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Аɧɧɨɬаɰиɹ. Ɋаɫɫɦɨɬɪɟɧɨ ɪɟшɟɧɢɟ ɨɛɪаɬɧɨɣ ɡаɞаɱɢ ɨ ɧɟɫɬаɰɢɨɧаɪɧɨɦ ɤɢɧɟɦаɬɢɱɟɫɤɨɦ ɧа-
ɝɪуɠɟɧɢɢ уɩɪуɝɨɝɨ ɩɨлуɩɪɨɫɬɪаɧɫɬва. ɂɫɤɨɦɵɦ ɹвлɹɟɬɫɹ вɨɡɦуɳаɸɳɟɟ ɤɢɧɟɦаɬɢɱɟɫɤɨɟ вɨɡ-
ɞɟɣɫɬвɢɟ, ɩɪɢɤлаɞɵваɟɦɨɟ ɧа ɩɨвɟɪɯɧɨɫɬɢ ɩɨлуɩɪɨɫɬɪаɧɫɬва. Ɋаɫɫɦаɬɪɢваɟɬɫɹ ɨɫɟɫɢɦɦɟɬ-

ɪɢɱɧаɹ ɩɨɫɬаɧɨвɤа ɤɪаɟвɨɣ ɡаɞаɱɢ ɬɟɨɪɢɢ уɩɪуɝɨɫɬɢ. Ɋɟшɟɧɢɟ ɫɬɪɨɢɬɫɹ  в вɢɞɟ ɪаɡлɨɠɟɧɢɹ в 
ɪɹɞ ɩɨ ɮуɧɤɰɢɹɦ Ȼɟɫɫɟлɹ ɩɨ ɪаɞɢалɶɧɨɣ ɤɨɨɪɞɢɧаɬɟ. Ɋаɫɫɦɨɬɪɟɧ ɱɢɫлɟɧɧɵɣ ɩɪɢɦɟɪ  
ɢɞɟɧɬɢɮɢɤаɰɢɢ ɩɟɪɟɦɟɳɟɧɢɣ ɧа ɩɨвɟɪɯɧɨɫɬɢ ɩɨлуɩɪɨɫɬɪаɧɫɬва. 
 

Клɸɱевые ɫлɨва: ɩɨлуɩɪɨɫɬɪаɧɫɬвɨ, ɨɛɪаɬɧаɹ ɡаɞаɱа, ɤɢɧɟɦаɬɢɱɟɫɤɨɟ вɨɡɞɟɣɫɬвɢɟ, ɫɢɫɬɟɦа 
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Аɧɨɬаɰіɹ. Ɋɨɡɝлɹɧуɬɨ ɪɨɡв’ɹɡɨɤ ɨɛɟɪɧɟɧɨʀ ɡаɞаɱі ɩɪɨ ɧɟɫɬаɰіɨɧаɪɧɟ ɤіɧɟɦаɬɢɱɧɟ ɧаваɧɬа-
ɠɟɧɧɹ ɩɪуɠɧɨɝɨ ɩівɩɪɨɫɬɨɪу. ɒуɤаɧɨɸ є ɡɛуɪɸвалɶɧа ɤіɧɟɦаɬɢɱɧа ɞіɹ, ɩɪɢɤлаɞɟɧа ɧа ɩɨвɟɪ-
ɯɧі ɩівɩɪɨɫɬɨɪу. Ɋɨɡɝлɹɧуɬɨ ɨɫɟɫɢɦɟɬɪɢɱɧу ɩɨɫɬаɧɨвɤу ɤɪаɣɨвɨʀ ɡаɞаɱі ɬɟɨɪіʀ ɩɪуɠɧɨɫɬі. 
Ɋɨɡв’ɹɡɨɤ ɛуɞуєɬɶɫɹ у вɢɝлɹɞі ɪɨɡɤлаɞу в ɪɹɞ ɡа ɮуɧɤɰіɹɦɢ Ȼɟɫɫɟлɹ ɡа ɪаɞіалɶɧɨɸ ɤɨɨɪɞɢɧаɬɨɸ. 

Ɋɨɡɝлɹɧуɬɨ ɱɢɫɟлɶɧɢɣ ɩɪɢɤлаɞ іɞɟɧɬɢɮіɤаɰіʀ ɩɟɪɟɦіɳɟɧɶ ɧа ɩɨвɟɪɯɧі ɩівɩɪɨɫɬɨɪу.  
 

