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

The Repuablic of Kazakhsian kas achieved significant economic growih and significant resulis in the couniry's
socic-economic development. However, the implementation of the Programs for Forced [ndustnal-Innovative
Development, the Business Roadmap 2020 and others within the framework of the raditional 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 resowrees, emissions and volumes of pol-
lutanis, the growih of sew indusiries and infrasiruciores, determining their uneven development and increas-
ing the degree of deseriification of territonies. To date, a number of emvironmental problens remain unre-
solved in Kazakhsian, which require a different approach 1o the development of state environmental policies
and susizinable 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 impactl, commodity onentation of the economy; excessive wrhanization of territonies; deteroration
of public health, human capital; imbalance of regional development; low productivity of economic sectors;
increase in the number of indusirial zones; deficiency of water resources and desenification of territories; en-
viroamental pollution; energy intensity of production; low land productivity and crop yields and other factors.
In this article, we will comsider in the regional aspect such a factor a3 the bealth of the population, taking into
account the environmenial problems and the environmental situation in the region. The aricle presents the
eopnomic and mathermatical model of sustainable development management in the context of the regions of
the Republic of Kazakhsian,

Keywords: sustainable development, popalation, bealth, environmental management, environmenial 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 30 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 exhauvstion of the explored reserves of oil, gas and other
ENETZY FesOurces.

The next, much important factor hampering sustainable development 15 the low productivity of land re-
spurces. 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 vield of wheat fell by 36 0. Such a huge amount
of land unsuitable for farming had caused by mefficient use, lack of water, anthropogenic impact [1].

Wery low economic productivity of water use in agriculiure, which is almost 5 times lower than in Rus-
sia, while the cost of water for irrigation of rice fields 18 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 5 the main cause of more than
6000 deaths per year [3].
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The lack of a wasie management system leads to unconirolled 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. [n view of the
enormous diversity in the definition of the term «sustainable developments in the interpretations of domestic
and foreign scientists dealing with sustainable development management, we will mean sustainable devel-
opment as a povernance 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, ie.
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 spherea,

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 Kusnets started talking i 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 15 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 tuming point, which the World Bank report
explains: «With the increase in revenues, the demand for improving the environment 15 rising and there are
more resources that can be invested in its. 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 5. Kumets has something to love: in order o save the environment, it 15 neces-
sary not o strangle the economy, but, on the contrary, to develop it as intensively as possible, without ex-
changing ecology.

If the 5. Kuznets curve works, then developed and developing countries will sacrifice part of their GDP.
Mot just for the sake of abstract humanism, but for the sake of further economic growth. The global economy
will continue to develop, and greenhouwse gas emissions will go down. A turning point will appear on the
world ecological curve of §. Kusnets [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:

¥, =B, +BGDP, +B.GDF? +B,GDP. +(,GDP: +u,, (1)
where ¥, — 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 shor-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 GRF volumes and air emissions of pollutanis in 16 regions of Kazakhsian for the period
from 2004 to 2017, the following equation was obtained:

¥, =81,47+0,13GRE, +0,00004GRE" +0,03GRP, +0,000005GRE,, (2)
where ¥ — emissions of pollutants emitted from stationary sources into the atmosphere, measured in thou-

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

Since the coefficient [, = =0,0000 <0, and the coefficient B, =0,13 =0, then we have a convex up-
wird (MN-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 domesiic
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 15 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 penod from 2004 to 2017, we obtaned
the following regression equation:

¥, =1198-0,07GRE, + 0,00001GEF +0,15GRP: —0,00003GRE i1

In the eguation, the coefficient i, = -0,0000 =0, and the coefficient i, = 0,07 <0, therefore, The
curve: 15 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 gualitative positive changes nimed 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, ie. transition from one state to another. In this context, the U-
shaped curve represents, on the one hand, the phases of the business cyele. However, smee cyclicity itself is
a form of economic development, the enisis (mamifested at the point of recession), in turn, appears as a form
of economic development.

