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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 varicty 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.c.
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 capabilitics
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 ¢lastic 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-II were tested in wells S-4PO, R-21PO, R-22P0O, R-25P0O and
S-23P0. 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 (Kla), 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/p — 0.55 pm**m/mPa¥*s; reservoir temperature 7, — 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 propertics 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 & — 0.63 um®; piezoconductivity
2 — 0.021 m?/s; reservoir conductivity k#/u — 0.92 um**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-I) 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 propertics of the reservoir were equal to the following values: permeability
k- 0.14 pm*; piezoconductivity ¥ — 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 % —0.68 um?
piezoconductivity y — 0.018 m?/s; reservoir conductivity k#/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 propertiecs had the following values: permeability
k — 0.09 um®; piezoconductivity ¥ — 0.009 m?/s; reservoir conductivity k#/u — 0.43 um**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 & — 0.33 um’; piezoconductivity y — 0.008 m’/s; reservoir conductivity
kh/u — 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,-II) 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 7,.— 33.5 °C. Filtration propertics had the following values: permeability & — 0.24 um*;
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 £ — 0.21 um?; piezoconductivity
x — 0.044 m%/s; reservoir conductivity k#/u — 0.96 um**m/mPa*s; estimated productivity index
K, — 52.9 t/day*MPa. At the Aptian horizon (Kla), 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 um>*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 coefficient —
0.29 um®, coefficient of hydraulic conductivity — 0.54 pm**m/mPa*s, and piezoconductivity coefficient —
0.017 m2/s. On II — Middle Jurassic horizon (J2-1I), 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, piczoconductivity 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 pum**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 11 — Aptian and Middle
Jurassic horizons — K1a + 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 Project site IT
Average depth, m 599-628.5 669-695.5
Water-oil contact, m IX617m-X 648 m X641 m-X 714 m
Accumulation type fault block reservoir fault block reservoir
Reservoir type terrigenous terrigenous
0il 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, um?> 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 5.95 7.45
Oil viscosity in reservoir conditions, mPa*s 23 16
Oil density in reservoir conditions, g/cm? 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, % 11.4 8.38
Paraffin, % 0.84 2.42
Bubble-point pressure, MPa 4.55 5.0
Gas/oil ratio, m>/t 234 277
Water density in reservoir conditions, g/cm? 1.18 1.12
Average productivity, m*/(day*MPa) 43.9 4426
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 ¢lastic-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, g(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(t) = P, =5 P(1), (1)

where: P,— pressure on the external boundary (initial reservoir pressure); g — 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 = Ry/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 [ . On project site II
cars 1€,
y T P(v) APon, MPa MPa T P(v) AP on, 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

— 14—



ISSN 2224-5278 Series of Geology and Technical Sciences. 6. 2020

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)
Py=Py— 2 P,
i=1

where: Py — 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= 4t Ei _ A )
47ich 487
where: Ei [_ 7 J — integral exponential function (tabulated), g; — flow rate of well 7; r; — distance from the
4t

target point to the 7 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 = Ko *h*AP, “

where: K,,,— productivity per 1 meter of thickness; 4, — oil-saturated thickness; AP — 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
VII 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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«@KAHA TAJIATI» KEH OPHBIHBIH AT )KOHE OPTA IOPAJILIK OHIM/II TOPH30OHTTAPEIH
CEIHAMAJIBIK TIAWJAJIAHY MAKCATEIHIA TEQJIOT HSLIBIK-KQ CIITIILITK
KYPBLLITEIMBIH HETT3AEYITH MATEMATHKAJIBIK MOJEJI

