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DIFFERENTIATED EVALUATION OF THE CONTRIBUTION OF OIL
AND GAS PRODUCTION COMPLEX OF MANGISTAU REGION TO
ANTHROPOGENIC IMPACTS ON THE RELIEF

The article presents the results of one of the stages of solving a complex theoretical problem in the
field of integrated environmental assessment of the territory — the search for methods solving the inverse
problem. The essence of the inverse problem is to determine the contribution of an individual industry
or individual entity to the anthropogenic transformation of the natural environment in the presence of an
available expert assessment of the ecological situation in the region that maps the levels of total impact
of all enterprises and all sectors of the regional economy on the ecological situation.

The solution of the inverse problem is of great practical importance for objectifying the «polluter
pays» principle, the instrument of which is the system of payments for emissions to the environment.
However, the widespread practice of transferring waste on contractual terms to specialized companies
for their export and processing negates this principle in the field of waste management. An independent
assessment of the ecological situation in the region, based on monitoring data, determines the total
impact of all enterprises in all sectors of the regional economy and also does not allow assessing the
contribution of individual industries or individual enterprises to total pollution.

The work was carried out within the framework of the grant financing project of the Ministry of
Education and Science of the Republic of Kazakhstan No. 0589 / GF-4 «Development of a method for
objectifying expert estimates of the contribution of individual pollution sources to the overall ecological
situation of the territory». At the first stage of the research in this direction, a method for generalized solu-
tion of the inverse problem was developed and the results of the evaluation of the contribution of the oil
and gas producing complex of the Mangystau region to anthropogenic transformation of the ecological
situation in the region were obtained.

In the proposed article, the second method for solving the inverse problem, which allows to differ-
entially differentiate the implementation of the polluter pays principle, is described in the example of the
assessment of the role of OGPC in the anthropogenic transformation of the relief. Since only one of the
components of the natural environment is considered, the solution obtained will be private. To obtain
an integrated assessment, it will be necessary to carry out similar studies for the remaining components
of the natural environment and combine them in an integrated (total) solution, taking into account the
role of each component in the formation of the environmental situation. Differentiation is performed on
the basis of receiving the construction of a grid model in which the areas of contours of each level of
anthropogenic impact within a block are summed and assigned to the center of the block, providing the
mapping of cartographic information to quantitative information.

A particular solution of the inverse problem of a private integrated environmental assessment is
found as the difference of the partial objective functions reflecting the average (weighted average)
estimates of the anthropogenic impact on the components of the natural environment as a whole for
each block of the grid model and for the sum of the areas of all zones with OGPC in blocks with their
presence. Loads to the levels of transformation in private target functions take into account the level of
complexity of carrying out environmental measures for each component of the natural environment,
their justification is given in the legend of the evaluation maps. After calculating the target functions
for the total area of all blocks and the areas of the contours of different levels of impact of the OGPC,
total ballots are obtained, and after dividing by area area or area of the OGPC zones — differentiated

© 2017 Al-Farabi Kazakh National University



Pavlichenko L. et al.

estimates of anthropogenic disturbance of the Mangystau region territory in each block and in parts of
blocks with OGPC .

The results of calculations showed that the OGPC .creates an additional load on the relief in the
range from 0 to 60.46%, while the method of generalized estimation of the contribution of the OGPC .
as a whole in the region gave a value of 16.73%. Thus, the method of differentiated estimation makes it
possible to identify areas where the anthropogenic impact of OGPC . is less than that of other sources,
and an analysis of the range of changes in the integral solution in zones with OGPC can serve as the basis
for objectifying the differentiated implementation of the polluter pays principle.

Key words: Mangystau Region, Oil and Gas Production, Level of Anthropogenic disturbance of
relief, Objective Function.
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MangbicTay 00AbICbIHBIH, MYHAl-Ta3 OHAIPYLUI KelleHiH peAbedhke aHTPOMOreHA K
acepiH capanTamaabik, 6aFaray

Makanapa MaceAeHi Kepi Lelly 8AICTEPIH i3Aey — KeLeHAI 3KOAOTUSIAbIK, Gararay caAaCbiHAAFbI
KeleHAT TEOPUSIAbIK, MOCEAEAEPAI LLelly Ke3eHAepiHiH 6ipi ycbiHbiAFaH. Kepi MaceaeHiH MaHici 6ip
CaAaHblH, YAECIH HEMeCe aiMaKTblH KeLeHAI 3KOAOMMSAbIK, XKaraalbiH capanTamaAblk, 6arasaybl 6ap
TabWFK opTaFa aHTPOMOreHAIK OY3bIAbICIH, dCEPiH XaAmbl GAPAbIK KOCINOPbIHAAP SCEepiHeH >XoHe
3KOAOTUSIABIK, >KAaFAAM TypaAbl OOABICTbIK, 3KOHOMMKAHbIH 6GapAblK, CEKTOPAAPbIHbIH AEHrerAepiH
KepCeTeTiH KapTaHbl NarnAaAaHbIN 6ip HbICAHABI aHbIKTay 60AbIN TabblAaAbl. Kepi LwelliM 8Aici «AacTayLubl
TOAEMAI» NPUHUMMIH 0ObEKTUBM3ALUMSIAAYAQ KOAAAHOAAbI MOHI 30p, KOpLUaFaH opTaFa 3MMUCCUS
YWIH TeAeMAEpP XXyMeci MaHbI3Abl KypaA. AAaiipa, OAApPAbl XKOIO >KaHe KailTa eHAey YLIiH apHaibl
KOMMaHUSIAQPFA KEAICIM-LIAPT HEri3iHAE KAAAbIKTApAbI ayAapy KaparnambiM ToxXipube KarAblKTapAbl
6ackapy caracblHAAFbl OCbl MPUHLMI XKOK,. MOHUTOPUHT AepekTepi GOMbIHLLA OOAbICTbIH, SKOAOTUSIABIK,
>KaraaiibiH TOYeACi3 6araray 06AbIC SKOHOMUKACbIHBIH 6APAbIK, CAAACbIHbIH, 6APAbIK, MEKEMECIHIH, YAECIH
GaranayFfa, COHbIMEH KATap >KEKEAEHTeH CaAaHbIH KelleHiH GaFarayFa HEMeCce KEeKEAEHreH MeKeMeHiH
AQCTaHy YAECiH 6ararayFa MYMKIHAIK 6epmenai.

