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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 urban 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. 

 

 

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 vulnerable 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 urban 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. 

 

 

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. 

 

 
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 

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. 

 

 

  

Figure 3. Residential area of the city of  

Nizhnevartovsk 

Figure 4. Development in the old part 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 

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 

development, which ultimately helps reduce the 

negative impact of winds. 

 

 

  

Figure 5. Development in the main 

parts of the city of Nizhnevartovsk 

Figure 6. Development in the east 

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 

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

city of Nizhnevartovsk 

 Figure 8. Layout of buildings in the microdistrict 

No. 7 of the city of Nizhnevartovsk, reducing snow 

drifts 

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 

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. 

 

 

 

 

 

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 

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 

central part of the city under study is comprised of 

mid-rise and multi-story buildings. An analysis of the 

development of residential Microdistrict No. 10B in 

Nizhnevartovsk was conducted (Fig. 11). 

 

 

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 m² 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 31a. 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, 

planted on the side of the prevailing wind. When 

creating a windbreak, it is recommended to plant 

greenery in several rows (up to four rows), with 

increasing height and density as the row progresses. 

Multi-row plantings utilize several types of 

landscaping: shrubs, deciduous trees, mixed tall-

stemmed trees, and conifers. Plants are planted in 

sequential rows from low to high, with the highest row 

located on the windward side. Recommendations for 

landscaping in Nizhnevartovsk, identified during the 

urban planning analysis of the study area, can be taken 

into account by local governments to develop 

measures for the efficient and rational use of the city's 

territory and a favorable living environment. A 

comprehensive climate analysis, based on the initial 

climatic characteristics of the construction area, is 

crucial for northern urban development. All design 

and development work in settlements in the northern 

regions, including Nizhnevartovsk, must be carried 

out taking into account the natural and climatic 

characteristics. The results of the urban development 

analysis of Nizhnevartovsk's territory, taking into 

account the impact of the northern region's natural and 

climatic conditions, can be taken into account by local 

governments when implementing management 

decisions to develop measures for the efficient use of 

the city's territory. The characteristics of such natural 

and climatic factors as terrain, wind patterns, snow 

drifts, as well as recommendations for landscaping 

Nizhnevartovsk's territories, must be taken into 

account when making further urban development 

decisions. 
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ПРИМЕНЕНИЕ МЕТОДА АНАЛИЗА BIG DATA В УПРАВЛЕНИИ ИННОВАЦИОННЫМИ 

ПРОЦЕССАМИ В ПРОМЫШЛЕННЫХ ПРЕДПРИЯТИЯХ РЕСПУБЛИКИ КАРАКАЛПАКСТАН 

 

Аннотация: В статье исследуются возможности применения технологий анализа больших данных 

(Big Data) в управлении инновационными процессами на промышленных предприятиях Республики 

Каракалпакстан. Рассматриваются теоретические основы Big Data-аналитики и ее роль в цифровой 

трансформации промышленности. На основе статистических данных анализируются тенденции развития 

промышленного сектора региона, цифровизации экономики и внедрения аналитических технологий. 

Предложена модель использования Big Data в управлении инновациями предприятий, направленная на 

повышение эффективности производства и конкурентоспособности промышленности. 

Ключевые слова: Big Data, инновации, цифровая экономика, промышленность, управление инновациями. 

 

Введение 

В условиях цифровой трансформации 

экономики использование данных становится 

одним из ключевых факторов повышения 

эффективности управления предприятиями. 

Технологии Big Data позволяют обрабатывать 

большие объемы информации, выявлять скрытые 

закономерности и принимать более обоснованные 

управленческие решения. 

Современные исследования показывают, что 

использование Big Data способствует повышению 

эффективности управления инновациями, 

оптимизации производственных процессов и 

снижению издержек предприятий. Кроме того, 

анализ больших данных позволяет 

прогнозировать рыночные тенденции и повышать 

конкурентоспособность предприятий. 

Для Республики Узбекистан цифровизация 

экономики является одним из приоритетных 

направлений государственной политики. В рамках 

стратегии «Цифровой Узбекистан – 2030» активно 

внедряются информационные технологии, 

искусственный интеллект и системы анализа 

данных [1]. Развитие цифровой инфраструктуры 
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способствует модернизации промышленности и 

формированию инновационной экономики. 

Особое значение цифровая трансформация 

имеет для Республики Каракалпакстан. По 

данным статистики, в 2025 году валовой 

региональный продукт региона увеличился на 7,2 

%, а объем промышленного производства вырос 

на 5,3 %, что свидетельствует о положительной 

динамике развития промышленности региона. [2] 

На начало 2026 года в регионе 

функционировало более 30,5 тыс. предприятий и 

организаций, что создает значительный потенциал 

для внедрения цифровых технологий и 

аналитических систем управления. [2] 

Цель исследования — анализ возможностей 

применения Big Data-аналитики в управлении 

инновационными процессами на промышленных 

предприятиях Республики Каракалпакстан. 

Основные задачи исследования: 

• исследовать теоретические основы 

применения Big Data; 

• проанализировать развитие 

промышленности региона; 

• определить роль анализа данных в 

управлении инновациями; 

• разработать модель использования Big 

Data в инновационном управлении. 

 

Основная часть 

Big Data-аналитика предполагает обработку 

больших объемов структурированных и 

неструктурированных данных для выявления 

закономерностей и прогнозирования развития 

бизнеса. 

Основные характеристики Big Data: 

1. Volume — большие объемы данных 

2. Velocity — высокая скорость обработки 

данных 

3. Variety — разнообразие типов данных 

4. Value — ценность данных для принятия 

решений. 

Метод анализа Big Data включает следующие 

этапы: 

1. сбор данных; 

2. хранение данных; 

3. обработка данных; 

4. аналитическое моделирование; 

5. использование результатов анализа в 

управлении. 

Промышленность является одним из 

ключевых элементов экономики региона. 

 

 

Таблица 1. Основные показатели экономического развития Каракалпакстана [2] 

 

Показатель 2022 2023 2025 

Рост ВРП (%) 5.6 6.4 7.2 

Рост промышленного 

производства (%) 
4.1 4.8 5.3 

Количество предприятий 27 000 29 400 30 573 

Источник: составлено автором на основе данных Агентства статистики Республики Узбекистан. 

 

Данные таблицы показывают устойчивый 

рост экономики региона. Увеличение количества 

предприятий и промышленного производства 

создает предпосылки для внедрения цифровых 

технологий и систем анализа данных. 

 

Таблица 2. Основные направления применения Big Data на предприятиях [3] 

 

Направление Результат 

Анализ производственных 

данных 

повышение эффективности 

производства 

Прогнозирование спроса 
оптимизация производственных 

планов 

Анализ оборудования снижение простоев 

Управление инновациями 
ускорение разработки новых 

технологий 

Источник: составлено автором на основе исследований цифровой экономики [3]. 

 

Big Data-аналитика позволяет предприятиям 

более эффективно управлять производственными 

процессами и инновациями. Использование 

данных помогает выявлять проблемы 

производства и оптимизировать технологические 

процессы. 

В последние годы в Узбекистане активно 

развивается цифровая инфраструктура. Развитие 
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электронного правительства и цифровых сервисов 

способствует формированию экосистемы Big Data 

и развитию аналитических технологий. 

 

Таблица 3. Использование аналитических технологий в бизнесе [4] 

 

Показатель Значение 

Стартапы, использующие Big Data 25 % 

Компании, внедряющие 

аналитические системы 
35 % 

Основная проблема внедрения нехватка специалистов 

Источник: исследования цифровой экономики Узбекистана. 

 

Исследования показывают, что хотя 

компании признают важность анализа данных, 

уровень внедрения технологий Big Data остается 

относительно низким. Одной из основных 

проблем является недостаток квалифицированных 

специалистов. 

 

 

Рисунок 1. Модель применения Big Data в управлении инновациями [5] 

 

 
 

 

Результаты исследования показывают, что 

использование Big Data может значительно 

повысить эффективность управления 

инновациями на промышленных предприятиях. 

Во-первых, анализ больших данных 

позволяет выявлять скрытые закономерности в 

производственных процессах и оптимизировать 

использование ресурсов. 

Во-вторых, Big Data способствует развитию 

прогнозных моделей управления, которые 

позволяют предприятиям заранее реагировать на 

изменения рынка. 

Кроме того, внедрение аналитических систем 

способствует ускорению инновационных 

процессов и повышению эффективности 

управления предприятиями. 

В то же время существует ряд проблем 

внедрения Big Data: 

• недостаток специалистов в области 

анализа данных; 

• высокие затраты на внедрение 

технологий; 

• недостаточное развитие цифровой 

инфраструктуры. 

 

Заключение 

Проведенное исследование позволяет 

сделать следующие выводы: 

1. Big Data-аналитика является важным 

инструментом управления инновациями на 

промышленных предприятиях. 

2. Внедрение технологий анализа данных 

способствует повышению эффективности 

производства и развитию инноваций. 

3. В Республике Каракалпакстан 

наблюдается рост промышленности и цифровой 

инфраструктуры, что создает предпосылки для 

внедрения Big Data. 
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4. Для успешного применения технологий 

анализа данных необходимо развитие кадрового 

потенциала и цифровой инфраструктуры. 

Перспективным направлением дальнейших 

исследований является разработка 

эконометрических моделей анализа Big Data для 

управления инновационными процессами 

предприятий. 
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Introduction 

The oil and gas complex are traditionally seen as 

a cornerstone of energy security and an important 

source of export earnings for Uzbekistan. However, 

the last decade has been a period of fundamental 

testing of this model. With increasing domestic 

consumption, the country is facing a steady decline in 

production in major, depleted fields. The decline in 

production thus exacerbates the conflict between two 

strategic objectives: ensuring domestic energy 

independence and maintaining revenues from 

hydrocarbon exports. [10] 

Public policy expressed in a number of strategic 

documents, such as the Presidential Decree PP-3107 

of 30 June 2017 «On measures to further improve the 

management system of the oil and gas industry», 

recognizes these challenges and sets the direction for 

modernization and investment [3]. Despite efforts, 

key industry indicators show trends that require deep 

analytical rethinking. 

The relevance of this study is determined by the 

need not simply to observe the decline in exports, but 

to identify the systemic causes of this phenomenon, 

assess the competitive position of the country in the 

region and develop ways of transforming export 

potential in new conditions. The objective of the work 

is to propose, on the basis of a comprehensive analysis 

of statistics, comparative assessment and structural 

approach, strategic guidelines for the transition from 

the commodity export model to the value-added 

economy in the oil and gas sector. 

 

Research methodology 

The work was based on a comparative analysis 

of official statistics of the National Committee of 

Statistics of the Republic of Uzbekistan, which made 

it possible to trace the dynamics of oil and gas 

production between 2017 and 2024.  

To understand the place of Uzbekistan in the 

regional context, a comparative analysis was used - 

the current situation of the export potential of 
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neighboring countries - Kazakhstan and 

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. 

Analysis of modern dynamics: from 

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,  

billion m³ 

Oil production, 

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. 

 

 
 

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 vulnerable 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 

deep resource processing and technologically 

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. 
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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 

 

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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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]. 

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. 

 

 
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. 

 

  

A B 

  

C D 

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 3.35×108 

N/m2. 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 

                                                                            



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 0.191  

ESJI (KZ)          = 8.100 

SJIF (Morocco) = 6.004 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  218 

 

 

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 

pressing length. 

 

   

Pressing length is 10 mm 

   

Pressing length is 20 mm 

 

 

 

Pressing length is 30 mm 

 

  

Pressing length is 40 mm 
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Pressing length is 50 mm 

 

 

 

Pressing length is 60 mm 

   

Pressing length is 70 mm 

   

Pressing length is 80 mm 

   

Pressing length is 90 mm 

   

Pressing length is 100 mm 
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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, 

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. 
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ANALYSIS OF THE STRAIN INTENSITY OF A PREHEATED STEEL 

BUSHING UNDER CONDITIONS OF PRESSING A STEEL SHAFT INTO 

IT TO FORM A FIT WITH A GUARANTEED INTERFERENCE 

 

Abstract: This article presents the results of finite element modeling of the strain of a press-fit joint bushing with 

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 

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. 