Клɸɱɨві ɫлɨва: ɩівɩɪɨɫɬіɪ, ɨɛɟɪɧɟɧа ɡаɞаɱа, ɤіɧɟɦаɬɢɱɧа ɞіɹ, ɫɢɫɬɟɦа іɧɬɟɝɪалɶɧɢɯ ɪівɧɹɧɶ, 
ɤɪаɣɨва ɡаɞаɱа.  
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Abstract. The solution of inverse problem concerning non-stationary kinematic loading of elastic half-

space is considered in the given article. Kinematic loading applied to the surface of half-space is the 

result of inverse problem solving. Axisymmetric statement of the second boundary value problem is 

under consideration. The problem is solved by using expansion in a series in the form of cylindrical 

functions. The numerical examples of inverse problem solving are represented. 
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ȼ ɧɚɫɬɨяɳɟɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫя ɨɛɪɚɬ-
ɧɚя ɧɟɫɬɚɰɢɨɧɚɪɧɚя ɡɚɞɚɱɚ ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ 

ɞɥя ɭɩɪɭɝɨɝɨ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ. ȼɧɚɱɚɥɟ 
ɭɤɚɠɟɦ ɧɟɤɨɬɨɪɵɟ ɜɨɡɦɨɠɧɵɟ ɩɨɫɬɚɧɨɜɤɢ 

ɨɛɪɚɬɧɵɯ ɡɚɞɚɱ. Ɉɫɬɚɧɨɜɢɦɫя ɧɚ ɱɟɬɵɪɟɯ 
ɬɢɩɚɯ ɬɚɤɨɝɨ ɪɨɞɚ ɡɚɞɚɱ. 
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1. Нɚ ɝɪɚɧɢɰɟ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ ɡɚɞɚɧɵ ɧɨɪ-
ɦɚɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢя, ɚ ɤɚɫɚɬɟɥɶɧɵɟ ɩɟɪɟ-
ɦɟɳɟɧɢя яɜɥяɸɬɫя ɧɟɢɡɜɟɫɬɧɵɦɢ. Ƚɪɚɧɢɱ-
ɧɵɟ ɤɚɫɚɬɟɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢя ɧɚɯɨɞяɬɫя ɢɡ 
ɭɫɥɨɜɢя, ɱɬɨ ɧɚ ɧɟɤɨɬɨɪɨɣ ɝɥɭɛɢɧɟ ɭɩɪɭɝɨɝɨ 
ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ, ɜɞɨɥɶ ɤɨɧɤɪɟɬɧɨɣ ɩɥɨɫɤɨ-
ɫɬɢ, ɩɚɪɚɥɥɟɥɶɧɨɣ ɝɪɚɧɢɱɧɨɣ, ɤɚɫɚɬɟɥɶɧɵɟ 
ɩɟɪɟɦɟɳɟɧɢя ɞɨɥɠɧɵ ɨɬɫɭɬɫɬɜɨɜɚɬɶ. 
 

2. Нɚ ɝɪɚɧɢɰɟ ɭɩɪɭɝɨɝɨ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ 
ɡɚɞɚɧɵ ɤɚɫɚɬɟɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢя, ɚ ɧɨɪ-
ɦɚɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢя яɜɥяɸɬɫя ɧɟɢɡɜɟɫɬ-
ɧɵɦɢ. Нɟɨɛɯɨɞɢɦɨ ɬɚɤ ɩɨɞɨɛɪɚɬɶ ɝɪɚɧɢɱɧɵɟ 
ɧɨɪɦɚɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢя, ɱɬɨɛɵ ɧɚ ɧɟɤɨɬɨ-
ɪɨɣ ɝɥɭɛɢɧɟ ɜ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɟ ɧɨɪɦɚɥɶɧɵɟ 
ɩɟɪɟɦɟɳɟɧɢя ɛɵɥɢ ɛɵ ɪɚɜɧɵɦɢ ɧɭɥɸ. 

