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FEATURES OF FORESTRY INSTITUTIONS IN A MARKET ECONOMY

Abstract

Abayeva K.,

Toktassynova F.,

Amanbayeva E.,

Shynybekov M.,

Oraykhanova Ai.

Kazakh National Agrarian Research University,
Almaty, Republic of Kazakhstan
https://doi.org/10.5281/zenodo.7418261

The following categories of forest protection are defined in the Shaldai forestry institution, general condition;
protective forest belt along the highways of republican and regional significance steppe forests, pine forests (oc-
cupies 94% of the total area of the forestry). The protective categories of forests for the Beskaragai forestry insti-
tution are as follows, republican and protective forest belt along the highways of regional significance slopes of a

pine forest.

Keywords: forestry, institution, total area, burned area, protective forest belt, clearing, renewal, reconstruc-

tion, logging, landscape, forests.

Introduction: Due to the construction of fire-
fighting ditches, woodlands will be reduced by 3%. 732
hectares of the area covered by forest will be transferred
to block projects. The total area covered by forest will
increase by 11336 hectares. And the area of pine plan-
tations will increase by 11205 hectares. Due to the con-
struction of rearguards, birch fields will be reduced by
3 hectares, grasshoppers by 12 hectares. Due to the con-
struction of fire-fighting ravines, the area of aspens will
be reduced by 14 hectares, and also due to artificial cul-
tivation of fires will grow by 160 hectares. Due to plant-
ing of plantings (19871 ha), as well as their natural cul-
tivation (911 ha), the area of fires will be reduced by
20782 ha. Due to planting (393 ha) and natural cultiva-
tion (276 ha), the area of cuttings is reduced by 669 ha.
During the reporting period, forest reproduction was es-
tablished on an area of 75083 hectares not covered by
forest, on an area of 24008 hectares [1]. Within ten
years, the forest management provides for planting of
planting forests on an area of 50704 hectares on an area
of 20280 hectares (the annual area of planting of plant-
ing forests according to the forest reserve adopted by
the forest management is 2028 hectares). The imple-
mentation of measures established by forest manage-
ment improves the ecological condition of forests [2].
The area covered by forest will increase, and the aver-
age reserves of plantings will increase by 526.8 thou-
sand m3. Consider the dynamics and level of indicators
characterizing potential and real volumes of timber har-
vesting, which are the basis of forest management. The
use of wood resources is carried out on the basis of log-
ging of primary and intermediate use, logging in refor-
estation, as well as repair, restoration logging, land-
scape logging [3].

The main territory of the forest fund consists of
such tree species as pine (99.0%), aspen (61.4%), birch
(14.5%), and elm (14.4%). Most of the territory (631
hectares) is filled with shrubs. The peculiarity of the

age composition of forests is the predominance of
young trees and middle-aged plantings [4].An im-
portant place in the complex of measures aimed at the
formation of sustainable, highly productive and valua-
ble plantings, the preservation and strengthening of
their protective, water-saving, sanitary and hygienic
and other useful functions is assigned to logging for
maintenance purposes. The purpose of the lighting
works is to adjust the composition and frequency con-
trol on mixed young rods, in cleaning-the content of the
composition and shape of plantings, in thinning-main-
taining the shape of the trunk and lethargy to improve
the quality and structure of plantings, in transitional
cutting-propagation of shoots on selected trees, while
improving the quality of technically mature wood care
of plantings in order to reducing the time of its cultiva-
tion and preparation of plantings for the main logging.
When supporting logging during the intermediate oper-
ation, a significant amount of commercial wood is pro-
duced [5].

Analysis of the volumes of logging for mainte-
nance purposes established by the forest management
showed that logging in Shaldai (40% for the liquid
fund) and Beskaragai (35.5% for the liquid fund) insti-
tutions was performed only by 37.9%, which indicates
partial fulfillment of the volumes of logging for mainte-
nance purposes provided for by the previous forest
management for the reserve [6].

Research results: in order to preserve and restore
pine strips that perform important conservation func-
tions and have special ecological, scientific, cultural
and recreational value, the Government of the Republic
of Kazakhstan adopted a resolution "on the transfer of
especially valuable woodlands to the category of forest
protection” (February 19, 2001 No. 254), and in No-
vember 2002 -on when they were transferred to the
state forest nature reserve, they were transferred to the
reservation.
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The adopted resolution on the organization of nat-
ural reserves on pine strips will allow preserving and
restoring landscape and biological diversity, to ensure
balanced use and sustainable development of natural
resources of these territories. The average areas of the
forester’s plot, the forest viewing zone are shown in Ta-
ble 1 of the regional forestry departments for the Yertis
Ormany Nature Reserve.

As can be seen from the table, the Yertis Ormany
Nature Reserve was created from Shaldai and Beska-
ragai forestry institutions, the Shaldai institution occu-
pies an area of 143247 hectares (51.5% of the total area
by SNNP), and the Beskaragai institution occupies an
area of 134714 hectares (48.5%). The Shaldai institu-
tion is divided into 9 forest districts, and Beskaragai -
into 7 forest districts. The most profitable volume of
forestry for the region is an institution with 8-10 for-
estry areas of 50-80 thousand rubles.

Table- 1.

Administrative and economic structure of the Yertis Ormany Nature Reserve according to

Forest master's plot Forest viewing zone
Forestry Total area, . average . average
ha number, units number, units
area, ha area, ha
The Shaldai forestry

Galkin 12109 2 6010 9 1345
Bauyrtal 14977 2 7488 11 1362
Stepnoy 16476 2 8238 11 1499
Seyten 15640 2 7820 11 1422
Sadikashchi 18571 3 6190 12 1548
Shoshkaly 13353 2 6676 10 1335
Shaldai 19550 3 6517 13 1504
Zavodty 14715 2 7358 11 1338
Pervomay 17856 3 5952 12 1488
Total by forestry 143247 21 - 100 -

Forestry average 15916 - 6916 - 1426

The Beskragai forestry

Maikaragay 19785 3 6595 14 1413
Taybagar 17206 2 8603 11 1564
Bayimbet 18315 2 9158 13 1409
Beskaragai 20933 3 6978 14 1495
Kokterek 16881 2 8440 12 1407
Kokzhal 24572 3 8191 17 1445
Maraldy 17022 2 8511 12 1418
Total by forestry 134714 17 - 93 -

Forestry average 19245 - 8068 - 1450
Total by SNNP 277961 38 - 193 -

SNNP average 17373 - 7420 - 1437

Accounting of the forest fund is conducted according to district, stock and other taxation indicators. This in
itself allows for a comparative analysis of the structure of the forest fund for several years. According to the
calculations of the forest fund of the Yertis Ormany Nature Reserve, of January 1, 2005, the total area of the forest
area of the Reserve was 225985 hectares or occupies 81.3% of the total area (Table 2).
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Table-2.

Distribution of the total area of the forest fund by land categories information of January 1, 2005

Total area by SNNP District by institutions of the State Forest
Valley name Yertis Ormany - Nature Reserve -
Shaldai Beskaragai
ra % ra % ra %

1. Total area of the Reserve 277961 100 143247 100 134714 100
2. Total forest area 225985 81.3 116879 81.5 109106 80.9
2.1 Forest-covered lands 148298 53.4 80482 56.2 67816 50.3
Including forest trees 28367 10.2 15933 11.1 12434 9.2
2.2 Uncollected trees 2106 0.8 1025 0.7 1081 0.8
2.3. Forest nurseries 98 0.03 31 0.02 67 0.05
2.4 Lands not covered by forest, total 75483 27.1 35341 24.6 40142 29.8
Including burned areas 51560 18.5 27618 19.3 23942 17.8
Places where trees were felled 1576 0.6 342 0.2 1234 0.9
Fields 21946 7.9 7376 5.1 14570 10.8
Rare forests 401 0.1 5 - 396 0.3
3. Forest-free valley 51976 18.7 26368 18.4 25608 19.0
Including torn areas 731 0.3 356 0.2 375 0.3
Grasslands 22515 8.1 12479 8.7 10036 7.4
Pastures 17073 6.1 7696 5.4 9377 7.0
Waters 532 0.2 211 0.2 321 0.2
Roads, quarter lanes 4452 1.6 2411 1.7 2041 1.5
Localities 620 0.2 383 0.3 237 0.2
Swamps 427 0.2 214 0.1 213 0.2
Sands 15 0.01 13 0.01 2 -
Other valleys 5611 2.02 2605 1.8 3006 2.2

As can be seen from Table 2, according to the nat-
ural reserve, the treeless valley makes up 18.7% of the
total area of the reserve. 8.1% of the deforested area is
occupied by meadows, 6.1%-pastures, 1.6%-roads,
quarter strips and 2.02%-other lands. Most of the
burned lands fall on the Shaldai forestry institution and
account for 19.3% of the total area of the institution. In
Beskaragai forestry institution, 17.8% of the total area
of the institution was burned, 10.8% of the area, 0.9%
of deforestation, 0.3% of rare forests.

In the forest area we can observe the following
changes: over 10 years, the area of the forest reserve
has decreased by 37192 hectares. Of these, 23021 hec-
tares (22.0% of the total area covered by forest) were
reduced in the Shaldai forestry institution and 14171
hectares (17.3%) in the Beskaragai forestry institution.
The main reason is high forest fires in a vast area. The
area of plantings on burnt trees was 10637 hectares.

The area of plantings without tree joints decreased by
2.4 times due to a decrease in the volume of tree plant-
ing. If during the reporting period 10 years ago, 18965
hectares were planted in Shaldai and Beskaragai for-
estry institutions, then only 9414 hectares were sown
during the reporting period from 1991 to 2005. The age
composition of the forest fund reflects the area of the
forest that can be used now and in the future within the
age groups (Table 3).

As can be seen from the table, on the territory of
the reserve coniferous trees occupy 94.8% of the area
covered by forest, and deciduous trees — 5.1%. The
Yertis Ormany Nature Reserve is filled with middle-
aged plantings (occupies 66% of the total area covered
by forest). Of these, coniferous forests make up 97%,
deciduous-2.9%. Among young plantings, the share of
Class Il plantings prevails and for the reporting period
amounted to 18.9% of the area covered by the forest.
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Table 3.

Distribution of the area covered by the forest by age groups and types of trees

Forest-covered area, ha
including by age groups
the beginning of grow-

Types of tree total | Age group | Agegroup | average the beginning ing up and dried up

in Grade | | in Grade Il | age group | of growing up including

total .
dried up

Pine 140687 6094 27788 95037 8823 2945 41
Cedar 1 - - 1 - - -
Coniferous | 1 yn688 | 6094 27788 95038 8823 2945 41
trees, total
Maple 70 1 3 67 - - -
Violets 1100 - 21 1077 2 - -
Birch 1108 63 22 952 71 - -
Blue Poplar 4674 2360 266 552 903 593 -
Poplar 15 - - 3 5 7 -
Other types 12 i i 2 5 5 i
of tree
Bushes 631 1 19 211 153 246 243
Deciduous 7610 2425 331 2864 1139 851 243
trees, total
In total 148298 8519 28119 97902 9962 3796 284

Over the past 6 years, logging for maintenance
purposes has not been carried out at all in the forest re-
serve. As a result, high-altitude plantings, in which no
supporting logging was carried out, under the influence
of natural destruction turned into dumps. And this, in
turn, leads to the death of wood, a decrease in sanitary
conditions, an increase in fire hazard. According to the
accounting of the forest fund for the past forest man-
agement, 44354 hectares of old—age trees were regis-
tered in the forest reserve (including unassembled for-
ests of forests), including 26384 hectares in the Shaldai
forestry institution, 17970 hectares in Beskaragai. Dur-
ing the registration period, 17,167 hectares (38.7%)
died as a result of the fire. The state of the preserved

forest fund was assessed in accordance with the "tech-
nical instructions of the procedure for assessing and ac-
counting for the quality of forest management plant-
ings". Forest stands moved in accordance with these in-
structions to the territory covered by forest have the
following characteristics:

- fullness 0.8-1.0

- good, fullness 0.6-0.7

- satisfactory, fullness 0.4-0.5

- unsatisfactory.

In old-age forest stands, with a fullness of trees
0.4-0.5 is 41%.

Let's consider the structure and dynamics of ex-
penditures on public administration and forestry by re-
serve (Table 4).

Table - 4.

Dynamics of the structure of costs for forestry and forest weapons according to the Yertis Ormany Nature
Reserve, (thousand tenge)

Name of indicators Years

2018 2019 2020 2021 2022
Costs-total, including: 64269.0 101193.7 278378.8 208429 297860.0
On reforestation 24948.0 18869.8 26570.5 49197 89691
On protection of forests from fires 7856.0 25034.3 59404.8 72601.1 92176.4
Other expenses 31465 57289.6 192403.5 86630.9 115992.6

Percentage of forest management costs, %

Costs-total, including: 100 100 100 100 100
On reforestation 38.8 18.6 9.5 23.6 30.1
On protection of forests from fires 12.2 24.7 21.3 34.8 30.9
Other expenses 49.0 56.6 69.1 41.5 38.9
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In the dynamics of the structure of operating ex-
penses for 2018-2022, it is possible to observe an in-
crease in the costs of reforestation and fire prevention
measures. Reason: increased production costs associ-
ated with the inclusion of forest protection costs in the
costs of fire prevention measures.

