


 

ɆȱɇȱɋɌȿɊɋɌȼɈ ɈɋȼȱɌɂ ȱ ɇȺɍɄɂ ɍɄɊȺȲɇɂ 

 

 

 

 

Оɞɟɫьɤа ɞɟɪɠаɜɧа аɤаɞɟɦіɹ 
ɬɟхɧічɧɨɝɨ ɪɟɝɭɥɸɜаɧɧɹ ɬа ɹɤɨɫɬі  

 

 

 

 

 

 

 

 
 

 

 

1(4) 2014 
 

 

 

 

 

 

 

 

 

 

 

 

 

ОȾȿСА 



 

 

ɆȱɇȱɋɌȿɊɋɌȼɈ ɈɋȼȱɌɂ ȱ ɇȺɍɄɂ ɍɄɊȺȲɇɂ 
 

ɁȻȱɊɇɂɄ ɇȺɍɄɈȼɂɏ ɉɊȺɐЬ  

ɈȾȿɋЬɄɈȲ ȾȿɊɀȺȼɇɈȲ ȺɄȺȾȿɆȱȲ  
ɌȿɏɇȱɑɇɈȽɈ ɊȿȽɍɅɘȼȺɇɇə ɌȺ əɄɈɋɌȱ 

ȼɢɩɭɫɤ 1(4) 2014 
 

Ɂɚɫɧɨɜɚɧɢɣ ɭ 2012 ɪ. 
Ɂɚɫɧɨɜɧɢɤ: Ɉɞɟɫьɤɚ ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦɿɹ ɬɟɯɧɿɱɧɨɝɨ ɪɟɝɭɥɸɜɚɧɧɹ ɬɚ ɹɤɨɫɬɿ  
65020, ɦ. Ɉɞɟɫɚ ɜɭɥ. Ʉɨɜɚɥьɫьɤɚ, 15 

Ɍɟɥɟɮɨɧ: (048)726-68-92, ɮɚɤɫ: (048)726-76-95 

E-mail: ɨdivt@mail.ru 

ɋɚɣɬɢ: www.kachestvo.od.ua, odatrya.org.ua. 

 

Ɋɟɞɚɤɰɿɣɧɚ ɤɨɥɟɝɿɹ 
Ƚɨɥɨɜɚ ɪɟɞɚɤɰɿɣɧɨʀ ɤɨɥɟɝɿʀ 
Ʉɨɥɨɦɿєɰь Ʌɟɨɧɿɞ ȼɨɥɨɞɢɦɢɪɨɜɢɱ (ɞ.ɬ.ɧ., ɩɪɨɮɟɫɨɪ) 
Ɂɚɫɬɭɩɧɢɤ ɝɨɥɨɜɢ ɪɟɞɚɤɰɿɣɧɨʀ ɤɨɥɟɝɿʀ 
Ȼɪɚɬɱɟɧɤɨ Ƚɟɧɧɚɞɿɣ Ⱦɦɢɬɪɨɜɢɱ (ɞ.ɬ.ɧ., ɫ.ɧ.ɫ.) 
 

Ⱥɧɞɪɿєɧɤɨ Ɇɢɤɨɥɚ Ɇɢɤɨɥɚɣɨɜɢɱ (ɤ.ɬ.ɧ., ɩɪɨɮɟɫɨɪ) 
Ȼɨɣɱɟɧɤɨ Ɉɥɟɝ ȼɚɥɟɪɿɣɨɜɢɱ (ɞ.ɬ.ɧ., ɞɨɰɟɧɬ) 
Ȼɨɪɹɤ Ʉɨɫɬɹɧɬɢɧ Ɏɟɞɨɪɨɜɢɱ (ɞ.ɬ.ɧ., ɞɨɰɟɧɬ) 
ȼɚɝɚɧɨɜ Ɉɥɟɤɫɚɧɞɪ ȱɜɚɧɨɜɢɱ (ɞ.ɬ.ɧ., ɫ.ɧ.ɫ.)  
ȼɟɥɢɱɤɨ Ɉɥɟɝ Ɇɢɤɨɥɚɣɨɜɢɱ (ɞ.ɬ.ɧ., ɩɪɨɮɟɫɨɪ) 
ȼɨɥɤɨɜ ɋɟɪɝɿɣ Ʌɟɨɧɿɞɨɜɢɱ (ɤ.ɬ.ɧ., ɞɨɰɟɧɬ) 
Ƚɚɫɚɧɨɜ ɘɫɢɮ ɇɚɞɢɪ ɨɝɥɢ (ɞ.ɬ.ɧ., ɩɪɨɮɟɫɨɪ, Ⱥɡɟɪɛɚɣɞɠɚɧɫьɤɚ Ɋɟɫɩɭɛɥɿɤɚ) 
Ƚɨɪɞɿєɧɤɨ Ɍɟɬɹɧɚ Ȼɨɝɞɚɧɿɜɧɚ (ɤ.ɬ.ɧ., ɫ.ɧ.ɫ., ɞɨɰɟɧɬ) 
Ⱦɹɱɟɧɤɨ Ɉɥɟɤɫɚɧɞɪ Ɏɟɨɞɨɫɿɣɨɜɢɱ (ɤ.ɬ.ɧ., ɫ.ɧ.ɫ.) 
Ɂɛɨɪɨɜɫьɤɚ ȱɪɢɧɚ Ⱥɞɚɦɿɜɧɚ (ɤ.ɬ.ɧ., ɞɨɰɟɧɬ) 
Ʉɜɚɫɧɿɤɨɜ ȼɨɥɨɞɢɦɢɪ ɉɚɜɥɨɜɢɱ (ɞ.ɬ.ɧ., ɩɪɨɮɟɫɨɪ) 
Ʉɥɟɳɨɜ Ƚɟɧɧɚɞɿɣ Ɇɢɯɚɣɥɨɜɢɱ (ɤ.ɬ.ɧ., ɞɨɰɟɧɬ) 
Ʉɨɪɫɭɧ ȼɚɥɟɪɿɣ ȱɜɚɧɨɜɢɱ (ɞ.ɬ.ɧ., ɩɪɨɮɟɫɨɪ) 
Ʉɭɱɟɪɭɤ ȼɨɥɨɞɢɦɢɪ ɘɪɿɣɨɜɢɱ (ɞ.ɬ.ɧ., ɩɪɨɮɟɫɨɪ) 
Ʌɟɜɿɧ ɋɟɪɝɿɣ Ɏɟɞɨɪɨɜɢɱ (ɞ.ɬ.ɧ., ɩɪɨɮɟɫɨɪ, Ɋɨɫɿɣɫьɤɚ Ɏɟɞɟɪɚɰɿɹ) 
Ʌєɧɤɨɜ ɋɟɪɝɿɣ ȼɚɫɢɥьɨɜɢɱ (ɞ.ɬ.ɧ., ɩɪɨɮɟɫɨɪ) 
Ɇɿɥɨɜɚɧɨɜ ȼɚɥɟɪɿɣ ȱɜɚɧɨɜɢɱ (ɞ.ɬ.ɧ., ɩɪɨɮɟɫɨɪ) 
ɇɨɜɿɤɨɜ ȼɨɥɨɞɢɦɢɪ Ɇɢɤɨɥɚɣɨɜɢɱ (ɞ.ɮ.-ɦ.ɧ., ɩɪɨɮɟɫɨɪ) 
ɉɟɬɪɢɲɢɧ ȱɝɨɪ ɋɬɟɩɚɧɨɜɢɱ (ɞ.ɬ.ɧ., ɩɪɨɮɟɫɨɪ) 
ɋɤɚɱɤɨɜ ȼɚɥɟɪɿɣ ȼɿɤɬɨɪɨɜɢɱ (ɞ.ɬ.ɧ., ɩɪɨɮɟɫɨɪ) 
 

ȼɿɞɩɨɜɿɞɚɥьɧɢɣ ɫɟɤɪɟɬɚɪ Ȼɪɚɬɱɟɧɤɨ Ƚɟɧɧɚɞɿɣ Ⱦɦɢɬɪɨɜɢɱ 

 

ȼɧɟɫɟɧɢɣ ɧɚɤɚɡɨɦ Ɇɿɧɿɫɬɟɪɫɬɜɚ ɨɫɜɿɬɢ ɿ ɧɚɭɤɢ ɍɤɪɚʀɧɢ ɜɿɞ 15.04.2014 ɪ. № 455 ɞɨ 

«ɉɟɪɟɥɿɤɭ ɧɚɭɤɨɜɢɯ ɮɚɯɨɜɢɯ ɜɢɞɚɧь ɍɤɪɚʀɧɢ» ɡɚ № 37 (ɬɟɯɧɿɱɧɿ ɧɚɭɤɢ). 

 

Ɂɚɬɜɟɪɞɠɟɧɢɣ ɞɨ ɞɪɭɤɭ ȼɱɟɧɨɸ Ɋɚɞɨɸ Ɉɞɟɫьɤɨʀ ɞɟɪɠɚɜɧɨʀ ɚɤɚɞɟɦɿʀ ɬɟɯɧɿɱɧɨɝɨ ɪɟɝɭ-
ɥɸɜɚɧɧɹ ɬɚ ɹɤɨɫɬɿ (ɩɪɨɬɨɤɨɥ № 11 ɜɿɞ 22.05.2014 ɪ.). 

ɋɜɿɞɨɰɬɜɨ ɩɪɨ ɞɟɪɠɚɜɧɭ ɪɟєɫɬɪɚɰɿɸ Ʉȼ № 18770-7570Ɋ ɜɿɞ 30.01.2012 ɪ. 
 

