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ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʢʨʘʪʝʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʠʥʘʤʠʢʠ ʨʘʟʨʫʰʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʰʠʨʦʢʦ ʠʩʧʦʣʴ-
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The study of the behavior of the Gruneisen function is an important characteristic for a comprehensive 

study of the crater formation process and the dynamics of destruction of model polymers widely used in prac-

tice and bearing extreme thermal and power loads during operation. In this regard, polyethylene and 

polymethylmethacrylate were selected as samples for the study, the temperature dependence of the Gruneisen 

function was investigated and diagrams of the state of the studied polymers were constructed. 

 

Keywords: Gruneisen function, polyethylene and polymethylmethacrylate. 

 

ɺʚʝʜʝʥʠʝ 

ʀʥʪʝʥʩʠʚʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʩʚʷʟʘʥʥʳʝ ʠʤʧʫʣʴʩʥʳʤʠ, ʣʘʟʝʨʥʳʤʠ ʠ ʫʜʘʨʥʳʤʠ 

ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʥʘ ʦʙʨʘʟʮʳ ʧʦʨʠʩʪʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʪʝʭʥʠʢʝ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʩʨʝʜ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʩʞʘʪʠʠ ʩʧʣʦʰʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʵʪʠʭ 

ʚʝʱʝʩʪʚ ʚʙʣʠʟʠ ʫʜʘʨʥʦʡ ʘʜʠʘʙʘʪʳ [1, 2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦ ʫʜʘʨʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ ʩʧʣʦʰʥʳʭ ʠ ʧʦʨʠʩʪʳʭ ʦʙʨʘʟʮʦʚ 

ʜʣʷ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʧʦʩʪʨʦʝʥʳ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʘʣʣʦʚ ʠ ʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ.  



ɻʘʡʪʫʢʠʝʚʘ ɿ.ʍ., ʂʫʥʠʞʝʚ ɹ.ʀ., ʂʫʯʤʝʥʦʚ ʄ.ɸ.   
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ɼʨʫʛʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʷʥʠʡ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʛʦʤʦʧʦʣʠʤʝʨʦʚ, ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʤʘʣʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʣʝʢʪʨʦ- ʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴʶ. 

ɺʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʥʝʩʫʱʠʭ ʚʳʩʦʢʠʝ ʪʝʧʣʦʚʳʝ ʠ ʩʠʣʦʚʳʝ ʥʘʛʨʫʟʢʠ. ʋʨʘʚʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʧʦʣʠʤʝʨʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʣʦʪʥʦʩʪʝʡ ʵʥʝʨʛʠʠ ʠ ʜʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʧʨʦʙʣʝʤ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʵʥʝʨʛʠʠ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʨʦʙʠʚʘʥʠʷ ʟʘʱʠʪʥʳʭ ʵʢʨʘʥʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, 

ʚʦʟʜʝʡʩʪʚʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ ʥʘ ʧʦʣʠʤʝʨʥʳʝ ʤʠʰʝʥʠ). 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ ʧʦʣʠʤʝʨʦʚ ʠ ʠʭ ʩʤʝʩʝʡ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʨʘʡʥʝ ʤʘʣʦ. ʕʪʦ 

ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʧʨʦʚʝʜʝʥʠʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʨʘʟʣʠʯʥʳʤ ʩʦʚʨʝʤʝʥʥʳʤ ʤʦʜʝʣʷʤ. ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʪʘʢʞʝ 

ʫʯʝʩʪʴ, ʯʪʦ ʚ ʧʦʣʠʤʝʨʘʭ, ʠʤʝʶʱʠʭ ʩʣʦʞʥʫʶ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʤʝʥʝ̫ʪʩʷ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʧʦʣʠʤʝʨʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʝʥʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ ʟʥʘʯʝʥʠʷʤʠ ʬʫʥʢʮʠʡ ɻʨʶʥʘʡʟʝʥʘ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ ʤʳ ʠʩʭʦʜʠʤ ʠʟ ʧʨʝʜʣʦʞʝʥ-

ʥʦʡ ʄʦʣʦʜʮʝʤ [3] ʟʘʚʠʩʠʤʦʩʪʠ g (V, T): 
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ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʩʥʦʚʳ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʩʘʡʪʘ ʀʥʪʝʨʥʝʪʘ 

http:\\teos.ficp.ac.ru\rusbank\ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʧʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʝ-

ʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ ʥʘ ʫʜʘʨʥʦʡ ʘʜʠʘʙʘʪʝ ʜʣʷ ʧʦʣʠʵʪʠʣʝʥʘ (ʇʕ) ʠ ʧʦʣʠʩʪʠʨʦ-

ʣʘ (ʇʉ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʄʘʯʘʣʦʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʘ 1 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʄʘʯʘʣʘ ʧʦ ʫʜʘʨʥʦʤʫ ʩʞʘʪʠʶ ʇʕ ʠ ʇʄʄɸ 

U (ʢʤ/ʩ) D (ʢʤ/ʩ) P (ɻʇʘ) r / r0 r (ʛ/ʩʤ3
) ɽ (10

6
 ɼʞ/ʢʛ) 

ʇʦʣʠʵʪʠʣʝʥ 

1,109 4,6 4,655 1,314 1,209 0,605 

2,14 6,2 12,207 1,527 1,4049 2,29 

4,01 9,05 33,387 1,796 1,69 8,04 

4,51 9,548 39,44 1,887 1,736 10,17 

4,827 9,969 44,078 1,93 1,7759 11,65 

ʇʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ 

0,759 3,506 2,783 1,27 1,335 0,288 

1,034 3,913 4,232 1,354 1,4217 0,535 

2,213 5,664 13,111 1,635 1,7168 2,449 

3,217 6,994 23,535 1,845 1,9369 5,175 

5,368 9,556 53,656 2,273 2,3867 14,4 



ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ é   
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ g = g (T) ʥʝʦʙʭʦʜʠʤʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʣʦʪʥʦʩʪʴ: ʤʳ ʚʳʙʨʘʣʠ ʤʠʥʠʤʘʣʴʥʫʶ ʧʣʦʪ-

ʥʦʩʪʴ ï r1 = 1,209 ʛ/ʩʤ
3 
ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ r2 = 1,7759 ʛ/ʩʤ

3
 ʜʣʷ ʇʕ, ʘ ʜʣʷ ʇʄʄɸ r1 = 1,335 ʛ/ʩʤ

3
 ʠ ʤʘʢʩʠ-

ʤʘʣʴʥʘʷ r2 = 2,3867 ʛ/ʩʤ
3
, ʠ ʰʘʛ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʣʷʣ 50 ʂ (ʪʘʙʣ. 2). ʈʘʩʩʯʠʪʳʚʘʣʠ g (T) ʦʪ 50 ʂ ʜʦ 450 ʂ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1, 2 ʠ ʚ ʪʘʙʣ. 3 [4, 7]. 

 

ʊʘʙʣʠʮʘ 2 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ ʇʕ ʠ ʇʄʄɸ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʤʦʜʝʣʠ ʄʦʣʦʜʮʘ [3] 

 

 ʊ (ʂ) 50 100 150 200 250 300 350 400 450 

ʇʦʣʠʵʪʠʣʝʥ 

r1 g 0,9839 0,9831 0,9816 0,9809 0,9801 0,9799 0,9787 0,978 0,9877 

r2 g 0,872 0,8717 0,8712 0,8708 0,87 0,8699 0,8694 0,8669 0,8685 

ʇʦʣʠʩʪʠʨʦʣ 

r1 g 2,07 2,04 2,01 1,99 1,96 1,94 1,91 1,89 1,87 

r2 g 1,51 1,49 1,48 1,46 1,45 1,44 1,43 1,42 1,41 

 

ʄʦʜʝʣʴ ʄʦʣʦʜʮʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʜʘʨʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣ. ʇʨʠʤʝ-

ʥʠʤʦʩʪʴ ʫʨʘʚʥʝʥʠʷ (1) ʢ ʧʦʣʠʤʝʨʘʤ ʜʦʩʪʠʛʘʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʜʦʣʠ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ Ŭ = (k ï 1) Ŀ 100 % ʠʣʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʨʠʩʪʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʬʦʨʤʫʣʝ k = V00/V0, ʛʜʝ V00 ï ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʦʟ-

ʤʦʞʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʧʫʩʪʦʪʳ, ʚʦʣʦʢʥʠʩʪʦʩʪʴ ʪʝʣʘ ʠ ʪ.ʜ. ɺʩʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪ-

ʩʷ ʥʘʣʠʯʠʝʤ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʧʣʦʪʥʳʭ ʫʯʘʩʪʢʦʚ ʩʧʣʦʰʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʥʦʨʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ r0 = 1/V0. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʯʝʪʘ ʜʦʣʠ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ ʧʦʨʠʩʪʦʩʪʠ ʧʦʣʠʤʝʨʦʚ ʚ ʫʨʘʚʥʝʥʠʠ (2) ʚʝʣʠʯʠʥʫ ʭ = V/V0 = 

r0/r ʥʘʜʦ ʟʘʤʝʥʠʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʭ = kV/V0 = kr0/r. ʊʦʛʜʘ (1) ʧʨʠʤʝʪ ʚʠʜ [3, 4, 7] 
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ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ ʠʣʠ ʜʦʣʶ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ Ŭ ʤʳ ʦʧʨʝʜʝʣʷʝʤ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ ʧʨʠ  

ʊ = 300 ʂ ʠ r0/r = 1, ʪ.ʝ. ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: g(ʊ) = g0 = g (V, ʊ, ʂ) = 1,1. ɼʣʷ ʇʕ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬ-

ʬʝʢʪʠʚʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʨʘʚʝʥ k = 1,12, ʘ Ŭ = 1,2 %. ʉ ʧʦʣʫʯʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʨʠʩʪʦʩʪʠ ʤʳ ʠʩʩʣʝ-

ʜʦʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ ʧʦ ʬʦʨʤʫʣʝ (2) ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 3 ʠ ʥʘ ʨʠʩ. 1 ʠ 2 (ʟʘʚʠʩʠʤʦʩʪʴ g (r, k) ʜʣʷ ʧʦʣʠʤʝʨʦʚ ʇʕ ʠ ʇʄʄɸ). ʇʨʠʯʝʤ ʜʣʷ ʇʄʄɸ k ʨʘʩʩʯʠ-

ʪʳʚʘʣʩʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʡ gʊ = g0 = g (V, ʊ, k) = 4,15, r0/r = 1 ʧʨʠ ʊ = 300 ʂ. ʕʪʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʚ ʩʦʯʝ-

ʪʘʥʠʠ ʩ ʬʦʨʤʫʣʦʡ (2) ʜʘʶʪ ʵʬʬʝʢʪʠʚʥʫʶ ʧʦʨʠʩʪʦʩʪʴ k = 1,022 ʇʉ ʠʣʠ Ŭ = 2,2 %. ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ Ŭ ʯʘʩʪʠʯʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ ʇʕ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʘʤʦʨʬʥʦʛʦ ʧʦʣʠ-

ʩʪʠʨʦʣʘ, ʢʘʢ ʠ ʜʦʣʞʥʦ ʙʳʪʴ. 

 

ʊʘʙʣʠʮʘ 3 

 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ ʇʕ ʧʦ ʤʦʜʝʣʠ ʄʦʣʦʜʮʘ [3] ʩ ʫʯʝʪʦʤ ʧʦʨʠʩʪʦʩʪʠ [4, 7] 

 

 ʊ (ʂ) 50 100 150 200 250 300 350 400 450 

ʇʦʣʠʵʪʠʣʝʥ 

r1 g 0,988 0,987 0,9868 0,986 0,985 0,9845 0,9838 0,983 0,982 

r2 g 0,8749 0,8745 0,874 0,8735 0,873 0,8725 0,872 0,8715 0,871 

ʇʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ 

r1 g 4,35 4,22 4,11 4,00 3,91 3,81 3,723 3,636 3,56 

r2 g 1,8 1,78 1,76 1,74 1,72 1,70 1,685 1,67 1,655 



ɻʘʡʪʫʢʠʝʚʘ ɿ.ʍ., ʂʫʥʠʞʝʚ ɹ.ʀ., ʂʫʯʤʝʥʦʚ ʄ.ɸ.   

 

 8 

 

 
ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ ʜʣʷ ʇʕ 

 

 
ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ ʇʄʄʂ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 1 ʠ 2 ʠʟ ʨʠʩ. 1 ʠ 2 ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ ʜʣʷ ʇʕ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʘʷ. ʇʨʠʯʝʤ, ʯʝʤ ʙʦʣʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʜʦʩʪʠʛʥʫʪʘ ʚ ʫʜʘʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʪʝʤ ʤʝʥʴʰʝ 

ʟʘʚʠʩʠʤʦʩʪʴ g ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʊ. ʇʨʠ ʵʪʦʤ, ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʣʦʪʥʦʩʪʠ 

ʫʯʝʪ ʧʦʨʠʩʪʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ g (r) ï ʙʝʟ ʫʯʝʪʘ ʧʦʨʠʩʪʦʩʪʠ ʠ ʩ ʫʯʝʪʦʤ ʧʦ-

ʨʠʩʪʦʩʪʠ g (r, k). ʅʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ g (r, k) ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʟʥʘʯʝʥʠʷʤ g (r) ʧʨʠ ʪʝʭ ʞʝ 
ʪʝʤʧʝʨʘʪʫʨʘʭ. ʕʪʦ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʧʦʨʠʩʪʦʩʪʠ k ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʩʝʛʤʝʥʪʦʚ ʟʘ ʩʯʝʪ ʧʣʘʚʣʝʥʠʷ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʫʯʘʩʪ-

ʢʦʚ ʇʕ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʷʶʪ ʧʫʩʪʦʪʳ, ʫʤʝʥʴʰʘʷ ʵʬʬʝʢʪʠʚʥʫʶ ʧʦʨʠʩʪʦʩʪʴ ʧʦʣʠʤʝʨʘ, ʧʨʠʙʣʠʞʘʷ ʧʣʦʪ-

ʥʦʩʪʴ ʢ ʥʦʨʤʘʣʴʥʦʡ r0=1/V0. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʥʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʝ, ʢʘʢ ʠ ʜʣʷ ʧʦʣʠ-

ʵʪʠʣʝʥʘ. ʊʦ ʝʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʙʝʟ ʧʦʨʠʩʪʦʩʪʠ ʧʦ 

ʫʨʘʚʥʝʥʠʶ (1), ʘ ʩ ʫʯʝʪʦʤ ʧʦʨʠʩʪʦʩʪʠ ʧʦ ʫʨʘʚʥʝʥʠʶ (2). ʇʨʠʯʝʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ k ʨʘʩʩʯʠʪʳ-

ʚʘʣʩʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʡ 1/0 =rr , 15,4),,(0 === kʊVʊ ggg , ʧʨʠ ʊ = 300 ʂ. ʕʪʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʬʦʨʤʫʣʦʡ (2) ʜʘʶʪ ʵʬʬʝʢʪʠʚʥʫʶ ʧʦʨʠʩʪʦʩʪʴ k = 1,022 ʜʣʷ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ [4ï7] 

(ʪʘʙʣ. 4ï6). 

