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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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MATHEMATICAL MODEL OF SUBSTANTIATION
OF THE GEOLOGICAL AND COMMERCIAL STRUCTURE FOR
CONDUCTING TRIAL OPERATION AT THE “ZHANATALAP”
PRODUCTION FIELD

Abstract. The relevance of the problem stated in the paper is conditioned by fact that in the last decade,
scientific and technological progress in the sphere of petroleum field geology was closely related to the use of
advanced science-intensive geoinformational technologies based on modern database management systems. In this
regard, the paper considers the general principles of constructing systems for geological and commercial field
analysis and oil fields development regulation. The main goal of trial operation is to obtain direct information about
the production capabilities of project sites and their geological and geophysical characteristics, sufficient to justify
the optimum quantity of recoverable oil reserves and ensure effective reservoir and production engineering, as well
as substantiation of the reservoir regime, identification of production facilities and assessment of the prospects for
the development of oil production at the field. The leading method of this issue is the substantiation of a geologic
model, which allows us to consider this problem as a purposeful and organised modelling method to improve the
conduct of trial operation in the Aptian and Middle Jurassic productive horizons. The results of pressure transient
analysis were obtained. The terms of trial operation and the volumes of oil production, average daily withdrawals are
substantiated, the issues of equipment and technology of oil production, drilling and well development are
considered.

Key words: geological processes, complex structure, forecast of dynamics, development process, production
wells.

Introduction. The variety of geological objects and methods of their study leads to the fact that the
result of geological research is very heterogeneous in nature of information: verbal (descriptive), graphic
(cartographic), digital. The inaccessibility of geological objects for direct observation is the reason that
geology, as a theoretical discipline, developed in the conditions of an almost complete absence of
experimental data and for many years was considered a purely descriptive science. Geological processes
and formations have specific features that largely determine the methodology for their study [1-9]:
geological processes represent a set of physical, chemical and biological natural phenomena, between
which there are complex causal relationships, therefore, the properties of geological formations depend on
many factors, are characterised by strong variability, and the objects themselves, as a rule, have a very
complex structure; geological processes are long, and geological formations are of considerable size and
hidden in the depths, which excludes the possibility of their complete and comprehensive study by direct
observation.

The complexity and heterogeneity of the objects under study of the Earth sciences forces us to
consider them as natural systems. Geological processes belong to the class of dynamical systems, i.e.
systems that change their state in time, and geological formations, due to the slow course of geological
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processes, in most cases can be considered as static systems, the properties of which are constant in time
[10,11]. The elements of dynamic geological systems are either individual factors (parameters) influencing
the course of the geological process, or relatively simple natural phenomena (processes), which are
considered as components of a more complex process [12-15].

The main goal of trial operation is to obtain direct information regarding the production capabilities
of objects and their geological and geophysical characteristics, sufficient to justify the optimum value of
recoverable oil reserves and ensure reliable design of field development, as well as justification of the
reservoir regime, identification of production facilities and assessment of the prospects for the
development of oil production at the field. The task of trial operation is to determine the limiting value of
sustainable production rates during operation. First of all, indicator curves and pressure build-up are taken
for new wells [16-18].

The optimum regime is considered to be the one that provides the highest cumulative oil production
over an equal time interval without a clearly pronounced tendency to decrease in production rate. In
general, to perform the tasks of trial operation, namely, for the full implementation of the research
program in order to further study the geological and physical characteristics of the productive horizons
and the production capabilities of wells (determination of reservoir pressures, recovery time, saturation
pressure, optimal reservoir operation and assessment of elastic energy potential of reservoir system), the
trial operation period is taken as 2 years [19].

Materials and methods. The significance and purpose of trial operation determines the acquisition
of the necessary information about the production capabilities of facilities and their geological and
geophysical characteristics, sufficient to justify the optimal value of recoverable oil reserves and ensure
reliable design of field development, as well as justification of the reservoir regime, selection of
production facilities and evaluation of the prospects for the development of oil production in field. The
initial information for drawing up a model of trial operation of the “Zhanatalap” production field was the
data of the field exploration obtained as a result of testing, dynamic well testing and well logging in
individual wells [3,20,21].

The main task of the trial operation is to determine the limiting value of sustainable production rates
during exploitation. First of all, indicator curves and pressure build-up are taken for new wells [4]. The
optimal mode is considered to be the one that provides the highest cumulative oil production over an equal
time interval without a clearly pronounced tendency to decrease in production rate. In general, to perform
the tasks of trial operation, namely, for the full implementation of the research program in order to further
study the geological and physical characteristics of the productive horizons and the production capabilities
of wells (determination of reservoir pressures, recovery time, saturation pressure, optimal reservoir
operation and assessment of elastic energy potential of reservoir system), the trial operation period is taken
as 2 years [5].

