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THE TASK OF MINIMAX ADAPTIVE MANAGEMENT OF INNOVATIVE
PROCESSES AT AN ENTERPRISE WITH RISK ASSESSMENT

The subject matter of the article is a discrete dynamic system that consists of an object whose dynamics is described by a vector
linear discrete recurrent relation and is affected by control parameters (managements) and uncontrolled parameters (the vector of risks
or interference). It is supposed that the phase conditions of the object, management actions and the vector of risks of the considered
dynamic system at any moment of time are constrained by given finite or convex polyhedral sets in corresponding finite-dimensional
vector spaces. The objective of the article is to model a task of adaptive management of an enterprise innovative processes (EIP)
under risks, which requires to complete the following tasks: to develop a software model of managing EIP under risks; to formalize
the task of optimizing the EIP adaptive management and general paradigm of its solving as a guaranteed result based on minimax
(optimizing a guaranteed result at a given final moment of time considering risks). In such a case, risks in the system of EIP
management are thought of as factors that negatively or even catastrophically affect the results of the processes considered in it. In
view of this, it is suggested to use the deterministic approach based of the methods of the theory of optimal management and dynamic
optimization. The result of the research is a recurrent algorithm which reduces the initial multi-step task to the implementation of
finite sequence of tasks of minimax software management of EIP. In turn, the implementation of each task is reduced to the
implementation of finite sequence of only one-step optimizing operations as the tasks of linear convex mathematical and discrete
optimization. The following conclusions are made: the suggested method makes it possible to work out efficient numerical
procedures that enable computer modelling the dynamics of the target task, developing adaptive minimax management of EIP and
obtaining an optimal guaranteed result. The results demonstrated in the work can be used for economic and mathematical modelling
and solving other tasks of optimizing processes of data prediction and management under the lack of information and under risks as

well as for developing corresponding software and hardware complexes to support efficient managerial decisions in practice.
Keywords: innovative process, economic and mathematical model, risks, dynamical model, optimization, process of

management, minimax adaptive management, guaranteed result.

Introduction

To achieve the set tasks under increasing
competition among Ukrainian enterprises leads to an
increase in the amount and complexity of production
processes, analysis, planning, management, internal and
external relations with suppliers, intermediaries, etc.
Effective implementation of tasks linked with these
processes is impossible without the appropriate economic
and mathematical modelling of managing an enterprise
innovative processes (EIP) as a computer information
system.

However, innovative activity in the process of
dynamic development of production relations cannot be
considered fully justified and adapted without using
modern approaches of economic and mathematical
modelling as an effective tool for theoretical processing
and practical generalization of mechanisms and tools for
managing the innovative activity of an enterprise that is a
complex, open, capable to self-organization and self-
development economic system with dynamically changing
nondeterministic and conflicting characteristics.

Modelling in EIP management provides for the
solution of tasks of software and adaptive control. The
result of the EIP software management is forecast values
for a certain prospective period of time. But when an
innovation process is introduced in each period of time,
the model parameters can change (technological processes
are compromised, financial indicators, types and suppliers
of raw materials change and so on). In addition, in order to
obtain a guaranteed result, the task of optimizing the EIP
software management under risks takes into account risks
that can lean to maximum losses. But risks that lead to a
maximum damage can affect a real process. In this case,
in order to take into account changes in the economic
environment and the current state of an innovation

process, the procedure for adapting the model to the
current conditions should be specified on the basis of the
results of the EIP software management. Thus, in order to
take into account the instability of the innovation process,
which is characterized by various "disturbances" as
changes in the current state of the production process and
the economic environment, an adaptive control model
should be developed, which enables correcting and
considering the dynamics of the main production
characteristics within the innovation process

It should be noted that the problem of economic and
mathematical modelling of the EIP adaptive management
under uncertainty and risks at enterprises have not been
solved yet by scientific researches that deal with the
problems of enterprise management, by various economic
and mathematical models and techniques for finding out
optimal solutions as well as by methods of business
process modelling; so this problem remains a burning
topic for researching.

Analysis of literature sources

A number of reputed Ukrainian and foreign
scientists deal with the problems of economic and
mathematical modelling of production and financial
processes, among them are: N.N. Krasovsky [1],
A.F. Shorikov [2], A.V. Lotov [3], A.l. Propoy [4],
A.V. Ter-Krikorov [5] and others. However, some issues
require further elaboration. So, at this stage, there are
practically no economic and mathematical models that
consider the specificity of production process dynamics,
and take into account the impact of risks while managing
innovative processes at enterprises and optimizing these
processes.

Research and solving the task of the EIP managing
requires the development of a dynamic economic and
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mathematical model that takes into account control
actions, uncontrolled parameters (risks, modelling errors,
etc.) and the lack of information. At the same time,
available approaches to solving similar problems are
based mainly on static models and stochastic modelling
apparatus to use which it is necessary to
know the probabilistic characteristics of the model main
parameters and special conditions for performing the
process under consideration. It should be noted that very
severe conditions, which usually are unachievable
beforehand, are necessary for using the stochastic
modelling apparatus.

