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Abstract

Relevance. The research is relevant due to the potential of mathematical risk modeling in diagnosing corruption within
the acquisition system. This approach is highly effective in identifying the causes and conditions of corruption, offering
significant prospects for improving anti-corruption measures.

Purpose. The study aims to comprehensively analyse both the normative and theoretical foundations of mathematical
risk modeling in the acquisition system. The goal is to develop doctrinal proposals to enhance the current state of
mathematical modeling in this context.

Methodology. The authors used analysis, synthesis, formal-logical methods, system-structural methods, and
mathematical modeling to examine Kazakhstan's anti-corruption regulations and establish legal grounds for diagnosing
corruption risks.

Results. The research presented an evidence-based proposal for the gradual implementation of mathematical modeling
provisions in diagnosing corruption risks within the acquisition system, structured in two stages. It offered a critical
analysis of theoretical developments on the subject, explored the functions of mathematical modeling in jurisprudence,
and discussed their concepts and types. The study also developed a mathematical formula for calculating corruption risks
and described its components.
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Conclusions. The study's findings include recommendations for developing mathematical formulas to diagnose
corruption risks in the procurement system, highlighting the practical significance of the work. These recommendations
provide valuable insights for improving anti-corruption measures through the application of mathematical risk modeling.

Keywords: strategy; Kazakhstan Republic Law; cause and conditions of the crime; scientific program.

Introduction

The necessity to research mathematical modeling of risks
to determine corruption in the acquisition system in the
legal aspect is important for several reasons. Firstly,
mathematical modeling to assess corruption risks, trends,
causes, and conditions of corruption has significant
advantages compared to other methods in this area as
mathematical modeling can provide an unbiased, objective
analysis of corruption factors. Secondly, it should be
considered that the negative impact of corruption is
associated with the undermining of the level of public trust
both to the state in general and to the state authorities and
their officials, so the introduction of mathematical
modeling in anti-corruption policy will strengthen the
democratic values formed at the constitutional and
legislative levels.

The focus of the issue, investigated in the research, is
the need to substantiate the legal regulation of
mathematical modeling in the anti-corruption policy of the
Republic of Kazakhstan, and in particular — in the
acquisition system. While answering the question related
to the moment of the publication's problem origin, it should
be considered the complex nature of the risk mathematical
modeling issues to determine corruption in the acquisition
system. It can be stated that in the 70-th 80s of the last
centuries the level of research of mathematical modeling
already had not only the proper theoretical background but
also practical results. Nevertheless, the application of the
mathematical modeling method in jurisprudence is
currently not yet properly developed.

Among the scientists whose research is in one way or
another relevant to the topic of the publication, the
following should be noted. E.K. Igissinova and Zh.
Davletbayeva [1] is convinced that there is a certain
correlation between the ideology of integrity and anti-
corruption culture. Considering the state policy of the
Republic of Kazakhstan in this aspect, as well as
considering the international experience of such countries
as Singapore, Great Britain, and Georgia, E.K. Igissinova
and Zh. Davletbayeva published a scientific work devoted
to these issues. N.A. Katayev et al. [2] made a publication
on the topic directly related to the authors' research. The
described publication reveals both the essence of
countering corruption in public procurement and the
principles of such countering. For example, O.A.
Miliienko et al. [3] raised the problem of protecting human
rights in administrative proceedings from administrative
and legal positions.

The authors also deem it necessary to mention the
scientific work of S.K. Sharma et al. [4], which deals with
the discovery of opportunities to improve and strengthen
the control of corruption risks in the public acquisition
system. In this context, S.K. Sharma et al. also used
mathematical modeling techniques. R.B. Velasco et al. [5]
researched fraud in public acquisitions and the relationship
of this type of fraud to corruption risks. A J. Wachs et al.
[6] study, which deals with the distribution of corruption

risks in the public acquisition system of European Union
member states, is of high interest. Assessing the current
state of research on the issue, it is possible to conclude that
the issues of effective fight against corruption by all kinds
of methods and ways remain relevant at least for the last
15-20 years. At the same time, there are only a few
scientific works devoted specifically to mathematical
modeling to diagnose corruption risks in the acquisition
system. Public relations, caused during the formation of
anticorruption policies in the Kazakhstan Republic
acquisition system and mathematic modeling, are the
research object [7-9].

