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ESTIMATION OF THE ACCURACY OF INVERSE PROBLEM SOLUTION
OF COMPLEX GENERALIZED ENVIRONMENTAL
ESTIMATION BASED ON CARTOGRAPHIC INFORMATION

The article presents the results of the accuracy assessment of the method of generalized integrated
assessment for solving the inverse problem of a comprehensive environmental assessment of territories.
It is called the generalized assessment because the objective functions include the numerical expression
of the sums of the areas of each level of anthropogenic disturbance, first throughout the region, and then
for areas with an oil and gas producing complex, referred to the area of the whole region or the sum of
the areas of zones with an oil and gas production complexes.

For the completeness of the perception-of-the-method, the-article-also describes methods for ob-
taining particular and private target functions, on the basis of which a generalized estimate is constructed
Loads of transformation levels in private objective functions take into account the level of complexity of
environmental protection measures for each component-of-the natural environment. The substantiation
of weight loads in the private target functions is based on a review-of-literary sources analyzing intrasys-
temic relationships in the natural environment. The impact of the possible subjectivity of expert assess-
ments in determining the loads (role) of the components of the environment in integrated environmental
assessments in the form of objective functions is assessed by comparing various options for their sets.

The-calculation-of-results showed that the proposed method for the generalized solution of the in-
verse problem of a comprehensive environmental-assessment-of-the-territory practically does not re-
spond to changes in the loads on the components of-the environment, since this influence is leveled out
by the procedure of subtracting the integral target function throughout the territory from its analogue for
zones with oil and gas production complex.

Key words: Mangystau region, oil and gas producing complex, the degree of anthropogenic distur-
bance, generalized private objective functions, assessment of the accuracy of solving the inverse prob-
lem of integrated environmental assessment of the territory.
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Kaprorpadpmkanbik, aknapaTka HerisAeAreH XaaArbl MHTerpalmusAaHFaH
KOpLLAFraH opTaHbl 6afarayAa «Kepi MaceAe» ADAEAIH aHbIKTay

Makarapa aymakTapAbl KeleHAI 3SKOAOIMSAbIK OaraAayAblH Kepi MOCeAeCiH wewy YuliH
JKaAMbIAGHFaH KelleHAl Oaranay SAICIHIH ASAAIriH 6Gararay HoTM>KeAepi KeATipiareH. XXaAnbiaama
Garanay Aen ataay cebebi, eMTKeHi OObeKTMBTI (DYHKLMSIAAPFa aHTPOMOrEHAIK Oy3bIAbICTbIH, Op
AEHreniHiH ayAaHAAPbIHbIH, CaHABIK, ayAaHbl KipeAi, aAAbIMEH OYKIA alMMakTa, COAQH KeriH MyHan MeH
ras KeH opblHAApbl 6ap aMmMakTap YLliH, oAap BYKIA aiMaKTbiH HEMECE MyHail MEH ra3 KeH OpbIHAAPbI
6ap afMaKTapAbIH >XMbIHTbIFbIHA KaTaAbI.

OAICTiIH  KabbIAAQHYbl TOAbIKTbIFbI YIUIH MaKaAaAd HaKTbl >K8HE WHTErpaAAbl OObEKTMBTI
YHKUMSIAAPABI aAy SAICTEpi cunaTTaAFaH, OAApPAbIH HEri3iHAE >KaAMbiAaHFaH Oarasdy KypbIAQAbl.
Keke MakcaTTbl (DyHKUMSIAAPAAFbl TpaHCOPMaLMS AEHremiHiH XKyKTeMeAepi Tabuen opTaHbiH 8p
KOMIMOHEHTI GOMblHIIA KOpLUaFaH OpPTaHbl KOpfay LUapaAapbiHbiH KYPAEAIAIK AEHreliH eckepeai.
MHTerpanabl 00beKTMBTI (DYHKUMSIAAPAAFbI CAAMAKTbIK, KYKTEMEAEPAIH HEri3AeAyi TabuFmn opTaaarbl
MHTPACMCTEMAAbIK, KaTbIHACTapAbl TaAAANTbIH 9AEOM KO3AEPAI wWOAyFa HerizpeAareH. OObeKkTUBTI
YHKUMSIAGD TYPIHAE KELEHAI 3KOAOTMSAbIK, OarasayAarbl KOpLUaFaH OpTa KOMIMOHEHTTEpIHiH
JKYKTEMEAEPIH (POAIH) aHbIKTayAa capanTamaAblk, 6ararayAapAblH MYMKIH CyObeKTUMBTIAITIHIH, acepiH
OAQPAbIH, XKMbIHTbIFbIHA aPHAAFAH 8PTYPAI HYCKAAAPAbI CAaAbICTbIPY apKbIAbI XKY3€re acblipbiAaAbl.
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Ecenteyain HOTMXKEAEPI ayMaKTbl KELLEHAI SKOAOTUSIAbIK, GaraayAblH, Kepi ecentepi >kaAnblAama
WEeLWYAiH YCbIHbIAFAH BAICI iC )Y3iHAE KOplUaFaH OpTa KOMIMOHEHTTEPiIHE TYCETIH >XYKTEMeAepAiH
e3repyiHe >kayan Oepmeiiai, enTkeHi OyA acep MyHar-ras eHAIpy KelleHi 6ap anMmakTap YLWiH OHbIH,
AHAAOTbIHAH OHbIH, MHTErpaAAbl 06bEKTUBTI (DYHKLMSCHIH GOAY MPOLLEAYPACBIMEH TEHECTIPIAreH.

Tyiiin ce3aep: MaHrbicTay OOAbICbI, MyHalm >KeHE ra3 eHAIpYy KelleHi, aHTPOMoreHAik 6y3sbiay
ABPEXKECH, KAATbIAAHFAH Xeke 00beKTUBTI (DYHKLMSIAAD, aQyMaKThl KELIEHA] SKOAOTUSIAbIK, GaFrarayAblH,
Kepi MOCEAECIH LeLWYAIH ABAAIriH Oarasay.
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OueHKa TOMHOCTH pelleHns 06paTHOM 3aAa4M 0600LLLeHHOM
KOMIMAEKCHOM 3KOAOrM4eCKOM OLLeHKM Ha OCHOBe KapTorpacpuueckoit MHpopmauum

B cTaTbe npeAcTaBAEHbI pe3yAbTaTbl OLEHKM TOYHOCTM METOAQ OB0OLLEHHOM MHTErPaAbHOM OLIEHKM
AAS pelieHns 06paTHOM 3aAa4YM KOMIMAEKCHOM 3KOAOTMYECKOn oueHkM Tepputopuit. O600WeHHOR
OlLleHKa Ha3BaHa MOTOMY, YTO B LeAeBble (PYHKUMU BXOASAT YMCAOBbIE BbIPAXKEHMS CYMM MAOLLAAEN
KaXKAOrO YPOBHSI aHTPOMOreHHOM HAPYLLIEHHOCTM CHavaAa Mo BCeil TepprUTopMmM 06AaCTH, a NOTOM AAS
30H C HaAM4MEM HedTerazoao6bbiBaloLmm komraekcom (HIAK), oTHeceHHble K NAoLaAm Bcein 06AacTm
VAW CyMMe nAoLaaen 30H ¢ HIAK.