Economic and mathematical models of such
problems are presented, for example, in [6—8]. This article
continues the studies presented in [9], the concepts and
notation that are introduced in it are used in this paper
without additional explanations.

Developing a generalized EIP management model
under risks

Let a multi-step dynamic system be considered for a
given integer time, 0,T ={0,1,...,T} (T >0) ; this system
consists of one controlled object — | (the subject of

management as it is managed by player P), whose motion
is described by a linear discrete recurrent vector equation:

x(t+2) = A(t)x(t)+B(t)u(t)+c(t)w(t)+D(t)v(t),

X(0) = X,. 1)

Here te0,T-1, XeR" is the phase vector of

object I, which consists of N =n+m+2 coordinates for
the  model of the EIP  management [2],

that is  X(t) = (% (t), %, (£),ern X (1), Y, (E), Y, (©), ., Y, (1),
Z(t),k(t)) e R", where, according to the notions in [2],
X(t) = (%, (t), %, (t),...,x, (t))" € R" is the vector of amounts

of production residues stored at the warehouses of the
enterprise over the period of  time t;

yit) = (v, (@), ¥, (®),..., ¥, @) eR™ is the vector of
amounts of residues of production resources stored at the
warehouses of the enterprise over the period of time t;
Z(t) is the enterprise total costs over the period of time t;

k(t) is the amount of available financial resources
accumulated before the beginning of period t; n,meN;

N is the set of all natural numbers; for k e N, R¥is K-
dimensional Euclidean vector space of column vectors,
even if they are written as a string for saving the space);

ﬁ(t)=(ﬁl(t),ﬁz(t),...,ﬁn(t))’eRﬁ is the vector of
innovative management of the intensity of production over
the period of time t (te0,T—1), where each j-th
coordinate U;(t) is the value of the j-th production

amount (j el,_n) constrained by the given restriction:

0(H)cU,t)=U, ) cR® (FeN:p=n), (2)

U,, (t) is the finite set of vectors for each te0,T -1,
i.e. the finite set consisting of N, (N, € N) of vectors in
R", defining all possible implementations of different
management scenarios at the moment of time t;
W(t) = (W, (£), W, (1), ..., W (1))’ € R™ (M=m) is the vector
of intensity of replenishment of storage resources over the
period of time t (te0,T—1), which depends on the
permissible implementation of management u(t) € U,(t)
and must meet the following specified limit:

W(t) W, ([T(1) =W, ([U(t) = R™ (MeN:mM=m); (3)
W, (U(1)) is the finite set of vectors for every moment of

time te0,T -1 and management u)eU, (), ie. the

finite set consisting of M (i) (M ()eN, ieLN,)

vectors in space R™, defining all possible realizations of
various scenarios of replenishment of the warehouse
resources at the moment of time t.

It is also assumed that for every te0,T -1, each
permissible  realization ~ of the phase  vector
X(1) = (%, (1), %, (1), .. X, (1), Yo (©), Y, (1), ... Vi, (1), Z (1), k(1)) € R",

meets the following phase constraint

X(8) = 04 (), %, (1), .. %, (1), Yo (1), Y, (8),.., Vi (0), Z(0), k(1)) € X, (1) =
X; ()20, x,(0)=0, jeln;

= [%(®20, y,(0)=b,, ielm; @)
k(t) 20, k(0)=G+G,=0;
Z(t)>0, Z(0)=0.
where G is the amount of financial resources of a bank
loan intended for investments to the expansion of
production within the initial period of management (when
t=0); G, is the amount of own financial resources,

deducted from net profit and directed to the
expansion of production (when t=0);

V(t) = (v(t),V'(t),V'(t)) eR*xR'xR" is the generalized
vector of risks (V(t) = (v, (t),v,(t),...,v,(t)) eR? is the
vector of risks describing possible unfavorable
implementations of the vector of priori indefinite factors or

the vector combining the modeling error of the considered
process, affecting the release of a product unit over the

period of time t; V'(t) = (v (t),v;(t),...,V/(t))’ €R' is the
vector of risks that affects the state of a unit
of available resources over the period of time t;
V'(t) = (v (L), vi (t),...,v'(t)) eR" is the vector of
financial risks affecting a unit of total costs of the
enterprise over the period of time t; g,l,r eN) which
depends on the permissible implementation of the
management U(t) e U,(t) during the EIP management
over the period of time t (t<0,T—1) and must meet the
following specified limit:

V(1) e V,(@(1)) cRY (@eN:g=g+l+r). (5)
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Matrices A(t), B(t), C(t) and D(t) in the vector
equation (1) for the economic and mathematical model
describing the dynamics of the EIP management are real

matrices of orders (nxn), (Nxp), (Ax m) and (nxQ)

respectively, and such ones that for all t€0,T —1 matrix

a,t)y O 0
0 a,) ... 0
O O ann (t)
_ 0 0 0
A(t) = 0 0
0 0 0
() () z,(t)
0 0 0
1 0
0
0 0o ... 0
E(t) _ _bll _blz _b(l,(n—l))
_b21 _bzz _b(Z,(nfl))
_bml _bm2 _b(mv(nfl))
0 0 1
0 0 0
—C; -Gy clq 0
€, €, ... ¢, O
—Cn —Cp _qu 0
_ 0 0 0 -
D(t) — 11
0 0 0 —c
0 0 ... 0 -,
0 o .. 0 0
0 o .. 0 0

It should be pointed out that for all t<0,T -1 set
U, (t) in the restriction (2) is not empty and is the finite

set consisting of N, (N, e N) vectors of space RP: for

all te0,T -1 and vectors T(t) e U, (t), set W, (U(t)) in
the restriction (3) is not empty and is the finite set
consisting of M, (i) (M,(i))e N, iel,_Nt) vectors of
space R™; set X, (t), according to its definition (4) is not
empty and is a convex, closed and bounded polyhedron

(with the finite number of vertices) in space R": it is
assumed that set V,(U(t)) in the restriction (5) is not

A(t) is nondegenerate, i.e. there exists an inverse matrix
A™(t) corresponding to it, and the rank of matrix Bi(t)

equals p (the dimension of vector U (t)).

For the considered EIP management process [2],
these matrices have the following specific form:

0 0o .. 0 0 0
0 0o .. 0 0 0
0 o .. 0 0 O
L&) o0 ... 0 0 0].
0 r,t) ... O 0 0
0 0 r.t 0 0
P p(t) Pn() 1
0 0o .. 0 0 1
0 0 0 0 O
0 0 0 0 O
1 0 0 ... 00
- — 10 ... 0O
bln ; C(t) = )
-b,, 01 .. 0 O
b 0 0 0 1
0 0 0 O
1 0 0 0 O
0 0 0 O 0
0 0 0
0 0 0
_Cl,z C1’| 0
_Céz _Cél 0
-, ... <€, 0 0 .. 0
o .. 0 0 ©
o .. 0 -¢ -c —c/

empty and is a convex, closed, and bounded polyhedron

(with the finite number of vertices) in space R*.

Let us describe the information capabilities of player
P in the process of minimax adaptive (according to the
feedback principle) management of EIP for a discrete
dynamical system (1) — (5).

It is assumed that while managing EIP for any

moment of time 7€l T and the corresponding integer
time interval O,_TQO,_T (0<7) up to the moment of

time z player P has measured and stored the following
values: X(0) =X,, i.e. the initial phase state of object I;

() ={u(t)}, 5=, i.e. the history of the implementation




ISSN 2522-9818 (print)

Cyuachuil cman HayKo8ux 00CRiOdceHb ma mexnonoit 6 npomuciosocmi. 2017. Ne 1 (1)

of player P management over the period 0,7;
v‘v(-):{v‘v(t)}tem, i.e. the history of implementation of
the vector of the intensity of replenishment of the
warehouse resources over the period of time 0,7;
V() ={V(t)}, 5, i.e. the history of the implementation of

the vector of risks over the period of time 0,7. Equation
(1) and constraints for it (2) — (5) are also known.

The considered process of the EIP management is
estimated by the wvalue of the convex functional
F:R" > R' defined at possible implementations of the
phase vector X(T) eR" of the system (1) — (5) at the final
moment of time T.

Then, for system (1) — (5) from the point of view of
player P the goal of optimal adaptive management can be
formulated as follows: for a given time interval O, T

player P should organize management t(-) Z{U(t)}lem

(for all teO0T-1:u(t)eU,(t)) according to the

feedback principle (as the implementation of the minimax
adaptive strategy [1], [3], [4] from the selected class of
admissible adaptive strategies), using all the available
information about this process in such a way that possible

maximum value of the functional F defined on vector
X(T)eR" (where X(T) is the implementation of the phase
vector of object | at the moment of time T which
corresponds to management U(-) ) was minimal.

In this case it is assumed that the worst (largest)
values of functional F can be implemented with respect

to possible unfavorable realizations V() ={V (t)}teoTI (for

all te0,T-1:V(t) eV, (U(t)) of generalized risk vector;
while the implementations W() ={W(t)}, 57 (for all

te0,T-1: w(t) eW,(U(t))) of the vector of the intensity
of the replenishment of the warehouse resources further P
player’s goals, i.e. their selection (according to player P)
is aimed at minimizing the functional F according to the
strategy he has selected.