© Ɉɞɟɫьɤɚ ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦɿɹ ɬɟɯɧɿɱɧɨɝɨ ɪɟɝɭɥɸɜɚɧɧɹ ɬɚ ɹɤɨɫɬɿ



   Ɉɞɟɫьɤɚ ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦіɹ ɬɟɯɧіɱɧɨɝɨ ɪɟɝɭɥɸɜɚɧɧɹ ɬɚ ɹɤɨɫɬі 

Зɛіɪɧик ɧɚукɨɜиɯ ɩɪɚɰь ОДАТРə № 1(4)2014  

3 

ЗМІɋɌ 

 
ɋɬɚɧɞɚɪɬɢɡɚɰɿɹ, ɫɟɪɬɢɮɿɤɚɰɿɹ, ɦɟɧɟɞɠɦɟɧɬ ɹɤɨɫɬɿ  5 

 

ȼ. ɂ. Ɇɢɥɨɜɚɧɨɜ, ɞ.ɬ.ɧ., Ⱦ. Ⱥ. Ȼɚɥɚɲɨɜ 
ɉɈȼɕɒȿɇɂȿ ɄȺɑȿɋɌȼȺ ɊȺȻɈɌɕ ɄɈɇȾȿɇɋȺɌɈɊȺ ɆȺɅɈɃ ɏɈɅɈȾɂɅɖɇɈɃ ɆȺɒɂɇɕ  

ɋ ɉɈɆɈɓɖɘ ɇȺɇɈɎɅɘɂȾɈȼ……………………………………………………………………….. 6 

 

Ʌ. ȼ. Ʉɭɡɧɟɰɨɜɚ, Ʌ. ȼ. Ʉɨɥɨɦɢɟɰ, ɞ.ɬ.ɧ.  

Ʉ ȼɈɉɊɈɋɍ ɄȺɑȿɋɌȼȺ ɉɊɈȾɍɄɐɂɂ ɅȿȽɄɈɃ ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ………….......................10 

 

Ɇ. ȱ. ɋɢɱɨɜ, ɤ.ɯ.ɧ., Ʌ. ȼ. Ʉɨɥɨɦієɰь, ɞ.ɬ.ɧ.  

ɈɋɈȻɅɂȼɈɋɌȱ ȼɂȾȱȼ ɎȺɅɖɋɂɎȱɄȺɐȱȲ ȼɂɇ ȼɂɇɈȽɊȺȾɇɂɏ ɌȺ ɊȿɄɈɆȿɇȾȺɐȱȲ ɓɈȾɈ 

ɆȿɌɈȾȱȼ Ȳɏ ȼɂəȼɅȿɇɇə…………………………….......……….........................................................15 

 

ɋ. ȼ. Ⱦɨɛɪɨɜɨɥьɫьɤɚ, Ɉ. Ɇ. ȼɟɥɢɱɤɨ, ɞ.ɬ.ɧ., Ʌ. Ɍ. Ɂіɚɧɝіɪɨɜɚ, ɤ.ɬ.ɧ. 
ɁȺɋɌɈɋɍȼȺɇɇə ɆȿɌɈȾɍ ȺɇȺɅȱɌɂɑɇɈȲ ȱЄɊȺɊɏȱȲ ȾɅə ɉɊɈȼȿȾȿɇɇə ɉɈɊȱȼɇəɅɖɇɈȲ 
ɈɐȱɇɄɂ ȾȱəɅɖɇɈɋɌȱ ȼɂɓɂɏ ɇȺȼɑȺɅɖɇɂɏ ɁȺɄɅȺȾȱȼ............................................................... 19 

 

Пɪɢɥɚɞɢ ɬɚ ɦɟɬɨɞɢ ɜɢɦɿɪɸɜɚɧɧɹ ɮɿɡɢɱɧɢɯ ɜɟɥɢɱɢɧ, ʀɯ ɦɟɬɪɨɥɨɝɿɱɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ 23 

 

Ƚ. Ⱦ. Ȼɪɚɬɱɟɧɤɨ, ɞ.ɬ.ɧ., ȱ. ɋ. ɋɟɧіɜɚ, ȼ. Ȼ. Ʌɭɛɦɚɧɟɧɤɨ, Ƚ. Ⱥ. Ƚɭɛɟɪɧɚɬɨɪ  
ɑɂɋɅɈȼȿ ɆɈȾȿɅɘȼȺɇɇə ȼɂɆȱɊɘȼȺɇɇə ɋɉɈɌȼɈɊȿɇɖ ɒɂɊɈɄɈɋɆɍȽɈȼɂɏ 

ɋɄɅȺȾɇɂɏ ɋɂȽɇȺɅȱȼ……………………………………………………………………….................24 

 

S. V. Bugaev, PhD, I. G. Bugaeva, PhD, I. S. Bugaev, V. S. Bugaev    

DEVICES AND METHODS FOR DETERMINING THE DRIVING PERFORMANCE OF 

AMPHIBIOUS VEHICLE USED IN THE TESTS ON WATER…………………………………......……29 

 

Ɉ. Ɇ. ȼɟɥɢɱɤɨ, ɞ.ɬ.ɧ., ɋ. Ɋ. Ʉɚɪɩɟɧɤɨ 
ȾɈɋɅȱȾɀȿɇɇə ɑȺɋɈȼɈȲ ɇȿɋɌȺȻȱɅɖɇɈɋɌȱ ȿɌȺɅɈɇɇɈȽɈ ɄɈɆɉȺɊȺɌɈɊȺ 

ȿɅȿɄɌɊɂɑɇɈȲ ɉɈɌɍɀɇɈɋɌȱ………………………………………………………………………..... 35 

 

Ʉ. Ɏ. Ȼɨɪɹɤ, ɞ.ɬ.ɧ., Ⱥ. ɂ. ȼɚɝɚɧɨɜ, ɞ.ɬ.ɧ., Ɇ. Ⱥ. Ɇɚɧɡɚɪɭɤ 
ȼɈɁɆɈɀɇɈɋɌɂ ȾɂȺȽɇɈɋɌɂɊɈȼȺɇɂə ɌȿɏɇɂɑȿɋɄɈȽɈ ɋɈɋɌɈəɇɂə 

ȽɂȾɊȺȼɅɂɑȿɋɄɂɏ ȽȺɋɂɌȿɅȿɃ ɄɈɅȿȻȺɇɂɃ ɉɈ ɊȿɁɍɅɖɌȺɌȺɆ ɂɋɉɕɌȺɇɂɃ 

ɇȺ ɋɌȿɇȾȿ ɂȽɄ-90.1.……………………………………………........…………….......................…..... 39 

 

V. V. Novikov, PhD 

MICROCREEP OF METALLIC GLASSES AT ROOM TEMPERATURE.….......……........………........45 

 
Ʌ. ȼ. Ʉɨɥɨɦієɰь, ɞ.ɬ.ɧ., Ʉ. Ɉ. ɉɨɞɨɫɬɪɨєɰь  
ɇɈɊɆȺɌɂȼɇȿ ɁȺȻȿɁɉȿɑȿɇɇə ɋɉɈɋɈȻɍ ɆȿɌɊɈɅɈȽȱɑɇɈȽɈ ɄɈɇɌɊɈɅɘ 

ɌȺɏȿɈɆȿɌɊȱȼ………………………………………………………………….....................……………48 

 

ȼ. ȱ. Ɇіɥɨɜɚɧɨɜ, ɞ.ɬ.ɧ., Ⱥ. Ⱥ. əɛɫ  
ȼɂɁɇȺɑȿɇɇə «ȼȱȾɆɈȼ» ȱ ɄɈɇɌɊɈɅɖ ɁȺ Ȳɏ ɍɋɍɇȿɇɇəɆ ȾɅə ɉȱȾȼɂɓȿɇɇə 

ȿɄɋɉɅɍȺɌȺɐȱɃɇɈȲ ɇȺȾȱɃɇɈɋɌȱ ȽȺɁɈɉȿɊȿɄȺɑɍȼȺɅɖɇɂɏ ɄɈɆɉɊȿɋɈɊȱȼ Ɂ 
ȽȺɁɈɌɍɊȻȱɇɇɂɆ ɉɊɂȼɈȾɈɆ………………………….....……………..............................………….53 

 

Іɧɮɨɪɦɚɰɿɣɧɨ-ɜɢɦɿɪɸɜɚɥьɧɿ ɫɢɫɬɟɦɢ ɿ ɬɟɯɧɨɥɨɝɿʀ 56 

 

Ɉ. ȼ. Ȼɨɣɱɟɧɤɨ, ɞ.ɬ.ɧ. 

ȱɇɎɈɊɆȺɐȱɃɇȱ ɋɂɋɌȿɆɂ ɍɉɊȺȼɅȱɇɇə ɋɉȿɐȱȺɅɖɇɈȽɈ ɉɊɂɁɇȺɑȿɇɇə….....…….………57 



   Ɉɞɟɫьɤɚ ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦіɹ ɬɟɯɧіɱɧɨɝɨ ɪɟɝɭɥɸɜɚɧɧɹ ɬɚ ɹɤɨɫɬі 

Зɛіɪɧик ɧɚукɨɜиɯ ɩɪɚɰь ОДАТРə № 1(4)2014  

4 

 

Ⱥ. Ʌ. Ʉɨɜɬɭɧɨɜ, ɋ. ɉ. Ʌɟɳɟɧɤɨ, ɞ.ɬ.ɧ. 

ȼɈɁɆɈɀɇɈɋɌɂ ɂɁɆȿɊȿɇɂə ɊȺȾɂȺɅɖɇɈɃ ɋɄɈɊɈɋɌɂ ɈȻɁɈɊɇɕɆɂ 

ɊȺȾɂɈɅɈɄȺɌɈɊȺɆɂ ɋ ɂɆɉɍɅɖɋɇɕɆ ɂɁɅɍɑȿɇɂȿɆ ɉɊɂ ɂɋɉɈɅɖɁɈȼȺɇɂɂ 

ɋɂȽɇȺɅɈȼ ɋ ɒɂɊɈɄɈɃ ɉɈɅɈɋɈɃ ɑȺɋɌɈɌ………………………….............……….............…..62 

 

Ȼ. Ⱥ. Ⱦɟɦьɹɧɱɭɤ, ɞ.ɬ.ɧ., Ⱥ. Ɏ. Ⱦɹɱɟɧɤɨ, ɤ.ɬ.ɧ., ɇ. ȼ. Ɉɥɟɧɟɜ, ɤ.ɬ.ɧ. 

