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Ɏəɑɐɜɑəɔɫ ɝɞɜɌɡɚɎɧɘɔ ɖɚɘɛɌəɔɫɘɔ ɔəəɚɎɌɢɔɚəəɚɏɚ ɝɞɜɌɡɚɎɚɏɚ ɛɜɚɐɟɖɞɌ ɛɚ ɓɌɥɔɞɑ 
ɔɘɟɥɑɝɞɎɑəəɧɡ ɔ ɠɔəɌəɝɚɎɧɡ ɔəɞɑɜɑɝɚɎ ɛɜɚɘɧɤɗɑəəɧɡ ɛɜɑɐɛɜɔɫɞɔɕ ɜɑɌɗɨəɚɏɚ ɝɑɖɞɚɜɌ 
ɩɖɚəɚɘɔɖɔ.   

ȻɜɚɍɗɑɘɌ ɓɌɖɗɪɣɌɑɞɝɫ Ɏ ɞɚɘ , ɣɞɚ ɛɜɔ ɜɌɓɜɌɍɚɞɖɑ ɔ Ɏəɑɐɜɑəɔɔ əɚɎɧɡ ɔəəɚɎɌɢɔɚəəɧɡ 
ɎɔɐɚɎ  ɛɜɚɘɧɤɗɑəəɧɡ ɛɚɗɔɝɚɎ  ɝɟɥɑɝɞɎɑəəɚ ɌɖɞɟɌɗɔɓɔɜɟɑɞɝɫ ɛɜɚɢɑɝɝ ɎɚɓɜɌɝɞɌəɔɫ    ɜɔɝɖɚɎ   
ɝəɔɒɑəɔɫ ɠɔəɌəɝɚɎɚɕ ɟɝɞɚɕɣɔɎɚɝɞɔ ɝɞɜɌɡɚɎɧɡ ɖɚɘɛɌəɔɕ ɓɌəɔɘɌɪɥɔɘɔɝɫ ɛɜɚɘɧɤɗɑəəɧɘ 
ɝɞɜɌɡɚɎɌəɔɑɘ, ɉɞɌ ɞɑəɐɑəɢɔɫ ɛɜɚɔɝɡɚɐɔɞ Ɏ ɝɎɫɓɔ ɝ əɑɐɚɝɞɌɞɚɣəɚɝɞɨɪ əɚɎɧɡ ɛɚɐɡɚɐɚɎ ɔ 
ɘɑɞɚɐɚɎ ɖ ɟɛɜɌɎɗɑəɔɪ ɠɔəɌəɝɚɎɧɘɔ ɜɔɝɖɌɘɔ ɝɞɜɌɡɚɎɧɡ ɖɚɘɛɌəɔɕ ɖɌɖ ɘɑɡɌəɔɓɘɟ 
ɛɜɚɞɔɎɚɐɑɕɝɞɎɔɫ ɚɍɚɓəɌɣɑəəɚɘɟ ɛɜɚɢɑɝɝɟ.  

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɝɞɜɌɡɚɎɌɫ ɖɚɘɛɌəɔɫ, ɠɔəɌəɝɚɎɧɑ ɜɔɝɖɔ. 
Abstract . The relevance of the study is due to the need to develop and introduce insurance 

companies an innovative insurance product to protect the property and financial interests of industrial 
enterprises in the real sector of the economy. 

The problem is that when developing and introducing new innovative types of industrial policies, 
the process of increasing the risks of decreasing the financial stability of insurance companies involved in 
industrial insurance is substantially updated. This trend occurs due to the lack of new approaches and 
methods to managing the financial risks of insurance companies as a mechanism to counter the process. 

Keywords : insurance company, financial risks. 
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Ȍ ȷȪȻȼȸɉɃȯȳ ȻȼȪȼɆȯ ȹȺȯȮȻȼȪȬȵȯȷȸ ȲȻȻȵȯȮȸȬȪȷȲȯ, ȬɅȹȸȵȷȯȷȷȸȯ ȷȪ  ȶȪȼȯȺȲȪȵȪȿ 

ȷȪȽɁȷȸ- ȲȻȻȵȯȮȸȬȪȼȯȵɆȻȴȲȿ ȺȪȱȺȪȫȸȼȸȴ ȹȺȸȬȸȮȲȶɅȿ ȷȪ ȫȪȱȯ  șȊȘ çȚȸȻȭȸȻȻȼȺȪȿ  

(ȗȲȰȯȭȸȺȸȮȻȴȶȳ ȾȲȵȲȪȵ)è. Ȍ ȲȻȻȵȯȮȸȬȪȷȲȲ ȻȸȬȸȴȽȹȷȸȻȼɆ ȸȹȼȲȶȲȱȪɀȲȸȷȷɅȿ ȹȺȸɀȯȮȽȺ   

ȺȪȻȻȶȪȼȺȲȬȪȯȼȻɉ   ȴȪȴ ȷȸȬɅȳ ȹȸȮȿȸȮ ȴ ȻȸȬȯȺɂȯȷȻȼȬȸȬȪȷȲɈ ȶȯȿȪȷȲȱȶȪ ȽȹȺȪȬȵȯȷȲɉ 

ȾȲȷȪȷȻȸȬɅȶȲ ȺȲȻȴȪȶȲ, ȲȷȻȼȺȽȶȯȷȼȪȺȲȳ ȴȸȼȸȺȸȭȸ ȫȪȱȲȺȽȯȼȻɉ ȷȪ ȺȯȭȺȯȻȻȲȸȷȷɅȿ 

ȶȪȼȯȶȪȼȲɁȯȻȴȲȿ ȶȸȮȯȵɉȿ Ȳ ȴȸȵȲɁȯȻȼȬȯȷȷɅȿ ȶȯȼȸȮȪȿ ȸȹȼȲȶȲȱȪɀȲȲ. 

Ȍ ȹȺȪȴȼȲȴȯ ȾȽȷȴɀȲȸȷȲȺȸȬȪȷȲɉ ȻȼȺȪȿȸȬɅȿ ȴȸȶȹȪȷȲȳ Ȯȵɉ ȸɀȯȷȴȲ ȾȲȷȪȷȻȸȬɅȿ ȺȲȻȴȸȬ 

Ȳ ȽȹȺȪȬȵȯȷȲɉ ȲȶȲ ȱȪɁȪȻȼȽɈ ȲȻȹȸȵɆȱȽȯȼȻɉ  MDA ȶȸȮȯȵȲ  ȧ.ȊȵɆȼȶȪȷȪ Ȳ Ț.ȜȪȾȾȵȯȺȪ. ȘȮȷȪȴȸ, 

ȷȯȻȶȸȼȺɉ ȷȪ Ȳȿ ȷȯȻȸȶȷȯȷȷɅȯ ȮȸȻȼȸȲȷȻȼȬȪ, ȶȸȮȯȵȲ ȮȪȷȷȸȭȸ ȴȵȪȻȻȪ ȸȫȵȪȮȪɈȼ ȺɉȮȸȶ 

ȷȯȮȸȻȼȪȼȴȸȬ: 

1. ȧȶȹȲȺȲɁȯȻȴȲȳ ȹȸȮȿȸȮ ȴ ȽȻȼȪȷȸȬȵȯȷȲɉȶ ȾȪȴȼȸȺȷɅȿ ȴȸɇȾȾȲɀȲȯȷȼȸȬ.    

2. ȑȷȪɁȯȷȲɉ ȾȪȴȼȸȺȸȬ ȻȽɃȯȻȼȬȯȷȷȸ ȸȼȵȲɁȪɈȼȻɉ Ȭ ȺȯȱȽȵɆȼȪȼȯ ȸȻȸȫȯȷȷȸȻȼȯȳ ȺȸȻȻȲȳȻȴȸȳ 

ɇȴȸȷȸȶȲȴȲ. 

3. ȚȪȻȻȶȪȼȺȲȬȪȯȶɅȯ ȹȸȴȪȱȪȼȯȵȲ ȷȯ ȹȸȵȷȸ ȿȪȺȪȴȼȯȺȲȱȽɈȼ ȾȲȷȪȷȻȸȬȸȯ ȻȸȻȼȸɉȷȲȯ ȻȼȺȪȿȸȬɅȿ 

ȸȺȭȪȷȲȱȪɀȲȳ. 

Ȍ ȴȪɁȯȻȼȬȯ ȹȺȲȶȯȺȪ, Ȭ ȲȻȻȵȯȮȸȬȪȷȲȲ ȹȺȲȬȸȮȲȼȻɉ ȹɉȼȲȾȪȴȼȸȺȷȪɉ ȶȸȮȯȵɆ ȊȵɆȼȶȪȷȪ 

Ȯȵɉ ȸȹȺȯȮȯȵȯȷȲɉ ȾȲȷȪȷȻȸȬȸȳ ȽȻȼȸȳɁȲȬȸȻȼȲ  ȸȮȷȸȭȸ Ȳ ȹȸȮȺȪȱȮȯȵȯȷȲȳ  șȊȘ çȚȸȻȭȸȻȻȼȺȪȿ 

(ȗȲȰȯȭȸȺȸȮȻȴȲȳ ȾȲȵȲȪȵ)è.  ȎȪȷȷȪɉ ȶȸȮȯȵɆ ȹȸȱȬȸȵɉȯȼ ȸɀȯȷȲȼɆ ȻȼȯȹȯȷɆ ȺȲȻȴȪ ȫȪȷȴȺȸȼȻȼȬȪ 

ȼȸȭȸ ȲȵȲ Ȳȷȸȭȸ ȹȸȮȺȪȱȮȯȵȯȷȲɉ ȲȵȲ Ȭ ɀȯȵȸȶ ȻȼȺȪȿȸȬȸȳ ȴȸȶȹȪȷȲȲ.  ȌȯȺȸɉȼȷȸȻȼɆ ȫȪȷȴȺȸȼȻȼȬȪ 

ȸȹȺȯȮȯȵɉȯȼȻɉ ȹȸ ȻȵȯȮȽɈɃȯȳ ȾȸȺȶȽȵȯ: 

Z = 1,2*X1 + 1,4*X2 + 3,3*X3 + 0,6*X4 + X5 (1&), 

ȭȮȯ ȟ1 ð ȸȼȷȸɂȯȷȲȯ ȸȫȸȺȸȼȷȸȭȸ ȴȪȹȲȼȪȵȪ ȴ ȪȴȼȲȬȪȶ ȸȺȭȪȷȲȱȪɀȲȲ; 

ȟ2 ð ȸȼȷȸɂȯȷȲȯ ȷȯȺȪȻȹȺȯȮȯȵȯȷȷȸȳ ȹȺȲȫɅȵȲ ȴ ȪȴȼȲȬȪȶ ȸȺȭȪȷȲȱȪɀȲȲ; 

ȟ3 ð ȸȼȷȸɂȯȷȲȯ ȸȹȯȺȪɀȲȸȷȷȸȳ ȹȺȲȫɅȵȲ ȴ ȪȴȼȲȬȪȶ ȸȺȭȪȷȲȱȪɀȲȲ; 

ȟ4 ð ȸȼȷȸɂȯȷȲȯ ȽȻȼȪȬȷȸȭȸ ȴȪȹȲȼȪȵȪ ȴ ȸȫɉȱȪȼȯȵɆȻȼȬȪȶ ȸȺȭȪȷȲȱȪɀȲȲ; 

ȟ5 ð ȸȼȷȸɂȯȷȲȯ ȬɅȺȽɁȴȲ ȴ ȪȴȼȲȬȪȶ ȸȺȭȪȷȲȱȪɀȲȲ [2]. 

Ȍ ȼȪȫȵ. 1 ȹȺȲȬȯȮȯȷɅ ȺȯȱȽȵɆȼȪȼɅ ȹȸȮȻɁȯȼȪ ȴȸɇȾȾȲɀȲȯȷȼȪ ȫȪȷȴȺȸȼȻȼȬȪ Z. 

ȜȪȫȵȲɀȪ 1 

ȑȷȪɁȯȷȲȯ Z Ȳ ȬȯȺȸɉȼȷȸȻȼɆ ȷȪȻȼȽȹȵȯȷȲɉ ȫȪȷȴȺȸȼȻȼȬȪ 

ȑȷȪɁȯȷȲȯ ȴȸɇȾȾȲɀȲȯȷȼȪ Z ȑȪȴȵɈɁȯȷȲȯ  

Z < 2,9 

 

ȑȯȵȯȷȪɉ ȱȸȷȪ ð ȱȸȷȪ ȾȲȷȪȷȻȸȬȸȳ ȽȻȼȸȳɁȲȬȸȻȼȲ 

  

1,8 < Z < 2,9 țȯȺȪɉ ȱȸȷȪ ð ȱȸȷȪ ȷȯȸȹȺȯȮȯȵȯȷȷȸȻȼȲ 

Z < 1,8 ȔȺȪȻȷȪɉ ȱȸȷȪ ð ȱȸȷȪ ȾȲȷȪȷȻȸȬɅȿ ȺȲȻȴȸȬ  

 

șȸ ȱȷȪɁȯȷȲɉȶ ȾȲȷȪȷȻȸȬɅȿ ȹȸȴȪȱȪȼȯȵȯȳ, ȬȱɉȼɅȿ   Ȳȱ ȫȽȿȭȪȵȼȯȺȻȴȸȭȸ ȫȪȵȪȷȻȪ ȱȪ 2018, 

ȺȪȻȻɁȲȼɅȬȪȯȼȻɉ ȬȯȺȸɉȼȷȸȻȼɆ ȫȪȷȴȺȸȼȻȼȬȪ ȮȪȷȷȸȳ ȸȺȭȪȷȲȱȪɀȲȲ. 
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șȸ ȺȯȱȽȵɆȼȪȼȪȶ ȹȺȸȬȯȮȯȷȲɉ ȺȪȻɁȯȼȸȬ, ȬȯȺȸɉȼȷȸȻȼɆ ȷȪȻȼȽȹȵȯȷȲɉ ȫȪȷȴȺȸȼȻȼȬȪ 

ȻȸȻȼȪȬȲȵȪ 2,108, Ɂȼȸ ɉȬȵɉȯȼȻɉ ȹȸȴȪȱȪȼȯȵȯȶ ȼȸȭȸ, Ɂȼȸ ȪȷȪȵȲȱȲȺȽȯȶȪɉ ȻȼȺȪȿȸȬȪɉ ȴȸȶȹȪȷȲɉ 

ȷȪȿȸȮȲȼȻɉ Ȭ ȻȯȺȸȳ ȱȸȷȯ ñ ȱȸȷȯ ȷȯȸȹȺȯȮȯȵȯȷȷȸȻȼȲ, ȹȺȲ ɇȼȸȶ, Ȭ ȴȪɁȯȻȼȬȯ ȬȵȲɉɈɃȯȭȸ ȾȪȴȼȸȺȪ 

ȺȪȻȻȶȪȼȺȲȬȪȯȼȻɉ ȼȸȵɆȴȸ ȸȮȲȷ ȬȲȮ ȾȲȷȪȷȻȸȬȸȭȸ ȺȲȻȴȪ - ȫȪȷȴȺȸȼȻȼȬȸ ȴȸȶȹȪȷȲȲ, Ɂȼȸ ɉȬȷȸ 

ȷȯȮȸȻȼȪȼȸɁȷȸ. 

  Ȍ ȲȻȻȵȯȮȸȬȪȷȲȲ ȹȺȲȬȯȮɊȷ ȾȪȴȼȸȺȷɅȳ ȪȷȪȵȲȱ ȷȪ ȸȻȼȸȬȯ ȺȯȭȺȯȻȻȲȸȷȷȸȭȸ 

ȶȸȮȯȵȲȺȸȬȪȷȲɉ, ȹȺȲȶȯȷɉȯȶȸȭȸ ȹȺȲ ȺȪȱȺȪȫȸȼȴȯ Ȳ ȬȷȯȮȺȯȷȲȲ ȷȸȬɅȿ ȬȲȮȸȬ ȹȸȵȲȻȸȬ 

ȲȶȽɃȯȻȼȬȯȷȷȸȭȸ ȻȼȺȪȿȸȬȪȷȲɉ Ȳ ȲȷȷȸȬȪɀȲȸȷȷɅȿ ȴȪȷȪȵȸȬ ȺȪȻȹȺȸȻȼȺȪȷȯȷȲɉ ȻȼȺȪȿȸȬȸȭȸ 

ȹȺȸȮȽȴȼȪ  [1].  

Ȍ ȺȯȱȽȵɆȼȪȼȯ ȺȯȪȵȲȱȪɀȲȲ ȺȯȭȺȯȻȻȲȸȷȷȸȳ ȶȸȮȯȵȲ ȹȸȵȽɁȯȷȪ ȻȵȯȮȽɈɃȪɉ ȻȸȬȸȴȽȹȷȸȻȼɆ 

ȾȪȴȼȸȺȸȬ, ȬȵȲɉɈɃȲȿ ȷȪ ȾȲȷȪȷȻȸȬȽɈ ȽȻȼȸȳɁȲȬȸȻȼɆ ȲȻȻȵȯȮȽȯȶȸȳ ȻȼȺȪȿȸȬȸȳ ȴȸȶȹȪȷȲȲ 

(ȜȪȫȵ.2). 

ȜȪȫȵȲɀȪ 2 

ɯȹ/ȹ ȌȲȮ ȾȲȷȪȷȻȸȬȸȭȸ ȺȲȻȴȪ. ȘȹȲȻȪȷȲȯ ȺȲȻȴȪ ȗȪȱȬȪȷȲȯ ȾȪȴȼȸȺȪ (ȸȫȸȱȷȪɁȯȷȲȯ) 

1. ȔȺȯȮȲȼȷɅȳ ȺȲȻȴ (ȺȲȻȴ ȷȯȬɅȹȸȵȷȯȷȲɉ ȻȼȺȪȿȸȬȸȳ 

ȴȸȶȹȪȷȲȯȳ ȸȫɉȱȪȼȯȵɆȻȼȬ) 

țȼȺȪȿȸȬȸȳ ȾȸȷȮ Ȳ ȺȯȱȯȺȬɅ 

ȲȶȽɃȯȻȼȬȯȷȷȸȭȸ ȻȼȺȪȿȸȬȪȷȲɉ (u0) 

2. ȚȲȻȴ ȪȷȮȯȺȺȪȳȼȯȺȪ ȜȪȺȲȾ ȷȯȼȼȸ (Tn) 

 3. țȯȵȯȴȼȲȬȷɅȳ ȺȲȻȴ ȒȷȬȯȻȼȲɀȲȲ (I) 

4 ȘȹȯȺȪɀȲȸȷȷɅȳ ȺȲȻȴ ȘȺȭȪȷ ȻȼȺȽȴȼȽȺȪ(ORG) 

5 ȒȷȷȸȬȪɀȲȸȷȷɅȳ ȺȲȻȴ  ȒȷȷȸȬȪɀȲȸȷȷɅȳ ȹȺȸȮȽȴȼ 

ȗȪ ȮȲȪȭȺȪȶȶȯ ȹȺȸȲȵȵɈȻȼȺȲȺȸȬȪȷȸ ȺȪȻȹȺȯȮȯȵȯȷȲȯ ȺȲȻȴȸȬɅȿ ȻȲȼȽȪɀȲȳ.  

ȚȲȻȽȷȸȴ 1. ȎȲȪȭȺȪȶȶȪ ȺȪȻȹȺȯȮȯȵȯȷȲɉ ȺȲȻȴȸȬɅȿ ȻȲȼȽȪɀȲȳ. 

 

40%

20%

10%

20%

10%

˨͙͎͊ͪ͊ͣͣ͊ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ ͙͍ͪͫͦ͟·ͻ 
͙ͫͭͯ͊ͼ͙͚

˴͔͙ͪ͒ͭͤ·͚ ͙ͪͫ͟

˾͙ͫ͟ ͔͚͔͊ͤ͒ͪͪ͊ͭͪ͊

˿͔͔͙͍ͭͤ͟͡·͚ ͙ͪͫ͟

˻͔ͨͪ͊ͼ͙ͦͤͤ·͚ ͙ͪͫ͟

ˮ͍ͤͤͦ͊ͼ͙ͦͤͤ·͚ ͙ͪͫ͟ 
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ʉɽʂʎʀʗ 1. ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

 

ȎȪȵȯȯ Ȭ ȲȻȻȵȯȮȸȬȪȷȲȲ ȹȺȯȮȻȼȪȬȵȯȷ ȹȸȮȿȸȮ ȴ ȴȸȵȲɁȯȻȼȬȯȷȷȸȶȽ ȸȹȺȯȮȯȵȯȷȲɈ 

ȎȪȵȯȯ, Ȭ ȲȻȻȵȯȮȸȬȪȷȲȲ ȹȺȯȮȻȼȪȬȵȯȷ ȹȸȮȿȸȮ ȴ ȴȸȵȲɁȯȻȼȬȯȷȷȸȶȽ ȸȹȺȯȮȯȵȯȷȲɈ  

ȬȯȺȸɉȼȷȸȻȼȲ ȬɅȹȸȵȷȯȷȲɉ ȸȫɉȱȪȼȯȵɆȻȼȬ ȻȼȺȪȿȸȬȸȳ ȴȸȶȹȪȷȲȯȳ  ȹȸ ȱȪȴȵɈɁɊȷȷɅȶ ȮȸȭȸȬȸȺȪȶ 

ȻȼȺȪȿȸȬȪȷȲɉ, Ɂȼȸ ɉȬȵɉȯȼȻɉ ȬȪȰȷȯȳɂȯȳ ȿȪȺȪȴȼȯȺȲȻȼȲȴȸȳ ȻȼȺȪȿȸȬȸȳ ȴȸȶȹȪȷȲȲ, ȼȪȴ ȴȪȴ,  ȺȯɁɆ 

ȲȮɊȼ ȸ  ȯɊ ȾȲȷȪȷȻȸȬȸȳ ȽȻȼȸȳɁȲȬȸȻȼȲ Ȳ  ȬȸȱȶȸȰȷȸȶ ȫȪȷȴȺȸȼȻȼȬȯ Ȳ, ȹȺȲ ɇȼȸȶ,  ȸȻȽɃȯȻȼȬȵɉȯȼȻɉ 

ȹȯȺȯȿȸȮ ȷȪ ɀȲȾȺȸȬȸȳ ȾȸȺȶȪȼ ȸȼȸȫȺȪȰȯȷȲɉ ȲȷȾȸȺȶȪɀȲȲ. șȸȻȵȯȮȷȲȳ ȶȸȶȯȷȼ ȸȻȸȫȯȷȷȸ 

ȬȪȰȯȷ Ȯȵɉ ȸȫȽɁȯȷȲɉ ȽɁȪȻȼȷȲȴȸȬ ȻȼȺȪȿȸȬȸȭȸ ȺɅȷȴȪ [2]. 

ȜȪȴȸȭȸ ȺȸȮȪ ȱȪȮȪɁȲ ȺȯɂȪɈȼȻɉ, ȴȪȴ ȹȺȪȬȲȵȸ, Ȼ ȹȺȲȶȯȷȯȷȲȯȶ ȶȪȼȯȶȪȼȲɁȯȻȴȲȿ 

ȶȯȼȸȮȸȬ Ȳ ȸȹȼȲȶȲȱȪɀȲȸȷȷɅȿ ȹȸȮȿȸȮȸȬ. ȗȪ ȺȲȻ.2 ȹȺȲȬȯȮȯȷȪ ȻȿȯȶȪ ȬȸȱȶȸȰȷɅȿ 

ȴȸȵȲɁȯȻȼȬȯȷȷɅȿ ȶȯȼȸȮȸȬ ȻȺȪȬȷȯȷȲɉ ȺȲȻȴȸȬɅȿ ȻȲȼȽȪɀȲȳ. 

 

ȚȲȻȽȷȸȴ 2. ȔȸȵȲɁȯȻȼȬȯȷȷɅȯ ȶȯȼȸȮɅ ȻȺȪȬȷȯȷȲɉ ȺȲȻȴȸȬɅȿ ȻȲȼȽȪɀȲȳ Ȭ ȻȼȺȪȿȸȬȪȷȲȲ. 

 

ȖȯȼȸȮ ȻȺȯȮȷȲȿ ȬȯȵȲɁȲȷ ȬɅȺȪȰȪȯȼ ȻȺȪȬȷȲȼȯȵɆȷȽɈ ȿȪȺȪȴȼȯȺȲȻȼȲȴȽ ȶȪȼȯȶȪȼȲɁȯȻȴȲȿ 

ȸȰȲȮȪȷȲȳ ȱȷȪɁȯȷȲȳ ȬȸȱȶȯɃȯȷȲȳ. ȖȯȼȸȮ ȹȺȸȻȼ, ȷȸ ȸȫȵȪȮȪȯȼ ȻȽɃȯȻȼȬȯȷȷɅȶ ȷȯȮȸȻȼȪȼȴȸȶ, Ȫ 

Ȳȶȯȷȷȸ - ȷȯ ȽɁȲȼɅȬȪȯȼȻɉ ȺȪȱȫȺȸȻ ȬȸȱȶȸȰȷɅȿ ȱȷȪɁȯȷȲȳ ȬȸȱȶȯɃȯȷȲȳ ȸȼ ȬȯȵȲɁȲȷɅ Ȳȿ 

ȶȪȼȯȶȪȼȲɁȯȻȴȸȭȸ ȸȰȲȮȪȷȲɉ. 

ȎȲȻȹȯȺȻȲȸȷȷɅȳ ȶȯȼȸȮ ȫȪȱȲȺȽȯȼȻɉ ȷȪ ȬɅɁȲȻȵȯȷȲȲ ȴȸɇȾȾȲɀȲȯȷȼȪ ȬȪȺȲȪɀȲȲ, ȴȪȴ 

ȸȼȷȸɂȯȷȲɉ ȻȺȯȮȷȯȴȬȪȮȺȪȼȲɁȯȻȴȸȭȸ ȸȼȴȵȸȷȯȷȲɉ ȱȷȪɁȯȷȲɉ ȻȼȺȪȿȸȬȸȭȸ ȬȸȱȶȯɃȯȷȲɉ ȸȼ ȯȭȸ 

ȶȪȼȯȶȪȼȲɁȯȻȴȸȭȸ ȸȰȲȮȪȷȲɉ. 

ȌȯȺȸɉȼȷȸȻȼɆ ȬɅȹȸȵȷȯȷȲɉ ȸȫɉȱȪȼȯȵɆȻȼȬ  ȹȸ ȱȪȴȵɈɁɊȷȷɅȶ ȮȸȭȸȬȸȺȪȶ ȻȼȺȪȿȸȬȪȷȲɉ 

ȿȪȺȪȴȼȯȺȲȱȽȯȼȻɉ ȻȸȸȼȬȯȼȻȼȬȲȯȶ ȽȻȼȪȷȸȬȵȯȷȷȸȭȸ ȻȼȺȪȿȸȬȸȭȸ ȺȯȱȯȺȬȪ ȺȯȪȵɆȷɅȶ 

ȬȸȱȶȯɃȯȷȲȯȶ. ȘȫȸȱȷȪɁȯȷȷȪɉ ȬȯȺȸɉȼȷȸȻȼɆ ȶȸȰȯȼ ȸȹȺȯȮȯȵɉȼɆȻɉ ȺȪȱȵȲɁȷɅȶȲ ȻȹȸȻȸȫȪȶȲ Ȳ 

ȹȸȮȿȸȮȪȶȲ. Ȍ ɁȪȻȼȷȸȻȼȲ, ɂȲȺȸȴȸȯ  ȺȪȻȹȺȸȻȼȺȪȷȯȷȲȯ ȹȸȵȽɁȲȵ ȻȼȪȼȲȻȼȲɁȯȻȴȲȳ ȶȯȼȸȮ, ȴȪȴ  

ȸȼȷȸɂȯȷȲȯ ɁȲȻȵȪ ȻȵȽɁȪȯȬ ȫȪȷȴȺȸȼȻȼȬȪ ȻȼȺȪȿȸȬɅȿ ȴȸȶȹȪȷȲȳ ȴ ȸȫɃȯȶȽ Ȳȿ ɁȲȻȵȽ Ȭ 

ʄʝʪʦʜʳ ʩʨʘʚʥʝʥʠʷ ʨʠʩʢʦʚʳʭ 
ʩʠʪʫʘʮʠʡ ʚ ʩʪʨʘʭʦʚʘʥʠʠ

ʄʝʪʦʜ ʩʨʝʜʥʠʭ 
ʚʝʣʝʯʠʥ

ɼʠʩʧʝʨʩʠʦʥʥʳʡ 
ʤʝʪʦʜ

ʀʥʪʝʨʚʘʣʴʥʳʡ 
ʤʝʪʦʜ 
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ʉɽʂʎʀʗ 1. ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

 

ȸȹȺȯȮȯȵɊȷȷȸȶ ȹȺȸȻȼȺȪȷȻȼȬȯȷȷȸ- ȬȺȯȶȯȷȷȸȶ ȾȸȺȶȪȼȯ . 

ȗȯ ȶȯȷȯȯ ȲȱȬȯȻȼȷɅ ȶȯȼȸȮɅ, ȫȪȱȲȺȽɈɃȲȯȻɉ ȷȪ ȾȸȺȶȽȵȯ ȹȸȵȷȸȳ ȬȯȺȸɉȼȷȸȻȼȲ Ȳ 

ȼȯȸȺȯȶɅ ȋȪȳȯȻȪ. 

Ȍ ȶȯȼȸȮȲȴȪȿ ȸȹȺȯȮȯȵȯȷȲɉ ȾȲȷȪȷȻȸȬȸȭȸ ȺȲȻȴȪ ȱȪɁȪȻȼȽɈ ȲȻȹȸȵɆȱȽȯȼȻɉ ȼȯȸȺȯȶȪ 

ȋȯȺȷȽȵȵȲ Ȳ  ȼȯȸȺȯȶȪ ȖȽȪȬȺȪ-ȕȪȹȵȪȻȪ, Ȫ ȼȪȴȰȯ ȾȸȺȶȽȵȪ ȋȲȷȸȶȲȪȵɆȷȸȭȸ ȺȪȻȹȺȯȮȯȵȯȷȲɉ 

ȮȲȻȴȺȯȼȷȸȳ ȻȵȽɁȪȳȷȸȳ ȬȯȵȲɁȲȷɅ Ȳ ȺȪȻȹȺȯȮȯȵȯȷȲɉ șȽȪȻȻȸȷȪ. 

țȽɃȷȸȻȼɆ ȲȷȼȯȺȬȪȵɆȷȸȭȸ ȶȯȼȸȮȪ ȻȸȻȼȸȲȼ Ȭ ȼȸȶ, Ɂȼȸ ȬȯȺȸɉȼȷȸȻȼɆ ȷȯ ȺȪȱȸȺȯȷȲɉ 

ȻȼȺȪȿȸȬȸȳ ȴȸȶȹȪȷȲȲ ȸȹȺȯȮȯȵɉȯȼȻɉ ȷȪ ȸȻȷȸȬȯ ȹȺȲȶȯȷȯȷȲɉ ȲȷȼȯȭȺȪȵɆȷȸȳ ȾȽȷȴɀȲȲ ȕȪȹȵȪȻȪ 

ȬȲȮȪ [3]: 

 

ὖᾀ ὤ ᾀ ˡ ᾀ ˡ ᾀ                                           (1) 

 

ȭȮȯ:  

Ȟ0ðȷȸȺȶȲȺȸȬȪȷȷȪɉ ȾȽȷȴɀȲɉ ȕȪȹȵȪȻȪ; 

ZðȻȵȽɁȪȳȷȪɉ ȬȯȵȲɁȲȷȪ, ȬɅȺȪȰȪɈɃȪɉ ȻȼȺȪȿȸȬȸȯ ȬȸȱȶȯɃȯȷȲȯ ȹȸ ȺȪȱȵȲɁȷɅȶ ȬȲȮȪȶ 

ȻȼȺȪȿȸȬȪȷȲɉ; 

z1, z2 - ȷȸȺȶȲȺȸȬȪȷȷɅȯ ȱȷȪɁȯȷȲɉ ȻȵȽɁȪȳȷȸȳ ȬȯȵȲɁȲȷɅ. 

ȑȪȮȪɁȪ ȸȹȺȯȮȯȵȯȷȲɉ ȬȯȺȸɉȼȷȸȻȼȲ ȷȯ ȺȪȱȸȺȯȷȲɉ Ȳȶȯȯȼ ȻȵȯȮȽɈɃȲȳ ȬȲȮ. ȚȪȻȻȶȸȼȺȯȷ 

ȻȼȺȪȿȸȬȸȳ ȹȸȺȼȾȯȵɆ Ȭ ȬȲȮȯ ȬɅȫȸȺȴȲ ȻȸȬȸȴȽȹȷȸȻȼȲ ȼȺȯȫȸȬȪȷȲȳ ȸ ȬɅȹȵȪȼȯ ȬȸȱȶȯɃȯȷȲȳ ȱȪ 

ȸȹȺȯȮȯȵɊȷȷɅȳ ȹȯȺȲȸȮ ȹȸ ȲȶȽɃȯȻȼȬȯȷȷȸȶȽ ȻȼȺȪȿȸȬȪȷȲɈ Ȼ ȹȪȺȪȶȯȼȺȪȶȲ ȹȺȲȬȯȮɊȷȷɅȶȲ Ȭ 

ȼȪȫȵȲɀȯ 3. Ȍ ȱȪȮȪɁȯ ȹȺȲȬȯȮɊȷ ȹȺȲȶȯȺ ȹȸ ȲȷȷȸȬȪɀȲȸȷȷȸȶȽ ȬȲȮȽ Ȳ ȴȪȷȪȵȽ ȺȪȻȹȺȸȻȼȺȪȷȯȷȲɉ 

ȹȸȵȲȻȸȬ ȻȼȺȪȿȸȬȪȷȲɉ ȲȶȽɃȯȻȼȬȪ [1]. 

ȜȪȫȵȲɀȪ 3 

șȪȺȪȶȯȼȺɅ ȻȼȺȪȿȸȬȸȭȸ ȹȸȺȼȾȯȵɉ ȹȸ ȲȷȷȸȬȪɀȲȸȷȷȸȶȽ ȬȲȮȽ ȲȶȽɃȯȻȼȬȯȷȷȸȭȸ ȻȼȺȪȿȸȬȪȷȲɉ 

ɯ 

ȹ/ȹ 

ȗȪȲȶȯȷȸȬȪȷȲȯ ȹȪȺȪȶȯȼȺȪ ȘȫȸȱȷȪɁȯȷȲȯ ȔȸȵȲɁȯȻȼȬȸ ȼȺȯȫȸȬȪȷȲȳ 

ȸ ȬɅȹȵȪȼȯ ȱȪ ȹȯȺȲȸȮ 

ȬȺȯȶȯȷȲ 1 ȶȯȻɉɀ 

1 2 3 4 

1. ȡȲȻȵȸ ȮȸȭȸȬȸȺȸȬ ȲȶȽɃȯȻȼȬȯȷȷȸȭȸ ȻȼȺȪȿȸȬȪȷȲɉ  ȹȸ 

ȹȸȺȼȾȯȵɈ  
N 

20 

2. ȡȲȻȵȸ ȼȺȯȫȸȬȪȷȲȳ ȸ ȬɅȹȵȪȼȯ ȻȼȺȪȿȸȬȸȭȸ ȬȸȱȶȯɃȯȷȲɉ ȱȪ 

ȽȻȼȪȷȸȬȵȯȷȷɅȳ ȹȯȺȲȸȮ ȬȺȯȶȯȷȲ  
n 

3. ȚȪȱȶȯȺ ȻȼȺȪȿȸȬȸȭȸ ȾȸȷȮȪ ȹȸ ȮȪȷȷȸȶȽ ȬȲȮȽ ȻȼȺȪȿȸȬȪȷȲɉ   U 

4. ȚȪȱȶȯȺ ȺȯȱȯȺȬȷȸȭȸ ȾȸȷȮȪ  ȹȸ ȲȶȽɃȯȻȼȬȯȷȷȸȶȽ 

ȻȼȺȪȿȸȬȪȷȲɈ ȱȪ ȽȻȼȪȷȸȬȵȯȷȷɅȳ ȹȯȺȲȸȮ ȬȺȯȶȯȷȲ  
u0 

5. ȖȪȼȯȶȪȼȲɁȯȻȴȸȯ ȸȰȲȮȪȷȲȯ ȬȸȱȶȯɃȯȷȲɉ ȹȸ 

ȲȶȽɃȯȻȼȬȯȷȷȸȶȽ ȻȼȺȪȿȸȬȪȷȲɈ ȱȪ ȽȻȼȪȷȸȬȵȯȷȷɅȳ ȹȯȺȲȸȮ 

ȬȺȯȶȯȷȲ  

EX 

6. ȎȲȻȹȯȺȻȲɉ ȬȸȱȶȯɃȯȷȲɉ ȹȸ ȲȶȽɃȯȻȼȬȯȷȷȸȶȽ 

ȻȼȺȪȿȸȬȪȷȲɈ ȱȪ ȽȻȼȪȷȸȬȵȯȷȷɅȳ ȹȯȺȲȸȮ ȬȺȯȶȯȷȲ 
VarX 

7. ȌȯȺȸɉȼȷȸȻȼɆ ȷȯ ȺȪȱȸȺȯȷȲɉ ȻȼȺȪȿȸȬȸȳ ȴȸȶȹȪȷȲȲ P(A)  
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ʉɽʂʎʀʗ 1. ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

 

ȧȼȪȹɅ ȲȻȻȵȯȮȸȬȪȷȲɉ ȹȸ ȸȹȺȯȮȯȵȯȷȲɈ ȬȯȺȸɉȼȷȸȻȼȲ ȷȯ ȺȪȱȸȺȯȷȲɉ ȻȼȺȪȿȸȬȸȳ ȴȸȶȹȪȷȲȲ 

ȹȺȯȮȻȼȪȬȵȯȷɅ ȪȵȭȸȺȲȼȶȸȶ ȷȪ ȺȲȻȽȷȴȯ 3.  

ȚȲȻȽȷȸȴ 3. ȊȵȭȸȺȲȼȶ ȹȺȸȬȯȮȯȷȲɉ ɇȼȪȹȸȬ ȲȻȻȵȯȮȸȬȪȷȲɉ. 

 

țȸȬȸȴȽȹȷȸȻȼɆ ȱȷȪɁȯȷȲȳ  ȬȸȱȶȯɃȯȷȲȳ Ȭ ȬɅȫȸȺȴȯ, ȬɅȺȪȰȯȷȷɅȿ Ȭ ȼɅȻ.Ȯ.ȯ ȱȪ 

ȪȷȪȵȲȱȲȺȽȯȶɅȳ ȹȯȺȲȸȮ, ȹȺȯȮȻȼȪȬȵȯȷȪ Ȭ ȼȪȫȵȲɀȯ 4. 

ȜȪȫȵȲɀȪ 4 

țȸȬȸȴȽȹȷȸȻȼɆ  ȱȷȪɁȯȷȲȳ ȸȼȮȯȵɆȷɅȿ ȬȸȱȶȯɃȯȷȲȳ Ȭ ȬɅȫȸȺȴȯ. 

22,1 35,0 45,0 52,0 

28,4 39,1 47,2 53,1 

31,0 40,0 48,0 55,0 

32,2 42,1 49,3 58,0 

34,8 43,8 50,1 61,0 

șȺȸȬȯȺȴȪ ȭȲȹȸȼȯȱɅ ȸ ȷȸȺȶȪȵɆȷȸȶ ȺȪȻȹȺȯȮȯȵȯȷȲȲ ȱȷȪɁȯȷȲȳ ȬȸȱȶȯɃȯȷȲȳ  

ȸȻȽɃȯȻȼȬȵɉȯȼȻɉ ȮȬȽȶɉ ɇȼȪȹȪȶȲ. ȗȪ ȹȯȺȬȸȶ ɇȼȪȹȯ ȹȸ ȹȺȯȮȻȼȪȬȵȯȷȷȸȳ ȼȪȫȵȲɀȯ 2.  

ȸȹȺȯȮȯȵɉɈȼȻɉ ȻȼȪȼȲȻȼȲɁȯȻȴȲȯ ȹȪȺȪȶȯȼȺɅ ɇȶȹȲȺȲɁȯȻȴȸȭȸ ȺȪȻȹȺȯȮȯȵȯȷȲɉ (ȜȪȫȵ.3). ȗȪ 

ȸȻȷȸȬȪȷȲȲ ȹȸȵȽɁȯȷȷɅȿ ȮȪȷȷɅȿ,  ȻȼȺȸȲȼȻɉ ȭȲȻȼȸȭȺȪȶȶȪ ɇȶȹȲȺȲɁȯȻȴȸȭȸ ȺȪȻȹȺȯȮȯȵȯȷȲɉ 

(ȚȲȻ.4). șȺȲ ɇȼȸȶ ȽȻȼȪȷȸȬȵȯȷȸ, Ɂȼȸ ȹȺȲ ȽȬȯȵȲɁȯȷȲȲ ȸȫɄɊȶȪ ȬɅȫȸȺȴȲ, ȬȯȺȸɉȼȷȸȻȼɆ Ȭ 

ȲȷȼȯȺȬȪȵȯ ȻȺȯȮȷȲȿ ȱȷȪɁȯȷȲȳ ȬȸȱȶȯɃȯȷȲȳ ȽȬȯȵȲɁȲȬȪȯȼȻɉ. ȎȪȵȯȯ, ȬȲȱȽȪȵɆȷȸ ȻȺȪȬȷȲȬȪȯȼȻɉ 

ʈʝʘʣʠʟʘʮʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʥʦʡ ʧʨʦʮʝʜʫʨʳ  ʤʝʪʦʜʦʤ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʪʝʨʘʮʠʡ 

ʇʦʩʪʨʦʝʥʠʝ ʮʝʣʝʬʦʡ ʬʫʥʢʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʩʠʩʪʝʤʝ 
ʦʧʪʠʤʠʟʘʮʠʦʥʥʥʦʡ ʧʨʦʮʝʜʫʨʳ 

ʇʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʢʨʠʪʝʨʠʶ 
ʇʠʨʩʦʥʘ 

ʇʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʧʣʘʪ ʚ ʚʳʙʦʨʢʝ 
(ʚʠʟʫʘʣʴʥʳʡ ʤʝʪʦʜ) 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʚʳʧʣʘʪ ʚʦʟʤʝʱʝʥʠʡ ʚ ʚʳʙʦʨʢʝ  ʟʘ 
ʘʥʘʣʠʟʠʨʫʝʤʳ ʧʝʨʠʦʜ 
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ʉɽʂʎʀʗ 1. ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

 

ȻȸȬȹȪȮȯȷȲȯ ȭȲȻȼȸȭȺȪȶȶɅ ɇȶȹȲȺȲɁȯȻȴȸȭȸ ȺȪȻȹȺȯȮȯȵȯȷȲɉ Ȼ ȼȯȸȺȯȼȲɁȯȻȴȸȳ ȴȺȲȬȸȳ 

ȷȸȺȶȪȵɆȷȸȭȸ ȺȪȻȹȺȯȮȯȵȯȷȲɉ. 

ȜȪȫȵȲɀȪ 5 

țȼȪȼȲȻȼȲɁȯȻȴȲȯ ȹȪȺȪȶȯȼȺɅ ɇȶȹȲȺȲɁȯȻȴȸȭȸ ȺȪȻȹȺȯȮȯȵȯȷȲɉ ȬȸȱȶȯɃȯȷȲȳ. 

ɯ 

ȹ/ȹ 

ȒȷȼȯȺȬȪȵɅ 

Ximinð Ximax 
iX

~
-

ȻȯȺȯȮȲȷȪ 

ȲȷȼȯȺȬȪȵȪ 

mi-ȪȫȻȸȵɈȼȷȪɉ 

ɁȲȻȼȸȼȪ 

ȹȸȹȪȮȪȷȲȳ n

m
P i

i =  

ȻȼȪȼȲȻȼȲɁȯȻȴȪɉ 

ȬȯȺȸɉȼȷȸȻȼɆ) 

EX VarX s 

1 20-30 25 2 0,1 

43,36 1156 34 

2 30-40 35 5 0,25 

3 40-50 45 7 0,35 

4 50-60 55 5 0,25 

5 60-70 65 1 0,05 

 

 

 

ȚȲȻȽȷȸȴ 4.  ȍȲȻȼȸȭȺȪȶȶȪ ɇȶȹȲȺȲɁȯȻȴȸȭȸ ȺȪȻȹȺȯȮȯȵȯȷȲɉ ȬȸȱȶȯɃȯȷȲȳ Ȭ ȬɅȫȸȺȴȯ. 

 

        ȌȲȱȽȪȵɆȷȸ  ȻȺȪȬȷȲȬȪɉ ɇȶȹȲȺȲɁȯȻȴȸȯ ȺȪȻȹȺȯȮȯȵȯȷȲȯ Ȼ ȼȯȸȺȯȼȲɁȯȻȴȸȳ ȴȺȲȬȸȳ 

ȺȪȻȹȺȯȮȯȵȯȷȲɉ ȍȪȽȻȻȪ, ȶȸȰȷȸ ȻȮȯȵȪȼɆ ȱȪȴȵɈɁȯȷȲȯ, Ɂȼȸ ɇȶȹȲȺȲɁȯȻȴȸȯ ȺȪȻȹȺȯȮȯȵȯȷȲȯ Ȼ 

ȫȸȵɆɂȸȳ ȬȯȺȸɉȼȷȸȻȼɆɈ ȶȸȰȷȸ ȻɁȲȼȪȼɆ ȻȸȬȹȪȮȪɈɃȲȶ Ȼ ȼȯȸȺȯȼȲɁȯȻȴȲȶ. ȘȮȷȪȴȸ, Ȯȵɉ ȫȸȵȯȯ 

ȼȸɁȷȸȳ ȿȪȺȪȴȼȯȺȲȻȼȲȴȲ, ȷȯȸȫȿȸȮȲȶȸ ȹȸȮȼȬȯȺȮȲȼɆ ȭȲȹȸȼȯȱȽ ȸ ȷȸȺȶȪȵɆȷȸȶ ȺȪȻȹȺȯȮȯȵȯȷȲȯ 

ȬȸȱȶȯɃȯȷȲȳ Ȭ ȬɅȫȸȺȴȯ ȹȸ ȴȺȲȼȯȺȲɈ șȲȺȻȸȷȪ (Ǵ2). 

i
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ʉɽʂʎʀʗ 1. ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

 

șȺȲ ȹȸȮȻȼȪȬȵȯȷȲȲ Ȭ ȾȸȺȶȽȵȽ (2) ȱȷȪɁȯȷȲȳ ɇȵȯȶȯȷȼȸȬ ȾȸȺȶȽȵ Ȳȱ ȼȪȫȵȲɀɅ 2 ȹȸȵȽɁȪȯȼȻɉ 

ȱȷȪɁȯȷȲȯ ȴȺȲȼȯȺȲȲ șȲȺȻȸȷȪ Ǵ2=0,ȸȸ4. ȜȪȫȵȲɁȷȸȯ ȱȷȪɁȯȷȲȯ ȴȺȲȼȯȺȲɉ ȹȺȲ ȻȼȯȹȯȷȲ ȻȬȸȫȸȮɅ 

K=2 Ȳ ȽȺȸȬȷȯ ȱȷȪɁȲȶȸȻȼȲ a=0,95  Ǵ2
ȼȪȫȵ.=0,103. ȍȲȹȸȼȯȱȪ ȹȸȮȼȬȯȺȰȮȪȯȼȻɉ, ȼ.ȴ. ȺȪȻɁɊȼȷȸȯ 

ȱȷȪɁȯȷȲȯ ȴȺȲȼȯȺȲɉ ȶȯȷɆɂȯ ȼȪȫȵȲɁȷȸȭȸ .  

ȠȯȵȯȬȪɉ ȾȽȷȴɀȲɉ Ȭ ȸȹȼȲȶȲȱȪɀȲȸȷȷȸȳ ȹȺȸɀȯȮȽȺȯ ȹȺȯȮȻȼȪȬȵȯȷȪ ȴȪȴ ȬȯȺȸɉȼȷȸȻȼɆ ȷȯ 

ȺȪȱȸȺȯȷȲɉ ȻȼȺȪȿȸȬȸȳ ȴȸȶȹȪȷȲȲ Ȭ ȬȲȮȯ: 

)0(
*

*
)0( 0

0
00 ʌ

VARXn

EXnU
ʌUXP -öö

÷

õ
ææ
ç

å -
=¢¢                                                  (3) 

Ȟ0 ð ȼȪȫȵȲɁȷȪɉ ȾȽȷȴɀȲɉ ȕȪȹȵȪȻȪ. 

ȞȸȺȶȽȵȪ ɀȯȵȯȬȸȳ ȾȽȷȴɀȲȲ ȹȺȲȬȯȮȯȷȪ Ȯȵɉ ȲȻȻȵȯȮȸȬȪȷȲɉ ȬȻȯȭȸ ȻȼȺȪȿȸȬȸȭȸ ȹȸȺȼȾȯȵɉ, 

Ȯȵɉ ȬɅȫȸȺȴȲ, Ȼ ȽȴȪȱȪȷȷɅȶȲ ȬɅɂȯ ȹȪȺȪȶȯȼȺȪȶȲ ȱȷȪɁȯȷȲȯ ȸȫɄɊȶȪ ȬɅȫȸȺȴȲ ȷȯ ȽɁȲȼɅȬȪȯȼȻɉ. 

ȠȯȵȯȬȪɉ ȾȽȷȴɀȲɉ Ȯȵɉ ȮȪȷȷȸȭȸ ȹȸȺȼȾȯȵɉ Ȼ ȹȪȺȪȶȯȼȺȪȶȲ:   

ȏȟ = 43,36 ȼɅȻ. Ȯ.ȯȮ., VarX= 1156ȼɅȻ.Ȯ.ȯȮ2, 34ȼȪȻ.Ȯ.ȯȮ.,  ȹȺȯȮȻȼȪȬȵȯȷȪ  ȾȸȺȶȽȵȸȳ (3). șȸ 

ȼȪȫȵȲɀȯ ȲȷȼȯȭȺȪȵɆȷȸȳ ȾȽȷȴɀȲȲ ȕȪȹȵȪȻȪ ȱȷȪɁȯȷȲȯ ȬȯȺȸɉȼȷȸȻȼȲ ȬɅȫȲȺȪɈȼȻɉ ȹȸ ȾȸȺȶȽȵȯ 2 Ȟ0. 

         ȚȯȱȽȵɆȼȪȼɅ ȸȹȼȲȶȲȱȪɀȲȲ ȹȺȯȮȻȼȪȬȵȯȷɅ Ȭ ȬȲȮȯ ȻȸȬȸȴȽȹȷȸȻȼȲ ȹȸȻȵȯȮȸȬȪȼȯȵɆȷɅȿ 

ȲȼȯȺȪɀȲȳ. 

șȯȺȬȪɉ ȲȼȯȺȪɀȲɉ u0=50 ȼɅȻ.Ȯ.ȯȮ.,Px=0,18. ȌȯȺȸɉȼȷȸȻȼɆ ȷȯ ȺȪȱȸȺȯȷȲɉ ȷȯȮȸȻȼȪȼȸɁȷȪ. 

