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Introduction 
Optimization of an enterprise control is the choice of many alternatives. If the application of ma-

thematical optimization techniques is possible, at the initial stage of research a mathematical model of 
business processes should be constructed, and the criterion of success of the enterprise should be formu-
lated. Finding optimal solutions is carried out within the constraints defined by the business process 
models, and this process is complicated by the uncertainties caused by changes in the market environ-
ment, which affects the decision-making process. 

In the process of modeling of microeconomic processes the correlation of information, material and 
financial flows of the enterprise should always be taken into account. The approach proposed by John 
Forrester [1] is taken as a basis in this paper. It involves building a dynamic model of manufacturing and 
sales enterprise, which would reveal the interaction of the elements of its structure, material, financial 
and information flows. Such models can be used in sales and inventory management of the enterprise, 
depending on the anticipated needs, when creating GALS-technologies that unite all divisions of the en-
terprise involved in the design, planning and production, as well as services of supply, sales of finished 
products, conversion and utilization. Various approaches to the dynamic modeling of enterprises are 
given in [2–12]. 

To reduce the level of uncertainty in the process of management the problem of estimating the state 
vectors and enterprise parameters according to available a priori and a posteriori information should be 
solved. The solution of the estimation problem with the known statistical characteristics of unknown 
factors, using filtration methods and in case of their absence – using a guaranteed estimation algorithms, 
are discussed in [13–23]. The paper continues the research of [15, 16, 19–23]. 

 
1. Economic and mathematical model of enterprise 
We shall examine the enterprise dealing with the production and sales of one type of product [1] 

that is considered to be a uniform system, where the flow of customers' applications for products arrives 
in a sales unit. The sales unit distributes them at manufacturing site. From the manufacturing unit  
the flow of finished products arrives back in the sales unit. Part orders are delivered due to productive 
supplies, another part is delivered specially on request of the sales unit. The manufacturing unit includes 
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production both to satisfy incoming orders and to replenish the productive stock. These goods are trans-
ferred with some time delays to the distributing storage of the sales unit, from where they are delivered 
to the customers. When modeling, it is assumed that production requires labor costs and its rate depends 
on the number of workers. 

1.1. Construction of a simplified model of the enterprise  
Economic and mathematical model of enterprise is presented by the system of a nonlinear diffe-

rence equation of the form [20–23]. 
       , ,1k k k k k kx A p x F x w p B p u D p w    ,              (1) 

where k  is discrete time with a sampling period T , , ,n m r
k k kx R u R w R    are state, command and 

disturbance vectors, respectively, describing the system behavior temporally, tp R  is a vector of pa-
rameters of the enterprise,      , ,A p B p D p  are matrices, entries of which are fixed numbers,  , ,F     
is nonlinear vectors-function. 

The coordinates of disturbance vector kw  determine the constituents that have a direct impact on 
the enterprise performance and depend only on the market situation: product demand, material costs, 
time of payment of the salable product cost, time of delivery of the materials in the manufacturing units 
of the enterprise, disturbance in the flow of the workforce. 

Equations that determine the coordinates of the vectors of state kx , command ku  and parameters p  
are solved for each value k  with time interval T  and specified initial data [20–22]. We shall consider 
some equations of the system (1). For example, the equation of supply due to manufacturing inventory 

1,kx  on request of the sales unit, which has already been placed, but has not implemented yet, is of  
the form 

 1, 1 1, 0, 1,k k k kx x T u f    ,                   (2) 

where 0,ku
 
is a rate of requirements (demand), met due to manufacturing inventory (units per week), 

1,kf  is product shipping time from the manufacturing inventory (units per week). On the hypothesis that 
the rate of order fulfillment determines the volume of unfilled orders and the lag of their fulfillment, de-
pending on available inventory, we will get the equation for the determination of delivery rate 

1,
1,

1,

k
k

k

x
f

w
 , where 1,kw  is order fulfillment lag (weeks).  

