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ASSESSMENT OF POPULATION HEALTH
IN THE LOWER REACH OF THE SYRDARYA RIVER
IN SPATIAL AND TEMPORAL DIMENSIONS

Abstract. Current studies of public health in Kyzylorda region, located in the lower reaches of the Syrdarya
River within a zone of technogenic pollution, are based on medical—statistical approaches using linear trend methods.
These methods provide a scientific basis for understanding the spatial and temporal dynamics of population health.
Using data from the statistical collection “Health of the Population of the Republic of Kazakhstan and the Activities
of Health Care Organizations” (Department of Medical and Statistical Analysis, National Scientific Center for Health
Development named after Sagadat Kairbekova), covering the years 2000-2022, an electronic database was compiled
for the population health of Kyzylorda region by administrative districts. A statistically grounded assessment of
morbidity parameters across districts, conducted with linear trend analysis in Microsoft Excel, revealed both positive
and negative trends over the study period. The resulting functional equations of morbidity dynamics in the form of
linear trends provide a scientific foundation for forecasting the socio-ecological potential of the region.

Keywords: population health, linear trend, tendency, changes, research base, dynamics, assessment.

The catchment area of river basins, as a spatial basis for population and nature management, has
served as a powerful stimulus for socio-economic development for thousands of years. However, the
desire to use the potential power of water to the maximum for the unlimited development of industry and
agriculture contributed to the violation of the basic principles of parity in water use between society and
nature. As a result, river waters coming from mountainous areas, which are practically unpolluted and
weakly mineralized, when reaching the plain, are supplemented by wastewater discharged into rivers by
industrial, municipal and agricultural facilities, which has caused the formation of increased
mineralization and high concentrations of harmful chemical elements in the middle and lower reaches of
rivers and unsuitable for use for drinking water supply. In this regard, an in-depth analysis of the dynamics
of population health indicators in spatial and temporal aspects in the catchment areas of river basins is
necessary to form the main directions in matters of protection and improvement of the ecological and
epidemiological safety of regional water use systems.
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The purpose of the study is to evaluate trends of change health of the population of the Kyzylorda
region in spatial and temporal aspects in the context of administrative districts located on the catchment
areas of the lower reaches of the Syr Darya River, adequately reflecting the real medical and social
situation of the region.

There are lots of works that attempt to assess the health of the population in spatial and temporal
aspects, among which the following should be highlighted: L. Kilimova, O. Lusikova [1], D. Nevado-
Pena, V.-R. Lopez-Ruiz and J.-L. Alfaro-Navarro [2], E. G. Koroleva, S. K. Rahimbek, S. S. Tupova [3],
C. Beletsioti, D. Niakas [4], L. V. Khripach, O. V. Budarina, E. V. Zheleznyak, T. D. Knyazeva,
A. K. Makovetskaya, Z. 1. Koganova, Z. F. Sabirova, Z. V. Shipulina [5] , M. Karabaev and G. S. Qosi-
mova [6], A. N. Ogurtsova, V. V. Dmitrieva, N. V. Kaledin [7], M. Morales-Vazquez, M. Juda,
M. Roerig, S. Allin [8], which assess the health of the population based on medical statistics in the
countries of Belgium , Great Britain, Germany, France, Switzerland (Western European countries),
Bulgaria, Poland, Russia, Romania, Slovakia (Eastern European countries), Canada, Uzbekistan,
Kazakhstan, the Republic of Bashkortostan, Greece, Australia and the USA, using medical-statistical
integral indicators.

One of the fundamental directions in assessing the health of the population is the methodological
approach developed in the works of BG Ilyasov, V. V. Martynov, [. B. Gerasimova, E. A. Makarova,
E. Sh. Zakieva [9], A. A. Pomerantseva, A. N. Starkin, E. V. Chervyakova [10], S. A. Antrofikova,
V. N. Vasin, A. V. Kulikova, F. I. M. Sebikhova [11], B. N. Kotiv, I. A. Budko, I. A. Ivanova,
I. Yu. Trosko [12], R. Haneef, M. Tijhuis, R. Thié baut et al. [13], related to the use of artificial
intelligence, where logical and mathematical models for quantitative assessment of the integral level of
physical health of the population are based on correlation analysis, characterizing the relationship between
health and socio-economic characteristics and quality of life indicators.

