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ɍȾɄ 6β1.165: 5γ4.1 
 
 

ɌȿɈɊȿɌɂɑȿɋɄɂȿ ɈɋɇɈȼɕ ȾɂɇȺɆɂɑȿɋɄɈȽɈ ɊȺɋɑȿɌȺ 
ɉɊɈɋɌɊȺɇɋɌȼȿɇɇɈɃ ɋɌȿɊɀɇȿȼɈɃ ɄɈɇɋɌɊɍɄɐɂɂ. ɆȺɌɊɂɐȺ ɆȺɋɋ 

ɄɈɇȿɑɇɈȽɈ ɗɅȿɆȿɇɌȺ 
 

Ⱥ.ȼ. ɉɨɝɪɟɛɧɹɤ, ɞɨɰ., ɤ.ɬ.ɧ.,  
ɏɚɪɶɤɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɚɜɬɨɦɨɛɢɥɶɧɨ-ɞɨɪɨɠɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

 
Аɧɧɨɬаɰиɹ.  Ɋɚɫɫɦɨɬɪɟɧɚ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢ ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ, ɚ ɬɚ-
ɤɠɟ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɫɬɟɪɠɧɟɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɨɢɡɜɨɥɶɧɨɣ 
ɫɬɪɭɤɬɭɪɵ.  
 
Клɸɱевые ɫлɨва: ɦɟɬɨɞ ɩɟɪɟɦɟɳɟɧɢɣ, ɫɬɟɪɠɧɟɜɚɹ ɤɨɧɫɬɪɭɤɰɢɹ, ɦɚɬɪɢɰɚ ɦɚɫɫ, ɤɨɧɟɱɧɵɣ 
ɷɥɟɦɟɧɬ.  

 
ɌȿɈɊȿɌɂɑɇȱ ɁȺɋȺȾɂ ȾɂɇȺɆȱɑɇɈȽɈ ɊɈɁɊȺɏɍɇɄɍ ɉɊɈɋɌɈɊɈȼɈȲ 

ɋɌȿɊɀɇȿȼɈȲ ɄɈɇɋɌɊɍɄɐȱȲ. ɆȺɌɊɂɐə ɆȺɋ ɄȱɇɐȿȼɈȽɈ ȿɅȿɆȿɇɌȺ 
 

Ⱥ.ȼ. ɉɨɝɪɟɛɧɹɤ, ɞɨɰ., ɤ.ɬ.ɧ.,  
ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɚɜɬɨɦɨɛɿɥɶɧɨ-ɞɨɪɨɠɧɿɣ ɭɧɿɜɟɪɫɢɬɟɬ  

 
Аɧɨɬаɰіɹ. Ɋɨɡɝɥɹɧɭɬɨ ɦɟɬɨɞɢɤɭ ɪɨɡɪɚɯɭɧɤɿɜ ɜɥɚɫɧɢɯ ɱɚɫɬɨɬ ɿ ɮɨɪɦ ɤɨɥɢɜɚɧɶ, ɚ ɬɚɤɨɠ ɜɢɦɭ-
ɲɟɧɢɯ ɤɨɥɢɜɚɧɶ ɩɪɨɫɬɨɪɨɜɢɯ ɫɬɟɪɠɧɟɜɢɯ ɤɨɧɫɬɪɭɤɰɿɣ ɞɨɜɿɥɶɧɨʀ ɫɬɪɭɤɬɭɪɢ. 
 
