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Abstract. Here, the theoretical model was used as a foundation for proving reasonable of two enterprises merging.
The hierarchic game has been employed as a base for investigation of active system of two centers. Using the theory
of games and models of two enterprises merging, it has been proven that for the active systems with distributed control
Nash equilibrium and Pareto effectiveness are useful under the terms of collaborative work and amalgamation of two
centers. The mathematical models, mechanisms, and methods for the development of effective decisions of enterprise
management have been observed. In the paper we interpret the whole system as a game with three players — two centers
and agent. Typically, in this system the agent can be subordinated to several centers. The specific of the system with
distributed control is equilibrium which depends on the management quality applied to the agent. In turn, the centers
depend on agent’s behavior. The merging of centers results in more effective collective management of agent than
individual one. The authors have observed the conditions for balanced game of two centers as well as the effectiveness
of their collective work upon agent’s share control. We assumed that the merging of two management systems is very
fruitful for agent’s activity managing and carried study has confirmed fully our suggestion.

Keywords: game; active system; Nash equilibrium; Pareto effectiveness; center; agent; aim function; strategy;
compromise multitude.

AHoTanisi. PO3IISIHYTO TEOPETHYHY MOJENB K 0a3y, [0 JOBOAUTH JOLIIBHICTH 3JMUTTS IBOX HimnpHemcTB. s
JOCTI/DKCHHST aKTUBHOI CHCTEMH JBOX LIEHTPIB 32 OCHOBY B35TO iepapxiuHy rpy. Ha mingcraBi Teopii irop i mMome-
JIFOBAHHS 3JIUTTS JBOX MIiIIPHEMCTB JIOBEJCHO, IO JUIsl aKTHBHUX CHCTEM 3 PO3IOALICHAM YIPABIiHHAM PiBHOBAry
3a Henrem i ontumanbHicTs 3a [lapeTo MokHA pO3IIIsAaT Ha yMOBaX CIIIBHOT POOOTH 1 3IIMTTS JIBOX IIEHTPIB. 3ampo-
MTOHOBAHO MaTeMaTHYHI MOJIEITi, MEXaHI3MHU H METOIN pO3pOOKH PillleHb e()eKTHBHOTO YIIPABIIIHHS ITiJIIPUEMCTBOM.

Kurouosi ciioBa: Tpa; akTBHA crucTeMa; piBHOBara 3a Hemewm; edextuBHicTh 3a [TapeTo; eHTp; areHT; QyHKITiS iTi;
CTpATETisI; KOMIIPOMIC.

Annoranusi. PaccMorpeHa TeopeTHdeckast MoJIeib Kak 0a3a, KOTopasi JOKa3bIBaeT 11e1eCO00Pa3HOCTh CIAMSHUS ABYX
npeanpusTui. Jlis uccieaoBaHus aKTHBHOM CUCTEMBI JIBYX LIEHTPOB 32 OCHOBY B3dTa nepapxudeckas urpa. Ha octo-
BaHWU TEOPUH UTP W MOJEIMPOBAHUS CIUSHUS JBYX MPEANPUSITHH JOKa3aHO, YTO JJIsl aKTUBHBIX CHCTEM C pacripe-
JICTICHHBIM yTIpaBlIeHHeM paBHoBecue 1o Hamry u ontumansHOCTh 1o [lapeTo MOXKHO paccMaTpuUBaTh Ha yCIOBUSX
COBMECTHOH paboThl M CIUSIHUS IBYX LEHTPOB. [IpeyioxkeHpl MaTeMaTHuecKiue MOACIH, MEXaHH3MbI 1 METO/IbI pas-
paboTku penenuii 3pHEeKTHBHOTO yIPaBICHUs IPEANPUSITHCM.

KaroueBble cjioBa: urpa; akTUBHas cucrema; paBHoBecue 1o Homry; saddexruBrocTs mo Ilapero; mentp; arent;
(YHKIMS IEH; CTPATETHST; KOMITPOMHCC.
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PROBLEM STATEMENT

On the base of the game theory which is modelling
amalgamation of two scientific production enterprises
manufacturing the same product (turbines) we prove
that for the active systems with distributed control Nash
equilibrium and Pareto effectiveness can be observed
on the condition of cooperation or amalgamation of the
two centers.