Assessment of the health of the population of the Kyzylorda region in local conditions related
to social, environmental and economic aspects is considered in the works of M. Zh. Burlibaeva,
D. M. Burlibaeva, E. Zh. Murtazina, A. S. Murtazina, S. S. Seitova [14, 15], R. Yu. Tokmaganbetova,
A. U. Makanova [16], E. N. Kuandykova [17], K. Z. Sakieva [18], B.G. Mukasheva [19], A.K. Ibraeva,
A. U. Amanbaeva, L. S. Batyrbekova, A. O. Gazizova, E. N. Alekseva [20], G. A. Miyanova [21], where
studies of the health status of the population of the regions are disparate and are devoted to diseases of
individual organs and systems, which, as a rule, are associated with individual unfavorable factors of the
living environment of the population in individual populated areas.

Materials and methods. To create a research base on the health of the population, the data of the
statistical collection «Health of the population of the Republic of Kazakhstan and the activities of health
care organizations» of the Department of Medical and Statistical Analysis of the RSE on the Right of
Economic Management «National Scientific Center for Health Development named after Sagadat
Kairbekovay for the period 2000-2022 were used.

The selection of population health indicators for analysis was carried out on the basis of data from
approved annual reporting forms generated by the Republican State Enterprise on the Right of Economic
Management «Republican Center for Electronic Healthcare» of the Ministry of Digital Development,
Innovation and Aerospace Industry of the Republic of Kazakhstan, which include population morbidity
registered for the first time in life (PFIL), neoplasms (NT), diseases of the genitourinary system (DGS),
diseases of the digestive system (DSG) per 1,000,000 people and the mortality rate (MR) per 1,000 people.

To illustrate the created databases in the context of administrative districts by types of morbidity,
graphs for the Kyzylorda region were constructed in the form of a fragment using the Microsoft Excel
program (figure).

The research methodology is based on theoretical approaches and practical methods of statistical
research adopted in assessing trends in changes in the factors under study using the linear trend equation.

Results. In the conditions of increasing scale of human economic activity in the catchment areas of
the Syr Darya River basin, carried out over a long period of time within the Kyzylorda region of the
Republic of Kazakhstan, processes of significant degradation of natural complexes have formed, such as
the emergence of a new Aralkum desert as a result of the drying up of the Aral Sea, which in turn has
become a source of aerosol transfer of pollutants and deterioration of hydrological runoff, unsuitable for
use in drinking water supply of the population, polluted with chemicals as a result of discharge of
untreated wastewater by industrial and municipal facilities, as well as discharge of collector-drainage
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Graph of changes in the incidence of the population of the Kyzylorda region for 2000-2022
(incidence of the population registered for the first time in life (1 — right ordinate), neoplasms (2),
diseases of the digestive system (3) and diseases of the genitourinary system (4) and mortality (5)

water from irrigated areas located in the upper and middle reaches of the river, affecting the life of the
population living in this territory for centuries.

As a result, in the lower reaches of the Syr Darya River in the Kyzylorda region, a process of «triple
impact» on the life of the population is taking place: from the northwest to the southeast, the sands of the
Aralkum desert are advancing, from the southeast to the northwest along the river bed, there is a
deterioration in the hydrological flow unsuitable for drinking water supply and the use of agricultural
products with an increased content of nitrates, and in connection with this, there is a need to study the
health of the population in spatial and temporal aspects in order to identify their territorial differences, and
on the basis of in-depth medical and environmental studies to identify the relationship between diseases
and the quality of the natural environment.

The most effective tool for systemic analysis of medical and ecological processes can be special
mathematical models that reflect the relationships between their structural and dynamic variables, in the
form of linear trend equations:

NP; =a-SNY; +b; PH; = a-SNY; + b,

where NP; — population, thousand people; PH; — incidence rate per 100,000 people; a — regression
coefficient; b — indicator characterizing the increase in the next value of the time series; SNY; — period

number or ordinal number of the year.
Based on the construction of graphs by types of morbidity in the context of administrative districts of

the Kyzylorda region using a linear trend in the Microsoft Excel program, a medical and demographic
model of population health was obtained (table 1).

