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повыШение эффективности испольЗования 
Беспилотных летательных аппаратов За счет 
распределения Задач меЖду ядрами вычислительного 
процессора

Рассмотрены алгоритмы распараллеливания задач между 
ядрами 4-ядерных процессоров вычислительных систем бес-
пилотных летательных аппаратов (БПЛА). Показано, что вы-
свобождение 1-го ядра и распределение задачи между 2–4-м 
ядрами на 10,3 % уменьшает энергопотребление процессора. 

Применение разработанного алгоритма в комплексе с предложен-
ным дополнительным питанием от энергии измерительного сиг-
нала датчиков повышает эффективность использования БПЛА.

ключевые  слова: вычислительные системы беспилотных 
летательных аппаратов (БПЛА), 4-ядерный процессор, ими-
тационное моделирование.
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analysIs and deVelopment 
of CompromIse solUtIons 
In mUltICrIterIa transport tasKs

Розглянуто метод розв’язання багатокритеріальних транспортних завдань. Запропонована 
ітераційна процедура, в якій початковий план завдання є оптимальним за основним з крите-
ріїв. На наступних ітераціях реалізується уступка за основним з критеріїв з метою поліпшен-
ня значення додаткових. Процедура триває до отримання компромісного рішення. Розглянуто 
приклади розв’язання задачі.

ключові  слова: багатокритеріальна транспортна задача, ітераційне рішення, формування 
Парето-безлічі рішень.
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1.  Introduction

In the practice of planning and organization of trans-
portation of goods, two different mathematical models are 
traditionally used:

– the transport task by the cost criterion (at the same 
time the average total cost of transportation is mi-
nimized);
– the transport task by the time criterion (the maxi-
mum of the traffic durations is minimized).
These tasks are alternative in the sense that their op-

timal plans, as a rule, do not coincide (the shortest route 
is not necessarily the cheapest one). The technologies for 
solving these problems have been well worked out [1–3] 
and constructively take into account the different speci-
fics and features of the productions of each of them. For 
this reason, they are fundamentally different and their 

integration into a single computational procedure is very 
problematic. At the same time, when solving the practical 
problems of transport logistics, there is a need to solve 
compromise problems, for example, such:

a) to find a transportation plan that minimizes the 
average total cost of transport, provided that the longest 
of them does not exceed the prescribed one;

b) to find a transportation plan that minimizes the 
maximum of the transportation duration, provided that 
their average total cost does not exceed the specified value.

It should be noted that when solving practical tasks 
of transportation planning, it is expedient to take into 
account one more criterion – the probability of successful 
implementation of the transportation plan for the aggregate 
of routes from suppliers to consumers, which are determined 
by the selected plan. The development of a method for 
solving this problem is of theoretical and practical interest.
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2.   the object of research   
and its technological audit

The object of research is the multicriteria transport 
problem of linear programming.

Simultaneous consideration of several criteria for op-
timal solutions is a problem. The fact is that the optimal 
solutions for different criteria do not coincide as a rule. 
This circumstance motivates the search for compromise 
solutions to the multicriteria problem. In this connec-
tion, the subject of research is the method of constructing 
a compromise solution.

3.  the aim and objectives of research

The aim of research is development of a technology 
for finding compromise solutions for linear programming 
transport problems by the criteria: average total cost, the 
probability of implementing a transportation plan, the ma-
ximum duration of transportation.

To achieve this aim, it is necessary to solve the fol-
lowing tasks:

1. To analyze the general principles of compromise for 
a set of criteria and the choice of rational.

2. Development of a computational procedure for con-
structing a compromise solution.

4.   research of existing solutions   
of the problem

Several different approaches to the solution of multi-
criteria problems are known and used in practice. One of 
the most commonly used is the formation of the Pareto 
optimal set of solutions [4–8]. Let X j nj , , ,..,= 1 2  be the set 
of possible solutions of the problem, and let F i mi , , ,..,= 1 2  
be the set of criteria for evaluating the quality of the 
solution. Let’s introduce the concept of a dominant solu-
tion. The decision is dominant if:

F X F Xi k i s( ) ( ),≥  s n s k i m= ≠ =1 2 1 2, ,.., , , , ,.., ,

and for each i at least one of these inequalities holds 
strictly. A Pareto-optimal set is a subset of the set of all 
solutions X X Xn1 2, ,.., , such that none of its elements is 
dominant. The shortcomings of this method are ob vious. 
First, there is no constructive way to form a Pareto- 
set (except for the search of all solutions). Secondly, it 
is not clear how to choose the best from the set of un-
modified decisions.

