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Ⱦɧɿɩɪɨɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ 

ȾɈɋɅȱȾɀȿɇɇə ɊɈȻȺɋɌɇɈɋɌȱ ɊɈɁȼ’əɁɄȱȼ ɁȺȾȺɑȱ 
ɆȺɊɒɊɍɌɂɁȺɐȱȲ ɌɊȺɇɋɉɈɊɌɍ 

Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɚɥɝɨɪɢɬɦ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ ɦɚɪɲɪɭɬɢɡɚɰɿʀ ɬɪɚɧɫɩɨɪɬɭ ɬɚ 

ɨɬɪɢɦɚɧɨ ɤɜɚɡɿɨɩɬɢɦɚɥɶɧɢɣ ɪɨɡɜ’ɹɡɨɤ ɡɚɞɚɱɿ. ɉɟɪɟɜɿɪɟɧɚ ɪɨɛɚɫɬɧɿɫɬɶ ɪɨɡɜ’ɹɡɤɿɜ 
ɡɚɞɚɱɿ ɧɚ ɪɟɚɥɶɧɨɦɭ ɩɪɢɤɥɚɞɿ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɦɚɪɲɪɭɬɢɡɚɰɿɹ ɬɪɚɧɫɩɨɪɬɭ, ɟɜɪɢɫɬɢɱɧɿ ɚɥɝɨɪɢɬɦɢ, ɪɨɛɚɫɬɧɿɫɬɶ 
ɪɨɡɜ’ɹɡɤɿɜ, ɬɚɛɭ-ɩɨɲɭɤ, ɚɝɥɨɦɟɪɚɬɢɜɧɚ ɤɥɚɫɬɟɪɢɡɚɰɿɹ. 

 

ɉɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɬɪɚɧɫɩɨɪɬɚ ɢ ɩɨɥɭɱɟɧɨ 
ɤɜɚɡɢɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ. ɉɪɨɜɟɪɟɧɚ ɪɨɛɚɫɬɧɨɫɬɶ ɪɟɲɟɧɢɣ ɡɚɞɚɱɢ ɧɚ 
ɪɟɚɥɶɧɨɦ ɩɪɢɦɟɪɟ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɚɪɲɪɭɬɢɡɚɰɢɹ ɬɪɚɧɫɩɨɪɬɚ, ɷɜɪɢɫɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ, 
ɪɨɛɚɫɬɧɨɫɬɶ ɪɟɲɟɧɢɣ, ɬɚɛɭ-ɩɨɢɫɤ, ɚɝɥɨɦɟɪɚɬɢɜɧɚɹ ɤɥɚɫɬɟɪɢɡɚɰɢɹ. 

 

The article deals with the problem which is of relevance nowadays: vehicle routing 

problem. This problem is considered in order to reduce delivery costs of the distributor. 

The solution of this problem allows to optimize and reorganize structure of the company 

and decrease using of recourses. The model of the vehicle routing problem, i. e. the use of 

different approaches, tools and algorithms to obtain a better result is investigated. Dividing 

this problem on sub-problems gives opportunity for using different approaches in solving 

vehicle routing problem. The algorithm for solving the vehicle routing problem is pro-

posed. The main idea of this algorithm is to use agglomerative clustering, tabu search, and 

union of the clusters sequentially. The program module for every method is developed. 

There is an opportunity to make use of parallel computing, as a result of clustering-based 

approach. The proposed algorithm of the vehicle routing problem is checked with solving a 

real problem. Problem location is defined in Dnipro city. The visualization of every step of 

solving is presented as combining Google Maps API and JavaScript in web implementa-

tion. The quasi-optimal solution of the considered problem is obtained and its robustness is 

checked. The critical values which lead to rapid increase in the transportation cost is 

found. Randomly data perturbation is also tested. Graphical implementation for every test 

is considered to create applied interpretation of results. Research results can be applied to 

obtain a solution to the vehicle routing problem and reduce delivery costs of the distribu-

tor. The idea of creating an interface for software, the use of other clustering algorithms, 

introduction of another algorithm of union of the clusters, and the use of different ap-

proaches for checking the robustness of vehicle routing problem solution is considered as a 

further research. 

Keywords: transport routing, heuristic algorithms, robustness of solutions, taboo-

search, agglomeration clustering.  

ȼɫɬɭɩ. Ɂ ɦɟɬɨɸ ɡɦɟɧɲɟɧɧɹ ɜɢɬɪɚɬ ɤɨɦɩɚɧɿʀ-ɞɢɫɬɪɢɛ’ɸɬɨɪɚ, ɭ ɪɨɛɨɬɿ ɛɭɞɟ 
ɪɨɡɝɥɹɧɭɬɚ ɡɚɞɚɱɚ ɦɚɪɲɪɭɬɢɡɚɰɿʀ ɬɪɚɧɫɩɨɪɬɭ. Ɋɨɡɜ’ɹɡɨɤ ɰɿєʀ ɡɚɞɚɱɿ ɞɨɡɜɨɥɹє  
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ɨɩɬɢɦɿɡɭɜɚɬɢ ɪɨɛɨɬɭ ɩɿɞɩɪɢєɦɫɬɜɚ ɬɚ ɡɚɨɳɚɞɢɬɢ ɪɟɫɭɪɫɢ. ȼ ɰɿɣ ɪɨɛɨɬɿ 
ɞɨɫɥɿɞɠɭєɬɶɫɹ ɦɨɞɟɥɶ ɡɚɞɚɱɿ ɦɚɪɲɪɭɬɢɡɚɰɿʀ ɬɪɚɧɫɩɨɪɬɭ, ɚ ɫɚɦɟ ɜɢɤɨɪɢɫɬɚɧɧɹ 
ɪɿɡɧɢɯ ɩɿɞɯɨɞɿɜ, ɡɚɫɨɛɿɜ ɬɚ ɚɥɝɨɪɢɬɦɿɜ ɡ ɦɟɬɨɸ ɨɬɪɢɦɚɧɧɹ ɤɪɚɳɨɝɨ ɪɟɡɭɥɶ- 

ɬɚɬɭ. ȿɮɟɤɬɢɜɧɿɫɬɶ ɞɨɫɥɿɞɠɟɧɧɹ ɰɿєʀ ɬɟɦɢ ɡɭɦɨɜɥɟɧɚ ɩɪɚɤɬɢɱɧɨɸ ɰɿɧɧɿɫɬɸ 
ɩɪɢ ɜɟɥɢɤɿɣ ɫɤɥɚɞɧɨɫɬɿ ɚɥɝɨɪɢɬɦɭ ɪɨɡɜ’ɹɡɚɧɧɹ. ɇɚɫɚɦɩɟɪɟɞ, ɫɩɪɨɛɢ 
ɤɨɦɛɿɧɭɜɚɧɧɹ ɪɿɡɧɢɯ ɟɬɚɩɿɜ ɪɨɡɜ’ɹɡɚɧɧɹ ɬɚ ɡɚɫɬɨɫɭɜɚɧɧɹ ɞɥɹ ɰɶɨɝɨ ɪɿɡɧɢɯ 
ɦɟɬɨɞɿɜ є ɚɤɬɭɚɥɶɧɢɦ ɿ ɰɿɤɚɜɢɦ ɡ ɦɟɬɨɸ ɡɧɚɯɨɞɠɟɧɧɹ ɧɨɜɢɯ 
ɤɜɚɡɿɨɩɬɢɦɚɥɶɧɢɯ ɪɨɡɜ’ɹɡɤɿɜ ɡɚ ɦɿɧɿɦɚɥɶɧɢɣ ɱɚɫ ɜɢɤɨɧɚɧɧɹ ɚɥɝɨɪɢɬɦɿɜ. 

ɉɨɩɟɪɟɞɧɿɦ ɪɟɡɭɥɶɬɚɬɨɦ ɪɨɛɨɬɢ є ɩɭɛɥɿɤɚɰɿɹ [3], ɭ ɹɤɿɣ ɛɭɥɨ ɪɨɡɝɥɹɧɭɬɨ 
ɥɨɝɿɫɬɢɤɭ ɭɤɪɚʀɧɫɶɤɨɝɨ ɞɢɫɬɪɢɛ’ɸɬɨɪɚ ɩɪɨɞɭɤɬɿɜ ɯɚɪɱɭɜɚɧɧɹ. Ƚɨɥɨɜɧɨɸ 
ɦɟɬɨɸ ɩɭɛɥɿɤɚɰɿʀ ɛɭɥɨ ɡɧɢɠɟɧɧɹ ɜɢɬɪɚɬ ɤɨɦɩɚɧɿʀ ɭ ɜɢɤɨɪɢɫɬɚɧɧɿ ɬɪɚɧɫɩɨɪɬɭ. 
Ɍɚɤɨɠ ɟɮɟɤɬɢɜɧɢɣ ɚɥɝɨɪɢɬɦ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɭ [1]. ɍ ɪɨɛɨɬɿ ɛɭɥɚ 
ɪɨɡɝɥɹɧɭɬɚ ɡɚɞɚɱɚ ɦɚɪɲɪɭɬɢɡɚɰɿʀ ɬɪɚɧɫɩɨɪɬɭ ɡ ɨɛɦɟɠɟɧɧɹɦɢ, ɞɨɫɥɿɞɠɟɧɿ 
ɞɟɹɤɿ ɩɿɞɯɨɞɢ ɪɨɡɜ’ɹɡɚɧɧɹ ɬɚ ɨɬɪɢɦɚɧɨ ɟɮɟɤɬɢɜɧɢɣ ɚɥɝɨɪɢɬɦ. Ⱥɥɶɬɟɪɧɚɬɢɜɨɸ 
ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɚɥɝɨɪɢɬɦɿɜ ɭ ɪɨɛɨɬɿ [1] ɫɬɚɥɢ ɩɿɞɯɨɞɢ, ɧɚɜɟɞɟɧɿ ɭ [2]. Ȼɭɜ 
ɨɩɢɫɚɧɢɣ ɚɥɝɨɪɢɬɦ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ ɦɚɪɲɪɭɬɢɡɚɰɿʀ ɬɪɚɧɫɩɨɪɬɭ ɬɚ 
ɩɪɨɜɟɞɟɧɚ ɨɰɿɧɤɚ ɟɮɟɤɬɢɜɧɨɫɬɿ. 

