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ɐɟɥɢ ɧɚɫɬɨɹɳɟɝɨ ɦɨɞɭɥɹ 
 

ɐɟɥɶ ɧɚɫɬɨɹɳɟɝɨ ɦɨɞɭɥɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɨɥɶɡɨɜɚɬɟɥɢ  
ɦɨɝɥɢ:  
 

x ɉɨɧɹɬɶ ɧɚɭɱɧɵɟ ɤɨɧɰɟɩɰɢɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɩɨɫɪɟɞɫɬɜɨɦ 
ɩɨɧɢɦɚɧɢɹ ɨɫɧɨɜ ɩɨɩɭɥɹɰɢɨɧɧɨɣ ɝɟɧɟɬɢɤɢ   

 
x Ɉɡɧɚɤɨɦɢɬɶɫɹ ɫ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɜɵɪɚɠɟɧɢɹɦɢ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɦɢ ɞɥɹ 

ɨɩɢɫɚɧɢɹ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ, ɢ ɭɦɟɬɶ ɜɵɩɨɥɧɹɬɶ ɧɟɨɛɯɨɞɢɦɵɟ 
ɪɚɫɱɟɬɵ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɪɤɟɪɨɜ  

 
x Ɉɜɥɚɞɟɬɶ ɨɫɧɨɜɧɵɦɢ ɡɧɚɧɢɹɦɢ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɞɥɹ ɨɰɟɧɤɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɢ ɬɨɥɤɨɜɚɧɢɹ ɦɨɥɟɤɭɥɹɪɧɵɯ 
ɞɚɧɧɵɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.    

 



ɉɪɟɞɢɫɥɨɜɢɟ 
 
ɍɱɟɛɧɵɣ ɦɨɞɭɥɶ «Ⱥɧɚɥɢɡ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɩɪɢ ɩɨɦɨɳɢ ɞɚɧɧɵɯ ɦɨɥɟ-
ɤɭɥɹɪɧɨɝɨ ɦɚɪɤɟɪɚ» - ɷɬɨ ɜɬɨɪɨɣ ɢɡ ɞɜɭɯ ɨɛɭɱɚɸɳɢɯ ɦɨɞɭɥɟɣ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɞɥɹ 
ɨɤɚɡɚɧɢɹ ɫɨɞɟɣɫɬɜɢɹ ɜ ɩɪɢɦɟɧɟɧɢɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɢɡɭɱɟɧɢɹ ɛɢɨɪɚɡ-
ɧɨɨɛɪɚɡɢɹ ɜ ɨɛɭɱɚɸɳɢɯ ɩɪɨɝɪɚɦɦɚɯ. Ɉɧ ɞɨɩɨɥɧɹɟɬ ɩɟɪɜɵɣ ɦɨɞɭɥɶ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɬɟɯɧɨɥɨɝɢɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɪɤɟɪɨɜ ɜ ɢɡɭɱɟɧɢɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɪɚɫ-
ɬɟɧɢɣ: ɭɱɟɛɧɵɣ ɦɨɞɭɥɶ» ɢ ɬɚɤɠɟ ɧɚɰɟɥɟɧ ɧɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɡɧɚɧɢɣ ɨ ɬɟɯɧɨɥɨɝɢɢ 
ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɪɤɟɪɨɜ ɞɥɹ ɨɰɟɧɤɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɦɨɞɭɥɶ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɚɡɭ ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɚɧɚɥɢɡɚ ɢ ɬɨɥɤɨɜɚɧɢɹ ɞɚɧɧɵɯ, ɚ ɧɟ ɹɜɥɹ-
ɟɬɫɹ ɩɪɨɫɬɨ ɩɨɜɬɨɪɟɧɢɟɦ ɬɨɝɨ, ɤɚɤ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɯɧɨɥɨɝɢɢ ɬɨɥɶɤɨ ɩɨɬɨɦɭ, ɱɬɨ ɷɬɨ 
ɦɨɞɧɨ.  
 
ɉɨɜɨɞɨɦ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɧɚɫɬɨɹɳɟɝɨ ɨɛɭɱɚɸɳɟɝɨ ɦɨɞɭɥɹ ɩɨɫɥɭɠɢɥ ɤɭɪɫ ɨɛɭɱɟɧɢɹ 
ɩɨ ɦɨɥɟɤɭɥɹɪɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ, ɨɪɝɚɧɢɡɨɜɚɧɧɵɣ Bioversity International ɜ Ʉɢɬɚɟ ɩɪɢ 
ɭɱɚɫɬɢɢ ɭɱɟɧɵɯ ɢɡ Ʉɢɬɚɹ, ɂɧɞɢɢ, ɂɧɞɨɧɟɡɢɢ, Ɇɚɥɚɣɡɢɢ ɢ Ɏɢɥɢɩɩɢɧ, ɢɡɭɱɚɸɳɢɯ ɝɟ-
ɧɟɬɢɱɟɫɤɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɬɪɨɩɢɱɟɫɤɢɯ ɩɥɨɞɨɜɵɯ ɤɭɥɶɬɭɪ. ȼ ɤɨɧɰɟ ɤɭɪɫɚ ɨɛɭɱɟɧɢɹ 
ɛɵɥɨ ɨɫɨɡɧɚɧɨ, ɱɬɨ ɨɛɭɱɟɧɢɟ ɬɟɯɧɨɥɨɝɢɹɦ ɩɨɡɜɨɥɢɥɨ ɩɨɞɝɨɬɨɜɢɬɶ ɨɱɟɧɶ ɯɨɪɨɲɢɯ 
ɥɚɛɨɪɚɧɬɨɜ. Ɉɞɧɚɤɨ ɟɫɥɢ ɩɨɞɝɨɬɨɜɥɟɧɵ ɭɱɟɧɵɟ, ɤɨɦɩɟɬɟɧɬɧɵɟ ɜ ɭɩɪɚɜɥɟɧɢɢ ɢ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɢ ɝɟɧɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ, ɬɨ ɞɚɥɟɟ ɩɚɪɬɧɟɪɵ Bioversity International 
ɞɨɥɠɧɵ ɛɵɬɶ ɫɧɚɛɠɟɧɵ ɢɧɫɬɪɭɦɟɧɬɚɦɢ ɚɧɚɥɢɡɚ ɢ ɬɨɥɤɨɜɚɧɢɹ ɞɚɧɧɵɯ.  
 
ɍɱɟɛɧɵɣ ɦɨɞɭɥɶ ɩɪɟɞɧɚɡɧɚɱɟɧ ɜ ɱɚɫɬɧɨɫɬɢ ɞɥɹ ɭɱɟɧɵɯ, ɤɨɬɨɪɵɟ ɢɧɬɟɪɟɫɭɸɬɫɹ 
ɨɰɟɧɤɨɣ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɢ ɨɛɥɚɞɚɸɬ ɨɫɧɨɜɧɵɦɢ ɡɧɚɧɢɹɦɢ ɜ ɛɢɨɥɨɝɢɢ ɢ 
ɝɟɧɟɬɢɤɟ, ɡɧɚɤɨɦɵ ɫ ɦɨɥɟɤɭɥɹɪɧɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ ɢ ɧɭɠɞɚɸɬɫɹ ɜ ɪɭɤɨɜɨɞɫɬɜɟ ɞɥɹ 
ɩɨɫɬɚɧɨɜɤɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɨɜ ɢ ɬɨɥɤɨɜɚɧɢɹ ɢɯ ɪɟɡɭɥɶɬɚ-
ɬɨɜ.  
 
Ⱥɜɬɨɪɵ ɧɚɞɟɸɬɫɹ, ɱɬɨ ɩɨɥɶɡɨɜɚɬɟɥɢ ɞɚɧɧɵɯ ɨɛɭɱɚɸɳɢɯ ɦɨɞɭɥɟɣ ɧɟ ɬɨɥɶɤɨ ɧɚɣɞɭɬ 
ɢɧɮɨɪɦɚɰɢɸ ɜ ɧɢɯ ɩɪɨɫɜɟɬɢɬɟɥɶɧɨɣ, ɧɨ ɬɚɤɠɟ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɟɡɧɨɣ, ɢ ɱɬɨ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɣ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɪɤɟɪɨɜ ɦɨɠɟɬ ɛɵɬɶ ɭɜɥɟɤɚɬɟɥɶɧɵɦ ɢ 
ɩɪɚɤɬɢɱɟɫɤɢ ɨɫɭɳɟɫɬɜɢɦɵɦ ɩɨɞɯɨɞɨɦ ɞɥɹ ɥɸɛɨɝɨ, ɤɬɨ ɩɥɚɧɢɪɭɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ 
ɨɛɥɚɫɬɢ ɚɧɚɥɢɡɚ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ.  
 
 
 
 
 
 
 
 
 
 
 
 

iv



Ȼɥɚɝɨɞɚɪɧɨɫɬɶ 
 
Ɋɚɡɪɚɛɨɬɤɚ ɭɱɟɛɧɨɝɨ ɦɨɞɭɥɹ «Ⱥɧɚɥɢɡ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɩɪɢ ɩɨɦɨɳɢ ɞɚɧ-
ɧɵɯ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɦɚɪɤɟɪɚ» ɫɬɚɥɚ ɜɨɡɦɨɠɧɨɣ ɛɥɚɝɨɞɚɪɹ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɟ 
Bioversity International ɢ ɂɧɫɬɢɬɭɬɚ ɝɟɧɨɦɧɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ (IGD) Ʉɨɪɧɟɥɶɫɤɨɝɨ ɍɧɢ-
ɜɟɪɫɢɬɟɬɚ. Ⱥɜɬɨɪɵ ɜɵɪɚɠɚɸɬ ɨɫɨɛɭɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɡɚ ɩɨɦɨɳɶ ɫɥɟɞɭɸɳɢɦ ɥɢɰɚɦ:  
 
ɋɨɬɪɭɞɧɢɤɚɦ Ɋɟɝɢɨɧɚɥɶɧɨɝɨ ɨɮɢɫɚ Bioversity International ɞɥɹ ɫɬɪɚɧ Ɍɢɯɨɨɤɟɚɧɫɤɨɝɨ 
ɪɟɝɢɨɧɚ ɢ Ɉɤɟɚɧɢɢ, ɤɨɬɨɪɵɟ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɩɨ ɬɪɨɩɢɱɟɫɤɢɦ ɩɥɨɞɨɜɵɦ ɤɭɥɶɬɭɪɚɦ, 
ɮɢɧɚɧɫɢɪɭɟɦɨɝɨ Ⱥɡɢɚɬɫɤɢɦ Ȼɚɧɤɨɦ Ɋɚɡɜɢɬɢɹ (ȺȻɊ), ɨɤɚɡɚɥɢ ɱɚɫɬɢɱɧɭɸ ɮɢɧɚɧɫɨ-
ɜɭɸ ɩɨɦɨɳɶ ɜ ɪɚɡɪɚɛɨɬɤɟ ɧɚɫɬɨɹɳɟɝɨ ɦɨɞɭɥɹ.  
 
Ɏɟɥɢɤɫɭ Ⱥɥɶɛɟɪɬɨ Ƚɭɫɦɚɧɭ, ɪɟɝɢɨɧɚɥɶɧɵɣ ɨɮɢɫ Bioversity International ɞɥɹ ɫɬɪɚɧ 
Ʌɚɬɢɧɫɤɨɣ Ⱥɦɟɪɢɤɢ, ɡɚ ɩɨɦɨɳɶ ɜ ɭɩɪɨɳɟɧɢɢ ɩɪɟɞɨɫɬɚɜɥɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢ ɭɥɭɱ-
ɲɟɧɢɢ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɜɟɪɫɢɢ ɦɨɞɭɥɹ  ɫɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɩɪɚɜɤɚɦ ɨɬ ɪɚɡɧɵɯ ɤɨɥ-
ɥɟɝ ɢ ɪɟɞɚɤɬɨɪɚ.  
 
Ⱥɦɚɧɞɟ Ƚɚɪɪɢɫ, IGD, ɢ ɋɬɢɜɭ Ɍɚɧɤɫɥɢ, Ⱦɟɩɚɪɬɚɦɟɧɬ ɫɟɥɟɤɰɢɢ ɪɚɫɬɟɧɢɣ, ɨɛɚ ɫɨ-
ɬɪɭɞɧɢɤɢ Ʉɨɪɧɟɥɶɫɤɨɝɨ ɍɧɢɜɟɪɫɢɬɟɬɚ, ɡɚ ɪɚɡɪɟɲɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɢ 
ɢɥɥɸɫɬɪɚɰɢɢ ɢɡ ɢɯ ɫɥɚɣɞɨɜ.  
 
Ⱦɠɨɚɧɧɟ Ʌɚɛɚɬɟ ɡɚ «ɜɢɪɬɭɚɥɶɧɵɟ ɨɛɫɭɠɞɟɧɢɹ», Ⱥɥɟɤɫɚɧɞɪɟ Ƚɚɫɚ ɢ Ɇɚɪɬɟ ɏɚɦɛɥɢɧ, 
IGD, ɡɚ ɢɯ ɫɨɜɟɬɵ ɨ ɬɨɦ, ɤɚɤɢɟ ɩɪɨɝɪɚɦɦɵ ɞɨɥɠɧɵ ɛɵɬɶ ɨɛɫɭɠɞɟɧɵ ɜ ɦɨɞɭɥɟ   
 
ɏɭɦɛɟɪɬɨ Ƚɨɦɟɡɭ ɉɚɧɢɚɝɭɚ, Ɇɟɠɞɭɧɚɪɨɞɧɵɣ ɰɟɧɬɪ ɬɪɨɩɢɱɟɫɤɨɝɨ ɫɟɥɶɫɤɨɝɨ ɏɨɡɹɣ-
ɫɬɜɚ (CIAT), Ʉɨɥɭɦɛɢɹ, ɡɚ ɟɝɨ ɰɟɧɧɵɟ ɤɨɦɦɟɧɬɚɪɢɢ ɩɨ ɭɥɭɱɲɟɧɢɸ, ɤɚɤ ɫɨɞɟɪɠɚɧɢɹ, 
ɬɚɤ ɢ ɞɢɞɚɤɬɢɱɟɫɤɨɣ ɩɪɟɡɟɧɬɚɰɢɢ ɦɚɬɟɪɢɚɥɚ. 
 
Ɇɢɪɢɚɦ Ʉɪɢɫɬɢɧɟ Ⱦɭɝɭ, CIAT, ɡɚ ɟɟ ɩɨɦɨɳɶ ɜ ɩɨɞɝɨɬɨɜɤɟ ɩɥɚɧɚ ɞɚɧɧɨɝɨ ɦɨɞɭɥɹ ɢ 
ɭɬɨɱɧɟɧɢɟ ɤɨɧɰɟɩɰɢɣ ɢɡɦɟɪɟɧɢɹ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ. 
 
Ɇɟɪɢɥɢɧ ȼɚɪɛɭɪɬɨɧ, ɐɟɧɬɪ ɩɪɢɤɥɚɞɧɨɣ ɛɢɨɬɟɯɧɨɥɨɝɢɢ, CIMMYT, Ɇɟɤɫɢɤɚ, ɡɚ ɟɟ 
ɩɪɟɞɥɨɠɟɧɢɹ ɩɨ ɭɥɭɱɲɟɧɢɸ ɫɥɚɣɞɨɜ ɨ ɦɟɬɨɞɚɯ ɨɛɪɚɡɨɜɚɧɢɹ ɤɥɚɫɬɟɪɨɜ. 
 
ɉɟɪɫɨɧɚɥɭ Ɉɬɞɟɥɚ ɝɟɧɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ, CIAT, Ʉɨɥɭɦɛɢɹ, ɡɚ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɢɡɨ-
ɛɪɚɠɟɧɢɣ ɮɚɫɨɥɢ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɟɣ ɢɧɮɨɪɦɚɰɢɢ ɜ 
ɨɞɧɨɦ ɢɡ ɫɭɛɦɨɞɭɥɟɣ.   
 
ɉɪɨɮɟɫɫɨɪɭ ɏɚɣɛɟɪɭ Ʉɚɪɞɟɧɚɫ, ɤɚɮɟɞɪɚ ɛɢɨɥɨɝɢɢ ɍɧɢɜɟɪɫɢɬɟɬɚ Ⱦɟɥɶ ȼɚɥɥɶ, ɝ. 
Ʉɚɥɢ, Ʉɨɥɭɦɛɢɹ, ɡɚ ɚɩɪɨɛɚɰɢɸ ɨɛɭɱɚɸɳɟɝɨ ɦɨɞɭɥɹ ɩɪɢ ɩɨɦɨɳɢ ɩɹɬɢ ɟɝɨ ɫɬɭɞɟɧɬɨɜ 
(ɂɜɚɧ Ⱥɧɞɪɟɫ Ƚɨɧɡɚɥɟɫ, Ɉɥɶɝɚ Ʌɸɱɢɨ Ⱥɝɭɞɟɥɨ ɏɟɧɚɨ, Ɇɚɪɬɚ ɇɨɪɚ Ɇɚɣɧɨ, Ɏɟɪɧɚɧɞ 
Ɋɨɧɞɨɧ Ƚɨɧɡɚɥɟɫ ɢ Ⱦɢɟɝɨ Ɇɚɭɪɢɫɢɨ ȼɢɥɥɚɦɚɪɢɧ Ɇɢɪɚɧɞɚ), ɚ ɬɚɤɠɟ ɡɚ ɩɪɟɞɨɫɬɚɜ-
ɥɟɧɢɟ ɰɟɧɧɵɯ ɡɚɦɟɱɚɧɢɣ ɩɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɦɨɞɭɥɹ.  
 
Ʌɭɢɞɠɢ Ƚɭɚɪɢɧɨ, Ɋɚɦɚɧɚɫɚ Ɋɚɨ, ɂɫɫɢɚɤɚ Ɂɨɭɧɝɪɚɧɚ, Ɇɚɪɝɚɪɢɬɟ Ȼɚɟɧɚ, Ɂɨɧɝɜɟɧ Ɂɚɧ-
ɝɭ, Ɇɢɤɤɟɥ Ƚɪɚɦɭ, əɧɭ ɗɧɝɟɥɶɫɭ ɢ ɗɥɢɡɚɛɟɬ Ƚɨɥɶɞɛɟɪɝ, ɫɨɬɪɭɞɧɢɤɚɦ ɨɮɢɫɨɜ 
Bioversity International ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɝɢɨɧɚɯ, ɡɚ ɢɯ ɡɚɦɟɱɚɧɢɹ ɢ ɩɪɟɞɥɨɠɟɧɢɹ ɩɨ 
ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɞɚɧɧɨɝɨ ɦɨɞɭɥɹ ɢ ɭɜɟɥɢɱɟɧɢɸ ɟɝɨ ɩɨɥɟɡɧɨɫɬɢ ɞɥɹ ɧɚɲɢɯ 
ɩɚɪɬɧɟɪɨɜ.  
 
ɗɥɢɡɚɛɟɬ Ʌ. Ɇɚɤ Ⱥɞɚɦ, ɡɚ ɟɺ ɩɨɦɨɳɶ ɜ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɪɭɤɨɩɢɫɢ ɢ ɰɟɧɧɵɟɩɪɟɞɥɨ-
ɠɟɧɢɹ ɩɨ ɭɥɭɱɲɟɧɢɸ ɮɨɪɦɚɬɚ ɧɚɫɬɨɹɳɟɝɨ ɦɨɞɭɥɹ, ɚ ɬɚɤɠɟ Ʌɢɧ Ɇɟɧɟɧɞɟɫ, CIAT,  ɡɚ 
ɤɨɨɪɞɢɧɚɰɢɸ ɪɚɛɨɬɵ ɩɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɸ ɪɭɤɨɩɢɫɢ ɢ ɩɨɥɟɡɧɵɦ ɫɨɜɟɬɵ ɩɨ ɦɨɞɢɮɢ-
ɤɚɰɢɢ ɦɨɞɭɥɹ.   
 
Ƚɥɟɞɢɫ Ɋɨɞɪɢɝɟɫ, CIAT, ɡɚ ɩɨɦɨɳɶ ɜ ɤɨɦɩɚɧɨɜɤɟ ɞɚɧɧɨɝɨ ɦɨɞɭɥɹ.  
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ɑɬɨ ȼɚɦ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɨɛ ɷɬɨɦ ɦɨɞɭɥɟ 
 

ɉɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɱɟɧɶ ɜɚɠɧɨ, ɱɬɨɛɵ ɜɨɩɪɨɫ, ɧɚ ɤɨɬɨɪɵɣ ȼɵ ɯɨɬɢɬɟ 
ɨɬɜɟɬɢɬɶ ɜ ɟɝɨ ɪɟɡɭɥɶɬɚɬɟ, ɛɵɥ ɹɫɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɧ, ɞɚɠɟ ɟɫɥɢ ɩɚɪɚɥɟɥɥɶɧɨ 
ɜɨɡɧɢɤɚɸɬ ɞɪɭɝɢɟ ɜɨɩɪɨɫɵ, ɢ ȼɵ, ɩɨ ɯɨɞɭ ȼɚɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɠɟɥɚɟɬɟ ɜɧɟɫɬɢ 
ɢɡɦɟɧɟɧɢɹ ɜ ɩɟɪɜɨɧɚɱɚɥɶɧɵɣ ɩɥɚɧ. ȼɵ ɞɨɥɠɧɵ ɬɚɤɠɟ ɡɧɚɬɶ ɧɟɤɨɬɨɪɵɟ ɩɪɢɧɰɢɩɵ 
ɩɨɫɬɚɧɨɜɤɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɱɬɨɛɵ ɛɵɬɶ ɭɜɟɪɟɧɧɵɦ ɜ ɩɨɥɭɱɟɧɢɢ ɞɨɫɬɨɜɟɪɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ. ȼ ɤɨɧɬɟɤɫɬɟ ȼɚɲɟɣ ɪɚɛɨɬɵ ɫ ɝɟɧɟɬɢɱɟɫɤɢɦɢ ɪɟɫɭɪɫɚɦɢ ȼɚɦ 
ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɨɫɧɨɜɵ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɢ ɫɭɳɟɫɬɜɭɸɳɢɟ 
ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɩɪɨɜɟɪɤɢ ȼɚɲɢɯ ɞɚɧɧɵɯ, ɱɬɨɛɵ ȼɵ ɦɨɝɥɢ ɩɪɚɜɢɥɶɧɨ ɢɯ 
ɢɫɬɨɥɤɨɜɚɬɶ.  
 
Ʉɨɧɰɟɩɰɢɢ ɢ ɢɧɫɬɪɭɦɟɧɬɵ, ɤɨɬɨɪɵɟ ɦɵ ɨɛɫɭɠɞɚɟɦ, ɜɤɥɸɱɚɸɬ: 

x ɋɬɪɚɬɟɝɢɢ ɨɬɛɨɪɚ ɨɛɪɚɡɰɨɜ; 
x Ɉɫɧɨɜɵ ɩɨɩɭɥɹɰɢɨɧɧɨɣ ɝɟɧɟɬɢɤɢ; 
x Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ, ɢɫɩɨɥɶɭɟɦɵɟ ɞɥɹ ɨɩɢɫɚɧɢɹ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 

ɪɚɡɧɨɨɛɪɚɡɢɹ, ɢɧɞɟɤɫɵ ɝɟɧɟɬɢɱɟɫɤɨɣ ɞɢɫɬɚɧɢɰɢɢ ɢ ɦɟɬɨɞɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ 
ɞɥɹ ɷɤɫɩɪɟɫɫɢɢ ɜɡɚɢɦɨɫɜɹɡɚɧɧɨɫɬɢ ɫɪɟɞɢ ɨɛɪɚɡɰɨɜ; 

x Ʉɨɦɩɶɸɬɟɪɧɵɟ ɩɪɨɝɪɚɦɦɵ ɢ ɫɭɳɟɫɬɜɭɸɳɢɟ ɪɟɫɭɪɫɵ ɂɧɬɟɪɧɟɬɚ. 
 
 
Ɋɚɫɱɟɬɵ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɜ ɤɥɸɱɟɜɵɯ ɤɨɧɰɟɩɰɢɹɯ ɩɨɩɭɥɹɰɢɨɧɧɨɣ ɝɟɧɟɬɢɤɢ, 
ɢɡɦɟɪɟɧɢɹɯ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ, ɢɧɞɟɤɫɨɜ ɢ ɦɟɬɨɞɚɯ ɨɛɪɚɡɨɜɚɧɢɹ 
ɤɥɚɫɬɟɪɨɜ ɢɥɥɸɫɬɪɢɪɨɜɚɧɵ ɩɪɢɦɟɪɚɦɢ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɨɞɝɨɬɨɜɥɟɧɵ ɫɩɟɰɢɚɥɶɧɨ 
ɞɥɹ ɧɚɫɬɨɹɳɟɝɨ ɦɨɞɭɥɹ. ɉɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɫɪɚɡɭ ɠɟ ɭɜɢɞɟɬɶ, ɤɚɤ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 
ɷɤɫɩɪɟɫɫɢɢ ɩɪɢɦɟɧɹɸɬɫɹ. ȼ ɞɨɩɨɥɧɟɧɢɟ, ɦɵ ɯɨɬɢɦ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɞɚɠɟ ɟɫɥɢ ɷɬɢ 
ɪɚɫɱɟɬɵ ɱɚɫɬɨ ɜɵɩɨɥɧɹɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɤɨɦɩɶɸɬɟɪɧɵɯ ɩɪɨɝɪɚɦɦ, ɛɨɥɶɲɢɧɫɬɜɨ ɢɯ 
ɦɨɠɧɨ ɩɪɨɞɟɥɚɬɶ ɜɪɭɱɧɭɸ. Ⱦɚɠɟ ɟɫɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɩɶɸɬɟɪɧɚɹ ɩɪɨɝɪɚɦɦɚ, ɦɵ 
ɜɟɪɢɦ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶ ɞɨɥɠɟɧ ɩɨɧɹɬɶ, ɱɬɨ ɞɟɥɚɟɬ ɤɨɦɩɶɸɬɟɪ, ɢ ɭɦɟɬɶ 
ɪɚɡɪɚɛɨɬɚɬɶ ɫɜɨɣ ɫɨɛɫɬɜɟɧɧɵɣ ɤɪɢɬɟɪɢɣ, ɱɬɨɛɵ ɪɟɲɢɬɶ ɤɚɤɨɣ ɦɟɬɨɞ ɜɵɛɪɚɬɶ.  
 
ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɧɚɫɬɨɹɳɢɣ ɭɱɟɛɧɵɣ ɦɨɞɭɥɶ ɨɤɚɠɟɬ ɩɨɦɨɳɶ ɬɟɦ, ɤɬɨ ɠɟɥɚɟɬ 
ɩɪɨɜɨɞɢɬɶ ɚɧɚɥɢɡɵ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɩɪɢ ɩɨɦɨɳɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɞɚɧɧɵɯ. 
Ʉɚɤ ɬɚɤɨɜɨɣ, ɦɨɞɭɥɶ ɧɟ ɹɜɥɹɟɬɫɹ ɢɫɱɟɪɩɵɜɚɸɳɢɦ ɫɪɟɞɫɬɜɨɦ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ 
ɧɚɭɱɢɬɶɫɹ ɩɪɟɩɨɞɚɜɚɬɶ ɩɨɩɭɥɹɰɢɨɧɧɭɸ ɝɟɧɟɬɢɤɭ. Ɉɞɧɚɤɨ, ɦɵ ɩɪɢɜɟɥɢ ɩɟɪɟɱɟɧɶ 
ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɜɚɠɧɵɯ ɫɭɠɞɟɧɢɣ ɩɨɩɭɥɹɰɢɨɧɧɨɣ 
ɝɟɧɟɬɢɤɢ, ɞɟɦɨɧɫɬɪɚɰɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɢɥɭɱɲɟɝɨ 
ɩɨɧɢɦɚɧɢɹ ɬɨɝɨ, ɤɚɤ ɷɬɢ ɦɟɬɨɞɵ ɩɪɢɦɟɧɹɬɶ ɜ ɪɟɚɥɶɧɵɯ ɫɢɬɭɚɰɢɹɯ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
ɂɞɟɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɭɱɟɛɧɵɣ ɦɨɞɭɥɶ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɦ 
ɢɧɫɬɪɭɦɟɧɬɨɦ ɞɥɹ ɨɤɚɡɚɧɢɹ ɫɨɞɟɣɫɬɜɢɹ ɨɛɭɱɚɸɳɟɦɭ ɩɪɨɰɟɫɫɭ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɨɦɨɱɶ 
ɫɬɭɞɟɧɬɚɦ, ɨɫɨɛɟɧɧɨ ɬɟɦ, ɤɨɬɨɪɵɟ ɭɱɚɬɫɹ ɧɚ ɩɨɫɥɟɞɧɢɯ ɤɭɪɫɚɯ ɍɧɢɜɟɪɫɢɬɟɬɨɜ, 
ɩɨɧɹɬɶ, ɤɚɤ ɫɞɟɥɚɬɶ ɜɵɛɨɪ ɫɪɟɞɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɩɪɢɦɟɧɹɸɳɢɯɫɹ ɜ 
ɢɡɭɱɟɧɢɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ, ɢ ɫɭɦɟɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɜ ɫɜɨɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɹɯ. Ɉɧ ɬɚɤɠɟ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɨɛɭɱɟɧɢɹ ɢ ɩɨɞɝɨɬɨɜɤɢ ɥɟɤɰɢɣ 
ɢɥɢ ɤɚɤ ɫɩɪɚɜɨɱɧɨɟ ɩɨɫɨɛɢɟ ɞɥɹ ɩɪɚɤɬɢɤɭɸɳɢɯ ɩɪɨɮɟɫɫɢɨɧɚɥɨɜ, ɤɨɬɨɪɵɦ ɧɭɠɧɨ 
ɩɪɢɦɟɧɹɬɶ ɦɨɥɟɤɭɥɹɪɧɵɟ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɚ ɬɚɤɠɟ ɩɪɨɜɨɞɢɬɶ ɚɧɚɥɢɡ 
ɞɚɧɧɵɯ ɜ ɫɜɨɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
 
ɉɨɥɶɡɨɜɚɬɟɥɢ ɧɚɫɬɨɹɳɟɝɨ ɦɨɞɭɥɹ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɨɫɧɨɜɧɵɦɢ ɡɧɚɧɢɹɦɢ ɜ 
ɝɟɧɟɬɢɤɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɟɫɥɢ ɨɧɢ ɧɟ ɡɧɚɤɨɦɵ ɫ ɬɟɯɧɨɥɨɝɢɹɦɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɪɤɟɪɨɜ, 
ɦɵ ɧɚɫɬɨɹɬɟɥɶɧɨ ɪɟɤɨɦɟɧɞɭɟɦ ɧɚɱɚɬɶ ɨɛɭɱɟɧɢɟ ɫ ɢɡɭɱɟɧɢɹ ɩɟɪɜɨɝɨ ɦɨɞɭɥɹ 
«ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɪɤɟɪɨɜ ɜ ɢɡɭɱɟɧɢɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 
ɪɚɡɧɨɨɛɪɚɡɢɹ ɪɚɫɬɟɧɢɣ: ɭɱɟɛɧɵɣ ɦɨɞɭɥɶ». Ʉɚɤ ɬɨɥɶɤɨ ɨɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɷɬɢɯ 
ɦɟɬɨɞɨɜ ɛɭɞɭɬ ɩɨɧɹɬɵ, ɜɬɨɪɨɣ ɦɨɞɭɥɶ ɦɨɠɟɬ ɩɨɦɨɱɶ ɜ ɥɭɱɲɟɦ ɩɨɧɢɦɚɧɢɢ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ.  
 
 
 

vi



Ɇɵ ɫɤɨɧɫɬɪɭɢɪɨɜɚɥɢ ɭɱɟɛɧɵɣ ɦɨɞɭɥɶ ɜ ɜɢɞɟ ɜɡɚɢɦɨɞɨɩɨɥɧɹɸɳɢɯ ɢ ɧɟɡɚɜɢɫɢɦɵɯ 
ɫɭɛɦɨɞɭɥɟɣ, ɱɬɨɛɵ ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɝ ɜɵɛɪɚɬɶ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɢɧɬɟɪɟɫɭɸɳɢɣ ɟɝɨ 
ɪɚɡɞɟɥ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɦɵ ɩɪɢɜɟɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɞɨɛɚɜɢɜ 
ɩɪɢɥɨɠɟɧɢɹ, ɱɬɨɛɵ ɧɟ ɭɫɥɨɠɧɹɬɶ ɨɫɧɨɜɧɭɸ ɱɚɫɬɶ, ɢ ɜɫɟ ɠɟ ɩɪɢɜɨɞɹ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ ɢ ɩɪɢɦɟɪɵ ɞɥɹ ɬɟɯ, ɤɬɨ ɧɚɣɞɟɬ ɢɯ 
ɩɨɥɟɡɧɵɦɢ ɞɥɹ ɛɨɥɟɟ ɝɥɭɛɨɤɨɝɨ ɩɨɧɢɦɚɧɢɹ. ɇɚɫɬɨɹɳɢɣ ɭɱɟɛɧɵɣ ɦɨɞɭɥɶ 
ɩɪɟɞɫɬɚɜɥɟɧ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɝɞɚ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɥɢɛɨ ɫɥɚɣɞɵ ɜ 
ɮɨɪɦɚɬɟ ɩɪɟɡɟɧɬɚɰɢɢ, ɥɢɛɨ ɢ ɫɥɚɣɞɵ, ɢ ɫɨɩɪɨɜɨɠɞɚɸɳɢɟ ɢɯ ɩɨɹɫɧɟɧɢɹ.  
 
ȼɚɲɢ ɨɬɡɵɜɵ ɧɚ ɞɚɧɧɭɸ ɪɚɛɨɬɭ ɨɱɟɧɶ ɜɚɠɧɵ ɞɥɹ ɧɚɫ, ɩɨɬɨɦɭ ɱɬɨ ɦɵ ɭɛɟɠɞɟɧɵ, ɱɬɨ 
ɨɧɢ ɜɫɟɝɞɚ ɩɨɥɟɡɧɵ. ɑɬɨɛɵ ɧɚɲ ɨɬɜɟɬ ɩɚɪɬɧɟɪɚɦ ɢ ɞɪɭɝɢɦ ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɛɵɥ 
ɷɮɮɟɤɬɢɜɧɵɦ, ɦɵ ɛɵɥɢ ɛɵ ɛɟɡɦɟɪɧɨ ɩɪɢɡɧɚɬɟɥɶɧɵ, ɟɫɥɢ ȼɵ ɩɪɢɲɥɟɬɟ ɧɚɦ ɫɜɨɢ 
ɨɬɡɵɜɵ ɧɚ ɨɪɝɚɧɢɡɚɰɢɸ, ɫɨɞɟɪɠɚɧɢɟ ɢ ɩɨɥɟɡɧɨɫɬɶ ɧɚɫɬɨɹɳɟɝɨ ɦɨɞɭɥɹ ɩɨ 
ɫɥɟɞɭɸɳɢɦ ɚɞɪɟɫɚɦ:  
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Theresa Fulton  
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Ɇɵ ɢɫɤɪɟɧɧɟ ɧɚɞɟɟɦɫɹ, ɱɬɨ ɞɚɧɧɵɣ ɦɨɞɭɥɶ ɞɨɩɨɥɧɹɟɬ ɩɪɟɞɵɞɭɳɢɣ 
«ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɪɤɟɪɨɜ ɜ ɢɡɭɱɟɧɢɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 
ɪɚɡɧɨɨɛɪɚɡɢɹ ɪɚɫɬɟɧɢɣ: ɭɱɟɛɧɵɣ ɦɨɞɭɥɶ», ɢ ɱɬɨ ɷɬɢ ɞɜɚ ɦɨɞɭɥɹ ɜɦɟɫɬɟ 
ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɧɚɲɢɦ ɩɚɪɬɧɟɪɚɦ, ɨɫɨɛɟɧɧɨ ɬɟɦ, ɤɬɨ ɢɡ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɫɬɪɚɧ ɢ 
ɢɦɟɟɬ ɨɝɪɚɧɢɱɟɧɧɵɣ ɞɨɫɬɭɩ ɤ ɫɨɜɪɟɦɟɧɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ ɢ ɨɛɲɢɪɧɵɦ ɧɚɭɱɧɵɦ 
ɩɭɛɥɢɤɚɰɢɹɦ ɢɥɢ ɢɧɫɬɪɭɤɰɢɹɦ, ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɨɞɢɬɶ ɩɟɪɫɩɟɤɬɢɜɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɪɚɫɬɟɧɢɣ, ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɜɧɨɫɹɬ ɜɤɥɚɞ ɜ ɦɢɪɨɜɵɟ ɡɧɚɧɢɹ ɨɛ ɷɬɢɯ ɰɟɧɧɵɯ ɪɟɫɭɪɫɚɯ.  
 
 
Ɇ. Ʉɚɪɦɟɧ ɞɟ ȼɢɫɟɧɬɟ  Cesar Lopez Ɍɟɪɟɡɚ Ɏɭɥɬɨɧ  
Bioversity International Univ. ‘La Molina’ IGD, Ʉɨɪɧɟɥɶɫɤɢɣ 
  ɍɧɢɜɟɪɫɢɬɟɬ  
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ǧȔȇȒȏȎ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ
Ș ȏȘȖȕȒȣȎȕȉȇȔȏȌȓ ȋȇȔȔȢȜ
ȓȕȒȌȑȚȒȦȗȔȢȜ ȓȇȗȑȌȗȕȉ:

ǺȞȌȈȔȢȐ ȓȕȋȚȒȣ

ǩȉȌȋȌȔȏȌ
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Ɉɝɥɚɜɥɟɧɢɟ

ŹǴȇȚȞȔȢȐ ȓȌșȕȋ
• ǶȕȘșȇȔȕȉȑȇ ȈȏȕȒȕȊȏȞȌȘȑȕȊȕ ȉȕȖȗȕȘȇ
• ǷȇȎȗȇȈȕșȑȇ ȊȏȖȕșȌȎȢ ȏ ȋȏȎȇȐȔ ȤȑȘȖȌȗȏȓȌȔșȇ

ņǵșȈȕȗ ȕȈȗȇȎȝȕȉ ȉȔȚșȗȏ ȖȕȖȚȒȦȝȏȐ
ņǵșȈȕȗ ȕȈȗȇȎȝȕȉ ȉȔȚșȗȏ ȊȌȔȕȓȇ

• ǶȗȕȉȌȋȌȔȏȌ ȤȑȘȖȌȗȏȓȌȔșȇ
• ǧȔȇȒȏȎ ȏ ȏȔșȌȗȖȗȌșȇȝȏȦ ȋȇȔȔȢȜ

ŹǺȗȕȉȔȏ ȈȏȕȒȕȊȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ
ŹǯȎȓȌȗȌȔȏȌ ȊȌȔȌșȏȞȌȘȑȕȐ ȏȎȓȌȔȞȏȉȕȘșȏ
ŹǩȎȇȏȓȕȘȉȦȎȣ ȓȌȍȋȚ țȌȔȕșȏȖȕȓ ȏ
ȊȌȔȕșȏȖȕȓ
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ǴȇȚȞȔȢȐ ȓȌșȕȋ

ŹǶȕȘșȇȔȕȉȑȇ ȈȏȕȒȕȊȏȞȌȘȑȕȊȕ ȉȕȖȗȕȘȇ
ŹǷȇȎȗȇȈȕșȑȇ ȊȏȖȕșȌȎȢ ȏ ȋȏȎȇȐȔ
ȤȑȘȖȌȗȏȓȌȔșȇ

ŹǶȗȕȉȌȋȌȔȏȌ ȤȑȘȖȌȗȏȓȌȔșȇ
ŹǧȔȇȒȏȎ ȏ ȏȔșȌȗȖȗȌșȇȝȏȦ ȋȇȔȔȢȜ

ǶȗȏȓȌȔȌȔȏȌ ȔȇȚȞȔȕȊȕ ȓȌșȕȋȇ ȔȇȞȏȔȇȌșȘȦ Ș ȖȕȘșȇȔȕȉȑȏ ȈȏȕȒȕȊȏȞȌȘȑȕȊȕ
ȉȕȖȗȕȘȇ, ȏ șȇȑȏȓ ȕȈȗȇȎȕȓ, ȕȖȗȌȋȌȒȦȌșȘȦ ȖȗȏȞȏȔȇ ȖȗȕȉȌȋȌȔȏȦ ȏȘȘȒȌȋȕȉȇȔȏȦ
ǶȕȘȒȌ ȤșȕȊȕ ȔȇȞȏȔȇȌșȘȦ ȏșȌȗȇȝȏȕȔȔȢȐ ȖȗȕȝȌȘȘ, ȖȗȕȜȕȋȦȠȏȐ ȔȌȘȑȕȒȣȑȕ
ȤșȇȖȕȉ, ȑȕșȕȗȢȌ ȉȌȋȚș ȑ ȇȔȇȒȏȎȚ ȗȌȎȚȒȣșȇșȇ. Ȅșȕș ȖȗȕȝȌȘȘ ȓȕȍȌș ȈȢșȣ
ȖȕȉșȕȗȌȔ ȔȌȘȑȕȒȣȑȕ ȗȇȎ ȖȗȌȍȋȌ, ȞȌȓ ȈȚȋȚș ȖȕȒȚȞȌȔȢ ȕȑȕȔȞȇșȌȒȣȔȢȌ
ȗȌȎȚȒȣșȇșȢ. ǷȌȎȚȒȣșȇșȢ ȋȕȒȍȔȢ ȖȗȌȋȕȘșȇȉȏșȣ ȋȇȔȔȢȌ ȋȒȦ ȖȕȋșȉȌȗȍȋȌȔȏȦ ȏȒȏ
ȕșȉȌȗȍȌȔȏȦ ȊȏȖȕșȌȎȢ, ȖȕȋȋȌȗȍȏȉȇȥȠȌȐ ȋȏȎȇȐȔ ȤȑȘȖȌȗȏȓȌȔșȇ. ǬȘȒȏ ȊȏȖȕșȌȎȇ
ȖȕȋșȉȌȗȍȋȌȔȇ,  șȕȊȋȇ ȖȕȒȚȞȌȔ ȚȋȕȉȒȌșȉȕȗȏșȌȒȣȔȢȐ ȕșȉȌș ȋȒȦ ȕșȑȗȢșȏȦ
ȉȕȖȗȕȘȇ. ǩ ȘȒȚȞȇȌ, ȌȘȒȏ ȊȏȖȕșȌȎȇ ȕșȉȌȗȊȔȚșȇ, șȕȊȋȇ ȔȕȉȇȦ ȊȏȖȕșȌȎȇ ȋȕȒȍȔȇ ȈȢșȣ
ȘțȕȗȓȚȒȏȗȕȉȇȔȇ ȏ ȘȖȗȕȌȑșȏȗȕȉȇȔ ȋȗȚȊȕȐ ȤȑȘȖȌȗȏȓȌȔș. ǹȇȑȏȓ ȕȈȗȇȎȕȓ, 
ȖȗȕȝȌȘȘ ȔȇȞȏȔȇȌșȘȦ ȘȔȕȉȇ, ȏ ȖȕȉșȕȗȦȌșȘȦ ȋȕ șȌȜ Ȗȕȗ, Ȗȕȑȇ ȔȌ ȈȚȋȌș ȖȕȒȚȞȌȔȇ
ȚȋȕȉȒȌșȉȕȗȏșȌȒȣȔȇȦ ȏȔșȌȗȖȗȌșȇȝȏȦ. 

ǯȔȕȊȋȇ, ȑȕȊȋȇ ȔȇȚȞȔȢȐ ȏȔșȌȗȌȘ ȎȇȑȒȥȞȇȌșȘȦ ȉ ȕȝȌȔȑȌ ȊȌȔȌșȏȞȌȘȑȕȊȕ
ȗȇȎȔȕȕȈȗȇȎȏȦ, ȏȘȜȕȋȔȢȐ ȉȕȖȗȕȘ ȎȇȓȌȔȦȌșȘȦ ȔȌȕȈȜȕȋȏȓȕȘșȣȥ ȕȖȏȘȇȔȏȦ. ǩ Ȥșȕȓ
ȘȒȚȞȇȌ, ȊȏȖȕșȌȎȢ ȔȌ ȘȚȠȌȘșȉȚȌș ȏ ȤȑȘȖȌȗȏȓȌȔș ȖȗȕȌȑșȏȗȚȌșȘȦ ȋȒȦ ȘȈȕȗȇ
ȏȔțȕȗȓȇȝȏȏ ȕ ȘȚȠȌȘșȉȚȥȠȌȐ ȏȎȓȌȔȞȏȉȕȘșȏ.  

Ǵȇ ȘȒȌȋȚȥȠȏȜ ȘȒȇȐȋȇȜ ȈȚȋȌș ȕȈȘȚȍȋȌȔ ȑȇȍȋȢȐ ȤșȇȖ, ȚȖȕȓȦȔȚșȢȐ ȉȢȟȌ. 
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f ǩ ȞȌȓ ȎȇȑȒȥȞȇȌșȘȦ ȖȗȕȈȒȌȓȇ?

f ǸȈȕȗ ȘȕȉȗȌȓȌȔȔȕȐ ȏȔțȕȗȓȇȝȏȏ Ȕȇ șȌȓȚ:
• ǨȢȒȕ Ȓȏ Ȥșȕ ȚȍȌ ȏȎȚȞȌȔȕ?
• ǸȚȠȌȘșȉȚȌș Ȓȏ ȕȈȡȦȘȔȌȔȏȌ?

ǶȕȘșȇȔȕȉȑȇ ȈȏȕȒȕȊȏȞȌȘȑȕȊȕ ȉȕȖȗȕȘȇ

ǶȌȗȉȢȐ ȤșȇȖ ȎȇȑȒȥȞȇȌșȘȦ ȉ ȖȕȘșȇȔȕȉȑȌ ȈȏȕȒȕȊȏȞȌȘȑȕȊȕ ȉȕȖȗȕȘȇ, ȒȌȍȇȠȌȊȕ ȉ
ȕȘȔȕȉȌ ȔȇȟȌȊȕ ȔȇȚȞȔȕȊȕ ȏȔșȌȗȌȘȇ. ǳȢ ȓȕȍȌȓ ȏȘȑȇșȣ ȏȒȏ ȕșȉȌș Ȕȇ ȉȕȖȗȕȘ ȏȒȏ
ȕȖȏȘȇȔȏȌ. ǯȘȘȒȌȋȕȉȇȔȏȦ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ ȓȢ ȞȇȘșȕ ȔȇȞȏȔȇȌȓ Ș
ȖȕȏȘȑȇ ȕȖȏȘȇȔȏȦ, ȔȇȖȗȏȓȌȗ: ȘȑȕȒȣȑȕ ȉȇȗȏȇȝȏȐ ȎȋȌȘȣ ȏȓȌȌșȘȦ? Ǳȇȑ Ȥșȇ
ȉȇȗȏȇȝȏȦ ȕȗȊȇȔȏȎȕȉȇȔȇ? ǷȌȎȚȒȣșȇșȢ, ȑȕșȕȗȢȌ ȓȢ ȖȕȒȚȞȏȓ ȉ ȏșȕȊȌ, ȉȌȗȕȦșȔȌȌ
ȉȘȌȊȕ, ȖȗȏȉȌȋȚș ȔȇȘ ȑ ȉȕȖȗȕȘȇȓ, ȑȕșȕȗȢȌ ȚȍȌ ȋȕȒȍȔȢ ȖȕȋȗȇȎȚȓȌȉȇșȣȘȦ ȉ
ȕȖȏȘȇșȌȒȣȔȕȓ ȇȔȇȒȏȎȌ.

ǲȏșȌȗȇșȚȗȔȢȐ ȖȕȏȘȑ ȖȕȓȕȍȌș Ȕȇȓ ȉ ȕȖȗȌȋȌȒȌȔȏȏ ȏȔșȌȗȌȘȚȥȠȌȊȕ ȖȗȌȋȓȌșȇ,
ȘȕȈȗȇșȣ ȏȔțȕȗȓȇȝȏȥ ȉ ȈȕȒȌȌ ȟȏȗȕȑȕȓ ȑȕȔșȌȑȘșȌ ȏ, ȘȕȕșȉȌșȘșȉȌȔȔȕ, 
ȕȖȗȌȋȌȒȏșȣ ȑȒȥȞȏ ȑ ȊȏȖȕșȌȎȌ, ȑȕșȕȗȚȥ, ȉȕȎȓȕȍȔȕ, Ȕȇȓ ȔȌȕȈȜȕȋȏȓȕ
ȉȢȋȉȏȔȚșȣ.  
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ǮȇȋȇȐșȌ ȉȕȖȗȕȘ ȕ:
• ǸșȗȇșȌȊȏȦȜ ȘȕȜȗȇȔȌȔȏȦ
• ǯȘȖȕȒȣȎȕȉȇȔȏȏ ȉ ȘȌȒȌȑȝȏȏ ȑȚȒȣșȚȗ
• ȄȉȕȒȥȝȏȏ ȏ ȕȋȕȓȇȟȔȏȉȇȔȏȏ

ǱȇȑȕȊȕ ȗȕȋȇ ȉȕȖȗȕȘ?

Ǳȇȑ ȗȇȔȌȌ ȚȖȕȓȦȔȚșȕ, ȓȔȕȊȕ ȉȕȖȗȕȘȕȉ ȓȕȊȚș ȖȗȏȉȌȘșȏ ȑ ȔȌȕȈȜȕȋȏȓȕȘșȏ
ȏȘȘȒȌȋȕȉȇȔȏȦ. ǶȗȏȓȌȗȇȓȏ șȇȑȏȜ ȉȕȖȗȕȘȕȉ ȦȉȒȦȥșȘȦ ȘȒȌȋȚȥȠȏȌ:

• ǵșȔȕȘȦȠȏȌȘȦ ȑ ȘȕȜȗȇȔȌȔȏȥ:
Ǳȇȑ ȗȇȎȔȕȕȈȗȇȎȏȌ ȖȗȌȋȘșȇȉȒȌȔȕ ȉ ȖȗȏȗȕȋȌ ȏ ȉ ȑȕȒȒȌȑȝȏȦȜ?
Ǿșȕ ȦȉȒȦȌșȘȦ ȖȗȏȕȗȏșȌșȕȓ ȋȒȦ ȘȕȜȗȇȔȌȔȏȦ?
Ǳȇȑ ȏȘȖȕȒȣȎȚȦ ȕȊȗȇȔȏȞȌȔȔȢȌ ȗȌȘȚȗȘȢ , ȓȢ ȓȕȍȌȓ ȎȇȘșȗȇȜȕȉȇșȣ ȘȌȈȦ
Ȕȇ ȈȚȋȚȠȌȌ?
Ǳȇȑ ȓȢ ȓȕȍȌȓ ȑȕȒȏȞȌȘșȉȌȔȔȕ ȏȎȓȌȗȏșȣ ȏȓȌȥȠȌȌȘȦ ȗȇȎȔȕȕȈȗȇȎȏȌ
ȋȒȦ ȏȎȚȞȌȔȏȦ ȊȌȔȌșȏȞȌȘȑȕȐ ȤȗȕȎȏȏ ȉ ȈȚȋȚȠȌȓ?
ǸȚȠȌȘșȉȚȌș Ȓȏ ȜȇȗȇȑșȌȗ ȗȇȘȖȗȕȘșȗȇȔȌȔȏȦ, ȑȕșȕȗȢȐ ȓȕȍȌș ȈȢșȣ
ȏȘȖȕȒȣȎȕȉȇȔ ȋȒȦ ȔȇȖȗȇȉȒȌȔȏȦ ȔȇȟȏȜ ȋȌȐȘșȉȏȐ ȉ ȖȗȕȉȌȋȌȔȏȏ ȘȈȕȗȇ?
ǳȕȍȌȓ Ȓȏ ȓȢ ȊȇȗȇȔșȏȗȕȉȇșȣ, Ȟșȕ Ȕȇȟȏ ȕȈȗȇȎȝȢ ȗȇȎȒȏȞȔȢ?
ǶȗȏȔȇȋȒȌȍȇș Ȓȏ Ȥșȏ, ȕȞȌȉȏȋȔȕ ȗȇȎȔȢȌ, ȕȈȗȇȎȝȢ ȑ ȗȇȎȔȢȓ șȇȑȘȕȔȇȓ?