Клɸɱɨві ɫлɨва: ɦɟɬɨɞ ɩɟɪɟɦɿɳɟɧɶ, ɫɬɟɪɠɧɟɜɚ ɤɨɧɫɬɪɭɤɰɿɹ, ɦɚɬɪɢɰɹ ɦɚɫ, ɤɿɧɰɟɜɢɣ ɟɥɟɦɟɧɬ. 
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KСКЫФɿЯ ІКЭТШЧКХ AЮЭШЦШЛТХО КЧН HТРСаКв UЧТЯОЫЬТЭв 
 

Abstract. TСО МalМulatТon mОtСoНs Пor НОtОrmТnТnР natural ПrОquОnМТОs anН ЯТbratТon moНОs, as аОll 
as tСО ПorМОН ЯТbratТons oП ПrОО-Пorm РrТН struМturОs arО МonsТНОrОН Тn tСО artТМlО.    
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ȼɜɟɞɟɧɢɟ 
 

Ɋɟɚɥɶɧɚɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɫɬɟɪɠɧɟɜɚɹ ɤɨɧ-
ɫɬɪɭɤɰɢɹ ɫ ɛɟɫɤɨɧɟɱɧɵɦ ɱɢɫɥɨɦ ɫɬɟɩɟɧɟɣ 
ɫɜɨɛɨɞɵ ɡɚɦɟɧɹɟɬɫɹ ɤɨɧɫɬɪɭɤɰɢɟɣ ɫ ɤɨɧɟɱ-
ɧɵɦ ɱɢɫɥɨɦ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ. ȼ ɦɟɬɨɞɟ ɤɨ-
ɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɬɚɤɚɹ ɞɢɫɤɪɟɬɢɡɚɰɢɹ ɨɫɧɨ-
ɜɚɧɚ ɧɚ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɜɢɞɟ 
ɫɨɜɨɤɭɩɧɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɤɨɧɟɱɧɵɯ ɫɬɟɪɠɧɟ-
ɜɵɯ ɷɥɟɦɟɧɬɨɜ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɜ ɤɨ-
ɧɟɱɧɨɦ ɱɢɫɥɟ ɭɡɥɨɜɵɯ ɬɨɱɟɤ. ɋɨɛɥɸɞɟɧɢɟ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɛɚɥɚɧɫɚ ɢɫɯɨɞɧɨɣ ɤɨɧɫɬɪɭɤ-
ɰɢɢ ɞɢɫɤɪɟɬɧɨɣ ɦɨɞɟɥɶɸ ɜɟɞɟɬ ɤ ɩɨɥɭɱɟɧɢɸ 

ɬɚɤɨɣ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ, ɤɨɬɨɪɚɹ ɨɩɢɫɵɜɚɟɬ 
ɩɨɜɟɞɟɧɢɟ ɢɫɯɨɞɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ.  
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɷɬɨɣ ɬɟɦɨɣ, 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ, ɢɫ-
ɩɨɥɶɡɭɹ ɞɥɹ ɪɚɫɱɟɬɨɜ ɦɟɬɨɞ ɩɟɪɟɦɟɳɟɧɢɣ, ɧɟ 
ɩɨɥɧɨɫɬɶɸ ɭɱɢɬɵɜɚɟɬɫɹ ɫɢɫɬɟɦɚ ɥɢɧɟɣɧɵɯ 
ɧɟɨɞɧɨɪɨɞɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ, ɚ 
ɬɚɤɠɟ ɠɟɫɬɤɨɫɬɶ ɚɦɨɪɬɢɡɚɬɨɪɨɜ ɢ ɦɨɦɟɧɬɵ 
ɢɧɟɪɰɢɢ ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɤ ɭɡɥɚɦ ɦɚɫɫ. ɗɬɨ 
ɧɟ ɞɚɜɚɥɨ ɜɨɡɦɨɠɧɨɫɬɶ ɭɱɢɬɵɜɚɬɶ ɨɩɪɟɞɟ-
ɥɟɧɧɵɟ ɭɫɥɨɜɢɹ ɡɚɞɟɥɤɢ, ɫɢɦɦɟɬɪɢɸ ɢɥɢ 
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ɚɫɢɦɦɟɬɪɢɸ, ɟɫɥɢ ɨɧɢ ɫɭɳɟɫɬɜɭɟɬ, ɚ ɬɚɤɠɟ 
ɩɨɥɭɱɚɬɶ ɩɨɥɧɭɸ ɤɚɪɬɢɧɭ ɞɟɮɨɪɦɚɰɢɣ ɜ 
ɪɚɦɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ Д1, βЖ. ɂɫɯɨɞɹ ɢɡ ɜɵɲɟ-
ɢɡɥɨɠɟɧɧɨɝɨ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɰɟɥɶ ɢ ɡɚɞɚɱɢ.  

