ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI

YJTTBIK FBUJIBIM AKAJJEMUACBIHBIH
K. U. CornaeB ateiHarsl Ka3ak yITTBIK TEXHUKAIBIK 3€PTTEY YHUBEPCUTETI

XABAPJJAPBLI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Kazaxckuii HallMOHaJIBHBIN NCCIIE0BATENbCKHIM Kazakh national research technical university

texHuueckui yausepcureT uM. K. Y. Catnaesa named after K. I. Satpayev
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

1 (439)

JANUARY - FEBRUARY 2020

THE JOURNAL WAS FO67UNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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COMPLEX EVALUATION OF GEODYNAMIC SAFETY
IN THE DEVELOPMENT OF HYDROCARBON RESERVES DEPOSITS

Abstract. The article is devoted to the study of geodynamic processes occurring during the development of
hydrocarbon deposits in the western region of Kazakhstan.

To perform the work, an integrated research method was used, including: conducting repeated geodetic
observations of the deformations of the undermined areas with the help of modern geodetic instruments; assessment
of the influence of various factors on the process of subsidence of the earth's surface by theoretical calculation of the
subsidence of the roof of the reservoir; taking into account the influence of the intensity of development of deposits
on the displacement of the earth's surface; conclusions on the nature of geodynamic processes in the territory under
consideration.

Innovative methods of conducting geodynamic monitoring using modern geodetic instruments have been
substantiated and proposed, which makes it possible to increase the reliability of determining the parameters of the
earth’s subsidence in order to ensure maximum safety of developing oil and gas fields.

Keywords: hydrocarbon deposits, the earth's surface, subsidence, roof of stratum, geostatic pressure, geody-
namic polygon, geodesic monitoring.

Introduction. Large-scale development of oil and gas resources leads to intensive movements of the
earth's surface, which leads to bending of wells, rupture of oil and gas and water pipelines, destruction of
railways and roads. All this is a consequence of changes in the geodynamic regime of the geological
environment due to large-scale development of the subsoil, which is confirmed by the results of
experimental studies of the movement of the earth's surface in the Caspian zone.

Geodynamic processes in the development of hydrocarbon deposits are quite widely represented in
numerous publications in the world's leading scientific journals. A significant part of the work is devoted
to such issues as the forecast and monitoring of deformations of the earth's surface and of man-made
seismic phenomena [1].

Various methods are used to calculate subsidence of the earth's surface in oil and gas fields. Some of
these methods are similar to those used in coal and ore deposits and use functions of single influence of
elementary volume taken on the earth's surface [2,3].

Research methods. Integrated research method was used in the work, including: conducting and
analyzing the results of instrumental observations of earth surface displacement, theoretical calculation of
roof subsidence, methods of numerical experiment and evaluation of stressed state of massif.

The content of the work. Integrated geodynamic monitoring was performed at the Tengiz deposit
located in Atyrau region of Republic of Kazakhstan. Tengiz oil and gas deposit was discovered in 1979,
and the first oil refining and production complex was opened in 1991. Massive deposits of this field are
located at a depth of 3.8 to 5.4 km. The forecasted reserves of the field amount to 3 billion 133 million
tons of oil and 1.8 trillion. M® of gas.
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During movement of the earth's surface monitoring in the area of oil and gas production, following
specific requirements arise: 1) raising public awareness of results; 2) raising efficiency of observations;
3) economic efficiency of researches. From this position goal has been set, idea has been justified, and
tasks of researches of the Department of Surveying and Geodesy of the Satbayev Universuty at the Tengiz
fields have been formulated.

Geodetic observations. At «Tengiz» GDP, the leveling of the II class was carried out with a digital
laser gradienter of LEICA WILD NA 3003. The principle of leveling is based on the processing of the
encoded signal. Advantages of such a system are the simplicity of measurement, the absence of read and
write errors, the automatic calculation of heights during measurement and data recording [4].

High-precision releveling was carried out in two cycles, sometimes according to the forecast of
seismologists additional measurements were made, the results of which are shown in figure 1.

The figure shows the results of the leveling definitions for 2015, which indicate:

1) Continuity of the processes of deformation of the earth's surface, and along with this the
deformation is unevenly in time;

2) Maximum rates of deformation observed in 2008-2016 and confined to fault zones.

Repeated geodetic measurements were also carried out by electronic total stations of Leica TS110,
TS120 and the results of determining the subsidence of the frames were compared with the results of
leveling.