ɋɌȺɌɂɋɌɂɄȺ ɂɇɌȿɇɋɂȼɇɈɋɌȿɃ ɆȿɒȺɘɓɂɏ ɋɂȽɇȺɅɈȼ ȼ ɂɁɆȿɊɂɌȿɅɖɇɈɃ 

ȻȿɁɗɏɈȼɈɃ ɄȺɆȿɊȿ ɌɍɇɇȿɅɖɇɈȽɈ ɌɂɉȺ……………………………………...................…......68 

 

ɉ. Ⱥ. Ȼɚɪɚɛɚɲ, ɤ.ɬ.ɧ., Ⱥ. Ȼ. Ƚɨɥɭɛɟɜ, ɤ.ɬ.ɧ., ə. ȿ. Ɍɪɨɤɨɡ, ȼ. ȼ. Ƚɨɪɢɧ, ɤ.ɬ.ɧ. 

ɍɋɌȺɇɈȼɄȺ ȾɅə ɉɊɈȼȿȾȿɇɇə ɌȿɉɅɈɌȿɏɇȱɑɇɂɏ ȼɂɉɊɈȻɍȼȺɇɖ ɆɈȾȿɅȱ 
ɅɖɈȾɈȽȿɇȿɊȺɌɈɊȺ…………………………………………………………………….............….........74 

 

Ʉ .  ȼ .  Ʌɢɬɜɢɧɟɧɤɨ 
ɉɈɅɍɆȺɊɄɈȼɋɄɂɃ ȽɂɉȿɊɋɅɍɑȺɃɇɕɃ ɉɈȾɏɈȾ Ʉ ɈɐȿɇɄȿ ɊɂɋɄɈȼ ɋɂɋɌȿɆ..…….…. 77 

 

ȼ. ɘ. Ʉɭɱɟɪɭɤ, ɞ.ɬ.ɧ., Ɉ. ȼ. Ƚɪɚɛɨɜɫьɤɢɣ, ɤ.ɬ.ɧ., Ɇ. ɋ. ɉɚɜɥɨɜɫьɤɚ 
ȼɂɄɈɊɂɋɌȺɇɇə ɌȿɈɊȱȲ ȾȿɌȿɊɆȱɇɈȼȺɇɈȽɈ ɏȺɈɋɍ ɉɊɂ ɈȻɊɈȻɅȿɇɇȱ 
ȼȱȻɊɈȺɄɍɋɌɂɑɇɂɏ ɋɂȽɇȺɅȱȼ……………………………………………………………....…….... 81 

 

Ɉ. ȼ. Ȼɚɧɡɚɤ, ɤ.ɬ.ɧ., ɂ. ɋ. Ɂɚɯɚɪɢɟɜ, ɇ. ɋ. Ⱦɚɧɢɥɟɧɤɨ 
ɊȺɁɊȺȻɈɌɄȺ ɉɊɈȽɊȺɆɆɇɈ-ɌȿɏɇɂɑȿɋɄɂɏ ɄɈɆɉɅȿɄɋɈȼ ɊȺȾɂȺɐɂɈɇɇɈ-

ɌȿɏɇɈɅɈȽɂɑȿɋɄɈȽɈ ɄɈɇɌɊɈɅə………………………………………………………….………...84 

  

ȺɅɎȺȼȱɌɇɂɃ ɉɈɄȺɀɑɂɄ.………………………………………………………..……..……………… 92 

  

ȼȱȾɈɆɈɋɌȱ ɉɊɈ ȺȼɌɈɊȱȼ.……………………………………………….....……….............………........93 



Ɉɞɟɫɶɤɚ ɞɟɠɚɜɧɚ ɚɤɚɞɟɦɿɹ ɬɟɯɧɿɱɧɨɝɨ ɪɟɝɭɥɸɜɚɧɧɹ ɬɚ ɹɤɨɫɬɿ 

Зɛɿɪɧɢɤ ɧɚɭɤɨɜɢɯ ɩɪɚɰɶ ɈДАɌɊə № 1(4)2014 

81 

K. V. Litvinenko 

 

THE SEMI - MARKOV HYPER CASUAL APPROACH TO THE ESTIMATION OF RISKS OF 

SYSTEMS 

 

An effective approach to estimating risks of systems is considered. The approach semi – Markov models 

construction for estimation of multifactorial risks is modified on the basis of the hyper casual phenomena. An 

optimal method for construction of average densities of hyper casual law distribution is proposed. The re-

ceived results are applied to semi – Markov GERT - models. 

Keywords: risk, stochastic modelling, semi – Markov model, hyper casual phenomena. 
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1
 Вɿɧɧɢɰɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɬɟɯɧɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ, ɦ. Вɿɧɧɢɰɹ 

2
 Ɉɞɟɫɶɤɚ ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦɿɹ ɬɟɯɧɿɱɧɨɝɨ ɪɟɝɭɥɸɜɚɧɧɹ ɬɚ ɹɤɨɫɬɿ, ɦ. Ɉɞɟɫɚ 

 

ȼɂɄɈɊɂɋɌȺɇɇə ɌȿɈɊȱȲ ȾȿɌȿɊɆȱɇɈȼȺɇɈȽɈ ɏȺɈɋɍ ɉɊɂ ɈȻɊɈȻɅȿɇɇȱ 
ȼȱȻɊɈȺɄɍɋɌɂɑɇɂɏ ɋɂȽɇȺɅȱȼ 

 

В ɫɬɚɬɬɿ ɩɪɨɿɥɸɫɬɪɨɜɚɧɨ ɟɥɟɦɟɧɬɢ ɬɟɨɪɿʀ ɞɟɬɟɪɦɿɧɨɜɚɧɨɝɨ ɯɚɨɫɭ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɹɤɿ, ɦɨɠɧɚ 
ɞɨɫɹɝɬɢ ɩɿɞɜɢɳɟɧɧɹ ɞɨɫɬɨɜɿɪɧɨɫɬɿ ɜɢɡɧɚɱɟɧɧɹ ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɜɿɛɪɨɚɤɭɫɬɢɱɧɨɝɨ ɫɢɝɧɚɥɭ. 

Ключові слова: ɚɬɬɪɚɤɬɨɪ, ɜɿɛɪɨɞɿɚɝɧɨɫɬɢɤɚ, ɩɪɨɰɟɞɭɪɚ ɜɤɥɚɞɟɧɧɹ, ɪɿɜɟɧɶ ɜɿɛɪɚɰɿʀ, ɬɟɨɪɿɹ ɞɟ-
ɬɟɪɦɿɧɨɜɚɧɨɝɨ ɯɚɨɫɭ, ɬɟɨɪɿɹ ɫɚɦɨɨɪɝɚɧɿɡɚɰɿʀ (ɫɢɧɟɪɝɟɬɢɤɚ), ɮɚɡɨɜɚ ɬɪɚєɤɬɨɪɿɹ. 

 

ȼɫɬɭɩ 

ɉɿɞɜɢɳɟɧɧɹ ɧɚɞɿɣɧɨɫɬɿ, ɟɮɟɤɬɢɜɧɨɫɬɿ ɟɤɫ-
ɩɥɭɚɬɚɰɿʀ ɦɚɲɢɧ ɿ ɦɟɯɚɧɿɡɦɿɜ ɩɨɜ’ɹɡɚɧɨ ɿɡ ɧɟɨɛ-

ɯɿɞɧɿɫɬɸ ɤɨɧɬɪɨɥɸ ʀɯ ɬɟɯɧɿɱɧɨɝɨ ɫɬɚɧɭ. Ⱦɨɫɢɬɶ 
ɱɚɫɬɨ ɩɪɢ ɤɨɧɬɪɨɥɿ ɬɟɯɧɿɱɧɨɝɨ ɫɬɚɧɭ ɜ ɡɚɫɬɨɫɨ-
ɜɭєɬɶɫɹ ɜɿɛɪɨɞɿɚɝɧɨɫɬɢɤɚ, ɜ ɹɤɿɣ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 

ɩɟɜɧɢɯ ɦɟɬɨɞɿɜ ɮɨɪɦɭєɬɶɫɹ ɫɢɫɬɟɦɚ ɨɡɧɚɤ, ɳɨ 
ɯɚɪɚɤɬɟɪɢɡɭє ɬɟɯɧɿɱɧɢɣ ɫɬɚɧ ɦɟɯɚɧɿɡɦɭ. 

ɉɪɢ ɦɨɧɿɬɨɪɢɧɝɭ ɬɟɯɧɿɱɧɨɝɨ ɫɬɚɧɭ ɨɛɥɚɞ-

ɧɚɧɧɹ ɨɫɧɨɜɧɢɦ ɩɚɪɚɦɟɬɪɨɦ є ɡɚɝɚɥɶɧɢɣ ɪɿɜɟɧɶ 
ɜɿɛɪɚɰɿɣ, ɩɟɪɟɜɢɳɟɧɧɹ ɹɤɢɦ ɞɨɩɭɫɬɢɦɢɯ ɦɟɠ є 
ɫɢɝɧɚɥɨɦ ɞɥɹ ɩɪɢɣɧɹɬɬɹ ɜɿɞɩɨɜɿɞɧɢɯ ɡɚɯɨɞɿɜ. 
ɉɪɨɬɟ ɱɚɫɬɨ ɧɚ ɩɪɚɤɬɢɰɿ, ɧɟ ɡɜɚɠɚɸɱɢ ɧɚ ɡɚɝɚɥɶ-
ɧɢɣ ɪɿɜɟɧɶ ɜɿɛɪɚɰɿʀ, ɜ ɦɟɯɚɧɿɡɦɿ ɪɨɡɜɢɜɚɸɬɶɫɹ 
ɿɧɲɿ ɞɟɮɟɤɬɢ, ɜɩɥɢɜ ɹɤɢɯ ɧɚ ɡɚɝɚɥɶɧɢɣ ɪɿɜɟɧɶ 
ɜɿɛɪɚɰɿʀ ɫɩɨɱɚɬɤɭ ɧɟɡɧɚɱɧɢɣ, ɚɥɟ ɱɟɪɟɡ ɞɟɹɤɢɣ 

ɱɚɫ ɲɜɢɞɤɿɫɬɶ ɪɨɡɜɢɬɤɭ ɞɟɮɟɤɬɭ ɩɨɱɢɧɚє ɪɨɫɬɢ, 

ɳɨ ɜ ɤɿɧɰɟɜɨɦɭ ɜɢɩɚɞɤɭ ɩɨɡɧɚɱɚєɬɶɫɹ ɧɚ ɪɿɜɧɿ 
ɜɿɛɪɚɰɿʀ. ɉɪɢ ɰɶɨɦɭ ɞɨɫɢɬɶ ɜɚɠɤɨ ɡɚɩɨɛɿɝɬɢ ɜɢ-