Kymbic  KasakcraH Pecnybankacbl BiAiM >k@HE FbIAbIM - MUHUCTPAITiHIH >K06aCbl  FPAHTTbIK,
Kap>KblAaHAbIPY asicbiHaa N20589 / GF-4-ak >KyprisiAAi «KaArbl 3KOAOTMSIAbIK, >KaFAal ayMarblHAQ
AACTaHy >KeKe KO3AEpiH YAECIH capanTamaAblk, 6araray 0ObeKTUBTIAITT 8AiCiH AaMbITy». OCbl CaraAarbl
3epTTeyAepAiH OipiHWi Ke3eHiHAe 6i3 Kepi MIHAETTEPI DAICI BHAEAIM, XKOHe ariMaKTarbl SKOAOTMSIABIK,
>KaraaitFa aHTPOMOreHAK 6y3blAbICbIHA MaHFbICTay 0BGABICHI MyHait-ra3 KelleHiHiH 6araray HoTuXKeAepi
AABIHFaH.

ByA Makanaaa >kep BeaepiHe MyHarras eHAIPYyLLi KeleHiHiH aHTPOMNoreHAIK Oy3bIAbICbIH OGaFasay
MaHbI3bIH MbICaA TYPFbICbIHAQ aAbIM, «AACTayLLbl TOAEMAI» KaFMAATbIH reorpadmsAbIK, CapaAaHFaH icke
acblpyFa MYMKIHAIK 6epeTiH Kepi MaceAe LeLliMiHiH eKiHLi aAici GasiHaaAFaH. Tabuen opTaHbiH 6ip
FaHa KyYpPbIAbIMbIH KapaCTblpybiHa 6aNAAHbICTbI, AAbIHFAH HOTMKE XKeKe BOAbIMN ecenTeAeai. MHTerpaaabl
6araaay yLiH TabuFK OpTaHbiH 6aCKa KYPbIAbIMbIHA TAAAAMAABIK, 3€PTTEY XKOHE SIKOAOTUSIABIK, SKaFAANAbI
KAAbINTACTbIPYAA 8pHip KOMIMOHEHTI POAIH eCKepe OTbIpbir, aXKblpaMac (KaArbl) WeliMiMeH OAapAbIH
MHTEerpauusicbiH TaAan eteai. Capanay TOPAbIK, MOAEAbAI Kypy HEri3iHAe CaHABIK, KapTorpadgusAbIK,
akKmapaTtka aybICTbIpblAQ OTbIPbIN, HAOK OPTAAbIFbIHA >Ka3bIAbIM, AHTPOMOreHAIK 9Cep AeHreniHiH ayaaH
KOHTYpbl GAOK aiMarblHAQ ECEMNTeAeA|.

JKeke KelleHAI 3KOAOTUSIAbIK OaFaAay Kepi LewiMi OAapAbIH KaTbiCybiMeH GAOKTapFa MyHairas
OHAIPYLI KeleHHIH GapAblK, aiMakTapbiH comacbl apbip OGAOK TOp YAFi yWiH TyTacTai KopluaraH
OpPTaHbIH, KOMMOHEHTTEPIHE aHTPOMOreHAIK opTatua (opTalia aAbiHFaH) GaraAayAbl KEPCETETIH iliHapa
00bEKTMBTI (PYHKUMSIAAPAAFbI aibIPMaLLbIAbIK, GOAbIM TabbIAAAbI.

XKeke MmakcatTbl aTKapbiMA@ Oy3bIAbIC AEHremiHiH >KykTemeaepi opbip TabuFn opTaHbiH,
KOMIMOHEHTTepi OoMblHIWA TabuFaTTbl KOpFay iC LIApacbiH >KYPri3yAeri OAapAblH Herisi Oarasay
KapTacblHbIH, WAPTTbl GeArirepiHAe kepceTiAreH. bapAbik GAOKTap ayAaHbl XKOHE MyHait ra3 eHAIpyLi
KELIEHHIH 9CepiHiH TYPAI A@HreliHAEri KOHTYP ayAaHbl OOMbIHLLA MaKCaTTbl aTKapbiM ecebiHeH KeiniH
ayAaHHbIH 6GaAAbIK ecebi aAblHFaH, aA 8pbip OAOKTA MyHairas eHAipylli keleHmeH apbip O6AOKTa
MaHfbicTay 06AbIC TEPPUTOPUSICBIHBIH, peAbedhiHe aHTPOMOreHAIK GY3bIAbICHIH CapanTamMaAblk, 6araay
MYHai ra3 eHAIpyLli KelleHHiH ayAaH aiMarblHa Hemece aMakTbiH ayAaH AeHreiiHe OGOeAiHreHHeH
KEMIH aHbIKTAAQAbI.

