
ɆȱɇȱɋɌȿɊɋɌȼɈ ɈɋȼȱɌɂ ȱ ɇȺɍɄɂ ɍɄɊȺȲɇɂ 

ȾɇȱɉɊɈȼɋЬɄɂɃ ɇȺɐȱɈɇȺɅЬɇɂɃ ɍɇȱȼȿɊɋɂɌȿɌ  
ȱɆȿɇȱ ɈɅȿɋə ȽɈɇɑȺɊȺ 

 

 

 

 

 

 

Ƚɭɥɨɜ Ɉɥɟɤɫɿɣ ȼɨɥɨɞɢɦɢɪɨɜɢɱ  

 

 

 

ɍȾɄ 530.145:539.12 

 

 

 

ɋɂȽɇȺɅɂ Г' ȻɈɁɈɇȺ ȼ ɋɍɑȺɋɇɂɏ ɌȺ ɆȺɃȻɍɌɇȱɏ 

ȿɄɋɉȿɊɂɆȿɇɌȺɏ Ɂ ɎȱɁɂɄɂ ȼɂɋɈɄɂɏ ȿɇȿɊȽȱɃ 

 

 

 

 

 

01.04.02 – ɬɟɨɪɟɬɢɱɧɚ ɮɿɡɢɤɚ 

 

 

 

 

 

Ⱥɜɬɨɪɟɮɟɪɚɬ 

ɞɢɫɟɪɬɚɰɿʀ ɧɚ ɡɞɨɛɭɬɬɹ ɧɚɭɤɨɜɨɝɨ ɫɬɭɩɟɧɹ  
ɞɨɤɬɨɪɚ  ɮɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɢɯ  ɧɚɭɤ 

 

 

 

 

 

 

 

 

 

 

Ⱦɧɿɩɪɨ – 2017 
 



 

Ⱦɢɫɟɪɬɚɰɿєɸ є ɪɭɤɨɩɢɫ. 
 

Ɋɨɛɨɬɚ ɜɢɤɨɧɚɧɚ ɜ Ⱦɧɿɩɪɨɜɫɶɤɨɦɭ ɧɚɰɿɨɧɚɥɶɧɨɦɭ ɭɧɿɜɟɪɫɢɬɟɬɿ ɿɦɟɧɿ Ɉɥɟɫɹ 
Ƚɨɧɱɚɪɚ Ɇɿɧɿɫɬɟɪɫɬɜɚ ɨɫɜɿɬɢ ɿ ɧɚɭɤɢ ɍɤɪɚʀɧɢ 

 

ɇɚɭɤɨɜɢɣ 

ɤɨɧɫɭɥɶɬɚɧɬ:  

 

ɞɨɤɬɨɪ ɮɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɨɪ  
ɋɤɚɥɨɡɭɛ ȼɨɥɨɞɢɦɢɪ ȼɚɫɢɥɶɨɜɢɱ, 
Ⱦɧɿɩɪɨɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ  
Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ, ɡɚɜɿɞɭɜɚɱ ɤɚɮɟɞɪɢ ɬɟɨɪɟɬɢɱɧɨʀ ɮɿɡɢɤɢ. 
 

Ɉɮɿɰɿɣɧɿ ɨɩɨɧɟɧɬɢ: ɞɨɤɬɨɪ ɮɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɨɪ 

ȼɿɥɶɱɢɧɫɶɤɢɣ ɋɬɚɧɿɫɥɚɜ Ƀɨɫɢɩɨɜɢɱ, 

Ʉɢʀɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ 

ɒɟɜɱɟɧɤɚ, ɡɚɜɿɞɭɜɚɱ ɤɚɮɟɞɪɢ ɤɜɚɧɬɨɜɨʀ ɬɟɨɪɿʀ ɩɨɥɹ; 

 ɞɨɤɬɨɪ ɮɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɢɯ ɧɚɭɤ, ɫɬɚɪɲɢɣ ɧɚɭɤɨɜɢɣ 
ɫɩɿɜɪɨɛɿɬɧɢɤ  

Ʉɨɪɱɢɧ Ɉɥɟɤɫɚɧɞɪ Юɪɿɣɨɜɢɱ, 
ȱɧɫɬɢɬɭɬ ɬɟɨɪɟɬɢɱɧɨʀ ɮɿɡɢɤɢ ɿɦɟɧɿ Ɉ. ȱ. Ⱥɯɿєɡɟɪɚ  
ɇɚɰɿɨɧɚɥɶɧɨɝɨ ɧɚɭɤɨɜɨɝɨ ɰɟɧɬɪɭ «ɏɚɪɤɿɜɫɶɤɢɣ ɮɿɡɢɤɨ-

ɬɟɯɧɿɱɧɢɣ ɿɧɫɬɢɬɭɬ» ɇȺɇ ɍɤɪɚʀɧɢ, ɡɚɜɿɞɭɜɚɱ ɜɿɞɞɿɥɭ 
ɤɜɚɧɬɨɜɨ-ɟɥɟɤɬɪɨɞɢɧɚɦɿɱɧɢɯ ɹɜɢɳ ɿ ɟɥɟɤɬɪɨɞɢɧɚɦɿɤɢ 
ɚɞɪɨɧɿɜ; 

 ɞɨɤɬɨɪ ɮɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɨɪ  

ɋɢɧɸɤɨɜ Юɪɿɣ Ɇɢɯɚɣɥɨɜɢɱ, 
ȱɧɫɬɢɬɭɬ ɬɟɨɪɟɬɢɱɧɨʀ ɮɿɡɢɤɢ ɿɦɟɧɿ Ɇ. Ɇ. Ȼɨɝɨɥɸɛɨɜɚ 
ɇȺɇ ɍɤɪɚʀɧɢ, ɝɨɥɨɜɧɢɣ ɧɚɭɤɨɜɢɣ ɫɩɿɜɪɨɛɿɬɧɢɤ ɜɿɞɞɿɥɭ 
ɮɿɡɢɤɢ ɜɢɫɨɤɢɯ ɝɭɫɬɢɧ ɟɧɟɪɝɿʀ. 

 

Ɂɚɯɢɫɬ ɜɿɞɛɭɞɟɬɶɫɹ « 22 » ɝɪɭɞɧɹ 2017 ɪ. ɨ 14
15

 ɧɚ ɡɚɫɿɞɚɧɧɿ ɫɩɟɰɿɚɥɿɡɨɜɚɧɨʀ 
ɜɱɟɧɨʀ ɪɚɞɢ Ⱦ 08.051.02 Ⱦɧɿɩɪɨɜɫɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ɿɦɟɧɿ 
Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ ɡɚ ɚɞɪɟɫɨɸ: ɜɭɥ. ɇɚɭɤɨɜɚ 9, ɤɨɪɩɭɫ 12, ɚɭɞ. 512.  
 

Ɂ ɞɢɫɟɪɬɚɰɿєɸ ɦɨɠɧɚ ɨɡɧɚɣɨɦɢɬɢɫɶ ɭ ɛɿɛɥɿɨɬɟɰɿ Ⱦɧɿɩɪɨɜɫɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨ-
ɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ɿɦɟɧɿ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ. 
 

Ⱥɜɬɨɪɟɮɟɪɚɬ ɪɨɡɿɫɥɚɧɢɣ « 19 » ɜɟɪɟɫɧɹ 2017 ɪ. 

 

ɍɱɟɧɢɣ ɫɟɤɪɟɬɚɪ 

Мɩɟɰɿɚɥɿɡɨɜɚɧɨʀ ɜɱɟɧɨʀ ɪɚɞɢ  

 

Ɉ. Ɇ. Ƚɚɥɞɿɧɚ  



1 
 

ɁȺȽȺɅЬɇȺ ɏȺɊȺɄɌȿɊɂɋɌɂɄȺ ɊɈȻɈɌɂ 
 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ. Ɉɫɬɚɧɧɿ ɞɟɫɹɬɢɪɿɱɱɹ ɭ ɮɿɡɢɰɿ ɟɥɟɦɟɧɬɚɪɧɢɯ ɱɚɫɬɢɧɨɤ ɜɿɞɡɧɚɱɟ-
ɧɿ ɛɟɡɩɪɟɰɟɞɟɧɬɧɢɦɢ ɟɤɫɩɟɪɢɦɟɧɬɚɦɢ ɧɚ ɩɟɪɟɞɧɶɨɦɭ ɮɪɨɧɬɿ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨʀ ɧɚɭ-
ɤɢ. ɐɿ ɟɤɫɩɟɪɢɦɟɧɬɢ ɜɿɞɤɪɢɜɚɸɬɶ ɧɨɜɿ ɝɨɪɢɡɨɧɬɢ ɞɥɹ ɬɟɨɪɟɬɢɱɧɨʀ ɮɿɡɢɤɢ ɿ ɜɢɫɬɭɩɚ-
ɸɬɶ ɞɠɟɪɟɥɨɦ ɧɨɜɿɬɧɿɯ ɿɧɠɟɧɟɪɧɢɯ ɬɚ ɤɨɦɭɧɿɤɚɰɿɣɧɢɯ ɬɟɯɧɨɥɨɝɿɣ. ɍ ɪɟɡɭɥɶɬɚɬɿ ɪɨ-
ɛɨɬɢ ȼɟɥɢɤɨɝɨ ɟɥɟɤɬɪɨɧ-ɩɨɡɢɬɪɨɧɧɨɝɨ ɤɨɥɚɣɞɟɪɚ (LEP), ɩɪɢɫɤɨɪɸɜɚɱɚ Ɍɟɜɚɬɪɨɧ ɬɚ 
ȼɟɥɢɤɨɝɨ ɝɚɞɪɨɧɧɨɝɨ ɤɨɥɚɣɞɟɪɚ (LHC) ɜɿɞɤɪɢɬɨ ɜɫɿ ɟɥɟɦɟɧɬɚɪɧɿ ɱɚɫɬɢɧɤɢ, ɩɟɪɟɞɛɚ-
ɱɟɧɿ ɫɬɚɧɞɚɪɬɧɨɸ ɦɨɞɟɥɥɸ ɟɥɟɦɟɧɬɚɪɧɢɯ ɱɚɫɬɢɧɨɤ (ɋɆ), ɩɟɪɟɜɿɪɟɧɨ ɡɞɚɬɧɿɫɬɶ ɬɟɨ-
ɪɿʀ ɨɩɢɫɭɜɚɬɢ ɩɪɨɰɟɫɢ ɡɿɬɤɧɟɧɧɹ ɱɚɫɬɢɧɨɤ ɩɪɢ ɧɚɞɜɢɫɨɤɢɯ ɟɧɟɪɝɿɹɯ. Ɋɚɡɨɦ ɿɡ ɭɫɩɿɯɨɦ 
ɬɟɨɪɿʀ ɩɨɫɬɚɸɬɶ ɩɢɬɚɧɧɹ ɩɪɨ ɩɨɲɭɤ ɧɨɜɢɯ ɹɜɢɳ ɩɨɡɚ ɜɠɟ ɞɨɫɥɿɞɠɟɧɢɦɢ ɟɧɟɪɝɟɬɢɱ-
ɧɢɦɢ ɦɚɫɲɬɚɛɚɦɢ. ɉɢɬɚɧɧɹ ɩɪɨ ɮɿɡɢɤɭ ɩɨɡɚ ɋɆ є ɚɤɬɭɚɥɶɧɢɦ, ɨɫɤɿɥɶɤɢ ɩɪɨɛɥɟɦɢ 
ɿєɪɚɪɯɿʀ ɦɚɫ, ɦɨɠɥɢɜɨɝɨ ɨɛ'єɞɧɚɧɧɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɢɯ ɜɡɚєɦɨɞɿɣ ɩɪɢ ɜɢɫɨɤɢɯ ɟɧɟɪɝɿ-
ɹɯ, ɚɫɢɦɟɬɪɿʀ ɦɿɠ ɦɚɬɟɪɿєɸ ɬɚ ɚɧɬɢɦɚɬɟɪɿєɸ, ɬɟɦɧɨʀ ɦɚɫɢ ɬɚ ɬɟɦɧɨʀ ɟɧɟɪɝɿʀ, ɮɚɡɨɜɢɯ 
ɩɟɪɟɯɨɞɿɜ ɭ ɪɚɧɿɲɧɶɨɦɭ ȼɫɟɫɜɿɬɿ ɬɚ ɿɧ. ɧɟ ɦɚɸɬɶ ɜɢɱɟɪɩɧɨɝɨ ɪɨɡɜ'ɹɡɚɧɧɹ ɜ ɦɟɠɚɯ 
ɋɆ. ɐɟ ɧɚɞɢɯɚє ɪɨɡɪɨɛɤɭ ɩɪɨɝɪɚɦ ɞɥɹ ɦɚɣɛɭɬɧɿɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɬɚ ɩɨɲɭɤ ʀɯ ɮɿɧɚɧ-
ɫɭɜɚɧɧɹ. Ⱦɨ ɟɬɚɩɭ ɩɪɚɤɬɢɱɧɨʀ ɪɟɚɥɿɡɚɰɿʀ ɧɚɛɥɢɠɚɸɬɶɫɹ Ɇɿɠɧɚɪɨɞɧɢɣ ɥɿɧɿɣɧɢɣ ɤɨ-
ɥɚɣɞɟɪ (ILC) ɬɚ/ɚɛɨ Ʉɨɦɩɚɤɬɧɢɣ ɥɿɧɿɣɧɢɣ ɤɨɥɚɣɞɟɪ (CLIC). 

Ʉɨɠɟɧ ɿɡ ɪɟɚɥɿɡɨɜɚɧɢɯ ɱɢ ɦɚɣɛɭɬɧɿɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ є ɞɨɜɨɥɿ ɩɨɜɿɥɶɧɢɦ ɩɪɨɟɤ-
ɬɨɦ, ɳɨ ɡɚɣɦɚє ɧɟ ɦɟɧɲɟ ɞɜɨɯ ɞɟɫɹɬɤɿɜ ɪɨɤɿɜ. ȼɿɧ ɩɪɨɯɨɞɢɬɶ ɫɬɚɞɿʀ ɬɟɨɪɟɬɢɱɧɨɝɨ ɬɚ 
ɿɧɠɟɧɟɪɧɨɝɨ ɨɛʉɪɭɧɬɭɜɚɧɧɹ, ɜɢɝɨɬɨɜɥɟɧɧɹ ɬɚ ɡɚɩɭɫɤɭ ɭɫɬɚɬɤɭɜɚɧɧɹ ɜ ɪɨɛɨɬɭ, ɞɟɤɿɥɶ-
ɤɨɯ ɦɨɞɟɪɧɿɡɚɰɿɣ, ɡɛɨɪɭ ɬɚ ɨɛɪɨɛɤɢ ɞɚɧɢɯ, ɩɭɛɥɿɤɚɰɿʀ ɮɿɧɚɥɶɧɢɯ ɞɚɧɢɯ. Ɍɨɦɭ ɤɨɠɟɧ 
ɿɡ ɬɚɤɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ є ɧɚɞɡɜɢɱɚɣɧɨ ɰɿɧɧɢɦ ɞɠɟɪɟɥɨɦ ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ ɮɿɡɢɤɭ ɜɢɫɨ-
ɤɢɯ ɟɧɟɪɝɿɣ ɬɚ ɜɫɟɛɿɱɧɨ ɚɧɚɥɿɡɭєɬɶɫɹ ɡ ɦɟɬɨɸ ɩɟɪɟɜɿɪɤɢ ɪɿɡɧɢɯ ɧɚɭɤɨɜɢɯ ɦɟɬɨɞɢɤ ɬɚ 
ɝɿɩɨɬɟɡ. ɉɚɪɚɥɟɥɶɧɨ ɪɟɚɥɶɧɢɦ ɩɪɨɟɤɬɚɦ ɣɞɟ ɨɛɝɨɜɨɪɟɧɧɹ ɬɚ ɜɿɞɛɿɪ ɩɚɪɚɦɟɬɪɿɜ ɦɚɣ-
ɛɭɬɧɿɯ ɚɦɛɿɬɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ. ɋɬɚɧɞɚɪɬɧɚ ɩɪɨɝɪɚɦɚ ɟɤɫɩɟɪɢɦɟɧɬɭ, ɳɨ ɜɢɤɨɧɭєɬɶɫɹ 
ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɤɨɥɚɛɨɪɚɰɿɹɦɢ ɧɚ ɜɿɞɩɨɜɿɞɧɢɯ ɩɪɢɫɤɨɪɸɜɚɱɚɯ, ɞɨɩɨɜɧɸєɬɶɫɹ ɚɥɶɬɟɪ-
ɧɚɬɢɜɧɢɦɢ ɱɢ ɞɨɞɚɬɤɨɜɢɦɢ ɿɞɟɹɦɢ ɬɚ ɦɟɬɨɞɚɦɢ, ɳɨ ɪɨɡɪɨɛɥɹɸɬɶɫɹ ɣ ɩɪɨɜɨɞɹɬɶɫɹ ɜ 
ɧɚɭɤɨɜɢɯ ɿɧɫɬɢɬɭɰɿɹɯ ɩɨ ɜɫɶɨɦɭ ɫɜɿɬɭ. ɐɹ ɞɿɹɥɶɧɿɫɬɶ є ɚɤɬɭɚɥɶɧɨɸ ɬɚ ɲɢɪɨɤɨ ɩɪɟɞ-
ɫɬɚɜɥɟɧɨɸ ɜ ɥɿɬɟɪɚɬɭɪɿ. 

Ɉɛɨɜ'ɹɡɤɨɜɨɸ ɱɚɫɬɢɧɨɸ ɫɬɚɧɞɚɪɬɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɩɪɨɝɪɚɦ ɧɚ ɩɪɢɫɤɨ-
ɪɸɜɚɱɚɯ ɧɚɞɜɢɫɨɤɢɯ ɟɧɟɪɝɿɣ є ɩɨɲɭɤ ɧɨɜɨɝɨ ɜɚɠɤɨɝɨ ɧɟɣɬɪɚɥɶɧɨɝɨ ɜɟɤɬɨɪɧɨɝɨ ɛɨ-
ɡɨɧɚ – ɬɚɤ ɡɜɚɧɨɝɨ Г' ɛɨɡɨɧɚ. ɐɹ ɱɚɫɬɢɧɤɚ ɩɟɪɟɞɛɚɱɟɧɚ ɛɚɝɚɬɶɦɚ ɦɨɞɟɥɹɦɢ ɜɟɥɢɤɨɝɨ 
ɨɛ'єɞɧɚɧɧɹ ɜɡɚєɦɨɞɿɣ ɿ ɡ ɜɢɫɨɤɨɸ ɣɦɨɜɿɪɧɿɫɬɸ ɜɢɧɢɤɚɬɢɦɟ ɹɤ ɩɪɨɦɿɠɧɢɣ ɫɬɚɧ, ɨɫɨɛ-
ɥɢɜɨ ɜ ɚɧɿɝɿɥɹɰɿɣɧɢɯ ɮɟɪɦɿɨɧɧɢɯ ɩɪɨɰɟɫɚɯ. ɋɬɚɧɞɚɪɬɧɿ ɩɨɲɭɤɢ Г' ɛɨɡɨɧɚ ɜ ɟɤɫɩɟɪɢ-
ɦɟɧɬɚɯ ɡɚɫɧɨɜɚɧɿ ɧɚ ɦɨɞɟɥɶɧɨ-ɡɚɥɟɠɧɨɦɭ ɚɧɚɥɿɡɿ ɞɚɧɢɯ. Ɍɪɚɞɢɰɿɣɧɨ ɨɛɝɨɜɨɪɸɸɬɶɫɹ 
ɩɪɢɛɥɢɡɧɨ ɞɟɫɹɬɶ ɦɨɞɟɥɟɣ, ɳɨ ɩɟɪɟɞɛɚɱɚɸɬɶ ɿɫɧɭɜɚɧɧɹ ɰɿєʀ ɱɚɫɬɢɧɤɢ. ɐɟɣ ɩɿɞɯɿɞ 
ɦɚє ɩɟɜɧɿ ɩɪɨɛɥɟɦɢ ɬɚ ɜɿɞɤɪɢɬɿ ɩɢɬɚɧɧɹ: ɱɢ є ɩɟɪɟɥɿɤ ɦɨɞɟɥɟɣ ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɢɦ ɬɚ 
ɜɞɚɥɢɦ, ɱɢ ɜɟɥɢɤɨɸ є ɣɦɨɜɿɪɧɿɫɬɶ ɡɚɝɭɛɢɬɢ ɧɚɬɹɤ ɧɚ ɫɢɝɧɚɥ, ɹɤɳɨ ɪɨɡɝɥɹɧɭɬɿ ɦɨɞɟɥɿ 
ɧɟ ɪɟɚɥɿɡɨɜɚɧɿ ɜ ɩɪɢɪɨɞɿ? ɇɚɞ ɪɨɡɜ'ɹɡɚɧɧɹɦ ɰɢɯ ɩɪɨɛɥɟɦ ɩɪɚɰɸɸɬɶ ɝɪɭɩɢ ɞɨɫɥɿɞɧɢ-
ɤɿɜ ɩɨɡɚ ɦɟɠɚɦɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɤɨɥɚɛɨɪɚɰɿɣ. Ɂɿ ɡɧɚɱɧɢɯ ɬɚ ɩɨɩɭɥɹɪɧɢɯ ɪɨɡɪɨ-
ɛɨɤ, ɹɤɿ є ɚɥɶɬɟɪɧɚɬɢɜɨɸ ɞɨ ɦɨɞɟɥɶɧɨ-ɡɚɥɟɠɧɨɝɨ ɩɨɲɭɤɭ Г' ɛɨɡɨɧɚ ɜ ɟɤɫɩɟɪɢɦɟɧɬɚɯ, 
ɦɨɠɧɚ ɜɢɞɿɥɢɬɢ ɦɟɬɨɞ ɟɮɟɤɬɢɜɧɢɯ ɥɚɝɪɚɧɠɿɚɧɿɜ, ɫɬɚɬɢɫɬɢɱɧɿ ɦɟɬɨɞɢ ɨɛɪɨɛɤɢ ɞɚɧɢɯ 
ɡ ɦɟɬɨɸ ɪɨɡɞɿɥɟɧɧɹ ɦɨɞɟɥɟɣ, ɪɨɡɪɨɛɤɚ ɫɩɟɰɿɚɥɶɧɢɯ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɞɥɹ ɜɢɞɿɥɟɧɧɹ 
ɩɨɬɪɿɛɧɨɝɨ ɫɢɝɧɚɥɭ, ɪɨɡɪɨɛɤɚ ɟɤɡɨɬɢɱɧɢɯ ɦɨɞɟɥɟɣ ɧɚ ɞɨɩɨɜɧɟɧɧɹ ɞɨ ɬɪɚɞɢɰɿɣɧɨɝɨ 
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ɩɟɪɟɥɿɤɭ ɬɚ ɿɧ. Ⱦɟɹɤɿ ɡ ɪɨɡɪɨɛɥɟɧɢɯ ɩɿɞɯɨɞɿɜ є ɩɨɜɧɿɫɬɸ ɦɨɞɟɥɶɧɨ-ɧɟɡɚɥɟɠɧɢɦɢ, ɚɥɟ 
ɦɿɫɬɹɬɶ ɜɟɥɢɤɭ ɤɿɥɶɤɿɫɬɶ ɧɟɜɿɞɨɦɢɯ ɩɚɪɚɦɟɬɪɿɜ, ɳɨ ɫɭɬɬєɜɨ ɭɫɤɥɚɞɧɸє ʀɯ ɩɪɚɤɬɢɱɧɟ 
ɡɚɫɬɨɫɭɜɚɧɧɹ. ȱɧɲɿ ɩɿɞɯɨɞɢ ɤɨɦɛɿɧɭɸɬɶ ɦɨɞɟɥɶɧɿ ɬɚ ɦɨɞɟɥɶɧɨ-ɧɟɡɚɥɟɠɧɿ ɜɥɚɫɬɢɜɨɫɬɿ 
Г' ɛɨɡɨɧɚ. Ⱥɤɬɭɚɥɶɧɨɸ ɩɪɨɛɥɟɦɨɸ є ɦɨɞɟɥɶɧɨ-ɧɟɡɚɥɟɠɧɟ ɜɢɦɿɪɸɜɚɧɧɹ ɤɨɧɫɬɚɧɬ 
ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɥɟɩɬɨɧɚɦɢ ɬɚ ɤɜɚɪɤɚɦɢ ɡɚ ɞɚɧɢɦɢ ɟɤɫɩɟɪɢɦɟɧɬɿɜ. ɇɚ ɜɢɪɿɲɟɧɧɹ 
ɰɿєʀ ɡɚɞɚɱɿ ɣ ɫɩɪɹɦɨɜɚɧɨ ɞɢɫɟɪɬɚɰɿɣɧɭ ɪɨɛɨɬɭ. 

Ɂɜ’ɹɡɨɤ ɪɨɛɨɬɢ ɡ ɧɚɭɤɨɜɢɦɢ ɩɪɨɝɪɚɦɚɦɢ ɬɚ ɬɟɦɚɦɢ. Ⱦɢɫɟɪɬɚɰɿɣɧɚ ɪɨɛɨɬɚ 
ɜɢɤɨɧɚɧɚ ɜ ɪɚɦɤɚɯ ɞɟɪɠɛɸɞɠɟɬɧɢɯ ɞɨɫɥɿɞɧɢɯ ɪɨɛɿɬ «ɄɜɚɧɬɨɜТ ɩɪɨɰɟɫɢ Т ɮɚɡɨɜɿ ɩɟ-
ɪɟɯɨɞɢ ɜ ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɡɨɜɧɿɲɧɿɯ ɭɦɨɜɚɯ» (№ ɞɟɪɠɪɟєɫɬɪɚɰɿʀ 0110U001283), 
«Ɂɦɿɧɧɿ ɫɩɨɫɬɟɪɟɠɟɧɧɹ ɞɥɹ ɧɨɜɢɯ ɟɥɟɦɟɧɬɚɪɧɢɯ ɱɚɫɬɢɧɨɤ ɬɚ ɩɪɨɰɟɫɿɜ ɜ ɟɤɫɬɪɟɦɚɥɶ-
ɧɢɯ ɡɨɜɧɿɲɧɿɯ ɭɦɨɜɚɯ» (№ ɞɟɪɠɪɟєɫɬɪɚɰɿʀ 0113U003031), «ɋɢɝɧɚɥɢ ɧɨɜɢɯ ɜɚɠɤɢɯ 
ɱɚɫɬɢɧɨɤ, ɫɬɚɧɿɜ ɦɚɬɟɪɿʀ ɬɚ ɩɪɨɰɟɫɿɜ ɭ ɡɿɬɤɧɟɧɧɹɯ ɝɚɞɪɨɧɿɜ ɧɚ ɫɭɱɚɫɧɢɯ ɤɨɥɚɣɞɟɪɚɯ 
ɜɢɫɨɤɢɯ ɟɧɟɪɝɿɣ» (№ ɞɟɪɠɪɟєɫɬɪɚɰɿʀ 0116U001523), ɳɨ ɜɢɤɨɧɭɜɚɥɚɫɹ ɜ Ⱦɧɿɩɪɨɩɟɬ-
ɪɨɜɫɶɤɨɦɭ ɧɚɰɿɨɧɚɥɶɧɨɦɭ ɭɧɿɜɟɪɫɢɬɟɬɿ ɿɦɟɧɿ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ ɜ ɧɚɭɤɨɜɨ-ɞɨɫɥɿɞɧɿɣ ɥɚ-
ɛɨɪɚɬɨɪɿʀ ɤɜɚɧɬɨɜɨʀ ɯɪɨɦɨɩɥɚɡɦɢ. 

Ɇɟɬɚ ɿ ɡɚɞɚɱɿ ɞɨɫɥɿɞɠɟɧɧɹ. Ɇɟɬɨɸ ɪɨɛɨɬɢ є ɪɨɡɪɨɛɤɚ ɦɟɬɨɞɿɜ ɜɢɞɿɥɟɧɧɹ ɬɚ ɩɨ-
ɫɢɥɟɧɧɹ ɫɢɝɧɚɥɭ Г' ɛɨɡɨɧɚ ɜ ɪɿɡɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚɯ ɧɚ ɫɭɱɚɫɧɢɯ ɬɚ ɦɚɣɛɭɬɧɿɯ ɩɪɢɫ-
ɤɨɪɸɜɚɱɚɯ ɟɥɟɦɟɧɬɚɪɧɢɯ ɱɚɫɬɢɧɨɤ, ɨɛɪɨɛɤɚ ɧɚɹɜɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɿɡ 
ɦɟɬɨɸ ɨɛɦɟɠɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ Г' ɛɨɡɨɧɚ, ɜɫɬɚɧɨɜɥɟɧɧɹ ɡɚɥɟɠɧɨɫɬɿ ɫɩɨɧɬɚɧɧɨɝɨ ɩɨ-
ɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ ɜ ɦɨɞɟɥɹɯ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ɜɿɞ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ.  

Ɇɟɬɚ ɪɨɛɨɬɢ ɞɨɫɹɝɚєɬɶɫɹ ɪɨɡɜ’ɹɡɭɜɚɧɧɹɦ ɬɚɤɢɯ ɡɚɞɚɱ: 

 1.  Ɂɧɚɣɬɢ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ ɡ ɦɿɧɿɦɚɥɶɧɨɸ ɤɿɥɶɤɿɫɬɸ ɧɟɡɚɥɟɠɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɞɥɹ 
ɩɨɲɭɤɭ ɫɢɝɧɚɥɭ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ ɜ ɚɧɿɝɿɥɹɰɿɣɧɢɯ ɥɟɩɬɨɧɧɢɯ ɩɪɨɰɟɫɚɯ ɡɚ ɭɦɨɜ 
ɩɨɦɿɪɧɨʀ ɫɬɚɬɢɫɬɢɤɢ. Ɋɨɡɜ'ɹɡɚɬɢ ɡɚɞɚɱɭ ɩɪɨ ɦɚɤɫɢɦɚɥɶɧɟ ɫɬɚɬɢɫɬɢɱɧɟ ɩɨɫɢɥɟɧɧɹ ɫɢ-
ɝɧɚɥɭ. Ɉɰɿɧɢɬɢ ɟɮɟɤɬɢɜɧɿɫɬɶ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɞɥɹ ɦɚɣɛɭɬɧɶɨɝɨ ɤɨ-
ɥɚɣɞɟɪɚ ILC. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɜɜɟɞɟɧɢɯ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɩɪɨɚɧɚɥɿɡɭɜɚɬɢ ɧɚɹɜɧɿ ɞɚɧɿ 
ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɧɚ ɩɪɢɫɤɨɪɸɜɚɱɿ LEP.  
 2.  Ɂɚɩɪɨɩɨɧɭɜɚɬɢ ɧɨɜɿ ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ ɞɥɹ ɩɨɲɭɤɭ ɫɢɝɧɚɥɭ 
ɚɛɟɥɟɜɨɝɨ ɚɛɨ ɤɿɪɚɥɶɧɨɝɨ Г' ɛɨɡɨɧɚ ɜ ɩɪɨɰɟɫɿ ɪɨɡɫɿɸɜɚɧɧɹ ɟɥɟɤɬɪɨɧɚ ɧɚ ɩɨɡɢɬɪɨɧɿ 
(ɩɪɨɰɟɫ Ȼɚɛɚ). Ɂɚ ɞɨɩɨɦɨɝɨɸ ɜɜɟɞɟɧɢɯ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɩɪɨɚɧɚɥɿɡɭɜɚɬɢ ɞɚɧɿ ɟɤɫɩɟ-
ɪɢɦɟɧɬɿɜ ɧɚ ɩɪɢɫɤɨɪɸɜɚɱɿ LEP. ȼɫɬɚɧɨɜɢɬɢ, ɹɤɢɣ ɬɢɩ Г' ɛɨɡɨɧɚ – ɚɛɟɥɟɜɢɣ ɱɢ ɤɿɪɚ-
ɥɶɧɢɣ – є ɛɿɥɶɲ ɣɦɨɜɿɪɧɢɦ ɡ ɬɨɱɤɢ ɡɨɪɭ ɧɚɹɜɧɨʀ ɫɬɚɬɢɫɬɢɤɢ.  
 3.  ɉɪɨɜɟɫɬɢ ɛɚɝɚɬɨɩɚɪɚɦɟɬɪɢɱɧɭ ɨɛɪɨɛɤɭ ɞɚɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɧɚ ɩɪɢɫɤɨɪɸɜɚɱɿ 
LEP ɬɚ ɤɨɦɛɿɧɨɜɚɧɢɣ ɮɿɬ ɞɚɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ LEP I ɬɚ LEP II ɞɥɹ ɜɫɿɯ ɥɟɩɬɨɧɧɢɯ 
ɩɪɨɰɟɫɿɜ ɪɨɡɫɿɸɜɚɧɧɹ. Ɉɬɪɢɦɚɬɢ ɡɧɚɱɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛɧɨɫɬɿ ɬɚ ɿɧɬɟɪ-
ɜɚɥɢ ɞɨɜɿɪɢ ɞɥɹ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ ɡ ɮɟɪɦɿɨɧɧɢɦɢ ɫɬɪɭɦɚɦɢ. 

 4.  Ɂɧɚɣɬɢ ɫɩɨɫɬɟɪɟɠɭɜɚɧɭ ɡ ɦɿɧɿɦɚɥɶɧɨɸ ɤɿɥɶɤɿɫɬɸ ɧɟɡɚɥɟɠɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɞɥɹ 
ɩɨɲɭɤɿɜ ɫɢɝɧɚɥɭ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ ɜ ɩɪɨɰɟɫɿ ɚɧɿɝɿɥɹɰɿʀ ɩɪɨɬɨɧɚ ɣ ɚɧɬɢɩɪɨɬɨɧɚ 
(ɩɪɨɰɟɫ Ⱦɪɟɥɥɚ – əɧɚ) ɩɪɢ ɟɧɟɪɝɿɹɯ ɩɨɛɥɢɡɭ ɩɿɤɭ Г ɛɨɡɨɧɚ, ɞɥɹ ɹɤɢɯ ɡɿɛɪɚɧɨ ɞɚɧɿ ɧɚ 
ɩɪɢɫɤɨɪɸɜɚɱɿ Ɍɟɜɚɬɪɨɧ. Ɉɤɪɟɦɨ ɩɪɨɚɧɚɥɿɡɭɜɚɬɢ ɜɢɩɚɞɤɢ ɥɟɩɬɨɮɨɛɧɨɝɨ Г' ɛɨɡɨɧɚ ɬɚ 
ɭɧɿɜɟɪɫɚɥɶɧɢɯ ɜɡɚєɦɨɞɿɣ Г' ɛɨɡɨɧɚ ɡ ɮɟɪɦɿɨɧɧɢɦɢ ɩɨɤɨɥɿɧɧɹɦɢ. 
 5.  Ɂɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɚɧɚɥɿɡɭ ɞɚɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ LEP ɨɰɿɧɢɬɢ ɩɟɪɟɪɿɡ ɧɚɪɨɞɠɟɧɧɹ 
Г' ɛɨɡɨɧɚ ɜ ɩɪɨɬɨɧ-ɚɧɬɢɩɪɨɬɨɧɧɢɯ ɬɚ ɩɪɨɬɨɧ-ɩɪɨɬɨɧɧɢɯ ɡɿɬɤɧɟɧɧɹɯ ɬɚ ɱɚɫɬɤɭ ɪɨɡɩɚ-
ɞɭ Г' ɛɨɡɨɧɚ ɜ ɞɿɟɥɟɤɬɪɨɧɧɢɣ ɱɢ ɞɿɦɸɨɧɧɢɣ ɤɚɧɚɥ. Ɉɬɪɢɦɚɬɢ ɡɧɚɱɟɧɧɹ ɤɨɧɫɬɚɧɬ ɜɡɚ-
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єɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɤɜɚɪɤɚɦɢ ɬɚ ɟɥɟɤɬɪɨɧɚɦɢ, ɞɨɡɜɨɥɟɧɿ ɫɭɱɚɫɧɢɦɢ ɟɤɫɩɟɪɢɦɟɧɬɚɦɢ 
ɧɚ ɩɪɢɫɤɨɪɸɜɚɱɿ LHC ɳɨɞɨ ɩɪɹɦɢɯ ɩɨɲɭɤɿɜ Г' ɛɨɡɨɧɚ ɭ ɜɢɝɥɹɞɿ ɪɟɡɨɧɚɧɫɭ ɜ ɩɟɪɟɪɿɡɿ 
ɪɨɡɫɿɸɜɚɧɧɹ ɩɪɨɰɟɫɭ Ⱦɪɟɥɥɚ – əɧɚ. ɉɨɪɿɜɧɹɬɢ ɪɟɡɭɥɶɬɚɬɢ ɪɨɛɨɬɢ ɩɪɢɫɤɨɪɸɜɚɱɿɜ 
LEP ɬɚ LHC ɳɨɞɨ ɩɨɲɭɤɿɜ Г' ɛɨɡɨɧɚ. 
 6.  Ɇɨɞɟɥɸɜɚɧɧɹɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɞɨɫɥɿɞɢɬɢ ɪɨɞ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨ-
ɞɭ ɜ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɿɣ ɫɤɚɥɹɪɧɿɣ ɦɨɞɟɥɿ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɤɨɧɫɬɚɧɬɢ ɡɜ'ɹɡɤɭ. Ɋɨɡɪɨ-
ɛɢɬɢ ɦɟɬɨɞ ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɧɚɥɚɲɬɭɜɚɧɧɹ ɪɨɡɦɿɪɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɦɨɞɟɥɿ ɬɚ ɩɪɢɫɤɨ-
ɪɟɧɧɹ ɡɛɿɠɧɨɫɬɿ ɞɥɹ ɩɪɨɰɟɞɭɪɢ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɜ ɨɤɨɥɿ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɜ ɲɢɪɨɤɨɦɭ 
ɞɿɚɩɚɡɨɧɿ ɡɧɚɱɟɧɶ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ. ȼɫɬɚɧɨɜɢɬɢ, ɱɢ ɿɫɧɭє ɧɢɠɧɹ ɝɪɚɧɢɰɹ ɤɨɧɫɬɚ-
ɧɬɢ ɡɜ'ɹɡɤɭ, ɩɪɢ ɹɤɿɣ ɫɩɨɧɬɚɧɧɟ ɩɨɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ ɧɟ ɪɟɚɥɿɡɭєɬɶɫɹ (ɹɜɢɳɟ, ɚɧɚɥɨɝɿ-
ɱɧɟ ɝɪɚɧɢɰɿ Ʌɿɧɞɟ – ȼɚɣɧɛɟɪɝɚ ɜ ɦɨɞɟɥɹɯ ɤɚɥɿɛɪɭɜɚɥɶɧɢɯ ɩɨɥɿɜ). 
 7.  Ⱦɨɫɥɿɞɢɬɢ ɡɚɥɟɠɧɿɫɬɶ ɜɿɞ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ ɫɩɨɧɬɚɧɧɨɝɨ ɩɨɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ 
ɩɪɢ ɧɭɥɶɨɜɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɜ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɿɣ ɦɨɞɟɥɿ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ɧɚ ʉɪɚɬɤɚɯ. 

ȼɫɬɚɧɨɜɢɬɢ, ɱɢ ɜɿɞɛɭɜɚєɬɶɫɹ ɩɨɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ ɩɪɢ ɧɚɞɡɜɢɱɚɣɧɨ ɫɥɚɛɤɿɣ ɜɡɚєɦɨɞɿʀ. 
Ɉɛ’єɤɬ ɞɨɫɥɿɞɠɟɧɧɹ: ɩɪɨɰɟɫɢ ɪɨɡɫɿɸɜɚɧɧɹ ɟɥɟɦɟɧɬɚɪɧɢɯ ɱɚɫɬɢɧɨɤ ɡɚ ɭɱɚɫɬɿ Г' 

ɛɨɡɨɧɚ, ɦɟɬɨɞɢ ɫɬɚɬɢɫɬɢɱɧɨʀ ɨɛɪɨɛɤɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɿɡ ɦɟɬɨɸ ɜɢɞɿɥɟɧɧɹ 
ɫɢɝɧɚɥɭ ɜɚɠɤɨʀ ɱɚɫɬɢɧɤɢ, ʉɪɚɬɤɨɜɿ ɦɨɞɟɥɿ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ. 

ɉɪɟɞɦɟɬ ɞɨɫɥɿɞɠɟɧɧɹ: ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ, ɳɨ ɜɢɞɿɥɹɸɬɶ ɫɢɝɧɚɥ Г' ɛɨɡɨɧɚ ɜ ɟɤɫ-
ɩɟɪɢɦɟɧɬɚɯ, ɩɚɪɚɦɟɬɪɢ Г' ɛɨɡɨɧɚ, ɪɨɞ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɬɚ ɧɚɹɜɧɿɫɬɶ ɩɨɪɭɲɟɧɧɹ 
ɫɢɦɟɬɪɿʀ ɜ ɫɤɚɥɹɪɧɢɯ ɦɨɞɟɥɹɯ.  

Ɇɟɬɨɞɢ ɞɨɫɥɿɞɠɟɧɧɹ. ɍ ɪɨɛɨɬɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɚɧɚɥɿɬɢɱɧɿ ɬɚ ɱɢɫɟɥɶɧɿ ɦɟɬɨ-
ɞɢ ɤɜɚɧɬɨɜɨʀ ɬɟɨɪɿʀ ɩɨɥɹ, ɦɚɬɟɦɚɬɢɱɧɨʀ ɫɬɚɬɢɫɬɢɤɢ, ɫɬɚɬɢɫɬɢɱɧɨʀ ɮɿɡɢɤɢ, ɡɨɤɪɟɦɚ ɬɟ-
ɨɪɿɹ ɡɛɭɪɟɧɶ ɧɚ ɨɫɧɨɜɿ ɞɿɚɝɪɚɦ Ɏɟɣɧɦɚɧɚ, ɨɛɪɨɛɤɚ ɞɚɧɢɯ ɡɚ ɞɨɩɨɦɨɝɨɸ ɮɭɧɤɰɿʀ ɦɚɤ-
ɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛɧɨɫɬɿ, ɦɨɞɟɥɸɜɚɧɧɹ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɤɨɦɩ'ɸɬɟɪɧɿ ɩɪɨ-
ɝɪɚɦɢ ɞɥɹ ɮɿɡɢɤɢ ɜɢɫɨɤɢɯ ɟɧɟɪɝɿɣ, ɡɚɫɨɛɢ ɩɪɨɝɪɚɦɭɜɚɧɧɹ ɧɚ ɝɪɚɮɿɱɧɢɯ ɤɚɪɬɚɯ. 

ɇɚɭɤɨɜɚ ɧɨɜɢɡɧɚ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ.  

 1. Ɂɚɩɪɨɩɨɧɨɜɚɧɿ ɧɨɜɿ ɦɨɞɟɥɶɧɨ-ɧɟɡɚɥɟɠɧɿ ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɿ ɿɧɬɟɝɪɚɥɶɧɿ ɩɟɪɟɪɿɡɢ 
ɪɨɡɫɿɸɜɚɧɧɹ ɜ ɩɪɨɰɟɫɚɯ ɚɧɿɝɿɥɹɰɿʀ ɟɥɟɤɬɪɨɧɚ ɬɚ ɩɨɡɢɬɪɨɧɚ ɜ ɩɚɪɭ ɦɸɨɧɿɜ ɱɢ ɬɚɭ-

ɥɟɩɬɨɧɿɜ ɚɛɨ ɟɥɟɤɬɪɨɧ-ɩɨɡɢɬɪɨɧɧɭ ɩɚɪɭ, ɹɤɿ ɧɟ ɦɚɸɬɶ ɚɧɚɥɨɝɿɜ ɭ ɥɿɬɟɪɚɬɭɪɿ. ȼɩɟɪɲɟ 
ɪɨɡɪɨɛɥɟɧɨ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ ɡ ɧɚɣɤɪɚɳɢɦ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ ɫɢɝɧɚɥɭ ɞɨ ɫɬɚɬɢɫɬɢɱɧɨʀ 
ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ.  
 2. ȼɩɟɪɲɟ ɩɪɨɜɟɞɟɧɨ ɜɫɟɛɿɱɧɢɣ ɫɬɚɬɢɫɬɢɱɧɢɣ ɚɧɚɥɿɡ ɞɚɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ LEP I ɬɚ 
LEP II ɞɥɹ ɜɫɿɯ ɥɟɩɬɨɧɧɢɯ ɩɪɨɰɟɫɿɜ ɡ ɦɟɬɨɸ ɨɬɪɢɦɚɬɢ ɨɰɿɧɤɭ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' 
ɛɨɡɨɧɚ ɡ ɮɟɪɦɿɨɧɚɦɢ. Ɂɧɚɣɞɟɧɨ ɫɢɝɧɚɥɢ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ ɧɚ ɪɿɜɧɿ ɨɞɧɨɝɨ-ɞɜɨɯ 

ɫɬɚɧɞɚɪɬɧɢɯ ɜɿɞɯɢɥɟɧɶ, ɜɩɟɪɲɟ ɨɬɪɢɦɚɧɨ ɡɧɚɱɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛɧɨɫɬɿ 
ɬɚ ɿɧɬɟɪɜɚɥɢ ɞɨɜɿɪɢ ɞɥɹ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɜɟɤɬɨɪɧɢɦɢ ɬɚ ɚɤɫɿɚɥɶɧɨ-

ɜɟɤɬɨɪɧɢɦɢ ɫɬɪɭɦɚɦɢ.  
 3. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɧɨɜɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ ɡ ɦɿɧɿɦɚɥɶɧɨɸ ɤɿɥɶɤɿɫɬɸ ɩɚɪɚɦɟɬɪɿɜ ɞɥɹ 
ɩɨɲɭɤɭ ɫɢɝɧɚɥɿɜ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ ɜ ɩɪɨɰɟɫɿ ɚɧɿɝɿɥɹɰɿʀ ɩɪɨɬɨɧɚ ɣ ɚɧɬɢɩɪɨɬɨɧɚ 
(ɩɪɨɰɟɫ Ⱦɪɟɥɥɚ –əɧɚ) ɩɪɢ ɟɧɟɪɝɿɹɯ ɜ ɨɤɨɥɿ ɪɟɡɨɧɚɧɫɭ Г ɛɨɡɨɧɚ. ɍ ɜɢɩɚɞɤɚɯ ɥɟɩɬɨ-
ɮɨɛɧɨɝɨ Г' ɛɨɡɨɧɚ ɚɛɨ ɭɧɿɜɟɪɫɚɥɶɧɢɯ ɜɡɚєɦɨɞɿɣ ɡ ɮɟɪɦɿɨɧɧɢɦɢ ɩɨɤɨɥɿɧɧɹɦɢ ɡɧɚɣɞɟ-
ɧɨ ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ.  
 4. ȼɩɟɪɲɟ ɩɪɨɜɟɞɟɧɨ ɫɬɚɬɢɫɬɢɱɧɭ ɨɰɿɧɤɭ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɥɟɩɬɨɧɚ-
ɦɢ ɬɚ ɤɜɚɪɤɚɦɢ ɡɚ ɞɚɧɢɦɢ ɟɤɫɩɟɪɢɦɟɧɬɿɜ TОЯКtrШЧ ɬɚ LHC ɳɨɞɨ ɩɨɲɭɤɿɜ ɪɟɡɨɧɚɧɫɭ ɜ 
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ɩɪɨɰɟɫɿ Ⱦɪɟɥɥɚ – əɧɚ. Ɉɬɪɢɦɚɧɨ ɧɚɣɫɭɱɚɫɧɿɲɿ ɿɧɬɟɪɜɚɥɢ ɞɨɜɿɪɢ ɞɥɹ ɤɨɧɫɬɚɧɬ ɜɡɚє-
ɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɜɟɤɬɨɪɧɢɦɢ ɬɚ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɢɦɢ ɫɬɪɭɦɚɦɢ, ɹɤɿ ɧɟ ɦɚɸɬɶ ɚɧɚ-
ɥɨɝɿɜ ɭ ɥɿɬɟɪɚɬɭɪɿ. 
 5. ȼɩɟɪɲɟ ɦɨɞɟɥɸɜɚɧɧɹɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɧɚ ʉɪɚɬɤɚɯ ɜɿɞɤɪɢɬɨ ɡɦɿɧɭ ɪɨɞɭ ɬɟɦɩɟɪɚ-
ɬɭɪɧɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɜ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɿɣ ɫɤɚɥɹɪɧɿɣ ɦɨɞɟɥɿ ɡ ɩɨɬɟɧɰɿɚɥɨɦ 4

 

ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɡɧɚɱɟɧɧɹ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ. Ɂɧɚɣɞɟɧɨ ɹɜɢɳɟ, ɚɧɚɥɨɝɿɱɧɟ ɝɪɚɧɢɰɿ 
Ʌɿɧɞɟ – ȼɚɣɧɛɟɪɝɚ ɜ ɤɚɥɿɛɪɭɜɚɥɶɧɢɯ ɦɨɞɟɥɹɯ, – ɡɧɢɤɧɟɧɧɹ ɩɨɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ ɩɪɢ 
ɧɚɞɡɜɢɱɚɣɧɨ ɫɥɚɛɤɿɣ ɜɡɚєɦɨɞɿʀ. ȼɩɟɪɲɟ ɪɨɡɪɨɛɥɟɧɨ ɦɟɬɨɞ ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɧɚɥɚɲɬɭ-
ɜɚɧɧɹ ɪɨɡɦɿɪɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɫɤɚɥɹɪɧɨʀ ɦɨɞɟɥɿ ɩɪɢ ɦɨɞɟɥɸɜɚɧɧɿ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɜ ɲɢ-
ɪɨɤɨɦɭ ɿɧɬɟɪɜɚɥɿ ɡɧɚɱɟɧɶ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ. ɋɢɫɬɟɦɚɬɢɱɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɦɚɥɢɯ 
ɡɧɚɱɟɧɶ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ ɜ ʉɪɚɬɤɨɜɢɯ ɦɨɞɟɥɹɯ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ɜ ɥɿɬɟɪɚɬɭɪɿ ɞɨ 
ɰɶɨɝɨ ɜɡɚɝɚɥɿ ɧɟ ɩɪɨɜɨɞɢɥɢɫɹ. 

ɉɪɚɤɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɨɞɟɪɠɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. Ɂɚɩɪɨɩɨɧɨɜɚɧɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ 
ɞɨɡɜɨɥɹɸɬɶ ɜɢɦɿɪɸɜɚɬɢ ɜɟɤɬɨɪɧɿ ɚɛɨ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɿ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɥɟɩɬɨ-
ɧɚɦɢ ɬɚ ɤɜɚɪɤɚɦɢ ɩɪɢ ɪɿɡɧɢɯ ɟɧɟɪɝɿɹɯ ɡɿɬɤɧɟɧɶ ɧɚ ɫɭɱɚɫɧɢɯ ɬɚ ɦɚɣɛɭɬɧɿɯ ɩɪɢɫɤɨɪɸ-
ɜɚɱɚɯ ɬɚ ɦɚɤɫɢɦɚɥɶɧɨ ɩɨɫɢɥɸɸɬɶ ɦɨɠɥɢɜɿ ɫɢɝɧɚɥɢ Г' ɛɨɡɨɧɚ ɩɪɢ ɨɛɪɨɛɰɿ ɟɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɭ ɩɨɪɿɜɧɹɧɧɿ ɡ ɿɧɲɢɦɢ ɿɫɧɭɸɱɢɦɢ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɦɢ. Ɋɨɡɪɨɛɥɟɧɿ 
ɦɟɬɨɞɢ є ɧɨɜɢɦ ɩɟɪɫɩɟɤɬɢɜɧɢɦ ɞɨɩɨɜɧɟɧɧɹɦ ɞɥɹ ɬɪɚɞɢɰɿɣɧɢɯ ɩɿɞɯɨɞɿɜ ɳɨɞɨ ɩɨɲɭ-
ɤɭ ɫɢɝɧɚɥɿɜ Г' ɛɨɡɨɧɚ ɜ ɟɤɫɩɟɪɢɦɟɧɬɚɯ ɧɚ ɩɪɢɫɤɨɪɸɜɚɱɚɯ LHC, ILC, CLIC. Ɉɬɪɢɦɚɧɿ 
ɨɰɿɧɤɢ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɦɨɠɭɬɶ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ ɩɪɢ ɩɥɚɧɭɜɚɧɧɿ ɦɚɣ-
ɛɭɬɧɿɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ, ɩɪɢ ɨɛɪɨɛɰɿ ɞɚɧɢɯ ɬɚ ɜ ɬɟɨɪɟɬɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɧɹɯ. Ɂɧɚɣɞɟɧɿ 
ɜɥɚɫɬɢɜɨɫɬɿ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɜ ɫɤɚɥɹɪɧɿɣ ɦɨɞɟɥɿ ɦɨɠɭɬɶ ɡɚɫɬɨɫɨɜɭɜɚɬɢɫɹ ɭ ɤɜɚɧ-
ɬɨɜɿɣ ɬɟɨɪɿʀ ɩɨɥɹ ɬɚ ɮɿɡɢɰɿ ɤɨɧɞɟɧɫɨɜɚɧɨɝɨ ɫɬɚɧɭ, ɨɫɤɿɥɶɤɢ ɫɤɚɥɹɪɧɿ ɦɨɞɟɥɿ ɱɚɫɬɨ 
ɨɩɢɫɭɸɬɶ ɮɟɧɨɦɟɧɨɥɨɝɿɸ ɪɿɡɧɢɯ ɩɪɢɪɨɞɧɢɯ ɹɜɢɳ (ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɚ ɤɜɚɧɬɨɜɚ 
ɯɪɨɦɨɞɢɧɚɦɿɤɚ, ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚ ɧɚɞɩɪɨɜɿɞɧɿɫɬɶ ɬɚ ɿɧ.). ȱɧɬɟɪɜɚɥɢ ɡɧɚɱɟɧɶ ɤɨɧɫ-
ɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ, ɩɪɢ ɹɤɢɯ ɜɿɞɛɭɜɚєɬɶɫɹ ɮɚɡɨɜɢɣ ɩɟɪɟɯɿɞ ɩɟɪɲɨɝɨ ɱɢ 
ɞɪɭɝɨɝɨ ɪɨɞɭ ɦɨɠɭɬɶ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ ɹɤ «ɞɨɪɨɝɨɜɤɚɡ» ɳɨɞɨ ɩɟɪɟɜɿɪɤɢ ɚɞɟɤɜɚɬ-
ɧɨɫɬɿ ɪɿɡɧɢɯ ɚɧɚɥɿɬɢɱɧɢɯ ɫɯɟɦ ɩɟɪɟɫɭɦɭɜɚɧɧɹ ɪɨɡɜɢɧɟɧɶ ɡɚ ɦɚɥɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 

Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɡɞɨɛɭɜɚɱɚ. ȼɫɿ ɪɟɡɭɥɶɬɚɬɢ, ɳɨ ɜɢɧɟɫɟɧɿ ɧɚ ɡɚɯɢɫɬ, ɨɬɪɢɦɚɧɿ 
ɡɞɨɛɭɜɚɱɟɦ ɨɫɨɛɢɫɬɨ. Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱ ɬɚ ɩɪɨɜɟ-
ɞɟɧɧɹ ɜɫɿɯ ɨɛɱɢɫɥɟɧɶ Д1, 4–8, 10], ɮɨɪɦɭɥɸɜɚɧɧɹ ɡɚɞɚɱɿ ɬɚ ɦɟɬɨɞɿɜ ɪɨɡɜ'ɹɡɭɜɚɧɧɹ, 
ɚɧɚɥɿɡɭ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɬɚ ɨɰɿɧɤɢ ʀɯ ɞɨɫɬɨɜɿɪɧɨɫɬɿ Д11, 14, 16–18, 21], ɮɨɪɦɭ-
ɥɸɜɚɧɧɹ ɦɟɬɨɞɿɜ ɪɨɡɜ'ɹɡɭɜɚɧɧɹ ɡɚɞɚɱɿ, ɚɧɚɥɿɬɢɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ, ɚɧɚɥɿɡɭ ɪɟɡɭɥɶɬɚɬɿɜ 
ɱɢɫɟɥɶɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɬɚ ɨɰɿɧɤɢ ʀɯ ɞɨɫɬɨɜɿɪɧɨɫɬɿ Д3, 15], ɮɨɪɦɭɥɸɜɚɧɧɹ ɦɟɬɨɞɿɜ 
ɪɨɡɜ'ɹɡɭɜɚɧɧɹ ɡɚɞɚɱɿ, ɜɢɤɨɧɚɧɧɹ ɩɨɧɚɞ 50% ɚɧɚɥɿɬɢɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ, ɚɧɚɥɿɡɭ ɪɟ-
ɡɭɥɶɬɚɬɿɜ ɱɢɫɟɥɶɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɬɚ ɨɰɿɧɤɢ ʀɯ ɞɨɫɬɨɜɿɪɧɨɫɬɿ Д20], ɜɢɤɨɧɚɧɧɹ ɨɛɱɢ-
ɫɥɟɧɶ ɳɨɞɨ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ Д2, 9, 12, 13]. Ɋɨɛɨɬɚ Д19] ɩɨɜɧɿɫɬɸ ɜɢɤɨɧɚɧɚ ɡɞɨɛɭ-
ɜɚɱɟɦ. 

ɋɬɭɩɿɧɶ ɞɨɫɬɨɜɿɪɧɨɫɬɿ ɧɚɭɤɨɜɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. Ⱦɨɫɬɨɜɿɪɧɿɫɬɶ ɧɚɭɤɨɜɢɯ ɪɟɡɭɥɶ-
ɬɚɬɿɜ, ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɭ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ, ɞɨɫɹɝɧɭɬɨ ɬɚɤɢɦ ɱɢɧɨɦ: 

 1. ȼɢɤɨɪɢɫɬɚɧɨ ɫɬɚɧɞɚɪɬɧɿ ɚɧɚɥɿɬɢɱɧɿ ɬɚ ɱɢɫɟɥɶɧɿ ɦɟɬɨɞɢ ɤɜɚɧɬɨɜɨʀ ɬɟɨɪɿʀ ɩɨɥɹ, 
ɦɚɬɟɦɚɬɢɱɧɨʀ ɫɬɚɬɢɫɬɢɤɢ, ɫɬɚɬɢɫɬɢɱɧɨʀ ɮɿɡɢɤɢ, ɡɨɤɪɟɦɚ ɬɟɨɪɿɹ ɡɛɭɪɟɧɶ ɧɚ ɨɫɧɨɜɿ ɞɿɚ-
ɝɪɚɦ Ɏɟɣɧɦɚɧɚ, ɨɛɪɨɛɤɚ ɞɚɧɢɯ ɡɚ ɞɨɩɨɦɨɝɨɸ ɮɭɧɤɰɿʀ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛɧɨ-
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ɫɬɿ, ɦɨɞɟɥɸɜɚɧɧɹ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɜɿɞɨɦɿ ɤɨɦɩ'ɸɬɟɪɧɿ ɩɪɨɝɪɚɦɢ ɞɥɹ ɮɿɡɢɤɢ 
ɜɢɫɨɤɢɯ ɟɧɟɪɝɿɣ. 
 2. ȼɫɟɛɿɱɧɨ ɜɪɚɯɨɜɭɜɚɥɢɫɹ ɫɢɫɬɟɦɚɬɢɱɧɿ ɩɨɯɢɛɤɢ ɬɚ ɞɨɜɨɞɢɥɚɫɹ ɫɬɿɣɤɿɫɬɶ ɪɟɡɭɥɶ-
ɬɚɬɿɜ ɜɿɞɧɨɫɧɨ ɧɢɯ. 
 3. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɛɨɬɢ ɭ ɜɢɩɚɞɤɚɯ, ɹɤɿ ɜɠɟ ɪɨɡɝɥɹɞɚɥɢɫɶ ɭ ɥɿɬɟɪɚɬɭɪɿ, ɡɛɿɝɚɸɬɶɫɹ ɡ 
ɜɿɞɨɦɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ. 

Ⱥɩɪɨɛɚɰɿɹ ɪɟɡɭɥɶɬɚɬɿɜ ɞɢɫɟɪɬɚɰɿʀ. Ɇɚɬɟɪɿɚɥɢ ɞɨɫɥɿɞɠɟɧɧɹ ɞɨɩɨɜɿɞɚɥɢɫɶ ɧɚ 8 

ɦɿɠɧɚɪɨɞɧɢɯ ɤɨɧɮɟɪɟɧɰɿɹɯ: «TСО 2ЧН International Conference on Quantum 

EХОМtrШНвЧКЦТМs Кt StКtТstТМКХ PСвsТМs» (KСКrФШЯ, UФrКТЧО, SОЩtОЦЛОr 19-23, 2006), «TСО 
4tС IЧtОrЧКtТШЧКХ SКФСКrШЯ CШЧПОrОЧМО ШЧ PСвsТМs» (MШsМШа, RussТК, MКв 18-23, 2009), 

«TСО 20tС HКНrШЧ CШХХТНОr PСвsТМs SвЦЩШsТuЦ» (Evian, France, November 16-20, 2009), 

«IЧtОrЧКtТШЧКХ SМСШШХ-Seminar on New Physics and Quantum Chromodynamics at 

EбtОrЧКХ CШЧНТtТШЧs» (DЧТЩrШЩОtrШЯsФ, UФrКТЧО, MКв 3-6, 2009), «IЧtОrЧКtТШЧКХ SМСШШХ-
Seminar on New Physics and Quantum Chromodynamics at ExternКХ CШЧНТtТШЧs» 
(Dnipropetrovsk, Ukraine, May 3-6, 2011), «IЧtОrЧКtТШЧКХ SМСШШХ-seminar on New Physics 

КЧН QuКЧtuЦ CСrШЦШНвЧКЦТМs Кt EбtОrЧКХ CШЧНТtТШЧs» (DЧТЩrШЩОtrШЯsФ, UФrКТЧО, MКв 
22-24, 2013), «TСО 12tС IЧtОrЧКtТШЧКХ SМСШШХ-Seminar on The Actual Problems of 

MТМrШаШrХН PСвsТМs» (GШЦОХ, BОХКrus, JuХв 22 – AuРust 2, 2013), Ɇɟɠɞɭɧɚɪɨɞɧɵɣ ɫɟ-
ɦɢɧɚɪ «ɉɪɨɛɥɟɦɵ ɮɢɡɢɤɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ – ɬɟɨɪɢɹ, ɮɟɧɨɦɟɧɨ-
ɥɨɝɢɹ, ɷɤɫɩɟɪɢɦɟɧɬ» (Ƚɨɦɟɥɶ, Ȼɟɥɚɪɭɫɶ, 19-20 ɧɨɹɛɪɹ, 2015). 

ɉɭɛɥɿɤɚɰɿʀ. Ɋɟɡɭɥɶɬɚɬɢ ɞɢɫɟɪɬɚɰɿʀ ɨɩɭɛɥɿɤɨɜɚɧɿ ɭ 21 ɫɬɚɬɬɿ ɭ ɮɚɯɨɜɢɯ ɧɚɭɤɨɜɢɯ 
ɠɭɪɧɚɥɚɯ [1–21], ɜ 6 ɡɛɿɪɧɢɤɚɯ ɩɪɚɰɶ ɦɿɠɧɚɪɨɞɧɢɯ ɤɨɧɮɟɪɟɧɰɿɣ Д22–27], ɨɞɧɨɦɭ 
ɩɪɟɩɪɢɧɬɿ Д28] ɬɚ 2 ɬɟɡɚɯ ɦɿɠɧɚɪɨɞɧɢɯ ɤɨɧɮɟɪɟɧɰɿɣ Д29–30]. 11 ɫɬɚɬɟɣ ɿɧɞɟɤɫɭɸɬɶɫɹ 
ɜ ɧɚɭɤɨɦɟɬɪɢɱɧɿɣ ɛɚɡɿ SCOPUS. 

ɋɬɪɭɤɬɭɪɚ ɞɢɫɟɪɬɚɰɿʀ. Ɋɨɛɨɬɚ ɫɤɥɚɞɚєɬɶɫɹ ɡɿ ɜɫɬɭɩɭ, ɲɟɫɬɢ ɪɨɡɞɿɥɿɜ, ɜɢɫɧɨɜɤɿɜ 
ɬɚ ɫɩɢɫɤɭ ɜɢɤɨɪɢɫɬɚɧɢɯ ɞɠɟɪɟɥ (198 ɧɚɣɦɟɧɭɜɚɧɶ). ɉɨɜɧɢɣ ɨɛɫɹɝ ɞɢɫɟɪɬɚɰɿʀ ɫɤɥɚɞɚє 
315 ɫɬɨɪɿɧɨɤ (ɡ ɧɢɯ ɫɩɢɫɨɤ ɞɠɟɪɟɥ ɧɚ 25 ɫɬɨɪ.), ɨɛɫɹɝ ɨɫɧɨɜɧɨɝɨ ɬɟɤɫɬɭ – 272 ɫɬɨɪ. (ɡ 
ɧɢɯ ɨɝɥɹɞ ɧɚ 54 ɫɬɨɪ.). Ⱦɢɫɟɪɬɚɰɿɹ ɦɿɫɬɢɬɶ 48 ɦɚɥɸɧɤɿɜ ɬɚ 18 ɬɚɛɥɢɰɶ. 
 

ɈɋɇɈȼɇɂɃ ɁɆȱɋɌ ɊɈȻɈɌɂ 
 

ɍ ɜɫɬɭɩɿ ɨɛʉɪɭɧɬɨɜɚɧɚ ɚɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɢɫɟɪɬɚɰɿʀ, ɜɢɡɧɚɱɟɧɿ ɦɟɬɚ ɣ ɨɫɧɨɜɧɿ 
ɡɚɜɞɚɧɧɹ ɞɨɫɥɿɞɠɟɧɶ, ɨɛ'єɤɬ, ɩɪɟɞɦɟɬ ɿ ɦɟɬɨɞɢ ɞɨɫɥɿɞɠɟɧɶ. ɇɚɜɟɞɟɧɿ ɜɿɞɨɦɨɫɬɿ ɳɨɞɨ 
ɧɚɭɤɨɜɢɯ ɩɪɨɝɪɚɦ ɿ ɬɟɦ Ⱦɇɍ ɿɦɟɧɿ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ ɆɈɇ ɍɤɪɚʀɧɢ, ɭ ɪɚɦɤɚɯ ɹɤɢɯ 
ɩɪɨɜɟɞɟɧɿ ɞɨɫɥɿɞɠɟɧɧɹ. Ɉɩɢɫɚɧɨ ɨɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɡɞɨɛɭɜɚɱɚ ɜ ɩɭɛɥɿɤɚɰɿɹɯ. ȼɢɤɥɚ-
ɞɟɧɨ ɧɚɭɤɨɜɭ ɧɨɜɢɡɧɭ ɣ ɩɪɚɤɬɢɱɧɭ ɡɧɚɱɢɦɿɫɬɶ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ, ɧɚɜɟɞɟɧɿ ɜɿ-
ɞɨɦɨɫɬɿ ɳɨɞɨ ɚɩɪɨɛɚɰɿʀ ɪɨɛɨɬɢ, ɩɭɛɥɿɤɚɰɿɣ ɡɚ ɬɟɦɨɸ ɞɢɫɟɪɬɚɰɿʀ, ɚ ɬɚɤɨɠ ʀʀ ɫɬɪɭɤɬɭɪɢ 

ɣ ɨɛɫɹɝɭ. 

ɉɟɪɲɢɣ ɪɨɡɞɿɥ ɞɢɫɟɪɬɚɰɿʀ ɩɪɢɫɜɹɱɟɧɨ ɨɝɥɹɞɭ ɥɿɬɟɪɚɬɭɪɢ. ɇɚɣɜɚɠɥɢɜɿɲɿ ɡ ɬɨɱ-
ɤɢ ɡɨɪɭ ɫɭɱɚɫɧɨʀ ɮɿɡɢɤɢ ɧɚɞɜɢɫɨɤɢɯ ɟɧɟɪɝɿɣ ɟɤɫɩɟɪɢɦɟɧɬɢ – LEP, Ɍɟɜɚɬɪɨɧ ɬɚ LHC – 

ɩɿɞɬɜɟɪɞɢɥɢ ɜɫɿ ɩɟɪɟɞɛɚɱɟɧɧɹ ɋɆ ɟɥɟɦɟɧɬɚɪɧɢɯ ɱɚɫɬɢɧɨɤ ɬɚ ɩɨɫɬɚɜɢɥɢ ɩɢɬɚɧɧɹ ɩɪɨ 
ɩɪɚɤɬɢɱɧɢɣ ɩɨɲɭɤ ɧɨɜɢɯ ɹɜɢɳ ɩɨɡɚ ɜɠɟ ɞɨɫɥɿɞɠɟɧɢɦɢ ɟɧɟɪɝɟɬɢɱɧɢɦɢ ɦɚɫɲɬɚɛɚɦɢ. 
ɇɟɨɛɯɿɞɧɿɫɬɶ ɬɟɨɪɟɬɢɱɧɨɝɨ ɨɛɱɢɫɥɟɧɧɹ ɩɪɨɰɟɫɿɜ ɪɨɡɫɿɸɜɚɧɧɹ ɟɥɟɦɟɧɬɚɪɧɢɯ ɱɚɫɬɢ-
ɧɨɤ ɜ ɭɦɨɜɚɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɧɚɞɚɥɚ ɫɭɬɬєɜɢɣ ɩɨɲɬɨɜɯ ɪɨɡɪɨɛɰɿ ɪɟɚɥɿɫɬɢɱɧɢɯ ɫɩɨ-
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ɫɬɟɪɟɠɭɜɚɧɢɯ (Ⱦ. Ȼɚɪɞɿɧ, Ⱥ. Ⱦɟɧɧɟɪ ɬɚ ɿɧ.) ɬɚ ɤɨɦɩɥɟɤɫɧɢɦ ɚɜɬɨɦɚɬɢɡɨɜɚɧɢɦ ɫɢɫɬɟ-
ɦɚɦ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɨɛɱɢɫɥɟɧɧɹ ɜ ɤɜɚɧɬɨɜɿɣ ɬɟɨɪɿʀ ɩɨɥɹ, ɫɟɪɟɞ ɹɤɢɯ ɦɨɠɧɚ ɜɿɞɡɧɚɱɢ-
ɬɢ ɩɪɨɟɤɬɢ ɹɤ ɧɚ ɨɫɧɨɜɿ ɚɧɚɥɿɬɢɱɧɢɯ ɚɥɝɨɪɢɬɦɿɜ (FeynArts, FeynCalc, FormCalc, 

LoopTools, ZFITTER), ɬɚɤ ɿ ɧɚ ɨɫɧɨɜɿ ɝɟɧɟɪɚɬɨɪɿɜ Ɇɨɧɬɟ-Ʉɚɪɥɨ (FEWZ, PYTHIA). 

ɉɨɲɭɤ ɮɿɡɢɤɢ ɩɨɡɚ ɋɆ ɟɥɟɦɟɧɬɚɪɧɢɯ ɱɚɫɬɢɧɨɤ (ɬɚɤ ɡɜɚɧɚ «ɧɨɜɚ ɮɿɡɢɤɚ») ɫɤɥɚ-
ɞɚє ɡɧɚɱɧɭ ɱɚɫɬɢɧɭ ɜ ɩɭɛɥɿɤɚɰɿɹɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɤɨɥɚɛɨɪɚɰɿɣ ɬɚ ɚɤɬɢɜɧɨ ɨɛɝɨ-
ɜɨɪɸєɬɶɫɹ ɜ ɥɿɬɟɪɚɬɭɪɿ. ɑɢ ɧɟ ɧɚɣɩɟɪɲɢɦ ɜɚɪɿɚɧɬɨɦ ɭ ɰɢɯ ɩɨɲɭɤɚɯ є ɝɿɩɨɬɟɬɢɱɧɿ 
ɧɨɜɿ ɜɚɠɤɿ ɤɚɥɿɛɪɭɜɚɥɶɧɿ ɛɨɡɨɧɢ (ɡɚɪɹɞɠɟɧɿ W' ɱɢ ɧɟɣɬɪɚɥɶɧɿ Z'). Ɏɚɤɬɢɱɧɨ Г' ɛɨɡɨɧ 
ɜɢɧɢɤɚє ɜ ɛɭɞɶ-ɹɤɨɦɭ ɪɨɡɲɢɪɟɧɧɿ ɤɚɥɿɛɪɭɜɚɥɶɧɨʀ ɝɪɭɩɢ ɟɥɟɤɬɪɨɫɥɚɛɤɨʀ ɫɢɦɟɬɪɿʀ ɡɚ 
ɪɚɯɭɧɨɤ ɞɨɞɚɬɤɨɜɨɝɨ ɞɿɚɝɨɧɚɥɶɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ, є ɣɦɨɜɿɪɧɢɦ ɩɪɨɦɿɠɧɢɦ ɫɬɚɧɨɦ ɭ 

ɩɪɨɰɟɫɚɯ ɚɧɿɝɿɥɹɰɿʀ ɬɚ ɜ ɩɪɨɰɟɫɚɯ ɪɨɡɫɿɸɜɚɧɧɹ ɥɟɩɬɨɧɿɜ ɬɚ ɤɜɚɪɤɿɜ ɿ ɬɨɦɭ є ɩɟɪɫɩɟɤ-
ɬɢɜɧɢɦ ɫɰɟɧɚɪɿєɦ «ɧɨɜɨʀ ɮɿɡɢɤɢ» ɞɥɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɩɨɲɭɤɿɜ. 

Ɉɫɧɨɜɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ Г' ɛɨɡɨɧɚ ɨɤɪɿɦ ɣɨɝɨ ɦɚɫɢ є ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ ɡ ɜɟɤ-
ɬɨɪɧɢɦɢ ɬɚ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɢɦɢ ɫɬɪɭɦɚɦɢ ɤɨɠɧɨɝɨ ɮɟɪɦɿɨɧɭ ݂ (ɜɿɞɩɨɜɿɞɧɨ ݒ௙ ɬɚ ܽ௙) ɬɚ ɤɭɬ ɡɦɿɲɭɜɚɧɧɹ ɦɿɠ Г ɿ Г' ɛɨɡɨɧɚɦɢ ߠ଴. ȼɨɧɢ ɜɢɡɧɚɱɚɸɬɶ ɥɚɝɪɚɧɠɿɚɧ ɧɟɣɬɪɚ-
ɥɶɧɨɝɨ ɫɬɪɭɦɭ Г' ɛɨɡɨɧɚ ɭ ɜɢɝɥɹɞɿ �௓௙௙ = 1

2 ఓܼ݂ߛఓ[(ݒ௙ɋɆ + (ହܽ௙ɋɆߛ cos ଴ߠ + ௙ݒ) + (ହܽ௙ߛ sin ଴]݂, �௓′௙௙ߠ = 1
2 ܼ′ఓ݂ߛఓ[(ݒ௙ + (ହܽ௙ߛ cos ଴ߠ + ௙ɋɆݒ) + (ହܽ௙ɋɆߛ sin !଴]݂, (1) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭߠ

ɞɟ «ɋɆ» ɩɨɡɧɚɱɚє ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ ɿɡ Г ɛɨɡɨɧɨɦ ɡɝɿɞɧɨ ɞɨ ɋɆ. ȱɫɧɭɜɚɧɧɹ Г' ɛɨ-
ɡɨɧɚ ɩɪɢɡɜɟɞɟ ɞɨ ɜɿɞɯɢɥɟɧɶ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɜɟɥɢɱɢɧ ɜɿɞ ɩɟɪɟɞɛɚɱɟɧɶ ɋɆ. ɉɟɪɜɢɧ-
ɧɨɸ ɫɩɨɫɬɟɪɟɠɭɜɚɧɨɸ ɜ ɟɤɫɩɟɪɢɦɟɧɬɚɯ є ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɣ ɩɟɪɟɪɿɡ ɪɨɡɫɿɸɜɚɧɧɹ, 
ɹɤɢɣ ɭ ɜɢɩɚɞɤɭ ɜɡɚєɦɨɞɿʀ ɞɜɨɯ ɮɟɪɦɿɨɧɧɢɯ ɫɬɪɭɦɿɜ ݂ ɬɚ ݂′ ɦɨɠɧɚ ɡɚɩɢɫɚɬɢ ɧɚɫɬɭɩ-
ɧɢɦ ɱɢɧɨɦ: ݀�݀Ω = ݀�ɋɆ݀Ω + ௙ܽڿ ௙ݒ ۀ଴ߠ ∙ ′௙௙′ሺΩ,݉௓ܨ ሻ ∙ ⌈ܽ௙′ ′௙ݒ ்⌈଴ߠ + ⋯, (2) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɞɟ Ω – ɮɚɡɨɜɢɣ ɨɛ’єɦ ɮɟɪɦɿɨɧɿɜ ɤɿɧɰɟɜɨɝɨ ɫɬɚɧɭ ɪɟɚɤɰɿʀ, ܨ௙௙′ሺΩ,݉௓′ሻ – 3ɯ3 ɦɚɬɪɢɰɹ 
ɮɚɤɬɨɪɿɜ, ܶ ɩɨɡɧɚɱɚє ɬɪɚɧɫɩɨɧɭɜɚɧɧɹ, ɚ ɤɪɚɩɤɚɦɢ ɜɿɞɨɛɪɚɠɟɧɨ ɜɢɳɿ ɩɨɪɹɞɤɢ ɬɟɨɪɿʀ 
ɡɛɭɪɟɧɶ. Ɍɨɛɬɨ, ɜɧɟɫɤɢ ɜɿɞ Г' ɛɨɡɨɧɚ ɞɨ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ є ɛɿɥɿɧɿɣɧɢɦɢ ɤɨɦɛɿɧɚɰɿɹ-
ɦɢ ɩɚɪɚɦɟɬɪɿɜ ɥɚɝɪɚɧɠɿɚɧɚ (1). 

ɉɪɢ ɧɢɡɶɤɢɯ ɟɧɟɪɝɿɹɯ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɩɨɬɪɚɩɥɹɸɬɶ ɞɨ ɫɩɨɫɬɟɪɟ-
ɠɭɜɚɧɢɯ ɪɚɡɨɦ ɡ ɨɛɟɪɧɟɧɨɸ ɦɚɫɨɸ Г' ɛɨɡɨɧɚ ɣ ɧɟ ɦɨɠɭɬɶ ɛɭɬɢ ɜɿɞɞɿɥɟɧɿ ɜɿɞ ɧɟʀ ɜ ɨɫ-
ɧɨɜɧɨɦɭ ɧɚɛɥɢɠɟɧɧɿ. Ɍɨɦɭ ɜ ɪɟɡɭɥɶɬɚɬɿ ɨɛɪɨɛɤɢ ɞɚɧɢɯ ɜɢɧɢɤɚɸɬɶ ɧɚɫɬɭɩɧɿ ɛɟɡɪɨɡ-
ɦɿɪɧɿ ɤɨɧɫɬɚɧɬɢ: ܽ௙ = ݉௓√4�݉௓′ ܽ௙ ௙ݒ        , = ݉௓√4�݉௓′ ௙ݒ . (3) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɤɨɥɚɛɨɪɚɰɿʀ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɫɬɚɧɞɚɪɬɧɢɣ ɦɨɞɟɥɶɧɨ-

ɡɚɥɟɠɧɢɣ ɩɿɞɯɿɞ ɳɨɞɨ ɩɨɲɭɤɭ ɫɢɝɧɚɥɿɜ Г' ɛɨɡɨɧɚ. Ɂɚɡɜɢɱɚɣ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɛɥɢɡɶɤɨ 
ɞɟɫɹɬɢ ɦɨɞɟɥɟɣ: ɰɟ ɦɨɞɟɥɿ ɧɚ ɨɫɧɨɜɿ ɪɿɡɧɢɯ ɝɿɥɨɤ ɫɩɨɧɬɚɧɧɨɝɨ ɩɨɪɭɲɟɧɧɹ ɤɚɥɿɛɪɭɜɚ-
ɥɶɧɨʀ ɝɪɭɩɢ ܧ଺ (߯ − ߰ ɦɨɞɟɥɶ, ɥɿɜɨ-ɩɪɚɜɚ ɦɨɞɟɥɶ), ɦɨɞɟɥɿ Ʉɚɥɭɰɢ – Ʉɥɹɣɧɚ ɡ ɞɨɞɚɬ-
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ɤɨɜɢɦɢ ɪɨɡɦɿɪɧɨɫɬɹɦɢ ɩɪɨɫɬɨɪɭ (ɭ ɰɢɯ ɦɨɞɟɥɹɯ Г' ɛɨɡɨɧ є ɡɛɭɞɠɟɧɨɸ ɦɨɞɨɸ ɧɟɣɬ-
ɪɚɥɶɧɨʀ ɨɛ'єɦɧɨʀ ɤɚɥɿɛɪɭɜɚɥɶɧɨʀ ɫɢɦɟɬɪɿʀ) ɬɚ ɛɿɥɶɲ ɟɤɡɨɬɢɱɧɿ ɬɟɨɪɿʀ (ɦɨɞɟɥɿ ɞɢɧɚɦɿɱ-
ɧɨɝɨ ɩɨɪɭɲɟɧɧɹ ɟɥɟɤɬɪɨɫɥɚɛɤɨʀ ɫɢɦɟɬɪɿʀ, ɪɨɡɲɢɪɟɧɧɹ ɒɬɸɤɟɥɶɛɟɪɝɚ ɬɚ ɿɧ.). ɍ ɤɨɠ-
ɧɿɣ ɦɨɞɟɥɿ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ є ɜɿɞɨɦɢɦɢ, ɚ єɞɢɧɢɦ ɜɿɥɶɧɢɦ ɩɚɪɚɦɟɬɪɨɦ 
ɡɚɥɢɲɚєɬɶɫɹ ɦɚɫɚ Г' ɛɨɡɨɧɚ, ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɹɤɨʀ ɨɛɱɢɫɥɸєɬɶɫɹ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɣ 
ɫɢɝɧɚɥ ɱɚɫɬɢɧɤɢ. əɤɳɨ ɫɢɝɧɚɥ ɧɟ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɧɚ ɮɨɧɿ ɫɬɚɬɢɫɬɢɱɧɢɯ ɩɨɯɢɛɨɤ, ɬɨ 
ɦɚɫɚ Г' ɛɨɡɨɧɚ ɨɛɦɟɠɭєɬɶɫɹ ɡɧɢɡɭ ɧɚ ɩɟɜɧɨɦɭ ɪɿɜɧɿ ɞɨɜɿɪɢ. Ɂɝɿɞɧɨ ɞɨ ɧɚɣɫɭɱɚɫɧɿɲɢɯ 
ɞɚɧɢɯ ɦɚɫɚ Г' ɛɨɡɨɧɚ ɞɥɹ ɩɟɪɟɥɿɤɭ ɩɨɩɭɥɹɪɧɢɯ ɦɨɞɟɥɟɣ є ɜɢɳɨɸ ɡɚ 3-3,5 Ɍɟȼ. ɉɪɨ-
ɛɥɟɦɨɸ ɦɨɞɟɥɶɧɨ-ɡɚɥɟɠɧɨɝɨ ɩɿɞɯɨɞɭ є ɜɿɞɤɪɢɬɿɫɬɶ ɩɟɪɟɥɿɤɭ ɦɨɞɟɥɟɣ ɬɚ ɜɿɞɫɭɬɧɿɫɬɶ 
ɝɚɪɚɧɬɿʀ ɳɨɞɨ ɣɨɝɨ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɦɨɠɥɢɜɨɦɭ ɪɟɚɥɿɫɬɢɱɧɨɦɭ Г' ɛɨɡɨɧɭ. 

ɍ ɧɚɣɛɿɥɶɲ ɪɚɞɢɤɚɥɶɧɢɯ ɜɟɪɫɿɹɯ ɦɨɞɟɥɶɧɨ ɧɟɡɚɥɟɠɧɨɝɨ ɩɨɲɭɤɭ ɫɢɝɧɚɥɿɜ Г' ɛɨ-
ɡɨɧɚ ɣɨɝɨ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿɣ ɬɚ ɤɭɬ ɡɦɿɲɭɜɚɧɧɹ ɡ Г ɛɨɡɨɧɨɦ ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɹɤ ɧɟ-
ɡɚɥɟɠɧɿ ɜɿɥɶɧɿ ɩɚɪɚɦɟɬɪɢ. ȼɿɞɨɦɢɦ ɦɨɞɟɥɶɧɨ-ɧɟɡɚɥɟɠɧɢɦ ɦɟɬɨɞɨɦ є ɟɮɟɤɬɢɜɧɿ ɥɚɝ-
ɪɚɧɠɿɚɧɢ (ɬɚɤ ɡɜɚɧɿ «ɟɮɟɤɬɢɜɧɿ ɤɨɧɬɚɤɬɧɿ ɜɡɚєɦɨɞɿʀ», «ɫɩɿɪɚɥɶɧɿ ɦɨɞɟɥɿ ɧɨɜɨʀ ɮɿɡɢ-
ɤɢ»), ɹɤɿ ɨɩɢɫɭɸɬɶ ɩɪɢ ɧɢɡɶɤɢɯ ɟɧɟɪɝɿɹɯ ɭɫɿ ɦɨɠɥɢɜɿ ɤɨɧɬɚɤɬɧɿ ɜɡɚєɦɨɞɿʀ ɦɿɠ ɮɟɪɦɿ-
ɨɧɚɦɢ ɡɚ ɪɚɯɭɧɨɤ ɩɪɨɦɿɠɧɨɝɨ ɫɬɚɧɭ Г' ɛɨɡɨɧɚ. Ɂɚɜɟɥɢɤɚ ɤɿɥɶɤɿɫɬɶ ɧɟɜɿɞɨɦɢɯ ɩɚɪɚɦɟ-
ɬɪɿɜ є ɩɪɨɛɥɟɦɨɸ ɦɨɞɟɥɶɧɨ-ɧɟɡɚɥɟɠɧɢɯ ɩɿɞɯɨɞɿɜ, ɛɨ ɫɭɬɬєɜɨ ɭɫɤɥɚɞɧɸє ʀɯ ɜɢɦɿɪɸ-
ɜɚɧɧɹ ɜ ɟɤɫɩɟɪɢɦɟɧɬɿ ɬɚ ɡɧɢɠɭє ɟɮɟɤɬɢɜɧɿɫɬɶ ɫɬɚɬɢɫɬɢɱɧɢɯ ɨɰɿɧɨɤ. Ɂɿɬɤɧɭɜɲɢɫɶ ɿɡ 
ɰɿєɸ ɩɪɨɛɥɟɦɨɸ ɩɪɢ ɮɿɬɭɜɚɧɧɿ «ɫɩɿɪɚɥɶɧɢɯ ɦɨɞɟɥɟɣ» ɞɥɹ ɜɿɞɯɢɥɟɧɶ ɜɿɞ ɋɆ, ɤɨɥɚ-
ɛɨɪɚɰɿʀ LEP ɨɛɦɟɠɢɥɢɫɹ ɥɢɲɟ ɨɞɧɨɸ ɜɿɞɦɿɧɧɨɸ ɜɿɞ ɧɭɥɹ ɤɨɧɬɚɤɬɧɨɸ ɜɡɚєɦɨɞɿєɸ 
(AA-ɦɨɞɟɥɶ, VV-ɦɨɞɟɥɶ ɿ ɬ.ɿɧ.), ɳɨ ɧɟ ɜɿɞɩɨɜɿɞɚє ɠɨɞɧɿɣ ɪɟɚɥɿɫɬɢɱɧɿɣ ɱɚɫɬɢɧɰɿ. 
Ȼɿɥɶɲ ɡɚɝɚɥɶɧɢɣ ɱɨɬɢɪɢɩɚɪɚɦɟɬɪɢɱɧɢɣ ɚɧɚɥɿɡ ɧɚ ɨɫɧɨɜɿ ɫɩɿɪɚɥɶɧɨʀ ɦɨɞɟɥɿ ɤɨɧɬɚɤɬ-
ɧɢɯ ɜɡɚєɦɨɞɿɣ ɮɟɪɦɿɨɧɿɜ ɛɭɥɨ ɩɪɨɜɟɞɟɧɨ ɜ ɪɨɛɨɬɚɯ ɉ. Ɉɫɥɚɧɞɚ, Ⱥ. ɉɚɧɤɨɜɚ ɬɚ ɿɧ. ɍ 
ɪɟɡɭɥɶɬɚɬɿ ɨɛɪɨɛɤɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɛɭɥɢ ɨɬɪɢɦɚɧɿ ɞɨɩɭɫɬɢɦɿ ɞɨɦɟɧɢ ɜ 
ɩɚɪɚɦɟɬɪɢɱɧɨɦɭ ɩɪɨɫɬɨɪɿ ɦɨɞɟɥɟɣ, ɚɥɟ ɜ ɰɶɨɦɭ ɚɧɚɥɿɡɿ ɬɚɤɨɠ ɭ ɩɪɢɧɰɢɩɿ ɧɟɦɨɠɥɢɜɨ 
ɪɨɡɪɿɡɧɢɬɢ ɤɨɧɤɪɟɬɧɭ ɱɚɫɬɢɧɤɭ ɩɨɡɚ ɋɆ. ɐɿɤɚɜɢɦ ɦɨɞɟɥɶɧɨ-ɧɟɡɚɥɟɠɧɢɦ ɩɿɞɯɨɞɨɦ 
ɡɚɡɧɚɱɟɧɢɯ ɚɜɬɨɪɿɜ є ɬɚɤɨɠ ɩɨɛɭɞɨɜɚ ɿɧɬɟɝɪɚɥɶɧɢɯ ɩɟɪɟɪɿɡɿɜ ɪɨɡɫɿɸɜɚɧɧɹ ɬɢɩɭ ɚɫɢ-
ɦɟɬɪɿʀ «ɜɩɟɪɟɞ-ɧɚɡɚɞ» ɱɢ «ɰɟɧɬɪ-ɝɪɚɧɢɰɹ» ɡɚɞɥɹ ɜɢɞɿɥɟɧɧɹ ɫɢɝɧɚɥɭ ɜɿɞ ɩɪɨɦɿɠɧɨɝɨ 
ɫɬɚɧɭ ɡ ɬɢɦ ɱɢ ɿɧɲɢɦ ɫɩɿɧɨɦ – ɫɢɝɧɚɥ Г' ɛɨɡɨɧɚ ɜɿɞɩɨɜɿɞɚє ɫɩɿɧɭ ɨɞɢɧɢɰɹ ɬɚ ɦɨɠɟ 
ɛɭɬɢ ɜɿɞɞɿɥɟɧɢɣ ɜɿɞ ɫɢɝɧɚɥɭ ɫɤɚɥɹɪɧɨʀ ɱɚɫɬɢɧɤɢ (ɫɩɿɧ ɧɭɥɶ) ɚɛɨ ɝɪɚɜɿɬɨɧɿɜ (ɫɩɿɧ ɞɜɚ). 
ɋɟɪɟɞ ɿɧɲɢɯ ɩɿɞɯɨɞɿɜ ɞɨ ɩɨɲɭɤɭ Г' ɛɨɡɨɧɚ ɫɥɿɞ ɡɝɚɞɚɬɢ ɩɪɟɰɢɡɿɣɧɿ ɜɢɦɿɪɸɜɚɧɧɹ ɜ 
ɩɪɨɰɟɫɚɯ ɿɡ ɬɚɤ ɡɜɚɧɢɦɢ ɧɟɣɬɪɚɥɶɧɢɦɢ ɫɬɪɭɦɚɦɢ ɧɢɡɶɤɨʀ ɟɧɟɪɝɿʀ (ɞɚɧɿ ɩɪɨ ɩɨɪɭɲɟɧ-
ɧɹ ɩɚɪɧɨɫɬɿ ɜ ɰɟɡɿʀ ɬɚ ɫɩɿɥɶɧɢɣ ɚɧɚɥɿɡ ɞɚɧɢɯ ɡ ɩɨɪɭɲɟɧɶ ɩɚɪɧɨɫɬɿ ɜ ɚɬɨɦɚɯ, ɧɟɩɪɭɠ-
ɧɨɝɨ ɪɨɡɫɿɸɜɚɧɧɹ ɧɟɣɬɪɢɧɨ ɣ ɪɨɡɫɿɸɜɚɧɧɹ ɧɟɣɬɪɢɧɨ ɧɚ ɟɥɟɤɬɪɨɧɚɯ, ɜɢɤɨɧɚɧɢɣ Ƚ. ɑɨ 
ɬɚ ɿɧ.), ɹɤɿ ɬɚɤɨɠ ɨɛɦɟɠɭɸɬɶ ɤɨɧɬɚɤɬɧɿ ɜɡɚєɦɨɞɿʀ, ɳɨ ɿɧɞɭɤɨɜɚɧɿ ɩɪɢ ɧɢɡɶɤɢɯ ɟɧɟɪɝɿ-
ɹɯ ɩɪɨɦɿɠɧɢɦ ɫɬɚɧɨɦ Г' ɛɨɡɨɧɚ. 

Ⱦɥɹ ɫɩɨɫɬɟɪɟɠɟɧɧɹ ɫɢɝɧɚɥɭ Г' ɛɨɡɨɧɚ ɣɨɝɨ ɧɟɨɛɯɿɞɧɨ ɜɢɞɿɥɢɬɢ ɬɚ ɩɨɫɢɥɢɬɢ ɭ 
ɜɢɝɥɹɞɿ ɜɿɞɩɨɜɿɞɧɨʀ ɫɩɨɫɬɟɪɟɠɭɜɚɧɨʀ. ɉɨɧɹɬɬɹ «ɫɢɝɧɚɥ» ɡɚɡɜɢɱɚɣ ɨɡɧɚɱɚє ɜɿɞɯɢɥɟɧɧɹ 
ɜɿɞ ɧɭɥɹ ɞɟɹɤɨɝɨ ɩɚɪɚɦɟɬɪɚ Г' ɛɨɡɨɧɚ (ɤɨɧɫɬɚɧɬɢ ɡɜ'ɹɡɤɭ, ɦɚɫɢ ɬɨɳɨ) ɩɪɢ ɨɛɪɨɛɰɿ ɞɚ-
ɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɭ ɩɪɢ ɡɚɞɚɧɨɦɭ ɪɿɜɧɿ ɞɨɫɬɨɜɿɪɧɨɫɬɿ. ɑɢɦ ɛɿɥɶɲɟ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɿɜ 
ɿɧɬɟɪɮɟɪɭɸɬɶ ɭ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɣ, ɬɢɦ ɫɥɚɛɲɿ ɨɛɦɟɠɟɧɧɹ ɧɚ ɩɚɪɚɦɟɬɪɢ ɜɢɯɨɞɹɬɶ ɭ 
ɪɟɡɭɥɶɬɚɬɿ ɮɿɬɭɜɚɧɧɹ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɤɥɸɱɨɜɨɸ ɩɪɨɛɥɟɦɨɸ ɞɥɹ ɜɿɞɤɪɢɬɬɹ ɫɢɝɧɚɥɭ Г' 
ɛɨɡɨɧɚ є ɫɤɨɪɨɱɟɧɧɹ ɱɢɫɥɚ ɧɟɜɿɞɨɦɢɯ ɩɚɪɚɦɟɬɪɿɜ ɭ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿɣ, ɹɤɚ ɜɢɤɨɪɢɫɬɨ-
ɜɭєɬɶɫɹ ɞɥɹ ɨɛɪɨɛɤɢ ɞɚɧɢɯ. ɇɚɣɛɿɥɶɲ ɫɬɚɬɢɫɬɢɱɧɨ ɟɮɟɤɬɢɜɧɢɣ ɫɰɟɧɚɪɿɣ ɩɟɪɟɞɛɚɱɚє 
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ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ. Ɉɞɧɚɤ, ɿ ɞɜɨɩɚɪɚɦɟɬɪɢɱɧɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ ɬɚɤɨɠ 
ɦɨɠɭɬɶ ɛɭɬɢ ɤɨɪɢɫɧɢɦɢ ɣ ɞɨɜɨɥɿ ɟɮɟɤɬɢɜɧɢɦɢ. ɋɬɪɚɬɟɝɿɹ ɩɨɛɭɞɨɜɢ ɫɩɨɫɬɟɪɟɠɭɜɚ-
ɧɢɯ, ɳɨ ɡɚɥɟɠɚɬɶ ɜɿɞ ɨɞɧɨɝɨ ɱɢ ɞɜɨɯ ɩɚɪɚɦɟɬɪɿɜ ɬɚ ʀɯ ɡɚɫɬɨɫɭɜɚɧɧɹ ɞɥɹ ɚɧɚɥɿɡɭ ɞɚɧɢɯ 
ɟɤɫɩɟɪɢɦɟɧɬɿɜ, є ɨɞɧɿєɸ ɡ ɤɥɸɱɨɜɢɯ ɿɞɟɣ ɞɨɫɥɿɞɠɟɧɧɹ, ɩɪɨɜɟɞɟɧɨɝɨ ɜ ɞɢɫɟɪɬɚɰɿʀ. 