LATEST RESEARCH
AND PUBLICATIONS ANALYSIS

A formal usage of mathematical models in the mana-
gement theory, economy, and sociology and so on is known
for a long time. Intensive development of the game theory
started after publishing the work [5] in the 1940-ies.
At the last decade the theoretical game approach
is also used in the organizational systems' theory [3, 4].
Important results are got in the works [1, 2, 6], where
Nash equilibrium and Pareto effectiveness are used.

THE ARTICLE AIM. In this paper the mathematical
models, typical mechanisms and procedures of decisions
development for the effective enterprise management are
offered.

BASIC MATERIAL

In the complicated active systems management [1]
decisions are developed by the centers. Amalgamation
of two big enterprises "Zorya" and "Mashproekt"
inNikolayev, Ukraine in one scientific production complex
is a good example for improving of their effectiveness.
Substantiation of the amalgamation on the base of modern
mathematical theory of the active systems has a very
important practical and theoretical significance.

Amalgamation model. Let's consider the theoretical
model of amalgamation of the two enterprises in terms
of the game theory. For instance, we have an active
system [2] U that consists of two centers C,, C, and
an agent 4, then U={C,, C,, 4}, K#D e w0, +t0,<0,.

We interpret system U as a game with tree players:
C,, C,, A. Vectors of the centers action are forwarded
to the common object of management — agent A.
We introduce the ensembles of possible behavior
strategies [6] for each player in the system U:

_J C +(1 C1
XC] _{Xl ,X2 Xy, J’

| |
| |

=y y& .. xC
Xe, = X=X~ ,XmZJ,

[ya 4 n
XA :{Xl ,X2,"',XNJ_

The totality of the strategies is as follows:
' vC1 C | _
LXI I’le’”"Xlli =

|
:{X1 Xy X5 XEXc ®Xc, ®X .

We indicate the aim function for each player in the
system: W_ =W, (X) is the aim function of the center
C,, W,=W (X) is the aim function of the center C,
W, =W, (X) and is the aim function of the center 4. For
every solution X the aim functions have the real number —
profit: W(X): X— R .

A normal form of hierarchic game G [6], which
interprets an active system management, looks like
as follows: G={C, C,, 4, X, X ,, X , W, W _, W } .

In the above matrix management structure, which
is typical for majority of scientific production enterprises,
the agents can be subordinated to several centers. Active
systems, in which such model of management is applied, are
called as customary systems with distributed control [1].
The characteristic feature of the system with distributed
control is the centers play in which equilibrium depends
on the quality of the centers management applied
to the agent, bearing in mind that it can be individual
as well as common. The centers C, and C, play consists in the
kind of stimulation choice for the agent A. the mentioned
centers in their turn depend on the agent's behavior.

The functional of the centers aim functions
are as follows:

Wc1 = (S(X)7x) = PCl (x) - Sc] (X)’
Wcz = (S(X),X) = Pcz(x) - SCZ(X),

where P, (X) is the profit C| from agent's 4 actions, P (X)
is the profit C, from agent's 4 actions S . (X) is the agent's
stimulation from the center C|, S (X) is the agent's

stimulation from the center C,, S(X)={S_,(X), S,(X)}
is the vector function of profit. The aim functions of the
agent W (S(X),X)=S_,(X)+S,(X)+S,(X)-C(X), where
C(x) is the agent's expenditures as a result of strategy
of the chosen behavior. The aim function of the agent
consists of a number of remunerations from the centers
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without its own expenditures. Depending on stimulation
vector S(x) the agent chooses such an action strategy
xe X that definitely maximizes its aim function —
principle of the rational agent's behavior:

supW =Arg max ,_ .4 (SCI(X)-i- SCZ(X)—C(X)).

The centers come to the problem of the vector-function
components stimulation choice. Each center can choose
its own behavioral strategy as to the agent's management.
Depending on the centers suggestion the agent chooses
the strategy which guarantees maximum income. If one
of the centers chooses individual behavioral strategy
the agent is not obliged to follow it as the second
center can offer greater remuneration. System U loses
equilibrium and the centers are enlisted to the search
of equilibrium. The equilibrium can be achieved with
the help of the stimulation functions selection together
with the forecast of possible reaction of the agent.
From the classical theoretic game approach two kinds
of equilibrium are known [3, 4]:

— equilibrium according to Nash, that is not effective
according to Pareto;

— equilibrium according to Nash, that is also effective
according to Pareto.