Ecentey HaTueAepi MyHal ras eHAipywi keweHHiH 0-aAeH 60,46% AMano3oHbIHAQ peAbedke
KOCbIMLLIA >KYKTEME TYFbI3aTbIHAbIFbIH, OYA >KaAMblAaMa dAIC MyHal ra3 eHAIpyLi KelleHiH Gararayaa
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>KaAMbl 006AbIC 60MbIHLIA 16,73 % eAliemMiH kepceTTi. COHAbIKTaH capanTamaAblk 6arasay 8Aici 0OAbICTbI
aHbIKTayFa MYMKIHAIK 6epin, MyHail ra3 eHAIpyLli KeweH OOMbIHLIA aHTPOMOTEHAIK acepi Kan >epae
6acka AaCTaHy KO3AEpiHEeH a3 eKeHAIrH KepceTeAi, aA MHTErpaAAbl LIeLiM e3repiciH Taasay MyHan
ra3 eHAIpyLWi KelweH anMMarblHAQ «AaCTayllbl TOAEMAl» MPUHUMMIH CapanTamMaAblk, >Ky3ere acbipyAa
MaHbI3ABI.

Tynin ce3aep: MaHFbicTay 0OAbICbI, MyHait ra3 eHAIPYLLi KeleH, peAbedke aHTPONOreHAIK OY3bIAbIC
aCepi, >xeKe MaKCaTTbl aTKapbIM, TEPPUTOPUSIHBI KELLIEHAT SKOAOTUSIABIK, GaFrarayAblH Kepi MiHAETI.

IMaBAanyeHko A.M.!, EcnoaaeBa A.P.!, M3TaeBa A.M.!
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AndbepeHumpoBaHHas oueHka BkAaAa HedhTerasoA00bIBaloLLLEr0 KOMMNAEKCa
Manrucrayckoii 06AacTM B aHTPOINOreHHoe BO3AEMCTBUE Ha peAbed

B crtatbe npeAcCTaBAeHbl pe3yAbTaTbl OAHOrO M3 3TANOB pelleHUst CAOXKHOW TeopeTuyecKown
nNpo6Aembl B chepe KOMMAEKCHOM 3KOAOTMYECKOM OLEHKM TEPPUTOPUM — MOUCK METOAOB PELIEHUS
ob6parHoi 3aaaun. CyTb 06paTHOM 3aAauM COCTOMT B OMPEAEAEHMM BKAAAA OTAEAbHOM OTPACAM MAM
OTAEAbHOrO 06bEKTa B aHTPOMOreHHYI0 TPaHC(OPMALLMIO MPUPOAHO CPEAbI MPU HAAMYNN UMEIOLLIEICS
3KCMEpPTHOM OLEHKM 3KOAOTMYECKOM CUTyalMM permoHa, kaprorpaduuecky oTpakarouwen YpOBHM
CYMMapHOTr0 BO3AEMNCTBUSI BCEX MPEANPUSTUIA M BCEX OTPACAE IKOHOMUKM PErmoHa Ha 3KOAOrMYecKyto
cuUTYyaumio.

PelieHne o6paTHOM 3apauM MMeeT OOAbLIOE MPUKAAAHOE 3HadeHne AAS O0ObeKTMBM3aLmm
NMPUHUMMA «3arPSI3HUTEAb MAQTUT», MIHCTPYMEHTOM KOTOPOIO SIBASETCSI CUCTEMa NMAaTexei 3a SMUCCUn
B oKpyXawuyto cpeay. OAHAKO pacrnpoCTpaHeHHas nMpakThka nepeAaynm OTXOAOB Ha AOTrOBOPHbIX
HavaAax CreLmaAm3MpoBaHHbIM KOMIaHMSIM MO MX BbIBO3Y M NnepepaboTKe CBOAMT Ha HET 3TOT MPUHLIMI
B chepe ynpaBAeHUs 0TXoAaMU. He3aBrcrmas oueHka 3KOAOrMYeCcKon CUTyalMM PermMoHa rno AaHHbIM
MOHUTOPUMHIa OrMpeAeAsieT CYMMapHOe BO3AENCTBME BCEX MPEANPUSTUIA BCEX OTPACAE 3KOHOMMKM
pernmoHa 1 Takxke He MO3BOASIET OLLEHUTb BKAQA OTAEAbHbIX OTPACAEN UAM OTAEAbHbIX MPEATNPUATUI B
CyMMapHoOe 3arpsi3HeHue.

PaboTa BbiNoAHEHa B pamKax rpaHTOBOro omMHaHCcMpoBaHms MuHm1cTepcTBa 06pa3oBaHnst U HAyKM
PK N°0589/[(>-4 «PaspaboTka MeToaa OObEKTMBM3ALMM IKCMEPTHbIX OLIEHOK BKAAAa OTAEAbHbIX
MCTOYHMKOB 3arpsi3HeHnsl B OOLLYI0 3KOAOTMYECKYID CUTyaumto Tepputopum». Ha nepsom atane
MCCAEAOBAHMIN MO 3TOMY HarpaBAeHMIO ObiA pa3paboTaH MeToA 0006LLEHHOrO pelueHrs 06paTHON
3aAauM M MOAYYEHbl pPEe3yAbTaThl OLEHKM BKAapa HedyterasopobbiBaiowen komrnaekca (HIAK)
MaHruncrayckoin 06AaCTM B aHTPOMOreHHY0 TPaHC(OPMAaLIMI0 3KOAOTMYECKOM CUTYyaLMM PEroHa.