The processing of satellite observations was carried out according to the LGO program (Leica,
Switzerland), included in the set of GPS receivers, and the adjusted coordinates and heights of all network
points in a given local coordinate system were obtained. To assess GDP deformations of the earth's
surface, the horizontal and vertical displacements of 9 workstations on the pipeline profile line are
analyzed.
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Figure 1 — Graphs of the benchmark displacement of «Tengiz» GDP

Analyzing the satellite measurements from November, 2008 to June, 2016 there were no horizontal
displacements of the points.

To analyze the accuracy of measurements made by GPS receivers, the main satellite network was
measured by an electronic total station TS 1201 (Leica). A comparative analysis of the measurements
performed (table 1) shows that the accuracy of GPS measurements practically coincides with the accuracy
of measurements by total station.

Thus, repeated leveling measurements were carried out with the help of laser levels, total stations and
GPS equipment at the Tengiz.

Figure 2 shows the graph of the benchmark movements of «Tengiz» GDP levelling net for the period
2008-2016 and 1992-2016 on the profile 1-3, consisting of 25 benchmark.

Profile 1-3 runs across the polygon from north to south, crossing the central part of the polygon. In
the period 2008-2016 benchmark displacements were from 2 mm to 8 mm., and for the period 1992-2016.
Nimax = 2.9 cm.




N E W S of the Academy of Sciences of the Republic of Kazakhstan

Table 1 — Comparative analysis of satellite and linear measurements

. . S-GPS .

From the point | To the point (network scheme) NS 1201 ds Relative error
1 2 2359.266 2359.265 0.001 1/1947000
2 4 2606.720 2606.714 0.006 1/429000
2 3 1220.430 1220.428 0.002 1/663000
1 4 2276.461 2276.465 -0.004 1/625000
1 3 2840.789 2840.796 -0.007 1/386000
4 3 1962.898 1962.896 0.002 1/1002000

Standard error 0.005
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Figure 2 — Graph of dislocation of frames by profile 1-3

Theoretical researches. To correctly predict the subsidence of the earth’s surface (SES), it is
necessary to know the technogenic component of the total vertical SES.

According to the types of reservoirs being developed, changes in its elastic properties and vertical
compression of the oil reservoir framework, the fields under consideration are divided into two groups:
granular and fractured cavernous reservoirs. According to the hypothesis of the hydrostatic stressed state
advanced by A.Heim, stress state of the earth's crust at any of its points is a function of the depth of
occurrence of rocks. Heim believed that the stresses in the earth's crust should be distributed according to
the hydrostatic law, i.e.

oy =0y =0, = pH (1)
where o, 0, — normal horizontal stresses; o. — vertical normal stress; p — the volume weight of rocks; H —
the depth of the surface.

Taking the hypothesis of hydrostatic stress state, the magnitude of the vertical compression of the
reservoir can be determined by the following formula

on = hlp.d(o ~P)+ pryar] @)

where B¢ — index of volume compression of reservoir skeleton; o- the average normal stress, MPa; h — the
height of the reservoir, m; P — reservoir pressure, MPa; 3,; — compressibility factor collectors solid phase;
dP — drop in reservoir pressure, MPa.

As can be seen from the formula (2) the basic parameters characterizing the volume compression of
collectors are the value of volumetric strain and the magnitude of the reservoir pore volume strain of solid
phase collectors.

For the calculation of subsidence earth's surface features different formulas. S.Avershin derived
equation for SES calculation [5]:

o _
Oz _a(Z)axZ’
—— ) ——

)
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In equation of R. Muller [6] factor adopted by Z are linearly dependent:

2 2
9 _ g(z) & 20 (4)
0z ax 8)}

All equations 77 — JPG quantity; a (z) — coefficient characterizing the change in the properties of

rocks in the vertical; x, y, z — rectangular coordinates.

Most accurately reflects the actual occurrence of reservoir conditions is considered to be the equation
(4), but here it is necessary to determine three values (x, y, z).

For the SES calculation in terms of oil and gas deposits, we introduce a cylindrical coordinate system
(figure 3). Center field roof we accept as the origin of the system.

* Z
|
I

Z=

Figure 3 — Cylindrical coordinate system:
o - plane of the earth's surface; 3 - flat seam roof; H- the depth of the reservoir; r - the radius of the formation.

