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Problems of health sustainability in the context
of industrial and innovative development

The Republic of Kazakhstan has achieved significant economic growth and significant results in the country's
socio-economic development. However, the implementation of the Programs for Forced Industrial-Innovative
Development, the Business Roadmap 2020 and others within the framework of the traditional production and
consumption scheme causes a multiple increase in anthropogenic pressures on the regions, including an in-
crease in the seizures of mineral, hydrocarbon, water, land, energy resources, emissions and volumes of pol-
lutants, the growth of new industries and infrastructures, determining their uneven development and increas-
ing the degree of desertification of territories. To date, a number of environmental problems remain unre-
solved in Kazakhstan, which require a different approach to the development of state environmental policies
and sustainable development management models. Let us cite the main factors hampering the country's sus-
tainable development: inefficient resource management; Excessive consumption of natural resources (anthro-
pogenic impact); commodity orientation of the economy; excessive urbanization of territories; deterioration
of public health; human capital; imbalance of regional development; low productivity of economic sectors;
increase in the number of industrial zones; deficiency of water resources and desertification of territories; en-
vironmental pollution; energy intensity of production; low land productivity and crop yields and other factors.
In this article, we will consider in the regional aspect such a factor as the health of the population, taking into
account the environmental problems and the environmental situation in the region. The article presents the
economic and mathematical model of sustainable development management in the context of the regions of
the Republic of Kazakhstan.

Keywords: sustainable development, population, health, environmental management, environmental policy.

Many factors play a role in the implementation of the Concept of Sustainable Development of the Re-
public of Kazakhstan.

Among others, we would like to note, such as: ineffective management of mineral, land, water and bio-
logical resources characteristic of our country will ultimately lead to an increase in the scale and rate of loss
of the resource potential, which will accordingly limit the economic development and export potential of re-
gions and the republic in whole. Specialists in the field of mineral resources have concluded that the growth
in energy consumption will continue in Kazakhstan, and it has believed that in the next 50 years the volume
of mining operations will increase more than five times, mainly due to new deposits with processing ores by
old technology. There may be an almost complete exhaustion of the explored reserves of oil, gas and other
energy resources.

The next, much important factor hampering sustainable development is the low productivity of land re-
sources. The productivity of land and the yield of basic crops (wheat, barley) in Kazakhstan is three times
lower than in Canada due to their considerable degradation. Half of the country's agricultural lands had de-
graded, of which 50 % of arable land, because of which the yield of wheat fell by 36 %. Such a huge amount
of land unsuitable for farming had caused by inefficient use, lack of water, anthropogenic impact [1].

Very low economic productivity of water use in agriculture, which is almost 5 times lower than in Rus-
sia, while the cost of water for irrigation of rice fields is 10 times higher than in Russia and Canada. Given
the current assessment of water demand, Kazakhstan may face an acute shortage of water resources. Accord-
ing to the Committee of Water Resources, by 2030, less than 1/5 of the water resources will be available for
economic use. According to international research, about 2 billion US dollars will be needed to meet water
needs in cities, settlements, agrarian and industrial sectors [2].

In addition, a certain danger for Kazakhstan is the pollution of the environment by toxic substances.
According to international experts, more than 40 thousand children under the age of 10 suffer from neurolog-
ical disorders due to exposure and significant amounts of lead in the body.

Kazakhstan ranks second among Central Asian countries and Eastern European countries in terms of
environmental pollution by organic substances. Air pollution in Kazakhstan is the main cause of more than
6000 deaths per year [3].
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The lack of a waste management system leads to uncontrolled landfills of more than 97 % of household
and construction waste. The problem of radioactivity remains very serious.

To assess the level of sustainable development, both at the regional and national level, as well as its
modeling, a system of indices and indicators has applied, which includes various components. In view of the
enormous diversity in the definition of the term «sustainable development» in the interpretations of domestic
and foreign scientists dealing with sustainable development management, we will mean sustainable devel-
opment as a governance model that will ensure a decent level of the well-being of the population and the dy-
namic development of the economic and social system with the environment.

In connection with this, the issue of public administration arises sharply in conditions of instability, i.e.
creation of the Kazakhstan model of sustainable development management.