 

ʊʘʙʣʠʮʘ 4 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ ʇʄʄʂ ʧʦ ʤʦʜʝʣʠ ʄʦʣʦʜʮʘ [3] 

 ʊ (ʂ) 50 100 150 200 250 300 350 400 450 

1r g 2,07 2,04 2,01 1,99 1,96 1,94 1,91 1,89 1,87 

2r g 1,51 1,49 1,48 1,46 1,45 1,44 1,43 1,42 1,41 

 

ʛʜʝ 716,11 =r  ʤʠʥʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛ/ʩʤ
3
 ʠ 3867,22 =r  ʤʘʢʩʠʤʘʣʴʥʘʷ ʛ/ʩʤ

3
 ʜʘʥʥʳʝ ʫʜʘʨʥʦʛʦ ʥʘ-

ʛʨʫʞʝʥʠʷ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ [5]. 



ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ é   
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ʊʘʙʣʠʮʘ 5 

 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ (2) ʇʄʄɸ ʩ ʧʦʨʠʩʪʦʩʪʴʶ k = 1,022 (Ŭ = 2,2 %) 

 ʊ (ʂ) 0 50 100 150 200 250 300 350 400 450 

1r g 4,47 4,35 4,22 4,11 4,00 3,91 3,81 3,723 3,636 3,56 

2r g 1,82 1,8 1,78 1,76 1,74 1,72 1,70 1,685 1,67 1,655 

 

ʊʘʙʣʠʮʘ 6 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʄʘʯʘʣʘ [3] ʧʦ ʫʜʘʨʥʦʤʫ ʥʘʛʨʫʞʝʥʠʶ ʇʄʄɸ 

U (ʢʤ/c) D (ʢʤ/c) ʈ (ɻʇʘ) 0/rr  ɟ (ʛ/ʩʤ3) ɽ (10
6
ɼʞ/ʢʛ) 

0,759 3,506 2,783 1,27 1,335 0,288 

1,034 3,913 4,232 1,354 1,4217 0,535 

2,213 5,664 13,111 1,635 1,7168 2,449 

3,217 6,994 23,535 1,845 1,9369 5,175 

5,368 9,556 53,656 2,273 2,3867 14,4 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2, ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ ï ɟ1 ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ ʙʝʟ ʫʯʝʪʘ ʧʦ-

ʨʠʩʪʦʩʪʠ ɔ(ɟ1) ʠ ʩ ʫʯʝʪʦʤ ʧʦʨʠʩʪʦʩʪʠ ɔ(ɟ1k) ʧʨʠ T ʨʘʚʥʦʡ 100 ʂ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʜʚʘ ʨʘʟʘ. ʕʪʦ ʩʣʝʜʩʪʚʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʜʦʣʠ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ ʘʤʦʨʬʥʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ Ŭ = 2,2 %. ʅʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ɔ(ɟ1k) ʠ ɔ(ɟ1) ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʧʨʠ ʊ = 450 ʂ ʩʦʩʪʘʚʣʷʝʪ ʫʞʝ 1,8. ʕʪʦ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪ ʚʳʚʦʜʳ ʠʟ ʨʠʩ. 1 ʜʣʷ ʧʦʣʠʵʪʠʣʝʥʘ. 

 

ɺr ʚʦʜʳ 

1. ʇʨʠʤʝʥʷʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ ʪʚʝʨʜʳʭ ʪʝʣ, ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ.  

2. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʧʦʣʠʤʝʨʘ ʚ ʫʜʘʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʬʫʥʢʮʠʷ ɻʨʶ-

ʥʘʡʟʝʥʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʩ ʫʯʝʪʦʤ ʧʦʨʠʩʪʦʩʪʠ, ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʟʥʘʯʝʥʠʶ ɔ(ɟ) ʙʝʟ ʫʯʝʪʘ ʜʦʣʠ ʩʚʦʙʦʜʥʦʛʦ 

ʦʙʲʝʤʘ. ʕʪʦ ʤʳ ʩʚʷʟʳʚʘʝʤ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʠʣʠ ʜʘʚʣʝʥʠʷ ʚ ʧʦʣʠʤʝʨʘʭ (ʇʕ, ʧʦʣʠ-

ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ) ʧʫʩʪʦʪʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʧʦʣʠʤʝʨʝ ʩʭʣʦʧʳʚʘʶʪʩʷ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʩʞʘʪʠʝ ʤʦʥʦʣʠʪʥʳʭ ʫʯʘʩʪʢʦʚ ʩ ʥʘʯʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ɟ0=1/V0 ʇʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʥʘʤʠ ʟʘʚʠʩʠʤʦ-

ʩʪʷʤ ɔ(ʊ) ʠ ɔ(ɟ), ɔ(ɟ,k) ʧʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʇʕ ʠ ʧʦʣʠʩʪʠʨʦʣʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʦʩʪʨʦʝʥʥʳʝ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʍʠʱʝʥʢʦ ʜʣʷ ʧʦʣʠ-

ʵʪʠʣʝʥʘ ʠ ʩ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʄʘʯʘʣʘ ʜʣʷ ʧʦʣʠʩʪʠʨʦʣʘ [1, 3, 6]. 

 

ɹʠʙʣʠʦʛʨʘʬʠʷ  

1. ʂʦʩʪʠʥ ɺ.ɺ., ʂʫʥʠʞʝʚ ɹ.ʀ., ʊʝʤʨʦʢʦʚ ɸ.ʀ., ʉʫʯʢʦʚ ɸ.ʉ. ɼʠʥʘʤʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʇʄʄɸ 
ʧʨʠ ʫʜʘʨʝ // ʇʨʝʧʨʠʥʪ ʀɺʊɸʅ N1-136. ʄ., 1992. 24 c. 

2.  ɸʥʠʩʠʤʦʚ ʉ.ʀ., ʇʨʦʭʦʨʦʚ ɸ.ʄ., ʌʦʨʪʦʚ ɺ.ɽ. ʇʨʠʤʝʥʝʥʠʝ ʤʦʱʥʳʭ ʣʘʟʝʨʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʝʱʝʩʪʚʘ ʧʨʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ // ʋʌʅ. 1984. ʊ. 142. ˉ 3. ʉ. 395.  

3. ʄʦʣʦʜʝʮ ɸ.ʄ. ʀʟʦʭʦʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠ ʧʦʪʝʥʮʠʘʣ ʫʜʘʨʥʦʛʦ ʩʞʘʪʠʷ ʪʚʝʨʜʳʭ ʪʝʣ // 

ɾʊʌ. 1997. ʊ. 17, ˉ 6. ʉ. 824. 

4. ʂʫʥʠʞʝʚ ɹ.ʀ., ɸʭʨʠʝʚ ɸ.ʉ., ɻʘʡʪʫʢʠʝʚʘ ɿ.ʍ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ ʧʦʣʠʵʪʠʣʝʥʘ 
ʠ ʧʦʣʠʩʪʠʨʦʣʘ ʧʨʠ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʤ ʥʘʛʨʫʞʝʥʠʠ // ʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ.  2005.  ˉ 8.  

ʉ. 8ï14. 

5. ʂʫʥʠʞʝʚ ɹ.ʀ., ʂʫʜʘʝʚʘ ɾ.ɿ., ɻʨʠʛʦʨʴʝʚ ʄ.ɺ., ɻʘʡʪʫʢʠʝʚʘ ɿ.ʍ., ɼʫʛʦʝʚ ʈ.ʄ., ʐʝʨʠʝʚʘ ɸ.ʄ. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʠ ɻʨʶʥʘʡʟʝʥʘ ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʧʦʣʠʩʪʠʨʦʣʘ // ɺʝʩʪʥʠʢ ʂɹɻʋ. ʉʝʨʠʷ: 

ʌʠʟʠʢʘ. 2003. ˉ 8. ʉ. 47ï50. 

6. ʂʫʥʠʞʝʚ ɹ.ʀ., ɼʫʛʦʝʚ ʈ.ʄ., ʄʠʢʠʪʘʝʚ ɸ.ʂ., ʄʫʩʫʢʦʚʘ ʃ.ʍ., ʏʝʤʘʟʦʢʦʚʘ ɸ.ʄ., ʐʝʨʠʝʚʘ ɸ.ʄ. 

ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʫʯʝʪʦʤ ʠʭ ʧʦʨʠʩʪʦʩʪʠ // ʊʨʫʜʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝ-

ʨʝʥʮʠʠ ʧʦ ʢʘʫʯʫʢʫ ʠ ʨʝʟʠʥʝ. ʄ., 2004. ʉ. 67ï80. 

7. ʂʫʥʠʞʝʚ ɹ.ʀ., ɸʭʨʠʝʚ ɸ.ʉ., ɻʘʡʪʫʢʠʝʚʘ ɿ.ʍ., ʊʦʨʰʭʦʝʚʘ ɿ.ʉ., ɹʘʪʳʞʝʚ ʄ.ɹ. ʌʫʥʢʮʠʷ ɻʨʶʥʘʡ-

ʟʝʥʘ ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʧʦʣʠʩʪʠʨʦʣʘ ʠ ʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ // ʄʘʪʝʨʠʘʣʳ ʨʝʛʠʦ-

ʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɺʫʟʦʚʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʫʢʘè. ʄʘʛʘʩ, 2005. ʉ. 45ï49. 



ʄʘʛʦʤʝʜʦʚ ɻʘʩ.ʄ., ɼʦʣʙʠʥ ʀ.ɺ.   

 

 10 

 

ʋɼʂ 541.64: 539.2 

 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ʉʂɽʁʃʀʅɻʆɺʓʁ ɸʅɸʃʀɿ ʋʉʀʃɽʅʀʗ ʇʆʃʀʋʈɽʊɸʅɸ  

ɻʈɸʌɽʅʆʄ ʀ ʋɻʃɽʈʆɼʅʓʄʀ ʅɸʅʆʊʈʋɹʂɸʄʀ 

 
1
ʄʘʛʦʤʝʜʦʚ ɻʘʩ.ʄ., 

2
ɼʦʣʙʠʥ ʀ.ɺ.* 

 
1
ɼʘʛʝʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ

 

2
ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʍ.ʄ. ɹʝʨʙʝʢʦʚʘ 

 

* i_dolbin@mail.ru 

 

ɺʳʧʦʣʥʝʥ ʩʢʝʡʣʠʥʛʦʚʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʘ ʫʩʠʣʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʫʨʝʪʘʥ/ʛʨʘʬʝʥ ʠ ʧʦʣʠ-

ʫʨʝʪʘʥ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ (ʠʣʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ) ʵʪʠʭ ʥʘʥʦ-

ʢʦʤʧʦʟʠʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ (ʘʛʨʝʛʘʪʦʚ ʯʘʩʪʠʮ) ʥʘ-

ʥʦʥʘʧʦʣʥʠʪʝʣʷ ʠ ʠʭ ʨʘʟʤʝʨʥʦʩʪʴʶ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʫʤʝʥʴʰʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ (ʩʪʝʧʝʥʠ ʫʩʠʣʝʥʠʷ) ʫʢʘʟʘʥʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʥʦʢʦʤʧʦʟʠʪ, ʛʨʘʬʝʥ, ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʩʢʝʡʣʠʥʛ, ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ, 

ʘʛʨʝʛʘʮʠʷ, ʨʘʟʤʝʨ, ʨʘʟʤʝʨʥʦʩʪʴ. 

 

 

THE COMPARATIVE SCAL ING ANALUSIS OF POLY URETHANE  

REINFORCEMENT BY GRA PHENE AND CARBON NANOTUBES 

 
1
Magomedov Gas.M., 

2
Dolbin I.V.  

 
1
Dagestan State Pedagogical University

 

2
Kabardino-Balkarian State University 

 

The scaling analysis of reinforcement effect of nanocomposites polyurethane/graphene and polyure-

thane/carbon nanotubes was performed. It has been shown that reinforcement degree (or elasticity modulus) of 

these nanocomposites is defined by two following parameters: size of particles (aggregates of particles) of 

nanofiller and their dimension. Irrespective of nanofiller type decreasing of the indicated characteristics leads 

to an increasing of indicated nanocomposites elasticity modulus (reinforcement degree). 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʣʠʤʝʨʥʳʤ ʥʘʥʦʢʦʤʧʦʟʠʪʘʤ, ʥʘʧʦʣʥʝʥʥʳʤ ʥʦʚʳ-

ʤʠ 2D-ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷʤʠ, ʦʩʥʦʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʛʨʘʬʝʥ [1]. ɻʨʘʬʝʥ ʷʚʣʷʝʪʩʷ ʜʚʫʭʤʝʨʥʳʤ 

(2D) ʣʠʩʪʦʤ ʘʪʦʤʥʦʡ ʪʦʣʱʠʥʳ (~ 0,35 ʥʤ), ʩʦʩʪʦʷʱʠʤ ʠʟ sp
2
 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʚʳʩʪʨʦʝʥʥʳʭ ʚ ʧʦʨʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ [1]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʋʅʊ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʦʤʝʨʥʫʶ (1D) 

ʘʣʣʦʪʨʦʧʠʯʝʩʢʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʛʨʘʬʝʥʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʝʛʦ ʩʚʝʨʪʳʚʘʥʠʝʤ ʚ ʮʠʣʠʥʜʨ. ʇʦ-

ʩʢʦʣʴʢʫ ʛʨʘʬʝʥ ʠ ʋʅʊ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷʤʠ ʜʣʷ 

ʧʦʣʠʤʝʨʦʚ, ʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚ ʵʪʦʤ ʢʘʯʝʩʪʚʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʣʘʜʘʶʪ 

ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ (ʨʘʟʤʝʨʥʦʩʪʴ ʠ ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ), ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ 

ʩʦʦʙʱʝʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʩ ʦʜʠʥʘʢʦ-

ʚʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ, ʧʦʵʪʦʤʫ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʧʦʣʠʫʨʝ-

ʪʘʥ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʇʋ/ʋʅʊ) [2] ʠ ʧʦʣʠʫʨʝʪʘʥ/ʛʨʘʬʝʥ (ʇʋ/ɻʨ) [3]. 

ɼʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʋ/ʋʅʊ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥ ʵʣʘʩʪʦʤʝʨʥʳʡ ʧʦʣʠ-

ʫʨʝʪʘʥ ʤʘʨʢʠ Morthane PS 455-203 ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ Hunstman Polyurethane (ʉʐɸ). ɺ ʢʘʯʝʩʪʚʝ ʥʘ-

ʥʦʥʘʧʦʣʥʠʪʝʣʷ ʧʨʠʤʝʥʣ̫ʠʩʴ ʦʜʥʦʩʣʦʡʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʥʘʥʦʚʦʣʦʢʥʘ) ʤʘʨʢʠ PRT-HT-19 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ Applied Science, Inc. (ʉʐɸ), ʠʤʝʶʱʠʝ ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ 50ï120 ʥʤ ʠ ʜʣʠʥʫ  

10 ʤʢʤ ʠ ʙʦʣʝʝ [2]. 

 



ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʩʢʝʡʣʠʥʛʦʚʳʡ ʘʥʘʣʠʟ ʫʩʠʣʝʥʠʷ ʧʦʣʠʫʨʝʪʘʥʘ é   
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ʆʙʨʘʟʮʳ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʋ/ʋʅʊ ʧʦʣʫʯʝʥʳ ʩʤʝʰʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʩʦʜʝʨʞʘ-

ʥʠʠ ʋʅʊ 0-20 ʤʘʩʩ. % ʚ ʧʦʣʷʨʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ (ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ) ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʧʨʠʛʦʪʦʚʣʝʥʠ-

ʝʤ ʤʝʪʦʜʦʤ ʧʦʣʠʚʘ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʦʜʣʦʞʢʫ. ɿʘʪʝʤ ʦʙʨʘʟʮʳ ʩʫʰʠʣʠʩʴ ʚ ʚʘʢʫʫʤʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ 323 ʂ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʪʦʣɦ ʠʥʫ 0,5-2,0 ʤʢʤ. ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʠʩʧʳʪʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʧʨʠʙʦʨʝ Tinius Olson ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʣʟʫʥʘ 6 ʤʤ/ʤʠʥ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 293 ʂ [2]. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʋ/ɻʨ ʠʩʧʦʣʴʟʦʚʘʥ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʧʦ-

ʣʠʫʨʝʪʘʥ ʤʘʨʢʠ U2-01 ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʛʨʘʥʫʣ ~ 3 ʤʢʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ (ʛʨʘʬʝʥʘ) 

ʭʣʦʧʴʝʚʠʜʥʳʡ ʛʨʘʬʠʪ ʬʠʨʤʳ Sigma Aldridge ʜʠʩʧʝʨʛʠʨʦʚʘʣʩʷ ʚ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ ʧʨʠ ʥʘʯʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 3 ʤʛ/ʤʣ ʠ ʧʦʜʚʝʨʛʘʣʩʷ ʦʙʨʘʙʦʪʢʝ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʚʘʥʥʝ Branson MT-1510 ʚ ʪʝʯʝʥʠʝ  

150 ʯʘʩ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʘʩʴ ʥʘ ʮʝʥʪʨʠʬʫʛʝ Hettich Micro 22R. ɼʣʷ ʧʨʠʛʦ-

ʪʦʚʣʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʋ/ɻʨ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʨʘʬʝʥʘ ʜʠʩʧʝʨʩʠʠ ʬʠʣʴʪʨʦʚʘʣʠʩʴ ʯʝʨʝʟ ʥʝʡ-

ʣʦʥʦʚʳʝ ʤʝʤʙʨʘʥʳ Sterlitech ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ 0,45 ʤʢʤ ʠ ʧʦʚʪʦʨʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʫʣʴʪʨʘʟʚʫʢʦʤ ʧʨʠ 

ʤʦɦʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 80 ɺʪ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ [3]. 

ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʚ ʚʠʜʝ ʧʣʝʥʦʢ ʧʦʣʫʯʝʥʳ ʠʟ ʨʘʩʪʚʦʨʦʚ ʇʋ ʠ ʛʨʘʬʝʥʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʛʨʘ-

ʬʝʥʘ 0ï90 ʤʘʩʩ. % ʚ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ ʤʝʪʦʜʦʤ ʧʦʣʠʚʘ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʦʜʣʦʞʢʫ Teflon. ɼʘ-

ʣʝʝ ʦʙʨʘʟʮʳ ʩʫʰʠʣʠʩʴ ʚ ʚʘʢʫʫʤʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 333 ʂ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩ, ʘ ʟʘʪʝʤ ʚ ʦʙʳʯʥʦʡ 

ʧʝʯʠ ʧʨʠ ʵʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩ. ʆʙʨʘʟʮʳ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʋ/ɻʨ ʠʤʝʣʠ ʪʦʣʱʠʥʫ  

35ï40 ʤʢʤ ʠ ʰʠʨʠʥʫ 2,25 ʤʤ [3]. 

ʆʙʨʘʟʮʳ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʋ/ɻʨ ʠʩʧʳʪʘʥʳ ʧʦ ʤʝʪʦʜʫ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʥʘ ʧʨʠʙʦʨʝ Zwick 

Roell ʩ ʷʯʝʡʢʦʡ ʥʘʛʨʫʟʢʠ 100 ʅ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʣʟʫʥʘ 50 ʤʤ/ʤʠʥ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 293 ʂ [3]. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ɽʥ ʦʪ ʤʘʩʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʥʘʧʦʣʥʠʪʝ-

ʣʷ Wʥ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʋ/ɻʨ ʠ ʇʋ/ʋʅʊ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʜʘʥʥʳʝ ʵʪʦʛʦ ʨʠʩʫʥʢʘ, ʚʝʣʠʯʠʥʘ ɽʥ ʜʣʷ 

ʇʋ/ʋʅʊ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʋ/ɻʨ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʥʘʥʦʥʘʧʦʣ-

ʥʠʪʝʣʷ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʢʝʡʣʠʥʛʦʚʘʷ ʤʦʜʝʣʴ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [4]. 

ʉʫʪɹ ʵʪʦʡ ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʚʝʜʝʥʠʠ ʬʘʢʪʦʨʘ ʧʨʠʚʝʜʝʥʠʷ Ŭ
n-3
, ʩʚʷʟʳʚʘʶʱʝʛʦ ʤʘʩʩʦʚʳʝ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ Wʥ ʚ ʜʚʫʭ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ɸ ʠ ɺ: 
ɸ3ɺ

ʥ

n

ʥ WW -a= ,      (1) 

ʛʜʝ 
ɸ

ʥW  ʠ 
ɺ

ʥW  ï ʤʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ɸ ʠ ɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, a ï 

ʦʪʥʦʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ (ʘʛʨʝʛʘʪʦʚ ʯʘʩʪʠʮ) ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ, n ï ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʬʦʨ-

ʤʫ ʯʘʩʪʠʮ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 1 ʜʣʷ ʢʦʨʦʪʢʠʭ ʚʦʣʦʢʦʥ, 2 ï ʜʣʷ ʜʠʩʢʦʦʙʨʘʟ-

ʥʳʭ (ʯʝʰʫʡʯʘʪʳʭ) ʯʘʩʪʠʮ ʠ 3 ï ʜʣʷ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʧʘʨʘʤʝʪʨ n ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟ-

ʤʝʨʥʦʩʪʴ ʯʘʩʪʠʮ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ɽʥ ʦʪ ʤʘʩʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ Wʥ (1, 2)  

ʠ ʧʨʠʚʝʜʝʥʥʦʡ ʚʝʣʠʯʠʥʳ Ŭ
n-3

Wʥ (3) ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʋ/ɻʨ (1, 3) ʠ ʇʋ/ʋʅʊ (2) 
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ɺʟʘʠʤʦʩʚʷʟʴ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ Dʯ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ɽʥ ʚ ʨʘʤʢʘʭ 

ʤʦʜʝʣʠ [4] ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

( ) ( )
ʯʥ

n

ʥʯʥʥ DWɽDWɽ aaq=q - ,,,,, 3
,                (2) 

ʛʜʝ q ï ʧʘʨʘʤʝʪʨ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ. 

ʄʦʜʝʣʴ [4] ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʧʨʠ ʢʦʨʨʝʢʪʥʦʤ ʫʯʝʪʝ ʨʘʟʤʝʨʥʦʩʪʠ (n=D) ʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʥʘʥʦʥʘ-

ʧʦʣʥʠʪʝʣʷ (Dʯ) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʙʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʦʪ ʧʨʠʚʝʜʝʥʥʦʡ (ʤʘʩʩʦʚʦʡ) ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ a ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʨʘʟ-

ʤʝʨʦʚ ʧʣʘʩʪʠʥʳ ʛʨʘʬʝʥʘ ʠ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ. ɺ ʩʣʫʯʘʝ ʛʨʘʬʝʥʘ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʧʨʠʥʷʪ ʨʘʚʥʳʤ 

ʜʣʠʥʝ ʝʛʦ ʧʣʘʩʪʠʥʳ Lʛʨ, ʪ.ʝ. 1900 ʥʤ. ɼʣʷ ʋʅʊ ʠʟʚʝʩʪʥʦ [5], ʯʪʦ ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʢʦʣʴʮʝʦʙʨʘʟʥʳʝ ʩʪʨʫʢ-

ʪʫʨʳ ʨʘʜʠʫʩʘ Rʋʅʊ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʥʘʥʦʢʦʤʧʦʟʠʪʘ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʤʝʨʘ ʋʅʊ ʧʨʠʥʷʪʘ 

ʚʝʣʠʯʠʥʘ 2Rʋʅʊ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ [5]: 

( )
ʥ

rL
R

j

p
=

2

ʋʅʊʋʅʊ3

ʋʅʊ2 ,        (3) 

ʛʜʝ Lʋʅʊ ʠ rʋʅʊ ï ʜʣʠʥʘ ʠ ʨʘʜʠʫʩ ʥʘʥʦʪʨʫʙʢʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, jʥ ï ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʋʅʊ. 

ɺʝʣʠʯʠʥʘ jʥ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʦʛʣʘʩʥʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ [5]: 

ʥ

ʥ
ʥ

W

r
=j .         (4) 

ʛʜʝ Wʥ ï ʤʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ, rʥ ï ʝʛʦ ʧʣʦʪʥʦʩʪʴ. 

ɼʣʷ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʛʨʘʬʝʥʘ ʚʝʣʠʯʠʥʘ rʥ ʧʨʠʥʷʪʘ ʦʜʠʥʘʢʦʚʦʡ ʠ ʨʘʚʥʦʡ 1600 ʢʛ/ʤ
3
 [2, 3]. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ɽʥ(a
n-3

Wʥ) ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʋ/ɻʨ, ʢʦʪʦʨʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʦʜʝʣʴʶ [4] ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʜʣʷ ʦʙʦʠʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʠ ʜʘʥʥʳʝ 

ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ ɽʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ (ʘʛʨʝʛʘʪʦʚ ʯʘʩʪʠʮ) ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʠ 

ʠʭ ʨʘʟʤʝʨʥʦʩʪʴʶ: ʯʝʤ ʤʝʥʴʰʝ n=D, ʪʝʤ ʙʦʣʴʰʝ ɽʥ. ɺ ʵʪʦʤ ʘʩʧʝʢʪʝ ʋʅʊ (D=1) ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʛʨʘʬʝ-

ʥʘ (D=2). ʋʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʧʣʘʩʪʠʥʳ ʛʨʘʬʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ɽʥ ʧʨʠ Lʛʨ>2Rʋʅʊ ʠ ʨʦʩʪʫ ï ʧʨʠ 

Lʛʨ<2Rʋʅʊ. ʋʚʝʣʠʯʝʥʠʝ ɽʥ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 2Rʋʅʊ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ ʵʬʬʝʢʪʦʤ ʦʨʠʝʥʪʘʮʠʠ ʫʛ-

ʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. ɺ ʩʣʫʯʘʝ ʋʅʊ ʩʠʣʴʥʦʜʝʡʩʪʚʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʤʠ ʢʦʣʴ-

ʮʝʦʙʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨ: ʝʩʣʠ ʙʳ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʋ/ʋʅʊ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʋʅʊ, 

ʪʦ ʚʝʣʠʯʠʥʘ ɽʥ=160 ʄʇʘ ʜʦʩʪʠʛʘʣʘʩʴ ʙʳ ʫʞʝ ʧʨʠ Wʥº2 ʤʘʩʩ. % 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʛʦ ʩʦʦʙʱʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʦ-

ʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʨʘʟʤʝʨʥʦʩʪʴʶ ʯʘʩʪʠʮ (ʘʛʨʝʛʘʪʦʚ 

ʯʘʩʪʠʮ) ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʠ ʠʭ ʨʘʟʤʝʨʘʤʠ. ʉʥʠʞʝʥʠʝ ʦʙʝʠʭ ʫʢʘʟʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ 

ʦʧʨʝʜʝʣʷʝʪ ʨʦʩʪ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. 
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 ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʘ ʚ ʢʘʙʝʣʴʥʳʭ ʩʝ-

ʪʷʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʟʘʜʘʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʨʦʜʫʢʪʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. 

ɺʳʯʠʩʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ, ʚʳʟʚʘʥʥʳʝ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ, ʚ ʩʠʩʪʝʤʝ 

çʢʘʙʝʣʴ-ʪʨʫʙʦʧʨʦʚʦʜè. ʇʨʦʚʦʜʷʪʩʷ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ çSolid Worksè. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʝʪʦʜ ʌʫʨʴʝ, ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʪʝʤ-

ʧʝʨʘʪʫʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʪʝʨʤʦʨʝʛʫʣʷʮʠʷ, ʟʘʢʦʥ ɻʫʢʘ. 

 

 

ABOUT MODE LING OF TEMPERATURE CONDITIONS  

IN PIPELINES USING HEATING CABLE NETWORKS  

 

Oshkhunov M.M., Esankulova M.H. 

 

Kabardino-Balkarian State University 

 

The paper considers mathematical models of heat propagation in cable networks that provide a given 

temperature regime of product transportation in pipelines. Temperature stresses and deformations caused by 

heat flow are calculated in the çcable-pipelineè system. Numerical calculations are carried out using the finite 

element complex çSolid Worksè. 