AnHOTamms1. [ 'eoTormsnbIK OOBEKTIIIEP MEH OJIAPABI 3PTTEY dAICTEPIHIH CaH adyaHABIFE CO3IK, IPa()HKATIBIK,
CaHOBIK CCKUIII aKmapat TYPJCpiHe OAMIAHBICTHI TCOJOTHAIBIK 3CPTTCY HOTIKCCIHIH TYPJi OONMYyBIHA OKCICHI.
TikeneH OaKbLIAY KYPTi3yAC TCOTOTHSIIBIK OOBCKTIICPAIH AKETIMCI3HITIHIH ¢e0¢0l — TCOMOTHIHBIH TCOPHSIBIK, TTOH
peTiHae TokipuOS KY3IHAC IKCIICPUMCHTTIK ACPCKTCP maiima OOMMAFaH YaKbITTa JAMYBI MCH Y3aK SKbLITAp OOMEI
CHIATTAMAIbl FHUIBIM PETIHIC CAHAMNBIN Kelyi. Makarama KapacTBIPHLIATBIH MACEICHIH ©3CKTLITI COHFBI OHKBLI-
JBIKTA MYHAH KCH OPHBI TCOJIOTHS CANACHIHIAFHI FRUIBIMH-TCXHUKAIIBIK MPOTPECTIH AepeKTep 0a3achIH OacKapy AblH
3aMaHAyH >KYHECIHE HETI3JCJTEH AJNABIHFBI KATApJbl FHUIBIMABI KAKCTCIHETIH TCOAKIAPATTHIK TEXHOJIOTHSIAPMEH
TBIFBI3 OaWnmaHBICTBI O0ybHAA. OCBIFAH Opaif, Makaiana KCH OPBIHAAPHIH TaJJayAbIH T'eOJOTHSUIBIK-OHAIPICTIK
JKYHE KYpPBUIBIMBIHBIH, >KAJIIBI KAFUIATTAPhl MCH MYHAH KEH OPBIHIAPBIH J3IpJieyal peTTey KapacTsIpbumraH. Mace-
JICH, KOIHAYKATThIH €CENTIK MOJCINIH HETi3Aey; MyHAl K€H OPBIHAAPHI TCOJOTHACHIHBIH HETI3ACPl, OHIMAlI KOHHAY -
KAaTTapJblH KOJUICKTOPJBIK CHITATTAMACHIH 3EPTTEY CANACBIHIAFHI FHUIBIMH-3CPTTEY MEH KOOANBIK KYMBIC HOTH-
JKCJICPI; TCOMOTHATBIK-TCXHHKAIBIK MIAPAap THIMILUTITIH Tajaaay, KeMipCyTeK KOPAapbIH OHIIPY Al Taaaay; Y3imicci3
TCOJIOTHSIBIK OHIPICTIK MPOLCCTCPAl HAMAANAHY MCH KYPY KOJTAHBLIIBL.

ToxkipuOenik maigamaHyIsIH HETI3ri MakcaTsl — OHIIPLICTIH MYHAH KOPBIHBIH OHTAWJIBI KOJCMIH HETi3acy
JKOHE OHAIPY, KOJUICKTOPABI THIMI K00aIayMeH KaMTaMAachl3 €Ty, COHBIMEH KaTap KOJUICKTOP PEXXHUMIH HETi3eyTe,
OHMIPICTIK OOBEKTINEP/I AHBIKTAy MEH KCH OPHBIHIAFbI MYHAH OHAIPY Al JAMBITYIBIH OOJAINAFbIH OaranayFa sKeTKi-
TKTI >KOOAIBIK ATaHAAPIBIH OHIIPICTIK MYMKIHIIKTEPl MEH OJAPIBIH T'COJOTHSUIBIK-TCO(M3NUKAIBIK CHMATTaAMACHI
JKOHIHAC TiKemeH AcpekTep aay. OHTalbl pexkiuM OOJIBIT CAHANATHIHBI — MIBIFBIMHBIH TOMCHACYIHE KATHICTHI HAKTHI
ANKBIHIATFAH YPAICCI3 TEHACH YaKbIT apaNbIFbIHIA )KHHAIFAH €H KON MYHAll OHAIPYAl KAMTAMAachl3 €TCTIH PEXKHUM.
Kammer ToxipuOernik nafiganany MiHACTTEPiH OPBIHAAY YIIiH, JONIPEK aHTATHIH OOJICAK, YHFBIMANAPABIH OHIIPICTIK
MYMKIHZIKTEP] (KOHHAYKAT KbICBIMBIH, KAJIBIHA KEJIY VAKBITHIH, KAHBIFY KBICHIMBIH, KOWHAYKATTHI OHTAHIIBI
TAWJANaHy I6I AHBIKTAy MCH KOWHAYKAT )KYWECiHIH CEpPIIMIl SHEPTHACHIHBIH QJICYCTiH OaFanay) MEH 6HIMIi TOpH-
30HTTHIH TeO()M3UKAJIBIK CHIIATTAMACHIH AJAFBI YAKBITTA 3€PTTCY MAKCAThIHAA 3ePTTCY OAFAapIaMachiH TOJIBIFEIMEH
JKY3€Te aChIpy YIIiH TOXKIPpHOCTIK-6HAIPICTIK MaHAATAHY IBIH MSP3iMi 2 JKbIT OO KAOBIITAHFAH.