Conclusion: There are 1,373 fires registered on
the territory of the forest reserve, covering an area of a
total of 40,580 hectares. According to the forest man-
agement conducted in 2019, the fire area was 51100
hectares. The area of forest fires in the Shaldai institu-
tion was 1.8%, the number of fires was 1.2%. The av-
erage fire area was 30 hectares. And in the Beskaragai
institution, the fire area was 29 hectares, 648 fires were
registered. In the period from April to November 2005,
due to large forest fires that covered 820 hectares in the
Shaldai institution and 795 hectares in the Beskaragai
institution, the forested area decreased. The main cause
of forest fires are anthropogenic factors. 36% of forest
fires were caused by thunderstorms. Forest fires often
occur during agricultural work, as well as as a result of
improper use of fire in forests by local residents.
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NUMERCIAL SOLUTION OF INITIAL-BOUNDARY VALUE PROBLEM FOR ONE-DIMENSIONAL
GAS DYNAMICS IN THE CLASS OF DISCONTINUOUS FUNCTIONS

Ahyev E.,
Baku State University
Rasulov M.,

Ministry of Science and Education of The Republic of Azerbaijan Institute of Oil and Gas

Abstract

Xalilov M.
Baku State University
https://doi.org/10.5281/zenodo.7418270

In this study, we will prepare a spatial auxiliary problem for the developed numerical method to solve the
initial-boundary value problem for the first-order nonlinear partial differential system of equations that describes

the one-dimensional motion of isentropic gas as follows:

u; + uu, =0, Q)
pe + (pu), = 0, (2)
u(x,0) = uo(x), p(x,0) = po(x), (3)
u(0,t) = uy (1), p(0,t) = p1(1). 4

Keywords: numerical solutions, one-dimensional gas dynamics, discontinuous functions, isentropic gas, is-

entropic gas motion.

Here uq(x), po(x), u (t) and p,(t) are given
functions, even may be piesewice continuous. At first
we will investigated diffrerntiable properties of the ex-
act solution considered problem.

It is known that the solutions to this type of prob-
lem have points of discontinuity even if the initial func-
tion is sufficiently smooth. Since a discontinuous func-
tion does not satisfy a differential equation in a classical
sense, it is necessary to introduce the concept of a weak
solution. In order to find the weak solution, the special
auxiliary problem is introduced, since it has some ad-
vantages over the main problem and permits to obtain
the numerical solution in a class of discontinuous func-
tions. Using the advantages of the auxiliary problem,
some numerical algorithms are suggested that accu-
rately exhibit the general nature of the physical pro-
Ccesses.

Obviously, equation (2) is not dependent of
p(x,t). Therefore, the solution can be easily obtained.
The solution of problems (1), (3) can be related to the
solution of two particular Cauchy problems:

{ut+qu:O, -
u(x, 0) = up(x)
and
{ut+qu=O, .
u(0,8) = uy (1)

The solutions of these Cauchy problems (5) and
(6) are, respectively.

u(x,t) =uo(§), § =x —ut @
u(x,t) =u,(z), T:t—é or Xx=u(t—7) (8)

& = x — ut is the equation of the line whose slope
is equal to u and which lies in the first quartile of the x

and t planes. This is right on. Let us now consider the
characteristics passing through the t-axis, and suppose
any of them pass through the point. The equation of this
line will be x = u(t — ). Also, it will be on point. This
corresponds to the continuation of the characteristics
passing through the points and to indicate the intersec-
tion point.

In this case, the solutions of (5), (6), (161) are
combined to solve the problem

Uo ($), ¢>0
X X
u(x,t) = ?, U0(§)<?<U1(T) )
u, (7), >0
If we calculate derivatives with respect to x and t
we have
BT I 11 (5)

LAt 1+ul ()

. , 1
Asitisssenthatif t = ——- then U, and U, ap-
uO

poach to infinite. By anology if X = —

then U,

!

u (7)
and U, appoach to infinite too. If & > O and at the first

point where u is breaking the derivativies U, and U,

appoach to infinite. It is mean that the solution of (9)
become to multivalues function if & > 0.

Now we will construct exact solution of the prob-
lem (2),(4). For this purpose, the following is called an
auxiliary problem.

w, +uw, =0, (10)

W(x,0) = W, (x), (11)
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w(0,8) = w, (t). (12) we + 1w, = 0
is introduced. Here the function W, (X) is any {W(o, £) = w, (b). (16)
dw, . ,
continuoua differentiable solution of —> = p, (X) The solutions of which are
. X WX t) = Wy (X—Ut) = Wy (), wit) = wy (¢ -
equation. Let us assume that (10) is valid at point
X = 0. Then we have ;)=W1(T)-
t Combine these solutions of Cauchy problem we
w(x,t) = —L u(x,7) p(x,7)dz , and from this ~ get yP
we get W(x.t) = {Wo &), &>0
t s =
w(0,t) = — jo u (0)p(D)dr=w,(t). (13) w,(z), 7>0
Theorem . If w(X,t) is solution of problem (10), When & > 0 for derivative W, we found
(12) then the function obtained by P, (X—ut)
W(x 1) pox) =2 an
pxt) = Tox (14) +to, (x —ut)

is soft solution of main problem (2)-(4).
As anology the solution of problem (10), (12) can
be related to the solution of two particular Cauchy prob-

lems:
{ W, +uw, =0, 15)

w(x,0) = wp(x)
and

II. { e+ 0,000 O e+

T

foouo(x)(j)(x 0)dx +f u, (1)@ (0,t)dt =0,

f f (e (x, p (e, ) + o (x, OuCx, Dp(x, ) dxdt +

f po ()b (x, 0)dx + f P (D0, )dt = 0.
0 0

In order to find of the weak solutions the following
auxiliary problem are introduced

ov(x,t) 1[0v(x,t) 2_

at 5( o )—o, (18)
ow(x,t) ow(x,t)

PP u(x, t) e =0, (19

v(x, 0) = UO(x)v U(O, t) = ul(t)l

w(0,t) = po(t), p(x,0) = uy (1)
Here the functions v, (x) and w,(x) are any con-
tinuously differentiable solutions of these eqationns

The results obtained show that both solutions of
problems (1), (3) and (2)-(4) are multivalued. There-
fore, this problem has no classical solution, and its
weak solution is defined as follows.

Definition: The functions u(x,t)and p(X,t)

satisfying of the initial and boundary conditions (3), (4)
are called weak solutions of the problem (1)-(4), if fol-
lowing integral relations are valid for any test functions

L0 = fa), T2 = g(x)

Theorem . If V(X,t) and w(X,t) are solution of
the auxiliary problems then defined by
w(,t) = dv(x,t) o) = ow(x,t)
T Tox P T T
Functions are weak solution of the main problem.
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Abstract

Introduction. Recently, epigenetic markers of aging have become a necessity and their identification is a
major goal of gerontology. They can be thought of as measures of ageing at the individual level that capture inter-
individual differences in the timing of onset, functional decline and death over the life course.

The aim of the study is to show the role of DNA methylation in the aging process of the body.

Materials and methods. A study algorithm has been developed to assess the biological (true) status of a
patient. The method is based on the determination of DNA methylation levels.

Results and discussion. A detailed assessment of DNA methylation levels can reveal unique insights into the
aging process itself, as well as act as a biomarker of biological age and inform age-related risk of common dis-
eases. ldentifying and understanding the epigenetic changes that occur during aging will help in deciphering
certain aspects of physiology and pathology, and opens up prospects for developing new therapeutic approaches
for selective methylome editing.

Conclusions. Aging of the human body is accompanied by an increase in DNA methylation. The study of the
methylation profile can serve as an indicator of biological age and a prognostic indicator of the survival time of

a particular individual.

Keywords: aging, epigenetics, chromatin, reprogramming, DNA methylation

INTRODUCTION. Recently the need for epige-
netic markers of aging has emerged and their identifi-
cation is a major goal of gerontology. They can be re-
garded as measures of aging at the individual level
which record interindividual differences in the timing
of onset, functional decline and death over the life
course.

The aim of the study is to demonstrate the role of
DNA methylation in the aging process.

MATERIALS AND METHODS. A research al-
gorithm has been developed to estimate the biological
(true) status of a patient. The method is based on deter-
mination of DNA methylation level.

Total RNA was isolated from biological samples
of patients. Amplification and reverse transcription
were performed, and then single-stranded cDNA was
obtained. Then the detection of synthesis products was
performed. The samples of five patients were analyzed:
patient Nel born in 1998; patient Ne2 born in 1957; pa-
tient Ne3 born in 1943; patient Ne4 born in 1998; patient
Ne5 born in 1978.

RESULTS AND DISCUSSION. Methylation of
DNA is an epigenetic control of the implementation of

genetic information in the cell [1]. It is a reversible co-
valent modification of DNA, where the nucleotide se-
quence is not changed and its coding capacity is not af-
fected. The principle consists in the transfer of CH3-
group to cytosine at CpG-position C5 of cytosine ring
to form 5-methylcytosine, which increases the DNA
helix pitch and its hydrophobicity [2]. It promotes more
active interaction of proteins with corresponding DNA
sites - chromatin condensation, which prevents the at-
tachment of activating transcription factors to their tar-
gets on DNA and architectural proteins, establishing
promoter-enhancer interactions, as well as the stimula-
tion of heterochromatin formation. In this way, reading
information is inhibited.

Methylation is one of the permissible chemical
modifications of DNA in vertebrates, which is stably
maintained in a series of cell divisions. It occurs thanks
to a whole family of DNA methyltransferases. Two
types of normal methylation processes have been de-
scribed in eukaryotic cells. Development in mammals
is entirely dependent on DNA methylation, and a func-
tional portion of the genome involved in the initial
stages of development is functionally repressed at a
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constant level. However, this process continues there-
after, underlying age-related changes (formation of per-
manent teeth, formation of secondary sexual character-
istics, etc.). There is a general demethylation of the ge-
netic material before blastocyst formation begins.
During implantation, the zygote is methylated de novo.
DNA methylation at the embryogenesis level is respon-
sible for cell and tissue formation. During this process,
promoter methylation occurs leading to the blockade of
"non-functional” genes as the growing organism ma-
tures [3]. This process is carried out mainly by the en-
zymes DNMT3A and DNMT3B and is responsible for
redistribution of methylation during embryogenesis
and differentiation processes in both growing and adult
organisms. In turn, the methyltransferase DNMT3L is
responsible for binding the above methyltransferases to
S-adenosyl-L-methionine, which is the source of me-
thyl groups for DNA. The second type of methylation
activity is 'maintenance’ methylation in the DNA
daughter chain formed during replication (DNMT1). In
this way, the already existing methylation pattern, i.e.
the structure inherent to the parent chain, is maintained.

Figure 1. Dependence of biological age on calendar age

It has been observed that the development of vari-
ous pathological conditions is accompanied by changes
in the epigenetic landscape. Changes in DNA methyla-
tion in a number of cancers, cardiovascular diseases and
aging are examples. Epigenetic regulation of gene ac-
tivity, which is based on abnormal methylation of CpG
islands in promoter regions leading to their complete
inactivation, plays a major role.

DNA methylation profile changes throughout life.
Methylation of many genes increases with age in hu-
mans. In particular, epigenetic changes have been
shown to occur in ageing organisms. They occur at var-
ious levels, including chemical modification of his-
tones and gene promoters and enhancers. The ultimate
result of epigenetic transformations during aging is a
change in the local availability of genetic material, the
consequences of which are erroneous gene expression,
reactivation of transposable elements, and genomic in-
stability [4].

JAHK
MapKep

Result of PAGE electrophoresis of patients' DNA.

From left to right: DNA marker - DNA low range
ladder 25-700 bp; 1 - DNA of patient born in 1960
(Ne5); 2 - DNA of patient born in 1957 (Ned); 3 - DNA
of patient born in 1943 (Ne3); 4 - DNA of patient born
in 1998 (Nel); 5 - DNA of patient born in 1978 (Ne2)

Figure 1 represents the results of the PCR assay.
Particular attention is paid to the high telomerase ex-
pression in the amplification of samples 4 and 5. The
results indicate that these patients 1 and 2 have high te-
lomerase activity, indicating a reduced rate of aging.

It is thought that changes in DNA methylation
have a significant effect on the rate of aging through the
regulation of genes susceptible to age-related diseases.
[5] For example, aging is also manifested by endothe-
lial dysfunction and decreased elasticity of blood ves-
sels in one of the common chronic diseases, atheroscle-
rosis. During vascular aging, oxidative stress is in-
creased under the influence of DNA methylation. In
particular, endothelial NO synthase (eNOS) expression
is specific to endothelial cells and NO synthesis and
regulation of vascular function occurs [6]. The pro-
moter region of NOS3 gene, which codes for eNOS, is
hypomethylated under physiological conditions but is

highly methylated under pathological conditions result-
ing in decreased expression of NOS3 gene and NO pro-
duction.

CONCLUSIONS:

1. Aging in human organism is accompanied by
increased methylation of DNA.

2. The study of methylation profile (methylated
and unmethylated genes) can serve as an indicator of
biological age and a prognostic indicator of the survival
time of a particular individual.
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Abstract

With the rapid growth in the volume of video data, there is an increasing need not only to recognize objects
and their behavior, but, in particular, to detect rare, interesting cases of unusual objects or suspicious behavior
in a large volume of ordinary data. The detection of such deviations in video recordings is crucial for various
applications, ranging from automatic quality control to visual observation.

Significant events of interest in long video sequences, such as surveillance footage, often have an extremely
low probability of occurrence. Thus, manual detection of such events or anomalies is a very painstaking job that
often requires more manpower. This caused the need for automatic detection and segmentation of sequences of
interest. However, modern technology requires huge efforts to configure each video stream before deploying the
video analysis process, even though these events are based on some predefined heuristics, which makes it difficult
to generalize the detection model for various surveillance scenes. How to introduce a new structure for the presen-
tation of video data using a set of common functions that are automatically derived from a long video material
using a deep learning approach?

Annomauusn

C bvicmpbiv pocmom 00bema 8U0eO00aHHbIX 803PACMAen NOMPeOHOCHb He MOIbKO 8 PACNO3HABAHUU 00b-
eKMo8 U Ux nogedeHUs, Ho, 8 YACMHOCMU, 8 OOHAPYI’CEHUU PeOKUX, UHMEPECHBIX CIy4aed HeODbIUHbIX 00beKMos
U NOOO3PUMENLHO20 NOBeOeHUs 8 DONLUIOM 0bbeme 0bbluHbIX OanHblx. OOHAPYIICEeHUEe MAKUX OMKIOHEHUU 8
8UOCO3ANUCAX UMeem peularoujee 3HaueHue O PA3IUYHbIX NPUTONHCEHUN, HAYUHAS OM A8MOMAMUYECKO20 KOH-
MpoJIsl Kauecmea U 3aKaHYUBAsl BU3YATIbHIM HAOTIO0EHUEM.