        ȎȪȵɆȷȯȳɂȲȯ ȲȼȯȺȪɀȲȲ ȸȹȼȲȶȲȱȪɀȲȸȷȷȸȳ ȹȺȸɀȯȮȽȺɅ Ȼ ȸȹȺȯȮȯȵɊȷȷɅȶ ȲȷȼȯȺȬȪȵȸȶ ȼȪȴȰȯ 

ȹȸȴȪȱȪȵȲ ȷȯȮȸȻȼȪȼȸɁȷȸȻȼɆ ȻȼȺȪȿȸȬȸȭȸ ȾȸȷȮȪ. șɉȼȪɉ ȲȼȯȺȪɀȲɉ ȹȸȴȪȱȪȵȪ ȮȸȻȼȪȼȸɁȷȸȻȼɆ 
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ȬəəɚɞɌɢɔɫ. Ȯ ɝɞɌɞɨɑ ɌəɌɗɔɓɔɜɟɑɞɝɫ ɞɜɌəɝɛɚɜɞəɌɫ ɗɚɏɔɝɞɔɖɌ ȱɎɜɚɛɧ ɔ Ȭɘɑɜɔɖɔ. 

ȽɞɜɌəɧ ȱɎɜɚɛɧ ɔɝɞɚɜɔɣɑɝɖɔ ɜɌəɨɤɑ əɌɣɌɗɔ ɛɚɗɨɓɚɎɌɞɨɝɫ ɞɜɌəɝɛɚɜɞɚɘ, ɝɞɜɚɔɞɨ 
ɛɜɚɔɓɎɚɐɝɞɎɑəəɧɑ ɛɜɑɐɛɜɔɫɞɔɫ, ɞɌɖɒɑ ɜɌəɨɤɑ ɝɞɚɗɖəɟɗɔɝɨ ɝ ɛɜɚɍɗɑɘɌɘɔ ɚɜɏɌəɔɓɌɢɔɔ 
ɞɜɌəɝɛɚɜɞəɚɕ ɝɑɞɔ. ȼɌɝɝɘɌɞɜɔɎɌɑɞɝɫ ɚɛɧɞ ɜɌɓɎɔɞɔɫ ɞɜɌəɝɛɚɜɞəɚɕ ɗɚɏɔɝɞɔɖɔ. ȺɞɘɑɣɌɑɞɝɫ 
ɏɗɌɎɑəɝɞɎɟɪɥɌɫ Ɏ ȱɎɜɚɛɑ ɖɚəɢɑɛɢɔɫ çɔəɞɑɜɘɚɐɌɗɨəɚɝɞɔè ɛɑɜɑɎɚɓɚɖ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɗɚɏɔɝɞɔɣɑɝɖɔɑ ɝɔɝɞɑɘɧ, ɞɜɌəɝɛɚɜɞəɌɫ ɗɚɏɔɝɞɔɖɌ, 
ɔəɞɑɜɘɚɐɌɗɨəɚɝɞɨ, ɗɚɏɔɝɞɔɖɌ, ɗɚɏɔɝɞɔɣɑɝɖɔɑ ɢɑəɞɜɧ. 

Abstract . The article analyzes the transport logistics of Europe and America. The countries of 
Europe have historically started using transport, building industrial enterprises, and earlier they had 
problems with organizing a transport network. The experience of transport logistics development is 
considered. The concept of òintermodalityó of transportations prevailing in Europe is noted. 

Keyword:  logistics systems, transport logistics, intermodality, logistics, logistics centers. 
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ȺȯȶȸȷȼȽ), ȬȴȵɈɁȪɈɃȯȯ, ȹȸ ȶȯȷɆɂȯȳ ȶȯȺȯ, ȸȮȲȷ ȼȯȺȶȲȷȪȵ. 

ȜȯȺȶȲȷȪȵ: ȶȯȻȼȸ, ȸȫȸȺȽȮȸȬȪȷȷȸȯ Ȯȵɉ ȹȯȺȯȬȪȵȴȲ Ȳ ȿȺȪȷȯȷȲɉ ȲȷȼȯȺȶȸȮȪȵɆȷɅȿ 

ȼȺȪȷȻȹȸȺȼȷɅȿ ȯȮȲȷȲɀ.  

ȘȹȺȯȮȯȵȯȷȲȯ ȽɁȪȻȼȷȲȴȸȬ ȹȺȸȯȴȼȪ NeLoC: 

ȕȸȭȲȻȼȲɁȯȻȴȲȳ ɀȯȷȼȺ ð ɇȼȸ ɀȯȷȼȺ ȷȪ ȸȹȺȯȮȯȵȯȷȷȸȳ ȼȯȺȺȲȼȸȺȲȲ, ȬȷȽȼȺȲ ȴȸȼȸȺȸȭȸ 

ȸȻȽɃȯȻȼȬȵɉɈȼȻɉ ȸȹȯȺȪɀȲȲ, ȻȬɉȱȪȷȷɅȯ Ȼ ȼȺȪȷȻȹȸȺȼȲȺȸȬȴȸȳ Ȳ ȮȺȽȭȲȶȲ ȵȸȭȲȻȼȲɁȯȻȴȲȶȲ 

ȾȽȷȴɀȲɉȶȲ, Ȫ ȼȪȴȰȯ ȺȪȻȹȺȯȮȯȵȯȷȲȯȶ ȼȸȬȪȺȸȬ ð ȴȪȴ Ȯȵɉ ȷȪɀȲȸȷȪȵɆȷȸȭȸ, ȼȪȴ Ȳ Ȯȵɉ 

ȶȯȰȮȽȷȪȺȸȮȷȸȭȸ ȼȺȪȷȱȲȼȪ; ȹȸȮȸȫȷɅȯ ȮȯȳȻȼȬȲɉ ȸȻȽɃȯȻȼȬȵɉɈȼȻɉ ȷȯȻȴȸȵɆȴȲȶȲ ȸȹȯȺȪȼȸȺȪȶȲ 

ȷȪ ȴȸȶȶȯȺɁȯȻȴȸȳ ȸȻȷȸȬȯ. 

ȘȹȯȺȪȼȸȺɅ ȶȸȭȽȼ ȫɅȼɆ ȲȵȲ ȻȸȫȻȼȬȯȷȷȲȴȪȶȲ, ȲȵȲ ȪȺȯȷȮȪȼȸȺȪȶȲ ȻȸȸȺȽȰȯȷȲȳ Ȳ 

ȺȪȻȹȺȯȮȯȵȲȼȯȵɆȷɅȿ ȽȱȵȸȬ (ȼȸȬȪȺȷɅȯ ȻȴȵȪȮɅ, ɀȯȷȼȺɅ ȺȪȻȹȺȯȮȯȵȯȷȲɉ, ȿȺȪȷȲȵȲɃȪ, ȸȾȲȻɅ, 

ȻȵȽȰȫɅ ȭȺȽȱȸȹȯȺȯȬȸȱɁȲȴȸȬ Ȳ ȼ.ȹ.). ȡȼȸȫɅ ȻȸȸȼȬȯȼȻȼȬȸȬȪȼɆ ȹȺȪȬȲȵȪȶ ȻȬȸȫȸȮȷȸȳ ȴȸȷȴȽȺȯȷɀȲȲ, 

ȕȠ ȮȸȵȰȷɅ ȫɅȼɆ ȸȼȴȺɅȼɅȶȲ, ɁȼȸȫɅ ȺȪȱȺȯɂȲȼɆ ȮȸȻȼȽȹ ȬȻȯȶ ȴȸȶȹȪȷȲɉȶ, ȱȪȷȲȶȪɈɃȲȶȲȻɉ 

ȬȲȮȪȶȲ ȮȯɉȼȯȵɆȷȸȻȼȲ, ȸȹȲȻȪȷȷɅȶȲ ȬɅɂȯ. 

ȡȼȸȫɅ ȸȻȽɃȯȻȼȬȵɉȼɆ ȽȹȸȶɉȷȽȼɅȯ ȬɅɂȯ ȸȹȯȺȪɀȲȲ, ȕȠ ȼȪȴȰȯ ȮȸȵȰȯȷ ȫɅȼɆ ȸȫȯȻȹȯɁȯȷ 

ȭȸȻȽȮȪȺȻȼȬȯȷȷɅȶȲ ȱȮȪȷȲɉȶȲ, ȸȫȸȺȽȮȸȬȪȷȲȯȶ.  șȸ ȬȸȱȶȸȰȷȸȻȼȲ, ȸȷ ȮȸȵȰȯȷ ȸȫȯȻȹȯɁȲȬȪȼɆ 

ȸȫȻȵȽȰȲȬȪȷȲȯ ȹȯȺȻȸȷȪȵȪ Ȳ ȸȫȸȺȽȮȸȬȪȷȲɉ ȴȸȶȹȪȷȲȳ-ȴȵȲȯȷȼȸȬ ȷȪ ȻȺȯȮȻȼȬȪ Ȳȱ ȭȸȻȫɈȮȰȯȼȪ. 

ȡȼȸȫɅ ȸȻȽɃȯȻȼȬȵɉȼɆ ȲȷȼȯȺȶȸȮȪȵɆȷɅȯ ȭȺȽȱȸȹȯȺȯȬȸȱȴȲ ȼȸȬȪȺȸȬ, ȕȠ ȹȺȯȮȹȸɁȼȲȼȯȵɆȷȸ 
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ʅʘʫʢʘ, ʪʝʭʥʦʣʦʛʠʷ, ʪʝʭʥʠʢʘ: ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʬʦʨʫʤʘ speed-up 

ʉɽʂʎʀʗ 1. ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

 

ȮȸȵȰȯȷ ȸȫȻȵȽȰȲȬȪȼɆ ȶȷȸȰȯȻȼȬȸ ȻȹȸȻȸȫȸȬ ȼȺȪȷȻȹȸȺȼȲȺȸȬȴȲ (ȪȬȼȸȮȸȺȸȭȪ, ȰȯȵȯȱȷȪɉ ȮȸȺȸȭȪ, 

ȶȸȺȯ, ȬȷȽȼȺȯȷȷȲȯ ȬȸȮȷɅȯ ȹȽȼȲ, ȬȸȱȮȽɂȷɅȯ ȹȽȼȲ). 

țȹȺȪȬȸɁȷȲȴ çȍȪȫȵȯȺ-ȵȯȴȻȲȴȸȷ ȹȸ ȵȸȭȲȻȼȲȴȯè: 

ȕȸȭȲȻȼȲɁȯȻȴȲȳ ɀȯȷȼȺ ð ɇȼȸ ȹȺȸȻȼȺȪȷȻȼȬȯȷȷȸ-ȾȽȷȴɀȲȸȷȪȵɆȷɅȳ ȸȫɄȯȴȼ ȬȶȯȻȼȯ Ȼ 

ȲȷȾȺȪȻȼȺȽȴȼȽȺȸȳ Ȳ ȽȹȺȪȬȵɉɈɃȯȳ ȸȺȭȪȷȲȱȪɀȲȯȳ, Ȭ ȴȸȼȸȺȸȶ ȺȯȪȵȲȱȽɈȼȻɉ ȵȸȭȲȻȼȲɁȯȻȴȲȯ 

ȽȻȵȽȭȲ, ȻȬɉȱȪȷȷɅȯ Ȼ ȼȺȪȷȻȹȸȺȼȲȺȸȬȴȸȳ, ȹȺȲȯȶȴȸȳ, ȿȺȪȷȯȷȲȯȶ, ȺȪȻȹȺȯȮȯȵȯȷȲȯȶ Ȳ ȬɅȮȪɁȯȳ 

ȼȸȬȪȺȸȬ, Ȫ ȼȪȴȰȯ ȻȸȹȽȼȻȼȬȽɈɃȲȯ ȽȻȵȽȭȲ, ȹȺȯȮȸȻȼȪȬȵɉȯȶɅȯ ȷȯȱȪȬȲȻȲȶɅȶȲ ȹȸ ȸȼȷȸɂȯȷȲɈ ȴ 

ȸȼȹȺȪȬȲȼȯȵɈ ȲȵȲ ȹȸȵȽɁȪȼȯȵɈ ȿȸȱɉȳȻȼȬȽɈɃȲȶȲ ȻȽȫɄȯȴȼȪȶȲ. 

ȒȻȿȸȮɉ Ȳȱ ȪȷȪȵȲȱȪ ȸȹȺȯȮȯȵȯȷȲȳ, ȹȺȲȬȯȮȯȷȷɅȿ ȬɅɂȯ, Ȭ ȻȪȶȸȶ ȸȫɃȯȶ ȬȲȮȯ, ȕȠ 

ȶȸȰȷȸ ȸȹȺȯȮȯȵȲȼɆ, ȴȪȴ ȻȼȺȽȴȼȽȺȽ, ȸȫɄȯȮȲȷɉɈɃȽɈ ȷȯȻȴȸȵɆȴȸ ȴȸȶȹȪȷȲȳ, ȸȻȽɃȯȻȼȬȵɉɈɃȲȿ, 

ȴȸȶȹȵȯȴȻȷȽɈ ȵȸȭȲȻȼȲɁȯȻȴȽɈ ȮȯɉȼȯȵɆȷȸȻȼɆ ȷȪ ȵȸȴȪȵɆȷȸȳ ȼȯȺȺȲȼȸȺȲȲ (ȷȪȹȺȲȶȯȺ, Ȭ 

ȸȹȺȯȮȯȵȯȷȷȸȶ ȺȯȭȲȸȷȯ). șȺȲ ɇȼȸȶ ȕȠ ȹȺȯȮȸȻȼȪȬȵɉȯȼ ȴȵȲȯȷȼȪȶ ȸȫȸȺȽȮȸȬȪȷȲȯ Ȳ ȻȯȺȬȲȻ, 

ȷȯȸȫȿȸȮȲȶɅȯ Ȯȵɉ ȸȻȽɃȯȻȼȬȵȯȷȲɉ ȹȸȮȸȫȷȸȳ ȮȯɉȼȯȵɆȷȸȻȼȲ. ȠȯȷȼȺȪȵȲȱȪɀȲɉ ȽȹȺȪȬȵȯȷȲɉ Ȳ 

ȸȻȸȫȯȷȷȸȻȼȲ ȾȲȱȲɁȯȻȴȸȭȸ ȺȪȻȹȸȵȸȰȯȷȲɉ ȕȠ Ȭ ȴȸȷȴȺȯȼȷȸȶ ȭȯȸȭȺȪȾȲɁȯȻȴȸȶ ȺȯȭȲȸȷȯ 

ȹȸȱȬȸȵɉɈȼ ȸȻȽɃȯȻȼȬȵɉȼɆ ȴȪɁȯȻȼȬȯȷȷȸȯ ȸȫȻȵȽȰȲȬȪȷȲȯ ȹȸȼȺȯȫȲȼȯȵȯȳ Ȳ ȬɅȫȸȺ ȷȪȲȫȸȵȯȯ 

ɇȾȾȯȴȼȲȬȷȸȭȸ ȻȹȸȻȸȫȪ ȼȺȪȷȻȹȸȺȼȲȺȸȬȴȲ Ȳ ȭȺȽȱȸȹȯȺȯȺȪȫȸȼȴȲ ȼȸȬȪȺȸȬ, ȫȵȪȭȸȮȪȺɉ ȷȪȵȲɁȲɈ 

ȻȸȸȼȬȯȼȻȼȬȽɈɃȯȳ ȵȸȭȲȻȼȲɁȯȻȴȸȳ ȲȷȾȺȪȻȼȺȽȴȼȽȺɅ Ȳ ȼȯȿȷȸȵȸȭȲȳ [1]. 

Ȓȱ ȹȺȲȬȯȮȯȷȷɅȿ ȬɅɂȯ ȸȹȺȯȮȯȵȯȷȲȳ ȼȪȴ Ȱȯ ȻȵȯȮȽȯȼ, Ɂȼȸ Ȭ ȺȪȱȷɅȿ ȻȼȺȪȷȪȿ 

ȸȹȺȯȮȯȵȯȷȲɉ ȕȠ ȺȪȱȷɅȯ, ȕȠ ȬɅȹȸȵȷɉɈȼ ȺȪȱȷɅȯ ȾȽȷȴɀȲȲ Ȳ ȱȪȮȪɁȲ. 

Ȍ ȷȪȻȼȸɉɃȯȯ ȬȺȯȶɉ Ȭ ȏȬȺȸȹȯ ȭȵȪȬȯȷȻȼȬȽȯȼ ȴȸȷɀȯȹɀȲɉ çȲȷȼȯȺȶȸȮȪȵɆȷȸȻȼȲè, ȼ.ȯ. 

ɇȾȾȯȴȼȲȬȷȸȻȼȲ ȶȯȰȮȽȷȪȺȸȮȷȸȳ ȼȸȺȭȸȬȵȲ, ȽȻȼȸȳɁȲȬȸȭȸ ȺȪȱȬȲȼȲɉ Ȳ ɇȴȸȷȸȶȲɁȯȻȴȸȭȸ ȺȸȻȼȪ. 

çȒȷȼȯȺȶȸȮȪȵɆȷȸȻȼɆè ð ɇȼȸ ȲȷȼȯȭȺȲȺȸȬȪȷȷȸȯ ȲȻȹȸȵɆȱȸȬȪȷȲȯ ȺȪȱȷɅȿ ȬȲȮȸȬ ȼȺȪȷȻȹȸȺȼȪ Ȭ 

ȯȮȲȷȸȳ ȼȺȪȷȻȹȸȺȼȷȸȳ ȻȲȻȼȯȶȯ; ȻȸȯȮȲȷȯȷȲȯ ȺȪȱȵȲɁȷɅȿ ȬȲȮȸȬ ȼȺȪȷȻȹȸȺȼȪ Ȭ ȯȮȲȷȽɈ ȻȲȻȼȯȶȽ 

ȹȸ ȻȫɅȼȽ ȲȵȲ ȸȴȪȱȪȷȲɈ ȽȻȵȽȭȲ, ȬȸȻȹȺȲȷȲȶȪȯȶȸȭȸ ȯȮȲȷȸȳ ȴȸȶȶȯȺɁȯȻȴȸȳ ȻȮȯȵȴȸȳ [2]. 

çȒȷȼȯȺȶȸȮȪȵɆȷȪɉ ȹȯȺȯȬȸȱȴȪ ð ɇȼȸ ȼȺȪȷȻȹȸȺȼȷȸ-ȼȯȿȷȸȵȸȭȲɁȯȻȴȪɉ ȻȲȻȼȯȶȪ 

ȸȺȭȪȷȲȱȪɀȲȲ ȹȯȺȯȬȸȱȸȴ Ȼ ȲȻȹȸȵɆȱȸȬȪȷȲȯȶ ȷȯȻȴȸȵɆȴȲȿ ȬȲȮȸȬ ȼȺȪȷȻȹȸȺȼȪ, ȹȺȲ ȴȸȼȸȺȸȳ 

ȹȯȺȯȬȸȱȴȪ ȭȺȽȱȸȬȸȭȸ ȶȯȻȼȪ (ȭȺȽȱȪ Ȭ ȭȺȽȱȸȬȸȶ ȶȸȮȽȵȯ) ȬɅȹȸȵȷɉȯȼȻɉ ȹȸȮ ȸȼȬȯȼȻȼȬȯȷȷȸȻȼɆɈ 

ȸȮȷȸȭȸ ȵȲɀȪ (ȸȹȯȺȪȼȸȺȪ ȲȵȲ ȹȯȺȯȬȸȱɁȲȴȪ), ȹȸ ȯȮȲȷȸȶȽ ȻȴȬȸȱȷȸȶȽ ȮȸȴȽȶȯȷȼȽ Ȳ ȯȮȲȷȸȳ 

ȻȴȬȸȱȷȸȳ ȻȼȪȬȴȯ ȼȪȺȲȾȪ, ȹȸ ȬȪȺȲȪȷȼȪȶ çȸȼ ȮȬȯȺȲ Ȯȸ ȮȬȯȺȲè Ȳ çȼȸɁȷȸ Ȭ ȻȺȸȴè, Ȼ 

ȸȻȬȸȫȸȰȮȯȷȲȯȶ ȭȺȽȱȸȸȼȹȺȪȬȲȼȯȵɉ ȸȼ ȽɁȪȻȼȲɉ Ȭ ȹȯȺȯȬȸȱȸɁȷȸȶ ȹȺȸɀȯȻȻȯè. 

ȒȮȯɉ ȲȷȼȯȺȶȸȮȪȵɆȷȸȻȼȲ ȲȱȷȪɁȪȵɆȷȸ ȹȸɉȬȲȵȪȻɆ Ƚ ȻȼȺȪȷ ȏȬȺȸȻȸɈȱȪ ð Ȭ ȷȪɁȪȵȯ 2000ȿ 

ȭȭ. Ȭ ȏț ȫɅȵȪ ȹȺȲȷɉȼȪ çȋȯȵȪɉ ȴȷȲȭȪè (ȮȸȴȽȶȯȷȼ ȸ ȴȸȷɀȯȹɀȲȲ ȺȪȱȬȲȼȲɉ ȼȺȪȷȻȹȸȺȼȪ ȷȪ 10 ȵȯȼ). 

șȺȲ ȻȸȱȮȪȷȲȲ çȋȯȵȸȳ ȴȷȲȭȲè ȪȬȼȸȺȪȶȲ ȹȺȯȻȵȯȮȸȬȪȵȪȻɆ ɀȯȵɆ ȷȪȳȼȲ ȷȸȬɅȯ ȺȯɂȯȷȲɉ, ȴȸȼȸȺɅȯ 

ȹȸȱȬȸȵȲȵȲ ȫɅ ȻȸȴȺȪȼȲȼɆ ȻȺȸȴȲ ȮȸȻȼȪȬȴȲ ȼȸȬȪȺȪ Ȳ ȺȪȻȿȸȮɅ. ȘȻȷȸȬȷȸȳ ȱȪȮȪɁȯȳ ȻȼȪȬȲȼȻɉ ȼȪȴȰȯ 

ȽȶȯȷɆɂȯȷȲȯ ȬȸȱȮȯȳȻȼȬȲɉ ȼȺȪȷȻȹȸȺȼȪ ȷȪ ȸȴȺȽȰȪɈɃȽɈ ȻȺȯȮȽ, ȹȸȬɅɂȯȷȲȯ ȽȺȸȬȷɉ 

ȫȯȱȸȹȪȻȷȸȻȼȲ ȹȪȻȻȪȰȲȺȸȬ, ȽȻȼȺȪȷȯȷȲȯ ȪȬȼȸȶȸȫȲȵɆȷɅȿ ȹȺȸȫȸȴ Ȳ, ȴȪȴ ȻȵȯȮȻȼȬȲȯ, ð 
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ʉɽʂʎʀʗ 1. ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

 

ȹȸȬɅɂȯȷȲȯ ȴȪɁȯȻȼȬȪ ȰȲȱȷȲ ɁȵȯȷȸȬ ȫȸȵɆɂȸȳ ȯȬȺȸȹȯȳȻȴȸȳ ȻȯȶɆȲ. șȺȯȮȵȸȰȯȷȲȯ ȻȸȱȮȪȼɆ ȻȯȼɆ 

ɀȯȷȼȺȸȬ ȹȸ ȬȻȯȳ ȏȬȺȸȹȯ, ȴȸȼȸȺɅȯ ȹȺȸȹȪȭȪȷȮȲȺȸȬȪȵȲ ȫɅ ȬȸȱȶȸȰȷȸȻȼȲ ȲȻȹȸȵɆȱȸȬȪȷȲɉ 

ȲȷȼȯȺȶȸȮȪȵɆȷɅȿ ȹȯȺȯȬȸȱȸȴ, ȺȪȻȹȺȸȻȼȺȪȷɉȵȲ ȻȸȸȼȬȯȼȻȼȬȽɈɃȽɈ ȲȷȾȸȺȶȪɀȲɈ Ȳ ȮȯȵȲȵȲȻɆ 

ȽȻȹȯɂȷɅȶ ȸȹɅȼȸȶ. 

Ȍ ȹȺȸȯȴȼȯ ȏȬȺȸȻȸɈȱȪ ȻȸȮȯȺȰȪȼȻɉ ȶȲȷȲȶȪȵɆȷɅȯ ȼȺȯȫȸȬȪȷȲɉ ȴ ȲȷȾȺȪȻȼȺȽȴȼȽȺȯ Ȳ 

ȺȪȻȹȸȵȸȰȯȷȲɈ ȕȠ: 

a) ȸȫȯȻȹȯɁȯȷȲȯ ȶȲȷȲȶȪȵɆȷȸȭȸ ȬȺȯȶȯȷȷȸȭȸ ȺȪȱȺɅȬȪ ȶȯȰȮȽ ȴȺȪȳȷȲȶ ȻȺȸȴȸȶ 

ȹȺȲȷɉȼȲɉ ȭȺȽȱȸȬ Ȳ ȸȼȹȺȪȬȵȯȷȲȯȶ ȬȪȭȸȷȸȬ, Ȫ ȼȪȴȰȯ ȶȯȰȮȽ ȹȺȲȫɅȼȲȯȶ ȹȸȯȱȮȸȬ Ȳ ȭȸȼȸȬȷȸȻȼɆɈ 

ȬȪȭȸȷȸȬ ȴ ȬɅȭȺȽȱȴȯ ȭȺȽȱȸȬɅȿ ȯȮȲȷȲɀ, ȴȸȼȸȺɅȳ ȷȯ ȮȸȵȰȯȷ ȹȺȯȬɅɂȪȼɆ ȸȮȷȸȭȸ ɁȪȻȪ, ȯȻȵȲ 

ȼȺȯȫȸȬȪȷȲɉ ȹȸȼȺȯȫȲȼȯȵȯȳ ȸȼȷȸȻȲȼȯȵɆȷȸ ȴȺȪȳȷȯȭȸ ȻȺȸȴȪ ȹȺȲȷɉȼȲɉ ȲȵȲ ȻȮȪɁȲ ȭȺȽȱȸȬ ȷȯ ȶȸȭȽȼ 

ȫɅȼɆ ȽȮȸȬȵȯȼȬȸȺȯȷɅ ȮȺȽȭȲȶȲ ȻȺȯȮȻȼȬȪȶȲ; 

b) ȻȸȴȺȪɃȯȷȲȯ Ȯȸ ȬȸȱȶȸȰȷȸȭȸ ȶȲȷȲȶȽȶȪ ȹȺȸȻȼȸȯȬ (ȷȯ ȫȸȵȯȯ 20 ȶȲȷȽȼ) 

ȪȬȼȸȼȺȪȷȻȹȸȺȼȷɅȿ ȻȺȯȮȻȼȬ, ȸȫȯȻȹȯɁȲȬȪɈɃȲȿ ȮȸȻȼȪȬȴȽ ȲȵȲ ȻȫȸȺȴȽ ȭȺȽȱȸȬɅȿ ȯȮȲȷȲɀ; 

c) ȺȪȻȹȸȵȸȰȯȷȲȯ ȕȠ ȮȸȵȰȷȸ ȬɅȫȲȺȪȼɆȻɉ ȼȪȴȲȶ ȸȫȺȪȱȸȶ, ɁȼȸȫɅ: 

Å ȴ ȷȯȶȽ ȲȶȯȵȻɉ ȫɅȻȼȺɅȳ Ȳ ȵȯȭȴȲȳ ȮȸȻȼȽȹ ȹȸ ȪȬȼȸȮȸȺȸȭȪȶ ȸȼ ɇȴȸȷȸȶȲɁȯȻȴȲȿ ɀȯȷȼȺȸȬ; 

Å Ȭ ȹȺȯȮȯȵȪȿ ȰȯȵȯȱȷȸȮȸȺȸȰȷȸȳ ȻȯȼȲ ȸȷ Ȳȶȯȵ ȿȸȺȸɂȽɈ ȻȬɉȱɆ Ȼ ȶȪȭȲȻȼȺȪȵɆȷɅȶȲ 

ȰȯȵȯȱȷȸȮȸȺȸȰȷɅȶȲ ȵȲȷȲɉȶȲ, Ȫ Ȭ ȻȵȽɁȪȯ ȹȯȺȯȬȸȱȸȴ ȭȺȽȹȹɅ ȬȪȭȸȷȸȬ Ĭ ȿȸȺȸɂȲȳ ȮȸȻȼȽȹ ȴ 

ȻȴȸȺȸȻȼȷɅȶ ȹȸȯȱȮȪȶ, ȲȻȹȸȵɆȱȽȯȶɅȶ Ȯȵɉ ȴȸȶȫȲȷȲȺȸȬȪȷȷɅȿ ȹȯȺȯȬȸȱȸȴ. 

ȊȻȻȸɀȲȪɀȲɉ çȏȬȺȸȹȵȪȼȾȸȺȶɅè ȲȻȻȵȯȮȸȬȪȵȪ ȹȺȪȴȼȲɁȯȻȴȽɈ ȬȱȪȲȶȸȻȬɉȱɆ ȶȯȰȮȽ 

ȴȸȷɀȯȹɀȲȯȳ ȕȠ Ȳ ȲȷȼȯȺȶȸȮȪȵɆȷȸȻȼɆɈ, ȹȺȲɁȯȶ Ȭ ȏȬȺȸȻȸɈȱȯ ȹȸȮȮȯȺȰȪȵȲ ȲȻȻȵȯȮȸȬȪȼȯȵɆȻȴȲȳ 

ȹȺȸȯȴȼ FV-2000, ȬɅȹȸȵȷȯȷȷɅȳ Ȭ ȺȪȶȴȪȿ ȪȻȻȸɀȲȪɀȲȲ, ȷȪȹȺȪȬȵȯȷȷɅȳ ȷȪ ȻȸȱȮȪȷȲȯ ȲȮȯȸȵȸȭȲȲ 

ȷȸȬɅȿ ȕȠ Ȳ ȶȸȮȯȺȷȲȱȪɀȲȲ ȽȰȯ ȻȽɃȯȻȼȬȽɈɃȲȿ. 

FV ð ɇȼȸ ȪȫȫȺȯȬȲȪȼȽȺȪ ȼȯȺȶȲȷȪ çFreight Villageè (ȮȸȻȵȸȬȷȸ, çȭȺȽȱȸȬȪɉ ȮȯȺȯȬȷɉè[9]). 

ȊȬȼȸȺɅ ȹȺȸȯȴȼȪ ȹȸȮȺȪȱȽȶȯȬȪɈȼ ȻȵȯȮȽɈɃȯȯ: çFreight Village ð ɇȼȸ ȼȯȺȺȲȼȸȺȲɉ, ȷȪ ȴȸȼȸȺȸȳ ȬȻɉ 

ȫȲȱȷȯȻ-ȪȴȼȲȬȷȸȻȼɆ, ȻȬɉȱȪȷȷȪɉ Ȼ ȵȸȭȲȻȼȲɁȯȻȴȲȶ ȻȯȺȬȲȻȸȶ Ȳ ȮȲȻȼȺȲȫɆɈɀȲȯȳ ȭȺȽȱȸȬ, ȴȪȴ ȷȪ 

ȺȯȭȲȸȷȪȵɆȷȸȶ ȽȺȸȬȷȯ, ȼȪȴ Ȳ Ȭ ɀȯȵɉȿ ȸȫȻȵȽȰȲȬȪȷȲɉ ȶȯȰȮȽȷȪȺȸȮȷȸȭȸ ȼȺȪȷȱȲȼȪ, 

ȸȫȯȻȹȯɁȲȬȪȯȼȻɉ ȷȯȻȴȸȵɆȴȲȶȲ ȷȯȱȪȬȲȻȲȶɅȶȲ ȵȸȭȲȻȼȲɁȯȻȴȲȶȲ ȸȹȯȺȪȼȸȺȪȶȲè [1]. 

Ȍ ȺȯȴȸȶȯȷȮȪɀȲɉȿ ȏȬȺȸȴȸȶȲȻȻȲȲ ȽȴȪȱȪȷȸ, Ɂȼȸ ȹȺȲ ȹȵȪȷȲȺȸȬȪȷȲȲ Ȳ ȺȯȪȵȲȱȪɀȲȲ ȕȠ 

ȹȺȪȬȲȼȯȵɆȻȼȬȪ ȻȸȱȮȪɈȼ ȵȲɂɆ ȷȪȮȵȯȰȪɃȲȯ ȷȸȺȶȪȼȲȬȷɅȯ, ȾȲȷȪȷȻȸȬɅȯ Ȳ ȸȫȺȪȱȸȬȪȼȯȵɆȷɅȯ 

ȽȻȵȸȬȲɉ Ȯȵɉ ȮȯɉȼȯȵɆȷȸȻȼȲ ȴȸȷȼȺȪȭȯȷȼȸȬ ɀȯȹȯȳ ȹȸȻȼȪȬȸȴ ȹȺȲ ȸȺȭȪȷȲȱȪɀȲȲ Ȳ ȽȹȺȪȬȵȯȷȲȲ 

ȵȸȭȲȻȼȲɁȯȻȴȸȳ ȮȯɉȼȯȵɆȷȸȻȼɆɈ. ȘȮȷȪȴȸ ȸȺȭȪȷȪȶ ȭȸȻȽȮȪȺȻȼȬȯȷȷȸȳ ȬȵȪȻȼȲ ȬȪȰȷȸ ȸȫȯȻȹȯɁȲȼɆ 

ȸȹȯȺȪȼȲȬȷȽɈ ȹȸȮȭȸȼȸȬȴȽ Ȳ ȺȯȪȵȲȱȪɀȲɈ ȼȪȴȲȿ ȺȪȶȸɁȷɅȿ ȽȻȵȸȬȲȳ, Ȼ ȼȯȶ ɁȼȸȫɅ Ȼ ȻȪȶȸȭȸ ȷȪɁȪȵȪ 

ȷȯ ȼȸȵɆȴȸ ȻȸȱȮȪȼɆ ȸȮȷȸȺȸȮȷȽɈ ȴȸȷȴȽȺȯȷȼȷȽɈ ȻȺȯȮȽ Ȯȵɉ ȬȻȯȿ ȽɁȪȻȼȷȲȴȸȬ ɇȼȸȳ ȮȯɉȼȯȵɆȷȸȻȼȲ, 

ȷȸ Ȳ ȻȾȸȺȶȲȺȸȬȪȼɆ ȬȻȯȸȫɄȯȶȵɈɃȽɈ Ȳ ȹȸȻȵȯȮȸȬȪȼȯȵɆȷȽɈ ȻȼȺȽȴȼȽȺȽ, ȴȸȼȸȺȪɉ ȹȸȱȬȸȵȲȵȪ ȫɅ 

ȬȻȯȶ ȸȺȭȪȷȪȶ ȭȸȻȽȮȪȺȻȼȬȯȷȷȸȳ ȬȵȪȻȼȲ, Ȭ ȼȸȶ ɁȲȻȵȯ ȷȪ ȶȯȻȼȷȸȶ Ȳ ȶȽȷȲɀȲȹȪȵɆȷȸȶ ȽȺȸȬȷɉȿ, 

ȮȯȳȻȼȬȸȬȪȼɆ Ȭ ȻȸȸȼȬȯȼȻȼȬȲȲ Ȼ ȸȮȲȷȪȴȸȬɅȶȲ ȹȺȲȷɀȲȹȪȶȲ. șȸȻȵȯȮȷȯȯ Ȳȱ ȽȴȪȱȪȷȷȸȭȸ ȬɅɂȯ 
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ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʬʦʨʫʤʘ speed-up 

ʉɽʂʎʀʗ 1. ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

 

Ȳȶȯȯȼ ȸȻȸȫȸȯ ȱȷȪɁȯȷȲȯ Ȯȵɉ ȺȪɀȲȸȷȪȵɆȷȸȭȸ ȹȵȪȷȲȺȸȬȪȷȲɉ ȻȸȻȼȪȬȪ ȽȻȵȽȭ Ȳ ȬɅȫȸȺȪ ȶȯȻȼȪ Ȯȵɉ 

ȺȪȱȶȯɃȯȷȲɉ ȕȠ. 

ȔȪȴ ȹȸȴȪȱɅȬȪȯȼ ȪȷȪȵȲȱ ȹȺȪȴȼȲȴȲ ȯȬȺȸȹȯȳȻȴȲȿ ȻȼȺȪȷ, ȷȪ ȷȪɀȲȸȷȪȵɆȷȸȶ ȽȺȸȬȷȯ 

ȹȺȪȬȲȼȯȵɆȻȼȬȪ ȼȯȿ ȲȵȲ ȲȷɅȿ ȭȸȻȽȮȪȺȻȼȬ ȻȵȯȮȽɈȼ ȸȫɃȯȻȸɈȱȷȸȳ ȹȸȵȲȼȲȴȯ Ȳ ȷȪ ȻȬȸȯȳ 

ȼȯȺȺȲȼȸȺȲȲ ȹȺȲȷȲȶȪɈȼ ȶȯȺɅ Ȯȵɉ ȮȸȻȼȲȰȯȷȲɉ ɀȯȵȯȳ, ȱȪȵȸȰȯȷȷɅȿ Ȭ çȋȯȵȸȳ ȴȷȲȭȯè. 

țȲȻȼȯȶȪ ȭȸȻȺȯȭȽȵȲȺȸȬȪȷȲɉ ȵȸȭȲȻȼȲȴȲ Ȭ ȍȯȺȶȪȷȲȲ - ȬȵȪȻȼȲ ȻȼȺȪȷɅ ȷȪ ȸȻȷȸȬȯ 

ȴȸȷȻȽȵɆȼȪɀȲȳ Ȼ ȫȲȱȷȯȻȶȯȷȪȶȲ Ȳ ȲȻȿȸȮɉ Ȳȱ ȻȬȸȯȭȸ ȬȲȮȯȷȲɉ ȹȺȸȫȵȯȶ Ȳ ȹȯȺȻȹȯȴȼȲȬ ȺȪȱȬȲȼȲɉ 

ȸȹȺȯȮȯȵɉɈȼ ȹȺȲȸȺȲȼȯȼɅ, Ȫ ȱȪȼȯȶ ȸȼȺȪȰȪɈȼ Ȳȿ Ȭ ȾȯȮȯȺȪȵɆȷȸȶ ȫɈȮȰȯȼȯ Ȳ ȱȪȴȸȷȸȮȪȼȯȵɆȻȼȬȯ. 

ȋȲȱȷȯȻ ȶȸȰȯȼ ȺȪȱȬȲȬȪȼɆȻɉ Ȭ ȼȸȶ ȷȪȹȺȪȬȵȯȷȲȲ, Ȭ ȴȸȼȸȺȸȶ ȻɁȲȼȪȯȼ ȷȽȰȷɅȶ, ȷȸ ȺȪȻȹȸȵȪȭȪɉ 

ɁȯȼȴȲȶȲ ȸȺȲȯȷȼȲȺȪȶȲ ȭȸȻȽȮȪȺȻȼȬȯȷȷȸȳ ȹȸȵȲȼȲȴȲ.  

Ȍ ȢȬȯɀȲȲ ȸȮȷȸȳ Ȳȱ ȺȯȪȵȲȱȸȬȪȷȷɅȿ ȶȯȺ ȻȼȪȵȸ ȽȻȼȺȸȳȻȼȬȸ ȻȹȯɀȲȪȵɆȷȸȭȸ 

ȮȲȻȼȺȲȫȽȼȲȬȷȸȭȸ ȵȸȭȲȻȼȲɁȯȻȴȸȭȸ ɀȯȷȼȺȪ, ȴȸȼȸȺɅȳ ȱȷȪɁȲȼȯȵɆȷȸ ȻȸȴȺȪȼȲȵ ȴȸȵȲɁȯȻȼȬȸ ȺȯȳȻȸȬ 

ȭȺȽȱȸȬɅȿ ȶȪɂȲȷ ȬȷȽȼȺȲ ȹȸȻȯȵȯȷȲɉ. ȔȺȸȶȯ ȼȸȭȸ, ȴ ȹȸȮȬȲȰȷȸȶȽ ȻȸȻȼȪȬȽ ȫɅȵȲ ȹȺȯȮɄɉȬȵȯȷɅ 

ȸȹȺȯȮȯȵȯȷȷɅȯ ȼȺȯȫȸȬȪȷȲɉ, ȴȪȻȪɈɃȲȯȻɉ ȼȲȹȪ ɂȲȷ Ȳ ȹȸȼȺȯȫȵɉȯȶȸȭȸ ȼȸȹȵȲȬȪ, ȮȬȲȭȪȼȯȵȯȳ Ȳ 

ȹȺȸɁȲȿ ȪȻȹȯȴȼȸȬ. șȸȶȲȶȸ ȹȸȬɅɂȯȷȲɉ ȹȸȴȪȱȪȼȯȵȯȳ ɇȴȸȵȸȭȲȲ ɁȲȷȸȬȷȲȴȪȶ ȽȮȪȵȸȻɆ ȱȪȸȮȷȸ 

ȹȸȬɅȻȲȼɆ ȽȺȸȬȯȷɆ ȫȯȱȸȹȪȻȷȸȻȼȲ ȷȪ ȮȸȺȸȭȪȿ. 

çȌȪȰȷȯȳɂȲȶȲ ȱȪȮȪɁȪȶȲ ȾȲȷȻȴȸȳ ȶȯȰȮȽȷȪȺȸȮȷȸȳ ȲȷȾȺȪȻȼȺȽȴȼȽȺɅ Ȳ ȵȸȭȲȻȼȲɁȯȻȴȸȳ 

ȹȸȵȲȼȲȴȲ ɉȬȵɉɈȼȻɉ ȸȫȯȻȹȯɁȯȷȲȯ ȷȪȮȯȰȷɅȿ Ȳ ȷȯȮȸȺȸȭȲȿ ȶȯȰȮȽȷȪȺȸȮȷɅȿ ȶȪȺɂȺȽȼȸȬ ȷȪ 

ȻȬɉȱɉȿ ȶȯȰȮȽ ȸȻȷȸȬȷɅȶȲ ȺɅȷȴȪȶȲ ȲȶȹȸȺȼȪ Ȳ ɇȴȻȹȸȺȼȪ ȞȲȷȵɉȷȮȲȲ; ȹȸȮȮȯȺȰȪȷȲȯ ȯȯ 

ȵȸȭȲȻȼȲɁȯȻȴȸȳ ȹȸȱȲɀȲȲ ȴȪȴ ȻȼȺȪȷɅ, ɉȬȵɉɈɃȯȳȻɉ ȫȵȲȰȪȳɂȲȶ ȻȸȻȯȮȸȶ ȚȸȻȻȲȲ; ȸȫȯȻȹȯɁȯȷȲȯ 

ȹȺȲȬȵȯȴȪȼȯȵɆȷȸȻȼȲ ȾȲȷȻȴȸȭȸ ȵȸȭȲȻȼȲɁȯȻȴȸȭȸ ȴȸȶȹȵȯȴȻȪ ȷȪ Ⱦȸȷȯ ȷȯȹȺȯȺɅȬȷȸȭȸ ȽȴȺȯȹȵȯȷȲɉ 

ȹȸȱȲɀȲȳ ȧȻȼȸȷȲȲ, ȕȪȼȬȲȲ, ȕȲȼȬɅ Ȳ șȸȵɆɂȲè. șȺȲȬȯȮȯȷȷȪɉ Ȳȱ ȻȼȺȪȼȯȭȲɁȯȻȴȸȭȸ ȮȸȴȽȶȯȷȼȪ ȹȸȮ 

ȷȪȱȬȪȷȲȯȶ çȝȴȺȯȹȵȯȷȲȯ ȵȸȭȲȻȼȲɁȯȻȴȸȳ ȹȸȱȲɀȲȲ ȞȲȷȵɉȷȮȲȲè ȬɅȮȯȺȰȴȪ ȹȸȴȪȱɅȬȪȯȼ, Ɂȼȸ 

ȼȺȪȷȻȹȸȺȼȷɅȳ ȴȸȶȹȵȯȴȻ ȻȼȺȪȷɅ Ȳ ȻȬɉȱȪȷȷɅȯ Ȼ ȷȲȶ ȺȪȻȹȺȯȮȯȵȯȷȲȯ Ȳ ȸȫȻȵȽȰȲȬȪȷȲȯ 

ȼȸȬȪȺȸȹȸȼȸȴȸȬ ȽȹȺȪȬȵɉɈȼȻɉ ȹȺȲ ȷȯȹȸȻȺȯȮȻȼȬȯȷȷȸȶ ȽɁȪȻȼȲȲ ȭȸȻȽȮȪȺȻȼȬȪ. 

 ȚȪȻȻȶȸȼȺȯȷȲȯ ȹȺȪȴȼȲȴȲ ȱȪȹȪȮȷȸȯȬȺȸȹȯȳȻȴȲȿ ȻȼȺȪȷ ȮȯȶȸȷȻȼȺȲȺȽȯȼ, Ɂȼȸ Ȭ ȻȾȯȺȯ 

ȽȹȺȪȬȵȯȷȲɉ ȵȸȭȲȻȼȲȴȸȳ ȱȪ ȺȽȫȯȰȸȶ ȹȺȯȸȫȵȪȮȪɈȼ ȮȬȯ ȸȻȷȸȬȷɅȯ ȶȸȮȯȵȲ. çȊȬȼȸȺȲȼȪȺȷȪɉè ð 

ȹȺȲ ȴȸȼȸȺȸȳ ȭȸȻȽȮȪȺȻȼȬȸ ȷȪȹȺɉȶȽɈ ȬȶȯɂȲȬȪȯȼȻɉ Ȭ ȽȱȴȸȻȹȯɀȲȪȵɆȷɅȯ ȬȸȹȺȸȻɅ (ȞȲȷȵɉȷȮȲɉ). 

Ȓ çȮȯȶȸȴȺȪȼȲɁȯȻȴȪɉè ð ȴȸȭȮȪ ɁȲȷȸȬȷȲȴȲ ȵȲɂɆ ȽȴȪȱɅȬȪɈȼ ȸȺȲȯȷȼȲȺɅ ȺȪȱȬȲȼȲɉ (ȍȯȺȶȪȷȲɉ). 

șȺȲɁȲȷȪ, Ȭ ȼȸȶ, ȷȪȻȴȸȵɆȴȸ ȵȸȭȲȻȼȲȴȪ ȬȪȰȷȪ Ȯȵɉ ȮȪȷȷȸȳ ȻȼȺȪȷɅ. ȏȻȵȲ Ȯȵɉ ȷȯȫȸȵɆɂȸȳ 

ȞȲȷȵɉȷȮȲȲ (ȴȸȼȸȺȪɉ ȲȻȼȸȺȲɁȯȻȴȲ ȱȪȺȪȫȪȼɅȬȪȯȼ ȷȪ ȸȫȻȵȽȰȲȬȪȷȲȲ ȼȺȪȷȱȲȼȷɅȿ ȭȺȽȱȸȹȸȼȸȴȸȬ) 

ȵȸȭȲȻȼȲȴȪ ɉȬȵɉȯȼȻɉ ȸȮȷȸȳ Ȳȱ ȴȵɈɁȯȬɅȿ ȻȾȯȺ Ȼ ȼȸɁȴȲ ȱȺȯȷȲɉ ȹȸȹȸȵȷȯȷȲɉ ȫɈȮȰȯȼȪ Ȳ ȱȪȷɉȼȸȻȼȲ 

ȷȪȻȯȵȯȷȲɉ, ȼȸ Ȳ ȻȼȯȹȯȷɆ ȬȶȯɂȪȼȯȵɆȻȼȬȪ ɁȲȷȸȬȷȲȴȸȬ ȱȮȯȻɆ ȸɁȯȷɆ ȫȸȵɆɂȪɉ [3].  

ȜȪȴȰȯ ȻȽɃȯȻȼȬȽȯȼ ȬȪȰȷɅȳ ȹȺȸȯȴȼ ȹȸ ȽȴȺȯȹȵȯȷȲɈ ȸȼȷȸɂȯȷȲȳ ȶȯȰȮȽ ȏȬȺȸȹȸȳ Ȳ ȊȱȲȯȳ 

- ȻȸȱȮȪȷȲȯ ȪȬȼȸȶȪȭȲȻȼȺȪȵȲ çȑȪȹȪȮȷȪɉ ȏȬȺȸȹȪ ð ȑȪȹȪȮȷɅȳ ȔȲȼȪȳè Ȭ ȺȪȶȴȪȿ ȶȯȰȮȽȷȪȺȸȮȷȸȭȸ 

ȼȺȪȷȻȹȸȺȼȷȸȭȸ ȴȸȺȲȮȸȺȪ çțȯȬȯȺ-Ȩȭè. Ȍ ȻȼȺȸȲȼȯȵɆȻȼȬȯ Ȳ ɇȴȻȹȵȽȪȼȪɀȲȲ ȱȪȮȯȳȻȼȬȸȬȪȷɅ 3 
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ȻȼȺȪȷɅ: ȚȸȻȻȲɉ, ȔȪȱȪȿȻȼȪȷ Ȳ ȔȲȼȪȳ. ȗȪɁȪȵȸ ȼȺȪȻȻɅ ð ȭȺȪȷȲɀȪ ȚȸȻȻȲȲ Ȳ ȞȲȷȵɉȷȮȲȲ, ȴȸȷȯɀ ð 

ȕɉȷɆɈȷɆȭȪȷ (ȔȲȼȪȳ). țȼȺȸȲȼȯȵɆȻȼȬȸ ȷȪɁȪȵȸȻɆ ȯɃȯ Ȭ 2008 ȭ. Ȳ ȮȸȵȰȷȸ ȱȪȬȯȺɂȲȼɆȻɉ ȴ 2020 ȭ. 

ȖȯȰȹȺȪȬȲȼȯȵɆȻȼȬȯȷȷɅȯ ȶȯȶȸȺȪȷȮȽȶɅ ȔȲȼȪɉ, ȚȸȻȻȲȲ, ȔȪȱȪȿȻȼȪȷȪ Ȳ ȏȬȺȸȹȯȳȻȴȸȭȸ țȸɈȱȪ 

ȸȫȯȻȹȯɁȲȬȪɈȼ ȷȯȸȫȿȸȮȲȶȽɈ ɈȺȲȮȲɁȯȻȴȽɈ ȹȸȮȮȯȺȰȴȽ ȮȯȵȸȬɅȿ ȸȼȷȸɂȯȷȲȳ. 

ȘȫɃȪɉ ȹȺȸȼɉȰȯȷȷȸȻȼɆ ȶȪȺɂȺȽȼȪ ð  ȸȴȸȵȸ 8,5 ȼɅȻ. ȴȶ: ȹȸ ȼȯȺȺȲȼȸȺȲȲ ȚȸȻȻȲȲ ð 2,2 

ȼɅȻ. ȴȶ, ȔȪȱȪȿȻȼȪȷȪ ð 2,8 ȼɅȻ. ȴȶ, ȔȲȼȪɉ ð 3,4 ȼɅȻ. ȴȶ. șȸ ȹȺȸȯȴȼȽ, ȶȪȭȲȻȼȺȪȵɆ ȹȺȸȿȸȮȲȼ ɁȯȺȯȱ 

ȺɉȮ ȭȸȺȸȮȸȬ: țȪȷȴȼ-șȯȼȯȺȫȽȺȭ, ȖȸȻȴȬȪ, ȗȲȰȷȲȳ ȗȸȬȭȸȺȸȮ, ȔȪȱȪȷɆ, ȘȺȯȷȫȽȺȭ, Ȋȴȼȸȫȯ, 

ȔɅȱɅȵȸȺȮȪ, ȢɅȶȴȯȷȼ, ȜȪȺȪȱ, ȔȸȺȮȪȳ, ȊȵȶȪȼɅ, ȟȸȺȭȸȻ, ȝȺȽȶɁȲ, ȕȪȷɆɁȰȸȽ, ȡȰɇȷɁȰȸȽ, 

ȕɉȷɆɈȷɆȭȪȷ (ȺȲȻȽȷȸȴ 1) [1]. 

