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ANALYSIS OF THE FORMATION OF EFFECTIVE CONDITIONS FOR
URBAN DEVELOPMENT IN THE NORTHERN TERRITORIES

Abstract: In this article, the authors present some results of an analysis of northern urban development, taking
into account natural and climatic factors. It is determined that the planning and development of residential areas in
a northern city requires mandatory consideration of the terrain, wind conditions, snow drifts, vegetation patterns,
and other factors. To identify the specific features of urban development in the modern conditions of the Far North
and equivalent areas, the authors analyzed the natural and climatic factors determining the planning and
development of the city of Nizhnevartovsk, which is necessary for the rational management of the city's development.
Using geoinformation mapping based on remote sensing data (SAS Planet), the authors analyzed the development
features of the residential area of Nizhnevartovsk, taking into account the main natural and climatic parameters.
During a study of urban planning conditions in the residential area of Nizhnevartovsk, the authors found that
development and engineering preparation of the area fully take into account the terrain, wind conditions, and snow
drifts. An analysis of the planning and construction of buildings in the city's residential neighborhoods revealed that
snow protection techniques are used in Nizhnevartovsk, which help achieve one of the key components of northern
urban planning—wind regulation by aerodynamic groups of buildings, where optimal planning creates cross-
ventilation and removes snow beyond the residential area. Furthermore, the authors identified the need for intensive
landscaping in the city's new residential neighborhoods. Urban analysis of the northern city's territory is essential
for spatial planning decisions and the management of residential development.

Key words: Urban development analysis, northern territories, improvement, natural and climatic factors,
development of microdistricts, wind regulation, Nizhnevartovsk.
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Introduction
UDC 333.26: 339.56.

An analysis of the historical status and current
experience of wurban development in northern
conditions and the impact of natural and climatic
factors on settlement patterns is essential for shaping
the built environment of northern cities. Currently, for
northern regions experiencing changing, complex,
and unfavorable natural and climatic conditions,
research into urban design and urban improvement is
highly relevant. Among the key contemporary
challenges facing northern cities is the need to identify
key approaches to the spatial organization and
classification of settlements, which is essential for the
further development of northern urban development
systems. Given the impact of natural and climatic
factors on the livelihoods of the urban population, as
well as the rational use and protection of land in
northern latitudes, further, more detailed study of land
management issues is required, particularly in light of
the changing natural environment resulting from
current climate change. A distinctive feature of
northern urban development is the influence of natural
and climatic factors on the spatial environment of
northern cities, such as low winter temperatures,
strong winds, snow drifts, and the presence of
permafrost. These factors must be taken into account
during building construction and landscaping. A key
condition for implementing development and spatial
planning projects is the study of wind flows, soil
conditions, green spaces, terrain, and snow conditions
within the urban space. Key features of planning and
construction in the northern regions include ensuring
their functioning in a manner most comfortable for the
population. Analysis of these factors is necessary for
more effective use of existing urban planning
conditions and for long-term territorial development
plans for populated areas. A pressing issue in land
management in populated areas is identifying the key
design challenges for urban areas located in northern
latitudes, which is especially important for the
development of the northern agglomerations of the
Khanty-Mansi Autonomous Okrug-Yugra. In the
current changing natural environment, it is necessary
to refine and adjust urban planning decisions in
Nizhnevartovsk. The main natural factors influencing
the planning and development of Nizhnevartovsk
include terrain, flooding and submergence,
permafrost, wind conditions, snow drifts, and urban
landscaping.

Doi: Gos¥ef https://dx.doi.org/10.15863/TAS.2026.03.155.11

Main part

The study utilized methods of information
analysis, synthesis, multifactorial urban planning
analysis, and geoinformation mapping. Urban
planning analysis is a crucial component of urban
development and forms the basis for the planned
zoning of a city's territory, taking into account
environmental, historical, cultural, socioeconomic,
and other planning assessment factors. It is conducted
in areas that address issues of planning and functional
structure development, as well as engineering and
transport  infrastructure.  Using  geoinformation
mapping and remote sensing data (SAS Planet), we
analyzed the development features of residential areas
in Nizhnevartovsk, taking into account key natural
and climatic parameters. The study included an
analysis of the primary natural and climatic factors
that determine urban development and improvement
in Nizhnevartovsk, including terrain, wind conditions,
snow drifts, and green spaces. The results of the
geoinformation analysis of the residential area of the
city of Nizhnevartovsk allow us to determine
measures to optimize the use of the urban territory,
which should be implemented taking into account the
problematic planning situations identified during the
urban planning assessment. For the competent design
of the urban environment and the development of the
city territory, it is necessary to take into account the
regulations of construction and climatic zoning and
the meteorological characteristics of the area. A
comprehensive analysis of the natural and climatic
conditions of the territory is of great importance for
urban planning. All work on the design and
development of settlements in the northern regions,
including in the city of Nizhnevartovsk, must be
carried out taking into account natural and climatic
features. In wvulnerable northern regions, it is
necessary to study unfavorable and dangerous
hydrometeorological phenomena that pose a threat to
the natural environment, the economy, the life and
health of the population and lead to environmental and
economic damage due to the restructuring of the
climate system. The main natural and climatic factors
of northern wurban planning influencing the
development and planning of populated areas are: the
topography of the territory, which must be taken into
account when organizing vertical planning and when
arranging buildings; Wind conditions are taken into
account during the development and planning of
buildings to create a comfortable microclimate on the
territory. Green spaces play a significant role, serving
as windbreaks for the living environment, as do
engineering works carried out to prevent flooding.
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The peculiarities of the city's land formation and
adverse processes disrupt favorable urban conditions,
which determines the study of geodynamic processes
and is a relevant and valuable contribution to urban
planning. The city of Nizhnevartovsk is located in
Western Siberia.in the eastern part of the Khanty-

Mansi Autonomous Okrug - Yugra (Figure 1), in the
conditions of northern latitudes, which are
characterized by the action of extreme natural and
climatic factors, which allows this territory to be
classified as a region of the Far North or localities
equivalent to them.

YcnoBHble 0603HaYeHus:

- rpaHvua TeppuTopun ropoaa HuxkHeBapToBCK

——————— rpaHuua XaHTbl-MaHcuiickoro aBToHoMHoro okpyra-torpbl

& - MECTOMosoXeHne TeppuTopumn ropoaa HmwkHeBapToBcka

Figure 1. Physical and geographical position of the city of Nizhnevartovsk

Due to its complex geological structure and the
specific development of physical and geological
processes, the territory of the city of Nizhnevartovsk
is classified as restricted for urban development,
which requires additional and more detailed
engineering surveys, as well as special measures for
engineering and vertical preparation of the territory.
The topography of the city is the determining factor in
the functional zoning of the city. The features of the
topography predetermine the engineering preparation
of the territory and are necessarily taken into account
when organizing vertical drainage and when locating
buildings and structures. The geographical location of
the territory determines its climatic features. The most
important factors in shaping the climate are the
westerly transfer of air masses and the influence of the
continent. Atmospheric circulation in the territory is
characterized by a rapid alternation of cyclones and
anticyclones, which contributes to frequent changes in
weather conditions and strong winds. According to
construction and climatic zoning in accordance with
SNiP 23-01-99* "Construction Climatology", the

territory of the city of Nizhnevartovsk belongs to
climatic region ID (climatic zone 2, designed for -
43C). The climate characteristics are taken from the
nearest meteorological station - Nizhnevartovsk. In
the absence of data, information from the Surgut
meteorological station is taken (according to SNiP 23-
01-99* updated version). The territory of
Nizhnevartovsk is characterized by a continental
climate with severe, long winters, short cold summers,
short transitional seasons, late spring and early
autumn frosts. The coldest month of the year is
January with an average maximum air temperature of
-22 °C, the warmest month is July with an average
maximum air temperature of +17 °C. The average
long-term annual air temperature in Nizhnevartovsk is
about -3.4 °C. The frost-free period lasts on average
about 100 days. The sum of temperatures during the
growing season of plants in the study area does not
exceed 1,40 °C. The average amount of precipitation
is 450-550 mm per year. Most precipitation occurs in
summer (July, August) and autumn (September,
October), often in the form of showers and
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thunderstorms. The least precipitation occurs in late
winter and early spring (February, March). Wind
patterns in Nizhnevartovsk (Figure 2) vary year-round
depending on circulation factors and local conditions.

Wind direction in certain areas is significantly
influenced by local conditions, including uneven
terrain, river valley orientation, and various obstacles.

2007 £32008 £32009

2007-2008 £72008-2009 £42009-2010

OCEHHHH Ce30H SHMHHH Ce30H

BIOB

£32008 132009 12008 £32009

Becennuii ce3ou JleTHuii ce3on

Figure 2. Prevailing wind direction by season in the city of Nizhnevartovsk

The average long-term annual wind speed in
Nizhnevartovsk is 5.2 m/s. In autumn, southwesterly
winds predominate, with occasional northerly,
northeasterly, and southeasterly winds. In winter,
Nizhnevartovsk is influenced by prevailing
southwesterly winds. In some years, these are joined
by northeasterly and southeasterly winds. Frequent
and strong winds are observed in the study area,
especially in spring, with maximum speeds in April
and May. During spring, winds from various
directions prevail, with westerly, southwesterly, and
southeasterly winds predominating. Northeasterly
winds also occur to a small extent. During this time,
horizontal air movement is characterized by fairly
high speeds, which can reach up to 27 m/s. Summer
seasons are characterized by the dominance of
northerly, northeasterly, northwesterly, and westerly
winds in Nizhnevartovsk. The first snowfall occurs,
on average, in the first ten days of October, and by the
end of October, a stable snow cover has formed. Snow
cover reaches its greatest depth in the second ten days
of March. Stable snow cover lasts approximately 200
days per year. Snow cover begins to melt, on average,
in the first ten days of May, and its final melting
occurs in late May. Unfavorable meteorological
conditions in  Nizhnevartovsk include fog,
thunderstorms, snowstorms, and icy conditions. Snow
drifts up to 2 meters deep are possible. Snowstorms
occur from October to May. Wind direction during
snowstorms  coincides  with  the  prevailing
southwesterly and southerly flow in winter.
Snowstorms with southwesterly winds produce the
heaviest snow drift. Fog can occur year-round, even
during calm weather and low wind speeds. Fog
formation contributes to the accumulation of
hazardous atmospheric pollutants and reduces
visibility. Thunderstorms occur primarily from April

to September and are accompanied by squalls, heavy
rainfall, and often hail. Frequent thunderstorms are a
distinctive feature of the summer. Ice and hoarfrost
are observed from October to May, with icy
conditions occurring between two and five days per
year, and the average annual number of days with
hoarfrost fluctuates between 40 and 60 days. Another
important factor in northern urban development is
wind conditions. Wind speed and direction directly
influence the living environment, and the favorable
conditions depend on the type of development.

A significant portion of Nizhnevartovsk's
southwestern and southeastern areas is susceptible to
flooding. To address these issues, it is necessary to
implement engineering preparation and protection
measures, as well as manage surface runoff.
Construction in the Far North and equivalent areas
must be completed as quickly as possible without
compromising the quality, reliability, strength, and
durability of the structures being erected. Modern
building and structure construction technologies are
best suited to these conditions. The most advanced
approaches to rapid construction include modular
construction and the construction of transformable
buildings and structures. Using geoinformation
mapping and remote sensing data (SAS Planet), we
analyzed the development of residential areas in
Nizhnevartovsk, taking into account prevailing wind
directions in the area. The residential area (Figure 3)
extends along the Ob River in a southeastern direction
and is divided into three parts: the central, eastern, and
old parts of the city. The central part of the city, within
the boundaries of Kuzovatkina, Severnaya, Khanty-
Mansiyskaya, and Pikmana Streets, is formed by
microdistricts of high-rise and mid-rise residential
buildings, with a regular network of wide,
perpendicular streets. This area includes two linear
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public centers of city significance. The public center
is located along Lenin Street, at the intersection with
Pobedy Avenue, and is connected by a system of
boulevards and alleys to the city's recreational spaces:
the Ob River embankment, the 40th Anniversary of
Victory Park of Culture and Recreation, and Lake
Komsomolskoye. A public center is located at the
intersection of Chapaeva and Mira Streets. The
eastern part of the city, within the boundaries of
Internatsionalnaya, Khanty-Mansiyskaya, and Lenina
Streets, is formed by blocks of high-density, high-rise
residential buildings. The old part of Nizhnevartovsk
is located southeast of Khanty-Mansiyskaya Street,
between the Ob River and Lake Emtor. The old part
of the city is predominantly made up of individual
residential blocks, with scattered industrial, utility,
and warehouse areas. Low-rise and mid-rise

VcinoBHble 0003HaAYCHHS

- cenuteOHAast TEPPUTOPHS TOPOjA

residential neighborhoods are located southeast of the
Maly Yegan River. During the analysis of the
residential zone of Nizhnevartovsk, residential
neighborhoods in the central and eastern parts of the
city, as well as the old part of the city, were studied.
In the old part of Nizhnevartovsk, the territory of
microdistrict 16P was analyzed (Figure 4). The
territory of the microdistrict is located in the
southeastern part of the city. Residential buildings in
the microdistrict are located to the west of the
prevailing winds in the area. The development zone of
microdistrict 16P is formed by mid-rise residential
buildings. The buildings are located on the windward
side of the prevailing winds in the area. They have a
rectangular shape, without any difference in height,
which helps protect the residential area from the
adverse effects of northern winds.

- HecTeyeMas TEPPHTOPHA
161 - HOMep MHKpOpaioHa

Figure 3. Residential area of the city of
Nizhnevartovsk

The study analyzed residential microdistricts
No. 12, No. 14, No. 15, No. 15a, No. 16, and No. 16a
in the central part of Nizhnevartovsk (Figure 5). The
territory of the microdistricts under consideration is
located in the southern part of the city. Residential
buildings in the microdistricts are exposed to the
southwesterly direction of the prevailing winds in the
area. The development zone of the studied central part
of the city is formed: within the boundaries of
microdistricts No. 12, No. 14, and No. 15 by mid-rise
and multi-story residential buildings; within the
boundaries of microdistricts No. 15A, No. 16, and No.
16A — by multi-story residential buildings. The
buildings in microdistricts No. 12 and No. 14 feature
a partially closed layout, which facilitates the creation
of enclosed spaces within the microdistrict and
protects the area from the negative effects of winds.
The buildings in microdistricts No. 15 and No. 15a
feature a rectangular layout, taking into account wind
protection through the use of mid-rise buildings,
which also contributes to the creation of enclosed
spaces within the microdistrict and protects it from the

Figure 4. Development in the old part of
Nizhnevartovsk

negative effects of winds. The buildings in
microdistrict No. 16 feature a rectangular layout,
taking into account wind protection through the use of
high-rise and mid-rise buildings, which contributes to
the creation of enclosed spaces within the
microdistrict and also protects it from the negative
effects of winds. The buildings in microdistrict No.
16a feature an open layout, and the area is protected
from the negative effects of winds by high-rise
buildings. In the eastern part of the city, the territory
of residential areas No. 23, No. 24 was analyzed,

No. 25, No. 26, No. 31a (Figure 6). Residential
buildings in these neighborhoods are located taking
into account the prevailing southwesterly wind
direction in the area. Residential blocks No. 23, No.
24, No. 25, No. 26, and No. 31a predominantly feature
a rectangular layout, which creates an enclosed space
within the neighborhood and contributes to wind
protection through the use of mid-rise buildings. An
analysis of the residential neighborhoods in
Nizhnevartovsk suggests that residential development
is characterized by a closed layout, in which
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rectangular buildings create a windbreak front from
the prevailing wind direction, as well as partial

vl ‘o
Fi R, o7
VenoBHBIE 0603HAYECHIIA

- HCCTIETyeMas TePPHTOPHA

12,14,15,15a,16.16a - HOMepa MHKpPOPaioHOB

development, which ultimately helps reduce the
negative impact of winds.

VYcnoBHble 0003HaAUSHIS
- HeeleyeMast TeppHTOPHA

23,24,25,26,31a - HOMepa KBapTalIoB

Figure 5. Development in the main
parts of the city of Nizhnevartovsk

The study area takes into account urban planning
principles such as residential layout, high
compactness, and windbreak buildings, which provide
protection from harsh climatic conditions at sub-zero
outside temperatures. This type of development is
optimal for northern regions, as strong winds further
complicate living conditions in the Far North and
equivalent areas. It can be concluded that the
residential area of Nizhnevartovsk is developed with
wind conditions in mind, which contributes to the
creation of a favorable living environment. Particular
attention in northern urban planning is paid to
snowdrifts, which are accompanied by strong winds.
Snowdrifts in the study area are observed from
October to May. An analysis of the layout and
development of buildings within residential
neighborhoods in Nizhnevartovsk revealed that snow
protection techniques are used within the area, which
help achieve one of the key components of northern
urban planning—wind regulation through
aerodynamic building clusters. Optimal planning

Figure 6. Development in the east
parts of the city of Nizhnevartovsk

ensures cross-ventilation and snow removal beyond
the boundaries of the area. An example of
aerodynamic building cluster planning is residential
neighborhoods in the central part of the city—the
analysis was conducted using several residential
neighborhoods. Neighborhood No. 7 is located in the
northern part of the city (Figure 7). Residential
buildings in the neighborhood are located with the
prevailing southwesterly wind direction in the area in
mind. Microdistrict No. 7 in Nizhnevartovsk includes
residential buildings, preschools and schools, a
shopping mall, stores, an administrative building, a
sports and fitness center, heating stations and
transformer substations, a medical facility, the city
drama theater, the Nizhnevartovsk Pension Fund of
the Russian Federation, and garages. The residential
area of Microdistrict No. 7 in the central part of the
city under study is composed of mid-rise buildings.
The site layout provides for cross-ventilation with
snow removal (Figure 8).
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Venoprble 0603HAUSHHA
- TEPPHTOPHA 7 MHKpOpaiioHa

g NS
VemoBHEIe 0603HAYEHHS

- CKBO3HOII IEPEHOC CHEra

7 - HOMep MHKpOpaiioHa

Figure 7. The study area of microdistrict No. 7 of the

city of Nizhnevartovsk

Figure 8 shows the direction of snow drift
beyond the residential area, formed by the special
arrangement of buildings parallel to each other. This
facilitates the unimpeded transport of snow masses
and has a positive impact on the occupancy of this
microdistrict. Thus, it can be concluded that the
development of Microdistrict No. 7 takes into account
snow drift protection, which meets the requirements
of northern urban planning and contributes to a
comfortable living environment. In addition, the
territory of Residential Microdistrict No. 8A was
analyzed. This microdistrict is also located in the
northern part of the city. Residential buildings in this
microdistrict are located to the west of the prevailing
winds in the area. The residential area of Microdistrict
No. 8A in the central part of the city under study is
formed by multi-story buildings (Figure 9). Figure 9
shows the direction of through snow transport beyond
the residential area, formed by the special
arrangement of buildings parallel to each other. This

YenoBHbie 0003HAYEHHA
———— = TEPPHTOPHA 8A MHKpopaitoHa

- CKBO3HOIT NepeHoc cHera

Figure 8. Layout of buildings in the microdistrict
No. 7 of the city of Nizhnevartovsk, reducing snow

drifts

facilitates the unimpeded transport of snow masses
and has a positive impact on the occupancy of this
microdistrict. Thus, it can be concluded that the
development of Microdistrict No. 8A takes into
account protection from snow drifts, which also meets
the basic planning and development requirements of
northern cities. An analysis of the territory of
Residential Microdistrict No. 10 in Nizhnevartovsk
was conducted (Figure 10). Figure 10 shows the
direction of through snow transport beyond the
residential area of Microdistrict No. 10 in
Nizhnevartovsk. This territory is formed by the
special arrangement of buildings, which facilitates the
unimpeded transport of snow masses, which has a
positive impact on the occupancy of this microdistrict.
The territory of Microdistrict No. 10 is located in the
northeastern part of the city. The residential buildings
of the microdistrict are located towards the west of the
prevailing winds in the area.

VcnoBHbIe 0603HAUEHUS

————————— - TEDPHTOPHA 10 MHKpopaioHa

- CKBO3HOH IEPEHOC CHEra

Figure 9. Layout of buildings in the 8A microdistrict of

Nizhnevartovsk

Figure 10. Layout of buildings in microdistrict
No. 10 of Nizhnevartovsk to reduce snow
accumulation
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Microdistrict No. 10 includes residential central part of the city under study is comprised of

buildings, preschool and school facilities, retail
buildings, a store, an administrative building, heating
plants, medical facilities, and a hotel. The residential
development zone of Microdistrict No. 10 in the

mid-rise and multi-story buildings. An analysis of the
development of residential Microdistrict No. 10B in
Nizhnevartovsk was conducted (Fig. 11).

VemoBubIe 0603HAUEHHS

- CKBO3HOMH IEPEHOC CHEra

- TeppuTOpHA 10B MHKpOpaioHa

Figure 11. Layout of buildings in microdistrict No. 10B of the city of Nizhnevartovsk, reducing snow
accumulation

The yellow arrows in Figure 11 indicate the
direction of snow drift beyond the residential area,
formed by the special arrangement of buildings—
parallel to one another. This facilitates the unimpeded
transport of snow masses and has a positive impact on
the occupants of this microdistrict. Microdistrict No.
10B is located in the northwestern part of the city.
Residential buildings in the microdistrict face the
westerly direction of the prevailing winds in the area.
The microdistrict includes residential buildings,
preschools and schools, stores, transformer
substations, and heating stations. The residential zone
of Microdistrict No. 10B, in the central part of the city
under study, is formed by mid-rise and multi-story
buildings. The development of Microdistrict No. 10B
takes into account snowdrift protection, which
complies with northern urban planning and
contributes to a comfortable living environment.
Thus, it can be concluded that the planning and
development of Nizhnevartovsk's residential area
complies with northern urban planning requirements
regarding protection from snow drifts. Using the
development of residential microdistricts in
Nizhnevartovsk as an example, the organization of
cross-ventilation and snow removal beyond the
residential area is demonstrated. Buildings in the
study areas are spaced at a certain distance, parallel to
each other, which facilitates the unimpeded transport
of snow. The buildings have a streamlined shape, and

the outer building lines are free of indentations,
depressions, and protrusions, which also helps reduce
snow drifts. Green spaces play a significant role in
protecting residential areas from winds. The most
effective approach to greening Nizhnevartovsk's
urban areas is the creation of a unified, integrated
landscaping system utilizing the full range of green
space functions, namely wind regulation (wind
protection). In Nizhnevartovsk, wind protection is the
most commonly used function of green spaces to
ensure a comfortable urban environment. Green
spaces located within the city's residential areas
prevent cold wind gusts from penetrating residential
areas, which has a positive effect on the living
environment. The area of greenery within the city of
Nizhnevartovsk is approximately 6,000 hectares.
Limited-use plantings (green areas within residential
areas) amount to approximately 49 hectares. In
accordance  with SP  42.13330.2011 Urban
Development. Planning and Development of Urban
and Rural Settlements. The updated version of SNiP
2.07.01-89 - greenery in residential areas must comply
with the standard of 10 m? per person. The study
analyzed the area of greenery in residential areas in
accordance with the regulatory document. It has been
determined that the area in the new microdistricts of
the city under construction needs to be landscaped. To
ensure the continued rational use of the territory and a
favorable living environment for the population, it is
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necessary to provide windbreaks—green spaces—to
create a comfortable living environment and protect
residential areas from winds and snow drifts.

Having analyzed the priority and level of
greenery in Nizhnevartovsk, it can be concluded that
current green spaces do not fully meet the specific
needs of northern urban development, which
adversely impacts the living environment. Thus, as a
result of the urban planning analysis of
Nizhnevartovsk, taking into account natural and
climatic factors, it can be concluded that the
development of the studied area fully takes into
account factors such as terrain, engineering
preparation of the areas, wind conditions, and snow
drifts. The development and layout of buildings and
structures in Nizhnevartovsk are based on the
prevailing southwesterly wind directions in the area.
It is characterized by a closed and partial layout, in
which rectangular buildings create a windbreak front
of screen-like buildings on the side of the dominant
wind direction, which helps reduce the negative
impact of winds. Green spaces, a factor in northern
urban development that serves as a windbreak for
populated areas, do not fully address all the negative
impacts on the living environment, which negatively
impacts urban development as a whole. Green space
creation and renovation should be primarily focused
on the multi-apartment residential developments in
Blocks No. 23, 24, 25, 26, and 3la. To create a
comfortable microclimate, windbreaks must be
provided. Dense tree plantings can serve as a natural
barrier. In open spaces, conifers should be preferred,
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INPUMEHEHHWE METOJA AHAJIN3A BIG DATA B YITPABJIEHUN UHHOBAIIMOHHBIMHU
IMPOLHECCAMM B ITIPOMBIIVIEHHBIX TPEANNPUATUAX PECITY BJINMKU KAPAKAJIITAKCTAH

Annomayun: B cmambe ucciedylomest 03MONCHOCIMU NPUMEHEHUsT MEXHONI02UI AHANU3A OONbUUUX OAHHBIX
(Big Data) 6 ynpaenieHuu UHHOBAYUOHHLIMU NPOYECCAMU HA NPOMBIUIEHHbIX npeonpuamusx Pecnybauxu
Kapaxannaxcman. Paccmampugaiomess meopemuyeckue ochoswl Big Data-ananumuxu u ee poib 6 yugposou
mpaucgopmayuu npomviuiiennocmu. Ha ocnoge cmamucmuueckux OaHHbIX aHATUZUPYIOMCS TMEHOEHYUU PA3GUNIUSL
NPOMBIUIEHHO20 CEKMOPA PecUOHd, YUPPosU3ayuu SKOHOMUKU U GHEOPEHUs AHATUMUYECKUX TMEXHOL0UI.
Ipeonoacena moodenv ucnonvzosanus Big Data 6 ynpasnenuu uHHOSayusMU RPeONpUsmMul, HANPAGIEHHAs HA
noswviuierue QHeKmusHOCmU NPOU3800CMEa U KOHKYPEHMOCHOCOOHOCU NPOMBIULEHHOCHIU.

Kniouesvie crosa: Big Data, unnosayuu, yughpoeas IKOHOMUKA, RPOMBLULEHHOCHIb, YAPABTIEHUE UHHOBAYUSIMUL.

Beenenue ONTHMU3AIMK  IIPOM3BOJICTBEHHBIX IIPOIECCOB |
B ycnoBuax mudposoil  Tpanchopmanmun CHIDKEHHMIO M3JepXeK mpennpustuii. Kpome Toro,
HSKOHOMHKH HCIIOJIb30BAaHHE IAHHBIX CTaHOBUTCS aHaIu3 60BIIuX JTAaHHBIX TO3BOJISIET
OIHUM U3 KIIOYEBBIX (DaKTOPOB  MOBBIMICHUS MIPOTHO3UPOBATH PHIHOYHBIE TEHACHIINH U TIOBBIIIATH
3(GGEKTHBHOCTH  YIPaBICHUS  TIPEANPHATHAMI. KOHKYPEHTOCIIOCOOHOCTD MPEATPHATHIA.
Texnonornn Big Data mo3BomstoT o0pabaThIBaTh s Pecmybnmuku Y30exkuctan mudpoBU3anys
Gonpmirie 00beMbl MH(POPMAIUH, BBISBISTH CKPBHITHIC SKOHOMHKH SIBISETCS. OJHUM W3 HPHUOPHTETHBIX
3aKOHOMEPHOCTH ¥ IPUHUMATh OoJiee 000CHOBaHHbIE HaIpaBJIEHUN rOCYAapCTBEHHON MONUTUKH. B pamkax
YIPABJICHYECKUE PELICHHUS. crparerun «Lludposoii Y3bekncran —2030» akTHBHO
CoBpeMeHHbIE HCCIEI0BAHUS TOKA3BIBAIOT, UTO BHEJPSIOTCS MH(POpPMaINOHHbIE TEXHOJIOTHH,
ucronb3oBanue Big Data ciocoOcTByeT NOBBIIEHHTO HCKYCCTBEHHBIH HHTEJUIEKT W CHUCTEMBbl aHaln3a
3¢ pexTuBHOCTH yIIpaBICHUS WHHOBALIUSIMHU, naHHbIX [1]. PazButne mudpoBoil MHGPACTPYKTYpHI
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CIOCOOCTBYET MOJIEPHU3AIMU TPOMBIIUICHHOCTH H
(hopMHPOBaHNIO HHHOBAIIMOHHOI SKOHOMUKH.

Ocoboe 3HaueHue IMppoBas TpaHchopmanms
umeer g Pecnybaukm Kapakammakcran. [lo
JIaHHBIM ~ cTaTUcTuKH, B 2025 Troay BanoBoit
PETHOHANBHBIN TPOJYKT PErnoHa YBEJINUWIICS Ha 7,2
%, a 00beM NMPOMBIIIEHHOTO TPOU3BOJCTBA BBIPOC
Ha 5,3 %, 9TO CBHICTENBCTBYET O IOJOKHUTEIHHON
JTUHAMUKE Pa3BUTHUS MPOMBIIUICHHOCTH PEeTHOHA. [2]

Ha maganmo 2026 TOoma B  pErHOHE
(hyakanornpoBaio 6onee 30,5 ThIC. IpeATIPUATHI H
OpTaHU3alH, YTO CO31AET 3HAYNUTEIbHBIN OTEHIIAAI
JUIi  BHenpeHus  1HMQPOBBIX  TEXHOJOTHH U
AQHAJIUTUYECKUX CUCTEM yTpaBieHus. [2]

Lenp uccnenoBanus — aHaIU3 BO3MOXKHOCTEH
npuMmeHeHus: Big Data-aHanuTuku B ynpaBieHUH
WMHHOBAIIMOHHBIMHU TIPOLIECCAMH HA HPOMBIIIJICHHBIX
npeanpustusix Pecriyonuku KapakanmnakcraH.

OCHOBHBIE 3a/1a4H UCCIIEJOBAHMS:

® HCCIEeNOBaTh  TEOPETHUCCKHE  OCHOBBI
npumeHeHns Big Data;

e IIPOaHATU3NPOBATH pa3BuTHE
MPOMBIIICHHOCTH PErHOHa;

® ONpelNeNnuTh pOJIb AaHaIW3a JIAHHBIX B
YIpaBJICHUNW WHHOBAIIUAMMU,

e pa3paboTaTh MOJENb WCIONB30BaHMA Big
Data B MHHOBaIlMOHHOM YIPaBJICHUH.

OcHoBHAAl YacTh

Big Data-ananutuka mpeamonaract o6paboTKy
GonbIUX ~ OOBEMOB  CTPYKTYPHPOBAHHBIX W
HECTPYKTYPUPOBAHHBIX JAHHBIX JUIS BbISBICHUS
3aKOHOMEPHOCTeH U MPOTHO3UPOBAHUS PA3BHUTHS
om3Heca.

OcHoBHBIE XapakTepucTHku Big Data:

1. Volume — Gonpime 00BEMBI JAHHBIX

2. Velocity — BeIcOKast ckopocTs 06pabOTKH
JIAHHBIX

3. Variety — pa3noo6pa3ue THIIOB JaHHBIX

4. Value — 11eHHOCTh JaHHBIX JAJIsSI IPUHSITHSL
perieHuil.

Merton ananusa Big Data Bkiirouaet cieayronue
STArbI:
c00p TaHHBIX;
XpaHeHHE JIaHHBIX;
00paboTKa TaHHBIX;
AHAIUTHYECKOE MOJICITHPOBAHNUE;
HCIONb30BAaHNE PpE3yJIbTATOB aHAlW3a B
yIpaBJICHUU.

[IpOMBINIUIEHHOCTh ~ SBJISETCS  OJAHUM U3
KITIOYEBBIX DJICMCHTOB SKOHOMHUKH PETHOHA.

agrwbdE

Ta6auna 1. OcHOBHBIE MOKa3aTeIH IKOHOMIYecKoro pa3eutus Kapakannakcrana [2]

npousBoJicTBa (%)

IToxa3zaTeanb 2022 2023 2025
Poct BPII (%) 5.6 6.4 7.2
Poct MPOMBIIIITIEHHOTO | 4 o 48 53

KonunuectBo npeanpusituit

27000 | 29400 | 30573

Hcemounuk: cocmasneno asmopom Ha OCHoee Oanuvix Aeenmcemea cmamucmuxu Pecny6fzu1<u V3bexucman.

JlanHple TaOIMIBI TOKA3BIBAIOT YCTONUYMBBIN
POCT SKOHOMHUKH PErHOHa. YBEIWYCHHE KOJIUYECTBa
NPENPUSITHH M IPOMBIIIICHHOTO IPOMU3BOJCTBA

CO3/1aeT NPEANOCHUIKH AJIsI BHEAPEHHS IH(PPOBBIX
TEXHOJIOTHil U CUCTEM aHAIU3a JAHHBIX.