B npeanaraemort crtatbe Ha npumepe oueHku poan HIAK B aHTponoreHHoi TpaHcdopmaumm
peAbeda M3AOXKEH BTOPOM METOA PEeLIEeHMS OOpaTHOM 3aAauy, MO3BOASIOLWMIA TEPPUTOPUAABHO
A depeHUMpoBaTb peaAm3aumio NMpUHUMNIA «3arps3HUTEeAb MAATUT». [TOCKOAbKY paccmaTpyBaeTcs
TOAbKO OAHA M3 COCTaBASIOLLMX MPUPOAHOM CPEAbl, MOAYYEHHOE pelleHne OYAeT 4aCTHbIM. AAS
MOAYUEHMS MHTErPaAbHOM OLIEHKM MOTPebyeTcs BbINOAHEHME aHAAOTMUHBLIX MCCAEAOBAHMIA AAS
OCTaAbHbIX COCTaBASIOLUMX MPUPOAHOM CPEAbl M OObeAMHEHME MX B MHTErpPaAbHOM (CyMMapHOM)
peleHnn C y4yeTOM POAM KaKAOWM COCTaBAsiioleld B (DOPMMPOBAHUM 3KOAOTMUYECKOM CUTyaLMu.
AvdpbepeHumaLMsg BbIMOAHIETCS Ha OCHOBE MpuemMa MOCTPOEHUSI CETOYHOM MOAEAM, B KOTOPOW
MAOLLAAM KOHTYPOB Ka>KAOIO YPOBHS aHTPOMOreHHOro BO3AENCTBUS B MpeaeAax OAOKA CYMMMPYIOTCS
M MPUNUCbIBAOTCS K LEeHTPy 6Aoka, obecrneurBas nepeBoA KapTorpauueckon MHpopMauum B
KOAMYECTBEHHYIO.

YacTHoe pellueHne o6paTHOM 3aAa4M YaCTHOM KOMIAEKCHOM 3KOAOTMYECKOM OLEHKM HAaXOAMTCS
KaK pa3HOCTb YaCTHbIX LeAeBbIX (DYHKLMI, OTPaXkalolWwmX ycpeAHEeHHble (CpeAHEeB3BeLLEHHbIE) OLEHKM
AHTPOMOreHHOro BO3AENCTBMS Ha KOMIOHEHTbI MPUPOAHOM CPEAbl B LIEAOM MO KaXKAOMY OAOKY
CETOYHOM MOAEAM M AASI CYMMbI MAOLLAAEN BCeX 30H C Haamumem HIAK B 6AOKax C MX HaAMUMEM.
Harpy3ku Ha ypoBHM TpaHCOpMaLMKM B YaCTHbIX LeAEBbIX (DYHKLMSIX YUUTbIBAIOT YPOBEHb CAOXKHOCTU
NMPOBEAEHUS MPUPOAOOXPAHHBIX MEPOMNPUSITUIA MO KaXKAOMY KOMIMOHEHTY MPUPOAHOM CpeAbl, UX
000CHOBaHME MPMBEAEHO B AEreHAAX OLEHOYHbIX KapT. [locAe pacyeTtoB LeAeBbiXx (DYHKLMIA MO
MOAHbIM TAOLIAASIM BCeX OAOKOB M MAOLIAASIM KOHTYPOB pasHbix ypoBHern Bosaenctems HIAK,
MOAyY€Hbl CYMMapHble GAAAOMAOLLAAM, a MOCAE AEAEHMS Ha MAOLWAaAb 06AACTM MAM MAOLLAAb 30H
c HIAK — audpepeHumpoBaHHble OLIEHKM aHTPOMOreHHONM HApYLIEHHOCTU peAbecha TeppuTopum
Manrucrayckoin 06AacTM B KaXkAOM 6A0Ke 1 B yacTsx 6aokos ¢ HIAK.

Pesyabtatbl pacuetoB mnoka3aau, uto HIAK co3aaeT AOMOAHMTEAbHYIO Harpysky Ha peabed B
AvanasoHe ot 0 A0 60,46% npu TOM, YTO MeTOA 0606LIeHHbIM oueHkM Bkaaaa HIAK B ueaom no
06AaCTM AaA BeAnunHy 16,73%. Taknum 06pasom, MeToas AnddepeHLMpPOBaHHOM OLEHKM MO3BOASET
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BbIAEASITb 06AACTU, TAE aHTpOroreHHoe Bo3aencTere HIAK MeHbLe BO3AENCTBUIN APYTUX MCTOUHUKOB,
a aHaAM3 AMarnasoHa M3MeHEHW MHTerpaAbHoro peteHus B 3oHax ¢ HIAK MoXKeT CAy>KMTb OCHOBaHVeM
06beKT1BM3aALMN AU EPEHUMPOBAHHON PEAAM3ALIMM MPUHLIMMA «3arPA3HUTEAb MAATUTY.

KAoueBble cAoBa:

Manrucrayckas o6aactb,

HepTerasoA0ObIBAIOWMIA  KOMIAEKC, CTeneHb

AQHTPOMOreHHOM HapYLLIEHHOCTU peAbeda, YacTHble LieAeBble hyHKLMM, obpaTHas 3aAa4a KOMIAEKCHOM

3KOAOTMYECKON OLIEeHKM TePPUTOPUMN.

Introduction

The region is located in the southwest of the
Republic of Kazakhstan in the desert zone and
includes the peninsula Mangyshlak, the Ustyurt
plateau, the Buzachi peninsula, the Dead Kuluk and
Kaidak sores and is characterized by continental dry
desert climate, strong storms and winds. In most of
the territory of the Mangystau region, east and south-
east winds prevail in winter, in the west — west and
north-west. 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.