ȚȲȻȽȷȸȴ 1. ȖȯȰȮȽȷȪȺȸȮȷɅȳ ȪȬȼȸȶȸȫȲȵɆȷɅȳ ȴȸȺȲȮȸȺ  

çȑȪȹȪȮȷȪɉ ȏȬȺȸȹȪ ð ȑȪȹȪȮȷɅȳ ȔȲȼȪȳè 

 

ȗȯ ȻȶȸȼȺɉ ȷȪ, ȱȪȼɉȰȷȸȳ ȾȲȷȪȷȻȸȬɅȳ ȴȺȲȱȲȻ, ȫɅȵ ȹȺȯȮȸȻȼȪȬȵȯȷ ȴȺȽȹȷȯȳɂȲȳ ȱȪȯȶ Ȭ 

ȲȻȼȸȺȲȲ ȌȻȯȶȲȺȷȸȭȸ ȫȪȷȴȪ ð 2,1 ȶȵȺȮ Ȯȸȵȵ. ȘȫɃȲȳ ȱȪȯȶ ȸȼ ȊȱȲȪȼȻȴȸȭȸ, ȏȬȺȸȹȯȳȻȴȸȭȸ Ȳ 

ȒȻȵȪȶȻȴȸȭȸ ȫȪȷȴȸȬ ȻȸȻȼȪȬȵɉȯȼ 3,5 ȶȵȺȮ Ȯȸȵȵ. Ȭ ȸȫɃȯȳ ȻȵȸȰȷȸȻȼȲ ȷȪ 25 ȵȯȼ. 

ȎȪȷȷɅȳ ȹȺȸȯȴȼ ȸȻȽɃȯȻȼȬȵɉȯȼȻɉ ȴȪȴ ȪȵɆȼȯȺȷȪȼȲȬȪ ȪȬȼȸȮȸȺȸȰȷȸȶȽ ȜȺȪȷȻȻȲȫȽ Ȳ 

ȶȸȺȻȴȸȶȽ ȴȸȺȲȮȸȺȽ ɁȯȺȯȱ țȽɇɀȴȲȳ ȴȪȷȪȵ, ȯȭȸ ȸȻȷȸȬȷȸȯ ȹȺȯȲȶȽɃȯȻȼȬȸ ȱȪȴȵɈɁȪȯȼȻɉ Ȭ 

ȹȺȸȼɉȰȯȷȷȸȻȼȲ Ȳ Ȭȸ ȬȺȯȶɉȷȪȿȸȰȮȯȷȲȲ Ȭ ȹȽȼȲ, ȼ.ȯ. ȬȺȯȶɉ Ȭ ȹȽȼȲ ȹȺȲ ȲȻȹȸȵɆȱȸȬȪȷȲȲ ȶȸȺȻȴȸȭȸ 

ȴȸȺȲȮȸȺȪ ð Ȯȸ 45 ȻȽȼȸȴ, ȹȸ ȜȺȪȷȻȻȲȫȽ ð ȸȴȸȵȸ 14 ȻȽȼȸȴ, ȹȸ ȷȸȬȸȶȽ ȴȸȺȲȮȸȺȽ (ȸȼ ȹȸȺȼȪ 

ȕɉȷɆɈȷɆȭȪȷ Ȯȸ ȯȬȺȸȹȯȳȻȴȸȳ ȭȺȪȷȲɀɅ) ð 10 ȻȽȼȸȴ. ȘȻȷȸȬȷɅȯ ȹȽȼȲ ȸȻȽɃȯȻȼȬȵȯȷȲɉ ȹȯȺȯȬȸȱȸȴ: 

ȔȲȼȪȳ ð ȔȪȱȪȿȻȼȪȷ; ȔȲȼȪȳ ð ȠȯȷȼȺȪȵɆȷȪɉ ȊȱȲɉ; ȔȲȼȪȳ ð ȔȪȱȪȿȻȼȪȷ ð ȚȸȻȻȲɉ ð ȑȪȹȪȮȷȪɉ 

ȏȬȺȸȹȪ. 

 ȜȪȴȸȳ ȶȪȺɂȺȽȼ ȽȹȺȸɃȪȯȼ ȲȶȹȸȺȼ Ȳȱ ȔȲȼȪɉ Ȭ ɀȯȵȸȶ Ȳ ȹȸ ȺɉȮȽ ȻȼȺȪȷ Ȭ ȸȼȮȯȵɆȷȸȻȼȲ, 
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ȮȯȵȪɉ ȯȭȸ ȫȸȵȯȯ ȮȸȻȼȽȹȷɅȶ Ȳ ȫɅȻȼȺɅȶ. șȸ ȹȺȸȭȷȸȱȽ, ȸȼȺȪȰȯȷȷȸȶȽ Ȭ ȼȯȿȷȲȴȸ-ɇȴȸȷȸȶȲɁȯȻȴȸȶ 

ȸȫȸȻȷȸȬȪȷȲȲ, ȴ 2020 ȭ. ȸȫɄȯȶ ȭȺȽȱȸȹȯȺȯȬȸȱȸȴ ȻȼȺȪȷ-ȽɁȪȻȼȷȲɀ ȽȬȯȵȲɁȲȼȻɉ Ȭ 2,5 ȺȪȱȪ, Ȫ 

ȻȺȯȮȷȯȭȸȮȸȬȸȳ ȻȽȶȶȪȺȷɅȳ ɇȴȸȷȸȶȲɁȯȻȴȲȳ ɇȾȾȯȴȼ ȸȼ ȺȯȪȵȲȱȪɀȲȲ ȹȺȸȯȴȼȪ ȸɀȯȷȸɁȷȸ ȸȼ 

ȻȸȴȺȪɃȯȷȲɉ ȬȺȯȶȯȷȲ ȹȽȼȲ ȻȸȻȼȪȬȲȼ ȸȴȸȵȸ 104 ȶȵȷ Ȯȸȵȵ [4]. 

ȚȯȪȵȲȱȪɀȲɉ ȹȺȸȯȴȼȪ ȹȺȲȬȵȯȴȪȯȼ ȲȷȬȯȻȼȲȺȸȬȪȷȲȯ ȴȪȴ ȸȼ ȫȪȷȴȸȬȻȴȸȭȸ ȻȯȴȼȸȺȪ, ȼȪȴ Ȳ 

ȸȼ ɁȪȻȼȷɅȿ ȵȲɀ, ȻȸȱȮȪɈȼȻɉ ȺȪȫȸɁȲȯ ȶȯȻȼȪ ȹȸ ȺȪȱȷɅȶ ȷȪȹȺȪȬȵȯȷȲɉȶ, Ɂȼȸ Ȭ ɀȯȵȸȶ ȬȵȲɉȯȼ ȷȪ 

ɇȴȸȷȸȶȲȴȽ Ȭ ȵȽɁɂȽɈ ȻȼȸȺȸȷȽ. 

ȜȪȴȲȶ ȸȫȺȪȱȸȶ, Ȭ ȏȬȺȸȹȯ ȱȪ ȻȼȪȼȽȻ ȕȸȭȲȻȼȲɁȯȻȴȸȭȸ ɀȯȷȼȺȪ ȫȸȺɈȼȻɉ ȭȸȺȸȮȪ, ȻȼȺȪȷɅ. 

Ȍ ȏȬȺȸȹȯ ȻȼȺȸɉȼ ȻȯȼɆ, Ȭ ȴȸȼȸȺȸȳ ȫȽȮȽȼ ȻȵȪȰȯȷȸ ȺȪȫȸȼȪȼɆ ȬȻȯ ȬȲȮɅ ȼȺȪȷȻȹȸȺȼȪ ȷȪ ȼȯȺȺȲȼȸȺȲȲ 

ȬȻȯȳ ȏȬȺȸȹɅ Ȳ ȱȪ ȯȯ ȹȺȯȮȯȵȪȶȲ. 

țȿȯȶȪ ȪȶȯȺȲȴȪȷȻȴȸȳ ȵȸȭȲȻȼȲȴȲ: ȴȸȶȹȪȷȲɉ ȸȼȹȺȪȬȲȼȯȵɆ/ȹȸȵȽɁȪȼȯȵɆ ð ȫȺȸȴȯȺ ð 

ȹȯȺȯȬȸȱɁȲȴȲ (ȫȺȸȴȯȺȪ, ȴȪȴ ȹȸȻȺȯȮȷȲȴȪ Ȭ ɀȯȹȸɁȴȯ ȶȸȰȯȼ ȷȯ ȫɅȼɆ). 

șȺȸȲȱȬȸȮȻȼȬȯȷȷɅȯ, ȼȸȺȭȸȬɅȯ Ȳ ȼȺȪȷȻȹȸȺȼȷɅȯ ȹȺȯȮȹȺȲɉȼȲɉ Ȭ ȊȶȯȺȲȴȯ ñ ɇȼȸ ȬȻȯ 

ȸȼȮȯȵɆȷɅȯ ȴȸȶȹȪȷȲȲ. ȏȻȼɆ ȫȺȸȴȯȺɅ Ȳ ȼȺȪȷȻȹȸȺȼȷɅȯ ȴȸȶȹȪȷȲȲ, ȴȸȼȸȺɅȯ ȫȯȺȽȼ ȷȪ Ȼȯȫɉ 

ȸȼȬȯȼȻȼȬȯȷȷȸȻȼɆ ȸȺȭȪȷȲȱȪɀȲȲ Ȳ ȹȯȺȯȬȸȱȴȲ ȭȺȽȱȸȬ.  

ȌȻȯ ȷȪɁȲȷȪȯȼȻɉ Ȼ ȭȺȽȱȪ, ȴȸȼȸȺɅȳ ȮȸȵȰȯȷ ȫɅȼɆ ȮȸȻȼȪȬȵȯȷ Ȳȱ ȼȸɁȴȲ Ȋ Ȭ ȼȸɁȴȽ ȋ. Ȏȵɉ ɇȼȸȭȸ 

ȻȽɃȯȻȼȬȽȯȼ 2 ȻȹȸȻȸȫȪ: ȬȸȻȹȸȵɆȱȸȬȪȼɆȻɉ ȹȸȲȻȴȸȬȸȳ ȻȲȻȼȯȶȸȳ, ɁȼȸȫɅ ȷȪȳȼȲ ȹȯȺȯȬȸȱɁȲȴȪ ȲȵȲ 

ȻȬɉȱȪȼɆȻɉ Ȼ ȫȺȸȴȯȺȸȶ. Ȍ ɀȯȵɉȿ ɇȴȸȷȸȶȲȲ ȬȺȯȶȯȷȲ ȴȸȶȹȪȷȲɉ ȻȪȶȪ ȷȪȷȲȶȪȯȼ ȫȺȸȴȯȺȪ, ȼȯȶ 

ȫȸȵȯȯ, ȯȻȵȲ ȱȪȺȪȷȯȯ ȱȷȪȯȼ, Ɂȼȸ ȹȯȺȯȬȸȱȴȲ ȫȽȮȽȼ ȹȸȻȼȸɉȷȷɅȶȲ. 

ȋȺȸȴȯȺ ð ɇȼȸ ȻȹȯɀȲȪȵȲȻȼ, ȴȸȼȸȺɅȳ ȱȪȷȲȶȪȯȼȻɉ ȸȺȭȪȷȲȱȪɀȲȯȳ ȹȯȺȯȬȸȱȴȲ: ȷȪȿȸȮȲȼ 

ȹȯȺȯȬȸȱɁȲȴȪ, ȱȪȴȵɈɁȪȯȼ ȮȸȭȸȬȸȺ, ȴȸȷȼȺȸȵȲȺȽȯȼ ȹȸȭȺȽȱȴȽ/ȸȼȭȺȽȱȴȽ, ȷȯȻȯȼ ȹȸȵȷȽɈ 

ȸȼȬȯȼȻȼȬȯȷȷȸȻȼɆ ȴȪȴ ȹȯȺȯȮ ȱȪȴȪȱɁȲȴȸȶ, ȼȪȴ Ȳ ȹȯȺȯȮ ȹȯȺȯȬȸȱɁȲȴȸȶ.  

Ȏȵɉ ȼȸȭȸ ɁȼȸȫɅ ȻȼȪȼɆ ȫȺȸȴȯȺȸȶ Ȭ ȊȶȯȺȲȴȯ, ȷȽȰȷȸ ȹȺȸȳȼȲ ȸȫȽɁȯȷȲȯ ȷȪ ȻȹȯɀȲȪȵɆȷɅȿ 

ȴȽȺȻȪȿ, ȻȮȪȼɆ ɇȴȱȪȶȯȷ, ȹȸȵȽɁȲȼɆ ȵȲɀȯȷȱȲɈ Ȳ ȬȷȯȻȼȲ ȱȪȵȸȭ 10000 ȮȸȵȵȪȺȸȬ. ȏȻȵȲ ȫȺȸȴȯȺ 

ȬȸȬȺȯȶɉ ȷȯ ȺȪȻȹȵȪɁȲȬȪȯȼȻɉ Ȼ ȹȯȺȯȬȸȱɁȲȴȸȶ, ȴȸȶȹȪȷȲɉ Ȳȶȯȯȼ ȹȺȪȬȸ ȹȸȼȺȯȫȸȬȪȼɆ ȮȯȷɆȭȲ Ȳȱ 

ȻȽȶȶɅ ȱȪȵȸȭȪ [5].  

șȸȵȽɁȲȬ ȱȪȴȪȱ, ȫȺȸȴȯȺ ȷȪɁȲȷȪȯȼ ȮȯȳȻȼȬȸȬȪȼɆ. ȏȻȵȲ ȸȷ Ȭ ȫȲȱȷȯȻȯ ȷȯ ȹȯȺȬɅȳ ȭȸȮ, ȼȸ, 

ȹȸȵȽɁȲȬ ȭȺȽȱ, ȸȷ ȻȺȪȱȽ Ȱȯ ȻȬɉȱɅȬȪȯȼȻɉ Ȼ ȽȰȯ ȱȷȪȴȸȶɅȶȲ ȹȯȺȯȬȸȱɁȲȴȪȶȲ. ȏȻȵȲ Ȱȯ Ƚ ȫȺȸȴȯȺȪ 

ȷȯȼ ȷȪȵȪȰȯȷȷɅȿ ȻȬɉȱȯȳ ȲȵȲ ȯȻȵȲ ȸȷ ȷȯ ȶȸȰȯȼ ȮȸȭȸȬȸȺȲȼɆȻɉ Ȼ ȴȸȶȹȪȷȲȯȳ ñ ȸȷ ȺȪȱȶȯɃȪȯȼ ȭȺȽȱ 

Ȭ ȹȸȲȻȴȸȬȽɈ ȻȲȻȼȯȶȽ. 

ȜȺȪȷȻȹȸȺȼȷɅȯ ȴȸȶȹȪȷȲȲ Ȭ ȊȶȯȺȲȴȯ ȲȶȯɈȼ ȻȬȸȲ ȻȴȵȪȮɅ, ȼȺȪȷȻȹȸȺȼ Ȳ ȹȺȯȮȸȻȼȪȬȵɉɈȼ 

ȷȯ ȼȸȵɆȴȸ ȽȻȵȽȭȲ ȹȯȺȯȬȸȱȴȲ, ȷȸ Ȳ ȽȻȵȽȭȲ ȪȺȯȷȮɅ ȼȺȪȷȻȹȸȺȼȪ Ȳ ȻȴȵȪȮȸȬ. 

Ȍ țȢȊ ȬȪȰȷȪɉ ȺȸȵɆ ȸȼȬȸȮȲȼȻɉ ȻȴȵȪȮȪȶ ȸȫɃȯȭȸ ȹȸȵɆȱȸȬȪȷȲɉ ȶȯȰȸȼȺȪȻȵȯȬȸȭȸ 

ȷȪȱȷȪɁȯȷȲɉ, ɉȬȵɉɈɃȲȿȻɉ ȵȸȭȲȻȼȲɁȯȻȴȲȶȲ ɀȯȷȼȺȪȶȲ. Ȍ ȺȯȱȽȵɆȼȪȼȯ ȸȴȪȱɅȬȪȯȶɅȿ ȲȶȲ ȽȻȵȽȭ ȹȸ 

ȿȺȪȷȯȷȲɈ, ȹȸȮȭȸȼȸȬȴȯ ȴ ȸȼȹȺȪȬȴȯ Ȳ ȸȼȭȺȽȱȴȯ ȹȺȸȮȽȴɀȲȲ ȺȪȻȿȸȮɅ ȴȵȲȯȷȼȸȬ ȻȸȴȺȪɃȪɈȼȻɉ Ȭ 

ȻȺȯȮȷȯȶ ȷȪ 15%. șȺȪȴȼȲȴȽȯȼȻɉ ȻȸȱȮȪȷȲȯ ȵȸȭȲȻȼȲɁȯȻȴȲȶȲ ȹȸȻȺȯȮȷȲȴȪȶȲ ȻȸȬȶȯȻȼȷɅȿ Ȼ 
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ʉɽʂʎʀʗ 1. ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

 

ȴȵȲȯȷȼȪȶȲ ȻȴȵȪȮȻȴȲȿ ȻȼȺȽȴȼȽȺ. ȘȷȲ ȶȸȭȽȼ ȺȪȱȶȯɃȪȼɆȻɉ ȷȯȹȸȻȺȯȮȻȼȬȯȷȷȸ ȷȪ ȼȯȺȺȲȼȸȺȲȲ 

ȸȫȻȵȽȰȲȬȪȯȶȸȭȸ ȹȺȯȮȹȺȲɉȼȲɉ ȵȲȫȸ ȸȫȺȪȱȸȬɅȬȪȼɆ ȵȸȭȲȻȼȲɁȯȻȴȲȯ ɀȯȷȼȺɅ, ȸȫȻȵȽȰȲȬȪɈɃȲȳ 

ȸȮȷȸȬȺȯȶȯȷȷȸ ȷȯȻȴȸȵɆȴȸ ȹȺȯȮȹȺȲɉȼȲȳ Ȳ ȾȲȺȶ [1]. 

ȌɅȬȸȮ. ȏȬȺȸȹȪ Ȳȶȯȯȼ ȯȮȲȷɅȯ ȼȺȪȷȻȹȸȺȼȷɅȯ ȻȯȼȲ, ȴȸȼȸȺɅȶȲ ȹȸȵɆȱȽɈȼȻɉ ȷȯȻȴȸȵɆȴȸ 

ȵȸȭȲȻȼȲɁȯȻȴȲȿ ȴȸȶȹȪȷȲȳ. ȔȪȰȮȪɉ ȻȼȺȪȷȪ, ȴȪȰȮɅȳ ȭȸȺȸȮ ȻȼȺȸȲȼ ɁȪȻȼɆ ȻȯȼȲ ȷȪ ȻȬȸȯȳ 

ȼȯȺȺȲȼȸȺȲȲ, ȹȺȲȮȯȺȰȲȬȪɉȻɆ ȸȫɃȲȿ ȹȺȪȬȲȵ, ɁȼȸȫɅ ȹȸȵȽɁȲȵȪȻɆ ȸȫɃȪɉ ȸȹȼȲȶȪȵɆȷȪɉ 

ȵȸȭȲȻȼȲɁȯȻȴȪɉ ȻȯȼɆ. șȺȲ ɇȼȸȶ ȴȪȰȮȪɉ ȴȸȶȹȪȷȲɉ ȸȼȬȯɁȪȯȼ ȱȪ ȻȬȸɈ ɁȪȻȼɆ ȼȺȪȷȻȹȸȺȼȲȺȸȬȴȲ, 

ȮȸȻȼȪȬȵɉɉ ȬȸȬȺȯȶɉ Ȼ ȶȲȷȲȶȪȵɆȷɅȶȲ ȱȪȼȺȪȼȪȶȲ ȭȺȽȱ. șȺȸȲȱȬȸȮȻȼȬȯȷȷȪɉ ȲȵȲ ȼȸȺȭȸȬȪɉ 

ȴȸȶȹȪȷȲɉ ȶȸȰȯȼ ȴȪȴ ȻȪȶȪ ȲȻȹȸȵɆȱȸȬȪȼɆ ȬȸȱȶȸȰȷȸȻȼȲ ȼȺȪȷȻȹȸȺȼȷȸȳ ȻȯȼȲ, ȼȪȴ Ȳ 

ȬȸȻȹȸȵɆȱȸȬȪȼɆȻɉ ȽȻȵȽȭȪȶȲ ȼȺȪȷȻȹȸȺȼȷɅȿ ȴȸȶȹȪȷȲȳ. 

Ȍ ȊȶȯȺȲȴȯ ȭȺȽȱɅ ȹȯȺȯȬȸȱɉȼȻɉ ȼȸȵɆȴȸ ɁȯȺȯȱ ȼȺȪȷȻȹȸȺȼȷɅȯ ȴȸȶȹȪȷȲȲ, ȴȸȼȸȺɅȯ ȲȶȯɈȼ 

ȺȪȱȬȲȼȽɈ ȼȺȪȷȻȹȸȺȼȷȽɈ ȻȯȼɆ. 

Ȍ ȚȸȻȻȲȲ ȼȸȵɆȴȸ ȱȪȮȽȶȪȵȲȻɆ ȷȪȮ ȺȪȱȬȲȼȲȯȶ ȯȮȲȷȸȳ ȼȺȪȷȻȹȸȺȼȷȸȳ ȻȯȼȲ (ȺȸȻȻȲȳȻȴȲȯ 

ȹȺȸȻȼȺȪȷȻȼȬȯȷȷȸ ȺȪȻȹȺȯȮȯȵȯȷȷɅȯ ȴȸȶȹȪȷȲȲ ȻȼȺȸɉȼ ȻȬȸȲ ȵȸȭȲȻȼȲɁȯȻȴȲȯ ȻȯȼȲ). ȖȸȰȷȸ 

ȻȴȪȱȪȼɆ, Ɂȼȸ ȚȸȻȻȲɉ ȻȬȸȳ ȬɅȫȸȺ ȹȸȴȪ ȯɃȯ ȷȯ ȻȮȯȵȪȵȪ, ȷȸ ȸȫɃȲȯ ȹȸȮȿȸȮɅ ȽȰȯ ȷȪȶȯɁȯȷɅ. 

ȖȲȷȲȻȼȺ ȼȺȪȷȻȹȸȺȼȪ ȚȞ ȒȭȸȺɆ ȕȯȬȲȼȲȷ ȽȴȪȱɅȬȪȯȼ ȷȪ ȼȸ, Ɂȼȸ Ȭ ȜȺȪȷȻȹȸȺȼȷȸȳ ȻȼȺȪȼȯȭȲȲ 

ȻȼȺȪȷɅ çȸȻȸȫȸȯ ȬȷȲȶȪȷȲȯ ȸȼȬȸȮȲȼȻɉ ȺȪȱȬȲȼȲɈ Ȳ ȬȷȯȮȺȯȷȲɈ ȻȸȬȺȯȶȯȷȷɅȿ ȵȸȭȲȻȼȲɁȯȻȴȲȿ 

ȼȯȿȷȸȵȸȭȲȳ, Ɂȼȸ ȹȸȱȬȸȵȲȼ ȻȷȲȱȲȼɆ ȮȸȵɈ ȼȺȪȷȻȹȸȺȼȷɅȿ ȲȱȮȯȺȰȯȴ Ȭ ȴȸȷȯɁȷȸȳ ȻȼȸȲȶȸȻȼȲ 

ȺȸȻȻȲȳȻȴȸȳ ȹȺȸȮȽȴɀȲȲ, ȴȸȼȸȺȪɉ ȻȯȳɁȪȻ ȻȸȻȼȪȬȵɉȯȼ 15ð20%è. ȒȻȿȸȮȷȸȯ ɀȯȵȯȹȸȵȪȭȪȷȲȯ 

ȵȸȭȲȻȼȲȴȲ, ȻɁȲȼȪɈȼ Ȭ ȖȲȷȼȺȪȷȻȯ ȚȞ, ȮȸȵȰȷȸ ȻȼȪȼɆ ȸȻȷȸȬȸȳ ȹȺȸȭȺȪȶȶ ȺȪȱȬȲȼȲɉ Ȳ ȲȷȼȯȭȺȪɀȲȲ 

ȶȸȺȻȴȲȿ ȹȸȺȼȸȬ, ȰȯȵȯȱȷȸȮȸȺȸȰȷɅȿ ȵȲȷȲȳ, ȻȽȿȸȹȽȼȷɅȿ Ȳ ȪȬȲȪɀȲȸȷȷɅȿ ȼȯȺȶȲȷȪȵȸȬ, Ȫ ȼȪȴȰȯ 

ȮȺȽȭȲȿ ȵȸȭȲȻȼȲɁȯȻȴȲȿ ȸȫɄȯȴȼȸȬ. 
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5. ȘȻȸȫȯȷȷȸȻȼȲ ȵȸȭȲȻȼȲȴȲ ȭȺȽȱȸȬ Ȭ ȊȶȯȺȲȴȯ [ɇȵȯȴȼȺȸȷȷɅȳ ȺȯȻȽȺȻ]. ð ȚȯȰȲȶ ȮȸȻȼȽȹȪ: 

https://www.cargonews.lt/voditeljskie-istorii/osobennosti-logistiki-gruzov-v-amerike/ 
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ȬəəɚɞɌɢɔɫ. Ȯ ɐɌəəɚɕ ɝɞɌɞɨɑ ɜɌɝɝɘɌɞɜɔɎɌɑɞɝɫ ɝɚɢɔɌɗɨəɚɑ ɛɜɑɐɛɜɔəɔɘɌɞɑɗɨɝɞɎɚ Ɏ 
ȼɚɝɝɔɔ ɏɗɌɓɌɘɔ ɝɞɟɐɑəɞɚɎ. Ȼɜɔ ɛɚɘɚɥɔ ɌəɖɑɞɔɜɚɎɌəɔɫ ɔ ɔəɞɑɜɎɨɪ ɛɜɚɎɚɐɔɞɝɫ ɌəɌɗɔɓ ɔ ɐɌɑɞɝɫ 
ɚɢɑəɖɌ ɝɚɢɔɌɗɨəɚɕ ɛɜɑɐɛɜɔəɔɘɌɞɑɗɨɝɖɚɕ ɐɑɫɞɑɗɨəɚɝɞɔ Ɏ əɌɝɞɚɫɥɔɕ ɛɑɜɔɚɐ.  

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ. ȽɚɢɔɌɗɨəɚɑ ɛɜɑɐɛɜɔəɔɘɌɞɑɗɨɝɞɎɚ, ɛɚɞɑəɢɔɌɗ, ɍɔɓəɑɝ, ɌəɌɗɔɓ, ɚɢɑəɖɌ, 
ɓɐɜɌɎɚɚɡɜɌəɑəɔɑ, ɖɟɗɨɞɟɜɌ, ɚɍɜɌɓɚɎɌəɔɑ. 

Abstract.  This article discusses social entrepreneurship in Russia through the eyes of students. 
With the help of surveys and interviews, an analysis is carried out and an assessment of social 
entrepreneurial activity is given in the present period. 

Keywords.  Social entrepreneurship, potential, business, analysis, evaluation, health, culture, 
education. 

 

Ȍ ȻȸȬȺȯȶȯȷȷɅȿ ȽȻȵȸȬȲɉȿ ȻȸɀȲȪȵɆȷȸȯ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȸ ñ ɇȼȸ ȸȮȲȷ Ȳȱ ȬȲȮȸȬ 

ȫȲȱȷȯȻȪ ȪȴȼȲȬȷȸȳ ȮȯɉȼȯȵɆȷȸȻȼȲ. Ȍ ȸȻȷȸȬȷȸȶ ɇȼȸ ȴȪȻȪȯȼȻɉ ȼȪȴȲȿ ȻȾȯȺ, ȴȪȴ ȱȮȺȪȬȸȸȿȺȪȷȯȷȲȯ, 

ȴȽȵɆȼȽȺȪ, ȸȫȺȪȱȸȬȪȷȲȯ, ȽȮȸȬȵȯȼȬȸȺȯȷȲȯ ȲȷɅȿ ȻȸɀȲȪȵɆȷɅȿ ȹȸȼȺȯȫȷȸȻȼȯȳ ȷȪȻȯȵȯȷȲɉ ȻȼȺȪȷɅ 

[1, 2].  

ȍȺȪȰȮȪȷȻȴȲȳ ȴȸȮȯȴȻ ȚȸȻȻȲȳȻȴȸȳ ȞȯȮȯȺȪɀȲȲ ȸȹȺȯȮȯȵɉȯȼ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȸ, ȴȪȴ: 

çȻȪȶȸȻȼȸɉȼȯȵɆȷȪɉ, ȸȻȽɃȯȻȼȬȵɉȯȶȪɉ ȷȪ ȻȬȸȳ ȺȲȻȴ ȮȯɉȼȯȵɆȷȸȻȼɆ, ȷȪȹȺȪȬȵȯȷȷȪɉ ȷȪ 

ȻȲȻȼȯȶȪȼȲɁȯȻȴȸȯ ȹȸȵȽɁȯȷȲȯ ȹȺȲȫɅȵȲ ȸȼ ȹȸȵɆȱȸȬȪȷȲɉ ȲȶȽɃȯȻȼȬȸȶ, ȹȺȸȮȪȰȲ ȼȸȬȪȺȸȬ, 

ȬɅȹȸȵȷȯȷȲɉ ȺȪȫȸȼ ȲȵȲ ȸȴȪȱȪȷȲɉ ȽȻȵȽȭ ȵȲɀȪȶȲ, ȱȪȺȯȭȲȻȼȺȲȺȸȬȪȷȷɅȶȲ Ȭ ȽȻȼȪȷȸȬȵȯȷȷȸȶ 

ȱȪȴȸȷȸȶ ȹȸȺɉȮȴȯè [3]. 

Ȏȵɉ ȼȸȭȸ ɁȼȸȫɅ ȸȹȺȯȮȯȵȲȼɆ ȽȺȸȬȯȷɆ ȸȻȬȯȮȸȶȵȯȷȷȸȻȼȲ ȸ ȻȸɀȲȪȵɆȷȸȶ 

ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȯ, ȻȹȸȻȸȫȪȿ ȯȭȸ ȺȪȱȬȲȼȲɉ Ȳ ȭȸȼȸȬȷȸȻȼȲ ȻȼȽȮȯȷȼȸȬ ȱȪȷȲȶȪȼɆȻɉ 

ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȴȸȳ ȮȯɉȼȯȵɆȷȸȻȼɆɈ Ȭ ȫȽȮȽɃȯȶ, ȫɅȵ ȹȺȲȶȯȷȯȷ ȶȯȼȸȮ ȪȷȴȯȼȲȺȸȬȪȷȲɉ. 

ȘȫɄȯȴȼ ȬɅȫȸȺȸɁȷȸȳ ȻȸȬȸȴȽȹȷȸȻȼȲ ȻȸȻȼȪȬȵɉȯȼ 40 ȻȼȽȮȯȷȼȸȬ țȌȞȝ. 

ȖȸȵȸȮȯȰɆ (ȸȼ 18 Ȯȸ 24 ȵȯȼ) ð 70 ɁȯȵȸȬȯȴ; 45 ȸȹȺȸɂȯȷȷɅȿ Ȳȱ 70 ɉȬȵɉɈȼȻɉ ȶȽȰɁȲȷȪȶȲ, 

Ɂȼȸ ȻȸȻȼȪȬȵɉȯȼ 64% Ȳȱ ɁȲȻȵȪ ȸȹȺȸɂȯȷȷɅȿ. 25 ȸȹȺȸɂȯȷȷɅȿ Ȳȱ 70 ɉȬȵɉɈȼȻɉ ȮȯȬȽɂȴȪȶȲ, Ɂȼȸ 

ȻȸȻȼȪȬȵɉȯȼ 36% Ȳȱ ɁȲȻȵȪ ȸȹȺȸɂȯȷȷɅȿ. 

ȊȷȴȯȼȪ ȻȸȻȼȸȲȼ Ȳȱ 18 ȬȸȹȺȸȻȸȬ,  ȴȸȼȸȺɅȯ ȷȪȹȺȪȬȵȯȷȷɅȯ ȷȪ ȬɅɉȬȵȯȷȲȯ Ƚ ȻȼȽȮȯȷȼȸȬ 

ȱȷȪȷȲȳ ȸ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȴȸȳ ȮȯɉȼȯȵɆȷȸȻȼȲ Ȳ ȭȸȼȸȬȷȸȻȼȲ ȱȪȷȲȶȪȼɆȻɉ ȯɈ. 
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Ȍ ȮȪȷȷȸȳ Ȫȷȴȯȼȯ ȶȸȰȷȸ ȬɅȮȯȵȲȼɆ ȸȹȺȯȮȯȵȯȷȷɅȯ ȺȪȱȮȯȵɅ: 

- çȔȸȷȴȺȯȼȷɅȯ ȱȷȪȷȲɉè 

- çțȹȸȻȸȫɅ ȺȪȱȬȲȼȲɉ ȻȸɀȲȪȵɆȷȸ- ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȴȸȳ ȮȯɉȼȯȵɆȷȸȻȼȲè 

- çȌȱȪȲȶȸȻȬɉȱɆ ȫȲȱȷȯȻȪ Ȳ ȻȸɀȲȪȵɆȷȸȭȸ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȪè 

- çȍȸȼȸȬȷȸȻȼɆ ȱȪȷɉȼɆȻɉ ȮȪȷȷȸȳ ȮȯɉȼȯȵɆȷȸȻȼɆɈè. 

ȜȪȴȲȶ ȸȫȺȪȱȸȶ, ȲȻȿȸȮɉ Ȳȱ ȺȯȱȽȵɆȼȪȼȸȬ ȹȺȸȬȯȮȯȷȷȸȭȸ ȪȷȴȯȼȲȺȸȬȪȷȲɉ ȻȼȽȮȯȷȼȸȬ 

țȌȞȝ, ȻȼȪȷȸȬȲȼȻɉ ɉȻȷȸ, Ɂȼȸ Ȭ ȹȺȯȮȻȼȪȬȵȯȷȷȸȳ ȭȺȽȹȹȯ ȺȯȻȹȸȷȮȯȷȼȸȬ ȸȼȶȯɁȪȯȼȻɉ ȹȸɁȼȲ ȺȪȬȷȸȯ 

ȴȸȵȲɁȯȻȼȬȸ, ȼȯȿ, ȴȼȸ Ȳȶȯȯȼ ȴȸȷȴȺȯȼȷɅȯ ȱȷȪȷȲɉ ȸ ȮȯɉȼȯȵɆȷȸȻȼȲ ȻȸɀȲȪȵɆȷɅȿ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵȯȳ 

Ȳ ȸȫɃȲȯ ȻȬȯȮȯȷȲɉ ȸ ȷȯȳ, Ȫ ȼȪȴȰȯ ȼȯȿ, ȴȼȸ ȷȯ Ȯȸ ȴȸȷɀȪ ȹȸȷȲȶȪȯȼ, Ɂȼȸ Ȼȸȫȸȳ ȹȺȯȮȻȼȪȬȵɉȯȼ 

ȮȪȷȷȪɉ ȮȯɉȼȯȵɆȷȸȻȼɆ. ȗȯȻȶȸȼȺɉ ȷȪ ɇȼȸ ȻȺȯȮȲ ȼȯȿ Ȳ ȮȺȽȭȲȿ ȷȪȫȵɈȮȪȯȼȻɉ ȹȺȯȸȫȵȪȮȪȷȲȯ 

ȷȯȰȯȵȪȷȲɉ Ȳ ȷȯȭȸȼȸȬȷȸȻȼȲ ȱȪȷȲȶȪȼɆȻɉ ȮȯɉȼȯȵɆȷȸȻȼɆɈ ȻȸɀȲȪȵɆȷɅȿ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵȯȳ, ȫȽȮɆ Ƚ 

ȷȲȿ ȬȻȯ ȽȻȵȸȬȲɉ Ȯȵɉ ȯȯ ȬȯȮȯȷȲɉ ȸȷȲ ȼȪȴȰȯ ȷȯ ȻȼȪȵȲ ȫɅ ȯȳ ȱȪȷȲȶȪȼɆȻɉ, ȻȴȸȺȯȯ ȬȻȯȭȸ ɇȼȸ 

ȻȬɉȱȪȷȸ Ȼ ȼȯȶ, Ɂȼȸ ȺȯȻȹȸȷȮȯȷȼɅ ȲȶȯɈȼ ȲȷɅȯ ȲȷȼȯȺȯȻɅ ȸȼȵȲɁȪɈɃȲȯȻɉ ȸȼ ȲȷȼȯȺȯȻȸȬ 

ȻȬɉȱȪȷȷɅȿ Ȼ ȻȸɀȲȪȵɆȷɅȶ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȸȶ, ȼȪȴȰȯ ȻȼȸȲȼ ȸȼȶȯȼȲȼɆ, Ɂȼȸ ȸȷȲ ȻɁȲȼȪɈȼ 

ȸȻȷȸȬȷȸȳ ɀȯȷȷȸȻȼɆɈ ȻȸɀȲȪȵɆȷȸȭȸ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȪ, ȴȸȼȸȺȪɉ ȻȼȲȶȽȵȲȺȽȯȼ ȵɈȮȯȳ 

ȱȪȷȲȶȪȼɆȻɉ Ȭ ȮȪȷȷȸȳ ȸȫȵȪȻȼȲ ɇȼȸ ȹȸȵȽɁȯȷȲȯ ȮȯȷȯȰȷɅȿ ȻȺȯȮȻȼȬ Ȳ ȹȸȼȯȷɀȲȪȵ Ȯȵɉ ȮȪȵɆȷȯȳɂȯȭȸ 

ȺȪȱȬȲȼȲɉ.  

ȜȪȴȸȳ ȺȯȱȽȵɆȼȪȼ ȹȺȯȮȹȸȵȸȰȲȼȯȵɆȷȸ ȻȬɉȱȪȷ Ȼ ȼȯȶ, Ɂȼȸ ȻȾȯȺȪ ȮȯɉȼȯȵɆȷȸȻȼȲ ȻȼȽȮȯȷȼȸȬ 

Ȳȶȯȯȼ ȷȯȻȴȸȵɆȴȸ Ȳȷȸȯ ȷȪȹȺȪȬȵȯȷȲȯ ȸȼ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȪ Ȳ ȸȼ ȼȸȭȸ, Ɂȼȸ ȻȼȽȮȯȷȼɅ ȲȶȯɈȼ 

ȷȯȻȼȪȷȮȪȺȼȷȸȯ ȹȺȯȮȻȼȪȬȵȯȷȲȯ ȸ ȵɈȮɉȿ ȱȪȷȲȶȪɈɃȲȿȻɉ ȻȸɀȲȪȵɆȷɅȶ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȸȶ, 

Ȫ Ȳȶȯȷȷȸ, ȼȸ, Ɂȼȸ ȸȷȲ ȻɁȲȼȪɈȼ, ȱȪȷȲȶȪȯȼȻɉ ȮȪȷȷȸȳ ȮȯɉȼȯȵɆȷȸȻȼɆɈ ȵȲɂɆ Ȯȵɉ ȻȬȸȯȳ ȬɅȭȸȮɅ Ȳ 

ȹȸȵȽɁȯȷȲɉ ȻȺȯȮȻȼȬ Ȯȵɉ ȻȬȸȯȭȸ ȵȲɁȷȸȭȸ ȹȸȵɆȱȸȬȪȷȲɉ,. ȔȸȷȯɁȷȸ, ȮȪȷȷȪɉ ȼȸɁȴȪ ȱȺȯȷȲɉ 

ȸɂȲȫȸɁȷȪ, ȹȸȻȴȸȵɆȴȽ ȻȸɀȲȪȵɆȷȸȯ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȸ ȸȼȵȲɁȪȯȼȻɉ ȸȼ ȸȫɅɁȷȸȭȸ 

ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȪ, ȼȯȶ, Ɂȼȸ ȵɈȮȲ ȱȪȷȲȶȪɈɃȲȯȻɉ ȯȳ ȱȪɁȪȻȼȽɈ ȫȸȵɆɂȯ ȬȴȵȪȮɅȬȪɈȼ 

ȷȯȰȯȵȲ ȹȸȵȽɁȪɈȼ. 

ȒȻȿȸȮɉ Ȳȱ ȬɅɂȯȲȱȵȸȰȯȷȷȸȭȸ, ȶȸȰȷȸ ȽȼȬȯȺȰȮȪȼɆ, Ɂȼȸ ȻȺȯȮȲ ȻȼȽȮȯȷȼȸȬ Ȭ ȺȪȬȷȸȶ 

ȴȸȵȲɁȯȻȼȬȯ ȯȻȼɆ ȼȯ, ȴȼȸ ȲȶȯɈȼ ȱȷȪȷȲɉ ȸ ȻȸɀȲȪȵɆȷȸȶ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȯ Ȳ, ȼȯ, ȴȼȸ ȷȯ ȲȶȯɈȼ 

Ȳȿ. ȗȸ,  ȷȯȻȶȸȼȺɉ ȷȪ ɇȼȸ ȻȼȽȮȯȷȼɅ ȷȯ ȲȶȯɈȼ ȰȯȵȪȷȲɉ Ȳ ȭȸȼȸȬȷȸȻȼȲ ȱȪȷȲȶȪȼɆȻɉ Ȭ ȫȽȮȽɃȯȶ 

ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȴȸȳ ȮȯɉȼȯȵɆȷȸȻȼȲ, ȿȸȼɉ ȻȼȽȮȯȷȼɅ ȸȼȶȯȼȲȵȲ ȷȪȲȫȸȵȯȯ ȬȪȰȷɅȯ, ȹȸ Ȳȿ 

ȶȷȯȷȲɈ, ȹȺȸȫȵȯȶɅ, ȴȸȼȸȺɅȯ ȲȶȯɈȼȻɉ ȷȪ ȮȪȷȷɅȳ ȶȸȶȯȷȼ Ȳ ȼȯ, ȴȸȼȸȺɅȯ ȷȽȰȷȸ ȺȯɂȲȼɆ Ȭ 

ȫȽȮȽɃȯȶ, ɇȼȸ ȻȬȲȮȯȼȯȵɆȻȼȬȽȯȼ ȸ ȼȸȶ, Ɂȼȸ ȸȷȲ ȷȯ ȿȸȼɉȼ ȱȪȷȲȶȪȼɆȻɉ ȻȸɀȲȪȵɆȷɅȶ 

ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȸȶ, ȷȸ ȿȸȼɉȼ, ɁȼȸȫɅ ȴȼȸ-ȼȸ ȮȺȽȭȸȳ ȺȯɂȲȵ ȮȪȷȷɅȯ ȹȺȸȫȵȯȶɅ. 

șȺȲ ȸȹȺȸȻȯ 70 ȺȯȻȹȸȷȮȯȷȼȸȬ ȫɅȵȸ ȽȻȼȪȷȸȬȵȯȷȸ, Ɂȼȸ ȮȪȷȷȸȯ ȴȸȵȲɁȯȻȼȬȸ ȸȹȺȸɂȯȷȷɅȿ 

ȻȸȻȼȪȬȵɉȯȼ 19% Ȳȱ ȬȻȯȿ 379 (100%) ȸȫȽɁȪɈɃȲȿȻɉ Ȭ ȲȷȻȼȲȼȽȼȯ șȻȲȿȸȵȸȭȲȲ țȌȞȝ. ȘȰȲȮȪȯȶɅȯ 

ȺȯȱȽȵɆȼȪȼɅ ȪȷȴȯȼȲȺȸȬȪȷȲɉ ȻȼȽȮȯȷȼȸȬ ȒȷȻȼȲȼȽȼȪ șȻȲȿȸȵȸȭȲȲ ȷȯ ȻȸȬȹȪȵȲ Ȼ ȹȺȯȮȻȼȪȬȵȯȷȷɅȶȲ 

ȺȯȱȽȵɆȼȪȼȪȶȲ ȪȷȴȯȼȲȺȸȬȪȷȲɉ, ȹȺȯȮȹȸȵȪȭȪȵȸȻɆ, Ɂȼȸ ȻȹȯɀȲȾȲȴȪ Ȳ ȷȪȹȺȪȬȵȯȷȲȯ ȺȪȫȸȼɅ 
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ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʬʦʨʫʤʘ speed-up 

ʉɽʂʎʀʗ 1. ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

 

ȫȽȮȽɃȲȿ ȬɅȹȽȻȴȷȲȴȸȬ ȲȷȻȼȲȼȽȼȪ ȫȽȮȯȼ ȫȵȲȰȯ ȴ ȻȸɀȲȪȵɆȷȸȳ ȻȾȯȺȯ Ȳ ȻȸɀȲȪȵɆȷȸȶȽ 

ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȽ Ȭ ȸȫɃȯȶ ȱȪ ȻɁȯȼ ȻȾȯȺɅ ȺȪȫȸȼɅ ȹȻȲȿȸȵȸȭȸȬ, ȻȸɀȲȪȵɆȷɅȿ ȺȪȫȸȼȷȲȴȸȬ, 

ȹȯȮȪȭȸȭȸȬ Ȳ.ȼ.Ȯ. 

ȒȷȼȯȺȬɆɈ ȷȪȹȺȪȬȵȯȷȷȸȯ ȷȪ ȹȸȵȽɁȯȷȲȯ ȲȷȾȸȺȶȪɀȲȲ ȸ ȻȸɀȲȪȵɆȷȸȶ 

ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȯ. Ȏȵɉ ȴȪȰȮȸȭȸ ȺȯȻȹȸȷȮȯȷȼȪ ȫɅȵȲ ȹȸȮȭȸȼȸȬȵȯȷɅ ȺȪȱȷɅȯ ȬȸȹȺȸȻɅ 

ȲȷȼȯȺȬɆɈ. 

ȚȯȱȽȵɆȼȪȼɅ Ȳ ȬɅȬȸȮɅ ȹȸ ȹȺȸȬȯȮȯȷȷȸȶȽ ȲȷȼȯȺȬɆɈ ȻȸɀȲȪȵɆȷɅȿ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵȯȳ. 

 

ȚȲȻȽȷȸȴ 1.  șȺȸȫȵȯȶɅ ȻȸɀȲȪȵɆȷȸȭȸ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȪ ȲȻȿȸȮɉ Ȳȱ ȺȯȱȽȵɆȼȪȼȸȬ ȲȷȼȯȺȬɆɈ. 

 

Ȓȱ ȹȺȸȬȯȮȯȷȷȸȭȸ ȲȷȼȯȺȬɆɈ ȫɅȵȲ ȽȻȼȪȷȸȬȵȯȷɅ ȻȵȯȮȽɈɃȲȯ ȹȺȸȫȵȯȶɅ ȻȸɀȲȪȵɆȷȸȭȸ 

ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȪ: ȫȸȵɆɂȯȯ ȴȸȵȲɁȯȻȼȬȸ ȺȯȻȹȸȷȮȯȷȼȸȬ ȻɁȲȼȪɈȼ ȭȵȪȬȷɅȶȲ ȹȺȸȫȵȯȶȪȶȲ 

ȷȯȮȸȻȼȪȼȸɁȷȸȯ ȸȴȪȱȪȷȲȯ ȹȸȮȮȯȺȰȴȲ ȭȸȻȽȮȪȺȻȼȬȪ ȹȸ ȸȼȷȸɂȯȷȲɈ ȴ ȻȸɀȲȪȵɆȷȸȶȽ 

ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȽ 29%; ȗȯȱȪȲȷȼȯȺȯȻȸȬȪȷȷȸȻȼɆ Ȼȸ ȻȼȸȺȸȷɅ ȷȪȻȯȵȯȷȲɉ 29% Ȳ 

ȷȪȲȶȯȷɆɂȯȯ ȴȸȵȲɁȯȻȼȬȸ ȺȯȻȹȸȷȮȯȷȼȸȬ ȹȸ 14% ȽȴȪȱȪȵȲ ȷȯȻȯȺɆȯȱȷȸȯ ȸȼȷȸɂȯȷȲȯ, ȸȼȻȽȼȻȼȬȲȯ 

ȮȯȷȯȰȷɅȿ ȻȺȯȮȻȼȬ Ȳ ȶȪȵȪɉ ȹȸȮȮȯȺȰȴȪ ȹȸ ȸȼȷȸɂȯȷȲɈ ȴ ȹȸȰȲȵɅȶ ȵɈȮɉȶ. 