Tab6auua 2. OcHOBHBIEe HANIpaBJieHUs NpuMeHenus Big Data na npeanpusitusx [3]

HanpasJienue Pe3yabTar
Ananus MIPOM3BOJICTBEHHBIX | ITOBBINICHUE s pexTuBHOCTH
JIAHHBIX TIPOM3BOJICTBA

ONTHMU3AINS POU3BOJICTBEHHBIX
[IporHosuposanue crpoca

TUIAHOB

Amnanuz o0opynoBaHus

CHUIKEHHUE ITPOCTOCB

YrnpapiieHre UHHOBAIUSIMU

YCKOpEeHHE pPa3pabOTKH  HOBBIX
TEXHOJIOTH I

Hcmounuk: cocmagneno agmopom Ha 0CHoge Ucciedosanuii yughposoi sxonomuxu [3].

Big Data-amanuTrka MO3BONSET MPEATIPUITHIM
6onee 3pPEKTUBHO yNPaBIATh MPOU3BOICTBEHHBIMH
npoueccaMu M MHHOBalusMHu. Vcnonb3oBaHue
JIaHHBIX TIOMOTaeT BBISIBIIATH po0IeMbl

MIPOU3BOJICTBA U ONTUMHU3HPOBATh TEXHOJOTHIECKUE
TIPOIIECCHI.

B mocnegune romel B Y30eKHCTaHE AKTHBHO
pasBuBaeTcs mudpoBas wHGpacTpykTypa. Passurue
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3JIEKTPOHHOTO IIPABUTENHCTBA U HU(PPOBBIX CEPBUCOB
crocoOcTByeT (hOpMHUPOBAHUIO 3KOCUCTEeMBI Big Data
Y Pa3BUTHIO AaHATUTUYCCKUX TEXHOJIOTHIA.
Ta6auna 3. Ucnojib30BaHHE AaHAJIUTHYECKUX TEXHOJIOTHii B Ou3Hece [4]
Ioka3arenb 3HaveHne
Crapransl, ucrons3yronme Big Data 25 %
Komnanuwy, BHEIPSIOUIE | op o
AHATUTHYECKIE CHCTEMBI
OcHoOBHas mpoobJieMa BHEIPEHUS HEXBAaTKa CIICIUATUCTOB
Hcmounuk: uccnedosanus yugposoii 3KoHOMuKY Y30exucmaua.
HccnenoBanust  MOKa3bIBAIOT,  YTO  XOTSA OTHOCUTEIFHO HU3KUM. OIHOW U3 OCHOBHBIX

KOMIIAHUM [PU3HAIOT BaXXHOCTb aHAJINW3a JaHHBIX,
ypOBeHb BHenpeHus TexHosorui Big Data ocraercs

r[po6neM SABJIICTCA HCAOCTATOK KBaJII/I(bI/II_II/IpOBaHHBIX
CIICIIUAJIMUCTOB.

Pucynok 1. Mopaenb npumenenusi Big Data B ynpaB/jieHnu uHHOBanusiMu [5]

Big Data

J

L 4

l al q AHanus NPOoU3BOACTBEHHbIX AAaHHbIX
- —

v

o . BbisBneHue TexHonoruyec
)

e | &

4
R
W= A

L 4

MoBbiweHue 3¢ deKTMBHOCTU NpeanpUATUs

v

Pe3ynbraTel HMcciIeIOBaHUS TOKA3bIBAIOT, YTO
ucrnonb3oBanue Big Data MOXeT 3HaYMTEIBHO
MOBBICUTH 3¢ PEeKTUBHOCTD yIpaBIeHUs
WHHOBAIMSMHU Ha TPOMBIIIICHHBIX PEANPHUATHUSIX.

Bo-mepBeix, aHanmm3  OONBIIMX  JAHHBIX
MO3BOJSIET BBISABIATH CKPBIThIE 3aKOHOMEPHOCTH B
MPOU3BOJCTBEHHBIX NpOLECCaX U ONTUMU3UPOBATH
UCIIOJIB30BaHUE PECYPCOB.

Bo-Bropsix, Big Data criocoGcTByeT pa3sBuTuio
MPOTHO3HBIX ~ MOJENeH  yIpaBlIeHHS, KOTOpbIC
MO3BOJIIIOT MPEINpPUATHSIM 3apaHee pearupoBaTh Ha
W3MEHEHHUS PhIHKA.

Kpowme Toro, BHEpEHIE aHATUTHIECKUX CUCTEM
CIOCOOCTBYET YCKOPEHHUIO HWHHOBAITMOHHBIX
NpOLIECCOB M TOBBIIIEHUIO  3((EKTUBHOCTH
yIpaBJIE€HUs NPEANPUATUIMHU.

B TO ke Bpems cymecTByeT psja Impodiem
BHenpeHus Big Data:

® HEIOCTaTOK
aHalu3a JaHHbIX;

CIICuuaJinuCcToB B obJactu

KUX BO3MOXXHOCTEN ,

Pa3spaboTka MHHOBaLMiA '

® BBICOKHE 3aTpaThl Ha BHEJ[pEHHE
TEXHOJIOTHH;

® HEJ0CTaTOYHOE pasBuUTHE udpoBoit
HHPPACTPYKTYPEI.

3aki0yeHue

[IpoBenenHoe uccie0BaHne TIO3BOJISIET

CeNaTh CIEAYIOINE BIBOBI:
1. Big Data-ananutuka sBISETCS BaXHBIM
WHCTPYMEHTOM  YyNpaBJICHHUs WHHOBAIUSAMH  Ha
MPOMBIIIJIEHHBIX MPEANPHUITHIX.
2. BHenpeHue TEXHOJOTMU aHaaM3a TaHHBIX

CIOCOOCTBYET MOBBILLIEHUIO 3¢ EeKTHBHOCTH
MIPOM3BOJICTBA M PA3BUTHIO HHHOBAIMH.
3. B PecryOmnuke Kapaxannakcran

HaOoaeTcst poCT NPOMBINUIEHHOCTH U IM(PPOBOI
UHQPACTPYKTYpBl, YTO CO3MACT MPEIITOCHUIKH JIJIs
BHenpenus Big Data.
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HCCIEIOBaHUI

4. s ycHeumrHoro NPHMEHEHHS TEXHOJIOTHHA

aHaJM3a JIAaHHBIX HEOOXOIMMO DPa3BUTHE KaJpOBOTO
MOTEHIMAa a ¥ HUPPOBOH HHOPACTPYKTYPHI.

[lepCreKTUBHBIM HAIpPABICHHUEM JTAIbHEHIINX
SIBIISICTCS pa3paboTka
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Introduction The relevance of this study is determined by the

The oil and gas complex are traditionally seen as need not simply to observe the decline in exports, but
a cornerstone of energy security and an important to identify the systemic causes of this phenomenon,
source of export earnings for Uzbekistan. However, assess the competitive position of the country in the
the last decade has been a period of fundamental region and develop ways of transforming export
testing of this model. With increasing domestic potential in new conditions. The objective of the work
consumption, the country is facing a steady decline in is to propose, on the basis of a comprehensive analysis
production in major, depleted fields. The decline in of statistics, comparative assessment and structural
production thus exacerbates the conflict between two approach, strategic guidelines for the transition from
strategic objectives: ensuring domestic energy the commodity export model to the value-added
independence and maintaining revenues from economy in the oil and gas sector.
hydrocarbon exports. [10]

Public policy expressed in a number of strategic Research methodology
documents, such as the Presidential Decree PP-3107 The work was based on a comparative analysis
of 30 June 2017 «On measures to further improve the of official statistics of the National Committee of
management system of the oil and gas industry», Statistics of the Republic of Uzbekistan, which made
recognizes these challenges and sets the direction for it possible to trace the dynamics of oil and gas
modernization and investment [3]. Despite efforts, production between 2017 and 2024.
key industry indicators show trends that require deep To understand the place of Uzbekistan in the
analytical rethinking. regional context, a comparative analysis was used -

the current situation of the export potential of
[ ]
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neighboring  countries -  Kazakhstan  and Analysis of modern dynamics: from

Turkmenistan.

The depth of the study was provided by
structural and causal analysis, which helped to
identify and rank key factors constraining export
potential. In addition, a scenario approach was applied
to form a weighted forecast, taking into account both
current trends and the development directions
declared in government programs.

production to export

The current state of the oil and gas complex in
Uzbekistan is characterized by a number of
interrelated negative trends, which are most clearly
reflected in official statistics. As can be seen from the
data, natural gas production after a short-term peak in
2018 (61.6 billion m3) entered a phase of steady
decline, dropping to 44.6 billion m3 in 2024 [1, 2].

Table 1. Volume of production of natural gas and oil in Uzbekistan

Year Natural gas production, Oil production,
billion m? thousand tons
2017 56,642 813
2018 61,585 745
2019 60,711 698
2020 49,678 739
2021 53,802 774
2022 51,678 787
2023 46,71 778
2024 44,6 713

A key indicator of structural shifts is the
significant decline in export potential of the sector.
Between 2018 and 2023, the volume of natural gas
exports decreased from 14.4 to 1.3 billion m3 [1, 2].

This trend indicates that the shrinking resource base is
largely covering growing domestic demand,
significantly constraining supply in external markets.

20

Natural gas exports in Uzbekistan, billion m?

14,42

13,21

15

939~
10 -

Natural gas exports, billion
m3

5,03
s NER
0
2017 2018 2019 2020 2021 2022 2023
Period, year

Figure 1. Export of natural gas in Uzbekistan for 2017-2023, bn. m.3 [2]

The decline in export potential has had an impact
on the country’s macroeconomic performance.
According to the data of the State Committee, the
share of fuel and energy products in the structure of
exports of Uzbekistan for the period 2018-2023.
significantly decreased from 24.94% to 4.46% (Figure
2). This reflects the segment’s loss of its former role

as a stable source of foreign exchange earnings and its
transition to a volatile, market-driven component of
external trade. The temporary increase in share in
2021, coinciding with a period of high global energy
prices, only underlined the overall volatility and
dependence of the indicator on external conditions.
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Figure 2. Export of fuel products from total exports of Uzbekistan for 2017-2023, % [1]

The main causes of the observed decline are
systemic. First, it is a progressive depletion of existing
deposits, especially gas ones, without adequate
compensation by new discoveries. Secondly, there is
a chronic lack of investment in exploration and
modernization of production machinery, leading to
the physical and moral obsolescence of equipment.
Third, a key constraint is the lack of implementation
of advanced technologies for enhanced oil recovery
and production intensification [4].

Comparative context: Uzbekistan in the
system of regional export models
The peculiarities of Uzbekistan’s position

become more evident when it is compared with the
strategies of its key regional neighbors - Turkmenistan
and Kazakhstan. A comparative analysis conducted
on the basis of data from international organizations
makes it possible to identify the distinctive features
and structural characteristics of the development
model of Uzbekistan’s oil and gas sector.

Turkmenistan, which has one of the largest
reserves of natural gas in the world, continues to
implement a strategy of net exporter, mainly focused
on China. According to the International Energy
Agency (IEA), it remains a key supplier of pipeline
gas in the region under long-term contracts [6].

Kazakhstan, by contrast, builds its export policy
primarily on large-scale crude oil exports. According
to the report of the Organization of Petroleum
Exporting Countries (OPEC), in 2023 Kazakhstan
became one of the top ten world oil exporters, actively
using transit routes through Russia and the Caspian
Sea [7][8].

Thus, Uzbekistan occupies an intermediate
position: on the one hand, it does not possess as huge
reserves as Turkmenistan, and on the other - its
internal energy consumption, due to population size
and economic structure, is much higher than in both
neighbors. This dual situation constitutes a unique
challenge for building the country’s sustainable export
potential. Access mode

Analysis and conclusions

The analysis indicates that the oil and gas sector
of Uzbekistan is entering a new phase of its
development, characterized by a change in the balance
between domestic consumption and export
possibilities. The current situation requires not so
much a response to the current challenges, but rather
the formation of a new, more sustainable and
diversified model for the development of the industry.
In this context, the strategic course should be a
comprehensive modernization aimed at the qualitative
transformation of the structure of export potential and
the creation of new sources of added value.

In this context, several interrelated directions of
strategic development can be identified:

First, urgent measures to increase production
should be a priority. Widespread introduction of
modern technologies to increase oil recovery and
promotion of exploration with the involvement of
foreign investors will slow down the rate of decline of
production and create a basis for its future
stabilization. Without addressing this fundamental
problem, any plans to increase exports will remain
unachievable. [5]

Second, deep processing of hydrocarbons should
be the key. Emphasis on the development of gas
chemistry and projects on gas liquefaction (LNG) is
aimed at a qualitative change in export structure.
Instead of wvulnerable exports of pipeline raw
materials, the country will be able to sell more
expensive and liquid products on the world market:
polymers, methanol or liquefied gas. This will not
only increase foreign exchange earnings from each
cubic meter of gas produced, but also reduce
dependence on transit routes. [5]

Third, there is a need for systematic work to
improve the efficiency of domestic energy
consumption. The large-scale energy conservation
programme in industry and utilities will free up
significant quantities of gas, which can be used either
for export or for new processing. This internal
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resource release will be the most important reserve for
the implementation of the first two recommendations.

Conclusion

The export potential of the oil and gas sector of
Uzbekistan is undergoing a transitional phase, which
requires a strategic review of approaches to its
development. Maintaining the current model, based
on the exploitation of traditional fields with a
predominant export of raw materials, objectively
reduces the contribution of the sector to the economy
and complicates the tasks of providing energy
balance.

The growing imbalance between domestic
demand and production capacity requires structural
adaptation of the industry. This is consistent with the
global practice of States transitioning from a
commodity export model to an economy based on

References:

1. (2024). National Committee of Statistics of the
Republic of Uzbekistan. Official data on oil
production for 2017-2024. [Electronic resource],
Tashkent, 2024, Retrieved from
https://api.siat.stat.uz/media/uploads/sdmx/sdm
x_data_474.pdf

2. (2024). National Committee of Statistics of the
Republic of Uzbekistan. Official data on natural
gas production for 2017-2024. [Electronic
resource], Tashkent, 2024, Retrieved from
https://api.siat.stat.uz/media/uploads/sdmx/sdm
x_data_2680.pdf

3. (2017). Decree of the President of the Republic
of Uzbekistan «On measures for further
improvement of the oil and gas industry
management systemy: Decree of the President of
the Republic of Uzbekistan PP-3107 of June 30,
2017. Official site of the President of the
Republic of Uzbekistan, 2017, 26. [Electronic
resource], Retrieved from
https://lex.uz/docs/3414470

4. (2022). «Oil and gas complex of Uzbekistan:
current state and prospects»/ Under the reeds.
A K. Karimov, Tashkent: «Uzbek Neftegazy,
2022, 312 p.

5. (2020). Ministry of Energy of the Republic of
Uzbekistan. Concept of development of the oil

deep resource processing and
sophisticated services.

Therefore, the strategic goal in the medium term
is the consistent transformation of the oil and gas
complex into a high-tech segment of the national
economy focused on production of products with high
added value. Implementation of this task depends on
effective interaction between the state, creating a
stable regulatory environment, and international
investors with the necessary capital and technology.

Achievement of the target will allow Uzbekistan
not only to maintain but also to strengthen its position
in the international division of labor in the energy
sphere, ensuring sustainable export earnings and
transition to a qualitatively new model of energy
security, based on technological development and
diversification.

technologically

and gas industry for 2020-2030, Tashkent, 2020,
56s.

6. (2023). International Energy Agency (IEA).
Natural Gas Market Report, Q4 2023, Paris:
IEA, 2023, Retrieved from
https://www.iea.org/events/medium-term-gas-
report-2023-including-gas-market-report-q4-
2023

7. (2023). Organization of the Petroleum Exporting
Countries (OPEC). OPEC Annual Statistical
Bulletin 2023, Vienna: OPEC, 2023, Retrieved
from https://www.opec.org/assets/assetdb/ash-
2023.pdf

8. (2024). Ministry of Energy of the Republic of
Kazakhstan. Official data on oil and gas
production and export in the Republic of
Kazakhstan [Electronic resource]. — Astana,
2024. Retrieved from
https://www.gov.kz/memleket/entities/energo

9. (2022). Asian Development Bank. Energy Sector

Development in Central Asia. — Manila: ADB,

2022. Retrieved from https://www.adb.org

(n.d.). Agency of Statistics under the President of

the Republic of Uzbekistan  (Industry)

[Electronic  resource] Retrieved  from

https://stat.uz/ru/ofitsialnaya-statistika/industry

10.

Philadelphia, USA

214

2 Clarivate
Ana lytiCS indexed


https://api.siat.stat.uz/media/uploads/sdmx/sdmx_data_474.pdf
https://api.siat.stat.uz/media/uploads/sdmx/sdmx_data_474.pdf
https://api.siat.stat.uz/media/uploads/sdmx/sdmx_data_2680.pdf
https://api.siat.stat.uz/media/uploads/sdmx/sdmx_data_2680.pdf
https://lex.uz/docs/3414470
https://www.iea.org/events/medium-term-gas-report-2023-including-gas-market-report-q4-2023
https://www.iea.org/events/medium-term-gas-report-2023-including-gas-market-report-q4-2023
https://www.iea.org/events/medium-term-gas-report-2023-including-gas-market-report-q4-2023
https://www.opec.org/assets/assetdb/asb-2023.pdf
https://www.opec.org/assets/assetdb/asb-2023.pdf
https://www.gov.kz/memleket/entities/energo
https://www.adb.org/
https://stat.uz/ru/ofitsialnaya-statistika/industry

ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940
Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350

Issue Avrticle

International Scientific Journal

p-ISSN: 2308-4944 (print)  e-ISSN: 2409-0085 (online)

SOl: 1.1/TAS DOI: 10.15863/TAS

Theoretical & Applied Science

Year: 2026 Issue: 03 Volume: 155
Received: 24.03.2026 . .
Accepted/Published:  30.03.2026 Nttps://T-Science.org

Denis Chemezov
Vladimir Polytechnic College

MEng, Honorary Worker of the Education Field of the Russian Federation, Academician of International
Academy of Theoretical and Applied Sciences, Lecturer, Russian Federation
https://orcid.org/0000-0002-2747-552X

vpk-science@yandex.ru

Kirill Samokhvalov
Vladimir Polytechnic College
Student, Russian Federation

Yaroslav Baranov
Vladimir Polytechnic College
Student, Russian Federation

Aleksandr Burkov
Vladimir Polytechnic College
Student, Russian Federation

Darya Mishakova
Vladimir Polytechnic College
Student, Russian Federation

Valeriy Gogulin
Vladimir Polytechnic College
Student, Russian Federation

Ekaterina Suslova
Vladimir Polytechnic College
Student, Russian Federation

Daniil Firsov
Vladimir Polytechnic College
Student, Russian Federation

Andrey Stepanov
Vladimir Polytechnic College
Student, Russian Federation

ANALYSIS OF THE STRESS INTENSITY OF A PREHEATED STEEL
BUSHING UNDER CONDITIONS OF PRESSING A STEEL SHAFT INTO
IT TOFORMAFIT WITH A GUARANTEED INTERFERENCE

Abstract: This article presents the results of finite element modeling of the process of pressing a shaft into a
preheated bushing to form a fit with a guaranteed interference (0.1 mm). The intensity of the stress state of the bushing
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material was estimated based on the calculated values of von Mises stress, normal stress, and contact forces arising

on the surfaces of the shaft and bushing.

Key words: bushing model, shaft model, pressing, stress, contact force.

Language: English

Citation: Chemezov, D., et al. (2026). Analysis of the stress intensity of a preheated steel bushing under
conditions of pressing a steel shaft into it to form a fit with a guaranteed interference. I1SJ Theoretical & Applied

Science, 03 (155), 215-220.
Soi: https://s-0-i.0rg/1.1/TAS-03-155-14
Scopus ASCC: 2206.

1. Introduction

When pressing a steel shaft into a preheated steel
bushing, the stress behavior within the materials is
crucial to ensure a guaranteed interference fit. Heating
the bushing causes it to expand, temporarily
increasing the internal diameter. When cooled after
assembly, the inner surface compresses tightly around
the shaft, creating a strong mechanical connection
without additional fastening.

The stress distribution during this process
depends on temperature gradients, material properties
and the amount of interference — the difference
between the shaft diameter and the bushing bore [1-
4]. Initially, thermal expansion reduces the pressing
force, but as the bushing material cools, compressive
hoop stresses arise, ensuring a secure fit [5-7]. In this
case, the shaft experiences tensile stress due to
compression.

Elastic deformation predominates during
pressing, which turns into plastic deformation if the
von Mises stress exceeds the yield strength of the
material. Experimental and calculated data show that
maximum von Mises stresses typically reach 85-110%
of the yield strength for a successful interference fit
[8-10].
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Understanding the stress dynamics during shaft
press-fitting is vital to predicting mechanical
performance, preventing distortion, and ensuring
reliability in applications such as mechanical
engineering, automotive, and aerospace components
where precision fit is critical.

2. Materials and methods

Finite element modeling of the process of
pressing a shaft into a bushing was performed in the
COMSOL  Multiphysics  software environment.
Models of the bushing and shaft (the length of which
was taken as 100 mm) were constructed on a plane.
The difference between the outer diameter of the shaft
model and the inner diameter of the bushing model
was 0.1 mm, which made it possible to obtain the fit
with guaranteed interference. The wall thickness of
the bushing model was taken to be 15 mm. For more
precise centering of the mating part models, two
chamfers measuring 0.5%45° were made on their
edges. The bushing model was fixed by the lower end
surface, the shaft model moved only in the direction
of the Y coordinate axis.

The conditions for finite element modeling of the
process of pressing the shaft model into the bushing
model are shown in the Fig. 1.

T
45 50 55

Figure 1. The conditions for finite element modeling of the process of pressing the shaft model into the
bushing model. The diagram shows: 1 — shaft model, 2 — bushing model, r = 0 — center line of the shaft and
bushing models.

The bushing and shaft models were given the
properties of 1040 steel, which has the properties of a
linear elastic material. To facilitate the pressing
process, the shaft model was cooled to a temperature
of 123.15 K, and the bushing model was heated to a
temperature of 473.15 K. The change in the
mechanical properties of 1040 steel (Poisson's ratio,

Young's modulus, bulk modulus and shear modulus)
during heating and cooling is shown in the Fig. 2.
From the graphs it can be noted that when 1040
steel is cooled to extreme negative temperatures, the
value of Poisson's ratio decreases, while the values of
Young's modulus, bulk modulus and shear modulus
increase. On the contrary, when heating 1040 steel, an
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increase in the Poisson's ratio and a decrease in the
strength properties of the material are observed.
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Figure 2. Dependencies of mechanical properties of 1040 steel with temperature changes (K):
A —Poisson's ratio, B — Young's modulus, C — bulk modulus and D — shear modulus.

The contact of surfaces of the shaft and bushing
models was determined using a friction coefficient of
0.5. The results of the stress state of the bushing
material were recorded every 10 mm of the pressing
length. The simulation was performed until the shaft
model was completely pressed into the bushing
model.

3. Results and discussion

The Table 1 shows the results of finite element
modeling of the process of pressing the shaft model
into the bushing model.

The results are presented in the form of a color
scheme of the change in von Mises stress in the
material of the bushing model, color vectors of contact
forces on the mating surfaces of the shaft and bushing
models, and the graphs of the dependence of normal
stress of the contact inner surface of the bushing
model on the pressing length.

The yield strength of 1040 steel is 3.35x10%
N/m?. At all steps of the calculation of the pressing
process, an excess of the yield strength of the bushing
material on the surface layers of the inner surface is
observed, according to the calculated values of von
Mises stress. In this case, the maximum stresses
leading to plastic deformations are noted at a pressing

length of 50 mm, and the minimum stresses are noted
at a pressing length of 30 mm.

The pressing process is accompanied by the
emergence of contact forces both on the outer surface
of the shaft model and on the inner surface of the
bushing model. The intensity of change in contact
forces is shown by vectors of different lengths. The
upper scale (with a color range from green to gray)
shows the change in pressure on the contact surfaces
of models, the lower scale (purple) shows the change
in friction force on the contact surfaces of models. The
friction force is constant in magnitude over the entire
range of pressing length. It is noted that in the zone of
cutting layers of material by the entry part of the shaft
model, the greatest contact force acts on the inner
surface of the bushing model. As the shaft model
moves along the pressed length of the connection, a
practically uniform distribution of force is observed
on the contact surfaces of the part models. In this case,
the material of the bushing model is subjected to
compression, and the material of the shaft model is
subjected to stretching. The greatest contact force
occurs on the inner surface of the bushing model at a
pressing length of 100 mm.

The graphs of the dependence of normal stress
on the pressing length show the intensity of
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compression and tensile of the material of the bushing
model in the mating zone. A zero value of normal
stress characterizes the undeformed state of the
material, positive values characterize the tensile of the
material, and negative values characterize the
compression of the material. Thus, the pressing
mechanism can be represented as a compression zone
at the mating of the shaft and bushing models; at a

distance of up to 20 mm from the mating part, a tensile
zone of the bushing model material arises, which
transitions to a zone of undeformed state. At a
pressing length of over 80 mm, a stick-slip effect is
observed (the curve has a stick-slip oscillation), which
may be caused by self-oscillations leading to a
defective connection with interference fit.

Table 1. Results of finite element modeling of the process of pressing the shaft model into the bushing model:
the first column is the von Mises stress distribution in the bushing model; the second column is vectors of
contact forces on the surfaces of the shaft and bushing models (green scale is pressure, purple scale is friction
force); the third column is the dependence of normal stress on the inner surface of the bushing model on the
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4. Conclusion

Thus, based on the analysis of the results of finite
element modeling of the process of pressing the shaft
into the bushing, with the formation of a guaranteed
interference, the following conclusions can be drawn:

1. Over the entire length of the pressing, a “metal
flow” effect occurs on the contact surface of the
bushing, since the yield strength is exceeded more
than twice for the selected material, in accordance
with the von Mises stress criterion. The bushing
material is subject to greater stress during the first half
of the pressing length.

2. The contact force during the pressing process
is maximum in the zone where the layers of material
are cut by the entry part of the shaft. In this case,

References:

1. Chemezov, D., et al. (2026). Forecast of strain
intensity of a thin-walled steel bushing at a
pressing length of up to 100 mm with guaranteed
interference. 1SJ Theoretical & Applied Science,
02 (154), 75-84.

2. Shtern, M. B., Radomysel'skii, |. D.,,
Pechentkovskii, E. L., Serdyuk, G. G. &
Maksimenko, L. A. (1978). Effect of mode of
pressing on the stressed-strained state of
bushing-type parts. Institute of Materials
Science, Academy of Sciences of the Ukrainian
SSR, T. G. Shevchenko Kiev State University,
Translated from Poroshkovaya Metallurgiya,
No. 3(183), 1-7.

3. Croccolo, D. De, Agostinis, M., & Vincenzi, N.
(2010). Static and dynamic strength evaluation
of interference fit and adhesively bonded
cylindrical joints. Int J Adhes, 30, 359-366.

4. Pershin, V. F., & Selivanov, Yu. T. (2002).
Calculation of the strength of thin-walled shells
of revolution and thick-walled cylinders.
Tambov, GTU, 20 p.

5. Yang, G. M., Coquille, J. C., Fontaine, J. F., &
Lambertin, M. (2002). Contact pressure between
two rough surfaces of cylindrical fit. J Mater
Process Technol, 123, 490-497.

significant contact forces arise in the bushing material.
Contact forces on the surface of the bushing lead to
compression of the material, and on the surface of the
shaft lead to stretching of the material. The greatest
contact force occurs on the inner surface of the
bushing at a pressing length of 100 mm.

3. The bushing material is subject to
compression, which is confirmed by the dependence
of normal stress (negative values) on the pressing
length. At a pressing length of 100 mm, a clear stick-
slip effect is observed (the curve has a stick-slip
oscillation), which may be caused by damage to the
contact surfaces of parts or unstable strength of the
connection.

6. Ryazantseva, I. L. (2018). Contact pressure with
guaranteed tight in coupling of bushing and long
shaft. Omsk Scientific Bulletin. Series Aviation-
Rocket and Power Engineering, Vol. 2, no. 4, 15-
20.

7. Seifi, R., Abbasi, K., & Asayesh, M. (2018).
Effects of Contact Surface Roughness of
Interference  Shaft/Bush  Joints on its
Characteristics. Iran J Sci Technol Trans Mech
Eng, 42, 279-292.

8. Boutoutaou, H., Bouazi, M., & Fontaine, J. F.
(2011). Modeling of interference fits taking form
defects of the surfaces in contact into account.
Mater Des, 32, 3692-3701.

9. Ogzel, A, Temiz, E., Aydin, M. D., & Sen, S.

(2005). Stress analysis of shrink-fitted joints for

various fit forms via finite element method. J

Mater Des, 26, 281-289.

Seifi, R., & Abbasi, K. (2015). Friction

coefficient estimation in shaft/bush interference

using finite element model updating. Eng Fail

Anal, 57, 310-322.

10.

Philadelphia, USA

220

2 Clarivate
AnalytiCS indexed



ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland) = 6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940
Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350

Issue Avrticle

SOI: 1.1/TAS DOI: 10.15863/TAS
International Scientific Journal

Theoretical & Applied Science

p-1SSN: 2308-4944 (print)

Year: 2026 Issue: 03 Volume: 155
Received: 24.03.2026 . .
Accepted/Published:  30.03.2026 Nttps://T-Science.org

e-1SSN: 2409-0085 (online)

Denis Chemezov
Vladimir Polytechnic College

MEng, Honorary Worker of the Education Field of the Russian Federation, Academician of International
Academy of Theoretical and Applied Sciences, Lecturer, Russian Federation
https://orcid.org/0000-0002-2747-552X

vpk-science@yandex.ru

Arseniy Bezrukov
Vladimir Polytechnic College
Student, Russian Federation

Andrey Kunaev
Vladimir Polytechnic College
Student, Russian Federation

Kirill Branchukov
Vladimir Polytechnic College
Student, Russian Federation

Egor Drozdov
Vladimir Polytechnic College
Student, Russian Federation

Matvey Belov
Vladimir Polytechnic College
Student, Russian Federation

Andrey Ovsyannikov
Vladimir Polytechnic College
Student, Russian Federation

Marina Danina
Vladimir Polytechnic College
Student, Russian Federation

ANALYSIS OF THE STRAIN INTENSITY OF A PREHEATED STEEL
BUSHING UNDER CONDITIONS OF PRESSING A STEEL SHAFT INTO
IT TOFORMAFITWITH A GUARANTEED INTERFERENCE

Abstract: This article presents the results of finite element modeling of the strain of a press-fit joint bushing with
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guaranteed interference. The strain intensity of the bushing material was estimated by the crack growth direction,
volumetric strain and the principal strain direction.
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1. Introduction

The process of pressing a steel shaft into a heated
bushing to form an interference fit is widely used in
mechanical engineering to create fixed joints. When
the bushing is heated, complex thermomechanical
processes arise that require an analysis of the stress
and strain state.

Preheating reduces the hardness and tensile
strength of the bushing, facilitating its deformation
and ensuring a tight fit to the steel shaft [1]. The
intensity of strain depends on the magnitude of
interference fit, pressing force and temperature
distribution, which affects the yield strength of the
material and the elastic and plastic transition [2-4].
Quantitative assessment typically involves the
calculation of von Mises equivalent stresses, strain
distributions and strain gradients using finite element
modeling or analytical methods, taking into account
thermal expansion, contact stresses and material flow
[5-7]. This ensures that an interference fit is achieved

Doi: Gos¥ef https://dx.doi.org/10.15863/TAS.2026.03.155.15

without causing excessive residual stress or damage to
components, maintaining the integrity and durability
of assembled parts [8-10].

This article presents an assessment of the
deformed state of the preheated steel bushing under
press-fitting conditions with guaranteed interference
according to several criteria, with the aim of
identifying the most heavily loaded zones of the parts
being joined that affect the reliability of the fit.

2. Materials and methods

The initial and boundary conditions of finite
element modeling of the process of pressing the shaft
model into the bushing model are presented in [11].

3. Results and discussion

The results of finite element modeling of the
deformation process of the bushing model under
conditions of pressing the shaft model into it are
presented in the Table 1 and the Figure 1.

Table 1. Crack growth direction and distribution of volumetric strain (contact on the model surface on the
left) in the bushing model for different pressing lengths.
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The deformed state of the material of the bushing
model is presented in the form of crack growth vectors
in the axial and radial directions, the intensity of
volumetric strain and the vectors of principal strain
direction.

Crack growth in the material of the bushing
model was calculated on the contact inner diametric
and flat end surfaces of the part. Over almost the entire
length of pressing, crack growth was noted in the
direction of movement of the shaft model (along the
inner cylindrical surface of the bushing model) and in
the direction from the center line to the periphery of
the bushing model (along the flat end surface of the
bushing model). An exception is the multidirectional
growth direction of cracks on the contact inner
cylindrical surface of the bushing model over a
pressing length of 30 mm.