Table 1 — Regression-correlation model of medical and demographic indicators of the population of the Kyzylorda region
by administrative districts and the city of Kyzylorda

Administrative regions Equation Determination index (R?)
1 2 3
Population size (NP;), per 1000 people
Aral NP; = 0,5446 - SNY; + 67,7780 0.9508
Kazalinsky NP; = 0,4009 - SNY; + 69,1370 0.9782
Karmakshinsky NP; = 0,4072 - SNY; + 45,5700 0.8535
Zhalagashsky NP; = —0,3082 - SNY; + 41,9460 0.6785
Syr Darya NP; = —0,0438 - SNY; + 39,5820 0,1666
Shieliinsky NP; = 0,4972 - SNY; + 72,5250 0.9034
Zhanakurgan NP; = 0,8416 - SNY; + 65,8660 0.8298
City of Kyzylorda NP; = 7,5883 - SNY; + 156,5500 0.9538
Kyzylorda region NP; = 11,6620 - SNY; + 502,4800 0.9687
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Continuation of table 1

1 2 3
Pop!ulation morbidity (PM;) per 100,000 people
Aral PM; = —178,35 - SNY; + 18838,0 0.3124
Kazalinsky PM; = —161,35- SNY; + 16608,0 0.3250
Karmakshinsky PM; = —225,56 - SNY; + 25140,0 0.4238
Zhalagashsky PM; = —148,83 - SNY; + 16716,0 0.3785
Syr Darya PM; = —145,68 - SNY; + 15736,0 0.3099
Shieliinsky PM; = —138,03 - SNY; + 14712,0 0.3845
Zhanakurgan PM; = —104,78 - SNY; + 12585,0 0.2863
City of Kyzylorda PM; = —195,05 - SNY; + 21665,0 0.4145
Kyzylorda region PM; = —971,44 - SNY; + 72126,0 0.7568
Neoplastic diseases (DNP) per 100,000 people
Aral DNP; = 5,1645 - SNY; + 112,8600 0.1548
Kazalinsky DNP; = 4,4132 - SNY; + 89,7190 0.1697
Karmakshinsky DNP; = 6,6200 - SNY; + 122,8600 0,1926
Zhalagashsky DNP; = 4,5590 - SNY; + 78,5700 0.2073
Syr Darya DNP; = 4,6162 - SNY; + 85,2190 0,1887
Shieliinsky DNP; = 3,8377 - SNY; + 73,8690 0,1833
Zhanakurgan DNP; = 3,5050 - SNY; + 61,6790 0.2033
City of Kyzylorda DNP; = 5,8837 - SNY; + 114,3700 0.1845
Kyzylorda region DNP; = 10,3560 - SNY; + 218,0100 0.1634
Diseases of the genitourinary system (DGSNP;) per 100,000 people
Aral DGSNP; = —67,781 - SNY; + 5346,60 0.2657
Kazalinsky DGSNP; = —107,72 - SNY; + 9329,00 0.2869
Karmakshinsky DGSNP; = —45,432 - SNY; + 3434,50 0,1950
Zhalagashsky DGSNP; = —48,191 - SNY; + 6095,10 0.1564
Syr Darya DGSNP; = —81,279 - SNY; + 4091,20 0.4436
Shieliinsky DGSNP; = —78,212 - SNY; + 5561,00 0.3250
Zhanakurgan DGSNP; = —80,662 - SNY; + 5353,50 0.2677
City of Kyzylorda DGSNP; = —67,503 - SNY; + 5143,70 0.5138
Kyzylorda region DGSNP; = —71,869 - SNY; + 5736,00 0.4074
Diseases of the digestive system (DDSP;) per 100,000 people
Aral DDSP; = —128,870 - SNY; + 7961,60 0.3211
Kazalinsky DDSP; = —374,640 - SNY; + 22826,0 0.3985
Karmakshinsky DDSP; = —107,690 - SNY; + 5916,40 0,1764
Zhalagashsky DDSP; = —206,140 - SNY; + 11086,0 0.3782
Syr Darya DDSP; = —59,247 - SNY; + 4091,20 0,0709
Shieliinsky DDSP; = —112,640 - SNY; + 6285,20 0.5379
Zhanakurgan DDSP; = —144,800 - SNY; + 8737,90 0.3798
City of Kyzylorda DDSP; = —55,142 - SNY; + 3488,00 0.2440
Kyzylorda region DDSP; = —130,86 - SNY; + 8460,90 0.3135
Crude death rate (per 1000 people)
Aral GCMP; = —0,1183 - SNY; + 8,6130 0,6600
Kazalinsky GCMP; = —0,0451 - SNY; + 7,4316 0.1185
Karmakshinsky GCMP; = —0,0516 - SNY; + 7,7408 0,1610
Zhalagashsky GCMP; = —0,0086 - SNY; + 6,2726 0,0118
Syr Darya GCMP; = —0,0035 - SNY; + 6,3407 0.0024
Shieliinsky GCMP; = —0,0412 - SNY; + 6,7896 0.2401
Zhanakurgan GCMP; = —0,0530 - SNY; + 6,0464 0.2535
City of Kyzylorda GCMP; = —0,1311 - SNY; + 8,8857 0.6181
Kyzylorda region GCMP; = —0,0668 - SNY; + 7,5031 0,1750
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Based on the equation of the linear trend of the studied (PH;) indicator, it is possible to determine the
absolute increase, the growth rate and the growth coefficient of the studied indicators, which have a
sufficiently high physical and mathematical meaning (table 2):