ɒɥɹɯɨɦ ɜɢɪɿɲɟɧɧɹ ɩɪɨɛɥɟɦɢ ɜɟɥɢɤɨʀ ɤɿɥɶɤɨɫɬɿ ɧɟɜɿɞɨɦɢɯ ɩɚɪɚɦɟɬɪɿɜ Г' ɛɨɡɨɧɚ 
ɦɨɠɭɬɶ ɜɢɫɬɭɩɚɬɢ ɩɟɜɧɿ ɨɛɦɟɠɟɧɧɹ ɧɚ ɜɢɛɿɪ ɬɢɯ ɱɢ ɿɧɲɢɯ ɡɧɚɱɟɧɶ ɩɚɪɚɦɟɬɪɿɜ, ɳɨ 
ɜɢɩɥɢɜɚɸɬɶ ɿɡ ɫɚɦɨɭɡɝɨɞɠɟɧɨɫɬɿ ɬɟɨɪɿʀ. ɇɚɩɪɢɤɥɚɞ, ɜɚɠɥɢɜɨɸ ɜɢɦɨɝɨɸ ɞɨ ɩɨɫɥɿɞɨ-
ɜɧɨʀ ɡɚɦɤɧɟɧɨʀ ɬɟɨɪɿʀ є ʀʀ ɪɟɧɨɪɦɨɜɧɿɫɬɶ, ɹɤɚ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɩɟɜɧɢɯ ɡɜ'ɹɡɤɿɜ ɦɿɠ ɩɚ-
ɪɚɦɟɬɪɚɦɢ, ɳɨ ɡɚɛɟɡɩɟɱɭɸɬɶ ɫɤɨɪɨɱɟɧɧɹ ɭɥɶɬɪɚɮɿɨɥɟɬɨɜɢɯ ɪɨɡɛɿɠɧɨɫɬɟɣ ɭ ɫɩɨɫɬɟ-
ɪɟɠɭɜɚɧɢɯ ɜɟɥɢɱɢɧɚɯ. ȼɢɦɨɝɚ ɪɟɧɨɪɦɨɜɧɨɫɬɿ ɞɨɡɜɨɥɹє ɨɛɦɟɠɢɬɢɫɹ ɪɨɡɝɥɹɞɨɦ ɥɨɤɚ-
ɥɶɧɢɯ ɮɭɧɞɚɦɟɧɬɚɥɶɧɢɯ ɜɡɚєɦɨɞɿɣ ɿɡ ɦɿɧɿɦɚɥɶɧɨɸ ɤɿɥɶɤɿɫɬɸ ɜɿɥɶɧɢɯ ɩɚɪɚɦɟɬɪɿɜ. ɍ 
ɩɨɩɟɪɟɞɧɿɯ ɪɨɛɨɬɚɯ ɡɞɨɛɭɜɚɱɚ ɛɭɥɨ ɨɬɪɢɦɚɧɨ ɜɡɚєɦɨɡɜ'ɹɡɤɢ ɦɿɠ ɤɨɧɫɬɚɧɬɚɦɢ ɜɡɚє-
ɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɩɪɢ ɞɟɹɤɢɯ ɞɨɫɬɚɬɧɶɨ ɡɚɝɚɥɶɧɢɯ ɩɪɢɩɭɳɟɧɧɹɯ, ɳɨ ɨɯɨɩɥɸɸɬɶ, ɡɨɤ-
ɪɟɦɚ, ɧɢɡɤɭ ɩɨɩɭɥɹɪɧɢɯ ɦɨɞɟɥɟɣ, ɹɤɿ ɨɛɝɨɜɨɪɸɸɬɶɫɹ ɜ ɥɿɬɟɪɚɬɭɪɿ. ɐɟ ɧɚɞɚє ɦɨɠɥɢ-
ɜɿɫɬɶ ɜɿɞɿɣɬɢ ɜɿɞ ɦɨɞɟɥɶɧɨ ɡɚɥɟɠɧɨɝɨ ɚɧɚɥɿɡɭ, ɡɛɟɪɿɝɚɸɱɢ ɩɪɢ ɰɶɨɦɭ ɦɿɧɿɦɚɥɶɧɢɣ 

ɧɚɛɿɪ ɧɟɜɿɞɨɦɢɯ ɩɚɪɚɦɟɬɪɿɜ ɞɥɹ ɮɿɬɭɜɚɧɧɹ ɜ ɟɤɫɩɟɪɢɦɟɧɬɿ. ȱɫɧɭɸɬɶ ɞɜɚ ɪɿɡɧɿ ɬɢɩɢ 
ɫɩɿɜɜɿɞɧɨɲɟɧɶ ɦɿɠ ɤɨɧɫɬɚɧɬɚɦɢ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ, ɹɤɿ ɦɨɠɧɚ ɧɚɡɜɚɬɢ ɚɛɟɥɟɜɢɦ ɬɚ 
ɤɿɪɚɥɶɧɢɦ Г' ɛɨɡɨɧɨɦ. ɇɚɣɛɿɥɶɲ ɰɿɤɚɜɢɦ ɜɢɩɚɞɤɨɦ є ɚɛɟɥɟɜɢɣ Г' ɛɨɡɨɧ, ɳɨ ɛɿɥɶɲɨɸ 
ɦɿɪɨɸ ɜɿɞɩɨɜɿɞɚє ɩɨɩɭɥɹɪɧɢɦ ɦɨɞɟɥɹɦ ɬɚ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɧɚɫɬɭɩɧɢɦɢ ɫɩɿɜɜɿɞɧɨ-
ɲɟɧɧɹɦɢ ɦɿɠ ɤɨɧɫɬɚɧɬɚɦɢ ɜɡɚєɦɨɞɿʀ ɜ ɥɚɝɪɚɧɠɿɚɧɿ (1): ܽ௟ = ܽௗ = −ܽఔ = −ܽ� = ௗݒ ,ܽ = �ݒ + ௟ݒ       ,2ܽ = ఔݒ + 2ܽ, (4) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɞɟ ݈, ,ߥ ݀, -ɡɚɪɹɞɠɟɧɢɣ ɥɟɩɬɨɧ, ɧɟɣɬɪɢɧɨ, ɤɜɚɪɤ ɧɢɠɧɶɨɝɨ ɬɚ ɜɟɪɯɧɶɨɝɨ ɬɢɩɭ. Ɉɫ – ݑ
ɧɨɜɧɨɸ ɪɢɫɨɸ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ є ɬɟ, ɳɨ ɤɨɧɫɬɚɧɬɚ ɜɡɚєɦɨɞɿʀ ɡ ɚɤɫɿɚɥɶɧɨ-

ɜɟɤɬɨɪɧɢɦɢ ɮɟɪɦɿɨɧɧɢɦɢ ɫɬɪɭɦɚɦɢ ɦɚє ɭɧɿɜɟɪɫɚɥɶɧɟ ɚɛɫɨɥɸɬɧɟ ɡɧɚɱɟɧɧɹ ɩɪɨɩɨɪ-
ɰɿɣɧɟ ɞɨ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡɿ ɫɤɚɥɹɪɧɢɦ ɩɨɥɟɦ. Ʉɭɬ ɡɦɿɲɭɜɚɧɧɹ ɬɚɤɨɠ ɜɢɡɧɚɱɚєɬɶ-
ɫɹ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɨɸ ɤɨɧɫɬɚɧɬɨɸ: ߠ଴ ≈ −ܽ sin ��ௐ√4ߠ2 ݉௓ଶ݉௓′ଶ , (5) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɞɟ ߠௐ – ɤɭɬ ȼɚɣɧɛɟɪɝɚ, � – ɫɬɚɥɚ ɬɨɧɤɨʀ ɫɬɪɭɤɬɭɪɢ. ɍ ɪɟɡɭɥɶɬɚɬɿ ɱɢɫɥɨ ɧɟɜɿɞɨɦɢɯ 
ɧɟɡɚɥɟɠɧɢɯ ɩɚɪɚɦɟɬɪɿɜ Г' ɿɫɬɨɬɧɨ ɫɤɨɪɨɱɭєɬɶɫɹ. 

Ʉɿɪɚɥɶɧɢɣ ɬɢɩ Г' ɛɨɡɨɧɚ ɜɡɚєɦɨɞɿє ɥɢɲɟ ɡ ɥɿɜɢɦɢ ɤɿɪɚɥɶɧɢɦɢ ɫɬɚɧɚɦɢ ɮɟɪɦɿɨ-
ɧɿɜ, ɩɪɢɱɨɦɭ ɚɛɫɨɥɸɬɧɟ ɡɧɚɱɟɧɧɹ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ є ɭɧɿɜɟɪɫɚɥɶɧɢɦ ɭ ɦɟɠɚɯ ɤɨ-
ɠɧɨɝɨ ɞɭɛɥɟɬɭ ɋɆ: ݒ௙ = −ܽ௙ , ௗݒ = ௟ݒ       ,�ݒ− = ఔݒ− . (6) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!
Ʉɭɬ ɡɦɿɲɭɜɚɧɧɹ ߠ଴ ɞɥɹ ɤɿɪɚɥɶɧɨɝɨ Г' ɛɨɡɨɧɚ ɜɢɫɬɭɩɚє ɧɟɡɚɥɟɠɧɢɦ ɩɚɪɚɦɟɬɪɨɦ. 

Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɿɡ ɧɚɣɦɟɧɲɨɸ ɤɿɥɶɤɿɫɬɸ ɧɟɜɿɞɨɦɢɯ ɩɚɪɚɦɟɬɪɿɜ 
Г' ɛɨɡɨɧɚ ɜ ɞɢɫɟɪɬɚɰɿʀ ɪɨɡɜɢɧɭɬɨ ɿɞɟɸ ɩɪɨ ɜɢɞɿɥɟɧɧɹ ɯɚɪɚɤɬɟɪɧɢɯ ɨɛɥɚɫɬɟɣ ɞɥɹ ɿɧɬɟ-
ɝɪɭɜɚɧɧɹ ɩɟɪɟɪɿɡɭ ɪɨɡɫɿɸɜɚɧɧɹ ɭ ɮɚɡɨɜɨɦɭ ɩɪɨɫɬɨɪɿ ɩɪɨɞɭɤɬɿɜ ɪɟɚɤɰɿʀ. ɐɹ ɿɞɟɹ ɭɡɚ-
ɝɚɥɶɧɸє ɜɿɞɨɦɟ ɩɨɧɹɬɬɹ ɚɫɢɦɟɬɪɿʀ «ɜɩɟɪɟɞ-ɧɚɡɚɞ», ɳɨ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɩɪɢ ɚɧɚɥɿɡɿ 
ɞɚɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɦɢ ɦɨɠɟɦɨ ɜɢɞɿɥɹɬɢ ɬɚ ɜɢɦɿɪɸɜɚɬɢ ɤɨɧɫɬɚɧɬɢ 
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ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɥɟɩɬɨɧɚɦɢ ɬɚ ɤɜɚɪɤɚɦɢ ɡɚ ɜɫɿєɸ ɫɭɤɭɩɧɿɫɬɸ ɫɭɱɚɫɧɢɯ ɟɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ. Ɍɚɤɚ ɡɚɞɚɱɚ є ɧɨɜɨɸ ɿ ɫɭɬɬєɜɨ ɞɨɩɨɜɧɸє ɬɪɚɞɢɰɿɣɧɿ ɩɿɞɯɨɞɢ ɳɨɞɨ 
ɨɛɦɟɠɟɧɶ ɧɚ ɦɚɫɭ Г' ɛɨɡɨɧɚ. 

ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɟ ɜɿɞɤɪɢɬɬɹ ɛɨɡɨɧɭ ɏɿʉʉɫɚ ɚɤɬɭɚɥɿɡɭє ɩɢɬɚɧɧɹ ɩɪɨ ɦɟɯɚɧɿɡɦ ɝɟ-
ɧɟɪɚɰɿʀ ɦɚɫ ɟɥɟɦɟɧɬɚɪɧɢɯ ɱɚɫɬɢɧɨɤ ɬɚ ɩɪɨ ɯɚɪɚɤɬɟɪ ɮɚɡɨɜɢɯ ɩɟɪɟɯɨɞɿɜ ɭ ɪɚɧɿɲɧɶɨɦɭ 
ȼɫɟɫɜɿɬɿ. ɋɆ ɩɟɪɟɞɛɚɱɭє ɜɢɧɢɤɧɟɧɧɹ ɦɚɫ ɱɚɫɬɢɧɨɤ ɡɚ ɪɚɯɭɧɨɤ ɜɡɚєɦɨɞɿʀ ɡ ɦɚɤɪɨɫɤɨ-
ɩɿɱɧɢɦ ɤɨɧɞɟɧɫɚɬɨɦ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ, ɹɤɢɣ ɡɚɩɨɜɧɸє ɜɚɤɭɭɦ ɩɪɢ ɧɢɡɶɤɿɣ ɬɟɦɩɟɪɚ-
ɬɭɪɿ ɬɚ ɩɨɪɭɲɭє ɧɢɡɤɭ ɫɢɦɟɬɪɿɣ, ɹɤɿ ɩɨɬɪɿɛɧɿ ɡ ɬɨɱɤɢ ɡɨɪɭ ɬɟɨɪɿʀ ɞɥɹ ɫɬɚɛɿɥɶɧɨʀ ɩɨɜɟ-
ɞɿɧɤɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɢɯ ɜɡɚєɦɨɞɿɣ ɩɪɢ ɜɢɫɨɤɢɯ ɟɧɟɪɝɿɹɯ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɫɤɚɥɹɪɧɢɣ 
ɫɟɤɬɨɪ ɋɆ ɬɚ ɩɨɜ'ɹɡɚɧɟ ɡ ɧɢɦ ɫɩɨɧɬɚɧɧɟ ɩɨɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ ɜɢɡɧɚɱɚє ɩɟɜɧɢɣ ɮɚɡɨ-
ɜɢɣ ɩɟɪɟɯɿɞ ɭ ɪɚɧɿɲɧɶɨɦɭ ȼɫɟɫɜɿɬɿ – ɟɥɟɤɬɪɨɫɥɚɛɤɢɣ ɮɚɡɨɜɢɣ ɩɟɪɟɯɿɞ – ɬɚ ɛɚɝɚɬɨ ɚɫ-
ɩɟɤɬɿɜ ɳɨɞɨ ɤɨɫɦɨɥɨɝɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ȼɫɟɫɜɿɬɭ ɜ ɰɿɥɨɦɭ. Ɂɨɤɪɟɦɚ, ɟɥɟɤɬɪɨɫɥɚɛ-
ɤɢɣ ɮɚɡɨɜɢɣ ɩɟɪɟɯɿɞ ɩɟɪɲɨɝɨ ɪɨɞɭ ɦɨɠɟ ɩɨɹɫɧɢɬɢ ɜɢɧɢɤɧɟɧɧɹ ɚɫɢɦɟɬɪɿʀ ɦɿɠ ɦɚɬɟ-
ɪɿєɸ ɬɚ ɚɧɬɢɦɚɬɟɪɿєɸ (ɭɦɨɜɢ Ⱦ. ɋɚɯɚɪɨɜɚ ɫɬɨɫɨɜɧɨ ɛɚɪɿɨɝɟɧɟɡɭ). ɐɟ ɩɨɹɫɧɸє ɧɟ-
ɡɦɿɧɧɭ ɭɜɚɝɭ ɞɨ ɫɤɚɥɹɪɧɢɯ ɦɨɞɟɥɟɣ ɭ ɤɜɚɧɬɨɜɿɣ ɬɟɨɪɿʀ ɩɨɥɹ ɩɪɨɬɹɝɨɦ ɩɨɧɚɞ 40 ɪɨɤɿɜ 
ɬɚ ɜɟɥɢɱɟɡɧɭ ɤɿɥɶɤɿɫɬɶ ɩɭɛɥɿɤɚɰɿɣ ɡɚ ɰɿєɸ ɬɟɦɚɬɢɤɨɸ. Ɉɤɪɿɦ ɤɜɚɧɬɨɜɨʀ ɬɟɨɪɿʀ ɩɨɥɹ, 
ɦɨɞɟɥɿ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ɡɿ ɫɩɨɧɬɚɧɧɢɦ ɩɨɪɭɲɟɧɧɹɦ ɫɢɦɟɬɪɿʀ ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɜ ɿɧɲɢɯ 
ɨɛɥɚɫɬɹɯ ɮɿɡɢɤɢ, ɡɨɤɪɟɦɚ, ɜ ɬɟɨɪɿʀ ɤɨɥɟɤɬɢɜɧɢɯ ɹɜɢɳ, ɤɜɚɧɬɨɜɢɯ ɬɨɱɨɤ, ɜɢɫɨɤɨɬɟɦ-
ɩɟɪɚɬɭɪɧɨʀ ɧɚɞɩɪɨɜɿɞɧɨɫɬɿ ɣ ɬ.ɿɧ. ɍ ɥɿɬɟɪɚɬɭɪɿ ɜ ɱɢɫɥɟɧɧɢɯ ɩɭɛɥɿɤɚɰɿɹɯ ɨɛɝɨɜɨɪɸ-
ɸɬɶɫɹ ɦɨɞɟɥɿ ɡ ɪɿɡɧɢɦ ɱɢɫɥɨɦ ɤɨɦɩɨɧɟɧɬ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ɬɚ ɪɿɡɧɨɸ ɪɨɡɦɿɪɧɿɫɬɸ 
ɩɪɨɫɬɨɪɭ-ɱɚɫɭ. 

Ɇɨɞɟɥɿ ɡ ɪɨɡɲɢɪɟɧɢɦɢ ɤɚɥɿɛɪɭɜɚɥɶɧɢɦɢ ɝɪɭɩɚɦɢ, ɳɨ ɦɿɫɬɹɬɶ Г' ɛɨɡɨɧ, ɬɚɤɨɠ 
ɩɨɬɪɟɛɭɸɬɶ ɦɟɯɚɧɿɡɦɢ ɩɨɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ ɬɚ ɝɟɧɟɪɚɰɿʀ ɜɚɠɤɢɯ ɦɚɫ. ɇɚɣɩɨɩɭɥɹɪɧɿ-
ɲɢɦ ɜɚɪɿɚɧɬɨɦ є ɜɤɥɸɱɟɧɧɹ ɜ ɦɨɞɟɥɶ ɫɤɚɥɹɪɧɨɝɨ ɫɟɤɬɨɪɭ ɿɡ ɜɡɚєɦɨɞɿєɸ, ɳɨ ɫɩɨɧ-
ɬɚɧɧɨ ɩɨɪɭɲɭє ɫɢɦɟɬɪɿєɸ. Ɉɬɠɟ, ɜɥɚɫɬɢɜɨɫɬɿ ɫɩɨɧɬɚɧɧɨɝɨ ɩɨɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ ɜ 
ɫɤɚɥɹɪɧɢɯ ɦɨɞɟɥɹɯ  ɦɨɠɭɬɶ ɜɢɹɜɢɬɢɫɹ ɤɨɪɢɫɧɢɦɢ ɜ ɦɚɣɛɭɬɧɶɨɦɭ ɞɥɹ ɪɨɡɭɦɿɧɧɹ, ɹɤɿ 
ɫɚɦɟ ɜɚɪɿɚɧɬɢ ɦɨɞɟɥɟɣ Г' ɛɨɡɨɧɚ є ɫɭɦɿɫɧɢɦɢ ɡ ɤɨɫɦɨɥɨɝɿєɸ ɬɚ ɟɜɨɥɸɰɿєɸ ȼɫɟɫɜɿɬɭ. 

ɇɚɣɛɿɥɶɲ ɿɧɬɪɢɝɭɸɱɟ ɡ ɬɨɱɤɢ ɡɨɪɭ ɤɨɫɦɨɥɨɝɿʀ ɩɢɬɚɧɧɹ – ɰɟ ɭɦɨɜɢ, ɡɚ ɹɤɿ ɫɩɨɧ-
ɬɚɧɧɟ ɩɨɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ ɜɿɞɛɭɜɚєɬɶɫɹ ɱɟɪɟɡ ɮɚɡɨɜɢɣ ɩɟɪɟɯɿɞ ɩɟɪɲɨɝɨ ɪɨɞɭ. Ⱥɧɚɥɿ-
ɬɢɱɧɿ ɦɟɬɨɞɢ ɩɟɪɟɫɭɦɭɜɚɧɧɹ ɪɨɡɜɢɧɟɧɶ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɩɪɢɡɜɨɞɹɬɶ ɞɨ ɩɪɨɬɢɪɿɱ ɦɿɠ 
ɜɢɫɧɨɜɤɚɦɢ ɪɿɡɧɢɯ ɚɜɬɨɪɿɜ: ɞɪɭɝɢɣ ɪɨɞ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɨɬɪɢɦɚɧɨ, ɧɚɩɪɢɤɥɚɞ, ɭ 

ɪɨɛɨɬɚɯ Ƀ. Ȼɚɚɤɟ, ȿ. ɇɚɤɚɧɨ ɬɚ ɿɧ., ɩɟɪɲɢɣ ɪɨɞ – ɭ ɪɨɛɨɬɚɯ Ɇ. Ȼɨɪɞɚɝɚ, ȼ. ɋɤɚɥɨɡɭɛɚ 
ɬɚ ɿɧ. ɑɢɫɟɥɶɧɿ ɟɤɫɩɟɪɢɦɟɧɬɢ ɦɟɬɨɞɚɦɢ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɡɞɟɛɿɥɶɲɨɝɨ ɩɨɤɚɡɭɸɬɶ ɞɪɭɝɢɣ 
ɪɨɞ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ. ɍ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɜɜɚɠɚєɬɶɫɹ, ɳɨ ɬɚɤɚ ɧɿɛɢɬɨ ɡɚɩɥɭɬɚ-
ɧɚ ɤɚɪɬɢɧɚ є ɧɚɫɥɿɞɤɨɦ ɬɨɝɨ, ɳɨ ɿɫɧɭє ɡɚɥɟɠɧɿɫɬɶ ɪɨɞɭ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɜɿɞ ɤɨɧɫ-
ɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ, ɚ, ɨɬɠɟ, ɩɟɜɧɿ ɦɟɬɨɞɢ ɦɨɠɭɬɶ ɞɨɛɪɟ ɩɪɚɰɸɜɚɬɢ ɩɪɢ 
ɨɞɧɢɯ ɡɧɚɱɟɧɧɹɯ ɰɶɨɝɨ ɩɚɪɚɦɟɬɪɭ ɬɚ ɯɢɛɢɬɢ ɩɪɢ ɿɧɲɢɯ. 

Ⱦɨɫɥɿɞɠɟɧɧɹ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɭɫɤɥɚɞɧɸєɬɶɫɹ ɬɢɦ, ɳɨ ɜ ɨɤɨɥɿ ɤɪɢɬɢɱɧɨʀ ɬɟɦ-
ɩɟɪɚɬɭɪɢ ɡɪɨɫɬɚє ɪɨɥɶ ɧɟɩɟɪɬɭɪɛɚɬɢɜɧɢɯ ɟɮɟɤɬɿɜ ɬɚ ɝɭɛɢɬɶɫɹ ɦɚɥɢɣ ɩɚɪɚɦɟɬɪ ɞɥɹ 
ɪɨɡɜɢɧɟɧɶ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɩɪɢ ɚɧɚɥɿɬɢɱɧɢɯ ɪɨɡɪɚɯɭɧɤɚɯ. ɍ ɰɿɣ ɫɢɬɭɚɰɿʀ ɡɪɨɫ-
ɬɚє ɪɨɥɶ ɤɨɦɩ'ɸɬɟɪɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ – ɱɢɫɟɥɶɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ. ɑɢ ɧɟ ɧɚɣɩɨɩɭɥɹ-
ɪɧɿɲɢɦ ɤɨɦɩ'ɸɬɟɪɧɢɦ ɟɤɫɩɟɪɢɦɟɧɬɨɦ є ɦɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɜ ɞɢɫɤɪɟɬɢɡɨɜɚɧɨɦɭ 
ɩɪɨɫɬɨɪɿ-ɱɚɫɿ (ɬɚɤ ɡɜɚɧɿ ʉɪɚɬɤɨɜɿ ɦɨɞɟɥɿ). Ɉɞɧɚɤ, ʉɪɚɬɤɨɜɿ ɦɨɞɟɥɿ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬ-
ɧɨɝɨ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ (ɡ ɧɟɩɟɪɟɪɜɧɨɸ ɫɢɦɟɬɪɿєɸ) ɫɬɢɤɚɸɬɶɫɹ ɡ ɩɪɨɛɥɟɦɨɸ ɱɚɫɬɢɧɨɤ 
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ʈɨɥɞɫɬɨɭɧɚ: ɩɪɢ ɫɩɨɧɬɚɧɧɨɦɭ ɩɨɪɭɲɟɧɧɿ ɧɟɩɟɪɟɪɜɧɨʀ ɫɢɦɟɬɪɿʀ ɞɟɹɤɿ ɤɨɦɩɨɧɟɧɬɢ 
ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ɧɚɛɭɜɚɸɬɶ ɦɚɫɭ, ɬɨɞɿ ɹɤ ɪɟɲɬɚ, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ ɧɟɩɨɪɭɲɟɧɿɣ ɩɿɞɝ-
ɪɭɩɿ, ɡɚɥɢɲɚɸɬɶɫɹ ɛɟɡɦɚɫɨɜɢɦɢ (ɱɚɫɬɢɧɤɚɦɢ ʈɨɥɞɫɬɨɭɧɚ). ɉɪɢ ɞɢɫɤɪɟɬɢɡɚɰɿʀ ɩɪɨɫ-
ɬɨɪɭ ɱɚɫɭ ɬɚ ɫɤɿɧɱɟɧɧɢɯ ɪɨɡɦɿɪɚɯ ʉɪɚɬɤɢ ɜɢɧɢɤɚє ɨɛɪɿɡɚɧɧɹ ɜ ɦ'ɹɤɿɣ (ɿɧɮɪɚɱɟɪɜɨɧɿɣ) 
ɱɚɫɬɢɧɿ ɫɩɟɤɬɪɭ, ɬɨɦɭ ʉɪɚɬɤɚ ɜɢɤɪɢɜɥɹє ʉɨɥɞɫɬɨɭɧɿɜɫɶɤɿ ɦɨɞɢ ɡ ɜɟɥɢɤɨɸ ɞɨɜɠɢɧɨɸ 
ɯɜɢɥɿ. əɤɳɨ ɜɚɠɥɢɜɿ ɧɟɩɟɪɬɭɪɛɚɬɢɜɧɿ ɟɮɟɤɬɢ, ɩɨɜ'ɹɡɚɧɿ ɡ ʉɨɥɞɫɬɨɭɧɿɜɫɶɤɢɦɢ ɦɨɞɚ-
ɦɢ, ɛɭɞɭɬɶ ɡɚɝɭɛɥɟɧɿ, ɤɨɦɩ'ɸɬɟɪɧɢɣ ɟɤɫɩɟɪɢɦɟɧɬ ɩɪɢɡɜɟɞɟ ɞɨ ɯɢɛɧɨɝɨ ɪɟɡɭɥɶɬɚɬɭ. 
Ɍɨɦɭ ɜ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɞɨɫɥɿɞɠɭєɬɶɫɹ ɚɛɨ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɚ ɦɨɞɟɥɶ ɿɡ ɞɢɫɤɪɟ-
ɬɧɨɸ ɫɢɦɟɬɪɿєɸ, ɚɛɨ ɟɮɟɤɬɢɜɧɚ ɧɢɡɶɤɨɬɟɦɩɟɪɚɬɭɪɧɚ ɦɨɞɟɥɶ ɡ ɚɧɚɥɿɬɢɱɧɨ ɜɪɚɯɨɜɚ-
ɧɢɦɢ ʉɨɥɞɫɬɨɭɧɿɜɫɶɤɢɦɢ ɦɨɞɚɦɢ. Ɇɟɬɨɸ ɞɨɫɥɿɞɠɟɧɧɹ є ɜɫɬɚɧɨɜɥɟɧɧɹ ɡɚɥɟɠɧɨɫɬɿ 
ɦɟɯɚɧɿɡɦɭ ɩɨɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ ɜɿɞ ɡɧɚɱɟɧɧɹ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ ɜ ɧɚɞɡɜɢɱɚɣɧɨ ɲɢ-
ɪɨɤɨɦɭ ɿɧɬɟɪɜɚɥɿ ɡɧɚɱɟɧɶ. Ɍɚɤɿ ɡɚɞɚɱɿ ɞɨɫɿ ɧɟ ɜɢɪɿɲɭɜɚɥɢɫɹ ɣ ɩɨɬɪɟɛɭɸɬɶ ɪɨɡɪɨɛɥɹ-
ɬɢ ɦɟɬɨɞɢ ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɧɚɥɚɲɬɭɜɚɧɧɹ ɪɨɡɦɿɪɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɦɨɞɟɥɿ ɬɚ ɤɪɨɤɭ ʉɪɚɬ-
ɤɢ. 

Ⱦɪɭɝɢɣ ɪɨɡɞɿɥ ɩɪɢɫɜɹɱɟɧɢɣ ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɢɦ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɦ ɞɥɹ ɩɨɲɭɤɭ 
ɫɢɝɧɚɥɭ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ ɜ ɚɧɿɝɿɥɹɰɿɣɧɢɯ ɥɟɩɬɨɧɧɢɯ ɩɪɨɰɟɫɚɯ ݁+݁− ,−ߤ+ߤ→ �+�−. ɋɩɨɫɬɟɪɟɠɭɜɚɧɿ ɛɭɞɭɸɬɶɫɹ ɹɤ ɿɧɬɟɝɪɚɥɶɧɿ ɩɟɪɟɪɿɡɢ ɪɨɡɫɿɸɜɚɧɧɹ: ℐ = ∫ ଵݖ݀�ሻ݀ݖሺ݌ ݖ݀

−ଵ  , (7) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɞɟ ݖ – ɤɨɫɢɧɭɫ ɤɭɬɚ ɪɨɡɫɿɸɜɚɧɧɹ, ݀�/݀ݖ – ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɣ ɩɟɪɟɪɿɡ ɪɨɡɫɿɸɜɚɧɧɹ, ݌ሺݖሻ – ɜɚɝɨɜɚ ɮɭɧɤɰɿɹ, ɹɤɚ ɨɛɢɪɚєɬɶɫɹ ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨɛ ɜɢɞɿɥɢɬɢ ɬɨɣ ɱɢ ɿɧɲɢɣ ɥɿ-
ɧɿɣɧɨ-ɧɟɡɚɥɟɠɧɢɣ ɜɧɟɫɨɤ Г' ɛɨɡɨɧɚ. 

ɋɩɨɱɚɬɤɭ ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɧɚɣɛɿɥɶɲ ɩɪɨɫɬɿ ɿɧɬɟɝɪɚɥɶɧɿ ɩɟɪɟɪɿɡɢ ɪɨɡɫɿɸɜɚɧɧɹ ɿɡ 
ɫɬɭɩɿɧɱɚɫɬɨɸ ɜɚɝɨɜɨɸ ɮɭɧɤɰɿєɸ ݌ሺݖሻ = { 1, ݖ > ,1−,∗ݖ ݖ < !Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ (8) .∗ݖ

Ɍɚɤɚ ɫɩɨɫɬɟɪɟɠɭɜɚɧɚ ɭɡɚɝɚɥɶɧɸє ɩɟɪɟɪɿɡ ɪɨɡɫɿɸɜɚɧɧɹ ɜɩɟɪɟɞ-ɧɚɡɚɞ (ݖ∗ = Ͳ). ȼɢɹɜ-
ɥɹєɬɶɫɹ, ɳɨ ɿɫɧɭє ɬɚɤɢɣ ɝɪɚɧɢɱɧɢɣ ɤɭɬ ݖ∗, ɳɨ ɜ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿɣ ɡɚɥɢɲɚєɬɶɫɹ ɥɢɲɟ 
ɜɧɟɫɨɤ ɿɡ ɤɜɚɞɪɚɬɨɦ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɨʀ ɤɨɧɫɬɚɧɬɢ ܽ: ℐ ~ ܽଶ. (9) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

Ɍɚɛɥɢɰɹ 1 

Ƚɪɚɧɢɱɧɢɣ ɤɭɬ �∗ ɞɥɹ ɫɩɨɫɬɟɪɟɠɭɜɚɧɨʀ ɡɿ ɫɬɭɩɿɧɱɚɫɬɨɸ ɜɚɝɨɜɨɸ ɮɭɧɤɰɿєɸ √ݏ, Ƚɟȼ 130 136 161 172 183 189 192 196 200 202 205 207 0,37 0,37 0,38 0,38 0,38 0,38 0,38 0,39 0,39 0,40 0,44 0,46 −�+� 0,37 0,37 0,38 0,38 0,38 0,38 0,38 0,38 0,39 0,40 0,44 0,45 −ߤ+ߤ 

 

ɇɚɩɪɢɤɥɚɞ, ݖ∗ = 0,38 ɩɪɢ ɟɧɟɪɝɿɹɯ ɡɿɬɤɧɟɧɶ ɭ ɫɢɫɬɟɦɿ ɰɟɧɬɪɭ ɦɚɫ 200 Ƚɟȼ, ɩɪɚɤɬɢɱɧɨ 
ɧɟ ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɢɩɭ ɥɟɩɬɨɧɚ ɤɿɧɰɟɜɨɝɨ ɫɬɚɧɭ ɿ ɞɟɳɨ ɡɦɟɧɲɭєɬɶɫɹ ɡ ɪɨɫɬɨɦ ɟɧɟɪɝɿʀ 
(ɬɚɛɥ. 1). Ɉɬɠɟ, ɫɩɨɫɬɟɪɟɠɭɜɚɧɚ ɨɩɢɫɭє ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɢɣ ɞɨɞɚɬɧɢɣ ɫɢɝɧɚɥ Г' ɛɨ-
ɡɨɧɚ. Ɂɚ ʀʀ ɞɨɩɨɦɨɝɨɸ ɦɨɠɧɚ ɜɢɦɿɪɸɜɚɬɢ ɤɨɧɫɬɚɧɬɭ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɚɤɫɿɚɥɶɧɨ-

ɜɟɤɬɨɪɧɢɦɢ ɮɟɪɦɿɨɧɧɢɦɢ ɫɬɪɭɦɚɦɢ. 
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Ⱦɚɥɿ ɜ ɞɪɭɝɨɦɭ ɪɨɡɞɿɥɿ ɪɨɡɝɥɹɧɭɬɨ ɡɚɝɚɥɶɧɢɣ ɜɢɩɚɞɨɤ ɫɩɨɫɬɟɪɟɠɭɜɚɧɨʀ ɡ ɞɨɜɿɥɶ-
ɧɨɸ ɜɚɝɨɜɨɸ ɮɭɧɤɰɿєɸ. Ɂɧɚɯɨɞɹɬɶɫɹ ɜɚɝɨɜɿ ɮɭɧɤɰɿʀ, ɳɨ ɪɨɡɜ'ɹɡɭɸɬɶ ɡɚɞɚɱɭ ɩɪɨ ɦɚɤ-
ɫɢɦɚɥɶɧɟ ɫɬɚɬɢɫɬɢɱɧɟ ɩɨɫɢɥɟɧɧɹ ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɨɝɨ ɫɢɝɧɚɥɭ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ ɜ 
ɚɧɿɝɿɥɹɰɿɣɧɢɯ ɥɟɩɬɨɧɧɢɯ ɩɪɨɰɟɫɚɯ ɭ ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɟɧɟɪɝɿɣ, ɳɨ ɩɨɤɪɢɜɚє ɹɤ ɡɚ-
ɜɟɪɲɟɧɿ, ɬɚɤ ɿ ɦɚɣɛɭɬɧɿ ɟɤɫɩɟɪɢɦɟɧɬɢ. Ɇɚɤɫɢɦɚɥɶɧɟ ɫɬɚɬɢɫɬɢɱɧɟ ɩɨɫɢɥɟɧɧɹ ɫɢɝɧɚɥɭ 
ɨɡɧɚɱɚє, ɳɨ ɫɢɝɧɚɥ (ɜɿɞɯɢɥɟɧɧɹ ɫɩɨɫɬɟɪɟɠɭɜɚɧɨʀ ɜɿɞ ɋɆ) ɦɚє ɛɭɬɢ ɹɤɨɦɨɝɚ ɛɿɥɶɲɢɦ 
ɜɿɞɧɨɫɧɨ ɫɬɚɬɢɫɬɢɱɧɨʀ ɩɨɯɢɛɤɢ ɟɤɫɩɟɪɢɦɟɧɬɭ: |ℐ − ℐɋɆߜℐ | → ЦКб . (10) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɋɬɚɬɢɫɬɢɱɧɚ ɩɨɯɢɛɤɚ ɟɤɫɩɟɪɢɦɟɧɬɭ ɜɢɡɧɚɱɚєɬɶɫɹ ɪɨɡɩɨɞɿɥɨɦ ɉɭɚɫɫɨɧɚ ɞɥɹ ɩɨɞɿɣ, 
ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ ɤɿɧɰɟɜɨɦɭ ɫɬɚɧɭ ɪɟɚɤɰɿʀ. ɍ ɪɟɡɭɥɶɬɚɬɿ ɜɨɧɚ ɨɛɱɢɫɥɸєɬɶɫɹ ɱɟɪɟɡ ɩɟ-
ɪɟɪɿɡ ɪɨɡɫɿɸɜɚɧɧɹ ɿ ɦɚє ɧɚɫɬɭɩɧɢɣ ɜɢɝɥɹɞ: 

ℐߜ ≅ √ͳℒ ∫ ଵݖሻ݀�ɋɆ݀ݖଶሺ݌ ݖ݀
−ଵ  , (11) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɞɟ ℒ – ɫɜɿɬɧɿɫɬɶ ɩɪɢɫɤɨɪɸɜɚɱɚ. Ɍɚɤɢɦ ɱɢɧɨɦ (10) є ɮɭɧɤɰɿɨɧɚɥɨɦ, ɚ ɨɩɬɢɦɿɡɚɰɿɹ 
ɡɞɿɣɫɧɸєɬɶɫɹ ɡɚ ɜɚɝɨɜɨɸ ɮɭɧɤɰɿєɸ  ݌ሺݖሻ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɧɹ ɨɩɬɢɦɿɡɚɰɿʀ ɮɭɧɤɰɿɨɧɚɥɚ (10) ɧɚ ɩɪɚɤɬɢɰɿ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɩɨ-
ɥɿɧɨɦɿɚɥɶɧɢɣ ɛɚɡɢɫ ɭ ʉɿɥɶɛɟɪɬɨɜɨɦɭ ɩɪɨɫɬɨɪɿ:  ݌ሺݖሻ = ∑ ܿ௞݌௞ሺݖሻ∞௞=ଵ ଶݖ~ଶ݌      ,ݖ~ଵ݌              , + ͳ,…  , (12) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɞɟ ɩɟɪɲɿ ɞɜɚ ɩɨɥɿɧɨɦɢ ɜɿɞɩɨɜɿɞɚɸɬɶ ɤɿɧɟɦɚɬɢɱɧɿɣ ɫɬɪɭɤɬɭɪɿ ɞɢɮɟɪɟɧɰɿɚɥɶɧɨɝɨ ɩɟ-
ɪɟɪɿɡɭ ɪɨɡɫɿɸɜɚɧɧɹ, ɚ ɪɟɲɬɚ ɩɨɥɿɧɨɦɿɜ ɨɛɢɪɚєɬɶɫɹ ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨɛ ɭɬɜɨɪɸɜɚɥɚɫɶ 
ɨɪɬɨɧɨɪɦɨɜɚɧɚ ɫɢɫɬɟɦɚ ɮɭɧɤɰɿɣ. Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɬɪɟɬɶɨɝɨ ɬɚ ɜɢɳɢɯ ɩɨɥɿɧɨɦɿɜ ɩɨɫɥɿ-
ɞɨɜɧɨ ɡɛɿɥɶɲɭєɦɨ ɜɢɳɢɣ ɫɬɟɩɿɧɶ, ɩɨɱɢɧɚɸɱɢ ɡ ɞɪɭɝɨɝɨ, ɬɚ ɡɚɫɬɨɫɨɜɭєɦɨ ɡɜɢɱɚɣɧɭ 

ɩɪɨɰɟɞɭɪɭ ɨɪɬɨɝɨɧɚɥɿɡɚɰɿʀ Ƚɪɚɦɚ – ɒɦɿɞɬɚ. ɍ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɩɨɤɚɡɚɧɨ, ɳɨ 
ɞɨɫɬɚɬɧɶɨ ɜɨɫɶɦɢ ɩɨɥɿɧɨɦɿɜ, ɳɨɛ ɡɚɛɟɡɩɟɱɢɬɢ ɜɿɞɧɨɫɧɭ ɩɨɯɢɛɤɭ ɧɚ ɪɿɜɧɿ ɦɟɧɲɟ 1%. 
Ɍɟɯɧɿɱɧɨ ɦɨɠɥɢɜɟ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɨɥɿɧɨɦɿɜ Ʌɟɠɚɧɞɪɚ ɡɚɦɿɫɬɶ (12), ɨɞɧɚɤ, ɭ ɰɶɨɦɭ 
ɜɢɩɚɞɤɭ ɞɜɚ ɩɨɥɿɧɨɦɢ ɜ ɞɢɮɟɪɟɧɰɿɚɥɶɧɨɦɭ ɩɟɪɟɪɿɡɿ ɪɨɡɫɿɸɜɚɧɧɹ (݌ଵ ɿ ݌ଶ) ɜɢɪɚɠɚ-
ɸɬɶɫɹ ɱɟɪɟɡ ɩɟɪɲɿ ɬɪɢ ɩɨɥɿɧɨɦɢ Ʌɟɠɚɧɞɪɚ, ɳɨ ɭɫɤɥɚɞɧɸє ɨɩɢɫ ɤɿɧɟɦɚɬɢɱɧɨʀ ɫɬɪɭɤ-
ɬɭɪɢ ɫɩɨɫɬɟɪɟɠɭɜɚɧɨʀ. 

ɋɬɚɬɢɫɬɢɱɧɚ ɩɨɯɢɛɤɚ (11) є ɧɟɥɿɧɿɣɧɨɸ ɮɭɧɤɰɿєɸ ɩɟɪɟɪɿɡɭ ɪɨɡɫɿɸɜɚɧɧɹ ɬɚ ɜɚɝɨ-
ɜɨʀ ɮɭɧɤɰɿʀ. Ɍɨɦɭ ɞɜɨɯ ɩɨɥɿɧɨɦɿɜ ݌ଵ ɬɚ ݌ଶ, ɹɤɿ ɩɪɢɫɭɬɧɿ ɜ ɞɢɮɟɪɟɧɰɿɚɥɶɧɨɦɭ ɩɟɪɟɪɿɡɿ 
ɪɨɡɫɿɸɜɚɧɧɹ, ɧɟɞɨɫɬɚɬɧɶɨ ɞɥɹ ɨɩɢɫɭ ɧɚɣɛɿɥɶɲ ɨɩɬɢɦɚɥɶɧɨʀ ɜɚɝɨɜɨʀ ɮɭɧɤɰɿʀ ݌ሺݖሻ – 

ɩɨɬɪɿɛɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɩɨɥɿɧɨɦɢ ɜɫɿɯ ɜɢɳɢɯ ɫɬɟɩɟɧɿɜ. ɍ ɰɶɨɦɭ ɚɫɩɟɤɬɿ ɡɚɩɪɨɩɨ-
ɧɨɜɚɧɢɣ ɭ ɞɢɫɟɪɬɚɰɿʀ ɩɿɞɯɿɞ ɜɿɞɪɿɡɧɹєɬɶɫɹ ɜɿɞ ɦɟɬɨɞɿɜ ɩɨɛɭɞɨɜɢ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɧɚ 
ɨɫɧɨɜɿ ɩɟɪɲɢɯ ɬɪɶɨɯ ɩɨɥɿɧɨɦɿɜ Ʌɟɠɚɧɞɪɚ, ɹɤɿ ɦɨɠɧɚ ɡɧɚɣɬɢ ɜ ɥɿɬɟɪɚɬɭɪɿ (ɧɚɩɪɢɤɥɚɞ, 
Ɍ. Ɋɿɰɰɨ).  

ɉɿɫɥɹ ɜɢɛɨɪɭ ɛɚɡɢɫɭ (12) ɜ ʉɿɥɶɛɟɪɬɨɜɨɦɭ ɩɪɨɫɬɨɪɿ ɡɚɞɚɱɚ ɡɜɨɞɢɬɶɫɹ ɞɨ ɡɜɢɱɚɣ-
ɧɨʀ ɱɢɫɟɥɶɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ ɡɚ ɤɨɟɮɿɰɿєɧɬɚɦɢ ɪɨɡɜɢɧɟɧɧɹ ܿ௞. Ʌɢɲɟ ɜɿɞɧɨɲɟɧɧɹ ܿଶ/ܿଵ 

ɦɿɠ ɩɟɪɲɢɦɢ ɞɜɨɦɚ ɤɨɟɮɿɰɿєɧɬɚɦɢ ɪɨɡɜɢɧɟɧɧɹ ɜɢɡɧɚɱɚє, ɭ ɹɤɿɣ ɩɪɨɩɨɪɰɿʀ ɬɨɣ ɱɢ 
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ɿɧɲɢɣ ɜɧɟɫɨɤ ɜɿɞ Г' ɛɨɡɨɧɚ ɭɜɿɣɞɟ ɞɨ ɫɩɨɫɬɟɪɟɠɭɜɚɧɨʀ. Ɋɟɲɬɚ ɤɨɟɮɿɰɿєɧɬɿɜ ɜɩɥɢɜɚє 
ɧɚ ɡɚɝɚɥɶɧɢɣ ɪɿɜɟɧɶ ɫɢɝɧɚɥɭ ɬɚ ɧɚ ɫɬɚɬɢɫɬɢɱɧɭ ɩɨɯɢɛɤɭ ɫɩɨɫɬɟɪɟɠɭɜɚɧɨʀ. 

ɋɩɿɜɜɿɞɧɨɲɟɧɧɹ ܿଶ/ܿଵ є ɩɟɜɧɢɦ ɧɚɩɪɹɦɤɨɦ ɭ ʉɿɥɶɛɟɪɬɨɜɨɦɭ ɩɪɨɫɬɨɪɿ, ɹɤɢɣ ɩɨɬ-
ɪɿɛɧɨ ɡɚɮɿɤɫɭɜɚɬɢ ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨɛ ɜɢɞɿɥɢɬɢ ɨɞɢɧ ɡ ɞɜɨɯ ɞɨɦɿɧɚɧɬɧɢɯ ɜɧɟɫɤɿɜ ɜɿɞ 
Г' ɛɨɡɨɧɚ ɜ ɩɟɪɟɪɿɡɿ ɪɨɡɫɿɸɜɚɧɧɹ: ɚɛɨ ɡ ɤɜɚɞɪɚɬɨɦ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɨʀ ɤɨɧɫɬɚɧɬɢ ܽଶ, 

ɚɛɨ ɡ ɞɨɛɭɬɤɨɦ ɜɟɤɬɨɪɧɢɯ ɤɨɧɫɬɚɧɬ ݒ௘ݒ௟ (ɬɚɛɥ. 2). 
ɉɪɢɤɥɚɞ ɡɧɚɣɞɟɧɢɯ ɜɚɝɨɜɢɯ ɮɭɧɤɰɿɣ ɡɨ-

ɛɪɚɠɟɧɢɣ ɧɚ ɪɢɫ. 1. ɋɩɨɫɬɟɪɟɠɭɜɚɧɚ, ɳɨ ɜɢ-
ɞɿɥɹє ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɭ ɤɨɧɫɬɚɧɬɭ, ɦɨɠɟ 
ɛɭɬɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɚ ɹɤ ɩɟɪɟɪɿɡ ɜɩɟɪɟɞ-

ɧɚɡɚɞ ɿɡ ɝɥɚɞɤɨɸ ɫɬɭɩɿɧɱɚɫɬɨɸ ɮɭɧɤɰɿєɸ, ɹɤɚ 
ɡɚ ɮɨɪɦɨɸ ɛɥɢɡɶɤɚ ɞɨ ɡɦɿɳɟɧɨɝɨ ɝɿɩɟɪɛɨɥɿɱ-
ɧɨɝɨ ɬɚɧɝɟɧɫɚ. Ʉɭɬɢ ɪɨɡɫɿɸɜɚɧɧɹ ɜɩɟɪɟɞ ɛɟ-
ɪɭɬɶɫɹ ɡ ɩɪɢɛɥɢɡɧɨ ɨɞɧɚɤɨɜɨɸ ɜɚɝɨɸ, ɬɨɞɿ ɹɤ 
ɜɚɝɚ ɤɭɬɿɜ ɪɨɡɫɿɸɜɚɧɧɹ ɧɚɡɚɞ ɡɛɿɥɶɲɭєɬɶɫɹ 
ɩɪɢ ɧɚɛɥɢɠɟɧɧɿ ɞɨ ɪɨɡɫɿɸɜɚɧɧɹ ɭ ɡɜɨɪɨɬɧɨ-
ɦɭ ɧɚɩɪɹɦɤɭ. 

ɋɩɨɫɬɟɪɟɠɭɜɚɧɚ ɡ ɞɨɛɭɬɤɨɦ ɤɨɧɫɬɚɧɬ 
ɜɟɤɬɨɪɧɨʀ ɜɡɚєɦɨɞɿʀ ɦɨɠɟ ɛɭɬɢ ɨɩɢɫɚɧɚ ɹɤ 
ɩɟɪɟɪɿɡ ɡɿ ɡɛɿɥɶɲɟɧɨɸ ɜɚɝɨɸ ɪɨɡɫɿɸɜɚɧɧɹ ɧɚ-
ɡɚɞ. ȼɚɝɨɜɚ ɮɭɧɤɰɿɹ є ɫɬɚɛɿɥɶɧɨɸ ɞɥɹ ɪɿɡɧɢɯ 
ɟɧɟɪɝɿɣ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ILC ɬɚ LEP II, ɩɪɢɱɨ-
ɦɭ ɜɚɝɚ ɨɛɥɚɫɬɿ ɪɨɡɫɿɸɜɚɧɧɹ ɧɚɡɚɞ ɦɨɧɨɬɨɧ-
ɧɨ ɩɨɫɢɥɸєɬɶɫɹ ɡɿ ɡɦɟɧɲɟɧɧɹɦ ɟɧɟɪɝɿʀ ɡɿɬɤ-
ɧɟɧɶ. ɍ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɪɨɡɝɥɹɞɚɥɢɫɹ 
ɪɿɡɧɿ ɦɨɠɥɢɜɿ ɫɢɫɬɟɦɚɬɢɱɧɿ ɩɨɯɢɛɤɢ ɞɥɹ ɩɟ-
ɪɟɪɿɡɭ ɪɨɡɫɿɸɜɚɧɧɹ ɬɚ ɛɭɥɚ ɞɨɜɟɞɟɧɚ ɫɬɿɣ-
ɤɿɫɬɶ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɜɿɞɧɨɫɧɨ ɧɢɯ. 