 
ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 
Ɉɛɴɟɤɬɨɦ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ 
ɤɨɧɫɬɪɭɤɰɢɹ ɢɡ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɫɬɟɪɠɧɟɣ, 
ɠɟɫɬɤɨ ɫɨɟɞɢɧɟɧɧɵɯ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɜ ɬɚɤ 
ɧɚɡɵɜɚɟɦɵɯ ɭɡɥɚɯ. ɍɡɥɵ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟ ɩɪɨɢɡɜɨɥɶɧɵɦ ɨɛɪɚɡɨɦ. Ɉɬ ɤɚɠɞɨ-
ɝɨ ɭɡɥɚ ɦɨɠɟɬ ɨɬɯɨɞɢɬɶ ɥɸɛɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɫɬɟɪɠɧɟɣ. Ƚɥɚɜɧɵɟ ɨɫɢ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɣ 
ɷɬɢɯ ɫɬɟɪɠɧɟɣ ɦɨɝɭɬ ɛɵɬɶ ɨɪɢɟɧɬɢɪɨɜɚɧɵ 
ɬɚɤɠɟ ɩɪɨɢɡɜɨɥɶɧɨ. ɍɱɢɬɵɜɚɟɬɫɹ ɫɨɛɫɬɜɟɧ-
ɧɵɣ ɜɟɫ ɫɬɟɪɠɧɟɣ, ɜ ɭɡɥɚɯ ɞɨɩɭɫɤɚɟɬɫɹ ɩɪɢ-
ɫɭɬɫɬɜɢɟ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɦɚɫɫ, ɚ ɬɚɤɠɟ ɭɱɢ-
ɬɵɜɚɸɬɫɹ ɦɨɦɟɧɬɵ ɢɧɟɪɰɢɢ ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ 
ɤ ɭɡɥɚɦ ɦɚɫɫ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɨɩɭɫɤɚɟɬɫɹ ɜ ɥɸ-
ɛɵɯ ɦɟɫɬɚɯ ɤɨɧɫɬɪɭɤɰɢɢ ɧɚɤɥɚɞɵɜɚɬɶ ɤɢɧɟ-
ɦɚɬɢɱɟɫɤɢɟ ɚɛɫɨɥɸɬɧɨ ɠɟɫɬɤɢɟ ɢɥɢ ɭɩɪɭɝɢɟ 
ɫɜɹɡɢ, ɩɪɟɩɹɬɫɬɜɭɸɳɢɟ ɜɫɟɦ ɜɨɡɦɨɠɧɵɦ ɩɟ-
ɪɟɦɟɳɟɧɢɹɦ ɤɨɧɫɬɪɭɤɰɢɢ. 
 
Ɂɚɞɚɱɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɢɫɬɟ-
ɦɵ ɪɚɡɪɟɲɚɸɳɢɯ ɭɪɚɜɧɟɧɢɣ ДγЖ, ɦɚɬɪɢɰ 
ɠɟɫɬɤɨɫɬɢ Д4Ж, ɦɚɬɪɢɰ ɦɚɫɫ ɤɨɧɟɱɧɨɝɨ ɷɥɟ-
ɦɟɧɬɚ ɢ ɦɚɬɪɢɰ ɢɧɟɪɰɢɢ ɬɜɟɪɞɵɯ ɬɟɥ ɢ ɠɟɫɬ-
ɤɨɫɬɢ ɚɦɨɪɬɢɡɚɬɨɪɚ (ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɞɚɧ-
ɧɨɣ ɫɬɚɬɶɟ). 
 
ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɦɵ ɪɚɫɫɦɨɬɪɢɦ ɩɨɫɬɪɨɟɧɢɟ 
ɦɚɬɪɢɰɵ ɦɚɫɫ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɩɪɨɜɟɞɟɦ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤ ɨɛɳɟɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, 
ɭɱɬɟɦ ɠɟɫɬɤɨɫɬɶ ɚɦɨɪɬɢɡɚɬɨɪɨɜ ɢ ɩɨɫɬɪɨɢɦ 
ɦɚɬɪɢɰɭ ɢɧɟɪɰɢɢ ɬɜɟɪɞɵɯ ɬɟɥ.  
 

Ɇɚɬɪɢɰɚ ɦɚɫɫ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ 
 

Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɜɵɜɨɞɚ ɦɚɬɪɢɰɵ ɠɟɫɬɤɨɫɬɢ 
Д4Ж, ɪɚɫɫɦɨɬɪɢɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɧɚɝɪɭɠɟɧ-
ɧɵɣ ɤɨɧɟɱɧɵɣ ɷɥɟɦɟɧɬ, ɢɦɟɸɳɢɣ 1β ɫɬɟɩɟ-
ɧɟɣ ɫɜɨɛɨɞɵ – ɬɪɢ ɥɢɧɟɣɧɵɯ ɩɟɪɟɦɟɳɟɧɢɹ ɢ 
ɬɪɢ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɜ ɤɚɠɞɨɦ ɢɡ ɞɜɭɯ ɭɡɥɨɜ Т ɢ 
У. Ɋɚɡɨɛɴɟɦ ɭɡɥɨɜɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɧɚ ɱɟɬɵɪɟ 
ɝɪɭɩɩɵ, ɨɛɪɚɡɭɹ ɢɡ ɧɢɯ ɦɚɬɪɢɰɵ дUaж,дUbж, 
дUМж ɢ дUНж. Ɇɚɬɪɢɰɚ (ɮɨɪɦɭɥɚ (1)) ɨɩɪɟɞɟ-
ɥɹɟɬ ɨɫɟɜɭɸ ɞɟɮɨɪɦɚɰɢɸ ɫɬɟɪɠɧɹ Д4, ɪɢɫ.1, 
ɋ. 411Ж. 
 
                 дUaж=дUТб, UУбж=дU1, U7ж              (1) 
 
Ɇɚɬɪɢɰɵ (ɮɨɪɦɭɥɚ (β)) ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɢɡɝɢ-
ɛɭ ɷɥɟɦɟɧɬɚ ɜ ɩɥɨɫɤɨɫɬɢ БOВ ɢ БOZ Д4, ɪɢɫ.1, 
ɋ. 411Ж 
 

дUbж=дUТв, ΘТг, UУв, ΘУгж=дUβ, U6, U8, U1βж; 
                                                                         (β) 
 

дUМж=дUТг, ΘТв, UУг, ΘУвж=дUγ, U5, U9, U11ж, 
 
ɚ ɦɚɬɪɢɰɚ (ɮɨɪɦɭɥɚ (γ)) ɨɩɪɟɞɟɥɹɟɬ ɤɪɭɱɟɧɢɟ 
ɷɥɟɦɟɧɬɚ 
 
       дUНж=дUТб, ΘУб, UУг, ΘУвж=дU4, U10ж          (γ) 
 
Ƚɪɭɩɩɢɪɭɹ ɩɨɞɨɛɧɵɦ ɠɟ ɨɛɪɚɡɨɦ ɭɡɥɨɜɵɟ 
ɢɧɟɪɰɢɨɧɧɵɟ ɫɢɥɵ, ɩɪɢɞɟɦ ɤ ɛɥɨɱɧɨɣ ɫɬɪɭɤ-
ɬɭɪɟ ɦɚɬɪɢɰɵ ɦɚɫɫ ДmЖО ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 
ɷɥɟɦɟɧɬɚ ɜ ɦɟɫɬɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ДβЖ, 
ɢɦɟɸɳɟɣ ɪɚɡɦɟɪ 1βɯ1β 
 