Bepinaren MocencHi memyaiH 0acThl d7iCi OpTa 10pa J9Yipl KE3CHIHIH OHIMII TOPH30HTTAPBIHAA TOXKIPHOCITIK-
OHIIPICTIK MAHJATAHYABI KCTITAIPY MAKCATHIHAA ATAJIMBIII MOCCIICTC MAKCATTHI OAFBITTAIIFAH JKOHC YHBIMIACTHI-
PBUIFaH MOACTIBACY SICI peTiHae KapayFa MyMKIHAIK OCPETiH TCOOTHSIIBIK YATIHI HeTi3aey 001bm caHanaasl. Koii-
HAYKAT KoHE OeTKI ()IFOHATCPAiH (DH3HKO-XUMUATBIK KACHSTTCP1 MCH MYHAH KOPBI TATAHABL 3¢PTTCYICp CY3Tiaey -
JiH OPHBIKKAH PEKUMIHAC >KYPTi3II, KOMHAYKATTHIH HETI3T CY3TiIey CHIATTAMAChIH, >KYHCHIH 3HEPICTHKAIbBIK
KYHi MCH OHBIH YaKbIT apaJbIFBIHIAFEl 63TCPICTEP CHIIATTAMACHIH ally MAKCATBHIHAA KBICHIM/BI KAIIbIHA KEITIPYIiH
KHCBIFBI TYCipinai. Bapisik 3eprreynep Typil pexuMac €pKiH arsIMzaa, APOCCEIbICPl ©3TEPTLII TYPFaH KyHiHIe
JKYMBIC aTKAPFaH YHFBIMAnapAa Kyprizinai. bypikkimrepai 3epTrey AcpekTepin eHney apHaiiel PanSystem Garmap-
JAMAJIBIK, OHIMIH KOJITAHY aPKBLUIBI )KY3ETe aCHIPHLIIBL.

BeticrarmoHap KpICBIMABI TaNAAy HOTIDKEIEPl ANbIHABL ToXIpuOemK malmanaHyablH MEp3iMi MEH MyHaH
OHIIPY KOJICMi, OPTAMIa TOYIIKTIK ipiKTCY HErizaeMeci Oepimmi, KaOapIKTay KOHE OHIIPY TCXHOJOTHACHIHBIH, Oyp-
FBUIAY MEH YHFBIMAJApIbsl MIEPY MOcEIelepi KapacThIpsLIabl. KeH OpHBIH 33ipieyai, YHFbIMAmap MEH YHFbIMA
JKaOABIKTAPhIHBIH MAHATAHBLTYbI YKOHE KYHiH OaKplIay OOMBIHINA MIapanap YHEIMAACTHIPY YCHIHBUIBII YKATHIP.

TyiiiH ce3aep: TCONOTHAIBIK MPOUCCTEP, KYPASTI KYPBUIBIM, JHHAMHKA OOJDKAMBI, 93IpJcy ypaici, eHmipyImi
YHFBIMATAP.
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MATEMATHYECKAS MOJEJIb OBOCHOBAHHUA I'EQJOIO-MIPOMBICJIOBOM CTPYKTYPHI
JJI MPOBEJAEHUA MPOBHOM SKCILTYATAIIMH 11O AIITCKOMY U CPEJHEIOPCKHUM
NPOAYKTUBHBIM 'OPU3OHTAM MECTOPOKAEHHUA «GKAHATAJIAID»

