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Abstract
The article discusses the influence of environmental factors on the health of students at 

academic lyceums in the Republic of Karakalpakstan. Regression equations were obtained that 
indicate the dependence of the level of general morbidity among adolescents on the degree of 
total air pollution.
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Introduction
The problem of forming and maintaining 

the health of the younger generation in the 
context of socio-economic transformations 
and environmental aggravation of the environ-
ment in most regions of the world is very rel-
evant (Kuchma, V. R., Suhareva, L. M., 2012; 
Baranov, A. A., Kuchma, V. R., Skoblina, N. A., 
Milushkina, O. YU., Bokareva, N. A., 2012).

At the present stage of development of so-
ciety, environmental factors and lifestyle have 
a great influence on the formation of the health 
of the younger generation (Rahmanin, YU. A., 
Mihajlova, R. N., 2014). Adolescence is one 
of the critical stages in a person’s life. Due to 
anatomical, physiological and morphofunc-
tional characteristics at this age, the body 

becomes especially vulnerable and unpro-
tected from the effects of various unfavor-
able environmental factors and suffers even 
from sub-threshold concentrations of harm-
ful substances (Tepper, E. A., Taranushenko, 
T. E., Manchuk, V. T., Grishkevich, N. YU., 
Galonskij, V. G. 2012; Bokareva, N. A., Skob-
lina, N. A., Milushkina, O.YU., Besstrashnaya, 
N.A., Sapunova, N. O., 2015). The main risk 
factors for the lifestyle of students studying 
in academic lyceums of Karakalpakstan are 
non-compliance with hygienic standards of 
the regime and organization of the educa-
tional process, conditions and organization 
of nutrition and physical education (Kuchma, 
V. R., Milushkina, O. YU., Bokareva, N. A., De-
tkov, V. YU., Fedotov, T. M., 2013).
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As is known, the health of children and 
adolescents is determined not only by the 
presence or absence of diseases, but also by 
harmonious and age-appropriate develop-
ment, the normal level of basic functional 
indicators (Fedotova, T. A., Zhmakin, I. A., 
Maslov, A. N., Vasil’ev, P. V., 2011). Many 
studies have noted a decrease in the func-
tional capabilities of the body and the effec-
tiveness of adaptation of the body of children 
and adolescents to changing environmen-
tal conditions (Rahmanin, YU. A., Mihajlo-
va, R. N., 2014; Kuchma, V. R., Milushkina, 
O. YU., Bokareva, N. A., Detkov, V. YU., Fed-
otov, T. M., 2013). The educational environ-
ment often does not contribute to the pres-
ervation of the health of students and creates 
conditions for the formation of pathology, 
especially in persons with reduced adaptive 
capabilities (Bokareva, N. A., Skoblina, N. A., 
Milushkina, O. YU., Besstrashnaya, N. A., Sa-
punova, N. O., 2015; Fedotova, T. A., Zhma-
kin, I. A., Maslov, A. N., Vasil’ev, P. V., 2011).

However, problems of health problems in 
the child population associated with the neg-
ative impact of environmental factors per-
sist, especially in the regional center, which 
requires monitoring, development and adop-
tion of measures to improve the situation.

Material and methods
The object of the study was students 

studying in academic lyceums in the city of 
Nukus and Chimbay district of the Republic 
of Karakalpakstan. The subject of the study 
was the components of the environment, 
conditions of education and training in edu-
cational organizations and the health of stu-
dents. The assessment of the quality of the 
living environment and the health status of 
adolescents is based on our own research, 
medical and statistical indicators, socio-hy-
gienic monitoring data for 2020–2023, sta-
tistical materials provided by the Ministry 
of Economy and Statistics of the Republic 
of Karakalpakstan, the results of laboratory 
studies of the Karakalpak Research Institute 
natural sciences. The study involved 250 ad-
olescents aged 15–17 years. The examination 
was carried out on the basis of their voluntary 
informed consent. To identify the relationship 
between the quality of atmospheric air and 
the morbidity rate of the adolescent popula-

tion, correlation analysis was used to deter-
mine the Pearson pair correlation coefficient 
the statistical relationship between environ-
mental factors and the functional state of the 
cardiorespiratory system was identified using 
the method of correlation analysis (Spear-
man). The reliability of the results obtained 
was assessed using the Student test, the criti-
cal level of statistical significance p was taken 
equal to 0.05. Calculations were carried out 
in the universal statistical program Statgraf 
for windows using the “multiple regression” 
module and the stepwise regression meth-
od. The stepwise regression method consists 
in the fact that at each step the independent 
variable we are studying is included in or ex-
cluded from the model.

Results and its discussion
The construction of a model describing 

the relationship between the incidence and 
pollution of atmospheric air and tap water in 
the Republic of Karakalpakstan was calculat-
ed on the basis of the following factors: at-
mospheric air was studied – dust, SO2, NO2, 
NH3, H2S, Co; for tap water – turbidity, dry 
residue, sulfates, chlorides, nitrates.