 

  

     ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɚ ɤɨɧɫɬɚɧɬɚ      ɜɟɤɬɨɪɧɿ ɤɨɧɫɬɚɧɬɢ 

Ɋɢɫ. 1. ȼɚɝɨɜɿ ɮɭɧɤɰɿʀ ɞɥɹ ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɢɯ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɿɡ 
ɦɚɤɫɢɦɚɥɶɧɢɦ ɫɬɚɬɢɫɬɢɱɧɢɦ ɩɨɫɢɥɟɧɧɹɦ ɫɢɝɧɚɥɭ 

 

Ɍɚɛɥɢɰɹ 2 

ɇɚɩɪɹɦɨɤ ɭ ґɿɥɶɛɟɪɬɨɜɨɦɭ 
ɩɪɨɫɬɨɪɿ ܿʹ/ܿͳ, ɳɨ ɜɢɡɧɚɱɚє 

ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɿ ɫɩɨɫɬɟɪɟɠɭ-
ɜɚɧɿ √ݏ, Ƚɟȼ ℐ ɞɥɹ ܽଶ ℐ ɞɥɹ ݒ௘ݒ௟ 

130 -0,567 -1,258 

136 -0,524 -1,362 

161 -0,425 -1,678 

172 -0,402 -1,775 

183 -0,385 -1,856 

189 -0,377 -1,894 

192 -0,374 -1,912 

196 -0,369 -1,934 

200 -0,365 -1,955 

202 -0,363 -1,965 

205 -0,361 -1,980 

207 -0,359 -1,989 

250 -0,334 -2,139 

500 -0,300 -2,384 

1000 -0,292 -2,445 
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Ɂɚ ɞɨɩɨɦɨɝɨɸ ɜɜɟɞɟɧɢɯ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɩɪɨɚɧɚɥɿɡɨɜɚɧɨ ɞɚɧɿ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɧɚ 
ɩɪɢɫɤɨɪɸɜɚɱɿ LEP II. Ɉɬɪɢɦɚɧɨ ɡɧɚɱɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛɧɨɫɬɿ ɞɥɹ ɤɨɧɫ-
ɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɮɟɪɦɿɨɧɚɦɢ ɋɆ (ɬɚɛɥ. 3), ɚ ɬɚɤɨɠ ɿɧɬɟɪɜɚɥɢ ɞɨɜɿɪɢ ɞɥɹ 
ɧɢɯ  (ɬɚɛɥ. 4).  Ɂɧɚɱɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛɧɨɫɬɿ ɜɿɞɩɨɜɿɞɚɸɬɶ ɫɢɝɧɚɥɭ ɧɚ 
ɪɿɜɧɿ ɛɥɢɡɶɤɨ ɨɞɧɨɝɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɜɿɞɯɢɥɟɧɧɹ. Ɉɫɤɿɥɶɤɢ ɟɤɫɩɟɪɢɦɟɧɬ ɜɢɦɿɪɸє ɤɨɧ-
ɬɚɤɬɧɿ ɜɡɚєɦɨɞɿʀ (3), ɜ ɬɚɛɥ. 3 ɿ 4 ɩɪɢɫɭɬɧɹ ɦɚɫɚ Г' ɛɨɡɨɧɚ ɜ ɨɞɢɧɢɰɹɯ Ɍɟȼ (ɩɨɡɧɚɱɟɧɚ 
ɹɤ M). 

Ɍɚɛɥɢɰɹ 3 

Ɂɧɚɱɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛɧɨɫɬɿ ɞɥɹ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ 
Г' ɛɨɡɨɧɚ ɡ ɮɟɪɦɿɨɧɚɦɢ  

ɉɪɨɰɟɫ |ߠ଴|,× ×,|௘ݒ| 10−3 10−1 |ܽ|,× 10−1 Ɋɨɡɞɿɥ 

ɞɢɫɟɪɬɚɰɿʀ 
LEP I ݁+݁− 3,2M−1  1,4 M 3 

LEP II, ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɟ ɮɿɬɭɜɚɧɧɹ ݁+݁− - 5,8 M  3 5,4 −ߤ+ߤM−1  2,4 M 2 ߤ+ߤ−, �+�− 3,3M−1  1,4 M 2 

LEP II, ɛɚɝɚɬɨɩɚɪɚɦɟɬɪɢɱɧɟ ɮɿɬɭɜɚɧɧɹ ݁+݁−, ݖ < Ͳ  5,8 M  3 

 

ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ ɨɛɪɨɛɥɹɥɢɫɹ ɭ ɞɜɨɯ ɪɿɡɧɢɯ ɩɿɞɯɨɞɚɯ. ɉɨ-ɩɟɪɲɟ, ɫɩɨɫɬɟ-
ɪɟɠɭɜɚɧɿ ɡɿ ɫɬɭɩɿɧɱɚɫɬɨɸ ɜɚɝɨɜɨɸ ɮɭɧɤɰɿєɸ (8) ɨɛɱɢɫɥɸɜɚɥɢɫɹ ɡ ɤɨɦɛɿɧɨɜɚɧɢɯ ɡɚ 
ɜɫɿɦɚ ɤɨɥɚɛɨɪɚɰɿɹɦɢ ɡɧɚɱɟɧɶ ɩɨɜɧɨɝɨ ɩɟɪɟɪɿɡɭ ɬɚ ɚɫɢɦɟɬɪɿʀ ɜɩɟɪɟɞ-ɧɚɡɚɞ. ɐɿ ɞɚɧɿ є 
ɛɿɥɶɲ ɬɨɱɧɢɦɢ ɬɚ ɩɨɜɧɢɦɢ ɜ ɩɨɪɿɜɧɹɧɧɿ ɡ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɦɢ ɩɟɪɟɪɿɡɚɦɢ ɪɨɡɫɿɸɜɚɧ-
ɧɹ, ɨɫɤɿɥɶɤɢ ɞɢɮɟɪɟɧɰɿɚɥɶɧɿ ɩɟɪɟɪɿɡɢ ɨɩɭɛɥɿɤɨɜɚɧɿ ɧɟ ɞɥɹ ɜɫɿɯ ɟɧɟɪɝɿɣ ɬɚ ɤɨɥɚɛɨɪɚ-
ɰɿɣ. Ɍɚɤɟ ɩɟɪɟɨɛɱɢɫɥɟɧɧɹ ɦɨɠɥɢɜɨ ɡɚɜɞɹɤɢ ɩɪɨɫɬɿɣ ɤɿɧɟɦɚɬɢɰɿ ɩɪɨɰɟɫɭ: ɞɜɨɯ ɫɩɨ-
ɫɬɟɪɟɠɭɜɚɧɢɯ ɞɨɫɬɚɬɧɶɨ ɞɥɹ ɜɢɦɿɪɸɜɚɧɧɹ ɤɨɟɮɿɰɿєɧɬɿɜ ɩɪɢ ɞɜɨɯ ɩɨɥɿɧɨɦɚɯ ɭ ɞɢɮɟ-
ɪɟɧɰɿɚɥɶɧɨɦɭ ɩɟɪɟɪɿɡɿ ɪɨɡɫɿɸɜɚɧɧɹ ɡ ɩɟɜɧɨɸ ɬɨɱɧɿɫɬɸ. ɋɢɫɬɟɦɚɬɢɱɧɚ ɩɨɯɢɛɤɚ, ɹɤɚ 
ɜɢɧɢɤɚє ɜ ɬɚɤɿɣ ɫɯɟɦɿ ɨɛɱɢɫɥɟɧɧɹ ɫɩɨɫɬɟɪɟɠɭɜɚɧɨʀ, є ɡɧɚɱɧɨ ɦɟɧɲɨɸ ɧɿɠ ɬɨɱɧɿɫɬɶ 

ɞɚɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ LEP II. ɍ ɪɟɡɭɥɶɬɚɬɿ ɨɬɪɢɦɚɧɨ ɧɚɫɬɭɩɧɿ ɫɢɝɧɚɥɢ: ܽଶ = ሺ3,7 ± 4,9ሻ × 10−5   ሺ˒˓ˑце˔ ߤ+ߤ−ሻ,   ܽଶ = ሺ1,3 ± 3,9ሻ × 10−5   ሺ˒˓ˑце˔и ߤ+ߤ−, �+�−ሻ,  (13) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɞɟ ɛɟɡɪɨɡɦɿɪɧɿ ɤɨɧɫɬɚɧɬɢ, ɳɨ ɨɩɢɫɭɸɬɶ ɤɨɧɬɚɤɬɧɿ ɜɡɚєɦɨɞɿʀ ɥɟɩɬɨɧɿɜ, ɜɢɡɧɚɱɟɧɿ ɜ 
(3).  

ɉɨ-ɞɪɭɝɟ,  ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ ɡ ɜɚɝɨɜɢɦɢ ɮɭɧɤɰɿɹɦɢ (12)  ɿɡ 
ɦɚɤɫɢɦɚɥɶɧɢɦ ɫɬɚɬɢɫɬɢɱɧɢɦ ɩɨɫɢɥɟɧɧɹɦ ɫɢɝɧɚɥɭ. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɨɛɪɨɛɥɟɧɨ 21 
ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɣ ɩɟɪɟɪɿɡ ɪɨɡɫɿɸɜɚɧɧɹ (ɜɫɿ ɨɩɭɛɥɿɤɨɜɚɧɿ ɞɚɧɿ ɞɥɹ ɪɿɡɧɢɯ ɟɧɟɪɝɿɣ ɬɚ 
ɤɨɥɚɛɨɪɚɰɿɣ LEP II). Ɉɬɪɢɦɚɧɿ ɡɧɚɱɟɧɧɹ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɞɚɸɬɶ ɫɢɝɧɚɥɢ: ܽଶ = ሺ1,4 ± 4,9ሻ × 10−5, ఓݒ௘ݒ = ሺ−7,6 ± 6,0ሻ × 10−5.  (14) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!
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Ɇɨɠɧɚ ɩɨɛɚɱɢɬɢ, ɳɨ ɫɬɚɬɢɫɬɢɱɧɚ ɩɨɯɢɛɤɚ ɞɥɹ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɨʀ ɤɨɧɫɬɚɧɬɢ ɜ 
(14) ɩɪɚɤɬɢɱɧɨ ɫɩɿɜɩɚɞɚє ɡɿ ɫɬɚɬɢɫɬɢɱɧɨɸ ɩɨɯɢɛɤɨɸ ɭ ɜɢɩɚɞɤɭ ɫɬɭɩɿɧɱɚɫɬɨʀ ɜɚɝɨɜɨʀ 
ɮɭɧɤɰɿʀ (13), ɯɨɱɚ ɨɛɫɹɝ ɬɚ ɬɨɱɧɿɫɬɶ ɞɚɧɢɯ є ɦɟɧɲɢɦɢ. ɐɟɣ ɩɪɢɤɥɚɞ ɞɨɜɨɞɢɬɶ ɩɪɚɤ-
ɬɢɱɧɭ ɰɿɧɧɿɫɬɶ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɿɡ ɦɚɤɫɢɦɚɥɶɧɢɦ ɫɬɚɬɢɫɬɢɱɧɢɦ ɩɨɫɢɥɟɧɧɹɦ ɫɢɝɧɚ-
ɥɭ – ɡɚ ɦɟɧɲɨʀ ɫɬɚɬɢɫɬɢɱɧɨʀ ɡɧɚɱɭɳɨɫɬɿ ɞɚɧɢɯ ɜɨɧɢ ɡɚɛɟɡɩɟɱɭɸɬɶ ɩɨɤɪɚɳɟɧɢɣ ɪɟ-
ɡɭɥɶɬɚɬ ɮɿɬɭɜɚɧɧɹ. 

Ɉɰɿɧɟɧɨ ɟɮɟɤɬɢɜɧɿɫɬɶ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɞɥɹ ɦɚɣɛɭɬɧɶɨɝɨ ɤɨ-
ɥɚɣɞɟɪɚ ILC. ɉɨɤɚɡɚɧɨ, ɳɨ ɡɚ ʀɯɧɶɨɸ ɞɨɩɨɦɨɝɨɸ ɦɨɠɧɚ ɜɢɞɿɥɢɬɢ ɫɢɝɧɚɥ Г' ɛɨɡɨɧɚ 
ɧɚ ɪɿɜɧɿ 3-4 ɫɬɚɧɞɚɪɬɧɢɯ ɜɿɞɯɢɥɟɧɶ ɧɚɜɿɬɶ ɭ ɪɚɡɿ, ɤɨɥɢ ɬɪɚɞɢɰɿɣɧɿ ɦɟɬɨɞɢ ɨɛɪɨɛɤɢ 
ɧɚɜɪɹɞ ɱɢ ɩɨɛɚɱɚɬɶ ɫɢɝɧɚɥ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɧɨɜɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ є ɟɮɟɤɬɢɜɧɢɦ ɞɨɩɨɜ-
ɧɟɧɧɹɦ ɞɨ ɫɬɚɧɞɚɪɬɧɢɯ ɩɿɞɯɨɞɿɜ ɞɨ ɩɨɲɭɤɭ ɫɢɝɧɚɥɿɜ Г' ɛɨɡɨɧɚ ɜ ɦɚɣɛɭɬɧɶɨɦɭ ɟɤɫɩɟ-
ɪɢɦɟɧɬɿ. 

Ɍɚɛɥɢɰɹ 4 

ȱɧɬɟɪɜɚɥɢ ɞɨɜɿɪɢ ɞɥɹ ɜɢɦɿɪɹɧɢɯ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ 
ɮɟɪɦɿɨɧɚɦɢ 

ɉɪɨɰɟɫ Ɋɿɜɟɧɶ 
ɞɨɜɿɪɢ 

×,|଴ߠ| ×,|௘ݒ| 10−3 10−1 |ܽ|,× 10−1 

LEP I ݁+݁− 68% (0; 4,5) M−1  (0; 2,0) M 

LEP II, ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɟ ɮɿɬɭɜɚɧɧɹ ݁+݁− 95% - (2,5; 7,9) M  (10,4 ;0) 95% −ߤ+ߤ M−1  (0; 4,5) M ߤ+ߤ−, �+�− 95% (0; 8,7) M−1  (0; 3,8) M 

LEP II, ɛɚɝɚɬɨɩɚɪɚɦɟɬɪɢɱɧɟ ɮɿɬɭɜɚɧɧɹ ݁+݁−, ,−ߤ+ߤ �+�− 95% (0; 17) M−1 (0; 5,1) M (0; 7,4) M ݁+݁−, ݖ < Ͳ 68% (0; 28) M−1 (1,7; 7,8) M (0; 12) M 

 

Ɍɪɟɬɿɣ ɪɨɡɞɿɥ ɦɿɫɬɢɬɶ ɪɨɡɝɥɹɞ ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɢɯ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɞɥɹ ɩɨɲɭ-
ɤɭ ɫɢɝɧɚɥɿɜ ɚɛɟɥɟɜɨɝɨ ɬɚ ɤɿɪɚɥɶɧɨɝɨ Г' ɛɨɡɨɧɚ ɜ ɩɪɨɰɟɫɿ ɪɨɡɫɿɸɜɚɧɧɹ ɟɥɟɤɬɪɨɧɚ ɬɚ 
ɩɨɡɢɬɪɨɧɚ (ɩɪɨɰɟɫ Ȼɚɛɚ), ɚ ɬɚɤɨɠ ɛɚɝɚɬɨɩɚɪɚɦɟɬɪɢɱɧɭ ɬɚ ɤɨɦɛɿɧɨɜɚɧɭ ɨɛɪɨɛɤɭ ɞɚ-
ɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ LEP II.  

ɍ ɩɪɨɰɟɫɿ Ȼɚɛɚ ɩɪɢ ɮɿɤɫɨɜɚɧɨɦɭ ɤɭɬɿ ɪɨɡɫɿɸɜɚɧɧɹ ɤɨɟɮɿɰɿєɧɬɢ ܨሺzሻ ɭ ɪɨɡɜɢ-
ɧɟɧɧɿ (3) є ɝɥɚɞɤɢɦɢ ɮɭɧɤɰɿɹɦɢ ɟɧɟɪɝɿʀ ɡɿɬɤɧɟɧɧɹ. Ɉɞɧɚɤ, ɤɨɠɟɧ ɿɡ ɧɢɯ ɧɟɨɛɦɟɠɟɧɨ 
ɡɪɨɫɬɚє ɩɪɢ ɦɚɥɢɯ ɤɭɬɚɯ ɪɨɡɫɿɸɜɚɧɧɹ, ɬɨɛɬɨ ɩɪɢ z → ͳ. ɐɟ ɜɢɤɥɢɤɚɧɨ ɨɛɦɿɧɨɦ ɦ'ɹ-
ɤɢɦɢ ɮɨɬɨɧɚɦɢ ɜ t-ɤɚɧɚɥɿ ɪɟɚɤɰɿʀ. ɑɟɪɟɡ ɬɚɤɭ ɨɫɨɛɥɢɜɭ ɩɨɜɟɞɿɧɤɭ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ 
ɡɧɚɱɟɧɧɹ ɿ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ ɿɫɬɨɬɧɨ ɡɦɿɧɸɸɬɶɫɹ ɡɚ ɜɟɥɢɱɢɧɨɸ ɡɿ ɡɛɿɥɶɲɟɧɧɹɦ г. Ⱦɨɰɿ-
ɥɶɧɨ ɡɪɨɛɢɬɢ ɤɨɟɮɿɰɿєɧɬɢ ܨሺzሻ ɫɤɿɧɱɟɧɧɢɦɢ ɞɥɹ ɛɭɞɶ-ɹɤɢɯ ɡɧɚɱɟɧɶ ɤɭɬɚ ɪɨɡɫɿɸɜɚɧɧɹ 
ɲɥɹɯɨɦ ɞɿɥɟɧɧɹ (ɧɨɪɦɭɜɚɧɧɹ) ɞɢɮɟɪɟɧɰɿɚɥɶɧɨɝɨ ɩɟɪɟɪɿɡɭ ɪɨɡɫɿɸɜɚɧɧɹ ɧɚ ɞɟɹɤɭ ɜɿ-
ɞɨɦɭ ɦɨɧɨɬɨɧɧɭ ɮɭɧɤɰɿɸ, ɳɨ ɦɿɫɬɢɬɶ ɜɤɚɡɚɧɭ ɨɫɨɛɥɢɜɭ ɩɨɜɟɞɿɧɤɭ ɩɪɢ ɦɚɥɢɯ ɤɭɬɚɯ 
ɪɨɡɫɿɸɜɚɧɧɹ. ɍ ɞɢɫɟɪɬɚɰɿʀ ɞɥɹ ɧɨɪɦɭɜɚɧɧɹ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɮɚɤɬɨɪ ɩɪɢ ɤɜɚɞɪɚɬɿ ɜɟɤ-
ɬɨɪɧɨʀ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɟɥɟɤɬɪɨɧɨɦ ܨሺݒଶ, -ሻ, ɹɤɢɣ є ɩɨɡɢɬɢɜɧɨɸ ɦɨݖ
ɧɨɬɨɧɧɨɸ ɮɭɧɤɰɿєɸ г. Ɍɚɤɚ ɧɨɪɦɚɥɿɡɚɰɿɹ ɞɚє ɞɜɿ ɩɟɪɟɜɚɝɢ. ɉɨ-ɩɟɪɲɟ, ɨɬɪɢɦɚɧɿ ɤɨɟ-
ɮɿɰɿєɧɬɢ є ɫɤɿɧɱɟɧɧɢɦɢ ɧɚɜɿɬɶ ɩɪɢ ɦɚɥɢɯ ɤɭɬɚɯ ɪɨɡɫɿɸɜɚɧɧɹ. ɉɨ-ɞɪɭɝɟ, ɟɤɫɩɟɪɢɦɟɧ-
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ɬɚɥɶɧɿ ɩɨɯɢɛɤɢ ɞɥɹ ɪɿɡɧɢɯ ɤɭɬɿɜ ɪɨɡɫɿɸɜɚɧɧɹ ɬɚɤɨɠ ɜɢɪɿɜɧɸɸɬɶɫɹ, ɳɨ ɡɚɛɟɡɩɟɱɭє 
ɫɬɚɬɢɫɬɢɱɧɭ ɟɤɜɿɜɚɥɟɧɬɧɿɫɬɶ ɪɿɡɧɢɯ ɛɿɧɿɜ ɭ ɜɢɦɿɪɹɧɨɦɭ ɩɟɪɟɪɿɡɿ ɪɨɡɫɿɸɜɚɧɧɹ ɩɪɢ ɿɧ-
ɬɟɝɪɭɜɚɧɧɿ. Ɉɫɬɚɧɧє ɧɚɞɡɜɢɱɚɣɧɨ ɜɚɠɥɢɜɨ ɞɥɹ ɩɨɛɭɞɨɜɢ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɭ ɜɢɝɥɹɞɿ 
ɿɧɬɟɝɪɚɥɶɧɢɯ ɩɟɪɟɪɿɡɿɜ. 

ɋɩɨɫɬɟɪɟɠɭɜɚɧɿ ɛɭɞɭɸɬɶɫɹ ɹɤ ɿɧɬɟɝɪɚɥɶɧɿ ɧɨɪɦɨɜɚɧɿ ɩɟɪɟɪɿɡɢ ɪɨɡɫɿɸɜɚɧɧɹ: ℐ = ∫ ,ଶݒሺܨͳ ݖ݀ ሻݖ Ωݖ݀�݀  , (15) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɞɟ ɿɧɬɟɝɪɭɜɚɧɧɹ ɜɟɞɟɬɶɫɹ ɡɚ ɧɚɣɲɢɪɲɢɦ ɿɧɬɟɪɜɚɥɨɦ ɤɭɬɿɜ, ɳɨ ɜɢɞɿɥɹє ɜɧɟɫɨɤ ɜɟɤɬɨ-
ɪɧɨʀ ɤɨɧɫɬɚɧɬɢ. ɍ ɪɟɡɭɥɶɬɚɬɿ ɱɢɫɟɥɶɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ ɡɧɚɣɞɟɧɨ ɧɚɫɬɭɩɧɿ ɿɧɬɟɪɜɚɥɢ ɞɥɹ 
ɿɧɬɟɝɪɭɜɚɧɧɹ: −0,6 < ݖ < 0,2 ሺ200 Ƚɟȼሻ ,          − 0,3 < ݖ < 0,7 ሺ500 Ƚɟȼሻ. (16) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

Ɍɚɤɨɠ ɛɭɥɨ ɩɨɛɭɞɨɜɚɧɨ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ ɞɥɹ ɜɢɦɿɪɸɜɚɧɧɹ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɨʀ 
ɤɨɧɫɬɚɧɬɢ. Ɉɞɧɚɤ, ɚɤɫɿɚɥɶɧɨ ɜɟɤɬɨɪɧɚ ɤɨɧɫɬɚɧɬɚ ɧɟ є ɞɨɦɿɧɚɧɬɧɨɸ ɜ ɩɪɨɰɟɫɿ Ȼɚɛɚ, 
ɬɨɦɭ ɰɹ ɫɩɨɫɬɟɪɟɠɭɜɚɧɚ ɧɟ ɦɨɠɟ ɛɭɬɢ ɭɫɩɿɲɧɨ ɡɚɫɬɨɫɨɜɚɧɚ ɞɥɹ ɩɪɚɤɬɢɱɧɨʀ ɨɛɪɨɛɤɢ 
ɫɭɱɚɫɧɢɯ ɞɚɧɢɯ, ɹɤɿ є ɞɥɹ ɧɟʀ ɧɟɞɨɫɬɚɬɧɶɨ ɫɬɚɬɢɫɬɢɱɧɨ ɡɧɚɱɭɳɢɦɢ. 

Ɂɚ ɞɨɩɨɦɨɝɨɸ ɡɧɚɣɞɟɧɨʀ ɫɩɨɫɬɟɪɟɠɭɜɚɧɨʀ ɨɛɪɨɛɥɟɧɨ ɞɚɧɿ ɟɤɫɩɟɪɢɦɟɧɬɿɜ LEP II 
ɡ ɦɟɬɨɸ ɜɢɦɿɪɹɬɢ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɟɥɟɤɬɪɨɧɚɦɢ (ɞɢɜ. ɬɚɛɥ. 3-4, ɨɞɧɨ-
ɩɚɪɚɦɟɬɪɢɱɧɟ ɮɿɬɭɜɚɧɧɹ LEP II, ɪɹɞɨɤ ݁+݁−). Ɂɧɚɱɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛ-
ɧɨɫɬɿ ɜɿɞɩɨɜɿɞɚє ɫɢɝɧɚɥɭ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ ɧɚ ɪɿɜɧɿ ɛɥɢɡɶɤɨ ɞɜɨɯ ɫɬɚɧɞɚɪɬɧɢɯ ɜɿɞ-
ɯɢɥɟɧɶ: ݒ௘ଶ = ሺ2,2 ± 0,9ሻ × 10−4.  (17) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ ɞɥɹ ɩɨɲɭɤɭ ɤɿɪɚɥɶɧɨɝɨ Г' ɛɨ-
ɡɨɧɚ ɜ ɩɪɨɰɟɫɿ ɪɨɡɫɿɸɜɚɧɧɹ ɟɥɟɤɬɪɨɧɚ ɧɚ ɩɨɡɢɬɪɨɧɿ, ɦɟɬɨɞ ɨɬɪɢɦɚɧɧɹ ɹɤɢɯ є ɚɧɚɥɨ-
ɝɿɱɧɢɦ ɜɢɩɚɞɤɭ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ. ȱɧɬɟɝɪɚɥɶɧɿ ɧɨɪɦɨɜɚɧɿ ɩɟɪɟɪɿɡɢ ɪɨɡɫɿɸɜɚɧɧɹ 

ɜɩɟɪɟɞ-ɧɚɡɚɞ ℐˍі˓аˎьː. = ∫ ,ଶݒሺܨͳ ݖ݀ ሻݖ ௭max−௭0ݖ݀�݀ − ∫ ,ଶݒሺܨͳ ݖ݀ ሻݖ ௭0−௭max−ݖ݀�݀   (18) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɛɭɞɭɬɶ ɩɪɨɩɨɪɰɿɣɧɿ ɤɜɚɞɪɚɬɭ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ ɤɿɪɚɥɶɧɨɝɨ Г' ɛɨɡɨɧɚ ɡ ɟɥɟɤɬɪɨɧɚ-
ɦɢ, ɬɨɞɿ ɹɤ ɡɚɥɟɠɧɿɫɬɶ ɜɿɞ ɿɧɲɨɝɨ ɩɚɪɚɦɟɬɪɭ – ɤɭɬɚ ɡɦɿɲɭɜɚɧɧɹ – ɡɧɢɤɧɟ. Ƚɪɚɧɢɰɿ ɿɧ-
ɬɟɝɪɭɜɚɧɧɹ ɡɚɥɟɠɚɬɶ ɜɿɞ ɤɨɧɤɪɟɬɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ. ɇɚɩɪɢɤɥɚɞ, ɞɥɹ ɟɤɫɩɟɪɢɦɟɧɬɿɜ 
DELPHI ɿ L3 ɧɚ ɩɪɢɫɤɨɪɸɜɚɱɿ LEP ݖЦКб ≈0,7, ɚ ɞɥɹ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ALEPH ɿ ЇPAL ݖЦКб ≈0,9. ȼɿɞ ɰɶɨɝɨ ɜɢɛɨɪɭ ɡɚɥɟɠɢɬɶ ɿ ɡɧɚɱɟɧɧɹ ݖ଴ (ɬɚɛɥ. 5). 

Ɍɚɛɥɢɰɹ 5 

Ƚɪɚɧɢɱɧɢɣ ɤɭɬ �� ɜ ɭɦɨɜɚɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ LEP  √ݏ, Ƚɟȼ 130 136 161 172 183 189 192 196 200 202 205 207 ݖЦКб ЦКбݖ 0,46 0,46 0,46 0,45 0,45 0,44 0,44 0,42 0,40 0,37 0,27 0,22 0,9= =0,7 - - - - 0,25 0,25 0,26 0,26 0,26 0,27 0,27 0,27 

 

Ɂɚ ɞɨɩɨɦɨɝɨɸ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ℐɤɿɪɚɥɶɧ. ɨɛɪɨɛɥɟɧɨ ɞɚɧɿ ɟɤɫɩɟɪɢɦɟɧɬɿɜ LEP II. ɍ 
ɪɟɡɭɥɶɬɚɬɿ ɧɚɬɹɤɿɜ ɧɚ ɫɢɝɧɚɥ ɤɿɪɚɥɶɧɨɝɨ Г' ɛɨɡɨɧɚ ɧɟ ɜɢɹɜɥɟɧɨ: 
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ଶ = ሺ−0,1 ± 1,2ሻ × 10−4.  (19) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

Ɍɚɤɨɠ ɧɟ ɞɚє ɫɢɝɧɚɥɭ ɞɜɨɩɚɪɚɦɟɬɪɢɱɧɚ ɨɛɪɨɛɤɚ ɞɚɧɢɯ, ɚ ɪɟɡɭɥɶɬɚɬɢ ɟɤɫɩɟɪɢɦɟɧɬɿɜ 
LEP I ɳɨɞɨ ɜɢɦɿɪɸɜɚɧɧɹ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г ɛɨɡɨɧɚ ɡ ɜɿɞɯɢɥɟɧɧɹɦ ɜɿɞ ɋɆ ɩɪɨɬɢ-
ɪɿɱɚɬɶ ɝɿɩɨɬɟɡɿ ɩɪɨ ɤɿɪɚɥɶɧɢɣ Г' ɛɨɡɨɧ.  

Ⱦɥɹ ɫɭɦɿɫɧɨʀ ɨɛɪɨɛɤɢ ɜɫɿɯ ɨɩɭɛɥɿɤɨɜɚɧɢɯ ɞɚɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ LEP II ɩɪɨɜɟɞɟ-
ɧɨ ɛɚɝɚɬɨɩɚɪɚɦɟɬɪɢɱɧɟ ɮɿɬɭɜɚɧɧɹ. ɍ ɹɤɨɫɬɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɭ ɩɪɨɰɟɫɿ Ȼɚɛɚ ɨɛɪɚɧɨ 
ɞɢɮɟɪɟɧɰɿɚɥɶɧɿ ɩɟɪɟɪɿɡɢ ɪɨɡɫɿɸɜɚɧɧɹ, ɜɢɦɿɪɹɧɿ ɤɨɥɚɛɨɪɚɰɿɹɦɢ ALEPH (130-183 

Ƚɟȼ), DELPHI (189-207 Ƚɟȼ), L3 (183-189 Ƚɟȼ) ɿ ЇPAL (130-207 Ƚɟȼ). Ɋɚɡɨɦ ɨɛɫɹɝ 

ɞɚɧɢɯ ɫɤɥɚɞɚє 299 ɛɿɧɿɜ. 
ɍ ɹɤɨɫɬɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɞɥɹ ɚɧɿɝɿɥɹɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ݁+݁− → ,−ߤ+ߤ �+�− ɪɨɡɝ-

ɥɹɧɭɬɨ ɩɨɜɧɢɣ ɩɟɪɟɪɿɡ ɪɨɡɫɿɸɜɚɧɧɹ ɣ ɚɫɢɦɟɬɪɿɸ ɜɩɟɪɟɞ-ɧɚɡɚɞ ɞɥɹ 12 ɟɧɟɪɝɿɣ ɭ ɫɢɫ-
ɬɟɦɿ ɰɟɧɬɪɭ ɦɚɫ ɜɿɞ 130 ɞɨ 207 Ƚɟȼ (ɨɛ'єɞɧɚɧɿ ɞɚɧɿ ɜɫɿɯ ɤɨɥɚɛɨɪɚɰɿɣ LEP II, 24 ɜɢɦɿ-
ɪɹɧɢɯ ɡɧɚɱɟɧɧɹ ɞɥɹ ɤɨɠɧɨɝɨ ɩɪɨɰɟɫɭ). ɐɿ ɞɚɧɿ є ɛɿɥɶɲ ɬɨɱɧɢɦɢ ɩɨɪɿɜɧɹɧɨ ɡ ɜɿɞɩɨɜɿ-
ɞɧɢɦɢ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɦɢ ɩɟɪɟɪɿɡɚɦɢ ɪɨɡɫɿɸɜɚɧɧɹ. Ʉɿɧɟɦɚɬɢɤɚ ɚɧɿɝɿɥɹɰɿɣɧɢɯ (s-

ɤɚɧɚɥɶɧɢɯ) ɩɪɨɰɟɫɿɜ ɞɨɫɢɬɶ ɩɪɨɫɬɚ ɣ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɣ ɩɟɪɟɪɿɡ ɪɨɡɫɿɸɜɚɧɧɹ є ɟɮɟɤ-
ɬɢɜɧɨ ɞɜɨɩɚɪɚɦɟɬɪɢɱɧɨɸ ɮɭɧɤɰɿєɸ ɤɭɬɚ ɪɨɡɫɿɹɧɧɹ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɨɜɧɢɣ ɩɟɪɟɪɿɡ ɿ 
ɚɫɢɦɟɬɪɿɹ ɜɩɟɪɟɞ-ɧɚɡɚɞ ɜɤɥɸɱɚɸɬɶ ɦɚɣɠɟ ɩɨɜɧɭ ɫɬɚɬɢɫɬɢɱɧɭ ɿɧɮɨɪɦɚɰɿɸ ɩɪɨ ɤɿɧɟ-
ɦɚɬɢɤɭ ɩɪɨɰɟɫɭ ɿ є ɝɿɞɧɨɸ ɚɥɶɬɟɪɧɚɬɢɜɨɸ ɞɥɹ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ ɩɟɪɟɪɿɡɿɜ ɩɪɢ ɨɛɪɨ-
ɛɰɿ ɞɚɧɢɯ. 

Ⱦɚɧɿ ɚɧɚɥɿɡɭɸɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɫɬɚɬɢɫɬɢɤɢ ߯ଶ: ߯ଶሺɩɚɪɚɦɟɬɪɢሻ = ∑ ቆℐɟɤɫɩ. − ℐɋɆ − ℐ௓′ሺɩɚɪɚɦɟɬɪɢሻߜℐɟɤɫɩ. ቇଶ
ɟɤɫɩ.

, (20) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɞɟ ɫɭɦɚ ɜɤɥɸɱɚє ɨɩɢɫɚɧɿ ɜɢɳɟ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ. Ɇɿɧɿɦɿɡɚɰɿɹ ɮɭɧɤɰɿʀ ߯ଶ ɞɚє 
ɨɰɿɧɤɭ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛɧɨɫɬɿ ɞɥɹ ɧɟɜɿɞɨɦɢɯ ɩɚɪɚɦɟɬɪɿɜ – ɤɨɧɫɬɚɧɬ ɜɡɚє-
ɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɮɟɪɦɿɨɧɚɦɢ. Ɍɚɤɨɠ ɮɭɧɤɰɿɹ ߯ଶ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɡɧɚɯɨɞɠɟɧɧɹ 
ɨɛɥɚɫɬɟɣ ɞɨɜɿɪɢ ɡɚɞɚɧɨɝɨ ɪɿɜɧɹ ɜ ɩɪɨɫɬɨɪɿ ɩɚɪɚɦɟɬɪɿɜ. Ɉɛɥɚɫɬɶ ɞɨɜɿɪɢ ɜɢɡɧɚɱɚєɬɶɫɹ 
ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ: ߯ଶሺɩɚɪɚɦɟɬɪɢሻ < ߯ЦТЧ

ଶ + ߯CL,Ч
ଶ , (21) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɞɟ ߯ЦТЧ
ଶ  – ɡɧɚɱɟɧɧɹ ߯ଶ ɭ ɦɿɧɿɦɭɦɿ, ߯CL,Ч

ଶ  – ɤɜɚɧɬɢɥɶ ɪɨɡɩɨɞɿɥɭ ߯ଶ ɿɡ Ч ɫɬɭɩɟɧɹɦɢ ɫɜɨ-
ɛɨɞɢ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɨɛɪɚɧɨɦɭ ɪɿɜɧɸ ɞɨɜɿɪɢ. ɉɪɢ ɥɿɧɿɣɧɿɣ ɡɚɥɟɠɧɨɫɬɿ ɫɩɨɫɬɟɪɟɠɭɜɚ-
ɧɨʀ ɜɿɞ ɩɚɪɚɦɟɬɪɿɜ ɤɿɥɶɤɿɫɬɶ ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ ɞɨɪɿɜɧɸє ɤɿɥɶɤɨɫɬɿ ɩɚɪɚɦɟɬɪɿɜ. Ɍɚɤɢɣ 
ɫɚɦɢɣ ɪɟɡɭɥɶɬɚɬ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɿ ɩɪɢ ɚɫɢɦɩɬɨɬɢɱɧɨ ɜɟɥɢɤɢɯ ɨɛɫɹɝɚɯ ɞɚɧɢɯ (ɬɟɨɪɟ-
ɦɚ ȼɿɥɤɫɚ) ɞɥɹ ɞɨɜɿɥɶɧɨʀ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɩɚɪɚɦɟɬɪɿɜ. Ɉɫɤɿɥɶɤɢ ɫɭɤɭɩɧɿɫɬɶ ɩɨɪɹɞɤɭ 
100 ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɜɢɦɿɪɸɜɚɧɶ є ɜ ɡɚɝɚɥɶɧɨɦɭ ɜɢɩɚɞɤɭ ɬɿɥɶɤɢ ɩɟɪɟɯɿɞɧɨɸ ɞɨ 
ɚɫɢɦɩɬɨɬɢɱɧɨʀ, ɭ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɱɢɫɥɨ ɫɬɭɩɟɧɿɜ ɫɜɨɛɨɞɢ ɨɰɿɧɸєɬɶɫɹ ɤɨɧɫɟɪ-
ɜɚɬɢɜɧɨ ɡɝɿɞɧɨ ɞɨ ɥɿɧɿɣɧɨʀ ɦɨɞɟɥɿ, ɬɨɛɬɨ ɡɚ ɤɿɥɶɤɿɫɬɸ ɥɿɧɿɣɧɨ ɧɟɡɚɥɟɠɧɢɯ ɜɧɟɫɤɿɜ ɭ 
ɫɩɨɫɬɟɪɟɠɭɜɚɧɿɣ.  

Ɂɧɚɣɞɟɧɨ ɨɛɥɚɫɬɿ ɧɚ ɪɿɜɧɿ ɞɨɜɿɪɢ 95% ɹɤ ɞɥɹ ɨɤɪɟɦɢɯ ɤɚɧɚɥɿɜ ɪɟɚɤɰɿʀ, ɬɚɤ ɿ ɞɥɹ 
ɜɫɿɯ ɥɟɩɬɨɧɧɢɯ ɩɪɨɰɟɫɿɜ ɪɨɡɫɿɸɜɚɧɧɹ ɪɚɡɨɦ (ɬɚɛɥ. 4, ɪɢɫ. 2). ɉɪɨɰɟɫ Ȼɚɛɚ ɞɨɛɪɟ ɨɛ-
ɦɟɠɭє ɡɧɚɱɟɧɧɹ ɹɤ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɨʀ, ɬɚɤ ɿ ɜɟɤɬɨɪɧɨʀ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ 
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ɡɿ ɫɬɪɭɦɨɦ ɟɥɟɤɬɪɨɧɿɜ. ɓɨ ɫɬɨɫɭєɬɶɫɹ ɚɧɿɝɿɥɹɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ ݁+݁− → ,−ߤ+ߤ �+�−, 

ɡɧɚɱɧɨ ɨɛɦɟɠɟɧɨɸ ɜɢɹɜɥɹєɬɶɫɹ ɬɿɥɶɤɢ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɚ ɤɨɧɫɬɚɧɬɚ ɜɡɚєɦɨɞɿʀ Г' ɛɨ-
ɡɨɧɚ. ɉɪɢ ɰɶɨɦɭ ɨɛɥɚɫɬɿ ɞɨɜɿɪɢ ɞɥɹ ɡɧɚɱɭɳɢɯ ɣɦɨɜɿɪɧɨɫɬɟɣ ɜɤɥɸɱɚɸɬɶ ɜɢɩɚɞɨɤ ɜɿɞ-
ɫɭɬɧɨɫɬɿ Г' ɛɨɡɨɧɚ, ɧɟ ɩɨɤɚɡɭɸɱɢ ɡɧɚɱɭɳɨɝɨ ɫɢɝɧɚɥɭ.  

Ɉɫɤɿɥɶɤɢ ɨɛɥɚɫɬɶ ɪɨɡɫɿɸɜɚɧɧɹ ɜɩɟɪɟɞ ɞɥɹ ɩɪɨɰɟɫɭ Ȼɚɛɚ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɡɪɨɫ-
ɬɚɸɱɢɦɢ ɫɢɫɬɟɦɚɬɢɱɧɢɦɢ ɩɨɯɢɛɤɚɦɢ (ɬɟɨɪɟɬɢɱɧɢɦɢ ɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ), ɭ ɞɢ-
ɫɟɪɬɚɰɿʀ ɩɪɨɜɟɞɟɧɚ ɛɚɝɚɬɨɩɚɪɚɦɟɬɪɢɱɧɚ ɨɛɪɨɛɤɚ ɞɚɧɢɯ ɡ 113 ɛɿɧɚɦɢ ɜɢɤɥɸɱɧɨ ɜ ɨɛ-
ɥɚɫɬɿ ɪɨɡɫɿɸɜɚɧɧɹ ɧɚɡɚɞ (г<0). ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɦɨɠɧɚ ɩɨɛɚɱɢɬɢ ɫɢɝɧɚɥ ɧɚ ɪɿɜɧɿ ɞɨ-
ɜɿɪɢ ɜ 1.3 ɫɬɚɧɞɚɪɬɧɢɯ ɜɿɞɯɢɥɟɧɧɹ (ɪɢɫ. 2), ɚ ɜɿɞɩɨɜɿɞɧɟ ɡɧɚɱɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚ-
ɜɞɨɩɨɞɿɛɧɨɫɬɿ ɞɥɹ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿɣ Г' ɛɨɡɨɧɚ ɡ ɜɟɤɬɨɪɧɢɦ ɫɬɪɭɦɨɦ ɟɥɟɤɬɪɨɧɿɜ 
ɩɟɪɟɛɭɜɚє ɭ ɜɿɞɦɿɧɧɿɣ ɡɝɨɞɿ ɡɿ ɡɧɚɱɟɧɧɹɦ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛɧɨɫɬɿ, ɨɬɪɢɦɚ-
ɧɢɦ ɭ ɜɢɩɚɞɤɭ ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɨʀ ɨɛɪɨɛɤɢ ɞɚɧɢɯ (ɬɚɛɥ. 3). Ɉɛɥɚɫɬɶ ɡ ɪɿɜɧɟɦ ɞɨɜɿɪɢ 
68% ɞɥɹ ɩɚɪɚɦɟɬɪɿɜ ɩɨɤɚɡɚɧɚ ɜ ɬɚɛɥ. 4. əɤ ɦɨɠɧɚ ɩɨɛɚɱɢɬɢ, ɛɚɝɚɬɨɩɚɪɚɦɟɬɪɢɱɧɚ ɨɛ-
ɪɨɛɤɚ ɜɢɹɜɥɹєɬɶɫɹ ɫɬɚɬɢɫɬɢɱɧɨ ɦɟɧɲ ɬɨɱɧɨɸ, ɧɿɠ ɩɪɢ ɚɧɚɥɿɡɿ ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɢɯ 
ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ. 