ɧɢɤɧɟɧɧɸ ɚɜɚɪɿɣɧɨʀ ɫɢɬɭɚɰɿʀ. 
Ɍɨɦɭ ɜɢɧɢɤɚє ɧɟɨɛɯɿɞɧɿɫɬɶ ɭ ɪɨɡɪɨɛɰɿ ɧɨɜɢɯ 

ɦɟɬɨɞɿɜ ɚɧɚɥɿɡɭ ɜɿɛɪɨɫɢɝɧɚɥɿɜ, ɹɤɿ ɞɨɡɜɨɥɹɸɬɶ 
ɛɿɥɶɲ ɹɤɿɫɧɨ ɨɰɿɧɸɜɚɬɢ ɿɧɮɨɪɦɚɰɿɸ. Ɉɞɧɢɦ ɡ 
ɬɚɤɢɯ ɩɿɞɯɨɞɿɜ є ɜɢɤɨɪɢɫɬɚɧɧɹ ɟɥɟɦɟɧɬɿɜ ɬɟɨɪɿʀ 
ɞɟɬɟɪɦɿɧɨɜɚɧɨɝɨ ɯɚɨɫɭ, ɩɚɪɚɦɟɬɪɢ ɹɤɨɝɨ є ɞɨɫɢɬɶ 
ɱɭɬɥɢɜɢɦɢ ɞɨ ɡɦɿɧɢ ɿɧɮɨɪɦɚɬɢɜɧɢɯ ɨɡɧɚɤ. 

 

Ɉɫɧɨɜɧɚ чɚɫɬɢɧɚ 
Ɍɟɨɪɿɹ ɫɚɦɨɨɪɝɚɧɿɡɚɰɿʀ (ɫɢɧɟɪɝɟɬɢɤɚ) ɜɢɜɱɚє 

ɩɨɜɟɞɿɧɤɭ ɫɤɥɚɞɧɢɯ ɫɢɫɬɟɦ, ɭɦɨɜɢ ʀɯ ɫɬɿɣɤɨɫɬɿ, 
ɩɪɢɪɨɞɭ ɧɟɫɬɿɣɤɨɫɬɿ ɿ ɟɜɨɥɸɰɿɸ ɫɢɫɬɟɦ ɞɚɥɟɤɨ 
ɜɿɞ ɬɟɪɦɨɞɢɧɚɦɿɱɧɨʀ ɪɿɜɧɨɜɚɝɢ. Ɇɟɬɨɞɢ ɫɢɧɟɪɝɟ-
ɬɢɤɢ, ɹɤɿ ɹɜɥɹɸɬɶ ɫɨɛɨɸ ɧɿɳɨ ɿɧɲɟ ɹɤ ɦɟɬɨɞɢ 

ɧɟɥɿɧɿɣɧɨʀ ɮɿɡɢɤɢ, ɞɚɸɬɶ ɦɨɠɥɢɜɿɫɬɶ ɨɩɢɫɚɬɢ 

ɛɚɝɚɬɨ ɩɪɨɰɟɫɿɜ, ɹɤɿ ɫɩɨɫɬɟɪɿɝɚɸɬɶɫɹ ɜ ɫɢɫɬɟɦɚɯ, 
ɡɨɜɧɿɲɧɶɨ ɧɟ ɦɚɸɱɢ ɧɿɱɨɝɨ ɫɩɿɥɶɧɨɝɨ ɨɞɢɧ ɡ ɨɞ-

ɧɢɦ, ɡ ɞɨɩɨɦɨɝɨɸ ɨɞɧɢɯ ɿ ɬɢɯ ɫɚɦɢɯ ɦɚɬɟɦɚɬɢɱ-
ɧɢɯ ɦɨɞɟɥɟɣ, ɱɢɫɥɨ ɹɤɢɯ ɜɿɞɧɨɫɧɨ ɧɟɜɟɥɢɤɟ [1-3]. 

Ɉɞɧɢɦ ɡ ɜɚɠɥɢɜɢɯ ɿ ɧɚɣɛɿɥɶɲ ɰɿɤɚɜɢɯ ɪɨɡɞɿ-
ɥɿɜ ɫɢɧɟɪɝɟɬɢɤɢ є ɬɟɨɪɿɹ ɞɢɧɚɦɿɱɧɨɝɨ ɯɨɚɫɭ. ȼ 

ɞɚɧɢɣ ɱɚɫ ɜɢɜɱɟɧɢɣ ɰɿɥɢɣ ɤɥɚɫ ɫɢɫɬɟɦ, ɤɨɬɪɿ ɜ 
ɞɟɹɤɢɯ ɨɛɥɚɫɬɹɯ ɮɚɡɨɜɨɝɨ ɩɪɨɫɬɨɪɭ, ɧɚɡɢɜɚɸɬɶɫɹ 
«ɞɢɜɧɢɦɢ ɚɬɬɪɚɤɬɨɪɚɦɢ» ɿ ɩɪɨɹɜɥɹɸɬɶ ɯɚɨɬɢɱɧɿ 
ɜɥɚɫɬɢɜɨɫɬɿ. 

ɉɪɢ ɚɧɚɥɿɡɿ ɜɿɛɪɨɫɢɝɧɚɥɿɜ ɚɝɪɟɝɚɬɿɜ ɪɿɡɧɨɝɨ 
ɬɢɩɭ ɩɪɢɣɧɹɬɨ ɜɜɚɠɚɬɢ, ɳɨ ɯɚɨɬɢɱɧɚ ɲɭɦɨɜɚ 
ɫɤɥɚɞɨɜɚ ɜ ɫɢɝɧɚɥɿ є ɩɪɢɤɪɨɸ ɩɟɪɟɲɤɨɞɨɸ. ɉɪɨ-
ɬɟ ɜɢɩɚɞɤɨɜɿ ɤɨɥɢɜɚɧɧɹ, ɹɤɿ ɜɢɧɢɤɚɸɬɶ ɜ ɬɟɯɧɨ-
ɥɨɝɿɱɧɢɯ ɫɢɫɬɟɦɚɯ ɦɚɸɬɶ ɞɟɬɟɪɦɿɧɨɜɚɧɢɣ ɯɚɪɚɤ-
ɬɟɪ [4]. ȼɨɧɢ ɩɨɪɨɞɠɭɸɬɶɫɹ ɫɚɦɨɸ ɫɢɫɬɟɦɨɸ ɿ 
ɬɨɦɭ ɦɨɠɭɬɶ ɫɥɭɝɭɜɚɬɢ ɜɚɠɥɢɜɢɦ ɞɠɟɪɟɥɨɦ ɿɧ-

ɮɨɪɦɚɰɿʀ ɩɪɨ ʀʀ ɜɧɭɬɪɿɲɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

Ʉɿɥɶɤɿɫɧɨɸ ɦɿɪɨɸ, ɹɤɚ ɯɚɪɚɤɬɟɪɢɡɭє ɫɬɚɧ 

ɞɢɧɚɦɿɱɧɨʀ ɫɢɫɬɟɦɢ ɦɨɠɟ ɫɥɭɝɭɜɚɬɢ ɮɪɚɤɬɚɥɶɧɚ 



Ɉɞɟɫɶɤɚ ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦɿɹ ɬɟɯɧɿɱɧɨɝɨ ɪɟɝɭɥɸɜɚɧɧɹ ɬɚ ɹɤɨɫɬɿ 
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ɪɨɡɦɿɪɧɿɫɬɶ ɞɢɜɧɨɝɨ ɚɬɪɚɤɬɨɪɭ. ɇɢɠɧɹ ɨɰɿɧɤɚ 
ɰɿєʀ ɜɟɥɢɱɢɧɢ ɜɢɡɧɚɱɚєɬɶɫɹ ɲɥɹɯɨɦ ɜɢɪɚɯɭɜɚɧɧɹ 
ɤɨɪɟɥɹɰɿɣɧɨʀ ɪɨɡɦɿɪɧɨɫɬɿ ɡɚ ɦɟɬɨɞɢɤɨɸ ɉɚɤɤɚɪ-
ɞɚ-Ɍɚɤɟɧɫɚ [2, 3]. ȼɚɪɬɨ ɜɿɞɦɿɬɢɬɢ, ɳɨ ɩɪɨɰɟɞɭɪɚ 
ɉɚɤɤɚɪɞɚ-Ɍɚɤɟɧɫɚ ɞɨɡɜɨɥɹє ɿɞɟɧɬɢɮɿɤɭɜɚɬɢ, ɹɤɢɦ 

є ɞɠɟɪɟɥɨ ɜɢɩɚɞɤɨɜɢɯ ɫɢɝɧɚɥɿɜ – ɞɟɬɟɪɦɿɧɨɜɚ-
ɧɢɦ ɱɢ ɲɭɦɨɜɢɦ. əɤɳɨ ɞɿɚɝɧɨɫɬɭєɬɶɫɹ ɞɟɬɟɪɦɿ-
ɧɨɜɚɧɢɣ ɯɚɨɫ, ɬɨ ɰɟ ɨɡɧɚɱɚє, ɳɨ ɫɢɫɬɟɦɚ ɤɟɪɨɜɚ-
ɧɚ, ɬɨɛɬɨ ɡɦɿɧɨɸ ɞɟɹɤɢɯ ɩɚɪɚɦɟɬɪɿɜ ɦɨɠɧɚ ɜɩɨ-
ɪɹɞɤɭɜɚɬɢ ʀʀ  ɪɭɯ [4]. 