The research goals are to conclude a comprehensive
analysis of both the regulatory basis and theoretical
foundations of acquisition system corruption risk
mathematical simulation to form doctrinal proposals to
improve the current state of mathematical modeling in the
research area. To achieve the set goal, the following
objectives were established. First, consider the main
normative acts of the Republic of Kazakhstan in the field
of combating corruption for the presence of norms on the
application of mathematical modeling in the acquisition
system. Next, analyse the existing theoretical approaches
to concepts such as a model, modeling, and mathematical
modeling. Finally, reveals the content of the components
of a mathematical formula that can be used in diagnosing
corruption risks in the procurement system.

Materials and Methods

A system of common scientific methods of juristic
research, such as analysis method, synthesis method,
formal-logistic method, systemic-structure method, and
mathematic modeling method was used during the issue
research. The authors applied the analysis method in a
detailed study of legal acts of the Republic of Kazakhstan.
They examined the Decree of the President of the Republic
of Kazakhstan No. 802 “On approval of the Concept of an
anti-corruption policy of the Republic of Kazakhstan for
2022-2026 and amendments to some decrees of the
President of the Republic of Kazakhstan” [10]. They also
reviewed the Law of the Republic of Kazakhstan No. 410-
V “On Anti-Corruption” [11] and the Law of the Republic
of Kazakhstan No. 434-V “On Public Procurement” [12].
Additionally, they analysed the Law of the Republic of
Kazakhstan No. 72-VII ZRK “On the Introduction of
Amendments and Additions to Certain Legislative Acts of
the Republic of Kazakhstan on Public Procurement,
Procurement of Subsoil Users and Subjects of Natural
Monopolies, Communications, Road Transport, Defense
and Financing of Science” [13]. Lastly, they studied the
Law of the Republic of Kazakhstan No. 407-IV “On
Science” [14] for relevant provisions that relate to
mathematical modeling in the area of corruption.

The method of synthesis allowed us to combine
theoretical developments on the topic of the publication,
concerning the consideration of the concepts of model,
modeling, and mathematical modeling. The formal-logical
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method was used to criticize individual doctrinal
developments proposed earlier by researchers. The
system-structural method was of particular importance in
the allocation of structural elements of conceptual
relations, which constitute the basis for the emergence of
corruption risks in the procurement system, and the
selection of groups of such structural elements. The
method of mathematical modeling made it possible to
display the prevailing formula, with which it is possible to
calculate the critical number for each factor of corruption
risk in the procurement system, as well as to briefly
describe the main values used in this formula. The research
displayed the following formula, which makes it possible
to calculate the corruption risks in the procurement system:

Cr = X (@B2,t), (1)

Components and values, used in the formula, were used
in the research as well. Analysis of issues related to
mathematical modeling to determine corruption risks was
structured according to the classic scheme of legal research
and was done in three stages: preparatory, main, and final.
The preparatory stage was crucial to be acquainted with the
main normative acts of the Republic of Kazakhstan both
on general issues of anti-corruption and anti-corruption in
the acquisition system. At the preparatory stage, the
authors also familiarized himself with previous theoretical
works of researchers within the selected topic, which
allowed him to determine weaknesses in the categorical
apparatus of mathematical modeling in the legal sector, as
well as to distinguish this study from the earlier results.
The main stage of mathematical modeling as a way of
determining corruption risks research consisted of several
parts: normative, theoretical, and practical, each of which
had special features of the study. This method allowed a
comprehensive approach to the issues of the publication
topics and to form provisions alike to the scientific style.
At the final stage, the results described in the publication
were finalized, which allowed to state the achievement of
the research goal, as well as formed the basis for further
research in the context of mathematical modeling to
diagnose corruption risks in the acquisition system.