Most of the territory of the region is occupied by
wormwood-solonchak desert with areas of shrubby
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 scarce soil
and vegetation cover with a low ability to mitigate
the effects of anthropogenic impacts.

At the heart of the region’s economy is the
oil and gas sector, whose 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
extraction industry is traditionally considered one of
the most environmentally dangerous industries..

The natural conditions of the regions in
combination with the anthropogenic load determine
their ecological situation. The ecological state
of the territories is assessed by the results of a
different type of monitoring of the components of
the natural environment. The 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
anumber 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.

ISSN 1563-0234

The complexity of the task of constructing
complex and private environmental assessments led
to the lack of generally accepted methods for solving
it. However, for an objective implementation of the
polluter pays principle, an independent assessment
of the contribution of individual sources to these
integrated or private environmental assessments
is also needed, i. It is necessary to find a way to
solve the inverse problem of a complex (or private)
environmental assessment.

The solution to this problem is the aim of the
grant project performed by the authors, which is
funded by the Ministry of Education and Science
of the Republic of Kazakhstan Ne0589/GF-4
«Development of the method of objectification of
expert assessments of contribution of specific sources
of pollution to general environmental situation of
the territory». Within the framework of the project,
a number of works have been completed, some of
which have already been published (Pavlichenko
2015 :133).

. They consider examples of the solution of
the inverse problem by the method of generalized
assessment to determine the contribution of the
activities of the OGPC Mangystau region to
anthropogenic modifications of the most important
components of the natural environment and the
actual data for their confirmation.

The aim of this paper is to describe the
methodology and results of solving a particular
inverse problem of integrated environmental
assessment in a second way, a method of
differentiated estimation, to determine the role of
OGPC in anthropogenic transformation of relief in
Mangystau region

Material and Research Methods

The ecological state of the territories is assessed
by the results of a different type of monitoring of
the components of the natural environment. The
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
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partial (for individual components) environmental
assessments of the natural environment. The
complexity of the task of constructing complex
and private environmental assessments led to the
lack of generally accepted methods for solving it.
However, for an objective implementation of the
polluter pays principle, an independent assessment
of the contribution of individual sources to these
integrated or private environmental assessments
is also needed, i. It is necessary to find a way
to solve the inverse problem of a complex (or
private) environmental assessment. In this case,
a comprehensive environmental assessment is
considered in accordance with R. Pantle (Pantle
R.1979:215) who called it an objective function.
The published articles (Pavlichenko 2016: 58,
Pavlichenko 2016: 198, Yespolayeva A.R 2016:13)

50~ s2-
1 i

detail the method for solving the inverse problem
of integrated environmental assessment based
on the use of ready-made maps of expert private
environmental assessments of anthropogenic
transformation of the components of the natural
environment in order to obtain generalized
estimates

The difference between the differential approach
and the generalized approach is that for generalized
estimations using GIS-technologies, the sums of
areas of equal levels of anthropogenic transformation
of the components of the natural environment within
the whole region and in zones with the development
of the oil gas producing complex were determined,
and in the method of differentiated estimates, these
operations are performed in Limits of the grid model
blocks for the map (fig.1).

AHTPOTIOTEHHOE BO3JIEWCTBHE &
HA PEJIBE® )

1:2 500 000

an-—]

40—
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Figure 1 — Grid model of the map of anthropogenic impact on the relief
The original map was published in the (Atlas :2011)

Since the map used as the initial data is an expert
generalization of the geographical maps of the relief
of the Mangystau region and an inventory map of
anthropogenic sources of impact, an analysis of

the objectivity of the construction of the evaluation
map was carried out in Pavlichenko 2015:133) This
analysis showed a high degree of its objectivity,
due to the consideration of the natural conditions
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of the territory, studied according to the data of
expeditionary research and space exploration
data, as well as the completeness and diversity of
the anthropogenic factors transformation of the
relief. However, the resulting map, on which the
grid model is constructed, contains only 5 levels
of anthropogenic impact acting as factors of the
multiple linear regression equation, which, in
accordance with the recommendations of R.Pantle,
is taken as a kind of objective function determining
the value of integrated environmental assessment.
The problem arises of justifying the sufficiency of
these 5 levels in order to achieve sufficient accuracy
of further constructions on their basis.

Here the work (Gmoshinsky 1977:64) is devoted
to a popular presentation of the ideas of engineering
ecology. It is shown that if ecology is considered
from the standpoint of the general theory of
systems and quantitative information theory (Jeffers
1981:213), one can obtain a very simple formula (1)
for calculating a sufficient number of parameters
n (environmental factors in the objective function
equation) for the desired accuracy of the estimate:

1
A=—,
g (M)

where, / — is level of quantization of assessment
scales used in assessment of environmental factors (
number of divisions of assessment scale).

It follows from formula (1) that, even with
the coarsest evaluation scale with a quantization
level of 2 (ie, for an expert evaluation based on
the «yes» and «no»), sufficient accuracy (errors
do not exceed 4%) can be achieved with 5 counted
Parameters ([J = 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 1 (the number
of divisions in our measuring «ruler») exerts a
greater influence on the accuracy (ie, actually on the
objectivity) of the expert estimates.

Thus, the initial map, which is the basis for
the construction of the grid model, satisfies the
necessary conditions of objectivity and accuracy.
We now turn to the presentation of the method of
solving the inverse problem of a complex ecological
assessment for a particular (for relief). (Bevers
1999:249, Boumans 2002:529)

The method of private (for one of the components
of the natural environment) differentiated solution
of the inverse problem of integrated ecological
assessment of territories provides for the initial use
of'a map published in the Atlas of Mangystau region
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with a ready integrated environmental assessment
that takes into account the influence of all sources
of impact on the relief and is implemented by two
methods.