The actual stock of finished products 2,kx
 
at the place of production (units) is determined by  

the equation: 
2,

2, 1 2, 1,
0

k
k k k

x
x x T u

p
 

   
 

,                   (3) 

where 1,ku
 
is a rate of release of products (units per week) to compensate the manufacturing inventory, 

0p  is product shipping time. The stock of materials 3,kx , determined by the volume of their income to 

the place of production 4,kx  and by the rate of expenditure in the process of manufacture 1 5,kp x  is given 
by the equation 

 3, 1 3, 4, 1 5,k k k kx x T x p x    ,                   (4) 

where 5,kx  is a number of production workers (people), 1p  is workforce productivity at the place of pro-

duction (units per people-week). The number of production workers 5,kx  is determined by the equation 

 5, 1 5, 1 6, 1 2, 2,k k k k kx x T x u w      ,                 (5) 

where 6,kx
 
is a number of workers, beginning the work, 2,ku  is a rate of redundancy of workers (people 

per week) in connection with expiration of a contract, 2,kw  is a rate of voluntary redundancy of workers 
(people per week). 
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The equation of desirable production output 7,kx (units per week) is of the form 

 7, 1 3, 8, 2, 9, 10, 11, 12,
1

1
k k k k k k k kx w x x x x x x       


,             (6) 

where 3,kw  is requirements, received with production (units per week), 8,kx
 
is a desirable inventory in 

the manufacturing unit (units), 9,kx  is a desirable level of orders transmitted through the channels 

(units), determined by manufacturing requirements, 10,kx  is an actual level of orders in channels issued 

by the manufacturing unit (units), 11,kx  is an actual level of unfilled orders in the manufacturing unit 

(units), 12,kx  is an average number of unfilled orders for the manufacturing unit (units), 1  is lag of in-
ventory control in the manufacturing unit (weeks). 

In the equation (6) the pace of sales, the state of inventory unfinished and unfilled goods have been 
taken into account. The volume of production of commodities 13,kx is chosen as the smallest one out of 

desirable and constrained with productive capacity:  13, 7,min ,k kx x  , where   is a constant, charac-

terizing maximum productive capacity. 
 
1.2. Construction of expanded model of the enterprise  
Expanded model of the enterprise describes its activities in a more detailed way. It is based on ob-

servations of a real enterprise, where the interaction between sales and manufacturing units is deter-
mined by the flow of the production orders received from customers, by the flow of finished goods in 
the opposite direction, and information on the delay of order execution by the enterprise. The expanded 
model built is described by a system of nonlinear differential equations of the form 

 1 , , ,k k k kx x w u p  ,                    (7) 

where k  is discrete time with a sampling period T , , ,n m r
k k kx R u R w R    are vectors of state, 

command and disturbances, respectively, describing the system, behavior in time, sp R  is a vector of 
parameters of the enterprise,  , ,     is a nonlinear vector-function, allowing piecewise-linear approxi-
mation. 

The components of the expanded models are mathematical models of sales and manufacturing units 
that are described by equations similar to the simplified model (2 – 6) [20,21]. Thus, we shall consider 
the impact of the factors such as labor force, flow of funds, profit and other on the enterprise activities. 

Production requires high labor costs, and providing enterprise with personnel and the regulation of 
its number are important issues. Production output in accordance with the average level of orders is pro-

vided with the number of workers 14,kx  (people), defined by the equation 15,
14,

1

k
k

x
x

C
 , where 15,kx  is 

the average level of incoming orders (units per week), 1С  is a labor productivity in the enterprise (unit 
per people-weeks). 

 
1.2.1. Personnel equations 
The requirements for the number of personnel to implement the volume of portfolio of orders de-

pend on its estimation. In many cases, it is advisable to take a value as an estimation that would indicate 
how long these orders can promote the production of: 16, 2 15,k kx x  , where 2 is delay in a normal port-
folio of orders at the place of production (weeks). Since the actual portfolio of orders is different from 
the normal one, the amount of labor force is set to adjust the volume of portfolio of orders to the desired 

level: 18, 19,
17,

1 2

k k
k

x x
x

C p


 . Here 17,kx is a number of workers to control unfilled orders (people), 18,kx  is 

total volume of the portfolio of unfilled orders at the place of manufacture (units), 19,kx
 
is normal vo-

lume of the portfolio of orders (units), 2p  is time of unfilled orders by the manufacturing unit (weeks).  
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Desirable level of labor force 20,kx , involved in production (people) can be found from the equa-

tion: 20, 14, 21, 22,k k k kx x x x   , where 21,kx  is a number of workers who control the unfilled orders 