 

  

       ɉɨɜɧɚ ɫɭɤɭɩɧɿɫɬɶ ɞɚɧɢɯ LEP II        Ⱦɚɧɿ LEP I ɬɚ ɨɛɥɚɫɬɶ г<0 ɞɥɹ LEP II  
Ɋɢɫ. 2. Ɉɛɥɚɫɬɿ ɞɨɜɿɪɢ ɞɥɹ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɮɟɪɦɿɨɧɚɦɢ 

ɜ ɛɚɝɚɬɨɩɚɪɚɦɟɬɪɢɱɧɿɣ ɨɛɪɨɛɰɿ ɞɚɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɭ LEP 

 

ȼ ɟɤɫɩɟɪɢɦɟɧɬɚɯ LEP I ɛɭɥɢ ɬɨɱɧɨ ɜɢɦɿɪɹɧɿ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿɣ Г ɛɨɡɨɧɚ ɞɨ 
ɜɟɤɬɨɪɧɢɯ ɿ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɢɯ ɫɬɪɭɦɿɜ ɥɟɩɬɨɧɿɜ. Ȼɭɥɨ ɩɨɜɿɞɨɦɥɟɧɨ, ɳɨ ɩɪɨɰɟɫ 
Ȼɚɛɚ ɩɨɤɚɡɭє ɜɿɞɯɢɥɟɧɧɹ ɜɿɞ ɡɧɚɱɟɧɶ ɋɆ ɧɚ ɪɿɜɧɿ ɞɨɜɿɪɢ ɜ ɨɞɧɟ ɫɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢ-
ɥɟɧɧɹ. Ɂɚɡɧɚɱɟɧɟ ɜɿɞɯɢɥɟɧɧɹ ɦɨɠɟ ɪɨɡɝɥɹɞɚɬɢɫɹ ɹɤ ɟɮɟɤɬ ɜɿɞ ɡɦɿɲɭɜɚɧɧɹ ɦɿɠ Г ɿ Г' 
ɛɨɡɨɧɚɦɢ. ɉɪɢɩɭɫɤɚɸɱɢ, ɳɨ ɜɿɞɯɢɥɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɜɿɞ ɋɆ ɨɩɢɫɭєɬɶɫɹ ɪɿɜɧɹɧ-
ɧɹɦ (1), ɬɚ ɩɪɢɣɦɚɸɱɢ ɞɨ ɭɜɚɝɢ ɜɢɪɚɡ ɞɥɹ ɤɭɬɚ ɡɦɿɲɭɜɚɧɧɹ (4), ɡɧɚɯɨɞɢɦɨ ɧɚɫɬɭɩɧɿ 
ɜɢɪɚɡɢ ɞɥɹ ɜɟɤɬɨɪɧɨʀ ɬɚ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɨʀ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ Г ɛɨɡɨɧɚ ɡ ɟɥɟɤɬ-
ɪɨɧɚɦɢ (ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɜɢɡɧɚɱɟɧɶ PКrtТМХО Data Group): ݃௏ − ݃௏ɋɆ = ,௘ݒܽ 49,06− ݃஺ − ݃஺ɋɆ = 49,06 ܽଶ.  (22) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!
Ɂɚ ɞɨɩɨɦɨɝɨɸ (22) ɨɩɭɛɥɿɤɨɜɚɧɚ ɨɛɥɚɫɬɶ ɞɨɜɿɪɢ ɜ ɨɞɧɟ ɫɬɚɧɞɚɪɬɧɟ ɜɿɞɯɢɥɟɧɧɹ ɜɿɞ 
ɋɆ ɞɥɹ ɩɪɨɰɟɫɭ Ȼɚɛɚ ɦɨɠɟ ɛɭɬɢ ɩɟɪɟɬɜɨɪɟɧɚ ɜ ɨɛɥɚɫɬɶ ɞɨɜɿɪɢ ɞɥɹ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨ-
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ɞɿʀ Г' ɛɨɡɨɧɚ. Ɋɟɡɭɥɶɬɚɬɢ ɧɚɜɟɞɟɧɨ ɜ ɬɚɛɥ. 3-4: ɡɧɚɱɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛ-
ɧɨɫɬɿ ɞɥɹ ɤɨɧɫɬɚɧɬɢ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɨʀ ɜɡɚєɦɨɞɿʀ ɞɨɛɪɟ ɭɡɝɨɞɠɭєɬɶɫɹ ɡ ɨɞɧɨɩɚɪɚ-
ɦɟɬɪɢɱɧɨɸ ɨɛɪɨɛɤɨɸ ɞɚɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ LEP II ɞɥɹ ɚɧɿɝɿɥɹɰɿɣɧɢɯ ɩɪɨɰɟɫɿɜ. ɍ ɬɟ-
ɪɦɿɧɚɯ ɤɨɧɬɚɤɬɧɢɯ ɜɡɚєɦɨɞɿɣ ɫɢɝɧɚɥ ɡɚɩɢɫɭєɬɶɫɹ ɹɤ ܽଶ = ሺ1,25 ± 1,25ሻ × 10−5.  (23) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɍ ɱɟɬɜɟɪɬɨɦɭ ɪɨɡɞɿɥɿ ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ ɡ ɦɿɧɿɦɚɥɶɧɨɸ ɤɿɥɶɤɿɫɬɸ 
ɧɟɡɚɥɟɠɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɞɥɹ ɩɨɲɭɤɭ ɫɢɝɧɚɥɿɜ ɜɿɪɬɭɚɥɶɧɨɝɨ ɩɪɨɦɿɠɧɨɝɨ ɫɬɚɧɭ ɚɛɟɥɟ-
ɜɨɝɨ Г' ɛɨɡɨɧɚ ɜ ɡɿɬɤɧɟɧɧɹɯ ɩɪɨɬɨɧɚ ɣ ɚɧɬɢɩɪɨɬɨɧɚ ɡ ɭɬɜɨɪɟɧɧɹɦ ɩɚɪɢ ɡɚɪɹɞɠɟɧɢɯ 
ɥɟɩɬɨɧɿɜ (ɩɪɨɰɟɫ Ⱦɪɟɥɥɚ – əɧɚ). ɐɟɣ ɩɪɨɰɟɫ ɜɢɦɿɪɸɜɚɜɫɹ ɧɚ ɩɪɢɫɤɨɪɸɜɚɱɿ Ɍɟɜɚɬ-
ɪɨɧ. Ɂɧɚɱɧɚ ɤɿɥɶɤɿɫɬɶ ɞɚɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɧɚ Ɍɟɜɚɬɪɨɧɿ ɡɿɛɪɚɧɚ ɜ ɨɤɨɥɿ ɩɿɤɭ Г ɛɨɡɨ-
ɧɚ ɩɪɢ ɟɧɟɪɝɿɹɯ ɥɟɩɬɨɧɧɨʀ ɩɚɪɢ 66-116 Ƚɟȼ. ɉɪɢ ɰɢɯ ɟɧɟɪɝɿɹɯ Г' ɛɨɡɨɧ ɩɪɨɹɜɥɹєɬɶɫɹ 
ɜ ɩɟɪɲɭ ɱɟɪɝɭ ɱɟɪɟɡ ɤɭɬ ɡɦɿɲɭɜɚɧɧɹ ɦɿɠ Г ɿ Г' ɛɨɡɨɧɚɦɢ. Ɍɚɤɢɣ ɩɿɞɯɿɞ ɞɨɩɨɜɧɸє 
ɬɪɚɞɢɰɿɣɧɿ ɩɨɲɭɤɢ ɪɟɡɨɧɚɧɫɭ Г' ɛɨɡɨɧɚ ɜ ɩɟɪɟɪɿɡɿ ɪɨɡɫɿɸɜɚɧɧɹ ɩɪɨɰɟɫɭ Ⱦɪɟɥɥɚ – 

əɧɚ ɜ ɞɿɚɩɚɡɨɧɿ ɜɢɫɨɤɢɯ ɟɧɟɪɝɿɣ. 
ɉɟɪɟɪɿɡ ɩɪɨɰɟɫɭ Ⱦɪɟɥɥɚ – əɧɚ ɩɪɢ ɧɚɞɜɢɫɨɤɢɯ ɟɧɟɪɝɿɹɯ ɨɛɱɢɫɥɸєɬɶɫɹ ɜ ɦɟɠɚɯ 

ɩɚɪɬɨɧɧɨʀ ɦɨɞɟɥɿ, ɹɤɚ є ɧɚɫɥɿɞɤɨɦ ɚɫɢɦɩɬɨɬɢɱɧɨʀ ɫɜɨɛɨɞɢ ɫɢɥɶɧɢɯ ɜɡɚєɦɨɞɿɣ. Ɂɝɿɞɧɨ 
ɡ ɩɚɪɬɨɧɧɨɸ ɦɨɞɟɥɥɸ, ɩɟɪɟɪɿɡ ɪɨɡɫɿɸɜɚɧɧɹ ɭɬɜɨɪɸєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɡɝɨɪɬɤɢ ɩɟ-
ɪɟɪɿɡɿɜ ɪɨɡɫɿɸɜɚɧɧɹ ɞɥɹ ɩɚɪɬɨɧɿɜ – ɤɜɚɪɤɿɜ  ɱɢ  ɝɥɸɨɧɿɜ – ɡ ɣɦɨɜɿɪɧɨɫɬɹɦɢ ɡɧɚɣɬɢ 

ɜɿɞɩɨɜɿɞɧɢɣ ɩɚɪɬɨɧ ɭ ɝɚɞɪɨɧɿ – ɮɭɧɤɰɿɹɦɢ ɪɨɡɩɨɞɿɥɭ ɩɚɪɬɨɧɿɜ: �ଷ�ሺܣ + ܤ → ݈+݈−ሻ�ݐ̂��ݔ��ݔ = ∑ �݂,஺ሺݔ�ሻ݂�,஻ሺݔ�ሻ ��ሺݍݍ → ݈+݈−ሻ�̂ݐ�,� , (24) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɞɟ ܣ, -ɡ ɱɚɫ ܣ ɜ ɝɚɞɪɨɧɿ ݍ ሻ – ɣɦɨɜɿɪɧɿɫɬɶ ɡɧɚɣɬɢ ɩɚɪɬɨɧݔɩɨɱɚɬɤɨɜɿ ɝɚɞɪɨɧɢ, �݂,஺ሺ – ܤ
ɬɢɧɨɸ ɱɨɬɢɪɢɿɦɩɭɥɶɫɚ ɝɚɞɪɨɧɚ ݔ (ɮɭɧɤɰɿɹ ɪɨɡɩɨɞɿɥɭ ɩɚɪɬɨɧɿɜ), ̂ݐ – ɤɿɧɟɦɚɬɢɱɧɚ 
ɡɦɿɧɧɚ Ɇɚɧɞɟɥɶɫɬɚɦɚ, ɩɨɜ’ɹɡɚɧɚ ɡ ɤɭɬɨɦ ɪɨɡɫɿɸɜɚɧɧɹ, ɹɤɚ ɱɚɫɬɨ ɡɚɦɿɧɸє ɣɨɝɨ ɩɪɢ 
ɨɩɢɫɿ ɝɚɞɪɨɧɧɢɯ ɪɟɚɤɰɿɣ. ɍ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɮɭɧɤɰɿʀ ɪɨɡɩɨ-
ɞɿɥɭ ɩɚɪɬɨɧɿɜ MSTА 2008 (Ⱥ. Ɇɚɪɬɿɧ, ɍ. ɋɬɿɪɥɿɧɝ, Ɋ. Ɍɨɪɧ, Ƚ. ɍɚɬɬ) ɬɚ ɜɪɚɯɨɜɭɸɬɶɫɹ 
ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ ɧɚ ɪɿɜɧɿ ɞɨɜɿɪɢ 90%. 

ɉɨɬɪɿɣɧɢɣ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɣ ɩɟɪɟɪɿɡ ɪɨɡɫɿɸɜɚɧɧɹ ɞɥɹ ɩɪɨɰɟɫɭ Ⱦɪɟɥɥɚ – əɧɚ ɜɢ-
ɪɚɠɚєɬɶɫɹ ɜ ɬɟɪɦɿɧɚɯ ɬɪɶɨɯ ɤɿɧɟɦɚɬɢɱɧɢɯ ɡɦɿɧɧɢɯ: ɦɚɫɢ ɩɪɨɦɿɠɧɨɝɨ ɫɬɚɧɭ M (ɿɧɜɚ-
ɪɿɚɧɬɧɚ ɦɚɫɚ ɥɟɩɬɨɧɧɨʀ ɩɚɪɢ), ɩɫɟɜɞɨɫɬɪɿɦɤɨɫɬɿ ɩɪɨɦɿɠɧɨɝɨ ɫɬɚɧɭ ܻ = ሺߟ+ + !ሻ/2  (25) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ−ߟ
ɬɚ ɜɿɞɧɨɫɧɨʀ ɩɫɟɜɞɨɫɬɪɿɦɤɨɫɬɿ ɜ ɥɟɩɬɨɧɧɿɣ ɩɚɪɿ ݕ = ሺߟ+ − !ሻ/2,  (26) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ−ߟ
ɞɟ ɩɫɟɜɞɨɫɬɪɿɦɤɿɫɬɶ ɥɟɩɬɨɧɭ ɤɿɧɰɟɜɨɝɨ ɫɬɚɧɭ ɿɡ ɜɿɞɩɨɜɿɞɧɢɦ ɡɚɪɹɞɨɦ ɜɢɡɧɚɱɚєɬɶɫɹ ɹɤ ߟ± = КtКЧС -beam – ɲɜɢɞɤɿɫɬɶ ɭɡɞɨɜɠ ɩɪɨɦɟɧɸ ɩɪɢɫɤɨɪɸɜɚɱɚ. ɉɪɢ ɰɶɨɦɭ ɜɿɞɧɨɫɧɚ ɩɫɟɜɞɨɫɬ,±ݒ!ЛОКЦ/ܿ,  (27) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ,±ݒ
ɪɿɦɤɿɫɬɶ ɜɯɨɞɢɬɶ ɥɢɲɟ ɞɨ ɩɚɪɬɨɧɧɨɝɨ ɩɟɪɟɪɿɡɭ ɪɨɡɫɿɸɜɚɧɧɹ, ɚ ɩɫɟɜɞɨɫɬɪɿɦɤɿɫɬɶ ɩɪɨ-
ɦɿɠɧɨɝɨ ɫɬɚɧɭ – ɥɢɲɟ ɞɨ ɦɧɨɠɧɢɤɚ, ɩɨɜ’ɹɡɚɧɨɝɨ ɡ ɮɭɧɤɰɿɹɦɢ ɪɨɡɩɨɞɿɥɭ ɩɚɪɬɨɧɿɜ. 
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ɍɫɿ ɦɧɨɠɧɢɤɢ ɜ ɞɢɮɟɪɟɧɰɿɚɥɶɧɨɦɭ ɩɟɪɟɪɿɡɿ ɪɨɡɫɿɸɜɚɧɧɹ (ɞɨɛɭɬɨɤ ɮɭɧɤɰɿɣ ɪɨɡ-
ɩɨɞɿɥɭ ɩɚɪɬɨɧɿɜ ɬɚ ɩɟɪɟɪɿɡ ɪɨɡɫɿɸɜɚɧɧɹ ɩɚɪɬɨɧɧɨɝɨ ɩɪɨɰɟɫɭ) ɫɩɨɱɚɬɤɭ ɨɛɱɢɫɥɸɸɬɶ-
ɫɹ ɜ ɩɪɨɜɿɞɧɨɦɭ ɩɨɪɹɞɤɭ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ ɤɨɧɫɬɚɧɬɨɸ ɫɢɥɶɧɢɯ ɜɡɚєɦɨɞɿɣ (ɬɚɤ ɡɜɚɧɟ 
«ɧɚɛɥɢɠɟɧɧɹ LЇ»). ɉɨɩɪɚɜɤɢ «ɧɚɫɬɭɩɧɨɝɨ ɞɨ ɧɚɫɬɭɩɧɨɝɨ» ɡɚ ɩɪɨɜɿɞɧɢɦ ɩɨɪɹɞɤɨɦ 
ɤɜɚɧɬɨɜɨʀ ɯɪɨɦɨɞɢɧɚɦɿɤɢ (ɬɚɤ ɡɜɚɧɟ «ɧɚɛɥɢɠɟɧɧɹ ІІLЇ») ɜɪɚɯɨɜɭɸɬɶɫɹ ɩɿɫɥɹ ɰɶɨ-
ɝɨ ɲɥɹɯɨɦ ɦɧɨɠɟɧɧɹ ɩɟɪɟɪɿɡɭ ɩɪɨɜɿɞɧɨɝɨ ɧɚɛɥɢɠɟɧɧɹ ɧɚ K-ɮɚɤɬɨɪ ɧɚɫɬɭɩɧɨɝɨ-ɡɚ-

ɧɚɫɬɭɩɧɢɦ ɧɚɛɥɢɠɟɧɧɹ, ɳɨ є ɡɚɝɚɥɶɧɨɩɪɢɣɧɹɬɨɸ ɦɟɬɨɞɢɤɨɸ ɞɥɹ ɫɭɱɚɫɧɢɯ ɝɚɞɪɨɧ-
ɧɢɯ ɩɪɢɫɤɨɪɸɜɚɱɿɜ. K-ɮɚɤɬɨɪ ɨɛɱɢɫɥɸєɬɶɫɹ ɫɬɚɬɢɫɬɢɱɧɨ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ FEАГ. Ɋɨɡɪɚɯɭɧɨɤ K-ɮɚɤɬɨɪɚ ɡ ɜɟɥɢɤɨɸ ɬɨɱ-
ɧɿɫɬɸ ɜɢɦɚɝɚє ɡɧɚɱɧɨɝɨ ɱɚɫɭ ɬɚ ɪɟɫɭɪɫɿɜ ɞɥɹ ɩɪɨɜɟɞɟɧɧɹ ɤɨɦɩ'ɸɬɟɪɧɢɯ ɨɛɱɢɫɥɟɧɶ. 

Ɂɚɞɥɹ ɟɤɨɧɨɦɿʀ ɱɚɫɭ ɜ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɨɬɪɢɦɚɧɿ ɫɬɚɬɢɫɬɢɱɧɿ ɞɚɧɿ ɡ ɩɨɦɿɪɧɨɸ 
ɬɨɱɧɿɫɬɸ ɮɿɬɭɸɬɶɫɹ ɩɨɥɿɧɨɦɨɦ ɜɿɞ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ: 

K = 1,30 + 0,00145
M

Ƚɟȼ + 0,00735 ܻଶ. (28) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

Ⱦɥɹ ɜɪɚɯɭɜɚɧɧɹ ɪɚɞɿɚɰɿɣɧɢɯ ɩɨɩɪɚɜɨɤ ɜɿɞ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɯ ɬɚ ɫɥɚɛɤɢɯ ɜɡɚєɦɨɞɿɣ ɦɢ 
ɜɜɨɞɢɦɨ ɞɨ ɪɨɡɝɥɹɞɭ ɲɢɪɢɧɢ ɪɨɡɩɚɞɭ ɱɚɫɬɢɧɨɤ ɬɚ ɜɢɤɨɪɢɫɬɨɜɭєɦɨ ɡɧɚɱɟɧɧɹ ɪɟɧɨɪ-
ɦɨɜɚɧɨʀ ɤɨɧɫɬɚɧɬɢ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨʀ ɜɡɚєɦɨɞɿʀ ɩɪɢ ɟɧɟɪɝɿʀ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɩɿɤɭ Г ɛɨ-
ɡɨɧɚ. 

ɍ ɜɢɩɚɞɤɭ ɧɟɭɧɿɜɟɪɫɚɥɶɧɢɯ ɜɡɚєɦɨɞɿɣ ɡ ɩɨɤɨɥɿɧɧɹɦɢ ɮɟɪɦɿɨɧɿɜ ɞɢɮɟɪɟɧɰɿɚɥɶ-
ɧɢɣ ɩɟɪɟɪɿɡ ɪɨɡɫɿɸɜɚɧɧɹ ɦɿɫɬɢɬɶ ɲɿɫɬɶ ɧɟɜɿɞɨɦɢɯ ɤɨɦɛɿɧɚɰɿɣ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' 
ɛɨɡɨɧɚ ɡ ɥɟɩɬɨɧɚɦɢ ɬɚ ɤɜɚɪɤɚɦɢ: ܽଶ, ,�ݒܽ ௟ݒܽ , ௟ݒ�ݒ , ௖ݒܽ , -௟, ɨɫɤɿɥɶɤɢ ɩɚɪɬɨɧɧɿ ɮɭɧɤݒ௖ݒ
ɰɿʀ ɪɨɡɩɨɞɿɥɭ ɩɪɨɬɨɧɚ ɞɨɡɜɨɥɹɸɬɶ ɭ ɹɤɨɫɬɿ ɩɚɪɬɨɧɚ ɤɜɚɪɤ (ɚɧɬɢɤɜɚɪɤ) ɩɟɪɲɨɝɨ ɚɛɨ 
ɞɪɭɝɨɝɨ ɩɨɤɨɥɿɧɧɹ. Ɂɚ ɭɦɨɜɢ ɭɧɿɜɟɪɫɚɥɶɧɨɫɬɿ ɩɨɤɨɥɿɧɶ ɤɿɥɶɤɿɫɬɶ ɥɿɧɿɣɧɨ-ɧɟɡɚɥɟɠɧɢɯ 
ɩɚɪɚɦɟɬɪɿɜ ɫɤɨɪɨɱɭєɬɶɫɹ ɞɨ ɱɨɬɢɪɶɨɯ. 

ɉɪɨɩɨɧɨɜɚɧɢɣ ɩɿɞɯɿɞ ɞɨ ɩɨɛɭɞɨɜɢ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɜɤɥɸɱɚє ɜ ɫɟɛɟ ɧɚɫɬɭɩɧɿ 
ɤɪɨɤɢ. ɋɩɨɱɚɬɤɭ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɿɧɬɟɝɪɭɜɚɧɧɹ ɞɢɮɟɪɟɧɰɿɚɥɶɧɨɝɨ ɩɟɪɟɪɿɡɭ ɪɨɡɫɿɸ-
ɜɚɧɧɹ ɡɚ ɿɧɜɚɪɿɚɧɬɧɨɸ ɦɚɫɨɸ ɥɟɩɬɨɧɧɨʀ ɩɚɪɢ ɬɚ ɡɚ ɩɫɟɜɞɨɫɬɪɿɦɤɿɫɬɸ ɩɪɨɦɿɠɧɨɝɨ 
ɫɬɚɧɭ, ɚ ɩɨɬɿɦ – ɡɚ ɜɿɞɧɨɫɧɨɸ ɩɫɟɜɞɨɫɬɪɿɦɤɿɫɬɸ ɜ ɥɟɩɬɨɧɧɿɣ ɩɚɪɿ. ȱɧɬɟɝɪɭɜɚɧɧɹ ɡɚ 
ɩɫɟɜɞɨɫɬɪɿɦɤɨɫɬɹɦɢ ɡɞɿɣɫɧɸєɬɶɫɹ ɡ ɜɚɝɨɜɢɦɢ ɮɭɧɤɰɿɹɦɢ ɞɥɹ ɜɢɤɥɸɱɟɧɧɹ ɦɚɤɫɢɦɚ-
ɥɶɧɨʀ ɤɿɥɶɤɨɫɬɿ ɧɟɜɿɞɨɦɢɯ ɩɚɪɚɦɟɬɪɿɜ Г' ɛɨɡɨɧɚ. 

ɍ ɞɢɫɟɪɬɚɰɿʀ ɚɧɚɥɿɡɭєɬɶɫɹ ɜɢɩɚɞɨɤ ɚɧɿɝɿɥɹɰɿʀ ɩɪɨɬɨɧɚ ɣ ɚɧɬɢɩɪɨɬɨɧɚ ɜ ɨɤɨɥɿ ɩɿɤɭ 
Г ɛɨɡɨɧɚ: 

ℐ = ∫ ሻ௬ЦКбݕሺݓ ݕ݀

−௬ЦКб

∫ ݀M
116 Ƚɟȼ

66 Ƚɟȼ

∫ ܻ݀ ܹሺM, ܻሻ௒ЦКб

−௒ЦКб

�ଷ�ሺ݌݌ → ݈+݈−ሻ�M �ܻ �ݕ , (29) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɞɟ ɦɟɠɿ ɿɧɬɟɝɪɭɜɚɧɧɹ ɨɛɢɪɚɸɬɶɫɹ ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɤɨɧɤɪɟɬɧɨɝɨ ɤɿɧɰɟɜɨɝɨ ɫɬɚɧɭ (ɟɥɟɤ-
ɬɪɨɧ ɱɢ ɦɸɨɧ) ɿ ɞɟɬɟɤɬɨɪɚ. ȼ ɭɦɨɜɚɯ ɩɪɢɫɤɨɪɸɜɚɱɚ Ɍɟɜɚɬɪɨɧ mܻax = maxݕ = ʹ. ɐɿ 
ɡɧɚɱɟɧɧɹ ɨɛɪɚɧɨ ɞɥɹ ɩɪɨɜɟɞɟɧɧɹ ɱɢɫɟɥɶɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ. 

Ɉɫɤɿɥɶɤɢ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ɩɚɪɬɨɧɿɜ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɞɥɹ ɩɟɪɲɨɝɨ ɬɚ ɞɪɭɝɨɝɨ ɩɨ-
ɤɨɥɿɧɧɹ ɤɜɚɪɤɿɜ ɬɚ ɧɟ ɡɚɥɟɠɚɬɶ ɜɿɞ ɜɿɞɧɨɫɧɨʀ ɩɫɟɜɞɨɫɬɪɿɦɤɨɫɬɿ ݕ, ɧɟɬɪɢɜɿɚɥɶɧɟ ɿɧɬɟɝ-
ɪɭɜɚɧɧɹ ɡɚ ܻ ɦɚє ɧɚ ɦɟɬɿ ɦɿɧɿɦɿɡɚɰɿɸ ɜɧɟɫɤɿɜ ɞɪɭɝɨɝɨ ɩɨɤɨɥɿɧɧɹ ɤɜɚɪɤɿɜ ɞɨ ɫɩɨɫɬɟ-
ɪɟɠɭɜɚɧɨʀ (ɦɟɧɲɟ 1%), ɳɨɛ ɦɨɠɧɚ ɛɭɥɨ ɡɧɟɯɬɭɜɚɬɢ ɨɫɬɚɧɧɿɦɢ ɞɜɨɦɚ ɡ ɲɟɫɬɢ ɧɟɜɿ-
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ɞɨɦɢɦɢ ɤɨɦɛɿɧɚɰɿɹɦɢ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ. Ɂɚ ɪɚɯɭɧɨɤ ɩɚɪɧɨɫɬɿ ɩɟɪɟɪɿɡɭ ɜɿ-
ɞɧɨɫɧɨ ܻ ɧɚɣɩɪɨɫɬɿɲɚ ɧɟɬɪɢɜɿɚɥɶɧɚ ɜɚɝɨɜɚ ɮɭɧɤɰɿɹ ɜɿɞɩɨɜɿɞɚє ɩɟɪɟɪɿɡɭ «ɰɟɧɬɪ-

ɝɪɚɧɢɰɹ»: ɿɧɬɟɪɜɚɥ ɩɫɟɜɞɨɫɬɪɿɦɤɨɫɬɿ ɩɪɨɦɿɠɧɨɝɨ ɫɬɚɧɭ ɞɿɥɢɦɨ ɧɚ ɰɟɧɬɪɚɥɶɧɭ 
(|ܻ| < ЦܻТН = 0,75) ɬɚ ɩɟɪɢɮɟɪɿɣɧɭ ( ЦܻТН < |ܻ| < ЦܻКб) ɨɛɥɚɫɬɿ, ɹɤɿ ɛɟɪɭɬɶɫɹ ɡ ɪɿɡɧɨɸ 
ɜɚɝɨɸ. Ɇɟɠɿ ɿɧɬɟɝɪɭɜɚɧɧɹ ɨɛɢɪɚɸɬɶɫɹ ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɤɨɧɤɪɟɬɧɨɝɨ ɤɿɧɰɟɜɨɝɨ ɫɬɚɧɭ 
(݁+݁− ɱɢ ߤ+ߤ−) ɿ ɞɟɬɟɤɬɨɪɚ ɜ ɿɧɞɢɜɿɞɭɚɥɶɧɨɦɭ ɩɨɪɹɞɤɭ. ɍ ɪɟɡɭɥɶɬɚɬɿ ɱɢɫɟɥɶɧɨʀ ɨɩ-
ɬɢɦɿɡɚɰɿʀ ɡɧɚɯɨɞɢɦɨ: 

ܹሺM, ܻሻ = {0,547
M݉௓ − 1,326, |ܻ| < ЦܻТН,ͳ, ЦܻТН < |ܻ| < ЦܻКб.  (30) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɍ ɜɢɩɚɞɤɭ ɭɧɿɜɟɪɫɚɥɶɧɨɫɬɿ ɩɨɤɨɥɿɧɶ ɮɟɪɦɿɨɧɿɜ ɿɧɬɟɝɪɭɜɚɧɧɹ ɡɚ ɩɫɟɜɞɨɫɬɪɿɦɤɿɫ-
ɬɸ ɩɪɨɦɿɠɧɨɝɨ ɫɬɚɧɭ ɧɟ ɦɨɠɟ ɡɦɿɧɢɬɢ ɤɿɥɶɤɿɫɬɶ ɧɟɜɿɞɨɦɢɯ ɩɚɪɚɦɟɬɪɿɜ Г' ɛɨɡɨɧɚ, ɬɨ-
ɦɭ ɨɛɢɪɚєɦɨ ɫɩɪɨɳɟɧɭ ɫɩɨɫɬɟɪɟɠɭɜɚɧɭ ɡ ɨɞɢɧɢɱɧɨɸ ɜɚɝɨɜɨɸ ɮɭɧɤɰɿєɸ ɩɪɢ ɛɭɞɶ-

ɹɤɿɣ ɿɧɜɚɪɿɚɧɬɧɿɣ ɦɚɫɿ ɥɟɩɬɨɧɧɨʀ ɩɚɪɢ: ܹሺM, ܻሻ = ͳ. 

ɉɟɪɟɪɿɡ ɪɨɡɫɿɸɜɚɧɧɹ ɿɧɬɟɝɪɭєɬɶɫɹ ɡɚ ɿɧɜɚɪɿɚɧɬɧɨɸ ɦɚɫɨɸ ɥɟɩɬɨɧɧɨʀ ɩɚɪɢ M ɭ 
ɫɢɦɟɬɪɢɱɧɨɦɭ ɧɚɜɤɨɥɨ ɩɿɤɭ Г ɛɨɡɨɧɚ ɿɧɬɟɪɜɚɥɿ. Ɂɚɜɞɹɤɢ ɤɿɧɟɦɚɬɢɱɧɿɣ ɫɬɪɭɤɬɭɪɿ ɩɟ-
ɪɟɪɿɡɭ ɜ ɨɤɨɥɿ ɪɟɡɨɧɚɧɫɭ ɬɚɤɟ ɿɧɬɟɝɪɭɜɚɧɧɹ ɩɪɢɝɧɿɱɭє ɜɧɟɫɨɤ ݒ�ݒ௟ ɭ ɩɟɪɟɪɿɡɿ ɪɨɡɫɿɸ-
ɜɚɧɧɹ, ɨɫɤɿɥɶɤɢ ɜɿɧ ɧɟ ɩɨɜ'ɹɡɚɧɢɣ ɿɡ ɞɨɦɿɧɚɧɬɧɢɦ ɜɧɟɫɤɨɦ ɜɿɞ ɡɦɿɲɭɜɚɧɧɹ (ߠ଴~ܽ) ɣ 
ɨɩɢɫɭєɬɶɫɹ ɧɟɩɚɪɧɨɸ ɜɿɞɧɨɫɧɨ ݉௓ ɮɭɧɤɰɿєɸ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɤɿɥɶɤɿɫɬɶ ɧɟɜɿɞɨɦɢɯ 
ɜɧɟɫɤɿɜ ɭ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿɣ ɫɤɨɪɨɱɭєɬɶɫɹ ɞɨ ɬɪɶɨɯ: ܽଶ, ,�ݒܽ  .௟ݒܽ

ɉɨɞɚɥɶɲɟ ɿɧɬɟɝɪɭɜɚɧɧɹ ɡɚ ɜɿɞɧɨɫɧɨɸ ɫɬɪɿɦɤɿɫɬɸ ɜ ɥɟɩɬɨɧɧɿɣ ɩɚɪɿ ݕ ɞɨɡɜɨɥɹє 
ɩɨɡɛɭɬɢɫɹ ɳɟ ɨɞɧɨɝɨ ɡ ɜɧɟɫɤɿɜ Г' ɛɨɡɨɧɚ ɞɨ ɫɩɨɫɬɟɪɟɠɭɜɚɧɨʀ ɧɚ ɜɢɛɿɪ. Ɉɫɤɿɥɶɤɢ ɡɚ-
ɥɟɠɧɿɫɬɶ ɩɟɪɟɪɿɡɭ ɪɨɡɫɿɸɜɚɧɧɹ ɜɿɞ  ݕ ɧɟ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɩɚɪɧɿɫɬɸ, ɧɚɣɩɪɨɫɬɿɲɨɸ 
ɜɚɝɨɜɨɸ ɮɭɧɤɰɿєɸ ɛɭɞɟ ɚɫɢɦɟɬɪɿɹ «ɜɩɟɪɟɞ-ɧɚɡɚɞ»: ݓሺݕሻ = { ݇, ݕ > Ͳ,−1, ݕ < Ͳ. (31) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

Ɍɚɛɥɢɰɹ 6 

ɋɩɨɫɬɟɪɟɠɭɜɚɧɿ ɜ ɩɪɨɰɟɫɿ �� → �+�− ɜ ɨɤɨɥɿ ɩɿɤɭ Г ɛɨɡɨɧɚ 

 ℐሺܽଶ, ,ሻ ℐሺܽଶ�ݒܽ ,�ݒ௟ሻ ℐሺܽݒܽ  ௟ሻݒܽ

ɇɟɭɧɿɜɟɪɫɚɥɶɧɿ ɜɡɚєɦɨɞɿʀ ɡ ɩɨɤɨɥɿɧɧɹɦɢ ɮɟɪɦɿɨɧɿɜ ݇ -0,79 0,35 0,96 

ɋɆ, ЩЛ -44  4 -14  1 2,1  0,3 

Ɏɚɤɬɨɪ ɩɪɢ ܽଶ, pb 0,89  0,06 0,31  0,02 - 

Ɏɚɤɬɨɪ ɩɪɢ ܽݒ�, pb 0,049  0,005 - -0,027  0,000 

Ɏɚɤɬɨɪ ɩɪɢ ܽݒ௟, pb - 0,23  0,02 0,35  0,03 

ɍɧɿɜɟɪɫɚɥɶɧɿ ɜɡɚєɦɨɞɿʀ ɡ ɩɨɤɨɥɿɧɧɹɦɢ ɮɟɪɦɿɨɧɿɜ ݇ -0,80 -2,0 0,98 

ɋɆ, ЩЛ -196  12 -335  21 12,1  0,8 

Ɏɚɤɬɨɪ ɩɪɢ ܽଶ, pb 3,6  0,2 6,0  0,3 - 

Ɏɚɤɬɨɪ ɩɪɢ ܽݒ�, pb - - -0,067  0,000 

Ɏɚɤɬɨɪ ɩɪɢ ܽݒ௟, pb - -1,09  0,07 1,6  0,1 
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ɍ ɬɚɛɥ. 6 ɩɨɤɚɡɚɧɨ ɪɟɡɭɥɶɬɚɬɢ ɨɩɬɢɦɿɡɚɰɿʀ ɜɚɝɨɜɨʀ ɮɭɧɤɰɿʀ ɬɚ ɨɬɪɢɦɚɧɿ ɞɜɨɩɚɪɚ-
ɦɟɬɪɢɱɧɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ. Ɉɤɪɟɦɨ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɜɢɩɚɞɨɤ ɭɧɿɜɟɪɫɚɥɶɧɢɯ ɜɡɚєɦɨɞɿɣ 
ɞɥɹ ɜɫɿɯ ɩɨɤɨɥɿɧɶ ɬɚ ɜɢɩɚɞɨɤ ɥɟɩɬɨɮɨɛɧɨɝɨ Г' ɛɨɡɨɧɚ (ɞɨɦɿɧɭɸɱɢɣ ɮɚɤɬɨɪ ɩɪɢ ܽݒ�). 

ɋɩɨɫɬɟɪɟɠɭɜɚɧɿ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɿ ɩɪɢ ɮɿɬɭɜɚɧɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ 
ɞɚɧɢɯ ɭ ɩɪɨɰɟɫɿ ɪɨɡɫɿɸɜɚɧɧɹ ݌݌ → ݈+݈−, ɳɨ ɡɿɛɪɚɧɿ ɤɨɥɚɛɨɪɚɰɿɹɦɢ Ɍɟɜɚɬɪɨɧ. ɐɟ ɮɿ-
ɬɭɜɚɧɧɹ ɞɨɡɜɨɥɢɬɶ ɨɛɦɟɠɢɬɢ ɜɟɤɬɨɪɧɭ ɬɚ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɭ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ Г' 
ɛɨɡɨɧɚ ɡ ɮɟɪɦɿɨɧɚɦɢ ɋɆ. ɍ ɜɢɩɚɞɤɭ ɭɧɿɜɟɪɫɚɥɶɧɢɯ ɜɡɚєɦɨɞɿɣ Г' ɛɨɡɨɧɚ ɡ ɮɟɪɦɿɨɧ-
ɧɢɦɢ ɩɨɤɨɥɿɧɧɹɦɢ ɿɫɧɭє ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɚ ɫɩɨɫɬɟɪɟɠɭɜɚɧɚ, ɩɨɜ'ɹɡɚɧɚ ɡ ɤɨɦɛɿɧɚɰɿ-
єɸ ܽଶ. 

ɍ ɩ’ɹɬɨɦɭ ɪɨɡɞɿɥɿ ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɩɨɲɭɤɢ ɪɟɡɨɧɚɧɫɭ Г' ɛɨɡɨɧɚ ɜ ɭɦɨɜɚɯ ɟɤɫɩɟ-
ɪɢɦɟɧɬɿɜ Ɍɟɜɚɬɪɨɧ ɬɚ LHC. Ɂɚɡɜɢɱɚɣ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ ɨɛɪɨɛɥɹɸɬɶɫɹ ɜ ɬɚɤ ɡɜɚ-
ɧɨɦɭ «ɧɚɛɥɢɠɟɧɧɿ ɜɭɡɶɤɨʀ ɲɢɪɢɧɢ». ɉɪɢ ɰɶɨɦɭ ɜ ɹɤɨɫɬɿ ɫɢɝɧɚɥɭ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɤɿɥɶ-
ɤɿɫɬɶ ɩɨɞɿɣ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɩɟɪɟɪɿɡɭ ɪɨɡɫɿɸɜɚɧɧɹ, ɩɪɨɿɧɬɟɝɪɨɜɚɧɨɦɭ ɜ ɨɤɨɥɿ ɩɿɤɭ Г' 
ɛɨɡɨɧɚ. Ɍɚɤɢɣ ɜɧɟɫɨɤ ɞɨ ɫɩɨɫɬɟɪɟɠɭɜɚɧɨɝɨ ɩɟɪɟɪɿɡɭ ɪɨɡɫɿɸɜɚɧɧɹ ɦɨɠɧɚ ɡɚɩɢɫɚɬɢ ɭ 
ɜɢɝɥɹɞɿ � = �ɋɆ + �௓′×BR, (32) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!
ɞɟ �௓′ – ɩɟɪɟɪɿɡ ɧɚɪɨɞɠɟɧɧɹ Г' ɛɨɡɨɧɚ, ɨɛɱɢɫɥɟɧɢɣ ɭ ɩɪɢɩɭɳɟɧɧɿ, ɳɨ ɟɧɟɪɝɿɹ ɩɪɨɦɿ-
ɠɧɨɝɨ ɫɬɚɧɭ ɞɨɪɿɜɧɸє ɦɚɫɿ Г' ɛɨɡɨɧɚ, ɚ BR – ɱɚɫɬɤɚ ɪɨɡɩɚɞɭ Г' ɛɨɡɨɧɚ ɜ ɤɚɧɚɥ ɫɩɨ-
ɫɬɟɪɟɠɟɧɧɹ (ɡɜɢɱɚɣɧɨ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɩɚɪɚ ɥɟɩɬɨɧɿɜ, ɬɨɛɬɨ ɩɪɨɰɟɫ Ⱦɪɟɥɥɚ – əɧɚ). ɏɨ-
ɱɚ ɩɟɪɟɪɿɡ (32) ɩɭɛɥɿɤɭєɬɶɫɹ ɭ ɜɢɝɥɹɞɿ ɮɭɧɤɰɿʀ ɜɿɞ ɿɧɜɚɪɿɚɧɬɧɨʀ ɦɚɫɢ ɥɟɩɬɨɧɧɨʀ ɩɚɪɢ, 
ɜɿɧ ɧɟ є ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɦ ɩɟɪɟɪɿɡɨɦ ɪɨɡɫɿɸɜɚɧɧɹ ɜɿɞɧɨɫɧɨ ɟɧɟɪɝɿʀ ɩɪɨɦɿɠɧɨɝɨ ɫɬɚɧɭ 
– ɤɨɠɧɟ ɡɧɚɱɟɧɧɹ ɦɚɫɢ Г' ɛɨɡɨɧɚ ɦɚє ɪɨɡɝɥɹɞɚɬɢɫɹ ɨɤɪɟɦɨ ɜɿɞ ɿɧɲɢɯ ɡɧɚɱɟɧɶ ɦɚɫɢ. 
ɑɚɫɬɤɚ ɪɨɡɩɚɞɭ – ɰɟ ɜɿɞɧɨɲɟɧɧɹ ɲɢɪɢɧɢ ɪɨɡɩɚɞɭ Г' ɛɨɡɨɧɚ ɜ ɡɚɡɧɚɱɟɧɢɣ ɤɚɧɚɥ ɪɟɚɤ-
ɰɿʀ ɞɨ ɩɨɜɧɨʀ ɲɢɪɢɧɢ ɪɨɡɩɚɞɭ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɬɟɨɪɟɬɢɱɧɢɣ ɨɩɢɫ ɫɢɝɧɚɥɭ Г' ɛɨɡɨɧɚ 
ɩɪɢ ɪɟɡɨɧɚɧɫɧɢɯ ɩɨɲɭɤɚɯ ɧɚ ɫɭɱɚɫɧɢɯ ɝɚɞɪɨɧɧɢɯ ɩɪɢɫɤɨɪɸɜɚɱɚɯ ɡɜɨɞɢɬɶɫɹ ɧɚ 
ɩɪɚɤɬɢɰɿ ɞɨ ɞɜɨɯ ɜɟɥɢɱɢɧ – ɩɟɪɟɪɿɡɭ ɧɚɪɨɞɠɟɧɧɹ ɬɚ ɲɢɪɢɧɢ ɪɨɡɩɚɞɭ ɱɚɫɬɢɧɤɢ.  

ɉɟɪɟɪɿɡ ɧɚɪɨɞɠɟɧɧɹ ɨɛɱɢɫɥɸєɬɶɫɹ ɜ ɦɟɠɚɯ ɩɚɪɬɨɧɧɨʀ ɦɨɞɟɥɿ: �௓′ = �ݔ݀∫∑ �ݔ݀∫ �݂,஺ሺݔ�ሻ݂�,஻ሺݔ�ሻ �ሺݍݍ → ܼ′ሻ�,� , (33) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɞɟ ɩɨɡɧɚɱɟɧɧɹ ɜɿɞɩɨɜɿɞɚɸɬɶ (24). Ⱦɥɹ ɜɪɚɯɭɜɚɧɧɹ ɜɢɳɢɯ ɩɨɪɹɞɤɿɜ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ ɡɚ-
ɫɬɨɫɨɜɭєɬɶɫɹ K-ɮɚɤɬɨɪ, ɹɤɢɣ ɫɤɥɚɞɚє ɩɪɢɛɥɢɡɧɨ 1,4 ɩɪɢ 2-3 Ɍɟȼ. 

ɉɪɢ ɟɧɟɪɝɿɹɯ ɩɨɧɚɞ 1 Ɍɟȼ ɦɨɠɧɚ ɡɧɟɯɬɭɜɚɬɢ ɤɨɧɫɬɚɧɬɚɦɢ, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ 
ɞɪɭɝɨɦɭ ɬɚ ɬɪɟɬɶɨɦɭ ɩɨɤɨɥɿɧɧɸ ɤɜɚɪɤɿɜ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɟɪɟɪɿɡ ɧɚɪɨɞɠɟɧɧɹ Г' ɛɨɡɨɧɚ 
ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɪɶɨɯ ɤɨɦɛɿɧɚɰɿɣ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɤɜɚɪɤɚɦɢ: ܽଶ, ,�ݒܽ  .ଶ�ݒ

ɒɢɪɢɧɚ ɪɨɡɩɚɞɭ Г' ɛɨɡɨɧɚ ɨɛɱɢɫɥɸєɬɶɫɹ ɫɬɚɧɞɚɪɬɧɢɦ ɱɢɧɨɦ ɡɚ ɞɨɩɨɦɨɝɨɸ ɬɚɤ 
ɡɜɚɧɨʀ «ɨɩɬɢɱɧɨʀ ɬɟɨɪɟɦɢ»: Γ௓′ = − ͳ݉௓′ Im[ܩ௓′௓′], (34) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɞɟ ܩ௓′௓′ – ɩɨɥɹɪɢɡɚɰɿɣɧɢɣ ɨɩɟɪɚɬɨɪ Г' ɛɨɡɨɧɚ (ɮɭɧɤɰɿɹ Ƚɪɿɧɚ, ɳɨ ɧɟ ɡɜɨɞɢɬɶɫɹ ɞɨ 
ɨɞɧɨɱɚɫɬɢɧɤɨɜɨʀ). ɇɚɩɪɢɤɥɚɞ, ɲɢɪɢɧɚ ɪɨɡɩɚɞɭ Г' ɛɨɡɨɧɚ ɜ ɞɿɮɟɪɦɿɨɧɧɢɣ ɤɚɧɚɥ ɡɚ-
ɥɟɠɢɬɶ ɜɿɞ ɬɪɶɨɯ ɤɨɦɛɿɧɚɰɿɣ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɮɟɪɦɿɨɧɨɦ: ܽଶ, ௙ݒܽ ,  .௙ଶݒ



22 
 

Ʉɨɟɮɿɰɿєɧɬɢ ɩɪɢ ɰɢɯ ɤɨɦɛɿɧɚɰɿɹɯ ɡɜɨɞɹɬɶɫɹ ɞɨ ɜɿɞɨɦɢɯ ɭ ɤɜɚɧɬɨɜɿɣ ɬɟɨɪɿʀ ɩɨɥɹ ɿɧɬɟ-
ɝɪɚɥɿɜ ȼɟɥɬɦɚɧɚ – ɉɚɫɫɚɪɿɧɨ. 

ɍ ɞɢɫɟɪɬɚɰɿʀ ɨɰɿɧɟɧɨ ɩɟɪɟɪɿɡ ɧɚɪɨɞɠɟɧɧɹ Г' ɛɨɡɨɧɚ ɜ ɩɪɨɬɨɧ-ɚɧɬɢɩɪɨɬɨɧɧɢɯ ɬɚ 
ɩɪɨɬɨɧ-ɩɪɨɬɨɧɧɢɯ ɡɿɬɤɧɟɧɧɹɯ ɬɚ ɱɚɫɬɤɭ ɪɨɡɩɚɞɭ ɜ ɞɿɟɥɟɤɬɪɨɧɧɢɣ ɱɢ ɞɿɦɸɨɧɧɢɣ ɤɚ-
ɧɚɥ ɧɚ ɨɫɧɨɜɿ ɜɢɦɿɪɹɧɢɯ ɡɚ ɞɚɧɢɦɢ LEP ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ. ɐɿ ɩɟɪɟɞɛɚ-
ɱɟɧɧɹ ɦɨɠɧɚ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɞɨ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɧɚ ɩɪɢɫɤɨɪɸɜɚɱɿ Ɍɟɜɚɬɪɨɧ ɬɚ LHC. 
ɉɪɢ ɰɶɨɦɭ ɡɪɨɛɥɟɧɨ ɞɜɚ ɬɢɩɢ ɨɰɿɧɨɤ. ɉɨ-ɩɟɪɲɟ, ɞɥɹ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɨʀ ɤɨɧɫɬɚɧɬɢ 
ɛɟɪɟɬɶɫɹ ɡɧɚɱɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛɧɨɫɬɿ ܽ = 0,14 ݉௓′/Ɍɟȼ, ɹɤɟ ɜɿɞɩɨɜɿɞɚє 
ɫɟɪɟɞɧɿɣ ɨɰɿɧɰɿ ɟɤɫɩɟɪɢɦɟɧɬɿɜ LEP I ɬɚ ɤɨɦɛɿɧɨɜɚɧɨɝɨ ɚɧɿɝɿɥɹɰɿɣɧɨɝɨ ɤɚɧɚɥɭ LEP II 
(ɞɢɜ. ɬɚɛɥ. 3). Ɋɟɲɬɚ ɤɨɧɫɬɚɧɬ ɛɟɪɟɬɶɫɹ ɡ ɿɧɬɟɪɜɚɥɿɜ ɪɿɜɧɹ ɞɨɜɿɪɢ 95%. ɇɚ ɪɢɫ. 3 ɜɿɞ-
ɩɨɜɿɞɧɢɣ ɩɟɪɟɪɿɡ ɧɚɪɨɞɠɟɧɧɹ ɩɨɡɧɚɱɟɧɢɣ ɹɤ «ML». ɉɨ-ɞɪɭɝɟ, ɜɫɿ ɤɨɧɫɬɚɧɬɢ, ɜɤɥɸ-
ɱɚɸɱɢ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɭ, ɛɟɪɭɬɶɫɹ ɡ ɿɧɬɟɪɜɚɥɿɜ ɪɿɜɧɹ ɞɨɜɿɪɢ 95%. ɇɚ ɪɢɫ. 3 ɜɿɞɩɨ-
ɜɿɞɧɢɣ ɩɟɪɟɪɿɡ ɧɚɪɨɞɠɟɧɧɹ ɩɨɡɧɚɱɟɧɢɣ ɹɤ «95% CL». Ⱦɥɹ ɩɨɪɿɜɧɹɧɧɹ ɡ ɟɤɫɩɟɪɢɦɟɧ-
ɬɨɦ ɩɨɬɪɿɛɧɨ ɦɧɨɠɢɬɢ ɡɚɡɧɚɱɟɧɢɣ ɩɟɪɟɪɿɡ ɧɚ ɱɚɫɬɤɭ ɪɨɡɩɚɞɭ BR ɭ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɣ 
ɤɚɧɚɥ ɪɟɚɤɰɿʀ. Ⱦɥɹ ɩɪɨɰɟɫɭ Ⱦɪɟɥɥɚ – əɧɚ (ɞɿɟɥɟɤɬɪɨɧɧɢɣ ɱɢ ɞɿɦɸɨɧɧɢɣ ɤɚɧɚɥ) 
BR<0,1, ɨɬɠɟ ɜɟɪɬɢɤɚɥɶɧɭ ɲɤɚɥɭ ɫɥɿɞ ɡɦɟɧɲɢɬɢ ɩɪɢɧɚɣɦɧɿ ɧɚ ɩɨɪɹɞɨɤ. 

 

  
Ɋɢɫ. 3. ɉɟɪɟɪɿɡ ɧɚɪɨɞɠɟɧɧɹ Г' ɛɨɡɨɧɚ ɜ ɩɪɨɬɨɧ-ɩɪɨɬɨɧɧɢɯ ɡɿɬɤɧɟɧɧɹɯ 

 

Ɂɚɫɬɨɫɨɜɭɸɱɢ ɿɧɬɟɪɜɚɥɢ ɪɿɜɧɹ ɞɨɜɿɪɢ 95% ɞɥɹ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ 
ɬɚɛɥ. 4, ɦɨɠɧɚ ɨɰɿɧɢɬɢ ɩɨɜɧɭ ɲɢɪɢɧɭ ɪɨɡɩɚɞɭ, ɱɚɫɬɤɨɜɿ ɲɢɪɢɧɢ ɪɨɡɩɚɞɭ ɬɚ ɱɚɫɬɤɢ 
ɪɨɡɩɚɞɭ Г' ɛɨɡɨɧɚ. ɇɚɣɛɿɥɶɲɢɣ ɿɧɬɟɪɟɫ ɜɢɤɥɢɤɚє ɱɚɫɬɤɚ ɪɨɡɩɚɞɭ ɜ ɞɿɟɥɟɤɬɪɨɧɧɢɣ ɤɚ-
ɧɚɥ. Ɉɫɤɿɥɶɤɢ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɟɥɟɤɬɪɨɧɚɦɢ ɧɚɣɤɪɚɳɟ ɨɛɦɟɠɟɧɿ ɟɤɫ-
ɩɟɪɢɦɟɧɬɚɦɢ LEP, ɨɬɪɢɦɭєɦɨ ɧɚɫɬɭɩɧɢɣ ɪɟɡɭɥɶɬɚɬ: 

0,004 < BR(ܼ′ → ݁+݁−ሻ < 0,21. (35) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!
ɍ ɥɿɬɟɪɚɬɭɪɿ ɞɨɫɢɬɶ ɱɚɫɬɨ ɪɨɡɝɥɹɞɚɸɬɶ ɩɨɲɭɤ ɪɨɡɩɚɞɿɜ Г' ɛɨɡɨɧɚ ɧɚ ɩɚɪɢ ɛɨɡɨ-

ɧɿɜ ܹ+ܹ−. Ⱦɥɹ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ ɜɡɚєɦɨɞɿʀ ɦɿɠ Г' ɛɨɡɨɧɨɦ ɬɚ ɜɟɤɬɨɪɧɢɦ ɛɨɡɨɧɚ-
ɦɢ ɋɆ ɜɢɡɧɚɱɚɸɬɶɫɹ ɤɭɬɨɦ ɡɦɿɲɭɜɚɧɧɹ ߠ଴, ɹɤɢɣ, ɭ ɫɜɨɸ ɱɟɪɝɭ, ɩɨɜ'ɹɡɚɧɢɣ ɡ ɚɤɫɿɚ-
ɥɶɧɨ-ɜɟɤɬɨɪɧɨɸ ɤɨɧɫɬɚɧɬɨɸ. Ɍɨɦɭ ɦɨɠɧɚ ɨɰɿɧɢɬɢ ɲɢɪɢɧɭ ɪɨɡɩɚɞɭ Г' ɛɨɡɨɧɚ ɧɚ ɩɚ-
ɪɢ ɛɨɡɨɧɿɜ ܹ+ܹ−: Γௐ+ௐ− = 0,27 Ƚɟȼ (ɦɿɧɿɦɚɥɶɧɚ ɋɆ), (36) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!
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 Γௐ+ௐ− = 0,53 Ƚɟȼ (ɋɆ ɡ ɞɜɨɦɚ ɫɤɚɥɹɪɧɢɦɢ ɞɭɛɥɟɬɚɦɢ). (37) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!
ȼɿɞɩɨɜɿɞɧɿ ɱɚɫɬɤɢ ɪɨɡɩɚɞɭ ɫɤɥɚɞɚɸɬɶ ɦɟɧɲɟ 2,5%, ɬɨɦɭ ɩɨɲɭɤɢ ɫɢɝɧɚɥɿɜ Г' ɛɨɡɨɧɚ ɜ 
ɤɚɧɚɥɿ ɪɨɡɩɚɞɭ ܼ′ → ܹ+ܹ− ɦɨɠɭɬɶ ɜɢɹɜɢɬɢɫɹ ɧɟɨɩɬɢɦɚɥɶɧɢɦɢ. 