All studies were carried out in wells with free-flow production method at various modes, with a
change in chokes. Measurements of pressure changes were performed with devices PPH-161, PPS-25 and
CAMT-02. The data processing of the nozzle studies was carried out using the specialised software
product PanSystem. During the exploration period at the “Zhanatalap” field, all wells were tested by
swabbing (changing water to oil) and by level tracking. The tests were carried out in 6 wells in 4 horizons,
incl. Middle Jurassic horizons J2, J2-1, J2-1I were tested in wells S-4PO, R-21PO, R-22P0O, R-25PO and
S-23PO. The Aptian horizon was tested in the S-4PO well. The opening of the productive horizons was
carried out in a sealed well with hollow-carrier perforators — 89 mm. The density of the perforation ranges
from 10 to 13 holes per 1 running metre. During testing, measurements of dynamic and static levels, oil
and liquid flow rates were obtained.

Results and discussion. Based on the results of graphical-analytical curve-fitting, the following
reservoir parameters were determined: flow model, permeability, skin factor, reservoir and bottomhole
pressures, piezoconductivity and reservoir conductivity.

On the Aptian horizon (K1a), in the course of testing in well S-4PO, an interval of 550-557 m was
investigated. During testing, 63.6 m’ of pure oil was obtained. Further, hydrodynamic studies were carried
out in the well with a method of steady-state filtration mode (IPR and PRC curves) on 23-26.12.2006. For
the veracity of results of the work performed, a calculation was carried out using the method of indicator
diagram construction. The bottomhole pressure — 4.97 MPa, the drawdown — 1.12 MPa. The interpolated
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reservoir pressure — 6.08 MPa. According to the research results, the calculated filtration properties of the
formation had the following values: permeability k — 1.25 um?; piezoconductivity y — 0.025 m?/s; reservoir
conductivity kh/pu — 0.55 pm**m/mPa*s; reservoir temperature T, — 29.6 °C; the skin factor has a value of
10.3, which characterises the contaminated state of the bottomhole zone of the well. It is necessary to
carry out geological and technical measures to clean up the bottomhole zone; estimated productivity index
K, —30.41 t/day*MPa.

The Middle Jurassic horizon (J2) was tested in the S-4PO well in the interval of 593-597 m and in the
R-24PO well in the 613-617 m interval. In the S-4PO well, 50.0 m’ of pure oil was recovered during
testing. According to the results of the hydrodynamic studies carried out on November 14-16, 2006 by the
method of steady-state filtration (EMI survey and PRC curve), interpolated reservoir pressure — 6.73 MPa,
average bottomhole pressure — 6.36 MPa. Pressure measurements were carried out with a PPS-25 device.
Reservoir temperature 7,, — 31.3 °C; The filtration properties of the formation had the following
values: permeability k—2.07 pm? piezoconductivity y — 0.031 m?%s; reservoir conductivity
kh/u — 0.34 pm**m/mPa*s; the skin factor had a value of -2.82, which characterises the good condition of
the bottomhole formation zone; estimated productivity index K, — 63.84 t/day*MPa.

The R-24PO well produced 46.8 m® of pure oil during testing. On 06-08.12.2006, hydrodynamic
studies were carried out in the well using the method of steady-state filtration. Pressure measurements
were carried out with a PPS-25 device. Based on the results of the studies, reservoir bottomhole pressures
and filtration properties of the bottomhole formation zone were determined. Reservoir pressure —
7.02 MPa, bottomhole pressure — 6.6 MPa. Accordingly, the drawdown — 0.42 MPa. The filtration
properties of the formation had the following values: permeability k — 0.63 pm?*; piezoconductivity
x — 0.021 m?/s; reservoir conductivity ki/u— 0.92 pm**m/mPa*s; the skin factor had a value of -2.66,
which characterises the good condition of the bottomhole formation zone; estimated productivity index K,,,
—50.96 t/day*MPa.

I — Middle Jurassic horizon (J2-1) was tested in 4 wells. In the S-4PO well, sampling was carried out
in the interval of 613.5-616.5 m using the swabbing method 57.0 m® of pure oil was recovered. According
to the results of hydrodynamic studies carried out on July 11-14, 2006 by the method of steady-state
filtration, the reservoir pressure — 7.03 MPa, bottomhole pressure — 6.32 MPa. Accordingly, the drawdown
— 0.7 MPa. Filtration properties of the reservoir were equal to the following values: permeability
k —0.14 um?; piezoconductivity y — 0.029 m?/s; reservoir conductivity k/u — 0.7 pm**m/mPa*s; the skin
factor had a value of -2.02, which characterises the good condition of the bottomhole formation zone;
estimated productivity index K, — 38.62 t/day*MPa;