Ɋɟɡɭɥɶɬɚɬɨɦ ɡɚɫɬɨɫɭɜɚɧɧɹ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɚɥɝɨɪɢɬɦɭ ɞɥɹ ɨɫɧɨɜɧɨʀ ɡɚɞɚɱɿ, 
ɛɭɞɟ ɨɬɪɢɦɚɧɧɹ ʀʀ ɤɜɚɡɿɨɩɬɢɦɚɥɶɧɨɝɨ ɪɨɡɜ’ɹɡɤɭ. Ɇɟɬɨɸ ɞɨɫɥɿɞɠɟɧɧɹ є 
ɩɟɪɟɜɿɪɤɚ ɪɨɛɚɫɬɧɨɫɬɿ ɪɨɡɜ’ɹɡɤɿɜ ɬɚ ɜɞɚɥɨɫɬɿ ɩɨєɞɧɚɧɧɹ ɚɥɝɨɪɢɬɦɿɜ, ɳɨ 
ɡɚɫɬɨɫɨɜɚɧɿ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɭ ɪɨɛɨɬɿ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ. Ɂɚɞɚɱɚ ɦɚɪɲɪɭɬɢɡɚɰɿʀ ɬɪɚɧɫɩɨɪɬɭ ɦɨɠɟ ɛɭɬɢ 
ɫɮɨɪɦɭɥɶɨɜɚɧɚ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ. ɇɟɯɚɣ ( , )G V A= – ɝɪɚɮ ɡ ɪɟɛɪɚɦɢ A ɹɤɢɣ 
ɜɢɡɧɚɱɚєɬɶɫɹ {( , ) : , , }

i j i j
A v v v v V i j=   , ɚ {0,1,..., }V N=  – ɦɧɨɠɢɧɚ n+1 

ɜɟɪɲɢɧ, ɞɟ ɜɟɪɲɢɧɚ 0 – ɰɟ ɞɟɩɨ, ɚ ɿɧɲɿ ɜɟɪɲɢɧɢ – ɰɟ ɦɿɫɬɚ ɱɢ ɤɥɿєɧɬɢ, ɹɤɿ 
ɛɭɞɭɬɶ ɨɛɫɥɭɝɨɜɭɜɚɬɢɫɹ. Ⱦɥɹ ɤɨɠɧɨɝɨ ɪɟɛɪɚ ( , )i j , i j  ɡɚɞɚɧɚ ɧɟɜɿɞ’єɦɧɚ 
ɦɚɬɪɢɰɹ ɜɿɞɫɬɚɧɟɣ ( )

ij
D C= , ɞɟ 

ij
C  ɦɨɠɟ ɛɭɬɢ ɿɧɬɟɪɩɪɟɬɨɜɚɧɨ ɹɤ ɫɩɪɚɜɠɧɹ 

ɜɿɞɫɬɚɧɶ, ɱɚɫ ɚɛɨ ɜɚɪɬɿɫɬɶ ɩɨɞɨɪɨɠɿ. Ɇɚєɦɨ N ɤɥɿєɧɬɿɜ, ɹɤɿ ɩɨɜɢɧɧɿ ɛɭɬɢ 
ɜɿɞɜɿɞɚɧɿ K ɬɪɚɧɫɩɨɪɬɧɢɦɢ ɡɚɫɨɛɚɦɢ. Ɇɚɤɫɢɦɚɥɶɧɨ ɞɨɡɜɨɥɟɧɚ ɞɨɜɠɢɧɚ 
ɦɚɪɲɪɭɬɭ ɞɥɹ k-ɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ – k

D . Ɇɚɬɟɦɚɬɢɱɧɟ ɮɨɪɦɭɥɸɜɚɧɧɹ 
ɡɚɞɚɱɿ: 
 

1 0 0

min
K N N

k
ij ij

k i j

C X

= = =
→  (1) 

 {1,0}k
ijX =  

1k
ijX = , ɹɤɳɨ ɚɝɟɧɬ k ɩɪɹɦɭє ɜɿɞ ɤɥɿєɧɬɚ i ɞɨ j; 0k
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ɐɿɥɶɨɜɢɣ ɮɭɧɤɰɿɨɧɚɥ (1) ɜɢɡɧɚɱɚє ɡɚɝɚɥɶɧɭ ɜɚɪɬɿɫɬɶ ɪɨɡɜ’ɹɡɤɭ. Ɉɛɦɟɠɟɧɧɹ 
(3) ɨɡɧɚɱɚɸɬɶ, ɳɨ ɜɫɿ ɬɪɚɧɫɩɨɪɬɧɿ ɡɚɫɨɛɢ, ɹɤɿ ɜɢʀɯɚɥɢ ɡ ɞɟɩɨ ɩɨɜɟɪɧɭɬɶɫɹ 
ɧɚɡɚɞ. Ɉɛɦɟɠɟɧɧɹ (4) ɝɚɪɚɧɬɭє, ɳɨ ɤɨɠɧɢɣ ɤɥɿєɧɬ ɛɭɞɟ ɬɨɱɤɨɸ ɡɭɩɢɧɤɢ ɧɚ 
ɦɚɪɲɪɭɬɿ. Ɉɛɦɟɠɟɧɧɹ (6) ɜɿɞɨɛɪɚɠɚє ɧɚɹɜɧɿɫɬɶ ɯɨɱɚ ɛ ɨɞɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɡɚɫɨɛɭ. Ɋɨɡɜ’ɹɡɨɤ ɬɚɤɨʀ ɡɚɞɚɱɿ ɞɨɡɜɨɥɹє ɦɿɧɿɦɿɡɭɜɚɬɢ ɬɪɚɧɫɩɨɪɬɧɿ ɜɢɬɪɚɬɢ 
ɩɿɞɩɪɢєɦɫɬɜɚ. ȼɜɚɠɚɬɢɦɟɦɨ, ɳɨ ɧɚ ɩɿɞɩɪɢєɦɫɬɜɿ ɧɚ ɤɨɠɧɨɦɭ ɬɪɚɧɫɩɨɪɬɧɨɦɭ 
ɡɚɫɨɛɿ ɩɪɚɰɸє ɨɞɢɧ ɚɝɟɧɬ, ɬɨɛɬɨ ɤɿɥɶɤɿɫɬɶ ɚɝɟɧɬɿɜ ɬɚ ɤɿɥɶɤɿɫɬɶ ɬɪɚɧɫɩɨɪɬɧɢɯ 
ɡɚɫɨɛɿɜ ɫɩɿɜɩɚɞɚє ɿ ɞɨɪɿɜɧɸє K . ɇɟɯɚɣ i

 ɜɿɞɩɨɜɿɞɚє ɡɚɪɨɛɿɬɧɿɣ ɩɥɚɬɧɿ ɿ-ɝɨ 
ɤɭɪ’єɪɚ ɡɚ ɨɞɢɧ  ɪɨɛɨɱɢɣ ɞɟɧɶ ɬɚ i

  – ɜɢɬɪɚɬɢ ɧɚ ɭɬɪɢɦɚɧɧɹ i-ɝɨ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ ɭ ɚɜɬɨɩɚɪɤɭ. Ɂɚɡɧɚɱɢɦɨ, ɳɨ ɰɟ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɬɪɚɬɢ ɧɚ 
ɪɟɦɨɧɬ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ ɚɛɨ ʀɯ ɩɪɨɤɚɬ. Ɍɨɞɿ ɦɨɠɧɚ ɡɚɞɚɬɢ ɜɢɬɪɚɬɢ 
ɩɨɜ’ɹɡɚɧɿ ɡ ɡɚɪɨɛɿɬɧɨɸ ɩɥɚɬɨɸ ɬɚ ɭɬɪɢɦɚɧɧɹɦ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ 
ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ: 
 

1

( ) ( )
K

k k

k

R K   
=

= + = +  (7) 

 

1 0 0

K N N
k

ij ij

k i j

F C X
= = =

=  (8) 

 Z F R= +  (9) 

Ɏɭɧɤɰɿɨɧɚɥ R ɭ ɮɨɪɦɭɥɿ (7) ɩɨɡɧɚɱɚє ɡɚɝɚɥɶɧɭ ɜɚɪɬɿɫɬɶ ɭɬɪɢɦɚɧɧɹ 
ɚɜɬɨɩɚɪɤɭ. Ɏɭɧɤɰɿɨɧɚɥ F ɭ ɮɨɪɦɭɥɿ (8) ɜɿɞɩɨɜɿɞɚє ɡɚɝɚɥɶɧɿɣ ɞɨɜɠɢɧɿ 
ɦɚɪɲɪɭɬɭ ɜɫɿєʀ ɡɚɞɚɱɿ. ɍ ɮɨɪɦɭɥɿ (7) ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɿɞɟɧɬɢɱɧɿ ɬɪɚɧɫɩɨɪɬɧɿ 
ɡɚɫɨɛɢ ɬɚ ɜɢɬɪɚɬɢ ɧɚ ɧɢɯ. Ɍɟ ɠ ɫɚɦɟ ɫɬɨɫɭєɬɶɫɹ ɡɚɪɨɛɿɬɧɨʀ ɩɥɚɬɧɿ ɚɝɟɧɬɿɜ. Ɍɨɞɿ 
ɜ ɪɚɦɤɚɯ ɩɿɞɩɪɢєɦɫɬɜɚ ɡɚɞɚɱɭ ɦɚɪɲɪɭɬɢɡɚɰɿʀ ɬɪɚɧɫɩɨɪɬɭ ɡ ɨɛɦɟɠɟɧɧɹɦɢ 
ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɭ ɜɢɝɥɹɞɿ ɡɚɞɚɱɿ ɦɿɧɿɦɿɡɚɰɿʀ ɮɭɧɤɰɿɨɧɚɥɭ Z: 
 minZ →  (10) 

ȼɚɠɥɢɜɢɦ ɨɛɦɟɠɟɧɧɹɦ ɪɨɛɨɬɢ ɚɝɟɧɬɿɜ є ɬɪɢɜɚɥɿɫɬɶ ɪɨɛɨɱɨɝɨ ɞɧɹ. Ɍɨɛɬɨ 
ɧɟɨɛɯɿɞɧɨ ɞɨɞɚɬɢ ɞɨ ɨɛɦɟɠɟɧɶ ɧɚɫɬɭɩɧɭ ɭɦɨɜɭ: ɱɚɫ, ɡɚɬɪɚɱɟɧɢɣ ɧɚ 
ɜɢɤɨɧɚɧɧɹ ɩɟɪɟɜɟɡɟɧɶ ɭ ɪɚɦɤɚɯ ɨɞɧɨɝɨ ɦɚɪɲɪɭɬɭ ɩɨɜɢɧɟɧ ɧɟ ɩɟɪɟɜɢɳɭɜɚɬɢ 
ɬɪɢɜɚɥɿɫɬɶ ɪɨɛɨɱɨɝɨ ɞɥɹ T. Ⱦɥɹ ɰɶɨɝɨ ɪɨɡɝɥɹɧɟɦɨ ɧɚɫɬɭɩɧɟ ɨɛɦɟɠɟɧɧɹ: 