• ǵșȔȕȘȦȠȏȌȘȦ ȑ ȘȌȒȌȑȝȏȏ ȑȚȒȣșȚȗ:
Ǳȇȑȏȓ ȕȈȗȇȎȕȓ Ȕȇȟ ȕȈȗȇȎȌȝ ȓȕȍȌș ȈȢșȣ ȏȘȖȕȒȣȎȕȉȇȔ ȉ ȚȒȚȞȟȌȔȏȏ
ȑȚȒȣșȚȗ?
ȆȉȒȦȥșȘȦ Ȓȏ Ȥșȏ ȊȌȔȌșȏȞȌȘȑȏȌ ȗȌȘȚȗȘȢ ȉȕȎȓȕȍȔȢȓȏ ȏȘșȕȞȔȏȑȇȓȏ
ȇȒȒȌȒȣȔȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ?
ȆȉȒȦȥșȘȦ Ȓȏ ȕȔȏ Ȝȕȗȕȟȏȓȏ ȏȘșȕȞȔȏȑȇȓȏ ȍȌȒȇșȌȒȣȔȢȜ
ȇȊȗȕȔȕȓȏȞȌȘȑȏȜ ȖȗȏȎȔȇȑȕȉ? 

• ǵșȔȕȘȦȠȏȌȘȦ ȑ ȤȉȕȒȥȝȏȏ:
ǵșȑȚȋȇ ȖȗȕȏȘȜȕȋȏș Ȥșȇ ȑȚȒȣșȚȗȇ?
Ǿșȕ ȦȉȒȦȌșȘȦ ȖȗȌȋȑȕȓ ȕȖȗȌȋȌȒȌȔȔȕȐ ȑȚȒȣșȚȗȢ?
ǯȓȌȌș Ȓȏ ȓȌȘșȕ ȏȔșȗȕȊȗȌȘȘȏȦ ȓȌȍȋȚ ȕȈȗȇȎȝȇȓȏ ȖȕȖȚȒȦȝȏȏ
ȗȇȎȒȏȞȔȕȊȕ ȖȗȕȏȘȜȕȍȋȌȔȏȦ?



6

ǧȉșȕȗȘȑȏȌ Ȗȗȇȉȇ: Bioversity International ȏ ǱȕȗȔȌȒȣȘȑȏȐ ǺȔȏȉȌȗȘȏșȌș, 2003 ǩȉȌȋȌȔȏȌ 6

I3 I3

I2 I2

6 

I

ɞɪ.

ແ

I1 I3

I1 I2

I1 I1

�

I3

I2

I1

I

H1 H1G2 G3F2 F2E1 E3D1 D1C1 C1B1 B2A1 A1Ⱦɪɭɝɚɹ ɨɫɨɛɶ

H1 H1G1 G3F1 F1E2 E4D1 D1C2 C3B2 B2A1 A2Ɉɞɧɚ ɨɫɨɛɶ

583201 6 3 10 1 6 3 3 Ƚɟɧɨɬɢɩɵ (ɤɨɥ-ɜɨ)

HGFEDCBAɅɨɤɭɫɵ

6K(K + 1)/2Ɉɛɳɟɟ ɱɢɫɥɨ ɝɟɧɨɬɢɩɨɜ

ɞɪ.ɞɪ.ɞɪ.

ແແແ

G1 G3F2 F2E1 E3C1 C3B2 B2A2 A2

G1 G2F1 F2E1 E2C1 C2B1 B2A1 A2

H1 H1G1 G1F1 F1E1 E1D1 D1C1 C1B1 B1A1 A1Ƚɟɧɨɬɢɩ

���E4����

�G3�E3�C3��

�G2F2E2�C2B2A2

H1G1F1E1D1C1B1A1Ⱥɥɥɟɥɶ

HGFEDCBAɅɨɤɭɫɵ

ǶȗȏȓȌȗ ȋȉȚȜ ȉȕȖȗȕȘȕȉ:
ǸȑȕȒȣȑȕ ȉȇȗȏȇȝȏȐ ȎȋȌȘȣ ȏȓȌȌșȘȦ?
ǸȑȕȒȣȑȕ ȏȎ ȔȏȜ ȓȢ ȓȕȍȌȓ ȖȕșȌȗȦșȣ?

ǸȑȕȒȣȑȕ ȉȇȗȏȇȝȏȐ ȎȋȌȘȣ ȏȓȌȌșȘȦ? ȏ ǸȑȕȒȣȑȕ ȏȎ ȔȏȜ ȓȢ ȓȕȍȌȓ ȖȕșȌȗȦșȣ?

Ȅșȏ ȋȉȇ ȉȕȖȗȕȘȇ ȦȉȒȦȥșȘȦ ȖȗȏȓȌȗȇȓȏ șȕȊȕ, Ȟșȕ ȓȢ ȜȕșȌȒȏ ȈȢ ȘȖȗȕȘȏșȣ, ȞșȕȈȢ
ȖȕȋȘȞȏșȇșȣ ȑȕȒȏȞȌȘșȉȕ ȉȇȗȏȇȝȏȐ, ȖȗȏȘȚșȘșȉȚȥȠȏȜ ȉ ȕȈȗȇȎȝȌ ȏ, ȑȇȑ ȗȌȎȚȒȣșȇș, 
ȕȝȌȔȑȚ ȞȏȘȒȇ ȉȇȗȏȇȝȏȐ, ȑȕșȕȗȢȌ ȓȢ ȓȕȊȒȏ ȈȢ ȖȕșȌȗȦșȣ. ǸȒȇȐȋ ȋȌȓȕȔȘșȗȏȗȚȌș
ȚȖȗȕȠȌȔȔȚȥ ȘȏșȚȇȝȏȥ ȕȗȊȇȔȏȎȓȇ, ȋȒȦ ȑȕșȕȗȕȊȕ ȓȢ ȖȗȕȇȔȇȒȏȎȏȗȕȉȇȒȏ 9 
ȒȕȑȚȘȕȉ, ȑȇȍȋȢȐ Ș ȗȇȎȒȏȞȔȢȓ ȞȏȘȒȕȓ ȇȒȒȌȒȌȐ ȉ ȕȈȗȇȎȝȌ (ȒȕȑȚȘȢ A ȏ B ȏȓȌȥș
Ȗȕ 2 ȇȒȒȌȒȏ ȑȇȍȋȢȐ, ȒȕȑȚȘ Ǹ ȏȓȌȌș 3 ȇȒȒȌȒȏ, ȒȕȑȚȘ D șȕȒȣȑȕ 1 ȇȒȒȌȒȣ ȏ ș.ȋ.). 
ǩșȕȗȇȦ ȞȇȘșȣ șȇȈȒȏȝȢ ȖȕȑȇȎȢȉȇȌș ȊȌȔȕșȏȖȢ ȋȒȦ ȑȇȍȋȕȊȕ ȒȕȑȚȘȇ:
A1 A1, A1 A2, A2 A2, B1 B1 ȏ ș.ȋ.

ǶȕȋȘȞȌș ȖȗȌȋȕȘșȇȉȒȦȌș ȕȈȠȌȌ ȞȏȘȒȕ ȊȌȔȕșȏȖȕȉ Ȕȇ ȒȕȑȚȘ, ȊȋȌ
K = ȞȏȘȒȕ ȇȒȒȌȒȌȐ ȉ ȒȕȑȚȘȌ. ǾȏȘȒȕ ȊȌȔȕșȏȖȕȉ ȖȕȋȘȞȏșȇȔȕ ȋȒȦ ȑȇȍȋȕȊȕ ȒȕȑȚȘȇ
(ȔȇȖȗȏȓȌȗ, ȉ ȒȕȑȚȘȌ A = 3, ȉ ȒȕȑȚȘȌ B = 3, ȉ ȒȕȑȚȘȌ C = 6, ȉ ȒȕȑȚȘȌ D = 1, ...). 
ǮȇșȌȓ, ȖȕȋȘȞȏșȢȉȇȌșȘȦ ȕȈȠȌȌ ȞȏȘȒȕ ȉȕȎȓȕȍȔȢȜ ȊȌȔȕșȏȖȕȉ ȉ Ȥșȕȓ ȕȗȊȇȔȏȎȓȌ
Ȕȇ ȕȘȔȕȉȇȔȏȏ ȋȇȔȔȢȜ 9 ȒȕȑȚȘȕȉ (3 x 3 x 6 x 1 x 10 x 3 x 6 x 1 x 6 = 58,320 
ȊȌȔȕșȏȖȕȉ). 

ǩ ȖȕȘȒȌȋȔȏȜ ȋȉȚȜ ȘșȗȕȑȇȜ șȇȈȒȏȝȢ, ȖȕȑȇȎȇȔȢ ȋȉȇ ȊȌȔȕșȏȖȇ ȏȎ ȉȕȎȓȕȍȔȢȜ
58 320. ǸȕȊȒȇȘȔȕ ȘșȗȇșȌȊȏȏ ȘȕȜȗȇȔȌȔȏȦ, ȉ ȘȒȚȞȇȌ, ȌȘȒȏ șȕȒȣȑȕ ȋȉȇ ȊȌȔȕșȏȖȇ
ȕșȕȈȗȇȔȢ ȖȗȕȏȎȉȕȒȣȔȕ, șȕ ȈȚȋȌș ȖȕșȌȗȦȔ ȈȕȒȣȟȇȦ ȞȇȘșȣ ȊȌȔȌșȏȞȌȘȑȕȐ
ȏȎȓȌȔȞȏȉȕȘșȏ.
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f Ǳȇȑ ȓȕȍȔȕ ȔȇȏȒȚȞȟȏȓ ȕȈȗȇȎȕȓ ȇȋȗȌȘȕȉȇșȣ
ȉȕȖȗȕȘ?

f ǯȓȌȥșȘȦ Ȓȏ ȇȒȣșȌȗȔȇșȏȉȔȢȌ ȘșȗȇșȌȊȏȏ?

f ǷȇȘȘȓȕșȗȌȔȏȌ Ȏȇșȗȇș, ȉȗȌȓȌȔȏ ȏ ȏȓȌȥȠȏȜȘȦ ȉ
ȔȇȒȏȞȏȏ ȗȌȘȚȗȘȕȉ

f ǸșȗȇșȌȊȏȏ ȕșȈȕȗȇ ȕȈȗȇȎȝȕȉ
• ǶȕȖȚȒȦȝȏȏ ȉ ȘȗȇȉȔȌȔȏȏ Ș ȕȘȕȈȦȓȏ
• ǪȌȔȕȓ

ǷȇȎȗȇȈȕșȑȇ ȊȏȖȕșȌȎȢ ȏ ȋȏȎȇȐȔ ȤȑȘȖȌȗȏȓȌȔșȇ

ǼȕȗȕȟȇȦ ȊȏȖȕșȌȎȇ ȎȇȑȒȥȞȇȌșȘȦ ȉ ȖȗȌȋȖȕȒȕȍȌȔȏȏ ȏȎȚȞȌȔȏȦ ȏ ȋȕȒȍȔȇ ȈȢșȣ
ȖȕȋȋȇȥȠȌȐȘȦ ȤȑȘȖȌȗȏȓȌȔșȇȒȣȔȕȐ ȕȝȌȔȑȌ, ȑȕșȕȗȇȦ ȖȕȎȍȌ ȖȕȘȒȚȍȏș ȋȒȦ
țȕȗȓȚȒȏȗȕȉȇȔȏȦ ȕȈȟȏȗȔȢȜ ȉȢȉȕȋȕȉ. ǫȒȦ ȖȕȘșȇȔȕȉȑȏ ȜȕȗȕȟȌȐ ȊȏȖȕșȌȎȢ ȉ
ȏȎȚȞȌȔȏȏ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ șȗȌȈȚȥșȘȦ ȕȘȔȕȉȔȢȌ ȎȔȇȔȏȦ, ȔȇȖȗȏȓȌȗ, 
ȕ ȗȌȖȗȕȋȚȑșȏȉȔȢȜ ȘȏȘșȌȓȇȜ, ȖȗȕȘșȗȇȔȘșȉȌȔȔȕȓ ȏ ȉȗȌȓȌȔȔȕȓ
ȗȇȘȖȗȕȘșȗȇȔȌȔȏȏ, ȓȌȍȉȏȋȕȉȢȜ ȉȎȇȏȓȕȋȌȐȘșȉȏȦȜ. ǴȇȖȗȏȓȌȗ, ȌȘȒȏ ȓȢ Ȝȕșȏȓ
ȖȗȕȇȔȇȒȏȎȏȗȕȉȇșȣ, ȉ ȕȘȔȕȉȔȕȓ, ȘȇȓȕȕȖȢȒȦȥȠȏȐȘȦ ȉȏȋ, șȕ Ȕȇȟȇ ȊȏȖȕșȌȎȇ
ȓȕȍȌș ȈȢșȣ ȕȘȔȕȉȇȔȇ Ȕȇ țȇȑșȌ, Ȟșȕ Ȥșȕș ȉȏȋ ȈȚȋȌș ȏȓȌșȣ ȔȏȎȑȏȐ ȚȗȕȉȌȔȣ
ȉȔȚșȗȏȖȕȖȚȒȦȝȏȕȔȔȕȊȕ ȖȕȒȏȓȕȗțȏȎȓȇ ȏ ȉȢȘȕȑȏȐ ȚȗȕȉȌȔȣ ȖȕȒȏȓȕȗțȏȎȓȇ
ȘȗȌȋȏ ȖȕȖȚȒȦȝȏȐ. ǯȒȏ, ȌȘȒȏ ȕȘȕȈȏ ȋȇȔȔȕȊȕ ȉȏȋȇ ȟȏȗȕȑȕ ȗȇȘȖȗȕȘșȗȇȔȌȔȢ ȉ
ȕȈȒȇȘșȏ, șȕ Ȕȇȟȇ ȊȏȖȕșȌȎȇ ȓȕȍȌș ȖȗȌȋȖȕȒȕȍȏșȣ, Ȟșȕ ȖȕȖȚȒȦȝȏȏ ȉ Ȥșȕȓ
ȗȌȊȏȕȔȌ ȈȚȋȚș ȏȓȌșȣ ȘȜȕȋȔȢȌ ȇȒȒȌȒȣȔȢȌ ȞȇȘșȕșȢ. 

Ǳȇȑ șȕȒȣȑȕ ȕȖȗȌȋȌȒȌȔ ȕȘȔȕȉȔȕȐ ȉȕȖȗȕȘ, ȊȏȖȕșȌȎȇ ȖȕȓȕȍȌș Ȕȇȓ ȖȕȘșȗȕȏșȣ
ȤȑȘȖȌȗȏȓȌȔș. Ǳȇȑ ȖȗȇȉȏȒȕ, ȓȢ ȓȕȊȒȏ ȈȢ ȏȘȖȕȒȣȎȕȉȇșȣ ȕȋȔȚ ȏȎ ȔȌȘȑȕȒȣȑȏȜ
ȘșȗȇșȌȊȏȐ. ǩ ȑȕȔȌȞȔȕȓ ȘȞȌșȌ, ȉȢȈȗȇȔȔȇȦ ȘșȗȇșȌȊȏȦ ȈȚȋȌș ȎȇȉȏȘȌșȣ ȕș
ȏȓȌȥȠȏȜȘȦ ȗȌȘȚȗȘȕȉ, ȑȇȑ ȏȔțȗȇȘșȗȚȑșȚȗȇ, ȕȖȢș, ȉȗȌȓȦ ȏ țȏȔȇȔȘȕȉȢȌ
ȘȗȌȋȘșȉȇ. ǹȇȑȍȌ ȕȞȌȔȣ ȉȇȍȔȕ ȖȕȋȚȓȇșȣ ȕ ȘșȗȇșȌȊȏȦȜ ȕșȈȕȗȇ ȕȈȗȇȎȝȕȉ: 
1) ȕșȈȕȗ ȕȘȕȈȌȐ ȉ ȔȇȟȌȐ ȝȌȒȌȉȕȐ ȖȕȖȚȒȦȝȏȏ ȏ 2) ȕșȈȕȗ ȊȌȔȕȓȇ. ǩ
ȏȘȘȒȌȋȕȉȇȔȏȦȜ Ș ȏȘȖȕȒȣȎȕȉȇȔȏȌȓ ȓȕȒȌȑȚȒȦȗȔȢȜ ȓȇȗȑȌȗȕȉ, ȕșȈȕȗ ȕȈȗȇȎȝȕȉ
ȊȌȔȕȓȕȉ ȖȗȌȋȖȕȒȇȊȇȌș ȖȗȏȔȦșȏȌ ȗȌȟȌȔȏȦ ȔȇȘȞȌș ȑȕȒȏȞȌȘșȉȇ șȕȞȌȑ ȉȋȕȒȣ Ȕȏșȏ
(ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȣ ǫǴǱ ȏȒȏ ȜȗȕȓȕȘȕȓȢ) ȋȒȦ ȊȇȗȇȔșȏȗȕȉȇȔȔȕȊȕ ȖȕȒȚȞȌȔȏȦ
ȔȇȈȕȗȇ ȋȇȔȔȢȜ, ȑȕșȕȗȢȌ ȈȢ ȇȋȌȑȉȇșȔȕ ȕșȉȌȞȇȒȏ ȔȇȟȌȓȚ ȖȌȗȉȕȔȇȞȇȒȣȔȕȓȚ
ȉȕȖȗȕȘȚ (ȔȇȖȗȏȓȌȗ, ȑȇȑȇȦ șȕȞȔȕȘșȣ Ȕȇȓ ȔȚȍȔȇ?)

ǫȇȒȌȌ, ȓȢ ȕȈȘȚȋȏȓ ȕșȈȕȗ ȕȈȗȇȎȝȕȉ ȈȕȒȌȌ ȖȕȋȗȕȈȔȕ.

ǫȒȦ ȈȕȒȌȌ ȖȕȋȗȕȈȔȕȐ ȏȔțȕȗȓȇȝȏȏ Ȗȕ ȔȌȑȕșȕȗȢȓ Ȥșȏȓ ȉȕȖȗȕȘȇȓ, ȕȈȗȇșȏșȌȘȣ
ȑ ȕȈȚȞȇȥȠȌȓȚ ȓȕȋȚȒȥ «ǯȘȖȕȒȣȎȕȉȇȔȏȌ șȌȜȔȕȒȕȊȏȐ ȓȕȒȌȑȚȒȦȗȔȢȜ ȓȇȗȑȌȗȕȉ ȉ
ȏȎȚȞȌȔȏȏ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȕȈȗȇȎȏȦ ȗȇȘșȌȔȏȐ»
�ZZZ�ELRYHUVLW\LQWHUQDWLRQDO�RUJ��
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f ǸȑȕȒȣȑȕ ȖȕȖȚȒȦȝȏȐ ȏ/ȏȒȏ ȕȘȕȈȌȐ Ȕȇȓ ȔȚȍȔȕ
ȋȒȦ ȋȕȘșȏȍȌȔȏȦ ȝȌȒȏ ȔȇȟȌȊȕ ȏȘȘȒȌȋȕȉȇȔȏȦ?

f ǷȌȇȒȣȔȇ Ȓȏ ȝȌȒȣ ȔȇȟȌȊȕ ȏȘȘȒȌȋȕȉȇȔȏȦ?

ǵșȈȕȗ ȕȈȗȇȎȝȕȉ ȉȔȚșȗȏ ȖȕȖȚȒȦȝȏȐ

Ʉɚɠɞɵɣ ɩɨɞɯɨɞ ɜ ɢɡɦɟɪɟɧɢɢ ɝɟɧɟɬɢɱɟɫɤɨɣ ɢɡɦɟɧɱɢɜɨɫɬɢ ɢ ɟɟ ɫɬɪɭɤɬɭɪɵ ɜ ɩɨɩɭɥɹɰɢɹɯ ɦɨɠɟɬ
ɩɨɬɪɟɛɨɜɚɬɶ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɩɟɰɢɮɢɱɧɨɣ, ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɪɚɬɟɝɢɢ
ɨɬɛɨɪɚ ɨɛɪɚɡɰɨɜ. 

Ⱦɜɚ ɨɫɧɨɜɧɵɯ ɤɪɢɬɟɪɢɹ ɩɨɦɨɝɚɸɬ ɨɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɭɸ ɩɪɨɰɟɞɭɪɭ ɨɬɛɨɪɚ, ɧɟɡɚɜɢɫɢɦɨ
ɨɬ ɚɞɪɟɫɨɜɚɧɧɨɝɨ ɧɚɭɱɧɨɝɨ ɜɨɩɪɨɫɚ (Brown ɢ Weir 1983): (1) ɫɬɪɚɬɟɝɢɹ ɜɵɛɨɪɚ ɦɨɠɟɬ
ɫɱɢɬɚɬɶɫɹ ɨɩɬɢɦɚɥɶɧɨɣ, ɟɫɥɢ ɜɚɪɢɚɧɫɚ ɨɬɛɨɪɚ ɦɢɧɢɦɢɡɢɪɨɜɚɧɚ ɜ ɤɚɠɞɨɣ ɟɞɢɧɢɰɟ
ɷɤɫɩɟɪɢɦɟɧɬɚ; ɢ (2) ɥɟɝɤɨɫɬɶ ɨɩɟɪɢɪɨɜɚɧɢɹ ɢ ɧɚɥɢɱɢɟ ɪɟɫɭɪɫɨɜ. 

ɉɨɫɤɨɥɶɤɭ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɤɨɦɩɥɟɤɫɧɨɣ ɩɭɛɥɢɤɚɰɢɢ, ɨɬɜɟɱɚɸɳɟɣ ɧɚ ɜɨɩɪɨɫɵ ɩɨ ɜɫɟɦ
ɫɢɬɭɚɰɢɹɦ, ɪɚɡɪɟɲɟɧɢɟ ɧɟɤɨɬɨɪɵɯ ɩɨɥɨɠɟɧɢɣ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɨ ɜ ɥɢɬɟɪɚɬɭɪɟ. ɇɚɩɪɢɦɟɪ,
Brown ɢ Weir (1983) ɨɛ ɨɬɛɨɪɟ ɞɥɹ ɨɰɟɧɤɢ ɱɚɫɬɨɬɵ ɚɥɥɟɥɟɣ, ɤɨɥɢɱɟɫɬɜɚ ɚɥɥɟɥɟɣ ɜ ɥɨɤɭɫɟ ɢ
ɪɚɡɧɨɨɛɪɚɡɢɹ ɝɟɧɨɜ. Ɉɧɢ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɭɩɨɦɢɧɚɸɬ ɨɫɧɨɜɧɭɸ ɥɢɬɟɪɚɬɭɪɭ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ
ɨɬɧɨɫɢɬɶɫɹ ɤ ɢɡɭɱɚɟɦɨɣ ɬɟɦɟ. Ⱦɪɭɝɢɦ ɩɪɢɦɟɪɨɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ Gregorius (1980) ɞɚɟɬ ɢɞɟɢ
ɨ ɩɪɨɰɟɞɭɪɚɯ ɨɬɛɨɪɚ ɢ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɬɚɛɥɢɰɭ ɞɥɹ ɪɚɫɱɟɬɚ ɦɢɧɢɦɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɨɛɪɚɡɰɚ, 
ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɝɚɪɚɧɬɢɪɨɜɚɧɢɹ, ɱɬɨ ɜɫɟ ɚɥɥɟɥɢ ɫ ɱɚɫɬɨɬɨɣ ɜɵɲɟ, ɱɟɦ ɨɩɪɟɞɟɥɟɧɧɵɣ
ɩɨɪɨɝ, ɜɵɹɜɥɟɧɵ ɫ ɭɱɟɬɨɦ ɜɟɪɨɹɬɧɨɫɬɢ .

Ɉɞɧɚɤɨ, ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɛɵɥɨ ɛɵ ɜɚɠɧɵɦ ɨɰɟɧɢɬɶ ɢ ɫɛɚɥɚɧɫɢɪɨɜɚɬɶ ɩɪɟɞɩɨɥɚɝɚɟɦɵɟ
ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɢɦɟɸɳɢɟɫɹ ɪɟɫɭɪɫɵ. Ⱦɥɹ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɫɦ. 
ɪɚɡɞɟɥ «Ɂɚɤɥɸɱɢɬɟɥɶɧɵɟ ɜɵɜɨɞɵ» ɜ ɨɛɭɱɚɸɳɟɦ ɦɨɞɭɥɟ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ
ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɪɤɟɪɨɜ ɜ ɢɡɭɱɟɧɢɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɪɚɫɬɟɧɢɣ»
(KWWS���ZZZ�ELRYHUVLW\LQWHUQDWLRQDO�RUJ�SXEOLFDWLRQV�SXEILOH�DVS",'B38% ���).

Ʌɢɬɟɪɚɬɭɪɚ

Brown, A.H.D. ȏ B.S. Weir. 1983. Measuring genetic variability in plant populations. 
Pp. 219-239 in Isozymes in Plant Genetics and Breeding, part A (S.D. Tanksley and 
T.J. Orton, eds.). Elsevier Science Publishers, Amsterdam. 

Gregorius, H.R. 1980. The probability of losing an allele when diploid genotypes are 
sampled. Biometrics 36:643-652.
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f ǸȑȕȒȣȑȕ ȒȕȑȚȘȕȉ ȋȕȒȍȔȕ ȈȢșȣ
ȖȗȕȇȔȇȒȏȎȏȗȕȉȇȔȕ?

f ǩȕȎȓȕȍȔȢ ȋȉȌ ȘșȗȇșȌȊȏȏ ȕșȈȕȗȇ:
• ǵșȕȈȗȇșȣ ȔȌȘȑȕȒȣȑȕ ȉȢȘȕȑȕ-ȏȔțȕȗȓȇșȏȉȔȢȜ
ȓȇȗȑȌȗȇ

• ǵșȕȈȗȇșȣ ȓȔȕȊȕ, ȘȒȇȈȕ-ȏȔțȕȗȓȇșȏȉȔȢȜ ȓȇȗȑȌȗȇ, 
ȘȒȚȞȇȐȔȕ ȗȇȘȖȗȕȘșȗȇȔȌȔȔȢȜ ȉȔȚșȗȏ ȊȌȔȕȓȇ

ǵșȈȕȗ ȕȈȗȇȎȝȕȉ ȉȔȚșȗȏ ȊȌȔȕȓȇ

Ǹ șȕȞȑȏ ȎȗȌȔȏȦ ȕșȈȕȗȇ ȊȌȔȕȓȇ, ȏȋȌȇȒȣȔȇȦ ȘȏșȚȇȝȏȦ ȓȕȊȒȇ ȈȢșȣ ȕȋȔȇ, ȉ ȘȒȚȞȇȌ, 
ȑȕȊȋȇ ȏȎȉȌȘșȔȕ ȗȇȘȖȗȕȘșȗȇȔȌȔȏȌ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȖȕȒȏȓȕȗțȏȎȓȇ ȉȔȚșȗȏ ȊȌȔȕȓȇ. 
ǵȋȔȇȑȕ, Ȥșȕ ȔȌ ȉȘȌȊȋȇ ȏȓȌȌș ȓȌȘșȕ ȏ,  ȑȇȑ șȇȑȕȉȕȌ, ȎȇȗȇȔȌȌ ȔȌ ȏȓȌȥșȘȦ ȎȔȇȔȏȦ
ȕ ȗȇȘȖȗȕȘșȗȇȔȌȔȏȏ ȗȇȎȔȕȕȈȗȇȎȏȦ. ǸȕȕșȉȌșȘșȉȌȔȔȕ, ȏȘȘȒȌȋȕȉȇȔȏȦ ȏȒȏ
ȖȗȕȉȕȋȦșȘȦ ȔȌȖȗȕȋȚȓȇȔȔȕ ȖȚșȌȓ ȖȗȕȉȌȋȌȔȏȦ ȤȑȘȖȌȗȏȓȌȔșȕȉ ȖȕȋȕȈȔȢȜ ȚȍȌ
ȕȖȚȈȒȏȑȕȉȇȔȔȢȓ, ȏȒȏ ȕȔȏ ȋȕȒȍȔȢ ȈȢșȣ ȕȘȔȕȉȇȔȢ Ȕȇ ȓȕȋȌȒȏȗȕȉȇȔȏȏ. ǩȕ ȉȘȌȜ
ȘȒȚȞȇȦȜ ȘȗȇȉȔȌȔȏȌ ȖȗȌȏȓȚȠȌȘșȉ ȏ ȔȌȋȕȘșȇșȑȕȉ ȗȇȎȔȢȜ șȏȖȕȉ ȓȇȗȑȌȗȕȉ
ȦȉȒȦȌșȘȦ ȉȇȍȔȢȓ, ȖȕșȕȓȚ Ȟșȕ ȕȔȏ ȏȓȌȥș șȏȖȏȞȔȕ ȗȇȎȒȏȞȔȕȌ ȗȇȘȖȗȕȘșȗȇȔȌȔȏȌ
ȉȔȚșȗȏ ȊȌȔȕȓȇ. 

Mariette ȏ ȋȗ. (1999) ȖȗȌȋȘșȇȉȒȦȥș ȗȌȎȚȒȣșȇșȢ ȓȕȋȌȒȏȗȕȉȇȔȏȦ ȤȑȘȖȌȗȏȓȌȔșȇ, ȉ
ȑȕșȕȗȕȓ ȘȏȒȇ ȋȉȚȜ șȏȖȕȉ ȓȇȗȑȌȗȕȉ Ș ȗȇȎȔȢȓ ȑȕȒȏȞȌȘșȉȕȓ ȒȕȑȚȘȕȉ ȈȢȒȇ
ȖȗȕȇȔȇȒȏȎȏȗȕȉȇȔȇ: (1) AFLP ȤȑȘȖȌȗȏȓȌȔș Ș 200 ȒȕȑȚȘȇȓȏ, ȕȝȌȔȌȔȔȢȐ ȒȏȈȕ ȑȇȑ
ȋȕȓȏȔȇȔșȔȢȌ, ȒȏȈȕ ȑȇȑ ȑȕȋȕȓȏȔȇȔșȔȢȌ ȋȇȔȔȢȌ, ȏ (2) ȤȑȘȖȌȗȏȓȌȔș Ș
ȓȏȑȗȕȘȇșȌȒȒȏșȇȓȏ Ș ȋȉȚȓȦ ȗȇȎȔȢȓȏ ȘȏșȚȇȝȏȦȓȏ – ȕȋȏȔ Ș 5 ȒȕȑȚȘȇȓȏ ȏ ȋȗȚȊȕȐ
Ș 50 ȒȕȑȚȘȇȓȏ. ǷȌȎȚȒȣșȇșȢ ȈȢȒȏ ȖȗȌȋȘșȇȉȒȌȔȢ ȉ ȋȏȇȊȗȇȓȓȌ, ȑȕșȕȗȇȦ ȖȕȑȇȎȇȒȇ
ȑȕȓȖȗȕȓȏȘȘ ȓȌȍȋȚ ȞȏȘȒȕȓ ȖȗȕȇȔȇȒȏȎȏȗȕȉȇȔȔȢȜ ȒȕȑȚȘȕȉ ȏ ȑȕȒȏȞȌȘșȉȕȓ ȏ
șȕȞȔȕȘșȣȥ ȖȕȒȚȞȌȔȔȕȐ ȏȔțȕȗȓȇȝȏȏ. ǫȏȇȊȗȇȓȓȇ ȖȕȑȇȎȢȉȇȌș, Ȟșȕ ȏ ȑȕȒȏȞȌȘșȉȕ, 
ȏ ȘȕȋȌȗȍȇȔȏȌ ȏȔțȕȗȓȇȝȏȏ (ȔȇȘȒȌȋȕȉȇȔȏȌ ȋȕȓȏȔȇȔșȔȕȘșȏ ȉ ȘȗȇȉȔȌȔȏȏ Ș
ȑȕȋȕȓȏȔȇȔșȔȕȘșȣȥ) ȏȘȖȕȒȣȎȕȉȇȔȔȕȊȕ șȏȖȇ ȓȇȗȑȌȗȇ ȦȉȒȦȥșȘȦ ȉȇȍȔȢȓȏ ȉ
ȕȈȌȘȖȌȞȌȔȏȏ ȔȇȋȒȌȍȇȠȌȊȕ ȕșȈȕȗȇ ȊȌȔȕȓȇ.

ǲȏșȌȗȇșȚȗȇ

Mariette, S., V. Lecorre ȏ A. Kremer. 1999. Sampling within the genome for 
measuring within-population diversity: Trade-offs between markers in Sampling 
Strategies for Marker Analysis. A compendium of the research project 
Development, Optimization and Validation of Molecular Tools for the 
Assessment of Biodiversity in Forest Trees as part of the European Union DGXII 
Biotechnology FW IV Research Programme Molecular Tools for Biodiversity. 
(E.M. Gillet, ed.). 
<http://webdoc.sub.gwdg.de/ebook/y/1999/whichmarker/index.htm>  
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1. ǬȘȒȏ ȑȕȒȏȞȌȘșȉȕ ȕȈȗȇȎȝȕȉ ȕȞȌȔȣ ȓȇȒȌȔȣȑȕȌ, 
ȓȢ ȖȕȒȚȞȇȌȓ ȘȓȌȠȌȔȔȚȥ ȕȝȌȔȑȚ ȞȇȘșȕșȢ
ȇȒȒȌȒȌȐ
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ǶȗȕȈȒȌȓȢ ȖȒȕȜȕȊȕ ȕșȈȕȗȇ ȕȈȗȇȎȝȕȉ

(ȖȗȕȋȕȒȍȌȔȏȌ Ȕȇ ȘȒȌȋȚȥȠȌȓ ȘȒȇȐȋȌ)

ǹȇȈȒȏȝȇ ȔȇȉȌȗȜȚ ȋȌȓȕȔȘșȗȏȗȚȌș ȖȗȏȓȌȗ, ȊȋȌ șȕȒȣȑȕ ȋȒȦ ȕȋȔȕȊȕ ȊȌȔȇ (A) Ș
ȋȉȚȓȦ ȇȒȒȌȒȦȓȏ, ȞȇȘșȕșȇ ȇȒȒȌȒȌȐ ȈȢȒȇ ȖȕȋȘȞȏșȇȔȇ ȋȒȦ ȕȈȗȇȎȝȕȉ, 
ȚȉȌȒȏȞȏȉȇȥȠȏȜȘȦ ȉ ȞȏȘȒȌ ȕȘȕȈȌȐ. ǱȕȊȋȇ ȗȇȎȓȌȗ ȕȈȗȇȎȝȇ ȚȉȌȒȏȞȏȒȘȦ, ȟȇȔȘ, 
Ȟșȕ ȉȘȌ ȊȌȔȕșȏȖȢ ȓȕȊȒȏ ȈȢ ȈȢșȣ ȗȇȉȔȕ ȖȗȌȋȘșȇȉȒȌȔȔȢȓȏ ȘșȇȔȕȉȏșȘȦ ȉȢȟȌ. 
ǹȇȑȏȓ ȕȈȗȇȎȕȓ, ȕȝȌȔȑȇ ȞȇȘșȕș ȇȒȒȌȒȌȐ ȘșȇȔȕȉȏșȘȦ ȈȒȏȍȌ ȑ ȗȌȇȒȣȔȕȐ ȘȏșȚȇȝȏȏ, 
ȏ ȗȌȎȚȒȣșȇșȢ ȤȑȘȖȌȗȏȓȌȔșȕȉ ȘșȇȔȕȉȦșȘȦ ȈȕȒȌȌ ȋȕȘșȕȉȌȗȔȢȓȏ. 
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2. ǴȌȑȕșȕȗȢȌ ȇȒȒȌȒȏ ȚȘȑȕȒȣȎȇȥș Ȗȗȏ ȕșȈȕȗȌ
ȕȈȗȇȎȝȕȉ, ȏ ȕȔȏ ȎȇȘȞȏșȢȉȇȥșȘȦ ȑȇȑ
ȕșȘȚșȘșȉȚȥȠȏȌ :

ǯȘȜȕȋȔȇȦ ȖȕȖȚȒȦȝȏȦ

ǾȇȘșȕșȇ A1 (p) = 25/96 = 0,260
ǾȇȘșȕșȇ A2 (q) = 68/96 = 0,708

ǾȇȘșȕșȇ A3 (s) = 3/96 = 0,031

ǵȈȗȇȎȌȝ

ǾȇȘșȕșȇA1 (p) = 8/36 = 0,222

ǾȇȘșȕșȇ A2 (q) = 28/36 = 0,778

ǾȇȘșȕșȇ A3 (s) = 0/36 = 0,000 (ȖȕșȌȗȦȔȇ)

n = 48

A1A2
A1A1

A2A2

A2A2

A2A2 A2A2 A2A2
A2A2 A2A2

A2A2

A2A2

A1A2 A1A2

A1A2 A1A2

A1A2

A1A2

A1A2A1A1

A1A1

A1A1A1A1 A1A1

A1A1

A1A1

A2A2

A2A2

A2A2

A2A2

A2A2

A2A2

A2A2

A2A2

A2A2

A1A3

A2A2

A2A2

A2A2

A2A2

A2A3

A2A2

A2A2

A2A2

A2A2

A2A2

A2A3

A2A2

A2A2
n = 18

A2A2

A2A2
A2A2 A2A2

A2A2

A2A2

A1A2 A1A2

A1A2

A1A2 A1A1

A1A1

A2A2

A2A2
A2A2

A2A2 A2A2

A2A2

ǶȗȕȈȒȌȓȢ ȖȒȕȜȕȊȕ ȕșȈȕȗȇ ȕȈȗȇȎȝȕȉ
(ȖȗȕȋȕȒȍȌȔȏȌ)

ǶȗȏȓȌȗ ȔȇȉȌȗȜȚ ȋȌȓȕȔȘșȗȏȗȚȌș ȘȏșȚȇȝȏȥ, ȑȕȊȋȇ ȘȚȈ-ȕȈȗȇȎȌȝ ȕșȕȈȗȇȔ ȉ
ȖȕȖȚȒȦȝȏȏ șȇȑȏȓ ȕȈȗȇȎȕȓ, Ȟșȕ ȇȒȒȌȒȣ A3, ȖȗȌȋȘșȇȉȒȌȔȔȢȐ ȉ ȏȘȜȕȋȔȕȐ
ȖȕȖȚȒȦȝȏȏ, ȕșȘȚșȘșȉȚȌș. ǸȚȈ-ȕȈȗȇȎȌȝ ȔȌ ȘȕȋȌȗȍȏș ȉȘȌ ȇȒȒȌȒȏ ȏ, ȖȕȤșȕȓȚ, ȔȌ
ȦȉȒȦȌșȘȦ ȖȗȌȋȘșȇȉȏșȌȒȌȓ ȈȕȒȌȌ ȕȈȟȏȗȔȕȐ ȖȕȖȚȒȦȝȏȏ. ǯ ȕȖȏȘȇȔȏȌ
ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ ȈȕȒȌȌ ȓȌȔȣȟȌȊȕ ȕȈȗȇȎȝȇ, ȑȇȑ ȕȝȌȔȑȇ ȈȕȒȌȌ
ȈȕȒȣȟȕȐ ȖȕȖȚȒȦȝȏȏ, ȔȌ ȈȚȋȌș ȗȇȉȔȕȝȌȔȔȕȐ ȏ ȕȈȕȘȔȕȉȇȔȔȕȐ.
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f ǯȘȖȕȒȣȎȚȐșȌ ȘȕȕșȉȌșȘșȉȚȥȠȏȌ ȏȔȘșȗȚȓȌȔșȢ
ȋȒȦ șȌȘșȏȗȕȉȇȔȏȦ ȊȏȖȕșȌȎȢ

f ǩȑȒȥȞȏșȌ ȏȎȓȌȗȌȔȏȦ ȑȕȔșȗȕȒȦ ȑȇȞȌȘșȉȇ
ȤȑȘȖȌȗȏȓȌȔșȇ ȏ ȘȈȕȗȇ ȋȇȔȔȢȜ

ǶȗȕȉȌȋȌȔȏȌ ȤȑȘȖȌȗȏȓȌȔșȇ

Ⱦɥɹ ɩɨɫɬɚɧɨɜɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɢɫɫɥɟɞɨɜɚɬɟɥɶ ɞɨɥɠɟɧ ɭɱɟɫɬɶ, ɱɬɨ ɦɨɥɟɤɭɥɹɪɧɵɟ
ɢɧɫɬɪɭɦɟɧɬɵ ɦɨɝɭɬ ɩɪɟɞɥɨɠɢɬɶ ɛɨɥɟɟ ɝɥɭɛɨɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɢɨɪɚɡɧɨɨɛɪɚɡɢɹ
ɢ, ɱɬɨ ɨɧɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɛɳɭɸ ɨɫɧɨɜɭ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɢ ɚɧɚɥɢɡɚ ɪɚɡɧɨɨɛɪɚɡɢɹ. 
Ɉɞɧɚɤɨ, ɞɚɧɧɵɟ ɦɨɥɟɤɭɥɹɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɱɟɧɶ ɱɚɫɬɨ ɞɨɩɨɥɧɹɸɬ ɞɚɧɧɵɟ
ɞɪɭɝɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɧɚɩɪɢɦɟɪ, ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɣ, ɩɚɬɨɥɨɝɢɱɟɫɤɨɣ), ɢ
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɚɧɚɥɢɡ ɷɬɢɯ ɞɚɧɧɵɯ ɦɨɠɟɬ ɩɪɟɞɥɨɠɢɬɶ ɛɨɥɟɟ ɩɨɥɧɭɸ ɨɫɧɨɜɭ
ɞɥɹ ɢɧɬɟɪɩɪɟɬɚɰɢɢ.

ɉɪɢ ɜɵɛɨɪɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɧɟɨɛɯɨɞɢɦɨ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ:

• ȿɟ ɩɨɬɟɧɰɢɚɥ ɞɥɹ ɨɬɜɟɬɚ ɧɚ ɛɢɨɥɨɝɢɱɟɫɤɢɣ ɜɨɩɪɨɫ

• ȼɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɨɬɛɨɪɚ ɜɧɭɬɪɢ ɝɟɧɨɦɚ

• Ɍɢɩ ɢ ɤɚɱɟɫɬɜɨ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ

• ɂɡɦɟɪɟɧɢɹ ɤɚɱɟɫɬɜɚ ɞɚɧɧɵɯ

• ɂɡɦɟɪɟɧɢɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ

• Ʉɜɚɥɢɮɢɤɚɰɢɹ, ɬɪɟɛɭɟɦɚɹ ɞɥɹ ɫɛɨɪɚ ɞɚɧɧɵɯ

Ⱦɥɹ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɜɵɲɟɭɩɨɦɹɧɭɬɵɦ ɜɨɩɪɨɫɚɦ ɫɦɨɬɪɢɬɟ
ɨɛɭɱɚɸɳɢɣ ɦɨɞɭɥɶ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɪɤɟɪɨɜ ɜ
ɢɡɭɱɟɧɢɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɪɚɫɬɟɧɢɣ»
(ZZZ�ELRYHUVLW\LQWHUQDWLRQDO�RUJ).
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f ǶȕȋȋȌȗȍȏȉȇȥș Ȓȏ ȋȇȔȔȢȌ ȊȏȖȕșȌȎȚ?
f ǱȇȑȏȌ ȇȔȇȒȏșȏȞȌȘȑȏȌ ȏȔȘșȗȚȓȌȔșȢ ȋȕȒȍȔȢ ȓȢ

ȏȘȖȕȒȣȎȕȉȇșȣ?
f Ǿșȕ Ȕȇȓ șȇȑȍȌ ȔȌȕȈȜȕȋȏȓȕ:

• ǴȇȚȞȔȢȌ ȑȕȔȝȌȖȝȏȏ, ȒȌȍȇȠȏȌ ȉ ȕȘȔȕȉȌ
ȖȗȌȋȘșȇȉȒȌȔȏȐ ȕ ȗȇȎȔȕȕȈȗȇȎȏȏ, ȔȇȖȗȏȓȌȗ:

� ǺȗȕȉȔȏ ȈȏȕȒȕȊȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ
� ǯȎȓȌȔȞȏȉȕȘșȣ ȓȌȍȋȚ ȏ ȏȎȓȌȔȞȏȉȕȘșȣ ȉȔȚșȗȏ
� ǩȎȇȏȓȕȘȉȦȎȣ ȓȌȍȋȚ țȌȔȕșȏȖȕȓ ȏ ȊȌȔȕșȏȖȕȓ

• ǵȘȔȕȉȔȢȌ ȑȕȔȝȌȖȝȏȏ ȖȕȖȚȒȦȝȏȕȔȔȕȐ ȊȌȔȌșȏȑȏ

ǧȔȇȒȏȎ ȏ ȏȔșȌȗȖȗȌșȇȝȏȦ ȋȇȔȔȢȜ

Ǳȇȑ șȕȒȣȑȕ ȋȇȔȔȢȌ ȘȕȈȗȇȔȢ, ȏȜ ȇȔȇȒȏȎ ȦȉȒȦȌșȘȦ ȘȒȌȋȚȥȠȏȓ ȤșȇȖȕȓ
ȤȑȘȖȌȗȏȓȌȔșȇ. ǯȓȌȐșȌ ȉ ȉȏȋȚ, Ȟșȕ ȗȌȎȚȒȣșȇșȢ ȕȘȔȕȉȇȔȢ șȕȒȣȑȕ Ȕȇ ȋȇȔȔȕȓ
ȕȈȗȇȎȝȌ, ȏ ȖȕȒȚȞȌȔȔȢȌ ȎȔȇȞȌȔȏȦ ȈȚȋȚș ȦȉȒȦșȣȘȦ șȕȒȣȑȕ ȕȝȌȔȑȕȐ ȖȇȗȇȓȌșȗȕȉ
ȖȕȖȚȒȦȝȏȏ. 

ǫȒȦ ȇȔȇȒȏȎȇ ȏȓȌȥșȘȦ ȗȇȎȒȏȞȔȢȌ ȇȔȇȒȏșȏȞȌȘȑȏȌ ȏȔȘșȗȚȓȌȔșȢ, ȇ șȇȑȍȌ
ȑȕȓȖȣȥșȌȗȔȢȌ ȖȗȕȊȗȇȓȓȢ, ȑȕșȕȗȢȌ ȈȚȋȚș ȕȈȘȚȍȋȌȔȢ ȉ ȖȕȘȒȌȋȔȏȜ ȋȉȚȜ
ȗȇȎȋȌȒȇȜ ȋȇȔȔȕȊȕ ȓȕȋȚȒȦ. ǵȋȔȕȉȗȌȓȌȔȔȕ Ȕȇȓ ȔȌȕȈȜȕȋȏȓȕ ȎȔȇșȣ ȕȘȔȕȉȔȢȌ
ȔȇȚȞȔȢȌ ȑȕȔȝȌȖȝȏȏ Ȗȕ ȊȌȔȌșȏȞȌȘȑȕȓȚ ȗȇȎȔȕȕȈȗȇȎȏȥ ȏ ȖȕȖȚȒȦȝȏȕȔȔȕȐ
ȊȌȔȌșȏȑȌ (ȑȕșȕȗȇȦ ȦȉȒȦȌșȘȦ ȞȇȘșȣȥ ȊȌȔȌșȏȑȏ, ȏȎȚȞȇȥȠȌȐ ȊȌȔȌșȏȞȌȘȑȚȥ
ȏȎȓȌȔȞȏȉȕȘșȣ). ǶȕȘȒȌȋȚȥȠȏȌ ȘȒȇȐȋȢ ȏ ȗȇȎȋȌȒ ȋȇȋȚș ȑȗȇșȑȏȐ ȕȈȎȕȗ ȤșȏȜ șȌȓ. 
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1. ǩȔȚșȗȏ-ȖȕȖȚȒȦȝȏȕȔȔȕȌ ȗȇȎȔȕȕȈȗȇȎȏȌ (= ȊȌȔȌșȏȞȌȘȑȕȌ ȗȇȎȔȕȕȈȗȇȎȏȌ)

2. ǷȇȎȔȕȕȈȗȇȎȏȌ ȉȏȋȕȉ

3. ǷȇȎȔȕȕȈȗȇȎȏȌ ȤȑȕȘȏȘșȌȓ

ǺȗȕȉȔȏ ȈȏȕȒȕȊȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ

ǷȇȎȔȕȕȈȗȇȎȏȌ ȓȕȍȌș ȈȢșȣ ȗȇȎȋȌȒȌȔȕ Ȕȇ ȑȇșȌȊȕȗȏȏ, ȑȕșȕȗȢȌ ȕȖȏȘȢȉȇȥș ȗȇȎȒȏȞȔȢȌ
ȇȘȖȌȑșȢ ȍȏȉȢȜ ȘȏȘșȌȓ, ȏȎȓȌȗȦȌȓȢȜ ȚȞȌȔȢȓȏ ȗȇȎȒȏȞȔȢȓȏ ȘȖȕȘȕȈȇȓȏ. 

ǩ ȔȇȘșȕȦȠȌȌ ȉȗȌȓȦ ȦȉȒȦȌșȘȦ ȕȈȠȌȐ ȖȗȇȑșȏȑȕȐ ȕȖȗȌȋȌȒȌȔȏȌ ȈȏȕȗȇȎȔȕȕȈȗȇȎȏȦ ȉ
ȕșȔȕȟȌȔȏȏ ȊȌȔȕȉ (ȉȔȚșȗȏȖȕȖȚȒȦȝȏȕȔȔȕȌ ȗȇȎȔȕȕȈȗȇȎȏȌ ȏȒȏ ȊȌȔȌșȏȞȌȘȑȕȌ
ȗȇȎȔȕȕȈȗȇȎȏȌ), ȉȏȋȕȉ ȏ ȤȑȕȘȏȘșȌȓ, ȘȕȕșȉȌșȘșȉȚȥȠȏȜ șȗȌȓ țȚȔȋȇȓȌȔșȇȒȣȔȢȓ ȏ
ȏȌȗȇȗȜȏȞȌȘȑȏ ȘȉȦȎȇȔȔȢȓ ȚȗȕȉȔȦȓ ȈȏȕȒȕȊȏȞȌȘȑȕȐ ȕȗȊȇȔȏȎȇȝȏȏ. 

