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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

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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ADAPTIVE MODEL OF MUTUAL FINANCIAL INVESTMENT
PROCEDURE CONTROL IN CYBERSECURITY SYSTEMS
OF SITUATIONAL TRANSPORT CENTERS

Abstract. The article presents a model of searching investment control strategies in cybersecurity systems of
situational transport centers. The solution of the problem was considered in the context of the development of the
Unified State Information and Communication System of Transport of the Republic of Kazakhstan. The model is a
component of the information component of intellectualized decision support systems in the tasks of analyzing
various strategies for investing in cybersecurity systems of situational transport centers, in particular for the case of
mutual investment in a large innovation project for the modernization of information security systems and cyber-
security systems by several states or companies. A characteristic feature of the model is the possibility of working
out specific recommendations choosing their strategies for investment in information technology and cybersecurity
systems of the situational transport center. It is based on the consideration of a bilinear dynamic quality game with
several terminal surfaces. The difference of such a bilinear dynamic game, from previously considered ones, lies in
the fact that the discrete equations, that define the dynamics, can be described with the help of arbitrary coefficients.

The solution of such a game is in the class of positional strategies at all relations of the parameters of the
investment process. The constructive method of the solution allows to create an intellectualized decision support sys-
tem. This makes it possible to optimize management decisions in the investment process for cybersecurity systems of
situational transport centers.

There are described the results of computational experiments conducted with the help of the intellectualized
decision support system (IDSS) "SSDMI". Considered various relationships between the parameters of the invest-
ment process in the cybersecurity systems of the situation center. During the simulation there was confirmed the
performance of the model and IDSS SSDMI and its high efficiency.

Keywords: cybersecurity, situational transport center, differential game, optimal investment strategies, hacking
and protection, intellectualized decision support system.

Introduction. It's no secret that nowadays one of the priority problems of any business, including
transport, is the task of providing information (IS) and cybersecurity (CS) [1, 2]. However, even after
setting up cyber protection contours, many transport companies subjectively feel a potential loss to the
side of the attack. The constant shortage of temporary, financial and human resources, while ensuring
reliable cyber protection, leads to the fact that the problems of IS do not lose their relevance with the time.
And it is not a simple task to attract investors for projects in the field of CS [1, 2]. The procedure of
investment in innovative projects, for example, in the field of information technology (IT), cybersecurity
(CS), and others, is often characterized by a high degree of uncertainty and risk. Therefore, in particular,
the landscape of cyberthreats on transport that changed over the past few years [1] had a profound impact
on the attitude of many transport companies to the problems of the CS [1, 2]. First of all, this was due to
the significant potential vulnerabilities and cyberthreats for information and communication systems (ICS)
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of the transport (ICTS), to the occurrence of new classes of cyberattacks, to the widespread use of wireless
data transmission technologies, etc. Also in recent decades, there were actively developed navigation
systems with the use of GPS, GLONASS, GALILEO, active and passive monitoring and video surveil-
lance systems for vehicles and cargo, new GSM, GSM-R, VSAT technologies, dispatching, situational and
logistic management systems, etc. In the conditions of the rapid implementation of digital technologies at
the objects of informatization of the transport industry [1, 2] not all investors paid due attention to the
problems of the CS of ICTS [1, 2]. However, as well as to the tasks related to the need to review
investment strategies caused by the occurrence and timely recognition of cyberthreats for ICTS, which
many experts consider to be components of critical information infrastructures of leading industrial states
[1,2].

In order to increase the effectiveness of evaluation various investment projects in the demanded
cybersecurity systems (CSS) of various information objects, in particular, in situational transport centers
(STC), and subsequent decision-making related to investment, it is necessary to use "intellectualized deci-
sion support systems" (IDSS ) [3], and, in particular, with elements of self-learning, i.e. adaptivity of the
used algorithms.

Filling the IDSS and their individual modules directly responsible for the analysis and solution of
specific tasks is carried out by implementation blocks containing programmed algorithms for economic
and mathematical models. However, not many IDSS allow to optimize the procedures related to the
searching for different variants of strategies in the mutual financial investment of companies in CSS [3, 4].
In this regard, it is important to develop new economic and mathematical models for IDSS, which will
adequately describe the real processes of CSS investment, due to the growing level of competition
between various firms and corporations on this market.

Literature review and problem statement. In recent years, a large amount of works [4-6] have
been devoted to the problem of choosing effective strategies for financial investment in IT and CSS of
various information objects.

It should be noted that with the development of computerized systems and IT, there was occurred a
separate direction of researches devoted to the application of expert systems [7-9] and decision support
systems (DSS, hereinafter IDSS) [10-12] in the tasks of determining rational investment strategies in IT
and CSS. Unfortunately, as the analysis of the mentioned publications [11, 12] has shown, the authors did
not offer any real recommendations during the search for rational strategies of mutual financial investment
in similar spheres of human activity.

Also, as follows from the conclusions [8, 9] and [11, 12], the use of ES and DSS in order to automate
procedures for selecting rational strategies for investment control in CSS is not always accompanied by
clear recommendations, as the models and algorithms proposed by the authors are affected by a large
number of secondary factors and limitations. And besides, as the authors admit themselves [12, 13], the
proposed models have no adaptability parameter [8. 11], i.e. require correction even in the case of a slight
change in the list of initial parameters and boundary conditions.

The aforementioned caused the problem related to the need to develop new adaptive models for IDSS
[13] in the tasks of determining rational strategies for mutual financial investment, especially in the IT and
CSS of various information objects.