3nayumvle cobwvimus, npedcmasnalowue UHmMepec 8 OAUHHBIX BUOEONOCIe008AMENbHOCMAX, MAKUX KaK
Kaopvl HAOII0OEHUsL, YACIO UMEIOM KPAtiHe HU3KYI0 8epOSmHoCmy nacmynienus. Takum obpazom, pyunoe obHa-
PYICenUe maKux cOObIMuUL Uil AHOMAUL - 9MO 04eHb KPONOMIUBAas paboma, komopas uacmo mpebdyem 6onvuue
pabouell cunvl. IMo Gbl36A10 HEODXOOUMOCMb 8 AGMOMAMUYECKOM OOHAPYICEHUU U Ce2MEHMAaYyUY UHMepPecyio-
wux nocredosamenviocmeti. OOHAKO COBPEMEHHAS MEXHONI02USL MPeOyem 02POMHbIX YCUTUL O HACMPOUKe KAdiC-
0020 8U0E0NOMOKA 00 pPA38epmMbIBaAHUs NPOYECCa AHAIU3A BUOEO, 0ddce NPU IMOM MU cOObLIMUSA OCHOBAHbI HA
HEeKOMOopbvIX NPedOnpeOesieHHbIX I8PUCIUKAX, YO 3ampyoHsiem 0000uerue Mooeiu 0OHapyjicenus Ol pa3iud-
HbIX cyeH Habnoodenus. Kax npeocmasums HO8YI0 cmpyKmypy Oiisi npeocmasienus 8U0e00aHHbIX ¢ NOMOUbIO
Habopa obuwux pyHKyuUil, KOMOPvLE ABMOMAMUYECKU 8bIBOOAMCS U3 ONUHHO20 BUOCOMAMEPUANA C NOMOWBIO NOO-
xo0a enyboxoeo obyuenusn?

Keywords: abnormal, detection, video analysis, segmentation, auto encoder.
Knrouesvie cnosa: abnopmanvholi, Oemexm, aHAIU3 8UO€0, Ce2MeHmMayust, asmoxKoouUpoUUxK.

BoJbIIMHCTBO a0HOPMaJIbHBIX Clly4aeB 3apaHee
HEU3BECTHBI, MOCKOJBKY 3TO MOTPeOOBaAIO OBI MPOTHO-
3MPOBAHUS BCEX CHOCOOOB, KOTOPBHIMH MOXET MpO-
W30MTH YTO-TO BEIXOJIAIIEE 32 PAMKH HOPMEL. [loaTomy
MPOCTO HEBO3MOXKHO BBIYYUTH MOJIEINB JUIS BCETO, YTO
SIBIISICTCS. HCHOPMAJIBHBIM HIIH HeperysipHbIM. Ho kak
MBI MOXKEM HAaWTH aHOMAIIMIO, HE 3HAs, YTO HCKATh?

[TockonbKy Jierde MONYyYUTh BHUICOJAHHEIC TaM,
rJ/ie clieHa HOpMaJlbHasl, B OTIMYHE OT MOJTYYCHUS TOTO,
YTO HCHOPMAJIbHO, MBI MOTJIA 6BI COCpPCAOTOUYNTHCA Ha
HacTpoiike, rje 00y4arolue JaHHbIe COJIEPKAT TOIBKO

HOpMaJIbHBIE BHU3yajbHBIE MAaOI0HBL. [lomymspHBIH
TOJIXO/1, IPUHSTHIA UCCIIEIOBATEISIMA B 3TOH 00JIaCTH,
3aKJIF0YAETCs B TOM, YTOOBI CHavYasIa M3y4YUuTh HOpMaJlb-
HBIE MATTEPHBI U3 O00YYAIOIMX BUJICOPOJIUKOB, 3aTEM
aHOMAaJIMK 0OHAPYKHUBAIOTCS KaK COOBITHS, OTKIIOHSIO-
Mecs: OT HOpMAaJbHBIX MaTTEPHOB. bonbmas gacTs pa-
0O0TBHI 110 OOHAPY>KEHNIO aHOMAaJIMH OCHOBaHa Ha N3BJIe-
YEHUH JIOKAJIBHBIX OCOOCHHOCTEH M3 BHEO0, KOTOPBIE
3aTeM MCIHOJIb3YIOTCS JUIs 00y4eHHsI MOJIEJIN HOPMAJIb-
HOCTH.
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TpaexTopun ye JaBHO MOMYJIAPHBI IPU aHAIN3E
BHJIEO U oOOHapyxeHUH anoManuid. O0mel XxapakTepu-
CTHKOH IOJIX0JI0B, OCHOBaHHBIX Ha TPACKTOPHAX, SIB-
JSIETCSI OTKJIOHEHHE HOMHWHAIBHBIX KJIACCOB TPAaEKTO-
puii 0OBEKTOB Ha dTarne 00y4YeHUs U CpaBHEHHE HOBBIX
TECTOBBIX TPAEKTOPHUI C HOMUHAJILHBIMU KJIacCaM¥ Ha
sTane oneHkd. CTaTUCTHYECKH 3HAaYMMOE OTKJIOHEHHE
OT BCEX KJIACCOB yKa3blBaeT Ha aHoMmaiuio. OJHaKo
TOYHOCTh aHAJN3a TPAEKTOPHU B 3HAYUTENBHON CTeE-
TIEHU 3aBHCHUT OT OTCIECKHBAHUS, TOYHOE OTCIECKUBA-
HHE KOTOPOTO BCE €IIE OCTAETCsl CEPhE3HOM Mpobie-
MOH B KOMIBIOTEPHOM 3pPEHUH, OCOOEHHO B CIIOXKHBIX
curyanusx. [101xo/11, OCHOBaHHBIE HAa OTCIIEKHUBAHNY,
MOAXOMST JUIS CLEH C HEOOJIBIIMM KOJINYECTBOM 00b-
€KTOB, HO HENPAaKTUYHBI JUI1 OOHApY)KEHHsI aHOMAJb-
HBIX TaTTEPHOB B IIEPEIIOJIHEHHONW WM CIIOKHOM
CIICHE.

Taxoke CyIecTBYIOT HOAXO0AbI 0€3 OTCIIeKUBAHMS,
KOTOpBIE (POKYCHPYIOTCSI Ha IPOCTPAHCTBEHHO-BpE-
MEHHBIX aHOMaNINAX B BUe0. OHU OCHOBAHBI TIIABHBIM
00pa3oM Ha M3BICYCHUH U aHAIM3E JIOKAJTBHBIX BU3Y-
IBHBIX 0OBEKTOB HU3KOTO YPOBHS, TAKHX KaK THCTO-
rpaMMa OPHEHTHPOBAHHBIX I'PaJUEHTOB, THCTOIPaMMa
OPHEHTHPOBAHHBIX MIOTOKOB M ONTHYECKOTO MOTOKA, C
UCTIONIb30BaHUEM IIPOCTPAHCTBEHHO-BPEMEHHBIX 00be-
MOB BHJI€O (TIJIOTHAs! BHIOOpKA WIIN BEIOOP TOYKH MHTE-
peca).

dyHgaMeHTaNbHOE TPEAIONIOKEHHE, JIeKAIEee B
OCHOBE 3THX METOJIOB, 3aKJII0YAETCsl B TOM, 4YTO JII000€
HOBOE MPECTaBICHHE IPU3HAKOB HOPMAIBHOTO / aHO-
MaJIBHOTO COOBITHSA MOXET OBITh NPUOIM3UTEIHHO
CMOJIEIIMPOBAHO KakK (pa3pekeHHas1) TMHEeHHas KOMOH-
Halus Tpe/CTaBICHNH MPU3HAKoB (paHee HaOMoaaB-
MIUXCSI COOBITHI) B O0YIEHHOM cJIOBape. JTO MPeo-
JIaraeT, 4To BCe paHee HaOJI01aBIINecs: COOBITHS SBIIS-
I0TCSI HOPMAJILHBIMH COOBITHSIMH.

Ycnex MeToioB IiTy0oKoro o0y4deHHs B pa3ind-
HBIX TIPUIIOKEHHSX, CIIEI0BATEIBHO, IIPUBEI K MOSIBIIE-
HHIO TaKMX METOJIOB B OOHapyxeHnu aHomainuid. Tep-
MHUH "Tiy0okoe oOyueHue" OTHOCHTCS K W3Y4YCHHUIO
Hepapxuueckoro Habopa (yHKIUH depe3 HECKOIbKO
CJI0EB CKpPBITBIX Y3JI0B B UCKYCCTBEHHOM HEHUPOHHOMU
ceTu.

B dacTHOCTH, CBEpTOUHBIE HEHPOHHbBIE CETH
(ConvNet) mokazanu cBo 3(h(EKTHBHOCTh B LIHPO-
KOM CIIEKTpEe NMPHUIOKEHHUH, TAKUX KaK paclio3HABaHNE
00BEKTOB, OOHAPYKEHHE UYEeNIOBEKAa M pacliO3HABaHHE
nevictBuii. ConvNet cocTtomT M3 CTeKa CBEPTOUYHBIX
CJIOEB C TIOJIHOCTBIO MOJKIIIOYCHHBIM CJIOEM U KIIaCCH-
¢dukatopom Softmax, a cBepTOUHBIN aBTOIHKOMAEP MO
cytH npencrasiseT coboit ConvNet ¢ ero mojgHoOCTHIO
MOKITIOYEHHBIM CIIOEM U KITacCU()UKATOPOM, 3aMEHEH-
HBIM 3€pKaJIbHbIM CTEKOM CBEPTOYHBIX CJIOEB. ABTOPBI
npumenmy 3D ConvNet s kiaccudukanm anoma-
JIMH, B TO BpeMsI KaK HCIOJIb30BaJI CKBO3HON CBEPTOU-
HBIIl aBTOHKOJIEP VISl OOHApYKEHHsI aHOMAJINH B BH-
neo HaOmoneHus. VX cooOLIeHHBIH pe3yibTaT J10Ka-
3bIBAET II0JIE3HOCTH 3ayYEHHOTO TIIPEJCTaBJICHUS! Ha
BHJIEO C TOMOIIBIO CTEKa CBEPTOYHBIX ciioeB. C npyroit
CTOPOHBI, MOJIENIb JOJITOBPEMEHHON KPaTKOBPEMEHHOM

namstd (LSTM) xopolo u3BecTHa J1jIsk H3y4EHUs Bpe-
MEHHBIX MaTTEPHOB M MPOrHO3MPOBAHMUS AaHHBIX Bpe-
MEHHBIX PsIoB. Ero pesynbrarhl moka3blBalOT 0OJIb-
LIKMe TEePCIIEKTHBEI TOTO, YeEMY MOXET Hay4YHUThCS IITy-
Ooxast HeiipoHHasi ceTb. HecMOTps Ha CBOIO IIPOCTOTY,
B OTUX HEJABHO IPEUIOKECHHBIX METOJaxX COXpaHsi-
10Tcst HeKoTopkle orpannuenus. Xots 3D ConvNet ot-
JIMYHO CHPAaBHWJICS C U3yYEHUEM OTIMYUTEIBHBIX HPH-
3HaKOB aHOMAJIWH OT HOPMAJIBHBIX COOBITHIA, €ro He-
MPaKTUYHO MPUMEHSTh B PEaJbHBIX CLEHAPHAX H3-32
OTCYTCTBUSI BHICOCEITMEHTOB, COJCPIKAIINX AaHOMAb-
HBIE COOBITHS.

ABTOKOJIEpBI, KaK CJIEyeT U3 Ha3BaHUS, COCTOST
U3 JBYX OTamloOB: KOJIUPOBAaHHUS U JEKOIUPOBAHMS.
BriepBbie OH OBUI UCTIONB30BAH I YMEHBILCHUS pa3-
MEpPHOCTH IYTEM YCTAaHOBKH KOJHMYECTBA BBIXOJHBIX
OJIOKOB KOZiepa MEHbLIE, 4YeM BXOJIHBIX. MoJenb
00BIYHO 00yUaeTcs ¢ UCTIOIb30BaHHEM 00PaTHOTO pac-
MIPOCTPaHEHUsI HEKOHTPOJIMPYEMBIM 00pa3oM, CBOIIS K
MHUHAMYMY OLIMOKY BOCCTAHOBJICHHS PE3YJIbTATOB Jie-
KOJIMPOBaHMsI U3 MCXOIHBIX BXOJHBIX TaHHBIX. Eciu
(GYHKIMS aKTUBALIMH BRIOpaHa HEJTMHEHHON, aBTOIHKO-
Jep MOXKET HM3BIEKaTh OOIbINE MONE3HBIX (YHKIHIA,
4YeM HEKOTOpbIE PACHPOCTPAHEHHBIE METOJbI JIMHEH-
HOTO TIpeoOpa3oBanus, Takue kak PCA.