The latter is the ideal state of the system, though
it does not always take place. It is common knowledge
that in the active systems with distributed control a Nash
equilibrium multitude Q, intersects with a multitude
of Pareto effective solutions € . It allows choosing from
the Nash equilibrium multitude just Pareto effective
ones [6].

There exists a functional group of remunerations
of the centers, which guarantees effective equilibrium
of the centers. They are as follows:

MY =X,

Se, (X,X*) ={
0,X #X,

Sc

(X X*) _ {kz,X =x"

2 0,X #X,

From the practical point of view such compensating
functions support the agent's strategy X" e X? which
in the active systems theory is called a plan. In connection
with it the centers agree upon the remuneration.
In other words: agent A chooses a plan X', then the first
center pays him remuneration A, the second center —
remuneration A,. If the agent chooses another strategy
X#X" he does not get any remuneration. Hierarchic game
essence of two centers and an agent was in choosing
a vector-function stimulation S(x). Due to such approach
it comes to choosing the behavioral strategy for the agent
X" e X* and the remuneration for the centers A =S, (X"),
L, =S, (X"). A principle of the rational agent's behavior
demands the condition of his aim function value inherency
W (X", X)=>0.
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As W, (S(X),X)=S ., (X)+S,(X)-C(X), then
S, (X)+S,(X)=C(X). For the plan X=X", &, +1,=C(X"),
is the total value of the chosen behavioural strategy
of the agent stimulation should be not less than its own
expenditures for that.

From the other side the demand for Pareto
effectiveness from the centers point of view is such amount
of remuneration which is impossible to diminish without
changing the agent's behavioral strategy. It means that
the sum of the centers remuneration equals to the agent's
expenditures:

A +2,=C(X).

Now we find conditions for the game equilibrium
that is such conditions, for which the centers come
to an agreement concerning the agent. For that
we introduce criterion parameters:

W] = max (Pcl (x)- Scy (X)J
xex4

In the case of individual actions of the centers and
use of compensating system of their income stimulation
o, and o, the condition of their mutually profitable
cooperation in the management of the agent's structures
looks like the following:

P, (X)- S, (X) 2o, Pe, (X)- 5S¢, (X) 2w,.

1

TheplanX=X", P (X)-A,>®,, P_(X)-A,>w,—for
realization of the centers cooperation it is necessary that
their incomes should be not less than in the case of their
individual actions. Moreover, the following condition
should be observed: the sum of the agent's remuneration
equals to his expenditures A, +1,=C(X").

Multitude K of the agent's actions and compensation
vectors under such conditions is called the multitude
of compromise decisions. Analytical form of multitude K
looks like as follows:

K={XeX}A +1=C(X),

Pc1(x)77‘120)1’ Pcz(x)fxzzmz

Choice of the definite point of the compromise
multitude defines the start of cooperation or amalgamation
for the centers. The result is choosing of the actions
vector for the agent's management and stimulation.
If the compromise multitude is an empty set K+#Q,
a situation of competition between the centers is formed.
There wins the center which acts more effectively — pays
more to the agent. Antagonistic relations in such situation
show the absence of the system equilibrium according
to Nash. As a result the members of the active system will
search for equilibrium and we'll get analytical conditions
of the centers cooperation that is an effective prerequisite
for the system equilibrium. Let's introduce the maximum
value of the centers total income:
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wy = max (P, (X)+Pc,(X)- 5S¢, (X)),
xex4

It is the situation of amalgamation of the centers.

As A FA=C(X), P, (X)-1 =0, P, (X)-L>ao,
Thus, the centers’ amalgamation is possible only on the
condition, that the compromise multitude is not empty.
Condition K#@, is possible when the total sum of the
individual incomes of the centers , and o,, does not
exceed their common income calculated value after
amalgamation: K#@ & o +0,<o_.

In other words, amalgamation of the centers for
the agent's management is more effective than indi-
vidual management. The whole is bigger than the

sum of its parts: 1+1>2. The latter can be interpreted
as a qualitative support for the amalgamation advisability
of two scientific production enterprises if they have lost
production management effectiveness while producing
the same products.

CONCLUSIONS. Theoretical game approach
to the analysis of amalgamation of the two enterprises
on the base of hierarchic game and search for effective
equilibrium of the active system with distributed control
confirmed advisability of the amalgamation and the
task is fulfilled. It should be stressed that such "mega-
associations" became the most effective structures in the
time of the very hard economic situation in the country.
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