AAS MOAHOTbBI BOCMIPUSTUS METOAQ B CTaTbe M3AOXKEHbI Tak>Ke METOAMKM MOAYYEHMS YaCTHbIX U
MHTErpaAbHbIX LIEAEBbIX (DYHKLIMIA, HA OCHOBE KOTOPbIX CTPOMTCS 0006LLeHHas oueHka. Harpysku Ha
YPOBHU TpaHCOPMaLMK B YaCTHbIX LIeAEBbIX (DYHKUMAX YUMTbIBAIOT YPOBEHb CAOXKHOCTM MPOBEAEHMS
NMPUPOAOOXPAHHBIX MEPOMPUATHUIA MO KAXKAOMY KOMIMOHEHTY MPUPOAHON cpeabl. O6ocHoBaHMe
BECOBbIX Harpy30K B MHTErPaAbHbIX LEAEBbIX (DYHKLIMSIX BbIMOAHEHO Ha OCHOBE 0630pa AUTEPATYPHbIX
WCTOYHWKOB, aHAAU3UPYIOLLMX BHYTPUCUCTEMHbIE B3aUMOCBS3M B MTPUPOoAHON cpeae. OueHka BAMSIHUS
BO3MOXXHOTO CyObEKTMBM3MA 3KCMEPTHbIX OLIEHOK MPY OMPEAEAEHMM Harpy3oK (POAM) KOMMOHEHTOB
NMPUPOAHON CpeAbl B MHTErPaAbHbIX 3KOAOTMYECKUX OLEHKaxX B popMe LieAeBbIX (DYHKLUMI MPOBOAMTCS
MyTeM CPaBHEHUS Pa3AMUHbIX BAPUAHTOB MX HAaOOPOB.

Pe3yAbTaTbl pacyeToB MOKa3aAM, YTO MPEAAOXKEHHbI METOA 0OOOLLEHHOrO peLleHnst 06paTHoM
33241 KOMIMAEKCHOM 3KOAOTMYECKONM OLLEeHKM TEPPUTOPUM NMPaKTUUYECKU He pearnpyeTt Ha M3MEHEHMS
Harpy3ok Ha KOMIMOHEHTbl MPUPOAHOM CpPeAbl, MOCKOAbKY 3TO BAMSIHME HMBEAMPYETCS MPOLIeAYpPOM
BbIUMTAHWNS MHTErPAAbHOI LIEA€BOM (PYHKLIMM MO BCEM TEPPUTOPUM M3 ee aHaAora no 3oHam ¢ HIAK.

KaloueBble cAoBa: MaHrucrayckas o06AacTb, HedTerasoao0bIBAIOWMIA  KOMIAEKC, CTereHb
AHTPOMOreHHOM HAaPYLIEHHOCTM, 0006LLIEHHbIE YaCTHbIE LIeAEBble (PYHKLMM, OLLeHKA TOYHOCTU peLleHmst

06paTHOM 334241 KOMIMAEKCHOM 3KOAOTMYECKOM OLLEHKU TEPPUTOPUU.

Introduction

The region is located in the southwest of the
Republic of Kazakhstan in the desert zone and
includes the of Mangyshlak Peninsula, Ustyurt
plateau, Buzachi peninsula, Dead Kuluk and
Kaidak sars and is characterized by continental dry
desert climate, strong storms and winds. Most of
the territory of the Mangystau region is dominated
by east and south-east winds in winter, and in the
west by western and north-western winds. The
average annual wind speed is 3-7 m/s, the
maximum reaches 10-26 m/s, winds of a hurricane
character with a speed of more than 15 m/s are
observed on the coast in winter (Pavlichenko 2015:
133).
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Most of the territory of the region is occupied
by wormwood-solonchak desert with areas of shrub
vegetation on brown soils: the surface is partially
covered with solonchaks, takyr-like solonetzes and
sands with extremely rare vegetation. Thus, the
climatic conditions of the Mangystau region
predetermine the development of deflation and
sorption processes, the formation of a poor soil and
vegetation cover with a low ability to mitigate the
effects of anthropogenic impacts.

Specificity of climatic conditions of the region,
taking into account the complete absence of
constant river flow, causes the severity of the
problem of water resources shortage, and, first of
all, the shortage of drinking water. According to
experts, the shortage of drinking water in the
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Mangystau region is 40,000 m3 per day, and by
2020 will reach 70,000 m3 / day (Pavlichenko
2015: 133).

There are 559 industrial enterprises registered
in the region, of which 70 are large and medium.
The raw orientation of the regional economy has
predetermined the priority of the extractive
industry, the development of which is directly
dependent on all other sectors of the economy. The
region occupies the third place in the republic in
terms of the total volume of industrial production.
At the core of the region's economy is the oil and
gas sector, which production accounts for more
than 90 percent of the total industrial output in the
region, which explains the attitude towards the oil
gas producing complex as the main source of
anthropogenic  disturbance of the natural
environment components, since the oil and gas
industry is traditionally considered one of the most
environmentally dangerous industries (Pavlichenko
2015: 133).

The natural conditions of the regions in
combination with the anthropogenic load determine
their ecological situation. The ecological condition
of the territories is assessed based on the results of
a different type of monitoring of the components of
the natural environment. Technical means of
monitoring reflect the influence of many sources of
anthropogenic impact on the state of the air, soil,
vegetation, relief, surface and groundwater through
a number of measured parameters. These
parameters are the basis for the construction of
complex (by all components) or partial (for
individual components) environmental assessments
of the natural environment. The complexity of the
task of constructing complex and private
environmental assessments has led to the lack of
generally accepted methods for solving it.
However, for the objective implementation of the
polluter pays principle, an independent assessment
of the contribution of individual sources to these
complex or private environmental assessments is
necessary, that is, a search for a solution to the
inverse problem of a complex (or private)
environmental assessment.

The solution of this problem is the aim of the
authors who conducted grant funding project of the
Ministry of Education and Science of the Republic
of Kazakhstan Ne0589 / GF-4 Development of a
method for objectifying expert assessments of the
contribution of individual pollution sources to the
general environmental situation of the territory. As
part of the project a number of works were carried
out, amoung which project are published articles

(Pavlichenko 2016: 117) They consider examples
of solving the inverse problem for assessing the
contribution of the activities of the oil gas
production complex of the Mangystau region to
anthropogenic modifications of the most important
components of the natural environment and the
actual data for their confirmation.

The purpose of this paper is to estimate the
accuracy of the method of generalized solution of
the inverse problem of complex ecological
assessment of the territory proposed by the authors
in two ways: 1) by comparing the results of the
solution for different options of expert sets of loads
(role) of the components of the natural environment
in integral environmental assessments in the form
of objective functions to identify the effect and 2)

the different composition of the original
cartographic material.

Material and Research Methods

The method of generalized integrated

assessment is based on the use of ready-made
maps, which are expert private environmental
assessments of the anthropogenic transformation of
the components of the environment and are
implemented by three methods.

Method 1 is aimed at obtaining specific evidence
in a quantitative form, adapted for use in objective
functions, and substantiating sufficient objectivity of
expert assessment cards used to obtain actual
material. To convert initial cartographic (dispersed)
information into quantitative (concentrated) for
private purpose-oriented functions, GIS technologies
were used. To simplify and accelerate the procedure
for obtaining actual numerical data, ArcGIS
components were used: on vector shapefiles, the
area values of the contours are displayed
automatically. The imposition of a layer of oil-gas
production complex on each assessment map allows
determining spreading areas of five levels of
anthropogenic impact on the components of the
natural environment within the circuits of the oil-gas
production complex.