«ǪȌȔȌșȏȞȌȘȑȕȌ ȗȇȎȔȕȕȈȗȇȎȏȌ» ȕșȔȕȘȏșȘȦ ȑ ȉȇȗȏȇȝȏȏ ȊȌȔȕȉ ȉȔȚșȗȏ ȉȏȋȕȉ, Ȟșȕ ȦȉȒȦȌșȘȦ
ȘȓȌȟȌȔȏȌȓ ȊȌȔȕȉ, ȘȕȋȌȗȍȇȠȏȜȘȦ ȉ ȕȘȕȈȦȜ. Ȅșȕ ȕȜȉȇșȢȉȇȌș ȗȇȎȒȏȞȔȢȌ ȖȕȖȚȒȦȝȏȏ
ȕȋȔȕȊȕ ȏ șȕȊȕ ȍȌ ȉȏȋȇ ȏȒȏ ȊȌȔȌșȏȞȌȘȑȚȥ ȉȇȗȏȇȝȏȥ ȉȔȚșȗȏ ȖȕȖȚȒȦȝȏȏ. ǩ ȑȕȔȌȞȔȕȓ
ȘȞȌșȌ, ȊȌȔȌșȏȞȌȘȑȕȌ ȗȇȎȔȕȕȈȗȇȎȏȌ, ȎȇȑȒȥȞȇȌșȘȦ ȉ ȏȎȓȌȔȌȔȏȦȜ ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȏ
ȞȌșȢȗȌȜ Ȗȇȗ ȕȘȔȕȉȇȔȏȐ ǫǴǱ ȏ ȦȉȒȦȥș ȘȕȈȕȐ ȊȌȔȌșȏȞȌȘȑȏȐ ȑȕȋ.  ǫȗȚȊȏȌ șȏȖȢ
ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ ȓȕȊȚș ȈȢșȣ ȉȢȎȉȇȔȢ ȑȕȒȏȞȌȘșȉȕȓ ǫǴǱ ȉ ȑȇȍȋȕȐ ȑȒȌșȑȌ, 
ȏȒȏ ǫǴǱ, ȕȖȗȌȋȌȒȦȥȠȌȐ ȊȌȔȌșȏȞȌȘȑȏȐ ȑȕȋ. ǴȕȉȇȦ ȊȌȔȌșȏȞȌȘȑȇȦ ȏȎȓȌȔȞȏȉȕȘșȣ
ȘȕȎȋȇȌșȘȦ ȓȚșȇȝȏȦȓȏ ȊȌȔȕȉ ȏȒȏ ȜȗȕȓȕȘȕȓ, ȏ ȉ ȕȗȊȇȔȏȎȓȇȜ, ȗȇȎȓȔȕȍȇȥȠȏȜȘȦ ȖȕȒȕȉȢȓ
ȖȚșȌȓ, ȘșȇȔȕȉȏșȘȦ ȗȇȘȖȗȕȘșȗȇȔȌȔȔȕȐ Ȗȕ ȉȇȗȏȇȔșȇȓ, ȉ ȘșȗȚȑșȚȗȌ ȏ ȑȕȒȏȞȌȘșȉȌ
ȜȗȕȓȕȘȕȓ. ǵșȈȕȗ ȉȒȏȦȌș Ȕȇ țȕȔȋ ȔȇȘșȕȦȠȌȐ ȊȌȔȌșȏȞȌȘȑȕȐ ȏȎȓȌȔȞȏȉȕȘșȏ ȏ, 
ȘȕȕșȉȌșȘșȉȌȔȔȕ, ȘȖȕȘȕȈȘșȉȚȌș ȤȉȕȒȥȝȏȕȔȔȕȓȚ ȖȗȕȝȌȘȘȚ ȏ ȏȘȑȚȘȘșȉȌȔȔȕȓȚ ȕșȈȕȗȚ. 
ǪȌȔȌșȏȞȌȘȑȕȌ ȗȇȎȔȕȕȈȗȇȎȏȌ ȖȕȎȉȕȒȦȌș ȖȕȖȚȒȦȝȏȦȓ ȇȋȇȖșȏȗȕȉȇșȣȘȦ ȑ ȏȎȓȌȔȦȥȠȏȓȘȦ
ȚȘȒȕȉȏȦȓ ȕȑȗȚȍȇȥȠȌȐ ȘȗȌȋȢ. 

ǺȗȕȉȌȔȣ ȉȏȋȕȉ, ȉ ȕȈȠȌȓ, ȘȞȏșȇȌșȘȦ ȔȇȏȈȕȒȌȌ ȌȘșȌȘșȉȌȔȔȢȓ ȋȒȦ ȗȇȘȘȓȕșȗȌȔȏȦ
ȗȇȎȔȕȕȈȗȇȎȏȦ ȕȗȊȇȔȏȎȓȇ, ȉ ȝȌȒȕȓ. Ǵȇ ȉȏȋȇȜ, ȊȒȇȉȔȢȓ ȕȈȗȇȎȕȓ, șȇȑȍȌ ȘțȕȑȚȘȏȗȕȉȇȔȇ
ȤȉȕȒȥȝȏȦ, ȖȗȕȏȘȜȕȍȋȌȔȏȌ ȑȇȑ ȏ ȏȘȞȌȎȔȕȉȌȔȏȌ ȉȏȋȕȉ ȦȉȒȦȌșȘȦ ȕȘȔȕȉȔȢȓ ȖȕȑȇȎȇșȌȒȌȓ
ȈȏȕȒȕȊȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ ȉȕ ȓȔȕȊȏȜ ȕșȔȕȟȌȔȏȦȜ. ǷȇȎȔȕȕȈȗȇȎȏȌ Ȕȇ ȚȗȕȉȔȌ ȉȏȋȕȉ
ȓȕȍȌș ȈȢșȣ ȏȎȓȌȗȌȔȕ ȔȌȘȑȕȒȣȑȏȓȏ ȘȖȕȘȕȈȇȓȏ. «ǨȕȊȇșȘșȉȕ ȉȏȋȕȉ» ȕȎȔȇȞȇȌș ȑȕȒȏȞȌȘșȉȕ
ȉȏȋȕȉ ȉ ȕȈȒȇȘșȏ. «ǹȇȑȘȕȔȕȓȏȞȌȘȑȕȌ ȗȇȎȔȕȕȈȗȇȎȏȌ» șȇȑȍȌ ȏȎȓȌȗȦȌș ȉȎȇȏȓȕȘȉȦȎȣ ȉȏȋȕȉ
ȋȗȚȊ ȑ ȋȗȚȊȚ. 

ǵȖȗȌȋȌȒȌȔȏȌ ȏ ȑȒȇȘȘȏțȏȑȇȝȏȦ ȤȑȕȘȏȘșȌȓ ȕȞȌȔȣ ȟȏȗȕȑȕ, ȖȕșȕȓȚ Ȟșȕ ȏȜ ȊȗȇȔȏȝȢ
ȕȈȟȏȗȔȢ. ǶȕȤșȕȓȚ, Ȕȇ ȖȗȇȑșȏȑȌ, ȕȞȌȔȣ șȗȚȋȔȕ ȕȝȌȔȏșȣ ȗȇȎȔȕȕȈȗȇȎȏȌ ȤȑȕȘȏȘșȌȓ ȈȕȒȌȌ
ȞȌȓ Ȕȇ ȓȌȘșȔȕȓ ȏȒȏ ȗȌȊȏȕȔȇȒȣȔȕȓ ȚȗȕȉȔȌ, ȏ ȎȇșȌȓ, șȕȒȣȑȕ ȉ ȎȔȇȞȏșȌȒȣȔȕȐ ȘșȌȖȌȔȏ, ȉ
ȕșȔȕȟȌȔȏȏ ȗȇȘșȏșȌȒȣȔȕȊȕ Ȗȕȑȗȕȉȇ. ȄȑȕȘȏȘșȌȓȢ ȕșȒȏȞȇȥșȘȦ ȕș ȊȌȔȕȉ ȏ ȉȏȋȕȉ ȔȌ șȕȒȣȑȕ
Ȗȕ ȘȉȕȌȓȚ ȘȕȘșȇȉȚ (ȕȔȏ ȉȑȒȥȞȇȥș ȉ ȘȌȈȦ ȇȈȏȕșȏȞȌȘȑȏȌ ȑȕȓȖȕȔȌȔșȢ, ȏ ȞȇȘșȏȞȔȕ
ȕȈȚȘȒȇȉȒȏȉȇȥșȘȦ ȖȕȞȉȌȔȔȢȓȏ ȏ ȑȒȏȓȇșȏȞȌȘȑȏȓȏ ȚȘȒȕȉȏȦȓȏ), Ȕȕ șȇȑȍȌ Ȗȕ ȘȉȕȌȐ
ȘșȗȚȑșȚȗȌ ȏ țȚȔȑȝȏȦȓ.
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f ̯͎͓͔͌͞͏͉͕͙ͣ͘ ͏͒͏ ͖͕͒͏͓͕͗͛͏͎͓ ͓͕͍͙͌ ͈͙ͣ͢
͕͔͔͌͌͝ ͔͇ ͇͎͔͗͢͜ ͚͕͉͔͗ͦ͜ ͕͇͔͗͊͏͎͇͝͏͏

f ̷͇͖͕͙͇͔͔͗͗͌͘͘͏͌ ͖͕͒͏͓͕͗͛͏͎͓͇ ͏͎͚͇͙͌ͦ͘͞ ͋͒ͦ
͇͎͔͗͢͜ ͏͇͌͗͗͜͏͌͑͘͞͏͜ ͚͕͉͔͗͌͐ ͉͔͚͙͗͏
͕͇͔͗͊͏͎͇͝͏͏ (͕͈͇͙͒͘͏, ͇͕͔͗͐͢, ͖͕͖͚͒ͦ͝͏͏, 
͚͈͖͕͖͚͒ͦ͘͝͏͏, ͕͕͈͘͏)

ǯȎȓȌȗȌȔȏȌ ȊȌȔȌșȏȞȌȘȑȕȐ ȏȎȓȌȔȞȏȉȕȘșȏ

ǵȈȒȇȘșȣ 1

ǶȕȖȚȒȦȝȏȦ 1

ǷȇȐȕȔ 1 ǷȇȐȕȔ 2 ǷȇȐȕȔ 3

ǶȕȖȚȒȦȝȏȦ j

ǶȕȖȚȒȦȝȏȦ k

ǶȕȖȚȒȦȝȏȦ u

ǶȕȖȚȒȦȝȏȦ tǶȕȖȚȒȦȝȏȦ i

ǶȕȖȚȒȦȝȏȦ s

ǵȘȕȈȣ

ǶȕȖȚȒȦȝȏȦ 2

ǶȕȖȚȒȦȝȏȦ 3

ǪȌȔȌșȏȞȌȘȑȏȌ ȗȇȎȒȏȞȏȦ ȕȈȔȇȗȚȍȌȔȢ ȓȌȍȋȚ ȕȘȕȈȦȓȏ ȉȔȚșȗȏ ȖȕȖȚȒȦȝȏȏ, ȏ
șȇȑȍȌ ȗȇȎȒȏȞȏȦ ȉȢȦȉȒȌȔȢ ȉ ȇȒȒȌȒȣȔȢȜ ȞȇȘșȕșȇȜ ȓȌȍȋȚ ȖȕȖȚȒȦȝȏȦȓȏ. ǩȕ ȉȘȌȜ, 
ȕșȔȕȘȏșȌȒȣȔȕȌ ȞȏȘȒȕ ȉȇȗȏȇȝȏȏ ȎȇȉȏȘȏș ȕș ȉȏȋȇ, ȌȊȕ ȏȘșȕȗȏȏ ȏ ȕȑȗȚȍȇȥȠȌȐ
ȘȗȌȋȢ.  

ǴȇȒȏȞȏȌ ȉȇȗȏȇȔșȕȉ (ȖȕȒȏȓȕȗțȏȎȓȇ) ȉ ȕȈȗȇȎȝȌ ȓȕȍȌș ȈȢșȣ ȕȝȌȔȌȔȕ Ȗȕ ȌȊȕ
ȊȌȔȕșȏȖȇȓ, ȇȒȒȌȒȦȓ, ȊȇȖȒȕșȏȖȇȓ ȏȒȏ ȔȚȑȒȌȕșȏȋȇȓ. ǵȈȗȇȎȝȢ ȓȕȊȚș ȈȢșȣ
ȏȌȗȇȗȜȏȞȌȘȑȏ ȗȇȎȋȌȒȌȔȢ Ȕȇ ȚȗȕȉȔȌ ȉȏȋȇ, ȖȕȖȚȒȦȝȏȏ ȏȒȏ ȉȔȚșȗȏ ȖȕȖȚȒȦȝȏȏ. 
ǱȕȒȏȞȌȘșȉȕ ȕȈȗȇȎȝȕȉ ȋȕȒȍȔȕ ȈȢșȣ ȋȕȘșȇșȕȞȔȢȓ, ȑȕȊȋȇ ȖȕȘșȇȉȒȌȔȔȕȐ ȝȌȒȣȥ
ȦȉȒȦȌșȘȦ ȏȎȚȞȌȔȏȌ ȊȌȔȌșȏȞȌȘȑȕȐ ȏȎȓȌȔȞȏȉȕȘșȏ (ȖȗȌȋȢȋȚȠȏȌ ȘȒȇȐȋȢ). 
ǸșȗȇșȌȊȏȏ ȕșȈȕȗȇ ȏ ȗȇȎȓȌȗ ȕȈȗȇȎȝȕȉ ȓȕȊȚș ȎȇȉȏȘȌșȣ ȕș ȕȗȊȇȔȏȎȇȝȏȏ ȉȏȋȕȉ:

• ǴȌȘȑȕȒȣȑȕ ȕȘȕȈȌȐ (ȔȕȉȢȐ ȏȔșȗȕȋȚȝȏȗȕȉȇȔȔȢȐ ȉȏȋ)

• ǳȔȕȊȕ ȏȔșȗȕȋȚȝȏȗȕȉȇȔȔȢȜ ȕȘȕȈȌȐ

• ǵȘȕȈȏ ȗȇȎȒȏȞȔȕȊȕ ȊȌȕȊȗȇțȏȞȌȘȑȕȊȕ ȖȗȕȏȘȜȕȍȋȌȔȏȦ
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• ǻȌȔȕșȏȖ
– ǸȖȌȝȏțȏȞȔȢȐ Ȗȕ

ȖȗȏȎȔȇȑȇȓ
• ǳȕȒȌȑȚȒȦȗȔȢȌ ȓȇȗȑȌȗȢ

– ǴȌȐșȗȇȒȣȔȕȌ
ȗȇȎȔȕȕȈȗȇȎȏȌ

– ǫǴǱ ȏȒȏ ȖȗȕșȌȏȔ
• ǶȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȣ ǫǴǱ

– ǷȇȎȔȕȕȈȗȇȎȏȌ ȇȒȒȌȒȌȐ
• ȄȑȘȖȗȌȘȘȏȦ

– Ǵȇ ȚȗȕȉȔȌ ǷǴǱ

ȼɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɮɟɧɨɬɢɩɨɦ ɢ ɝɟɧɨɬɢɩɨɦ

A1

ɏɪɨɦɨɫɨɦɚ ȾɇɄ ɊɇɄ ɉɨɥɢɩɟɩɬɢɞ
(Į1 ɷɧɡɢɦ)

OH

O

ɉɪɟɞɲɟɫɬ-
ɜɟɧɧɢɤ
ɩɢɝɦɟɧɬɚ

Ʉɪɚɫɧɵɣ
ɩɢɝɦɟɧɬ

A1

Ƚɟɧɨɬɢɩ Ɏɟɧɨɬɢɩ

ǶȗȕȉȌȋȌȔȏȌ ȇȔȇȒȏȎȇ ȊȌȔȌșȏȞȌȘȑȕȐ ȏȎȓȌȔȞȏȉȕȘșȏ Ș ȏȘȖȕȒȣȎȕȉȇȔȏȌȓ
ȓȕȒȌȑȚȒȦȗȔȢȜ șȌȜȔȕȒȕȊȏȐ ȖȗȌȋȕȘșȇȉȒȦȌș ȏȔțȕȗȓȇȝȏȥ Ȕȇ ȚȗȕȉȔȌ ǫǴǱ. Ȅșȕ
ȓȕȍȌș ȈȢșȣ ȔȌȐșȗȇȒȣȔȕȌ ȗȇȎȔȕȕȈȗȇȎȏȌ, ȕȖȗȌȋȌȒȌȔȔȕȌ ȉȋȕȒȣ
ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȏ ǫǴǱ ȉ ȕȈȒȇȘșȦȜ, Ȟȣȏ țȚȔȑȝȏȏ ȔȌȏȎȉȌȘșȔȢ, ȑȇȑ șȕȊȋȇ, ȑȕȊȋȇ
ȓȢ ȏȘȖȕȒȣȎȚȌȓ ȇȔȕȔȏȓȔȢȌ șȏȖȢ ȓȇȗȑȌȗȕȉ (ȔȇȖȗȏȓȌȗ, AFLP, RAPD). ǯȒȏ
ȗȇȎȔȕȕȈȗȇȎȏȌ ȓȕȍȌș ȈȢșȣ ȕȘȔȕȉȇȔȕ Ȕȇ ȏȎȉȌȘșȔȢȜ ȊȌȔȇȜ ȉ ȖȗȌȋȌȒȇȜ
ȑȕȋȏȗȚȥȠȏȜ ȕȈȒȇȘșȌȐ ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȏ ǫǴǱ. Ȅșȕ ȗȇȎȔȕȕȈȗȇȎȏȌ ȉȒȏȦȌș Ȕȇ
ȤȑȘȖȗȌȘȘȏȥ ȤșȏȜ ȊȌȔȕȉ ȏ, ȘȕȕșȉȌșȘșȉȌȔȔȕ, ǷǴǱ – ȔȚȑȒȌȏȋȔȇȦ ȑȏȘȒȕșȇ ȕșȉȌȞȇȌș
Ȏȇ ȖȌȗȌȉȕȋ ȏȔțȕȗȓȇȝȏȏ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȑȕȋȇ ȉ ȖȗȕșȌȏȔ. ǶȗȕșȌȏȔȢ, ȉ Șȉȕȥ
ȕȞȌȗȌȋȣ, ȦȉȒȦȥșȘȦ ȤȒȌȓȌȔșȇȓȏ, ȑȕșȕȗȢȌ țȕȗȓȏȗȚȥș ȘșȗȚȑșȚȗȚ ȕȗȊȇȔȏȎȓȕȉ, 
Ȟșȕ ȕȎȔȇȞȇȌș, Ȟșȕ ȕȔȏ ȕșȉȌșȘșȉȌȔȔȢ Ȏȇ șȕ, Ȟșȕ ȓȢ ȉȏȋȏȓ - Ȏȇ țȌȔȕșȏȖ. ǹȇȑȏȓ
ȕȈȗȇȎȕȓ, ȊȌȔȕșȏȖ ȏ țȌȔȕșȏȖ șȌȘȔȕ ȉȎȇȏȓȕȘȉȦȎȇȔȢ. ǻȌȔȕșȏȖȏȞȌȘȑȏȌ
ȏȎȓȌȗȌȔȏȦ ȗȇȎȔȕȕȈȗȇȎȏȦ ȓȕȊȚș ȈȢșȣ șȇȑȍȌ ȏȘȖȕȒȣȎȕȉȇȔȢ ȏ, ȌȘȒȏ ȖȗȇȉȏȒȣȔȕ
ȘȋȌȒȇȔȢ, șȕ ȕȔȏ ȓȕȊȚș ȕșȗȇȎȏșȣ ȓȕȒȌȑȚȒȦȗȔȚȥ ȑȕȔȘșȏșȚȝȏȥ ȋȇȔȔȕȐ ȕȘȕȈȏ. 
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f ǯȘȘȒȌȋȕȉȇȔȏȌ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ ȋȕȒȍȔȕ
ȖȗȕȉȕȋȏșȘȦ Ȗȕ ȔȇȚȞȔȢȓ ȓȌșȕȋȇȓ

f ǫȒȦ ȕȝȌȔȑȏ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ ȋȕȒȍȌȔ ȈȢșȣ
ȖȕȘșȇȉȒȌȔ ȈȏȕȒȕȊȏȞȌȘȑȏȐ ȉȕȖȗȕȘ, Ȕȇ ȑȕșȕȗȢȐ ȔȚȍȔȕ
ȕșȉȌșȏșȣ

f Ƕȗȏ ȕșȈȕȗȌ ȕȈȗȇȎȝȕȉ ȔȚȍȔȕ ȘȒȌȋȕȉȇșȣ ȗȚȑȕȉȕȋȘșȉȇȓ
ȔȌ șȕȒȣȑȕ ȋȒȦ ȕȘȕȈȌȐ ȏ ȉȔȚșȗȏ ȖȕȖȚȒȦȝȏȐ, Ȕȕ șȇȑȍȌ ȏ
ȉȔȚșȗȏ ȊȌȔȕȓȇ

f ǯȔșȌȗȖȗȌșȇȝȏȦ ȗȌȎȚȒȣșȇșȕȉ ȉȒȌȞȌș Ȏȇ ȘȕȈȕȐ
ȕȈȒȇȋȇȔȏȌ ȕȘȔȕȉȔȢȓȏ ȎȔȇȔȏȦȓȏ ȕ ȈȏȕȒȕȊȏȞȌȘȑȕȓ
ȗȇȎȔȕȕȈȗȇȎȏȏ ȏ ȖȕȖȚȒȦȝȏȕȔȔȕȐ ȊȌȔȌșȏȑȌ

ǷȌȎȥȓȌ
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f ǩȇȍȔȢȌ ȟȇȊȏ ȉ ȖȕȘșȇȔȕȉȑȌ ȤȑȘȖȌȗȏȓȌȔșȇ

f ǩȇȍȔȕȘșȣ ȖȕȘșȇȔȕȉȑȏ ȑȒȥȞȌȉȢȜ ȉȕȖȗȕȘȕȉ ȋȒȦ
ǩȇȟȌȊȕ ȏȘȘȒȌȋȕȉȇȔȏȦ

f ǵȘȔȕȉȔȢȌ ȓȕȓȌȔșȢ, ȑȕșȕȗȢȌ ȔȌȕȈȜȕȋȏȓȕ
ȚȞȏșȢȉȇșȣ Ȗȗȏ ȕșȈȕȗȌ ȕȈȗȇȎȝȕȉ

f ǵȘȔȕȉȔȢȌ ȑȕȔȝȌȖȝȏȏ, ȒȌȍȇȠȏȌ ȉ ȕȘȔȕȉȌ
ȖȗȌȋȘșȇȉȒȌȔȏȐ ȕ ȊȌȔȌșȏȞȌȘȑȕȓ ȗȇȎȔȕȕȈȗȇȎȏȏ

ǹȌȖȌȗȣ ǩȢ ȋȕȒȍȔȢ ȎȔȇșȣ …
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f ǵȘȔȕȉȔȢȌ ȑȕȔȝȌȖȝȏȏ ȖȕȖȚȒȦȝȏȕȔȔȕȐ
ȊȌȔȌșȏȑȏ

f ǯȎȓȌȗȌȔȏȌ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ

f ǱȕȓȖȣȥșȌȗȔȢȌ ȖȗȕȊȗȇȓȓȢ ȋȒȦ ȇȔȇȒȏȎȇ
ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ

f ǪȒȕȘȘȇȗȏȐ

ɋɥɟɞɭɸɳɟɟ
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ǧȔȇȒȏȎ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ
Ș ȏȘȖȕȒȣȎȕȉȇȔȏȌȓ ȋȇȔȔȢȜ
ȓȕȒȌȑȚȒȦȗȔȢȜ ȓȇȗȑȌȗȕȉ�

ǺȞȌȈȔȢȐ ȓȕȋȚȒȣ

̵͔͕͉͔͌͘͢ ͕͔͖͑͌͝͝͏͏
͖͕͖͚͒ͦ͝͏͕͔͔͕͐ ͔͙͊͌͌͏͑͏
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f ǵȖȗȌȋȌȒȌȔȏȦ

f ǮȇȑȕȔ Ǽȇȗȋȏ-ǩȌȐȔȈȌȗȊȇ (The Hardy-Weinberg principle)

f ǶȗȏȓȌȗȢ ȖȕȋȘȞȌșȇ ȞȇȘșȕșȢ ȇȒȒȌȒȌȐ

f ǸȏȘșȌȓȢ ȗȌȖȗȕȋȚȑȝȏȏ ȏ ȘȖȇȗȏȉȇȔȏȦ

f ǸȏȒȢ, țȕȗȓȏȗȚȥȠȏȌ ȊȌȔȌșȏȞȌȘȑȕȌ ȗȇȎȔȕȕȈȗȇȎȏȌ

f ǶȗȏȒȕȍȌȔȏȌ 1: ǱȗȏșȏȞȌȘȑȏȌ ȎȔȇȞȌȔȏȦ
ȗȇȘȖȗȕȘșȗȇȔȌȔȏȦ Ǽȏ-ȑȉȇȋȗȇșȇ (chi-square)

ɋɨɞɟɪɠɚɧɢɟ
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f ɂɡɦɟɪɟɧɢɟ ɢɡɦɟɧɱɢɜɨɫɬɢ ɩɭɬɟɦ ɨɩɢɫɚɧɢɹ
ɢɡɦɟɧɟɧɢɣ ɜ ɱɚɫɬɨɬɟ ɚɥɥɟɥɟɣ ɜɨ ɜɪɟɦɟɧɢ
ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɩɪɢɡɧɚɤɚ

f Ⱥɧɚɥɢɡ ɩɪɢɱɢɧ, ɜɵɡɵɜɚɸɳɢɯ ɷɬɢ ɢɡɦɟɧɟɧɢɹ

ǵȖȗȌȋȌȒȌȔȏȦ: ǶȕȖȚȒȦȝȏȕȔȔȇȦ ȊȌȔȌșȏȑȇ

‘ɉɨɩɭɥɹɰɢɨɧɧɚɹ ɝɟɧɟɬɢɤɚ’ ɢɦɟɟɬ ɦɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɣ. ȼ ɨɛɳɟɦ, ɦɵ ɦɨɠɟɦ
ɫɤɚɡɚɬɶ, ɱɬɨ ɩɨɩɭɥɹɰɢɨɧɧɚɹ ɝɟɧɟɬɢɤɚ – ɷɬɨ ɢɡɭɱɟɧɢɟ ɩɪɢɦɟɧɟɧɢɹ ɡɚɤɨɧɨɜ
Ɇɟɧɞɟɥɹ ɢ ɞɪɭɝɢɯ ɝɟɧɟɬɢɱɟɫɤɢɯ ɩɪɢɧɰɢɩɨɜ ɤɨ ɜɫɟɦ ɩɨɩɭɥɹɰɢɹɦ ɨɪɝɚɧɢɡɦɨɜ, ɚ
ɧɟ ɬɨɥɶɤɨ ɤ ɨɫɨɛɹɦ. ɉɨɩɭɥɹɰɢɨɧɧɚɹ ɝɟɧɟɬɢɤɚ ɬɚɤɠɟ ɢɡɭɱɚɟɬ ɢɡɦɟɧɟɧɢɹ ɜ
ɱɚɫɬɨɬɚɯ ɝɟɧɨɜ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɫɧɨ ɫɜɹɡɚɧɚ ɫ ɷɜɨɥɸɰɢɨɧɧɨɣ ɝɟɧɟɬɢɤɨɣ
ɩɨɬɨɦɭ, ɱɬɨ ɷɜɨɥɸɰɢɹ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɢɡɦɟɧɟɧɢɣ ɜ ɱɚɫɬɨɬɚɯ ɝɟɧɚ. Ʉɪɚɬɤɨɟ
ɜɜɟɞɟɧɢɟ ɜ ɨɫɧɨɜɧɵɟ ɮɚɤɬɨɪɵ, ɜɟɪɨɹɬɧɨ ɜɵɡɵɜɚɸɳɢɟ ɢɡɦɟɧɟɧɢɹ ɜ
ɝɟɧɟɬɢɱɟɫɤɨɦ ɪɚɡɧɨɨɛɪɚɡɢɢ, ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɨ ɧɚ ɫɥɚɣɞɚɯ 33-42 ɞɚɧɧɨɝɨ
ɪɚɡɞɟɥɚ. 

ɏɨɬɹ ɢɧɫɩɟɤɬɢɪɨɜɚɧɢɟ ɜɫɟɯ ɝɟɧɟɬɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ
ɩɨɩɭɥɹɰɢɢ, ɹɜɥɹɟɬɫɹ ɜɢɪɬɭɚɥɶɧɨ ɧɟɜɨɡɦɨɠɧɵɦ, ɦɵ ɦɨɠɟɦ ɢɫɫɥɟɞɨɜɚɬɶ
ɩɨɩɭɥɹɰɢɸ ɩɨɫɪɟɞɫɬɜɨɦ ɢɡɦɟɧɟɧɢɣ ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɮɟɧɨɬɢɩɚɯ (ɨɩɢɫɚɧɢɟ
ɨɩɪɟɞɟɥɟɧɧɵɯ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɢ ɮɟɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɢɡɧɚɤɨɜ) ɢ ɝɟɧɨɬɢɩɚɯ
(ɦɨɥɟɤɭɥɹɪɧɵɟ ɦɚɪɤɟɪɵ). 
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f Ɉɩɢɫɚɧɢɟ ɜɫɟɯ ɩɪɢɡɧɚɤɨɜ ɨɫɨɛɢ, 
ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɟɟ ɦɨɪɮɨɥɨɝɢɢ, ɮɢɡɢɨɥɨɝɢɢ, 
ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɜɡɚɢɦɨɫɜɹɡɹɦ ɢ ɩɨɜɟɞɟɧɢɸ

f ȼ ɥɸɛɨɟ ɨɩɪɟɞɟɥɟɧɧɨɟ ɜɪɟɦɹ, ɮɟɧɨɬɢɩ
ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɝɟɧɨɜ
ɨɫɨɛɢ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ

ǻȌȔȕșȏȖ - Ȥșȕ …

̻͔͕͙͌͏͖͏͌͑͘͞͏͌ ͏͎͓͔͔͌͌͏ͦ ͓͕͚͙͊ ͈͙ͣ͢ ͏͒͏ ͇͙͉͔͔͓͑͌͌͘͢͞͏ (͔͇͒͏͞͏͌ ͏͒͏
͕͙͚͙͙͉͘͘͏͌) ͏͒͏ ͕͑͒͏͙͉͔͔͓͌͌͘͢͞͏. ̱͇͙͉͔͔͌͌͌͘͢͞ ͖͗͏͎͔͇͑͏ ͓͕͚͙͊ ͈͙ͣ͢
͇͑͒͘͘͏͛͏͝͏͕͉͇͔͗͢. ̱͕͒͏͙͉͔͔͌͌͌͘͢͞ ͖͗͏͎͔͇͑͏ ͓͕͚͙͊ ͈͙ͣ͢ ͏͎͓͔͌͗͌͢.  

Ɉɫɨɛɢ ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɨɞɧɨɦɭ ɢ ɬɨɦɭ ɠɟ ɮɟɧɨɬɢɩɭ, ɟɫɥɢ ɨɧɢ ɜɵɝɥɹɞɹɬ
ɩɨɞɨɛɧɨ ɞɪɭɝ ɞɪɭɝɭ. ɇɟɤɨɬɨɪɵɟ ɝɟɧɨɬɢɩɵ ɦɨɝɭɬ ɛɵɬɶ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ
ɮɟɧɨɬɢɩɚ. ̷͇͎͒͏͞͏͌ ͓͍͚͌͋ ͔͕͙͊͌͏͖͕͓ ͏ ͔͕͙͛͌͏͖͕͓ ͉͇͍͔͕ ͋͒ͦ ͙͌͜ ͖͗͏͎͔͇͕͉͑, 
͕͙͕͑͗͌͢ ͕͈͚͇͉͒͒͘͏͉͇͙ͥͦ͘ ͕͚͍͇͑͗ͥ͌͐͠ ͕͗͌͋͐͘: ͉͋͌ ͕͕͈͘͏ ͕͔͕͕͋͊ ͔͕͙͊͌͏͖͇
͓͕͚͙͊ ͏͓͙͌ͣ ͇͎͔͗͌͢ ͔͕͙͛͌͏͖͢, ͕͈͚͕͉͔͔͒͒͌͌͘͢ ͕͚͍͇͑͗ͥ͌͐͠ ͕͗͌͋͐͘. 
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ǷȕȎȕȉȇȦ ǨȒȌȋȔȕ-
ȑȗȌȓȕȉȇȦ

ǹȌȓȔȕ-
ȗȕȎȕȉȇȦ

ǨȌȒȇȦǸȉȌșȒȕ-
ȊȕȒȚȈȇȦ

ǶȚȗȖȚȗ
ȔȇȦ

ǹȌȓȔȕ-
ȑȗȌȓȕȉȇȦ

ǭȌȒșȇȦ ǱȗȇȘȔȇȦ

ǻȌȔȕșȏȖȏȞȌȘȑȇȦ ȏȎȓȌȔȞȏȉȕȘșȣ

ɉɪɢɪɨɞɧɵɟ ɩɨɩɭɥɹɰɢɢ ɪɚɡɥɢɱɧɵ ɩɨ ɮɟɧɨɬɢɩɭ. Ʉɨɥɢɱɟɫɬɜɨ ɮɟɧɨɬɢɩɢɱɟɫɤɨɝɨ
ɪɚɡɧɨɨɛɪɚɡɢɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɢ ɨɱɟɜɢɞɧɨ, ɞɚɠɟ ɩɪɢ ɫɚɦɨɦ ɩɪɨɫɬɨɦ
ɧɚɛɥɸɞɟɧɢɢ. 

̶͕͖͚͒ͦ͝͏ͦ ͙͔͕͌͘ ͉͎͇͏͓͕͉͎͇͔͔ͦ͘͢͜ ͕͕͈͌͐͘ ͓͕͔͙͋͌͗͘͏͚͙͗͌ ͔͏͎͚͑ͥ
͏͎͓͔͌͞͏͉͕͙ͣ͘. ̹͇͇͑ͦ ͘͏͙͚͇͝͏ͦ ͕͕͈͔͔͕͌͘ ͕͖͇͔͇͘, ͌͒͘͏ ͚͕͉͒͘͏ͦ ͕͚͍͇͑͗ͥ͌͐͠
͗͌͋͘͢ ͓͔͙͌ͦͥͦ͘ ͏ ͖͕͖͚͒ͦ͝͏ͦ ͔͌ ͏͓͙͌͌ ͉͇͗͏͇͝͏͐ ͋͒ͦ ͕͉͇͔͒͋͌͘͏ͦ ͘
͏͎͓͔͔͌͌͏͓ͦ͏. ̩ ͙͕͓ͤ ͚͇͒͌͘͞ ͖͕͖͚͒ͦ͝͏ͦ ͓͕͍͙͌ ͈͙͕͗͘͢ ͏͎͔͚͙͌ͣ͘͞.

̶͕͖͚͒ͦ͝͏͕͔͔͇ͦ ͔͙͊͌͌͏͇͑ ͏͎͚͇͙͌͞ ͔͕͙͛͌͏͖͏͕͌͑͌͘͞ ͇͎͔͕͕͈͇͎͗͗͏͌, ͕͕͈͔͔͕͌͘
͌͒͘͏ ͕͔͕ ͕͈͚͕͉͔͕͒͒͌͘ ͇͎͗͒͏͞͏͓ͦ͏ ͉ ͔͕͙͊͌͏͖͏͕͓͌͑͘͞ ͕͙͇͉͌͘͘ ͕͕͈͌͐͘. 
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f ̪͔͌ – ͙͕ͤ ͕͔͕͉͔͇ͦ͘ ͛͏͎͏͇͌͑ͦ͘͞ ͏
͚͔͛͑͝͏͕͔͇͔͇͒ͣͦ ͌͋͏͔͏͇͝ ͔͇͙͉͔͔͕͙͒͌͋͌͘͘͘͏, 
͖͇͇͌͗͌͋ͥͦ͠ ͏͔͕͓͇͛͗͝͏ͥ ͕͙ ͕͔͕͕͋͊
͖͕͕͔͑͒͌͏ͦ ͚͕͓͚͋͗͊

f ̧͒͒͌͒ͣ – ͙͕ͤ ͈͇͒ͥͦ ͏͎ ͇͙͔͇͙͒ͣ͌͗͏͉͔͢͜ ͕͓͛͗
͔͇͊͌, ͕͙͕͇͑͗ͦ ͓͕͍͙͌ ͚͙͉͕͉͇͙͌ͣ͘͘͠ ͉
͌͋͏͔͏͔͕͓͞ ͕͚͒͑͌͘

ǪȌȔ ȏ ȇȒȒȌȒȣ

̴͌ ͉͌͘ ͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣ͘͘͏ ̴̫̱ ͕͙͕͙ͦ͘͘ ͏͎ ͔͕͉͊͌. ̪͔͇͓͌͏ ͉͙ͦ͒ͦͥͦ͘ ͙͌
͌͑͘͝͏͏ ̴̫̱, ͕͙͕͑͗͌͢ ͉͖͕͔͙͒ͦͥ͢ ͏͎͉͙͔͌͌͘͢ ͚͔͛͑͝͏͏. ̵͔͏ ͉͇͙͑͒ͥͥ͞ ͉ ͈͌ͦ͘
͌͑͘͝͏͏ ͕͘ ͘͞͏͙͇͔͔͓͢ ͔͙͊͌͌͏͌͑͘͞͏͓ ͕͕͓͑͋ ͏ ͚͙͕͔͗͌͊͒ͦ͗͐͢ ͓͔͙ͤ͒͌͌, 
͖͕͎͉͕͒ͦͥ͠͏͐ ͘͞͏͙͉͇͙ͣ͢ ͏͜ ͕͑͋. ̴͇͒͏͞͏͌ ͔͕͉͊͌ ͚͙͇͔͇͉͒͘͏͉͇͙͌ͦ͘ ͖͚͙͓͌
͔͇͈͔͒ͥ͋͌͏͐ ͎͇ ͇͌͊͗͌͊͘͝͏͌͐ ͓͚͙͇͝͏͐ ͉ ͖͕͙͕͓͙͉͌͘ ͕͙ ͑͗͌͘͠͏͉͇͔͏͐, 
͖͕͚͔͔͒͌͢͜͞ ͒͏͈͕ ͙͙͉͔͔͓͌͌͌͘͘͢, ͒͏͈͕ ͏͚͙͉͔͔͓͑͌͘͘͘͢ ͖͚͙͓͌. ͙̈́͏ ͔͇͈͔͒ͥ͋͌͏ͦ
͖͕͚͍͒͘͏͒͏ ͕͔͕͉͇͔͘͏͓͌ ͋͒ͦ ͕͖͔͗͌͋͌͒͌͏ͦ ̪͕͗͌͊͗͏ ̳͔͓͌͋͌͒͌ ͎͇͕͔͕͉͑
͔͇͕͉͇͔͒͌͋͘͏ͦ ͉ ͕͔͑͌͝ XIX ͉͇͌͑.  

̪͔͌͢ ͓͕͚͙͊ ͏͓͙͌ͣ ͉͇͋ ͏͒͏ ͈͕͒͌͌ ͇͒͒͌͒͏. ̩ ͙͉͋͌͐͘͏͙͔͕͙͌͒ͣ͘͏, ͔͊͌ ͓͕͍͙͌
͏͓͙͌ͣ ͙͇͕͑͌ ͕͑͒͏͙͉͕͌͘͞ ͇͒͒͌͒͌͐ ͕͕͑͒ͣ͑͘ ͔͕͈͕͌͋͜͏͓͕ ͋͒ͦ ͕͙͇͉͔͒͌͘͘͏ͦ
͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣ͘͘͏ ͇͒͒͌͒͌͐ ͋͒ͦ ͇͔͔͕͕͋͊ ͔͇͊͌. ̧͒͒͌͒͏, ͖͗͏͔͇͍͇͋͒͌͠͏͌
͌͗͘͏͏, ͓͕͚͙͊ ͓͕͔͙͋͌͗͘͏͕͉͇͙͗ͣ ͇͎͗͒͏͔͌͢͞ ͇͇͙͗͑͌͗͜͢ ͕͓͋͏͔͏͕͉͇͔͗͏ͦ ͚͋͗͊ ͔͇͋
͚͕͓͋͗͊. ̴͇͖͗͏͓͌͗, ͇͒͒͌͒ͣ ͓͕͍͙͌ ͓͕͔͙͋͌͗͘͏͕͉͇͙͗ͣ ͙ͤ͛͛͌͑ ͕͓͋͏͔͇͔͙͔͕͙͘͏, 
͙͕͞ ͕͎͔͇͇͙͌͞, ͙͕͞ ͕͔ ͉͇͍͇͙͗͌͢ ͉͕͐͘ ͔͕͙͛͌͏͖, ͇͍͋͌ ͌͒͘͏ ͕͔ ͕͖͕͉͕͍͇͙͗͋͌ͦ͘͘
͗͌͌͘͘͝͏͉͔͓͢ ͇͓͒͒͌͒͌. ̷͌͌͘͘͝͏͉͔͐͢ ͇͒͒͌͒ͣ ͉͙ͦ͒ͦ͌ͦ͘ ͌͋͏͔͙͉͔͔͓͌͘͢, ͊͋͌ ͕͌͊
͔͕͙͊͌͏͖ ͔͌ ͉͇͍͇͙͗͌ͦ͘͢ ͉ ͙͕͎͊͌͌͗͏͕͙͔͕͊͐ ͕͕͈͘͏. ̬͒͘͏ ͇͒͒͌͒ͣ ͉͙ͦ͒ͦ͌ͦ͘
͕͕͓͑͋͏͔͇͔͙͔͓͢, ͙͕ ͕͌͊ ͔͕͙͛͌͏͖͏͌͑͘͞͏͐ ͙ͤ͛͛͌͑ ͈͚͙͋͌ ͖͕͓͍͚͙͕͔͓͗͌͢͞ ͉
͙͕͎͊͌͌͗͏͕͙͊͌ ͏ ͕͙͔͕ͦ͘͠͏͓ͦ͘ ͑ ͙͚ͤ͛͛͌͑ ͕͓͋͏͔͇͔͙͇ ͕͓͕͎͊͏͕͙͊͢ ͏. ͙͇͑͏͓
͕͈͇͎͕͓͗, ͕͓͕͎͊͏͕͙͔͕͕͊͊ ͗͌͌͘͘͝͏͉͇. 
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f Ɉɩɢɫɚɧɢɟ ɩɨɥɧɨɝɨ ɧɚɛɨɪɚ ɝɟɧɨɜ, ɤɨɬɨɪɭɸ
ɨɫɨɛɶ ɧɚɫɥɟɞɭɟɬ ɨɬ ɫɜɨɢɯ ɪɨɞɢɬɟɥɟɣ

f Ƚɟɧɨɬɢɩ ɨɫɨɛɢ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ ɧɚ
ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɣ ɟɟ ɠɢɡɧɢ ɧɟɡɚɜɢɫɢɦɨ ɨɬ
ɫɪɟɞɵ, ɨɤɪɭɠɚɸɳɟɣ ɢ ɜɥɢɹɸɳɟɣ ɧɚ ɧɟɟ

ǪȌȔȕșȏȖ - Ȥșȕ…

̹͓͌͗͏͔ «͔͊͌», ͉ ͕͈͓͌͠ ͓͒͌͘͘͢, ͕͎͔͇͇͙͌͞ ͛͏͎͏͌͑͘͞͏͐ ͕͈͙͌͑͡, ͕͙͕͑͗͐͢
͖͇͙͌͗͌͋͌ͦ͘ ͕͙ ͕͗͋͏͙͌͒͌͐ ͖͕͙͕͓͇͓͑ ͉͕ ͉͓͗͌ͦ ͖͕͚͙͗͌͗͋͑͏͉͔͕͕͊ ͖͕͇͗͌͘͘͝ ͏
͉͒͏ͦͥ͠͏͐ ͔͇ ͚͔͇͕͉͇͔͔͒͌͋͌͘͢ ͖͗͏͎͔͇͑͏. ̪͔͕͙͌͏͖ ͕͕͈͘͏, ͙͇͑͏͓ ͕͈͇͎͕͓͗, 
͖͙͇͉͙͗͌͋͒ͦ͌͘ ͕͈͕͐͘ ͚͓͓͚͘ ͔͕͉͊͌, ͚͔͇͕͉͇͔͔͒͌͋͘͢͜ ͕͙ ͕͗͋͏͙͌͒͌͐. ̪͔͌͢
͕͖͙͗͌͋͌͒ͦͥ ͕͙͇͉͘͘ ͖͕͙͗͌͏͔͕͉, ͇ ͙͇͍͑͌ ͉͒͏͙ͦͥ ͔͇ ͉͔͔͌͟͏͌ ͖͗͏͎͔͇͑͏ ͏
͖͕͉͔͌͋͌͏͌.  
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f Ƚɟɧɟɬɢɱɟɫɤɚɹ ɢɡɦɟɧɱɢɜɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ
ɤɨɧɰɟɩɰɢɟɣ ɝɟɧɨɬɢɩɚ

f Ƚɟɧɟɬɢɱɟɫɤɚɹ ɢɡɦɟɧɱɢɜɨɫɬɶ, ɜɥɢɹɸɳɚɹ ɧɚ
ɩɪɢɡɧɚɤɢ, ɫɭɳɟɫɬɜɭɟɬ ɜ ɛɨɥɶɲɢɧɫɬɜɟ
ɩɪɢɪɨɞɧɵɯ ɩɨɩɭɥɹɰɢɣ, ɢ ɷɬɢ ɩɪɢɡɧɚɤɢ
ɩɨɞɜɟɪɝɚɸɬɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɫɨ ɫɬɨɪɨɧɵ
ɚɥɥɟɥɟɣ ɦɧɨɝɢɯ ɝɟɧɨɜ ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ
ɜɨɡɞɟɣɫɬɜɢɹɦ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ

f ɉɪɨɫɥɟɞɢɬɶ ɮɟɧɨɬɢɩɢɱɟɫɤɢɟ ɪɚɡɥɢɱɢɹ, 
ɜɵɡɜɚɧɧɵɟ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɝɟɧɚɦɢ, ɫɥɨɠɧɨ

ǪȌȔȌșȏȞȌȘȑȇȦ ȏȎȓȌȔȞȏȉȕȘșȣ

ɋɤɪɵɬɚɹ ɝɟɧɟɬɢɱɟɫɤɚɹ ɢɡɦɟɧɱɢɜɨɫɬɶ ɹɜɥɹɟɬɫɹ ɞɚɠɟ ɛɨɥɟɟ ɨɛɲɢɪɧɨɣ, ɱɟɦ
ɧɚɛɥɸɞɚɟɦɚɹ ɜ ɮɟɧɨɬɢɩɟ ɢ ɛɨɥɟɟ ɧɚɫɬɨɥɶɤɨ, ɱɬɨ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨ
ɞɥɹ ɞɜɭɯ ɨɫɨɛɟɣ ɜ ɩɨɩɭɥɹɰɢɢ ɢɦɟɬɶ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɝɟɧɨɬɢɩ ɜɨ ɜɫɟɯ ɥɨɤɭɫɚɯ. 
ɗɬɚ ɝɟɧɟɬɢɱɟɫɤɚɹ ɢɡɦɟɧɱɢɜɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɨɛɧɚɪɭɠɟɧɚ ɩɪɢ ɩɨɦɨɳɢ
ɦɨɥɟɤɭɥɹɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɤɨɬɨɪɵɟ ɜɵɹɜɥɹɸɬ ɩɨɥɢɦɨɪɮɢɡɦ ɩɨɥɟɡɧɵɣ ɡɚɬɟɦ
ɜ ɤɚɱɟɫɬɜɟ ɝɟɧɟɬɢɱɟɫɤɢɯ ɦɚɪɤɟɪɨɜ. Ɉɞɧɚɤɨ, ɞɚɠɟ ɦɨɥɟɤɭɥɹɪɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ
ɨɝɪɚɧɢɱɟɧɵ ɢ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɤɚɤ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɰɟɥɵɯ
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ȾɇɄ, ɛɨɥɶɲɢɧɫɬɜɨ ɦɟɬɨɞɨɜ ɨɝɪɚɧɢɱɟɧɵ ɞɨ
ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɝɟɧɨɜ ɢɥɢ ɥɨɤɭɫɨɜ. Ⱦɚɠɟ ɜ ɷɬɨɦ ɫɥɭɱɚɟ, ɞɨɫɬɚɬɨɱɧɨ
ɜɚɪɢɚɰɢɣ ɨɛɵɱɧɨ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɜ ɨɛɪɚɡɰɚɯ ɝɟɧɨɜ ɞɥɹ ɨɰɟɧɤɢ ɝɟɧɟɬɢɱɟɫɤɨɣ
ɢɡɦɟɧɱɢɜɨɫɬɢ ɜɨɡɦɨɠɧɨɣ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɩɨɩɭɥɹɰɢɣ. 

Ʉɚɤ ɛɵɥɨ ɭɩɨɦɹɧɭɬɨ ɪɚɧɟɟ, ɬɚɤ ɤɚɤ ɬɨɥɶɤɨ ɦɚɥɟɧɶɤɚɹ ɱɚɫɬɶ ɝɟɧɨɦɚ ɨɛɵɱɧɨ
ɢɡɭɱɚɟɬɫɹ ɩɪɢ ɝɟɧɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɬɨ ɜɨɡɧɢɤɚɸɬ ɜɨɩɪɨɫɵ ɨ
ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɞɥɹ ɢɯ ɷɤɫɬɪɚɩɨɥɹɰɢɢ ɧɚ ɩɪɢɪɨɞɧɵɟ ɩɨɩɭɥɹɰɢɢ. 
ɗɬɨ ɫɬɚɧɨɜɢɬɫɹ ɜɚɠɧɵɦ ɨɫɧɨɜɚɧɢɟɦ ɞɥɹ ɨɫɬɨɪɨɠɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɭɞɟɥɟɧɢɹ ɨɫɨɛɨɝɨ ɜɧɢɦɚɧɢɹ ɧɚ ɨɬɛɨɪ ɨɛɪɚɡɰɨɜ ɤɚɤ ɨɫɨɛɟɣ, 
ɬɚɤ ɢ ɥɨɤɭɫɨɜ ɞɥɹ ɫɤɪɢɧɢɧɝɚ.  
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f «ɇɚɥɢɱɢɟ ɦɧɨɝɢɯ ɮɨɪɦ»

f ɋ ɝɟɧɟɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɩɨɥɢɦɨɪɮɢɡɦ
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɟɦ ɞɜɭɯ ɢɥɢ ɛɨɥɟɟ
ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɮɟɧɨɬɢɩɨɜ ɜɧɭɬɪɢ ɩɨɩɭɥɹɰɢɢ ɢɥɢ
ɫɪɟɞɢ ɩɨɩɭɥɹɰɢɣ. ȼ ɨɛɳɟɦ, ɷɬɢ ɪɚɡɧɨɨɛɪɚɡɧɵɟ
ɮɟɧɨɬɢɩɵ ɨɛɭɫɥɨɜɥɟɧɵ ɚɥɶɬɟɪɧɚɬɢɜɧɵɦɢ ɚɥɥɟɥɹɦɢ
ɨɞɧɨɝɨ ɝɟɧɚ

f ̴͇ ͓͕͚͔͕͓͒͌͑͒ͦ͗ ͚͕͉͔͗͌, ͖͕͒͏͓͕͗͛͏͎͓
͕͖͙͗͌͋͌͒ͦ͌ͦ͘ ͕͚͙͉͕͉͇͔͌͘͘͘͠͏͓͌ ͇͙͔͇͙͒ͣ͌͗͏͉͔͢͜
͉͎͚ͦͥ͘͠͏͜ ͕͔͑͛͏͚͇͊͗͝͏͐ ͏͒͏ ͉͇͗͏͇͔͙͕͉ ̴̫̱ ͖͗͏ ͏͜
͕͖͔͗͌͋͌͒͌͏͏ ͇͔͔͓͋͢ ͓͙͕͕͓͌͋ ͕͈͔͇͚͍͔͗͌͏ͦ

Ǿșȕ șȇȑȕȌ ȖȕȒȏȓȕȗțȏȎȓ?