ɍ ɞɢɫɟɪɬɚɰɿʀ ɨɬɪɢɦɚɧɨ ɧɢɠɧɸ ɦɨɞɟɥɶɧɨ-ɧɟɡɚɥɟɠɧɭ ɝɪɚɧɢɰɸ ɧɚ ɦɚɫɭ Г' ɛɨɡɨɧɚ 
ɡɚ ɞɚɧɢɦɢ ɟɤɫɩɟɪɢɦɟɧɬɭ Ɍɟɜɚɬɪɨɧ, ɚ ɬɚɤɨɠ ɩɨɤɚɡɚɧɨ ʀʀ ɩɨɪɿɜɧɹɧɧɹ ɡ ɜɿɞɩɨɜɿɞɧɢɦɢ 
ɝɪɚɧɢɰɹɦɢ ɞɥɹ ɩɨɩɭɥɹɪɧɢɯ ɦɨɞɟɥɟɣ Г' ɛɨɡɨɧɚ. ɉɪɢɤɥɚɞ ɞɿɟɥɟɤɬɪɨɧɧɨɝɨ ɤɚɧɚɥɭ ɪɟɚ-
ɤɰɿʀ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 4. ɋɭɰɿɥɶɧɚ ɨɛɥɚɫɬɶ ɜɿɞɩɨɜɿɞɚє ɫɢɝɧɚɥɭ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ, 
ɡɧɚɣɞɟɧɨɝɨ ɩɪɢ ɨɛɪɨɛɰɿ ɞɚɧɢɯ ɩɪɢɫɤɨɪɸɜɚɱɚ LEP, ɚ ɧɚɛɿɪ ɥɿɧɿɣ «ɦɨɞɟɥɿ» – ɩɨɩɭɥɹɪ-
ɧɢɦ ɦɨɞɟɥɹɦ Г' ɛɨɡɨɧɚ, ɹɤɿ ɩɪɨɚɧɚɥɿɡɭɜɚɥɢ ɤɨɥɚɛɨɪɚɰɿʀ ɟɤɫɩɟɪɢɦɟɧɬɭ Ɍɟɜɚɬɪɨɧ. Ɂɧɚ-
ɱɟɧɧɹ ɫɩɨɫɬɟɪɟɠɭɜɚɧɨʀ (32) ɜɢɳɟ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ ɝɪɚɧɢɰɿ ɫɢɝɧɚɥɭ (ɥɨɦɚɧɚ ɥɿɧɿɹ) 
ɦɚɸɬɶ ɛɭɬɢ ɜɢɤɥɸɱɟɧɿ ɹɤ ɬɚɤɿ, ɳɨ ɩɪɨɬɢɪɿɱɚɬɶ ɜɢɦɿɪɸɜɚɧɧɹɦ, ɬɨɞɿ ɹɤ ɡɧɚɱɟɧɧɹ ɧɢ-
ɠɱɟ ɜɤɚɡɚɧɨʀ ɝɪɚɧɢɰɿ є ɞɨɡɜɨɥɟɧɢɦɢ. ɇɚ ɪɢɫ. 4 ɦɨɠɧɚ ɩɨɛɚɱɢɬɢ ɞɜɿ ɯɚɪɚɤɬɟɪɧɿ ɪɢɫɢ 
ɦɨɞɟɥɶɧɨ-ɧɟɡɚɥɟɠɧɨɝɨ ɚɧɚɥɿɡɭ. ɉɨ-ɩɟɪɲɟ, ɨɛɥɚɫɬɶ ɦɨɞɟɥɶɧɨ-ɧɟɡɚɥɟɠɧɨɝɨ ɫɢɝɧɚɥɭ 
ɜɤɥɸɱɚє ɜɫɿ ɦɨɞɟɥɶɧɨ-ɡɚɥɟɠɧɿ ɩɟɪɟɞɛɚɱɟɧɧɹ. ɉɨ-ɞɪɭɝɟ, ɜɨɧɚ ɜɤɥɸɱɚє ɜɚɪɿɚɧɬɢ Г' ɛɨ-
ɡɨɧɚ, ɹɤɿ ɞɨɫɬɚɬɧɶɨ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɜɿɞ ɩɟɪɟɥɿɤɭ ɩɨɩɭɥɹɪɧɢɯ ɦɨɞɟɥɟɣ. ɐɟ ɞɨɜɨɞɢɬɶ, 
ɳɨ ɧɚɜɿɬɶ ɞɟɫɹɬɨɤ ɦɨɞɟɥɟɣ Г' ɛɨɡɨɧɚ ɦɨɠɟ ɜɢɹɜɢɬɢɫɹ ɧɟɪɟɩɪɟɡɟɧɬɚɬɢɜɧɢɦ. ȼɢɫɧɨ-
ɜɨɤ ɤɨɥɚɛɨɪɚɰɿɣ CDF ɿ D0 ɩɪɨ ɬɟ, ɳɨ Г' ɛɨɡɨɧ ɦɚє ɛɭɬɢ ɜɚɠɱɟ ɧɿɠ 0,8-0,9 Ɍɟȼ ɫɭɬɬє-
ɜɨ ɤɨɪɢɝɭєɬɶɫɹ ɩɪɢ ɦɨɞɟɥɶɧɨ-ɧɟɡɚɥɟɠɧɨɦɭ ɚɧɚɥɿɡɿ: ɫɢɝɧɚɥ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨ-
ɞɿɛɧɨɫɬɿ ɡ ɟɤɫɩɟɪɢɦɟɧɬɿɜ LEP ɧɟ ɩɪɨɬɢɪɿɱɢɬɶ ɜɢɦɿɪɸɜɚɧɧɹɦ ɧɚ ɩɪɢɫɤɨɪɸɜɚɱɿ Ɍɟɜɚɬ-
ɪɨɧ ɞɥɹ Г' ɛɨɡɨɧɚ ɡ ɦɚɫɨɸ ɜɿɞ 300 Ƚɟȼ ɞɨ 1,2 Ɍɟȼ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɦɨɞɟɥɶɧɨ-

ɧɟɡɚɥɟɠɧɚ ɧɢɠɧɹ ɝɪɚɧɢɰɹ ɦɚɫɢ Г' ɛɨɡɨɧɚ, ɫɭɦɿɫɧɚ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ ɟɤɫɩɟɪɢɦɟɧɬɿɜ 
LEP, ɫɬɚɧɨɜɢɬɶ ɛɥɢɡɶɤɨ 300 Ƚɟȼ. ɐɟɣ ɪɟɡɭɥɶɬɚɬ ɩɨɤɚɡɭє, ɳɨ ɩɨɩɭɥɹɪɧɿ ɦɨɞɟɥɿ ɦɨ-
ɠɭɬɶ ɞɚɜɚɬɢ ɥɢɲɟ ɩɪɢɛɥɢɡɧɟ ɭɹɜɥɟɧɧɹ ɩɪɨ ɩɚɪɚɦɟɬɪɢ Г' ɛɨɡɨɧɚ, ɚ ʀɯ ɭɡɚɝɚɥɶɧɟɧɧɹ ɧɚ 
ɦɨɞɟɥɶɧɨ-ɧɟɡɚɥɟɠɧɢɣ ɜɢɩɚɞɨɤ ɦɚє ɛɭɬɢ ɨɛɟɪɟɠɧɢɦ. Ɍɚɤɨɠ ɡɚɡɧɚɱɢɦɨ, ɳɨ ɦɚɫɢ ɛɿ-
ɥɶɲɟ 1,2 Ɍɟȼ ɧɟ ɜɢɤɥɸɱɚɸɬɶɫɹ ɟɤɫɩɟɪɢɦɟɧɬɨɦ Ɍɟɜɚɬɪɨɧ ɧɟɡɚɥɟɠɧɨ ɜɿɞ ɬɿєʀ ɱɢ ɿɧɲɨʀ 
ɦɨɞɟɥɿ Г' ɛɨɡɨɧɚ. 

 

  

Кɨɥɚɛɨɪɚɰɿɹ CDF, ݌݌ → ݁+݁−, 1,96 Ɍɟȼ Кɨɥɚɛɨɪɚɰɿɹ D0, ݌݌ → ݁+݁−, 1,96 Ɍɟȼ 

Ɋɢɫ. 4. ɇɢɠɧɹ ɦɨɞɟɥɶɧɨ-ɧɟɡɚɥɟɠɧɚ ɝɪɚɧɢɰɹ ɧɚ ɦɚɫɭ Г' ɛɨɡɨɧɚ ɡɚ ɞɚ-
ɧɢɦɢ ɟɤɫɩɟɪɢɦɟɧɬɭ Ɍɟɜɚɬɪɨɧ ɬɚ ʀʀ ɩɨɪɿɜɧɹɧɧɹ ɡ ɩɨɩɭɥɹɪɧɢɦɢ ɦɨɞɟ-

ɥɹɦɢ Г' ɛɨɡɨɧɚ 

 



24 
 

ɍ ɞɢɫɟɪɬɚɰɿʀ ɨɬɪɢɦɚɧɨ ɨɛɥɚɫɬɶ ɡɧɚɱɟɧɶ ɜɟɤɬɨɪɧɢɯ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ 
ɡ ɤɜɚɪɤɚɦɢ ɬɚ ɟɥɟɤɬɪɨɧɚɦɢ (ݒ� ɬɚ ݒ௘), ɞɨɡɜɨɥɟɧɢɯ ɧɚɣɫɭɱɚɫɧɿɲɢɦɢ ɟɤɫɩɟɪɢɦɟɧɬɚɦɢ 
ɧɚ ɩɪɢɫɤɨɪɸɜɚɱɿ LHC ɳɨɞɨ ɩɪɹɦɢɯ ɩɨɲɭɤɿɜ Г' ɛɨɡɨɧɚ ɭ ɜɢɝɥɹɞɿ ɪɟɡɨɧɚɧɫɭ. ɉɪɢ 
ɰɶɨɦɭ ɡɚɞɥɹ ɡɦɟɧɲɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɧɟɜɿɞɨɦɢɯ ɩɚɪɚɦɟɬɪɿɜ ɡɪɨɛɥɟɧɨ ɪɿɡɧɿ ɩɪɢɩɭɳɟɧɧɹ 
ɫɬɨɫɨɜɧɨ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɨʀ ɤɨɧɫɬɚɧɬɢ. ɉɟɪɲɢɣ ɜɚɪɿɚɧɬ – «ɨɩɬɢɦɿɫɬɢɱɧɚ» ɨɰɿɧɤɚ, 
ɤɨɥɢ ɛɟɪɟɬɶɫɹ ɡɧɚɱɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛɧɨɫɬɿ ܽ = 0,14 ݉௓′/Ɍɟȼ ɡ ɟɤɫɩɟɪɢ-
ɦɟɧɬɿɜ LEP. Ⱦɪɭɝɢɣ ɜɚɪɿɚɧɬ – «ɩɟɫɢɦɿɫɬɢɱɧɚ» ɨɰɿɧɤɚ, ɤɨɥɢ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɚ ɜɡɚє-
ɦɨɞɿɹ ɜɿɞɫɭɬɧɹ ɜɡɚɝɚɥɿ (ܽ = 0), ɚ ɫɢɝɧɚɥ ɡ ɟɤɫɩɟɪɢɦɟɧɬɿɜ LEP ɜɜɚɠɚєɬɶɫɹ ɜɢɩɚɞɤɨɜɨɸ 
ɮɥɭɤɬɭɚɰɿєɸ ɚɛɨ ɫɢɫɬɟɦɚɬɢɱɧɨɸ ɩɨɯɢɛɤɨɸ ɟɤɫɩɟɪɢɦɟɧɬɭ. Ɍɪɟɬɿɣ ɜɚɪɿɚɧɬ – «ɩɪɨɦɿ-
ɠɧɚ» ɨɰɿɧɤɚ, ɤɨɥɢ ɛɟɪɟɬɶɫɹ ɡɧɚɱɟɧɧɹ ɦɿɠ ɞɜɨɦɚ ɜɢɳɟ ɡɝɚɞɚɧɢɦɢ ɨɰɿɧɤɚɦɢ. ɍ ɞɢɫɟɪ-
ɬɚɰɿʀ ɜ ɹɤɨɫɬɿ «ɩɪɨɦɿɠɧɨʀ» ɨɰɿɧɤɢ ɨɛɪɚɧɨ ܽ = 0,07 ݉௓′/Ɍɟȼ. 

Ɍɢɩɨɜɢɣ ɪɟɡɭɥɶɬɚɬ ɳɨɞɨ ɩɨɲɭɤɭ ɫɢɝɧɚɥɿɜ Г' ɛɨɡɨɧɚ ɜ ɟɤɫɩɟɪɢɦɟɧɬɿ ɦɨɠɧɚ ɨɩɢ-
ɫɚɬɢ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ. Ɉɫɤɿɥɶɤɢ ɡɚ ɤɿɥɶɤɿɫɬɸ ɩɨɞɿɣ ɭ ɩɪɨɰɟɫɿ Ⱦɪɟɥɥɚ – əɧɚ ɧɟ ɫɩɨ-
ɫɬɟɪɿɝɚєɬɶɫɹ ɜɢɪɚɡɧɨɝɨ ɪɟɡɨɧɚɧɫɭ Г' ɛɨɡɨɧɚ, ɬɨ ɣɨɝɨ ɫɢɝɧɚɥ ɧɟ ɦɨɠɟ ɛɭɬɢ ɜɿɞɞɿɥɟɧɢɣ 
ɜɿɞ ɮɨɧɨɜɨɝɨ ɩɪɨɰɟɫɭ – ɪɨɡɫɿɸɜɚɧɧɹ ɡɝɿɞɧɨ ɞɨ ɋɆ. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɨɰɿɧɸєɬɶɫɹ 
ɧɚɣɛɿɥɶɲɢɣ ɦɨɠɥɢɜɢɣ ɜɧɟɫɨɤ ɜɿɞ ɿɫɧɭɜɚɧɧɹ Г' ɛɨɡɨɧɚ, ɹɤɢɣ ɛɢ ɪɚɡɨɦ ɿɡ ɮɨɧɨɜɢɦ 
ɩɪɨɰɟɫɨɦ ɛɭɜ ɫɭɦɿɫɧɢɣ ɡɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɨɸ ɤɿɥɶɤɿɫɬɸ ɩɨɞɿɣ. Ɍɚɤɢɦ ɱɢɧɨɦ ɜɢɧɢɤɚє 
ɜɟɪɯɧɹ ɦɟɠɚ ɧɚ ɪɿɜɧɿ ɞɨɜɿɪɢ 95% ɞɥɹ ɤɿɥɶɤɨɫɬɿ ɩɨɞɿɣ, ɩɨɜ'ɹɡɚɧɢɯ ɿɡ ɪɨɡɩɚɞɨɦ Г' ɛɨ-
ɡɨɧɚ, ɹɤɚ ɩɭɛɥɿɤɭєɬɶɫɹ ɤɨɥɚɛɨɪɚɰɿɹɦɢ. Ɂɚɡɜɢɱɚɣ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɤɨɥɚɛɨɪɚɰɿʀ ɤɨɪɢ-
ɫɬɭɸɬɶɫɹ ɤɨɦɩ'ɸɬɟɪɧɢɦɢ ɩɪɨɝɪɚɦɚɦɢ ɞɥɹ ɫɬɚɬɢɫɬɢɱɧɢɯ ɨɛɪɚɯɭɧɤɿɜ, ɪɨɡɪɨɛɥɟɧɢɦɢ ɜ 
ɿɧɬɟɪɩɪɟɬɚɰɿʀ ɬɟɨɪɿʀ ɣɦɨɜɿɪɧɨɫɬɟɣ ɡɚ Ȼɚɣєɫɨɦ, ɚ ɪɿɜɟɧɶ ɞɨɜɿɪɢ ɜɫɬɚɧɨɜɥɸєɬɶɫɹ ɲɥɹ-
ɯɨɦ ɿɧɬɟɝɪɭɜɚɧɧɹ ɚɩɨɫɬɟɪɿɨɪɧɨɝɨ ɪɨɡɩɨɞɿɥɭ ɣɦɨɜɿɪɧɨɫɬɟɣ.  ɋɬɪɨɝɨ ɤɚɠɭɱɢ, ɬɚɤɿ ɿɧ-
ɬɟɪɜɚɥɢ ɞɨɜɿɪɢ ɧɟ ɫɩɿɜɩɚɞɚɸɬɶ ɿɡ ɤɚɧɨɧɿɱɧɢɦ ɜɢɡɧɚɱɟɧɧɹɦ, ɨɫɧɨɜɚɧɢɦ ɧɚ ɦɚɥɿɣ ɣɦɨ-
ɜɿɪɧɨɫɬɿ ɜɿɞɯɢɥɢɬɢ ɿɫɬɢɧɧɭ ɝɿɩɨɬɟɡɭ ɩɪɢ ɩɟɪɟɜɿɪɰɿ. Ɉɞɧɚɤ, ɜɨɧɢ є ɛɥɢɡɶɤɢɦɢ ɞɨ ɤɚ-
ɧɨɧɿɱɧɢɯ ɿɧɬɟɪɜɚɥɿɜ ɞɨɜɿɪɢ ɿ ɰɿɥɤɨɦ ɩɪɢɞɚɬɧɿ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɨɰɿɧɨɤ ɤɨɧɫɬɚɧɬ ɜɡɚє-
ɦɨɞɿɣ Г' ɛɨɡɨɧɚ. ɍ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɣ ɿɧɬɟɪɜɚɥ ɞɨɜɿɪɢ ɞɥɹ (32) 

ɜɿɞɨɛɪɚɠɚєɬɶɫɹ ɧɚ ɩɥɨɳɢɧɭ ɩɚɪɚɦɟɬɪɿɜ ݒ� ɬɚ ݒ௘, ɜɿɞɞɿɥɹɸɱɢ ɩɪɢɩɭɫɬɢɦɿ ɡɧɚɱɟɧɧɹ 
ɩɚɪɚɦɟɬɪɿɜ ɜɿɞ ɜɢɤɥɸɱɟɧɢɯ.  

Ʉɨɥɚɛɨɪɚɰɿɹ ATLAS ɜɫɬɚɧɨɜɢɥɚ ɜɟɪɯɧɸ ɦɟɠɭ ɫɢɝɧɚɥɭ Г' ɛɨɡɨɧɚ ɜ ɞɿɟɥɟɤɬɪɨɧ-
ɧɨɦɭ ɤɚɧɚɥɿ ɩɪɨɰɟɫɭ Ⱦɪɟɥɥɚ – əɧɚ ɩɪɢ ɡɿɬɤɧɟɧɧɹɯ ɩɪɨɬɨɧɿɜ ɡ ɟɧɟɪɝɿєɸ 8 Ɍɟȼ ɧɚ ɧɚ-
ɫɬɭɩɧɨɦɭ ɪɿɜɧɿ �௓′ × BR < 1,5 × 10−3 ЩЛ ɞɥɹ ݉௓′ = 2 Ɍɟȼ, (38) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!�௓′ × BR < 2,5 × 10−3 ЩЛ ɞɥɹ ݉௓′ = 3 Ɍɟȼ. (39) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!
ɋɩɿɜɫɬɚɜɥɹɸɱɢ ɰɿ ɡɧɚɱɟɧɧɹ ɡ ɩɟɪɟɪɿɡɨɦ ɧɚɪɨɞɠɟɧɧɹ ɧɚ ɪɢɫ. 3, ɛɚɱɢɦɨ, ɳɨ ɩɪɢ ɱɚɫɬɰɿ 
ɪɨɡɩɚɞɭ BR = 0,1 (ɜɟɪɬɢɤɚɥɶɧɚ ɲɤɚɥɚ ɡɦɟɧɲɭєɬɶɫɹ ɧɚ ɩɨɪɹɞɨɤ), ɨɰɿɧɤɚ ɦɚɤɫɢɦɚɥɶ-
ɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛɧɨɫɬɿ LEP ɞɥɹ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɨʀ ɤɨɧɫɬɚɧɬɢ ɜɢɤɥɸɱɚєɬɶɫɹ (38)-

(39). Ⱦɥɹ ɭɡɝɨɞɠɟɧɨɫɬɿ ɡ ɟɤɫɩɟɪɢɦɟɧɬɨɦ LHC ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɭ ɤɨɧɫɬɚɧɬɭ ɜɡɚєɦɨ-
ɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɮɟɪɦɿɨɧɚɦɢ ɬɪɟɛɚ ɡɦɟɧɲɢɬɢ ɳɨɧɚɣɦɟɧɲɟ ɜ ɞɜɚ ɪɚɡɢ. Ɉɬɠɟ, ɞɥɹ ݉௓′< 3 Ɍɟȼ ɡɧɚɱɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛɧɨɫɬɿ ɡɚ ɞɚɧɢɦɢ LEP ɦɚє ɛɭɬɢ ɡɚɦɿ-
ɧɟɧɟ ɨɰɿɧɤɨɸ ɩɪɢɧɚɣɦɧɿ ɜɞɜɿɱɿ ɦɟɧɲɨɸ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɜɡɚєɦɨɞɿɹ ɡ ɚɤɫɿɚɥɶɧɨ-

ɜɟɤɬɨɪɧɢɦɢ ɫɬɪɭɦɚɦɢ є ɫɥɚɛɤɿɲɨɸ, ɧɿɠ ɦɨɠɧɚ ɛɭɥɨ ɫɩɨɞɿɜɚɬɢɫɹ ɪɚɧɿɲɟ. ȼɿɞɩɨɜɿɞɧɨ, 
ɤɭɬ ɡɦɿɲɭɜɚɧɧɹ ɦɿɠ Г ɬɚ Г' ɛɨɡɨɧɚɦɢ ɜ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɦɨɠɧɚ ɨɱɿɤɭɜɚɬɢ ɜ ɿɧɬɟɪɜɚɥɿ 
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ɧɟ ɛɿɥɶɲɟ ɧɿɠ 10−4, ɳɨ ɬɚɤɨɠ ɩɪɢɛɥɢɡɧɨ ɧɚ ɩɨɪɹɞɨɤ ɡɦɟɧɲɭє ɪɟɡɭɥɶɬɚɬɢ, ɨɬɪɢɦɚɧɿ ɜ 

ɟɤɫɩɟɪɢɦɟɧɬɿ LEP I. 
ɍ ɪɟɡɭɥɶɬɚɬɿ ɨɛɪɨɛɤɢ ɞɚɧɢɯ ɡɪɨɛɥɟɧɨ ɜɢɫɧɨɜɨɤ, ɳɨ ɟɤɫɩɟɪɢɦɟɧɬ LHC ɨɛɦɟɠɭє 

ɜɟɤɬɨɪɧɿ ɤɨɧɫɬɚɧɬɢ Г' ɛɨɡɨɧɚ ɧɚ ɧɚɫɬɭɩɧɨɦɭ ɪɿɜɧɿ: ݒ�, ௘ݒ < 0,26 ݉௓′
Ɍɟȼ     ɞɥɹ  ݉௓′ < 3,5 Ɍɟȼ,  (40) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɳɨ ɬɚɤɨɠ є ɜ ɞɟɤɿɥɶɤɚ ɪɚɡɿɜ ɧɢɠɱɟ, ɧɿɠ ɦɟɠɿ, ɜɢɦɿɪɹɧɿ ɡɚ ɞɚɧɢɦɢ ɩɪɢɫɤɨɪɸɜɚɱɚ LEP. 

Ⱦɥɹ Г' ɛɨɡɨɧɚ ɜɚɠɱɟ 3 Ɍɟȼ ɪɨɡɝɥɹɧɭɬɿ ɪɟɡɭɥɶɬɚɬɢ ɩɨɲɭɤɭ ɪɟɡɨɧɚɧɫɭ ɧɟ ɦɚɸɬɶ ɫɟɧɫɭ, 
ɚ ɨɰɿɧɤɢ LEP ɜɫɟ ɳɟ ɦɨɠɭɬɶ ɛɭɬɢ ɚɤɬɭɚɥɶɧɢɦɢ. 

Ƚɪɚɧɢɰɿ (40) ɫɥɿɞ ɪɨɡɝɥɹɞɚɬɢ ɹɤ ɨɛɦɟɠɟɧɧɹ ɡɚ ɩɨɪɹɞɤɨɦ ɜɟɥɢɱɢɧɢ. ȼɨɧɢ ɦɨɠɭɬɶ 
ɛɭɬɢ ɭɬɨɱɧɟɧɿ, ɚɥɟ ɞɥɹ ɰɶɨɝɨ ɬɪɟɛɚ ɡɚɞɚɜɚɬɢ ɤɨɧɤɪɟɬɧɭ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɭ ɤɨɧɫɬɚɧ-
ɬɭ ɬɚ ɦɚɫɭ Г' ɛɨɡɨɧɚ, ɚ ɬɚɤɨɠ ɜɪɚɯɨɜɭɜɚɬɢ ɭɦɨɜɭ «ɜɭɡɶɤɨʀ ɲɢɪɢɧɢ» ɹɤ ɧɟɜɿɞ’єɦɧɭ 
ɫɤɥɚɞɨɜɭ ɨɩɭɛɥɿɤɨɜɚɧɢɯ ɞɚɧɢɯ. ɉɪɢɤɥɚɞ ɬɚɤɢɯ ɝɪɚɧɢɰɶ ɧɚɜɟɞɟɧɨ ɧɚ ɪɢɫ. 5: ɞɨɡɜɨɥɟ-
ɧɨɸ ɨɛɥɚɫɬɸ ɫɥɿɞ ɜɜɚɠɚɬɢ ɩɟɪɟɬɢɧ ɨɛɥɚɫɬɟɣ «LHC» ɬɚ «ɜɭɡɶɤɚ ɲɢɪɢɧɚ». 

 

  

Ɋɢɫ. 5. Ƚɪɚɧɢɰɿ ɞɥɹ ɜɟɤɬɨɪɧɢɯ ɤɨɧɫɬɚɧɬ Г' ɛɨɡɨɧɚ ɡɚ ɞɚɧɢɦɢ ɟɤɫɩɟ-
ɪɢɦɟɧɬɭ LHC ɞɥɹ ɡɿɬɤɧɟɧɶ ɩɪɨɬɨɧɿɜ ɡ ɟɧɟɪɝɿєɸ 8 Ɍɟȼ ɬɚ ɡɚɫɬɨɫɨɜ-

ɧɿɫɬɶ «ɧɚɛɥɢɠɟɧɧɹ ɜɭɡɶɤɨʀ ɲɢɪɢɧɢ» 

 

ɍ ɲɨɫɬɨɦɭ ɪɨɡɞɿɥɿ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɞɨɫɥɿɞɠɭєɬɶɫɹ ɪɨɞ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɜ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɿɣ ɫɤɚɥɹɪɧɿɣ ɦɨɞɟɥɿ ɧɚ ʉɪɚɬɰɿ. ɍ ɧɟɩɟɪɟɪɜɧɨɦɭ 
ɩɪɨɫɬɨɪɿ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɦɨɞɟɥɿ ɨɩɢɫɭɸɬɶɫɹ ɬɜɿɪɧɢɦ ɮɭɧɤɰɿɨɧɚɥɨɦ 

ܼ = [ሻݔሺ߮ܦ]∫ exp [− ∫ ்/଴ଵݔ݀
଴ ∫݀ଷݔ ቆͳ 2 �ఓ߮�ఓ߮ − ݉ଶ 2 ߮ଶ + 4 ߣ ߮ସቇ], (41) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɞɟ ɞɨɞɚɬɤɨɜɢɣ «ɱɚɫɨɜɢɣ» ɜɢɦɿɪ ɨɩɢɫɭє ɦɚɰɭɛɚɪɿɜɫɶɤɿ ɱɚɫɬɨɬɢ, ܶ – ɬɟɦɩɟɪɚɬɭɪɚ, ߮ – 

ɞɿɣɫɧɟ ɩɨɥɟ. ɉɪɢ ݉ଶ > Ͳ ɦɿɧɿɦɭɦ «ɩɨɬɟɧɰɿɚɥɶɧɨʀ ɟɧɟɪɝɿʀ» (ɞɨɞɚɧɤɢ ɛɟɡ ɩɨɯɿɞɧɢɯ) 
ɞɨɫɹɝɚєɬɶɫɹ ɩɪɢ ɧɟɧɭɥɶɨɜɨɦɭ ɡɧɚɱɟɧɧɿ ɩɨɥɹ (ɤɥɚɫɢɱɧɢɣ ɤɨɧɞɟɧɫɚɬ): 
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 ߮ = ±߮௖ , ߮௖ = !Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ (42) .ߣ√ ݉

ȼɢɛɿɪ ɨɞɧɨɝɨ ɡ ɞɜɨɯ ɪɨɡɜ’ɹɡɤɿɜ ɭ ɹɤɨɫɬɿ ɜɚɤɭɭɦɭ ɩɨɪɭɲɭє ɩɨɱɚɬɤɨɜɭ ɫɢɦɟɬɪɿɸ ɦɨɞɟ-
ɥɿ ɜɿɞɧɨɫɧɨ ɡɦɿɧɢ ɡɧɚɤɭ ɩɨɥɹ  ߮ (ɫɩɨɧɬɚɧɧɟ ɩɨɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ). ɉɨɪɭɲɟɧɚ ɫɢɦɟɬ-
ɪɿɹ ɨɱɿɤɭєɬɶɫɹ ɩɪɢ ɧɢɡɶɤɿɣ ɬɟɦɩɟɪɚɬɭɪɿ. ɉɪɢ ɜɢɫɨɤɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɞɨɦɿɧɭє ɜɧɟɫɨɤ 
«ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ» (ɞɨɞɚɧɨɤ ɿɡ ɩɨɯɿɞɧɢɦɢ), ɪɨɥɶ «ɩɨɬɟɧɰɿɚɥɶɧɨʀ ɟɧɟɪɝɿʀ» ɧɿɜɟɥɸ-
єɬɶɫɹ, ɚ ɫɢɫɬɟɦɚ ɩɟɪɟɯɨɞɢɬɶ ɭ ɮɚɡɭ, ɫɢɦɟɬɪɢɱɧɭ ɜɿɞɧɨɫɧɨ ɡɦɿɧɢ ɡɧɚɤɭ ɩɨɥɹ  ߮ (ɜɿɞ-
ɧɨɜɥɟɧɧɹ ɫɢɦɟɬɪɿʀ). ɉɪɢ ɩɟɜɧɿɣ ɤɪɢɬɢɱɧɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɜɿɞɛɭɜɚєɬɶɫɹ ɮɚɡɨɜɢɣ ɩɟɪɟ-
ɯɿɞ. 

ɍ ɤɨɦɩ'ɸɬɟɪɧɢɯ ɫɢɦɭɥɹɰɿɹɯ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɧɚ ʉɪɚɬɰɿ ɩɪɨɫɬɿɪ-ɱɚɫ ɜɜɚɠɚєɬɶɫɹ 
ɞɢɫɤɪɟɬɧɢɦ ɿɡ ɤɪɨɤɨɦ ܽ,  ɚ ɞɥɹ ɩɨɥɿɜ ɜ ɤɨɠɧɿɣ ɬɨɱɰɿ ɩɪɨɫɬɨɪɭ-ɱɚɫɭ ɩɪɨɜɨɞɢɬɶɫɹ ɩɿɞ-
ɫɬɚɧɨɜɤɚ ɜɢɩɚɞɤɨɜɢɯ ɡɧɚɱɟɧɶ ɡ ɦɟɬɨɸ ɩɨɛɭɞɨɜɢ ɚɧɫɚɦɛɥɸ Ȼɨɥɶɰɦɚɧɚ ɩɨɥɶɨɜɢɯ 
ɤɨɧɮɿɝɭɪɚɰɿɣ. Ȼɭɞɶ-ɹɤɚ ɦɚɤɪɨɫɤɨɩɿɱɧɚ ɫɩɨɫɬɟɪɟɠɭɜɚɧɚ ɜɢɦɿɪɸєɬɶɫɹ ɲɥɹɯɨɦ ɭɫɟɪɟɞ-
ɧɟɧɧɹ ɜɿɞɩɨɜɿɞɧɨʀ ɦɿɤɪɨɫɤɨɩɿɱɧɨʀ ɜɟɥɢɱɢɧɢ ɡɚ ɰɢɦ ɚɧɫɚɦɛɥɟɦ. ɍ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨ-
ɛɨɬɿ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɱɨɬɢɪɢɜɢɦɿɪɧɚ (ɝɿɩɟɪɤɭɛɿɱɧɚ) ʉɪɚɬɤɚ ɡ ɝɟɨɦɟɬɪɿєɸ ɝɿɩɟɪɬɨɪɚ (ɭɡ-
ɞɨɜɠ ɤɨɠɧɨʀ ɤɨɨɪɞɢɧɚɬɧɨʀ ɨɫɿ ɩɪɨɬɢɥɟɠɧɿ ɝɪɚɧɢɰɿ ʉɪɚɬɤɢ ɨɬɨɬɨɠɧɸɸɬɶɫɹ). Ⱦɥɹ ɪɟɚ-
ɥɿɡɚɰɿʀ ɬɟɦɩɟɪɚɬɭɪɢ ɜ (41) ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɪɿɡɧɢɣ ɤɪɨɤ ɭɡɞɨɜɠ ɩɪɨɫɬɨɪɨɜɨɝɨ ɣ ɱɚ-
ɫɨɜɨɝɨ ɧɚɩɪɹɦɤɿɜ: ɤɪɨɤ ɭ ɱɚɫɨɜɨɦɭ ɧɚɩɪɹɦɤɭ ɜɜɚɠɚєɬɶɫɹ ɜ ߞ ɪɚɡɿɜ ɦɟɧɲɢɦ, ɧɿɠ ɭ 
ɩɪɨɫɬɨɪɨɜɨɦɭ. ȼɟɥɢɤɿ ɡɧɚɱɟɧɧɹ ߞ ɜɿɞɩɨɜɿɞɚɸɬɶ ɜɟɥɢɤɿɣ ɬɟɦɩɟɪɚɬɭɪɿ, ɚ ߞ = ͳ (ɫɢɦɟɬ-
ɪɢɱɧɚ ʉɪɚɬɤɚ) – ɧɭɥɶɨɜɿɣ ɬɟɦɩɟɪɚɬɭɪɿ.  

ɋɤɚɥɹɪɧɚ ɦɨɞɟɥɶ ɧɚ ʉɪɚɬɰɿ ɦɿɫɬɢɬɶ ɬɪɢ ɟɧɟɪɝɟɬɢɱɧɿ ɦɚɫɲɬɚɛɢ: ɦɚɫɨɜɢɣ ɩɚɪɚ-
ɦɟɬɪ ݉, ɬɟɦɩɟɪɚɬɭɪɭ ܶ ɬɚ ɨɛɟɪɧɟɧɢɣ ɤɪɨɤ ʉɪɚɬɤɢ ܽ−ଵ. Ɇɚɫɨɜɢɣ ɩɚɪɚɦɟɬɪ ɦɨɠɧɚ ɨɛ-
ɪɚɬɢ ɜ ɹɤɨɫɬɿ ɨɞɢɧɢɰɿ ɜɢɦɿɪɸɜɚɧɧɹ, ɬɨɞɿ ɬɟɦɩɟɪɚɬɭɪɚ (ɪɚɡɨɦ ɡ ɤɨɧɫɬɚɧɬɨɸ ɜɡɚєɦɨɞɿʀ ߣ) ɜɢɡɧɚɱɚє ɮɿɡɢɱɧɨ ɜɚɠɥɢɜɿ (ɧɚɣɛɿɥɶɲ ɣɦɨɜɿɪɧɿ) ɡɧɚɱɟɧɧɹ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ߮. ɉɟɪɿ-
ɨɞ ʉɪɚɬɤɢ ɩɨɜɢɧɟɧ ɭɡɝɨɞɠɭɜɚɬɢɫɶ ɡɚ ɩɨɪɹɞɤɨɦ ɿɡ ɰɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɡɚɞɥɹ ɭɫɩɿɲɧɨɝɨ 
ɦɨɞɟɥɸɜɚɧɧɹ ɩɨɥɶɨɜɢɯ ɤɨɧɮɿɝɭɪɚɰɿɣ. Ɉɫɤɿɥɶɤɢ ɩɨɥɟ ߮ ɮɨɪɦɚɥɶɧɨ ɪɨɡɩɨɞɿɥɟɧɟ ɡɚ 
ɫɜɨʀɦɢ ɡɧɚɱɟɧɧɹɦɢ ɜ ɧɟɫɤɿɧɱɟɧɧɨɦɭ ɿɧɬɟɪɜɚɥɿ ሺ−∞;∞ሻ, ɯɚɪɚɤɬɟɪɧɢɣ ɦɚɫɲɬɚɛ ɞɥɹ 
ɧɚɣɛɿɥɶɲ ɣɦɨɜɿɪɧɢɯ ɣɨɝɨ ɡɧɚɱɟɧɶ ɦɨɠɟ ɡɦɿɳɭɜɚɬɢɫɹ ɜ ɧɚɞɡɜɢɱɚɣɧɨ ɲɢɪɨɤɨɦɭ ɿɧɬɟ-
ɪɜɚɥɿ ɡɿ ɡɦɿɧɨɸ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ ߣ. ɍ ɩɪɢɧɰɢɩɿ, ɚɥɝɨɪɢɬɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɦɨɠɟ 
ɡɧɚɯɨɞɢɬɢ ɰɟɣ ɧɟɜɿɞɨɦɢɣ ɦɚɫɲɬɚɛ ɧɚ ɧɟɫɤɿɧɱɟɧɧɨɦɭ ɿɧɬɟɪɜɚɥɿ ɜ ɩɪɨɰɟɫɿ ɫɢɦɭɥɹɰɿɣ. 
Ɉɞɧɚɤ, ɬɚɤɚ ɫɬɪɚɬɟɝɿɹ ɜɢɦɚɝɚє ɧɟɬɪɢɜɿɚɥɶɧɨɝɨ ɧɚɥɚɲɬɭɜɚɧɧɹ ɪɨɡɦɿɪɧɢɯ ɩɚɪɚɦɟɬɪɿɜ 
ɞɥɹ ɪɿɡɧɢɯ ɡɧɚɱɟɧɶ ߣ. Ɂɚɦɿɫɬɶ ɰɶɨɝɨ, ɜɜɚɠɚєɦɨ ɡɚ ɤɪɚɳɟ ɩɟɪɟɩɢɫɚɬɢ ɦɨɞɟɥɶ ɱɟɪɟɡ 
ɛɟɡɪɨɡɦɿɪɧɿ ɡɦɿɧɧɿ, ɳɨ ɩɪɢɣɦɚɸɬɶ ɡɧɚɱɟɧɧɹ ɡɿ ɫɤɿɧɱɟɧɧɢɯ ɿɧɬɟɪɜɚɥɿɜ, ɚɜɬɨɦɚɬɢɡɭɸ-
ɱɢ ɬɚɤɢɦ ɱɢɧɨɦ ɩɪɚɜɢɥɶɧɢɣ ɜɢɛɿɪ ɩɟɪɿɨɞɭ ʉɪɚɬɤɢ. 

Ɋɨɡɝɥɹɧɟɦɨ ɜɡɚєɦɧɨ ɨɞɧɨɡɧɚɱɧɟ ɜɿɞɨɛɪɚɠɟɧɧɹ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ɜ ɧɨɜɭ ɩɨɥɶɨɜɭ 
ɡɦɿɧɧɭ ܷ, ɳɨ ɦɚє ɨɛɥɚɫɬɶ ɡɧɚɱɟɧɶ ɭ ɜɢɝɥɹɞɿ ɫɤɿɧɱɟɧɧɨɝɨ ɨɞɢɧɢɱɧɨɝɨ ɿɧɬɟɪɜɚɥɭ, ɩɪɢ-
ɱɨɦɭ ɫɟɪɟɞɢɧɚ ɿɧɬɟɪɜɚɥɭ ɜɿɞɩɨɜɿɞɚє ɧɭɥɶɨɜɨɦɭ ɩɨɥɸ, ɚ ɫɚɦɟ ɜɿɞɨɛɪɚɠɟɧɧɹ є ɫɢɦɟɬ-
ɪɢɱɧɢɦ ɜɿɞɧɨɫɧɨ ɰɿєʀ ɫɟɪɟɞɢɧɢ: 

߮ ↔ ܷ ∈ ሺ0;1ሻ, � = det (�߮ �ܷ) = exp [   
  ܸܶ ∫ ଴ݔ݀

ଵ்
଴ ∫݀ଷݔ log (�߮ �ܷ)]   

 , (43) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!
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ɞɟ � – ɹɤɨɛɿɚɧ, ɳɨ ɡɦɿɧɸє ɦɿɪɭ ɿɧɬɟɝɪɭɜɚɧɧɹ ɜ (41). Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɹɤɨɛɿɚɧɭ ɬɚ ɜɿɞɨ-
ɦɨʀ ɬɨɬɨɠɧɨɫɬɿ log det ܣ =  Tr logܣ, ɨɬɪɢɦɭєɦɨ ɦɨɞɟɥɶ ɞɥɹ ܷ ɩɨɥɹ ɡ ɧɚɫɬɭɩɧɢɦ ɩɨ-
ɬɟɧɰɿɚɥɨɦ: ܸ[ܷ] = − logቆ�߮[ܷ] �ܷ ቇ + ܽସߞ ቆ−݉ଶ ʹ ߮ଶ[ܷ] + !4߮ସ[ܷ]ቇ. (44) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ ߣ

ɉɨɬɟɧɰɿɚɥ (44) ɨɩɢɫɭє ɫɬɚɬɢɱɧɟ ɩɨɥɟ. ȼɿɧ є ɬɨɩɨɥɨɝɿɱɧɨ ɟɤɜɿɜɚɥɟɧɬɧɢɦ ɞɨ ɜɢɯɿ-
ɞɧɨɝɨ ɩɨɬɟɧɰɿɚɥɭ ɦɨɞɟɥɿ ɣ ɭ ɜɢɩɚɞɤɭ ɫɩɨɧɬɚɧɧɨɝɨ ɩɨɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ ɦɚє ɨɞɢɧ ɥɨ-
ɤɚɥɶɧɢɣ ɦɚɤɫɢɦɭɦ ɭ ɫɟɪɟɞɢɧɿ ɿɧɬɟɪɜɚɥɭ ɬɚ ɞɜɚ ɫɢɦɟɬɪɢɱɧɿ ɝɥɨɛɚɥɶɧɿ ɦɿɧɿɦɭɦɢ ɜ ɬɨ-
ɱɤɚɯ ܷ଴ ɿ ͳ − ܷ଴.  

ɉɨɥɨɠɟɧɧɹ ɝɥɨɛɚɥɶɧɨɝɨ ɦɿɧɿɦɭɦɭ ɩɨɬɟɧɰɿɚɥɭ ܷ଴ ɬɚ ɝɥɢɛɢɧɚ ɦɿɧɿɦɭɦɭ ɜɿɞɧɨɫɧɨ 
ɫɟɪɟɞɧɶɨʀ ɬɨɱɤɢ ɜɿɞɿɝɪɚɸɬɶ ɜɢɡɧɚɱɧɭ ɪɨɥɶ ɩɪɢ ɫɢɦɭɥɹɰɿɹɯ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ. ɍ 

ɫɢɦɭɥɹɰɿɹɯ, ɳɨ ɨɩɢɫɭɸɬɶ ɮɚɡɨɜɢɣ ɩɟɪɟɯɿɞ, ɩɨɬɪɿɛɧɨ ɡɚɛɟɡɩɟɱɢɬɢ, ɳɨɛ ɚɥɝɨɪɢɬɦ 
Ɇɨɧɬɟ-Ʉɚɪɥɨ ɩɪɨɩɨɧɭɜɚɜ ɞɥɹ ɜɿɞɛɨɪɭ ɤɨɧɮɿɝɭɪɚɰɿɣ ɞɨ ɚɧɫɚɦɛɥɸ Ȼɨɥɶɰɦɚɧɚ ɱɢɫɟɥɶ-
ɧɿ ɡɧɚɱɟɧɧɹ ɞɥɹ ɩɨɥɿɜ, ɹɤɿ ɛ ɜɿɞɩɨɜɿɞɚɥɢ ɨɛɨɦ ɦɨɠɥɢɜɢɦ ɮɚɡɚɦ. əɤɳɨ ɩɨɥɨɠɟɧɧɹ 
ɦɿɧɿɦɭɦɿɜ ɩɨɬɟɧɰɿɚɥɭ ɛɭɞɟ ɡɥɢɜɚɬɢɫɹ ɡ ɰɟɧɬɪɨɦ ɿɧɬɟɪɜɚɥɭ, ܷ଴ ≈ 0,5, ɬɨ ɜ ɫɢɦɭɥɹɰɿɹɯ 
ɡɚɝɭɛɢɬɶɫɹ ɧɟɫɢɦɟɬɪɢɱɧɚ, «ɩɨɪɭɲɟɧɚ» ɮɚɡɚ: ɹɜɧɨ ɧɟɫɢɦɟɬɪɢɱɧɿ ɤɨɧɮɿɝɭɪɚɰɿʀ ɩɨɥɹ 
ɛɭɞɭɬɶ ɜɤɪɚɣ ɪɿɞɤɿɫɧɢɦɢ ɩɨɞɿɹɦɢ ɧɚ ɮɨɧɿ ɫɢɦɟɬɪɢɱɧɢɯ ɤɨɧɮɿɝɭɪɚɰɿɣ ɡ ɚɫɢɦɩɬɨɬɢɱɧɨ 
ɜɟɥɢɤɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ. Ɂ ɿɧɲɨɝɨ ɛɨɤɭ, ɹɤɳɨ ɩɨɥɨɠɟɧɧɹ ɦɿɧɿɦɭɦɿɜ 
ɩɨɬɟɧɰɿɚɥɭ ɛɭɞɟ ɧɚɛɥɢɠɚɬɢɫɹ ɞɨ ɝɪɚɧɢɰɿ ɿɧɬɟɪɜɚɥɭ, ܷ଴ ≈ 0 ɚɛɨ ܷ଴ ≈ 1, ɬɨ ɛɭɞɭɬɶ 
ɞɨɦɿɧɭɜɚɬɢ ɤɨɧɮɿɝɭɪɚɰɿʀ ɜ ɨɤɨɥɿ ɥɨɤɚɥɶɧɢɯ ɦɿɧɿɦɭɦɿɜ ɩɨɬɟɧɰɿɚɥɭ, ɿ ɦɨɠɧɚ ɜɬɪɚɬɢɬɢ 

ɫɢɦɟɬɪɢɱɧɭ, «ɜɿɞɧɨɜɥɟɧɭ» ɮɚɡɭ ɡ ɜɟɥɢɤɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ. ɍ ɞɢɫɟɪɬɚ-
ɰɿɣɧɿɣ ɪɨɛɨɬɿ ɨɛɪɚɧɿ ɧɚɫɬɭɩɧɿ ɭɦɨɜɢ ɳɨɞɨ ɩɚɪɚɦɟɬɪɿɜ ɩɨɬɟɧɰɿɚɥɭ: ܷ଴ = 0,25, ܸ݀/ܷ݀|௎0 = 0, ܸ[0,5] − ܸ[ܷ଴] = 1 (45) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!
Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɪɢɛɥɢɡɧɨ ɩɨɥɨɜɢɧɚ ɡɧɚɱɟɧɶ ɩɨɥɿɜ, ɳɨ ɝɟɧɟɪɭɸɬɶɫɹ, ɛɭɞɟ ɩɟɪɟɛɭɜɚɬɢ 
ɦɿɠ ɝɥɨɛɚɥɶɧɢɦɢ ɦɿɧɿɦɭɦɚɦɢ ɟɮɟɤɬɢɜɧɨɝɨ ɩɨɬɟɧɰɿɚɥɭ, ɿ ɠɨɞɧɚ ɮɚɡɚ ɧɟ ɛɭɞɟ ɜɿɞɫɭɬ-
ɧɹ ɫɟɪɟɞ ɩɟɪɜɢɧɧɢɯ ɤɨɧɮɿɝɭɪɚɰɿɣ, ɳɨ ɜɿɞɛɢɪɚɸɬɶɫɹ ɜ ɚɥɝɨɪɢɬɦɿ Ɇɨɧɬɟ-Ʉɚɪɥɨ. ȱɦɨ-
ɜɿɪɧɿɫɬɶ ɩɪɢɣɧɹɬɬɹ ɚɛɨ ɜɿɞɯɢɥɟɧɧɹ ɩɪɨɛɧɨʀ ɤɨɧɮɿɝɭɪɚɰɿʀ ɡ ɨɞɧɨɪɿɞɧɢɦ ɤɨɧɞɟɧɫɚɬɨɦ 
ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ɜ ɚɥɝɨɪɢɬɦɿ Ɇɟɬɪɨɩɨɥɿɫɚ ɛɭɞɟ ɩɨɪɹɞɤɭ 0,5, ɳɨ ɡɚɛɟɡɩɟɱɭє ɲɜɢɞɤɭ 
ɡɛɿɠɧɿɫɬɶ ɚɥɝɨɪɢɬɦɭ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɜ ɰɿɥɨɦɭ. ɍ ɞɢɫɟɪɬɚɰɿʀ ɩɨɤɚɡɚɧɨ, ɳɨ ɬɚɤɿ ɭɦɨɜɢ 
ɭɫɩɿɲɧɨ ɩɪɚɰɸɸɬɶ ɭ ɧɚɞɡɜɢɱɚɣɧɨ ɲɢɪɨɤɨɦɭ ɿɧɬɟɪɜɚɥɿ ɡɧɚɱɟɧɶ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ 
10−5 < ߣ < 0,5. 