Further, it 15 of practical interest to study the impact of economic development on the level of pollution
in vanous 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 Kamkhstan 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
o Regions Amount of emissions into the atmosphere GRP volume
= {thousand tons) {billions of tenge)

1 | Akmola B3 8 9422

2 | Aktyubinsk 1254 |816,3

3 | Almaty 6l 4 | 663,5

4 | Atyrau 1384 3635,

5 | West Kazakhstan H0.4 | 845 8

6 | Zhambyl 336 864,0

7| Karaganda 5726 26907

8 | Kostanm 1154 | 3097

9 | Kyzyl Orda 312 13740

10 | Mangistau 7.5 | BR0,0

Il | South Kazakhstan 56,3 20626

12 | Pavlodar 6504 15301

13 | North Kazakhstan T4 1475

14 | East Kazakhstan 1249 20503

15 | City of Astana .6 32454

16 | City of Almaty 124 64718

Noge. 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 1s the distance metnic. To solve our problem, we used the
usual Evclidean metric, according to which the distance between observations has caleulated by the formula:

L 1
E[-‘L -, ]| : (4)
=l
Based on the Euclidean metnc, the distance between regions 1 and 2 1s:
d,= J{EE,E ~ 125 4)° +(942, 2~ 1816,3)° =875,
It is obvious that &, =d, , ad,, =0.

The distance between the clusters is determined by the principle of the «far neighbors, which 15 de-
scribed by the formula:

1 1 1
d, = Ed” +?f_ ¢+E|arw
where d, d — geometnic distances between the corresponding clusters.

Thus, the distance between region 2 and the cluster (1 + 8) 1s:

1 1 1 1 1 1
ﬂlﬂhlﬂ = Edl § + E-ﬂll T +E|d]"' —ﬂ'] II.|I = E-m-‘-EI‘HE +E|'5‘ﬂ4— g;q = 933 -
Carrying out similar calculations, we get a new distance matrix.

Again, we find the minimum distance between the objects dy;14=70, combine them into a cluster and,
by the principle of «far neighbors, determine the distance between clusters. Thus, we again construct the dis-
tance matrix.

Also at the workplaces of industnal 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 contnbute to higher labor productivity and production culture 15 a favorable Light
climate.

The evaluation of occurrence of the situations provoked by economic activities, technogemc fulures
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 probabal-
ity of extreme situations. At presence of multiple observations or the historical data the probability of emer-
gencies of this or that degree 1s estimated quantitatively, as a number of possible situations in a year or as an
inverse value — possibility of an extreme situation occurnng 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 nsk for the corresponding temiones.

As a result of the water erosion influence in the given area the size of ecologic economic nsk 15 defined
under the expression

R= E[PPF[ )P{Hj J (%)

where ' — 15 the probability of a fallout of the atmosphenc precipitation forming a superficial water flow
{the discharge of water with probability of excess 15 less than 10 %) and erosion; Py — 15 the probability of
unfavorable meteorological conditions (ramns few days straight) promoting the oceurrence of dangerous natu-
ral phmt.'um:nun Plg/y) — 1s the conditional pruhahilirg.r of the developed situation for ecological objects (g)
in view of quality of the environment (y), P{I5) — 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.

(uantitative characteristics of ramn are the layer, du ration and 1 ]]'.II:I:l'ISlt!." of precipitations, which are ran-
dom vanables 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 distnibution curves for volume
of soil washoot (discharge of mudflows). Unfavorable meteorological conditions (UMC), when precipita-
tions fall out during a long interval of time (two days straight), 1s a very rare event (£;) but such cases is pos-
sible to at tribute to the erosion hazardous. For plam temtory the value is Fy=0.3, for intermountain valleys
and foothills F=0.35, and for mountains £;=0.5. The probability that two independent events can happen
simultaneous (by the quantity of the fallen out precipitations of today and tomorrow) 15 the product of proba-
bilities of each of these events, 1. e. P=P-Fy. Thus, charactenistics of a storm rain with probabality 0,0693 at
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UMC in the foothill termtory (Py=0.35) can be expected at their joint realization with probability 0.0243, and
in mountains at (Py=0.5) — 00346

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

1) The soil erosive map of Kazmkhstan (scale 1:2500000), made in the Institute of 501l Science MAN
RAC.