Results

The authors deem it necessary to begin this part of the
study by analysing the current legislation in the Republic
of Kazakhstan for the presence of rules on the
mathematical modeling of risks to determine corruption in
the acquisition system. Decree of the President of the
Republic of Kazakhstan No. 802 “On approval of the
Concept of anti-corruption policy of the Republic of
Kazakhstan for 2022-2026 and amendments to some
decrees of the President of the Republic of Kazakhstan”
[10] is an important document in the sphere. It is possible
to state after the analysis of the content: this concept pays
considerable attention not only to the causes of the
corruption element in the acquisition system but also to the
proposed measures to combat this negative phenomenon.
Unfortunately, there is no mention of mathematical risk
modeling in this legal act. The only observation, which is
indirectly relevant to the topic in question, concerns the
international experience of such countries as Australia,
Hungary, Moldova, Romania, and the USA, where there is

a practice of simulating the situation aimed at revealing
corrupt behaviour in the complete oblivion of the person
being tested. Here the authors consider it necessary to note
that, firstly, such modeling of the situation is not
mathematical, and, secondly, it is applied in all areas of
combating corruption, not only in the acquisition system.

The authors also consider it necessary to mention the
Law of the Republic of Kazakhstan No. 410-V “On Anti-
Corruption” [11]. This Law also lacks any mention of
mathematical modeling as a measure to combat corruption,
but important in the context of this study is Article 8 titled
“Analysis of Corruption Risks”. Moreover, in the system
of anti-corruption measures stipulated by Article 6 of the
Law, corruption risk analysis is considered one of the types
of such measures. Directly returning to the text of Article
8, it should be borne in mind that in the normative
understanding, the analysis of corruption risks consists, in
fact, in the study and identification of determinants of
corruption offences (causes and conditions that contribute
to their commission).

This study would be incomplete without mentioning
the Law of the Republic of Kazakhstan No. 434-V “On
Public Procurement™ [9]. In this normative legal act, there
is only no mention of mathematical modeling of corruption
risks in the sphere of corruption, which, is logical, but also
about such an extremely important category as “corruption
risk”. The only thing to pay attention to in the context of
this Law is Article 4, where, among the various principles
of public procurement, there is such a principle as
“prevention of corrupt practices”. By its content, the Law
of the Republic of Kazakhstan No. 434-V “On Public
Procurement” is organizational and lays the foundation
and mechanism for procurement of this kind, which, in
principle, is logical.

It should also be noted that a large law, the Law of the
Republic of Kazakhstan No. 72-VII ZRK “On the
Introduction of Amendments and Additions to Certain
Legislative Acts of the Republic of Kazakhstan on Public
Procurement, Procurement of Subsoil Users and Subjects
of Natural Monopolies, Communications, Road Transport,
Defense and Financing of Science” [13], was adopted. This
law provided for significant innovations in the Law of the
Republic of Kazakhstan No. 434-V  “On Public
Procurement” [12]. However, the concept of corruption
risks, unfortunately, does not appear in the legislative act
of 2021.

At the regulatory level, mathematical modeling of
corruption risks in any sphere, including the acquisition
system, is not provided for in the Republic of Kazakhstan.
This approach is traditional not only for Kazakhstan but
also for many other countries [15-18]. Nevertheless, it is
important to consider that mathematical modeling of risks
should be viewed as an extremely effective tool for
identifying corruption in the acquisition system. An
unbiased mathematical approach to this problem can
eliminate or significantly limit the human factor in
procurement, especially at the state level, where corruption
risks are extremely high.

The authors are convinced that the suggestion to
introduce mathematical risk modeling as a tool for
determining corruption in the acquisition system at the
regulatory level is not unreasonable, but subject to several
conditions. And the first condition is an appropriate

770



Mathematic modeling of risks as a way for determining corruption in the acquisition system

scientific background and thorough research in this area,
which should have not only a high theoretical level but also
practically confirmed results. For this purpose, it is
possible to recommend to the authorized state body to
include this direction of research in scientific, scientific-
technical projects and programs, which definition,
accounting, financing, and other questions connected with
these types of projects and programs are regulated by the
Law of the Republic of Kazakhstan No. 407-IV “On
Science” [14]. Only after obtaining scientifically grounded
results of mathematical modeling of risks as a tool for
determining corruption in the acquisition system can the
discussion of implementing this method of combating
corruption begin. This implementation should occur not at
the legislative level, but at the level of anti-corruption
strategies, concepts, plans, and other legal documents.
These documents set the vector for the development of the
regulatory framework in the country. According to the
authors, given that such a proposal is a legal novelty, it
should take at least 5-7 years from the moment of
implementation of the issue at the level of scientific,
scientific, and technical projects and programs.