Annotamusi. MHOrooOpasue reoormiecKuXx OOBEKTOB M METOJOB MX H3YUCHHUS NPHBOJUT K TOMY, HTO
Pe3yIbTAT TCONOTHUCCKUX HMCCICIOBAHMN OYCHb PA3HOPOJCH IO XapakTepy MH(OPMAIWH: CIOBECHBIH, rpadutec-
kuit, mu(ppoBoi. HenocTymHOCTh TCOMOTHUCCKIX 00BCKTOB I HCMOCPSACTBCHHOTO HAOFOICHUS ABIIACTCS TIPHIH-
HOH TOTO, UTO TCOJOTHA KAK TCOPETHUCCKAS AHCHMIUIMHA PA3BHBAIACH B YCIOBMSIX IPAKTHUYCCKH MOJHOTO OTCYT-
CTBHS IKCIICPUMCHTANBHBIX JAHHBIX M JOJTHE TOJBI CUMTANACH YHCTO ONMUCATCIHLHOW HAYKOH. AKTYaJdbHOCTH ITOC-
TaBJICHHOM B CTaThe MPOOJIECMBI OOYCIIOBJICHA TEM, UTO B MOCHCIHEE NCCATHICTHE HAYYHO-TEXHUIECKUI IPOTPECC B
00JNacTH TeooTHH HE(TSIHBIX MECTOPOXKACHHHA OBII TECHO CBA3AaH C HCIIOJB30BAHHCM IIEPEAOBBIX HAYKOCMKHX
reonH(pOPMAIIMOHHBIX TEXHOJIOTHIH, OCHOBAHHBIX HA COBPEMCHHBIX CHCTEMAX YIPABJICHI 0a3aMHu JaHHBIX. B cBi3n
C 3THM B CTaTbhe PACCMOTPCHBI OONIME IMPHHIMITBI MOCTPOCHHUS CHCTEM TE€OJIOTO-MPOMBIIUICHHOTO aHAIN3a MECTO-
POXIOCHHUH W PETyJIHUPOBAHUS Pa3pabOTKH HE(TSIHBIX MECTOPOXICHHH. B KauecTBe MPUMEpPOB HCHOJIb30BAIKCH!
00OCHOBAHME PACUCTHBIX MOJCJCH IIIACTA; OCHOBBI I'€OJIOTHH HE(TSIHBIX MECTOPOKICHHI; PE3yJIBTAaThl HAYYHO-
HCCICAOBATEIbCKUX W IPOCKTHBIX PadOT B O0JACTH WM3YUCHHS KOJUICKTOPCKHUX XapPAaKTEPUCTHUK IPOIYKTHBHBIX
IUIACTOB, aHAIH3 I(P(PEKTHBHOCTH TEOJOTO-TEXHUYECKUX MCEPOIPIATHH, AHATIHW3 H3BJICUCHHS 3aacoB YTJICBOIO-
POJOB; CO3IAHNE ¥ IKCILIYaTaIHs IIOCTOSHHO JCHCTBYIOIINX T€OJOTHUECKHIX MTPOM3BOACTBCHHBIX MPOLICCCOB.

OcCHOBHASI LIETb OTBITHOH JIKCIUIyaTAIllM{ — MOJIYYEHHE MPAMON HH()OPMALMH O IPOM3BOACTBCHHBIX BO3MOMK-
HOCTSIX IIPOCKTHBIX IIOIAIOK B HX T€0JI0TO0 -TeO(DH3MIECKUX XaPAKTEPUCTHK, TOCTATOYHOM 11T 0OOCHOBAHUS OIITH-
MAaJIbHOTO KOJIMYECTBA W3BJICKACMBIX 3amacoB HeTu u odectedeHUs 3(PPEKTUBHOTO MPOCKTHPOBAHMS KOJLUICKTOPA U
J00BIMH, a TaKkKe 00OCHOBAHKE KOJIICKTOPA PEKUM, OIIPEACICHUE MPOU3BOJICTBEHHBIX 00BEKTOB M OLICHKA NEPCIEK-
THB Pa3BUTUS JOOBMH HE()TH HA MECTOPOXICHUU. ONTHMATIBHBIM CUMTACTCS PE:KUM, 0OECICUMBAIOINN HANOOIb -
OIyI0 HAKOIJICHHYEO J00BIMy He()TH 3a PaBHBIH IPOMEXYTOK BPEMCHH O€3 HYETKO BBIPAXKCHHON TEHACHIWH K
CHIDKCHHUIO cOuTa. B 1e0M UIs BBITOJTHCHHUSI 337124 OTBITHOM SKCIUIyaTAllHH, 3 HMEHHO Ul TTOJTHOW peann3anui
TPOTPAMMBbI HCCIICIOBAHMH C IETBI0 AANBHEHINCTO M3YUCHHS TCOI0T0-(PH3NIECKUX XapaKTEPUCTHK POy KTHBHBIX
TOPH30HTOB M MPOW3BOJCTBECHHBIX BO3MOKHOCTEH CKBAaXKHMH (OTPEACIICHIE IUIACTOBBIX JABICHUI, BPEMCHH BOCCTA-
HOBJICHUS, JABJICHUC HACBHIMCHHUS, ONTHUMANBHAS SKCILIYATAlWs IUIAcTa M OLICHKA IOTCHIMANA YIPYTOH 3SHEPTHH
MJIACTOBOH CHCTEMBI) CPOK OMBITHO-IMPOMBIIITICHHON 3KCILTYaTALlMK IPHUHAT 2 rOAA.