Ȍ ȴȪɁȯȻȼȬȯ ȲȷȼȯȺȬɆɈȲȺȽȯȶɅȿ ȫɅȵȲ ȹȺȪȴȼȲȴȽɈɃȲȯ ȻȸɀȲȪȵɆȷɅȯ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵȲ, 

ȲȷȼȯȺȬɆɈ ȫɅȵȸ ȱȪȹȲȻȪȷȸ ȷȪ ȮȲȴȼȸȾȸȷ Ȯȵɉ ȮȪȵɆȷȯȳɂȯȳ ȲȷȼȯȺȹȺȯȼȪɀȲȲ. Ȍ ȮȪȷȷȸȶ ȲȷȼȯȺȬɆɈ 

ȫɅȵȲ ȬɅɉȬȵȯȷɅ ȹȺȲɁȲȷɅ, ȬɅȷȽȮȲȬɂȲȯ ȱȪȷȲȶȪȼɆȻɉ ȻȸɀȲȪȵɆȷɅȶ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȸȶ, Ȫ 

ȼȪȴȰȯ ȹȺȸȫȵȯȶɅ ȻȸɀȲȪȵɆȷȸȭȸ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȪ. Ȍ ȴȪɁȯȻȼȬȯ ȹȺȸȫȵȯȶ ȻȸɀȲȪȵɆȷȸȭȸ 

ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȪ ȫɅȵȲ ȸȼȶȯɁȯȷɅ: 

1. ȗȯȮȸȻȼȪȼȸɁȷȪɉ ȹȸȮȮȯȺȰȴȪ Ȼȸ ȻȼȸȺȸȷɅ ȭȸȻȽȮȪȺȻȼȬȪ 

2. ȗȯȱȪȲȷȼȯȺȯȻȸȬȪȷȷȸȻȼɆ ȷȪȻȯȵȯȷȲɉ 

3. ȗȯ ȹȸȮȮȯȺȰȲȬȪȷȲȯ ȻȼȪȺȸȻȼȲ 

4. ȗȯȻȯȺɆȯȱȷȸȯ ȸȼȷȸɂȯȷȲȯ 

5. ȗȯȱȪȲȷȼȯȺȯȻȸȬȪȷȷȸȻȼɆ Ȭ ȻȬɉȱȲ Ȼ ȸȼȻȽȼȻȼȬȲȯȶ ȮȸȻȼȪȼȸɁȷȸȭȸ ȮȸȿȸȮȪ 

șȺȲɁȲȷȪȶȲ Ȯȵɉ ȷȪɁȪȵȪ ȸȻȽɃȯȻȼȬȵȯȷȲɉ ȮȯɉȼȯȵɆȷȸȻȼȲ ȻȸɀȲȪȵɆȷȸȭȸ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȪ ȫɅȵȲ 

ȬɅȮȯȵȯȷɅ ȻȵȯȮȽɈɃȲȯ 4 ȹȽȷȴȼȪ:  

29%

29%

14%

14%

14%ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʧʦʜʜʝʨʞʢʘ ʩʦ 

ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ

ʅʝʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ

ʅʝ ʧʦʜʜʝʨʞʠʚʘʥʠʝ ʩʪʘʨʦʩʪʠ
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ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʬʦʨʫʤʘ speed-up 

ʉɽʂʎʀʗ 1. ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

 

- ȎȸȻȼȲȰȯȷȲȯ ȻȸȫȻȼȬȯȷȷȸȳ ɀȯȵȲ 

- ȖȸȼȲȬȪɀȲɉ 

- șȸȮȮȯȺȰȴȪ Ȼȸ ȻȼȸȺȸȷɅ 

- ȎȯȷȯȰȷɅȯ ȻȺȯȮȻȼȬȪ 

 ȒȷȼȯȺȬɆɈȲȺȽȯȶɅȯ ȻȸɀȲȪȵɆȷɅȯ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵȲ ȬɅȹȸȵȷɉȵȲ ȮȯɉȼȯȵɆȷȸȻȼɆ Ȭ 

ȻȾȯȺȪȿ ȱȮȺȪȬȸȸȿȺȪȷȯȷȲɉ, Ȭ ȻȾȯȺȪȿ ȴȸȶȶȯȺɁȯȻȴȲȿ ȹȺȯȮȹȺȲɉȼȲȳ, ȷȯȴȸȶȶȯȺɁȯȻȴȲȿ 

ȹȺȯȮȹȺȲɉȼȲȳ Ȳ ȴȸȶȶȯȺɁȯȻȴȲȿ ȹȺȯȮȹȺȲɉȼȲȳ Ȼ ȷȯȴȸȶȶȯȺɁȯȻȴȲȶȲ ȹȸȮȺȪȱȮȯȵȯȷȲɉȶȲ. Ȍ 

ȸȻȷȸȬȷȸȶ ɇȼȸ ȹȺȯȮȹȺȲɉȼȲɉ ȻȶȯɂȪȷȷȸȭȸ ȼȲȹȪ ȸȫɄȯȮȲȷɉɈɃȲȿ Ȭ Ȼȯȫȯ ȴȸȶȶȯȺɁȯȻȴȽɈ Ȳ 

ȷȯȴȸȶȶȯȺɁȯȻȴȽɈ ȶȸȮȯȵɆ. șȺȲȶȯȺȪȶȲ ȻȾȯȺɅ ȮȯɉȼȯȵɆȷȸȻȼȲ ȷȯȴȸȼȸȺɅȿ Ȳȱ ȲȷȼȯȺȬɆɈȲȺȽȯȶɅȿ 

ȻȸɀȲȪȵɆȷɅȿ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵȯȳ ɉȬȵɉɈȼȻɉ: ȺȪȫȸȼȪ ȶȯȰ ȽȵȽȻȷȸȭȸ ȮȸȶȪ-ȲȷȼȯȺȷȪȼȪ Ȯȵɉ 

ȲȷȬȪȵȲȮȸȬ Ȳ ȹȺȯȻȼȪȺȯȵɅȿ ȵɈȮȯȳ, ȺȪȫȸȼȪ ɀȯȷȼȺȪ ȻȸɀȲȪȵɆȷȸȳ ȺȯȪȫȲȵȲȼȪɀȲȲ ȲȷȬȪȵȲȮȸȬ, Ȫ 

ȼȪȴȰȯ ȺȪȫȸȼȪ ɀȯȷȼȺȪ ȺȯȪȫȲȵȲȼȪɀȲȲ Ȯȵɉ ȷȯȻȸȬȯȺɂȯȷȷȸȵȯȼȷȲȿ Ȳ ȮȯɉȼȯȵɆȷȸȻȼɆ ȾȯȻȼȲȬȪȵɉ 

ȶȸȵȸȮȯȰȷɅȿ ȻȽȫȴȽȵɆȼȽȺ çȑȘȐȲȭȪȳè ȹȺȸȯȴȼ ȱȪȷȲȶȪɈɃȲȳȻɉ ȹȺȲȽɁȯȷȲȯ ȶȸȵȸȮȯȰȲ ȴ ȬȯȮȯȷȲɈ 

ȱȮȸȺȸȬȸȭȸ ȸȫȺȪȱȪ ȰȲȱȷȲ ȷȯȾȸȺȶȪȵɆȷɅȶ ȹȽȼȯȶ Ȼ ɀȯȵɆɈ ȽȵȽɁɂȯȷȲɉ ȾȲȱȲɁȯȻȴȲȿ Ȳ ȼȬȸȺɁȯȻȴȲȿ 

ȬȸȱȶȸȰȷȸȻȼȯȳ ȷɅȷȯɂȷȯȳ ȶȸȵȸȮȯȰȲ. țȼȸȲȼ ȸȼȶȯȼȲȼɆ ȷȯȴȸȼȸȺɅȯ Ȳȱ ȬȸȹȺȸȻȸȬ ȲȷȼȯȺȬɆɈ.  

 ȒȻȿȸȮɉ Ȳȱ ȼȺȯȼɆȯȭȸ ȬȸȹȺȸȻȪ ȸ ȹȺȯȮȻȼȪȬȵȯȷȲȲ ȹȸȺȼȺȯȼȪ ȻȸɀȲȪȵɆȷȸȭȸ 

ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɉ. ȋȸȵɆɂȲȷȻȼȬȸ ȲȷȼȯȺȬɆɈȲȺȽȯȶɅȿ ȻȸɀȲȪȵɆȷɅȿ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵȯȳ 

ȹȺȯȮȻȼȪȬȲȵȲ ȹȸȺȼȺȯȼ ȻȸɀȲȪȵɆȷȸȭȸ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɉ Ȭ 2 ȬȲȮȪȿ: șȯȺȬɅȳ ȬȲȮ ȹȺȯȮȻȼȪȬȵȯȷȲɉ 

ȹȸȺȼȺȯȼȪ ð ɇȼȸ ɁȯȵȸȬȯȴ ȻȸȻȼȺȪȮȪȼȯȵɆȷɅȳ, Ȼ ɂȲȺȸȴȸȳ Ȳ ȸȼȴȺɅȼȸȳ ȮȽɂȸȳ ȭȸȼȸȬɅȳ ȸȴȪȱȪȼɆ 

ȹȸȮȮȯȺȰȴȽ ȷȯȻȶȸȼȺɉ ȷȪ ȬȻȯ ȻȬȸȲ ȼȺȽȮȷȸȻȼȲ, ȴȸȼȸȺɅȯ ȬȸȱȷȲȴȪɈȼ ȷȪ ȹȺȸȼɉȰȯȷȲȲ ȬȻȯȭȸ ȹȽȼȲ 

ȯȭȸ ȮȯɉȼȯȵɆȷȸȻȼȲ, ȷȸ Ȳ ȷȯ ȱȪȫɅȬȪɈɃȲȳ ȸ Ȼȯȫȯ, ȬȯȮɆ ȯȻȵȲ ȼɅ ȷȯ ȫȽȮȯɂɆ Ȭ ȫȵȪȭȸȹȸȵȽɁȷȸȶ 

ȻȸȻȼȸɉȷȲȲ ȼɅ ȷȯ ȻȶȸȰȯɂɆ ȹȸȶȸɁɆ ȷȯ Ȼȯȫȯ ȷȯ ȮȺȽȭȲȶ. ȌȼȸȺȸȳ ȬȲȮ ȹȸȺȼȺȯȼȪ ðɁȯȵȸȬȯȴ 

ȱȪȷȲȶȪɈɃȲȳȻɉ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȴȸȳ ȮȯɉȼȯȵɆȷȸȻȼɆɈ Ȯȵɉ ȮȸȻȼȲȰȯȷȲɉ ȻȬȸȯȳ ɀȯȵȲ, ȼȸ ȯȻȼɆ ɇȼȸ 

ɁȯȵȸȬȯȴ ȴȸȼȸȺɅȳ ȬɅȹȸȵȷɉȯȼ ȻȬȸɈ ɀȯȵɆ ȲȻȹȸȵɆȱȽɉ ȮȯɉȼȯȵɆȷȸȻȼɆ ȻȸɀȲȪȵɆȷɅȿ 

ȹȺȯȮȹȺȲȷȲȶȪȼȯȵȯȳ ȴȪȴ ȲȷȻȼȺȽȶȯȷȼ Ȯȵɉ ȯȯ ȮȸȻȼȲȰȯȷȲɉ. 

 Ȍ ȸȼȬȯȼȯ ȷȪ 4 ȬȸȹȺȸȻ ȲȷȼȯȺȬɆɈȲȺȽȯȶɅȯ ȻȸɀȲȪȵɆȷɅȯ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵȲ ȺȪȱȮȯȵȲȵȲȻɆ 

ȷȪ 3 ȶȷȯȷȲɉ: șȯȺȬȸȯ ȱȪȴȵɈɁȪȵȸȻɆ Ȭ ȼȸȶ, Ɂȼȸ ȻȸɀȲȪȵɆȷɅȶ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȸȶ ȵȽɁɂȯ 

ȬȻȯȭȸ ȱȪȷȲȶȪȼɆȻɉ ȬȵȪȮȯȵɆɀȪȶ ȶȪȵȸȭȸ Ȳ/ȲȵȲ ȻȺȯȮȷȯȭȸ ȫȲȱȷȯȻȪ, ȹȸȻȴȸȵɆȴȽ ȱȪȷȲȶȪɉȻɆ ɇȼȲȶ 

ȬȲȮȸȶ ȮȯɉȼȯȵɆȷȸȻȼȲ Ȼȸ ȬȺȯȶȯȷȯȶ Ȳȿ ȹȺȯȮȹȺȲɉȼȲɉ ȷȪɁȷȽȼ ȺȪȱȬȲȬȪȼɆȻɉ Ȳ ȼȪȴȲȶ ȸȫȺȪȱȸȶ ɇȼȸ 

ȷȪɁȷȯȼ ȹȺȲȷȸȻȲȼɆ Ȳȶ ȻȼȪȫȲȵɆȷɅȳ ȮȸȿȸȮ Ȳ ȬȮȸȫȪȬȸȴ ȴ ɇȼȸȶȽ ȫȸȵȯȯ ȺȪȱȬȲȼɅȯ ȹȺȯȮȹȺȲɉȼȲɉ 

ȻȶȸȭȽȼ ɇȾȾȯȴȼȲȬȷȯȯ ȬɅȹȸȵȷɉȼɆ ȻȬȸɈ ȮȯɉȼȯȵɆȷȸȻȼɆ. ȌȼȸȺȸȯ ȶȷȯȷȲȯ ȱȪȴȵɈɁȪȵȸȻɆ Ȭ ȼȸȶ, Ɂȼȸ 

ȻȸɀȲȪȵɆȷɅȶ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȸȶ ȵȽɁɂȯ ȱȪȷȲȶȪȼɆȻɉ ȶȸȵȸȮȯȰȲ ȹȺȲ ȽȻȵȸȬȲȲ, Ɂȼȸ ȸȷȲ 

ȱȪȲȷȼȯȺȯȻȸȬȪȷɅ ȷȯ ȼȸȵɆȴȸ Ȭ ȹȸȵȽɁȯȷȲȲ ȮȸȿȸȮȪ, ȷȸ Ȳ ȰȯȵȪȷȲȲ ȹȺȲȷȸȻȲȼɆ ȹȸȵɆȱȽ ȸȫɃȯȻȼȬȽ, Ȫ 

ȼȪȴȰȯ ȻȸȫȻȼȬȯȷȷȸȭȸ ȺȪȱȬȲȼȲɉ. șȸȻȵȯȮȷȯȯ ȶȷȯȷȲȯ ȱȪȴȵɈɁȪȵȸȻɆ, Ȭ ȼȸȶ, Ɂȼȸ ȻȴȸȺȯȯ ȬȻȯȭȸ 

ȬȵȪȮȯȵɆɀɅ ȴȺȽȹȷȸȭȸ ȽȻȼȸɉȬɂȯȭȸȻɉ ȫȲȱȷȯȻȪ ȷȯ ȫȽȮȽȼ ȱȪȷȲȶȪȼɆȻɉ ȻȸɀȲȪȵɆȷɅȶ 

ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȸȶ. 
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ʉɽʂʎʀʗ 1. ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

 

 Ȍ ȸȼȬȯȼ ȷȪ ȬȸȻɆȶȸȳ ȬȸȹȺȸȻ ȲȷȼȯȺȬɆɈȲȺȽȯȶɅȯ ȸȼȬȯȼȲȵȲ, Ɂȼȸ ȱȪȴȸȷɁȲȼɆ ȻȬȸɈ 

ȮȯɉȼȯȵɆȷȸȻȼɆ ȷȯ ȹȸȱȬȸȵɉɈȼ ȫȵȲȱȴȲȯ ȵɈȮȲ, ȮȺȽȱɆɉ Ȳ ȺȸȮȻȼȬȯȷȷȲȴȲ ȹȸȮȮȯȺȰȲȬȪɈɃȲȯ ȬȪȻ Ȯȸ 

ȻȪȶȸȭȸ ȴȸȷɀȪ, ȷȯ ȼȸȵɆȴȸ ȻȵȸȬȪȶȲ, ȷȸ ȮȽȿȸȬȷȸ, ȹȸȻȼȽȹȴȪȶȲ Ȭ ȼȸȶ ɁȲȻȵȯ Ȳ ȾȲȷȪȷȻȸȬɅȶȲ. Ȕ 

ȾȪȴȼȸȺȽ ȴȸȼȸȺɅȳ ȹȸȮȮȯȺȰȲȬȪȯȼ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɉ Ȳ ȷȯ ȮȪȯȼ ȯȶȽ ȱȪȴȸȷɁȲȼɆ ȮȯɉȼȯȵɆȷȸȻȼɆ ɇȼȸ 

ȬȯȺȪ Ȭ ȻȬȸȲ ȻȸȫȻȼȬȯȷȷɅȯ ȻȲȵɅ, ȶȸȼȲȬȪɀȲɉ Ȳ ȬȸȱȶȸȰȷȸȻȼȲ ȴȸȼȸȺɅȶȲ ȬɅ ȺȪȻȹȸȵȪȭȪȯȼȯ. 

 ȎȯȬɉȼɅȳ ȬȸȹȺȸȻ ȸ ȼȸȶ, Ɂȼȸ ȫȸȵȯȯ ȬȪȰȷȸ Ȯȵɉ ȷȪɁȲȷȪȷȲȳ ȴȪȹȲȼȪȵ ȲȵȲ 

ɀȯȵȯȽȻȼȺȯȶȵȯȷȷȸȻȼɆ Ȳ ȶȸȼȲȬȪɀȲɉ, ȲȷȼȯȺȬɆɈȲȺȽȯȶɅȯ ȯȮȲȷȸȭȵȪȻȷȸ ȸȼȬȯȼȲȵȲ, Ɂȼȸ ȬȪȰȷȸ 

ȷȪȵȲɁȲȯ ȸȫȸȲȿ ȴȪɁȯȻȼȬ, ȹȸȻȴȸȵɆȴȽ ȷȪȵȲɁȲȯ ȸȮȷȲȿ ȵȲɂɆ Ȯȯȷȯȭ ȷȯ ȺȯɂȲȼ ȬȻȯ ȹȺȸȫȵȯȶɅ, ȬȪȰȷȸ 

ȷȪȵȲɁȲȯ ȲȮȯȲ Ȯȵɉ ȺȯɂȯȷȲɉ ȼȸȳ ȲȵȲ Ȳȷȸȳ ȹȺȸȫȵȯȶɅ, Ȫ ȮȯȷɆȭȲ ɇȼȸ ȲȷȻȼȺȽȶȯȷȼ Ȭ ȺȯȪȵȲȱȪɀȲȲ 

ɇȼȸȳ ȲȮȯȲ. 

 ȚȯȱȽȵɆȼȪȼɅ ȲȷȼȯȺȬɆɈ ɁȪȻȼȲɁȷȸ ȹȸȮȼȬȯȺȮȲȵȲȻɆ ȺȯȱȽȵɆȼȪȼȪȶȲ ȪȷȴȯȼȲȺȸȬȪȷȲɉ 

ȻȼȽȮȯȷȼȸȬ țȌȞȝ, Ȫ Ȳȶȯȷȷȸ ȶȸȼȲȬɅ Ȳ ȹȺȸȫȵȯȶɅ ȻȸɀȲȪȵɆȷȸȭȸ ȹȺȯȮȹȺȲȷȲȶȪȼȯȵɆȻȼȬȪ ð ȼȯ 

ȻȪȶɅȯ ȹȽȷȴȼɅ, ȴȸȼȸȺɅȯ ȹȺȸȮȯȶȸȷȻȼȺȲȺȸȬȪȵȲ ɁȪȻȼȲɁȷȸȯ ȻȸȬȹȪȮȯȷȲȯ Ȼ ȪȷȴȯȼȲȺȸȬȪȷȲȯȶ 

ȻȼȽȮȯȷȼȸȬ, Ɂȼȸ ȶȸȰȯȼ ȹȸȮȴȺȯȹȲȼɆ ȮȸȻȼȸȬȯȺȷȸȻȼɆ ȶȷȯȷȲɉ ȸȹȺȸɂȯȷȷɅȿ ȻȼȽȮȯȷȼȸȬ ȲȷȻȼȲȼȽȼȪ. 
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ȬəəɚɞɌɢɔɫ. Ȯ ɝɞɌɞɨɑ ɜɌɝɝɘɌɞɜɔɎɌɑɞɝɫ ɌɖɞɟɌɗɨəɌɫ ɝɚɢɔɌɗɨəɌɫ ɛɜɚɍɗɑɘɌ ɝɟɔɢɔɐɌɗɨəɚɏɚ 
ɛɚɎɑɐɑəɔɫ ɛɚɐɜɚɝɞɖɚɎ. Ƚɟɔɢɔɐ ɌəɌɗɔɓɔɜɟɑɞɝɫ ɝ ɛɚɓɔɢɔɕ ɝɚɢɔɚɗɚɏɔɔ ɐɑɎɔɌəɞəɚɏɚ ɛɚɎɑɐɑəɔɫ,  
ɛɜɑɐɝɞɌɎɗɑəɌ ɌɎɞɚɜɝɖɌɫ ɖɗɌɝɝɔɠɔɖɌɢɔɫ  ɚɝəɚɎəɧɡ ɠɌɖɞɚɜɚɎ, Ɏɗɔɫɪɥɔɡ əɌ ɝɟɔɢɔɐ ɛɚɐɜɚɝɞɖɚɎ, 
ɛɜɑɐɗɌɏɌɪɞɝɫ ɘɑɜɧ ɛɚ ɛɜɚɠɔɗɌɖɞɔɖɑ ɛɚɐɜɚɝɞɖɚɎɚɏɚ ɝɟɔɢɔɐɌ 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɐɑɎɔɌəɞəɚɑ ɛɚɎɑɐɑəɔɑ, ɛɚɐɜɚɝɞɖɔ, ɝɟɔɢɔɐ, ɠɌɖɞɚɜɧ ɝɟɔɢɔɐɌ 
Abstract . The article presents the main factors affecting the suicide of adolescents, their 

differences and their prevention. Suicide is analyzed from the perspective of the sociology of deviant 
behavior, an author's classification of the main factors affecting teenage suicide is presented, measures are 
proposed for the prevention of teenage suicide 

Keywords : teenagers, suicide, suicide factors 

 

țȸȬȺȯȶȯȷȷȪɉ ȰȲȱȷɆ Ȭ ȚȸȻȻȲȲ ȿȪȺȪȴȼȯȺȲȱȽȯȼȻɉ ȮȲȷȪȶȲɁȷȸȻȼɆɈ Ȳ ȷȯȻȼȪȫȲȵɆȷȸȻȼɆɈ, 

Ɂȼȸ, ȫȯȱȽȻȵȸȬȷȸ, ȻȸȱȮȪȯȼ ȷȯȸȹȺȯȮȯȵȯȷȷȸȻȼɆ Ȳ ȮȪȬȲȼ ȷȪ ȹȸȮȺȸȻȼȴȸȬ. țȸɀȲȽȶ ȶȯȷɉȯȼȻɉ, 

ȲȱȶȯȷɉɈȼȻɉ ȻȸɀȲȪȵɆȷɅȯ ȷȸȺȶɅ ȹȸȬȯȮȯȷȲɉ Ȳ ȲȮȯȪȵɅ ȶȸȵȸȮȯȰȲ. Ȕ ȻȸȰȪȵȯȷȲɈ, ȶɅ 

ȬɅȷȽȰȮȯȷɅ ȴȸȷȻȼȪȼȲȺȸȬȪȼɆ, Ɂȼȸ ȻȯȭȸȮȷɉ ȻȪȶȸȽȫȲȳȻȼȬȸ ɉȬȵɉȯȼȻɉ ȸȮȷȲȶ Ȳȱ ȮȸȻȼȪȼȸɁȷȸ 

ȺȪȻȹȺȸȻȼȺȪȷȯȷȷɅȿ ȻȹȸȻȸȫȸȬ, ȴȸȼȸȺɅȯ ȺȪȻȻȶȪȼȺȲȬȪȯȼ ȶȸȵȸȮȸȳ ɁȯȵȸȬȯȴ, ɁȼȸȫɅ ȬɅȫȺȪȼɆȻɉ Ȳȱ 

ȻȵȸȰȷȸȳ ȰȲȱȷȯȷȷȸȳ ȻȲȼȽȪɀȲȲ.[1] ȝ ȫȸȵɆɂȲȷȻȼȬȪ ȹȸȮȺȸȻȼȴȸȬ, ȮȯȶȸȷȻȼȺȲȺȽɈɃȲȿ 

ȻȽȲɀȲȮȪȵɆȷȸȯ ȹȸȬȯȮȯȷȲȯ, ȴȪȴ ȹȺȪȬȲȵȸ, ȲȶȯɈȼȻɉ ȴȪȴȲȯ-ȼȸ ȸȹȺȪȬȮȪȼȯȵɆȷɅȯ ȸȫȻȼȸɉȼȯȵɆȻȼȬȪ: 

ȹȺȸȫȵȯȶɅ Ȭ ȻȯȶɆȯ, ȸȮȲȷȸɁȯȻȼȬȸ, ȽȭȺȸȱɅ ȲȵȲ ȹȻȲȿȲɁȯȻȴȲȯ ȱȪȫȸȵȯȬȪȷȲɉ. ȗȸ Ȳȶȯȷȷȸ 

ȻȪȶȸȽȫȲȳȻȼȬȸ, ȹȸ ȻȼȪȼȲȻȼȲɁȯȻȴȲȶ ȮȪȷȷɅȶ, ȻȯȭȸȮȷɉ ȬɅȻȼȽȹȪȯȼ ȼȺȯȼɆȯȳ ȸȻȷȸȬȷȸȳ ȹȺȲɁȲȷȸȳ 

ȹȸȮȺȸȻȼȴȸȬȸȳ ȻȶȯȺȼȷȸȻȼȲ Ȭ ȚȸȻȻȲȲ, ȮȸȻȼȲȭȪɉ ȻȬȸȯȭȸ ȹȲȴȪ Ȭ ȬȸȱȺȪȻȼȯ 14-16 ȵȯȼ.[1] Ȝȯȶ 

ȻȪȶɅȶ ȲȱȽɁȯȷȲȯ Ȳ ȹȺȯȮȸȼȬȺȪɃȯȷȲȯ ȹȸȮȺȸȻȼȴȸȬȸȭȸ ȻȽȲɀȲȮȪ Ȳȶȯȯȼ ȴȸȵȸȻȻȪȵɆȷȸȯ ȱȷȪɁȯȷȲȯ, 
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ȸȻȸȫȯȷȷȸ ȻȯȳɁȪȻ, ȴȸȭȮȪ Ȭ ȚȸȻȻȲȲ ȷȪȫȵɈȮȪȯȼȻɉ ȸȹȺȯȮȯȵȯȷȷɅȳ ȺȸȻȼ ȮȪȷȷȸȳ ȾȸȺȶɅ 

ȹȸȬȯȮȯȷȲɉ.  

ȔȪȴ ȹȸȴȪȱɅȬȪɈȼ ȲȻȻȵȯȮȸȬȪȷȲɉ, ȻȪȶȸȽȫȲȳȻȼȬȸ ȸȫɅɁȷȸ ȷȯ ȷȸȻȲȼ ȬȷȯȱȪȹȷȸȭȸ ȿȪȺȪȴȼȯȺȪ. 

șȸȮȺȸȻȼȴȲ ȻȼȪȵȴȲȬȪɈȼȻɉ Ȼ ȹȺȸȫȵȯȶȪȶȲ ȯȰȯȮȷȯȬȷȸ, Ȳ ȶȸȼȲȬȪɀȲɉ ȴ ȻȽȲɀȲȮȽ ȾȸȺȶȲȺȽȯȼȻɉ 

ȹȸȻȼȯȹȯȷȷȸ. ȔȸȭȮȪ ȶȸȵȸȮɅȯ ȵɈȮȲ ȷȯ ȶȸȭȽȼ ȻȹȺȪȬȲȼɆȻɉ Ȼ ȰȲȱȷȯȷȷɅȶȲ  ȬȸȹȺȸȻȪȶȲ, Ƚ ȷȲȿ 

ȶȸȰȯȼ ȬȸȱȷȲȴȷȽȼɆ ȻȯȺɆȯȱȷȪɉ ȹȺȸȫȵȯȶȪ, ȴȸȼȸȺȪɉ Ȭ ȴȸȷȯɁȷȸȶ Ȳȼȸȭȯ ȶȸȰȯȼ ȹȺȲȬȯȻȼȲ ȴ 

ȮȯȹȺȯȻȻȲȲ ȲȵȲ ȻȪȶȸȽȫȲȳȻȼȬȽ. ȝȰȯ Ȭ 1996 ȭȸȮȽ ȻȪȶȸȽȫȲȳȻȼȬȪ ȫɅȵȲ ȷȪ ȼȺȯȼɆȯȶ ȶȯȻȼȯ ȹȸ 

ɁȪȻȼȸȼȯ ȹȺȲɁȲȷ ȻȶȯȺȼȷȸȻȼȲ ȶȸȵȸȮȯȰȲ Ȭ ȬȸȱȺȪȻȼȯ ȸȼ 15 Ȯȸ 24 ȵȯȼ ð 12,2 ȷȪ ȴȪȰȮɅȯ 100.000 

ɁȯȵȸȬȯȴ ȹȸ ȮȪȷȷɅȶ ȌȘȑ. [2] țȯȭȸȮȷɉ ȹȸȮȺȸȻȼȴȸȬɅȳ ȻȽȲɀȲȮ ɉȬȵɉȯȼȻɉ ȮȯȳȻȼȬȲȼȯȵɆȷȸ ȫȸȵɆɂȸȳ 

ȹȺȸȫȵȯȶȸȳ Ȯȵɉ ȬȻȯȭȸ ȶȲȺȸȬȸȭȸ ȻȸȸȫɃȯȻȼȬȪ. ȔȪȴ ȹȺȪȬȲȵȸ, ȹȸȮȺȸȻȼȴȲ ȻȸȬȯȺɂȪɈȼ ȻȽȲɀȲȮ ȸȼ 

ȫȸɉȱȷȲ ȷȪȴȪȱȪȷȲɉ. șȺȲ ɇȼȸȶ ȷȪ ȻȪȶȸȶ Ȯȯȵȯ ȸȷȲ ȷȯ ȹɅȼȪɈȼȻɉ ȮȯȳȻȼȬȲȼȯȵɆȷȸ ȽȳȼȲ Ȳȱ ȰȲȱȷȲ, 

ȸȷȲ ȻȼȺȯȶɉȼȻɉ ȷȯ ȫɅȼɆ ȷȪȴȪȱȪȷȷɅȶȲ ȱȪ ȴȪȴȸȳ-ȼȸ ȹȺȸȻȼȽȹȸȴ Ȳ ȲȱȫȯȭȪɈȼ ȴȸȷȾȵȲȴȼȪ Ȳȶȯȷȷȸ 

ȼȪȴȲȶȲ ȻȹȸȻȸȫȪȶȲ. ȠȯȵȯȷȪȹȺȪȬȵȯȷȷɅȳ  ȻȽȲɀȲȮ Ȭ ɇȼȸȼ ȹȯȺȲȸȮ ȮȸȻȼȪȼȸɁȷȸ ȺȯȮȴȸȯ ɉȬȵȯȷȲȯ, Ƚ 

ȹȸȮȺȸȻȼȴȸȬ ɇȼȸȭȸ ȹȯȺȲȸȮȪ ȯɃȯ ȷȯ ȻȾȸȺȶȲȺȸȬȪȵȸȻɆ ȹȸȷɉȼȲȯ, Ɂȼȸ ȹȺȯȮȻȼȪȬȵɉȯȼ Ȼȸȫȸȳ  

ȱȪȬȯȺɂȯȷȷɅȳ ȻȽȲɀȲȮ. 

țȺȯȮȲ ȹȸȮȺȸȻȼȴȸȬ ȻȺȯȮȷȯȭȸ ȹȯȺȲȸȮȪ ȮȸȻȼȪȼȸɁȷȸ ɁȪȻȼȸ  ȬȻȼȺȯɁȪȯȼȻɉ ȮȯȶȸȷȻȼȺȪȼȲȬȷȸ-

ɂȪȷȼȪȰȷɅȳ ȻȽȲɀȲȮ  ȲȵȲ ȾȸȺȶȲȺȽȯȼȻɉ ȭȸȼȸȬȷȸȻȼɆ ȴ ȻȪȶȸȹȸȰȯȺȼȬȸȬȪȷȲɈ ȸȼ ȸɃȽɃȯȷȲɉ 

ȷȯȬɅȷȸȻȲȶȸȻȼȲ ȰȲȱȷȲ. șȸȮȺȸȻȼȴȲ ȮȪȷȷȸȭȸ ȬȸȱȺȪȻȼȪ ȷȯ ȶȸȭȽȼ ȴȸȷȼȺȸȵȲȺȸȬȪȼɆ ȻȬȸȲ ɇȶȸɀȲȲ 

Ȳȱ-ȱȪ ȸȻȸȫȯȷȷȸȻȼȯȳ ȹȯȺȯȿȸȮȷȸȭȸ ȹȯȺȲȸȮȪ. ȔȪȴ ȺȪȱ ȴȺȲȱȲȻȷɅȳ ȭȸȮ ȷȪȻȼȽȹȪȯȼ, ȴȪȴ ȹȺȪȬȲȵȸ,  Ȭ 

15 ȵȯȼ. Ȍ ɇȼȸȶ ȬȸȱȺȪȻȼȯ ȹȸȮȺȸȻȼȴȲ ȻȼȪȷȸȬɉȼȻɉ ȷȯȽȻȼȸȳɁȲȬɅ ȴ ȻȼȺȯȻȻȪȶ, ȹȸɇȼȸȶȽ ȶȸȭȽȼ 

ȻȴȵȸȷɉȼɆȻɉ ȴ  ȻȽȲɀȲȮȪȵɆȷȸȶȽ ȹȸȬȯȮȯȷȲɈ. Ȍ ɇȼȸȶ ȬȸȱȺȪȻȼȯ ȷȪȫȵɈȮȪȯȼȻɉ ȻȪȶɅȳ ȹȲȴ 

ȻȽȲɀȲȮȪȵɆȷȸȭȸ ȹȸȬȯȮȯȷȲɉ ȹȸȮȺȸȻȼȴȸȬ. ȞȪȴȼȸȺȪȶȲ, ȴȸȼȸȺɅȯ ȽȬȯȵȲɁȲȬȪɈȼ ȺȲȻȴ 

ȹȸȮȺȸȻȼȴȸȬȸȭȸ ȻȽȲɀȲȮȪ, ȶȸȭȽȼ ȫɅȼɆ ȴȪȴ ȷȯȫȵȪȭȸȹȸȵȽɁȷɅȯ ȻȯȶɆȲ, ȷȯȺȪȱȮȯȵȯȷȷȪɉ ȵɈȫȸȬɆ, ȼȪȴ 

Ȳ ȽȼȺȪɁȲȬȪȷȲȯ ɀȯȵȲ Ȭ ȰȲȱȷȲ. 

țȼȪȺɂȲȳ ȹȯȺȲȸȮ ȹȸȮȺȸȻȼȴȸȬȸȭȸ ȬȸȱȺȪȻȼȪ ȷȪȻȼȽȹȪȯȼ Ȭ 17-19 ȵȯȼ. șȸȮȺȸȻȼȴȲ ȴ ɇȼȸȶȽ 

ȬȺȯȶȯȷȲ, ȴȪȴ ȹȺȪȬȲȵȸ, ȽȰȯ ȻȾȸȺȶȲȺȸȬȪȵȲ ȻȬȸɈ ȻȪȶȸȸɀȯȷȴȽ Ȳ ȹȸȵȷȸȻȼɆɈ ȸȼȮȪɈȼ ȸȼɁȯȼ Ȭ 

ȻȬȸȲȿ ȮȯȳȻȼȬȲɉȿ. ȘȷȲ ȱȷȪɈȼ, Ɂȼȸ ȼȪȴȸȯ ȻȽȲɀȲȮ Ȳ, ȼȯȶ ȷȯ ȶȯȷȯȯ,  ȬȻȯ ȺȪȬȷȸ ȺȯɂȪɈȼȻɉ ȷȪ ȷȯȭȸ. 

ȊȵȲȶȸȬȪ Ȗ. Ȋ. ȹȸȵȪȭȪȯȼ, Ɂȼȸ ȹȸȮȺȸȻȼȴȲ, ȴȸȼȸȺɅȯ ȻȸȬȯȺɂȪɈȼ ȻȽȲɀȲȮȪȵɆȷɅȳ ȹȸȻȼȽȹȸȴ, 

ȹȺɉȶȸ ȷȯ ȱȷȪɈȼ ȷȲɁȯȭȸ ȸ ȻȶȯȺȼȯȵɆȷȸȶ ȲȻȿȸȮȯ. Ȍ ȸȼȵȲɁȲȯ ȸȼ ȬȱȺȸȻȵɅȿ ȵɈȮȯȳ, Ƚ ȹȸȮȺȸȻȼȴȸȬ 

ȷȯȼ Ɂȯȼȴȸȳ ȭȺȪȷȲ ȶȯȰȮȽ ȲȻȼȲȷȷɅȶ ȻȽȲɀȲȮȸȶ Ȳ ȮȯȶȸȷȻȼȺȪȼȲȬȷȸ-ɂȪȷȼȪȰȲȺȽȯȶɅȶ. ȘȷȲ ȿȸȼɉȼ 

ȽȬȲȮȯȼɆ ȺȯȪȴɀȲɈ ȵɈȮȯȳ ȷȪ ȻȬȸɈ ȻȶȯȺȼɆ Ȳ ȷȪȮȯɈȼȻɉ ȷȪ çȹȯȺȯȺȸȰȮȯȷȲȯè. ȘȼȵȲɁȲȯ 

ȹȸȮȺȸȻȼȴȸȬȸȭȸ ȻȽȲɀȲȮȪ Ȳȶȯȷȷȸ Ȭ ȼȸȶ, Ɂȼȸ ȹȸȮȺȸȻȼȴȲ ȷȯ ȲȶȯɈȼ ȻȼȺȪȿȪ ȹȯȺȯȮ ȻȶȯȺȼɆɈ. șȸȼȯȺɉ 

ȮȸȬȯȺȲȼȯȵɆȷɅȿ ȸȼȷȸɂȯȷȲȳ Ȼ ȺȸȮȲȼȯȵɉȶȲ, ȹȸ ȶȷȯȷȲɈ ȪȬȼȸȺȪ,  ɉȬȵɉȯȼȻɉ ȸȮȷȲȶ Ȳȱ ȸȻȷȸȬȷɅȿ 

ȾȪȴȼȸȺȸȬ ȻȽȲɀȲȮȪ Ȭ ȹȸȮȺȸȻȼȴȸȬȸȶ ȬȸȱȺȪȻȼȯ. [3, Ȼ 14].  

ȔȵȪȻȻȲɁȯȻȴȸȯ ȸȹȺȯȮȯȵȯȷȲȯ ȻȽȲɀȲȮȽ ȮȪȵ ȧ. ȎɈȺȴȭȯȳȶ, ȸȷ ȫɅȵ ȸȮȷȲȶ Ȳȱ ȹȯȺȬɅȿ 

ȻȸɀȲȸȵȸȭȸȬ, ȴȸȼȸȺɅȯ ȻȼȪȵȲ ȲȱȽɁȪȼɆ ȹȺȸȫȵȯȶȽ ȻȽȲɀȲȮȪ. șȸ ȼȺȪȴȼȸȬȴȯ ȪȬȼȸȺȪ ȻȪȶȸȽȫȲȳȻȼȬȸȶ 
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ȷȪȱɅȬȪȯȼȻɉ ȴȪȰȮɅȳ ȻȶȯȺȼȷɅȳ ȻȵȽɁȪȳ, ȴȸȼȸȺɅȳ ȷȯȹȸȻȺȯȮȻȼȬȯȷȷȸ ȲȵȲ ȸȹȸȻȺȯȮȸȬȪȷȷȸ 

ɉȬȵɉȯȼȻɉ ȺȯȱȽȵɆȼȪȼȸȶ ȹȸȵȸȰȲȼȯȵɆȷȸȭȸ ȲȵȲ ȸȼȺȲɀȪȼȯȵɆȷȸȭȸ ȹȸȻȼȽȹȴȪ, ȻȸȬȯȺɂȯȷȷȸȭȸ ȻȪȶȲȶ 

ȹȸȻȼȺȪȮȪȬɂȲȶ, ȯȻȵȲ ɇȼȸȼ ȹȸȻȵȯȮȷȲȳ ȱȷȪȵ ȸȫ ȸȰȲȮȪȬɂȲȿ ȯȭȸ ȺȯȱȽȵɆȼȪȼȪȿ [4, Ȼ 230]. ȜȪȴȰȯ, 

Ȳȶȯȷȷȸ ȧ. ȎɈȺȴȭȯȳȶ ȮȸȴȪȱȪȵ, Ɂȼȸ ȽȺȸȬȯȷɆ ȻȽȲɀȲȮȪ ȱȪȬȲȻȲȼ ȸȼ ȻȹȵȸɁȯȷȷȸȻȼȲ ȸȫɃȯȻȼȬȪ Ȳ 

ȿȪȺȪȴȼȯȺȪ ȻȸɀȲȪȵɆȷɅȿ ȻȬɉȱȯȳ Ȳ ȸȼȷȸɂȯȷȲȳ. ȖȯȰȮȽ ȼȯȶ ȧ. ȎɈȺȴȭȯȳȶ ȷȯ ȸȼȺȲɀȪȵ, Ɂȼȸ ȬȪȰȷȽɈ 

ȺȸȵɆ Ȭ ȾȸȺȶȲȺȸȬȪȷȲȲ ȹȺȯȮȺȪȻȹȸȵȸȰȯȷȷȸȻȼȲ ȴ ȻȽȲɀȲȮȪȵɆȷȸȶȽ ȹȸȬȯȮȯȷȲɈ ȶȸȭȽȼ ȲȭȺȪȼɆ 

ȹȻȲȿȸȵȸȭȲɁȯȻȴȲȯ ȸȼȴȵȸȷȯȷȲɉ ȹȸȮȺȸȻȼȴȪ, ȷȸ ȸȷ ȬɅȮȯȵɉȵ ɇȼȲ ȾȪȴȼȸȺɅ ȴȪȴ ȲȷȮȲȬȲȮȽȪȵɆȷɅȯ, Ȫ 

ȷȯ ȸȫɃȯȻȼȬȪ Ȭ ɀȯȵȸȶ. ȧ. ȎɈȺȴȭȯȳȶ ȬɅȮȯȵȲȵ ȷȯȻȴȸȵɆȴȸ ȸȻȷȸȬȷɅȿ ȹȺȲɁȲȷ ȻȽȲɀȲȮȪ: 

¶ ȕȲɁȷɅȯ ȴȸȷȾȵȲȴȼɅ ð ȻȯȶɆɉ, ȵɈȫȲȶɅȳ ɁȯȵȸȬȯȴ, ȸȮȲȷȸɁȯȻȼȬȸ 

¶ ȑȮȸȺȸȬɆȯ ð ȹȻȲȿȲɁȯȻȴȲȯ ȫȸȵȯȱȷȲ 

¶ ȖȪȼȯȺȲȪȵɆȷɅȯ  

¶ ȔȸȷȾȵȲȴȼɅ, ȴȸȼȸȺɅȯ ȻȬɉȱȪȷɅ Ȼȸ ɂȴȸȵȸȳ ȲȵȲ ȺȪȫȸȼȸȳ 

¶ șȸȵȲȼȲɁȯȻȴȪɉ ȸȫȻȼȪȷȸȬȴȪ Ȭ ȻȼȺȪȷȯ 

ȒȻȻȵȯȮȸȬȪȼȯȵȲ ȻȽȲɀȲȮȪȵɆȷȸȭȸ ȹȸȬȯȮȯȷȲɉ ȬɅȮȯȵɉɈȼ ȺȪȱȵȲɁȷɅȯ ȾȸȺȶɅ ȻȽȲɀȲȮȪ. ȜȪȴ, 

ȷȪȹȺȲȶȯȺ,  ȕȲɁȴȸ Ȋ.ȏ. ȮȯȵȲȵ ȻȽȲɀȲȮ ȷȪ ȼȺȲ ȸȻȷȸȬȷɅȿ ȼȲȹȪȰȪ: 

¶ 1. ȒȻȼȲȷȷɅȳ ȻȽȲɀȲȮ - ȰȯȵȪȷȲȯ ȽȶȯȺȯȼɆ ɉȬȵɉȯȼȻɉ ȹȺȸȮȽȶȪȷȷɅȶ ȮȯȳȻȼȬȲȯȶ, ȷȯ 

ȻȹȸȷȼȪȷȷɅȶ. 

¶ 2. ȎȯȶȸȷȻȼȺȪȼȲȬȷɅȳ ȻȽȲɀȲȮ - Ȭ ȷȯȶ ȷȯȼ ȸȻȷȸȬȷȸȭȸ ȰȯȵȪȷȲɉ ȽȶȯȺȯȼɆ, ȸȻȽɃȯȻȼȬȵɉȯȼȻɉ 

Ȯȵɉ ȼȸȭȸ, ɁȼȸȫɅ ȵɈȮȲ ȸȫȺȪȼȲȵȲ ȷȪ ɁȯȵȸȬȯȴȪ ȬȷȲȶȪȷȲȯ. 

¶ 3. țȴȺɅȼɅȳ ȻȽȲɀȲȮ - ȮȪȷȷɅȯ ȲȷȮȲȬȲȮɅ ȹȸȷȲȶȪɈȼ, Ɂȼȸ ȻȽȲɀȲȮ ð ɇȼȸ ȷȯ ȬɅȿȸȮ, ȷȸ ȸȷȲ 

ȷȯ ȬȲȮɉȼ ȮȺȽȭȸȭȸ ȹȽȼȲ Ȯȵɉ ȺȯɂȯȷȲɉ ȻȬȸȲȿ ȹȺȸȫȵȯȶ. [4, Ȼ 151] 

țȯȭȸȮȷɉ ȷȯȼ ȭȪȺȪȷȼȲȺȸȬȪȷȷɅȿ ȻȹȸȻȸȫȸȬ ȬɅɉȬȲȼɆ ȹȸȮȺȸȻȼȴȪ, ȴȸȼȸȺɅȳ ȿȸɁȯȼ ȻȸȬȯȺɂȲȼɆ 

ȻȪȶȸȽȫȲȳȻȼȬȸ, ȷȸ ȶȸȰȷȸ ȬɅȮȯȵȲȼɆ ȸȻȷȸȬȷɅȯ ɁȯȺȼɅ, ȹȺȲȻȽɃȯ ȹȸȮȺȸȻȼȴȪȶ Ȼȸ ȻȴȵȸȷȷȸȻȼɆɈ ȴ 

ȻȽȲɀȲȮȪȵɆȷȸȶȽ ȹȸȬȯȮȯȷȲɈ.  

țȴȵȸȷȷȸȻȼɆ ȴ ȹȸȮȺȪȰȪȷȲɈ ȿȪȺȪȴȼȯȺȷȪ Ȯȵɉ ȶȷȸȭȲȿ ȶȸȵȸȮɅȿ ȵɈȮȯȳ ȹȸȮȺȸȻȼȴȸȬȸȭȸ 

ȬȸȱȺȪȻȼȪ. ȖȷȸȰȯȻȼȬȸ ȲȻȻȵȯȮȸȬȪȷȲȳ ȷȪȹȺȪȬȵȯȷȷȸ ȷȪ ȲȱȽɁȯȷȲȯ ȱȪȬȲȻȲȶȸȻȼȲ ȶȯȰȮȽ ȸȫȺȪȱɀȸȶ 

Ȯȵɉ ȹȸȮȺȪȰȪȷȲɉ Ȳ ȻȽȲɀȲȮȪȵɆȷɅȶ ȹȸȬȯȮȯȷȲȯȶ ȹȸȮȺȸȻȼȴȪ. ȜȪȴȲȶ ȭȯȺȸȯȶ Ȯȵɉ ȹȸȮȺȪȰȪȷȲɉ 

ȶȸȰȯȼ ȫɅȼɆ, ȴȪȴ ȺȯȪȵɆȷɅȳ ɁȯȵȸȬȯȴ, ȼȪȴ Ȳ ȬɅȶɅɂȵȯȷȷɅȳ ȸȫȺȪȱ, ȴȷȲȰȷɅȳ ȲȵȲ Ȱȯ ȴȪȴȸȳ-ȵȲȫȸ 

ȭȯȺȸȳ Ȳȱ ȹȸȹȽȵɉȺȷȸȭȸ ȻȯȺȲȪȵȪ. șȸȮȺȸȻȼȴȲ ȸȼȵȲɁȪɈȼȻɉ ȼȯȶ, Ɂȼȸ Ȳȿ ȻȸȱȷȪȷȲȯ ȯɃȯ ȹȸȵȷȸȻȼɆɈ ȷȯ 

ȻȾȸȺȶȲȺȸȬȪȵȸȻɆ Ȳ ȼȪȴȲȶ ȸȫȺȪȱȸȶ, ȸȷȲ ȹȸȮȬȯȺȭȪɈȼȻɉ ȫȸȵȯȯ ȻȲȵɆȷȸȶȽ ȮȪȬȵȯȷȲɈ ȲȱȬȷȯ, ȹȸ 

ȻȺȪȬȷȯȷȲɈ Ȼ ȬȱȺȸȻȵȸȳ ȻȾȸȺȶȲȺȸȬȪȬɂȯȳȻɉ ȵȲɁȷȸȻȼɆɈ. 

ȜȪȴȰȯ, ȹȸȮȺȸȻȼȴȲ ɉȬȵɉɈȼȻɉ ȷȪȲȫȸȵȯȯ ȽɉȱȬȲȶɅȶȲ Ȯȵɉ ȻȽȲɀȲȮȪȵɆȷɅȿ ȶɅȻȵȯȳ Ȳ 

ȸȻȸȫȯȷȷȸ ȻȸɀȲȪȵɆȷȸ ȸȺȲȯȷȼȲȺȸȬȪȷɅ - ȻȸɀȲȪȵɆȷɅȳ ȻȼȪȼȽȻ Ȳ ȻȸɀȲȪȵɆȷɅȯ ȸȼȷȸɂȯȷȲɉ 

ȷȪȿȸȮɉȼȻɉ Ȭ ɀȯȷȼȺȯ Ȳȿ ȹȸȬȻȯȮȷȯȬȷȸȳ ȰȲȱȷȲ. Ȓȶȯȷȷȸ ȹȸȮȺȸȻȼȴȲ ȲȶȯɈȼ ȻȲȵɆȷȽɈ ȱȪȬȲȻȲȶȸȻȼɆ 

ȸȼ ȻȬȸȲȿ ȻȬȯȺȻȼȷȲȴȸȬ. șȺȲ ȷȯȻȾȸȺȶȲȺȸȬȪȬɂȯȳȻɉ ȻȪȶȸȸɀȯȷȴȯ ȹȸȮȺȸȻȼȸȴ ȻȼȪȷȸȬɉȼȻɉ 

ȸȻȸȫȯȷȷȸ ȽɉȱȬȲȶ ȴ ȴȺȲȼȲȴȯ Ȼȸ ȻȼȸȺȸȷɅ. 
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ȌȸȵȴȸȬȪ Ȋ.ȗ. ȬɅȮȯȵɉȯȼ ȻȵȯȮȽɈɃȲȯ ȿȪȺȪȴȼȯȺȷɅȯ ɁȯȺȼɅ ȹȸȮȺȸȻȼȴȸȬȸȭȸ ȻȽȲɀȲȮȪȵɆȷȸȭȸ 

ȹȸȬȯȮȯȷȲɉ: 

¶ Ȏȵɉ ȻȽȲɀȲȮȪ ȿȪȺȪȴȼȯȺȷɅ ȷȯȫȸȵɆɂȲȯ ȴȸȷȾȵȲȴȼɅ Ȭ ȻȾȯȺȪȿ ȫȵȲȱȴȸȭȸ ȴȺȽȭȪ ȮȸȬȯȺȲɉ 

(ȺȸȮȲȼȯȵȲ, ȮȺȽȱɆɉ Ȳ ȮȺ.) 

¶ ȔȸȷȾȵȲȴȼɅ, ȴȸȼȸȺɅȯ ȬɅȱɅȬȪɈȼ ȴȺȲȱȲȻ, ȼȺȪȬȶɅ, ȴȸȼȸȺɅȯ ȫɅȵȲ ȹȸȵȽɁȯȷɅ ȹȺȲ 

ȸȹȺȯȮȯȵȯȷȷɅȿ ȸȫȻȼȸɉȼȯȵɆȻȼȬȪȿ 

¶ țȽȲɀȲȮ ȬȸȻȹȺȲȷȲȶȪɈȼ ȴȪȴ Ɂȼȸ-ȼȸ ȺȸȶȪȷȼȲɁȷȸȯ ȲȵȲ ȻȶȯȵɅȳ ȬɅȱȸȬ  

¶ ȎȯȶȸȷȻȼȺȪȼȲȬȷȸȯ ȹȸȬȯȮȯȷȲȯ 

¶ țȽȲɀȲȮ ð ɇȼȸ ȺȯɂȯȷȲȯ, ȴȸȼȸȺȸȯ ȼɅ ȻȸȬȯȺɂȲȵ Ȭ ȻȸȻȼȸɉȷȲȲ ȪȾȾȯȴȼȪ [7, Ȼ 80] 

 ȘȼȶȯȼȲȶ ȾȪȴȼȸȺɅ ȺȲȻȴȪ, ȴȸȼȸȺɅȯ ȶȸȭȽȼ ȹȸȬɅȻȲȼɆ ȹȺȸɀȯȷȼ ȬȯȺȸɉȼȷȸȻȼȲ ȼȸȭȸ, Ɂȼȸ 

ȹȸȮȺȸȻȼȸȴ ȻȸȬȯȺɂȲȼ ȻȽȲɀȲȮ: 

¶ ȑȵȸȽȹȸȼȺȯȫȵȯȷȲȯ ȷȪȺȴȸȼȲȴȪȶȲ Ȳ Ȫȵȴȸȭȸȵȯȶ 

¶ ȒȻȼȸȺȲɉ ȼȺȪȬȶɅ ȲȵȲ ȷȪȻȲȵȲɉ 

¶ Ȍ ȻȯȶɆȯ ȴȼȸ-ȼȸ ȹȸȼȯȺɉȵ ȺȪȫȸȼȽ 

¶ țȸɀȲȪȵɆȷȪɉ ȲȱȸȵɉɀȲɉ 

¶ ȋȯȮȷȸȻȼɆ 

¶ șȵȸȿȲȯ ȻȸɀȲȪȵɆȷɅȯ ȽȻȵȸȬȲɉ 

¶ ȗȪȻȲȵȲȯ 

¶ ȚȪȻȹȪȮ ȻȯȶɆȲ 

ȖɅ ȬɅȮȯȵȲȵȲ ȻȵȯȮȽɈɃȲȯ ȾȪȴȼȸȺɅ, ȴȸȼȸȺɅȯ ȹȸȶȸȭȪɈȼ ȹȺȸȭȷȸȱȲȺȸȬȪȼɆ ȭȸȼȸȬȷȸȻȼɆ 

ȹȸȮȺȸȻȼȴȪ ȴ ȻȽȲɀȲȮȪȵɆȷȸȶȽ ȹȸȬȯȮȯȷȲɈ, Ȫ Ȳȶȯȷȷȸ: 

¶ ȎȯȹȺȯȻȻȲɉ, ȱȪȶȴȷȽȼȸȻȼɆ, ȼȺȯȬȸȭȪ 

¶ șȸȼȯȺɉ ȲȷȼȯȺȯȻȪ ȴ ȰȲȱȷȲ: Ȭ ȻȾȯȺȯ ȻȬȸȫȸȮȷȸȭȸ ȬȺȯȶȯȷȲ, Ȭ ȻȾȯȺȯ  ȸȫɃȯȷȲɉ 

¶ ȗȪȺȽɂȯȷȲȯ ȴȸȶȶȽȷȲȴȪȼȲȬȷɅȿ ȻȬɉȱȯȳ: ȮȺȽȱɆɉ, ȻȯȶɆɉ 

șȸ ȷȪɂȯȶȽ ȶȷȯȷȲɈ, ȻȽɃȯȻȼȬȽȯȼ ȷȯȻȴȸȵɆȴȸ ȻȹȸȻȸȫȸȬ ȹȺȸȾȲȵȪȴȼȲȴȲ Ȯȵɉ 

ȹȺȯȮȽȹȺȯȰȮȯȷȲɉ ȻȽȲɀȲȮȪ Ƚ ȹȸȮȺȸȻȼȴȸȬ: 

¶ șȸȶȸɃɆ ȻȹȯɀȲȪȵȲȻȼȪ.  ȜȸȵɆȴȸ ȸȹɅȼȷɅȳ ȬȺȪɁ ȹȸȶȸȰȯȼ ȹȸȮȺȸȻȼȴȽ ȺȪȱȸȫȺȪȼɆȻɉ Ȼȸ 

ȻȬȸȲȶȲ ȹȺȸȫȵȯȶȪȶȲ Ȳ ȶȸȰȯȼ ȸȹȺȯȮȯȵȲȼɆ, ȯȻȼɆ ȵȲ Ƚ ȷȯȭȸ ȹȻȲȿȲɁȯȻȴȲȯ ȸȼȴȵȸȷȯȷȲɉ. 