Method 2 is based on the idea of finding
particular solution of the inverse problem of a
private integrated environmental assessment as the
difference of particular generalized objective
functions reflecting the average (average weighted)
estimates of anthropogenic impact on the
components of the natural environment as a whole
in the Mangystau region of the Republic of
Kazakhstan and for zones with the presence of an
oil-gas production complex.
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Method 3 is used generalized integral solutions
of the '"reverse" tasks of a comprehensive
environmental assessment as the difference of
integrated generalized objective functions that
reflect the average (weighted) estimates of the
anthropogenic impact on all components of the
environment as a whole in the Mangystau region of
the Republic of Kazakhstan and for zones with the
presence of oil-gas production complex.

The considered method of solving the "inverse"
tasks initially assumes the availability of ready-
made complex expert assessments of the ecological
state of the Mangystau region, therefore, as an
initial material, evaluation maps of the
anthropogenic impact on the components of the
natural environment from the published "Atlas of
the Mangystau region" (Atlas: 2011). These are the
maps "Anthropogenic impact on the relief",
"Anthropogenic transformation of vegetation",
"Degradation of soil cover", "Anthropogenic
disturbance of groundwater" and "Natural
protection of groundwater". To reflect the influence
of the oil gas producing complex on each
component of the natural environment, an
inventory map was used from the Atlas
"Anthropogenic sources of impact" (Figure 1). The
maps were constructed by the Institute of
Geography of the Ministry of Education and
Science of the Republic of Kazakhstan on the basis
of expert assessments of materials of expeditionary
research and interpretation of remote sensing data
of the territory. In described parts of the legend to
the inventory map noted that the Mangystau region
is a region for the development of powerful
industrial production of various sources of the
economy, as well as a place for conducting nuclear
tests, which led to a complication of the ecological
situation. Historical pollution continues to have a
negative impact on the environment and the
medical and demographic  situation  (the
conventional signs of anthropogenic sources of
exposure are shown in Figure 1). The main sources
of anthropogenic impact on the environment in the
region are industrial enterprises, confined to cities,
workers' settlements, oil and gas fields.

In the territory of Mangystau region, 218
quarries are being developed, exploration and
production of common minerals — clays for the
production of drilling muds, self-planting salt,
sand-gravel mixture, chalk, construction sand,
limestone-rock, stone, sandstone, marl, and
production of oil, gas and associated recoverable
components (Figure 1). Special signs on the
inventory map shows the location of anthropogenic
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sources of air, water and soil pollution (Figure 1).
The place of location of different industry of the
regional economy is noted:

Extractive industry — oil production, gas
production, oil and gas production; Mining,
extraction and enrichment of non-metallic ores,
extraction and production of salt, extraction of saw
stones, building stones, clay brick, chalk, sand,
sand-gravel mixture;

manufacturing industry — machine building
and metalworking, chemical;

Local and food industry;

Production of nuclear power;

Road construction

Housing and communal services.

Also, the map shows radioactive waste disposal
sites (the tailing dump Koshkarata), storage bins
for oiled soils, waste water storage tanks, solid
industrial and household waste, man-made
pollution of soils and the location of underground
nuclear explosions, oil pipelines, gas pipelines,
railways and highways, location of the airport and
seaport (Figure 1).

Such an extensive list of impact to
anthropogenic sources on the components of the
natural environment is a serious justification for the
objectivity of expert assessment maps of
anthropogenic impact. Nevertheless, in the analysis
of each of the evaluation maps, a legend was also
considered, reflecting the zoning criteria according
to the levels of anthropogenic impact.

The next step is taking the initial data for
constructing generalized objective functions using
a simplified (generalized) method to determine the
areas of contours with different levels of
anthropogenic impact, which are allocated on the
evaluation maps in different colors in accordance
with the legends of the corresponding maps. In
fact, this procedure is the simplest way to transform
of cartographic information into the quantitative.
All of the evaluation maps present 5 levels of
anthropogenic impact on the components of natural
environment, however each level presented on the
maps in a certain color has quite a few local closed
circuits. In the generalized setting of the area,
contours of the same color are summarized, and as
a result, 5 sums of contour areas corresponding to 5
levels of anthropogenic disturbance of the
environmental component are obtained for each
map. The calculation of the areas of the contours of
each level is carried out first across the entire
region, and then for contours within the zones with
the oil-gas production complex.
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Figure 1 — Inventory map of anthropogenic sources of impact on the natural environment
of the Mangystau region (Atlas: 2011)
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The second method is based on the idea of
constructing  particular  generalized objective
functions reflecting the average (weighted average)
estimates of anthropogenic impact on the
components of the natural environment as a whole
in the Mangystau region of the Republic of
Kazakhstan and for zones with the presence of oil-
gas production complex, as well as particular
generalized solutions of the inverse tasks of
integrated environmental assessment for individual
components of the natural environment.

The general view of the objective function,
taking into account not only the intensity of the
impact of each environmental factor, but also its
role (importance) in the formation of favorable or
negative conditions for the existence of biosystems,
according to the proposal of R. Pantle, looks like
the equation of linear multiple regression (1)
(Pantle R.1979: 215).

OFcpa=airfi + axfo + ..+ anfn, (1)

where OFcpy —calculated value of the objective
function for integrated environmental assessment;

fi —value of a specific environmental factor (i =
1,2, ..., n) at the observation point;

a;— weighting factor that takes into account the
direction (plus or minus sign relative to the goal)
and the importance (weight) of this factor in the
formation of the total level of impact.

In this formulation, the objective function is
made not in the classical mathematical point
(where it is understood as a criterion for comparing
alternatives with the help of various optimization
methods), but as a function that realizes the
purpose of the assessment. The formal similarity
with the mathematical meaning is also observed
here — the optimization procedure is reduced to a
search for the coefficients of the significance of ai
(estimates are almost always expert) with an
observance of the condition for their justification.

Objectivization of the target function includes
justification of the selection of the most significant
factors on the basis of taking into account specific
geographic, ecological and economic conditions of
the assessed territory and the completeness of the
range of scoring scales. In (Avessalomova [ A.
1992), devoted to the popular presentation of the
ideas of engineering ecology, a very simple
formula (2) is given for calculating a sufficient
number of parameters n (environmental factors in
the above equation) with the desired accuracy of
the estimate:
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where / — level of quantization of scoring scales
used in the assessment of environmental factors
(the number of divisions of the scoring scale), and

n is the number of factors involved in the
assessment.
Previously, the most critical moment

determining the degree of objectivity of integrated
environmental assessments in ecological and geo-
ecological studies was the construction of private
scoring scales. Only each parameter from its
available set is estimated on a scale constructed on
the basis of independent studies of the entire
possible range of its changes, it was allowed to
speak about the objectivity of complex estimates
(Avessalomova [.A. 1992).

It follows from formula (2) that even with the
coarsest evaluation scale with a quantization level
of 2 (that is, for an expert evaluation based on the
principle of "yes" and "no"), it is possible to
achieve sufficient accuracy with 5 parameters taken
into account (OJ = 1/25 = 0.03125, or 3.1%). Thus,
the number of analyzed parameters n (the exponent
in the denominator of the formula), rather than the
quantization level of the scales | (the number of
divisions in our measuring "ruler") exerts a greater
influence on the accuracy (actually on the
objectivity) of the expert estimates. Thus, the
analysis of formula (2) from the standpoint of the
general theory of systems and the quantitative
theory of information has shown that the degree of
differentiation of the scale and the completeness of
the range of all possible states of the considered
parameter plays a subordinate role when using the
multidimensional estimator function (Jeffers J.
:1981)Therefore, doubts about the objectivity of
scoring scales due to the complexity of taking into
account nonlinear interaction effects with other
factors when using the multidimensional linear
regression equation as a model of the objective
function can be removed by increasing the number
of factors chosen as important for the description. It
can be stated that in the problem of objectification
purely expert approaches remained only when
justifying the choice of the most significant factors.

