULIe YIYYUEeHUI0 crmambl!
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Unique diamond from the Nyurbinskaya pipe
(Nakyn kimberlite field, West Yakutia, Russia)
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Abstract. For the first time in the world, a unique diamond has been discovered, with a smaller diamond
freely moving in its cavity. The crystals were studied in detail by X-ray microtomography, which allowed us
to build three-dimensional models of them, to establish in detail the morphological features of both the host
and the prisoner minerals, and to determine the weight of each of them. On diametrically opposite surfaces
of the host diamond, there are two through channels that lead to the cavity in which the internal diamond-
prisoner is located. The channels contain barite, and one of the channels is hermetically sealed with this
mineral. At the entrance to the cavity, both channels are narrow and have a diameter of about 0.1 mm. The
morphology of the internal walls of the cavity approximates the morphology of the surface of the internal
diamond. According to the results of infrared spectroscopy, the diamond has a high content of structural
nitrogen impurity 1,250 at. ppm. Integral volume mapping was performed using Raman confocal spectros-
copy, which resulted in a layer-by-layer reconstruction of the internal structure of the diamond. Lumines-
cence studies using a laser with a long excitation wave of 337 nm revealed a uniform pink-lilac glow in both
diamonds.

Key words: Almaz, Nakyn field, Nyurbinskaya tube, infrared spectroscopy, kimberlite, matryoshka,
green diamond, diamond inclusion, X-ray microtomography.
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Annomauusa. I[Ipeocmasnenvl pe3yiomanivl 08yX NAIEOHMONIOSULECKUX IKCneouyull Ha o. KomenvbHulil
Hosocubupckozo apxunenaea, nposedennvix 6 2019 2. B xo0e uzvickamenvuvix pabom 6 medxicoypedbe
Kooicesena—Bonnocosuua oviau 06HapysiceHvl KOCMHble OCMAHKU WEePCMUCTO20 MAMOHMA, NPUMEPHO
30-40 % om noanozco cxkenema. Haiioennwiii 00vexm 3ane2an Ha HeOONbULOU MEePPUMOPpUL, GKII0OYAIOWell
yemoipe Oatiodxcepaxa. Ha mecmonaxoocoenuu 0vliu 0OHapysicenvl gpasmenmsl uepena, busHell, 10nam-
Ka, wetinvle, 2pyoHble U NOACHUYHbIE NO360HKU, hpasmenm Kkpecmya, pazmenmul pedep, maza u kocmetl
KoHeynocmel. Ha dannviii momenm 3mo Hauboiee nOAHwll cKeiem, 0OHaApyiceHHbill Ha 0. KomenbHulil.
Ilocne nepsoeo 6cecmopoHHe20 anaiu3a KOCMHO20 Mamepudia OblLiu 8bia6ileHbl Cledbl 0esimeIbHOCHU
Opesnezo uenogexa. Cnedvt om opyouil OpegHeco 4ero8eka ObLiU 0OHAPYIICEeHbl HA Yepene, NO360HKAX U
pebpax. Ho camoe unmepecroe - 3mo Kowyux “Opomuxa’’, 0Cmasuwiuiicss Ha 0OCmu JONAMKU HCUBOMHO20.
Taxoice padom co ckeremubimu OCmamramu Ovliy HaudeHbl U UOSHMUDUUUPOBAHBL OPYOUst MPYOad OPEGHE20
yenoseKa, NPeonoNoNCUMeENbHO, MOYULO OJI HOHCA CO CLe0AMU UHMEHCUBHO2O0 UCHONIb30BANHUS U YMO-MO
muna ronamouxu. Pe3ynbmamul paouoyenepooHo20 aHaiu3a coomeemcmasyom Kap2uHCKol anoxe no3oHe-
20 Heonaeticmoyena. Knumamuyeckue ycnogus mozo gpemenu 0vliu HeCKOIbKO O1a20Npusimmee co8pemeH-
HbLX, XOMs OMAUYATUCH DOlee 3ACYUNUBLIMU U HCAPKUMU JIEMHUMU Nepuooamu. JJanHas HaxooKka pacuiu-

psien meppumopuio akmusHOCMu OPesHe20 4el08eKkd 8 N030HeM HeONnlelicmoyeHe.
KiaroueBble cj10Ba: 1O3IHUI HEOIUICHCTOICH, IEPCTUCTBI MaMOHT, JAPEBHUH 1iesoBek, Mammuthus
primigenius Blum., 0. Korenpubiii, HoBocHOUpCKUil apxurenar.

BBenenue

AKTYyaJIbHOCTb. lllepcTHCThINE MAMOHT OBLIT K-
POKO pacrpoCTpaHeH NpakTUYECKH 110 Beer EBpazun
B IIO3J(HEM HeolutelcToleHe. Haxonku ckeneros 3To-
'O KHBOTHOTO JIOBOJIBHO PE/IKA i B OCHOBHOM BCTpE-
YalOTCA B CEBEPHOM YacTH SIKyTHUM B TOM YHCIIE U HA
octpoBax HoBocuOupckoro apxurnenara [ 1-4]. [len-
HOCTb CKEJIeTa 3aKJIF0YaeTCsI B TOM, YTO C TIOMOIIBIO
HEro MOXKHO BOCCO3/1aTh aHATOMHYECKHE OCOOCH-
HOCTH BHJIA W/WJIH 0COOU, ONPEACIUTh MHIANBHIY-
AJBHBIN BO3PACT, MO U yCIIOBHSI THOEIN U 3aX0Po-
HeHus. bonee TOro, OOHApYXEHHBIE CIEAbI Aed-
TENBHOCTH JAPEBHEr0 4YeJIOBEKa Ha KOCTAX JAIoT
OCHOBaHHE II0JIaraTh, YTO YEJIOBEK TOTO BPEMEHHU
MIPAKTUKOBAJI OXOTY HA MAMOHTOB.

B nanHoii pabote npuBOASTCS ONMCAHUE U ITPOMeE-
pbI HenontHoro ckenera MaMmoHTa (3040 % ot nosHo-
TO CKeneTa), HaifenHoro Ha o. Korenpubnii B 20191, a
TaKOKe OIUCAHKE CIEA0B ACATENBHOCTH IPEBHETO Ye-
JIOBEKa Ha OCTaHKaxX dTOro MaMoHTa. | eorpadmuue-
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cKue KoopauHarsl: c.ur. 75,70839, B.1. 140,16154, B
patione p. Taba-lOpsx. Koctu Tabaropsixckoro ma-
MOHTa OBUTH COOpaHBI HA TEPPUTOPUHU C TETHIPHMS
OaifpKepaxaMu, BBICOTa KOTOPBIX COCTABISIET OT
50 cm go 1,5 m. PacturenbHOCTh Ha MECTE HAXOIKU
CKyIHAas: MXH, TIOJISIpHAS WBA, KAMHEJIOMKA, ITyIIIH-
1a, NOJISIpHBIA Mak U T. 1. Pe3ynasrarel paguoyrie-
POIHOTO aHalln3a COCTABIAIOT 262444224 ner Ha-
3a1 (IAAA-190392), T. e. KapriuHCKOE BpeMs [TO3/THe-
ro HeomielcToneHa. KnuMaruueckne yciaoBUs TOro
BpEMEHH OT COBPEMEHHOTO OTIMYAINCH Oolee 3a-
CYIUIMBBIMH U JKapKUMU JIETHUMHU Tiepuogamu. Ila-
JI000TaHNYECKHE JaHHBIC CBUICTEILCTBYIOT O HE-
OJTHOKPATHBIX (NTIOKTyalnsX KIMMaTa Ha MpOTsKe-
HUU 3TOM 3M0XH. P nccaemoBaTeae oTMeUaeT aBa
MakcuMyMma moterienust 4541 u 32-28 Teic. JNL.H.,
KOTJIa JINCTBEHHUYHO-OEpEe30BhIe PEAKOIEChS U ep-
HUKHU TPOJABUTAINCH K ceBepy npumepHo Ha 100-—
200 xwm [2]. [To HEKOTOPBIM JAaHHBIM [5], TPUMEPHO
B 9TOT ke repro, HoBocnOupckme ocTpoBa Hauamm

© ITasnos U.C., Suzuki N., 2020
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Puc. 1. Kapra mecronaxoxaenns: Tabatopsxckoro MaMOHTa (KpacHast TOUKa).

Fig. 1. Map of the location of the Yuryakh mammoth tab (red dot).

Puc. 2. Ocrpor KotenbHeiid, MecToHaxokaeHne Tabaro-
PAXCKOTO MaMOHTA.

Fig. 2. Kotelny Island, location of the Yuryakh mammoth
Headquarters.

OTIENSATHCS OT MaTepuKa, IPUYeM CeBepHOe mobdepe-
XKbe MX TOATaIBaIoch MopeM. Ho coracHo pe-
3yJjibTaraM MPOBOAMBIIHNXCA B PETUOHE MOPA Jlante-
BbIX paboT [6], YpOBEHb MOpsI Ha4yas MOBBIIIATHCS
oxoyio 18—17 ThIC JI.H. B pe3yibTare pacmajia moKpOB-
HBIX JIGJIHUKOB Ha ceBepe EBpoIbl 1 AMEpHKH, BbI3-
BaHHOTO KJIMMATHYCCKUMHU U3MEHEHHUIMU. B mepuo-
JIbl KPATKOBPEHHBIX TMOTEIICHUH KOHIIA TMO3HEro
HeoIUIeHCcToIIeHa (payHuC, OSIUIMHT, aJuiepe]) paioH

HoBocnbupckux ocTpoBOB e1ie NpescTaBIisl co00H
eIMHYI0 MaTepPUKOBYIO Cylly. TakuMm oOpa3oMm, Hc-
cietyemast 0coOb morudia B KOHIIE KaprHHCKOW 310~
X1 B Ha4aJIe TPAHIPECCHU MOPS Ha CYIITy, KOT/a ele
octpoBa HoBocnbupckoro apxumnenara ObUTH YacTbIO
MarepHKa.

MaTepI/Ia.]'I])I U METOAbI UCCTICAOBAHUA

Tabatopsxcknii MaMOHT BKITIOYAET CIETYIONIHE
KOCTHBIE OocTaHKH: (hparmeHT yepena (2019-TIOM-
K1) (;1o0Hasi, HOCOBast ¥ allbBEOJISIPHAS YaCTH, 3a-
TBUIOYHBIC MBIIIENKHN); MIeHHbIe T03BOHKH (7 e.)
(2019-TKIOM-K1-7); rpynusie mo3Bonku (11 en.)
(2019-THFOM-K8-18); nosicHuuHbIE 1TO3BOHKH (4 €11.)
(2019-THOM-K19-22); nmomatka (2019-THOM-K23);
nydeBasi kocTh (2019-TIOM-K24); ta3(2019-TIOM-
K25); peopa (15 exn.) (6/1).

UYepen u ero ¢parMeHTHI, a TaKke HECKOJIBKO
[M03BOHKOB MaMOHTa ObLIH OOHApy)KCHbI B HIOHE
2019 r., no ycTHOMY 3asBJICHUIO HEPOIIOJIb30BaTe-
nei. OcTajbHbBIE COCTABIISIONINE CKelleTa ObUIN CO-
OpaHbI B aBrycTe TOTO € roja, BO BpeMsi BTOPOH
sKcrieaAnu. Koctn 3anerany Ha TeppuTOpuu aua-
METPOM OKOJIO 25 M.

[pu uccnenoBannM OBUTH HCTIOIB30BAHBI CXEMBI
npomepoB E.H. Mamenko [11], B.E. I'apyrr [12],
B.E. I'apyrr 1 1.B. ®oponosoii [13].
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Pagunoyrneponuslii ananus Tabaropsxckoro ma-
MoHTa nposeaeH 21 nexadps 2019 r. (Earth System
Science Dept, UC Irvine).

Komrmsroteproe TomorpadupoBanue JIONaTky Ma-
MOHTa IIPOBeIeHO B IHCTUTYTE BEICOKOpa3MepHOH
MEIUINHCKON BHU3yanu3anuu, [lIkona MenunuHsl
Yuuepcutera Jxukeit (SImonmus).

UcnonezoBannsie cokpamenus: THOM — Taba-
opsaxckuit MaMoHT; K — o. KoTenbHblit

Pe3yabrartbl u 00cykaeHust

Ueperr MaMOHTa COCTOUT M3 CEMH YacTeH: JI00-
Hasa 4acCTb, 3aTblJIOYHBIC MBIINICIIKH, KOCTb JIEBOM

[JIa3HUIIBL, JIEBAsl M IIPaBasi YaCTH OCHOBAHMUSI ajlbBe-
0JIbl OMBHEH, JIBE HU)KHHE YaCTH aJIbBEOJIbI OMBHEH.
JloOHas yacTh Yeperna UMeeT TOBPEKICHHS Ha Bep-
XHeH vacTu J10a W 3aTBUIOYHON KOCTH, Kpas Io-
BpEXKIICHHSI UMEIOT 3yOuaryro ¢opmy. L{BeT uepena
CBETJIO-KOPUYHEBBIM, HA MECTaX MOBPEKACHUN TEM-
HO-KOPHYHEBBIN. 3aHAS U HUKHSSA 4acTh Yeperna,
BKJIIOYAsl BEPXHIOIO YEIOCTh, CKYJBI U T. J., OTCYT-
ctByIoT. Ilo pazmepam depen Tabaropsxckoro ma-
MOHTa HE BBIXOJIUT 32 PAMKH BHUJIOBBIX MTapaMeTPOB
LIepCTUCTOro MaMoHTa — M. primigenius (tabm. 1).

[lepBelii MIEHHBIA MO3BOHOK — C BBIPAXKEHHBIM
JOpcallbHBIM OyrpoM M HIEPOXOBATOCTHIO Ha JIOp-

Tabnuma 1
IIpomepsI yepena (cranium), MM
Table 1
Measurements of the skull (cranium), mm
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Jlimna 516a (0T BEpXyIIKH 440 | 463 - 532 | 516 | 489 | 546 - - -
1102 J10 BepXHEToKpast
HOCOBOTO OTBEPCTHSI)
3a opOuTtanbHas MUpPUHA 680 - - - - - - 665 660 723 500
MunnmManpHas mupuHa m6a | 320 | 275 | 375 | 310 | 233 | 335 | 350 - - - 265
HawuGomnbnras mupuna ~640 | 766 | 707 | 748 | 689 | 663 | 780 - - - 500
3aThUIKa
[npunra HOCOBOTO 440 | 457 | 476 | 508 | 411 | 384 | 452 | 421 435 450 -
OTBEPCTHS
HawnGomnbmras BeicoTa ~140 | 179 - 190 | 151 193 175 - - - -
HOCOBOTO OTBEPCTHS
JUInHa OT HIKHETO Kpast ~590 | 623 | 563 | 620 | 554 | 538 | 586 - - - -
HOCOBOTO OTBEPCTHS
JI0 BEPXHETO Kpasi 3aThUIKa
JlnHa HocoBoro orpocTka | 104 - - - - - - - - - -
IlIupuna ocHOBaHUS 142 — - - - - - - — - -
HOCOBOTO OTPOCTKa
Pa3mepsl 3aTbLI0YHOTO 57/74| - - - - - — | 99/88 |100/86|108/79| -
MBIILENIKA (IIUPHHA/ BEICOTA)
Pa3meps! 3aTbLI04HOTO 67/65| - - - - - — | 89/64 | 92/80 | 89/88 | —
OTBepCTHsI (LIMPUHA/BBICOTA)
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canbHOU ayre. II03BOHOK IIOJIHOCTBIO COXPAHUIICH,
MUMEIOTCSI CJIeIbl BBIBETPUBAHUSA. ATOQU3BI J10p-
CAJIBHBIX TTOTIEPEYHBIX OTPOCTKOB MTOTHOCTHIO CPO-
CJIMCh C OCTAJILHOM YacThIO MO3BOHKA. Dnudu3ap-
HBIH OB MOJTHOCTHIO 00IUTEpUpOBaH (Tabdi. 2).
BTopoil melHblil MO3BOHOK — C pa3pyLICHHON
JOpCaIbHOW YacThio U OOKOBBIM OTpocTKoM. Kay-
JajibHask CyCTaBHAs TOBEPXHOCTh COXPaHMIIACh, HO Ha
HEM UMEIOTCS TPEIIMHBI M CKOJ B cepeuHe (Taom. 3).

OcranbHble KOCTHBIE OCTaHKH CKeJeTa MaMOHTa
UMEIOT Pa3iIMYHyl0 CTENCHb COXPAHHOCTH, HO BCE
OHH HECOMHEHHO IPUHAJIeKAIN OTHOH 0COOH mIep-
CTHUCTOTO MaMOHTA, TaK KaK BCE KOCTH COpa3MEpHBI
apyr npyry. Kak yxe ynmoMHHAanIOCh BBIIIE, CKEJIET
MaMOHTa JIOBOJIFHO CHJIBHO pa30pocaH Mo TeppH-
TOpPHUH paanycoM 25 M, Oolee Toro, riyOrHa 3aXo0-
POHEHUSI TAKXKE HEPaBHOMEPHA U3-3a 0COOCHHOCTEH
ocTpoBHOrO JNanamadrta. [loaTomy Kakue-To KOCTH

Tabnuma 2

IIpomepbl nepBoro meiHoro no3ponka (atlant), Mmm

Table 2
Measurements of the first cervical vertebra (atlant), mm
n Tabaropsxckuii Xomckuit MamoHT Mamont TalimbIpckuii
pomep MaMOHT IEM 1281 [8] | u3 c. Kamckoe [8] | Kyromanosa [8] | mamonT, 31H [8]
Habonpimmas mmpuna 347 380 379 386 368
[Iupuna BepxHero kpas 137 181 169 138 —
TTO3BOHKA
[[MupuHa HEBPAIBHOTO 86 79,2 87 84 86
OTBEpCTUS
[Hupuna xaHamga 53 63,6 65 55 52
Ji71s1 3yOOBHTHOTO
OTPOCTKA SMUCTPOdeEs
MaxcuMaibHas BEICOTa 191 244 196 190 -
ITO3BOHKA
Paccrosiaue mexny 223 220 242 236 -
BHCITHUMH KPasMH
COYJICHOBBIX TIOBPEXHOCTEH
JUTSE 3aTBUTOYHBIX MBIIIEITKOB
Tabonuma 3
IIpomepsbI BTOPOro 1IeiiHOr0 MO3BOHKA (axis), MM
Table 3

Measurements of the second cervical vertebra (axis), mm

nome Tabaropaxckuii l"mz[a};(c)mf6gl;1036 p. Jlena, Ta?;ﬁl{pc;c;lﬁ :T_OB’ p. Bepesonka
pomep MaMOHT H%IH §9 a7 | 7O 1054 [1’7y] © | 3UH 5316 [7]

[lIupuna BepxHero kpas ~87 - — - -
MakcuMmanbHast BbICOTa ~215 197 274 252 254
BeicoTa Tena mo3BoHKa 108 - - - -
Beicora ot nonepeuHoro 185 - - - -
OTPOCTKA JI0 HEBPAJLHON apKu
[ITuprHa HEBPAIBLHOTO 54 65 74 86 63
OTBEPCTHS
BricoTa HeBpalbHOTO 58 56 99 52 66
OTBEpPCTHUS
MaxkcumManbHas MUpUHA 218 158 - - -
ITO3BOHKA
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OOHaXWINCh W HaYald Pa3pyllarbcs paHblle, ApY-
rue — Mo3xe.

Pe3y.]'[I)TaT])I 4 Oﬁcy)l()IEHHﬂ

[To anaromuueckuM Xapakrepuctukam Tabaro-
PSIXCKMM MaMOHT HE BBIXOIUT 3@ PAMKH BHIOBBIX
apaMeTpoB IIEPCTUCTOr0 MaMOHTa — Mammuthus
primigenius Blumenbach, 1799. Cyzns no cpactanuio
MO3BOHOYHBIX MTU(PH30B WHANBUIYaTbHBINA BO3PACT
MaMOHTa COCTaBJsIeT 0Koso 25-30 JeT, T. €. JOBOJIb-
HO MoJionoii. 1o peKoOHCTPyHPOBaHHOMY THAMETPY
6uBH# (0K0JI0 12 cM) HccienoBaHHBIE OCTATKH OTHO-
CSTCS K CaMIly, TaK KaK Y CAMOK JaK€ B IOXKUIOM
BO3pacT JuaMeTp OUBHS TOBOJIBHO HEOONIBION [9].

Hamu Obuia cocraBiieHa MoapoOHas cxema pac-
IIOJIO’KEHUSI KOCTHBIX OCTaTKOB Tabaropsxckoro mMa-
MOHTa Ha MecToHaxoxaeHuu (puc. 3). Ilpu packor-

19 5 meTpoB

— i i

| |

Puc. 3. Cxema pacnonokeHusi KOCTHBIX OocTaHKoB Tabaro-
PSIXCKOTO MaMOHTa Ha MECTOHAXOXKAeHU. KpacHBIM U 3eJIeHBIM
OTMEYEHBI 30HBI, OTKY/]a HAUHMHAIIICH PACKOIIKM MAaMOHTa, TeM-
HO-CEPBIM [IBETOM — Oaifkepaxy, CHHIM — JTy’Ka.

Fig. 3. Diagram of the location of the bone remains of Taba
Yuryakh mammoth at the location. Red and green marked area,
where he began excavations of the mammoth, dark-gray marked
bijarani, blue color denotes pool.

KaX B HWIOHC MW aBryCTec IMCPBbBIM 6I)IJ]I/I BBIKOIIaHBI
JIeBasi JIONaTKa, TPU MO3BOHKA M IIepBOE pedpo (CM.
puc. 3, KpacHblii kBaapar). @parMeHTs! OMBHEH ObLTH
OOHapy>KeHbI NIepe]] YePeroM CIIOKEHHBIMHU APYT Ha
npyra (puc. 3, oTMeueHbl 3ejeHbIM). Jlanee Obun
HalJeHbI MOSICHUYHbIC TO3BOHKH B aHATOMUYECKOM
nopsake U T. . Koctu Obum pa3dpocaHbl JOBOIBHO
JIAJIEKO APYT OT APYyTa, HO 3aJIeraiu B aHAaTOMUYECKOH
MOCIIEI0BATENILHOCTH, KPOME CEerMEHTa KpecTLa, Ko-
TOPBIH 3aj1era epez YeperioM U BCeMU KOCTAMH I1e-
peanero nosca. [lo-BuaumMomMy, Tpynm MaMoHTa M-
TENTLHOE BPEMSI JISKAI HA OTKPBITOM BO3JYXE H yCIIel
MOJIHOCTD PA3JIOKHUTBCS, & HEKOTOPhIE YacTH MOIIH
6LITB pacTalCHbl )KUBOTHBIMU-TIaJaJIbIIUKAMU.

Ha ocrarkax mccieqyemMoro MamMoHTa OOHapy-
JKCHbI CJI€Abl, HAHCCCHHBLIC APCBHUM YCIIOBCKOM.
Ha ocHoBanuu paguoyriepogHoil gatupoBku (60-
nee 26 ThIC. JI.LH.) MO)KHO TPEIMNONOKNTh, 4TO 3Ta
IEpBOE JJOKA3aTEIbCTBO AaKTUBHOCTH JPEBHETO 4e-
JIOBeKa B CTOJb yaaneHHoi Touke Kpaiinero Cese-
pa. Camoii ganpHel TOYKON aKTUBHOCTU JPEBHETO
yenoBeka 3a IIoysIpHBIM KpyroM B MO3JHEM HEO-
meiictoriene CuOMpH cunTajgach CTOSHKA Ha Me-
croHaxoxkaeHun Myc-Xasa, nimn CorumBas Topa,
neBbIi Oeper p. SAua[10].

Crenpl Ha KOCTSX, MO-BUAMMOMY, HAHOCHIIUCH
KaMCHHBIM opyaueM. JlaHabpIii ¢pakT ObLT IpenBapu-
TEJNBHO NPEAIIOIKEH IPU UCCICAOBAaHUN YYaCTKOB
CJIEJIOB I10J1 AJIEKTPOHHBIM MUKPOCKOIIOM B Poccuii-
CKOM IIEHTpe CyneOHOH s3kcrepTusbl (. Mocksa)
[InersnoBoii 1.B. Yepenn mamoHTa ObLIT HAMEPEHHO
paspyleH B 00JacTH TEMEHH OCTPBIM TBEPIBIM
MPeaAMETOM, 00 3TOM MOXXHO CYJUTh, OCHOBBIBASIChH
Ha 3a3yOpHHax Ha Kpasx packona (puc. 4). Llembio
HAHCCCHUS JAHHOI'0 OTBECPCTHUA Ha 4Y€pCIIC, IMO-BU-
JUMOMY, ObUIO W3BJICUEHUE MO3TA.

B 100HO0I#i yacTu yepena Takke HaOMIOIAIOTCS
JUTMHHBIE, TIOTIEPEYHbIE POLapanaHHble ClIebl, BO3-
MOXKHO, TEM K€ KaMEHHBIM OpyaueM (CM. puc. 4).
[To-Bummomy, Asist TOTO 9TOOBI JOOPATHCS 10 KOCT-
HOM TKaHH, IPEBHHUE JIFOAN CPE3aIH KOKY U CYXOXKH-
JIUs1, 0OBOJIAKHUBATOIIIHE YEPEIT. DTO CBUACTEIHCTBYET
MPOTHUB TOTO, YTO JIIOAW MPOCTO OOHAPYN MM KOCT-
HBIE OCTAaHKHA MAaMOHTA M Ha4aJln JOOBIBATh HEOOXO0A-
Mble Marepuaibl. MaMOHT ObUT YOUT STUMH OXOTHH-
KaMH ¥ pa3J/ieliaH Ha MecTe.

Kpome Toro, ciieapl oT opyauid IpeBHEro 4eso-
BeKka ObLITM 00HAPYKEHBI HA OCTHCTBIX OTPOCTKAX M
BEHTPAJBHBIX YaCTSX TEJ I'PYAHBIX IMO3BOHKOB, Ha
OuBHsIX 1 Ha peOpax. Ha peOpax criebl mMeroTcst Ha
KayJaJbHOM M KpaHHAJIbHOM Kpasx, a TAK)KE Ha Ja-
TEpAJIbHOW CTOPOHE, B BUJE TOPU3OHTAIBHBIX JIH-
HUH, aHAJIOTUYHO cienaM Ha depene (puc. 5). Ha
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Puc. 4. Uepenn MmaMoHTa €O clieiaM packolia, KpaCHON paMKOW OTMEUEH pa3pyLICHHBIH y4acTOK, KENITOH — y4acTOK HAHECCHHS
L[apaIiH TIPH CHATHHU MKypsl. CTpeIKaMu yKa3aHbI CIEIbI HOIMEPEUHBIX ApariH.

Fig. 4. A mammoth skull with signs of split with the red frame marked with the destroyed land, the yellow frame is a part of the
coating scratches when removing the skins.The arrows indicate traces of transverse scratches.

MO3BOHKAX TaK)KE MMEIOTCS Clie/bl, HAaHECECHHBIC
TIpH pas3zenke Tymu (puc. 6).

O06a 6uBHS MaMOHTa OBLTH pa3pyOsieHbl Ha (par-
MeHTBl. Ha HMX MMeIoTCS ciefbl OT KOCBHIX ylapoB
KaMeHHOro opyaus (puc. 6, a). [lo ogHoii u3 rumno-
Te3, IPEBHHUE JIIOIM MOTJIH CIIepBa HAMOYNUTH OMBEHb
W 3aTeM YK€ pyOUTb, TaK KaK BEIIECTBO OMBHS T'HI-
pockoniuHO. [Ipy peKOHCTPYKIIMK HAMHU YCTaHOB-
JICHO, YTO OMBHH JIOMAJIMCh IO OTPAaOOTaHHOI MeTo-

nuke. C ofHOW CTOPOHBI OMBEHb CTAYMBAJICS, 3aTEM
OMBEHb JIOMAJICS € MCIONb30BaHUEeM pbruaros. [lo-
JTOOHBIM 00pa3oM OWBHH JIOMAajUCh Ha CTOSHKE
Myc-Xas (ComuBas ropa) [10]. Ha mecte Obuin
HalJeHbl 3arOTOBKH, CIICIAHHBIC U3 TOTO YKe OMBHS
(puc. 6, 6) u OTXOABI OT MIPOBEIACHHBIX PadOT, T. €.
CTpYXKKa OT OuBHEH (pHc. 6, 8).

Cpenn mpuMedaTeNIbHBIX OCTAaTKOB Tabaropsix-
CKOTO MaMOHTa OTMETHM JIOTATKY, IJIe Ha OCTH CO-
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Puc. 5. CJ'ICZ[I)I OT Cpe3a MATKUX TKaHEeH ¢ pe6ep U1 IMO3BOHKOB: CIIpaBa pe6p0, CJIEBa BEHTpPaJibHasi CTOPOHA IMO3BOHKA.

Fig. 5. Traces of soft tissue cut from the ribs and vertebrae: right rib, left ventral side of the vertebra.

Puc. 6. O6paborannsie OuBHH Ta0aropsAXCKOTO MaMOHTA: @ — KOCBIE YAaphl; 6 — IpuAaHue (parMeHTy OUBHS HEKOH (OPMBL;

6 — CTpY’>XKKa OUBHSL.

Fig. 6. Processed tusks of the Tabayuryakh mammoth: @ — oblique blows; 6 — giving a fragment of the Tusk a certain shape;

6 — shavings of the Tusk.

XpaHMJICS 3aCTPSBIIHIA B KOCTH KOHYMK HAKOHEYHHKA
OT MeTareIpbHOTo opymus (puc. 7). Hamu mpoBeneHo
CKaHMPOBAaHME JIOMATKU C TOMOIIbI0 KOMIIBIOTEp-
Ho#t Tomorpammbel SIEMENS, SOMATOM Defini-
tion AS. Ilomy4eHHbIe JaHHBIE OBLTH 00Pa0OTaHbI B
naboparopuu MHCTUTYTa BRICOKOpa3MEpHOI MeH-
UMHCKOM Bu3yanuszauuu [Ilkosnsl MenuuuHbl YHH-
Bepcurera Jlxukelt (Slnonus). Pe3ynbrarsl mokasa-
JIM, 9YTO HAKOHEYHHUK BOIIEN B JIOMATKY TOYTH Iep-
MEHAUKYISIPHO TIOBEPXHOCTH KOCTH 3TOW 00JacTH.

Mpbl monaraeM, 4TO HAKOHEUHHUK OBLT CHENaH W3
KOCTH, @ HE U3 KaMHs, KaK M3Ha4aJbHO IIpeIoa-
rasiock. Kpome Toro, npu ucciieZjoBaHUU BbISBIIE-
HO, YTO KOCTHasl TKaHb, MOBPEKICHHAS] B MOMEHT
yaapa HaKOHEYHHMKOM, cpociack ¢ nociaegauM. O6
9TOM CBUJETEIBCTBYET BBIMYKJIOCTh BOKPYT HAKO-
HEYHHKa KaK pe3ylbTaT pa3pacTaHus (B mporecce
32)KUBJICHHSI) KOCTHOM TKaHH, T. €. MAMOHT HE yMeEp
OT TOTO y/Iapa M ellle MPOXKUII B TEUEHNE KaKOTO-TO
BpEMEHHU.
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Puc. 7. JlonaTka MaMOHTa C 3aCTPSIBIIMM HAKOHEUHUKOM U PE3yJIbTaThl CKAHUPOBAHUS C IOMOLIbIO KOMIIBIOTEPHON TOMOTIpa-
¢bun. KpacHbIM KBaZpaToM U CTpEJIKaMH (3ejeHasi, Oenas) yka3aHo pacroioKeHHe HaKOHEUHHKA.

Fig. 7. Mammoth shoulder blade with a stuck tip and the results of CT scanning. The red square and arrows (green, white) in-
dicate the location of the tip.

Puc. 8. ApTe(baKTBI Haﬁ[{eHHBIC Ha MECTOHAXOXKICHUU: CJICBA — «JIOMATO4YKa», CIIpaBa — «TOUHJIO».

Fig. 8. Artifacts found at the location: «spatula» on the left, «whetstone» on the right.

65



U. C. [TABJIOB, N. SUZUKI

Ha mecroHaxoxneHUH psIOM CO CKEJIETHBIMHU
ocTaTKaMu ObLITM OOHAPYKEHBI JIBa apTedaxTa, clie-
nanHblie u3 ouBHA (puc. 8). [lepssIif apredaxT mpen-
CTaBJsieT U3 ceOsl YTO-TO BpoJie HEOONBIION Joma-
TOYKH (IIPEAMONI0KHUTEIBHO, U3 OUBHS UCCIIETyeMO-
ro MaMOHTa), pasMepoM U (GopMoH MOXOokel Ha
COBPEMEHHYIO CajIoByI0 Jonarodyky. O HazHaYeHUH
JIAaHHOTO MHCTPYMEHTA II0Ka Bepcuil HeT. Bropoit
apTedakT, IPeANOIOKUTEIbHO, — TOUMIO Ul Ka-
MEHHOro win uHoro opynus. IloBepxHocTh apre-
(dakTa oTIAMYAETCS OT TAKOBBIX MCCIIEAYEMOTO Ma-
MOHTa. BO3MOXHO, TaHHBIH HHCTPYMEHT ObUI MpHU-
HECEH JIIOAbMHU U OCTaBJCH WM 3a0BIT Ha 3TOM
Mecte. Cyzist 0 CTOUCHHOCTH TOYMJIIA, €0 UCTIOJb-
30BaJIM JIOBOJILHO JJIMTEIEHOE BPEMSI.

BriBoabI

Bapocnsrii camer; Tabaropsixckuii MaMOHT SIBJISI-
eTcsl IepBoil HaxoKoi Ha 0. KoTenbHblil co cnenamu
JESITETTFHOCTH JPEBHUX JIIOACH B CTONb YHAJICHHOMN
touke Kpaitnero CeBepa ¢ mo3aHEHEOIIEHCTOLEHO-
BBIM BO3pacToM. BeposiTHee Bcero, MaMOHT OBLIT ONTH-
HOYKOH, TaK KaK IO aHAJIOTHH C COBPEMEHHBIMH CJI0-
HaM TO0JIOBO3PEIIbIC CaMIlbl M3TOHSIIOTCS U3 MaTpuap-
XaITLHOTO CTaJa, 1a K OXOTHTHCS Ha OMMHOKHUX 0Cco0ei
OBUTO, TTO-BUAMMOMY, TIPOIIIe U Oe3omacHee. bonee
TOT0, MAMOHT paHee Y>Ke MOJBEPrajiCcs HaMagCHUIO CO
CTOPOHBI JIFOJIE, 00 STOM CBHETENLCTBYET HAHECEH-
Hasi METaTeIbHBIM OPYIHEM paHa C COXPAaHUBIIUMCS
OTJIOMJICHHBIM OCTPHEM HaKOHEYHUKA. OT 3TOM paHbI
MaMOHT He 1OTH0, 2 HAKOHEYHUK, 3aCTPSBIINAHN B JIO-
TaTKe, 3apoc KOCTHOM TKaHbt0. Ho 3aTeM MaMOHT Bce
JKe ObUT YOUT JIFOJIbMH, KOTOPBIC Y)KE UMEIH OIIBIT
OXOTBI Ha ATHUX KUBOTHBIX. OO ATOM CBHIC/ICITLCTBY-
IOT y)Ke OTpaboTaHHas METOIWKA CHATHS IIKYPHl U
MsICca C KOCTeH, HAIMIME COOTBETCTBYIOIIIX HHCTPY-
MEHTOB, a TaKXKE ICJICHANPABICHHOE U3TOTOBJICHUE
13 OMBHEW MaMOHTa HOBBIX 3arOTOBOK JUISi PEMOHTA
WM CO3/IaHUS TOTO WITK MHOTO OPY/AXs TPpy/a JIpeBHe-
ro uernoBeka. JlaHHas Haxo/ka pacimpsieT peacTaB-
JIEHUS O BIIUSTHUU YeJIOBEeKa B TIO3/IHEM IJICHCTOIICHE
Y TIOJITBEPIK/IALT, UTO JIPEBHHIA YEIIOBEK IIeTICHAITPAB-
JICHHO OXOTHJICS Ha IIIEPCTUCTOTO MAMOHTA, 8 KOCTH U

OVBHM IIUTM HA U3TOTOBJICHHUE U PEMOHT OPYIH TPY-
J1a, OJEHKIBI U T. [1.
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Tabayuryakhsky mammoth (Mammuthus primigenius Blum., 1799)
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Abstract. The article presents the results of two paleontological experiments on Kotelny island, Novosi-
birsk Archipelago, conducted in 2019. During the survey work in the area between Kozhevena-Volosovich
rivers, the skeletal remains of a woolly mammoth were found, approximately 30-40 % of the complete
skeleton. The object lies in a small area that includes four baidjerakhs. Fragments of the skull, fragments
of tusks, scapula, cervical, thoracic and lumbar vertebrae, a fragment of the sacrum, frgaments of ribs,
fragments of the pelvis and bones of limbs were found at the location. At the moment, this is the most com-
plete skeleton found on the Kotelny island. After the first comprehensive analysis of the bone material,
traces of ancient human activity were identified. Traces of ancient tools were found on the skull, vertebrae,
and ribs. But the most interesting thing is the tip of the «darty remaining on the spine of the animal s shoul-
der blade. Also, near the skeletal remains, tools of ancient man were found and identified, presumably a
knife sharpener with traces of intense use, and something like a «spatulay. The results of radiocarbon
analysis correspond to the kargian epoch of the late neo-Pleistocene. The climatic conditions of that time
were somewhat better than modern ones, although they differed by more arid and hot summers. This finding
expands the territory of ancient human activity in the late neo-Pleistocene.

Key words: Siberian platform, Vilyui-Markha dike belt, dikes, dolerites, high-titanium basites.

Acknowledgements. Late Pleistocene, woolly mammoth, ancient human, Mammuthus primigenius,
Kotelny island, Novosibirsk archipelago.
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KocTHble ocTarkn mepcTuctoro Mmamonra Mammuthus primigenius
u3 okpectHOcTel ¢. Jannapaii, OiiekMuHCKUi paiioH, FOQxHan SAxyrus

A N. KiiuMmoBckuit

Axaoemusa nayx Pecnyonuxu Caxa (Axymus), Axymck, Poccus
aisen87@mail.ru

Annomayus. B cmamve npugedenvl 0aHuble 0 HOBbIX HAXOOKAX OCHAMKO8 UePCUCTO20 MAMOHMA
(Mammuthus pimigenius Blumenbach, 1799) ¢ Onexmuncxom patione Axymuu. Jlemom 2018 2. ¢ mecmuo-
cmu «JI3esnmoaii Otiococo» u Ha Oepeey pyu. /lannapai Ovliu HaAllOeHbl (hpazmeHmyl CKel1enmos wepcmu-
cmulx Mamonmos. Haxooxku nozoHennieiicmoyernosbix H#CUSOMHUbIX HA 102e-80CMoKe SAKymuu 00cmamoyro
peoxu, u no smou npudune Jlannapaickue MamoHmul npeocmagiaiom 00nvulol unmepec 0st Hayku. boiiu
835Mbl NPOMEPbL MPUOYAMU 08YX KOCMell, NPUHAOLEHCABUUX mpem MamoHmam. Mopgomempuueckue xa-
pakmepucmuku Jannapaiuckux MamoHmos CpasHu8aiucy ¢ npomepamu kocmeii bepezosckozo, Tatimvip-
ckoeo u I'vidanckozo mamonmos. Ilo pezynomamam cpasHerusi MOphomempuieckux nokazamenetl coeian
861600 O MOM, YMO MAMOHMbL, 0OUMAasuiue Ha e AKymuu, He UMelu CyWecmEeHHbIX OMIUYUL O C8OUX
ceBepHbIX copoouyell. Imo Modcem CeudemeibCmeosanmy 0 CXOOHBIX NPUPOOHO-KIUMAMUYECKUX YCI0BUAX

6 30He UX 0OUMaHuslL.

KiaroueBbie cji0Ba: MECTOHAXOXK/ICHUE, IIIEPCTUCThI MAMOHT, KOCTHBIC OCTaTKH, MAMOHTOBas (bayHa,
LIEHTpajibHasi, okHas AkyTus, Jannapail, mo3qHuil mielcToueH.
bnazooapnocmu. Paboma svinonnena npu noooepacke epanma POOU 18-45-140007 p_a.

BBenenue

IlenTpanbHbIEe U F0XKHBIE PAOHBI SIKyTUU SIBIISI-
I0TCSI MEHEE MEePCIIeKTUBHBIMU B TUTAHE OOHApYKe-
HUS OCTAaTKOB KHBOTHBIX MAaMOHTOBOH (hayHBI, 4eM
apKTUYecKasi 4acTh pecnyonuku. [Ipudaunoil Tomy
siBIsieTCsl OoJiee mTyOOoKast OTTallka MEp3IIbIX TPyH-
TOB B JIETHEE BpEMs, CIIOCOOCTBYyIOIIAs pa3pyle-
HUIO KOCTHBIX M MHBIX OCTAaTKOB JPEBHUX JKHUBOT-
ubix. Tem He Menee, B LlenTpanbhoii SIkyTuu, Obuin
CIEJIaHbl HECKOJIBKO 3HAYUMBIX OTKPBITUH U HaXo-
JIOK IIEPCTUCTBIX MaMOHTOB, IIEPCTHUCTHIX HOCO-
poTroB, NepBOOBITHOTO OM30HA, JAPEBHEH JIOIIAIH,
MELIEPHBIX JIbBOB U T. 1. B Teuenue nocneaHux ae-
CATHIICTUH 31€Ch OB 00HapY)eHBI: CyoIIbCKHMA
mamoHT (p. Cyona, Meruno-Kanranacckuii paiton),
XaunapIrckuit MaMoHT (p. Annan, ToMmoHCKu# paii-
oH), Eneueiicknii HOcopor (p. Cyona, Mernno-Kan-
raJacCKui paiioH), AMIHHCKOE 3aXOpOHCHHE Ma-
MOHTOB Ha Oepery o3. TyHryc keibica (p. Amra,
AMruHCKUH paiioH) u T. A. [ 1-3]. Panee nzy4anuce
TaKUe MECTOHAXOKJICHUSI )KUBOTHBIX MaMOHTOBOM
¢daynbl, kak MaMoHTOBa TOopa, MxeHeHckoe B Oac-
celiHe p. Annan; TanauHCKOE OOHaXKeHUE U Jp. [4]

YacTu CKeneToB IEePCTUCTOr0 MaMOHTA U OCTaT-
KOB JIPYTHX KMBOTHBIX MAMOHTOBOH (hayHbI B OJiek-

© Kiumorckuii A.U., 2020

MHUHCKOM paiioHe 0OHAPYKHBAIOTCS PEIKE, YEM JIaKe
B IlenTpansHoi Axytuu. B My3ee ncropuu 3emie-
nenus Slkytnn B OneKMHUHCKe XpaHsTCs Oosee Tpex
JECATKOB KOCTEW, MPUHAUICKABIINX MPEACTABUTE-
JISIM MaMOHTOBOH (ayHbl. bonpmas yacTe U3 HUX
MIPEACTaBICHbl MAMOHTaMU: (PparMeHTHI IBYX KpPyTI-
HBbIX OMBHEH caMIIOB (TUIOXOW COXPaHHOCTH), JBa
OMBHSI CAMOK MaMOHTa, OMBEHb MaMOHTCHKa, JBE
HUKHHME YeNIOCTH, HECKOJIBKO M30JINPOBAaHHBIX 3Y-
00B, ()parMeHT IJICYEBOH KOCTH, JIBE OCIPECHHBIC
KOCTH, (pparMeHTHI MO3BOHKOB M JAPYTHX KOCTEH.
Kpome 3T0ro, UMeroTCsl KOCTHBIE OCTATKU OM30HOB:
niecTh (PparMeHTOB YEPEIOB C POraMU WIH POTOBBI-
MH CTEp>KHAMHM, OTAEIbHBIH POTOBOW CTEPKEHb U
(parMeHT reueBoi KocTH [5]

ITocenok [anmapail, B OKPECTHOCTSIX KOTOPO-
ro ObUTH OOHApYKEHBI OCTATKU MCKOMAEMBIX JKH-
BOTHBIX, PACIIOJIOKEH Ha JeBoM Oepery p. Jlena
(puc. 1). beper pexu B 3TOM pailoHE JOBOIHHO BHI-
cokwmii, okojio 15-20 M, COCTOUT U3 TIeCKa U CyIIe-
CH C pa3sHBIMH BKIIIOYEHUSAMH, IOABEPraeTcsl UH-
TEHCHBHOW 3pPO3UHU.

Jlerom 2018 r. Ha Gepery p. Jlena B MmecTHOCTH
«JIaraHTHi1 010T0CO» MECTHBIE JKUTEIIN OOHAPYKHU-
1 (parMeHThl CKelleTa MCKOMaeMOro >KHBOTHOTO
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Puc. 1. Kapra MecToHaX0XX/I€HHIT MAMOHTOBOH (hayHEI.

Fig. 1. Map of the locations of mammoth fauna.
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Puc. 2. Kapra MecTOHaX0:KAECHUH OCTAaTKOB MAMOHTOB B OKp. noc. [lanmapaii: 1 — «JIaranTaii oiforocoy; 2 — pyu. «Jlanmapaii».

Fig. 2. Map of the locations of the remains of mammoths in the vicinity of Dapparay village: / — «Legentei oyogoso»; 2 —

«Dapparay Creek».

(oM Ne 1). Yepes HekoTopoe BpeMs HHPOPMAIHS
0 HaxofKe JocTHria AkajgeMuu Hayk PecmyOmuku
Caxa (SIkyTusi), 1 HA MECTO HaXOJKH BbleXaJ dKcIIe-
JIULIMOHHBIA OTPSIL.

B xo0/1e packorok ObuIM OOHAPYKEHBI TPH pedpa,
JIOKTEBast KOCTb, OOblIas GeproBasi KOCTb U (par-
MEHTBI PacKOJIOBLIETOCS Yeperna MEepCTHCTOro Ma-
MoHTa (puc. 3). CoXpaHHOCTh KOCTHBIX OCTaTKOB
OTHOCHUTEJIbHO XOPOILasl, IBET KOPUUHEBBIN, CEphIi
U TEMHO-CEPBIH.
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HexoTopeie ¢parMeHThbl ckeleTa, B TOM YHUCIIE
OuBHH, OBLTH paHee W3BIIEYEHBI MECTHBIMH JKHUTE-
JIIMU ¥ TIPO/IAHBI.

Cynst o Qororpaduu, MOJydeHHOW HAMH I10
WhatsApp (puc. 4), npumepHast [yinHa OUBHS CO-
CTaBJIET OKOJIO 2 M, MAKCHUMAJIbHBIN IUAMETP OKO-
10 15-16 cm.

Takum 00pa3oM, MOJKHO MTPEAIIOIOKUTE, YTO OU-
BEHb IIPUHAJUICKAT TTOJIOBO3PENION 0COOU CpeIHUX
JIET, T. €. )KUBOTHOE €IIe HEe JJOCTHIJIO IPEIEJIOB PO-
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Puc. 3. Packonku Jlannapaiickoro MaMoHTa.

Fig. 3. Excavations of the Dapparay mammoth.

Puc. 4. [1pasrrit OuBens Jlanmapaiickoro MaMoHTa.

Fig. 4. The right tusk of the Dapparay mammoth.
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Puc. 5. Cxema 3aneranus ueperna MaMoHTa Ha Oepery p. Jlena.

Fig. 5. The scheme of the mammoth skull burial place on the Lena river bank.

cta. [lo oOHa)KEeHHOMY KOHUHKY OMBHS MOYKHO CKa-
3aTh, YTO COXPAHHOCTH [IEMEHTA JIOBOJIBHO HU3KA,
HaOmIoaeTcs pacciioeHue KOHYCOB HapacTaHUS.
CBeTyo-cepblil BET — MPU3HAK CHIIBHOTO BBIBETPH-
BaHUS, T. €. OMBEHH MEepe/] 3aXOPOHEHNUEM KaKOE-TO
BpEMsI TIPOJIeKAT Ha OTKPBITOM BO3IyXE U TOJ TIPS-
MBIMH JTy4aMH COJIHIIA.

KocTHble ocTaTku MaMOHTa 3aJIeraii Ha BBICOTE
10—12 M OT ypoBHS BOIBI, BEICOTA CaMOTO Oepera
coctaniseT okojo 15-20 m. Beper cocrout u3 ne-
CKa, cylecH  rajeqynuka. K Hamemy npuesay MHO-
I'Mie OCTaTKK ObLJIM YHECEHBI TAaBOAKOBBIMH BOJAAMHU.
K Takomy BBIBOIy MBI NMPHIIA 110 TIPUYUHE TOTO,
YTO MaMOHT 3aJjieraj nepeaHeil, TMIeBoi CTOPOHOM
yeperna K Oepery, T. €. B TPYHTE HaXOJUJIach TOJb-
KO TIEpe/IHSS YacTh, COOTBETCTBEHHO 33 HSISI 4aCTh
Obl1a yTepsiHa (puc.S).

Harmreit ocHOBHO# 3a7a4eii Obljla HAUTH KOPEH-
HBIE 3yOBbI )KUBOTHOTO ISl ONIPEACICHHUS TIOCIEaHE-
ro 110 Buja. Ho, k coxxaneHuro, HU OfiuH 3y0 He ObLT
HaiiJileH HU Ha Oepery, HU Ha 00JIOMKax depera.

3aneranve MepBUYHOE, TPU3HAKH MTEPE3aX0PO-
HEHHUS OTCYTCTBYIOT, KOCTH PACHOIOKEHBI JOBOJIBHO
Omu3Ko Apyr oT apyra. Kpome Toro, coxpaHHOCTb
KOCTEH JIOBOJILHO XOpOIlasi, HET OKATAHHOCTH.

MarepuaJj u MeTOIMKA

Ha mecroHaxoKIeHNH 3aJI0KIIA T€0JIOrMUeCKUN
pa3pe3 Ha ypOBHE 3ajieraHusi MaMoHTa. Bcsi mpu-
OperxHast To4Ba, BUANMO, CIIOJI3JIa CBEpXy BHU3. [0-
PH30HTHI OYCHb TOHKHE U YacThle, TONMIIMHA OT 1,5
no 21,0 cM. Huxe pacnoniokeH rajeuHblil coi,

CMEIIaHHBI ¢ KPYMHO3EPHUCTBIM IecKoM. Bo3-
MOYKHO, MECTOHAXOXKJICHUE UMEET aJLTFOBHATIBHBIN
xapaktep oOpa3oBaHUSI.

Koctable ocrarku Janmapaiickux MaMOHTOB TpH-
HaJuIe)Kamu TpeM ocoosM. K mepBoii ocobu ¢ more-
BbIM HOMepoM JImM Ne | otHocutcs 16 kocTei:
JIOTIaTKa, JIOKTeBasi KOCTh, pedpa, MO3BOHKH, OOIh-
mas 6eprioBast KocTh U kpecren. OT BTopoir ocodu
JnM Ne 2 HaiiieHO ceMb KOCTEl: IpaBasi IiedeBas
KOCTb, JTy4eBasi KOCTb, NOSICHUYHBIC [T03BOHKH, Ta30-
Basi KOCTh, IIpaBasi OepEHHAs KOCTh, IIpaBasi 0oJb-
mrast 6epuosas kocts. K Tperbeit ocoou AnM Ne 3
OTHOCSITCS ICBATH KOCTEW: HUXKHSS YEIIOCTh, IIeH-
HbIH [I03BOHOK, IPYAHOM [TO3BOHOK, IIOSICHUYHBIN 110-
3BOHOK, IJIeYeBasi KOCTb, JIOKTEBAst KOCTh, JIyueBast
KOCTb, Oe/IpeHHAast KOCTh, OOIbIast OepIoBast KOCTh.

Jns uaMepeHuil ucnonb30Balid METOJMKY, pa3-
paborannyio B. I'apytrom u M.benen [6, 7]. Kpome
TOTO, IPU U3MEPEHUH pedep M MO3BOHKOB HCIIOJIb-
30BaJii COOCTBEHHYIO METOIUKY (pHC. 6).

IIpoBeneno conocrapnenue nmpomepon «Jlamma-
patickux» MaMoHTOB JImM Ne 1, 2, 3 ¢ TakoBBIMH
Bbepeszorckoro, Taiimbipckoro u I'bijaHCKOTO MaMOH-
ToB [8-10].

CpaBHuTenbHble TaHHbIe. [IpaBas nokreBas
KOCTh (ulna) — coXpaHHOCTh XOpoIlasi, TPEIIHH U
CKOJIOB HeT. JlucTanbHblil 3nu(uU3 BbINANI T.K. HE
npupoc K auadu3sy, TOUYHee, CHIACT Ha XPSIEBOH
noayuke (puc. 7). CycTaBHbIe KOHIIBI KOCTEH HEKO-
TOpOE BpeMsl [T0CIIe Hayasla OKOCTEHEHUSI OCTAIOTCS
xpsimeBbIME. Ho 3areM B UX TOMIIE MOSBISIOTCS
0CO0BIE YHXOHIPATIFHBIE OUard OKOCTEHEHWS — JITH-
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a 0

Puc. 6. Cxema nsmepenus pebep (a): I — mmprHa CyCTaBHOU TOJIOBKH pebpa (caput costae); 2 — BbICOTa CYCTaBHOW T'OJIOBKH
pedpa (caput costae); 3 — mHa oT Oyrpa (tuberculum costae) 1o cycraBHO# ToJ0BKHU (caput costae); 4 — JyiuHA pedpa o Jayre;
[IMPUHA AUCTAIBFHOTO KOHIA pedpa U IMMO3BOHKOB (6): / — JUIMHA OCTHCTOTO OTPOCTKA; 2 — BBICOTA TIO3BOHKA; 3 — IIepeIHe-3a IHsIs
JUTMHA Tella MO03BOHKA; 4 — IMaMeTp CyCTaBHOHU BIAAUHEI (pedpa); 5 — IuaMeTp Tela MO3BOHKA; 6 — AUAaMETP HEeBPAIbHOTO OTBEp-
cTHst; 7 — MAKCUMAJIbHAs IHPUHA.

Fig. 6. Rib measurement scheme (a): / — width of the articular head of the rib (caput costae); 2 — height of the articular head of
the rib (caput costae); 3 — length from the tubercle (tuberculum costae) to the articular head (caput costae); 4 — rib length along an
arc; width of the distal end of the rib and vertebrae (6): / — length of the spinous process; 2 — vertebra height; 3 — anteroposterior
vertebral body length; 4 — diameter of the articular cavity (ribs); 5 — vertebral body diameter; 6 — diameter of the neural opening;
7 — maximum width).
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Puc. 7. JloxreBas xocts MamMoHTa JIntM Ne 1: @ — Buj ¢ narepaibHON CTOPOHBI; O — BUJ ¢ KPAaHUAIBHOW CTOPOHBI; 8 — BUJ C
Kay/laJIbHON CTOPOHBI.

Fig. 7. Ulnar bone of mammoth DpM No. 1: a — view from the lateral side; 6 — view from the cranial side; 6 — caudal view.
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TaGnuna 1

IIpomepbl 10KTEBOI KOCTH

Table 1

Measurement of the ulna

JInM Ne 2
DpM No. 2

JInM Ne 1
DpM No. 1

IIpomepst (Mm)
Measurements (mm)

bepesoBckuit MaMOHT
3MH 5316 [8]
Berezovsky
mammoth [8]

TaimbIpckuit
n-oB; 31H [6]

I'bimanckuii m-oB,
p-fOpubeii,
Taimyr IT1H 3941 [10]

mammoth [6] | Gydansky mammoth [10]

MMHMMAJIEHBIN MeuanbHO- 100 105
JaTepaJbHbBIN JUaMeTp
Minimal medial lateral
diameter

103 89 83

MenuanbHo-TaTepasbHBINT 150 170
JIUAMETP TUCTAIBHOTO
KOHIIA tuadusa
Medial-lateral diameter
of the distal end of the
diaphysis.

JlmiHa nuaduza 540 610
Diaphysis length

717 - -

JlnmHa OT JIOKTS - -
J10 POKCUMAJIbHOM
COUYIEHOBOI MOBEPXHOCTH
Length from elbow

to proximal articulated
surface

MaxkcumaipHas JIuHa 765 -
Maximal length

717 655 -

[upuna narepanbHON 60 65
COYJICHOBOH (haceTkn
Width of lateral articulated
facet

63 - 56

[Hupuna MeauaIbHON 113 110
COYJICHOBOI (haceTTn
The width of the medial
articular facet

91 - 94

[InpuHa couneHOBOK 220 230

TIOBEPXHOCTHU
Articulated Width

[upuna JlokreBoro 100 102
OTPOCTKA
Elbow Process Width

¢u3pl. OHu cocTosAT U3 ryduaroro Bemecrtsa. [o
Mepe 3aMeIeHus Xpsra drudu3 cOmmkaeTcs ¢ Me-
Tau30M, HO MPOCIIOIKA XPsia, OTAEISIONIAs A1~
¢u3 ot Merauza, HECMOTPS HA IOCTOSTHHOE Pa3py-
LICHHE U 3aMELICHHE KOCTHON TKaHbIO, COXpaHs-
eTcs elle B TeYeHUEe JUIMTENBHOTO CPOKa, Omaromaps
YCUJIEHHOMY Pa3MHOXEHUIO XPSIIEBBIX KIETOK. Tak
NOJACPKUBACTCA POCT KocTel B yinHy [11].

175 - 220

KocTun nMeror Ty LBETOBYIO raMMy 1104YB, B KOTOPBIX
3asierany. Kpome Toro, Ha HOBEpXHOCTH BCEX UCCIIEMY-
€MBIX KOCTEeH HaOMIONAIOTCSI TISITHA OXKEIC3HEHHMSI.

[Ipomeps! npeacrasieHsl B Tadnuie 1.

JleBast nmomarka mMamoHTa (scapula) — coxpaH-
HOCTH CpPEIHSASA, UMEIOTCS TIOBPEXK/ICHHUS Ha 33/ THEM
Kkpae. L{BeT aHaIOrM4€eH JIOKTEBOM KOCTH, T. €. KOCTH
3ajerajii B OHOM ropu3onte. BepxHuii kpail no-
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Puc. 8. JleBas nonarka mamonTa JItM Ne 1: @ — Buz ¢ aTepalibHOM CTOPOHBI; 6 — BUJI ¢ KPAaHHAIBHOH CTOPOHBI; 8 — BUJ Ha
[JICHOUJHYO BIIQJUHY.

Fig. 8. The left shoulder of the mammoth DpM No. 1: a — view from the lateral side; 6 — view from the cranial side; 6 — view

of the glenoid cavity.

natku (margo thoracalis) umeer dopmy 3a3yOpuH, Cynast 1o MOpHOMETPUYSCKUM JIaHHBIM, JIOIa-
YTO CBUACTEIBCTBYET O TOM, YTO Ha HEH ObUI elle  TOYHask KOCTb, KAK U JIOKTEBast KOCTh, BXOAMT B JHa-
He OKOCTeHeBIIMi xpsi (puc. 8). Pasmepsl jonar-  ma3oH pa3MepoB LIEPCTUCTBHIX MaMOHTOB — Mam-

KU TIPEJCTaBICHBI B Ta0M. 2. muthus primigenius.