 

3. Нɚ ɝɪɚɧɢɰɟ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢɥɨɠɟɧɵ 

ɧɟɢɡɜɟɫɬɧɵɟ ɢ ɧɨɪɦɚɥɶɧɵɟ, ɢ ɤɚɫɚɬɟɥɶɧɵɟ 
ɩɟɪɟɦɟɳɟɧɢя. ɂɯ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɢɡ ɭɫɥɨ-
ɜɢя, ɱɬɨ ɧɚ ɧɟɤɨɬɨɪɨɣ ɝɥɭɛɢɧɟ ɜ ɩɨɥɭɩɪɨ-
ɫɬɪɚɧɫɬɜɟ ɢ ɧɨɪɦɚɥɶɧɵɟ, ɢ ɤɚɫɚɬɟɥɶɧɵɟ ɩɟ-
ɪɟɦɟɳɟɧɢя ɢɡɦɟɧяɥɢɫɶ ɛɵ ɩɨ ɡɚɞɚɧɧɨɦɭ 
ɡɚɤɨɧɭ. 

 

4. ɉɭɫɬɶ ɜ ɭɩɪɭɝɨɦ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɟ ɪɟɚɥɢ-

ɡɨɜɚɧɨ ɧɟɤɨɬɨɪɨɟ ɞɟɮɨɪɦɚɰɢɨɧɧɨɟ ɫɨɫɬɨя-
ɧɢɟ. ȼ ɝɥɭɛɢɧɟ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ ɢɦɟɸɬɫя 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɟɪɟɦɟɳɟɧɢя (ɧɨɪɦɚɥɶɧɵɟ ɢ 

ɤɚɫɚɬɟɥɶɧɵɟ). Нɟɨɛɯɨɞɢɦɨ ɩɪɢɥɨɠɢɬɶ ɤ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ ɬɚɤɢɟ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɵɟ ɝɪɚɧɢɱɧɵɟ ɩɟɪɟɦɟɳɟɧɢя, ɱɬɨɛɵ ɧɚ 
ɧɟɤɨɬɨɪɨɣ ɝɥɭɛɢɧɟ ɧɨɪɦɚɥɶɧɵɟ ɢ ɤɚɫɚɬɟɥɶ-
ɧɵɟ ɩɟɪɟɦɟɳɟɧɢя ɨɬɫɭɬɫɬɜɨɜɚɥɢ.  

 

ɉɟɪɟɱɟɧɶ ɜɨɡɦɨɠɧɵɯ ɩɨɫɬɚɧɨɜɨɤ ɨɛɪɚɬɧɵɯ 
ɡɚɞɚɱ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɩɪɨɞɨɥɠɢɬɶ, ɨɞɧɚɤɨ 
ɨɝɪɚɧɢɱɢɦɫя ɩɪɢɜɟɞɟɧɢɟɦ ɷɬɢɯ ɱɟɬɵɪɟɯ. 

 

Аɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

Ɋɟɲɟɧɢɟ ɨɛɪɚɬɧɵɯ ɡɚɞɚɱ ɞɥя ɭɩɪɭɝɨɝɨ ɩɨɥɭ-

ɩɪɨɫɬɪɚɧɫɬɜɚ яɜɥяɟɬɫя ɧɨɜɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ 

ɦɟɯɚɧɢɤɢ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɬɜɟɪɞɨɝɨ ɬɟɥɚ, ɢ, 

ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɦɵ ɦɨɠɟɦ ɡɚɦɟɬɢɬɶ ɨɬɫɭɬɫɬ-
ɜɢɟ ɩɭɛɥɢɤɚɰɢɣ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. Ɋɟɲɟ-
ɧɢɟ ɩɪяɦɨɣ ɡɚɞɚɱɢ, ɤɨɬɨɪɨɟ ɛɪɚɥɨɫɶ ɡɚ ɨɫɧɨ-
ɜɭ ɞɥя ɪɟɲɟɧɢя ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ, ɞɟ-ɬɚɥɶɧɨ 

ɨɩɢɫɚɧɨ ɜ ɪɚɛɨɬɟ ɋɟɣɦɨɜɚ ȼ.Ɇ. [3]. 

 

 

Цɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚдɚчɢ 

 

ɉɨɫɬɚɧɨɜɤɚ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɞɥя ɭɩɪɭɝɨɝɨ 
ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ ɛɭɞɟɬ ɫɨɫɬɨяɬɶ ɜ ɫɥɟɞɭɸ-

ɳɟɦ: ɧɚ ɧɟɤɨɬɨɪɨɣ ɝɥɭɛɢɧɟ ɭɩɪɭɝɨɝɨ ɩɨɥɭ-

ɩɪɨɫɬɪɚɧɫɬɜɚ (ɧɚ ɩɥɨɫɤɨɫɬɢ ( 0z  )) ɢɡɜɟɫɬɟɧ 

ɡɚɤɨɧ ɢɡɦɟɧɟɧɢя ɩɟɪɟɦɟɳɟɧɢɣ ɜɨ ɜɪɟɦɟɧɢ, ɚ 
ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɟɝɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɭɩɪɭɝɨɝɨ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ (ɧɚ ɩɥɨɫɤɨɫɬɢ 

0z  ). 