ɓɨɛ ɡɚɞɨɜɨɥɶɧɢɬɢ ɞɜɿ ɭɦɨɜɢ ɫɬɨɫɨɜɧɨ ɩɨɥɨɠɟɧɧɹ ɬɚ ɝɥɢɛɢɧɢ ɝɥɨɛɚɥɶɧɢɯ ɦɿɧɿ-
ɦɭɦɿɜ ɩɨɬɟɧɰɿɚɥɭ, ɜɢɤɨɪɢɫɬɨɜɭєɦɨ ɩɟɪɟɬɜɨɪɟɧɧɹ ɩɨɥɿɜ ɭ ɜɢɝɥɹɞɿ ɡɪɭɱɧɨʀ ɮɭɧɤɰɿʀ 
ɞɜɨɯ ɞɨɞɚɬɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ߦଵ ɬɚ ߦଶ: ߮[ܷ] = ଵߦ݉ arctanh[ߦଶሺ2ܷ − ͳሻ + ሺͳ − ଶሻሺ2ܷߦ − ͳሻଷ].   (46) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

Ʉɨɧɞɟɧɫɚɬ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ, ɹɤɢɣ ɜɢɦɿɪɸєɬɶɫɹ ɹɤ ɫɟɪɟɞɧє ɡɧɚɱɟɧɧɹ ɩɨɥɹ ߮ ɡɚ 
ɜɫɿєɸ ʉɪɚɬɤɨɸ, є ɩɚɪɚɦɟɬɪɨɦ ɩɨɪɹɞɤɭ. Ƀɨɝɨ ɧɟɧɭɥɶɨɜɟ ɡɧɚɱɟɧɧɹ ɜɿɞɩɨɜɿɞɚє ɮɚɡɿ ɡ 
ɩɨɪɭɲɟɧɨɸ ɫɢɦɟɬɪɿєɸ. Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɪɨɞɭ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɜ ɞɢɫɟɪɬɚɰɿʀ ɜɢɤɨ-
ɪɢɫɬɨɜɭєɬɶɫɹ ɦɟɬɨɞ, ɹɤɢɣ, ɧɚɩɪɢɤɥɚɞ, ɡɚɫɬɨɫɨɜɭɜɚɜɫɹ ɜ ɥɿɬɟɪɚɬɭɪɿ ɩɪɨ ɮɚɡɨɜɢɣ ɩɟɪɟ-
ɯɿɞ ɭ ɤɜɚɧɬɨɜɿɣ ɯɪɨɦɨɞɢɧɚɦɿɰɿ. 
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Ɏɚɡɨɜɢɣ ɩɟɪɟɯɿɞ ɩɟɪɲɨɝɨ ɪɨɞɭ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɦɟɬɚɫɬɚɛɿɥɶɧɢɦɢ ɫɬɚɧɚɦɢ ɜ 
ɨɤɨɥɿ ɤɪɢɬɢɱɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ: ɰɟ ɩɟɪɟɨɯɨɥɨɞɠɟɧɢɣ ɫɬɚɧ (ɫɢɦɟɬɪɢɱɧɚ ɮɚɡɚ ɧɢɠɱɟ 
ɤɪɢɬɢɱɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ) ɚɛɨ ɩɟɪɟɝɪɿɬɢɣ ɫɬɚɧ (ɩɨɪɭɲɟɧɚ ɮɚɡɚ ɜɢɳɟ ɤɪɢɬɢɱɧɨʀ ɬɟɦɩɟ-
ɪɚɬɭɪɢ). ȼ ɭɦɨɜɚɯ ɫɢɦɭɥɹɰɿɣ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɜɨɧɢ ɦɨɠɭɬɶ ɜɢɧɢɤɚɬɢ ɧɚɫɬɭɩɧɢɦ ɱɢ-
ɧɨɦ: ɞɥɹ ɝɚɪɹɱɨɝɨ ɫɬɚɪɬɭ (ɜɢɩɚɞɤɨɜɿ, ɫɢɦɟɬɪɢɱɧɿ ɡɧɚɱɟɧɧɹ ɩɨɥɹ ɧɚ ɩɨɱɚɬɤɭ) ɡ ɛɿɥɶ-
ɲɨɸ ɣɦɨɜɿɪɧɿɫɬɸ ɜɢɧɢɤɧɟ ɫɢɦɟɬɪɢɱɧɚ ɮɚɡɚ, ɬɨɞɿ ɹɤ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɫɬɚɪɬɭ (ɨɞɧɨɪɿɞ-
ɧɢɣ ɤɨɧɞɟɧɫɚɬ ɧɚ ɩɨɱɚɬɤɭ) ɣɦɨɜɿɪɧɿɲɨɸ ɛɭɞɟ ɩɨɪɭɲɟɧɚ ɮɚɡɚ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɞɥɹ ɮɚ-
ɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɩɟɪɲɨɝɨ ɪɨɞɭ ɜɢɧɢɤɚє ɪɨɡɳɟɩɥɟɧɧɹ ɝɪɚɮɿɤɿɜ ɡɚɥɟɠɧɨɫɬɿ ɤɨɧɞɟɧɫɚɬɭ 
ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɞɥɹ ɝɚɪɹɱɨɝɨ ɬɚ ɯɨɥɨɞɧɨɝɨ ɫɬɚɪɬɭ. ɉɟɜɧɨɸ ɦɿɪɨɸ ɰɹ ɫɢɬɭɚɰɿɹ ɦɨɞɟ-
ɥɸє ɪɟɚɥɶɧɟ ɹɜɢɳɟ ɝɿɫɬɟɪɟɡɢɫɭ, ɳɨ ɜɢɧɢɤɚє ɩɪɢ ɡɦɿɧɿ ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɨɤɨɥɿ ɮɚɡɨɜɨɝɨ 
ɩɟɪɟɯɨɞɭ ɩɟɪɲɨɝɨ ɪɨɞɭ, ɯɨɱɚ, ɡɜɢɱɚɣɧɨ, ɦɨɜɚ ɧɟ ɣɞɟ ɩɪɨ ɞɢɧɚɦɿɤɭ ɰɶɨɝɨ ɩɪɨɰɟɫɭ. 
ɉɪɢ ɞɪɭɝɨɦɭ ɪɨɞɿ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɦɟɬɚɫɬɚɛɿɥɶɧɿ ɫɬɚɧɢ ɧɟ ɜɢɧɢɤɚɸɬɶ ɬɚ ɪɨɡɳɟɩ-
ɥɟɧɧɹ ɝɪɚɮɿɤɿɜ ɝɚɪɹɱɨɝɨ ɬɚ ɯɨɥɨɞɧɨɝɨ ɫɬɚɪɬɭ ɧɟ ɜɿɞɛɭɜɚєɬɶɫɹ. 

Ʉɨɠɧɢɣ ɡɚɩɭɫɤ ɚɥɝɨɪɢɬɦɭ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɜ ɩɪɨɜɟɞɟɧɢɯ ɞɨɫɥɿɞɠɟɧɧɹɯ ɫɬɚɧɨɜɢɬɶ 
5000 ɿɬɟɪɚɰɿɣ ɞɥɹ ɬɟɪɦɚɥɿɡɚɰɿʀ, ɚ ɩɨɬɿɦ ɞɥɹ ɜɢɦɿɪɸɜɚɧɶ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ 1024 ɤɨɧ-
ɮɿɝɭɪɚɰɿʀ, ɪɨɡɞɿɥɟɧɿ ɦɿɠ ɫɨɛɨɸ 10 ɨɧɨɜɥɟɧɧɹɦɢ ɞɥɹ ɭɫɭɧɟɧɧɹ ɦɨɠɥɢɜɢɯ ɤɨɪɟɥɹɰɿɣ. 
ɉɪɢɤɥɚɞɢ ɪɟɡɭɥɶɬɚɬɿɜ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ ɧɚɜɟɞɟɧɿ ɧɚ ɪɢɫ. 6-7. Ɋɟɡɭɥɶɬɚɬɢ 
ɡɚɩɭɫɤɿɜ ɡɿɛɪɚɧɨ ɜ ɛɿɧɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɡɧɚɱɟɧɶ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ. Ⱦɥɹ ɤɨɠɧɨɝɨ ɛɿɧɚ 
ɩɨɤɚɡɚɧɨ ɫɟɪɟɞɧɿ ɡɧɚɱɟɧɧɹ ɬɚ ɿɧɬɟɪɜɚɥɢ ɪɿɜɧɹ ɞɨɜɿɪɢ 95%. Ʉɨɠɟɧ ɛɿɧ ɦɿɫɬɢɬɶ 150 ɡɚ-
ɩɭɫɤɿɜ ɿɡ ɦɚɥɢɦ ɤɪɨɤɨɦ ɡɚ ɤɨɧɫɬɚɧɬɨɸ ɜɡɚєɦɨɞɿʀ. 

 

 
Ɋɢɫ. 6. Ɏɚɡɨɜɢɣ ɩɟɪɟɯɿɞ ɞɪɭɝɨɝɨ ɪɨɞɭ ɩɪɢ ߣ = 10−2

 ɜ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɿɣ 
ɦɨɞɟɥɿ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ 

 

Ɋɨɞ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɜ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɿɣ ɫɤɚɥɹɪɧɿɣ ɦɨɞɟɥɿ 
ɡɚɥɟɠɢɬɶ ɜɿɞ ɜɟɥɢɱɢɧɢ ɤɨɧɫɬɚɧɬɢ ɡɜ'ɹɡɤɭ. ɉɪɢ ɩɨɦɿɪɧɢɯ ɡɧɚɱɟɧɧɹɯ 10−3 < ߣ ൑ 10−1 

ɜɿɞɛɭɜɚєɬɶɫɹ ɮɚɡɨɜɢɣ ɩɟɪɟɯɿɞ ɞɪɭɝɨɝɨ ɪɨɞɭ (ɪɢɫ. 6), ɩɪɨ ɳɨ ɫɜɿɞɱɢɬɶ ɡɛɿɠɧɿɫɬɶ ɪɟ-
ɡɭɥɶɬɚɬɿɜ ɫɢɦɭɥɹɰɿɣ ɿɡ ɝɚɪɹɱɢɦ ɬɚ ɯɨɥɨɞɧɢɦ ɫɬɚɪɬɚɦɢ. Ɍɚɤɿ ɡɧɚɱɟɧɧɹ ߣ ɹɤ ɪɚɡ ɡɚɡɜɢ-
ɱɚɣ ɿ ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɜ ɥɿɬɟɪɚɬɭɪɿ. Ɉɬɠɟ, ɪɟɡɭɥɶɬɚɬɢ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɡɛɿɝɚɸɬɶɫɹ 
ɡ ɿɫɧɭɸɱɢɦɢ ɳɨɞɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɞɪɭɝɨɝɨ ɪɨɞɭ. Ɉɞɧɚɤ, ɩɪɢ ɦɟɧɲɢɯ ɡɧɚɱɟɧɧɹɯ 
ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ, ɜ ɿɧɬɟɪɜɚɥɿ 10−5 ൑ ߣ ൑ 10−3, ɜɢɧɢɤɚє ɪɨɡɳɟɩɥɟɧɧɹ ɝɪɚɮɿɤɿɜ ɿ 
ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɮɚɡɨɜɢɣ ɩɟɪɟɯɿɞ ɩɟɪɲɨɝɨ ɪɨɞɭ (ɪɢɫ. 7). Ȼɿɥɶɲ ɬɨɝɨ, ɿɫɧɭє ɧɢɠɧɹ 
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ɝɪɚɧɢɰɹ ߣ଴ ≈ 10−5, ɩɪɢ ɹɤɿɣ ɝɚɪɹɱɢɣ ɬɚ ɯɨɥɨɞɧɢɣ ɫɬɚɪɬ ɧɟ ɡɛɿɝɚɸɬɶɫɹ ɧɚɜɿɬɶ ɩɪɢ ɧɭ-
ɥɶɨɜɿɣ ɬɟɦɩɟɪɚɬɭɪɿ, ɳɨ, ɣɦɨɜɿɪɧɨ, ɨɡɧɚɱɚє ɜɿɞɫɭɬɧɿɫɬɶ ɫɩɨɧɬɚɧɧɨɝɨ ɩɨɪɭɲɟɧɧɹ ɫɢ-
ɦɟɬɪɿʀ ɧɚ ɩɪɚɤɬɢɰɿ. əɜɢɳɟ ɡɧɢɤɧɟɧɧɹ ɩɨɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ ɩɪɢ ɧɚɞɡɜɢɱɚɣɧɨ ɫɥɚɛɤɿɣ 
ɜɡɚєɦɨɞɿʀ ɜɿɞɨɦɟ ɜ ɤɚɥɿɛɪɭɜɚɥɶɧɢɯ ɬɟɨɪɿɹɯ ɹɤ ɝɪɚɧɢɰɹ Ʌɿɧɞɟ – ȼɚɣɧɛɟɪɝɚ. ɍ ɞɢɫɟɪɬɚ-
ɰɿɣɧɿɣ ɪɨɛɨɬɿ ɨɬɪɢɦɚɧɢɣ ɟɮɟɤɬ ɿɧɬɟɪɩɪɟɬɭєɬɶɫɹ ɹɤ ɚɧɚɥɨɝɿɱɧɟ ɹɜɢɳɟ, ɚɥɟ ɜ ɦɟɠɚɯ 
«ɱɢɫɬɨʀ» ɫɤɚɥɹɪɧɨʀ ɦɨɞɟɥɿ. 

 

 
Ɋɢɫ. 7. Ɏɚɡɨɜɢɣ ɩɟɪɟɯɿɞ ɩɟɪɲɨɝɨ ɪɨɞɭ ɩɪɢ ߣ = 10−4

 ɜ ɨɞɧɨɤɨɦɩɨɧɟɧɬ-
ɧɿɣ ɦɨɞɟɥɿ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ 

 

Ɂɚɡɧɚɱɟɧɿ ɬɢɩɢ ɩɨɜɟɞɿɧɤɢ ɫɩɨɫɬɟɪɿɝɚɥɢɫɹ ɧɚ ʉɪɚɬɤɚɯ ɪɿɡɧɢɯ ɪɨɡɦɿɪɿɜ ɧɟɡɚɥɟɠɧɨ 
ɜɿɞ ɜɧɭɬɪɿɲɧɿɯ ɩɚɪɚɦɟɬɪɿɜ ɦɨɞɟɥɿ. Ⱦɢɫɟɪɬɚɰɿɣɧɚ ɪɨɛɨɬɚ ɡɨɫɟɪɟɞɠɭєɬɶɫɹ ɜ ɨɫɧɨɜɧɨɦɭ 
ɧɚ ɹɤɿɫɧɢɯ ɚɫɩɟɤɬɚɯ ɡɦɿɧɢ ɪɨɞɭ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɡɧɚɱɟɧɶ ɤɨɧɫɬɚɧ-
ɬɢ ɜɡɚєɦɨɞɿʀ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɟɪɟɯɿɞ ɜɿɞ ʉɪɚɬɤɨɜɢɯ ɜɟɥɢɱɢɧ ɞɨ ɮɿɡɢɱɧɢɯ є ɧɟɫɭɬɬєɜɢɦ. 

Ⱦɚɥɿ ɜ ɞɢɫɟɪɬɚɰɿʀ ɩɟɪɟɜɿɪɹєɬɶɫɹ ɿɫɧɭɜɚɧɧɹ ɝɪɚɧɢɰɿ ɡɧɢɤɧɟɧɧɹ ɫɩɨɧɬɚɧɧɨɝɨ ɩɨ-
ɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ ɞɥɹ ɧɚɞɡɜɢɱɚɣɧɨ ɫɥɚɛɤɨʀ ɜɡɚєɦɨɞɿʀ ɩɪɢ ɧɭɥɶɨɜɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɜ ɛɚ-
ɝɚɬɨɤɨɦɩɨɧɟɧɬɧɿɣ ɫɤɚɥɹɪɧɿɣ ɦɨɞɟɥɿ ɧɚ ʉɪɚɬɰɿ, ɳɨɛ ɜɫɬɚɧɨɜɢɬɢ ɡɚɝɚɥɶɧɿɫɬɶ ɰɶɨɝɨ 
ɹɜɢɳɚ. Ⱦɥɹ ɰɶɨɝɨ ɛɭɞɭєɦɨ ɟɮɟɤɬɢɜɧɭ ɬɟɨɪɿɸ ɞɥɹ ɮɚɡɢ ɡ ɩɨɪɭɲɟɧɨɸ ɫɢɦɟɬɪɿєɸ ɲɥɹ-
ɯɨɦ ɚɧɚɥɿɬɢɱɧɨɝɨ ɿɧɬɟɝɪɭɜɚɧɧɹ ɛɟɡɦɚɫɨɜɢɯ ɤɨɦɩɨɧɟɧɬ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ (ɬɚɤ ɡɜɚɧɢɯ 
«ʉɨɥɞɫɬɨɭɧɿɜɫɶɤɢɯ ɦɨɞ»). 

Ɇɨɞɟɥɶ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ɜɢɡɧɚɱɚєɬɶɫɹ ɬɜɿɪɧɢɦ ɮɭɧɤɰɿɨ-
ɧɚɥɨɦ (41), ɚɥɟ ɬɟɩɟɪ ɭ ɧɶɨɦɭ ɫɤɚɥɹɪɧɟ ɩɨɥɟ є ɞɿɣɫɧɢɦ �-ɤɨɦɩɨɧɟɧɬɧɢɦ ɜɟɤɬɨɪɨɦ. 

Ʉɜɚɞɪɚɬ ɜɟɤɬɨɪɭ ɜɢɡɧɚɱɚєɬɶɫɹ ɹɤ ߮ଶ = ∑߮�߮�� . (47) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

Ʉɥɚɫɢɱɧɢɣ ɤɨɧɞɟɧɫɚɬ ɜɿɞɩɨɜɿɞɚє ሺ� − ͳሻ-ɜɢɦɿɪɧɿɣ ɫɮɟɪɿ ɡ ɪɚɞɿɭɫɨɦ ߮௖. ȼɢɛɿɪ ɩɟɜɧɨʀ 
ɬɨɱɤɢ ɧɚ ɰɿɣ ɫɮɟɪɿ ɜ ɹɤɨɫɬɿ ɜɚɤɭɭɦɭ ɩɨɪɭɲɭє ɫɢɦɟɬɪɿɸ ɜɿɞɧɨɫɧɨ �-ɜɢɦɿɪɧɢɯ ɨɛɟɪ-
ɬɚɧɶ ɭ ɜɧɭɬɪɿɲɧɶɨɦɭ ɩɪɨɫɬɨɪɿ. ɉɪɢ ɰɶɨɦɭ ɡɛɟɪɿɝɚєɬɶɫɹ ɫɢɦɟɬɪɿɹ ሺ� − ͳሻ-ɜɢɦɿɪɧɢɯ 
ɨɛɟɪɬɚɧɶ ɧɚɜɤɨɥɨ ɨɫɿ, ɳɨ ɜɢɡɧɚɱɚє ɜɚɤɭɭɦ – ɜɿɞɩɨɜɿɞɧɿ ɤɜɚɧɬɨɜɿ ɡɛɭɞɠɟɧɧɹ є ɛɟɡɦɚ-
ɫɨɜɢɦɢ ɱɚɫɬɢɧɤɚɦɢ ʈɨɥɞɫɬɨɭɧɚ. Ⱦɥɹ ɬɨɝɨ, ɳɨɛ ɜɿɞɞɿɥɢɬɢ ɧɟɩɨɪɭɲɟɧɭ ɩɿɞɝɪɭɩɭ ɫɢ-
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ɦɟɬɪɿʀ ɣ ɱɚɫɬɢɧɤɢ ʈɨɥɞɫɬɨɭɧɚ, ɫɤɚɥɹɪɧɟ ɩɨɥɟ ɩɚɪɚɦɟɬɪɢɡɭєɬɶɫɹ ɭ ɫɮɟɪɢɱɧɢɯ ɤɨɨɪɞɢ-
ɧɚɬɚɯ ɭ ɜɧɭɬɪɿɲɧɶɨɦɭ ɩɪɨɫɬɨɪɿ ɱɟɪɟɡ ɪɚɞɿɚɥɶɧɭ ɤɨɦɩɨɧɟɧɬɭ (ɦɨɞɭɥɶ) ܴ ɬɚ ɨɞɢɧɢɱ-
ɧɢɣ ɜɟɤɬɨɪ ݊�, ɳɨ ɜɢɡɧɚɱɚє ɧɚɩɪɹɦɨɤ ɭ ɜɧɭɬɪɿɲɧɶɨɦɭ ɩɪɨɫɬɨɪɿ ɣ ɨɩɢɫɭє ɬɨɱɤɭ ɧɚ ሺ� − ͳሻ-ɜɢɦɿɪɧɿɣ ɫɮɟɪɿ: ߮� = ܴ݊� ,   ∑݊�݊�� = ͳ. (48) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɉɪɢ ɫɬɚɥɿɣ ɪɚɞɿɚɥɶɧɿɣ ɤɨɦɩɨɧɟɧɬɿ ܴ ɮɭɧɤɰɿʀ ݊� ɨɩɢɫɭɸɬɶ ɛɟɡɦɚɫɨɜɿ ʉɨɥɞɫɬɨɭɧɿɜɫɶɤɿ 
ɦɨɞɢ. 

ɉɨɞɚɥɶɲɚ ɦɟɬɚ ɩɨɥɹɝɚє ɜ ɚɧɚɥɿɬɢɱɧɨɦɭ ɿɧɬɟɝɪɭɜɚɧɧɿ ɡɚ ɧɟɩɟɪɟɪɜɧɢɦɢ ʉɨɥɞɫɬɨ-
ɭɧɿɜɫɶɤɢɦɢ ɦɨɞɚɦɢ (ɬɨɛɬɨ ɤɭɬɨɜɢɦɢ ɡɦɿɧɧɢɦɢ ݊�), ɭ ɪɟɡɭɥɶɬɚɬɿ ɱɨɝɨ ɪɚɞɿɚɥɶɧɟ ɩɨɥɟ ܴ ɡɚɥɢɲɚєɬɶɫɹ єɞɢɧɨɸ ɞɢɧɚɦɿɱɧɨɸ ɡɦɿɧɧɨɸ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɨɬɪɢɦɭєɦɨ ɟɮɟɤɬɢɜɧɭ 
ɬɟɨɪɿɸ, ɡɪɭɱɧɭ ɞɥɹ ɩɨɞɚɥɶɲɢɯ ɞɨɫɥɿɞɠɟɧɶ ɭ ɞɢɫɤɪɟɬɧɨɦɭ ɩɪɨɫɬɨɪɿ-ɱɚɫɿ ɧɚ ʉɪɚɬɰɿ. 
Ⱦɥɹ ɤɭɬɨɜɢɯ ɡɦɿɧɧɢɯ ɭ ɜɧɭɬɪɿɲɧɶɨɦɭ ɩɪɨɫɬɨɪɿ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɿɧɬɟɝɪɭɜɚɧɧɹ ɦɟ-
ɬɨɞɨɦ ɫɿɞɥɨɜɨʀ ɬɨɱɤɢ. 

Ɇɟɬɨɞ ɫɿɞɥɨɜɨʀ ɬɨɱɤɢ (ɬɚɤɨɠ ɜɿɞɨɦɢɣ ɹɤ ɦɟɬɨɞ ɩɟɪɟɜɚɥɭ ɚɛɨ ɦɟɬɨɞ ɧɚɣɤɪɭɬɿɲɨ-
ɝɨ ɫɩɭɫɤɭ) ɞɥɹ ɨɛɱɢɫɥɟɧɧɹ ɮɭɧɤɰɿɨɧɚɥɶɧɨɝɨ ɿɧɬɟɝɪɚɥɭ (41) ɜɿɞɩɨɜɿɞɚє ɭ ɤɜɚɧɬɨɜɿɣ 
ɬɟɨɪɿʀ ɬɚɤ ɡɜɚɧɨɦɭ ɤɜɚɡɿɤɥɚɫɢɱɧɨɦɭ ɧɚɛɥɢɠɟɧɧɸ, ɤɨɥɢ ɜɪɚɯɨɜɭɸɬɶɫɹ ɩɨɦɿɪɧɿ ɤɜɚɧ-
ɬɨɜɿ ɩɨɩɪɚɜɤɢ ɞɨ ɜɿɞɨɦɨʀ ɤɥɚɫɢɱɧɨʀ (ɦɚɤɪɨɫɤɨɩɿɱɧɨʀ) ɤɨɧɮɿɝɭɪɚɰɿʀ ɩɨɥɹ. ɉɟɪɟɜɚɝɚ 
ɰɶɨɝɨ ɦɟɬɨɞɚ ɡɭɦɨɜɥɸєɬɶɫɹ ɬɢɦ, ɳɨ ɣɨɝɨ ɩɪɨɜɿɞɧɟ ɧɚɛɥɢɠɟɧɧɹ ɜɪɚɯɨɜɭє ɧɟɚɧɚɥɿɬɢ-
ɱɧɿ ɜɡɚєɦɨɡɚɥɟɠɧɨɫɬɿ, ɳɨ ɿɫɧɭɸɬɶ ɦɿɠ ɩɚɪɚɦɟɬɪɚɦɢ ɦɨɞɟɥɿ. Ɋɟɲɬɚ ɜɧɟɫɤɿɜ ɦɨɠɟ ɛɭ-
ɬɢ ɨɛɱɢɫɥɟɧɚ ɜ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ. Ɍɟɯɧɿɱɧɨɸ ɩɟɪɟɜɚɝɨɸ ɰɶɨɝɨ ɦɟɬɨɞɭ є ɦɨɠɥɢɜɿɫɬɶ ɪɨ-
ɡɲɢɪɢɬɢ ɤɨɧɬɭɪ ɿɧɬɟɝɪɭɜɚɧɧɹ ɜ ɤɨɦɩɥɟɤɫɧɿɣ ɩɥɨɳɢɧɿ ɜɿɞ ɩɨɥɨɠɟɧɧɹ ɬɨɱɤɢ ɩɟɪɟɜɚɥɭ 
ɞɨ ɧɟɫɤɿɧɱɟɧɧɨɫɬɿ, ɡɜɨɞɹɱɢ ɫɤɥɚɞɧɟ ɿɧɬɟɝɪɭɜɚɧɧɹ ɭ ɫɮɟɪɢɱɧɢɯ ɤɨɨɪɞɢɧɚɬɚɯ ɞɨ ɡɜɢ-
ɱɚɣɧɢɯ ɝɚɭɫɫɨɜɢɯ ɿɧɬɟɝɪɚɥɿɜ. ɇɚɞɚɥɿ ɛɭɞɟ ɪɨɡɝɥɹɞɚɬɢɫɹ ɜɢɩɚɞɨɤ ɧɭɥɶɨɜɨʀ ɬɟɦɩɟɪɚɬɭ-
ɪɢ, ɹɤɨɦɭ ɜɿɞɩɨɜɿɞɚɸɬɶ ɫɢɦɟɬɪɢɱɧɿ ʉɪɚɬɤɢ. 

ɍ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɜ ɹɤɨɫɬɿ ɮɨɧɭ ɞɥɹ ɤɜɚɧɬɨɜɢɯ ɮɥɭɤɬɭɚɰɿɣ ɨɛɢɪɚєɬɶɫɹ 

ɫɬɚɥɟ ɨɞɧɨɪɿɞɧɟ ɩɨɥɟ ɡ ɮɿɤɫɨɜɚɧɢɦ ɧɚɩɪɹɦɤɨɦ ɭ ɜɧɭɬɪɿɲɧɶɨɦɭ ɩɪɨɫɬɨɪɿ (ɤɨɧɞɟɧ-
ɫɚɬ). ɉɟɪɟɬɜɨɪɸɸɱɢ ɹɤɨɛɿɚɧ ɩɟɪɟɯɨɞɭ ɞɨ ɫɮɟɪɢɱɧɢɯ ɤɨɨɪɞɢɧɚɬ ɭ ɜɧɭɬɪɿɲɧɶɨɦɭ 
ɩɪɨɫɬɨɪɿ ɜ ɞɨɞɚɬɨɤ ɭ ɩɨɤɚɡɧɢɤɭ ɟɤɫɩɨɧɟɧɬɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɜɿɞɨɦɨʀ ɬɨɬɨɠɧɨɫɬɿ log det ܣ =  Tr log  ɡɧɚɯɨɞɢɦɨ ɫɿɞɥɨɜɭ ɬɨɱɤɭ (ɟɤɫɬɪɟɦɭɦ ɩɨɤɚɡɧɢɤɚ ɟɤɫɩɨɧɟɧɬɢ) ɧɚ ,ܣ
ɜɿɞɫɬɚɧɿ ܴͲ ɜ ɧɚɩɪɹɦɤɭ ɤɨɧɞɟɧɫɚɬɭ, ɩɪɢɱɨɦɭ ܴ଴ଶ = ߮௖ଶ

2 ቀͳ + √ͳ + 4ሺ� − ͳሻݖቁ , ݖ = !ସܽସ.  (49) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ݉ ߣ

Ʉɜɚɧɬɨɜɿ ɮɥɭɤɬɭɚɰɿʀ ɜɜɚɠɚɸɬɶɫɹ ɦɚɥɢɦɢ ɩɨɪɿɜɧɹɧɨ ɡ ɦɚɤɪɨɫɤɨɩɿɱɧɢɦ ɤɨɧɞɟɧ-
ɫɚɬɨɦ. ɍ ɰɶɨɦɭ ɧɚɛɥɢɠɟɧɧɿ ɿɧɬɟɝɪɭɜɚɧɧɹ ɡɚ ɤɭɬɨɜɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɜ ɨɤɨɥɿ ɫɿɞɥɨ-
ɜɨʀ ɬɨɱɤɢ ɡɜɨɞɢɬɶɫɹ ɞɨ ɱɢɫɟɥɶɧɨɝɨ ɦɧɨɠɧɢɤɚ, ɹɤɢɣ ɧɟ ɡɚɥɟɠɢɬɶ ɜɿɞ ɪɚɞɿɚɥɶɧɨʀ ɤɨɦ-
ɩɨɧɟɧɬɢ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɜɢɧɢɤɚє ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɚ ɦɨɞɟɥɶ ɮɚɡɢ ɡ ɩɨɪɭɲɟɧɨɸ ɫɢɦɟɬ-
ɪɿєɸ, ɹɤɚ ɨɩɢɫɭєɬɶɫɹ «ɩɨɬɟɧɰɿɚɥɨɦ» ܸ[ܴ] = − log ( ܴ ܴ଴)�−ଵ + ܽସ ቆ−݉ଶ 2 ܴଶ + 4 ߣ ܴସቇ. (50) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!
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ȼɚɠɥɢɜɨɸ ɜɿɞɦɿɧɧɿɫɬɸ ɰɿєʀ ɦɨɞɟɥɿ ɜɿɞ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨʀ ɦɨɞɟɥɿ ɫɤɚɥɹɪɧɨɝɨ 
ɩɨɥɹ, ɪɨɡɝɥɹɧɭɬɨʀ ɜɢɳɟ, є ɬɟ, ɳɨ ɪɚɞɿɚɥɶɧɟ ɩɨɥɟ ɞɨɞɚɬɧɟ ɣ ɭ ɦɨɞɟɥɿ ɧɟɦɚє ɧɿɹɤɨʀ ɞɢɫ-
ɤɪɟɬɧɨʀ ɫɢɦɟɬɪɿʀ ɬɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ. 

ɍ ɞɢɫɟɪɬɚɰɿʀ ɩɪɨɜɟɞɟɧɨ ɤɨɦɩ’ɸɬɟɪɧɢɣ ɟɤɫɩɟɪɢɦɟɧɬ ɿɡ ɫɢɦɟɬɪɢɱɧɢɦɢ ʉɪɚɬɤɚɦɢ ɡ 
ɪɨɡɦɿɪɚɦɢ 164

 ɿ 324. Ɋɿɡɧɿ ɪɨɡɦɿɪɢ ʉɪɚɬɤɢ ɞɨɡɜɨɥɹɸɬɶ ɤɨɧɬɪɨɥɸɜɚɬɢ ɟɮɟɤɬɢ ɫɤɿɧɱɟɧ-
ɧɨɝɨ ɨɛ'єɦɭ, ɹɤɿ ɧɟ ɩɨɜɢɧɧɿ ɫɭɬɬєɜɨ ɜɩɥɢɜɚɬɢ ɧɚ ɮɿɡɢɱɧɢɣ ɪɟɡɭɥɶɬɚɬ. Ɂɚ ɩɪɢɩɭɳɟɧɧɹ, 
ɳɨ ɩɪɢ ɧɭɥɶɨɜɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɜɿɞɛɭɜɚєɬɶɫɹ ɫɩɨɧɬɚɧɧɟ ɩɨɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ, ɫɥɿɞ ɨɱɿ-
ɤɭɜɚɬɢ ɫɚɦɨɭɡɝɨɞɠɟɧɭ ɤɚɪɬɢɧɭ ɮɚɡɢ ɡ ɤɨɧɞɟɧɫɚɬɨɦ, ɡɧɚɱɟɧɧɹ ɹɤɨɝɨ ɤɨɪɢɝɭєɬɶɫɹ ɩɨ-
ɦɿɪɧɢɦɢ ɤɜɚɧɬɨɜɢɦɢ ɮɥɭɤɬɭɚɰɿɹɦɢ ɿ ɞɟɳɨ ɜɿɞɪɿɡɧɹєɬɶɫɹ ɜɿɞ ߮௖. ɉɪɢ ɰɶɨɦɭ ɪɚɞɿɚɥɶɧɚ 

ɤɨɦɩɨɧɟɧɬɚ ɩɨɥɹ ɦɚє ɥɢɲɢɬɢɫɹ ɞɨɫɿ ɜɢɪɚɡɧɨɸ. əɤɳɨ ɠ ɭ ɪɟɡɭɥɶɬɚɬɿ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ 
ɟɤɫɩɟɪɢɦɟɧɬɭ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɛɭɞɭɬɶ ɨɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ, ɹɤɿ ɩɪɨɬɢɪɿɱɚɬɶ ɰɶɨɦɭ ɩɪɢ-
ɩɭɳɟɧɧɸ, ɬɨɛɬɨ ɛɭɞɟ ɫɩɨɫɬɟɪɿɝɚɬɢɫɹ ɪɨɡɩɚɞ ɪɚɞɿɚɥɶɧɨʀ ɤɨɦɩɨɧɟɧɬɢ, ɬɨ ɰɟ ɛɭɞɟ ɨɡɧɚ-
ɱɚɬɢ, ɳɨ ɩɪɢ ɧɭɥɶɨɜɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɧɟɦɚє ɧɿɹɤɨʀ ɮɚɡɢ ɡ ɜɢɪɚɠɟɧɢɦ ɨɞɧɨɪɿɞɧɢɦ ɤɨɧ-
ɞɟɧɫɚɬɨɦ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɨɛɪɚɧɚ ɫɬɪɚɬɟɝɿɹ є ɞɨɤɚɡɨɦ ɜɿɞ ɩɪɨɬɢɜɧɨɝɨ, ɚ ɬɜɟɪɞɠɟɧɧɹɦ 
ɳɨɞɨ ɩɟɪɟɜɿɪɤɢ є «ɩɨɪɭɲɟɧɚ ɮɚɡɚ ɪɟɚɥɿɡɭєɬɶɫɹ ɩɪɢ ɧɭɥɶɨɜɿɣ ɬɟɦɩɟɪɚɬɭɪɿ». 

ɏɨɱɚ ɜ ɡɚɩɪɨɩɨɧɨɜɚɧɨɦɭ ɩɿɞɯɨɞɿ ɜ ɪɚɦɤɚɯ ɟɮɟɤɬɢɜɧɨʀ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨʀ ɬɟɨɪɿʀ 
ɧɟɦɚє ɧɿɹɤɨɝɨ ɩɚɪɚɦɟɬɪɭ ɩɨɪɹɞɤɭ (ɹɤɢɦ ɦɚɥɨ ɛɢ ɛɭɬɢ ɫɟɪɟɞɧє ɡɧɚɱɟɧɧɹ ɜɟɤɬɨɪɭ ߮� ɜ 
ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɨɦɭ ɜɧɭɬɪɿɲɧɶɨɦɭ ɩɪɨɫɬɨɪɿ), ɦɢ, ɬɢɦ ɧɟ ɦɟɧɲ, ɦɨɠɟɦɨ ɜɢɦɿɪɹɬɢ 
ɫɟɪɟɞɧє ɡɧɚɱɟɧɧɹ ɪɚɞɿɚɥɶɧɨɝɨ ɩɨɥɹ ܴ (ɫɟɪɟɞɧє ɚɛɫɨɥɸɬɧɟ ɡɧɚɱɟɧɧɹ ɜɟɤɬɨɪɭ ߮� ɜ ɛɚ-
ɝɚɬɨɤɨɦɩɨɧɟɧɬɧɨɦɭ ɜɧɭɬɪɿɲɧɶɨɦɭ ɩɪɨɫɬɨɪɿ). Ɂɪɨɡɭɦɿɥɨ, ɳɨ ɰɹ ɜɟɥɢɱɢɧɚ ɧɟ ɦɨɠɟ 
ɡɧɢɤɧɭɬɢ ɜ ɫɚɦɨɭɡɝɨɞɠɟɧɿɣ ɤɚɪɬɢɧɿ ɩɨɪɭɲɟɧɨʀ ɮɚɡɢ ɬɚ ɦɚє ɛɭɬɢ ɛɥɢɡɶɤɨɸ ɞɨ ɤɥɚɫɢ-
ɱɧɨɝɨ ɡɧɚɱɟɧɧɹ ɤɨɧɞɟɧɫɚɬɭ. 

Ɉɫɤɿɥɶɤɢ ɦɟɬɨɸ ɞɨɫɥɿɞɠɟɧɶ ɛɭɞɟ ɜɚɪɿɸɜɚɧɧɹ ɤɨɧɫɬɚɧɬɢ ɫɚɦɨɞɿʀ ɫɤɚɥɹɪɧɨɝɨ ɩɨ-
ɥɹ ߣ ɜ ɞɭɠɟ ɲɢɪɨɤɨɦɭ ɿɧɬɟɪɜɚɥɿ ɡɧɚɱɟɧɶ, ɬɪɟɛɚ ɡɚɛɟɡɩɟɱɢɬɢ ɫɚɦɨɧɚɫɬɪɨɸɜɚɧɧɹ ɤɪɨ-
ɤɭ ʉɪɚɬɤɢ ɬɚ ɿɧɲɢɯ ɪɨɡɦɿɪɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɦɨɞɟɥɿ. Ⱦɥɹ ɰɶɨɝɨ ɜɜɟɞɟɦɨ ɛɟɡɪɨɡɦɿɪɧɟ ɩɨ-
ɥɟ Φ௫: ܴሺݔሻ߮௖ = √2Φ௫, (51) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɩɿɫɥɹ ɱɨɝɨ ɞɿɸ ɞɥɹ ʉɪɚɬɤɨɜɨʀ ɦɨɞɟɥɿ ɦɨɠɧɚ ɩɟɪɟɩɢɫɚɬɢ ɜ ɡɪɭɱɧɨɦɭ ɞɥɹ ɱɢɫɟɥɶɧɨɝɨ 
ɟɤɫɩɟɪɢɦɟɧɬɭ ɜɢɝɥɹɞɿ: 

ܵ = ∑Φ௫ݖ ቌΦ௫ − ͳ + ͳ
4
∑ ߣݖ√ logଶ Φ௫+௔ఓ̂Φ௫ఓ=ଵ,…,ସ ቍ௫ − ∑� − ͳ

2 logΦ௫௫ , (52) Ɍɟɤɫɬ ɜɵɜɨɞɚ ɧɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɨɞɧɭ ɫɬɪɨɤɭ!

ɞɟ ɜɧɟɫɨɤ ɿɡ ɤɜɚɞɪɚɬɨɦ ɥɨɝɚɪɢɮɦɚ ɨɩɢɫɭє ɤɿɧɟɬɢɱɧɭ ɱɚɫɬɢɧɭ ɞɿʀ, ɡɚɩɢɫɚɧɭ ɱɟɪɟɡ ɫɤɿ-
ɧɱɟɧɧɿ ɪɿɡɧɢɰɿ ɡɚɦɿɫɬɶ ɩɨɯɿɞɧɢɯ, ɚ ̂ߤ – ɨɞɢɧ ɡ ɱɨɬɢɪɶɨɯ ɨɪɬɿɜ ʉɪɚɬɤɢ. 

Ɋɚɞɿɚɥɶɧɚ ɤɨɦɩɨɧɟɧɬɚ ܴ ɦɨɞɟɥɸєɬɶɫɹ ɪɿɜɧɨɦɿɪɧɨ ɪɨɡɩɨɞɿɥɟɧɨɸ ɜɢɩɚɞɤɨɜɨɸ 
ɜɟɥɢɱɢɧɨɸ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɬɜɿɪɧɨɝɨ ɮɭɧɤɰɿɨɧɚɥɭ ɟɮɟɤɬɢɜɧɨʀ ɬɟɨɪɿʀ. ɇɚ ɩɪɚɤɬɢɰɿ ɜɨɧɚ 
ɨɛɦɟɠɭєɬɶɫɹ ɡɝɨɪɢ. ɍ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɜɚ ɪɿɡɧɢɯ ɡɧɚɱɟɧɧɹ 
ɜɟɪɯɧɶɨʀ ɦɟɠɿ: ܴЦКб = 3,75߮௖ ɬɚ ܴЦКб = 4߮௖, ɳɨɛ ɩɨɤɚɡɚɬɢ ɧɟɡɚɥɟɠɧɿɫɬɶ ɪɟɡɭɥɶɬɚɬɿɜ 
ɜɿɞ ɝɪɚɧɢɰɿ ɨɛɪɿɡɚɧɧɹ. Ɂ ɬɨɱɤɢ ɡɨɪɭ ɦɿɪɢ ɿɧɬɟɝɪɭɜɚɧɧɹ ɰɿ ɝɪɚɧɢɰɿ ɨɛɪɿɡɚɧɧɹ ɜɿɞɩɨɜɿ-
ɞɚɸɬɶ ɨɛɥɚɫɬɿ ɣɦɨɜɿɪɧɨɫɬɟɣ ɩɨɪɹɞɤɭ 10

-22
. 
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Ȼɟɡɪɨɡɦɿɪɧɢɣ ɩɚɪɚɦɟɬɪ ɦɨɞɟɥɿ г ɭ (52) ɩɨɜ'ɹɡɚɧɢɣ ɿɡ ɪɨɡɬɚɲɭɜɚɧɧɹɦ ɬɨɱɤɢ ɩɟ-
ɪɟɜɚɥɭ ܴ଴ ɱɟɪɟɡ ɪɿɜɧɹɧɧɹ (49). ɍ ɞɢɫɟɪɬɚɰɿʀ ɩɪɢ ɩɪɨɜɟɞɟɧɧɿ ɱɢɫɟɥɶɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧ-
ɬɭ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ z=0,67 ɬɚ г=1. Ɍɚɤɿ ɡɧɚɱɟɧɧɹ ɜɿɞɩɨɜɿɞɚɸɬɶ ɩɨɥɨɠɟɧɧɸ ɬɨɱɤɢ 
ɩɟɪɟɜɚɥɭ ɜ ɰɟɧɬɪɚɥɶɧɿɣ ɱɚɫɬɢɧɿ ɿɧɬɟɪɜɚɥɭ ɡɧɚɱɟɧɶ ɩɨɥɹ, ߮௖ < ܴ0 < 1,5߮௖. ɇɚɞɡɜɢ-
ɱɚɣɧɨ ɦɚɥɿ ɡɧɚɱɟɧɧɹ г ɦɨɠɭɬɶ ɡɪɨɛɢɬɢ ɜɧɟɫɨɤ ɞɨ ɟɮɟɤɬɢɜɧɨʀ ɞɿʀ, ɳɨ ɡɚɥɟɠɢɬɶ ɜɿɞ ɤɿ-
ɥɶɤɨɫɬɿ ɤɨɦɩɨɧɟɧɬ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ �, ɦɿɡɟɪɧɢɦ ɭ ɩɨɪɿɜɧɹɧɧɿ ɡ ɿɧɲɢɦɢ ɜɧɟɫɤɚɦɢ, ɭ 
ɬɨɣ ɱɚɫ ɹɤ ɜɟɥɢɤɿ ɡɧɚɱɟɧɧɹ г ɦɨɠɭɬɶ ɡɦɿɫɬɢɬɢ ɬɨɱɤɭ ɩɟɪɟɜɚɥɭ ɩɨɡɚ ɦɟɠɭ ɨɛɪɿɡɚɧɧɹ 
ɞɥɹ ɪɚɞɿɚɥɶɧɨɝɨ ɩɨɥɹ, ɪɨɛɥɹɱɢ ɧɟɦɨɠɥɢɜɢɦ ɡɚɫɬɨɫɭɜɚɧɧɹ ɟɮɟɤɬɢɜɧɨʀ ɬɟɨɪɿʀ. 

 

 
Ɋɢɫ. 8. Ɋɨɡɩɚɞ ɮɚɡɢ ɡ ɩɨɪɭɲɟɧɨɸ ɫɢɦɟɬɪɿєɸ ɩɪɢ ɩɨɫɥɚɛɥɟɧɧɿ ɤɨɧɫɬɚɧɬɢ 
ɜɡɚєɦɨɞɿʀ ɜ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɿɣ ɦɨɞɟɥɿ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ɩɪɢ ɧɭɥɶɨɜɿɣ 

ɬɟɦɩɟɪɚɬɭɪɿ 
 

Ɋɟɡɭɥɶɬɚɬɢ ɦɨɞɟɥɸɜɚɧɧɹ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɞɥɹ ɪɨɡɦɿɪɧɨɫɬɿ ɜɧɭɬɪɿɲɧɶɨɝɨ ɩɪɨɫɬɨɪɭ 
ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ �=4 ɧɚɜɟɞɟɧɨ ɧɚ ɪɢɫ. 8. ȱɧɲɿ ɪɨɡɦɿɪɧɨɫɬɿ ɩɪɢɜɨɞɢɥɢ ɞɨ ɩɨɞɿɛɧɢɯ 
ɪɟɡɭɥɶɬɚɬɿɜ. ȼɫɿ ɤɨɦɩ'ɸɬɟɪɧɿ ɪɨɡɪɚɯɭɧɤɢ ɜɢɤɨɧɚɧɿ ɡ ɩɨɞɜɿɣɧɨɸ ɬɨɱɧɿɫɬɸ. ɋɢɫɬɟɦɚ 
ɬɟɪɦɚɥɿɡɭєɬɶɫɹ ɲɥɹɯɨɦ ɩɪɨɜɟɞɟɧɧɹ ɞɨ 105

 ɿɬɟɪɚɰɿɣ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɞɥɹ ɤɨɠɧɨɝɨ ɡɚɩɭɫ-
ɤɭ. Ⱦɥɹ ɜɢɦɿɪɸɜɚɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭєɦɨ 103

 ɤɨɧɮɿɝɭɪɚɰɿɣ ʉɪɚɬɤɢ, ɪɨɡɞɿɥɟɧɢɯ ɦɿɠ ɫɨ-
ɛɨɸ 10 ɨɧɨɜɥɟɧɧɹɦɢ.  