On the basis of the previous experience and approaches, outlined by the authors in earlier
publications on this topic [1, 3, 12-14], and also close in methodology of research publications of external
authors [4, 5, 9, 10, 15, 16], we can confirm that a fairly effective approach in solving this class of prob-
lems is the use of methods of the differential quality games theory with several terminal surfaces [14-17].

Therefore, the analysis of publications on this subject confirmed the relevance of the problems of
further development of adaptive models and corresponding algorithms for IDSS in the tasks of continuous
mutual investment in IT and CSS of various information objects. The last is especially important for cases
when it is necessary to develop clear recommendations for investors without complex mathematical
calculations, shifting most of the calculations to computer programs in IDSS.

Purpose and objectives of the research. The purpose of the work is a model for the module of the
intellectualized decision support system during the continuous mutual investment in the cybersecurity
systems of the information object, in particular in the IT and CSS of the situational transport center.
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In order to achieve the research purpose it is necessary to solve such problems:

- to develop an adaptive model of searching for investment control strategies for various relationships
of investment process parameters in information technologies and cybersecurity systems of the
information object;

- to perform simulation for different investment strategies, in order to verify the adequacy of the
model and to develop rational investment strategies in the CSS of the situational transport center (on the
example of such a center in the Republic of Kazakhstan).

Methods and models.

1. Adaptive model of mutual financial investment procedure control in the cybersecurity of the
information object. Many transport companies retain the traditional approach of the solution of the CS
ICTS tasks. Most solutions are limited by the traditional investments in antivirus software and network
protection. This is a fairly simple financial strategy in order to protect the ICTS. Even experienced
administrators of information security services are not always ready for the worst scenario during the
cyberattacks at ICTS. Nevertheless, nowadays many hackers have mastered sophisticated methods of
camouflaging cyberattacks, which can have catastrophic consequences for companies' business. Conse-
quently, the last ones should shift their focus to replacing traditional approaches of CSS financing by
changing the financial component of investment strategies to cybersecurity in the direction of detecting
and blocking ICTS security systems hacking [18, 19]. Probably, for the customer the financial strategy of
investing in integrated systems of information security and cybersecurity will be more profitable. In this
case, it will be difficult without foreign investment. Particularly, for large IT projects, for example, such a
large-scale one as the creation of the Unified State Information and Communication Transport System of
the Republic of Kazakhstan (USICTS RK), see figure 1.

Such a project is caused by the need to integrate the existing ICTS of Kazakhstan into the Eurasian
transport network. At the same time, the socioeconomic, technical and technological aspects of the
development of the Republic of Kazakhstan, within the concept of the formation of the digital market
economy, will significantly affect the subsequent change of the principles of IT functioning in the entire
transport industry. The success of such a large-scale project is connected with ensuring the cybersecurity
of the USICTS. The basis of the USICTS of the Republic of Kazakhstan should be a single information
resource, which is created on the principle of decentralized databases, integrated among themselves by a
protected telecommunication environment [9, 20, 21]. Local, regional, as well as ICS of certain transport
types will be available to all participants of the transport market, regardless of the transport type and forms
of carriers ownership.

Let consider the following situation. An investor from a country where a stronger currency (Val 1) is
in monetary circulation, having free capital, is trying to choose the most preferable variants for its
investment. In order to do this, he chooses a counterparty, i.e. object for investment his funds, in a country
with a weaker currency (Val 2) in use. This object can be, for example - the economy of another country,
or the economic region, or, for example, information and communication systems, CS systems, etc. There
is an interaction of the investor and his counterparty. During the interaction, they seek to achieve their
goals, in particular, to increase their capital and to improve their financial and economic indicators. In the
future, without the loss of generality, we assume that the counterparty also seeks to increase its capital.
However, non-coinciding interests, non-optimal governance and the presence of uncertainty do not always
allow to reach the interaction simultaneously for the both sides.

If this task arises regularly for an investor, then it is appropriate to use IDSS in the decision-making
process related to investment. The formalization of the investment process is given under the assumption
that the investor is an economic region in one country (REG_1), the counterparty is the economic region
(REG_2) in another country.

We will describe the "basic" process — the process of interaction between REG 1 of one country and
REG_2 of another country. REG 1, having some free resources (its investment capital), increases them by
oy times (a; — the growth rate of REG 1 resources) and then decides how much of these resources it will
invest in active operations. These operations consist in placing resources in the investment projects of
REG 1 and debts repayment of REG 1 at that time. We will assume that the same produces are carried
out by REG 2 in relation to REG 1. We should note that if REG 2 does not allocate its resources to
REG 1, then, as it will follow from the below mentioned, this will be a special case of the variant with
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REG_2 and will be performed under the following assumptions: a) REG 1 controls the financial resources
x valued in Val_1; b) REG_2 controls the financial resources y valued in Val 2; c) during the interaction,

the ratio Val 1 to Val 2 (exchange rate) k, remains constant. If these assumptions are fulfilled, the
interaction proceeds as follows.