¶ ȧȶȸɀȲȸȷȪȵɆȷȪɉ ȹȸȮȮȯȺȰȴȪ ȺȸȮȲȼȯȵȯȳ.  ȌȪȰȷɅȶ ȶȸȶȯȷȼȸȶ ȰȲȱȷȲ Ȳ ȻȪȶȸȸɃȽɃȯȷȲɉ 

ȹȸȮȺȸȻȼȴȪ ȬɅȻȼȽȹȪȯȼ ȼȸȼ ȾȪȴȼ, Ɂȼȸ ȯȭȸ ȹȸȷȲȶȪɈȼ ȺȸȮȲȼȯȵȲ Ȳ ȸȷ ȷȯ ȸȮȲȷ Ȭ ɇȼȸȶ ȻȵȸȰȷȸȶ Ȳ 

ȹȺȸȫȵȯȶȷȸȶ ȶȲȺȯ.  

¶ ȞȲȱȲɁȯȻȴȪɉ ȪȴȼȲȬȷȸȻȼɆ. ȞȲȱȲɁȯȻȴȪɉ ȪȴȼȲȬȷȸȻȼɆ ȻȹȸȻȸȫȷȪ ȬɅȱȬȪȼɆ ȬɅȫȺȸȻ 

ɇȷȮȸȺȾȲȷȪ, Ɂȼȸ ȻȹȸȻȸȫȻȼȬȽȯȼ ȹȸɉȬȵȯȷȲɈ Ƚ ȶȸȵȸȮȸȭȸ ɁȯȵȸȬȯȴȪ ȸɃȽɃȯȷȲɉ ȻɁȪȻȼɆɉ Ȳ 

ȽȮȸȬȸȵɆȻȼȬȲɉ, ȻȷȲȰȪɈɃȲȿ ȻȼȺȯȶȵȯȷȲȯ ȴ ȻȽȲɀȲȮȽ. 
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 Ȓȱ ȬȻȯȭȸ ȬɅɂȯȻȴȪȱȪȷȷȸȭȸ ȶȸȰȷȸ ȻȮȯȵȪȼɆ ȬɅȬȸȮ, Ɂȼȸ ȲȶȯȯȼȻɉ ȶȷȸȰȯȻȼȬȯȷȷȸȯ 

ȴȸȵȲɁȯȻȼȬȸ ȾȪȴȼȸȺȸȬ Ȳ ȻȼȺȯȻȻȸȬ, Ȼ ȴȸȼȸȺɅȶȲ ȻȼȪȵȴȲȬȪȯȼȻɉ ȹȸȮȺȸȻȼȸȴ ȹȺȪȴȼȲɁȯȻȴȲ 

ȯȰȯȮȷȯȬȷȸ Ȳ ȴȸȼȸȺɅȯ ȸȴȪȱɅȬȪɈȼ ȬȵȲɉȷȲȯ ȷȪ ȽȬȯȵȲɁȯȷȲȯ ȯȭȸ ȻȴȵȸȷȷȸȻȼȲ ȴ ȻȽȲɀȲȮȪȵɆȷȸȶȽ 

ȹȸȬȯȮȯȷȲɈ ȲȵȲ, ȷȪȸȫȸȺȸȼ, ȻȷȲȰȪɈȼ ȻȼȺȯȶȵȯȷȲȯ ȴ ȻȽȲɀȲȮȽ.  

ȘȮȷȲȶ Ȳȱ ȸȻȷȸȬȷɅȿ ȾȪȴȼȸȺȸȬ, ȹȸ ȹȺȲɁȲȷȯ  ȴȸȼȸȺȸȭȸ ȹȸȮȺȸȻȼȸȴ ȻȸȬȯȺɂȪȯȼ ȻȽȲɀȲȮ,  

ɉȬȵɉȯȼȻɉ ȸɃȽɃȯȷȲȯ ȷȯȹȸȷȲȶȪȷȲɉ Ȼȸ ȻȼȸȺȸȷɅ ȫȵȲȱȴȲȿ ȵɈȮȯȳ. țȼȺȯȶȵȯȷȲȯ ȫɅȼɆ 

ȻȪȶȸȻȼȸɉȼȯȵɆȷɅȶ Ȳ ȬȱȺȸȻȵɅȶ ȱȪɁȪȻȼȽɈ ȹȺȲȬȸȮȲȼ ȴ ȺȪȱȺɅȬȽ Ȳ ȴȸȷȾȵȲȴȼȷɅȶ ȸȼȷȸɂȯȷȲɉȶ Ȼ 

ȺȸȮȲȼȯȵɉȶȲ, ȼȸȭȮȪ ȴȪȴ Ȭ ȻȺȯȮȯ ȻȬȯȺȻȼȷȲȴȸȬ ȹȸȷȲȶȪȷȲȯ ȬȸȱȷȲȴȪȯȼ ȮȪȵȯȴȸ ȷȯ ȬȻȯȭȮȪ ȹȸ 

ȹȺȲɁȲȷȯ ȺȪȱȷȲɀɅ Ȭ ȲȷȮȲȬȲȮȽȪȵɆȷɅȿ ȻȺȸȴȪȿ Ȳ ȮȲȷȪȶȲȴȯ ȬȱȺȸȻȵȯȷȲɉ. Ȍ ȹȽȫȯȺȼȪȼȷȸȶ ȹȯȺȲȸȮȯ 

ȹȸȮȺȸȻȼȴȪȶ ȴȪȰȯȼȻɉ, Ɂȼȸ Ȳȿ ȷȲȴȼȸ ȷȯ ȹȸȷȲȶȪȯȼ, Ɂȼȸ Ȳȿ ȬȻȯ ȸȻȽȰȮȪɈȼ. Ȍ ȼȪȴȲȿ ȽȻȵȸȬȲɉȿ 

ȺȸȮȲȼȯȵɉȶ, ȽɁȲȼȯȵɉȶ, ȹȺȯȮȻȼȪȬȲȼȯȵɉȶ ȻȼȪȺɂȯȭȸ ȹȸȴȸȵȯȷȲɉ ȻȼȸȲȼ ȫɅȼɆ ȼȯȺȹȯȵȲȬȯȯ. ȘȻȸȫȸ 

ȹȸȮɁȯȺȴȷȯȶ ȻȵȽɁȪȲ, ȴȸȭȮȪ ȮȯȳȻȼȬȲȼȯȵɆȷȸ ȹȺȸȲȻȿȸȮȲȼ ȮȪȬȵȯȷȲȯ ȷȪ ȹȸȮȺȸȻȼȴȪ Ȼȸ ȻȼȸȺȸȷɅ 

ȺȸȮȲȼȯȵȯȳ, ȰȯȻȼȴȲȳ ȴȸȷȼȺȸȵɆ, ȷȪȻȲȵȲȯ ȲȵȲ ȽȷȲȰȯȷȲȯ. Ȍ ɇȼȸȶ ȻȵȽɁȪȯ ȹȸȮȺȸȻȼȸȴ ȱȪɁȪȻȼȽɈ ȷȯ 

ȬȲȮȲȼ Ȳȷȸȭȸ ȬɅȿȸȮȪ Ȳȱ ȻȲȼȽȪɀȲȲ ȴȺȸȶȯ ȴȪȴ ȹȸȴȸȷɁȲȼɆ ȰȲȱȷɆ ȻȪȶȸȽȫȲȳȻȼȬȸȶ. 

Ȝȯȶ ȻȪȶɅȶ ȶɅ ȮȸȵȰȷɅ ȹȸȷȲȶȪȼɆ, Ɂȼȸ, ȷȯȻȶȸȼȺɉ ȷȪ ȼȸ, Ɂȼȸ ȯȻȼɆ ȶȷȸȰȯȻȼȬȸ ȻȹȸȻȸȫȸȬ 

ȬɅɉȬȲȼɆ ȹȸȮȺȸȻȼȴȪ, ȴȸȼȸȺɅȳ ȮȽȶȪȯȼ ȸ ȻȪȶȸȽȫȲȳȻȼȬȯ, ȷȪ ȹȺȪȴȼȲȴȯ ȻȮȯȵȪȼɆ ɇȼȸ ȷȯ ȼȪȴ-ȼȸ Ȳ 

ȹȺȸȻȼȸ. șȸȷɉȼɆ, Ɂȼȸ ɁȯȵȸȬȯȴ ȷȯ ȻȼȪȫȲȵȯȷ ȲȵȲ Ȭ ȮȯȹȺȯȻȻȲȲ ȶȸȰȯȼ ȼȸȵɆȴȸ ȻȹȯɀȲȪȵȲȻȼ.  
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ʉɽʂʎʀʗ 3. ʌʀʃʆʉʆʌʀʗ 

 

 

țȏȔȠȒȩ 3. ȞȒȕȘțȘȞȒȩ 

 
ȝȎȔ 1 

ȞȯȮȸȼȸȬ Ȍ.ș. Ȓȱ ȲȻȼȸȺȲȲ ȮȸȴȪȱȪȼȯȵɆȷɅȿ ȺȪȻȻȽȰȮȯȷȲȳ 

From the history of evidence 

 

ɀɑɐɚɞɚɎ ȮɌɗɑɜɔɕ ȻɌɎɗɚɎɔɣ,  

țȶȸȵɆȷɅȳ ȲȷȻȼȲȼȽȼ, ȭ. țȪȷȴȼ-șȯȼȯȺȫȽȺȭ  

Fedotov Valery Pavlovich, 

Smolny Institute, St. Petersburg 

 

ȬəəɚɞɌɢɔɫ. ɉɎɚɗɪɢɔɫ ɞɜɑɍɚɎɌəɔɕ ɖ ɐɚɖɌɓɌɞɑɗɨɝɞɎɌɘ ɛɜɚɔɗɗɪɝɞɜɔɜɚɎɌəɌ 
ɘɌɗɚɔɓɎɑɝɞəɧɘɔ ɛɜɔɘɑɜɌɘɔ ɔɓ ɔɝɞɚɜɔɔ ɏɑɚɘɑɞɜɔɔ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɌɖɝɔɚɘɌɞɔɖɌ, ɏɑɚɘɑɞɜɔɫ, ɐɚɖɌɓɌɞɑɗɨɝɞɎɚ, ɞɑɚɜɔɫ ɘəɚɒɑɝɞɎ. 
Abstract . The evolution of proof requirements is illustrated by little-known examples from the 

history of geometry. 
Keywords:  axiomatics, geometry, proof, set theory. 

 

ȧȼȸȼ ȼȯȴȻȼ ȹȺȯȮȻȼȪȬȵɉȯȼ Ȼȸȫȸȳ ȬȯȻɆȶȪ ȼȯȷȮȯȷɀȲȸȱȷȽɈ ȹȸȮȫȸȺȴȽ ȶȪȵȸȲȱȬȯȻȼȷɅȿ 

ȾȪȴȼȸȬ Ȳȱ ȲȻȼȸȺȲȲ ȶȪȼȯȶȪȼȲȴȲ. ȔȸȵȵȯȴɀȲɉ ȫɅȵȪ ȻȸȫȺȪȷȪ Ȭ ȴȪɁȯȻȼȬȯ ȲȵȵɈȻȼȺȪɀȲȳ Ȯȵɉ 

ȵȯȴɀȲȸȷȷɅȿ ȴȽȺȻȸȬ çȜȯȸȺȲɉ ȲȻȴȽȻȻȼȬȯȷȷȸȭȸ ȲȷȼȯȵȵȯȴȼȪè Ȳ çȖȪȼȯȶȪȼȲɁȯȻȴȪɉ ȵȸȭȲȴȪ Ȳ ȼȯȸȺȲɉ 

ȪȵȭȸȺȲȼȶȸȬè, ȴȸȼȸȺɅȯ ȪȬȼȸȺ ɁȲȼȪȵ Ȭ ȽȷȲȬȯȺȻȲȼȯȼȯ ȒȜȖȘ Ȭ 2006-17ȭȭ. ȎȪȰȯ Ȭ ȴȪɁȯȻȼȬȯ çȮȪȬȷȸ 

ȱȪȫɅȼȸȭȸ ȻȼȪȺȸȭȸè ȪȬȼȸȺ ȷȯ ȹȺȯȼȯȷȮȽȯȼ ȷȪ ȲȻȼȸȺȲɁȯȻȴȲȯ ȸȼȴȺɅȼȲɉ, ȷȸ ȫȯȺɊȼ ȷȪ Ȼȯȫɉ ȬȻɈ 

ȹȸȵȷȸȼȽ ȸȼȬȯȼȻȼȬȯȷȷȸȻȼȲ ȱȪ ȲȷȼȯȺȹȺȯȼȪɀȲȲ.  

țȸȭȵȪȻȷȸ ȹȺȲȷɉȼȸȳ ȫȸȵɆɂȲȷȻȼȬȸȶ ȲȻȼȸȺȲȴȸȬ ȿȺȸȷȸȵȸȭȲȲ, ȯɃɊ 6 ȼɅȻɉɁ ȵȯȼ ȷȪȱȪȮ 

ȭȯȸȶȯȼȺȲȯȳ ȱȪȷȲȶȪȵȲȻɆ ȹȺȸȾȯȻȻȲȸȷȪȵɆȷɅȯ ȽɁɊȷɅȯ. Ȍ ɁȪȻȼȷȸȻȼȲ, ȮȺȯȬȷȯȯȭȲȹȯȼȻȴȲȯ ȰȺȯɀɅ 

ȫȯȱȸɂȲȫȸɁȷȸ ȺȪȻȻɁȲȼɅȬȪȵȲ ȮȪȼɅ ȫȽȮȽɃȲȿ ȻȸȵȷȯɁȷɅȿ Ȳ ȵȽȷȷɅȿ ȱȪȼȶȯȷȲȳ. țȯȭȸȮȷɉ ȽȺȸȬȯȷɆ 

ȻȵȸȰȷȸȻȼȲ ɇȼȸȳ ȱȪȮȪɁȲ ȻȸȸȼȬȯȼȻȼȬȽȯȼ 2 ȴȽȺȻȽ ȽȷȲȬȯȺȻȲȼȯȼȸȬ, Ȫ Ȯȵɉ ȯɊ ȺȯɂȯȷȲɉ ȲȻȹȸȵɆȱȽɈȼȻɉ 

ȴȸȶȹɆɈȼȯȺɅ. 

ȋȸȵȯȯ ȹȸȵȸȬȲȷɅ ȻȬȸȯȳ ȲȻȼȸȺȲȲ ȭȯȸȶȯȼȺȲɉ ȸȫȿȸȮȲȵȪȻɆ ȬȸȸȫɃȯ ȫȯȱ ȮȸȴȪȱȪȼȯȵɆȻȼȬ. 

çȒȱȶȯȺȯȷȲȯ ȱȯȶȵȲè ȸȻȼȪȬȪȵȸȻɆ ȼȪȴȸȳ Ȱȯ ɇȶȹȲȺȲɁȯȻȴȸȳ ȯȻȼȯȻȼȬȯȷȷȸȳ ȷȪȽȴȸȳ, ȴȪȴ Ȳ ȬȯȻɆȶȪ 

ȫȵȲȱȴȲȯ ȭȯȸȭȺȪȾȲɉ ȲȵȲ ȪȻȼȺȸȷȸȶȲɉ. 

șȺȲɁȲȷȽ ȼȪȴȸȭȸ ȹȸȵȸȰȯȷȲɉ ȷȽȰȷȸ ȲȻȴȪȼɆ ȷȯ ȬȷȽȼȺȲ ȻȪȶȸȳ ȷȪȽȴȲ, Ȫ Ȭ ȽȻȼȺȸȳȻȼȬȯ 

ȼȸȭȮȪɂȷȯȭȸ ȸȫɃȯȻȼȬȪ, ȷȪȭȵɉȮȷɅȶ ȻȲȶȬȸȵȸȶ ȴȸȼȸȺȸȭȸ ȻȼȪȵȲ ȮȺȯȬȷȯȯȭȲȹȯȼȻȴȲȯ ȹȲȺȪȶȲȮɅ. 

ȏȭȸ ȴȪȻȼȸȬȸȻȼɆ Ȳ ȰɊȻȼȴȪɉ ȲȯȺȪȺȿȲɉ ȹȸȵȷȸȻȼɆɈ ȲȻȴȵɈɁȪȵȲ ȹȸȼȺȯȫȷȸȻȼɆ Ȭ ȺȪȱȽȶȷȸȳ 

ȪȺȭȽȶȯȷȼȪɀȲȲ. 

țȸȬȯȺɂȯȷȷȸ ȲȷȪɉ ȴȽȵɆȼȽȺȷȪɉ ȻȺȯȮȪ ȻȵȸȰȲȵȪȻɆ Ȭ ȭȺȯɁȯȻȴȲȿ ȹȸȵȲȻȪȿ. ȚȪȫȸȬȵȪȮȯȷȲȯ 

ȹȺȯȴȺȪȻȷȸ ȻȸɁȯȼȪȵȸȻɆ Ȭ ȷȲȿ Ȼ ȮȯȶȸȴȺȪȼȲȯȳ Ȯȵɉ ȻȬȸȫȸȮȷɅȿ ȭȺȪȰȮȪȷ. ȞȸȺȶȪȵɆȷȸ ȺȪȬȷɅȯ ȹȸ 
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ȻȼȪȼȽȻȽ ȬɅȷȽȰȮȯȷɅ ȫɅȵȲ ȽȫȯȰȮȪȼɆ ȻȸȫȯȻȯȮȷȲȴȸȬ Ȭ ȻȬȸȯȳ ȹȺȪȬȸȼȯ. Ȓȶȯȷȷȸ ȹȸȼȺȯȫȷȸȻȼɆ Ȭ 

ȽȶȯȷȲȲ ȮȸȴȪȱɅȬȪȼɆ ȹȺȲȬȯȵȪ ȴ ȹȸɉȬȵȯȷȲɈ ȺȲȼȸȺȲȴȲ Ȳ ȾȲȵȸȻȸȾȲȲ. ȜȸȭȮȪ Ȱȯ ȹȸɉȬȲȵȲȻɆ Ȳ 

ȹȯȺȬɅȯ ȭȯȸȶȯȼȺȲɁȯȻȴȲȯ ȮȸȴȪȱȪȼȯȵɆȻȼȬȪ, ȪȬȼȸȺȸȶ ȴȸȼȸȺɅȿ ȲȻȼȸȺȲȴȲ ȻɁȲȼȪɈȼ ȞȪȵȯȻȪ [16]. 

ȔȪȴ Ȳ ȹȸ-ȺȽȻȻȴȲ, Ȭ ȫȸȵɆɂȲȷȻȼȬȯ ɉȱɅȴȸȬ ȭȵȪȭȸȵ çȮȸȴȪȱȪȼɆè Ȳȶȯȯȼ ȷȯȻȴȸȵɆȴȸ 

ȻȸȬȯȺɂȯȷȷȸ ȺȪȱȷɅȿ ȻȶɅȻȵȸȬ, Ɂȼȸ ɁȪȻȼȸ ȻȼȪȷȸȬȲȼȻɉ ȹȺȲɁȲȷȸȳ Ȳȿ ȹȽȼȪȷȲɀɅ [14]. 

șȯȺȬȸȷȪɁȪȵɆȷȸ ȲȻȼȲȷȪ ȺȸȰȮȪȵȪȻɆ Ȭ ȻȹȸȺȯ. ȎȸȴȪȱɅȬȪȷȲȯ ȹȺȸȲȻȿȸȮȲȵȸ Ȭ ȮȲȪȵȸȭȯ, ȾȸȺȶȪȼ 

ȴȸȼȸȺȸȭȸ ȻȴȵȪȮɅȬȪȵȻɉ ȹȸȻȼȯȹȯȷȷȸ ȹȸ ȶȯȺȯ ȷȪȴȸȹȵȯȷȲɉ ȸȹɅȼȪ ȽȫȯȮȲȼȯȵɆȷɅȿ ȺȪȻȻȽȰȮȯȷȲȳ. 

ȏȻȵȲ ȸȹȹȸȷȯȷȼ ȻȸȭȵȪɂȪȵȻɉ Ȼ ȬɅȻȴȪȱȪȷȷɅȶ ȼȯȱȲȻȸȶ, ȼȸ ȮȸȴȵȪȮɁȲȴ ȻȺȪȱȽ ȹȯȺȯȿȸȮȲȵ ȴ 

ȻȵȯȮȽɈɃȯȶȽ. ȗȸ ȬȸȱȺȪȰȯȷȲɉ ȼȺȯȫȸȬȪȵȲ ȮȯȼȪȵȲȱȪɀȲȲ ȪȺȭȽȶȯȷȼȸȬ Ȳ Ȳȿ ȸȫȸȻȷȸȬɅȬȪȷȲɉ. 

șȺȸȾȯȻȻȲȸȷȪȵɆȷɅȯ ȸȺȪȼȸȺɅ Ȳ ȽɁȲȼȯȵɉ ȺȲȼȸȺȲȴȲ ȻȾȸȺȶȲȺȸȬȪȵȲ ȼȯ ȾȲȭȽȺɅ ȺȯɁȲ, 

ȴȸȼȸȺɅȯ ȻȼȪȵȲ ȸȫɃȯȲȱȬȯȻȼȷɅȶȲ ȼȯȹȯȺɆ ȱȪȴȸȷȪȶȲ ȵȸȭȲȴȲ. șȺȸȳȮȽȼ ȬȯȴȪ, ȹȺȯȰȮȯ Ɂȯȶ 

ȊȺȲȻȼȸȼȯȵɆ [11] ȱȪȹȲɂȯȼ ɇȼȲ ȱȪȴȸȷɅ Ȭ ȼȯȴȻȼȸȬȸȶ ȾȸȺȶȪȼȯ, Ȫ ȶȷȸȭȸ ȹȸȱȰȯ ȋȽȵɆ [3] Ȭ ȬȲȮȯ 

ȾȸȺȶȽȵ. 

ȧȼȸ ȼȺȪȷȻȾȸȺȶȲȺȸȬȪȵȸ ȺȯȪȵɆȷɅȳ ȹȺȸɀȯȻȻ ȽȫȯȰȮȯȷȲɉ Ȭ ȮȲȪȵȸȭȯ Ȭ ȬȲȺȼȽȪȵɆȷɅȳ. 

ȘȹȯȺȯȰȪɉ ȬȸȱȺȪȰȯȷȲɉ Ȳ ȬȸȹȺȸȻɅ, ȮȸȴȵȪȮɁȲȴ ȻȪȶ ȾȸȺȶȽȵȲȺȸȬȪȵ ȬȸȱȶȸȰȷɅȯ 

ȴȸȷȼȺȪȺȭȽȶȯȷȼɅ Ȳ ȬȶȯȻȼȸ ȸȹȹȸȷȯȷȼȪ ȸȼȬȯɁȪȵ  ȻȪȶȸȶȽ Ȼȯȫȯ. ȎȸȴȪȱȪȼȯȵɆȻȼȬȸ ȹȺȯȬȺȪȼȲȵȸȻɆ Ȭ 

ȻȼȺȽȴȼȽȺȲȺȸȬȪȷȷɅȳ ȼȯȴȻȼ, ȲȼȸȭȸȬɅȳ ȬɅȬȸȮ ȴȸȼȸȺȸȭȸ ȹȸȵȽɁȪȵȻɉ Ȳȱ çȸɁȯȬȲȮȷɅȿè ȽȼȬȯȺȰȮȯȷȲȳ 

ȹȺȲȶȯȷȯȷȲȯȶ ȴ ȷȲȶ ȵȸȭȲɁȯȻȴȲȿ ȸȹȯȺȪɀȲȳ. Șȹȹȸȷȯȷȼ ȻȼȪȵ ȵȲɂȷȲȶ! 

țȵȯȮȽɈɃȪɉ ȼȺȪȷȻȾȸȺȶȪɀȲɉ ȹȺȸȲȱȸɂȵȪ Ȭ ȽɁȯȫȷɅȿ ȱȪȬȯȮȯȷȲɉȿ. ȌȶȯȻȼȸ ȽȫȯȰȮȯȷȲɉ 

ɀȯȵɆɈ ȮȸȴȪȱȪȼȯȵɆȻȼȬ ȻȼȪȵȸ ȸȫȽɁȯȷȲȯ ȲȻȴȽȻȻȼȬȽ ȺȪȻȻȽȰȮȪȼɆ.  Ȋ ȮȲȪȵȸȭ ȺȪȬȷɅȿ ȹȺȯȬȺȪȼȲȵȻɉ Ȭ 

ȮȲȪȵȸȭ ȽɁȲȼȯȵɉ Ȳ ȽɁȯȷȲȴȪ. ȕȲɂɆ ȸɁȯȷɆ ȷȯȶȷȸȭȲȯ ȽɁȲȼȯȵɉ ȮȸȹȽȻȴȪȵȲ ȹȯȺȯȶȯȷȽ Ⱥȸȵȯȳ Ȭ 

ȮȲȪȵȸȭȯ. 

ȗȪȴȸȷȯɀ, ȹȸɉȬȲȵȲȻɆ ȲȱȮȪȷȷɅȯ ȶȪȻȻȸȬɅȶȲ ȼȲȺȪȰȪȶȲ ȽɁȯȫȷȲȴȲ. Ȍ ȷȲȿ 

ȻȼȺȽȴȼȽȺȲȺȸȬȪȷȷɅȳ ȼȯȴȻȼ ȲȻȿȸȮȷɅȿ ȮȸȴȪȱȪȼȯȵɆȻȼȬ ȹȺȯȬȺȪȼȲȵȻɉ Ȭ ȵȲȷȯȳȷɅȳ ȼȯȴȻȼ, ȴȸȼȸȺɅȳ 

ȽɁȯȷȲȴȽ ȷȪȮȵȯȰȪȵȸ ȱȪȽɁȲȼɆ Ȳ ȿȽȮȸȰȯȻȼȬȯȷȷȸ ȹȺȸȮȯȴȵȪȶȲȺȸȬȪȼɆ, ȮȪȰȯ ȷȯ ȬȷȲȴȪɉ Ȭ ȻȽȼɆ. Șȼ 

ȹȯȺȬȸȷȪɁȪȵɆȷɅȿ ȻȶɅȻȵȪ ȭȵȪȭȸȵȪ çȮȸȴȪȱȪȼɆè Ȳ ɀȯȵȲ ȽȫȯȮȲȼɆ ȸȹȹȸȷȯȷȼȪ ȷȯ ȸȻȼȪȵȸȻɆ ȷȲɁȯȭȸ. 

ȗȸ ȬȯȺȷɊȶȻɉ ȴ ȪȷȼȲɁȷȸȳ ȭȯȸȶȯȼȺȲȲ. ȚȪȮȲȴȪȵɆȷɅȳ ȹȯȺȯȬȸȺȸȼ Ȭ ȷȯȳ ȻȸȬȯȺɂȲȵ ȍȲȹȹȪȻ 

ȖȯȼȪȹȸȷȼȻȴȲȳ (ȽɁȯȷȲȴ șȲȾȪȭȸȺȪ, ȴȸȼȸȺȸȭȸ ȹȸ-ȺȽȻȻȴȲ ɁȪȻȼȸ ȷȪȱɅȬȪɈȼ ȒȹȪȼȲȯȶ). ȏȭȸ ȼȯȸȺȯȶȽ 

ȶȸȰȷȸ ȷȪȳȼȲ ȶȯȵȴȲȶ ɂȺȲȾȼȸȶ Ȭ ȷȯȴȸȼȸȺɅȿ ɂȴȸȵɆȷɅȿ ȽɁȯȫȷȲȴȪȿ ȪȵȭȯȫȺɅ. ȗȪ ȻȸȬȺȯȶȯȷȷȸȶ 

ɉȱɅȴȯ ȸȷȪ ȽȼȬȯȺȰȮȪȯȼ ȲȺȺȪɀȲȸȷȪȵɆȷȸȻȼɆ ȴȬȪȮȺȪȼȷȸȭȸ ȴȸȺȷɉ Ȳȱ ȮȬȽȿ [9]. 

ȗȸ Ƚ ȭȺȯȴȸȬ ȷȯ ȫɅȵȸ ȷȲ ȪȵȭȯȫȺɅ, ȷȲ ȿȸȺȸɂȸ ȲȱȬȯȻȼȷɅȿ ȷɅȷȯɂȷȲȶ ɂȴȸȵɆȷȲȴȪȶ 

ȫȽȴȬȯȷȷɅȿ ȸȫȸȱȷȪɁȯȷȲȳ ȹȯȺȯȶȯȷȷɅȿ, ȪȬȼȸȺȻȼȬȸ ȴȸȼȸȺɅȿ ȹȺȲȷȪȮȵȯȰȲȼ ȎȯȴȪȺȼȽ. ȌȶȯȻȼȸ 

ɁȲȻȯȵ ȭȺȯȴȲ ȹȸȵɆȱȸȬȪȵȲȻɆ ȸȼȷȸɂȯȷȲɉȶȲ ȭȯȸȶȯȼȺȲɁȯȻȴȲȿ ȬȯȵȲɁȲȷ. șȸɇȼȸȶȽ Ƚ ȻȪȶȸȭȸ ȒȹȪȼȲɉ 

ȺȯɁɆ ɂȵȪ ȸ ȼȸȶ, Ɂȼȸ ȻȼȸȺȸȷȽ ȴȬȪȮȺȪȼȪ ȷȯȬȸȱȶȸȰȷȸ ȺȪȱȫȲȼɆ ȷȪ ȼȪȴȸȯ ɀȯȵȸȯ ɁȲȻȵȸ ȺȪȬȷɅȿ 

ȸȼȺȯȱȴȸȬ, ɁȼȸȫɅ ȮȺȽȭȸȯ ɀȯȵȸȯ ɁȲȻȵȸ ȼȯȿ Ȱȯ ȺȪȬȷɅȿ ȸȼȺȯȱȴȸȬ Ȭ ȼȸɁȷȸȻȼȲ ȽȴȵȪȮɅȬȪȵȸȻɆ ȷȪ 

ȮȲȪȭȸȷȪȵȲ ɇȼȸȭȸ Ȱȯ ȴȬȪȮȺȪȼȪ.  
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țȺȪȬȷȲȼȯ ȹȸȻȵȯȮȷɈɈ ȾȸȺȶȽȵȲȺȸȬȴȽ Ȼ ȼȺȪȴȼȸȬȴȸȳ ȹȺȸɀȯȻȻȪ ȲȱȶȯȺȯȷȲɉ Ƚ ȭȺȯȴȸȬ. Ȓȱ 

ȷȯɊ ȻȵȯȮȽȯȼ, Ɂȼȸ ȮȲȪȭȸȷȪȵɆ ȴȬȪȮȺȪȼȪ ȷȯȬȸȱȶȸȰȷȸ ȲȱȶȯȺȲȼɆ, ȬȱɉȬ ȱȪ ȯȮȲȷȲɀȽ ȲȱȶȯȺȯȷȲɉ 

ȻȼȸȺȸȷȽ ɇȼȸȭȸ Ȱȯ ȴȬȪȮȺȪȼȪ.  

ȎȪȰȯ ȻȯȭȸȮȷɉ ɇȼȸȼ ȬɅȬȸȮ ȬȸȻȹȺȲȷȲȶȪȯȼȻɉ ȷȯȵȯȹɅȶ. șȸɁȯȶȽ ȷȯȬȸȱȶȸȰȷȸ ȲȱȶȯȺȲȼɆ? 

șȺȲȵȸȰȲȵȲ ȵȲȷȯȳȴȽ Ȳ ȻȷɉȵȲ ȹȸȴȪȱȪȷȲɉ. Ȋ ȮȬȯ Ȼ ȹȸȵȸȬȲȷȸȳ ȼɅȻɉɁȲ ȵȯȼ ȷȪȱȪȮ ȸȷ ȹȸȮȺɅȬȪȵ 

ȻȬɉɃȯȷȷɅȯ ȸȻȷȸȬɅ ȽɁȯȷȲɉ șȲȾȪȭȸȺȪ. țȸȭȵȪȻȷȸ ȵȯȭȯȷȮȯ, ȹȲȾȪȭȸȺȯȳɀɅ ȽȼȸȹȲȵȲ ȒȹȪȼȲɉ Ȭ 

ȶȸȺȯ [9], Ȫ ȯȭȸ Ȳȶɉ ȱȪȹȺȯȼȲȵȲ ȹȺȸȲȱȷȸȻȲȼɆ, ȴȪȴ Ȳ Ȭ ȻȵȽɁȪȯ ȍȯȺȸȻȼȺȪȼȪ. 

Ȝȯȶ ȷȯ ȶȯȷȯȯ, ȼȯȸȺȯȶȪ ȒȹȪȼȲɉ ȻȸȿȺȪȷȲȵȪȻɆ Ȭ ȲȻȼȸȺȲȲ ȶȪȼȯȶȪȼȲȴȲ. ȌȪȰȷȯȯ, Ɂȼȸ 

Ȳȶȯȷȷȸ Ȼ ɇȼȸȭȸ ȶȸȶȯȷȼȪ Ȭ ȭȯȸȶȯȼȺȲȲ ȬȸȱȷȲȴ ȹȺȲȸȺȲȼȯȼ ȵȸȭȲȴȲ ȷȪȮ ɇȶȹȲȺȲɁȯȻȴȲȶȲ ȾȪȴȼȪȶȲ, 

Ɂȼȸ ȸȼȵȲɁȪȯȼ ȶȪȼȯȶȪȼȲȴȽ ȸȼ ȬȻȯȿ ȫȯȱ ȲȻȴȵɈɁȯȷȲɉ ȯȻȼȯȻȼȬȯȷȷɅȿ ȷȪȽȴ (ȷȯ ȭȸȬȸȺɉ ȸȫ 

ȸȫɃȯȻȼȬȯȷȷɅȿ, Ȯȵɉ ȴȸȼȸȺɅȿ çȹȺȪȴȼȲȴȪ ñ ȴȺȲȼȯȺȲȳ ȲȻȼȲȷɅè). ȕȪȷȮȪȽ ȸȻȼȺȸȽȶȷȸ ȱȪȶȯȼȲȵ, Ɂȼȸ 

Ȼ ɇȼȸȭȸ ȶȸȶȯȷȼȪ (ȮȬȯ Ȼ ȹȸȵȸȬȲȷȸȳ ȼɅȻɉɁȲ ȵȯȼ ȷȪȱȪȮ) ȶȪȼȯȶȪȼȲȴȪ ȻȼȪȵȪ ȻȬȯȺȿɄȯȻȼȯȻȼȬȯȷȷȸȳ 

ȷȪȽȴȸȳ [6]. 

ȍȺȯȴȲ ȷȯ ȮȸȭȪȮɅȬȪȵȲȻɆ, Ȭ ȴȪȴȸȳ ȻȼȯȹȯȷȲ ȼȯȸȺȯȶȪ ȒȹȪȼȲɉ ȬȻȼȽȹȪȯȼ Ȭ ȴȸȷȾȵȲȴȼ Ȼ 

ɇȶȹȲȺȲɁȯȻȴȲȶ ȱȷȪȷȲȯȶ. Ȍ ȸȼȵȲɁȲȯ ȸȼ ȭȺȯȴȸȬ, ȻȸȬȺȯȶȯȷȷȸȳ ȪȵȭȯȫȺȯ ȲȱȬȯȻȼȷɅ ȷȯ ȼȸȵɆȴȸ 

ȲȺȺȪɀȲȸȷȪȵɆȷɅȯ ɁȲȻȵȪ, Ȫ ȯɃɊ Ȳ ȼȯȸȺȯȶȪ ȍȽȺȬȲɀȪ ȸ ȻȬȯȺȿȼȸɁȷɅȿ ȹȺȲȫȵȲȰȯȷȲɉȿ 

ȲȺȺȪɀȲȸȷȪȵɆȷɅȿ ɁȲȻȯȵ ȺȪɀȲȸȷȪȵɆȷɅȶȲ [8]. 

șȸɉȻȷɈ ȯɊ ȷȪ ȹȺȲȶȯȺȯ ɁȲȻȵȪ ǭå3,14. ȧȼȸ ȸȫɅɁȷȸȯ ȹȺȲȫȵȲȰȯȷȲȯ. ȏȻȵȲ ȱȪȹȲȻȪȼɆ ȯȭȸ Ȭ 

ȬȲȮȯ ȻȶȯɂȪȷȷȸȭȸ ɁȲȻȵȪ, ȼȸ ȱȷȪȶȯȷȪȼȯȵȯȶ ȫȽȮȯȼ 100. ȑȷȪɁȲȼ, ȸɂȲȫȴȪ ȸȴȺȽȭȵȯȷȲɉ ȷȯ 

ȹȺȯȬɅɂȪȯȼ 1/100. Ȍ ȸȼȵȲɁȲȯ ȸȼ ȸȫɅɁȷȸȭȸ ȹȺȲȫȵȲȰȯȷȲɉ, Ȭ ȻȵȽɁȪȯ ȻȬȯȺȿȼȸɁȷɅȿ ȹȺȲȫȵȲȰȯȷȲȳ 

ȸȫȺȪȼȷȪɉ ȴ ȸɂȲȫȴȯ ȸȴȺȽȭȵȯȷȲɉ ȬȯȵȲɁȲȷȪ ȹȺȯȬɅɂȪȯȼ ȷȯ ȼȸȵɆȴȸ ȱȷȪȶȯȷȪȼȯȵɆ, Ȫ ȮȪȰȯ ȯȭȸ 

ȴȬȪȮȺȪȼ. șȺȲȶȯȺȸȶ ȶȸȰȯȼ ȻȵȽȰȲȼɆ ȸȴȺȽȭȵȯȷȲȯ ȊȺȿȲȶȯȮȪ ǭå22/7 , ȸɂȲȫȴȪ ȴȸȼȸȺȸȭȸ ȷȯ 

ȹȺȯȬɅɂȪȯȼ  1/49 (ȷȪ ȻȪȶȸȶ Ȯȯȵȯ ȭȸȺȪȱȮȸ ȶȯȷɆɂȯ). 

ț ȼȸɁȴȲ ȱȺȯȷȲɉ ȹȺȪȴȼȲȴȲ ȲȱȶȯȺȯȷȲȳ ȻȽɃȯȻȼȬȸȬȪȷȲȯ ȫȯȻȴȸȷȯɁȷȸȳ 

ȹȸȻȵȯȮȸȬȪȼȯȵɆȷȸȻȼȲ ȻȬȯȺȿȼȸɁȷɅȿ ȹȺȲȫȵȲȰȯȷȲȳ ȸȱȷȪɁȪȯȼ, Ɂȼȸ ȵɈȫȸȳ ȸȼȺȯȱȸȴ ȶȸȰȷȸ 

ȲȱȶȯȺȲȼɆ ȬȸȸȫɃȯ ȫȯȱ ȸɂȲȫȴȲ. șȺȯȮȻȼȪȬɆȼȯ Ȼȯȫȯ, Ɂȼȸ Ȼ ȼȸɁȷȸȻȼɆɈ Ȯȸ ȶȲȵȵȲȶȯȼȺȸȬ ȶɅ 

ȲȱȶȯȺɉȯȶ ȸȼȺȯȱȸȴ ȮȵȲȷȸȳ ȸȴȸȵȸ ȶȯȼȺȪ. ȘɂȲȫȴȽ ɁȽȼɆ ȶȯȷɆɂȯ ȶȲȵȵȲȶȯȼȺȪ ȹȺȲ ȰȯȵȪȷȲȲ 

ȶȸȰȷȸ ȱȪȶȯȼȲȼɆ. ȗȸ ȯȻȵȲ ȬȱɉȼɆ ȸɁȯȺȯȮȷȸȯ ȻȬȯȺȿȼȸɁȷȸȯ ȹȺȲȫȵȲȰȯȷȲȯ, ȼȸ ȯȭȸ ȸɂȲȫȴȪ 

ȸȴȪȰȯȼȻɉ ȶȯȷɆɂȯ 1/1000 ȶȲȵȵȲȶȯȼȺȪ. ț ȹȺȪȴȼȲɁȯȻȴȸȳ ȼȸɁȴȲ ȱȺȯȷȲɉ ȼȪȴȸȯ ȲȱȶȯȺȯȷȲȯ 

ȻɁȲȼȪȯȼȻɉ ȪȫȻȸȵɈȼȷȸ ȼȸɁȷɅȶ. 

ȗȸ ȴȪȴ ȼȸȵɆȴȸ ȹȺȪȴȼȲȴȪ ȹȯȺȯȻȼȪɊȼ ȫɅȼɆ ȴȺȲȼȯȺȲȯȶ ȲȻȼȲȷɅ, ȼȪȴ ȻȺȪȱȽ ȹȸɉȬȵɉȯȼȻɉ 

ȬȸȱȶȸȰȷȸȻȼɆ ȹȸȻȼȪȬȲȼɆ ȹȸȮ ȻȸȶȷȯȷȲȯ ȵɈȫȸȯ Ȳȱ çȸɁȯȬȲȮȷɅȿè ȽȼȬȯȺȰȮȯȷȲȳ. ț ȮȺȽȭȸȳ 

ȻȼȸȺȸȷɅ, Ȭ ȸȻȷȸȬȯ ȵɈȫȸȳ ȷȪȽȴȲ ȮȸȵȰȷɅ ȵȯȰȪȼɆ ȴȪȴȲȯ-ȼȸ ȸȫɃȯȹȺȲȱȷȪȷȷɅȯ ȻȸȭȵȪɂȯȷȲɉ. ȧȼȸ 

ȹȸȫȽȮȲȵȸ ȏȬȴȵȲȮȪ (ȬȻȵȯȮ ȱȪ ȏȬȮȸȴȻȸȶ) ȾȸȺȶȽȵȲȺȸȬȪȼɆ ȸȹȺȯȮȯȵȯȷȲɉ, ȪȴȻȲȸȶɅ Ȳ ȹȸȻȼȽȵȪȼɅ. Ȍ 

ȸȼȵȲɁȲȯ ȸȼ ȻȪȶȸȭȸ ȏȬȴȵȲȮȪ, ȯȭȸ ȽɁȯȷȲȴȲ Ȳ ȹȸȻȵȯȮȸȬȪȼȯȵȲ ȷȯ Ȯȸ ȴȸȷɀȪ ȸȻȸȱȷȪȵȲ Ȳȿ ȺȸȵɆ, Ɂȼȸ 

ȹȺȲȬȯȵȸ ȴ ȺȪȻȼɉȷȽȬɂȲȶȻɉ ȷȪ ȮȬȯ ȼɅȻɉɁȲ ȵȯȼ ȹȸȹɅȼȴȪȶ çȸɁȲȻȼȲȼɆ ȏȬȴȵȲȮȪ ȸȼ ȹɉȼȯȷè.  
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ʉɽʂʎʀʗ 3. ʌʀʃʆʉʆʌʀʗ 

 

 

 țȷȪɁȪȵȪ ȫɅȵ ȮȸȴȪȱȪȷ ɁȯȼȬɊȺȼɅȳ ȹȸȻȼȽȵȪȼ. ȗȯ ȬȪȰȷȸ, Ɂȼȸ ȯȭȸ ȮȸȴȪȱȪȼȯȵɆȻȼȬȸ 

ȾȪȴȼȲɁȯȻȴȲ ȲȻȹȸȵɆȱȸȬȪȵȸ ȪȴȻȲȸȶɅ ȹȸȺɉȮȴȪ, ȴȸȼȸȺɅȿ Ƚ ȏȬȴȵȲȮȪ ȷȯ ȫɅȵȸ. ȑȪȼȯȶ ȹȺȲȷɉȵȲȻɆ ȱȪ 

ȹɉȼɅȳ. ȗȯ ȫȽȮȯȼ ȹȺȯȽȬȯȵȲɁȯȷȲȯȶ ȻȴȪȱȪȼɆ, Ɂȼȸ ȹȸȹɅȼȴȲ ȮȸȴȪȱȪȼɆ ȹɉȼɅȳ ȹȸȻȼȽȵȪȼ ȏȬȴȵȲȮȪ 

ȹȺȲȷɉȵȲ ȶȪȻȻȸȬɅȳ ȿȪȺȪȴȼȯȺ. ȎȸȻȼȪȼȸɁȷȸ ȷȪȱȬȪȼɆ ȷȯȻȴȸȵɆȴȸ ȲȶɊȷ ȬȯȵȲȴȲȿ ȵɈȮȯȳ, ɁɆȲ 

ȸȻȷȸȬȷɅȯ ȮȸȻȼȲȰȯȷȲɉ ȮȪȵȯȴȲ ȸȼ ȭȯȸȶȯȼȺȲȲ: ȹȸɇȼ ȘȶȪȺ ȟȪȳɉȶ, ȬȺȪɁ ȊȬȲɀȯȷȷȪ, ȹȺȪȬȲȼȯȵɆ 

țȪȶȪȺȴȪȷȮȪ Ȳ ȪȻȼȺȸȷȸȶ ȝȵȽȭȫȯȴ, ɇȷɀȲȴȵȸȹȯȮȲȻȼ ȗȪȻȲȺ ɇȮ-ȎȲȷ Ȫȼ-ȜȽȻȲ (ȻȼȪȬɂȲȳ ȹȺȸȼȸȼȲȹȸȶ 

ȭȯȺȸɉ ȬȸȻȼȸɁȷɅȿ ȹȺȲȼɁ Ȳ ȪȷȯȴȮȸȼȸȬ ȿȸȮȰȲ ȗȪȻȺȯȮȮȲȷȪ) Ȳ ȶȷȸȭȲȯ ȮȺȽȭȲȯ. 

ȚȪȱȬɉȱȴȪ ȺȪȻȼɉȷȽȵȪȻɆ ȷȪ ȷȯȻȴȸȵɆȴȸ ȮȯȻɉȼȲȵȯȼȲȳ XIX ȬȯȴȪ. țȷȪɁȪȵȪ ɉȺȸȻȼȷȪɉ ȫȸȺɆȫȪ 

ȱȪ ȹȺȲȸȺȲȼȯȼ ȸȼȴȺɅȼȲɉ ȷȯȯȬȴȵȲȮȸȬȸȳ ȭȯȸȶȯȼȺȲȲ. ȚȪȫȸȼȪ ȕȸȫȪɁȯȬȻȴȸȭȸ [10] ȫɅȵȪ 

ȸȹȽȫȵȲȴȸȬȪȷȪ ȺȪȷɆɂȯ ȋȸȳɉȲ [2], ȷȸ ȹȸȹȪȵȪ ȷȪ ȱȪȹȪȮ ȏȬȺȸȹɅ ȽȰȯ ȹȸȱȰȯ. ȍȪȽȻȻ ȽȴȵȸȷȲȵȻɉ ȸȼ 

ȺȸȵȲ ȪȺȫȲȼȺȪ Ȭ Ȳȿ ȻȹȸȺȯ, ȹȸȼȸȶȽ Ɂȼȸ ȻȪȶ ȹȺȲɂɊȵ ȴ ȼȯȶ Ȱȯ ȬɅȬȸȮȪȶ ȵȯȼ ȷȪ ȹɉȼȷȪȮɀȪȼɆ ȺȪȷɆɂȯ, 

Ȭ ȼȯɁȯȷȲȯ ȴȸȼȸȺɅȿ ȹȸȵȽɁȲȵ ȹȲȻɆȶȪ ȷȯ ȶȯȷȯȯ ȼȺɊȿ ȺȪȱȷɅȿ ȶȪȼȯȶȪȼȲȴȸȬ Ȼ Ȳȿ ȲȱȵȸȰȯȷȲȯȶ. 

ȋȸȵȯȯ ȼȸȭȸ, ȴ ȼȸȶȽ ȶȸȶȯȷȼȽ ȍȪȽȻȻ ȻȪȶ ȽȰȯ ȸȹȽȫȵȲȴȸȬȪȵ çȜȯȸȺȲɈ ȹȸȬȯȺȿȷȸȻȼȯȳè [10]. șȵȸȻȴȸȻȼɆ 

ȕȸȫȪɁȯȬȻȴȸȭȸ ȷȯ ȫɅȵȪ Ȭ ȷȯȳ ȬɅȮȯȵȯȷȪ ɉȬȷȸ, ȷȸ ȹȸɉȬȵɉȵȪȻɆ ȴȪȴ ɁȪȻȼȷɅȳ ȻȵȽɁȪȳ  ȹȸȬȯȺȿȷȸȻȼȲ, 

ȱȪȮȪȷȷȸȳ ȹȺȲ ȹȸȶȸɃȲ ȬȷȽȼȺȯȷȷȯȳ ȶȯȼȺȲȴȲ. 