 

0 0

,     1,
N N

k

ij ij

i j

t X T k K
= =

 =  (11) 

ɞɟ 
ij

t ɪɨɡɪɚɯɨɜɭєɬɶɫɹ ɡɚ ɧɚɫɬɭɩɧɨɸ ɮɨɪɦɭɥɨɸ: 
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,   , 0, ;

ij

ij

C
t i j N

h
= =  

h - ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɭ ɦɿɫɬɿ 
(12) 

Ɇɟɬɨɞ ɪɨɡɜ’ɹɡɚɧɧɹ. Ⱦɥɹ ɬɨɝɨ, ɳɨɛ ɪɨɡɜ’ɹɡɚɬɢ ɡɚɞɚɱɭ ɦɚɪɲɪɭɬɢɡɚɰɿʀ 
ɬɪɚɧɫɩɨɪɬɭ, ɫɩɪɨɛɭєɦɨ ɪɨɡɛɢɬɢ ʀʀ ɧɚ ɱɚɫɬɢɧɢ ɿ ɡɚɩɪɨɩɨɧɭɜɚɬɢ ɚɥɝɨɪɢɬɦɢ ɞɥɹ 
ɪɨɡɜ’ɹɡɚɧɧɹ ɤɨɠɧɨʀ ɡ ɧɢɯ. Ɍɚɤ ɹɤ ɦɢ ɦɚєɦɨ ɞɟɤɿɥɶɤɚ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ, ɬɨ 
ɛɭɥɨ ɛ ɥɨɝɿɱɧɢɦ ɪɨɡɞɿɥɢɬɢ ɦɧɨɠɢɧɭ ɜɟɪɲɢɧ V ɧɚ ɞɟɤɿɥɶɤɚ ɩɿɞɦɧɨɠɢɧ 

,  1,
i

V i K=  ɬɚɤɢɯ, ɳɨ 
1

K

i

i

V V
=

= , 
i j

V V = , i j , ɟɥɟɦɟɧɬɢ ɹɤɢɯ ɡɧɚɯɨɞɢɥɢɫɶ 

ɝɟɨɝɪɚɮɿɱɧɨ ɩɨɪɹɞ ɬɚ ʀɯ ɤɿɥɶɤɿɫɬɶ ɛɭɥɚ ɨɛɦɟɠɟɧɚ. Ɍɨɞɿ ɛ ɞɥɹ ɤɨɠɧɨʀ 
ɩɿɞɦɧɨɠɢɧɢ i

V V ,  1,i K=  ɦɨɠɧɚ ɛɭɥɨ ɛ ɩɨɫɬɚɜɢɬɢ ɭ ɜɿɞɩɨɜɿɞɧɿɫɬɶ 
ɬɪɚɧɫɩɨɪɬɧɢɣ ɡɚɫɿɛ ɬɚ ɚɝɟɧɬɚ.  Ɍɨɞɿ ɩɪɢ ɤɿɥɶɤɨɫɬɿ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ K ɡ 
ɦɧɨɠɢɧɢ ɜɟɪɲɢɧ V ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɧɚɫɬɭɩɧɭ ɦɧɨɠɢɧɭ: 
 

1{ ,..., }
K

W V V=   (13) 

Ɍɨɞɿ ɞɥɹ ɤɨɠɧɨɝɨ ɚɝɟɧɬɚ ɩɨɫɬɚє ɡɚɞɚɱɚ ɜɿɞɜɿɞɚɬɢ ɩɟɜɧɭ ɧɟɜɟɥɢɤɭ ɤɿɥɶɤɿɫɬɶ 
ɤɥɿєɧɬɿɜ, ɫɬɚɪɬɭɸɱɢ ɡ ɞɟɩɨ ɿ ɩɨɜɟɪɬɚɸɱɢɫɶ ɧɚɡɚɞ. ɉɪɢ ɰɶɨɦɭ ɧɟɨɛɯɿɞɧɨ 
ɜɪɚɯɨɜɭɜɚɬɢ ɨɛɦɟɠɟɧɧɹ (11) ɧɚ ɬɪɢɜɚɥɿɫɬɶ ɪɨɛɨɱɨɝɨ ɞɧɹ. Ɍɚɤɿ ɦɿɪɤɭɜɚɧɧɹ 
ɜɿɞɩɨɜɿɞɚɸɬɶ ɡɚɞɚɱɿ ɤɨɦɿɜɨɹɠɟɪɚ: ɧɟɯɚɣ ( , )

k
G V A= , k

V W  – ɝɪɚɮ ɡ ɪɟɛɪɚɦɢ 
A ɹɤɢɣ ɜɢɡɧɚɱɚєɬɶɫɹ {( , ) : , , }

i j i j k
A v v v v V i j=   . Ⱦɥɹ ɤɨɠɧɨɝɨ ɪɟɛɪɚ 

( , ),  i j i j  ɡɚɞɚɧɚ ɧɟɜɿɞ’єɦɧɚ ɦɚɬɪɢɰɹ ɜɿɞɫɬɚɧɟɣ ( )
ij

D C= , ɞɟ 
ij

C  ɦɨɠɟ ɛɭɬɢ 
ɿɧɬɟɪɩɪɟɬɨɜɚɧɨ ɹɤ ɫɩɪɚɜɠɧɹ ɜɿɞɫɬɚɧɶ, ɱɚɫ ɚɛɨ ɜɚɪɬɿɫɬɶ ɩɨɞɨɪɨɠɿ. Ɍɨɞɿ ɦɚє 
ɦɿɫɰɟ ɧɚɫɬɭɩɧɟ ɮɨɪɦɭɥɸɜɚɧɧɹ ɡɚɞɚɱɿ: 
 

ij ij

i j

F C X


=  (14) 

ɡɚ ɬɚɤɢɦɢ ɨɛɦɟɠɟɧɧɹɦɢ: 
 

1 1

1,  1,  , ,  
k kV V

ij ij k

i j

X X i j V i j
= =

= =     (15) 

 
,

1,  ( ,2 2)
ij k k

i j S

X S S V S V


 −    −  
(16) 

 {1,0},  ( , )
ij

X i j A   (17) 

Ⱦɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɰɿєʀ ɡɚɞɚɱɿ ɡɚɫɬɨɫɭєɦɨ ɟɜɪɢɫɬɢɱɧɢɣ ɚɥɝɨɪɢɬɦ ɬɚɛɭ-

ɩɨɲɭɤɭ. Ʉɪɨɤ 1. ɇɟɯɚɣ ɡɚɞɚɧɚ ɦɧɨɠɢɧɚ 
11{ ,..., }

k N
V x x= , ɞɟ 

11 1,..., ( )
N

x x N N  - 

ɬɨɱɤɢ. Ȼɭɞɭєɦɨ ɩɨɱɚɬɤɨɜɢɣ ɪɨɡɜ’ɹɡɨɤ  ɪɿɲɟɧɧɹ 
11{ ,..., }

N
s x x= . Ɂɧɚɯɨɞɢɦɨ 

ɞɨɜɠɢɧɭ ɰɿɥɶɨɜɨʀ ɮɭɧɤɰɿʀ (14) ɬɚ ɡɚɩɢɫɭєɦɨ ʀʀ ɭ minF . ɉɨɡɧɚɱɢɦɨ ɱɟɪɟɡ ( )N s  - 

ɦɧɨɠɢɧɭ ɜɫɿɯ ɦɨɠɥɢɜɢɯ ɫɭɫɿɞɧɿɯ ɜɟɪɲɢɧ. Ƚɟɧɟɪɭєɦɨ ɩɭɫɬɢɣ ɫɩɢɫɨɤ ɡɚɛɨɪɨɧ 
 . Ɂɚɞɚєɦɨ ɱɢɫɥɨ maxK  – ɤɿɥɶɤɿɫɬɶ ɦɨɠɥɢɜɢɯ ɿɬɟɪɚɰɿɣ. ɉɨɤɥɚɞɚєɦɨ k = 1. 
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Ʉɪɨɤ 2. Ɂɧɚɯɨɞɢɦɨ ɧɨɜɢɣ ɪɨɡɜ’ɹɡɨɤ x  ɬɚɤɢɣ, ɳɨ ( )x N s , 

( )
( ) min ( )

y N s
F x F y


= , ɬɚ ɩɟɪɟɯɿɞ ɡ ɬɨɱɤɢ s ɞɨ ɬɨɱɤɢ x  ɧɟ ɡɚɛɨɪɨɧɟɧɢɣ ɚɛɨ 

min ( )F F x . ɉɟɪɟɯɨɞɢɦɨ ɞɨ ɤɪɨɤɭ 3. 
Ʉɪɨɤ 3. ɉɟɪɟɯɨɞɢɦɨ ɡ ɬɨɱɤɢ s  ɞɨ ɬɨɱɤɢ x . Ⱦɨɞɚєɦɨ ɬɨɱɤɭ s  ɞɨ ɫɩɢɫɤɭ 

ɡɚɛɨɪɨɧ. Ɂɦɿɧɸєɦɨ min ( )F F x= . ɉɟɪɟɯɨɞɢɦɨ ɞɨ ɤɪɨɤɭ 4. 
Ʉɪɨɤ 4. ɉɟɪɟɜɿɪɹєɦɨ ɨɛɦɟɠɟɧɧɹ ɧɚ ɤɿɥɶɤɿɫɬɶ ɿɬɟɪɚɰɿɣ: maxk K . əɤɳɨ ɌȺɄ, 

ɬɨ ɩɨɤɥɚɞɚєɦɨ 1k k= +  ɬɚ ɩɟɪɟɯɨɞɢɦɨ ɞɨ ɤɪɨɤɭ 2. əɤɳɨ ɇІ – ɩɟɪɟɯɨɞɢɦɨ ɞɨ 
ɤɪɨɤɭ 5. 