ДЦ Ж
ДЦ Ж Д0Ж
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Д0Ж ДЦ Ж
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b
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 
 
 
 
 
 

  (4) 

 
Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɬɪɢɰ ДmaЖ, ДmbЖ, ДmМЖ 
ɢ ДmНЖ ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɚ ɜ Д5,  ɋ. 16–βγЖ. 
 
Ɋɚɫɫɬɚɜɢɜ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɟ ɦɟɫɬɚ ɩɨɥɭɱɟɧ-
ɧɵɟ ɷɥɟɦɟɧɬɵ, ɩɨɥɭɱɢɦ ɦɚɬɪɢɰɭ ɦɚɫɫ ДmЖО 
ɫɬɟɪɠɧɟɜɨɝɨ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ (ɬɚɛɥ. 1). 
 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤ ɨɛɳɟɣ ɫɢɫɬɟɦɟ  
ɤɨɨɪɞɢɧɚɬ 

 
ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɦɚɬɪɢɰ ɠɟɫɬɤɨɫɬɢ ДɤЖО ɢ 
ɦɚɫɫ ДmЖО ɜ ɦɟɫɬɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ БВZ ɧɟɨɛ-
ɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɢɯ ɩɟɪɟɯɨɞ ɤ ɨɛɳɟɣ ɫɢ-
ɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ Б′В′Z′. ɑɬɨɛɵ ɩɨɥɭɱɢɬɶ 
ɫɜɹɡɶ ɦɟɠɞɭ ɩɟɪɟɦɟɳɟɧɢɹɦɢ ɜ ɞɜɭɯ ɫɢɫɬɟɦɚɯ 
ɤɨɨɪɞɢɧɚɬ, ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɥɨɠɢɬɶ ɩɟɪɟɦɟ-
ɳɟɧɢɹ дV′ж ɩɨ ɧɚɩɪɚɜɥɟɧɢɹɦ ɩɟɪɟɦɟɳɟɧɢɣ 
дVж. ȿɫɥɢ ɩɟɪɟɦɟɳɟɧɢɹ (ɥɢɧɟɣɧɵɟ ɢɥɢ ɭɝɥɨ-
ɜɵɟ) ɬɢɩɨɜɨɝɨ ɭɡɥɚ Т ɜ ɨɛɳɟɣ ɫɢɫɬɟɦɟ ɤɨɨɪ-
ɞɢɧɚɬ ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɧɚ ɦɟɫɬɧɵɟ ɤɨɨɪɞɢ-
ɧɚɬɧɵɟ ɨɫɢ, ɬɨ ɩɪɢɞɟɦ ɤ ɫɨɨɬɧɨɲɟɧɢɹɦ, 
ɤɨɬɨɪɵɟ ɜ ɦɚɬɪɢɱɧɨɣ ɮɨɪɦɟ ɢɦɟɸɬ ɜɢɞ 
 
                       дVТж = ДlЖ ∙ дV′Тж,                       (5) 
 
ɝɞɟ ДlЖ – ɦɚɬɪɢɰɚ, ɫɨɫɬɚɜɥɟɧɧɚɹ ɢɡ ɤɨɫɢɧɭɫɨɜ 
ɭɝɥɨɜ ɦɟɠɞɭ ɨɫɹɦɢ БВZ ɢ Б′В′Z′ Дγ, 4Ж 
 

ДХЖ
бб бв бг

вб вв вг

гб гв гг

l l l
l l l
l l l

   
     
    