Based on the analysis, it can be argued that environmental problems accumulated by more than one
generation in the foreseeable future will lead to a deterioration in the living conditions of not only future
generations, but also of current residents, the quality of their lives, an increase in morbidity in the RK re-
gions, which can not affect the social sphere of the country. In such conditions, the country's economic de-
velopment cannot be sustainable. This is the triune unity of the economy, ecology and social sphere.

This has confirmed by the work of the American economist and Nobel laureate Simon Kuznets. In his
work Economic Growth and Income Inequality of 1955, he argued that economic growth leads first to an
increase, and then to a decrease in inequality [4]. About the ecological curve Kuznets started talking in the
early 1990's with the filing of Princeton economists Gin Grossman and Alan Krueger, who studied the ef-
fects of free oil trade [4]. Instead of an inequality in the ecological curve of Kuznets, pollution of the envi-
ronment is substituted [5]. The pattern is the same — the growth of GNP at first the ecology worsens: the
factories are smoky, the forests are cut down. But then there is a turning point, which the World Bank report
explains: «With the increase in revenues, the demand for improving the environment is rising and there are
more resources that can be invested in it». In other words, wealthy citizens, firstly, are keenly interested in
breathing clean air and swimming in clean water, and secondly, they can afford to spend extra money on the
environment.

The ecological curve of S. Kuznets has something to love: in order to save the environment, it is neces-
sary not to strangle the economy, but, on the contrary, to develop it as intensively as possible, without ex-
changing ecology.

If the S. Kuznets curve works, then developed and developing countries will sacrifice part of their GDP.
Not just for the sake of abstract humanism, but for the sake of further economic growth. The global economy
will continue to develop, and greenhouse gas emissions will go down. A turning point will appear on the
world ecological curve of S. Kuznets [4].

In our work, we attempted to analyze the relationship between the level of environmental pollution and
the volume of GDP in Kazakhstan.

The simplified regression equation of the ecological curve has the form:

T —
Y, =B, +B,GDP, +B,GDE; +B,GDP: +B,GDP; +u,, (1)
where Y,, — polution; GDP;, three-year moving average values of gross domestic product.
In this case, moving averages are usually included in the model to smooth out short-term fluctuations
and highlight major trends or cycles.
Estimate the coefficients of the regression equation by the least squares method. As a result of approxi-

mating the data on GRP volumes and air emissions of pollutants in 16 regions of Kazakhstan for the period
from 2004 to 2017, the following equation was obtained:

Y, =81,47+0,13GRF, +0, 00004GRBf +0,03GRP:: +0, OOOOOSGRP; , )
where Y, — emissions of pollutants emitted from stationary sources into the atmosphere, measured in thou-

sand tons; GRP;; — GRP, billion tenge; GRP;;— three-year moving average values of gross regional prod-
uct, billion tenge.

Since the coefficient $, =—-0,0000 <0, and the coefficient , =0,13 >0, then we have a convex up-
ward (N-shaped) curve that changes its direction with respect to the point of inflection from growth to fall.

By differentiating the GRP index and equating the result to zero, we calculated the gross domestic
product in Kazakhstan, for which the pollution volume reaches its maximum. We have received that the peak
of pollution comes at a GRP level of 1677,05 billion tenge. Further increase of this indicator in the RK leads
to a reduction in emissions of pollutants into the atmosphere.
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However, this trend is not traced for a longer period. As a result of processing data on GRP volumes
and air emissions of pollutants in 16 regions of Kazakhstan for the period from 2004 to 2017, we obtained
the following regression equation:

Y, =119,8-0,07GRP, +0,00001GRP; +0,15GRP; —0,00003GRP; . 3)
In the equation, the coefficient §, =—-0,0000> 0, and the coefficient , =-0,07 <0, therefore, The

curve is convex downward (U-shaped) and changes its direction with respect to the point of inflection from
falling to growth.

In this case, using in the equation the moving averages of gross domestic product volumes, which
are usually included in the model to smooth short-term fluctuations and highlight the main trends or cy-
cles, we see a slightly different picture, analyzing the long trend. This, perhaps, is related to the cyclical de-
velopment of the economy in the long run, which in itself does not contradict the principles of sustainable
development.