Omnpenenurs, sSBJISAETCS JIM BUACOKaApP HOPMalb-
HBIM WJIM aHOMAJIbHBIM, HecJIokHO. Omubka BoccTa-
HOBJICHUsI KOKIOTO KaJapa ONpeerser, Kiaccuuim-
pyeTcs nu Kaap kak anHoManbHbld. [lopor onpenenser,
HACKOJIbKO YYBCTBHUTEIBHOM MBI XOTUM BHJIETh CH-
cTeMy OOHapy»XeHHs — HalpHMEp, YCTAHOBKA HU3-
KOTO TI0pOTra JIENAeT CUCTEMY YYBCTBUTEIBLHON K COOBI-
THSM Ha cleHe, rae OymeT cpabaThiBaTh OOJBIIE CHT-
HAOB TPeBOrH. MBI MOTyYaeM YacTOTy HCTUHHBIX
MOJIOKUTEBHBIX U JIOKHOMOJIOKUTEIBHBIX cpabaThi-
BaHWi, YCTaHABJIMBAs PA3lUYHBI [OPOr OILIMOKH,
YTOOBI BBRIYUCIUTh IUIONIAb MO KPUBO paboueii xa-
pakrepuctuku npuemunka (ROC) (AUC). PaBuas va-
crota omrbok (EER) monyuaercs, korma 4actora jg0xK-
HOIIOJIOKUTENBHBIX PE3yJIbTATOB PaBHA YAacTOTE JIOXK-
HOOTPUIATENBHBIX PE3yJIbTaTOB.
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Abstract

It is known that the career stages conditionally look like this: after graduating from university, young people
enter companies in low positions, after four or five years of work, if necessary, master additional education pro-
grams, by the age of 35 they get the desired position, and ten years after that they reach a peak in their career. Is
it possible to accelerate your own movement up the career ladder? What are the most effective ways of professional
development? Is it possible to overcome these established patterns?

Annomauusn

H36eCWlH0, umo smansvl Kapvepsvl YCI106HO BbI2NIA0AM MAK: NOCAE OKOHYAHUS YHUsepcumema MONOObLE 00U
nocmynarom 6 KOMnavuu Ha HU3KUue no3uyuu, nocie yemoslpex-niamu jiem pa6ombl npu HeobXo00uUMocmu 0ceau-
8AOM NPOSPAMMbBI OONOIHUMENbHO20 00pA308aHUs, K 35 200aM NOLYYAIOM JHCeNaemMyIo 00NN CHOCMb, d Yepe3 Oe-
Mo Jlem nocie dmo20 00CMu2aiom nuKd 6 Kapwvepe. Moorcrno nu YCcKopumos cobcmeennoe 0s8udCeHUe no Kapvep-
HoUl /ZECMHMue? Kaxue cnocobul npod)eccuOHaﬂbHoeo cmarnoeénenus Haubonee pe3yﬂbmamu6Hbz? Boszmoosicno nu

npeodozzeme amu ycmosewuecs cxemol?
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CoBpeMeHHasI TCHICHINS TIepexo/ia psfa CTpaH K
«KOMTICTEHTHOCTHOMY» IIOJXOIY B OLICHKE KadecTBa
po¢eCcCHOHANTBHON OATOTOBKH CIEIHAIACTOB OIpe-
nensieT GpyHIaMeHTalbHbIe U3MEHEHUS B COJIEPIKAHUU
U TIPUHIMIIAX IPOEKTUPOBAHUS CYIECTBYIOIINX 00pa-
30BaTeNbHBIX MporpaMM. KOMIIETeHTHOCTHBIHN MOAX0
MpeJnoJiaraeT yCuiIeHne pocra TpeOoBaHUI K Oymy-
[IEMY CIEIMAJINCTy U OCHOBBIBACTCS Ha BBIUJICHEHUH
MEPEYHs KTIOPOTOBBIX) COCOOHOCTEH (KOMIETEHITHH),
KOTOPBIMH JJOJDKEH 00JIafaTh CHEIMAINUCT AJIS BBIIOJ-
HEHHS CBOMX MPO(ECCHOHANBHBIX 33134 U JOJKHOCT-
HBIX 0053aHHOCTEH. 3a «CIUHUILY» H3MEPCHUS PE3yIIb-
TaTOB pean3auy 00pa30BaTEIBHOMN IPOTPaMMEI ITPH-
HATa  Takas  [OKa3aTeJbHas  XapaKTePHUCTHKA
PO eCCHOHATBHOCTH KaK «KOMITCTeHIU. [lepeueHp
CHOCOOHOCTEH sIBIsAETCA 0a3MCOM [UIS OIPENeIICHUS
6o11ee KOHKPETHBIX KOMIIOHEHTOB KOMIIETEHIIMHA M UX
HAIIOJIHEHHUS]  ONPEAETICHHBIMU  XapaKTePHCTUKAMHU
(oObemMamu 3HAHUH, YMEHUH, HABBIKOB, CITOCOOHOCTEH
M YCTaHOBOK JIMYHOCTH U Ap.). [IpoexTupoBanue Mo-
JIeT KOMIIETEHTHOCTH OYAyIIero Crernuaincra ¢ He-
CKOJIbKMMH OOOCHOBaHHBIMH YPOBHSMH Ha OCHOBE
BCEX XapaKTEPUCTHK €€ KOMIIOHEHTOB IO3BOJIUT CO-
371aTh HEKYIO «TPacKTOPHUIO» NMPO(PEeCcCHOHATBHOTO PO-
cTa sl 00y4aeMBIX U BBICTPOHUTH OOPA30BATEIHHYIO
IpOrpaMMy B COOTBETCTBHU C YPOBHSIMH KOMIIETEHT-
HocTH. [IpodeccronanbHble CTaHIapTHl OTPasKaroT CO-
BpeMeHHbIE TpeboBaHUs paboToaareneil Kak K Tpajau-
IIUOHHBIM, TaK U TUHAMUYHO (OPMHPYIOUIIMCS IIPO-
tdeccuam IT-oTpacnmu  (IIpOTpaMMHCT, CHCTEMHBII

AHATUTHK, CIEIHAIICT M0 WH()OPMAIIIOHHEIM CHCTE-
MaM, MeHemKep MH()OPMAIMOHHBIX TEXHOJOTHH, a-
MUHHUCTpATOp 0a3 JaHHBIX H JP.).

Onopa Ha KOMIETEHTHOCTHBIN MOAXO MPH TpOo-
€KTUPOBAaHUU 00pa30BaTeNbHBIX MPOTPaMM MOTPEOyET
OT IeJIaroroB KOHCTPYKTHBHBIX METOOB B LIEJIEIOa-
TaHWU TpHU pa3paboTKe yIeOHBIX MATEPHUANIOB, B IPaK-
THYHOCTU 00pa30BaTENIbHBIX TEXHOJIOTHH U IPYTUX CO-
CTaBIISIOMHNX y4eOHOTO Tporecca. [ TaBHBIMU B 1ieTie-
HOJIaraHUM CTAHOBSTCSl YK€ HE 3HAHUS, YMEHUS U
HaBBIKH, 2 00OCHOBAaHHBIC YPOBHHU KOMIICTEHIIHH CIIe-
UAITNCTA.

®dopmupoBanue MPodecCHOHATEHONW KOMIIETEHT-
HOCTH CIICIIMAJFCTa B BYy3¢ TpeOyeT KaueCTBEHHO
WHOTO TOAXO0Ja K OpraHM3alii y4eOHOTo Ipoliecca.
Heobxonnmo co3maTh cucTeMy, 00bEIHHSIONIYIO B 00-
pa3oBaTeNbHOE MPOCTPAHCTBO HECKOJBKO Pa3sHOPOA-
HBIX CpE€ll CYIIECTBOBaHUS 00ydaeMbIX: Y4eOHYIO,
yaeOHO-TTPo(ecCHOHATEHYIO U COITUANBHYIO.

VYueOHast cpena GopMHpyeTCs H3 PazIHIHBIX
¢opM 1 BHIOB yIEOHBIX 3aHATHH 110 TUCIUIUIHNHAM 00-
pa3oBaTENbHON INPOrpaMMBl  HAIlpaBJIEHUs IOJr0-
TOBKH. [Ip 3TOM HE0OX0IMMO IPHUBIIEKATh COOCTBEH-
HBIH OIBIT OOYYarOIMXCS ¥ MOJIEIMPOBATh JESATENb-
HOCTb poheCCHOHATIOB o 00CYXICHUIO
TEOPETHYECKUX IPOTHBOPEUYMBBIX BOIPOCOB W IIPO-
611eM npeMeTHOH 001acTH.

YuebHo-ipodeccroHanbHast cpena oOpasyercs
IIpH TOAJEPKKE 00pa30BaTENFHOrO MPOIecca MHTEP-
aKTUBHBIMH (popMaMu oOydeHHs (MpoOIeMHbBIE AuC-
KYCCHH, JICJIOBbIC 1 UMHTAIIMOHHBIE UTPbI, COBMECTHAs
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JIeATEBHOCTh, MAaCTEP KIACCHI, KOHPEPEHIIUH | IIp.), &
TaKKe MPOBEICHUEM y4YEOHBIX M IPOU3BOJCTBEHHBIX
NPAKTHK, BBIIIOJIHEHHEM KYPCOBBIX M JMIUIOMHBIX pa-
60T, IPH BEINOJIHEHUH KOTOPBIX CTYACHTHI PELIatoT pe-
aNbHble NPaKTUYECKUE MU HUCCISAOBaTENIbCKUE 3a-
Jlauu, I7ie paHee NOoJIy4YeHHbIE 3HAHUS CTAHOBSITCS OpH-
eHtupoM. Ilpu 3TOM CyIIecCTBEHHO BO3pacTaeT IOt
MHTEPAaKTHBHBIX Opr.()opM oOy4deHUs M AMAIa3oH Ba-
puaHTOB 3TUX (OpM B 00IIEM 0Opa30BATEILHOM TIPO-
ctpaHcTBe. [IprHIMas ydacTue B HCCIICIOBAHUX, Pa3-
pabaTsIBast IPOEKTHI MO PO ecCHOHATBHON TeMaTHKe,
CTYZIEHTHI IPUOIMKAIOTCS K TIO3UINH CIEIHAIICTA.

ConmanpHas cpefa IpOosBIIETCS B aKTUBHOM 00-
IIEHUH 00yYaroUIMXcs M NperoiaBarenei, B Xoie Ko-
TOPOTO MPOUCXOANT OOMEH 3HAHUSIMH, OIBITOM, MPO-
OremMaMH, MyTSIMH MOUCKA MX pa3peleHHUs.

WuTerpanus Ha3BaHHBIX CPEll B €IUHYIO CHCTEMY
00pa3oBaTeIbHOrO MPOCTPAHCTBA MO3BOJIUT MOJIYYUTh
ONTHMAJILHOE COYETaHHe WHPOPMAIMOHHBIX, HeJaro-
THYECKNX, YNPABICHYECKHX W KOMMYHHMKAIIHOHHBIX
TEXHOJIOTHH TPU peanu3anui o0pa3oBaTeNbHBIX IPO-
rpamMM, MTOCTPOEHHBIX Ha OCHOBE KOMIIETEHTHOCTHOM
MO/IETIH.

Kaxayro KOMIIeTeHIIMIO BO3MOXKHO TPEICTABUTH
B BHJCE CETEBOM CTPYKTYPBI, TJ€ y3JIaMH SBISIOTCS TE
yueOHble IUCUMIUIMHBI U (GopMbl yueOHO-TIpodeccno-
HaJIbHOM JIesITEeNbHOCTH (KypCOBbIe pabOoThI, IPOEKTHI,
NPaKTHKH), B paMKax KOTOPBIX OHa (hOpMHUpPYETCs, a
CBS3BIBAIONINE UX JTMHUU MOTYT MHTEPIPETHPOBATHCS
Kak 0TOOpakeHHE MEXAUCHUIUIMHAPHBIX B3aHUMOJEH-
CTBUH.

Hanpumep, 8 EHY mo nanpasnernto npodeccno-
HajgbHOW mnoaroroBkn 6B06104 «BrrunciurensHas
TEXHHUKa U MIPOrpaMMHOE oOecriedeHne» (KBamnduka-
1151 — 0aKaslaBp) onpeiessieT B KauecTBE OAHOM U3 TIpo-
(heccnoHaNbHBIX KOMIIETEHINI POEKTHOM JIESITEIbHO-
CTH «CIIOCOOHOCTH MOJAETMPOBATH M IPOEKTHPOBATH
CTPYKTYpbI IaHHBIX M 3HaHUH, IPUKIaIHbIe U UH)Op-
MaluoHHbIe Tporecch». CoriaacHo y4eOHOMY IUIaHy
(hopmupoBaHHEe Ha3BaHHOW KOMIIETEHIIMM OOECTIeuH-
BaeTcs B AucHuIInHax: «VMHpopmMaTHKa 1 mporpaMMHu-
poBanue», «OOBEKTHO-OPHEHTUPOBAHHOE MPOTPaM-
MHUpoOBaHHe», «COBPEMEHHbBIE CHCTEMBI IIPOTPaAMMHPO-
BaHHA», «[Iporpammuas HUHXCHEPUS,
«VIHpOpManMOHHBIE CUCTEMBI M TEXHOJOTHN», «IIpo-
eKTHpOBaHNE NHPOPMAMOHHBIX cucTeM», «ba3bl nan-
HBIX»,, «Pa3paboTka IPOTrpaMMHBIX HPWIOKEHUI,
«CucremHass apxuTeKTypa WH(GOPMAIMOHHBIX CH-
ctem», «VHTennekTyalbHble HMH()OPMAIMOHHBIE CH-
CTeMBbI»; KYpCOBBIX paboTax mo aucturuinHaM: «IIpo-
eKTHPOBaHUE HHPOPMAITMOHHBIX CUCTEMY, «ba3bl maH-
HBIX», a Takke B paMkKax ydeOHoW (2 Kypc),
MPOM3BOJACTBEHHONW (3 Kypc) W mpengumioMHo# (4
KypC) MPaKTUK ¥ 3aBEPIIACTCS BBHIITOJIHEHUEM BBIITYCK-
HOH KBaJIM(UKAIIMOHHON paboTHI.