The change in the volume of the bushing model
relative to the initial volume was determined using the

coefficient of volumetric strain. Positive and negative
values of the coefficient of volumetric strain
characterize the process of increase in volume
(expansion) and decrease in volume (compression) of
the material. Based on the calculated values of the
coefficient, it can be concluded that the maximum
compression of the volume occurs at a pressing length
of 100 mm (a change in the volume of the bushing
model of approximately 0.5%), and the minimum
compression occurs at a pressing length of 30 mm (a
change in the volume of the bushing model of
approximately 0.25%). The expansion of the volume
of the bushing model over the pressing length is an
order of magnitude less than the compression of the
volume under plastic deformation conditions. At a
pressing length of over 80 mm, the expansion of the
material volume is negligible.
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Figure 1. The vectors of principal strain direction in the wall of the bushing model along the pressing length
(contact on the surface of the model on the left): A—10 mm, B —20 mm, C — 30 mm, D — 40 mm, E — 50 mm,
F-60 mm, G-70 mm, H-80 mm, I - 90 mm and J — 100 mm.

The vectors of principal strain direction of the
material of the bushing model demonstrate the
directions of tensile strain without taking into account
shears. Cracks form in the material perpendicular to
the calculated vectors. At extreme strains, partial
destruction of the material of the bushing model may
occur. It is noted that the stretching of wall of the
bushing model is concentrated in the upper part, which
can lead to the formation of cracks in the radial
direction.

4. Conclusion

Strain of the steel bushing under conditions of
pressing the steel shaft into it is represented by the
following regularities:

1. Crack growth in the bushing material occurs
in the axial (in the direction of movement of the
pressed shaft) and radial (in the direction from the
center line to the periphery) directions. An exception
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Introduction

Migration processes are an integral part of the
history of human civilization. In the ancient world,
these were transitions to places for hunting or
gathering. During the Great Migration of Peoples
(IV-XIV centuries), the phenomenon acquired
gigantic proportions, as previously uninhabited
territories were settled. In the modern world,
migration remains the most important socio-
economic factor, significantly influencing the
development of society. Migration is part of modern
globalization. International migration and its
influence on world demographic processes is an
example in this regard.

The prominent Bulgarian demographer M.
Minkov defines the features of international
migration as follows: "The movement of the
population between individual countries is an
objective process, determined by the international
division of labor. At the heart of this process,
however, are the socio-economic conditions in
individual countries and the relationships created.
Differences in natural conditions and economic
potential cause the movement of the labor force from
one country to another.” [4, p. 227].

A distinction should be made between a migrant
and a refugee. On this issue, V. llieva writes:
“Refugees are part of the broader group of displaced
persons. They differ from economic migrants in that
the latter voluntarily leave their country for economic
reasons.” [1, p. 9].

In modern times, international migration is
studied, analyzed and supported by various
organizations dealing with migration issues. The
key international organizations working on migration
issues are:

1. International Organization for Migration
(IOM). Since its founding in 1951, IOM has worked
on a wide range of migration-related issues. It works
with governments and other organizations around the
world to address the challenges associated with the
movement of people.

2. UN Migration Network. This is a framework
that brings together UN agencies to ensure a
coordinated approach to migration issues. It includes
organizations such as: The United Nations High
Commissioner for Refugees (UNHCR); United
Nations  Development  Programme  (UNDP);
International Labour Organization (ILO); The United
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Nations High Commissioner for Human Rights
(OHCHR).

The Bulgarian Council for Refugees and
Migrants (BCRM) is represented in this area. This
council works to advocate, lobby and support
refugees, migrants and third-country nationals for
their protection and integration into Bulgarian
society.

There is also a growing number of serious
scientific works on a global scale dedicated to
international migration. For example, under the
editorship of V. Agozino [5] a thematic collection
dedicated to  migration is published. A
multidisciplinary and international group of scholars
and researchers question and defend the theory and
methods underlying migration studies. Their
contributions are to: epistemological and conceptual
issues; family and migration studies; socio-legal
studies and migration studies; international relations
and migration studies, etc. And the researcher of
migration processes S. Gsir [6] argues that as a
fundamental problem in society today, migration is
undergoing a new dynamic transformation, requiring
new policy approaches. These new dynamics are not
yet clearly understood, let alone adequate policy
responses for the “management” of these new
migration processes and the consequences for
receiving and sending societies. Thus, it makes a
comprehensive review of migration research
conducted in the European research network
IMISCOE, analyzing the influx of different types of
immigrants into Western Europe since the Second
World War.

In order to support the theses that he will
develop in his article, the author believes that they
need to be based on existing, up-to-date statistics
related to international migration. In this regard,
however, one should take into account the writings of
a team of authors who research these statistics. G.
Solano, A. Yar, T. Bircan [7] who believe that
Migration as a whole demographic phenomenon is
particularly difficult to study. Registered data
collected at international borders reflect documented
(regular) migration and do not capture undocumented
(irregular) migration, which can occur at any
point/part of the border line other than official
checkpoints. Thus, the available official statistics
may not provide absolute numbers, as irregular
migration is one of the most difficult types of
international migration to record. They point out that
the International Organization for Migration (IOM)
has about 480 offices in different regions and
provides data for over 133 countries.

The World Development Report The World
Bank’s 2023 World Development Report [11]
points to statistics that about 2.3% of the world’s
population— 184 million people, including 37 million
refugees — live outside their country of citizenship.
About 43% live in low- and middle-income

countries. Many countries, at all income levels, are
both the origin and destination of migrants.

According to the report, there is growing
demand for support from the World Bank at the
national and global levels to help facilitate organized
migration and protect migrants. The report’s authors
believe that, if managed well, migration can be a
force for prosperity and can help achieve the United
Nations (UN) Sustainable Development Goals. They
point out that income disparities between countries
are a powerful driver of migration. For many poor
people whose only asset is their labor, migration to a
richer country offers an opportunity to escape
poverty. However, the poorest of the poor tend to
migrate internally because they cannot afford the
costs associated with moving abroad.

In the UN International Migrant Stock 2024
report [8] has important, up-to-date information
about global migration processes. It is stated in the
introduction that he [8, p. 1]: "...Presenting the latest
United Nations estimates of the number and
characteristics of international migrants worldwide.
Covering the period from 1990 to 2024, the dataset
includes estimates of the total number of
international migrants by gender, as well as their
places of origin and destination, for 233 countries and
areas."

The following is a summary of the statistical
data analyzed based on the information provided in
the introduction. They are as follows:

e in 2024, only 3.7% of people globally were
international migrants, up only modestly from 2.9%
in 1990;

o Europe hosted more international migrants
than any other region with 94 million in 2024. North
America was home to the second-highest number at
61 million, followed by the North Africa and West
Asia region at 54 million;

e Europe has seen the largest increase in the
number of international migrants among the eight
regions, adding 43 million between 1990 and 2024;
the growth rate of the international migrant stock in
Europe has increased since 2020; largely due to
refugee flows from Ukraine. North America added 34
million international migrants between 1990 and
2024; however, the growth rate in this region has
slowed over time; between 2020 and 2024, the
number of international migrants in North America
increased by an average of less than one percent per
year, compared with average annual growth rates of
3.8% in 1990-2000 and 2.3% in 2000-2010;

e Thanks to international migration, the total
population of Oceania increased by 46 million in
2024; international migrants make up 21% of its
inhabitants; in terms of international migrants as a
share of the total population, Oceania is followed by
North America (16% of 385 million in 2024) and
Europe (13% of 745 million in 2024).
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e The United States of America hosted more
international migrants than any other country in
2024, with 52.4 million. Germany was the second
leading destination for international migrants,
hosting 16.8 million in 2024, followed by Saudi
Arabia with 13.7 million, the United Kingdom with
11.8 million, France with 9.2 million, Spain with 8.9
million, Canada with 8.8 million, the United Arab
Emirates with 8.2 million, Australia with 8.1 million,
the Russian Federation with 7.6 million, Turkey with
7.1 million, and Italy with 6.6 million;

e In 2024, almost half (45%) of all
international migrants worldwide lived in their region
of origin, realizing regional clustering. Europe had
the largest share of intra-regional migration, with
74% of all migrants born in Europe living in another
European country or region;

e similarly, 73% of international migrants
from Oceania lived in the region, and 64% of all
migrants born in Sub-Saharan Africa lived in another
country or region in 2024;

e in contrast, Central and South Asia had the
largest share - 75% of their diaspora living outside
the region;

e other regions with a large share of the
transnational population living outside the region of
origin are Latin America and the Caribbean - 71%
and North America - 73%);

o Estimates of the international migrant stock
in 2024 by region of origin and destination show that
the largest interregional corridors include (a
migration corridor is a territorial area, a gap located
between state borders and serving as a buffer zone for
crossing state borders): from Latin America to the
Caribbean and from the Caribbean to North America
(27 million people of Latin American and Caribbean
origin resided in North America); from Central and
South Asia to North Africa and West Asia (20
million); from North Africa and West Asia to Europe
(13 million); from East and South-East Asia to North
America (12 million); and from Central and South
Asia to Europe (10 million). For each of the
remaining interregional corridors, the size of the
international migrant stock in 2024 was below 7
million;

e The number of refugees and asylum seekers
who have been forced to flee across international
borders due to persecution, conflict, violence and
human rights violations has increased to
unprecedented levels - in mid-2024, there were
nearly 38 million refugees in the world;

e A total of 51.7 million people — one in six
international migrants worldwide — were forcibly
displaced across international borders in 2024, the
highest proportion recorded since the global refugee
data series began in the 1950s.

e Since the publication of the last edition of
the International Migrants Data Set in 2020, the

ongoing humanitarian crises in Afghanistan, the
Bolivarian Republic of Venezuela and Syria, the
crises in Sudan and Ukraine, among others, are
leading to significant changes in the expected number
of international migrants for some countries and
regions;

e In 2024, just under half (48%) of all
international migrants worldwide were women or
girls; in Europe and North America, as well as in
Latin America and the Caribbean, women and girls
accounted for about half of all international migrants,
and their share remained essentially unchanged
between 1990 and 2024; however, globally, the
number of male migrants has grown faster than the
number of female migrants in recent decades, mainly
due to the large inflow of male migrant workers to
North Africa and West Asia [7, pp. 2-7].

According to the ILO Global Assessments 2019
report [9]. for international migrant workers, 93% of
the world's workers have resided in countries with
some form of COVID-19-related workplace closure
measures.

In 2019, the International Labour Organization
(ILO) estimated that there were 169 million migrant
workers worldwide. The vast majority (67.4%) were
located in high-income countries, with significant
concentrations in Northern, Southern and Western
Europe, North America and the Arab States. The ILO
believes that migrant workers are a vital force in the
global labour market, contributing to economic
growth and development in their destination
countries. They also benefit their countries of origin
through remittances to their families back home, as
well as through the acquisition of new skills.

The problem with international migration as
a demographic issue is that migration processes
have a significant impact on the structure and
dynamics of the population in both receiving and
sending countries.

International migration is a complex and
multifaceted process that has a significant impact on
demographic processes in different countries. There
are countries that have successfully overcome the
demographic crisis and can serve as an example for
others. These are the Scandinavian countries, where
there is stable population growth. Japan, being a
leader in the economy and technology, thus protects
its sovereignty.

A detailed picture of international migration
related to Bulgaria is given in his "Demography"
(1999) by M. Minkov. Despite the fact that the data
are old, dating back to before the new century, they
present in great detail the trends of international
migration in Bulgaria, which is why they cannot be
ignored:

e 1901-1910 — Population losses are mainly
due to the migration of Turks, which continued
throughout the period of Liberation after 1979. A part
of the Bulgarian migrants during this period headed
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to America and some European countries such as
Hungary, Austria, Romania, Germany, etc. They
contributed to the development of horticulture in
Central Europe. with a large majority staying to live
there forever.

e 1927-1945 — The loss of labor resources for
Bulgaria is mainly due to the departure of the Turkish
population from the country. At the same time,
Turkish migrants are settling here. The total loss of
population from the beginning of the century to the
end of World War Il in 1945 is estimated at 250
thousand people. Of these, the majority are men —
about 70 percent and rural workers — 80 percent.

e 1948-1951 — Emigration was particularly
intense during the period after World War 11, when
about 160 thousand Turks, 45 thousand Jews, and 5
thousand Armenians left the country during the
specified period.

e 1989 — A huge wave of emigration in this
year was associated with the so-called "great
excursion" - the Revival process, in which 350
thousand Bulgarian Turks were included, of which a
part - 132 thousand - returned again.

e 1990 — After the change of political regime
from totalitarianism to democracy, migrant flows
from Bulgaria were directed mainly to the USA,
Canada, England, the Scandinavian countries,
France, Austria [4, pp. 230-231].

According to a recent representative study by
the National Statistical Institute, the state of
migrant flows from Bulgaria is as follows: "Over the
past few years, some countries have consistently
emerged as destinations for Bulgarian emigration.
The largest part of Bulgarian emigration is directed
to Germany - 23%. Nearly one fifth (19%) of the
emigration flow is directed to the USA. The relative
share of potential emigrants who define them as
countries of emigration to other countries is
significantly smaller: Greece - 8%, Spain - 8%, Great
Britain - 6%, Italy - 6%, Canada 5%, France - 4%,
and others.” [12].

The impact of international migration on
countries of origin.

As M. Minkov writes: "Recently, international
migration has increasingly been assessed from the
perspective of the pressure it creates on labor in
countries with intensive migration, which are losing
their human and labor potential.” [4, p. 231].

This impact is expressed mainly in a change in
the demographic structure of the country. Reduction
in the population size. The natural decline of the
population increases if the migrants are people of
reproductive age. The most active and able-bodied
part of society leaves, leading to an aging population.
In some cases, migration can cause an imbalance in
the gender ratio, especially if it is mostly men who
leave.

There are also some economic consequences.
There is a shortage of labor in key sectors of the

economy, as the most sought-after labor force leaves
the country. The reduction in the labor force leads to
a decrease in production capacity and a slowdown in
economic development.

Social and cultural aspects of international
migration in countries of origin are expressed in
Declining birth rate. A decline in the proportion of
women and young people in a country can lead to a
decline in the birth rate. Increased "brain drain" - the
departure of qualified specialists undermines the
scientific and educational potential of a country.

Impact of international migration on host
countries.

The impact of migration on host countries is
complex and contradictory. It has its pros and cons.

The advantages of this migration are mainly
expressed in filling labor shortages. Migrants often
fill vacant jobs that are unattractive to the local
population, stimulating economic growth. The desire
of migrants to increase their incomes can contribute
to the introduction of innovations and scientific and
technological progress. Change in tax revenues - with
the right policy, tax revenues from migrants can
exceed social welfare expenditures, increasing the
budget. Thus, stimulating demand and supply
Immigration increases both the demand and supply
of goods and services in the economy.

The disadvantages of international migration
for host countries include a potential increase in
unemployment - a surplus of migrant workers can
exacerbate the situation on the labor market. Pressure
on public services - the influx of population can put
additional pressure on social services such as health
and education.

In general, the social and demographic
aspects of international migration point to its
positive and negative aspects:

The positive aspects lie in the demographic
balance - migrants compensate for low birth rates and
an aging population, maintaining the workforce and
ensuring long-term demographic balance. A kind of
cultural enrichment takes place - migrants facilitate
cultural exchange, bringing new traditions and views,
which enriches society. All of the above leads to
improved international relations - migrants act as
bridges between countries, strengthening diplomatic
and trade ties.

The negative aspects are mostly related to
difficulties with integration - there may be problems
with the social and cultural integration of migrants
into the new society. This, of course, raises the
question of integrating these large groups of people
into the societies in which migrants must continue to
live, and this is not at all easy for them themselves.
According to V. Ilieva: “Integration into society —
these are the socially motivated social ties that arise
between individuals when the attitude towards their
social activity (value- or goal-oriented) is motivated
primarily by the pursuit of a rational balance of
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interests or when the established relationship 1. International migration causes a change in
connects these interests.” [2, p. 10]. the composition of the population - it leads to an
The integration of migrants into local increase or decrease in the population in different

communities is an issue of utmost importance for all
countries. To a large extent, in Bulgaria this is carried
out by local municipal authorities, which, according
to B. Mehmed, are actively supported by their Public
Councils. He believes that they provide [3, p. 63]:
“...assistance and assistance in carrying out social
assistance activities and exercise public control over
their implementation.” With their help, migrants are
successfully helped to fit into the new environment
for them.

It is possible that in the integration process,
social and ethnic conflicts - untimely reaction to
migration processes can lead to ethno-political
conflicts, to the emergence of a threat to national
identity - high levels of migration can create risks for
the formation of a country's national identity.

The presented content of this article allows the
following generalizations and conclusions to be
formulated:
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Abstract: Long-term existence of extensive burn wounds leads to the development of a complex symptom of burn
exhaustion complex, against the background of which purulent inflammation of the joints occurs. Low level laser
therapy is a new technique used for the treatment of burn wounds. The present study current laser radiation based
methods for purulent arthritis prevention. We analyzed the results of treatment of 46 patients with burn injuries of
lower extremities I1IAB—IV degree being treated in the Burn Department of the Centre of Emergency Medical Care
(RCSUMA) Samarkand, Uzbekistan between 2020 and 2023. In the process of observation, not a single patient had
any clinical signs of purulent arthritis. Early intervention with laser treatment is a promising path in arthritis
prevention. While more research remains to be done, emerging studies and practices provide increasing support for
its use treatment for patients.
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Introduction of the joints of the lower extremities during

According to the National Center for Health hospitalization. Purulent arthritis is a pathological
Statistics Emergency Department report, one person condition in which the joints of the body get inflamed
will sustain an injury due to a fire every 23 min and as a result of bacterial infection. Despite the frequency
approximately 433,000 burn injuries result in and severity of purulent arthritis in burn injury, the
emergency medical attention every year in the United number of publications on this issue is minima [3].
States [1]. Those with significant burns suffer not only After a burn injury, the primary damage is to the skin,
directly from the injury, but also from a systemic making treatment of injured skin the prioritized target
response of suppressed immune function, increased for acute care. Burn injury causes profound
susceptibility to infection and sepsis [2]. Lasers are disturbances in all organs and systems of the body [4].
now playing an important role in wound of burn Long-term existence of extensive burn wounds leads
management. Delayed wound healing, coupled with to the development of a complex symptom of burn
increased metabolic demand and a weakened immune exhaustion complex, against the background of which
system, predisposes these patients to infections, sepsis purulent inflammation of the joints occurs [5].
and can lead to the development of purulent arthritis
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The aim of the present study was prevention
development of purulent arthritis in burn patients with
lower extremities.

Materials

During 4-years period, 46 patients with burn
injuries of lower extremities 11IAB-1V degree being
treated in the Burn Department of the Centre of
Emergency Medical Care (RCSUMA) Samarkand,
Uzbekistan between 2020 and 2023. All patients had
a septic condition. The causes of burns were: flame —
31 (67.3 %), scald burns — 8 (17.5 %), and others —7
(15.2 %).

All patients received comprehensive general and
local treatment included necrotomy, necrectomy and
1 to 3 operations were performed to plastically close
deep and large burn wounds.

Methods and Results

For the study we used apparatus
“MUSTANG-2000” with a power output of 50 mW
and a wavelength of 830nm.Depending on the
location of pain and edema in the area of the joints of
the lower extremities, laser radiation was directed at
painful points in the affected joint regions. As a rule,
laser exposure was applied from several directions to
the joint areas. Since this is a lesion size of 1 cm2 were
determined five points of application with the
intention to cover the entire length of the burned area.
The method of application of the laser was point
contact in five different points of application, four of
which were located on the edge of the injury and the
last one was located in the central region. Device
parameters were set individually. The duration of one
session did not exceed 10-15 minutes. The treatment
course included 8 to 10 procedures sessions every
days. An essential condition for the success of therapy
was limiting mechanical stress and restricting
movement in the inflamed joints in accordance with
the prescribed regimen. Patients were instructed not to
bear weight on the injured limb (using crutches and
fixation bandages) and to follow other
recommendations of the attending physician. Laser
therapy was carried out in combination with
pharmacological agents. On the 2nd, 4th, and 7th days
after injury, tissue samples were surgically obtained
from the wound margins using special cutting
instruments to  monitor and analyze the
epithelialization process. The collected samples were
examined using histological and
immunohistochemical methods.

During follow-up, the wound healing process
was monitored in all cases. Changes were recorded on
the 2nd, 3rd, and 10th days after injury. Images
captured on each day were compared with those
obtained on the first day. Using specialized software,

wound dimensions were accurately measured in
pixels, analyzed, and the rate of wound closure was
calculated.  In  addition,  micromorphological
examinations were conducted, and epithelial coverage
of the wound surface was dynamically assessed using
serial tissue samples.

Discussion

Low-power laser therapy has been used to
control pain in different musculoskeletal conditions.
Despite its widespread use, the results of the
experimental and clinical studies are conflicting.

Since the results of low power laser therapy
effectiveness studies in of post-burn arthritis show
considerable variation, we aimed to evaluate the effect
of low power laser treatment in patients with of
arthritis present study.

This study showed that the use of different
fluences consequent emente differences energies
totals, in the same wavelength, provides the healing
process stimulus and different tissue responses.
Currently are contradictory, since current studies
show that values close to 20 J/cm2, are capable of
inducing the best effects on stage of inflammation and
proliferation, and stimulating angiogenesis process
[6], which could be evaluated in our work.

Studies investigating the action of on IlI-1V
degree burns, emphasize that the action of laser light
is capable of accelerating the process of tissue repair
by changing the cellular environment, improving the
vascular formation, and stimulating the production of
fibrin, synthetic collagen and the conversion of
fibroblasts in myofibroblasts, which directly acts the
retraction of wound edges [7,8].

In Uzbekistan sandal burns are of special
interest. Most patients undergo sandal burns,
particularly the children aged 6 months to 3 years.
Cases of sandal burns are more frequent during winter
time when people in distant mountain regions use an
inappropriate heating system such as the sandal. Most
of the patients with sandal burns have upper- or lower-
limb injuries [9, 10].

The principal distinction  from  many
recommendations in the field of low- intensity
therapy lies in the rational use of low doses of laser
radiation [11]. No complications were observed, and
positive outcomes were achieved in 80—85% of cases.
The duration of hospital treatment for patients with
deep burns, as well as the time required for
preoperative preparation and surgery was reduced. No
cases of post-burn arthritis were observed.
Furthermore, this approach contributes to a deeper
understanding of the mechanisms of laser radiation
effects at systemic, organ, cellular, and subcellular
levels.
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Abstract: The article examines modern principles for the design of buildings and structures in the conditions of
Karakalpakstan, taking into account innovative construction technologies, requirements of structural reliability, and
seismic safety. The natural-climatic and engineering-geological characteristics of the region that influence the
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Introduction innovations in construction, as well as to ensure
Modern construction is characterized by structural and seismic safety.
increasingly stringent requirements for the safety,
energy efficiency, and reliability of buildings and 1. Natural-Climatic and Seismic Conditions
structures. These requirements are particularly of Karakalpakstan
significant for regions with complex natural, climatic, The climate of Karakalpakstan is characterized
and seismic conditions. Karakalpakstan is among such by aridity, high summer temperatures, strong winds,
regions, where the design of buildings and structures and significant temperature fluctuations throughout
must take into account the effects of seismic forces, the year. The engineering-geological conditions of the
aggressive soils, sharp temperature fluctuations, and region include the presence of loess, saline, and
various environmental factors. collapsible soils, which significantly affect the
Under such conditions, the design of buildings stability and bearing capacity of building and structure
and structures requires the introduction of innovative foundations.
technologies, the use of modern construction In addition, the territory is located within zones
materials, and the application of advanced calculation of seismic activity, which requires mandatory
and analysis methods. The aim of this study is to consideration of dynamic loads during the design
analyze modern approaches to design that incorporate process. Insufficient attention to these factors may
2 Clari
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lead to a decrease in structural reliability, the
formation of cracks and deformations, and in some
cases even emergency or failure conditions of
buildings and structures.

2. Innovations in Modern Construction

Innovative technologies in construction are
aimed at improving the quality of design solutions,
reducing construction time, and lowering operational
costs. One of the key directions is the introduction of
digital technologies into the design process, including
BIM modeling. These technologies make it possible
to create three-dimensional information models of
buildings, perform accurate load calculations, and
predict the behavior of structural elements under
seismic effects.

The use of modern construction materials also
plays a significant role, including high-strength
concrete, fiber-reinforced concrete, composite and
fiberglass reinforcement, as well as energy-efficient
enclosure structures. The application of lightweight
and high-strength materials allows for a reduction in
the self-weight of buildings, which positively affects
their earthquake resistance.

3. Structural Safety of Buildings and
Structures

Structural safety is one of the fundamental
requirements in the design of buildings and structures.
Itis ensured through the rational selection of structural
systems, accurate calculation of load-bearing
elements, and strict compliance with established
design standards and regulations.

Under the conditions of Karakalpakstan, spatial
frame systems, rigidity diaphragms, monolithic
reinforced concrete structures, and combined
structural schemes are of particular importance. These
solutions ensure the uniform distribution of loads and
enhance the stability of buildings under the influence
of external factors.

In addition, the reliability of foundations is also
essential. When designing foundations, it is necessary
to consider the properties of the foundation soils,
potential settlements, and the effects of seismic
vibrations.
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4. Seismic Safety and Anti-Seismic Measures

The seismic safety of buildings and structures is
achieved through a set of structural and technological
measures. These include the implementation of anti-
seismic design solutions, the use of damping and
energy-dissipating devices, as well as ensuring the
symmetry of planning solutions and the spatial
rigidity of structural systems.

The seismic analysis of buildings must be carried
out in accordance with current design standards,
taking into account the design-level earthquakes.
Particular attention should be given to the joints of
structural elements, as they are the most vulnerable
parts under dynamic loading and are more susceptible
to damage or failure during seismic events.

5. Prospects for sustainable construction in
the region

The  comprehensive  implementation  of
innovative technologies, modern materials, and anti-
seismic solutions is creating the conditions for the
sustainable  development of  Karakalpakstan's
construction sector. An increased level of design will
help reduce emergencies, extend the service life of
buildings, and improve the quality of the urban
environment.

Further developing the digitalization of
construction, using energy-saving technologies, and
adapting international best practices to regional
conditions are considered promising directions.

Conclusions

1. The design of buildings and structures in
Karakalpakstan should be based on a comprehensive
consideration of natural, climatic, and seismic factors.

2. Innovations in construction contribute to
increasing the structural reliability and seismic safety
of buildings.

3. The use of BIM technologies and modern
materials allows for the optimization of design
solutions and reduces the risk of damage.

4. Ensuring structural and seismic safety is a key
condition for the sustainable development of the
construction sector in the region.

2. Mahmudov, S., Samiyeva, Sh., & Islomova, N.

(2023). Energiya tejamkor binolarni
loyihalashning  tizimli  tahlili. Bino va
inshootlarning seysmik xavfsizligi, Ne 1, 2023,

340-348.

Philadelphia, USA

2 Clarivate
AnalytiCS indexed



ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland) = 6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350

Xodjaev, S. (2023). Nauchno-tehnicheskij
uroven™ i sobludenie trebovanij stroitel’nyh
norm oshova obespechenija
sejsmobezopasnosti zdanij. Bino va
inshootlarning seysmik xavfsizligi, Ne 1, 2023,
11-18.

Habibullayev, Sh. (2023). Qurilishni tashkil

7. (2025). Ozbekstanda imarat him obektlerdin
seysmikalig shidamliligin arttirow boyinsha jana
ilajlar tastiyiglandi. KUN.UZ (qurils janaliglari
ham normativler, 2025).

8. (2025). Ozbekstanda imarat ham obektlerdiri

seysmologiyaliq

qorgaliwt

kusheytilmekte.

UzDaily.com, noyabr, 2025.

etishda  BIM axborot ~ modellashtirish 9.
xususiyatlari. Bino va inshootlarning seysmik
xavfsizligi, Ne 1, 2023, 130-132 b.

(2024). Problemy proektirovanija i stroitel stva
zdanij i sooruzhenij v sejsmicheskih rajonah, na
slabo uvlazhnjonnyh glinistyh i osadochnyh
lessovyh osnovanijah. International Journal of

(n.d.). Ozbekstanda 10 mirga shamalas kép
qabath turaq jaylar seysmikaliq qawipsizlikten
Otkerildi. UzDaily.com (o proverkax
sootvetstviya seysmobezopasnosti).

(n.d.). Seysmologiyaliq joybarlaw boyinsha
xaligaralig  standartlar (misali, ASCE 7,
Eurocode 8).

10.

Scientific Trends, Vol. 3 Ne 2, 2024, 11. (n.d.). Qurilis seysmologiyast hdm injenerlik
(n.d.). Normativ ham metodikaliq materiallar: seysmikasi  boyinsha sabagqlhglar (Chopra
OZBEKSTAN  RESPUBLIKASI ~ QURILIS "Dynamics of Structures,” Kramer

NORMALARI HAM QAGIYDALARI (SHNK,
QMQ ham basqalar) - elektron magliwmatnama.
norma.uz.

"Geotechnical Earthquake Engineering™).
12. (n.d.). BIM modellestiriw boyinsha gollanba.

2 Clarivate
Ana lytiCS indexed

Philadelphia, USA 236



ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940
Impact Factor: ¢ australiay =0564  ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350

Issue Article

SOI: 1.1/TAS DOI: 10.15863/TAS
International Scientific Journal

Theoretical & Applied Science

p-ISSN: 2308-4944 (print)  e-ISSN: 2409-0085 (online)

Year: 2026 Issue: 03 Volume: 155
29.03.2026

30.03.2026

Received:

Accepted/Published: https://T-Science.org

S. U. Zhanatauov

META university

Academician of International Academy of Theoretical and Applied Sciences (USA),
Candidate of physics and mathematical sciences, Professor

sapagtu@mail.ru

COGNITIVE MODEL OF INDIVIDUAL AND GROUP EMOTIONS AND
CALCULATION OF THE RISKS OF THEIR CHANGE

Abstract: Modeling of 5 types of variability of stressful emotions (to calculate the levels of 5 types i(d)-risks
(individual (digitalization)-risks) of changes in stressful emotions in individuals during digitalization processes) and
5 types of variability of group emotions (to calculate the levels of 5 types of e(i)-risks for groups of individuals-
students), depending on the stressful emotions of individuals-students. The influence of individual stressful emotions
on emotional consequences - emotional effects manifested in individuals in response to the effects of a particular
subset of stressful emotions. A mathematical model of the values of deviations (from 0 to the left, to the right on the
axis) and a cognitive model of the dependence of the meaning of one y*—variable on the meanings of several z*-
variables (meaning of emotions corresponding to the meanings of variables from 2 sets
{y*ruy 2.y tay aytspu{zt1,2*2,2*3,2*4,2" s}, are fabricated in the article [Khrapov, Baeva 2021]. Formulas and values
of the types of i(c)-risks and e(i)-risks (in the risk leveling range) depending on their model deviations are modeled.
Numerical values of 5 i(c)-risks of change (for stressful emotions), 5 e(i)-risks of change (for emotional effects) are
calculated. A mathematical system (of multidimensional algebraic equations) and a cognitive system (of
multidimensional semantic equations) form a model of the quantitative dependence of emotional effects
(consequences) on individual stressful emotions (causes). Noticeable pair connections - the values of "weights" are
highlighted. The criterion for belonging of the type of risk to the “risk-free” type is determined — to the “practically
acceptable level of risk of emotions” (PAL). Various interrelated dynamics of 5 y*-deviations of e(i)-risks (depending
on z-deviations and i(c)-risks) are visualized in 7 Figures. The analysis and visual assessment of the fact that
deviations for e(i)-risks and deviations for i(c)-risks satisfy the criterion of the presence of "leveling the emotional
risks of digitalization of the educational space” [Khrapov, Baeva 2021].
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KOTHUTHUBHASI MOJEJIb HHIVMBUJIYAJIbHBIX U I'PYIIIIOBBIX SMOIIA U PACUET PUCKOB
UX UBSMEHEHUA

Annomayusn: Ilpogedeno mooenuposanue 5 U008 USMEHYUBOCMEU CMPECCO8bIX dIMOYUU (015 BbIYUCTEeHUs
yposHel 5 U008 uU(y)-pucko8  USMEHeHUll Cmpeccos8blx dSMoyull (npoyeccax) y uHOUBUOO8 NPU NPOYeccax
yugposuszayuu) u 5 6U008 USMEHYUBOCMEU 2DYNNOBLIX IMOYULL (015 BLIYUCTEHUS YPOBHEU 5 81008 3(U)-pUCKO8 OISl
2PYNN  UHOUBUOOB-00YUAIOWUXCS), 3ABUCAUUX OM  CIMPECCOBLIX IMOYUL UHOUBUOOB-00yUarOwuxcs. Brausnue
UHOUBUOYATILHBIX CIPECCOBbIX IMOYULL HA IMOYUOHALbHBIE CTLeOCMEUSL - IMOYUOHALbHbLE IPPeKmbl, NPOAGTICHHBIX
V UHOUBUOO8 8 OMEEM HA B030CUCMEUSL MO20 UL UHO20 NOOMHONCECMEA CIMPeccosblx smoyuil. Mamemamuueckas
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Mmodenv omknonenui (om 0 6160, 6nNpPaso HA OCu) U KOSHUMUBHAS MOOENb 3AGUCUMOCTIU CMbICAA OOHOU y'—
nepemMeHHoU om cymmpl (+) CMbICI08 HECKONbKUX Z -NepeMeHHbIX (CMbICTI08 dIMOYULL, COOMBEMCMEYIOUWUX CMBLCIAM

nepemMeHHblX  (CopMyIUpoBaHHLIX 8

cmanmosve

[Xpanos,baesa

2021]) w3z  2-x  MHOdICECMB

{z51,272,2%3,24,2 53Uy 1,y 2.y 3.y e, Y54, Moodenupyiomes ¢gpopmynvl u 3nauenuss usmenuugocmei zt- u yt—
NnepeMeHHbIX Osl BbIMUCIEHUSL YPOSHElU 8U008 U(Y)-puUckos u 2(u)puckos (8 ouanazone HUBEIUPOBAHUS PUCKOS),
3A6UCSUYUX OM CBOUX MOOEIbHbIX OMKIOHEeHUl. Bviuucnsiomes uucnogvie snauwenuss 5 u(y)-puckog usMeHeHus
(cmpeccogvix d2MOYULL) NPU IMAUPUYECKU 3A0AHHBIX 3HAYEHUSX 5 3(U)-pUCKO8 USMEHEHUS (SpYNNOBbIX IMOYULL).
Mamemamuueckas cucmema (MHO2OMEPHBIX An2eOPAUYECKUX YPAGHEHUU) U KOCHUMUBHAS CUCTeMa (MHO2OMEPHbIX
CMbICTIOBbIX  YPABHEHUL) 00pa3yiom Mooelb KOAUYECTNBEHHOU 3A8UCUMOCIU  IMOYUOHATbHLIX  dpghexmos
(cnedcmeust) om UHOUBUOYANLHBIX CIPECCOBbIX IMOYULL (NpuduHbl). Boidenenvi 3amemmule napHvie c813u - 6eIUYUHDL
«6ecosy. Onpedenen Kpumepuil NPUHAOLEHCHOCTNU 6UOA PUCKA K «De3PUCKOBOMY» MUNY —K «(NpaAKmMu4ecKu
oonycmumomy yposuio pucka smoyuiy (I1JY). Busyanusuposanvl na 7 Pucynkax pasHvie 63aumoceszanHble
ounamuxu 5 y*-omknonenuil 3(u)-puckosé (3asuciauwux om z*-omxnonenuii u(y)-puckos). Busyanuzuposan paxm.:
OMKNOHEHUS OIS 3(U)-PUCKOB U OMKAOHEHUSL 015 U(Y)-PUCKO8 YOOBIEMBOPSAIOM KPUMEPUIO HATUYUS « HUBETIUPOBAHUSL
IMOYUOHATILHBIX PUCKO8 YUPDposuzayuu obpazosamenbHo2o npocmpancmaay [Xpanos, baesa 2021].