As of 01-02.10.2006, well S-4PO was tested in the interval of 606-608 m. 17.0 m® of pure oil was
recovered. According to the results of testing and pressure build-up, interpolated reservoir pressure —
6.79 MPa, bottomhole pressure — 5.52 MPa. Drawdown — 1.27 MPa. Reservoir temperature 7,, — 31.7 °C.
The filtration properties of the formation had the following values: permeability k—0.68 pm?;
piezoconductivity y — 0.018 m?/s; reservoir conductivity kh/u — 0.39 pm**m/mPa*s; the skin factor had a
value of -5.84, which characterises the good condition of the bottomhole formation zone; estimated
productivity index K, — 21.4 t/day*MPa. Studies of I — Middle Jurassic horizon (J2-I) in the well R-21PO
were carried out on 02-04.11.2006 in the intervals of 648-652, 655-658 m. During the sampling process,
40.7 m® of pure oil was recovered. Hydrodynamic studies were carried out by the method of steady-state
filtration modes (EMI survey and PRC curve). According to the research results, the interpolated reservoir
pressure — 7.53 MPa, the average bottomhole pressure — 7.09 MPa. Reservoir temperature 7,, — 33.5 °C.
Accordingly, the drawdown — 0.7 MPa. Filtration properties had the following values: permeability
k — 0.09 pm’; piezoconductivity y — 0.009 m?/s; reservoir conductivity kh/u — 0.43 pm**m/mPa*s; the skin
factor had a value of -3.98, which characterises the good condition of the bottomhole formation zone;
estimated productivity index K, — 23.71 t/day*MPa. In the well R-22PO, testing was carried out on 05-
08.11.2006 in the interval of 601-614 m. 78.0 m’ of pure oil was produced. According to the results of
hydrodynamic studies, interpolated reservoir pressure — 6.73 MPa, bottomhole pressure — 6.45 MPa.
Drawdown — 0.68 MPa. Reservoir temperature 7,, — 31.0 °C. Filtration properties had the
following values: permeability k — 0.33 um?; piezoconductivity y — 0.008 m*/s; reservoir conductivity
kh/iu— 0.65 pm**m/mPa*s; the positive value of the skin factor of 3.89 is due to the strong pollution of the
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bottomhole formation zone. It is necessary to carry out geological and technical measures to clean up the
bottomhole zone; estimated productivity index K. — 37.56 t/day*MPa.

IT — Middle Jurassic horizon (J,-1I) was tested in wells R-25PO and S-23PO. In the well R-25PO,
studies were carried out on January 13-15, 2007 in the interval of 667-669 m. 41.7 m’ of pure oil were
recovered. According to the results of hydrodynamic studies, interpolated reservoir pressure — 7.02 MPa,
average bottomhole pressure — 7.48 MPa. Correspondingly, the drawdown — 0.28 MPa. Reservoir
temperature T, —33.5 °C. Filtration properties had the following values: permeability & — 0.24 pm?;
piezoconductivity y — 0.05 m?/s; reservoir conductivity k#/u — 1.11 pm**m/mPa*s; the value of skin factor
was -2.37, which characterises the good condition of the bottomhole formation zone; estimated
productivity index K, —37.56 t/day*MPa. Similar study was carried out in the S-23PO well. Testing was
carried out on 31.01.-02.02.2007 in the interval of 692.5-695.5 m. During testing, 34.8 m’ of pure oil was
produced. According to the results of hydrodynamic studies, interpolated reservoir pressure — 7.02 MPa,
average bottomhole pressure — 6.99 MPa. Accordingly, the drawdown — 0.5 MPa. Reservoir temperature
T,. — 34.8 °C. Filtration properties had the following values: permeability k — 0.21 um?; piezoconductivity
x — 0.044 m%/s; reservoir conductivity kh/u — 0.96 um’**m/mPa*s; estimated productivity index
K, — 52.9 t/day*MPa. At the Aptian horizon (K1a), reservoir pressure at the middle of the perforated
interval — 6.08 MPa. Average productivity index — 30.41 t/day*MPa. The average permeability coefficient
— 1.25 um?, the hydraulic conductivity coefficient — 0.55 pum**m/mPa*s, and piezoconductivity coefficient
~0.025 m’/s.

In the Middle Jurassic horizon (J2), reservoir pressure at the middle of the perforated interval —
6.86 MPa. Productivity index — 58.12 t/day*MPa. The average value of permeability coefficient —
1.43 um?, coefficient of hydraulic conductivity — 0.6 pm**m/mPa*s, piezoconductivity coefficient —
0.027 m2/s. On the I-Middle Jurassic horizon (J2-1), reservoir pressure at the middle of the perforated
interval — 7.1 MPa. Productivity index — 29.95 t/day*MPa. The average value of permeability coefticient —
0.29 um?, coefficient of hydraulic conductivity — 0.54 um**m/mPa*s, and piezoconductivity coefficient —
0.017 m2/s. On II — Middle Jurassic horizon (J2-II), reservoir pressure at the middle of the perforation —
7.48 MPa. Productivity coefficient 57.84 t/day*MPa. Average permeability coefficient 0.23 pm?,
hydraulic conductivity coefficient — 1.05 um**m/mPa*s, piezoconductivity coefficient — 0.048 m?%/s. In
general, for the I- project site, the average reservoir pressure — 7.29 MPa, productivity index — 43.9 MPa.
The filtration properties have the following meaning: the permeability — 0.26 um®, the coefficient of
hydraulic conductivity is 0.8 pm**m/mPa*s, and piezoelectric conductivity coefficient is 0.032 m?/s.
Taking into account the occurrence, the number of deposits and productive strata, the physicochemical
properties of oils and reservoir properties in the section of this field, 2 project sites of trial operation are
identified: Project site I — Middle Jurassic horizons — J2-1 + J2-II; Project site Il — Aptian and Middle
Jurassic horizons — K1la + J2. The main base is project site I, which contains 76.9% of reserves. The initial
geological and physical characteristics of the production facilities are given in the table 1.