(people), 22,kx  is a number of workers who produce excessive inventory (people). 
The difference between desirable and actual levels of labor force defines its surplus and deficit: 

23, 20, 24,k k kx x x  . Here 23,kx  is irrelevance between desirable and actual number of workers at  

the place of manufacture (people), 24,kx  is an actual number of workforce (people). Since 23, 0kx 
 
we 

need to hire a certain number of workers, and when 23, 0kx 
 
we need to reduce this number. 

When making decision on the employment of workers, the critical deviation of the number of work-
ers and the rate of existing irrelevance elimination should be taken into account. Their correlation is de-

termined by the equation  25, 23, 2 26,
3

1
k k kx x С x

p
  , where 25,kx

 
is a changed rate of employment 

(people per week), 3p  is time of change of the number of workers (weeks), 2С  is a critical value of irre-
levance of the levels of labor force at the place of manufacture as a part of the total number of produc-
tion workers (people per week), 26,kx  is production personnel determined be the total number of wor-
kers at the present time and those who undergoes training at the place of manufacture before beginning 
of work. 

Labor shedding rate is determined in the same way:  

 27, 23, 2 26,
3

1
k k kx x С x

p
  , where 27,kx  is a changed redundancy rate (people per week). 

The decision on hiring of labor force is made only when the value  28, 25,max ,0k kx x ; decision 

on the reduction of number is made when  29, 27,max ,0k kx x  , where 28,kx  is a rate of hiring (people 

per week), 29,kx  is a rate of redundancy (people per week). Stability-indicating parameter is the value 

30,kx  which means a total change of the number of workers at the place of manufacture (people): 

 30, 1 30, 28, 29,k k k kx x T x x    . 

1.2.2. Equation of financial flows 
Financial flows in the model are used to assess the work of the enterprise. The following equations 

define the level of accounts payable: 

31, 3 32,k kx С x ,  33, 1 33, 31, 34,k k k kx x T x x    , 34, 33,
3

1
k kx x


,           (8) 

where 31,kx
 
is a material invoice receipt (monetary units per week), 32,kx  is an input of basic materials 

(equivalent units per week), 3С  is a material price (monetary units), 34,kx is costs for material purchasing 

(monetary units per week), 3  is an invoice payment delay by the plant (weeks). 
Money received for goods sold are presented in the form of bills with a third-order lag before 

changes in the incoming flow of funds: 
 35, 4 1, 36,k k kx С x x  ,  37, 1 35, 43 ,k kx del x   ,  

 38, 1 38, 35, 37,k k k kx x T x x    .                  (9) 

Here 35,kx  is a rate of invoice arrangement for finished products (monetary units per week), 4С  is  

a fixed price of the finished product (monetary units), 36,kx is a rate of product shipment by the orders of 

the sales unit (units per week), 37,kx is a rate of cash inflow for the finished goods in the enterprise cashiers 

(monetary units per week), del3 is a designation of the third order lag [20], 4  is the plant’s bill payment 
delay by customers (weeks), 38,kx  is bills received by the enterprise (monetary units). 
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The flow of funds for salary payment is determined by the equation 39, 5 26,k kx С x , where 39,kx
 
is 

salary costs (monetary units per week), 26,kx
 
is a number of personnel (people), 5С  is average salary 

per week (monetary units). 
Taking into account the equations (8), (9), the current profit 1,kL  (monetary units per week) before 

payment of taxes is given by the equation: 

     5
1, 4 7 1, 36, 6 1, 36,

1
k k k k k

CL C C x x C u x
C

  
       

   
, 

where 6С  is a rate of fixed surpluses (monetary units per week), 7С  is a standard cost of product unit in 
reserve, 1,ku  is a production rate using production reserve. Net profit 2,kL  can be defined as a half of  

the total profit before payment of taxes 2, 2,0,5k kL L , 3, 1 3, 2,k k kL L TL   , where 2,kL  is net profit 
during the period in question (monetary units). 