IIpomepsl onaTku

Scapula measurements

TaGnuma 2

Table 2

Bepesosckuit MamonT | TaliMbIpckuii -0B;

I'sigancKuii m-oB,

TTpomepsi (Mm) JInM Nel 3MH 5316 [6] 3UH [8] p. IOpu6eii,
Measurements (mm) DpM Nel Berezovsky Taimyr TIMH 3941 [10]
mammoth [6] mammoth [§] Gydansky mammoth [10]
MakcuManbHast IJTHHA JIOMaTKU 840 - 778 574
Maximum blade length
JlnmvHa momaTKu 10 CepeanHBI 780 759 750 546
IJICHOMTHON BIIaIUHBI
The length of the scapula to the
middle of the glenoid cavity
[[IupuHa BepXHETO Kpas 550 - - -
Top edge width
[upuna 3aaHErO Kpas - - - -
Trailing edge width
MakcuMarbHasl IUPUHA TOJIOBKH 195 191 190 154
Maximum head width
[upuHa meikn 220 221 204 173
Neck width
MaxkcuManbHas MIUPHUHA JIOMATKU 500 665 690 530

Maximum scapula width
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Puc. 9. I'pynusie no3sonku AnM Nel.
Fig. 9. Thoracic vertebrae DpM No. 1.

Ha mecronaxoxennn ObUIM HaliieHbl B coOpa-
HbI YEThIPE TPY/IHBIX [T0O3BOHKA 3TOTO K€ MAMOHTA,
T. €. OT OfIHOW ocobm. Y MamoHTa 19 rpyaHbIX 10-
3BOHKOB, HaWJCHHBIA MaTepual COCTOUT U3 3-TO,
13-ro, 14-ro u 17-ro no3BoHKOB. LIBeT y Bcex uaeH-
THYEeH C JPYTUMH KOCTSIMM >KMBOTHOTO (puc. 9).
PasMepbl O3BOHKOB MpeJICTaBICHBI B TA0M. 3.

PeOpa (costae) — Ha MECTOHaXOXKICHUU OBLTH
Haiinens! 10 pedep, 4 npaBbix U 6 neBbIX. CoxpaH-
HOCTh pebep yaosierBopurenbHas (puc. 10). Pas-
MEpBI IIPEACTABIICHEI B TAOIHIIC 4.

JleBast Gonpmas OepuoBast kocTh (tibia) — co-
XPaHHOCTb XOpOIUasi, IBET UJAECHTUYHBIN C JpYyru-
MU KOCTsAMU. JlucTanbHbii S11u(U3 HE COXPAHHUIICS,
KaK ¥ y JIOKTeBOH KocTH. J[aHHast 0cOOEHHOCTH T0-
BOPHUT O MOJIOZIOM BO3pacTe KMBOTHOIO, T.€. Ma-
MOHT MOT eie Beipactu (puc. 11). [Ipomeps! npen-
CTaBJICHBI B TaOII. 5.

B mxonmsHOM My3ee XpaHSTCS OCTAaTKH MIEPCTH-
CTOr0 MaMOHTAa, HalijgeHHoro B 60-x rogax XX cTo-
JIETHsI, MECTOHAXOXK/ICHHE HE M3BECTHO. JTH KOCTU
OBLIN TTepeBe3eHBI U3 CTAPOTO Mmocernka. 13 koneuHo-
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Tabnuma 3
IIpomeps! rpyanbix no3BoHkoB AnM Ne 1
Table 3
Measurements of the thoracic vertebrae DpM Ne 1
[Ipomepst (Mm) 3-it 13-i 14-i 17-#
Measurements (mm) third thirteenth fourteenth | seventeenth

Bricora nmo3Bonka 34,0 43,0 40,5 21,5
Vertebra height
JltnHAa OCTHCTOTO OTPOCTKA 46,0 39,0 39,0 29,0
Spinous process length
Ilepenne3ansss yiMHA TeENa MO3BOHKA 78,0 6,0 6,0 7,5
Anteroposterior vertebral body length
JuaMeTp cycTaBHOM BIIaTUHBI 6,0/3,5 6,9/3,7 6,1/4.4 6,0/3,5
The diameter of the articular cavity
MaxkcumasnbHas IUpHHA 12,0/15,0 13,3/11,8 | 11,8/12,4 10,3/10,0
Maximum width
JnameTp Tena no3BoHKa 8,0/9,0 6,5/4,4 5,2/6,0 5,6/4,8
Vertebral body diameter
JlnameTp HeBpaIbHOIO OTBEPCTHS 31,5 28,0 26,0 22,0
Neural Hole Diameter

IMPUPOAHBIE PECYPCBI APKTUKHN N CYBAPKTHUKH, 2020, T. 25, Ne 2




KOCTHBIE OCTATKHU ITEPCTUCTOI'O MAMOHTA MAMMUTHUS PRIMIGENIUS

Puc. 10. Pe6pa mamonTta InM Ne 1.
Fig. 10. Ribs of mammoth DpM No. 1.

CTEel NIPUCYTCTBYIOT JI€Bas IUIEUEBAsl KOCTh, JIyueBas  KPbLIbSIX MOAB3/IOLIHON KOCTH UMEIOTCSI IIOBPEXkKie-
KOCTb, UM IPUCBOEH MoJieBoil HoMep JJnM-No2. HUS B BUJIC CKOJIOB U OTBepcTHil (puc. 12).

Ta3oBast kocTe MaMOHTa (pelvis) — pa3zesieHa Ha [IpaBas Genpennast kocTh MaMoHTa (femur) — Ha
IBa (parMeHTa, CeNanIIHas KOCTh YACTUYHO pa3-  JUCTAJbHOM W MPOKCUMAIBLHOM KOHI[AX WUMEIOTCS
pywena. L{BeT cepslif, MecTraMu kopuuHeBblil. Ha  cuibHBIE MOBPEKACHNS, BO3MOKHO, TIOTPBI3bI XUIII-

TabOnuma 4
IIpomMepsI rpyAHBIX 03BOHKOB
Table 4
Measurements of the thoracic vertebrae
Messurements (i) L2 3|4 |5 |67 |89 |0
[upuna cycraBHOM ronoBku | 49 50 43 43 - 49 53 64 - -
Articular Head Width
BeIcoTa cycTaBHOM TOIOBKH 32 23 20 30 - 56 54 50 - -
Articular head height
Jlimna ot pedepHoro Oyrpa 90 |160,3| 160 | 190 - 100 | 110 | 120 - -

JI0 Kpast CyCTaBHOMN T'OJIOBKU
Length from rib tuber to the
edge of the articular head

Jlimna pedpa 1o nyre 970 87 18 105 | 106 | 122 | 126 74 - -
Arc length
[upuHa TUCTaTBFHON YaCTH 39 49 37 34 38 48 52 65 - -
Distal Width
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Puc. 11. Bonsmas 6eprosast kocts MamonTa JJnM Ne 1: @ — BUI ¢ KpaHHAIBHON CTOPOHBI; O — BHJ ¢ MEHAIBLHOI CTOPOHBI;
6 — BHJ| C KayJaJIbHOM CTOPOHBI.

Fig. 11. The tibia of mammoth DpM No. 1: a — view from the cranial side; 6 — view from the medial side; 6 — caudal view.

Puc. 12. TazoBas kocTh mepcructoro Mmamonta JJnM Ne 2.

Fig. 12. The pelvic bone of the woolly mammoth DpM No. 2.
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IIpomeps 60111011 OepLOBOI KOCTH

Measurements of the tibia

Tabnuia

Table

5

5

Bbepesosckuit . . | I'slmanckuii m-os.,
MaMOHT Taiimbipexuit p. FOpuGeit
[Ipomepst (Mm) JoM Ne 1 | InM Ne 2 | JInM Ne 3 3UH 5316 [6] 1-0B; 31/IH [8] TIUH 3941 [1’0]
Measurements (mm) DpM Nel | DpM Ne2 | DpM Ne 3 B K Taimyr Gvdansk
erezovsky | oth (8] ydansky
mammoth [6] mammoth [10]
MenuanbHO-TaTepatbHBIA 210 210 210 216 226 170
JUaMeTp MPOKCUMAIEHOTO
KOHIIa
Medial lateral diameter
of the proximal end
MuHUMaTBHBII MEIUATBHO- 90 100 95 88 89 72
JaTepaibHbIA AUAMETP
nuadusza
Minimal medial-lateral
diameter of the diaphysis
MenuanbHo-naTepanbHbINA 175 140 180 169 159 140
JUaMETP TUCTAITHLHOTO KOHIIA
Medial lateral diameter
of the distal end
Jmna nnaduza 590 540 626 552 491
Diaphysis length

Puc. 13. ®parmeHTHI ckeneta mepcerucroro MamonTa JInM Ne 2: 7 — mutedeBast KOCTh; 2 — OoJibInasi OeprioBast KOCTh; 3 — JIyde-

Bas KOCTb, 4— GCHpeHHaﬂ KOCTb, 5 — TIOSICHUYHBIE TI0O3BOHKU.

Fig. 13. Fragments of the skeleton of the woolly mammoth DpM No. 2: / — humerus; 2 — tibia; 3 — radius; 4 — thigh bone;

5 — lumbar vertebrae.
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Puc.14. Yactu ckenera mamonTa JInM Ne 3 Bozne GeperoBoro oOHaskeHHs epecoxiuero pyd. lammapaii.

Fig. 14. Parts of the skeleton of the mammoth DpM No. 3 near the outcrop of the dried-out Dapparay creek bank.

HBIX JKMBOTHBIX. [[BeT cephlil, MecTaMu KOpUYHE-
BhIi1 (puc. 13, 4).

[IpaBas Gonpinas GeproBas KocTh (tibia) — co-
XpaHHOCTH XOpoIiasi, TOBPEXKISHUH HeT. JucTanb-
HBIA ¥ TIPOKCUMAJIBHBIN 31N (U3HI TPUPOCIH K JHa-
(bu3y 1 0OIUTEPUPOBAIUCH, T. €. JKUBOTHOE ITPEKpa-
TUJIO0 CBOM pocT (puc. 13, 2).

JlydeBas kocTh (radius) — TUCTaBLHBIN KOHEI] 00-
JIOMaH, UMEIOTCS MTPOJIOJIbHBIE TPEIMHBI, KaK CIIC]I-
CTBHE BRIBeTpUBaHU (puc. 13, 3).

[IpaBast tuieueBas kocth (humerus) — coxpaH-
HOCTh HEYJOBJICTBOPUTEIbHAS, UMEIOTCS TITyOOKHE
W JUTMHHBIC MPOJOJIbHBIC TPEIINHBI, B HEKOTOPHIX
y4acTKax KOCTH OTKOJIONACh MOBEPXHOCTHAS KOCT-
Has TKaHb, OOHAXHUB ry0uaTyr CTPYKTYpy KOCTHU
(puc. 13, 1).

[Tosicanunbie mo3BoHKH (vertebrae lumbales) —
XOpOIIel COXPaHHOCTH, ano(U3bl U CyCTaBHBIC JIU-
CKH TIPUPOCTH K TeNly IMO3BOHKA, T.€. YKHBOTHOE
MIPEKpaTHIIo CBOH pocT (puc. 13, 5).

Tperuii no cuery mamonT (M Ne 3), Ob11 06-
Hapy»XCH HAMH B OKPECTHOCTSIX TOCENKa, B pycie
OJIHOMMEHHOM MepecoXIleld peuKkH, BNaJarouiel B
p- Jlena. Koctu Obu1H U3BATH 3 OEperoBOro 0OphbI-
Ba BBICOTOH 0KOJI0 2—3 M (puc. 14).

Ha mecronaxoxieHny ObuH 00HAPYKEHBI JTOKTE-
Basi KOCTb, JIydeBasi KOCTb, IJIeUeBasi KOCTh, OApeH-
Hasi KOCTh, OoJiblasi OepIioBasi KOCTh, TPYJIHON I0-
3BOHOK, MOSICHUYHBIN [TO3BOHOK, IIEUHBIM MO3BOHOK
W HIDKHSISL YeTTFOCTh. Bee KOCTH MPHHAIICKATH OfI-
HOW TIOXKUJION 0COOH, TaK KaK JTUCTaIbHBIC SMU(BHU3BI
KOCTell KOHEUHOCTEH 0OJIUTEPUPOBAHBI, CYyCTaBHbIC
JIUCKU TIPUPOCITH K Ty TMO3BOHKOB, HIDKHSS 4e-
JIIOCTh B YIVIOBOW YacTH MMEET KOCTHBIC HAPOCTHI,
MIPHUCYIINE, OOBIYHO, CTAPBIM 0COOSIM MAaMOHTOB.

O6cy:xnenue

[To mpenBapuTenbHBIM pe3yabraTamMm Mopgdome-
TPUUECKUX HCCIIEIOBAaHUI MOYXKHO CKa3aTh, uTo Jlar-
napaiickue MamMoHTHI (M Ne 1, 2, 3) oTHOCATCS K
Buny Mammuthus primigenius. VIHIuBUyanbHbIA
BO3pacT MaMOHTOB ctapiie 40 ner. 13-3a orcyTcT-
BHS 3yOOB HEIb3sl YCTAHOBUTH O0Jiee TOUHBINA OMO-
JorruecKuii Bo3pacT. Mopdonoruiaeckne mapame-
TPBI U3YUEHHBIX KOCTEH YKa3bIBalOT HA TO, YTO OHU
MIPUHAJJIKAT B3POCIBIM 0COOSIM, JOCTHITLIUM MaK-
CHUMaJIBHOTO Ul HUX pocTa. COXpaHHOCTh KOCTEH
OTHOCHTEJIHO XOPOIIIasi, OT CKEJIETOB COXPAaHMIINCh
npumepHo 25-30 % kocTeil.

Haxoaxu gacTteil ckeneToB MEepCTUCTHIX MAMOH-
TOB B IO’KHOH YacTu SIKyTHM HUMEIOT OOJIbLIOE 3HAYE-
HUE JIJIsl HayKA W3-3a PEAKOCTH MOJJOOHBIX HAXOAOK.
CpaBHeHre MOp(QOMETPHUECKHX MOKa3aresei Ma-
MOHTOB M3 pa3jMYHBbIX MECT UX apeajia OT BEpPXO-
BbeB Jlens! 10 KonbiMel 1 I'blanckoro noayoctposa
YKa3bIBalOT HA UX COPAa3MEPHOCTh. DTO MOXKET CBH-
JETETLCTBOBATH O TOM, YTO MPHUPOTHO-KITUMATHIE-
CKHE yCJIOBHsI Ha OOJbLICH YacTh apeaiia MaMOHTOB
OBUTH CXOXH, U B MO3JHEM IUICHCTOLICHE INPOTHAS
rpajanys TeMIIePaTypPHBIX XapaKTePUCTHK ObLIa Me-
Hee muddepeHIupoBana, 4eM B HACTOSIIEE BPEMS.
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The bone remains of Mammuthus primigenius
from the vicinity of Dapparay village,
Olekminsky District, Southern Yakutia

A L. Klimovsky
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Abstract. The article presents the data on the new findings of the remains of a woolly mammoth (Mam-
muthus primigenius Blumenbach, 1799) found in the Olekminsky district of Yakutia. In the summer of 2018.
parts of the skeletons of woolly mammoths were found in the area of Legentei Oyogoso and on the banks of
the Dapparay Creek. Findings of Late Pleistocene animals in the south-east of Yakutia are quite rare, and
for this reason the Dapparay mammoths are of great interest to science. Measurements of thirty two bones
belonging to three mammoths were carried out. The morphometric characteristics of the Dapparay mam-
moths were compared with the measurements of the bones of the Berezovsky, Taimyr and Gydan mammoths.
Based on the results of comparative studies of morphometric indicators, it was concluded that the mam-
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moths that lived in southern Yakutia did not have significant differences from their northern relatives. This
may indicate more or less uniform climatic conditions in their habitat zone.
Key words: location, woolly mammoth, bone remains, mammoth fauna, central, southern Yakutia, Dap-

paray, Late Pleistocene.
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O reoxkpmnosIoru4ecKoil M3y4eHHOCTH 0KHOM YacTu 3anaaHoi SAkyruu
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Annomauus. Paccmampusaemcs 2eokpuonio2uieckas usyueHnocms io2a 3anaonou Axymuu, meppumo-
PUsL KOMOPOU RPUMbBIKAEN K PALIOHY XOPOULO OCE0CHHBIX AIMAZHBIX MECMOPOdNCcOeHutl pecnyonuxu. I eokpu-
onocuYecKue YCuo8us ux 0emaibHo uzyyenvl. B bonvuuHcmee mecmoposicoeHuti yCmaHo6ieHO Haluyue
21YOOKOU KPUOIUMO30HbL C HECIMAYUOHAPHBIM memnepamyphuim noiem. Ilpuuem no mepe npubnudxicenust K
102y MOWHOCMb KPUOIUMO30HbL PE3KO YMEHbULACMCSL, NPOUCXOOUN NEPEX00 8 30HY OCMPOGHOU U NPEPbLEU-
Mo KpUOIUmo3onul. B smom niane 30Ha nepexooa mpedyem 0ONnoIHUMENbHO20 2e0KPUOTOSULECKO20 U3~
yuenusi. Kpome moeo, 6 nacmosiwee pems na 1o2e 3anadnoti AKymuu npoucxooum uHmeHCUSHOe 0C80eHUe
MecmopodicOeHull Heghmu u eaza. bBonvuuncmeo odvexkmos 000blUU MPAHCHOPMUPOBKU U NepepadomKu
Yene6000pPOOHO20 CHIPbsL PACHONIONCEHbL HA MEPPUMOPUU, NPEOCMABISIOULEl] 30HY OCIPOBHO20 U NPEPLLEU-
CMO20 PacnpoCmMpanenus MHO20JemMHeMepP3NblX 20pHbIX nopod. Eciu 6 3one cniownozo pacnpocmpanenus
MMII ocHo6Hast 3a0aya UHIHCEHEPHO-2COKPUOLOSUHECKUX UCCIeO08AHUTL COCTOUN 8 U3YHeHUU MOPDOI0UU
u memnepamypol KpUOIUMO30HbL, MO 8 IMUX PALOHAX 0COOVIO AKMYAIbHOCHb NPUobpemarom npobiema

BbIABNICHUS KOCTNPOBOBY MHOLONEMHEMEPIILIX NOPOO U OYEHKA UX KPUOLEHHO20 CINPOEHUSL.
KuroueBble c10Ba: reoKprHOIOTHYECKHE YCIOBHS, MHOTOJIETHEMEP3IIble TTOPOABI, THIPOT€OKPHOIOTU-
YEeCKHE UCCIIeJOBAHMsI, OCTPOBHASI U MPEPBIBUCTASI MEP3JI0TA, MOLHOCTh CE30HHOTAJIOIO CIIOSL.

BBenenue

B reoxpuonorudyeckom ImiiaHe TeppuTopus 3a-
najaHou SkyTuu ulyuyeHa HepaBHoMepHo. boee fe-
TaJbHO UCCIIE0BaHbl boTyoOWHCKas CelIoBHHA U
IOKHBIN CKIIOH AHa0apCKOW aHTEKIW3bI, B TIpefe-
JIaX KOTOPBIX B TEUEHHWE IMociaemHux Oojee 50 meT
BEJIETCSI OCBOEHHME KOPEHHBIX MECTOPOXKACHUHN all-
MazoB: TpyOok Mup, MuTtepHannonansHas, Aixa,
Crorreikanckasi, HOOuneiinas, Ynaunas, 3apHuna u
Ipyrux. brarogapsi KOMIUIEKCHBIM THIPOTEOKPUO-
JIOTHYECKUM U T€OTePMHUYECKHM HCCIIETOBAHUIM,
MIPOBEZICHHBIM Ha TEPPUTOPUAX ITHX MECTOPOIKIE-
HUH, BBISBICHBl OCHOBHBIE 3aKOHOMEpHOCTHU (hop-
MHPOBaHUS T€OKPHOIOTHUECKHAX yCIOBHA pEernoHa
[1-5]. Kpome Toro, B mpezaenax JTaHHOIO PErMOHA
ObLI1a ycTaHOBJIEHA camasi 00JIbIIasi MOIIIHOCTb KpH-
OJTUTO30HHI Ha 3emite [6].

B Hactosimee Bpemsi ocBamBaemasi 4acth SKyT-
CKOH aJTMa30HOCHOW MPOBHUHILIMH SIBISIETCS OTHOCH-
TEIIFHO XOPOIIIO HM3y4YeHa, XOTs ee FOKHas 4acTh B
TEOKPUOJIOTHMYECKOM OTHOILICHUH UCCIeIOBAHA TTOKA
OTHOCHTEIILHO ¢J1a00.

© TI'otoBues C.I1., Knumosckuii 1.B., 2020

N3yyeHHOCTH reOKPHOJIOrHYeCKUX YCIA0BUIA
ora 3anagnoi AxyTun

M3yueHHOCTh T€OKPUOJIOTMUECKUX YCIOBUI F0XK-
HOHM wacTu 3amamHol SIKyTHH TakkKe CBsA3aHa CO
CTaHOBJICHHEM aJIMa30[00BIBAIOIIECH MPOMBIIIUICH-
HOCTH B 9TOM pernone. Kak n3BecTHO, ¢ OTKpPBITH-
eM TpyOoku Mup HHCTHTYTOM Mep3loTOBeNeHUS
AH CCCP Opina oprannzoBaHa KoMIUIeKcHas Bu-
JIFOMCKasi HKCIENIUIINSI, OCHOBHOM LIENIBI0 KOTOPOM
SIBJISLIOCH BCECTOPOHHEE U3YUYEHUE FEOKPUOIOrHYe-
CKUX YCIIOBHH TEPPUTOPHH CTPOUTEIbCTBA Oyay-
1IEro Kapbepa v ropojia MupHsiil. B iepBblIit sxe roa
paboThl AKCIETUITNS HalpaBWiIa OIUH OTPSI IO
pyxoBonctBoMm T.H. XKecTtkoBoit B ¢. MyxTyst (HbIHE
I. JIeHCK) ¢ 1memnpro n3ydeHus] HHKEHEPHO-TEOKPHO-
JIOTUYECKUX YCIOBUH Tpacchl aBTONOPOTrd MyXTysi—
MupHslid. B npouecce npoBeneHus 3TUX dKCIIEAu-
[IMOHHBIX paboT OBLIO YCTaHOBJIEHO, YTO 1O Mepe
npubmkenuss K p. Jlena mepsnora mpakTHYECKH
rcYe3aeT U Ha BBICOKMX OTMETKAX MOSBIISIOTCS CO-
CHOBBIE M KEJJPOBBIE Jieca BBICOKOTO OoHmTeTa. [lo-
9TOMY 110 JJaH A THBIM IIPU3HAKAM JJaHHAsl YacTh
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3ananHoi SIKyTum ObuIa OTHECEHA K 30HE OCTPOB-
HOH M MPEPBIBUCTON MEP3JIO0THI [7].

Ha mepznotHo-nanamadgTHON KapTe SKyTCKON
ACCEP [8] roxHas yacTh 3anagHou SIKyTHu BXOAUT
B [IpuneHckyro yBajaucTyI0 MPOBUHIINIO, CEBEPHAs
rpaHuila KOTOpOH MpOXOoaAuT 1o gojuHe p. Hios B
CpeIHEeM M HMKHeM ee TeueHuH. OHa OTHeceHa K
30He ocTpoBHOrO pazsutuss MMII, rae remmepary-
pa TOpHBIX MOPOJ BapbUpyeT B npeaenax ot 0 go
—1 °C. MomtHocTs ce3onHO0-Tanoro cios (CTC) u3-
MensieTcs ot 1,5 10 2,5 M, a Ce30HHOMEP3JI0ro — OT
2,5 10 3,5 M.

BrnepBrie neranbHbIE T€OKPUOIOTHUECKUE HC-
CIIEZIOBAaHUS B TIPEJeNiaX pacCcMaTpUBaeMOro paio-
Ha ObuTH TIpoBeneHbl B 1952 1. JIeHCKUM OTpsiioM
SIKyTCKOI HAyYHO-UCCIIEA0BATENBCKON MEP3JIOTHON
craniuu Uucturyta mepsnorosenenus AH CCCP
noxt pykosozctsoM B.W. busikosoii. B npenenax no-
muH pek Hros u Jlena 6put1 mpoOypeHs! Oomee aBaj-
LaTH CKBAXKMH C 3aMEPOM TeMIIepaTypbl OpPOI U
0TOOpOM MX 00pa3IoB HA BIAXXHOCTh. BepxHsis rpa-
Huia MMIT He Bcerna BCKpbIBaJlaCh CKBaXKMHAMU U
Ha 5TOM OCHOBaHHUH OBLIH BBIJICJIEHBI JIBa y4acTKa:
I0XKHBIN — OT ycThs p. ButuM npotsikeHHOCThIO 40—
45 KM M CeBEpHbIN — HUKE BIOJb . JIeHa.

[IpumepHO B 3TH K€ TO/bI IOJUHY BEPXHETO Te-
yenus p. Hwxkussa Tynrycka uzyyan H.A. I'pase. 1o
xapakrepy pacrnpoctpaneHuss MMII oH Bbigenun
TpH THIIa Mep30THl. K TpeTbeMy THITy UM OTHOCE-
Ha OCTPOBHAs MEp3J10Ta, NPUYypPOUEHHAS K JIUCTBEH-
HUYHBIM JIeCaM C TUIOTHBIM TOP(SIHO-MOXOBBIM TTO-
KpoBOM. MM OBLIO YCTaHOBIICHO, YTO OCTPOBA Mep-
37IBIX TIOPOJ Yallle BCTPEYatoTCs B HaANONMEHHBIX
Teppacax U UMEIT Temneparypy Menee —1 °C, a
MOIITHOCTH ux gocturana 30-40 m [9].

B 1953-1954 rr. Bnons p. Hios Beecoro3ubiv an-
pOreoI0rMYECKUM TPECTOM MPOBOJWINCE TE0JIO0T0-
ChEMOYHBIE PabOTHl. MeTO/I0OM BEpPTHKAIBHOTO dJIe-
KTPO30HAMPOBAHUS H3y4yajOoCh pacinpocTpaHEeHUe
MMII. [ns nonTBep)acHMs reo(hU3NUeCKUX JTaH-
HBIX OBLIO TMpOIeHo oKono 15 mypdoB rryOuHON
ot 1,5 10 3,5 M. Ananms kpuBsix BO3 u Mmatepuanst
TOPHBIX BBIPAOOTOK TTO3BOJIMIIN CAETATh BBIBOJ, YTO
JTAHHBIN PaliOH XapaKTepU3yeTCs paclpoCTpaHEHHEM
MHOTOJICTHEMEP3JIBIX TIOpoT ocTpoBHOTO THMA [10].
[IpumepHo Takue ke JaHHbIE OBLIM TOJYyYEHBI
W.A. TrorionoBbM [11] Ha neBoOepexbe p. JleHa,
rne MMII ¢ remneparypoit ot —0,2 no —0,7 °C npu-
ypo4eHbI K OpOBKaM HAATIONMEHHBIX TEPPAC U CHITb-
HO 3aTCHEHHBIM M 3a00JIOUYCHHBIM MOHUKEHUSIM.
AHalornuHele BBIBOALI ObUIM caenaHbl B.A. Mo-
madackuM B A.B. Mymunoii [12], KoTopsie IpoBOIH-

TN W3BICKATENbCKHE PabOTHI JIJISi CTPOHUTENHCTBA
Tpaccel aBTO0pOoru MyxTyss—MUpHBIIi.

TakuM 00pa3oM, B FOKHOW 4YacTH 3arajHOi
SAxytun B npenenax Jleno-Hrolickoro Bonopasnena
YCTaHOBJICHO OCTPOBHOE PacTIpOCTpaHECHUE MHOTO-
JeTHEMeP3TbIX TTopoa. OHH clararoT 3aTCHEHHBIE U
3a00JIOYCHHBIE YYaCTKH, a TaKKe HIKHUE YacTh
CKJIOHOB peK, py4YbeB, THUII U JIOTOB. Takue yJact-
KM Ha reokpurosiorudeckoi kapre [13, 14] oTHeceHsbl
K 30HE IIPEPBIBUCTOrO pacupocrpadenus MMIL

Wzydyennem 3akoHOMEpPHOCTEH (QOpMHUpPOBAHUS
CE30HHO-TAJIOTO CJI0S Ha TEPPUTOPUH FOIKHOUM HaCTH
3anagnoit Axytuun 3anumancs W.C. Bacumbes [15,
16]. On paznensin muenue M. Cymruna [17] o Ha-
JIUYHW B IEATEIHHOM CIIO€ TaK Ha3bIBAEMOTO TIepe-
XOHOTO CJIOSI B YCJIOBHSIX OCTPOBHOTO Pa3BUTH
MHOTOJICTHEMEP3JIbIX MOPOA. AHAIU3ZUPYS NaHHbBIE
MeTreoponorudyeckux cranuuii Jlenck, Hrost u Onek-
muHCK, .C. BacuibeB yCTaHOBUII CPOKHM Havdasa u
3aBEPILICHUS MIPOIIECCOB CE30HHOTO MPOTAUBAHUS U
CE30HHOTO ITpoMep3aHust TPyHTOB. Ce30HHOE TIpOoTa-
VBaHME MEP3JIBIX TOPOJ HAUMHAETCS B KOHIIE arpe-
JIs—HaJajie Masi U 3aBepIIaeTCs B KOHIE CCHTIOPSI—
Hauasie okTs0ps. [Ipu 3ToM Temn mporanBaHUsS OT
MaKCHMyMa COCTAaBJISUT B KOHIIE Masi, HIOHS, UIOJIS U
aBrycta cootBercTBeHHO 30—40, 50-60, 70-80 u
90-95 %. Ce3onHoe npomep3aHue IPyHTOB Hayu-
HaeTcs B Havalie OKTAOps U 3aBepIIaeTcsi B KOHIIS
MapTa — Havdasie anpens. DopMHUpPOBaHHUE CE30HHO-
MEP3IIOTO CII0S MTPOUCXOIUIIO B CIETYIOIIEM TEMIIE:
B KOHIIE OKTS0ps, HOSIOPsI, 1ekadpsi, sHBapsi, (eBpa-
I, ¥ MapTa cootBeTcTBeHHO: 15-20, 3540, 55-60,
70-75, 85-90, 95-98 %. [lomHoE TIpOTaNBaHUE Ce-
30HHOMEP3JIOTO CJI0SI IPOUCXOIUIIO B KOHIIE UIOJS—
Hayaje aBrycra.

MesXrooBoi pazdpoc MOIIHOCTH CE30HHOMED-
3JI0TO CIIOS IO HaOmoneHusM 3a 1964—1968 1T. Ha
IUIOIIAKE MeTeoCcTaHuU JIEHCK cocTaBiIsa £87 cMm
mpu cpenHeit momrHocTH 354 cM. Peskoe yBenmde-
aue MouHoctd CMC B 1964—-1968 rT. cBSI3aHO C
YMEHBIIICHIEM BBICOTHI CHE)KHOTO TTIOKPOBA U TI0XO-
JIoNaHueM 3UMHUX ce30HOB. C cepenunbl 70-X 1o
nepBoif o0BUHBI 80-X To0B XX B. HAMETHIIOCH
YBEIIMYCHHE KaK OOIIET0 KOJTMYECTBA BBITAIAIOIIIX
arMOC(EepHBIX OCAJKOB, TaK U BBICOTHI CHEXHOI'O
mokpoBa. J[yist cBeZieHHs HANlOMHUM, YTO CpeIHee
rOZI0BOE KOJWYECTBO OCAAKOB B JTAHHOM PETHOHE
coctanisieT 350—450 MM, B OTAENIBHBIE TO/Ibl YMEHb-
masick 10 250 u yBenmuuasich 10 500 mm. Hau-
OospIas neKajHas 3a 3UMY BBICOTa CHEXKHOTO TI0-
KpoBa B cpenHeM cocranisier 50-60 MM mpu pasz-
opoce ot 30 mo 80 cm.
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B o0o6maronux paborax, XapaKTepu3yHOIIUX
Cpenntoro Cubups [18, 19], 1oxHas gacTs 3anaaHoi
SIkyTUn XapakTepusyeTcs Kak TePPUTOPHUS OCTPOB-
HOTO Pa3BUTHUS MHOTOJICTHEMEpP3JbiX mopox. [lpu
XapaKTePUCTUKE IOKHBIX PAaHOHOB KPHUOJIUTO30HBI
MEp3JIOTOBE/IBI 9aCTO MOJIB3YIOTCS MaTeprallaMy Te-
oborannueckor uaaukayu [ 18-22] u gp. [lo atum
paboTam pacnpocTpaHeHHe TaJlbIX TIOPOJ MAPKUPYeET-
Csl TI0 Pa3BUTHIO CMENIAHHBIX BHICOKOOOHUTETHBIX
MIPSIMOCTBOJIBHBIX JIECOB U3 Kellpa, COCHBI, OCUHBI,
€JIM, JIMCTBEHHUIIBI U Oepe3bl BBICOTOH Ooiiee 24 M,
IJe B MO/JIECKe NPUCYTCTBYET psiOWHA, a B HAIOY-
BEHHOM ITOKPOBE - IJIayHBI KypOIIAaTOYUN W CILITIO-
LICHHBIHM, BCTPEYaeMOCTh Kellpa MPH 3TOM COCTaB-
nset He MeHee 10 %. B cmemanHoM necy, npu Ha-
JTUYAA KeApa B cocTaBe apeBoctoss mMeHee 10 %,
CBUJICTEIBCTBYET 00 OTHOCUTEILHO XOJIOJIHOM €ro
MecTooOuTanuu. Ha Takux yyactkax MOTyT (UKCH-
pOBaThcsl Tak Ha3bIBaeMbIE MEPEXOIHbIE CE30HHO-
Mep3JIbIe CIIOH.

3akaouenue

IO0xnast yacTp 3amamHoi SIKyTHH OTHOCHTCS K
30HE OCTPOBHOTO PACHPOCTPAHEHMS MHOTOJIETHE-
Mep3TbIX Topoj. OcTpoBa Mep3JIbIX MTOPOA B OCHOB-
HOM BCTPEYAIOTCS B USTBEPTHUHBIX AJLTFOBHATBHBIX
OTJIIOKEHHUAX HU3KUX Teppac. [IpuypodeHbl OHH K
BEPXOBBIM C(ParHOBBIM 00JIOTaM, MOXOBBIM €pHU-
KaM, JJUCTBEHHUYHBIM 3€JICHOMOIIHBIM peIKoJie-
ChsIM M C()arHOBBIM JIMCTBEHHUYHBIM penuHam. Kak
W3BECTHO, B paiflOHaX OCTPOBHOTO PACTIPOCTPAHEHHS
MHOTOJICTHEMEP3IIBIX MTOPOJT CTPOUTEIHCTBO JIMHEH-
HBIX COOpYXEHHI MMeeT cBoio cnenuduky. CmeHa
YUYaCTKOB C Pa3HBIMU HH)KEHEPHO-T€OJIOTNYEeCKUMHU
YCIIOBUSIMH TIPOUCXOJIHT 3/IeCh BechbMa pe3ko. B cBsi-
3M C 9THM Ha TaKUX y4acTKaX HeoOXOAMMO MPOBO-
JUTh JCTAbHBIC HHKCHEPHO-TCOKPUOIOTHICCKHE
HCCIIEJIOBAHUS C [ENIBbI0 PAHOHUPOBAHUS U COCTAB-
JICHUSI CMICIIMATU3UPOBAHHBIX HHKEHEPHO-TCOIOTH-
YECKHX M TEOKPHOJIIOTHYECKUX KapT, MO3BOJISIOLINX
OLICHUTH YYBCTBUTEIBHOCTH (MJIM YCTOHYHUBOCTD)
TEPPUTOPHH K TEXHOTEHHBIM Harpys3kam. Mmes Ta-
KHe JJaHHBIC, YK€ Ha CTAJNH TPOSKTUPOBAHMS MOX-
HO J1aTh [IPE/IBAPUTEIbHBIC PEKOMEHIAINH 110 HHKe-
HEpPHOH 3allUTe COOPYKEHHUSI OT MPOSIBICHHS Orac-
HBIX KPHOTEHHBIX TPOIIECCOB.
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On the geocryological studies on the southern part of western Yakutia
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Abstract. The article examines the geocrylogical studies of the southern part of Western Yakutia, the
territory of which is adjacent to the area of well-developed diamond deposits of Yakutia. The geocrylogical
conditions of diamond deposits have been studied in detail. In mostfields, the presence of a deep cryolithozone
with a non-stationary temperature field was revealed. Cryolithozone thickness drastically decreases in the
southern direction and passes into island and intermittent cryolithozone. In this regard, the transition zone
requires additional geocrylogical study. In addition, there is currently intensive development of oil and gas
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fields in the south of Western Yakutia. Most of the hydrocarbon transportation and processing facilities are
located at the territory representing the zone of island and intermittent spread of permafrost rocks. While
the main task of engineering and geocryological research in the continuous permafiost zone is to study the
morphology and temperature of cryolithozone, in the areas under study the problem of identifying ‘islands’
of permafrost rocks and assessing their cryogenic structure becomes particularly relevant.

Key words: geocryological conditions, permafrost rocks, hydrogeocryological research, island and in-

termittent permafrost, the depth of seasonal thaw.
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I/ImlceHepHoe OCBOE€HHE HU3KHUX NMOMM PE€K KPUOJIHUTO30HBbI
moJa rpazkIaHCKoO€ CTPOUTEJIbCTBO: OIIBIT, HpOﬁJIeMbI, NMEPCIIEKTUBLI
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Annomauusn. Paccmompen onvim 6036e0eHuUsI HAMbIGHBIX MACCUBOE SPYHING 8 YCA0BUAX KPUOIUNOZ0OHDL
OJ15 PA3IUYHBIX UHIICEHEPHBIX COOPYHCEHUN: OCHOBAHULL 2A30HEDMAHBLX, NPOMBIULLIEHHBIX U SPANCOAHCKUX
00beKmo8, 2PYHMOBbIX 2UOPOMEXHUYECKUX COOpYHCeHULl, opoe u opyeux. Ocoboe HuMaHue yoeieHo mex-
HONO2UU NPOU3BOOCEA PAOOM NO CO30AHUIO OCHOBAHUSL HAMBIGHBIX SPYHMOBHIX MACCUBOE HA HUKOU NOU-
me p. Jlena noo sicunou komnaexc e. Axymcex (keapmanwt 202 u 203). [lpusedensvl pesyniomamol ucciedosa-
HULL OUHAMUKU 2e0KPUOTOSUYECKUX YCIIOBULL IMOU MEPPUMOPUU 8 NPOYecce MHO20emHell IKCNLyamayuu
30aHUl U UHIICEHEPHLIX coopycenull. Buisisneno, umo na donvwer yacmu meppumopuu 202 xeapmana
2. Axymcx, 3acmpotixa komopozo nposoounace 6 1980-1990-x cooax no I npunyuny, 6 Hacmosiwee epemst
ZPYHMbL UMEIOM NOA0NCUMETbHble memnepamypul 00 enyournst 10 m u 6onee. Ha meppumopuu 203 xeap-
mana Haomep3Lommuvle 6000HOCHbBIE MANUKU, CHOPMUPOBABLUULECS NPU NPOBEOEHUU 2UOPOMEXAHUIUPOBAH-
uoix pabom 6 1990-x cooax, cnycms 30 1em npodondicaiom nogcemecmuo cyuwecmsosams. Paccmompenivi
gakmopul, cnocobcmsyowue CoOXpaneHuo Ha0Mep3nomusbIX MAIUK08 8 meie U OCHOBAHUU HAMbBIGHBIX Nec-
yanelx maccugos. K enaguvim ghaxmopam, onpeodensiomum Gopmuposanue memnepamypHo20 nois epyH-
mMo8, omueceHvl 0cobble meniogusuuecKue C8oUCMEa 00e380H#CeHHbIX HAMbIEHbIX NECKO8 8 8ePXHell Yacmu
paspesa u cuopozeonozuieckue yciosus meppumopu. IlIpoanaiuzuposansvt 0CoOeHHOCmu U NepCneKmuesl
UCTIONB30BAHUS HAMBIEHBIX 2PYHIOE 8 KA4eCMEe OCHOBAHULL COOPYHCEHUL U NPUHYUNBL CIMPOUMETbCMEA Ha
HUx. /][5l KOHMPONA u paspabomr 000CHOBAHHBIX PEKOMEHOAYUll O 0OeCcnedeHuio YCmouyu8oCmu coopy-
JHCeHUL PEKOMEHOOBAHO OP2AHU306AMb KOMNJLEKCHBIU 2e0KPUOTOSULECKULL MOHUMOPUHS, SKAIOYAIOWUL U
9KONI02UYECKUE ACNEKINbl 83AUMOOCICTNEUS MEXHOLEHHBIX CUCTHEM C OKpYAHCalowell cpeool.

KuroueBbie cji0Ba: KpHONIUTO30HA, TPYHT, OCHOBaHUE, TIOMa PEKH, HAMBIBHOW MacCHB, MHOTOJIETHE-
Mep3IIbIe TIOPOJIbI, TEMIIEpaTypa, CTPOUTENLCTBO, 3JJaHNE, COOPYKEHUE, MOHUTOPUHT.

bnazooapnocmu. Vccnedosanue 6binoiHeHo npu 4acmuyHol nodoepixcke PODOU (npoexm Ne 20-
05-00670).

BBenenune

Topon fIkyTck — cTapeHiuuii U caMblil KpyTHbBIN
B KpPHUOJIUTO30HE, PACIIOJIOKEH Ha JIEBOM Oepery
cpennero Teuenus p. Jlena (puc. 1). Ero muromans
donee 122 xm?, a Hacenenue Ha 01.05.2019 . co-
craBisiroT Oonee 318 Thic. uenoBek. B ceHTsaOpe
2020 r. ropon otmeTut cBoe 388-nerue. MIHTeHcus-
HbIH pocT ero HaceneHus ¢ 1970-x rogoB u aedu-
UUT TOAXOMSIINX O HHKEHEPHO-T€OTIOTUYECKUM
CBOMCTBaM CTPOUTENBHBIX IUIOMAI0K TTOTPeOOBaIN
MTOMCKA HOBBIX IUIOMIAJCH VIS PACIIUPEHUS CEIu-
TeOHOU TeppuTopuu. B CcBsI3U ¢ 3THM BCTaj BOIIPOC
00 MCTIOIB30BaHUH JIJIST CTPOUTENIECTBA HU3KOH Tep-
purtopuu noimsel p. JIlena. IHxeHEepHYO IOATOTOB-
KY TEPPUTOPUH PELIUIA OCYILECTBUTH C MOMOIIBIO Puc. 1. O6mwmii Bua r. SAxyrcka (suBaps 2020 r).
CO3JIaHHMA MacCHBa I'PyHTa METOJIOM T'HIPOMEXaHH- Fig.1. General look of Yakutsk (January 2020).
3aIMK KaK HanboJjIee IeMIeBOro Crocooa.
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P.B. WKAH u nap.

K nacrosiiemy BpeMeHU B MONMEHHON U MpH-
OpexHbIX YacTsX p. Jlena B . SIKyTCK IOCTPOEHBI U
IKCIUTYaTUPYIOTCA CIEIYIOLINE COOPYKeHH: SIKyT-
ckas TOLI, Bo3Benennas B 30—40-x rogax mpormuio-
IO CTOJIETHS; IPUYAIIbHBIE CTEHKH U 3/JaHUE PEUHO-
ro HOpPTa; 3aBOJl [0 PEMOHTY TSDKEJIONW 3eMiIepoii-
HOM TEXHWKH; TOPOACKas aaM0a; Orpaskaroline
[IPOTHBOIIABOJIKOBBIE JaMOBI; JIBAa KHJIBIX MHUKPO-
paiiona — 202 u 203 kBapTaibl ropoaa. Bce o0Obek-
ThI, kpoMme 203 kBapraja, ObUIH 3aIPOCKTUPOBAHEI
Y IOCTPOEHBI 1O | MPUHIUITY HCTIOIb30BaHUS TPYH-
TOB B KQU€CTBE OCHOBAHMUA. DTOT MPHUHLMUI MOJPA-
3yMEBAET, YTO HaMbIThIE U MOACTHUIIAIOLINE TPYHTHI
JOJDKHBI HAXOAWTHCA B MHOTOJIETHEMEP3JIOM CO-
CTOSHUHU B TMPOIIECCE CTPOUTENIHLCTBA U B TEUEHUE
BCETO MEPHOAA IKCIUTyaTalluu coopykeHuid. OnHaKo
B IIPOLIECCE MHOTOJIETHEH 3KCIUTyaTaluy 110l MHO-
UMM BBILICTICPEUHUCICHHBIMUA OOBEKTAMU TPYHTHI
OCHOBaHMH MOCTENEHHO MPHOOPENN MOJIOKUTEIb-
HYIO TEMIIEPaTypy U HCIIOJIb3YIOTCS B OTTasHHOM
i orrauBatoieMm cocrosauu (I mpunmwm). Ipu-
YMH W3MEHEHHsI CTPOUTENIBHOTO MPUHIMIA HCIIONb-
30BaHUsI [PYHTOB MHOI'O: TEXHOTCHHBIC YTEUKU KOM-
MYHQJIBHBIX U CTOYHBIX BOJ IOJ 37aHHS U COOPY-
KEHUS; HHPUIBTpAUs aTMOC(EpHBIX OCAJKOB B
OCHOBAHHUE COOPYKCHHI; BEICOKHE OTPHLIATEIIbHbIC
TeMIEepaTypbl TPYHTOB Ha MOWMEHHOM TEPPUTOPHUH;
TUIpaBINYEcKasi CBA3b TOPOACKOM MPOTOKH C OC-
HOBHBIM pyciioM p. JIeHa; oTeruistoliee BIUsSHUE Ha-
MBITOI'O MacCHBa Ha TEMIICPaTypHbIH PEXXUM I'PyH-
TOB OCHOBAHWSI; MMPOIIECCH KPHOTEHE3a, B Pe3yJIbTa-
TE KOTOPOTO M3MEHSIOTCS (PU3UKO-MEXaHHUECKHE
IIPOYHOCTHBIE CBOWCTBA HAMBITOIO IPYHTOBOTO Mac-
cuBa u Apyrue. Kak mokasanu nW3bICKaHUs, HHXKeE-
HEPHO-T€OKPUOJIOTUYECKUE YCIOBUS HU3KOM TOMMBI
1 MpUJIeramolueil NepBoi HaANMONMEHHON Teppacsl
OKa3aJIMCh JOBOJIBHO CIIOKHBIMH, OCOOCHHO THAPO-
re0JIOTUYECKHE — M3-32 MHOTOYUCIICHHBIX THIPO-
TE€HHBIX TAJIHUKOB Pa3IMYHON MOHIHOCTH. OCHOB-
HOH 3a/1a4eii BBIITOJIHEHHBIX UCCIIEIOBAHUH SBISIOCH
0000ITIeHIEe PE3YITBTaTOB UCCIICIOBAHUN ITPOIIECCOB,
MIPOMCXOISIINX B TEJIE€ U OCHOBAHWHU HAMBIBHBIX Mac-
CHBOB, Ha KOTOPBIX BO3BEAECHBI HEKOTOPHIE U3 BBILIIE-
YIIOMSIHYTBIX COOPYKEHHUH.

OnpIT CO31aHUA HAMBIBHBIX MaCCUBOB
B KPHOJHUTO30HE U HCIIOJIb30BAHUE UX
B KauecTBe OCHOBAHMH coopymennifl

Cnoco0 Bo3BeAEHNS 3eMIITHBIX COOPYXKEHHUH cpet-
CTBaMHM THIPOMEXaHU3aIlMN BHE 30HBI pacIpOCTpa-
HEHUSI MHOTOJIETHEMEP3JIBIX TIOPOJI U3BECTEH JaBHO
1 YCIICIIHO MPUMEHSETCS KaK 3a pyOe:KoM, Tak U B

Poccuu [1-4]. DToT criocob UCTOIIB3yeTCsl IPU CTPO-
UTEILCTBE CYAOXOIHBIX U UPPUTAIIHOHHBIX KAHAJIOB;
THOYTITyOJIEHUH PEK; BO3BEICHWW IUIOTHH W ped-
HBIX COOPYKEHUIT; TOObIYe CTPOUTEILHBIX MaTepu-
aJIoB — IIECKa U TpaBusl; yCTPOICTBE MOJIOTHA JOPOT
Y OCHOBaHWH B3JIETHO-ITOCAJIOYHBIX TTOJIOC, & TaK-
K€ MPU UHKEHEPHOU MOJTOTOBKE TEPPUTOPUIN I
CTPOUTEIBCTBA MPOMBIIIIEHHBIX U T'PAKIAHCKHUX
3nanui [5-10].

Y4uuThIBas aKTHBHOE OCBOEHHE KPHOJIMTO30HBI
Poccun B xon1e XX — nagane XXI BekoB, HaMeTH-
JMCh OONBLIME MEPCHEKTUBBI IPUMEHEHHS THAPO-
MEeXaHU3alliH TIPH CO3/IaHUU OCHOBAaHUH COOpYKe-
Huit. OJJHAKO cIeyeT OTMETUTb, YTO 0000IIAIOIINX
TPYJOB, B KOTOPBIX pacCMaTpHBAETCs OMBIT BO3BE-
JICHHSI COOPYKEHUW B KPUOIUTO30HE METOJIOM TH-
IpOHAMbIBA, BeCbMa Mayo. MMeroTcs OoTAenbHBbIC
nyONnMKanmuKu M3 OMbBITa BO3BEACHHUS HEKOTOPBIX
ruzapoysios [11, 12] u coopykeHuil MH)XeHEepHOU
ITOATOTOBKH MPHU 0O0YCTPONUCTBE ra30HE(PTIHBIX Me-
cropoxaeHuii B 3anagnoit Cubupu [13-15] u B T.
SIKyTCK IIpH CO37JaHMH MCKYCCTBEHHBIX OCHOBAHUI
T10JT TIPOMBIIIJICHHBIE COOPY)KEHUSI M TPaXK/TaHCKHE
JKUJIBIe KOMITIEKCHI [16—19]. B mporiecce peanmsa-
LUK ATUX TPOEKTOB OBLIN PELIECHBI P Ter1o(hu3u-
YEeCKHUX 3aj1a4 110 TEXHOJIOT MU HaMbIBa, ()OPMHPOBA-
HUIO TEMIIEPaTyPHO-BIAXHOCTHOTO PEeXAMa TPYyH-
TOB IUIOTHH B IPOLIECCE BO3BEACHUS U PsijI APYTHX
TEXHUYECKUX 3a7ad. DTH UCCIICAOBAHUS 3aJI0KIIN
OCHOBBI HCITONTb30BaHMSI METOAA THAPOMEXaHU3a-
LMW TPY CTPOUTEIHCTBE TUIOTHH B KPHUOJIUTO3OHE.
[To nmanubiM 3AO «YpeHroWruapomexaHu3aus»,
3a nepuon ¢ 1978 mo 2006 . B T€NO pa3iIUuHbIX CO-
opykeHnid B 3amamHoil CHOWpPH YIIOKEHO CBEBIIIIE
116,9 mn. M necuano-rpaBuitHoro Marepuana [18].
B r. SIkyTCK nIpy MH)KEHEPHOM MOATOTOBKE OCHOBA-
HUH COOpYyXeHUH (PEUHON MOPT, 3aBOJ [0 PEMOHTY
3emiepoitHoi Texauku, 202 u 203 Kuible MUKPO-
paiioHbl) 00bEM HAMBIBHOTO TPYHTA COCTABUI OKO-
710 800 ThIC. Mj.

YenemHoMy NPpUMEHEHUIO THAPOMEXaHU3auU
JUTSI CTPOUTENBCTBA B YCIOBHUAX KPHUOIUTO30HBI CITO-
cOOCTBOBAJIM HAYYHO-TIPAKTUUECKUE UCCIICAOBAHUS,
KOTOpBIE Pa3BUBAIUCH B CIEIYIONIUX HAmpaBlie-
HUSX: MIOMCKHU U pa3BeKka MECTOPOKIACHUN CTPOH-
TENBHBIX MaTepHAIIOB, TIPUTOIHBIX IS Pa3padOTKU
(mecok, rpaBuii); co31aHNE MEXaHU3MOB U METOJIOB
pa3paboTKu KapbepoB; 000CHOBAHUE U CO3/IAHUE Te-
IUIOTEXHHYECKUX OCHOB TEXHOJIOTHH JIOOBIYH CTPO-
WTEJIBHBIX MaTEepHalIOB U pa3paboTKa TEXHOJIOTUH
BO3BEJICHUS HAJIS)KHBIX COOPYKEHUU C yIeTOM Ha-
MPaBJIEHHOTO (POPMUPOBAHUS X YCTOWIMBOTO TEM-
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WHXEHEPHOE OCBOEHME HU3KUX ITOMM PEK KPUOJIMTO30HbI

MepaTypHO-BIKHOCTHOTO PEKKUMA B CYPOBBIX MPH-
POIHO-KIIMMATUYECKHUX YCIIOBUSIX, BKIIFOYAsT PaOOThHI
B 3uMHMI niepuon [20-22].

Kparkue npupoaHo-KiIuMaTu4eckue
U MHKEHEPHO-TEOKPHOJI0TrHYeCcKHe YCI0BH S
HHM3KOi1 MoiiMbI p. JIeHa 1 HAMBITOI0 MaccuBa
B I. AIKyTCcK

CoBpeMeHHBIE TPUPOIHO-KINMATUYECKHE, HH-
KEHEPHO-TCOKPHOJIOTHYECKUE, THIPOT€OJIOTHYECKUE
YCIIOBUSI HU3KOH MoiMbI croxHble. Kiumar paliona
PE3KO KOHTMHEHTAJIBHBIH: aMIUIUTYa MEKAYy MUHHU-
MaJIbHOM M MakCHUMalbHON TeMIEepaTypoi BO3Ayxa
pasHa 102,8 °C. C 1980-x IT. cpemHss TOmoBasi TEM-
neparypa Bo3/1yXa B CBSI3H C HOTEIUICHHEM IOBBICH-
nack Ha 3 °C u cocraBisieT B HacTosee Bpemsi —7 °C
(puc. 2). KonmuecTBO arMoC(epHbIX 0CaJIKOB HEeBe-
JIUKO — OKOJIO 250 MM.

Jlena — xpynHelnas paBHUHHAsI peKa KPHUOJIU-
To30HBI. Ee romoBoil ruaporpad oriudaeTcs HH-
TEHCUBHBIM MOJIbEMOM (10 7—11 M) ypoBHS BOIBI
BO BpeMsi BECEHHETO IMOJIOBOAbS U MOCIEAYIOIIH-
MU JOXKJEBBIMH MaBOJKAMHU B JICTHHE U OCEHHHE
Mecsnpl. [lupokas noiiMa B mepuoj MOJOBOIbS
3aramnuBaercd. Pycino p. Jlena B paiione r. SIkyTck
MHOTOPYKaBHOE, TOABEPKEHO pa3HOHAIPAaBIICH-
HBIM CMEIIEHHSM M OCIIO)KHEHO MHOTOYUCIICHHBIMU
ocTpoBaMy. MOIIHOCTh MHOTOJICTHEMEP3JIOH TOJILIH
Ha ocTpoBax gocturaer 320 M, a B OCHOBHOM pyciie
p. JIeHa BO3BMOXKHO HallMyre CKBO3HOIO Talluka. Tem-
reparypa MHOTOJIETHEMEP3JIbIX TPYHTOB H3MEHSIeTCS
ot 0 1o -2 °C, Tameix — oxomno +0,5 °C. Kopenusie
OPOIBI (FOPCKHE NECUAHUKH, aJIEBPOINUTHI U aprul-
JINTHI) 3ay1eTaroT ¢ rmyonasl 60—-80 M 1 mepeKpsI-
Ta YETBEPTUUHBIMH OTJIOKEHUSIMHU (Pa3HO3EPHHUCTHIC
MIECKH, I'PAaBU, CyNecH, CYIJIMHKU) 10 TIyOUHBI

20-23 M. IlepexonHas 30Ha MeXAy KOPEHHBIMH I10-
poIaMH M YETBEPTHYHBIMHU JHCTIEPCHBIMH aJLUTIOBH-
aNbHBIMM OTJIOXKEHUSMHU MPECTaBIEHA pa3pyllIeH-
HBIMH TIOPOIaMU KOPEHHOU OCHOBBI.

Oco60 criemyeT yka3arh Ha CIIOKHBIC THIPOJIO-
TO-TUJPOr€OJIOrMYECKUE YCIIOBUSI HU3KOW MOWMBI
p. JIena B paiione 1. fIkyTck. [lepen ocBoeHneM tep-
pUTOpHS TIPEACTaBisia cOO0W HHU3KYIO TOHMY, Tpa-
Huyanryto ¢ I'oposckoit mporokoit p. Jlena. Ha noii-
Me ObLT0 OOJBIIOE KOTMYECTBO CTAPUIHBIX H TEPMO-
KapCTOBBIX 03€p, KOTOPhIE YACTHYHO HITH TIOJTHOCTHIO
3aTaIuIMBajINCh BO BpeMs TojoBonuii. Pennped moii-
MbI B OCHOBHOM TIJTIOCKHH C BBITSHYTBIMU IPUBAMU U
MOHMKEHUAMH. YUaCTKU MEKAY TPHUBaMH ObLIH 3a-
0O0JIOUEHBI WK 3aHATHI CTAPOPEUbSIMHU, UMEIH TITy-
Ouny 110 3 M u JuiuHy 110 1-1,3 kM. MotHocTh Tau-
KOB Ha €)KErojIHO 3aTOIJIsIEMOM MoiiMe cocTaBisiIa
4,2-9.0 m u Gomnee. MHKEeHEPHO-TEOKPUOIOTHYIE-
CKHeE pa3pe3bl HOMMEHHON TEPPUTOPUH XapaAKTEPH-
30BaJIUCh HAJIMYMEM B HUX MEP3JbBIX TOJII CIUBA-
IOIIETOCS U HE CIIMBAIOIIETOCS THIIOB, 4 TAKXKE HO-
BOOOpa3oBaHHBIX Mep3aeix mopox (puc. 3). Iloxg
poTokamu p. JIeHa pa3BUTHI HAAMEP3JIOTHBIE TH-
JIPOTEHHBIE TATUKUA MOMIHOCTHIO 10 30—-60 M.

OcHOBHBIE O0BEMBI TI0 HAMBIBy TEPPUTOPUHU
HU3KOU TOMMBI 1Ton 3acTpoiiky 202 u 203 kBapra-
JoB T. SIkyTck ocymectBiasuiick B 1978-1988 rr
B 1990-1992 rr. u B 2012 1. 1OMBIBAJIM HEIOCTAIO-
e o0beMbl 203 KBapTayia TpyHTaMH PyCIIOBOTO
aJuTIoBUs. MOIITHOCTh HAMBITON TEXHOTE€HHOM TOJ-
M coctaBmia ot 8,5-10 M Ha rpuBax u Npupycio-
BbIX Bajax 10 12—-14 M Ha ydacTKax CTapUUHbIX
03€ep U pyced.