Plats lies at a depth H and its radius is r. Subsidence of seam roof (SSR) does not extend beyond the
circle of radius r ¢ centered at the origin. In this coordinate system, the equation (4) becomes a parabolic
form:

on o'n 1 on
9 _ 19, 2 9N (2, 5)
Oz {81/2 r or ( )
After deciding the type of equation (5) was obtained by calculating formula:
1 | 1
0[,K+1 = 5‘91',1( + Z(ei—l,K - 0[+1,K )+ g(ei—l,K - 0[+1,K )a (0)
where @;x — approximate value of subsidence; i — step number (range) horizontally; K — step number

vertically.

Calculations were carried out both in fissured-cavernous and granular reservoir for a period of time
beginning development to 2010 on the fields of Kazakhstan. Note that on the deposits of granular
reservoirs shear roof subsidence rate were equal to zero. Maximum roof subsidence on fissured-cavernous
(pore) collectors was observed by the deposit Makat (64 mm) from 1974 to 1976. The reason for high rate
of roof subsidence on this deposit is a significant reservoir pressure decline and large capacity of deve-
loped reservoir.
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If we compare the fields by the roof subsidence indicators for the period of operation, we should
single out the Tengiz field, where the maximum value of SSR is q = 58 mm or V = 12 mm/year for
5 years. Despite the fact that the depth the reservoir of the Tengiz field is huge (m = 1500 m) compared to
other deposits, the value of the average subsidence of the roof subsidence in 5 years is only 12 mm. This
small value is due to the maintenance of reservoir pressure at the initial level (insignificant drop of
2.6 MPa), as well as by the elastic properties of the reservoir.

Since the extraction of fluids is carried out from great depths, and the maximum roof subsidence is
only 60 mm in five years, it is first necessary to theoretically test whether there is any place of land
subsidence at all. For this purpose, the minimum depth of occurrence of the deposit of the considered
deposits is taken to be H = 3500 m and the maximum value of SSR is ®60 mm.

The problem reduces to determining the subsidence of the point 0, located at a distance of 3500 m
from the point 0 (figure 6). To solve such a problem it is necessary to calculate successively the
subsidence of points along the 00, axis, which are from point 0 at distances of 500.0; 1000.0; 1500.0 and
3500.0 m.

Carrying out calculations using formula (6) is a very complex and time-consuming task. Therefore,
express calculation methodology of has been created with the aim of operational forecasting of the SSR
and SES. Based on the results of theoretical calculations, the graph-analytical dependence of the SSR on
the depth of the developed reservoir is obtained (figure 4).

0.0y =0015In(001-H) 7)

Figure 4 shows that with increasing depth of fluids production reservoir pressure increases, hence, the
value of SSR are greater than in shallowness. When impact of mining development on SES is considered
with increasing depth of development the magnitude of the deformations alternately decreases [7].

A500 4
H, m

4000

& =0.0151n(0.01H)

0,06 0,05 0,04 0,03 0,02 0,01 0
Figure 4 — Dependency graph of SSR on the depth H

According to this truth for SES prediction based SSR and depth of development and received
graphoanalitical dependence (figure 5), where the horizontal axis represents the SES.
Thus, to predict SES depending on the SSR and the depth of development, a graph-analytic depen-
dence of two types is recommended: exponential (logarithmic) and linear.
Nsesexp = —14,5 % In + (0,0002H) ®)
with error of 6.8% and a linear
Nsgs 1in = 45,5 —0,0127H C)
with error of 29.8%, i.e., logarithmic dependence accurately predicts subsidence of the earth's surface and
is easier to make calculations.
As seen from the graph, on the earth's surface at a depth H = 4 km of 6 mm is passed magnitude roof
subsidence is 60 mm.
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Figure 5 — Graph predict of SES depending on SSR and the depth of the development of the H

On the Kenkiyak, Kulsary, Oryskazgan and other deposits, where the development depth is more than
1000 m, and the SSR on the day surface is not transmitted at all, i.e. SES will be zero. In contrast to these,
in the Makat, Tanatar, Korolevskoye, Tengiz and Botakhan deposits, the technogenic SES are 43, 18, 12,
6, 4 mm, respectively.

Numerical experiment of the field displacement process. There are various methods for calculating
the subsidence of the earth's surface, but in our opinion, a more universal approach to the modeling of
dynamic processes is a method based on the use of cellular automata [8].

We made forecast of the strain — stress state of mountain massif. The reservoir lies at considerable
depth and is represented by fairly strong limestone, deposit is characterized by abnormally high reservoir
pressure. The complex salt-dome tectonics, as well as the asymmetrical nature of the area of lowering the
initial reservoir pressure, necessitated the development of a volumetric finite element model (figure 6)
Productive carbonate rocks were the main “base” layer.