Ʉɪɨɤ 5. Ɉɬɪɢɦɚɥɢ ɦɿɧɿɦɚɥɶɧɢɣ ɪɟɡɭɥɶɬɚɬ minf F= . Ɂɭɩɢɧɹєɦɨɫɶ.  
Ⱥɥɝɨɪɢɬɦ ɨɩɢɫɚɧɢɣ. 
ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɰɟɣ ɚɥɝɨɪɢɬɦ, ɦɢ ɦɨɠɟɦɨ ɪɨɡɜ'ɹɡɚɬɢ ɡɚɞɚɱɭ ɤɨɦɿɜɨɹɠɟɪɚ 

ɞɥɹ ɤɨɠɧɨɝɨ ɚɝɟɧɬɚ. ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ є ɞɟɤɿɥɶɤɚ ɜɚɪɿɚɧɬɿɜ ɩɨɛɭɞɨɜɢ 
ɩɨɱɚɬɤɨɜɨɝɨ ɪɨɡɜ’ɹɡɤɭ s . ɉɟɪɲ ɡɚ ɜɫɟ, ɛɭɥɨ ɛ ɞɨɰɿɥɶɧɨ ɩɨɛɭɞɭɜɚɬɢ ɣɨɝɨ 
ɩɨɱɢɧɚɸɱɢ ɡ 0 ɜɟɪɲɢɧɢ – ɞɟɩɨ. Ɉɞɧɚɤ ɞɥɹ ɩɨɞɚɥɶɲɢɯ ɦɿɪɤɭɜɚɧɶ ɫɩɪɨɛɭєɦɨ 
ɫɩɨɱɚɬɤɭ ɪɨɡɜ’ɹɡɭɜɚɬɢ ɡɚɞɚɱɭ ɞɥɹ ɤɨɠɧɨʀ ɦɧɨɠɢɧɢ ( 1, )

j
V j K= , ɩɨɱɢɧɚɸɱɢ ɡ 

ɞɟɹɤɨʀ ɬɨɱɤɢ. Ɋɨɡɝɥɹɧɟɦɨ ɬɨɱɤɭ 0 0x = – ɞɟɩɨ. Ⱦɥɹ ɪɟɚɥɿɡɚɰɿʀ ɰɿєʀ ɿɞɟʀ 
ɧɟɨɛɯɿɞɧɨ, ɡɝɿɞɧɨ ɡ ɚɥɝɨɪɢɬɦɨɦ, ɡɧɚɬɢ ɩɨɱɚɬɤɨɜɭ ɬɨɱɤɭ ɦɚɪɲɪɭɬɭ ɞɥɹ 
ɤɨɠɧɨɝɨ ɤɥɚɫɬɟɪɭ ( 1, )

j
V j K= . ɉɪɢɪɨɞɧɶɨ ɛɭɥɨ ɛ ɨɛɪɚɬɢ ɞɥɹ ɤɨɠɧɨɝɨ 

j
V  ɬɚɤɭ 

ɬɨɱɤɭ 
j j

p V , ɞɥɹ ɹɤɨʀ 0( , ) minx y → , ( 1, )
j

y V j K  = , ɞɟ ɮɭɧɤɰɿɸ ɜɿɞɫɬɚɧɿ 
  ɦɨɠɧɚ ɥɟɝɤɨ ɡɚɦɿɧɢɬɢ ɡɧɚɱɟɧɧɹɦɢ ɡ ɦɚɬɪɢɰɿ ɜɿɞɫɬɚɧɟɣ ( )

ij
D C= . Ⱦɥɹ ɬɨɝɨ, 

ɳɨɛ ɨɬɪɢɦɚɬɢ ɪɨɡɛɢɬɬɹ ɦɧɨɠɢɧɢ W  ɩɨ ɮɨɪɦɭɥɿ (13), ɡɚɫɬɨɫɭєɦɨ ɚɥɝɨɪɢɬɦ 
ɤɥɚɫɬɟɪɢɡɚɰɿʀ. ȼ ɪɚɦɤɚɯ ɪɨɛɨɬɢ ɛɭɜ ɨɛɪɚɧɢɣ ɨɞɢɧ ɡ ɚɥɝɨɪɢɬɦɿɜ ɿєɪɚɪɯɿɱɧɨʀ 
ɤɥɚɫɬɟɪɢɡɚɰɿʀ – ɚɝɥɨɦɟɪɚɬɢɜɧɚ ɤɥɚɫɬɟɪɢɡɚɰɿɹ. Ⱥɝɥɨɦɟɪɚɬɢɜɧɚ ɤɥɚɫɬɟɪɢɡɚɰɿɹ 
ɧɟ ɜɢɦɚɝɚє ɤɨɧɤɪɟɬɢɡɚɰɿʀ ɤɿɥɶɤɨɫɬɿ ɤɥɚɫɬɟɪɿɜ, ɬɨɛɬɨ ɿɫɧɭє ɦɨɠɥɢɜɿɫɬɶ ɜɢɛɨɪɭ 
ɤɿɥɶɤɨɫɬɿ ɤɥɚɫɬɟɪɿɜ, ɨɫɤɿɥɶɤɢ ɛɭɞɭєɬɶɫɹ ɞɟɪɟɜɨ. Ʉɪɿɦ ɬɨɝɨ, ɚɥɝɨɪɢɬɦ ɧɟ 
ɱɭɬɥɢɜɢɣ ɞɨ ɜɢɛɨɪɭ ɦɟɬɪɢɤɢ ɜɿɞɫɬɚɧɿ: ɜɫɿ ɜɨɧɢ, ɹɤ ɩɪɚɜɢɥɨ, ɩɪɚɰɸɸɬɶ 
ɨɞɧɚɤɨɜɨ ɞɨɛɪɟ, ɬɨɞɿ ɹɤ ɡ ɿɧɲɢɦɢ ɚɥɝɨɪɢɬɦɚɦɢ ɤɥɚɫɬɟɪɢɡɚɰɿʀ ɜɢɛɿɪ ɦɟɬɪɢɤɢ 
ɜɿɞɫɬɚɧɿ є ɤɪɢɬɢɱɧɢɦ. ɇɟɯɚɣ ɡɚɞɚɧɚ ɦɧɨɠɢɧɚ ɬɨɱɨɤ {1,2,..., }V N= . Ɂɚɡɧɚɱɢɦɨ, 
ɳɨ ɧɚ ɰɶɨɦɭ ɟɬɚɩɿ ɞɟɩɨ ɜɿɞɨɤɪɟɦɥɸєɬɶɫɹ ɜɿɞ ɡɚɝɚɥɶɧɨʀ ɦɧɨɠɢɧɢ V . Ɉɩɢɲɟɦɨ 
ɚɥɝɨɪɢɬɦ ɚɝɥɨɦɟɪɚɬɢɜɧɨʀ ɤɥɚɫɬɟɪɢɡɚɰɿʀ:  

Ʉɪɨɤ 1. ɇɟɯɚɣ ɤɨɠɧɢɣ ɟɥɟɦɟɧɬ ɦɧɨɠɢɧɢ V  ɫɤɥɚɞɚє ɫɜɿɣ ɜɥɚɫɧɢɣ ɤɥɚɫɬɟɪ 
1{ ,..., }

N
V V . ɉɟɪɟɯɨɞɢɦɨ ɞɨ ɤɪɨɤɭ 2. 

Ʉɪɨɤ 2. Ɉɛ’єɞɧɭєɦɨ ɧɚɣɛɥɢɠɱɿ ɤɥɚɫɬɟɪɢ, ɧɚɩɪɢɤɥɚɞ i
V  ɬɚ 

j
V . ɉɟɪɟɯɨɞɢɦɨ 

ɞɨ ɤɪɨɤɭ 3.  
Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɨɛ’єɞɧɚɧɧɹ ɤɥɚɫɬɟɪɿɜ, ɡɚɫɬɨɫɨɜɚɧɟ ɧɚ ɤɪɨɰɿ 2, ɦɨɠɟ ɛɭɬɢ 

ɪɟɚɥɿɡɨɜɚɧɟ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ: ɞɥɹ ɬɨɝɨ, ɳɨɛ ɨɛ’єɞɧɚɬɢ ɤɥɚɫɬɟɪɢ i
V  ɬɚ 

j
V , ( , 1, ; )i j K i j=  ɧɟɨɛɯɿɞɧɨ ɜɢɡɧɚɱɢɬɢ ɧɨɜɢɣ ɤɥɚɫɬɟɪ n

V  , ɹɤɢɣ ɛɭɞɟ ɦɿɫɬɢɬɢ 
ɤɥɿєɧɬɿɜ ɨɛɨɯ ɤɥɚɫɬɟɪɿɜ  i

V  ɬɚ 
j

V ; ɜɿɞɫɬɚɧɶ ɞɨ ɞɟɩɨ min{ , },
n i j i i

p p p p V=   ɬɚ 

j j
p V ; ɡɚɝɚɥɶɧɚ ɞɨɜɠɢɧɚ ɦɚɪɲɪɭɬɭ ɫɤɥɚɞɚɬɢɦɟ 
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( , 1, )
n i j ij ji

f f f i j K = + + + = . ɉɪɢ ɨɛ’єɞɧɚɧɧɿ ɤɥɚɫɬɟɪɿɜ ɞɨɪɟɱɧɨ ɡɧɚɬɢ 
ɦɿɧɿɦɚɥɶɧɭ ɜɿɞɫɬɚɧɶ ɦɿɠ ɤɨɠɧɢɦ ɡ ɧɢɯ. Ⱦɥɹ ɰɶɨɝɨ ɜɢɡɧɚɱɢɦɨ ɤɜɚɞɪɚɬɧɭ 
ɦɚɬɪɢɰɸ ( )

ij
B = , ɞɟ 

ij
 - ɞɨɜɠɢɧɚ ɧɚɣɤɨɪɨɬɲɨʀ ɜɿɞɫɬɚɧɿ ɜɿɞ ɤɥɚɫɬɟɪɭ i

V  ɞɨ 
ɤɥɚɫɬɟɪɭ 

j
V . Ɋɨɡɝɥɹɧɟɦɨ ɚɥɝɨɪɢɬɦ ɨɛ’єɞɧɚɧɧɹ ɤɥɚɫɬɟɪɿɜ. 

Ʉɪɨɤ 3. ɉɟɪɟɜɿɪɹєɦɨ ɤɿɥɶɤɿɫɬɶ ɤɥɚɫɬɟɪɿɜ N . əɤɳɨ 1N =  ɚɛɨ ɜɢɤɨɧɚɧɢɣ 
ɿɧɲɢɣ ɤɪɢɬɟɪɿɣ ɡɭɩɢɧɤɢ, ɬɨ ɡɭɩɢɧɹєɦɨɫɶ, ɿɧɚɤɲɟ ɩɟɪɟɯɨɞɢɦɨ ɞɨ ɤɪɨɤɭ 2. 