Formalizing the task of optimization of the EIP
adaptive management

It should be noted that definitions and notations
which were introduced in work [2] are straightly used in
this section while formalizing and solving the task of the
EIP minimax software management since the considered
dynamic model (1) — (5) coincides with the model for this
task in [2].

To assess the quality of the EIP management by
player P under adaptive management in the dynamic
system (1) — (5) over a time interval, a vector
terminal  functional (the process quality index)

Fﬁz(FQFLZ) .,F%)) is T<OoT

TV T
similarly to the formalization described in
work [2]. This functional is a collection

introduced

of r convex functionals of FT(TkT) :
G(r)xU (@, T)xW (z,T;0())xV (7, T;0()) > R
(ke ]?) such as. to implement the set

©(2),TOWOT()) € G(2) xU (7, T)xW (z,T;0()) x

N (2,T:0()), where g(r)={rX(r)}e eG(z), their

values are determined by the following relation:

FOQ(2), UOW).V()) = F9 &+ (T; X(2), TO).WC)V()) =
=FY &), ketr, ®)

where F%) :R" >R! is the convex functional for each

Kelr; X(T)=%.(T: X(2), GONO).V() -
On the basis of the wvector functional
_(EW E@ My :
F+=(F7F7,...F7) introduced by relation (6), to
assess the quality of the process of optimizing the
considered EIP management, the scalar objective function

Fﬁ (9(z), u(),w(),v()) is introduced; its values
for all admissible implementations of
(9(2). TONO).V()) € G(r)xU (7. T)xW (7, T;T()) x
xV(r,_T;U(-)) over the time interval 7,7, where g(r)=
{rX(1)}eG(2), 00 ={U®}, - UOT),
WO ={WO} _ W@ T00), VO =T O} 5 <V O.T:00),
are determined according to the following relation:

F (), u()Ww().v()) = ki%#k -FQ (), TOW).V()) =

= 3 ph - FY (6 (T X, TOFO5 ) =
=% - FY(T) = F&(T)).
‘v’keﬂ:ykzo,iykzl, @)

where X(T) =X_.(T; X(z), G()W(),V()), and F is the
convex functional introduced earlier.

The objective function (functional)
F=(9(z), u().w().v(-)) is a convex scalar convolution of

O E@

the vector functional F =(F%,F2,..., F%)) Qe itis

formed according to the method of scalarization of vector
objective functions (e.g.[6]), with nonnegative weighting
factors ,, kel,r, which can be determined, for

example, by expertise or on the basis
of statistical information on the history of the
implementation of the main parameters of the considered
EIP management.

Assume that player P having selected management

u(t) eU,(t), te0,T ~1 in the dynamic system (1) — (5)
for a given period of time 0T (T >0) is under agreed

awareness conditions. Then, on the basis of stated above,
from the position of player P his goal in the task of the
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EIP minimax adaptive management for the dynamic
system (1) — (5) can be formulated as follows.

Player P over the period of time 0,T is supposed to
arrange  the  selection of his  management
() ={U()}, 7 (for all x te0,T-1 u(t)eU,(t)) of
object | in the adaptive mode (according to the feedback
principle) knowing his 7 — position g(t) ={t,X(t)}eG(t)
at every moment of time teO,T——l so that functional
F(TT, determined by relation (7) when 7=0 has the
smallest possible value when the implementation of the

EIP management is completed. It should be taken into
consideration that the worst values of the vector function

V(-)eV(O,_T;U(-)) can be realized, i.e. maximizing the
given functional, and the realization of the vector function
w(-) e W (0,T;u(-) furthers player's P goal.

Then, using the above arguments and similarly to
[3, [4] the achievement of this goal of
player P can be formalized in the following way.

The permissible strategy of the EIP adaptive
management U, of player P for a discrete dynamical

system (1) — (5) over the time interval O,_T can be
mapping  U,: G(r)—)Ul(r) that  assigns  set
U, (g(7)) cU,(t) of U(r)eU,(t) management of player
P to each moment of time 7€0T-1 and
to possible realization of 7 — position
9(7) ={r,X(2)}G(z) (90)=g,). The set of all
admissible management strategies for player P for the
process considered through U is denoted.

Further, the group of motions of object | over the
time interval ﬁ corresponding to the equation of

motion (1), the initial position Pgoz{O,XO}eé0 of
player P, the permissible strategy U, =U,(g"(t)) €U, ,
te0,T -1, g°(t)={t,X"()}eG(t), and the admissible

software  implementation of the intensity of
the replenishment of the warehouse resources

W) eW(O,T;0,()) , where T,() ={T, (1)}, cU(O.T)
any admissible management of player P over the time

interval ﬁ generated by strategy U, will be called as
follows:

*

X(0,T,95,Ug, W) ={X"(): X'()€S,(0T), 3a°() eU(QT),
IV () eVOT;T (),
VteO,T, X' (1) =Xz (%0, O ()% ()),
9" (1) ={t, X"} €G(0,9,.t,T; ()W () =G(t), 9" (0) =gy,
0 () ={U(0)}, 5, V1O T-10" (1) eV, (@' (1)

W, () ={W(2)}, 50 Vi O ={V(D}, 5t (8)

Then the following nonlinear multi-step problem of
the EIP minimax adaptive management for the dynamical
system (1) — (5) can be formulated.