Method 1 is aimed at obtaining concrete
factual data in a form adapted for use in objective
functions and justifying the sufficient objectivity
of these objective functions. To convert the
initial cartographic (dispersed) information into
quantitative (concentrated) for particular target
functions, the grid model and GIS technologies are
used (the joint use of ArcGIS and QGIS DESKTOP.

The grid model as a whole is a superposition of
a grid of elementary blocks (an obligatory condition
for translating dispersed cartographic information
into quantitative, point, is the equality of all blocks
whose centers are points to which all the information
on the block is attached) with characteristic
boundaries (sea shore, Settlements, etc.) on all maps
serving as sources of source information. For a more
accurate alignment, the set of maps of the actual
geoecological material and the contours of the grid
model should be reduced to a single scale — this is
the main condition for constructing a grid model,
Most often a set of necessary parameters have to
be recruited from different maps. Further blocks
are numbered or they are assigned an alphanumeric
code.

The grid model database for the possibility
of its processing by numerical methods must be a
matrix of initial data in which the block numbers are
successively written for each row of the grid model
in the first column of the matrix of the original data.
Thus, the grid of blocks on the grid model «unfolds»
into one column of the matrix of the original data.
The following columns are filled with the coded
value of the characteristics selected for analysis
(area, length, number of icons, etc.).

As a result of transforming the cartographic
information onthe gridmodel, amatrix of quantitative
information is obtained in which the columns are
areas of each of the 5 levels of anthropogenic impact
for each component of the environment across the
entire Mangystau region as a whole and zones with
the presence of OGPC, but now this is the sum of
the areas of the contours within each block of the
grid model — a system of square blocks, into which
is broken entire territory of the region.

Thus, we obtained an algorithm for obtaining
quantitative information on the basis of the grid
model of cartographic information (Araujo2007:743,
Pavlichenko 2017: 210, Armand 1992:208).

The second method coincides in the form of
the construction of solutions with method 2 in the
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method of generalized estimation, but in this case
all these constructions are performed according
to the area of each block of the grid model. This
method makes it possible to differentiate the
anthropogenic impact on each component of the
natural environment, and then in blocks with the
presence of OGPC, thus ensuring the differentiation
of the role of OGPC over the territory. Since the
difference between the differentiated approach and
the generalized approach is only on the scale of the
assessment (within a single block or across the entire
region), type of objective functions will differ only in
the recording of the signs by the membership of the
objective function parameters to the whole territory
or to the block located at the intersection of the i-th
line and j column, it is possible to use the equations
obtained in [3] for the objective functions over the
relief, assigning them the icons of belonging to the
block ij. As a result, we obtain equation (2) for a
particular objective function of the total area of each
block and (3) for a particular objective function of
the area of blocks with OGPC:

POF‘;'/'rel: ijrell + 3fijre12 +
+5fijrel3 +7.fzjjrel4 + gy{ijrely (2)

POF.

= + 3. +
ijrelOGPC fgjrel 10GPC 3 ft;'reIZOGPC

. + . + .
ijkrel30GPC ijrel4OGPC ijrel50GPC’ (3)

Where f, , —function of a certain (k-th) level of
anthropogenic disturbance of the relief (rel), which
is calculated by dividing the value of the total area of
polygons of a certain anthropogenic transformation
level for this component as a whole in block ij by the
area of this block; J(z;'relkOGPC_ analog of fl.jmk in blocks
with the presence of OGPC.

The weight loads of each parameter of the
objective function are determined under the
condition that five levels of influence on the
individual components of the natural environment
are consistent with the traditional one in expert
assessments with a ten-point scale. In the case of
a linear scale, there will be 2 points for each of
the 5 levels, with an increase in the level of the
transformation corresponding to an increase in the
scoring.

This statement is justified from the standpoint
of the complexity and cost of carrying out
environmental protection measures, in particular
measures for reclamation of the territory. As the cost
of environmental measures increases in proportion
to the degree of anthropogenic disturbance (ie,
the reduction of the ability of natural systems to

self-repair), a private environmental assessment
of the contribution to each zone is established in
accordance with a weighting factor proportional
to the level of transformation in the scoring scale.
In this case, the lower and upper boundaries of 5
levels (parameters of the objective function) are
scores:

- For low-level transformation — 2+4;

- For moderate levels of transformation — 4+6;

- For significant transformation — 68,

- For strong transformation level — 8+10.

Taking the average values of the contribution
of the OGPC into the anthropogenic transformation
of the relief, the mean values between the values of
the value classes were obtained, respectively, for the
coefficients 1, 3, 5, 7 and 9, respectively.

The role of OGPCjj in the transformation of
each constituent of the natural environment in each
ij-block of the grid model of the Mangystau region
is determined by subtracting the value of the POF
fijrel obtained from the calculations of equation (2)
from the value of the POF fijrel OGPC calculated
from equation (3), leading to form that reflects the
calculation of the function in each block. Taking the
average values of the contribution of the OGPC into
the anthropogenic transformation of the relief, the
mean values between the values of the value classes
were obtained, respectively, for the coefficients 1, 3,
5,7 and 9, respectively.