BeaymmiM MeToa0oM pemeHns JAHHON MPOOIEMBI SBIICTCSI 000CHOBAHHUE TEOIOTHICCKOW MOJIEIH, TO3BOIIIO-
ICH paccMATPHUBATh TAHHYIO MPOOJICMY KAK ICICHAMPABICHHBIM W OPTAHH30BAHHBIN MCTOJ MOICIHPOBAHHA I
COBEPIICHCTBOBAHUS MPOBEACHUS OIBITHO-TIPOMBIIUICHHON 3KCIUIyaTalWH B IPOJYKTHBHBIX TOPH30HTAX CPEIHEH
ropel. [IpoaHamm3upoBaHBI (PH3HKO-XHMHAICCKHAC CBOMCTBA MIIACTOBBIX M MOBCPXHOCTHBIX (DIFOMIOB, 3amachl HE(PTH.
HccneropaHus MPOBOAMINCH B YCTAHOBHUBIIEMCS PEXXUME (PHIbTPAIMK — CHATHE KPUBOH BOCCTAHOBJICHHUS JABJICHI
JUT TIOJIyHCHHSI OCHOBHBIX (DHIIBTPAIMOHHBIX XaPAKTCPUCTHK IUIACTA, IHEPTETHUECKOTO COCTOSHHS CHCTEMBI H €TO
HW3MECHCHUH BO BpEeMEHH. Bce Mccien0BanmsI MPOBOIIIIICH B CKBAKHHAX, PAOOTAOIIMX TAKHM 00pa3oM, CBOOOTHBIH
MOTOK TPH PA3THYHBIX PSKHMAX, C H3MCHCHHEM napoccencii. O0padoTka JAHHBIX HCCIICAOBAHHUH (DOPCYHOK MPOBO-
JUIIACh C TOMOIIBIO CTICITHATIN3HPOBAHHOTO MPOTPAaMMHOTO Tipoaykra PanSystem.

[MoxyucHBI pe3yIbTaThl AHATH3a HECTAHOHAPHOTO AaBicHHA. OOOCHOBAHBI CPOKH OTMBITHOH KCILIyaTalHH H
00BeMBI J0OBMH HE(DTH, CPSIHCCY TOUHBIX 0TOOPOB, PACCMOTPCHBI BOMPOCH 000PYAOBAHMS H TCXHOJIOTHH JOOBIMH,
OypeHMS W OCBOCHHUS CKBAKHMH. PEKOMEHIYIOTCS MEPOTIPHATHS 110 MOHHUTOPHHTY Pa3pabOTKH MECTOPOXKACHHS, COC-
TOSTHUSI M SKCIUTYaTAlUH CKBAYKUH U CKBOXHHHOTO 000PYIOBAHULL.

KioueBbie cJ1oBa: T€0JIOTHUCCKHIE MPOIIECCHI, CIOXKHOE CTPOCHHE, MPOTHO3 JHHAMHUKH, MPOIIECC pa3paboTKH,
JTOOBIBAOIIIC CKBAYKHIHBL
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