șȺȲɁȲȷȸȳ ȶȸȵɁȪȷȲɉ ȍȪȽȻȻȪ ȻȼȪȵȸ ȹȸȷȲȶȪȷȲȯ Ȳȶ ȼȸȭȸ, Ɂȼȸ ȷȸȬȪɉ ȭȯȸȶȯȼȺȲɉ ȷȯ ȫȽȮȯȼ 

ȹȺȲȷɉȼȪ ȻȸȸȫɃȯȻȼȬȸȶ ȬȯȮȽɃȲȿ ȶȪȼȯȶȪȼȲȴȸȬ ȼȸȭȸ ȬȺȯȶȯȷȲ. Ȍ ȴȪɁȯȻȼȬȯ ȹȸȮȼȬȯȺȰȮȯȷȲɉ 

ȹȺȪȬȸȼɅ ȍȪȽȻȻȪ ȶȸȰȷȸ ȻȸȻȵȪȼɆȻɉ ȷȪ Ⱥȯȱȴȸ ȸȼȺȲɀȪȼȯȵɆȷɅȳ Ȳ ȬȯȻɆȶȪ ȯȮȴȲȳ ȸȼȱɅȬ 

ȘȻȼȺȸȭȺȪȮȻȴȸȭȸ ȸ ȺȪȫȸȼȯ  ȕȸȫȪɁȯȬȻȴȸȭȸ.  

ȋȸȵȯȯ ȭȵȽȫȸȴȪɉ ȹȺȲɁȲȷȪ ñ ȷȯȹȸȷȲȶȪȷȲȯ (ȷȯ ȼȸȵɆȴȸ ȍȪȽȻȻȸȶ), Ɂȼȸ Ȳȶȯȷȷȸ ȻȵȯȮȸȬȪȵȸ 

ȮȸȴȪȱȪȼɆ (ȲȵȲ ȸȹȺȸȬȯȺȭȷȽȼɆ), ɁȼȸȫɅ ȻȷɉȼɆ ȻȸȶȷȯȷȲɉ Ȭ ȲȻȼȲȷȷȸȻȼȲ ȷȯȯȬȴȵȲȮȸȬȸȳ ȭȯȸȶȯȼȺȲȲ. 

șȺȸȬȯȮɊȷȷȸȯ ȕȸȫȪɁȯȬȻȴȲȶ Ȳ ȋȸȳɉȲ ȲȱȵȸȰȯȷȲȯ ȷȯȯȬȴȵȲȮȸȬȸȳ ȭȯȸȶȯȼȺȲȲ ȹȺȲȶȯȺȷȸ Ȭ ȸȫɄɊȶȯ 

ɂȴȸȵɆȷɅȿ ȽɁȯȫȷȲȴȸȬ ȯȬȴȵȲȮȸȬȸȳ ȭȯȸȶȯȼȺȲȲ ȱȪȬȯȮȸȶȸ ȷȯ ȻȵȽȰȲȵȸ ȽȫȯȮȲȼȯȵɆȷɅȶ Ȯȵɉ ɇȼȸȭȸ 

ȪȺȭȽȶȯȷȼȸȶ.  

ȟȽȰȯ ȼȸȭȸ, ȹȸȮ ȸȭȺȸȶȷɅȶ ȻȸȶȷȯȷȲȯȶ ȸȴȪȱȪȵȪȻɆ ȮȪȰȯ ȯȬȴȵȲȮȸȬȪ ȭȯȸȶȯȼȺȲɉ. Ȝȸȼ ȾȪȴȼ, 

Ɂȼȸ ȷȪ ȹȺȸȼɉȰȯȷȲȲ ȼɅȻɉɁȯȵȯȼȲȳ Ȭ ȷȯȳ ȷȯ ȷȪɂȵȲ ȷȲȴȪȴȲȿ ȹȺȸȼȲȬȸȺȯɁȲȳ ȷȯ ȶȸȭ ȻȵȽȰȲȼɆ 

ȭȪȺȪȷȼȲȯȳ, Ɂȼȸ ȹȺȸȼȲȬȸȺȯɁȲɉ ȷȯ ȫȽȮȽȼ ȷȪȳȮȯȷɅ ȹȸȱȰȯ. șȸȮȸȫȷɅȳ ȸȹɅȼ ȶȪȼȯȶȪȼȲȴȲ 

ȹȺȲȸȫȺȯȵȲ ɁȽȼɆ ȹȸȱȰȯ Ȭ ȻȬɉȱȲ Ȼ ȷȪȲȬȷȸȳ ȼȯȸȺȲȯȳ ȶȷȸȰȯȻȼȬ ȔȪȷȼȸȺȪ [7], ȸȫȷȪȺȽȰȯȷȲȯ 

ȹȺȸȼȲȬȸȺȯɁȲȳ Ȳ ȸɂȲȫȸȴ Ȭ ȹȸȻȼȺȸȯȷȲȲ ȴȸȼȸȺȸȳ ȺȪȻȼɉȷȽȵȸȻɆ ȷȪ ɁȯȼȬȯȺȼɆ ȬȯȴȪ (ȬȯȻɆȶȪ 

ȻȸȵȲȮȷɅȳ ȻȺȸȴ, ȹȽȻȼɆ Ȳ ȷȯ ȼɅȻɉɁȯȵȯȼȲɉ). Ȋ ȯȻȵȲ ȹȸȷȲȶȪȼɆ ȭȯȸȶȯȼȺȲɈ Ȭ ȯɊ ȲȱȷȪɁȪȵɆȷȸȶ 

(çȾȲȱȲɁȯȻȴȸȶè) ȻȶɅȻȵȯ, ȼȸ ȭȵȸȫȪȵɆȷɅȯ ȻȬȸȳȻȼȬȪ ȴȸȻȶȸȻȪ ȭȸȺȪȱȮȸ ȫȵȲȰȯ Ȳȶȯȷȷȸ ȴ 

ȷȯȯȬȴȵȲȮȸȬȸȳ ȭȯȸȶȯȼȺȲȲ. 

ȌȸȹȺȸȻ ȸȫ ȪȫȻȸȵɈȼȷȸȳ ȷȯȹȺȸȼȲȬȸȺȯɁȲȬȸȻȼȲ ȸȫȯȲȿ ȭȯȸȶȯȼȺȲȳ (Ȫ ȼȪȴȰȯ ȸȻȼȪȵɆȷɅȿ 

ȺȪȱȮȯȵȸȬ ȴȵȪȻȻȲɁȯȻȴȸȳ ȶȪȼȯȶȪȼȲȴȲ) ȵȲɂɆ ȻȼȸȵȯȼȲȯ ȻȹȽȻȼɉ ȸȴȸȷɁȪȼȯȵɆȷȸ ȻȷɉȵȪ ȼȯȸȺȯȶȪ 

ȍɊȮȯȵɉ ȸ ȷȯȹȸȵȷȸȼȯ ȪȺȲȾȶȯȼȲȴȲ [12]. Ȋ ȮȸȴȪȱȪȼɆ ȸȼȷȸȻȲȼȯȵɆȷȽɈ ȷȯȹȺȸȼȲȬȸȺȯɁȲȬȸȻȼɆ 

ȷȯȯȬȴȵȲȮȸȬȸȳ ȭȯȸȶȯȼȺȲȲ ȽȮȪȵȸȻɆ ȼȸȵɆȴȸ ɁȯȺȯȱ ȻȸȺȸȴ ȵȯȼ. 
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ȡȼȸ Ȳȶȯȷȷȸ ȷȽȰȷȸ Ȯȵɉ ɇȼȸȭȸ ȹȺȸȬȯȺȲȼɆ, ȹȯȺȬɅȶ ȮȸȭȪȮȪȵȻɉ ȚȲȶȪȷ. Șȷ ȱȪȶȯȼȲȵ, Ɂȼȸ 

ȯȻȵȲ Ȭ ȯȬȴȵȲȮȸȬȸȶ ȹȺȸȻȼȺȪȷȻȼȬȯ ȶȸȰȷȸ ȹȸȻȼȺȸȲȼɆ ȹȸȬȯȺȿȷȸȻȼɆ, ȬȷȽȼȺȯȷȷɉɉ ȭȯȸȶȯȼȺȲɉ 

ȴȸȼȸȺȸȳ ȸȴȪȰȯȼȻɉ ȷȯȯȬȴȵȲȮȸȬȸȳ, ȼȸ ȹȺȸȼȲȬȸȺȯɁȲȯ ȷȯȯȬȴȵȲȮȸȬȸȳ ȭȯȸȶȯȼȺȲȲ ȼȯȶ ȻȪȶɅȶ 

ȻȺȪȱȽ Ȱȯ ȸȴȪȰȯȼȻɉ ȹȺȸȼȲȬȸȺȯɁȲȯȶ ȯȬȴȵȲȮȸȬȸȳ ȭȯȸȶȯȼȺȲȲ. 

ȧȼȽ Ȳ ȮȺȽȭȲȯ ȭȯȷȲȪȵɆȷɅȯ ȲȮȯȲ ȚȲȶȪȷ ȲȱȵȸȰȲȵ Ȭ ȻȬȸȯȳ ȱȷȪȶȯȷȲȼȸȳ ȵȯȴɀȲȲ 1853ȭ., 

ȬȻȼȽȹȪɉ Ȭ ȮȸȵȰȷȸȻȼɆ ɇȴȻȼȺȪȸȺȮȲȷȪȺȷȸȭȸ ȹȺȸȾȯȻȻȸȺȪ  ȍɊȼȼȲȷȭȯȷȻȴȸȭȸ ȽȷȲȬȯȺȻȲȼȯȼȪ [13]. șȸ 

ȻȵȸȬȪȶ ȸɁȯȬȲȮɀȯȬ, ȍȪȽȻȻ ȽɂɊȵ Ȼ ȷȯɊ Ȭ ȭȵȽȫȸȴȸȳ ȱȪȮȽȶɁȲȬȸȻȼȲ. 

ȚȲȶȪȷ ȼȸȭȮȪ ȯɃɊ ȷȯ ȱȷȪȵ, Ɂȼȸ ȷȽȰȷȽɈ ȹȸȬȯȺȿȷȸȻȼɆ ȽȰȯ ȮȯȼȪȵɆȷȸ ȸȹȲȻȪȵ Ȳ ȲȱȽɁȲȵ 

ȖȲȷȮȲȷȭ. șȸȵȽɁȲȼɆ ȯɊ ȶȸȰȷȸ, ȬȺȪɃȪɉ ȲȱȬȯȻȼȷȽɈ ȯɃɊ ȭȺȯȴȪȶ ȼȺȪȴȼȺȲȻȽ ȬȸȴȺȽȭ ȪȻȲȶȹȼȸȼɅ. 

ȖȲȷȮȲȷȭ ȷȪȱȬȪȵ ȯɊ ȹȻȯȬȮȸȻȾȯȺȸȳ [4], ȽȴȪȱȪȬ ȼȯȶ ȻȪȶɅȶ ȷȪ ȹȸȻȼȸɉȷȻȼȬȸ ȴȺȲȬȲȱȷɅ.  

șȸȬȯȺȿȷȸȻȼȲ ȹȸȻȼȸɉȷȷȸȳ ȴȺȲȬȲȱȷɅ ȮȯȵɉȼȻɉ ȷȪ ȼȺȲ ȼȲȹȪ Ȭ ȱȪȬȲȻȲȶȸȻȼȲ ȸȼ ȱȷȪȴȪ 

ȴȺȲȬȲȱȷɅ. șȸȻȼȸɉȷȷȽɈ ȹȸȵȸȰȲȼȯȵɆȷȽɈ ȴȺȲȬȲȱȷȽ ȲȶȯɈȼ ȻȾȯȺɅ ȺȪȱȷɅȿ ȺȪȮȲȽȻȸȬ, Ȫ ȼȪȴȰȯ 

ȷȯȹȸȵȷɅȯ ȹȸȬȯȺȿȷȸȻȼȲ, ȹȸȵȽɁȯȷȷɅȯ Ȳȱ ȴȪȴȸȭȸ-ȼȸ ȴȽȻȴȪ ȻȾȯȺɅ ȲȱȭȲȫȪȷȲȯȶ (ȬȸȱȶȸȰȷȸ, Ȼ 

ȻȪȶȸȷȪȵȸȰȯȷȲȯȶ ȾȺȪȭȶȯȷȼȸȬ ɇȼȸȭȸ ȴȽȻȴȪ). ȗȽȵȯȬȽɈ ȴȺȲȬȲȱȷȽ Ȳȶȯȯȼ ȯȬȴȵȲȮȸȬȪ ȹȵȸȻȴȸȻȼɆ, Ȫ 

ȼȪȴȰȯ ɀȲȵȲȷȮȺɅ, ȴȸȷȽȻɅ Ȳ ȮȺȽȭȲȯ ȹȸȬȯȺȿȷȸȻȼȲ, ȹȸȵȽɁȯȷȷɅȯ ȲȱȭȲȫȪȷȲȯȶ ȴȪȴȸȭȸ-ȼȸ ȯɊ ȴȽȻȴȪ.  

șȵȸȻȴȸȻȼɆ ȕȸȫȪɁȯȬȻȴȸȭȸ ñ ȯȮȲȷȻȼȬȯȷȷɅȳ ȹȺȲȶȯȺ ȹȸȵȷȸȳ ȹȸȬȯȺȿȷȸȻȼȲ ȹȸȻȼȸɉȷȷȸȳ 

ȸȼȺȲɀȪȼȯȵɆȷȸȳ ȴȺȲȬȲȱȷɅ. Ȍ ȱȪȬȲȻȲȶȸȻȼȲ ȸȼ ȴȸȷȴȺȯȼȷȸȭȸ ȱȷȪɁȯȷȲɉ ȴȺȲȬȲȱȷɅ ȺȪȱȵȲɁȪɈȼ 

ȹȵȸȻȴȸȻȼȲ ȕȸȫȪɁȯȬȻȴȸȭȸ Ȼ ȺȪȱȷɅȶȲ ȶȯȼȺȲȴȪȶȲ, Ɂȼȸ ȪȷȪȵȸȭȲɁȷȸ ȻȾȯȺȪȶ ȺȪȱȷɅȿ ȺȪȮȲȽȻȸȬ. 

ȡȼȸȫɅ Ȳȱ ȹȵȸȻȴȸȻȼȲ ȕȸȫȪɁȯȬȻȴȸȭȸ ȹȸȵȽɁȲȼɆ ȹȻȯȬȮȸȻȾȯȺȽ, ȷȽȰȷȸ ȹȸȮȿȸȮɉɃȲȳ ȴȽȻȸȴ ȹȵȸȻȴȸȻȼȲ 

ȕȸȫȪɁȯȬȻȴȸȭȸ çȻȶȸȼȪȼɆ Ȭ ȼȺȽȫȸɁȴȽè, ȪȷȪȵȸȭȲɁȷȽɈ ȹȸȵȽɀȲȵȲȷȮȺȽ. 

șȸɁȼȲ ȻȺȪȱȽ Ȱȯ ȹȸȻȵȯ ȹȽȫȵȲȴȪɀȲȲ Ȭ 1868ȭ. ȼȯȴȻȼȪ ȵȯȴɀȲȲ ȚȲȶȪȷȪ ȷȪɂɊȵȻɉ çȽȶȷɅȳè 

ȶȪȼȯȶȪȼȲȴ ȋȯȵɆȼȺȪȶȲ [10], ȴȸȼȸȺɅȳ ȹȸȵȸȰȲȵ ȹȯȺȯȮ Ȼȸȫȸȳ ȺȪȫȸȼɅ ȚȲȶȪȷȪ Ȳ ȖȲȷȮȲȷȭȪ, ȹȸȻȵȯ 

Ɂȯȭȸ ȷȪȹȲȻȪȵ ȼȺȯȼɆɈ ñ ȻȬȸɈ. șȸ ȾȪȴȼȽ ɇȼȸȳ ȹȽȫȵȲȴȪɀȲȲ Ȳȶȯȷȷȸ ȋȯȵɆȼȺȪȶȲ ȻɁȲȼȪɈȼ ȪȬȼȸȺȸȶ 

ȮȸȴȪȱȪȼȯȵɆȻȼȬȪ ȷȯȹȺȸȼȲȬȸȺȯɁȲȬȸȻȼȲ ȷȯȯȬȴȵȲȮȸȬȸȳ ȭȯȸȶȯȼȺȲȲ ȹȸ ȸȼȷȸɂȯȷȲɈ ȴ ȯȬȴȵȲȮȸȬȸȳ 

ȭȯȸȶȯȼȺȲȲ. țȺȪȬȷȲȼȯȵɆȷȸ ȫɅȻȼȺȸ ȮȸȴȪȱȪȵȲ ȬȻȼȺȯɁȷȽɈ ȷȯȹȺȸȼȲȬȸȺȯɁȲȬȸȻȼɆ ȯȬȴȵȲȮȸȬȸȳ 

ȭȯȸȶȯȼȺȲȲ ȹȸ ȸȼȷȸɂȯȷȲɈ ȴ ȷȯȯȬȴȵȲȮȸȬȸȳ. ȏɃɊ ɁȽȼɆ ȹȸȱȰȯ ñ ȷȯȹȺȸȼȲȬȸȺȯɁȲȬȸȻȼɆ ȸȫȯȲȿ 

ȭȯȸȶȯȼȺȲȳ ȹȸ ȸȼȷȸɂȯȷȲɈ ȴ ȪȺȲȾȶȯȼȲȴȯ. 

ȗȯȻȴȸȵɆȴȸ ȹȸȱȰȯ ȚȲȶȪȷȪ ȶȸɃȷɅȳ ȼȸȵɁȸȴ ȲȻȻȵȯȮȸȬȪȷȲɉȶ Ȭ ȸȫȵȪȻȼȲ ȸȻȷȸȬȪȷȲȳ 

ȭȯȸȶȯȼȺȲȲ ȮȪȵ șȪɂ [1], ȻȾȸȺȶȽȵȲȺȸȬȪȬɂȲȳ ȪȴȻȲȸȶɅ ȹȸȺɉȮȴȪ. ȑȪ ȲȻȴȵɈɁȯȷȲȯȶ ȸȮȷȸȳ, ȸȷȲ 

ȹȸȻȬɉɃȯȷɅ ȻȬȸȳȻȼȬȪȶ ȹȸȺɉȮȴȪ ȷȪ ȹȺɉȶȸȳ (ɁȲȻȵȸȬȸȳ ȸȻȲ). ȧȼȸ ȫɅȵȸ ȬȪȰȷȸ ȷȯ ȻȼȸȵɆȴȸ Ȯȵɉ 

ȭȯȸȶȯȼȺȲȲ, ȻȴȸȵɆȴȸ Ȯȵɉ ȶȪȼȯȶȪȼȲɁȯȻȴȸȭȸ ȪȷȪȵȲȱȪ. ȗȸ ȹȸȻȵȯȮȷɉɉ (Ȳȶȯȷȷȸ ȯɊ ȼȯȹȯȺɆ ȹȺȲȷɉȼȸ 

ȷȪȱɅȬȪȼɆ ȪȴȻȲȸȶȸȳ șȪɂȪ) ȸȼȷȸȻȲȵȪȻɆ ȴ ȹȸȺɉȮȴȽ ȷȪ ȹȵȸȻȴȸȻȼȲ. 

Ȍ ȴȺȪȼȴȸȳ ȾȸȺȶȯ ȸȷȪ ȽȼȬȯȺȰȮȪȯȼ, Ɂȼȸ ȯȻȵȲ ȹȺɉȶȪɉ çȬȿȸȮȲȼè Ȭ ȼȺȯȽȭȸȵɆȷȲȴ, ȼȸ ȸȷȪ 

ȸȫɉȱȪȷȪ çȬɅȳȼȲè Ȳȱ ȷȯȭȸ. ȎȺȽȭȲȶȲ ȻȵȸȬȪȶȲ, ȯȻȵȲ ȹȺɉȶȪɉ ȸȮȷȸȬȺȯȶȯȷȷȸ ȻȸȮȯȺȰȲȼ ȿȸȼɉ ȫɅ 

ȸȮȷȽ ȼȸɁȴȽ Ȭȷȯ ȼȺȯȽȭȸȵɆȷȲȴȪ Ȳ ȿȸȼɉ ȫɅ ȸȮȷȽ ȼȸɁȴȽ ȬȷȽȼȺȲ ȷȯȭȸ, ȼȸ ȷȪ ȷȯȳ ȸȫɉȱȪȼȯȵɆȷȸ ȵȯȰȪȼ 

(ȷȯ ȸȮȷȪ, Ȫ ȺȸȬȷȸ) ȮȬȯ ȼȸɁȴȲ ȹȯȺȲȶȯȼȺȪ ȼȺȯȽȭȸȵɆȷȲȴȪ. ȊȴȻȲȸȶȪ șȪɂȪ çȷȪȭȵɉȮȷȪè Ȳ 
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çȸɁȯȬȲȮȷȪè Ȯȸ ȼȪȴȸȳ ȻȼȯȹȯȷȲ, Ɂȼȸ Ȭ ȷȯȳ ȷȯ ȷȽȰȮȪȵȻɉ ȮȪȰȯ ȕȸȫȪɁȯȬȻȴȲȳ. 

șȸɇȼȸȶȽ ȻȵȯȮȽɈɃȯȯ (ȱȪ ȚȲȶȪȷȸȶ Ȳ șȪɂȯȶ) ȹȸȴȸȵȯȷȲȯ ȭȯȸȶȯȼȺȸȬ ȺȯɂȲȵȸ 

ȸȴȸȷɁȪȼȯȵɆȷȸ ȺȪȱȮȯȵȪȼɆȻɉ Ȼ ȷȪȭȵɉȮȷȸȻȼɆɈ. ȏȭȸ ȵȲȮȯȺȸȶ ȻȼȪȵ ȍȲȵɆȫȯȺȼ, ȹȺȸȼȲȬȸȹȸȻȼȪȬȲȬɂȲȳ 

ȻȲȻȼȯȶȽ ȪȴȻȲȸȶ ȯɊ ȺȯȪȵȲȱȪɀȲȲ. țȸȬȻȯȶ ȸȫȸȳȼȲȻɆ ȫȯȱ ȺȯȪȵȲȱȪɀȲȲ ȷȯȵɆȱɉ, Ȳȫȸ 

ȷȯȹȺȸȼȲȬȸȺȯɁȲȬȸȻȼɆ ȻȲȻȼȯȶɅ ȪȴȻȲȸȶ ȹȺȸɃȯ ȬȻȯȭȸ ȹȺȸȬȯȺȲȼɆ ȷȪ ȹȺȲȶȯȺȯ ȺȯȪȵȲȱȪɀȲȲ. ȗȸ 

ȹȺȲ ɇȼȸȶ ȍȲȵɆȫȯȺȼ ɁɊȼȴȸ ȸȼȮȯȵɉȯȼ ȻȵȽɁȪȳȷɅȯ ȻȬȸȳȻȼȬȪ ȴȸȷȴȺȯȼȷȸȳ ȺȯȪȵȲȱȪɀȲȲ ȸȼ 

ȸȫɉȱȪȼȯȵɆȷɅȿ ȻȬȸȳȻȼȬ, ȴȸȼȸȺɅȯ ȵȸȭȲɁȯȻȴȲ ȶȸȰȷȸ ȬɅȬȯȻȼȲ Ȳȱ ȪȴȻȲȸȶ, ȷȯ ȹȺȲȫȯȭȪɉ ȴ 

ȲȵȵɈȻȼȺȪɀȲȲ. ȋȸȵȯȯ ȼȸȭȸ, ȍȲȵɆȫȯȺȼ ȷȪȶȯȺȯȷȷȸ ȮȸȹȽȻȴȪȯȼ ȬȯȻɆȶȪ ȮȪȵɊȴȲȯ ȹȸ ȻȯȶȪȷȼȲȴȯ 

ȺȯȪȵȲȱȪɀȲȲ ȸȮȷȲȿ Ȳ ȼȯȿ Ȱȯ ȪȴȻȲȸȶȪȼȲȴ. Ȍ ɁȪȻȼȷȸȻȼȲ, ȸȷ ȹȺȯȮȵȪȭȪȵ ȱȪȶȯȷȲȼɆ ȼȸɁȴȲ Ȳ ȹȺɉȶɅȯ 

ȷȪ ȹȵȸȻȴȸȻȼȲ ȷȪ ȹȲȬȷɅȯ ȴȺȽȰȴȲ Ȳ ȫȸɁȴȲ, ȻȸȸȼȬȯȼȻȼȬȯȷȷȸ ȹȯȺȯȹȲȻȪȬ ȬȻȯ ȪȴȻȲȸȶɅ [5]. 

ȌȪȰȷȸ ȱȪȶȯȼȲȼɆ, Ɂȼȸ ȹȸȻȼȺȸȯȷȷȪɉ ȍȲȵɆȫȯȺȼȸȶ ȻȲȻȼȯȶȪ ȪȴȻȲȸȶ ȲȻȹȸȵɆȱȸȬȪȵȪ ɉȱɅȴ 

ȼȯȸȺȲȲ ȶȷȸȰȯȻȼȬ ȔȪȷȼȸȺȪ [7]. ȍȲȵɆȫȯȺȼ ȬȸȻȼȸȺȰȯȷȷȸ ȹȺȲȷɉȵ ɇȼȸ ȷȸȬȸȬȬȯȮȯȷȲȯ Ȳ ȮȪȰȯ 

ȭȸȬȸȺȲȵ, Ɂȼȸ çȷȲȴȼȸ ȷȯ ȻȶȸȰȯȼ ȬɅȭȷȪȼɆ ȶȪȼȯȶȪȼȲȴȸȬ Ȳȱ ȺȪɉ, ȴȸȼȸȺɅȳ ȹȸȻȼȺȸȲȵ ȔȪȷȼȸȺè [9]. 

ȗȸ ȷȪȲȬȷɅȳ ȴȪȷȼȸȺȸȬ ȺȪȳ ȸɁȯȷɆ ȫɅȻȼȺȸ ȸȫȯȺȷȽȵȻɉ ȪȮȸȶ ȷȯȺȪȱȺȯɂȲȶɅȿ ȹȪȺȪȮȸȴȻȸȬ. ȡȼȸȫɅ 

ȲȻȹȺȪȬȲȼɆ ȸɂȲȫȴȲ ȔȪȷȼȸȺȪ, ȹȺȲɂȵȸȻɆ ȸȼȴȪȱȪȼɆȻɉ ȸȼ ȻȬȸȫȸȮɅ ȷȪȱɅȬȪȼɆ ȶȷȸȰȯȻȼȬȸȶ ȬȻɊ, Ɂȼȸ 

ȽȭȸȮȷȸ.  

ȗȪ ȻȶȯȷȽ ȻȬȸȫȸȮȯ ȹȺȲɂȵȲ ȰɊȻȼȴȲȯ ȱȪȹȺȯȼɅ. Ȍ ȺȪȷȷȲȿ ȺȪȫȸȼȪȿ ȻȪȶȸȭȸ ȔȪȷȼȸȺȪ 

ȶȷȸȰȯȻȼȬȸ ȸȹȺȯȮȯȵɉȵȸȻɆ ȴȪȴ ȻȸȬȸȴȽȹȷȸȻȼɆ ɇȵȯȶȯȷȼȸȬ. ȔȺȸȶȯ ȹȺȸȻȼȸȭȸ ȹȯȺȯɁȲȻȵȯȷȲɉ, 

ȱȪȮȪȼɆ ȶȷȸȰȯȻȼȬȸ ȶȸȰȷȸ ȫɅȵȸ ȹȺȲ ȹȸȶȸɃȲ ȴȵȪȻȻȲȾȲȴȪȼȸȺȪ, ȽȴȪȱȪȬ Ȭ ȷɊȶ ȸȫɃȲȯ ȻȬȸȳȻȼȬȪ 

ȬȻȯȿ ȯȭȸ ɇȵȯȶȯȷȼȸȬ. ȚȯɂȯȷȲȯ ȹȺȸȫȵȯȶɅ ȹȪȺȪȮȸȴȻȸȬ ȹȸȼȺȯȫȸȬȪȵȸ ȲȱȶȯȷȲȼɆ ȹȯȺȬȸȷȪɁȪȵɆȷɅȳ 

ȹȸȮȿȸȮ ȔȪȷȼȸȺȪ ȷȪ ȮȲȪȶȯȼȺȪȵɆȷȸ ȹȺȸȼȲȬȸȹȸȵȸȰȷɅȳ. Ȍ ȹȺȲɂȯȮɂȲȿ ȷȪ ȻȶȯȷȽ çȷȪȲȬȷȸȳè 

ȼȯȸȺȲȲ ȶȷȸȰȯȻȼȬ ȔȪȷȼȸȺȪ ȻȲȻȼȯȶȪȿ ȪȴȻȲȸȶ ȠȯȺȶȯȵȸ-ȞȺȯȷȴȯȵɉ [15] Ȳ ȮȺȽȭȲȿ ȪȬȼȸȺȸȬ 

ȶȷȸȰȯȻȼȬȸȶ ȷȪȱɅȬȪȯȼȻɉ ȴȵȪȻȻ, ȴȸȼȸȺɅȳ ȻȪȶ ɉȬȵɉȯȼȻɉ ɇȵȯȶȯȷȼȸȶ ȴȪȴȸȭȸ-ȼȸ ȫȸȵɆɂȯȭȸ ȴȵȪȻȻȪ. 

ȖȪȻȻȸȬȸȯ ȱȪȫȵȽȰȮȯȷȲȯ ȻȸȻȼȸȲȼ Ȭ ȼȸȶ, ȫȽȮȼȸ ȔȪȷȼȸȺ ȻȼȺȸȲȵ ȻȬȸɈ ȼȯȸȺȲɈ ȺȪȮȲ 

ȲȱȽɁȯȷȲɉ ȴȸȷȯɁȷɅȿ ȶȷȸȰȯȻȼȬ. ț ɇȼȲȶ ȻȹȺȪȬȲȵȪȻɆ ȫɅ  ȴȸȶȫȲȷȪȼȸȺȲȴȪ. ȗȲ ȷȸȬɅȳ ɉȱɅȴ, ȷȲ 

ȷȸȬɅȯ ȮȲȻɀȲȹȵȲȷɅ ȷȯ ȬȸȱȷȲȴȪɈȼ Ȭ ȶȪȼȯȶȪȼȲȴȯ, ȹȸȴȪ ȷȯ ȲȻɁȯȺȹȪȷɅ ȻȺȯȮȻȼȬȪ Ȳ ȬȸȱȶȸȰȷȸȻȼȲ 

ȻȼȪȺɅȿ. șȯȺȬȸȷȪɁȪȵɆȷȸ ȔȪȷȼȸȺ ȲȱȽɁȪȵ ȻȿȸȮȲȶȸȻȼɆ ȼȺȲȭȸȷȸȶȯȼȺȲɁȯȻȴȲȿ ȺɉȮȸȬ. ȖȷȸȰȯȻȼȬȪ 

ȼȸɁȯȴ ȻȿȸȮȲȶȸȻȼȲ ȸȴȪȱȪȵȲȻɆ ȽȻȼȺȸȯȷȷɅȶȲ ȼȪȴ ȻȵȸȰȷȸ, Ɂȼȸ Ȳȿ ȷȯ ȽȮȪȵȸȻɆ ȸȹȲȻȪȼɆ Ȭ ȼȯȺȶȲȷȪȿ 

ȲȷȼȯȺȬȪȵȸȬ Ȳ ȸȼȮȯȵɆȷɅȿ ȼȸɁȯȴ.  

ȜȺȪȮȲɀȲȸȷȷȸ ȹȺɉȶȪɉ, ȹȵȸȻȴȸȻȼɆ Ȳ ȹȺȸȻȼȺȪȷȻȼȬȸ Ȭ ȭȯȸȶȯȼȺȲȲ ȼȺȪȴȼȸȬȪȵȲȻɆ ȷȯ ȴȪȴ 

ȶȷȸȰȯȻȼȬȪ, ȻȸȻȼȸɉɃȲȯ Ȳȱ ȼȸɁȯȴ, Ȫ ȹȺȸȼɉȰȯȷȷȸȻȼȲ, Ȭ ȴȸȼȸȺɅȿ ȶȸȰȷȸ ȸȼȶȯɁȪȼɆ (ȬɅȮȯȵɉȼɆ, 

ȾȲȴȻȲȺȸȬȪȼɆ) ȼȸɁȴȲ. ȧȼȪ ȺȪȱȷȲɀȪ ȹȺȯȬȺȪɃȪȯȼȻɉ Ȭ ȸȻȼȺȸȯ ȹȺȸȼȲȬȸȹȸȻȼȪȬȵȯȷȲȯ, ȯȻȵȲ 

ȻȺȪȬȷȲȼɆ ȮȬȯ ȮȪȼɅ. Ȍ 1868 ȭȸȮȽ ȸȹȽȫȵȲȴȸȬȪȷ ȼȯȴȻȼ ȷȪȱȬȪȷȷȸȳ ȬɅɂȯ ȵȯȴɀȲȲ ȚȲȶȪȷ, Ȭ ȴȸȼȸȺȸȳ 

ȸȷ ȭȸȬȸȺȲȵ ȸ ȶȷȸȭȸȶȯȺȷɅȿ ȹȺȸȻȼȺȪȷȻȼȬȪȿ (Ȭ ȼȸȶ ɁȲȻȵȯ, ȲȻȴȺȲȬȵɊȷȷɅȿ), ȼȺȪȴȼȽɉ Ȳȿ 

ȲȻȴȵɈɁȲȼȯȵɆȷȸ ȴȪȴ ȹȺȸȼɉȰȯȷȷȸȻȼȲ. Ȋ ȹȯȺȬɅȯ ȹȽȫȵȲȴȪɀȲȲ ȔȪȷȼȸȺȪ ȸ ȶȷȸȰȯȻȼȬȪȿ ȮȪȼȲȺȸȬȪȷɅ 

ȮȬȽȶɉ ȭȸȮȪȶȲ ȹȸȱȰȯ. 
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ʉɽʂʎʀʗ 3. ʌʀʃʆʉʆʌʀʗ 

 

 

ȌȸȹȺȸȻ ȸ ȼȸȶ, ȴȪȴȲȶȲ ȶȷȸȰȯȻȼȬȪȶȲ ȼȸɁȯȴ (Ȭ ɁȪȻȼȷȸȻȼȲ, ȴȪȴȸȳ ȶȸɃȷȸȻȼȲ) ɉȬȵɉɈȼȻɉ 

ȹȺɉȶȪɉ, ȹȵȸȻȴȸȻȼɆ ȲȵȲ ȹȺȸȻȼȺȪȷȻȼȬȸ ȷȯ ȸȼȷȸȻȲȼȻɉ ȴ ȼȺȪȮȲɀȲȸȷȷȸȳ ȭȯȸȶȯȼȺȲȲ. Ȏȸ ȔȪȷȼȸȺȪ 

ɇȼȸȼ ȬȸȹȺȸȻ ȷȯ ȹȺȯȮȻȼȪȬȵɉȵ ȲȷȼȯȺȯȻȪ. ȗȸ ȯȻȵȲ ȫɅ ȯȭȸ ȱȪȮȪȵȲ (Ȳ ȸȫɄɉȻȷȲȵȲ) ȮȺȯȬȷȲȶ ȭȺȯȴȪȶ, 

ȼȸ Ȳȿ ȸȼȬȯȼ ȸȴȪȱȪȵȻɉ ȫɅ ȹȺȸȼȲȬȸȹȸȵȸȰȷɅȶ ȻȸȬȺȯȶȯȷȷȸȶȽ. 

țȸȬȺȯȶȯȷȷȪɉ ȼȺȪȴȼȸȬȴȪ ȹȸȮȺȪȱȽȶȯȬȪȯȼ, Ɂȼȸ ȱȷȪɁȯȷȲɉ ȴȸȸȺȮȲȷȪȼ Ȭ ȶȸȮȯȵȲ ȎȯȴȪȺȼȪ 

ȶȸȭȽȼ ȫɅȼɆ ȵɈȫɅȶȲ ȬȯɃȯȻȼȬȯȷȷɅȶȲ ɁȲȻȵȪȶȲ. Ȓ Ȯȯȵȸ ȮȪȰȯ ȷȯ Ȭ ȼȸȶ, Ɂȼȸ ȭȺȯȴȲ Ȳȿ ȷȯ ȱȷȪȵȲ. 

ȊȷȼȲɁȷȪɉ ȭȯȸȶȯȼȺȲɉ ȮȸȹȽȻȴȪȵȪ ȹȸȻȼȺȸȯȷȲɉ ȼȸȵɆȴȸ ɀȲȺȴȽȵȯȶ Ȳ ȵȲȷȯȳȴȸȳ. Ȋ Ȼ Ȳȿ ȹȸȶȸɃɆɈ, 

ȻȼȪȺȼȽɉ ȸȼ ȯȮȲȷȲɁȷȸȭȸ ȸȼȺȯȱȴȪ ȶȸȰȷȸ ȹȸȻȼȺȸȲȼɆ ȼȸȵɆȴȸ ȸȼȺȯȱȴȲ, ȮȵȲȷɅ ȴȸȼȸȺɅȿ ȬɅȺȪȰȪɈȼȻɉ 

ȴȬȪȮȺȪȼȲɁȷɅȶȲ ȲȺȺȪɀȲȸȷȪȵɆȷȸȻȼɉȶȲ. ȑȪȶȯȼȲȶ, Ɂȼȸ ȹȸȵȯ ȬȯɃȯȻȼȬȯȷȷɅȿ ɁȲȻȯȵ Ȳȶȯȯȼ 

ȶȸɃȷȸȻȼɆ ȴȸȷȼȲȷȽȽȶȪ, Ȫ ȹȸȵȯ ȴȬȪȮȺȪȼȲɁȷɅȿ ȲȺȺȪɀȲȸȷȪȵɆȷȸȻȼȯȳ ȻɁɊȼȷȸ. 

ȗȯ ȼȸȵɆȴȸ ȭȺȯȴȲ, ȷȸ ȮȪȰȯ ȍȲȵɆȫȯȺȼ Ȭ ȹȯȺȬȸȶ ȲȱȮȪȷȲȲ çȘȻȷȸȬȪȷȲȳ ȭȯȸȶȯȼȺȲȲè (1899ȭ.) 

ȸȻȼȪȬȲȵ ȬȪȺȲȪȼȲȬȷȸȻȼɆ Ȭ ȸȼȬȯȼȪȿ ȷȪ ȹȸȮȸȫȷɅȯ ȼȯȸȺȯȼȲȴȸ-ȶȷȸȰȯȻȼȬȯȷȷɅȯ ȬȸȹȺȸȻɅ. ȧȼȸ 

ȹȸȻȵȽȰȲȵȸ ȸȮȷȲȶ Ȳȱ ȹȽȷȴȼȸȬ ȴȺȲȼȲȴȲ Ȼȸ ȻȼȸȺȸȷɅ ȻȸȹȯȺȷȲɁȪȬɂȯȭȸ Ȼ ȷȲȶ ȱȪ ȵȲȮȯȺȻȼȬȸ Ȭ 

ȶȲȺȸȬȸȳ ȶȪȼȯȶȪȼȲȴȯ șȽȪȷȴȪȺȯ. ȝɁȲȼɅȬȪɉ ȲȷȼȯȺȯȻ ȶȪȼȯȶȪȼȲɁȯȻȴȸȭȸ ȪȷȪȵȲȱȪ, ȍȲȵɆȫȯȺȼ 

ȻȸȭȵȪȻȲȵȻɉ Ȼ șȽȪȷȴȪȺȯ Ȭ ɇȼȸȶ ȹȽȷȴȼȯ. ȗȪɁȲȷȪɉ Ȼȸ ȬȼȸȺȸȭȸ ȲȱȮȪȷȲɉ çȘȻȷȸȬȪȷȲȳ ȭȯȸȶȯȼȺȲȲè 

(1903ȭ.) Ȭ ȷȲȿ ȬȴȵɈɁȯȷȪ ȪȴȻȲȸȶȪ ȹȸȵȷȸȼɅ, ȻȵȯȮȻȼȬȲȯȶ ȴȸȼȸȺȸȳ ɉȬȵɉȯȼȻɉ ȲȱȸȶȸȺȾȷȸȻȼɆ 

ɁȲȻȵȸȬȸȳ ȸȻȲ Ȭ  ȶȪȼȯȶȪȼȲɁȯȻȴȸȶ ȪȷȪȵȲȱȯ Ȳ ȹȺɉȶȸȳ Ȭ ȭȯȸȶȯȼȺȲȲ [5]. 
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ȬəəɚɞɌɢɔɫ. Ȯ ɐɌəəɚɕ ɝɞɌɞɨɑ ɛɜɚɜɌɍɌɞɧɎɌɑɞɝɫ Ɏɚɛɜɚɝ ɛɜɔɘɑəɑəɔɫ 
ɛɜɚɞɔɎɚɞɟɜɍɟɗɑəɞəɚɕ ɛɜɔɝɌɐɖɔ Ɏ ɖɌɣɑɝɞɎɑ ɝɜɑɐɝɞɎɌ ɐɗɫ ɝəɔɒɑəɔɫ ɓɌɞɜɌɞ əɌ ɩɗɑɖɞɜɚɩəɑɜɏɔɪ, 
ɛɚɞɜɑɍɗɫɑɘɟɪ əɌɝɚɝəɧɘɔ ɌɏɜɑɏɌɞɌɘɔ ȹȻȽ, ɛɜɔ ɛɑɜɑɖɌɣɖɑ əɑɠɞɑɛɜɚɐɟɖɞɌ. Ȯ ɜɌɍɚɞɑ ɚɞɜɌɒɑəɧ 
ɜɑɓɟɗɨɞɌɞɧ ɛɜɚɎɑɐɑəəɧɡ ɜɌɝɣɑɞɚɎ ɛɌɜɌɘɑɞɜɚɎ ɜɌɍɚɞɧ ɘɌɏɔɝɞɜɌɗɨəɚɏɚ ɞɜɟɍɚɛɜɚɎɚɐɌ ɝ 
ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɛɜɔɝɌɐɖɔ ɔ ɍɑɓ əɑɑ, ɚɛɜɑɐɑɗɑəɧ ɚɛɞɔɘɌɗɨəɧɑ Ɏɑɗɔɣɔəɧ ɖɚəɢɑəɞɜɌɢɔɔ ɎɎɚɐɔɘɚɕ 
ɛɜɔɝɌɐɖɔ ɔ ɖɜɔɞɑɜɔɔ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɚɍɚɜɟɐɚɎɌəɔɫ əɌɝɚɝəɧɡ ɝɞɌəɢɔɕ, ɛɜɔ ɖɚɞɚɜɧɡ əɌɍɗɪɐɌɑɞɝɫ 
ɝəɔɒɑəɔɑ ɝɑɍɑɝɞɚɔɘɚɝɞɔ ɞɜɌəɝɛɚɜɞɔɜɚɎɖɔ əɑɠɞɑɛɜɚɐɟɖɞɌ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɛɜɚɞɔɎɚɞɟɜɍɟɗɑəɞəɌɫ ɛɜɔɝɌɐɖɌ (ȻȾȻ); ɩɖɚəɚɘɔɫ ɩɗɑɖɞɜɚɩəɑɜɏɔɔ; 
ɝɚɎɘɑɥɑəəɌɫ ɡɌɜɌɖɞɑɜɔɝɞɔɖɌ; əɑɠɞɑɛɜɚɐɟɖɞɚɛɜɚɎɚɐ; ɛɚəɔɒɑəɔɑ ɝɟɘɘɌɜəɚɏɚ əɌɛɚɜɌ. 

Abstract. In the article, we analyze the issue of an anti-turbulent additive utilization as a means 
of reducing costs of electricity which is consumed by the pumping units of a pipeline pump station while 
transferring oil. The paper contains the calculated operating parameters of the trunk pipeline with and 
without the use of the additive; the optimal concentrations of the added additive and criteria for the use of 
pump station equipment which reduce the oil transportation cost are determined. 

Keywords: Ɍnti -turbulent additive; energy saving; combined characteristic; oil product pipeline; 
decrease in total pressure. 
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ȻȸȼȷȲ ȼɅȻɉɁ Ȳ ȶȲȵȵȲȸȷɅ Ȫ.ȯ.ȶ. ȎȯȳȻȼȬȲȯ șȜș ȷȪ ȼȽȺȫȽȵȯȷȼȷɅȳ ȹȸȼȸȴ ȱȪȴȵɈɁȪȯȼȻɉ Ȭ ȭȪɂȯȷȲȲ 

ȬɅȻȸȴȸɁȪȻȼȸȼȷɅȿ ȹȸȹȯȺȯɁȷɅȿ ȹȽȵɆȻȪɀȲȳ Ȳ ȽȬȯȵȲɁȯȷȲȯ ȼȸȵɃȲȷɅ Ȭɉȱȴȸȭȸ ȹȸȮȻȵȸɉ (ȺȲȻ. ɯ 1), 

Ɂȼȸ ȹȸȱȬȸȵɉȯȼ ȻȷȲȱȲȼɆ ȹȸȼȯȺȲ ȷȪȹȸȺȪ ȷȪ ȼȺȯȷȲȯ ȫȯȱ ȽȶȯȷɆɂȯȷȲɉ ȹȺȸȲȱȬȸȮȲȼȯȵɆȷȸȻȼȲ 

ȹȯȺȯȴȪɁȴȲ, Ȫ ȼȪȴȰȯ ȻȷȲȱȲȼɆ ȹȸȼȺȯȫȵɉȯȶɅȯ ȷȪȻȸȻȷɅȶȲ ȪȭȺȯȭȪȼȪȶȲ ȶȸɃȷȸȻȼȲ.  

 

ȚȲȻȽȷȸȴ 1.  ȹȺȲȷɀȲȹ ȮȯȳȻȼȬȲɉ șȜș 

Ȍ ȮȪȷȷȸȳ ȸȫȵȪȻȼȲ ȫɅȵȸ ȹȺȸȬȯȮȯȷȸ ȫȸȵɆɂȸȯ 

ȴȸȵȲɁȯȻȼȬȸ ȲȻȻȵȯȮȸȬȪȷȲȳ. Ȍ ɁȪȻȼȷȸȻȼȲ, Ȭ ȺȪȫȸȼȯ 

ȊȷȲɃȯȷȴȸ Ȍ.Ȋ., ȜȸȴȸɁȪȴȸȬȪ ȗ.Ȍ., ȞȲȴȸȬȪ Ȋ.ț. [4] 

ȫɅȵȲ ȺȪȻȻȶȸȼȺȯȷɅ ȸȹɅȼȷȸ-ȹȺȸȶɅɂȵȯȷȷɅȯ 

ȲȻȹɅȼȪȷȲɉ șȜș ȷȪ Ȗȗ çȎȺȽȰȫȪ-1è, DN 800, Ȗȗ 

çȎȺȽȰȫȪ-2è, DN 1000 ȼȯȿȷȸȵȸȭȲɁȯȻȴȲȯ ȽɁȪȻȼȴȲ 

ȝȷȯɁȪ-ȖȸȱɅȺɆ-1 Ȳ ȝȷȯɁȪ-ȖȸȱɅȺɆ-2 

ȻȸȸȼȬȯȼȻȼȬȯȷȷȸ. Ȍ ȲȻȹɅȼȪȷȲɉȿ ȴȸȷɀȯȷȼȺȪɀȲɉ 

ȬȬȸȮȲȶȸȳ șȜș ȻȸȻȼȪȬȵɉȵȪ 4-6 ȭ/ȼ. ȗȪ ȸȻȷȸȬȯ 

ȻȼȪȼȲȻȼȲɁȯȻȴȲȿ ȮȪȷȷɅȿ ȹȸ ɇȵȯȴȼȺȸȹȸȼȺȯȫȵȯȷȲɈ 

ȫɅȵȪ ȻȸȱȮȪȷȪ ȶȪȼȯȶȪȼȲɁȯȻȴȪɉ ȶȸȮȯȵɆ ȺȪȻȿȸȮȪ 

ɇȵȯȴȼȺȸɇȷȯȺȭȲȲ ȷȪ ȼȺȪȷȻȹȸȺȼȲȺȸȬȴȽ ȷȯȾȼȲ ȷȪ 

ȬɅȫȺȪȷȷȸȶ ȲȷȼȯȺȬȪȵȯ ȭȺȽȱȸȸȫȸȺȸȼȪ. ȎȪȵȯȯ 

ȪȬȼȸȺȪȶȲ, ȷȪ ȸȻȷȸȬȯ ȶȪȼȯȶȪȼȲɁȯȻȴȸȳ ȶȸȮȯȵȲ Ȯȵɉ 

ȽȹȺȸɃȯȷȲɉ ȺȪȻɁȯȼȸȬ, ȫɅȵȪ ȹȸȻȼȺȸȯȷȪ 

ȷȸȶȸȭȺȪȶȶȪ, ȹȸȱȬȸȵɉɈɃȪɉ ȸɀȯȷȲȼɆ ɇȴȸȷȸȶȲɈ  

ɇȵȯȴȼȺȸɇȷȯȺȭȲȲ ȱȪ ȻɁȯȼ ȹȺȲȶȯȷȯȷȲɉ ȹȺȸȼȲȬȸȼȽȺȫȽȵȯȷȼȷȸȳ ȹȺȲȻȪȮȴȲ. Ȍ Ȳȼȸȭȯ ȫɅȵȸ 

ȸȹȺȯȮȯȵȯȷȸ, Ɂȼȸ ȲȻȹȸȵɆȱȸȬȪȷȲȯ șȜș Ȯȵɉ ȺȪȻȻȶȸȼȺȯȷȷɅȿ ȷȯȾȼȯȹȺȸȬȸȮȸȬ Ȭ ȴȸȷɀȯȷȼȺȪɀȲɉȿ, 

ȽȴȪȱȪȷȷɅȿ ȬɅɂȯ, ɇȴȸȷȸȶȲɁȯȻȴȲ ȷȯȬɅȭȸȮȷȸ Ȳȱ-ȱȪ ȬɅȻȸȴȸȳ ȻȼȸȲȶȸȻȼȲ ȹȺȲȻȪȮȴȲ.  