 

Keywords: finite element method, Fourier method, thermal conductivity equation, thermal strain stress, 

thermoregulation, Hooke's law. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʪʨʝʙʫʝʪ ʩʪʘʙʠʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʚʦʡʩʪʚ ʧʝ-

ʨʝʢʘʯʠʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʝʛʦ ʚʷʟʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʪʦʣʴʢʦ 

ʩʥʠʞʘʝʪ ʩʚʦʡʩʪʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʦʢʘʯʢʠ, ʥʦ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝ-

ʞʝʣʘʪʝʣʴʥʳʤ ʬʘʟʦʚʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʨʘʙʦʪʝ ʜʘʸʪʩʷ ʘʥʘʣʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠ ʨʘʩʯʸʪ ʥʘʧʨʷ-

ʞʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʦʣʝʤ. 
 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ʆʩʥʦʚʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʠʜʝʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʨʫʙʝ ʧʨʠ ʠʟ-

ʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʏʝʤ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʩʥʘʨʫʞʠ ʪʨʫʙʳ, ʪʝʤ ʚʳʰʝ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ, 

ʚʳʜʝʣʷʝʤʘʷ ʚ ʢʘʙʝʣʴʥʦʤ ʩʣʦʝ .  ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʦʚ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʧʘʜʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʟʘʢʦʥʫ R/1  ʠ ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʘ ʫʩʠʣʠʚʘʝʪʩʷ. ɿʘʤʝʪʠʤ, ʯʪʦ ʥʘ 

ʦʧʨʝʜʝʣʸʥʥʦʤ ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʢʘʙʝʣʴʥʦʡ ʪʝʨʤʦʨʝʛʫʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 

)(u  ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʜʝʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʟʘʚʠʩʠʪ ʪʦʣʴ-

ʢʦ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ )(R . 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʨʦʮʝʩʩʦʚ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʮʠʣʠʥʜʨ (ʢʘʙʝʣʴ), ʢʦʪʦʨʳʡ ʦʢʨʫʞʘʝʪ ʪʨʫʙʦʧʨʦʚʦʜʥʫʶ ʩʠʩʪʝʤʫ. 



ʆʰʭʫʥʦʚ ʄ.ʄ., ɽʩʘʥʢʫʣʦʚʘ ʄ.ʍ.   
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ʈʠʩ. 1. ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ba TT ,  ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʥʫʪʨʝʥʥʝʡ  

ʠ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ 

 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 
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ɿʜʝʩʴ ),( trTT=  ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʜʠʫʩʘ ʠ ʚʨʝʤʝʥʠ; aï ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ.  

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʧʨʠ ʟʘʜʘʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʡ ɹʝʩʩʝʣʷ. 
 

ɸʥʘʣʠʟ ʥʘʧʨʷʞʝʥʠʡ 

ɽʩʣʠ ʥʘʡʜʝʥʦ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ),( trT , ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʫʧʨʫʛʦʡ ʟʦʥʝ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (ʩʣʫʯʘʡ ʧʣʦʩʢʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ) 
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ɿʜʝʩʴ G,n  ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʠ ʤʦʜʫʣʴ ʩʜʚʠʛʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, rreejj,  ï ʢʦʣʴʮʝʚʦʝ ʠ ʨʘ-

ʜʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʝʬʦʨʤʘʮʠʡ. 

ɺ ʩʣʫʯʘʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ (ʧʨʠ 0=bT ) 
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ʘ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ jjs  ʧʨʠ brar == , ʠʤʝʝʪ ʚʠʜ 
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ʀʟ ʬʦʨʤʫʣ (4) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ 0>aT  ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ar =  ï ʩʞʠʤʘʶʱʝʝ, ʘ ʧʨʠ br =  ï ʨʘʩʪʷ-

ʛʠʚʘʶʱʝʝ. 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʙʫʜʫʪ ʤʝʥʷʪʴ ʟʥʘʢ ʢʦʣʴʮʝʚʳʭ ʥʘʧʨʷʞʝʥʠʡ 

jjs  ʚ ʢʘʙʝʣʴʥʦʤ ʩʣʦʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʘʜʛʝʟʠʦʥʥʳʤ ʦʪʩʣʦʝʥʠʷʤ ʠ ʨʘʟʨʫʰʝʥʠʶ ʪʝʨʤʦʨʝʛʫʣʠ-

ʨʫʶʱʝʛʦ ʩʣʦʷ.  
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ɺ ʩʣʫʯʘʝ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʛʦ ʮʠʣʠʥʜʨʘ ʠʤʝʝʪ ʤʝʩʪʦ ʧʣʦʩʢʘʷ ʜʝʬʦʨʤʘʮʠ(̫ )0=zze  ʠ ʚ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 
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ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ()ruu=  ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ 
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ɻʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ br =  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʬʦʨʤʝ 0=rrs . ʅʘ 

ʚʥʫʪʨʝʥʥʝʤ ʨʘʜʠʫʩʝ ( )ar = ,0prr =s  ʛʜʝ 0p  ï ʥʘʧʨʷʞʝʥʠʝ ʢʦʥʪʘʢʪʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ. 

ʇʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦ ʟʘʢʦʥʫ 

tTT wcos0=         (7) 

ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʟʘʪʫʭʘʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʦʞʝ ʙʫʜʝʪ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (5), (6) ʙʫʜʫʪ 

ʠʤʝʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʩ ʧʝʨʠʦʜʦʤ wp/2=T . 
 

ʋʯʸʪ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ 

ɽʩʣʠ ʩʫʱʝʩʪʚʝʥʝʥ ʬʘʢʪʦʨ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʧʦ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʙʝʣʷ, ʪʦ 

ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ br =  ʥʘʜʦ ʟʘʜʘʪʴ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʚʠʜʘ 
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ɿʜʝʩʴ h  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, bT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t . 

ʅʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ( )ar =  ʤʦʞʥʦ ʟʘʜʘʪʴ ʫʩʣʦʚʠʝ, ʘʥʘʣʦʛʠʯʥʦʝ (8), ʫʯʠʪʳʚʘʶʱʝʝ ʪʝʧʣʦʧʝʨʝ-

ʜʘʯʫ ʥʘ ʛʨʘʥʠʮʝ çʪʨʫʙʦʧʨʦʚʦʜ-ʢʘʙʝʣʴè.  
 

ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ 

ʇʦʩʪʨʦʝʥʥʳʝ ʚʳʰʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʳʟʳʚʘʝʤʳʭ ʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠ [1, 2]. ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʩʯʸʪʳ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷʤʠ ʜʣʷ ʪʘʢʦʛʦ 

ʘʥʘʣʠʟʘ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ ʥʘ ʦʩʥʦʚʝ ʄʂʕ: Solid Works, Ansys, ʃʠʨʘ ʠ ʜʨ. 

ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Solid Works ʜʣʷ ʨʘʟʙʠʝʥʠʷ ʦʙ-

ʣʘʩʪʠ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʦʮʝʥʢʠ ʅɼʉ (ʨʠʩ. 2): 



ʆʰʭʫʥʦʚ ʄ.ʄ., ɽʩʘʥʢʫʣʦʚʘ ʄ.ʍ.   
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ʈʠʩ. 2. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʪʨʝʭʩʣʦʡʥʦʡ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʤʦʜʝʣʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʣʠʥʝʡʥʦʤ ʟʘʢʦʥʝ ɻʫʢʘ. ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʟʦʥ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʫʞʥʦ ʧʨʠʤʝʥʷʪʴ ʠʪʝʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʡ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʫʩʣʦʚʠʡ ʠʭ ʩʭʦʜʠʤʦʩʪʠ [3], [4]. ʊʘʢʠʝ ʟʘʜʘʯʠ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ, ʯʝʤ ʣʠʥʝʡʥʳʝ ʤʦʜʝʣʠ ʪʠʧʘ ɻʫʢʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʧʦʣʘʛʘʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʳʟʳʚʘʝʤʳʭ ʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʘʤʦʨʝʛʫʣʠʨʫʶʱʠʭʩʷ ʢʘʙʝʣʴʥʳʭ ʩʝʪʷʭ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʟʘʜʘʥʥʳʡ ʪʝʧ-

ʣʦʚʦʡ ʨʝʞʠʤ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʢʘʢ ʢʦʨʨʝʢʪʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘʜʘʯʫ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʝʪʦʤ ʦʙʤʝʥʥʳʭ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʝʜ-

ʣʦʞʝʥʳ ʜʚʝ ʤʦʜʝʣʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʧʣʦʩʢʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʷ). ʇʨʝʜʣʘʛʘʝʪʩʷ ʪʘʢʞʝ ʤʦʜʝʣʴ, ʫʯʠʪʳʚʘʶʱʘʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʘʥ ʦʙʟʦʨ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʥʘ ʙʘʟʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʠ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ çSolid Worksè ʜʣʷ ʨʘʟʙʠʝʥʠʷ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʪʨʝʭ-

ʩʣʦʡʥʳʭ ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʦʮʝʥʢʦʡ ʚʦʟʥʠʢʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. 
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ɺ ʨʘʙʦʪʝ ʦʙʦʟʥʘʯʝʥʘ ʚʘʞʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ï ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʝʝʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʦʪʭʦʜʦʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʇʨʠ 

ʵʪʦʤ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʜʘʥʠʝ ʩʚʦʡʩʪʚ ʙʠʦ-

ʨʘʟʣʘʛʘʝʤʦʩʪʠ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʤ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʦʣʠʤʝʨʘʤ (ʧʦʣʠʵʪʠʣʝʥ, ʧʦʣʠʧʨʦʧʠʣʝʥ ʠ ʜʨ.). ʇʨʠʚʝ-

ʜʝʥʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʨʝʰʝʥʠʷ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ ʢ ʜʝʩʪʨʫʢʮʠʠ ʠ ʙʠʦʨʘʟʣʦʞʝʥʠʶ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘ-

ʙʦʪʢʘ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʦʚʝ ʩ ʜʦʙʘʚʢʘʤʠ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʧʦʣʠʤʝʨʳ, ʙʠʦʜʝʩʪʨʫʢʮʠʷ ʧʦʣʠʤʝʨʦʚ, ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ ʧʦʣʠʤʝʨʳ, ʧʦʣʠ-

ʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʠʦʣʝʬʠʥʳ, ʢʘʫʯʫʢ. 
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The article identifies an important environmental problem ï the ever-increasing amount of waste of syn-

thetic polymeric materials and their harmful effects on the environment. At the same time, according to the au-

thors, at the present time, the most relevant is to impart biodegradability properties to large-tonnage tradition-

al polymers (polyethylene, polypropylene, etc.). The above analysis of literature data shows that the most opti-

mal option for solving this problem and increasing the ability of polymers to degrade and biodegrade is the 

development of polymer-based composites with the addition of natural components.  

 

Keywords: biopolymers, biodegradation of polymers, biodegradable polymers, polymer composite ma-
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ʇʣʘʩʪʠʢʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʘʞʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʝʝʩʷ ʢʦ-

ʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʇʄ) ʢʘʢ ʥʘ ʩʫʰʝ, ʪʘʢ ʠ ʥʘ ʤʦʨʝ. ʈʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝ ʧʣʘʩʪʠʢʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʥʝʚʳʩʦʢʦʡ ʮʝʥʦʡ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʧʣʘʩʪʤʘʩʩ, ʘ ʪʘʢʞʝ 

ʥʝʟʘʤʝʥʠʤʦʩʪʴʶ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʬʝʨʘʭ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʚʳʩʦʢʠʡ ʫʨʦ-

ʚʝʥʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʝʣʦʚʝʢʦʤ [1]. 

ʊʘʢʠʝ ʠʟʜʝʣʠʷ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʫʧʘʢʦʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʨʧʫʩʘ ʙʳʪʦʚʦʡ ʠ ʠʥʦʡ 

ʪʝʭʥʠʢʠ, ʪʘʨʘ, ʨʘʟʦʚʳʝ ʤʝʜʠʮʠʥʩʢʠʝ ʠʟʜʝʣʠʷ ʠ ʧʦʩʫʜʘ ʙʳʩʪʨʦ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʧʦʣʠʤʝʨʥʳʡ ʤʫʩʦʨ, ʟʘ-
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ʛʨʷʟʥʷʷ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦ 90 % ʚʩʝʡ ʧʣʘʩʪʤʘʩʩʳ, ʢʦʛʜʘ-ʣʠʙʦ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʚ 

ʤʠʨʝ, ʩʫʱʝʩʪʚʫʝʪ ʜʦ ʩʠʭ ʧʦʨ, ʧʨʠʯʝʤ ʠʟ ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 60ï70 % ï ʵʪʦ ʪʚʝʨʜʳʝ ʙʳʪʦʚʳʝ ʦʪʭʦʜʳ ʚ ʚʠʜʝ 

ʧʣʘʩʪʠʢʦʚʦʡ ʫʧʘʢʦʚʢʠ [2]. 

ʇʣʘʩʪʠʢʦʚʳʝ ʦʪʭʦʜʳ ʚʦ ʚʩʝʭ ʬʦʨʤʘʭ ʚʨʝʜʥʳ ʜʣʷ ʧʨʠʨʦʜʳ ʠ ʞʠʚʳʭ ʩʫɦ ʝʩʪʚ. ʀʟ ʧʦʣʠʤʝʨʦʚ ʤʦʛʫʪ 

ʚʳʜʝʣʷʪʩʷ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ, ʚʳʟʳʚʘʶʱʠʝ ʛʠʙʝʣʴ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ ʢʘʢ ʥʘ ʩʫʰʝ, ʪʘʢ ʠ ʚ ʚʦʜʝ, ʘ 

ʪʘʢʞʝ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʙʦʣʝʟʥʝʡ ʫ ʣʶʜʝʡ. ʇʣʘʩʪʤʘʩʩʦʚʳʝ ʦʪʭʦʜʳ, ʩʢʘʧʣʠʚʘʷʩʴ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ, 

ʷʚʣʷʶʪʩʷ ʫʛʨʦʟʦʡ ʮʝʣʳʤ ʵʢʦʩʠʩʪʝʤʘʤ, ʦʩʦʙʝʥʥʦ ʚʙʣʠʟʠ ʨʝʢ ʠ ʚ ʦʢʝʘʥʘʭ. ʇʣʘʩʪʠʢʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʪʘʢʞʝ 

ʚʨʝʜʠʪ ʵʢʦʥʦʤʠʢʝ ï ʨʳʙʦʣʦʚʥʘʷ ʩʬʝʨʘ ʥʝʩʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʙʳʪʢʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝ-

ʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʧʣʘʩʪʠʢʘ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʚʣʦʞʝʥʠʡ. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʪʨʘʜʘʝʪ ʠ ʪʫʨʠʩʪʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ, ʧʦʩʢʦʣʴʢʫ ʩʚʘʣʢʠ ʧʣʘʩʪʠʢʦʚʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʚʙʣʠʟʠ ʨʝʢ-

ʨʝʘʮʠʦʥʥʳʭ ʟʦʥ ʥʝ ʪʦʣʴʢʦ ʤʘʣʦʧʨʠʚʣʝʢʘʪʝʣʴʥʳ, ʥʦ ʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʠʩʪʦʯʥʠʢʦʤ ʥʝʧʨʠʷʪʥʦʛʦ ʟʘʧʘʭʘ ʠ 

ʪʦʢʩʠʯʥʳʭ ʠʩʧʘʨʝʥʠʡ. 

ʆʪʜʝʣʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʧʦʯʚʳ ʠʣʠ ʜʨʫʛʦʛʦ ʤʫʩʦʨʘ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʠ ʵʥʝʨʛʦ-

ʟʘʪʨʘʪʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʪʘʢ ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦ ʚʪʦʨʠʯʥʦʡ ʧʝ-

ʨʝʨʘʙʦʪʢʝ [3, 4]. ʈʘʜʠʢʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦ ʤʥʝʥʠʶ 

ʨʷʜʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʦʣʠʤʝʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʦʩʣʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʩʣʦʚʠʷʭ ʧʦʜʚʝʨʛʘʪʴʩʷ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʪʦʢʩʠʯʥʳʭ ʜʣʷ ʨʘʩʪʝʥʠʡ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ 

ʚʦʜʳ [5]. 

 

ɹʠʦʨʘʟʣʘʛʘʝʤʳʝ ʧʦʣʠʤʝʨʳ 

ɹʠʦʜʝʛʨʘʜʠʨʫʝʤʳʝ ʧʦʣʠʤʝʨʳ (ʘʥʛʣ. biodegradable polymers) ʠʣʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʝ ʧʦʣʠʤʝʨʳ ï ʵʪʦ 

ʤʘʪʝʨʠʘʣʳ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʩʨʦʢʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦʣʠʤʝʨʳ, ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʨʘʟʨʫʰʘʶʱʠʝʩʷ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [6]. 

ʊʝʨʤʠʥʦʤ çʙʠʦʨʘʟʣʘʛʘʝʤʳʡè ʧʨʠʥʷʪʦ ʠʤʝʥʦʚʘʪʴ ʧʦʣʠʤʝʨ, ʜʝʩʪʨʫʢʮʠʷ ʠʣʠ ʫʭʫʜʰʝʥʠʝ ʧʨʝʞʥʠʭ 

ʢʘʯʝʩʪʚ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʭʦʪʷ ʙʳ ʯʘʩʪʠʯʥʦ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ [7]. ʂʘʢ ʧʨʘʚʠʣʦ, ʙʠʦ-

ʜʝʩʪʨʫʢʮʠʷ ʧʦʣʠʤʝʨʘ ʠʥʠʮʠʠʨʫʝʪʩʷ ʥʝ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʘ ʧʦʛʣʦʱʝʥʠʝʤ ʧʦʣʠʤʝʨʦʤ ʪʝʧʣʘ 

ʠʣʠ ʩʚʝʪʘ, ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ, ʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ, ʜʠʬʬʫʟʠʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʩʨʝʜʳ ʚ 

ʤʘʪʝʨʠʘʣ ʠ ʪ.ʧ., ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʠ ʫʩʠʣʝʥʥʦʡ ʘʪʘʢʝ ʤʠʢ-

ʨʦʦʨʛʘʥʠʟʤʦʚ [8]. 

ʉʧʦʩʦʙʥʦʩʪʴ ʧʦʣʠʤʝʨʦʚ ʨʘʟʣʘʛʘʪʴʩʷ ʠ ʫʩʚʘʠʚʘʪʴʩʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʧʦʣʠʤʝʨʘ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʩʪʨʫʢʪʫʨʘ 

ʝʛʦ ʤʦʣʝʢʫʣ, ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʴ ʤʘʢʨʦʮʝʧʠ (ʥʘʣʠʯʠʝ ʠ ʧʨʠʨʦʜʘ ʙʦʢʦʚʳʭ ʛʨʫʧʧ), ʥʘʜʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢ-

ʪʫʨʘ [9]. ʇʦʣʠʤʝʨʳ ʩ ʘʤʦʨʬʥʦʡ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚʩʝʛʜʘ ʤʝʥʝʝ ʩʪʦʡʢʠ ʢ ʙʠʦʜʝʩʪʨʫʢʮʠʠ, 

ʯʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʜʝʡʩʪʚʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʪʘʢʞʝ ʟʘʚʠ-

ʩʠʪ ʦʪ ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ, ʥʘʧʦʣʥʠʪʝʣʝʡ, ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ, ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʜʦʙʘʚʦʢ, ʘ ʪʘʢʞʝ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʡ ʤʝʨʝ ʵʪʠ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʜʣʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʩʪʦʯʥʠʢʦʤ 

ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ ʠ ʜʨʫʛʠʭ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ [10]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ (ʩʠʣʠ-

ʢʘʪʳ, ʩʫʣʴʬʘʪʳ, ʬʦʩʬʘʪʳ, ʢʘʨʙʦʥʘʪʳ) ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʨʦʩʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [11]. 

ʇʦʣʠʤʝʨʳ, ʧʦʜʜʘʶʱʠʝʩʷ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ 

ʪʦʤʫ ʥʘʟʘʜ, ʥʦ ʠʭ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʝ ʢʦʤʤʝʨʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʚʦʨʘʯʠʚʘʣʦʩʴ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ. ʕʪʦ 

ʧʨʦʠʩʭʦʜʠʣʦ ʦʪʪʦʛʦ, ʯʪʦ ʦʥʠ, ʚ ʮʝʣʦʤ, ʙʳʣʠ ʙʦʣʝʝ ʟʘʪʨʘʪʥʳʤʠ ʠ ʠʤʝʣʠ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʯʝʤ ʫ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʣʘʩʪʤʘʩʩ [12]. ʅʦʚʳʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ 

ʩʥʠʞʘʶʪ ʟʘʪʨʘʪʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʤʝʨʦʚ, ʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʩʤʝʰʠʚʘʥʠʷ ʜʝʣʘʶʪ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʙʦʣʝʝ ʧʨʦʯʥʳʤʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʤʠ [13]. 

 

ʇʦʣʠʦʣʝʬʠʥʳ 

ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʠʜʘʥʠʝ ʩʚʦʡʩʪʚ ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʠ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʤ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʦʣʠʤʝʨʘʤ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʦʣʠʦʣʝʬʠʥʳ (ʧʦʣʠʵʪʠʣʝʥ, ʧʦʣʠʧʨʦʧʠʣʝʥ ʠ ʜʨ.) [14]. ʇʦ-

ʣʠʦʣʝʬʠʥʳ ï ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʠʟ ʥʝʬʪʠ ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ 

ʧʫʪʸʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʱʝʩʪʚ ï ʦʣʝʬʠʥʦʚ [15]. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʢʘʢ ʙʳʣʦ ʦʪʤʝ-

ʯʝʥʦ ʚʳʰʝ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʪʦʡʢʦʩʪʴ ʧʦʣʠʤʝʨʘ ʢ ʙʠʦʨʘʟʣʦʞʝʥʠʶ, ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʝʛʦ ʤʦʣʝʢʫʣ. ʄʦ-

ʥʦʤʝʨʳ, ʧʦʨʘʞʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʩʣʫʞʘʪ ʜʣʷ ʥʠʭ ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝʨʦʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʣʠʦ-

ʣʝʬʠʥʳ ʩ ʙʦʣʴʰʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳ ʢ ʜʝʡʩʪʚʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [16]. ɺ 

ʤʘʪʝʨʠʘʣʝ ʥʝʦʙʭʦʜʠʤʦ ʘʢʪʠʚʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʜʝʛʨʘʜʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʫʪ ʢ ʩʥʠʞʝʥʠʶ ʤʦʣʝʢʫʣʷʨ-

ʥʦʡ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʘʩʩʠʤʠʣʠʨʫʝʤʳʭ ʯʘʩʪʝʡ. ʇʝʨʩʧʝʢʪʠʚ-

ʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʪʠʯʝ-

ʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʜʦʙʘʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʤʘʪʨʠʮʫ ʩʠʥʪʝʪʠʯʝ-
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ʩʢʦʛʦ ʧʦʣʠʤʝʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ, ʩʧʦʩʦʙʥʳʝ ʫʩʢʦʨʝʥʥʦ ʨʘʟʣʘʛʘʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ [17ï19]. 

ɹʠʦʨʘʟʣʘʛʘʝʤʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʦʣʝʬʠʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʦʙʘʚʢʘʤʠ. 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʪʝʨʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʥʦ ʫʩʪʦʡʯʠʚʳ ʢ ʜʝʡʩʪʚʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʥʝ ʩʧʦʩʦʙʥʳ ʢ ʜʝʩʪʨʫʢʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠʨʦʜʥʳʝ ʧʦ-

ʣʠʩʘʭʘʨʠʜʳ, ʭʦʪʷ ʠ ʷʚʣʷʶʪʩʷ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʤʠ, ʠʤʝʶʪ ʧʣʦʭʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʉ ʮʝʣʴʶ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʢʘʞʜʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʢ ʩʠʥʪʝʪʠʯʝ-

ʩʢʠʤ ʧʦʣʠʤʝʨʘʤ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʢʨʘʭʤʘʣ, ʭʠʪʠʥ, ʮʝʣʣʶʣʦʟʫ, ʘʤʠʣʦʟʫ, ʘʤʠʣʦʧʝʢ-

ʪʠʥ, ʜʝʢʩʪʨʠʥ ʠ ʜʨ.), ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʜʣʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [20]. ʇʦʣʫʯʝʥʥʳʡ ʠʟ 

ʪʘʢʦʡ ʩʤʝʩʠ ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ (ʇʂʄ) ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʙʠʦʨʘʟʣʘʛʘʝʤʳʤ, ʪʘʢ ʢʘʢ 

ʤʘʪʨʠʮʘ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʙʠʦʘʩʩʠʤʠʣʠʨʫʝʤʳʝ ʬʨʘʛʤʝʥʪʳ. 

ʂʨʘʭʤʘʣ ï ʥʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʩʳʨʴʝ ʜʣʷ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʪ.ʯ. ʢʦʤʧʦʟʠʮʠʦʥ-

ʥʳʭ. ʂʨʘʭʤʘʣ ʠʩʧʦʣʴʟʫʶʪ ʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʠ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʚʠʜʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʠʦʧʦʣʠʤʝʨʦʚ. ʀʟʜʝʣʠʷ ʠʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʧʨʦʠʟʚʦ-

ʜʷʪ ʥʘ ʪʦʤ ʞʝ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʯʪʦ ʠ ʦʙʳʢʥʦʚʝʥʥʫʶ ʧʣʘʩʪʤʘʩʩʫ. ʆʜʥʘʢʦ ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʚʩʸ ʨʘʚʥʦ ʧʦʢʘ ʫʩʪʫʧʘʶʪ ʧʦʣʠʵʪʠʣʝʥʫ (ʇʕ) ʠ ʧʦʣʠʧʨʦʧʠʣʝʥʫ (ʇʇ), ʢʦʪʦʨʳʝ ʦʥ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛ ʙʳ 

ʟʘʤʝʥʠʪʴ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʨʘʟʣʘʛʘʝʤʦʡ ʫʧʘʢʦʚʢʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠ-

ʣʝʥʘ ʠ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʦʪʭʦʜʦʚ ʤʫʢʦʤʦʣʴʥʦ-ʢʨʫʧʷʥʳʭ, ʢʨʘʭʤʘʣʦʧʘʪʦʯʥʳʭ, ʩʘʭʘʨʥʳʭ, 

ʢʦʥʜʠʪʝʨʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ [21ï23]. 

ɺʠʥʠʣʢʝʪʦʥʦʚʳʝ ʤʦʥʦʤʝʨʳ ʷʚʣʷʶʪʩʷ ʬʦʪʦʠʥʠʮʠʘʪʦʨʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʧʦʣʠʩʪʠʨʦʣʘ. 

ɺʚʝʜʝʥʠʝ ʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʢʘʯʝʩʪʚʝ ʩʦʧʦʣʠʤʝʨʘ ʢ ʵʪʠʣʝʥʫ ʠʣʠ ʩʪʠʨʦʣʫ ʧʦ-

ʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʣʘʩʪʠʢʠ ʩʦ ʩʚʦʡʩʪʚʘʤʠ, ʙʣʠʟʢʠʤʠ ʢ ʧʦʣʠʵʪʠʣʝʥʫ ʠʣʠ ʧʦʣʠʩʪʠʨʦʣʫ, ʥʦ ʩʧʦʩʦʙʥʳʤ ʢ ʬʦ-

ʪʦʜʝʛʨʘʜʘʮʠʠ [24, 25]. ʉ ʮʝʣʴʶ ʫʩʢʦʨʝʥʠʷ ʬʦʪʦʜʝʩʪʨʫʢʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʙʠʦʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʦʣʝʬʠ-

ʥʦʚ ʚ ʥʠʭ ʚʚʦʜʷʪ ʘʣʢʠʣʢʝʪʦʥʳ, ʮʝʣʣʶʣʦʟʫ ʠʣʠ ʬʨʘʛʤʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʨʙʦʥʠʣʴʥʳʝ ʛʨʫʧʧʳ [26, 27]. 

ʀʟʚʝʩʪʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʭʠʪʠʥʘ ʠ ʭʠʪʦʟʘʥʘ [28, 29]. ʇʘʥʮʠʨʠ ʨʘʢʦʦʙʨʘʟʥʳʭ 

ʠ ʥʘʩʝʢʦʤʳʝ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʫʯʝʥʠʷ ʭʠʪʠʥʘ, ʠʟ ʥʠʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʣʫʯʘʶʪ ʭʠʪʦ-

ʟʘʥ. ɹʣʘʛʦʜʘʨʷ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʪʢʘʥʷʤʠ ʯʝʣʦʚʝʢʘ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ, ʩʧʦʩʦʙʥʦʩʪʠ ʫʩʠʣʠʚʘʪʴ ʨʝ-

ʛʝʥʝʨʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʟʘʞʠʚʣʝʥʠʠ ʨʘʥ ʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʠ, ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʤʝʜʠʮʠʥʳ [30]. 

 

ʊʨʫʜʥʦʩʪʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʙʠʦʜʝʛʨʘʜʠʨʫʶʱʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʠ 

ʢʨʘʭʤʘʣʘ, ʦʙʳʯʥʦ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʩʣʝʜʥʝʛʦ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ-ʟʘ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʥɹʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ [31]. 

ɹʠʦʨʘʟʣʦʞʝʥʠʝ ʧʦʣʠʦʣʝʬʠʥʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʨʘʭʤʘʣʘ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, 

ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʢʦʪʦʨʦʤ ʠʛʨʘʶʪ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʢʘʨʙʦʮʝʧʥʳʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʠʟʚʝʩʪʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ [32].  