 

 
Crack growth 

direction 

 
Volumetric strain 

 
Crack growth 

direction 

 
Volumetric strain 

Pressing length is 10 mm Pressing length is 20 mm 

 
Crack growth 

direction 

 
Volumetric strain 

 
Crack growth 

direction 

 
Volumetric strain 

Pressing length is 30 mm Pressing length is 40 mm 
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Crack growth 

direction 

 
Volumetric strain 

 
Crack growth 

direction 

 
Volumetric strain 

Pressing length is 50 mm Pressing length is 60 mm 

 
Crack growth 

direction 

 
Volumetric strain 

 
Crack growth 

direction 

 
Volumetric strain 

Pressing length is 70 mm Pressing length is 80 mm 

 
Crack growth 

direction 

 
Volumetric strain 

 
Crack growth 

direction 

 
Volumetric strain 

Pressing length is 90 mm Pressing length is 100 mm 

 

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 

is the crack growth in the axial direction in opposite 

directions over a pressing length of 30 mm. 

2. During the pressing process, the bushing 

material is subjected to elastic and plastic 

deformations of compression and tensile. Pressing the 

shaft into the bushing along its entire length is 

characterized by maximum compression of the 

bushing material with a loss of approximately 0.5% of 

its original volume due to cutting off a layer of 

material from the contact surfaces of parts. 

3. The vectors of tensile direction of the bushing 

material volume at different stages of pressing were 

obtained. In the deformed sections of the bushing, the 

strain of material is directed in the opposite direction 

to the shaft movement. Pressing the shaft to its full 

length is characterized by localized low-intensity 

tensile in the upper part of the bushing material, which 

indicates the formation of potential cracks in this area 

in the radial direction. 
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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, р. 227]. 

A distinction should be made between a migrant 

and a refugee. On this issue, V. Ilieva 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, р. 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, р. 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: 

• in 2024, only 3.7% of people globally were 

international migrants, up only modestly from 2.9% 

in 1990; 

• 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; 

• 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; 

• 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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• 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; 

• 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; 

• 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; 

• in contrast, Central and South Asia had the 

largest share - 75% of their diaspora living outside 

the region; 

• 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%; 

• 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; 

• 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; 

• 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. 

• 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; 

• 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, рр. 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: 

• 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. 

• 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 II in 1945 is estimated at 250 

thousand people. Of these, the majority are men – 

about 70 percent and rural workers – 80 percent. 

• 1948-1951 – Emigration was particularly 

intense during the period after World War II, when 

about 160 thousand Turks, 45 thousand Jews, and 5 

thousand Armenians left the country during the 

specified period. 

• 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. 

• 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, рр. 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, р. 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 

connects these interests.” [2, р. 10]. 

The integration of migrants into local 

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, р. 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: 

1. International migration causes a change in 

the composition of the population - it leads to an 

increase or decrease in the population in different 

regions of the world, with a tendency for the total 

number of migrants to increase. 

2. It definitely contributes to the rejuvenation 

of the population - countries with demographic aging 

gain a young working-age population, which 

contributes to the rejuvenation of the age structure 

and increases the birth rate. 

3. Imbalances appear in countries of origin and 

destination - migration redistributes the population 

from densely populated or overpopulated regions to 

areas with labor shortages or new construction. 

4. International migration has an impact on the 

economy - the influx of migrants influences the 

formation of demand and supply in the labor market, 

and remittances from migrants are an important 

source of income for countries of origin. 

5. It definitely stimulates human development 

- migrants contribute to the increase of human 

capital, entrepreneurship and contribute to the 

economic development of destination countries. 
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EFFECT OF LOW-LEVEL LASER THERAPY ON THE HEALING OF 

IIIAB–IV DEGREE BURNS 

 

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 IIIAB–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 

According to the National Center for Health 

Statistics Emergency Department report, one person 

will sustain an injury due to a fire every 23 min and 

approximately 433,000 burn injuries result in 

emergency medical attention every year in the United 

States [1]. Those with significant burns suffer not only 

directly from the injury, but also from a systemic 

response of suppressed immune function, increased 

susceptibility to infection and sepsis [2]. Lasers are 

now playing an important role in wound of burn 

management.  Delayed wound healing, coupled with 

increased metabolic demand and a weakened immune 

system, predisposes these patients to infections, sepsis 

and can lead to the development of purulent arthritis 

of the joints of the lower extremities during 

hospitalization. Purulent arthritis is a pathological 

condition in which the joints of the body get inflamed 

as a result of bacterial infection. Despite the frequency 

and severity of purulent arthritis in burn injury, the 

number of publications on this issue is minima [3]. 

After a burn injury, the primary damage is to the skin, 

making treatment of injured skin the prioritized target 

for acute care. Burn injury causes profound 

disturbances in all organs and systems of the body [4]. 

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 [5]. 
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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 IIIAB–IV 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 III-IV 

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 

selection of structural solutions are analyzed. Particular attention is given to the application of modern construction 

materials, digital design methods, and anti-seismic measures aimed at improving the stability and durability of 

buildings and structures. The necessity of a comprehensive approach to design is substantiated in order to ensure 

safety and sustainable development of the construction sector in the region. 
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Introduction 

Modern construction is characterized by 

increasingly stringent requirements for the safety, 

energy efficiency, and reliability of buildings and 

structures. These requirements are particularly 

significant for regions with complex natural, climatic, 

and seismic conditions. Karakalpakstan is among such 

regions, where the design of buildings and structures 

must take into account the effects of seismic forces, 

aggressive soils, sharp temperature fluctuations, and 

various environmental factors. 

Under such conditions, the design of buildings 

and structures requires the introduction of innovative 

technologies, the use of modern construction 

materials, and the application of advanced calculation 

and analysis methods. The aim of this study is to 

analyze modern approaches to design that incorporate 

innovations in construction, as well as to ensure 

structural and seismic safety. 
 

1. Natural-Climatic and Seismic Conditions 

of Karakalpakstan 

The climate of Karakalpakstan is characterized 

by aridity, high summer temperatures, strong winds, 

and significant temperature fluctuations throughout 

the year. The engineering-geological conditions of the 

region include the presence of loess, saline, and 

collapsible soils, which significantly affect the 

stability and bearing capacity of building and structure 

foundations. 

In addition, the territory is located within zones 

of seismic activity, which requires mandatory 

consideration of dynamic loads during the design 

process. Insufficient attention to these factors may 
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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. 

It is 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. 

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. 
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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+
1,y+

2,y+
3,y+

4,y+
5}∪{z+

1,z+
2,z+

3,z+
4,z+

5}, 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]. 

Key words: digitalization of the educational space, unmeasured indicators of emotions, deviations of the values 

of an individual's emotional indicator from zero, calculation of emotional risks, cognitive modeling, system of 

semantic equations. 
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КОГНИТИВНАЯ МОДЕЛЬ ИНДИВИДУАЛЬНЫХ И ГРУППОВЫХ ЭМОЦИЙ И РАСЧЕТ РИСКОВ 

ИХ ИЗМЕНЕНИЙ 

 

Аннотация: Проведено моделирование 5 видов изменчивостей стрессовых эмоций (для вычисления 

уровней  5 видов и(ц)-рисков   изменений стрессовых эмоций (процессах) у индивидов при процессах 

цифровизации)  и 5 видов изменчивостей групповых эмоций (для вычисления уровней  5 видов э(и)-рисков для 

групп индивидов-обучающихся), зависящих от стрессовых эмоций индивидов-обучающихся. Влияние 

индивидуальных  стрессовых эмоций на эмоциональные  следствия - эмоциональные эффекты, проявленных 

у индивидов в ответ на  воздействия того или иного подмножества стрессовых эмоций. Математическая 
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модель отклонений (от 0 влво, вправо на оси) и когнитивная модель зависимости смысла одной y+– 

переменной от суммы (+) смыслов нескольких z+-переменных (смыслов эмоций, соответствующих  смыслам  

переменных (сформулированных в статье [Храпов,Баева 2021]) из 2-х множеств 

{z+
1,z+

2,z+
3,z+

4,z+
5}∪{y+

1,y+
2,y+

3,y+
4, y+

5},. Моделируются формулы и значения изменчивостей z+- и y+–

переменных для вычисления уровней видов и(ц)-рисков и э(и)рисков (в диапазоне нивелирования рисков), 

зависящих от своих модельных отклонений. Вычисляются числовые значения 5 и(ц)-рисков изменения 

(стрессовых эмоций) при эмпирически заданных значениях 5 э(и)-рисков изменения (групповых эмоций). 

Математическая система (многомерных алгебраических уравнений) и когнитивная система (многомерных 

смысловых уравнений) образуют модель количественной зависимости эмоциональных эффектов 

(следствия) от индивидуальных стрессовых эмоций (причины). Выделены заметные парные связи - величины 

«весов». Определен критерий принадлежности вида риска к «безрисковому» типу –к ««практически 

допустимому уровню риска эмоций» (ПДУ).  Визуализированы на 7 Рисунках разные взаимосвязанные 

динамики 5 y+-отклонений э(и)-рисков (зависящих от z+-отклонений и(ц)-рисков). Визуализирован факт: 

отклонения для э(и)-рисков и отклонения для и(ц)-рисков удовлетворяют критерию наличия «нивелирования 

эмоциональных рисков цифровизации образовательного пространства» [Храпов, Баева 2021]. 

Ключевые слова: цифровизация образовательного пространства, неизмеряемые показатели эмоций, 

отклонения значений эмоционального показателя индивида от нуля, измерение эмоциональных  рисков, 

когнитивное моделирование, система смысловых уравнений. 

 

Введение 

В статье [1] выявлены 5 видов стрессовых 

эмоций (субъективных оценочных отношений), 

испытываемых индивидами-обучающимися от 

восприятия ими процессов цифровизации 

образовательных услуг (ЦОУ). Слово «эмоция» 

будем использовать для обозначения 

«наклонности», «мотивации», «настроения», 

«возбуждения» или «нервные потрясения». 

Наклонности и настроения, включая возбуждения, 

не суть события и не происходят ни публично, ни 

приватно. Они являются предрасположенностями, 

а не действиями или состояниями. 

Эмоциональное самоощущение индивидов-

обучающихся и мотивационный настрой 

обучающихся влияют на следствие цифровизации 

образовательного пространства – на динамику 

групповых эмоций. Имена-смыслы эмоций,  

модельные  значения  сил проявления эмоций 

являются объектами ниже проведенного 

цифрового моделирования  значений 5 видов 

изменчивостей, применяемых при вычислении 

уровней  5 видов рисков (и(ц)-рисков, i(d)-risks, 

individual (digitalization)-risks) изменения 

стрессовых эмоций от восприятий индивидами 

процессов цифровизации (для индивидов-

обучающихся) и значений 5 видов 

индивидуальных изменчивостей, применяемых 

для вычислений уровней  5 видов рисков  (э(и)-

рисков, e(i)-risks, emotional (individual)-risks) 

изменения  5 групповых эмоций (для 

образовавшихся групп индивидов-обучающихся), 

зависящих от стрессовых эмоций индивидов-

обучающихся, воспринятых ими ранее. 

Схематичное обозначение влияний указанных 

видов рисков: {и(ц)-риски}∪{э(и)-риски}, - как их 

смыслов, так и значений изменчивостей 

{zi1,zi2,zi3,zi4,zi5, i=1,…,m} и {yi1,yi2,yi3,yi4,yi5, 

i=1,…,m}, обусловлено применяемой 

математической зависимостью 2-х множеств 

переменных: {z1,z2,z3,z4,z5} и {y1,y2,y3,y4,y5}. Для 

иллюстрации адекватности реальным динамикам 

эмоций мы приводим графики   динамик 

изменчивостей модельных «индивидуальных 

изменчивостей» и «изменчивостей групповых 

эмоций», характеризующих ««эмоциональную 

сферу обучающихся». В статье [1] 

«подчеркивается «вероятностный характер 

эмоциональных рисков», вычисляемых здесь по 

модельным изменчивостям.  Модельные данные 

для их вычислений должны обладать свойством 

случайности. Этим и другим особенностям 

словесной модели из [1] соответствуют модели 

когнитивного компьютинга.  