Figure 6 — Volumetric model of an oil field site

Results discussion. Technique of conducting repeated observations of the points of GDP has been
improved, including complex geodesic observations: (high-precision digital leveling electronic tacho-
meters and GPS-technology) which will improve the accuracy and efficiency of determining of earth's
surface subsidence and the effectiveness of monitoring due to the computerization of field and office of
surveying and geodetic works.

Currently, instrumental geodynamic studies conducted in a number of regions have shown that in
many cases localized seismic manifestations and accidents are directly or indirectly associated with
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anomalous changes in the current strain - stress state of the earth's surface. The technogenic geodynamic
phenomena are necessarily confined to the areas of the influence of technogenic loads created in the
production areas.

Conclusions.

1. Method for calculating the subsidence of the roof of stratum has been developed to predict the
earth's surface subsidence from the subsidence of the roof of the formation, novelty of which is the
theoretical provision of interaction between the deformations of the formation's roof and the earth's
surface with technological parameters.

2. A numerical model was developed and implemented to assess the intensity of anthropogenic
seismic phenomena during oil and gas production based on the use of a special rock model taking into
account the complete deformation diagram along the section planes. In the future, all information on the
laws of the process of displacement of the earth's surface is used to ensure industrial safety of subsoil use.

M. b. Hypneiiicosa', I1I. I1I. Bex6acapos?,
A. Kenec6aea', K. T. Kaproaesa', V. Ia6uroa’

!CorGaes VYuurepcureri, Anmarsl, Kazakcras;
2 Anmarst SHEpreTUKa XKoHe OaiinaHbic yHuBepcuTeTi, Anmarsl, Kazakcras;
’K.M. Corbaes aTblHAarbl [ eonorusuIbik FBUIBIM/IAP WHCTHUTYTHI, AnMatel, Kazakcran

KOMIPCYTEK HIMKI3AT KEH OPbIHJIAPBIH UT'EPY ITH
I'EOJUHAMMUMKAJIBIK KAYIIICI3AII'TH KEINEH/I BAFAJIAY

AnHotanusi. Makana Oateic KazakcTan aiiMakTapblHIA KeMipCyTeri IIHMKi3aT KEHOPHBIH HWrepy Ke3iHze
0onaThIH T€OAMHAMMKAIIBIK yAepicTepni 3eprreyre apHanraH. CeicMOAaKTHBTI ayMaKTapla maiinaisl Ka3bamapabiH
KEH OpBIHIApbIH KOJeM/ jkoHe OeNICeHIl MrepyAl MbICAT €Te OTHIPHII, Kep OETiHIH KO3FaJIBICHIH KEIIeHI MOHH-
TOPUHT )Kacay HOTHXKeJepi KOpCEeTITeH.

JKyMBICTBI OpbIHJAy YLIIH, 3epTTEY/AIH KELIeHI d/ici KOJNJaHbUIFaH JKOHE OFaH: 3aMaHayd I'e0Je3HsIIbIK ac-
nanrap KeMeriMeH MIepuIil jKaTKaH ayMakThlH AedopMalusichiHa Te0Je3HsUIbIK Oakpliayliap JKYpridy; IIaThIp
»KaOBIH/IAPBIHBIH [OT'YiH TEOPHUSUIBIK €CETITeY JKOJIBIMEH Kep OeTiHIH mery yaepiciHe opTypii akTopiaapabiH acepin
Oaranay; >kep O€TiHIH >KbUDKYbIHA KE€H OPBIHIAPBIH WUTepy KapKbIHABUIBIFBIHBIH 9CEpPiH €celTey; KapacThIPbUIFaH
ayMaKTa I'e0JMHAMHKAJIBIK Y/IEPICTIH CHIIaTTaMachl TypaJibl KOPBITHIHIBI JKacay Kipei.

OpbIHIaJIFaH )KYMBICTBIH Kypambl. KenreHni reonuHamukansik Oakpuiay Kazakcran PecryOnukachbiHBIH ATbI-
pay oONBICEIHIAa OpHaTackaH TeHi3 keH opHeIHAA kypri3inmi. II kmaccter Huenupiey LEICA WILD NA 3003 can-
JBIK JIa3epiliK acanThlH KOMETriMEeH KeH OpHBIHIA OpbIHAANAbL. HuBenupiey npuHIMII KOATaIFaH CUTHAJIBI OHICYTe
HETI3eJINeH.