ɍ ɛɭɞɶ-ɹɤɨɦɭ ɜɢɩɚɞɤɭ ɩɨɱɚɬɤɨɜɢɦ ɟɬɚɩɨɦ 

ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɫɢɝɧɚɥɿɜ ɦɟɬɨɞɚɦɢ ɧɟɥɿɧɿɣɧɨʀ 
ɞɢɧɚɦɿɤɢ ɩɨɜɢɧɧɚ ɛɭɬɢ ɩɪɨɰɟɞɭɪɚ ɪɟɤɨɧɫɬɪɭɤɰɿʀ 
ɮɚɡɨɜɨʀ ɬɪɚєɤɬɨɪɿʀ ɞɢɧɚɦɿɱɧɨʀ ɫɢɫɬɟɦɢ, ɳɨ  ɩɨ-
ɪɨɞɠɭє ɫɢɝɧɚɥ. Єɞɢɧɢɦ ɦɟɬɨɞɨɦ, ɳɨ ɞɨɡɜɨɥɹє 
ɪɟɤɨɧɫɬɪɭɸɜɚɬɢ ɯɚɪɚɤɬɟɪ ɮɚɡɨɜɨʀ ɬɪɚєɤɬɨɪɿʀ ɫɢɫ-
ɬɟɦɢ ɧɚ ɨɫɧɨɜɿ ɚɧɚɥɿɡɭ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɬɪɢ-

ɦɚɧɨɝɨ ɫɢɝɧɚɥɭ, є ɩɪɨɰɟɞɭɪɚ ɜɤɥɚɞɟɧɧɹ 
(embedding procedure). 

ɉɿɞɫɬɚɜɨɸ ɞɥɹ ɬɚɤɨɝɨ ɩɿɞɯɨɞɭ є ɬɟɨɪɟɦɚ Ɍɚ-
ɤɟɧɫɚ [5], ɹɤɚ ɫɬɜɟɪɞɠɭє, ɳɨ ɲɥɹɯɨɦ ɩɪɚɜɢɥɶɧɨ-
ɝɨ ɩɿɞɛɨɪɭ ɪɨɡɦɿɪɧɨɫɬɿ m ɿ ɩɚɪɚɦɟɬɪɚ ɡɚɬɪɢɦɤɢ τ 
ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ (m+1)-ɦɿɪɧɢɣ ɮɚɡɨɜɢɣ ɨɛɪɚɡ, 
ɹɤɢɣ ɞɨɫɢɬɶ ɩɨɜɧɨ ɜɿɞɨɛɪɚɠɚє ɜɥɚɫɬɢɜɨɫɬɿ ɿɫɬɢɧ-

ɧɨʀ ɬɪɚєɤɬɨɪɿʀ ɞɢɧɚɦɿɱɧɨʀ ɫɢɫɬɟɦɢ ɭ ɮɚɡɨɜɨɦɭ 
ɩɪɨɫɬɨɪɿ. Ɋɿɜɧɹɧɧɹ ɰɿєʀ ɫɢɧɬɟɬɢɱɧɨʀ ɬɪɚєɤɬɨɪɿʀ 
ɦɨɠɟ ɛɭɬɢ ɡɚɩɢɫɚɧɨ ɭ ɜɢɝɥɹɞɿ z i +1 = x (t - iτ), ɞɟ 
ɿɧɞɟɤɫ (i+1)-ɧɨɦɟɪ ɤɨɨɪɞɢɧɚɬɢ ɪɟɤɨɧɫɬɪɭɣɨɜɚɧɨ-
ɝɨ ɮɚɡɨɜɨɝɨ ɩɪɨɫɬɨɪɭ Z = {z1, ..., z i +1}, ɚ ɩɚɪɚ-
ɦɟɬɪ i ɩɪɢɣɦɚє ɰɿɥɨɱɢɫɟɥɶɧɿ ɡɧɚɱɟɧɧɹ ɜɿɞ 0 ɞɨ m. 

ȼ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɧɹɯ ɞɢɧɚɦɿɤɢ 

ɞɚɧɚ ɩɪɨɰɟɞɭɪɚ ɧɚɡɢɜɚєɬɶɫɹ ɜɤɥɚɞɟɧɧɹɦ ɤɪɚɬɧɨɫ-
ɬɿ m, ɚ ɩɪɨɟɤɰɿʀ ɨɞɟɪɠɭɜɚɧɨɝɨ (m+1)-ɦɿɪɧɨɝɨ ɮɚ-
ɡɨɜɨɝɨ ɨɛɪɚɡɭ {z1, ..., z i +1} ɧɚ ɩɥɨɳɢɧɭ {z j, z k}, 

ɞɟ j <> k ɦɨɠɭɬɶ ɩɪɢɣɦɚɬɢ ɡɧɚɱɟɧɧɹ ɜɿɞ 1 ɞɨ i+1, 

ɤɚɪɬɚɦɢ ɡɚɬɪɢɦɤɢ. ɋɬɜɟɪɞɠɭєɬɶɫɹ, ɳɨ ɪɨɡɦɿɪ-
ɧɿɫɬɶ ɫɤɥɚɞɧɢɯ ɩɪɨɰɟɫɿɜ ɡɚɡɜɢɱɚɣ ɡɧɚɯɨɞɢɬɶɫɹ ɜ 
ɦɟɠɚɯ ɜɿɞ m = 3 ɞɨ m = 6. Ɍɚɤɢɦ ɱɢɧɨɦ, ɪɨɡɦɿɪ-
ɧɿɫɬɶ ɜɿɞɩɨɜɿɞɧɢɯ ɮɚɡɨɜɢɯ ɨɛɪɚɡɿɜ ɜɿɞ 4 ɞɨ 7. 

ɉɪɢ ɩɪɨɜɟɞɟɧɧɿ ɩɪɨɰɟɞɭɪɢ ɜɤɥɚɞɟɧɧɹ ɜɚɠ-

ɥɢɜɢɦ ɩɚɪɚɦɟɬɪɨɦ є ɡɚɬɪɢɦɤɚ τ, ɹɤɚ ɧɟ ɨɛɨɜ'ɹɡɤɨ-
ɜɨ ɩɨɜɢɧɧɚ ɛɭɬɢ ɪɿɜɧɚ ɿɧɬɟɪɜɚɥɭ ɞɢɫɤɪɟɬɢɡɚɰɿʀ h 

ɩɪɢ ɰɢɮɪɨɜɨɦɭ ɚɧɚɥɿɡɿ. ɇɚɣɱɚɫɬɿɲɟ ʀʀ ɜɢɛɢɪɚɸɬɶ, 
ɜɢɯɨɞɹɱɢ ɡ ɨɱɿɤɭɜɚɧɨɝɨ ɚɛɨ ɨɰɿɧɟɧɨɝɨ, ɧɚɩɪɢ-

ɤɥɚɞ, ɡɚ ɦɟɬɨɞɨɦ ɚɜɬɨɪɟɝɪɟɫɿʀ, ɩɟɪɿɨɞɭ ɨɞɧɿєʀ ɡ 
ɝɨɥɨɜɧɢɯ ɦɨɞ ɩɪɨɰɟɫɭ. ȼ ɨɫɬɚɧɧɶɨɦɭ ɜɢɩɚɞɤɭ ɡɚ 
ɩɟɪɿɨɞ ɩɪɢɣɦɚɸɬɶ ɱɚɫɨɜɢɣ ɿɧɬɟɪɜɚɥ, ɹɤɢɣ ɜɿɞɩɨ-
ɜɿɞɚє ɩɟɪɲɨɦɭ ɩɟɪɟɬɢɧɚɧɧɸ ɤɪɢɜɨʀ ɚɜɬɨɪɟɝɪɟɫɿʀ 
ɡ ɜɿɫɫɸ ɚɛɫɰɢɫ. 

ɇɚ ɩɪɚɤɬɢɰɿ ɮɨɪɦɚ ɯɜɢɥɿ ɜɿɛɪɚɰɿɣɧɨɝɨ ɫɢɝ-
ɧɚɥɭ є ɨɞɧɨɦɿɪɧɢɦ ɪɹɞɨɦ ɡɧɚɱɟɧɧɹ ɪɿɜɧɹ ɜɿɛɪɚ-

ɰɿʀ, ɨɬɪɢɦɚɧɢɦ ɡ ɩɟɜɧɨɸ ɞɢɫɤɪɟɬɧɿɫɬɸ, ɹɤɢɣ ɩɨ-
ɬɿɦ ɨɛɪɨɛɥɹєɬɶɫɹ ɨɞɧɢɦ ɡ ɦɟɬɨɞɿɜ ɨɛɪɨɛɤɢ ɜɿɛɪɨ-
ɫɢɝɧɚɥɭ. 

ɇɚ ɩɟɪɲɢɣ ɩɨɝɥɹɞ ɡɞɚєɬɶɫɹ, ɳɨ ɩɨɫɥɿɞɨɜ-
ɧɿɫɬɶ ɩɨ єɞɢɧɿɣ ɡɦɿɧɧɿɣ ɞɚє ɞɨɫɢɬɶ ɨɛɦɟɠɟɧɭ ɿɧ-

ɮɨɪɦɚɰɿɸ ɩɪɨ ɞɨɫɥɿɞɠɭɜɚɧɢɣ ɨɛ’єɤɬ. ɉɪɨɬɟ ɜɢ-

ɹɜɥɹєɬɶɫɹ, ɳɨ ɱɚɫɬɨɬɧɚ ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɨɞɧɿєʀ 
ɡɦɿɧɧɨʀ ɦɿɫɬɢɬɶ ɧɚɛɚɝɚɬɨ ɛɿɥɶɲɭ ɿɧɮɨɪɦɚɰɿɸ – 

ɦɚє ɫɥɿɞɢ ɜɫɿɯ ɡɦɿɧɧɢɯ, ɳɨ ɛɟɪɭɬɶ ɭɱɚɫɬɶ ɜ ɨɩɢ-

ɫɚɧɧɿ ɞɢɧɚɦɿɤɢ ɫɢɫɬɟɦɢ, ɚ ɬɚɤɨɠ ɞɨɡɜɨɥɹє ɛɟɡɦɨ-
ɞɟɥɶɧɢɦ ɫɩɨɫɨɛɨɦ ɿɞɟɧɬɢɮɿɤɭɜɚɬɢ ɞɟɹɤɿ ʀʀ ɤɥɸ-

ɱɨɜɿ ɨɫɨɛɥɢɜɨɫɬɿ. 
ɇɟɯɚɣ, )(

0
tA - ɱɚɫɬɨɬɧɚ ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɟɤɫɩɟ-

ɪɢɦɟɧɬɚɥɶɧɨ ɜɢɦɿɪɹɧɢɯ ɚɦɩɥɿɬɭɞ ɜɿɛɪɨɲɜɢɞɤɨɫɬɿ 
ɤɨɥɢɜɚɧɶ, ɹɤɿ ɡɛɭɞɠɭɸɬɶɫɹ ɤɨɪɩɭɫɨɦ ɚɝɪɟɝɚɬɭ. 
Ɍɚɤ ɹɤ ɩɨɩɟɪɟɞɧɶɨ ɧɟ ɨɩɢɪɚєɦɨɫɹ ɧɿ ɧɚ ɹɤɭ ɤɨɧɤ-
ɪɟɬɧɭ ɦɨɞɟɥɶ, ɬɨ ɛɭɥɨ ɛ ɛɚɠɚɧɨ ɜɿɞɧɨɜɢɬɢ ɰɸ 

ɞɢɧɚɦɿɤɭ ɜɢɤɥɸɱɧɨ ɧɚ ɨɫɧɨɜɿ ɜɿɞɨɦɨʀ ɩɨɫɥɿɞɨɜ-
ɧɨɫɬɿ )(

0
tA . Ɂ ɰɿєɸ ɦɟɬɨɸ ɪɨɡɝɥɹɧɟɦɨ ɮɚɡɨɜɢɣ 

ɩɪɨɫɬɿɪ, ɭɬɜɨɪɟɧɢɣ ɡɦɿɧɧɢɦɢ 1,...,0, nk
k

A . 