Another frequently used method is scalarization [9–11]. 
The simplest way to implement the basic idea is addi-
tive convolution. At the same time, for a set of criteria 
F F Fm1 2, ,.., , its scalar mapping is formed by the formula:

F X F Xi
i

m

i i i
i

m

( ) ( ), , .= ≥ =
= =
∑ ∑a a a

1 1

0 1

Another way is to convolve using the «ideal point» [11].  
In this case, for each criterion Fi ,  the best value Fi

( )0  is 
chosen, and then the quality level of a particular solution X j  
is estimated by a number:

L F X Fj i
i

m

i j i= − 
=
∑a

1

0 2
( ) .( )

The general disadvantage of this approach is the ar-
bitrariness in the choice of numerical values of weighting 
coefficients a i i m, , ,.., .= 1 2

Finally, when solving multicriteria problems, the so-
called method of concessions is often used [12, 13]. Thus 
from a set of criteria the basic criterion is chosen, the 
others are defined as additional. Then the problems are 
solved according to the main criterion and then the va-
lues for all additional criteria are calculated for the ob-
tained solution. If these values are satisfied by the person 
making the decision, then the solution of the problem is 
over. Otherwise, a concession is made: a new solution is 
found that will be worse than the previous one by the 
main criterion, but somewhat better by additional ones. 
The procedure continues until a compromise solution is 
found that satisfies all the criteria. The advantage of this 
approach: simplicity, interactivity and ability to control 
the breakpoint. The disadvantage – there is no general 
method that describes the procedure for moving from an 
existing solution to an alternative one. At the same time, 
if in accordance with the features and nature of the prob-
lem this transition is easily realized, then the proposed 
method is expedient to use.

5.  methods of research

Let there be m centers – suppliers of cargo and n cen-
ters of its consumption. In this case:

ai – volume of cargo to be transported from the i-th 
supplier;

bj – volume of cargo to be transported to the j-th 
customer;

cij – average cost of transporting a unit of cargo from 
the i-th supplier to the j-th consumer;

pij – probability of successful realization of cargo trans-
portation from i-th supplier to j-th consumer;

tij – duration of the corresponding transportation.
Let’s introduce the set:

X xij= ( ),

where xij  – the volume of cargo planned for transport 
from the i-th supplier to the j-th consumer, i m= 1 2, ,..., , 
j n= 1 2, ,..., .

Let’s formulate the criteria for the effectiveness of the 
transportation plan X:

L X c xij ij
j

n

i

m

( ) ,=
==

∑∑
11

 (1)

T X t x
i j

ij ij( ) max ( ) ,
,

= ⋅{ }d  (2)

P P xij ij
j

n

i

m

= ( )
==

∏∏ d
11

,  (3)

where d x
x

x
ij

ij

ij

( ) =
=
>





0 0

1 0

, ,

, .

 if 

 if 

The required transportation plan must satisfy the fol-
lowing constraints:

x a i mij i
j

n

= =
=

∑
1

1 2, , ,..., ,  (4)
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x b j nij j
i

m

= =
=
∑

1

1 2, , ,..., ,  (5)

x i m j nij ≥ = =0 1 2 1 2, , ,..., , , ,..., .   (6)

It is assumed that the balance condition a bi
i

m

j
j

n

= =
∑ ∑=

1 1

 is 

met, and in addition, the duration of transportation from 
the i-th supplier to the j-th consumer does not depend 
on the volume of transportation xij , i m= 1 2, ,..., , j n= 1 2, ,..., .

Let’s set the task of developing a method for finding  
a transportation plan X xij= ( ) that satisfies the const-
raints (4)–(6) and optimizing the criteria (1)–(3) optimally.

6.  research results

First let’s consider the two-criterion problem by the 
criteria (1), (3), using the following iterative procedure.

Iteration 1. Using standard methods, the transport 
problem is solved by the cost criterion: to find a plan 
X xij= ( ) that minimizes (1), satisfying constraints (4)–(6).