2015 »bUTFbI HUBEJHUPIIEY HOTIIKENepl MbIHAIAP/IbI KOPCETE/1:

1) »xep Oerinneri nedopmanus mpoLecTepiHiH Y3AIKCI3MIriH, COHBIMEH 0ipre yakpIT eTe nedopmarus 6ipKenki
0OJIMANTHIH/IBIFBIH;

2) 2008-2016 k. BIFCYJNApIBIH €H KOFaphl MeJIIepl OaliKalnraHIbIFbIH JKOHE JKep JKapblUIbIMIaphl aliMaKTaphbl-
MEH IIEKTEJTeH.

Leica TS110, TS120 >xanms! craHuusuiapbiMeH OipHEIe peT reoAe3nsUIBIK eJIIeyJIep JKYPTi3ill )KoHe MaThIp-
JIBIH, IIOryiH aHBIKTay HOTDKEJIEP] HUBEIHUPIIECY HOTHKEJIEepIMEH CaBICTHIPhIIIbL. CepikTik Oakpuiayiaapasl eHIey
GPS kaObuiiareTapblHbIH KUBIHTBIFBIHA KipeTiH LGO OarmapiaMachiHa coiikec »y3sere acbhlpsuiisl (Jledika,
[IIBefitiapust) >koHE OCHI JKEPTUTIKTI KOOPIUHATTAp KYHECIHIETI OapibIK JKeJiTiK HYKTeJIepaiH TY3eTUIreH KOOpAH-
HATTapbl MCH OWIKTIKTepi anmbIHABL. JKepiH >Kaimsl imKi eHIMIiHIH qeopManusaceiH Oaranay YIIiH 9 KYMBIC CTaH-
[USCHIHBIH KOJICHEH KoOHE BEPTUKAJIBI BIFBICYIAaphl TaJllaH/IbL.

2008 >xbutrbl Kapamanan 2016 KbUIFbl MayChIMFa JCHIH CEpIKTIK ©JIIeyliepl TalgaraHnaa HYKTelepaiH K-
JIeHEH BIFBICYbI OosiFaH koK. GPS KaObUIIaFbIITAPBIMEH KYPIi3UIreH eJIeyIepIiH JOJIIrH Tanjay YUIiH Heri3ri
cepiktik xeni TS 1201 taxeomerpimen emuenai (Leica). Ounieysepaid calbICThIpMaIbl Talgaybl KOPCETKEHICH
GPS enmey gonairi TaxeoMeTpaiH AN iMeH OipaeH.

XKep OeriHiH BIFBICYBIH ecenTey Ka3zakcTaHHBIH KeH OpbIHIApbIHAA urepy Oactanran yakpiTTad 2010 xburra
JIeiH Ke3eHJIe KapBIKThI-KaBEPHO3/IbI JKOHE TYHIPIIIKTENTeH KOJUIeKTopAa Aa Kyprizinai. TyHipiiikTenareH Kouiek-
TOpJIap KE€H OPBIHAAPBIH/A MATBIPJBIH JKbIDKY KbUIAAMIBIFBI HeJITe TeH O0onbl. JKapbIKThI-KaBepHO3/bl (KEYEKTi)
KOJUIEKTOpJIap/iarbl IATHIPABIH OapbiHIIa 1meryi Makar keH opHbiHAa (64 Mm) 1974 xeinan 1976 xeurra neiiin
Oaifkanapl. Byl KeH OpHBIHIA IIATHIPABIH MIOTYIHIH JKOFaphl )KBUIIAMIBIFBIHBIH ce0ebi KabaTTHIK KBICBIMHBIH €Ioyip
TOMEHJICY1 )KOHE UTepUITreH KaOATTHIH YIKEH CHIMBIMABLTBIFGI OOIBIIT TaOBIIabL.

Erep xeH opbIHAApHIH MaiiaiaHy Ke3eHiHIe MIaTHIPABIH IOy KepCeTKill OOHBIHIIA calbICTRIpCak, 0i3 TeHi3
KEH OpHBIH O6JIiIl aybIMbI3 KEPEK, MYH/Ia IIATBIPbIH IIOryiHiH MaKCUMaJIIbl MOHI q = 58 MM Hemece V = 12 MM/3KbUT
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5 Kb imiHAe Kypaiapl. TeHi3 KeH OpHBI MIOFBIPHIHBIH TepeHIri 0acka KeH OpBIHAAapPBIMEH CaNBICTHIpFaHAa (M =
= 1500 M) yikeH eKeHiHe KapaMacTaH, 5 JXbUI iIIiHIE IIaTHIPIBIH OpTalla MIeryiHiH maMachkl HeOopi 12 mM-mi
Kypaizapl.