The next step in the computational procedure is
to substantiate the type of objective functions.
Since we use ready-made assessment maps as the
source of actual material, the objectivity and
accuracy of which is unquestionable, the task of
substantiating the assessment parameters becomes
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elementary — there are 5 colors on the map, each of
which corresponds to a certain level of
anthropogenic impact on individual components of
the natural environment. Thus, the number of fi
parameters in the objective function, which should
describe the anthropogenic impact at all levels, is
assumed to be 5, i.e. the number of anthropogenic
impact levels highlighted on each of the assessment
maps.

Justification of  Now it remains
to characteristics of the weight coefficient ai is
required, taking into account the directivity (plus or
minus sign) and the significance (weight) of the
corresponding factor in the formation of the total
impact level. Based on the purpose of the
assessment — determining the role of OGPC in
anthropogenic impact on individual components of
the environment, positive we will be a sign signify
direction of negative changes in natural
components, which is reflected in all of the
assessment maps.

We determine the weight loads of each
parameter of the objective function provided that
five levels of impact on individual components of
the environment correspond to the traditional ten-
point scale in expert assessments. In the case of a
linear scale, each of the 5 levels will have 2 points,
and an increase in the level of transformation will
correspond to an increase in the score.

This statement is substantiated from the
standpoint of the complexity and cost of
environmental protection measures, in particular
measures for the restoration of the territory. Since
the cost of environmental protection measures
increases in proportion to the degree of
anthropogenic disturbance (i.e., the ability of
natural systems to heal), we will conduct a private
environmental assessment of the contribution to
each zone in accordance with a weight coefficient
proportional to the level of transformation in a
rating scale. In this case, the lower and upper
boundaries of 5 levels (parameters of the objective
function) are points:

for the level of non-significant transformation
or its absence — 0+2;

for the level of weak transformation — 2+4;

for the level of moderate transformation — 4-6;

for the level of significant transformation —
68,

for the level of strong transformation — 8+10.

Taking for average values of the contribution of
the oil and gas production complex to the
anthropogenic transformation of vegetation to the

meaning between the values of the classes of
values, we obtain the following form of the partial
objective function for the overall assessment of the
transformation of the j-th component of the natural
environment (CNE;) in region (POF cnepjreq):

POF cngpjres = fonEpjregt T 3-fenepires> +
+ S-fcnEpiregs 7 foNEpjRegs + 9-CNEpjRess, 3)

where fevgpresi — function of the i-th level of
anthropogenic disturbance of the jth component of
the natural environment for the entire region, which
is calculated by dividing the total area of polygons
of the i-th level of anthropogenic transformation for
this j-th component in the whole region by the area
of the whole region.

Should pay attention to the fact that as fenepjreqi
is not variables assigned to any part of the territory
used, but specific values are the sums of all the
contours of the same color (5 samples from the
shapefile attribute table), referred to the area of the
entire region. Therefore, as a result of solving
equation (3), only 1 result will be obtained — a
number characterizing the average weighted avera-
ge level of anthropogenic transformation of the j-th
component of the natural environment as a whole
over the entire region — the value POF cyepjregi-

To solve the particular inverse problem of a
comprehensive environmental assessment by a
generalized method, it is necessary to construct a
similarly estimated function for areas with oil and
gas producing complex. Since these areas are
determined using the same evaluation map, the
difference between the private objective function
for the overall assessment of the anthropogenic
impact on the environmental component of the
region and the objective function for the field
location zones (POF cnepiogre)) Will consist only in
replacing the fCNEijegi values with the fCNEijGPCi
values. Now this is a function of the i-th level of
anthropogenic disturbance of the j-th component of
the natural environment for the total area of zones
with oil and gas producing complex, which is
calculated by dividing the total area of polygons of
the i-th level of anthropogenic transformation for
this j-th component for all zones with oil and gas
producing complex, where this level is present, to
the total area of all zones with oil and gas
producing complex. Weight loads will remain the
same as in equation (3):

POFcngjogpe = fenejoceer + 3fenejocrer +
+ Sfengiocres +fengiocres + fengiogeres,  (4)
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As in (3), not variables will be obtained in
equation (4), but the sums of all contours of the
same color (5 samples from the shapefile attribute
table) in the zones with OGPC, referred to the total
area of all zones with OGPC. Therefore, as a result
of the solution (4), only 1 result will be obtained —
POFcngpjope — the number characterizing the
average weighted average level of anthropogenic
transformation of the jth component of the natural
environment as a whole for all zones of influence
of the OGPC.

The solution of the particular inverse problem
of determining the role of NGDK in the
transformation of each j-th component of the
natural environment of the Mangystau region as a
whole is determined by subtracting the value of
POF, CNEjReg- from the value of POF CNEpjOGPC —
equation (5).

PSIPcngp = POFcngjoore — POF cngpjres (5)

In this case, PSIPcnep,; characterizes a additional
(since the POF cngjreq reflects the total impact of all
the main factors in accordance with the legends to
the evaluation maps), the contribution of the OGPC
to the anthropogenic disturbance of the j-th
component of the natural environment in the
Mangystau region at all levels of anthropogenic
transformation.

Consideration of the third methodology for the
generalized solution of the inverse problem of a
comprehensive  environmental —assessment s
required- to obtain the form of integrated target
functions for all components of the natural
environment both throughout the Mangystau region
and for zones with the presence of oil and gas
production complex. The logic of constructing
target functions does not change, but the semantic
content of the factors included in equation (1)
changes. Now in their capacity are private
generalized target functions.

Private target functions are constructed by
analogy with the partial way of replacing fengireqi
by the POFcngreg in Eq. (3) and fengjogre at the
POFcngpiocpe in equation (4). When constructing
them, a new justification of the load values is
necessary, since now the private objective
functions constructed for all components of the
natural environment of the Mangystau region
(relief, soil, vegetation, and groundwater) both
throughout the territory and for zones act as factors
in the integral target function with the presence of
OGPC.
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As a result of changing the semantic content of
the factors, we obtain equations (6) and (7).

1OF, rel— arel[) OF, rel Reg + asoilf) OF SoilReg +
+ avegP OF VEGReg agwPOF GWReg (6)

10F o6pc = arelPOFreioGrc + as0ilPOFsoitogpe +
+ avegPOF egocpc + agwPOFewocee  (7)

When substantiating weight loads, equations
(6) and (7) take into account the role of each
component in the anthropogenic transformation of
the natural environment of the Mangistau region.
This role is justified by experimental and
theoretical studies of geosystems in the works of
such classics in the field of Earth Sciences as
Vernadsky V.I., Dokuchaev, V.V., Budyko M.L,
Williams V.R.,, Kovda V.A., Armand D.L.,
Isachenko A.G., Alekin O.A., Solntsev V.N.,
Ahmedsafin U.M., Sydykov Zh.S., Sochava V.B. et
al. (Pavlichenko 2015 :133). A noticeable
contribution to the study of the formation of
specific and general patterns of landscapes, soils,
surface and underground waters was made by
Milkov F.N., Rozanov B.G., Chigarkin A.V.
Geldyeva G.V., Dzhanaleeva G.M., Posokhov
E.V., Ostrovsky V.N., Dostay Zh.D., Gavich LK.,
Perelman A.l., Shvartsev S.L., Goldberg V .M. and
many others (Milkov F.N. 1990: 335), The
formation factors of the components of the natural
environment and their relationship are the subject
of research by numerous scientists.