[Ipu HaMBIBHBIX paboTax CTapUYHBIE O3epa C
HaJMEP3IOTHBIMA BOJOHOCHBIMU TaJIMKaMU OBLIN
rmorpeOeHbl, a Ha MEXO3EPHBIX MPOCTPAHCTBAX 3a
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Puc. 2. MHOTOIETHSISI H3MEHUMBOCTE CPEIHEH rooBoii Temneparypsl Bo3ayxa (°C) (1830-2019 rr.) mo mereocTaHnnu SIKyTCK.

1 — HabOmroIeHus, 2 — TIOJIMHOM.

Fig. 2. Long-term variability of mean annual air temperature (°C) in 1830-2019 years at the meteorological station of Yakutsk.

1 — measurements, 2 — polinomial.
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Puc. 3. ®parmenrt cxemsl I. SIkyTcka (@) u ['eokpronornyeckas cxema moiMeHHOH Tepputopud p. JIlens B nepron Hambisa [ 18] (0):
1 — TeppuTOpHS TOpOJA Ha HU3KOH HAAMOWMEHHOI Teppace p. JIeHsl, 2 — MOiIMEHHO-HAMBIBHASL TEPPUTOPHS; 3 — CIMBAIOIIASICS
Mep3nora (moBepxHocTsh MMII coBmanaet ¢ HIDKHEH MOBEPXHOCTHIO CIOSI CE30HHOTO ITPOTaNBaHN ); 4 — HECITHBAIOMIASICS MEP3TI0-
Ta (moBepxHocTs MMII HaxoxuTest TIyO)ke HIDKHEH ITOBEPXHOCTH CJIOSI CE30HHOTO MPOMEP3aHUsl, MOITHOCTE TAJOTO IIPOCIIOS JI0
1.0-1.2 m); 5—6 — TanukH, IpHypOYCHHBIE K 03€PHBIM KOTJIIOBUHAM: 5 — MOIITHOCTBIO 710 10 M; 6 — MommHOCTEIO Gonee 10 M; 7 — mmox-
YHHEHHOE PaclpoCTpaHEHHE OTIEIBHBIX TAINKOB MOITHOCTHIO 10 10 M; 8 — noiiMeHHast yacTh p. JIeHa, nimaHupyemast 1o 3acTpoii-
Ky 203 kBapraina I. SIKyTCK.

Fig. 3. Fragment of the Yakutsk’s map and a sketch map showing permafrost conditions in the floodplain during hydraulic fill
placement [18]:
I — city area on the low above-floodplain terrace of the Lena river; 2 — reclamation floodplain area; 3 — vertically continuous per-
mafrost (the active layer reaches the permafrost table); 4 — vertically discontinuous permafrost (the permafrost table lies deeper than
the base of the active layer with a residual thaw layer of 1.0-1.2 m); 5—6 — taliks confined to lake basins: 5 — thickness < 10 m;
6 — thickness 10—-15 m; 7 — subordinate distribution of individual taliks <10 m thick; § — floodplain area planned for District 203
developmen.

CYET BBICOKOW TeMIepaTypbl MYNbBITBI MPOHU30IILIO
yoIyOJNeHue KPOBJIU MHOTOJIETHEMEP3JIBIX U TIOJ
6—8-MeTpOBOI1 TONIIIEH TEXHOTEHHOTO TpyHTa cop-
MHPOBAJIUCh UCKYCCTBECHHBIC BOJOHACLIIICHHBIC Ta-
JINKW MOIIHOCTBIO 10 3—5 M [18]. DTH TexHOTeH-
HbIC TAJIUKH COXPAHSIOTCS JI0 HACTOSIIETO BPEMEHU
(puc. 4). IloBepXHOCTh HAMBITOTO MacCHBa UMEET
cpenuue orMetku 9697 m. OOI1as ero miomnaab co-
crasiser 0,97 km?, U3 kotopbix 0,3 KM’ MIPUXOIUTCS

KOMITJIEKC HATYPHBIX, JJA0OPaTOPHBIX M IKCIIEPH-
MEHTaJbHBIX MCClel0BaHui. Pe3ynbrarsl 3TUX pa-
00T TOCTYXHJIN OCHOBaHHEM JIJisl BbIOOpa | mpuH-
LMIa CTPOUTENIbCTBA HA MOMMEHHO-HAMBIBHOM TEP-
putopuu r. SIkytck [18]. B kauectBe QyHmaMeHTOB
JUTST KUITBIX JJOMOB OBLITH TPEIJIOKEHBI CIIeTyIOIINe
WX THIIBL: XKeJIe300€TOHHBIE CTON0YAThIE («KOJIOHHBI
¢ 6ammaxom»), CBaifHbIe U IJIUTHBIE. B pesynbsrare

Ha 202 xBapran u 0,67 km? Ha 203 kBapra (puc. 5, 6).

PeSyJ'lBTaTBI T€OKPHUOJOTrHICCKUX nccnenonsamn‘/i

ITepen maccoBoii 3actpoiikoir 202 kBaprana T.
SIKyTCK, BBUy OTCYTCTBHUS OIBITa UCTIOIH30BAHUS
HaMBIBHBIX TEPPUTOPUN CO CIOKHBIMU MEP3JIOTHO-
THIPOTEOIOTHYECKUMU yCIOBHUSIMH, OBLIT TIPOBE/ICH
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HATYPHBIX HMCIBITAHUN OCHOBHBIM THUIIOM (yHa-
MEHTOB TpHu 3acTpoiike 202 kBaprasia ObUTH NPHHS-
ThI CTOJIOUAThIC, YCTAHOBIICHHBIC HA ()YHIaMEHTHBIC
IJTUTHI, CMOHTHPOBAaHHbBIE Ha MEOCHUCTOM MMOATO-
ToBKe Ha TTyonHe 4,0—4,5 M BBIPBITOTO KOTIIOBaHA
(MorHOCTE HaMBITOTO MaccuBa 12—13 M) [18]. Mon-
TaX Takoro (yHIaMEHTa I0Ka3aH Ha pHC. 7.
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NuTtonornue-| Becosas BnaxHocTb, % Temnepartypa, °C

CKMI cocTaB

my6uHa, m

- 22.04.2015 = 16.10.2015
18.05.2015 ——— 17.02.2015
15.06.2015 ——— 24.03.2015
— 03.07.2015
——— 18.08.2015
— 21.09.2015

Puc. 4. I'eokpronornueckoe CTpoeHe 1 M3MEHEHHE TeMIIepaTyphl IPYHTOB Ha y4acTKe MOrpeOSHHOTO yBaja:
1-3 — nuTosoruuecKuil cocras nopox: / — TEXHOICHHBIN I'PYHT, IIECOK CpeqHUl, 2—3 — aJIIOBUAJIbHbIE OTIOKEHUA: 2 — IIECOK
MEJIKHUif; 3 — IeCOoK cpetHuii; 4 — KpOBIIs MHOTOJIETHEMEP3IIBIX TIOPOI; 5 — IPAHULIA CJI0S CE30HHOTO TPOMEP3aHHst; 6 — BOJOHOCHbIN
TOPU3OHT; 7 — MHTEPBAJI CE30HHBIX KOJIEOaHUH yPOBHS HaIMEP3JIOTHBIX BOJ.

Fig. 4. Geocryological structure and temperature ground variations in the areas of buried bars:
1-3 —Soil lithology: / — made ground (medium sand), 2—3 — alluvial deposits: 2 — fine sand; 3 — medium sand; 4 — permafrost table;
5 —base of the seasonal freezing layer; 6 — aquifer; 7 — zone of seasonal groundwater level fluctuations.
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Puc. 5. O6mwuit Bua 202 kBapTan ¥ HAaMbITasi CTPOUTENNbHAs TTomaaka 203 kBaprana I. SIKyTcka B mepHo[ maBojka Ha p. JleHe B
Mmae 2005 1. (kpacHbIi psMOyTonbHUK — Tepputopust 203 kBapraina). ®oro A.H. I{eeBoii.

Fig. 5. General look 202 district and the reclaimed floodplain for 203 district in Yakutsk during a flood period on the Lena river,
May 2005 (the red rectangle represents the territory of the 203rd district). Photo by A. N. Tseeva.
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Puc. 6. Pa3zpe3 Toimy HaMBIBHBIX TPYHTOB JI0 TITyOWHBI
3,5 m Ha Tepputopun 203 kBaprana. ®oro A.JI. JlobaHoBa.

Fig. 6. Section of hydraulic fill to a depth of 3.5 m in the
203 district. Photo by A. L. Lobanov.

KonTponbHble U3MEPEHUs] TEMIEPATYPhl I'PyH-
TOB B T€JIC¢ U OCHOBAaHUU HAMBITOI'O MacCUBa MOCJE
BO3BEJICHHS YacTH 3/1aHUI M COOpYKEHMH Ha Tep-
putopun 202 KkBapTana Mokasajiu, 4TO MPOU30ILI0
OTTauBaHHE MEP3JIbIX TPYHTOB B TpUBax Ha 3—5 M U
Ooriee, a TakKe HEKOTOPOE MOBBIIICHUE UX TEMITEpa-
Typbl. CAUTANIOCh, UTO 9TO CITyYHIIOCH M3-32 HapyIIe-
HUSI HOPM SKCIUTYaTalliH CTPOUTEITBHOTO KOMILIEKCA.
OnHaxo, He pa3 CIIy4aInCh aBapUHHbBIE YTEUKH BOBI
13 TEIUIOBBIICISIIONINX UHXXEHEPHBIX CETEH B 3TOM
MHUKpOpalioHe yke B Ipoliecce dKCIUTyaTaluu IMo-
CTPOCHHBIX 3MaHui. MecTaMu Takue yTeUKH IPUBO-
JIVJTH HE TOJIBKO K MOJTHOMY TastHUIO HOBOOOPA30BaH-
HBIX MCP3JIBIX TOJII, HO U K ITOBBIIICHUIO TEMIICPATY-
PBI KaK HAMBITBIX, TaK M MOACTUIAIOIINX TPYHTOB 710
BBICOKHX TIOJIOKUTENBHBIX 3HaueHUH. Tak, 1o xu-
JIBIMH 31aHusIMHA Ne 6, 7 1 geTckoro caga Ne 26 Mak-
CHMaJbHasl TeMIeparypa TpyHTOB Ha riyomHe 10—
14 m nocturana 40 °C [18]. D10 HaDIAIHBINA TIPUMED
TEXHOTEHHOTO MPECCHUHTa Ha TeOKPUOJIOTHYECKHE
yCIIOBUSI.

MOHMTOPHHT TEMIIEPATYPHOTO MO STOW HOBOM
MPUPOJIHO-TEXHOTEHHOM CHUCTEMbI, BBIMOIHSAEMbIN
Wnucturytom mep3notoseaenns CO PAH (MM3 CO
PAH), mokazan, 9To B HacTosiee Bpems Ha TeppH-
Topun 202 KBapTana cIoi CE30HHOIO MIPOMEpP3aHus
TPYHTOB UMEET 3[1€Ch MOIIHOCTh oKkoo 4,5 M. Han-
MEp3JI0THBIE cy0Oa’palibHble BOJAOHOCHBIE TaJTHKH
pOCIeKUBaOTCS myoke 10 M, JHIIb B OTJCIBHBIX
Mecrax Ha niyOuHe 5 M 3ad)MKCUpOoBaHO 00pa3oBa-
HUE JINH3 MHOTOJIETHEMEP3IBIX MOPOJ] CO CpeaHen

Puc. 7. MonTax cronduaroro gyHnaMeHTa JeBITHITAXKHO-
ro »xkmnoro goma Ne9 na teppuropun 202 xBaprana r. SIkyTcka
23 mas 1988 . doro P.B. Ukana.

Fig. 7. Foundation posts mounting of the nine-storey resi-
dential building No. 9 in the 202 district of Yakutsk on May 23rd,
1988. Photo by R. V. Zhang.

romoBoi Temmeparypoit ot —0.3 mo —0.6 °C [23].
Kpome 3toro, npu uccieqoBaHUN JUHAMHUKH TEM-
neparypHoro mnois rpyHtoB B 203 kBapraie, 3a-
ctpoeHHoM B 2019 1., yCTaHOBJIEHO, YTO HAMBITHIN
MaccuB mnocinie moyTu 30-Tu JIETHEro CyLecTBOBA-
HUS HAXOJHTCSl TIPAKTHUYECKH MOJTHOCTHIO B TAJIOM
coctostauu (puc. 8).

Panee ObII0 BBICKA3aHO NPEIIIONOKEHHUE O TOM,
YTO 3HAYUTEIBbHYIO POiIb B (POPMUPOBAHUH TETIIIOBO-
IO COCTOSIHUS T€JIa U OCHOBAHUSI HAMBITOTO MaccuBa
UTpaeT cama HaMbITasl TOJIIIA, TaK KaK €€ TeryIonpo-
BOHOCTH cocTaBisiet Beero 0,5 Bt/(m °C) [25]. He-
3HAYUTENIbHbIC MOLUTHOCTH HAMBITBIX MIECKOB Mallo
BIMSIOT Ha TEMIEpaTypHOE COCTOSIHHE MOJCTUIIAI0-
IIMX MacCHBOB OCHOBaHUS, a MPH MX MOIIHOCTH,
MPEBBIIIAIONIECH CIONH CE30HHOTO MPOMEP3aHUsl, OHU
CTaHOBSTCS TeIUIoM3oIATOpaMu (puc. 9). B Ommxaii-
LIMe NeCSITUICTHS, IPU HAOMI0OaeMOM TOBBIIIEHUH
CpenHel TOOBOI TeMIepaTypbl BO3/yXa, yBeJInye-
HUSI MOIIHOCTH CE30HHO-MEP3JI0TO CJIOSl BIUIOTH 10
CJIUSIHUSI €70 C MHOTOJIETHEMEP3JIBIMU NTOPOJaMU He
OXKHJIaeTCs.

Ha ¢one obmiero nmoTerieHus: Kimmara Jpyru-
MH COCTaBIIIOIINMH TEIUIOBOTO OanaHca, BIUSIO-
LIMMHU Ha (OPMUPOBAHUE TEIJIOBOIO PeXUMa I'PYyH-
TOB HU3KOW IMONMBI H HAMBITOTO MAaCCHBA, SIBIISIOT-
Csl HaaMEP3JIOTHbIE BOIBI MOTPEOCHHBIX TAJMKOB,
cTapil, a Takxe armocepHsie ocaaku. Haubonee
CYIIECTBEHHBIM U3 TIEPEUHCICHHBIX SBJISIFOTCS HAJI-
MEP3JIOTHBIE BOABI, IUPKYJIUPYIONIHE B OCHOBAHUH
TOJIIIIM HAMBIBHBIX MaccuBoB (puc. 10). I'mapasmu-
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Puc. 8. MepanotHo-ruaporeonornyeckas cxema 203 xBap-
tana T. SIkyTrcka (mo cocrosiHuo Ha 2015-2019 rr):
1 — 06nacTh pacIpoOCTPaHCHUS HAJIMEP3IOTHBIX BOJ| CE30HHO-
TaNoro ciosi; 2—4 — HaJAMEp3JIOTHbIE TAIUKH C TI'PYHTOBBIMH
BOJIAMM: 2 — MOIIHOCTh TaMUKOB 10—15 M; 3 — MOIITHOCTE TaJIU-
k0B 15-20 m; 4 — MOITHOCTB TaIMKOB Oosiee 20 M; 5 — pesKUM-
Hasl THJIPOTe0IOruuecKast CKBaKMHA U e HOMEp; 6 — rpaHuIa
MEX/ly OMMOM U MepBON HAANIOMMEHHOM Teppacol p. JIeHsl.

Fig. 8. A sketch showing permafrost and groundwater con-
ditions in the District 203 area in 2015-2019:
1 —occurrence of suprapermafrost water of the active layer; 2—4 —
suprapermafrost taliks with unconfined groundwater: 2 — talik
thickness 10-15 ; 3 — talik thickness 15-20 m; 4 — talik thickness
>20 m; 5 — hydrogeological observation borehole and its ID; 6 —
boundary between the floodplain and the low river terrace.

YecKoe JaBJIeHNe PEUHBIX BOJ], BOSHUKAIOIIEE B TIe-
PHO/IBI TABOJIKOB, OKA3bIBACT BIMSHUE HA THIPOTCO-
JIOTUYECKHE YCIOBUS MacCHBa TAJIBIX U OTTASBIINX
TPYHTOB Ha HaMBIBHOM TeppuTopuH [ 18, 24]. Ouib-
TPYIOILIMECS MO TaJIWKaM TOA3EMHBIE BOABI HACHI-
IIAI0T TPYHTHI CHU3Y, M3MEHSS HMX TEIUIO(pU3NYEC-
CKHE CBOMCTBA.

Kpowme Toro, 1BukeHne moAa3eMHbIX Bo 00yCIIOB-
JIUBaeT KOHBEKTHBHOE IepepacrpeieieHHe Teruio-
BO HEPTHH B BOJOHOCHBIX TOPH30HTAX U 30HAX KaK
T10 TIJIONIATH, TaK U 110 pa3pesy. Panee BeIITOTHEHHBIE
MIPOTHO3HBIE pacueThl TEMIIEPaTypPHOTO pPexUMa
IPYHTOB Ha HAMBIBHBIX TEPPUTOPHUSIX I. SIKYTCK
MIpeIoiarajil OTCYTCTBHE HETIPEPHIBHON (IITBTpa-
LIUU BOJIBI B [TOJIOIIBE HAMBIBHOTO MAaCCHUBA U YUUThI-
Balli TOJIBKO TETTOPU3NYECKHUE CBONCTBA TEXHO-
reroro ciog [18]. 1o pe3ynbsrataMm MpoBeIEHHOTO
MOJISIIUPOBAHUST OXKHJIATOCH TIOCTENIEHHOE TOIHSA-
THE€ BEpPXHEH rpaHULlbl MHOTOJIETHEMEP3IBIX MOPOJT
Y CMBIKaHHE €€ CO CJI0E€M CE30HHOTO MPOTanBaHUS.
OpnHako, B HacTosIIIee BpeMsl Ha TEpPUTOPUH COXpa-
HSIETCSl HECIMBAIOIIUMCS TUII Mep310Thl. U3 naH-
HBIX THAPOTEOJIOTHYECKUX HAOIIONEHUH CIeIyer,
YTO CYIIECTBOBAHWE TAIMKOBBIX 30H B HAMBIBHBIX
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Puc. 9. 3aBucumMocTb I1yOHHBI 3a1€raHKs BEpXHEH MPaHuULIbI
MHOTOJIETHEMEP3JIbIX OPOJ] OT MOIIHOCTU HAMBIBHBIX IPYHTOB
B 203 kBaprane I. SIkyTcKa.

Fig. 9. The dependence of the permafrost table depth on the
fill thickness in the District 203 area in Yakutsk.

90
s
3
i
—e——0— _
8_ 88 S<=<a _ 10
> —n,
g -= 9 4
o ——m- B
= 86 L -
° ~
v ~
© A
z —A——a12
Q@ 84
c
o]
(]
O
<
82 T T T T T T T T
™ < 1o © N~ 0] (] o ~
© © © & o o & = =
© n n < [s2] [s2] N N -
N N N N N N N N N

Puc. 10. V3meHeHure ypoBHs MOJI3€MHBIX BOJI HAa TEPPUTO-
puu 203 kBaprana u p. Jlena (ruaponocr r. Sxyrck) B 2019 .
(cumBOJ M Udpa — TUIPOreoJOrnuecKasi CKBaKHHA U €€ HO-
Mep (cM. puc. 8)).

Fig. 10. Variations in Lena River water level (Yakutsk), and
groundwater level in 2019 year (symbol numbers indicate bore-
hole number (see Fig. 8)).

MaccuBax M MX OINOCpeAOBaHHas CBA3b C p. JleHa
Yyepe3 MOAPYCIOBON TATUK ABISETCS BaKHEHIINM,
HO TIOKa MaJoOM3y4YeHHBIM (akTopoM (opmupoBa-
HUS TEMIIEPATypHOTO OIS IOPOJ TPYHTOB OCHOBA-
HUHN COOpPYKEHHH.

Takum 00pazoM, COBOKYITHOCTE (haKTOPOB, BITHSI-
IoUMX Ha (POPMHUPOBAHHE TEIUIOBOTO PEXKUMA IPYH-
TOB OCHOBAaHUH, CIIOCOOCTBYET Aerpajaliil BEICOKO-
TEMIEPaTYPHBIX M MPAKTUYECKN Oe3rpaJeHTHBIX
MEp3JbIX TPYHTOB HU3KOW moiimel. Ilpu co3nas-
LIEHCs NHKEHEPHO-TEOKPHOIOTHYECKON CUTY AU
BO3HHUKAET BOIIPOC O MPUHIIUIIE UCTIOIB30BaHUS Ha-
MBIBHBIX TPYHTOB Ha HU3KOH noliMe p. JIeHa B kaue-
cTBe ocHoBaHMI. OmnHpasch HA MOHUTOPHHIOBBIE
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nccnenoBanus, nposenennsle UM3 CO PAH u npy-
TUMHU opranuzanusaMu Ha repputopun 202 u 203 kBap-
TajoB, mpH 3acTpoiike 203 kBaprana I. SIKyTcka OB
npeanoxeH Il npuHIUI CTPOUTENBCTBA, ¢ UCIIONb-
30BaHMEM IUIMTHBIX (yHAameHToB [19]. [Ipu sToM
OBUIO PEKOMEHJJ0BAHO COOJIFOATh BCE HOPMBI IIPO-
EKTUPOBAHMS U CTPOUTENHCTBA, @ UMEHHO HCIIOIb-
30BTb TaKHe THIbI ()YHAAMEHTOB, KOTOPbIE OBl MOT-
JI1 BOCIIPUHUMATh M NepepacHpesensaTh yCHINs,
BBI3BaHHbBIE BO3MOXXKHOW HEPABHOMEPHOM OCaJIKOU
OCHOBaHHUS.

3akjaoueHue

I'eokpuonoruueckue U ruApoOreoJIOrHUECKUE UC-
CJIeJIOBaHUS, BBITIOJIHEHHBIE HAa TeppuTopuu 202 u
203 kBapTayioB I. SIKYTCK IO TMPOIIECTBUU OoJiee
30 sieT nmoce co3aHus TPYHTOBOTO OCHOBAHUS T10-
Ka3alld, 4YTO B T€J€ U OCHOBAHWW HAMBIBHOTO Mac-
CHBa CYIIECTBYIOT HAJMEP3JIOTHBIC TATHKA. MoOTII-
HOCTb UX u3Mensiercs ot 10-15 m Ha ydacTkax mo-
rpeOeHHBIX Tpsax U yBanoB g0 20 M u Ooiee Ha
ITOIAASX cTapuuHbIX o3ep. C rmyomasr 8—10 M
TPYHTBI OOBOHEHBI.

Cpeny OCHOBHBIX MPUYHUH COXPAHEHUS TAIUKOB
MOKHO BBIZICIIUTH JIBE TJIaBHBIC: 1) HU3Kas TETIo-
MIPOBOIHOCTH MPAKTUICCKU CyXUX TIECKOB B BEPXHEH
4acTU pa3pesa, NMPENnATCTBYIOIIas MPOMEp3aHUIo
TPYHTOB CBEpXy; 2) CyIIeCTBOBaHHWE B OCHOBAaHUU
HaMbIBHOW TOJIIN €IUHOTO BOJJOHOCHOTO TOPH30H-
Ta, CBA3aHHOTO C MIOBEPXHOCTHRIMH BoJamH p. JIleHa.

HenpeppiBHast GpuiipTpaiiys BOAbI B TIOIOIIBE Ha-
MBIBHOTO MacCHBa MPENSATCTBYET MHOTOJETHEMY
MIPOMEP3aHUI0 TPYHTOB CHU3Y. KonmniecTBeHHO o1le-
HUTh POJIb BOJOHOCHBIX TAJUKOB B (JOPMHUPOBAHUU
Tre0TepPMUIECKOTO PeKUMa TPYHTOB B YCIIOBHSIX TEX-
HOTEHHOTO BO3/ICHCTBHUS 1 BIHSIHUS N3MEHEHUH KITH-
MaTa Ha TeMIepaTypy TPYHTOBBIX OCHOBAaHUU 3/a-
HUW U WHKEHEPHBIX COOPYKEHUHU SBISETCS TJIaB-
HOH 3a1a4el JTaTbHEHITNX PEKUMHBIX HAOIONCHUH.
B cBs3u ¢ 3TUM HEOTHEMJIEMOM YacCThbIO OCBOEHHUSA
HAMBIBHBIX TEPPUTOPHI TOTKEH SBIIATHCS KOMILICKC-
HbI T€OKPUOJOTHUUECKUA U TUIPOre0IOrn4eCcKuil
MOHUTOPHUHT. OCHOBHBIM PE3yJIbTAaTOM MOI0OHOTO
MOHUTOPHHTA OYJIET SBIISATHCS pa3padOTKa U BHEIPE-
HUE HOBBIX HOPM IPOEKTUPOBAHUS U CTPOUTEIHCTBA
HWH)XEHEPHBIX COOPYKEHUH Ha TOMMEHHO-HAMBIBHBIX
TEPPUTOPHUSIX KPHOITUTO30HBIL.
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Abstract. The experience of inwashed soil development under the conditions of permafrost is considered
for various engineering structures: the foundations of gas-oil, industrial and civil facilities, soil hydraulic
facilities, roads, etc. Particular attention is paid to the technology of construction of the foundation of in-
washed soil on the low floodplain of the Lena river for the residential complex of the Yakutsk city (quarters
No. 202 and 203). The results of studies into the dynamics of the geocryological conditions over this terri-
tory during the long-term operation of buildings and engineering structures are presented. It was revealed
that in the major part of the territory of quarter No. 202 in Yakutsk, which was constructed in the 1980—90s
according to the Ist principle, at present the ground has a positive temperature at a depth of 10 m and
deeper. At the territory of quarter No. 203,, suprapermafirost aquiferous taliks, were formed during hydro-
mechanical works in the 1990s, and they still exist everywhere after 30 years. The factors that contribute to
the preservation of suprapermafrost taliks in the body and base of the inwashed soil are considered. The
main factors determining the formation of the soil temperature field include distinct thermophysical proper-
ties of dry inwashed sands in the upper part of the section and the hydrogeological conditions of the terri-
tory. The features and prospects of inwashed soil exploitation as the structure foundations and the princi-
ples of construction on them are analyzed. To control and develop robust recommendations for ensuring the
sustainability of structures, it is necessary to organize comprehensive geocryological monitoring, including
ecological aspects of the interaction between technogenic systems and the environment.

Key words: cryolithozone, soil, base, river floodplain, hydraulic fill, permafrost, temperature, construc-
tion, building, structure, monitoring.
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CTenHoii KOMIIOHEHT MO3IHEeNJIeiCTOIEHOBBIX JKOcHCcTeM SAKyTHH
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Annomauyus. Paccmampusaiomes 80npoCsl NPOUCXOHCOEHUS PENUKIOBBIX CIMENHbIX YUACHKO8, 8CHIpe-
YaruuUxcsl 8 HeKOMopPvIX paonax Axymuu, npeumyuecmeeHto 8 YeHmpaibHOU U CeBepo-80CMOUHOU Yd-
cmu, a Mmakdxice UxX pacnpoCmpaneHusi 8 NO30HeM NAelCMOYeHe KaK pecypCHOU Huu OJi MAMOHMOBO20
Mezapaynucmuueckoeo komnaexca. llokazano mo, umo nacmoswue cmenu Cyuecmsosaiyu Ha meppumo-
puu Axymuu ¢ nauoyene u pannem nietcmoyene. Kcepogummuvie pacmumenshvie coodujecmea cpeone2o
nielUcCmoyera 2enemudecku Obiil Cs3aHbl ¢ 2OPHOCMENHLIMU accoyuayuimu. B nozonem naelicmoyene
Kpuokcepoghummusie umoyenoszvl He umeny mpaHcoOepuHSUNCKUX cessell, Ho umenu bonvuiee pacnpocmpa-
HeHue, YeM 8 Hacmosujee 8peMs.

Llupoxoe pacnpocmpanenue KpUOKCepopUMHBIX NYCIMOUHBIX CO00WecmE 6 NO30HeM NIeUCMOoYeHe
ObL10 00YCNI0611EHO KpAliHell KPUOAPUOHOCHIBIO KIUMAMA U MATbIM YUCTOM 0CAOKO8, 0COOCHHO 6 3UMHee
8pems, 4mo NpUBOOUIO K bIXOIANCUBAHUIO NOBEPXHOCMU nouebl. Hecmomps Ha Kpatine HUKYIO NPOOYK-
MUBHOCTb, KPUOKCEPODUMHbLE NYCMOUU OABAIU IKOTOSUHLECKYVIO HUULY OOCIAMOYHO KPYIHOMY KONbIMHO-
My catieaxy, umo 00120 CIYACULO 8 NANe0O0MAHUYECKUX PEKOHCMPYKYUSLX APESYMEHIMOM PACAPOCTPAHEHUS.
6 NO30HeM NJlelicmoyene cmenell.

CospemenHvle penuxmoasvie cmentvle Yy4acmkuy 1 8 no30Hem nielicmoyeHe 3aHuUmMan NoOYUHeHHoe no-
JI0JiCeHUe 8 pacmumenbHom nokpoge Axymuu, Kax u 8 Hacmosujee 8pems.

KuroueBsle cioBa: Skytus, bepunrusi, no3nHUM MIEHCTOLEH, TO3AHEIUICHCTOLIEHOBBIE SKOCUCTEMBI,
TpaHCOEPUHTUICKIE CBSA3H, PEIUKTOBBIE CTEITHBIE YUYACTKH, MEKICAHUKOBEE, KPHUOXPOH, CATaK, KCEPO(PHTHI.

bnazooapuocmu. Paboma evinonnena npu noooepoicke epanma PODU 18-45-140007 p_a.

Beenenue BCTpedaroTcs B OacceitHax KoiwsiMbl, AHamwIpst, Bu-
081, HukHero teuenus Jlensl. Ha YykoTke npoHu-
KaroT B TYHAPY B BUAC «CTEIIOUIOBY [3, 4].

DTOMY SIBIICHUIO CIIOCOOCTBYET YABTPAKOHTHHEH-

TAJIbHBIA KJIUMAT SIKyTUM C BBICOKOH CYyXOCTBIO

YyacTKy PeIMKTOBOM CTEMHONW PAaCTUTEILHOCTH
SIBIISIIOTCS TIPEIMETOM MPUCTAIBHOIO H3y4YeHHs B
TEUYEHHUE pAla ACCITHIETHH, TaK KaK BBI3BIBAIOT
OobIION WHTEpeC y Te000TaHWKOB M (DIOPHCTOB

BCJIEJICTBUE BHJIMMOTO POJICTBA, HECMOTpPSI Ha CO-
BPEMEHHYIO U30JISLIMIO, C CEBEPOAMEPUKAHCKUMU U
[EHTPaTHHO-a3MaTCKUMH 30HATBHBIMHU CTEITHBIMU
cooOmiecTBaMy. YYacTKH CTENHOW pacTUTEIbHO-
cTu, mpusHaHHele, coracHo [A. Ilemkooit [1],
pEeIMKTaMU IUTHOLIEHA, a ITo yTBepkaeHuto b.A. FOp-
meBa [2], — peTuKTaMu TUIEHCTOIIeHa, pacpocTpa-
HEHBI M0 BCEW TEPPUTOPUHU CEBEPO-BOCTOKA A3HU.
Haubonpimme miomaayn onu 3aanMarot B LlenTpans-
HoHl SIkyTmm, OacceitHax pek fna m Mumwmrupka,

98

BO3/lyXa U MaJIbIM KOJTMYECTBOM 0caakoB. CTenHbIe
coo01ecTBa, Kak mpaBmiIo, GopMupyroTcs: Ha 0e3-
JIECHBIX CKJIIOHaX KOPEHHBIX OeperoB, riie MPOncXo-
T OBICTpOe M TIIyOOKOe OTTaWBaHUE TPYHTA Be-
CHOH 1 paHHHM JIETOM, B PE3yJIbTaTe Yer0 BO BpeMsI
BEreTali yCTaHABJINBACTCS IOCTOSHHBIN aedu-
IIUT BJIard B TIOYBE.

B nmaneoreorpaguyeckrx 1 naneo00TaHUYECKHX
PEKOHCTPYKIMSIX HAIMYNE BhIINICHA3BAHHBIX PEITUK-
TOBBIX CTEIHBIX ACCOLMALMUI CUMTACTCS OIHHUM M3
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CTEIHOM KOMITOHEHT ITO3AHEIUIEMCTOLIEHOBBIX SKOCUCTEM SIKY THU

OCHOBHBIX JI0OKa3aTeIbCTB TOCIOACTBA B JIaHAIIA(-
Tax MO3JHEro IuviedcroueHa creneil. B HayuyHblil
00MX0 BMECTO YCTAapeBIIETO TEPMHHA «TYHAPO-
CTEMDY, OLLTO BBEIEHO MMOHATHE «MAMOHTOBAS CTEITEY.
WNmenno crenu npearaeTcsa CYUTaTh OCHOBHBIMU
MacTOMIIAMH JJTSl TIPEJICTABUTENIE MAMOHTOBOM Me-

radayHs [5-8].

MarepuaJjibl M METObI

BunoBoii cocTaB CTENHBIX PACTEHUM, ITPOU3PA-
CTaBILUX B SIKyTMU B MO3JHEM IUICHCTOLEHE, YTOY-
HEH C UCIOJIb30BaHUEM JIMTEPATyPHBIX UICTOYHUKOB U
cBoux gaHHbIX [9]. K cremHoMy »leMeHTyY MO3THE-
IUICHCTOLIEHOBOTO Maie0IOpPUCTHYECKOTO KOMILICK-
ca OTHOCATCA 35 BUOB BBICHIMX COCYIMCTBIX pacTe-
Huii (Tabn. 1). JlatmHCKHMe Ha3BaHWS pacTCHUH TPH-
BeJICHbI B cOOTBeTCTBUH C «Diopoit Cubupm»|[10].

BrisBenue ¢uoporeHeTHUEeCKUX TEHACHIUH,
KpOMeE HCIIOIb30BaHMS MaIe000TaHMUECKIX JAHHBIX,
MIPOBOJUTCA IIyTEM MIPOBEACHUS apeaioTMueCcKOro
anamm3a [11], conocraBnenus reorpadu4eckux dJe-
MEHTOB ¢ TieHoTIdeckumu [12] [13] (cMm. Tabm. 1).

Jlyis BBISIBJICHHSI TEHICHIMI (DJIOpOreHe3a CTer-
HBIX COOOILECTB pacCMaTPUBAIUCH TUIHYHBIC JUIS
COBpPEMEHHBIX CTeTel U KCepOPHUTHBIX COOOIIECTB

BHUJBI pacTE€HUH, MpOU3pacTalollie B HaCTOsIIEe
Bpems U B A3un, U B CeBepHON AMEpPUKE U UMEIO-
1KMe JIU3bIOHKIMIO apeanoB B paiioHe bepuHrosa
MIPOJIMBA, HAJM4YNE BUKAPHBIX BHUJOB M IMOJBHUIOB.
Taxoil moaxon MO3BOMSIET PACCUMTATh IEOJOrHYe-
CKoe BpeMst (GOpMHUPOBAHUSI HOBBIX BHJIOB.

Oocyxnenune

B 30ne creneit Monronuu n 3abaiikanbs ogHH-
MU U3 31U(UKATOPOB PACTUTEIBHOTO MOKPOBa SIB-
nstotest Stipa capillata, Stipa krylovii, Stipa bai-
calensis, a Taxxe Festuca lenensis, Poa attenuata,
Helictotrichon schellianum, Carex pediformis, Agro-
pyron cristatum, Leymus chinensis, Poa botryoides,
Artemisia frigida, 5TV BUbI TaxKe pacrpoCTPaHEHbI
W B PENUKTOBBIX CTEMHBIX cooOmecTBax SKyTuu.
[TouTtu Bce 3T BUIBI UMEIOT KOHTHHEHTAIBHBIN ape-
aJ, KpoMe TPaHCKOHTWHEHTANbHOU Artemisia frigi-
da. B nacrosmee Bpemst Artemisia frigida npouspa-
CTaeT HEe TONBKO B CTEISIX, HO M B PyJCPalbHBIX H
mycTomHbIX (utoneHosax ot Ilosomkbs 1o Ceep-
HON AMEPHKH BKITIOUYUTEIBHO.

JomuHupoBanue Bo (iope pacTeHHii ¢ a3uar-
CKUM apeajioM BIOJIHE TUIIMYHO JUIs CTENHBIX (IIop
Azun. Tak, Hanpumep, Ephedra monosperma n Ar-

Taonuma 1

Buasbl pacrenuii, Bxoasimme B cTenHyo ¢popmanuio naneodiopucTiyeckoro KOMILIeKca

Table 1

Species of plants included in the steppe formation paleofloristic complex

BI/IZ[ ApeaﬂomquKaﬂ Ipynma HeHOTH‘{eCKaﬂ NPpUYypPOHYCHHOCTDH
1 2 3

1. Artemisia scoparia EBpa3uarckas Creru, ocTenHEHHBIE Jiyra, Oepera pek, [eOHUCThIC
Y TICCYAHBIC CKIIOHBI

2. Artemisia macrantha | A3uarckas OcTenHeHHbIE JIyTa U JIYTOBBIE CTEIH, 3aPOCITH KYCTapPHUKOB,
Oepe3oBble KOJIKH, pa3pekeHHBIE Jieca, KAMEHHCThIE CKIIOHBI

3. Artemisia gmelinii Asmnarckast JlyroBbie 3aKyCTapeHHbIE CTEITH, OMYIIKH, Oepe30BbIe KOJIKH,
KyCTapHHUKOBBIE 3aPOCIH

4. Artemisia frigida A3suarcko- Crenu, 1EOHUCTHIC M KAMCHHUCTBIC CKIIOHBI, CTAPhIC 3aJICKU

CeBepOaMEepHKaHCKast

5. Artemisia dracunculus | EBpa3zuarckast Crenu, ocTeTHEHHBIE JTyTa, Oepe30BbIe KOJIKH, OTYIITKH
U MOJISIHKY CYXHX JIECOB, KyCTapPHHKOBBIC 3apOCIIH, Oepera pek,
OCTCITHCHHBIC JTyTa

6. Artemisia commutata | A3uarckas Creru, OCTENHEHHBIE JIyra, COCHOBbIE OOPBI U OIYIIKH,
IEOHUCTBIC U MIECYAHbIE CKIOHBI

7. Artemisia jacutica Bocrounocubupckas | Crenw, raJeqyHUKH, 0O0YHHBI JOPOT, MyCOPHBIC MECTa, MECKH,
COJIOHIIBI, Oepera COJIEHBIX 03€ep

8. Aster alpinus EBpasuatckas OcTenHeHHbIE JyTa, JIyTOBBIE CTETH, KAMEHUCTHIC
U 1[eOHUCTBIC TOPHBIC TYHAPBI, INCOHNUCTHIC U KAMCHHUCTHIC
CKJIOHBI TOp, U3BECTKOBBIE CKaJIbl, IECYaHbIE COCHOBBIE OOPBI
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OkxoHyanue TabII.

1 2 3
9. Phlox sibirica Asunarckas Cyxue KaMEHUCThIE CKIIOHBI, IeCYaHbIe CTEMH, CyXue
OCTEITHEHHBIE Jieca
10. Potentilla longifolia | A3uatckas Crenun, CyXOHONbHBIC JIyTa, KAMEHUCTHIC CKIIOHBI,
Ppa3peXeHHBIE Jieca
11. Sisymbrium Cubupckas Crenu, meOHMCTHIE U KAMEHHUCTBIE CKJIOHBI, ITECUaHUCTEIE
polymorphum MU3BECTHSIKHU, OMYIIKU CBETIOXBOWHBIX JIECOB
12. Lepidium latifolium | EBpa3uarckast CoJIOHIICBAThIC CTEIH, 3aCOJICHHBIC JIyTa, MAIIHU U 3aJICKU
13. Ceratoides papposa | EBpa3uarckas Crenu 1 OCTENTHEHHbIE CKIIOHBI
14. Carex supina EBpasuarckas Crenu, OCTETHEHHBIE JIyTa, CyXHUE Jieca
15. Carex pediformis EBpaszuarckas Crenn, OCTEITHEHHBIE JIeca, CyXUe CKIIOHBI
16. Carex duriuscula Cubupcxo- PaBHUHHBIC U TOPHBIE CTEITH, CTEITHBIE KAMEHHUCTHIE CKIIOHEI,
CeBEpOaMEpHKaHCKasl | CyXHe Jieca, OCTEITHEHHbIC JIyra C COIOHIIEBATON TOUBON
17. Carex argunensis Asunarckas [I{eOHUCTBIC CKIIOHBI, CKaJIbI, ICCUAHbIC YIAaCTKH,
OCTEITHEHHBIE COCHOBBIE Jieca Ha IIeCKe
18. Kobresia filifolia Cubupckas CrenHebIe, JIyTOBBIC, KAMCHHUCTBIC M MICOHUCTHIC CKIOHBI,
CKaJIbl, CyXH€ PEIIKOJIEChS, CyXO0IbHBIC U TIOMMEHHBIE JIyTa
19. Poa attenuata Aznatckas BricokoropHsle cTenu, KAMEHUCTbIE CKIOHBI
20. Helictotrichon Bocrounocubupckas | Crenw, Cyxue JIyTa, JICCHBIC TTONISHBI, TUCTBEHHUYHBIC
krylovii 1 COCHOBBIE Jieca
21. Agropyron cristatum | A3uatckas Crernu, OCTENHEHHBIE CyXUe KapOOHATHBIEC CKIIOHBI, CyXHe
HAANONMEHHBIE Teppachl
22. Poa botryoides Cubupcko- OcTenHeHHbIE CKIIOHBI TOP, OCTEIHEHHBIE JIyTa, PEJKOCTONHbIE
JTATbHEBOCTOYHAS COCHOBBIE JIeca, CKaJIbl, ecyaHnble OyIpbl, TaJICIHUKH
23. Koeleria cristata HupxymbopeansHas | PasHOTpaBHBIE, pa3HOTPABHO-3TAKOBBIE H JIYTOBBIC CTEIIH,
OCTETIHEHHBIE, TONMEHHBIE, CONIOHLIEBATHIC JTyTa, TOWMEHHBIC
raJIeYHUKH, 000YNHBI JOPOT
24. Ephedra monosperma | A3uarckast Cyxue kapOOHATHBIC CKaJIbl, CTCIIHBIC CKJIOHBI, OCTCITHCHHBIC
OITYIIKH, KAMEHHCTBIE CTEITH U ITyCTOLIN
25. Selaginella rupestris | A3narcko- Ckaibl, OCBINU, OCTEIHEHHBIE JIyTa, CTENHU, 3apOCIU KEPOBOrO
CeBepoaMepHKaHCKasl | CTIIAHHMKA, CyXHEe COCHOBBIE OOpPBI M COCHOBO-TMCTBEHHUYHBIE
Jleca Ha MecYaHo! IouBe, MEOHUCThIC TYHIPHI
26. Plantago canescens | Bocrounocubupcko- |Jlyra, TyroBbIe CTEIH, TECYaHbIC CKIOHBI, OIYIIIKH,
CeBepOaMEpHUKAHCKasl | BIOMIb 0POT
27. Thymus sp. A3suarckas Cyxue CKIIOHBI, CKaJlbl, CTEIH, TecyaHble Oepera pex
28. Eritrichium sericeum |Bocrounocubupckas |KameHucTbIe U IIEOHUCTHIC CTCITHBIC CKIIOHBI
29. Suaeda corniculata | A3narckas ConoHyaku
30. Pulsatilla flavescens | Cubupckas Creru, CKIIOHBL, JIyra, Oepe30BbIe U CBETIIOXBOMHEIE Jieca
31. Silene repens Aznatckas Jlyra, HacTOsIIIME CTEMH, KAMEHHCTBIC CKIIOHEI,
COJIOHIIOBATHIE JIyTa
32. Lychnis sibirica Cubmupckas [Ile6HUCTHIC U KAMEHUCTHIE CKJIOHBI, COCHOBBIE
u Oepe3oBbIe Jieca
33. Eremogone Bocrounocubupckas | KameHucTO-1IeOHUCTHIC M CKATMCTHIC CKIIOHBI, KAMCHUCTHIC
tschuktschorum 1 JIMIIAHHUKOBBIE TYH/IPBI, OCTEITHEHHBIE YYaCTKH
JIMICTBEHHUYHBIX PEIKOJIECUH
34. Ulmus pumila Aznatckas CocHOBEIC JIeca, CTeITH, CKaJIbl, IT0 CKIIOHAM JIOJIH
35. Allium strictum Cubnpckas Kamenucreie CKI0HBI, CTEIN, JUCTBEHHUYHBIE JIECA
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TaGnuma 2

TpaHcOepuHIrHiicKue CBSI3M CTeNHOI (10pbI

Table 2

Transberingian communications of the steppe flora

3anaznHas bepunrus Bocrounast bepunrus

Hcropudecknii meprox JIOMUHHPYIOIINE YKOCHCTEMBI

Stipa spartea,
Stipa commata

Stipa capillata,
Stipa pennata

Heoren PaBHuHHBIE cTENN

(MHOIICH—TIITHOLIECH)

Helictotrichon asiaticum,
Helictotrichon
mortonianum

Helictotrichon mongolicum,
Helictotrichon hookeri,
Helictotrichon schellianum

Pannuii nuelicrouex Topnbie crenu

Festuca lenensis Festuca lenensis Cpennuii mieiictorier | KpuokcepodutHeie
Carex duriuscula, Artemisia Carex duriuscula,
frigida, Selaginella rupestris, | Artemisia frigida,
Koeleria cristata Selaginella rupestris,
Koeleria cristata
Artemisia jacutica, Potentilla |- [Mo3muuit mietictoner | KpuokcepodutHeie

tollii, Eritrichium sericeum,
Eremogone tschuktschorum

temisia commutata SABISAIOTCS PEIUKTAMU IUIUOLE-
HOBBIX cTerel [14], kak 1 OoJbIlast 4acTh CTEITHBIX
BUJIOB C €BpPa3sHaTCKUMM U a3MaTCKUMH apeajaMu.
[Ipeobnamanne a3maTcKOro XOPOJIOTHYECKOTO 3JIe-
MeHTa B cTemHbIX ¢uropax [.A. [lemxkosa [15] cun-
TaeT CBUACTEIHCTBOM aBTOXTOHHBIX TEHJEHIINN
BO (prioporenese minoleHoBbIX creneil. [Ipu sTom
B.A. IlenynsixoBa [16], M.H. KapaBaes [17] u
B.A. IOpues [2] oTMeuaroT, 4To 0OJIee MOJIOBUHBI
MpeAcTaBUTENe CTEHBIX COOOIIECTB CEeBEPO-BOC-
ToKa SIKyTHH UMEIOT OJIM3KMX POJICTBEHHHKOB B
kcepodmabHBIX Quopax CeepHoit Amepuku. Ho,
OJTHOBPEMEHHO C JTHM, TaM W 37eCh CYIIECTBYET
OYEeHb MaJI0 OJIMHAKOBBIX BHJIOB. JTa OCOOCHHOCTh
yKa3bIBaeT Ha aBTOXTOHHBIE TEHACHIIUU BO (PIOPO-
reHese cTenHblx (uop mo ode cropoHs! bepunrosa
MIPOJIMBA, HO yXKe B OoJiee mo3aHee Bpemst (Tadi. 2).

B xauecTBe npuMepa BUKapHBIX BHJIOB, YKa3bIBa-
IOLIMX Ha ApeBHUE (DIOPOTeHETHIYECKUE CBSI3U MEXK-
Iy CTEITHBIMH U TOPHOCTENMHBIMH (iopamu A3uu 1
CeBepHoii AMepukH, MOJKHO TipuBecTH Helictotri-
chon mongolicum, pacipocTpaHeHHBIN B 3amaTHON
Cubupu u Cpenneit Azuu, u Helictotrichon morto-
nianum, npouspactaronuii B Kopnunsepax [18] (cm.
Tabn. 2). b.A.}OpueB [2] Taxke NPUBOAUT B IPUMED
Bunbl Helictotrichon asiaticum, BCTpeYarOIuUiics Ha
IOxone u B Cranucteix ropax, u Helictotrichon
hookeri, apean pacripocTpaHEHHS KOTOPOTO OXBAaThHI-
BaeT EBpomny, LlenTpanbayto Aszuto, ror Cubupw, ce-

Bep Kurast u xotopslii B SIkyTnn 3amernaercs: Onm3-
KOpOZACTBEHHBIM BUJIOM Helictotrichon schellianum.
OCHOBBIBAsICh Ha MTPUBEACHHBIX U APYTHX IPUMEPAX
BUKapHBIX BUIOB CTENHOH (riopbl A3uu 1 CeBepHO
Awmepuxku, b.A. FOpries [2] nenaet BBIBOJ, 4TO OOMEH
KCepOPHUIHHBIMA TaKCOHAMH, K HACTOSIIIEMY BpeMe-
HU 000COOJICHHBIMHU Ha ypOBHE BUKapHBIX BHUJIOB,
MIPOM30IIIEN B paHHEM ILIeHCTOIeHe (CM. Talll. 2).
TpancOepunruiickuii apean Plantago canescens,
Selaginella rupestris, Koeleria cristata, Carex duri-
uscula, Artemisia frigida naeT 0CHOBaHHS MPEIIIOIA-
raTh, 4TO paccelieHne ux uepe3 bepuHruro npounsom-
JI0 B CpeJIHEM IUICHCTOICHE, 2 BO3MOXKHOE CMBIKAHNE
paHee pa300IeHHBIX B MIEPHOABI TpaHCTpeccHii be-
pUHTOBa MOpsSI apeajoB MOIVIO MPOUCXOINUTh U B
no3HeM tuieiictonene [2]. [Ipu aTom neHomMopdHas
MIPUYPOYCHHOCTH K CYyXUM IIEOHUCTHIM, CKAJIbHBIM U
TaJICYHUKOBBIM MECTOOOUTAHMSIM TIO3BOJIUIIA 3TUM
pacTteHusiM eTpouTam yuepxKarbesi B TYHAPOBOH
30He B roisoneHe [4]. Tlo3gHermmecToneHOBbIE U
Cpe/IHeIUIeHCTOIIEHOBbBIE TPAHCOSPHHTHIICKHE CBSI3U
9THUX PACTCHUI OOBSICHSFOTCS, CKOpEe BCETro, HE CMBI-
KaHHMEM HacTosmuX creneit Asum u CeBepHOU Ame-
PHUKH B 3TH TIEPHOIBI, @ CITUSTHHEM KPHOKCEPO(HITh-
HBIX MTETPOPUTHBIX OHOTOTIOB.
BocTtouHocubupckre u cHOMPCKHE HIACMUKH,
Takue Kak Eremogone tschuktschorum, Pulsatilla
flavescens, Helictotrichon krylovii, Sisimbrium pol-
ymorphum, xaK 1 TPaHCOCPUHTUHCKHUE TOPHOCTEII-

101



A.B. TTPOTOIIOIIOB, B.B. [TIPOTOITOITIOBA

ueie Bugbl Carex duriuscula, Artemisia frigida,
Koeleria cristata, 10cTaTOYHO 3BPUTOIHBI, TIPOU3-
pacrasi Kak Ha CTEIHBIX Y49acTKax, TaK M Ha JIyrax u
OIyIIKaX CYXMX CBETJIOXBOMHBIX JIECOB, IICOHH-
CTBIX CKJIOHAX W rajieuHukax. Mx ¢opmoodOpaszosa-
HHUE NPOMCXOIMIIO B IUICHCTOLIEHE B TOPHBIX paiio-
HaX, B COBPEMEHHOCTH B BEPXOBBSIX PEK AHTapa u
Jlena [14, 19].

B aror mepuoj cTemHas pacTHTENBHOCThH IOJ
BIMSHUEM DIOOATBHOTO IMOXOJIofaHusl TpaHchop-
MHPOBAIACH B KPHOKCEPOPMILHBIE (DIIOPOKOMILICK-
CBbl, MPHYPOUYCHHBIE K (alusM OTKPBITBIX CyXHX
CKJIOHOB, CBETJIOXBOMHBIX JIECOB, OCTEITHEHHBIX JIy-
T'OB U T'aJICYHHUKOB.

B muteiicrornene, ckopee Bcero, OBIIO IBE BOJTHBI
TpaHCOCpUHTUICKOTO 0OMEHA CTEITHBIMU (IIOpaMH
(tabm. 2). IlepBas BoHA, MIPEIIIOIOKUTEITHHO, OTHO-
CHUTCS K paHHEMY TUIEHCTOIIeHY, KorJa cTenHas ¢iio-
pa MomuduUMUpOBaIach B TOPHOCTENHYIO; BTOpast
BOJIHA OTHOCHUTCSI K CPEIHEMY IIJICHCTOLIEHY, BEPO-
SITHEE BCETO, 3TO CIIYYHIJIOCh BO BPEMS CaMapOBCKO-
ro osiejieHeHus1. IMEHHO B 3TO BpeMsi TOPHOCTEITHBIC
U TOPHOTYHJIPOBBIE BUABI, CIIyCKasCh B PaBHUHBI,
HAYMHAIOT NMPOU3PACTATh HA TIOXOXKUX CYXHX IIe0-
HUCTBIX U MECYAHBIX MECTONPOU3PACTAHUSIX.

DuTOIEHOreHETUYECKas! IPHYPOUEHHOCTh TAKUX
TOPHOTYH/IPOBBIX PAacTeHHH, Kak Dryas punctata, K
CYXMM LIEOHMCTBIM U CKaJIBHBIM CyOCTpaTam B X0Je
HapacTaHHs KPUOAPHUIHBIX MTPOIIECCOB IO MEpe JeT-
pajanyy JIECHOW U PaBHUHHO-CTEITHOW PaCTUTENb-
HOCTH B Cpe/IHEM IUICHCTOIICHE TTO3BOJINIIA IPHHSTH
yuyactue B (hOPMHUPOBAHUN KPUOKCEPOPUIIBHBIX CO-
o0IIecTB Ha TUakopax. Takue KpHoKcepo(UIbHEIC
coo0ImIecTBa XapaKkTepU3yOTCs 0cIabiIeHHbIMU (Du-
TOIEHOTUYECKUMH CBSI3SIMH U TTOJIABIISFOIIIAM BIIHSI-
HUEM a0HOTHYECKUX (DAaKTOPOB B X (PYHKIIHOHHPO-
BaHuu. CXOXHe YCIIOBUS, BO3MOXHO, ()OPMHUpPOBa-
JIMCh B CAPTAHCKOE BpeMs1, HO Ha JOBOJIBHO KOPOTKOE
BpeMsI.

Omnpenensioniee 3HaueHUE BO (roporeHese pa-
CTUTENBHOTO TIOKpoBa CeBepHOU SKyTHH, cKopee
BCEro, MMeEJ0 CaMapOBCKOE OJICICHEHUE CPEIHEro
IUIEHCTOLIEHA, KOTa HapsiAy C BbIIAJEHUEM OO0JIb-
LIOT0 KOJIMYECTBA TEPMOPHIBHBIX CTEIHBIX U OOpe-
QJIBHBIX TAKCOHOB IIPOMCXOIMIIO (DIOPUCTHYECKOE
MOTIOJTHEHUE TYHJIPOBBIX, CBETJIOXBOMHBIX W CTEIl-
HBIX (hopManuii MpeacTaBUTENSIMU BBICOKOTOPHOM
(ope1. driopa SxyTun npuodpena COBpeMEHHbBIN
00JIUK B CpeJHEM IICHCTOLICHE.

B TepMOXpOHBI MO3HETO IUIEHCTOLIEHA MHOTHE
TepMOQUIIbHBIC BU/IBI pACTCHUH, KaK, Haripumep, Ul-
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mus pumila, Ipou3pacTaiy AaJeKO CEBEPHEE CBOETO
HBIHEIITHETO apeaia, a KpHOKcepopHIbHBIE cOO00IIIe-
CTBa COKpAIIIaJii CBOE YYaCTHE B PACTUTEILHOM TIO-
kpoBe CeBepHOU SIKyTHH, yCcTymas MECTO JICCHBIM
¢opmanysim. 30HaJIbHAS CTEMHAsI PACTUTEILHOCTD B
IO3/IHEM ILICHCTOLIEHE HE BOCCTaHABIMBalIach. B Te-
YEeHHE MO3AHETO0 IUIEHCTOLEHa TOPHOCTEHBIE KPHO-
Kcepo(puibHBIE COOOIIEeCTBA, aHAIOTUIHBIE COBpE-
MEHHBIM, TO PACHIMPSUINA CBOM ILIOLIAH, TO COKpa-
ajgl WX; MakCUMaJbHOE WX paclpocTpaHeHHe
OTMEYaeTCsl B CApTaHCKUH KPHOXPOH.
Pa3BuBaromuecs Ha BO3BBIIIEHHOCTSIX CO CIyBa-
e€MBIM 3UMOH CHEXHBIM MOKPOBOM H TIOBBIIICH-
HBIM JICTHUM HCCYIICHHEM IOYBEHHOW ITOBEPXHO-
CTH KpHOKCepo(MIIbHBIE COOOIIECTBa OTIMYAIUCH
MaJIoi MPOXYKTUBHOCTHIO. Ha OCHOBaHWY 300MHIM-
KaIlMOHHBIX 0COOEHHOCTEH KyKa-IITIONbITUKA —
Morychus viridis, JI.. bepman [20] npeamonaraet
IIMPOKOE PAacCIPOCTPAHEHHE B TO3/IHEM ILIEHCTOIe-
He accouuanuii, o0pa3zoBanHbIx Carex argunensis u
Polytrichum piliferum. Vicxoms w3 ocoOeHHOCTEH
COBPEMEHHOI0 JM3BIOHKTHBHOTO apeana Carex ar-
gunensis ¢ HATMYUEM PETMKTOBO MOIYJISIIIAN B BEP-
X0BbsIX KOJIBIMBI ¥ 4aCTOTBI BCTPEYaEMOCTH OCTaT-
KOB JKYKa-TTMTIONBIINKA B TTO3/THEIUICHCTOIIEHOBBIX
OPHKTOIIEHO3aX, MOXKHO IPENOIIOKHUTh, YTO B cap-
TaHCKOE BpeMsI COOOIIEeCTBA C y4acTHEM ITOH OCOKH
ObUIM HAMHOTO OOJbIIE PACIPOCTPAHEHBI, YeM B
HacTosmee BpeMsi. Lleromopdaas mpuypodeHHOCTH
Carex argunensis K TOpPHOTYHJIPOBBIM 3KOTOIIaM, Cy-
XHM IIEOHUCTHIM CKIJIOHAM, OCBIIISIM, CYXHM JIeCaM U
PEAKONIEChIM, TPUPEUHBIM TMeckaM [21] yka3piBaeT
Ha TO, 4TO ee (OopMOOOpaA30BaHUE MPOUCXOIIIO B
Oosiee BBIPAKEHHBIX TOPHOTYHIIPOBBIX KPHOKCEPO-
(UIBHBIX ycIoBHAX. KimMarnueckue ycioBus pac-
MPOCTPAaHEHUS >KyKa-MUIIONBITUKA XapaKTepHU30-
BaJIMCh MaJOCHEXHOCTHIO U CHJIBHBIMU 3UMHUMH
BETpaMH, JIETHEH CYyXOCTBIO, IIMPOKHM paCIpo-
CTpaHEHHEM B PaCTUTEIBLHOM IOKPOBE pa3peKeH-
HBIX XHOHO(GOOHBIX TPYNIHUPOBOK B COUYCTAHHH
CTENHBIX U TYHJPOBBIX pacTeHui [20].
DKCTpeMallbHO HU3KHE 3UMHHUE TeMITepaTyphl Ha-
Py ¢ MaJIOCHEKHOCTBIO, CIIOCOOCTBOBABIICH BBI-
XONIQ)KMBAHHIO TIOYBBL, W JIETHUM HCCYIIICHUEM B
KPHOXPOHBI TUICHCTOICHA TIPUBO/IIIN K BBIMHUPAHHUIO
JOMUHHAPOBABIIINX PACTUTEIHHBIX COOOIIECTB Ha IT0-
JIOTUX BO3BBIMICHHOCTSX peibeda, TIe cBOOOIHBIN
TPYHT 3aTeM 3aHUMalll TOPHOCTEITHBIE, TOPHOTYH-
JPOBBIC U pyllepalibHbIe pacTeHus], (GUTOIIEHOTHYE-
CKHM MEXJIy co00ii He cBs3aHHbIe. OJJHUM U3 OCHOB-
HBIX ()aKTOPOB OTOOPA pacTeHUH IS MPOU3PACTAHUS

[MPUPOIAHBIE PECYPCBI APKTUKU 1 CYBAPKTUKU, 2020, T. 25, Ne 2



CTEIHOM KOMITOHEHT ITO3AHEIUIEMCTOLIEHOBBIX SKOCUCTEM SIKY THU

B TaKUX IYCTOUIHBIX WJIN PYIEpaJbHBIX MECT000-
WTaHMUAX ObITa KCEPOPHUIHLHOCTh B COYETAHHH C TEP-
MMUMOCTBIO K BBIXOJIXHBAHUIO B 3UMHUX YCIOBHUSIX
IIPU OTCYTCTBHH CHEKHOTO IOKPOBA, YTO MOTJIO BBI-
paboTaTbcs IBONIONMOHHBIM MYTEM TOJBKO B TOp-
HBIX, JOCTATOYHO CYXHMX M XOJIOIHBIX YCIIOBHSX.