Tay maccuBiHiH KepHeyJi kaFqalibiHa 0oypKam skacanbl. Komsiekrop ensyip TepeH/IiKTe OpHalacKaH jXoHe oTe
KYIITI 9KTAC OOJIBIN TaOBLIAaBI, KEH OPHBI KOFaphl KAOATTHIK KBICBIMMEH cumartanaasl. Kypaemi Ty3msl-kymOesmi
TeKTOHHUKA, COHZIaH-aK OacTamkpl KaOaTTHIK KbICHIMHBIH TOMEHIEYl aiiMarblHBIH aCHMMETPHSUIBIK CHIIATHI COHFBI
AJIEMEHTTEP/IIH KOJeMJli MOJCIiH d3ipiey KaxeTTirine ceOemmri Oomapl. Herisri "6Gasanblk" Kabarrap ©HIMII
KapOOHATTHI JKBIHBICTAP OOJIIBL.

KopsbIThiHbL. MyHaii joHE ra3 KEHOPBIHAAPHIH Urepy KayilCi3AiriH jKkoHe SKOHOMHKAJIBIK THIMJIUIINH KaMmTa-
MachI3 €Ty MaKcaTbIH/Ia, )Kep OETiHIH IIery napaMeTpIiepiH aHbIKTayAbl TE3/IETII )KaHe CeHIMAUIITIH KOFapbUIaTy Ibl,
3aMaHayd TeOAE3MsUIBIK aclanTapibl IaifaJIaHbIl, TeOAMHAMUKAIBIK MOHUTOPHHI JKYPTi3yZiH HHHOBAIHMSIBIK
dmicTepi YCHIHBUIFAH XKOHE HETi3/eNTeH.

Tyiiin ce3mep: kemipcyTek eHiMIepi, xkep OeTi, mery, Kadar marslp, KaOATTHIK KBICHIM, T'€OIHMHAMHKAIIBIK
TIOJIUT'OH, T€0C3USIIBIK MOHUTOPHHT.

M. b. Hypnencona', . 1. BexﬁacapOBz,
A. Kenec6aepa', K. T. Kapr6aesa', Y. la6utoBa’

!Carnaes Yuuepcutet, Anmarsl, Kazaxcran;
% AIMaTHHCKH YHUBEPCUTET PHEPTETUKHU U CBsi3U, AnmMatsl, Kazaxcran;
*UncrutyT reonornyeckux Hayk uM. K.M.Carnaesa, Anvarel, Kazaxcran

KOMIIVIEKCHAS OIIEHKA FEOI[HHAMH‘IECKOFI BE3OITACHOCTH
IIPU PABPABOTKE MECTOPOXKXKIEHNUU YIVIEBOJOPOJHOI'O ChIPbA

AHHoTanusi. CTaTbsi MOCBAIIEHA M3YYEHHIO T€OJMHAMHYECKUX IIPOIECCOB, MPOUCXOMAIINX MPH pa3paboTke
MECTOPOXKIECHUI yIJIeBOJOPOAOB B 3amagHoM pernoHe Kaszaxcrana. IIpencraBieHbl pe3yibTaTbl KOMIIJIEKCHOTO
MOHHUTOpHHTA Ae(opMaIL 36eMHOM MOBEPXHOCTH Ha MIPUMEPE yYaCTKOB MHTEHCHBHOI'O M MACIITA0HOIO OCBOCHUS
HeJlp B CECMOAKTUBHBIX palioHax.

I[J'IH BBITIOJIHCHU A pa60T HCIIOJIb30BaH KOMILIECKCHBIM METO[ HCCHC}IOBaHHﬁ, BKHIO'{&IOLLII/IEIZ BBITIOJIHCHUEC I10-
BTOPHBIX T'€OJIC3UUCCKUX HAOIIOACHUH 3a aedopMaIisiMU T0padaThIBAEMbIX TEPPUTOPHIA C MOMOIIBIO COBPEMEH-
HBIX I'€OJAC3NUYCCKUX HpI/I60pOB; OLICHKY BJIMAHUA pa3IMYHbIX q)aKTOpOB Ha Opouecc oceaanus 3eMHOM IMMOBEPXHOCTHU
MyTEM TEOPETHYECKOTo pacdeTa OCENaHUi KPOBJIM IUIACTA; YUET BJIMSHUS MHTEHCUBHOCTH Pa3pabOOTKH MECTOPOXK-
JICHUI Ha CMELIEHUs] 3eMHOI ITOBEPXHOCTH; BBIBOJIBI O XapaKTepe re0AMHAMUYECKUX MPOLECCOB Ha paccMaTpHBac-
MO TEpPUTOPUH.