- absolute increase is determined by the formula:

AlSI; = SIEP; — SIBP; = a - (EPUR; — BPUR;) = a - (EPUR; — 1),
where is EPUR; —the duration or end of the period under consideration; BPUR; is the beginning of the
period under consideration: BPUR; = 1 = const;

- the growth rate is calculated using the formula:

QRIUS; = AISI;JEPUR; = [a - (EPUR; — 1)]/EPUR;;
- the growth coefficient of the studied indicator (GRIUS;) is determined by the following formula:
GRIUS; = (a - EPUR; + b)/(a + b).

Table 2 — Statistical estimates of the trend of change in the type of disease
by administrative districts of the Kyzylorda region of the Republic of Kazakhstan

o . . Statistical indicators of the trend of change in incidence over time
Administrative regions
AlSI; QRIUS; GRIUS;
1 2 3 4
Population size (NP;), per 1000 people
Aral 11,981 0.521 1,175
Kazalinsky 8,820 0.383 1,127
Karmakshinsky 8,958 0.389 1,195
Zhalagashsky -6,780 -0.295 0.837
Syr Darya -0.964 -0.042 0.976
Shieliinsky 10,938 0.476 1,150
Zhanakurgan 18,515 0.805 1,278
City of Kyzylorda 166,943 7,258 2,017
Kyzylorda region 256,564 11,155 1,499
Population morbidity (PM;) per 100,000 people
Aral -3923,700 -170,596 0,790
Kazalinsky -3549,700 -154,335 0.784
Karmakshinsky -4962,320 -215,753 0.801
Zhalagashsky -3274,260 -142,359 0.802
Syr Darya -3204,960 -139,346 0.794
Shieliinsky -3036,660 -132,029 0.792
Zhanakurgan -2305,160 -100,224 0.815
City of Kyzylorda -4291,100 -186,570 0,800
Kyzylorda region -21371,680 -929,203 0,700
Neoplastic diseases (DNP) per 100,000 people
Aral 113,619 4,940 1,963
Kazalinsky 97,090 4,221 2,031
Karmakshinsky 145,640 6,332 2,125
Zhalagashsky 100,298 4,361 2,207
Syr Darya 101,556 4,415 2,130
Shieliinsky 84,429 3,671 2,087
Zhanakurgan 77,110 3,353 2,183
City of Kyzylorda 129,441 5,628 2,076
Kyzylorda region 227,832 9,906 1,998
Diseases of the genitourinary system (DGSNP;) per 100,000 people
Aral -1733,182 75,356 0.671
Kazalinsky -2369,840 -103,037 0.743
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Continuation of table 2