ʇʦʩʢʦʣʴʢʫ ʥʘ ʙʠʦʜʝʩʪʨʫʢʮʠʶ ʚʣʠʷʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʚʣʘʞ-

ʥʦʩʪʴ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʝʡ, ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ, ʨʅ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʫʩʣʦʚʠʡ ʩʨʝʜʳ ʠ ʪ.ʜ.) 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʦʯʥʳʝ ʩʨʦʢʠ ʧʦʣʥʦʡ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʟʘʪʨʫʜ-

ʥʠʪʝʣʴʥʦ [33]. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʧʦʣʠʤʝʨʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʥʝʦʙʭʦʜʠʤʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʠ ʪʨʝʙʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʧʣʦʱʘʜʠ ʠ ʨʝʩʫʨʩʳ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʩʳʨʴʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʘʤ ʜʝʛʨʘʜʘʮʠʠ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʦʣʝʬʠʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʩʩʠʚʥʳʭ 

ʬʘʢʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ʉʚʠʜʝʪʝʣʴʩʪʚʦʤ ʯʝʤʫ ʷʚʣʷʝʪʩʷ 

ʨʘʩʪʫʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʠ ʦʙʟʦʨʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʥʘ ʵʪʫ ʪʝʤʫ [34ï36]. 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘ-

ʙʦʪʢʘ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʦʣʝʬʠʥʦʚ ʠ ʵʣʘʩʪʦʤʝʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʢ ʩʠʥʪʝ-

ʪʠʯʝʩʢʠʤ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʘʩʪʦʤʝʨʳ, ʥʘʧʨʠʤʝʨ, ʢʘʫʯʫʢ (ʥʘʪʫʨʘʣʴ-

ʥʳʡ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʡ) ï ʧʨʦʜʫʢʪ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʠʟʜʝʣʠʷ ʠʟ ʢʦʪʦʨʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʙʳ-

ʩʪʨʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ [37]. 

 



ɺʘʨʴʷʥ ʀ.ɸ., ʂʦʣʝʩʥʠʢʦʚʘ ʅ.ʅ., ʇʦʧʦʚ ɸ.ɸ.   
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ɹʠʦʨʘʟʣʘʛʘʝʤʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʦʣʝʬʠʥʦʚ ʩ ʜʦʙʘʚʢʘʤʠ ʥʘʪʫʨʘʣʴ-

ʥʦʛʦ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʢʘʫʯʫʢʘ. 

ʅʘʪʫʨʘʣʴʥʳʡ ʢʘʫʯʫʢ (ʅʂ), ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʤʣʝʯʥʦʤ ʩʦʢʝ ʢʘʫʯʫʢʦʥʦʩʥʳʭ ʨʘʩʪʝʥʠʡ ʪʠʧʘ ʙʨʘʟʠʣʴ-

ʩʢʦʡ ʛʝʚʝʠ ʠ ʦʜʫʚʘʥʯʠʢʘ, ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʳʤ ʧʨʠʨʦʜʥʳʤ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤ ʫʛʣʝʚʦʜʦ-

ʨʦʜʦʤ, ʮʠʩ-ʧʦʣʠʤʝʨʦʤ ʠʟʦʧʨʝʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʵʣʘʩʪʠʯʥʦʩʪʴʶ, ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʵʣʝʢ-

ʪʨʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɼʚʦʡʥʳʝ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʇʕʅʇ) ʠ ʅʂ ʧʦʢʘʟʳʚʘʶʪ ʜʦʩʪʘ-

ʪʦʯʥʦ ʭʦʨʦʰʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨʠ ʵʪʦʤ ʷʚʣʷʶʪʩʷ ʙʠʦʨʘʟʣʘʛʘʝʤʳʤʠ [38]. 

ɺ ʨʘʙʦʪʝ [39] ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʪʫʨʘʣʴʥʦʛʦ ʢʘʫʯʫʢʘ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʜʝ-

ʛʨʘʜʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 15 % ʤʘʩʩ. ʢ ʧʦʣʠʧʨʦʧʠʣʝʥʫ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʧʦʣʥʝʥʠʝ ʇʂʄ ʥʘ 

ʦʩʥʦʚʝ ʇʇ ʥʘʪʫʨʘʣʴʥʳʤ ʢʘʫʯʫʢʦʤ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʟʜʝʣʠʷʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʚʝʜʝʥʠʝ ʅʂ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʨʝʜʝʣʘʭ ʧʦʚʳʰʘʝʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʜʝʩʪʨʫʢʮʠʠ. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [40] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʅʂ ʠ ʫʣʫʯʰʝʥʠʷ ʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʪʝʢʫʯʝʩʪʠ 

ʠ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʤʘʩʣʦ ʢʘʫʯʫʢʦʚʦʛʦ ʜʝʨʝʚʘ (ʄʂɼ), ʷʚʣʷʶʱʝʛʦʩʷ ʧʦ-

ʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʅʂ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʄʂɼ ʤʦʞʝʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɸʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʜʚʦʡʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʇʕ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠ ʅʂ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʦʙʘʚʢʘʤʠ [41]. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʫʣʢʘʥʠʟʘʮʠʷ ʅʂ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ, ʠ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʟʨʳʚʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʣʫʯʰʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘʪʫ-

ʨʘʣʴʥʦʛʦ ʢʘʫʯʫʢʘ ʚ ʢʦʤʧʦʟʠʮʠʷʭ. 

ɸʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʡ ʤʦʨʬʦʣʦʛʠʠ ʩʤʝʩʝʡ ʇʕ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩ ʅʂ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʩʥʠʞʝʥʠʝ ʨʘʟʤʝʨʦʚ ʜʦʤʝʥʦʚ ʅʂ ʚ ʦʙʲʝʤʝ ʤʘʪʨʠʮʳ ʇʕ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩ ʨʦʩʪʦʤ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʤʝʩʠ, ʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʦʙʲʝʤʝ, ʘ ʪʘʢʞʝ 

ʯʘʩʪʠʯʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʘʤʦʨʬʥʦʡ ʬʘʟʳ ʇʕ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʅʂ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʝʥʝʝ ʧʣʦʪʥʦʡ 

ʤʝʞʬʘʟʥʦʡ ʦʙʣʘʩʪʠ [42]. 

ʉʝʛʦʜʥʷ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʢʘʫʯʫʢʠ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʫʯʘʶʪ ʠʟ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʝʬʪʠ, ʧʨʠ ʵʪʦʤ 

ʦʥʠ ʦʙʣʘʜʘʶʪ ʪʝʤʠ ʞʝ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʠ ʥʘʪʫʨʘʣʴʥʳʡ ʢʘʫʯʫʢ. 

ɺ ʨʘʙʦʪʝ [43] ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʦʚʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʚʪʦ-

ʨʠʯʥʦʛʦ ʧʦʣʠʧʨʦʧʠʣʝʥʘ, ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʵʪʠʣʝʥ-ʧʨʦʧʠʣʝʥʦʚʦʛʦ ʢʘʫʯʫʢʘ (ʉʂʕʇʊ) ʩ 

ʨʘʟʥʳʤ ʤʘʩʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʮʝʣʣʶʣʦʟʦʣʠʪʠʯʝʩʢʘʷ ʠ ʬʝʥʦʣʦʢʩʠʜʘʟʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ ʧʨʦʙʘʭ ʧʦʯʚʳ, ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʣʩʷ ʧʦʣʠʤʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ 100 

ʤʘʩʩʦʚʳʭ ʯʘʩʪʝʡ ʚʪʦʨʠʯʥʦʛʦ ʧʦʣʠʧʨʦʧʠʣʝʥʘ, 10 ʤʘʩʩʦʚʳʭ ʯʘʩʪʝʡ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʠ 30 ʤʘʩʩʦʚʳʭ ʯʘʩʪʝʡ 

ʉʂʕʇʊ. 

ɺ ʨʘʙʦʪʝ [44] ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʤʝʩʝʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠ-3-

ʛʠʜʨʦʢʩʠʙʫʪʠʨʘʪʘ (ʇɻɹ) ʠ ʧʦʣʠʠʟʦʙʫʪʠʣʝʥʘ (ʇʀɹ). ʇɻɹ ï ʩʪʝʨʝʦʨʝʛʫʣʷʨʥʳʡ ʠʟʦʪʘʢʪʠʯʥʳʡ ʛʦʤʦʧʦʣʠ-

ʤʝʨ D(-)-3-ʛʠʜʨʦʢʩʠʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ, ʧʦ ʩʚʦʡʩʪʚʘʤ ʘʥʘʣʦʛʠʯʥʳʡ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʤʫ ʧʦʣʠʩʪʠʨʦʣʫ, ʥʦ 

ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʧʦʩʣʝʜʥʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʙʠʦʨʘʟʨʫʰʝʥʠʶ; ʇʀɹ ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʵʣʘ-

ʩʪʦʤʝʨ, ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʇɻɹ ʧʦʜʘʚʣʷʶʱʠʡ ʭʨʫʧʢʦʩʪʴ ʪʝʨʤʦʧʣʘʩʪʘ ʠ ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʩʥʠʞʝʥʠʶ ʩʪʦʠ-

ʤʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʣʠʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʣʘʩʪʠʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦ-

ʩʪʦʷʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʫʞʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ 

ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʵʢʦʣʦʛʠʯ-

ʥʦʩʪʴʶ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʦʜʠʬʠʢʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʟʘʜʘʥʥʳʭ ʩʨʦʢʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʙʝʟ ʚʨʝʜʘ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʘʢʞʝ ʨʘʩʰʠʨʷʝʪʩʷ ʘʩʩʦʨʪʠʤʝʥʪ ʨʘʟʨʘ-

ʙʦʪʘʥʥʳʭ ʙʠʦʨʘʟʣʘʛʘʶʱʠʭ ʜʦʙʘʚʦʢ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʦʣʝʬʠʥʦʚ ʠ ʵʣʘʩʪʦʤʝʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʥʘʪʫʨʘʣʴʥʦʛʦ ʢʘʫʯʫʢʘ. 
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ʨʠʘʣʦʚ ʥʘ ʧʨʝʜʤʝʪ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʘʣ-ʚʪʫʣʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʝ, ʨʝʜʫʢʪʦʨʘʭ. ʇʨʝʜʩʪʘʚʣʝʥ ʦʨʠʛʠʥʘʣʴ-

ʥʳʡ ʤʝʪʦʜ ʩʙʦʨʢʠ ʚʘʣ-ʚʪʫʣʦʯʥʳʭ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʣʝʝʚʦʛʦ ʩʣʦʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʢʣʝʝʚʳʭ ʚʘʣ-ʚʪʫʣʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʙ-

ʨʘʥʥʳʭ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʤʝʪʦʜʫ, ʧʨʝʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʦʙʳʯʥʳʭ ʢʣʝʝʚʳʭ ʚʘʣ-ʚʪʫʣʦʯʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʚ 1,2ï2,5 ʨʘʟʘ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʤʝʨʥʳʝ ʢʣʝʝʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ, ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʳʡ ʧʦʣʠʤʝʨʥʳʡ ʩʣʦʡ, ʠʟʙʳʪʦʯʥʦ-ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʧʨʦʯʥʦʩʪʴ. 
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The article presents the results of the properties analysis of modern polymer adhesive materials for their com-

pliance with the operating conditions of shaft-bushing joints, which are used in automotive and agricultural machin-

ery, gearboxes. A shaft-bushing joints assembly original method with directional formation of polymer layer com-

bined structure is presented. The strength of the polymer shaft-bushing joints assembled according to the developed 

method exceeded the strength of conventional polymer shaft-bushing joints by 1.2ï2.5 times.  

 

Keywords: polymer shaft-bushing joints, directional formation, combined polymer layer, excess and 

vacuum pressure, strength. 

 

ɺʘʣ-ʚʪʫʣʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʘʜʢʠ ʥʘ ʚʘʣ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, ʰʢʠʚʦʚ, ʟʚʝʟʜʦʯʝʢ, 

ʩʪʫʧʠʮ, ʚʪʫʣʦʢ [1ï5]. ʇʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʫʟʣʘʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʤʘʰʠʥ ʠ ʨʝʜʫʢʪʦʨʦʚ. ʇʨʝʜʥʘʟʥʘʯʝʥʠʝ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʚʦʜʠʪʩʷ ʢ ʧʝʨʝʜʘʯʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ. 

ʇʨʠʤʝʨʳ ʚʘʣ-ʚʪʫʣʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. ʉʦʝʜʠ-

ʥʝʥʠʷ ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʤʘʩʣʦ, ʚʦʜʘ ʠ ʚʣʘʛʘ). ɸʥʘʣʠʟ ʨʷʜʘ ʚʘʣ-ʚʪʫʣʦʯʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʘʚʪʦʤʦʙʠʣʝʡ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ, ʨʝʜʫʢʪʦʨʦʚ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ï ʦʪ 90 ʜʦ 1500 ʅÖʤ.  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʘʣ-ʚʪʫʣʦʯʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʜʚʠʛʘʪʝʣʷ, ʤʦʱʥʦʩʪʠ, ʨʝʞʠʤʘ ʨʘʙʦʪʳ, 

ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʛʦʣʦʚʢʝ ʧʦʨʰʥʷ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 200 ʜʦ 600 Áʉ, ʥʘ ʶʙʢʝ ʧʦʨʰʥʷ ʠ 

ʢʦʣʝʥʯʘʪʦʤ ʚʘʣʫ ï ʦʪ 80 ʜʦ 150 Áʉ, ʦʩʪʘʣʴʥʳʝ ʜʝʪʘʣʠ ʜʚʠʛʘʪʝʣʷ ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʫ 50 ʜʦ 110 Áʉ [6]. ʅʠʞ-

ʥʠʡ ʧʨʝʜʝʣ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʪʝʛʦʨʠʝʡ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʧʦ 

ɻʆʉʊ 15150. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʤʝʨʝʥʥʦʤ, ʘ ʪʘʢʞʝ ʚ ʫʤʝʨʝʥʥʦʤ ʠ ʭʦʣʦʜʥʦʤ ʢʣʠʤʘʪʝ (ʢʘʪʝʛʦʨʠʠ ʋ ʠ 

ʋʍʃ) ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʥʠʞʝ ï60 Áʉ.  

 

mailto:*mozgin.stas@gmail


ʀʛʥʘʪʦʚ ɸ.ɺ., ʄʦʟʛʠʥ ʉ.ɸ.   
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ʈʠʩ. 1. ʇʨʠʤʝʨʳ ʚʘʣ-ʚʪʫʣʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

 

ʂʨʦʤʝ ʩʠʣʦʚʳʭ ʥʘʛʨʫʟʦʢ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʛʠ ʥʘ ʩʦʝʜʠʥʝʥʠʷ ʚ ʘʚʪʦʤʦʙʠʣʷʭ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʦʡ ʪʝʭʥʠʢʝ ʠ ʪ.ʜ. ʚʦʟʜʝʡʩʪʚʫʝʪ ʤʘʩʣʦ. ʄʘʩʣʦ ʚ ʜʚʠʛʘʪʝʣʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʤʦʞʝʪ ʧʨʦʛʨʝʚʘʪʴʩʷ ʜʦ 

110 Áʉ. ʇʦ ʧʨʠʯʠʥʝ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʦ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʘʪʝʨʠʘʣ ʜʝʪʘʣʝʡ ʠ ʵʣʝʤʝʥʪʦʚ ʠʭ ʩʦʝʜʠʥʝʥʠʷ. 

