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Abstract. The model of management of an economic object in a crisis is devel-

oped. Limitations and quality criteria are formed. General scheme of solving the 

task of minimax program crisis management at an enterprise is detected. The al-

gorithm of the solution of the problem of crisis management of an enterprise tak-

ing into account the risks is offered. The main method for solving the problem is 

the method of detecting the reachable areas. Using this method, we work out the 

scenario of optimal crisis management in the presence of risks. The proposed 

algorithm allows to create effective numerous methods for implementing a com-

puter simulation of solution of the problem of risk`s influencing. Simulated tools 

allow the reducing the risks at information system of crisis management of an 

enterprise. It opens the perspective of developing computer information systems 

for support of making effective crisis management decisions in the conditions of 

uncertainty and lack of information for increasing information security. 

Keywords: Crises Management of Enterprise, Optimal Crisis Management, 

Economic Object, Program Crisis Management, Reducing the Risks. 

1 Introduction 

The term "crisis management" in the conditions has not yet been established. The rea-

son for the terminological differences is the lack of strong scientific traditions and prac-

tical experience in crisis management. The need for crisis management is determined 

by the objectives of the development of economic systems and the existence of the 

danger of a crisis [2]. However, the ambiguity and diversity of the content of the crisis 

give different reasons for the classification of management in crisis situations [5], [6]. 
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We will consider the concept of managing an economic object in a crisis as a series of 

measures to reduce all sorts of risks associated with the development of the studied 

object or process [1]. Anti-crisis management is a microeconomic category that reflects 

production relations in relation to a particular enterprise [8]. At the enterprise level, 

they are formed as a combination of forms and methods for implementing anti-crisis 

procedures. Economic activity - this is all kinds of activities of people that allow society 

to supply themselves with material resources for existence [17]. The set of problems 

associated with the life of the enterprise in a crisis, leads to various types of risks [11], 

[20]. An effective solution to these problems is carried out on the basis of solving the 

problem of optimizing the management of an economic object (enterprise) in the pres-

ence of risks [13]. 

An analysis of literature on modeling in crisis management of an economic objects 

in a crisis has shown that there are difficulties associated with the dynamics of a model 

[23]. This is due to the parameters changing over time, as well as to complexity of the 

nature of relationship between the components of the model (including existence of 

delays and "feedback") [14]. 

Realization of the problems, associated with modeling of crisis management in prac-

tice contributed to scientific development and widespread application of hybrid models 

based on a combination of formal and informal text, verbal and special graphic ap-

proaches. These tools offer simplified models and in many cases involve graphic inter-

pretation of [7]. As a result, most models of crisis management were implemented by 

descriptive means or represented fragmentarily, with insufficient analytical formaliza-

tion [21]. Some of them are characterized by lack of practical focus, integrity, and com-

plexity in crisis management [5], they simplify obtaining knowledge and offer oppor-

tunity to experiment with crisis management. In this case, there is no possibility to as-

sess the impact and consequences of different variants for crisis management in the 

prospects of minimization of risks of crisis while making managerial decisions [15]. 

Thus, crisis management with the use of simulation remains an unresolved problem for 

researchers [18]. In addition, existing models may have a limited availability and must 

be adapted to conditions of activity of specific enterprises. 

The problem of modeling of crisis management was most fundamentally studied in 

[3]. The general problems of risk`s reduction at an enterprise’s crisis management sys-

tem were examined, which have a common effect on the functionality of the enterprise 

and in critical infrastructures as a whole. 

2 Model of Crisis Management of an Economic Object on 

Example of an Enterprise 

2.1 Structural and Functional Model of Solving the Task of Dynamic 

Optimization of the Program Crisis Management of an Enterprises in a 

Crisis 

Consider the current economic and mathematical model of crisis management at an 

enterprises (CME) associated with risks. On a given integer time interval 
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)0(},,1,0{,0  TTT  we consider multistage dynamic management system, which 

consists of a single management object (enterprise), the movement of which is de-

scribed by a linear discrete recurrent vector equation (dynamic model) [5]. Here and 

further for simplification of mathematical calculations we will consider the following 

equation: 