Table 1 — Initial geological and physical characteristics of productive objects

Parameters Project site I Project site 11
Average depth, m 599-628.5 669-695.5
Water-oil contact, m IX617m—-X 648 m IX64l m—-X714m
Accumulation type fault block reservoir fault block reservoir
Reservoir type terrigenous terrigenous
Oil and gas bearing area, ths. m’ 364 707
Mean gross thickness, m 20 36
Average oil-saturated thickness, m 9 20
Porosity, unit fraction 0.28 0.33
Average saturation with oil (gas), unit fraction 0.71 0.76
Permeability, pm? 0.26 1.34
Net-to-gross ratio, unit fraction 0.35 0.45
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Continuation of table 1
Average number of permeable intervals, unit fraction 2 5
Reservoir temperature, °C 29.6 335
Reservoir pressure, MPa 595 7.45
Oil viscosity in reservoir conditions, mPa*s 23 16
Oil density in reservoir conditions, g/cm3 0.857 0.8369
Density of degassed oil, g/cm® 0.88 0.866
Formation volume factor, unit fraction 1.042 1.056
Content of sulphur, % 0.36- 0.61
Resins and asphaltenes, % 114 8.38
Paraffin, % 0.84 2.42
Bubble-point pressure, MPa 4.55 5.0
Gas/oil ratio, m’/t 23.4 27.7
Water density in reservoir conditions, g/cm® 1.18 1.12
Average productivity, m*/(day*MPa) 43.9 44.26
Initial balance oil reserves, ths. tonnes
(approved by GKZ RK), C1 + C2 895 2978
including category C1 569 2256
including category C2 326 722
Initial recoverable oil reserves, ths. tonnes
(approved by GKZ RK), C1 + C2 294.9 1072.5
including category C1 180 812.5
including category C2 114.9 260
Oil recovery factor, unit fraction
including category C1 and C2 0.33 0.36

The oil deposits in the reservoir are consolidated, tectonically-screened and closed on all sides.
Taking into account the hydrogeological conditions of the region during the field development, the
manifestation of an elastic-water-pressure regime should be expected. At the same time, it is likely that in
the initial period of development, the activity of the formation zone will manifest itself after a certain
decrease in formation pressure within the reservoir. One of the main tasks in drawing up a project for a
trial operation of a field development is to assess the productivity of deposits under elastic-water-pressure
conditions over a period necessary for a sufficiently complete study of a productive formation
characteristics and assess the feasibility of creating a system for maintaining reservoir pressure. In this
study, based on the results of the numerical solution of the differential equation of the elastic regime for a
homogeneous reservoir, the dimensionless functions p(p, 7), q(p, 7) and Q(p, 7). The forecast of the
dynamics of reservoir pressure on the boundaries of the reservoir is performed at a given constant fluid
withdrawal. This basically corresponds to the conditions of mechanised well operation (Eq. 1):

P() = P,—5-—P(), (1)

where: P,— pressure on the external boundary (initial reservoir pressure); ¢ — given fluid withdrawal; g —
viscosity of fluid (water) in reservoir conditions; k& — reservoir permeability; # — formation thickness;
p(p, 1) — dimensionless function tabulated for different values of p; p = R;/R, — the ratio of the radius of the
feed loop to the design gallery radius.

In calculations, the boundaries of the deposit are presented as a circular gallery (table 2).

Table 2 — Calculation of changes in the weighted average reservoir pressure in the reservoir during trial operation

Development On project site I . On project site 11
ears re,
M T P(7) APy, MPa MPa T P(7) APy, MPa P, MPa
2008 0.000144 0.000344 0.000159 7.286 0.001250 0.002983 0.000282 5.874
2009 0.000216 0.000516 0.000238 7.281 0.001876 0.004469 0.000238 5.866
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However, due to the high viscosity of reservoir oil, with an increase in the stock of producing wells
within the boundaries, the reservoir pressure will significantly decrease, which will lead to a decrease in
well productivity. In this regard, it becomes necessary to predict changes in reservoir pressure within the
deposit boundaries. To assess the decrease in the initial flow rates of wells during the development of
deposits in the natural elastic drive, it is necessary to have a dependence of the formation pressure drop
not only on the oil-bearing contour, but also in the recovery zone in the central part of the deposits.
Reservoir pressure at any given point in the formation during development is determined by (Eq. 2)

- (2)
P, =Py — Z P,
i=1

where: P, — initial reservoir pressure; P; — decrease in reservoir pressure from the operation of one of the
existing wells or increase in pressure from the operation of injection wells and the impact of the edge

water zone (Eq. 3):
2
pi=dit | il - T 3)
4rxh 4Nt

where: Ei [_ r ] — integral exponential function (tabulated), g; — flow rate of well i; r; — distance from the

481
target point to the i well.
The rest of the formula is the same as in the (1). In technological calculations, one option is
considered, where the initial flow rates are determined at the bottomhole pressure of 4.55 MPa, which
corresponds to the bubble point pressure. Well production rate is calculated by the formula (Eq. 4):

0 = K, *h*AP, “

where: K., — productivity per 1 meter of thickness; 4, — oil-saturated thickness; 4P — drawdown.