Shareholders’ dividends are determined based on the average value of net profit for the chosen pe-
riod of time. At the same time their value remains unchangeable at a short-term change of the profit.  
The level of dividend payments 4,kL  (monetary units per week) can be determined by the equation 

 4, 1 4, 2, 4,
4

k k k k
TL L L L
p    , where 4,kL  is a level of dividend payments to shareholders (monetary 

units per week), 4p  is regulation time of the level of dividends (weeks). 
1.2.3. Control actions 
Only the values that can be changes by the enterprise administration are chosen as control actions. 

The coordinates of the command vector ku  are the following: the rate of requirementmet due to produc-
tion reserve 1,ku ; the rate of production on request of the sale unit of the enterprise 2,ku ; the rates of hiring 

3,ku  and redundancy of workers 4,ku ; the rate of delivery of goods to customers 5,ku ; the rate of pro-
curement of materials 6,ku . 

The rate of requirements 1,ku  depends on the requirements in the process of their arrangement in  
the enterprise 40,kх  (units), delay in requirement arrangement in the enterprise 2  (weeks) and on  
the size of the part of orders 8С  (arbitrary units) that can be fulfilled due to orders and has restrictions

40,
1, 8

2
0 k

k
x

u С 


. Here the expression 40,
8

2

kx
С


 

determines the maximum rate of requirements met due 

to the enterprise reserve. 
Production on request of the sales unit 2,ku

 
is determined by the distribution of labor force,  

depending on the volume of the portfolio of unfilled orders. Decision on the distribution of labor force 
by the part that produces items for reserve and by the part, which fulfills the orders of the sales uni-
tis made by the administration of the enterprise. The value 2,ku

 
is limited by inequality 

42, 43,
1 41, 2, 1 41,max , 0 min ,k k

k k k
x x

C x u C x
T T

   
    

   
 , where 41,kx

 
is production personnel of the enter-

prise (people), 42,kx
 
is a number of not started orders by the manufacturing unit for reserves replacement 

(units), 43,kx  is a number of orders (units) on request of the sales unit not fulfilled by the manufacturing 
unit, 1С  is a workforce productivity in the plant (units per people-weeks). 

The aim set by the enterprise administration under the change of demand for the products is the sta-
bility of the number of operable enterprise. The following conditions are imposed on the rates of hiring 

3,ku  and redundancy 4,ku  of labor force: 3,0 ku , 41,
4,0 k

k
x

u
T

  . 

When determining the delivery rate 5,ku , the enterprise administration, having the information on 
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current state of the market and forecast for the future period, can reduce the delivery rate or increase it 
up to critical level. The restrictions imposed on 5,ku  are given by inequality 

 5, 44, 45,
10 min , ,k k ku x x
T

 
                 

(10) 

where 44,kx  are orders (units) not fulfilled by the sales unit, 45,kx  is reserves (units) in the sales unit. 
The right part of the inequality (10) determines maximum value of the rate of retail product shipment, at 
which the whole reserves are used for the period of time T  in the sales unit, or all existing customer 
orders will be fulfilled. 

The rate of material procurement 6,ku , determined by the enterprise administration as well, has re-

striction 6,0 ku . 
 
2. Enterprise control 
2.1. Enterprise adaptation to changes in the market environment 
Enterprise activities should satisfy the requirements conditioned by changes in the market environ-

ment with respond to the product demand changes. Economic performance of the enterprise can be im-
proved by finding the optimal parameter values p, solving the problem of enterprise adaptation [20, 21].  

The coordinates of the vector of parameters p  of the enterprise include product shipment delay of 
the manufacturing unit; delay in the creation of a product requirements document at the place of produc-
tion; production time; delay in the order portfolio of the manufacturing unit; time needed for the training 
of workers; time of product shipments averaging from the production reserve; time of change in the flow 
of information about supply; minimum time of orders fulfillment by the sales unit; average delay of or-
der distribution by the sales unit under the absence of some goods at the stock; time of inventory control 
in the sales unit; time of ordering in the sales unit; delay in communication channels in the sales unit; 
delay in the transportation of goods to the sales unit of the enterprise; profit tax rate; change time of  
the number of workers, etc. 