 },{)0(),()()()()()()1(
00

IxxtvtCtutBtxtAtx   (1) 

where )0(}1,,1,0{1,0  TTTt  ; n tx R)(  – phase vector (vector of phase 

variables) – a set of basic parameters describing the state of the system of CME at time 

t; n
R  − dimensional Euclidean space of column vectors, N n  – the set of natural 

numbers; p tu R)(  – vector of management (management action) that satisfies a given 

restriction: 

 
pUtu R

1
)( , (2) 

where 1
U  is a finite set of vectors (plurality alternatives to management actions), that 

is a finite set of vectors p
R , that determine all possible implementations of different 

management scenarios at time t; N p ; 

q tv R)(  – vector of risks affecting the implementation process CME that meet the 

specified limit: 

 qVtv R
1

)( , (3) 

1
V  – convex, closed and bounded polyhedron of space q

R , that is, a set that restricts 

the possible values of the realization of the risk vector at the time t; N q ; 

A(t), B(t) і C(t) are matrices of dimensions(nn), (np) і (nq), respectively, deter-

mining the dynamics CME. 

We describe the information capabilities the subject of management in the process 

management of IP in a discrete dynamic system (1)-(3). 

We assume that in the course of the implementation of CME and a fixed natural 

number 0 T s  each time Tt 1,  the subject of management has such infor-

mation capabilities corresponding to the implementation of the phase vector of the sys-

tem, management influence and risk vector on the integer period of time ts,- , preced-

ing the considered process of IP management: 

1) the history of realization of the phase vector of the system is known 

))(,,)(,)(()(
21 tnttt

xxxx   =
t,21

))}(,),(),({(
sn

xxx


   =
t-s

x
,

)}({


 ; 
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2) known history of implementation the management influence of the system 

))(,,)(,)(()(
21 tpttt

uuuu   =
1,21

))}(,),(),({(
 tsp

uuu


   =
1-,

)}({
t-s

u


 ; 

3) the history of the implementation of the risk vector of the system is known 

))(,,)(,)(()(
21 tqttt

vvvv   =
1,21

))}(,),(),({(
 tsq

vvv


   =
1,

)}({
 t-s

v


 . 

Note that on the basis of these data it is possible to solve the task of a posteriori 

identification (discussed in the following sections) of all the main elements of a discrete 

dynamic system [3], [4], i.e. to determine the elements of matrices )(tA , )(tB  and 

)(tC . We assume that the subject of management also known equations (1) and con-

straints (2), (3).  

The management process under consideration is estimated by the value of the convex 

functional :  R n
 R 1  defined on possible realizations of the phase vector x (T)R

n
 

of the system at the final time T. 

Then for the system (1)-(3) the purpose of minimax program crisis management of 

an enterprise from the point of view of the subject management can be formulated as 

follows: on a given period of time T,0  it is necessary that the subject of management 

formed such management 
1T,0

)()( )}({)(



t

ee tuu  (for all 1
)(:1,0 UtuTt  ) that 

there was a minimum value of the convex functional defined on implementation of the 

vector )(Tx R
n
 (where )(Tx  (where there is an implementation of the phase vector 

of the system at the time T, the corresponding management of IP )(u ) at the worst (that 

maximize the value of the functional  ) possible implementations of the risk vector 

1,0
)}({)(




Tt
tvv  (for all 1

)(:1,0 VtvTt  ). 

2.2 Formulation of the Task of Minimax Program Crisis Management of at 

the Enterprises 

Based on restrictions (2) and (3) 

  
110,

)(,10,,)}({)(:)()0,( UtuTttuuuT
Tt




U  (4) 

there are many alternatives to all possible implementations of )(u  program manage-

ments (all possible scenarios of Crisis management implementation) on the integer time 

interval T0, , which is a set of finite; 

  
110,

)(,10,,)}({)(:)()0,( VtvTttvvvT
Tt




V  (5) 

there is a set of all admissible implementations of the risk vector )(v  (all admissible 

scenarios of implementation of the risk vector) on the integer interval of time )(v .  
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Consider for fixed and possible implementations of program crisis management of 

an enterprise and the risk vector, )0,()( Tv V , ))(),(,,;(
000,

 vuIxTx
T

 the final 

state (state at time T) of the process trajectories generated by the system (1)-(3) and 

corresponds to the set ))(),(,,(
00

 vuIx . 