1 2 3 4
Karmakshinsky -999,504 -43,457 0.705
Zhalagashsky -1060,202 -46,096 0.825
Syr Darya -1788,138 -717,745 0.554
Shieliinsky -1720,664 -74,811 0.686
Zhanakurgan -1774,564 -77,155 0.663
City of Kyzylorda -1485,066 -64,568 0.707
Kyzylorda region -1581,118 -68,744 0.721

Diseases of the digestive system (DDSP;) per 100,000 people
Aral -2835,140 -123,267 0.638
Kazalinsky -8242,080 -358,351 0.633
Karmakshinsky -2369,180 -103,008 0.595
Zhalagashsky -4535,080 -197,177 0.583
Syr Darya -1303,434 -56,671 0.677
Shieliinsky -2478,080 -107,743 0.599
Zhanakurgan -3185,600 -138,504 0.629
City of Kyzylorda -1213,124 -52,745 0.647
Kyzylorda region -2878,920 -125,170 0.654
Crude death rate (MP;) per 1000 people
Aral -2,603 -0.113 0.694
Kazalinsky -0.992 -0.043 0.866
Karmakshinsky -1,135 -0.049 0.852
Zhalagashsky -0.189 -0.008 0.970
Syr Darya -0.077 -0.003 0.988
Shieliinsky -0.906 -0.039 0.866
Zhanakurgan -1,166 -0.051 0.805
City of Kyzylorda -2,884 -0.125 0.671
Kyzylorda region -1,470 -0.064 0.802

The analysis of the dynamics of medical and ecological processes in the administrative districts of the
Kyzylorda region for 2000-2022, located in the zone of unloading hydrochemical flows of the Syr Darya
River basin, shows that the development of morbidity is characterized not only by a stochastic component.
They also have a deterministic component in the form of a trend, which is confirmed by the system of
equations of linear trends obtained as a function dependent on time. As follows from the results of
statistical assessments, the tendency of change in the type of morbidity in the context of administrative
districts of the Kyzylorda region is characterized by multidirectional (positive and negative) trends (table 2).

The obtained linear equations (table 1) allow us, first of all, to estimate how the dynamic average
long-term value changes by types of morbidity for the considered calculation period, and according to the
results of our study, we observe positive trends , where their absolute growth increases from 8.820 to
256.564 per 100,000 people, the growth rate from 0.383 to 11.155 per 100,000 people and the growth
coefficient from 1.127 to 2.017 , due to the increase in the population in all administrative districts, except
for the Zhalagash and Syrdarya districts, where negative trends are observed.

Accordingly, the identified unidirectional negative trends for 2000-2022 in all administrative districts
of the Kyzylorda region for the incidence of the population registered for the first time in life (PM;),
discases of the genitourinary system (DGSNP;), diseases of the digestive system (DDSP;) and the
mortality rate of the population ( MP;) show an improvement in the medical and ecological condition in
the storage zones of the hydrochemical runoff of the Syr Darya River (Table 2) and their functional
equations (table 1) can serve as a basis for predicting changes in morbidity over time.

Of particular interest is the preservation of the unidirectional positive trends of neoplasms (DNP) in
all administrative districts of the Kyzylorda region, where their absolute growth increases from 77.11 to
145.64 per 100,000 people, the growth rate from 3.353 to 6.332 per 100,000 people and the growth
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coefficient from 1.963 to 2.207 along the river basins towards the mouth, which requires the need to study
their cause-and-effect relationship.

To identify the cause-and-effect relationships between the water pollution index ( WPI;) and water
mineralization ( WM;) with neoplastic diseases in the context of administrative districts of the Kyzylorda
region by constructing their graphs, an equation of a linear trend was obtained using the ( DNP) Microsoft
program Excel (table 3):

DNP = a; - WMl + bi And DNP = a; - WPIl + bi’
where a = tgais the angular coefficient of regression; bis the ordinate of the deviation of the straight line
from the zero point of the graph.