        (6) 
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Ɍɚɛɥɢɰɚ 1 Ɇɚɬɪɢɰɚ ɦɚɫɫ ДmЖО ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɦɟɫɬɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ 
 
qml/γ 0 0 0 0 0 qml/6 0 0 0 0 0 

0 1γ/γ5 qml 0 0 0 11/β10 
qml2 

0 9/70 qml 0 0 0 -
1γ/4β0 

qml2 
0 0 1γ/γ5 

qml 
0 -11/β10 

qml2 
0 0 0 9/70 qml 0 1γ/4β0 

qml2 
0 

0 0 0 ρJpl 
/3 

0 0 0 0 0 ρJpl 
/6 

0 0 

0 0 -
11/β1
0 qml2 

0 1/105 
qml3 

0 0 0 -1γ/4β0 
qml2 

0 -1/140 qml3 0 

0 11/β10 qml2 0 0 0 1/105 
qml3 

0 1γ/4β0 
qml2 

0 0 0 -1/140 
qml3 

qml/6 0 0 0 0 0 qml/γ 0 0 0 0 0 
0 9/70 qml 0 0 0 1γ/4β0 

qml2 
0 1γ/γ5 

qml 
0 0 0 -

11/β10 
qml2 

0 0 9/70 
qml 

0 -1γ/4β0 
qml2 

0 0 0 1γ/γ5 
qml 

0 11/β10 
qml2 

0 

0 0 0 ρJpl 
/6 

0 0 0 0 0 ρJpl 
/3 

0 0 

0 0 1γ/4β
0 qml2 

0 -1/140 
qml3 

0 0 0 11/β10 
qml2 

0 1/105 qml3 0 

0 -1γ/4β0 qml2 0 0 0 -1/140 
qml3 

0 -11/β10 
qml2 

0 0 0 1/105 
qml3 

 
ɉɨɫɤɨɥɶɤɭ ɜ ɨɛɳɟɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɩɪɢ-
ɧɹɬ ɬɨɬ ɠɟ ɩɨɪɹɞɨɤ ɧɭɦɟɪɚɰɢɢ ɢ ɬɟ ɠɟ 
ɧɚɩɪɚɜɥɟɧɢɹ ɞɥɹ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɭɡɥɨɜɵɯ 
ɩɟɪɟɦɟɳɟɧɢɣ, ɬɨ ɦɚɬɪɢɰɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ДɌЖО ɩɟɪɟɦɟɳɟɧɢɣ ɞɥɹ ɷɥɟɦɟɧɬɚ ɢɡ ɝɥɨɛɚɥɶ-
ɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɜ ɥɨɤɚɥɶɧɭɸ ɢɦɟɟɬ 
ɛɥɨɱɧɨ-ɞɢɚɝɨɧɚɥɶɧɵɣ ɜɢɞ 
 

            

ДХЖ
ДХЖ Д0Ж

ДTЖ
Д0Ж ДХЖ

ДХЖ

О

 
 
 
 
 
 

           (7) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
 
                   дVжɟ = ДɌЖО ∙ дV′жɟ.                        (8) 
 
ɉɨɫɤɨɥɶɤɭ ɧɚɩɪɚɜɥɟɧɢɹ ɭɡɥɨɜɵɯ ɭɫɢɥɢɣ ɫɨɜ-
ɩɚɞɚɸɬ ɫ ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɭɡɥɨɜɵɯ ɩɟɪɟɦɟɳɟ-
ɧɢɣ, ɬɨ ɫɜɹɡɶ ɦɟɠɞɭ ɭɡɥɨɜɵɦɢ ɭɫɢɥɢɹɦɢ ɜ 
ɝɥɨɛɚɥɶɧɨɣ Б′В′Z′ ɢ ɦɟɫɬɧɨɣ БВZ ɫɢɫɬɟɦɚɯ 
ɤɨɨɪɞɢɧɚɬ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɬɨɣ 
ɠɟ ɦɚɬɪɢɰɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ДɌЖО, ɬɨ ɟɫɬɶ 
 