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

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

The map of ecologic economic nsk for the termitory of Almaty area (scale 1:2500) 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 nsk and
the dynamic of diseases.

Thus, the prediction of the transition to ssustainables development made by our macroeconomic model
15 very favorable for the Republic of Kazakhstan from the economic, ecological, and social point of view. In
our model, 1t has shown that «wsustainable developments not only leads to economic development of the
country as a whole, but also provides higher GRP growth rates, smooth 15 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
micuimum on the ecological curve of Kuemnets, 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
guality is the Karaganda region.

The transition to sustamable development and its management 15 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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OuepracinTik ®aHe HHHOBANHAILIK JAMY KOHTeKCTIHZeri
JAEHCAY/ILIK TYPAKTELILIFLIHBIH Maceaeaepi

Kamgcran Pecnylimneack engin aneyseTrie- s s HEUILE T2V LI aiTapausmaill scono i sE aeyne
EIE EDEYA HITEGKEREPIE EQGKETEIRAL Anailmm Emaycorpieunuk- HHOBALMENME JAMyIuH, SICHec yum
wiiion saprace-2020s xame fackanap ymin Domy erJapuasanaprn ICDe ACLPY AEIIPIC EH TYTREYIME
ARCTYEL CREsacs menepinge aHIfEepre BHTPMINrEnIE KhiCaiuy GIpHeie per Qurassn, HLm e
muiigan Kasianapis, KOMIPCYTERT], CYAM, MEPIL, HEPrETHKLILE PECYPCTIpILM, SCTAVINL SATTARIME
LI P T Rk MEEH BN SR IRy Ak, KA CANER] St R PRUILIM AR, BCYIN, OIRp IR
Capsmenl Mec JAMVIEN AKX RIAY I dae SYMEKTAPILE IeNeiTTeny Japesecin paafi Ty TVRBIATLIN,
Byrmm mamgp Kaowcmanid sessereTTiE ENIONIME  CISCETTE KAsE OpHEETH  SEyau Gackapy
MCETENLIEPHH ASIQIEMTE §EE A8 KNIEAPACTE TR eTeTin IPEaTap Jor Mk mpoineuanip mennseres
Gonmn kaawn orep Makanaga enmy opHLKTL JAMYSHD KEJEPTT ESNTIPETIH HErin §aipuap amai
PECYVPCTARAM TIHIMCT DAcEapy; Taburn pecyprTapan WENATEH TRC TYTMHY [AETpODMERIIE a0ep ety
ARMHOMMESHLIN TAV2PILE SarIape; aysaETa L REMaian T Ypoamranuecs; SsE JencayiLred Kl
KYiiIHIE HADAPAAYEL, A28 KANHTAIL, OHIPIIE JaMY TENMEPISCTEINT, EOH0SHKLINE CEETOPIAPILE TIMEH
BHELILIIT, OHEPEICIITIE ZiMAKTEN CRHMLEHLE YKL, CF PECYPCTANLMEIN TANMILILNE K3 AYMAKTARALE
EEEiiTTENY], EOPIEEH  OPTAHRN  ECTAHYM, OHZIPICTIH Pl CAMMILUILING, GKERIIH  TBMEH
TYCIM/ILILT S AYLUT APy RIE LT L0 P TYCIMILTN wane Gaokn g8 gaxmpmp, Astopp
003 BHIpAEr] IEONOIHAAEE NPCIIEMATAN MEH IKOIOMNANLE KIIAign eCKEpe OTMPMI, XAILIKTRE
AEHCAVILING CHEKTL] AETOPIS Sipulx acrexnae sapacTupas. Conusen sarap Kpsaoerman Peonmdmneacu)
CHMICPHIN  KONTEKCTIHGE  TYPRKTH  Jauyou  (ACEapyise  IKOBOMEETHE-MATEMATHIGUILE - SO0EmH
YULIMEAN.