ɋɬɚɧ ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ ɨɛ’єɤɬɚ ɜ ɰɶɨɦɭ ɩɪɨɫɬɨɪɿ 
ɜɿɞɩɨɜɿɞɚє ɬɨɱɰɿ, ɚ ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɫɬɚɧɿɜ, ɹɤɿ ɜɿɧ 

ɩɪɨɣɲɨɜ, ɜɢɡɧɚɱɚє ɞɟɹɤɭ ɤɪɢɜɭ – ɮɚɡɨɜɭ ɬɪɚєɤ-
ɬɨɪɿɸ. Ɂ ɱɚɫɨɦ ɜ ɫɢɫɬɟɦɿ ɜɫɬɚɧɨɜɥɸєɬɶɫɹ ɞɟɹɤɢɣ 

ɩɨɫɬɿɣɧɢɣ ɪɟɠɢɦ, ɹɤɳɨ ɬɿɥɶɤɢ ɞɢɧɚɦɿɤɚ ɫɢɫɬɟɦɢ 

ɡɜɨɞɢɬɶɫɹ ɞɨ ɫɭɤɭɩɧɨɫɬɿ ɞɟɬɟɪɦɿɧɿɫɬɢɱɧɢɯ ɪɿɜ-
ɧɹɧɶ, ɳɨ ɨɩɢɫɭɸɬɶ ɞɢɫɢɩɚɬɢɜɧɿ ɩɪɨɰɟɫɢ. ɐɟ ɡɧɚ-
ɯɨɞɢɬɶ ɜɿɞɨɛɪɚɠɟɧɧɹ ɜ ɡɛɿɠɧɨɫɬɿ ɫɿɦɟɣɫɬɜ ɮɚɡɨ-
ɜɢɯ ɬɪɚєɤɬɨɪɿɣ ɞɨ ɞɟɹɤɨʀ ɩɿɞɦɧɨɠɢɧɢ ɮɚɡɨɜɨɝɨ 
ɩɪɨɫɬɨɪɭ. ɐɸ ɿɧɜɚɪɿɚɧɬɧɭ ɩɿɞɦɧɨɠɢɧɭ ɩɪɢɣɧɹɬɨ 
ɧɚɡɢɜɚɬɢ ɚɬɬɪɚɤɬɨɪɨɦ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɪɢ ɞɨɫɥɿɞɠɟɧɧɿ ɞɢɧɚɦɿɱɧɢɯ 
ɩɪɨɰɟɫɿɜ ɟɤɫɩɥɭɚɬɚɰɿʀ ɨɛɥɚɞɧɚɧɧɹ ɩɨ ɛɭɞɶ-ɹɤɿɣ 

ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɧɟɨɛ-

ɯɿɞɧɨ ɿɞɟɧɬɢɮɿɤɭɜɚɬɢ ɚɬɬɪɚɤɬɨɪ, ɹɤɳɨ ɜɿɧ ɿɫɧɭє. 
Іɧɲɢɦɢ ɫɥɨɜɚɦɢ, ɩɨɬɪɿɛɧɨ ɜɫɬɚɧɨɜɢɬɢ, ɱɢ ɦɨ-

ɠɭɬɶ ɜɥɚɫɬɢɜɨɫɬɿ ɨɛ’єɤɬɚ, ɳɨ ɞɨɫɥɿɞɠɭєɬɶɫɹ ɡ 
ɞɨɩɨɦɨɝɨɸ ɰɿєʀ ɩɨɫɥɿɞɨɜɧɨɫɬɿ, ɪɨɡɝɥɹɞɚɬɢɫɹ ɹɤ 
ɩɪɨɹɜ ɞɟɬɟɪɦɿɧɨɜɚɧɨʀ ɮɭɧɤɰɿʀ ɱɢ ɜ ɧɿɣ ɦɿɫɬɢɬɶɫɹ 
ɞɟɹɤɢɣ ɧɟɭɫɭɜɧɢɣ ɟɥɟɦɟɧɬ ɫɬɨɯɚɫɬɢɱɧɨɫɬɿ. 

əɤɳɨ ɛɭɞɟ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɚɬɬɪɚɤɬɨɪ ɿɫɧɭє, 
ɬɨ ɜɚɠɥɢɜɭ ɚɩɪɿɨɪɧɭ ɿɧɮɨɪɦɚɰɿɸ ɧɟɫɟ ɣɨɝɨ ɪɨɡ-
ɦɿɪɧɿɫɬɶ . Ɋɨɡɦɿɪɧɿɫɬɶ  ɞɚє ɧɚɦ ɜɤɪɚɣ ɜɚɠɥɢ-

ɜɭ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɞɢɧɚɦɿɤɢ ɞɠɟɪɟɥɚ ɫɢɝɧɚɥɿɜ. 
Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɿɞɯɨɞɹɳɨɝɨ ɧɚɛɨɪɭ ɡɦɿɧ-

ɧɢɯ, ɳɨ ɫɬɜɨɪɸɸɬɶ ɮɚɡɨɜɢɣ ɩɪɨɫɬɿɪ, ɡɪɭɱɧɨ ɪɨɡ-
ɜɟɪɧɭɬɢ ɜɢɯɿɞɧɭ ɱɚɫɬɨɬɧɭ ɩɨɫɥɿɞɨɜɧɿɫɬɶ )(

0
fA  ɜ 

ɪɹɞ ɧɚɛɨɪɿɜ ɡ ɩɨɫɥɿɞɨɜɧɨ ɡɪɨɫɬɚɸɱɢɦɢ ɡɫɭɜɚɦɢ, 

ɜɢɡɧɚɱɟɧɢɦɢ ɹɤ ɜɟɥɢɱɢɧɢ ɤɪɚɬɧɿ ɞɟɹɤɿɣ ɮɿɤɫɨɜɚ-



Ɉɞɟɫɶɤɚ ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦɿɹ ɬɟɯɧɿɱɧɨɝɨ ɪɟɝɭɥɸɜɚɧɧɹ ɬɚ ɹɤɨɫɬɿ 
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ɧɿɣ ɡɚɬɪɢɦɰɿ r  - ɪɿɡɧɢɰɿ ɮɚɡ ( fmr ), ɞɟ m – 

ɰɿɥɟ ɿ Δf - ɿɧɬɟɪɜɚɥ ɦɿɠ ɩɨɫɥɿɞɨɜɧɢɦɢ ɜɢɛɿɪɤɚɦɢ). 

Ɍɨɛɬɨ, ɜɢɛɢɪɚɸɱɢ ɡ ɧɚɛɨɪɭ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ 
ɞɚɧɢɯ, ɩɪɢɯɨɞɢɦɨ ɞɨ ɧɚɫɬɭɩɧɨɝɨ ɧɚɛɨɪɭ        
ɞɢɫɤɪɟɬɧɢɯ ɡɦɿɧɧɢɯ: 
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ɉɪɢ ɧɚɥɟɠɧɨɦɭ ɜɢɛɨɪɿ r ɦɨɠɧɚ ɫɩɨɞɿɜɚɬɢɫɹ, 
ɳɨ ɰɿ ɡɦɿɧɧɿ ɛɭɞɭɬɶ ɥɿɧɿɣɧɨ ɧɟɡɚɥɟɠɧɢɦɢ, ɚ ɰɟ 
єɞɢɧɚ ɜɢɦɨɝɚ, ɧɟɨɛɯɿɞɧɚ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɮɚɡɨɜɨ-
ɝɨ ɩɪɨɫɬɨɪɭ. ɉɪɢɱɨɦɭ, ɜɫɿ ɰɿ ɡɦɿɧɧɿ ɦɨɠɧɚ ɨɬɪɢ-

ɦɚɬɢ ɜ ɨɞɧɿɣ ɱɚɫɨɜɿɣ ɩɨɫɥɿɞɨɜɧɨɫɬɿ, ɹɤɚ ɜɿɞɧɨ-
ɫɢɬɶɫɹ ɞɨ )(

0
fA , ɳɨ ɜɢɡɧɚɱɟɧɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶ-

ɧɨ. Ⱦɢɜɧɿ ɚɬɪɚɤɬɨɪɢ ɹɜɥɹɸɬɶ ɫɨɛɨɸ ɮɪɚɤɬɚɥɶɧɿ 
ɦɧɨɠɢɧɢ, ɝɨɥɨɜɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɹɤɢɯ ɜɢɡɧɚɱɚɸɬɶɫɹ 
ɪɨɡɦɿɪɧɿɫɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ (ɪɨɡɦɿɪɧɿɫɬɶ 
ɏɚɭɫɞɨɪɮɚ, ɤɨɪɟɥɹɰɿɣɧɚ ɪɨɡɦɿɪɧɿɫɬɶ). ɇɚɣɛɿɥɶɲ 