 

ɉɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ ɪɟɲɟɧɢя ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɟɣ ɩɪяɦɨɣ ɡɚɞɚɱɢ ɜ ɨɫɟɫɢɦɦɟɬɪɢɱɧɨɣ 

ɩɨɫɬɚɧɨɜɤɟ ɢ ɭɫɥɨɜɢɣ, ɩɪɢ ɤɨɬɨɪɵɯ ɪɟɚɥɢɡɭ-

ɟɬɫя ɷɬɨ ɪɟɲɟɧɢɟ, ɩɪɢɜɟɞɟɧɨ ɜ ɪɚɛɨɬɚɯ [1, 3]. 

 

Ɋɟɲɟɧɢɟ ɨɛɪɚɬɧɨɣ ɡɚдɚчɢ 

 

Дɥя ɩɨɫɬɪɨɟɧɢя ɪɟɲɟɧɢя ɡɚɞɚɱɢ ɛɭɞɟɦ ɢɫɯɨ-
ɞɢɬɶ ɢɡ ɜɵɪɚɠɟɧɢɣ (1), (2) [1], ɤɨɬɨɪɵɟ ɨɩɪɟ-
ɞɟɥяɸɬ ɩɟɪɟɦɟɳɟɧɢя ɜ ɭɩɪɭɝɨɦ ɩɨɥɭɩɪɨ-
ɫɬɪɚɧɫɬɜɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɟɪɟɦɟɧɧɵɯ 

, ,r z t . 

 

   
    
   

 
 

      

0

1

2 2 2
1

2 2 2
0

2

22 2
0 0

1 0

1
, ,

,

k k

k

k
t z k

k

t z

k k k k

k

w r z t H t z

J r C t z

z J t z

C d

t z

H t z

J r D J t z d





 





    
     

                            
 

            





 
 

   
     
   

     
 

2 2 2
1 0

1 0

12
1

2 2
1

2 2
0

1
, ,

1

.

t z

k k
k

k k

k k

k

t z k k

k k

u r z t H t z

C
J r J t z d

H t z J r

z J t z

D t z D d

t z

 








    
            

    
                       

 



 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɪɟɲɟɧɢɢ ɨɛɪɚɬ-
ɧɨɣ ɡɚɞɚɱɢ (ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɨɛɪɚɬɧɨɣ ɡɚɞɚ-
ɱɢ)  , ,w r z t  ɢ  , ,u r z t  ɩɪɢ 0z   ( constz  ) 

яɜɥяɸɬɫя ɡɚɞɚɧɧɵɦɢ ɮɭɧɤɰɢяɦɢ ɩɟɪɟɦɟɧɧɵɯ 
r ɢ t . ȼ ɞɚɥɶɧɟɣɲɟɦ ɨɛɨɡɧɚɱɢɦ ɭɩɨɦяɧɭɬɭɸ 

ɤɨɧɫɬɚɧɬɭ ɱɟɪɟɡ 0z . 

 

Дɥя ɩɪɨɫɬɨɬɵ ɡɚɩɢɫɢ ɩɨɥɭɱɚɟɦɵɯ ɮɨɪɦɭɥ ɧɚ 
ɨɫɧɨɜɟ (1) ɩɪɢɦɟɦ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢя 

(1) 

(2) 
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Ɂɚɩɢɲɟɦ ɩɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ ɢɡ ɫɢɫɬɟɦɵ (1) 

ɞɥя ɧɨɪɦɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɜ ɜɢɞɟ 
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ȼ ɮɨɪɦɭɥɟ (4) ɩɪɨɢɡɜɟɞɟɧɚ ɡɚɦɟɧɚ ɩɟɪɟɦɟɧ-

ɧɨɣ 1 0t t z   , ɩɪɢɱɟɦ ɢɧɞɟɤɫ «1» ɜ ɞɚɥɶ-
ɧɟɣɲɟɦ ɨɩɭɳɟɧ. 

