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AHHOTaUMA. YnpaBneHune npoueccamu paspaboTkn MecTopoxae-
HUA HEPTU U rasa CBS3aHO C MPUHATUEM CBOEBPEMEHHLIX 1 060C-
HOBaHHbIX peLUeHUn NO perynmpoBaHuio KOMMMeKca TeXHonormye-
CKMX mnpoueccoB. OTO TpebyeT kak MHOAMBMOYaNbHOTO aHanmaa
KOHKPETHbIX OOBbEKTOB, Tak M pPacCMOTPEHUs 3TUX OOBLEKTOB,
bYHKUMOHaNbHO O6bEeANHEHHBIX B €OuHY0 cuctemy. OuHamude-
CKMI aHanu3 npolecca pa3paboTkn MECTOPOXAEHWI HED TN K rasa
OCHOBaH Ha cnefyoweM nNpuHLnne — HEOAHOPOAHOCTb, HENUHEN-
HOCTb U HEPaBHOBECHOCTb CUCTEMbI MPUBOAAT K CaMOOpraHuaa-
uMM. HeooHOpPOOHOCTb M HENMHEMHOCTb MNacTOBOM CUCTEMbI
onpeaensaTca reoniorm4eckummn doaktopamm, CBOMCTBaMM KOSJIEK-
TOPOB U NNacToBbIX IOMAOB, 0COOEHHOCTAMM MpoLecca paspa-
0OoTKN.

KnioueBble cnoBa: camoopraHmsauns, gpakranbHas xapakrepu-
CTUKa, AMHaMMKa, TEXHOMNOIMMYEeCKNe nokasaTenn, Kputepun, Cessb,
CION.
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Annotation. Managing oil and gas field de-
velopment processes is associated with mak-
ing timely and informed decisions to regulate
a set of technological processes. This re-
quires both an individual analysis of specific
objects and consideration of these objects
functionally combined into a single system.
Dynamic analysis of the process of develop-
ing oil and gas fields is based on the follow-
ing principle — heterogeneity, nonlinearity and
non-equilibrium of the system lead to self-
organization. The heterogeneity and nonline-
arity of the reservoir system are determined
by geological factors, properties of res-ervoirs
and reservoir fluids, and features of the de-
velopment process.

Keywords: self-organization, fractal charac-
teristic, dynamics, technological indicators,
criterion, connection, layer.

I n non-equilibrium systems, when external parameters change, the rate of build-up of equilibrium is
less than the rate of change in external parameters. Non-equilibrium behavior can be a conse-

quence of the properties of the system itself (gas-liquid flows, oil-water emulsions, interaction of formation
fluids and gases with porous media, etc.) and depends not only on the current values of the parameters, but
also on the history matching — the dynamics of their change, determined by the features of the process de-
velopment (rate of fluid withdrawal, water injection, etc.).

The process of self-organization (coordinated interaction of parts of the system) occurs in heterogene-
ous, nonlinear and non-equilibrium systems that are under the influence of external factors — the supply from
outside and removal of flows of matter and energy (fluid production, water injection, various types of influ-
ence on the formation, etc.).

The degree of self-organization (degree of order) of the system can be assessed by changes in entro-
py, Gini coefficient, fractal characteristics, etc. This approach allows us to determine trends in the progress of
the development process and make timely decisions on managing the oil production by regulating the oper-
ating modes of production and injection wells.

A distinctive feature of the proposed approach is the possibility of improving the development system
based on identifying the characteristic features of the dynamics of reservoir systems in the process of their
development.

One of the main tasks of planning and choosing a strategy for the development of oil and gas fields is
forecasting the main technological indicators. The relevance of the problem under consideration lies in the
early diagnosis of changes in the dynamic features of the oil and gas production process based on the anal-
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ysis of current geological and field data. The methodological basis for predictive models of indicators of the
development process is the identification of qualitative and quantitative patterns of process. To develop gen-
eral requirements for the model, it is necessary to consider the quantitative patterns of development of the
system, the patterns of its growth, among which exponential build-up occupies a special place.