IS and ACS of the railway transport

E Situational !
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: and ICS of ' MIATS and SC

l 1 i

: :<:: V\:.>k )
| Mos CSTU NS : - \
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Figure 1 — Organizational and functional structure of the unified state information
and communication transport system of the Republic of Kazakhstan:
ACS — an automated control systems; DIC — a departmental information center;
MIATS - the main information and analytical transport center; IS — information systems; CSTU — computerized systems
of transport units; MOS — monitoring and observation systems; NS — navigation systems; SC - situational centers
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After REG 1 and REG_2, which is a counterparty for REG 1, determined with the share of resources
allocated for mutual active operations, mutual debts repayment, resource values, REG 1 and REG 2 will
be determined by the following system of discrete equations:

(1) =50+ [0~ A 011 e) ) 0)+
o)1) 0 AT o) ) 2 o

We+1)=a, - y(0)+ (1= £,(0))- (@, () + 12 (0) 1] v(0)- @, (1) - (1) + "
+[1=(a )+ 1 (0)- (0= B O] ) e (1) x(2) £,

Therefore, at the moment of time ¢ the value x(l + l) REG 1 (in Val 1) will be equal to the sum of
the following components

a, (t) x(t), — interest value of al(t) ( ﬂl( )) ( ) a, (t) (t) for the invested financial resources
of REG 1;

(1 - B (f )) M(t ) , (t) . x(t) the value of the invested financial resources of REG_1;

rl(t)-(l— B (t )u t )-0{1 (l) x( )— the value characterizing the share of the “returned” investment
resource of REG 1;
(1— ,31( )) ( )-0(1 (t) (t) the investment resource of REG_1 on CSS;
{(l r2 (l—ﬂ lzc(t) } :l— the value of the "unreturned" asset (investment) of
d

REG 2 (in Val 1);

{'Bli—(t)} . v(t)' a, (t) y(t)} — the resources for the debt repayment of REG_2 to REG_1;
d

u(t ) yoh (l ) Q, (l )-x(l )— the resource for the debt repayment of REG 1 at the moment of time ¢ to
REG 2;

u(t)-(l— ﬂl(t))-al (t)-x(t)— the resource of REG_1 for investment in the CSS at the moment of
time #;

{az (t) [1 - ﬂ;{—(t)j} : v(t)- a, (t) y(t)— interest payment for investment resources of REG_2;
d

{[1 - ’B;c—(t)J} . v(t)' a, (t) y(t)— investment resource of REG_2.

d

Similar components will also be for the expression (2). Therefore, the value y(l + l) (in Val_2) at the
moment of time ¢ will be equal to the sum of following components:

a, (t) y(t), — interest value of a, (t) ( ,32( )) ( ) 2(t) y(t) for the invested financial resources
of REG_2;

(1= B, (2)) (e)-

( ) ( -5, (t)) t) a, (t) it ) the value characterizing the share of the “returned” investment

resource of REG 1 in REG 2;

(1= () w(e)- e (e)

(- n( ))- (L= 4,(0))-ult
REG 1in REG 2;

u(t) B (t) k, (t) Q, (t) x(t)— the resource for the debt repayment of REG 1 to REG 2;

a (t) y(t) the value of the invested financial resources of REG 2;

(t) the investment resource of REG_2 on CSS;
)-k

d() () (t)— the value of the "unreturned" asset (investment) of
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v(t)- Jox (t) a, (t) y(t)— the resource for the debt repayment of REG 2 to REG 1 at the moment of
time ¢;

(l— B, (l ))-v(t )-0{2 (t ) y(l )— the resource of REG_2 for investment in the CSS at the moment of
time ¢;

a, (t) (l -5 (t)) k, (t) u(t) Q (t) x(t)— interest payment for investment resources of REG_1;

(1 -5 (t))u(t) Q (t) x(t)— investment resource of REG_1.

Interaction ends when the variants of the conditions are fulfilled:

) x(t+1)>0; y(e+1)<0; 2) x(t+1)<0; y(t+1)>0;

3) x(t+1)<0; p(e+1)<0; 4 x(t+1)>0; y(r+1)>0.

From an economic point of view, these variants are interpreted as follows.

Variant 1. The situation of investment resources (capital) loss of REG 2. REG 1 multiplied its
capital by the amount of capital REG_2.

Variant 2. The situation of capital loss of REG 1. REG 2 increased its capital by the amount of
capital REG_1.

Variant 3. The situation of capital loss of REG 1 and REG_2 (the default of both subjects of
interaction).

Variant 4. The ability of subjects to continue interaction.

There is a question, how to determine the time of possible capital (investment resources) loss
according to the information on the initial resources (capital), the exchange rate, the growth rates of
REG 1 and REG 2 resources, the interest rates for the allocated capital, the levels of payables and
receivables. The toolkit of the multi-step quality games theory [12, 14—17], which allows to determine the
areas of possible initial states of resources (capitals) of interacting objects with the following property: if
the interaction begins from these states, then at one moment of time the loss of capital is possible both by
the one side of the interaction and by the other one, answers the posed question. In order to find such areas
there is solved a multi-step quality game with two terminal surfaces, the solution of which is to determine
the set of preferences, and also the strategies (control actions) of the parties, using of which make it
possible to obtain the outcomes preferred for each side. In this approach, the set of preferences of one side
are, in fact, a set of capital loss for the other party. Indeed, for any party of such interaction, the preferred
outcome is the preservation of the capital, and undesirable one - its loss. However, it is quite possible that
one of the party could act to the other in worst way, that ultimately led the other side to a capital loss. In
this case, the set of initial states of the resources of the interacting parties possessing the property that
there are strategies (control actions) of one side leading the other side to a state of capital loss, can be
called as a set of capital loss for the other party.

We should note that the initial interaction is not limited by the multi-step game model. Similarly, it is
possible to simulate interaction that reflects the functioning of several economic regions; it is possible to
take into account the incompleteness of information among regions, etc. Therefore, it is possible to use the
apparatus of multi-step games for group interaction and for interaction with incomplete information.