CocraB BBITOJIHEHHBIX paboT. KoMIuiekcHbIH reognHaMu4ecKiii MOHUTOPHHT TPOBOJAMIICS HAa MECTOPOXKIACHUN
Tenrus, pacmonoxeHHbIH B AThIpayckoil obmactu PecrryOmmku Kazaxcran. Ha Tteppuropun MecTopoxaeHus OBLIO
BHITOJTHEHO HuBenupoBaHue Il ximacca ¢ momompio mudposBoro nazeproro Huenupa LEICA WILD NA 3003.
[TpyHIMI HUBENMNPOBAHKS OCHOBaH Ha 00pabOTKe KOIMPOBAHHOTO CUTHAJIA.

PesynbraTsl onpeneneHust HuBenupoBaHus 3a 2015 rox ykas3pIBaioT:

1) HempepbIBHOCTH NpOLECcCOB AedopMalii 3eMHOI MOBEPXHOCTH, NMPUYEM Hapsay C STHM jaedopManus
MPOMCXOJUT HEPABHOMEPHO BO BPEMEHH;

2) MakcuMalbHbIe ckopocTH Aedopmanun Habmoaatorest B 2008-2016 rr. u orpaHUYeHbl 30HAMU Pa3JIOMOB.

[ToBTOpHBIE Teone3nyYecKne M3MEPEHHs] TAaKXKe NMPOBOAWINCH IEKTPOHHBIMH Taxeomerpamu Leica TS110,
TS120, u pe3ynpTaTh! ONpeAeNIeH:s 0CeIaHNsl KPOBIM CPAaBHUBAINCH C PE3yIbTaTaMU HUBEJIMPOBAHMSI.

OOpaboTKa CIyTHHKOBBIX HaONIOJEHUH NpoBoamiack B cooTBeTcTBHU C mporpammoid LGO (Leica, 1lIBeit-
apusi), BKIIIOYEHHOW B HaOop mpueMHUKOB GPS, m ObUTH MONyYeHBI CKOPPEKTHPOBAHHBIE KOOPAMHATHI U BBICOTHI
BCEX TOYEK CETH B JAHHOW JIOKaJIbHOH crucTeme KoopawHat. s oumeHKH aedopMaruii 3eMHOW TTOBEPXHOCTH IIPO-
AQHAJIM3UPOBAHbl TOPU30HTANBHBIC M BEPTHKAJIbHBIE CMEHICHUs 9 paboumx craHmmii Ha JUHWUM Tpoduis TpyOo-
POBOJAA.

[Ipu ananm3e cyTHUKOBBIX m3MepeHuit ¢ HOosi0pst 2008 roma mo utoHs 2016 roma rOpU30HTAIBHBIX CMEIICHUH
Touek He Obu1o. [l aHanmM3a TOYHOCTH M3MEPEHHH, BBINOJHEHHBIX npueMHHKamMu GPS, ocHOBHas crmyTHHKOBas
ceTh u3MepsuIach 31eKTpoHHbIM TaxeomerpoM TS 1201 (Leica). CpaBHUTENBHBIN aHAIN3 BHINOJHEHHBIX U3MEPEHHUI
MOKa3bIBaET, YTO TOYHOCTH n3MepeHuit GPS npakTuuecku coBNagaeT ¢ TOYHOCTHIO U3MEPEHHUIT TaXEOMETPOM.