Ha cnenyromem 3tarne HEOOXOANMO OIPEAEIUTH
KOHKPETHBIC KOMIIOHEHTHI KOMIETCHIIUA M UX HAIOJN-
HEHHE ONPE/ICICHHBIMU XapakTepucTHKaMu (00be-
MaMM 3HaHHMH, YMEHHH, HaBBIKOB, CIIOCOOHOCTEH M
YCTaHOBOK JINYHOCTH | JIp.) B paMKaX KakK10# OTaeib-
HOW JUCHHUIUTUHBI U (GOPMBI y4eOHO-TIPOhEeCcCHOHATb-
HOU €S TeTHHOCTH, BBIJICIINB B HIX COOTBETCTBYIOLIYIO
CHCTEMY B3aMOCBSI3aHHBIX Y4eOHBIX 3a1a4. [Ipu aTomM
colepKaHHe Y4YeOHBIX MaTEepHaJiOB JOJDKHO OBITH
CTPYKTYpPUPOBAHO B CHUCTEMY MOAYJEH 3HAHUU B 4eT-
KOM COOTBETCTBHH C OCHOBHBIMH BHJAMH JIESITEIBHO-
cTH 00y4aeMbIX, a OpraHm3anus y4eOHOTro Tporecca
0a3npoBaThCsl HA MOJCIMPOBAHWUHU PEANbHBIX IPOU3-
BOJICTBEHHBIX IIPOLIECCOB.

Hcxonst U3 cMbIciia KOMIIETEHIMH, 11e7ec000-
pa3HO BBIJEIHUTh HECKOJIBKO YpOBHEW c(hopMHpOBaH-
HOCTH KOMIIETEHIIMH: KOMIIETEHIUs chOPMUPOBaHa Ha
BBICOKOM ypOBHE, KOMITETEHIIHsI c(hOPMHUPOBaHA Ha XO-
polieM ypoBHE, KOMIIETEHIIUs ChOPMUPOBAHA Ha CPea-
HEM ypOBHE, KOMIIETEHIUA C(HOPMUPOBaHA HA HU3KOM
YPOBHE, KOMIIETeHINs He chopmupoBaHa. Mmes pe-
3yJIBTAaThl AUATHOCTHK KOMIIETCHIMH Y KaKIOTO CTY-
JICHTA 3a BECh MEpHOJ 00yUICHUS, MBI MOXKEM OIIpe]e-
JIUTh MHTETPAIBHYIO OLICHKY | 32 BCe QMAarHOCTHKH U
OIIPEAEINTh YPOBEHb C(OPMUPOBAHHOCTH KOMIICTEH-
LUK y AaHHOTO CTyAeHTa. /[y BBIBOZA O TOTOBHOCTH
BBIITYCKHUKA K MTPO(ECCHOHANBHON JeSITeNbHOCTH Ha
OCHOBE MH(pOpMAIMU 00 ypOBHIX ChOPMHUPOBAHHOCTH
BCEX KOMIETEHIIMH, Ha Hall B3IJIJ, Liesiecoo0pa3sHo
HCIIOJIb30BAaTh CUCTEMBl HEYETKOro BbIBOAA. Takoi
TIOJIXOJI TIO3BOJIUT BBICTPOUTH JIOTHKY TTOCIE0BATENb-
HOCTH M3y4YaeMbIX AWCIMIUINH, ONTHMH3UPOBATH CO-
JepkaHue ydeOHBIX MaTepHaJoB M IPOBECTH O0BEK-
THBHYIO OIICHKY pOCTa ¥ pa3BUTHS Npo(hecCHOHATLHOM
KOMIIETEHTHOCTH ¢ 00s13aTeNbHON pediiekcuei ooyda-
IOIIMMHUCS OIBITA M PE3YJIBTATOB UX YIEOHOW /esTeNb-
HOCTH.
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Abstract
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The paper provides descriptive information regarding the main features of the types of dams and software

for electrical monitoring.
AHHOTaLUA

B pabome npusedena unghopmayusa onucamenbHozo xapakmepa KacameibHO OCHOBHBIX 0COOeHHOCmeEl 6U-

006 dam6 u 110 0na nposedenus 31eKmMpoOMOHUMOPUHSA.

Keywords: dam, dam, electrical monitoring, hydraulic structures.
KuroueBble ciioBa: damba, niomuna, 31eKmpoMOHUMOPUHE, SUOPOMEXHUYECKOE COOPYHCEHUSL.

Jamba — 3T0 coopyxeHHe, TOCTPOSHHOE uepe3
pexy uiu pyden [yt yaepxkanus Boasl. Ha npotsxe-
HUU BEKOB JIIOJU HCIOJBb30BAIM Pa3HbIE MaTEpUAIIbI
JUTS CTPOUTENBCTBA AaMO. JI[peBHIE CTPOUTEIH IUIOTHH
WCIOJIb30BAJIM TNPUPOAHBIE MaTepUalbl, TaKUE Kak
KaMHH WK riHa. COBpeMEHHBIE CTPOUTENTH JaMO Ja-
CTO HCIIONB3YIOT OCTOH.

PykoTBOpHBIE MamMOBI CO3JAOT MCKYCCTBCHHBIC
03epa, Ha3blBaeMble BOJOXpaHUIUIIaMu. Bogoxpanu-
JIUINa MOYKHO MCIOJIB30BaTh I XPaHEHHUS BOIBI IS
CEeJNbCKOTO XO3AKCTBA, MPOMBIIIJIEHHOCTH U OBITOBBIX
Hy)J. VX Takke MOXKHO HMCIIOJIb30BaTh JJIsl phIOaKHy,
KaTaHus Ha JIOJIKaX W JPYTUX BUIOB aocyra. JItoau uc-
MOJIL30Bai aMObl Ha TPOTSHKEHUH MHOTHX BEKOB,
4TOOBI MPEIOTBPATUTh HABOAHEHUs. Pa3depeM BHIBI
JaM0 KOTOPBIH UCTIONB3YIOTCS Ha TEKYIIHH ICHb.

ApOUHBI€ IJIOTUHBI COCTOAT U3 OAHON U30THYTOM
OeronHo# cTteHpl. OHM M30THYTH B (hopMe apKH, BBHI-
MYKIOCTH K BEpXHEH CTOpoHE. DPPEKT apKH MO3BO-
JISIT ABJEHUIO BOJBI U APYTUM CHJIaM MEPeaBaThCs
Ha omnopsl. [lonepeyHoe ceyeHHe apOYHON IUIOTHHBI
MPUMEPHO TPEYroJIbHOE, KaK TpaBUTAIIMOHHAS IIJI0-
THHA, HO CPAaBHHUTEIHHO TOHBIIE. ApPOYHBIE NaMOBI
BIIOJIHE TTOAXOMST JJISl Y3KUX JIOJIMH C KPYTBIMH CKJIO-
Hamu. Kpenkue ckaiabHbIE MACCUBBI Ha CKJIIOHaX HE00-
XOJIUMBI JIJISl COTIPOTHUBIICHUSI CHUIJIaM, TEePENatomuMCs
ApPKOBBIM JIECTBHEM.

MeToabI aHaIH3a JTOJDKHEI OBITh CIIOCOOHEI pa3pe-
marh MPUYMHY HEUCIPABHOCTH. DTa MHCTPYKLHUS HE
TpeOyeT MPOBEICHUS OIPECIICHHOTO THIIA aHAJIN3a.
Ckopee, 3T0 TpeOyeT COOTBETCTBYIOLICH OIICHKH pe-
JKUMOB 0TKa3a. PacCMOTpUM ONMCAHHBIHN BBILIE PEXUM
OTKa3a. AHaNM3 JIMHEHHBIX YOPYTHX KOHIIEBBIX JJIe-
MEHTOB MOXET YyKa3aTbh, MOXET JH TepMUYEeCcKas
Harpyska BbI3BaTh pactpeckuBanue. Hennneinslii aHa-
JIU3 METOJIOM KOHIIEBBIX JJIEMEHTOB, JOIYCKAIOIIHA

pacTpecKUBaHUE U CKOJb)KEHHE, MOXET ONpEeIeHTh,
CKOJIBKO Harpy3KH IepenaeTcst OT TPEUIUHbI K OIop-
HOMY Osoky. HenuHeWHBI aHanmu3 Takke MOT Obl
OIIPEAEINTh, HACKOJIBKO TATOBBIH OJIOK, BEPOSATHO, OY-
JIET CKOJIB3UTD U MOTYT JI1 MOHOJIUTBI OIPOKUHYTHCSL.

ITockonbKy 11 pexnuMa OTKa3za HeoOXonuma Iie-
MOYKa COOBITHH, MOJKHO OLICHHUTH JIOCTOBEPHOCTBH pe-
XKHMMa OTKa3za MO JI00OMY OTIEILHOMY COOBITHIO.
Ecnu, HanpuMep, MOXHO ITIOKa3aTh, YTO TATH JaMOBbI
HEJIOCTATOYHO JUI NepeMeIleHHs 0JI0Ka TATH IO JIIo-
00My CIeHapuio, TO MPOHCXOXAECHHE TEPMHUUECKOE
pacTpecKHBaHHE CTAHOBHUTCS HEBa)KHBIM U He TpeOyeT
UCCIIeIOBAHHUS.

Kontpdopchyto namOy Takxke Ha3bIBalOT MOJIOH
JamMO0i. DTO TUIOTHHA ¢ MPOYHOU BOJOHETPOHUIIAE-
MOH BEpXHEW CTOPOHOM, KOTOpasi MOJIIEPKUBAETCS C
HMHTEpBaIaMH BHU3 110 TEYSHUIO psiioM omop. JKenezo-
OeTOHHas! IUINTA WK CePHs apOK MIIH YTOJIIEHHbIX I'o-
JIOBOK KOHTP(OPCOB MOT'YT 00pa30BbIBATh HAKIOHHYIO
MeMOpaHy /I yIepKaHUsT BOABI BBIIIE M0 TCUCHHMIO.
Ha BepxHEeM KOHIIE TIPelyCMOTPEHO OTCEUCHHUE, YTOOBI
NPEIOTBPATUTh MM YMEHBUIUTH MIPOIUTKY BOABI.

Kontpdopc — TOHKas CTEHKa TPEYroJIbHOI
¢opmbl. OH UMEET XapaKTepUCTHKY HAKIOHHOHN Bepx-
Hell cTopoHbl. OOBIYHO OH pacIoJiaraeTcs Ha PaBHOM
PacCTOSIHAN BIOJb IUIOTHHBI M OTIMPAETCs INOO Ha He-
IIPEPBIBHOE MAaTOBOE OCHOBAaHUE, JIMOO HA OTJEIHHYIO
ormopy. Kaknmas apka IUIOTHHBI TOAJEPKUBAETCS
koHTp(opcamMu. MHOroapouHsle KOHTP(OPCHBIE IIIO-
THHBI 00JIee MPOYHBI X T'HOKH, YeM Apyrue KOHTpdopc-
HBI€ IUIOTHHBI, TAKWE KaK KOHTp(OpCHAs IIIOTHHA U3
naryOHOM TUTUTEL.

Barapno, BomoHempoHHMIIaeMoOe OTpakKACHHUe, U3
KOTOPOTO BO/Ia BEIKAYNBAETCSA, YTOOBI OTKPHITH JHO BO-
JoeMa, 9TOO0BI pa3pelInTh CTPOUTENBCTBO THPCA FITH
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IpYTYIO THApaBINYecKyto pabory. barapmo msroras-
JIWMBAIOTCA ITyTeM 3a0WBaHMA IIITYHTOBBIX CBal, Kak
NPaBUJIO, CTAJILHBIX Ha COBPEMEHHBIX paboTax, B IO-
crenb A (OPMHPOBAHMS  BOAOHENPOHHUIIAEMOM
orpaasl. BepTukanabHble CBau yIepKUBAIOTCA HA MECTE
TOPU30HTAIBHBIMU KapKacHBIMHM 3JIEMEHTaMM, H3rO-
TOBJICHHBIMH U3 TSXKEJIOW IPEeBECUHBI, CTaU WIH HX
KOMOMHAIIHH.

CropoHBI 60TapI0 JOJDKHEI OBITH KPETIKIMU U XO-
POIIO 3aKPEIUICHHBIMH, YTOOBI BBIICP)KUBATH YAAp OT
yZapa TSKEJIOro KOBIIA; OHM TAKXKE JOJKHBI OBITh B
COCTOSIHUH IIPOTHBOCTOSTH TOPU3OHTAIBHBIM CHJIAM OT
OKPY’KaIOIIEro TeJla BObI, KOTla BOJa BHYTPH IIepeKa-
yuBaercsi u3 koddepaama. bortapmo mocruraer mo
KpaifHell Mepe BpeMeH PUMCKHUX UH)KEHEPOB, KOTOPHIE
MOCTPOMIIM HECKOJIBKO TaKMX OIPaKACHHUH, 4TOOBI CO-
3/1aTh OMOPBI CBOMX KAMEHHBIX apOYHBIX MOCTOB U aK-
BEIYKOB.

BonoorBonHas namba — 3To 1amba, KoTopast moJ-
HOCTBIO WJIM 4acTh PEKH OTBOJHUT OT €€ MPUPOJHOTO
pycna. BomocOopHBIE IUIOTHHBI, KakK IIPaBWJIO, HE
HAaKaIUIMBAIOT BOAY B BOJOXPAHWIHINE, BOAA K€
HAaIpaBiIsIeTCs B HCKYCCTBEHHBIN BOJOTOK MIIM KaHaJ,
KOTOPBIH MOJKET HCIIOIB30BAThCS U OPOIICHHS HIIN
BO3BPAILATHCS B PEKY MOCIIE IPOXOXKICHUS Yepe3 THI-
PO3JIEKTPOreHEPaTOPH!, BNAAATh B APYTYIO PEKy HIIH
OBITH IIeperopoXeHHoil namOoi, oOpa3ys Ha3zeMHBIH
WY NIO3EMHBII pe3epByap UM JIMBHEBBII CTOK.

IlepBoit oTBOAHON NamMOON ABIsAETCA APEBHEETH-
nerckas nam6a Cann-anp-Kadapa 8 Bagu Anes-Tapase,
pacrooKeHHas! IPUMEPHO B ABAIATH IIATH KHJIOMET-
pax k tory oT Kaupa. Iloctpoennoe okono 2600 roma
JI0 Harei 3psl At 60pbObI ¢ HABOJHEHUSIMHU, COOPY-
skeHue umeno 102 merpa B JJIMHY Y OCHOBaHUS U 87
METpoB B IMpuHY. Ero paspymmno HaBogHeHNE, KOTaa
OH €Ille CTPOMJICSL.