Since economic growth reflects quantitative changes (in the form of gross domestic product); and sus-
tainable development reflects qualitative positive changes aimed at growth, transformation and transition
from one state to another.

Cyclical development of the economy can be defined as a form of its development, as a movement from
one macroeconomic equilibrium to another, i.e. transition from one state to another. In this context, the U-
shaped curve represents, on the one hand, the phases of the business cycle. However, since cyclicity itself is
a form of economic development, the crisis (manifested at the point of recession), in turn, appears as a form
of economic development.

Further, it is of practical interest to study the impact of economic development on the level of pollution
in various regions of Kazakhstan. To do this, first we will cluster all regions according to two indicators: the
amount of emissions of pollutants emitted from stationary sources (thousand tons) into the atmosphere, and
the volume of the gross regional product (in billion tenge).

Table presents all regions of Kazakhstan and indicators of the region's environmental and economic de-
velopment in 2017.

Table
Ecological and economic development of the regions of the Republic of Kazakhstan in 2017
No Regions Amount of emissions into the atmosphere ‘G.RP volume
(thousand tons) (billions of tenge)

1 | Akmola 83,8 9422

2 | Aktyubinsk 125,4 1816,3

3 | Almaty 68,4 1665,5

4 | Atyrau 138,4 3635,1

5 | West Kazakhstan 60,4 1845,8

6 | Zhambyl 33,6 864,0

7 | Karaganda 572,6 2690,7

8 | Kostanai 115,4 1309,7

9 | Kyzyl Orda 31,2 1374,0

10 | Mangistau 77,5 1880,0

11 | South Kazakhstan 56,3 2062,6

12 | Pavlodar 650,4 1539,1

13 | North Kazakhstan 71,4 747.5

14 | East Kazakhstan 1249 2050,3

15 | City of Astana 60,6 32454

16 | City of Almaty 12,4 6471,8

Note. Compiled from source [6].

To classify regions, we use cluster analysis, which allows us to divide objects into homogeneous groups
or clusters for a number of features. Uniform objects are considered, the observed signs of which are in close
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proximity to each other. The norm of proximity is the distance metric. To solve our problem, we used the
usual Euclidean metric, according to which the distance between observations has calculated by the formula:

14

d ;= Z:(x,a.—x,q.)2 . “)

k=1
Based on the Euclidean metric, the distance between regions 1 and 2 is:

d,= \/(83,8 —125,4)* +(942,2-1816,3)* =875.
It is obvious that d,, =d,,, ad,, =0.

The distance between the clusters is determined by the principle of the «far neighbor», which is de-
scribed by the formula:

1 1 1
d., = Edw +5dm,q +5‘d1,q -d, |,
where d, ;d, ,— geometric distances between the corresponding clusters.

Thus, the distance between region 2 and the cluster (1 + 8) is:
1 1 1 1 1
dl,(5+10) = Edl,s +Ed1,10 + 5|d1,5 - d1,10| = 5 -904 +§'
Carrying out similar calculations, we get a new distance matrix.

Again, we find the minimum distance between the objects d;;4=70, combine them into a cluster and,
by the principle of «far neighbor», determine the distance between clusters. Thus, we again construct the dis-
tance matrix.

Also at the workplaces of industrial enterprises, inconsistencies in the normative requirements for illu-
mination had revealed, which in turn can lead to injuries. After all, one of the factors that determine the safe
working conditions and contribute to higher labor productivity and production culture is a favorable light
climate.

The evaluation of occurrence of the situations provoked by economic activities, technogenic failures
and accidents with human casualties or infringements in functioning of geotechnical systems prevails among
applied works. Thus, geologic geomorphological con dictions usually act as the factor defining the probabil-
ity of extreme situations. At presence of multiple observations or the historical data the probability of emer-
gencies of this or that degree is estimated quantitatively, as a number of possible situations in a year or as an
inverse value — possibility of an extreme situation occurring once in a certain number of years. The combina-
tion of natural and technogenic components of possible catastrophes allows estimating the ecologic geo-
graphical position of specific objects and the ecological risk for the corresponding territories.

As a result of the water erosion influence in the given area the size of ecologic economic risk is defined
under the expression

938+%|904—938| =938.