In the textbook of F.N. Milkova “General
geography” (Milkov F.N. 1990: 335), which can be
consideredas an encyclopedia on the formation of
Landscape Science, notes that the importance of
the lithogenic basis (geological structure and relief,
according to RI Abolin) in the differentiation of the
landscape sphere is universally recognized. Even
the idea of a lithogenic base as the most “strong”
component of the landscape has been put forward
(N.A. Solntsev, 1960). This idea is F.N. Milkov
criticizes, emphasizing the equivalence of
landscape-forming factors on the example of V.V.
Dokuchaev (1899) as applied to soil at the end of
the 19th century and the teachings of L.S. Berg
(1947)  on the  geographical landscape.
Nevertheless, several sections of his manual
emphasize the specificity of the relief as the most
conservative factor that persists even with changing
climatic characteristics, which gives reason to
almost all geographical schools to consider the
relief as a factor in the formation and spatial
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differentiation of landscapes (Milkov F.N. 1990:
335)

The role of soil as one of the components of the
ecosystem that arose as a result of complex
interaction of the atmosphere, hydrosphere,
lithosphere, flora and fauna was considered in the
works of V.V. Dokuchaev, Yu. Libikh, V.R.
Volobueva, E.D. Russell, L.G. Ramensky, V.R.
Williams, V.A. Kovdy et al. Modern soil science
considers the soil not only as a result of the soil-
forming process, but also as a functional natural
structure that plays a huge role in the ecosystem. It
is now considered established that the stability of
the ecological functions of soils is the main
condition for the stability of the biosphere as a
whole [28-30, 36-39], therefore the choice of soils
as an indicator of the intensity of anthropogenic
impact on the ecosystems of the Mangystau region
can also be considered quite justified. In an
interconnected system of landscape-forming
factors, vegetation is the main functional block of
the ecosystem, one of the most dynamic,
responding to changes in the state of soils, and
relief, and the water sphere, and the air
environment (Milkov F.N. 1990: 335, Zhanaleeva
G.M.,2001: 164) this role of vegetation is
explained by the fact that it participates in the
formation of soils, affects the cycle of matter and
energy, and serves as a bioclimatic and
environmental indicator. Its functions such as the
accumulation of solar energy, the synthesis of
organic substances, and the regulation of the gas
balance of the biosphere ensure the existence of all
living organisms. By its state, floristic and cerotic
diversity, one can judge the speed and direction of
anthropogenic and anthropogenic  stimulated
processes, the dynamics of other components of
ecosystems (soils, ground and surface waters, etc.).

One of the most important factors in the
formation of the natural environment is the climate,
but its characteristics are zonal and it is impossible
to differentiate it by the territory of the region.
Climatic conditions are manifested through the
specifics of the relationship of relief, soil,
vegetation, surface and groundwater, and the air. In
our research relief, soil, vegetation and
groundwater were taken into account.

Anthropogenic changes in the air environment,
even in terms of time-averaged parameters, are not
possible to be differentiated across the entire
Mangystau region due to the rare regional network
of meteorological stations. Monitoring of air
pollution, reflected in the newsletters, is carried out

only at Dunga (3 points) and Zhetybai (3 points)
deposits. But since the state of atmospheric air is
primarily reflected in the state of vegetation, we
can assume that this component takes this factor
into account when constructing an assessment map
of anthropogenic transformation of vegetation.

According to the Akimat, in the Mangistau
region there are 60 rural settlements, of which 17
settlements are provided with centralized water
supply, 35 are decentralized. Due to the small
population and the economic inexpediency of
building a water supply system, imported drinking
water is used in 9 rural settlements. The cities of
Aktau and Zhanaozen with adjacent settlements, as
well as oil-producing enterprises consume 93% of
the total volume of water, the share of settlements
is 7%.

Deficit problem of drinking water resources are
solved mainly through desalinated Caspian water
and Volga water coming from the Russian
Federation. All this water is consumed by the cities
of Aktau and Zhanaozen with surrounding
settlements, as well as oil companies. Rural
settlements throughout the region are supplied from
local underground water deposits, therefore, an
assessment of their ecological status is necessary.
As the first approximation, the magnitude of the
load itself in the integral objective function can be
set by adjusting the expert assessment of the
relative impact of factors. The next step in
determining the loads is to normalize their sum
(without taking into account thel directivity of the
impact) per unit, ten or hundred, taking into
account the difference in the effect of oil and gas
production on each of the components of the
natural environment.

Since all components of the environment are
interconnected in the geo-ecosystem, and each
component affects the others, we refer to the
experience of the geo-ecological assessment of
these relationships (Jeffers:1981:213), where the
regulatory role of vegetation and approximately the
same roles of soils and relief are affirmed, although
the mechanism of their manifestation is much
different. Of course, in arid conditions, the role of
water is great, and in the absence of surface
waterways and ponds, groundwater becomes an
important source of moisture supply to vegetation.
However, the lack of surface water sources affects
their quality and availability for plants — they
become salty and deep.

Since evaporation from a groundwater in loose
rocks is possible from a depth of 3 m, only plants
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with long roots can get such water, and only
hodgepodge can be used, which is usually noted in
the list of species composition.

Given these estimates, the equation for
calculating a comprehensive environmental
assessment of the (total) impact of last equation can
be rewritten in the form (subject to normalizing the
sum of the loads by 1):

IOF pe= 0,24POF ket reg+ 0.24POF s+
+0.28POF vegheg + 0.24POF e 8)

1OF oGpc= 0,24POF reiocpc + 0,24POF soiiogpc +
+ 0,28 POF veg OGPC T 0,24POF gwocpc (9)

It is clear that the selected from literary source
of load has an exclusively indicative character,
since each region has its own specificity not only
by purely natural factors, but also by all internal
systems. That is why signs of semi-desert
properties and weak self-healing ability are noted
in all score maps. Based on these considerations,
these loads are considered as a first approximation.
And one more important point: since we received
the partial environmental assessments in a
generalized form (weighted average impact score),
here we will also have a generalized integral
assessment, i.e. in fact, (8) and (9) are also not
equations, but formula Certainly, a real test of the
justification of the importance of intra-system
connections would be to build a dynamic model of
an oriented weighted graph with a delay of the
natural system of the Mangystau region with four
vertices, because relationships equations in such a
graph are a difference scheme of a system of
interconnected differential equations describing a
complex dynamic system of the natural
environment. However, to determine the methods
of transition to various differential equations. Even
graph models are rarely used because their
construction requires a large amount of operational
information on all components of the natural
environment.

Since we solve the inverse problem under the
condition of a “ready-made” comprehendsive
environmental assessment, we can hardly expect
that such a huge amount of work as the release of
the Atlas of the Mangystau region will be carried
out regularly. Therefore, we will “subjectively”
choose sets of weight loads from “subjective”
justifications. As the above review of sources
showed, the possibility of choosing from expert
estimates is small — either equivalent relationships,
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or estimates selected as a first approximation with a
slight advantage of the role of vegetation.