 

Имена-смыслы эмоций, модельные 

значения  сил проявления эмоций 

Эмоциям соответствуют смысловые и 

неизвестные числовые компоненты 

информационного потока при восприятии 

сознанием индивидов эмоций, силы которых 

пытаемся оценить.  Пока мы знаем их разные 

имена-смысли. Они нам нужны для когнитивного 

суммирования (+) их смыслов. Для 

моделирования сил эмоций (в числовом виде) 

поставим в соответствие смыслам абстрактные 

безразмерные переменные z1,z2,z3,z4,z5, имеющие 

значения изменчивостей z+
i1,z+

i2,z+
i3,z+

i4,z+
i5, 

i=1,…,m. Они «измеряют» значения 

изменчивостей z+ переменных. Под термином 

«изменчивость» имеется в виду количество 

zij=(x0
ij-хср

j)/sj собственных отклонений (sj), 

умещающихся в отклонении (x0
ij-хср

j). 

Собственное отклонение (sj) вычисляется по 

формуле s2
j=(х2

1j+…+х2
mj)/m, xij=(х0

ij-хср
j), j=1,… . 

При  этом 2 изменчивости 2х z-переменных №1 и 

№3 связаны между собой посредством 

коэффициента  корреляции r13: zi1=r13*zi3. 

Дисперсия s2 является одним из видов 

измерителей риска изменений. Разные  единицы 
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измерения «измеренных» значений 

х0
i1,x0

i2,x0
i3,x0

i4,x0
i5 не позволяют их умножать\ 

делить), а   безразмерные значения переменных 

z1,z2,z3,z4,z5 можно умножать\делить или 

определять во сколько раз отклонение от нуля 

эмоции №1 больше отклонения от нуля эмоции 

№3. Между z-отклонениями эмоций №1 и №3 

существует парная зависимость, выражаемая 

через значение коэффициента корреляции r13. 

Например, при наличии m наблюдений над 

индивидом, зависимость «эмоциональной 

отчужденности обучающегося» (z1) от  

«эмоционального истощения в…» (z3) равна 

коэффициенту корреляции между z 

переменными z1,z3, вычисляемому по формуле 

r13=corr(z1,z3)=(1/m)*(z11*z13+z21*z23+… 

+zm1*zm3). Измерителем и(ц)-риска изменения 

стрессовой  эмоции является дисперсия s2, а 

измерителем э(и)-риска -r (смотрите ниже). 

Относительное  изменение 1-ой стрессовой  

эмоции (zi1) по сравнению с относительным  

изменением 3-й стрессовой  эмоции (zi3) тем 

больше, чем большее значение имеет 

коэффициент корреляции r13=corr(z1,z3), 

zi1=r13*zi3. При этом можно определить во 

сколько раз относительное изменение 

«отчужденности обучающихся от…» меньше 

(или больше) относительного изменения 3-ой 

стрессовой  эмоции - «информационным 

перенасыщением…». Модельные значения 

коэффициентов корреляции и значения 

относительных изменений приведены в Таблицах 

1 и 2.    

Имена-смыслы наших коррелированных z-

переменных z1,z2,z3,z4,z5 полагаем равными 

смыслам 5 видов проявленных стрессовых 

эмоций индивидов от восприятий процессов 

цифровизации образовательных услуг [1]:  

1) эмоциональная отчужденность обучающихся 

от одноклассников и педагогов;   

2) эмоциональная депривация (болезненно 

переживаемая индивидом чувство потери 

навсегда, чувство насильного лишения чего-то 

необходимого), вызванная «цифровым 

неравенством»;   

3) эмоциональное истощение в связи с 

информационным перенасыщением и 

доминированием наглядно-образного 

восприятия учебного материала;   

4) эмоциональная тревожность 

(обеспокоенность по поводу – С.Ж.) из-за 

тотализации цифрового контроля за 

результатами учебной и внеучебной 

деятельности обучающихся;   

5) эмоциональные деформации, вызванные 

неустойчивостью самооценки обучающихся.         

При моделировании изменчивостей, 

используемых для вычисления рисков 

изменения эмоций мы должны учитывать 

словесные описания анализируемых 

процессов. Динамики проявлений 5 

стрессовых эмоций  индивидов в процессах 

ЦОУ непосредственно влияют на динамики 

групповых эмоций индивидов [1]. 

Необходимо разработать количественную 

модель формализации этих «связанных» 

динамик, а визуализация модельных данных 

должна наглядно показать вышеназванные 

влияния и дополнить  словесную модель.  

Модельные числовые значения  не 

измеряемых отклонений-показателей 

позволят вычислить уровни рисков изменения 

разных эмоциональных восприятий как 

индивидов, так и групп индивидов. Имеем 5 

видов отклонений для  эмоций индивидов и 5 

видов групповых эмоций. Им соответствует 10 

видов  уровней рисков изменения 

эмоциональных восприятий и эффектов с 

разными 10 именами-смыслами.  Носителями 

эмоций являются индивиды и группы 

индивидов. Индивид, испытавший  один или 

несколько из видов индивидуальных  эмоций 

испытывает далее один из видов групповых 

эмоций. Мы не изучаем индивиды, а изучаем 

проявляемые ими эмоции: 5 видов 

индивидуальных  эмоций и 5 видов групповых 

эмоций. Исходными данными для излагаемой 

ниже модели являются имена-смыслы 

некоррелированных валидных y-переменных 

y1, y2, y3, y4,y5 (для 5 видов групповых эмоций) 

и имена-смыслы коррелированных z-

переменных z1,z2,z3,z4,z5 (для 5 видов 

стрессовых эмоций у индивидов). Стрессовые 

эмоции индивидов зависят от процессов 

цифровизации образовательных услуг 

(вычисляются уровни и(ц)рисков), а 

групповые эмоции – от подмножеств 

стрессовых эмоций индивидов (вычисляются 

уровни э(и)-рисков). Имена-смыслы 5 видов 

групповых эмоций назначим  равными фразам 

смыслам [1] 5 независимых эмоциональных 

эффектов, зависящих от 5 подмножеств 

индивидуальных эмоций. Групповые эмоции 

проявлены  как следствие  причины  - 

воздействий того или иного подмножества из 

множества видов стрессовых эмоций 

индивидов. В системе «обучающиеся-эмоции» 

при стрессовых ситуациях цифровизации 

моделируются связи  эмоций-эффектов от 

эмоций пережитых индивидуальных стрессов. 

Поэтому в модели валидные 

некоррелированные y-переменные 

y1,y2,y3,y4,y5 должны зависеть от 

коррелированных z-переменных z1,z2,z3,z4,z5. 

Поставленные в соответствие 5 именам-

смыслам эмоциональных эффектов 

абстрактные безразмерные переменные 

y1,y2,y3,y4,y5 имеют m модельных значений, 
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равные относительной изменчивости 

yi1,yi2,yi3,yi4,yi5, i=1,…,m, служат 

«измеренными» значениями изменчивостей, 

необходимых для вычисления 5 видов риска с 

смыслами, обоснованно описанных в статье 

[Храпов, Баева 2021]:   

1) эмоциональная эйфория (y1) от широкого 

доступа к цифровому обучению у тех, кто ранее 

по различным причинам не имел полноценной 

возможности получать классическое 

образование;   

2) эмоциональная включенность (y2) людей 

с ограниченными возможностями развития в 

цифровой образовательный процесс;   

3) эмоциональная позитивность (y3) 

обучающихся от расширения возможностей 

поступления  в средние специальные и высшие 

учебные заведения посредством цифровых 

технологий;   

4) эмоциональная связь с участниками 

образовательных форумов (y4) и других 

электронных образовательных ресурсов;   

5) эмоциональная воодушевленность (y5) 

обучающихся при получении возможностей 

формирования индивидуальных траекторий 

обучения посредством цифровых технологий.  

Появляется новый уклад жизни - источник 

воодушевлённости и созидательной энергии, 

проявляемый не быстро. «Эмоциональная связь 

с…» (y4) и «эмоциональная воодушевленность 

…» (y5) в нашей модели являются менее 

вариабельными (более стабильными 

эмоциональными отклонениями). Поиск величин 

и индексов заметных «весов» (с44, с54, с45, с55) 

является приоритетным моментом при выборе 

матрицы С55 [2-5] из пары модельных матриц 

(Λ55,C55), необходимых для математической [2] 

модели (Λ55=>(C55,R55,Ym5,Zm5). Набор индексов 

(заметных по величине «весов») образует 

мозаику внутри квадрата 5-на-5.  

Мы рассматриваем 5 рисков цифровизации 

(моделируем для них свои отклонения для 

эмоций индивидов-обучающихся) и 

рассматриваем зависимые от них отклонения 5 

«групповых эмоций».  В качестве управляющих 

параметров модели назначим значения 5 

дисперсий неизвестных y-отклонений 5 

«групповых эмоций». Вышеназванные 

зависимости формализуют   познавательную 

сферу для индивидов в контексте официальной 

(надличностной) цифровизации 

образовательного пространства. Измерителями 

10 указанных рисков являются 10 дисперсий (5  z-

переменных z1,z2,z3,z4,z5 и 5 y-переменных 

y1,y2,y3,y4,y5). Цель – нахождение 12*10 значений 

неизвестных отклонений (10 видов), 

соответствующих значениям своих дисперсий (5 

из них эмпирически заданы, 5 -моделируются).  

Среди и(ц)- и э(и)рисков существует иерархия, 

учитываемая в модели  через доминирование  

одних значений дисперсий над другими, при 

наличии наименьших.  Поэтому при изложении 

сути модели перейдем к терминам z- и y-

изменчивостей, необходимых для вычислений 

и(ц)- и э(и)рисков:  ц-риски - по изменчивостям 

zi1,zi2,zi3,zi4,zi5 и групповые э(и)-риски – по  

изменчивостям yi1,yi2,yi3,yi4,yi5. На рисунках 

наглядно видны зависимости 5 групповых 

эмоций от 5 видов индивидуальных эмоций 

обучающихся. Легко воспринимаемая форма 

зависимости между отклонениями разных или 

одинаковых переменных–линейная. Они 

(динамики отклонений) «носят трендовый, но не 

абсолютный характер, поскольку реализация 

любых рисков зависит не только от масштаба 

угрозы, но и от уязвимости объекта воздействия, 

в данном случае от психоэмоциональной 

стабильности, уровня развития  когнитивной 

сферы, социально личностных особенностей    

обучающихся» [1].   

Здесь ниже в рамках применяемой 

математической модели ОМ ГК [2] мы полагаем: 

пяти видам рисков цифровизации (для 5 

групповым типам эмоциям) соответствуют 5 

некоррелированных y-переменных y1,y2,y3,y4,y5 

(«измеряющих» 5 эмоциональных эффектов 

(вызванных у групп индивидов-обучающихся). 

Анализ показывает: словесно показатели 

групповых эмоций можно считать 

независимыми, тогда соответствующие им 

изменчивости y-переменных y1,y2,y3,y4,y5 

некоррелированные. Линейная форма 

зависимости y=z*c количественно выражает силу 

«веса» с z-переменной, умноженный на величину 

стандартизированной изменчивости   z: чем 

больше «вес» с>0 z-переменной, тем больше 

отклоняется величина y-переменной  (y=z*c) от 

нуля– влево от 0 (при z<0) или вправо от 0 (при 

z>0). Чем ближе значение z к 0, тем меньше  

изменяется  y-переменная, а знакопеременный 

ряд таких значений 

yij=zi1*c1j+zi2c2j+zi3c3j+zi4c4j+zi5c5j может показать 

нивелирование динамики стандартизированной  

изменчивости (y-переменной) №j. Наша j-ая z-

переменная zj (влияющая на y) такова что ее 

значения тоже образуют знакопеременный ряд, 

сумма отрицательных слагаемых равна сумме 

положительных слагаемых: (1/m)*(z1j+…+ zmj)=0. 