 

ɑɬɨɛɵ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫя ɫɜɨɣɫɬɜɨɦ ɨɪɬɨɝɨ-
ɧɚɥɶɧɨɫɬɢ ɪяɞɨɜ [2], ɩɨɦɧɨɠɢɦ ɩɪɚɜɭɸ ɢ 

ɥɟɜɭɸ ɱɚɫɬɢ ɜɵɪɚɠɟɧɢя (4) ɧɚ  0 nrJ r , ɚ 
ɡɚɬɟɦ ɩɪɨɢɧɬɟɝɪɢɪɭɟɦ ɧɚ ɢɧɬɟɪɜɚɥɟ ɨɬ 0 ɞɨ 1. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɭɞɟɦ ɢɦɟɬɶ  
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Дɥя ɧɚɯɨɠɞɟɧɢя ( )kC t  ɚɩɩɪɨɤɫɢɦɢɪɭɟɦ ɢɧ-

ɬɟɝɪɚɥ, ɫɨɞɟɪɠɚɳɢɣ ɷɬɢ ɮɭɧɤɰɢɢ, ɩɨ ɦɟɬɨɞɭ 
ɩɪяɦɨɭɝɨɥɶɧɢɤɨɜ 
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         (6) 

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ (6) ɜ ɭɪɚɜɧɟɧɢɟ (5) ɜɵɪɚ-
ɡɢɦ ɢɡ ɧɟɝɨ ( )kC t

 
ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɦ 
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Ɉɬɦɟɬɢɦ, ɱɬɨ ɟɫɥɢ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥя ɨɛ-
ɪɚɬɧɨɣ ɡɚɞɚɱɢ (ɡɚɤɨɧɵ ɢɡɦɟɧɟɧɢя ɩɟɪɟɦɟɳɟ-
ɧɢɣ) ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɞɢɫɤɪɟɬɧɵɯ ɡɧɚɱɟ-
ɧɢɣ, ɚ ɧɟ яɜɧɨɣ (ɚɧɚɥɢɬɢɱɟɫɤɨɣ) 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ, ɬɨ ɢɧɬɟɝɪɚɥ 
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0

, , kw r z t z rJ r dr    ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ 

ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ 
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ɝɞɟ r  – ɦɚɥɵɣ ɭɱɚɫɬɨɤ, ɞɟɥяɳɢɣ ɢɧɬɟɪɜɚɥ 
0 1r   ɧɚ ɩɨɞɵɧɬɟɪɜɚɥɵ. 

 

ɑɢɫɥɨ ɷɬɢɯ ɩɨɞɵɧɬɟɪɜɚɥɨɜ ɨɩɪɟɞɟɥяɟɬɫя ɜ 
ɩɪɨɰɟɫɫɟ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ.  
 

ȼɵɩɨɥɧɢɦ ɚɧɚɥɨɝɢɱɧɵɟ ɨɩɟɪɚɰɢɢ ɢ ɞɥя ɜɬɨ-
ɪɨɝɨ ɭɪɚɜɧɟɧɢя ɫɢɫɬɟɦɵ (1), ɢɡ ɤɨɬɨɪɨɝɨ ɨɩ-

ɪɟɞɟɥɢɦ ɮɭɧɤɰɢɸ ( )kD t . Дɥя ɷɬɨɝɨ ɩɪɢɦɟɦ 

ɨɛɨɡɧɚɱɟɧɢя 
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ɉɨɫɥɟ ɷɬɨɝɨ ɩɟɪɟɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥя ɤɚɫɚ-
ɬɟɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ 
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ɉɨɦɧɨɠɢɦ ɩɪɚɜɭɸ ɢ ɥɟɜɭɸ ɱɚɫɬɢ ɜɵɪɚɠɟɧɢя 
(9) ɧɚ  1 nrJ r  ɢ ɩɪɨɢɧɬɟɝɪɢɪɭɟɦ ɩɨ r  ɨɬ 0 

ɞɨ 1. Ɉɬɦɟɬɢɦ, ɱɬɨ ɫɜɨɣɫɬɜɨ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ 

ɪяɞɨɜ Дɢɧɢ [2] ɡɚɩɢɫɵɜɚɟɬɫя ɫɥɟɞɭɸɳɢɦ ɨɛ-

ɪɚɡɨɦ: 
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Кɚɤ ɢ ɜ ɫɥɭɱɚɟ ɧɚɯɨɠɞɟɧɢя ɡɧɚɱɟɧɢɣ ( ),kC t  

ɩɨɫɥɟ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɢɧɬɟɝɪɚɥɚ, ɫɨɞɟɪɠɚɳɟ-
ɝɨ ( ),kD t  ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢя ( )k mD t  

ɩɨɥɭɱɢɦ 
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Ɍɟɩɟɪɶ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɡɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢя (7) 

ɢ (11) ɜ ɜɢɞɟ ɫɢɫɬɟɦɵ ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ (12). 