Kniouesvie cnosa: yughposuzayus o6pazoeamenbHo20 npocmpancmed, Heusmepsiemvie HOKA3amenu IMOyull,
OMKJIOHEHUs. 3HAYEeHUTl IMOYUOHANLHO20 NOKA3AMeNs UHOUBUOA OM HY/sl, USMEDPEHUE IMOYUOHANbHBIX PUCKOS,
KOZHUMUBHOE MOOENUPOBAHUE, CUCEMA CMbICTIOBbIX YPAGHEHU.

Beenenne

B cratbe [1] BBIABIEHBI 5 BHAOB CTPECCOBBIX
MOIMH (CYyOBEKTUBHBIX OLIEHOYHBIX OTHOILECHHUIA),
UCTIBITHIBAEMBIX ~MHIMBHJIAMH-00yUJalOIIUMUCS  OT
BOCHPUATHS WMH  TIPOIECCOB  U(POBHU3AIMA
obpazoBatensHBIX yoryr (LOVY). CrmoBo «amors
Oynem HCTIONIb30BATh JULst 0003HauCHUS
«HAKJIOHHOCTH»,  «MOTHBALUM», «HACTPOCHHSY,
«BO3OYKAEHHS» WIM «HEPBHBIE IOTPSCCHUM.
HaxoHHOCTH M HACTPOEHUS, BKIIIOYast BO30YKICHUS,
HE CYTh COOBITHSI U HE POUCXOJAT HU MyOJIMYHO, HU
npuBaTHO. OHHU SBIIAIOTCS IPEAPACTIONIOKEHHOCTSIMH,
a HE JeHCTBUAMU WIH COCTOSIHUSIMH.
OMOIIMOHAJIBHOE  CaMOOIIYIIEHHE  HMHIUBHJIOB-
oOyvaromuxcds WM  MOTHBALlMOHHBIH  HAcTpoi
o0yuaromuxcs BIUAIOT Ha CIEJICTBHE IIUPPOBU3AIUN
00pa3oBaTeNbHOTO MPOCTPAHCTBA — HAa JIUHAMHKY

rpynmnoBbIX 3Mouui. VIMeHa-CMBICIBI  3MOLUA,
MOJICIEHBIE  3HAYEHUS CHJI TPOSBICHHUS SMOIUN
SIBJISTFOTCSI 00BbEKTaMH HIDKE MIPOBEACHHOTO

M(pPOBOTO MOJEIUPOBAHUS ~ 3HAUCHUM 5 BHJIOB
M3MEHYHUBOCTEN, MPUMEHSEMBIX MPH BBIYUCIEHUH
ypoBHe# 5 BumoB puckoB (u(i)-puckos, i(d)-risks,

individual (digitalization)-risks) W3MEHEHHS
CTPECCOBBIX 3MOIMI OT BOCHPUATHN WHIWBUIAMU
nporieccoB  muppoBuzanui (I MHIWUBHIOB-
oby4aromuxcsi) u 3HauYEHU I 5 BHJIOB

WH/MBUIYalIbHBIX M3MEHYMBOCTEH, HPHUMEHSCMBIX
JUTS BBIYHCIICHUH ypOBHEH 5 BUAOB pHCKOB (3()-
puckos, e(i)-risks, emotional (individual)-risks)
WU3MEHEHHMS 5 TpynmoBbIX OSMouMH (Ui
00pa30BaBIINXCS TPYIIT HHANBUIOB-00YYaIOIINXCS),
3aBUCAIIMX OT CTPECCOBBIX AMOUMI WHAWBUIOB-
o0ydJaroluxcsi,  BOCIPHHSTBIX  UMH  paHee.
Cxemarn4Hoe 0003HAYCHHE BIMSHUN yKa3aHHbBIX
BUJIOB PUCKOB: {H(11)-pHckH } U {3(¥)-pUCKH}, - KaK UX

CMBICIIOB, TakK H 3HAQYCHHMH H3MCEHUYHMBOCTEH
{zi1,2i2,2i3,2ia,2i5,  i=1,...,m} wa  {Yi,Yi2,Yi3,Yia,Yis,
i=1,...,m}, 00YCIIOBIIEHO MIPUMEHSIEMON
MaTeMaTUYEeCKON 3aBHCHUMOCTHIO 2-X MHOKECTB

NEepPEeMEHHBIX: {Z21,22,23,24,Z5} W {Y1,Y2,Y3,Ya,Ys}. s
WITIOCTPAllUK aIeKBAaTHOCTH PEaNbHBIM JHHAMUKAM
SMOIMH MBI TNPUBOIUM Tpaduku JIMHAMHK
U3MEHYMBOCTEH  MOJENBHBIX  «HHIUBHIYAIbHBIX
W3MEHYMBOCTEH» M «M3MEHYMBOCTEH TIPYIIIOBBIX
SMOIMI», XapaKTEPU3YIOMINX ««OMOIHMOHAIBHYIO
coepy 00yJaroImuXxCcs». B CTaTbe [1]
«MOJUEPKUBACTCSI  «BEPOSITHOCTHBIM  XapakTep
SMOIMOHAIBHBIX PHUCKOBY», BBIUUCISIEMBIX 3JIECh IO
MOJIETIbHBIM M3MEHYUBOCTAM. MO/eNbHbIE JAaHHbIE
IUIS UX BBIYUCIIEHHH TOKHBEI 00JagaTh CBOMCTBOM
CIy4allHOCTH. OTHM H JAPYTUM OCOOECHHOCTSAM
clIoBecHOM Mozenu u3 [1] coOTBETCTBYIOT MOJEnu
KOTHUTHUBHOT'O KOMITBIOTHHTA.

HNmena-cMbICIbI IMOLMIA,
3HAYeHUS] CHUJI MPOSIBJIEHMS IMOLMIA

MO/J€¢/IbHBbIC

SMOL[I/IHM COOTBCTCTBYKOT  CMBICJIOBBIC U
HCU3BCCTHBIC YHUCJIIOBBIC KOMITOHCHTBI
I/IH(l)OpMaI_[I/IOHHOFO IIOTOKa npu BOCIPUATHH

CO3HAHWEM WHIWBHIIOB SMOLMWH, CHJIBI KOTOPBIX
mbITaeMcs OLeHUTh. [loka MbI 3HaeM HMX pa3Hble
nMeHa-cMbIcii. OHM HaM HY)KHBI JUIsl KOTHUTUBHOTO
CYMMHUpPOBaHUsA +) ux CMBICJIOB. Hns
MOJIETUPOBAHUS CHJI SMOIMH (B YUCIOBOM BUJE)
MOCTaBUM B COOTBETCTBHE CMbICIIaM a0CTpaKTHbIC
6e3pa3MepHbIe NTepeMeHHbIe 71,22,73,24,Z5, UMEIOIIUE
3HAUEHHMsT  M3MEHYUBOCTEH  Z'i1,2%i2,2%i3,2%is,2"is,
i=1,...m. Oun «HU3MEPSIOT» 3HAYEHUS
M3MEHYMBOCTEH Z' mepeMeHHbIX. [loj TepMHUHOM
«M3MEHYMBOCTH» MMEETCSI B BHIY KOJIHYECTBO
Zii=(X%-x7j)/sj COOCTBEHHBIX OTKIOHEHHH (),
YMEMIAIoMINXCS B OTKJIOHEHUHT (X%-x7)).
CoOcTBEeHHOE OTKIJIOHEHHE (Sj) BBIYHCISIETCS 10
popmyne s%=(x%1j+ ... +x2m)Im, Xij=(%-xP)), j=1,... .
ITpu sTOM 2 M3MEHYMBOCTH 2X Z-TiepeMeHHBIX Nel 1

No3  cBs3aHBl MEXAYy CO0OW  TOCPEICTBOM
ko3 dunreHTa KOppenmsiuu 3. Zii=r13*Zs.
Hucnepcuss S  sABIOeTcs ONHAM W3 BHUIOB

u3MepuTeNel pucka u3MeHeHud. Pa3Hple enuHuIbI
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U3MepeHus «U3MEPEHHBIX) 3HAYeHUIt CIIOBECHBIE OIIMCAHMS AHATU3UPYEMBIX
1%1,X%2,X%3,X%,X% He MO3BOIAIOT MX YMHOKATH\ HPOLIECCOB. JIMHAMUKHA ~ TPOSIBIEHUH 5

JeNnTh), a Oe3pa3MepHbIC 3HAUYCHUS ITePEMEHHBIX
21,22,23,24,Z5 ~ MOXHO  YMHOXaTb\ICIUTh  WJIH
OTIPENEeTATh BO CKOJBKO pa3 OTKIOHEHHE OT HYJIA
smormu Nel OoipIie OTKIIOHEHHUS OT HYJIS AMOIIH
Ne3. Mexnay z-otknoHeHusMH Mot Nel m Ne3
CYIIECTBYEeT TMapHas 3aBHUCHMOCTh, BhIpakacMasi
Yyepe3 3HAYCHUC KOA(PPUIIMECHTA KOPPEIAIUH [13.
Hanpumep, mpu Haauyuum m HAOIIOJCHUNA HaL
UHIABUIIOM, 3aBHCHUMOCTh «3MOLIMOHABHOM
OTYYXJICHHOCTH 00yJaromIerocs (z0) oT
«3OMOLIMOHATBHOTO HCTOIICHUS B...» (Z3) paBHA
KO3 PHUIHEHTY KOPPEISIIH MEXITy z
MIEpEeMEHHBIMH Z1,Z3, BBIYUCIsAEMOMY IO (opmyIe
r13:c0rr(zl,z3):(1/m)*(211*213+221*223+...

+Zm1*Zm3). U3mepurenem wu(1)-pucka HU3MEHEHUS
CTpeccoBOi  SMOLUHM sBISETCS IMCIHepcus s2, a
m3MepureneM 3(M)-pucka -I (CMOTpPHUTE HIKeE).
OTtHOCcHUTENbHOE u3MeHeHue 1-off cTpeccoBoit
SMOIMH (Zj1) TO CPaBHEHUIO C OTHOCUTEIbHBIM
H3MEHeHHeM 3- cTpeccoBoM 3Mommu (Ziz) TeM

Oonplie, 4yeM  OoOJbllee  3HAYEHHE  HMMEET
KOA(PPHUIIUEHT KOpPPEIAIUH r13=C0rT(21,23),
Zi1=r13*zi3. IIpu 5TOM MOKHO OMNpPEIETUTH BO

CKOJIBKO pa3 OTHOCHTENbHOE HU3MCHEHHE
«OTYY)XJCHHOCTH OOYYArOIIUXCS OT...» MEHbIIE
(w1 GoJIBIIIE) OTHOCHUTEIBHOTO HM3MCHEHHS 3-OM

CTpECCOBOA SMOIMU -  «UH(POPMAIMOHHBIM
MePeHACHIIIEHHEM. ..».  MOJeNbHbIE  3HAYCHUS
KOO((PHUIMECHTOB  KOPPEISAIUH M 3HAYCHUS

OTHOCHTEJIbHBIX U3MCHCHUH MTpUBECHBI B Tabmumax
1u2.

ViMeHa-CMBICIIBI HAIUX KOPPEIUPOBAHHBIX Z-
MEPEMEHHBIX  Z71,Z2,Z3,Z4,Z5 TIOJIaTaéM  PaBHBIMHU
CMBICJIAM 5 BHIOB NPOSIBICHHBIX CTPECCOBBIX
SMOLMI WHIWBUAOB OT BOCIPHATHH MPOIECCOB
nupoBU3aIIH 00pa3oBaTeIbHBIX yeayT [1]:

1) sMouMOHaNbHAS OTYYKAEHHOCTh OOYYArOIUXCSI
OT OJIHOKJIACCHHUKOB U II€1aroros;

2) sMoumMoOHalbHas  jenpuBanus  (OOJE3HEHHO
mepexuBaeMasi WHIUBHIAOM YYBCTBO IIOTEPH
HaBCeT/a, YyBCTBO HACHJILHOTO JIUIIICHHSI YEr0-TO

HE00X0IUMOT0), BbI3BaHHAS «uudppoBbIM
HEPAaBEHCTBOM»;

3) oMOLMOHATEHOE  WCTOLICHHE B  CBS3H  C
nH(popMaMOHHBIM HepPEeHACHIILIEHUEM u
JOMUHHPOBaHHEM HarJIs,IH0-00pa3Horo

BOCIIPUATHST Y4eOHOTO MaTepHaa;
4) sMoLMOHANbHAS TPEBOXXHOCTh
(obecriokoennocts 1o moBoxy — C.K.) m3-3a

TOTAIM3alMK  IU(POBOro  KOHTpoysi 32
pesynbrataMu  y4yeOHOH ¥ BHEy4eOHOM
JEeSITeTbHOCTH 00YJarOIUXCS;

5) smonmoHanbHBle  AeopMaliy, — BBHI3BAHHbBIC

HEYCTOWYMBOCTHIO CAMOOIEHKH OO0YJarOUIUXCS.
Ilpu MO/JIEJINPOBAHUN HU3MEHYUBOCTEH,
HUCTIOJNB3YEMbIX  JJI1  BBIYUCIEHUS  PUCKOB
U3MEHEHUS HMOIMN Mbl JIOJKHBI YUHUTHIBATH

CTPECCOBBIX AMOIMI HWHIWBUAOB B IIPOIECCAX
OV HemocpeAcTBEHHO BIWAIOT HA JTUHAMHKH

TPYTIIOBBIX sMouni WHIUBUIOB [1].
Heobxomumo  pa3paboTate  KOJIMYECTBEHHYIO
Mozesnb  (OpMalM3alUMM  STHX  «CBS3AHHBIX)»

JIMHAMUK, a BU3yaJlU3alusg MOJENbHBIX JaHHBIX
JIOJDKHA HArJsiIHO TO0Ka3aTh BhIlIEHA3BaHHBIE
BIUSHUSL U JOMOJIHUTH  CJIOBECHYIO MOJIENb.
MopenbHbple  YHUCIOBBIE  3HAYEHHUS HE
H3MEPSEMBIX OTKJIOHEHUII-TI0Ka3arenei
MO3BOJIAT BHIYUCIUTH YPOBHU PUCKOB U3MEHEHUS
Pa3HbIX 3MOLMOHAJIBHBIX BOCHPHUATHH  Kak
WHIUBUAOB, TaK U Ipynn MUHAUBUAOB. MMeeM 5
BUJIOB OTKJIOHEHHH I SMOLMI MHIWUBUIOB U 5
BHUJOB I'pynnoBbIX 3Mouuil. Im cootBercTByeT 10
BUJIOB YpPOBHEH  PHCKOB  HM3MEHEHHS
SMOIMOHANGHBIX BOCIPHATAH U S(PQPEKTOB C
pasubiMu 10 umeHamu-cMbiciiamu. Hocurensmu
OMOIMNA  SBJIAIOTCS HMHIUBHUIABI W TPYIIIBI
WHAUBUAOB. HIUBU, UCTIBITABIINA OJWH WJIH
HECKOJIbKO W3 BHUJIOB MHIWBUIYaTbHBIX OSMOIIMIA
WCIBITHIBAET Jajieeé OJUH W3 BHUIIOB TPYIIOBBIX
SMOLMHA. MBI HE U3yyaeM MHIUBUABIL, a U3y4aeM
OpOsABIsSEMblE MMM  3MOLMHM: 5  BHUJAOB
WHAUBUAYAIBbHBIX 3MOIMM M 5 BUOB IPYIIOBBIX
sMonui. MIcXOIHBIMHU JaHHBIMU IS U3JIaraeMoi
HUXKE  MOJENU  SBJSIIOTCS ~ MMEHA-CMBICIIBI
HEKOPPENMPOBAaHHBIX BAJUAHBIX Y-TIEPEMEHHBIX
Y1, Y2, Y3, Ya,Y5 (A7151 5 BUIOB TPYIIIIOBBIX YMOIIUH)
U WMEHA-CMBICJIBl  KOPpPEJIHPOBAaHHBIX  Z-
NMEePEeMEeHHbIX  71,22,23,24,Z5 (st S5  BUJOB
CTPECCOBBIX 3MOIMH Y HHAUBHIOB). CTpeccoBbIe
OMOIMA WHJUBUAOB 3aBUCAT OT TMPOIECCOB

UG pOBU3AIUN 00pa30BaTENBHBIX ycIyr
(BBIUHCHAIOTCS ~ YpOBHH  H(W)PHCKOB),  a
IPYIIOBBIE AMOIMH — OT  TOJAMHOXECTB

CTPECCOBBIX AMOUUN WHIUBUAOB (BBEIUUCISIOTCS
ypoBHH 3(¥)-pucKoB). VIMeHa-CMBICITBI 5 BUIOB
TPYTIIOBBIX SMOIUI HA3HAYUM PABHBIMHU (ppazaM
cMbiciaMm [1] 5 He3aBUCHMBIX 3MOILIMOHAJILHBIX
a¢hdexToB, 3aBUCAIMX OT 5 TOAMHOXKECTB
HHIUBUAYAIBHBIX 3MOLUH. [ pyIoBbIe SMOIUH
MPOSIBJICHBI ~ KaK CIICACTBUE  NPUYUHBI -
BO3/ICCTBUI TOTO UJIM MHOTO TMOJIMHOXECTBA U3
MHOXECTBa  BHJOB  CTPECCOBBIX  DMOIMH
WHIUBUIOB. B cucteMe «oOydaronuecs-3MOIHI»
MPH CTPECCOBBIX CHUTYyalUsaX MHU(POBU3AINH
MOJIETIMPYIOTCS CBS3M  OMOLMH-3P(HEKTOB OT
SMOLUH MEPEKUTHIX HHIUBUIYATHHBIX CTPECCOB.

[Hoatomy B MOJICIIHN BaJIUIHEIEC
HEKOPPEIUPOBAHHEIE y-IIepEMEHHEIE
Y1,¥2,Y3,Y4,Y5 TOJIKHBI 3aBUCETh oT

KOPPENUPOBAHHBIX Z-TIEPEMEHHBIX  71,22,23,24,Z5.
[TocraBneHHBIE B COOTBETCTBHE 5 WMEHaM-
CMBICIIaM SMOLIMOHAJIbHBIX 3¢ ¢exToB
abcTpakTHele ~ Oe3pa3MepHBIE  II€pEMEHHEIC
Y1,Y2,Y3,Y4,Y5 MMEIOT m MOJEIbHBIX 3HA4YCHUH,
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paBHLIe OTHOCHTGHLHOﬁ N3MCHUYUBOCTHU y‘-II/ITI)IBaeMaH B MOJCIN qepe3 [[OMI/IHI/IpOBaHI/Ie
Yit,Yi2,Yis,Yia,Yis, i=1,...m, CITy’Kart OJHMX 3HAYEHWH JUCIEPCHI Hax APYTUMH, MPH

«U3MEPEHHBIMHU» 3HAYCHUSIMA H3MEHYHUBOCTEH,
HEOOXOAUMBIX JJIsl BBHIYUCICHUS 5 BHIOB PUCKa C
CMbICIIaMU, OOOCHOBAHHO OINHCAHHBIX B CTaThe
[Xpamos, baesa 2021]:
1) smommoHameHas sWpopus (Y1) OT IIHPOKOTO
JIOCTyTa K MUPPOBOMY OOYUYCHHIO Y TE€X, KTO pPaHEe
M0 Pa3IMYHBIM MPUYMHAM HE HMMEN TMOJIHOLICHHON

BO3MOYKHOCTH MOJIy4aTh KJTaCCHYECKOEe
o0Opa3oBaHuc;
2) SMOIMOHAIbHAS BKIIIOYEHHOCTD (Y2) JII0AeH

C OrpaHHYCHHBIMH BO3MOXXHOCTSIMH Da3BUTHS B
uudpoBoi 00pazoBaTEIHHEIN MpoIiecc;

3) SMOIMOHAIIbHAS [TO3UTHUBHOCTh (y3)
0o0ydJaromuxcsi OT pacIIMpPeHHs BO3MOXKHOCTEH
NOCTYIUICHUSI B CPEJHUE CIICHUATbHBIC W BBICIIHE

ydeOHBIC 3aBelEHHs TIIOCPEACTBOM  HHU(POBBIX
TEXHOJIOTHI;

4) oMoUMOHaNbHas CBA3b C  yJaCTHUKAMHU
oOpazoBarenbHbIX  (GopymMoB  (Y4) W JOpyrux

9JIEKTPOHHBIX 00Pa30BaTEIbHBIX PECYPCOB;
5) oSMoIMOHalIbHAs  BOOMYIICBICHHOCTh  (VYs)
00yYaromuxcss MPHU TOIYYCHHH BO3MOKHOCTECH

(OpMUpPOBaHUST ~ WHAMBHIYAIbHBIX  TPACKTOPHHA
00ydeHHUs] TOCPEICTBOM IH(POBBIX TEXHOJIOTHH.
IosiBsieTcs HOBBIM yKIad >KH3HH - HCTOYHHK

BOOJYIICBIEHHOCTH W CO3UJATEIBHOW DHEPTHUH,
MIPOSIBIISIEMBIA HE OBICTPO. «OMOLMOHANBHAS CBS3b
c...» (Y2) ¥ «3MOIMOHATBHAS BOOAYIICBICHHOCTh
.» (Ys) B Hamel MoJenu SBIAIOTCS MEHee
BapuabenbHBIMU (bonee CTaOMITbHBIMU
SMOLMOHAIBLHBIMU OTKJIOHEHHUSIMH). [Torck BeTHyuH
U HUHIACKCOB 3aMCTHBIX «BCECOB» (044, C54, C45, 655)
SIBIISICTCS. MTPHOPUTETHBIM MOMEHTOM IMpU BbhIOOpE
marpuisl Css [2-5] U3 mapsl MOAENBHBIX MAaTPHIL
(A55,Cs5), HEOOXOAMMBIX Il MareMaTHueckoi [2]
mojenu (Ass=>(Css,Rss,Yms,Zms). Habop unaekcos
(3aMeTHBIX 10 BEIHMYHMHE «BECOB») OOpasyer
MO3auKy BHYTpH KBajJpaTa 5-Ha-5.

MsI paccMaTprBaeM 5 PHUCKOB IH(POBHU3ALNN
(MomenmmpyeM Ui HUX CBOM OTKJIOHCHHS JUIS
IMOILHit HHIUBUIOB-00yYarOINXCs) u
paccMarpuBaeM 3aBHCHUMBIE OT HHMX OTKJIOHEHHS 5
«TPYIIOBBIX 3MOLUIY». B kauecTBe ymnpaisroIuUX

rnapaMeTpoB  MOJEIM Ha3HA4uM 3HA4YeHus S
JUCIIEPCUN  HEU3BECTHBIX  y-OTKIOHEHUH 5
«TPYMIOBBIX IMOLUI. BerlieHasBaHHbIE
3aBUCHMOCTH (HOPMAIH3YIOT MTO3HABATENIEHYIO

cdepy Ui MHAMBUIOB B KOHTEKCTE O(QHUIMAIBLHOM
(HaTMYHOCTHOIN) nudpoBuzannu
00pa3zoBaTeIbHOTO TMPOCTpPaHCTBA. V3Mepurensmu
10 yxa3aHHBIX pUCcKOB aBIsitoTCs 10 qucnepceuii (5 z-
NEepeMeHHbIX  71,22,23,24,Z5 W 5 y-TIEpEeMEHHBIX
Y1,¥2,Y3,Ya,Ys). Llens — naxoxnenue 12*10 3HaueHuii
HEU3BECTHBIX OTKJIOHEHUI (10 BHIOB),
COOTBETCTBYIOINX 3HAYCHHUSIM CBOMX aucrepcui (5
13 HUX SMIIUPUYECKH 3aTaHBI, 5 -MOJCTUPYIOTCS).
Cpenu u(1)- 1 3(M)PUCKOB CYIIECTBYET HUEPAPXUS,

HAJIMYAY HAUMEHbIHX. [l03TOMY NpH H3I0KEHUU
CyTH MOJENN TmepeiiaeM K TepMHHAM Z- H Y-
W3MEHYNBOCTEH, HEOOXOAMMEBIX U BBIYHCICHUH
n()- 1 3(M)PUCKOB: I-PUCKH - IO U3MEHUHUBOCTSIM
Zi1,Zi2,Zi3,Zis,Zis W TPYNIIOBBIE 3(M)-PHCKH — TIO
MU3MCHUYUBOCTAM  Vi1,Vi2,Vis,Yis,Yis. Ha  pucyHkax
HATJSITHO  BHJHBI  3aBUCHMOCTH S5 TPYIIIOBBIX
SMOLMH OT 5 BHIOB HHAMBUAYAJIBHBIX 3MOLMMI
oOyuwatomuxcsi. Jlerko BocnpuHmMaemast Qopma
3aBHCUMOCTH MEXIY OTKJIOHCHHSIMU Pa3HBIX MU
OJIMHAKOBBIX MepeMEHHBIX—THHCITHAS. Onn
(IMHAMYKY OTKJIOHEHHWH) «HOCSAT TPEHIOBBIH, HO HE
a0CONTIOTHBIE  XapakTep, MOCKONBKY —pean3aliis
JOOBIX PHUCKOB 3aBHCHUT HE TOJNBKO OT MacmiTadba
YTPO3bI, HO U OT YS3BHUMOCTH 0OBEKTa BO3CHCTBHS,
B JaHHOM CJIy4ae OT ICHXOIMOUIHOHAIBHON
CTaOMIIBHOCTH, YpPOBHS pa3BUTHA  KOTHUTHBHOM
chepbl, COLMATIBHO JIMYHOCTHBIX OCOOEHHOCTEH
obyuaromuxcs» [1].

3mece  HW)KE B paMKax — INpUMEHsAeMOH
MatemaTtuueckoit monenu OM I'K [2] mbl monaraem:
MATH  BHJAM PHUCKOB IUdpoBm3amuu (i 5
TPYNIIOBBIM THIIAM 3MOIMAM) COOTBETCTBYIOT 5
HEKOPPEIHPOBAHHBIX y-TIEPEMEHHBIX  Y1,Y2,Y3,Y4,Y5
(«m3Mepsromux» 5 AMOIMUOHAIBGHBIX AP (PEKTOB
(BBI3BaHHBIX Yy TPYII WHAWBHUIOB-00YUAFOIINXCS).
AHanmu3  TOKa3bIBaeT:  CJIOBECHO  IIOKA3aTelln
TPYTIIOBBIX SMOUHH MOJKHO CUHTATh
HE3aBUCUMBIMM, TOTJIla COOTBETCTBYIOIIHME MM
WN3MEHYHBOCTH y-IIepEMEHHBIX Y1,Y2,Y3,Y4,Ys5
HEKOppENUPOBAaHHBIE. JIuneinas ¢dopma
3aBHCUMOCTH Y=Z*C KOJIMYECTBEHHO BBIPAXKAET CHITY
«BECa» € Z-TIEPEMEHHOM, YMHOXEHHBII Ha geuduny
CMAanOapmMu3uUpOBaAHHOU USMEHUUBOCMU Z: 4yeM
Oonpme «Bec» ¢>(0 Z-TIEpEMEHHOW, TeM OOJbIIe
OTKIIOHSIETCSI BEJIMYHMHA Y-TIepeMeHHOU (Y=2*C) ot
HyIs— BieBo oT 0 (mpu z<0) mwim Bupaso ot 0 (mpu
7z>0). Uem Ommke 3HayeHue z k 0, TeM MeHbIIE
HU3MEHSCTCS y-TIepeMEHHAs, a 3HAKOIIePEeMEHHBIH
pan TaKuX 3HAaYCHUI
Yij=Zi1*C1j+Zi2Coj+Zi3C3j+Zi4C4j+ZisCsj MOXKET TOKA3ATh
HHUBEJIMPOBAaHNE JMHAMUKH CTaHAAPTU3UPOBAHHOM
usMeHunBocTH (y-mepemennoii) Nej. Hama j-ast z-
nepeMeHHas Zj (BIUSIOMAs Ha Y) TakoBa 4YTO ee
3HA4YEeHUS TOKe 00pa3yloT 3HAKONEPEMEHHBIN psf,
CyMMa OTpPHIATENbHBIX CIIaraeMBIX paBHA CYMMeE
MOJIOXKHUTEIBHBIX craraemMbix: (1/m)*(zajt...+ zm)=0.
Kaxxnoii z-nepemeHHoi npucyile WHAUBUAYAIbHAS
Z-U3MEHYHMBOCTh, a j-asi Y H3MEHYMBOCTH DPaBHA
JUHEHHOW KOMOWHAIIMK S5 WHAWBHIYAIBHBIX Z-
WU3MEHYUBOCTEH Zi1,Zi2,Zi3,Zia,Zis S-TH Z-TIEPEMEHHBIX

21,22,23,24,75, IpuIeM Z-U3BMEHYUBOCTHU
«sMepsaoTces» m>5  pas, i=I,..,m, | HoMep
W3MEPEHUs, paBHBII HOMEpy MOMEHTa BpPEMEHH
CKU3MEPECHUAN.

Ienp Hamero mudpoBOro MOICIUPOBAHUS —
JIOCTIKEHUE aJICKBATHOCTH B3aUMHBIX TUHAMHUK 5 Z-
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U3MEHYMBOCTEH, B3aUMHBIX JUHAMHK 5 y-
HU3MEHYMBOCTEH SMIIUPUYECKUM KBa3upealbHbIM
B3aUMHBIM TpPEHZAaM 5  CTPECCOBBIX  OMOLMIL
WHIUBUIOB M 5 TPYNIOBBIX 3MOLMOHAIBHBIX
a¢dexros. [Tpn BU3yanuzanum AMHAMHAK MOJEIBHBIX
W3MEHYMBOCTEH (peajbHBIX WM3MCHUYMBOCTCH HE
CYIIECTBYET) MBI JOJDKHBI YBHICTh Pa3HbIC Hadaia
IS MOMEHTa BpEMEHU HACTYIUICHUS
HUBENUpOBaHUs (uenb ucciaenoanus [1]) 5
SMOLIMOHAIBHBIX Y-PUCKOB.