In the article, we shall limit ourselves by a simple interaction, which, despite all simplicity, never-
theless allows us to make qualitative conclusions about the financial state of the subjects, depending on
the correlation of the parameters of this interaction, and on the possible capital loss of one or the other
interaction subject.

The solution of the problem. For convenience of the presentation we will "identify" REG_1 with the
player (I), and REG 2 — with the player (II). The above mentioned interaction will be considered within
the framework of a multi-step positional game with complete information [12, 14—17]. Within the
framework of this scheme, the interaction "generates" two tasks — from the point of view of the first
player-ally and from the point of view of the second player-ally. Because of the symmetry it is sufficient
to consider one of them, for example, from the point of view of the first player-ally. For this, we will

define the pure strategies of the first player-ally. Denote by 7" = {0,1,...}— the discrete set characterizing
the region of time parameter change.
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Definition. The pure strategy of the first player-ally is the function u : T - [0,1]‘ [0,1] - [0,1], that puts
the state of information (position) (t,x(()), y(O)) the value u(t,x(O), y(O)): 0< u(t,x(O), y(O)) <I.

The pure strategy of the first player-ally is the function (rule) that puts the state of information at the
moment of time ¢ the value u(t,x(O), y(O)) that determines the value of the resource (capital) of the first

player, which he allocated to "invest" the second player. With regard to the knowledge of the opponent
player (within the framework of the positional game scheme), no assumptions are made, that is equivalent

to the fact that the opponent player chooses his control action u(t) based on any information. After

defining the strategies in task 1, we need to determine the set of preferences for the first player.
Considering that for the description of the proposed approach it is sufficient to confine ourselves with a

qualitative description, the set of preferences W, of the first player will be given in this way.

W, — a set of such initial resources (x(()), y(O)) of players that possess such property.

Property: for initial states there is a strategy of the first player, which for any realizations of the
strategy of the second player "leads" to one of the moments of time 7, the state of the system (x(t), y(t))
in such, when the condition (3) will be satisfied. Moreover, the second player does not have a strategy that
can "lead" to the fulfillment of the condition (4) at one of the preceding moments of time. The strategy of
the first player, having this property, is called optimal. The solution of the task 1 is to find the set of
preferences of the first player and his optimal strategies. Similarly, the problem is posed from the point of
view of the second player-ally. Because of the symmetry of the problems statement it is sufficient to
confine ourselves with the solution of the task 1, because the solution of the task 2 is exactly the same.

The solution of the task 1 is found with the help of the tools of the multistep games theory with
complete information [12, 14-17, 20, 21], which allows to find the solution of the game for various ratios
of game parameters. We give the solution of the game, i.e. sets of preferences ¥, and optimal strategies

for the first player.
Let assume that for any moment of time ¢ the following conditions are satisfied:

al(t): &, az(t): oy, ﬁl(t): B ﬂz(t):ﬂz; ’ﬁ(l): s rz(t): .

Let denote through ¢, &g, the following values: ¢, = (1 -B ) (al +7 ) -1
q, = (I_ﬂz)'(az +r2)—1.

Four cases are possible:

a) ¢,20; q,20; b) ¢,<0; ¢,<0; ¢) ¢,>0; ¢,<0; d) ¢,<0; g,>0.

In addition, it is necessary to take into account that a different ratio of growth rates o, &, is
possible, namely, it can be either &, > a, ora, < «,.

In case a) and o, > , there are a finite number of set of preferences Wli for the first player-ally
with the following property.

Property: if (x(O), y(O)) IS Wli, then the first player in i steps can get the condition (3), no matter
how the second player acts. Moreover, the second player has a strategy that does not allow the first player
to get the condition (3) in less number of steps. In this case, we write Wli in following way:

W' = {(x(0), ¥(0)): k(i =1)- x(0) < ¥(0) < k(i) x(0)}, (3)
where k(i)z (ﬂj . (ql ! .k(i — 1)+ k(i _ l)j, k(O) =0;

a, 1+Q2+%'k(i_1)

o k()= Kk -1)<q, /g,

2

i=1...k

(such k" exists).
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M

The set W (i:k )

! ={(x(0),1(0)): k- (k" ~1)-x(0) < ¥(0) < (g1 /,)- x(0)} @
The combination of sets Wli will determine the set of preferences of the first player W, ,i.e.:
W, = {(x(0). (0)): (0) < (4, /) x(0)} (5)
And from any state (x(()), y(O)) of this set the first player can reach the condition (3) in a finite
number of steps (no more than k).
In case a) and «, < «, there are countably number of set of preferences Wli of the first player-ally
with the following property.
Property: if (x(O), y(()))e Wli, then the first player in i steps can get the condition (3), no matter

how the second player acts. Moreover, the second player has a strategy that does not allow the first player
to get the condition (3) in less number of steps.

We write the set Wl[ in following way:

W =1{(x(0). (0)): k(i =1)- x(0) < »(0) < k(:)- x(0)} (6)
where k(i) = (ﬂj : [ql 9 .k(i — 1)+ k(i - 1)} k(O): 0.

a, 1+Q2+92'k(i_1)

In this case we will write W, as follows:

W, = {(x(0).»(0)): ¥(0) < (g.)- x(0}}, (M)

+q,q. +q.
where q*:q*:(ﬂ)(% $h'9-79 j
a, I1+g,+4,-q:

The optimal strategy of the first player in these cases is to "allocate" all of the capital to investments,
if the resources (x(()), y(O)) belong to the first player's set of preferences.