Then, the authors propose to outline some doctrinal
developments on the topic of this publication. M. Niss et
al. [19] distinguish two main approaches to understanding
such a category as mathematical modeling. In the first
approach, M. Niss et al. understand mathematical
modeling as a process in which real-life situations and
relationships in these situations are expressed using math.
This approach is based on the scientific work of C. Haines
and R. Crouch [20]. The second approach has as its
underlying development, which is reflected in the
publication of L. Verschaffel et al. [21]. The essence of this
approach is the following: mathematical modeling is a
process, which has a cyclic nature, and in which real
problems are translated into mathematical language,
solved in a symbolic system, and solutions are verified in
a real system.

Analysing the above-mentioned approaches, the
authors will make their assessment of the existing doctrinal
interpretation of the concept of mathematical modeling.
The first thing to pay attention to is the fact that the second
approach proposed by L. Verschaffel et al. is more
theoretically and scientifically grounded and elaborated.
This statement, in the opinion of the authors, can be
explained by the fact that the second understanding of
mathematical modeling is comprehensive and includes not
just a process, but a process of a cyclic nature, and has an
indication of the result of mathematical translation of real
problems in a symbolic system — verification of solutions
in real circumstances. The understanding of mathematical
modeling developed by C. Haines and R. Crouch [20], isa
more superficial judgment, the essence of which is reduced
only to the perception of mathematical modeling as a
process that has the properties of expressing life situations
using mathematics.

At the same time, the authors will mention the position
of K. Kmetyk-Podubinska [22] and A.O. Lopatiev [23],
who wunderstand modeling as a research method.
Comparing all the above-mentioned theoretical
approaches to the categorical apparatus of the topic of the
publication, the authors consider it necessary to focus on
the following points. Modeling and mathematical
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modeling are considered in the doctrine through the prism
of the notions of process, and research method. One cannot
say that this approach is wrong, but such understanding can
be considered somewhat limited and incomplete. The
authors believe that the terms modeling and mathematical
modeling are complex, and therefore it is possible to
propose to consider them through the prism of the category
of tool (for example, as in the case of the research topic —
a tool for diagnosing corruption risks). Thus, the above
problems can serve as a basis for further scientific
discussions, considering semantic approaches to the
categorical apparatus of modeling, and mathematical
modeling.

Theory-wise, the authors will also touch upon the topic
of the functions of mathematical modeling. Such functions
should include the function describing the causes of
offences; the function of diagnosing the trends of growth
or decline in the total number of offences, as well as
offences in a particular area; preventive function, whose
task is to reduce the cases of offenses. It should be
specified that such functions of mathematical modeling
can be applied both on general grounds in criminological
science and in a separate branch — for example, combating
corruption offences, including — diagnostics of corruption
risks in the system of procurement. Regarding the specific
formulas that can be applied in the field of mathematical
modeling of corruption risks in the acquisition system, the
authors propose to consider the formula developed by R.
Borgovini et al. [24], which was based on the work of K.B.
Misra [25]. K.B. Misra and R. Borgovini et al. proposed to
calculate the critical quantity (Cr) for each corruption risk
factor using the following formula:

Cr =X, (afAyt);. )

In applying this formula, it should be considered that
the mathematical combination 4,¢ is the number of cases of
corruption of a certain risk factor; o is the coefficient of the
type of failure, which is the probability; 3 is the conditional
probability that the effect of failure will lead to the
identified criticality class [24; 25].