Ⱦɥɹ ɩɨɞɚɥɶɲɨɝɨ ɨɩɢɫɭ ɚɥɝɨɪɢɬɦɭ ɜɜɟɞɟɦɨ ɜɿɞɫɬɚɧɶ ( , )
i j

d V V , ɹɤɚ 
ɜɢɡɧɚɱɚєɬɶɫɹ ɧɚɫɬɭɩɧɨɸ ɮɨɪɦɭɥɨɸ:  
 

, 

( , )

( , ) i jx

j

i

V x

i

V

j

C x x

d V V
V V

 



=



, ( , 1, )i j K=  

(18) 

ɍ ɮɨɪɦɭɥɿ (18)  ( , )
x x

C x x C  =  ɩɨɡɧɚɱɚє ɜɿɞɫɬɚɧɶ ɦɿɠ ɬɨɱɤɚɦɢ x  ɬɚ x  ɡ 
ɦɚɬɪɢɰɿ ɜɿɞɫɬɚɧɟɣ ( )

ij
D C= . Ʉɪɢɬɟɪɿєɦ ɡɭɩɢɧɤɢ ɚɥɝɨɪɢɬɦɭ є ɨɛɦɟɠɟɧɧɹ ɧɚ 

ɦɿɧɿɦɚɥɶɧɭ ɜɿɞɫɬɚɧɶ ɦɿɠ ɤɥɚɫɬɟɪɚɦɢ. Ɋɟɡɭɥɶɬɚɬɨɦ ɡɚɫɬɨɫɭɜɚɧɧɹ ɚɥɝɨɪɢɬɦɭ 
ɚɝɥɨɦɟɪɚɬɢɜɧɨʀ ɤɥɚɫɬɟɪɢɡɚɰɿʀ ɛɭɞɟ ɧɨɜɚ ɦɧɨɠɢɧɚ 1{ ,..., }

K
W V V= , ɞɟ 

1 K N  ; ( 1, )
j

V j K= – ɤɥɚɫɬɟɪ, ɜ ɹɤɨɦɭ ɦɿɫɬɹɬɶɫɹ ɞɟɹɤɿ ɬɨɱɤɢ ɩɨɱɚɬɤɨɜɨʀ 
ɦɧɨɠɢɧɢ {1,..., }V N= . 

Ⱥɥɝɨɪɢɬɦ ɨɩɢɫɚɧɢɣ. 
Ɏɨɪɦɚɥɶɧɨ K ɜɢɡɧɚɱɚє ɤɿɥɶɤɿɫɬɶ ɨɬɪɢɦɚɧɢɯ ɤɥɚɫɬɟɪɿɜ ɩɪɢ ɡɚɫɬɨɫɭɜɚɧɧɿ 

ɚɥɝɨɪɢɬɦɭ ɚɝɥɨɦɟɪɚɬɢɜɧɨʀ ɤɥɚɫɬɟɪɢɡɚɰɿʀ. Ɉɬɪɢɦɚɜɲɢ ɩɨɞɿɥ ɦɧɨɠɢɧɢ W  ɡɚ 
(13), ɩɨɫɬɚє ɩɢɬɚɧɧɹ ɩɪɨ ɡɦɟɧɲɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɚɝɟɧɬɿɜ ɬɚ ɬɪɚɧɫɩɨɪɬɧɢɯ 
ɡɚɫɨɛɿɜ, ɳɨ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɩɪɢɜɟɞɟ ɞɨ ɡɦɟɧɲɟɧɧɹ ɜɢɬɪɚɬ (7). Ɂɚɫɬɨɫɭєɦɨ 
ɨɛɦɟɠɟɧɧɹ  ɧɚ ɬɪɢɜɚɥɿɫɬɶ ɪɨɛɨɱɨɝɨ ɞɧɹ ɞɥɹ ɤɨɠɧɨɝɨ ɤɥɚɫɬɟɪɭ (11). Ⱦɥɹ 
ɤɨɠɧɨɝɨ ɟɥɟɦɟɧɬɭ ( 1, )

j
V W j K =  ɡɧɚɣɞɟɦɨ ɞɨɜɠɢɧɭ ɨɩɬɢɦɚɥɶɧɨɝɨ ɲɥɹɯɭ 

( 1, )
j

f j K= , ɡɚɫɬɨɫɭɜɚɜɲɢ ɚɥɝɨɪɢɬɦ ɬɚɛɭ-ɩɨɲɭɤɭ. 
ɇɟɯɚɣ ɡɚɞɚɧɨ ɮɭɧɤɰɿɨɧɚɥ ɡɚɝɚɥɶɧɨʀ ɜɚɪɬɨɫɬɿ ( )Z W  ɡɚ ɮɨɪɦɭɥɨɸ (9), ɹɤɢɣ 

ɞɨɪɿɜɧɸє ɡɚɝɚɥɶɧɿɣ ɜɚɪɬɨɫɬɿ ɭɫɿɯ ɤɥɚɫɬɟɪɿɜ, ɹɤɿ ɦɿɫɬɹɬɶɫɹ ɭ ɦɧɨɠɢɧɿ W . 

ɉɪɢɦɿɬɤɚ. Ɏɭɧɤɰɿɨɧɚɥ ( )Z W  ɦɨɠɟ ɛɭɬɢ ɜɢɡɧɚɱɟɧɢɣ ɹɤ ɫɭɦɚ ɡɧɚɱɟɧɶ ɞɥɹ 
ɜɫɿɯ ( 1, )

j
V W j K =  ɬɚ ɪɨɡɪɚɯɨɜɭɜɚɬɢɫɹ ɡɚ (9). 

Ʉɪɨɤ 1. ɇɟɯɚɣ ɜɯɿɞɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ ɛɭɞɟ ɦɧɨɠɢɧɚ 1{ ,..., }
K

W V V= , ɹɤɚ 
ɦɿɫɬɢɬɶ K  ɤɥɚɫɬɟɪɿɜ. ɇɟɯɚɣ ɿɫɧɭɸɬɶ ɞɨɞɚɬɤɨɜɿ ɦɧɨɠɢɧɢ old

S  ɬɚ new
S . Ⱦɨɞɚɦɨ 

ɜɫɿ ɟɥɟɦɟɧɬɢ ɡ ɦɧɨɠɢɧɢ W  ɞɨ ɦɧɨɠɢɧɢ old
S . 

Ʉɪɨɤ 2. Ɉɛɱɢɫɥɢɦɨ ɡɧɚɱɟɧɧɹ cost = ( )
old

Z S . 

Ʉɪɨɤ 3. ɉɟɪɟɜɿɪɢɦɨ ɤɿɥɶɤɿɫɬɶ ɟɥɟɦɟɧɬɿɜ: 1
old

S  . əɤɳɨ ɇІ, ɬɨ ɩɟɪɟɯɨɞɢɦɨ 
ɞɨ ɤɪɨɤɭ 6. Іɧɚɤɲɟ ɨɛɢɪɚєɦɨ ɨɩɬɢɦɚɥɶɧɭ ɤɨɦɛɿɧɚɰɿɸ ɤɥɚɫɬɟɪɿɜ i

V  ɬɚ 
j

V , ɞɥɹ 
ɹɤɢɯ i j , ɨɛ’єɞɧɭєɦɨ ʀɯ ɬɚ ɞɨɞɚєɦɨ ɞɨ new

S . ɉɟɪɟɯɨɞɢɦɨ ɞɨ ɤɪɨɤɭ 4. 
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Ʉɪɨɤ 4. ɉɟɪɟɜɿɪɢɦɨ ɱɢ ɩɨɤɪɚɳɢɜɫɹ ɪɨɡɜ’ɹɡɨɤ: cost ( )
new

Z S . əɤɳɨ ɌȺɄ, 
ɬɨ ɩɟɪɟɯɨɞɢɦɨ ɞɨ ɤɪɨɤɭ 5. əɤɳɨ ɇІ, ɬɨ ɩɟɪɟɯɨɞɢɦɨ ɞɨ ɤɪɨɤɭ 6. 

Ʉɪɨɤ 5. ɉɟɪɟɜɿɪɢɦɨ ɨɛɦɟɠɟɧɧɹ ɧɚ ɬɪɢɜɚɥɿɫɬɶ ɪɨɛɨɱɨɝɨ ɞɧɹ (11). əɤɳɨ ɡɚ 
ɦɟɠɿ 8 ɝɨɞɢɧ ɧɟ ɜɢɣɲɥɢ, ɬɨ ɡɚɦɿɧɸєɦɨ ɜɫɿ ɟɥɟɦɟɧɬɢ ɭ ɦɧɨɠɢɧɿ old

S  

ɟɥɟɦɟɧɬɚɦɢ ɦɧɨɠɢɧɢ new
S  ɬɚ ɩɟɪɟɯɨɞɢɦɨ ɞɨ ɤɪɨɤɭ 2. Іɧɚɤɲɟ ɩɟɪɟɯɨɞɢɦɨ ɞɨ 

ɤɪɨɤɭ 6. 
Ʉɪɨɤ 6. Ɂɭɩɢɧɹєɦɨɫɹ. Ɇɧɨɠɢɧɚ old

S  ɬɚ ʀʀ ɜɚɪɬɿɫɬɶ ( )
old

Z S  є ɧɨɜɢɦ 
ɩɨɤɪɚɳɟɧɢɦ ɪɨɡɜ’ɹɡɤɨɦ. Ɏɨɪɦɭєɦɨ ɧɨɜɭ ɦɧɨɠɢɧɭ * { : , 1, }

j j old
W V V S j K=  = . 

ɉɪɢɦɿɬɤɚ. ɉɿɞ ɨɩɬɢɦɚɥɶɧɨɸ ɤɨɦɛɿɧɚɰɿєɸ ɤɥɚɫɬɟɪɿɜ ɦɨɠɧɚ ɪɨɡɭɦɿɬɢ 
ɩɨєɞɧɚɧɧɹ ɤɥɚɫɬɟɪɿɜ i

V  ɬɚ 
j

V  ɞɨ ɬɢɯ ɩɿɪ, ɩɨɤɢ ɧɟ ɛɭɞɟ ɨɬɪɢɦɚɧɚ ɦɿɧɿɦɚɥɶɧɚ 
ɜɚɪɬɿɫɬɶ Z .  