 

Аɧɚɥɢɡɢɪɭя ɪɟɤɭɪɪɟɧɬɧɵɟ ɮɨɪɦɭɥɵ (12) ɩɨ 
ɢɧɞɟɤɫɭ m, ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɜɟɫɶ ɢɧɬɟɪ-
ɜɚɥ ɜɵɱɢɫɥɟɧɢɣ ɩɨ ɜɪɟɦɟɧɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡ-
ɞɟɥɢɬɶ ɧɚ ɞɜɚ ɭɱɚɫɬɤɚ. Нɚ ɩɟɪɜɨɦ ɜɪɟɦɟɧɧɨɦ 

ɭɱɚɫɬɤɟ ɩɪɢ 0 00 m mt t z z     , ɢɫɩɨɥɶɡɭя 
ɬɨɥɶɤɨ ɩɟɪɜɨɟ ɜɵɪɚɠɟɧɢɟ, ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ 

ɡɧɚɱɟɧɢя ( )k mC t , ɧɟ ɢɦɟя ɡɧɚɱɟɧɢɣ ( )k mD t  

ɧɚ ɷɬɨɦ ɢɧɬɟɪɜɚɥɟ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɫɱɟɬɨɜ 
ɩɨ ɩɟɪɜɨɣ ɮɨɪɦɭɥɟ ɧɚ ɢɧɬɟɪɜɚɥɟ ɨɬ 

0 0mt z z    ɞɨ T  ɭɠɟ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 
ɡɧɚɱɟɧɢя ( )k mD t  ɩɪɢ ɜɪɟɦɟɧɚɯ, ɦɟɧɶɲɢɯ ɧɚ 
ɜɟɥɢɱɢɧɭ 0 0z z   , ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɩɨɥɭ-

ɱɢɬɶ ɢɡ ɜɬɨɪɨɝɨ ɭɪɚɜɧɟɧɢя, ɡɧɚя ɡɧɚɱɟɧɢя 
( )k mC t , ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ.  
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ȼɵɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢя ( )k mC t  ɢ ( )k mD t  ɞɚ-
ɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɫɱɢɬɚɬɶ ɡɚɤɨɧ ɢɡɦɟɧɟɧɢя 
ɩɟɪɟɦɟɳɟɧɢɣ ɜɨ ɜɪɟɦɟɧɢ ɜ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɟ 
ɩɪɢ ɥɸɛɵɯ ɡɧɚɱɟɧɢяɯ z  ɜ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɟ, 
ɢɫɩɨɥɶɡɭя ɜɵɪɚɠɟɧɢя (1).  

 

ɑɢɫɥɟɧɧɵɣ ɩɪɢɦɟɪ ɪɚɫчɟɬɚ 
 

Ɋɚɫɫɦɨɬɪɢɦ ɪɟɲɟɧɢɟ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɩɪɢ 

ɭɫɥɨɜɢɢ, ɱɬɨ ɢɡɜɟɫɬɟɧ ɡɚɤɨɧ ɢɡɦɟɧɟɧɢя ɧɨɪ-
ɦɚɥɶɧɵɯ ɢ ɤɚɫɚɬɟɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɜɨ 

ɜɪɟɦɟɧɢ ɧɚ ɧɟɤɨɬɨɪɨɣ ɩɥɨɫɤɨɫɬɢ ɩɨɥɭɩɪɨ-
ɫɬɪɚɧɫɬɜɚ 0z z , ɩɪɢɱɟɦ ɨɧɢ ɡɚɞɚɸɬɫя ɜ ɜɢɞɟ 

(9) 

(10) 

(11) 

(12) 
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ɮɭɧɤɰɢɣ ɞɜɭɯ ɩɟɪɟɦɟɧɧɵɯ ( , )W r t  ɢ ( , )U r t . 

ɉɭɫɬɶ ɝɪɚɮɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɷɬɢɯ ɞɜɭɯ 
ɮɭɧɤɰɢɣ, ɩɪɢɧɢɦɚɟɦɵɯ ɞɚɥɟɟ ɞɥя ɤɨɧɤɪɟɬ-
ɧɵɯ ɪɚɫɱɟɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚɛɨɪɨɦ ɤɪɢɜɵɯ 
(ɪɢɫ. 1). 
 