Ȍ ȲȻȻȵȯȮȸȬȪȷȲɉȿ, ȹȺȸȬȯȮȯȷȷɅȿ ȋȪȺȿȪȼȸȬɅȶ Ȋ.Ȟ. Ȳ ȗȪȻȼȯȹȪȷȲȷɅȶ ș.ȏ. [5] ȹȺȲȶȯȷȯȷȲȯ 

ȹȺȸȼȲȬȸȼȽȺȫȽȵȯȷȼȷȸȳ ȹȺȲȻȪȮȴȲ ȺȪȻȻȶȪȼȺȲȬȪȯȼȻɉ ȻȺȪȱȽ Ȭ ȷȯȻȴȸȵɆȴȲȿ ȬȪȺȲȪȷȼȪȿ: ȹȺȲȶȯȷȯȷȲȯ 
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șȜș Ȯȵɉ ȻȷȲȰȯȷȲɉ ȴȪȹȲȼȪȵɆȷɅȿ ȱȪȼȺȪȼ ȹȺȲ ȽȬȯȵȲɁȯȷȲȲ ȹȺȸȹȽȻȴȷȸȳ ȻȹȸȻȸȫȷȸȻȼȲ 

ȻȽɃȯȻȼȬȽɈɃȲȿ ȶȪȭȲȻȼȺȪȵɆȷɅȿ ȼȺȽȫȸȹȺȸȬȸȮȪȿ; ȹȺȲȶȯȷȯȷȲȯ șȜș Ȯȵɉ ȻȷȲȰȯȷȲɉ ȴȪȹȲȼȪȵɆȷɅȿ 

ȱȪȼȺȪȼ ȹȺȲ ȹȺȸȯȴȼȲȺȸȬȪȷȲȲ Ȳ ȻȼȺȸȲȼȯȵɆȻȼȬȯ ȷȸȬɅȿ ȶȪȭȲȻȼȺȪȵɆȷɅȿ ȼȺȽȫȸȹȺȸȬȸȮȪȿ; 

ȹȺȲȶȯȷȯȷȲȯ șȜș Ȯȵɉ ȻȷȲȰȯȷȲɉ ɇȷȯȺȭȸȹȸȼȺȯȫȵȯȷȲɉ ȷȪ ȻȽɃȯȻȼȬȽɈɃȲȿ ȶȪȭȲȻȼȺȪȵɆȷɅȿ 

ȼȺȽȫȸȹȺȸȬȸȮȪȿ. Ȏȵɉ ȹȸȻȵȯȮȷȯȭȸ ȻȵȽɁȪɉ ȪȬȼȸȺȪȶȲ ȺȪȱȺȪȫȸȼȪȷ ɇȴȻȹȺȯȻȻ-ȶȯȼȸȮȲȴȪ ȺȪȻɁȯȼȪ 

ȶȪȴȻȲȶȪȵɆȷȸȳ ȻȼȸȲȶȸȻȼȲ șȜș, ȹȺȲ ȴȸȼȸȺȸȳ ȹȺȲȻȪȮȴȽ ɀȯȵȯȻȸȸȫȺȪȱȷȸ ȹȺȲȶȯȷɉȼɆ, 

ȬɅȺȪȰȪȯȶȸȳ ȸȼȷȸɂȯȷȲȯȶ ȬȯȵȲɁȲȷɅ ɇȴȸȷȸȶȲȲ ȱȪȼȺȪȼ ȷȪ ɇȵȯȴȼȺȸɇȷȯȺȭȲɈ ȴ ȴȸȵȲɁȯȻȼȬȽ 

ȬȬȸȮȲȶȸȳ ȹȺȲȻȪȮȴȲ. ȗȪ ȸȻȷȸȬȪȷȲȲ ɇȼȸȳ ȶȯȼȸȮȲȴȲ ȹȺȸȬȸȮȲȼȻɉ ȪȷȪȵȲȱ ȷȪ ɇȴȸȷȸȶȲɁȯȻȴȽɈ 

ɀȯȵȯȻȸȸȫȺȪȱȷȸȻȼɆ ȹȺȲȶȯȷȯȷȲɉ șȜș Ȯȵɉ ȼȺȽȫȸȹȺȸȬȸȮȸȬ ȺȪȱȵȲɁȷɅȿ ȮȲȪȶȯȼȺȸȬ Ȳ Ȯȵɉ 

ȺȪȱȵȲɁȷɅȿ ȻȹȸȻȸȫȸȬ ȺȯȭȽȵȲȺȸȬȪȷȲɉ ȼȯȿȷȸȵȸȭȲɁȯȻȴȲȿ ȺȯȰȲȶȸȬ (ȻȼȽȹȯȷɁȪȼȸȯ ȺȯȭȽȵȲȺȸȬȪȷȲȯ ð 

ȱȪ ȻɁȯȼ ȸȼȴȵɈɁȯȷȲɉ ȸȼȮȯȵɆȷɅȿ ȖȗȊ, ȹȵȪȬȷȸȯ ȺȯȭȽȵȲȺȸȬȪȷȲȯ ð ȱȪ ȻɁȯȼ ȺȯȭȽȵȲȺȸȬȪȷȲɉ ɁȪȻȼȸȼɅ 

ȸȫȸȺȸȼȸȬ ȪȭȺȯȭȪȼȸȬ). ȘȻȷȸȬȷɅȶ ȺȯȱȽȵɆȼȪȼȸȶ ȮȪȷȷȸȳ ȺȪȫȸȼɅ ȶȸȰȷȸ ȬɅȮȯȵȲȼɆ ȻȵȯȮȽɈɃȯȯ: 

ȹȺȲȶȯȷȯȷȲȯ șȜș ɀȯȵȯȻȸȸȫȺȪȱȷȸ Ȯȵɉ ȶȪȵɅȿ ȴȸȷɀȯȷȼȺȪɀȲȳ ȬȬȸȮȲȶȸȳ ȹȺȲȻȪȮȴȲ. 

Ȍ ȸȫȸȲȿ ȲȻȻȵȯȮȸȬȪȷȲɉȿ ȭȸȬȸȺȲȼȻɉ ȸȫ ȸȼȻȽȼȻȼȬȲȲ ɇȴȸȷȸȶȲɁȯȻȴȸȭȸ ɇȾȾȯȴȼȪ ȹȺȲ 

ȲȻȹȸȵɆȱȸȬȪȷȲȲ șȜș Ȭ ȫȸȵɆɂȲȿ ȴȸȷɀȯȷȼȺȪɀȲɉȿ Ȳȱ-ȱȪ ȹȺȯȸȫȵȪȮȪȷȲɉ ȱȪȼȺȪȼ ȷȪ ȹȺȲȸȫȺȯȼȯȷȲȯ 

șȜș ȷȪȮ ɇȴȸȷȸȶȲȯȳ ȱȪȼȺȪȼ ȷȪ ɇȵȯȴȼȺȸɇȷȯȺȭȲɈ. șȸɇȼȸȶȽ Ȯȵɉ ȹȺȸȬȯȮȯȷȲɉ ȺȪȻɁȯȼȸȬ Ȭ ȮȪȷȷȸȳ 

ȺȪȫȸȼȯ ȫȺȪȵȻɉ ȼȺȽȫȸȹȺȸȬȸȮ Ȼ ȷȸȶȲȷȪȵɆȷɅȶ ȮȲȪȶȯȼȺȸȶ DN 500 ȶȶ Ȳ Ȼ ȺȯȸȵȸȭȲȯȳ 

ȹȯȺȯȴȪɁȲȬȪȯȶȸȳ ȰȲȮȴȸȻȼȲ ȻȸȸȼȬȯȼȻȼȬȽɈɃȯȳ ȻȬȯȼȵɅȶ ȷȯȾȼȯȹȺȸȮȽȴȼȪȶ (Ǯ = 836 ȶİ/Ɂ, Ǫ = 3 

Ȼțȼ), ȼȪȴ ȴȪȴ ȮȪȷȷɅȯ ȹȪȺȪȶȯȼȺɅ ȸȫȯȻȹȯɁȲȬȪɈȼ ȷȪȲȶȯȷɆɂȲȳ ȶȪȻȻȸȬɅȳ ȺȪȻȿȸȮ 

ȹȯȺȯȴȪɁȲȬȪȯȶȸȳ ȰȲȮȴȸȻȼȲ Ȳ ȻȸȸȼȬȯȼȻȼȬȯȷȷȸ ȷȪȲȶȯȷɆɂȯȯ ȴȸȵȲɁȯȻȼȬȸ ȬȬȸȮȲȶȸȳ ȹȺȲȻȪȮȴȲ. 

Ȏȵɉ ȽȹȺȸɃȯȷȲɉ ȺȪȻɁȯȼȸȬ ȺȪȻȻȶȪȼȺȲȬȪȯȼȻɉ ȼȯȿȷȸȵȸȭȲɁȯȻȴȲȳ ȽɁȪȻȼȸȴ ȫȯȱ ȹȸȮȴȪɁȯȴ Ȳ 

ȸȼȫȸȺȸȬ ȹȺȸȼɉȰȯȷȷȸȻȼɆɈ L, Ȼ ȸȮȷȸȳ ȭȸȵȸȬȷȸȳ ȻȼȪȷɀȲȯȳ Ȳ ɁȯȼɅȺɆȶɉ ȹȺȸȶȯȰȽȼȸɁȷɅȶȲ Ȼ Țș Ȭ 

ȴȸȷɀȯ. ȗȪ ȴȪȰȮȸȳ ȻȼȪȷɀȲȲ Ȭ ȺȪȫȸȼȯ ȹȸ ȮȬȪ ȸȮȲȷȪȴȸȬɅȿ ȪȭȺȯȭȪȼȪ, ȻȿȯȶȪ ȼȯȿȷȸȵȸȭȲɁȯȻȴȸȭȸ 

ȺȯȰȲȶȪ ȻȵȯȮȽɈɃȪɉ ð 1/2-2-2-2-2 (ȺȲȻ. ɯ2). 

 

ȚȲȻȽȷȸȴ 2. țȿȯȶȪ ȶȪȭȲȻȼȺȪȵɆȷȸȭȸ ȼȺȽȫȸȹȺȸȬȸȮȪ 

 

ȝȺȪȬȷȯȷȲȯ ȫȪȵȪȷȻȪ ȷȪȹȸȺȸȬ ȫȽȮȯȼ ȲȶȯȼɆ ȬȲȮ: 

Ὤ̃ ˚ˍ ὲϽὌ̇ ˚ ὗ̱  ρȟπςὬ̓ ̑ Ўᾀ Ὤ̋  ̃                                   (1) 

ȭȮȯ hșȗȊ ð ȷȪȹȸȺ, ȻȸȱȮȪȬȪȯȶɅȳ ȹȸȮȹȸȺȷɅȶ ȪȭȺȯȭȪȼȸȶ, ȶ; n ð ȴȸȵȲɁȯȻȼȬȸ ȶȪȭȲȻȼȺȪȵɆȷɅȿ 

ȪȭȺȯȭȪȼȸȬ; HȖȗȊ ð ȷȪȹȸȺ, ȻȸȱȮȪȬȪȯȶɅȳ ȶȪȭȲȻȼȺȪȵɆȷɅȶ ȷȪȻȸȻȸȶ Ȭ ȱȪȬȲȻȲȶȸȻȼȲ ȸȼ ȺȪȻȿȸȮȪ - 
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ʉɽʂʎʀʗ 4. ʊɽʍʅʀʂɸ, ʊɽʍʅʆʃʆɻʀʀ ʀ ʀʅʅʆɺɸʎʀʀ 

 

 

Q, ȶ; hȼȺ ȹȸȼȯȺȲ ȷȪ ȼȺȯȷȲȯ ȹȸ ȮȵȲȷȯ ȼȺȽȫȸȹȺȸȬȸȮȪ, ȶ;  

ǂz ð ȺȪȱȷȲɀȪ ȬɅȻȸȼȷɅȿ ȸȼȶȯȼȸȴ ȴȸȷɀȪ Ȳ ȷȪɁȪȵȪ ȽɁȪȻȼȴȪ, ȶ;  

hȚș ð ȬɅȻȸȼȪ ȬȱȵȲȬȪ Ȭ Țș [2].  

șȺȸȲȱȬȸȮȲȼȯȵɆȷȸȻȼɆ ȼȯȿȷȸȵȸȭȲɁȯȻȴȸȭȸ ȺȯȰȲȶȪ (Q) Ȳ ȻȽȶȶȪȺȷɅȳ ȷȪȹȸȺ, ȺȪȱȬȲȬȪȯȶɅȳ 

ȷȪȻȸȻȷɅȶȲ ȪȭȺȯȭȪȼȪȶȲ (ȗȻȽȶ), ȫȽȮȯȼ ȸȹȺȯȮȯȵɉȼɆȻɉ ȺȪȫȸɁȯȳ ȼȸɁȴȸȳ ȷȪ ȻȸȬȶȯɃȯȷȷȸȳ 

ȿȪȺȪȴȼȯȺȲȻȼȲȴȯ ȼȺȽȫȸȹȺȸȬȸȮȪ Ȳ ȗșț (ȺȲȻ. ɯ7) Q=1100 ȶ3/Ɂ, H = 2695 ȶ.  

ȟȪȺȪȴȼȯȺȲȻȼȲȴȪ ȼȺȽȫȸȹȺȸȬȸȮȪ ȹȺȯȮȻȼȪȬȵɉȯȼ Ȼȸȫȸȳ ȱȪȬȲȻȲȶȸȻȼɆ ȹȸȼȯȺɆ ȷȪȹȸȺȪ ȷȪ 

ȼȺȯȷȲȯ ȹȸ ȮȵȲȷȯ ȼȺȽȫȸȹȺȸȬȸȮȪ ȸȼ ȺȪȻȿȸȮȪ 

Ὤ̐ ̏ ὗ̓ ρȟπςϽ‗Ͻ
 Ͻ

Ͻ Ͻ
Ўᾀ                                                (2) 

ȭȮȯ Ǩ ð ȴȸɇȾȾȲɀȲȯȷȼ ȭȲȮȺȪȬȵȲɁȯȻȴȸȭȸ ȻȸȹȺȸȼȲȬȵȯȷȲɉ; d ð ȬȷȽȼȺȯȷȷȲȳ ȮȲȪȶȯȼȺ ȼȺȽȫȸȹȺȸȬȸȮȪ, 

ȶ, ǂz ð ȺȪȱȷȲɀȪ ȬɅȻȸȼȷɅȿ ȸȼȶȯȼȸȴ ȴȸȷɀȪ Ȳ ȷȪɁȪȵȪ ȼȺȽȫȸȹȺȸȬȸȮȪ, ȶ. 

ȗȪȹȸȺȷȪɉ ȿȪȺȪȴȼȯȺȲȻȼȲȴȪ ȷȪȻȸȻȸȬ ȸȹȺȯȮȯȵɉȯȼȻɉ ȻȵȯȮȽɈɃȯȳ ȱȪȬȲȻȲȶȸȻȼɆɈ 

Ὄὗ  ὥ ὦϽὗ                                      (3) 

ȭȮȯ Ȫ Ȳ b ȴȸɇȾȾȲɀȲȯȷȼɅ ȪȹȹȺȸȴȻȲȶȪɀȲȲ [2]. 

șȺȲ ȬȬȸȮȯ ȹȺȲȻȪȮȴȲ ȿȪȺȪȴȼȯȺȲȻȼȲȴȪ ȼȺȽȫȸȹȺȸȬȸȮȪ ȫȽȮȯȼ ȻȶȯɃȪȼɆȻɉ Ȭ ȻȼȸȺȸȷȽ 

ȻȷȲȰȯȷȲɉ ȷȪȹȸȺȪ, ȺȪȱȬȲȬȪȯȶȸȭȸ ȗȊ, ȹȺȲ ȼȸȳ Ȱȯ ȹȺȸȲȱȬȸȮȲȼȯȵɆȷȸȻȼȲ ȹȯȺȯȴȪɁȴȲ, ȲȵȲ Ȭ 

ȻȼȸȺȸȷȽ ȽȬȯȵȲɁȯȷȲɉ ȹȺȸȲȱȬȸȮȲȼȯȵɆȷȸȻȼȲ ȹȯȺȯȴȪɁȴȲ ȹȺȲ ȷȯȲȱȶȯȷȷȸȶ ȷȪȹȸȺȯ. ȌȯȵȲɁȲȷȪ 

ȻȶȯɃȯȷȲɉ ȫȽȮȯȼ ȸȹȺȯȮȯȵɉȼɆȻɉ ɇȾȾȯȴȼȲȬȷȸȻȼɆɈ ȹȺȲȻȪȮȴȲ, ȴȸȼȸȺȪɉ Ȭ ȻȬȸɈ ȸɁȯȺȯȮɆ ȱȪȬȲȻȲȼ 

ȸȼ ȴȸȷɀȯȷȼȺȪɀȲȲ ȯȯ ȬȬȸȮȪ, ȭ/ȼ. ȔȸȷɀȯȷȼȺȪɀȲɉ Ȳ ɇȾȾȯȴȼȲȬȷȸȻȼɆ ȸȹȺȯȮȯȵɉɈȼȻɉ ȹȸ ȴȺȲȬȸȳ 

ɇȾȾȯȴȼȲȬȷȸȻȼȲ (ȺȲȻ. ɯ3) ȹȸȻȼȺȸȯȷȷȸȳ ȷȪ ȸȻȷȸȬȯ ȸȹɅȼȷȸ ȹȺȸȶɅɂȵȯȷȷɅȿ ȲȻȹɅȼȪȷȲȳ ȲȵȲ 

ȲȻȹɅȼȪȷȲȳ Ȭ ȵȪȫȸȺȪȼȸȺȷɅȿ ȽȻȵȸȬȲɉȿ [1]. Ȍ ȮȪȷȷȸȶ ȲȻȻȵȯȮȸȬȪȷȲȯ ȺȪȻȻȶȪȼȺȲȬȪȯȼȻɉ 

ȹȺȲȶȯȷȯȷȲȯ șȜș ȶȪȺȴȲ PT-FLYDE-L Ȯȵɉ ȷȯȾȼȯȹȺȸȮȽȴȼȪ ȹȺȲ ȼȯȶȹȯȺȪȼȽȺȯ 15ÁC.  

ȧȾȾȯȴȼȲȬȷȸȻȼɆ șȜș ȸȹȺȯȮȯȵɉȯȼȻɉ ȹȸ ȾȸȺȶȽȵȯ: 

‪ ϽρππϷ                                   (4) 

ȭȮȯ Ǩ0 Ȳ Ǩf ð ȴȸɇȾȾȲɀȲȯȷȼɅ ȭȲȮȺȪȬȵȲɁȯȻȴȸȭȸ ȻȸȹȺȸȼȲȬȵȯȷȲɉ ȹȺȲ ȼȯɁȯȷȲȲ ȷȯȾȼȯȹȺȸȮȽȴȼȪ Ȼ 

ȹȺȲȻȪȮȴȸȳ Ȳ ȫȯȱ ȷȯȯ. 

ȜȸȭȮȪ ȹȸȼȯȺȲ ȷȪȹȸȺȪ ȷȪ ȼȺȯȷȲȯ ȹȺȲ ȬȬȸȮȯ ȫȽȮȽȼ ȷȪȿȸȮȲȼɆȻɉ ȹȸ [3] ȴȪȴ 

Ὤ̐ ̏ ὗ̓ ρȟπςϽρ
Ϸ
Ͻ‗Ͻ

 Ͻ

Ͻ Ͻ
                                             (5) 

ȧȴȸȷȸȶȲɉ ȱȪȼȺȪȼ ȷȪ ɇȵȯȴȼȺȸɇȷȯȺȭȲɈ ȸȹȺȯȮȯȵɉȯȼȻɉ ȬɅȺȪȰȯȷȲȯȶ 

˪̞ Ȣ̞̌ ЎὔϽί̞ Ͻ̞ςτ                                        (6) 

ȭȮȯ ǂN ð ȺȪȱȷȲɀȪ ȶȯȰȮȽ ȶȸɃȷȸȻȼɉȶȲ ȱȪȼȺȪɁȲȬȪȯȶɅȶȲ ȷȪȻȸȻȪȶȲ ȷȪ ȹȯȺȯȴȪɁȴȽ ȫȯȱ 
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ȹȺȲȶȯȷȯȷȲɉ șȜș Ȳ Ȼ ȹȺȲȶȯȷȯȷȲȯȶ (7); sɇɇ ð ȻȼȸȲȶȸȻȼɆ ȴȌȼϽɁ, ȺȽȫ. (ȻȺȯȮȷɉɉ ȻȼȸȲȶȸȻȼɆ 

ȻȸȻȼȪȬȵɉȯȼ 4 ȺȽȫ/ȴȌȼϽɁ) 

ὔ̂ ̆ ̈̃˟˜
̒̔Ͻ̍ϽϽ

˗˜ˑ̊Ͻ̠˜ˑ̃̑
 

                                (7) 

ȭȮȯ HȻȽȶ ð ȻȽȶȶȪ ȷȪȹȸȺȸȬ ȬȻȯȿ ȪȭȺȯȭȪȼȸȬ ȷȪ ȺȯȰȲȶȯ, ȶ; ȔșȎȗ ð ȴȸɇȾȾȲɀȲȯȷȼ ȹȸȵȯȱȷȸȭȸ 

ȮȯȳȻȼȬȲɉ ȷȪȻȸȻȪ (0,85); ȔșȎșȺ ð ȴȸɇȾȾȲɀȲȯȷȼ ȹȸȵȯȱȷȸȭȸ ȮȯȳȻȼȬȲɉ ȹȺȲȬȸȮȪ (0,95) [2]. 

 

ȚȲȻȽȷȸȴ 3. ȔȺȲȬȪɉ ɇȾȾȯȴȼȲȬȷȸȻȼȲ șȜș 

ȑȪȼȺȪȼɅ ȷȪ ȹȺȲȸȫȺȯȼȯȷȲȯ șȜș ȶȸȰȷȸ ȬɅɁȲȻȵȲȼɆ ȹȸ ȾȸȺȶȽȵȯ: 

˔̃ ˟˜ ὧϽὲϽὓϽί̃˟ Ͻ̃ςτ                               (8) 

ȭȮȯ Ȼ ð ȴȸȷɀȯȷȼȺȪɀȲɉ ȬȬȸȮȲȶȸȳ ȹȺȲȻȪȮȴȲ, ȭ/ȼ; n ð ȴȸȵȲɁȯȻȼȬȸ ȼȸɁȯȴ ȬȬȸȮȪ șȜș; Ȗ ð ȶȪȻȻȸȬɅȳ 

ȺȪȻȿȸȮ ȹȯȺȯȴȪɁȴȲ, ȼ/Ɂ; sșȜș ð ȻȼȸȲȶȸȻȼɆ ȱȪ 1 ȴȭ ȹȺȲȻȪȮȴȲ (Ȭ ȻȺȯȮȷȯȶ 500 ȺȽȫ/ȴȭ), ȺȽȫ/ȴȭ.  

Ȍ ȷȪɁȪȵȯ ȺȪȻɁȯȼɅ ȹȺȸȲȱȬȸȮȲȵȲȻɆ Ȼ ȽɁȯȼȸȶ ȬȬȸȮȪ ȹȺȲȻȪȮȴȲ ȷȪ ȬȻȯȿ ȹɉȼȲ ȹȯȺȯȭȸȷȪȿ 

ȶȯȰȮȽ ȻȼȪȷɀȲɉȶȲ (ȺȲȻ. ɯ4), ȮȲȪȹȪȱȸȷ ȴȸȷɀȯȷȼȺȪɀȲȳ ȬȬȸȮȲȶȸȳ șȜș ȷȪɁȲȷȪȵȻɉ Ȼ 6 ȭ/ȼ Ȳ 

ȱȪȴȪȷɁȲȬȪȵȻɉ 1 ȭ/ȼ (ȺȯȱȽȵɆȼȪȼɅ ȺȪȻɁȯȼȸȬ ȻȬȯȮȯȷɅ Ȭ ȼȪȫȵȲɀȽ ɯ1). 

 

ȚȲȻȽȷȸȴ 4. ȜȸɁȴȲ ȬȬȸȮȪ șȜș (ȬȪȺ. ɯ1) 
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ȜȪȫȵȲɀȪ 1 

ȔȸȷɀȯȷȼȺȪɀȲɉ 

șȜș, ȭ/ȼ 
ǵ, % 

ǂ, 

ȺȽȫ/ȻȽȼ. 
H Ȼ șȜș, ȶ ǂH, ȶ 

ȑȪȼȺȪȼɅ ȷȪ șȜș, 

ȺȽȫ/ȻȽȼ 

ȧȴȸȷȸȶȲɉ ȧȧ, 

ȺȽȫ/ȻȽȼ 

1,0 6,5 -1737 2516 179 55200 53463 

2,0 13,0 -6353 2346 349 110400 104047 

3,0 19,4 -11747 2180 515 165600 153853 

4,0 25,0 -23367 2033 662 220800 197433 

5,0 28,7 -49773 1937 758 276000 226227 

6,0 32,0 -79292 1851 844 331200 251908 
 

 

ȔȪȴ ȬȲȮȷȸ Ȳȱ ȼȪȫȵȲɀɅ ɯ1 ȼȯȴȽɃȪɉ ȻȿȯȶȪ ȬȬȸȮȪ șȜș ɉȬȵɉȯȼȻɉ ɇȴȸȷȸȶȲɁȯȻȴȲ 

ȷȯɇȾȾȯȴȼȲȬȷȸȳ Ȳȱ-ȱȪ ȹȺȯȬɅɂȯȷȲɉ ȱȪȼȺȪȼ ȷȪ ȱȪȴȽȹȴȽ șȜș ȷȪȮ ɇȴȸȷȸȶȲȯȳ ȧȧ. șȸɇȼȸȶȽ 

ȻȵȯȮȽɈɃȲȯ ȺȪȻɁȯȼɅ ȹȺȸȬȸȮȲȵȲȻɆ ȽȰȯ ȹȸ Ȼȿȯȶȯ ȬȬȸȮȪ ȹȺȲȻȪȮȴȲ (ȺȲȻ. ɯ5) ð ȬȬȸȮ ȹȺȲȻȪȮȴȲ 

ȽȰȯ ȸȻȽɃȯȻȼȬȵɉȵȻɉ ȼȸȵɆȴȸ ȷȪ ȼȺȯȿ ȹȸȻȵȯȮȷȲȿ ȹȯȺȯȭȸȷȪȿ, ȲȶȯɈɃȲȿ ȷȪȲȫȸȵɆɂȽɈ 

ȹȺȸȼɉȰȯȷȷȸȻȼɆ, Ȫ, ȻȵȯȮȸȬȪȼȯȵɆȷȸ, Ȳ ȷȪȲȫȸȵɆɂȲȯ ȹȸȼȯȺȲ ȷȪ ȼȺȯȷȲȯ ȹȸ ȮȵȲȷȯ.  

 

ȚȲȻȽȷȸȴ 5. ȜȸɁȴȲ ȬȬȸȮȪ șȜș (ȬȪȺ. ɯ2) 

Ȍ ȺȯȱȽȵɆȼȪȼȯ ȹȺȸȬȯȮȯȷȷɅȿ ȺȪȻɁȯȼȸȬ ȫɅȵȸ ȸȹȺȯȮȯȵȯȷȸ, Ɂȼȸ ɇȴȸȷȸȶȲɁȯȻȴȲȳ ɇȾȾȯȴȼ ȸȼ 

ȬȬȸȮȪ ȹȺȲȻȪȮȴȲ ȹȸɉȬȵɉȯȼȻɉ ȷȪ ȴȸȷɀȯȷȼȺȪɀȲȲ ȬȬȸȮȪ 4 ȭ/ȼ (ȼȪȫȵȲɀȪ ɯ2). 

  



ȗȘȘ çșȺȸȾȯȻȻȲȸȷȪȵɆȷȪɉ ȷȪȽȴȪè ȲȻȹȸȵɆȱȽȯȼ Creative Commons Attribution (CC BY 4.0): ȵȲɀȯȷȱȲɈ ȷȪ 

ȸȹȽȫȵȲȴȸȬȪȷȷɅȯ ȶȪȼȯȺȲȪȵɅ - https:// creativecommons.org/ licenses/ by/4.0/deed.ru| 

-45-  

____________________________________________________________________________________ 

 

ʅʘʫʢʘ, ʪʝʭʥʦʣʦʛʠʷ, ʪʝʭʥʠʢʘ: ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʬʦʨʫʤʘ speed-up 

ʉɽʂʎʀʗ 4. ʊɽʍʅʀʂɸ, ʊɽʍʅʆʃʆɻʀʀ ʀ ʀʅʅʆɺɸʎʀʀ 

 

 

ȜȪȫȵȲɀȪ 2 

ȔȸȷɀȯȷȼȺȪɀȲɉ 

șȜș, ȭ/ȼ 

ǂ, 

ȺȽȫ/ȻȽȼ. 

H Ȼ 

șȜș, 

ȶ 

ǂH, 

ȶ 

ȑȪȼȺȪȼɅ 

ȷȪ șȜș, 

ȺȽȫ/ȻȽȼ 

ȧȴȸȷȸȶȲɉ 

ȧȧ, 

ȺȽȫ/ȻȽȼ 

1,0 5023 2567 128 33120 38143 

1,5 5833 2509 186 49680 55513 

1,8 6213 2474 221 59616 65829 

2,0 7181 2449 246 66240 73421 

2,4 8048 2402 293 79488 87536 

2,8 7814 2358 337 92736 100550 

3,0 8798 2333 362 99360 108158 

3,2 8143 2313 382 105984 114127 

3,6 6834 2273 422 119232 126066 

4,0 6064 2231 464 132480 138544 
 

 

 

ȚȲȻȽȷȸȴ 6. ȑȪȬȲȻȲȶȸȻȼɆ ɇȴȸȷȸȶȲȲ ȶȪȼȯȺȲȪȵɆȷɅȿ ȱȪȼȺȪȼ ȸȼ ȴȸȷɀȯȷȼȺȪɀȲȲ ȬȬȸȮȲȶȸȳ șȜș 

ȖȪȴȻȲȶȪȵɆȷȸȯ ȱȷȪɁȯȷȲȯ ɇȴȸȷȸȶȲȲ, ȴȪȴ ȬȲȮȷȸ Ȳȱ ȼȪȫȵȲɀɅ, ȫȽȮȯȼ ȮȸȻȼȲȭȪȼɆȻɉ ȹȺȲ 

ȴȸȷɀȯȷȼȺȪɀȲȲ ȬȬȸȮȪ ȹȺȲȻȪȮȴȲ ȸȴȸȵȸ 3 ȭ/ȼ. șȺȲ ɇȼȸȶ ȻȽȶȶȪȺȷɅȳ ȷȪȹȸȺ ȗȊ ȻȷȲȱȲȼȻɉ ȷȪ 362 

ȶ, Ɂȼȸ ȶȸȰȷȸ ȮȸȻȼȲȭȷȽȼɆ ȹȸȵȷɅȶ ȸȼȴȵɈɁȯȷȲȯȶ ȸȮȷȸȭȸ ȪȭȺȯȭȪȼȪ, ȷȪȹȺȲȶȯȺ ȷȪ ȹȸȻȵȯȮȷȯȳ 

ȻȼȪȷɀȲȲ, Ȳ ɁȪȻȼȲɁȷɅȶ ȻȷȲȰȯȷȲȯȶ ȷȪȹȸȺȪ ȷȪ ȪȭȺȯȭȪȼȯ ȹȺȯȮȹȸȻȵȯȮȷȯȳ ȻȼȪȷɀȲȲ (Ȭ ɀȯȵɉȿ 

ȲȻȴȵɈɁȯȷȲɉ ȹȺȯȬɅɂȯȷȲɉ ȮȪȬȵȯȷȲȳ ȷȪ ȬɅȿȸȮȯ ȗșț). țȷȲȰȯȷȲȯ ȷȪȹȸȺȪ ȬȸȱȶȸȰȷȸ 

ȸȻȽɃȯȻȼȬȲȼɆ ȱȪ ȻɁȯȼ ȹȺȲȶȯȷȯȷȲɉ ȺȯȭȽȵɉȼȸȺȸȬ ɁȪȻȼȸȼɅ (ȡȚș ȲȵȲ ȭȲȮȺȸȶȽȾȼ), ȷȸ Ȳȱ-ȱȪ 

ȹȺȲȻȽȼȻȼȬȲɉ Ƚ ȷȲȿ ȻȸȫȻȼȬȯȷȷȸȭȸ ȔșȎ ȼȺȯȫȽȯȼȻɉ ȹȯȺȯȻɁȯȼ ȱȪȼȺȪɁȯȷȷȸȳ ȶȸɃȷȸȻȼȲ (9). 

ὔ̃ ˟˜
̒̔Ͻ̍ϽϽ

˗˜ˑ̊Ͻ̠˜ˑ̃̑

̘Ͻ̑ϽϽ

˗˜ˑ̊Ͻ̠˜ˑ̃̑Ͻ̠ ˜ˑ̘̑
                                        (9) 

ȭȮȯ HõȻȽȶ ð ȻȽȶȶȪ ȷȪȹȸȺȸȬ ȬȻȯȿ ȪȭȺȯȭȪȼȸȬ ȷȪ ȴȸȼȸȺɅȿ ȷȯ ȲȻȹȸȵɆȱȽɈȼȻɉ ȺȯȭȽȵɉȼȸȺɅ ɁȪȻȼȸȼɅ ȷȪ 
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ȺȯȰȲȶȯ Ȼ șȜș, ȶ; HɁȺ ð ȷȪȹȸȺ ȷȪȻȸȻȪ ȷȪ ȴȸȼȸȺȸȶ ȫɅȵ ȹȺȲȶȯȷȯȷ ȺȯȭȽȵɉȼȸȺ ɁȪȻȼȸȼɅ, ȶ; ȔșȎɁȺ 

ð ȴȸɇȾȾȲɀȲȯȷȼ ȹȸȵȯȱȷȸȭȸ ȮȯȳȻȼȬȲɉ ȺȯȭȽȵɉȼȸȺȪ ɁȪȻȼȸȼɅ (ȷȪȲȫȸȵȯȯ ȬɅȻȸȴȲȳ Ƚ ȡȚș ð 0,95). 

 

ȚȲȻȽȷȸȴ 7. țȸȬȶȯɃȯȷȷȪɉ ȿȪȺȪȴȼȯȺȲȻȼȲȴȪ Ȼ șȜș Ȳ ȫȯȱ șȜș 

șȸȻȵȯ ȹȯȺȯȻɁȯȼȪ ȶȸɃȷȸȻȼȲ, ȹȸȵȽɁȪȯȶ ȾȲȷȪȵɆȷȽɈ ɀȲȾȺȽ ɇȴȸȷȸȶȲȲ ȶȪȼȯȺȲȪȵɆȷɅȿ 

ȱȪȼȺȪȼ ð 7982,5 ȺȽȫ/ȻȽȼ. ȲȵȲ 718423 ȺȽȫ. ȱȪ ȼȺȲ ȵȯȼȷȲȿ ȶȯȻɉɀȪ, ȴȸȭȮȪ ȹȺȲ ȬɅȻȸȴȲȿ 

ȼȯȶȹȯȺȪȼȽȺȪȿ ȹȺȲȻȪȮȴȪ ȷȪȲȫȸȵȯȯ ɇȾȾȯȴȼȲȬȷȪ. 

ȌɅȬȸȮɅ:  

1) șȺȲȶȯȷȯȷȲȯ ȹȺȸȼȲȬȸȼȽȺȫȽȵȯȷȼȷȸȳ ȹȺȲȻȪȮȴȲ Ȯȵɉ ȻȷȲȰȯȷȲɉ ȱȪȼȺȪȼ ȷȪ 

ɇȵȯȴȼȺȸɇȷȯȺȭȲɈ ȹȺȲ ȬɅȻȸȴȲȿ ȴȸȷɀȯȷȼȺȪɀȲɉȿ Ȳ ȶȪȴȻȲȶȪȵɆȷȸȶ ȴȸȵȲɁȯȻȼȬȯ ȼȸɁȯȴ ȬȬȸȮȪ 

ɉȬȵɉȯȼȻɉ ȷȯȺȯȷȼȪȫȯȵɆȷɅȶ. 

2) ȧȴȸȷȸȶȲɁȯȻȴȲȳ ɇȾȾȯȴȼ ȷȪȫȵɈȮȪȯȼȻɉ ȹȺȲ ȽȶȯȷɆɂȯȷȲȲ ȼȸɁȯȴ ȬȬȸȮȪ Ȯȸ 3-ȿ, Ȯȵɉ 

ȮȪȷȷȸȭȸ ȼȺȽȫȸȹȺȸȬȸȮȪ, Ȳ ȴȸȷɀȯȷȼȺȪɀȲȲ ȬȬȸȮȲȶȸȳ șȜș ȸȼ 1 ȭ/ȼ Ȯȸ 4 ȭ/ȼ. șȺȲ ȻȷȲȰȯȷȲȯ 

ȺɅȷȸɁȷȸȳ ȻȼȸȲȶȸȻȼȲ ȹȺȲȻȪȮȴȲ ɇȴȸȷȸȶȲɁȯȻȴȲȳ ɇȾȾȯȴȼ ȽȻȲȵȲȼȻɉ. 

3) ȖȪȴȻȲȶȪȵɆȷȪɉ ɇȴȸȷȸȶȲɉ ȮȸȻȼȲȭȪȯȼȻɉ ȹȺȲ ȬȬȸȮȯ ȹȺȲȻȪȮȴȲ Ȼ ȴȸȷɀȯȷȼȺȪɀȲȯȳ ȸȴȸȵȸ 3 

ȭ/ȼ, ȷȯȼȸɁȷȸȻȼɆ ȻȬɉȱȪȷȪ Ȼ ȹȸȭȺȯɂȷȸȻȼɆɈ ȻɁȲȼɅȬȪȷȲɉ ȮȪȷȷɅȿ Ȼ ȴȺȲȬȸȳ ɇȾȾȯȴȼȲȬȷȸȻȼȲ. 

4) ȒȻȹȸȵɆȱȸȬȪȷȲȯ ȡȚș Ȳ ȭȲȮȺȸȶȽȾȼɅ Ȯȵɉ ȻȷȲȰȯȷȲɉ ȷȪȹȸȺȪ ȷȯ ȰȯȵȪȼȯȵɆȷȸ, ȼȪȴ ȴȪȴ Ȳȿ 

ȲȻȹȸȵɆȱȸȬȪȷȲȯ ȱȪȼȺȪɁȲȬȪȯȼ ȮȸȹȸȵȷȲȼȯȵɆȷȽɈ ȶȸɃȷȸȻȼɆ. 

5) Ȍ ȻȬɉȱȲ Ȼȸ ȻȹȯɀȲȾȲȴȸȳ ȹȪȺȪȶȯȼȺȸȬ ȴȪȰȮȸȭȸ ȼȺȽȫȸȹȺȸȬȸȮȪ, ȷȯȵɆȱɉ ȸȮȷȸȱȷȪɁȷȸ 

ȻȴȪȱȪȼɆ ȹȺȲ ȴȪȴȸȳ ȴȸȷɀȯȷȼȺȪɀȲȲ ȬȬȸȮȲȶȸȳ ȹȺȲȻȪȮȴȲ ȫȽȮȯȼ ȷȪȫȵɈȮȪȼɆȻɉ ɇȴȸȷȸȶȲɉ ȱȪȼȺȪȼ, 

ȹȸɇȼȸȶȽ Ȯȵɉ ȴȪȰȮȸȭȸ ȻȵȽɁȪɉ ȼȺȯȫȽȯȼȻɉ ȲȷȮȲȬȲȮȽȪȵɆȷɅȳ ȺȪȻɁȯȼ. ȜȪȴȰȯ ȹȺȲ ȶȪȵɅȿ 

ȴȸȷɀȯȷȼȺȪɀȲɉȿ ȹȺȲȻȪȮȴȪ ȫȸȵɆɂȯ ȹȸȮȬȯȺȰȯȷȪ ȮȯȻȼȺȽȴɀȲȲ, Ɂȼȸ ȹȺȲȬȸȮȲȼ ȴ ȯȯ ȷȲȱȴȸȳ 

ɇȾȾȯȴȼȲȬȷȸȻȼȲ. 
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ȬəəɚɞɌɢɔɫ. Ȯ ɜɌɍɚɞɑ ɜɑɤɑəɌ ɌɖɞɟɌɗɨəɌɫ ɓɌɐɌɣɌ ɛɚ ɚɛɜɑɐɑɗɑəɔɪ ɟɝɞɚɕɣɔɎɚɝɞɔ ɘɚɐɑɗɑɕ 
Ƚȸȶ ɐɗɫ Ɏɖɗɪɣɑəɔɫ ɌɛɛɌɜɌɞɌ ɞɑɚɜɔɔ ɌɎɞɚɘɌɞɔɣɑɝɖɚɏɚ ɟɛɜɌɎɗɑəɔɫ Ɏ ɝɚɝɞɌɎ ɔəɝɞɜɟɘɑəɞɚɎ 
ɘɑəɑɐɒɘɑəɞɌ ɖɌɣɑɝɞɎɌ. ȼɌɝɝɘɚɞɜɑəɧ Ɏɚɛɜɚɝɧ ɔ ɛɜɔɘɑɜɧ ɚɛɜɑɐɑɗɑəɔɫ ɟɝɞɚɕɣɔɎɚɝɞɔ ɐɗɫ ɘɚɐɑɗɑɕ 
Ƚȸȶ, ɚɝəɚɎɌəəɧɡ əɌ əɑɫɎəɚɕ ɔ ɫɎəɚɕ ɐɑɖɚɘɛɚɓɔɢɔɔ ɝɑɞɔ ɛɜɚɢɑɝɝɚɎ. ȮɧɫɎɗɑəɧ ɛɟɞɔ ɐɌɗɨəɑɕɤɔɡ 
ɔɝɝɗɑɐɚɎɌəɔɕ, ɝɎɫɓɌəəɧɡ ɝ ɜɌɓɎɔɞɔɑɘ ɘɑɞɚɐɌ ɛɗɌəɔɜɚɎɌəɔɫ ɢɑɗɑɕ ɛɜɚɘɧɤɗɑəəɚɏɚ ɛɜɑɐɛɜɔɫɞɔɫ 
Ɏ ɚɍɗɌɝɞɔ ɖɌɣɑɝɞɎɌ. 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɝɔɝɞɑɘɌ ɘɑəɑɐɒɘɑəɞɌ ɖɌɣɑɝɞɎɌ, ɟɝɞɚɕɣɔɎɚɝɞɨ, ɛɜɚɢɑɝɝ. 
Abstract . In this work, the urgent task of determining the stability of the QMS models to include 

the apparatus of the theory of automatic control in the composition of quality management tools is solved. 
Questions and examples of determining stability for QMS models based on implicit and explicit 
decomposition of a network of processes are considered. Ways of further research related to the development 
of the method of planning the goals of an industrial enterprise in the field of quality are revealed. 

Keywords: quality management system, sustainability, process. 

 

ț ȲȻȹȸȵɆȱȸȬȪȷȲȯȶ ȻȸȬȺȯȶȯȷȷȸȳ ȼȯȸȺȲȲ ȽȹȺȪȬȵȯȷȲɉ [1] ȪȬȼȸȺȪȶȲ ȺȪȫȸȼɅ ȫɅȵȲ 

ȹȺȯȮȵȸȰȯȷɅ ȮȬȪ ȬȲȮȪ ȶȸȮȯȵȯȳ ȻȲȻȼȯȶ ȶȯȷȯȮȰȶȯȷȼȪ ȴȪɁȯȻȼȬȪ (țȖȔ) Ȭ ȹȺȸȻȼȺȪȷȻȼȬȯ 

ȻȸȻȼȸɉȷȲȳ, ȸȻȷȸȬȪȷȷɅȯ ȷȪ ȷȯɉȬȷȸȳ Ȳ ɉȬȷȸȳ ȮȯȴȸȶȹȸȱȲɀȲȲ ȻȯȼȲ ȹȺȸɀȯȻȻȸȬ [2-4, 8]. ȘȮȷȲȶ 

Ȳȱ ȬȪȰȷɅȿ ȻȬȸȳȻȼȬ ȻȲȻȼȯȶ, ȲȻȻȵȯȮȽȯȶɅȿ ȶȯȼȸȮȪȶȲ ȼȯȸȺȲȲ ȪȬȼȸȶȪȼȲɁȯȻȴȸȭȸ ȽȹȺȪȬȵȯȷȲɉ, 

ɉȬȵɉȯȼȻɉ ȽȻȼȸȳɁȲȬȸȻȼɆ, ȿȪȺȪȴȼȯȺȲȱȽɈɃȪɉ ȻȸȫȻȼȬȯȷȷɅȯ ȻȬȸȳȻȼȬȪ ȻȲȻȼȯȶɅ. 

ȑȪȮȪɁȯȳ ȮȪȷȷȸȳ ȺȪȫȸȼɅ ɉȬȵɉȯȼȻɉ ȸȹȺȯȮȯȵȯȷȲȯ ȽȻȼȸȳɁȲȬȸȻȼȲ ȶȸȮȯȵȯȳ țȖȔ Ȯȵɉ 

ȬȴȵɈɁȯȷȲɉ ȪȹȹȪȺȪȼȪ ȼȯȸȺȲȲ ȪȬȼȸȶȪȼȲɁȯȻȴȸȭȸ ȽȹȺȪȬȵȯȷȲɉ Ȭ ȻȸȻȼȪȬ ȲȷȻȼȺȽȶȯȷȼȸȬ 

ȶȯȷȯȮȰȶȯȷȼȪ ȴȪɁȯȻȼȬȪ. 
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Ȍ ȺȪȫȸȼȪȿ [2, 4] ȫɅȵȪ ȹȺȯȮȵȸȰȯȷȪ ȶȸȮȯȵɆ țȖȔ ȹȺȲ ȽȹȺȪȬȵȯȷȲȲ ȹȸ ɀȯȵɉȶ Ȭ ȸȫȵȪȻȼȲ 

ȴȪɁȯȻȼȬȪ, ȸȻȷȸȬȪȷȷȪɉ ȷȪ ȷȯɉȬȷȸȳ ȮȯȴȸȶȹȸȱȲɀȲȲ ȻȯȼȲ ȹȺȸɀȯȻȻȸȬ. ȜȯȴȽɃȲȯ ȱȷȪɁȯȷȲɉ ɀȯȵȯȳ Ȭ 

ȸȫȵȪȻȼȲ ȴȪɁȯȻȼȬȪ ȹȺȲ ȸȼȻȽȼȻȼȬȲȲ ȬȸȱȶȽɃȯȷȲȳ Ȳ ȹȸȶȯȿ ȫɅȵȲ ȹȺȯȮȻȼȪȬȵȯȷɅ ȻȵȯȮȽɈɃȲȶ 

ȽȺȪȬȷȯȷȲȯȶ: 

dX(t)/dt = H(X(t)) + L(U(t)).                               (1) 

ȭȮȯ ȼȯȴȽɃȲȯ ȱȷȪɁȯȷȲɉ ɀȯȵȯȳ Ȭ ȸȫȵȪȻȼȲ ȴȪɁȯȻȼȬȪ ȲȵȲ ȸȼȴȵȸȷȯȷȲȳ ȸȼ ȷȲȿ, Ȳ ȻȴȸȺȸȻȼɆ Ȳȿ 

ȲȱȶȯȷȯȷȲɉ ȿȪȺȪȴȼȯȺȲȱȽɈȼȻɉ ȬȯȴȼȸȺȸȶ X(t), ȼȺȯȫȽȯȶɅȯ ȱȷȪɁȯȷȲɉ ɀȯȵȯȳ Ȭ ȸȫȵȪȻȼȲ ȴȪɁȯȻȼȬȪ ȴ 

ȮȯɉȼȯȵɆȷȸȻȼȲ ȹȺȯȮȹȺȲɉȼȲɉ Ȳ ȯȯ ȺȯȱȽȵɆȼȪȼȸȬ [X(t)] ȽɁȼȯȷɅ Ȭ ȬȯȴȼȸȺȯ U(t) = [X(t)], ȹȺȲ ɇȼȸȶ 

ȸȹȯȺȪȼȸȺ H ȿȪȺȪȴȼȯȺȲȱȽȯȼ ȻȲȻȼȯȶȷɅȯ ȻȬȸȳȻȼȬȪ ȮȯɉȼȯȵɆȷȸȻȼȲ, Ȫ ȸȹȯȺȪȼȸȺ L ȸȼȺȪȰȪȯȼ ȬȴȵȪȮ 

ȽȹȺȪȬȵȯȷȲɉ ȹȸ ȸȼȷȸɂȯȷȲɈ ȴ ȮȯɉȼȯȵɆȷȸȻȼȲ ȷȪ ȲȱȶȯȷȯȷȲȯ ȯȯ ȻȸȻȼȸɉȷȲȳ. 

ȎȲȷȪȶȲȴȪ ȹȺȸɀȯȻȻȪ ȾȸȺȶȲȺȸȬȪȷȲɉ ȴȪɁȯȻȼȬȪ ȹȺȸɀȯȻȻȸȬ Ȳ ȹȺȸȮȽȴɀȲȲ Ȭ ȹȺȸȻȼȺȪȷȻȼȬȯ 

ȻȸȻȼȸɉȷȲȳ Ȼ ȲȻȹȸȵɆȱȸȬȪȷȲȯȶ ɉȬȷȸȳ ȮȯȴȸȶȹȸȱȲɀȲȲ ȹȺȸɀȯȻȻȸȬ țȖȔ ȫɅȵȪ ȹȺȯȮȻȼȪȬȵȯȷȪ 

ȻȿȸȰȲȶ Ȼ (1) ȽȺȪȬȷȯȷȲȯȶ [8]: 

Ὠ╧ὸ Ὠὸϳ ╗╧ὸ ╢╤ὸ ,                            (2) 

ȭȮȯ ȸȹȯȺȪȼȸȺ H ȹȸ ȹȺȯȰȷȯȶȽ ȿȪȺȪȴȼȯȺȲȱȽȯȼ ȻȸȫȻȼȬȯȷȷɅȯ ȬȷȽȼȺȯȷȷȲȯ ȻȬȸȳȻȼȬȪ ȮȯɉȼȯȵɆȷȸȻȼȲ, 

Ȫ ȸȹȯȺȪȼȸȺ S ȸȼȺȪȰȪȯȼ ȬȴȵȪȮ ȬȷȯɂȷȲȿ ȬȸȱȮȯȳȻȼȬȲȳ ȹȸ ȸȼȷȸɂȯȷȲɈ ȴ ȮȯɉȼȯȵɆȷȸȻȼȲ ȷȪ 

ȲȱȶȯȷȯȷȲȯ ȯȯ ȻȸȻȼȸɉȷȲȳ. 

ȒȻȻȵȯȮȸȬȪȷȲȯ ȽȻȼȸȳɁȲȬȸȻȼȲ çȬ ȶȪȵȸȶè ȸȻȷȸȬȪȷȸ ȷȪ ȪȷȪȵȲȱȯ ȻȬȸȳȻȼȬ ȽȺȪȬȷȯȷȲȳ (1) 

ȲȵȲ (2) ȫȯȱ ȽɁȯȼȪ ȽȹȺȪȬȵɉɈɃȲȿ ȬȸȱȮȯȳȻȼȬȲȳ. ȏȻȵȲ ɇȼȲ ȽȺȪȬȷȯȷȲɉ ȻȸȸȼȬȯȼȻȼȬȽɈȼ ȵȲȷȯȳȷɅȶ 

ȻȼȪɀȲȸȷȪȺȷɅȶ ȻȲȻȼȯȶȪȶ, ȼ.ȯ. ȸȹȯȺȪȼȸȺ H ȹȺȯȮȻȼȪȬȵɉȯȼ Ȼȸȫȸȳ ȶȪȼȺȲɀȽ A:  

Ὠ╧ὸ Ὠὸϳ ═╧ὸ,                            (3) 

ȼȸ Ȯȵɉ ȪȻȲȶȹȼȸȼȲɁȯȻȴȸȳ ȽȻȼȸȳɁȲȬȸȻȼȲ ȻȲȻȼȯȶɅ (3) ȷȯȸȫȿȸȮȲȶȸ Ȳ ȮȸȻȼȪȼȸɁȷȸ, ɁȼȸȫɅ ȬȻȯ 

ȴȸȺȷȲ Ǩi ȽȺȪȬȷȯȷȲɉ  

det [ǨE ĬA] = 0,                               (4) 

ȲȶȯȵȲ ȸȼȺȲɀȪȼȯȵɆȷɅȯ ȮȯȳȻȼȬȲȼȯȵɆȷɅȯ ɁȪȻȼȲ. 

șȺȲȶȯȺ 1. 