̪͕͉͕͙͗ͦ, ͙͕͞ ͔͊͌ ͏͒͏ ͔͕͙͛͌͏͖͏͌͑͘͞͏͐ ͖͗͏͎͔͇͑ ͕͍͔͋͒͌ ͈͙ͣ͢ ͖͕͒͏͓͕͔͓͗͛͢, 
͌͒͘͏ ͈͕͒͌͌, ͓͌͞ ͕͔͇͋ ͕͓͇͛͗ ͔͇͊͌ ͏͒͏ ͖͗͏͎͔͇͇͑ ͚͙͉͚͙͌͌͘͘͠ ͉ ͖͕͖͚͒ͦ͝͏͏. 
̪͔͙͌͌͏͇͌͑ͦ͘͞ ͏͎͓͔͌͞͏͉͕͙ͣ͘, ͕͙͕͇͑͗ͦ ͓͕͍͙͌ ͉͎͉͇͙ͣ͢ ͉͕ͤ͒ͥ͝͏͕͔͔͌͢
͏͎͓͔͔͌͌͏ͦ,  ͉͇͌͊͋͘ ͖͗͏͚͙͙͉͚͙͌͘͘. 

̨͕͒ͣ͌͟ ͏͔͕͓͇͛͗͝͏͏ ͕ ͖͕͒͏͓͕͗͛͏͎͓͌, ͉ ͕͈͓͌͠, ͏ ͓͕͚͔͕͓͒͌͑͒ͦ͗
͖͕͒͏͓͕͗͛͏͎͓͌, ͉ ͇͙͔͕͙͘͘͞͏, ͖͗͏͉͕͋͏͙ͦ͘ ͉ ͕͈͚͇͓ͥ͌͞͠ ͓͕͚͋͒͌ «̯͖͕͎͚͒ͣͦ͘
͙͔͕͕͌͒͊͜͏ͥ ͓͕͚͔͒͌͑͒ͦ͗͢͜ ͓͇͕͉͗͑͌͗ ͉ ͏͎͚͔͌͞͏͏ ͇͎͔͕͕͈͇͎͗͗͏ͦ ͔͙͊͌͌͏͌͑͘͞͏͜
͚͕͉͗͌͗͘͘ ͇͙͔͗͌͘͏͐» (www.bioversityinternational.org/publications).
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f ȄȑȕȒȕȊȏȞȌȘȑȏ
- ȊȗȚȖȖȇ ȕȘȕȈȌȐ ȕȋȔȕȊȕ ȏ șȕȊȕ ȍȌ ȉȏȋȇ, 
ȘȚȠȌȘșȉȚȥȠȌȐ ȉȔȚșȗȏ ȕȊȗȇȔȏȞȌȔȔȕȐ
ȊȌȕȊȗȇțȏȞȌȘȑȕȐ ȕȈȒȇȘșȏ, Ȟșȕ ȖȕȎȉȕȒȦȥș ȒȥȈȢȓ
ȋȉȚȓ ȕȘȕȈȦȓ ȘȑȗȌȠȏȉȇșȣȘȦ

f ǪȌȔȌșȏȞȌȘȑȏ:
- ȊȗȚȖȖȇ ȕȘȕȈȌȐ, ȗȇȎȋȌȒȦȥȠȏȜ ȕȈȠȏȐ ȊȌȔȕțȕȔȋ ȏ
ȏȓȌȥȠȏȜ ȉȕȎȓȕȍȔȕȘșȣ ȘȑȗȌȠȏȉȇșȣȘȦ

ǶȕȖȚȒȦȝȏȦ - Ȥșȕ …

ǶȕȖȚȒȦȝȏȏ – Ȥșȕ ȏȘȑȒȥȞȏșȌȒȣȔȕ ȘȒȕȍȔȢȌ ȕȗȊȇȔȏȎȓȢ. ǩ ȖȕȖȚȒȦȝȏȕȔȔȕȐ
ȊȌȔȌșȏȑȌ, țȕȑȚȘ ȋȌȒȇȌșȘȦ Ȕȇ ȓȌȘșȔȚȥ ȌȋȏȔȏȝȚ ȏȔșȌȗȈȗȏȋȏȔȊȇ ȈȕȒȌȌ ȈȕȒȣȟȕȐ
ȖȕȖȚȒȦȝȏȏ ȖȕșȕȓȚ, Ȟșȕ ȏȎȓȌȔȌȔȏȦ ȉ ȞȇȘșȕșȇȜ ȇȒȒȌȒȌȐ ȉȕȎȔȏȑȇȥș ȉȔȚșȗȏ șȇȑȏȜ
ȕȊȗȇȔȏȞȌȔȔȢȜ ȌȋȏȔȏȝ ȏ ȓȕȊȚș ȖȗȏȉȌȘșȏ ȑ ȤȉȕȒȥȝȏȏ ȇȋȇȖșȏȉȔȢȜ ȖȗȏȎȔȇȑȕȉ. 
Ȅșȏ ȓȌȘșȔȢȌ ȌȋȏȔȏȝȢ ȏȔșȌȗȈȗȏȋȏȔȊȇ ȕȈȢȞȔȕ ȔȇȎȢȉȇȥșȘȦ «ȓȌȘșȔȢȌ
ȖȕȖȚȒȦȝȏȏ», «ȘȚȈȖȕȖȚȒȦȝȏȏ» ȏȒȏ ȖȗȕȘșȕ «ȖȕȖȚȒȦȝȏȏ». ǵȈȢȞȔȕ, ȉ ȖȕȖȚȒȦȝȏȏ
ȗȇȘșȌȔȏȦ ȉȏȋȇ ȗȇȘȖȗȕȘșȗȇȔȌȔȢ ȔȌȗȇȉȔȕȓȌȗȔȕ. ǶȕȋȗȇȎȋȌȒȌȔȏȌ ȖȕȖȚȒȦȝȏȐ
ȉȕȎȔȏȑȇȌș ȕȈȢȞȔȕ ȈȒȇȊȕȋȇȗȦ ȤȑȕȒȕȊȏȞȌȘȑȏȓȏ ȑȇșȇȘșȗȕțȇȓȏ ȉ ȗȌȊȏȕȔȌ,   ȊȋȌ
ȕȔȏ ȖȗȕȏȎȗȇȘșȇȥș. ǩ ȖȗȏȔȝȏȖȌ, ȗȇȎȓȌȗ ȖȕȖȚȒȦȝȏȏ ȔȌ ȦȉȒȦȌșȘȦ ȈȌȎȊȗȇȔȏȞȔȕ
ȈȕȒȣȟȏȓ ȏ ȔȌ ȕȘșȇȌșȘȦ ȖȕȘșȕȦȔȔȢȓ. 
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ǺȘșȇȔȕȉȒȌȔȢ șȗȏ ȚȗȕȉȔȦ ȘșȗȚȑșȚȗȢ ȖȕȖȚȒȦȝȏȏ: 
• ǯȔȋȏȉȏȋȚȇȒȣȔȢȌ ȕȗȊȇȔȏȎȓȢ
• ǸȚȈȖȕȖȚȒȦȝȏȏ
• ǩȘȦ ȖȕȖȚȒȦȝȏȦ

ǸșȗȚȑșȚȗȇ ȖȕȖȚȒȦȝȏȏ

ǶȕȖȚȒȦȝȏȦ ȓȕȍȌș ȘȞȏșȇșȣȘȦ ȕȋȔȕȐ ȌȋȏȔȏȝȌȐ. ǵȋȔȇȑȕ, ȋȒȦ ȓȔȕȊȏȜ ȉȏȋȕȉ ȏ ȉ
ȗȇȎȔȢȜ ȚȘȒȕȉȏȦȜ, ȖȕȖȚȒȦȝȏȏ ȖȕȋȗȇȎȋȌȒȦȥșȘȦ Ȕȇ ȈȕȒȌȌ ȓȇȒȌȔȣȑȏȌ ȌȋȏȔȏȝȢ. 
ǹȇȑȕȌ ȖȕȋȗȇȎȋȌȒȌȔȏȌ ȓȕȍȌș ȈȢșȣ ȗȌȎȚȒȣșȇșȕȓ ȤȑȕȒȕȊȏȞȌȘȑȏȜ (ȖȗȌȗȢȉȏȘșȢȐ
ȇȗȌȇȒ) ȏȒȏ ȖȕȉȌȋȌȔȞȌȘȑȏȜ țȇȑșȕȗȕȉ (ȕȘȕȎȔȇȔȔȕȌ ȏȒȏ ȔȌȕȘȕȎȔȇȔȔȕȌ
ȖȌȗȌȓȌȠȌȔȏȌ). ǬȘȒȏ ȖȕȖȚȒȦȝȏȦ ȖȕȋȗȇȎȋȌȒȌȔȇ, șȕ ȊȌȔȌșȏȞȌȘȑȏȌ ȘȉȦȎȏ ȓȌȍȋȚ ȌȌ
ȞȇȘșȦȓȏ ȓȕȊȚș ȗȇȎȒȏȞȇșȣȘȦ ȉ ȎȇȉȏȘȏȓȕȘșȏ ȕș ȗȌȇȒȣȔȕȐ ȘșȌȖȌȔȏ ȏȓȌȥȠȌȊȕ
ȓȌȘșȕ Ȗȕșȕȑȇ ȊȌȔȕȉ.   

ǶȕȖȚȒȦȝȏȦ ȘȞȏșȇȌșȘȦ ȘșȗȚȑșȚȗȏȎȏȗȕȉȇȔȔȕȐ, ȌȘȒȏ (1) ȊȌȔȌșȏȞȌȘȑȏȐ ȋȗȌȐț
ȖȗȕȏȘȜȕȋȏș ȉ ȔȌȑȕșȕȗȢȜ ȌȊȕ ȘȚȈȖȕȖȚȒȦȝȏȦȜ, (2) ȓȏȊȗȇȝȏȦ ȔȌ ȖȗȕȏȘȜȕȋȏș
ȗȇȉȔȕȓȌȗȔȕ Ȗȕ ȉȘȌȐ ȖȕȖȚȒȦȝȏȏ, ȏȒȏ (3) ȘȖȇȗȏȉȇȔȏȌ ȔȌ ȖȗȕȏȘȜȕȋȏș
ȖȗȕȏȎȉȕȒȣȔȕ Ȗȕ ȉȘȌȐ ȖȕȖȚȒȦȝȏȏ. ǸșȗȚȑșȚȗȇ ȖȕȖȚȒȦȝȏȏ ȉȒȏȦȌș Ȕȇ ȘșȌȖȌȔȣ
ȊȌȔȌșȏȞȌȘȑȕȐ ȏȎȓȌȔȞȏȉȕȘșȏ ȏ ȜȇȗȇȑșȌȗ ȌȌ ȗȇȘȖȗȕȘșȗȇȔȌȔȏȦ A.

ǸȓȕșȗȏșȌ ȘȒȌȋȚȥȠȏȌ ȘȒȇȐȋȢ ȏ ǪȒȕȘȘȇȗȏȐ ȋȒȦ ȈȕȒȌȌ ȖȕȋȗȕȈȔȕȐ ȏȔțȕȗȓȇȝȏȏ ȕ
ȔȕȉȢȜ ȑȕȔȝȌȖȝȏȦȜ (ȔȇȖȗȏȓȌȗ, ȖȕșȕȑȌ ȊȌȔȕȉ, ȓȏȊȗȇȝȏȏ)
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ɉɨɩɭɥɹɰɢɹ X

p = 0,10  (ɱɚɫɬɨɬɚ ɚɥɥɟɥɢ A)
q = 0,90 (ɱɚɫɬɨɬɚ ɚɥɥɟɥɢ a)

Ɇɢɝɪɢɪɭɸɳɚɹ
ɩɨɩɭɥɹɰɢɹ Y

ɇɚɫɟɤɨɦɵɟ-
ɨɩɵɥɢɬɟɥɢ, ɧɟɫɭɳɢɟ
ɩɵɥɶɰɭ ɨɬ ɩɨɩɭɥɹɰɢɢ
Y (ɚɥɥɟɥɶ a > ɚɥɥɟɥɶ
A) ɜ ɩɨɩɭɥɹɰɢɸ X

p = 0,80  (ɱɚɫɬɨɬɚ ɚɥɥɟɥɢ A)
q = 0,20 (ɱɚɫɬɨɬɚ ɚɥɥɟɥɢ a)

Ƕȕșȕȑ ȊȌȔȕȉ

a

a

A
a

a

a

A
a

ɉɨɬɨɤ ɝɟɧɨɜ - ɷɬɨ ɩɟɪɟɧɨɫ ɢ ɫɨɡɞɚɧɢɟ ɝɟɧɨɜ, ɬɢɩɢɱɧɵɯ ɞɥɹ ɨɞɧɨɣ ɩɨɩɭɥɹɰɢɢ, ɜ
ɝɟɧɨɮɨɧɞ ɞɪɭɝɨɣ ɩɭɬɟɦ ɟɫɬɟɫɬɜɟɧɧɨɣ ɢɥɢ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɝɢɛɪɢɞɢɡɚɰɢɢ ɢ
ɨɛɪɚɬɧɨɝɨ ɫɤɪɟɳɢɜɚɧɢɹ (ɛɟɤɤɪɨɫɫɚ).

ɇɚ ɪɢɫɭɧɤɟ ɜɵɲɟ, ɩɨɩɭɥɹɰɢɹ Y ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɱɚɫɬɨɬɭ ɚɥɥɟɥɢ ɚ
(q = 0,90). Ɉɩɵɥɢɬɟɥɢ, ɩɪɢ ɩɟɪɟɥɟɬɟ ɢɡ ɷɬɨɣ ɩɨɩɭɥɹɰɢɢ ɜ ɩɨɩɭɥɹɰɢɸ ɏ
ɩɟɪɟɧɨɫɹɬ ɛɨɥɶɲɟ ɤɨɩɢɣ ɚɥɥɟɥɢ ɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ, ɧɚɛɥɸɞɚɟɬɫɹ ɷɮɮɟɤɬ ɩɨɬɨɤɚ
ɝɟɧɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɨɤɨɥɟɧɢɹɯ ɩɨɩɭɥɹɰɢɢ ɏ ɤɚɤ ɭɜɟɥɢɱɟɧɢɟ ɜ ɱɚɫɬɨɬɟ
ɦɢɝɪɢɪɭɸɳɟɣ ɚɥɥɟɥɢ ɚ. 



13

ǧȉșȕȗȘȑȕȌ Ȗȗȇȉȕ: Bioversity International ȏ ǱȕȗȔȌȒȣȘȑȏȐ ǺȔȏȉȌȗȘȏșȌș, 2003 Ȋ.     ǶȕȖȚȒȦȝȏȕȔȔȇȦ ȊȌȔȌșȏȑȇ 13

f ͇͙͕͙͇̾͘ ͇͒͒͌͒͏ – ͙͕ͤ ͕͔͖͑͌͝͝͏ͦ, 
͏͖͕͎͚͓͇͒ͣ͌ͦ͘ ͋͒ͦ ͕͑͒͏͙͉͔͔͕͕͌͌͊͘͞
͕͖͔͗͌͋͌͒͌͏ͦ ͔͙͊͌͌͏͕͌͑͐͘͞
͏͎͓͔͌͞͏͉͕͙͘͏

f ̵͔͇ ͕͖͙͗͌͋͌͒ͦ͌ͦ͘ ͇͑͑ ͓͇͌͗ ͕͈͔͕͙͘͠͏
͇͔͔͕͕͋͊ ͇͒͒͌͒ͦ ͉ ͖͕͖͚͒ͦ͝͏͏ ͏, ͙͇͑͏͓
͕͈͇͎͕͓͗, ͉͙ͦ͒ͦ͌ͦ͘ ͚͔͓͋͌͒ͣ͢ ͉͕͓͌͘
͉͌͘͜ ͇͒͒͌͒͌͐ ͙͕͕ͤ͊ ͔͇͊͌ ͉ ͖͕͖͚͒ͦ͝͏͏, 
͉ͦ͒ͦͥ͠͏ͦ͘͜ ͖͌͘͝͏͛͏͔͓͢͞͏ ͋͒ͦ ͙͕͕ͤ͊
͙͏͖͇

ǾȇȘșȕșȇ ȇȒȒȌȒȏ

̧͒͒͌͒ͣ – ͙͕ͤ ͇͙͔͇͙͒ͣ͌͗͏͉͔͇ͦ ͕͓͇͛͗ ͔͇͊͌. ̬͒͘͏ ͔͊͌ ͕͕͙͉͙͙͉͚͙͌͌͘͘
͖͌͘͝͏͛͏͔͕͐͞ ͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣ͘͘͏ ͔͚͕͙͑͒͌͏͕͉͋ ͖͕ ͉͌͐͘ ͓͕͚͒͌͑͒͌ ̴̫̱, ͙͕ ͙ͤ͏
͇͒͒͌͒͏ ͖͙͇͉͙͗͌͋͒ͦͥ͘ ͕͈͕͐͘ ͇͎͔͗͌͢ ͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣ͘͘͏ ͔͚͕͙͑͒͌͏͕͉͋, 
͕͙͕͑͗͌͢ ͉͕͎͓͕͍͔͢ ͋͒ͦ ͙͕͕ͤ͊ ͕͙͔͕͕͋͌͒ͣ͊ ͕͚͇͒͑͘.  

͇͙͕̾͘ ͙͓͌͗͏͔ «͔͊͌» ͏͖͕͎͚͙͒ͣ͌ͦ͘͘ ͇͑͑ ͘͏͔͕͔͏͓ «͇͒͒͌͒ɢ» ͏, ͕͉͇͙͔͕͒͌͋͌͒ͣ͘, 
«͇͙͕͙͇͘͞ ͔͇͊͌» ͏͔͕͇͊͋ ͏͖͕͎͚͙͒ͣ͌ͦ͘͘ ͇͑͑ ͘͏͔͕͔͏͓ «͇͙͕͙͌͘͞ ͇͒͒͌͒͏». 
̧͔͒͒͌͒ͣ͌͢ ͇͎͔͗͏͢͝ ͉ ͌͋͏͔͏͔͕͓͞ ͕͚͒͑͌͘ ͉ ͖͕͖͚͒ͦ͝͏͏ ͚͇͎͉͇͙͑ͥ͢ ͔͇
͔͙͊͌͌͏͚͌͑ͥ͘͞ ͏͎͓͔͌͞͏͉͕͙ͣ͘. ̪͔͙͌͌͏͚͌͑ͥ͘͞ ͏͎͓͔͌͞͏͉͕͙ͣ͘ ͔͕͈͕͌͋͜͏͓͕
͕͖͗͌͋͌͒͏͙ͣ ͕͑͒͏͙͉͔͔͕͌͌͘͞ ͋͒ͦ ͇͎͔͗͢͜ ͔͕͉͊͌ ͏ ͋͒ͦ ͇͎͔͗͢͜ ͕͕͈͌͐͘ ͏͒͏
͖͕͖͚͒ͦ͝͏͐. 
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P(A) = [2(AA) + (Aa)]/2n

f ̺͉͕͔͔͕͋͌͌ ͞͏͕͒͘ ͕͓͕͎͊͏͕͙͔͊͢͜ ͔͕͙͊͌͏͖͕͉ ͘
͙ͤ͏͓ ͇͓͒͌͒͒͌ (͖͕͙͕͓͚ ͙͕͞ ͇͍͇͑͋ͦ ͕͓͕͎͊͏͕͙͇͊
͔͙͌͌͘ ͖͕ ͉͋͌ ͕͖͑͏͏ ͕͔͕͕͋͊ ͏ ͙͕͕͊ ͍͌ ͇͒͒͌͒ͦ),

f ̶͒ͥ͘ ͞͏͕͒͘ ͙͕͎͊͌͌͗͏͕͙͔͊͢͜ ͔͕͙͊͌͏͖͕͉
(͖͕͙͕͓͚ ͙͕͞ ͙͕͎͊͌͌͗͏͕͙͊͢ ͔͚͙͌͘ ͙͕͕͒ͣ͑ ͕͔͚͋
͕͖͑͏ͥ ͕͖͔͔͕͕͗͌͋͌͒͌͊ ͇͒͒͌͒ͦ),

f ̫͔͔͕͌͒͌͌ ͔͇ ͚͉͕͔͔͕͋͌͌ ͞͏͕͒͘ ͕͕͈͌͐͘ ͉
͕͈͇͎͗͌͝ (͖͕͙͕͓͚ ͙͕͞ ͇͍͇͑͋ͦ ͕͕͈ͣ͘ ͔͙͌͌͘ ͖͕
͉͋͌ ͇͒͒͌͒͏ ͉ ͇͍͕͓͑͋ ͕͚͒͑͌͘)

ǩȢȞȏȘȒȌȔȏȌ ȞȇȘșȕșȢ ȇȒȒȌȒȦ

̺͙͞͏͙͌, ͙͕͞ ͈͕͒ͥ͐ ͎͚͙͇͙͗͌͒ͣ, ͖͕͚͔͔͒͌͐͢͞ ͘ ͏͖͕͎͕͉͇͔͒ͣ͘͏͓͌ ͇͔͔͕͋͐ ͕͓͚͛͗͒͢
͈͚͙͋͌ ͒͏ͣ͟ ͕͔͕͌͑͐͝ ͕͈͌͐͠ ͇͙͕͙͘͢͞ ͇͒͒͌͒͏ ͉ ͖͕͖͚͒ͦ͝͏͏, ͖͕͙͕͓͚, ͙͕͞ ͕͈͔͕͢͞
͏͎͚͇͙͌ͦ͘͞ ͙͕͕͒ͣ͑ ͕͋͏͔ ͕͈͇͎͗͌͝ ͕͕͈͌͐͘. ̵͔͇͕͋͑, ͌͒͘͏ ͕͙͈͕͗ ͕͈͇͎͕͉͗͝ ͕͕͈͌͐͘
͖͕͗͏͎͉͔͌͋͌ ͕͕͕͗͜͟, ͙͕ ͇͎͓͗͌͗ ͕͈͇͎͇͗͝ ͕͙͇͙͕͔͕͋͘͞ ͈͕͕͒ͣ͐͟, ͏ ͙͕͇͊͋ ͓͕͍͔͕
͖͖͕͕͍͗͌͋͒͏͙ͣ, ͙͕͞ ͔͇͟͏ ͇͙͗͌͘͢͞ ͈͒͏͎͑͏ ͑ ͏͙͘͏͔͔͕͐ ͇͙͕͙͌͘͞ ͇͒͒͌͒͏. ̱͇͑ ͏ ͉
͖͇͉͗͏͒͌ ͈͕͕͕͒ͣ͊͟ ͖͇͇͒ͣ͝, ͕͔͇͌͑͝ ͇͙͕͙͘͢͞ ͇͒͒͌͒͏ ͕͍͔͇͋͒ ͈͙ͣ͢ ͇͔͇͋͌͒͘, ͊͋͌
͉͕͎͓͕͍͔͕, ͔͇ ͕͈͇͎͇͗͜͝, ͉͎͙ͦ͢͜ ͘ 100 ͕͕͈͌͐͘ ͏͒͏ ͈͕͒ͣ͌͟. 



15

ǧȉșȕȗȘȑȕȌ Ȗȗȇȉȕ: Bioversity International ȏ ǱȕȗȔȌȒȣȘȑȏȐ ǺȔȏȉȌȗȘȏșȌș, 2003 Ȋ.     ǶȕȖȚȒȦȝȏȕȔȔȇȦ ȊȌȔȌșȏȑȇ 15

f ͙͕̈́ ͇͙͕͙͇͘͞ ͇͔͔͕͕͋͊ ͔͕͙͊͌͏͖͇ ͉ ͖͕͖͚͒ͦ͝͏͏

f ͇͙͕͙̾͘͢ ͇͎͗͒͏͔͢͜͞ ͙͏͖͕͉ ͌͒͌͑͘͝͏͕͔͔͢͜
͘͏͙͓͌͘ ͕͖͙͗͌͋͌͒ͦͥ ͓͇͙͓͇͙͌͏͚͌͑ͥ͘͞
͉͎͇͏͓͕͉͎ͦͣ͘ ͓͍͚͌͋ ͇͙͕͙͇͓͘͞͏ ͇͒͒͌͒ͦ ͏
͔͕͙͊͌͏͖͇

ǾȇȘșȕșȇ ȊȌȔȕșȏȖȇ

̸͏͙͓͇͌͘ ͙͙͉͔͔͕͕͌͌͌͊͘͘ ͑͗͌͘͠͏͉͇͔͏ͦ ͕͕͈͌͐͘ ͓͕͍͙͌ ͈͙ͣ͢ ͏͎͚͔͇͌͞ ͖͚͙͓͌
͏͕͉͇͔͒͌͋͘͘͏͐ ͇͙͕͙͘͞, ͘ ͕͙͕͓͑͗͢͏ ͇͙͔͇͙͒ͣ͌͗͏͉͔͌͢ ͔͕͙͊͌͏͖͢ ͉͕͎͔͏͇͙͑ͥ ͉
͖͕͖͚͒ͦ͝͏͏. ̱͕͇͊͋ ͖͕͖͚͒ͦ͝͏ͦ ͖͕͉͇͙͋͌͗͊͌ͦ͘ ͑͗͌͘͠͏͉͇͔͏ͥ, ͕͙͕͕͑͗͌
͖͕͗͏͎͉͕͔͕͒ͣ ͕͙͔͕͘͏͙ͦ͘ ͑ ͎͇͏͔͙͕͉͇͔͔͓͌͗͌͘͢ ͇͓͒͒͌͒ͦ, ͕͖͔͔͗͌͋͌͒͌͌͢
͇͇͙͗͑͌͗͜͢ ͇͙͕͙͘͞ ͔͕͙͊͌͏͖͇ ͓͕͚͙͊ ͕͍͏͇͙͋ͣͦ͘.

͇͙͕͙̾͘͢ ͔͕͙͊͌͏͖͇ ͙͇͍͑͌ ͏͖͕͎͚͙͒ͣͥͦ͘͘ ͋͒ͦ ͕͔͌͑͝͏ ͕͑͒͏͙͉͇͌͘͞ ͇͓͕͕͖͔͒͌͘͢͏ͦ, 
͉͕͎͔͏͇͕͑ͥ͌͊͠ ͉ ͖͕͖͚͒ͦ͝͏ͦ͜ ͕͕͈͌͐͘, ͕͙͕͑͗͌͢ ͕͈͇͇͙͒͋ͥ ͇͔͔͓͋͢ ͏͒͏
͓͇͔͔͓͌͘͟͢ ͙͏͖͕͓ ͇͎͓͔͕͍͔͗͌͏ͦ. ̸͏͙͓͇͌͘ ͖͇͗͘͏͉͇͔͏ͦ ͏͒͏ ͑͗͌͘͠͏͉͇͔͏ͦ, 
͙͇͑͏͓ ͕͈͇͎͕͓͗, ͏͓͙͌͌ ͎͔͇͞͏͙͔͕͌͒ͣ͌ ͉͒͏͔ͦ͏͌ ͔͇ ͇͙͕͙͚͘͞ ͉͕͎͔͏͔͕͉͔͑͌͏ͦ
͇͙͔͇͙͒ͣ͌͗͏͉͔͢͜ ͔͕͙͊͌͏͖͕͉ ͉ ͇͔͔͕͋͐ ͖͕͖͚͒ͦ͝͏͏.
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f ǩ ȖȕȖȚȒȦȝȏȏ Șȕ ȘȒȚȞȇȐȔȢȓ ȘȑȗȌȠȏȉȇȔȏȌȓ ȗȌȎȚȒȣșȇș
ȎȇȑȒȥȞȇȌșȘȦ ȉ ȘȈȇȒȇȔȘȏȗȕȉȇȔȔȕȓ ȗȇȘȖȗȕȘșȗȇȔȌȔȏȏ
ȊȌȔȕșȏȖȕȉ ȚȍȌ ȞȌȗȌȎ ȕȋȔȕ ȖȕȑȕȒȌȔȏȌ, ȏ șȇȑȏȓ
ȕȈȗȇȎȕȓ, ȓȕȍȔȕ ȎȇȑȒȥȞȏșȣ, Ȟșȕ ȊȌȔȌșȏȞȌȘȑȇȦ
ȏȎȓȌȔȞȏȉȕȘșȣ ȖȕȋȋȌȗȍȏȉȇȌșȘȦ

f ǱȕȊȋȇ ȖȗȌȋȖȕȒȕȍȌȔȏȦ ȕșȉȌȞȇȥș șȗȌȈȕȉȇȔȏȦȓ, ȞȇȘșȕșȇ
ȊȌȔȕșȏȖȇ ȗȇȉȔȇ ȞȇȘșȕșȇȓ ȇȒȒȌȒȏ

AA Aa aa
p2 2pq q2

ǮȇȑȕȔ Ǽȇȗȋȏ-ǩȌȐȔȈȌȗȊȇ

ǷȇȉȔȕȉȌȘȏȌ Ǽ-ǩ ȚșȉȌȗȍȋȇȌș, Ȟșȕ ȖȕȒȕȉȕȌ ȗȇȎȓȔȕȍȌȔȏȌ ȔȌ ȚȓȌȔȣȟȇȌș
ȔȇȘȒȌȋȘșȉȌȔȔȚȥ ȏȎȓȌȔȞȏȉȕȘșȣ ȕș ȖȕȑȕȒȌȔȏȦ ȑ ȖȕȑȕȒȌȔȏȥ; ȔȇȖȗȕșȏȉ, 
ȑȕȒȏȞȌȘșȉȕ ȏȎȓȌȔȞȏȉȕȘșȏ ȕȘșȇȌșȘȦ ȖȕȘșȕȦȔȔȢȓ, ȌȘȒȏ ȕșȘȚșȘșȉȚȥș
ȉȕȎȓȚȠȇȥȠȏȌ ȘȏȒȢ, ȋȌȐȘșȉȚȥȠȏȌ Ȗȗȕșȏȉ ȔȌȊȕ.  ǵȔȕ ȚȘșȇȔȇȉȒȏȉȇȌș
ȉȎȇȏȓȕȘȉȦȎȣ ȋȒȦ ȉȢȞȏȘȒȌȔȏȦ ȞȇȘșȕș ȊȌȔȕșȏȖȇ Ȗȗȏ ȘȒȚȞȇȐȔȕȓ ȘȑȗȌȠȏȉȇȔȏȏ ȏ, 
Ȗȗȏ Ȥșȕȓ, ȕȈȌȘȖȌȞȏȉȇȌș ȕȘȔȕȉȚ ȋȒȦ ȓȔȕȊȏȜ ȏȘȘȒȌȋȕȉȇȔȏȐ ȉ ȖȕȖȚȒȦȝȏȕȔȔȕȐ
ȊȌȔȌșȏȑȌ. 

Ȅșȕș ȖȗȏȔȝȏȖ ȕȖȏȘȢȉȇȌș ȉȌȗȕȦșȔȕȘșȣ ȋȒȦ ȞȇȘșȕș ȇȒȒȌȒȏ ȉ ȏȋȌȇȒȣȔȕȐ ȘȏșȚȇȝȏȏ, 
ȊȋȌ:

• ǵȗȊȇȔȏȎȓ ȋȏȖȒȕȏȋȌȔ

• ǷȇȎȓȔȕȍȌȔȏȌ ȖȕȒȕȉȕȌ

• ǶȕȑȕȒȌȔȏȦ ȔȌ ȖȌȗȌȑȗȢȉȇȥșȘȦ

• ǸȑȗȌȠȏȉȇȔȏȌ ȘȒȚȞȇȐȔȕȌ

• ǷȇȎȓȌȗ ȖȕȖȚȒȦȝȏȏ ȕȞȌȔȣ ȈȕȒȣȟȕȐ

• ǳȏȊȗȇȝȏȦ ȔȌȎȔȇȞȏșȌȒȣȔȇ

• ǳȚșȇȝȏȏ ȓȕȍȔȕ ȖȗȕȏȊȔȕȗȏȗȕȉȇșȣ

• ǬȘșȌȘșȉȌȔȔȢȐ ȕșȈȕȗ ȔȌ ȉȒȏȦȌș Ȕȇ ȏȎȚȞȇȌȓȢȌ ȇȒȒȌȒȏ

ǺȞșȏșȌ, Ȟșȕ ȈȕȒȣȟȏȔȘșȉȕ ȑȚȒȣșȚȗȔȢȜ ȗȇȘșȌȔȏȐ ȔȇȗȚȟȇȥș Ȗȕ ȑȗȇȐȔȌȐ ȓȌȗȌ
ȕȋȔȕ ȏȎ ȤșȏȜ ȖȗȌȋȖȕȒȕȍȌȔȏȐ. 
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ǾȇȘșȕșȇ
ȊȌȔȕșȏȖȕȉ

ǶȕȑȕȒȌȔȏȌ 0

N        �

A1 A1 ,   A1 A2 ,  A2 A2

p2,     2pq,     q2

ǾȇȘșȕșȢ ȊȌȔȕșȏȖȇ ȔȌ
ȏȎȓȌȔȦȥșȘȦ ȕș
ȖȕȑȕȒȌȔȏȌ ȑ
ȖȕȑȕȒȌȔȏȥ

ᄛ ɝɚɦɟɬɵ

A1 A2

A2A1

ᄝɝɚɦɟɬɵ

(p)

(p) (q)

(q)

A2 A2 (q2) 

A1 A1 (p2) A1 A2 (pq) 

A1 A2 (pq) 

Ƃ
ƃ A2A1

A1

A2

ǸȒȚȞȇȐȔȕȌ
ȘȑȗȌȠȏȉȇȔȏȌ

̮͏͕͙͊͢

N    �

A1 A1 ,  A1 A2 , A2 A2

p2,    2pq,     q2

ǶȕȑȕȒȌȔȏȌ 1

ǫȌȓȕȔȘșȗȇȝȏȦ ȖȗȏȔȝȏȖȇ Ǽ-ǩ

ǵșȖȗȇȉȔȕȐ șȕȞȑȕȐ ȦȉȒȦȌșȘȦ ȖȕȑȕȒȌȔȏȌ 0. ǳȢ ȏȓȌȌȓ ȊȌȔ Ș ȋȉȚȓȦ ȇȒȒȌȒȦȓȏ A1 ȏ
A2. ǾȇȘșȕșȇ ȇȒȒȌȒȏ A1 ȗȇȉȔȇ p ȏ ȞȇȘșȕșȇ ȇȒȒȌȒȏ A2 - q. ǾȇȘșȕșȢ ȊȌȔȕșȏȖȇ ȉ
ȖȕȑȕȒȌȔȏȏ 0 ȋȒȦ A1 A1 = p2, ȋȒȦ A1 A2 = 2pq ȏ ȋȒȦ A2 A2 = q2. ǬȘȒȏ ȖȗȕȏȘȜȕȋȏș
ȘȒȚȞȇȐȔȕȌ ȘȖȇȗȏȉȇȔȏȌ, șȕ ȉȌȗȕȦșȔȕȘșȣ ȉȘșȗȌȞȏ ȋȒȦ ȒȥȈȕȊȕ ȇȒȒȌȒȦ ȍȌȔȘȑȕȊȕ
ȗȇȘșȌȔȏȦ Ș ȒȥȈȢȓ ȇȒȒȌȒȌȓ ȓȚȍȘȑȕȊȕ ȗȇȘșȌȔȏȦ ȈȚȋȌș ȕȋȏȔȇȑȕȉȕȐ.  ǹȇȈȒȏȝȇ
ȘȖȗȇȉȇ Ȕȇ ȘȒȇȐȋȌ ȏȎȕȈȗȇȍȇȌș ȞȌșȢȗȌ ȉȕȎȓȕȍȔȢȜ ȊȌȔȕșȏȖȇ ȋȒȦ ȘȒȌȋȚȥȠȌȊȕ
ȖȕȑȕȒȌȔȏȦ. ǾȇȘșȕșȇ ȉȕȎȔȏȑȔȕȉȌȔȏȦ ȑȇȍȋȕȊȕ ȊȌȔȕșȏȖȇ ȖȗȏȉȕȋȏșȘȦ Ȗȕ ȖȗȕȋȚȑșȚ
ȞȇȘșȕșȢ ȑȇȍȋȕȊȕ ȇȒȒȌȒȦ ȉ ȊȌȔȕșȏȖȌ, ȔȇȖȗȏȓȌȗ, ȋȒȦ A1 A1 ȕȔ ȗȇȉȌȔ p x p = p2. 
ǬȘȒȏ ȘȚȓȓȏȗȕȉȇșȣ ȗȌȎȚȒȣșȇșȢ ȉ șȇȈȒȏȝȌ, Ȟșȕ ȉ ȊȕȒȚȈȕȐ ȉȑȒȇȋȑȌ ȉȔȏȎȚ ȘȒȇȐȋȇ, 
șȕ ȓȢ Țȉȏȋȏȓ, Ȟșȕ ȞȇȘșȕșȢ ȊȌȔȕșȏȖȇ ȉ ȖȕȑȕȒȌȔȏȏ 1 ȕȘșȇȥșȘȦ șȇȑȏȓȏ ȍȌ, ȑȇȑ ȏ ȉ
ȖȗȌȋȢȋȚȠȌȓ ȖȕȑȕȒȌȔȏȏ.   
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0,42

0,42

0,42

A1 A2

0,49

0,49

0,49

A1 A1

ǪȌȔȕșȏȖȢ G1

0,3

0,3

0,3

q

0,09

0,09

0,09

A2 A2

0,7

0,7

0,7

p

G0 G1ǪȌȔȕșȏȖȢ G0

0,7

0,7

0,7

p

0,3

0,3

0,3

q

0,00,60,4ǶȕȖȚȒȦȝȏȦ 3

0,090,420,49ǶȕȖȚȒȦȝȏȦ 2

0,20,20,6ǶȕȖȚȒȦȝȏȦ 1

A2 A2A1 A2A1 A1ǶȕȖȚȒȦȝȏȏ

ǾȇȘșȕșȢ

ǶȗȏȓȌȗ șȗȌȜ ȖȕȖȚȒȦȝȏȐ ȉ ȗȇȉȔȕȉȌȘȏȏ
Ǽȇȗȋȏ-ǩȌȐȔȈȌȗȊȇ

ǾȇȘșȕșȢ ȊȌȔȕșȏȖȇ ȖȕȖȚȒȦȝȏȏ ȖȗȏȉȌȋȌȔȢ ȉ ȘșȗȕȑȇȜ. ǶȕȖȚȒȦȝȏȏ G0 ȏ G1 ȋȇȔȢ ȉ
ȊȗȇțȇȜ. ǸȔȕȉȇ ȓȢ ȏȓȌȌȓ ȕȋȏȔ ȊȌȔ Ș ȋȉȚȓȦ ȇȒȒȌȒȦȓȏ A1 ȏ A2. ǾȇȘșȕșȇ ȇȒȒȌȒȏ A1
ȗȇȉȔȇ p ȏ ȞȇȘșȕșȇ ȇȒȒȌȒȏ A2 - q. ǾȇȘșȕșȢ ȊȌȔȕșȏȖȇ ȗȇȎȔȢȌ ȋȒȦ ȑȇȍȋȕȐ
ȖȕȖȚȒȦȝȏȏ ȉ ȖȕȑȕȒȌȔȏȏ 0, ȔȇȖȗȏȓȌȗ ȞȇȘșȕșȇ A1 A1 ȉ ȖȕȖȚȒȦȝȏȏ 1 ȗȇȉȔȇ 0,6; ȉ
ȖȕȖȚȒȦȝȏȏ 2 – 0,49; ȏ ȉ ȖȕȖȚȒȦȝȏȏ 3 – 0,4, ȏ șȇȑ ȋȇȒȌȌ ȋȒȦ ȑȇȍȋȕȊȕ ȊȌȔȕșȏȖȇ. 
ǳȢ ȚȞȒȏ, ȕȋȔȇȑȕ, Ȟșȕ ȞȇȘșȕșȢ ȇȒȒȌȒȏ ȉ șȗȌȜ ȖȕȖȚȒȦȝȏȦȜ ȘȜȕȍȏ ȉ G0 (p = 0,7 ȏ
q = 0,3). ǩ ȘȒȌȋȚȥȠȌȓ ȖȕȑȕȒȌȔȏȏ G1, ȌȘȒȏ ȉȘȌ ȔȌȕȈȜȕȋȏȓȢȌ ȚȘȒȕȉȏȦ ȎȇȑȕȔȇ Ǽ-
ǩ ȘȕȈȒȥȋȌȔȢ, șȕ ȞȇȘșȕșȢ ȊȌȔȕșȏȖȇ ȉ șȗȌȜ ȖȕȖȚȒȦȝȏȦȜ ȗȇȉȔȢ (șȌȖȌȗȣ ȞȇȘșȕșȇ
A1 A1 ȗȇȉȔȇ 0,49 ȉ șȗȌȜ ȖȕȖȚȒȦȝȏȦȜ, ȏ șȕ ȍȌ ȘȇȓȕȌ ȖȗȕȏȘȜȕȋȏș Ș ȞȇȘșȕșȇȓȏ A1
A2 ȏ A2 A2 ). ǾȇȘșȕșȢ ȇȒȒȌȒȏ ȘȕȜȗȇȔȌȔȢ. 
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f ɗɬɨɬ ɝɢɩɨɬɟɬɢɱɟɫɤɢɣ ɬɟɫɬ ɩɨɥɟɡɟɧ ɞɥɹ
ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɯɨɠɞɟɧɢɹ ɚɥɥɟɥɶɧɵɯ
ɱɚɫɬɨɬ ɜ ɪɚɜɧɨɜɟɫɢɢ ɏ-ȼ

f ɉɪɨɰɟɞɭɪɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ
ɫɥɟɞɭɸɳɟɦ: 

• Ɉɩɪɟɞɟɥɢɬɶ H0 (ɢ Ha)
• Ɉɩɪɟɞɟɥɢɬɶ ɭɪɨɜɟɧɶ ɡɧɚɱɟɧɢɹ Į
• ɉɪɨɜɟɫɬɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɬɟɫɬ
• ɉɪɢɦɟɧɢɬɶ ɤɪɢɬɟɪɢɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ

ǧȔȇȒȏȎ Ǽȏ - ȑȉȇȋȗȇșȇ

H0 = ɝɢɩɨɬɟɡɚ, ɝɨɜɨɪɹɳɚɹ, ɱɬɨ ɱɚɫɬɨɬɵ ɚɥɥɟɥɢ ɞɥɹ ɩɪɢɡɧɚɤɚ Q ɜ ɞɚɧɧɨɣ ɩɨɩɭɥɹɰɢɢ
ɧɚɯɨɞɹɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɏ-ȼ. 
Ha = ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ, ɝɨɜɨɪɹɳɚɹ, ɱɬɨ ɱɚɫɬɨɬɵ ɚɥɥɟɥɢ ɞɥɹ ɩɪɢɡɧɚɤɚ Q ɧɟ
ɧɚɯɨɞɹɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɏ-ȼ.

Ɇɵ ɜɵɛɢɪɚɟɦ ɡɧɚɱɢɬɟɥɶɧɵɣ ɭɪɨɜɟɧɶ , ɱɬɨ ɞɚɟɬ ɧɚɦ ɨɩɪɟɞɟɥɟɧɧɭɸ ɞɨɥɸ ɭɜɟɪɟɧɧɨɫɬɢ
ɜ ɧɚɲɢɯ ɪɟɡɭɥɶɬɚɬɚɯ. ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɬɟɫɬ ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ

ɝɞɟ:
ST = ȘșȇșȏȘșȏȞȌȘȑȏȐ șȌȘș k = ȞȏȘȒȕ ȊȌȔȕșȏȖȏȞȌȘȑȏȜ ȑȒȇȘȘȕȉ
O = ȔȇȈȒȥȋȇȌȓȢȌ ȞȇȘșȕșȢ m = ȞȏȘȒȕ ȇȒȒȌȒȌȐ
E = ȕȍȏȋȇȌȓȢȌ ȞȇȘșȕșȢ df = ȘșȌȖȌȔȣ ȘȉȕȈȕȋȢ

ǬȘȒȏ Ȕȇȟ ȖȗȏȓȌȗ ȖȗȌȋȚȘȓȇșȗȏȉȇȌș șȕȒȣȑȕ 1 ȘșȌȖȌȔȣ ȘȉȕȈȕȋȢ ȏ ȗȇȎȔȏȝȇ ȉ
ȞȇȘșȕșȇȜ ȘȕȑȗȇȠȌȔȇ Ȕȇ 0,5, șȕ țȇȑșȕȗ ȑȕȗȗȌȑȝȏȏ ȗȇȉȌȔ: 

Ʉɪɢɬɟɪɢɣ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɪɢɦɟɧɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:

If F2
cal � F2

tab , ɬɨ H0 ɩɪɢɧɢɦɚɟɬɫɹ; ɢ, ɟɫɥɢ F2
cal > F2

tab,, ɬɨ H0 ɨɬɜɟɪɝɚɟɬɫɹ

ɝɞɟ,  
cal = ɪɟɡɭɥɶɬɚɬ ɜɵɱɢɫɥɟɧɢɹ ST ɩɨ ɞɚɧɧɵɦ, ɩɨɥɭɱɟɧɧɵɦ ɜ ɧɚɲɟɦ
ɩɪɢɦɟɪɟ
tab = ɡɧɚɱɟɧɢɟ, ɨɩɪɟɞɟɥɟɧɧɨɟ ɩɨ ɬɚɛɥɢɰɟ
(a F2 ɬɚɛɥɢɰɭ ɦɨɠɟɬɟ ɧɚɣɬɢ ɜ ɉɪɢɥɨɠɟɧɢɢ 1, ɞɥɹ ɷɬɨɝɨ ɳɟɥɤɧɢɬɟ
ɦɵɲɤɨɣ ɡɞɟɫɶ).

> @
mdfk

2
2 
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»
¼
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D = 0,05

ǪȌȔȕșȏȖ AA Aa aa
ǾȏȘȒȕ ȔȇȈȒȥȋȇȌȓȢȜ 169 520 311
ǾȏȘȒȕ ȗȇȘȞȌșȔȢȜ 250 500 250
ǷȇȘȞȌș X2 (169-250-0,5)2/250 (520-500-0,5)2/500 (311-250-0,5)2/250
ǮȔȇȞȌȔȏȌ X2 +25,921 +0,760 +14,641 41,322

Ʉɪɢɬɟɪɢɣ ɪɟɲɟɧɢɹ:  

F2
cal (41,322) > F2

tab (3,8) 

H0 ɨɬɤɥɨɧɟɧ

ɉɪɢɦɟɧɟɧɢɟ ɬɟɫɬɚ F2: ͖͗͏͓͌͗

ȼ ɷɬɨɦ ɩɪɢɦɟɪɟ, ɞɚɜɚɣɬɟ ɭɫɥɨɜɢɦɫɹ, ɱɬɨ ɱɚɫɬɨɬɵ ɚɥɥɟɥɢ ɛɵɥɢ 0,429 ɞɥɹ A1 ɢ
0,571 ɞɥɹ A2.  Ʉɚɠɞɵɣ ɝɟɧɨɬɢɩɢɱɟɫɤɢɣ ɤɥɚɫɫ ɛɵɥ ɩɪɟɞɫɬɚɜɥɟɧ, ɤɚɤ ɜ ɬɚɛɥɢɰɟ
ɧɚ ɫɥɚɣɞɟ ɜɵɲɟ.

Ƚɢɩɨɬɟɡɵ ɞɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɫɥɟɞɭɸɳɢɟ:

H0 = ɷɬɨ ɩɨɩɭɥɹɰɢɹ ɜ ɏ-ȼ ɪɚɜɧɨɜɟɫɢɢ ɞɥɹ ɟɟ ɱɚɫɬɨɬ ɚɥɥɟɥɢ
Ha = ɷɬɨ ɩɨɩɭɥɹɰɢɹ ɧɟ ɜ ɪɚɜɧɨɜɟɫɢɢ ɏ-ȼ ɞɥɹ ɟɟ ɱɚɫɬɨɬ ɚɥɥɟɥɢ

Ɍɚɤ ɤɚɤ ɱɢɫɥɨ ɝɟɧɨɬɢɩɢɱɟɫɤɢɯ ɤɥɚɫɫɨɜ ɪɚɜɧɨ 3, ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɢɦɟɟɦ
ɬɨɥɶɤɨ 1 ɫɬɟɩɟɧɶ ɫɜɨɛɨɞɵ, ɬɨ ɦɵ ɩɪɢɦɟɧɹɟɦ ɩɨɩɪɚɜɨɱɧɵɣ ɮɚɤɬɨɪ ɜ ɧɚɲɢɯ
ɪɚɫɱɟɬɚɯ ɷɥɟɦɟɧɬɨɜ F2

F2 ɪɚɜɟɧ 41,322. ɋ ɷɬɢɦ ɡɧɚɱɟɧɢɟɦ ɢ ɞɨɩɭɫɬɢɦɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɜ 0,05%, 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɨɬɤɥɨɧɹɸɬ H0, ɱɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɨɩɭɥɹɰɢɹ ɧɟ
ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɏ-ȼ ɞɥɹ ɞɚɧɧɨɝɨ ɢɡɭɱɚɟɦɨɝɨ ɩɪɢɡɧɚɤɚ.  