Let's choose a specific program crisis management 
10,

)}({)(



Tt

** tuu )0,( TU , 

with a finite set )0,( TU  of alternatives to all possible program crisis managements 

)(u  over a period of time T0, .  

Then, during the implementation of the fixed program crisis management 

10,
)}({)(




Tt

** tuu  and on the basis of the multistep equation (1) will be implemented 

such a trajectory of the system and (1) will go into a system of this type:  

 ),()()()(1)()(1)( tvtCtutBttAtx ***   },{(0)
00

Ixx*  , 10,  Tt , (6) 

where the final state will be denoted by ))(),(,,;()( *

000,
 vuIxTxTx

T

*
, which is the 

state at the time t of the trajectory of the management process of the IP generated by 

the system (1)-(3) (with a fixed implementation of the risk vector ),0()( TVv  ). 

For all valid implementations of sets  ))(),(,(
00

 vu,Ix , x(0)={х0, I0}, 

)0,()( Tu U  and )0,()( Tv V  the quality of the management process in the system 

(1)-(3), describing the CME, we propose to evaluate the terminal functional ))(( uΦ , 

the value of which evaluates the quality of the management process of the IP, determine 

the following ratio: 

 
))( ),( ,,(

~~
00

 vuI xΦΦ
 = 

))(( TxФ )))(),( ,,;((
000,

 vuIxTxФ
T , (7) 

where 1: RR nФ  is functionality; )(Tx = ))(),( ,,;(
000,


TTT

vuIxTx . 

It should be noted that with the help of the functional Ф  based on the ratio (7), which 

determines its value, it is also possible to assess the impact of damage that is possible 

in the implementation of a specific risk vector )0,()( Tv
T

V . 

Then for each fixed program crisis management of an enterprise ),0()( TUu   

from the solution of the optimization task we can find the value of the selected func-

tional: 

 ))(),(,,(
~~

00
)0,()(

)(

)(





v u I xΦmaxΦ
TV v

e

u
, (8) 
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where )0,()( TVv   introduced above, the set of all admissible realizations of the vector 

of risks on an integer interval T0, . 

Let’s proceed to the formulation of the task of minimax program crisis management 

of an enterprise with the presence of risks.  

Next, we consider the task of minimax program CME. 

Task 1. It is necessary to find the program minimax management )0,()()( TUu e 

satisfying the minimax condition: 

))( ),(,(
~

))(),(,(
~~

,,
00

)0( )()0,()(

)(

00
)0,()(




vu xΦmaxminv u xΦmaxΦ  I I
T,VvTUu

e

TV v

(e)  = 

 = 





 )))(),(, ,;((
~

000,
)0,()()0()(

)(

)(
)0,()(

vu IxTxФmaxminΦmin
T

TVvT,Uu

e

u
TUu

 (9) 

)()(

000,
)0,()(

)))(),(, ,;(( ee

T
TVv

Фvu IxTxФmax 


. 

Note that given the limitation and finiteness of the set of possible program manage-

ments )0,( TU  and (9), we show that the solution of this task is reduced to the solution 

of a finite number of optimization problems with a convex functional of the process 

quality [12], [19]. 

3 General Scheme of Solving the Task of Minimax Program 

Crisis Management of an Enterprise 

Consider a fixed time interval ( T0,,  (   ) and a set

)())(),((
,




,U
n

uX R
2  where nX R)(  (X(0)={x0, I0}) is a convex closed and 

bounded polyhedron (with a finite number of vertices) in space; 
n

R
2 is the set of all 

subsets of space n
R ; )(

,
u ),( U  − possible program crisis management on the 

time interval  , . 