Let us set the problem of parameter optimization. We shall introduce the value of lost profits, which 
determines how accurate the enterprise completes changes in product demand 0,kw :  

1 0, 5,k k k kL L T w u    , 0,1, ..., 1k N  ,              (11)  

where 5,ku  is a rate of product supply to customers, N  is given time interval, T  is model sampling pe-
riod. The magnitude of the rate of product delivery depends on the vector of parameters of the enterprise p 
and changes in demand 0,kw . The higher the change in demand, the greater the difference between 5,ku

 
and 0

kw , which is explained by delays due to dynamic processes in the enterprise. This increases the va-
lue of lost profits kL , determined, ultimately, by demand and parameters of the enterprise. Knowing  
the values of the parameters and having the opportunity to change them, you can reduce the amount of 
lost profits kL . At the same time account must be taken of the fact that any change of the parameters is 
associated with the costs. This requires the introduction of restrictions to changes of the parameters of 
the enterprise due to the limited funds allocated for the adaptation. 

We shall define the problem of optimization as a problem of finding the minimum of objective func-
tion  f p  along the trajectory of the model (7) at restrictions to the vector of parameters of the system p :  

  min,f p                      (12) 

,L H
i i ip p p    0

1
,

s

i i i
i

c p p R


   1, ..., .i s  

Here 0, ,L H
i i ip p p  are minimum, maximum and starting values of the parameters, respectively; R  is costs 

spent on change of parameters; ic  is costs spent on change of the unit of i  parameter, s  is a number of 
variable parameters of the system. As the search for the optimal solution occurs with limited funds, lost 
profit function for a given period of time N can be considered as the objective function [20, 21]. 
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In the process of adaptation it is not enough for the enterprise to focus only on the lost profits. 
Such factors as the state of inventory, the status of raw materials and resources, labor force, financial 
status should be considered and taken into account. Therefore, this problem is multi-criteria and dif-
fers from linear programming problem in nonlinear nature of objective functions. The optimum solu-
tion to this problem may be different from the angular point of the convex target set. Since the objec-
tive functions are not convex and may have several local minima, the problem is multiextremal. When 
finding a global extremum, choice of starting point 0

ip  is carried out in random manner from the tar-
get set. 

After finding the optimal parameters of the enterprise it is necessary to evaluate the adaptation ef-
ficiency based on the amount of costs for the change of parameters of the enterprise.  

 
2.2. Enterprise control under certainty 
After solving the problems of parametric optimization and enterprise adaptation we shall now con-

sider the synthesis of optimal control of the enterprise. We shall assume the part of coordinates of  
the state vector in the expanded model (7) as control variables and present a dynamic model of the en-
terprise in the form of 

 , ,1 ,k k k kx x p w  0,1, ..., 1k N  .               (13) 
Linearizing (13), we obtain 

1k k k k k k kx A x B u D w    , 0,1, ..., 1k N  ,             (14) 
where , ,k k kA B D  are known matrices. We shall consider initial value of the state vector 0x and the se-
quence of vectors ,kw 0,1,..., 1k N  , to be known. Under conditions of certainty the parameter vec-
tor p  is constant, so it can be omitted in the matrix recording. Disturbance vector ,kw determines  
the current situation, and its coordinates are market factors, such as demand for products, price of mate-
rials, payment time of products, delivery time of materials, and staff turnover of the enterprise. 

The functional with three main constituents that characterize the production can be considered as  
a criterion of control efficiency. Among the three main constituents are: the deviation of the profit from 
the desired value (lost profit), production costs, loss of the selling service. Each constituent in the crite-
rion corresponds to its weighting coefficient that reflects the preferences of individuals who make mana-
gement decisions and determines the strategy of survival for the enterprise on the market. Criterion con-
struction by the example of the specified terms is given in [20–22].  

The criterion of efficiency takes the form 

           
1

1
,

NT T T
N N N N k k k k k k k k

k
x S x x Q x u R u





          
        (15) 

where ,S Q  is a symmetric nonnegative definite matrix, R is a symmetric positive definite matrix, 
,k k   are given vectors with the coordinates that define normal levels of state variables, N is a number 

of sampling intervals. The criterion reflects the effect of the enterprise losses in the transition period. 
Matrices , ,S Q R  provide the reduction of the measurement units of each term of the criterion to  
the units, in which the corresponding variables of state and control vectors are measured. 