Quite symmetrically, in these cases, there are found the set of preferences and the optimal strategy of
the second player.

In case b) the whole set Rf is preferable for both the first and second players. In any strategy,
players will be able to continue the interaction.

. . . (24
In case ¢) and at the verity of the inequality (—lj . (q1 + 1)2 1, , the set of preferences for the first
a,
player W, is all admissible initial resources, i.e. R>. A set of preferences W, does not exist in this case.
The optimal strategy for the first player is to invest all available resources in investments.

(24
In case ¢) and at the verity of the inequality (—lj . (q1 + 1) <1, the set of preferences for the first
a,

player W, are determined in following way:

W, = {(x(0).»(0)): »(0) = (4.)- x(0)} ®)

Q, q,

a_z} [1—(61#”(%2)) |

In this case, there is a countable amount of set of preferences Wli for the first player-ally with the

where ¢+« : g« =[

property if (x(O), y(O)) € Wli , then the first player in i steps can get the condition (3), no matter how the
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second player acts. Moreover, the second player has a strategy that does not allow the first player to get
the condition (3) in less number of steps.

We write the set Wli in following way:

Wy = {(x(0), ¥(0)): k(i =1)- x(0) < ¥(0) < k()- x(0)}, ©)
where k(i)= (Z_] (g g k1) k1) K(0)= (Z_jq

2 2
The optimal strategy for the first player is to invest all available resources in investments.
A set of preferences W, does not exist in this case.

In case d) the situation is symmetric to the case c), i.e. a set of preferences W, does not exist. The set

of preferences W, is determined in a symmetric manner with respect to the set of preferences W, for the

case c¢).

All cases of correlation of interaction parameters are considered. Symmetrically solved the task 2
from the point of view of the second player-ally.

As it was noted, the problem from the point of view of the second player-ally is solved similarly. And
the areas of preferences from the point of view of the second player are "adjacent”" to the areas of
preference of the first player. These areas are divided among themselves by equilibrium beams (EQB) [12,

14, 17, 22]. The equilibrium beams have the following property: if a pair of states (x(O), y(O)) belongs to
the EQB, then players have strategies that allow them to be on the EQB for all subsequent moments of
time. Solving the tasks by the proposed game methods in the (x, y) variables space we can find EQB, that
is, if the interaction starts from these states, then the players have strategies that allow them to stay on
EQB. It means that, at the given (x(O), y(O)) it is possible to find the ratio of the interaction parameters

for which the pair (x(t), y(t)) will be located on the EQB.

If the initial states (resources) are not on the beam of equilibrium interaction, then we can try to
change the interaction parameters in such a way when the initial resources are on the EQB. This will allow
the parties to continue their interaction for as long as they like.

It should be noted that there are possible situations where the interaction parameters have changed.
Then, it is possible to carry out the above mentioned procedure with new parameters and to find new
optimal strategies for interaction between the parties, that is, the proposed interaction control scheme is
adaptive.

Remark 1. It is easy to see that a more "strong" currency influences the "increase" of preference
zones (comparison by inclusion of sets) and the "decrease" of investor risk zones from an economy with a
"stronger" currency, and vice versa. It means that an investor with a "weaker" currency should leave those
areas of financial resources that become affected by the risk of capital loss due to the "weakening" of the
currency of the investor's country.

Remark 2. The considered example of the simplest interaction allows to make the following
conclusion that in the space of initial resources there are areas of preference for players. Therefore, if the
resources are in the player's preference area, then it is disadvantageous for this player to avoid interaction
with the other player, because the other player can change the resource ratio at the absence of interaction
as a result of autonomous operation (for example, using the advantage of technology, i.e. in the case if its
growth rate is greater) and thereby go to the set "preferred" for him. And then, having already entered into
interaction, gain an advantage in this interaction and "lead" another player to a capital loss.

Experiment. The quantitative analysis of the parameters, obtained in the process of searching for
rational financing strategies in the systems of cybersecurity of transport companies on the example of
large investment projects in Kazakhstan and Ukraine, was carried out by simulation modeling in the
Matlab/Simulink environment. For this purpose, there was constructed a corresponding simulation model
that contains the blocks of equations (1) and (2) given in point 4, see figure 2. This simulation model was
compiled on the basis of the standard blocks of the Matlab/Simulink environment. This made it possible to
obtain the required parameters during the computational experiments, see figure 3 and 4.

— 167 ——



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

1]

s

Integrator

—|

e

Productl

beta
E
C
beta

odeRescueSubsysjtem

Product?2

+
Substractl

>

Clock GZina

Math
Function)

Product

File Edit Yiew lnset Tools Debug Desktop Window Help

DEde |} RROPDEA- |G |0H| 0@

| Figure1 x|

BOAE:

Figure 3 — Example 1 of the results of a computational
experiment in the Matlab/Simulink environment
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Figure 2 — Simulation model based on equations (1) and (2)
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Figure 4 — Example 2 of the results of a computational
experiment in the Matlab/Simulink environment

On the basis of the proposed model of continuous mutual investment, there was implemented the
program module IDSS "SSDMI", see figure 5. The module is implemented in Delphi language.
During the analysis of the IDSS "SSDMI" module operation, the correctness of the algorithm
execution was monitored.
The IDSS "SSDMI" module can be used as an independent software product, and as an auxiliary unit
of the decision support system "DMSSCIS", which, in particular, allows to assess the risks of investment
in information security systems of large enterprises [15, 16].
On the graphs of figures 3 and 4, the x-axis means “mln, $” (in our case Val 1). On figure 3 the

tangent of the angle slope is "2". That is, the equilibrium beam is determined by the relation y =g¢, - x,
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q. =2.0. On figure 4 the tangent of the angle slope is "3". The y-axis means "mln. hryvnia" (Val 2, for

the case of the national currency of Ukraine). On figures 3 and 4, the investors' movement trajectory is
shown by a blue dotted line with blue markers (rhombuses). The equilibrium beams are shown on figures
3 and 4 by a red solid line with red round markers. Similar calculations can be made for the case when
tenge (Kazakhstan) is used as the currency.