On the basis of (1)-(3) we introduce a lot: 

,)(:)({)),(,),(,()(

)(
,

n

u
xxVXX R






 

 ,Vtv,ttvtCtutBtxtAtx
1

)(1,),()()()()()(1)(    (10) 

))},()}({)(,)}({)(
1,1,,




Vtvvtuu
tt




 

and will call the domain of reach or the predicted set of [10] phase States of the system 

(1)-(3) at the time , which corresponds to the set ))(),((
,



 uX . 
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Given the linearity of the recurrent dynamical system (8) and the introduced set con-

dition 
1

V , which is a convex, closed and bounded polyhedron in space q
R , it can be 

shown that for the following properties of the introduced set 

1,,
)}({)(




 τt
tuu  ),( U  are valid for the fixed program crisis management [8]: 

1) )()),(,),(,( )(

)(

)(

)
, ,

(
tXttX

t
u

t
u





 







VX  for all there is  ,1t a non-empty, con-

vex, closed and bounded polyhedron (with a finite number of vertices) in space n
R  

1,,
)}({)(




tτtt
tuu


 (see, for example, [9]); 

2) for all 1,  t  and )()()(

)(
0,




XX
u




 fair recurrence ratio: 

))1,(1,),(,()(

)(
1,






ttX
t

u




VX = 

 ))1,(1,),(, )(

)(

)(

)(
,1,

( 








ttttXt
ttt

uu
VX



= (11) 

= )1,,)((
1

)(

)(

)(

)(
,

VttX,t
t

utu








X . 

Then it follows from the relation (11) that the multistep task of constructing the 

reachability domain )),(,),(,()(

)(
,




VX X
u




 is reduced to the solution of a finite re-

current sequence of only one-step problems of constructing the following reachability 

domains, respectively: 

1)()(

)(
1,






tX
t

u


= ))1,(1,,)(( )(

)(

)(

)(
,1,










ttttX,t
ttt

uu
VX



= )1,,)((
1

)(

)(

)(

)(
,

VttX,t
t

utu








X , 

 1,  t , )()()(

)(
,




XX
u




. (12) 

Based on these properties, the General scheme of solving the Task 1 for a dynamic 

system (1)- (3), (8) it can be described as the implementation of the following sequence 

of actions [9]. 

1. Lets sort by increasing the natural index j a finite set )0,( TU  consisting of 
u

N

possible program managements )0,(})({)(
1-0,

)()( Ttuu
Tt

jj

T
U


 over a period of 

time T0, , that is, we have 
u

Nj

j

T
uT

1,

)( )}({)0,(


U . 

2. For fixed and possible program crisis management (for ex., from a set of alterna-

tives of possible management actions) )0,()()( Tu j

T
U  ( u

Nj 1, ), taking into ac-

count the above property, the area of reach ))0,(,(0),(0,)(

)()( TTXj

T
u

VX



 considered dy-

namic system (1)-(3) at the final time t, which corresponds to fixed set

))(),(())(},, ,({ )(

0,

)(

0,00
 j

T

j

T
u0Xu Ix )0,( TU

n

 R
2 , are convex, closed and a bounded 

polyhedron (with a finite number of vertices) of the space 
n

R  that we build on the 
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basis of the recurrent formulas (11), (12) by implementing the construction of T single-

step domains of reach, namely:  

))10(1,(0),(0,)(

)()(

1






t,tXj

t
u

VX = ))1,(1,),(,( )(

)(

)(

)( )()(

1,










ttttXt j

t

j

tt
uu

VX = 

 = )1,,)((
1

)(

)(

)(

)( )()( VttX,t j

t

j utu





X , 10,  Tt , (13) 

where X(0)={x0, I0}; ))0,(,(0),(0,)( )(

)(

)(

)( )()( ttXXtX j

t

j

t uu
V








 .   

3. For the selected fixed program crisis management )0,()()(

0,
TUu j

T
  (

u
Nj 1, ) 

and the range of reach constructed in accordance with it ))0,(,(0),(0,)(

)()(

0,

TTXj

T
u

VX



 

which is a convex, closed and bounded polyhedron (with a finite number of vertices) 

of space n
R , with a solution of the convex mathematical program task with a convex 

terminal functional Ф  and linear constraints, describes the area reach 

))0,(,(0),(0,)(

)()(

0,

TTXj

T
u

VX



 (see, for example, [5]) in accordance with (6), (7), (9), we 

find the following value of the quality functional Ф : 

 ))((
))0,(,} ,{(0

)(

)(
))(

)(

)(

00)(

0,

)(

0,

TxФmaxФ
TVT,Ix,

u
XTx

e

u

j

T

j

T 





 . (14) 

It should be noted that for solving the problem, one can use the Zeytendeik method 

[13]. 