R= Z(PPOP(EJP(IS))iJYt (5)
i=1 y
where P — is the probability of a fallout of the atmospheric precipitation forming a superficial water flow
(the discharge of water with probability of excess is less than 10 %) and erosion; Py — is the probability of
unfavorable meteorological conditions (rains few days straight) promoting the occurrence of dangerous natu-
ral phenomenon; P(g/y) — is the conditional probability of the developed situation for ecological objects (¢)
in view of quality of the environment (y); P(IS) — is the probability of potential losses depending on social
conditions, scale of influence and destructive force of erosive processes in the area; ¥; — are losses (damage)
in the cost expression depending on a degree of erosion influence on ecological objects.

Quantitative characteristics of rain are the layer, du ration and intensity of precipitations, which are ran-
dom variables in time and space. The factor of the eroding ability of rains assumes revealing of the correla-
tion connection with quantity of the eroded soil or plotting of the probability distribution curves for volume
of soil washout (discharge of mudflows). Unfavorable meteorological conditions (UMC), when precipita-
tions fall out during a long interval of time (two days straight), is a very rare event (P,) but such cases is pos-
sible to at tribute to the erosion hazardous. For plain territory the value is Py=0.3, for intermountain valleys
and foothills P¢=0.35, and for mountains P,;=0.5. The probability that two independent events can happen
simultaneous (by the quantity of the fallen out precipitations of today and tomorrow) is the product of proba-
bilities of each of these events, i. e. P;=P-P,. Thus, characteristics of a storm rain with probability 0,0693 at
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UMC in the foothill territory (Py=0.35) can be expected at their joint realization with probability 0.0243, and
in mountains at (Po=0.5) — 0.0346.

For cartography of ecologic economic risk in territory of economic development of Almaty area are
used:

1) The soil erosive map of Kazakhstan (scale 1:2500000), made in the Institute of Soil Science NAN
RAC.

2) The map of land utilization (scale 1:1000000), made by the Kazakh branch of VISHAGI.

3) The map of the mudflow danger of the territory of Republic of Kazakhstan (scale 1:1000000), made
by Kazakh Scientific Research Institute of Environment and Climate Monitoring. On the soil erosive map of
Republic of Kazakhstan, the non-eroded and non-deflated territories had allocated, as well as: water erosion,
deflation, joint display of water erosion and deflation [3].

The map of ecologic economic risk for the territory of Almaty area (scale 1:2500000) can serve as the
basis for planning and management of nature with introduction of the system of insurance in order to com-
pensate the damage caused by the natural spontaneous phenomena, ecological and social factors of risk and
the dynamic of diseases.

Thus, the prediction of the transition to «sustainable» development made by our macroeconomic model
is very favorable for the Republic of Kazakhstan from the economic, ecological, and social point of view. In
our model, it has shown that «sustainable development» not only leads to economic development of the
country as a whole, but also provides higher GRP growth rates, smooth is unevenness in regional develop-
ment, and promotes self-development - one of the main indicators of the country's well-being.

At the present stage of its development, the Republic of Kazakhstan has not yet reached this point of
maximum on the ecological curve of Kuznets, which explains the degradation of the environment and the
aggravation of the ecological situation and the subsequent increase in the incidence of the population of the
regions of the Republic of Kazakhstan. One of the most disadvantaged regions in terms of environmental
quality is the Karaganda region.

The transition to sustainable development and its management is a very long process, since it requires
solving unprecedented social, economic and environmental tasks. As we move towards sustainable develop-
ment, the very idea of it will change and be refined, people's needs will be rationalized in accordance with
environmental constraints, and the means of meeting these needs will be improved. Therefore, the implemen-
tation of the principles of sustainable development should be considered in stages.
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OHepKICINTIK KOHEe HHHOBAUSIIBIK 1aMy KOHTEKCTiHIeri
JAEHCAYJIbIK TYPAKTbUIBIFBIHBIH MceJesiepi