For all project wells, design depths of up to 700 m have been established, which ensure the
penetration of the J2-II horizon at full capacity with a sufficient drilling sump for equipping the bottom of
the production string. Wells No. 101-111 are built in advance. They must perform the task of exploratory
wells. Pressure, temperature and gas/oil ratio. First of all, indicator curves and pressure build-up curves
are taken for new wells [3,4,8].

Conclusions. The calculation results reveal that with those relatively small fluid withdrawals from
the deposits that can be achieved when new wells and previously drilled wells are put into operation, the
pressure drop will be insignificant. Within the oil-bearing contours of the deposits, the mutual influence of
wells and the change in reservoir pressure can be significant, since the viscosity of the reservoir oil is
taken on average equal to 20 mPa*s. In connection with the above, it is necessary: upon completion of the
drilling of the first wells, take and examine depth samples of oil in two wells No. 106, No. 105 on the
VIII block; perform experimental water injection into one well, which must be selected from the
producing during trial operation.

From the above calculation results it follows that the trial operation of the “Zhanatalap” field can be
carried out in a natural elastic water drive without maintaining reservoir pressure. According to the
objectives of the trial operation, it is necessary to provide for reliable control over the change in the
technological parameters of the well operation, filtration and field characteristics of the reservoir system,
to monitor the change in bottomhole pressure, formation pressure, temperature and gas factor. First of all,
indicator curves and pressure build-up are measured for new wells.
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Oil” LLP and “KazNIGRI” LLP for providing geological and technical information.
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«KAHA TAJIAII» KEH OPHBIHBIH AIIT )KOHE OPTA IOPAJIBIK OHIM/II TOPU30HTTAPBIH
CBIHAMAUJIBIK TAMJIAJIAHY MAKCATBIHIA TEOQJIOT USAJIBIK-KOCIHTIILIIK
K¥PbUIBIMBIH HET'T3AEY IIH MATEMATUKAJIBIK MOJEJII

AHHOTanusl. ['eosorussibIk 00BEKTISIEp MEH OJIap/ibl 3ePTTeY AICTEPIHIH CaH ajlyaHbIFbl CO3/IK, IpaQUKabIK,
CaHJBIK CEKUIII aKmapar TypJsepiHe OaiJIaHBICTBI TEOJNIOTHSUIBIK 3€PTT€y HOTHMIKECIHIH TYpil OONybIHA OKelesl.
Tikeneii 6akpuIay >KYPrizye reoJIOTHsIIbIK 00bEKTUIEP/iH KETIMCI3AIriHIH ce0e0l — reoNIOTUsIHBIH TEOPHSUIbIK TIOH
perinzie ToKipuOe Ky3iHae IKCIEPUMEHTTIK JepeKTep Haiija OojMaraH yakbITTa JaMybl MEH y3akK KbuUiiap OoMbl
CHUMaTTamMalbl FhUIBIM PETiH/E CaHaNbln Kelayi. Makanaaa KapacThIpbLUIAThIH MOCEJICHIH ©3€KTUIIr COHFBl OHXKBLI-
JIBIKTA MYHAil KEH OPHBI T€0JIOTHS CAJIACBIHAFbl FHUIBIMU-TEXHHUKAJBIK IPOTPECTIH JepeKTep 0a3achlH OacKapyablH
3aMaHayH JKYWeciHe Heri3JieNireH ajJIbIHFbl KaTapiibl FhUIBIM/bI KOKETCIHETIH re0aKNnapaTThiK TEXHOJIOTHIIAPMEH
TBIFBI3 OaiiylaHblCThl OonybiHAa. OChbIFaH Opaif, Makanaja KeH OpPBIHAAPbIH TalJay/AblH TeOJOTHSUIBIK-OHAIPICTIK
XKyile KYpBhUIBIMBIHBIH JKaJIIbl KAFUIATTAaphl MEH MYHall KE€H OpBIHIAPBIH 31pJiiey/l peTTey KapacThlpbliran. Mace-
JIeH, KOWHAyKaTThIH €CeNTiK MOJENIH HEeri3liey; MyHail KeH OpbIHJIAapbl Te€0JOTHSICHIHBIH Heri3/epi; OHIMII KoWHay-
KATTap/blH KOJUIEKTOPJIBIK CHIIATTAMAChIH 3€PTTEY CaJaChIHIAFbl FHUIBIMU-3EPTTEY MEH JKOOAJBIK KYMBIC HOTH-
’KeJIepi; reoIoTUsUTBIK-TEXHUKAIIBIK, [Iapaiiap THIMIUTIITH Taniay, KeMipcyTeK KOpJIapblH OHIIpyIl Tajnjaay; y3iiicci3
Te0JIOTHSUIIBIK OHIIPICTIK MPOLeCTep i naiiaiany MeH Kypy KOJIaHbUIIBI.