21

ǧȉșȕȗȘȑȕȌ Ȗȗȇȉȕ: Bioversity International ȏ ǱȕȗȔȌȒȣȘȑȏȐ ǺȔȏȉȌȗȘȏșȌș, 2003 Ȋ.     ǶȕȖȚȒȦȝȏȕȔȔȇȦ ȊȌȔȌșȏȑȇ 21

f ǩȢȞȏȘȒȌȔȏȌ ȞȇȘșȕș ȇȒȒȌȒȌȐ Ȗȗȏ
ȖȕȓȕȠȏ ȑȕȋȕȓȏȔȇȔșȔȕȊȕ ȓȇȗȑȌȗȇ

f ǩȢȞȏȘȒȌȔȏȌ ȞȇȘșȕș ȇȒȒȌȒȌȐ Ȗȗȏ
ȖȕȓȕȠȏ ȋȕȓȏȔȇȔșȔȕȊȕ ȓȇȗȑȌȗȇ

f ǩȢȞȏȘȒȌȔȏȌ ȞȇȘșȕș ȇȒȒȌȒȌȐ Ȗȗȏ
ȖȕȓȕȠȏ ȑȕȋȕȓȏȔȇȔșȔȕȊȕ ȊȌȔȇ, 
ȏȓȌȥȠȌȊȕ ȓȔȕȍȌȘșȉȕ ȇȒȒȌȒȌȐ

ǩȢȞȏȘȒȌȔȏȌ ȞȇȘșȕș ȇȒȒȌȒȌȐ: ȖȗȏȓȌȗȢ

ȼ ɫɥɟɞɭɸɳɢɯ ɧɟɫɤɨɥɶɤɢɯ ɫɥɚɣɞɚɯ ɦɵ ɩɨɤɚɠɟɦ ɩɪɢɦɟɪɵ ɪɚɫɱɟɬɚ ɱɚɫɬɨɬ
ɚɥɥɟɥɢ ɞɥɹ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɩɨɦɨɳɢ ɪɚɡɧɵɯ ɬɢɩɨɜ ɦɚɪɤɟɪɨɜ. 
ɉɪɢɦɟɪɵ ɩɪɢɜɨɞɹɬɫɹ ɫ ɢɡɨɛɪɚɠɟɧɢɹɦɢ, ɤɨɬɨɪɵɟ ɢɦɢɬɢɪɭɸɬ ɧɚɬɭɪɚɥɶɧɵɟ ɝɟɥɢ
ɢ ɩɨɥɨɫɵ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɪɤɟɪɨɜ. Ⱦɥɹ ɛɨɥɟɟ
ɩɨɞɪɨɛɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɬɟɯɧɨɥɨɝɢɹɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɪɤɟɪɨɜ ɢ
ɪɚɫɲɢɮɪɨɜɤɢ ɩɨɥɨɫ ɫɦɨɬɪɢɬɟ ɨɛɭɱɚɸɳɢɣ ɦɨɞɭɥɶ «̯͖͕͎͚͒ͣͦ͘ ͙͔͕͕͌͒͊͜͏ͥ
͓͕͚͔͒͌͑͒ͦ͗͢͜ ͓͇͕͉͗͑͌͗ ͉ ͏͎͚͔͌͞͏͏ ͇͎͔͕͕͈͇͎͗͗͏ͦ ͔͙͊͌͌͏͌͑͘͞͏͜ ͚͕͉͗͌͗͘͘
͇͙͔͗͌͘͏͐»
(http://www.bioversityinternational.org/publications/pubfile.asp?ID_PUB=912).
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Ɉɫɨɛɶ 1 Ɉɫɨɛɶ 2 Ɉɫɨɛɶ 3
A1 1 1 0
A2 0 1 1

ǶȕȒȕȘȢ ȘȞȌșȇ

ǵȘȕȈȏ

ǪȌȔȕșȏȖȢ

M

ǲȕȑȚȘ A

A
1A

1

A
1A

2

A
2A

2

ǪȌȒȣ
1 2 3

1,0      1,1      0,1ǲȕȑȚȘ A

M 1 2 3

… Ȗȗȏ ȖȕȓȕȠȏ ȑȕȋȕȓȏȔȇȔșȔȕȊȕ ȓȇȗȑȌȗȇ

(ȖȗȕȋȕȒȍȌȔȏȌ ȉ ȘȒȌȋȚȥȠȌȓ ȘȒȇȐȋȌ)

Ƕȗȏ ȖȕȓȕȠȏ ȑȕȋȕȓȏȔȇȔșȔȕȊȕ ȓȇȗȑȌȗȇ ȊȌȔȕșȏȖȢ șȗȌȜ ȊȌȔȕșȏȖȏȞȌȘȑȏȜ ȑȒȇȘȘȕȉ
ȓȕȊȚș ȈȢșȣ ȏȎȚȞȌȔȢ ȋȒȦ ȋȉȚȜ ȊȕȓȕȎȏȊȕș ȏ ȕȋȔȕȐ ȊȌșȌȗȕȎȏȊȕșȢ. Ǵȇ ȗȏȘȚȔȑȌ
ȉȢȟȌ, ȉ ȝȌȔșȗȌ ȔȇȉȌȗȜȚ, ȓȢ ȉȏȋȏȓ ȏȎȕȈȗȇȍȌȔȏȌ ȊȌȒȦ Ș ȕȈȡȌȋȏȔȦȥȠȌȐ ȘȜȌȓȕȐ
ȑȕȋȕȓȏȔȇȔșȔȕȊȕ ȓȇȗȑȌȗȇ ȋȒȦ ȌȋȏȔȏȞȔȕȊȕ ȒȕȑȚȘȇ ȋȏȖȒȕȏȋȔȕȊȕ ȕȗȊȇȔȏȎȓȇ. 
Ǵȇȓ ȔȌȕȈȜȕȋȏȓȕ ȖȕȋȘȞȏșȇșȣ ȖȕȒȕȘȢ ȉ ȊȌȒȌ ȏ ȖȗȌȕȈȗȇȎȕȉȇșȣ ȏȜ ȉ ȞȏȘȒȇ. ǫȒȦ
ȤșȕȊȕ, ȑȇȍȋȢȐ ȏȎ ȗȇȎȓȌȗȕȉ ȖȕȒȕȘȢ (ȖȕȒȕȘȇ ȉ ȕȋȔȕȐ ȏ șȕȐ ȍȌ ȘșȗȕȑȌ) 
ȖȕȋȘȞȏșȢȉȇȌșȘȦ ȏ ȖȗȌȕȈȗȇȎȚȌșȘȦ ȉ ȌȋȏȔȏȝȚ, ȌȘȒȏ ȕȔȇ ȖȗȌȋȘșȇȉȒȌȔȇ ȏȒȏ ȉ ȔȕȒȣ, 
ȌȘȒȏ ȕșȘȚșȘșȉȚȌș. ǳȢ ȓȕȍȌȓ ȘȋȌȒȇșȣ Ȥșȕ Ȗȕ ȖȕȒȕȘȌ, ȑȇȑ ȉ șȇȈȒȏȝȌ ȉȔȏȎȚ ȘȒȌȉȇ, 
ȏȒȏ Ȗȕ ȊȌȔȕșȏȖȚ, ȑȇȑ ȉ Ȗȗȇȉȕȓ ȚȊȒȚ ȉȔȏȎȚ. ǩ șȇȈȒȏȝȌ ȉȔȏȎȚ ȓȢ ȓȕȍȌȓ ȉȏȋȌșȣ
ȗȇȘȞȌșȢ ȖȗȌȋȖȕȒȇȊȇȌȓȢȜ ȏ ȔȇȈȒȥȋȇȌȓȢȜ ȞȇȘșȕș ȊȌȔȕșȏȖȇ, ȇ șȇȑȍȌ ȞȇȘșȕș
ȇȒȒȌȒȏ (ǳ = ȓȇȗȑȌȗ ȓȕȒȌȑȚȒȦȗȔȕȊȕ ȉȌȘȇ)

1P22 = n22/n
= 0,70

P12 = n12/n
= 0,10

P11 = n11/n
= 0,20

ǾȇȘșȕșȇ ȊȌȔȕșȏȖȇ
(ȔȇȈȒȥȋȇȌȓȕȌ)

n = 200n22 = 140n12 = 20n11 = 40ǾȏȘȒȕ ȕȘȕȈȌȐ

1q22pqp2ǾȇȘșȕșȇ ȊȌȔȕșȏȖȇ
(ȕȍȏȋȇȌȓȕȌ)

ǩȘȌȊȕA2 A2A1 A2A1 A1ǪȌȔȕșȏȖȢ

p = (2n11/2n) + (n12/2n) = P11 + ½ P12 = 0,20 + ½ (0,10) = 0,25

q = (2n22/2n) + (n12/2n) = P22 + ½ P12 = 0,70 + ½ (0,10) = 0,75
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1,1      1,0       1,1       0,1      0,1    1,1     1,0        0,1       0,1      0,1  

1 2 3 4 5 6 7 8 9 10

ǲȕȑȚȘ A

ǲȕȑȚȘ B

ǲȕȑȚȘ D
1,0      1,0       1,0       1,1      0,1    1,0     1,0        1,0       1,0      1,0  
1,0      1,0       1,1       0,1      0,1    1,1     0,1        0,1       1,1      1,1  

M

ǲȕȑȚȘ A

ǲȕȑȚȘ B

ǲȕȑȚȘ D

ǵȘȕȈȏ
M 1 2 3 4 5 6 7 8 9 10

… Ȗȗȏ ȖȕȓȕȠȏ ȑȕȋȕȓȏȔȇȔșȔȕȊȕ ȓȇȗȑȌȗȇ
(ȖȗȕȋȕȒȍȌȔȏȌ) 

ǶȗȏȓȌȗ ȉ Ȥșȕȓ ȘȒȇȐȋȌ ȖȕȋȕȈȌȔ șȕȓȚ, Ȟșȕ ȉ ȖȗȌȋȢȋȚȠȌȓ ȘȒȇȐȋȌ, Ȕȕ ȋȒȦ 10 ȕȘȕȈȌȐ ȏ
șȗȌȜ ȉȢȋȌȒȌȔȔȢȜ ȒȕȑȚȘȕȉ (A, B ȏ D). ǫȒȦ ȈȕȒȌȌ ȒȌȊȑȕȐ ȋȌȓȕȔȘșȗȇȝȏȏ, ȏȘȖȕȒȣȎȕȉȇȔ
șȕȒȣȑȕ ȕȋȏȔ ȓȌșȕȋ ȖȕȋȘȞȌșȇ, ȉ ȔȏȍȔȌȐ ȞȇȘșȏ ȘȒȇȐȋȇ. (M = ȓȇȗȑȌȗ ȓȕȒȌȑȚȒȦȗȔȕȊȕ ȉȌȘȇ)

ǺȞșȏșȌ, Ȟșȕ ȊȌȒȣ, ȑȇȑ ȉ ȔȇȟȌȓ ȖȗȏȓȌȗȌ, ȓȕȍȌș ȈȢșȣ ȖȕȒȚȞȌȔ șȕȒȣȑȕ Ȗȗȏ ȖȕȓȕȠȏ
ȓȚȒȣșȏȖȒȌȑȘȏȗȕȉȇȔȏȦ, Ȟșȕ ȕȎȔȇȞȇȌș ȖȕȓȌȠȌȔȏȌ ȉ ȕȋȔȚ ȏ șȚ ȍȌ ȒȚȔȑȚ ȖȗȕȋȚȑșȕȉ
ȗȌȇȑȝȏȏ Ȗȕ ȗȇȎȔȢȓ ȓȇȗȑȌȗȇȓ.  

ǩȔȏȎȚ ȓȢ ȉȏȋȏȓ șȇȈȒȏȝȚ Ș ȗȇȘȞȌșȇȓȏ ȞȇȘșȕș ȊȌȔȕșȏȖȇ ȏ ȇȒȒȌȒȏ.

ǾȇȘșȕșȇ ȇȒȒȌȒȦ

0,40

p

0,85

p

0,35

p

1

10

1

ǯșȕȊȕ

1

10

1

ǯșȕȊȕ

1

10

1

ǯșȕȊȕ

q

D2 D2D1 D2D1 D1ǪȌȔȕșȏȖȢ

D

q22pqp2ǾȇȘșȕșȇ ȊȌȔȕșȏȖȇ
(ȕȍȏȋȇȌȓȇȦ)

442ǾȏȘȒȕ ȕȘȕȈȌȐ

0,60P22 = 0,4P12 = 0,4P11 = 0,2͇͙͕͙͇̾͘ ͔͕͙͊͌͏͖͇
�͔͇͈͇͓͇͒ͥ͋͌ͦ��

q

B2 B2B1 B2B1 B1ǪȌȔȕșȏȖȢ

B

q22pqp2ǾȇȘșȕșȇ ȊȌȔȕșȏȖȇ
(ȕȍȏȋȇȌȓȇȦ)

118ǾȏȘȒȕ ȕȘȕȈȌȐ

0,15P22 = 0,1P12 = 0,1P11 = 0,8ǾȇȘșȕșȇ ȊȌȔȕșȏȖȇ
(ȔȇȈȒȥȋȇȌȓȇȦ)

0,65P22 = 0,5P12 = 0,3P11 = 0,2ǾȇȘșȕșȇ ȊȌȔȕșȏȖȇ
(ȔȇȈȒȥȋȇȌȓȇȦ)

ǧȔȇȒȏȎ ȋȇȔȔȢȜǲȕȑȚȘ

2

p2

A1 A1

53ǾȏȘȒȕ ȕȘȕȈȌȐ

q22pq7 q

A2 A2A1 A2ǪȌȔȕșȏȖȢ

A
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1          0 ǲȕȑȚȘ A

M 1 2

ǶȕȒȕȘȢ ȘȞȌșȇ

ǪȌȔȕșȏȖȢ

ǪȌȒȣ M

ǲȕȑȚȘ A

A
A

, A
 a

a 
a

1 2
ǵȘȕȈȏ

… Ȗȗȏ ȖȕȓȕȠȏ ȋȕȓȏȔȇȔșȔȕȊȕ ȓȇȗȑȌȗȇ

(ȖȗȕȋȕȒȍȌȔȏȌ ȉ ȘȒȌȋȚȥȠȌȓ ȘȒȇȐȋȌ)

Ƕȗȏ ȖȕȓȕȠȏ ȋȕȓȏȔȇȔșȔȕȊȕ ȓȇȗȑȌȗȇ ȓȕȍȔȕ ȏȘȘȒȌȋȕȉȇșȣ șȕȒȣȑȕ ȋȉȇ
ȊȌȔȕșȏȖȏȞȌȘȑȏȜ ȑȒȇȘȘȇ: AA + Aa ȏ aa, șȇȑ ȑȇȑ ȕȋȏȔ ȏȎ ȊȕȓȕȎȏȊȕșȔȢȜ ȑȒȇȘȘȕȉ
ȘȓȌȟȇȒȘȦ Ș ȊȌșȌȗȕȎȏȊȕșȔȢȓ. ǯȎȕȈȗȇȍȌȔȏȌ ȊȌȒȦ Șȕ ȘȉȦȎȢȉȇȥȠȌȐ ȘȜȌȓȕȐ
ȋȕȓȏȔȇȔșȔȕȊȕ ȓȇȗȑȌȗȇ ȋȒȦ ȌȋȏȔȏȞȔȕȊȕ ȒȕȑȚȘȇ ȖȕȑȇȍȌș ȒȏȈȕ ȕȋȔȚ ȖȕȒȕȘȚ, 
ȒȏȈȕ ȕșȘȚșȘșȉȏȌ ȖȕȒȕȘ ȋȒȦ ȑȇȍȋȕȐ ȕȘȕȈȏ. ǶȕȒȕȘȢ ȖȕȋȘȞȏșȢȉȇȥșȘȦ șȌȓ ȍȌ
ȘȖȕȘȕȈȕȓ ȑȇȑ ȏ ȋȒȦ ȑȕȋȕȓȏȔȇȔșȔȕȊȕ ȓȇȗȑȌȗȇ, ȊȋȌ ȖȕȒȕȘȢ ȈȢȒȏ
ȑȕȔȉȌȗșȏȗȕȉȇȔȢ ȉ 1, ȌȘȒȏ ȖȕȒȕȘȇ ȖȗȏȘȚșȘșȉȕȉȇȒȇ ȏȒȏ 0 ȉ ȘȒȚȞȇȌ ȌȌ ȕșȘȚșȘșȉȏȦ.
(ǳ = ȓȇȗȑȌȗ ȓȕȒȌȑȚȒȦȗȔȕȊȕ ȉȌȘȇ)

ǷȇȘȞȌșȢ ȞȇȘșȕș ȖȗȕȏȎȉȌȋȌȔȢ ȑȇȑ ȖȕȑȇȎȇȔȕ ȉ șȇȈȒȏȝȌ ȉȔȏȎȚ (p, q = ȞȇȘșȕșȢ
ȇȒȒȌȒȏ.)

aaA _Ɏɟɧɨɬɢɩɵ

1P2 = n2/n = 0,16P1 = n1/n = 0,84
͇͙͕͙̾͘͢ ͔͕͙͛͌͏͖͇

(ɧɚɛɥɸɞɚɟɦɨɟ)

n = 100n2 = 16n1 = 84ɑɢɫɥɨ ɨɫɨɛɟɣ

1q2p2 + 2pq
ɑɚɫɬɨɬɵ ɮɟɧɨɬɢɩɚ

(ɨɠɢɞɚɟɦɨɟ)

ȼɫɟɝɨ
aaAaAAȽɟɧɨɬɢɩɵ

q = ¥(n2/n) = ¥(P2 ) = ¦(0,16 ) = 0,4 

p = (1 – q ) = 0,6

Ȅșȕ ȘȓȌȠȌȔȔȇȦ ȕȝȌȔȑȇ, șȇȑ
ȑȇȑ ȕȔȇ ȔȌ ȚȞȏșȢȉȇȌș
ȗȌȝȌȘȘȏȉȔȢȌ ȇȒȒȌȒȏ ȉ
ȊȌșȌȗȕȎȏȊȕșȇȜ
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… Ȗȗȏ ȖȕȓȕȠȏ ȋȕȓȏȔȇȔșȔȕȊȕ ȓȇȗȑȌȗȇ
(ȖȗȕȋȕȒȍȌȔȏȌ)

1        0          1          1         0       1         1  1          1        1  

M 1 2 3 4 5 6 7 8 9 10

ǲȕȑȚȘ A
ǲȕȑȚȘ B

ǲȕȑȚȘ D
0        1          0          0         0       1         0  0          1        0  
1        1          1          1         0       1         1  0          1        1 

ǲȕȑȚȘ A

ǲȕȑȚȘ B

ǲȕȑȚȘ D

M 1 2 3 4 5 6 7 8 9 10
ǵȘȕȈȏ

ǮȋȌȘȣ ȓȢ ȏȓȌȌȓ ȖȗȏȓȌȗ ȖȕȋȕȈȔȢȐ șȕȓȚ, Ȟșȕ ȈȢȒ ȉ ȖȗȌȋȢȋȚȠȌȓ ȘȒȇȐȋȌ, Ȕȕ Ș 10 ȕȘȕȈȦȓȏ ȏ șȗȌȓȦ
ȉȢȋȌȒȌȔȔȢȓȏ ȒȕȑȚȘȇȓȏ (A, B, ȏ D). (M = ȓȇȗȑȌȗ ȓȕȒȌȑȚȒȦȗȔȕȊȕ ȉȌȘȇ)

ǴȌȘȌȊȗȌȊȏȗȚȥȠȏȌ (ȔȌ ȗȇȎȋȌȒȦȥȠȏȌȘȦ)  ȖȕȒȕȘȢ (ȓȕȔȕȓȕȗțȏȞȌȘȑȏȌ) ȔȌ ȖȕȋȘȞȏșȢȉȇȥșȘȦ ȏ ȖȕȤșȕȓȚ
ȔȌ ȉȑȒȥȞȇȥșȘȦ ȉ ȇȔȇȒȏȎ. 

ǩȔȏȎȚ ȓȢ ȉȏȋȏȓ șȇȈȒȏȝȚ Ș ȗȇȘȞȌșȇȓȏ ȞȇȘșȕș ȊȌȔȕșȏȖȇ ȏ ȇȒȒȌȒȏ. 

ǾȇȘșȕșȇ
ȇȒȒȌȒȏ

ǧȔȇȒȏȎ ȋȇȔȔȢȜǲȕȑȚȘ

0,450,551P2 = 0,2P1 = 0,8ǾȇȘșȕșȢ ȊȌȔȕșȏȖȇ (ȔȇȈȒȥȋȇȌȓȇȦ)

1028ǾȏȘȒȕ ȕȘȕȈȌȐ

1q2p2 + 2pqǾȇȘșȕșȢ ȊȌȔȕșȏȖȇ (ȕȍȏȋȇȌȓȇȦ) qp

ǯșȕȊȕD2 D2D1 _ǪȌȔȕșȏȖȢ

D

0,84

q

0,45

q

0,16

p

0,55

p

ǯșȕȊȕB2 B2B1 _ǪȌȔȕșȏȖȢ

B
1q2p2 + 2pqǾȇȘșȕșȢ ȊȌȔȕșȏȖȇ (ȕȍȏȋȇȌȓȇȦ)

1073ǾȏȘȒȕ ȕȘȕȈȌȐ

1P2 = 0,7P1 = 0,3ǾȇȘșȕșȢ ȊȌȔȕșȏȖȇ (ȔȇȈȒȥȋȇȌȓȇȦ)

1P2 = 0,2P1 = 0,8ǾȇȘșȕșȢ ȊȌȔȕșȏȖȇ (ȔȇȈȒȥȋȇȌȓȇȦ)

8

p2 + 2pq

A1 _

102ǾȏȘȒȕ ȕȘȕȈȌȐ

1q2ǾȇȘșȕșȢ ȊȌȔȕșȏȖȇ (ȕȍȏȋȇȌȓȇȦ)

ǯșȕȊȕA2 A2ǪȌȔȕșȏȖȢ

A

ǳȢ ȔȌ ȓȕȍȌȓ ȗȇȎȒȏȞȏșȣ ȊȌșȌȗȕȎȏȊȕșȢ, Ȕȕ ȓȢ ȓȕȍȌȓ ȕȝȌȔȏșȣ ȕȍȏȋȇȌȓȕȌ ȞȏȘȒȕ ȊȌșȌȗȕȎȏȊȕș ȉ
ȖȕȖȚȒȦȝȏȏ. ǴȇȖȗȏȓȌȗ, ȌȘȒȏ ȗȇȎȓȌȗ ȕȈȗȇȎȝȇ = 1000, șȕȊȋȇ:
ȋȒȦ ȒȕȑȚȘȇ A, ȞȏȘȒȕ ȕȍȏȋȇȌȓȢȜ ȊȌșȌȗȕȎȏȊȕș = 2pqN = 2(0,55)(0,45)(1000) = 495
ȋȒȦ ȒȕȑȚȘȇ B, ȞȏȘȒȕ ȕȍȏȋȇȌȓȢȜ ȊȌșȌȗȕȎȏȊȕș = 2pqN = 2(0,16)(0,84)(1000) = 269
ȏ șȇȑ ȋȇȒȌȌ ...
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P23 = 
n23/n

n23

2p2p3

A2 A3

Pnn = 
nnn/n

nnn

pn
2

An An

...

...

...

...

P13 = 
n13/n

n13

2p1p3

A1 A3

P22 = 
n22/n

n22

p2
2

A2 A2

P12 = 
n12/n

n12

2p1p2

A1 A2

1P11 = 
n11/n

ǾȇȘșȕșȢ ȊȌȔȕșȏȖȇ
(ȔȇȈȒȥȋȇȌȓȢȌ)

nn11ǾȏȘȒȕ ȕȘȕȈȌȐ

1p1
2ǾȇȘșȕșȢ ȊȌȔȕșȏȖȇ

(ȗȇȘȞȌșȔȢȌ)

ǯșȕȊȕA1 A1ǪȌȔȕșȏȖȢ

p1 = P11 + ½Ȉi z 1 P1j p2 = P22 + ½Ȉj z 2 P2j 

p3 = P33 + ½Ȉj z 3 P3j p4 = P44 + ½Ȉj z 4 P4j 

pn = Pnn + ½Ȉj z n Pnj

... Ȗȗȏ ȖȕȓȕȠȏ ȑȕȋȕȓȏȔȇȔșȔȕȊȕ ȓȇȗȑȌȗȇ, 
ȏȓȌȥȠȌȊȕ ȓȔȕȍȌȘșȉȕ ȇȒȒȌȒȌȐ

(ȖȗȕȋȕȒȍȌȔȏȌ ȉ ȘȒȌȋȚȥȠȌȓ ȘȒȇȐȋȌ)

Ȅșȕ ȘȏșȚȇȝȏȦ, ȉȕȎȔȏȑȇȥȠȇȦ Ȗȗȏ ȏȘȖȕȒȣȎȕȉȇȔȏȏ șȇȑȏȜ ȓȇȗȑȌȗȕȉ, ȑȇȑ
ȓȏȑȗȕȘȇșȌȒȒȏșȢ.  

ǳȢ ȏȓȌȌȓ ȒȕȑȚȘ ǧ Ș n ȇȒȒȌȒȌȐ A1, A2, A3, ..., An ȏ ȞȇȘșȕșȇȓȏ ȇȒȒȌȒȏ p1, p2, p3, ..., 
pn, ȘȕȕșȉȌșȘșȉȌȔȔȕ, Ȟșȕ A1 = A2 = A3 = ... = An
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ǶȕȒȕȘȢ ȖȕȋȘȞȌșȇ

Ɉɫ. 1 Ɉɫ. 2 Ɉɫ. 3 Ɉɫ. 4 Ɉɫ. 5 Ɉɫ. 6
A1 1 1 1 0 0 0
A2 0 1 0 1 1 0
A3 0 0 1 0 1 1

ǲȕȑȚȘ A

MǪȌȒȣ

A
2A

3

A
1A

1

A
2A

2

A
1A

2

A
1A

3

A
3A

3

1 2 3 4 5 6
ǵȘȕȈȏ

ǪȌȔȕșȏȖȢ

(1,0,0) (1,1,0) (1,0,1) (0,1,0) (0,1,1) 
(0,0,1)

ǲȕȑȚȘ A

M 1 2 3 4 5 6

... Ȗȗȏ ȖȕȓȕȠȏ ȑȕȋȕȓȏȔȇȔșȔȕȊȕ ȓȇȗȑȌȗȇ, 
ȏȓȌȥȠȌȊȕ ȓȔȕȍȌȘșȉȕ ȇȒȒȌȒȌȐ
(ȖȗȕȋȕȒȍȌȔȏȌ)

ǸȔȕȉȇ, Ȗȗȏ ȖȕȓȕȠȏ ȑȕȋȕȓȏȔȇȔșȔȕȊȕ ȓȇȗȑȌȗȇ ȊȌȔȕșȏȖȢ șȗȌȜ ȊȌȔȕșȏȖȏȞȌȘȑȏȜ
ȑȒȇȘȘȕȉ ȓȕȊȚș ȈȢșȣ ȏȎȚȞȌȔȢ. Ǵȇ ȗȏȘȚȔȑȌ ȉȉȌȗȜȚ, ȉ ȝȌȔșȗȌ ȉȌȗȜȔȌȐ ȞȇȘșȏ, ȓȢ
ȉȏȋȏȓ, ȏȎȕȈȗȇȍȌȔȏȌ ȊȌȒȦ Șȕ ȘȉȦȎȢȉȇȥȠȌȐ ȘȜȌȓȕȐ ȑȕȋȕȓȏȔȇȔșȔȕȊȕ ȓȇȗȑȌȗȇ Ș
șȗȌȓȦ ȇȒȒȌȒȦȓȏ (A1, A2 ȏ A3) ȉ ȋȏȖȒȕȏȋȔȕȓ ȕȈȗȇȎȝȌ. ǳȢ ȖȕȋȘȞȏșȢȉȇȌȓ ȑȇȍȋȚȥ
ȖȕȒȕȘȚ (ȑȇȍȋȢȐ ȗȦȋ) ȘȇȓȕȘșȕȦșȌȒȣȔȕ ȏ ȖȗȌȕȈȗȇȎȚȌȓ ȏȜ ȉ 1 ȉ ȘȒȚȞȇȌ
ȖȗȏȘȚșȘșȉȏȦ ȏ 0 ȉ ȘȒȚȞȇȌ ȕșȘȚșȘșȉȏȦ. ǳȢ ȓȕȍȌȓ ȖȗȕȋȌȒȇșȣ Ȥșȕ Ȗȕ ȖȕȒȕȘȇȓ
(ȒȌȉȢȐ ȚȊȕȒ ȘȒȇȐȋȇ) ȏȒȏ Ȗȕ ȊȌȔȕșȏȖȚ (ȖȗȇȉȢȐ ȚȊȕȒ ȘȒȇȐȋȇ). ǩ șȇȈȒȏȝȌ ȉȔȏȎȚ, ȓȢ
ȓȕȍȌȓ ȉȏȋȌșȣ ȗȇȘȞȌșȢ ȕȍȏȋȇȌȓȢȜ ȏ ȔȇȈȒȥȋȇȌȓȢȜ ȞȇȘșȕș ȊȌȔȕșȏȖȇ, ȇ șȇȑȍȌ
ȞȇȘșȕș ȇȒȒȌȒȏ (p1, p2 ȏ p3). (M = ȓȇȗȑȌȗ ȓȕȒȌȑȚȒȦȗȔȕȊȕ ȉȌȘȇ)

P33 = 
n33/n = 

0,08

n33 = 2

p3
2

A3 A3

P23 = 
n23/n = 

0,08

n23 = 2

2p2p3

A2 A3

P13 = 
n13/n = 

0

n13 = 0

2p1p3

A1 A3

P22 = 
n22/n = 

0,42

n22 = 10

p2
2

A2 A2

P12 = n12/n 
= 0,25

n12 = 6

2p1p2

A1 A2

1
P11 = 

n11/n = 
0,17

ǾȇȘșȕșȇ
ȊȌȔȕșȏȖȇ
(ȔȇȈȒȥȋ.)

n = 24n11 = 4ǾȏȘȒȕ
ȕȘȕȈȌȐ

1p1
2

ǾȇȘșȕșȇ
ȊȌȔȕșȏȖȇ
(ȕȍȏȋ.)

TotalA1 A1Ƚɟɧɨɬɢɩɵ

p1 = P11 + ½P12 + ½P13 = P11 + ½Ȉj z 1 P1j = 0,17 + ½(0,25 + 0,00) = 0,30

p2 = P22 + ½P21 + ½P23 = P22 + ½Ȉj z 2 P2j = 0,42 + ½(0,25 + 0,08) = 0,59

p3 = P33 + ½P31 + ½P32 = P33 + ½Ȉj z 3 P3j = 0,08 + ½(0,00 + 0,08) = 0,12
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f ǧȚșȈȗȏȋȏȔȊ, ȏȔȈȗȏȋȏȔȊ ȏȒȏ ȔȌȖȕȒȕȉȕȌ
ȗȇȎȓȔȕȍȌȔȏȌ

f ǵȔȏ ȉȒȏȦȥș Ȕȇ:
• ǸșȌȖȌȔȣ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȕȋȘșȉȇ ȘȗȌȋȏ
ȘȑȗȌȠȏȉȇȥȠȏȜȘȦ ȕȘȕȈȌȐ

• ǵȗȊȇȔȏȎȇȝȏȥ ȊȌȔȕȉ ȘȑȗȌȠȏȉȇȥȠȏȜȘȦ ȕȘȕȈȌȐ ȉ
ȊȌȔȕșȏȖȇȜ

ǷȇȎȓȔȕȍȌȔȏȌ ȏ ȘȏȘșȌȓȢ ȘȑȗȌȠȏȉȇȔȏȦ

ǩ ȖȗȏȔȝȏȖȌ, ȇȚșȈȗȏȋȏȔȊ ȉȕȎȔȏȑȇȌș ȑȇȑ ȖȗȕȏȎȉȕȒȣȔȕȌ ȘȖȇȗȏȉȇȔȏȌ, ȇ ȏȔȈȗȏȋȏȔȊ
ȏ ȔȌȖȕȒȕȉȕȌ ȗȇȎȓȔȕȍȌȔȏȌ ȉȑȒȥȞȇȥș ȉ ȘȌȈȦ ȔȌȘȒȚȞȇȐȔȕȌ ȘȑȗȌȠȏȉȇȔȏȌ.

ǧȚșȑȗȕȘȘȏȔȊ ȉȏȋȕȉ, Ȗȗȏ ȘȗȇȉȔȌȔȏȏ Ș ȏȔȈȗȌȋȇȓȏ, ȓȕȍȌș ȘȕȜȗȇȔȦșȣ ȈȕȒȣȟȕȌ
ȞȏȘȒȕ ȉȗȌȋȔȢȜ ȗȌȝȌȘȘȏȉȕȉ, ȖȕșȕȓȚ Ȟșȕ ȖȕȒȕȍȌȔȏȌ ȋȕȓȏȔȏȗȕȉȇȔȏȦ ȘȑȗȢȉȇȌș
ȏȜ. ǷȌȝȌȘȘȏȉȢ ȖȕȋȉȌȗȊȇȥșȘȦ ȞȇȘșȕȐ ȗȌȑȕȓȈȏȔȇȝȏȏ, ȉ ȗȌȎȚȒȣșȇșȌ ȞȌȊȕ
ȕȈȗȇȎȚȥșȘȦ ȔȕȉȢȌ șȏȖȢ ȊȇȓȌș. 

ǫȕȓȏȔȏȗȕȉȇȔȏȌ ȕȎȔȇȞȇȌș ȘȏșȚȇȝȏȏ, ȊȋȌ ȉ ȊȌșȌȗȕȎȏȊȕșȔȢȜ ȚȘȒȕȉȏȦȜ, ȕȋȏȔ
ȇȒȒȌȒȣ ȏȓȌȌș ȤțțȌȑș țȌȔȕșȏȖȇ, ȑȕșȕȗȢȐ ȋȕȘșȇșȕȞȔȕ ȘȏȒȌȔ ȋȒȦ ȚșȇȏȉȇȔȏȦ
ȖȗȏȘȚșȘșȉȏȌ ȋȗȚȊȕȊȕ (ȗȌȝȌȘȘȏȉȔȕȊȕ) ȇȒȒȌȒȦ. ǩ ȘȏșȚȇȝȏȏ ȋȕȓȏȔȏȗȕȉȇȔȏȦ șȕȒȣȑȕ
ȋȉȇ ȊȌȔȕșȏȖȇ ȓȕȊȚș ȔȇȈȒȥȋȇșȣȘȦ: ȋȕȓȏȔȇȔșȔȢȐ țȌȔȕșȏȖ, ȦȉȒȦȥȠȏȐȘȦ ȘȓȌȘȣȥ
ȊȕȓȕȎȏȊȕșȔȕȊȕ ȏ ȊȌșȌȗȕȎȏȊȕșȔȕȊȕ ȋȕȓȏȔȇȔșȇ, ȏ ȗȌȝȌȘȘȏȉȔȢȐ țȌȔȕșȏȖ. 

ǩ ȖȌȗȌȑȗȌȘșȔȕ-ȕȖȢȒȦȥȠȏȜȘȦ ȉȏȋȇȜ, ȘȇȓȕȕȖȢȒȌȔȏȌ ȉȌȋȌș ȑ ȏȔȈȗȏȋȏȔȊȕȉȕȐ
ȋȌȖȗȌȘȘȏȏ, ȖȕșȕȓȚ Ȟșȕ ȕȔȕ ȚȉȌȒȏȞȏȉȇȌș ȋȕȒȥ ȊȕȓȕȎȏȊȕș, șȇȑȏȓ ȕȈȗȇȎȕȓ, 
ȖȕȎȉȕȒȦȦ ȗȌȋȑȏȓ ȗȌȝȌȘȘȏȉȔȢȓ ȇȒȒȌȒȦȓ Șșȇșȣ ȉȏȋȏȓȢȓȏ. ǪȌșȌȗȕȎȏȊȕșȢ ȉ
ȖȌȗȌȑȗȌȘșȔȕ-ȕȖȢȒȦȥȠȏȜȘȦ ȉȏȋȇȜ ȏȓȌȥș ȈȕȒȌȌ ȈȒȇȊȕȖȗȏȦșȔȢȐ ȤțțȌȑș. 

ǩ ȕȗȊȇȔȏȎȓȇȜ Ș ȔȌȖȕȒȕȉȢȓ ȗȇȎȓȔȕȍȌȔȏȌȓ, ȗȦȋ ȖȕȘȒȌȋȘșȉȏȐ ȏȓȌȌș ȓȌȘșȕ ȉ
ȎȇȉȏȘȏȓȕȘșȏ ȕș ȌȊȕ șȏȖȇ. ǼȕșȦ ȔȌȖȕȒȕȉȕȌ ȗȇȎȓȔȕȍȌȔȏȌ ȓȕȍȌș ȈȢșȣ
ȖȕȘșȕȦȔȔȢȓ ȘȖȕȘȕȈȕȓ ȗȇȎȓȔȕȍȌȔȏȦ, ȕȔȕ ȓȕȍȌș ȘȕȞȌșȇșȣȘȦ Ș ȝȏȑȒȇȓȏ
ȖȕȒȕȉȕȊȕ ȗȇȎȓȔȕȍȌȔȏȦ, ȑȕșȕȗȕȌ ȖȕȎȉȕȒȦȌș ȗȌȑȕȓȈȏȔȇȝȏȥ ȋȇȔȔȕȐ ȓȚșȇȝȏȏ ȏ, 
ȑȇȑ șȇȑȕȉȕȌ, ȕȈȗȇȎȕȉȇȔȏȌ ȔȕȉȢȜ țȕȗȓ ȏȒȏ ȑȕȓȈȏȔȇȝȏȐ.  ǬȘȒȏ ȖȗȕȏȘȜȕȋȏș
șȕȒȣȑȕ ȔȌȖȕȒȕȉȕȌ ȗȇȎȓȔȕȍȌȔȏȌ ȉ ȖȕȖȚȒȦȝȏȏ, șȕ ȊȌȔȕșȏȖȏȞȌȘȑȏȌ ȞȇȘșȕșȢ ȔȌ
ȓȕȊȚș ȈȢșȣ ȏȎȓȌȔȌȔȢ.



29

ǧȉșȕȗȘȑȕȌ Ȗȗȇȉȕ: Bioversity International ȏ ǱȕȗȔȌȒȣȘȑȏȐ ǺȔȏȉȌȗȘȏșȌș, 2003 Ȋ.     ǶȕȖȚȒȦȝȏȕȔȔȇȦ ȊȌȔȌșȏȑȇ 29

f ǸȖȇȗȏȉȇȔȏȌ, ȑȕșȕȗȕȌ ȖȗȕȏȘȜȕȋȏș ȘȒȚȞȇȐȔȕ
ȕȎȔȇȞȇȌș, Ȟșȕ ȟȇȔȘȢ ȕȘȕȈȏ ǧ ȘȑȗȌȘșȏșȣȘȦ Ș
ȕȘȕȈȣȥ ǩ ȔȌ ȎȇȉȏȘȦș ȕș ȊȌȔȕșȏȖȕȉ ȕȈȌȏȜ
ȕȘȕȈȌȐ

f ǬȘȒȏ ȘȒȚȞȇȐȔȕȌ ȘȖȇȗȏȉȇȔȏȌ ȖȗȕȏȘȜȕȋȏș, șȕ
ȟȇȔȘ ȕȘȕȈȏ ȘȖȇȗȏșȣȘȦ Ș ȋȇȔȔȢȓ ȊȌȔȕșȏȖȕȓ
ȗȇȉȌȔ ȞȇȘșȕșȌ ȤșȕȊȕ ȊȌȔȕșȏȖȇ ȉ ȖȕȖȚȒȦȝȏȏ

ǸȒȚȞȇȐȔȕȌ ȘȖȇȗȏȉȇȔȏȌ

ǶȗȕȏȎȉȕȒȣȔȕȌ ȘȖȇȗȏȉȇȔȏȌ șȏȖȏȞȔȕ ȋȒȦ ȓȔȕȊȏȜ ȇȚșȈȗȏȋȏȔȊȕȉȢȜ ȖȕȖȚȒȦȝȏȐ. 
ǴȇȖȗȏȓȌȗ, ȓȢ ȓȕȍȌȓ ȏȓȌșȣ ȖȕȖȚȒȦȝȏȥ, ȉ ȑȕșȕȗȕȐ ȊȌȔȕșȏȖ ǧǧ ȖȗȌȋȘșȇȉȒȌȔ
10%, Aa - 58% ȏ aa - 32%. ǬȘȒȏ ȘȖȇȗȏȉȇȔȏȌ ȖȗȕȏȎȉȕȒȣȔȕȌ, șȕȊȋȇ ȟȇȔȘȢ ȕȘȕȈȏ
ǧǧ ȘȖȇȗȏșȣȘȦ Ș ȋȗȚȊȕȐ ȕȘȕȈȣȥ ǧǧ ȗȇȉȔȢ 10/100, Aa - 58/100, ȏ aa - 32/100.
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f ǱȒȇȘȘȏțȏȝȏȗȕȉȇȔȔȕȌ
ȘȖȇȗȏȉȇȔȏȌ:

• ǶȕȒȕȍȏșȌȒȣȔȕȌ: 
ȘȖȇȗȏȉȇȔȏȌ ȘȗȌȋȏ ȕȘȕȈȌȐ
Șȕ ȘȜȕȍȏȓȏ ȊȌȔȕșȏȖȇȓȏ

• ǵșȗȏȝȇșȌȒȣȔȕȌ: 
ȘȖȇȗȏȉȇȔȏȌ ȘȗȌȋȏ ȕȘȕȈȌȐ
Ș ȔȌȘȜȕȍȏȓȏ ȊȌȔȕșȏȖȇȓȏ

f ǯȔȈȗȏȋȏȔȊ: 
• ǸȖȇȗȏȉȇȔȏȌ ȘȗȌȋȏ
ȗȕȋȘșȉȌȔȔȏȑȕȉ

X X

X

ǯȔȈȗȌȋȔȇȦ ȕȘȕȈȣ

ǶȕȒȔȢȌ
ȘȏȈȢ

ǷȕȋȏșȌȒȏ

ǴȌȘȒȚȞȇȐȔȕȌ ȘȖȇȗȏȉȇȔȏȌ

ǴȌȖȗȕȏȎȉȕȒȣȔȕȌ ȘȖȇȗȏȉȇȔȏȌ ȉȕȎȔȏȑȇȌș, ȑȕȊȋȇ ȈȕȒȌȌ ȈȒȏȎȑȕ (ȏȔȈȗȏȋȏȔȊ) ȏȒȏ
ȓȌȔȌȌ ȈȒȏȎȑȕ ȗȕȋȘșȉȌȔȔȢȌ ȕȘȕȈȏ ȘȖȇȗȏȉȇȥșȘȦ ȞȇȠȌ, ȞȌȓ ȓȕȍȔȕ ȈȢȒȕ
ȕȍȏȋȇșȣ ȋȒȦ ȖȕȖȚȒȦȝȏȏ.

ǸȇȓȕȕȖȢȒȌȔȏȌ ȏȒȏ ȏȔȈȗȏȋȏȔȊ ȘȜȕȋȌȔ Ș ȘȖȇȗȏȉȇȔȏȌȓ ȓȌȍȋȚ ȗȕȋȘșȉȌȔȔȏȑȇȓȏ. 
ǵȔȕ ȚȉȌȒȏȞȏȉȇȌș ȊȕȓȕȎȏȊȕșȔȕȘșȣ ȖȕȖȚȒȦȝȏȏ ȏ ȌȊȕ ȗȌȎȚȒȣșȇș ȗȇȘȖȗȕȘșȗȇȔȦȌșȘȦ
Ȕȇ ȉȘȌ ȇȒȒȌȒȏ. ǯȔȈȗȏȋȏȔȊ Șȇȓ Ȗȕ ȘȌȈȌ ȔȌ ȏȎȓȌȔȦȌș ȞȇȘșȕșȢ ȇȒȒȌȒȏ, Ȕȕ, Șȕ
ȉȗȌȓȌȔȌȓ, ȕȔ Ȗȗȏȉȕȋȏș ȑ ȊȕȓȕȎȏȊȕșȔȕȘșȏ ȖȚșȌȓ ȓȌȋȒȌȔȔȕȊȕ ȚȉȌȒȏȞȌȔȏȦ ȋȉȚȜ
ȊȕȓȕȎȏȊȕșȔȢȜ ȑȒȇȘȘȇ. 
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f ǵȔ ȖȗȌȋȘșȇȉȒȦȌș ȋȌȐȘșȉȏșȌȒȣȔȕȌ ȕșȔȕȟȌȔȏȌ
ȞȏȘȒȇ ȊȌșȌȗȕȎȏȊȕșȔȢȜ ȊȌȔȕșȏȖȕȉ ȑ ȏȜ
ȗȇȘȞȌșȔȕȓȚ ȑȕȒȏȞȌȘșȉȚ Ȗȗȏ ȘȒȚȞȇȐȔȕȓ
ȘȖȇȗȏȉȇȔȏȏ

f F ȦȉȒȦȌșȘȦ ȑȕȤțțȏȝȏȌȔșȕȓ ȏȔȈȗȏȋȏȔȊȇ ȏ
ȖȕȑȇȎȇșȌȒȌȓ ȚȓȌȔȣȟȌȔȏȦ ȊȌșȌȗȕȎȏȊȕșȔȕȘșȏ

� �
0

0

H
HHF � 

ǱȕȤțțȏȝȏȌȔș ȏȔȈȗȏȋȏȔȊȇ

H = țȇȑșȏȞȌȘȑȇȦ ȞȇȘșȕșȇ ȊȌșȌȗȕȎȏȊȕș ȉ ȖȕȖȚȒȦȝȏȏ
H0 = ȖȗȌȋȖȕȒȇȊȇȌȓȕȌ ȞȏȘȒȕ ȊȌșȌȗȕȎȏȊȕș Ȗȗȏ ȖȗȕȏȎȉȕȒȣȔȕȓ ȘȑȗȌȠȏȉȇȔȏȏ

ǱȕȤțțȏȝȏȌȔș ȏȔȈȗȏȋȏȔȊȇ ȚȑȇȎȢȉȇȌș Ȕȇ ȘșȌȖȌȔȣ ȏȔȈȗȏȋȏȔȊȇ ȉ ȖȕȖȚȒȦȝȏȏ
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ǪȌșȌȗȕȎȏȊȕș-
ȔȕȘșȣ (%)

ǪȕȓȕȎȏȊȕș-
ȔȕȘșȣ (%)

ǫȕȒȦ ȘȇȓȕȕȖȢȒȏȉȟȏȜȘȦ
ȊȌȔȕșȏȖȕȉ/ȖȕȑȕȒȌȔȏȌ

ǸȇȓȕȕȖȢȒȌȔȏȌ ȦȉȒȦȌșȘȦ ȓȕȠȔȕȐ ȏȔȈȗȏȋȏȔȊȕȉȕȐ ȘȏȘșȌȓȕȐ, ȑȕșȕȗȇȦ
ȖȕȎȉȕȒȦȌș ȋȕȘșȏȞȣ ȉȢȘȕȑȏȜ ȚȗȕȉȔȌȐ ȊȕȓȕȎȏȊȕșȔȕȘșȏ ȉȔȚșȗȏ ȔȌȘȑȕȒȣȑȏȜ
ȖȕȑȕȒȌȔȏȐ. ǵȋȔȕȉȗȌȓȌȔȔȕ, ȊȌșȌȗȕȎȏȊȕșȔȕȘșȣ ȚȓȌȔȣȟȇȌșȘȦ. ǫȏȇȊȗȇȓȓȇ
Ȕȇ ȘȒȇȐȋȌ ȋȌȓȕȔȘșȗȏȗȚȌș ȋȇȔȔȕȌ ȦȉȒȌȔȏȌ, ȏ ȉ șȇȈȒȏȝȌ ȉȔȏȎȚ ȓȢ ȓȕȍȌȓ
ȚȉȏȋȌșȣ ȏȎȓȌȔȦȥȠȏȌȘȦ ȎȔȇȞȌȔȏȦ ȊȕȓȕȎȏȊȕșȔȕȘșȏ ȏ ȊȌșȌȗȕȎȏȊȕșȔȕȘșȏ ȉ
ȋȌȉȦșȏ ȖȕȑȕȒȌȔȏȦȜ (ȕș G0 ȋȕ G8).
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f ǳȚșȇȝȏȦ

f ǳȏȊȗȇȝȏȦ

f ǷȌȑȕȓȈȏȔȇȝȏȦ

f ǵșȈȕȗ

f ǫȗȌȐț

ǻȇȑșȕȗȢ, țȕȗȓȏȗȚȥȠȏȌ ȊȌȔȌșȏȞȌȘȑȕȌ
ȗȇȎȔȕȕȈȗȇȎȏȌ

ǬȘȒȏ, Ȗȕ ȒȥȈȢȓ ȖȗȏȞȏȔȇȓ, ȖȕȖȚȒȦȝȏȦ ȘșȇȔȕȉȏșȘȦ ȊȕȓȕȊȌȔȔȕȐ, șȕ ȤȉȕȒȥȝȏȦ ȔȌ
ȉȕȎȔȏȑȇȌș. ǹȇȑȏȓ ȕȈȗȇȎȕȓ, ȖȕȘșȕȦȔȔȕȌ ȏȎȓȌȔȌȔȏȌ, Ȗȕ ȘȚȠȌȘșȉȚ, ȎȇȉȏȘȏș ȕș
ȔȕȉȕȐ ȉȇȗȏȇȝȏȏ.   

ǪȌȔȌșȏȞȌȘȑȇȦ ȖȕȖȚȒȦȝȏȦ – Ȥșȕ ȘȕȉȕȑȚȖȔȕȘșȣ ȇȒȒȌȒȣȔȢȜ ȞȇȘșȕș ȉȘȌȜ ȊȌȔȕȉ ȉ
ȖȕȖȚȒȦȝȏȏ. ǶȕȖȚȒȦȝȏȏ ȏȎȓȌȔȦȥșȘȦ ȏȒȏ ȤȉȕȒȥȝȏȕȔȏȗȚȥș, ȖȕșȕȓȚ Ȟșȕ ȞȇȘșȕșȢ
ȏȜ ȊȌȔȕȉ ȏȘȖȢșȢȉȇȥș ȏȎȓȌȔȌȔȏȌ. ǷȦȋ țȇȑșȕȗȕȉ ȓȕȊȚș ȉȢȎȉȇșȣ ȏȎȓȌȔȌȔȏȦ ȉ
ȖȗȏȘȖȕȘȕȈȒȌȔȔȕȘșȏ – ȘȖȕȘȕȈȔȕȘșȏ ȕȘȕȈȏ ȕȘșȇȉȇșȣȘȦ ȉ ȍȏȉȢȜ, Ȗȕȑȇ ȔȌ
ȖȗȕȏȎȕȐȋȌș ȗȇȎȓȔȕȍȌȔȏȌ. ǬȘȒȏ ȖȗȏȘȖȕȘȕȈȒȌȔȔȕȘșȣ ȕȘȕȈȏ ȉ ȖȕȖȚȒȦȝȏȏ
ȏȎȓȌȔȏșȘȦ, șȕ ȊȌȔȕșȏȖȢ ȉ ȘȕȕșȉȌșȘșȉȚȥȠȌȓ ȖȕȑȕȒȌȔȏȏ ȔȌ ȈȚȋȚș ȔȇȖȗȦȓȚȥ
ȘȉȦȎȇȔȢ Ș ȞȇȘșȕșȇȓȏ ȊȌȔȇ ȖȗȌȋȢȋȚȠȌȐ ȖȕȖȚȒȦȝȏȏ, șȇȑȏȓ ȕȈȗȇȎȕȓ, ȎȇȘșȇȉȒȦȦ
ȖȕȖȚȒȦȝȏȥ ȤȉȕȒȥȝȏȕȔȏȗȕȉȇșȣ.

ǹȇȑ ȑȇȑ ȏȎȓȌȔȌȔȏȦ ȉ ȖȕȖȚȒȦȝȏȏ șȗȌȈȚȥș ȏȎȓȌȔȌȔȏȐ ȉ ȞȇȘșȕșȇȜ ȊȌȔȇ, șȕ ȓȢ
ȋȕȒȍȔȢ ȖȕȔȦșȣ, ȑȇȑ Ȥșȏ ȞȇȘșȕșȢ ȓȕȊȚș ȏȎȓȌȔȦșȣȘȦ. ǩ ȘȒȌȋȚȥȠȏȜ ȘȒȇȐȋȇȜ ȓȢ
ȕȈȘȚȋȏȓ ȕȘȔȕȉȔȢȌ ȖȗȏȞȏȔȢ ȏȎȓȌȔȌȔȏȐ: ȓȚșȇȝȏȥ, ȓȏȊȗȇȝȏȥ, ȗȌȑȕȓȈȏȔȇȝȏȥ, 
ȕșȈȕȗ ȏ ȋȗȌȐț. 
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f Ȅșȕ ȕȘȔȕȉȔȕȐ ȏȘșȕȞȔȏȑ ȏȎȓȌȔȌȔȏȐ ȏ ȓȕȍȌș ȈȢșȣ
ȉȢȎȉȇȔ :

• ǵȟȏȈȑȇȓȏ ȉ ȗȌȖȒȏȑȇȝȏȏ ǫǴǱ
• ǷȇȋȏȇȝȏȕȔȔȢȓȏ ȖȕȉȗȌȍȋȌȔȏȦȓȏ

f ǳȚșȇȝȏȦ ȚȉȌȒȏȞȏȉȇȌș ȗȇȎȔȕȕȈȗȇȎȏȌ, Ȕȕ șȇȑ ȑȇȑ
ȘȇȓȕȖȗȕȏȎȉȕȒȣȔȢȌ ȓȚșȇȝȏȏ ȖȗȕȏȘȜȕȋȦș ȗȌȋȑȕ, 
ȚȗȕȉȌȔȣ ȏȎȓȌȔȌȔȏȐ ȉ ȞȇȘșȕșȌ ȊȌȔȇ ȕȞȌȔȣ ȔȏȎȕȑ

f ǸȒȌȋȕȉȇșȌȒȣȔȕ, Șȇȓȇ Ȗȕ ȘȌȈȌ ȓȚșȇȝȏȦ ȔȌ ȋȉȏȊȇȌș
ȤȉȕȒȥȝȏȥ ȖȕȖȚȒȦȝȏȐ ȏ ȉȏȋȕȉ

ǳȚșȇȝȏȦ

ǸȇȓȕȐ ȖȗȕȘșȕȐ ȓȚșȇȝȏȌȐ ȦȉȒȦȌșȘȦ șȇ, ȑȕșȕȗȇȦ ȖȗȕȏȎȉȕȋȏș ȏȎȓȌȔȌȔȏȌ ȉ
ȌȋȏȔȏȞȔȕȓ ȔȚȑȒȌȕșȏȋȌ ȉ ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȏ ǫǴǱ ȊȌȔȇ. ǳȚșȇȝȏȦ ȓȕȍȌș
ȉȢȎȉȇșȣ ȏȎȓȌȔȌȔȏȌ ȕȋȔȕȊȕ ȇȒȒȌȒȦ ȉ ȋȗȚȊȕȐ, ȚȍȌ ȏȓȌȥȠȏȐȘȦ ȉ ȖȕȖȚȒȦȝȏȏ, (ȕș
ȋȕȓȏȔȇȔșȔȕȊȕ ȋȕ ȗȌȝȌȘȘȏȉȔȕȊȕ), ȏȒȏ ȕȔȇ ȓȕȍȌș ȘȕȎȋȇșȣ ȘȕȉȌȗȟȌȔȔȕ ȔȕȉȢȐ
ȇȒȒȌȒȣ. ǳȚșȇȝȏȏ ȓȕȊȚș ȈȢșȣ ȉȗȌȋȔȢȓȏ ȏȒȏ ȈȒȇȊȕȖȗȏȦșȔȢȓȏ. Ǵȕ ȌȘȒȏ ȕȔȏ
Ȝȕȗȕȟȏ ȋȒȦ ȕȘȕȈȏ, șȕȊȋȇ ȞȇȘșȕșȢ ȇȒȒȌȒȏ ȈȚȋȚș ȚȉȌȒȏȞȏȉȇșȣȘȦ ȕș ȖȕȑȕȒȌȔȏȦ ȑ
ȖȕȑȕȒȌȔȏȥ. ǨȕȒȌȌ șȕȊȕ, Ȥșȇ ȓȚșȇȝȏȦ ȓȕȍȌș ȓȏȊȗȏȗȕȉȇșȣ ȉ ȋȗȚȊȚȥ ȖȕȖȚȒȦȝȏȥ ȏ
ȗȇȘȖȗȕȘșȗȇȔȏșȣȘȦ. 