Ȍ ȺȪȫȸȼȯ [2], ȹȺȲ ȶȸȮȯȵȲȺȸȬȪȷȲȲ ȮȸȻȼȲȰȯȷȲɉ ȮȬȽȿ ɀȯȵȯȳ (x1 Ȳ x3) Ȭ ȸȫȵȪȻȼȲ ȴȪɁȯȻȼȬȪ 

Ȳ ȽɁȯȼȯ ȵȲȷȯȳȷɅȿ ȬȱȪȲȶȸȻȬɉȱȯȳ ȶȯȰȮȽ ȷȲȶȲ, ȹȺȲ ȵȲȷȯȳȷȸȶ ȿȪȺȪȴȼȯȺȯ ȴȪȰȮȸȳ Ȳȱ ȷȲȿ, ȫɅȵȪ 

ȹȸȻȼȺȸȯȷȪ ȻȵȯȮȽɈɃȪɉ ȻȲȻȼȯȶȪ ȽȺȪȬȷȯȷȲȳ ȫȯȱ ȽɁȯȼȪ ȽȹȺȪȬȵɉɈɃȲȿ ȬȸȱȮȯȳȻȼȬȲȳ: 

ὼ ὼȟὼ ὥ ὼ ὥ ὼ ὥ ὼ ὥ ὼ,   

ὼ ὼȟὼ ὥ ὼ ὥ ὼ ὥ ὼ ὥ ὼ.                                                                                                                                                                                                                

(5) 

Ȍ ȮȪȷȷȸȳ ȶȸȮȯȵȲ ȮȸȻȼȲȰȯȷȲȯ ȴȪȰȮȸȳ Ȳȱ 2-ȿ ɀȯȵȯȳ ȬȱȪȲȶȸȻȬɉȱȪȷȸ ɁȯȺȯȱ ɁȪȻȼȲɁȷȸȯ 

ȲȻȹȸȵɆȱȸȬȪȷȲȯ ȸȫɃȯȭȸ ȹȸȼȯȷɀȲȪȵȪ ȹȺȯȮȹȺȲɉȼȲɉ (a23 Ȯȵɉ ȹȯȺȬȸȳ ɀȯȵȲ Ȳ a41 Ȯȵɉ ȬȼȸȺȸȳ ɀȯȵȲ), 

ȼȪȴ Ȳ Ȼ ȸȺȭȪȷȲȱȪɀȲȸȷȷɅȶ ȻȸȹȺȸȼȲȬȵȯȷȲȯȶ ȬȱȪȲȶȷȸȶȽ ȮȸȻȼȲȰȯȷȲɈ ɇȼȲȿ ɀȯȵȯȳ (a24 Ȯȵɉ 

ȹȯȺȬȸȳ ɀȯȵȲ Ȳ a42 Ȯȵɉ ȬȼȸȺȸȳ ɀȯȵȲ). 
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Ȏȵɉ ȬȪȺȲȪȷȼȪ IV ȫɅȵȲ ȹȺȲȷɉȼɅ ȻȵȯȮȽɈɃȲȯ ȱȷȪɁȯȷȲɉ ȹȪȺȪȶȯȼȺȸȬ ȶȸȮȯȵȲ, 

ȹȺȯȮȻȼȪȬȵȯȷȷɅȯ Ȭ ȶȪȼȺȲɀȯ A: 

═

π
πȟυχ

ρ
πȟψφ

π
πȟπχ

π
ρȟρχ

π
πȟπφ

π
πȟψφ

π
πȟφχ

ρ
ρȟρχ

 , 

ȲȶȯɈɃȯȳ ȻȵȯȮȽɈɃȲȯ ȻȸȫȻȼȬȯȷȷɅȯ ȱȷȪɁȯȷȲɉ: Ǩ1 = Ĭ1,597, Ǩ2,3 = Ĭ0,0007Ñ0,74i, Ǩ4 = Ĭ0,432. 

ȌȻȯ ȴȸȺȷȲ ȿȪȺȪȴȼȯȺȲȻȼȲɁȯȻȴȸȭȸ ȽȺȪȬȷȯȷȲɉ (4) ȲȶȯɈȼ ȸȼȺȲɀȪȼȯȵɆȷɅȯ ȮȯȳȻȼȬȲȼȯȵɆȷɅȯ ɁȪȻȼȲ, 

ȷȸ ȹȸȻȴȸȵɆȴȽ Ƚ Ǩ2 Ȳ Ǩ3 ɇȼȲ ɁȪȻȼȲ ȫȵȲȱȴȲ ȴ ȷȽȵɈ, ȼȸ ɀȯȵȲ Ȭ ȸȫȵȪȻȼȲ ȴȪɁȯȻȼȬȪ ȫɅȵȲ ȮȸȻȼȲȭȷȽȼɅ 

ȼȸȵɆȴȸ ȹȸ ȷȸȶȲȷȪȵɆȷȸȶȽ ȱȷȪɁȯȷȲɈ, Ȫ, ȼȪȴ ȴȪȴ ɇȼȲ ȴȸȺȷȲ ɉȬȵɉɈȼȻɉ ȴȸȶȹȵȯȴȻȷȸ-

ȻȸȹȺɉȰȯȷȷɅȶȲ, ȼȸ ȴȸȵȯȫȪȷȲɉ ɀȯȵȯȬɅȿ ȹȸȴȪȱȪȼȯȵȯȳ ȸȼȷȸȻȲȼȯȵɆȷȸ ȷȸȶȲȷȪȵɆȷȸȭȸ ȱȷȪɁȯȷȲɉ 

ȹȺȸȲȻȿȸȮɉȼ Ȭ ȹȺȸȼȲȬȸȾȪȱȯ. 

Ȍ ȼȸȶ ȻȵȽɁȪȯ, ȯȻȵȲ ȸȹȯȺȪȼȸȺ H ɉȬȵɉȯȼȻɉ ȷȯȵȲȷȯȳȷɅȶ, ȼȸ ȬɅȹȸȵȷɉɈȼ ȯȭȸ 

ȵȲȷȯȪȺȲȱȪɀȲɈ Ȭ ȸȫȵȪȻȼȲ ȬɅȫȺȪȷȷȸȳ ȺȪȫȸɁȯȳ ȼȸɁȴȲ Ȼ ȽȻȼȸȳɁȲȬɅȶ ȻȸȻȼȸɉȷȲȯȶ X0(t), 

ȺȪȻȻȶȪȼȺȲȬȪɉ ȬȸȱȶȽɃȯȷȷȸȯ ȮȬȲȰȯȷȲȯ X(t) = X0(t) + ǂX(t), ȭȮȯ ǂX(t) ð ȶȪȵȸȯ ȸȼȴȵȸȷȯȷȲȯ ȸȼ 

ȽȻȼȸȳɁȲȬȸȭȸ ȻȸȻȼȸɉȷȲɉ. ȜȸȭȮȪ Ȳȱ (1) ȲȵȲ (2) Ȳȶȯȯȶ dǂX(t)/dt = H(X0(t) + ǂX(t)), Ȳ ȹȸȻȵȯ 

ȺȪȱȵȸȰȯȷȲɉ ȹȺȪȬȸȳ ɁȪȻȼȲ ɇȼȸȭȸ ȽȺȪȬȷȯȷȲɉ Ȭ ȺɉȮ ȜȯȳȵȸȺȪ Ȼ ȽɁȯȼȸȶ ȼȸȵɆȴȸ ȵȲȷȯȳȷɅȿ ɁȵȯȷȸȬ 

ȹȸȵȽɁȲȶ ȻȲȻȼȯȶȽ ȽȺȪȬȷȯȷȲȳ 

Ὠɝ╧ὸ Ὠὸϳ ═Ў╧ὸ,      (6) 

ȱȮȯȻɆ A ð ȶȪȼȺȲɀȪ ȩȴȸȫȲ Ȼ ɇȵȯȶȯȷȼȪȶȲ ὥȟ . 

Ȓȱ ȻȺȪȬȷȯȷȲɉ ȻȲȻȼȯȶ ȽȺȪȬȷȯȷȲȳ (3) Ȳ (5) ȬȲȮȷȸ, Ɂȼȸ ȽȻȵȸȬȲȯ Re Ǩi < 0 Ȯȵɉ ȵȲȷȯȳȷɅȿ 

ȻȼȪɀȲȸȷȪȺȷɅȿ ȻȲȻȼȯȶ ȻȸȸȼȬȯȼȻȼȬȽȯȼ ȽȻȼȸȳɁȲȬȸȻȼȲ çȬ ȶȪȵȸȶè Ȳ çȬ ȫȸȵɆɂȸȶè, Ȫ Ȯȵɉ 

ȷȯȵȲȷȯȳȷɅȿ ȻȲȻȼȯȶ ð ȼȸȵɆȴȸ çȬ ȶȪȵȸȶè. 

Ȍ ȺȪȫȸȼȯ [3] ȫɅȵȸ ȸȫȸȻȷȸȬȪȷȸ ȹȺȯȮȻȼȪȬȵȯȷȲȯ ȸȹȯȺȪȼȸȺȪ H Ȭ ȬȲȮȯ ȹȸȵȲȷȸȶȪ 

ȔȸȵȶȸȭȸȺȸȬȪ-ȍȪȫȸȺȪ ȷȯ ȬɅɂȯ ȬȼȸȺȸȳ ȻȼȯȹȯȷȲ. 

șȺȲȶȯȺ 2.  

Ȍ ȺȪȫȸȼȯ [4], ȹȺȲ ȶȸȮȯȵȲȺȸȬȪȷȲȲ ȮȸȻȼȲȰȯȷȲɉ ȮȬȽȿ ɀȯȵȯȳ (x1 Ȳ x3) Ȭ ȸȫȵȪȻȼȲ ȴȪɁȯȻȼȬȪ 

Ȳ ȽɁȯȼȯ ȵȲȷȯȳȷɅȿ ȬȱȪȲȶȸȻȬɉȱȯȳ ȶȯȰȮȽ ȷȲȶȲ, ȹȺȲ ȷȪȵȲɁȲȲ ȷȯȵȲȷȯȳȷȸȻȼȯȳ Ȯȵɉ ȴȪȰȮȸȳ Ȳȱ ȷȲȿ, 

ȫɅȵȪ ȹȸȻȼȺȸȯȷȪ ȻȵȯȮȽɈɃȪɉ ȻȲȻȼȯȶȪ ȽȺȪȬȷȯȷȲȳ ȫȯȱ ȽɁȯȼȪ ȽȹȺȪȬȵɉɈɃȲȿ ȬȸȱȮȯȳȻȼȬȲȳ: 

ὼ ὼȟὼ Ὤὼ Ὤὼ Ὤὼὼ Ὤὼ Ὤὼ Ὤὼ Ὤὼ, 

ὼ ὼȟὼ Ὤὼ Ὤὼ Ὤ ὼὼ Ὤ ὼ Ὤ ὼ Ὤ ὼ Ὤ ὼ.  (7) 

Ȏȵɉ ɇȼȸȳ ȻȲȻȼȯȶɅ ȽȺȪȬȷȯȷȲȳ ȶȪȼȺȲɀȪ A Ȳȶȯȯȼ ȬȲȮ 
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═

π π π π
Ὤ ςὬὼ Ὤὼ Ὤ Ὤὼ ςὬὼ Ὤ Ὤ

π π π π
Ὤ Ὤ Ὤ ςὬὼ Ὤ ὼ Ὤ ςὬ ὼ Ὤ ὼ

. 

(8) 

 

șȸȵȸȰȯȷȲȯ ȺȪȬȷȸȬȯȻȲɉ (ȻȼȪɀȲȸȷȪȺȷɅȯ ȼȸɁȴȲ ȻȲȻȼȯȶɅ) ȸȹȺȯȮȯȵɉɈȼȻɉ Ȳȱ ȺȯɂȯȷȲɉ 

ȽȺȪȬȷȯȷȲȳ:  

ὼ πȟὬὼ Ὤὼ Ὤὼὼ Ὤὼ Ὤὼ Ὤὼ Ὤὼ πȟ  

ὼ πȟὬὼ Ὤὼ Ὤ ὼὼ Ὤ ὼ Ὤ ὼ Ὤ ὼ Ὤ ὼ π  

ȲȵȲ ȹȸȻȵȯ ȽȹȺȸɃȯȷȲȳ: 

ὼ πȟὬὼ Ὤὼ Ὤὼ πȟὼ πȟὬὼ Ὤὼ Ὤ ὼ π. 

ȚȪȻȻȶȸȼȺȲȶ VIII Ȳ IX ȬȪȺȲȪȷȼɅ Ȳȱ [3], Ȯȵɉ ȴȸȼȸȺɅȿ ȸȮȲȷȪȴȸȬɅȯ ȱȷȪɁȯȷȲɉ 

ȴȸɇȾȾȲɀȲȯȷȼȸȬ ȫɅȵȲ ȺȪȬȷɅ: h1 = h8 = Ĭ0,57, h2 = h9 = h5 = h12 =Ĭ0,1, h4 = h11 = Ĭ1, h6 = h13 = 

Ĭ0,02, h7 = h14 =0, Ȫ ȺȪȱȵȲɁȪɈɃȲȯȻɉ ȱȷȪɁȯȷȲɉ ȴȸɇȾȾȲɀȲȯȷȼȸȬ ȫɅȵȲ ȺȪȬȷɅ: h3 = h10 = 1,25 Ȭ 

ȬȪȺȲȪȷȼȯ VIII Ȳ h3 = h10 = 1,26 Ȭ ȬȪȺȲȪȷȼȯ IX. ȗȪ ȺȲȻ. 1 ȹȺȯȮȻȼȪȬȵȯȷɅ ȺȯȱȽȵɆȼȪȼɅ 

ȶȸȮȯȵȲȺȸȬȪȷȲɉ Ȳȱ [3] ȹȺȲ ȺȯɂȯȷȲȲ ȻȲȻȼȯȶɅ (7) ȹȺȲ ȻȵȯȮȽɈɃȲȿ ȷȪɁȪȵɆȷɅȿ ȽȻȵȸȬȲɉȿ: 

x1(0) = 0,6; x3(0) = 0,7; x2(0) = x4(0) = 0. 

 

Ȫ)      ȫ) 

ȚȲȻȽȷȸȴ 1. ȌȺȯȶȯȷȷɅȯ ȱȪȬȲȻȲȶȸȻȼȲ ȲȱȶȯȷȯȷȲɉ ȱȷȪɁȯȷȲȳ ɀȯȵȯȳ Ȭ ȸȫȵȪȻȼȲ ȴȪɁȯȻȼȬȪ: Ȫ) 

ȬȪȺȲȪȷȼ VIII, ȫ) ȬȪȺȲȪȷȼȯ IX 

 

Ȓȱ ȺȪȻȻȶȸȼȺȯȷȷɅȿ ȺȯȱȽȵɆȼȪȼȸȬ ȶȸȮȯȵȲȺȸȬȪȷȲɉ (ȺȲȻ. 1) ȶȸȰȷȸ ȹȸȵȪȭȪȼɆ, Ɂȼȸ 

ȹȺȲȷɉȼɅȯ ȱȷȪɁȯȷȲɉ ȴȸɇȾȾȲɀȲȯȷȼȸȬ ȻȸȸȼȬȯȼȻȼȬȽɈȼ ȷȪȿȸȰȮȯȷȲɈ ȻȲȻȼȯȶɅ (7) ȷȪ ȭȺȪȷȲɀȯ 

ȽȻȼȸȳɁȲȬȸȻȼȲ, ȹȸɇȼȸȶȽ Ȯȵɉ ȹȺȸȬȯȺȴȲ ɇȼȸȭȸ ȹȺȯȮȹȸȵȸȰȯȷȲɉ ȸȹȺȯȮȯȵȲȶ ȻȸȫȻȼȬȯȷȷɅȯ ȱȷȪɁȯȷȲɉ 

ȶȪȼȺȲɀɅ A, ȮȯȳȻȼȬȲȼȯȵɆȷɅȯ ɁȪȻȼȲ ȴȸȼȸȺɅȿ ȹȺȯȮȻȼȪȬȵȯȷɅ Ȭ ȼȪȫȵȲɀȯ 1 ȹȺȲ ȲȱȶȯȷȯȷȲȲ 

ȴȸɇȾȾȲɀȲȯȷȼȸȬ h3 = h10. 
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ȜȪȫȵȲɀȪ 1 

ȌȵȲɉȷȲȯ ȱȷȪɁȯȷȲȳ ȴȸɇȾȾȲɀȲȯȷȼȸȬ h3 = h10 ȷȪ ȮȯȳȻȼȬȲȼȯȵɆȷɅȯ ɁȪȻȼȲ ȻȸȫȻȼȬȯȷȷɅȿ ȱȷȪɁȯȷȲȳ 

ȶȪȼȺȲɀɅ A ȹȸ ȬɅȺȪȰȯȷȲɈ (8) 

Re Ǩi 
h3 = h10 

1,0 1,2 1,24 1,25 1,26 1,3 1,5 

Re Ǩ1 0 0 0 Ĭ0,25 Ĭ0,244 Ĭ0,22 0 

Re Ǩ2 Ĭ0,3 Ĭ0,28 Ĭ0,256 Ĭ0,125 Ĭ0,118 Ĭ0,09 0,05 

Re Ǩ3 Ĭ0,4 Ĭ0,16 Ĭ0,132 1ā10Ĭ16 1ā10Ĭ17 Ĭ4ā10Ĭ18 Ĭ0,1 

Re Ǩ4 Ĭ2ā10Ĭ16 2ā10Ĭ16 0 9ā10Ĭ17 Ĭ5ā10Ĭ17 3ā10Ĭ16 1ā10Ĭ16 

 

Ȓȱ ȹȺȯȮȻȼȪȬȵȯȷȷɅȿ Ȭ ȼȪȫȵȲɀȯ 1 ȺȯȱȽȵɆȼȪȼȸȬ ȺȪȻɁȯȼȸȬ ȬȲȮȷȸ, Ɂȼȸ Ȭ ȮȲȪȹȪȱȸȷȯ h3 = h10 

 [1,24; 1,26], ȻȲȻȼȯȶȪ (7) ȷȪȿȸȮȲȼȻɉ ȷȪ ȭȺȪȷȲɀȯ ȶȯȰȮȽ ȹȸȼȯȷɀȲȪȵɆȷȸ ȽȻȼȸȳɁȲȬɅȶ 

ȻȸȻȼȸɉȷȲȯȶ Ȳ ȷȯȽȻȼȸȳɁȲȬɅȶ ȻȸȻȼȸɉȷȲȯȶ, Ȫ ȹȺȲ h3 = h10 Ó 1,26 ȻȲȻȼȯȶȪ ȹȯȺȯȿȸȮȲȼ Ȭ 

ȷȯȽȻȼȸȳɁȲȬȸȯ ȻȸȻȼȸɉȷȲȯ. șȸȻȴȸȵɆȴȽ ȹȺȲ ȱȷȪɁȯȷȲɉȿ ȴȸɇȾȾȲɀȲȯȷȼȸȬ h3 = h10 = (1,0; 1,2; 1,24) 

ȲȶȯɈȼȻɉ ȻȸȫȻȼȬȯȷȷɅȯ ȱȷȪɁȯȷȲɉ Ȼ ȮȯȳȻȼȬȲȼȯȵɆȷɅȶȲ ɁȪȻȼɉȶȲ ȺȪȬȷɅȶȲ ȷȽȵɈ, ȼȸ Ȯȵɉ 

ȸȹȺȯȮȯȵȯȷȲɉ ȽȻȼȸȳɁȲȬȸȻȼȲ Ȭ ȼȪȴȲȿ ȻȵȽɁȪɉȿ ȬɅȹȸȵȷɉɈȼ ȮȸȹȸȵȷȲȼȯȵɆȷɅȯ ȲȻȻȵȯȮȸȬȪȷȲɉ 

ȲȱȬȯȻȼȷɅȶȲ ȶȯȼȸȮȪȶȲ [1]. ȝȻȼȸȳɁȲȬȸȻȼɆ ȻȲȻȼȯȶɅ çȬ ȶȪȵȸȶè, ȹȺȲ ȴȸȼȸȺȸȳ ȮȯȳȻȼȬȲȼȯȵɆȷɅȯ 

ɁȪȻȼȲ ȬȻȯȿ ȻȸȫȻȼȬȯȷȷɅȿ ȱȷȪɁȯȷȲȳ ȻȼȪȷȸȬɉȼȻɉ ȸȼȺȲɀȪȼȯȵɆȷɅȶȲ, ȻȸȸȼȬȯȼȻȼȬȽȯȼ h3 = h10 = 0,2. 

șȺȲ ȬȻȯȿ ȹȺȲȷɉȼɅȿ ȬɅɂȯ ȱȷȪɁȯȷȲɉȿ ȹȪȺȪȶȯȼȺȸȬ hj ȻȽɃȯȻȼȬȽȯȼ ȸȮȷȪ ȻȼȪɀȲȸȷȪȺȷȪɉ 

ȼȸɁȴȪ ȻȲȻȼȯȶɅ (7), ȻȸȸȼȬȯȼȻȼȬȽɈɃȪɉ ȮȸȹȽȻȴȪȯȶȸȶȽ ȮȲȪȹȪȱȸȷȽ ȫȯȱȺȪȱȶȯȺȷɅȿ ȱȷȪɁȯȷȲȳ 

ɀȯȵȯȳ Ȭ ȸȫȵȪȻȼȲ ȴȪɁȯȻȼȬȪ: 0 Ò x1 Ò 1 Ȳ 0 Ò x3 Ò 1. ȧȼȪ ȼȸɁȴȪ ȻȸȸȼȬȯȼȻȼȬȽȯȼ ȱȷȪɁȯȷȲɉȶ x1 = 0 Ȳ x3 

= 0, ȼ.ȯ. ȫȯȱ ȽȻȼȪȷȸȬȵȯȷȲɉ ɀȯȵȯȳ Ȭ ȸȫȵȪȻȼȲ ȴȪɁȯȻȼȬȪ, ȼȯȴȽɃȲȯ ȱȷȪɁȯȷȲɉ ȺȪȻȻȶȪȼȺȲȬȪȯȶɅȿ 

ȹȸȴȪȱȪȼȯȵȯȳ ȴȪɁȯȻȼȬȪ ȮȯɉȼȯȵɆȷȸȻȼȲ ȹȺȯȮȹȺȲɉȼȲɉ ȻȼȪȷȽȼ ȺȪȬȷɅȶȲ ȷȽȵɈ. 

ȚȪȻȻȶȸȼȺȲȶ ȬȵȲɉȷȲȯ ȷȪɁȪȵɆȷɅȿ ȱȷȪɁȯȷȲȳ ȻȴȸȺȸȻȼȯȳ ȲȱȶȯȷȯȷȲɉ ɀȯȵȯȬɅȿ 

ȹȸȴȪȱȪȼȯȵȯȳ Ȭ ȸȫȵȪȻȼȲ ȴȪɁȯȻȼȬȪ, ȬȿȸȮɉɃȲȿ Ȭ (8) x2(0) = x4(0) > 0, ȷȪ ȮȸȻȼȲȰȯȷȲȯ ȽȻȼȸȳɁȲȬȸȻȼȲ 

ȻȲȻȼȯȶɅ (7), ȹȺȲ ȱȷȪɁȯȷȲɉȿ ȸȻȼȪȵɆȷɅȿ ȹȪȺȪȶȯȼȺȸȬ ȹȺȲȬȯȮȯȷȷɅȿ ȬɅɂȯ. 

ȜȪȫȵȲɀȪ 2 

ȌȵȲɉȷȲȯ ȷȪɁȪȵɆȷɅȿ ȻȴȸȺȸȻȼȯȳ ȲȱȶȯȷȯȷȲɉ ɀȯȵȯȳ ȷȪ ȮȯȳȻȼȬȲȼȯȵɆȷɅȯ ɁȪȻȼȲ ȻȸȫȻȼȬȯȷȷɅȿ 

ȱȷȪɁȯȷȲȳ ȶȪȼȺȲɀɅ A ȹȸ ȬɅȺȪȰȯȷȲɈ (8) 

Re Ǩi 
h3 = h10 

1,0 1,2 1,24 1,25 1,26 1,3 1,5 

Re Ǩ1 Ĭ0,32 Ĭ0,338 Ĭ0,352 Ĭ3,07 Ĭ3,264 Ĭ14,2 Ĭ14,08 

Re Ǩ2 Ĭ0,42 Ĭ0,218 Ĭ0,228 Ĭ2,945 Ĭ3,138 Ĭ14,07 Ĭ13,93 

Re Ǩ3 Ĭ2ā10Ĭ16 Ĭ4ā10Ĭ17 Ĭ2ā10Ĭ18 Ĭ5ā10Ĭ15 Ĭ7ā10Ĭ15 Ĭ2ā10Ĭ15 Ĭ3ā10Ĭ14 

Re Ǩ4 Ĭ1ā10Ĭ17 Ĭ2ā10Ĭ17 Ĭ2ā10Ĭ17 Ĭ2ā10Ĭ15 Ĭ2ā10Ĭ15 Ĭ6ā10Ĭ15 Ĭ2ā10Ĭ15 

x2(0) 0,1 0,29 0,48 14,1 15,1 69,9 69,9 

 

Ȓȱ ȹȺȯȮȻȼȪȬȵȯȷȷɅȿ Ȭ ȼȪȫȵȲɀȯ 2 ȺȯȱȽȵɆȼȪȼȸȬ ȺȪȻɁȯȼȸȬ ȶȸȰȷȸ ȻȮȯȵȪȼɆ ȬɅȬȸȮ ȸ ȼȸȶ, Ɂȼȸ 

ȽȻȼȸȳɁȲȬȸȻȼɆ ȮȯȳȻȼȬȽɈɃȯȳ țȖȔ ȹȺȯȮȹȺȲɉȼȲɉ, ȹȺȲ ȹȸȻȼȸɉȷȷȸȶ ȹȸȬɅɂȯȷȲȲ ȱȷȪɁȯȷȲȳ ɀȯȵȯȳ 

Ȭ ȸȫȵȪȻȼȲ ȴȪɁȯȻȼȬȪ, ȬɅɂȯ, Ɂȯȶ țȖȔ ȹȺȯȮȹȺȲɉȼȲɉ, ȹȯȺȯȿȸȮɉɃȯȭȸ ȴ ȺȪȱȬȲȼȲɈ ȸȼ 

çȱȪȻȼɅȬɂȯȭȸè ȻȸȻȼȸɉȷȲɉ, ȿȪȺȪȴȼȯȺȲȱȽɈɃȯȭȸȻɉ ȹȸȻȼȸɉȷȷɅȶȲ ȼȯȴȽɃȲȶȲ ȱȷȪɁȯȷȲɉȶȲ 
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ɀȯȵȯȬɅȿ ȹȸȴȪȱȪȼȯȵȯȳ Ȭ ȼȯɁȯȷȲȯ ȷȯȴȸȼȸȺȸȭȸ ȬȺȯȶȯȷȲ. ȧȼȸȼ ȬɅȬȸȮ ȹȸȵȷȸȻȼɆɈ ȻȸȸȼȬȯȼȻȼȬȽȯȼ 

ȹȺȪȴȼȲȴȯ ȻȲȻȼȯȶ ȸȫɃȯȭȸ ȶȯȷȯȮȰȶȯȷȼȪ [5]. 

ȚȪȻȻȶȸȼȺȲȶ ȻȲȻȼȯȶȽ (7) ȹȺȲ ȻȵȯȮȽɈɃȲȿ ȱȷȪɁȯȷȲɉȿ ȴȸɇȾȾȲɀȲȯȷȼȸȬ:  

h1 = h8 = Ĭ0,57; h2 = h9 = 0,25; h3 = h10 = 0,1; h4 = h11 = Ĭ1; h6 = Ĭ0,02; h13 = Ĭ0,1; h7 = h14 = 0, 

ȹȺȲ ȲȱȶȯȷȯȷȲȲ ȴȸɇȾȾȲɀȲȯȷȼȸȬ h5 = h12 < 0, Ȼ ȷȪɁȪȵɆȷɅȶȲ ȽȻȵȸȬȲɉȶȲ x1(0) = 0,6, x3(0) = 0,7, 

x2(0) = x4(0) = 0,2. 

șȺȲȷɉȼɅȯ ȷȪɁȪȵɆȷɅȯ ȽȻȵȸȬȲɉ ȻȸȸȼȬȯȼȻȼȬȽɈ ȮȯȳȻȼȬȽɈɃȯȳ țȖȔ. ȗȯȺȪȬȯȷȻȼȬȸ 

ȴȸɇȾȾȲɀȲȯȷȼȸȬ h6 Ȳ h13 ȸȼȺȪȰȪȯȼ ȺȪȱȷȸȯ ȬȱȪȲȶȷȸȯ ȬȵȲɉȷȲȯ ȮȯɉȼȯȵɆȷȸȻȼȲ ȹȸ ȮȸȻȼȲȰȯȷȲɈ 

ɀȯȵȯȳ Ȭ ȸȫȵȪȻȼȲ ȴȪɁȯȻȼȬȪ, ȻȬɉȱȪȷȷȸȳ Ȼ ȲȻȹȸȵɆȱȸȬȪȷȲȯȶ ȸȫɃȯȭȸ ȹȸȼȯȷɀȲȪȵȪ ȹȺȯȮȹȺȲɉȼȲɉ. 

ȜȪȴ, ȹȺȲ ȮȸȻȼȲȰȯȷȲȲ ȹȯȺȬȸȳ ɀȯȵȲ ȲȻȹȸȵɆȱȽȯȼȻɉ ȫȸȵɆɂȪɉ ɁȪȻȼɆ ȸȫɃȯȭȸ ȹȸȼȯȷɀȲȪȵȪ, Ɂȯȶ ȹȺȲ 

ȮȸȻȼȲȰȯȷȲȲ ȬȼȸȺȸȳ ɀȯȵȲ, ȲȷȪɁȯ ð ȹȯȺȬȪɉ ɀȯȵɆ Ȳȶȯȯȼ ȫȸȵȯȯ ȬɅȻȸȴȲȳ ȹȺȲȸȺȲȼȯȼ, Ɂȯȶ ȬȼȸȺȪɉ 

ɀȯȵɆ. Ȏȵɉ ȱȷȪɁȯȷȲɉ h6 = 0 ȹȯȺȬȪɉ ɀȯȵɆ Ȳȶȯȯȼ ȪȫȻȸȵɈȼȷɅȳ ȹȺȲȸȺȲȼȯȼ ȹȸ ȻȺȪȬȷȯȷȲɈ Ȼȸ ȬȼȸȺȸȳ 

ɀȯȵɆɈ ȹȺȲ ȲȻȹȸȵɆȱȸȬȪȷȲȲ ȸȫɃȯȭȸ ȹȸȼȯȷɀȲȪȵȪ. ȔȸɇȾȾȲɀȲȯȷȼɅ h5 Ȳ h12 ȿȪȺȪȴȼȯȺȲȱȽɈȼ 

ȴȬȪȮȺȪȼȲɁȷɅȯ ȻȸȻȼȪȬȵɉɈɃȲȯ ȸȺȭȪȷȲȱȪɀȲȸȷȷȸȭȸ ȻȸȹȺȸȼȲȬȵȯȷȲɉ, ȴȸȼȸȺɅȯ ȶȸȭȽȼ ȲȶȯȼɆ 

ȻȽɃȯȻȼȬȯȷȷȸȯ ȱȷȪɁȯȷȲȯ ȹȺȲ ȽȻȼȪȷȸȬȵȯȷȲȲ ȫȸȵɆɂȲȿ ȱȷȪɁȯȷȲȳ ȻȴȸȺȸȻȼȯȳ ȮȸȻȼȲȰȯȷȲɉ ɀȯȵȯȳ Ȭ 

ȸȫȵȪȻȼȲ ȴȪɁȯȻȼȬȪ ȹȺȲ ȬɅȫȸȺȯ ȻȼȺȪȼȯȭȲȲ ȽȵȽɁɂȯȷȲȳ çȴȪȳȺȲȸè. Ȍ ȼȪȫȵȲɀȯ 3 ȹȺȯȮȻȼȪȬȵȯȷɅ 

ȮȯȳȻȼȬȲȼȯȵɆȷɅȯ ɁȪȻȼȲ ȻȸȫȻȼȬȯȷȷɅȿ ȱȷȪɁȯȷȲȳ ȶȪȼȺȲɀɅ A, ȹȺȲ ȲȱȶȯȷȯȷȲȲ ȴȸɇȾȾȲɀȲȯȷȼȸȬ h5 

= h12, Ȭ ȴȸȼȸȺȸȳ ȬɅȮȯȵȯȷȷɅȯ ȻȼȸȵȫɀɅ ȻȸȸȼȬȯȼȻȼȬȽɈȼ ȽȻȼȸȳɁȲȬȸȻȼȲ ȻȲȻȼȯȶɅ (8). 

ȜȪȫȵȲɀȪ 3 

ȌȵȲɉȷȲȯ ȱȷȪɁȯȷȲȳ ȴȸɇȾȾȲɀȲȯȷȼȸȬ h3 = h10 ȷȪ ȮȯȳȻȼȬȲȼȯȵɆȷɅȯ ɁȪȻȼȲ ȻȸȫȻȼȬȯȷȷɅȿ ȱȷȪɁȯȷȲȳ 

ȶȪȼȺȲɀɅ A ȹȸ ȬɅȺȪȰȯȷȲɈ (8) 

Re Ǩi h5 = h12 

Ĭ1,6 Ĭ1,9 Ĭ2,2 Ĭ2,5 Ĭ2,8 Ĭ3,1 Ĭ4 

Re Ǩ1 Ĭ1,58 Ĭ1,70 Ĭ1,82 Ĭ1,94 Ĭ2,06 Ĭ2,18 Ĭ2,54 

Re Ǩ2 Ĭ1,57 Ĭ1,69 Ĭ1,81 Ĭ1,93 Ĭ2,06 Ĭ2,17 Ĭ2,53 

Re Ǩ3 4ā10Ĭ17 Ĭ3ā10Ĭ17 Ĭ2ā10Ĭ17 4ā10Ĭ17 0 0 7ā10Ĭ18 

Re Ǩ4 Ĭ5ā10Ĭ18 Ĭ9ā10Ĭ18 Ĭ1ā10Ĭ17 Ĭ1ā10Ĭ17 0 0 Ĭ9ā10Ĭ17 

 

ȚȯȱȽȵɆȼȪȼɅ ȺȪȻɁȯȼȸȬ, ȹȺȯȮȻȼȪȬȵȯȷȷɅȯ Ȭ ȼȪȫȵȲɀȯ 3, ȸȼȺȪȰȪɈȼ ȲȱȬȯȻȼȷȸȯ ȻȬȸȳȻȼȬȸ 

ȷȯȵȲȷȯȳȷɅȿ ȮȲȾȾȯȺȯȷɀȲȪȵɆȷɅȿ ȽȺȪȬȷȯȷȲȳ, ȻȸȻȼȸɉɃȯȯ Ȭ ȻȵȸȰȷȸȳ ȾȸȺȶȯ ȱȸȷ Ȳȿ 

ȽȻȼȸȳɁȲȬȸȻȼȲ Ȭ ȹȺȸȻȼȺȪȷȻȼȬȯ ȹȪȺȪȶȯȼȺȸȬ. ȝɁȯȼ ȮȪȷȷȸȭȸ ȻȬȸȳȻȼȬȪ Ȭ ȹȺȪȴȼȲȴȯ ȶȯȷȯȮȰȶȯȷȼȪ 

ȴȪɁȯȻȼȬȪ ȷȯȸȫȿȸȮȲȶ ȹȺȲ ȬɅȫȸȺȯ Ȳ ȸȫȸȻȷȸȬȪȷȲȲ ȹȸȴȪȱȪȼȯȵȯȳ ȼȸɁȷȸȻȼȲ ȲȱȶȯȺȯȷȲȳ 

ȹȪȺȪȶȯȼȺȸȬ țȖȔ, ȹȸȻȴȸȵɆȴȽ ȱȪɁȪȻȼȽɈ ȲȻȹȸȵɆȱȽɈȼȻɉ ȸȼ ȼȺȯȿ Ȯȸ ȹɉȼȲ ȭȺȪȮȪɀȲȳ ȬȯȵȲɁȲȷɅ 

ȸȺȭȪȷȲȱȪɀȲȸȷȷȸȭȸ ȻȸȹȺȸȼȲȬȵȯȷȲɉ [6]. 

ȚȪȻɁȯȼ ȽȻȼȸȳɁȲȬȸȻȼȲ țȖȔ ȶȸȰȯȼ ȼȪȴȰȯ ȸȫȸȻȷȸȬȪȼɆ ȷȪɁȪȵɆȷȽɈ ȻȴȸȺȸȻȼɆ ȲȱȶȯȷȯȷȲȳ 

ȹȺȲ ȺȯȪȵȲȱȪɀȲȲ ȻȼȺȪȼȯȭȲȲ ȽȵȽɁɂȯȷȲȳ çȴȪȳȺȲȸè. ȜȪȴ ȹȺȲ h5 = h12 = Ĭ2,5 ȻȲȻȼȯȶȪ ȷȪȿȸȮȲȼȻɉ Ȭ 

ȷȯȽȻȼȸȳɁȲȬȸȶ ȻȸȻȼȸɉȷȲȲ ȹȺȲ ȷȪɁȪȵɆȷɅȿ ȻȴȸȺȸȻȼɉȿ ȮȸȻȼȲȰȯȷȲɉ ɀȯȵȯȳ x2(0) = x4(0) = 0,2 (Ȼȶ. 

ȼȪȫȵȲɀȽ 3). ȘȮȷȪȴȸ ȹȺȲ ȱȪȮȪȷȲȲ ȱȷȪɁȯȷȲȳ ȷȪɁȪȵɆȷɅȿ ȻȴȸȺȸȻȼȯȳ Ȭ ȮȲȪȹȪȱȸȷȯ 
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x2(0)=x4(0) [357,6; 358,1] ȮȯȳȻȼȬȲȼȯȵɆȷɅȯ ɁȪȻȼȲ ȬȻȯȿ ȻȸȫȻȼȬȯȷȷɅȿ ɁȲȻȯȵ ȶȪȼȺȲɀɅ A ȫȽȮȽȼ 

ȸȼȺȲɀȪȼȯȵɆȷɅȶȲ, ȼ.ȯ. ȻȲȻȼȯȶȪ ȫȽȮȯȼ ȽȻȼȸȳɁȲȬȸȳ. Ȍ ȹȺȪȴȼȲȴȯ ȶȯȷȯȮȰȶȯȷȼȪ ȺȪȻȻȶȸȼȺȯȷȷɅȳ 

ɇȾȾȯȴȼ ȿȸȺȸɂȸ ȲȱȬȯȻȼȯȷ [5-7], Ȳ ȹȸɇȼȸȶȽ ȱȷȪɁȲȼȯȵɆȷȸȯ ȬȷȲȶȪȷȲȯ ȽȮȯȵɉȯȼȻɉ ȸȫȸȻȷȸȬȪȷȷȸȶȽ 

ȬɅȫȸȺȽ ȻȴȸȺȸȻȼȲ ȲȱȶȯȷȯȷȲȳ Ȳ ȹȸȮȭȸȼȸȬȴȯ ȹȯȺȻȸȷȪȵȪ ȴ ȹȯȺȯȶȯȷȪȶ. 

ȚȪȻȻȶȸȼȺȲȶ ȹȺȲȶȯȺ ȹȸ ȸȹȺȯȮȯȵȯȷȲɈ ȽȻȼȸȳɁȲȬȸȻȼȲ Ȯȵɉ ȶȸȮȯȵȲ țȖȔ, ȸȻȷȸȬȪȷȷȸȳ ȷȪ 

ɉȬȷȸȳ ȮȯȴȸȶȹȸȱȲɀȲȲ ȻȯȼȲ ȹȺȸɀȯȻȻȸȬ. 

șȺȲȶȯȺ 3.  

Ȍ ȺȪȫȸȼȯ [8] ȹȺȯȮȻȼȪȬȵȯȷȪ ȻȼȺȽȴȼȽȺȷȪɉ ȻȿȯȶȪ ȬȱȪȲȶȸȮȯȳȻȼȬȲɉ Ȳ ȬȱȪȲȶȸȻȬɉȱȲ ȼȺȯȿ 

ȸȻȷȸȬȷɅȿ ȶȪȴȺȸȹȺȸɀȯȻȻȪ ȹȺȸȶɅɂȵȯȷȷȸȭȸ ȹȺȯȮȹȺȲɉȼȲɉ: A1 ð ȰȲȱȷȯȷȷȸȭȸ ɀȲȴȵȪ ȹȺȸȮȽȴɀȲȲ 

ȷȪ ȹȺȯȮȹȺȲɉȼȲȲ; A2 ð ȲȱȶȯȺȯȷȲɉ, ȪȷȪȵȲȱȪ Ȳ ȽȹȺȪȬȵȯȷȲɉ Ȼȸ ȻȼȸȺȸȷɅ ȺȽȴȸȬȸȮȻȼȬȪ; A3 ð 

ȸȫȯȻȹȯɁȯȷȲɉ ȺȯȻȽȺȻȪȶȲ, ȸȼȺȪȰȯȷȷȪɉ ȷȪ ȺȲȻ. 2. 

 

ȚȲȻȽȷȸȴ 2. țȼȺȽȴȼȽȺȷȪɉ ȶȸȮȯȵɆ ȹȺȸȲȱȬȸȮȻȼȬȪ ȹȺȸȮȽȴɀȲȲ [8] 

 

Ȏȵɉ ȮȪȷȷȸȳ ȻȼȺȽȴȼȽȺȷȸȳ ȻȿȯȶɅ ȹȺȲ ȵȲȷȯȳȷɅȿ ȸȹȯȺȪȼȸȺȪȿ H Ȯȵɉ A1, A21, A23 Ȳ A3 

ȻȲȻȼȯȶȪ ȽȺȪȬȷȯȷȲȳ (7) ȫȽȮȯȼ ȲȶȯȼɆ ȬȲȮ: 

ὼ ὼȟ ὼ Ὤ ὼ Ὤ ὼ Ὤ ὼȟ 

ὼ ὼȟ ὼ Ὤ ὼ Ὤ ὼ Ὤ ὼ Ὤ ὼ Ὤ ὼ ὰᾀȟ 

ὼ ὼȟὼ Ὤ ὼ Ὤ ὼ Ὤ ὼ Ὤ ὼ Ὤ ὼ ὰᾀȟ  (9) 

ὼ ὼȟ ὼ Ὤ ὼ Ὤ ὼ Ὤ ὼȟ 

ȭȮȯ h23 = Ĭh21, h41 = h21, h85 = Ĭh87, h67 = h87, lA1 + h41 + h43 = 0, lA3 + h65 + h67 = 0, 

lA1 = h41 + h43 + h45, lA3 = h63 + h65 + h67. 

șȺȲ ȸȼȻȽȼȻȼȬȲȲ ȬȱȪȲȶȸȻȬɉȱȯȳ ȶȯȰȮȽ ȹȸȮȹȺȸɀȯȻȻȪȶȲ A21 (ȽȹȺȪȬȵȯȷȲȯ ȹȺȸɀȯȻȻȸȶ 

A1) Ȳ A23 (ȽȹȺȪȬȵȯȷȲȯ ȹȺȸɀȯȻȻȸȶ A3) h45 = h46 = h63 = h64 = 0, ȻȲȻȼȯȶȯ (9) ȫȽȮȽȼ 

ȻȸȸȼȬȯȼȻȼȬȸȬȪȼɆ ȮȬȯ ȶȪȼȺȲɀɅ A21 Ȳ A23: 
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ȘȹȺȯȮȯȵȲȶ ȽȻȼȸȳɁȲȬȸȻȼɆ ȹȸȮȻȲȻȼȯȶ Ȯȵɉ ȬȪȺȲȪȷȼȸȬ I Ȳ II, ȹȪȺȪȶȯȼȺɅ Ȯȵɉ ȴȸȼȸȺɅȿ 

ȹȺȲȬȯȮȯȷɅ Ȭ ȼȪȫȵȲɀȯ 4. 

 

ȜȪȫȵȲɀȪ 4 

șȪȺȪȶȯȼȺɅ ȵȲȷȯȳȷȸȳ ȶȸȮȯȵȲ țȖȔ 

ɯ h21 h22 h43 h44 h65 h66 h87 h88 

I Ĭ0,67 Ĭ0,5 Ĭ1,25 Ĭ0,94 Ĭ1,25 Ĭ0,94 Ĭ0,67 Ĭ0,5 

II Ĭ0,67 Ĭ0,5 Ĭ1,0 Ĭ0,75 Ĭ1,0 Ĭ0,94 Ĭ0,67 Ĭ0,5 

 

țȸȫȻȼȬȯȷȷɅȯ ȱȷȪɁȯȷȲɉ ȶȪȼȺȲɀɅ A21 Ȭ ȬȪȺȲȪȷȼȯ I ȺȪȬȷɅ: Ǩ1,2 = Ĭ0,012 Ñ 0,928i, 

Ǩ3,4 = Ĭ0,708 Ñ 0,997i, Ɂȼȸ ȻȸȸȼȬȯȼȻȼȬȽȯȼ ȽȻȼȸȳɁȲȬȸȻȼȲ ȹȸȮȻȲȻȼȯȶɅ, Ȫ Ȭ ȬȪȺȲȪȷȼȯ II: ð Ǩ1,2 = 

0,047 Ñ 0,915i, Ǩ3,4 = Ĭ0,673 Ñ 0,939i, ȼ.ȯ. ȹȸȮȻȲȻȼȯȶȪ ȷȯȽȻȼȸȳɁȲȬȪ. țȸȫȻȼȬȯȷȷɅȯ ȱȷȪɁȯȷȲɉ 

ȶȪȼȺȲɀɅ A23 Ȭ ȬȪȺȲȪȷȼȯ I ȺȪȬȷɅ: Ǩ1,2 = Ĭ0,708 Ñ 0,997i, Ǩ3,4 = Ĭ0,012 Ñ 0,928i, ȹȺȲ ȴȸȼȸȺɅȿ 

ȹȸȮȻȲȻȼȯȶȪ ȽȻȼȸȳɁȲȬȪ, Ȫ Ȭ ȬȪȺȲȪȷȼȯ II: ð Ǩ1,2 = Ĭ0,739 Ñ 0,922i, Ǩ3,4 = 0,02 Ñ 0,895i, ȼ.ȯ. 

ȹȸȮȻȲȻȼȯȶȪ ɉȬȵɉȯȼȻɉ ȷȯȽȻȼȸȳɁȲȬȸȳ. 

ȝɁȼȯȶ ȬȱȪȲȶȸȮȯȳȻȼȬȲȯ ȶȯȰȮȽ ȮȬȽȶɉ ȹȸȮȹȺȸɀȯȻȻȪȶȲ A21 Ȳ A23 ȹȺȲ ȱȷȪɁȯȷȲɉȿ 

ȹȪȺȪȶȯȼȺȸȬ ȬȪȺȲȪȷȼȪ I (ȼȪȫȵȲɀȪ 4), ȴȸȭȮȪ ȴȪȰȮȪɉ Ȳȱ ȹȸȮȻȲȻȼȯȶ ɉȬȵɉȯȼȻɉ ȽȻȼȸȳɁȲȬȸȳ. 

ȚȪȻȻȶȸȼȺȲȶ ȷȪȵȲɁȲȯ ȻȲȶȶȯȼȺȲɁȷɅȿ ȬȱȪȲȶȸȻȬɉȱȯȳ ȶȯȰȮȽ A21 Ȳ A23 ȿȪȺȪȴȼȯȺȲȱȽɈɃȲȿ 

ȼȸȵɆȴȸ ȻȸȬȶȯȻȼȷȸȯ ȲȻȹȸȵɆȱȸȬȪȷȲȯ ȹȸȼȯȷɀȲȪȵȪ ȹȺȲ ȲȱȶȯȺȯȷȲɉȿ, ȪȷȪȵȲȱȯ Ȳ ȽȹȺȪȬȵȯȷȲȲ Ȼȸ 

ȻȼȸȺȸȷɅ ȺȽȴȸȬȸȮȻȼȬȪ ȹȺȸɀȯȻȻȪȶȲ ȰȲȱȷȯȷȷȸȭȸ ɀȲȴȵȪ ȹȺȸȮȽȴɀȲȲ Ȳ ȸȫȯȻȹȯɁȯȷȲɉ ȺȯȻȽȺȻȪȶȲ 

(h46 = h64 = 0). șȺȲ h45 = h63 = Ĭ0,09 ȬȻɉ țȖȔ ɉȬȵɉȯȼȻɉ ȽȻȼȸȳɁȲȬȸȳ (Ǩ1,2 = Ĭ0,72 Ñ 0,97i, Ǩ3,4 = 

Ĭ0,695 Ñ 1,023i, Ǩ5,6 = Ĭ0,025 Ñ 0,938i, Ǩ7,8 = Ĭ0,0001 Ñ 0,917i), Ȫ ȹȺȲ h45 = h63 = Ĭ0,1 țȖȔ 

ȹȯȺȯȿȸȮȲȼ Ȭ ȷȯȽȻȼȸȳɁȲȬȸȯ ȻȸȻȼȸɉȷȲȯ (Ǩ1,2 = Ĭ0,693 Ñ 1,026i, Ǩ3,4 = Ĭ0,721 Ñ 0,967i, Ǩ5,6 = 

Ĭ0,027 Ñ 0,939i, Ǩ7,8 = 0,001 Ñ 0,915i). ȜȯȹȯȺɆ ȬȬȯȮȯȶ ȫȯȱȽȻȵȸȬȷɅȳ ȹȺȲȸȺȲȼȯȼ ȹȺȸɀȯȻȻȸȬ 

ȰȲȱȷȯȷȷȸȭȸ ɀȲȴȵȪ ȹȺȸȮȽȴɀȲȲ h45 = 0 Ȳ h63 = Ĭ0,1, ȹȺȲ ɇȼȸȶ ȬȻɉ țȖȔ ȻȷȸȬȪ ȻȼȪȷȸȬȲȼȻɉ 

ȽȻȼȸȳɁȲȬȸȳ (Ǩ1,2 = Ĭ0,707 Ñ 0,997i, Ǩ3,4 = Ĭ0,707 Ñ 0,997i, Ǩ5,6 = Ĭ0,012 Ñ 0,928i, Ǩ7,8 = Ĭ0,012 

Ñ 0,928i). 

ȒȼȪȴ, ȺȪȻȻȶȸȼȺȯȷȷɅȯ ȬȸȹȺȸȻɅ Ȳ ȹȺȲȶȯȺɅ ȸȹȺȯȮȯȵȯȷȲɉ ȽȻȼȸȳɁȲȬȸȻȼȲ Ȯȵɉ ȶȸȮȯȵȯȳ 

țȖȔ, ȸȻȷȸȬȪȷȷɅȿ ȷȪ ȷȯɉȬȷȸȳ Ȳ ɉȬȷȸȳ ȮȯȴȸȶȹȸȱȲɀȲȲ ȻȯȼȲ ȹȺȸɀȯȻȻȸȬ ȹȸȱȬȸȵɉɈȼ ȸȼȷȯȻȼȲ 

ȻȪȶȸ ȸȹȺȯȮȯȵȯȷȲȯ ȽȻȼȸȳɁȲȬȸȻȼȲ ȴ ȲȷȻȼȺȽȶȯȷȼȪȶ ȶȯȷȯȮȰȶȯȷȼȪ ȴȪɁȯȻȼȬȪ. șȺȲ ȮȪȵɆȷȯȳɂȲȿ 

ȲȻȻȵȯȮȸȬȪȷȲɉȿ, ȻȬɉȱȪȷȷɅȿ Ȼ ȺȪȱȬȲȼȲȯȶ ȶȯȼȸȮȪ ȹȵȪȷȲȺȸȬȪȷȲɉ ɀȯȵȯȳ ȹȺȸȶɅɂȵȯȷȷȸȭȸ 

ȹȺȯȮȹȺȲɉȼȲɉ Ȭ ȸȫȵȪȻȼȲ ȴȪɁȯȻȼȬȪ, Ȭ ȯȭȸ ȻȸȻȼȪȬ ȻȵȯȮȽȯȼ ȬȴȵɈɁȲȼɆ ȸȹȺȯȮȯȵȯȷȲȯ ȽȻȼȸȳɁȲȬȸȻȼȲ 

țȖȔ. 
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