Toxipubenik naiifanaHyAblH HEri3ri MakcaTbl — OHIIPUIETIH MYHail KOPBIHBIH OHTAWJIbI KOJEeMiH Heri3ziey
OHE OHJIIPY, KOJJIEKTOP/IbI TUIM/II jk00allayMeH KaMTaMachl3 €Ty, COHBIMEH KaTap KOJUIEKTOpP PeXHUMIH Herizleyre,
OHJIIPICTIK 0OBEKTIIEP Il aHBIKTAY MEH KE€H OPHBIHIAaFbl MYHAH OHIIPY/Ii AaMBITYAbIH OOJalIarbiH OaraayFa yKeTKi-
JIKTI JKOOANBIK aJaHIapablH OHIIPICTIK MYMKIHIIKTEPI MEH OJIApIbIH TeOJOTHSUIBIK-T€O(HU3UKAIBIK CHITATTaMacChl
KeHIHJe Tikenel aepekrep any. OHTaWIbI PeXKUM OOJIBIN CAHANATHIHBI — IBIFBIMHBIH TOMEHCYIHE KaThICThl HAKTHI
aflKpIHIANIFaH YpAicCi3 TeHIeH yaKbIT apaliblFbIHIA KUHAIFAH €H KOIl MYHall OHIIpY/l KaMTaMachl3 €TeTiH PeKHM.
Kanner Toxxipubenik naiiianany MiHIETTepiH OpbIHAAY YLIIH, AdJIpeK aiTaTbiH 00JICaK, YHFbIMAaNapIblH OHAIPICTIK
MYMKIH/IKTepi (KOHHAyKaT KbICBIMBIH, KAJIbIHA KeJIy YaKbITbIH, KaHBIFy KbICHIMBIH, KOWHAYKATThl OHTAMJIbI
naijanany/ipl aHbIKTay MEH KOWHAayKaT )KYHeCiHiH cepIiM[i SHeprusiChIHbIH JJeyeTiH Oaranay) MeH OHIMJI ropu-
30HTTHIH re0(U3NKAIIBIK CHIIATTAMACHIH aJlIaFbl YaKbITTa 3ePTTEY MaKCAThIH/IA 3epTTEy OarapiaMachiH TOJIBIFBIMEH
JKY3ere achIpy YILiH TOKIPUOETiK-0HAIPICTIK MaiaanaHyabIH Mep3imi 2 Kbl OOJIbI KaObUIIaHFaH.

Bepinren moceneHi mienryai 6acTel 9/ici opTa ropa Joyipi Ke3eHIHIH OHIMIII TOPH30HTTApbIHAA TOHKIPUOEITIK-
OHJIIPICTIK MalAanaHyIbl KeTUIAIpYy MaKcaTbIHIa aTaJMBIII MOCEJlere MaKCaTThl OarbITTAJFaH JKOHE YHBIMIACTBI-
PBUIFaH MOJEJB/ICY SJIICI peTiH/e KapayFa MyYMKIH/IIK OepeTiH reoJIOTHSIIBIK YIITiHI Herizaey Oombin caHataasl. Koii-
HayKaT xoHe OeTki durronarep/iH (U3NKO-XUMHUSUIBIK KACUETTepl MEH MYHA# KOpbI TaJlIaH bl 3epTTeyJiep cy3riiey-
JIH OpPHBIKKAH PEeXHMIH/E JKYPTi3ijiin, KOWHAYKATTBIH HETI3rl Cy3rijiey CHIaTTaMachliH, KYHEHIH dHEpreTHKabIK
KY#i MEH OHBIH YaKbIT apajbIFbIH/IaFbl ©3repICTEep CHIIATTAMACHIH &Iy MAKCATBhIH/A KbICHIM/IbI KAJMbIHA KEITIPYAiH
KUCBIFBI TYCipii. bapibik 3epTreynep Typil pexuMae epKiH arbiMia, APOCCeNblepl O3repTilil TYpFaH KyWiHzae
KYMBIC aTKapFaH YHFbIMaJIapZa Kypriziiai. bypikkimrepai 3epTrey AepekTepid eHaey apHaiibl PanSystem Garmap-
JIaMaJIbIK OHIMIH KOJIIaHY apKbUIbI XKY3€ere aChIPbUIIbL.