Let X xij
( ) ( )1 1= ( )  be the solution of the problem. Using  

this plan, let’s find a non-zero set p xij ij ijd ( ) .( )1{ }  In this 
case only those elements of the matrix P pij= ( )  to which 
the plan’s non-zero supplies X ( )1  correspond will be high-
lighted. Let’s find a pair of indices:

i j p xij ij1 1
1, arg min . ( ) = ( ){ }( )d  (7)

It is clear that the route from the supplier i1 to the 
consumer j1 is the least reliable of the plan’s routes X 1( ). 
Let’s call it critical.

Now let’s modify the initial matrices C and P, as follows:

c
c p p

M p pij
ij ij i j

ij i j

( ) , if ,

, if ;
1 1 1

1 1

=
>
≤





 (8)

p
p p p

p pij
ij ij i j

ij i j

( ) , if ,

, if .
1 1 1

1 1
0

=
>
≤





 (9)

Operations (8) and (9) exclude the possibility of using 
routes whose reliability is worse than critical. Iteration 1 
is complete. The first stage of the assignment procedure 
is carried out.

Iteration 2. Using the resulting matrix C cij
( ) ( )( ),1 1=  let’s 

again solve the transport problem (1), (4)–(6). Let X xij
( ) ( )( )2 2=  

be the solution of this problem. It is clear that the plan X ( )2   
will not be better than the plan X ( )1  by criterion (1), but 
it is certainly better than this plan by criterion (3). Thus, 
the assignment by criterion (1) in favor of criterion (3)  
is realized.

Next, let’s select the set p xij ijd( )( )2{ }  again, find ( , ) arg min ( )( )i j p xij ij2 2
2= { }d 

( , ) arg min ( )( )i j p xij ij2 2
2= { }d  and modify the matrices C ( ),1  P ( ) :1

c
c p p

M p p
ij

ij

i j

ij i j

ij

( )

( ) ( ) ( )

( ) ( )

, ,

, ;
2

1 1 1

1 1

2 2

2 2

=
>

≤







if

if

p
p p p

p p
ij

ij

i j

ij i j

ij

( )

( ) ( ) ( )

( ) ( )

, ,

, .
2

1 1 1

1 1

2 2

2 2
0

=
>

≤







if

if

Iteration 2 is complete.
Carrying out of each iteration reduces the number of 

possible routes. The solution of the problem is continued 

until the next solutions of problem (1), (4)–(6) give an 
admissible plan.

Let’s consider an example. For a system of three manu-
facturers and four consumers with numerical characteristics:

a a a1 2 310 30 20= = =, , ,  

b b b b1 2 3 418 8 12 22= = = =, , , ,   

let’s introduce the value matrix C and the probability P:

C P0 0

4 7 8 9

7 10 3 5

2 6 5 4

0 25 0 9 0 75 0 8

0 5 0 45 0 2 0 8

0 3 0 7

( ) ( )= =,

. . . .

. . . .

. .

 

00 8 0 4. .

.

Iteration 1. The solution of problem (1), (4)–(6) gives 
the transportation plan:

X 1

0 8 0 2

0 0 12 18

18 0 0 2

( ) = .

The values of the criteria (1) and (3) for the plan are:

L X P X1 1244 0 0138( ) ( )( ) = ( ) =; . .

Let’s obtain a nonzero set of probabilities:

p xij ijd( ) . ; . ; . ; . ; . ; . .( )1 0 9 0 8 0 2 0 8 0 3 0 4{ } = { }

In this case, P Pmin . .= =0 2 23  the modification of the origi-
nal matrices C and P in accordance with (8), (9):

C M P1 1

4 7 8 9

7 10 5

2 6 5 4

0 25 0 9 0 75 0 8

0 5 0 45 0 0 8

0 3 0 7 0

( ) ( )= =,

. . . .

. . .

. . .

 

88 0 4.

.

Iteration 1 is complete.
Iteration 2. Acting like the previous one, let’s obtain 

the plan:

X2

8 0 2 0

0 8 0 22

10 0 10 0

= .

The value of criteria (1) and (3) for the plan are equal:

L X P X2 2308 0 0144( ) ( )( ) = ( ) =; . .