B nacTtosimee BpeMs momo0HBIE pa3peskeHHBIC
pacTuTeNbHbIE COOOIIECTBA XapaKTePU3yIOTCs OT-
CYTCTBHEM HIIU CJIa00W BBIPAXXCHHOCTHIO (QUTOIIE-
HOTHYECKHUX cBs3ei. X ¢popmMupoBanue mpoucxo-
JUT CTOXAaCTHYECKH MOJ abCONIOTHBIM BO3/EHUCT-
BHEM BHEIIHHUX (PAKTOPOB U T€HETUYECKHU LIETHUKOM
3aBUCUT OT OKpY)KalOIIEeW pPacTHTEITbHOCTH, BBI-
CTyTaroIel JOHOPOM MaTUEHTHBIX U HKCILIEPEHT-
HBIX BUJIOB, MPUCIIOCOOIEHHBIX K TeM KINMaTHh-
YECKUM M dIapHUECKUM YCIOBUIM, KOTOPBIE SIBIISI-
IOTCSI OTIPEENSIIONIMME B TaKUX JIUCCHUTIaTUBHBIX
coo01ecTBax.

B mo3pHeM mutelicTorieHe Takue OHOTOIBI MOTITH
3aceNAThCsl KaK CHHY3WAJIbHBIMH TPYIITHUPOBKAMU
Carex argunensis, Dryas punctata, Selaginella rup-
estris, Empetrum nigrum, pa3Ju4HbIX CTEIHbIX 3J1a-
KOB, TaK ¥ Pa3JIMYHBIMU BUJIaMU TIOJIBIHEH, B, KPY-
MOK, MapeBBIX, CO3/1aBas TYHAPOCTEIHOHN acrekT
HMHTEPIPETALNH MTO3HETIIEHCTOIIEHOBBIX CIIOPOBO-
MTBUTBIIEBBIX CIIEKTPOB.

Masasi nIpOXyKTHMBHOCTb TAaKMX OHMOTOIOB HE
MO3BOJISIJIA IM BBICTYIIaTh OCHOBHBIMHU TMACTOMIIA-
MU 715l IPEeACTaBUTEIe MaMOHTOBOW MeradayHsl,
BO3MOXHO, KpoMe Saiga tatarica [22]. Caiirak, Ha-
yuHas ¢ 19 B., SABISETCS OMHUM U3 TJIABHBIX JOBO-
JIOB TYHAPOCTEITHOTO 00JIMKa MaMOHTOBOH (hayHBbI,
OJIUIIETBOPSISI €€ CTEMHYI0 YacTh. Ho coBpemeHHbIe
WCCIIeTOBAHUS DKOJIOTHH 1 OUOJIOTHH CaiiTaka yKasbl-
BAOT Ha €€ NPUYPOUYEHHOCTh HE K CTEITHBIM, a O0JIb-
e K MNOJYIMyCTHIHHBIM coobmiectBam [23]. Ouenb
WHTEPECHBIE UCCIEIOBAHMUS TI0 MUIIEBOMY TMPEAIoY-
TEeHUIO caiirakoB nposenu b.Jl. Abarypos ¢ kosuiera-
Mu [24, 25], B pe3yabrarte KOTOPBHIX BBISCHUIOCH,
YTO Calirakd MPU HAIMYMH MapEeBBIX M TPEUUIITHBIX
B MacTOMINAX cTaparTcs M30erarb MoenaHus 3ia-
KOB, 4TO Cpa3y CTAaBUT BOIIPOC O CTEITHON MPHUYpO-
YEHHOCTH calirakoB. B pesynbrare ucciieoBaHUuN
TaK)K€ BBIICHWIOCH, YTO CAWTaku MPEANOYUTAIOT
OMOTOTIBI, TTOABEPTIINECS MACTOUIITHOW TUTPECCHH
¢ OONBIIMM KOJMUYECTBOM COPHBIX pacTeHui — Ko-
chia prostrata, Ceratocarpus arenarius, Bassia se-
doides, Chenopodium alba n3 cemeiicTBa MapeBbIX,
Polygonum aviculare, Polygonum patulum w3 cemei-
CTBa rpeuniHbIxX, Potentilla bifurca w3 po301BETHBIX
u apyrue. HekoTtopble U3 3TUX BUIOB OTMEYAIOTCS B

naneo(IopucTUIeCcKOM KOMILIEKCE MO3HETO TUIei-
croreHa Skytuu, kak Polygonum aviculare, Descu-
rainia sophia (cM. Tabm. 1), a npyrue, kak Kochia
prostrata, IPUCYTCTBYIOT B COBPEMEHHOM SIKyTCKOM
(hiope u, ckopee Bcero, OBUIM Topasao IIHPE pac-
MIPOCTPAHEHBI Ha MO3THEIIICHCTOIIEHOBBIX CTAIUAX
caifraka. K cxogHbpIM pesynbraraMm O MpeBajivupoBa-
HUU B TUTaHHUHU caiiraka MapeBbIx mpunny Jx. FOp-
TeHCEH C KOJUIETaMH B XOJIe M3yYEHUS MaTeOoIueThI
IJICHCTOLICHOBOM aHTUJIONBI PATUOU30TOMHBIM CIIO-
cobom [26]. Takum 0Opa3zom, caiirak TPy IMIHPOKOM
pacrpocTpaHeHH! pyJiepalbHBIX COOOIIECTB HA TEp-
putopun SIKyTHH OBIT 00ecTIeYeH KOPMOBOM 0a30i B
JIOCTaTOYHOM Mepe.

OcTaHKHu caifiraka B IUIEHCTOILICHOBBIX OTJIOMKE-
HUSX CBUAETENBCTBYIOT O IIIUPOKOM PacCIpoCTpaHe-
HUU PyIEpajbHBIX COOOIIECTB, COCTABIECHHBIX W3
MIPE/ICTaBUTENEH MapEeBhIX, TPEUHIITHBIX, KPECTOIBET-
HBIX, aCTPOBBIX M 3JIAKOBBIX B TIO3IHEM ILICHCTOIIE-
He. Bo3aMoXHO, 9TO naxke o Ooiiee MIMPOKOM pac-
MIPOCTpPaHEHUH, YeM ceifuac, HECMOTPsl Ha BO3POC-
IIYIO B TIOCTIETHEE BPEMsI aHTPOIIOTCHHYO Harpy3Ky
Ha (DUTOICHO3bI, IPUBEIIYIO K YBEJIHMUCHHIO TLJIO0-
maned pynepaibHbIX COOOIIECTB aHTPOIIOTEHHOTO
poucxokaeHus. JlaHHBIN (hakT, BeposiTHEEe BCeEro,
CBSI3aH C TE€M, YTO B MIO3JJHEM IIEHCTOIIEHE SK30TeH-
Hble (QakTopbl (POpMHUPOBAHMS PACTUTEIBHOTO MO-
KpoBa npeo0Iraay HaJl SHAOTCHHBIMHA, YTO B CBOIO
odepenpb 1 IIPUBEIIO K BO3PACTAHUIO PO CTOXACTHU-
YECKUX CO00INECTB 1IeHO(OOHBIX PyACpasioB B pe-
THOHAJILHOM MPUPOAHON CUCTEME U COOTBETCTBCH-
HO CHIDKEHHIO POJTH KIIMMAKCHBIX COOOIIECTB — Taii-
TH ¥ HACTOSIIIUX KOBBUIbHBIX CTETICH.

Hanmuue caiiraka B mo3AHEICHCTOLICHOBOM (hay-
HUCTHYECKOM KoMIuiekce CeBepHOil SIKyTuu Takxke
CBUJICTEITLCTBYET O MaJIOW BHICOTE CHEKHOTO TIOKPO-
Ba 3UMOH. DTO XOPOIIO COOTHOCHUTCSI C XHOHO(OO-
HOCTbIO accouuanuit Carex argunensis, BOSMOXHO,
IIPOKO PACTIPOCTPAHEHHBIX B MTO3IHEM IIICHCTOIIE-
HE, €CITU CYIUTh M0 KOJMYECTBY HAXOJOK JKyKa-ITh-
JIFOJTBIIIHKA.,

3akjoueHue

Haxomku caiiraka, »KyKa-TTHITFONBIINAKA, 8 TaKKe
OOJIBIIIOTO KOTMYECTBA MAKPOOCTATKOB 3JTAKOB, aCT-
POBBIX, MapEBbIX, IPEUUIITHBIX U KPECTOLBETHBIX B
TTO3/THETUICHCTOIIEHOBBIX OPUKTOIICHO3aX CBUJIETEIh-
CTBYIOT O IIHPOKOM Pa3BUTHH KPHOKCEPOPUTHBIX
cooOmiecTB. TUMOTOTUYECKOE OMPEACICHUE ITHX
COOOIIECTB KaK CTEIHBIX BBI3BIBACT JIOBOJILHO OOJIb-
e COMHEHHs. AHaITN3 apeanoB KCepo(pUTHBIX BH-
JIOB PaCTCHUH, MPOM3PACTAIONINX B COBPEMEHHBIX
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PEJIMKTOBBIX CTEMHBIX aCCOLMALNSAX U IIPE/ICTaBICH-
HBIX B KPUOKCEPO(PUTHBIX COOOIECTBAX IO3IHETO
ielcroueHa SKyThH, yKa3bIlBaeT Ha TO, YTO HACTOS-
1€, KOBBUIBHBIE CTEIH OTCYTCTBYIOT Ha TEPPUTO-
puu SIKyTHH C paHHETO IJIEHCTOLIEHA, 8 BOBMOXHO,
U TUIMOLIeHa. PEKOHCTpYHpOBAaHHBIE HA OCHOBE O3/~
HETIEHCTOLICHOBBIX HAXOIOK KYyKa-MUJIIOIbLIMKA
COOOIIECTBA CTEMSIMH HE SIBIISIFOTCS, a SIBISIFOTCS KPUO-
Kcepo(pUTHBIMH, XUOHO(DOOHBIMU, TUCCUITATUBHBI-
MH, OCOYKOBBIMH 1IeHO3aMu. [1o00HbIe coo0mecTBa
CO 3HAYUTENBHBIM yYaCTHEM DPYAEPATbHBIX BHIOB
SBJISIFOTCSL PEIPOAYKTUBHBIMH CTALIUSIMU CAalTaKOB,
eule 0 HEJABHEr0 BPEMEHU OJIULETBOPSIBLIIMMHU
CTEITHOM OOJIMK TIO3HEIUICHCTOIIEHOBOW PACTHTEIb-
HOCTH SIKyTHH.

Takue cooOmecTBa MO 00Pa30BBIBATHCS U Pac-
MIPOCTPAHATHCS BCIEJICTBHE DKCTPEMANIBHBIX MaKpo-
KJIMMaTH4YeCcKuX (PaKTOPOB (HU3KHE 3UMHHUE U BBICO-
KHe JIETHHUE TeMIIepaTypbl, MAJIOCHEXKHAs 3UMa), TIPH-
BOJSIIIIAX K BBIXOJQKUBAHHUIO B 3MMHEE BpeMs U
BBICBIXaHUIO BEPXHUX FOPHU30HTOB IOYBBI JIETOM.
Taxoxe Ha nX (HOPMUPOBAHUE BIMSIIN PaCIIPOCTPaHe-
HUE MHOTOJETHEH MEp3JI0Thl ¢ KPUOTEHHBIMH IPO-
LIECCaMH BCITyYMBAHUS, MMPUBOSIIMMA K 00pa3oBa-
HUIO MUKPO- ¥ ME30TIOJIOKHUTEIILHBIX (JOPM pelbeda,
U BBITANTHIBAHUE TPABSHOTO MOKPOBA KPYMHBIMHU
CTaIHBIMU MJICKOTTUTAIOIINMHU, YTO HHUIIMUPOBAJIO U
YCHJIMBAJIO TIPOIIECCHI MACTOMIITHOM JUTPECCHH.

JlepHOBUHHO-371aKOBBIE M JIyTOBBIE CTENU B
SkyTun nerpanupoBany U pacnaiCh BCIEICTBUE
HapacTaroLIEero MOoXoI0IaHus YK€ K CepeaNHE TUIeH-
cToreHa. YacTh CTEIHBIX YYaCTKOB OBbLIN 3aMelle-
HBI ITyCTOLIAMU U PYyAEPaTbHBIMU aCCOLUALIUSIMHU.
B nozanem mieicrorieHe, B MEXIEAHUKOBbS, IIH-
pOKO€ pacmnpoCTpaHEHHE TMOJIYYUIH BBICOKOIIPO-
IyKTHUBHBIE JIyTOBBIE COOOIIIECTBA, MECTAMU C TIPH-
CyTCTBUEM OTAEIbHBIX CTEIHBIX BHUAOB, TAKXKE
[PUCYTCTBOBAJIN JIECHBIE TPYIIIUPOBKU U KPUOKCE-
poduTHBIE pyAepaIbHO-ITyCTONIHBIE IeHO3HI. [lo-
CJEHUE YCHJIMBAIN CBOM MO3ULIUH B KPUOXPOHBI
MO3JIHETO IJIeHCToeHa. PacTUTEIbHBIN TOKPOB HO-
CHJI MO3aWYHBIN XapaKTep CaBaHHOBOTO OOJHMKA.
B noznnem muieiicronene B SIKyTHH cTenu Tpea-
CTaBJIsUIN COOOM TaKOW K€ IKCTPa3OHAIBHBINA THI
pPacTUTENBHOCTH, KaK U B HACTOSIIIEE BPEMSI, SIBIISI-
sICh PeNTUKTaMH 0oJiee paHHUX IIOX.
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Steppe component of the Late Pleistocene ecosystems of Yakutia
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Abstract. The article discusses the origin of relict steppe sites found in some regions of Yakutia, mainly
in the central and northeastern parts, as well as their distribution in the Late Pleistocene as a resource
niche for a mammoth megafaunistic complex. It was shown that the true steppes existed on the territory of
Yakutia in the Pliocene and Early Pleistocene. Xerophytic plant communities of the Middle Pleistocene
genetic related to mountain-steppe associations. In the Late Pleistocene, cryoxerophytic phytocenoses did
not have trans-Bering links, but were more widespread than at present.
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The wide distribution of cryoxerophytic barren communities in the Late Pleistocene was due to extreme
cryoaridity of the climate and low rainfall, especially in winter, which led to soil surface cooling. Despite
the extremely low productivity, cryoxerophytic wastelands gave an ecological niche to a rather large ungu-
late saiga, which for a long time served as an argument in paleobotanical reconstructions for the distribu-

tion of steppes in Late Pleistocene.

In the Late Pleistocene, modern relict steppe plots occupied a subordinate position in the vegetation

cover of Yakutia, which is still observed today.

Key words: Yakutia, Beringia, Late Pleistocene, Late Pleistocene ecosystems, Transberingian connec-
tions, relict steppe areas, interglacial period, cryochron, saiga, xerophytes.
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Oo61mii 0630p paynsl orpsina Cokosoodopasnnbie (Falconiformes) 1oauHbI
Cpenneii JleHbl 1 NpWIeralimux K Heil TeppuTOPHUii

A.IL. Ucaes, B.B. boukapes, H.I. Conomonos, P.A. Kupunnun, E.B. lllemsikun, B.1O. 'abbimies

Huemumym duonoeuueckux npoonem kpuorumosonsvt CO PAH, HAxymck, Poccus
isaev_ark@rambler.ru

Annomayus. Ilpusedensi pesyrvmamol OpueuHaIbHLIX Habnodenuu 6 nepuood ¢ 2003 no 2019 2., ana-
JU3A TUMEPAMYPHBIX, APXUGHBIX U ONPOCHBIX c8edenutl no npeocmasumensm ompsaoa CoxkonoobpasHule
(Falconiformes) oonunvt Cpeoneii Jlenvl u npunezaiowux x nei meppumopuil. OmmeyueHo, 4mo 6 Hacmosi-
wee epems Ha UCCIe008aHHOU MeppUmopuu pe2yiapHo ecmpedaiomes 16 61006, Uz KOMopvix eHe305auu-
mucs asnsiomes 13, 8603MOAHCHO eHe30Ames — 3 U 6Cmpenaromes 60 8pems Ce30HHbIX MUpayull u Kove-
60k — 2. B pabome 6 0ana omnocumenvHas oyenka YucieHHoCmu 6 ONUMenIbHOU pempoCneKmuse cancana
U cogpemennoe COCMOosHUe NONYIAYUL OPY2UX OHEBHbIX XUWHBIX nmuy pecuona. Ommeueno, umo 0o cepe-
ounvl XX 6. 6 donune Cpeoneti Jlenvl mrocue npeocmasumeny ompsioa Ovliu 0ObIYHBIMU SUOAMU MECTNHOL
oOpHUMODayHbl, 3aMemHoe COKpAueHue Ux YUCIeHHOCmU Hauanlocs ¢ 60-x ee. npownoco cmonemus. B na-
cmosiujee 8pems Ha Uccie008aHHOU MePPUMOpUU U3 OHEGHbIX XULHBIX MUY WUUPOKO PACNPOCTNPAHEHHbI-
MU U OOBIYHBIMU, MECMAMU MHOLOYUCTEHHBIMU, ABNAIOMCSA MONLKO KOPULYH U NYyCmenbad, OCMAlbHble —
Manoyucientvle unu peoxkue. B nociednue decamuiemus bonvuias wacms 0oaunsl Cpeoneti Jlenvl nodsep-
2aemcst UHMeHCUGHOU MPaHCcoopMayuu RPUPOOHBIX COOOWECME, Ha KOMOPYIO Haubonee 0Ccmpo peazupyrom
8uobl, 3anecennvie 8 Kpacuylo knuzy SAxymuu, maxue kaxk ckona, 6epkym u opran-6eioxeocm, omaudaio-
wuecs U36eCMHOU HeMepRUMOCMbIO K USMEHEHUTO U COKPAWEHUIO cpedbl OOUMANU.

KitroueBble ciioBa: xumisble nTuibl, oTpsia Cokoao00pas3Hble, N3MEHEHHE YUCICHHOCTH, AosnHa Cpea-
Heit Jlensl, Llentpanbuas AxyTus.

Bnazooapnocmu. Vccneoosanus npogedenst 6 pamxax dasosoeo npoexma UBIIK CO PAH VI.51.1.11
«Cmpykmypa u OuUHAMUKa NONYIAYUL U cOOOWECms HCUBOMHBIX X0n00Ho20 pecuona Cegsepo-Bocmoxa
Poccuu 6 cogpemennbix ycioguax 2100anibHo20 U3MEHEeHUs KIUMAama u aHmpono2eHHou mpancgopmayuu
Ce6epHbIX IKOCUCTEM: (PaKMOpbl, MEXAHUIMbL, A0ANMAayuu, coxpaneruey. B pabome kpome cobcmeennvix
U JIUMepPamypHuIX OAHHLIX NpuUeiedensbl HeonyOIUKO8aHHbvle OaHHble, TH00e3HO Npedocmasientsle 0.0.H.
LI'epmocenosvim H.U. u x.6.1. bopucosvim 3.3., ucnons306amsbl Mamepuanbl ONPOCHbIX CEE0EHULl MECHHbIX
Jrcumenei. HeoyeHumyo nomowyb 6 noneswix uccied08aHusAx okazanu yuumens Xaneanacckoeo pationa Ho-
eosuywir I1.P. (Otickas COLL) u @edomos I1.C. (Oxmemckas COLL), scumenu Hamcxozo paiiona Huxo-
noe T.11. (kpaesed) u Cogppornos E.@. (yuumenv bemioncrot COILL) u Op.

BBenenue JIOTIMHA PEKU CHIIBHO pacimpsiercs (10 25 kM), 3Ha-

Cpennee Teuenne pexu Jlena (mm Cpenpsis Jlena) — YUTCIBHO yBEIMYMBACTCS HoiMa (7-15 k), n300m-

PaCIIONIOKEHO MEXKAY YCThsIMU peKk Butum u Annan
(mpotspkerHOCTE 1403 KM) M MMEET MIMPOKYIO H
CIIO)KHO TeppacHpoBaHHYI0 aoiuHy. [IpumepHo B
120 kM 10%Hee I. SIKyTCK peka UMeeT BBIPaXKEHHYIO
JOJIAHY TOJIBKO Ha JIeBOOEpEKbe, a CIipaBa Ha MHO-
THE COTHU KUJIOMETPOB TSAHYTCS M3BECTKOBHIE CKa-
JIBI, TIOZICTYTIAFOIIINE K caMOi Bojie. Heckombko BhITIe
yCcThsl p. byorama 6oprta monmubI p. JleHa okaitm-
JAIOTCS TEPPACOBBIMU YCTyHaMHU BBICOTOH OKOJIO
50 M, cnoxeHHbiMH niecuanukamu. OT I. [TokpoBck

JIYIOIIast BEITSHYTHIME BIIOJIb PEKH CTapHUIIAMH, TIPO-
TOKaMH, JIokOWHaMu. Pycio pexn pasmpoOieHo Ha
MHOKECTBO TPOTOK, 00Pa3yrOLIMX MHOTOUMCIICHHBIC
octpoga [1]. 70 % TeppuUTOpHH 3aHATHI TAHUTON — CO-
YeTaHUEM XBOWHBIX (JIMCTBEHHUYHHKH, CIHHUKH,
COCHSIKH ), MEJIKOJTUCTBEHHBIX (MBHIKH, OEPE3HSIKN)
JIECOB, KyCTapPHUKOBBIX 3apOCIIeH, TYTOBBIX CO00-
LIECTB U CEIbCKOXO35UCTBEHHBIX yroaui. Jlecu-
CTOCTH TTOMMBI MEeCTaMH MOXKeT TpeBsImarh 30 %,
Ha HaAMOWMEHHBIX Teppacax gocturaet 50 % u 6o-
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Jiee, B HauOoJIee OCBOCHHBIX UEIIOBEKOM ydYacTKax
IJIOLLAU JecoB cokpariensl 10 10—15 % [2]. Cpen-
Hsis Jlena xapakrepusyeTcs KpailHe KOHTUHEHTab-
HBIM KJIUMATOM U KOPOTKHUM JIETOM: CPEITHSIS TEMIIC-
parypa stBapst —43,2 °C, utonsa +18,0 °C, nponoi-
KUTEITFHOCTh 0€3MOpPO3HOTO TepHuona B I. SIKyTCK
paBHa 95 mHsaM [3].

Cyns no nuTeparypHbIM JaHHBIM [4—7], B KOHIIE
19—cepenune 20 BB. Ha Cpenuneil Jlene mHorue
npencraButenn orpsaa Cokonoobpasueie (Falconi-
formes) ObUTM OOBIYHBIMHU BUIAMU MECTHOM OPHHUTO-
(bayHbBI. 3aMETHOE COKpAIIICHUE YUCICHHOCTH XUIII-
HBIX NTHUI] HAYAJIOCh 371€Ch B 60-€ I'T. MPOILIOro CTO-
neTus [8], ¥ KONMMYeCTBO MHOTHX € KaXKIbIM TOJ0M
CHIDKAJIOCh. B mocnennue necatuneTus: faHHas Tep-
PHUTOPHS TTOJIBEpraeTCcs MHTEHCUBHOM TpaHchopma-
WU TIPUPOIHBIX COOOIIECTB, Ha KOTOPYIO Hambosee
OCTPO pEarupyroT XUITHBIE ITHIIBI, IOCKOIbKY UMCH-
HO OHU CTOSIT Ha BEPIIMHE MUPAMH/IBI U 3aMBIKAIOT
CIIOXKHBIE, HEeCTaOWIbHBIE BO BPEMEHH W TPOCTPaH-
cTBe Tpoduueckue renouku. Hanbomnee ysa3BuMbIMU

W3 3THX BUJIOB SIBJISIIOTCSI OOBEKTHI MEIKTyHAPOIHON
oxpaHsl, 3aHeceHHble B Kpacusie crpanuisr MCOIT
(carrcan, kpedet, OepKyT, OpJiaH-OCIIOXBOCT U (H-
JIMH), KOTOPbIC OTJIMYAOTCS U3BECTHOU HETEPIIMMO-
CTBIO K M3MEHEHUIO U COKPAIICHUIO CpPe/ibl O0HTa-
HUS. DT 00CTOSTENBCTBA ITOJIBUIITN HAC HA TIPOBEIE-
HUE MCCIIEI0BAHUH, MTO3BOJIAIOIIMX B KAKOU-TO Mepe
OLICHHUTh HA JaHHOW TEPPUTOPUU COBPEMEHHOE CO-
CTOSIHWE JTHEBHBIX XHIITHBIX ITTHII.

B 80-¢ rT. mpornrutoro cToneTrs B OCHOBHOM ObLTa
3aBepiieHa MHBeHTapu3aius Gaynsl ntur Cpeanei
Jlensl, B TOM 4HCIie OTpsia COKOJIIOOOpas3HbIX [9].
B 6accetine Jlenpl HaOMIOMEHNS 32 OT/ACTHHBIMHU BH-
JIAMH JTHEBHBIX XMIIHBIX MTHUI[ ObUIH MPOBEICHBI B
1950-1960-x rr. [6, 10]. Hamu ¢ 2003 r. nenena-
MPaBJIEHHO WJIM TIOIMYTHO TIPHU MPOBEICHHUH PY-
TUX paboT OBUTM TPOBEIEHBI MCCIICIOBAHUS pac-
MPOCTPAHCHUSI, YUCICHHOCTH U HEKOTOPBIX CTOPOH
OHMOJIOTMY THEBHBIX XUIIHBIX NTHII. 32 3TOT TIEPUOJT
paboT 1Mo MHOTHM TIPEICTaBUTEIISAM COKOJI000pa3-
HBIX cCOOpaH JOCTAaTOYHO OOIIMPHBIN MaTepual, a

XomuponcXou

Opmo cypm Kospenns

HemtortoHubl

CWHCK

FAkyTCK 2

’ FOkTemuir

oo ‘K}CTbe p. Byotama

KbIJ'IaVIbIl

Epnen

Hu bocmax

PecnyGnuka Caxa (Skymus)

Puc. 1. YyacTku npoBeieHHS YYETHBIX Pa0OT (PKENIThIE — IJIOMIAA0YHbIE, CHHUE — TOYCUHBIE).

Fig. 1. Areas of counting work (yellow color: sites, blue color: points).
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A.Il. UCAEB u np.

[0 OT/EIBHBIM BHJIAM OIyOJIMKOBaHbI 0000I1Iat0-
e 0030psl [11-14]. Cnenyer oTMETHTB, YTO Ha
CErOo/IHs HaMH 00CIie/I0OBaHa JIUIIb HE3HAUYUTECIh-
Hasl YacCTh JIAHHOW TEPPUTOPHH U MIPEICTABICHHBIN
HaMU 0030p SBJISETCS NPEABAPUTEILHBIM.

MaTepnan U METOAUKA

CriopaIM4HOCTb PACTIPOCTPAHCHHUS XUIIIHBIX TITHIT
MOKAa3bIBAIOT, YTO TPAAUIMOHHBIE METOABI YUETOB
HE BCErJa OTpaXkaroT UX ACHCTBUTEIbHYIO YUCIICH-
HOCTH [15, 16]. IlosTOMy mpu y4eTHBIX padoTax,
Hapsay ¢ OOMIETPUHITHIMA EIIMMHI MapIIPy THBI-
mu ydetamu [17], ucmonp3oBain ananTHpOBaH-
HBIE CIICIHAIBHO IS IEPHATHIX XUITHUKOB YYEThI
[18, 19] nnowmanounsie — B okpecTHOCTAX cen He-
MIOTIOHIIBI U Efell 1 ToueuHble — B OKPECTHOCTIX
r. Skytck, cen Cunck, Oxremipl, Keinaiter 1 Maii-
Mmara, yctbe p. byorama (puc. 1). bonee ninmu menee
OJIpOOHBIE CBEJCHUS TI0 YUCIEHHOCTH U PacIpo-
CTpaHEHHIO COKOJI000PA3HBIX MTHUIT TOTTyYeHBI HAMHU
B nieprof ¢ 2008 o 2019 ., B OCHOBHOM B Tpex aji-
MUHUCTPATUBHBIX TEPPUTOPHUSIX, PACTIOIOKECHHBIX B
Oacceiine cpeqHero TeueHus JleHsl (XaHragacckui,
Hamckuii paiioHbl 1 AJIMUHUCTpPATUBHASL TEPPUTO-
pus . SIkyTck). Exxeromno ¢ 2013 1. B utoHe—aBrycre
C TMIOMCKOM THE3JIOBBIX TEPPUTOPHIL caricaHa u Japy-
THX XUIIHBIX NTHI[ OBUTA TIPOBECHBI aBTOMOOMIIb-
HBIE, TTEIINe ¥ BOTHBIE MapIIPYTHI BIOJIb JEBOTO Oe-
pera p. Jlena ot c. Keitbui-Jlxxypa 1o ¢. bynryHnbsx-
Tax (o0mmas mpotspkeHHOCTh 180 km). B 2014-2015 .
Ha ITPaBoOEPEkKbEe OPraHU30BAHBI CILIABBI HA JIOJKAX
BJIOJIb Oepera ¥ TeNIne MapuipyThl OT TOYKH Ha-
npotuB c. Keitbin-J[xypa 10 Hayana o. Xapslitsiax
(160 xm). B ntone—asrycre 2016 1. ObiIM OpraHu3o0-
BaHBI YY€THI ITUIl HA BOJHOM MapIIpyTe Ha KaTepe
¥ Ha aBTOMOOWIAX Ha obomx Oeperax p. Jlena or
c. Turnaas no c. Tiobs (obmas mpoTSHKEHHOCTE 00-
mee 1050 xkm). Beero ¢ 2003 mo 2019 r. aBromo-
OWJILHBIMU YYE€THBIMU MapIIPyTaMH MpPOIeHo 00-
nee 2200 kM, memuMu — 246 KM, BOTHBIMH (Ha Ka-
Tepe, Pe3NHOBBIX M MOTOPHBIX JIOJKaX) — OKOJIO
1900 xwm. Ilowcku rHe3n OepkyTa MPOBOAMIH C
2006 r., B OCHOBHOM B MapTe—Hadase Masi, Korjaa He
Mellraja JIMCTBa U ObUIa BO3MOXKHOCTh IpOe3/1a Ha
aBTOMaIHaX 1o 3uMHIKaM. OOHapyKeHHBIE THE3-
Jla B TEUCHHUE JICTHETO MEePHoa, 0 BO3MOXKHOCTH,
MOCEIa N 3aHOBO JIJIsl YCTAHOBJICHHS THE3/IOBaHUS
opiamu. ['He31a U THE30BbIC YUAaCTKU APYTUX XU
HBIX TITHI] BBISIBIISUTACH B TIEPUO]] C Mast TIO0 CEHTIOPh
2003-2019 rr. BO Bpems TIEIINX, aBTOMOOWIBHBIX U
BOJIHBIX MapIIPyTOB.

Kparkuii 0630p
CemeiictBo Cxonunsble Pandinidae
(Bonaparte, 1854)

Cxkona Pandion haliaetus (Linnaeus, 1758) B
SkyTnn MMeeT HIMPOKOE paclpoCTpaHEHHE, KOTO-
poe HOcUT criopaauueckuid xapakrep. B Cpenneit
Jlene B KOHIIE MPOLUIOTO CTOJETHs BCTpeYaNach
nuue B mpenenax JleHo-AMruHckoro u AngaHo-
AwmruHckoro mexypeunit [20]. [To AMre Bo3Mok-
HO THE3/I0BAHUE B YCThSIX peK MyHIaypyuuy u By-
nyH [21]. B konue 90-x B oceHHU# nepuoj oTMe-
yeHa B mputokax p. Anman (Hyotapa, Kyomywma,
Awmra u TaTTa), HeOqHOKpPATHO HAOIIOANIN B 10JIU-
He p. Tamma (mputok Jlensr) Onu3 c. XarblibiMa
[22]. Panee B nonmmue Cpenneit Jlenst go 50-x T
XX B. cKoIla peryisapHO NpedbIBaia U THE3AUIIACH B
paiioHe oT ycThsl p. Anjian 10 ycTbd p. Bumoif [§].
12 mronst 2011 1. B 20 kM ot c. Keinaifer Ha 1€BOM
Oepery p. AnpaH Obula BCTpeueHa OfAHA CKOIA.
B Jleno-Butoiickom mexaypeuse A. M. VBanos [5]
15 aBrycra 1926 1. Ha 03. UeHaanu HaOIrOnaI Cpasy
9 ntun. B Hacrosiee BpeMst MPUCYTCTBHE CKOIIBI B
nonuHe Jlens! u JIeHo-BuintoiickoM Mexaypeube He
OTMe4eHO. EcTh cBefeHNs O THE310BaHUM CKOIIBI B
Oacceitne Bumoss — okpectHocTH ¢. KupoBo Bu-
JIIOMCKOTO yiyca.

CemeiicTBo SIcTpedunblie Accipitridae
(Vigors, 1824)

UYepnsiii kopiirys Milvus migrans (Boddaert, 1783)
B Cpenneti JIleHe siBrsieTCs MIUPOKO PacTIpOCTPaHECH-
HbIM ¥ OOBIYHBIM, MECTAMHU MHOTOYUCIICHHBIM, I1€-
peneTHO-THe3AmuUMCs BUaAoOM. Kak u B Ipyrux me-
cTax apeana [23-26], aTa nruma u30eraeT TyXou
TAWTH U TIPOSIBIISIET SIBHYIO TIPUBSI3aHHOCTH K aHTPO-
MTOTEHHBIM TeppUTOpHUSM. Tak, 1Mo HaOMIOACHUAM
A.U. NBanoga [5], B Hauaje MpoLLIOro CTOJIETHUS B
. SIKyTCK «...Ha CKOTOOOWHE KOPIIYH BCTpedalcs
B HEBEPOSITHOM KOJIMUYECTBE». B HacTosmiee Bpemsi B
OKPECTHOCTSIX TOPO/Ia CKOIJICHUE NITHUI] OTMEUACTCA
B OCHOBHOM Ha IOJIUTOHE OBITOBBIX 0TX0/0B. Ha-
npumep, 15 asrycra 2017 1. 37ech Ha IJIOMIA/IKEe
200%200 M, rme BBEIBAJIMBAIH CBEKHH Mycop, 3a
OITMH pa3 HaCUUTATH 42 JIETAIIIX KOPITYHOB U 47 —
cuasnux. MHOTa CKOTUIeHUsT ITHIT HAOIIOMAI0TCs
B MeCTax MacCOBOTO OT/bIXa HaceneHWs. Hampu-
Mep, 23 uronst 2018 r. BOIM3K roposa B MECTHO-
cTu «Yc-XaThlH» BO BpeMsl SIKyTCKOTO TMpa3IHUKA
«blcprax» mbl HaOMrOATH 710 23 OJTHOBPEMEHHO I1a-
PAIIMX KOPIIYHOB.

B 1961 r. B JleHO-AMIHHCKOM MEXIypedbe B
paiione cpenHero Tedenus p. Tamma Ha 15 kM THe-
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3nunock 7 map [27]. Ilo maHHBIM y4eToB, B UIOHE
1983 r. Ha LEeHTpaIbHON YacTH BOJOpa3zAeia dTOro
MEXTypeubsl YUCIEHHOCTh YEPHOTO KOPIIYHA CO-
crapisina 0,13 ocobeii/km?, B ee BOCTOUYHOM YacTH —
0,03, B utone 1987-1988 rr. B nonmmuax pek TatTta
u Cyona miaoTHOCTb HaceneHus paBHsnach 0,21
ocobeit/ kKM%, B 0OIECEHHBIX MECTOOOUTAHUSIX —
0,25 [28]. B 90-x TT. IpOIIIIOTO CTOJNETHS B TOJIHHE
CPEIHETo TeUCHUs P. AMTa BUJI BCTPEUAICS Peryisip-
Ho [21]. Ilo nanHbIM yueToB, B utone 2005 r. B nonu-
He AMru BOmu3M c. bomyryp 4icneHHOCTh KOopITyHa
cocrasmsna 0,02 ocobeit/km’. Ha ceBepHoit uactu
JleHO-AMTHHCKOTO MEXKIYypeubsi B OKPECTHOCTSIX
c¢. Koumnaiisl B Mae—utosne 2011-2012 rr. maoTHOCTb
HaceJleHHs XUIIHUKa paBHsuics 0,2—0,7 ocobeit/km?.

B nonunax Jlens! Ha ee 1eBoOEpeKbE MO TaHHBIM
MEIINX MapIIPYTHBIX YYETOB B TMEPBOU IOJIOBUHE
nieTa (MIOHb—HFONTB ) TUIOTHOCTh HACEIICHHS KOPIITyHa
B pasHbIe oIl Koniebamnack ot 1,4 mo 3,2 ocobeii/km?
(tabm. 1). B kyneTypHBIX TaHAmadTax J0aHHE JICHBI
B 1970—1972 IT. INIOTHOCTH HACEJIEHUS DTOrO XHIII-
Huka pasHsnack 0,7 ocobeit/km® [29]. Tlo qaHHBIM
Y4EeTOB BO BpeMsi aBTOMOOWJIBHBIX MapIipyTOB, B
nroHe—wurone 2017 . B monuue Tyiimaana BcTpeuae-
MOCTB KOpIlyHa coctaBuia 1,4 ocobeit/10 kM map-
mpyTta, Ipk3dHu — 1,6 u Ducwamm — 3,0. Crnenyet
OTMETHUTb, YTO ABTOMOOUIILHBIE TPACCHI MPOJICTAIOT B
OCHOBHOM TIOCEPEANHE YKa3aHHBIX JOJIWNH U OUeBHI-
HBI OOJIbIIIME Tponycku ntui. Hanpumep, 27 utoHs
2002 r. mo Tpacce Ha 26 KM MapuIpyTe BCTPEUCHBI
3 ocobwu, a Ipu JABMIKEHUH BJIOJIb CKJIOHOB KOPEHHOTO
Oepera DpKIIHU MPOTHKEHHOCTHIO 31 KM OBIIO yuU-
TeHO 73 kopiryHa. XHWIIHUKH 3/1€Ch CIETAUCh CO
BCEH JIONUHBI U C OJHM3IIKAIIHX JIECHBIX YYaCTKOB
HaJIMOWMEHHOH Teppackl, U B OOJIBIIMHCTBE CTy4acB
OBUTM OTMEYEHBI JIETANIMMHU BIOJb CKIIOHA, B TIOU-
CKaX CBOET0 OCHOBHOTO KOpMa — CyCIIUKa.

B Jleno-Bumolickom Mexaypeube BOIW3H
T. SIKyTCK Ha OTKPBITBIX y9acTKax (3apacTarolime
MaIlHYU, JIyra, 3a00JI0YCHHbIC YYacTKH) IUIOTHOCTh
HaceJIeHHUs KOpIIyHa 0 JaHHBIM yueToB 2016 T. co-
craBisna 0,05-1,8 ocobeit/km? [30]. B roxHOI ga-
ctu Cpenneit JIeHsl, rie J0IMHA PEKH HE BBIPAXKE-
Ha BONMM3M HaceleHHbIX myHKToB CuHCK M Eneid,
IJIOTHOCTH HaceleHus XUIHUKa B uoHe 2013 1.
pasusack 0,3-0,8 ocobeii/km?, B ceBepHOit 4acTn
B OKpecTHOCTAX ¢. Maiimara — 0,07-0,1 B cepenu-
He mast 2014 u 2016 rr. u 3,5 B mrone 2015 .

B nenom, Ha 060uX MEXIypeubsX NTHIIBI HAH-
6osee 0OBIYHBI B TIOWMaX PeK, OTKPBITHIX MECTaxX —
JIyrax u ToJsix, BOJIu3u 0a3 KOHEBOOB, CAbUIBIKOB

Tabnuna 1
TL10THOCTH HAceJIeHHsl KOPIIYHa (0cobeii/km?)
B qosmmHax Tyiimaana u pkIdHU (MIOHb—HIOJIb)

Table 1
Black Kite population density (individuals/km?)
in the Tuimaada and Erkeeni Valleys (June—July)

Homanet o500 2011t | 2012 | 20141 | 2017
p. Jlenst
Tylimaana 1,7 - — - 1,4
DpKIIHU 1,8 2,6 3,2 1,8 —

(JIleTHHE TOCceNIeHus ATl Bblllaca KPYIHOTO POraTo-
ro cKoTa), 000YMHAX 0pOT, Oeperax o3ep u mp.

[Ipuner xopiryHa oTmedaeTcst BO 2—3-i Jexajie
anpens [28, 31, mamm manabie]. Hanbomnee panmmii
npuieT otMedeH omu3 c. TynaruHust 5 anpenst 1961 .
[27]. ['He3na KOpIITYHBI YCTPauBalOT B OCHOBHOM Ha
[EPECTONHBIX JTUCTBEHHUIIAX U COCHAX, pexke — Oe-
pesax. 22 mas 1989 r. Ha octpoBe BONM3HM c. [laB-
JIOBCK THE30 ATOr0 XHMIIHWKA OBLJIO OOHApPYKEHO
Ha uBe (coobmenue H.W. I'epmorenora). Kak u Bo
MHOT'MX MecTax OOMTaHus, 0ObIYHO OHU HECKOJIBKO
JIET MOAPS/] 3aHUMAIOT OJTHO U TO e T'He3/10, KOTO-
poe coopyXaroT M3 BETOK MPOU3PACTAIONINX TO-
OTM30CTH JIepeBheB. BOMM3HM CBAIOK BCTPEUAIOTCS
MOCTPOUKH MTHII, IJie BMECTE C BETKAMU 4acToO HC-
MOJIB3YIOTCS TIPOBOJIOKA, KYCKH Pa3IMYHBIX MeTall-
JINYECKUX U INIaCTMaccoBBIX fetaneil. Kak u Ha
Jleno-AMmruackom mexaypeuse [28], BICTUIIKA CO-
CTOMT M3 BOJIOC JIOIIA/IM, KyCKOB 3€MJIH, OOPBIBKOB
Oymaru, Tpsmnok. Kpome 3Toro, B 00CiIeI0BaHHBIX
HaMHM THE3J]aX OOBIYHBI CyXHe KPYTIIbIe IKCKPEMEH-
THI JIOMIAJICH, CyXasl TpaBa, pexe — KyCKH TOJIMITHU-
JICHOBBIX TTAKETOB, KUTaWCKHE TEepPUaTKH, TUTFOIIIe-
Bble MTPYIIKH, GparMeHThl MIKYp pa3IUYHBIX JO-
MAallHUX M JUKHUX XKMBOTHBIX (JIOLIazb, KPYNHBIHA
porartblii CKOT, KOCYyJIsl, CyCIHMK, OHJATpa), Yeurys
pBIO U T.II.

Kaxk ormeueno B nuteparype [7, 28] u o Hamum
HaAOMIOACHUSIM, Ha4yalo KIaJKW KOpIIyHa NPHUXO-
JUTCS Ha BTOPYIO—TPETHIO IEKaay Masi, Ha4yajlo Bbl-
JYTUICHUS] — BTOPYIO—TPETHIO JIEKaay UIOHS, BBUIECT
NTEHLOB — KOHEIl MIOJsi—Havyajia aBrycra, OTIET —
BTOPYIO MOJIOBUHY CEHTSOpsi—Ha4Yano oKTsopsi.

Honeroit nyue Circus cyaneus (Linnaeus, 1766)
LIMPOKO PACIPOCTPAHEHHBIN NIEPEJICTHO-THE3 AN~
cs Bun. B Hauane nponutoro Beka A.U. Banos [5]
OTME€YaJ, YTO JIyHb Yalle BCTpedalcs B JOJIUHE
Jlensr. JIo 70-X TT. IpOIIIOTO CTOJETHUS TMOJIEBON
JyHb B JOJWHBI JIeHbI ObLT 0OBIYHBIM BHIOM [9], 1,
Mo gaHHBIM y4ueToB 1970—-1972 rT., B KyabTYPHBIX
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na"mmadTax MWIOTHOCTh HACEIEHHS 3TOTO XHIIHU-
ka paBHanack 0,4 ocobeit/km> [29]. C 1980-x .
nyHs B Cpenneit JleHe MOXKHO XapaKTepu30BaTh Kak
MaJIOYMCIIEHHBIN Bua. Tak, 1o JaHHBIM MapIiipyT-
HBIX yueToB B utone 1983 1., Ha IIeHTpanbHOI YacTH
Bojiopazzena JIeHo-AMIMHCKOTO MEXIypeubsl 4YH-
CIIEHHOCTh ToJsieBoro JyHs cocrasmsuia 0,1 oco-
6eii/km’. B nomune Jlens (okpecTHOCTH SIKyTCKa),
B 1985 — 0,05, B 70 k™ BoImie ropoxa — 0,5 [28].
B 1990-¢ u 2000-¢ TT. 1T0JIEBOH JIYHB OBLT OOBIYCH
mume B HIII «JleHckue cTonOb» u yaine BCTpe-
qaJcs B paCHIMPEHHSIX HIDKHETO TeUueHUs! byoTtamsr,
IJIE COCPETOTOYEHBI OCHOBHBIE CEHOKOCHBIE YTOJIbs
[32]. Ha rore Cpennueii Jlensl B MecTHOCTH bara-
Maii B utosie—asrycre 2017 I. INIOTHOCTB HACeNIeHUs
nrun coctaBisiia 0,2 0coOeit/km?, B IEHTPATbHOI
qacTu (oKpecTHOCTH T. SIkyTtck) B urone 2016 . —
0,06, Ha ceBepHOI (OKpecTHOCTH ¢. Maiimara) B ce-
peaune mas 2015 . — 0,04.

Ha Jleno-Bumoiickom mexaypeuse A.W. HBa-
HOBBIM [5] HECKOJIBKO MTHUI[ ObLUTH JOOBITHI BOIU3U
03. J[)xtokas, B MeCTHOCTSIX bamapannax m AMJax.
OTH cBeJIeHHs yKa3bIBalOT, UTO B TE€ FOABI HA UCCIIe-
JIOBAaHHOW TEPPUTOPUU BUJA 31€Ch ObUT HEpemoK.
B 1960-1962 rr. Ha 3TOM MeXAypeube B JOIHHE
cpennero TedeHns p. KeHkeme 3ToT TyHb BCTpedal-
cs cpaBHUTENbHO yacto [33]. Bo Bpems memmx
YUYETHBIX paboT HaMu Ha JleHo-Buitoiickom Mexy-
peube Bua He orMedeH. O TOM, 4TO Ha MEX]Iypedbe
BHJl JOBOJBHO OOBIYHBIM, MOXKHO CYOHTH IO HX
BCTpeYaM IpH JBH)KEHUU Ha aBTOMOOWISAX 1o Bu-
molickoit Tpacce. Tak, B urone 2005 . ot 1. SIKyTCK
1o c. Marapaccer (102 kM) BcTpedeHbl 2 MTHUIIBL,
B mroHe 2007 1. ot 1. SIkyTck — c. bepapurectsax
(180 xkm) — 3.

Cyzs mo nmuTepaTypHbIM HCTOUHUKaM [28, 31] u
HaIUM HaOMIOIEHUSM, JTYHB TIOSBIISIETCS. BO BTOPOH
JieKajie anpess—Hadaje Mas, Hanboliee 4acTo 3TH
MITULIBI BCTpEeYaIUCh Ha miposiete ¢ 12—14 mas. Hava-
JI0 KJIAJIKU BO BTOpOM Jekaze masd. ExnHcTBeHHOE
THe3/10 ObLTO HaiieHo B JIeHO-AMIHHCKOM MEXITy-
peusne ['11. JlaproHOBBEIM C KOJUTEramu [28] u pacro-
JIarajgoch Ha 3aJOMe, B TPOCTHHKOBBIX 3apOCIIsX He-
0O0MBILIOTO 03€epa, OBIIIO COOPY)KEHO U3 CYXUX BETOK
KyCTapHHKOB, CTEOJNEH KaMblIia, TPOCTHHKA, OCOK U
20 mas comepxano 6 suu. Hauano BeITymiieHus
MITEHIIOB ITOJIEBOTO JIYHS MPHUXOAWTCS HA BTOPYIO—
TPETBIO JIEKaly UIOHS, U3 MECT FHE3/I0BHI OTJIETaeT
B CEHTSIOpE, HAanOOoIIee MO3IHSISI BCTpEda — 5 OKTSIOPSI.

Bocrounsiii iyne Circus spilonotus (Kaup, 1847).
B Slkytckom okpyre A.W. MiBaHoB [5] aTOTO NMyH$ Xa-
pakTepu30Bal Kak oueHb peakuil Bua. [locnemyro-

IIME UCCIICIOBAHUS TIOKA3aJIM, YTO BOCTOYHBIH JIYHb
JIEUCTBUTEIILHO KpaiiHe pejkasi MTHUlla TOJIbKO B Ta-
exHoi yactu Jleno-Bumtolickom Mexypeube. Tak,
BO Bpemsi MapuipyToB B 1960—-1962 rr. Ha 3TOM Me-
KJIypeube B JIOJHMHE CpeHero TeueHus p. Kenkeme
ATOT JIyHb BCTPEUCH JUITL oauH pa3 [33]. Ha Bo-
nopaszene JIeHo-AMIHHCKOTO MEeKIAypedbsi pacipo-
CTpaHeH KpaliHe HepaBHOMEPHO M IIOTHOCTH Hace-
nenus xonednercs ot 0,03 1o 0,32 ocodu/xm?> [28].
ABTOpBI OTMEYAIOT, 9TO MECTaMU BHUJ OBLT 3/1eCh
o0braHbIM. Hanpumep, B 1978—1987 rT. B ceBepo-3a-
TIa/THOM YacTH BOAOpas/ielia Ha TPEX KPYIMHBIX TPOCT-
HUKOBBIX 03€pax, PacIojararoliuxcs B 2—3 KM Jpyr
OT Jpyra, Ha IUIOmAIH OKoyo 30 KM? eXKeroaHo
rae3aniock no 4—6 nap. Kak 0b110 oTMEueHO pa-
Hee, BONMM3M T. SIKyTCK JYHb HE MPEICTaBIIsI pejl-
koctH [7]. [1o HaIIMM JaHHBIM, B OKPECTHOCTSX TO-
pola TIOTHOCTh HACENEHUS BOCTOYHOTO JYHS B
cepeaune utonst B 2015-2019 rr. cocrapnsna 0,3—
0,5 ocobeit/kM?, uTO YKa3bIBa€T Ha OTHOCHTEIHHO
BBICOKYIO 4HclIeHHOCTh. B 50 kM BhIme . SIKyTCK
BOMM3H ¢. OKTEMIIBI, 110 TaHHBIM YUCTHBIX PadoT, B
TpeTheit nexaae Mas 2008 T. TUIOTHOCTh HAacENICHUs
nyns coctasisna 0,3 ocobeit/km? 1 Tam ke IpH yde-
Tax B cepenune uroHsg 2011 . —0,1.

B nonune p. Jlena rue3auTca Ha MOMMEHHBIX U
HaAMONMEHHBIX TPOCTHUKOBBIX BogoeMax [9]. Ha Bo-
Jopas3zierie TakKe TATOTEET K KPYIMHBIM U CPETHUM
03epaM C Pa3BUTBIMU 3apPOCISIMH TPOCTHHKA HITU
KaMBIIIIa, HO CEITUTCS U TI0 3aKOYKapEHHBIM, TIOPOC-
UM PEIKUMH KyCTAPHUKOBBIMH HACAKICHUSIMU
Oeperam HeOobIIUX 03ep [28].

Kak orMeueHO B nuTepaTypHBIX UCTOYHHKAX |5,
7, 28] 1 mo HamMM HaOIIOAEHUSM, BOCTOYHBIN JTYHb
B MECTaxX T'HEe37I0BaHUs TOSBISETCS BO BTOPOU Jie-
KaJie anpessi—TepBoi JeKaje Mas, Hanbosee paHHee
nosiBiieHue orMeueHo B 1989 . — 17 anpens, Havano
KJIaJIK{ BO BTOPOI1 JieKa/ie Masi—TIepBOM JIeKa 1€ NIOHS,
Ha4yaJio BBUTYTUICHUS — BTOpast JIeKala HIOHs—TIepBast
JleKaja UIoNs, OTIeT — B CEHTAOpe, Hanbosee Mmo3/-
Hsisl BCTpeya — | oKTs0ps. bpaunbie Urpel JiyHeH Mbl
HaOmonanu 14 mas 2018 r. (puc. 2).

Terepessatauk Accipiter gentilis (Linnaeus, 1758)
MIPEANOYNUTACT HACEISITH CIUIONIHBIC MACCHUBHI JIeCa,
B JIPEBOCTOE KOTOPOTO MpeodiafaeT INCTBEHHUIIA.
OpnHako peryasipHO OTMEUACTCs U B JOJIUHAX PEK, B
MOMMEHHBIX UBHSIKAX.

B nentpanpHoii wactu SAxytun B 50-x rT. mpoii-
JIOTO CTOJICTHS ICTPEO-TETEPEBATHUK OBLT OOBITHOM
nrunei [34], a ¢ 70-80-x cram BcTpedarscs NO-
BOJIBHO penko [35]. Panee, B 3aBHCHMOCTH OT KOJTH-
YeCTBa OCHOBHOTO KOpMa (3asil-O€JsiK), YUCIICH-
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b

Puc. 2. bpaunsle urpel BocTouHbIX dyHel. 14 mas 2018 r. dorto P.A. Kupumiuna.

Fig. 2. Mating games of Eastern Harriers. May 14, 2018. Photo by Ruslan A. Kirillin.

HOCTB TETEPEBATHUKA ObLiIa TOIBEPKEHA 3aMETHBIM
konebanusM. Tak, B 1940—1950-X IT. 3TOT XUIIHUK
B OT/ICJIbHBIC 3UMBI OBLJT XapaKTEpPHOW, MECTaMu J0-
BOJILHO MHOTOYHMCIICHHOM NTHICH, a4 B TOABI HU3KOMU
YUCIICHHOCTU 3aiilia — Kpaiine peaxoit [27]. Cnenyet
OTMETHTH, uTo0 B LlenTpanbnoii Sxytuu ¢ 1980-x rr.
OTMEYaeTCs IPOJOKUTENbHAS AETIPECCHS] YUCIICH-
HOCTH 3aina-0enska, ¥, CKOpee BCEro Mo3TOMY, B
HacTosimlee Bpems TerepeBITHUK B Cpennell Jlene
SBJISIETCA JOBOJIbHO pEAKOM nruiieil. B 3umuuii ce-
30H 2001-2002 rr. BO BpeMsl 3UMHHUX MapIIPYTHBIX
Y4eTOB TETePeBUHBIX NTHIl B Oacceline Cpemneit
Jlens! Ha aBTOMAPIIPYTax 0OIIEH MPOTSHIKEHHOCTHIO
1973 kM TeTepeBATHUK BCTpedeH Jumib 1 pa3. He-
KOTOpOE MOBBIILICHUE YUCICHHOCTH TETEPEBITHUKA
orMmeudeHo B 3uMy 2004 r., B 1o/l BHICOKOM YMCIICH-
HOCTM KaMEHHOTO TIIyXaps M TETepeBa, Korrna Ha
JleHO-AMI'MHCKOM MEXAypeube Ha aBTOMapIIpy-
Tax o0mel MpoTsHKeHHOCThIO 360 KM sicTpeO ObLT
BCTpeUeH HamMu B 3 YOAJIEHHBIX JPyr OT JApyra
ydacTkax. Ha aTom Mexaypedbe HEKOTOphIE MTOBBI-
HICHUS] YUCICHHOCTH TETEPEBITHHUKA OB OTMe-

yeHsl paHee B JonuHax pek Cyona u Tarra. Tak, o
JMIAaHHBIM MapIIpyTHBIX y4eToB B 1987-1988 1T, B
JOJIMHAX THX peK IUIOTHOCTh HAaceJleHUs BUJa Co-
crasnsina 0,4 ocobu/xkm?® [28].

B Jleno-Bunoiickom Mexaypeube BUJ TOKE
BCTpeyaeTcs OBOIBHO peako. Tak, Bo Bpems pery-
JISIPHBIX aBTOMOOMIIBHBIX M HALIMX TIEITNX MapIIpy-
TOB B 3uMHHe nepuosbsl 2010-2018 . B Xanranac-
CKOM pallOHE TETEpPEBSATHUK BCTPEUEH BCETO 2 pasa.
B paiione . SIKyTCK, Cyzs 110 JaHHBIM Y4YETOB B aB-
rycre—ceHtsiope 1988 T., IIIOTHOCTh HaceIeHUs Te-
TepeBsTHUKA cocTanisiia 0,05 ocodu/km? [28]. B Be-
ceranne nepuoasl 2014-2019 rr. Bomm3m nau Cepre-
J1X (OKPECTHOCTH T. SIKYTCK) Ha y4acTKe TIOIIa/IbI0
5x%10 kM neprkanuch cHadana 1 mapa, 3aTeM 2 napsl
STUX XHWIIHBIX MTHUIl. 31€Ch B JBYX MeCTaX Jep)Kar
JIOMAaITHUX TONMyOeH, U sicTpeba Bpems OT BpeMeHH
noBsT ux. [Ipumepno B 30 kM oT ropojia MIOTHOCTh
HaceJIeHUs] TeTepeBsITHUKA B uroHe—utoie 2010 r.
cocragmsna 0,09 ocoou/km? [30].