BopmooTBosHas 1amMOBI SIBISIOTCS OJHON U3 Tpex
Ki1accuuKalMi IUIOTHH, KOTOPbIE BKJIIOYAIOT: aKKy-
MyJIHpYIOLHe 1aMOBbI, JepaKaliie 1aMObl U JepUBaIy-
OHHbIE aMOBbl. AKKyMYJIUpYIOLIHe 1aMObl UCIIONb3Y-
FOTCSI 111 XpAaHEHHUS BOJIBI B TEUEHHE JTUTEIHHOTO Bpe-
MeHn. CoxpaHHBIIYIOCS BOJLY 3aT€éM  MOXKHO
WCIIONIb30BaTh VISl OPOIIEHMS, CKOTa, MYHHIUIAJIb-
HOTO BOJIOCHA0KEHHS, OT/BIXa M IIPOU3BOJICTBA THIPO-
3JIEKTPOIHEPTUH. 33IeP’KUBAIOLINE TUIOTHHBI CTPOSITCS
JUIL  yNaBIMBAaHUS IIOBEPXHOCTHOTO CTOKA, YTOOBI
MPEIOTBPATUTH HABOJHEHHSI U YIaBIUBATh OCAIKH ITy-
TEM PEryJIMpPOBAaHUsI CKOPOCTH TTOTOKA CTOKA B KaHAJIbI
BHU3 1O Te4eHuto. OTBOIHBIE JaMOBI HCTIOJIB3YIOTCS
JUIS TIOBBIIICHHUS YPOBHS BOJBI AJISI NIEpEHATPaBICHUS
BOJBI B ompeneneHHoe Mecto. OTBeIeHHAs BOAA MO-
XKeT OBITh MCIIONB30BaHA I CHAOXKECHHS OPOCHTEIb-
HBIX CHCTEM HJIH PE3ePBYapoB.

Haceimnast nam6a — Oonblnas MCKYCCTBEHHAs
namba. OOBIYHO OH 00pa3yeTcs IMyTeM pa3MeIleHUs 1
YIUIOTHEHUS CJI0KHOM MOIYIUIACTHYECKON HACBHINU U3
pa3sHOro cocraBa IOYBBl WM TOpHOH mnopoasl. OH
UMeeT MOIYNPOHUIAEMOE MPUPOJHOE MOKPBITUE IS
MOBEPXHOCTH U IUIOTHOE HEMPOHUIAEMOE A1pO0. DTO
Jienaer naMO0y HEBOCTIPUUMYHMBOW K TIOBEPXHOCTHOM
i GuapTpannoHHOW 3po3mu. Takas miIOTHHA CoO-
CTOUT U3 (PParMEHTHPOBAHHBIX HE3ABHCHMBIX MaTEpHU-
albHBIX YacTUL. TpeHHe M B3aUMOJIEHCTBHE 4YaCTHUIL

CBSI3BIBAIOT YACTHIBI BMECTE B CTAOWIBHYIO Maccy, a
HE C TIOMOIIbIO IEMEHTHPYIOIIETO BEIIECTBA.

HachinHast INIOTHHEI OBIBAIOT JIBYX THIIOB: 3€MJISI-
Hasl MJIOTUHA (TaKXKe Ha3bIBaeMas 3eMJITHON IJIOTUHON
WM MECTHOH IJIOTMHOM), M3TrOTOBJIEHHAs W3 YIUIOT-
HEHHOM 3€MJIM, U CKajbHas IUIoTHHA. Ilomepeunslit
paspe3 HabepexHOi 1amMObl nMeeT (popMy Oepera wim
XonMa. BONBIIMHCTBO M3 HUX UMEIOT LIEHTPalbHYIO
4acTh WM CEPALICBHHY, COCTOSIIYI0 M3 HEIPOHHUIIAe-
MOTO MaTepHaja, YTOObl OCTAHOBHUTH NPOIHUTKY BOZIbI
yepe3 maMOy. Snpo MoxeT OBITH TIUHSIHBIM, OCTOH-
HBIM WIH ac(parbTOOCTOHHBIM. DTOT THI AaMOBI SIBJISI-
€TCsl XOPOIIMM BBIOOPOM ISl YYAaCTKOB C IMHPOKUMHU
nonuHaMu. OHHM MOTYT OBITH TIOCTPOEHBI Ha KECTKHX
KaMHSX Wi Oojee MATKHX IpyHTax. J{as kaMeHHOH
IUIOTHHBl KaMEHHYIO HACBINb B3PBIBAIOT C MOMOIIBIO
B3pBIBUYATKH, 4YTOOBI pa3duth ckaimy. Kpome toro,
KYCKHU TOPOABI, BOBMOXKHO, MPUIETCA U3MENbYUTh Ha
MEHBUINE COPTA, YTOOBI MOJYYUTh MMOIXOISAIINHN JHa-
Ma30H pasMmepa Ul HCIOJb30BAaHMSA B HaOEpesKHOM
namoOe.

CyIIecTBYIOT TaK K€ IpaBUTAIMOHHAs IJIOTHHA,
I'DC nnoTtuHa, IIOTUHA TPOMBILIJIEHHBIX OTXO/10B, Ka-
MEHHasl IUIOTHHA, IIEpPEINBHAS IUIOTHHA, PEryJIUpyIo-
mas (3aJuBHAsA) IUIOTHHA, CEUIOBas IUIOTHHA (VUK
namo0a).

FERC He 0700pseT HUKaKOr0 KOHKPETHOTO TPO-
rpaMMHOTo obecredeHus s oueHky nam6. Ho ouenn
MPUHLIUIHAIBEHO, YTOO AOMYIIEHUS MOAEIMPOBAHUS
YUUTBHIBAIM (pakTHUECKHE (HU3MUECKHE CBOMCTBA ILIO-
THHBL [IpakTHyeckn Bce apodHbIE INIOTHHBI COCTOAT U3
KOHCOJIbHBIX MOHOJIMTOB, pa3IeiICHHBIX BEPTHKAIb-
HBIMH IIBaMy. Kpome Toro, CKaJibHbIE OIIOpEI, Ha KOTO-
pBI€ apOYHbIE IUIOTHHBI ONUPAIOTCS KaK OMOPBI, COCIH-
HSIOTCS. OTH CyCTaBbl HE BBIAEPKUBAIOT HANPSDKEHHUS.
AHanM3bl, KOTOPbIE HE YYUTHIBAIOT MIBBI M YK€ H3BECT-
HBI€ TPEIIMHBL, YaCTO BBOJAT B 3a01IyXICHHE, TOITOMY
UX CIIeAyeT U30eraTh.

[Mporpamma ZondRes2D npennaznaueHa 1yist 1By-
MepHOW (2D) mHTepnpeTanuu AaHHBIX 3JIEKTPOHHOU
tomorpaduu (ET) mo conpoTHBIEHHIO M UHIYLUPO-
BaHHOH nongpuzanuu (VP) B Ha3eMHOM, CKBaXHHHOM
1 BOJHOM BapHaHTaX.

Iporpamma ZondRes2D oTHOCHTCS K CEMEHCTBY
mporpamm Sound. YHuHIHpOBaHHEIN HHTEpdEiic u
YHU(HUINPOBAHHBIA TOAX0A K 00paboTKe TaHHBIX M03-
BOJISIFOT JIETKO OCBOUTH PadOTy ¢ MpOrpaMMaMH BCEro
MIaKeTa, eCJIM Y Bac €CTh HAaBBIKA PaOOTHI ¢ OHOW M3
nporpaMM. Takoll mOAXoxa MO3BOJISAET UHTEPIPETATO-
paM HHCTPYMEHTaJIbHO KOMOMHHUPOBaTh reoduznde-
CKHE JaHHBIE, TOIyYeHHBIE Pa3IMYHBIMH METO/aMH,
YTO NMPHUBOAMT K OoJiee cTaOMIBHOW M HAJEKHOH reo-
JIOTO-T€O(PU3NIECKON MOJIETIH.

ZondRes2d wucmosp3yeT MpPOCTOW M MOHSTHBIH
(dopMaT JaHHBIX, TO3BOJIAIONINHI JIETKO COYETaTh pas-
JIMYHBIE 3JIEKTPOPa3BeIOYHbIE CUCTEMBbI HaOMIOCHUH,
BKJIFOUAIONINH pa3In4Hble BAPHAHTHI 3aJa4M peibeda
(B TOM umcIe aHa penbeda Uil JOHHOW U aKBaTOPHOM
JIEKTPOTOMOTpaduu) M APYroil BCoMoraTeIbHOH MH-
dbopmanuu. Tlogaep UBAIOTCS UCXOAHBIE (aMIbl U3-
BECTHBIX IIPOU3BOANTENEH €IEKTPOPO3BiAyBaIBHOI arl-
napatypsl (Syscal, ABEM, AGI, Ckana-48, Ckana-64,
Owmera-48, ARES, ARES-II, kommuiekc MOPH Cmapt
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n CommDD2 (48/64/72/80), xommieke SGD - EET
MEDUSA u CommDD?2 (48/64/72/80).

ZondRes2d nmeer Oonbmioli HAOOp CpencTB A
MaTeMaTHYeCKOro MOJEIMPOBAaHMS M aHalIW3a YyB-
CTBUTEIILHOCTH TI0JIEH TOCTOSIHHOTO TOKA M BEI3BAHHOMN
HOJISIPU3AIUY, YTO TO3BOJISET OLEHUTh YPOBEHb CHTI-
Hajla ¥ OCYILIECTBUTH BHIOOP ONTHUMAJBHBIX Iapamer-
POB YCTaHOBKH JUIsl PELICHUS IIOCTABJICHHOW I'€0JIOTH-
YeCKOM 3a1a4u.

[Ipu pazpaboTke mporpamMMbl 0c000€ BHUMaHHE
yAeJIeHO yd4eTy ampHopHoil mHpopMammm. Y
ZondRes2d ecTb BO3MOXXHOCTh Ha3Ha4UeHUS Beco n3-
MEpEHNEM, 3aKpEIUICHHS U 3a/1aHHS IPaHUL] I3MECHEHUS
CBOMCTB OTHENBHBIX SUEEK, HCIIOIb30BaHMS alpHOp-
HOH MOJENH Kak OMOpHOM mpu uHBepcuu. Kpome
9TOr0, B MPOrpaMMe Pean30BaHbl POOACHBIE CXEMBbI
OLIEHKM IIYMOBOW cocTaBistomend. Takxke ecTb BO3-
MOXHOCTh HIMIIOPTHPOBATh U OTOOpaXKaTh pe3yIbTaThl
M3MEPEHUI IPyrUMU METOAAMH U CKBOKUHHBIMH JJaH-
HBIMH, 9TO CIIOCOOCTBYET 00Jiee KOMIUIEKCHOMY ITOJI-
X0y K MHTEPIPETAINH JaHHbIX.

IIporpamma Zond Protocol — mpexncrasmiser ro-
TOBOE PEIICHNE AJISI STIEKTPUIECKOH TOMOrpad iy U pe-
IIaeT MIUPOKUH CIEKTpP 3a7ad OT 337a4H MPOTOKOJIOB
M3MEPEHUI 1 yIIPaBIECHUS MPOIECCOM M3MEPEHHH 10
00paboTku 1 aHanu3a naHHeIX. [Iporpamma obecneyn-
BaeT MHOAJEPIKKY CIEAYIOIIUX HU3MEPUTEIIbHBIX KOM-
miekcoB: SYSCAL, ABEM, COMx64, ERA-
MULTIMAX, TOMOZOND, OMEGA-48M.

Braronaps npocToTe UCTIOIB30BaHNUSA U COBMECTH-
MOCTH C pa3NMYHBIMH THIIAMH alapaTypbl, IIpo-
rpaMMa TO3BOJIIET ITIOJy9aTh KauyeCTBCHHBIC PE3yib-
TaThl IPsIMO Ha npo¢uiie. B 3aBucumMocTH oT KBamudu-
Kallid  OlepaTopa B CHCTEME IIPEIyCMOTPEHBI
pa3nuyHble peXUMMbl paboThl. Komrmeke monnepxu-
BaeT CIEAYIOIMEe METOAUKH JIIeKTpoToMorpaduye-
CKHUX HaOIIOACHUI: Ha3eMHas »HIEKTPOTOMOrpadus
2D, nazemHast snekrpotomorpadus 3D, mexcBepTHas
aneKTpoToMorpadusi, anekTpoTomMorpadusi Ha akBaTo-
pUsX.

Zond Protocol mo3BossieT co3aaBaTh IPOTOKOJIBI
Jr000W CTEMeHW CII0KHOCTH, coueTasi JItoOble THIIBI
3NeKTpoTOMOrpaguIecknx cucTeM. B 3aBucumocTn ot
CPEIHEeTO CONPOTHUBIICHUS TOPOJ W MHUHHMAJILHOTO
YPOBHSI CHTHajla, CHCTEMa CaMOCTOSTENILHO BBIOMpaeT
napaMeTpsl YCTaHOBKH. B mporpamMme ucronb3yeT

MPOCTOM M IOHATHBIN (hopMaT (paiina JaHHBIX, YTO TI03-
BOJISIET COYETATh HECKOJBKO TUIIOB YCTAHOBOK OJIHOM
NPOQHIN TaKkKe IOANEPKUBAIOTCS OOLIEAOCTYITHBIC
(opMaThl JaHHBIX POCCUICKUX M 3apYOEKHBIX IPOU3-
BOJUTEIIEH.

B mporpaMme npenycMOTpeHBI pa3iIM4HbIE MPO-
Lenyphl BU3yalu3auud U 00paboTKHM AaHHBIX METoJa
BBI3BAHHOH MOJISIPU3aIMH, OJTYYECHHBIX BO BpEMEHHOM
1 9aCTOTHOH 00macTy.