ɼʣʷ ʩʙʦʨʢʠ ʚʘʣʦʚ ʠ ʜʝʪʘʣʝʡ ʪʠʧʘ çʚʪʫʣʢʘè ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʥʘʪʷʛʦʤ, ʰʧʦʥʦʯʥʳʝ, ʰʣʠ-

ʮʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʫʝʤʳʤ ʫʩʣʦʚʠʷʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʘʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʜʣʷ ʩʙʦʨʢʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʦʪʣʠʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦ-

ʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʪʦʯʥʦʩʪʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʦʧʨʷʛʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ. ʅʘʨʘʚʥʝ ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʚʠʜʘʤʠ 

ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʩʙʦʨʢʠ ʚʘʣʦʚ ʠ ʜʝʪʘʣʝʡ ʪʠʧʘ çʚʪʫʣʢʘè ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʢʣʝʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ. ɸʚʪʦ-

ʨʘʤʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʚʦʡʩʪʚʘ 190 ʧʦʣʠʤʝʨʥʳʭ ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʡ Loctite, 

Permabond, ʅʀʀ ʧʦʣʠʤʝʨʦʚ ʠʤ. ʂʘʨʛʠʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ ʦʧʨʝʜʝʣʝʥʳ ʛʨʘʥʠʯ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʢʘʞʜʦʡ ʭʠʤʠʯʝʩʢʦʡ ʦʩʥʦʚʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1.  

 

ʊʘʙʣʠʮʘ 1 

ʇʘʨʘʤʝʪʨʳ ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʦʣʠʤʝʨʥʳʭ ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ 

 ̄
ʍʠʤʠʯʝʩʢʘʷ 

ʦʩʥʦʚʘ / ʇʘʨʘʤʝʪʨʳ 

ɽʜ. 

ʠʟʤ. 

ɸʥʘʵʨʦʙ-

ʥʳʝ 

ʕʧʦʢʩʠʜ-

ʥʳʝ 

ɸʢʨʠʣʘʪ-

ʥʳʝ 

ʎʠʘʥʦ- 

ʘʢʨʠʣʘʪʥʳʝ 

1  ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ʄʇʘ 2,0ï32,0 12ï53 5ï35 7ï25 

2  ʄʠʥ. ʪʝʤʧʝʨʘʪʫʨʘ ÁC ï196éï55 ï200éï55 ï60é0 ï196éï30 

3  ʄʘʢʩ. ʪʝʤʧʝʨʘʪʫʨʘ ÁC 100é230 80é200 80é200 80é250 

4  
ʉʪʦʡʢʦʩʪʴ ʢ ʤʦʪʦʨʥʦʤʫ 

ʤʘʩʣʫ 
ʯ 100ï5000 1000ï5000 350ï5000 100ï5000 
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 ̄
ʍʠʤʠʯʝʩʢʘʷ 

ʦʩʥʦʚʘ / ʇʘʨʘʤʝʪʨʳ 

ɽʜ. 

ʠʟʤ. 

ɸʥʘʵʨʦʙ-

ʥʳʝ 

ʕʧʦʢʩʠʜ-

ʥʳʝ 

ɸʢʨʠʣʘʪ-

ʥʳʝ 

ʎʠʘʥʦ- 

ʘʢʨʠʣʘʪʥʳʝ 

5  ʉʪʦʡʢʦʩʪʴ ʢ ʙʝʥʟʠʥʫ ʯ 100ï5000 1000ï5000 100ï720 100ï1000 

6  ʉʪʦʡʢʦʩʪʴ ʢ ʚʦʜʝ/ʛʣʠʢʦʣʶ ʯ 168ï5000 1000ï5000 100ï1000 500ï5000 

7  ɺʷʟʢʦʩʪʴ (ʩʨʝʜʥʷʷ) ʇʘÖʩ 0,012ï500 7ï1350 1ï120 0,002ï70 

8  ɿʘʟʦʨ (ʨʘʜʠʘʣʴʥʳʡ) ʤʤ 0,05ï0,5 ï 0,1ï2 0,025ï0,5 

9  ʏʠʩʣʦ ʢʦʤʧʦʥʝʥʪʦʚ ï 1 1ï2 1ï2 1(ʨʝʜʢʦ 2) 

10  ʄʝʭʘʥʠʟʤʳ ʦʪʚʝʨʞʜʝʥʠʷ ï ʆʂ, ɸ ʉ, ʊ, ɸ ʉ, ɸ, ʊ+ʆʂ ɺ 

11  ɾʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʤʠʥ 4ï60 2ï165 1ï60 0 

12  ʈʫʯʥʦʝ ʦʪʚʝʨʞʜʝʥʠʝ ʤʠʥ 3ï120 13ï480 1ï40 0,07ï5,0 

13  ʇʦʣʥʦʝ ʦʪʚʝʨʞʜʝʥʠʝ ʯʘʩʳ 8ï48 24 24 24 

ʇʨʠʤʝʯʘʥʠʝ. ʂʦʣʠʯʝʩʪʚʦ ʘʥʘʵʨʦʙʥʳʭ ʩʦʩʪʘʚʦʚ ï 66 ʰʪ., ʵʧʦʢʩʠʜʥʳʭ ï 41 ʰʪ., ʘʢʨʠʣʘʪʥʳʭ ï 27 ʰʪ., 

ʮʠʘʥʦʢʨʠʣʘʪʥʳʭ ï 67 ʰʪ., ʆʂ ï ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ, ɸ ï ʘʢʪʠʚʘʪʦʨ, ʉ ï ʩʤʝʰʠʚʘʥʠʝ, ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, 

ɺ ï ʚʣʘʞʥʦʩʪʴ. 

 

ʉʦʧʦʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʘʣ-ʚʪʫʣʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦ-

ʨʳʝ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʚʳʰʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʢʣʝʝʚʳʝ ʩʦʩʪʘʚʳ 

ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʶʪ ʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʣʠʤʝʨʥʳʝ ʢʣʝʷʱʠʝ ʚʝʱʝʩʪʚʘ ʦʙʨʘʟʫʶʪ ʧʨʦʯ-

ʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʞʝ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ [6]. ʇʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʠʝ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʤʝʞʜʫ ʩʦʧʨʷʛʘʝʤʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʜʝʪʘʣʝʡ ʥʝ ʪʨʝʙʫʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʦʧʨʷʛʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʝʪʘʣʠ [4]. ʂʨʦʤʝ ʫʧʨʦʱʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʪʘʣʝʡ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʤʝʥʝʥʠʝ ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʠ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʦʝʜʠʥʝʥʠʠ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ, ʛʘʰʝʥʠʶ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʡ, ʦʪʩʫʪʩʪʚʠʶ ʢʦʨʨʦʟʠʠ [4, 7].  

ʇʨʠ ʩʙʦʨʢʝ ʤʘʰʠʥ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪ-

ʩʪʚʫʝʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʩʣʫʯʘʝ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʵʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʪ.ʢ. ʩʢʨʝʧʣʷʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʞʠʜʢʘʷ ʩʨʝʜʘ, ʢʦʪʦʨʘʷ 

ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʘ ʚ ʟʘʟʦʨʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʟʘʜʘʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʝʢʪ-

ʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʩʪʦʡʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ɸʥʘʣʠʟ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝ-

ʪʦʜʦʚ ʩʙʦʨʢʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʨʝʰʝʥʥʦʡ. ʇʨʠ ʨʫʯ-

ʥʦʡ ʩʙʦʨʢʝ ʩ ʥʘʥʝʩʝʥʠʝʤ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʩ ʧʦʤʦʱʴʶ ʢʠʩʪʠ ʠʣʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʠʥ-

ʩʪʨʫʤʝʥʪʘ ʦʙʲʝʤ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ ʥʝ ʨʝʛʫʣʠʨʫʝʪʩʷ, ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʥʘʯʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʧʦʪʦʤ ʠ ʚ 

ʟʘʟʦʨʝ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʠʤ ʩʣʫʯʘʡʥʳʤ ʬʘʢʪʦʨʦʤ ʢʘʢ ʦʨʠʝʥʪʘʮʠʷ ʜʝʪʘʣʝʡ ʩ ʥʘʥʝʩʸʥʥʳʤ 

ʢʣʝʝʚʳʤ ʩʦʩʪʘʚʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨʘ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʥʠʢʘʶʪ ʧʦʜʪʝʢʠ, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʦ ʚʝʨʦʷʪʥʦʤ ʥʝʜʦʩʪʘʪʢʝ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʟʘʟʦʨʝ ʠʣʠ ʝʛʦ ʷʚʥʦʤ ʧʝʨʝʨʘʩʭʦʜʝ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ ʜʦʟʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʝʪʘʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʩʪʘʙʠʣʠʟʫʝʪʩʷ. ʆʜʥʘʢʦ ʥʝʣʴʟʷ ʜʦʩʪʦʚʝʨʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʢʣʝʝʚʦʡ ʩʦʩʪʘʚ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚʥʫʪʨʠ ʟʘʟʦʨʘ, ʘ ʪʘʢʞʝ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ, ʥʘʧʨʘʚʠʚ ʪʝʯʝʥʠʝ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʥʝʟʘʧʦʣʥʝʥʥʳʝ ʦʙʲʝʤʳ ʢʦʣʴʮʝʚʦʛʦ ʟʘʟʦʨʘ.  ʉ ʫʯʝʪʦʤ ʧʝʨʝʯʠʩʣʝʥ-

ʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʥʝʣʴʟʷ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʘ ʪʘʢʞʝ ʢʦʥʝʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʭ ʢʘʯʝʩʪʚʘ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʚʳʜʝʨʞʢʘ ʩʦ-

ʝʜʠʥʝʥʠʷ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʧʦʩʣʝ ʩʙʦʨʢʠ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʪʚʝʨʞʜʝʥʠʷ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʪʨʫʜʦʸʤʢʦʩʪʴ ʩʙʦʨʢʠ ʠʟʜʝʣʠʷ.  

ɿʘʜʘʯʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʯʥʦʛʦ ʢʦʥʩʪ-

ʨʫʢʮʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʥʝʪʠʧʠʯʥʦʡ ʪ.ʢ. ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʜʣʷ ʩʦʟ-

ʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʢʣʝʝʚʦʡ ʩʙʦʨʢʠ ʪʨʝʙʫʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʡ ʧʦʜʭʦʜ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʝʤ ʞʠʜʢʦʩʪʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʷ ʚ ʟʘʤʢʥʫʪʦʤ ʦʙʲʝʤʝ. ʇʨʠ ʥʘ-

ʣʠʯʠʠ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʷ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʧʦʣʥʝʥʠʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ ʟʘʟʦʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ 

ʚʝʣʠʯʠʥʳ, ʠʩʢʣʶʯʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʫʩʪʦʪ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʠʪʴ ʜʘʥʥʳʝ 

ʬʘʢʪʦʨʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ ʚ ʟʘʟʦʨʝ ʤʝʞʜʫ ʩʦʙʠʨʘʝʤʳʤʠ ʜʝʪʘʣʷʤʠ ʠ 

ʨʘʟʨʘʙʦʪʘʪʴ ʦʨʠʛʠʥʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʙʦʨʢʠ ʢʣʝʝʚʳʭ ʚʘʣ-ʚʪʫʣʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [8].  

ɼʣʷ ʟʘʧʦʣʥʝʥʠʷ ʟʘʟʦʨʘ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʝʜʠʥʝʥʠʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʥʠʮʳ ʜʘʚʣʝʥʠʡ ʥʝʦʙ-

ʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʤʢʥʫʪʦʩʪʴ ʦʙʲʝʤʘ ʢʦʣʴʮʝʚʦʛʦ ʟʘʟʦʨʘ. ɺ ʩʣʫʯʘʝ ʚʘʣ-ʚʪʫʣʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʤʢʥʫʪʦʩʪʠ ʦʙʲʝʤʘ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʢʨʳʪʴ ʢʦʣʴʮʝʚʦʡ ʟʘʟʦʨ ʧʦ ʪʦʨʮʘʤ ʦʭʚʘʪʳʚʘʶʱʝʡ ʜʝ-

ʪʘʣʠ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʩʦʦʩʥʦʩʪʴ ʩʦʙʠʨʘʝʤʳʭ ʜʝʪʘʣʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʟʘ-



ʀʛʥʘʪʦʚ ɸ.ɺ., ʄʦʟʛʠʥ ʉ.ɸ.   

 

 26 

ʧʦʣʥʝʥʠʷ ʟʘʟʦʨʘ ʢʣʝʝʚʳʤ ʩʦʩʪʘʚʦʤ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʙʠʥʠ-

ʨʦʚʘʥʥʳʡ ʢʣʝʝʚʦʡ ʩʣʦʡ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʢʣʝʝʚʳʭ ʰʚʦʚ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʢʦʥʩʪʨʫʢ-

ʮʠʦʥʥʦʛʦ. ʕʩʢʠʟ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2. 

 
  ʘ)     ʙ)    ʚ) 

ʈʠʩ. 2. ʘ) ɺʘʣ-ʚʪʫʣʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ;  

ʙ) ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʰʚʘ; ʚ) ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ  

ʧʦʣʠʤʝʨʥʦʛʦ ʰʚʘ (Pʚʭ, Pʚʳʭ ï ʜʘʚʣʝʥʠʝ ʥʘ ʚʭʦʜʥʦʤ ʠ ʚʳʭʦʜʥʦʤ ʦʪʚʝʨʩʪʠʷʭ,  

V ï ʚʷʟʢʦʩʪʴ ʧʦʣʠʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ, d ï ʜʠʘʤʝʪʨʘʣʴʥʳʡ ʟʘʟʦʨ ʚ ʩʦʝʜʠʥʝʥʠʠ) 

 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʢʣʝʝʚʦʛʦ ʩʣʦʷ ʚ ʜʚʘ ʵʪʘʧʘ 

(ʩʤ. ʨʠʩ. 2). ʇʝʨʚʳʡ ʵʪʘʧ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʢʦʨʝʥʥʦʝ ʦʪʚʝʨʞʜʝʥʠʝ ʫʟʢʦʡ ʧʦʣʦʩʢʠ ʢʣʝʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʷʚ-

ʣʷʪʴʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʰʚʦʤ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʰʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʛʝʨʤʝʪʠʯʥʦʛʦ ʧʦʷʩʢʘ ʫ ʦʜʥʦʛʦ 

ʠʟ ʪʦʨʮʦʚ ʦʭʚʘʪʳʚʘʶʱʝʡ ʜʝʪʘʣʠ. ʂʨʦʤʝ ʪʦʛʦ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʰʦʚ ʬʠʢʩʠʨʫʝʪ ʜʝʪʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʛʣʘʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ, ʢʦʪʦʨʦʝ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʢʣʝʝʚʦʛʦ ʰʚʘ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʦʪʚʝʨʞʜʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʩʦʝʜʠ-

ʥʝʥʠʝ ʩ ʟʘʟʦʨʦʤ, ʦʙʲʝʤ ʢʦʪʦʨʦʛʦ ʦʛʨʘʥʠʯʝʥ ʩ ʦʜʥʦʛʦ ʪʦʨʮʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʰʚʦʤ.  