ɩɪɨɫɬɨ ɜɢɡɧɚɱɚєɬɶɫɹ ɤɨɪɟɥɹɰɿɣɧɚ ɪɨɡɦɿɪɧɿɫɬɶ  ɡ 
ɞɨɩɨɦɨɝɨɸ ɤɨɪɟɥɹɰɿɣɧɨɝɨ ɿɧɬɟɝɪɚɥɚ 
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Ɍɭɬ Аɿ – ɜɟɤɬɨɪ, ɳɨ ɨɩɢɫɭє ɩɨɥɨɠɟɧɧɹ ɜɿɞ-

ɩɨɜɿɞɧɨʀ ɬɨɱɤɢ ɭ ɮɚɡɨɜɨɦɭ ɩɪɨɫɬɨɪɿ ɜ ɞɟɹɤɢɣ 

ɦɨɦɟɧɬ ɱɚɫɭ ),...,1(
0

Niirtt
i

, ɞɟ r - ɞɟɹɤɢɣ 

ɡɚɞɚɧɢɣ ɩɪɨɦɿɠɨɤ ɱɚɫɭ, N – ɨɛ’єɦ ɜɢɛɿɪɤɢ. Ɂɧɚ-
ɱɟɧɧɹ )(C  ɜɢɡɧɚɱɚє ɜɿɞɧɨɫɧɟ ɱɢɫɥɨ ɩɚɪ ɬɨɱɨɤ, 
ɜɿɞɫɬɚɧɶ ɦɿɠ ɛɭɞɶ-ɹɤɢɦɢ ɞɜɨɦɚ ɫɭɫɿɞɧɿɦɢ ɡ ɹɤɢɯ 
ɧɟ ɩɟɪɟɜɢɳɭє . ɉɪɢ ɦɚɥɢɯ  ɤɨɪɟɥɹɰɿɣɧɢɣ ɿɧ-

ɬɟɝɪɚɥ )(C , ɬɨɦɭ ɪɨɡɦɿɪɧɿɫɬɶ  ɦɨɠɧɚ ɜɢ-

ɡɧɚɱɢɬɢ ɩɨ ɬɚɧɝɟɧɫɭ ɤɭɬɚ ɧɚɯɢɥɭ ɡɚɥɟɠɧɨɫɬɿ lnC 

ɜɿɞ ln , ɨɬɪɢɦɚɧɨʀ ɪɨɡɪɚɯɭɧɤɨɦ )(C  ɩɨ ɮɨɪɦɭ-
ɥɿ (2) ɩɪɢ ɪɿɡɧɢɯ ɡɧɚɱɟɧɧɹɯ  ɞɥɹ ɞɨɫɬɚɬɧɶɨ ɜɟ-
ɥɢɤɢɯ N. ȼ ɪɨɡɝɥɹɧɭɬɨɦɭ ɜɢɩɚɞɤɭ  ɞɨɫɬɨɜɿɪɧɨ 
ɜɢɦɿɪɹɧɨɸ є ɥɢɲɟ ɨɞɧɚ ɿɡ ɤɨɨɪɞɢɧɚɬ ɜɟɤɬɨɪɚ 

)( fA , ɚ ɫɚɦɟ ɚɦɩɥɿɬɭɞɚ ɜɿɛɪɨɲɜɢɞɤɨɫɬɿ. ȼ ɩɨɞɿ-

ɛɧɢɯ ɜɢɩɚɞɤɚɯ ɞɥɹ ɜɿɞɧɨɜɥɟɧɧɹ ɪɨɡɦɿɪɧɨ-

ɞɢɜɧɨɝɨ ɚɬɬɪɚɤɬɨɪɭ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɩɪɨɰɟɞɭɪɭ 
ɉɚɤɤɚɪɞɚ – Ɍɚɤɟɧɫɚ. 

ɇɟɯɚɣ Аɿ – ɪɟɚɥɿɡɚɰɿɹ ɨɞɧɿєʀ ɡ                     
ɤɨɨɪɞɢɧɚɬ ɮɚɡɨɜɨɝɨ ɩɪɨɫɬɨɪɭ ɫɢɫɬɟɦɢ 

.,...,2,1),(:)( NitAAfA
ii

 ȼɜɟɞɟɦɨ ɜ ɪɨɡɝ-
ɥɹɞ ɧɨɜɢɣ ɮɚɡɨɜɢɣ ɩɪɨɫɬɿɪ (ɩɪɨɫɬɿɪ ɜɤɥɚɞɟɧɧɹ), 
ɪɨɡɦɿɪɧɨɫɬɿ m, ɬɨɱɤɢ ɹɤɨɝɨ ɜɢɡɧɚɱɚɸɬɶɫɹ ɜɟɤɬɨ-
ɪɚɦɢ 
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ɹɤɿ ɫɤɨɧɫɬɪɭɣɨɜɚɧɿ ɡ ɩɨɫɥɿɞɨɜɧɢɯ ɡɧɚɱɟɧɶ ɜɟɥɢ-

ɱɢɧɢ )1,...,2,1( mNjA . ɉɪɢ ɡɦɿɧɿ t 

ɨɬɪɢɦɚєɦɨ ɜ ɰɶɨɦɭ ɩɪɨɫɬɨɪɿ ɬɪɚєɤɬɨɪɿɸ, ɳɨ ɜɿɞ-

ɬɜɨɪɸє ɞɟɹɤɭ ɦɧɨɠɢɧɭ, ɤɨɪɟɥɹɰɿɣɧɭ ɪɨɡɦɿɪɧɿɫɬɶ 
ɹɤɨʀ 

m
 ɦɨɠɧɚ ɜɢɪɚɯɭɜɚɬɢ ɱɟɪɟɡ ɤɨɪɟɥɹɰɿɣɧɢɣ 

ɿɧɬɟɝɪɚɥ 
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ɩɨ ɧɚɯɢɥɭ ɡɚɥɟɠɧɨɫɬɿ lnCm ɜɿɞ ln . Ɇɚɸɱɢ ɪɨɡ-
ɦɿɪɧɿɫɬɶ ɜɟɤɬɨɪɚ ɭ, ɩɪɨɚɧɚɥɿɡɭєɦɨ ɡɚɥɟɠɧɿɫɬɶ 

m

ɜɿɞ m. Ɉɱɟɜɢɞɧɨ, ɳɨ ɩɪɢ ɦɚɥɢɯ m ɪɨɡɦɿɪɧɿɫɬɶ  

ɿɡ ɡɛɿɥɶɲɟɧɧɹɦ m ɩɨɜɢɧɧɚ ɡɛɿɥɶɲɭɜɚɬɢɫɹ. ɉɪɨɬɟ, 
ɹɤɳɨ ɜɢɩɚɞɤɨɜɢɣ ɫɢɝɧɚɥ є ɩɪɨɹɜɨɦ ɞɟɬɟɪɦɿɧɨɜɚ-
ɧɨɝɨ ɯɚɨɫɭ, ɬɨ ɩɪɢ ɞɟɹɤɨɦɭ m=m0 ɜɟɥɢɱɢɧɚ m 

ɩɟɪɟɫɬɚє ɡɪɨɫɬɚɬɢ. Ⱦɨɫɹɝɧɭɬɟ ɩɪɢ ɰɶɨɦɭ ɡɧɚɱɟɧ-

ɧɹ 
0m
 ɿ ɩɪɢɣɦɚєɬɶɫɹ ɡɚ ɪɨɡɦɿɪɧɿɫɬɶ 

m
 ɞɢɜɧɨɝɨ 

ɚɬɬɪɚɤɬɨɪɭ ɜɢɯɿɞɧɨʀ ɫɢɫɬɟɦɢ ɿ  ɧɚɡɢɜɚєɬɶɫɹ ɪɨɡ-
ɦɿɪɧɿɫɬɸ ɪɟɚɥɿɡɚɰɿʀ. əɤɳɨ ɠ ɪɿɫɬ 

m
 ɩɪɨɞɨɜ-

ɠɭєɬɶɫɹ ɛɟɡ ɧɚɫɢɱɟɧɧɹ, ɬɨ ɰɟ ɫɜɿɞɱɢɬɶ ɩɪɨ ɬɟ, ɳɨ 
ɫɢɝɧɚɥ, ɹɤɢɣ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ, є «ɛɿɥɢɦ ɲɭɦɨɦ». 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɡɜɢɱɚɣɧɢɣ ɲɭɦɨɜɢɣ ɜɢɩɚɞɤɨ-
ɜɢɣ ɩɪɨɰɟɫ ɦɨɠɧɚ ɪɨɡɝɥɹɞɚɬɢ ɹɤ ɪɭɯ ɫɢɫɬɟɦɢ ɧɚ 
ɚɬɬɪɚɤɬɨɪɿ ɛɟɡɤɿɧɟɱɧɨʀ ɪɨɡɦɿɪɧɨɫɬɿ. Ʉɿɧɰɟɜɚ ɪɨɡ-
ɦɿɪɧɿɫɬɶ 

m
 ɨɡɧɚɱɚє, ɳɨ ɞɚɧɢɣ ɫɢɝɧɚɥ ɦɨɠɧɚ 

ɜɿɞɧɨɜɢɬɢ ɡ ɞɨɩɨɦɨɝɨɸ ɞɢɧɚɦɿɱɧɨʀ ɫɢɫɬɟɦɢ. 