Table 3 — Dependence of the level of neoplasm disease ( DNP) on the pollution index (WPI;) and water mineralization (WM,)
in the context of administrative districts of the Kyzylorda region

Administrative regions Equation | Determination index (R%)
Dependence of the level of neoplasm disease ( DNP) on water mineralization (WM,), mg/l
Aral DNP = 0,3342-WM; — 349,3100 0.5447
Kazalinsky DNP = 0,2457 - WM; — 251,1800 0.4816
Karmakshinsky DNP = 0,3193 - WM; — 217,5300 0.4665
Zhalagashsky DNP = 0,2345-WM; — 180,3600 0.5227
Syr Darya DNP = 0,2965 - WM; — 245,3700 0.5449
Shieliinsky DNP = 0,1511- WM; — 27,8450 0.3114
Zhanakurgan DNP = 0,1694 - WM; — 64,6100 0,6490
City of Kyzylorda DNP = 0,2893 - WM; — 197,5500 0.4797
Dependence of the level of neoplasm disease ( DNP) on the water pollution index (WPI;)
Aral DNP = 137,8900 - WPI; — 71,4690, 0.5811
Kazalinsky DNP = 107,8500 - WPI; — 48,8710, 0.5879
Karmakshinsky DNP = 124,8100 - WPI; — 42,4080, 0.5368
Zhalagashsky DNP = 87,3930 - WPI; — 39,8420, 0,6300
Syr Darya DNP = 117,1800 - WPI; — 77,6650, 0.8108
Shieliinsky DNP = 44,1230 - WPI; — 18,1110, 0.5827
Zhanakurgan DNP = 229,0400 - WPI; — 194,7300, 0.6525
City of Kyzylorda DNP = 125,5800 - WPI; — 56,6840, 0.7133

When assessing the dependence of the incidence of neoplasms ( DNP) on water mineralization
(WM;) and the water pollution index ( WPI;) , data on the water quality of the Syr Darya River at the
hydrological posts of Shardara, Kyzylorda and Kazaly were used, given in the annual reports of the «Aral-
Syr Darya Basin Inspection for the Rational Use and Protection of Water Resources» of the Water
Resources Committee of the Ministry of Water Management and Irrigation of the Republic of Kazakhstan
for the period 2000-2020 [22].

The conducted studies to assess the direction and intensity of the trend of change by types of
morbidity in the context of administrative districts of the Kyzylorda region demonstrated the possibility of
using regression-correlation equations as a generalizing characteristic in the construction of mathematical
medical-demographic models, where the integral indicator acts as a quality criterion.

Discussion. Analysis and evaluation of the medical and ecological situation in the administrative
districts of the Kyzylorda region, based on types of morbidity, is of regional significance and is
characterized by multidirectional (positive and negative) trends, differing in intensity along the Syr Darya
River, directed towards the mouth of the river.

The presented results of the quantitative assessment of integral levels by types of morbidity in the
administrative districts of the Kyzylorda region for 2000-2022 showed that in most cases there is a
negative trend in the incidence of the population (PM;), registered for the first time in life, diseases of the
genitourinary system (DGSNP;), digestive organs (DDSP;) and mortality of the population (MP;), where
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the growth rate fluctuates from 0.583 to 0.988, this may be due to the introduction of preventive and
corrective measures aimed at maintaining public health with changed qualities of natural resources and the
subsequent environmental disturbances in the living environment of the population living in the Aral Sea
region.

However, studies devoted to the study of neoplasm disease (DNP) among the population of the
Kyzylorda region for 2000-2022 showed that they have a positive growth trend with statistical
significance, since in all administrative districts the growth rate is in the range from 1.963 to 2.207, which
indicates the presence of a negative impact on the life of the population of catastrophic changes in the
natural environment in connection with the Aral syndrome.

The obtained functions in time, characterizing the development trends of medical and ecological
processes, confirming the existence of a statistical relationship between the quality of the natural
environment and types of morbidity in the context of administrative districts of the Kyzylorda region,
were the main hypothesis of this study.

Conclusion. In modern conditions, taking into account the characteristics of the medical and
statistical components of the living environment of the Kyzylorda region in the context of administrative
districts and the city of Kyzylorda, located in the lower reaches of the Syr Darya River, related to
technogenically disturbed zones, is one of the necessary conditions for knowledge about the health status
of the population in spatial and temporal aspects.