Kasakcran PecnyOikach! esijiiH 91€yMeTTIK-3KOHOMHKAIIBIK JIAMYBIH/Ia aHTapIIbIKTall 3KOHOMHUKAJIBIK 6cyre
JKOHE elieysli HOTHXKeNepre KOJDKETKi3i. Anaiaa MHIYCTPUSUIBIK-MHHOBALMSIIBIK IaMy/blH, OM3HEC YIUiH
«Komn xapracs-2020» >xoHe OacKanap YIIIH Kelly OarmapiiaMaapblH iCKe achlpy ©HAIpiC MEH TYTHIHYIBIH
JIOCTYPJIL cXeMachl IeHOEpiHAe oHipIepre aHTPONOTCHAIK KbICBIMHBIH OipHEIIE peT YIFArObIH, OHBIH IIIiHAe
naianel Kazbanap/bl, KOMIpCYTEKTi, Cy[bl, Kepi, SHEPreTUKAIbIK PeCypcTap/pl, JacTayllbl 3aTTaplIblH
IIBIFAPBIHABLIAPBI MEH KOJIEMIEPiH YIFaWTy bl, )KaHa cajlajap MeH MH(PaKYpbUIBIMIAPIbIH OCYiH, 0JIapIbIH
OipkesKi eMec TaMybIH aiiKbIHAAY/bl XKOHE ayMaKTap/blH LISJICHTTEHY 1OpPEKECIH YIFaUTyabl TybIHIATa bl
byrinri Tanma KasakcTaHna MeMIIKETTIK SKOJIOTHSUIBIK CascaTThl JKOHE OpHBIKTHI AaMynbl Oackapy
MOJEIB/ICPiH 33ipiieyre o3re Je Ko3KapacThl Talall eTeTiH OipKaTap dKOJOTHSUIBIK MpobiemManap IeliimMereH
GoJTBIN KaJbI OTHIP. Makajgana eniH OpHBIKTHI JaMyblHA KeJepri KeNTipeTiH Herisri ¢akropiap aTayiibl:
pecypcTapisl THIMCI3 Oackapy; TaOMFH pecypcTapibl HIaMaJaH ThHIC TYTHIHY (QHTPOIIOTEHIIK acep eTy);
9KOHOMHKAHBIH TayapJblK Oaraapbl; ayMaKTap/bIH aMajiaH ThiC ypOaHH3alUsChl; XaJbIK JICHCAYIIBIFbI JKaii-
KYHiHIH HaIlapiaysl; aJaM KamUTalbl; OHIPIIK JaMy TEHI'€piMCI3iri; SKOHOMHUKAJIBIK CEKTOPIapIblH TOMEH
OHIMLIIri; ©HEPKACINTIK afiMaKTap CaHBIHBIH YIIFAIOBI; CYy PECYPCTApbIHBIH TAILIBLIBIFEI )KOHE ayMaKTap IbIH
IIOJICUTTEHYl; KOpIUAFaH OpPTAaHBIH JIACTAHYbl; OHIIPICTIH SHEPrHs CHIUBIMIBUIBIFBL, JKEPHIH TOMEH
TYCIMZIITIT JKOHE aybUl IIApyalIbUIBIFbl JaKbULIAPBIHBIH TYCIMILTIr jxoHe Oacka aa ¢axropiap. ABTopiap
0i3 eHipAeri SKOJOTMAIBIK NpobieManap MEH SKOJOTHSUIBIK JKarlaiIbl eCKepe OTBIPBIN, XaJbIKThIH
JICHCAYJIBIFBI CHSKTHI (hakTOP.IbI OHIpIiK acrekrine Kapactoippl. ConbiMen KaTap Kazakcran Pecrmy6nukacst
OHIpJIepiHIH KOHTEKCTiHAE TYPaKThl JaMyjbl OacKapyablH OSKOHOMHKAJIBIK-MaTeMaTHKAIBIK MOJCIiH
YCBIHFaH.

Kinm co30ep: TypakThl aMy, XaJKbl, AEHCAYJIBIK CAKTay, SKOJIOTHSIIBIK CascaT, OHIPIIK acIeKT.