Many of the most “significant” variables 
are highlighted. this allows you to identify 
and reduce the number of variables that re-
liably describe the relationship. inclusion of 
variables is determined using the Fisher cri-
terion – F.

Correlation-regression analysis allows 
you to quantitatively measure the closeness 
and direction of the connection (correlation 
analysis), as well as establish an analytical ex-
pression for the dependence of the result on 
specific factors, while maintaining the con-
stancy of the other factor characteristics act-
ing on the resultant characteristic (regression 
analysis). We, in order to study the influence 
on the morbidity level of the population of 
Karakalpakstan (modeled sign Y) of a num-
ber of factors (factorial signs – X1, X2, X3, 
X4 and X5), multiple correlation-regression 
analysis was used as a mathematical model 
apparatus between the morbidity indicators 
of the population and concentrations of atmo-
spheric air pollutants and the quality of tap 
water in all regions of the republic. Based on 
the calculation results, reliable and adequate 
probabilistic multiple regression models were 
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obtained linking the morbidity of the popula-
tion with several variables X. Before building 
the models, preliminary transformations were 
performed, namely, the incidence rates were 
logarithmized (the natural logarithm was cal-
culated) to stabilize the variance the overall 
quality of the resulting models was assessed 
using multiple correlation coefficients (R), 
determination (R2) and Fisher’s criterion (F) 
multiple correlation coefficient r is the degree 
to which two or more independent variables 
(variables x) are related to the dependent vari-
able Y. By definition, it is equal to the square 
root of the coefficient of determination (R2). 
coefficient of determination (R2) – shows the 
degree to which the process is described by the 
model. The R2 value is an indicator of the de-
gree of fit of the model to the data (an R2 value 

close to 1.0 indicates that the model explains 
almost all of the variability in the relevant 
variables). Fisher criterion (F) – evaluates the 
validity and reliability of the model by the lev-
el of significance (p or significance F), which 
should be less than the calculated value F.

At the same time, due to the uniqueness 
of the large-scale wind removal of salts from 
the dried bottom (Fig. 1), there are no quan-
titative estimates of the connection between 
the increased concentration of sulfates and 
chlorides in the atmosphere and the in-
crease in the number of respiratory tract 
diseases in the world literature. Model cal-
culations showed the spatial and temporal 
coincidence of the salt concentration field 
with the zoning and dynamics of respiratory 
tract diseases.

Figure 1. Wind removal of salts March 15, 2002, synthesized 
(1–3 channels) satellite image NOAA

The high correlation coefficient (r=0.69) 
justifies the relevance of continuing this study 
regarding the dynamics of other pathologies 
in the southern Aral Sea region, as well as in 
order to obtain an analytical expression for 
the connection “salt removal → disease dy-
namics”. In order to predict changes in the 
level of general morbidity depending on the 
intensity of air pollution, mathematical mod-
eling was carried out using methods of cor-
relation and regression analysis. A number of 
regression equations were obtained reflect-

ing the dependence of the general morbidity 
of children of various age groups on the in-
tegral indicator of atmospheric air pollution.

Y= 262.7 + 60.34* X1
Y= 473.21 + 13.42* X2

Y= 276.33 + 100.74* X3
where Y is the level of general morbidity 

among children
X1, X2,, X3 – integral coefficient indicator 

for different zones (northern, central and 
southern).
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The obtained regression equations indi-
cate a direct dependence of the level of gen-
eral morbidity of the child population on the 

degree of total air pollution: the more signif-
icant the degree of air pollution, the higher 
the level of morbidity.

Table 1. Indicators of regression statistics and analysis of variance

Name of terri-
tory

Coefficient Fisher criteria, F
Multiple cor-

relation, R
Determination, 

R2 F calculated Signifi-
cance F

Nukus city 0.84 0.68 11.77 0.05
Chimbay district 0.76 0.63 6.25 0.09

In our calculations, the resulting mod-
els for all studied areas are characterized by 
high reliability and reliability (F calculated > 
> significance F) and high prediction accura-
cy (Table 1), i. e. the model describes the phe-
nomenon well (R2 > 0.7). multiple correla-
tion coefficients for all parameters (R > 0.95) 
indicate a close connection between factor 
characteristics and the results.

Thus, the multifactorial nature of the pro-
cesses of formation of students’ health makes 
it difficult to assess its condition and iden-

tify cause-and-effect relationships between 
the influence of environmental factors and 
health status. all this requires choosing the 
most informative indicators of the environ-
ment and health of the younger generation. 
The environmental factors, educational envi-
ronment and lifestyle of students in general 
education institutions identified during the 
study, which contribute to a decrease in their 
functional reserves, leading to increased 
morbidity, need correction in order to pre-
serve health.
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