Korautusno CYMMUPYEMBIC UMEHA-CMbICJIbI Z—
MEePEMEHHBIX

CMBICTBI PHCKOB, chopMymmpoBaHHee B [1]
NpUMEHseM Ui Z— ¥ y— HW3MEHYMBOCTEH.
KoruutuBHbI  CMBICIT OJHOM Y—M3MEHYHMBOCTH,
PaBHOW CyMMe CMBICIIOB Z- M3MEHYMBOCTEH (3HaK
cyMMHI (+) He OyameT ompeaesieH, €CId HTOTOBas
¢dpaza, mepeparoiias CMBICH y—W3MEHYHUBOCTH, HE
OyleT UMEeTh COJEPIKATEIbHOTO CMBICIA M3-33 «HE
CTBIKOBKI» (hpa3 claraeMbix, epeatoluX CMbICIBI
z-uzmenunBocreir [6-17]. TpyaHo oObeqUHUTH B
onHy (Gpasy MHOro ¢Gpa3 ¢ OTIMYAOIIUMHCS
cMbIciiaMu. Haliiem CMBICIBI TOJIBKO TaKUX Z-
N3MEHYUBOCTEH, 111 KOTOPBIX KOTHUTHUBHBIN CMBICTT
X CyMMapHOH (pa3bl NepesacT U3BECTHBIA CMbICIT
Y-M3MEHYMBOCTH 0€3 KOTHUTHBHOTO JHUCCOHaHca (Y
Hac  HWCXOoAHble  gaHHble—10  MMEH-CMBICIOB
n3MeH4InBocTeH). KonmndaecTBO Tak CyMMHpPyEeMBIX
CMBICIIOB Z-WU3MEHYHMBOCTEH y Hac He Oojee 3, HO
HIDKENIPUBEJCHHBIE  pe3ynbTaThl  BBIOOpa 5

HEKOPPEIMPOBAHHBIX Y-TIEPEMEHHBIX Y1,Y2,Y3,Y4,Ys5 (B
MaTEeMAaTHUYCCKOW MOJEIH), COOTBETCTBYIOIIUX Y-
U3MEHYUBOCTAM Yi1,Yi2,Yi3,Yi4,Yis, pABHbIE CMBICTIaM 5
BUAOB 3(M)-pUCKOB OOOCHOBAaHHO OIMCAHHBIX B
cratbe [Xpamos, baesa 2021]. Haznaunm 3HaueHHS
M=2.1, 1o=1.4, 13=1, 44=0.25, 15=0.25 5 mucniepcusm
A1, A2, A3, A4, A5 5 Y-N3MeHUNBOCTEH, B CyMMe PaBHBIX
5 (W3-3a CTaHAAPTU30BAHHOCTH NPUMCHSCMBIX Y-
M3MCHYUBOCTEH):
disp(y2)+disp(yz)+disp(ys)+disp(ys)+disp(ys)=
A+t As=5, 11> J»>..> 1s>0. HauOombmas
mucniepcuss  3(u)-pucka  Buga Nel A=2.1 wm
CICIYIOUINEe  3HAYCHUS  JAPYIHMX  JUCHCPCHI
MOOUPANTUCh BPYYHYIO (HECKONBKO pa3 TOBTOPSA
3Tambl MOZCIHPOBAHUA) A0 TeX IOp, MOKa OblIa
JIOCTUTHYTA HIDKENPHUBEACHHAs MO3aWKa MeCT
HaXOXXICHUS <«3aMETHBIX» D3JIEMEHTOB B MAaTpHIIC
Css. Haznauennsle 3Hauenus 11=2.1, 1,=1.4, 13=1,
44=0.25, A5=0.25 oOBemMHMM B [IHATOHAIBHYIO
MAaTpHILy Ass=diag(2.1,1.4,1,0.25,0.25),
2.1+1.4+1+0.25 +0.25=5. PaccmoTpuM 3ajaHHBIC
Y-CMBICTIBI M HaljeM 5 HaOOpOB z-cMbICIOB (M(11)-
PHUCKOB) 5 MOJIMHOKECTB Z-NICPEMEHHBIX C HIMCHAMM-
CMBICIIaMH, IO TYHUHSFOIIIHECS KOTHUTHBHBIM
orpaHnyeHusM. B nanpHelimeM MaTeMaTuyeckue
OTpaHHUYCHUS MOTPEOOBATH OT HAC MEPEHTH OT Z— U
Y— HU3MEHYHMBOCTEH K Z'— M Yy —HM3MEHUYHBOCTSAM C
MPEeXHAMH  WMEHAMHU-CMBICTaMd.  Hmke MBI
BBIJICTIM 5 TOJAMHOXECTB Z' -TIEPEeMEHHBIX IS 5 y*-
U3MEHYHUBOCTEH, CTPOT0 COOTBETCTBYIOIIIEC HMEHAM
CMBICIaM  2-X WM 3-X W3 5 cMBICIOB  Zz'-
W3MEHYMBOCTEH, BXOAANIMX B CBOM y'-cMmbicn y*

TIOJMHOKECTB CMBICIIOB AMOLMH, COOTBETCTBYIOT W3MEHYMBOCTH.  Ilpu 3TOM CMBICT j—Oi  y*-
CMbICTIaM Y—M3MEHUYHUBOCTEMH, npu 3TOM M3MEHYUBOCTH JOJDKEH OBITh PaBeH KOTHUTUBHOM
oTpe0oBaIHChH HEOJHOKpaTHbIE YTOUYHEHHUS. cymMe CMBICJIOB Z*-M3MEeHYNBOCTEN:

PesynbTarsl noucka 5 npaBUIbHBIX COOTBETCTBUH U3
cxeMbl  BHIA  CMbICH{yj}=cMbIchbI{Z1,22,23,24,Z5},
j=1,...,5, onpeeauay MoIMHOKECTBA BIHSIOIIUX Z-
M3MEHYMBOCTEH, OHH MPUBEACHHI HIDKE. JlomomHmm
9TH TJIaBHBIC MO0 CYTH KOTHUTHUBHBIC OTPaHUYCHUS
MaTeMaTHYECKUMH COOTHOIICHUSIMHU Ha MapaMeTphI
U TIEpEeMEHHBIE MAaTEMaTHYECKOU MOJICITH.

emwvien(ytin)=cmvien(z in)*Cutempicn(ztiz) *Ciot
embicn(z iz)*Cartembicn(z ia)*Cartembicn(z*s)*Css,
Tak Kak BepHa (opMmyna U y'j-H3MEHUHBOCTH:
Y =2 i C 2 i2C g+ 2 isC g+ 2 iaC 4+ 2 isC s,
i=1,...,12. CyMmMa HMEH-CMBICIOB 2-X WIH 3-X z*
HN3MEHUYMBOCTEH, HarnpuMep,
emblen(zTia)*Castembicn(z s)*Css, J1erko HopMUpyeT

CumBosmoMm + OyzmemM  o3HauaTh  3HaK uMs-cMbIcT  y* m3MeHdnBocTH Ne5, paBHOTO CymMe
KOTHUTUBHOHU CYMMBI HIMEH-CMBICJIOB z- HPOU3BEJICHUIT  «BECOB» C45,C55 U CMBICIOB  Z'-
W3MEHYMBOCTEH,  cocrosmeil u3 o0beaMHEHHOM HU3MEHUYMBOCTEH Z*4,2%s. TOJIBKO HEKOTOPBIE CYMMBI

(bpasbl, 6€3 AUCCOHAaHCa MEPeIAroIIeii UMSI-CMBICIT Y—

CMBICJIOB M3 npaBoﬁ YacTu OAHHOTO CMBICIIOBOTO

U3MEHYUBOCTH. JlUCTIepCHUsS-U3MEpPUTENb  PHCKA. paBenctBa (cMbici(y'ii=...) obpasyror ¢pasy 6e3
Jlucriepcusi 4YUCIOBOIO psfa  OTKJIOHEHHH HIIH KOTHUTHUBHOTO JAMCCOHAHCA. J[Jisl KaXKa0To CMbICHa j-
CTaHIapPTU30BAHHBIX OTKJIOHCHUI 0if y*-U3MEHYHBOCTH BHIOEPEM TOJIBKO T€ ClIaraeMbie

(=M3MeHUYMBOCTEH) SIBIISETCS W3MEPHUTENIeM PHCKa.
VYpoBeHb 3(n)-pHUCKa (IUCIIEPCUs Y U3MEHYHUBOCTH)
BBIUUCIIAETCSI 10 MOJENBHBIM 3HAUCHHAM Y-
W3MEHYMBOCTH, a M(I[)-PUCK — TO 3HAYEHHSIM Z-
n3MeH4InBOCTH. [lo3TOMYy HaYajgbHBIM  ITAarioM
MOJICIMPOBAHMS 3HAUYeHWH 5 BHIOB 3(M)-pHCKa,
BIMSIIOIINX Ha 5 BHAOB J(M)-pUCKa SBIAETCS
MOJICIMPOBAaHNE 3HAUYECHUH HEKOPPEINPOBAHHBIX Y-
HM3MEHYHNBOCTEH u KOPpEJIMPOBaHHBIX z-
U3MEHYUBOCTEH. Haznauum HMMEHA-CMBICIIBI

+embien(z k) *Cjt, CMBICIBI  Z'k  W3MEHUYMBOCTEH,
KOTHUTHBHAsT CyMMa  HMEH-CMBICIOB KOTOPBIX
o0pasyeT ¢ppa3y 6e3 KOTHUTHBHOTO TUCCOHAHCA. DTO
yCJIOBHE SIBISCTCSA TJIABHBIM B HAIed MOJICIH.
CogepaTtenbHbIe CMBICIBI W3MEHUMBOCTEH, a HE
MaTeMaTHdeckue (HopMyJssl, IEPBUYHBI U BaXKHBI B
Hanreit  momenmu.  Ompenmensiem  HOomepa  z*-
W3MEHYMBOCTEH y BBIOPAHHBIX CIIAaTa@MBIX W 3TH
HOMepa (uKcHpyeM Kak HOMEpa  «BECOB»-
WHAWKATOPOB BBOAMMBIX 3HAHUH. ((BeC))-HH}II/IKaTOp
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c*11 BBOOMMBIX 3HAHUH O CUIIC CBSA3U MEXAY z'1-
W3MCHUYMBOCTHIO W Y'1-M3MEHYHMBOCTBIO Yy HAac
(aHaIOTUIHO) Ha3Ha4YeH PaBHBIM
criu=corr(z*1,y*1)=0.5227: yem Gike CBA3b Z'1 C
y*1 k Bumy Yy'1=€*z*1,c=0.5227, Tem Gosbime
BBIp&)KEHA ITMHCHWHAs CBs3b. Kaxmelidi «Bec» Ci
JNOJDKeH OBITh d21MeMeHToM k-off  cTpoku, j-oro
cTonbia Marpuibl «BecoB» C'ss U eMy MPHUCBOMM
CTaTyC «MHIMKATOP HAJIMYKs 3HaHUI». TiarensHblit
HHTEJUICKTyalbHbId aHAM3 CMBICTIOB Z'- U y*-
W3MEHYMBOCTEH IMO3BOJIMI  3aduKcUpoBaTh 12
WHIUKATOpOB U3 MaTpullbl Css, IpeoOpa3oBaHHOM B
Mmarpuity C*ss. [Togbop win pukcanus 3HaueHui 12

udpoBoMy 00yUeHHUIO...» Y*-niepeMeHHoM y*1. D10
CMBICIIOBOE  yCJIOBHE  (popMmaim3yeTcss  uepes
U3MEpUTENIb CTENIEHU BBIPAXKEHHOCTH JIMHEHHOM
CBSBM MEKAy Zz 1,y 1-KodQPUIHMEHT KOppessIim
¢ 1=corr(z*1,y*1): uem Gimke cBs3b z*1 ¢ y'1 K BUIY
y*1=c*z*1, 0 TeMm GoJIbIIIe BRIpaKCHA INHEHHAS CBSI3b.
Uem pampme ot O (6mmwke k -1 mwmm k +1)
pacrosoxeHo 3HaueHue corr(z*1,y*1), Tem Ommke
cB3b 21 ¢ yh1k Buy Y 1=c*z*1, 0. Ecnu ecth Kkakasi-
TO CTEMEHb JUHEHHOU CBA3U, TO MOKHO U3MEPHUTH €€
yepe3 u3MepHuTenb corr(z'1,y'1), B MPOTHBHOM
CITy4ae HEJNb3s IPUMEHATH 3TOT U3MEpUTENb. [l i-
BIX 3HAUCHUH Z'-TIepeMeHHBIX Z*1,2*3 CBSI3b MEKIY

«BECOB»-MHIMKATOPOB W JUCIEPCHE MA1,...A4, As: HAMM  SBISETCA  JUHEHHOM:  ZTit*=r*13%7%is,
VIPaBIIIONMX ~ [1apaMETPOB  HAmiedl  MOJIEIH, i=1,...m-1 <rtiz=corr(z*1,273)<+1, nmua i-BIX
HU3MEepHUTeIei 3(1)-pUCKOB (TpymmoBBIX 3HaueHWd  j-oif  y'-mepemenmoit  (wis  y*-
IMOLMOHANBHBIX 3((PEKTOB) — TeMa OTAEIBHOIO U3MCHYUBOCTH) CBS3b SIBISICTCS. MHOTOMEPHOIM
uccnenoBanus [Zhanatauov 2022].  U3MmeHsuHCHh JMHEHHOM: Y=zt in*C ez i gtz isC g+

JIMIITG 3HAKK DJIEMEHTOB, a He WX 3HaudeHus. Takue
usmenenuss B matpuile Css MO3BOJIMIM JTOOHTHCS
TpeOyeMbIX 3HAKOB B 3jeMeHTax (c*11,¢%31,¢" a1,
€ 0,¢t a2, 50,¢"33,¢ 143, 44,0V 54,¢ 7 45,¢T55)  MaTpHIIBD
C'ss, YIOBJIETBOPSIOIINX CHCTEME CMBICIOBBIX
ypaBHeHMH. 3HaKM NPHUCYIIM BBEIOPaHHOM cucTeme
HMEH-CMBICIIOB, OMNpeeIsieMoil Mmoa  (QopMyaaMu
opmymbr  Z5=Y i *C Y T i2C oY TisC sy FiaC st
y*isCTis, i=1,...,12, TAe j-HOMep y'-U3MEHYHUBOCTH,
paBHBIMH JIMHEHHBIM KOMOHMHAIMSIM KOTHHUTHBHO
CYMMHPYEMBIX HMMEH-CMBICIIOB  Z'—TIepeMEHHBIX.
Hwxke Oymer mpuBezeHa 3Ta CHCTEMa CMBICIOBBIX
YpaBHEHUH.

Daementbl MaTpunbl C'ss — YHCI0BBIE
napaMeTpbl CHCTEMbI CMBICJIOBBIX YPaBHEHHUIA

OmnuineM necTBUsE IO MOUCKY MaTpuisl C'ss €
12 «Becamm», BEMYMHBI KOTOPBIX YAOBIECTBOPSIOT 5
KpurepusiMm. B CMBICT  y*-TIepeMeHHOH Y'1
«OMOLMOHAIBHAS U(POPHUSL OT MIMPOKOTO JOCTYIA K
HppoBOMY OOYUECHHIO...» BXOMIAT CMBICIBI 3-X Z*-

ZtiuCta+2tisCrsy, i=1,...,12, i-as y'-U3MEHYUBOCTH
paBHa JTUHEHHONW KOMOWHAIMK 5 MHIUBUIYaTbHBIX
zt-usmenuuBocrel  z%i1,2%i2,2%i3,2%i4,2%i5 5 z*-
U3MEHYUBOCTEH.

Benmmunnb «BecoB» ¢11 (CO 3HAKOM «+»), c*a1,
¢*41 (BCE CO 3HAKOM «-») JIOJKHBI HUMETh 3aMETHBIE
3HAa4YeHUs 1o mKaine Yemgoka — «3aMeTHas
koppemsinus» - ot 0,3 go 0,6. Torna Mbel cMOXeM
BEIJICITUTH CyMMY «3aMETHBIX) CMBICIIOB,
KOTHUTUBHAsI CyMMa (+) KOTOPBIX paBHA CMBICITY Y*
W3MEHYMBOCTH  (CMOTPUTE  HW)KE  CHCTEMY
CMBICIIOBBIX ypaBHEHHWH). 3HaK (+) IpH BEIHMYUHE
«Beca» C€'11 OOBSCHIETCS  IPOIMOPIUOHAILHOM
3aBHCHMOCTBIO TEpeMeHHBIX Zz'1,y'1 B (dopmyre
c*u=corr(z*1,y*1): 4yem OGoJbBIIE «IMOIMOHATbHAS
OTYYXICHHOCTb (caMOCTOSTETLHOCTD,
HE3aBUCHMOCTB) O0YYAOIIHXCS OT OJAHOKIACCHHUKOB
u negaroros» ( z*1), TeM B OOJNbIIEH CTEMEHH OHH
OIIYIIAIOT, & B paMKaxX Hamedl MOIEeTH B MOMEHT
BpPEMEHH 1 3HAUEHHE MEPEMEHHOU y*1 OTKIIOHSETCS
BIpaBo OT 0 - «3MOLUMOHAIBHYIO SHPOPHIO OT
IIHPOKOTO JOCTyNa K HA(POBOMY OOYUCHHIO...».

TIepEMEHHBIX: embien(y ) =cmoicn(z*1)* 3HaK (-) MpH BEIUYUHE «BECa» C'31 OOBICHIETCS
embica(z 3)*embicn(z*y), cumeon * o3HavaeT 3HAK o0OpatHO MIPOTIOPIIMOHATHHOM 3aBUCUMOCTBIO
CYMMHUPOBaHHsS 3-X CMBICIIOB «3MOIMOHAIbHAS nepeMeHHbIX Z*3,yY*1 B dopmyne c¢*zi=corr(z*s,y*1):
OTUYXKICHHOCTh  OOydarommxcsi  oT...»  (z'1), YeM MEHbILE «IMOLHOHAIBHOE UCTOLIEHUE B CBSI3U
«IMOIIMOHAILHOE HCTOIEHHE B CB3HM ...» (Z%3), ...» (z*3), TeM B OOJbIIEH CTENEHH OH OIIYIIAET
«OMOIHOHANBHAS TPEBOXHOCTh HU3-3a ...» (Z%4). «OMOIMOHAJIbHYIO 31(OPHI0 OT LIMPOKOTO JIOCTyIa
«Becamy, COOTBETCTBYKOLIUM 9TUM 3-m K udpoBomy 00ydeHuro...» (y*1). TOIBKO CMBICITBI

BBIJICJICHHBIM CMBICIaM Z'-[IePEMEHHBIX, PUCBOUM 3-X  BEIUMYUH  «BECOBY» cta=corr(z 2,y 1),
CTaTyC <«3aMETHbIE Beca» M HA3HAYMM UL WX cra=corr(z'3,y*1), ¢ a=corr(z*sy*1) y4actByIOT
3HAQUEHWH KPUTEPHU  IIPEBBIIMICHUS TTOPOTOBBIX Opd  KOTHUTUBHOM  (popmupoBanuu  (passl,

3HadeHui». Bamupnas y-nepemenHas Nel ¢
mucriepcueit 11=2.1 («3MonuoHansHas 3UGopust OT
LIMPOKOTO JOCTYMA...») JOJKHA 3aBHCETh OT 3-X z*
mepeMeHHbIX 271,2%3,2%4. CMBICTBI Z*-TIepeMeHHBIX
751,7%3,2% 4 «OMOLIMOHAJILHAS OTYYXICHHOCTh
obywaromuxcss  ot»  (z'1),  «3MOIMOHAIBLHOE
HCTOIEHHE B CBS3U ...» (z'3), «IMOUIMOHANbHAS
TPEBOKHOCTh W3-3a ...» (z'4) BXOmAT B y'-CMBICH
«OMOIMOHANbHAs SHU(OPHUS OT LIMPOKOTrO AOCTYIA K

nepeaaroleid CMBIC  y*-iepeMeHHO Y1, (pa3bl-
CMBICITBI OCTANIBHBIX 3-X z* MepeMeHHbIX 771,272,275
HEJIb3sl MPUCOEIUHSITh K CyMME CMBICIIOB, TaK Kak
pu 3TOM 00pasyeTcsi OeCCMBICICHHAs HTOTOBas
¢pasza. M3-3a TOrO, YTO NEPEMEHHBIE Z1,Z2,Z3,24,Z5
CTaHIApTH3UPOBAHBI 771,2%2,2%3,2%4,2%5 HE
CTAaHIAPTU3UPOBAHBI), a CYMMBI  JAHCICPCHI
(I+1+1+1+1=)1+ A o+ A 3+ La+1s) paBHBI 5, UMeeM
5 KOJMYECTBEHHBIX COOTHOIIEHHI MEXIy BecaMu:
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ISRA (Indiay  =6.317  SIS(USA)  =0912 ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940
Impact Factor: ¢ australiay =0564  ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA) = 0.350
cr2=corr¥(zt,y*y..., c*2s=corr?(z*s,y*), C*1oteMbIci(ZYia) *Cr aoteMbicn(ZYis) *Cts2),  momKHA

Cjt.. =1, j=1,..,5, ynoOHele  1ys
BBIUHMCIICHUH noneu 5 Z*-M3MeHYnBOCTEN
7*i,2%2,2%i3,2"1a,2%is B oxHOM y*-m3MeHunBOCTH ¥lij.
Ho nuneiinas komOuHanus 6e3 «BecoBy (¢*ij,...,c's5)
CO CBOUMH CIy4allHBIMH  U-H3MEHYHBOCTSIMH
Uiz,Ui2, Uiz, Uig,Uis  0Opasyer j-yio y* H3MEHUYHBOCTH
yhi=Uin i AY%+. +Uis, j=1,...,5. Banuanas y*-
nepemenHas Nel ¢ npucnmepcueit M=2.1
MozenmpyeTcs o popmyie Yin=Uir* A1 +Uipp+Uis+
Uig+Uis, i=1,...,12.

[IpogomkuM  KOHCTPYHPOBAHHE  KaXXIOro
CIIaraeMoro M3 O4epeHOTO CMBICIIOBOTO YPaBHEHHUS
(¢ z'- m y'- wusMeHUMBOCTAMH) ISl Oymymieit
CHCTEMBI CMBICIIOBBIX ypaBHeHH#t (¢ z'— u y'—
HM3MEHYHUBOCTSIMH). Cmbicn  BamumgHo#  y*-
nepeMenHol  Ne2  cMBICH(y*2)=«dMOIMOHATbHAS
BKIIOYCHHOCTh ~ JIOfICH €  OrPaHUYCHHBIMH
BO3MOJKHOCTSIMU...» BBIp@KeH ()pasoif, cocrosiieit
u3 CYMMBI CMBICIIOB:
emwvien(z*z)empicn(zt ) +embien(zts)=«dMOIMOHATBEH
as  genpuBainus  (OOJE3HCHHO  MEpeKMBacMast
HHJMBUIOM YyBCTBO MOTEPH...»H«3MOIHOHAIbHASL
TPEBOKHOCTb, 00ECIIOKOCHHOCTb. .. »+
«OMOITMOHANBHBIC Je(OPMAIlH,  BBI3BAHHBIC. ...
BamunHas y-mepemenHas Ne2 y*ip=Ui+Uip*AY2+
Uiz+Uis+Uis C JIuctiepcueit =14
(cMbICH(Y 2)=«3aMOIHOHATbHAS BKJIFOUEHHOCTD
JOfE C OrpaHMYCHHBIME BO3MOXKHOCTSIMA. ..))
JIOJDKHA 3aBUCETH OT 3-X Z'-MEPEeMEHHbIX Z'2, 24, Z'5
C 3aMETHBIMHU «BecaMu» c'og, ¢*ap, ¢'s5p (3HAYECHHS
c*2, C'sy MUMEIOT 3HAK «-», C'a2 — 3HAK «t»).
OGocHOBaHHE 3HAKOB TIPH «BEcax» aHaJOTHIHO
BBIIICTIPUBEICHHOMY Uil y'-miepemenHoii  Nel.
BenuuuHbl «BecoB» ¢ 22=COITr(z*2,y*2) (co 3HaKOM «-
»), ctp=corr(z*s,y*2) (co 3HAKOM «+») HOIKHBI
UMeTh 3aMETHbIC 3HAYCHHsS O MmKaige Yemmoka

«3aMeTHas Koppesius». V3MeHUYHBOCTH BHOA
SMOIMI  «IMOLMOHAIIbHAS  BKJIIOYEHHOCTh  (y*2)
SIBIISIETCS CJIEICTBHEM SMOIMOHAILHON

TIOJIOKHUTETLHON 00ECTIOKOEHHOCTH HANBHAA (275),
BBIPOKCHHON BEIMYMHOU ¢ 5p=COrr(Z*s,y"2) (co

3HaKOM «“», pu 3TOM OTCYTCTBYIOT
SMOIMOHANbHBIE Je(hOpMallMK, HO HPUCYTCTBYET
MTOCTOSTHHAS cTabUIBHOCTD CaMOOLIEHKH
00y4Yalomuxcsl): OHM  JOJDKHBI MMETh 3aMETHbIC
3HayeHHs 1o mKkaire Yenmoka — «3aMeTHas

koppensuusi» - ot -0,7 mo 0,45. UYem MeHbuIyIO
«3MOIIMOHAIBHYIO TPEBOXKHOCTH (00ECTIOKOCHHOCTb)
U3-3a TOTANU3aluK UPPOBOro KOHTPOIS ...» (z4)
OILYLIAETCS «JIFOJU C OTPAaHUYEHHBIMHU...», TEM B
OoJNIbIICH CTETIEHM OUIYIIAIOT «IMOIHOHAIBHYIO
BKIIFOYEHHOCTh J0AU c OrpaHUYECHHBIMH
BO3MOXKHOCTAMH...)» (y*2). 3mech TaKKe HaMu
MIPaBUIBHO OTPaXEHO B (hopMyJax HarpaBlieHHE

MEXIy  JIOTHYECKUMH  OOBEKTaMH  IpPHUYHMHA-
CIEeNCTBHE TIPH WX KOHKPETHBIX  CMBICIAX.
KorantuBHas cymma (+) «3aMETHBIX)» CMBICIIOB

(Bxomsmmx B opmyny cMbICI(y'i2)= cMmbici(z*iz)*

OBITh paBHA M3BECTHOMY CMBICITY Y IEPEMEHHOI y 2.
A MopmenbHBIC 3HA4YCHUS y'-miepeMeHHOM Yo
MOJICITUPYIOTCS 1o tdopmate
y*izzui1+ui2*/11/22+ui3+ui4+ui5 (c pucnepcueit
A2=1.4).  HWHONKATOPHI MPUCYTCTBHUS BIOKCHHBIX
HaMU 3HaHU ¢*2p=Corr(z*2, y*2), c*so=corr(z*s,y*2),
c'sp=corr(z*s,y"2) AOMKHBI HUMETh  3aMETHBIC
3HaueHMsT o mKane Yemmoka — «3ameTHas
koppessiusi» - ot 0,3 10 0,7.

Cmbicn  BanuaHOW — y'-mepemeHHOH — No3
emblen(yt3)=«IMOIMOHATIbHAS MO3UTHBHOCTh
00ydJaromuxcsi OT PacCIIUPEHUS] BO3MOXKHOCTEH...»
BKJIFOYaeT B CE0S CyMMY «3aMETHBIX» CMBICIIOB:
emuicn(y*s)= cmoica(zts)+emvica(z*s), cocrosieii n3
00bEIMHEHHON (passl, oe3 IMCCOHaHCca
nepenaromeil uMs cMbici 3(u)-pucka Ne3. CrerneHb
«OMOIMOHANILHONW  TMO3UTUBHOCTH  (OTpHUIIAHUS
«HETATHBHOCTHY») OOYYAIOIIUXCS...» 3aBUCHT OT
CTETICHN <«OMOILIMOHAIBLHOTO HCTOIICHHUS B CBSI3U C

..» CTENEHH («OMOIHMOHAJIBHOH TPEBOKHOCTH
(00ecTIOKOEHHOCTH 110 TOBOAY) U3-3a...». Benudaunsl
«BecoB» ctzz=corr(z*s,y*s) - co 3HAKOM «-»,
c*43=COrr(z*4,y*s) - CO 3HAKOM «-», JOJKHBI UMETh
3ameTHble (o mkaite Yemgoka — «3ameTHas
Koppensusy - 3HadeHus ot 0.3 go 0.9). IpuanHs:
CyOBEKTHBHBIE «IMOIMOHAJIBHOE HCTOIICHHE B
CBSI3U C ...» «OMOIMOHAIbHAS TPEBOXKHOCTh
(00eCTIOKOCHHOCTh TI0 TIOBOAY) H3-3a...» BEOyT K
CIIE/ICTBHIO — K MPOSIBICHUIO HEKOTOPOW CTEIeHH
«OMOIIMOHAJIBHON MMO3UTUBHOCTU OOYYAIOIIUXCS OT
pacliupeHuss  BO3MOKHOcTeH...».  I[Ipoucxoaut
NpU3HAHUE MOJIE3HOCTH pe3ynbTara npu
CYOBEKTHBHBIX BOCTIPUSITHSIX HETPUSATHBIX 3MOIHI
2-x BuzI0B. Harua mikasna u3MepeHust IpUrojHa u Jyis
j=3: 3HaUCHHUE CUITBI CBA3M i-0ii Z-M3MEHYHUBOCTH C j-
0if y* I3MEHYMBOCTBIO MIPUHAICKUT OOBEITUHEHHIO
2-x wmaTepBanoB [-1,0]U[0,+1], To ecTh BemuumHA
«Beca» ctij mis BceX map HMHICKCOB (i,j) MOXKET
MEHSThCS BHYTpH nHTepBana [-1,+1]=[-1,0]U[0,+1]:
-1<cj=corr(z*,y*)<t1. Bamumuas y*-nepemeHHas
Ne3 y+i3:ui1+...ui3* 7»1/23+....+Ui5, (BMOHI/IOHa.HLHaSI
MO3UTHBHOCTh ~ OOY4YalOIIMXCS...) € JHUcHepcHeit
As=1 nomKHA 3aBUCETH OT 2-X Z' IIepeMeHHBIX Z2*3,2%4
C OTpMIATENBLHBIMH «BecaMu» c¢t33=corr(z*s,y*s),
c*az=corr(z*a,y*s) (mo mkane Yemmoka «3amerHast
KOppensusi» - ¢ 3HadeHussMu ot 0,5 10 0,7).

Cwmpicn  BanmumgHo#t  y'-nepemenHoit  Ned
BKJIFOUYAET B Ce0sl KOTHUTHBHYIO CYMMY 2-X CMBICJIOB
2x Z*-niepeMeHHBIX Z*s, s
emuicn(y*s)=cmuica(z*s)tempicn(z's).  Opaspl  2-x
CMBICIIOB HMMEIOT BHJ CYMMBI: «3MOIIMOHAJIbHAS
CBSI3b c y4aCTHHUKaMHU 00pazoBaTesbHbIX
(bOPYMOB...»=«3MOIMOHAJbHAS TPEBOYKHOCTH,
00€CIIOKOCHHOCTD. .. »+«3IMOLIMOHAIbHbIE
nedopManuy, BBI3BaHHBIE...». OJTa cymma 2-X
CMBICIIOB COOTBETCTBYET 2 claraeMbIM
Z'i4C a4+Z"i5C"54 M3 hopMynBl  y'-TiepeMeHHOH Y4
Yria=Uin ... uie* A2 *Uig+Uis  cBasu  ee ¢ z*-
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ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland) =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940
Impact Factor: ¢ australiay =0564  ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1.500 SJIF (Morocco) =6.004  OAJI (USA) =0.350
MEePeMEHHBIMUZ 4,2%s.  DTO  ypaBHEHHE  CBSI3U Hanmnuust 3HaHuWi [Zhanatauov 2019a] o cBszsax

SMOIMOHAILHOTO pHCKa (3(M)-PUCKOB W3MEHEHHMS)
Ned (B COBOKYITHOCTH C OCTAIHHBIMH BEIYUCICHHOTO
110 3HAYECHUSAM DJIEMEHTOB 5 cTONO10B MAaTPHIE Ums)
c YPaBHEHWSIMH  APYrHX  y'-TIEpPEeMEHHBIX
yytayayay's (m 5 crpox wmarpumer  Clss),
MIO3BOJIMITM BBIYMCIUTH 3HAYCHMS 3JIEMEHTOB m=12
CTPOK  MAaTpHIIBI Z*m5=Y*m5C*T55  z*-
OTKJIOHEHUH, HEOOXOIUMOH Il  BBIYMCIICHUS
ypoBHe#l wu(u)puckoB nudposmzanun Nel,2.3.4.5.
W3meHunBoCTh y'is BamumHo# y*-nepementoit Ne4 (¢
aucnepcueit A=0.25) noKHa 3aBHCETH OT
3aMeTHBIX (o mkane Yenmmoka) «BECOBY
abs(c*44)>0.3, abs(cs4)>0.6 u OT z*-u3MeHYMBOCTEM
Y, %5 (i=1,...,m) 2-x (U3 5) z'-mepeMEHHBIX
Z'4,2%s. llpn 3amaHHOM 3HaueHWH 3(M)-pHcKa Ned -

3aJaHHOM 3HAYEHUU JHCTIEPCUH
disp(y*s)=disp(y*s)=ha=

(U/m)*(y*214+... +y*%na)=0.25 MBI BBIJICITHIM
cllaraemsle +Z"iaCt4j+Z%isCh 55+, rae «BECA»

ctm=corr(z*a,y*)<0,  c*sa=corr(z*'s,y*2)<0  (u3
marpuibsl Crss={C*j=corr(z*i,y*j)} momkHsl HUMETH
OTpHUIIATENIbHBIE 3HAYEHUS. 3HAKU IPU 2-X «BEcax»
TpeOyIOTCs OBITh TAKOBBIMH HM3-32 00PaTHOM CBS3U B
mapax mnepeMeHHbIX (Z'a,Y*s), (z%s5,y"s) u3 opmyn

MexXay u(1)- U 3(1)-pUcKaMu.