Task 1. For the given time interval ﬁ (T>0) and
initial position g, ={0, X, } € Go of player P in the discrete

dynamical system (1) — (5), the strategy
of the EIP minimax adaptive  management

U® =Uu®(g(t) eU;, gt) ={t, X(t)} e G(t), t0,T -1,
(9(0) = g,) , should be found, which meets the relation

Fe9=  min max  Fo- (g, UY W().V())=
T wOwOTE® () vOv OTa® ()
= min min max F—-(g,,U,W()V()) =
U, eUl O (0T, () 7OV (0T, () o7 (8. Uo WMV O)
= min min na F(X(T)) =
Uyely WOW(0.T3ug () X(MeX(TI0.T, 65U, W())
= max FX(T) = (0.T,g,), (9)

()X (T0T 95,08 al®) ())

as the realization of the finite sequence of only one-step
operations.

Here functional Fﬁ
to the relation (7); U,()={U,(} eU(O,_T) is
any admissible management of player P over the
time interval 0,T  generated by strategy U,;

00 ={0 O} UOT) s

is determined according

any admissible

management of player P over the time interval ﬁ
generated by the strategy U® .

The number ¢&¥(0,T,g,) = F.& will be called the
optimal guaranteed (minimax) result of the minimax
adaptive management of P player's EIP over the time
interval O,_T for the discrete dynamical system (1) — (5)
concerning its initial position g, and functional F(TT.

It should be noted that the above conditions for the
parameters of the system (1) — (5) and the results of works
[3], [4] demonstrate that there is the solution for this task.

Further, for any realizations of management

09 () = {T® O} 575, Yt1e0T-L 07U W)

of player P generated by strategy U® eU;, for
WO () eWOT:T0())
V,()eVOT;a®()), for the group of motions
X9 () = %7 (%07 O (0.7, ())

X(50,T,g,,U,, W () corresponding to it, on the basis of

relations (6) — (9), it is not difficult to show the validity of
the following equation:

For (05, U2 O (0.7, () =
= F (% (T:%, U8 ()W ().9,()) = FR® ()<

<cE(0.T,g,)=FE < F&=c?(0,T.g,), (10)

vector functions and
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where g, ={0%,}<G,; c¢®(0,T,g,) is the optimal
guaranteed (minimax) result of solving the problem of the
EIP minimax software management.

It should be noted that the relations (6) demonstrate
that the result of solving task 1 can only improve the result
of solving the task of the EIP minimax software
management, i.e. the EIP minimax adaptive management
is more promising in comparison with the minimax
software management for the considered process.

Thus, in this section we formalize the task of the EIP
minimax adaptive management for the dynamical system
(1) =)

It should be noted that task 1 is the main one in this
chapter, but its formalization and solution are based on the
task of the EIP minimax software management [2].

General pattern for solving task 1

The general pattern for solving task 1 on the basis of
the results of [2] — [4] is suggested.

Using the solution of the task of the EIP minimax
software management considered in the previous chapter,

for all the moments of time re0,T-1 and all ¢ -positions
99 () ={z,x?(0)}eG(z) (9 (0)=9, ={0%}<G,)
of player P, where X (7) =X - (7;%,09(),W(),v()),
19()eUP(OT,090), W) eWOTu()) the
following sets can be developed:

U9 @®(2)) ={a9(z): a9(z) eU,(z), 09 (r) =" (),
i) eU®(T,9% (), 70T -1},  (11)

where U®(7,T,g® (7)) is the set of minimax software
managements developed from the solution of the
corresponding task of the EIP minimax software
management considered in the previous chapter.
Then the management

02(16) =U§)(g(f)) eU;, 70T -1,

strategy

g(r) eG(7) (9(0) = g,) of player P for the considered
EIP minimax adaptive management in a discrete
dynamical system over the time interval 0,T from all
admissible management strategies U, is determined; it is
formally described by the following relations:

Forall 7e€0,T -1 and 7 - positions
g(e) (T) Z{t, x© (T)} € G(Ov 9o: 7, UT(E) (')N_VEE) ())
9®(0)=g,) assume that
U (g% () =U"(@g"(z)) cU(7) .
Forall 7€0,T—1 and 7 -positions

9'(1) = {r.X (D)}e
{G(N\G(0,9y, 7, T (W ()} (9 (0) # gy) assume

(12)

that U® (g"(2)) = U, (z), (13)
090 ={1" O} T°0eUPOT,g,);
W () =W (O} 5 W) eWOTTV()).