Kitm cordep: TYPAETI JAMY, XANKL, TEHCTYIME CAETLY, OO NI CONCAT, BSHIUIE SCIEKT.

AT, Omaposa, b K. [Ixaiukbacea, £ Opuinbacaposa,
P.C. becnaeea, I'. I'eficnep

[IpodaeMel YeToii9HBOCTH 310POELA B KOHTEKCTE
NPOMLIILTERHOTD H HHHOBAIHOHHOT) PATBHTHA

Pecmybnuka Kraxcran podanacs CyRECTESHENT IKOBIMIPIECEONG [T HIHDIHTEALHLE PETYILTITON
B CONFHLT L= K00 PRUHETIN CTRENS. () IHAR0 PEamriames NpOrpasiy IEPEXDIE MLy CTPHLL -
EHHOBAIEG D pariEiTad, o loposnoil sapra 20206 1o GaEHeca i1 JpyriE B pascas TP moi oxe-
ML MPOSIMYIETH. B IOTPEfIEHnE BLTMEAET MHOMOEPETIE VEETIMENNE SHTPOIOINEHHT TAERIEHIE 15 e
MIOHLEL, B TOM SHCHE VBEIH'DEHHE HTATHH DOOETHEE BCKEEMEIE, FTIEBOJ0P0IE, BOTM, eI, SERrETH
NECEHE PECYPCON, BipOcon 1 OFLEMnn ArPaiHNEEEY BEHIECTE, POCT HOBLK OTpRcaeil i nmdipacTpysTyh,
IPEIETIEHHE X HEPAENDMEPHT [KIERETIE 0 YEEIIEHHE CTENEHN (yCTnEanna Tepperroqeil. Ha ceros
AHAEIHAE e B I GOTRETCN HEPEUEHHEIN PRI OIOrHeckns mpohses, TReivHMUMT HIS6M -
RO K paipa{ioTRe MOCyIRpCTEEHEN MEAONIPIECENE m0IETHEl | snpenel yIpansenns yoridivensis
marieesl. B pammndl cramee sna opanean ocnosnie REKTOPS, NPENSTCTRVHRIRE VOTOMHBOMY PHERHTHR
CTpnG: HE NP ETHERE VIIPRBISHSE PECYPCany;, apeivepnie norpefienpe mpEpaIius pecypoon [anTpo-
MOTEENDE BORIEHCTINE ], TOSADHAN OPHEHTALIE JEOBOMEKH, UPEEscpias yplanssms Teppirmopidi, veyi-
IEEHHE COCTONHMA 10P0ELE HACEIEHNA, MeKBeecknl e, ancianant pernosiisorg painiTiaE; -
Kl NPOICIBOIHTEILHOCTE HOOHOSEHSECKHE. CEETOON, YEEIEHHE "I801 NPOMMILICHIME 00, gequapr
BIHELR PECYEOR M OMVCTIHNEXHHE TEPPITOREE, TArpaisemie oEpy el Cpeas, HepriesEtcTh ipx-
INEOICTRR, HHEKAN YPORASEOCTE JEMENE I CENECEORIERECTeINLE EYALTyp 1 gpyrne §asmopu. B perso-
IELILHOS ACTEETE PACCHMOTREH TARGE PaKTop, KIE TIOPORKE HACENEHHA, © VIETOM SRR HISCKER npodne &
RO HPECK] CHTYLEN B PernoHe. ARTOPAMN IPEICTERIEHD IKOHOMIKD-SITEMITIMECKIN MOJENR YIPan-
NEHEH YOTOH DL PAineTises B sonrescTe pernosos Pecnybmaen Karmxoran.

Hawvemane Criowa; VOTORMMBOE [KUTHHTISE, EECENEHIE, TAPERIOXPABEHHE, SEOBTECENT MEBETRMENT, 00
NOCIMECKAN NOTHTHEL, PErHHLTLELE AeeET.
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