The role of OGPCij in the transformation of
each constituent of the natural environment in each
ij-block of the grid model of the Mangystau region
is determined by subtracting the value of the POF
fijrel obtained from the calculations of equation (2)
from the value of the POF fijrel OGPC calculated
from equation (3), leading to form that reflects the
calculation of the function in each block (4):

PSIP = POF ,cpc—POF,,, 2)

The resulting value in points POFijrel can
be translated to a percentage multiplying by 10,
as full scale of 10 points is taken for 10%. This
value is additional (since the total impact of all the
main factors in accordance with the legends to the
evaluation maps is reflected in the POF fiirel and
POFirel and OGPC), the contribution of OGPC jj
to the anthropogenic transformation of the relief in
each ij-block of the grid model.

As a result, we obtain a system of equations
for obtaining a differentiated assessment of the
contribution of the OGPC to the anthropogenic
transformation of the relief.
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Results and Discussion

In accordance with the algorithm described in the
methodological section, a matrix of initial data was
obtained, consisting of 10 columns corresponding
to 5 levels of anthropogenic impact on the relief (5
columns for the total area of blocks and 5 columns
for zones with OGPC), and 90 lines corresponding
to 90 blocks per Grid model (see Figure 1). In view
of the awkwardness of the table, it is not given in
the article, however, part of the table (Table 1) with
calculations of particular objective functions by
equations (2) and (3) and the particular solution of
the inverse problem by equation (4) is given for the
visualization of calculations.

As can be seen from Table 1, due to the fact
that blocks with the presence of OGEC are much
smaller than in the territory of the region as a whole
(24 out of 90), many blocks with negative values of
the particular solution of the inverse problem appear
in the column of the values of PSIP, ol Thus, even
without the construction of 1s011nes it is possible
to judge the zones of intensive manifestation of the
influence of OGPC.

Let us now analyze the advantages of the
method of differentiated estimation, which requires
much more time for its implementation at the
stage of obtaining quantitative information on
the cartographic material, in comparison with the
method of generalized estimation. First, we try to
justify the physical meaning of the results of solving
the inverse problem.

As follows from equation (4.3), the particular
solution of the inverse problem of the PSIP
is constructed as the difference of the partlcullar
objective functions characterizing the level of
anthropogenic impact on the relief in blocks with
the presence of zones with OGPC and in blocks
throughout the region as a whole. In this case, in the
part of the territory where OGPC is absent, the value
of PSIP, , will be determined by the influence of all
the factors of impact on the relief taken into account
in the evaluation map, but with a minus sign, since
the POFl uocpe D these blocks is equal to 0.

Judglng from the recording of equations (2) and
(3), the maximum values for them (equal to 9) will
be achieved in the case when the entire area of the
block or the contours of the OGPC manifestation
is only one color corresponding to the maximum
exposure level (k = 5). This is explained by the fact
that f5ijrel is obtained by dividing the sum of the
fifth-level contours in the block (in this case it is the
whole block) by the area of the block, i.e. As aresult,
we get 1. And since for the fifth level the weight

coefficient is 9, multiplying 1 by 9, we get 9. Similar
arguments can be repeated for f5ijrelOGPC. Here,
as in the case of a generalized solution, it should
be remembered that fkijrelOGPC is calculated only
within the zones with the presence of OGPC, and
not within the entire block area. Thus, PSIP,, =0
will mean that the effect POF, rel Reg considered
completely, i.e. This is the upper limit of the full
compliance with the principle of polluter pays.
Consequently, a negative value of the PSIP which
is in the range from O to the POF, 1. with a minus
sign, means that there is no additional contribution
from the OGPC to the anthropogenic disturbance of
the relief, i.e. This is the area of fair action of the

polluter pays principle:

—POF

ijrel —

<PSIP,, <0 (5)

And only inthe case of positive values of PSIP, .
the effect of this principle is violated, because They
proved to be higher than the accounted effects of all
operating factors, including OGPC. This is already
an area of possible violation of the principle polluter

pays:

PSIP. >0 (6)

ijrel —

Since the values of the PSP, g, are higher than
the average for all blocks, they are also encountered
in the absence of OGPC, in order to demonstrate
the work of inequalities (5) and (6) in Table 2, a
sample of such blocks and all blocks with OGPC is
presented.

For convenience of perception in the last
column of Table 2, blocks with absence of OGPC
are marked in yellow, indicating that there are cases
of a high level of anthropogenic transformation of
the relief by the effects of other sources of impact
listed in the legends of the inventory and evaluation
maps. This is the case of «the impact of only other
sources of influence.»

In blocks with the presence of OGPC, the range
of action of inequality (5) is singled out in a separate
color — the case «the influence of other sources of
influence exceeds the impact of the OGPC.» As
can be seen from Table 2 of these blocks, only
5 of the 24 blocks with the presence of OGPC.
The remaining 19 blocks fall within the scope
of inequality 6, where «the effect of the OGPC
exceeds the block averagey, i.e. The area of possible
violation of the principle polluter pays. Thus, a
differentiated assessment made it possible to obtain
qualitatively new information on the role of OGPC
in the anthropogenic transformation of the relief.
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Table 2 — Differentiated assessment of the contribution of OGPC to anthropogenic disturbance of the relief

D acls | POFu | POF | BSIP,, | e vente disturbance of the relief

5-A 5,204 -5,204 Influence of only other sources

6-A 4,949 -4,949 Influence of only other sources

4-B 7 -7 Influence of only other sources

5-B 3,681 5 1,319 The impact of OGPC exceeds the block average

6-B 4,817 6,426 1,609 The impact of OGPC exceeds the block average

7-B 8,746 -8,746 Influence of only other sources

8-B 6,85 -6,85 Influence of only other sources

3-C 7 6,735 -0,265 The impact of other sources of impact exceeds of OGPC
4-C 5,854 5,867 0,013 The impact of OGPC exceeds the block average