On figure 5, the tangent of the angle slope is "3.5". That is, the equilibrium beam is determined by the

relation ¥ =¢.-x, ¢.=3.5. The area, highlighted in blue, corresponds to W, . The area marked with a

light yellow color, corresponds to W, . The trajectory of investors' movement (shown by a red line with

blue markers in the W, area), determined using the simulation model shown in figure 2, as well as using
IDSS SSDMLI, (x - financial resource of the first investor, y - financial resource of the second investor).
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Figure 5 — The results of the operation of IDSS "SSDMI" for the selection of strategies
for mutual investment in the cybersecurity systems of the situational transport center

The results obtained in the graph demonstrate the effectiveness of the proposed approach. During the
testing of the program "SSDMI" there was established the correctness of the received results.

Discussion. The considered model for the interaction procedure, both at the micro and macro levels,
is the process of prediction the results of investment in CSS of ICTS. The Figure 3 corresponds to an
simulation experiment in which the second player, using the non-optimal behavior of the first player at the
initial moment of time, achieves the case when he "brings" the state of the system to his "own" terminal
surface. The Figure 4 corresponds to an simulation experiment in which the initial state of the system is on
an equilibrium beam. And the players, applying their optimal strategies, "move" along this beam. This
"satisfies" both players simultaneously. The Figure 4 illustrates the "stability" of the system. This
corresponds to a situation where, at small deviations in choosing the implementation of the optimal stra-
tegy by the first player (see the dotted line), he will reach his goal, but somewhat later. The figure 5 shows
the acceptable accuracy of the IDSS "SSDMI" program module in relation to the results of computational
experiments in the Matlab/Simulink environment. The discrepancy does not exceed 3-7%. Unfortunately,
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the predicted data obtained not always using the IDSS "SSDMI" coincided with the actual data. At this
stage of development of our model, this circumstance is a definite disadvantage of the proposed approach.
By increasing the amount of variants for financial strategies by the protection side and the amount of com-
putational experiments we can reduce discrepancies. In particular, due to wider use of information tech-
nologies for data mining and preliminary expert evaluation of financial protection strategies for ICTS and
USITS RK. This will eventually allow us to improve the toolkit for prediction investment processes in CSS.

Comparison of the results of our computational experiments with the data of other authors [6-11, 15,
16] made it possible to conclude that the approach outlined in the article is acceptable. Therefore, the
proposed toolkit will allow the participants of the investment process in CSS of ICTS to improve signi-
ficantly the performance indicators of their activities. In addition, the joint use of software products such
as IDSS “SSDMI” and an adaptive expert system for the recognition of cyberthreats (described in the
works of the authors [20, 21, 23]) will allow investors not only at the stage of initial analysis of the
project, but at the modernization of existing systems of cybersecurity, in particular, for critical computer
infrastructures, to build effectively a forward-looking policy in the field of financing of cyber security
systems, taking into account the trend towards increasing the amount of threats for their ICS.

Thanks. The work was carried out within the framework of the project "Development of adaptive
expert systems in the field of cybersecurity of critically important information objects", registration
number AP05132723.

Conclusions. There is proposed a model of searching for investment control strategies in the cyber-
security systems of the situation transport centers in the conditions of active development of the Unified
State Information and Communication Transport System of the Republic of Kazakhstan. There were
considered different ratios of investment process parameters in CSS

The model is a component of the information component of intellectualized decision support systems
in the tasks of analyzing various strategies for investment in cybersecurity systems for situational transport
centers, in particular for the case of mutual investment in a major innovation project for the modernization
of information security systems and cybersecurity systems by several states or companies. The model is
based on the consideration of a bilinear dynamic quality game with several terminal surfaces. The pecu-
liarity of the model lies in the fact that the discrete equations, governing the dynamics of the game, can be
described with the help of random coefficients. This made it possible to extend the class of the solved
problems. The constructive method of solution allowed to create a module of the intellectualized decision
support system. This allows to optimize control decisions in the investment process for cybersecurity
systems of situational transport centers.

There are described the results of computational experiments conducted in the Matlab/Simulink
environment, as well as with the help of Intellectualized Decision Support System (IDSS) "SSDMI".
There were considered various relationships between the parameters of the investment process in the
cybersecurity systems of the situation center. The operability of the model and IDSS "SSDMI" and its
high efficiency was confirmed.