In this case, L X L X2 1( ) ( )( ) > ( ), P X P X2 1( ) ( )( ) > ( ). The non-
zero probability set, corresponding X 2( ), has the form:

p xij ijd( ) . ; . ; . ; . ; . ; . ,( )2 0 25 0 7 0 45 0 8 0 3 0 8{ } = { }

from where Pmin . .= 0 25  Modification of matrices C P1 1( ) ( )and :

C M P2 2

7 8 9

7 10 5

2 6 5 4

0 0 9 0 75 0 8

0 5 0 45 0 0 8

0 3 0 7 0 8 0

( ) ( )= =,

. . .

. . .

. . . .

 

44

.

Iteration 2 is complete.
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All calculations on subsequent iterations are performed 
in a manner similar to the previous one, let’s give their 
results without explanation.

Iteration 3.

X ( ) ,3

0 8 2 0

10 0 0 20

8 0 10 2

=

L X P X3 3316 0 0324( ) ( )( ) = ( ) =; . ,

L X L X P X P X3 2 3 2( ) ( ) ( ) ( )( ) > ( ) ( ) > ( ); ,

p x Pij ijd( ) . ; . ; . ; . ; . ; . , . ,( )
min

3 0 9 0 75 0 5 0 8 0 3 0 8 0 3{ } = { } = 

C M

M

P3 3

7 8 9

7 10 5

6 5 4

0 0 9 0 75 0 8

0 5 0 45 0 0 8

0 0 7 0 8 0 4

( ) ( )= =,

. . .

. . .

. . .

. 

Iteration 4.

X ( ) ,4

0 8 2 0

18 0 0 12

0 0 10 10

=

L X P X4 4348 0 0864( ) ( )( ) = ( ) =; . ,

L X L X P X P X4 3 4 3( ) ( ) ( ) ( )( ) > ( ) ( ) > ( ); ,

p xij ijd( ) . ; . ; . ; . ; . ; . ,( )4 0 9 0 75 0 5 0 8 0 8 0 4{ } = { }

Pmin . ,= 0 4

C M

M M

P4 4

7 8 9

7 10 5

6 5

0 0 9 0 75 0 8

0 5 0 45 0 0 8

0 0 7 0 8 0

( ) ( )= =,

. . .

. . .

. .

. 

Iteration 5.

X ( ) ,4

0 0 0 10

18 0 0 12

0 8 12 0

=

L X P X5 5384 0 1792( ) ( )( ) = ( ) =; . ,

L X L X P X P X5 4 5 4( ) ( ) ( ) ( )( ) > ( ) ( ) > ( ); ,

p x Pij ijd( ) . ; . ; . ; . ; . , . ,( )
min

5 0 8 0 5 0 8 0 7 0 8 0 5{ } = { } = 

C M M

M M

P5 5

7 8 9

10 5

6 5

0 0 9 0 75 0 8

0 0 45 0 0 8

0 0 7 0 8 0

( ) ( )= =,

. . .

. .

. .

. 

Further solution of the problem is impossible, since 
all routes to the first consumer are blocked.

A joint analysis of all the results of solving the problem 
allows to draw the following conclusions.

1. The realized iterative procedure of successive con-
cessions ensured the receipt of a set of plans, none of 
which is majorizing, that is, for no pair:

L X P X L X P Xs s r r( ) ( ) ( ) ( )( ) ( )( ) ( ) ( )( ), , , ,

the inequalities:

L X L X P X P Xs r s r( ) ( ) ( ) ( )( ) < ( )( ) ( ) > ( )( ),

aren’t satisfied simultaneously.
2. The obtained results make it possible to choose a com-

promise solution of the problem. Let the criterion (1) be 
chosen as the main one, and it must be minimized, and the 
criterion (3) is constrained (for example, P x Pall( ) . .≥ = 0 05  
Then the plan X 4( ) is a compromise, since this plan mini-
mizes (1), satisfying the constraint P X 4 0 084 0 05( )( ) = >( ). . .

Let’s note now that the formulated multicriteria transport 
problem can be solved in a similar way in the other case, 
when the main criterion is the reliability of the transportation 
plan implementation, and the average total cost should not 
exceed a given threshold. At the same time, as the initial 
transportation plan, the resulting plan of the previous task 
can be chosen, for which the maximum probability of its 
realization is achieved.

Iteration 1. So the initial plan has the form:

X 1

0 8 0 10

18 0 0 12

0 8 12 0

( ) = ,

L X P X1 1384 0 1792( ) ( )( ) = ( ) =; . .