The final result of the generalized solution of
the inverse problem of the integrated
environmental assessment (the definition of the
contribution of the OGPC to the formation of the
general ecological situation) of the Mangystau
region is still determined by subtracting the value
from /OFg.,. from the value of IOFogpc.

ISIP= IOF o6pc — IOF Reg (10)

The immediate goal of this work according to
the first method is achieved by comparing the
options for solving equations (8), (9) with other
sets of loads in equations (5), (6).

In order to exclude the possibility of fitting
integral solutions by the advantageous selection of
loads on the components of the natural
environment in integral target functions and the
final solution of the inverse problem by a
generalized method, we will check these solutions
on other sets of these loads. In the first case, we
check by comparing the results of the calculations
that we adopted (also subjectively) proposed in the
literature of another set of subjective assessments
of components of the environment.

As the second option of the calculation
experiment according to the first method, we take
the option of equivalent loads, which is often found
in literary sources. To enable the comparison of the
values of the target functions obtained in the
experiment and the results of solving the inverse
problem, we again take the sum of all the loads for
1, then all the loads will be equal to 0.25, i.e. in the
second version of the calculations, all the loads in
equations (8) and (9) will be equal to 0.25.

As a third option of the first method for
assessing accuracy, we will conduct another
experiment with an attempt to objectify the
justification of a set of loads. Now we will justify
this set not by references to literary sources, but by
calculating the normalized values of particular
target functions that characterize the weighted
average level of anthropogenic impact on each
component of the natural environment.

Because the private objective functions for the
overall assessment of the transformation of the j-th
component of the natural environment (CNE)) in
the region (POFcngres) and for the zones with
OGPC are different, we will normalize the loads
separately by determining the fraction of the value
of the private target function of the sum of their
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values for all components for the whole region and
for areas with OGPC.

The actual source material for the option
calculations of the integrated generalized
estimation by the first method is the performed
results of the calculations of generalized

quotients objective (4) — (5) and private target
functions (8) — (9) for loads considered as a first
approximation, as well as results of generalized
private and integral solving the inverse problem
of a comprehensive environmental assessment
(Table 1).

Table 1 — Initial data for assessing the accuracy and objectivity of solving the inverse problem of a comprehensive environmental
assessment by the generalized method with the loads on private target functions considered as a first approximation

Type of functions obtained by the method of generalized assessment of the contribution of the | The results of calculations for

the initial version of the load

OGPC to the formation of the environmental situation in the Mangystau region

For relief

POFreireg — Private target function (averaged estimation of anthropogenic impact) for relief
over the territory of the region, point

4,039

POFrei06pc — Private target function (averaged estimation of anthropogenic impact) for relief in
zones with OGPC, point

5,712

PSIPrel — The solution of the inverse inverse problem for the relief (additional contribution of
the OGPC to the anthropogenic disturbance of the relief in the zones with OGPC as compared
to the weighted average over the territory of the Mangystau region)

1,67

For soil

POF il reg — Private target function (averaged estimation of anthropogenic impact) for soils
over the territory of the region, point

2,375

POF i oGrc — Private target function for soils (averaged estimation of anthropogenic impact)
for soils in zones with OGPC, point

4,021

PSIPsoii— The solution of a particular inverse problem for soils (an additional contribution of the
OGPC to the anthropogenic disturbance of soils in the zones with OGPC in comparison with
the weighted average over the territory of the Mangystau region), a score

1,65

For vegetation

POFvegreg— Private target function (averaged estimation of anthropogenic impact) for
vegetation in the territory of the region, point

3,670

POFvegoGpc — Private objective function (averaged estimation of anthropogenic impact) for
vegetation in zones with OGPC points

6,849

PSIPyeq. — Solution of the inverse problem for vegetation (additional contribution of OGPC to
anthropogenic disturbance of vegetation in zones with OGPC as compared to weighted average
in Mangystau region), score

For groundwater

POF Gwreg — Private target function (averaged estimation of anthropogenic impact) for
groundwater in the territory of the region, point

5,509

POFGwocrc— Private objective function (averaged estimation of anthropogenic impact) for
groundwater in zones with OGPC, point

7,964

PSIPGw— solution a particular inverse problem for groundwater (an additional contribution of
OGPC to anthropogenic disturbance of groundwater in zones with OGPC as compared to the
average weighted in the Mangystau region), a score

2,46

The results of solving the inverse problem of integrated environmental assessment for all components of the natural environment

1OFreg — Integral objective function of anthropogenic disturbance of the natural environment of
Mangystau region, point

422

1OFocrc — Integral target function of anthropogenic disturbance of the natural environment of
the Mangystau region within the zones with OGPC, point

6,48

ISIP — Generalized solution of the inverse problem (additional contribution of the OGPC to the
anthropogenic disturbance of the natural environment in the zones with OGPC in comparison
with the average weighted in Mangystau region), point

2,26
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The second way to check the accuracy of the
generalized method for solving the inverse problem
is in changing the composition of the original
cartographic material. To simplify the verification,
we will carry out an experimental calculation of the
integral solution of the inverse problem with a
smaller amount of the initial cartographic material.
For this, in the initial set of four assessment maps,
instead of the Anthropogenic Transformation of
Vegetation and Soil Degradation maps, we take a
map of the impact of the oil and gas complex from
the soil and plant layer. There is no such separate
map in the Atlas of the Mangistau Region; for its
construction, the contours of 5 levels of the
ecological state of the soil and plant layer from the
published map “The Impact of the Oil and Gas
Complex on Natural and Economic Systems” were
taken from (Atlas :2011) (Figure 2). For remaining
components of the natural environment (relief and
groundwater) we use ready-made maps private
generalized solutions from table 1.

The choice of this map for experimental
calculations is due to the generality of the

information base used by the Institute of
Geography to make all estimated expert maps, the
objectivity of which is already verified in a large
list of impact factors in the previous sections.

From the new map data for the second method
checking the accuracy of solving the inverse problem
of a comprehensive environmental assessment with a
reduced set of initial assessment map is shown in
Table 2. Here are the total contour areas of each five
levels of anthropogenic impact throughout the region
and for zones with OGPC, the corresponding values
of the functions of i-th level of anthropogenic
disturbance of soil and plant layer (fisyzre, and
fisvrocre), as well as the values of particular objective
functions and a particular solution of the inverse
problem for the soil-plant layer.

The second methods of combination of the
initial data of Table 1 on relief and groundwa-
ter and the data of Table 2 according to the
POFsyireg and POFsvireg OGPC fully provides
an estimate of the accuracy of the generalized
model.
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Figure 2 — Map of anthropogenic impact on the soil-vegetation layer (based on the map "The impact of the oil and gas
complex on natural-economic systems" of (Atlas: 20 11)
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Table 2 — Initial data on the soil-vegetation layer for the implementation of the second method for assessing the accuracy and
objectivity of s olving the inverse problem of integrated environmental assessment by a generalized method

Degree of anthropogenic transformation
Type of function and unit of measure Inconsi- Weak | Moderate Consi- Significant Total
derableor no derable