Furthermore, the authors will make recommendations
on the vision of those factors that should be considered
when developing formulas for the application of
mathematical modeling of corruption risks in procurement.
The first thing to focus on, in the authors' opinion, is that
the elements of such formulas should be expressed in
numbers. At the same time, it is important to observe
classical approaches to the development of formulas and
consider those values that are constant in mathematical
science (for example, the understanding of sums, integrals,
and so on). It is possible to suggest the following areas for
research in this matter. First, examine the relationship
between the number of corruption violations in
procurement and the income and property acquisitions of
officials involved in public procurement that do not match
their official salary. Next, study the correlation between
the price of goods and their quality. Also, investigate the
frequency of the need to purchase the same goods and how
often these goods were purchased from the same supplier.
Finally, consider the presence of excessive rates and
requirements for the urgent delivery of goods.
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The difficulty of developing mathematical formulas in
the field of determining corruption risks in the
procurement system, in the authors' opinion, is that a
significant number of factors that have an impact on the
level of the studied type of corruption risks is not possible
to be expressed in numerical form. Such factors include the
lack of knowledge, personal, self-interest in abuse of
office, and insufficient legal regulation. As such, the
authors considered the main anti-corruption regulations,
both general and special (in the procurement system) of the
Republic of Kazakhstan, the theoretical background in
mathematical modeling, as well as a practically developed
formula that allows you to calculate the factors of
corruption risk in the procurement industry.

Discussion

The issue of risk modeling during the determining of
corruption in the acquisition system has previously
interested researchers. Therefore, scientific works that are
somehow relevant to the topic of the publication were
collected and grouped. The first group of theoretical
studies relevant to the subject of the publication is works
that reveal the relationship between mathematical
modeling and corruption phenomena. For example, L.W.
Kinyanjui [26] used such diagnostic tests as the
autocorrelation test, heteroscedasticity test, and regression
analysis, which allowed us to state a negative relationship
between corruption with life expectancy, education, and
per capita income. The publication of A.K. Fantaye and
Z.K. Birhanu [27], was designed to reveal the relationship
between mathematical modeling and analysis of the
dynamics of corruption, in which a new generation matrix
method was used.

By conducting numerical simulations of optimal
control, A.K. Fantaye and Z.K. Birhanu concluded that the
strategy of prevention and punishment is the most effective
strategy that can reduce the dynamic growth of corruption.
H.T. Alemneh [28] is also an expert in the mathematical
modeling of corruption dynamics. The researcher analyzed
a nonlinear, deterministic model of the dynamics of
corruption using the stability theory of differential
equations. H.T. Alemneh is an advocate of using an
integrated control strategy to combat corruption,
substantiating his position with numerical modeling. F.
Habibi et al. [29] have a somewhat general work on the
topic of this study, which deals with the issues of a
mathematical model of project planning based on practice
materials in Iran. The model developed by F. Habibi et al.
allows for determining the activity schedule, time and
quantity of material ordering, supplier selection, etc., so
the publication of the Iranian researchers' data has an
important practical application aspect.

The second group of studies includes those that deal
with the application of mathematical modeling methods to
the study of corruption in the political sphere, transnational
corruption, the relationship between corruptions and the
shadow economy, and racism. E. Poza et al. [30]
investigated political corruption in Spain and used
mathematical modeling to quantify the problem, make
certain changes to selected model parameters, and model
fiscal, economic, and legal measures to quantify the level
of corruption in a selected area. R.E. Clark [31] is the
author of a publication on linear and nonlinear modeling
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techniques in transnational corruption risk assessment.
R.E. Clark is committed to using systems analysis to
achieve a balance in diagnosing and recognizing the
dynamic changes in corruption from country to country.
According to the researcher, the model he chose will
effectively inform business decisions, policy choices, and
other measures that influence the evolution and
harmonization of anti-corruption standards at the global
level. A.C. Cozma et al. [32] also considered mathematical
models in this area as one of the areas of research on the
relationship between corruption and the shadow economy.
B.S. Kotola and Sh.W. Teklu [33] devoted a study to
mathematical modeling methods in the field of corruption
and their relationship to racism. The researchers used
qualitative and complex mathematical methods and
analyzed both the model of racism in the absence of
corruption and the model of corruption in the absence of
racism. In their publication, B.S. Kotola, and Sh.W. Teklu
also applied the next-generation matrix method.