Каждой z-переменной присуще  индивидуальная 

z-изменчивость, а j-ая y изменчивость равна 

линейной комбинации 5 индивидуальных z-

изменчивостей zi1,zi2,zi3,zi4,zi5  5-ти z-переменных 

z1,z2,z3,z4,z5, причем z-изменчивости 

«измеряются» m>5 раз, i=1,…,m, i номер   

измерения, равный номеру момента времени 

«измерения».     

Цель нашего цифрового моделирования – 

достижение адекватности взаимных динамик 5  z-
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изменчивостей, взаимных динамик 5 y-

изменчивостей эмпирическим квазиреальным 

взаимным трендам 5 стрессовых эмоций 

индивидов и 5 групповых эмоциональных 

эффектов. При визуализации динамик модельных 

изменчивостей (реальных изменчивостей не 

существует) мы должны увидеть разные начала 

для момента времени наступления 

нивелирования (цель исследования [1]) 5 

эмоциональных y-рисков.  

  

Когнитивно суммируемые имена-смыслы z–

переменных  

  

Смыслы рисков, сформулированные в [1] 

применяем для z– и y– изменчивостей.  

Когнитивный смысл одной y–изменчивости, 

равной сумме  смыслов  z- изменчивостей (знак 

суммы (+) не будет определен, если итоговая 

фраза, передающая смысл y–изменчивости, не 

будет иметь содержательного смысла из-за «не 

стыковки» фраз слагаемых, передающих смыслы 

z-изменчивостей [6-17]. Трудно объединить в 

одну фразу много фраз с отличающимися 

смыслами. Найдем смыслы только таких z-

изменчивостей, для которых когнитивный  смысл 

их суммарной фразы передает известный смысл  

y–изменчивости без когнитивного диссонанса (у 

нас исходные данные–10 имен-смыслов 

изменчивостей). Количество так суммируемых 

смыслов z-изменчивостей у нас не более 3, но 

нижеприведенные результаты выбора 5 

подмножеств смыслов эмоций, соответствуют 

смыслам y–изменчивостей, при этом 

потребовались неоднократные уточнения. 

Результаты поиска 5 правильных соответствий из 

схемы вида смысл{yj}=смыслы{z1,z2,z3,z4,z5}, 

j=1,…,5, определили подмножества влияющих z- 

изменчивостей, они приведены ниже. Дополним 

эти главные по сути когнитивные ограничения 

математическими соотношениями на параметры 

и переменные математической модели.   

Символом + будем означать знак 

когнитивной суммы имен-смыслов z-

изменчивостей,  состоящей из объединенной 

фразы, без диссонанса передающей имя-смысл y–

изменчивости. Дисперсия-измеритель риска. 

Дисперсия числового ряда  отклонений или 

стандартизованных отклонений 

(=изменчивостей) является измерителем риска. 

Уровень э(и)-риска (дисперсия y изменчивости) 

вычисляется по модельным значениям y-

изменчивости, а и(ц)-риск – по значениям z-

изменчивости. Поэтому начальным этапом 

моделирования значений 5 видов э(и)-риска, 

влияющих на 5 видов э(и)-риска является 

моделирование значений некоррелированных y-

изменчивостей и коррелированных z-

изменчивостей. Назначим имена-смыслы 

некоррелированных y-переменных y1,y2,y3,y4,y5 (в 

математической модели), соответствующих y-

изменчивостям yi1,yi2,yi3,yi4,yi5, равные смыслам 5 

видов э(и)-рисков обоснованно описанных в 

статье [Храпов, Баева 2021]. Назначим значения 

λ1=2.1, λ2=1.4, λ3=1, λ4=0.25, λ5=0.25 5 дисперсиям 

λ1, λ2, λ3, λ4, λ5 5 y-изменчивостей, в сумме равных 

5 (из-за стандартизованности применяемых y-

изменчивостей): 

disp(y1)+disp(y2)+disp(y3)+disp(y4)+disp(y5)=  

λ1+…+ λ5=5, λ1≥ λ2≥…≥ λ5>0. Наибольшая 

дисперсия э(и)-риска вида №1 λ1=2.1 и 

следующие значения других дисперсий  

подбирались вручную (несколько раз повторяя 

этапы моделирования) до тех пор, пока была 

достигнута нижеприведенная мозаика мест 

нахождения «заметных» элементов в матрице 

С55. Назначенные значения λ1=2.1, λ2=1.4, λ3=1, 

λ4=0.25, λ5=0.25 объединим в диагональную 

матрицу λ55=diag(2.1,1.4,1,0.25,0.25), 

2.1+1.4+1+0.25 +0.25=5. Рассмотрим заданные 

y-смыслы и найдем 5 наборов z-смыслов (и(ц)-

рисков) 5 подмножеств z-переменных с именами-

смыслами, подчиняющиеся когнитивным 

ограничениям. В дальнейшем математические 

ограничения потребовали от нас перейти от z– и 

y– изменчивостей к z+– и y+–изменчивостям с 

прежними именами-смыслами. Ниже мы 

выделим 5 подмножеств z+-переменных для 5 y+-

изменчивостей, строго соответствующие именам 

смыслам 2-х или 3-х из 5 смыслов z+- 

изменчивостей, входящих в свой y+-смысл y+ 

изменчивости.  При этом смысл j–ой  y+-

изменчивости должен быть равен когнитивной 

сумме смыслов z+-изменчивостей: 

смысл(y+
i1)=смысл(z+

i1)*c11+смысл(z+
i2)*c12+ 

смысл(z+
i3)*c31+смысл(z+

i4)*c41+смысл(z+
5)*c55, 

так как верна формула  для y+
j-изменчивости: 

y+
ij=z+

i1*c+
1j+z+

i2c+
2j+z+

i3c+
3j+z+

i4c+
4j+z+

i5c+
5j, 

i=1,…,12. Сумма  имен-смыслов 2-х или 3-х z+ 

изменчивостей, например, 

смысл(z+
i4)*c45+смысл(z+

5)*c55, легко формирует 

имя-смысл  y+ изменчивости №5, равного сумме 

произведений  «весов» c45,c55 и смыслов  z+-

изменчивостей z+
4,z+

5. Только некоторые суммы 

смыслов из правой части данного смыслового 

равенства (смысл(y+
i1=…) образуют фразу без 

когнитивного диссонанса. Для каждого смысла j-

ой y+-изменчивости выберем только те слагаемые 

+смысл(z+
k)*ckj+, смыслы z+

k изменчивостей, 

когнитивная сумма  имен-смыслов которых 

образует фразу без когнитивного диссонанса. Это 

условие является главным в нашей модели. 

Содержательные смыслы изменчивостей, а не 

математические формулы, первичны и важны в 

нашей модели. Определяем номера z+-

изменчивостей у выбранных слагаемых и эти 

номера фиксируем как номера «весов»-

индикаторов вводимых знаний. «Вес»-индикатор  
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с+
11 вводимых знаний о силе связи между z+

1-

изменчивостью и y+
1-изменчивостью у нас 

(аналогично) назначен равным 

с+
11=corr(z+

1,y+
1)=0.5227: чем ближе связь z+

1 с 

y+
1 к виду y+

1=c*z+
1,c=0.5227, тем больше 

выражена линейная связь. Каждый «вес» c+
kj  

должен быть элементом k-ой строки, j-ого 

столбца матрицы «весов» С+
55  и ему присвоим 

статус «индикатор наличия знаний». Тщательный 

интеллектуальный анализ смыслов z+- и y+-

изменчивостей позволил зафиксировать 12 

индикаторов из матрицы С55, преобразованной в  

матрицу С+
55.  Подбор или фиксация  значений 12 

«весов»-индикаторов  и дисперсий λ1,…λ4, λ5: 

управляющих параметров нашей модели, 

измерителей э(и)-рисков (групповых 

эмоциональных эффектов) – тема отдельного 

исследования [Zhanatauov 2022].  Изменялись 

лишь знаки элементов, а не их значения. Такие 

изменения в матрице С55 позволили  добиться 

требуемых знаков в элементах (с+
11,с+

31,с+
41, 

с+
22,с+

42,с+
52,с+

33,с+
43,с+

44,с+
54,с+

45,с+
55) матрицы 

С+
55, удовлетворяющих системе смысловых 

уравнений. Знаки присущи выбранной системе 

имен-смыслов, определяемой под формулами  

формулы z+
ij=y+

i1*c+
j1+y+

i2c+
j2+y+

i3c+
j3+y+

i4c+
j4+ 

y+
i5c+

j5, i=1,…,12, где j-номер y+-изменчивости, 

равными линейным комбинациям когнитивно 

суммируемых имен-смыслов z+–переменных. 

Ниже будет приведена эта система  смысловых 

уравнений.   

  

Элементы матрицы  С+
55 – числовые 

параметры системы смысловых уравнений  

  

Опишем действия по поиску матрицы С+
55  c 

12 «весами», величины которых удовлетворяют 5 

критериям. В  смысл y+-переменной y+
1 

«эмоциональная эйфория от широкого доступа к 

цифровому обучению…»   входят смыслы 3-х z+-

переменных: смысл(y+
1)=смысл(z+

1)* 

смысл(z+
3)*смысл(z+

4), символ * означает знак 

суммирования 3-х смыслов «эмоциональная 

отчужденность обучающихся от…» (z+
1), 

«эмоциональное истощение в связи …» (z+
3), 

«эмоциональная тревожность из-за …» (z+
4). 

«Весам», соответствующим этим 3-м 

выделенным смыслам z+-переменных, присвоим 

статус «заметные веса» и назначим для их 

значений критерии   «превышения пороговых 

значений». Валидная y-переменная №1 с 

дисперсией  λ1=2.1 («эмоциональная эйфория от 

широкого доступа…») должна зависеть от 3-х  z+ 

переменных z+
1,z+

3,z+
4. Смыслы z+-переменных 

z+
1,z+

3,z+
4: «эмоциональная отчужденность 

обучающихся от» (z+
1), «эмоциональное 

истощение в связи …» (z+
3), «эмоциональная 

тревожность из-за …» (z+
4) входят в y+-смысл 

«эмоциональная эйфория от широкого доступа к 

цифровому обучению…»   y+-переменной y+
1. Это 

смысловое условие формализуется через 

измеритель степени выраженности линейной 

связи между z+
1,y+

1-коэффициент корреляции 

с+
11=corr(z+

1,y+
1): чем ближе связь z+

1 с y+
1 к виду 

y+
1=c*z+

1, 0 тем больше выражена линейная связь. 

Чем дальше от 0 (ближе к -1 или к +1) 

расположено значение corr(z+
1,y+

1), тем ближе 

связь z+
1 с y+

1 к виду y+
1=c*z+

1, 0. Если есть какая-

то степень линейной связи, то можно измерить ее 

через измеритель corr(z+
1,y+

1), в противном 

случае нельзя применять этот измеритель. Для i-

ых значений z+-переменных z+
1,z+

3 связь между 

ними является линейной: z+
i1*=r+

13*z+
i3, 

i=1,…,m,-1 ≤r+
13=corr(z+

1,z+
3)≤+1, для i-ых 

значений j-ой y+-переменной (для y+-

изменчивости) связь является многомерной 

линейной: y+
ij=z+

i1*c+
1j+z+

i2c+
2j+z+

i3c+
3j+ 

z+
i4c+

4j+z+
i5c+

5j, i=1,…,12, i-ая y+-изменчивость 

равна линейной комбинации 5 индивидуальных 

z+-изменчивостей z+
i1,z+

i2,z+
i3,z+

i4,z+
i5  5 z+-

изменчивостей.  