We shall state the optimal control problem under certainty. Let the linear system of differential  
equations (14), describing the dynamics of the enterprise be determined, the vectors describing the initial 
state of a dynamic system be given, and the quality functional (15), which reflects the total loss of  
the company during the transition period, be defined. We need to find a sequence of command vectors 
of the enterprise ku , 0,1, ..., 1k N  , delivering the minimum value to the quality functional. 

Stated problem is solved by dynamic programming. In this connection the optimal control takes  
the form 

1 2 ,k k k k ku K x K w  0,1,..., 1k N  ,               (16) 

where matrices 1 2,k kK K  are determined by the ratio 
1 1

1 ,k k kK T A   2 1 2
1 1 ,k k k kK T D T     11 2

1 1 ,T T
k k kR B T B T B


      
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and matrices  1 1 1 ,1
T

k k kT Q A T A BK      2 1 1 2
1 1

T
k k k kT A BK T D T     are the solutions of the Riccati 

equation with boundary conditions 1 ,NT S 2 0.NT   
When the control is realized under the conditions of incomplete information, the disturbances kw  

are unknown and there is no data on the current values of the state vector kx , it is necessary to use esti-
mates of these vectors. 

 
2.3. Enterprise control under uncertainty 
When analyzing the operation of business the incompleteness and inaccuracy of data should be tak-

en into account: it is impossible to predict in advance what the demand for the products will be, how the 
equipment will operate and how many workers will work. When modeling the dynamics, uncertain 
quantities are reported in terms of random and deterministic components. The state of the enterprise is 
determined by the vector of parameters p and state kx , observation of which is carried out under condi-
tions of errors and incomplete information. Therefore, the methods of theory of guaranteed control of 
objects, whose operation takes place under conditions of uncertainty, should be used along with a pro-
babilistic approach. 

In the following, we shall only give the solution to the problem of estimation of the vector of state 
kx  using a priori and posteriori information to control the enterprise, taking into account the incom-

pleteness and inaccuracy of data.The solution to the problem of control synthesis is given in [21]. We-
shalladdthemodelofinformationsystemtothemodelofenterprisedynamics (14), additionally introducing 
the summands, determining disturbances and measurement errors: 

1k k k k k k k k kx A x B u D w C    ,                (17) 

1 1 1 1k k k k k ky G x H v      , 0,1, ..., 1k N  .             (18) 
Here k , k  are disturbances and errors of measurements are independent Gaussian sequences with 
known positive definite matrices of covariance ,kQ kR  and zero expectations kM  and kM . Indefi-
nite determinated actions k kw W and measurement errors k kv V  are initially unknown, only sets 

,k kW V , are known, which are convex compacts. Assume matrices , , , ,k k k k kA B C D H  are also known, 
and let the system (17), (18) be controllable and observable. Assume initial state 0x  of the system is 
Gaussian vector, independent of k and k with known positive definite matrix of covariance 0P , but 
with the average 0Mx  unknown beforehand, where 0X  is known convex compact. For these conditions 

we need to find the vector estimation kx  at each k  step by total measurements    1 2, , ..., .k ky y y y   
Guaranteed estimation of the system state involves the construction of the sequence of information sets 

kX  and estimations kx , which are taken as Chebyshev center of an information set kX  [10, 11, 19, 20]: 
 / 1 / 1 ,k k k k k k k k k kX X y G X H V    

/ 1 1 1 1 1 1 1k k k k k k k kX A X B u D W        , 1, 2, ...k              (19) 
where k  is a gain of Kalman filter, characterizing the ratio between the uncertainty of state and mea-
surement, depending on the system properties – matrices kA and kG , and the totality is considered as  
the Minkowski meaning. Prediction locus / 1k kX   is calculated based on the preceding set estimation 

1kX   of the state vector of the system and managerial decision made 1.ku   
Let us reduce (19) to the form that would be suitable for real-time computation. For symmetric sets 