[Tporpamma pemaer clenyonye 3a1adu: 3agada
MPOTOKOJIA (aBTOMATHYECKOE W HWHTEPAKTHBHOE),
YIpaBJIeHNE IPOLIECCOM NU3MEPEHUH, CITNB JaHHBIX, BHU-
3yanu3anus W aHaJIW3 Pe3yJIbTaTOB M3MEPEHUH, pas-
JITIbHOE OTPaKEHHWE YCTAaHOBOK, NEpEecyeT JAaHHBIX B
pa3iiMuHble YCTAHOBKH, UMIIOPT M SKCIIOPT, IMOJIro-
TOBKa JIaHHBIX K HHBEPCHHU.

bnaropaps mpocrore M ruOKocTH HMHTepdeiica,
MOIIHOW CHCTEMe BH3YaJIM3aluH U BHICOKOW CKOPOCTH
paborsl cuctema Zond Protocol mo3somsier ObicTpo U
3¢ PEKTUBHO penIaTh reoIOTHUECKHE 3a1auH.

X2IPI-3T0 mporpamMa, pa3paboTaHHas IS pa-
0OTBI ¢ JaHHBIMA MHOTOJICKTPOJHBIX 30HANPOBAHUH
(amexTpoTomMorpadum, Electrical resistivity
tomography, Resistivity imaging). Ona mo3BONsAET
HACTPOWTH amlnapaTypy Ha ONTUMAIbHYIO METOAMKY
paboT, MPOBEPUTH U OLIEHUTh KA4ECTBO ITOJIEBBIX JJaH-
HBIX, 00pabOTaTh NaHHBIE METOAA CONPOTHBICHUI U
BBI3BAHHOH MOJISIpU3alMU, IMPEBPAaTHUTh B (OpPMaThI
pacIipocTpaHeHHBIX POrPaMM JIByMEPHBIX HHBEPCHI.
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Abstract

In our technological era, social networks play an important role in people's daily lives. Facebook Instagram
Most people often share text, images and videos on social networks (for example, Twitter, Snapchat, Facebook
and Instagram). Images are one of the most common types of information exchange between users on social net-
works. Thus, there is a need to monitor images contained in social networks. It has become easy for individuals
and small groups to fabricate these images and distribute them widely in a very short time, which threatens the
credibility of news and public confidence in the means of social communication. In this study, an attempt was
made to propose an approach to extracting the contents of images, classifying it and verifying the authenticity of
digital images, as well as identifying manipulations.

Annomayus

B Hawy mexHoaocuvecKyro dnoxy coyuaibrvle cemu ucparom 6AadiiCHy0 poJjb 6 NOBCEOHEBHOU HCUZHU TIIOOEI.
Bonvuwuncmeso nooeii uacmo oensmcs meKkcmom, u306pa9fcenwmu u 6uoeo 6 COYUANIbHBIX cemsx (Hanpwwep,
Twitter, Snapchat, Facebook u Instagram). Hzobpadicenuss - o0un u3 Hauboiee pacnpoCmpanHeHHbiX Munoe
obMeHa uHpopmayuell mexncoy NONb306AMEIAMU 6 COYUANbHbIX cemsx. Taxum obpaszom, cyujecmeyem
HEeobxXoouMocmo 6 MOHUMOpUH2E u3o6pa9fcenuﬁ, codepafcamuxc;z 8 COYUATIbHBIX Ccenisix. Omoenvbhbim Jauyam u
HebObUWUM SPYRNAM CIATO 1e2KO (abpuKosams 3mu u300paAdsCeHUs U WUPOKO PACIPOCMPAHAMb UX 30 OYEHb
KOPOMKOe 8peMsi, Ymo CIAsum noo yepo3y 00CMOBEPHOCHb HOBOCME U 008epue 0OUWeCmME8eHHOCMU K CPedCcmeam
COYUANbHOU KOMMYHUKayuu. B smom uccredosanuu Oviia npeonpuHsma RORBIMKA NPeOnod#CUMb NOOX00 K

UBGNEUEHUIO  COOEPIHCUMO20 U300padiceHul,
u300padicenull, a maxice BbIsAGICHUIO MAHURYIAYUIL.

e2o0 Kuaccuuxayuu u nposepKe NOOAUHHOCMU YUPDPOBLIX

Keywords: Convolutional Neural Network (CNN); Image Forgery; Classification; Rectified Linear Unit

(ReLU); SoftMax function; Function extraction.

Knrouesvie cnosa: Ceepmounas mueuponnas cemv (CNN); [loooenxa uzobpascenuii;, Knaccugurayus,
Buoinpsimnennas aunetinas eounuya (ReLU),; @ynxyus SoftMax; Hzeneuenue ghynkyuil.

BBeaenue

3TO (aKT, YTO COIHUATBHBIC CETH HU3MEHIIH TO,
KaK JIIOJU B3aUMOJICHCTBYIOT U BEIYyT CBOKO IOBCE-
JTHEBHYIO >kM3Hb. CalThl COLMATIBHBIX CETEH B HACTOSI-
iee BpeMs SBISIOTCS 3aMETHBIM Meua-(heHOMEHOM U
MPUBJICKAIOT OOJBIIOE KOJUYECTBO Jroael. Bo Bcem
MHpE YHCIIO TOJIh30BaTeNIeH B HACTOSIIEe BpeMs Ipe-
BBIIIAeT TpU MIIIHapaa. B pernone Ilepcuackoro 3a-
JIMBa POCT YMCJIa AKTUBHBIX TOJIb30BATEINEH TPEBBICHIT
66% . CaynoBckasi ApaBusi 3aHUMAET CEIbMOE MECTO B
MHpE 110 YPOBHIO HCITOJIB30BAHNS COIMATIBHBIX CETeH;
6osiee 75% wu3 ee MpUMEpPHO 25 MHUIUIMOHOB YEJIOBEK
SIBIISTIOTCSI aKTUBHBIMU TI0JIB30BaTEIIIMU COIHATBHBIX
ceteid. ColManbHbBIC CETH OCHOBAHBI HA OTPEICICHHBIX
MPUHIUITAX, KOTOPBIC O0OBEIUHSIIOT JIFOJICH U JAIOT UM
BO3MOKHOCTB BBIPaXKATh ce0sl, ICIUTHCSI CBOUMH UHTE-
pecaMu U UJICSIMH, a TAaKXKE 3aBOJTUTH HOBBIC NPYKe-
CKHE OTHOIICHHUS C IPYTUMH, PA3ISIIIOIIMMU UX UHTE-
pecwl. Facebook, Twitter u Instagram siBnsitoTcst 01-
HUMHM M3 CaMbIX TOMYJISIPHBIX CAWTOB COIHAIBHBIX
cereil coBpeMeHHOcTH. Illupoko pacmpocTpaHeHa

MIPaKTHKa 0OMeHa N300paKEHUSIMH OHJIANH Yepe3 co-
LMaJbHBIE CETH, Takue Kak Instagram. B nacrosmiee
BpeMsi uepe3 Instagram exemHEBHO ITyONMKyeTcst He
MeHee 80 MIIUTHOHOB M300pakeHuit . Instagram mo3-
BOJISIET TIOJIL30BATEISIM JieNaTh (ororpaduu, mpume-
HATH U(POBEIE POTOGUIBTPHI U 3arpykaTh GoTorpa-
(bun Ha BeO-callT Ul COLMANBHBIX CETEH BMECTE C KO-
POTKMMH TOANUCAMHU. JII0aM 3arpykaroT U AEISITCS
MUIIHapAaMu GoTorpaduil KaKIpli JeHb B COLUANb-
HBIX CETSX.

OrpoMHO€ KOJMYECTBO JIOACH CTaIH KepTBAMHU
noyiesiku pororpaduii B HaIl TEXHOJIOTHYECKHUH BEK.
HexoTopble npecTynHUKHM UCTIOJIB3YIOT IPOrpPaMMHOE
obecrieyeHne JuIsl SKCIUTyaTallui | UCTIONIB3YIOT OTO-
rpagun B KayecTBE JOKA3aTEJbCTB, YTOOBI 3amyTaTh
cyabl . UToObI NONOKUTE 3TOMY KOHell, Bce (ororpa-
¢uM, KOTOPHIMH OOMEHHUBAIOTCSI 4Yepe3 COLMAIbHBIE
CeTH, JIOJDKHBI OBbITh MOMEYEHBI KaK HACTOSIIUE MU
mojaensHble. ConpanbHBIE CETH - OTIMYHAS IUIaT-
¢dopma 1t 0oOMeHa 3HAHUSAMH U UX PACIPOCTPAHEHUS.
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OnHako, ecy He MPOSIBIISITh OCTOPOXKHOCTH, JIFOAU MO-
ryT OBITh OIypadeHbl W Jake CIPOBOLUPOBAHBI HE-
MpeHAMEPEHHON JIOXKHOM mpomarangon. XoTs 00Jib-
111as1 YaCTh pelaKTHPOBAHUS N300paXKeHUH C TIOMOILBIO
Photoshop odeBumHA, HEKOTOPBIC U3 ATHX H300paxKe-
HUHA JICHCTBUTEIIFHO MOTYT BBIIJISIIETH I10-HACTOS-
IeMy M3-3a MIUKCEU3aluU U HEKa4eCTBEHHOH paboThI
HOBHYKOB . B 4acTHOCTH, Ha MOJIMTHYECKON apeHe OT-
peIaKTHPOBAHHBIE H300paKEHNSI MOTYT ITOJJOPBATh J10-
BEpUE K MOIUTUKY. B 3TOM HccnenoBaHuy ¢ NCTIONB30-
BaHHMEM JITOPUTMOB MAIIMHHOTO OOYYEHHs HCCIEN0-
BaTeNb MOMBITACTCS MPEATOXKUTD MOJETb
KIaccu(puKaTopa ¢ IOMOIIBI0 CBEPTOYHOI HEHPOHHOI
cetu (CNN), koropas crnoco0OHa HCIIONb30BaTh Ipe-
MMYILECTBA 3HAHUK VISl TOJNyYSHUS] M300paKeHUs 13
COLIMAJIBHBIX CETeH, a 3aTeM KJIacCU(PHUIUPOBATh U 00-
Hapy»XHBaTh €ro.

B sToM uccnenoBanuu npeiaraeTcs MoaAXo1, Ko-
TOPBII IPUHUMAET U300paKeHNE B KAYECTBE BXOJHBIX
JMAHHBIX W KIACCH(UIMPYET ero, HCIoib3ys dhdek-
TuBHYI cuctemy (Momems CNN) . Pesynprarsr 3T0TO
MPEe/IaraéMoro HMCCIIEA0BaHUs OyIyT IOJIE3HBI HPH
MOHHUTOPHHTE U OTCIICKHBAaHUN KOHTEHTA B COIMAJIb-
HBIX CETSX U MPH BBIIBICHUH MOIICHHUYECTBA HA Cal-
TaX COIMANIBHBIX ceTel, 0cOOEHHO B 00MacTi u3o0pa-
JKEHUM.

MeTopnoJi0rus Mccjie0BaAHUS

B sToM unccrnemoBaHMM ucciemyercs Mmpobiema
Ki1accu(UKauy ¢ KOHTPOJIUPYEMbIM MAIIMHHBIM 00Y-
YEHHEM TJIe METKA WJIM KaTeropusi BXOAHOW BBIOOPKH
n3BecTHa Kak (aza oOyuenus. CymiecTByeT nBa sp-
JBIKA WM Kiacca: KJIAcC MCXOTHOTO M300paXKeHUs! U
KJ1acc moAnenbHoro n3oopaxenus. Mccnenoarens uc-
MOJIB3YET TEXHHUKY TTyOOKOTro 0Oy4eHHs C MOMOIIBIO
00pruHOI HelipoHHOI ceTnt (CNN).

A. BxomHble XapaKTepUCTUKH JJI1 HEHPOHHBIX Ce-
Tel

IIpu3Hakyu B HEMPOHHON CETH - 3TO IEPEMEHHbIE
WM aTpuOyTHI B HA0OpE TaHHBIX, IIe U3BJICUEHUE IPH-
3HAKOB SIBJISIETCS (DYH/IaMEHTAIBHBIM 1IATOM B aBTOMa-
TU3UPOBAaHHBIX METOJIaX, OCHOBAHHBIX Ha ITOJX0JaX K
MamrHHOMY 00yueHwmto. Llesnb coctonT B TOM, 4TOOBI

Pool

Input Conv

MOJTYYUTh TOJE3HBIE XapaKTEPUCTHKH AAaHHBIX. [l
KJaccu(UKaUu H300pKEHUH CBEPTOYHBIC HEUPOH-
HBIE CETH HCHONIB3YIOT QYHKUMH. TakuMm QyHKIMAM
ceTh 00y4aeT BO BpeMsi CaMmoro Impoiiecca oOydeHusl.
OyHKIUY HANpaBieHBl HA yYMEHBIIEHUE KOJIUYECTBa
00BEKTOB B Ha0Ope NaHHBIX ITyTEM CO3JaHUsl HOBBIX
00BEKTOB U3 CYIIECTBYIOUIHMX (2 3aTeM yHaJeHUs HC-
XOIHBIX 00beKTOB). Torna 3TOT HOBBIH YIPOIIEHHBIN
Ha00p QYHKIHIA TOJHKEH OBITH CIOCOOSH CYMMHPOBAThH
OOJNBIIMHCTBO JIeTajiell B ICX0JHOM Habope (yHKIHIA.
Takum oOpazom, U3 KOMOWHAIIMH MCXOAHOTO Habopa
MOJKET OBITh MOJydeHa COKpAIIEHHAs BEPCUSI OPHUTH-
HAIBHBIX (PYHKIIHH.