B nenom, B Hacrosmee Bpems Buj Ha CpenHeit
Jlene sBisieTCSl JOBOJIBHO PEIKUM, U HaOMIOmaeTCs
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MOBBIIICHUE €T0 YUCJICHHOCTU B MECTaX KOHIICH-
Tpaluil KOPMOB.

B Jleno-AMIruHCKOM MEXIypedybe THE3/1a XUIIl-
HUK ycTpauBaeT B 300-MeTpoBOM MpUOITYIIEUHON
MOJIOCE Jieca Ha KPYMHBIX M CPEIHUX JTUCTBCHHU-
11aX, B [EHTPaJIbHON WJIM HWKHEW 4acTH UX KPOH,
Ha BETBSX MEPBOTO MOPSIIKA, BILIOTHYIO K CTBOJIaM,
Ha BeIcoTe 3—10 M.

l'He3na coopyskaroTcs U3 CyXuX BETOK JIUCTBEH-
HHUIIbI, COCHBI; JIOTOK BBICTHJIAETCSI XBOEH M KOpOu
COCHBI, JINCTBEHHUIIBI, TyXOM U HepbsiMU NTHIL [28].
[To HammM HaOITIONEHUSM, TETEPEBATHHUK HCITONIB3Y-
€T OJIHO THE3JI0 HECKOJBKO JIET MOAPSA WA MOXKET
3aHUMAaTh MOOYEPETHO OHO THE3/0 U3 3—4 mMero-
IIUXCS HA YYaCTKe.

[To muteparypubiM cBezieHuaM [28, 36] u 1o Ha-
VM JIaHHBIM, HAYaJlo KIAJKU TETePEBSITHHKA Ha-
OromaeTcs B TpeThel AeKajie anpems—epBoi ieKa-
Jle Masi, Ha4aJio BBUTYIUICHUS — MepBasi—BTOpast Je-
KaJla MIOHS, MTEHIbI MOKUIAIOT THE3I0 B TPEThEH
JIeKaJIe UIOJISL.

Hepenensitauk Accipiter nisus (Linnaeus, 1758).
B Cpenneit JIene HacensieT NOIMHHYIO U BOIOPA3-
JeNBHYIO Talry, oOuTas B OMYyLICYHOH YacTu Jiec-
HBIX MaccuBOB. B JIeHO-AMIMHCKOM MEXIypeube
THE3JUTCS B TYCTOM CMEIIAaHHOM Jiecy, yalle BOIuU-
31 (50—300 M) o3ep WK MENKUX pedek [28].

B JleHo-AMIrUHCKOM MEXIypeube MepenesiTHUK
JIOBOJILHO OOBIYHBIA THE3AIMICS BU,. Tak, B IeH-
TpaJIbHOH YacTU MeXypeubs Ha Teppuropuu [ Xar-
Taraiickoro Haciera (Mernno-Kanramacckuii paiioH)
B 1953 . B panuyce 2 kM ObIJI0 OOHAPY>KEHO TPH BbI-
Bonka [10], a mo mommmue p. Cyosa IIOTHOCTh Hace-
nenus cocrasnsiia 0,4 ocobeit/km? [28], B ceBepHOI
4acTu B OKpecTHOCTsX . Kbuiaiibl B Hauase CeHTs10-
ps12013 1. — 0,4 ocobeii/xm?.

Bun B nonune Jlensl MecTaMu JOBOJIBHO OOBIY-
He1i. Tak, B ienTpasibHoi yactu Cpenneit JIeHsl, B
OCTpOBKax Jjeca BOMM3M ¢. OKTEMIIBI, BO BpeMs
YUYETHBIX paboT B cepemaune uions 2011 1. miot-
HOCTh HaceleHus cocTapisna 2,0 ocobeii/km?; B
FO)KHOM 4acTU — Ha OCTpPOBEe Xaphliajgax B Hadalle
utons 2014 . — 1,5; B okpecTHOCTAX cen CHHCK U
Eneii B korme mrous 2013 . — 0,8.

B Jleno-Bumtoiickom Mexnypeuse A.W. MBaHo-
BBIM [5] Ha MapmpyTe B 900 kM B 1926 1. BcTpeueH
JUIIb OAUH pa3 okosio ypou. Xapa-Caxbul. B 1o ke
BpeMs B 1960-x IT. 0H OBIT TOBOJTLHO MHOTOYHICIICH-
HBIM B JI0ONMHE cpeaHero TeueHus p. Kenkeme [33].
B 2012 r. ganOosbmias mI0THOCTE ITUX ITHL] HAMHA
3aukcupoBaHa Ha 26 kM Buitiolickoro Tpakra, rie
Ha pacCcTOSTHIH MeHee | kM oOHapyKeHBI 2 THe3/a.

B mecrax rae3noBuil BECHOW MEpENnensITHUK MOo-
SIBJISIETCSI BO BTOPOM—TpeThel aekane anpenst. Cyas
o nureparypHsiM cBefneHusM [10, 28] u Hammm
HaOIONEHNSM, KJIaIKH OTMEUYEHBI BO BTOPYIO—Tpe-
TBIO JCKaAy Mas—IepBYIO ICKaIy HIOHS, HAYaJIo
BBUTYTUIEHUSI — BO BTOPYIO JEKagy HWIOHS, BBUIET
NITEHIIOB — B Havalie aBrycra. llepenensaTHuK Kax-
TIBIN TOJI CTPOUT HOBOE THE310, HO 3aHMMAET OJIMH U
TOT ke ydacTok. [Ipennmounraer rHe3uThCs Hena-
JIEKO OT OTKPBITBIX YYaCTKOB: y JIECHBIX JIOPOT, Ha
OIyIIKE Jieca, y OOJNOT, HO BCEraa Cpenu I'yCTOTO
npeBocTos. ['HE370 CTPOUT M3 CYXHMX BETOK JIHCT-
BEHHHUIIBI, B MTOJICTHIIKE HCIIONB3yeT Kopy. OOBIYHO
THE37I0 CTPOUT OTHOCHUTEIHHO HEBBICOKO — 4—6 M,
HO ObiBaeT u Ha BbicoTe 11-12 M. Omier nTui npo-
HCXONIUT B CEHTSOpEe—OKTIOpE.

3umnsik Buteo lagopus (Pontoppidan, 1763). O0sbI-
YeH JIMIITH BO BPEMsI CE30HHBIX MUTPAIUH, TIABHBIM
obpazom 1o gonmHaM KpymnHbIX pek. [lo murepa-
TypHBIM CBeleHHsM [28, 36] W HamMM JaHHBIM,
MpOJIET BECHOM OTMEuaeTcsi BO BTOPOU—TpeTbeil
nekaje anpens. B nonune Jlensl Hanbosee panHee
MOSIBJIEHWE 3WMHSIKAa BECHOW PETHCTPUPOBAIOCH
19 anmpenst 1975 . [28]. Murpupyromue oquHOIHbIC
ocobm oTMeJaroTcs 10 cepeauHbl Mas. OCeHHMI
MPOJIET HAOMIOAACTCSl CO BTOPOM MOJIOBUHBI CEHTSIO-
Psi 10 CepeANHBI OKTSIOPsI, MACCOBBI — B HA4aJIe OK-
TA0ps1, HauboJee Mo3AHKUE BCTpeur — 18 OKTIOpsL.

Kantok Buteo buteo (Linnaeus, 1758). Oburareins
FOKHOM YacTu SKyTuu. 'HE3MUTCs KaHIOK B TEX Ke
Ouoromnax, 4To M YepHbIi KopiryH. ['He3na pa3meria-
I0TCS Ha JINCTBEHHHWIIE, M3PE/IKa Ha €lIIX U HBaXx,
0OBIYHO B HIDKHEH YacTH KPOH, Ha BETBIX MEPBOTO
TOpsIJIKa, BIUIOTHYIO K CTBOJIaM, Ha BeicoTe 3—10 M.

B JleHo-AMruHckoMm Mexypedbe B utoHe 1983 1.
YUCJICHHOCTh KaHIOKA Ha aJacHBIX JIyrax IIeHT-
panpHOM "acTu Bojopasmena coctasisa 0,1 oco-
Geii/km?, B 1987—1988 IT. B MIOJIE B JOIHHAX pek
Cyomna u Tarra Ha imyrax — 0,05, B 00JIECEHHBIX Me-
crooburanusax — 0,4.

B nomune p. Jlena B utone 1985 r. Ha ywactke
MEX]ly yCThAMHU peKk byorama u JltoreHra B JUCT-
BeHHMYHHKaX — 1,0, B cocHsikax — 1,1 ocobeii/km?
[28]. B nonune neBobepexbs Jlensr BOMM3M ¢. Ok-
TEMLBL, [10 AAHHBIM YUETOB, B cepeaune uronst 2011 r.
IJIOTHOCTh HACENEHHS COCTABHIIA 2 0CO0EH/KM?.

B JIeHo-BuintoiickoM MeX1ypedbe B €€ TacKHOU
30He B 30 kM oT SIkyTcka B utoHe 2015 . oTHOCTH
HaceJleHHs KaHioKa coctasisiia 0,03 ocobeit/xm? [30].

Cyns no nuteparypHbIM UCTOUHUKaM [28, 37] u
10 HAIUM HaONIOJCHUSIM, B MECTaX THE3/IOBHI Be-
CHOM KaHIOK MOSIBJISIETCSI B KOHLE BTOpOW—Hayaie

114 [MPUPOAHBIE PECYPCBI APKTUKU 1 CYBAPKTUKU, 2020, T. 25, Ne 2



OB OB30P ®AYHBI OTPAIA COKOJIOOEPA3HBIE (FALCONIFORMES) [JOJIMHBI CPEJHEM JIEHBI

TpeThel AeKa bl anpes. Pa3sMHOKEHHE HAYMHAETCS
B IIEPBBIX YUCIIAX Masi, MaCCOBOE BO BTOPOW JIeKa/ie
Masi. MarepuajaoM JJisi TOCTPONKHU THE3[ CIIyKar
CyXH€ BETKHM JIMCTBEHHUIIbI, COCHBI, UBBI, KOpa JIU-
CTBEHHHLIBL; JIOTOK BBIKJIQ/IBIBACTCS 3€JICHBIMH I10-
Oeramu COCHBI M JIUCTBEHHHIIBI. Hagamo BeuTyTLTE-
HUS TITEHIIOB OTMEYAETCs B TIEPBOW JIEKa/Ie MIOHS.
[ITeHp! MOKUIAOT THE3/1A U TOJJHUMAIOTCS Ha KPBI-
JI0O B TIOCIEIHEW JeKa/ie WIONSI—TIePBON ITOJIOBHHE
aBrycta. OCeHbI0 KaHIOK W3 MECT THE3/I0BHH OTIIe-
TaeT B ceHTs0pe—Hauane okTsa0ps. Haubonee mo3nu-
HSIS BeTpeda — 6 OKTSIOpS.

bepkyt Aquila chrysaetos (Linnaeus, 1758). Pa-
Hee ITOT opes ObUI pacHpOCTPaHEH Ha THE3T0BbE
no Bceil taexkHou SAxytum [7]. A.W. UBanoB [5]
YKa3bIBaeT, uTo B 3oonoruueckoM myszee AH xpa-
HATCS TYIIKH JBYX MTEHIIOB, TOOBITHIX B OKPECTHO-
CTIX I. SIKyTCK. DTOT e aBTOp OTMEYaeT, YTo B
OKPECTHOCTSIX Topoza jertoM 1926 1. moObun emie
HEJIETHYI0 MOJIOAYI0 NTHIly. OTH JaHHBIE CBHUJIE-
TEJIBCTBYIOT, YTO 3/1eCh B Hayase XX B. OepKyT ObLT
OOBIYHBIM THE3IAIUMCcs BUIOM. B 50-X rT. BONMM3m
ropojia THe3/I0BaHUE PTOTO BHa OTMeueHo Ha Taba-
THHCKOM MbIce. ['He3mo Opu10 06Hapyx)eHo B 1955 1.
[13], B 1961 . erie 0fHO KUJIO€ THE3/10 ObLIO 00HA-
pyxeHo 371ech B onuHe p. Kenkeme [7]. B 70-e rogst
XX B. OepKyT miepecTai THE3AUTHCS B OKPECTHOCTIX
¢. Tynaruname! [38]. B monuHe DHCHIIHM B OKPECTHO-
crax c¢. Eneit (Hamckuii paiion) 25 utona 1975 r.
ObLTO OOHAPYKEHO JKMJIOE THE3/I0 Ha JIMCTBEHHUIE
[39]. B rue3ne Ob1 ommH miTeHen. Ha ciemyrormumii
rojl ’KUJI0€ THE370 C OJHMM NTEHILIOM HalJeHO B
1 kM oT 3TOorO THe3a. Ciryyau rHe3/I0BaHus OEpKy-
Ta OBUTM M3BECTHBI TaKke Ha JeBoOepexbe JIeHHl,
Ha ceBepo-3amnaze JIeHo-AJTaHCKOTO MEXTypeubs,
rae B 1981-1982 r1. oTMeYeHbI JiBa JKUJIBIX T'HE3-
na [28]. HaiineHHble rHe3a pa3MeIaiuch Ha Ipo-
MEXKYTOUYHOH IUIOLIAJIKE TPUAHTYJIILIUOHHOM BBIII-
KM U Ha KPYNHOU BBICOXILIEH JUCTBEHHULE. B rHe-
31e, HaiigeHHoM 24 mast 1981 r., Haxommiiocs 1 siIo
M 2 pa3HOBO3PACTHBIX NTEHIIA B ITyXOBOM HapsiJie.
9 uronsa 1982 r. Henaneko OT YIMOMSHYTOTO THE3/1a
HaIUTH JIPYroe, KOTOpOe OKa3aJoCh OpOIIEHHBIM
(B HEM HaxOIMJIKCh 2 pacKieBaHHBIX sia). B 060-
WX CIydYasiX ITHIIBI THE3FIINCH B 9TUX MOCTPOHKAxX
TOJIBKO MO OTHOMY TOA1y.

Ha ceronus B Cpenneit Jlene nzBectHo 33 THe-
300BUil OepkyTta (puc. 3) M U3 HHUX B IMOCIEIHHUE
roap! rHe3auIuch B 11 [13]. 'He3ga 6epkyThI yeTpa-
MBAIOT B OCHOBHOM Ha NEpPECTOWHBIX JIMCTBEHHH-
nax Bo3pactoMm 120 et u Gonee (JIUIIL B OTHOM
cilydae Ha cyXxocToe) BbicoTor 16,6+3,3 m (n = 11),

B 4 ciydasx Ha cocHax BbicoTOM 14,4+1,6 M. I'He-
31a pacrnosyoxenbl Ha Boicote 10,0+1,1 (n = 15) n
C/IeTIaHbl U3 TOJCTHIX CYYhEB, MOJACTHIIKON CITy)KaT
BETKH COCHBI, IIEPCTh | T. 1. [locTpoiika 0OHOB-
JIETCS ¥ C TOAAMHM yBeJauuuBaeTcs 10 1,6 M B nua-
MmeTpe u 1,7 M BeicoTHI (7 = 15). B 7 rHe310BBIX
y4acTKax OOHapy»XeHBI 110 2 THe3/a, PacIoIOKeH-
HbIE JpyT OT japyra oT 40 m 10 Oonee 1 kM.

Crnenyer ormetnth, uTo ¢ Hadama 2000-x TT.
UJIET IOCTEIIEHHOE TIOBBIINICHUE YUCIEHHOCTH IITHUIT
Y TIOABJICHHUE THE3ZIOBUN HA TEPPUTOPHSX, TJIE AOI-
roe BpeMs OpJIbl B THE3/I0BOM MIEPUOJ] OTCYTCTBOBA-
nd. Tak, B OKpecTHOCTSX T. SIKyTCK moCieIHee Ku-
JI0€ THE3/710 OBIIO0 OTMEUYEeHO B JonuHe p. KeHkeme
B 1978 1. [4]. locne atoro Tonbko uepe3 38 et
28 utonst 2016 1. B okpecTHOCTAX €. KUnbasamIisl Ha
CcKJIoHEe KopeHHOTo Oepera reonoramu A.B. Ko-
ctunbiM U O.B. OneiiHuKOBBIM OBLTO OOHAPYKEHO
rHe3/10 OepkyTa Ha cocHe. [Ipu nmocemniennu 7 urons
9TOTO e Tojla B THE3/Ie HAaXOAWJINCh JIBa MTEHIIA.
Uepes rox 16 ampens camka HacwKMBaja siina,
1 urOHS — B THE3/Ie 2 MMyXOBBIX NITEHIIA ABYXHEICIb-
HoTO Bo3pacta. B 2018 1. 310 rHE3M0 OBIIIO HE KU-
JIBIM, HOBOE Haiiieno B 1,3 KM OT cTaporo.

[Tpuner 6epkyra B nonuny Cpeaneit JleHsl u B
MIPUJIETAOIINX K HEW TEPPUTOPHUSIX OOBIYHO OTMEUa-
€TCsI B TIEPHUOJT BTOPOU JeKaIbl MapTa I0 TIEPBYIO Jie-
kany anpens. Camble paHHUE MPUJIETHI OpJia OT-
MeueHbl BOMM3U ¢. Hwxnauit bectsax 29 deppans
2016 1. (coobmenne A.C. Bramumuposa) u B 10-
nuHe DpkadHu 28 ¢espans 2020 1. (coolieHue

Puc. 3. bepkyrt. Xanranacckuit ymyc. 22 mrons 2018 .
®oto P.A. Kupunnna.

Fig. 3. Golden Eagle. Khangalassky Ulus. June 22, 2018.
Photo by Ruslan A. Kirillin.
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Puc. 4. 'uesno opnana Ha 6epery 03. benoe. 13.07.2013. doto T.I1. Hukonora.
Fig. 4. The Eagle’s nest on the Beloye Lake shore. July 13, 2013. Photo by T. P. Nikonov.

[1.C.@enoroBa). Kiagka GepkyTa HTpOMCXOAWUT B
anpene. PaHHMe HacWXMBaloOIIKME NMTHUIIBI OTMEYe-
vBl 3 ampenst 2019 r. (p. Ymax-An) u 4 ampens
2020 r. (Hamckuii paiion). [ITeHITBI BEIBOASITCS B
Mae, OTJIeT — B CEeHTAOpe—OoKTsa0pe.

Opmnan-6enoxsoct Haliaeetus albicilla (Linnaeus,
1758) no cepenunbl 50-X IT. MPOILIOTO CTOJICTHS B
HenTpanpHoi SIKyTHH ObLT OOBIYHBIM THE3/ISAIIMM-
cs Bugom [8]. Bomm3u 1. SIkyTck Bosne c. Tynmarus-
Bl OpJIaH BeTpedalcs BIUIOTH mo 1970-x rr. [38].
K 1975-1976 rr. cTan penkum u nepectai peryusp-
HO THe3uThes B fonuHe Jlensl. [locnennee ruesno-
BaHUE Ha Bojopaszzene JIeHo-AMIHHCKOTO MeXIy-
peubs oTMeyanock B 1976 1. u B noiiMe Heanexko ot
c. Kyokyit — 1982 r. [28].

CemnuTcs 1Mo OMyIIKaM Jieca, o OeperaMm KpyTi-
HBIX 03€p U JIOIUH KPYMHBIX pek. [ Hezma pazmeria-
JIMCh Ha KPYIHOM BBICOXILEH JIMCTBEHHUIIE U MPO-
MEXKYTOUYHOH IUIOMIAJIKE TPUAHTYJISLIUOHHOM BBIII-
KH Ha BbIcoTe 25-30 M.

B nonmae JIeHs! BeCHOM OpITaH-0eI0XBOCT TIOSIB-
nsiercs 12-21 ampens [28]. [1o ¢ororpadusam, cae-
nagabM T.I1. HukonoBeiM 13 mrons 2013 1., BuAHO,
4yro Ha Oepery o3. benoe, koTopoe HaxoguTCs Ha
ceBepe Hamckoro ymyca, opiiaHbl yCIIEITHO BbIBETH

2 nrennos (puc. 4). I[lo ero cooOuieHNO, MTUIIBI
rHe3mITes 3nech eme ¢ 1970-x romoB. OceHbio u3
MECT THE3JIOBHI OTJIETaeT B CEHTAOpe—Hadaje OK-
Ts10ps1. [larel HanbosIee MO3HUX BCTPEY MPUXOIST-
Csl Ha BTOPYIO JIEKaay OKTAOPS.

Xoxsatelit_ocoen Pernis ptilorhynchus (Tem-
minck, 1821). B Slkytuu panee BcTpedaics TOIBKO
B IOTO-3aImafHoOi Jactu — B parioHe Omekmo-Yap-
ckoro Haropbsi. B nocneanue roasl B Cpeaneit Jlene
0coeJl OTMEYEH B HECKOIbKMX MecTax. 11 aBry-
cra 2005 . B MmectHOcTH ON-MypaH majgeoHTOIOT
I1. [apxaeB cpororpaduposain onHy 0coOb. B aBry-
cre 2015 . BOmu3u ¢. Mcut Mbl HaOIrOMaIA OQUHOY-
Hyto ntuiy, 30 utons 2016 1. Tpu B3pocaBIe 0COOH
JIEpXKaJIMCh BMECTE Ha yCThe p. MyxarTa, JIeTOM
2016 m 2017 rT. 1BE ITUIIEI OTMEYCHBI B OKPECTHO-
ctsx ¢. Keitbui-/{ptopa. B utone u B aBrycre 2017 1.
oJ1Ha 0co0b Jiepkanach BOim3u c. KpacHerii Pyueid.

CemeiicTBo coxosunbie Falconidae (Leach, 1820)
Kpeuer Falco rusticolus (Linnaeus, 1758). b.H. Cu-
TopoB [35] oTHEC ero K KaTeropuy PeaKo 3UMYIo-
UX NOTUL UeHTpanbHOU fxyTtun. Hamu ormeueH
15 centsiops 2012 1. Bo31ne T. SAKyTCK, 1 17 ceHTSIOpst
TOTO XK€ TOMIa B OKPECTHOCTAX C. KWIbassMITer OBIT
BCTPEUCH, CKOpPEE BCETO, camel] AToro Buaa. 17 map-
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OB OB30P ®AYHBI OTPAIA COKOJIOOEPA3HBIE (FALCONIFORMES) [JOJIMHBI CPEJHEM JIEHBI

ta 2018 . B ¢. Kputaitel (Yerb-Anmanckuil yimyc)
HaOmonanu Oenoro Cokojia ¢ PeIKUMH TEMHBIMU
[IeCTPUHAMH Ha CIIHHE.

Carnican Falco peregrinus (Tunstall, 1771). B
Cpenneit Jlene no cepeannbsl XX B. XapaKkTepH3o-
BaJICS KaK OOBIYHEIN BHII, @ HA CKAJIUCTHIX Oeperax
Jlenst — muorouucnensusit [5-7, 10]. B 80-x rr.
MIPOIIIOTO CTOJNIETHS B JIOMWHE CPEIHEro TEYEeHUs
JleHBI 3TOT COKOJI COXpaHMIICS JHIIbL Ha OEPErOBBIX
CKaJiaX, PacIoJIO)KCHHBIX B YCThSIX €€ MMPUTOKOB [9],
1 10 90-X TOJI0B 3TOT XUIIHUK 3/1€Ch XapaKTepHU30-
Bajsics Kak penkuit Bua [20, 28]. B 2013-2019 rr. mo
npaBoMy Oepery JleHbl HamOoJbLIME KOHLIEHTpA-
UK THE3/IOBBIX TEPPUTOPUII OTMEYEHBI HA y4acT-
Kax JOJIMHBEI OT ycThbsd ¢. KbiTbln-/Ixypa 10 c. CuHCk
(6 THE3IOBBIX TEPPUTOPHIM Uepe3 Kaxkaple 9 KM), OT
yu. Kereme no Enanku (4 gepes kaxupie 3 KM) U
HIDKE 110 TEYEHUIO B 8 KM OT ¢. YnaxaHn-AH (3 depes
1,5 km). [lo meBomy Oepery rHe3OBBIE y4acTKH
ObuTn ynaneHsl Ha 10 kM 1 OoJee, JIMIIb HA CKaJIaxX
B ycTbe p. JIaObis 3 THE3MOBBIE TEPPUTOPUHU OBLIH
PaCIONIOKEHBI Ha PACCTOSHUU 5 U 2 KM. B 1iemnom,
Cy/d TI0 HAIITUM WCCIIEZIOBAaHUSM, Ha CKaJbHBIX Oe-
perax p. Jlena Ha yyactke ot c. Kertbui-Jxypa 1o
c¢. bynrynpsixrax Bcrpedaercs 1,2 THE30BbIE TeppU-
Ttopun Ha 10 kM OeperoBoii nuuHun. M3 14 oOHapy-
YKEHHBIX THE3][ COKOJIa 4 Pacoyiarajiich B MelepKax,
5 — B HHMIIAX C KAPHU3aMH CPEIM OTBECHBIX CKall, 2 —
B TpelIMHaxX cKall U 3 — Ha 3emJie ToJl cKajoi. B 1e-
JIOM, PEe3yJIbTaThl UCCIEAOBAHUI MOCIEIHUX JIET MO~
Ka3aJIi, 9To YHCIIEHHOCTh carcana B Cpenneid Jlene
Hayvasa IOoCTENIeHHO BOCCTaHABIIMBATHCS.

[To maraeM 3.3. boprcosa [40], B OKpeCTHOCTAX
c. Xomycrax (B 60 kM ceBepHee ropoaa) Ha 10-ku-
JIOMETPOBOM YYacTKe KOPEHHOTO Oepera peKkdu B
1965 n 1966 rr. rHe3aunMch 3 mapel carcaHa, B
1971 . — 1 mapa, a B 1978, 1979 rr. rue3asmmecs
COKOIIbI He HaOmonanuck. Hamu B neTHe-oceHHue
ce3onbl 2015-2017 rr. Ob1T TIIATENHHO 00CIEI0BaH
YKa3aHHBIA Y4acTOK M Ha THE3/I0BbE CallCaH He ObLI
obnapyxkeH, XoTs 16 aBrycta 2016 1. ObUT OTMEUEH
ONMHOKUU cokoid. B konue aBrycra 2014 r. aByx
carncanoB HaOmogamm y «Jloma peroakay, pacmoio-
JKeHHOM Ha KaHramacckom MEICY.

[Tpunet cancana HabIrOgAETCS B TPEThEH JeKa-
ne anpens—nepBoil nekane Mas. CaMmblii paHHUI
IpUJIeT calcaHa OTMe4YeH B MecTHOCTH Tyoinax
(OnexmuHckwit paiton) 25 mapra 2006 1. (cooOre-
Hue A.A. Kpupomankuna). Hagano knagku otme-
YyaeTcsk BO BTOPOW JeKajie Mas, Hadajao BBUIYILIe-
HUSI — B [IEPBOM JIeKaie UIONsl, OTIET — B CEHTSIOpeE.
Hawnbomee mo3musis BcTpeda — 30 ceHTIOPSI.

UYernok Falco subbuteo (Linnaeus, 1758). B Cpen-
Heil JleHe manmouucieHHbId BujA. Bcerpeuaercs B
CILIOIIHBIX JICCHBIX MAaCCHUBaX, MEpPeMekKaronuX-
Cs C OTKPBITBIMHA TPOCTpPAaHCTBaMU (BONH3U 03ep,
MEJIKUX TPABSHBIX PEUYCK, Ha MapsiX, 3apacTarorxX
BBIpYOKax W rapsix).

B JleHo-AMIHHCKOM MEXAypeube B JOTHMHAX
pek Cyoma u TarTa B 00JI€CEHHBIX MECTOOOHUTAHUIX
YUCJIEHHOCTD Yeriioka B utoHe—utone 1986—1988 rr.
cocrasmsna 0,4 ocobeit/xm? [28]. Ha mpaBoGepexne
Jlens! B okpecTHOCTAX c. KpacHblil pydeil, no gaH-
HbIM yueToB B utosie 2018 I, MI0THOCTh HAaCEIEeHUs
Bujia paBHstack 0,5 ocobeit/km?. Ha neBobepeskbe
p. Jlena B monmmae Dpk33HU BOMHM3H ¢. OKTEMIIBI, ITO
JTaHHBIM y4yeToB B utone 2011 ., mIoTHOCTh Hace-
JIHHST 3TOr0 cokoia cocraBmsuia 0,3 ocobeit/km?.
B 25 kM 1oxHEe OT 3TOro cefia B IECHBIX MacCUBaX
BOm3n ¢. HemrortoHnb! B Havane okTsaops 2011 r.
YCIIEHHOCTh Yernoka paBHanachk 0,6 ocobeit/km?.
B paiione fxytcka B 19861988 rr. B utoHe—uromne
IUIOTHOCTh HaceleH s XUIllHuKa coctanisuia 0,4 oco-
6eii/kv® [28]. B 45 kM ceBepHee roposia B OKpECTHO-
ctsx c. Eneit B urone 2013 1. yuCIEHHOCTH YeTioka
paBHsitack 0,3 ocobeit/km>.

[Tpuner yernoka HaOMOAAETCSI B TPEThEH IeKaie
anpenst. YacTo ncnoip3yeT THe3/ja BOPOHBI, HHOT/IA
koprryHa. Hauano kiajiku OTMEUEHO B KOHIIE Mas,
Hayajo BRUTYIJICHHUS — B TPEThEH JeKajie HIOHS, OT-
JIeT — B aBTycTe—CEHTsOpeE.

Jlepouuk Falco columbarius (Linnaeus, 1758).
PerynsipHo BcTpeuaeTcs Ha mposere, U3peKa THe3-
mutcs B noiwae JIenst [9]. B JIeHo-AMruaCcKOM MeX-
JIype4be HECKOJILKO BCTPEY COKOJIA 3aPETUCTPUPOBA-
HO ¥ Ha BOJIOpa3iesie, OAHaKO (haKToOB MO €T0 THE3/10-
BaHMIO HET [28].

[Iporner nepOHuKa HabmOmMAaETCs BO BTOPOU Jie-
KaJie arnpessi—TiepBod jAekane Mas. Murpupyromnme
ITUITBI OTMEYAIOTCS IO cepenuHbl Mas. B 1975 .
KOHIICHTpAIlUs MUTPUPYIOLIUX Tap JIepOHHKA OT-
MEUYCHA Ha CKAUCTBIX OOHAaXCHHMSX TabaruHCKOTO
Mmeica (30 kM Beime SkyTtcka o Jlene), rae Ha 8-ku-
JIOMETPOBOM ydacTke Oepera 0110 yuteHno 7 map [28].

B JleHO-AMIUHCKOM MEXKIypeube Ha OCEHHEM
npoJjeTe KpaitHe pemok. OTMeqanuch JTUITb CIUHIY-
HBIE BCTPEYH B aBTyCTe—CEHTSOPE.

OObikHOBeHHas nycTenbra Falco tinnunculus
(Linnaeus, 1758) oOBIYHBIN THE3ASAIIANCS BUA U 00-
Jiee MHOTOYHCIEH 110 goauHe Jlens [9].

B TaexHoli yactu JIeHO-AMIHHCKOTO MEXIype-
Ybsi PACIPOCTPAHCHHUE MYCTEJIBIH TECHO CBSI3aHO C
OTKPBITHIMH JTYTOBBIMH yTOJIBSIMH U CEJIMTCS OHA,
KaK MpaBUIIo, IO OMYIIKAM JICCHBIX MacCUBOB [28].
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Tabnuma 2
IL10THOCTH HACeJeHHs MycTeIbrH (ocodeii/km?)
B qosmmHax Tyiimaana u pkIdHU (MIOHb—HIOJIb)

Table 2

Kestrels population density (individuals/km?)
in the Tuimaada and Erkeeni Valleys (June—July)

Hassanue
JIOJIMHBI 2008 . | 2011 | 2014~ | 2017 | 20191
p. Jlen
Tyiimaana 0,1 — 0,2 - 0,1
DpKIHH 0,4 0,5 0,7 0,5 0,3

KopMmoBbIe OHOTOITBI TPEACTABISIOT COOOH OTKPHI-
ThI€ IPOCTPAHCTBA B OTHOCUTEIBHON OM30CTH OT
THE3/I0BOr0 y4acTka. B JecHOM 4acTu B JOJNMHE
AMTrH THe3[J0BaHue MyCTeIbrH HaOM0aanock mo J10-
JIMHE PEKH M MITHLIBI HAaHOOJIee YacTO BCTPEYaiCh Ha
ydacTke ycTee p. bymyHy—ycTbe p. YnaxaH-XarTblH,
1€ OTMEUAETCs COUCTaHUE MPOTHKEHHBIX CKAJIbHBIX
00pa30BaHMii C JOBOJIBHO 3HAUYUTEILHBIMH TIOIIA IS
Mmu JiyroB [21]. Tlo naHHBIM MapIIpyTHBIX YYETOB, B
JleHO-AMIruHCKOM MeXaypeube B 1oauHax pek Cyo-
nmau Tarra B mronre 1987, 1988 1T. IroTHOCTH Hacese-
Hus ritaty coctapisiia 0,3 ocobeit/km [28]. Ha ceBepe
MEXIypeubsi B OKpecTHOCTAX ¢. Kbyutail Bo Bpems
yaeTHbIX padot ¢ 2011 mo 2015 . BUA HE OTMEUEH.

B nommne Jlens! B Havaie 20 B. BUI XapaKTepH30-
BaJics Kak Ooyee Wi MeHee OOBIKHOBEHHBIN [5].
B 1970-1980-x rr. Ha KaMEHHUCTHIX Oeperax Mex-
Ny ycThsamu pek Myxarra u Eneil BcTpeudanucs
2,1 maps! nycrensru Ha 10 kM, cenamu Enanka n
Byarynbpsaxrax — 1,6 [9]. Ilo naHHBIM MapuIpyTHBIX
y4eToB, B utone 1985 r. Ha nyrax B momuue JIeHbI
(paiion SIkyTcKa) YUCTICHHOCTH COKOJIKA COCTaBIISLIA
0,3 ocobeii/km?, B 70 kM BbIme Topoxa — 0,9 [28].
B xynbrypHBIX nanamadTax JoMUHBI cpeaHei JIeHsr
TI0 y4eTaM METOJIOM YUETHBIX 1mosioc B 1970-1972 rr.
YHCJICHHOCTh Buaa paBusuics 0,7 ocobOeii/km [29].
B 2008-2019 rr. B nonune p. Jlena DpKk3dHU MI10T-
HOCTb HaceJeHHs IMycTenbru konebanach ot 0,3 10
0,7 ocobeit/xm?, Tyiimaana — 0,1-0,2 (Tabu. 2).

[lo naHHBIM y4eTOB BO BpeMsI aBTOMOOMJIBHBIX
MapuipyToB B ntoHe—utone 2017 r., B nonmune Tylima-
azia BCTpe4yaeMocTh mycrensru cocrasuia 0,2 oco-
6eit/10 xm mapiupyta, Ipk33Hu — 0,6 1 DHCHAIHN —
0,08. Ha mocTostHHOM MapIIpyTe BIOJIb Oepera pexu
oT MecTHOCTH baramaii 1o c. Bynrynbsixrax (o0mas
MPOTSDKEHHOCTHh 73 KM) B HMIOJe—HaJaje aBrycTa
2013-2019 rT. BcTpeuaeMocTh BUaAa Koyiebamach OT
0,10 mo 0,78 ocobeit/10 kM mapmipyTa (puc. 5).

B Jleno-Bumoiickom Mexaypeube B 60-x romax
MIPOIIIIOTO CTOJIETHS B OACCEHE CPEeTHETO TeUCHUS
p. Kenkeme mycrensra BcTpeuangach equHUTHO [33].
Ha nmemem MapuipyTe npoTs:KeHHOCTBIO 16 KM 110
nonuHe 3Toi pexku B Hauane mas 2001 r. BcTpeye-
Hbl 3 ntuusl. B utone 2016 . B necax, pacnodo-
JKEHHBIX B JIOJMHE CpefHero TeueHus p. Kenkeme,
BHJI HE OBUI BCTPEUECH, a Ha OTKPBITHIX y4acTKax
(;tyra, 3amexu, o3epa U 1p.) IIOTHOCTh HACEICHHS
MTyCTENbrH ObliIa JOBOJIBHO BBICOKOW M COCTAaBIISIA
0,6—1 ocobeit/km>.

Cyns o IuTepaTypHbIM UCTOUYHUKaAM [7, 28, 31]
¥ TI0 HAIlMM HaOMIOACHUSAM, MPHUIET MyCTEeNbru
HaO0JIF0ZIaeTCsl BO BTOPOH—TPEThEH JICKaIe amperis.
B nmocnennee necstunetue, BEPOSITHO, BECEHHUM
MPWJIET CMECTHJICS Ha Ooliee paHHHE CPOKH I10
CPaBHEHUIO C HAOIIOEHUAMH MTPEKHUX JIET U OTMe-
YeHBI BeTpeuu NTull B 3uMHuit nepuos [30]. T'ue3na
PacroNIOKEHBI B 00pBIBAX PEYHBIX OeperoB (TIIMHU-
CTBIX U CKAJIMCTHIX ), B HUIIAX CKaJl, B COOPYKEHHSIX
(moma u T.I.), B IyIUTaX MEPECTONHBIX IEPEBLEB, B
CTapbIX THE3/IaX BOPOHBI HA JINCTBEHHUIIAX, COCHAX
Y Ha JAPYTHX JEPEBbsX, pexe Ha 3emiie. PazmMHOXKe-
HUC HAaYMHACTCS B CEPEIUHE Masl, HAdaJio KIaJaKu —
B TpeThell JeKaze Mas, Hadalo BBUIYIUICHUS — BO
BTOPOU JIEKaJie WIOHS, B CEPEJAMHE HWIONS IITEHIIBI
HauYMHAIOT MOKUATh THe3/1a. OTieT nTuil Hadmoa-
€TCs B CEHTAOpe—OKTsOpeE.

3ajieTHBIE BHABI
benomneunii opnan (Haliaeetus pelagicus Pall.,
1811). M3BecTHBI ABa Ciiy4ast 3ajeTa Ha TEPPUTO-
puto SIKyTHu MOJIOIBIX 0COOeH Oenoruieyero opia-
Ha: OJTHa BO BTOPOM Hapsi/ie Oblta mo0bITa B paiiloHe
Sxyrcka 12 utons 1895 1. [5], BTopast oTMeueHa U

QOcobein/10 km
o
T

0.2

\ \ \ \ \ \ \
2013 2014 2015 2016 2017 2018 2019

Puc. 5. BerpeyaemMocTh mycTeNbrv B MIOJie—Hadaje aBry-
cta 2013-2019 rr. (Ha mapmpyTe oT MecTHocTH baramail 1o
c¢. Bynarynpsaxrax).

Fig. 5. Reporting on sightings of Kestrels in July—early Au-
gust, 2013-2019 (on the route from Batamai Site to Bulgunn-
yahtah village).

118 [MPUPOAHBIE PECYPCBI APKTUKU 1 CYBAPKTUKU, 2020, T. 25, Ne 2



OB OB30P ®AYHBI OTPAIA COKOJIOOEPA3HBIE (FALCONIFORMES) [JOJIMHBI CPEJHEM JIEHBI

3aTeM HaiiieHa MepTBOH B HOstOpe 2016 1. B c. Xo-
puHIBl OsleKMHUHCKOTO yiryca [41].

UYepnsbrit rpud. B 2007 1. oTMEYEH B OKPECTHO-
cTx ¢. Konmonu Yere-Anganckoro yiyca [42].

CrenHoii open Aquila nipalensis (Hodgson,1833)
OTMEUEH B SIKyTHUHU TOJIBKO OUH pa3. 26 urons 2019 .
Ha nonuHe p. JleHa B 15 kM 1oro-3amagnee . SIKyTck
HaOJTIO/1aJIM MOJIOZYHO 0COOB CTEITHOTO OpJia B OTIepe-
HUU TPETHETO rofa xu3Hu [43].

Herwit ayus Circus melanoleucos (Pennant, 1769).
B mae 2019 1. oxoTHuKamMu Oblia 10OBITA paHee UM
HE3HaKoMas MTHLA, B OKPECTHOCTSX c. Bnaanmu-
poBka (monuHa Tyiimaaza). [lepBoHauanbHO OXOT-
HUKU [IPUHSUIY [ITUIL 32 YaeK, HO Ipu Ooliee IeTallb-
HOM BH3yaJIbHOM HaONIOJCHUM OOHAPYKWIN OOJb-
LIME OTINYUS U PELIMIIN TOOBITh UX. YAaI0Ch JOOBITH
TOJIPKO OZIHY OCOOBb, BIIOCJIEICTBHU OINPEAECICHHYIO
Kak caMel] eroro JiyHs. PaHee 3THX NTHII OpPHUTOIIO-
ru Ha tepputopun Pecryonuku Caxa (SIkyTtus) He
HaOmonaIn.

[NTuia, onpesieeHHas Kak 0eJI0roNoBblIi cu [42],
ObL1a HaliieHa MepTBOM BOMM3HM c. YnaxaH-AH XaH-
rajnacckoro yinyca B 1990 .

BriBoabI

B nommne Cpenneir JleHbl W mpmileraronmx K
HEH TepPUTOPUSIX B MOCIICAHHUE JACCATHIICTHS OTME-
YyaeTcs MHTEHCUBHAs TpaHC(hOopMaIius TPUPOIHBIX
COOOIIIECTB, HA KOTOPYIO Hauboyiee OCTPO pearnpy-
IOT XMINHBIC NTUIBL. HanbOonee ysi3BUMBI M3 HHUX
00BEKTHI MEX/yHAPOJIHON OXpaHbl, 3aHECCHHBIC B
Kpacupie crpanuitet MCOI (carican, kpeder, oep-
KYT, OpJIaH-0€JIOXBOCT ¥ (DHIIMH), KOTOPbIC OTJIHYA-
FOTCSI U3BECTHOM HETEPIIMMOCTBIO K U3MEHECHHUIO U
COKpAIIIEHHUIO CPeIbl OOUTAHHS.

B macrosmee Bpemst Ha Tepputopun CpemHei
Jlens! perynsipHo BcTpedatores 16 npeacraBuTeneit
orpsina Cokonoobpasueie (Falconiformes), nz Hux
JIOCTOBEPHO THE3SAIMMUCS SBISAIOTCS 13 BUIOB,
BO3MO)KHBI THE3/TOBAHUS CKOTIBI, XOXJIATOTO 0COeaa
1 aepOHMKA, BCTPEYAFOTCSl BO BPEMsl CE30HHBIX MUT-
paruii 3MMHSIK B U3peJIKa, BO BpeMsi KOUeBOK, — Kpe-
yeT. Kpome 3TOro, M3BECTHBI CIMHUYHBIC 3aJICThI
OeJoryieyero opiiaHa, CTEIHOTO OpJia, MEroro JIyHs
1 IByX BUAOB rpuda. V3 THe3asmmxcs NTull oce/-
JIBIM BUJIOM SIBIISIETCS] TETEPEBIATHUK, OCTAIbHBIC —
TIePENIETHO-THE3 IS CS.

B konne 19-nauane—cepenune 20 BB. Ha Cpen-
Helt Jlene MHorHe npencraButenu orpsaa Cokolo-
o0Opa3Hble ObUTH OOBIMHBIMH BHJaMH MECTHOM Op-
HUTO(ayHbI. 3aMETHOE COKPAIIICHUE YUCICHHOCTH
XHIIHBIX [ITUI] HAYaJ0Ch 37€Ch B 60-€ TT. IPOIIIIOro

ctoierus. B Hacrosdiee BpemMs Ha UcCle0BaHHON
TEPPUTOPUH LIMPOKO PAcIpPOCTPAHEHHBIMU U OObIY-
HBIMH, MECTaMU MHOTOYHCIEHHBIMU SBISIOTCS
KOpIIYH W MycTenabra. MamouynucieHHbIMU BUAAMU,
KOTOpBbIE MOTYT OBITh OOBIYHBIMU B MPEATIOYUTAC-
MBIX OMOTOIAX, SIBJSIOTCS TETEPEBATHUK, OOBIKHO-
BEHHBIN KaHIOK, BOCTOYHBIA OOJIOTHBIN JyHb, de-
IJIOK U MepenensTHUK. B mocnennee necarunerue
Ha CKaJINCTBIX Oeperax JIeHbl HaOmonaeTcs HEKOTo-
pO€ NOBBILLIEHNE YUCIEHHOCTH carcaHa. C Havyana
2000-X IT. UOET ITOCTENEHHOE MOBBIIICHUE YHCICH-
HOCTH OEpKyTa W MOSBJICHUE THE3JJ0BUI Ha Teppu-
TOPUSX, TZI€ TOJITOE BPEMS OPJIBI B THE3I0BOM NEPH-
o1l oTcyTcTBOBanu. B mocnennue ronel B Cpenneit
Jlene oTMeueHO MOCTOSIHHOE MPHUCYTCTBHE OCOEAA.
Ha uccnenoannoit repputopuu ¢ 80-X Ir. mpouuio-
TO CTOJIETHS IOJIEBOTO JYHS MOYKHO XapaKTE€pH30-
BaTh KaK MaJO4MCIEeHHbIN Bu. CTan peAKuM | Iie-
pecTan peryaspHO FHE3IUThCsS B 1oauHe JIeHsl op-
naH-0e10XBoCT. B Hacrosiiiee BpeMsi IPUCYTCTBUE
ckoriel B fonuHe Jlensl n Ha Jleno-Bunroiickom Me-
JKIypeube HE OTMEUEHO, BO3MOXHO THE37I0BAaHUE B
Jleno-Amrunckom Mexaypedne. Ha mponere oObrd-
HBI 3UMHSK W JEpOHHK, PEIKO B 3UMHHNA TEPHUOI
BCTpeyaeTcs Kpeuer.

OcnoBnas Macca CokoooOpa3HbIX PUIETACT B
KOHIIE aIlpells ¥ B HadaJie Masl, K THE3I0BaHHIO IIPH-
CTYTIAIOT C CEPEeIUHBI Mast 1O Hayasa UIoHs, a OTJIET
MPOMCXOJUT B TeueHue ceHrsiops. Hanbonee mosn-
HUE BCTPEUH MPHUXOIATCS Ha HAYAJI0 OKTSAOPA.
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General overview of the Falconiformes fauna
of the Middle Lena valley and adjacent territories

A.P. Isaev, V.V. Bochkarev, N.G. Solomonov, R.A. Kirillin, E.V. Shemyakin, V.Yu. Gabyshev

Institute for Biological Problems of Cryolithozone SB RAS, Yakutsk, Russia
isaev_ark@rambler.ru

Abstract. The article presents the results of original observations during the years 2003 to 2019, analy-
sis of literature data, archival and questionnaire information on the representatives of the Falconiformes
order inhabiting or seen in the Middle Lena valley and adjacent territories. At present, 16 species are
regularly found in the study area. Among them, 13 species are nesting here, 3 are possible nesters, and
2 species occur during seasonal migrations and shifts. The paper gives a relative estimate of the abundance
in a long-term retrospective of Peregrine falcon and the current states for populations of other daytime
birds of prey in the region. It is noted that until the middle of the 20th century, many representatives of the
order were common species of the local avifauna at the Middle Lena valley, and a noticeable reduction of
their number began in the 60s of the past century. At present, from all the daytime birds of prey in the study
area, only Kites and Kestrels are widespread, common and locally numerous, and the rest are not numerous
or rare. In the recent decades, most of the Middle Lena territory has undergone an intensive transformation
of natural communities, and the species listed in the Red Book react most acutely to this process, like Os-
prey, Golden eagle and White-tailed eagle known for their intolerance to changes and reducion in the ar-
eas of their habitats.

Key words: birds of prey, Falconiformes order, number change, the valley of the Middle Lena, Central
Yakutia.
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CpaBHl/ITeJIl)Haﬂ XapaKkTepucCTuKka JJIECHbIX MaCCUBOB
C UCITI0JIB30BaAaHUEM Ilellll/l(l)pI/IpOBaHI/Iﬂ CHUMKOB CBEPXBBICOKOI'0 Pa3speCICHUNA

FO.®. Poxkor'*, M.FO.Kongakosa’
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Annomavus. /[ns yenei MOHUMOPUHEA COCMOSHUSL IECHBIX IKOCUCTeM Hauboliee d(pekmusHo ucnoo-
306aHUE BO3MONCHOCIEL OUCTIAHYUOHHBIX Memo0os. Ha mynbmucnexmpanbublx KOCMUYECKUX CHUMKAX
DigitalGlobe meppumopuu 2ocyoapcmeenno2o npupooHo2o 3an06eonuxa « ONeKMUHCKULY 6bl0e1eHbl
ppazmenmor nnowadvio 0,819 kv’ (macwumab 1:3200) ¢ domunuposanuem cocuvl 0bvikHoeeHHoll (Pinus
sylvestris L.) u nucmeennuyel I menuna (Larix gmelinii Rupr.). 3amem Obliu coXpaneHvl NOAUSOHBL NO Ye-
mulpem yposuam demanuzayuu — 4, 16, 64, 256 ¢ macumabamu 1:1600,1:800, 1:400, 1:200 coomseemcm-
senno. Ilpu dewudpuposanuu npogooUIACy HEYNPABIAEMAs KAACCUDUKAYUsL pazmenHma noIueoHo8 me-
mooom ISODATA (Iterative Self-Organizing Data Analysis Technigue) na 2, 4, 10 xaaccos. Ilo pesyroma-
mam Knaccupurayuy Ha 2 K1acca NOKA3aHa 63aumMoCcssizb Melcoy UHOEKCOM 1eCUCOCIU U KOTUYeCmEom
0epesbes, OMMEeYeHHbIX Ha noaueonax. buliu nocmpoensl Kpusbie pacnpedenenus 3HaueHull UHOeKca 1ecu-
cmocmu 0151 ROMUCOHO8 4 YyposHs demanuzayuu. Xapakmep Kpusblx OIU30K K HOPMAIbHOMY pacnpeoene-
nuto. Io pezynomamanm kraccugpurayuu na 4 u 10 kraccos 6vina npogedena cmamobpabomka ¢ paciemom
nokazameneu pasHOCmMu u NOOOOUS NOTUSOHO8 — OUCHEPCUU 2eHEPATbHOU COBOKYNHOCmU u mecma Duuie-
pa (F-mecm). Bvidenenvt naubonee noxosicue napvl noIU2OHO8 HA PA3HBIX YPOSHAX demanuzayuu. Paccmo-
MpeHbl Pe3yIbmanmvl UsMeHeHus: OUCHePCUL 2eHEPATbHOU cOgoKynHocmu u F-mecma na pasmuvix yposusx

oemanuzayuu.

KiroueBsble ciioBa: nemmdpupoBanne KOCMHYECKIX CHUMKOB, Kiaccudukanus [sodata, unnekc necu-

CTOCTH, qucHepcus, F-tect.

BBenenue

Jis neneii MOHMTOPHHTA COCTOSHHSI JIECHBIX
JKOCHCTeM Hambosee Y(PPEKTUBHO HCIIOIH30BAHUE
JTUCTAaHIIMOHHBIX METO/I0B. B KauecTBe penepos st
OLICHKH COXPaHHOCTH OMOpa3HO0Opa3us JIECOB MO-
I'yT CIYXXHUTbh Takue IapaMeTpbl, KaKk oOuias Jiecu-
CTOCTb, (PparMeHTaIHsI JTIECHOTO MTOKPOBA, I0JIS BTO-
PUYHBIX (MEIKOIMCTBEHHBIX) JIECOB, Pa3BUTHE aH-
TPOIOTeHHON MH(PACTPYKTYPbI 1 10JIs1 OXPAHSIEMBbIX
TeppuTopuil pasHoro nomguunenus [1, 2]. Jucran-
LIMOHHBIE METO/BI aHaIN3a KOCMHYECKHUX CHHUMKOB
HCTIONB3YIOTCS IIPU ONIPEAETICHUN OCHOBHBIX TaKca-
LMOHHO-ACTN(PPOBOYHBIX TIOKazaTenei [3—8], Tpex-
MEpPHOM MOJIEJIMPOBAHUN CTPYKTYpPbl M JTUHAMUKU
TaeKHBIX JIAHAMAPTOB [9], MOYBEHHO-PACTUTEINb-
Horo mokpoBa [10]. CHUMKH CBEpXBBICOKOTO paspe-
LIEHNS TIO3BOJIAIOT OIPENeNsATh TaKhe TaKCalllOH-
HBI€ XapaKTePUCTUKHU, KAK COMKHYTOCTb KPOH, KJIacc
Oonurera [11], BrICcOTa sipyca, CpeTHUNA AHAMETP U
BBICOTA JIPEBOCTOS, OTHOCUTENbHAS MTOJTHOTA, 3amac,

© Poxxkos 10.®.,Kongakosa M.1O., 2020

COMKHYTOCTb I10JI0Ta, TPOeKIMHU KpoH [12, 13], mpo-
eKTHBHOE TIOKpHITHE [14]. B KauecTBe MHCTpyMEH-
TOB JieH(QPUPOBAHNS IUPOKO PACIIPOCTPAHEH KITa-
cTepHbIi anamu3 [15-18].

[lenpro HacTOAIIETO HCCIENOBAaHUS SBIAETCS
CpaBHEHHE JIByX JIECHBIX MaCCHBOB C MCIIOJIb30Ba-
HUEM WHCTPYMEHTOB JCIU(PPUPOBAHUS KOCMHYC-
CKHX CHUMKOB CBEPXBBICOKOTO pa3perIeHus..

MaTepna.m,l U METOAbI

[Ipu ocymiecTBICHUH HEMPEPHIBHOIO MOHHTO-
pHHIa 32 COCTOSHMEM OOpeasibHBIX JIECOB HCIOJIb-
30Banock aenmdpupoBanne RGB-mokpertus Digi-
talGlobe cBepXBBICOKOTO pa3pelnieHus (pa3penieHue
0,6 M/IIHKC. ), TTOJly4YEeHHOTO B OOLIEOCTYIHBIX Cep-
Bucax GoogleEarth, SasPlanet. MccnenoBanus mpo-
BOAWJIMCH Ha Tepputopun OJEKMUHCKOIO 3alOBel-
nuka FOro-3anagHo SkyTun. 11 cpaBHeHUS ObUTH
BBIOpAHBI J1Ba MOJUTOHA IIoma 0 0,819 KM? (mac-
mtad 1:3200) ¢ TOMHHUPOBAHHEM JTHUCTBEHHUIIBI
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CocHsIK

Puc. 1. Pajion uccienoBaHusi.

Fig. 1. Study area.

JINCTBEHHNYHUK

Puc. 2. Pa3ouska canmka DigitalGlobe macmrada 1:3200 na nomuronst (4, 16 moIUroHoB).
a — JIeCHOM MacCHB C JIOMHUHUPOBAaHUEM JINCTBEHHHUIBI ' MennHa; 6 — IECHON MacCHB C IOMUHHPOBAHHEM COCHBI OOBIKHOBEHHOM.

Fig. 2. Breakdown of a DigitalGlobe image at a scale of 1: 3200 into polygons (4, 16 polygons).
a — forest area with dominance of larch Gmelin; 6 — forest area with dominance of Scots pine.

I'Menuna (Larix gmelinii Rupr.) u cocHbl OOBIKHO-
BeHHOMU (Pinus sylvestris L.) (puc. 1). Kaxnapiii u3
BBIOPAaHHBIX TOJUTOHOB OBLT Pa3OWT Ha YETHIpe
nosinrona maciuraba 1:1600. danee ObLIH mostyue-
el 16 momuronoB ¢ macmrabom 1:800. Cnocob
MOJTYYEHUS MOJUTOHOB PA3HBIX MaclITabOB OIMU-
can panee [19-21] (puc. 2). Ha TpeTheM ypoBHE
JeTaM3aluy MPOAOIDKAIOCh pa30MeHne Ha Te-

tpansl. [Tonyunnocs 64 nonurona macmraba 1:400
(puc. 3). Ha ueTBepTOM ypOBHE JeTaIN3aLNHU M10-
nyquinock 256 monuronoB macmrtaba 1:200 u
maomanso 3199 M? (IpAMOYroIbHHK Pa3sMepoM
4570 M) (puc. 4). Jlenienne Ha 8§ CEKTOPOB KaXK10-
ro u3 monuroHoB B mporpamme Adobe Photoshop
HPUMEHSJIOCH A 0oJiee TOYHOTO MOJCYeTa Je-
PEBbBEB 10 KOJIMYECTBY KPOH.
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Puc. 3. Pa3ouska ¢parmenra caumka (Macmrad 1:800) Ha nosmrons! (4 u 16 HOJUTOHOB).
a — QparmeHT 2 =2 ¢ JOMHHUPOBAHUEM JINCTBEHHULIBI; 6 — pparMeHT 4 = 2 ¢ JOMUHHPOBAHUEM COCHBI OOBIKHOBEHHOIH.

Fig. 3. Breakdown of a fragment of the image (scale 1: 800) into polygons (4 and 16 polygons).
a — fragment 2 = 2 with the dominance of larch; 6 — fragment 4 = 2 with the dominance of Scots pine.

Puc. 4. ITonmurons! macmrada 1:200 4eTBepTOTro YpOBHS ACTATH3ALUH.
a —monuron 4 =4 — 1 — 2 ¢ TOMUHHPOBAHUEM JIUCTBEHHUIIBI [ MenuHa; 6 — monuron 4 = 4 — 4 — 3 ¢ JOMHUHUPOBAHUEM COCHBI
OOBIKHOBEHHOM

Fig. 4. Polygons of scale 1: 200 of the fourth level of detail.

a —Polygon 4 =4 — 1 — 2 with the dominance of larch Gmelin; 6 — Polygon 4 = 4 — 4 — 3 with the dominance of Scots pine.

IIpn 06paboTke KOCMHYECKHX CHUMKOB HC-
nosb30Bajcs nakeT nporpamm ENVI-4.0 (s mpe-
oOpaszoBanuss RGB-mokpeitust B dopmar Geotif),
ArcView-3.3 ¢ momymsimu Image Analyst, Spatial Ana-
lyst (utst nemmdpupoBaHms MOTYIEHHBIX CHUMKOB).
B xauecTBe nokazareneii, ¢ TOMOIIbIO KOTOPBIX OCY-
LIECTBIISUICS. MOHUTOPUHI COCTOSIHUS JIECOB, OBLIH
BbIOpaHbI 1BA UHCTPYMEHTA KJIACTEPHOI0 aHAIM3a:
knaccuduranus ISODATA u Temarudeckasi pas-
HOCTh nuKcenoB [19, 22]. beuna npoBeaeHa kiaccu-
(ukarmst canvkoB Ha 2, 4, 10 ximaccos. Knaccndu-
Kalus Ha JiBa Kjacca IMO3BOJISIET ONpPENeNUTh MH-

JIEKC, XapaKTEePHU3YIOIINHA JIECHCTOCTH[2], KOTOPBIN
OTIPEICIISAETCS KaK OTHOIICHHUE TUIOIIAIU, MOKPHI-
TOH JIECHOHM PaCTUTEIBHOCTBIO, K OOIIEH TUIONaIu:
D = df/S, tne D — necucrocts; df — miuomias, mo-
KpBITAsl IECHOH PACTUTENBHOCTBIO, M2 S — ofmas
IJIOIIAIb TEPPUTOPHH, M.