A study of the health of the population of the Kyzylorda region by administrative districts and the
city of Kyzylorda based on statistical data for the period from 2000 to 2022 using a linear trend showed
that, for the period under review, there are generally multidirectional (positive and negative) trends.

At the same time, negative trends for 2000-2022 in all administrative districts of the Kyzylorda
region in terms of morbidity of the population registered for the first time in life ( PM;), diseases of the
genitourinary system ( DGSNP;), diseases of the digestive system ( DDSP;) and the mortality rate of the
population ( MP;), as well as a positive trend in the incidence of neoplasms ( DNP), show multidirectional
trends in their change, and do not prove an improvement in the medical and ecological state in the storage
zones of the hydrochemical runoff of the Syr Darya River (table 2), and their functional equations (table 1)
can only serve as a basis for predicting changes in morbidity over time.

The presented results of the dependence of neoplasm incidence ( DNP) on water mineralization
(WM;) and water pollution index ( WPI;) fully reflect the relationships between the quantitative and
qualitative aspects of the process under study and provide valuable information necessary for analysis in
spatial and temporal aspects.

A statistically substantiated assessment of the parameters of population morbidity in the context of
administrative districts of the Kyzylorda region, discovered in the period from 2000 to 2022, as well as
multidirectional positive and negative trends (trends) and their functional equations in the form of linear
trends serve as a scientific basis for forecasting the socio-ecological potential of the region, due to the
impact of a complex of environmental factors and the lifestyle of the population.
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CbIPJAPHUA O3EHIHIH TOMEHI'T CAJTACBIH/JIAT'BI
XAJIBIKTBIH JEHCAYJIbIFBIH KEHICTIK-YAKBITTBIK KO3KAPACTA BAFAJIAY

Annoranus. Kazipri ke3enje, TeXHOreH K JlacTaHy aiiMarbiHa KipeTiH ChIpiapus ©3eHiHIH TOMEHT] aFbICBIH/A
opbiHanackaH KpI3putopa OOJIBICBIHBIH, TYPFBIHIAPBIHBIH JICHCAYJIBIFBIH 3€PTTEY, XaIbIK JCHCAYJIBIFBIHBIH KaJbII-
Tacy CHUIATTaMaJIapbIH KEHICTIKTIK OHE YaKbITTBIK OJILEMiHe, FUIBIMU TYPFbIJa HETi3[eyNi KaMTaMachl3 €TETiH,
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MeIUIINHAITBIK-CTATUCTHKAIBIK, TOCUIIIH, CBI3BIKTHIK TPEHATEPIiH KOJIAaHYFa HETi3OeNTeH. DKOHOMHUKAJIBIK OacKapy
KYKBIFBIHIAFBl MeauInHANBIK-CTATUCTHKANBIK —Tanaay naenapramenTiHiH «Caramat KaiisipOekoBa aTBIHIAFEI
JIEHCAYIIBIK CaKTayabl TaMBITYIBIH YITTHIK FEUTBIMU opTansirby PMK naitiamaran «Kazakcran PecrryOnmkachr xain-
KbIHBIH JICHCAYJIBIFbI )KOHE JICHCAYJIBIK CaKTay YWbIMIAPBIHBIH KbI3METi» CTATUCTUKAIBIK KuHarbl 2000-2022 xbui-
Jlap apaiblFbiHbIH Herizinge Kpl3puiopaa oOJIbICHIBIH OKIMIIUIIK aylaHIapblHbIH JCHIeHiHAe, XaJbIK ICHCAYIIbIFbI-
HBIH JJIEKTPOHJIBIK FBUIBIMU-3€PTTEY JepeKkTrep Oazachl Kypbuiabl. KpI3buiopa OOJBICBIHBIH OKIMIIUIK ayaaHza-
PBIHBIH JEHIeiiH[e XaNbIKThIH JI€HCAYJIBIK KOPCETKIIITEpiH KapacThIPbUIBIT OThIpFaH KeseHie, Microsoft Excel
OarapiaMachlHIa CBHI3BIKTHIK TPEHATEPIH MalijaiaHa OTBIPBIN, CTATUCTHUKAIBIK TOCULAEepre Heriznen Oaranay
KepCeTKeH IeH, Oip TyTacTail ajFaHja aypyIIaHIbIKTBIH JaMybl KOl OaFbITThI OH JKOHE Tepic e3repicTep Oaifkaiaabl
JKOHE OJapIBIH CBI3BIKTHIK TPEHATEP TYpiHAETI (QYHKIMOHAIABIK TCHACYJIEPI allMaKThIH 9JICYMETTiK-IKOJIOTHSIIBIK
aneyeTiH 00JDKay YIIIH FRIIBIMH HET13 peTiH/e KbI3MET eTei.