Let T()={T"®}57;€UOT) be the

realization of the management of player P over the time
interval O, T , which is developed as a result of using

where

strategy U® eU; over this interval of time, and the
realization of vector functions W®()eW (0,T;0 ("))
\7(-)eV(O,_T). Then, for (T —1) -position
g (T -1) ={T -1, X (T -1)}eG(T -1) of player P
(here  XO(T-1))=%X- (%, 07(), W ()Y, ()),

which corresponds to these realizations, the following
relations are true

and

Cl(—‘e'a) (O,_T, go) = FCTT (go ! U;E) (‘)’V_V;e) V()=
= Frgr @7 (T =D, 0 (T -0).W2 (T -2),9(T D) <

a

<P (00 (T -0, 02(T )W (T -,V (T -1) =

= max

v(T-Dev (TIT:0® () ‘

< max
vV T ()

On the basis of the results of [2] — [4] and relations
(11) — (14), the following statement, which is the main
result of this paper, can be justified.

Statement 1. For the given position

g(O)=gO={O,XO}e(§0 of player P in the discrete
dynamical system (1) — (5) the strategy of the EIP
management U® €U’ over the period of time 0,T

which is determined by relations (11) — (13), is the
minimax adaptive management strategy for task 1, i.e.

initial

For (G0, 0 O V() <cE2 (0T, 9,) <c® (0., g)

Frr (@7 (T -D,07 (T -D.W (T -1),v(T -1) <

(14)

U®=U® U, and number ¢*(0,T,g,) are the
optimal guaranteed (minimax) result for this task, i.e.
¢&(0,T,g,) <c®¥(0,T,g,), which corresponds to the
implementation of this strategy over the period of time
0,T for the considered EIP management, and both these
elements are developed by implementing the finite
sequence of only one step operations.

Thus, for the organization of the EIP minimax
adaptive management, i.e. the solution of task 1 in the
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selected class of admissible adaptive management
strategies, the recurrent algorithm that reduces the initial
multistage problem to the realization of the finite
sequence of tasks of the EIP minimax software
management is suggested.

In turn, the solution of each of these tasks is reduced

optimization operations as solving the tasks of linear and
convex mathematical programming, as well as discrete
optimization (e.g. [3], [4]). Then it can be stated that the
solution of the considered task 1 is reduced to the solution
of the finite sequence of tasks of linear convex
mathematical programming and discrete optimization.

to the realization of the finite sequence of only one-step
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3AJAYA MIHIMAKCHOTI'O AJAIITUBHOI'O YIIPABJITHHS IHHOBAIIMHAMHA
IMPOOECAMM HA IIIAIIPUEMCTBI 3 YPAXYBAHHAM PU3UKIB