Ⱥɥɝɨɪɢɬɦ ɨɩɢɫɚɧɢɣ. 
ɇɚɜɟɞɟɦɨ ɡɚɝɚɥɶɧɢɣ ɚɥɝɨɪɢɬɦ ɪɨɡɜ’ɹɡɚɧɧɹ  ɡɚɞɚɱɿ ɦɚɪɲɪɭɬɢɡɚɰɿʀ 

ɬɪɚɧɫɩɨɪɬɭ:  
ɇɟɯɚɣ ɡɚɞɚɧɚ ɦɧɨɠɢɧɚ {1,2,..., }V N=  ɬɚ ɬɨɱɤɚ 0x - ɞɟɩɨ. ɇɟɯɚɣ ɬɚɤɨɠ 

ɜɿɞɨɦɚ ɦɚɬɪɢɰɹ ɜɿɞɫɬɚɧɟɣ ( )
ij

D C= . 

Ʉɪɨɤ 1. Ɂɚɫɬɨɫɭєɦɨ ɞɨ ɦɧɨɠɢɧɢ {1,2,..., }V N=  ɚɥɝɨɪɢɬɦ ɚɝɥɨɦɟɪɚɬɢɜɧɨʀ 
ɤɥɚɫɬɟɪɢɡɚɰɿʀ. ȼ ɪɟɡɭɥɶɬɚɬɿ ɨɬɪɢɦɚєɦɨ ɦɧɨɠɢɧɭ 1{ ,..., }

K
W V V= , ɞɟ 

( 1, )
j

V W j K =  – ɤɥɚɫɬɟɪ, ɹɤɢɣ ɦɿɫɬɢɬɶ ɜ ɫɨɛɿ ɞɟɹɤɿ ɬɨɱɤɢ ɡ ɩɨɱɚɬɤɨɜɨʀ 
ɦɧɨɠɢɧɢ. ɉɟɪɟɯɨɞɢɦɨ ɞɨ ɤɪɨɤɭ 2. 

Ʉɪɨɤ 2. Ⱦɨ ɤɨɠɧɨɝɨ ɤɥɚɫɬɟɪɭ ( 1, )
j

V W j K =  ɡɚɫɬɨɫɭєɦɨ ɬɚɛɭ-ɩɨɲɭɤ ɿ 

ɨɬɪɢɦɚєɦɨ ɡɧɚɱɟɧɧɹ ( 1, )
j

f j K=  – ɤɜɚɡɿɨɩɬɢɦɚɥɶɧɚ ɞɨɜɠɢɧɚ ɲɥɹɯɭ ɧɚ 
ɤɥɚɫɬɟɪɿ. ɉɟɪɟɯɨɞɢɦɨ ɞɨ ɤɪɨɤɭ 3. 

Ʉɪɨɤ 3. Ɂɚɫɬɨɫɭєɦɨ ɞɨ ɦɧɨɠɢɧɢ 1{ ,..., }
K

W V V=  ɚɥɝɨɪɢɬɦ ɨɛ’єɞɧɚɧɧɹ 
ɤɥɚɫɬɟɪɿɜ ɿ ɨɬɪɢɦɚєɦɨ ɦɧɨɠɢɧɭ * { : , 1, }

j j old
W V V S j K=  =  ɬɚ ɡɧɚɱɟɧɧɹ *( )Z W  

– ɤɜɚɡɿɨɩɬɢɦɚɥɶɧɭ ɜɚɪɬɿɫɬɶ ɞɨɫɬɚɜɤɢ ɞɥɹ ɡɚɞɚɱɿ ɦɚɪɲɪɭɬɢɡɚɰɿʀ ɬɪɚɧɫɩɨɪɬɭ. 
Ⱥɥɝɨɪɢɬɦ ɨɩɢɫɚɧɢɣ. 
Ⱥɧɚɥɿɡ ɪɟɡɭɥɶɬɚɬɿɜ. ɉɟɪɟɜɿɪɢɦɨ ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ ɚɥɝɨɪɢɬɦ ɧɚ ɪɟɚɥɶɧɿɣ 

ɡɚɞɚɱɿ ɡɦɟɧɲɟɧɧɹ ɜɢɬɪɚɬ ɤɨɦɩɚɧɿʀ-ɞɢɫɬɪɢɛ’ɸɬɨɪɚ. Ɂɚ ɝɟɨɝɪɚɮɿɱɧɭ ɥɨɤɚɰɿɸ 
ɜɢɛɟɪɟɦɨ ɦ. Ⱦɧɿɩɪɨ. Ʉɨɠɧɚ ɝɟɨɝɪɚɮɿɱɧɚ ɬɨɱɤɚ ɛɭɞɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɜɨɦɚ 
ɤɨɨɪɞɢɧɚɬɚɦɢ ɞɨɜɠɢɧɨɸ ɬɚ ɲɢɪɨɬɨɸ. Ɂɚ ɩɨɱɚɬɤɨɜɭ ɬɨɱɤɭ 0x  – ɞɟɩɨ ɛɭɞɟ 
ɨɛɪɚɧɚ ɬɨɱɤɚ ɡ ɧɚɫɬɭɩɧɢɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ: 

0 (lat,lng) (48.458297,35.055854)x = = . 

Ⱦɥɹ ɬɨɱɨɤ-ɤɥɿєɧɬɿɜ ɪɨɡɝɥɹɞɚɥɢɫɹ ɧɚɫɬɭɩɧɿ ɤɚɬɟɝɨɪɿʀ ɦɿɫɰɶ: ɚɩɬɟɤɢ, ɤɚɮɟ, 
ɩɨɲɬɨɜɿ ɜɿɞɞɿɥɟɧɧɹ, ɛɚɧɤɢ. ȼ ɪɚɦɤɚɯ ɪɨɛɨɬɢ ɡɚɝɚɥɶɧɚ ɤɿɥɶɤɿɫɬɶ ɬɨɱɨɤ-ɤɥɿєɧɬɿɜ 
ɫɤɥɚɞɚє 100 ɬɨɱɨɤ. Ⱦɥɹ ɨɬɪɢɦɚɧɧɹ ɞɚɧɢɯ ɜɿɞɫɬɚɧɟɣ ɦɿɠ ɤɨɠɧɨɸ ɬɨɱɤɨɸ, 
ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɫɟɪɜɿɫ Google API Matrix Distance. Ⱦɥɹ ɜɿɡɭɚɥɿɡɚɰɿʀ ɩɪɨɰɟɫɭ 
ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ ɛɭɞɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ ɜɟɛ-ɿɧɬɟɪɮɟɣɫ ɿɧɬɟɝɪɨɜɚɧɢɣ ɡ 
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Google Maps API, ɧɚɩɢɫɚɧɢɣ ɧɚ ɦɨɜɿ ɩɪɨɝɪɚɦɭɜɚɧɧɹ JavaScript. ɇɚ ɪɢɫ. 1 
ɡɨɛɪɚɠɟɧɿ ɜɫɿ ɬɨɱɤɢ-ɤɥɿєɧɬɢ, ɹɤɢɯ ɧɟɨɛɯɿɞɧɨ ɜɿɞɜɿɞɚɬɢ. 

Ɂɚɫɬɨɫɭєɦɨ ɚɥɝɨɪɢɬɦ ɤɥɚɫɬɟɪɢɡɚɰɿʀ ɞɨ ɜɯɿɞɧɢɯ ɞɚɧɢɯ: ɪɟɡɭɥɶɬɚɬ 
ɡɨɛɪɚɠɟɧɢɣ ɧɚ ɪɢɫ. 2. Ɂɚɫɬɨɫɭєɦɨ ɨɤɪɟɦɨ ɞɥɹ ɤɨɠɧɨɝɨ ɤɥɚɫɬɟɪɭ ɩɪɨɰɟɞɭɪɭ 
ɬɚɛɭ-ɩɨɲɭɤɭ. Ɂɚ ɩɨɱɚɬɤɨɜɭ ɬɨɱɤɭ ɧɚ ɤɨɠɧɨɦɭ ɤɥɚɫɬɟɪɿ ɛɭɥɨ ɨɛɪɚɧɨ 
ɧɚɣɛɥɢɠɱɭ ɬɨɱɤɭ ɞɨ 0x  - ɞɟɩɨ. Ⱦɥɹ ɬɨɝɨ, ɳɨɛ ɨɬɪɢɦɚɬɢ ɜɚɪɬɿɫɬɶ ɜɿɞɜɿɞɚɧɧɹ 
ɤɥɚɫɬɟɪɭ ɧɟɨɛɯɿɞɧɨ ɜɢɤɨɪɢɫɬɚɬɢ ɚɤɬɭɚɥɶɧɭ ɜɚɪɬɿɫɬɶ ɩɚɥɶɧɨɝɨ 30 ɝɪɧ ɡɚ 1 ɥɿɬɪ. 
Ɂɚ ɬɪɚɧɫɩɨɪɬɧɢɣ ɡɚɫɿɛ ɛɭɜ ɨɛɪɚɧɢɣ ɚɜɬɨɦɨɛɿɥɶ «ȽȺɁ-3302-ɏɏɏ» ɩɪɢɞɚɬɧɢɣ 
ɞɥɹ ɩɟɪɟɜɨɡɭ ɬɨɜɚɪɿɜ ɜɚɝɨɸ ɞɨ 1.5 ɬɨɧɢ. ȼɢɬɪɚɬɚ ɧɚ ɩɚɥɶɧɟ ɫɤɥɚɞɚє 16 ɥɿɬɪɿɜ 
ɧɚ 100 ɤɦ. Ɂɚɪɨɛɿɬɧɚ ɩɥɚɬɚ ɤɭɪ’єɪɿɜ ɫɤɥɚɞɚє 1200 ɝɪɧ ɡɚ 1 ɪɨɛɨɱɢɣ ɞɟɧɶ. 
ȼɢɬɪɚɬɢ ɧɚ ɭɬɪɢɦɚɧɧɹ ɚɜɬɨɩɚɪɤɭ ɫɤɥɚɞɚє 1500 ɝɪɧ. Ⱦɨ ɜɚɪɬɨɫɬɿ ɜɿɞɜɿɞɚɧɧɹ 
ɤɥɚɫɬɟɪɭ ɫɥɿɞ ɞɨɞɚɬɢ ɜɢɬɪɚɬɢ (7). Ɋɟɡɭɥɶɬɚɬɢ ɡɚɫɬɨɫɭɜɚɧɧɹ ɬɚɛɭ-ɩɨɲɭɤɭ 
ɧɚɜɟɞɟɧɿ ɭ ɬɚɛɥɢɰɿ 1. Ɂɚɝɚɥɶɧɚ ɜɚɪɬɿɫɬɶ ɞɨɫɬɚɜɤɢ ɬɨɜɚɪɿɜ ɧɚ ɞɚɧɨɦɭ ɟɬɚɩɿ 
ɫɬɚɧɨɜɢɬɶ 30 440 ɝɪɧ. Ɂɦɟɧɲɢɦɨ ɜɚɪɬɿɫɬɶ ɞɨɫɬɚɜɤɢ ɬɨɜɚɪɿɜ, ɡɚɫɬɨɫɭɜɚɜɲɢ 
ɚɥɝɨɪɢɬɦ ɨɛ’єɞɧɚɧɧɹ ɤɥɚɫɬɟɪɿɜ. Ⱦɥɹ ɰɶɨɝɨ ɩɨɛɭɞɭєɦɨ ɦɚɬɪɢɰɸ ɧɚɣɦɟɧɲɢɯ 
ɜɿɞɫɬɚɧɟɣ ( )

ij
B =  ɦɿɠ ɤɥɚɫɬɟɪɚɦɢ. 