Let’s find a non-zero set c xij ijd( )( )1{ }  and define a pair 

of indices i j c x
i j

ij ij1 1
1, arg max ( ) .

,

( )( ) = { }d
The corresponding route from the supplier i1 to the 

consumer j1 will be the most expensive:

c x c cij ij ijd( ) ; ; ; ; , .( )
max

1
149 7 5 6 5 9{ } = { } = =

The operation of modifying the matrices C and P is 
as follows:

c
c c c

M c cij
ij ij

ij

( ) , if ,

, if ;
1 14

14

=
<
≥





p
p c c

c cij
ij ij

ij

( ) , if ,

, if .
1 14

140
=

<
≥





Then

C

M

M Pij ij
1 1

4 7 8

7 3 5

2 6 5 4

0 25 0 9 0 75 0

0 5 0 0 2 0 8

0 3 0 7 0

( ) ( )= =,

. . .

. . .

. . .

 

88 0 4.

.

Iteration 1 is complete.
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Iteration 2. Using the method of the maximum element 
of the matrix P pij

1 1( ) ( )= ( ),  let’s obtain a plan:

X 2

0 8 2 0

18 0 0 12

0 0 10 10

( ) = .

The values of the criteria (1) and (3) for the plan X 2( ) are:

L X P X2 2384 0 0864( ) ( )( ) = ( ) =; . ;

L X L X P X P X2 1 2 1( ) ( ) ( ) ( )( ) < ( ) ( ) < ( ), .

Then the set is formed:

c x cij ij ijd( ) ; ; ; ; ; , .( )
max

2 7 8 7 5 5 4 8{ } = { } =

Modification of matrices C P2 2( ) ( )and  gives:

C

M M

M P2 2

4 7

7 3 5

2 6 5 4

0 25 0 9 0 0

0 5 0 0 2 0 8

0 3 0 7 0 8 0 4

( ) ( )= =,

. .

. . .

. . . .

. 

Iteration 2 is complete.
Iteration 3. Acting similarly, let’s obtain a plan:

X 3

2 8 0 0

8 0 0 22

8 0 12 0

( ) = .

The values of the criteria (1) and (3) for the plan X 2( ) are:

L X P X

L X L X P X P X

3 3

3 2 3 2

306 0 0216( ) ( )

( ) ( ) ( ) ( )

( ) = ( ) =

( ) < ( ) ( ) < ( )
; . ;

, ..

The set of values corresponding to non-zero deliveries 
has the form:

c x cij ij ijd( ) ; ; ; ; ; , .( )
max

3 4 7 7 5 2 5 7{ } = { } =

Modification of matrices P C2 2( ) ( )and  gives:

C

M M M

M M P3 3

4

3 5

2 6 5 4

0 25 0 0 0

0 0 0 2 0 8

0 3 0 7 0 8 0 4

( ) ( )= =,

.

. .

. . . .

. 

Iteration 3 is complete.
Iteration 4. Again, using the maximum element me-

thod for the matrix P 3( ),  let’s obtain the plan:

X 4

10 0 0 0

0 0 8 22

8 0 4 0

( ) = .

The values of the criteria (1) and (3) for the plan X 3( ) are:

L X P X

L X L X P X P X

3 3

3 2 3 2

258 0 00672( ) ( )

( ) ( ) ( ) ( )

( ) = ( ) =

( ) < ( ) ( ) < (
; . ;

, )).

Let’s form the set:

c x cij ij ijd( ) ; ; ; ; ; , .( )
max

4 4 3 5 2 6 5 6{ } = { } =

Modification of matrices P C3 3( ) ( )and  gives:

C

M M M

M M

M

P4 4

4

3 5

2 5 4

0 25 0 0 0

0 0 0 2 0 8

0 3 0 0 8 0 4

( ) ( )= =,

.

. .

. . .

. 

Further solution of the problem is impossible, since 
all routes leading to the second consumer are blocked.

Let’s note that an independent solution of the problem 
formed in the example using two different basic crite-
ria yields partially coincident partial solutions, but this, 
apparently, is an effect of small dimension of the origi-
nal problem. On the other hand, the joint use of all the 
particular solutions obtained allows to realize important 
advantages of the resulting Pareto-set solutions, since these 
solutions do not majorize each other. Analysis of this set 
gives a wide scope for choosing a compromise solution.