ǶȗȏȓȌȞȇȔȏȌ: ǪȌȔȕȓȢ ȓȕȊȚș ȖȗȕȜȕȋȏșȣ ȞȌȗȌȎ ȖȗȕȝȌȘȘ, ȏȎȉȌȘșȔȢȐ ȑȇȑ
«ȚȋȉȕȌȔȏȌ ȊȌȔȇ». Ȅșȕ ȦȉȒȌȔȏȌ ȖȕȓȕȊȇȌș ȕȘȕȈȏ ȉȢȋȌȗȍȇșȣ ȔȌȈȒȇȊȕȖȗȏȦșȔȚȥ
ȓȚșȇȝȏȥ ȉ ȑȕȖȏȏ ȊȌȔȇ ȈȌȎ ȎȔȇȞȏșȌȒȣȔȢȜ șȗȚȋȔȕȘșȌȐ, ȖȕșȕȓȚ Ȟșȕ ȋȗȚȊȇȦ ȑȕȖȏȦ
ȊȌȔȇ ȉȘȌ ȌȠȌ ȓȕȍȌș țȚȔȑȝȏȕȔȏȗȕȉȇșȣ ȘȕȕșȉȌșȘșȉȚȥȠȏȓ ȕȈȗȇȎȕȓ. ǨȕȒȌȌ
ȕȈȟȏȗȔȢȌ ȏȎȓȌȔȌȔȏȦ ȓȕȊȚș ȕȑȇȎȇșȣ ȉȒȏȦȔȏȌ Ȕȇ ȓȚșȏȗȕȉȇȔȔȢȐ ȊȌȔ ȏ
ȕȈȚȘȒȕȉȏșȣ ȗȇȎȔȢȌ șȏȖȢ ȇȋȇȖșȇȝȏȏ ȕȘȕȈȏ.
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f Ȅșȕ ȋȉȏȍȌȔȏȌ ȕȘȕȈȌȐ ȏȒȏ ȒȥȈȇȦ țȕȗȓȇ
ȏȔșȗȕȋȚȑȝȏȏ ȊȌȔȕȉ ȏȎ ȕȋȔȕȐ ȖȕȖȚȒȦȝȏȏ ȉ
ȋȗȚȊȚȥ

f ǳȏȊȗȇȝȏȦ ȚȉȌȒȏȞȏȉȇȌș ȗȇȎȔȕȕȈȗȇȎȏȌ ȏ ȌȌ
ȚȗȕȉȌȔȣ ȓȕȍȌș ȈȢșȣ ȈȕȒȣȟȏȓ, ȉȢȎȢȉȇȦ
ȎȔȇȞȏșȌȒȣȔȢȌ ȏȎȓȌȔȌȔȏȦ ȉ ȞȇȘșȕșȌ

f ǯȎȓȌȔȌȔȏȌ ȉ ȞȇȘșȕșȌ ȊȌȔȇ ȖȗȕȖȕȗȝȏȕȔȇȒȣȔȕ
ȗȇȎȔȏȝȌ ȞȇȘșȕș ȖȕȖȚȒȦȝȏȏ-ȖȕȒȚȞȇșȌȒȦ ȏ
ȘȗȌȋȔȌȊȕ ȎȔȇȞȌȔȏȦ ȖȕȖȚȒȦȝȏȐ-ȋȕȔȕȗȕȉ

ǳȏȊȗȇȝȏȦ

Ǹ ȊȌȔȌșȏȞȌȘȑȕȐ șȕȞȑȏ ȎȗȌȔȏȦ, ȓȏȊȗȇȝȏȦ ȕȎȔȇȞȇȌș ȔȌ șȕȒȣȑȕ ȋȉȏȍȌȔȏȌ ȕȘȕȈȌȐ ȉ
ȔȕȉȢȌ ȖȕȖȚȒȦȝȏȏ, Ȕȕ ȏ șȕ, Ȟșȕ Ȥșȕ ȋȉȏȍȌȔȏȌ ȉȉȕȋȏș ȔȕȉȢȌ ȇȒȒȌȒȏ ȉ
ȖȕȖȚȒȦȝȏȥ (Ȗȕșȕȑ ȊȌȔȕȉ). ǯȎȓȌȔȌȔȏȦ ȉ ȞȇȘșȕșȇȜ ȊȌȔȇ ȈȚȋȚș ȉȕȎȔȏȑȇșȣ
ȖȕȘȗȌȋȘșȉȕȓ ȓȏȊȗȇȝȏȏ ȒȏȈȕ ȖȕșȕȓȚ, Ȟșȕ ȈȕȒȣȟȌ ȑȕȖȏȐ ȚȍȌ ȖȗȏȘȚșȘșȉȚȥȠȌȊȕ
ȇȒȒȌȒȦ, ȈȚȋȚș ȖȗȏȔȌȘȌȔȢ, ȒȏȈȕ ȖȕșȕȓȚ, Ȟșȕ ȖȗȏȈȚȋȌș ȔȕȉȢȐ ȇȒȒȌȒȣ.

ǷȦȋ țȇȑșȕȗȕȉ ȕȑȇȎȢȉȇȥș ȉȒȏȦȔȏȌ Ȕȇ ȓȏȊȗȇȝȏȥ ȘȌȒȣȘȑȕȜȕȎȦȐȘșȉȌȔȔȢȜ ȑȚȒȣșȚȗ:

• ǸȌȒȌȑȝȏȕȔȔȇȦ ȘȏȘșȌȓȇ

• ǷȕȋȘșȉȕ Ș ȋȏȑȏȓȏ ȏȒȏ ȘȕȗȔȢȓȏ ȘȕȗȕȋȏȞȇȓȏ

• ǵȖȢȒȏșȌȒȏ

• ǷȇȘȖȗȕȘșȗȇȔȌȔȏȌ ȘȌȓȦȔ

ǴȌȖȕȘȗȌȋȘșȉȌȔȔȢȐ ȗȌȎȚȒȣșȇș ȓȏȊȗȇȝȏȏ ȎȇȑȒȥȞȇȌșȘȦ ȉ ȚȉȌȒȏȞȌȔȏȏ
ȊȌȔȌșȏȞȌȘȑȕȐ ȏȎȓȌȔȞȏȉȕȘșȏ ȖȕȖȚȒȦȝȏȏ, ȏ șȇȑȏȓ ȕȈȗȇȎȕȓ, ȉ ȚȉȌȒȏȞȌȔȏȏ
ȉȕȎȓȕȍȔȕȘșȌȐ ȋȒȦ ȖȕȖȚȒȦȝȏȏ ȖȗȕșȏȉȕȘșȕȦșȣ ȏȎȓȌȔȌȔȏȦȓ ȕȑȗȚȍȇȥȠȌȐ ȘȗȌȋȢ. 
ǳȏȊȗȇȝȏȦ șȇȑȍȌ ȖȕȓȕȊȇȌș ȘȓȌȟȏȉȇșȣ ȖȕȖȚȒȦȝȏȏ ȏ ȖȗȌȋȕșȉȗȇȠȇșȣ ȏȜ
ȋȏȉȌȗȊȌȔȝȏȥ. 
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f Ȅșȕ ȖȗȕȝȌȘȘ, Ȕȇ ȕȘȔȕȉȇȔȏȏ ȑȕșȕȗȕȊȕ ȑȒȌșȑȇ
ȊȌȔȌȗȏȗȚȌș ȔȕȉȢȌ ȑȕȓȈȏȔȇȝȏȏ ȜȗȕȓȕȘȕȓ, ȕșȒȏȞȔȢȜ
ȕș ȋȇȔȔȕȐ ȑȒȌșȑȏ ȏȒȏ ȑȒȌșȕȑ ȖȗȌȋȑȕȉ

f ǵȔȇ ȔȌ ȘȕȎȋȇȌș ȔȕȉȕȌ ȗȇȎȔȕȕȈȗȇȎȏȌ, Ȕȕ ȖȗȕȏȎȉȕȋȏș
ȔȕȉȢȌ ȑȕȓȈȏȔȇȝȏȏ ȘȚȠȌȘșȉȚȥȠȌȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ

f ǪȌȔȌșȏȞȌȘȑȕȌ ȏȎȓȌȔȌȔȏȌ ȖȕȘȗȌȋȘșȉȕȓ ȗȌȑȕȓȈȏȔȇȝȏȏ
Ȗȗȏ ȚȘȒȕȉȏȏ, Ȟșȕ ȘȌȊȗȌȊȏȗȚȥȠȏȌ ȇȒȒȌȒȏ ȘȚȠȌȘșȉȚȥș ȉ
ȗȇȎȔȢȜ ȒȕȑȚȘȇȜ, ȓȕȍȌș ȖȗȕȏȎȕȐșȏ ȕȞȌȔȣ ȈȢȘșȗȕ

ǷȌȑȕȓȈȏȔȇȝȏȦ

ǪȌȔȌșȏȞȌȘȑȕȌ ȗȇȎȔȕȕȈȗȇȎȏȌ ȖȕȘȗȌȋȘșȉȕȓ ȗȌȑȕȓȈȏȔȇȝȏȏ ȌȘșȣ ȗȌȎȚȒȣșȇș
ȖȌȗȌȊȗȚȖȖȏȗȕȉȑȏ ȊȌȔȌșȏȞȌȘȑȏȜ ȑȕȓȖȕȔȌȔșȕȉ ȖȌȗȉȕȔȇȞȇȒȣȔȕȊȕ șȏȖȇ. 
ǸȚȠȌȘșȉȚȥș ȓȌȜȇȔȏȎȓȢ ȋȒȦ ȊȌȔȌȗȏȗȕȉȇȔȏȦ ȇȒȒȌȒȣȔȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ
(ȉȔȚșȗȏȊȌȔȔȇȦ ȗȌȑȕȓȈȏȔȇȝȏȦ) ȏ ȊȌȔȕȓȔȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ (ȔȕȉȢȌ
ȓȚȒȣșȏȊȌȔȔȢȌ ȑȕȓȈȏȔȇȝȏȏ)
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Ȅșȕ ȚȔȇȘȒȌȋȕȉȇȔȔȇȦ ȘȖȕȘȕȈȔȕȘșȣ ȕȗȊȇȔȏȎȓȕȉ
ȉȢȍȏȉȇșȣ ȏ ȉȕȘȖȗȕȏȎȉȕȋȏșȣȘȦ. ǵșȈȕȗ
ȖȗȕȏȘȜȕȋȏș șȇȑȏȓ ȕȈȗȇȎȕȓ, Ȟșȕ ȒȚȞȟȏȌ
ȊȌȔȕșȏȖȢ ȚȉȌȒȏȞȏȉȇȥș Șȉȕȥ ȞȇȘșȕșȚ ȉ
ȖȕȖȚȒȦȝȏȏ Șȕ ȉȗȌȓȌȔȌȓ

ǵșȈȕȗ

ǩ ȗȌȎȚȒȣșȇșȌ ȓȚșȇȝȏȏ ȗȇȎȉȏȉȇȥșȘȦ ȔȕȉȢȌ țȕȗȓȢ. Ȅșȏ țȕȗȓȢ, ȑȇȑ ȕȈȡȦȘȔȌȔȕ, 
ȓȕȊȚș ȈȢșȣ ȈȒȇȊȕȖȗȏȦșȔȢȓȏ ȏȒȏ ȉȗȌȋȔȢȓȏ ȋȒȦ ȘȖȕȘȕȈȔȕȘșȏ ȕȘȕȈȌȐ ȉȢȍȏșȣ. 
ǬȘȒȏ ȏȎȓȌȔȌȔȏȦ ȦȉȒȦȥșȘȦ ȖȕȒȌȎȔȢȓȏ, șȕȊȋȇ ȔȕȉȢȌ ȇȒȒȌȒȏ, ȈȚȋȚȞȏ
ȕșȈȏȗȇȌȓȢȓȏ ȉ ȖȕȖȚȒȦȝȏȏ, ȈȚȋȚș ȏȓȌșȣ șȌȔȋȌȔȝȏȥ ȊȕȘȖȕȋȘșȉȕȉȇșȣ. 

ǩȕȎȋȌȐȘșȉȏȌ ȕșȈȕȗȇ Ȕȇ ȗȇȎȔȕȕȈȗȇȎȏȌ ȓȕȍȌș ȈȢșȣ:

• ǴȇȖȗȇȉȒȌȔȔȕȌ , ȊȋȌ ȕȔ ȚȓȌȔȣȟȇȌș ȗȇȎȔȕȕȈȗȇȎȏȌ

• ǺȗȇȉȔȕȉȌȟȌȔȔȢȓ, ȊȋȌ ȕȔ ȚȉȌȒȏȞȏȉȇȌș ȗȇȎȔȕȕȈȗȇȎȏȌ. ǪȌșȌȗȕȎȏȊȕșȢ
ȏȓȌȥș ȘȇȓȚȥ ȉȢȘȕȑȚȥ ȘșȌȖȌȔȣ ȇȋȇȖșȇȝȏȏ, ȏ ȖȕȤșȕȓȚ ȕșȈȕȗ
ȈȒȇȊȕȖȗȏȦșȘșȉȚȌș ȖȕȋȋȌȗȍȇȔȏȥ ȓȔȕȊȕȞȏȘȒȌȔȔȢȜ ȇȒȒȌȒȌȐ. 

• ǮȇȉȏȘȏȓȢȓ ȕș ȞȇȘșȕșȢ, ȊȋȌ ȕȔ ȚȉȌȒȏȞȏȉȇȌș ȗȇȎȔȕȕȈȗȇȎȏȌ. 
ǶȗȏȘȖȕȘȕȈȒȌȔȔȕȘșȣ ȦȉȒȦȌșȘȦ țȚȔȑȝȏȌȐ ȞȇȘșȕșȢ ȇȒȒȌȒȏ ȏȒȏ ȊȌȔȕșȏȖȇ ȏ
ȏȎȓȌȔȌȔȏȐ Șȕ ȉȗȌȓȌȔȌȓ. 
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ǪȌȔȕțȕȔ
ȋ

ǪȇȓȌșȔȢȐ ȕșȈȕȗ
ȕȈȗȇȎȝȕȉ G0

p = 0,5  
q = 0,5

G1

p = 0,625 
q = 0,375

G2

p = 0,3125 
q = 0,6875

G3

p = 0,0 
q = 1,0

ǫȗȌȐț

ǪȌȔȌșȏȞȌȘȑȏȐ ȋȗȌȐț ȕȎȔȇȞȇȌș ȑȕȒȌȈȇȔȏȦ ȉ ȞȇȘșȕșȇȜ ȇȒȒȌȒȏ, ȑȕșȕȗȢȌ
ȉȕȎȔȏȑȇȥș ȘȒȚȞȇȐȔȕ (ȕȘȕȈȌȔȔȕ ȉ ȓȇȒȌȔȣȑȏȜ ȖȕȖȚȒȦȝȏȦȜ) ȉ ȗȌȎȚȒȣșȇșȌ
ȘȒȚȞȇȐȔȕȊȕ ȕșȈȕȗȇ ȘȗȌȋȏ ȊȇȓȌș. 

ǫȗȌȐț ȚȓȌȔȣȟȇȌș ȗȇȎȔȕȕȈȗȇȎȏȌ ȉȔȚșȗȏ ȖȕȖȚȒȦȝȏȏ, ȖȕșȕȓȚ Ȟșȕ ȕȔ ȏȓȌȌș
șȌȔȋȌȔȝȏȥ ȉȢȎȢȉȇșȣ ȖȕșȌȗȥ ȗȌȋȑȏȜ ȇȒȒȌȒȌȐ, ȘȕȑȗȇȠȇȦ ȕȈȠȌȌ ȞȏȘȒȕ ȇȒȒȌȒȌȐ.

ǩ ȖȗȏȓȌȗȌ ȉȉȌȗȜȚ, ȗȇȎȓȌȗ ȖȕȖȚȒȦȝȏȏ ȖȕȘșȕȦȔȌȔ ȉ ȑȇȍȋȕȓ ȖȕȑȕȒȌȔȏȏ (8 
ȕȘȕȈȌȐ). ǱȇȍȋȇȦ ȕȘȕȈȣ ȓȕȍȌș ȖȗȕȏȎȉȌȘșȏ șȢȘȦȞȏ ȊȇȓȌș, Ȕȕ ȏȎ ȕȈȠȌȊȕ
ȊȌȔȕțȕȔȋȇ ȉ ȑȇȍȋȕȓ ȖȕȑȕȒȌȔȏȏ șȗȌȈȚȌșȘȦ șȕȒȣȑȕ 2N ȊȇȓȌșȢ Ȕȇ ȑȇȍȋȚȥ ȕȘȕȈȣ
(16 ȉ ȔȇȟȌȓ ȖȗȏȓȌȗȌ). Ȅșȇ ȘȏșȚȇȝȏȦ ȖȕȋȕȈȔȇ ȤȑȘșȗȇȊȏȗȕȉȇȔȏȥ ȓȇȒȌȔȣȑȏȜ
ȕȈȗȇȎȝȕȉ ȏȎ ȋȉȚȜ ȦȠȏȑȕȉ, ȊȋȌ ȉ ȕȋȔȕȓ ȘȕȋȌȗȍȏșȘȦ ȓȏȒȒȏȕȔ ȈȌȒȢȜ ȓȦȞȌȐ, ȇ ȉ
ȋȗȚȊȕȓ - ȓȏȒȒȏȕȔ ȑȗȇȘȔȢȜ. ǳȢ ȘȓȕȋȌȒȏȗȚȌȓ ȘȜȕȍȚȥ ȘȏșȚȇȝȏȥ, ȏ ȉ ȖȕȑȕȒȌȔȏȏ
G0 10 ȊȇȓȌș ȏȎ șȢȘȦȞȏ ȉȕȎȓȕȍȔȢȜ ȈȚȋȚș ȔȌȘșȏ ȇȒȒȌȒȣ ǧ ȏ șȕȒȣȑȕ ȟȌȘșȣ ȊȇȓȌș
ȔȌȘșȏ ȇȒȒȌȒȣ ȇ. ǩ ȖȕȑȕȒȌȔȏȏ G1 ȏȎ ȊȇȓȌș, ȚȞȇȘșȉȚȥȠȏȜ ȉ ȖȕȘșȗȕȌȔȏȏ ȎȏȊȕș ȋȒȦ
ȘȒȌȋȚȥȠȌȊȕ ȖȕȑȕȒȌȔȏȦ, 5 ȔȌȘȚș ȇȒȒȌȒȣ ǧ ȏ 11- ȇȒȒȌȒȣ ȇ, ȏ șȇȑ ȋȇȒȌȌ. Ȅșȏ
ȎȔȇȞȌȔȏȦ ȉȇȗȣȏȗȚȥș ȖȗȕȏȎȉȕȒȣȔȕ. ǩ ȖȕȑȕȒȌȔȏȏ G3 ȉȘȌ ȕȘȕȈȏ ȘțȕȗȓȏȗȕȉȇȔȢ
ȇȒȒȌȒȌȓ ȇ (ȊȕȓȕȎȏȊȕșȢ) ȏ ȇȒȒȌȒȣ ǧ ȚșȌȗȦȔ. 
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f Ne – Ȥșȕ ȞȏȘȒȕ ȗȕȋȏșȌȒȌȐ, ȕșȉȌșȘșȉȌȔȔȢȜ Ȏȇ
ȊȌȔȌșȏȞȌȘȑȏȐ ȘȕȘșȇȉ ȘȒȌȋȚȥȠȌȊȕ ȖȕȑȕȒȌȔȏȦ

f Ne ȉ ȕȈȠȌȓ ȓȌȔȣȟȌ, ȞȌȓ N ȏȎ-Ȏȇ

• ȏȎȓȌȔȌȔȏȦ ȗȇȎȓȌȗȇ ȖȕȖȚȒȦȝȏȏ ȕș ȖȕȑȕȒȌȔȏȦ ȑ
ȖȕȑȕȒȌȔȏȥ

• ȔȌȗȇȉȔȕȊȕ ȘȕȕșȔȕȟȌȔȏȦ ȖȕȒȕȉ
• ȔȇȒȏȞȏȦ ȖȌȗȌȑȗȢȉȇȥȠȏȜȘȦ ȖȕȑȕȒȌȔȏȐ
• ȊȌȕȊȗȇțȏȞȌȘȑȕȐ ȗȇȎȈȗȕȘȇȔȔȕȘșȏ ȖȕȖȚȒȦȝȏȏ

ȄțțȌȑșȏȉȔȢȐ ȗȇȎȓȌȗ ȖȕȖȚȒȦȝȏȏ

Ǳȇȑ ȉȌȒȏȑȇ ȖȕȖȚȒȦȝȏȦ?

• ǻȇȑșȏȞȌȘȑȕȌ ȞȏȘȒȕ ȕȘȕȈȌȐ ȉ ȖȕȖȚȒȦȝȏȏ ȔȇȎȢȉȇȌșȘȦ ȞȏȘȒȕȓ ȚȞȌșȇ (N). Ȅșȕ
ȞȏȘȒȕ ȞȇȘșȕ ȦȉȒȦȌșȘȦ ȔȌșȕȞȔȢȓ ȖȗȌȋȘșȇȉȒȌȔȏȌȓ ȗȇȎȓȌȗȇ ȖȕȖȚȒȦȝȏȏ Ș
șȕȞȑȏ ȎȗȌȔȏȦ ȊȌȔȌșȏȑȏ.

• ȄțțȌȑșȏȉȔȢȐ ȗȇȎȓȌȗ ȖȕȖȚȒȦȝȏȏ (Ne) ȕȖȏȘȢȉȇȌș ȗȇȎȓȌȗ ȏȋȌȇȒȣȔȕȐ
ȖȕȖȚȒȦȝȏȏ, ȑȕșȕȗȇȦ ȖȕȑȇȎȢȉȇȌș șȕș ȍȌ ȚȗȕȉȌȔȣ ȖȕșȌȗȏ ȊȌȔȌșȏȞȌȘȑȕȊȕ
ȗȇȎȔȕȕȈȗȇȎȏȦ ȈȒȇȊȕȋȇȗȦ ȊȌȔȌșȏȞȌȘȑȕȓȚ ȋȗȌȐțȚ, ȑȇȑ ȏ ȌȊȕ ȚȉȌȒȏȞȌȔȏȌ
ȋȒȦ ȖȕȖȚȒȦȝȏȏ.
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f ǪȌȔȌșȏȞȌȘȑȏȐ ȋȗȌȐț Șȕ ȘȒȚȞȇȐȔȢȓȏ ȏȎȓȌȔȌȔȏȦȓȏ
ȞȇȘșȕș ȇȒȒȌȒȌȐ

f ǯȔȈȗȏȋȏȔȊ
f ǪȕȓȕȎȏȊȕșȔȕȘșȣ: țȏȑȘȇȝȏȦ ȏ ȖȕșȌȗȦ ȇȒȒȌȒȌȐ
f ǸȚȈȖȕȖȚȒȦȝȏȕȔȔȇȦ ȋȏțțȌȗȌȔȝȏȇȝȏȦ n
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ǻȏȑȘȇȝȏȦ

ǶȕȘȒȌȋȘșȉȏȦ ȚȉȌȒȏȞȏȉȇȥȠȌȊȕȘȦ ȗȇȎȓȌȗȇ
ȖȕȖȚȒȦȝȏȏ

(ȖȗȕȋȕȒȍȌȔȏȌ ȉ ȘȒȌȋȚȥȠȌȓ ȘȒȇȐȋȌ)

ǻȇȑșȕȗȢ, ȖȗȏȉȕȋȦȠȏȌ ȑ ȚȓȌȔȣȟȌȔȏȥ ȗȇȎȓȌȗȇ ȖȕȖȚȒȦȝȏȏ:

• ǵȋȕȓȇȟȔȏȉȇȔȏȌ

• ǸȚȈȖȕȖȚȒȦȝȏȏ (ȏȔȈȗȏȋȏȔȊ, ȑȒȕȔȇȒȣȔȕȌ ȗȇȎȓȔȕȍȌȔȏȌ)

• ǷȇȘȖȗȕȘșȗȇȔȌȔȏȌ Ȕȇ ȈȕȒȣȟȏȌ ȗȇȘȘșȕȦȔȏȦ (ȤțțȌȑș ȕȘȔȕȉȇșȌȒȦ)

• ǩȕȎȕȈȔȕȉȒȌȔȏȌ ȑȕȒȒȌȑȝȏȐ ȊȌȔȌșȏȞȌȘȑȏȜ ȗȌȘȚȗȘȕȉ
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f ǫȌțȏȝȏș ȉȕȎȔȏȑȇȌș, ȑȕȊȋȇ ȗȇȎȓȌȗ ȖȕȖȚȒȦȝȏȏ
ȗȌȎȑȕ ȚȓȌȔȣȟȇȌșȘȦ

f ȄțțȌȑș ȑȕȒȕȔȏȎȇșȕȗȇ ȉȕȎȔȏȑȇȌș, ȑȕȊȋȇ
ȔȌȘȑȕȒȣȑȕ ȕȘȕȈȌȐ ȑȕȒȕȔȏȎȏȗȚȥș ȏ
ȕȈȕȘȔȕȉȢȉȇȥșȘȦ ȉ ȔȕȉȕȐ ȕȑȗȚȍȇȥȠȌȐ ȘȗȌȋȌ

N

ȉȗȌȓȦ

ǹȗȚȋȔȕȘșȣ

A1A2

A1A1

A2A2

A2A2
A2A2 A2A2 A2A2

A2A2 A2A2

A2A2

A2A2

A1A2 A1A2

A1A2 A1A2

A1A2

A1A2

A1A2A1A1

A1A1

A1A1A1A1 A1A1

A1A1

A1A1

A2A2

A2A2 A2A2

A2A2 A2A2

A2A2 A2A2

A2A2 A2A2

A2A2 A2A2

A2A2 A2A2

A2A2 A2A2

A2A2 A2A2

p = 0,5 (ȞȇȘșȕșȇ A1)
q = 0,5 (͇͙͕͙͇͘͞ A2)

p = 0,0 (͇͙͕͙͇͘͞ A1)
q = 1,0 (͇͙͕͙͇͘͞ A2)

ǶȕȘȒȌȋȘșȉȏȦ … (ȖȗȕȋȕȒȍȌȔȏȌ)

ǳȇȒȌȔȣȑȏȌ ȖȕȖȚȒȦȝȏȏ ȕȞȌȔȣ ȖȕȋȉȌȗȍȌȔȢ ȚȊȗȕȎȌ ȏȘȞȌȎȔȕȉȌȔȏȦ, ȖȕșȕȓȚ Ȟșȕ
ȘȕȜȗȇȔȏȉȟȏȌȘȦ ȕȈȗȇȎȝȢ ȔȌ ȦȉȒȦȥșȘȦ ȖȗȌȋȘșȇȉȏșȌȒȌȓ șȕȊȕ ȊȌȔȕțȕȔȋȇ, 
ȑȕșȕȗȢȐ ȈȢȒ ȋȕ ȌȊȕ ȗȇȎȗȚȟȌȔȏȦ. 

ǵȈȇ ȤțțȌȑșȇ ȎȇȉȏȘȦș ȕș ȞȏȘȒȇ ȘȕȜȗȇȔȏȉȟȏȜȘȦ ȕȘȕȈȌȐ (ȏȒȏ ȑȕȒȕȔȏȎȇșȕȗȕȉ) ȏ
ȚȗȕȉȔȦ ȗȕȘșȇ ȖȕȖȚȒȦȝȏȏ. 

Ǫȗȇțȏȑ Ȕȇ ȘȒȇȐȋȌ ȖȕȑȇȎȢȉȇȌș ȤțțȌȑș ȋȌțȏȝȏșȇ. ǸȒȌȉȇ – ȖȕȖȚȒȦȝȏȦ ȉ ȈȇȒȇȔȘȌ
Ǽȇȗȋȏ-ǩȌȐȔȈȌȗȊȇ (Hardy-Weinberg) Ș ȞȇȘșȕșȇȓȏ ȇȒȒȌȒȌȐ 0,5. ǩ ȘȒȚȞȇȌ
ȉȔȌȎȇȖȔȕȊȕ ȚȓȌȔȣȟȌȔȏȦ ȏ ȎȇșȌȓ ȉȕȘȘșȇȔȕȉȒȌȔȏȦ ȖȌȗȉȕȔȇȞȇȒȣȔȕȊȕ ȗȇȎȓȌȗȇ, 
ȗȌȎȚȒȣșȇș ȓȕȍȌș ȉȢȗȇȎȏșȣȘȦ ȉ ȖȕșȌȗȌ ȕȋȔȏȜ ȇȒȒȌȒȌȐ ȏ țȏȑȘȇȝȏȏ ȋȗȚȊȏȜ. ǩ
ȖȗȏȓȌȗȌ ȘȖȗȇȉȇ ȉȢȍȏȒ șȕȒȣȑȕ A2 A2 ȏ ȇȒȒȌȒȣ A1 ȚșȌȗȦȔ.
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f ǪȌșȌȗȕȎȏȊȕșȔȕȘșȣ ȚȓȌȔȣȟȇȌșȘȦ Ȗȗȏ:

H1 = (1 – 1/2N)H0

f ǧȒȒȌȒȏ șȌȗȦȥșȘȦ Ȗȗȏ:

P = p2N + q2N

Ǹ ȤțțȌȑșȇȓȏ ȋȌțȏȝȏșȇ ȏ ȑȕȒȕȔȏȎȇșȕȗȇ …

• ǺȓȌȔȣȟȌȔȏȌ ȊȌșȌȗȕȎȏȊȕșȔȕȘșȏ

ȊȋȌ,
H1 = ȑȕȔȌȞȔȇȦ ȊȌșȌȗȕȎȏȊȕșȔȕȘșȣ
H0 = ȖȌȗȉȕȔȇȞȇȒȣȔȇȦ ȊȌșȌȗȕȎȏȊȕșȔȕȘșȣ
N = ȗȇȎȓȌȗ ȖȕȖȚȒȦȝȏȏ

șȕȊȋȇ:
ȌȘȒȏ N = 100 ȏ H0 = 0,25, șȕȊȋȇ H1 = 0,24875
ȌȘȒȏ N = 40 ȏ H0 = 0,25, șȕȊȋȇ H1 = 0,24685

• ǶȕșȌȗȦ ȇȒȒȌȒȌȐ

ȊȋȌ,
P = ȖȕșȌȗȦ ȇȒȒȌȒȦ
p ȏ q = ȞȇȘșȕșȢ ȇȒȒȌȒȦ
2N = ȕȈȠȌȌ ȞȏȘȒȕ ȇȒȒȌȒȌȐ ȉ ȖȕȖȚȒȦȝȏȏ

șȕȊȋȇ:
ȌȘȒȏ N = 100, p = 0,90 ȏ q = 0,1, șȕȊȋȇ P = 7,05508 x 10-10

ȌȘȒȏ N = 15, p = 0,90 ȏ q = 0,1, șȕȊȋȇ P = 0,0423911
ȌȘȒȏ N = 10, p = 0,90 ȏ q = 0,1, șȕȊȋȇ P = 0,12157665
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ǶȗȏȒȕȍȌȔȏȌ 1

ǫȒȦ ȖȗȕȘȓȕșȗȇ ȖȗȏȒȕȍȌȔȏȦ, ȠȌȒȑȔȏșȌ ȓȢȟȑȕȐ Ȕȇ ȌȊȕ ȔȇȎȉȇȔȏȏ:

ǶȗȏȒȕȍȌȔȏȌ 1. ǱȗȏșȏȞȌȘȑȏȌ ȎȔȇȞȌȔȏȦ ȗȇȘȖȗȌȋȌȒȌȔȏȦ Ǽȏ-ȑȉȇȋȗȇșȇ
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ǫȒȦ ȇȔȇȒȏȎȇ ȏ ȏȔșȌȗȖȗȌșȇȝȏȏ ȋȇȔȔȢȜ ȕ
ȊȌȔȌșȏȞȌȘȑȕȓ ȗȇȎȔȕȕȈȗȇȎȏȏ ȓȢ ȋȕȒȍȔȢ ȎȔȇșȣ:

• ǴȌȘȑȕȒȣȑȕ ȕȘȔȕȉȔȢȜ ȕȖȗȌȋȌȒȌȔȏȐ ȖȕȖȚȒȦȝȏȕȔȔȕȐ
ȊȌȔȌșȏȑȏ

• ǮȇȑȕȔ Ǽȇȗȋȏ-ǩȌȐȔȈȌȗȊȇ (The Hardy-Weinberg 
principle)

• ǩȢȞȏȘȒȌȔȏȌ ȞȇȘșȕș ȇȒȒȌȒȌȐ ȏ ȊȌȔȕșȏȖȇ
• ǵȘȔȕȉȔȢȌ ȖȗȏȞȏȔȢ ȏȎȓȌȔȌȔȏȐ ȊȌȔȌșȏȞȌȘȑȕȊȕ
ȗȇȎȔȕȕȈȗȇȎȏȦ ȑȇȑ ȓȚșȇȝȏȦ, ȓȏȊȗȇȝȏȦ, 
ȗȌȑȕȓȈȏȔȇȝȏȦ, ȕșȈȕȗ ȏ ȋȗȌȐț

ǩȑȗȇșȝȌ
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f ǵȘȔȕȉȔȢȌ ȕȖȗȌȋȌȒȌȔȏȦ, ȏȘȖȕȒȣȎȚȌȓȢȌ ȉ
ȖȕȖȚȒȦȝȏȕȔȔȕȐ ȊȌȔȌșȏȑȌ

f ǮȇȑȕȔ Ǽȇȗȋȏ-ǩȌȐȔȈȌȗȊȇ (The Hardy-Weinberg principle)

f Ǳȇȑ ȗȇȘȘȞȏșȇșȣ ȞȇȘșȕșȚ ȇȒȒȌȒȌȐ Ȗȗȏ ȖȕȓȕȠȏ
ȓȇȗȑȌȗȔȢȜ ȋȇȔȔȢȜ

f ǩȒȏȦȔȏȌ ȘȏȘșȌȓȢ ȘȖȇȗȏȉȇȔȏȦ Ȕȇ ȗȇȎȔȕȕȈȗȇȎȏȌ
ȖȕȖȚȒȦȝȏȏ

f ǵȘȔȕȉȔȢȌ ȏȘșȕȞȔȏȑȏ ȏȎȓȌȔȞȏȉȕȘșȏ ȏ ȏȜ ȖȕȘȒȌȋȘșȉȏȦ

ǹȌȖȌȗȣ ǩȢ ȋȕȒȍȔȢ ȎȔȇșȣ …
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ǬȘȒȏ ǩȢ ȜȕșȏșȌ ȚȎȔȇșȣ ȈȕȒȣȟȌ…

de Vicente, M.C. ͏ T. Fulton. 2003. Using Molecular Marker Technology in Studies on 
Plant Genetic Diversity. 
<http://www.bioversityinternational.org/Publications/pubfile.asp?ID_PUB=912>

Doolittle, D.P. 1987. Population Genetics: Basic Principles. Springer-Verlag, Berlin.  

Falconer, D.S. ͏ T.F.C. Mackay (eds.). 1996. Introduction to quantitative genetics (4th 
edn.). Longman Group, London.

Griffiths, A.J.F., J.H. Miller, D.T. Suzuki, R.C. Lewontin ͏ W.M. Gelbart (eds.). 1996. An 
Introduction to Genetic Analysis (6th edn.). Freeman and Co., NY.

Hartl, D.L. 1988. A Primer of Population Genetics (2nd edn.). Sinauer Associates, 
Sunderland, MA. 

Hedrick, P.W. 1985. Genetics of Populations. Jones and Barlett Publishers, Boston, 
MA.

Snedecor, G.W. ͏ W.S. Cochran (eds.). 1980. Statistical Methods (7th edn.). Iowa 
State University Press, Ames, IO.
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f ǯȎȓȌȗȌȔȏȦ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ

f ǱȕȓȖȣȥșȌȗȔȢȌ ȖȗȕȊȗȇȓȓȢ ȋȒȦ ȇȔȇȒȏȎȇ
ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ

f ǪȒȕȘȘȇȗȏȐ

ǸȒȌȋȚȥȠȌȌ



 
 

1

ɉɪɢɥɨɠɟɧɢɟ 1: 
ǵȘȔȕȉȔȢȌ ȑȕȔȝȌȖȝȏȏ ȖȕȖȚȒȦȝȏȕȔȔȕȐ ȊȌȔȌșȏȑȏ  

 
 
ǱȗȏșȏȞȌȘȑȏȌ ȎȔȇȞȌȔȏȦ ȗȇȘȖȗȕȘșȗȇȔȌȔȏȦ Ȝȏ-ȑȉȇȋȗȇșȇ  
 

D 
Q 0,05 0,01 

1 3,84 6,64 
2 5,99 9,21 
3 7,81 11,34 
4 9,49 13,28 
5 11,07 15,09 

6 12,59 16,81 
7 14,07 18,48 
8 15,51 20,09 
9 16,92 21,67 
10 18,31 23,21 

11 19,68 24,72 
12 21,03 26,22 
13 22,36 27,69 
14 23,68 29,14 
15 25,00 30,58 

16 26,30 32,00 
17 27,59 33,41 
18 28,87 34,80 
19 30,14 36,19 
20 31,41 37,57 

21 32,67 38,93 
22 33,92 40,29 
23 35,17 41,64 
24 36,41 42,98 
25 37,65 44,31 

26 38,88 45,64 
27 40,11 46,96 
28 41,34 48,28 
29 42,56 49,59 
30 43,77 50,89 
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Ⱥɧɚɥɢɡ ɝɟɧɟɬɢɱɟɫɤɨɝɨ
ɪɚɡɧɨɨɛɪɚɡɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ
ɞɚɧɧɵɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɪɤɟɪɨɜ�

ɍɱɟɛɧɵɣ ɦɨɞɭɥɶ

̯͎͓͔͌͗͌͏͌ ͔͙͊͌͌͏͕͕͌͑͊͘͞
͇͎͔͕͕͈͇͎͗͗͏ͦ
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ �

f ̵͔͕͉͔͕͐͘ ͇͔͇͒͏͎ ͔͙͊͌͌͏͕͕͌͑͊͘͞ ͇͎͔͕͕͈͇͎͗͗͏ͦ
f ̹͏͖͢ ͖͓͔͔͌͗͌͌͢͜
f ̱͕͒͏͙͉͔͔͕͌͌͌͘͞ ͏͎͓͔͌͗͌͏͌ ͔͙͊͌͌͏͕͕͌͑͊͘͞ ͇͎͔͕͕͈͇͎͗͗͏ͦ�

ವ ̯͎͓͔͌͗͌͏͌ ͔͙͊͌͌͏͕͕͌͑͊͘͞ ͇͎͔͕͕͈͇͎͗͗͏ͦ ͉͔͚͙͗͏ ͖͕͖͚͒ͦ͝͏͏
ವ ̯͎͓͔͌͗͌͏͌ ͔͙͊͌͌͏͕͕͌͑͊͘͞ ͇͎͔͕͕͈͇͎͗͗͏ͦ ͓͍͚͌͋

͖͕͖͚͒ͦ͝͏͓ͦ͏
f ̱͕͒͏͙͉͔͔͕͌͌͌͘͞ ͏͎͓͔͌͗͌͏͌ ͔͙͊͌͌͏͌͑͘͞͏͜ ͉͎͇͏͓͕͉͎ͦ͌͐͘�

ವ ̷͇͎͔͕͕͈͇͎͗͏͌ ͏ ͋͏͔͛͛͌͗͌͝͏͇͝͏ͦ ͔͇ ͔͚͕͙͑͒͌͏͔͕͓͋ ͚͕͉͔͗͌
ವ ̪͔͙͌͌͏͇͌͑ͦ͘͞ ͋͏͙͇͔͘͝͏ͦ

f ̫͓͕͔͙͇͌͗͘͝͏ͦ ͉͎͇͏͓͕͉͎ͦ͌͐͘�
ವ ̪͚͖͖͗͏͕͉͇͗͑ ͏͒͏ ͕͈͇͎͕͉͇͔͗͏͌ ͇͙͕͉͑͒͌͗͘
ವ ̱͇͒͘͘͏͛͏͇͑͝͏ͦ

f ̶͗͏͕͍͔͒͌͏ͦ

ɋɨɞɟɪɠɚɧɢɟ
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�� ̵͖͏͇͔͘͏͌ ͏͎͓͔͌͞͏͉͕͙͘͏
͉͔͚͙͗͏ ͏ ͓͍͚͌͋
͖͕͖͚͒ͦ͝͏͓ͦ͏��͗͌͊͏͕͔͇͓͏��͖͗�

�� ̵͔͇͌͑͝ ͉͎͇͏͓͕͉͎ͦ͌͐͘ ͓͍͚͌͋
͕͕͈͓ͦ͘͏��͖͕͖͚͒ͦ͝͏͓ͦ͏��
͗͌͊͏͕͔͇͓͏��͖͗��

�� ͖̈́͑͗͌͘͘͘͏ͦ ͉͎͇͏͓͕͉͎ͦ͌͐͘
͓͍͚͌͋ ͎͚͙͇͙͇͓͗͌͒ͣ͏��
͖͕͚͔͔͓͒͌͢͞͏ ͕͙ ͇͎͔͗͢͜
͔͇͈͕͕͉͗ ͖͗͏͎͔͇͕͉͑

̵͕͈ͣ͘�

Ɉɫɨɛɶ�

Ɉɫɨɛɶ�
Ɉɫɨɛɶ�
Ɉɫɨɛɶ�
Ɉɫɨɛɶ�
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�����������������������
�������������������

���������������
�����������

�������
���

������������

̫
͇
͔
͔
͢
͌

������

������

������
������
������
������
������

͓
͇
͗
͑
͌
͗
͕
͉

̵͕͈͘͏

̨͕͒ͣ͟͏͔͙͉͕͘ ͇͔͇͒͏͎͕͉ ͔͙͊͌͌͏͕͕͌͑͊͘͞ ͇͎͔͕͕͈͇͎͗͗͏ͦ��͕͙͕͑͗͌͢ ͓͢ ͕͙͌͒͜͏ ͈͢
͖͕͉͙͗͌͘͏��͈͚͚͙͋ ͉͇͙͑͒ͥͣ͞ ͚͒͌͋ͥ͘͠͏͌ ͙͇͖ͤ͢��

�� ̵͖͏͇͔͘͏͌ ͇͎͔͕͕͈͇͎͗͗͏ͦ��͙͕̈́ ͓͕͍͙͌ ͈͙ͣ͢ ͇͔͕͋͌͒͘ ͉͔͚͙͗͏ ͖͕͖͚͒ͦ͝͏͏ ͏
͓͍͚͌͋ ͖͕͖͚͒ͦ͝͏͓ͦ͏��̵͔͕ ͙͇͍͑͌ ͓͕͍͙͌ ͈͙ͣ͢ ͇͗͘͟͏͔͕͗͌ ͕͋ ͈͕͒͌͌
͈͕͒ͣ͟͏͜ ͌͋͏͔͏͝ ͇͑͑ ͕͈͇͙͒͘͏ ͏ ͗͌͊͏͕͔͢�

�� ̩͢͞͏͔͒͌͘͏͌ ͉͎͇͏͓͕͉͎ͦ͌͐͘ ͓͍͚͌͋ ͌͋͏͔͏͇͓͝͏��͇͔͇͒͏͎͏͚͓͓͗͌͢͏ ͉
͖͉͕͓͌͗ ͙͇͖ͤ͌��̵͔͕ ͉͇͙͑͒ͥ͌͞ ͉ ͈͌ͦ͘ ͉͢͞͏͔͒͌͘͏͌ ͇͙͕͔͗ͦ͘͘͏͐
�͕͓͙͊͌͌͗͏͌͑͘͞͏͜ ͏͒͏ ͔͙͊͌͌͏͌͑͘͞͏͜��͓͍͚͌͋ ͖͇͕͗͐ ͏͚͓͒͌͋͌͘͘͢͜
͕͈͙͕͉͌͑͡��

�� ͖̈́͑͗͌͘͘͘͏ͦ ͙ͤ͏͜ ͉͎͇͏͓͕͉͎ͦ͌͐͘ ͖͗͏ ͖͕͓͕͠͏ ͈͕͕͒ͥ͊ ͏͓͕͌ͥ͌͊ͦ͘͠ ͉
͇͖͕͍͔͗͗ͦ͌͘͏͏ ͓͙͕͇͌͋ ͚͖͖͊͗͏͕͉͗͑͏ ͏�͏͒͏ ͇͑͒͘͘͏͛͏͇͑͝͏͏��̴͕͙͕͌͑͗͌͢
͏͎ ͙ͤ͏͜ ͓͙͕͕͉͌͋ ͖͕͎͉͕͙͒ͦͥ ͇͉͔͗͘͏͙ͣ ͎͚͙͇͙͗͌͒ͣ͢ ͔͇͕͌͊͟
͓͕͚͔͕͕͒͌͑͒ͦ͗͊ ͏͕͉͇͔͒͌͋͘͘͏ͦ ͘ ͚͋͗͊͏͓͏ ͙͏͖͇͓͏ ͇͔͔͋͢͜��͔͇͖͗͏͓͌͗��
͕͇͊͌͊͗͛͏͌͑͘͞͏͓͏��̴͇ ͇͒͐͋͌͘��̵͕͈ͣ͘���̵͕͈ͣ͘���ಹ ͓͕͚͙͊ ͈͙ͣ͢
͖͙͇͉͔͗͌͋͒͌͘͢ ͉͓͙͕͌͘ ͕͕͈͌͐͘��͖͕͖͚͒ͦ͝͏͐ ͏͒͏ ͗͌͊͏͕͔͕͉��
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ �

f ̱͇͙͉͔͔͌͌͌͘͢͞ ͕͙͔͕͙ͦͦ͘͘ ͑ ͖͗͏͎͔͇͇͓͑ ͏͒͏ ͇͙͉͇͓͑͌͘͞ ͏
͉͙ͦ͒ͦͥͦ͘ ͒͏͈͕ ͉͕͋͏͔͓͢͞͏�͈͏͔͇͔͓͗͢͏��͒͏͈͕
͇͙͕͑͌͊͗͏͇͔͓͒ͣ͢͏�

ವ ̨͏͔͇͔͓͗͢͏��͉͈͢͏͇͗ͦ ͙͕͕͒ͣ͑ ͉͇͋ ͎͔͇͔͌͞͏ͦ��͏͓͙͌͌ͦ͘ ����͏͒͏
͕͙͚͙͙͉͚͙͌͘͘ ���

ವ ̱͇͙͕͌͊͗͏͇͔͓͒ͣ͢͏��͉͈͢͏͇͗ͦ ͎͔͇͔͌͞͏͌ ͗͌͋͘͏ ͓͔͕͊͏͜
͉͕͎͓͕͍͔͢͜��͏ ͉͙ͦ͒ͦͥͦ͘ ͒͏͈͕ ͖͕͕͉͓͗ͦ͋͑͢͏��͒͏͈͕
͔͕͓͏͔͇͔͓͒ͣ͢͏�

� ̶͕͕͉͗ͦ͋͑͌͢��͇͙͕͑͌͊͗͏͏��͏͓͌ͥ͠͏͌ ͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣͣ͘͘
� ̴͕͓͏͔͇͔͒ͣ͌͢��͇͙͕͑͌͊͗͏͏ ͔͌ ͉͎͇͏͓͕͉͎͇͔͔ͦ͌͘͢ ͚͋͗͊ ͘

͚͕͓͋͗͊
f ̱͕͒͏͙͉͔͔͌͌͌͘͢͞ ͉͙ͦ͒ͦͥͦ͘ ͞͏͔͔͓͒͌͘͢͏ ͏ ͒͏͈͕

͔͖͉͔͓͌͗͌͗͢͢͏��͒͏͈͕ ͋͏͙͔͓͑͗͌͘͢͏�͖͉͗͌͗͢͏͙͓͘͢͏�
ವ ̴͖͉͔͓͌͗͌͗͢͢͏��͉͈͢͏͇͗ͦ ͎͔͇͔͌͞͏͌ ͉͔͚͙͗͏ ͇͔͔͕͋͐ ͕͈͇͙͒͘͏
ವ ̫͏͙͔͓͑͗͌͘͢͏��͉͈͢͏͇͗ͦ ͌͒͌͢͝ ͏͒͏ ͙͋͌ͦ͘͏͔͌͢͞ ͞͏͇͒͘

̹͏͖͢ ͖͓͔͔͌͗͌͌͢͜

̶͗͏͓͌͗͢ ͇͙͉͔͔͑͌͌͘͢͜͞ ͖͓͔͔͌͗͌͌͢͜�
ವ ̨͏͔͇͔͗͌͢��͔͇͖͗͏͓͌͗��͕͖͚͔͔͕͙͌ͣ͘͟ ͒͏͙͉ͣ͌͘��͏͓͙͌͌ͦ͘ �����͕͙͚͙͙͉͚͙͌͘͘ ���
ವ ̱͇͙͕͌͊͗͏͇͔͒ͣ͌͢��

� ̶͕͕͉͗ͦ͋͑͌͢��͔͇͖͗͏͓͌͗��͕͖͚͔͔͕͙͌ͣ͘͟ ͇͌͗͌͑͟͞��͕͗͌͋͑͌ �����͕͈͌͌͠
�����͕͈͏͔͕͒ͣ͌ ����͏͒͏ ͋͒͏͔͇ ͇͌͗͌͑͟͞��͕͕͙͇͑͗͑ͦ �����͔͗͌͋ͦͦ͘ �����
͋͒͏͔͔͇ͦ ���

� ̴͕͓͏͔͇͔͒ͣ͌͢��͔͇͖͗͏͓͌͗��͉͙͌͝ ͖͙͇͒͌͌͑͘��͍͙͌͒͐͢ �����͇͔͑͗͐͘͢ �����
͈͌͒͐͢ �����͖͚͖͚͔͗͗͐͢ ���

̶͗͏͓͌͗͢ ͕͑͒͏͙͉͔͔͌͌͘͢͜͞ ͖͓͔͔͌͗͌͌͢͜�
ವ ̴͖͉͔͌͗͌͗͌͢͢��͔͇͖͗͏͓͌͗��͉͌͘ ͕͔͑͗͌͐ �͊���͋͒͏͔͇ ͒͏͙͇͘ �F͓��
ವ ̫͏͙͔͑͗͌͌͘͢��͔͇͖͗͏͓͌͗��͞͏͕͒͘ ͙͢͞͏͔͕͑��������������

͞͏͕͒͘ ͖͕͕͉͒͋�����������ಹ

̱͇͙͕͌͊͗͏͇͔͒ͣ͌͢ ͖͓͔͔͌͗͌͌͌͢ ͓͕͚͙͊ ͈͙ͣ͢ ͖͉͔͌͗͌͌͋͌͢ ͉ ͈͏͔͇͔͗͌͢��͔͕ ͘
͕͇͔͊͗͏͔͌͞͏͓͌ ͖͕͙͕͓͚ ͙͕͞��͇͑͑ ͓͢ ͚͉͏͋͏͓ ͖͕͎͍͌��͔͕͙͕͌͑͗͌͢ ͕͑ͤ͛͛͏͝͏͔͙͌͢
͕͍͙͌͘͘͜͏ ͖͗͏͇͙͋ͥ ͉͌͘ ͇͙͕͑͌͊͗͏͏ ͖͗͏͎͔͇͇͑ ͏ ͙͕ͤ ͓͕͍͙͌ ͕͇͎͇͙͑ͣ ͔͇͙͌͊͏͉͔͕͌
͉͒͏͔ͦ͏͌ ͔͇ ͚͋͗͊͏͌ ͕͔͌͝͏͉͇͓͌͌͢ ͖͗͏͎͔͇͑͏��̶͕͙͕͓͚ͤ��͓͌͞ ͈͕͒ͣ͌͟ ͇͙͕͑͌͊͗͏͐
͏͓͙͌͌ ͖͓͔͔͇͌͗͌͌ͦ��͙͓͌ ͈͕͒ͣ͟͏͐ ͉͌͘ ͕͔͇ ͏͓͙͌͌ ͖͗͏ ͕͈͌͋͡͏͔͔͌͏͏ ͘ ͚͋͗͊͏͓͏
͈͏͔͇͔͓͗͢͏ ͏͒͏ ͇͙͕͑͌͊͗͏͇͔͓͒ͣ͢͏ ͖͓͔͔͓͌͗͌͌͢͏ ͘ ͔͕͌͑͒ͣ͑͘͏͓͏ ͇͙͕͑͌͊͗͏͓ͦ͏�

̶͗͏͓͌͗ ͖͉͕͇͌͗͌͋ ͇͙͕͑͌͊͗͏͇͔͕͒ͣ͐ ͖͓͔͔͕͌͗͌͌͐ ͉ ͈͏͔͇͔͚͗ͥ ��
̫͒͏͔͇ ͇͌͗͌͑͟͞��͕͕͙͇͑͗͑ͦ �����͔͗͌͋ͦͦ͘ �����͋͒͏͔͔͇ͦ ���

� ̱͕͕͙͇͗͑ͦ��͏͓͙͌͌ͦ͘ �����͕͙͚͙͙͉͚͙͌͘͘ ���
� ̸͔͗͌͋ͦͦ��͏͓͙͌͌ͦ͘ �����͕͙͚͙͙͉͚͙͌͘͘ ���
� ̫͒͏͔͔͇ͦ��͏͓͙͌͌ͦ͘ �����͕͙͚͙͙͉͚͙͌͘͘ ���

̱͕͒͏͙͉͔͔͌͌͌͘͢͞ ͖͓͔͔͌͗͌͌͌͢ ͙͇͍͑͌ ͓͕͚͙͊ ͈͙ͣ͢ ͖͉͔͌͗͌͌͋͌͢ ͉ ͈͏͔͇͔͗͌͢��
͔͇͖͗͏͓͌͗��

͕͙ ��͕͋ ��͖͕͕͉͒͋��͏͓͙͌͌ͦ͘ �����͕͙͚͙͙͉͚͙͌͘͘ ���
͕͙ ��͕͋ ��͖͕͕͉͒͋��͏͓͙͌͌ͦ͘ �����͕͙͚͙͙͉͚͙͌͘͘ �����������
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ �

̱͇͙͉͔͔͕͌͌͌͘͞ ͏͎͓͔͌͗͌͏͌ ͔͙͊͌͌͏͕͕͌͑͊͘͞
͇͎͔͕͕͈͇͎͗͗͏ͦ��͏͎͓͔͌͗͌͏͌ ͔͙͊͌͌͏͕͕͌͑͊͘͞
͇͎͔͕͕͈͇͎͗͗͏ͦ ͉͔͚͙͗͏ ͖͕͖͚͒ͦ͝͏͏

f ̴͇ ͕͔͕͉͌͘ ͇͗ͦ͋ ͉͇͗͏͇͔͙͕͉
ವ ̶͕͒͏͓͕͗͛͏͎͓ ͏͒͏ ͚͕͉͔͗͌ͣ ͖͕͒͏͓͕͗͛͏͎͓͇ �3M�
ವ ̫͕͒ͥ ͖͕͒͏͓͕͔͗͛͢͜ ͕͚͕͉͒͑͘
ವ ̨͕͇͙͙͉͕͊͘ ͇͔͒͒͌͒ͣ͢͜ ͉͇͗͏͇͔͙͕͉ �$�
ವ ̸͔͗͌͋͌͌ ͕͑͒͏͙͉͕͌͘͞ ͇͒͒͌͒͌͐ ͔͇ ͕͚͒͑͘

f ̴͇ ͕͔͕͉͌͘ ͇͙͕͙͘͢͞ ͉͇͗͏͇͔͙͕͉
ವ ͙̈́͛͛͌͑͏͉͔͕͌ ͞͏͕͒͘ ͇͒͒͌͒͌͐ �$H�
ವ ̸͔͗͌͋ͦͦ ͖͖͕͇͇͓͇͗͌͋͒͊͌ͦ ͙͕͎͊͌͌͗͏͕͙͔͕͙͊ͣ͘ �+H��

͔͙͊͌͌͏͕͌͑͌͘͞ ͇͎͔͕͕͈͇͎͗͗͏͌ ̴͌ͦ �1HL��
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ �

Ƚɟɧ ɫɱɢɬɚɟɬɫɹ ɩɨɥɢɦɨɪɮɧɵɦ, ɟɫɥɢ ɱɚɫɬɨɬɚ
ɨɞɧɨɝɨ ɢɡ ɟɝɨ ɚɥɥɟɥɟɣ ɦɟɧɶɲɟ ɢɥɢ ɪɚɜɧɚ �,���
ɢɥɢ �,��

3M  �T�ื �,��������ɢɥɢ 3M  �T�ื �,��

̶͕͒͏͓͕͗͛͏͎͓ ͏͒͏ ͚͕͉͔͗͌ͣ ͖͕͒͏͓͕͗͛͏͎͓͇
�3M�

ɝɞɟ�
3M  �ɭɪɨɜɟɧɶ ɩɨɥɢɦɨɪɮɢɡɦɚ
T� �ɱɚɫɬɨɬɚ ɚɥɥɟɥɢ

• ɗɬɨ ɢɡɦɟɪɟɧɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɪɢɬɟɪɢɣ ɞɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɬɨɝɨ, ɱɬɨ ɝɟɧ
ɩɪɨɹɜɥɹɟɬ ɢɡɦɟɧɱɢɜɨɫɬɶ��

• ȿɝɨ ɜɵɱɢɫɥɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɭɬɟɦ ɩɪɹɦɨɝɨ ɢɡɭɱɟɧɢɹ ɧɚ
ɫɨɨɬɜɟɬɫɬɜɢɟ ɨɩɪɟɞɟɥɟɧɢɸ��

• Ɉɧɨ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɫ ɤɨɞɨɦɢɧɚɧɬɧɵɦɢ ɦɚɪɤɟɪɚɦɢ ɢ, ɨɱɟɧɶ
ɨɝɪɚɧɢɱɢɬɟɥɶɧɨ, ɞɨɦɢɧɚɧɬɧɵɦɢ ɦɚɪɤɟɪɚɦɢ ɩɨɬɨɦɭ ɱɬɨ ɨɰɟɧɤɚ ɧɚ
ɨɫɧɨɜɟ ɞɨɦɢɧɚɧɬɧɵɯ ɦɚɪɤɟɪɨɜ ɛɵɥɚ ɛɵ ɫɦɟɳɟɧɚ ɧɢɠɟ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ
ɩɨɤɚɡɚɬɟɥɟɣ.

Ɉɛɵɱɧɨ ɩɨɥɢɦɨɪɮɧɵɣ ɝɟɧ – ɷɬɨ ɬɨɬ ɝɟɧ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɧɚɢɛɨɥɟɟ ɨɛɳɢɣ
ɚɥɥɟɥɶ ɢɦɟɟɬ ɱɚɫɬɨɬɭ ɦɟɧɟɟ 0,95. Ɋɟɞɤɢɟ ɚɥɥɟɥɢ ɨɩɪɟɞɟɥɟɧɵ ɤɚɤ ɬɟ, ɱɚɫɬɨɬɚ
ɤɨɬɨɪɵɯ ɦɟɧɟɟ 0,005. Ɉɝɪɚɧɢɱɟɧɢɟ ɱɚɫɬɨɬɵ ɚɥɥɟɥɢ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɟɧɨ ɧɚ
ɨɬɦɟɬɤɟ 0,95 (ɢɥɢ 0,99) ɹɜɥɹɟɬɫɹ ɩɪɨɢɡɜɨɥɶɧɵɦ, ɟɟ ɰɟɥɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ
ɨɤɚɡɚɧɢɢ ɩɨɦɨɳɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɬɟɯ ɝɟɧɨɜ, ɜ ɤɨɬɨɪɵɯ ɚɥɥɟɥɶɧɚɹ
ɢɡɦɟɧɱɢɜɨɫɬɶ ɹɜɥɹɟɬɫɹ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ.  

̲͏͙͇͙͚͇͌͗͗

&DYDOOL–6IRU]D��/�/��͏ :�)��%RGPHU��������*HQéWLFD�GH�ODV�3REODFLRQHV�
+XPDQDV��(G��2PHJD��%DUFHORQD�
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ɗɬɨ ɱɢɫɥɨ ɩɨɥɢɦɨɪɮɧɵɯ ɥɨɤɭɫɨɜ, ɪɚɡɞɟɥɟɧɧɨɟ ɧɚ
ɨɛɳɟɟ ɱɢɫɥɨ ɥɨɤɭɫɨɜ �ɩɨɥɢɦɨɪɮɧɵɯ ɢ
ɦɨɧɨɦɨɪɮɧɵɯ��

3� �QSM�Qɨɛɳɟɟ

̫͕͒ͦ ͖͕͒͏͓͕͔͗͛͢͜ ͕͚͕͉͒͑͘

ɝɞɟ�
3� �ɞɨɥɹ ɩɨɥɢɦɨɪɮɧɵɯ ɥɨɤɭɫɨɜ
QSM  �ɱɢɫɥɨ ɩɨɥɢɦɨɪɮɧɵɯ ɥɨɤɭɫɨɜ
QWRWDO  �ɨɛɳɟɟ ɱɢɫɥɨ ɥɨɤɭɫɨɜ

• Ɉɧɚ ɩɨɤɚɡɵɜɚɟɬ ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢɡɦɟɧɱɢɜɵɯ ɥɨɤɭɫɨɜ ɜ
ɩɨɩɭɥɹɰɢɢ�

• ȿɟ ɪɚɫɱɟɬ ɨɫɧɨɜɚɧ ɧɚ ɩɪɹɦɨɦ ɩɨɞɫɱɟɬɟ ɱɢɫɥɚ ɩɨɥɢɦɨɪɮɧɵɯ ɢ ɨɛɳɟɝɨ
ɱɢɫɥɚ ɥɨɤɭɫɨɜ�

• Ɉɧɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫ ɤɨɞɨɦɢɧɚɧɬɧɵɦɢ ɦɚɪɤɟɪɚɦɢ ɢ, ɨɱɟɧɶ
ɨɝɪɚɧɢɱɢɬɟɥɶɧɨ, ɫ ɞɨɦɢɧɚɧɬɧɵɦɢ ɦɚɪɤɟɪɚɦɢ (ɫɦ. ɩɪɟɞɵɞɭɳɢɣ ɫɥɚɣɞ
ɞɥɹ ɪɚɡɴɹɫɧɟɧɢɹ)
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f ̵͙͔͕͘͏͙ͦ͘ ͑ ͞͏͚͒͘ ͉͇͗͏͇͔͙͕͉ ͉ ͕͈͇͎͗͌͝

f ̺͕͉͔͗͌ͣ ͇͎͔͕͕͈͇͎͗͗͏ͦ ͇͉͔͗͌ �$�� ���
͉͇͗͏͇͔͙͕͉ ͖͕͙͕͓͚��͙͕͞ ͉͔͚͙͗͏ ͓͕͔͕͓͕͔͕͗͛͐
͖͕͖͚͒ͦ͝͏͏ ͙͖͔͌͌ͣ͘ ͇͎͔͕͕͈͇͎͗͗͏ͦ ͇͉͔͇͗ ͔͚͒ͥ
�$�� �� ���

̨͕͇͙͙͉͕͊͘ ͇͔͒͒͌͒ͣ͢͜ ͉͇͗͏͇͔͙͕͉ �$�

ವ ̫͒ͦ ͇͔͔͕͕͋͊ ͔͇͊͌ ͉ ͕͈͇͎͗͌͝��͙͕ͤ ͏͎͓͔͌͗͌͏͌ ͕͉͕͊͗͏͙ ͕ ͙͕͓��͕͕͑͒ͣ͑͘
͇͔͒͒͌͒ͣ͢͜ ͉͇͗͏͇͔͙͕͉ ͓͕͚͙͊ ͈͙ͣ͢ ͔͇͔͐͋͌͢�

ವ ̵͔͕ ͇͗͌͊͏͚͙͗͌ ͔͇ ͇͎͓͗͌͗ ͕͈͇͎͇͗͝�

ವ ̼͕͙ͦ ͇͖͕͙͇͔͔͗͗͗͌͘͘͏͌ ͇͒͒͌͒͌͐ ͔͌ ͏͓͙͌͌ ͎͔͇͔͌͞͏ͦ��͓͇͑͘͏͓͇͔͕͒ͣ͌ ͞͏͕͒͘
͇͒͒͌͒͌͐ ͏͓͙͌͌�

ವ ̯͎͓͔͌͗͌͏͌ ͓͕͍͙͌ ͈͙ͣ͢ ͖͗͏͓͔͔͕͌͌ ͙͕͕͒ͣ͑ ͘ ͕͕͓͑͋͏͔͇͔͙͔͓͢͏ ͓͇͇͓͗͑͌͗͏�
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� �¦
 

 
K

1i

in1/K n

̸͔͗͌͋͌͌ ͞͏͕͒͘ ͇͒͒͌͒͌͐ ͔͇ ͕͚͒͑͘

ɗɬɨ ɫɭɦɦɚ ɜɫɟɯ ɨɛɧɚɪɭɠɟɧɧɵɯ ɚɥɥɟɥɟɣ ɜɨ ɜɫɟɯ
ɥɨɤɭɫɚɯ, ɪɚɡɞɟɥɟɧɧɨɟ ɧɚ ɨɛɳɟɟ ɱɢɫɥɨ ɥɨɤɭɫɨɜ

ɝɞɟ�
.� �ɱɢɫɥɨ ɥɨɤɭɫɨɜ
QL  �ɱɢɫɥɨ ɚɥɥɟɥɟɣ, ɨɩɪɟɞɟɥɟɧɧɵɯ ɧɚ ɤɚɠɞɵɣ ɥɨɤɭɫ

• ɗɬɨ ɢɡɦɟɪɟɧɢɟ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɤ
ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɨɥɢɦɨɪɮɢɡɦɟ.

• Ɉɧɨ ɬɪɟɛɭɟɬ ɬɨɥɶɤɨ ɩɨɞɫɱɟɬɚ ɱɢɫɥɚ ɚɥɥɟɥɟɣ ɜ ɤɚɠɞɨɦ ɥɨɤɭɫɟ ɢ ɡɚɬɟɦ
ɪɚɫɱɟɬɚ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ�

• Ɉɧɨ ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫ ɤɨɞɨɦɢɧɚɧɬɧɵɦɢ ɦɚɪɤɟɪɚɦɢ, 
ɩɨɬɨɦɭ ɱɬɨ ɞɨɦɢɧɚɧɬɧɵɟ ɦɚɪɤɟɪɵ ɧɟ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɜɫɟ ɚɥɥɟɥɢ.
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͙̈́͛͛͌͑͏͉͔͕͌ ͞͏͕͒͘ ͇͒͒͌͒͌͐ �$H�

͙͕̈́ ͞͏͕͒͘ ͇͒͒͌͒͌͐��͕͙͕͑͗͌͢ ͓͕͚͙͊
͖͗͏͚͙͙͉͕͉͇͙ͣ͘͘ ͉ ͖͕͖͚͒ͦ͝͏͏

$H  ������ದ K�� ���ːSL�

ɝɞɟ�
SL  �͇͙͕͙͇͘͞ L�͕͐ ͇͒͒͌͒͏ ͉ ͕͚͒͑͌͘
K� ���ದ ːSL�  �͙͕͎͊͌͌͗͏͕͙͔͕͙͊ͣ͘ ͉ ͕͚͒͑͌͘

ವ ̯͎͓͔͌͗͌͏͌ ͕͉͕͊͗͏͙ ͕ ͞͏͒͌͘ ͇͒͒͌͒͌͐��͕͙͕͕͑͗͌ ͓͕͍͔͕
͖͖͕͕͍͗͌͋͒͏͙ͣ ͉ ͕͚͒͑͌͘ ͇͍͕͑͋͐ ͖͕͖͚͒ͦ͝͏͏�

ವ ̵͔͕ ͉͢͞͏͙͒ͦ͌ͦ͘͘ ͖͚͙͓͌ ͏͔͉͙͌͗͏͕͉͇͔͗͏ͦ�͖͉͕͇͌͗͌͗͞͏͉͇͔͏ͦ
͏͎͓͔͌͗͌͏ͦ ͕͓͕͎͊͏͕͙͔͕͙͊͘͏ ͉ ͕͚͒͑͌͘�

ವ ̵͔͕ ͓͕͍͙͌ ͈͙ͣ͢ ͏͖͕͎͕͉͇͔͕͒ͣ͘ ͘ ͇͔͔͓͋͢͏ ͕͕͓͑͋͏͔͇͔͙͔͢͜
͓͇͕͉͗͑͌͗�

ವ ̴͇ ͕͌͊ ͉͢͞͏͔͒͌͘͏͌ ͓͕͍͙͌ ͕͇͎͇͙͑ͣ ͉͒͏͔ͦ͏͌ ͇͎͓͗͌͗ ͕͈͇͎͇͗͝�

͙͕̈́ ͏͎͓͔͌͗͌͏͌ ͇͎͔͕͕͈͇͎͗͗͏ͦ ͓͕͍͙͌ ͈͙ͣ͢ ͏͔͕͓͇͙͛͗͏͉͔͓͢ ͋͒ͦ
͇͎͇͈͕͙͗͗͑͏ ͙͇͙͗͌͊͘͏͐ ͈͕͇͗͘��̴͇͖͗͏͓͌͗��͓͢ ͕͖͗͌͋͌͒͏͒͏ ͕͌͊ ͉ ͇͔͔͕͓͋
͕͈͇͎͗͌͝��̮͇͙͓͌ ͓͢ ͖͕͉͗͌͗͏͒͏ ͕͌͊ ͉ ͚͕͓͋͗͊ ͕͈͇͎͗͌͝ ͏͒͏ ͔͇ ͉͌͐͘
͕͑͒͒͌͑͝͏͏��̬͒͘͏ ͞͏͕͒͘��͖͕͚͔͔͕͒͌͌͞ ͖͗͏ ͖͕͉͗͌͗͑͌��͓͔͌ͣ͌͟��͓͌͞ ͞͏͕͒͘��
͖͕͚͔͔͕͒͌͌͞ ͉ ͖͉͕͓͌͗ ͉͇͗͏͇͔͙͌��͙͕ ͙͕ͤ ͕͎͔͇͇͙͌͞��͙͕͞ ͔͇͚͟ ͙͇͙͗͌͊͘͏ͥ
͈͕͇͗͘ ͔͚͍͔͕ ͖͓͕͙͙͌͗͌͗͌ͣ͘���
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���������ɑɚɫɬɨɬɚ ɚɥɥɟɥɢ �

����

����

�

����
����
�

$� $�

$� $�

$� $�

$� $�

$� $�

ɉɨɩɭɥɹɰɢɹ �

����

����

����
����
����
�

%� %�

%� %�

%� %�

%� %�

%� %�

�������������,��ɗɮɮɟɤɬɢɜɧɨɟ ɱɢɫɥɨ
ɚɥɥɟɥɟɣ

����������������Ƚɟɬɟɪɨɡɢɝɨɬɧɨɫɬɶ �K�

����������������ɑɚɫɬɨɬɚ ɚɥɥɟɥɢ �
����������������ɑɚɫɬɨɬɚ ɚɥɥɟɥɢ �
����������������ɑɚɫɬɨɬɚ ɚɥɥɟɥɢ �
����ɑɢɫɥɨ ɚɥɥɟɥɟɣ

&� &�&� &�%� %�$� $�Ɉɫɨɛɶ �
&� &�&� &�%� %�$� $�Ɉɫɨɛɶ �
&� &�&� &�%� %�$� $�Ɉɫɨɛɶ �
&� &�&� &�%� %�$� $�Ɉɫɨɛɶ �
&� &�&� &�%� %�$� $�Ɉɫɨɛɶ �

ɉɨɩɭɥɹɰɢɹ �Ʌɨɤɭɫɵ �$��%��&�

̷͇͙͌͘͞ $H��͖͗͏͓͌͗

̹͇͈͒͏͇͝ ͔͇ ͇͒͐͋͌͘ ͓͕͔͙͋͌͗͘͏͚͙͗͌ ͖͗͏͓͌͗ ͉͢͞͏͔͒͌͘͏ͦ ͙ͤ͛͛͌͑͏͉͔͕͕͊ ͞͏͇͒͘
͇͒͒͌͒͌͐��̫͉͌ ͖͕͖͚͒ͦ͝͏͏ ͏͓͙͌ͥ ͖͕ ��͕͕͈͌͐͘ ͇͍͇͑͋ͦ��̫͒ͦ ͇͍͕͑͋͐ ͕͕͈͘͏
͖͕͇͔͇͗͒͏͎͏͕͉͇͔͗͢ ��͕͚͇͒͑͘��͇͍͑͋͐͢ ͘ ͇͎͔͓͗͢ ͞͏͕͓͒͘ ͇͒͒͌͒͌͐ ͉ ͎͇͉͏͘͏͓͕͙͘͏
͙͇͍͑͌ ͕͙ ͖͕͖͚͒ͦ͝͏͏ �͕͚͒͑͘ ̧ ͏͓͙͌͌ ��͇͒͒͌͒͏ ͉ ͖͕͖͚͒ͦ͝͏͏ ��͏ ͙͕͕͒ͣ͑ ��͇͒͒͌͒͏
͉ ͖͕͖͚͒ͦ͝͏͏ ���͏ ͙͇͑ ͇͋͒͌͌���̸͔͇͇͇͒͞��͉͢͞͏͔͒͌͘͢ ͇͙͕͙͘͢͞ ͇͒͒͌͒͏ ͋͒ͦ
͇͍͕͕͑͋͊ ͕͚͇͒͑͘ ͏ ͇͍͕͑͋͐ ͖͕͖͚͒ͦ͝͏͏��͎͇͙͓͌ ͙͕͎͊͌͌͗͏͕͙͔͕͙͊ͣ͘ ͉ ͇͍͕͓͑͋ ͕͚͒͑͌͘��
͏ ͔͇͕͔͑͌͝��$H ͕͇͔͕͊͒͘͘ ͕͓͚͛͗͒͌��͖͗͏͉͔͔͕͌͋͌͐ ͉ ͖͚͓͗͌͋͋͌͢͠ ͇͒͐͋͌͘��
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f ɗɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɜ ɟɞɢɧɢɱɧɨɦ ɥɨɤɭɫɟ
ɥɸɛɵɟ ɞɜɟ ɚɥɥɟɥɢ, ɜɵɛɪɚɧɧɵɟ ɩɪɨɢɡɜɨɥɶɧɨ
ɜ ɩɨɩɭɥɹɰɢɢ, ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ

f ȼɨɡɦɨɠɧɵ ɬɪɢ ɜɢɞɚ ɪɚɫɱɟɬɨɜ �
• Ʌɨɤɭɫ ɫ ɞɜɭɦɹ ɚɥɥɟɥɹɦɢ� KM  ���– S� – T�

• Ʌɨɤɭɫ M�ɫ L�ɚɥɥɟɥɹɦɢ� KM  ���– ːSL�

• ɋɪɟɞɧɟɟ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɥɨɤɭɫɨɜ� +� �ːM/KM�/

f ɋɪɟɞɧɟɟ +H ɞɥɹ ɜɫɟɯ ɥɨɤɭɫɨɜ ɟɫɬɶ ɨɰɟɧɤɚ
ɭɪɨɜɧɹ ɝɟɧɟɬɢɱɟɫɤɨɣ ɢɡɦɟɧɱɢɜɨɫɬɢ ɜ
ɩɨɩɭɥɹɰɢɢ

̸͔͗͌͋ͦͦ ͖͖͕͇͇͓͇͗͌͋͒͊͌ͦ ͙͕͎͊͌͌͗͏͕͙͔͕͙͊ͣ͘
�+H�
�͔͙͊͌͌͏͕͌͑͌͘͞ ͇͎͔͕͕͈͇͎͗͗͏ͦ ̴͌ͦ �1HL) >'@�

͊͋͌�
KM  �͙͕͎͊͌͌͗͏͕͙͔͕͙͊ͣ͘ ͔͇ ͕͚͒͑͘
S�͏ T� �͇͙͕͙͇͘͞ ͇͒͒͌͒͏
+� �͔͗͌͋ͦͦ͘ ͙͕͎͊͌͌͗͏͕͙͔͕͙͊ͣ͘ ͋͒ͦ ͔͕͌͑͒ͣ͑͘͏͜ ͕͚͕͉͒͑͘
/� �͕͈͌͌͠ ͞͏͕͒͘ ͕͚͕͉͒͑͘

ವ ̸͔͗͌͋ͦͦ ͖͖͕͇͇͓͇͗͌͋͒͊͌ͦ ͙͕͎͊͌͌͗͏͕͙͔͕͙͊ͣ͘ ͉͢͞͏͙͒ͦ͌ͦ͘͘ ͖͚͙͓͌
͉͢͞͏͙͇͔͏ͦ ͏͎ ��͖͖͕͇͇͓͗͌͋͒͊͌͢͜ ͇͙͕͙͘͞ ͕͓͕͎͊͏͕͙͊ ͉ ͕͚͒͑͌͘��̫͙͉͌͐͘͏͌
͖͕͉͙͕͙͗ͦ͌ͦ͘ ͋͒ͦ ͉͌͘͜ ͕͚͕͉͒͑͘ ͏ ͎͇͙͓͌ ͉͢͞͏͙͒ͦ͌ͦ͘͘ ͔͗͌͋͌͌͘ ͎͔͇͔͌͞͏͌��
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K7  �͕͈͌͌͠ ͇͎͔͕͕͈͇͎͗͗͏͌

̳͍͖͕͖͚͌͒ͦ͝͏͕͔͔͇ͦ ͋͏͔͛͛͌͗͌͝͏͇͝͏ͦ ͋͒ͦ
͕͔͕͕͋͊ ͕͚͇͒͑͘ �J67�

ɝɞɟ�
K6  ��ñ��ñ � ��>��– ���V���[LM� – �KR��ñ�@
K7  ���� �>���V��[LM@� ���K6�ñV��– �KR��ñV�
ñ  �ɝɚɪɦɨɧɢɱɟɫɤɨɟ ɫɪɟɞɧɟɟ ɪɚɡɦɟɪɨɜ ɩɨɩɭɥɹɰɢɢ
V� �ɱɢɫɥɨ ɩɨɩɭɥɹɰɢɣ
KR� �ɫɪɟɞɧɟɟ ɧɚɛɥɸɞɚɟɦɨɣ ɝɟɬɟɪɨɡɢɝɨɬɧɨɫɬɢ
[LM  �ɨɰɟɧɟɧɧɚɹ ɱɚɫɬɨɬɚ L-ɨɣ ɚɥɥɟɥɢ ɜ M-ɨɣ ɩɨɩɭɥɹɰɢɢ

• Ɏɨɪɦɭɥɚ ɧɚ ɫɥɚɣɞɟ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɢɡɦɟɪɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ ɩɨ
ɱɢɫɥɭ ɚɥɥɟɥɟɣ ɧɚ ɥɨɤɭɫ ɜ ɞɜɭɯ ɢ ɛɨɥɟɟ ɩɨɩɭɥɹɰɢɹɯ.

• Ɉɧɨ ɤɨɥɟɛɥɟɬɫɹ ɨɬ 0 ɞɨ 1. Ɉɬɪɢɰɚɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ
ɩɨɥɭɱɟɧɨ, ɟɫɥɢ ɨɲɢɛɤɚ ɛɵɥɚ ɞɨɩɭɳɟɧɚ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɨɬɛɨɪɚ, ɢɥɢ
ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɧɟɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɦɚɪɤɟɪɧɚɹ ɫɢɫɬɟɦɚ.  

• ɂɡ-ɡɚ ɫɥɨɠɧɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ, ɟɝɨ ɜɵɱɢɫɥɟɧɢɟ ɬɪɟɛɭɟɬ ɫɩɟɰɢɚɥɶɧɨɣ
ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ.

• Ɉɧɨ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɫ ɤɨɞɨɦɢɧɚɧɬɧɵɦɢ ɦɚɪɤɟɪɚɦɢ ɢ
ɨɝɪɚɧɢɱɢɬɟɥɶɧɨ ɫ ɞɨɦɢɧɚɧɬɧɵɦɢ, ɩɨɬɨɦɭ ɱɬɨ ɷɬɨ ɢɡɦɟɪɟɧɢɟ
ɝɟɬɟɪɨɡɢɝɨɬɧɨɫɬɢ. Ⱦɥɹ ɩɪɚɜɢɥɶɧɨɝɨ ɪɚɫɱɟɬɚ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ
ɧɟɨɛɯɨɞɢɦɵ ɧɟɫɤɨɥɶɤɨ ɩɨɤɨɥɟɧɢɣ.  
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ɗɬɨɬ ɫɥɚɣɞ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɩɪɢɦɟɪ ɢɡ ɞɜɭɯ ɩɨɩɭɥɹɰɢɣ ɢ ɚɧɚɥɢɡ ɨɞɧɨɝɨ ɥɨɤɭɫɚ
(Ⱥ). ɑɚɫɬɨɬɵ ɚɥɥɟɥɢ ɪɚɫɫɱɢɬɚɧɵ �S�ɢ T� ɤɚɤ ɢɯ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ. ɉɟɪɟɦɟɧɧɵɟ
+7��+,�ɢ+6�͙͇͍͑͌ ͇͗͘͘͞͏͙͇͔͢ ͏ ͏͖͕͎͕͉͇͔͒ͣ͘͢ ͋͒ͦ ͉͢͞͏͔͒͌͘͏ͦ ͙͇͙͘͏͙͘ɢɤɢ )��
Ⱥɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ ɧɢɡɤɭɸ ɞɢɮɮɟɪɟɧɰɢɚɰɢɸ ɜ ɱɚɫɬɨɬɚɯ ɚɥɥɟɥɢ ɫɪɟɞɢ ɞɜɭɯ
ɩɨɩɭɥɹɰɢɣ �)67���Ɇɵ ɦɨɠɟɦ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɩɨɱɬɢ ɜɟɫɶ ɞɟɮɢɰɢɬ ɝɟɬɟɪɨɡɢɝɨɬ
ɛɵɥ ɜɵɡɜɚɧ ɧɟɫɥɭɱɚɣɧɵɦ ɫɤɪɟɳɢɜɚɧɢɟɦ ɜɧɭɬɪɢ ɩɨɩɭɥɹɰɢɣ �),6  ��,������

)� �ɢɧɞɟɤɫ ɮɢɤɫɚɰɢɢ �ɩɟɪɜɚɹ ɝɪɚɮɚ ɫɩɪɚɜɚ ɬɚɛɥɢɰɵ) ɟɫɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, 
ɱɬɨ ɞɜɟ ɚɥɥɟɥɢ ɧɟɫɨɦɵɟ ɨɞɧɨɣ ɨɫɨɛɶɸ ɛɭɞɭɬ ɨɞɢɧɚɤɨɜɵɦɢ. Ɉɧɚ ɞɨɥɠɧɚ ɛɵɬɶ
ɜɵɱɢɫɥɟɧɚ ɬɨɥɶɤɨ ɫ ɤɨɞɨɦɢɧɚɧɬɧɵɦɢ ɦɚɪɤɟɪɚɦɢ. ȿɫɥɢ ɩɪɨɞɟɥɚɬɶ ɷɬɭ ɪɚɛɨɬɭ ɫ
ɞɨɦɢɧɚɧɬɧɵɦɢ ɦɚɪɤɟɪɚɦɢ, ɬɨ ɪɟɡɭɥɶɬɚɬɨɦ ɦɨɠɟɬ ɛɵɬɶ ɫɦɟɳɟɧɧɚɹ ɨɰɟɧɤɚ. 
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f ̵͔ ͕͙͒͏͇͙͌ͦ͘͞ ͕͙ ͇͔͇͒͏͎͇ ͉͇͗͏͇͔͘͢ �$QDO\VLV RI
YDULDQFH �$129$�� ͉ ͚͓͒͌͋ͥ͌͘͠���
ವ ̵͔ ͓͕͍͙͌ ͕͍͇͙͋͌͗ͣ͘ ͇͎͔͗͌͢ ͉͕ͤ͒ͥ͝͏͕͔͔͌͢

͖͖͕͕͍͔͗͌͋͒͌͏ͦ ͈͎͌ ͉͏͕͋͏͎͓͔͔͌͌͏ͦ ͈͇͎͕͉͕͐
͙͚͙͚͗͑͗͘͢ ͇͔͇͒͏͎͇

ವ ̫͉͏͍͚͇ͦ͠ ͊͏͖͕͙͎͇͌ ͏͖͕͎͚͙͒ͣ͌͘ ͓͙͕͌͋͢ ͖͓͚͙͇͌͗͝͏͐��
͕͙͕͑͗͌͢ ͔͌ ͙͈͚͙͗͌ͥ ͖͖͕͕͍͔͗͌͋͒͌͏ͦ ͔͕͓͇͔͕͕͗͒ͣ͊
͇͖͕͙͇͔͔͗͗͗͌͘͘͏ͦ

̧͔͇͒͏͎ ͓͕͚͔͕͒͌͑͒ͦ͗͐ ͉͇͗͏͇͔͘͢ �$029$�

̷͇͎͔͌͢ ͏͇͌͗͗͜͏͌͑͘͞͏͌ ͚͕͉͔͗͏ ͇͎͔͕͕͈͇͎͗͗͏ͦ ͔͇͊͌��͏͎͚͔͔͌͌͢͞ ͖͕͙͉͕͓͗͌͋͘͘
$029$��͓͕͚͙͊ ͉͇͙͑͒ͥͣ͞�

�� ̱͕͔͙͏͔͔͙͌͢��͕͙͕͑͗͌͢ ͓͕͚͙͊ ͉͇͙͑͒ͥͣ͞ ͓͌͒͑͏͌ ͏͇͌͗͗͜͏͌͑͘͞͏͌ ͚͕͉͔͗͏

�� ̪͕͇͌͊͗͛͏͌͑͘͞͏͌ ͗͌͊͏͕͔͢ ͉͔͚͙͗͏ ͕͔͙͑͏͔͔͙͇͌

�� ̵͈͇͙͒͘͏ ͉͔͚͙͗͏ ͗͌͊͏͕͔͇ ͉ ͕͔͙͑͏͔͔͙͌͌

�� ̶͕͖͚͒ͦ͝͏͏ ͉͔͚͙͗͏ ͕͈͇͙͒͘͏ ͗͌͊͏͕͔͇ ͉ ͕͔͙͑͏͔͔͙͌͌

�� ̵͕͈͘͏ ͉͔͚͙͗͏ ͖͕͖͚͒ͦ͝͏͏ ͉ ͕͈͇͙͒͘͏ ͗͌͊͏͕͔͇ ͉ ͕͔͙͑͏͔͔͙͌͌

̳͇͙͓͇͙͌͏͕͌͑͌͘͞ ͕͖͏͇͔͘͏͌ ͓͕͋͌͒͏ ͋͒ͦ ͘͏͙͚͇͝͏͐ ��͏ ��͓͕͚͙͊ ͈͙ͣ͢ ͔͇͔͐͋͌͢ ͉
̶͗͏͕͍͔͒͌͏͏ ��͏ ��͕͕͙͉͙͙͉͔͔͕͌͌͘͘��̫͒ͦ ͏͜ ͖͕͓͕͙͇͗͗͘ ͔͌͒͑͠͏͙͌ ͓͕͑͐͢͟
͎͋͌ͣ͘�

̸͚͒͌͋ͥ͠͏͌ ͉͇͋ ͇͇͒͐͋͘ ͏͙͒͒ͥ͗͘͏͚͙͗ͥ ͇͑͑ ͖͕͉͙͗͌͘͏ ͇͔͇͒͏͎ ͘͏͙͚͇͝͏͏ ���
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ɉɨɩ���ɉɨɩ���ɉɨɩ���Ɉɫɨɛɶ

Ɉɬɫɭɬɫɬɜɭɟɬ$�  ��
ɉɪɢɫɭɬɫɬɜɭɟɬ$�  ��

����;����
��������;LMN

�

��������;L���N�
������������;���N�
��������;���N

����������06Z��66Z

����������06E��66E

���06D���66D

̶͗͏͓͌͗ $029$

�͖͕͕͍͔͗͋͒͌͏͌ ͔͇ ͚͓͒͌͋ͥ͌͘͠ ͇͒͐͋͌͘�

̩ ͙͕ͤ͐ ͙͇͈͒͏͌͝ ͓͢ ͖͗͏͉͕͋͏͓ ͇͔͔͋͌͢��͖͕͚͔͔͒͌͌͢͞ ͖͗͏ ͇͔͇͒͏͎͌ ���͕͕͈͌͐͘ ͏͎
͇͍͕͑͋͐ ͏͎ ͙͗͌͜ ͖͕͖͚͒ͦ͝͏͐ ͘ ͕͕͓͑͋͏͔͇͔͙͔͓͢ ͓͇͕͓͗͑͌͗��̶͚͙͓͌ ͇͔͇͒͏͎͇
͉͇͗͏͇͔͘͢��͙ͤ͏ ͇͔͔͋͌͢ ͖͕͎͉͕͙͒ͦ ͔͇͓ ͉͢͞͏͒͘͏͙ͣ ͙͇͙͘͏͙͘͏͚͑ )��

̶͉͌͗͐͢ ͇͊͟ ͎͇͇͙͑͒ͥ͌ͦ͘͞ ͉ ͖͉͕͌͗͌͋͌ ͖͕͕͒͘��͕͈͔͇͚͍͔͔͗͌͢͜ ͉ ͊͌͒ͦ͜��͉
͈͏͔͇͔͗͌͢ ͖͓͔͔͌͗͌͌͌͢ ͕͘ ͎͔͇͔͌͞͏͓͌ ͒͏͈͕ ���͒͏͈͕ ���̮͇͙͓͌ ͚͓͓͘͏͚͙͗ͥͦ͘
͖͗͏͚͙͙͉͚ͥ͘͘͠͏͌ ����͏��͇͋͒͌͌ ͓͢ ͓͕͍͓͌ ͖͕͕͍͗͋͒͏͙ͣ ͘ ͚͓͓͘͏͕͉͇͔͗͏͓͌
͉͇͇͙͕͉͑͋͗��̸͔͇͇͇͒͞ ͇͙͗͌͘͞ ͇͙͋͌͒͌ͦ͘ ͋͒ͦ ͕͔͕͋͐ ͖͕͖͚͒ͦ͝͏͏��͎͇͙͓͌ ͋͒ͦ ͉͌͘͜
͚͋͗͊͏͜��͕͙͕͑͗͌͢ ͚ ͔͇͘ ͏͓͙͌ͥͦ͘ �;���N���̳͢ ͏͓͓͌͌ L� ����͕͕͈͘͏ �͎͚͙͇͙͗͌͒ͣ E���M� �
��͇͒͒͌͒͏ �͎͚͙͇͙͗͌͒ͣ Z���N� ���͖͕͖͚͒ͦ͝͏͏ �͎͚͙͇͙͗͌͒ͣ D��

͊͋͌�
;���N ದ ͙͕ͤ ͎͚͙͇͙͗͌͒ͣ ͚͓͓͘͏͕͉͇͔͗͏ͦ ͉͌͘͜ ͖͗͏͚͙͙͉͚ͥ͘͘͠͏͜ ͖͕͕͒͘ ����͉
͕͕͈ͦ͘͜ ͔͇ ͖͕͖͚͒ͦ͝͏ͥ
;���N� ದ ͙͕ͤ ͎͚͙͇͙͗͌͒ͣ ͉͕͎͉͔͌͋͌͏ͦ ͉ ͉͇͇͙͑͋͗ ͞͏͇͒͘��͖͕͚͔͔͕͕͒͌͊͞
͉͌͢͟
;L���N� ದ ͙͕ͤ ͎͚͙͇͙͗͌͒ͣ ͇͉͇͔͑͒͋͘͢͏ͦ ͉͇͇͙͕͉͑͋͗ ͚͓͓͘ ͖͗͏͚͙͙͉͘͘͏ͦ
͇͒͒͌͒͏ ͉ ͇͍͕͑͋͐ ͕͕͈͘͏ �͔͇͖͗͏͓͌͗� ̵͕͈ͣ͘� ͉ ̶͕͖�� ͈͚͙͋͌ �������� ��
̵͕͈ͣ͘� ͉ ̶͕͖�� �������� ��̵͕͈ͣ͘ ����
;LMN

� ದ ͙͕ͤ ͚͓͓͇͘ ͉͇͇͙͇͑͋͗ ͇͍͕͕͑͋͊ ͎͔͇͔͌͞͏ͦ
66�ದ ͙͕ͤ ͚͓͓͇͘ ͉͇͇͙͕͉͑͋͗ ͋͒ͦ ͎͚͙͇͙͕͉͗͌͒ͣ D��E�͏ Z
̶͗͏͓͌͗ ͇͙͇͗͌͘͞ 66��
66D  �;���N��LM ದ ;�����LMN  �>��������[���@�� >���������[���[���@� ����
06�ದ ͙͕ͤ ͔͗͌͋͌͌͘ ͉͇͇͙͕͉͑͋͗ ͋͒ͦ ͎͚͙͇͙͕͉͗͌͒ͣ D��E�͏ Z
̶͗͏͓͌͗ ͇͙͇͗͌͘͞ 06��66D�GID  ������� ������͊͋͌ GI$ ͕͎͔͇͇͙͌͞ ͙͖͔͌͌ͣ͘
͉͕͈͕͋͘͢ ͋͒ͦ ͎͚͙͇͙͇͗͌͒ͣ �͖͕͖͚͒ͦ͝͏͏�
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

˰Z���������������̩͔͚͙͗͏ ͕͕͈͘͏
˰Z� ���˰E���������������̵͕͈ͣ͘�͖͕͖�
˰Z� ���˰E� �����˰D��������̶͕͖͚͒ͦ͝͏͏

(060666GI69

����������� ),6����� )67�
����������� ),7��
���������)67

���������),6

��������),7

�������˰�
���������˰Z�
���������˰E�
���������˰D�

̷͇͙͌͘͞ ͉͇͗͏͇͔͘͢ ͏ ͙͇͙͘͏͙͘͏͑͏ )

̶͗͏͓͌͗ $029$ �͖͕͕͍͔͗͋͒͌͏͌�

͊͋͌�
69� �͏͙͕͔͘͞͏͑͏ ͏͎͓͔͌͞͏͉͕͙͘͏
GI  �͙͖͔͌͌͘͏ ͉͕͈͕͋͘͢
66� �͚͓͓͇͘ ͉͇͇͙͕͉͑͋͗ �͓͘��͖͚͗͌͋͋͢͠͏͐ ͇͒͐͋͘�
06� �͔͗͌͋͌͌͘ ͉͇͇͙͕͉͑͋͗ �͓͘��͖͚͗͌͋͋͢͠͏͐ ͇͒͐͋͘��
˰�  �͚͓͓͇͘ ͇͙͔͕͗͌͐͘͞ ͉͇͗͏͇͔͘͢
(06� �͖͖͕͇͇͓͕͗͌͋͒͊͌͌ ͔͗͌͋͌͌͘ ͉͇͇͙͕͉͑͋͗
˰Z�  ����������
˰E�  ��06E ದ 06Z���� �������������ದ �������������� ����������
˰D�  ��06D ದ 06E���� ��� ������ದ �������������� ��� ����������
˰�  �˰Z� ��˰E� ��˰D�  ����������͚͓͓͇͘ ͇͗͘͘͞͏͙͇͔͔͕͐ ͉͇͗͏͇͔͘͢�

̷͇͙͌͘͢͞ ͙͇͙͘͏͙͘͏͑͏ )�͚͍͌ ͈͒͢͏ ͇͎͔͔͗ͦ͌͘͢͡ ͉ ͇͒͐͋͌͘ ����̱͕͔͙͔͕͑͗͌ ͋͒ͦ ͙͕͕ͤ͊
͖͗͏͓͇͌͗��͕͔͏ ͓͕͚͙͊ ͈͙ͣ͢ ͚͒͌͋ͥ͘͠͏͓͏��

),7  ��˰D� ��˰E���˰�  ��������������������������������� ���������
)67  �˰D��˰�  ������������������� ����������
),6  �˰E���˰E����˰Z��� ���������������������������������� ����������

̫͏͔͛͛͌͗͌͝͏͇͝͏ͦ ͇͙͕͙͘͢͞ ͇͒͒͌͒͏ ͗͌͋͘͏ ͙͗͌͜ ͖͕͖͚͒ͦ͝͏͐ ͕͔͌ͣ͞ ͔͏͎͇͑ͦ �)67  �
�����������͏ ͉͕͙͔͕͌͗ͦ ͉͙ͦ͒ͦ͌ͦ͘ ͎͚͙͇͙͕͓͗͌͒ͣ ͓͔͕͊͏͜ ͚͇͔͒͐͘͢͜͞ ͑͗͌͘͠͏͉͇͔͏͐��
̴͕͈͕͌͋͜͏͓͕ ͖͕͇͔͇͗͒͏͎͏͕͉͇͙͗ͣ ͈͕͒ͣ͌͟ ͕͚͕͉͒͑͘��͙͕͈͢͞ ͇͙͋͌͒ͣ͘ ͉͉͕͋͢���
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

f ̯͖͕͎͚͒ͣͦ͘ ͇͔͔͋͌͢ ͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣ͘͘͏
ವ ̩͔͚͙͗͏͖͕͖͚͒ͦ͝͏͕͔͔͕͌ ͇͎͔͕͕͈͇͎͗͗͏͌ ͔͚͕͙͑͒͌͏͇͋
ವ ̳͍͖͕͖͚͌͒ͦ͝͏͕͔͔͕͌ ͇͎͔͕͕͈͇͎͗͗͏͌ ͔͚͕͙͑͒͌͏͇͋

f ̯͖͕͎͚͒ͣͦ͘ ͇͔͔͋͌͢ ͙͗͌͗͘͏͑͝͏͏
ವ ̩͇͗͏͇͝͏ͦ ͙͗͌͗͘͏͙͔͑͢͜ ͇͓͔͙͕͉͛͗͊͌ �͈͔͕͉ͤ͋�
ವ ̩͔͚͙͗͏͖͕͖͚͒ͦ͝͏͕͔͔͕͌ ͇͎͔͕͕͈͇͎͗͗͏͌ ͔͚͕͙͑͒͌͏͇͋
ವ ̳͍͖͕͖͚͌͒ͦ͝͏͕͔͔͕͌ ͇͎͔͕͕͈͇͎͗͗͏͌ ͔͚͕͙͑͒͌͏͇͋

̱͕͒͏͙͉͔͔͕͌͌͌͘͞ ͏͎͓͔͌͗͌͏͌ ͔͙͊͌͌͏͌͑͘͞͏͜
͉͎͇͏͓͕͉͎ͦ͌͐͘��͇͎͔͕͕͈͇͎͗͗͏͌ ͏
͋͏͔͛͛͌͗͌͝͏͇͝͏ͦ ͔͇ ͔͚͕͙͑͒͌͏͔͕͓͋ ͚͕͉͔͗͌

̫͒ͦ ͙ͤ͏͜ ͇͙͕͉͗͌͘͞ ͇͔͕͋͌͒͘ ͖͖͕͕͍͔͗͌͋͒͌͏͌��͙͕͞ ͇͍͑͋͐͢ ͔͚͕͙͑͒͌͏͋ � ͙͕ͤ
͕͚͒͑͘��
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

Ɉɧɨ ɢɡɦɟɪɹɟɬ ɪɚɡɧɨɨɛɪɚɡɢɟ ɧɭɤɥɟɨɬɢɞɚ ɫɪɟɞɢ
ɧɟɫɤɨɥɶɤɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɜ ɞɚɧɧɨɣ
ɨɛɥɚɫɬɢ ɝɟɧɨɦɚ ɜɧɭɬɪɢ ɩɨɩɭɥɹɰɢɢ �˭;�

ʌ;  �Q��Q�– ��Ȉ;L;MʌLM

̯͖͕͎͚͒ͣͦ͘ ͇͔͔͋͌͢ ͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣ͘͘͏��
͉͔͚͙͗͏͖͕͖͚͒ͦ͝͏͕͔͔͕͌ ͇͎͔͕͕͈͇͎͗͗͏͌
͔͚͕͙͑͒͌͏͇͋

ɝɞɟ�
Q� �ɱɢɫɥɨ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɜ ɨɫɨɛɹɯ ɩɨɩɭɥɹɰɢɢ
;L  �ɪɚɫɱɟɬɧɨɣ ɱɚɫɬɨɬɚ L–ɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɩɨɩɭɥɹɰɢɢ
;M  �ɪɚɫɱɟɬɧɨɣ ɱɚɫɬɨɬɚ M–ɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɩɨɩɭɥɹɰɢɢ
ʌLM  �ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɪɚɡɧɵɯ ɧɭɤɥɟɨɬɢɞɨɜ ɦɟɠɞɭ
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ L�ɢ M

• ɂɡɦɟɪɟɧɢɟ ɞɚɟɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɬɟɩɟɧɢ ɪɚɡɧɨɨɛɪɚɡɢɹ ɧɭɤɥɟɨɬɢɞɨɜ
ɫɪɟɞɢ ɧɟɫɤɨɥɶɤɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɜ ɞɚɧɧɨɦ ɪɟɝɢɨɧɟ ɝɟɧɨɦɚ. Ɉɧɨ
ɷɤɜɢɜɚɥɟɧɬɧɨ ɢɡɦɟɪɟɧɢɸ ɚɥɥɟɥɶɧɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɜɧɭɬɪɢ ɥɨɤɭɫɚ. 