The practice of developing oil and gas fields shows that time series of measurements of such quanti-
ties as flow rate and pressure in a well have an oscillatory nature. It should be noted that fluctuations in the
values of technological parameters depend both on external influences on the object and on non-equilibrium
filtration processes of multiphase systems in a porous medium. In this regard, the nature of the oscillations
carries information about the state and behavior of the reservoir system.

It has been established that changes in the rate of external influences on the reservoir system (pro-
duction-injection) determine the non-equilibrium nature of its behavior and the peculiarities of the dynamics
of technological parameters [1].

Information about characteristics of the fluctuative processes of technological indicators and the distri-
bution of flow rates among the wells of the production facility allows us to assess the degree of non-
equilibrium and self-organization of the reservoir system at the given point in time, which allows us to make
an operational decision on managing the development process.

For this purpose, the possibility of using the Gini coefficient to interpret geological and field information
and diagnose the current state of the development process is considered.

Most of the long-term oil fields have entered the late stage of development. characterized by a de-
crease in oil production and an increase in water production. The deposits of such fields still contain a large
amount of residual oil. Since drilling on them is basically completed and the waterflooding system has been
formed, the only way to increase the completeness of reserves recovery is to involve undrained zones in the
development using technologies of physical-chemical and hydrodynamic impact on oil reservoirs. Qil fields
are characterized by a wide range of geological and field conditions, varying degrees of production of oil re-
serves and the effectiveness of the application of methods of influencing the formation, therefore, in order to
correctly determine the ways for the most complete extraction of oil, special research is necessary. A method
that is effective in some conditions, in others it can lead to an increase in water withdrawals, oil shortages
and a decrease in ultimate oil recovery, i.e. the mechanism of action of the method depends on geological
and field conditions. If the selected well does not meet the criteria for the applicability of the method, the re-
sult is negative. This is especially actual for technology aimed to increase the injectivity of injection wells,
isolating water inflows, etc.

A significant reserve for increasing efficiency lies in choosing the right strategy for planning the use of
formation stimulation methods, which should be carried out in stages, separately for the reservoir as a whole
(with the allocation of sections) and specific wells. In order to reduce the risk of ineffective use of technolo-
gies at the level of an oil producing enterprise and increase specific technological efficiency, it is necessary
to significantly raise the requirements for planning the use of technologies and justification of impact objects,
bringing them closer to the existing development design requirements. The application of methods for influ-
encing oil reservoirs should be based on prompt processing of field data, correct representation of the object
of study and the specific occurrence of oil reserves. Effective exploitation of oil fields is possible based on
determining the features of the development process.

It is known that if there is interaction between two wells draining a common oil reservoir, any changes
occurring in one of them will affect the performance of the other.

A clear consequence of these changes is the correspondence of fluctuations in oil and water with-
drawals from production facilities. Therefore, time series of technological indicators of oil and water produc-
tion are used as an information array, by which the degree of interaction is assessed [2].

To establish the consistency of changes in the time series of the characteristics under consideration,
correlation analysis is used.

In many areas, two types of statistical tests are used: parametric, built on the basis of the parameters
of a given population and representing functions of these parameters, and non-parametric, representing
functions that depend directly on the variants of a given population with their frequencies. The former is used
to test hypotheses about the parameters of populations distributed according to a normal law, the latter are
used to test working hypotheses regardless of the shape of the distribution of the populations from which the
samples being compared are taken. The use of parametric criteria is associated with the need to calculate
sample characteristics — the average value and variation indicators, whereas when using non-parametric
criteria, such a need disappears.

To describe the relationships between variable quantities, the mathematical concept of a function f is
used, which associates each specific value of the independent variable X, called an argument, with a specific
value of the dependent variable Y: y = f(x). Here x is the argument, and y is the corresponding value of the
function f(x).

This kind of unambiguous dependence between the variables Y and X is called functional. There are
many examples of functional dependence between variables.
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The dependence between characteristics may not be functional, but statistical in nature, when a cer-
tain value of one characteristic, considered as an argument, corresponds not to the same numerical value,
but to a whole range of numerical values of another characteristic, considered as a dependent one, distribut-
ed in a variation series variable or function. This kind of dependence between variables is called correlation.