The proposed method is easily generalized to the case of 
a larger number of criteria. Let the duration of transportation 
be chosen as the third criterion. Let’s now construct the 
matrix T tij= ( ), as before, the problem is solved according 
to the basic, cost criterion (1). Let X X ij

( ) ( )( )1 1=  be the 
solution of the problem. Further, let’s find nonzero sets 
{ ( )}( )p xij ijd 1  and { ( )},( )t xij ijd 1  and pairs of indices:

( , ) arg min{ ( )},

( , ) arg max{ ( )}.

( )

( )

i j p x

i j t x

ij ij

ij ij

1 1
1

2 2
1

=

=

d

d

It is clear that the route ( , )i j1 1  is the least reliable 
of the route of the plan X ( ),1  and the route ( , )i j2 2  is 
the most durable. Let’s call them critical. We modify the 
matrices C P T, ,   by the rule:

C
c p p t t

M p p tij
ij ij i j ij i j

ij i j ij

( ) , if ( ) ( ),

, if ( ) (
1 1 1 2 2

1 1

=
> ∧ <
≤ ∨ ≥ tti j2 2);





p
p p P t t

p P tij
ij ij i j ij i j

ij i j ij

( ) , if ( ) ( ),

, if ( ) (
1 1 1 2 2

1 10
=

> ∧ <
≤ ∨ ≥ tti j2 2);





t
t p P t t

M p P tij
ij ij i j ij i j

ij i j ij

( ) , if ( ) ( ),

, if ( ) (
1 1 1 2 2

1 1

=
> ∧ <
≤ ∨ ≥ tti j2 2).





These operations exclude the possibility of further  
using routes that are worse than critical ones.

Further actions are performed as described above.
The direction of further research is connected with 

the consideration of the situation when the initial data of 
the problem are not defined exactly. The real variants of 
the emerging uncertainty are described in [14–18]. Pos-
sible approaches to solving transport problems with the 
uncertainty of the initial ones are discussed in [19–21].

7.  sWot analysis of research results

Strengths. The proposed method for solving the transport 
problem of linear programming, in contrast to the known 
ones, allows one to obtain a compromise solution that  
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provides the best value for the main criterion, provided 
that the additional criteria take values not worse than 
those given. The achievement of this effect by traditional 
methods is not feasible.

Weaknesses. The application of this method increases 
the total time for solving the problem.

Opportunities. Application of the proposed method opens 
up the prospects for solving transportation problems in 
conditions when the initial data on the cost of transpor-
tation, the likelihood of the plan and the duration of its 
implementation contain uncertainty.

Threats. The application of the method of concessions 
provides the possibility of obtaining a compromise solution 
that will inevitably be worse than the optimal solution by 
the main criterion. At the same time, the more stringent 
the requirements will be on additional criteria, the more 
tangible the deterioration of the decision will be on the 
basis of the main criterion.

8.  Conclusions

1. Based on the results of the analysis of known methods 
for solving multicriteria problems (Pareto-set formation, 
scalarization of the vector criterion, concession method), 
the last is justified. Important advantages of the proposed 
method: simplicity of the computational procedure, grounded 
technology of forming a new solution at each iteration, 
realizing the concept of assignment, quality control of 
the solution obtained at each step.

2. To implement the method, an iterative procedure 
is proposed in which the initial plan is optimal by the 
main criterion. At subsequent iterations, an assignment is 
made to the main criterion in order to improve the values 
of the additional criteria. The solution of the problem is 
continued until a compromise solution is obtained, ensuring 
the best value for the main criterion, provided that the 
values for the remaining criteria are no worse than those 
given. The application of the proposed method opens the 
prospect of its generalization to the case when the initial 
data for the solution of the problem contain uncertainty.
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аналиЗ и раЗраБотка компромиссных реШений 
многокритериальных транспортных Задач

Рассмотрен метод решения многокритериальных транспорт-
ных задач. Предложена итерационная процедура, в которой 
начальный план задачи является оптимальным по основному 
из критериев. На последующих итерациях реализуется уступ-
ка по основному из критериев с целью улучшения значения 
дополнительных. Процедура продолжается до получения ком-
промиссного решения. Рассмотрены примеры решения задачи.

ключевые  слова: многокритериальная транспортная зада-
ча, итерационное решение, формирование Парето-множества 
решений.
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