IIpeameToM IOCTIKEHHS CTATTI € JUCKPETHA TUHAMIYHA CHUCTEMa, IO CKIANAEThCS 3 00’€KTa, NUHAMIKA SIKOTO OIUCYETHCS
BEKTOPHUM JIHIHHUM JUCKPETHUM PEKYPEHTHHM CITIiBBIJIHOIICHHSIM 1 CXWJIbHA JIO BIUIUBY KEpOBaHHMX NapamerpiB (YIpaBiiHb) i
HEKOHTPOJBOBAHOTO TMapaMeTpa (BEKTOpYy PU3HKIB a0 mepemkoan). [lepenbdadaerses, o ¢Ga3oBi cTanu 00’ €KTa, KePyrOUi BIUIUBH Ta
BEKTOP PM3HUKIB AMHAMIYHOI CHCTEMH, IO PO3TJISIAETHCS, B KOKEH MOMEHT 4acy OOMEXXeHI 3aJaHUMHU KIHIICBUMU a00 OMyKIUMHU
0araTorpaHHUMU MHOXKMHAMH B BiANOBIZHMX CKIHYCHHOBUMIPDHHUX BEKTOpHUX mpocropax. Lyuio crarrti € MopemoBaHHS
aJanTHBHOTO YNPAaBIIHHS iHHOBaIiiiHUME Tponecamu mianmpuemctBa (II1I1) mpu HasBHOCTI PU3WKIB 10 BHMAarae€ BHUKOHAHHS
HACTYITHUX 3aBJaHb: (OpMyBaHHsS Mojeii nmporpamuoro ynpasninss IT1I1 npu HasBHOCTI pH3HKIB; popMaizalis 3agadi onTuMi3anii
agantuBHOro ymnpanmiHHs IIII1 Ta 3arampHOi cXemu 11 BUPINICHHS y BUTIJISIII TapaHTOBAHOTO PE3yJNbTaTy HAa OCHOBI MiHIMakca
(omruMizamii rapaHTOBaHOTO Pe3yJIbTaTy) Ha 3aJaHUi (QiHAIBPHUII MOMEHT 4acy 3 ypaxyBaHHSIM HasBHOCTI pu3ukiB. [Ipu mpomy i
pusukamu B cuctemi ynpasiinas IITIT Oymemo po3ymitu ¢dakTopH, sSKi BIUIMBaIOTh HEraTMBHO a00 KaTacTpo(iyHO Ha Pe3yJbTaTh
PO3MJISIHYTUX B Hil MPOIECIB. 3 €0 METOI0 IPOIMOHYEThCS BUKOPUCTOBYBATH ACTEPMIHOBAHMI IiJIX1J HAa OCHOBI METOMIB Teopil
ONTHMAJBHOTO YIPABIIHHA Ta JUHAMIYHOI onTHMi3aiii. Pe3yjbTaToM HOCITIDKCHHS € PEeKYPeHTHHUH aaropuTM, SKHUH 3BOJIUTH
BUXiJHE 0araTOKpOKOBE 3aBJaHHA A0 peajizamii KiHIIeBOI MOCiZOBHOCTI 3aBAaHb MiHIMAKCHOTO mporpamHoro ymnpasiinasa II1I1. ¥V
CBOKO 4epry, pIlICHHsS KOXXKHOTO 3 TaKWX 3aBlIaHb 3BOJUTHCS O pealizaiii KiHIIEBOI IOCITIIOBHOCTI TUIBKH OJHOKPOKOBUX
ONTUMI3alIHIX omepaiiid B (HopMmi BHPIMICHHS 3aBIaHb JIHIIHOTO OMYKJIOT0 MaTeMAaTHYHOTO MPOTpaMyBaHHS Ta JIHCKPETHOL
onrtuMmizaiii. BUCHOBKHM: MPOTOHOBAaHUN METOJ Ja€ MOXJIHMBICTH PO3POONATH ¢(PEKTHUBHI YHCENBbHI MPOICAYPH, IO JTO3BOJSIOTH
pearizyBaTH KOMIT'FOTEPHE MOJICITIOBAHHS TUHAMIKU PO3TJLTHYTOI 3a1adi, chopMyBaTH aJanTUBHE MiHiMakcHe yrpamiaas IT1IT Ta
OTpUMaTH ONTUMAJILHUN rapaHTOBaHUN pe3ynbraT. [IpencTaBiieHi B poOOTI pe3yabTaTd MOXKYTh OyTH BUKOPHCTaHI JIsI €KOHOMIKO-
MaTEeMaTUYHOTO MOJICJIIOBAHHS Ta BUPIIICHHS 1HIIUX 3aBJaHb ONTHMI3allil MPOLECiB MPOTHO3YBAaHHS JaHUX 1 YIIPABIIHHSA B YMOBaX
nedinuty iHGOpMAaIii Ta HASBHOCTI PU3HKIB, a TAKOXK I PO3POOKH BiAMOBITHIX MPOTPAMHO-TEXHIYHUX KOMILIEKCIB IS i ATPUMKH
MPUAHATTS e()EKTHBHUX YMPABIIHCHKUX PIlICHb HA MPAKTHULIL.

Karwouogi ciioBa: iHHOBalIitHUN MpoOIEC, CKOHOMIKO-MaTeMaTHYHA MOJICIb, PU3UKH, JUHAMIYHA MOJICNb, ONITUMI3allisl, IPOIIeC
YIpaBIIiHHS, MIHIMAKCHUN aJaliTABHUN MEHEIKMCHT, TapaHTOBAHUI pe3ybTart.