                    дɊжɟ = ДɌЖО ∙ дɊ′жɟ.                       (9) 
 
ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ 
 

                    дɊ′жɟ = Дɤ′ЖО ∙ дV′жɟ,                  (10) 

ɢ ɩɨɞɫɬɚɜɥɹɹ ɮɨɪɦɭɥɵ (8) ɢ (9) ɜ ɮɨɪɦɭɥɭ γ 
Д4, ɋ. 410Ж, ɪɚɡɪɟɲɢɦ ɩɨɥɭɱɟɧɧɨɟ ɩɪɢ ɷɬɨɦ 
ɭɪɚɜɧɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɬɪɢɰɵ дR′жɟ 
 

          дɊ′жɟ = ДɌЖ-1
О ∙ ДɤЖО ∙ ДɌЖО ∙ дV′жɟ.        (11) 

 
Ɇɚɬɪɢɰɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ДɌЖО ɞɥɹ ɷɥɟɦɟɧɬɚ 
ɹɜɥɹɟɬɫɹ ɨɪɬɨɝɨɧɚɥɶɧɨɣ, ɬɨ ɟɫɬɶ 
 
                           ДɌЖ-1

О = ДɌЖɌ
О.                      (1β) 

 
Ɍɨɝɞɚ ɦɚɬɪɢɰɚ ɠɟɫɬɤɨɫɬɢ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧ-
ɬɚ ɜ ɝɥɨɛɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ Б′В′Z′ 
ɢɦɟɟɬ ɜɢɞ 
 

            Дɤ′ЖО = ДɌЖɌ
О ∙ ДɤЖО ∙ ДɌЖО.              (1γ) 

 
Ɏɨɪɦɭɥɚ (1γ) ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɚɬɪɢɰɵ ɠɟɫɬɤɨɫɬɢ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ ɩɪɢ 
ɩɟɪɟɯɨɞɟ ɢɡ ɦɟɫɬɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɜ 
ɝɥɨɛɚɥɶɧɭɸ. Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢ 
ɦɚɬɪɢɰɚ ɦɚɫɫ ɫɢɫɬɟɦɵ 
 

          Дm′ЖО = ДɌЖɌ
О ∙ ДmЖО ∙ ДɌЖО.           (14) 
 

ɍɱɟɬ ɠɟɫɬɤɨɫɬɢ ɚɦɨɪɬɢɡɚɬɨɪɨɜ 
 
ȼ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɤɨɧ-
ɫɬɪɭɤɰɢɢ ɞɨɩɭɫɤɚɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɚɦɨɪɬɢɡɚɬɨ-
ɪɨɜ, ɢɦɟɸɳɢɯ ɨɫɢ ɠɟɫɬɤɨɫɬɢ, ɫɨɜɩɚɞɚɸɳɢɟ ɫ 
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ɨɫɹɦɢ ɝɥɨɛɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. Ɇɚɬ-
ɪɢɰɚ ɠɟɫɬɤɨɫɬɢ ɚɦɨɪɬɢɡɚɬɨɪɚ, ɭɫɬɚɧɨɜɥɟɧɧɨ-
ɝɨ ɜ Т-ɦ ɭɡɥɟ, ɢɦɟɟɬ ɜɢɞ 
 

0
Д Ж ,

0

б

в

г
Т

в

г

б

C
C

C
C

C г
C б

C в

 
  
 

    
  
 

   

 (15) 