əɤ ɦɨɠɧɚ ɩɨɛɚɱɢɬɢ ɧɚ ɪɢɫ. 8, ɫɟɪɟɞɧɹ ɪɚɞɿɚɥɶɧɚ ɤɨɦɩɨɧɟɧɬɚ ɧɚɫɩɪɚɜɞɿ ɛɥɢɡɶɤɚ 
ɞɨ ɤɥɚɫɢɱɧɨɝɨ ɤɨɧɞɟɧɫɚɬɭ ɞɥɹ ɩɨɩɭɥɹɪɧɢɯ ɭ ɥɿɬɟɪɚɬɭɪɿ ɡɧɚɱɟɧɶ ߣ ൒ 10−2, ɤɜɚɧɬɨɜɿ 
ɩɨɩɪɚɜɤɢ ɞɨ ɰɿєʀ ɜɟɥɢɱɢɧɢ ɫɤɥɚɞɚɸɬɶ ɧɟ ɛɿɥɶɲɟ ɧɿɠ 40%. ɉɪɨɬɟ, ɪɚɞɿɚɥɶɧɚ ɤɨɦɩɨ-
ɧɟɧɬɚ ɡɧɢɤɚє ɩɪɢ ɞɭɠɟ ɦɚɥɿɣ ɤɨɧɫɬɚɧɬɿ ɫɚɦɨɞɿʀ. ɉɪɢ ɡɧɚɱɟɧɧɹɯ ߣ < 10−5 ɜɨɧɚ є ɧɚ 
ɩɨɪɹɞɨɤ ɦɟɧɲɨɸ ɡɚ ɡɧɚɱɟɧɧɹ ɤɥɚɫɢɱɧɨɝɨ ɤɨɧɞɟɧɫɚɬɭ. ɐɟɣ ɪɟɡɭɥɶɬɚɬ ɫɭɩɟɪɟɱɢɬɶ ɿɞɟʀ 
ɩɪɨ ɦɚɥɿ ɤɜɚɧɬɨɜɿ ɮɥɭɤɬɭɚɰɿʀ ɧɚ ɮɨɧɿ ɨɞɧɨɪɿɞɧɨɝɨ ɤɨɧɞɟɧɫɚɬɭ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ 
ɜ ɪɨɡɪɚɯɭɧɤɚɯ. Ɉɬɠɟ, ɩɨɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ ɩɪɢ ɧɭɥɶɨɜɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɦɚє ɦɿɫɰɟ ɞɥɹ ߣ ൒ 10−5, ɚ ɩɪɢ ɦɟɧɲɢɯ ɡɧɚɱɟɧɧɹɯ ɣɦɨɜɿɪɧɨ ɧɟ ɜɿɞɛɭɜɚєɬɶɫɹ, ɳɨ ɩɿɞɬɜɟɪɞɠɭє ɪɟ-
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ɡɭɥɶɬɚɬɢ, ɨɬɪɢɦɚɧɿ ɜ ɦɟɠɚɯ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨʀ ɫɤɚɥɹɪɧɨʀ ɦɨɞɟɥɿ ɡ ɞɢɫɤɪɟɬɧɨɸ ɫɢɦɟ-
ɬɪɿєɸ. 

ɋɩɨɫɬɟɪɟɠɟɧɧɹ ɫɬɨɫɨɜɧɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɜ ɫɤɚɥɹɪɧɿɣ ɦɨɞɟɥɿ ɦɨɠɭɬɶ ɫɥɭɠɢ-
ɬɢ ɜ ɹɤɨɫɬɿ ɤɟɪɿɜɧɢɰɬɜɚ ɳɨɞɨ ɡɚɫɬɨɫɭɜɚɧɧɹ ɪɿɡɧɨɝɨ ɪɨɞɭ ɩɿɞɫɭɦɨɜɭɜɚɧɧɹ ɪɹɞɿɜ ɬɟɨɪɿʀ 
ɡɛɭɪɟɧɶ. Ɇɨɠɧɚ ɩɨɛɚɱɢɬɢ, ɳɨ ɫɯɟɦɚ ɩɿɞɫɭɦɨɜɭɜɚɧɧɹ «ɪɨɦɚɲɤɚ» ɿ «ɫɭɩɟɪɪɨɦɚɲɤɚ» 

ɞɚɸɬɶ ɹɤɿɫɧɨ ɩɪɚɜɢɥɶɧɿ ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ ɦɚɥɢɯ ɡɧɚɱɟɧɶ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ. Ⱦɥɹ ɜɟ-
ɥɢɤɢɯ ɡɧɚɱɟɧɶ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ ɜɨɧɢ ɫɬɚɸɬɶ ɧɟɚɞɟɤɜɚɬɧɢɦɢ ɬɚ ɧɟ ɜɿɞɨɛɪɚɠɚɸɬɶ 
ɞɪɭɝɢɣ ɪɿɞ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɫɥɿɞ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɿɧɲɿ ɛɿɥɶɲ 
ɫɤɥɚɞɧɿ ɫɯɟɦɢ ɩɟɪɟɫɭɦɭɜɚɧɧɹ ɪɨɡɜɢɧɟɧɶ ɬɟɨɪɿʀ ɡɛɭɪɟɧɶ. 

Ɂɦɿɧɚ ɪɨɞɭ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɜɟɥɢɱɢɧɢ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ 
ɫɚɦɚ ɩɨ ɫɨɛɿ ɧɟ є ɭɧɿɤɚɥɶɧɢɦ ɹɜɢɳɟɦ. ɇɚɩɪɢɤɥɚɞ, ɭ ɋɆ ɟɥɟɦɟɧɬɚɪɧɢɯ ɱɚɫɬɢɧɨɤ ɞɨɛ-
ɪɟ ɜɿɞɨɦɨ, ɳɨ ɟɥɟɤɬɪɨɫɥɚɛɤɢɣ ɮɚɡɨɜɢɣ ɩɟɪɟɯɿɞ ɛɭɞɟ ɩɟɪɲɨɝɨ ɪɨɞɭ ɞɥɹ ɦɚɥɢɯ ɤɨɧɫ-
ɬɚɧɬ ɜɡɚєɦɨɞɿʀ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ɬɚ ɩɟɪɟɬɜɨɪɸєɬɶɫɹ ɜ ɩɟɪɟɯɪɟɫɧɢɣ ɚɛɨ ɧɚɜɿɬɶ ɭ ɩɟɪɟ-
ɯɿɞ ɞɪɭɝɨɝɨ ɪɨɞɭ ɩɪɢ ɞɨɫɢɬɶ ɜɟɥɢɤɢɯ ɡɧɚɱɟɧɧɹɯ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ. ɍ ɞɢɫɟɪɬɚɰɿɣ-
ɧɿɣ ɪɨɛɨɬɿ ɜɿɞɤɪɢɬɨ, ɳɨ ɰɟ ɜɿɞɛɭɜɚєɬɶɫɹ ɜɠɟ ɜ ɩɪɨɫɬɿɣ ɦɨɞɟɥɿ ɡ ɨɞɧɢɦ ɫɤɚɥɹɪɧɢɦ ɩɨ-
ɥɟɦ. 

 

ȼɂɋɇɈȼɄɂ 
 

ɍ ɪɟɡɭɥɶɬɚɬɿ ɬɟɨɪɟɬɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɭ ɞɢɫɟɪɬɚɰɿʀ ɜɢɪɿɲɟɧɚ ɜɚɠɥɢɜɚ ɧɚɭɤɨɜɚ 
ɩɪɨɛɥɟɦɚ ɜɢɦɿɪɸɜɚɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɧɨɜɨɝɨ ɜɚɠɤɨɝɨ ɧɟɣɬɪɚɥɶɧɨɝɨ ɜɟɤɬɨɪɧɨɝɨ ɛɨɡɨɧɚ 
ɜ ɭɦɨɜɚɯ ɫɭɱɚɫɧɢɯ ɬɚ ɦɚɣɛɭɬɧɿɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɭ ɮɿɡɢɰɿ ɜɢɫɨɤɢɯ ɟɧɟɪɝɿɣ, ɜɿɞɤɪɢɬɨ 
ɧɨɜɟ ɹɜɢɳɟ – ɡɦɿɧɭ ɬɢɩɭ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɜ ɦɨɞɟɥɿ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ɧɚ ʉɪɚɬɰɿ ɩɪɢ 
ɩɨɫɥɚɛɥɟɧɧɿ ɜɡɚєɦɨɞɿʀ.  

1. Ɂɧɚɣɞɟɧɨ ɧɨɜɿ ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ ɞɥɹ ɦɨɞɟɥɶɧɨ-ɧɟɡɚɥɟɠɧɨɝɨ 
ɩɨɲɭɤɭ ɫɢɝɧɚɥɭ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ ɜ ɚɧɿɝɿɥɹɰɿɣɧɢɯ ɥɟɩɬɨɧɧɢɯ ɩɪɨɰɟɫɚɯ (݁+݁− −݁+݁ ,−ߤ+ߤ→ → �+�−). ɋɩɨɫɬɟɪɟɠɭɜɚɧɿ є ɩɟɪɟɪɿɡɚɦɢ ɪɨɡɫɿɸɜɚɧɧɹ, ɩɪɨɿɧɬɟɝɪɨɜɚɧɢɦɢ 
ɡɚ ɤɭɬɨɦ ɪɨɡɫɿɸɜɚɧɧɹ ɡ ɩɟɜɧɨɸ ɜɚɝɨɸ, ɜ ɧɚɣɩɪɨɫɬɿɲɨɦɭ ɜɢɩɚɞɤɭ ɜɨɧɢ ɭɡɚɝɚɥɶɧɸɸɬɶ 
ɩɟɪɟɪɿɡɢ ɪɨɡɫɿɸɜɚɧɧɹ ɜɩɟɪɟɞ-ɧɚɡɚɞ. ȼɩɟɪɲɟ ɪɨɡɜ'ɹɡɚɧɨ ɡɚɞɚɱɭ ɩɪɨ ɦɚɤɫɢɦɚɥɶɧɟ ɫɬɚ-
ɬɢɫɬɢɱɧɟ ɩɨɫɢɥɟɧɧɹ ɫɢɝɧɚɥɭ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ ɞɥɹ ɚɧɿɝɿɥɹɰɿɣɧɢɯ ɥɟɩɬɨɧɧɢɯ ɩɪɨ-
ɰɟɫɿɜ ɭ ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɟɧɟɪɝɿɣ ɜɿɞ 130 Ƚɟȼ ɞɨ 1 Ɍɟȼ, ɳɨ ɨɯɨɩɥɸє ɹɤ ɡɚɜɟɪɲɟɧɿ 
ɟɤɫɩɟɪɢɦɟɧɬɢ, ɬɚɤ ɿ ɦɚɣɛɭɬɧɿ. Ɂɚɩɪɨɩɨɧɨɜɚɧɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ ɡ ɧɚɣɤɪɚɳɢɦ ɫɩɿɜɜɿɞ-
ɧɨɲɟɧɧɹɦ ɫɢɝɧɚɥɭ ɞɨ ɫɬɚɬɢɫɬɢɱɧɨʀ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ ɞɨɡɜɨɥɹɸɬɶ ɜɢɦɿɪɸɜɚɬɢ ɤɨɧɫɬɚɧ-
ɬɢ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɜɟɤɬɨɪɧɢɦɢ ɚɛɨ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɢɦɢ ɥɟɩɬɨɧɧɢɦɢ ɫɬɪɭɦɚ-
ɦɢ. ɉɨɤɚɡɚɧɨ ɫɬɿɣɤɿɫɬɶ ɪɟɡɭɥɶɬɚɬɿɜ ɜɿɞɧɨɫɧɨ ɦɨɠɥɢɜɢɯ ɫɢɫɬɟɦɚɬɢɱɧɢɯ ɩɨɯɢɛɨɤ. Ɂɚ 
ɞɨɩɨɦɨɝɨɸ ɭɜɟɞɟɧɢɯ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɩɪɨɚɧɚɥɿɡɨɜɚɧɨ ɞɚɧɿ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɧɚ ɩɪɢɫ-
ɤɨɪɸɜɚɱɿ LEP II ɬɚ ɡɧɚɣɞɟɧɨ ɫɢɝɧɚɥ ɱɚɫɬɢɧɤɢ ɧɚ ɪɿɜɧɿ ɛɥɢɡɶɤɨ ɨɞɧɨɝɨ ɫɬɚɧɞɚɪɬɧɨɝɨ 
ɜɿɞɯɢɥɟɧɧɹ. Ɉɰɿɧɟɧɨ ɟɮɟɤɬɢɜɧɿɫɬɶ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɞɥɹ ɦɚɣɛɭɬɧɶɨɝɨ ɤɨɥɚɣɞɟɪɚ 
ILC. ɉɨɤɚɡɚɧɨ, ɳɨ ɡɚ ʀɯɧɶɨɸ ɞɨɩɨɦɨɝɨɸ ɦɨɠɧɚ ɜɢɞɿɥɢɬɢ ɫɢɝɧɚɥ Г' ɛɨɡɨɧɚ ɧɚ ɪɿɜɧɿ 3-

4 ɫɬɚɧɞɚɪɬɧɢɯ ɜɿɞɯɢɥɟɧɶ ɧɚɜɿɬɶ ɭ ɪɚɡɿ, ɤɨɥɢ ɬɪɚɞɢɰɿɣɧɿ ɦɟɬɨɞɢ ɨɛɪɨɛɤɢ ɧɚɜɪɹɞ ɱɢ 
ɩɨɛɚɱɚɬɶ ɫɢɝɧɚɥ, ɬɨɦɭ ɧɨɜɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ є ɟɮɟɤɬɢɜɧɢɦ ɞɨɩɨɜɧɟɧɧɹɦ ɞɨ ɫɬɚɧɞɚɪɬ-
ɧɢɯ ɩɿɞɯɨɞɿɜ ɞɨ ɩɨɲɭɤɭ ɫɢɝɧɚɥɿɜ Г' ɛɨɡɨɧɚ ɜ ɟɤɫɩɟɪɢɦɟɧɬɿ. 

2. Ɂɧɚɣɞɟɧɨ ɧɨɜɿ ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ ɞɥɹ ɦɨɞɟɥɶɧɨ-ɧɟɡɚɥɟɠɧɨɝɨ 
ɩɨɲɭɤɭ ɫɢɝɧɚɥɿɜ ɚɛɟɥɟɜɨɝɨ ɚɛɨ ɤɿɪɚɥɶɧɨɝɨ Г' ɛɨɡɨɧɚ ɜ ɩɪɨɰɟɫɿ ɪɨɡɫɿɸɜɚɧɧɹ ɟɥɟɤɬɪɨ-
ɧɚ ɧɚ ɩɨɡɢɬɪɨɧɿ (ɩɪɨɰɟɫ Ȼɚɛɚ). ɋɩɨɫɬɟɪɟɠɭɜɚɧɿ є ɧɨɪɦɨɜɚɧɢɦɢ ɩɟɪɟɪɿɡɚɦɢ ɪɨɡɫɿɸ-
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ɜɚɧɧɹ, ɩɪɨɿɧɬɟɝɪɨɜɚɧɢɦɢ ɡɚ ɩɟɜɧɢɦɢ ɿɧɬɟɪɜɚɥɚɦɢ ɤɭɬɚ ɪɨɡɫɿɸɜɚɧɧɹ, ɿ ɞɨɡɜɨɥɹɸɬɶ 
ɜɢɦɿɪɸɜɚɬɢ ɜɟɤɬɨɪɧɭ ɚɛɨ ɚɤɫɿɚɥɶɧɨ-ɜɟɤɬɨɪɧɭ ɤɨɧɫɬɚɧɬɭ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɟɥɟɤɬ-
ɪɨɧɚɦɢ. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɭɜɟɞɟɧɢɯ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɩɪɨɚɧɚɥɿɡɨɜɚɧɨ ɞɚɧɿ ɟɤɫɩɟɪɢɦɟɧ-
ɬɿɜ ɧɚ ɩɪɢɫɤɨɪɸɜɚɱɿ LEP II ɿ ɡɧɚɣɞɟɧɨ ɫɢɝɧɚɥ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ ɧɚ ɪɿɜɧɿ ɞɜɨɯ ɫɬɚɧ-
ɞɚɪɬɧɢɯ ɜɿɞɯɢɥɟɧɶ. ɋɢɝɧɚɥ ɤɿɪɚɥɶɧɨɝɨ Г' ɛɨɡɨɧɚ ɧɟ ɜɢɹɜɥɟɧɨ.  

3. ȼɩɟɪɲɟ ɩɪɨɜɟɞɟɧɨ ɤɨɦɛɿɧɨɜɚɧɭ ɛɚɝɚɬɨɩɚɪɚɦɟɬɪɢɱɧɭ ɨɛɪɨɛɤɭ ɞɚɧɢɯ ɟɤɫɩɟ-
ɪɢɦɟɧɬɿɜ LEP I ɬɚ LEP II ɞɥɹ ɜɫɿɯ ɥɟɩɬɨɧɧɢɯ ɩɪɨɰɟɫɿɜ. Ɉɬɪɢɦɚɧɨ ɨɰɿɧɤɢ ɦɚɤɫɢɦɚɥɶ-
ɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛɧɨɫɬɿ ɬɚ ɿɧɬɟɪɜɚɥɢ ɞɨɜɿɪɢ ɞɥɹ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ 
ɡ ɮɟɪɦɿɨɧɚɦɢ ɬɚ ɞɥɹ ɤɭɬɚ ɡɦɿɲɭɜɚɧɧɹ ɦɿɠ Г ɬɚ Г' ɛɨɡɨɧɚɦɢ. Ɋɟɡɭɥɶɬɚɬɢ ɩɪɟɞɫɬɚɜɥɟɧɨ 

ɜ ɪɿɡɧɢɯ ɩɚɪɚɦɟɬɪɢɡɚɰɿɹɯ ɞɥɹ ɡɪɭɱɧɨɫɬɿ ɩɨɞɚɥɶɲɨɝɨ ɤɨɪɢɫɬɭɜɚɧɧɹ. 
4. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɧɨɜɿ ɞɜɨɩɚɪɚɦɟɬɪɢɱɧɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ ɞɥɹ ɦɨɞɟɥɶɧɨ-

ɧɟɡɚɥɟɠɧɢɯ ɩɨɲɭɤɿɜ ɫɢɝɧɚɥɭ ɚɛɟɥɟɜɨɝɨ Г' ɛɨɡɨɧɚ ɜ ɩɪɨɰɟɫɿ ɚɧɿɝɿɥɹɰɿʀ ɩɪɨɬɨɧɚ ɣ ɚɧ-
ɬɢɩɪɨɬɨɧɚ ɜ ɥɟɩɬɨɧɧɭ ɩɚɪɭ ɩɪɢ ɟɧɟɪɝɿɹɯ ɩɨɛɥɢɡɭ ɩɿɤɭ Г ɛɨɡɨɧɚ. ɉɨɤɚɡɚɧɨ, ɳɨ ɜ ɪɟ-
ɡɭɥɶɬɚɬɿ ɿɧɬɟɝɪɭɜɚɧɧɹ ɞɢɮɟɪɟɧɰɿɚɥɶɧɨɝɨ ɩɟɪɟɪɿɡɭ ɪɨɡɫɿɸɜɚɧɧɹ ɡɚ ɩɫɟɜɞɨɫɬɪɿɦɤɿɫɬɸ 
ɩɪɨɦɿɠɧɨɝɨ ɫɬɚɧɭ ɡ ɩɟɜɧɨɸ ɫɬɭɩɿɧɱɚɫɬɨɸ ɜɚɝɨɜɨɸ ɮɭɧɤɰɿєɸ ɦɨɠɧɚ ɩɨɡɛɭɬɢɫɹ ɜɧɟɫ-
ɤɿɜ ɜɿɞ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɤɜɚɪɤɚɦɢ ɞɪɭɝɨɝɨ ɩɨɤɨɥɿɧɧɹ. ȱɧɬɟɝɪɭɜɚɧɧɹ ɩɟɪɟɪɿɡɭ ɪɨɡ-
ɫɿɸɜɚɧɧɹ ɡɚ ɿɧɜɚɪɿɚɧɬɧɨɸ ɦɚɫɨɸ ɥɟɩɬɨɧɧɨʀ ɩɚɪɢ ɜ ɫɢɦɟɬɪɢɱɧɨɦɭ ɿɧɬɟɪɜɚɥɿ ɧɚɜɤɨɥɨ 
ɩɿɤɭ Г ɛɨɡɨɧɚ ɜɢɞɿɥɹє ɞɨɦɿɧɚɧɬɧɢɣ ɜɧɟɫɨɤ ɜɿɞ ɡɦɿɲɭɜɚɧɧɹ ɦɿɠ Г ɬɚ Г' ɛɨɡɨɧɚɦɢ ɬɚ 
ɜɢɤɥɸɱɚє ɞɨɛɭɬɨɤ ɜɟɤɬɨɪɧɢɯ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿɣ Г' ɛɨɡɨɧɚ ɡ ɮɟɪɦɿɨɧɚɦɢ. ɉɨɞɚɥɶɲɟ 
ɿɧɬɟɝɪɭɜɚɧɧɹ ɡɚ ɜɿɞɧɨɫɧɨɸ ɩɫɟɜɞɨɫɬɪɿɦɤɿɫɬɸ ɜ ɥɟɩɬɨɧɧɿɣ ɩɚɪɿ ɡɿ ɫɬɭɩɿɧɱɚɫɬɨɸ ɜɚɝɨ-
ɜɨɸ ɮɭɧɤɰɿєɸ ɞɨɡɜɨɥɹє ɜɢɤɥɸɱɢɬɢ ɧɚ ɜɢɛɿɪ ɳɟ ɨɞɢɧ ɡ ɬɪɶɨɯ ɡɚɥɢɲɢɜɲɢɯɫɹ ɜɧɟɫɤɿɜ. 
ɍ ɜɢɩɚɞɤɚɯ ɥɟɩɬɨɮɨɛɧɨɝɨ Г' ɛɨɡɨɧɚ ɬɚ ɭɧɿɜɟɪɫɚɥɶɧɢɯ ɜɡɚєɦɨɞɿɣ Г' ɛɨɡɨɧɚ ɡ ɮɟɪɦɿɨɧ-
ɧɢɦɢ ɩɨɤɨɥɿɧɧɹɦɢ ɡɧɚɣɞɟɧɨ ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɧɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ. Ɉɬɪɢɦɚɧɿ ɫɩɨɫɬɟɪɟ-
ɠɭɜɚɧɿ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɿ ɩɪɢ ɨɛɪɨɛɰɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ, ɳɨ ɡɿɛɪɚɧɿ 
ɤɨɥɚɛɨɪɚɰɿɹɦɢ Ɍɟɜɚɬɪɨɧ, ɞɥɹ ɜɢɦɿɪɸɜɚɧɧɹ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɮɟɪɦɿɨɧɚ-
ɦɢ, ɚ ɬɚɤɨɠ ɞɥɹ ɩɪɨɜɟɞɟɧɧɹ ɤɨɦɛɿɧɨɜɚɧɢɯ ɮɿɬɭɜɚɧɶ ɞɚɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ LEP ɿ Ɍɟɜɚ-
ɬɪɨɧ. 

5. Ɉɰɿɧɟɧɨ ɩɟɪɟɪɿɡ ɧɚɪɨɞɠɟɧɧɹ Г' ɛɨɡɨɧɚ ɜ ɩɪɨɬɨɧ-ɚɧɬɢɩɪɨɬɨɧɧɢɯ ɬɚ ɩɪɨɬɨɧ-

ɩɪɨɬɨɧɧɢɯ ɡɿɬɤɧɟɧɧɹɯ ɬɚ ɱɚɫɬɤɭ ɪɨɡɩɚɞɭ ɜ ɞɿɟɥɟɤɬɪɨɧɧɢɣ ɱɢ ɞɿɦɸɨɧɧɢɣ ɤɚɧɚɥ ɞɥɹ 
ɡɧɚɱɟɧɶ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛɧɨɫɬɿ ɬɚ ɿɧɬɟɪɜɚɥɿɜ ɞɨɜɿɪɢ ɞɥɹ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ 
Г' ɛɨɡɨɧɚ, ɨɬɪɢɦɚɧɢɯ ɡɚ ɞɚɧɢɦɢ ɟɤɫɩɟɪɢɦɟɧɬɿɜ LEP. ɐɿ ɩɟɪɟɞɛɚɱɟɧɧɹ ɦɨɠɧɚ ɡɚɫɬɨ-
ɫɨɜɭɜɚɬɢ ɞɨ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɧɚ ɩɪɢɫɤɨɪɸɜɚɱɿ Ɍɟɜɚɬɪɨɧ ɬɚ LHC. ɉɪɨɚɧɚɥɿɡɨɜɚɧɨ ɪɟ-
ɡɭɥɶɬɚɬɢ ɩɨɲɭɤɭ ɪɟɡɨɧɚɧɫɭ Г' ɛɨɡɨɧɚ ɜ ɩɟɪɟɪɿɡɿ ɪɨɡɫɿɸɜɚɧɧɹ ɞɥɹ ɩɪɨɰɟɫɭ Ⱦɪɟɥɥɚ – 

əɧɚ ɜ ɟɤɫɩɟɪɢɦɟɧɬɿ Ɍɟɜɚɬɪɨɧ, ɚ ɬɚɤɨɠ ɧɚɣɫɭɱɚɫɧɿɲɿ ɞɚɧɿ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɧɚ ɩɪɢɫɤɨ-
ɪɸɜɚɱɿ LHC. Ɉɬɪɢɦɚɧɨ ɩɪɢɩɭɫɬɢɦɿ ɧɚ ɪɿɜɧɿ ɞɨɜɿɪɢ 95% ɡɧɚɱɟɧɧɹ ɚɤɫɿɚɥɶɧɨ-

ɜɟɤɬɨɪɧɨʀ ɬɚ ɜɟɤɬɨɪɧɢɯ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɤɜɚɪɤɚɦɢ ɬɚ ɟɥɟɤɬɪɨɧɚɦɢ. 
ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɞɥɹ Г' ɛɨɡɨɧɚ ɡ ɦɚɫɨɸ ɥɟɝɲɟ 3,5 Ɍɟȼ ɜɟɪɯɧɿ ɝɪɚɧɢɰɿ ɤɨɧɫɬɚɧɬ ɜɡɚє-
ɦɨɞɿɣ ɡɚ ɞɚɧɢɦɢ LEP ɦɚɸɬɶ ɛɭɬɢ ɡɦɟɧɲɟɧɿ ɜ ɞɟɤɿɥɶɤɚ ɪɚɡɿɜ, ɚ ɤɭɬ ɡɦɿɲɭɜɚɧɧɹ ɦɿɠ Г 
ɬɚ Г' ɛɨɡɨɧɚɦɢ ɦɨɠɧɚ ɨɱɿɤɭɜɚɬɢ ɜ ɿɧɬɟɪɜɚɥɿ ɧɟ ɛɿɥɶɲɟ 10−4. 

6. Ɇɨɞɟɥɸɜɚɧɧɹɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɧɚ ʉɪɚɬɰɿ ɜ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɿɣ ɫɤɚɥɹɪɧɿɣ ɦɨɞɟɥɿ 
ɡ ɩɨɬɟɧɰɿɚɥɨɦ 4

 ɛɭɥɨ ɜɿɞɤɪɢɬɨ ɧɨɜɟ ɹɜɢɳɟ – ɡɦɿɧɚ ɪɨɞɭ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɮɚɡɨɜɨɝɨ 
ɩɟɪɟɯɨɞɭ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɜɟɥɢɱɢɧɢ ɤɨɧɫɬɚɧɬɢ ɡɜ'ɹɡɤɭ. ɋɢɫɬɟɦɚɬɢɱɧɿ ɞɨɫɥɿɞɠɟɧɧɹ 
ɦɚɥɢɯ ɡɧɚɱɟɧɶ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ є ɧɨɜɢɦɢ ɿ ɞɨɫɿ ɧɟ ɩɪɨɜɨɞɢɥɢɫɹ. ȼ ɿɧɬɟɪɜɚɥɿ ɡɧɚ-
ɱɟɧɶ 10−5 ൑ ߣ ൑ 10−3 ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɮɚɡɨɜɢɣ ɩɟɪɟɯɿɞ ɩɟɪɲɨɝɨ ɪɨɞɭ, ɚ ɩɪɢ ɛɿɥɶɲɢɯ 
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ɡɧɚɱɟɧɧɹɯ  – ɮɚɡɨɜɢɣ ɩɟɪɟɯɿɞ ɞɪɭɝɨɝɨ ɪɨɞɭ. Ⱦɥɹ ɩɨɦɿɪɧɢɯ ɡɧɚɱɟɧɶ , ɳɨ ɡɚɡɜɢɱɚɣ 
ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɜ ɥɿɬɟɪɚɬɭɪɿ, ɪɟɡɭɥɶɬɚɬɢ ɡɛɿɝɚɸɬɶɫɹ ɡ ɿɫɧɭɸɱɢɦɢ. Ɂɧɚɣɞɟɧɨ ɧɢɠɧɸ 
ɝɪɚɧɢɰɸ 0 = 10−5, ɩɪɢ ɹɤɿɣ ɫɩɨɧɬɚɧɧɟ ɩɨɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ ɣɦɨɜɿɪɧɨ ɧɟ ɪɟɚɥɿɡɭєɬɶɫɹ 
ɜɡɚɝɚɥɿ. Ɋɨɡɪɨɛɥɟɧɨ ɧɨɜɭ ɦɟɬɨɞɢɤɭ ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɧɚɥɚɲɬɭɜɚɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɦɨɞɟɥɿ 
ɬɚ ɩɪɢɫɤɨɪɟɧɧɹ ɡɛɿɠɧɨɫɬɿ ɞɥɹ ɩɪɨɰɟɞɭɪɢ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɜ ɨɤɨɥɿ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɜ 
ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɡɧɚɱɟɧɶ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ. ȿɮɟɤɬ ɡɧɢɤɧɟɧɧɹ ɩɨɪɭɲɟɧɧɹ ɫɢ-
ɦɟɬɪɿʀ ɩɪɢ ɧɚɞɡɜɢɱɚɣɧɨ ɫɥɚɛɤɿɣ ɜɡɚєɦɨɞɿʀ ɩɿɞɬɜɟɪɞɠɟɧɨ ɜ ɦɨɞɟɥɸɜɚɧɧɿ Ɇɨɧɬɟ-Ʉɚɪɥɨ 
ɞɥɹ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɨʀ ɦɨɞɟɥɿ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ɩɪɢ ɧɭɥɶɨɜɿɣ ɬɟɦɩɟɪɚɬɭɪɿ. ɍ ɛɚɝɚ-
ɬɨɤɨɦɩɨɧɟɧɬɧɿɣ ɦɨɞɟɥɿ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ɪɨɡɪɨɛɥɟɧɨ ɟɮɟɤɬɢɜɧɭ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɭ 
ɬɟɨɪɿɸ ɩɨɪɭɲɟɧɨʀ ɮɚɡɢ ɡ ɚɧɚɥɿɬɢɱɧɢɦ ɜɪɚɯɭɜɚɧɧɹɦ ɧɟɩɟɪɟɪɜɧɢɯ ʉɨɥɞɫɬɨɭɧɿɜɫɶɤɢɯ 
ɦɨɞ ɦɟɬɨɞɨɦ ɫɿɞɥɨɜɨʀ ɬɨɱɤɢ (ɤɜɚɡɿɤɥɚɫɢɱɧɟ ɪɨɡɜɢɧɟɧɧɹ). ȼɫɬɚɧɨɜɥɟɧɚ ɡɚɥɟɠɧɿɫɬɶ 
ɫɩɨɧɬɚɧɧɨɝɨ ɩɨɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ ɜ ɫɤɚɥɹɪɧɿɣ ɦɨɞɟɥɿ ɜɿɞ ɤɨɧɫɬɚɧɬɢ ɜɡɚєɦɨɞɿʀ ɦɨɠɟ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ ɜ ɪɿɡɧɢɯ ɪɟɚɥɿɫɬɢɱɧɢɯ ɦɨɞɟɥɹɯ ɤɜɚɧɬɨɜɨʀ ɬɟɨɪɿʀ ɩɨɥɹ ɬɚ ɮɿɡɢɤɢ 
ɤɨɧɞɟɧɫɨɜɚɧɨɝɨ ɫɬɚɧɭ. 
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ȺɇɈɌȺɐȱȲ 
 

Ƚɭɥɨɜ Ɉ.ȼ. ɋɢɝɧɚɥɢ Г' ɛɨɡɨɧɚ ɜ ɫɭɱɚɫɧɢɯ ɬɚ ɦɚɣɛɭɬɧɿɯ ɟɤɫɩɟɪɢɦɟɧɬɚɯ ɡ ɮɿ-
ɡɢɤɢ ɜɢɫɨɤɢɯ ɟɧɟɪɝɿɣ. – Ɋɭɤɨɩɢɫ. 

Ⱦɢɫɟɪɬɚɰɿɹ ɧɚ ɡɞɨɛɭɬɬɹ ɧɚɭɤɨɜɨɝɨ ɫɬɭɩɟɧɹ ɞɨɤɬɨɪɚ ɮɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɢɯ 
ɧɚɭɤ ɡɚ ɫɩɟɰɿɚɥɶɧɿɫɬɸ 01.04.02 «Ɍɟɨɪɟɬɢɱɧɚ ɮɿɡɢɤɚ». – Ⱦɧɿɩɪɨɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ 
ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ ɆɈɇ ɍɤɪɚʀɧɢ, Ⱦɧɿɩɪɨ, 2017. 

Ⱦɢɫɟɪɬɚɰɿɹ ɩɪɢɫɜɹɱɟɧɚ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɦ ɞɥɹ ɩɨɲɭɤɭ ɬɚ ɩɨɫɢɥɟɧɧɹ ɫɢɝɧɚɥɿɜ 
ɧɨɜɨɝɨ ɜɚɠɤɨɝɨ ɧɟɣɬɪɚɥɶɧɨɝɨ ɜɟɤɬɨɪɧɨɝɨ ɛɨɡɨɧɚ (Г' ɛɨɡɨɧɚ) ɭ ɩɪɨɰɟɫɚɯ ɡɿɬɤɧɟɧɶ 
ɟɥɟɦɟɧɬɚɪɧɢɯ ɱɚɫɬɢɧɨɤ ɭ ɫɭɱɚɫɧɢɯ ɬɚ ɦɚɣɛɭɬɧɿɯ ɟɤɫɩɟɪɢɦɟɧɬɚɯ ɡ ɮɿɡɢɤɢ ɜɢɫɨɤɢɯ 
ɟɧɟɪɝɿɣ. Ɉɛɪɨɛɥɟɧɨ ɞɚɧɿ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɧɚ ȼɟɥɢɤɨɦɭ ɟɥɟɤɬɪɨɧ-ɩɨɡɢɬɪɨɧɧɨɦɭ ɤɨɥɚɣ-
ɞɟɪɿ (ɐȿɊɇ), Ɍɟɜɚɬɪɨɧɿ (Ʌɚɛɨɪɚɬɨɪɿɹ Ɏɟɪɦɿ), ȼɟɥɢɤɨɦɭ ɝɚɞɪɨɧɧɨɦɭ ɤɨɥɚɣɞɟɪɿ 
(ɐȿɊɇ) ɬɚ ɨɬɪɢɦɚɧɨ ɡɧɚɱɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛɧɨɫɬɿ ɬɚ ɿɧɬɟɪɜɚɥɢ ɞɨɜɿɪɢ 
ɞɥɹ ɤɨɧɫɬɚɧɬ ɜɡɚєɦɨɞɿʀ Г' ɛɨɡɨɧɚ ɡ ɥɟɩɬɨɧɚɦɢ ɬɚ ɤɜɚɪɤɚɦɢ. ɍ ɥɟɩɬɨɧɧɢɯ ɩɪɨɰɟɫɚɯ 
ɡɧɚɣɞɟɧɨ ɫɢɝɧɚɥɢ ɱɚɫɬɢɧɤɢ ɧɚ ɪɿɜɧɿ ɨɞɧɨɝɨ-ɞɜɨɯ ɫɬɚɧɞɚɪɬɧɢɯ ɜɿɞɯɢɥɟɧɶ. Ⱦɨɫɥɿɞɠɟɧɨ 
ɟɮɟɤɬɢɜɧɿɫɬɶ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɞɥɹ ɦɚɣɛɭɬɧɶɨɝɨ Ɇɿɠɧɚɪɨɞɧɨɝɨ ɥɿ-
ɧɿɣɧɨɝɨ ɤɨɥɚɣɞɟɪɚ. Ɇɨɞɟɥɸɜɚɧɧɹɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɧɚ ʉɪɚɬɰɿ ɜɿɞɤɪɢɬɨ ɡɦɿɧɭ ɪɨɞɭ ɬɟɦ-
ɩɟɪɚɬɭɪɧɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ ɡ ɞɪɭɝɨɝɨ ɧɚ ɩɟɪɲɢɣ ɩɪɢ ɧɚɞɡɜɢɱɚɣɧɨ ɫɥɚɛɤɿɣ ɤɨɧɫ-
ɬɚɧɬɿ ɜɡɚєɦɨɞɿʀ ɜ ɦɨɞɟɥɿ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ɡɿ ɫɩɨɧɬɚɧɧɢɦ ɩɨɪɭɲɟɧɧɹɦ ɫɢɦɟɬɪɿʀ, ɡɧɚɣ-
ɞɟɧɨ ɟɮɟɤɬ ɡɧɢɤɧɟɧɧɹ ɩɨɪɭɲɟɧɧɹ ɫɢɦɟɬɪɿʀ ɩɪɢ ɩɨɞɚɥɶɲɨɦɭ ɩɨɫɥɚɛɥɟɧɧɿ ɤɨɧɫɬɚɧɬɢ 
ɜɡɚєɦɨɞɿʀ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ.  

Кɥɸɱɨɜɿ ɫɥɨɜɚ: Г' ɛɨɡɨɧ, ɫɩɨɫɬɟɪɟɠɭɜɚɧɿ, ɩɪɨɰɟɫ ɚɧɿɝɿɥɹɰɿʀ ɟɥɟɤɬɪɨɧɚ ɬɚ ɩɨɡɢɬ-
ɪɨɧɚ, ɩɪɨɰɟɫ Ⱦɪɟɥɥɚ – əɧɚ, ɨɰɿɧɤɢ ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɚɜɞɨɩɨɞɿɛɧɨɫɬɿ, ɫɤɚɥɹɪɧɿ ɦɨɞɟɥɿ, 
ɪɨɞ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ. 
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Ƚɭɥɨɜ Ⱥ.ȼ. ɋɢɝɧɚɥɵ Г' ɛɨɡɨɧɚ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɢ ɛɭɞɭɳɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ 
ɮɢɡɢɤɢ ɜɵɫɨɤɢɯ ɷɧɟɪɝɢɣ. – Ɋɭɤɨɩɢɫɶ. 

Ⱦɢɫɫɟɪɬɚɰɢɹ ɧɚ ɫɨɢɫɤɚɧɢɟ ɭɱɟɧɨɣ ɫɬɟɩɟɧɢ ɞɨɤɬɨɪɚ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 
ɧɚɭɤ ɩɨ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 01.04.02 «Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɮɢɡɢɤɚ». – Ⱦɧɟɩɪɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶ-
ɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ ɆɈɇ ɍɤɪɚɢɧɵ, Ⱦɧɟɩɪ, 2017. 

Ⱦɢɫɫɟɪɬɚɰɢɹ ɩɨɫɜɹɳɟɧɚ ɧɚɛɥɸɞɚɟɦɵɦ ɞɥɹ ɩɨɢɫɤɚ ɢ ɭɫɢɥɟɧɢɹ ɫɢɝɧɚɥɨɜ ɧɨɜɨɝɨ 
ɬɹɠɟɥɨɝɨ ɧɟɣɬɪɚɥɶɧɨɝɨ ɜɟɤɬɨɪɧɨɝɨ ɛɨɡɨɧɚ (Г' ɛɨɡɨɧɚ) ɜ ɩɪɨɰɟɫɫɚɯ ɫɬɨɥɤɧɨɜɟɧɢɣ 

ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɢ ɛɭɞɭɳɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɮɢɡɢɤɢ ɜɵɫɨɤɢɯ 
ɷɧɟɪɝɢɣ. Ɉɛɪɚɛɨɬɚɧɵ ɞɚɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ Ȼɨɥɶɲɨɦ ɷɥɟɤɬɪɨɧ-ɩɨɡɢɬɪɨɧɧɨɦ ɤɨ-
ɥɥɚɣɞɟɪɟ (ɐȿɊɇ), Ɍɟɜɚɬɪɨɧɟ (Ʌɚɛɨɪɚɬɨɪɢɹ Ɏɟɪɦɢ), Ȼɨɥɶɲɨɦ ɚɞɪɨɧɧɨɦ ɤɨɥɥɚɣɞɟɪɟ 

(ɐȿɊɇ) ɢ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɢ ɢɧɬɟɪɜɚɥɵ ɞɨɜɟɪɢɹ 

ɞɥɹ ɤɨɧɫɬɚɧɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ Г' ɛɨɡɨɧɚ ɫ ɥɟɩɬɨɧɚɦɢ ɢ ɤɜɚɪɤɚɦɢ. ȼ ɥɟɩɬɨɧɧɵɯ ɩɪɨ-
ɰɟɫɫɚɯ ɧɚɣɞɟɧɵ ɫɢɝɧɚɥɵ ɱɚɫɬɢɰɵ ɧɚ ɭɪɨɜɧɟ ɨɞɧɨɝɨ-ɞɜɭɯ ɫɬɚɧɞɚɪɬɧɵɯ ɨɬɤɥɨɧɟɧɢɣ. 

ɂɫɫɥɟɞɨɜɚɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɵɯ ɧɚɛɥɸɞɚɟɦɵɯ ɞɥɹ ɛɭɞɭɳɟɝɨ Ɇɟɠɞɭɧɚ-
ɪɨɞɧɨɝɨ ɥɢɧɟɣɧɨɝɨ ɤɨɥɥɚɣɞɟɪɚ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɧɚ ɪɟɲɟɬɤɚɯ ɨɬɤɪɵ-
ɬɚ ɫɦɟɧɚ ɪɨɞɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɫɨ ɜɬɨɪɨɝɨ ɧɚ ɩɟɪɜɵɣ ɩɪɢ ɱɪɟɡɜɵ-
ɱɚɣɧɨ ɫɥɚɛɨɣ ɤɨɧɫɬɚɧɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɦɨɞɟɥɢ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ɫɨ ɫɩɨɧɬɚɧɧɵɦ 
ɧɚɪɭɲɟɧɢɟɦ ɫɢɦɦɟɬɪɢɢ, ɧɚɣɞɟɧ ɷɮɮɟɤɬ ɢɫɱɟɡɧɨɜɟɧɢɹ ɧɚɪɭɲɟɧɢɹ ɫɢɦɦɟɬɪɢɢ ɩɪɢ 
ɞɚɥɶɧɟɣɲɟɦ ɨɫɥɚɛɥɟɧɢɢ ɤɨɧɫɬɚɧɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ.  

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: Г' ɛɨɡɨɧ, ɧɚɛɥɸɞɚɟɦɵɟ, ɩɪɨɰɟɫɫ ɚɧɧɢɝɢɥɹɰɢɢ ɷɥɟɤɬɪɨɧɚ ɢ ɩɨ-
ɡɢɬɪɨɧɚ, ɩɪɨɰɟɫɫ Ⱦɪɟɥɥɚ – əɧɚ, ɨɰɟɧɤɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɫɤɚɥɹɪɧɵɟ 

ɦɨɞɟɥɢ, ɪɨɞ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. 

 

Gulov A.V. Signals of the Z' boson in modern and future experiments in the 

high energy physics. – Manuscript. 

Doctor of Science thesis on Physics and Mathematics, speciality 01.04.02 – 

theoretical physics. – Oles Honchar Dnipro National University, Ministry of Education of 

Ukraine, Dnipro, 2017. 

New one-parameter observables for model-independent searches for signals of the 

Abelian Z' boson in the process of electron-positron annihilation into a pair of muons or 

tau-leptons are developed. The observables arise by integration of the differential cross-

section with proper weight functions. In the simplest case, they are generalizations of the 

forward-backward cross-section. The proposed observables allow to measure directly the 

Z' couplings to vector and axial-vector leptonic currents by means of moderate statistics. 

In this regard, they differ from popular model-dependent approaches, which just constrain 

the lowest possible mass of the Z' boson. The problem of maximal statistical amplification 

of signals of the Abelian Z' boson in the ݁+݁− → −݁+݁ and −ߤ+ߤ → �+�− processes is 

solved for the first time in a wide interval of energies of the colliding particles between 

130 GeV and 1 TeV, which correspond to both the completed experiment CERN LEP and 

future experiments at ILC/CLIC. The best ratio of a signal to the statistical uncertainty 

allows to search for the Z' boson in cases when other approaches cannot select signals of 

the particle. The observables are shown to be robust with respect to possible systematic 

errors. Data from the LEP II experiment are analyzed by means of the introduced 

observables. A signal of the Abelian Z' boson is found at one standard deviation in the 
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muon channel. The efficiency of the observables is estimated for the future collider ILC: a 

signal at 3-4 standard deviations would be discovered after the experiment even for the 

most pessimistic existing estimates of the Z' couplings. 

In the electron-positron scattering (the Bhabha process), we develop new one-

parameter observables for model-independent searches for signals of either the Abelian or 

chiral Z' bosons. In order to remove the divergence of the differential cross-section at 

small scattering angles as well as to make the statistical error uniform with respect to the 

scattering angle we propose the normalization of the differential cross-section. The 

observables are obtained by integration of the normalized differential cross-section with 

proper weight functions. They allow to measure the Z' couplings to vector and axial-vector 

electron currents. The experimental data collected at the LEP II are analyzed by means of 

the proposed observables. A signal of the Abelian Z' boson is found at two standard 

deviations. There is no signal of the chiral Z' boson. The discrepancy between the standard 

model of elementary particles and experimental measurements of the Z couplings found at 

LEP I at one standard deviation is considered as an effect of mixing between the Z and Z' 

bosons: it confirms the signal of the Abelian Z' boson in the annihilation processes but it 

cannot be a signal of the chiral Z' boson. A combined many-parameter fit of the 

experimental data from LEP I and LEP II is performed for all the leptonic processes. 

Maximum likelihood estimates and confidence intervals are derived for the Abelian Z' 

couplings to fermions at different parametrizations as well as for the Z-Z' mixing angle.  

Two-parameter observables are proposed for model-independent searches for signals 

of the Abelian Z' boson in the annihilation of protons and antiprotons into leptonic pairs 

(the Drell-Yan process) at energies around the Z peak. It is shown that the contributions of 

the Z' couplings to the second generation of quarks to the cross-section can be eliminated 

by integration over the pseudorapidity of the intermediate state with a piecewise constant 

weight function. As a result, the number of linear-independent contributions from the Z' 

boson to the cross-section decreases to four. Such a feature is a consequence of the parton 

distribution functions of the proton. Another contribution disappears in the further 

integration of the cross-section over the invariant mass of the leptonic pair in a symmetric 

interval around the Z peak. The final integration by the relative pseudorapidity in the 

leptonic pair with a proper piecewise constant weight function allows to eliminate one of 

three remaining interfering Z' contributions to the cross-section. The proposed integration 

scheme is shown to be robust with respect to different kinds of systematic errors. One-

parameter observables are found in cases of the leptophobic Z' boson and for the universal 

Z' couplings to fermionic generations. The observables can be applied to experimental data 

collected at Fermilab Tevatron in order to measure Z' couplings to fermions as well as to a 

combined analysis of LEP and Tevatron experiments. 

The Z' production cross-section in proton-antiproton and proton-proton collisions, the 

total decay width of the Z' boson, and the branching ratios of dimuon and dielectron events 

are estimated taking into account the maximum likelihood Z' couplings derived from the 

LEP experimental data. The results on searches for Z' resonance in the Drell-Yan process 

are analyzed both for Tevatron and recent CERN LHC runs. The vector and axial-vector Z' 

couplings to electrons and quarks are estimated at 95% confidence level. For Z' bosons 

lighter than 3 TeV, the upper bounds on the couplings have to be several times decreased 
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in comparison with the LEP results and the Z-Z' mixing angle is to be expected less than 

10
-4

. 

A new phenomenon is discovered in the one-component scalar model with the 4
 

potential by Monte Carlo simulations on a lattice: the temperature phase transition changes 

the type while the coupling becomes weaker. A phase transition of the first type is 

observed at 10−5 <  < 10−3, whereas greater couplings lead to the second type of the 

phase transition. In the Monte Carlo approach on a lattice, extremely weak couplings are 

studied systematically for the first time. The lowest limit of the coupling 0 = 10−5 is 

found, which corresponds probably to disappearance of the spontaneous breakdown of the 

symmetry. This phenomenon can be interpreted by analogy with the Linde-Weinberg 

bound in gauge models with a spontaneously broken symmetry. A new approach is 

developed to implement self-adjustment of dimensional parameters of the model and fast 

convergence of the Monte Carlo algorithm in the vicinity of the phase transition for a wide 

interval of the coupling. Disappearance of the spontaneous symmetry breakdown at 

extremely weak couplings is confirmed in Monte Carlo simulations of the many-

component scalar model at zero temperature. In case of many-component scalar field, an 

effective one-component model of the broken phase is developed to take into account the 

continuous unbroken Goldstone modes analytically by the steepest descent integration (the 

quasiclassic expansion). The discovered dependency of the spontaneous breakdown of the 

symmetry in the scalar model on the coupling value can be applied to various realistic 

models in the quantum field theory and in the condensed matter physics. 

Keywords: Z' boson, observables, electron-positron annihilation, Drell-Yan process, 

maximum likelihood estimates, scalar models, type of phase transition.  
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