CMbICT

BaJIUTHON

y*-niepemennoit  Ne5

cMBICI(Y'5)=«IMOIMOHATIbHAS.  BOOIYIIIEBICHHOCTh
oOygaromuxcs  TpH..»  BKIIOYaeT B cedd
KOTHUTHBHYIO CYMMY CMBICIIOB 2-X Z*-TIepeMEHHBIX:
cemblen(z* 4)* embicn(zs)=«3MOIMOHATbHAS
TPEBOXKHOCTb, 00€CIIOKOCHHOCTb. .. »+
«3MOIIMOHAJBHBIC Je(OopMaIuy, BBI3BAHHBIC...».
H3MeHunBOCTH y*-TmepeMeHHON Ne5
yris=Uirt...+uis*AY%s (ee nucmepeus As=0.25), a z*-
HU3MCHYUBOCTH BBIYUCITUM o bopmyre
Z ms=Y 'msC*Tss 111 z*-0TKIOHEHHi, HeOOXOIUMO
TS BBIYHCIIEHUS YpOBHEH 1(11)-prUCKOB
mudposmammu Nel,2,3.4,5. UaaukaTopsl HANA9HA
3HaHui [Zhanatauov 2019a] He TOHKHBI 3aBUCETH OT
MOJEITBHBIX CITyJaitHBIX Z+-N3MEHYUBOCTEH
Zi4,2%15:2 5=y i1 *CTs1+Y TisC s Y TisC 53y TisCrsa YT
isC's5. Cmaraemble  +2%iuC*45+Z7isC's5+ comepkar
«Beca» ¢*45,C*s5 U3 MaTpuIbl HHAUKATOPOB [7] Css,
BIUSIIONINE HA BBIYHCISIEMbIE YPOBHH H(11)-PHCKOB,
HO HE BIUSIONINE Ha YPOBHH 3(1)-PUCKOB.
DnemeHTHl  KoppelanuoHHo# Matpumsl R®ss
=221 (neBast wuwactp Tabmuuel 1), HagenaeHsI
HCTIOJIb3YEMBIMH HaMU 3HAHHMSIMUA O CHJIAX IMapHBIX

cTaa=Corr(z4,y 4)<0,c*sa=corr(z*s,y*1)<0 JUTS JUHEHHBIX  CBSI3€H [jj=Ij, HO MBI IMPUMEHIEM

CMBICIIOBOTO YpaBHEHHUS BUAA (cMmotpuTe mpaByro uacte Tabmumer 1) apyryro

embien(yta)=cmuica(Z*s)*cmolen(z"s). «Beca» marpuny C¥ss#2Css, He paBHyto Matpune Css

C*4j,C’sj BBIOpaHBI HaMH (IIOCIIC aHAJHM3a CMBICIIOB COOCTBEHHBIX BEKTOPOB (creHepupoBaHHOM

BCeX Z'-NEepEeMEHHBIX) B KA4eCTBE HHAMKATOPOB porpaMMon ux TITIIT «Cnekrp» [4]

xoppensuonHoit matpuns RO55 (=221,
Tabauna 1

cor(zi,z3) | cor(z1,z3) | cor(zi,zz) | cor(zi,zz) | cor(zi,z3) ¢ ch c3 c's c’s
1.0000 0.1096 0.3888 -0.6098 0.3026 0.5228 | 0.5311 -0.1258 | 0.4241 | -0.4988
0.1096 1.0000 0.3285 0.0539 -0.0285 | -0.3805 | -0.4244 | 0.3586 0.6017 | -0.4293
0.3888 0.3285 1.0000 -0.2139 0.7258 -0.3223 | -0.1675 | -0.8738 | -0.0306 | -0.3216
-0.6098 0.0539 -0.2139 1.0000 -0.3654 | -0.3354 | 0.3172 0.3009 | -0.5893 | -0.5907
0.3026 -0.0285 0.7258 -0.3654 1.0000 0.6046 | -0.6396 | 0.0356 | -0.3312 | -0.3380

KornurusHnas MoO/1eJIb NPOsiBJICHUI SMoOLMHA. MBI He HM3yyaeM HHIUBUIBI, a HU3y4aeM

MHAMBUAYAJBHBIX M IPYNIOBBIX IMOIUIi, pacyeT
H(I)-pPUCKOB JJIs1 3IaHHBIX 3(M)-UCKOB

U(1)-puckw, 3(M)-pUCKHU 0003HaYarOT
BBEJICHHBIC B [ 1] MHIMBHIyaTbHBIC YMOIUOHAIEHBIC
PHUCKH U pOBU3AHA u BEI3BaHHBIC

WHJIUBUAYAJbHBIMU 3MOLMSIMU TPYMIIIOBBIE SMOIUH.
Hocurensmu sMmouuii sBIAIOTCA MHAUBUABI U TPYIITIHI
uHIUBUAOB. WHIWBHUA, HCOBITABIIMM OIWH WA
HECKOJIbKO W3 BHJIOB HHAMBUAYAJIbHBIX 3IMOIUH
WCTIBITHIBAET Jalieeé OJMH W3 BHUJIOB TPYIIOBBIX

TPOABIIIEMEIE UMH SMOILIUH: 5 BUJIOB
WHIMBUIYAIBHEIX OMOLHMIM W 5 BHIOB TPYIITOBBIX
sMouuid. Beime oHM (opManuzoBaHsl B (GopMy
CHCTEMBI CMBICJIOBBIX YPaBHEHHH HMEH-CMBICIIOB
W3MEHYUBOCTEN Zi1,Zi2,Zi3,Zia,Zis,Yit,Yi2, Yis,Yis,Yis. OHA
COCTOUT U3 5 MHOTOMEPHBIX CMBICIIOBBIX YPABHEHMM:
emvien(ytin)=cmvien(z i) *c i tembien(ztis)*c a+
cemblen(zia)*cta,

emovien(ytin)=cmvren(z i) *Cr i tembien(ztia)*c o+
emwlen(z%is)*Chs, embien(y*s)=cmoica(zt3)*C* st
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ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940
Impact Factor: ¢ australiay =0564  ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350
embien(zt4)*C* g3, embicn(y*s)=cmpica(zt4)*c*t aat+ usMeHunBocTH  {Ujj} OTIMYAIOTCA OT BEJIMYUH
emblen(z¥s)*Crsa,  cmuvica(yts)=cmuicn(zta)*  Crast CTaHJAPTU3UPOBAHHON Z-U3MEHUYUBOCTH {z;}

emuica(zts)*Ctss. Paree 3TOM CHCTEMBI MHOTOMEPHBIX
CMBICJIOBBIX YPaBHEHHMI OTJIMYAETCSI OT PELICHUN B
JOpyrux TpeaMeTHsIX obmactsax [3]. Hama cucrtema
CMBICJIOBBIX YPaBHEHHUI COOTBETCTBYET CUCTEME U3 5
anredpanvyecKux ypaBHEHUH BUA:
Y=z i C 1+ 2 1+ i3C + 2 iaC ar+ 2 isC 1,
Y o=z it *C 1o+ ioC 20+ 72 i3C 30+ 2 1aC 42+ 2 i5C s,
Y is=Z i1 *C 13+ 2 iaC 33+ 2 i3C 33+ 2 14C 43+ 2 i5C s3;
Y =2 1 C 14+ 2 0C 24+ 2 i3C 34+ 2 i4CT 44+ 2 i5C 54,
Y is=2 i1 C T 15+2 i5C 25+ 2 isC 35+ 2 isC T a5+ 2 isC 5.
Tak Kak 3Ha4YCHHs JICBBIX YacTeil M3BECTHBI W
06pazyror matpuiy Y'ms, TO MbI JOJDKHBI HAWTH
pelieHue  ApYroil  cuUcTeMbl  anreOpanyecKux
ypaBHeHnit:  Z'ms=Y*msC*Tss, rme  marpuua
Y*ms=UmsAY%55 yke cMojenupoBaHa (CMOTpHTE
HioKe). [l CHCTeMBI CMBICTIOBBIX YPaBHEHHU MBI
HAIIUTK YUCJIOBOE pEIICHHE B BUJE Mapbl MAaTPHII
(Y*ms=UmsAY%s5, Z*ms=Y*msC*Ts5) 3Hauenmii y*-
OTKJIOHCHUH, Z*-OTKIIOHEHMIA, TOYHO
COOTBETCTBYIOIMX HEU3BECTHBIM 3HAYEHUSM H(II)-
PHUCKOB, W3BECTHBIM 3HaueHHsIM M=2.1, Ax=1.4,
As=1, X4=0.25, As=0.25 3(u)-puckoB. Ham ynoGuee
MoJenupoBath crepBa Matpuiy Y ms=UmsAY%ss,
3ateM - Matpuny Z'ms=Y*msC*Ts5). MBI He MeHsEM
MeCTaMH MPUYHHY U cieAcTBHe. Jlist 3HaYeHui y*-
OTKJIOHCHUI MBI HIDKE MOJICITUPYEM
HEeCTaHIAPTU3UPOBAHHbBIC 3HAYCHUSI Z*-OTKIOHECHHI,,
pasubie (1.0918, 0.8215,1.0472, 0.6417, 1.3978), o
He pasuele (1, 1, 1, 1, 1) u3-3a TOro, 4TO MBI
MOMEHSUTH 3HAKH Y HEKOTOPBIX JJIEMEHTOB MATPHIIBI
Css W moiayuymnd  HHIUKATOpel  (c*11,¢%31,¢7 a1,
C*22,¢7a2,¢ 750,733, 743,67 44,¢ 754,67 45,¢ 7 55) € HYKHBIMU
3Hakamu B apyroit marpurie C'ss. TonpKo Hamuune
Marpuiiel  C'ss,  CMBICI ~ DJIEMEHTOB,  3HAKH
BBIJICJICHHBIX ~ JJIEMEHTOB ~ KOTOPOW  TO3BOJISIIOT
peann30oBaTh CXEMy: {BBISBICHHbIE KOTHHUTHBHbIC
BIMSHHS Z'-CMBICIIOB Ha Y —CMBICIIBI TPABHIBHO
OTpaXEHBl B 3HAKAX M BEJIMYMHAX WHIAUKATOPOB
(cT1,cta,car,c oo, ¢t a0,¢t 52, CTa3,ct a3, as, s Ctas,
¢'s5)} TO3BOINSIIOT {OTJEIBHO MOJIEIUPOBATh Y-
HW3MEHUYHMBOCTH |, IpeoOpasyembix (Marpureit C'ss B
Z*-OTKIIOHEHHS } : {embicn(z*y),
embien(z ), emvien(z*s), emvica(z*s), cmoica(zVs)}+
{emuvren(yty), empicn(y*z), cmuicn(y*s),cmoica(ya),
CMblCJl(y+5)}+{y+1,y+2,y+3,y+4,y+5}U{Z+1,Z+2,Z+3,Z+4,Z+5
}. Usnoxum npeoOpa3oBaHue B z'-OTKIOHEHHSI.
Marpuunoe ypasHenne Z'mn=Y*'mnC*Tss umeer
Tpebyemoe perierne — Marpuiy Z'mn, eciiu Oyuem
HUMETh MOJENbHYI0 MATpuly Y ms, aleKBaTHYHO I10
SMIIUPUYECKUM  B3aUMHBIM  JUHaMUKaM  Y*-
OTKJIOHECHUI CyOBEKTHBHBIM OKCIEPTHHIM
aprymentaMm. Jljis 3TOro Mojenupyem ciydaiHyro
marpuity  Ums={Ujj}, ¢ crombmamu  U1=(U11
+... +um1)T, ...,u5=(U15+... +um5)T. Kaxnas
KOMIOHEHTa Ujj J-TO U-BEKTOpa paBHA BEIHUYHMHE
OTKJIOHEHUS OT HyJIs— BiIeBo (mpu Ujj <0) mIu BIpaBo
(mpu Ujj >0). BesmuuHBI CcTaHIAPTH3UPOBAHHOH U

MapHOW HEKOPPEIMPOBAHHOCTRIO i-0H M j-0i u-
MepeMEeHHbIX  (MX 5 ITyK:  Ug,Up,U3,Us4,Us):
(@/m)*(Ugit... tumi)*(Usgj+... +um)=0, i£.
3HAKONEPEeMECHHBI psii 3HAUYCHHWH U-TIEPEMEHHOU
ynobeH TeM, 9TO 170: JUCTIEPCHH
omuHaKoBsL: (1/m)* (U +... +umj)=1. D10 CBOICTBO
MO3BOJISIET MOJICJIMPOBATh 3HAKONEPEMEHHBIH psij
3HAUCHHMH y-TIEPEMEHHOW C JHCHepcuei, paBHOU A
(Um)*(U?4j+ ... +1%m)*Aj=1*);. TIpu 3TOM HX cpenHue
apudmernueckue paBubr 0: (1/m)*(ugj+... +um;)=0.
Ham croco6 momy4enust ciydaifHOW 00YCIIOBIEH
«BEPOATHOCTHBIM XapaKTEPOM STHX SMOINOHAIBHBIX
puckoB» [XpamoB, baesa 2021]. Anroputm
MozenupoBanuss Marpuibl Umn={Ujj} Takoii, 4ro
(1/m)*UTmsUnms= Iss), usnoxen B [XKanarayos (2013;
Zhanatauov 2017b]. [IpeobpazoBanue
Yms=UmsAY?s5), Tne 3amaHel 3HAYEHUsS JJIEMEHTOB
marpuiel - Ass=diag(2.1, 1.4, 1, 0.25, 0.25),
2.1+1.4+1+0.25+0.25=5, a odneMeHThl MaTpHIl
Cs5,Rs55,Yms,Zms ~ (HeW3BecTHBIC — mapamMeTpsl U
HEM3BECTHBIC CTAaHAApPTU3UPOBaHHBIE Z- M Y-
HN3MEHYMBOCTH) HEe 00eCIeYHBaIOT MOJCINUPOBaHUE
CHUCTEMbl CMBICIIOBbIX YpPaBHEHUH M CUCTEMBI U3 5
anreOpandeckKux ypaBHCHHH, COOTBETCTBYIOIIHMX
AMEHaM-CMBICIIaM 1(11)-pUCKOB, 3(¥)-pUCKOB.
Heobxomumoe mnpeoOpazoBanne wmatpunbl Css B
marpuity C'ss, HMEIOIIYIO IPYTyI0 KOBAPHUAIIMOHHYIO
MaTpuily Wss*Rss, n3noxeno Boimre. MBI 0TKa3almch
oT MaTpuIlbl Rss mociie yBepeHHOCTH B aJIeKBaTHOCTH
B3aMMHBIX TPCHIOB 5 BUIOB y*-usmenumnBocteit {y*ij}
Y ms=UmsAY2ss). BusyanbHas MOJI€JIbHAs
3aBHCHMOCTD JTHHAMHUKH ¥ ' -0TKIOHEHMT Noj, 3aBUCHT
OT [JMHAMHUK HECKOJBbKHMX  Z'-OTKIIOHEHMH |
COOTBETCTBYET 3MIMPHYECKHM 3HAHHUSAM 00 3THX
cBs3siXx. Ha pucyHkax THma «IMHaMHKa Y-
n3MeHYMBOCTH Nej, 3aBHCslIEd OT JOUHAMHK Z'-
OTKIIOHCHWI»  BH3YaIM3UPOBAHBI  «CBSI3aHHEICH
quHaMUKA. OTAETHHO MMOKa3aHBl TEMIIBI «yracaHus
amrutys 5y -oTkioHeHud (06€3 TPHBS3KH K
MOMEHTaM BpeMeHH). Uepe3 MOJeNbHBIC 3HAYCHUS
HEeM3MepsieMbIX  ITIOKa3aTeleld IoKa3aHbl  JIETKO
y3HABAaeMBbIC «CBSI3aHHBIE» MuHAMUKH (PucyHKH 2-6).
KaxnomMy ypaBHEHHIO W3 CHCTEMBI CMBICIOBBIX
YpaBHEHHH  COOTBETCTBYET  CBOE  YHCIIOBOE
YpaBHEHHE C MEHee, 4eM 5 z'-HEeH3BECTHBIMH U C
OJTHUM y*-HEM3BECTHBIM 33J]aHHOTO cMbIcha. «Becay
c*11,....C's5 oObenuHeHsl B onaHy Marpuiy Clss,
IPUYEM OHA MWCIOJIB3YeTCsl ISl IpeoOpa3oBaHUs
MOJICTIbHOW MaTpHIbl Y 'mn, HMEIOLIEH 3aJaHHbIe

mucriepcun  (disp(yy)+disp(y2)+disp(yz)+disp(ya)+
disp(ys)= Mt...FAs=5, M>Ao>. . >hs>0.),
(MY *mnY mn=Ass=diag(A1,...,As). Torma MoxHO
CMOJICIMPOBATh  MOJHYI0  HCKOMYIO  MAaTpHILY

Z'mn=Y*mnC*ss. Marpuua C*ss monydena HamMu W3
Matpuibl Css, cMofienupoBanHoit [YKanatayos 1988]
HACXOIsI n3 Ass=diag(2.1,1.4,1,0.25,0.25):
A55:>(C(E)55’R(’é)55)’ e A55:C([)T55R(f)55C([)55’
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t=1,....k¢<co. Marpunpl C*ss u Css (Cs5=CUss, Hac TMpPENNOYTUTENbHBl HECTaHIapPTH3UPOBAHHBIC
£=221, C*55<Cs5) MOJICTHPYIOTCS HE TaK KaK B OTKJIOHEHUS Zhi=y i C ity ioC ety FiaC et
[20] W wMeroT COBMamaroIe MO0 abCONOTHOM yriaCtiatytisC s, obOpazyromiue MAaTpuIry
BENMYMHE  OJEMEHTHl  (cT1,¢31, s, cha Z =Y mnC"ss, Wnn=(1/m)Z*TmnZ* mn, rae

ctap, Y50, 33,0t a3,¢ s, C+54,C+45,C+55), HO B MaTpume
Css y BBIIENICHHBIX BBIIIE HAMH 12 3JIEMEHTOB 3HAKA
M3MEHEHbI Ha IIPOTUBOIIOIOXKHBIE — IS TOTO, YTOOBI
ux 3Haku B MaTpuie C'ss COBIATH ¢ Ha3HAYCHHBIMH
BhILIE (TIPU BBISIBICHUHN TIPSIMOI MM 00paTHOM CBS3N
CMBICIIOB) 3HaKaMu. Eciii HaM Hy»HO MOJIETMPOBATh
MaTpully Zys CTaHJApTU3UPOBAHHBIX OTKJIOHEHUH,
TO HEOOXOAMMO MOJIENMPOBATh JPYIYI0 MAaTpHILy
A'ss, OTIMYAOUIYIOCS  OT  HAaIel  MaTpHUIbI
Ass=diag(2.1,1.4,1,0.25,0.25), nmpuMeHeHHOH HaMH

i1 MomenampoBanms — Martpumbl  Css=C(=22Dgg,
UMeroIeit MaTpHILY (z,z)—xoppemsmuit
R(F’)ss):C(F’)55A55C([)T55. Harmei MaTpune C+55
COOTBETCTBYET  CBOSL ~ HEW3BECTHas  Marpulla
mucniepcuii  A'ss=diag(A*1,...,A"s), He  paBHasd
Ass=diag(M4,...,\s), Ass=CF22DT Q=221 (=221
Y Hac ecthb BHIOOP: MOJECIMPOBATH MATPHILY

Z =Y "mnC* 755, Y 'ms=UmsAY2ss5, umu MoaenupoBath
MaTpuny Z'ms=Y**'msC*Tss ¢ MozenbHON MaTpuieil
Y ms=UmsA*Y2s5),
AVge=diag(sqrt(A*y),...,sqrt(1's)), (MAUTms
Ums=lss, rie A¥ss - Hen3BecTHasI MaTpHIIA TUCIIEPCHI,
He paBHas Marpuie A*°=diag(2.1,1.4,1,0.25,0.25).
Iapa mopmenbHbIX Marpuil (Am, C¥ss) mo3Bounsier
MO/ICTTHPOBATh HEeCTaHIApTU3UPOBAHHbBIC
orkimonenus (1.0918,0.8215,1.0472, 0.6417,1.3978),
a mapa Matpuil (Ass, Css) — CTaHAAPTU3UPOBAHHBIE
orkimonenus (1,1,1,1,1). UToObl HEe MOAEIMPOBATH
HEU3BECTHYIO MaTpHILy JICTIEPCHIA
Afss=diag(A*1,...,A'5) ¥ «He nepkaTh B THCKax
CTaH/JAPTHU3AINN» OTKIOHEHHST OT (—HeoOXO0IUMbIe
MOJIEJIbHBIE JTAHHBIE JUIS BBIYUCICHHUN JTUCIIEPCHIA
disp(z*1),disp(z*2),disp(z*3), disp(z*s),disp(z*s)
A11,...,15=5, OyoeM  MOAETHPOBATH HE
CTaHAapPTU3UPOBaHHbIE  Z'-m3MeHuuBOCTH  (Z°-
OTKIOHEHUsT) Z%i1,Z%i2,2%i3,2"i4,2"i5, T.€. MOJEIUpyeEM
matpuiy Z'mn=Y*mnC"ss, rae Y ms=UMAY?55). JIns

MojenpHas Martpuna y -msmendmBocteidt  {y'i)}
Y*ms=UmsAY%s5 monenupyercst OTAeNbHO (IOKHA
YIOBIETBOPSITH SMIUPUIECCKUM KPHUTEPHUSIM
aJIeKBaTHOCTH  B3aUMHBIX  JUHAMHK 5  y'-
M3MEHYMBOCTEH MMeeT 3aJaHHble HaMH (BechbMa
Ba)XKHBIC JJI1 MOJICIIH, HCOTHOKPATHO BBIUMCIICHHBIX
JUTsL pa3HbeIX MaTpull Ass) nucnepcud (YpoBHH 3(H)-
puckoB) A=2.1, M=1.4, A3=1, A=0.25, As=0.25.
Temeph  MOXHO  3aMEHUTh  TePMHH  «Z'-
U3MEHYMBOCTH» Ha Z'-OTKIIOHCHWs. DTH 3HAYCHUS
muctiepcuii  (MOJENBHBIX OTKJIOHEHWH) H3MEPSIOT
YpPOBHH BHIOB J(WM)-pUCKa ¥ YHOPSIOYCHB B

COOTBETCTBUM C HX «y cMmblciaMu» u3 [1].
[pumensemyto MaTeMaTHIECKYIO MOJIeJb
CXEMaTHYECKI 0003HaYNM TaK:

(Ann=>(C*1n,Wnn,Y*mn, Z*mn), Bce anreOpandeckue
paBeHCTBA JJIsI 3THX  MATPHUIl COOTBETCTBYIOT
CMBICIIOBBIM ~YPAaBHEHUSIM K3 ONUCAHHON BBIIIE
CHCTEMBI CMBICIIOBBIX YPaBHEHUA.

Pemienne cucteMbl MHOTOMEpPHBIX JMHEHHBIX
ypaBHeHUH  Z'mn=Y*mnC*Tss, ¢ dopmynoii ee
3JIEMEHTOB
=y i ity i iy TisC sy TiaC T ja+y tisCTs, Taie
i-Ble y-M3MEHIUBOCTH CMOJICITHPOBAHEI BhIIIE. [Taphl
MoJenbHbIX Marpull (Ass,C'ss), MOAEITUPOBANUCH

OTACJIBbHO, OHH BaXHBI H H606X0,Z[I/IMBI JUIA
PUMEHAEMON MaTEeMaTHIECKO MOJIENH
(As5=>(C*55,Wss5,Y *ms,Z*ms), TOYHO

COOTBETCTBYIOIIIEH CMBICIIOBBIM ypaBHEHUSAM U3
BBIIICTIPUBEIGHHONH  CHCTEMBI CMBICIIOBBIX
ypaBHeHMi. PemieHusi cucrembl anreOpanyueckux
ypaBHeHu# Z*ms=Y*msC*Tss (Tabmumer 2 u 3).
Pucynku 2-6 MTOKAa3bIBAIOT HaJu4ue
HHUBEIMPOBAaHHBIX JTIMHAMHK y
CTaHOAPTU3MPOBAHHOW y' M3MEHYHMBOCTH U y Z'-
OTKJIOHEeHUH z%i1,7%i2,2%3,2%is,Z"i5.

Tadauua 2
Ne v ¥ ¥ y'a Y's
1 -1.2674 0.8223 | -1.0036 -1.2165 -0.0618
2 0.2855 0.6779 0.0015 | -0.2128 -0.7467
3 -1.5841 0.5240 | -0.3818 0.8779 0.2018
4 0.0414 | -0.9896 0.8966 | -0.2214 0.7552
5 3.0252 0.3685 1.9184 | -0.0384 | -0.2347
6 0.2965 | -0.8111 -0.4920 0.1995 | -0.8867
7 -0.9982 | -1.0263 0.6173 0.2469 0.4555
8 03692 | -0.2810 | -0.8483 0.0817 0.3776
9 1.9091 1.1307 | -0.8781 -0.2068 0.7202
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10 0.9351 0.4966 | -1.3646 0.6606 | -0.1832
11 -2.3930 1.8400 1.5449 0.0771 | -0.1475
12 -0.6195 | -2.7520 -0.0104 -0.2477 -0.2499
A 2.1000 1.4000 1.0000 0.2500 0.2500
Tabauna 3
Ne z' z5 zZ'3 7' z's
1 -0.5847 | -0.9322 1.2049 1.1372 | -0.9042
2 0.7913 | -0.2032 0.0398 0.6862 0.0620
3 -0.2300 0.6850 0.6647 | -0.0540 -1.6656
4 -1.0874 0.2683 | -0.8672 -0.3736 0.5080
5 1.6364 | -0.5418 -2.6367 -0.1591 1.7537
6 0.3131 0.5557 0.7493 | -0.0985 0.9142
7 -1.2671 0.9897 | -0.1998 -0.2196 -0.1608
8 -0.0032 | -0.4385 0.5454 | -0.7395 0.2181
9 1.2621 | -1.9549 -0.2627 -0.8495 0.2248
10 1.2959 | -0.5799 0.8466 | -0.8479 0.0422
11 -0.3619 0.7935 | -0.8418 1.8929 | -2.5444
12 -1.7646 1.3582 0.7577 | -0.3747 1.5519
S? 1.0918 0.8215 1.0472 0.6417 1.3978

B Tabmunax 2 u 3 npHBEJCHbI 3HAYCHUS Y -
orkinonenuit (Tabnuna 2), z*-orkinonenuii (Tabmuma
3). Bce 3HaueHHWs OTKIOHCHHH COOTBETCTBYIOT
MoMeHTaMm BpemeHu 1 ot 1 g0 12. Beibopku Y ms,
Z*ms sBISIIOTCS A—BbIOOpKaMu [2], CTPOKU BHYTpH
MaTpHIBI MOXKHO MEHATh MECTaMH, MPH 3TOM HE
U3MEHSFOTCS] 3HAUCHUS JUCTIEPCUI Ass M DJIEMEHTHI
Marpuisl C*ss, CMOJIETUPOBAHHOM MPOrpaMMOM 3
[4]. Homepa cTpok 3THX MaTpHIl COOTBETCTBYIOT
HOMEpaM MOMEHTOB BpEMEHU U HOMEpaM YUCIOBOTO
HHTepBasa OTKIOHeHui [-1;+1] ansa ypoBHe#t u(1)-
PHUCKOB, 3(1)-pPHCKOB.

Bmyanmaunﬂ B3aMMOCBSAI3AHHBIX JUHAMUK

€c00CTBEHHBIX H3MEHYUBOCTel MOJeIbHBIX
IMOIHOHAIBHBIX MepeMeHHbIX
Juaamuka y-otkinoHeHmid Nel (mo ero

3HAYCHUSAM BBIYHUCIIETCS 3(M)-pUcK A=2.1) 3aBUCHT
(PucyHoK 2) oT iuHaMuK z-0TKIOHEeHHH Nel,No3 Ned
(M0 WX 3HAYEHHWSAM BBIYUCIAIOTCS 3 BUaa H(I)pUCKa
1.0918,1.0472,0.6417,). 4 xpussle (3 z-KpuBBIX U 1 y-
KpHUBasl) TOCTPOEHBI IIOCTE€ YIOPSAOYEHHUS IO
yOBIBAaHHIO DJIEMEHTOB Y-CTOJOMA (y1), TOITOMY Ha
Pucynke 2 Hymepanus oToOpaxaeMbIX CTpOK (13 4-X
KOMITOHEHTOB) HUMeeT BUJ
(11,3,1,5,9,10,8,6,2,4,12,7). Ha Pucynkax 3,...,6
OTaenbHO yIOPSIOYEHBI MO YOBIBAHHUIO JIEMEHTOB
cronbua (y2), (Y3,YaYs), mostomy Ha PucyHkax

3,4,5,6 orobpaxaeMbie CcTpoku (U3 2-X, 3-X, i 4-x
KOMIIOHCHTOB) WMEIOT CBOH BHJ TEpeHyMepanuu
cTpok u3 nap Marpul] Y 'ms, Z*ms (u3 Tabmum 2 u 3).

Omnpenenenne. D(u)-puck Nej ynosieTBopsieT
KPUTCPHIO HAllMYUs  «HHUBEIHPOBAHOCTH)»  €T0
YpOBHEH («IPAaKTHYECKU JOIMYCTUMBIX YPOBHEH
pUCKa HM3MEHEHUH OMOIMI»), €CIH CYIECTBYIOT
BpEMEHHBIE  HMHTEPBAJIbI, B TMpeaenax KOTOPBIX
3HAYEHMs Y -OTKIIOHEHHH M 3HAYECHUS HECKOJBKHX
BIMSIFONIAX Ha y'j Z'-OTKIOHeHWH (MOJETbHBIX
3HAYECHMH M3MEHYHBOCTEHM, HEOOXOAUMBIX IS
BEIYUCIICHHSI YPOBHEH BHIIOB pPHCKA) MPUHAICKAT
unTepBany [-1;+1]. Huxe nokaxem cyiecTBoBaHUe
OTHOTO WHTEpBaJla «IPAKTUYCCKHA JIOIYCTHMBIHA
YPOBEHb pHCKa» JIs BCEX 5 BHIOB 3(¥)-PUCKOB:
(1.0918, 0.8215, 1.0472, 0.6417, 1.3978). W3
PucynkoB 2-6 BHAHBI KOJIMYECTBA MOMEHTOB
BpEMEHH, B TEUYEHHE KOTOPBIX Y-OTKIOHEHHS
Nol,Ne2 No3, No4, No5 MOKa3bIBATN OoJbIne
aMIUTUTYBI, 3aT€M OTKIOHEHHUS YMEHBIIAINCH JI0
ypoBHe# u3 uaTepBana [-1;+1].