A.T. Omaposa, b.K. JIxxa3eik6aeBa, E.J[. OpsiaOacapoga,
P.C. becnaesa, I'. I'eiiciiep

IIpo06JieMbl yCTOHYHMBOCTH 310POBbSI B KOHTEKCTE
NPOMBIIIJICHHOT0 M HHHOBALIMOHHOTO PA3BUTHA

Pecnybnuka KaszaxcTan nobunach CyIeCTBEHHOrO 3KOHOMHYECKOTO POCTa M 3HAYUTENBHBIX PE3yJIbTaToB
B COLIMATIbHO-KOHOMHYECKOM Pa3BUTHH cTpaHbl. OJHAKO peanu3anus IporpamMm mepexojaa HHAYCTPUATbHO-
HMHHOBAIIMOHHOTO pa3BUTHs, «J{opoxkHO# kapTs! 2020» myst GM3HEca U IPYrUX B paMKax TpaJuIIOHHON cXe-
MBI ITPOU3BOJICTBA U MOTPEOJICHNS BEI3BIBAET MHOTOKPATHOE yBEJIMUCHHE aHTPOIIOTEHHOTO JABJICHUS Ha pe-
THOHBI, B TOM YHCJIC YBEIUYCHHUE U3BATUH IOJIE3HBIX UCKOIAEMBIX, YIIICBOAOPOAA, BOIBL, 3€MJIH, SHEPIeTH-
YECKHX PECypCOB, BHIODOCOB H 00BEMOB 3arps3HSAIOIINX BEIIECTB, POCT HOBBIX OTpacieil 1 HHPPacTpyKTyp,
OTIpe/ieNIeHNe UX HEPAaBHOMEPHOTO Pa3BUTHA U yBEJIUUCHUE CTETICHN OIMyCThIHUBaHHA TeppuTopuii. Ha cero-
JHAMHUKA neHb B Ka3axcTaHe ocTaeTcs HEPEHIEHHBIM PsiJl SKOJIOTHYECKHX MPoOIIeM, TpeOyIOLIMX HHOTO MO-
X072 K pa3paboTKe rocylapCTBEHHON 3KOJIOTHYECKON MOJUTUKUA U MOJENEH yIpaBlieHUs yCTOWYMBBIM pa3-
BUTHEM. B naHHOIl cTaThe Mbl NPHBEIM OCHOBHBbIE (AKTOPBI, NPEHATCTBYIOIINE YCTOHYMBOMY Pa3BHTHIO
CTpaHbl: Hed((PEKTHBHOE YIPaBJICHHE PECYpCaMy; Ype3MepHOe IOTpedIeH e IPUPOJHEIX PECYPCOB (aHTPO-
MIOTEHHOE BO3JICHCTBHUE); TOBapHasi OpPHEHTAIMsl SKOHOMUKH; Upe3MepHast ypOaHHU3aIs TePPUTOPHIL; yXya-
IIeHUEe COCTOSIHUS 3/I0POBbsSI HACEJICHUS; YeJIOBEUESCKUH KaIuTall, AUcOaaHc peTHOHAIBHOTO Pa3BUTHS; HU3-
Kasi IPOU3BOJMTEILHOCTE YKOHOMHYECKHX CEKTOPOB; YBEIMYEHHE YHCIA MPOMBIIIICHHBIX 30H; ACQHIUT
BOJIHBIX PECYPCOB M OIyCTBIHUBAHUE TEPPUTOPUIL; 3arpsA3HEHUE OKPYKAIOIIEH Cpelbl; SJHEProeMKOCTh IIpO-
U3BOJICTBA; HU3KAs YPOXKAHHOCTb 3€MEJb M CEIbCKOXO3SHCTBEHHBIX KYJIbTYp M Apyrue daxropsl. B peruo-
HaJbHOM acleKTe PACCMOTPEH Takoi (akTop, Kak 340pOBbE HACEIEHHSI, C yIETOM KOIOTHYECKUX MTPoOIeM 1
9KOJOTHUECKON CUTYyallul B peTHOHE. ABTOpaMH MPEACTaBIeHa YdKOHOMHUKO-MaTeMaTHUeCKast MOJENb YIpaB-
JIEHHs YCTOWYMBBIM Pa3BUTHEM B KOHTEKcTe pernoHoB Pecry6muku Kasaxcran.

Knrouegvie cnosa: yCTOfI‘{PIBOG Ppa3BUTHUEC, HACCIICHUE, 31PpaBOOXPAHCHHC, 3KOJIOTHUECKHI MCHC/PDKMCHT, 9KO-
Jloru4yeckas 1noJIMTuKa, peI‘PIOHaJIbeIﬁ ACIICKT.
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