The third group of studies includes publications of a
narrower nature, which in one way or another consider the
issues of mathematical modeling to determine corruption
risks in the acquisition system. M. Heydari et al. [34] are
the authors of a thorough work revealing the relationship
between corruption, infrastructure management, and
public-private partnerships. The relevance of this work
stems from the fact that public-private partnerships are
vulnerable to corruption, so the book published by M.
Heydari et al. aims to consider measures that can prevent
corruption during acquisition as well as develop good
governance strategies for use in the public sector. To
achieve their objectives, the researchers used several
mathematical models, in particular game theory, which
helped to study the interactions and dynamics between
stakeholders and allowed the preparation of strategies
designed to reduce corruption risks at different stages of
public-private partnerships. M. Heydari et al. explained
how wusing game theory-based simulations, state
governments can effectively conduct an evaluation process
before each procurement, which will not only help screen
out undesirable partners but also help the government take
a more proactive stance. The book under review used a
broad methodological framework based on mathematical
models that illustrate methods for dealing with institutional
corruption.

A. Patra et al. [35] investigated the use of mathematical
models in the field of corruption during the Fourth
Industrial Revolution. A. Patra et al. note that despite the
increased interest in the phenomenon of corruption in
academia, it is difficult to analyze the concept due to
difficulties with identification and quantification. Previous
studies have used several variables, indices, computational
models, and approaches, but their usefulness in the field of
corruption through the prism of the Fourth Industrial
Revolution can be questioned, which in turn has led to the
need for their revision. A. Patra et al. developed a three-
stage concept of corruption detection, illustrating their
concept with two examples, which provided a substantial
rationale for considering digital transformation and the use
of extensive data to overcome corruption. This approach
also has implications for the perception of the negative
phenomenon under study. The publication of S.K. Sharma
et al. [4] addresses the identification of opportunities to
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improve and strengthen the control of corruption risks in
public acquisition. Researchers focus on the intricacies of
the procurement process, which is characterized by the
close interaction of a large number of stakeholders,
primarily government officials and businesses, which
leads to the complexity of the analysis and modeling of the
procurement process. To identify corruption risks S.K.
Sharma et al. developed the concept of using failure tree
effects theory, and criticality analysis techniques in this
area and identified 45 combinations of risk elements that
can lead to a contract with a corruptive component. The
publication of S.K. Sharma et al. not only strengthens
organizational controls on corruption and improves
acquisition processes, but also provides the basis for
further research into the development of improved
corruption risk assessment.

The study by H. Gholizadeh et al. [36] on stochastic
programming problems in public procurement using large
amounts of data is specific. In this publication, the
researchers operate with the concepts of hybrid uncertainty
and integer nonlinear programs. Corruption risk in contract
markets was addressed by J. Wachs et al. [6] used network
science methods and analyzed corruption risks in more
than 4 million public acquisition contracts of European
Union member states for the period from 2008 to 2016,
which allowed to describe the distribution of corruption
risks, their clustering. The researchers concluded that the
same level of corruption risk could have a completely
different distribution, which leads to the need to develop
different types of anti-corruption policies for different
states.

R.B. Velasco et al. [5] have developed a decision-
making system to detect fraud in public procurement.
Scientists correctly justify the relevance of this work by the
fact that investigators in Brazil over the past few years
have exposed numerous corruption schemes and money
laundering schemes not only at all levels of government
but also in the largest corporations in the country. Experts
have estimated that due to this situation, the world's gross
domestic product loses between 2% and 5% annually.
Such negative practices have not only an impact on public
services and private sector development but also
strengthen the level of organized crime at both national and
global levels. Unfortunately, law enforcement agencies are
not able to conduct a systematic assessment of corruption
risks in public procurement. This limitation arises from a
lack of proper tools [37-39]. Most often, they have only
circumstantial evidence or complaints from victims at their
disposal. This situation cannot be assessed positively
because many companies involved in fraud remain
undetected and are not prosecuted in criminal proceedings.
Specifically, the decision support system developed by
R.B. Velasco et al. was designed to solve this problem.
This system uses algorithms such as graph theory,
clustering, and regression analysis, as well as advanced
science.