Knaccudukauns va 4 u 10 knaccoB Obuia uc-
MOJTb30BaHa MPH CTaTUCTUYeCKOM aHanu3ze. [IpoBo-
JTWJIOCH CPABHEHHE T10 JUCIICPCHH TeHEPAILHOM CO-
BOKYITHOCTH, TecTy Duiiepa Ha mogodrue MacCHBOB
(F-tecr). Jlo mpoBeeHNsT CTAaTHCTUYECKOTO aHAIHU-
3a BCE pe3yNbTaThl pacueTra Kiaccu(ukauu Obuin
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TaGnuna 1

PesynbTarel nepecuera pe3yabTaToB kjaaccupukanun cuumka DigitalGlobe
Ha 10 KJIACCOB 115 Pa3HBIX MACIITA00B

Table 1

Results of recalculation of results of classification of a DigitalGlobe image
into 10 classes for different scales

Cuumoxk DigitalGlobe aucTBeHHUYHHK Cuumok DigitalGlobe cocHsix
Krace Macnirab
HCXOIHBII 4 4=4 |4=4—-1[4=1-1-3| UCXOTHBIH 2 2=2 |2=2-1(2=2-1-2

1:3200 1:1600 | 1:800 1:400 1:200 1:3200 1:1600 | 1:800 1:400 1:200
1 20492 16876 | 30289 | 15848 24970 10997 12406 | 11143 | 12066 14480
2 30221 27097 | 29776 | 37941 28702 29663 25744 | 25807 | 26785 30904
3 32301 28785 | 21858 | 23871 28651 27768 27883 | 29967 | 29451 27180
4 26376 24549 | 31829 | 30782 21718 26720 21034 | 22270 | 21734 28151
5 16921 21570 | 19656 | 19770 24776 22522 24616 | 26356 | 20070 18513
6 28263 20397 | 13881 | 18916 18722 22532 21098 | 19735 | 24756 23466
7 19143 21642 | 14167 | 16751 20696 20929 29192 | 25453 | 28165 24620
8 13695 23717 | 21670 | 19551 15930 27551 29661 | 29790 | 28636 25530
9 23546 25029 | 23171 | 23444 27352 23600 21806 | 22726 | 21569 19276
10 10662 11959 | 15322 | 14746 10102 9339 8180 8373 8389 9499
Cymma 221620 |221620|221620|221620| 221620 221620 |221620(221620|221620| 221620
IINKCCJIOB

MepeCcUYnTaHbl U IPUBEICHBI K Pa3MEPHOCTH HOJHU-
rona maciutada 1:200. Pesynbrarsl Kinaccudukanuu
Ha BCEX YETHIPEX YPOBHSIX AETATU3ALUH IPEACTAB-
JeHsl B Taom. 1.

Pe3ynbTarhl U o0Cy:K1eHUe

Ocobennocmu pacnpeoenenus noAUzZoOHO08 Je-
CHO20 MACCUBA NO 3HAYEHUAM UHOEKCA J1eCUCHO-
cmu. Bputy ornpesieneHbl WHICKCH JIECUCTOCTH Ha
BCEM YETHIPEX YPOBHAX JIETANM3AINU TI0 MacIITa-
6am. OCOOCHHOCTH pacIpeneeHUs TOTUTOHOB TI0
3HAUCHHSM HHJICKCOB MPECTABJICHBI B Ta0. 2.

WHpaexc necucTocTr COCHOBOTO MaccuBa B IIe-
oM pasen 0,600. IlepBas TeTpama w3 MOJIUTOHOB
MacmTaba 1:1600 mmeer pa3dpoc Mo 3HaYCHUSIM
uHjekca jgecucroctu ot 0,567 no 0,645, cepus us
16 nmomuronos macirtada 1:800 — ot 0,527 no 0,663.
Haxownen, cepust u3 64 nonuronos macirtata 1:400
nMeeT pa3dpoc mHACKca Jecuctoctu ot 0,498 mo
0,667, a u3 256 noauronos maciraba 1:200 — or
0,471 mo 0,740. UHmexc IECUCTOCTH JIMCTBEHHHY-
HOTO MacCHBa IOKa3hIBAET MOXOKHUN XapaKTep pac-
npeaeneHus. VcXonHbld MOJUTOH MMEET WHJIEKC
necuctoct Bhilie cpeanero — 0,578. Ho paszdpoc

Tabnuma 2

XapaKTepnchca IMOJIMI'OHOB JIECHBIX MAaCCHUBOB 110 3HAYCHUAM HHICKCA JTECUCTOCTH

Table 2

Characteristics of forest sites for forestation index values

Macurrad [Tnomans JINCTBEHHNYHUK CocHsK
TOTHTOHa, M’ Juanazon 3nayenuii | Pazopoc 3nauenwmii | lnanazon 3Hauenwuii | Pazopoc 3HaueHuit
1:3200 819000 0,578 1 moyMrox 0,600 1 monuron
1:1600 204750 0,562-0,600 0,038 u3 4 0,567-0,645 0,078 u3 4
1:800 51188 0,539-0,614 0,075 u3 16 0,527-0,663 0,136 u3 16
1:400 12797 0,544-0,630 0,086 u3 64 0,498-0,667 0,199 u3 64
1:200 3199 0,517-0,661 0,143 u3 256 0,471-0,740 0,271 u3 256
128 IMPUPOAHBIE PECYPChI APKTUKU U CYBAPKTUKMU, 2020, T. 25, Ne 2
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Puc. 5. Pactipenenenne monuronos Macmurada 1:200 (256 mr.)
T10 3HAYEHHUSIM HH/ICKCOB JIECHCTOCTH.

Fig. 5. Polygons distribution of scale 1: 200 (256 pcs.) from
the values of the forest cover index.

3HAYCHUH Ha Ka)JIOM U3 MOCIEAYIONINX YPOBHEH
TIOYTH B JIBa pa3a HIKE, 9YeM Y ITOJIMTOHOB COCHOBO-
ro maccusa: 0,078 un 0,038 ansg mepBoro ypoBHS,
0,136 u 0,075 nus BTOporo, 0,199 u 0,086 nns Tpe-
TBET0 YPOBHS, COOTBETCTBEHHO.

B nenom, mpu cpaBHEHHWH pacrpenesieHus] WH-
JIeKca JIECUCTOCTH IO 3HAUEHUsSM BUIHO (puc. 5),
4TO 00€ KpuBbIE OJM3KU K KPUBBIM HOPMAJIBLHOTO
pacnpeneneHusi, HO KpUBas JJ1s1 COCHOBOTO MacCHBa
OJIOXKE, YTO TOBOPUT O 0O0Jice paBHOMEPHOM pac-
MIpeJIeIeHNN WHJIEKCa JIECUCTOCTH 110 BCEM JUara-
30HaM 3HAYEHUH.

Cé:a3b MexcOy UHOEKCOM J1eCUCIOCMU U KO-
yecmeom 0epesves, OMMeEUeHHbIX HA NOUZOHe.
Jist ycTaHOBIICHHSI CBSI3M MEK/y 3HAUCHUSIMUA WH-
JIEKCa JIECUCTOCTH U KOJUIECTBOM JEPEBHEB OBLITH
BBIOpaHBI B COCHSIKE W JIMCTBEHHUYHUKE I10 JBE TeE-
Tpajbl C MAKCHMATBHBIMA 1 MUHAMAJTbHBIMA 3HaYe-
HUSIMH MHJIEKCa. 3aTeM IIOJCYMTAHO KOJIMUYECTBO Je-
PEBBEB B KQXKJIOM U3 BRIOPAHHBIX MOJIMTOHOB I10 KPO-
HaMm. Pesymbrarel cpaBHeHHs TMOKazaHbBI B TaOm. 3.
Kak B cocHsike, Tak U B JIMCTBEHHHYHHMKE HaOJIIO-
JACTCS TpsMast TIOJIOKUTEIbHAS CBSI3b MEXKILy HH-
JIEKCOM JIECHCTOCTH M KOJIMIYECTBOM JIepeBbeB. Uem
OoJIblle 3HAYEHUS MHEKCA JIECUCTOCTH, TEM 0OJIb-
1€ KOJIMYECTBO JE€PEBLEB, MOJCUUTAHHBIX B IIpe/e-
JIax TIOJINTOHA.

CpasneHnue noauzoH06 1eCHO20 MACCUBA C NO-
MOWBIO CMAMUCMUYECKUX Memo00s. Kaxbii
MMOTUTOH TeTpanasl ¢ Macmradbom 1:200, 1:400,
1:800, 1:1600 moxBepracs 06paboTke ¢ omnpe/e-
JIEHUEM JIUCIIEPCUU TeHEPAIBHONH COBOKYITHOCTH U
F-tecta nHa momoOwme. Panee [23] ompenencHme
F-tecta MaccuBOB HJAaHHBLIX IMO3BOJIMJIO OLICHUTH,
HAaCKOJIBKO TIOX0XKH MCCJIEyeMbIe JIECHBIE MaCCH-
BBI. Eciii 111 OTHOPOIHOTO JIECHOTO MacCHBa BCE
3HaueHust F-tecra Beime 0,90, a Ams HEKOTOPHIX
ITOJTUTOHOB 3TOT IMMOKa3arenb Bbime 0,99 (mmomxHOE
nogobue 1,0), TO mIsT HEOMHOPOIHOTO JIECHOTO
MaccuBa 3HaueHus F-TecTta U3MEHSIIOTCS B IIHUPO-
koM auanaszone ot 0,55 mo 0,94. CpaBHeHue no
[10Ka3aTeso AUCICPCUH MPH KIacCH(pUKALUUA Ha
10 xaccoB Moka3ajo MSATUKPATHOE €€ MPEBBIIIe-
HU€ IUCIEPCHH TOJMTOHOB ISl HEOAHOPOTHBIX
HaJ OAHOPOJIHBIMU MaccuBaMu. B HacTosiel pa-

Tab6numa 3

CpaBHel-me IOJIUTOHOB JIECHBIX MACCHBOB IO HHAECKCY JIECUCTOCTH U KOJIUYECTBY 1€PEBHEB

Table 3
Comparison of forest polygons by forest cover index and number of trees
[Toxazarenn JlucTBeHHUYHHK CocHsik

Homep 4=4-1-1{4=4-1-2|4=4-1-3|4=4-1-4|2=1-2-1|2=1-2-2|2=1-2-3|2=1-2-4
IIOJIMTOHA
Wnpexc 0.633 0.589 0.548 0.585 0.708 0.713 0.707 0.701
JICCUCTOCTH
KosnunuecTtBo 149 146 146 147 96 122 126 112
JICpPEBbECB
Homep 4=3-3-1{4=3-3-2|4=3-3-3{4=3-3-4|3=4-3-1|3=4-3-2|3=4-3-3|3=4-3-4
IIOJIMTOHA
Wupnekc 0.533 0.514 0.486 0.471 0.537 0.488 0.481 0.489
JICCUCTOCTH
KomnmuecTro 101 103 104 107 76 71 75 86
JICPEBLECB
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TaGnuma 4
CpaBHeHHe IMOJIMTOHOB MEPBOr0 YPOBHS JETATU3AIMH 10 CTATHCTUHYECKUM XapaKTePUCTHKAM

Table 4
Comparison of polygons of the first level of detail according to statistical characteristics
Homep Jucnepcust F-tecr (monobue)
TOITMTOHA | JTCTBEHHUYHUK CocHsik JIMCTBEHHUYHUK CocHsik
1 24622015 32261852 0,769 0,734
2 21414155 26285049 0,430 0,804
3 28163432 29754189 0,912 0.903
4 21790515 31757086 0,471 0,765
Tabnuma 5
CpaBHeHHe TeTpPajJ JUCTBEHHHYHHUKA C Pa3HBIM YPOBHEM JIeTATH3ANHI
M0 MOKA3aTeJI0 TUCTIEPCUH FeHePAJIBLHON COBOKYMHOCTH
(mosuronbt 1=1,2,3,4;1=3-1,2,3,4,1=3-3-1,2,3,4)
Table 5
Comparison of larch tetrads with different levels of detail in terms of the dispersion
of the general aggregate (polygons1=1,2,3,4;1=3-1,2,3,4;1=3-3-1,2,3,4)
Jeranusanus 4-ro ypoBHs
cimas | e [ cims [ [ cr [ e | a0 | e
24397816 | —461918 | 24859733 | —-1050228 | 25909961 | —2473282 | 28383243 | 1=3-3-1
17405720 | —461918 | 17867638 | —1050228 | 18917866 | —2473282 | 21391148 | 1=3-3-2
19202048 | —461918 | 19663966 | —1050228 | 20714194 | —2473282 | 23187476 |1=3-3-3
17056239 | —461918 | 17518157 | —1050228 | 18568385 | —2473282 | 21041667 |1=3-3-4
19515456 | —461918 | 19977373 | —1050228 | 21027602 | —2473282 | 23500884 CpenH.
Jeranuzanus 3—T1o ypoBHS
Cl1=3 Pa3HOCTI>V C1 Pa3HOCTBu C 1:3200 Homep
JAucnepcun JAucnepcun I/ICXO,I[H. IIOJIMTOHAa
19759423 | —-1050228 | 20809651 | —2473282 | 23282933 1=3-1
20779152 | 1050228 | 21829380 | —2473282 | 24302662 1=3-2
19586360 | —1050228 | 20636588 | —2473282 | 23109870 1=3-3
22916424 | -1050228 | 23966652 | —2473282 | 26439934 1=3-4
20760340 | 1050228 | 21810568 | —2473282 | 24283850 CpenH.
Jleranusanus 2-To ypoBHA
C1 PaSHOCTBV C 1:3200 Homep
nucnepcuit Hcexonn. [Honurona
21483754 | 2473282 | 23957036 1=1
18697430 | —2473282 | 21170712 1=2
21098505 | —2473282 | 23571787 1=3
21347715 | —2473282 | 23820997 1=4
20656851 | —2473282 | 23130133 CpenH.

00Te MPOBOJMIOCH OMPEICIICHUE CTATUCTUICCKUX
XapaKTePUCTUK KaXKIOTO TOJIUTOHA 10 YPOBHSIM
JeTaJn3alui.

[MPUPOIHBIE PECYPCBI APKTUKU 1 CYBAPKTUKU, 2020, T. 25, Ne 2

ITonuron macmrata 1:200 mociaemoBaTeNbHO
CpaBHMBAJICS ¢ TToMTroHaMu MaciTaba 1:400, 1:800,
1:1600 u ucxogueiM nosmronoM Macirada 1:3200.




CPABHUTEJIbHA ST XAPAKTEPUCTHUKA JIECHBIX MACCUBOB

CpaBHeHHe TeTPaJl COCHSAKA ¢ PA3HBIM YPOBHEM JeTAJIU3aAUUU
10 NoKa3zareJio aucnepcuu (moauronbt 3=1,2,3,4;3=3-1,2,3,4,3=3-3-1,2,3,4)

Tabnuma 6

Table 6
Comparison of pine tetrads with different levels of detail
in terms of dispersion (polygons3=1,2,3,4;3=3-1,2,3,4,3=3-3-1,2,3,4
Jeranmszanus 4 —To ypoBHS
cizaa| g [ cans [ [ o [ pumeen T OL0 [ e
39150722 | 1462806 | 37687916 478038 37209878 1238208 35971670 | 3=3-3-1
37398832 | 1462806 | 35936026 478037 35457989 1238209 34219780 | 3=3-3-2
30442550 | 1462806 | 28979744 478037 28501707 1238209 27263498 | 3=3-3-3
27028476 | 1462806 | 25565670 478037 25087633 1238209 23849424 | 3=3-3-4
33505145 | 1462806 | 32042339 478037 31564302 1238209 30326093 Cpens.
Jeranuszanus 3-1o ypoBHS
C3=3 PaSHOCTbv c3 Pa3HOCTbv C 1:3200 Homep
JMCTIEpCUI JMCTIepCuii HcxonH. HOJIMTOHA
31138958 478037 30660921 1238217 29422704 3=3-1
30199344 478037 29721307 1238208 28483099 3=3-2
33411278 478037 32933241 1238208 31695033 3=3-3
28834443 478037 28356406 1238209 27118197 3=3-4
30896006 478037 30417969 1238211 29179758 CpenH.
Jeranuzanus 2-ro ypoBHS
c3 Paznoctp C 1:3200 Homep
nucnepcuit HcxonH. IOJIUTOHA
31918793 1238209 30680584 3=1
30347547 1238209 29109338 3=2
31470435 1238209 30232226 3=3
29443508 1238209 28205299 3=4
30795071 1238209 29556862 CpenH.

Ha nepBoM ypoBHe feranu3anuu (Tadi. 4) cpas-
HEHWE TIepBOW TETPajbl C MCXOAHBIM TOIUTOHOM
Mmacmtada 1:3200 mokasasno, 4To 1Mo pesyibraTam
kiaccudukamy Ha 10 KJ1accoB B TUCTBCHHUIHHUKE U
COCHsIKE HamOoJIee TOLO0HBI UCXOIHBIM ITOJIMTOHAM
nosuronsl Ne 3. JIist HUX XapaKTepHbl MaKCUMaJlb-
Hele 3HaueHus F-tecta (0,912 u 0,903 coorBercT-
BEHHO). HamveHee TToX0Ku Ha MCXOIHBIH ITOJIMTOH B
JMCTBEHHUYHUKE — MOJUTOHBI 2 U 4, a2 B COCHSIKE —
MOJIMTOHKI | 1 4 ¢ HAMMEHBIINMH 3HaYCHUSIMHU F-Te-
cta. [lo 3HaYeHUSIM TUCTIEPCUU TeHEPAITbHON COBO-
KYIIHOCTH HaI/I6OHBHIa$I U3MEHYMBOCTb PE3YJILTATOB
KJaccu(hMKaUY XapakTepHa JIsi COCHSKOB (JHcC-
nepcust u3mensiercs: ot 26285049 no 32261852),
TOT/Ia KaK B JUCTBEHHHYHUKAX OHA U3MEHSETCS OT
21414155 no 28163432.

[lo mokazarento AuCHepcHH TeHEPaTbHOM COBO-
KYIMHOCTH TPOBEICHO CPaBHEHUE TETPAI Pa3zHOTO

YPOBHS JIETAIM3aIlAN. bBIUTO TTOKa3aHo, UTO JAUCIIEp-
CHISI TETPAIbl KAXKJIOTO YPOBHS U3MEHSIETCS Ha TIOCTO-
SIHHYIO BEJIMYHHY NPHU MEPEX0Ae MEKIY YPOBHIMHU
neranmzanun (tadm. 5, 6). Terpana, He3aBUCHMO OT
3HAYCHUH TUCTIEPCUH KaXKJIOTO M3 TOJIMTOHOB, TPH
TIepexoyie C MePBOTO YPOBHS JACTAIN3AIMH KO BTOPO-
My U3MeHseTCs Ha Bennunny —2473282 s nonuro-
Ha | TUCTBEHHMYHMKA U Ha BeauuuHy 1238209 nis
nonurona 3 cocHska. [Ipu mepexone co BTOPOro K
TpPEeTheMy YPOBHIO JIETaJIM3allMHN TETPaia BBICTYIIAeT
TaKKe KaK €IMHOE IIEJI0C C MOCTOSHHON BEIMUMHOMN
IepexoIHOTo K03 (HUIIMEeHTa, KOTOPHIH COCTABIISICT
—1050228 mna nuctBennnunuka u 478038 mist co-
cHska. Hakoner, mpu mepexone MeXAy TPETHUM H
YETBEPTHIM YPOBHEM JeTaiu3anuu koddduiment
Tepexo/ia TakKe OMMHAKOB ISl BCEX YEThIPEX ITOJIH-
TOHOB TeTpabl U cocTaBisieT 461918 mist aucTBeH-
HUYHMKA U 1462806 11 cocHsIKa.

131



10.®. POXXKOB, M.IO. KOHIAKOBA

60
[41] -
2 50
I
e
£ i
= 40
o
c
o 30+
]
5
@ JlnctBeHHMLa
$ 20+ H
=
5
x 104
0 T T T T T T T T 1
o o o o o o o o o o
o o o o o o o o o o
e N A ~ 2 © ~ @ 2 <
o o o o o o o o o ~—
| ! | | | | | | ! [
o - - - - - - - — —
o o o o o o o o o
. N e3 < 0 © ~ @ 23
o o o o o o o o o

Puc. 6. CpaBHEHHE JIECHBIX MACCHBOB I10 KPHBBIM pacIpe-
nenenus 3Hauenuii F-tecra.

Fig. 6. Compare forest areas of value distribution curves
F-test.

Benmunna nepexonHbIx Ko3GGHUIIMEHTOB MIPH TIe-
pexonie MexIy YPOBHSIMH JIeTalTU3allid HEe 3aBUCHT
OT U3MEHEHMH AUCIIEPCUM B MpeesiaXx TeTpajbl, a
SIBIISIETCS. PA3HOCTHIO MEKIY CPSAHUMHU 3HAUCHUSIMU
JIUCTICPCUI KaXKJI0TO U3 YPOBHEHU JeTaTN3aIIH.

Bo3MOXHBIM OOBSCHEHHEM TAKOI'O0 H3MCHEHUS
TUCTICPCHH TIPH TIEPEX0/IaX MKy YPOBHIMH JETa-
JIA3aIWN SBISIETCS (PpakTalbHAs CTPYKTypa opra-
HH3aIMHN KaK CaMUX PACTCHHM, TaK U PACTUTEITHHBIX
coobmiecTB [24, 25], ocHOBaHHAas Ha PUHIIMIIE Ca-
MOIIOA0OHS.

CpaBHEHHE Ka)KIOTO U3 MOJUTOHOB YETBEPTOrO
YPOBHSI JETaNU3AI[UU C UCXOJHBIM TMOJUTOHOM IIO
F-tecty mokazano, 4To MacCHUBBI C TOMIUHHPOBAHU-
€M COCHBI U INCTBEHHUIIBI UMEIOT TIOX0’KHE KPUBBIC
pacripeneseHus TOJIUTOHOB 110 3HaYeHUsIM F-TecTa
(puc. 6). llonuronsl, Maso MOJOOHBIE MCXOITHOMY
nonurony macmraba 1:3200 (¢ quama3zoHoM 3Have-
auii ot 0,100 10 0,500), cOCTAaBIAIOT TOIBKO MATYIO
4acTh (51 MOTUToH AJ11 COCHOBOTO MaccuBa U 55 mo-
JUTOHOB JJIs1 IUCTBEHHUYHOTO0). bonbIas yacTh mo-
JINTOHOB COCPEOTOUCHA B JMANA30HE 3HAYCHUI
F-tecra ot 0,800 mo 0,999, T. e. ¢ BEICOKUM ypOB-
HEM TOA00HS NCXOMHOMY TOIUTOHY. JIsT COCHOBO-
ro MaccuBa 3710 138 momuroHoB u3 256, miIsl MUCT-
BEHHUYHUKA — 139 mmomroHos u3 256.

3akjoueHue

B pesynbrare uCIonn30BaHUS KIACTEPHOTO aHa-
nu3a B JemuGpupoBaHUN CHUMKOB CBEPXBBICOKO-
ro pazpemenus DigitalGlobe mecubix axocucrem
OIeKMHUHCKOTO 3allOBEIHMKA OblIa TaHa CpaBHHU-

TelIbHAsI XapaKTePUCTUKA JBYX JIECHBIX MAaCCHUBOB
mromanso 0,819 KM2 ¢ JIOMUHHUPOBAHUEM JIUCTBEH-
uutel [ Memmna (Larix gmelinii Rupr.) 1 cOCHBI OOBIK-
HOBEHHOM (Pinus sylvestris L.) Ha 4eTbIpex ypoB-
HaX neTanu3anuu Ha 4, 16, 64, 256 noauroHos. I1o-
Ka3aHO, YTO KPUBBIC PACIIPEIICIICHUS TTOJIUTOHOB 110
3HAYEHUSM UHJIEKCOB JIECUCTOCTH OJIN3KH K KPUBBIM
HOPMAJILHOTO pacIpe/ie/ieHusl, HO KpUBas Uil Mac-
CHBa C COCHOM OoJiee moJorasi, 4To TOBOPHT O Oolree
PaBHOMEPHOM PACIIPEICICHIN HHACKCA JIECUCTOCTH
I10 BCEM JIMaIia30HaM 3HAYCHH.

Kaxk B cocHsike, Tak ¥ B TUCTBEHHUYHHUKE HAOITIO-
JIAeTCsl TIPsSIMasi MOJIOKUTEIbHAS CBA3b MEXJy HH-
JIEKCOM JIECHCTOCTH M KOJIMYECTBOM JIepeBheB. UeM
0OJIBIIIC 3HAYCHUS MHACKCA JICCUCTOCTH, TEM OOJb-
IIe KOJIMYECTBO JICPEBBEB, MMOJICYUTAHHBIX B TIpE/Iie-
J1aX MOJIUTOHA.

Kaxkaplii moJiMroH TeTpajbl ¢ Maciitadamu
1:200, 1:400, 1:800, 1:1600 moxBeprasicst CTaTUCTH-
4yeckoil 00paboTKe ¢ ompeaeneHneM Ioka3aTenen
Pa3HOCTH U MOO00US TIOJIUTOHOB — JUCIIEPCHH Te-
HepaJbHOW COBOKYyIMHOCTH M F-Tecta Ha momobOwue.
Onpeensinock, HACKOIBKO MOJUIOHBI CXOXKH C UC-
XOIIHBIM TTOJTMTOHOM, MEXKIy cOo0O0¥ B TeTpajie U ¢
[IOJIMTOHAMHU BTOPOTO, TPETHEr0 U YETBEPTOTO YPOB-
Hel neranuzanuu. Ha mepBoM ypoBHE JleTann3aiuu
CpaBHEHHE MEPBOM TETPajbl C UCXOIHBIM TOJIHIO-
HoM Macmtaba 1:3200 mokasano, 4To 1o pe3yabra-
TaM kiaccudukarmy Ha 10 kiraccoB Hamboee Imo-
JNOOHBI UCXOIHOMY TOJIMTOHY MOJHMIoHbl Ne 3 co-
CHSKa W JUCTBEHHWYHHKA. {7151 HUX XapaKTepHBI
MakcuMmanbHbie 3HadeHus F-tecra (0,912 u 0,903).
HaumeHnee moxoxu Ha MCXOIHBIN TTOJIUTOH — TIOJH-
TrOHBI 2, 4 11 MUCTBEHHWYHHUKA U 1, 4 M1 cocHs-
Ka — ¢ HAMMEHBIIUMHU 3HaYeHUsIMU F-Tecra.

[To moka3zaTento nucriepcuu TeHEpallbHON CO-
BOKYITHOCTH OBLJIO MPOBEJCHO CPABHEHHUE TETPAJl
pa3HOro ypoBHS JeTaiu3aluu. beuio mokasano,
YTO JAMCIEPCHs TETPaibl Ka)JI0r0 YPOBHS H3Me-
HSIETCS Ha MOCTOSHHYIO BEIIMYUHY IPU MEPEX0JIe
MEXJy YpOBHSIMH JeTaJU3alii HE3aBUCHMO OT
3HAYCHUU AUCIICPCHUH B IIpeieiax TeTpajibl. Benn-
YUHA TIEPEXOTHBIX KOI(PPUIIMEHTOB TIPH MTEpeXoie
MEKIy YPOBHSAMHU JETaJU3alMKU SBISETCS Pa3HO-
CTBI0O MEXJY CPEIHHMH 3HAYCHUSMH TUCIIEPCUIN
KaXJI0ro U3 ypOBHEH.

CpaBHEHHE KaXJIOTO U3 TIOJIMTOHOB YETBEPTOTO
YPOBHS JIETAN3AINN C MCXOIHBIM TIOJMTOHOM TI0
F-TecTy nmokasaiio, 4To MaCCHBBI C JJOMUHUPOBAHH-
€M COCHBI U IUCTBCHHUI[bI IMEIOT IIOX0XKHE KPUBBIC
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pacrpenencHus TOJUTOHOB 10 3HaYeHUsIM F-Tecra.
bonpmias yacTh MOMUIOHOB COCPENOTOUCHA B TUA-
na3one 3HaueHni F-tecrta ot 0,800 10 0,999, T. €. ¢
BBICOKUM YPOBHEM ITO0OWS UCXOIMHOMY TIOJTUTOHY
(st cocHOBOTO MaccuBa 3To 138 MOJUTOHOB, AJIs
JTUCTBeHHNYHHKA — 139 monuronos u3 256).
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Comparative characterization of forests
using the interpretation of ultra-high resolution images
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Abstract. For the purpose of monitoring the state of forest ecosystems, it is most effective to use the
capabilities of remote sensing methods. Fragments of 0.819 km? (scale 1: 3200) with the dominance of
Scots pine (Pinus sylvestris L.) and Gmelin larch (Larix gmelinii Rupr.) were identified on DigitalGlobe
multispectral satellite images of the territory of the Olekminsky State Nature Reserve. Then, the polygons
were saved at four levels of detail —4.16.64.256 with scales of 1: 1600.1: 800, 1: 400, 1: 200. When decod-
ing, an uncontrolled classification of the fragment and polygons was carried out using the ISODATA
(Iterative Self-Organizing Data Analysis Technigue) method for 2,4,10 classes. According to the results of
classification into 2 classes, the relationship between the forest cover index and the number of trees marked
on the landfills is shown. The distribution curves for forest cover index values were constructed for poly-
gons at level 4 of detail. The nature of the curves is close to the normal distribution. According to the clas-
sification results for grades 4 and 10, statistical processing was carried out with the calculation of the in-
dicators of the difference and similarity of the polygons — the dispersion of the general aggregate and the
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Fisher test (F-test). The most similar pairs of polygons at different levels of detail are highlighted. The re-
sults of changes in the dispersion and the F-test at different levels of detail are considered.
Key words: satellite image interpretation, Isodata classification, forest cover index, dispersion, F-test.

References

1. Monitoring biologicheskogo raznoobraziya lesov
Rossii: metodologiya i metody / red. A.S. Isaeva. M.:
Nauka, 2008. 453 p.

2. Isaev A.S., Knyazeva S.V., Puzachenko M.Yu. et al.
Ispol’zovanie sputnikovykh dannykh dlya monitoringa
bioraznoobraziya lesov // Issledovanie Zemli iz kosmosa.
2009. No. 2. P. 1-12.

3. Tolkach IV. Metody osnovnykh taksatsionno-
deshifrovochnykh pokazatelei na tsifrovykh snimkakh//
Trudy BGTU. 2012. No. 1. P. 63-65.

4. Zharko V.O., Bartalev S.A., Egorov V.A. Issle-
dovanie vozmozhnostei otsenki zapasov drevesiny v le-
sakh Primorskogo kraya po dannym sputnikovoi siste-
my Proba-V // Sovremennye problemy distantsionnogo
zondirovaniya Zemli iz kosmosa. 2018. V. 15, No. 1.
P. 157-168.

5. Khovratovich T. S., Bartalev S.A., Kashnitskii A.V.
Metod detektirovaniya izmenenii lesov na osnove
podpiksel’noi otsenki proektivnogo pokrytiya drevesno-
go pologa po raznovremennym sputnikovym izobraz-
heniyam // Sovremennye problemy distantsionnogo
zondirovaniya Zemli iz kosmosa. 2019. Vol. 16, No. 4.
P. 102-110.

6. Denisova A.Yu., Kavelenova L.M., Korchikov E.S.
et al. Prostranstvennaya klassifikatsiya preobladayush-
chikh drevesnykh porod na territorii Samarskoi oblasti
po dannym Sentinel-2 i taksatsii lesa / Sovremennye
problemy distantsionnogo zondirovaniya Zemli iz kos-
mosa. 2019. Vol. 16, No. 4. P. 86-101.

7. Fomin V.V., Zalesov S.V., Magasumova A.G. Me-
todiki otsenki gustoty podrosta i drevostoev pri zar-
astanii  sel’skokhozyaistvennykh zemel’ drevesnoi
rastitel’nost’yu s ispol’zovaniem kosmicheskikh snim-
kov vysokogo prostranstvennogo razresheniya //
Agrarnyi vestnik Urala. 2015. No. 1. P. 125-129.

8. Danilin I.M., Medvedev E.M., Abe N.I. et al
Vysokie tekhnologii XXI veka dlya aerokosmicheskogo
monitoringa i taksatsii lesov. Zadachi issledovanii i pers-
pektivy ispol’zovaniya// Lesnaya taksatsiya i lesou-
stroistvo. 2005. Vol. 1(34). P. 28-30.

9. Isaev A.S., Sukhovol skii V.G., Khleboros R.G. et al.
Modelirovanie lesooobrazovatel’'nogo protsessa: Fenom-
enologicheskii podkhod // Lesovedenie. 2005. No. 1.
P. 3-11.

10. Kozoderov V.V., Kondranin T.V. Metody otsenki
sostoyaniya pochvenno-rastitel’nogo pokrova po dan-
nym opticheskikh sistem distantsionnogo aerokosmich-
eskogo zondirovaniya. M.: MFTI. 2008. 222 p.

11. Metodika lesnogo stereoskopicheskogo deshifri-
rovaniya aero- i kosmicheskikh snimkov. SPb.: Lesproekt.
2015.23 p.

12.  Ozhich O.S. lIzmeritel’noe deshifrirovanie
chistykh sosnovykh drevostoev na tsifrovykh aero- i ko-
smicheskikh snimkakh: Avtoref. diss. ... kand. sel’sko-
khozyaistvennykh nauk. Minsk, 2017. 24 p.

13. Malysheva N.V. Deshifrirovanie drevesnoi
rastitel’nosti na sverkhdetal’nykh izobrazheniyakh
[Elektronnyi resurs]: metodicheskoe posobie: ucheb-
noe elektronnoe izdanie; M.: FGBOU VPO MGUL,
2014. 40 p.

14. Terekhin E. A. Sezonnaya dinamika proektivnogo
pokrytiya rastitel’nosti agroekosistem na osnove
spektral’noi sputnikovoi informatsii // Sovremennye
problemy distantsionnogo zondirovaniya Zemli iz kos-
mosa. 2019. Vol. 16, No. 4. P. 111-123

15. Zhirin V.M., Knyazeva S.V., Eidlina S.P. Ekologo-
dinamicheskoe issledovanie lesoobrazovatel’'nogo pro-
tsessa po kosmicheskim snimkam // Lesovedenie. 2013.
No. 5. P. 76-85.

16. Shovengerdt R.A. Distantsionnoe zondirovanie.
Modeli i metody obrabotki izobrazhenii. M.: Tekhnos-
fera, 2010. 560 p.

17. Kochub E.V,, Topaz A.A. Analiz metodov obrabot-
ki materialov distantsionnogo zondirovaniya Zemli //
Vestnik  Polotskogo gosudarstvennogo universiteta.
Ser. F. Stroitel’stvo. Prikladnye nauki. Geodeziya. 2012.
No. 16. P. 132—-140.

18. Shumakov F.T., Tolstokhat’ko V.A., Malets A.Yu.
Klassifikatsiya kosmicheskikh snimkov s ispol’zovaniem
metodov klasternogo analiza // Vostochno-Evropeiskii
zhurnal peredovykh tekhnologii. 2011. V. 3/4 (51).
P. 58-62.

19. Rozhkov Yu.F., Kondakova M.Yu. Otsenka voz-
mozhnosti ispol’zovaniya pokazatelya simmetrii raspre-
deleniya pikselei v monitoringe sostoyaniya lesov pri
deshifrirovanii  kosmicheskikh snimkov srednego i
vysokogo razresheniya // Nature Conservation Re-
search. Zapovednaya nauka. 2016. V. 1(1). P. 98-107.
DOI: 10.24189/ncr.2016.008

20. Rozhkov Yu.F., Kondakova M.Yu. Monitoring sos-
toyaniya lesov s ispol’zovaniem klasternogo analiza pri
deshifrirovanii kosmicheskikh snimkov srednego i
vysokogo razresheniya // Nauka i obrazovanie. 2016.
No. 3. P.95-101.

21. Rozhkov Yu.F. Monitoring sostoyaniya lesnykh
ckosistem s ispol’zovaniem kosmicheskikh snimkov
vysokogo i sverkhvysokogo razresheniya // Vestnik
SVFU. Ser. Nauki o Zemle. 2019. No. 4(16). P. 71-81.
DOI:10.25587/SVFU.2020.16.49741

22. Rozhkov Yu.F., Kondakova M.Yu. Otsenka dina-
miki vosstanovleniya lesov posle pozharov v Olekmin-
skom zapovednike (Rossiya) po kosmicheskim snimkam

135



10.®. POXXKOB, M.IO. KOHIAKOBA

Landsat// Nature Conservation Research. Zapovednaya
nauka. 2019. Vol. 4(1). P. 1-10. DOI:10.24189/
ncr.2019.014

23. Rozhkov Yu.F., Kondakova M. Yu. Otsenka struk-
turnykh ~ kharakteristik ~ lesnykh  ekosistem s
ispol’zovaniem deshifrirovaniya kosmicheskikh snimk-
ov vysokogo i sverkhvysokogo razreshenii // Vestnik

SVFU. 2018. No. 1 (63). P. 38-51.DOI:10.25587/
SVFU.2018.63.10539
24. Mandel ’brot B.B. Fraktal’naya geometriya prirody.
M.: Institut komp’yuternykh issledovanii, 2002. 656 p.
25. Mandelbrot B.B. The fractal geometry of trees
and other natural phenomena // Lecture Notes in Bio-
mathematics. 1978. Vol. 23. P. 235-249.

About the authors

ROZHKOV Yauri Filippovich, candidate of chemical sciences, deputy director for scientific research, Olek-
minsky State Nature Reserve, Russia, 678100, Olekminsk, 6 Filatov str.,
https://orcid.org/0000-0002-6830-9130, olekmazap-nauka@yandex.ru;

KONDAKOVA Maria Yuryevna, candidate of biological sciences, senior researcher, Hydrochemical Insti-
tute, Russia, 344090, Rostov-on-Don, 1983 Stachki Ave.,

vesna-dm@mail.ru.

Citation

Rozhkov Yu.F., Kondakova M.Yu. Comparative characteristics of forests using the interpretation of ultra-
high resolution images // Arctic and Subarctic Natural Resources. 2020. Vol. 25, No. 2. P. 125-136. https://

doi.org/10.31242/2618-9712-2020-25-2-10

136 [MPUPOIHBIE PECYPCBI APKTUKU 1 CYBAPKTUKU, 2020, T. 25, Ne 2



ITIPUPO/IHBIE PECYPCHI APKTHKU 1 CYBAPKTHUKH, 2020, T. 25, Ne 2

METAJIJIYPI'UA U MATEPUAJIOBEJAEHHUE

Mamepuanoseoenue

VIIK 539.4
DOI 10.31242/2618-9712-2020-25-2-11

KBa3zuxpynkoe pa3pyuieHue CTPyKTYPHO-HEOHOPOIHOI0 MaTepuaJjia
C KPYIOBbIM OTBEPCTHEM MPH CKATUH

C.B. Cykués

HUnemumym eoproeo dena Cesepa um. H.B. Yepckoeo CO PAH, Axymck, Poccus
suknyov@igds.ysn.ru

Annomauus. Ilpeocmasnenvt pe3yivmamosl SKCHEPUMEHMATLHO20 U MEOPEeMUUECKO20 UCCIE008AHUS
Pazpyuiensi 2UNCo8bix NIum, cOOEpIUCAUUX Kpy2osoe omeepcmue u NOOGEPICEHHbIX OeliCmEUIo HepasHO-
MEPHO pacnpedeneHtoll cocumaiouell Hazpysku. Mcnvimvisanu 0o0pasybl, u3eo0mosnennbie u3z GblCOKONPoy-
HO20 2unca u u3 00bluHO20 cmpoumenvHozo eunca. Oopasyvl U3 6bICOKONPOUHO20 2UNCA PA3PYULATUCD
XPYNKO, 8 MO 8peMsl KaK 00pazybl U3 CMpoumenbHo20 2Unca npoo0eMoHCmpuposalu K8a3uxpynkuil XapaK-
mep paspywienus. J[is pacuema Kpumuieckou Hazpy3Ku npeodsiodiceno UCnoIb308ams MOOUDUYUPOBAHHDBIL
HELOKANbHBLIL Kpumepuil paspyuens, AGAa0WUIics pasgumuem Kpumepus cpeOHUx HAnpsjiceHuil u cooep-
AHCaWULL KOMNILEKCHBLIL NAPAMEMP, XapaKmepusylowuil pasmep 30Hbl npeopaspyuleHust u yHumvléaowull He
MOALKO CIPYKIMYPY MAMepuaid, Ho maxaice niacmuieckue CeoUCmea Mamepuad, 2eomempuro oopasya u
Venosust eeo Hazpyscenusi. Pesyiomamol pacuemog xopouto coanacylomest ¢ NOTYYEHHbIMU IKCHEPUMEH-
manvHuiMu Oaunvimu. Kpome mozo, npumenenue mooughuyuposanno2o HerokanbHo20 Kpumepust no3601u-
710 00BACHUMb HAOIOAEMYIO 8 IKCNEPUMEHME CMEH)Y XAPAKMeEPA paspyuieus ¢ Xpynko2o Ha 6a3Kull npu
yeenuuenuu pazmepa omeepcmusi. Ilonyuennvie pe3yibmamol UMeION GAJICHOE NPAKMUYECKOe 3HAYeHUe
0715 paciemos Ha NPOYHOCHb MAEPUANO8 U KOHCMPYKYULL ¢ KOHYEHMPAmopamu HAnpsiCeHu.

KitoueBble cJIoBa: I'HIC, XPYNKOE Pa3pyIICHUE, KBA3UXPYITKOE pa3pylleHHe, HETOKATbHBIA KPUTEPUi
pa3pyIIeHus, OTBEpCTHE, MAaCIITa0HBIA d(HPEKT.

bnazooapnocmu. Paboma svinonnena npu @unancogoi noddepaicke Poccutickoeo ¢ponoa ghynoamen-
manvHelx ucciedosanutl, epanm Ne 18-05-00323.

BBenenue KPUTUYECKOM Harpy3ky HCIIOJIb3YIOT HEIOKaJIbHBIC
U TpaJUeHTHbIE KpUTepHH paspymienus [1-10].
HenoxanbHble KpUTEpUM OCHOBaHBI Ha TNpel-

CTaBJIIEHUH O (OPMHUPOBAHWU B MaTepHalie 30HBI

BaxHoe 3HaueHue s LeNed TpakJaHCKOTO U
TOPHO-TEXHUYECKOTO CTPOHTENIHCTBA UMEET COBEp-
IIIEHCTBOBAaHHME METO/IOB pacdeTa Ha MPOYHOCTh Ma-

TEpHaJIOB U KOHCTPYKLHH, padOTAIOMINX B YCIOBHAX
KOHIIGHTpaluu HanpspkeHu. CTpyKTypHO-HEOIHO-
ponHble reomMarepualibl (OETOH, THIIC, TOPHBIE TTOPO-
JIbl) IEMOHCTPHUPYIOT 3aBUCUMOCTH TIPOUYHOCTHBIX
CBOWCTB OT Harpy>KeHHOTO 00beMa (MacIITaOHBIH
s dexr), Hanboyee CUIBHO TMPOSBIAIONIYIOCS B
YCIIOBUSIX KOHICHTPALUU HaNPsDKEHUH, KoTaa 3¢-
(heKTUBHBII HArpyKEHHBIH 00BEM OIpeeNsIeTCs 30-
HOM KOHLIEHTpAlMW HANpsLKEHUW, pa3Mep KOTOpou
MaJl [0 CPABHEHHIO C XapaKTEPHBIMU pa3MepaMHu Jie-
¢dopmupyemoro Tena. B 3Tux cimydasx ans pacuera

© Cyxkués C.B., 2020

Mpeapa3pymeHusi, B KOTOPOH MPOUCXOAUT JIOKaIb-
HOE TIepepacipe/ielieHle HANPSHKEHUH, B TO BpeMs
KaK OCHOBHOW Marepuall J1ehOpMHUPYETCs YIPYyro
BILJIOTH JIO pa3pylIeHus. B mociemHee Bpems Kpu-
TEPUH MONYYHIN Pa3BUTHE B PAMKaxX TEOPUU KpPH-
THYECKHUX PACCTOSHUHM M MEXaHHKH KOHEYHBIX Tpe-
mwH [11-20]. OOmuM CBOMCTBOM HEIIOKAJIBHBIX
KpUTEpHUEB SBISIETCS BBEJCHHE HOBOW KOHCTAHTHI —
BHYTPEHHETO pa3Mepa marepuaina d,, XapaKTepH-
3YIOIETO €r0 CTPYKTYPY, YTO MO3BOJISIET ONUCATh
MacTaOHbIH 9P QeKT B yCIOBUAX KOHLEHTPAIHH
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HaIpsDKEHUNW U TeM CaMbIM PaCIIMPUTH 00JaCTh
MIPUMEHEHHS 10 CPABHEHUIO C TPAJUIHMOHHBIMU
KPHUTEPUSIMH.

Bwmecre ¢ Tem, kak ObLI0 OTMEUEHO B padote [21],
repepacpe/ieiiCHUe HalpsDKEHUN B TIpE/ieax pas-
Mepa d, CBA3aHO HE C IUIACTHYECKUMHU CBOWCTBAMM
Marepuana, a ¢ JUCKPETHOCTBIO €ro CTPYKTYPBHI.
[ToaTomy 0GJ1acTh MPUMEHEHUS HEIOKAIbHBIX KPH-
TEpUEB — 3TO, 10 MPEUMYIIECTBY, XPYIIKOE pa3-
pyIIeHnEe MaTepualioB ¢ BbIpe3amu. HemokaapHbIe
KPUTEPHUH MOT'YT ObITh IIPUMEHEHBI K CIy4aro KBa-
3UXPYINKOTO Pa3pyLICHHsI, COMPOBOXKAAIOIIEIOC
o0Opa3oBaHMEeM 30HBI MAJOMACIITA0HOW TEKYy4YeCTH
(30HEBI Ipeapa3pymIeHus) d, €CIN €€ pa3Mep HE CUITb-
HO OTJIMYAETCS OT d,), T. €. TIPU BHIIOJTHCHUH yCIIOBUS
d =~ d = const. B skciepuMeHTe KaKk XpyIkoe, Tak 1
KBa3WXPYIKOE pa3pylIeHnEe XapaKTepu3yeTcs, KaK
MPaBUJIO, BHE3AMHBIM 00pa30BaHUEM U OBICTPHIM
pPOCTOM TpeurHbI (TIPU COOMFOICHUN HEOOXOMMBIX
YCJIOBUM JIJIs1 paclipoCTpaHEeHUsI HEYCTOMUMBOM Tpe-
1uHbl). [T03TOMy Ha MPAKTUKE OMPEICIUThL CTEIICHb
«XPYMKOCTHY WU «KBa3UXPYIKOCTHY Pa3pyIICHUS
00pasIoB ¢ BeIpe3aMy ObIBACT OUYEHbB CIIOXKHO.

B nacrosmieii pabore sKCTIEpUMEHTAIBHO U TEO-
PETUYECKH MCCIIEI0BAHO BIMSHHUE AUAMETPa KPyro-
BOTO OTBEPCTHUS Ha pa3pylICHUE CTPYKTYPHO-HEO/-
HOPOIHOTO MaTepuasa (THUTIC) B 30HE KOHIICHTPAITHH
HaINpsDKEHUH TPH HEPABHOMEPHO PacTpelieIeHHOM
CKaTHH C y4eTOM MaciTabHoro 3dekra u BhIMOI-
HEH aHaJHN3 BO3MOKHOCTH TIPUMEHEHHS HEJIOKab-
HOTO KPUTEPHs CPEIHUX HANPSHKCHUU I OMHca-
HUS KBA3UXPYIIKOTO Pa3pyIICHUs MaTepuaa.

MeTOI[HKa IKCIIEPUMEHTA U MaTE€pPUaJIbl

[Tporpamma 3KCIIepUMEHTATIBHBIX UCCIIEJOBAHHI
BKJIIOYAJIa IIPOBEJIEHUE JIByX CEPUM UCTIBITAHUHN TUTI-
COBBIX 00pa3IoB C KPYTOBBIM OTBEPCTHEM TIOJ JACH-
CTBHEM HEPaBHOMEPHO PacpeAesICHHOTO CKATHS.
Harpyska p mpukianeiBamach K oOpasmy udepes
JKECTKUE BCTABKH, IOMEIIICHHBIE MEXKIY 00pa3oM 1
Harpy’kKarolMu IMTaMd. BeTaBku pa3merniany B
LIEHTpe BEpXHEW 1 HWKHEH rpaHeid oopasia (puc. 1).

HcnbiTeiBaii 00pasiibl, K3TOTOBJICHHBIE JUIS TIep-
BOU CEpUH IKCIIEPUMEHTOB M3 BOIHOTO pacTBOpa BbI-
COKOIIPOYHOTO TUIICA, COAEPIKALIETO COL-IIOTyTUApaT
cynbhara kameims (Turc 1), 1 171 BTOpol Cepru K-
CIIEPUMEHTOB — U3 BOIHOTO PacTBOpa CTPOUTEIBHOTO
THIICA, COMEPIKAIIEro B-MoIyruapar cyibdara Kajib-
nus (turc 2). B cury cTpyKTypHBIX 0coOeHHOCTEH
o-MonuUKaIMs NOXyrHapaTa cynbdara KambIus
OTJINYAETCSI TTOHMKEHHOM BOAOMOTPEOHOCTHIO, UTO
obecrnieunBaeT Oonee HU3KYIO MOPUCTOCTH U, COOT-

B

Puc. 1. Cxema HarpyxeHust oOpasua.

Fig. 1. Scheme of the specimen loading.

BETCTBEHHO, 00JIe€ BHICOKHE ITPOYHOCTHBIE XapaKTe-
PUCTHKH BBICOKOIIPOYHOTO THIICA [0 CPAaBHEHHUIO C
OOBIYHBIM CTPOUTEITEHBIM THIICOM.

ConeprxaHne MOyTHApaTra B NCXOTHOM COCTaBe
BBICOKOIIPOYHOTO TUIICA COCTaBIsUIO OT 92 1o 95 %
(o pesynbraram 5 n3mepenuii). CopepikaHue moiy-
THJIpaTa B HCXOJHOM COCTaBe CTPOMTEIBHOTO THIICA
coctasisuio ot 80 10 84 % (1o pesynbratam 7 u3Me-
penuii). [lns runca 1 BOAHBIN pacTBOp MPHUTOTAB-
JUBAjJM B COOTHOIIEHHUH (1O Becy) | 4acTb BOABI
Ha 2 YacTH THUIICA, AJIs THICA 2 — B COOTHOIICHUHU
1 wacth Bonbl Ha 1,5 yactu rumnca. O6pasibl npea-
CTaBISANM COOOW KBaJpaTHbIE TUIUTHl pa3MepoM
200 % 200 MM u TommuHOK 40 MM (tunc 1) u 36 Mm
(runc 2). Ilocne n3rotopneHns 0Opasiisl BHICYIIINBA-
7 Ha Bo3ayxe B TedeHue 3040 cyTok, MIOTHOCTh
06pa3sIoB B CyXOM COCTOSHHH cocTasmna 1,34 r/cm’
(rumc 1) u 1,10 r/em® (rumc 2).

[lepen ucnpITaneM B LIEHTpE 00pa3LOB BHICBEP-
JIUBAJIM KPYTOBBbIE OTBEPCTHS PA3IMYHOIO JHAMET-
pa ot 1 10 20 MM. BbII0 U3rOTOBIEHO U UCTIBITAHO
1o 5 00pasLoB ¢ OTBEPCTUSAMH KaXKAOTO JHAMETPA.
Harpyxenne o0pa3noB NpoM3BOMIN Yepe3 BCTABKH
pasmepom 120 mMm. B mporiecce ucnpiTanus oopas-
LIOB B 30HaX KOHIIEHTPAIlMU PACTATUBAIOIINX Ha-
MPSOKCHUH Ha KOHTYpE OTBepcTHsi Habmonanu 00-
pa3oBaHME TPEUIMH OTPbIBA, KOTOPOE HOCHIIO BHE-
3aITHBIA XapaKTep U COMMPOBOXKIAIOCH XapaKTEPHBIM
merykoM. B oOpasiiax ¢ oTBepcTreM TnaMeTpoM OT
5 10 20 MM TpeIIUHBI MOMEHTAJILHO PACIPOCTPaHS-
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Puc. 2. lnarpammer nedopmupoBanns 06pa3nos u3 runca 1 (a) urumnca 2 (6) ¢ 0TBEpCTHSIME pa3ingHoro auamerpa (1 — 1 Mmm;

2-5wmm; 3— 10 mm; 4 — 15 mm).

Fig. 2. Deformation diagrams of specimens from gypsum 1 (a) and gypsum 2 (6) with holes of different diameters (/ — 1 mm;

2-5mm; 3 —10 mm; 4 — 15 mm).

JIUCh Ha paccTosiHue OKoyio 50 MM BIONb JIMHUU
MIPWIOKEHUST COKUMAOIEH Harpy3Kd, TNpU Jallb-
HEHIeM Harpy>KeHHH MX POCT CTaOMIM3UPOBAJICS.
B oOpasuax ¢ oreepctueM jauamerpoM 1 u 2 MM
TPEIIMHBl MOMEHTAJIbHO PacHpOCTPaHsUINCh Tpa-
KTUYECKH Ha BCE BEPTHKAJbHOE ceueHHne oOpasia.
OO0pa3oBaHme TPEITUH TAKKE COMPOBOKIAIOCH JIO-
KaJIbHOHM pa3rpy3kod oOpasiia, 9To OTpa’kajoch Ha
quarpamMme JieopMupoBaHUS MOSBICHHEM 3yOIa.
HawnGonpmie#t pasrpy3ke 0KazalliCh IMOJBEPKEHBI
00pa3ibl C OTBEPCTHEM HAMMEHBIIETO AMAMETpa
1 mm. Ha puc. 2 nokazansl XapakTepHbIE JHATPaMMBI
JeopMUPOBaHUS 0OPA3IOB C OTBEPCTHSIMH Pa3jiny-
HOro JuamMeTrpa B BUAC CKPUHIIOTOB OKOH IIporpam-
MbI testXpert ¢ pesysnpraramu ueneltTanuii. Kputuue-
CKYIO Harpy3Ky B MOMEHT 0Opa30BaHHS TpEUTNH
OTIPEIEeTISUTH 10 BEpIIMHE 3y0lla Ha [uarpaMmme.

Jist omipenieneHrst MpOYHOCTH MaTepralia Ha CxKa-
THE MCIIOIb30BAIM TAKUE K€ KBaJpaTHbIC 0Opa3Lbl
pasmepom 200 x 200 mm 6e3 otBepctus. Harpyxe-
HUE MTPOU3BOMIN Uepe3 BCTaBkH pazmepoM 200 MM.
ITo pesynsratam ucnbiTanus 4 06pas3ioB u3 rurca 1
OTIPEZIETICHO CpelHee 3HaYeHUe Tpesiesia MPOYHOCTH
34,11 Mlla, ctaHmapTHOE OTKIIOHEHHUE COCTABHUIIO
2,70 Mlla. Ilo pe3ynsraram uctbITanus 7 00pas3inoB
W3 TUIICA 2 OIpe/eNieHO CpeHee 3HaueHHe Mpe/erna
npounoctu 11,53 MIla, ctannapTHOE OTKIOHEHHE
cocrasuio 0,56 MIIa.

[Ipenen mpoyHOCTH Marepuana Ha PacTSIKEHUE
OIpeAC/IAIN U3 NPAMBIX SKCIICPUMCHTOB, T. €. IIYy-
TEeM HCIBITaHHUS 00pa3IoB Ha pa3psiB. [ 3TOTO

OBLTH M3TOTOBJICHBI 00pa3IIbl TOMIIIHON 21 MM Kop-
CEeTHOTO THIMA C PaJuyCcoOM 3aKpyIJIeHus pabdoueit
gacTtdl 110—120 MM ¥ IIUPUHON B MUHUMAJILHOM Ce-
geHun 29 MM. {715 HCKITIOUEHUST BO3MOXKHOCTH Tie-
penadn Ha oOpazell M3ruOAIINX U KPYTSIIUX MO-
MEHTOB BO BpeMs Harpy)XeHusi ObLITH pa3padoTaHbI
Y U3TOTOBJICHBI CTICIMAIbHEIC TIETTHBIC 3aXBaThl. X
HCII0JIh30BaHUE TI03BOJIMIIO JOOUTHCS PABHOMEPHO-
IO PacTSKECHUSI B MUHHMAJIbHOM CEUECHUH 00pasIia.
Bruio ucneirano nmo 10 00pa3noB, W3rOTOBICHHBIX
u3 rurnca 1 u rumnca 2. [1o pe3ynbrataM UCHIBITAHUS
00pa3ioB u3 runca 1 ompenereHo CpeiHee 3Haue-
Hue npenena npounoctu 5,38 Mlla, crangapthHoe
oTkjoHeHue cocraBuio 0,47 Mlla. Jng rumnca 2
CpellHee 3HaueHUEe Tpejieia MPOYHOCTH COCTaBUIIO
2,61 MIla, crangaptHoe oTknoHeHue — 0,19 Mlla.

TeopeTnueckuii moaxon

Pacuer kpuTHyeckoro naBieHHs MPOU3BOAMIU
0 OOBIYHOMY M MOOU(DHULUPOBAHHOMY KPUTECPHIO
cpennux HanpsbkeHuit [21]. Kpurtepuil umeer Bun

(G < Op»
I7ie G, — NpeJies NPOYHOCTU MaTepuara Ipu pacTs-
KEHnH; (G,), — YCPEIHEHHOE Ha PacCTOSHHUU d 1O
OIMAaCHOMY CCUCHHIO 3HAUCHUE IKBHUBAJICHTHOTO Ha-
NIPSDKEHUS, XapaKTEPU3YIOIIETO BHYTPEHHEE HaIPs-
YKEHHOE COCTOsTHHE JIe(HOPMHUPYEMOTO Tela:
1 x,+d
0)g= | ouxdx,

*o
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Puc. 3. Kpyrosoe orBepcTue pu JByXOCHOM Harpy>KCHUU.

Fig. 3. Circular hole under biaxial loading.