ɼʘʣʴʥʝʡʰʘʷ ʩʙʦʨʢʘ ʩʦʝʜʠʥʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪ-

ʩʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʰʦʚ. ʅʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʤ ʰʚʝ ʣʝʞʠʪ ʟʘʜʘʯʘ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʝʜʠʥʝʥʠʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʰʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 

ʧʦʜʘʯʝ ʢʣʝʷʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʦʣʴʮʝʚʦʡ ʟʘʟʦʨ ʧʨʠ ʠʟʙʳʪʦʯʥʦ-ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʤ ʜʘʚʣʝʥʠʠ. ɼʣʷ ʝʛʦ ʦʪ-

ʚʝʨʞʜʝʥʠʷ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʚʳʜʝʨʞʢʫ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʩʙʦʨʦʯʥʦʡ ʧʦ-

ʟʠʮʠʠ, ʪʘʢ ʢʘʢ ʥʝʧʦʜʚʠʞʥʦʩʪʴ ʜʝʪʘʣʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʰʚʘ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʦʪʚʝʨʞʜʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʰʚʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠʟʜʝʣʠʷ ʠʣʠ ʝʛʦ ʭʨʘʥʝʥʠʷ ʚʥʝ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ.  

ʅʘʣʠʯʠʝ ʜʚʫʭ ʰʚʦʚ ʚ ʢʣʝʝʚʦʤ ʩʦʝʜʠʥʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʠ ʩʣʦʷ ʤʝʞʜʫ ʜʚʫʤʷ ʢʣʝʝ-

ʚʳʤʠ ʩʦʩʪʘʚʘʤʠ, ʠ ʪʝʤ ʩʘʤʳʤ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʞʜʦʤʫ ʠʟ ʥʠʭ. ɿʘʧʦʣʥʝʥʠʝ ʢʦʣʴʮʝʚʦʛʦ 

ʟʘʟʦʨʘ ʧʦʜ ʥʘʧʨʘʚʣʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʟʙʳʪʦʯʥʦ-ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠʩʢʣʶʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʤʫ ʢʣʝʝʚʦʤʫ ʩʦʩʪʘʚʫ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʝʛʦ ʚʷʟʢʦʩʪʠ ʠ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ. ʇʨʝʜʚʘ-

ʨʠʪʝʣʴʥʘʷ ʬʠʢʩʘʮʠʷ ʜʝʪʘʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʰʚʦʤ ʥʝ ʪʨʝʙʫʝʪ ʦʪ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ ʢʘʢʦ-

ʛʦ-ʣʠʙʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʚʝʨʞʜʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ 

ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʩʭʦʜʷ ʪʦʣʴʢʦ ʠʟ ʝʛʦ ʧʨʦʯʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʩʦʝʜʠʥʝʥʠʷ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʚʳʙʦʨʘ. ɺʳʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʩʭʦʜʷ ʪʦʣʴʢʦ ʠʟ ʢʨʠʪʝʨʠʝʚ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʨʫʯʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ ʠ ʜʝʥʝʞʥʳʭ ʟʘʪʨʘʪ.  

ʅʘ ʢʘʬʝʜʨʝ çʊʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷè ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ ʧʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʙʦʨʢʠ ʚʘʣ-ʚʪʫʣʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʣʠ-

ʤʝʨʥʳʭ ʢʣʝʷʱʠʭ ʚʝʱʝʩʪʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʢʦʨʦʩʪʴ ʟʘ-

ʧʦʣʥʝʥʠʷ ʢʦʣʴʮʝʚʦʛʦ ʟʘʟʦʨʘ ʞʠʜʢʦʩʪʴʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʷ, ʟʘʟʦʨʘ ʠ ʚʷʟʢʦʩʪʠ [8]. ɺ ʧʨʦʮʝʩ-

ʩʝ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʝʝʚʦʛʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʩʣʦʷ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʩʙʦʨʢʠ ʚʘʣʦʚ ʠ ʚʪʫʣʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʣʠʤʝʨʥʳʭ ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʡ ʩʪʝʥʜ [8]. ʅʦʤʠʥʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʩʦʧʨʷʞʝʥʠʷ ʩʦʙʠʨʘʝʤʳʭ ʚʘʣʦʚ ʠ ʚʪʫʣʦʢ ʨʘʚʥʷʣʩʷ Ï 36 ʤʤ, ʜʣʠʥʘ 

ʩʦʧʨʷʞʝʥʠʷ ï 41 ʤʤ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʨʘʟʥʠʮʘ 

ʜʘʚʣʝʥʠʡ ï ʚ ʧʨʝʜʝʣʘʭ 0,02ï0,2 ʄʇʘ, ʜʠʘʤʝʪʨʘʣʴʥʳʡ ʟʘʟʦʨ ʚ ʩʦʝʜʠʥʝʥʠʠ ʚʘʣʘ ʠ ʚʪʫʣʢʠ ï ʚ ʧʨʝʜʝʣʘʭ 0,1ï0,5 ʤʤ 

ʩ ʰʘʛʦʤ 0,1 ʤʤ, ʚʷʟʢʦʩʪʴ ʧʦʣʠʤʝʨʥʦʛʦ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ ï 600 ʤʇʘÖʩ (Efele 124) ʠ 2000 ʤʇʘÖʩ (Efele 126). ʇʨʠ 

ʩʙʦʨʢʝ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʤʝʪʦʜʫ ʥʘʥʝʩʝʥʠʝ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʚʘʣ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʫʧʘ-

ʢʦʚʢʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʝʤʢʦʩʪʴ ʩ ʢʦʥʠʯʝʩʢʠʤ çʥʦʩʠʢʦʤè. ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʝʝ-
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ʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ ʠ ʚʪʫʣʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʠʩʪʴ. ʂʘʞʜʦʝ ʠʟ ʩʦʙʨʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʣʝ 

ʩʙʦʨʢʠ ʚʳʜʝʨʞʠʚʘʣʦʩʴ ʥʝ ʤʝʥʝʝ 24 ʯʘʩʦʚ. ɺʩʝʛʦ ʙʳʣʦ ʩʦʙʨʘʥʦ ʠ ʠʩʧʳʪʘʥʦ 90 ʩʦʝʜʠʥʝʥʠʡ. ʀʩʧʳʪʘʥʠʝ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʪʝʥʜʝ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʝʩʩ 

ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʮʠʬʨʦʚʦʛʦ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʠ ʢʦʤʧʴʶʪʝʨʘ. ʀʩʧʳʪʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ 

ʘʢʩʠʘʣʴʥʳʡ ʩʜʚʠʛ ʚʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʪʫʣʢʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʫʰʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʬʦʨʤʠʨʦʚʘʣ-

ʩʷ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʛʠʜʨʦʮʠʣʠʥʜʨʝ ʧʨʝʩʩʘ ʚʦ ʚʨʝʤʝʥʠ. ʇʦ ʛʨʘʬʠʢʫ ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʚʝʣʠʯʠʥʘ 

ʜʘʚʣʝʥʠʷ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʧʝʨʝʤʝʱʝʥʠʷ ʚʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʪʫʣʢʠ, ʢʦʪʦʨʘʷ ʧʝʨʝʩʯʠʪʳʚʘʣʠʩʴ ʚ ʫʜʝʣʴʥʫʶ 

ʧʨʦʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʩʜʚʠʛ. ʇʨʠʤʝʨʳ ʜʘʥʥʳʭ ʛʨʘʬʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3. ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝ-

ʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʢʣʝʝʚʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ, ʩʦʙʨʘʥʥʳʭ ʩ ʥʘ-

ʧʨʘʚʣʝʥʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʣʝʝʚʦʛʦ ʩʣʦʷ ʠ ʙʝʟ ʥʝʛʦ. 

 

 
  ʘ)         ʙ)   ʚ)            ʛ) 

ʈʠʩ. 3. ʇʨʠʤʝʨʳ ʛʨʘʬʠʢʦʚ ʨʘʟʨʫʰʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʣʝʝʚʦʛʦ ʩʣʦʷ:  

ʩ ʟʘʟʦʨʦʤ 0.1 ʤʤ ʜʣʷ ʢʣʝʷ Efele 124 (ʘ) ʠ Efele 126 (ʙ); ʩ ʟʘʟʦʨʦʤ 0.4 ʤʤ ʜʣʷ ʢʣʝʷ Efele 124 (ʚ) ʠ Efele 126 (ʛ) 

 

ʊʘʙʣʠʮʘ 2 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ʢʣʝʝʚʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

 0,1 0,2 0,3 0,4 0,5 

ʂʣʝʡ ʘʥʘʵʨʦʙʥʳʡ Efele 124 (ʚʷʟʢʦʩʪʴ  

 0,15/0 0,05/0 0.03/0 0.02/0 0,02/0 

ůʩʜʚ, ʄʇʘ 23,7 21,1 16.5 20.6 14,3 

 0,09/ï0,06 0,03/ï0,02 0,02/ï0,01 0,01/ï0,01 0,01/ï0,01 

ůʩʜʚ, ʄʇʘ 25,4 27.0 17,4 25,4 14,7 

 0,16/ï0,08 0,09/ï0,06 0,06/ï0,04 0,04/ï0,03 0,03/ï0,02 

ůʩʜʚ, ʄʇʘ 24,4 18,1 20,0 21,8 14,1 

ʂʣʝʡ ʘʥʘʵʨʦʙʥʳʡ Efele 126 (ʚʷʟʢʦʩʪʴ  

 0,2/0 0,15/0 0,07/0 0,05/0 0,03/0 

ůʩʜʚ, ʄʇʘ 17,7 16,4 16,8 17,5 15,4 

 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʠʩ. 4, ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤʳ ʧʨʦʯʥʦʩʪʠ 

ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʜʚʫʭ ʤʝʪʦʜʦʚ ʩʙʦʨʢʠ. ʇʨʦʯʥʦʩʪʴ ʢʣʝʝʚʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʙ-

ʨʘʥʥʳʭ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʣʝʝʚʦʛʦ ʩʣʦʷ, ʧʨʝʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʦʙʳʯʥʳʭ ʢʣʝʝʚʳʭ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʚ 1,2é2,5 ʨʘʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʟʦʨʘ (ʨʠʩ. 5). 

 

          
ʈʠʩ. 4. ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ʢʣʝʝʚʳʭ ʚʘʣ-ʚʪʫʣʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ,  

ʩʦʙʨʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʢʣʝʝʚʳʝ ʩʦʩʪʘʚʳ Efele 124 (ʩʣʝʚʘ) ʠ Efele 126 (ʩʧʨʘʚʘ)) 



ʀʛʥʘʪʦʚ ɸ.ɺ., ʄʦʟʛʠʥ ʉ.ɸ.   
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ʈʠʩ. 5. ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʜʚʠʛ ʚʘʣ-ʚʪʫʣʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʙʨʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ  

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʣʠʤʝʨʥʳʭ ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ 

 

ɺ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʤʝʪʦʜʫ ʥʘʙʣʶʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʫʜʦʙʩʪʚʘ ʩʙʦʨʢʠ, ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʝʥʳ ʧʦʜʪʝʢʠ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ ʩʦʝʜʠʥʝʥʠʡ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʤʝʪʦʜʫ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʧʨʝʜʫʩʤʦʪʨʝʥʥʦʝ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ ʪʝʯʝʥʠʝ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ ʚʘʣʘ ʠ ʚʪʫʣʢʠ, ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʦʜʪʝʢʠ. ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʧʦʣʠʤʝʨ-

ʥʦʛʦ ʩʣʦʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʝʛʦ ʥʘʧʨʘʚʣʝʥʥʦʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʥʫʪʨʠ ʢʦʣʴʮʝʚʦʛʦ ʟʘʟʦ-

ʨʘ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ ʥʘʧʨʘʚʣʝʥʥʦʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ ʬʦʨʤʫ 

ʦʪʚʝʨʜʝʚʰʝʛʦ ʩʣʦʷ ʚ ʚʠʜʝ ʙʝʟʜʝʬʝʢʪʥʦʡ çʧʦʣʠʤʝʨʥʦʡ ʚʪʫʣʢʠè, ʯʪʦ ʧʦ ʩʫʪʠ ʷʚʣʷʝʪʩʷ ʮʝʣʝʚʦʡ ʬʦʨʤʦʡ 

ʦʪʚʝʨʜʝʚʰʝʛʦ ʧʦʣʠʤʝʨʘ ʚ ʩʣʫʯʘʝ ʚʘʣ-ʚʪʫʣʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.  

 

    
ʈʠʩ. 6. ɺʥʝʰʥʠʡ ʚʠʜ ʧʦʣʠʤʝʨʥʦʛʦ ʢʣʝʝʚʦʛʦ ʩʣʦʷ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ, 

 ʩʦʙʨʘʥʥʳʭ ʧʦ ʧʨʝʣʘʛʘʝʤʦʤʫ ʤʝʪʦʜʫ 

 

ʅʘ ʨʠʩ. 7 ʠ 8 ʧʨʠʚʝʜʝʥʳ ʨʘʟʚʝʨʪʢʠ ʨʷʜʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʘʣʦʚ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ 

ʚʨʫʯʥʫʶ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʬʦʪʦʛʨʘʬʠʡ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʪʘʪʢʦʚ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʦʪʚʝʨʩʪʠʶ ʚʪʫʣʢʠ 

ʦʪʨʘʞʝʥʦ ʥʘ ʵʩʢʠʟʝ ʨʘʟʚʝʨʪʢʝ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʚʝʨʩʪʠʷ ʚʪʫʣʢʠ. ʊʘʢʞʝ ʥʘ ʵʩʢʠʟʝ ʥʘ-

ʣʦʞʝʥʘ ʨʘʟʚʝʨʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʬʦʨʤʠʨʦʚʘʥ ʵʩʢʠʟ ʩ ʨʘʟʚʝʨʪʢʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʘʣʘ ʠ 

ʚʪʫʣʢʠ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ. 

 
ʈʠʩ. 7. ʈʘʟʚʝʨʪʢʠ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ (Efele 124, ʩʣʝʚʘ ï ʩʙʦʨʢʘ  

ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ, ʩʧʨʘʚʘ ï ʨʫʯʥʘʷ ʩʙʦʨʢʘ) 