0 1, , , 0,1, ...,k kX W V k   with regard to the designations 1 1( ) ,k k k kA I G A    1 1( )k k k kD I G D    , 

the following evolution equations of the sets kX and estimations kx  have been obtained: 
,k k kX X z


1, 2, ...,k   1 1 1 1 ,k k k k k k k kX A X D W H V      

 
 

0 0 ,X X


1, 2, ...,k  1 1 ,k k k k kz z yA    0z = 0,  

,k k kx x z   0 0 ,x x   1 1 1 1,k k k k kx A x B u     1, 2, ...k    
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Here kz  is a back-calculated vector ky , matrices 1kA  , 1kD   can be calculated and the set kX


 can 
be built beforehand by a priori data.  

Disturbances acting on the system do not always have a stochastic nature. In this case it is possible 
to use maximum estimation algorithm [13–17]. 

The advantage of guaranteed parameter estimation algorithm is that it does not require knowledge 
of the statistical characteristics of disturbances and errors, which is important under the condition when 
the control object is poorly known. 

 
3. Simulation results 
The simulation of enterprise behavior was carried out by changing its external environment in  

the process of experiment. The main external factor affecting the enterprise was the demand for its 
products. Its changes were taken as an input disturbance. The enterprise behavior was compared at non-
optimal and optimal parameters: the system response on a step 20 % increase in demand was considered 
in comparison with the initial value taken as 1000 units per week. Optimal parameters were obtained as 
a result of optimization problem solution (12) for the criterion of shortfall in profits (11) in case if  
the restriction of costs value for a change of parameters were 20 units, and in case of no restrictions, 
45.2 units were spent. Initial values of the parameters 0

ip  were selected by equal upper limits of  

the ranges of their change 2
ip . They also were taken as non-optimal parameters [20, 21]. The process of 

simulation took 200 weeks. The values of lost profit NL  in the first case (with the limit of funds for para-
meter changes) were 173.45 units, and in the second one (without the limit of funds) were 170.47 units. 
The value of lost profit NL  in the enterprise with non-optimal parameters was 863.5 units. 

 
Conclusion 
The economic and mathematical model of the enterprise, describing the dynamics of its functioning, 

has been constructed. The effect of changes in demand for products of the enterprise on its behavior has 
been analyzed. The problem of the enterprise adaptation in case of changes in the market environment 
has been solved as a problem of parametric optimization. The synthesis control problem has been solved 
for the quadratic performance criterion reflecting total losses of the enterprise in case of changes in  
the market environment. The solution of estimation problems of the state vector of the enterprise at dif-
ferent informational assumptions about uncertain factors has been introduced. 
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АЛГОРИТМЫ ОЦЕНИВАНИЯ И УПРАВЛЕНИЯ  
ПРОЦЕССАМИ ПРОИЗВОДСТВА И СБЫТА  
В УСЛОВИЯХ НЕПОЛНОТЫ ИНФОРМАЦИИ 
 
В.И. Ширяев, А.А. Брагина  
Южно-Уральский государственный университет, г. Челябинск 
 
 

Рассмотрены подходы к управлению предприятием в условиях определенности и неоп-
ределенности. Построена экономико-математическая модель производственно-сбытового 
предприятия в виде нелинейных разностных уравнений, определяющих взаимосвязь матери-
альных, информационных и финансовых потоков внутри предприятия, что позволяет решать 
задачи анализа и управления экономическими процессами как в целом на предприятии, так и 
в отдельных его подразделениях. Рассмотрено решение одной из возможных задач адаптации 
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предприятия к изменяющимся условиям рынка, приведена методика оценки эффективности 
адаптации. Сформулированы и решены задачи оптимизации параметров предприятия и опти-
мального управления поведением предприятия в условиях неполноты информации и измене-
нии ситуации на рынке. Для условий неполной информации получен алгоритм оценивания 
вектора состояния системы. Приведены результаты моделирования. Экономико-математиче-
ская модель и алгоритмы оценивания и управления могут быть применены при разработке 
математического обеспечения автоматизированных систем управления предприятием. 

Ключевые слова: оптимизация параметров, адаптация, оптимальное управление, управ-
ление в условиях неполноты информации, фильтрация, гарантированное оценивание. 
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