IJIE X,, — KOOPJMHATA TOYKU MAaKCUMyMa SKBHBAJIEHT-
HOTO HampspkeHus. [t XpynKkux MaTepuaioB pas-
Mep yCpeIHEHUs d MoJIaratoT KOHCTAHTOW Marepua-
J1a, XapaKTePU3yIOIEH ero CTPyKTypy: d = d,, = const.
DKBUBAJICHTHOE HAIIPSHKEHUE OyeM OIPEeelisaTh 0
[IEPBOI TEOPHH NPOYHOCTH (HAUMOOIBIITUX HOPMAJTb-
HBIX HalPSHKCHNN ).

B pabote [22] nmoka3aHo, 4TO B pe3yJIbTaTe Harpy-
JKeHHsI 00pasiia 1o cxeme, MPUBEICHHON Ha puc. 1,
B IIEHTPAIBLHOW YacT (BHE 30HBI BIUSHHS OTBEp-
CTHA) peau3yeTcs JOCTaTOYHO OJHOPOIHOE IBYX-
OCHOE HaNPsHKEHHOE COCTOSIHUE: PACTSHKEHUE YCUITU-
SIMU /G TI0 TOPU30HTAILHOW OCH M C)KAaTUE YCHITUS-
MH G TT0 BEpTHKAJILHOM OCH 00pasma (puc. 3).

Kputnueckoe HanpspkeHue J1j1si 00pasiia ¢ Kpyro-
BBIM OTBEPCTHEM PAJMyca d, OJABEPKSHHOTO JIBYX-
OCHOMY Harpyxenuto [22]:

G, =20,[(1 + )y +a(l +vH2+y DI, (1)
rae y = 1 + d/a. Ilpn 3Hauennn napamerpa y = 1 gop-
myna (1) maet pacdeTr KpUTHYECKOTO HAMPSIKCHHS
COINIACHO TPAJAUIIMOHHOMY KPUTEPHUIO pa3pylICHHS.

Urto0b1 Bocnonb3oBatkest popmymnoit (1), mpen-
BapUTENILHO PACCYMTHIBAIHM 3HAYCHUSI G M 0L METO-
JIOM KOHEYHBIX AJIEMEHTOB B IIEHTpe 00pa3ioB, Ha-
IPY’KEHHBIX 4epe3 BCTAaBKH 3aJlaHHOTO pa3Mepa U
HE COZIepIKaIInX OTBepcThs. JIJIsl UCTIONb30BAHHBIX
B OINMCAHHBIX BBIIIEC YKCIIEPUMEHTAX BCTABOK 3Ha-
yeHue ¢ cocrasuio 0,764 p, o = 0,187.

Jlnist onvicaHusl KBa3UXPYITKOTO Pa3pyIleHUs pas-
Mep YCpeIHEHUsI OymeM OmpeesiTh o Gopmyie [21]

d=d,+BL, 2)

e L, — pa3Mep 30HbI KOHUEHTPALMK HAIIPKEHUH,
B — Oe3pa3mepHblil mapameTp, XapaKkTepu3yIOLIHH

11

Ge/Omax

X

Puc. 4. Pacripenenenue 5KBUBAJICHTHOTO HAINPSIKEHUS 110
OMAaCHOMY CCUCHHIO.

Fig. 4. Distribution of equivalent stress over weak section.

IUTACTUYHOCTh MaTepuana. Jis Xpynkux marepua-
moB 3 = 0, 7S TUTACTUYHBIX MaTepuaioB 3 >> 1.
[Ipu B ~ 1 marepuan xapakTepusyeTcs yMEpeHHBI-
MU IUIACTHYECKMMHU cBoicTBamu. IlepBoe cnarae-
MO€ B BBIP&KEHUH (2) XapaKTepu3yeT COOCTBEHHO
CTPYKTYpy Marepuaja, a BTOPO€ OTPayKaeT BKJIAJ
HeynpyTux aedopmaruii. Takum oOpa3zom, ImIacTu-
YecKHe CBOMCTBA Marepualia HAYWHAIOT MTPOSBIISITh-
ca npu d > d, ¥ NPOSABIAIOTCA TEM CHIIBHEE, YEM
Oonbie d no oTHOWEHHUIO K d,. Ecnn d = d,), Gynem
TOBOPHUTH O XPYIIKOM pa3pylIEHUH, eCliu d > d, — 0
KBAa3UXPYIKOM pa3pylIEeHUH, KOTOpoe 1pu d >> d,
MIEPEXOIUT B BSI3KOE pa3pyIIeHHE.

Pa3mMep 30HBI KOHLIEHTpAIIUK HANPSIKEHUN Ol11e-
HUM CIIEAYIOIUM 00pa3oM:

c

L=——2°¢ . 3
¢ lgrad G| )

Ha puc. 4 cxemaTnyHO TOKa3aHO pacTpeieieHne
SKBHBAJICHTHOTO HAIPSDKEHHS IO OMACHOMY Cede-
HUIO, OTHECEHHOE K BEJMYHMHE MAaKCHMaJbHOTO JK-
BHUBAJICHTHOTO HAIPSDKEHUS HA KOHTYPE OTBEPCTHSL.
W3 Touku MakcMMyMma IpOBElieHa KacaTelbHas J0
repeceueHus ¢ ochio x. B coorBerctBuu ¢ (3) pas-
MEp 30HbI KOHLEHTPALWK HANPSOKEHUM L, onpese-
TISeTCS JUTMHON OTpe3Ka Ha OCH X OT KOHTypa OTBEp-
CTHS JI0 TOYKH TIePECEUSHHS KacaTeIbHOU C OChIO.

B cooTBeTcTBHU C U3BECTHBIM pPEIICHUEM 3a/1a-
yu Kupiia pacnpeieneHre HOpMaJlbHOTO HaIpsiKe-
HUS Gy BJ0JIb JIMHUU IIPUIJIOKCHUA C)KHMaIOIHCfI Ha-
TPY3KH UMEET BUJ

() 614 612 Cl2 614

oc
o =234 41,995, 4 38 |4
2 A 2 x’ x* “)
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Hauano xoopauHat BBIOpaHO B IIEHTPE OTBEP-
CTHSI, BEIMYMHA IPUIIOKEHHOTO CKUMAIOIIETO Ha-
NpsKEHUs G MPUHSITA MOJ0XKUTEIbHOU. Paszmep

30HBI KOHIEHTPAIIMN HANPSIKEHUI, paCCUMTAHHbBIN
1+3
1o hopmyie (3) ¢ yuetom (4), cocraBun L, = a %
54+7a
COOTBETCTBEHHO, BBIpXCHHE JIJISI IMapaMmeTpa Y B
thopmyie (1) mpuHUMAET BU
d 1+3
y=1+% g 2% (5)
a 5+7a

B cootBercTBHu ¢ popmyroii (1) u ¢ yaetom cre-
JIAHHBIX OIIEHOK JUISl G | 0L 3aITHIIIEeM BhIPaKEHHE JIJIs
KPUTHUYECKOTO AaBJIeHHs B 00pasiie ¢ KPyroBbIM OT-
BEpPCTHEM:

P.=2xCol0,764(1+y)y>+0,143(1+y )2 +72)], (6)
rae , = 6,/C,; C, — mpezen NpoYHOCTH MaTepHrana
npu cxaruu. [lapamerp y ompenensiercs Gpopmy-
o (5), B kotopoii oo = 0,187.

AcuMnToTHYeCKOE (IIpU a —> 00) 3HAYCHUE KpH-
THUYECKOTO JaBJICHUS:
T =T,

s

2(1 + 3a)
A +yy > +a(l+y,N2+y,2) °

1
ey, =1+ B%, T, = 0,838y C, — acuMnToTH-

(7

YeCcKOe 3HaYeHNE KPUTHUECKOTO AABJICHUS JJIs XPYTI-
KOTro Marepuaina. [ KBa3UXpylnKUX MaTepralioB,
XapaKTePH3YIOIIMXCsl YMEPEHHBIMH IIACTHYCCKUMHE
ceoiictamu, T, = T (1 + B/2).

Pe3yJ'leaTI>I H oﬁcyxc)lelme

Ha puc. 5, a npeacrasieHsl 3KCHEepUMEHTaIIb-
HbIE JTaHHBIE (TOYKH) O BEITMYHMHE HATPy3KH B MO-
MEHT 00pa30BaHus TPEIUH OTPHIBA HA KOHTYpE OT-
BEPCTHUs B 3aBUCUMOCTH OT €ro Juamerpa /, moiy-

<
0,81
S
Iy
0,4
_________ | S— :i:
0 5 10 15 20

[, MM

YeHHBIE Ha oOpasuax M3 Tumnca 1, U pesysbTarhl
pacdera KpUTHUECKOTO AaBJeHus (KpuBas) 1o ¢op-
myie (6) mpu B = 0. Pasmep d, cocraun 0,6 MM u
OKa3aJiCsl CONOCTaBUMBIM C pa3MepoM Haumboiee
KkpynHbIx nop. LlTpuxoBas npsimasi paccunTana co-
[JIaCHO TPAAULUOHHOMY TOIXOIY.

Ha puc. 5, 6 npuBeneHsl 3KCIEPUMEHTAIBHBIC
JaHHBIE (TOYKHM) M Pe3ylbTaThl pacyeTa KpUTHYe-
CKOTO JIaBIIEHUS IS TUIIca 2 MpH 3HadeHusx B = 0
(xpusas /) u 3 = 0,6 (xpuBas 2). Pasmep d,, cocra-
Bua 1,0 mm. B cootBerctBum ¢ dhopmymnoii (7), Ha-
npsoxkenue 7 B IEPBOM Cilydae paBHO 1), (IITpUXO-
Bas MpsAmas), Bo BTopoM ciaydae T, = 1,37, (cmuiom-
Has TpsMas).

PucyHOK 5 nmnocTpupyer cylieCcTBEHHbIA Mac-
mTaOHBINA 3P EKT, T. €. BIUSIHUE AUAMETPa OTBEp-
CTHSI Ha JIOKAJIbHYIO IPOYHOCTh Matepuaia. C ero
YMEHBILICHHEM KPUTHYECKOE TaBJICHUE BO3PACTACT,
JOCTHUras mpejiesia NPOYHOCTH Ha CXKaTue, ¢ YBeNu-
YeHHEM — aCUMIITOTHMYECKH MPUOIIKaeTcs K Ha-
npsokeHuro 1) i runca 1 v x Hanpsokenuro T, Juis
runca 2. Takoe moBeaeHnEe XOPOIIO OMUCHIBAETCS
MOTU(PUIIMPOBAHHBIM KPUTEPUEM CPETHHUX HArpsi-
KEHHH, B KOTOPOM pa3Mep ycpenHeHus d onpeaesns-
etcs 1o gopmyiie (2).

Kak BunHO 13 puc. 5, a, paspylieHue o0pasion
u3 ruinca 1, xapakrepusyloleecs: BHe3aHbIM 00pa-
30BaHMEM Ha KOHTYpe OTBEPCTHs U OBICTPBIM pac-
MIPOCTPAHEHUEM BIOJIb OCH CXKAaTUS TPELIMH OTPHI-
Ba, MOKET OBITH OMMUCAHO B PaMKax OOBIYHOTO KPH-
Tepusl CPEIHUX HANPSIKeHUH. DKCIIepUMEHTAIIbHbIE
JaHHBIC TOATBEPXKAAIOT INpeJCKa3blBaeMOe HEJo-
KaJbHBIM KPUTEPUEM aCHUMITOTHYECKOE CTpeMIIe-
HUE KPUTHYECKOTO JaBJIeHHS K 3HAYEHHUIO, PACCUU-
TaHHOMY B COOTBETCTBHHU C TPAJWLIUOHHBIM IOJI-
X0IoM Mg ympyroro tena. Bece 3To mosBossieT
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Puc. 5. 3aBUCMMOCTb KPUTUYECKOTO JIABJICHHUS OT MaMeTpa oTBepcTust st rurca 1 (a) u rurca 2 (0).

Fig. 5. Critical pressure versus hole diameter for gypsum 1 (a) and gypsum 2 (b).
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OXapaKkTepr30BaTh pa3pylleHHe JaHHOTO MaTepua-
JIa KaK XpYyIKoe.

B 10 e Bpems1, mpUMEeHEeHHe KPUTEPHS /IS OTIH-
CaHMsI DKCIIEPUMEHTAIBHBIX JAHHBIX, TOTYYEeHHBIX
Ha oOpasiax u3 rurca 2 (cM. puc. 5, 6), T03BOJIET
MTONTYYHUTh YIOBJIETBOPUTENHHBIC OIIEHKH BETMYNHBI
KPUTHYECKOTO JIABIICHUS TOIBKO MPH MAITBIX (1-2 MM)
JUaMeTpax oTBepcTHs. Pe3ynsraTsl pacyeToB, BbI-
MTOJTHEHHBIX IS OONBIINX TUAMETPOB OTBEPCTHUS,
JA0T 3aHIDKCHHBIC 3HAYEHUS KPUTHIECKOTO JaB-
nenus. [lomyyeHHble SKCTIEpUMEHTANIBHBIE TaHHBIC
CBUJETEIBCTBYIOT O TOM, YTO IPU YBEIUYEHHUH IHa-
MeTpa OTBEPCTUS KPUTUIECKOE JIaBJICHUE aCHMIITO-
TUYECKH CTPEMHUTCS K 3HAUEHUIO, ITPEBBIIIAIONIEMY
Ha 30 % 3HaueHUe, pacCUUTAHHOE ISl YIPYTOTO
tena. [Ipu 5TOM, Kak 1 B IIepBOM ClTydae, pa3pylIeHHe
00pasImoB U3 THUIICA 2 XapaKTePU3YeTCsl BHE3AITHBIM
00pa3oBaHMEM Ha KOHTYpPE OTBEPCTHS U OBICTPHIM
pacrpocTpaHEHUEM BJIOJb OCH CXKATHsI TPELIMH OT-
priBa. Bee 3T0 1mo3BOIISIeT 0XapaKTepru30BaTh paspy-
ILIIEHUE TAaHHOTO Marepurasia B UCCIIeJOBAHHOM JiHama-
30HE IMaMETPOB OTBEPCTHS KaK KBa3UXPYIKOE.

Takoe rmoBeneHNue KPUTHIECKOTO JABIICHUS MPU
paspymieHnn o0pasIoB U3 THICA 2 XOPOIIO OTHCHI-
BaeTcsd MOAW(MUIMPOBAHHBIM KPHUTEPUEM CPEIHUX
HarnpspkeHuil. B 3ToM Kputepuu CTpyKTypHbIN ma-
pametp (pasMep 30HBI TIpenpa3pyieHus) d mpen-
CTaBJIAETCSA B BHJIE CYMMBI JBYX CJIaraéMbIX, Iep-
BOE€ U3 KOTOPBIX XapaKTepH3yeT COOCTBEHHO CTPYK-
Typy Marepuaa, a BTopoe OTpaxkaeT (OpMHpPOBAHNE
30HBI HEYNPYTUX AedopMaryii ¥ 3aBUCUT OT IUIa-
CTUYECKHUX CBOWMCTB Marepuaja, TeOMETpUH 00pasia
Y YCIIOBHI €TO HArpyXeHUs (KpaeBbIX ycioBuii). Ta-
KO€ Tpe/ICTaBIeHNe CTPYKTYPHOTO MapameTpa To-
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Puc. 6. 3aBUCUMOCTb KPUTHYECKOTO JIABJICHHS OT JUaMETpa
OTBEPCTHS.
[losicHeHust cMOTpPHU B TEKCTE.

Fig. 6. Critical pressure versus hole diameter.
Notes see in text.

3BOJISIET OOJIEE MTOTHO OMKCATh MPOLIECC pa3pyLIeHHs
Marepuaia, B 9aCTHOCTH, TIEPEX0]T OT XPYTKOTO pa3-
PYIICHUS K BA3KOMY.

B pabore [23] npencraBieHbl SKCIEpUMEHTaIIb-
HBIC JJAHHBIC O Pa3pYIICHUH TUTICOBBIX 00Pa3IOB C
KPYTOBBIM OTBEPCTHEM IPH OAHOOCHOM CXKaTHU.
O6pasiupl ObLIM U3rOTOBJICHBI U3 BOAHOTO PACTBOPA
CTPOMUTENHFHOTO THIICA, COIEPKABIIET0 B UCXOAHOM
cocrtase Toibko 60—-70 % P-momyrunpara cynbdara
KaJbIus. 3HaunTeIbHOE KommdecTBo (10 40 %) co-
JIEPKaBIIETOCs] B MCXOJJHOM COCTaBE JABYXBOJHOIO
cynb(hara KaJIblUs HE YY4acTBOBAJIO B PEAKIIMH TH-
JpaTaItiy IpH 3aTBOPEHHUHN THIICOBOTO BSKYIIIETO BO-
J0H ¥ (paKTUUECKH MIPaio POJIb 3alOJHHUTEIIS, TIpe-
MATCTBYS (HOPMUPOBAHHIO )KECTKOTO CKeJeTa. DTOo
OTPa3mIIOCh Ha MEXaHWIECKUX CBOMCTBAaX 00pa3IoB
1 Ha XapakTepe TPeLMHO00pa30BaHusl.

@dopMupoBaHUEe TpEUIMH OTpPHIBA Ha KOHTYpE
KPyTOBOTO OTBEPCTHS MPOMCXOIUIO MO-Pa3HOMY
JUTSL MaJIbIX B OOJbIIMX OTBepcTHil. X oOpas3oBa-
HHUE HA KOHTYpE OTBEPCTHI Manoro aumamerpa (10
5 MM BKJIIOYMTEIHHO) HOCHUJIO BHE3aITHBIM Xapak-
Tep, MPOTSHKEHHOCTh TPEIINH B MOMEHT 00pa3oBa-
Hus coctapisia 50-60 mm. [losiBnenue u pacmopo-
CTpaHEHHE TPEIIUH Ha KOHTYpEe OTBEpCTHUSI 0OJIb-
moro muamerpa (10 MM m Goiree) TIPOUCXOIHIIO
MTOCTETICHHO, YTO XapaKTEePHO ISl BI3KOTO paspy-
menust. [Tocne 0Opa3oBaHust HOBBIX, YAAJICHHBIX OT
KOHTYypa OTBEPCTHS TPEIIWH PACKPBITHE TEPBUY-
HBIX TPEIIMH OTPhIBA YMEHBINAJIOCh, KX POCT Ipe-
Kpalacs, Ha JajJbHEHIINi mpouecc paspymeHus
oOpa3Iia OHU BIHUAHUA HE OKa3bIBAJIH.

B cirygae ogHOOCHOTO Cxkatus (G = p, oo = 0) u3
¢dopmyn (1), (2) nomyunm BbIpakeHUE Uil KPUTH-
YECKOT'0 JIaBJICHHUS:
(1+2dy/1+0,2B)°

=xC 8
P 0T i+ 0,1p ®
[Ipu [/ - © nmeem
(1+0,2B)°
T h——7a ©)
1+0,1B

3nech T, npeacTapisgeT coO00H MPOYHOCTh MaTe-
puana npu pacTsbKeHUH.

Ha puc. 6 mpencraBieHbl SKCIIEpUMEHTATbHBIE
JaHHBIC (TOYKH) O BEIMUYMHE HArpy3KH B MOMEHT
00pa3oBaHusl TPEIIMH OTPbIBA Ha KOHTYpE OTBEp-
CTHS B 3aBUCHMOCTH OT €TI0 AHaMeTpa U Pe3ysIbTaThl
pacueTa KpUTHYECKOTO JaBieHus 1o ¢opmyne (8)
COMTacHO OOBIYHOMY (KpHBas /) M MOTUPHUIUPO-
BaHHOMY (KpuBasi 2) KpUTEPHUIO CPEAHUX HaTpsiKe-
Huil. B mocnennem ciydae mapametp 3 = 2,5. Paz-
Mep d, B IEPBOM CJTydae COCTaBuI 4,5 MM, BO BTO-
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pom — 2 mMm. B coorBercTBum c (opmynoi (9),
Hanpsbkenue 7 B IIEPBOM Clydae paBHO 7|, (IUTPHUXo-
Bas npsAMasi), Bo BropoM 7, = 2,77, (cruiomHas nps-
Mast). DKCIIepUMEHTaNbHbIE JAHHBIE XOPOLIO OIMHCHI-
BaIOTCS MOAN(MUIIMPOBAHHBIM KPUTEPUEM CPEIHUX
HaIPsHKEHUH.

U3 puc. 6 BugHo, yTo Marepuan odnagaet oonee
BBIPQKEHHBIMH TJIACTUYCCKUMH CBOMCTBAMH, YeM
HCCIICIOBAaHHBIA B HacTosIe padore rurc 2. Ho
9TH CBOMCTBA HAUMHAIOT MPOSBIATHCS TOJIBKO TOI/A,
KOTJia pa3Mep 30HBI HEYNpPYyrux AeopManuii mpe-
BBICUT XapaKTepHBIA pa3Mep CTPYKTyphl MarepHa-
na. B npotuBHOM ciiyyae miacTHueckasi 30Ha Majia
U pa3pyLICHHE HOCUT XPYIKHH (MIIM KBa3UXPYTIKHIA)
xapakTep. OT COOTHOUICHHUSI 3TUX Pa3MEpPOB 3aBU-
CHUT, KaKOW MEXaHW3M pa3pyIIeHUs (XpymKuH WIH
BsI3KMI) OyneT peannzoBaH. Takum o0paszoM, ycio-
BHE XPYIKOTO pa3pylieHus 00pas3loB ¢ KOHICHTpa-
TOpPaMU HANPSHKEHUH MOXKHO TIPEJICTABUTH B BUJIC

L, <d,,

IIpu B = 0 marepuman sBIsAETCS XPYNKHAM IO
oIpeesieHnIo, a pu B > 0 xapakrep pa3pylieHHs
orpezensieTcs pa3MepoM U (popMoii KOHIEHTPATOpa
HaIpsDKEHUIH, a TaK)Ke yCIIOBUSIMU HArpy KeHusI (Kpae-
BBIMH yCIIOBHUSIMH). B 00pasmax ¢ oTBepcTusIMu Ma-
JIOro IUaMeTpa IUIacTHYecKas 30Ha TakkKe Mala
HE OKasbIBAaeT BIMSHHS Ha XapakTep pa3pyLICHUSI.
C yBenuuyeHueM IuaMeTpa pa3Mep IUIACTHYECKOH
30HBI YBEJIIMUMBACTCS, M YK€ OHA OIPEICIsieT BS3-
KHI XapakTep paclpoCTpaHeHUs TPEUIMHBI, YTO H
HaOJIFOIAI0Ch B OKCIIEPUMEHTE.

B ciyuae kpyroBoro oTBepcTHsi MOJKHO CAEIATh
CJICIYIOIIYI0 OLEHKY JUIsl ThameTpa oTBepctus [*,
HayMHAasi C KOTOPOTO PacHpOCTPaHEHUE TPEUIHHBI
OyzeT HOCUTb BSI3KUH XapakTep:

I*=10d,/B.

Paccuuranusiii mo hopmyite (10) qmamerp /* co-
craBmi 8 mMm. Xota (dopmyna (10) sBisiercst ore-
HOYHOM, Oy4YeHHOE 3HaYeHHE /* XOpOoII0o KoJnye-
CTBEHHO COIJIacyeTcs C TeM, YTO HaOIroanoch B
JKCIIEPUMEHTE.

3akjoueHue

TeopeTnuecku n 3KCIIEPUMEHTAIBHO HCCIIEHO-
BaHO pa3pylleHUE TUIICOBOIO MaTepuaa, Coaepka-
LIero KOHIIEHTpaTop HalpspKeHUH (oTBepCTHE), IpU
HEPaBHOMEPHO pPaCTpeIeTICHHOM C)KaTHH W BBITION-
HEH aHaJIM3 BO3MOXXHOCTU NIPUMEHEHHUSI HEIOKaJIb-
HOTO KPUTEpHUS CPEIHUX HANPSKEHUH A OLEHKU
paspylarpleid Harpy3ku. B pesynsrare npoBeneH-
HBIX JIa0OPAaTOPHBIX UCIIBITAHUM YCTaHOBIIEHO, YTO

00pa31ibl, N3TOTOBJIEHHBIE U3 BBICOKOIIPOYHOTO THII-
ca, pa3pylIalich XpyIKO, U B 3TOM CJIydyae KpUTH-
YyecKas Harpy3ka MOXKET ObITh PacCUMTaHa 1o 00bIY-
HOMY KPHUTEPHIO CpeIHUX HampspkeHuid. O0pasifsl,
M3TOTOBJIEHHBIE U3 CTPOUTEIBHOIO THUIICA, Mpojie-
MOHCTPUPOBAJIM KBa3UXPYIKUN XapakTep pa3pylie-
Husl. B 9TOM cityuae npumeHeHHe 0OBIYHOTO KpUTE-
pUsl CPENHUX HANpPSDKEHUH HE MO3BOJSET IONY-
YUTH YIOBJIETBOPUTEIbHBIE OLIEHKH pa3pyIaronen
Harpysku. [Tosromy Ui pacuera paspyliarouien
Harpy3Ku MpeagokeHo UCIOoIb30BaTh MOAU(ULIU-
POBaHHBIM HEJNOKAJIbHBIA KPUTEPUH pa3pyllcHU,
SIBJISIIOILMICS. pa3BUTUEM KPUTEPHUS CPEOHUX Ha-
NPsDKEHUM W coneprKaluid KOMIUIEKCHBIM mapa-
METp, XapaKTePU3YIOLWIUNA pa3Mep 30HBI Ipeapas-
PYIICHUS U YIUTHIBAIOIIUA HE TOJIBKO CTPYKTYpPY
Marepuaa, Ho TaKXkKe MIIaCTUYECKUE CBOMCTBA Mare-
puaia, TeOMETpUIO 00pa3la U ycIoBUs €ro Harpy-
KeHust. Pe3ynpraTel pacyeToB mo Moau(pUIIMPOBaH-
HOMY KPUTEPHIO XOPOUIO COTNIACYIOTCS C MOIy4eH-
HBIMHU SKCIEPUMEHTAJIbHBIMU JAHHBIMU U, KPOME
TOTO, TIO3BOJISIIOT OOBSCHUTH HAOIIOJACMYyIO B JK-
CIIEpUMEHTE CMEHY XapakTepa pa3pyIlieHus oopas-
LIOB MPU YBEJIUYEHNUU pa3Mepa OTBEPCTHS.
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Quasi-brittle fracture of a structurally inhomogeneous material
with a circular hole under compression

S.V. Suknev

Chersky Institute of Mining of the North, SB RAS, Yakutsk, Russia
suknyov@igds.ysn.ru

Abstract. The paper presents results of experimental and theoretical studies on fracture of gypsum plates
containing a circular hole and subjected to non-uniformly distributed compression. The tested specimens
were made of high-strength gypsum, and from gypsum plaster. The specimens of high-strength gypsum were
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broken in the brittle manner, while the specimens of gypsum plaster demonstrated quasi-brittle fracture. To
calculate the critical load, amodified nonlocal fracture criterion is proposed, which is the development of
the average stress criterion, and which contains a complex parameter that characterizes the size of the
fracture process zone and accounts not only for the material structure, but also for the plastic properties of
the material, geometry of the specimen, and its loading conditions. The calculation results are in good
agreement with the experimental data. In addition, the application of the modified nonlocal criterion makes
it possible to explain the change in the character of fracture from brittle to ductile with an increase in the
size of the hole, observed in the experiment. The results obtained are of great practical significance for as-
sessment on the strength of materials and structures with stress concentration.

Key words: gypsum, brittle fracture, quasi-brittle fracture, nonlocal fracture criterion, hole, size effect.

Acknowledgements. The research was financially supported by the Russian Foundation for Basic Re-

search under grant number 18-05-00323.

References

1. Novozhilov V.V. On a necessary and sufficient crite-
rion for brittle strength // J. Appl. Math. Mech. 1969.
V. 33, No. 2. P. 201-210.

2. Lajtai E.Z. Effect of tensile stress gradient on brit-
tle fracture initiation // Int. J. Rock Mech. Min. Sci. 1972.
V. 8, No. 5. P. 569-578.

3. Whitney J.M., Nuismer R.J. Stress fracture criteria
for laminated composites containing stress concentra-
tions // J. Compos. Mater. 1974. Vol. 8, No. 4. P. 253-265.

4. Carter B.J., Lajtai E.Z., Yuan Y. Tensile fracture
from circular cavities loaded in compression // Int. J.
Fract. 1992. V. 57, No. 3. P. 221-236.

5. Seweryn A., Mroz Z. A non-local stress failure con-
dition for structural elements under multiaxial loading //
Eng. Fract. Mech. 1995. V. 51, No. 6. P. 955-973.

6. Mikhailov S.E. A functional approach to non-local
strength condition and fracture criteria // Eng. Fract.
Mech. 1995. V. 52, No. 4. P. 731-754.

7. Kornev V.M. Integral criteria for the brittle strength
of cracked bodies with defects in the presence of vacan-
cies at the tip of a crack. Strength of compacted ceram-
ics-type bodies // J. Appl. Mech. Tech. Phys.. 1996. V. 37,
No. 5. P. 168-177.

8. Suknev S.V., Novopashin M.D. Determination of
local mechanical properties of materials // Dokl. Phys.
2000. V. 373, No. 1. P. 48-50. DOI: 10.1134/1.1307085

9. Levin V.A., Morozov E.M. Nonlocal fracture crite-
rion: Finite strains // Dokl. Phys. 2002. V. 386, No. 1.
P. 4647

10. Torabi A.R., Pirhadi E. Stress-based criteria for
brittle fracture in key-hole notches under mixed mode
loading // Eur. J. Mech. A/Solids. 2015. V. 49. P. 1-12.

11. Cornetti P, Pugno N., Carpinteri A., Taylor D.
Finite fracture mechanics: a coupled stress and energy
failure criterion // Eng. Fract. Mech. 2006. V. 73, No. 14.
P. 2021-2033.

12. Taylor D. The theory of critical distances: a new
perspective in fracture mechanics. Oxford: Elsevier,
2007. 284 p.

13. Justo J., Castro J., Cicero S., Sanchez-Carro M.A.,
Husillos R. Notch effect on the fracture of several rocks:

Application of the Theory of Critical Distances // Theor.
Appl. Fract. Mech. 2017. V. 90. P. 251-258.

14. Vargiu F.,, Sweeney D., Firrao D., Matteis P, Tay-
lor D. Implementation of the Theory of Critical Distanc-
es using mesh control // Theor. Appl. Fract. Mech. 2017.
V.92.P. 113-121.

15. Sapora A., Cornetti P. Crack onset and propaga-
tion stability from a circular hole under biaxial loading //
Int. J. Fract. 2018. V. 214, No. 1. P. 97-104.

16. Sapora A., Torabi A.R., Etesam S., Cornetti P. Fi-
nite Fracture Mechanics crack initiation from a circular
hole // Fatigue Fract. Eng. Mater. Struct. 2018. V. 41,
No. 7. P. 1627-1636.

17. Suknyov S.V. Nonlocal fracture criteria. Finite
fracture criterion // Arctic and Subarctic Natural Re-
sources. 2018. V.23, No. 1. P. 67-74. DOI: 10.31242/2618-
9712-2018-23-1-67-74

18. Taylor D. The Theory of Critical Distances ap-
plied to multiscale toughening mechanisms // Eng. Fract.
Mech. 2019. V. 209. P. 392-403.

19. Vedernikova A., Kostina A., Plekhov O., Bragov A.
On the use of the critical distance concept to estimate
tensile strength of notched components under dynamic
loading and physical explanation theory // Theor. Appl.
Fract. Mech. 2019. V. 103, Article 102280. P. 1-11.

20. Justo J., Castro J., Cicero S. Notch effect and
fracture load predictions of rock beams at different tem-
peratures using the Theory of Critical Distances // Int. J.
Rock Mech. Min. Sci. 2020. V. 125, Article 104161.
P. 1-15.

21. Suknev S.V. Nonlocal and gradient fracture crite-
ria for quasi-brittle materials under compression // Phys.
Mesomech. 2018. V. 21, Ne 4. P. 22-32. DOI: 10.1134/
S$1029959919060079

22. Suknev S.V. Fracture of brittle geomaterial with a
circular hole under biaxial loading // J. Appl. Mech. Tech.
Phys. 2015. V. 56, No. 6. P. 166-172. DOI: 10.1134/
S0021894415060188

23. Suknev S.V. Application of nonlocal and stress
gradient criteria for estimation of fracture of geomateri-
als in tensile stress concentration zones // Fiz. Mezome-
kh. 2011. V. 14, No. 2. P. 67-75.

145



C.B. CYKHEB

About the author

SUKNEYV Sergey Viktorovich, doctor of technical sciences, head of laboratory, Chersky Institute of Mining
of the North SB RAS, 43 Lenina pr., Yakutsk, 677980,
suknyov(@igds.ysn.ru.

Citation

Suknev S.V. Quasi-brittle fracture of a structurally inhomogeneous material with a circular hole under
compression // Arctic and Subarctic Natural Resources. 2020. Vol. 25, No. 2. P. 137-146. https://doi.
org/10.31242/2618-9712-2020-25-2-11

146 [MPUPOIAHBIE PECYPCBI APKTUKU 1 CYBAPKTUKU, 2020, T. 25, Ne 2



ITIPUPO/IHBIE PECYPCHI APKTHKU 1 CYBAPKTHUKH, 2020, T. 25, Ne 2

YIK 691.175.2
DOI 10.31242/2618-9712-2020-25-2-12

Bausinue MoAU(PUIUPOBAHHOIO CEPULIMTA
HA CBOMCTBA U CTPYKTYPY NOJIUTETPAPTOPITHICHA

A.I1. Bacuiber*, A.A. OxmonkoBa, T.C. CtpyukoBa, A.I. AnekceeB

@I'AOY BO «Cesepo-Bocmounsiii pedepanvhuiii ynusepcumem umernu M.K. Ammocosar
*atvap@mail.ru

Annomauus. [lpugedenvl pe3yromamsl UCCI1008aHUS MOOUPUYUPOBAHUS NOTUMEMPADMOPIMULEHA
(LITDD) munepanvHbiM CUTUKAMOM (CEPUYUMOM) U €20 6IUAHUE HA PUIUKO-MeXaHUYecKue, mpubomexHu-
yecKue C80UCmMea U CmpyKmypHie napamempul. 1lpu co30anuu nonumepHo2o KOMIO3UYUOHHO20 Mamepu-
ana (IIKM) ucnonvsosanu 06a cnocoda: MexaHuyeckyio u mepmuiecKkyio akmusayuio npupooH020 CULUKA-
ma nepeo cmewenuem ¢ noaumepom. HTDI, nanorHenuvill mepmMutecKu aKmusUpOBaAHHbIM CEPUYUTIOM,
xapakmepu3syemcsi 6oiee 8blCOKUMU 3HAYCHUAMU (DUSUKO-MEXAHUYECKUX U MPUOOMEXHUYeCKUX noKazame-
Jell N0 CPABHEHUI0 C KOMNOUMAMU, COOEPHCAUWUMU MEXAHOAKIMUBUPOBAHHbIU HanorHumens. Memooow
PEHM2EHOCMPYKIMYPHO20 AHAIU3A YCMAHOBLEHO, Ymo Moouguyuposanue TITPD mexanoakmusuposan-
HbIM Cepuyumom npusooum K yseauueruro cmenenu kpucmaiiuynocmu IIKM, a ucnonvzosanue mepmu-
YyecKu aKmMuBUPOBAHHO20 HANOIHUMENS CONPOBONCOACMCA CHUNCEHUeM KpucmaiiuuHocmu. Buiaenena
KOPPenAYUOHHAS 3A8UCUMOCTIb MENHCOY CMENEeHbI0 KPUCTALIUYHOCIU U CPEOHUMUY PA3Mepamil KPUCmaJ-
JUMOG KOMNO3UMOB 6 3asUcCUMOCmU om codepocanus Hanoanumens. Memooom HK-cnekmpockonuu
VCMAHOBIEHO NpOmMeKaHue mpuboOXuMuieckux peakyuti npu QpUKYUOHHOM KOHMAKMe KOMNO3UMO8 C
KOHMPMenom, CHOCOOCMBYIOWUX POPpMUPOBAHUIO NOBEPXHOCTNIHO20 C0Sl, JOKAIUZVIOUE20 CO8U208ble De-

Gopmayuu u 3auuarOweco Mamepuan Om U3HAUUSAHU.
KitroueBble c10Ba: monuteTpadTopITHICH, CEPULIHT, CTPYKTYPa, U3HOCOCTOMKOCTh, KO (HUIIMEHT TPEHHSL.
bnazooapnocmu. Paboma evinonnena npu ¢ounarncosoti noooepoicke Munucmepcmea HayKu U 8blCULE2O
obpaszoeanusi Poccutickoii @edepayuu (nomep Toczaoanus [FSRG-2020-0017]).

BBenenue

B Hacrosiiiee Bpemsi 0THOM U3 aKTyalbHBIX MPO-
0J11eM MaTepuaIoBEeNICHUSI OCTACTCsl YBEJIMUCHUE pe-
Cypca TeXHUKH U TEXHOJIOTUYECKOTO 000pyIOBaHUS
MIPHU IKCIUTyaTalliyd B AKCTPEMAJIbHBIX KJIUMaTHYe-
CKHX yCIIOBHSIX apKTHUIeCcKo# 30061 Poccuu [1]. Han-
OoJiee TIOIBEPKEHHBIMU MEXaHUYECKUM U KIIMMaTH-
YECKUM BO3JICHCTBUSAM SIBIISIOTCS TTOIBHYKHBIC dJI€-
MEHTBI TEXHUKH 1 TEXHOJIOTHYECKOTO 000PYA0BaHMS,
Takue Kak TepMETH3UPYIOIINE YINIOTHEHNS HITH Kila-
MaHbl, TOJIIUITHUKU CKOJIbKEHUS U Y3JIbl TPEHUS B
mesoM [2, 3]. Y31l TpeHUs HE TOJBKO IKCIUTYaTH-
PYIOTCS B IIMPOKOM MHTEPBAJIC TEMIIEPATypP, B TOM
YHCIIe TIPY HU3KUX TeMIIepaTypax, HO MOJBEPKEHBI
IIPU 3TOM BO3ZICWCTBHIO arpeCCUBHBIX cpel (Macia,
TOTUTMBO ¥ CMa3KH). B CBA3M ¢ 3TUM MpeaouTHTEb-
HBIMH MaTepHaliaMU JIJIsi U3TOTOBJICHUS DJIEMEHTOB
y3710B Tpenus asisatorca [IKM, xapakrepusyembie
CTOMKOCTBIO K OOJIBITUHCTBY arpeCCUBHBIX CPe/l, CO-
XPaHSIOIIUE AMACTUYHOCTD, POYHOCTh B IIUPOKOM
WHTEpBaJie TeMIEpaTyp U 00iaaroiie BBICOKUMU
MEXaHMYECKUMH U TPHUOOTEXHHUUECKUMH XapakTe-

puctukamu. Cpenul monnoe(UHOBBIX TOTUMEPOB
[IT®D otanuaercss BHICOKOM XUMUYECKOH HHEPT-
HOCTBIO K OOJIBIIIMHCTBY arpecCUBHBIX Cpel, pabo-
TOCIIOCOOHOCTBIO B IIMPOKOM HHTEpBajie padounx
temmneparyp (or —260 no +260 °C) u HU3KUM K03(-
¢unmentom Tpenus [4, 5]. OnHako, HEHATOTHEHHBIH
I[ITDD obmamaeT HU3KOW M3HOCOCTONKOCTRIO, YTO
OTPaHUYMBAET €r0 MPUMEHEHHE B y3Jlax TPEHUS.
B cBs3M ¢ 3TUM MOBBIIIEHUE W3HOCOCTOMKOCTH HC-
xonHoro [IT®3 — akryanbHas 3a1a4a MaTepUanoBe-
nernst. OgHAM 13 3PPEKTUBHBIX PEIICHUH SBISCTCS
MoaupumpoBanue cTpykrypsl [ITPD nHanonnure-
JIIMH PA3TUYHON XUMHUYECKOH MPUPOJIBI, B TOM YH-
clie KOMOMHUPOBAaHHBIMH, BKIIIOYAIOMIMMH KaK JHC-
MepPCHBIE, TAK U BOJOKHUCTHIE KOMIIOHEHTHI [0, 7].
[IpuponHbIe MUHEPAIIBI — BEPMUKYIIUT, KAOJIHH, OCH-
TOHUT, CEPIIEHTUHUT — SBJISIFOTCS MTePCIIEKTUBHBIMU
HAIOJHUTEISIMA i1l MomuduumpoBanus [ITOD [8—
10]. B mocneaHee Bpemsi UCIOJIB30BAHUIO MPUPOJI-
HBIX CJIIOMCTBIX CHJIMKATOB B KauecTBe MOIu(UKa-
TOPOB TMOJIMMEPOB TIOCBSIIEHO JOCTATOYHOE KOJIH-
YeCTBO paboT, 4TO CBA3AHO C MX HEOPAMHAPHBIM
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MIOBEJICHNEM B MaTpulle. AHAJIN3 JIUTEPaTyphl MOKa-
3aJ1, 4TO CJIOMCTBIE CHIIMKAThl 00Iaat0T PsiOM HEo-
CHOPUMBIX NPEUMYIIECTB Mepes APYTMMHU HAMOJIHHU-
TEJISIMU: 3HAYUTEIIBHOE YIyUIIEHHE MEXaHUUECKUX U
TPUOOTEXHUYECKUX CBOMCTB MOJIMMEPHON MaTPHIIB,
BO3MOXXHOCTb MOJIy4EHUS SKC(HOIMNPOBAHHBIX U H-
TepKaJIMPOBAaHHBIX HAHOKOMIIO3UTOB, a TAKXKE CPaB-
HUTEJIBHO JIETKasi JOCTYITHOCTb U HU3Kasi CTOMMOCTb.

Cepunurt npencTasiseT coooi IMMHUCTHIA MUHE-
paJt, oTHOCAIMHCS K (DMIIOCHIMKATHBIM MUHepa-
aaM (tur 2:1) co CTPYKTYPOM 1 COCTaBOM, CXOMKUM C
MYCKOBUTOM. [IpupOnHbIM MUHEpA CEpPULIUT IIpaK-
THUYECKH He Ha0yXaeT B BOZE, HE UMEEeT HOHOOOMEH-
HOH CITOCOOHOCTH, XapaKTepH3yeTcsl BHICOKOM KH-
CJIOTOCTOHKOCTBIO, OTHECTOMKOCTBIO U BJICKTPOH30-
nanuoHHbIME cBoMicTBamu [11, 12]. Kpome Ttoro,
CEPULUT 10 CPAaBHEHUIO C APYTUMH TUIAMH IJIMH
OTJIINYAETCs BHICOKMMHM aCIIEKTHBIM COOTHOIIEHUEM
(6omee 1000), ynpyroctsio, SKpaHUpOBAaHHEM H TIO-
IJIoIIeHHeM yabTpaduonaeToBoro mimydeHus [13].
COBOKYITHOCTH BBIIIIETIEPEUNCIIEHHBIX MTOKa3aTenei
00yCIIOBITMBACT MEPCIEKTUBHOCTh HMCIOIB30BAHUS
CEepHLIMTa B KAaYECTBE HANOJIHHUTENS IMOJHUTETpa-
(hropaTHIICHA.

[lepen BBeZEHHEM B MOIMMED CIOUCTHIE CHIIH-
KaThl MPEABAPUTENBHO MOATOTABIMBAIOT, UCIIONb-
3ysl TaKWe METOJBI, KaK TepMudeckas u ¥Y3-o0pa-
00TKa, MeXaHW4YeCcKas M KHUCJIOTHAs aKTUBAIIHS,
menounas mopgudukamus |14, 15]. Kak npasuio,
XMMHYECKH MOAU(UIMPOBAaHHBIEC TIIMHBI, COlEpKa-
LI1€ Ha IOBEPXHOCTH YACTULL I0BEPXHOCTHO-aKTHB-
Hele BemiecTsa (IIAB), He MOTYT BbIJIEpKUBATh BbI-
COKyI0 Temreparypy nepepadorku [ITD3 375+5 °C.
B cBsi3m ¢ aTuM puszmdeckue crocoOsr 06padboT-
KU MUHEpaJbHBIX CUIIMKATOB SBIAIOTCS Hanbosee
omnpaBraHHbIMU. K mepcneKTHBHBIM crioco0am o0pa-
OOTKHU CIIOMCTBIX CHJIMKATOB MOXXHO OTHECTH TEXHO-
JIOTHIO MEXaHO- U TePMUYECKOH akTuBaIuu. B pabo-
tax C.A. CrenmoBoii ¢ coaBropamu [9, 16] mokasa-
HO, yTo BBeneHue B [ITDD npupoaHbIX CIOUCTHIX
CUJIMKATOB C MpeJIBAPUTEILHON MEXaHUYECKOU aK-
TUBalMel (MEeXaHOAKTUBAIUS) MPUBOAUT K 3HAYU-
TEBHOMY YAYYLICHHIO TPUOOTEXHUYECKHX CBOWCTB
Marepuaia. OTO CBA3bIBAIOT C IIpeodagarouen po-
JIBI0 aKTHBUPOBAHHBIX CHIIMKATOB MIPY KPUCTAILTH3a-
yu [1TDD, a Takke uxX ydacTreM B pOpMHUPOBAHUH
HN3HOCOCTOMKHMX BTOPUYHBIX CTPYKTYpP Ha OBEPXHO-
ctu Tpenus. B paborax Liang Y. ¢ coaBropamu [13,
17] mokazaHo, 94TO TepMUYECKas aKTUBALMS (TEp-
MOAKTHBAIMs) CEPUIUTA HNPUBOAUT K YIIUPEHHIO
MEXIUIOCKOCTHOTO PAacCTOSHUSL, 3TO O0YCIIOBJIEHO
0o0pazoBaHuEeM Je(PEKTOB B KPUCTAITUUECKOH pe-

weTke. brarogaps 3ToMy MOBBIILIAETCS COBMECTH-
MOCTb HaITOJIHUTEJS C MOJIUMEPHON MaTpulE, YTO
MPUBOJUT K CYIIECTBEHHOMY YIydllIeHHIO aedop-
MaIMOHHO-ITPOYHOCTHBIX CBOMCTB KOMITO3UTA.
Lens pa®oThl — nccieqoBaHne BIUSHUS CIIOCO-
00B 00pabOTKH (TEPMOAKTHBAITIHN U MEXaHOAKTHBA-
LIMU) CEpULINTA Ha CTPYKTYypy U cBoiicTBa [ITDD.

O0beKTBI H METOAbI UCCJICAOBAHUA

[TonumepHoil MaTtpuueld CIyXKHJI MOTUTETPA-
¢roparurnen (IITD3) mapku [TH-90 (OAO «Iano-
nonumep», Poccust). Pasmep uactui 46—132 mkwm,
mIoTHOCTE 2,16 T/cM’. B kauecTBe HAMOIHUTENS
HCIOIB30BAIU MPUPOAHBIN MuHepai cepuuuT (Cr)
MecTopoXaeHus mpoBuHIMA X3031, KHP. Cepu-
LUT TPEACTABISET COOONW MOPOUIOK CO CPETHUM
pasMepoM gactul ~9,2 MKM ¢ demryituaToi ¢op-
MOl dacTul. Xumudeckas GopMmyrna CepHIInTa:
KAL(Si;Al)O,,(ORH),.

B nanHoli paboTe cepruuT NpeaBapuTeIbHO 00-
pabareiBanmy IByMs crioco0amu: 1) TepMHYECKYIO
aKTHUBAINIO (T/a) IPOBOAMIIN B TIPOTPAMMHUPYEMOM
mydensroii eun (ELSKLO, Yexus) mpu 800 °C B
TeueHue | 4, cormacHo padore [12]; 2) mexaHuye-
CKYFO aKTHBAIWIO (M/a) IPOBOAMIIN B TUTAHETAPHOM
MenbpHAIe AKTHBaTOp-2S (AKTHBaTOp, Poccuns), co-
racHo padote [8]. CpeaHuii pa3Mep 4acTul] Cepu-
[IMTA ITOCJIe TEPMOAKTUBAIIUU HE N3MEHHMIICS, MTOCIIe
MEXaHUYECKOW aKTUBALIUM CPEJTHUN pa3Mep YacTHll
cocrasiseT ~3,4 MkM. MaccoBas 10l CEpHUIINTA B
KOMIIO3UTax cocTapisuia oT 1 go 5 mac.%.

OO6pa3upl mJs UCCIeAOBaHUS M3TOTABIHBAIU
CTaHJIAPTHBIM CITOCOOOM: MTPECCOBAHME TIPH YAEITh-
Hoii Harpy3ke 50 MIla npu komMHaTHOI TemmiepaType
U CIIeKaHWe B MPOTPaMMHUPyeMOi MyQelbHON 1edn
SNOL 180/400 (SNOL, JIutsa) mpu 375 £ 5 °C.

dusnko-Mexannueckne xapakrepuctuku [1TOD
u IIKM onpenensiu cornnacao 'OCT 11262-80 na
YHUBEpPCaTbHON MCTIBITaTeNbHON MammHe Autograf
AGS-J (Shimadzu, Anonwus). [InoTHOCTH 00pa3s-
uoB mmMepsutu coracHo 'OCT 15139-69. B kaue-
CTBe pabodYeil )KUIKOCTH UCTIOIH30BAIN JUCTHIIIN-
POBaHHYIO BOJY.

Crenens kpuctammmyHocTy [ITOD u [TKM ormpe-
JEJISLITA METOJIOM PEHTTEHOCTPYKTYPHOTO aHaIH3a
(PCA) ma pentrenosckom mudpakromerpe X TRA
(ThermoFisher, [1IBefitiapust) Mo COOTHOLIEHHIO TIJIO-
mazaeit peduekcoB, COOTBETCTBYIONMINX aMOPPHBIM H
KpucTandeckuM obmactsMm. CpenHue pa3mepsl
KPUCTAJITUTOB OMPENEISIN 10 YIIUPEHUIO MTHKOB
mudpaxiuu coracHo popmyne CensikoBa—LLleppepa
(k=10,94)[18]. UK-ciextprl [ITDD u [IKM mosy-
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YaJli Ha CIIeKTpoMeTpe ¢ pypbe-npeodpa3zoBaHueM
Varian 7000 FT-IR (Varian, CILIA).

TpuborexHHYECKUE XapAKTEPUCTHKN UCCIIEI0BA-
mu Ha Tpubomanmae UMT-3 (CETR, CIIA) mo cxe-
Me TPEeHus «majen—auck». uamerp odpasmor 10,0
+ 0,2 mm, mmaa 20,0 £ 1,0 mm. KoaddummenT Tpe-
Hus [IT®D u [IKM onpenessiii, WCIONL3YS MPO-
rpammy CETRDataViewer 2.19. KonTprenno — cTais-
HOM nuck u3 cramu 45 ¢ tBeprocteio 45-50 HRC,
mepoxosarocth R, = 0,06-0,08 mxm. Hopmanbhas
Harpy3ka 160 H, nuHeilHast cKOpOCTh CKOJBKEHHUS
0,2 m/c, Bpems ucnbiTanus 3 yaca. IHTEeHCHBHOCTh
W3HALIMBAHUS k pACCUUTHIBAIM 110 PopMyIie

Am
prFyd’
rne Fy, H, — HopmanbHas Harpyska; d, M, — myTb
CKOJIbXKEHUSI; Am, T, — Macca H3HOIIEHHOTO MaTepu-
ana; p, I/MM°, — ILIOTHOCTh 0OPA3IIOB.

k:

Pe3y.]'ll)TaTl>I H UX 06cym11eﬂne

B tabn. 1 mpuBemeHsl pe3yabTaThl HCCIIEIOBA-
HUS (PU3UKO-MEXaHUIECKNX XapakTepucTuk [[TDOD
u [IKM B 3aBUCMMOCTH OT MaccOBOI'0 COIEP)KaHUS
HAITOJIHUTENS ¥ criocoba 00padoTku cepuimra. Kak
BUIHO U3 TaOJUIIbI, BBEIECHUE TEPMOAKTUBUPOBAH-
Horo cepunuta B [IT®D npuBoAUT K CHUKEHUIO
MIPOYHOCTH TNpH pacTskeHuu Ha 15-20 % mpu co-
XPaHEHUH NTACTUYHOCTH HA YPOBHE MCXOIHOTO IO-
numepa. B ciydae BBeneHNsT MEXaHOAKTUBUPOBAH-
Horo cepuruta B [ITDD Takxke 3aperucTpupoBaHO
CHIDKEHHE TPOYHOCTH MPH pacTsukeHnd Ha 1545 %
1 yBeIHUYEeHHE dnacTHYHOocTH Ha 13—-15 % otHOCH-
TenbHO ucxoaHoro [ITDD.

3HaueHne MOAYIS YIIPYTOCTH KOMITO3UTOB UMEET
TEHJCHLMIO K IOBBILIEHHUIO HE3aBUCUMO OT criocoda
00paboTKu HanonHUTENs. MakcuMaabHOE 3HAYCHUE
MOJTYJIsl YIPYTOCTH 3apPETUCTPUPOBAHO B KOMIIO3H-
mu coctaa [ITDD+5 mac. % Cr (1/a), uto Ha 24 %
BBIIIE OTHOCHUTEIBHO HCXOAHOTO nonumepa. Bun-
HO, YTO MOAYNb YNPYTOCTH KOMIIO3UTa cOcCTaBa
[NTDD+5 mac. % Cr (M/a) Takke MOBBICHIICS Ha
20 % no cpaBHeHUIO ¢ UCXOAHBIM [TTD3.

C uenbro u3ydeHus CTpykrypoodpazoBanus [1TDD
IPY BBEJICHUH CEPULINTA, 00pabOTaHHOTO IBYMSI pa3-
HBIMH CIIOCO0aMH, ¥ UX BIMSHUA Ha cBoiicTBa ITKM
MIPOBEJIM UCCIEA0BAHHE METOIOM PEHTIEHOCTPYK-
TYpPHOTO aHaJu3a.

Ha puc. 1 mpezacraBieHbl peHTIEHOBCKUE AU(D-
pakrorpammsbl ucxogHoro I[IT®3 u IIKM. Pentre-
HOCTPYKTYpHbIM aHanu3 ucxonHoro ITOD ceuze-
TENbCTBYET O HAJWYMUA THUITUYHOTO KPHUCTAJTNYe-
CKOTO TIMKa mojmumepa mpu 20 ~18,1° (em. puc. 1, a)

[18]. Kpome TOTO, BBISIBICHBI «UyBCTBUTEIHHBIC»
muku ucxopuoro INT®D B obmactu 20 = 30-45°
(31,6, 36,6, 37,1 m41,2°), KOTOpbIE 3aBUCAT OT TEM-
Meparypsl, T. €. OTHOCSIIUECS K (a30BOMY IEpEXo-
ny npu Temneparypax 19 u 30 °C npu HopMaTbHOM
armocdepHom nasiennu [ 19, 20].

Kak BugHO u3 puc. 1, Bo Bcex HCClIeI0BAHHBIX
KOMITIO3UTaX HaOJ0aeTCsI MHTEHCUBHBIN UK B
obnactu 20 ~18,1°, KOTOPHIH CBA3aH C NalbHUM
yrnopsinoderneM Baoab (100) mmockocTelt pemier-
ku B I[IT®D. M3BeCcTHO, YTO ATOT MUK HE 3aBUCHUT
oT (ha30BBIX MEPEXOJIOB B JHMAMa30HE TEMIIEPaTyp
10-35 °C [19, 21].

U3 puc. 1, 6, 2 BUIHO, YTO HHTEHCUBHOCTH TIH-
koB [IT®D, HanOIHEHHOTO TEPMOAKTUBHUPOBAHHBIM
cepunuToM, B obnactu 36,6, 37,1 u 41,2° cHmxkaer-
Csl C YBEIMYCHHEM COJIEP)KaHUS HAITOJHUTENS IO
CPaBHEHHUIO C UCXOJHOM MOJIUMEPHON MaTpULEd U
C KOMIIO3UTaMH, COACPKAIIUMHU MEXaHOAKTUBUPO-
BaHHBIN CEPUIUT. AHAIOTUYHOE N3MEHEHNE HHTCH-
CHUBHOCTH ITUKOB IT0 CPAaBHEHHIO C UCXOMHBIM [ITDD
B 0003HAYECHHBIX O0JIACTSX HAOMIONAETCS TIPH TEM-
neparype 35 °C, 4To 0OBSCHSETCS MEPEXOAOM OT
(ha3er IV x BeICOKOTEMITEpaTypHOU (aze moaumepa
(dazal) [21].

Bo Bcex uccnenoBaHHBIX KOMIIO3UTAaX BBISBIIC-
HBI HOBBIE ITUKHU B 001aCTH ~26,6°, OTHOCSIIHECS K
Hanonuuteno [17, 22]. Haubomee WHTECHCUBHEIE
MUKW HAOJIOMAOTCS B KOMIIO3UTAX C TEPMOAKTHU-

Tabnuma 1
Pe3yabTaThl pu3NKo-MeXaHUYECKHX XapaKTepPHCTUK
OT®D u IKM
Table 1
Mechanical properties of PTFE and PCM
Obpa3zen S MIlIa €pp> % Ep, MIla
Ucxonnsriii [ITOD 20+2 320420 | 444+40
IToce Tepmuyeckoii akTuBanm (1/a)

OT®D+1 mac.% Cr 18+2 341£20 | 45040
[NT®3+3 mac.% Cr 17+£2 34820 | 462+40
OTDD+5 mac.% Cr 162 349+£20 | 554+40

ITociie MexaHUYeCKOM aKTHBALKH (M/a)

[TO®S+1 mac.% Cr 1742 371£20 | 481+40
[T®3+3 mac.% Cr 12+1 365+20 | 493+40
[ITO®D+5 mac.% Cr 11«1 364+20 | 533+40

Ipumeuanue. O — POUHOCTb [PH PACTIKCHUY; €, — OT-
HOCHUTENIbHOE Y/UIMHEHHUE NPH Pa3phIBE; Ep — MOJyJb YIIPYTO-
CTH TIPH PACTSDKCHHUH.

Note. O — strength at rapture; Epp — elongation at rapture;
Ep — elastic modulus.
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a — ucxonueii [IT®D; 6 — ITTDD+1 mac.% Cr; 6 — IITOD+3 mac.% Cr; 2 — IITOD+5 mac.% Cr.

Fig. 1. X-ray diffraction of PTFE and PCM:

a — initial PTFE; 6 — PTFE + 1 wt.% St; 6 — PTFE + 3 wt.% St; 2 — PTFE + 5 wt.% St.

BUPOBAHHBIM CEPUIIMTOM, YTO BO3MOXKHO, CBSI3aHO
C COXpaHEHHMEM pa3MepoB yacThll. B kommosure
cocrapa [IT®D+5 mac.% Crt (1/a) BBISBICHBI Xa-
pakTepHbIe TUKU JU(PaKIUK CEPUIIUTA B 007IaCcTH
26 =~8,7 1 ~26,6°, 94TO, BEPOSATHO, CBSA3AHO C aryio-
MepalMeil HAamoJIHUTENS B MOJUMEPHON MaTpHIe
[23]. Ognako, U3 pe3ynbTaToB (PU3MKO-MEXaHUYe-
CKHX uccienoBaHuil BuaHo, uro ITIKM ¢ tepmoak-
TUBUPOBAHHBIM CEPHUIINTOM HMEET O0siee BEICOKYIO
MPOYHOCTH 1O cpaBHEHUIO ¢ [ITDD, HanmomHEHHBIM
MEXaHOAKTHUBUPOBAHHBIM CEPULIUTOM.