Величины «весов» с+
11 (со знаком «+»), с+

31, 

с+
41 (все со знаком «-»)  должны иметь заметные 

значения по шкале Чеддока «заметная 

корреляция» - от 0,3 до 0,6. Тогда мы сможем 

выделить сумму «заметных» смыслов, 

когнитивная сумма (+) которых равна смыслу y+ 

изменчивости (смотрите ниже систему  

смысловых уравнений). Знак (+) при величине 

«веса» с+
11 объясняется пропорциональной 

зависимостью переменных z+
1,y+

1 в формуле 

с+
11=corr(z+

1,y+
1): чем больше «эмоциональная 

отчужденность (самостоятельность, 

независимость) обучающихся от одноклассников 

и педагогов» ( z+
1), тем в большей степени они 

ощущают, а в рамках нашей модели в момент 

времени i значение переменной y+
1 отклоняется 

вправо от 0 - «эмоциональную эйфорию от 

широкого доступа к цифровому обучению…». 

Знак (-) при величине «веса» с+
31 объясняется 

обратно пропорциональной зависимостью 

переменных z+
3,y+

1 в формуле с+
31=corr(z+

3,y+
1): 

чем меньше «эмоциональное истощение в связи 

…» (z+
3), тем в большей степени он ощущает   

«эмоциональную эйфорию от широкого доступа 

к цифровому обучению…» (y+
1). Только смыслы 

3-х величин «весов»  с+
21=corr(z+

2,y+
1), 

с+
31=corr(z+

3,y+
1), с+

41=corr(z+
4,y+

1) участвуют 

при когнитивном формировании фразы, 

передающей смысл  y+-переменной y+
1, фразы-

смыслы остальных 3-х z+ переменных z+
1,z+

2,z+
5 

нельзя присоединять к сумме смыслов, так как 

при этом образуется бессмысленная итоговая 

фраза. Из-за того, что переменные z1,z2,z3,z4,z5 

стандартизированы z+
1,z+

2,z+
3,z+

4,z+
5 не 

стандартизированы), а суммы дисперсий 

(1+1+1+1+1=λ1+ λ 2+ λ 3+ λ4+λ5) равны 5, имеем 

5 количественных соотношений между весами: 
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c+2
1j=corr2(z+

1,y+
j)…, c+2

5j=corr2(z+
5,y+

j), 

c+2
1j+…+c+2

5j=1, j=1,…,5, удобные для 

вычислений долей 5 z+-изменчивостей 

z+
i1,z+

i2,z+
i3,z+

i4,z+
i5 в одной y+-изменчивости y+

ij. 

Но линейная комбинация без «весов» (c+
1j,…,c+

5j) 

со своими случайными u-изменчивостями 

ui1,ui2,ui3,ui4,ui5 образует j-ую y+ изменчивость 

y+
ij=ui1+…uij* λ1/2

j+....+ui5, j=1,…,5. Валидная y+-

переменная №1 с дисперсией  λ1=2.1 

моделируется по формуле y+
i1=ui1* λ1/1

1+ui2+ui3+ 

ui4+ui5, i=1,…,12.  

Продолжим конструирование каждого 

слагаемого из очередного смыслового уравнения 

(с z+– и y+– изменчивостями) для будущей 

системы смысловых уравнений (с z+– и y+– 

изменчивостями). Смысл валидной y+-

переменной №2 смысл(y+
2)=«эмоциональная 

включенность людей с ограниченными 

возможностями...» выражен фразой, состоящей 

из суммы смыслов: 

смысл(z+
2)смысл(z+

4)+смысл(z+
5)=«эмоциональн

ая депривация (болезненно переживаемая 

индивидом чувство потери…»+«эмоциональная 

тревожность, обеспокоенность…»+ 

«эмоциональные деформации,  вызванные…». 

Валидная y-переменная №2 y+
i2=ui1+ui2*λ1/2

2+ 

ui3+ui4+ui5 с дисперсией  λ2=1.4 

(смысл(y+
2)=«эмоциональная включенность 

людей с ограниченными возможностями…») 

должна зависеть от 3-х  z+-переменных z+
2, z+

4, z+
5 

с заметными «весами» с+
22, с+

42, с+
52 (значения 

с+
22, с+

52 имеют  знак «-», с+
42 – знак «+»). 

Обоснование знаков при «весах» аналогично 

вышеприведенному для y+-переменной №1. 

Величины «весов» с+
22=corr(z+

2,y+
2) (со знаком «-

»), с+
42=corr(z+

4,y+
2) (со знаком «+») должны 

иметь заметные значения по шкале Чеддока 

«заметная корреляция». Изменчивость вида 

эмоций «эмоциональная включенность (y+
2) 

является следствием эмоциональной  

положительной обеспокоенности индивида (z+
5), 

выраженной величиной с+
52=corr(z+

5,y+
2) (со 

знаком «-», при этом отсутствуют 

эмоциональные деформации, но присутствует 

постоянная стабильность самооценки 

обучающихся): они  должны иметь заметные 

значения по шкале Чеддока «заметная 

корреляция» - от -0,7 до 0,45.  Чем меньшую 

«эмоциональную тревожность (обеспокоенность) 

из-за тотализации цифрового контроля …» (z+
4) 

ощущается «люди с ограниченными…», тем в 

большей степени ощущают «эмоциональную 

включенность люди с ограниченными 

возможностями…)» (y+
2). Здесь также нами 

правильно отражено в формулах направление 

между логическими объектами причина-

следствие при их конкретных смыслах. 

Когнитивная  сумма (+) «заметных» смыслов 

(входящих в формулу смысл(y+
i2)= смысл(z+

i2)* 

c+
12+смысл(z+

i4)*c+
42+смысл(z+

i5)*c+
52),  должна 

быть равна известному смыслу y переменной y+
2. 

А модельные значения y+-переменной y+
2 

моделируются по формате 

y+
i2=ui1+ui2*λ1/2

2+ui3+ui4+ui5 (с дисперсией  

λ2=1.4).   индикаторы присутствия вложенных 

нами знаний с+
22=corr(z+

2, y+
2), с+

42=corr(z+
4,y+

2), 

с+
52=corr(z+

5,y+
2) должны иметь заметные 

значения по шкале Чеддока «заметная 

корреляция» - от 0,3 до 0,7.   

Смысл валидной y+-переменной №3 

смысл(y+
3)=«эмоциональная позитивность 

обучающихся  от расширения возможностей...» 

включает в себя сумму «заметных» смыслов: 

смысл(y+
3)= смысл(z+

3)+смысл(z+
4), состоящей из 

объединенной фразы, без диссонанса 

передающей имя смысл э(и)-риска №3. Степень 

«эмоциональной позитивности (отрицания 

«негативности») обучающихся…» зависит от 

степени «эмоционального истощения в связи с 

…» степени «эмоциональной тревожности 

(обеспокоенности по поводу) из-за…». Величины 

«весов» с+
33=corr(z+

3,y+
3) - со знаком «-», 

с+
43=corr(z+

4,y+
3) - со знаком «-», должны иметь 

заметные (по шкале Чеддока «заметная 

корреляция» - значения от 0.3 до 0.9). Причины: 

субъективные «эмоциональное истощение в 

связи с …» «эмоциональная тревожность 

(обеспокоенность по поводу) из-за…» ведут к 

следствию – к проявлению некоторой степени 

«эмоциональной позитивности обучающихся от 

расширения возможностей...». Происходит 

признание полезности результата при 

субъективных восприятиях неприятных эмоций 

2-х видов. Наша шкала измерения пригодна и для 

j=3: значение силы связи i-ой z-изменчивости с j-

ой y+ изменчивостью принадлежит  объединению 

2-х интервалов [-1,0]∪[0,+1], то есть величина 

«веса» с+
ij для всех пар индексов (i,j) может 

меняться внутри интервала [-1,+1]=[-1,0]∪[0,+1]: 

-1≤с+
ij=corr(z+

i,y+
j)≤+1. Валидная y+-переменная 

№3 y+
i3=ui1+…ui3* λ1/2

3+....+ui5,  (эмоциональная 

позитивность  обучающихся…) с дисперсией  

λ3=1 должна зависеть от 2-х  z+ переменных z+
3,z+

4 

с отрицательными «весами» с+
33=corr(z+

3,y+
3), 

с+
43=corr(z+

4,y+
3) (по шкале Чеддока «заметная 

корреляция» - с значениями от 0,5 до 0,7).  

Смысл валидной y+-переменной №4 

включает в себя когнитивную сумму 2-х смыслов 

2х z+-переменных z+
4, z+

5: 

смысл(y+
4)=смысл(z+

4)+смысл(z+
5). Фразы 2-х 

смыслов имеют вид суммы: «эмоциональная 

связь с участниками образовательных 

форумов...»=«эмоциональная тревожность, 

обеспокоенность…»+«эмоциональные 

деформации, вызванные…». Эта сумма 2-х 

смыслов соответствует 2 слагаемым 

z+
i4c+

44+z+
i5c+

54 из формулы  y+-переменной y+
4: 

y+
i4=ui1+…ui4*λ1/2

4*ui4+ui5 связи ее с z+-
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переменнымиz+
4,z+

5. Это уравнение связи 

эмоционального риска (э(и)-рисков изменения) 

№4 (в совокупности с остальными вычисленного 

по значениям элементов 5 столбцов матрицы Um5) 

с  уравнениями других y+-переменных 

y+
1,y+

2,y+
3,y+

4,y+
5 (и 5 строк матрицы C+

55), 

позволили вычислить значения элементов m=12 

строк матрицы  Z+m5=Y+m5C+T55 z+-

отклонений, необходимой для вычисления 

уровней и(ц)рисков цифровизации №1,2,3,4,5. 

Изменчивость y+
i4 валидной y+-переменной №4 (с  

дисперсией  λ4=0.25) должна зависеть от 

заметных (по шкале Чеддока)  «весов» 

abs(с+
44)>0.3, abs(с54)>0.6 и от z+-изменчивостей 

z+
i4, z+

i5 (i=1,…,m) 2-х  (из 5) z+-переменных 

z+
4,z+

5. При  заданном значении э(и)-риска №4 - 

заданном значении дисперсии 

disp(y+
4)=disp(y+

4)=λ4= 

(1/m)*(y+2
14+…+y+2

m4)=0.25 мы выделим 

слагаемые +z+
i4c+

4j+z+
i5c+

5j+, где «веса» 

с+
44=corr(z+

4,y+
4)<0, с+

54=corr(z+
5,y+

4)<0 (из 

матрицы С+
55={c+

ij=corr(z+
i,y+

j)} должны иметь 

отрицательные значения. Знаки при 2-х «весах» 

требуются быть таковыми из-за обратной связи в 

парах переменных (z+
4,y+

4), (z+
5,y+

4) из формул 

с+
44=corr(z+

4,y+
4)<0,с+

54=corr(z+
5,y+

4)<0 для 

смыслового уравнения  вида 

смысл(y+
4)=смысл(z+

4)*смысл(z+
5). «Веса» 

c+
4j,c+

5j  выбраны нами (после анализа смыслов 

всех z+-переменных) в качестве индикаторов 

наличия знаний [Zhanatauov 2019а] о связях 

между и(ц)- и э(и)-рисками.   

Смысл валидной y+-переменной №5 

смысл(y+
5)=«эмоциональная воодушевленность  

обучающихся при...» включает в себя 

когнитивную сумму смыслов 2-х z+-переменных: 

смысл(z+
4)*смысл(z5)=«эмоциональная 

тревожность, обеспокоенность…»+ 

«эмоциональные деформации, вызванные…». 