 
 

ɚ 

 
 

ɛ 
 

Ɋɢɫ.  1. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥя ɡɚɞɚɱɢ ɢɞɟɧ-

ɬɢɮɢɤɚɰɢɢ (ɡɧɚɱɟɧɢя ɜɪɟɦɟɧɢ ɢ ɤɨɨɪ-
ɞɢɧɚɬɵ ɩɪɢɜɨɞяɬɫя ɜ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 
ɲɚɝɚɯ): ɚ – ɡɚɜɢɫɢɦɨɫɬɶ ɧɨɪɦɚɥɶɧɵɯ ɩɟ-
ɪɟɦɟɳɟɧɢɣ ɨɬ ɜɪɟɦɟɧɢ ɢ ɤɨɨɪɞɢɧɚɬɵ;  

ɛ – ɡɚɜɢɫɢɦɨɫɬɶ ɤɚɫɚɬɟɥɶɧɵɯ ɩɟɪɟɦɟɳɟ-
ɧɢɣ ɨɬ ɜɪɟɦɟɧɢ ɢ ɤɨɨɪɞɢɧɚɬɵ 

 

Нɚ ɪɢɫ. 1, ɚ ɩɨɤɚɡɚɧɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-
ɜɪɟɦɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɨɪɦɚɥɶɧɵɯ ɩɟɪɟ-
ɦɟɳɟɧɢɣ ɜ ɬɨɱɤɚɯ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢ 

0z z . Ɇɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɤɚɠɞɚя ɤɪɢɜɚя ɧɚ 
ɷɬɨɦ ɪɢɫɭɧɤɟ ɢɥɥɸɫɬɪɢɪɭɟɬ ɷɩɸɪɭ ɩɟɪɟɦɟ-
ɳɟɧɢɣ ɜɞɨɥɶ ɪɚɞɢɭɫɚ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ ɜ 
ɮɢɤɫɢɪɨɜɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. Нɚ ɪɢɫ. 1, ɛ 
ɩɪɢɜɟɞɟɧ ɧɚɛɨɪ ɤɪɢɜɵɯ, ɨɩɢɫɵɜɚɸɳɢɯ ɢɡɦɟ-
ɧɟɧɢɟ ɤɚɫɚɬɟɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ. ɂɫɯɨɞɧɵɟ 
ɞɚɧɧɵɟ ɞɥя ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ «ɪɟɝɢɫɬ-
ɪɢɪɭɸɬɫя» ɧɚ ɝɥɭɛɢɧɟ z  0,008. Ɇɚɬɟɪɢɚɥ 
ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ – ɫɬɚɥɶ ɫ ɦɨɞɭɥɟɦ ɭɩɪɭɝɨ-
ɫɬɢ 2,11011 ɉɚ, ɩɥɨɬɧɨɫɬɶɸ 7850 ɤɝ/ɦ3 ɢ  

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɉɭɚɫɫɨɧɚ, ɪɚɜɧɵɦ 0,3. Ȼɭɞɟɦ 

ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɟɪɟɦɟɳɟ-
ɧɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ.  

Нɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢя ( )k mC t  ɢ ( )k mD t  ɞɚɸɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɚɦ (1) 

ɡɚɤɨɧ ɢɡɦɟɧɟɧɢя ɩɟɪɟɦɟɳɟɧɢɣ ɧɚ ɥɸɛɨɣ 

ɝɥɭɛɢɧɟ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢ 0z  . 

Ɋɚɫɱɟɬ ɩɟɪɟɦɟɳɟɧɢɣ ɩɪɨɢɡɜɨɞɢɥɫя ɫ ɭɱɟɬɨɦ 

ɩяɬɢ ɱɥɟɧɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪяɞɚɯ Ɏɭ-
ɪɶɟ-Ȼɟɫɫɟɥя. 
 

Ɋɚɫɫɱɢɬɚɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟ-
ɬɨɞɢɤɢ ɧɚɛɨɪɵ ɤɪɢɜɵɯ ɩɪɢ 0z   ɩɪɢɜɟɞɟɧɵ 

ɧɚ ɪɢɫ. 2. 
 