 

ȼɢɫɧɨɜɤɢ 

Ɏɚɡɨɜɢɣ ɩɨɪɬɪɟɬ ɿ ɣɨɝɨ ɪɨɡɦɿɪɧɿɫɬɶ ɪɟɚɥɿɡɚ-
ɰɿʀ ɨɞɧɨɡɧɚɱɧɨ ɨɩɢɫɭɸɬɶ ɫɬɚɧ ɜɿɛɪɨɫɢɝɧɚɥɭ. 
ɇɚɣɦɟɧɲɿ ɡɦɿɧɢ ɜ ɫɢɝɧɚɥɿ ɜɿɞɨɛɪɚɠɚɸɬɶɫɹ ɹɤ ɜ 
ɫɬɪɭɤɬɭɪɿ ɮɚɡɨɜɨɝɨ ɩɨɪɬɪɟɬɭ, ɬɚɤ ɿ ɜ ɡɧɚɱɟɧɧɹɯ 
ɪɨɡɦɿɪɧɨɫɬɿ ɪɟɚɥɿɡɚɰɿʀ. ɏɚɪɚɤɬɟɪ ɞɟɮɟɤɬɭ, ɳɨ ɪɨ-
ɡɜɢɜɚєɬɶɫɹ ɜ ɚɝɪɟɝɚɬɿ ɫɥɿɞ ɜɢɡɧɚɱɚɬɢ ɩɨɪɿɜɧɹɧɧɹɦ 

ɫɬɪɭɤɬɭɪɢ ɮɚɡɨɜɨɝɨ ɩɨɪɬɪɟɬɭ ɜɿɛɪɨɫɢɝɧɚɥɭ ɡɿ 
ɫɬɪɭɤɬɭɪɚɦɢ ɮɚɡɨɜɢɯ ɩɨɪɬɪɟɬɿɜ «ɟɥɟɦɟɧɬɚɪɧɢɯ» 

ɫɢɝɧɚɥɿɜ. Ⱥɧɚɥɿɡ ɡɧɚɱɟɧɶ ɪɨɡɦɿɪɧɨɫɬɿ ɪɟɚɥɿɡɚɰɿʀ 
ɮɚɡɨɜɨɝɨ ɩɨɪɬɪɟɬɭ ɜɿɛɪɨɫɢɝɧɚɥɭ ɜ ɱɚɫɿ ɞɨɡɜɨɥɹє 
ɜɢɡɧɚɱɢɬɢ ɦɨɦɟɧɬ ɡɚɪɨɞɠɟɧɧɹ ɛɭɞɶ-ɹɤɨɝɨ ɞɟɮɟɤ-
ɬɭ, ɤɨɥɢ ɡɧɚɱɟɧɧɹ ɣɨɝɨ ɜɿɛɪɚɰɿɣɧɨʀ ɫɤɥɚɞɨɜɨʀ ɧɿɹɤ 



Ɉɞɟɫɶɤɚ ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦɿɹ ɬɟɯɧɿɱɧɨɝɨ ɪɟɝɭɥɸɜɚɧɧɹ ɬɚ ɹɤɨɫɬɿ 
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ɧɟ ɩɨɡɧɚɱɚєɬɶɫɹ ɧɚ ɡɚɝɚɥɶɧɨɦɭ ɪɿɜɧɿ ɜɿɛɪɚɰɿʀ – 

ɩɚɪɚɦɟɬɪɿ, ɳɨ ɚɧɚɥɿɡɭєɬɶɫɹ ɩɪɢ ɦɨɧɿɬɨɪɢɧɝɭ ɫɬɚ-
ɧɭ ɬɟɯɧɿɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. 
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ɂɋɉɈɅЬɁɈȼȺɇɂȿ ɌȿɈɊɂɂ ȾȿɌȿɊɆɂɇɂɊɈȼȺɇɇɈȽɈ ɏȺɈɋȺ ɉɊɂ ɈȻɊȺȻɈɌɄȿ 

ȼɂȻɊɈȺɄɍɋɌɂɑȿɋɄɂɏ ɋɂȽɇȺɅɈȼ 
 

В ɫɬɚɬɶɟ ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧɨ ɷɥɟɦɟɧɬɵ ɬɟɨɪɢɢ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɝɨ ɯɚɨɫɚ, ɢɫɩɨɥɶɡɭɹ ɤɨɬɨ-
ɪɵɟ, ɜɨɡɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɩɨɜɵɲɟɧɢɹ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɢɛ-
ɪɨɚɤɭɫɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ. 

Ключевые слова: ɚɬɬɪɚɤɬɨɪ, ɜɢɛɪɨɞɢɚɝɧɨɫɬɢɤɚ, ɩɪɨɰɟɞɭɪɚ ɜɥɨɠɟɧɢɹ, ɭɪɨɜɟɧɶ ɜɢɛɪɚɰɢɢ, ɬɟɨ-
ɪɢɹ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɝɨ ɯɚɨɫɚ, ɬɟɨɪɢɹ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ (ɫɢɧɟɪɝɟɬɢɤɚ), ɮɚɡɨɜɚɹ ɬɪɚɟɤɬɨɪɢɹ. 
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USE DETERMINISTIC CHAOS THEORY VIBROAKUSTIC SIGNAL PROCESSING 
 

The paper illustrates the elements of the theory of deterministic chaos by which we can achieve improve 

the reliability of determining the parameters of signal information. 

Keywords: attractor, vibration, embedding procedure, the level of vibration theory of deterministic 

chaos theory of self-organization (synergetics) phase trajectory. 
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Оɞɟɫɫɤая ɝɨɫɭɞаɪɫɬɜɟɧɧая аɤаɞɟɦия ɬɟхɧичɟɫɤɨɝɨ ɪɟɝɭɥиɪɨɜаɧия и ɤачɟɫɬɜа, ɝ. Оɞɟɫɫа 
 

ɊȺɁɊȺȻɈɌɄȺ ɉɊɈȽɊȺɆɆɇɈ-ɌȿɏɇɂɑȿɋɄɂɏ ɄɈɆɉɅȿɄɋɈȼ ɊȺȾɂȺɐɂɈɇɇɈ-

ɌȿɏɇɈɅɈȽɂɑȿɋɄɈȽɈ ɄɈɇɌɊɈɅə  

 

В ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɦɟɬɨɞɵ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ ɪɚ-
ɞɢɚɰɢɨɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɛɚɪɶɟɪɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɟɞɢ-
ɧɨɝɨ ɩɨɞɯɨɞɚ ɜ ɫɨɫɬɚɜɟ ɫɢɫɬɟɦ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɤɨɧɬɪɨɥɹ АЭɋ. Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɞɥɹ ɧɨɪɦɚɥɶɧɨɝɨ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɛɥɨɤɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɢ ɚɦɩɥɢɬɭɞɧɨɝɨ ɚɧɚɥɢɡɚɬɨɪɚ ɫɢɫɬɟɦɚ ɞɨɥɠɧɚ ɜɤɥɸɱɚɬɶ 
ɭɫɬɪɨɣɫɬɜɨ ɩɢɬɚɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɩɨɞɚɱɭ ɧɚ ɭɤɚɡɚɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɬɪɟɛɭɟɦɵɯ 
ɧɚɩɪɹɠɟɧɢɣ ɩɢɬɚɧɢɹ ɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɢɯ ɪɚɛɨɬɵ. В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɦɢ ɬɪɟɛɨ-
ɜɚɧɢɹɦɢ ɤ ɫɢɫɬɟɦɟ ɩɨɫɬɪɨɟɧɚ ɟɟ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ. 

Ключевые слова: ɪɚɞɢɚɰɢɨɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ, ɛɚɪɶɟɪ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɫɩɟɤɬɪɵ ɝɚɦ-

ɦɚ-ɢɡɥɭɱɟɧɢɹ. 



Ɉɞɟɫɶɤɚ ɞɟɪɠɚɜɧɚ ɚɤɚɞɟɦɿɹ ɬɟɯɧɿɱɧɨɝɨ ɪɟɝɭɥɸɜɚɧɧɹ ɬɚ ɹɤɨɫɬɿ 
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ɧɟ ɩɨɡɧɚɱɚєɬɶɫɹ ɧɚ ɡɚɝɚɥɶɧɨɦɭ ɪɿɜɧɿ ɜɿɛɪɚɰɿʀ – 

ɩɚɪɚɦɟɬɪɿ, ɳɨ ɚɧɚɥɿɡɭєɬɶɫɹ ɩɪɢ ɦɨɧɿɬɨɪɢɧɝɭ ɫɬɚ-
ɧɭ ɬɟɯɧɿɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. 
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ȼɂȻɊɈȺɄɍɋɌɂɑȿɋɄɂɏ ɋɂȽɇȺɅɈȼ 
 

В ɫɬɚɬɶɟ ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧɨ ɷɥɟɦɟɧɬɵ ɬɟɨɪɢɢ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɝɨ ɯɚɨɫɚ, ɢɫɩɨɥɶɡɭɹ ɤɨɬɨ-
ɪɵɟ, ɜɨɡɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɩɨɜɵɲɟɧɢɹ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɢɛ-
ɪɨɚɤɭɫɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ. 
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The paper illustrates the elements of the theory of deterministic chaos by which we can achieve improve 
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ɊȺɁɊȺȻɈɌɄȺ ɉɊɈȽɊȺɆɆɇɈ-ɌȿɏɇɂɑȿɋɄɂɏ ɄɈɆɉɅȿɄɋɈȼ ɊȺȾɂȺɐɂɈɇɇɈ-
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В ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɦɟɬɨɞɵ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ ɪɚ-
ɞɢɚɰɢɨɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɛɚɪɶɟɪɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɟɞɢ-
ɧɨɝɨ ɩɨɞɯɨɞɚ ɜ ɫɨɫɬɚɜɟ ɫɢɫɬɟɦ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɤɨɧɬɪɨɥɹ АЭɋ. Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɞɥɹ ɧɨɪɦɚɥɶɧɨɝɨ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɛɥɨɤɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɢ ɚɦɩɥɢɬɭɞɧɨɝɨ ɚɧɚɥɢɡɚɬɨɪɚ ɫɢɫɬɟɦɚ ɞɨɥɠɧɚ ɜɤɥɸɱɚɬɶ 
ɭɫɬɪɨɣɫɬɜɨ ɩɢɬɚɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɩɨɞɚɱɭ ɧɚ ɭɤɚɡɚɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɬɪɟɛɭɟɦɵɯ 
ɧɚɩɪɹɠɟɧɢɣ ɩɢɬɚɧɢɹ ɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɢɯ ɪɚɛɨɬɵ. В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɦɢ ɬɪɟɛɨ-
ɜɚɧɢɹɦɢ ɤ ɫɢɫɬɟɦɟ ɩɨɫɬɪɨɟɧɚ ɟɟ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ. 

Ключевые слова: ɪɚɞɢɚɰɢɨɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ, ɛɚɪɶɟɪ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɫɩɟɤɬɪɵ ɝɚɦ-

ɦɚ-ɢɡɥɭɱɟɧɢɹ. 
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