Jns ypoBHe# u(1)-pUCKOB M ypOBHEH 3(M)-
PUCKOB MBI IMEEM BPEMEHHOUN WHTEPBAJl MOMEHTOB
BpeMeHH {2;4;6;7;8;9} ® YHCIOBOW WHTEepBaI
oTkioHeHWi [-1;+1]. Hmke mokaxkeM: B BpeMECHHOM
HHTEpBaJe {2;4;6;7:8;9,5,10,12} YpOBHHU
OTKJIOHEHUH H(I1)-pUCKOB W YPOBHH OTKIOHCHUI
UIs  3(HM)-pUCKOB  SIBISIFOTCS ~ IIPAKTHYCCKH
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JIOITyCTUMBIMH 3HaueHusMHE, MeHbmx 1 (IIJ1Y), T.e.
«HaNMU4Yhe  «HUBEIUPOBAaHMUS  3MOIMOHATIBHBIX
PHUCKOB U pOBU3AIIH 00pa3oBaTeNEHOTO
mpocTpaHcTBa» [Xpamos, baesa 2021]. 13 ananmmsa
PucynkoB 2-6 cienyer BBIBOA: MOMEHTHI BPEMEHH
i=2;4;6;7;8;9 00pa3yroT BpeMeHHOII MHTEpBall IUIs
[IAY- ypoBHSA OTKIOHEHHH pHUCKa» IS 3(¥)-PUCKOB
Nol, No2, No3 No4 NoS. Pucynku 2-6 moKa3bIBaroT:
a)CYIIECTBOBAaHUE OTKJIOHEHWH  H(I)-PUCKOB IS
OTKJIOHEHUH () xaxmoro wu3 3(u)-pucka; 0)
BPEMEHHOW MHTEPBaN ISl OTKIOHEHUH 1(11)-pPUCKOB
5 BUJIOB €AMHBINA U COCTOMT U3 MOMEHTOB BPEMEHU:!
{2;4;6;7;8;9}. I3 PucynkoB 2,6 BHIHO: B MOMEHTHI
BpPEMEHH i=5 3Ha4YeHWs OTKIOHEHHH 3(H)-pHCKOB
Ne2, Ne4 pommmm B 30my [IY, a oTkiIOHEHHS mis
n(m)-puckoB Nel, Ne3 He Bomum B 3Ty 30HY, B
MOMEHT BpeMeHH i=12 3HaueHHs OTKIOHEHUH Ui
puckoB Nel,3.4.5 okazanuck B 30He 30HbI [IJ1Y, a B
MOMEHT BpeMeHH i=12 oTKIOHeHHe Ui pucka Ne2
He Bomien B 30HY I1/IY, B MoMenThI BpeMeHH i=10
OTKJIOHEHUS 3(1)-puckoB Nel, Ne2 Bomuin B 30HY
IIAY. Otu MoMeHTHI BpeMen# i=5,10,12 1omonHsIoT
Hall «BPEMEHHOM UHTEpBal IIAY»:
{2;4,6;7;8;9,5,10,12}.

Ha Pucynke 1 moka3aHo OTCYTCTBHE CBSI3U
MEOXIy S5 TpeHZaMH 5 IUHAMHK MOJCIBHBIX y*
OTKJIOHEHUH, MMO3BOJIMBIINX BBIYMCIUTH 3HAYCHUS 5
nucriepenit (u3mepuTeneit 5 BUIoB 3(M)PHCKOB). DT
— BH3yallbHOE MOATBEPXKICHHE W3 CTaTbl U
pE3yNIBTaTOB HAIETO MOJCIUPOBAaHUA. Brinenena
KpHUBas AMHAMHKH MOJIEIBHBIX OTKIOHEHHH 3(M)-
pucka  NeS  (cmbIca(yS)=  «OMOLMOHAJIBHAs
BOOJIYIIEBJICHHOCTh o0ydJalomuxcss  IpH...»),
SIBIISTEOIAsCS HanboJyiee CTaOWIBHON MO pPa3HOCTH
aMIUTUTY/] 3HaYeHUH y*-oTknonenuit (ot -1 mo +1).
Ona BU3yaJbHO JAEMOHCTPUPYET (aKT O TOM, YTO
OTKJIOHEHHE s 3(u)-prcka Ne5 ynoBieTBOpseT
KPHUTEPHUIO HaJTIY U «HUBEIMPOBAHMS
SMOIMOHAIBHBIX PHCKOB nudpoBuzanuu
00pazoBaTenbHOTO MpOCTpaHcTBa» [Xparos, baea
2021]. 3HaueHUs OCTANBHBIX OTKJIOHCHHUHN s 3(1)-
puckoB mnonanaior B uHrepBan IIJ1Y, HauuHas c
HEKOTOPOTO HOMEpPa MOMEHTa BpeMEHH.

Ha3naueHHple HamMM YpOBHH  3(HM)-PHCKOB
M=2.1, L2=1.4, A3=1, A4=0.25, 15=0.25 BiIuAI0T Ha
BENIMUMHBI aMIUTUTY] Y -oTKioHeHui. Kpyrusna
MaJeHN JUHAMHUK Y -OTKJIOHEHHI YMEHBIIACTCS,
HauyuHas ¢ JUHAMHMKH 3(1)-pucka Nel n 3akaHunBas
JIUHAMHUKOM a(m)-pucka Ne5 B Takom
nopsiake:1,2,3,4,5 (Pucynok 7), 3T0 COOTBETCTBYET
YHOPAJOYEHUIO «CMBICIOB» MO YMEHBIIECHUIO
BaxxHocTH [XpamnoB, baesa 2021]. Ilare auHaMuk
y*-oTkIIOHeHUH Ha PucyHke 7 B3sTHI U3 PucyHkoB 2-
6. Kaxxnmas xpuBas Ha PucyHkax 2-6 BU3yanusupyet
OTJIEJIFHO YIIOPSAOYEHHBIE 110 YOBIBAHMIO 3HAYCHHS
y*-oTknoHeHu# (cnexcTBuit) w3 Pucynkor 1-5, a
KaXmas KpuBas y' OTKIOHEHHH WMeeT  CBOH
BIMSIIOIIME 2 WM 3 KpWBBIE 3HAa4YeHWH Z'-
oTkioHeHHH (2 wim 3 mpuumH).  3aBUCHMOCTH

crenctBus — Y 1-oTkimoHeHuH Nel («aMoOIOHATbHAS
3i(OpHS OT IMUPOKOTO TOCTYMA...») OT 3-X MPUIUH
(y*1*{z*1,2"3,2"4}): Z*-0TKJIOHEH U Nel
(«oMoIMoHaNbHAs OTYYXKACHHOCTh O00ydJaromuXxcs
OT...»), oT z*-orknoHenuit Ne3 («3MOLMOHAIBHOE
HCTOLIEHUE B CBA3H ...»), OT Z -OTKIOHEeHHH No4
(«aMoIMoHaIbHAs TPEBOKHOCTH U3-3a...») TOKa3aHa
Ha Pucynke 2. Jlng 3Hauenust aucnepcun Nel: 41=2.1
(HaubombmemMy 3(1)-pucky A=2.1) MomenupyrTcs
0OoJIbIIIHE OTKJIOHEHUS 3HAYEHUN y*1-OTKJIOHEHUH, a
Z*-OTKJIOHEHUSI, BIUSIONIME HAa 3HAYEeHUs y'1-Y'o-,
Y*3,Y'4-, Y 5-OTKIOHCHHH,  HM3MEHSIOTCS KAk B
npezaenax uHTepBana (-3;+3), Tak WM B Ipeaenax
HHTEpBAJlA «HAJIHYUS HHUBEIMPOBAHOCTHY». ITO
TOBOPUT O TOM, YTO MOJEIMpOBaHHE y'1-Y*o-,
V*3,Y'4-, Y 5-OTKIOHEHUH — TPOBEIEHO  aJeKBAaTHO
OKHTaeMBIM SMIHPHYECKUM TpeboBarmsaM. Termepb
MOKakeM: MopenupoBanue Z%1- (272-,2%3-,2%4-,2%s-
OTKJIOHCHUIA IPaBUIBHO BIHSAET HA Y 1-,Y 2~y 3,Y -,
Y*5-OTKIIOHEHHMS, @ BBIJIEJIEHHBIE «BeCa» W 3HAYECHUS
y*i-ytom Y e,y s,y s-oTKIoHe Huit npu HHX
«paboTaroT» TaK, YTO 3HAYEHHS Z'-OTKIOHEHHH,
BIMAIONINE HAa MOJEIbHBIE 3HAYeHus Y'1-Y 2,y '3,
y*4-,y*5-OTKIIOHEHWH, MOMANAA0T B CBOM 'PAHHUIIBI
HHTEpBaJIa «HAJTUYUS HUBEIUPOBaHOCTHY. [Tpu 3TOM
JIOJDKHBI MOJICIIUPOBATHCS 3HAYCHUSI Z -0 TKIIOHECHHIA,
TIOTIAAAOIINE KaK BHYTPB, TaK U BO BHE MHTEpBaja
«HaIW4YUs  HUBEIHUPOBAHOCTH», T.€.  JOJDKHBI
MOJICIIUPOBATHCS W BEIYUCIIATHCS BCE BHIBI TUHAMUK
3HaueHuil 10 BunoB puckoB. Torma Hama moaenb
OyZeT OXBaThIBATh MOMEHTHI BPEMEHHU JI0 U IMOCTC
JIOCTH)KCHUSI YPOBHS HUBEJIMPOBAHHOCTH KaXKIBIM
BUZIOM SMOILMOHAIBHOTO pHUCKA [HUGPOBU3AIIH
00pa3zoBaTeNLHOTO MPOCTPAHCTBRA.

[Mosnoxurenbubie z*1-0TKIIOHEHHS TpH 1=5,9,10
751=1,6364, z91=1.2621, 2101=1.2959 mnpu «Bece»
c11=0.5228 Al0T cjaraeMeble BUIOB
251*011+253*6’13+254*C1,4=1.6364*0.5228+(-2.6367)*
(0.12589)+(-0.1591)*(0.4242)=1.1200,

Zo1*c11+2Z93 *c13+2Z94 *¢1,4=(1.2621)*0.5228+(0.2627)
*(0.8495)*(0.424187)=0.565162761,2101 *c11+Z103*
c13+2104%¢1,4=(1.2959)*0.5228+(0.8466)*(0.12589)
+(0.8479)*(0.424187)=0.930586203. Hx cymma
paBHa 2.6157 u nmaeT 3aMeTHYIO JOJI0 MPUOABKU K
3HaueHmo 3.0252 y*i-orkionenus. Ota mpubaBka
MOKa3bIBACT  MPABWJIBHOCTH  BhIOOpAa  «BECOBY
c*11,¢"13, C14 TIPU Z-TIEPEMEHHBIX 71,23,24 - PE3KO
yBenuumia y'i-otkinoneHue 3(u)-pucka Nel no
3Hauenuss 3.0252. Jlanmee wuaer ymeHblleHHe y'i-
oTkioHeHUs  3(m)-pucka Nel g0  3HaveHUs
¥*10,1=0.9351 3a cueT MO/IEIIbHBIX 3HAUEHHH Zi1,Zi3,Zia.
Ipu i=1,3,11 oTpunaTeNbHBIM y'1-OTKIIO HEHHUS -
y+11:-1.2674,y+31:-1.5841, y+11,1:-2.3930 3aBUCST
OT CBOMX «3aMETHBIX)» CJIarae€MbIX, WX MOJCIbHBIC
3HaveHus Yi1,Z"i1,2%i3,2"ia OTHOCATCS K HaYaIBbHOMY
MEPUOYy CTPECCOBBIX CHTYallMd | MPEAIICCTBYIOT
HaYajly  MOMCHTOB  BPEMCHH  «IIPAKTHYCCKH
JIOMyCTAMOTO  YPOBHS pHCKa». B  HavaapbHOM
repuonae CTPECCOBBIX cuTyauun Ha
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MOJIOKUTEIIbHBIE  3HaueHus y'ii Y'1-OTKIOHEeHUs i=9-11 Bo3pacraroime  z*1,2*3,2 40TKIIOHEHUS

s(n)pucka Nel CHIIBHO BIIMSIOT MOJOXXUTEIbHBIE U
oTpuuaTenbHple  3HaueHUS z'i1,2%i3,2%is  271,2%3,2%4
OTKJIOHCHHI: TIpH i=1-2 pe3Ko yMeHpIIarT y*i-
oTksioHeHus 3(u)-pucka Nel ¢ 3Hagenns 3.0252 no 1.
B momentsr Bpemenu ¢ Ne3 mo Ne8 3mauenus Yty
Y*1-OTKIIOHEHUsI HaXOASATCSH B 30HE «IIPAKTHICCKU
JIONYCTUMOTO ~ yPOBHSL ~ pPHUCKa»,  MEIJIEHHO
ymenbmarorest (ot 0.9351 no 0), umes BiusiHHE
MOJIOKUTEIIbHBIX 3HAYCHHH Zz'3-OTKIOHeHus. [lpu

YMEHBIIAIT y*1-oTKIOHEHHs 3(u)-pucka Nel mo
3HAYCHUS (-2,3930). Ha Pucynke 7
BU3YyaIM3UPOBAHbl TEMITbl yracaHWs» aMIUTUTYI 5
y*-oTkimoHenui (6e3 ydera B3aMMHBIX JAWHAMHK 5
pPSANOB  M3MEHUYMBOCTEH)—OONBINNE  aMIUTUTYABI
npucymy Oonpimed amcmepcun A1=2.1, mamble -
Aa=0.25, As=0.25. ComocTaBHMOCTH  KPHUBBIX
OCHOBaHa Ha aKCHOME O COOCTBEHHOM OTKJIOHEHUH
(cMoOTpHTE HITXKE).

3 A\
. v\
0 7 AN |
§ 7 9 1
) A /1 I\|/
'2 YTV
-3
yl y2 y3 y4 y5
Pucynok 1. He3aBucumMble TMHAMHAKH 5 y*-0TKJIOHEHH# npH
CTa0UIbHOM AMHAMUKe Y -0TKIoOHeHui Ne5
3
2 \
1 = /

——L/(S 2

/

\ LV

Y

y+1

z+1

z+3 z+4

Pucynok 2. lunamuka y*-orkaoHennii Nel (h1=2.1)
3aBHCSLIEH 0T TMHAMHUK z*-0TKJIOHeHHid Nel,Ne3,Ned
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Pucynok 3. lunamuka y*-orkiaonennii Ne2 (A2=1.4) 3aBucsinieii oT TMHAMHK Z*-0TKJIOHEHHH Ne2,Ned,No5

/

y+3

z+3 z+4

Pucynok 4. lunamuka y*-otkiaoHenuii Ne3(hs=1) 3aBucsinneii 0T ITMHAMHUK Z*-0TKJIOHEHMIi

Ne3,Ned

AN

,7
B~
=

N

5 11 6

\Y

Y

y+4

z+4 z+5

Pucynok 5. lunamuka y*-orkionenuii Ned4 (X s=0.25) 3aBucsiuneii ot fuHamMuk z*-orkiaoneHuii Ne4, Ne5
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y+5 z+4 z+5

PucyHok 6. lunamuka y*-orkaonenuii Ne5 (A 5=0.25) 3apucsimueii oT JMHAMUK Z*-0TKJI0HeHHI Ned, Ne5

y+1 y+2

y+3 yy+4 y+5

Pucynok 7. TeMnbl «yracanusi» aMILIATYA 5y -0TKI0OHeHMi

B03MOXHO MOJEIUPOBAaHUE HEH3MEPAEMBIX
SMOIMOHATBHBIX M Mokazareneit x%=zij*sj+xj, eciu
OynyT 000CHOBaHEI MHTEPIPETALUH ux
HIDKENIPUBEACHHBIX apaMeTpoB. MBI 1oJ| ClI0OBaMU
«Hem3MepsieMble M IIOKa3aTelm» IMoIpa3yMeBacM
Heu3MepsieMble npubopamu HOKAa3aTelH.
MoenupoBaH¥e UX 3HaUCHHI OCHOBAHO HA aKCHOME

CYLIECTBOBAHUS COOCTBEHHOTO OTKJIOHEHUS]
[Zhanatauov 2020b]: kakmplii  HeW3MepsieMbIi
NOKa3aTellb ~ WHAWBHAA  HMMEET  COOCTBEHHOE

OTKJIOHCHHUEC 1 1Iar OTKJIOHCHUA JJId HCU3MEPAECMBIX
3HAYECHWH €ro M3MEHYHUBOCTH. CyH.[eCTBOBaHI/Ie
CAVMHUIBbI HW3MEPCHUA TOKa3aTelid (HOKa?;aTeJ'IL
«IIOJIC3HOCTH» MUMCHYCTCA «yI/IJ'IL))) o0s3arencHo. Y
Hamero 5SMOIHMOHAJIBHOIO M IIOKas3aTeiil JOJIKHa
OBITH CBOS CAUHNIAa H3MEPCHUL COOCTBEHHOTO
OTKJIOHEeHUs. B aToM CJly4ae cXeMa BbITJIAAUT NHAYC!

X°m5=>Zm5=>(R55,C+55,A55,Ym5). Kaxk 3TOT'O
JI0OUThCA MOSICHUM Ha npumepe. HykHo Ha3Ha4HMThH
3HadyeHus napamerpam S1, L1, sl, aHamorumuHsix
NPUBEJICHHBIM HWXKE, JUIA TOro, 4TOoOBl HMMETb
MOJIETIBHOE ~ 3HA4YEeHHE  «HEH3MEpSeMOro M
nokazatesst. C TOYKH 3peHHs] aKCHOMBI, HAaIIpumep,
pasmep coOCTBeHHOro oTkiIoHeHHs (urara si;=0.1m)
[0 3eMJie KypHIlsl B 6 pa3 MEHbIIE COOCTBEHHOTO
oTkIOHeHUsT (mara S;=0.6m) demoBeka. Ecim 3a
(UKCHpOBaHHBI  MHTEpPBAaJ] BPEMEHHM KypHuIa
npoiia paccrosaue S M, caenas Li=600 maros, To

€e «YUCIO OTKIOHeHWH Ha 1 1war» paBHO
S1/L1=60m/600uw=0.1. 3HayeHHE «U3MEHYUBOCTU
JIBUKEHUS KYPHIIbD» paBHO 1

(S1/L1=60m/600=0.1,z:=(S1/L1)/51=0.1/0.1=1). 3a
TOT K€ MHTEPBAJI BpeMeHH desoBek caenan L,=100
maroB, npoiias S, merpoB. il yenoBeKa «4HCIIO
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OTK.HOHeHI/Iﬁ Ha 1 mIanr» paBHO «I/I3MepﬂeMLIX HOKa3aTeHeﬁ» 31€Chb MBI HC 6y,ueM

S1/L1=60m/600w=0.1. CnemoBaTeabHO 3HAYCHUE

06cy>1<z[aTI>. Hamie xorautuBHOE MOACINPOBaHUEC

«M3MEHYMBOCTH JIBIKCHHS 4eJOBEKa» paBHO 1: CTHMYIHpPYET HO3HAHHE HEM3MEPAEMBIX
So/Lo=60m/1001=0.6,25=(S2/L2)/5,=0.6\0.6=1). D1 TIPOSIBIICHAM ~ OMOIMH, YYBCTB, CYOBEKTHBHBIX
pacyeTsl BEpHBI JUI CHTYallMH KOTJa CYOBEKTHI Ka4yecTB IIOBEICHUS WHIWBUIOB, OTONHSIOIINE

JeNalT craHiapTHele mmard uiMHel  $1=0.1Mm,
$o=0.6M. Ilpy  marax  MeHbIIEH  JJIMHBI
HW3MEHYHMBOCTh YBEJIMYUBACTCS, IIPH LIarax OosbIeit
JUIMHBI — yMEHbIIaeTcs. Y HUX (Kak ¥ y Hallux
NoKazaTejiell) pasHble pacCTOSHUS W pasHbIe
COOCTBEHHBIE OTKJIOHEHUS], @ UHTEPBAJ BPEMEHH IS
MIPOXOXKICHUS CBOMX paccTostHuI CBOUM
CTaHAAPTHBIM IIaroM — OJUH U TOT Xe. 3HauyeHue
orkimonenuss  (0.1)  OBWOKEHHS — KypuIBl  3a
(UKCUPOBAHHBI WHTEPBA BPEMEHHU MEHBIIIe
orkioneHus (0.6) mBwkeHus denoBeka B 10 pas.
Ecmu pBwkeHHs MPOBEACHHI B IMPOTHBOIIOJIOKHBIX
HaTIpaBJICHUAX, TO OJHA W3 W3MCEHUYMBOCTEH HMMeeT
3HaK MHUHYC. [Ipobnemy MOJICITAPOBAHUS
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NORQOBILOV

Abstract: The article analyzes the scientific and theoretical problems of the category of literary space on the
sample of Chingiz Aitmatov’ novels and Uzbek writers. The literary space allows us to perceive the relationship
between the Universe and man; to organize the plot and compositional construction of a work of art; to create a
micro-scale of images in accordance with the type and genre of the work, as well as the individual style of the writer;
to create a map of the space in which the events of the work take place. The literary space has two interpretations:
external — the territory, the being on which the events of the work take place; internal — the inner world of the
characters, the expanses of the psyche. Each Creator creates his own system of spatial representations. The problem
of the transformation of real space into perspective, associated with human perception, became the object of literary
studies in the XX century. Although the literary space as a separate literary category has long been the focus of
attention of scientists, now it is interpreted as a component of the writer's literary world. The art space serves as the
“key" to the reader's reception. This becomes important when analyzing the genre approach to the work, the system
of motives and leitmotives, elements of the plot-compositional structure, the style of the Creator in an integral system
that generates specific figurative forms. The article examines the images of the national-cultural space, that is, the
literary space of the work is represented as a house, grass, desert, island, steppe, mountain, etc. The study of the
individual space of writers on the basis of system-structural, psychological methods, the influence of the exterior on
the interior; through the desert, island, Steppe, sky and mountain space, it was possible to identify parallel images of
tolerance, noble qualities of heroes or the approach of depressive, painful states in the psyche of the heroes of the
cellar, Chokha, cave. In world literary studies, the literary space, which is an integral part of the chronotope, is
interpreted as a compositional element expressing the sequence and intensity of the events of the work, as a literary
and aesthetic category that characterizes images and reflects the worldview, the creator's vision of the world
structure. Indeed, the creative deep exploration of the literary space, organizing the structure, plot and composition
of the work, forming the field of the epic text, ensuring the perception of literary reality in the finished whole, requires
a special approach to understanding the aesthetic nature of the work. After all, while the chronotope covers all the
elements of the work, it is impossible to show the cycle of events, the mood of the characters without an image of
literary time and literary space.
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Introduction

The conceptual origin of the category of space is
related to ancient Greek philosophy. Space is
interpreted as a place that separates people from the
environment to a certain extent and is convenient for
continuing their actions. According to Aristotle, the
change of place in space is the main type of change of
motion and is the condition of all other types.
Displacement in space can be rectilinear and circular,
continuous and continuous, equal and unequal
movement.

The Aim of the Research is scientific-
analytical, comparative-typological and theoretical
generalization of classical and new forms, types and
ways of expressing chronotopes on the example of
contemporary novels.

The Tasks of the Research are as follows:

to consider the fact that mega, macro and micro-
chronotopes reflect not only the literary world of the
work, but also the scenes of the hero’s psyche,
commenting on the formation of amoeba forms of a
composition;

to analyze the writers' skill in using chronotopic
expression techniques in depicting events -
retrospection, projection and retardation; analysis of
the inter-temporal movement of the plot lines of the
work as a result of mixing ways of expression through
recollection, dream, landscape, portrait;

to identify the role of a plot and compositional
elements in the expression of chronotopes and to
determine whether the title of the novels means
precisely literary time or literary space is commented
on through a system-structural analysis.

The Object of the Research is identified as
studies of the novels including "The Day Lasted More
Than a Hundred Years", "Doomsday”, "Falling
Mountains", "Cassandra's Brand" by Chingiz
Aitmatov and “In the Steppe Fields”, "Black
Whirlwind" by Normurod Norgobilov, as well as
"Between two doors" by Utkir Khashimov, "Rebellion
and Humility" by Ulugbek Khamdam, "The Eternal
Wanderer" by Isajon Sultan.

The Subject of the Research Work is the
comparative typology of literary space poetics in
modern novels.

Scientific Novelty of the Research includes the
following:

an appeal to the past is interpreted, an analysis of
past events and experiences in the transformation of
the reality of life into an literary reality in modern
novels; a look into the future, the expected behavior

Doi: éos¥ef https://dx.doi.org/10.15863/TAS

and manifestation of events — the task of projection in
expanding the literary space of the novel, the
predominance of the method of retrospection at the
general conceptual level of chronotopes of novels is
proved;

on the basis of writers’ skill to create a hero, the
features of generalization and typification, the
dialectics of the hero and society, such means of
psychological analysis as landscape, portrait, speech,
internal monologue, hallucinations, dreams, the
semiotic implementation of the literary aesthetics of
modern novels is proved;

the individuality and universality of writers’
style in the use of the compositional method -
retardation, which is characteristic of epic works, has
been revealed, and it has been substantiated that such
compositional means as lyrical digression,
introductory events, narration, epigraph, detailed
portrait, common to authors’ style in characterization
— are of primary nature — narration about the past of
the character, parallel and contrasting image of the
landscape.

Literature review

Scientific-theoretical problems of the literary
time have been studied in the world literary critical
studies by European (H.Meyerhof, A.James,
W .Heffernan, A.Rodriguez, M.Vukanovié¢and,
L.GrmuSa, N.Bemong, P.Borghart, J.Culler,
M.Atkins), Russian (M. Bakchtin, D. Likhatchev,
N.Gey, N.Shutaya, A.Nikolayev, Z.Turayeva,
B.Meylach, E.Meletinskiy, V.Khalizev) and Uzbek
(N.Shodiev, Kh.Boltaboev, B.Karimov, E.Abutalieva,
A.Tuychiev, D.Quronov, G’.Murodov, A.Nosirov,
A.Tuychiev, U.Juraqulov, S.Mirzayeva, K.Qodirov,
M.Umarova, U. Karshibaeva, U.Nazarov) scholars.
Kh. Meerhof in his “Time in Literature” generalized
philosophical problems of time and the creative-
individual solution, M.Vukanovi¢ and L.Grmusa’s
researches explored the interconnection of
chronotope, epic place and epic time from theoretical
and analytical viewpoint. D.Likhachev investigated a
literary time poetics and subjective aspects of epic
time, whereas M.Bachtin studied the interconnection
of a literary acquired time and space, that is to mention
the features of time reflected in space and the objects
of space cognized in time.

In Uzbek literary critical studies, professor N.
Shodiev one of the first has investigated the present
diology, trilogy, tetralogy and epopee’s literary time
poetics’ individual characteristics in the context of the
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Central Asia and Kazakhstan epic prose works in
comparative-typological aspect. He scientifically
generalized the creative-aesthetic dialects including
epic time forms, types, categories and styles.
E.Abutalieva has explored the metaphoric
composition in Timur Pulatov’s prose works, vertical
models of chronotope, mythopoetic symbols and
chronotope issues in Timur Zulfiqorov’s works.
A.Tuychiev studied the principles of creating the
world literary model through historical truth and
literary composition of historical and modern novels’
“time-space picture”. B.Karim approached the
chronotope in an analytical-interpretative way and
placed the novel “The Days Gone By” (“O‘tkan
kunlar”’) by A. Kodiri, that described a momentous life
of a human being in comparison with an unlimited
time, into a narrate between azon-call for prayer and
namoz-prayer (shom — the fourth prayer) — xufton —
the fifth evening prayer). A.Nosirov studied the role
of historical and literary time depictions in the
composition of the novel “Starlit Nights” (“Yulduzli
Tunlar”), M.Umarova studied the opportunities and
the importance of time concept in the structure of
fiction involving “Richard III” by Shakespeare and
“Abulfayzkhon” by Fitrat. U.Arshibaeva investigated
time and space description in Shatobrian and
U.Nazarov’s prose, discovering chronotope forms,
literary-functional importance, conformity of literary
time and space in O.Mukhtor’s novels. U.Jurakulov
studied the chronotope forms in “Khamsa” on the
basis of the historical and theoretical poetics synthesis
and made relevant conclusions on the universality of
the genre, composition, plot and image. A number of
researches have been carried out concerning the
poetics of the contemporary novels of Chingiz
Aitmatov, Utkir Khashimov, Normurod Norgobilov,
Ulugbek Khamdam. However, they have not studied
theoretical-methodological ~ base-content,  classic
forms, types, categories and styles of literary time on
the example of historical novels.

The writer takes parts of the mega, macro and
microchronotope from the vast ocean called life and
creates new worlds from them. The category of
literary space in European literature Nele Bemong,
Pieter Borghart, Michael Holquist, Bart Keunen,
Roderick Beaton, Michel De Dobbeleer, Gary Saul
Morson, Rachel Falconer, Joy Ladin [30, 270] if they
research the category of literary time and space in
literary, historical, social, cultural aspect, Maurice
Blanchot [28, 189] studied the role of the literary
space in the device of the literary work and its
functions in revealing the features of the image.

In Russian literary studies, S.N. Zotov [13, 399],
E.S. Kim [16, 165], S.W. Sviridov [37, 234], R.A.
Tkacheva [42, 212], N.E. Leonova [24, 181], A.V.
Zlyudina [11, 217], A.V. Krysanova [21, 254], A.S.
Chochieva [46, 160], V.l. Pavlov [35, 176], S.E.
Kozlovskaya [18, 175], M.A. Berdnikova [5, 203],
O.V. Voronicheva [8, 212] researched by R.A.

Tkacheva explained the literary-aesthetic function of
the literary space in the interpretation of the literary
world of the hero, the relationship of the romantic
space with the inner world of the character and the
interaction of spaces, O.V. Voronicheva defined the
category of literary space in tragic and comic aspect
by I.S. Turgenev and He studied the chronotopic
structures in F.M. Dostoevsky's works, and explored
the skill of the authors in describing comic and tragic
situations through mythopoetic, cultural, historical
and literary chronotopes. M.A. Berdnikova
emphasizes the genre-forming role of the literary
space in the creation of a polyphonic novel, including
the rules of modeling the literary world of the work,
as an example of F.M. Dostoevsky's novel "The
Brothers  Karamazov", which creates great
opportunities for improving the conceptual apparatus
of literary theory. G. Bashlyar studied the dialectic of
external and internal space, their proportionality,
home and world, the world of dreams, open and closed
space, based on the criteria of literary studies,
philosophy and psychology.

T.L. Motyleva is looking for a solution to her
thoughts about the literary space: "The distances
between streets and cities, countries and peoples are
shrinking, modern literary heroes are moving more
violently in space, the fate of a certain person is
becoming more and more dependent on what is
happening in other parts of the globe. How should it
be expressed in art, how should it be given as it is, how
to illuminate global problems, the entanglements of
people's fate, the diversity of places, and sometimes
the fate of a particular person who lives separately in
them? The scientist's questions are extremely
appropriate, and the variety of image methods that
have appeared in Uzbek and world literary studies
today - form and content updates, modernist research
in the novel, synthesis of Eastern and Western
traditions is proof of this.

In Uzbek linguistics S.A. Ikramova researched
on the topic "Category of space and national identity
in the linguistic landscape of the world". In the
linguistic landscape of the researcher's world, the
relationship between man and space, its manifestation
in the language, along with place nouns that have a
space theme, object-subject nouns referring to space,
phrases and sentences representing space, and even
space affixes belong to the space field; defined the
space category units functionally-semantically,
dividing them into subcategories based on movement
in space, location and situational relations [14, 52].

In Uzbek literary studies, literary space has not
been studied as a separate category. Literary space
does not mean only the place where the events of the
work take place. In modern studies, writers'
description of the world in their own style, ways of
turning life reality into literary reality, and their
relationship to the depicted events and characters of
the work are interpreted as an internal chronotope.
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"The literary representation of life is complicated by
the internal chronotope of the ever-present "I"
(hero)"[40, 42]. If the outer chronotope means a
reduced model of existence in the work, the inner
chronotope is the uniqueness of the so-called soul
andrepresents the infinity of the heart's boundaries.
According to the English researcher Michael
Holquist, the category of space actually serves to
justify philosophical knowledge: as one of the main
components of understanding the world, it means the
criteria for understanding other aspects of human
existence, primarily self [29, 24].

Literary critic S. Meliev sheds more light on the
matter and defines the feeling of transparent spring
water flowing from the writer's heart to the reader's
consciousness as follows: "Feeling, as you know, is a
set of mental and physical experiences, spiritual
feelings that have occurred in the body and soul, in the
mind" [26, 168]. "Ontology in Sufism, views about the
universe, is also related to the concept of mystical
love. Let's take the doctrine of wahdat ul-wujud,
which is widespread in that Sufism. According to this
doctrine, God created the worlds to display His beauty
and perfection. That is, He has created a mirror for
Himself to look at His work, this is the material world
that surrounds us. But the jewel of this mirror is the
human heart" [19, 247]. This means that the material
world surrounding us is an external chronotope, and
the material of the mirror is an internal chronotope.
External and internal chronotope commonality
provides internal integrity in the structure of the work,
helps to feel and understand more deeply the
individual and generalized features of the images,
their inner world. By touching the delicate strings of
the reader's heart, the artist creates a mesmerizing
melody.