Изменчивость y+-переменной №5 

y+
i5=ui1+…+ui5*λ1/2

5 (ее дисперсия  λ5=0.25),  а z+-

изменчивости вычислим по формуле  

Z+
m5=Y+

m5C+T
55 для z+-отклонений, необходимой 

для вычисления уровней и(ц)-рисков 

цифровизации №1,2,3,4,5. Индикаторы наличия 

знаний [Zhanatauov 2019а] не должны зависеть от 

модельных случайных z+-изменчивостей 

z+
i4,z+

i5:z+
i5=y+

i1*c+
51+y+

i5c+
52+y+

i5c+
53+y+

i5c+
54+y+

i5c+
55. Слагаемые  +z+

i4c+
45+z+

i5c+
55+ содержат 

«веса» c+
45,c+

55  из матрицы индикаторов [7] С+
55, 

влияющие на вычисляемые уровни и(ц)-рисков, 

но не влияющие на уровни э(и)-рисков.    

Элементы  корреляционной матрицы R(ℓ)
55 

ℓ=221 (левая часть Таблицы 1), наделены 

используемыми нами знаниями о силах парных 

линейных  связей rij=rji, но мы применяем 

(смотрите правую часть Таблицы 1) другую 

матрицу С+
55≠С55, не равную матрице С55 

собственных векторов (сгенерированной  

программой их ППП «Спектр» [4] 

корреляционной матрицы R(ℓ)55 ℓ=221.   

 

Таблица 1 

 

cor(z1,z3)  cor(z1,z3)  cor(z1,z3)  cor(z1,z3)  cor(z1,z3)  c+
1  c+

2  c+
3  c+

4  c+
5  

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  

  

  

Когнитивная модель проявлений 

индивидуальных и групповых эмоций, расчет 

и(ц)-рисков для заданных э(и)-исков 

 И(ц)-риски, э(и)-риски обозначают 

введенные в [1] индивидуальные эмоциональные 

риски цифровизации и вызванные 

индивидуальными эмоциями групповые эмоции. 

Носителями эмоций являются индивиды и группы 

индивидов. Индивид, испытавший один или 

несколько из видов индивидуальных эмоций 

испытывает далее один из видов групповых 

эмоций. Мы не изучаем индивиды, а изучаем 

проявляемые ими эмоции: 5 видов 

индивидуальных эмоций и 5 видов групповых 

эмоций. Выше они формализованы в форму 

системы смысловых уравнений имен-смыслов 

изменчивостей zi1,zi2,zi3,zi4,zi5,yi1,yi2, yi3,yi4,yi5. Она 

состоит из 5 многомерных смысловых уравнений: 

смысл(y+
i1)=смысл(z+

i1)*c+
11+смысл(z+

i3)*c+
31+ 

смысл(z+
i4)*c+

41, 

смысл(y+
i2)=смысл(z+

i2)*c+
12+смысл(z+

i4)*c+
42+ 

смысл(z+
i5)*c+

52, смысл(y+
3)=смысл(z+

3)*c+
33+ 
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смысл(z+
4)*c+

43, смысл(y+
4)=смысл(z+4)*c+

44+ 

смысл(z+
5)*c+

54, смысл(y+
5)=смысл(z+

4)* c+
45+ 

смысл(z+
5)*c+

55. Ранее этой системы многомерных 

смысловых уравнений отличается от решений в 

других предметных областях [3]. Наша система 

смысловых уравнений соответствует системе из 5 

алгебраических уравнений вида:  

y+
ij=z+

i1*c+
11+z+

i2c+
21+z+

i3c+
31+z+

i4c+
41+z+

i5c+
51, 

y+
i2=z+

i1*c+
12+z+

i2c+
22+z+

i3c+
32+z+

i4c+
42+z+

i5c+
52, 

y+
i3=z+

i1*c+
13+z+

i3c+
33+z+

i3c+
33+z+

i4c+
43+z+

i5c+
53; 

y+
i4=z+

i1*c+
14+z+

i2c+
24+z+

i3c+
34+z+

i4c+
44+z+

i5c+
54, 

y+
i5=z+

i1*c+
15+z+

i5c+
25+z+

i5c+
35+z+

i5c+
45+z+

i5c+
55.  

Так как значения левых частей известны и 

образуют матрицу Y+
m5, то мы должны найти 

решение другой системы алгебраических 

уравнений: Z+
m5=Y+

m5С+T
55, где матрица 

Y+
m5=Um5Λ1/2

55 уже смоделирована (смотрите 

ниже). Для системы смысловых уравнений  мы 

нашли числовое решение в виде пары матриц 

(Y+
m5=Um5Λ1/2

55, Z+
m5=Y+

m5С+T
55) значений y+-

отклонений, z+-отклонений, точно 

соответствующих неизвестным значениям и(ц)-

рисков, известным значениям λ1=2.1, λ2=1.4, 

λ3=1, λ4=0.25, λ5=0.25 э(и)-рисков. Нам удобнее 

моделировать сперва матрицу Y+
m5=Um5Λ1/2

55, 

затем - матрицу Z+
m5=Y+

m5С+T
55). Мы не меняем 

местами причину и следствие. Для значений y+-

отклонений мы ниже моделируем 

нестандартизированные значения z+-отклонений,, 

равные (1.0918, 0.8215,1.0472, 0.6417, 1.3978), но 

не равные (1, 1, 1, 1, 1) из-за того, что мы 

поменяли знаки у некоторых элементов матрицы 

С55 и получили  индикаторы (с+
11,с+

31,с+
41, 

с+
22,с+

42,с+
52,с+

33, с+
43,с+

44,с+
54,с+

45,с+
55) с нужными 

знаками в другой матрице С+
55. Только наличие 

матрицы С+
55, смысл элементов, знаки 

выделенных элементов которой позволяют 

реализовать схему: {выявленные когнитивные 

влияния z+-смыслов на y+–смыслы правильно 

отражены в знаках и величинах индикаторов 

(с+
11,с+

31,с+
41,с+

22,с+
42,с+

52, с+
33,с+

43,с+
44, с+

54,с+
45, 

с+
55)} позволяют {отдельно моделировать y+-

изменчивости}, преобразуемых (матрицей С+
55 в 

z+-отклонения}: {смысл(z+
1), 

смысл(z+
2),смысл(z+

3),смысл(z+
4),смысл(z+

5)}+ 

{смысл(y+
1),смысл(y+

2),смысл(y+
3),смысл(y+

4), 

смысл(y+
5)}+{y+

1,y+
2,y+

3,y+
4,y+

5}∪{z+
1,z+

2,z+
3,z+

4,z+
5

}. Изложим преобразование в z+-отклонения. 

Матричное уравнение Z+
mn=Y+

mnС+Т
55 имеет 

требуемое решение – матрицу Z+
mn, если будем 

иметь модельную матрицу Y+
m5, адекватную по 

эмпирическим взаимным динамикам y+-

отклонений субъективным экспертным 

аргументам.  Для этого моделируем случайную 

матрицу Um5={uij}, с столбцами u1=(u11 

+…+um1)T,…,u5=(u15+…+um5)T. Каждая 

компонента  uij j-го u-вектора равна величине  

отклонения от нуля– влево (при uij <0) или вправо 

(при uij >0). Величины стандартизированной u 

изменчивости {uij} отличаются от величин 

стандартизированной z-изменчивости   {zij} 

парной некоррелированностью i-ой и j-ой u-

переменных (их 5 штук: u1,u2,u3,u4,u5): 

(1/m)*(u1i+…+umi)*(u1j+…+umj)=0, i≠j. 

Знакопеременный ряд значений u-переменной 

удобен тем, что их дисперсии 

одинаковы:(1/m)*(u2
1j+…+u2

mj)=1. Это свойство 

позволяет моделировать знакопеременный ряд 

значений y-переменной с дисперсией, равной λj: 

(1/m)*(u2
1j+…+u2

mj)*λj=1*λj. При этом их средние 

арифметические равны 0: (1/m)*(u1j+… +umj)=0. 

Наш способ получения случайной обусловлен  

«вероятностным характером этих эмоциональных 

рисков» [Храпов, Баева 2021]. Алгоритм 

моделирования матрицы Umn={uij} такой, что 

(1/m)*UT
m5Um5= I55), изложен в [Жанатауов (2013; 

Zhanatauov 2017b]. Преобразование 

Ym5=Um5Λ1/2
55), где заданы значения элементов 

матрицы Λ55=diag(2.1, 1.4, 1, 0.25, 0.25), 

2.1+1.4+1+0.25+0.25=5, а элементы матриц 

C55,R55,Ym5,Zm5 (неизвестные параметры и 

неизвестные стандартизированные z- и y-

изменчивости) не обеспечивают моделирование 

системы смысловых уравнений и системы из 5 

алгебраических уравнений, соответствующих 

именам-смыслам и(ц)-рисков, э(и)-рисков. 

Необходимое преобразование матрицы C55 в 

матрицу C+
55, имеющую другую ковариационную 

матрицу W55*R55, изложено выше. Мы отказались 

от матрицы R55 после уверенности в адекватности 

взаимных трендов 5 видов y+-изменчивостей {y+
ij} 

Y+
m5=Um5Λ1/2

55). Визуальная модельная 

зависимость динамики y+-отклонений №j, зависит 

от динамик нескольких z+-отклонений и 

соответствует эмпирическим знаниям об этих 

связях. На рисунках типа «динамика y+-

изменчивости №j, зависящей от динамик z+-

отклонений» визуализированы «связанные» 

динамики. Отдельно показаны темпы «угасания» 

амплитуд 5 y+-отклонений (без привязки к 

моментам времени). Через модельные значения 

неизмеряемых показателей показаны легко 

узнаваемые «связанные» динамики (Рисунки 2-6). 

Каждому уравнению из системы смысловых 

уравнений соответствует свое числовое 

уравнение с менее, чем 5 z+-неизвестными и с 

одним y+-неизвестным заданного смысла. «Веса» 

с+
11,...,с+

55 объединены в одну матрицу С+
55, 

причем она используется для преобразования 

модельной матрицы Y+
mn, имеющей заданные 

дисперсии (disp(y1)+disp(y2)+disp(y3)+disp(y4)+ 

disp(y5)= λ1+…+λ5=5, λ1≥λ2≥…≥λ5>0.), 

(1/12)Y+
mnY+

mn=Λ55=diag(λ1,…,λ5). Тогда можно 

смоделировать полную искомую матрицу 

Z+
mn=Y+

mnС+
55. Матрица С+

55 получена нами из 

матрицы С55, смоделированной [Жанатауов 1988] 

исходя из Λ55=diag(2.1,1.4,1,0.25,0.25): 

Λ55=>(C(ℓ)
55,R(ℓ)

55), где Λ55=C(ℓ)Т
55R(ℓ)

55C(ℓ)
55, 
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ℓ=1,…,kℓ<∞. Матрицы С+
55 и С55 (С55=C(ℓ)

55, 

ℓ=221, С+
55<С55) моделируются не так как в  

[20] и имеют совпадающие по абсолютной 

величине элементы (с+
11,с+

31, с+
41, с+

22, 

с+
42,с+

52,с+
33,с+

43,с+
44, с+

54,с+
45,с+

55), но в матрице 

С55  у выделенных выше нами 12 элементов знаки 

изменены на противоположные – для того, чтобы 

их знаки в матрице С+
55 совпали с назначенными 

выше (при выявлении прямой или обратной связи 

смыслов) знаками.  Если нам нужно моделировать 

матрицу Zm5  стандартизированных отклонений, 

то необходимо моделировать другую матрицу 

Λ+
55, отличающуюся от нашей матрицы 

Λ55=diag(2.1,1.4,1,0.25,0.25), примененной нами 

для моделирования матрицы C55=C(ℓ=221)
55, 

имеющей матрицу (z,z)–корреляций 

R(ℓ)
55)=C(ℓ)

55Λ55C(ℓ)Т
55. Нашей матрице С+

55 

соответствует своя неизвестная матрица 

дисперсий Λ+
55=diag(λ+

1,…,λ+
5), не равная 

Λ55=diag(λ1,…,λ5), Λ55=C(ℓ=221)Т
55R(ℓ=221)

55C(ℓ=221)
55. 