A separate subset of theoretical achievements in the
application of mathematical modeling for the determining
of corruption risks are works related to the issues of
combating corruption in the medical sphere, which include
the following publications. J.C. Kohler and D. Dimancesco
[40] investigated the types of anti-corruption,
transparency, and accountability measures that can reduce

the risk of corruption in public procurement by
pharmaceutical ~ companies.  J.C.  Kohler = and
D. Dimancesco believe that anti-corruption mechanisms
such as open contracts and integrity agreements will help
reduce corruption in pharmaceutical procurement. T. Vian
[41] is an expert on concepts, frameworks, and approaches
to fight corruption in health care. T. Vian identifies
individual and systemic factors as drivers of corruption,
including financial pressures, poorly managed conflicts of
interest, and weak regulatory and enforcement systems.
T.K. Mackey and R.E.Cuomo [42] provided an
interdisciplinary overview of digital technologies that not
only help fight corruption but also improve transparency
and accountability in drug procurement in general. The
researchers state that machine learning and the use of
blockchain are common types of such digital technologies.

M.T. Kirya [43] addressed the problem of combating
corruption in the recruitment of health professionals to
ensure impartial health outcomes. The researcher
justifiably believes that political and personal connections,
rather than professional merit, are the factors that influence
not only employment but also the career development of
health professionals in many countries. This practice
harms the healthcare sector because its consequence is the
performance of professional medical activities by low-
qualified workers. M.T. Kirya states the need for further
research on the outlined issues to develop a deterrent anti-
corruption policy for the recruitment and career
development of medical workers.

It should be noted that despite the number and variety
of previous studies, in one way or another, relevant to the
subject of the publication, this work has a specificity that
distinguishes it from the earlier ones. This specificity
manifests itself in the following. Firstly, the authors' study
has a legal nature and touches upon the issues of
expediency in fixing the use of mathematical modeling
methods at the normative level. The publication also
develops an effective mechanism for such legal regulation,
which is gradual. Secondly, the work provides a critical
analysis of the categorical apparatus relevant to the topic
of research, namely, the concepts of model, modeling, and
mathematical modeling, which allowed to form of
doctrinal proposals about the functions of mathematical
modeling in law, which have the character of scientific
novelty.

Conclusions

A comprehensive assessment of mathematical modeling of
corruption risks in the system of acquisitions was
concluded in both normative and theoretical aspects.
Analysis of the main legislative acts in the Republic of
Kazakhstan on the issues of the anti-corruption policy of
this state allowed us to conclude that today mathematical
modeling is not considered a way of determining
corruption risks in the acquisition system in legal terms. In
this regard, a model was proposed. It consists of at least
two stages. The first stage involves implementing
mathematical modeling of risks as a tool for determining
corruption in the acquisition system through scientific and
technical projects and programs. Subsequently, after
obtaining virtually confirmed results of the effectiveness
of such studies, the model aims to integrate these findings
into anti-corruption strategies, concepts, and plans.
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Theory-wise, having studied the main scientific
provisions in the branch of mathematical modeling of risks
in the acquisition system, the authors consider it necessary
in the publication to lay the foundations of such category
as the functions of the phenomenon in question. The
proposed functions can be divided into at least two groups:
general functions of mathematical modeling in law, which
are cumulative inherent in mathematical modeling in any
branch of law, and special functions relating specifically to
the anti-corruption sphere, with possible detailing —
determining of corruption risks in the procurement system.
According to the authors, the functions of mathematical
modeling can overlap with the general functions of
criminology, designed to explain and describe the causes
of corruption offenses, to diagnose trends in their growth
or decline against the background of other offenses, and so
on. It is important to note that mathematical modeling in

case, the issue of the functions of mathematical modeling
is subject to further scientific research.