6-C 4,921 7,494 2,573 The impact of OGPC exceeds the block average

7-C 6,626 8,929 2,302 The impact of OGPC exceeds the block average

8-C 5,133 5,33 0,197 The impact of OGPC exceeds the block average

9-C 4,074 -4,074 Influence of only other sources

3-D 7 6,118 -0,882 The impact of other sources of impact exceeds of OGPC
4-D 4,065 -4,065 Influence of only other sources

7-D 4,949 5,412 0,463 The impact of OGPC exceeds the block average

8-D 4,731 8,627 3,897 The impact of OGPC exceeds the block average

9-D 3,523 3,973 0,45 The impact of OGPC exceeds the block average
10-D 4,227 3 -1,227 The impact of other sources of impact exceeds of OGPC
11-D 3,957 -3,957 Influence of only other sources

3-E 5,988 -5,988 Influence of only other sources

4-E 4,706 -4,706 Influence of only other sources

8-E 4,974 6,55 The impact of OGPC exceeds the block average
10-E 3,113 3,189 The impact of OGPC exceeds the block average
11-E 3 3 The impact of OGPC exceeds the block average

2-F 6,264 Influence of only other sources

3-F 6,944 7 The impact of OGPC exceeds the block average

4-F 5,064 3 -2,064 The impact of other sources of impact exceeds of OGPC
1-G 5,001 -5,001 Influence of only other sources

2-G 5,297 7,505 2,208 The impact of OGPC exceeds the block average

3-G 5,094 7 1,906 The impact of OGPC exceeds the block average

4-G 4,413 6,109 1,696 The impact of OGPC exceeds the block average

5-G 3,318 3,224 -0,095 The impact of other sources of impact exceeds of OGPC
9-G 2,01 8,056 6,046 The impact of OGPC exceeds the block average

1-H 6,001 7 0,999 The impact of OGPC exceeds the block average

2-H 5,992 5,497 -0,495 The impact of other sources of impact exceeds of OGPC
3-H 5,55 -5,55 Influence of only other sources

1-1 6,034 -6,034 Influence of only other sources
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Thus, in the generalized assessment model, we
obtained averaged anthropogenic impact on the
relief over the whole region or all areas with OGPC,
and a particular solution of the inverse problem is the
average estimate of the excess of the role of OGPC
in the zones with their presence. As a result, all zones
with OGPC were «guilty» in additional impact on
the relief by 16.73%, and it should be recalled that
we are talking only about the zones with the OGPC,
no conclusions could be drawn about extending this
influence to the neighboring territories.

Unlike from the model of the generalized
assessment, the model of differentiated evaluation
showed that in four blocks out of 24 the
anthropogenic disturbance of the relief as a result of
the influence of other factors turned out to be higher
than from the impact of the OGPC. And difference
in the positive values of the particular solution of the
inverse problem in magnitude can form the basis for
establishing differentiated payments for emissions
into the environment.

Conclusion

The method of differentiated evaluation for
its implementation requires much more time at
the stage of obtaining quantitative information
on the cartographic material in comparison with
the method of generalized estimation, but it has
a number of undoubted advantages. Thus, in the
generalized estimation model for the particular
solution of the inverse problem, we obtained an
average estimate of the excess of the role of OGPC
in anthropogenic impact on the components of
the natural environment. As a result, all zones
with OGPC were «guilty» in additional impact on
the components of the natural environment. The
method of differentiated estimation allows us to
identify areas where the anthropogenic impact of
OGPC is less than that of other sources, and an
analysis of the range of changes in the integral
solution in zones with OGPC can serve as the basis
for objectifying the differentiated implementation
of the principle by polluter pays. The maximum
values of particular objective functions can not
exceed a value equal to 9. This is explained by the

essence of their members (particular from dividing
the sum of the areas of contours of the same color
in the block by the area of this block), as well
as the values of their weight coefficients. In this
case, the function of the 5th level of anthropogenic
disturbance will be equal to 1, which, when
multiplied by the weight coefficient for the fifth
level, equal to 9, will give 9. Here, as in the case
of a generalized solution, it should be remembered
that fkijrelOGPC is calculated only within the
zones with the presence of OGPC, and not within
the entire block area. Thus PSIPijrel = 0 will mean
that the effect POF, considered completely, i.e.
This is the upper limit of the full compliance with
the polluter pays principle.

Therefore, a negative value of the PSIP, which
is in the range from 0 to the POF,  with aminus sign,
will mean that there is no additional contribution
from the OGPC to the anthropogenic disturbance
of the constituent of the natural environment, i.e.
This is the area of fair action of the polluter pays
principle.

And only in the case of positive values of the
PSIP, .. the operation of this principle is violated,
because ﬁ"hey proved to be higher than the accounted
effects of all operating factors, including OGPC.
This is already an area of possible violation of the
polluter pays principle:

Elevated in comparison with the average for all
blocks, the values of the PSPI.M are also encountered
in the absence of OGPC, i.e. There are cases of a
high level of anthropogenic transformation of the
relief under the influence of other sources listed in
the legends of the inventory and evaluation maps.
This is the case of «the impact of only other sources
of influence.»

Thus, a differentiated assessment made it
possible to obtain qualitatively new information
about the role of OGPC in the anthropogenic
transformation of the relief.

In contrast to the model of generalized
assessment of relief, the model of differentiated
estimation showed that in four blocks out of 24 the
anthropogenic disturbance of the relief as a result of
the influence of other factors turned out to be higher
than from the impact of OGPC.
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