For the soil-plant layer
Total area of contours of the i-th level of 4564144 | 67068,46 | 41649,56 | 9997.87 | 1632,16 | 16598949
anthropogenic disturbance, km?2
Fsyireg i—ratio of the sum of the areas of the contours
of the i-th level of transformation to the area of the 0,275 0,404 0,251 0,060 0,010
domain, the dimensionless quantity
POFsyLreg— private objective function for the soil-vegetation layer over the territory of the region, point 3,252
Total area of contours of the i-th level of
transformation within the zones with OGPC, km2 192,16 1282,98 | 2322,62 | 163846 | 1572,14 7008,35
FsyrLogpci— ratio of the sum of the areas of the contours
of the i-th level of transformation within the zones
with OGPC to the area of all zones with OGPC, the 0,027 0,183 0,331 0,234 0,224
dimensionless value
POFsvioGrc— private objective function for the soil-vegetation layer for zones with OGPC, a score 5,89
PSIPsyL — Solving a particular inverse problem (an additional contribution of the OGPC to the anthropogenic

: - - . X 2,64
disturbance of the soil and vegetation layer in the Mangystau region), a score

The method for obtaining private target fun-
ctions and a particular solution to the inverse
problem of a comprehensive environmental
assessment, described in general terms by
equations (3) — (5), is also used for the soil and
plant layer (see Table 2). But for integral objective
functions, it is necessary to take into account that in
the equations of integral estimates of anthropogenic
impact for the territory of the entire region and for
zones with OGPC (equations (6) and (7)) there will
be not four, but three terms, so the load distribution
in the integral objective functions is necessary
justify again.

Again we refer to literary sources, the analysis
of which was carried out in the methodological
section. We proceed from the idea of close intra-
systemic relationships in natural systems and
visualization of the natural system in the form of a
graph with four angles for a system of four
components and a triangle of three. In a rectangle,
vertex relationships can be represented by sides and
diagonals. Diagonal ties may differ from ties on the
sides — the length of the diagonal is longer than the
length of the sides. And in the triangle, all the
vertices are connected only by the sides, so with
three components it is difficult to distinguish the

prevailing connection. Let us take them as a first
approximation. Then, subject to the normalization
of the sum of the loads per unit, we obtain two
loads of 0.33 each and one — 0.34. Since in the set
of four components we preferred the load on the
vegetation, and now we assign the load value of
0.34 to the soil and plant layer. Then the equations
for the integral target functions and the integral
generalized solution of the inverse problem can be
written as:

IOF) Reg = 0533P OF, relReg + 0,34P OF SVLReg +

+ 0,33POFGWReg (11)

10F oGpc= 0,33POF ci06rc+
+ 0,34POFsyLocrct 033POFewocre  (12)
IDIP= ]OFOGpc—]OFReg (13)

The results of solving equations (11) — (13) are
shown in Table 3. These results are the initial data
for assessing the accuracy of solving the inverse
problem of a comprehensive environmental
assessment by the generalized method using a
reduced set of initial assessment maps.
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Table 3 — Initial data for the implementation of the second method for assessing the accuracy and objectivity of solution of the
inverse problem of integrated environmental assessment by the generalized method

Type of function and unit of measure Vz;ﬁ:lecgg;he
POF eireg — private target function for the relief over the territory of the region, point 4,039
POFreioGpc — private target function for the relief by zones with OGPC, point 5,712
POFsvireg — private target function for the soil-vegetation layer over the territory of the region, point 3,252
POFsvrocpc — private target function for the soil-vegetative layer for zones with OGPC, a score 5,89
POFGwreg — private target function for groundwater over the territory of the region, point 5,508
POFGwocrc— private target function for groundwater in zones with OGPC, point 7,964

The results of solving the inverse problem of integrated environmental assessment for all components of the natural environment

IOFreg. — Integral target function of anthropogenic disturbance of the natural environment of Mangystau

. . 4,26
region, point
1OFoGrc — Integral target function of anthropogenic disturbance of the natural environment of the 6.52
Mangystau region within the zones with OGPC, point i
ISIP — generalized solution of the inverse problem (an additional contribution of the OGPC to the 296
anthropogenic disturbance of the natural environment of the Mangystau region), a score ’
ISIP — generalized solution of the inverse problem (additional contribution of the OGPC to the 2259

anthropogenic disturbance of the natural environment of the Mangystau region),%

Results and Discussion

The aim of this work is provided assessing the
accuracy of the method proposed by the authors for
the generalized solution of the inverse problem of
integrated environmental assessment of the
territory in two ways — 1) by comparing the
solution results for different types of expert sets of
loads (roles) of the components of the environment
in integrated environmental assessments in the
form of objective functions to identify the impact
of their possible subjectivity and 2) on the various
composition of the source cartographic material
with options for sets of loads on the objective
functions.

Design experiments with different sets of
weight loads according to the second embodyment
of the first method will not be a problem, because
these loads are involved only in the final stage of
solving the inverse problem. When calculating the
generalized integral objective functions with the
change in the values of the weight loads to the
same for all components of the environment, we
use equations (6) and (7), in which all aij = 0.25.
Equation (10) will not change its form.
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For implementation of the third option of the
first method for assessing accuracy, it is necessary
to justify a set of loads by calculating the
normalized values of particular objecttive functions
that characterize the weighted average level of
anthropogenic impact on each component of the
natural environment. Since the private objective
functions for the total estimation of the
transformation of the j-th component of natural
environment (CNErj) by the region (POFcngjreq)
and for the zones with OGPC differ, the loads will
be normalized separately by determining the
fraction of the value of the particular objective
function from the sum of their values over all
components for the whole region and for the zones
with OGPC. The results of load calculations are
given in Table 4.

In this case, the equation for calculating
integral functions takes the following form:

IOF geq=0,2591POF Reireg + 0,152POF soitkeg +
+0,2255POF vegreg+ 0,3534POF ke (11)

1OForpc= 0,2327POF reiocrct 0,164POF svii oGre +
+ 0,279POFvegocrc + 0,3244POF gwocre  (12)
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Table 4 — Results of calculations of normalized loads on the components of natural environment from the values private objective
functions

The components of the The values of the private target functions The values of the normalized weights
natural environment POF cNEjReg POF cnEpjoGpc POF cNEpjReg POF cNEpoGPC
Relief 4,0388 5,712 0,2591 0,2327
Soil 2,3696 4,022 0,1520 0,1638
vegetation 3,67 6,8493 0,2355 0,2790
groundwater 5,508 7,9645 0,3534 0,3244
The total value 15,5864 24,5478

A comparison of the results of calculations for
all options of the choice of weight loads in
generalized integral objective functions and the
corresponding generalized solutions of the inverse
problem presented in Table 5.

As can be seen from table 5, both versions of
the sets of loads on the components of the
environment according to literary sources give
almost the same results — the difference in the

obtained values of the functions does not exceed
0.22%. Taking into account the specifics of the
territories  according to the intensity of
anthropogenic impact when calculating the loads
by private target functions only a small increase in
the values of the integrated target values was
(about 4%) and practically did not affect the
generalized solution of the inverse problem,
decreasing the value by less than 0.5%.