Beiicraionap KbICBIMIBI Talliay HOTHXKENEpi ayblHAbL. ToxipuOenik maijanaHyAblH Mep3iMi MeH MyHaii
OHJIIpY KeJIeMi, opTallla TOYJIKTIK ipikTey HerizaeMeci Oepiniai, kab/bpIKTay KOHE OHIIPY TEXHOJOTHSICHIHBIH, Oyp-
FhUIAY MEH YHFBIMAaJaplbl MIepy Mocesenepi KapacTelpbulasl. KeH OpHBIH 93ipiiey/i, YHFbIMalap MeH YHFbIMa
KaOIbIKTAPbIHBIH Maii1aIaHbLUTY bl )KOHE KYHiH OaKpliay OOMBIHIIA IIapaiap YHBIMIACTHIPY YCHIHBUIBII KAThIP.

Tyiiin ce3mep: reoNOrusUIbIK IpoLECTep, KYpAeii KypbUIbIM, AWHAMUKA OOJDKaMBbI, d3ipiey ypuici, eHaipyIi
YHFbIMaap.
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MATEMATHYECKAS MOJEJIb OBOCHOBAHMSI T'EQJIOTO-ITPOMBICJIOBOM CTPYKTYPBI
JIJIAA TIPOBEJEHUS TPOBHOM YKCIIYATALIMA MO AIITCKOMY U CPEJTHEIOPCKAM
HNPOAYKTUBHBIM I'OPU30OHTAM MECTOPOXKJIEHUSA «ZKAHATAJIAID»

AHHOTanusi. MHOroo0pasue reojiorudeckux OOBEKTOB M METOJOB HX HW3Y4EHHsI MPHUBOIUT K TOMY, 4YTO
pe3yJIbTaT IeoJIOTHYECKUX HMCCIIEIOBAHUI OYeHb Pa3HOPOJIEH MO XapakTepy MH(opManuu: CIOBECHbIH, rpaduyec-
kui, unppoBoit. HepocTymHOCTh reonornueckux 00bEKTOB Uil HEOCPECTBEHHOTO HAOIIOICHHUS SIBIISETCS TPHYH-
HOH TOroO, YTO TEO0JIOTUsl KaK TeOpeTHYecKas JAUCIHUILUIMHA Pa3BUBANaCh B YCIOBHSX MPAKTUYECKH MOJIHOTO OTCYT-
CTBHSI IKCIIEPUMEHTAJIBHBIX JIAHHBIX M JOJITHE TOJbI CUUTANACH YHCTO OMUCATENIbHOI HAYKOW. AKTYaJbHOCTh IOC-
TaBJICHHOW B CTaThe MPOOJIeMbl 00YCIIOBIIEHA TEM, YTO B MOCIEAHEE ACCATUIIETHE HAYYHO-TEXHUYECKHU Mporpecc B
obnacTu reosiorud He(TSIHBIX MECTOPOXKICHUI ObLT TECHO CBSI3aH C HCIOJIB30BAHUEM IIEPEIOBBIX HAYKOEMKHX
reorH(pOPMAaIMOHHBIX TEXHOJIOIMi, OCHOBAHHBIX HA COBPEMEHHBIX CHCTEMax yIpaBiieHus 0a3zamu JaHHbIX. B cBsizn
C OTUM B CTaTh€ PACCMOTPEHBI OOIINE MPHHIHIBI TOCTPOCHUSI CUCTEM T'€0JIOrO-MPOMBILIICHHOTO aHaIN3a MECTO-
POXIEHUH U PEryJIMpoBaHusi pa3paboTKu HE(TSIHBIX MECTOPOXKICHUIl. B KkauecTBe mpUMepoOB HCHOJIBb30BAIKCE:
000CHOBaHME PACUETHBIX MOJIEJNIEH IUIACTa; OCHOBBI I'€OJIOTMU HE(PTSHBIX MECTOPOXKICHUI;, Pe3yNIbTaThl HAY4HO-
MCCIIEIOBATEIIbCKUX W IPOEKTHBIX paboT B 00JIACTH HM3YYEHHs KOJUIEKTOPCKHX XapaKTEPUCTHK MPOIYKTUBHBIX
IUIACTOB; aHa M3 3(PPEKTHBHOCTH T'E€OJIOrO-TEXHHUYECKUX MEPONPUSTUIN, aHANIW3 HM3BJICUCHUS 3aracoB YIJIEBOJO-
POZIOB; CO3/IaHKE M DKCILTyaTalHsl IIOCTOSIHHO JICHCTBYIONIMX I€0JIOMMYECKUX TIPOU3BOICTBEHHBIX MIPOIIECCOB.