Pacuersl cMenieHuii 36MHOM IIOBEPXHOCTU IPOBOJMIIUCH KaK B TPEIIMHHO-KAaBEPHO3HOM, TAK U B IPaHyJIH-
POBAaHHOM KOJIJIEKTOpE 3a IEPHOJ BpeMeHH Hadana pa3paborku 1o 2010 roga nHa mecropoxaenusx Kazaxcrana. Ha
MECTOPOXKICHUSIX TPaHYJIMPOBAHHBIX KOJUIEKTOPOB CKOPOCTH OCENAHMsI KPOBIIHM CABUTA OblIa paBHa Hyio. Makcu-
MaJIbHOE OCEAaHNe KPOBJIM Ha TPELIIMHHO-KaBEPHO3HBIX (IOPHUCTHIX) KOJUIEKTOPAaX HaOII0aI0Ch HA MECTOPOXKICHHN
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Maxkat (64 mm) ¢ 1974 mo 1976 rox. [IpuunHOI BEICOKOW CKOPOCTH OCENAaHHS KPOBIH HAa 3TOM MECTOPOKICHUHN
SIBIISICTCS 3HAYUTENBHOE CHIDKEHHE TUTACTOBOTO JABJICHUS U OONBIIast EMKOCTh Pa3BHTOTO ILTACTA.

Eciu cpaBHHTH MECTOPOXKICHUS IO MOKA3aTeIsIM OCEAAHUS KPOBIM 32 MEPUOJ SKCIUTyaTalldH, MBI JTOJDKHBI
BBIJICIUTH MECTOPOXKIeHNE TeHrn3, Tje MaKCHMaIbHOE 3HAUE€HHE OCeIaHMs KPOBIHM COCTABIseT q = 58 MM mim V =
=12 mm/ron B TedueHue 5 ser. HecMoTpst Ha To, 4To rityOuHa 3anexu mectopoxkaeHus: Tenrus orpomua (m = 1500 m)
[0 CPAaBHEHHIO C JPYTHMMHU MECTOPOXKICHHSIMH, BEIHYHMHA CPEIHETO OCEaHUs KPOBIH 3a 5 JIET COCTaBIAET BCETO
12 MM. D10 HeOombllioe 3HaUYE€HHE OOYCIOBJICHO IOAAEP)KAaHWEM IUIACTOBOTO JIABJIEHHMS Ha HavyalbHOM YpPOBHE
(ne3naunrensHoe nageHue 2,6 Mlla), a Taxxe ynpyruMu CBOHCTBaMHU ILIACTa.

CrenaH MpOrHO3 HaNpPsHKEHHO-HAIIPSHXKEHHOI'O COCTOSHHMS TOPHOTrO MaccuBa. KoJuleKTop HaxoAuTcs Ha 3Ha-
YUTEIBHON TIIyOMHE U MPEJCTABICH TOBOJIBHO CHIIBHBIM M3BECTHIKOM, MECTOPOXKICHHUE XapaKTePU3yeTCsl aHOMATb-
HO BBICOKHM IDTACTOBBIM JaBiicHHEeM. CII0KHAs COJITHO-KYIIOJbHAS TEKTOHHKA, a TAK)KE aCHMMETPUYHBIA XapakTep
00JacTH TOHIDKEHHS HAYajIbHOTO IUIACTOBOIO JABICHHS OOYCIOBHIM HEOOXOJMMOCTh pa3paboTKu OOBEMHOM
MOJIeNIA KOHEYHBIX 3JIeMeHTOB. OCHOBHBIMHU «0a30BBIMIDY CIIOSIMHU OBLTH MPOAYKTUBHBIE KApOOHATHEIE TTOPOIBL.

3axaroyenue. OGOCHOBAHBI U MPEINIOKEHHI MHHOBAIIOHHBIE METOMBI BBHIMIOJIHEHUS T€OAMHAMIYECKOTO MOHH-
TOPWHTA C UCIIOJNB30BAaHHEM COBPEMEHHBIX T'€OAEe3MYECKUX MPUOOPOB, UTO MO3BOJISIET MOBBICUTH JOCTOBEPHOCTH U
OTIEPATUBHOCTH OTIPENIENICHUS] TapaMeTPOB OCENaHHS 3€MHOW MMOBEPXHOCTH, C IEThI0 00eCIIeYeHUsT MaKCHMAaIbHOM
0€3011aCHOCTH ¥ IKOHOMHUUECKOH A(PPEKTUBHOCTH OCBOEHHUSI HE()TETa30BbIX MECTOPOXKICHHIA.

KiroueBble €j10Ba: MECTOPOXKIEHHUS YIICBOJOPOAOB, 3eMHAsI MOBEPXHOCTh, OCEIaHNE, KPOBIIA ILIACTA, IIac-
TOBOE JJaBJIEHUE, T€0INHAMUYECKUH MTOJIUTOH, T€0J€3UUE€CKUI MOHUTOPHUHT .
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