U.Jorakulov explores the poetics of the
chronotope in his "Khamsa", Navoi explains that the
chronotope of the infinite universe is a particle in
Navoi's eyes as follows: "How majestic and ancient is
the rotating time (musk - night, camphor - day) and
space (constellations, planets, sun, moon) in it, at the
same time, he describes it as beautiful. But reminding
that all these are two "board backgammon™ in God's
"artwork"”, he emphasizes that the universe, which
seems infinite to a person, is a small particle in front
of the Creator. In this way, he calls to believe in the
greatness and power of Allah. At this point, the object
of the literary image moves to the person in parallel
with the universe. More precisely, the object of the
image begins to depict the universe and the human
phenomenon in one picture at the same time” [12, 61].
The scientist approached the problem from a
philosophical point of view and deeply revealed the
subjective nature of the chronotope.

Analysis and results
If we analyze the characteristics of literary space
according to Aristotle's criteria, the exchange of space

in an literary work takes place as the philosopher
explained. In the novel "The Day Lasts More Than a
Hundred Years" Sario'zak Desert, Ona Bayit
Cemetery, Aral Sea, Sario'zak Cosmodrome, Nevada
Cosmodrome, Parity Station, Tramplin Orbit, Planet
Tokaitosh, Uzbekistan, Samarkand, Khiva, Aleutian
Islands in the Pacific Ocean, Vladivostok and San-
Francisco cities, Mirzachol; The names of
Betpogdala, Kumbel, Beshog'och, Boronli stations are
mentioned, but the place is not changed quickly in the
work. The events take place mainly in Sario'zak
desert, Ona Bayit cemetery, and on the basis of
circular, continuous movement in space. Literary
critic Y. Solijonov noted that in most of the works
created by the writer, places that have been ignored by
many, inhabited by a small number of people, were
written, as well as [38, 52; 39, 68]. Uchlikoya,
Kushkon'mas Rock, Chongkoya, Yapalokdovan,
Tuyakoz Valley, Kushkonmas Cave, Aktosh Pass,
Kattasoy Valley, Donishota Rock, Ajinkoya, Bozang
Dashti, Tillavodi, Burungoya Waterfall. The names of
the places in the novel "Black Whirlwind" are a
wonderful expression of the writer's skill, the
movement in the places is continuous, continuous.
Places are named according to the fate of the
characters, human relationships and events.

In the inner space, i.e., in the character's mental
world, various evolutions are continuous, cyclical,
and uneven, allowing the writer to show all the
contradictions and contradictions of life as they are.
"Interior space can be called a philosophical category
of dreams. Of course, various images of the interior
give wings to dreams, a kind of innate tendency to
think about greatness. Thinking about big dreams, the
dream motif reflects the infinite world beyond the
surrounding world, that is, the unique state of mind of
the soul [4, 86].

Earth, space, mountain, steppe, sea, river, city,
village (image of open space); traditional spatial
symbols such as house, room, cellar, pit, cave (the
image of a closed space) have existed since time
immemorial. The external chronotope, that is, the
chronotope of the depicted world, has a complex
structure, this complexity affects the opinions within
the literary text. The interaction between the real
existence and the existence described in the text can
be interpreted as the main feature of the chronotope.
"Taking into account the symbolic nature of the art of
words, it can be said that the time-space dimensions
of literary reality do not fully comply with the criteria
of accuracy. Conditional representation of the literary
space (in mythological and fantastic works) uneven
passage of plot time, its delay at the points of
depiction, retreat, parallel flow in the development of
various events, etc.)by ensuring that branched plot
lines are welded to the creator's concept, it increases
the literary appeal and aesthetic impact of the work"
[25].
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Literary space as a literary-aesthetic category
means the place where the events of the work took
place. Heroes move in this space: they are born, live
and die. Space and time are chosen according to the
writer's creative intention, because a literary work
expresses only a certain part of real life. "The
existence of the world in human thinking is expressed
in different colors. Many subjects and objects create a
complex spatial image of the world in human
perception” [44].

Symbolism of space in fiction deserves special
attention. Simple spatial associations associated with
the feeling of top, bottom, space, density, proximity,
distance, different forms of movement (rising, falling,
running, flying, spinning, etc.) give literary images a
special charm, imagery and vitality. The use of spatial
symbols is based on the fact that space itself, like time,
is represented by material objects, material and natural
environment [48, 360]. Based on the theoretical ideas
of the scientist, it can be said that the literary space is
mainly expressed in binary opposition, that is, high-
low, wide-narrow, closed space-open space,
horizontal-vertical far-close, high-low, deep-shallow,
etc.

In the literary space of the novels, which are the
object of research, a complex and colorful image of
the world is reflected. The image of space in a work
of art means two types of expression based on the
author's intention: firstly, it embodies the relationship
of a person with the outside world, and secondly, it
embodies the feelings that occur in the heart of a
person. In scientific sources, the terms macro and
microspace are used: the image of the world is
macrospace, the spiritual world of the hero is
microspace. Macro and microspace create two
narrative cores in the work. In the novels of Ch.
Aytmatov and N. Norgobilov, these types of space are
closely connected with each other. The macrospace is
given through the hero's perception, that is, deepened
through the microspace. Ch. Aytmatov's characters
mostly move in open and outer space, that is, on rocks,
in the sea, even in space. In both novels of N.
Norgobilov, steppe fields were chosen as a place. In
the novels of both writers, the macrospace serves to
express the boundlessness of the hero's heart and the
vastness of their inner world. Edigei Boron,
Kazangap, Avdiy, Bo'ston, Arsen; The microspace of
Eshqul Polvan, Okbota, Donishota, Kalaybek is
understood precisely through the macrospace, that is,
when illuminating the fate of the characters, writers
use the image of the space they live in as a
background. In fact, the literary space symbolically
reflects the inner, spiritual world of a person, the past
of the heart, the soul, high aspirations, the inner side
of the hero's character. that is, when explaining the
fate of the characters, writers use the image of the
space in which they live as a background. In fact, the
literary space symbolically reflects the inner, spiritual
world of a person, the past of the heart, the soul, high

aspirations, the inner side of the hero's character that
explaining the fate of the characters, writers use the
image of the space in which they live as a background.
In fact, the literary space symbolically reflects the
inner, spiritual world of a person, the past of the heart,
the soul, high aspirations, the inner side of the hero's
character.

In Chingiz Aitmatov's novels, the "upper" and
"lower" semiotics of space, its "openness" and
"closedness" are based on the ideas of the universal
principles of the world order. In the novels "The Day
Lasted More Than a Hundred Years", "Doomsday"
and "Cassandra’s Brand", the main symbol defining
the concept of existence is the "vertical" space: the
actions and thoughts of the heroes are determined by
striving for the space of the Supreme Spirit. However,
the vertical axis constantly intersects with the
horizontal. This expansion of the literary space is a
sign of the unique way of storytelling - the hero's self-
realization, examination of his inner world, and his
struggle as a result of his sufferings. In N.
Norgobilov's novels, the events take place in a
horizontal space, and there is stagnation in the
exchange of spaces.

Each artist creates a chronotope of work in his
own style. Connection of horizontal and vertical space
in the novels of Chingiz Aytmatov, Isajon Sultan,
Ulugbek Hamdam; In the novels of Utkir Hashimov
and Normurod Norqobilov, there is an image of
horizontal space.

Literary space includes various images, forms
and types of space that are interconnected and reflect
a holistic image. Based on the review of the scientific-
theoretical literature named in the dissertation, we
classified the types of literary space as follows [10; 17;
20; 24; 32; 34; 36]:

Horizontal space includes the four sides of the
world (north, south, west, east) or the expression of
sides (right, left, front, back). In the novel "Black
Whirlwind" by N. Norgobilov, the events take place
in the steppe, in the rugged hills, in a cave. The writer
instills in the waterfall the feeling of observation and
evaluation of events like a person. In the writer's novel
"In the Steppe Fields", the steppe and health resort are
taken as a place. In Ch. Aytmatov's novel "Falling
Mountains", the space of man and creature is depicted
separately during the course of events, and in the end,
two creatures whose destinies are related to each other
in a certain sense, heavenly brothers, meet on the
peaks of the Uzangilash ridge.

In the novel "The Day Lasted More Than a
Hundred Years", the writer uses the sentence "In these
countries, trains run intermittently from the East to the
Maghreb, from the Maghreb to the East" eleven times,
and "Trains run from the East to the Maghrib, from the
Maghrib to the East... "he repeats the sentence eight
times, explaining that "Any distance is measured in
relation to the railway here, just as any distance is
measured from the Greenwich meridian." The creative
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intention of the writer is that, in the external sense, the
place where the events are taking place is referred to
the railway in the Sario'zak steppe, but in the internal
sense, the literary time is similar to the rapid
movement of trains. Writer expressed the time of
stagnation through the detail of the train. This was
actually the main point of the novel's repeated use of
epic clichés in various places. In the words of the critic
Ozod Sharafiddinov, "Trains that move like the wind
in this way become a symbol of time, an image
representing the rapid pace of time, and moreover, a
generalization representing the civilization of the 20th
century." Images of horizontal space are also the most

important component of the novel's coordinate
system, helping to perceive the lives of the characters.

Vertical space- represents images of upper (sky,
mountains) and lower (seabed, cave, basement, pit,
lahim) spaces. The role of vertical space in the interior
of the novel is unique and includes extensive images.
The vertical space reflects the logic of life, the essence
of being alive, the reunification of characters with the
world in order to realize its true meaning and achieve
eternity. Verticality in the spiritual world of the
character is manifested in two states - at the level of
height and bottom. This situation creates a conflict
between opposite characters and increases the drama
of the events. "See Table 1."

Table 1. High and low level of vertical space of characters

Vertical space is high
Degree

Lower level of vertical space

Characters of Ch.

Aytmatov's novels | Raymali aga,

Edigei Boron, Kazangap, Abutolib, Zarifa,
Naiman mother,
Orkunchiev; Avdi Kallistratov, Jesus Christ,
Guram Jokhadze, Arsen Samanchin

Bo'ston

Sobitjon, Tansigboev, Abdilkhan,
Jungjanglar, Bozorboy; Ober Kandalov,
Grishan, Sandro; Oydana, Ertosh Kurchal;
Andrey Kriltsov

Characters of N.
Norgobilov's
novels

Okbota, Oybekach

Eshqul Polen, Erali Chairman; Kalaybek,

Itolmas,  Karakul;
Farmonov, Sa'dulla

Osarqul, Haydar,

But not all characters in the novel can be
classified in this way, because some characters stand
between the high and low levels. Depending on the
situation, both sides of the character can be shown. For
example, the mentality of Erman and Tolanboy
characters is extremely complex.

In Chingiz Aitmatov's novels "The Day Lasts
More Than a Hundred Years" and "Cassandra’s
Brand", the space changes vertically from the ground
to space. The question arises: why does the writer
transfer the events to space? In an interview with
Mukhtar Shokhanov, the writer explains his intention
as follows: "Humanity has been discussing the
existence of life on alien planets for a long time,
sincerely believes in the existence of intelligent beings
similar to themselves... What if the planet Earth itself
is condemned to limitation by intelligent beings
outside our planet? will be It was as if my eyes were
opened with light"[1, 75]. In the novel "Falling
Mountains”, events move from the city to the
mountains due to the hunting plan. The mountain and
the city space are cited as one of the main spatial
contrasts of the novel, and at the same time, these
"poles” play an important role in the characters'
different relationships with each other. In the novel
"Koraquyun", the main character Erman's life is spent
in slavery. A ruthless gang of gold diggers force the
boys into the mine and keep them in the pit. Choh and
lahim serve to express their anguish more deeply.

In the novels of both authors, the upper part of
the vertical space - the symbol of the sky - performed
several aesthetic tasks: "descriptive (reflecting a
visual image), emotional and psychological
(conveying certain moods and feelings of the author
or hero), symbolic (individual approach of
creators)”[45, 263]. The symbol of the sky helps to
create the literary world of the work, to reveal the
inner state of the hero and the position of the author.
Undoubtedly, the image of the sky is an important
detail of the work. U.Jorakulov emphasizes that the
universal epic space is not limited to a specific person,
nation, country, or the image of the world that can be
perceived only by thinking and logic, it is directed to
the integral expression of the reality of the three
worlds (heaven-earth-underground) [12, 49]. In
novels, the sky is not only an literary space, but also
symbolically represents various meanings. Along with
psychological states such as joy, suffering,
inspiration, conceit, the meaning of a person's
aspiration to God is understood. The external and open
macrospace in motion or in a static state allows to
depict various states of the hero's mental feelings,
mental anguish in a symbolic-philosophical way. The
sky is symbolically interpreted as a symbol of eternity,
high feelings, understanding and justice, and also
understood as the place of God, who fills the soul with
light and light. "See Table 2."
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Table 2. The manifestation of the image of the sky in different senses

Divinity Then | prayed to my Lord, to my Father in heaven. "Lord," | said. - Don't let me hold the
cup of death this time! And you yourself know, | am subject to your judgment" [11; p. 88]%.
Infinity The vast ocean was still churning under the plane's wing, the play of waves was pouring out.
The sun, the bottomless open sky, the vastness, the violent flight - Everything seems to freeze
motionless over the ocean...[l1l; p. 23].
Beauty They were mesmerized by the night scenery of the mountains - the moon was full, the stars
were twinkling, the sky was clear blue-dark - huge, towering, majestically elongated sickle
peaks [IV; p. 225].
Holiness The wine was put in peasant meshes, and the taste of earth and sky was added to it [II; p.
89].
Happiness Their life at that time was as clear as the blue sky [I; 396]. Lojuvard became drunk at the
smell of sky, water and wind, and became dizzy...[l; p. 427].
Divine space Who are you to care about me and others, as if you had received a blessed revelation from
heaven [II; p. 164].
A miracle, a Elizarov usually talked about such things with interest. He said that in the sky, huge rivers
miracle with undulating branches, banks and currents move continuously and wash the earth as if [I;
p. 184].
A prayer to the "Oh Yakhimalak, Blue God, the Ruler of the sky, make our way over the ice pass easy. You
Creator don't make our cattle go to the black herd, instead you get the black raven in the sky [I; p.

361].

Wish for salvation

They stood in a circle, sometimes they put their hands on each other's shoulders, sometimes
they shook the ground like a whip, and sometimes they raised their hands to the sky so that
the invisible and invisible, but all-knowing and all-seeing divine power would hear [II; p.
89].

Inspiration The unsettled, blue sky, covering the entire expanse, fascinated him, satisfied his thoughts,

encouraged him to live long and think a lot...[I; p. 202].
Joy In his opinion, as if the next day, great changes will happen in his life, he begins to feel

himself in the sky [V; p. 147].

Repentance Avdi was shouting, raising his hands to the sky, begging you to join me, let's be cleansed
from evil, let's say forgiveness [II; p. 276]

Arrogance, - After all, in a time and space free from danger, a human being is the sky. He doesn't fit into

arrogance this world, he doesn't even know what he wants[VI; p. 140].

Moan smoking

Dodlagisi wanted to fill the heavens with a cry, but the heavens would not hear, would they
drown. [IV; p. 30]. Oh, heaven, tell me, will such a thing happen in the world?! Even the
highest heaven would not answer [IV; p. 34].

Absolute distance

You want to control us from the sky. | dare say, almost no one on Earth would agree to this.
Yes, on earth, in our heavenly land, do not think about the sky in the sky, you are far from
angry people [l11; p. 258].

A place of souls

My mother said that when a person sleeps, his soul leaves his body and flies into the sky as
a winged horse [1X; p. 396].

Muhaymin is a

— Great khan, - he addressed the khan through the Uyghur translator, - by the will of the

connoisseur

witness Supreme Heaven, a special prophecy has come to you from the blue. | have to give you a
message [I; p. 278].
Alim - And God is the Sky, the incomprehensible, the great Sky. Who will be born, who will live,

who will receive what fate - only Heaven knows [I; p. 311].

The symbol of the sky in novels has many
meanings. As we noted above, the literary space of the
sky can be understood in two senses: the upper part of
the vertical space and the existential essence of human
life, that is, the spiritual world. During the analysis of
the literary text, the relationship between humanity,
nature, and the universe is understood in the horizontal

space, and the worship of God and the Creator is
understood through the vertical space. It should be
noted that the literary spaces of earth and sky perform
an important literary and aesthetic function in the plot
area of novels. If Jesus Christ, Avdiy, Bo'ston, Jaabars
pray to Heaven - the Supreme Spirit, Genghis Khan
will help them. The monk Philofeus discovers the

The pages of excerpts from the novels in the analysis are given in the following order.
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discovery that mankind has rejected in the absolute
distance from them - in the sky. In the novels "The
Day Lasts More Than a Hundred Years",
"Cassandra’s Brand", "The Eternal Darbadar”, reality
runs parallel between the earth and the sky.

There are two main plot lines in the novel "The
Day That Aged a Century”, events take place in
horizontal and vertical spaces:

Launching of 1-2 and 2-1 parity astronauts
into space based on the Soviet-American
"Demiurge" convention

According to the will, Edigei Boron will
go to Naiman's mother's cemetery in order
to follow Kazangap to his last destination.

Figure 1: Vertical and horizontal chronotope expression in the novel "*The Day That Turned the Century

A question appears. Why did the writer parallel
the horizontal and vertical chronotope? The essence of
the matter A.Kh. Bugazov explains: "In the work of
Ch. T. Aytmatov, this enduring reality is considered
in various aspects. By comparing the events that took
place in Aryzaman and Arykaman in the novel "The
Day That Aged a Century", you can see how the
author tries to understand the perfect world, looking at
it from cosmic infinity. On the other hand, modernity
is studied from the point of view of social memory,
patriarchal worldview: are they able to preserve the
traditions and spiritual values of the ancestors,
preserve the Mother Earth, the uniqueness of nature?
The writer asks this question to himself and to all of
us in his works such as "Cassandra’s Brand",
"Doomsday", "Falling Mountains"[6, 48].

External and open space does not have a clear
boundary (field, sea, island, desert, steppe, hill). These
types of space are widely used in the novels
considered as the object of analysis. The writer
skillfully used these types of space to describe the
boundlessness and tolerance of the inner space of the
hero. In Ch. Aitmatov's "The Day That Aged a
Century”, "Doomsday" and both novels by N.
Norqobilov, the image of the steppe, field, rugged
hills, and the island is presented in harmony with the
hero's world. The common style characteristic of both
writers is that their positive characters understand the
feelings of mother nature, live in harmony with heart
and soul. Before his death, Kazangap's farewell to the
island, Arsen catching the arrow aimed at the
mountain bar, the grief of the stolen vulture and the
creation of the majestic stone, where Kalaybek is
looking for the sky, Eshqul the wrestler, who
considers the wolf as his blood brother, resists the
trampling of nature with all his might, showing the
complex relationship between man, nature and the

old™.

animal world, and the unity of man and nature. In the
description of the heart, feelings, and inner
experiences of the characters of these novels, the
balance of the outer and inner space is observed. In the
novel "The Day Lasts More Than a Hundred Years"
he describes the will of "people who are able to
compare the splendor of the desert with their mental
state™: "The endless Sario'zak steppe, which turns
green for a short time in the spring, and then turns
yellow in the sunlight, confused Edigei and made him
sad. There are so many deserts around Arol Lake, not
to mention Ustyurt Flat Mountain itself! However, it
was the first time in his life that he saw such an infinite
expanse as the Sario'zak steppe. Edigey then realized
that only a person capable of balancing the splendor
of the desert with his own state of mind could survive
in the desolate desert of Sario'zak. Yes, Sario'zak is
truly infinite, but the human imagination is even wider
than that[I; p. 93]. Edigei Boron, who is "one of those
who hold the earth on his shoulders”, not only has an
endless imagination, but also his humanity has no
limits. He keeps the golden mekr because his double
wife is a witch; His sincere love for Zarifa; Abutalib
Kuttiboev, accused of being a traitor to the country by
Tansikboev, who died during the investigation, went
to meet Afanasy Ivanovich Elizarov for the acquittal;
Despite Sobitjon's resistance, Kazangap went to the
Ona Bayit cemetery to fulfill his will, when he learned
that the cemetery area was intended for a
cosmodrome. "Mother Bait cannot be allowed to be
razed to the ground!" After all, history lies here" [I;
516-p.], true human glory is manifested in his inner
reading, suffering and efforts.

The complex psychological mood of Eshqul
Polvan, the main character of the novel "In the Steppe
Fields", who was a shepherd in the steppe all his life,
is revealed dynamically during the course of events.
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The one who harmed the steppe and steppe animals
was considered a stepfather. Even when his son,
Tolanboy, said that he would quit herding and take up
another profession several times, he said, "Who is
holding you back? ...You will also come to this steppe,
you are a stranger, leave! [V; 94]" says. This regret is
repeated in Eshqul Polvan's speech at various places
during the course of events. He considers it a sacred
duty to protect the steppe. This can be understood
from the hero's confession, "He has always created
people in my life as if he were my God." After drying
up the spring, he drowns Shavkat in the spring water,
who wants to farm the steppe, and drives him out of
the steppe after taking an oath not to set foot on the
steppe. To have fun for Tolanboy's children, when he
skinned the fox alive, Eshqul the wrestler punished
him sparingly and said, "Take your child and get out
of the steppe" [V; p. 90], he insists. The motive of
nature conservation was important in opening the
literary-aesthetic idea of the work. The main character
appreciates the steppe so much that he considers
himself a part of the steppe. He tells Tolanboy
regretfully that he should love the steppe: "The steppe
belongs not only to mankind, but to all creatures. But
there is no use telling you these things, because you
are one of them! Although your living is spent in the
steppe, but you can't love it. You are staying until your
stepfather! But you don't even know it!" [V; p. 217]
An ardent wrestler feels the breath of the steppe, feels
its grandeur and delicacy: "This steppe looks so
boundless and impressive, but its physical world is
very delicate! If you accidentally touch it, his body
may become stiff and his nature may change” [V; p.
212] In the novels of both authors, the trampling of
mother nature is brought to the reader's attention as a
serious social problem and seeks a reasonable
solution.

The essence of outer and open space is
understood through the inner world of the characters.
The creators were able to skillfully connect the
psychology of the depicted characters with the image
of the space.

Internal and External space [7] has strictly
defined boundaries (house, vyard, chest, box;
figuratively, the heart). Home means the place where
a person was born, where he and his family live, as a
unique starting point in the path of human life. During
a person's life, the connection with the house where
the blood of the navel was spilled is inseparable. Due
to the fact that the events in the novels "The Day
Lasted More Than a Hundred Years", "In the Steppe
Fields", "Black Whirlwind" took place in the steppe
and desert, the grass is used as a comfortable shelter:
"When the number of people in the family was large,
they built four grass at once - one would be a kitchen,
one would be a hotel, and two would be a bedroom.
And then - after the invasion of the Jungjangs, he was
left alone in a house that was ruined...”[I; p. 166] In
the novel "The Day Lasts More Than a Hundred

Years", grass not only means a shelter for living, but
also means unity. In the novel "Dashtu Dalarda"
"every year until winter, in pursuit of a good pasture,
when they say there is no otov, it should be moved
three times" and "the woman should destroy the otov
and restore it herself" [V; 18 p.] shows the delicacy
and elegance of Aigul's character. Otov is decorated
with "various embroideries made by his own hand and
heart" and a picture left by the painter Tolanboy
chased out of the steppe. But "a woman's desire for
beauty, her ability to be excited by it, her ability to
appreciate beautiful things" [V; p. 125] Tolanboy
doesn't like it. This creates a contrast between
characters. ] Tolanboy doesn't like it. This creates a
contrast between characters. Tolanboy doesn't like it.
This creates a contrast between characters.

The inner space figuratively means twists and
turns of the soul, that is, a dramatic state. "Writers
began to pay serious attention to studying the inner
world of heroes: the space of their soul, mind,
memory, imagination. This allowed them, on the one
hand, to go deeper into the essence of philosophical
problems related to man, and on the other hand, to
significantly expand the boundaries of individual time
and space [41, 11]. The interior space performs
aesthetic tasks such as revealing the character traits
and spiritual aspirations of the narrator and characters,
harmonizing the spatial imagination of authors and
characters. Interior space is created through the means
of mental analysis such as landscape, portrait, speech,
inner monologue, hallucination, dream. Through the
dynamic, analytical and syncretic principles of
psychology, there is an opportunity to deeply perceive
the features of the inner space.

Dynamic space [22] has a constant movement
and a changing character (road, river, waterfall). In the
plot of modern novels, "road chronotope" can be
evaluated as a literary element that unites time and
space. The journey of the heroes takes place over a
certain period of time, and the road emerges as a loop
connecting the plot events that represent important
and radical turns in the lives of the epic heroes. "The
harmony of space and time is perfectly clear and
bright in the road chronotope. Road chronotope has a
special place in literature. Works that do not have
variations on the road motif are rare, on the contrary,
works built on the basis of road chronotope, road
meetings, road adventures are the majority”’[3, 60].
One of the signs that clearly shows the chronotope of
the road is the image of the road in the work. The
image of the road is also notable for the fact that it
connects the native, beloved land of a person with
other places, surroundings, and himself with other
destinies. It serves as a beacon for him to return to
himself. Representing time and chronotope through
human migration, wandering, and events is one of the
most convenient and widespread literary forms used
by artists in the past and now. This tradition, which
began in folklore, continues even more successfully in
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modern literature. It is even possible to witness the
synthesis of achievements in world literature in our
national literature. In the novels, the authors describe
the spaces and the road in detail, this creative method
ensures the believability of the events. The road is not
only a horizontal space, but symbolically means the
path of life and is given in two different
interpretations. First, the path of life related to human
joys and sorrows, achievements and losses: childhood
and youth of Avdiy and Andrey Kriltsov (Andrey
Kriltsov's later fate as Philofey, i.e. middle age),
youth, middle age and old age of Edigey and Eshkul
Polvan. In works of art, the road chronotope
represents the whole life path of a person, or a certain
part of the life path. Avdiy and Andrei Kriltsov's
childhood and youth (Andrei Kriltsov's later fate as
Philofey, i.e., middle age), Edigei and Eshkul's youth,
middle age, and old age. In works of art, the road
chronotope represents the whole life path of a person,
or a certain part of the life path. Avdiy and Andrei
Kriltsov's childhood and youth (Andrei Kriltsov's later
fate as Philofey, i.e., middle age), Edigei and Eshkul's
youth, middle age, and old age. In works of art, the
road chronotope represents the whole life path of a
person, or a certain part of the life path.

Secondly, the heroes' spiritual search and
individual formation, the way to aspire to the Truth,
God beyond time and space: Avdi and Jesus Christ
call humanity to virtue based on their ideas about God-
Earth, God-Contemporary; Thanks to God, God's
right, and God's will, the characters believe in God's
commandment and will. In the second interpretation,
writers skillfully described the pure heart and soul of
positive heroes as a treasure that does not fit into space
and time, does not recognize material concepts and
dimensions.

Static space [32] unchanged from its original
state (mountains, steppes). Mountains have always
attracted the attention of mankind with their power,

majesty and indestructibility, they have served as a
symbol of the immutability of the laws of nature and
its eternity (mountains have been motionless and
unchanged for thousands of years), and their beauty.
Around them, landscapes changed, civilizations arose
and declined, but the majesty of the mountains
remained unchanged [43, 21]. Along with other sacred
places (rivers, forests, etc.), in which people felt
closeness to the Supreme Spirit, therefore, mountains
acquired a special value in human life (Prophets
obeying the Creator on the mountain, revelation of
holy books through revelation). I.Sultan's novel "The
Eternal Darbadar" in the chapter "The saint who lives
in the cave in Tiyanshon Bagh" depicts that he has
been praying on the mountain for one hundred and
twenty years, as a reward for his prayers and as a grace
or miracle given to the saint so that he does not get
distracted in his quest for a living, there is a fig in the
mouth of the cave.

In the East, there is a motif of mountain spirits,
and shamans communicate with these spirits through
certain ritual actions - by making various unusual
sounds, singing, jumping, dancing to the sound of
drums and bells, and conveying to them the hopes and
intentions of the community. Bonfires were lit in
honor of mountain spirits. In the novel "Falling
Mountains", Arsen Samanchin tells Oydana that
shamans perform various ceremonies on summer
nights in honor of a young hunter and his groom, who
were separated due to the jealousy of evil people, in
the garden on the hill around the ancient Heidelberg
castle: "The shamans play their drums and dance,
name the groom and they call out, invite to gather
around the fire. Women gather around the fire, cry and
shout. They say that a dark shadow comes to a place,
they would bow to people and then immediately
disappear"” [IV; p. 69].

The different meanings of the image of the
mountain are analyzed in this table. "See Table 3."

Table 3. Aspects of meaning of the image of the mountain

Destruction Do you not see the fall of the mountains? Do you not see the trees fall? [1V; p. 212]
Pain Oh, mountains, tell me, will there ever be something like this in the world?! But the
mountains did not move [IV; p. 35].
Friendship These mountains were waiting for my love, so | often came here. Although I didn't think it
would be like that, | was also looking forward to it...[IV; p. 192].
Masood After all, the world was so calm, peaceful, balanced, the blessed sun was shining on the
mountains, soon the mountain hail bypassed these lands [I1V; p. 73].
Wandering You are lost in the mountains, my hunter boy. The engagement was by the river. Where
are you, are you, which mountain are you on? Where are you, are you, I'm looking for you
[1V; p. 78].
Holiness Do not trample the sacred mountains![ 1V; p. 241].
Silence Below, the river roars against the rocks. Surrounding mountains are stone silent [I1; p. 86].
A part of existence | "Look, there is water, mountains, land around - this is why all life" [I1; p. 326].
Trickery "...these mountains are treacherous, after all, he did not keep his younger brother Erman
hidden from view - in slavery for some time in one of his undiscovered mountain peaks,
every year several people can't disappear without a trace in his bosom, like a stone falling
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into water. Searching for someone in his bosom is like searching for a needle in a needle"
[VI; p. 139].

Owner of negative
qualities

The mountains are quiet! Mountains are deceptive! Mountains are bad! [VI; p. 140].

Calamity

The mountains look like a disaster to his eyes, and Kalaybek feels a strange feeling - if
only it were possible to completely sweep all the mountain stones from the face of the earth!
[VI; p. 142].

Magnificence

The waterfall was considered equal to the mountains! ... even though he claims to be the
same age as the waterfall and the mountains, in any case, he was not over a million years
old, but much further [VI; 147b.].

Source of treasure

The people dug in the mountains, searched for ore, cleaned the ore from other rocks, melted
it in a furnace, and made various shapes and decorations [VI; p. 149].

Joy If the interpretation of the dream turned out to be more than expected, their mood would
rise like a mountain and they would start to touch Karakul's cheek [VI; p. 162].
Please ... as if a mountain had been lifted from his shoulder, he would pull lightly, and after a

while, he would get even more upset and look for the young man with his gaze [VI; p. 163].

Deserted area

You will not be able to free yourself from this world, and you will die among these rocks!

[VI; p. 197].

In Ch. Aytmatov's novels, the image of the
mountain is sympathetic, confidant, part of existence,
and in N. Norgobilov's novels, the mountain is
depicted as a counterpart to the mental state of the
hero (insidious, deceptive, majestic, high, a source of
treasure) and allows deep expression of his inner
world.

Development space includes spaces created by
man in the course of development (states, cities,
villages, historical-architectural monuments). The
formed social space and culture of each nation is
considered as the result of man-made civilization. The
city is mentioned in Ch. Aitmatov's novels "Falling
Mountains" and "Cassandra’s Brand".

In addition, there are realistic, mythological and
fantastic spaces. The first has similarities in reality,
the second appears in dreams, memories, and the third
is created in the imagination of the author (science
fiction works). In the novel "The Day That Turned the
Century"”, the Tokaitosh planet with extraterrestrial
development is described as a fantastic space, and the
Tokaitosh people resemble the northern Arabs, there
is an unprecedented development in their space, they
can change the climate according to their will, they
can control gravity and "develop a space project to
establish a new base where cosmic beings can live."
exit" [I; p. 130] is convincingly described according
to the skill of the writer.
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Conclusion

In short, the literary space ensures the connection
of the external and internal chronotope at one point,
performs various semantic functions in the work. For
example, the sky, mountain, desert, road can be
represented as space, but these spaces are also used as
symbolic symbols of importance in the future fate of
the literary hero.

Literary space, like literary time, is a literary and
aesthetic category that provides a holistic perception
of reality and organizes the composition of a work,
reveals the literary, ideological and philosophical
features of an literary image, provides a link between
each element that makes up the internal and external
structure of a work of art. Regardless of what type and
genre the work belongs to, the author creates a space-
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