Table 5 — Comparison of the results of solving the inverse problem of a comprehensive environmental assessment for all
components of the environment for different sets of loads on the components of the environment according to the first method

The results of calculations of integral objective functions and solution
of the inverse problem for options of the choice of loads for the

components of the natural environment

Type of function and unit of measure According to published sources . .
- - On the basis of private
Regulating 'role of equlvalt?nt objective functions
vegetation connection

1O0FriG.— integral target function anthropogenic
disturbance of the natural environment of Mangystau 3,89 3,9 4,22
region, the score
IOF oGpc — Integral target function of anthropogenic
disturbance of the natural environment of the Mangystau 6,17 6,17 6,48
region within the zones with OGPC, point
ISIP — A generalized solution of the inverse problem (an
additional cqntrlbutlon of the OGPC to the . 2.8 227 227
anthropogenic disturbance of the natural environment of
the Mangystau region), a score

The second method for assessing the the option of equivalent loads on the

accuracy of the method proposed by the authors
of a generalized solution of the inverse problem
of a comprehensive environmental assessment
of the territory — according to different
composition of the original cartographic
material. Since it is not possible to implement

components of the environment in the case of
three initial estimated maps, we will also
consider the option of assessments for the
second method according to the normalized
values of the private target functions for the
relief, soil and plant layer and groundwater.
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Table 6 — Results of calculations of normalized loads on the components of the natural environment from the values of private

objective functions with a changed set of initial evaluation maps

. The values of the private objective The values of the normalized weights
The components of the natural environment functions
POFcnEpjreg POFcngpjocre POF cNEjReg POFcngjocre
The relief 4,039 5,712 0,316 0,233
The soil-plant layer 3,252 5,889 0,254 0,164
The groundwater 5,508 7,964 0,430 0,324
The total value 12,800 19,566

In this case, the equation for calculating
integral functions takes the following form:

IOFpeg=0,316POF paipeg + 0.254POF sy +

+0430POF syreg (13)
1OF o6r=0,233POF v06rc + 0,164POF sy106rc +
+ 0,324P OF swocre (14)

A comparison of the accuracy and objectivity of
the calculation results for all options for the
selection of weight loads in the generalized integral
target functions and the corresponding generalized
solutions of the inverse problem for the two
estimation methods presented in table 7. As can be
seen from table 7, the result of a generalized solution

of the integral inverse problem of the ISIP (the
additional contribution of the oil and gas complex to
the anthropogenic change in the environmental
situation in the zones with their development in the
Mangistau region on the basis of three initial maps
was 22.4% against 22.8% when assessed using four
a set of loads, taking into account the regulatory role
of vegetation. Thus, the difference in assessments of
the contribution of OGPC to the formation of the
environmental situation was 0.04 points, or 0.4% — a
very good coincidence. When choosing the loads on
the components of the natural environments on the
basis of normalized partial objective functions ISIP
was 22.1% for the three initial maps against 22.6%
in four, ie in this case it turned out very good
agreement.

Table 7 — Comparison of the results of solving the inverse problem of integrated environmental assessment for different sets of
evaluation maps and for different sets of loads on the components of the natural environment in the first and second methods

Options of the choice of loads for the components of the natural

environment
Type of function and unit of measure Accountlpg for the regu.latory role_: of | On the.basm of private objective
vegetation for evaluation maps in functions for evaluation maps
quantity in quantity
4 3 4 3
IOFReg.- integral target function anthropogenic
disturbance of the natural environment of 3,89 4,28 4,22 4,47
Mangystau region, the score
IOFoGpc — Integral target function of
anthropogenic disturbance of the natural
environment of the Mangystau region within the 6,17 6,52 6,48 6,68
zones with OGPC, point
ISIP — A generalized solution of the inverse
problem (an additional contribution of the OGPC
to the anthropogenic disturbance of the natural 2,28 2,24 2,26 2,21
environment of the Mangystau region), a score
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Thus, the proposed method for the generalized
solution of the inverse problem of a comprehensive
ecological assessment of the territory practically
does not respond to changes in the loads on the
components of the environment both with four
initial assessment maps, since this influence is
leveled by the procedure of subtracting integral
target function throughout the territory from its
analogue for zones with OGPC.

The results obtained for all experimental sets of
loads and with a change in the set of initial
assessment maps indicate a significant impact of
OGPC on the environmental situation in areas.

Conclusions

The article demonstrates specific results of
assessing the accuracy and objectivity of solving a
new theoretical problem in the field of integrated
environmental assessments. It is shown that the
new types of assessments obtained have a fairly
high degree of reliability and therefore make it
possible to objectify the assessment of the
additional contribution of an individual industry to
the total ecological situation of the territory

Comparison of the results of experimental
calculations for equivalent loads with the set
adopted as the initial set with an increase in the
effect of vegetation shows that the values of
generalized integral solutions of the inverse
problem obtained for equivalent weight loads differ
by 0.01 points, or 0.08%. In the values of the
integral objective functions, differences by 0.01
points were obtained only for the entire territory of
the region, and for zones with OGPC the solutions
completely coincided.

The results of load normalization by private
target functions demonstrate the influence of
anthropogenic impact on the assessment of the
strength of intra-systemic relationships, and not
only the size of the bonds changes — the nature of
their distribution also changes: in areas with
OGPC, the effect on soils and vegetation increased
compared to the average for the region, but
decreased on the relief and groundwater.

The results of solving the inverse problem
showed a decrease in the value of ISIP from 2.43 to
2.27 points (by 0.16) when replacing the loads
according to literary estimates with loads
normalized for private objective functions. At the
same time, the value of ISIP practically coincided
with its value in three components — 2.27 and 2.26.

Thus, the proposed method for the generalized
solution of the inverse problem of a comprehensive
ecological assessment of the territory practically
does not respond to changes in the loads on the
components of the environment, since this
influence is leveled by the procedure of subtracting
the integral objective function throughout the
territory from its analogue for zones with oil and
gas producing complex.

For the experimental calculation of ISIP by the
second method, the amount of the initial
cartographic material was reduced: in the problem
of three components, instead of the Anthropogenic
Transformation of Vegetation and Soil Degradation
maps, we took a map of the effect of the oil and gas
producing complex on the soil and plant layer.

The result of a generalized solution of the
integral inverse problem of the ISIP (additional
contribution of the oil and gas producing complex
to the anthropogenic change in the environmental
situation in areas with their development in the
Mangistau region according to three initial maps, it
was 22.4% against 22.8% when assessed by four
when recruiting loads, taking into account the
regulatory role of vegetation. Thus, the difference
in assessments of the contribution of OGPCs to the
formation of the environmental situation was 0.04
points, or 0.4% — a very good coincidence. When
choosing the loads on the components of the
environment on the basis of normalized private
target functions, the ISIP amounted to 22.1% for
three initial maps against 22.6% for four, i.e. and in
this case a very good coincidence was obtained.

The reasons for a good coincidence can be taken
from a single source of maps, built on a uniform
methodology and a single extensive database,
allowing for expert generalizations to use a huge
amount of diverse information on a large number of
impact factors on each initial assessment map.

Therefore, the accuracy and objectivity of the
"finished" direct problem — the integrated
environmental assessment on the maps we took as
the basis of the initial data — is the key to a
sufficient accuracy of solving the inverse problem
of an integrated environmental assessment. The
intra-systemic  relationships ~ between  the
components of the natural environment
automatically taken into account in each
assessment maps, since each of them takes into
account all the information available to form the
idea and content of these expert maps. This is
explained by the fact that each assessment maps is
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an expert generalization of the actual material
obtained on the basis of data from the monitoring
network,  expeditionary  environmental and
inventory studies, and remote sensing data, and
therefore it demonstrates a huge list of factors
affecting each component of the natural
environment

In other words, whatever map we consider
from this single complex of evaluation maps, they

all will have a high degree of objectivity, which
determines the accuracy of the solution of the
inverse problem on these maps. The work is one of
the results of the grant project of the Ministry of
Education and Science of the Republic of
Kazakhstan No. 0589 / GF-4 Development of a
method for objectifying expert assessments of the
contribution of individual pollution sources to the
general environmental situation of the territory.
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