 
ɚ 

 
 

ɛ 
 

Ɋɢɫ. 2. ɂɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɟ ɝɪɚɧɢɱɧɵɟ ɩɟ-
ɪɟɦɟɳɟɧɢя: ɚ – ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɨɪɦɚɥɶ-
ɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ; ɛ – ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɤɚɫɚɬɟɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ 

 

Нɚ ɪɢɫ. 2, ɛ ɩɨɤɚɡɚɧɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-
ɜɪɟɦɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɚɫɚɬɟɥɶɧɵɯ ɩɟɪɟ-
ɦɟɳɟɧɢɣ, ɚ ɧɚ ɪɢɫ. 2, ɚ – ɧɨɪɦɚɥɶɧɵɯ ɩɟɪɟ-
ɦɟɳɟɧɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ.  

 

Аɧɚɥɢɡ ɫɨɝɥɚɫɨɜɚɧɢя ɪɟɡɭɥɶɬɚɬɨɜ 

 

Ȼɵɥ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɫɨɝɥɚɫɨɜɚɧɢя ɪɟɡɭɥɶɬɚ-
ɬɨɜ ɪɟɲɟɧɢя ɩɪяɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱ. ɋɨ-
ɝɥɚɫɨɜɚɧɢɟ ɨɤɚɡɚɥɨɫɶ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦ. 

ɉɪɢɜɟɞɟɦ ɞɥя ɢɥɥɸɫɬɪɚɰɢɢ ɭɤɚɡɚɧɧɨɝɨ ɫɨ-
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ɝɥɚɫɨɜɚɧɢя ɫɪɚɜɧɟɧɢя ɧɟɤɨɬɨɪɵɯ ɷɩɸɪ ɩɪɢ 

ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɦɨɦɟɧɬɚɯ ɜɪɟɦɟɧɢ (t = 0,004). 

Нɚ ɪɢɫ. 3 ɫɩɥɨɲɧɵɦɢ ɥɢɧɢяɦɢ ɩɨɤɚɡɚɧɵ ɩɟ-
ɪɟɦɟɳɟɧɢя (z = 0), ɩɪɢɧɢɦɚɟɦɵɟ ɩɪɢ ɪɟɲɟ-
ɧɢɢ ɩɪяɦɨɣ ɡɚɞɚɱɢ ɞɥя ɩɨɥɭɱɟɧɢя ɢɫɯɨɞɧɵɯ 
ɞɚɧɧɵɯ (z = 0,008) ɞɥя ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚ-
ɰɢɢ. 
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Ɋɢɫ. 3. ɋɨɝɥɚɫɨɜɚɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɲɟɧɢя 
ɩɪяɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱ: ɚ – ɧɨɪɦɚɥɶ-
ɧɵɟ ɩɟɪɟɦɟɳɟɧɢя; ɛ – ɤɚɫɚɬɟɥɶɧɵɟ ɩɟ-
ɪɟɦɟɳɟɧɢя 

 

ɉɭɧɤɬɢɪɧɵɦɢ ɥɢɧɢяɦɢ ɢɡɨɛɪɚɠɟɧɵ ɤɪɢɜɵɟ 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ, ɩɨɥɭɱɟɧ-

ɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢя ɩɪɨɰɟɞɭɪɵ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ, ɟɫɥɢ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ 
ɞɚɧɧɵɯ ɩɪɢ ɪɟɲɟɧɢɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɩɪɢ-

ɧяɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢя ɩɟɪɟɦɟɳɟ-
ɧɢɣ, ɤɨɬɨɪɵɟ ɨɬɜɟɱɚɸɬ ɢɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-
ɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ. 

 

ȼɵɜɨдɵ 

 

Кɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ, ɫɨɝɥɚɫɨɜɚɧɢɟ ɪɟɡɭɥɶɬɚ-
ɬɨɜ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ; ɯɨɪɨɲɨ ɫɨɜɩɚɞɚɸɬ 
ɤɪɢɜɵɟ ɜ ɨɛɥɚɫɬяɯ ɢɯ ɦɚɤɫɢɦɭɦɨɜ, ɮɨɪɦɚ 
ɤɪɢɜɵɯ ɬɚɤɠɟ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫя. Кɚɠɞɚя 
ɩɚɪɚ ɢɡ ɱɟɬɵɪɟɯ ɤɪɢɜɵɯ ɧɚ ɤɚɠɞɨɦ ɪɢɫɭɧɤɟ 
ɪɚɫɫɱɢɬɚɧɚ ɞɥя ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ ɜɪɟɦɟɧɢ. 
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