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Abstract  The article is devoted to the application of the direct 
method to the research of heat transfer processes in the system - 
bullet inside a multilayer spherical shell (construction). To solve 

such a problem, an auxiliary problem is proposed to determine the 
distribution of a unsteady temperature field in a multilayer hollow 
spherical construction with a "deleted" bullet of sufficiently small 
radius. The implementation of the solution of the auxiliary 
problem is carried out by applying a reduction method using the 
concept of quasi derivatives. In the future, the Fourier scheme is 
used with the use of the modified eigenfunctions method. To find 
the solution of the original problem, the idea of the marginal 
transition is used by passing the radius of the "deleted" bullet to 
zero. It is established that in this approach all the eigenfunctions 
of the corresponding problem on the eigenvalues have no 
singularities at zero, which means that the solutions of the original 
problem are constrained throughout the design. To illustrate the 
proposed method, a model example of finding the distribution of a 
temperature field in a system of seven-layer spherical 
constructions with different thermophysical properties of 
materials is solved.  

 

Keywords  multilayer sphere, quasi derivative, direct method, 
marginal transition  

I.   



341 
 

 

 

 

 

II.  
 

 

  

 
 

 

. 

  
 

[3][3] 

  (1) 

 

 , (2) 
 

  (3) 

 

  (4) 

III.  

 

 

 
  

  [9] 
  

  

   

  

  ,  ,T r



342 
 

[8] 

 (5) 
 

 , (6) 
 

  (7) 

(7)   

  (8) 

(5)-(6) 
[10], [11] 

 , (9) 

 
 

A.   

. 

 

  (10) 

 

  (11) 

(9) (5) (10), 
  

  (12) 

(8)  

(7) , 

 

  (13) 

 

  (14) 

IV. (10)-(11). 
(10)-(11) 

 [8], [12], [13]
(10)-(11) 

 

  (15) 

  
 

 

 (16) 
(10)-(11) 

    

 (17) 

  (18) 

(10)-(11) , 
. 

V.  

 

 (12) 

  

2
2

, ,1 , , , 0,n

t r t r
ñ r r r

r rr



343 
 

  (19) 

(13),  
(14). 

A.  

 

 , (20) 

(13) [10] 
  (21) 

  
(21) (20)  

[8]  

  (22) 
 

  (23) 

(22), (23) 
 

 (22), (23)
[10]
 

B. . 

 

 

 

(22) 
 

  (24) 
 

  

  (25) 

  

(22)  

  (26) 

. 

[8] 
(25)  

  (27) 

   

   

 

  

   

   
 (25) 

 
  (28) 

, 

 
 

 

(22), (23)  
  (29) 

(22) 
 

 (30) 

  
 

 

 (31) 

2 2
0 0

2 2
0 0

1 10 0
, .

0 0
i i

i i

r rA A
c r c r

0 0
0 0 11 21

1 1 0 0 0

0 0
1 1 0 11 21

, , , 1, 0 , ,

, , , , , , , 1, 0

, , , , , .

TT
k k k

T
ki k i i k i k k

T

i i k i k

r B r b b

r B r r B r r B r

B r r B r r b b

R

R



344 
 

C.
  -

 
 

  (32) 

 

 (22), (23) [9] 

  (33) 

 (33) 
 

  (34) 

 

  (35) 

D. . 

[7], [8], [12]-[14]
  

 

 (36) 

 

 (37) 

  
 

. 

VI.  
 (1)-(4) 

 

 

 (38) 

 (29) 
(22), (23) 

 

(39) 

(31)  

 

 (40) 

VII.  

0 .  

 

TABLE I.   

 

 

    

1 0-0,05 0,93 837 2000 

2 0,05-0,08 209 894 2680 

3 0,08-0,15 64 389 8000 

4 0,15-0,25 34,6 130 11400 

5 0,25-0,33 2,93 921 2800 

6 0,33-0,39 58 470 7800 

7 0,39-0,43 1,55 770 2200 

2
kR
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TABLE II.  
  , 0  

 
 

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,43 

 20 20 20 20 20 20 20 20 20 

 20 20 20 20 20 20 20 20 52,6 

 20 20 20 20 20 20 20 20 102 

 20 20 20 20 20 20 20,3 24,1 210 

 20 20 20 20 20,1 20,2 25,5 41,2 299 

 20,0
6 20,5 20,5 20,7 21,1 21,7 36,6 64 353 

 21,2 24,0 24,2 24,8 26,2 27,8 59,7 100 409 

 25,6 32,1 32,5
2 33,6 36,1 38,8 86,5 137 453 

 85,3 103 104 106 112 117 201 272 582 

 183 205 206 209 215 221 315 389 678 
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