У нас есть выбор: моделировать матрицу 

Z+
mn=Y+

mnС+T
55,Y+

m5=Um5Λ1/2
55, или моделировать 

матрицу Z+
m5=Y++

m5С+T
55 с модельной матрицей 

Y++
m5=Um5Λ+1/2

55), 

Λ+1/2
55=diag(sqrt(λ+

1),…,sqrt(λ+
5)), (1/12)UTm5 

Um5=I55, где Λ+
55 - неизвестная матрица дисперсий, 

не равная матрице Λ55=diag(2.1,1.4,1,0.25,0.25). 

Пара модельных матриц (Λnn, С+
55) позволяет 

моделировать нестандартизированные 

отклонения (1.0918,0.8215,1.0472, 0.6417,1.3978), 

а пара матриц (Λ55, С55) – стандартизированные 

отклонения (1,1,1,1,1). Чтобы не моделировать 

неизвестную матрицу дисперсий 

Λ+
55=diag(λ+

1,…,λ+
5) и «не держать в тисках 

стандартизации» отклонения от 0–необходимые 

модельные данные для вычислений дисперсий 

disp(z+
1),disp(z+

2),disp(z+
3), disp(z+

4),disp(z+
5)  

Λ11,…,15=5, будем моделировать не 

стандартизированные z+-изменчивости (z+-

отклонения) z+
i1,z+

i2,z+
i3,z+

i4,z+
i5, т.е. моделируем 

матрицу Z+
mn=Y+

mnС+
55, где Y+

m5=Um5Λ1/2
55). Для 

нас предпочтительны нестандартизированные 

отклонения z+
ij=y+

i1*c+
j1+y+

i2c+
j2+y+

i3c+
j3+ 

y+
i4c+

j4+y+
i5c+

j5, образующие матрицу 

Z+
mn=Y+

mnС+
55, Wnn=(1/m)Z+T

mnZ+
mn, где 

модельная матрица y+-изменчивостей {y+
ij)} 

Y+
m5=Um5Λ1/2

55 моделируется отдельно (должна 

удовлетворять эмпирическим критериям 

адекватности взаимных динамик 5 y+-

изменчивостей имеет заданные нами (весьма 

важные для модели, неоднократно вычисленных 

для разных матриц Λ55) дисперсии (уровни э(и)-

рисков) λ1=2.1, λ2=1.4, λ3=1, λ4=0.25, λ5=0.25. 

Теперь можно заменить термин «z+-

изменчивости» на z+-отклонения. Эти значения 

дисперсий (модельных отклонений) измеряют 

уровни видов э(и)-риска и упорядочены в 

соответствии с их «y смыслами» из [1]. 

Применяемую математическую модель 

схематически обозначим так: 

(Λnn=>(C+
nn,Wnn,Y+

mn, Z+
mn), все алгебраические 

равенства для этих  матриц соответствуют 

смысловым уравнениям из описанной выше 

системы  смысловых уравнений.  

Решение системы многомерных линейных 

уравнений Z+
mn=Y+

mnС+T
55, с формулой ее 

элементов 

z+
ij=y+

i1*c+
j1+y+

i2c+
j2+y+

i3c+
j3+y+

i4c+
j4+y+

i5c+
j5, где 

i-ые y-изменчивости смоделированы выше. Пары 

модельных матриц (Λ55,C+
55), моделировались 

отдельно, они важны и необходимы для 

применяемой математической модели 

(Λ55=>(C+
55,W55,Y+

m5,Z+
m5), точно 

соответствующей смысловым уравнениям из 

вышеприведенной системы  смысловых 

уравнений. Решения системы алгебраических 

уравнений Z+
m5=Y+

m5С+T
55 (Таблицы 2 и 3). 

Рисунки 2-6 показывают наличие 

нивелированных динамик у 

стандартизированной y+ изменчивости и у z+-

отклонений z+
i1,z+

i2,z+
i3,z+

i4,z+
i5.

  

Таблица 2 

 

№  y+
1  y+

2 y+
3 y+

4 y+
5 

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  0.3692  -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  

λ  2.1000  1.4000  1.0000  0.2500  0.2500  

  

Таблица 3 

  

№  z+
1  z+

2 z+
3 z+

4 z+
5 

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  

S2  1.0918  0.8215  1.0472  0.6417  1.3978  

  

В Таблицах 2 и 3   приведены значения y+-

отклонений (Таблица 2), z+-отклонений (Таблица 

3). Все значения отклонений соответствуют 

моментам времени i от 1 до 12. Выборки Y+
m5, 

Z+
m5 являются Λ–выборками [2], строки внутри 

матрицы можно менять местами, при этом не 

изменяются значения дисперсий Λ55 и элементы 

матрицы С+
55, смоделированной программой из 

[4].  Номера строк этих матриц соответствуют 

номерам моментов времени и номерам числового 

интервала отклонений [-1;+1] для уровней и(ц)-

рисков, э(и)-рисков.   

  

Визуализация взаимосвязанных динамик 

собственных изменчивостей модельных 

эмоциональных переменных    

 Динамика y-отклонений №1 (по его 

значениям вычисляется э(и)-риск λ1=2.1) зависит 

(Рисунок 2) от динамик z-отклонений  №1,№3,№4 

(по их значениям вычисляются 3 вида и(ц)риска 

1.0918,1.0472,0.6417,). 4 кривые (3 z-кривых и 1 y-

кривая) построены после упорядочения по 

убыванию элементов y-столбца (y1), поэтому на 

Рисунке 2 нумерация отображаемых строк (из 4-х 

компонентов) имеет вид 

(11,3,1,5,9,10,8,6,2,4,12,7). На Рисунках 3,...,6 

Отдельно упорядочены по убыванию элементов 

столбца (y2), (y3,y4,y5), поэтому на Рисунках 

3,4,5,6 отображаемые строки (из 2-х, 3-х,или 4-х 

компонентов) имеют свой вид перенумерации 

строк из пар матриц Y+
m5, Z+

m5 (из Таблиц 2 и 3).     

Определение. Э(и)-риск №j удовлетворяет 

критерию наличия «нивелированости» его 

уровней («практически допустимых уровней 

риска изменений эмоций»), если существуют 

временные  интервалы, в пределах которых 

значения y+-отклонений и значения нескольких 

влияющих на y+
j z+-отклонений (модельных 

значений изменчивостей, необходимых для 

вычисления уровней видов риска) принадлежат 

интервалу [-1;+1]. Ниже покажем существование 

одного интервала «практически допустимый 

уровень риска» для всех 5 видов э(и)-рисков: 

(1.0918, 0.8215, 1.0472, 0.6417, 1.3978). Из 

Рисунков 2-6 видны количества моментов 

времени, в течение которых y-отклонения 

№1,№2,№3,№4,№5 показывали большие  

амплитуды, затем  отклонения уменьшались до  

уровней из интервала [-1;+1].  

Для уровней и(ц)-рисков и уровней э(и)-

рисков мы имеем временной интервал моментов 

времени {2;4;6;7;8;9} и числовой интервал 

отклонений [-1;+1]. Ниже покажем: в временном 

интервале {2;4;6;7;8;9,5,10,12} уровни 

отклонений и(ц)-рисков и уровни отклонений  

для э(и)-рисков являются «практически 
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допустимыми значениями, меньших 1 (ПДУ), т.е. 

«наличие «нивелирования эмоциональных 

рисков цифровизации образовательного 

пространства» [Храпов, Баева 2021]. Из анализа 

Рисунков 2-6 следует вывод: моменты  времени 

i=2;4;6;7;8;9 образуют временной интервал для 

ПДУ- уровня  отклонений  риска» для э(и)-рисков  

№1, №2, №3,№4,№5. Рисунки 2-6 показывают: 

а)существование отклонений  и(ц)-рисков для 

отклонений  () каждого из э(и)-риска; б) 

временной интервал  для отклонений  и(ц)-рисков 

5 видов единый и состоит из моментов времени: 

{2;4;6;7;8;9}. Из Рисунков 2,6  видно: в моменты 

времени i=5  значения отклонений  э(и)-рисков  

№2, №4 вошли в зону ПДУ, а отклонения для  

и(ц)-рисков №1, №3 не вошли в эту зону, в 

момент времени i=12 значения отклонений  для 

рисков №1,3,4,5 оказались в зоне зоны ПДУ, а в 

момент времени i=12  отклонение для  риска №2 

не вошел в зону ПДУ, в моменты времени i=10  

отклонения э(и)-рисков  №1, №2 вошли в зону 

ПДУ. Эти  моменты времени i=5,10,12 дополняют  

наш «временной интервал ПДУ»: 

{2;4;6;7;8;9,5,10,12}.       

На Рисунке 1 показано отсутствие связи 

между 5 трендами 5 динамик модельных y+ 

отклонений, позволивших вычислить значения 5 

дисперсий (измерителей 5 видов э(и)рисков). Это 

– визуальное подтверждение из статьи и 

результатов нашего моделирования.  Выделена 

кривая динамики модельных отклонений э(и)-

риска №5 (смысл(y5)= «эмоциональная 

воодушевленность  обучающихся при...»), 

являющаяся наиболее стабильной по разности 

амплитуд значений y+-отклонений (от -1 до +1). 

Она визуально  демонстрирует факт о том, что 

отклонение для э(и)-риска №5 удовлетворяет 

критерию наличия «нивелирования 

эмоциональных рисков цифровизации 

образовательного пространства» [Храпов, Баева 

2021].  Значения остальных отклонений  для э(и)-

рисков попадают в интервал ПДУ, начиная с 

некоторого  номера момента времени.     

Назначенные нами уровни э(и)-рисков 

λ1=2.1, λ 2=1.4, λ 3=1, λ 4=0.25, λ 
5=0.25 влияют на 

величины амплитуд y+-отклонений. Крутизна 

падений динамик  y+-отклонений уменьшается, 

начиная с  динамики  э(и)-риска №1 и заканчивая 

динамикой  э(и)-риска №5 в таком 

порядке:1,2,3,4,5 (Рисунок 7), это соответствует 

упорядочению  «смыслов» по уменьшению  

важности [Храпов, Баева 2021]. Пять динамик   

y+-отклонений на Рисунке 7 взяты из Рисунков 2-

6. Каждая кривая  на Рисунках 2-6 визуализирует 

отдельно упорядоченные по убыванию значения 

y+-отклонений (следствий) из  Рисунков 1-5, а 

каждая кривая y+ отклонений имеет  свои 

влияющие 2 или 3 кривые значений z+-

отклонений (2 или 3 причин).  Зависимость 

следствия – y+
1-отклонений №1 («эмоциональная 

эйфория от широкого доступа…») от 3-х причин 

(y+
1*{z+

1,z+
3,z+

4}): z+-отклонений №1 

(«эмоциональная отчужденность обучающихся 

от…»), от z+-отклонений №3 («эмоциональное 

истощение в связи …»), от z+-отклонений №4 

(«эмоциональная тревожность из-за…») показана 

на Рисунке 2. Для значения дисперсии №1: λ1=2.1 

(наибольшему э(и)-риску λ1=2.1) моделируются 

большие отклонения  значений y+
1-отклонений, а 

z+-отклонения, влияющие на значения y+
1-,y+

2-, 

y+
3,y+

4-,y+
5-отклонений, изменяются как в 

пределах интервала (-3;+3), так и в пределах 

интервала «наличия нивелированости». Это 

говорит о том, что моделирование y+
1-,y+

2-, 

y+
3,y+

4-,y+
5-отклонений проведено адекватно 

ожидаемым эмпирическим требованиям. Теперь 

покажем: моделирование z+
1- (z+

2-,z+
3-,z+

4-,z+
5-

отклонений правильно влияет на y+
1-,y+

2-,y+
3,y+

4-, 

y+
5-отклонения, а выделенные «веса»  и значения 

y+
1-,y+

2-,y+
3-,y+

4-,y+
5-отклонений при них 

«работают» так, что значения z+-отклонений, 

влияющие на модельные значения y+
1-,y+

2,y+
3-, 

y+
4-,y+

5-отклонений, попадают  в свои границы 

интервала «наличия нивелированости». При этом 

должны моделироваться значения z+-отклонений, 

попадающие как внутрь, так и во вне интервала 

«наличия нивелированости», т.е. должны 

моделироваться  и вычисляться все виды динамик 

значений 10 видов рисков. Тогда наша модель 

будет охватывать моменты времени до и после 

достижения уровня нивелированности каждым 

видом эмоционального риска цифровизации 

образовательного пространства.   