Bb. C. AXMeTOBl, b. b. AXMeTOBz, B. A. JIaXH03, B. I1. Mamokos*

'«Typan» yauBepcureri, Anmarsl, Kazakcran,
*[1I. EceHoB aThiHaarbl Kacruii MeMIeKeTTik TeXHONOTHsIAp OHe HHKHHUPHHT YHHBEpcuTeTi, AKkTay, Kasakcras,
Y ITTHIK GHOpECypCTap KoHe TaGUFATTHI Maiiianany yHusepeureti, Kues, Ykpauna,
*Eypomnansik yausepcutet, Kues, Ykpauna

KOJIIK OPTAJIBIKTAPBI JKAFIAMBIHBIH KUBEPKA YIIICI3AIK )KYUEJEPIHE
O3APA KAPKbl MTHBECTULMSIJIAPBIH POCIMAEYAIH BEHIMIEJITEH MOJIEJI

AnHoTanus. Makanaia KeJlik OpTaJIbIKTaphl JKarIaibIHBIH KUOCPKAYIIICI3MIK KYHeIepiHAe WHBECTUIUSIIBIK
backapy cTparerusachiH TaOyIbIH yirici kenTipinreH. Moceneni memy Kasakctan PecryOnukachlHBIH TachIMaiaay
BippiHFali MEeMIIEKETTIK aKHIapaTThIK-KOMMYHUKAIUSIIBIK JKYHECIH HaMBITy KOHTEKCiHAE Kapaiabl. MoJelb Keik
OPTANIBIKTAPHI JKaFIaHBIHBIH KAOCPKAYINCI3MIK KYHeIepiHe WHBECTUIUSIIAYIBIH OPTYPIIi CTPATETHUSUIAPBIH Taaay
MIHAETTEPIHAC WHTSIUICKTYAIIbI MEIIIMIACPAlI KOMAAY XKYHUCIEPiHiH aKIapaTThK KOMIOHCHTIHIH KypaMmaac Oeiri
0opIT TAaOBLTAB, aTal alTKaHAa OipHeIIe MeMJIEKET HeMece KOMITAaHHsUIap IbIH aKITapaTThHIK Kayilci3miK KyHenepin
JKoHE KHOepKayilci3mik jKyienepiH KaHFBIPTyFa apHaIFaH ipi MHHOBAIMSJIBIK JKOoOaFra e3apa MHBECTHISUIAY YKar-
nmaiiprana. MoJeniH TOH epeKIIeNiri — aKImapaTThIK-TEXHOMOTHIIBIK KOHE KOJIK OpTANBIFBl JKaFTaibIHBIH KHOEep-
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Kayinci3mik JKyienaepiH MHBECTUIMSIIAY CTPATeTHSCHIH TaHAAy Ke3iHIe HAKTHl YCHIHBICTApP 93ipiey MYMKiHZIri 00-
neim Tabbutagel. On OipHemre TepMuHa OeTTepiMeH OMIMHEHI THHAMHUKAIIBIK, CallabIK OMBIH KapayFa Heri3eNreH.
BypbiH KapacThIpbUIFAHAAPIAH ANBIPMAIIBUIBIFGI MYHIAH OHIMHEII AUHAMUKAIBIK OWBIH apachlHIAFbl JHHAMH-
KaHbl aHBIKTANTBIH TUCKPETTI TEHEYNep epikTi KO3 QUIMEeHTTEp KOMETIMEH CUIIATTAYbl MYMKIH.

MyHzaii OWBIHHBIH LICUIIMI WHBECTHIHMSUIBIK MPOLECTIH MapaMeTpiiepiHiH 0apliblK KaTblHACTAphl YILIIH I103H-
LUSUIBIK CTpaTerusuiap KiacbiHa opHanacaapl. llemiMHiH KOHCTPYKTUBTIK 9JIiCi 3UATKEPIIK INEIiMIep Il Koiaay
KyieciH »Kacayra MYMKIHZIK Oepeni. By kejik oOpTaibIKTapbl »KarJalbIHBIH KHOEpKayilCi3miK JKydeci YIIiH
MHBECTUIUSIIBIK MPOIECTe 0ACKapy IICIIIMICPIH OHTAWIaHIBIPYFa MYMKIHIIK Oepei.

«SSDMI» nnTemnexryanupl menriMaepai konaay xkyiecinig (MIIKYK) kemeriMeH »ypri3iireH ecentik akcre-
PUMEHTTEpAIH HoTWKenepi cunartainFad. OKuFanap OpTaIbIFBIHBIH KHOSPKayiICi3/iK >KyHenepinaeri MHBeCTHIIU-
JIBIK TIPOLICCTIH MapaMeTpiiepi apachIHIAFBl TYPJi KATHIHACTAP KapacThIPhUIAAbL. VIMUTAUSIIBIK MOJEIBACY Oaphi-
ceraga ISPPR SSDMI mopeniHiH KYMBIC iCTEY MYMKIH/IIT )KOHE OHBIH JKOFaphl THIMJILTITT pacTalIbl.

Tyiiin ce3aep: kuOEpKAYINCi3miK, KOTIK OPTAIBIFBI XKaFAalbl, TU(PepeHITHAIIBI OHBIH, OHTAMIB HHBECTHIUS-
JBIK CTpATeTHs, 0Y3y jKOHE KOPFAHBIC, 3UATKEPIIIK MIeITiMAep i KOJAay KyHeci.