OcHOBHasl 11€JIb ONBITHOW DKCIUTyaTallMy — MOJy4YeHHE NpsMOi MH(OPMALMKU O MPOU3BOJCTBEHHBIX BO3MOXK-
HOCTSIX TIPOEKTHBIX IUIOMIAA0K M UX IFe0JIoro-reo(pU3nUeCcKuX XapakTepUCTHK, JOCTATOUHOM JUiss 000CHOBAHHUS OIITH-
MaJbHOTO KOJMYECTBA M3BJICKAEMBIX 3amacoB HeQTH 1 obecredeHus 3PGEKTUBHOTO MPOSKTUPOBAHMS KOJIJIEKTOpa U
J00bIUM, a TakiKe 000CHOBAHHE KOJIIEKTOPA PEXKUM, OIPEeIeHHe IPOU3BOICTBEHHBIX OOBEKTOB U OLIEHKA MePCIeK-
TUB pa3BUTHUs 100K He)TH HA MeCTOPOXKIeHUH. ONTUMATIBHBIM CUUTAETCSl PEXKUM, 00ECIICUUBAIOLINN HAUOOIb-
UIYI0 HAKOIUICHHYIO J00bI4y He()TH 3a PaBHBI MPOMEKYTOK BpPEMEHHM 0O€3 YETKO BBIPOKEHHOW TEHACHIMH K
CHIDKCHUIO JIeOnTa. B 11e70M /17151 BBIMOSHEHUsI 3a1a4 ONBITHOM AKCILTyaTalli, a KIMEHHO JUIsl TTOJHOM peain3aiun
MpOrpaMMBbl UCCIIEOBAaHUN C LEbI0 NajdbHEHIIEro U3y4eHHs reosioro-Qpu3niecKiux XapakTepUCTHK MPOYKTUBHBIX
TOPU30HTOB M MPOU3BOJICTBEHHBIX BO3MOXKHOCTEW CKBaXKHMH (OIpe/eeHHe IACTOBBIX NaBJICHUI, BPEMEHH BOCCTA-
HOBJICHUSI, JaBJICHUE HACBILICHUS, ONTHUMAIbHAsI SKCIUTyaTallMsl IUIaCTa U OLICHKA IOTEHIMAaNa YNPYrol 3HEpruu
TUIACTOBOM CHUCTEMBI) CPOK OIBITHO-IIPOMBIIUICHHOM 3KCIUTyaTalluy MPUHSAT 2 roja.

Beayimum MeTooM perieHus: JaHHOW MPOOJIeMbl SIBIISIETCS 00O0OCHOBaHHE TE€0JIOTMYECKON MOJIENH, TO3BOJISIO-
1Ied paccMaTpuBaTh JAHHYIO MPOOJIEMy Kak LieJICHANPABICHHbIH 1 OPraHW30BaHHbBIA METO]] MOJCIHPOBAHUS IS
COBEpLICHCTBOBAHUS MPOBEICHUSI OIBITHO-IIPOMBIIUICHHOW JKCIUTyaTallik B MPOMYKTUBHBIX TOPU30HTaX CpEIHEH
topbl. [Ipoananu3npoBaHbl PU3NKO-XMMHUECKHE CBOWCTBA IJIACTOBBIX M IMOBEPXHOCTHBIX (DIFOMIOB, 3aMachl HEPTH.
HccnenoBaHust IPOBOIUIIUCH B YCTAHOBUBIIIEMCS PeXUMe (PUIIBTPAIIMU — CHATHE KPUBOW BOCCTAHOBJICHUSI JABICHUS
JUISL TIOJTyYEeHUS] OCHOBHBIX (PHIIBTPAIIMOHHBIX XapaKTEPUCTUK IUIACTA, YHEPTETUUYECKOTO COCTOSIHUSI CUCTEMBI U €T
M3MEeHeHH BO BpeMeHH. Bce uccieoBanms NPOBOAMINCH B CKBXKMHAX, pAOOTAIOIINX TaKMM 00pa3oM, CBOOOIHBIN
MOTOK NPH PA3IMYHBIX PEKUMAX, C U3MEHEHHEM Jpocceneil. O0paboTka JaHHBIX UCCieI0BaHNui (OPCYHOK MPOBO-
JIJIACh C MOMOUIBIO CIIEHAIM3UPOBAHHOIO MPOrpaMMHOro npoaykra PanSystem.

[Mosy4eHbl pe3ynbTaThl aHalM3a HECTALIMOHAPHOro naBiieHusi. OOOCHOBaHBI CPOKU OMBITHOW JKCILUTyaTallud U
00beMbl JOObIUM HE(YTH, CPEAHECYTOUHBIX OTOOPOB, PACCMOTPEHBI BOIIPOCH 000PYIOBAHHS M TEXHOJIOIUHU JOOBIYH,
OypeHHs 1 OCBOCHHS CKBAXKUH. PEKOMEHIYIOTCSI MEPOIIPHUSITHS [I0 MOHUTOPUHTY Pa3pabOTKH MECTOPOXKICHUS, COC-
TOSIHUSI U1 9KCIUTyaTallui CKBAXKUH U CKBAXKMHHOTO 000PY/IOBaHMSI.

KioueBble ci1oBa: reojornueckie mporecchl, CI0XKHOE CTPOSHUE, MMPOTHO3 TNHAMUKH, MPOLIECC Pa3padOTKH,
JIOOBIBAOIIME CKBAYKHHBI.
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