  
Ɋɢɫ. 1. Ɂɨɛɪɚɠɟɧɧɹ ɬɨɱɨɤ-ɤɥɿєɧɬɿɜ ɧɚ 
ɤɚɪɬɿ. 

Ɋɢɫ. 2. Ɂɚɫɬɨɫɭɜɚɧɧɹ ɚɥɝɨɪɢɬɦɭ 
ɤɥɚɫɬɟɪɢɡɚɰɿʀ 

Ɍɚɛɥɢɰɹ 1 
Ɋɟɡɭɥɶɬɚɬ ɡɚɫɬɨɫɭɜɚɧɧɹ ɬɚɛɭ-ɩɨɲɭɤɭ ɞɥɹ ɤɨɠɧɨɝɨ ɤɥɚɫɬɟɪɭ 

ɇɨɦɟɪ 
ɤɥɚɫɬɟɪɭ 

ȼɿɞɫɬɚɧɶ ɧɚ ɤɥɚɫɬɟɪɿ, ɦ ȼɿɞɫɬɚɧɶ ɞɨ ɞɟɩɨ, ɦ ȼɢɬɪɚɬɢ, 
ɝɪɧ 

0 23307 23307 2930 

1 22156 12764 2920 

2 46537 4171 3160 

3 28904 11696 2980 

4 24547 13755 2940 

5 58606 646 3280 

6 41689 4116 3110 

7 31230 8663 3010 

8 43312 3702 3130 

9 28335 13452 2980 

  Ɂɚɝɚɥɨɦ: 30440 
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ɉɨɫɥɿɞɨɜɧɟ ɡɚɫɬɨɫɭɜɚɧɧɹ ɚɥɝɨɪɢɬɦɭ ɜɿɞɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫ. 3 ɬɚ ɧɚ ɪɢɫ. 4. ȼ 
ɪɟɡɭɥɶɬɚɬɿ ɛɭɥɨ ɨɬɪɢɦɚɧɨ 5 ɤɥɚɫɬɟɪɿɜ ɡ ɡɚɝɚɥɶɧɢɦɢ ɜɢɬɪɚɬɚɦɢ ɧɚ ɞɨɫɬɚɜɤɭ 
16791 ɝɪɧ. Ɂɦɟɧɲɟɧɧɹ ɜɢɬɪɚɬ ɞɨɫɹɝɚєɬɶɫɹ ɜ ɫɢɥɭ ɡɦɟɧɲɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɚɝɟɧɬɿɜ 
ɬɚ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɛɭɜ ɨɬɪɢɦɚɧɢɣ ɤɜɚɡɿɨɩɬɢɦɚɥɶɧɢɣ 
ɪɨɡɜ’ɹɡɨɤ ɡɚɞɚɱɿ ɦɚɪɲɪɭɬɢɡɚɰɿʀ ɬɪɚɧɫɩɨɪɬɭ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɟɚɥɶɧɢɯ ɞɚɧɢɯ 
ɡɚ ɧɚɜɟɞɟɧɢɦ ɚɥɝɨɪɢɬɦɨɦ. 

  
Ɋɢɫ. 3. Ⱦɪɭɝɚ ɿɬɟɪɚɰɿɹ ɩɪɨɰɟɫɭ 
ɨɛ’єɞɧɚɧɧɹ ɤɥɚɫɬɟɪɿɜ.  

Ɋɢɫ. 4. ɒɨɫɬɚ(ɨɫɬɚɧɧɹ) ɿɬɟɪɚɰɿɹ 
ɩɪɨɰɟɫɭ ɨɛ’єɞɧɚɧɧɹ ɤɥɚɫɬɟɪɿɜ. 
 

 

ɉɟɪɟɣɞɟɦɨ ɞɨ ɩɟɪɟɜɿɪɤɢ ɪɨɛɚɫɬɧɨɫɬɿ ɪɨɡɜ’ɹɡɤɿɜ ɰɿєʀ ɡɚɞɚɱɿ. Ɂɚɫɬɨɫɭєɦɨ 
ɦɨɞɢɮɿɤɚɰɿɸ ɞɥɹ  ɦɚɬɪɢɰɿ ɜɿɞɫɬɚɧɟɣ ( )

ij
D C= , ɚ ɫɚɦɟ ɡɛɿɥɶɲɢɦɨ ɤɨɠɧɟ 

ɡɧɚɱɟɧɧɹ ( , 0, )
ij

C i j N=  ɧɚ ɞɟɹɤɢɣ ɜɿɞɫɨɬɨɤ. Ɋɟɡɭɥɶɬɚɬ ɡɚɫɬɨɫɭɜɚɧɧɹ 
ɿɬɟɪɚɰɿɣɧɨɝɨ ɩɪɨɰɟɫɭ ɡɨɛɪɚɠɟɧɢɣ ɧɚ ɪɢɫ. 5. ȼɢɞɿɥɹєɬɶɫɹ ɪɿɡɤɟ ɡɛɿɥɶɲɟɧɧɹ 
ɜɚɪɬɨɫɬɿ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ ɧɚ ɩɪɨɦɿɠɤɭ ɜɿɞ 100% ɞɨ 105%, ɳɨ ɡɭɦɨɜɥɸєɬɶɫɹ 
ɞɨɞɚɜɚɧɧɹɦ ɳɟ ɨɞɧɨɝɨ ɤɥɿєɧɬɭ. Ɍɚɤɢɣ ɪɟɡɭɥɶɬɚɬ ɿɧɬɟɪɩɪɟɬɭєɬɶɫɹ, ɹɤ 
ɩɪɨɛɥɟɦɢ ɬɪɚɮɿɤɭ ɭ ɦ. Ⱦɧɿɩɪɨ, ɹɤɿ ɩɪɢɡɜɨɞɹɬɶ ɞɨ ɪɨɫɬɭ ɜɚɪɬɨɫɬɿ ɞɨɫɬɚɜɤɢ 
ɬɨɜɚɪɿɜ ɞɥɹ ɤɨɦɩɚɧɿʀ-ɞɢɫɬɪɢɛ’ɸɬɨɪɚ ɧɚ 14%.  
 

Ɍɚɛɥɢɰɹ 2 

ɉɪɨɰɟɫ ɩɨєɞɧɚɧɧɹ ɤɥɚɫɬɟɪɿɜ 

№ 
ɿɬɟɪɚɰɿʀ 

 

Ʉɿɥɶɤɿɫɬɶ 
ɤɥɚɫɬɟɪɿɜ, ɲɬ. 

ɉɟɪɟɥɿɤ ɤɥɚɫɬɟɪɿɜ Ɂɚɬɪɚɬɢ, ɝɪɧ. 

1 10 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 30440 

2 9 0, 1, (2,4), 3, 5, 6, 7, 8, 9 27709 

3 8 (0,3), 1, (2,4), 5, 6, 7, 8, 9 24959 

4 7 (0,3), (1,8), (2,4), 5, 6, 7, 9 22216 

5 6 (0,3), (1,8), (2,4,7), 5, 6, 9 19493 

6 5 (0,3), (1,8), (2,4,7), (5, 6), 9 16791 

 

ɉɪɢɦɿɬɤɚ. ɉɨɡɧɚɱɟɧɧɹ ɬɢɩɭ (1,2,…) ɭ ɬɚɛɥɢɰɿ 2 ɜɿɞɩɨɜɿɞɚє ɨɞɧɨɦɭ ɤɥɚɫɬɟɪɭ ɬɚ ɧɟɫɟ 
ɿɧɮɨɪɦɚɰɿɸ ɩɪɨ ɧɨɦɟɪɢ ɤɥɚɫɬɟɪɿɜ, ɳɨ ɨɛ’єɞɧɭɸɬɶɫɹ ɬɚ ʀɯ ɩɨɪɹɞɨɤ. 
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Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɡɚɝɚɥɶɧɨʀ ɩɨɜɟɞɿɧɤɢ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ ɦɚɪɲɪɭɬɢɡɚɰɿʀ 
ɬɪɚɧɫɩɨɪɬɭ ɨɰɿɧɢɦɨ ɪɿɫɬ ɜɚɪɬɨɫɬɿ ɩɪɢ ɜɢɩɚɞɤɨɜɨɦɭ ɧɟɜɟɥɢɤɨɦɭ (ɧɟ ɛɿɥɶɲɟ 

10%) ɡɛɭɪɟɧɧɿ ɤɨɠɧɨʀ ɜɿɞɫɬɚɧɿ ɦɚɬɪɢɰɿ ( )
ij

D C= .Ɍɚɤɨɠ ɡɚɥɢɲɢɦɨ ɞɟɹɤɢɣ 

ɫɬɚɬɢɱɧɢɣ ɤɪɨɤ ɡɛɿɥɶɲɟɧɧɹ ɧɚ ɤɨɠɧɨɦɭ ɟɬɚɩɿ – 10%. 