4. With the decoupling of the following discrete optimization problem, we find the 

program crisis management )0,()(ˆ )(

0,
TUu e

T
  and the numerical value 

)(ˆ eФ : 

 
)()(

)(ˆ

)(

)(
,1

)(

)(
)0,()(

ˆ
(j)

0,

)(

0,0,

0,

ee

u

e

u
Ni            

e

u
TUu      

ФФФmin Фmin
T

j

T
u

T

T

     







. (15) 

Based on relations (11)-(13) and (41)-(15), it can be shown that the following equal-

ities hold: 

 )TUuuu e

T

e

T,

e 0,()(ˆ)()( )(

0,

)(

0

)(  , 
)()( ˆ ee ФФ  , (16) 

which show that as a result of the implementation of the proposed general scheme, a 

complete solution of task 1 was found [2]. 

Note that the procedure for constructing one-step reach )1,),(,(
1

)(

)(

)(

)( )(

0,

)( VttXtX i

t

i utu




 , 

10,  Tt , areas appearing in formula (16) can be implemented similarly to a com-

putational algorithm [4], which reduces the solutions of this task in the implementation 

of solutions of a finite number of tasks of linear mathematical programming. 
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3.1 The Algorithm of the Solution of the Problem of Management of 

Innovation Processes at an Enterprise Taking into Account the Risks 

1. Form the set of alternatives of possible IP management. The components of the 

first group of control vectors from this set represent the volumes of production of new 

products over a period of time (according to the corresponding IP) (the first level of 

management). 

2. Based on the values of the first group of management vectors of the IP, we build 

a plurality of material, labor and investment resources (second level of management). 

3. Determine the set of permissible risks with appropriate constraints. 

4. We consistently capture the management of the IP with the corresponding vector 

of replenishment of material and labor resources, investment resources and "take away" 

all the risks from the set of permissible. We construct the corresponding predictable 

sets of reach regions G for the final vectors x (T) of the PMIP state at the moment T. 

5. On the sets of reach domains, we solve the discrete optimization problem with the 

help of minimax and find the rational software control of the IP, which provides a guar-

anteed result of the solution of the CME problem under the influence of any risks from 

the set of permissible. 

4 Conclusion 

Thus, for organization of minimax crisis management at an enterprise in the selected 

class of permissible strategies for adaptive management, the model of adaptive man-

agement was developed. The proposed recurrent algorithm reduces an original multi-

step problem to implementation of the ultimate sequence of problems of minimax soft-

ware crisis management at an enterprise. In turn, solution of each of these problems is 

reduced to implementation of the finite sequence of only one-step optimization opera-

tions in the form of solutions of linear and convex mathematical programming and dis-

crete optimization. Then it is possible to obtain a solution of the considered model of 

adaptive crisis management at an enterprise in the face of risks. Solution is reduced to 

implementation of solution of a finite sequence of problems of linear convex mathe-

matical programming and discrete optimization. 

Presented results can be used for economic-mathematical modeling and solution of 

other problems of management processes optimization. Economic-mathematical mod-

els for such problems are presented, for example, in papers [12], [16], [19], [22]. Pro-

spects of the conducted research are associated with possibility of introduction of pa-

rameters of the vector of non-determined risks into a model of crisis management at an 

enterprise. 

The developed models are an effective tool of modeling of optimization of the guar-

anteed outcome of crisis management associated with risk factors for enterprises. The 

results obtained can be used for economic-mathematical modeling and solution of other 

problems of optimization of processes of data forecasting and management. This takes 

into consideration conditions of information deficit and uncertainty in the face of risks. 

The developed mathematical apparatus can be used for implementation of the relevant 
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program-technical complexes for supporting effective managerial decision making in 

practice.  

Developed tools of modeling in crisis management at an enterprise make it possible 

to solve the problems of reducing the risks of management of processes at an enterprise. 
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