Tyiiin ce3aep: XaibIK JEHCAYJIBIFBI, CHI3BIKTHIK TEHICHLMS, TEHICHIINS, e3repicTep, 3epTTey 0a3achl, TUHAMU-
Ka, Oaramnay.
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OIIEHKA 3/I0POBbsI HACEJIEHHIA B HU30BbAX PEKU CBIPJAPUSA
B IPOCTPAHCTBEHHbBIX U BPEMEHHBIX ACIIEKTAX

AnHoTauus. CoBpeMEHHbBIE UCCIIEIOBaHUS 3M0POBbs HaceNeHUsT KbI3bUTOPAMHCKOW 001aCTH, TIPOKHBAIOIIETO
B HHU30Bbe peku ChIpmapus, OTHOCSIICHCS K 30HE TEXHOI'CHHOI'O 3arps3HCHHUs, 0a3MPYIOTCA HAa MEIUKO-CTaTHC-
THUYECKOM IIOJIXOJIE C HCIIOJIb30BAaHHMEM METO/IOB JIMHEHHOro TpeHJa, 00ECHeYMBaIOIIMX HaydyHOe OOOCHOBaHHE
ocobeHHocTel (hOpMUpPOBaHUS 370POBbS HACCICHUS B MPOCTPAHCTBEHHBIX M BPEMEHHBIX acrekTax. Ha ocHoBe
CTaTHCTHYECKOTO COOpHHKA «31m0poBbe HaceneHus PecnyOnmkn KazaxcraH U A€ATENBHOCTh OPraHU3aIUi 3/IpaBo-
oxpaHeHus» Jlenapramenra menuko-craructuueckoro aHanusa PITI nHa [IXB «HauuoHanbHBIA Hay4yHBIA LEHTP
pasBuTHs 3apaBooxpaHeHus umenn Caramat KaumpOekopoii» B 2000-2022 romsl co3maHa JIIeKTpoHHas 0aza
WCCIIEIOBAHMS 10 3J0POBBI0 HacedeHWs KBI3BUIOpIAMHCKON 007acTH B pa3pe3e aIMHUHHCTPATUBHBIX PaiOHOB.
Cratuctnaeckn 0OOCHOBAaHHAs OIICHKAa MapaMeTPOB 3a00JEBaEMOCTH HACENCHUS B pa3pe3e aJIMHUHHCTPATUBHBIX
paiioHoB KbI3bUTOPIHMHCKON 0071aCTH C HMCIOJB30BAaHUEM JIMHEHHOTO TpeHma B mporpamme Microsoft Excel moka-
3aja, 4TO 3a PacCMaTPUBAEMBIM IEPHOA B IEJIOM HAOIIONAIOTCS Pa3HOHAIIPABICHHBIEC IOJIOKUTENBHBIE U OTPHIIA-
TeJIbHbIE TEHJCHUMH (TPEH/bI) pa3BUTHUS 3a00JIeBAEMOCTH M MX (DYHKLIMOHAJIbHBIC YPaBHEHHsS B BUE JIMHEHHBIX
TPEH/IOB CIIYXaT Hay4YHON OCHOBOM JJIs1 TPOTHO3UPOBAHUS COIUATBHO-IKOJIOTUYECKOTO MTOTEHIIMAIA PETHOHA.

KiroueBble coBa: 370pOBbE HACEIICHUS, JIMHCHHBIN TPEH, TCHICHIWSA, W3MCHCHHMs, 0a3a HCCICIOBaHUS,
JIMHAMUKA, OILICHKA.
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