Bb.C. AXMeTOB', b. b. AXMeTOBz, B. A. .JIaxnoS, B. I1. Maokos*

'Vuusepcuter «Typan», Anmatsl, Kazaxcran,
*Kacrmitckuii rOCyIapCTBEHHBIN YHUBEPCUTET TeXHONIOTHI 1 mkuaupuaTra uM. 111. Ecenora, Akxray, Kasaxcras,
HarmonansHeIi yHUBEpCUTET OHOpPECYPCOB B MPHUPOAONOIs30BaHus, Kues, Ykpanna,
4EBpone17101<1/1171 yHuBepcureT, Kues, Ykpauna

AJIALITUBHASI MOJIEJIb YIIPABJIEHMS ITPOLIEJTY PO
B3ANMHOTI'O ®PUHAHCOBOI'O HHBECTUPOBAHUSA B CUCTEMbBI KNBEPBE3OITACHOCTH
CUTYAIIMOHHBIX HEHTPOB TPAHCIIOPTA

AnHoTanus. B crathe npeacraBieHa MOJENb JUIS HaXOXAEHHUs CTpaTeruil yIpaBICHUS WHBECTHPOBAHUEM B
CHCTeMbI KHOEepOe30IIaCHOCTH CUTYallMOHHBIX IIEHTPOB TpaHCHOpTa. PemieHne 3amadd pacCMOTPEHO B KOHTEKCTE
passutust EguHOW TOCYIapcTBEeHHOW WH(POPMAIMOHHO-KOMMYHHKAIIHOHHON CHCTEMBI TpaHCHopTa PecmyOmmku
KazaxcTtan. Mopens siBIsieTCsI KOMIIOHEHTOH HH()OPMAITMOHHON COCTABIIIONICH WHTEIUICKTYaTH3NPOBAHHBIX CHCTEM
MOJJIEPKKY NPUHATHS PEIICHUH B 3aJadax aHaJIM3a Pa3iIMdHbIX CTPAaTETMii MHBECTUPOBAHMS B CHCTEMBI KHOepOe3-
OIACHOCTH CUTYallMOHHBIX LIEHTPOB TPAHCIOPTA, B YACTHOCTH HJIS CIy4as B3aUMHOIO MHBECTHPOBAHUS B KPYIHBII
WHHOBALMOHHBIA MTPOEKT 10 MOJEPHHU3ALUK CUCTEM 3aIlUThl MH(POPMAIMOHHBIX CHCTEM M CHCTEM KubepOesomac-
HOCTH CO CTOPOHBI HECKOJIBKUX TOCYAAPCTB MM KOMIAHUM. XapaKTepHONW 4epToil MoJeny SBISETCS BO3MOXKHOCTh
HapaOOTKM KOHKPETHBIX PEKOMEHJAlWil NpPH BBIOOpE CBOMX CTpaTerMii WHBECTHPOBaHMS B HMH(GOPMAIMOHHBIC
TEXHOJIOTUH M CHUCTEMbI KHOEpPOE30MacHOCTH CHUTYaIlMOHHOTO IeHTpa TpaHcmoprta. OHa 0asupyercs Ha paccMoT-
peHnHM OMIMHEHHOM NUHAMHYECKOM WIPBI KauecTBa C HECKOJBKHMH TEPMHHAIBHBIMH IMOBEpXHOCTAMH. OTinune
TaKkol OMIMHEHHOW IMHAMWYECKOW WIPBHI, OT paHee PacCMOTPEHHBIX, 3aKJII0YaeTCs B TOM, YTO AWCKPETHBIE ypaB-
HEHUS, 33/1al01I1e TMHAMHKY, MOTYT OIIMCBIBATHCS C TIOMOILBIO TPOM3BOJIBHBIX KO3 GHUIINEHTOB.

Penienne Takoil Urpel HAXOOUTCSA B KJIACCE MO3MLUOHHBIX CTPATETHH NMPH BCEX COOTHOLIEHHSAX MapaMeTpoB
HMHBECTULUOHHOTO Mponecca. KOHCTpYyKTHBHBIM METOJ pPELICHUS MO3BOJIAET CO3[4aTh MHTEIUIEKTYyaIU3UPOBAHHYIO
CHCTEMY MOIJICPKKH NPHUHSTUS PELUICHHH. DTO JaeT BO3MOXKHOCTh ONTHMHU3UPOBATh YIPABJICHUECKHE PELICHUS B
MHBECTHLIHOHHOM MPOLIECCE I CHCTEM KHOepOe30IacHOCTH CUTYAIlMOHHBIX [IEHTPOB TPaHCIIOPTA.

OmnucaHbl pe3yabTaThl BBIUYMCIUTENBHBIX SKCIEPHMEHTOB, NMPOBEACHHBIX C IOMOIIBI0O HHTEIIEKTYaIn3Uupo-
BaHHOW cucTeMbl noanepkku npusstus pemenuit (MCIIIIP) «SSDMIy». PaccMoTpeHbl pa3iuyHble COOTHOILEHUS
rapamMeTpoB MHBECTHIMOHHOI'O Tpoliecca B CUCTEMBI KHMOEpOE30MacHOCTH CHTYallMOHHOrO LeHTpa. B xone mmu-
TAIHOHHOTO MOJICTIUPOBAHUS MOATBepkIeHa pabdorocmocooHocts Momenu u WCIIIIP «SSDMI» u ee Bbicokas
3G PEKTHBHOCTD.

KiroueBble ci1oBa: knbepOe30acHOCTh, CUTYallMOHHBIA LIEHTP TpaHCHopTa, AuddepeHnaibHas urpa, onTH-
MaJIbHbIEe CTPAaTETUH MHBECTUPOBAHUS, B3JIOM U 3alllUTa, HHTEIIEKTYaIM3UPOBAaHHAs CUCTEMA OJAEPKKU PEIICHUI.
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