 
ɝɞɟ ɋɯ′, ɋɯв′, ɋг′ – ɠɟɫɬɤɨɫɬɢ ɚɦɨɪɬɢɡɚɬɨɪɚ ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɟɣ ɝɥɨɛɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪ-
ɞɢɧɚɬ Б′В′Z′; ɋв′г′, ɋг′б′, ɋб′в′ – ɠɟɫɬɤɨɫɬɢ ɚɦɨɪ-
ɬɢɡɚɬɨɪɚ ɜɨɤɪɭɝ ɨɫɟɣ Б′, В′, Z′. Ɂɚɞɚɧɢɟ ɜ ɢɫ-
ɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɱɟɧɶ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ 
ɠɟɫɬɤɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɨɝɪɚɧɢɱɢɜɚɬɶ ɩɟɪɟɦɟ-
ɳɟɧɢɹ ɜ ɡɚɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɱɬɨ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɭɱɢɬɵɜɚɬɶ ɨɩɪɟɞɟɥɟɧɧɵɟ ɭɫɥɨ-
ɜɢɹ ɡɚɞɟɥɤɢ, ɚ ɬɚɤɠɟ ɫɢɦɦɟɬɪɢɸ ɢɥɢ ɚɫɢɦ-
ɦɟɬɪɢɸ, ɟɫɥɢ ɨɧɢ ɫɭɳɟɫɬɜɭɸɬ. 
 

Ɇɚɬɪɢɰɚ ɢɧɟɪɰɢɢ ɬɜɟɪɞɵɯ ɬɟɥ 
 
ȿɫɥɢ ɜ Т-ɦ ɭɡɥɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɬɜɟɪɞɨɟ ɬɟɥɨ ɫ 
ɦɚɫɫɨɣ Ɇ ɢ ɦɨɦɟɧɬɚɦɢ ɢɧɟɪɰɢɢ ɨɬɧɨɫɢɬɟɥɶ-
ɧɨ ɝɥɨɛɚɥɶɧɵɯ ɨɫɟɣ Jб′, Jв′, Jг′, ɬɨ ɦɚɬɪɢɰɚ 
ɢɧɟɪɰɢɢ ɢɦɟɟɬ ɜɢɞ 
 

0

Д Ж

0
б

в

г

M
M

M
I

J
J

J

 
 
 
 

   
 
 

  

    (16) 

 
Ɉɛɹɡɚɬɟɥɶɧɨ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɦɚɫɫɨɜɵɣ 
ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɦɚɫɫ, ɟɫɥɢ 
ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɩɪɢɤɪɟɩɥɟɧɧɨɝɨ ɤ ɪɚɦɟ ɨɛɨ-
ɪɭɞɨɜɚɧɢɹ ɫɥɢɲɤɨɦ ɭɞɚɥɟɧ ɨɬ ɧɟɣɬɪɚɥɶɧɨɣ 
ɨɫɢ ɫɬɟɪɠɧɟɜɨɝɨ ɷɥɟɦɟɧɬɚ. 

 
ȼɵɜɨɞɵ  

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɵ ɦɚɬɪɢɰɵ ɦɚɫɫ ɤɨ-
ɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɢɧɟɪɰɢɢ ɬɜɟɪɞɵɯ ɬɟɥ. 
ɉɪɨɜɟɞɟɧɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤ ɨɛɳɟɣ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ, ɭɱɬɟɧɵ ɚɦɨɪɬɢɡɚɬɨɪɵ ɜ ɫɢɫɬɟɦɟ. 
ɋɮɨɪɦɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɪɟɲɚɟɬ-

ɫɹ ɦɟɬɨɞɨɦ ɤɜɚɞɪɚɬɧɨɝɨ ɤɨɪɧɹ. ɉɪɟɞɥɚɝɚɟɦɚɹ 
ɦɟɬɨɞɢɤɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɪɚɫ-
ɱɟɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ, ɫɨɛɫɬɜɟɧɧɵɯ ɮɨɪɦ, 
ɚ ɬɚɤɠɟ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɩɪɨɫɬɪɚɧ-
ɫɬɜɟɧɧɵɯ ɫɬɟɪɠɧɟɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɨɢɡ-
ɜɨɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɩɪɢɜɨɞɹɳɢɯɫɹ ɤ ɫɨɜɨ-
ɤɭɩɧɨɫɬɢ ɫɬɟɪɠɧɟɣ. 
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