The authors will also focus on the fact that the existing
theoretical approaches to such categories as a model,
modeling, modeling in law, and mathematical modeling
are underdeveloped and require a new interpretation. At
the same time, the fact that the availability of scientifically
developed formulas that can be applied in the field of
determining corruption risks in the acquisition system is
very limited and should be considered, which can also
serve as a basis for the development and research of
articles on this topic.
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AHoOTAaWisA

AKTYaJIBHICTb. AKTYyaJbHICTh JOCITIUKEHHS 3yMOBJICHA MOTEHI[IAJIOM MaTeMaTHYHOTO MOJENIOBAHHS PHU3HKIB Y
JIarHOCTUII KOPYMIIi B CHCTEMI JiepKaBHHUX 3aKyMiBesb. Takuil miaxig € BUCOKOS(EKTUBHUM y BUSBIICHHI IPUYUH Ta
YMOB KOPYIILi, BiIKpUBAIOUH 3HAUHI MIEPCHEKTUBH JUIS BJIOCKOHAICHHS aHTUKOPYIIIHHAX 3aXO0/1iB.

MeTta. MeToro 10CIiPKeHHS € KOMIUIEKCHUH aHauli3 HOPMAaTHBHUX Ta TEOPETHYHMX 3acaj] MATEMAaTHIHOTO MOJICTIFOBAHHS
PH3HKIB y CHCTEMI 3aKyIliBellb. 3aBIaHHIM € PO3poOKa JIOKTPUHAIBHUX MTPOITO3UIIN 1100 BJIOCKOHAIEHHS CYy4acCHOTO
CTaHy MaTeMaTHYHOI'0 MOJICJIIOBAHHS B IbOMY KOHTEKCTI.

MertomoJiorisi. 3a JIOMOMOTOI0 METOMIB aHANi3y, CHHTE3y, (POpPMarIbHO-JIOTIYHOIO, CHCTEMHO-CTPYKTYPHOI'O Ta
MAaTEMaTHYHOTO MOJICITIOBAHHS JOCIIDKEHO aHTHKOPYIIIiIHE 3aKOHOMAaBCTBO KaszaxcTaHy Ta BCTaHOBJICHO IPAaBOBI
ITiJICTABU ISl NIAaTHOCTUKU KOPYMIIHHUX PU3UKIB.

PesyabraTn. Y 10CHipKeHHI PEACTABICHO HAYKOBO OOIPYHTOBAHY MPOIO3MILIIO MIOA0 MOETATHOTO BIIPOBAKECHHS
M0JIOKEHb MaTEMaTHYHOT'O MOJICIIIOBAHHS B IIarHOCTHKY KOPYMIIHHUX PU3HUKIB Y CUCTEMI 3aKyIiBellb, CTPYKTypOBaHY
y JBa eTand. byno mpoBeaeHO KpPUTHYHUNA aHalli3 TEOPETUYHHMX HAIpPAIIOBaHb 3 [[bOTO MUTAHHS, AOCIIHKEHO QYHKIT
MaTeMaTHYHOrO MOJENIOBAHHS B IOPUCIIPYACHIIi, PO3MISHYTO HOTO MOHSTTS Ta BHIU. Takox Oyno po3poOieHo
MaTeMaTn4Hy (GopMyITy sl PO3paXxyHKY KOPYNIIHUX PU3UKIB Ta OIMCAHO il CKIIaJI0BI.

BucnoBkn. BuCHOBKHM JOCHiIKEHHS BKJIIOUAIOTh DPEKOMEHIAMii II0JM0 PO3pOOKH MareMaTH4HUX (opMmyr s
JUArHOCTUKN KOPYIIIMHUX PU3UKIB y CHUCTEMI 3aKyMiBelb, IO MiJKPECIIOE€ MPaKTUYHY 3HadyIicTb podortu. Lli
pPEKOMEH/IaIli HAMArTh IiHHY iH(OpMAIiio s BIOCKOHAICHHS AHTUKOPYMIIIMHUX 3aXOJiB IUISXOM 3aCTOCYBaHHS

MAaTEMaTU4YHOT'O MOACIIFOBAHH A pI/I3I/IKiB.

KirouoBi ciioBa: ctpateris; 3akoHonaBcTBo PecryOmiku KazaxcraH; mpUuYrHA Ta YMOBH 3JI0YMHY; HAyKOBa IIporpama.
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