B Tabn. 2 mpuBeneHbI pe3ynbTaThl HCCIEI0Ba-
HUS PSHTTEHOCTPYKTYPHOTO aHAJIN3a U TIOTHOCTH
[T®3 u IIKM B 3aBUCUMOCTH OT MAacCOBOIO CO-
JIepIKaHWsI HAIOJIHUTEIS B CIIocoba 00paboTKu ce-
putnta. M3 Tabmumbl 2 BHIHO, YTO HW3MEHEHHE
CTPYKTYypHBIX napameTpos [ITDD 3aBucur ot mac-

COBOTO COJIEpXKaHHs CEPULIUTA U crioco0a ero oopa-
6otku. Tak, BBeeHNEe TEPMOAKTHBHUPOBAHHOTO Ce-
punura npu conepxannu 1-3 mac.% B [ITDD npu-
BOJAUT K CHIDKCHUIO CTEICHU KPUCTAJUIMYHOCTU HA
5-7 % OoTHOCHTENBbHO HCXOAHOTO nonumepa. Ilpu
YBETTUUCHUH CcoNepkanusi HamomHuTenst B [ITDD
1o 5 Mac. % Cr (1/a) 3aperucTpupoBaHO HEKOTOPOE
MOBBIIIICHHE CTENEeHH KPUCTALTUYHOCTH. [lomo0-
HO€ M3MEHEHHE CTereHu KpucTtamumdHoctu [TKM
COIJIaCyeTCsl ¢ YBEJIIMYEHUEM pa3MepOB KPHUCTaJIIU-
TOB 0T 59,86 10 66,76 HM.

BBenenue MexaHOAKTHUBUPOBAHHOIO CEPULIUTA B
[IT®D npuBOANT K MOBBIIICHNIO CTETIEHU KPUCTAI-
nugHoctu [IKM na 5-11 % u cpemnux pasMmepoB
KpucTtauiuToB Ha 1822 % OTHOCHUTENBHO UCXOM-
Horo moyimmMepa (tabm. 2). IlomobHoe m3MeHEHHE
CTPYKTypHBIX mapameTpoB [IKM cBuaeTenbcTByeT
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0 OoJiee BBICOKOH CTPYKTYpHOH aKTUBHOCTH MeXa-
HOAKTHMBUPOBAHHOTO CEPUIIMTA BCJCICTBUE MOBBI-
IIeHHS TUCTIEPCHOCTH U OoJiee pa3BUTON aKTUBHOU
MOBEPXHOCTH YACTHIl NIPH MEXaHOaKTUBaLuu [24].
BosmorxHO, BBeZIeHHE TEPMOAKTHBHPOBAHHOTO CEPH-
uta B [ITOD Brieuer m3MenpueHne HAAMOIEKYIISP-
HoM cTpyKkTypbl IIKM, uT0 MpUBOANUT K yMEHBILIEHNIO
pa3MepoB CTPYKTYPHBIX MapaMeTPOB, IPUBOJISIINX K
OoJtee BEICOKUM J1e(hOPMAITMOHHO-TTPOYHOCTHBIM Xa-
paKkTepHUCTUKAaM IO CPABHEHHIO C KOMIIO3UTAMH CO-
craBa [IT®D+Cr (m/a).

Kak BugHO 113 Ta0m1. 2, mmotHocTh ITKM MOHOTOH-
HO TIOBBIIIAETCS C YBEITMYSHHUEM COJIEp KaHHsI HAIlOM-
HUTEJS, HE3aBHCHMO OT CIIocoba ero oOpaboTKu.
Tax, B TOTUMEPHBIX KOMIIO3UTAX, COJACPIKAIIUX Ce-
purT (T/a), 3HAUEHHE TUIOTHOCTH Bo3pacTaet oT 2,17
102,19 /cM®. B ciyuae [ITDD, HanonHeHHOro Mexa-
HOAKTUBUPOBAHHBIM CEPUIIUTOM, 3HAUCHHUE ILIOT-
HOCTH yBenmumBaeTcs ot 2,18 10 2,23 r/em?. Cre-
IyeT OTMETUTh, 4YTO MIOTHOCTh [IKM ¢ mexaHo-
AKTUBUPOBAHHBIM CEPHUIIMTOM BO BCEM JIMANIA30HE
KOHIICHTPAIMIA HAITOJHUTEISI BBILLIE 10 CPABHEHHIO C
[IT®D2+C1(T/a), KaK U CTETIEHh KPUCTAIUTMIHOCTH.

Ha puc. 2 npuBeeHbI pe3yabTaThl UCCISIOBAHUS
TpuboTexHrnYeckux xapakrepuctuk [1TOD u [TKM
B 3aBHCHMOCTH OT MacCOBOTO COAEPIKaHHS HAroJ-
HUTENS U criocoba o0padoTku cepuruta. B manHON
paboTe MHTCHCUBHOCTh M3HAIIIMBAHUSI JJIs1 HCXOHO-
ro IIT®D cocrasnsna 302,6 mm/(H M) 1 ko3hdu-
uueHt tpeHus ~0,22.

Wznococtotikocth [ITO®D+1 mac.% Cr(t/a) mo-
BbIcHiIach B 120 pa3 Mo CpaBHEHHUIO C UCXOIHBIM
rmomMepoM (cM. puc. 2, a). [lpu nanpHeineM yBe-
JIUYEHUHU COMIePIKaHUsI TEPMOAKTHBUPOBAHHOTO Ce-
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CopepxaHue Cr, mac. %

0,5

TaGnuma 2
Pe3ysibTaThl CTeNEeHH KPUCTAJIHYHOCTH,
CPeIHUX Pa3MepOB KPUCTAJLINTOB

U ioTHocTu [IT®D u KM
Table 2
Results of crystallinity, crystallite size and density
of PTFE and PCM
O6paszen o, % d, am p, T/em?
Ucxonnsriii [IITTOD 63+2 63,45 2,17
IToce Tepmuyeckoii akTuBarmu (1/a)
OT®3+1 mac.% Cr 56+2 59,86 2,17
OT®3+3 mac.% Cr 58+2 60,46 2,18
[NTOD+5 mac.% Cr 65+2 66,76 2,19
ITocne MexaHWUYECKOUM aKTHBAIMA (M/a)
OT®3+1 mac.% Cr 69+2 71,75 2,18
[NT®3+3 mac.% Cr 74 +2 74,98 2,22
OTD3+5 mac.% Cr 75+£2 76,20 2,23

Ipumeuanue. o. — creneHb kpuctammaHoct PCA; d — cpen-
HHH pa3Mep KPUCTAJUTUTOB; P — IVIOTHOCTb.
Note. a.—crystallinity(XRD); d — crystallite size; p — density.

punurta B I[IKM ot 3 o 5 mac. % npuBOIUT K CHU-
JKEHHUIO MHTEHCUBHOCTHU M3HamuBaHus B 840 pa3
oTHOCHUTENHHO ncxomaHoro [IT®D. Beenenne mexa-
HOaKTHBHpOBaHHOTO cepuiuTa B [ITOD mpusonut
K IIOBBIIIEHUIO H3HOCOCTOHKOCTH B 85-510 pa3 npu
cozpepkanuu 1-3 mac. % Cr m/a (cm. puc. 1). Hanb-
Heliee yBenundyenue coaepxkanus Ct (mM/a) ot 3 10
5 mac. % B [IT®D conpoBoxkAaCTCS HEIHAUYUTEb-
HBIM TTOBBIINIEHUEM WHTEHCUBHOCTH W3HAIIMBAHUS
Ha 14 % OT MUHUMaJIBHOTO 3HAYCHHS. 3aPETUCTPH-
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Puc. 2. lnTencuBHOCTD M3HaMBaHus (a) U kodpdurment tpenus (6) [IKM.

Fig. 2. Results of wear rate (@) and friction coefficient () PCM.
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Fig. 3. IR spectra of samples after friction:
a — initial PTFE, PTFE + 1 wt.% St; 6 — PTFE + 3 wt.% St;
6 —PTFE + 1 wt.% St.

POBaHO HE3HAYHUTENHHOE MOBBIIICHHE KOIPPHUIIUCH-
Ta TpeHus Bo Bcex ucciaenaoBanHbix [IKM or 0,23
10 0,28 ¢ yBeauueHueM cojiep KaHusl HaroJHUATES
ot 1 7o 5 mac. %. Bumgno, 4To B 11€510M TI0 (PU3UKO-
MEXaHHMYECKUM U TPHUOOTEXHUYECKHM XapakTe-
PUCTHKAM HaWIy4YlIMMU CBOWCTBAMH XapaKTepu-
syrorcst [IKM, copepikamue TepMOaKTHBUPOBAH-
HbIA CEPULIUT.

Ha puc. 3 npusenens! pesynsrarsl UK-ciekrpo-
CKOTMTMYECKUX MCCIIEA0OBAHUM TOBEPXHOCTEN TPEHUS
IIT®D u IIKM. B kaxagom ucciegoBanuom MK-
cnekrpe [IKM BbIsIBI€HBI OCHOBHBIC MUKU B 00JIa-
ctr ~1145 cm™! m ~1200 e ™!, KoTOpBIE OTHOCATCS K
BajeHTHBIM Konebanusam CF,-cassu [16].

Kax Bunno u3 puc. 3, mocie tperus [IKM BbisiB-
JICHBI HOBBIC MTUKU B o0macTsx 1439-1435 u 1657—
1632 cM !, KOTOpBIE OTHOCATCS K KAPOOKCHIATHBIM
1 KapOOHWIBHBIM rpymimam -COO™, 1 MHUPOKKE MUKH
B o6sactu 3600-3200 cM !, KoTOpBIE OTHOCATCS K
TUAPOKCUWIBHBIM TpynnaMm [9]. OTu nuku cBuie-
TEIBCTBYIOT O MPOTEKAHUN TPUOOXUMHUECKUX pe-
akuuil npu GpPUKIMOHHOM KoHTakTe [25]. M3BecT-
HO [26, 27], uTO B mpoliecce TpeHus KapOOKCHIIaT-
AQHMOHBI BCTYNAIOT B XMMUYECKOE B3aUMOJEHCTBHIE
C MeTaJlJIaMH HaIOJIHUTENS, 00pa3ys KOMIUICKCHBIC
COEMHEHHNS 10 JOHOPHO-AKIIENTOPHOMY MEXaHH3-
My, MHTHOMpYToIIre Tpubookucienue. Benencreue
3TOTO MPOUCXOANUT 0Opa3oBaHUE MPOYHOHU IJIEH-
KU MIEPEeHOCa Ha KOHTPTEJE U 3allUTHOTO CJI0s Ha
noBepxHocTH TpeHust [IKM u3 nmpoxykroB Tpubo-
pacnaga [IT®D u gactum w3noca. 13 puc. 3 BUaHO,
yto UK-cnextpsr [IKM nocie Tpenust He3aBUCUMO
0T criocoba o0paboTku (M/a W T/a) HANOIHUTENSA
[IPAKTUYECKN MJICHTUYHBI IPU BCEX KOHLEHTPALMAX
HaIOJIHUTENS. DTH Pe3ysbTaThl MO3BOJISIOT MIPE/Io-
JIOXKUTh, YTO MPOTEKaHHE TPHOOXMMHUYECKHUX peaK-
Ui BO BpeMsi (PPUKLMOHHOTO KOHTAKTa IIPaKTHYe-
CKH HE 3aBHCHUT OT crtocoba 00paboTKH HaTlOTHHTE-
. YCTAHOBIICHO, YTO TPUOOTEXHUUECKUE CBOMCTRA
[IKM B Oomblleil cTeneHn 3aBHCAT OT COCTaBa U
pa3MepoB YaCTULl HAIIOJTHUTEILS.

3aKJjoueHue

Takum 0Opa3om, Ha OCHOBaHUH PE3YJbTATOB HC-
CJIEZIOBAHUSI MOXKHO CJIEJIaTh BBIBOJ, YTO MPEAIOU-
TUTEIBHBIM CITOCOOOM 00pabOTKH CEepUITUTA SBIIS-
eTcsl TepMHuueckas aktuBaus. [lokazano, 4To mpo-
YHOCTB P PACTSKEHUH KOMITO3UTa, HAIIOJIHEHHOTO
5 mac. % Cr (1/a), BbIe Ha 45 % 10 CPaBHEHHIO C
[IKM cocrasa [IT®2+5 mac.% Cr (m/a). BBenenne
cepuruta ¢ TepmoaktuBanueii B [ITOD npusoaut
K CHI)KEHHUIO CTENEHH KPUCTAJUNIMYHOCTH U YMEHb-
HICHHAIO Pa3MepOB KPUCTAJUINTOB, & B KOMIIO3UTAX,
COZIEpXKAIX MEXaHOAKTUBHPOBAHHBIA CEPUIIUT, 3a-
(DUKCUPOBAHO yBEIWYCHHE CTENCHH KPHCTAJUINY-
HOCTH M Pa3MepOB KpHUCTAIIUTOB. M3HOCOCTOM-
kocTh IIKM ¢ TepMOaKTMBUPOBAHHBIM CEPHULIMTOM
noBeicmiiachk B 120-840 pa3 OTHOCUTENBHO UCXO-
Horo IIT®3. B IIKM, copepxaiieM MeXaHOAKTHU-
BUPOBAHHBIN CEPUIIUT, UBHOCOCTOMKOCTH BO3POCIIA
B 85-510 pa3 oTHOCHUTEIHHO UCXOIHOTO MOJIUMEDA.
Metonom MK-cnexrpockonuu [IKM nocne Tpenus
BBISIBJICHBI HOBBIE ITUKH, CBUAETENBCTBYIOIIHE O TIPO-
TEeKaHUH TPUOOXMUMHUYECKHX peakiuil. Takum oOpa-
30M, TIOKa3aH 3((eKTUBHBIN crI0c00 MOANPHUIIUPO-
BaHus [ITOD npupomHBIM CHIIMKATOM CEPULIUTOM,
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CIOCOOCTBYIOIIUM CO3AaHUI0 TPUOOTEXHUIECKHX
MaTepHUasoB C IOBBIIIEHHBIMH U3HOCOCTOUKOCTBIO,
MOAYyJEeM YIPYTOCTH, JACTUYHOCTHIO. [ledopma-
LHUOHHO-IIPOYHOCTHBIE Xapakrepuctuku [IKM Ha-
XOIIATCS B TIpeneiax, HeOOXOMUMBIX IJI TepMETH-
3UPYIOIUX MaTepHAIIOB.

JIuteparypa

1. Buznik V.M., Kablov E.N. Arctic materials science:
current state and prospects //Herald of the Russian Acad-
emy of Sciences. 2017. V. 87, No. 5. P. 397-408. DOI:
https://doi.org/10.1134/S101933161705001X.

2. Friedrich K. Polymer composites for tribological
applications //Advanced Industrial and Engineering Pol-
ymer Research. 2018. V. 1, No. 1. P. 3-39. DOI: https://
doi.org/10.1016/j.aiepr.2018.05.001.

3. Okhlopkova A.A., Sleptsova S.A., Nikiforova P.G.,
Struchkova T.S., Okhlopkova T A., Ivanova Z.S. Main Di-
rections for Research on the Development of Tribotechni-
cal Composites Used in the Arctic Regions (Experience of
North-Eastern Federal University in Yakutsk) // Inorganic
Materials: Applied Research. 2019. V. 10, No. 6. P. 1441—
1447. DOI: https://doi.org/10.1134/S2075113319060157.

4. Jia Z., Yang Y.L., Chen J.J., Yu X.J. Influence of
serpentine content on tribological behaviors of PTFE/
serpentine composite under dry sliding condition // Wear.
2010. V. 268, No. 7-8. P. 996-1001. DOI: https://doi.
org/10.1016/j.wear.2009.12.009.

5. Tan B., Stephens L.S. Evaluation of viscoelastic
characteristics of PTFE-Based materials // Tribology In-
ternational. 2019. V. 140. P. 105870. DOI: https://doi.
org/10.1016/j.triboint.2019.105870.

6. Krick B.A., Pitenis A.A., Harris K.L. et al. Ultralow
wear fluoropolymer composites: nanoscale functionality
from microscale fillers // Tribology International. 2016.
V. 95. P. 245-255. DOI: https://doi.org/10.1016/j.triboint.
2015.10.002.

7. Mawxkos IO.K., Kypeysosa O.A., Pyoan A.C. Pa3-
paboTKa U HCCIIET0BAaHUE U3HOCOCTOMKHX MONMMEPHBIX
HaHokoMm1o3uToB // Becthuk CubA 1. 2018. T. 15, Ne 1
(59). C. 36-44.

8.Jlazapesa H.H., Cnenyosa C.A., Kanumonosa IO.B.,
Oxnonxoea A.A., Mockeumuna JI.B. PazpaboTka momu-
MEpHBIX KOMIIO3UTOB Ha OCHOBE MOJHUTETpadTOpITHIICHA
1 TpupomHoil TiuHB! // TlepcieKTHBHBIE MaTepHAaIIBL.
2017. Ne 12. C. 39-50.

9. Sleptsova S.A., Lazareva N.N., Fedoseeva V.I., Ka-
pitonova Y.V., Okhlopkova A.A. The Influence of Metal
Cations of Mechanoactivated Bentonite on Tribochemi-
cal Processes in PTFE // Journal of Friction and Wear.
2018. V. 39, No. 6. P. 469-475. DOI: https://doi.org/
10.3103/S1068366618060120.

10. Sleptsova S.A., Laukkanen S., Gladkina N.P, Fe-
doseeva V1., Okhlopkova A.A., Grigoryeva L.A. Effect of
kaolinite on the properties and structure of PTFE //AIP
Conference Proceedings. AIP Publishing, 2018. V. 2053,
No. 1. P. 040092. DOI: https://doi.org/10.1063/1.5084530.

11. Reddy D.HK., Lee S.M., Kim J.O. A review on
emerging applications of natural sericite and its com-
posites //World Applied Sciences Journal. 2013. V. 27,
No. 11. P. 1514-1523. DOI: 10.5829/idosi.wasj.2013.
27.11.1745.

12. Liang Y., Ding H., Sun S., Chen Y. Microstructural
Modification and Characterization of Sericite // Mate-
rials. 2017. V. 10, No. 10. P. 1182. DOI: https://doi.
org/10.3390/mal10101182.

13. Liang Y., Yang D., Yang T, Liang N., Ding H. The
Stability of Intercalated Sericite by Cetyl Trimethylam-
monium lon under Different Conditions and the Prepa-
ration of Sericite/Polymer Nanocomposites // Polymers.
2019. V. 11, No. 5. P. 900. DOI: https://doi.org/10.3390/
polym11050900.

14. de Mayo Gonzdlez-Miranda F., Garzon E., Reca J.,
Pérez-Villarejo L., Martinez-Martinez S., Sanchez-So-
to P. J. Thermal behaviour of sericite clays as precursors
of mullite materials // Journal of Thermal Analysis and
Calorimetry. 2018. V. 132, No. 2. P. 967-977. DOL:
https://doi.org/10.1007/s10973-018-7046-9.

15. Kumar G., Tanvar H., Pratap Y, Dhawan N.
Thermal and mechanical activation of sericite for reco-
very of potash values // Transactions of the Indian Insti-
tute of Metals. 2019. V. 72. No. 1. P. 17-25. DOI: https://
doi.org/10.1007/s12666-018-1452-3.

16. Sleptsova S.A., Okhlopkova A.A., Kapitonova LV,
Lazareva N.N., Makarov M.M., Nikiforov L.A. Spectroscop-
ic study of tribooxidation processes in modified PTFE //
Journal of Friction and Wear. 2016. V. 37, No. 2. P. 129—
135. DOI: https://doi.org/10.3103/S106836661602015X.

17. Liang Y, Jiang W., Ding H., Wang Y. The modifica-
tion and characterization of thermal-treated sericite by fluo-
rosilicate // Scientificreports. 2018. V. 8. No. 1. P. 14293.
DOI: https://doi.org/10.1038/s41598-018-32496-x.

18. Mapmuvinos M.A., Bvirecowcanuna K.A. Pentre-
Horpadus noiaumepoB. Meton. ocodue st POMBbIII-
JeHHbIX taboparopuid. JI.: Xumus, 1972. 96 c.

19. FuT, Mo Z., Han P, Qi Y., Wu S., Chen D. Study
on factors affecting room temperature transition of pol-
ytetrafluoroethylene // Chin. J. Polym. Sci. 1986. V. 4,
No. 2. P. 170-179.

20. Brown E.N., Rae PJ., Dattelbaum D.M., Clausen
B., Brown D.W. In-situ measurement of crystalline lattice
strains in polytetrafluoroethylene // Experimental me-
chanics. 2008. V. 48, No. 1. P. 119-131. DOL: https://doi.
org/10.1007/s11340-007-9075-3.

21. Marega C., Marigo A., Causin V., Kapeliouch-
ko V., Di Nicolo E., Sanguineti A. Relationship between
the Size of the Latex Beads and the Solid— Solid Phase
Transitions in Emulsion Polymerized Poly (tetrafluo-
roethylene) // Macromolecules. 2004. V. 37, No. 15.
P. 5630-5637. DOI: https://doi.org/10.1021/ma049238o.

22. Thanhmingliana, Tiwari D., Lee S.M. Hybrid ma-
terials in the remediation of arsenic contaminated waters:
a physico-chemical study // Desalination and Water Treat-
ment. 2016. V. 57, No. 5. P. 1995-2005. DOI: https://doi.
org/10.1080/19443994.2014.979241.

153



A.IL. BACUJIBEB u np.

23. Yan S. et al. Thermal, mechanical, and tribologi-
cal properties of sodium-montmorillonite-nanoparticle-
reinforced polyethersulfone and polytetrafluoroethylene
ternary composites // Friction. 2020. P. 1-18. DOI: https://
doi.org/10.1007/s40544-019-0343-x.

24. Kponomun O.B., Mawkos IO.K., Ecoposa B.A.,
Kypeyzosa O.A. Bnusitnue yriaepoaHbix Moaudukaro-
POB Ha CTPYKTYpPy M M3HOCOCTOWKOCTBH MOJUMEPHBIX
HAHOKOMIIO3UTOB Ha OCHOBE HOJHUTETpadTOpITHIIE-
Ha // XKypnan texuuueckod ¢uzuxu. 2014. T. 84,
Ne 5. C. 66.

25. Harris K.L., Pitenis A.A., Sawyer W.G., Krick B.A.,
Blackman G.S., Kasprzak D.J., Junk C.P. PTFE tribology
and the role of mechanochemistry in the development of

protective surface films // Macromolecules. 2015. V. 48,
No. 11. P. 3739-3745. DOI: https://doi.org/10.1021/acs.
macromol.5b00452.

26. Onodera T., Kawasaki K., Nakakawaji T., Higu-
chi Y, Ozawa N., Kurihara K., Kubo M. Effect of tribo-
chemical reaction on transfer-film formation by poly
(tetrafluoroethylene) /The Journal of Physical Chemistry
C. 2014. V. 118, No. 22. P. 11820-11826. DOI: https://
doi.org/10.1021/jp50333 1e.

27. Bhargava S., Makowiec M.E., Blanchet T.A. Wear
reduction mechanisms within highly wear-resistant gra-
phene-and other carbon-filled PTFE nanocomposites //
Wear. 2020. V. 444. P. 203163. DOI: https://doi.org/
10.1016/j.wear.2019.203163.

Hocmynuna 6 pedaxyuio 09.05.2020
Ipunsama x nyoauxayuu 15.05.2020

06 asmopax

OXJIOITKOBA Aifranmna AnekceeBHa, IOKTOP TEXHUIECKNX HayK, Ipodeccop, NIABHBIA HAyYHBIA COTPYIHHK,
YHTJI «TexHOIOr MY IOJIMMEPHBIX HAHOKOMITO3UTOBY, IHCTUTYT ecTecTBeHHBIX Hayk CeBepo-BocTtounoro de-
nepasHoTo yHUBepcuTeTa nMern M.K. AMMocosa (CBDY), 677000, SIkytck, yi. bemurackoro, 58, Poccws,
ORCID: 0000-0003-0691-7066, okhlopkova@yandex.ru;

BACUIJILEB Awnpnpeti [lerposuy, Beayiumii urxkenep, MacTuTyT ecrecTBeHHbIX Hayk CeBepo-Bocrodnoro de-
nepanpHoTo yHHBepcuTera uMeHn M.K. Ammocosa (CBDY), 677000, Sxytck, yi. bemurckoro, 58, Poccus,
ORCID: 0000-0001-7699-533X, gtvap@mail.ru;

CTPYUKOBA Tarbsina CeMeHOBHA, KAHIUIAT TEXHUUECKUX HAYK, JOLEHT, HCTUTYT €CTEeCTBEHHBIX HayK
Cesepo-Bocrounoro denepansaoro yamsepcutrera mmean M.K. Ammocosa (CB®Y), 677000, SkyTck,
yi. benunckoro, 58, Poccus,

ORCID:0000-0002-6469-1491, sts_23(@mail.ru;

AJIEKCEEB Aunekceil I'aBpunbeBuy, cTapiiuii npenoaaBarenb, IHCTUTYT ecTecTBEHHBIX Hayk Cesepo-
Bocrounoro ¢enepansHoro yuusepcurera umenu M.K. Ammocosa (CB®Y), 677000, Skyrck, yiu. benun-
ckoro, 58, Poccus,

alexalekseev.z@gmail.com.

Unghopmayus ona yumuposanus

Bacunves A.11., Oxnonkosa A.A., Cmpyuxosa T.C., Anexcees A.I. Biusaue Monu(uImpoBaHHOTO CEPUITH-
Ta Ha CBOWCTBA M CTPYKTypy nomurerpadropatuiena // [Ipupoausie pecypcbl ApkTuki U CyOapKTHKH.
2020. T. 25, Ne 2. C. 147-156. https://doi.org/10.31242/2618-9712-2020-25-2-12

DOI 10.31242/2618-9712-2020-25-2-12
Influence of modified sericite on the properties
and structure of polytetrafluoroethylene
A.P. Vasilev*, A.A. Okhlopkova, T.S. Struchkova, A.G. Alekseev

North-Eastern Federal University named after M. K. Ammosov
*atvap@mail.ru

Abstract. This paper presents the results of the investigation of polytetrafluoroethylene (PTFE) modifi-
cation with mineral silicate (sericite) and its effect on the physicomechanical, tribotechnical properties and
structural parameters. Two methods were used to develop a polymer composite material (PCM): mechani-
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cal and thermal activation of natural silicate before mixing with the polymer. It was shown that PTFE filled
with thermally activated sericite is characterized by higher physicomechanical and tribotechnical parameters
in comparison with the composites containing mechanically activated filler. By means of X-ray diffraction
analysis, it was found that the modification of PTFE with mechanically activated sericite leads to an increase
in the degree of crystallinity of PCM, and the use of thermally activated filler is accompanied by a decrease
in crystallinity. A correlation between the degree of crystallinity and the average crystallite size of the com-
posites was revealed, depending on the filler content. IR spectroscopy established the occurrence of tribo-
chemical reactions during the frictional contact of the composites with the counterbody, contributing to the

formation of a surface layer localizing shear deformations and protecting the material from wear.
Key words: polytetrafluoroethylene, sericite, structure, wear resistance, coefficient of friction.
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Pa3pa6oTka BHICOKONMPOYHBIX MOJTUMEPHBIX MATEPHAJTIOB
HA OCHOBe MoJuTeTpadTOpITHIEHA
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Annomauus. Ilpedcmasnenst pesyivbmamol UCCIe008ANULL PUIUKO-MEXAHULECKUX NoKazamenel noau-
MEPHBIX MAMEPUAIO8 Had OCHO8E NONUMeMPAGMOPIMULEHA U €20 KOMNO3UMOE C YelepOOHbIMU BOIOKHAMU
mapku YBUC-AK-I1, mexnonoeus nonyyeHusi KOMopuix 3aKa04aemcs 8 niacmuieckom 0e)opmuposanui
NOMUMEPHBIX 3A20MOBOK NYMEM CHCAMUSL, CONPOBOHCOAIOUIEMCS USMEHEeHUeM MOUUHBL NPU NOCMOAHCINGE
WUPUHDBL 3020MOBKU. YCAHOBIEHO, YMO UCNOTb308AHUE OAHHOU MEXHON02UU NO380Aem He OIbKO NOGbl-
cumsv npoyHocms npu pacmsixcenuu IITPI 6 2,7-3,3 paza npu kod¢hpuyuenme cocamus 3—4,3, Ho u cHu-
3ums e2o degpopmayuio nonsyecmu 6 22—29 paz no cpagueHuro ¢ UCXoOHvIM noaumepom. llpedraeaemast
mexuonoeusi anpooupogana maxoice na IITOD-komnozume, cooepicaujem yenepoOHblll B0IOKHUCTBI M-
mepuan mapku YBHC-AK-I1 6 xonuuecmee 5 mac.%. [loxkaszano, umo u 6 smom ciyuae npoyHocms KOMNO-
3uma nosvluiaemcs 8 3 pasa, a deghopmayusi noasyyecmu cHuxcaemces 6 8,3 paza no cpasHeHuro ¢ UcxXoo-
HbLM KOMNO3UMOM, KOMOPbILL He nodsepeaics niacmudeckoi oegopmayuu. Ilpeonazaemasn mexuonocus
NOYYeHUs: PmoponIacmosuix KOMRO3ZUMOE NO380AEem PACUUpUmy 001acmuy ux npuUMeHeHus, u paspaoo-
MaHHble MAMepUaIbl MO2Ym UCROIb308AMbCA 8 PA3TULHBIX V31AX MPeHUs, 8 0CODEeHHOCMU Ol CXeM Ha2py-
JHCEHUSL C BLICOKUMU PACMALUBAIOUUMU HASPY3KAMU.

KuroueBble c10Ba: noauterpadTopITUIICH, YIIEPOAHBIC BOJIOKHA, Ae(OpMAlHs, OI3Y4eCTh, H3HOCO-

CTOﬁKOCTL, MMPOYHOCTb.

bnazooapnocmu. Paboma svinonuena 6 pamxax Ioczadanus Munucmepcmea nayxku P® (Pee. Ne HUOKP

AAAA-A17-117040710038-8)

BBenenue

Marepuranbl Ha OCHOBE MOTUTETPa(TOPITHIICHA
HMMEIOT Pl MPEUMYILECTB Iepes JpyTUMH MOTuMe-
pamu: BBICOKYIO TEPMHYECKYIO CTOMKOCTH, MCKIFO-
YUTENBbHYI0 XUMHUYECKYI0 MHEPTHOCTb, HU3KUH KO-
3(hUIUEHT TPEHHSI, XOPOIIUE SICKTPON3OIISAIHOH-
uele cBoiicTra [1]. M3nenus uz [ITOD u xoMno3uThl
Ha UX OCHOBE Oarojapsi CBOMM YHHUKaJIbHBIM CBOM-
CTBaM TOJIyYWJIN IIUPOKOE PACIPOCTPAHEHNE B KOH-
CTPYKIHSX MOJBHKHBIX W HETIOABWKHBIX YILIOTHE-
HU, pabOTaIOIIMX B IIMPOKOM JHAIIa30HE TeMIIepa-
TYp W AaBJICHUH KaK JKUJIKHUX, TaK ¥ ra3000pa3HbIX
BBICOKOArpeccuBHBIX cpef [2]. OnHako NpruMeHEHHe
[T®S u I[ITOI-KOMITO3UTOB OTPAHNYEHO M3-32 Ha-
JIUYUST TAaKAX HEJIOCTATKOB, KaK OTHOCHTEIBEHO HH3-
Kasi TIPOYHOCTb W TOJI3y4YeCTh (XJIaJ0TeKy4ecTh) U
IIPU PACTATUBAIOIINX YCUIHAX, U TIPU CXKATHH, YTO
OTpaHMYMBAET pecypc paboThl ¥ BOBMOKHOCTb -
POKOTO MCTIONB30BaHUs 0e3 MOIU(UITMPOBAHUS Pa3-
JIMYHBIMU HAITOJTHUTEIIIMHA U MeTojaMu [3—6].

CymecTByeT MHO)KECTBO Pa3UYHBIX CIOCOOOB
yCTpaHEHUs 3TUX HEI0CTATKOB, MPEUMYIIECTBEHHO

IIyTeM BBEICHUs AUCIEPCHBIX M BOJIOKHUCTBIX ap-
MUPYIOIINX HanoysHuTeneH. OQHaKO UCTIONb30BAHUE
apMUPYIOLIMX HAINOJHUTENICH HE BCeraa Mo3BOJSeT
J00MBaThCS HEOOXOAMMOTO YITyUIleHHsT (PU3HKO-Me-
XaHMYECKHUX CBOMCTB MOJIy4aeMbIX KOMIIO3HTOB TPH
TTOBBIIIICHUH UX U3HOCOCTOUKOCTH [7—13]. B cBsi3u ¢
9THM JIO CUX TIOP aKTyaJlbHBIMU OCTAIOTCS HCCIIEIIO-
BaHUs, CBS3aHHBIC C TIOMCKOM HOBBIX 3()(deKTuB-
HBIX TEXHOJIOTHYECKHX CTIOCOOOB YITyUIIICHHS] CBOHCTB
IIT®D 1 kKoMIIO3UTOB Ha €10 0cHOBE. OTHUM U3 CIIO-
cOOOB MOJIy4eHHUS! KOMIIO3UTOB C BBHICOKUMH TPO-
YHOCTHBIMU ¥ CHHKCHHOM TOJI3y4eCThIO SBISETCS
TBepaodazHas CTPYKTypHast MOAU(PHKALHS TOJIUME-
POB, OCHOBAaHHBIX Ha IUIACTUYECKOH Jedopmaruu, B
OOJNBILIMHCTBE CIy4acB HAIPaBJICHHBIX HA CO3JaHUC
BBICOKOOPUEHTUPOBAHHOTO cocTosiHus [14]. K atum
METOZIaM OTHOCSITCS OTHO- MJIM JIBYXOCHAsI BBITSDKKA,
OZIHOOCHOE€ C)KaTue, IPOKaTKa, BOJIOYEHHUE, IJIOCKO-
ne(opMaOHHOE CKaTHe WIIM NIPOKATKa, IUTyHXep-
Hasl U TUAPOCTAaTHYECKast IKCTpy3usd U ap. Meroasl
TBepo(azHON MOJNIEKYISIPHONH OPHEHTAIMH MOYKHO
paznenuTh Ha J[BE TPYINbL. B mepByo BXOAST MeTo-
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JIbl, OCHOBaHHBIE Ha JIe()OPMHUPOBAHNH MTOTUMEPHOH
3aroTOBKH, COMPOBOXKJAIONIEMcsl ee (opMon3Me-
HEHHEM (BBITSDKKOHM). BTopyto rpynimy cocTaBisiioT
MIPOLIECCHI, HE CBS3aHHBIC C M3MEHEHHEM (OPMBI
pa3MepoB U OCHOBAHHBIC HA WHTEHCUBHOH IJIacTH-
yeckoit nedopmarmu (UI1J]), ocymectBisemoni B
YCIIOBUSIX ITpocToro casura [15, 16].

HawnGonee n3BECTHBI U3 ATUX METOIOB PaBHO-
KaHalbHas yrimoBas skcTpy3us (PKYD) [17] u ee
Monu(UIIMPOBAaHHBIN BapuaHT — paBHOKaHAJIbHAs
MHOTOoyTioBas 3kcTpy3us (PKMVYD) [18]. Oco-
OEHHOCTHIO TAKUX METOIOB MHTEHCUBHOI MJIACTH-
geckorr aedopmaruu (MIIM) sBmsercs crmocoO-
HOCTBH CO3JaHHS Pa3IMYHBIX MapIIpyTOB Aedop-
MaIUH ¢ [eJIbI0 TeHEePaluu pa3sHoO0Opa3HbIX GopM
MOJIEKYJIsIpHOW opueHTanuu. OAHAKO HCIOIB30-
BaHHE JaHHBIX METOJOB JJIs OTy4YESHHS] OPUEHTH-
POBAaHHOW CTPYKTYpPBl KPHUCTAJUIM3YIOLUIUXCS TO-
TUMepoB Oosiee CIIOKHAs B OCYLISCTBICHUU U
TpebyeT MPOEKTHPOBAHUS CIIEUATIBLHOTO HHCTPY-
MeHTa. B cBsi3u ¢ 3TUM B JaHHOH paboTe mpeasna-
raeTcsi 0ojiee yNpoIIeHHAass TEXHOJIOTHsS TOoJyYe-
Husl MaTepuanoB Ha ocHoBe [ITDD, obnaxaromumx
COUYETAaHHEM IOBBIIIEHHONW IPOYHOCTH MPH pacTs-
JKSHUH W CHIDKEHHOW TTON3Y4YecTH, myTeM aedop-
MHUPOBaHHUS MMOJIMMEPHON 3ar0TOBKHU, COTIPOBOXK/Ia-
omemMest ee (popMou3MeHEHHEM, OCHOBaHHAs Ha
OJTHOOCHOM C)KaTHH YK€ TOTOBBIX TOJIUMEPHBIX
3ar0TOBOK.

Leabio qaHHOM pabOTHI ABISICTCS UCCIICIOBAHNE
3aBHCUMOCTH (DPU3NKO-MEXaHWIECKHX CBOWCTB TIO-
JUMEpPHOTO KoMmo3unnoHHoro matepuana (ITKM)
Ha ocHoBe [IT®D m yrepomHbIX BOJOKOH MapKu
YBUC-AK-IT or mMerona miactuuecko jedopma-
UM, COTIPOBOXKIAFOIIEH ee (POPMOU3MEHEHHEM.

O0BLeKThI H METOALI HCCIeT0BAHUSA

B kauectBe yrnepognoro Hanomuutens [ITOD
HCIIONIB30BaH yIIIEPOIHBIN BOJIOKHUCTBIM aKTUBHPO-
BaHHBIN Matepuan mapku YBUC-AK-II Ha ocHOBe
THJIPATIEIUTION03HOTO YIIIEPOIHOTO BOJIOKHA ITPOU3-
Boxcta OO0 HIIL « YBUKOM» (Poccus).

O6pasuamu ciayxuin 3arotoBku u3 [ITDD map-
kxu [TH (I'OCT 10007-80) 1 KOMIIO3UTHI, COAEpIKa-
e yrieponusie BonokHa mapku YBUC-AK-IT B
kxommaectBe 5 mac. %. IlonuMepHbIe KOMITO3UTHI €
VB noiydeHsl ¢ HCIOJIB30BAHUEM METOJA I1O3Tall-
HOTO BBeleHHMA YB uepe3 KOHLEHTpaT, Ilie Macco-
BO€ COOTHOIIIEHHE CHCTEMBbl KOHIIEHTPaT—TIOIUMED
cocrasiisuio 50/50, a TakKe ¢ UCITOIL30BAHUEM COB-
MECTHON MEXaHMYECKON aKTHUBAIIMM KOMIIOHEHTOB
Ipu cCKopocTH BpateHus 6apadbanos 400 00./MuH B
TeueHue 2 MunyT (puc. 1). Ha pazpaborannyro tex-
HOJIOTHIO TIoy4eH nareHT PO Ne 2675520.

Pesynbrarel GU3NKO-MEXaHUYECKUX M TPUOOTEX-
Hu4eckux ucnbiTanuii [ITOD u koMo3uToB Ha ero
ocHoBe ¢ YBUC-AK-II, monydeHnHble mo mpen-
CTaBJICHHOHN BBIIIE TEXHOJOTHH, MPEJCTaBICHBI B
Tab. 1, T1€ G, — Ipejet HPOYHOCTHU IIPU PacTsiKe-
HHH; €, — OTHOCHTENIbHO® Y/UIMHEHHE TIPU Pa3phIBe;
E — Momynb ynpyrocTty npu paspsbiBe; [ — CKOpOCTb
MacCOBOTO HM3HAIIMBAHUS, MI/4; [ — KO3 PHUIHEHT
TPEHHUS.

Kaxk BuyiHo u3 Ta6m. 1, [IKM Ha ocHoBe [TT®D u
5 mac.% YBUC-AK-II ans ucnbiTanuii BRIOpaH Kak
caMblil u3HOcocTOKUN Marepuan coctaBa [ITDD-
YBUC-AK-II npu cogepxannn YB B koMIto3uTe oT
1 mo 10 mac.%, mpu 3TOM 3TOT MaTepuaj XapakTe-
pHU3yeTcs HECKOJIBKO TMOBBIICHHBIME Aedopmany-
OHHO-IIPOYHOCTHBIMH XapaKTEPUCTUKAMU 110 CpPaB-
HEeHUIO0 ¢ UCXOmHBIM IITDD. Onmrako, HECMOTPS

Puc. 1. Texnonorus usrorosnenus oopasnos [TKM.

Fig. 1. Manufacturing technology of PCM samples.
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3000 06./MyH 400 06./MUH
|
YBUC-AK-T ¢
CmMelueHune XonogHoe CnekaHue
JlonacTtHomn cdopmoBaHue MydenbHas neyb
cmecuTens P=50MMa, | | T=375°C, FKM
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Tabnuma 1
3aBucHMOCTB (PU3UKO-MeXaHHMYecKuX xapakTepucTuk ITIKM
Table 1
Dependence of physical and mechanical characteristics of PCM
CocraB 6,, MlIla €, %0 E, MIla 1, mMr/u f
[IT®D 20-21 300-320 450-469 160-162 | 0,20-0,22
[ITO®D+3 mac.% 15-16 340-350 500-510 | 2,00-2,20 | 0,17-0,19
YBUC-AK-IT
[TDOD+5 mac.% 19-20 345-354 500-514 | 0,08-0,10 | 0,23-0,25
YBUC-AK-IT
MTDOD+7 mac.% 12-13 100-105 340-346 | 3,00-3,10 | 0,18-0,20
YBUC-AK-IT
00IITD®D+10 mac.% 89 30-32 280-285 1,30-1,40 | 0,18-0,20
YBUC-AK-IT

Ha ynydiieHue (QU3NKO-MEXaHUYECKUX XapaKTepH-
CTUK WM MOBBIIICHHYIO U3HOCOCTOMKOCTD IMOJIYYCH-
HBIX KOMNO3UTOB 70 20—40 pa3 mo cpaBHEHHUIO C
ucxonHbM [ITDD, naHHas TEXHOIOTHUS MOTYICHUS
KOMIIO3UTOB HEJOCTATOYHO 00CCIIEYHNBACT TTOBBIIIIC-
HUE YCTOHYMBOCTH MarepHala K MoJ3y4ecTH, XOTs
ATH MaTEPHUAIBI XapaKTePU3YIOTCS CHIKEHHOM TT0JI-
3y4ECThIO 0 CPABHEHUIO C HeHANOTHEHHBIM [ITDD
B 1,8 pasa (cMm. Huke puc. 4). IloBbIieHHas H3HOCO-
CTOWKOCTh y TIOJINMEPHBIX MaTepHalioB II€HHA B
MIOJIBIKHBIX COCNUHEHUSX, HO JIJISI UCIIOJIb30BAHMS
WX TIPH MOBBINICHHBIX HANIPSHKEHUSIX COKATHSI U pac-
TSHKEHUST He0O0X0IMMO, YTOOBI KOMITO3UTHI 00J1aa-
JIM TIOBBILICHHBIMH ITPOYHOCTHBIMH U BSI3KOYTIPYTH-
MM CBOMCTBaMH.

B cBsi3u ¢ 3THM B aHHON paboTe MPOBEIEeHBI MC-
CIJIeIOBaHUS BIMSHUS TEXHOJIOTHH TIACTHYECKOM J1e-
(hopMaIuu roTOBBIX MOJMMEPHBIX 3aTOTOBOK Ha UX
(u3uko-Mexanndeckue mokazarenu. CyTb MeToaa
IUTACTHYECKON Jie(opMaIiy 3aKITF0YaeTCsl B IPe/IBa-
purtensHoM Harpese g0 200-210 °C monumMepHoii 3a-

4

TOTOBKH TIPH TIOCTOSTHHOMW ITUPHHE, CKaTHEM MaKCH-
MyM Ji0 1/5 HauaneHOH TONMIIUHEI (puUC. 2).
CymHOCTh METOIA M €T0 OCYIIECTBUMOCTD HJI-
JMIOCTPUPYETCS CIEIYIOINUM 00pa3oM: MOPOIIOK
[T®D mapku I[TH, npencrasusitommii codoit Oe-
JIBIHA, PBIXJIBIA TIOPOIIOK CO CTEMEHBIO KPHCTAIUIAY-
HOCTH J10 cekanus 95-98 %, nocie cnekanus 50—
70 % u mnotHOCTHIO 2,17-2,19 r/em’, T, 327°C,
Cymuiau B My(enbHOH Ie4u Ipu TemIiepaTrype
—180 °C B Teuernne 3 4. DopMOBaHHE 3aTOTOBOK W3
[IT®D npoBoaunm myTeM MPEccOBaHUS B Ipecc-
(opMax ¢ TOMOIIBIO THIPABIMYECKOTO Ipecca MpH
KOMHATHOH TeMIlepaType MpH yAeTbHOM JaBICHUN
npeccoBanus 50 MIla. Beineprkka o naBieHneM
cocrasisiia 2 MuH. CriekaHue o0pa31oB MIPOBOAMIIH
B My(henbHOH Ie4H 10 CIeyIolIel TeMIepaTypHon
MporpaMMe: HarpeBaHue 0T KOMHATHOW TeMITepary-
pot 10 300 °C co ckopocthio 3 °C/MUH C BbIIEp-
kol 30 muH; HarpeBanue 110 380 °C co CKOPOCThIO
2 °C/muH ¢ BBIIEpKKOH 90 MUH; OXJIOKICHHUE IO
200 °C co ckopocthio 1 °C/MuH; CBOOOIHOE OXJIaXK-

g
N
i |

o——
aay ~ =JJ

Puc. 2. Dramnsl MeToza MIIACTHYECKOH 1e(hopMaIIHH.

Fig. 2. Stages of the method of plastic deformation.
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Puc. 3. Cxema nedopmupoBaHus OIUMEPHOI 3aroTOBKH Ha ocHOBe [ITDD.

Fig. 3. Scheme of deformation of a polymer billet based on PTFE.

JIeHHEe 10 KOMHAaTHOM Temreparypsl 0e3 KOHTpOJIs
CKOpocTH. V3 TOJy4YeHHBIX 3arOTOBOK BbIpE3alii
Opycku pazmepamu 16x10%30 MM, KOTOpBIE Harpe-
Banu npu Temneparype 200-210 °C B Teuenue 2 4
BMecTe ¢ (OpMOii, MpeaHa3HAYCHHON AJIS MOJTy-
YEeHHUs! OPUEHTHPOBAHHBIX 00Pa3lloB, W NpUIIAraly
yCHIIME /IO COKaTHsl 3aroTOBKH B opme 10 1/5 uc-
xonHo# TommuHe (puc. 3). Ilocne cxatust oopazen
B (hopMe OXJaKIanH 1O KOMHATHOM TEMIIepaTyphbl.

O6ocHoBaHME BbIOOpA TEMIIEpaTypHOTO AHaria-
30Ha IS TIONydeHUs] 00pas3IlOB METOJOM CKAaTHs
3aKJIF0YaeTCs B TOM, YTO IPH TEMIIEpaTypax HUXKe
200 °C 3arotoBka u3 [ITDD obnanaeTr HepocTaTou-
HOM CIIOCOOHOCTBIO K JAe(OPMAIINH, U TO MPH T0-
MIBITKE €TO CYKATHS MPUBOJUT K pa3pylIeHHI0 00pa3-
na. IIpu temneparypax Beime 210 °C 3aroroBka
XapaKTepU3yeTCs MOBBIIICHHONW TeKy4YeCThIO, 13-3a
Yero MpH CXKATHH MPOUCXOIUT €r0 BHITCKAHUE Ye-
pe3 IeTn MeXay neTansMu npecc-popmbl. Taknm
00pa3oM, ONTUMAaILHBIN AUANa30H TEMIIePaTyphl
nehOpMUPOBAHHS TTOTUMEPHON 3aTOTOBKU COCTaB-
nset 200-210 °C.

[Tommyuennsle TakuM 00pa3oM 0Opa3Ilsl TTOABEP-
TaJIUCh CIIEIYIOINM UCTIBITAHUSM: OTIpe/IeIieHUue (H-
3uKo-Mexanuueckux cBorcTB nmo 'OCT 11262-80 na
ucneitarensHor Mammae UTS-20K mpu koMHaTHO#M
TeMIieparype ¥ CKOPOCTH TIepeMEICHUS TOJBHKHBIX
3axBaToB 50 MM/MUH, ITON3Y4YeCTh OMPEIeIsuIach Mo
I'OCT 18197-2014.

O06cy:kneHue pe3yjbTaToB

Pesynbrars! ncnibITaHA TPEJICTABICHBI B TA0I. 2,
rae K — xoaduument cxarus obpasia; 6, — mpo-
YHOCTb NP PACTSDKCHHUH; €, — OTHOCHTEIBHOC YAI-
JIMHEHUE IIpHU paspbiBe; E — Moayns ynpyroctu npu
pacTsHKEHUH.

[IpoyHOCTh TpU PACTSHKEHHWH IOBBIIIACTCS B
2,7-3,3 pasa npu koadduimente cxarus 3—4,3 1o
cpaBHEeHUIO ¢ UCXOAHBIM ITTDD. TIpounocts I[TKM
MOBBIILIAETCS B 3 pa3a IO CPABHEHUIO ¢ HCXOIHBIM

KOMIIO3UTOM, KOTOpLIfI HC MoABEprajcsd miactuydye-
cKoH gedopmanuu.

Koaddumuent cxarms obpasmna (K) ompene-
JSAETCS OTHOIICHWEM HadallbHOW TOJIIUHBI K
ToNmuHe o0pasna mocne  aeGpopMUPOBAHMS:
K'=8 00 /810cne nedoprmpopars- 1 OMIIIHHA [OIy4aeMO-
ro oOpasma peryiaupyercs (KOHTPOJIUPYETCs) IO
OITyCKAaHHIO ITyaHCOHA JI0 ONPEAETICHHON BETUNUNHBI.
B HanonHeHHOH cucTeEME C apMUPYIOIIMMU HaroJ-
HUTEJSIMHA O9aroB HAMPsDKEHUST 00pasyeTcs OoIbIe
10 CPAaBHEHHIO C HEHATIOJIHEHHBIM TIOJMMEPOM, 9TO
MOJKET ITOBBICUTH BEPOSATHOCTH pa3pylICHUs] MarTe-
puasna ¢ oOpa3oBaHueM MHKpoTpemuH. [lo 3Toi
MIPUYMHE y KOMIIO3UTOB, COAEPIKAIINX YIJIEPOIHBIC
BOJIOKHA, KO GUITUEHT CIKATHS PaBHSIICS 3.

Ha puc. 4 npuBenieHbl TaHHBIC 110 U3MEHEHUIO
OTHOCHTEJBHOTO YAJUHEHHUS TOJMMEPHBIX Mare-
PpHAJIOB O] HArPY3KOH BO BPEMEHU. YCTaHOBIICHO,
YTO MPH UCTTOIF30BAaHUHU METO/Ia TITACTUYECKOM Jie-
(hopMmaruu non3ydecTs CHUXKaercs B 12 pa3 B ciry-
yae ucxogHoro [ITDI (cMm. puc. 4, a) u B 3,6 paza
B Clly4ae C KOMIIO3MTOM, cofepxamum 5 mac. %
YBUC-AK-II (puc. 4, 6), 1o cpaBHESHUIO C MaTEPH-
ajaM#, KOTOphIe HE IMOJBEPTalUCh IUIACTHIECKON
nedopmaruu.

Takum oOpa3om, pa3paboTaHHash TEXHOJOTHS
yrpounenus [ITOD 1 KOMITO3UTOB Ha €ro OCHOBE
siBIsieTcst 2 PEeKTUBHBIM pelIeHUEM, TTO3BOJISIOIAM
MOJYYUTh MaTepPHalibl C yIYYIICHHBIMH ITPOYHOCT-
HBIMM CBOMCTBAMU U CHHYKEHHOM I10JI3y4€CThIO IIPU
pactshxennu. [I[pumenenne naHHOTO CcIoco0a TMoIy-
YEHUS BHICOKOTIPOYHBIX TIOJMMEPHBIX MaTepHaiOB
Ha ocHOBe [IT®D 1o3BoNUT MOBEICHTE pecypc pado-
ThI U37ICTIMH B TEXHUKE ¥ 000PY/IOBAaHHSAX M PaCIIU-
PUTH UX 00JIACTH TPUMEHEHHS.

3aKkjoueHue

B pesynbrare mpoBeACHHBIX UCCICIOBAHUH MO-
ka3zaHa 3()(HEeKTUBHOCTh UCIIOIb30BAHUS TEXHOIOTH-
YEeCKOTO TIpreMa TUTacTHIeCKOH aedopmanmn, odec-
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IIpo4yHocTH 1 OTHOCUTE/ILHOE YIUINHEHHE NPH pa3pbiBe 00pa3nos IITOD
B 3aBHCHMOCTH OT K03(pdunnenrta c:karus

TaGnuma 2

Table 2

Strength and elongation at break of PTFE samples depending on compression ratio

Kommo3sur K Oy MlIla & % E, MIla
Ncxonnsriii [ITOD 1 20-21 300-320 400410
[IT®D, nonBepruyThIi 1,2 27-28 180-185 560-571
IIACTHYECKOM ehopmarun 1,4 29-30 135-137 510-518
1,5 3941 150-157 510-520
1,6 3940 118-121 480-492
1,9 4244 106-110 545-552
2,3 51-53 72-75 510-518
2,8 49-50 29-31 450466
2,9 59-61 48-50 575-582
3,0 60-62 55-57 450462
4,3 70-72 26-28 -
[TD®D+5 mac. % YBUC-AK-II 1 20-21 355-364 500-514
[ITD®2+5 mac. % YBUC-AK-II, 3,0 60-61 55-57 630637

MOJBEPTHYTHIN IIACTUYECKON
nedopmann

OTH. yanuHexue, %

20

OTH. yanuHexue, %

3

TNorapudm Bpemern

2
TNorapudm Bpemern

3

Puc. 4. KpuBble 3aBUCHMOCTH «OTHOCHUTEIBbHOE YUIMHEHHE — BpeMs» Oe3 (/) m npu Hampsbkenun 5 MIla (2) ot cocrasa

KOMITO3UTOB:

a —ucxonusblii [IT®D; 6 — komnosur ¢ 5 mac.% YBUC-AK-II.

Fig. 4. “Elongation — time” dependency curves without (/) and at a voltage of 5 MPa (2) on the composition of composites:

a — initial PTFE; 6 — composite with 5 wt.% CF.
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MEYMBAIOIIETO TOBBIIICHHE (PU3NKO-MEXaHUIECKUX
xapakrepuctuk [IT®D u IIKM. YcranosneHo, 4to
IpH ToBBIIIeHNH KodddurmenTa cxarus [ITDD mo-
BBIIIAETCS MPOYHOCTH MIPU pacTsixeHuu 10 3,4 pasa,
MOJIYJIb YIPYTOCTH TPH PACTSXKEHHUU ITOBBIIIACTCS
Ha 41 %, a mon3y4dects CHIKaeTcs B 12 pas o cpas-
Henuio ¢ [ITOD, momydyeHHBIM CTaHJAPTHBIM CIIO-
coOoM. 3HaunTeabHOE M3MEHEHHE MPOYHOCTH U
non3ydect y [ITOD cBa3aHO, HAa HANI B3I, C
TeM, 4TO IIpU Ae(HOpMHUPOBAHNH TTOTUMEPHBIX 3aro-
TOBOK B HUX ITPOUCXOJUT MEPECTPOHKA HAAMOJIEKY-
JISIPHOHM CTPYKTYpHI ¢ (GOpMHPOBaHHEM BBICOKOOPH-
SHTUPOBAHHOTO COCTOSIHHSI, YTO CIIOCOOCTBYET 3Ha-
YUTENFHOMY YIPOYHEHHIO ToNuMepa. BwisBieHo,
41O Ipu Ae(HOPMUPOBAHIM KOMIIO3UTOB HAa OCHOBE
[NT®D ¢ 5 mac. % YBUC-AK-II npounocts npu
pacTsKEHNH MOBBIIIAETCS 10 3 pa3, MOAY/b yIIPYro-
CTH NIPH PaCTSHKEHUH MOBbIIIaeTcs Ha 24 % 1 nonsy-
4yecTh CHIKaercs B 3,6 pasa no cpaBHenuto ¢ [TIKM,
KOTOPBIH HE TIOABEpTascs TUIaCTHYECKOH nedopma-
LM 10 pa3pab0oTaHHOH TEXHOIOTHH.

Takum 00pazom, pa3paboTaH TEXHOIOTMYECKUH
MIOIXOJ, OCHOBaHHBIA Ha NMPUMEHEHUHN MEeToja Ija-
CTUYECKOM JIeopMalii, U CIIOCOOCTBYIOINH TIOBBI-
IIEHUIO HKCIITyaTallMOHHBIX XapaKTePUCTHUK TIO-
JIUMEPHBIX MaTrepraioB Ha ocHoBe 1T, Pa3pa-
OOoTaHHBIE Marepuabl MOTYT NPUMEHSITHCA IS
M3TOTOBJIEHMSI PA3JINYHBIX JAETallell y3J10B TPEHUs
MaIlMH 1 MEXaHU3MOB, B 0COOCHHOCTH ISl CXeM Ha-
IpYKEHUs B y3J1aX TPEHHUS C BBICOKHMH PACTITHUBAIO-
IIMMH Harpy3kamu. B nanpHeiiem niaHupyercs
MPOJIOJKUTH UCClieioBaHKE BIusiHUE cBoiicTBa [IKM
B 3aBUCHUMOCTH OT CIIOC00a MX MOTyYCHUSI.
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Development of high-strength polymer materials
based on polytetrafluoroethylene
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Institute of Oil and Gas Problems SB RAS, Yakutsk, Russia
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Abstract. The results of studies into the physicomechanical properties of polymeric materials based on
polytetrafluoroethylene and its composites with carbon fibres of the UVIS-AK-P brand are presented. The
technology of these composites involves the plastic deformation of polymer materials by compression, ac-
companied by the change of thickness at a constant width of the workpiece. It was found that the use of this
technology allows not only to increase the tensile strength of PTFE by a factor of 2.7-3.3 with a compres-
sion ratio of 3—4.3, but also to reduce its creep deformation by a factor of 22—29, compared to the original
polymer. The proposed technology is also tested on a PTFE composite containing a carbon fiber material
of the UVIS-AK-P brand in the amount of 5 mass %. It is shown that in this case, the strength of the com-
posite increases by a factor of 3, and the creep deformation decreases by a factor of 8.3, compared to the
original composite, which was not subjected to plastic deformation. The proposed technology for produc-
ing fluoroplast composites allows expanding the scope of their application, and the developed materials
can be used in various friction points, especially for loading schemes with high tensile loads.
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