 
Ɋɢɫ. 5. Ɂɚɥɟɠɧɿɫɬɶ ɪɨɫɬɭ ɜɚɪɬɨɫɬɿ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ ɜɿɞ 
ɜɿɞɫɨɬɤɭ ɡɛɭɪɟɧɧɹ ɞɚɧɢɯ 

 

Ɋɟɡɭɥɶɬɚɬɢ ɬɚɤɨɝɨ ɚɧɚɥɿɡɭ ɡɚɡɧɚɱɟɧɿ ɧɚ ɪɢɫ. 7. ɇɚ ɤɨɠɧɨɦɭ ɟɬɚɩɿ 
ɡɛɿɥɶɲɟɧɧɹ ɩɪɨɰɟɫ ɩɨɜɬɨɪɸɜɚɜɫɹ 10 ɪɚɡɿɜ ɬɚ ɨɛɢɪɚɥɢɫɹ ɦɿɧɿɦɚɥɶɧɟ, ɫɟɪɟɞɧє 
ɬɚ ɦɚɤɫɢɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɜɚɪɬɨɫɬɿ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ. Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ 
ɫɜɿɞɱɚɬɶ ɩɪɨ ɬɟ, ɳɨ ɜ ɪɚɡɿ ɞɨɜɿɥɶɧɢɯ ɩɟɪɟɛɨʀɜ ɬɪɚɮɿɤɭ ɜɚɪɬɿɫɬɶ ɪɨɡɜ’ɹɡɤɭ 
ɡɪɨɫɬɚє ɧɟɥɿɧɿɣɧɨ. Ⱦɥɹ ɧɚɣɝɿɪɲɨɝɨ ɜɢɩɚɞɤɭ ɧɟ ɩɨɦɿɱɟɧɨ ɪɿɡɤɨʀ ɡɦɿɧɢ ɜɚɪɬɨɫɬɿ. 
Ʉɨɠɟɧ ɩɟɪɟɝɢɧ ɞɥɹ ɜɢɩɚɞɤɭ ɦɚɤɫɢɦɚɥɶɧɨʀ ɜɚɪɬɨɫɬɿ ɜɿɞɩɨɜɿɞɚє ɩɨɹɜɿ ɧɨɜɨɝɨ 
ɚɝɟɧɬɭ ɬɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ. Ⱦɥɹ ɦɿɧɿɦɚɥɶɧɨɝɨ ɜɢɩɚɞɤɭ ɿɫɧɭє ɡɧɚɱɟɧɧɹ 
ɩɪɢ ɡɛɭɪɟɧɧɿ ɧɚ 70-90% ɡ’ɹɜɥɹєɬɶɫɹ ɫɩɚɞ ɜɚɪɬɨɫɬɿ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ 
ɦɚɪɲɪɭɬɢɡɚɰɿʀ ɬɪɚɧɫɩɨɪɬɭ, ɹɤɢɣ ɜɿɞɩɨɜɿɞɚє ɡɦɟɧɲɟɧɧɸ ɤɿɥɶɤɨɫɬɿ ɤɭɪ'єɪɿɜ ɿ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ. ȼ ɫɟɪɟɞɧɶɨɦɭ ɚɥɝɨɪɢɬɦ ɩɨɤɚɡɭє ɪɿɜɧɨɦɿɪɧɟ ɡɪɨɫɬɚɧɧɹ 
ɩɪɢ ɜɢɩɚɞɤɨɜɢɯ ɡɛɭɪɟɧɧɹɯ ɜɢɩɚɞɤɨɜɢɯ ɞɿɥɹɧɨɤ ɞɨɪɿɝ.  

ɋɩɪɨɛɭєɦɨ ɩɨ ɱɟɪɡɿ ɡɛɿɥɶɲɭɜɚɬɢ ɦɿɧɿɦɚɥɶɧɿ ɜɿɞɫɬɚɧɿ ɞɨ ɤɨɠɧɨɝɨ ɤɥɚɫɬɟɪɭ ɿ 
ɜɢɡɧɚɱɚɬɢ ɹɤɟ ɡɛɭɪɟɧɧɹ ɩɪɢɡɜɟɞɟ ɞɨ ɧɚɣɝɿɪɲɨɝɨ ɪɟɡɭɥɶɬɚɬɭ. Ƚɪɚɮɿɱɧɢɣ 
ɪɟɡɭɥɶɬɚɬ ɬɚɤɨɝɨ ɡɛɭɪɟɧɧɹ ɞɚɧɢɯ ɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫ. 6. Ɉɬɪɢɦɚɧɢɣ ɪɟɡɭɥɶɬɚɬ 
ɫɜɿɞɱɢɬɶ, ɳɨ ɿɫɧɭє ɤɥɚɫɬɟɪ, ɩɪɢ ɜɿɞɞɚɥɟɧɧɿ ɹɤɨɝɨ ɜɚɪɬɿɫɬɶ ɨɬɪɢɦɚɧɨɝɨ 
ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ ɡɪɨɫɬɚє ɧɚ 16%. ɇɚ ɪɢɫ. 9 ɜɿɞɬɜɨɪɟɧɢɣ ɦɿɧɿɦɚɥɶɧɢɣ ɦɚɪɲɪɭɬ 
ɦɿɠ ɰɢɦɢ ɤɥɚɫɬɟɪɚɦɢ, ɹɤɢɣ ɥɟɠɢɬɶ ɱɟɪɟɡ ɉɿɜɞɟɧɧɢɣ ɦɿɫɬ. 

Ɉɬɪɢɦɚɧɟ ɪɿɡɤɟ ɡɛɿɥɶɲɟɧɧɹ ɜɚɪɬɨɫɬɿ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ ɦɨɠɧɚ 
ɿɧɬɟɪɩɪɟɬɭɜɚɬɢ ɹɤ ɧɟ ɬɿɥɶɤɢ ɜɿɞɞɚɥɟɧɧɹ ɤɥɚɫɬɟɪɿɜ ɨɞɢɧ ɜɿɞ ɨɞɧɨɝɨ, ɚ ɣ ɳɟ ɹɤ 
ɞɨɪɨɠɧɿ ɩɪɨɛɥɟɦɢ ɧɚ ɦɚɪɲɪɭɬɿ Ⱥ-B. 

ɍ ɜɢɩɚɞɤɭ ɩɟɪɟɤɪɢɬɬɹ ɉɿɜɞɟɧɧɨɝɨ ɦɨɫɬɭ, ɪɨɡɜ’ɹɡɨɤ ɡɚɞɚɱɿ ɡɛɿɥɶɲɭєɬɶɫɹ ɧɚ 
16%. ɋɥɿɞ ɡɚɭɜɚɠɢɬɢ, ɳɨ ɜ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɧɟ ɜɪɚɯɨɜɭєɬɶɫɹ ɡɦɿɧɢ ɡɚɝɚɥɶɧɨɝɨ 
ɬɪɚɮɿɤɭ ɩɪɢ ɩɟɪɟɤɪɢɬɬɿ ɉɿɜɞɟɧɧɨɝɨ ɦɨɫɬɭ. 
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Ɋɢɫ. 6. Ɂɚɥɟɠɧɿɫɬɶ ɪɨɫɬɭ ɜɚɪɬɨɫɬɿ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ ɜɿɞ 
ɡɛɭɪɟɧɧɹ ɦɿɧɿɦɚɥɶɧɢɯ ɜɿɞɫɬɚɧɟɣ ɦɿɠ ɤɥɚɫɬɟɪɚɦɢ 

 

 
 

Ɋɢɫ. 7. Ɂɚɥɟɠɧɿɫɬɶ ɪɨɫɬɭ ɜɚɪɬɨɫɬɿ 
ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ ɜɿɞ ɜɿɞɫɨɬɤɭ 
ɜɢɩɚɞɤɨɜɨɝɨ ɡɛɭɪɟɧɧɹ ɞɚɧɢɯ 

Ɋɢɫ. 8. Ʉɿɥɶɤɿɫɬɶ ɤɥɿєɧɬɿɜ ɞɥɹ ɦɿɧɿɦɚɥɶɧɨɝɨ, 
ɫɟɪɟɞɧɶɨɝɨ ɬɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɢɩɚɞɤɭ. 

 

 
Ɋɢɫ. 9. Ƚɟɨɝɪɚɮɿɱɧɟ ɡɨɛɪɚɠɟɧɧɹ ɦɿɧɿɦɚɥɶɧɨɝɨ ɦɚɪɲɪɭɬɭ ɦɿɠ  
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ȼɢɫɧɨɜɤɢ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɚɥɝɨɪɢɬɦ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ ɦɚɪɲɪɭɬɢɡɚɰɿʀ 
ɬɪɚɧɫɩɨɪɬɭ, ɹɤɢɣ ɩɨɞɿɥɹє ɩɪɨɰɟɫ ɪɨɡɜ’ɹɡɚɧɧɹ ɧɚ ɞɟɤɿɥɶɤɚ ɩɨɫɥɿɞɨɜɧɢɯ ɟɬɚɩɿɜ. 
ɉɪɨɜɟɞɟɧɚ ɩɟɪɟɜɿɪɤɚ ɪɨɛɚɫɬɧɨɫɬɿ ɪɨɡɜ’ɹɡɤɿɜ ɡɚɞɚɱɿ ɧɚ ɪɟɚɥɶɧɨɦɭ ɩɪɢɤɥɚɞɿ. 
Ɂɧɚɣɞɟɧɧɿ ɡɧɚɱɟɧɧɹ ɡɛɭɪɟɧɧɹ ɡɚ ɹɤɢɯ ɧɚɹɜɧɢɣ ɲɜɢɞɤɢɣ ɡɪɿɫɬ ɜɚɪɬɨɫɬɿ 
ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ. Ɋɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɧɹ ɦɨɠɭɬɶ ɛɭɬɢ ɡɚɫɬɨɫɨɜɚɧɿ ɞɥɹ 
ɨɬɪɢɦɚɧɧɹ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ ɦɚɪɲɪɭɬɢɡɚɰɿʀ ɬɪɚɧɫɩɨɪɬɭ ɬɚ ɡɦɟɧɲɟɧɧɹ ɜɢɬɪɚɬ 
ɤɨɦɩɚɧɿʀ-ɞɢɫɬɪɢɛ’ɸɬɨɪɚ. Ⱦɥɹ ɩɨɞɚɥɶɲɢɯ ɞɨɫɥɿɞɠɟɧɶ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɿɞɟɹ 
ɫɬɜɨɪɟɧɧɹ ɿɧɬɟɪɮɟɣɫɭ ɞɥɹ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ, ɜɢɤɨɪɢɫɬɚɧɧɹ ɿɧɲɢɯ 
ɚɥɝɨɪɢɬɦɿɜ ɤɥɚɫɬɟɪɢɡɚɰɿʀ, ɜɢɤɨɪɢɫɬɚɧɧɹ ɧɨɜɢɯ ɩɿɞɯɨɞɿɜ ɞɥɹ ɨɰɿɧɤɢ 
ɪɨɛɚɫɬɧɨɫɬɿ ɪɨɡɜ’ɹɡɤɿɜ ɡɚɞɚɱɿ. 

 
Ȼɿɛɥɿɨɝɪɚɮɿɱɧɿ ɩɨɫɢɥɚɧɧɹ 
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