Положительные z+
1-отклонения при i=5,9,10 

z51=1,6364, z91=1.2621, z10,1=1.2959 при «весе» 

с11=0.5228 дают слагаемые видов 

z51*с11+z53*с13+z54*с1,4=1.6364*0.5228+(-2.6367)* 

(0.12589)+(-0.1591)*(0.4242)=1.1200, 

z91*с11+z93*с13+z94*с1,4=(1.2621)*0.5228+(0.2627)

*(0.8495)*(0.424187)=0.565162761,z10,1*с11+z10,3*

с13+z10,4*с1,4=(1.2959)*0.5228+(0.8466)*(0.12589)

+(0.8479)*(0.424187)=0.930586203. Их сумма 

равна 2.6157 и дает заметную долю прибавки к 

значению 3.0252 y+
1-отклонения. Эта прибавка 

показывает правильность выбора «весов» 

с+
11,с+

13, с1,4 при z-переменных z1,z3,z4 - резко 

увеличила y+
1-отклонение э(и)-риска №1 до 

значения 3.0252. Далее идет уменьшение y+
1-

отклонения э(и)-риска №1 до значения 

y+
10,1=0.9351 за счет модельных значений zi1,zi3,zi4. 

При i=1,3,11 отрицательным   y+
1-откло нения  -

y+
11=-1.2674,y+

31=-1.5841, y+
11,1=-2.3930 зависят 

от своих «заметных» слагаемых,  их модельные 

значения y+
i1,z+

i1,z+
i3,z+

i4 относятся к начальному 

периоду стрессовых ситуаций  и предшествуют 

началу моментов времени «практически 

допустимого уровня риска». В начальном 

периоде стрессовых ситуаций  на  
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положительные  значения y+
i1 y+

1-отклонения 

э(и)риска №1  сильно влияют положительные и 

отрицательные  значения z+
i1,z+

i3,z+
i4  z+

1,z+
3,z+

4 

отклонений: при i=1-2 резко уменьшают y+
1-

отклонения э(и)-риска №1 с значения 3.0252 до 1. 

В моменты времени с №3 по №8 значения y+
i1  

y+
1-отклонения находятся в зоне «практически 

допустимого уровня риска», медленно 

уменьшаются  (от 0.9351 до 0), имея влияние 

положительных значений z+
3-отклонения. При 

i=9-11 возрастающие z+
1,z+

3,z+
4отклонения 

уменьшают y+
1-отклонения э(и)-риска №1 до 

значения (-2,3930). На Рисунке 7 

визуализированы темпы «угасания» амплитуд 5 

y+-отклонений (без учета  взаимных динамик 5 

рядов изменчивостей)–большие амплитуды 

присущи большей дисперсии λ1=2.1, малые - 

λ4=0.25, λ5=0.25. Сопоставимость кривых 

основана на аксиоме о собственном отклонении 

(смотрите ниже).

  

  

  

 
Рисунок 1. Независимые динамики 5 y+-отклонений при 

стабильной динамике y+-отклонений  №5  

  

 
Рисунок 2. Динамика y+-отклонений №1 (λ 1=2.1) 

зависящей от динамик z+-отклонений  №1,№3,№4  
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Рисунок 3. Динамика y+-отклонений  №2 (λ 2=1.4) зависящей от динамик z+-отклонений  №2,№4,№5 

  

 
Рисунок 4. Динамика y+-отклонений №3(λ3=1) зависящей от динамик z+-отклонений №3,№4 

  

 
Рисунок 5. Динамика y+-отклонений №4 (λ 4=0.25) зависящей от динамик z+-отклонений  №4,№5   

  

- 3 

- 2 

- 1 

0 

1 

2 

3 

12 9 11 1 2 3 10 5 8 6 4 7 

y+2 z+ 2 z+4 z+5 

  

- 3 

- 2 

- 1 

0 

1 

2 

3 

10 5 11 4 7 2 12 3 6 8 9 1 

y+3 z+3 z+4 

  

- 3 

- 2 

- 1 

0 

1 

2 

3 

3 1 12 4 2 9 5 11 8 6 7 10 

y+4 z+4 z+5 

  

                                                                            



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 0.191  

ESJI (KZ)          = 8.100 

SJIF (Morocco) = 6.004 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  251 

 

 

 
  

Рисунок 6. Динамика y+-отклонений №5 (λ 5=0.25) зависящей от динамик z+-отклонений №4,№5   

  

 
  

Рисунок 7. Темпы «угасания» амплитуд 5 y+-отклонений  

  

      

Возможно моделирование неизмеряемых 

эмоциональных м показателей х0
ij=zij*sj+хср

j, если 

будут обоснованы интерпретации их 

нижеприведенных параметров. Мы под словами 

«неизмеряемые м показатели» подразумеваем 

неизмеряемые приборами показатели. 

Моделирование их значений основано на аксиоме 

существования собственного отклонения 

[Zhanatauov 2020b]: каждый неизмеряемый 

показатель индивида имеет собственное 

отклонение и шаг отклонения для неизмеряемых 

значений его изменчивости. Существование 

единицы измерения показателя (показатель 

«полезность» именуется «уиль») обязательно. У 

нашего эмоционального м показателя должна 

быть своя единица измерения собственного 

отклонения. В этом случае схема выглядит иначе: 

Х0
m5=>Zm5=>(R55,C+

55,Λ55,Ym5). Как этого 

добиться поясним на примере. Нужно назначить 

значения параметрам S1, L1, s1, аналогичных 

приведенным ниже, для того, чтобы иметь 

модельное значение «неизмеряемого м 

показателя.  С точки зрения аксиомы, например, 

размер собственного отклонения (шага s1=0.1м) 

по земле курицы в 6 раз меньше собственного 

отклонения (шага s2=0.6м) человека. Если за 

фиксированный интервал времени курица 

прошла расстояние S1 м, сделав L1=600 шагов, то 

ее «число отклонений на 1 шаг» равно 

S1/L1=60м/600ш=0.1. Значение «изменчивости 

движения курицы» равно 1 

(S1/L1=60м/600=0.1,z1=(S1/L1)/s1=0.1/0.1=1). За 

тот же интервал времени  человек сделал L2=100 

шагов, пройдя  S2 метров. Для  человека «число 
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отклонений на 1 шаг» равно 

S1/L1=60м/600ш=0.1. Следовательно значение 

«изменчивости движения человека» равно 1: 

S2/L2=60м/100ш=0.6,z2=(S2/L2)/s2=0.6\0.6=1). Эти 

расчеты верны для ситуации когда субъекты 

делают стандартные шаги длины s1=0.1м, 

s2=0.6м. При шагах меньшей длины 

изменчивость увеличивается, при шагах большей 

длины – уменьшается. У них (как и у наших 

показателей) разные расстояния и разные 

собственные отклонения, а интервал времени для 

прохождения своих расстояний своим 

стандартным шагом – один и тот же.  Значение 

отклонения (0.1) движения курицы за 

фиксированный интервал времени   меньше 

отклонения (0.6) движения человека в 10 раз. 

Если движения проведены в противоположных 

направлениях, то одна из изменчивостей имеет 

знак минус. Проблему моделирования 

«измеряемых показателей» здесь мы не будем 

обсуждать. Наше когнитивное моделирование 

стимулирует познание неизмеряемых 

проявлений эмоций, чувств, субъективных 

качеств поведения индивидов, дополняющие 

результаты из [Zhanatauov 2017b; Zhanatauov  

2020b; Zhanatauov 2021b; Zhanatauov 2021c; 

Zhanatauov 2021d]. Кроме того Мы привели 

вариант наличия функциональной зависимости 

n=5 y+-отклонений от n=5 z+ отклонений. Однако 

мы не рассмотрели вариант объединения их в 

одно множество n=q+p избыточно-канонических 

отклонений с матрицей Z+
mn=[Z+

mq∪Z+
mp],q>p. 

При p=4 позволяет применить другую 

математическую модель при неизвестном виде 

связи между множествами z+- и y+-отклонениями 

[18-21].   
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SYSTEM-STRUCTURAL ANALYSIS OF THE CONCEPT OF LITERARY 

SPACE IN THE NOVELS OF CHINGIZ AITMATOV AND NORMUROD 

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  Norqobilov, 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 

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.Vukanovićand, 

L.Grmuša, 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.Vukanović and L.Grmuša’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  Norqobilov, 

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.I. 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 аnd 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.  Norqobilov, 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. 

Norqobilov, 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.  

Norqobilov'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.  Norqobilov, 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 

Edigei Boron, Kazangap, Abutolib, Zarifa, 

Raymali aga, Naiman mother, Bo'ston 

Orkunchiev; Avdi Kallistratov, Jesus Christ, 

Guram Jokhadze, Arsen Samanchin 

Sobitjon, Tansiqboev, Abdilkhan, 

Jungjanglar, Bozorboy; Ober Kandalov, 

Grishan, Sandro; Oydana, Ertosh Kurchal; 

Andrey Kriltsov 

Characters of N.  

Norqobilov's 

novels 

Eshqul Polen, Erali Chairman; Kalaybek, 

Okbota, Oybekach 

Itolmas, Karakul; Osarqul, Haydar, 

Farmonov, Sa'dulla 

 

 

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 I prayed to my Lord, to my Father in heaven. "Lord," I said. - Don't let me hold the 

cup of death this time! And you yourself know, I am subject to your judgment" [II; p. 88]1. 

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...[III; 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...[I; 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 

miracle 

Elizarov usually talked about such things with interest. He said that in the sky, huge rivers 

with undulating branches, banks and currents move continuously and wash the earth as if [I; 

p. 184]. 

A prayer to the 

Creator 

"Oh Yakhimalak, Blue God, the Ruler of the sky, make our way over the ice pass easy. You 

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, 

arrogance 

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

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. I 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 [III; 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 [IX; p. 396]. 

Muhaymin is a 

witness 

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

Supreme Heaven, a special prophecy has come to you from the blue. I have to give you a 

message [I; p. 278]. 

Alim - 

connoisseur 

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 

                                                           

 
1The pages of excerpts from the novels in the analysis are given in the following order. 

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 
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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: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

Old". 

 

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 

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. 

According to the will, Edigei Boron will 

go to Naiman's mother's cemetery in order 

to follow Kazangap to his last destination. 

Launching of 1-2 and 2-1 parity astronauts 

into space based on the Soviet-American 

"Demiurge" convention 
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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, yard, 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? [IV; 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 I often came here. Although I didn't think it 

would be like that, I 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 [IV; 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 

[IV; p. 78]. 

Holiness Do not trample the sacred mountains![ IV; p. 241]. 

Silence Below, the river roars against the rocks. Surrounding mountains are stone silent [II; p. 86]. 

A part of existence "Look, there is water, mountains, land around - this is why all life" [II; 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 

                                                                            



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 0.191  

ESJI (KZ)          = 8.100 

SJIF (Morocco) = 6.004 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  264 

 

 

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.  Norqobilov'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. 

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-

time model of the universe. Literary space serves to 

reveal the depth of meaning and content of the work; 

skillful depiction of feelings, events and images. 

To express the philosophical, ideological and 

literary concept of novels, such criteria of artistry, the 

ability to systematize events taking place at a different 

time and in a different space, the meaning of the 

motive and literary details in expressing the content of 

the work, placing chronological, concentric, 

associative, retrospective plot and elements of a 

complex composition. 
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