3AJAYA MUHNUMAKCHOTI'O AJAIITUBHOI'O YIIPABJIEHUA
NHHOBALIMOHHBIMHU ITPOHECCAMMU HA ITPEJAINPUATUU C YYHETOM
PUCKOB

IIpeqveToM HcciIemOBaHMs CTAaTbU SIBISICTCS JUCKPETHAs JUHAMHUYECKash CHCTEMa, COCTOSIIAs M3 O0beKTa, JUHAMHUKa KOTOPOTO
OIUCHIBACTCSI BEKTOPHBIM JIMHEHHBIM JUCKPETHBIM PEKYPPEHTHBIM COOTHOIICHHEM | MOABEPXKEHA BIMSIHUIO YIPaBISIEMbIX
napaMeTpoB (yIpaBlICHUH) W HEKOHTPOJIUPYEMOTo mapameTpa (BeKTopa pHUCKOB win momexH). Ilpemmomnaraercs, 4to (a3oBbie
COCTOSIHUSI 00BEKTa, YMPABIAIOIINE BO3JCHCTBUS M BEKTOP PHCKOB PACCMATPUBAEMOHN THHAMUYECKOH CHCTEMBI B KaXJbIi MOMEHT
BPEMEHH CTECHEHBI 33JaHHBIMI KOHEYHBIMH MITH BBITYKIGIMH MHOTOTPAHHBIMH MHOKECTBAMH B COOTBETCTBYIOMINX KOHETHOMEPHBIX
BEKTOPHBIX TpocTpaHcTBax. LlesIbI0 CTaThbM SBIAETCS MOJACNHPOBAHME 3aJadll aJANTHBHOTO YIPABICHHS WHHOBAIIMOHHBIMU
nponeccamu npexnpuatus (MIIIT) npu Hamwamu pucKoB, 9TO TpeOyeT BHITOTHEHHE CIEAYIOMHMX 3aad: (opMHpOBaHHE MOJETH
nporpammuoro yrpasienust WUIIIT npu Hamuuum puckoB; Gopmain3aiys 3ajadd ONTHMH3AIMHU ananTuBHoro ynpasienus WIIIT n
oOIell cXeMbl ee pelleHHs B BUJE TapaHTHPOBAHHOTO pe3ysbTaTa Ha OCHOBE MHUHMMakca (ONTHMH3ALMH TapaHTHPOBAHHOTO
pe3ynbTaTa Ha 3aJJaHHBIA (QUHATBEHBI MOMEHT BPEMEHH C Y4eTOM HaJW4usl PUCKOB. [Ipn 3TOM MO pHCKaMu B CHCTEME YIPaBICHHS
UIIIT Gynem moHUMaTh (haKTOPHI, KOTOPHIE BIHMSIOT HETaTUBHO WIJIM KaTacTPO(UUYECKH HAa Pe3ysIbTaThl pacCMaTpHBaeMBIX B Heil
nporneccoB. C 3TOH Henmbio MpeIaraeTcs NCIOIb30BaTh JETEPMUHUPOBAHHBIM MOAXOA HA OCHOBE METOJ0B TEOPHH ONTHMAILHOTO
YTpaBIeHHUs W AUHAMHYIECKOH ONTHMH3AINH. Pe3yabTaToM HCClIeOBaHUS SBISETCS PEKypPEHTHBIH alrOpPUTM, KOTOPBIH CBOAUT
HCXOAHYIO MHOTOIIIArOBYIO 33/1ady K Pea3aIl[ii KOHEUHOH MOCIIeI0BAaTeIFHOCTH 33aad MHUHUMAKCHOTO IIPOTPAMMHOTO YTIPABICHHS
HUIIII. B cBoro ouepenp, pelieHHe KaKIOW W3 TAaKMX 3ajad CBOJMTCA K pealu3allid KOHEYHON MOCIeN0BATEIbHOCTH TOJIBKO
OJTHOIIIArOBBIX ONTHMHU3AIMOHHBIX ONlepanuii B popme pemeHus 3a1a4u JMHEHHOT0 BBITYKIOT0 MaTeMaTHYECKOT0 IPOrPaMMHUPOBAHHUS
U JUCKPETHOH ONTMMH3aluy. BBIBOABI: mpeanaraeMblii MeTO]| JaeT BO3MOXKHOCTH pas3pabarbiBaTh I(P(EKTHBHBIC YHCICHHBIS
MIPOLIETYPhI, MO3BOJIIONIME Peajn30BaTh KOMIIBIOTEPHOE MOJEIMPOBAHUE AWHAMHUKH paccMaTpUBaeMoOH 3anauu, copmMHpoBaTh
ajanTUBHOE MUHHUMakcHoe ynpasnenue WUIII u momyunTs onTHMAaNbHBIH rapaHTUPOBaHHBIN pe3yibrar. [IpencraBieHHble B paboTe
pe3yabTaThl MOTYT OBITH MCIIOIB30BAHBI AT YKOHOMHKO-MAaTeMAaTHIECKOTO MOJAETHPOBAHHS U PEIICHHUs APYTUX 3a1ad ONTHMH3AIIN
MIPOIIECCOB MPOTHO3HMPOBAHMS JAHHBIX M YNPABICHHUS B YCIOBUSAX JAeHIMTAa MHPOPMAIMM W HAIMYHA PHUCKOB, a TaKOKe Ul
pa3pabOTKH COOTBETCTBYIOIINX MPOTPAMMHO-TEXHUUECKUX KOMIIIEKCOB JUIS TOMACPKKH MPHHATHS 3P()EKTUBHBIX yIPaBIeHUSCKUX
pelIeHuii Ha MPaKTHKE.

KirodeBble cj10Ba: WHHOBALIMOHHBIM MPOLIECC, 3KOHOMHKO-MaTeMaTH4yecKas MOJAENb, PHCKH, JIHUHAMHMYECKas MOJEb,
ONITUMM3aNMs, IIPOLECC YIIPABJICHUS, MUHUMAKCHOE aJalITUBHOC YIIPABJICHUE, FapaHTHpOBaHHbIP’I pe3ybTaT.
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