B. Pa3paboTka apXuTeKTypsl anropurMa oOHapy-
JKEHUsI MOJJIeNIbHBIX H300pakeHni

ApXUTEKTypa CBEPTOUYHOM HEHPOHHOMI
(CNN) npowsuttocTpupoBaHa Ha puc. 1.

e [leneBble n300pakeHus: OyayT U3BJICUCHBI U3

npuioxeHus Instagram, rae 3TH nzoOpakeHus Npes-
CTaBJIAIOT HA0OP NaHHBIX, KOTOPBII NMEET OTHOILIICHHUE
K TIOMCKY OTBETOB Ha BOIPOCH HCCIICAOBAHUS, HPO-
BEPKE TUIOTE3bI U OIICHKE PE3YIIbTAaTOB.
Coszpnaiite cioit ceeptku CNN, cBepTOUHBII
CJION OTBEYAET 32 U3BJICUCHHE OOBEKTOB N300paKEHUS
C MCTIOJIb30BAHMEM OOBIYHBIX MaTeMAaTHUECKHUX OTIepa-
1uil. OTH CBEPTOYHBIC ONEPAIlUH IEHCTBYIOT KaK MpHU-
MEHEHHEe HU(PPOBBIX QUIBTPOB C IBYMS U3MEPEHUSIMH.
[Ipeanonarast, 4To pasMep IUIMTKU U300pakKeHHs CO-
craiseT 4X4 nukcens, a OObIYHBIN GUIBTp TpeacTaB-
nsieT coboi MaTpuuHbIH GuIbTp 2X2, Ha puc. 2, puc. 3
u puc. 4 moxazaHa oObIYHAs Omepanus, IPU KOTOPOH
KaJast MaTpuna OJIOKOB IUTUTKH N300pakeHHs C pas-
MepaMH, paBHBIMH pa3Mepy (unbTpa, Oymer ymHO-
’KEHa Ha MaTpuIy QuIbTpa.

o Co3pafite QyHKIHMIO akTUBalud. Puc. 5 wi-
JIIOCTPUPYET CJIOW (YHKIMM aKTHBAIMM, COJEpXKa-
muiics B skenToM oBajie. Croil GyHKIIMU aKTHBAIUH -
9TO CJIOW MEXIY OOBIYHBIM CIIOEM U KapTOH 00BEKTOB,
KOTOPBIH, KaK U B JTF000H TpaJUIIMOHHON (DYHKIINHU aK-
TUBALlUU HEHPOHHOW CETH, YJAJII€T HEHY)KHBbIC IUK-
CeJll, HalpuMep, OTPUIaTEIbHbIC 3HAYECHUS.

CCTH

Conv Pool FC Output
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Pucynok 5.Cnoit pynxyuu axmusayuu

e l13-3a HenmMHEWHOM NPUPOABI JAHHBIX H300pa-
JKeHMS HCCIeI0BaTeNb OyIeT UCTIOIb30BaTh HETMHEH-
HYI0 (QYHKIMIO aKTUBALIUH, HA3bIBAEMYIO BBINPSIMIICH-
Hol ymHeiHOH enunnnei (ReLU). Pabora Beimpsmu-
TeNs ONpeAensieTcs KaK MOJOXKHMTENbHAas 4acTb €ro
apryMeHTa, Kak II0Ka3aHo Ha puc. 6.

e  UYroObl YMEHBIINTH pa3Mep MacCcHBa Ha TOY-
HOM IIIare, Mbl YMEHbBIIAEM €ro BBIOOPKY, MCIHONbB3Ys
ITOPUTM, Ha3bIBAEMBIi MaKCHMaJIbHBIM OOBEIUHE-
HHUEM, TSI ©3MEHEHHS BBIXOJHBIX JaHHBIX cos. [lanb-
Helee 0ObeAMHEHNE TOMOTAET ClIeNaTh IpeAcTaBiIe-
HHE TOYTH MHBAPUAHTHBIM MO OTHOIIEHUIO K HEOOJIb-
MM peoOpa3oBaHUsIM BXOIHBIX JaHHBIX. Puc. 7

WUTIOCTPUPYET OMEPALU0 MAKCUMAIBHOTO 00bE HHE-
HUS Ha MpHMepe TUINTKU M300pakeHHUs] ¢ MaKCHMaJlb-
HBIM 00BETUHEHUEM ITpH pazmepe 2X2.

e (CpaemaB mpoOTHO3, 3Ta HEHPOHHAs CETh pe-
[1aeT, COOTBETCTBYET JH W300paXCHHE WM HET.
UT0OBI OTIMYHTE €TO OT MPOIECCca CBEPTKHU, €T0 HA3bI-
BAIOT “NIOJIHOCTBIO MOJKIIOYeHHON ceThlo. [lepen no-
CTPOCHHEM TOJTHOCTHIO TOIKIFOUEHHOHN ceTH 00heIu-
HEHHBIC JaHHBIC KapThl 00BEKTOB JTOJDKHBI OBITH TIpe-
00pa30BaHbl B OJJHH CTOJIOCII, YTOOBI X MOKHO OBLIO
HCIIOJIB30BATh B KAYCCTBEC BXOJHBIX JAaHHBIX HeﬁpOH-
HOHM ceTu. DTOT MpoIecC M3BECTEH KakK ‘‘CIUTIOIIMBA-
HHE”, KaK Toka3zaHo Ha puc. 8.Puc. 9 wmoctpupyer
MTOJTHOCTHIO MOJKIIOUYCHHYIO CETEBYIO apXUTEKTYPY.

RelU Activation Function

10 A

Y Axis
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Pucynox 7. Omobpascenue QyHkyuil MaKkcumaibHo2o 06beOUHeHUs.
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Pucynox 8. Ilpoyecc cnmowusanus.

Flattening

Pucynox 9. [lonnocmuio nooxkouennan cemesas apxXumexkmypa.

o Cospaiite pynakuuto SoftMax u Moy/Ib Kiiac-
cudukaropa (knaccuduranus uzoopaxenuii). Pe3yib-
tar GyHkuuu SoftMax MoXeT ObITh UCIIOJIB30BaH IS
MPEJICTaBJICHHS KaTETOPHAILHOTO PacIpelelieHHs, TO
€CTh pACTpE/ICIeHUs] BEPOSTHOCTEH Pa3IMYHBIX BO3-
MOXHBIX Hcxon0B. DyHknmsa SoftMax momoraer BbI-
BOJIy OTOOpaKaThCs B BUIE BEPOSTHOCTEH.

e TecrupoBaHre U pe3yabTATHI, KOTIa HEHPOH-
Hasl CeTh 3aBepIIaeT CBOe 00yUeHue, Habop TaHHBIX Te-
CTHPYETCS, U MBI U3BJICKAeM MATPHILYy ITyTaHHUIIBI, KO-
TOpast COJIEPIKUT HECKOIBKO MEPEMEHHBIX, C IIOMOIILIO
KOTOPBIX BBIUHMCIIAECTCS TOYHOCTh HEMPOHHOM CETH.

3akiouenue

B nocnennee Bpemst 2IEKTPOHHBIE aTaKW PACIIPO-
crpanumuch B CaynoBckoil ApaBuu. B Hactosmee
BpPEMsI HET HM YETKOT'O BHIACHHUS, HH €THHON CTPYKTYPBI
JUISL 3alUTBl HaC OT OMAcHOCTEH MUpaTrcTBa U yrpos,
0COOEHHO CBSI3aHHBIX C IPOHUKHOBCHUEM COLUATEHBIX
ceTeil U pacnpoCTpaHEHUEM JIOKHBIX aKKayHTOB. DTO
o0y o CaynoBCKy0 ApaBUIO HHBECTUPOBATh B HH-
(dhopMaroHHyI0 0€30IaCHOCTh, KOTOpasi 3aHHUMACTCS
3aIIUTON TEXHUYECKONH MHPPACTPYKTYPHI OT B3JIOMa U
(dhokycupyercs Ha pa3paboTKe METOJIOB U HHCTPYMEH-
TOB JIJIS 3AIIUTHI COIMAIBHBIX CETeH OT JIEKTPOHHBIX

aTaKk ¥ yrpo3. OTO HCCIIEIOBAaHHE CIIOCOOCTBOBAJIO
GLICTpOMy BBIABJICHUKO MOIICHHHUYCCTBA B COLIMAJIb-
HBIX CETSX, OCOOCHHO B 00JIACTH W300pa)KCHHUMU, TEM
CaMBIM perasi mpodsieMy pacHpOCTPaHEHHs CIIyXOB H
TIPOJIBIKEHMS JIOKHBIX HOBOCTEH Ha calTax COIMab-
HBIX CeTel U TIOMOoTasi COO0IeCTBaM, CTPEMSIINMCS 3a-
IIUTUTh CBOIO TEXHHYECKYIO MH(PPACTPYKTYpy OT IH-
parcTBa u KHOEpyrpo3 M YKpenuTh CBOIO MH(pOPMAIH-
OHHYIO 0€30IacHOCTb, TE NPECTYIUICHHE MOAeIKa
n300paXeHUH IPEACTaBIseT OMACHOCTh JUIsi OOIIe-
cTBa. B HEHPOHHBIX CETAX CYIIECTBYIOT HEKOTOPHIE
npo6neM1)1 1 OTpaHUYCHUSA, BKIIIOYasd UX BBIYUCIIATEIIb-
HYI0 CTOMMOCTb, TPEOYIOIIYI0 HCIIOJIb30BAaHMS MOIII-
HBIX M OTJIMYHBIX IPOIECCOPHBIX OJ0KOB. be3 xopo-
IIeTo TpoIeccopa HEHpPOHHBIE CETH JOBOJBHO MEJ-
JICHHO 00Y4JaroTCs I PEIICHUS CIIOKHBIX 3a1ad.

Eme onHa npoGiiema ¢ HEHPOHHBIMU CETSIMH 3a-
KJIFOYaeTCsl B TOM, YTO OHH 3aBHCAT OT 00beMa IpeJio-
CTaBJIIEMBIX UM JIaHHBIX. Ecin 00beM JaHHBIX HeBe-
JIMK, TO MOYKHO 0>KH/IaTh HU3KOI IIPON3BOJUTEIILHOCTH
ceTH 1 HaoOopoT. HelipoHHsle ceTn comepkat MUILIN-
OHBI TIAPaMETPOB, JJII KOTOPBIX TPEeOYeTCs] OrpOMHOE
KOJIMYECTBO JAaHHBIX. TakuM 00pa3oM, UCTIOIE30BaHHE
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HEHUPOHHBIX ceTell TpedyeT 6oIbImoro oobema obyda-
IOIINX JAHHBIX ¥ TPEOYyeT BPEMEHH AJISI O0OYUEHHS 3THX
HEHPOHHBIX CETEH.

U3 pe3ynbTaToB HCHOIB3YEMOW MOJIEIH SICHO, YTO
Ooubinas, riryboKasi CBepTOuHast HEHpOHHAs CeTh CHO-
coOHa JIOCTHraTh PEKOPIHBIX PE3yJbTaTOB Ha OYEHb
CJI0OKHOM HabOpe JTaHHBIX C UCIIOJIb30BAaHHEM KOHTPO-
JMPYEMOT0 00YyUYEeHHSI, TIe pe3yIIbTaThl 3TOI0 UCCIIEI0-
BaHUS JOCTHIIIN BBICOKOHM TOUHOCTH 10 97%. Pesymp-
TaThl 3TOTO MCCIEAOBAHUS OyIyT MONE3HBI P MOHH-
TOPHHTE W OTCIEKHBAHHH KOHTEHTa B COLMAIBHBIX
CEeTSX W NPH BBIABICHUN MOIICHHHYECTBA HA calTax
COLIMANIEHBIX CEeTeH, 0COOEHHO B 00JacTé m300pake-
Hui. [ s pexTuBHOM naeHTHGUKAIMN 00BEKTOB ap-
XUTEKTypa HEHPOHHOI CEeTH CBEPTKU HESBHO COYETAET
B ce0e IperMyIIecTBa, MOIyYSHHBIE OT CTaHAAPTHOTO
o0yueHust HEHPOHHOI1 ceTH, ¢ polieccoM cBepTKH. [To-
no6Ho HeitponHoi#t cet, CNN 1 ee BapHaHTHI TaKxe
MOT'YT OBITH ONTHMHU3UPOBAHBI 11 OOJBIIMX HAOOPOB
JAHHBIX, YTO YaCTO MMEET MECTO NP KIACCH(UKAINT
00BEKTOB.

Pexomennmanuu amst Oyaymieid paboTsl 3akioda-
I0TCS, HAIIPUMEp, B UCIIOIb30BaHNH 00JIEe CIIOKHOH U
rTyOOKOW MOJENH Ui DEIICHHs HENpeICcKa3yeMbIX
npobneM. MHTErpanns rioy0OKnX HEHPOHHBIX CETEH C
TEopuel paclMpeHHOro o0y4ueHus, rae MoJeb Oojee
a¢dexTrBHA. PenieHus ¢ HCmoIb30BaHUEM HEHPOHHBIX

ceTell peIKO YYMTHIBAIOT HEJMHEWHbIE B3aUMOJCH-
CTBHS O0BEKTOB 1 HEMOHOTOHHBIE KPATKOCPOYHBIE MO~
CJIe/IOBAaTENbHbIE TATTEPHBI, KOTOpPBIE HEOOXOIUMEI
JUISL MOJICTUPOBaHMs TIOBEICHHUS T10JIb30BATENS B pa3-
PEKEHHBIX TIOCIIEI0BATENbHBIX JaHHBIX. [list pemeHns
9TOH TPOOJIEeMBbI MOJIETh MOXKET OBITH MHTETPUPOBaHA
C HEHPOHHBIMHU ceTIMHU. Habop AaHHBIX MOKHO OBLIO
OBl YBEIWYHTH, U JJIs1 00ydeHUsI MOXKHO ObUIO OBI HC-
MOJIb30BaTh JAPYrod THN H300pakeHWi, Hampumep
n300pakeHNs B CEPOM IIBETE.
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