Functional relationships are easy to detect and measure on individual and group objects, but this can-
not be done with correlation, which can only be studied on group objects using the methods of mathematical
statistics. The correlation between characteristics can be linear and nonlinear, positive and negative. The
task of correlation analysis comes down to establishing the direction and form of the relationship between
varying characteristics, measuring its closeness and, finally, checking the reliability of sample correlation in-
dicators.

The relationship between the variables Y and X can be expressed analytically (using formulas and
equations) and graphically (as the locus of points in a rectangular coordinate system).

The relationship between the variables Y and X can be established by comparing the numerical values
of one of them with the corresponding values of the other. If, as one variable increases, another increases,
this indicates a positive relationship between these quantities, and, conversely, when an increase in one var-
iable is accompanied by a decrease in the values of another, this indicates a negative relationship.

With a positive or direct relationship, when large values of one characteristic correspond to large val-
ues of another, the correlation coefficient has a positive sign and ranges from 0 to + 1, with a negative rela-
tionship, when large values of one characteristic correspond to smaller values of another, the correlation co-
efficient accompanied by a negative sign and ranges from 0 to —1.

The correlation coefficient has found wide application in practice, but it is not a universal indicator of
correlation relationships, since it can only characterize linear relationships, i.e., those expressed by a linear
regression equation.

If there is a nonlinear relationship between varying characteristics, other indicators of relationship are
used.

Managing oil and gas field development processes is associated with making timely and informed de-
cisions to regulate a set of technological processes. This requires both an individual analysis of specific ob-
jects and consideration of these objects functionally combined into a single system.

For this purpose, an approach is proposed to analyze the current state of the oil production process
based on the study of conflict situations.

Management and control over field development is based on a cybernetic approach to the analysis
and interpretation of geological and field information obtained in the process of development of oil and gas
fields. The methodological basis of this approach is based on the study of the input and output parameters of
the reservoir system (the «black box» model), which allows us to identify the characteristic features and qual-
itative and quantitative patterns of development of the development process [4].

The proposed approach is implemented by using game models of conflict situations, which make it
possible to determine a compromise solution.

In non-equilibrium systems, when external parameters change, the rate of build-up of equilibrium is
less than the rate of change in external parameters. Non-equilibrium behavior can be a consequence of the
properties of the system itself (gas-liquid flows, oil-water emulsions, interaction of formation fluids and gases
with porous media, etc.) and depends not only on the current values of the parameters, but also on the pre-
history - the dynamics of their change, determined by the features of the process development (rate of fluid
withdrawal, water injection, etc.) [3].

As part of the dynamic approach to development analysis, the degree of non-equilibrium of the reser-
voir system is assessed by changes in entropy, fractal characteristics, etc. This approach allows us to de-
termine development trends in the process and make timely decisions on managing the oil and gas produc-
tion by regulating the operating modes of production and injection wells, taking into account the interaction of
production facilities.

Conclusion

1. It is shown that when making a decision on the choice of development strategy, it is necessary to
take into account the dynamics of the interaction of oil and water withdrawals both along the horizons them-
selves and between them.

2. Based on the results obtained, the possibility of using a model of conflict situations to analyze the
current state of the oil production process, changing situations of the “predator-prey” system, which allows
you to choose a rational operating mode and recommend ways to regulate oil production processes is
shown.

3. As part of the dynamic approach to development analysis, the degree of non-equilibrium of the
reservoir system — transient processes are assessed by changes in entropy, fractal characteristics, etc. This
approach allows us to determine trends in the dynamics of the development process and make timely deci-
sions on managing the oil and gas production by regulating well operating modes, taking into account the
interaction of operational objects.
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The presented approach to the analysis of dynamic changes in technological parameters allows for
rapid diagnosis of the state of the deposit, for choosing the moment of time for carrying out various types of
influences on the formation.

4. Analysis of fluctuations in technological development indicators makes it possible to determine the
trend of transitions from a stable to an unstable state of the reservoir system, taking into account transient
processes, which allows timely and prompt decision-making on the choice of a rational development system
by regulating the operating modes of production facilities as a whole for the deposit.

5. An integrated approach to analyzing and assessing the effectiveness of the development process
based on a dynamic approach to interpreting the information array and timely diagnosing the state of the
reservoir system, taking into account transient processes and the interaction of production facilities, allows
one to make a more informed decision on the choice of development strategy.
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