• Ɉɧɨ ɜɚɪɶɢɪɭɟɬ ɨɬ ��ɞɨ ������ ʌ;�� ���

• Ɏɚɤɬɨɪɚɦɢ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɦɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ
ɢɧɫɬɪɭɦɟɧɬɚ, ɹɜɥɹɸɬɫɹ��

ɇɟɩɨɥɧɵɟ ɝɟɧɨɦɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɨɥɠɧɵ ɛɵɬɶ ɜ ɧɚɥɢɱɢɢ
ɍɪɚɜɧɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɨ ɬɨɥɶɤɨ ɤ ɝɚɩɥɨɢɞɧɵɦ ɞɚɧɧɵɦ

ɗɬɨɬ ɩɚɪɚɦɟɬɪ ɞɚɟɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ ɧɭɤɥɟɨɬɢɞɚ, ɢ
ɦɨɞɟɥɶ ɩɪɟɞɩɨɥɚɝɚɟɬ ɝɚɩɥɨɬɢɩɵ (ɝɚɩɥɨɢɞɧɵɟ ɝɟɧɨɬɢɩɵ). Ⱦɚɠɟ ɟɫɥɢ
ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɫɧɨɜɚɧɨ ɧɚ ɞɢɩɥɨɢɞɧɵɯ ɨɫɨɛɹɯ, ɫɟɤɜɟɧɢɪɨɜɚɧɢɟ ɤɚɠɞɨɣ ɤɨɩɢɢ
ɝɟɧɨɦɚ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɣ�
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����� ����7&&��*��&*$7��7��$77&��7��&$***7*&��*��*$7*��$��$76HT�

����� ����7&&��$��&*$7��&��$77&��&��&$***7*&��$��*$7*��*��$76HT�

����� ����7&&��$��&*$7��7��$77&��*��&$***7*&��&��*$7*��$��$76HT�

����� ����7&&��7��&*$7��7��$77&��&��&$***7*&��&��*$7*��$��$76HT�

͇͙͕͙͇̾͘ ;L̶͕͕͉͇͙͔͕͙͒͌͋͌͒ͣͣ͘͘

ˎ���� ��������ˎ���� ��������ˎ���� ��������ˎ���� ��������ˎ���� ��������ˎ���� ������

˭;  �������ದ ��ː;L;M˭LM

 ������>���  ���  ������������  ���  ����������������� ���  ������@

 ������

̩͢͞͏͔͒͌͘͏͌ ͉͔͚͙͗͏͖͕͖͚͒ͦ͝͏͕͔͔͕͕͊
͇͎͔͕͕͈͇͎͗͗͏ͦ ͔͚͕͙͑͒͌͏͇͋

͙͕͙̈́ ͖͗͏͓͌͗ ͏͓͙͌͌ ���͕͕͈͌͐͘ ͉ ͖͕͖͚͒ͦ͝͏͏ ̼��̫͒ͦ ͇͍͕͑͋͐ ͕͕͈͘͏ ͓͢
͇͔͇͒͏͎͏͚͓͗͌ ͕͔͚͋ ͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣͣ͘͘ ͏͎ ���͔͚͕͙͑͒͌͏͕͉͋ ͏ ͔͇͕͋͜͏͓��͙͕͞
͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣ͘͘͏ ͕͕͈͘͏ ͇͎͗͒͏͇͙ͥͦ͘͞ ͖͕ ��͖͕͎͏͝͏͓ͦ ͔͚͕͙͑͒͌͏͕͉͋
�͕͚͈͕͊͒͐���̩ ͏͙͕͊͌����͇͙͔͇͙͒ͣ͌͗͏͉͔͌͢ ͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣ͘͘͏ ͋͒ͦ ͙ͤ͏͜ ���
͔͚͕͙͑͒͌͏͕͉͋ ͖͗͏͚͙͙͉͚͙ͥ͘͘ ͉ ͖͕͖͚͒ͦ͝͏͏� ̩ ͖͉͕͌͗͐ ͇͊͗͛͌ ͓͢ ͎͇͓͇͓͌͌͞ ͞͏͕͒͘
͕͕͈͌͐͘ �Q���͕͙͕͑͗͌͢ ͏͓͙͌ͥ ͕͖͔͔͗͌͋͌͒͌͌͢ ͇͙͔͇͙͒ͣ͌͗͏͉͢ ͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣ͘͘͏�

̮͇͙͓͌ ͓͢ ͇͗͘͘͞͏͙͉͇͓͌͢ ͞͏͕͒͘ ͇͎͔͕͙͗͘͏ ͔͚͕͙͑͒͌͏͕͉͋ ͉ ͇͍͕͑͋͐ ͖͇͗͌
͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣ͘͘͏ ͉͔͚͙͗͏ ͖͕͖͚͒ͦ͝͏͏��̴͇͖͗͏͓͌͗� ˎ���� ������͕͎͔͇͇͙͌͞��͙͕͞
͓͍͚͌͋ ͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣͣͥ͘͘ ��͏ ��͏͓͙͌ͥͦ͘ ͉͋͌ ͇͎͔͗͏͢͝ ͔͚͕͙͑͒͌͏͕͉͋ �7�YV��$�
͉ ͖͕͕͍͔͒͌͏͏ ���͏ &�YV��*�͉ ͖͕͕͍͔͒͌͏͏ ����

̸͚͒͌͋ͥ͌͌͠��͓͢ ͇͗͘͘͞͏͙͉͇͓͌͢ ˭; ͋͒ͦ ͉͌͐͘ ͖͕͖͚͒ͦ͝͏͏��̶͕͚͔͔͕͒͌͌͞ ͞͏͕͒͘
͇͉͔͕͗ ����� ͏͒͏ �����͇͎͔͕͕͈͇͎͗͗͏ͦ ͔͚͕͙͑͒͌͏͇͋ ͔͇ ͕͔͕͉͌͘
͖͕͇͔͇͗͒͏͎͏͕͉͇͔͔͕͗͐ ͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣ͘͘͏ ͉ ͕͈͇͎͗͌͝ ͏͎ ���͕͕͈͌͐͘�
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f 9;< ɢɡɦɟɪɹɟɬ ɞɢɜɟɪɝɟɧɰɢɸ ɩɨɩɭɥɹɰɢɢ ɧɚ ɨɫɧɨɜɟ ɫɬɟɩɟɧɢ
ɢɡɦɟɧɱɢɜɨɫɬɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ���ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ����
ɩɨɩɭɥɹɰɢɢ�

9;<  �G;< – �ʌ; ��ʌ<����

f 9: ɢɡɦɟɪɹɟɬ ɫɪɟɞɧɟɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɜ ɩɨɩɭɥɹɰɢɢ ɧɚ ɨɫɧɨɜɟ
ɧɟɫɤɨɥɶɤɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ

9:  ����V�Ȉʌ;

f 9E ɢɡɦɟɪɹɟɬ ɨɛɳɭɸ ɞɢɮɮɟɪɟɧɰɢɚɰɢɸ ɜ ɧɟɫɤɨɥɶɤɢɯ
ɩɨɩɭɥɹɰɢɹɯ

9E  �>���V�V – ���@Ȉ;Ȉ<9;<

f 167�– ɷɬɨ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɰɢɹ
167  �9E��9E ��9:�

̯͖͕͎͚͒ͣͦ͘ ͇͔͔͋͌͢ ͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣ͘͘͏��
͓͍͖͕͖͚͌͒ͦ͝͏͕͔͔͕͌ ͇͎͔͕͕͈͇͎͗͗͏͌
͔͚͕͙͑͒͌͏͇͋

ɝɞɟ�
9;<  �ɞɢɜɟɪɝɟɧɰɢɹ ɦɟɠɞɭ ɩɨɩɭɥɹɰɢɹɦɢ ɏ ɢ <
ʌ;  �ɪɚɡɧɨɨɛɪɚɡɢɟ ɧɭɤɥɟɨɬɢɞɚ ɜ ɩɨɩɭɥɹɰɢɢ ɏ
G;<  �ɜɟɪɨɹɬɧɨɫɬɶ, ɱɬɨ ɞɜɚ ɫɥɭɱɚɣɧɵɯ ɧɭɤɥɟɨɬɢɞɚ ɜ ɩɨɩɭɥɹɰɢɢ ɏ ɢ
<�ɪɚɡɧɵɟ
V� �ɱɢɫɥɨ ɩɨɩɭɥɹɰɢɣ

• ɂɡɦɟɪɟɧɢɟ ɞɚɟɬ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɭɪɨɜɧɟ ɞɢɮɮɟɪɟɧɰɢɚɰɢɢ ɫɪɟɞɢ
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɧɭɤɥɟɨɬɢɞɚ ɜ ɩɨɩɭɥɹɰɢɹɯ

• Ɉɧɨ ɬɪɟɛɭɟɬ ɞɚɧɧɵɯ ɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɨɛɪɚɡɰɟ ɨɫɨɛɟɣ ɞɥɹ
ɤɚɠɞɨɣ ɩɨɩɭɥɹɰɢɢ

•
• Ɉɧɨ ɬɪɟɛɭɟɬ ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɜ

ɫɟɛɹ ɮɭɧɤɰɢɸ ɫɪɚɜɧɟɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ�

&/867$/�:��0$/,*1�ɢ 3$83 ɹɜɥɹɸɬɫɹ ɧɟɤɨɬɨɪɵɦɢ ɢɡ ɧɢɯ.  
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̵͙͔͕͘͏͙͔͇͌͒ͣͦ ͋͏͔͛͛͌͗͌͝͏͇͝͏ͦ
167  �9E��9E ��9:��� ����������������� ���������� �������

̸͔͗͌͋͌͌ ͇͎͔͕͕͈͇͎͗͗͏͌ ͉ ͇͍͕͑͋͐ ͖͕͖͚͒ͦ͝͏͏
9:  ����V�ː˭;  ������� �������� �������

̵͈͇ͦ͠ ͋͏͔͛͛͌͗͌͝͏͇͝͏ͦ
9E  �>���V�V ದ ���@ː;ː<9;<  �>�������ದ ���@������  ��������

̫͏͉͔͌͗͊͌͝͏ͦ ͔͚͕͙͑͒͌͏͇͋ ͓͍͚͌͋ ;�͏ <
9;<  �G;< ದ �˭;˭<���  ����� ದ ������ ���������� �������

̷͇͙͌͘͞ ͓͍͖͕͖͚͌͒ͦ͝͏͕͔͔͕͕͊ ͇͎͔͕͕͈͇͎͗͗͏ͦ
͔͚͕͙͑͒͌͏͇͋

̫͇͉͇͙͐͌ ͇͍͓͑͌͘��͙͕͞ ͓͢ ͏͓͓͌͌ ͚͚͋͗͊ͥ ͖͕͖͚͒ͦ͝͏ͥ <� ͉ ͕͙͕͕͑͗͐ ͇͎͔͕͕͈͇͎͗͗͏͌
͔͚͕͙͑͒͌͏͇͋ ͋͒ͦ ͙͕͐ ͍͌ ͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣ͘͘͏��͕͙͕͇͑͗ͦ ͈͇͒͢ ͖͕͇͔͇͗͒͏͎͏͕͉͇͔͇͗
͉ ͇͒͐͋͌͘ ����͇͉͔͕͗ ˭<  ������

̳͢ ͙͇͍͑͌ ͎͔͇͓͌��͙͕͞ ͉͕͙͔͕͙͌͗ͦͣ͘ ͙͕͕͊��͙͕͞ ͉͇͋ ͔͚͕͙͑͒͌͏͇͋��͇͑͑ ͖͕͗͏͎͉͕͔͕͒ͣ
͉͎͙ͦ͌͢��͉͙ͦ͒ͦͥͦ͘ ͇͎͔͓͗͢͏ ͉ ;�͏ <�͇͉͔͇͗ ������G;<���

̴͇ ͙͕͓ͤ ͇͒͐͋͌͘ ͓͢ ͔͇͕͋͜͏͓ ͋͏͉͔͌͗͊͌͝͏ͥ ͓͍͚͌͋ ͖͕͖͚͒ͦ͝͏͓ͦ͏ ;�͏ <��9;<�����
͕͈͚ͥ͠ ͋͏͔͛͛͌͗͌͝͏͇͝͏ͥ �9E���͔͗͌͋͌͌͘ ͇͎͔͕͕͈͇͎͗͗͏͌ ͉ ͇͍͕͑͋͐ ͖͕͖͚͒ͦ͝͏͏
�9Z��͏ ͕͙͔͕͘͏͙͔͚͌͒ͣͥ ͋͏͔͛͛͌͗͌͝͏͇͝͏ͥ �167���
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ಹ*$&7*$$77&&$&**&$&7*$&*$$77&*$ಹ$*7*$$77&77$&77$$*&7$*&&7*$$77&*$7$&ಹ
ಹ&7*$&77$$**7*&&*7*$&7*&77$$*&7ಹ7&$&77$$*$$7*$$77&*$7&**$&77$$*&7$7*ಹ

ಹ*$&7*$777&&$&**&$&7*$&*$$77&*$ಹ$*7*$$77&77$&77$$*&7$*&&7*$$77&*$7$&ಹ
ಹ&7*$&7$$$**7*&&*7*$&7*&77$$*&7ಹ7&$&77$$*$$7*$$77&*$7&**$&77$$*&7$7*ಹ

̴̫̱
̵͕͈ͣ͘�

̴̫̱
̵͕͈ͣ͘�

̸͇͙͐ ͙͗͌͗͘͏͑͝͏͏ (FR5,

̴͙͌ ͇͙͇͐͘
͚͎͔͇͉͇͔͏ͦ ͋͒ͦ

(FR5,

̻͇͓͔͙͗͊͌ � ̻͇͓͔͙͗͊͌ �

̻͇͓͔͙͗͊͌ �

0 ,� ,�

̪͌͒ͣ

̻͇͓͔͙͗͊͌ �

̻͇͓͔͙͗͊͌ �

̯͖͕͎͚͒ͣͦ͘ ͇͔͔͋͌͢ ͙͗͌͗͘͏͑͝͏͏��͇͎͗͒͏͞͏͌
͙͗͌͗͘͏͙͔͑͢͜ ͇͓͔͙͕͉͛͗͊͌

̴͕͙͇͙͕͌͋͑͘ ͇͓͔͙͇͛͗͊͌ ��͚ ̵͕͈͘͏� ͚͇͎͉͇͙͑͌͢ ͔͇ ͙͕��͙͕͞ ͕͔ ͔͙͌͌͘ ͇͎͔͚͗ͥ
͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣͣ͘͘ ̴̫̱��͖͕ ͇͔͑͗͐͌͐ ͓͌͗͌��͉ ͙͕͓ ͇͙͐͌͘ ͙͗͌͗͘͏͑͝͏͏��
̳͇͔͕͒͌ͣ͑͐ ͇͎͔͗͏͢͝ ͙͕͕͒ͣ͑ ͉͚͋͜ ͔͚͕͙͑͒͌͏͕͉͋ ͔͇ ͗͏͚͔͑͌͘ ͉͉͚͌͗͜ ͕͙͇͙͕͔͕͋͘͞��
͙͕͈͢͞ ͎͇͙͇͉͘͏͙ͣ ͏͎͔͚͙͌ͣ͘͞ ͇͙͐͘ ͚͎͔͇͉͇͔͏ͦ ͋͒ͦ ͔͎ͤ͏͓͇��
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ɗɬɨ ɢɡɦɟɪɟɧɢɟ �˭� ɨɫɧɨɜɚɧɨ ɧɚ ɪɹɞɟ
ɮɪɚɝɦɟɧɬɨɜ ɪɟɫɬɪɢɤɰɢɢ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɞɜɭɯ
ɨɛɪɚɡɰɚɯ

ʌ  �� ���U�OQ *��
�LI ʌ �����

̯͖͕͎͚͒ͣͦ͘ ͇͔͔͋͌͢ ͙͗͌͗͘͏͑͝͏͏��
͉͔͚͙͗͏͖͕͖͚͒ͦ͝͏͕͔͔͕͌ ͇͎͔͕͕͈͇͎͗͗͏͌
͔͚͕͙͑͒͌͏͇͋

ɝɞɟ�
U� �ɱɢɫɥɨ ɧɭɤɥɟɨɬɢɞɨɜ ɭɡɧɚɜɚɧɢɹ ɷɧɡɢɦɚ ɪɟɫɬɪɢɤɰɢɢ
In*� �ɧɚɬɭɪɚɥɶɧɵɣ ɥɨɝɚɪɢɮɦ ɜɟɪɨɹɬɧɨɫɬɢ ɨ ɬɨɦ, ɱɬɨ ɡɞɟɫɶ ɧɟ ɛɵɥɨ
ɡɚɦɟɧɵ ɜ ɫɚɣɬɟ ɪɟɫɬɪɢɤɰɢɢ. Ɋɚɫɱɟɬ ɩɪɨɜɨɞɢɬɫɹ ɫɥɟɞɭɸɳɢɦ
ɨɛɪɚɡɨɦ�

*� �)���– �*º�����
)� �>Ȉ;L�;LQ – ��@�>Ȉ;L�Q – ��@

)� �ɭɞɟɥɶɧɵɣ ɜɟɫ ɨɛɪɚɡɭɟɦɵɯ ɮɪɚɝɦɟɧɬɨɜ
*º  �)���
Q� �ɱɢɫɥɨ ɝɚɩɥɨɢɞɧɵɯ ɝɟɧɨɬɢɩɨɜ ɜ ɩɨɩɭɥɹɰɢɢ
;L  �ɪɚɫɱɟɬɧɚɹ ɱɚɫɬɨɬɚ L-ɝɨ ɮɪɚɝɦɟɧɬɚ ɜ ɩɨɩɭɥɹɰɢɢ

• ɗɬɨ ɢɡɦɟɪɟɧɢɟ ɪɚɫɫɱɢɬɵɜɚɟɬ ɪɚɡɧɨɨɛɪɚɡɢɟ ɜ ɫɚɣɬɚɯ ɪɟɫɬɪɢɤɰɢɢ ɜ
ɨɛɪɚɡɰɟ, ɩɨɬɨɦɭ ɱɬɨ ɨɧ ɡɚɜɢɫɢɬ ɨɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɭɤɥɟɨɬɢɞɚ
ɫɚɣɬɨɜ ɪɟɫɬɪɢɤɰɢɢ ɞɚɧɧɨɝɨ ɷɧɡɢɦɚ ɪɟɫɬɪɢɤɰɢɢ.

• Ɉɧɨ ɞɚɟɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɡɚɦɟɳɟɧɢɢ ɧɭɤɥɟɨɬɢɞɚ ɜ ɫɚɣɬɚɯ ɪɟɫɬɪɢɤɰɢɢ. 
Ɉɧɨ ɜɚɪɶɢɪɭɟɬ ɨɬ ��ɞɨ ������ ˭; � ���

• ɍɪɚɜɧɟɧɢɹ ɜɵɲɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫ ɝɚɩɥɨɢɞɧɵɦɢ ɨɛɪɚɡɰɚɦɢ,
ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ɢ ɯɥɨɪɨɩɥɚɫɬɧɨɣ ȾɇɄ ɢɥɢ ɝɚɩɥɨɬɢɩɚɦɢ�

̲͏͙͇͙͚͇͌͗͗

.DUS��$���3�*��,VDDF�͏ '�6��,QJUDP��������0ROHFXODU�7RROV�IRU�6FUHHQLQJ�
%LRGLYHUVLW\��3ODQWV�DQG�$QLPDOV��&KDSPDQ�	�+DOO��/RQGRQ��
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

f ɗɬɨ ɢɡɦɟɪɟɧɢɟ �9;<� ɨɡɧɚɱɚɟɬ ɞɢɜɟɪɝɟɧɰɢɸ
ɢɥɢ ɞɢɮɮɟɪɟɧɰɢɚɰɢɸ ɦɟɠɞɭ ɩɨɩɭɥɹɰɢɹɦɢ
ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɪɟɫɬɪɢɤɰɢɢ

9;<  �G;< – �ʌ; ��ʌ<���

f ɗɬɨ ɢɡɦɟɪɟɧɢɟ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫ
ɞɚɧɧɵɦɢ ɦɚɪɤɟɪɚ RAPD

̯͖͕͎͚͒ͣͦ͘ ͇͔͔͋͌͢ ͙͗͌͗͘͏͑͝͏͏��
͇͎͔͕͕͈͇͎͗͗͏͌ ͔͚͕͙͑͒͌͏͇͋ ͓͍͚͌͋
͖͕͖͚͒ͦ͝͏͓ͦ͏

ɝɞɟ�
9;<  �ɞɢɜɟɪɝɟɧɰɢɹ ɢɥɢ ɞɢɮɮɟɪɟɧɰɢɚɰɢɹ ɫɪɟɞɢ ɩɨɩɭɥɹɰɢɣ ;�ɢ <
ʌ;  �ɪɚɡɧɨɨɛɪɚɡɢɟ ɪɟɫɬɪɢɤɰɢɢ ɜ ɩɨɩɭɥɹɰɢɢ ;
G;<  �ɪɚɡɧɨɨɛɪɚɡɢɟ ɮɪɚɝɦɟɧɬɚ ɫɪɟɞɢ ɞɜɭɯ ɩɨɩɭɥɹɰɢɣ  �– ���U�OQ �*;<���������
*;<  �);<���– �*º;<����
*º  �);<���
);<  �ɞɨɥɹ ɫɨɜɦɟɫɬɧɵɯ ɚɥɥɟɥɟɣ ɫɪɟɞɢ ɩɨɩɭɥɹɰɢɣ ;�ɢ <�

 ���Ȉ;L;;L<���Ȉ�;L; ��;L<�������
;L;  �ɪɚɫɱɟɬɧɚɹ ɱɚɫɬɨɬɚ ɮɪɚɝɦɟɧɬɚ L ɜ ɩɨɩɭɥɹɰɢɢ ;

• Ɉɧɨ ɨɰɟɧɢɜɚɟɬ ɪɚɡɧɨɨɛɪɚɡɢɟ ɜ ɫɚɣɬɚɯ ɪɟɫɬɪɢɤɰɢɢ ɨɛɪɚɡɰɚ ɞɜɭɯ ɢɥɢ
ɛɨɥɟɟ ɩɨɩɭɥɹɰɢɣ. Ɉɧɨ ɞɚɟɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɡɚɦɟɳɟɧɢɢ ɧɭɤɥɟɨɬɢɞɚ ɜ
ɫɚɣɬɚɯ ɪɟɫɬɪɢɤɰɢɢ.

• Ⱦɥɹ ɷɬɨɝɨ ɩɨɥɟɡɧɵ ɬɚɤɢɟ ɤɨɦɩɶɸɬɟɪɧɵɟ ɩɪɨɝɪɚɦɦɵ ɤɚɤ %,26<6�ɢ
*(1(323. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɱɢɬɚɸɬɫɹ ɩɪɢɧɚɞɥɟɠɚɳɢɦɢ ɤ
ɝɚɩɥɨɢɞɧɵɦ ɨɪɝɚɧɢɡɦɚɦ.

ȿɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫ 5$3'�ɡɧɚɱɟɧɢɟ ‘U’ ɡɚɦɟɳɚɟɬɫɹ ɞɥɢɧɨɣ ɩɪɚɣɦɟɪɚ �U� ������
Ȼɨɥɟɟ ɬɨɝɨ, ɫɞɟɥɚɧɵ ɧɟɤɨɬɨɪɵɟ ɩɪɟɞɩɨɥɨɠɟɧɢɹ�

ɂɫɩɨɥɶɡɨɜɚɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɪɚɣɦɟɪɵ
ɉɨɥɢɦɨɪɮɢɡɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɧɫɟɪɰɢɢ ɢɥɢ ɞɟɥɟɰɢɢ ɪɟɞɨɤ
ɋɯɨɠɢɟ ɮɪɚɝɦɟɧɬɵ ɪɚɡɦɟɪɚ ɜ ɪɚɡɧɵɯ ɩɨɩɭɥɹɰɢɹɯ ɩɪɢɧɚɞɥɟɠɚɬ ɨɞɧɨɦɭ ɢ

ɬɨɦɭ ɠɟ ɥɨɤɭɫɭ
Ɏɪɚɝɦɟɧɬɵ ɞɨɥɠɧɵ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɛɟɡɨɲɢɛɨɱɧɨ

Ɉɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɚɤɢɟ ɤɨɦɩɶɸɬɟɪɧɵɟ ɩɪɨɝɪɚɦɦɵ ɤɚɤ 5$3',67$1&(�ɢ
5$3',6�
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

̷͇͙͌͘͞ ͇͎͔͕͕͈͇͎͗͗͏ͦ ͔͚͕͙͑͒͌͏͇͋ ͓͍͚͌͋
͖͕͖͚͒ͦ͝͏͓ͦ͏

̶
͕
͖
͚
͒
ͦ
͝
͏
ͦ

;
S;� ��������OQ ����������� ���������

*� �������>� ದ �����������@���� ���������*r  ������������  ���������

)� �>���������  ��ದ ��������������  ��ದ ��������������  ��ದ ��@� �������
������ ದ ����������� ದ ����������� ದ ��

����� �����$�

����� �����$�

����� �����$�

͇͙̾͘��;L�������������������������������̶͕͘�

̶
͕
͖
͚
͒
ͦ
͝
͏
ͦ

<
S<� ��������OQ ����������� ���������

*� �������>���ದ �����������@���� ���������*r  ������������  ���������

)� �>���������  ��ದ ��������������  ��ದ ��������������  ��ದ ��@� �������
������ ದ ����������� ದ ����������� ದ ��

����� �����$�

������ �����$�

����� �����$�

͇͙̾͘��;L�������������������������������̶͕͘�

ȼ ɤɚɠɞɨɣ ɩɨɩɭɥɹɰɢɢ ɦɵ ɨɛɧɚɪɭɠɢɥɢ ɬɪɢ ɮɪɚɝɦɟɧɬɚ ȾɇɄ ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɪɟɫɬɪɢɤɰɢɨɧɧɨɝɨ
ɪɚɫɳɟɩɥɟɧɢɹ ��$���$��ɢ $��
Ɋɚɡɧɨɨɛɪɚɡɢɟ ɧɭɤɥɟɨɬɢɞɚ ɜ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɧɵɯ ɪɟɝɢɨɧɚɯ ɛɨɥɶɲɟ ɜ ɩɨɩɭɥɹɰɢɢ ;��ʌ;  �
�,�����, ɱɟɦ ɜ ɩɨɩɭɥɹɰɢɢ <��ʌ<  ��,�������ɬɚɤɢɦ ɨɛɪɚɡɨɦ��;�ɢɦɟɟɬ ɛɨɥɶɲɟ ɪɚɡɧɨɨɛɪɚɡɢɹ
ɝɟɧɚ, ɱɟɦ ɩɨɩɭɥɹɰɢɹ <�
Ɇɟɠɞɭ ɩɨɩɭɥɹɰɢɹɦɢ ;�ɢ <��ɞɢɮɮɟɪɟɧɰɢɚɰɢɹ ɧɭɤɥɟɨɬɢɞɚ ɧɚ ɨɫɧɨɜɟ ɫɚɣɬɨɜ ɪɟɫɬɪɢɤɰɢɢ
ɪɚɜɧɚ �,�������

� � 0,613052
1/4

0,14125XYG   q

> @
� � � � � � 0,141250,100,450,650,250,250,30

0,10*0,450,65*0,250,25*0,302F   �����
��

� �> @ 163012,04/1613052,023 14125,0GXY  � 

� � � � 604643,0163012,0ln6/2dXY  � 

� � 226739,0216633,0539176,02
1604643,0VXY  �� 

� � 377905,0216633,0539176,02
1VW  � 

� � 11337,0226739,02
1Vb   

0,230766
0,3779050,11337

0,11337
NST  

�
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

f ̪͔͙͌͌͏͇͌͑ͦ͘͞ ͇͙͕͔͗ͦ͘͏͌ ͓͍͚͌͋ ͉͚͓͋ͦ
͕͈͇͎͇͓͗͝͏ ͕͖͏͉͇͙͌ͦ͘͘͢ ͇͑͑ ͚͔͋͌͒ͣ͐͢ ͉͌͘
͔͙͊͌͌͏͌͑͘͞͏͜ ͓͔͙͕͉ͤ͒͌͌ �͇͒͒͌͒͌͐��͔͕͉͊͌��
͇͓͙͊͌��͔͕͙͊͌͏͖͕͉���͕͙͕͑͗͌͢ ͔͌ ͇͎͙͗͋͌͒ͦͥͦ͘
͉͚͓͋ͦ ͕͈͇͎͇͓͗͝͏

f '� ���͕͇͑͊͋��͏ ͙͕͕͒ͣ͑ ͕͇͑͊͋��͉͇͋ ͕͈͇͎͇͗͝ ͔͌
͏͓͙͌ͥ ͕͈͠͏͜ ͔͙͊͌͌͏͌͑͘͞͏͜ ͓͔͙͕͉ͤ͒͌͌��

̱͕͒͏͙͉͔͔͕͌͌͌͘͞ ͉͇͍͔͗͌͢͏͌ ͔͙͊͌͌͏͌͑͘͞͏͜
͉͎͇͏͓͕͉͎ͦ͌͐͘��͔͙͊͌͌͏͕͌͑͌͘͞ ͇͙͕͔͗ͦ͘͘͏͌

̩ ͎͇͉͏͘͏͓͕͙͘͏ ͕͙ ͕͙͉͇͋͘͘͜ ͕͕͈͌͐͘ ͉͕͎͓͕͍͔͢ ͙͗͏ ͙͏͖͇ ͖͙͇͉͔͗͌͋͒͌͘͏ͦ
͇͙͕͔͗ͦ͘͘͏ͦ �'�� �

ವ '� ���ದ 6��͏͎͉͙͔͇͌ͦ͘ ͇͑͑ ͒͏͔͔͕͌͐͌ ͇͙͕͔͗ͦ͘͘͏͌ ͖͕͙͕͓͚��͙͕͞
͖͖͕͇͇͙͗͌͋͒͊͌ͦ͘��͙͕͞ ͉͎͇͏͓͕͉͎ͦͣ͘ ͕͘ ͕͙͉͕͓͋͘͘͜ ͉͙ͦ͒ͦ͌ͦ͘ ͒͏͔͔͕͌͐͐�

ವ '� �����ದ 6���͏͎͉͙͔͇͌ͦ͘ ͇͑͑ ͉͇͇͙͑͋͗͏͔͕͌͞ ͇͙͕͔͗ͦ͘͘͏͌ ͖͕͙͕͓͚��͙͕͞
͖͖͕͇͇͙͗͌͋͒͊͌ͦ͘��͙͕͞ ͉͎͇͏͓͕͉͎ͦͣ͘ ͕͘ ͕͙͉͕͓͋͘͘͜ ͕͕͙͉͙͙͉͚͙͌͌͘͘
͉͇͇͙͑͋͗͏͔͕͐͞ ͚͔͛͑͝͏͏��͏ ͖͕͙͕͓͚ͤ��͙͕͈͢͞ ͖͕͈͇͎͕͉͇͙͗͌͗ͣ ͌͌ ͉ ͒͏͔͔͚͌͐ͥ
͔͕͈͕͌͋͜͏͓͕ ͉͢͞͏͒͘͏͙ͣ ͉͇͇͙͔͑͋͗͐͢ ͕͔͑͗͌ͣ �

ವ '� �����ದ 6����͏͎͉͙͔͇͌ͦ͘ ͇͑͑ ͚͕͉͕͑͗͊͌ ͇͙͕͔͗ͦ͘͘͏͌��
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Ʌɢɧɟɣɧɨɟ Ʉɜɚɞɪɚɬɢɱɧɨɟ Ʉɪɭɝɨɜɨɟ
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

̷͇͙͌͘͞ ͇͙͕͔͗ͦ͘͘͏ͦ ͏͒͏ ͔͕͙͉͇͌͋͘͘͜
͖͗͏͍͋͌͗͏͉͇͙͌ͦ͘ ͕͔͕͋͐ ͏͎ ͉͚͋͜ ͉͕͎͓͕͍͔͢͜
͓͕͋͌͒͌͐�

Ɇɨɞɟɥɶ ɛɚɥɚɧɫɚ

̷͇͙͕͔ͦ͘͘͏͌ ͕͙͇͙͌ͦ͘͘ ͖͕͙͕͔͔͕ͦ͐͘
͉͕ ͉͓͔͗͌͌͏ �͈͇͇͔͒͘ ͚͙͉͚͙͌͌͘͘͠
͓͍͚͌͋ ͓͏͇͊͗͝͏͌͐ ͏ ͔͙͊͌͌͏͌͑͘͞͏͓

͕͓͋͗͌͐͛�

̷͇͙͕͔ͦ͘͘͏͌ ͓͔͙͌ͦ͌ͦ͘ ͕͘
͉͓͔͓͗͌͌͌ ͖͕͙͉͕͓͗͌͋͘͘
͓͏͇͊͗͝͏͏ ͏ ͔͙͊͌͌͏͕͕͌͑͊͘͞

͇͋͗͌͐͛

d

d

t

t + 1
t + 1

d2

d1

t

Ɇɨɞɟɥɶ ɞɢɫɛɚɥɚɧɫɚ

̳͕͋͌͒͏ ͇͙͕͔͗ͦ͘͘͏ͦ

Ⱦɥɹ ɧɚɲɢɯ ɰɟɥɟɣ ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɦɨɞɟɥɶ ɞɢɫɛɚɥɚɧɫɚ. ɋɭɳɟɫɬɜɭɟɬ ɞɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ :

• Ƚɟɨɦɟɬɪɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ
� ɇɟ ɩɪɢɧɢɦɚɟɬ ɜ ɪɚɫɱɟɬ ɩɪɨɰɟɫɫɵ ɷɜɨɥɸɰɢɢ
� Ɉɫɧɨɜɚɧɚ ɬɨɥɶɤɨ ɧɚ ɱɚɫɬɨɬɚɯ ɚɥɥɟɥɢ
� ɋɭɳɟɫɬɜɭɟɬ ɫɥɨɠɧɚɹ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɪɚɫɫɬɨɹɧɢɟɦ ɢ ɜɪɟɦɟɧɟɦ ɞɢɜɟɪɝɟɧɰɢɢ

• Ƚɟɧɟɬɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ
� ɇɟ ɩɪɢɧɢɦɚɟɬ ɜ ɪɚɫɱɟɬ ɩɪɨɰɟɫɫɵ ɷɜɨɥɸɰɢɢ
� Ɋɚɫɫɬɨɹɧɢɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɨ ɜɪɟɦɟɧɢ ɨɬɞɟɥɟɧɢɹ ɨɬ ɚɧɰɟɫɬɪɚɥɶɧɨɣ ɩɨɩɭɥɹɰɢɢ
� ɇɟɨɛɯɨɞɢɦɚ ɝɟɧɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɷɜɨɥɸɰɢɢ

Ʉɨɝɞɚ ɞɨɥɠɧɵ ɦɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɝɟɧɟɬɢɱɟɫɤɨɟ ɢɥɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ?

• Ƚɟɨɦɟɬɪɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɪɚɡɧɨɨɛɪɚɡɢɹ, ɜ ɤɨɬɨɪɵɯ
ɫɪɚɜɧɟɧɢɹ ɩɪɨɜɨɞɹɬɫɹ ɫɨɝɥɚɫɧɨ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɦ ɢɥɢ ɦɨɥɟɤɭɥɹɪɧɵɦ ɦɚɪɤɟɪɚɦ, 
ɫɨɛɪɚɧɧɵɦ ɢɡ ɨɩɟɪɚɬɢɜɧɵɯ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ ɟɞɢɧɢɰ (ɈɌȿ). ɈɌȿ ɦɨɠɟɬ ɛɵɬɶ ɨɫɨɛɶɸ, 
ɨɛɪɚɡɰɨɦ ɢɥɢ ɩɨɩɭɥɹɰɢɟɣ. Ɉɧɚ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫ ɞɨɦɢɧɚɧɬɧɵɦɢ ɦɚɪɤɟɪɚɦɢ
(RAPD, AFLP) ɢɥɢ ɤɨɞɨɦɢɧɚɧɬɧɵɦɢ ɦɚɪɤɟɪɚɦɢ. Ɍɚɤ ɤɚɤ ɷɜɨɥɸɰɢɨɧɧɵɟ ɚɫɩɟɤɬɵ ɧɟ
ɭɱɢɬɵɜɚɸɬɫɹ, ɬɨ ɩɨɥɭɱɟɧɧɵɟ ɞɟɧɞɪɨɝɪɚɦɦɵ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɧɵ ɤɚɤ
ɮɟɥɨɝɟɧɟɬɢɱɟɫɤɢɟ ɞɪɟɜɚ, ɞɚɸɳɢɟ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɷɜɨɥɸɰɢɢ ɢɥɢ ɞɢɜɟɪɝɟɧɰɢɢ ɫɪɟɞɢ
ɝɪɭɩɩ. 

• ɇɚɨɛɨɪɨɬ, ɝɟɧɟɬɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɥɸɛɨɣ ɞɚɧɧɨɣ ɈɌȿ ɦɨɠɟɬ ɛɵɬɶ ɜɤɥɸɱɟɧɨ ɜ
ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɇɨɞɟɥɶ ɭɱɢɬɵɜɚɟɬ ɱɚɫɬɨɬɵ ɚɥɥɟɥɢ ɜ ɈɌȿ ɢ ɟɟ
ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɨɫɧɨɜɚ ɨɬɥɢɱɚɟɬɫɹ. Ɉɧɨ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɫ ɤɨɞɨɦɢɧɚɧɬɧɵɦɢ, 
ɬɚɤ ɢ ɫ ɞɨɦɢɧɚɧɬɧɵɦɢ ɦɚɪɤɟɪɚɦɢ, ɯɨɬɹ ɫ ɩɨɫɥɟɞɧɢɦɢ ɢɧɮɨɪɦɚɰɢɹ ɬɟɪɹɟɬɫɹ ɩɨɬɨɦɭ, ɱɬɨ
ɬɨɥɶɤɨ ɞɜɟ ɚɥɥɟɥɢ ɦɨɝɭɬ ɛɵɬɶ ɩɨɞɫɱɢɬɚɧɵ. Ƚɟɧɟɬɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɫ ɞɨɦɢɧɚɧɬɧɵɦɢ
ɦɚɪɤɟɪɚɦɢ, ɨɞɧɚɤɨ, ɬɪɟɛɭɟɬ ɢɡɭɱɟɧɢɹ ɞɜɭɯ ɩɨɤɨɥɟɧɢɣ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɩɨɩɭɥɹɰɢɢ ɞɥɹ
ɢɡɦɟɪɟɧɢɹ ɪɚɫɳɟɩɥɟɧɢɹ ɥɨɤɭɫɨɜ (Lynch ɢ Milligan, 1994).

Ʌɢɬɟɪɚɬɭɪɚ

Lynch, M. ɢ B.G. Milligan. 1994. Analysis of population genetic structure with RAPD 
markers. Mol. Ecol. 3:91-99.
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̳͕͋͌͒͏ ͋͏͈͇͇͔͇͒͘͘��͕͓͙͊͌͌͗͏͕͌͑͌͘͞
͇͙͕͔͗ͦ͘͘͏͌

f Ɉɧɚ ɢɡɦɟɪɹɟɬ ɩɪɹɦɭɸ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ
ɢɧɞɟɤɫɨɦ ɫɯɨɞɧɨɫɬɢ �V��ɢ ɪɚɫɫɬɨɹɧɢɟɦ
�'� ���– V�

f ȼɨɡɦɨɠɧɵ ɪɚɡɧɵɟ ɫɢɬɭɚɰɢɢ, ɧɚɩɪɢɦɟɪ�
• Ȼɢɧɚɪɧɵɟ ɩɟɪɟɦɟɧɧɵɟ
• Ʉɨɥɢɱɟɫɬɜɟɧɧɵɟ ɩɟɪɟɦɟɧɧɵɟ
• ɋɦɟɲɚɧɧɵɟ ɬɢɩɵ ɩɟɪɟɦɟɧɧɵɯ
• 3�ɱɢɫɥɨ ɩɟɪɟɦɟɧɧɵɯ

�ɩɪɨɞɨɥɠɟɧɢɟ ɜ ɫɥɟɞɭɸɳɟɦ ɫɥɚɣɞɟ�

̶͗͏ ͇͔͇͒͏͎͌ ͓͕͚͔͒͌͑͒ͦ͗͢͜ ͇͔͔͋͢͜ ͓͢ ͏͓͓͌͌ ͕͋͌͒ ͘ ͈͏͔͇͔͓͗͢͏
͖͓͔͔͓͌͗͌͌͢͏ �������͙͕̈́ ͈͚͙͋͌ ͕͈͚͍͔͕͋͌͘ ͉ ͚͒͌͋ͥ͘͠͏͜ ͇͇͒͐͋͘͜��

̩ ͖͗͏͕͍͔͒͌͏͏ ��͖͗͏͉͕͋͏͙ͦ͘ ͕͖͕͔͋͒͏͙͔͇͌͒ͣͦ ͏͔͕͓͇͛͗͝͏ͦ Q ͋͒ͦ ͙͌͜ ͚͇͉͒͌͘͞
͕͇͑͊͋ ̩͢ ͕͍͔͋͒͢ ͙͇͍͑͌ ͇͈͕͙͇͙͗ͣ ͘ ͕͑͒͏͙͉͔͔͓͌͌͘͢͞͏ ͖͓͔͔͓͌͗͌͌͢͏��
͓͇͔͔͓͌͘͟͢͏ ͙͏͖͇͓͏ ͖͓͔͔͌͗͌͌͢͜ ͏ ͇͎͔͓͗͢ ͞͏͕͓͒͘ ͖͓͔͔͌͗͌͌͢͜��̩
͖͗͏͕͍͔͒͌͏͏ ��͙͇͍͑͌ ͖͗͏͉͔͌͋͌ ͖͗͏͓͌͗ ͇͙͇͗͌͘͞ ͕͓͙͊͌͌͗͏͌͑͘͞͏͜ ͇͙͕͔͗ͦ͘͘͏͐ ͘
͕͑͒͏͙͉͔͔͓͌͌͘͢͞͏ ͖͓͔͔͓͌͗͌͌͢͏��̫͒ͦ ͖͕͓͕͙͇͗͗͘ ͖͗͏͕͍͔͒͌͏͐ ��͏ ��͔͌͒͑͠͏͙͌
͓͕͑͐͢͟ ͎͋͌ͣ͘ ��
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̸ ͈͏͔͇͔͓͗͢͏ ͖͓͔͔͓͌͗͌͌͢͏ ��
ವ ̯͖͕͎͚͙͒ͣ͌ͦ͘͘ ͓͚͙͒ͣ͏͉͇͗ͣ͏͚͓͗͌͐͢ ͇͔͇͒͏͎���͏

͓͇͙͗͏͢͝ ͕͙͉͇͋͘͘͜ ͏͒͏ ͋͏͔͛͛͌͗͌͝͏͇͝͏͏
͕͓͛͗͏͚͙͗ͥͦ͘ ͓͍͚͌͋ ͉͕͎͓͕͍͔͓͢͏ ͖͇͇͓͗͏ ͕͕͈͌͐͘
͏͒͏ ͕͖͇͙͌͗͏͉͔͓͢͏ ͙͇͕͔͕͓͑͘͏͌͑͘͞͏͓͏ ͌͋͏͔͏͇͓͝͏
�̵̹̬��

ವ ̫͉͌ ͕͍͘͜͏͌ ͕͕͈͘͏ ͏͓͙͌ͥ ͓͏͔͏͓͇͔͕͒ͣ͌ ͎͔͇͔͌͞͏͌
͇͙͕͔͗ͦ͘͘͏ͦ ͏ ͓͇͑͘͏͓͇͔͕͒ͣ͌ ͎͔͇͔͌͞͏͌ ͕͍͙͌͘͘͜͏

ವ ̷͇͙͕͔ͦ͘͘͏͌ ͏ ͕͍͙͌ͣ͘͘͜ ͉͎͇͔ͦ͘͢ ͕͈͇͙͔͕͗
͖͕͖͕͗͗͝͏͕͔͇͔͕͒ͣ

ವ ̸͕͍͙͌ͣ͘͜ ͕͔͌͝͏͉͇͙͌ͦ͘ ͕͑͒͏͙͉͕͓͌͘͞ ͕͉͖͇͔͋͌͘͏͐

̪͕͓͙͌͌͗͏͕͌͑͌͘͞ ͇͙͕͔͗ͦ͘͘͏͌ �͖͕͕͍͔͗͋͒͌͏͌�

̶͗͏ ͏͖͕͎͕͉͇͔͒ͣ͘͏͏ ͇͔͔͋͢͜ ͓͕͚͔͕͕͒͌͑͒ͦ͗͊ ͓͇͇͗͑͌͗ ͏ ͏͜ ͖͕͈͇͎͕͉͇͔͗͌͗͏ͦ ͉
͈͏͔͇͔͗͌͢��͔͕͈͕͌͋͜͏͓͕ ͚͞͏͙͉͇͙ͣ͢ ͚͒͌͋ͥ͌͌͘͠�

ವ ̾͏͕͒͘ ͖͕͒͏͔͕͙͋͘͏ ͉͏͇͋ ͓͕͍͙͌ ͓͇͑͘͏͕͉͇͙͗ͣ ͖͗͏͚͙͙͉͘͘͏͌ ͇͔͕͒͒͌͒ͣ͐
͌͗͘͏͏ ͉ ͕͚͒͑͌͘��̬͒͘͏ ͙͕ͤ ͖͕͗͏͕͋͘͜͏͙��͙͕ ͔͙͊͌͌͏͕͌͑͌͘͞ ͇͎͔͕͕͈͇͎͗͗͏͌
͈͚͙͋͌ ͔͕͕͔͔͕͌͋͌͌͝ ͖͗͏ ͏͖͕͎͕͉͇͔͒ͣ͘͏͏ ͕͓͋͏͔͇͔͙͔͢͜ ͓͇͕͉͗͑͌͗
�͖͗͏͚͙͙͉͘͘͏͌�͕͙͚͙͙͉͘͘͏͌��

ವ ̬͒͘͏ ͓͇͗͑͌͗ ͕͕͓͑͋͏͔͇͔͙͔͐͢��͙͕ ͔͚͍͔͢ ͈͕͒ͣ͟͏͌ ͕͈͇͎͗͢͝ ͋͒ͦ ͙͕͕͊��
͙͕͈͢͞ ͇͙͋ͣ ͉͕͎͓͕͍͔͕͙ͣ͘ ͕͈͔͇͚͍͗͏͙ͣ ͉͌͘ ͉͕͎͓͕͍͔͌͢ ͔͕͙͊͌͏͖͢��
͕͕͈͔͔͕͌͘��͌͒͘͏ ͖͗͏͕͋͜͏͙ͦ͘ ͔͕͕͌͑͒ͣ͑͘ ͇͒͒͌͒͌͐ ͔͇ ͕͚͒͑͘���

ವ ̴͇͚͔͗͌͟͏ͦ ͇͖͔͗͌͒͌͘͠͏ͦ ದ ͙͕ͤ ͕͈͌͌͠ ͉͔ͦ͒͌͏͌ ͋͒ͦ ͖͕͒͏͖͕͒͏͔͋͢͜
͉͏͕͉͋��

ವ ̨͕͒ͣ͟͏͔͙͉͕͘ ͕͓͖͙͔͑ͣͥ͌͗͢͜ ͖͕͇͓͓͗͊͗ ͇͎͇͈͕͙͇͔͗͗͢ ͋͒ͦ ͋͏͖͕͒͏͔͋͢͜
͉͏͕͉͋��̶͕͙͕͓͚ͤ��͌͒͘͏ ͏͜ ͏͖͕͎͕͉͇͙͒ͣͣ͘ ͋͒ͦ ͖͕͒͏͖͕͒͏͔͋͢͜ ͉͏͕͉͋��͙͕
͓͕͚͙͊ ͉͕͎͔͏͔͚͙͑ͣ ͕͙͕͔͔͑͒͌͏ͦ ͖͗͏ ͕͔͌͑͌͝ ͇͎͗͒͏͔͢͜͞ ͏͔͕͉͋͌͑͘
͔͙͊͌͌͏͕͕͌͑͊͘͞ ͇͎͔͕͕͈͇͎͗͗͏ͦ�

ವ ̷͖͕͚͙͌͗͋͑͏͉͔͇ͦ ͘͏͙͓͇͌͘ ͔͕͙͕͌͑͗͢͜ ͉͏͕͉͋ ͔͌ ͏͎͚͔͇͌͞��͏ ͖͕͙͕͓͚ͤ ͏͜ ͙͏͖
͔͇͕͉͇͔͒͌͋͘͏ͦ ͔͕͙͇͙͕͔͕͌͋͘͞ ͏͎͚͔͌͞��

ವ ̴͇͏͈͕͒ͣ͟͏͐ ͉͕͎͓͕͍͔͐͢ ͕͉͇͙͜ �͗͌͊͏͕͔͕͉ ͕͑͋͏͕͉͇͔͗͏ͦ ͏
͔͕͌͑͋͏͕͉͇͔͗͏ͦ��͔͕͓͇͊͌ ͏͎͚͇͓͕͕͌͊͞ ͉͏͇͋ ͕͍͔͋͒͌ ͈͙ͣ͢ ͕͙͕͈͇͔͗ ͏
͖͕͇͔͇͗͒͏͎͏͕͉͇͔͗��͙͕͈͢͞ ͇͙͗͌͘͢͞ ͔͙͊͌͌͏͕͕͌͑͊͘͞ ͇͎͔͕͕͈͇͎͗͗͏ͦ ͈͒͢͏
͕͙͕͉͔͓͋͌͗͘͢͏����
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̲͕͚͑͘ $���
͋͏͖͕͒͏͋
��;��

̲͕͚͑͘ $�
͙͙͇͖͕͌͗͒͏͋

��;�

̵͕͈͘͏
0 � � � � � � � � � ���� �� �� ����������

̷͇͙͌͘͞ ͇͙͕͙͘͞ ͇͒͒͌͒͏ ͋͒ͦ ͋͏͖͕͒͏͕͉͋ ͏
͙͙͇͖͕͌͗͒͏͕͉͋��͕͓͋͏͔͇͔͙͔͐͢ ͓͇͗͑͌͗

M 1 2 3 4 5 6 7 8 9 1810 11 12 1716151413

1    1     0    1     1      1     1     0     1     1      1   0    1     1     1      0    1     1

1    1     0    1     1      1     1     0     1     1      1   0    1     1     1      0    1     1

̨͏͔͇͔͇͗ͦ
͓͇͙͗͏͇͝

ɑɚɫɬɨɬɵ
ɚɥɥɟɥɢȽɟɧɨɬɢɩɵɅɨɤɭɫ

0,69

q

0,47

q

0,31

p

0,53

p

ɂɬɨɝɨaaaaAAAA, AAAa, AAaa, 
AaaaɌɟɬɪɚɩɥɨɢɞ

A
(4X)

1q4p4 + 4p3q + 6p2q2 + 
4pq3ɑɚɫɬ.ɝɟɧ. (ɪ.)

18414ɑɢɫɥɨ ɨɫɨɛɟɣ

1P2 = 0,22P1 = 0,78͇͙̾͘�͔͊͌� (ɧ.)

1P2 = 0,22P1 = 0,78͇͙̾͘�͔͊͌� (ɧ.)

14

p2 + 2pq

AA, Aa

184ɑɢɫɥɨ ɨɫɨɛɟɣ

1q2ɑɚɫɬ.ɝɟɧ. (ɪ.)

ɂɬɨɝɨaaȾɢɩɥɨɢɞ

A
(2X)

͇͙͕͙̾͘͢ ͇͒͒͌͒͏ ͕͍͔͋͒͢ ͈͙ͣ͢ ͇͎͔͓͗͢͏ ͉ ͕͈͕͏͜ ͚͇͒ͦ͘͜͞��͕͔͇͕͋͑��͖͕͙͌͗ͦ
͏͔͕͓͇͛͗͝͏͏ ͉ ͙͙͇͖͕͌͌͗͒͏͔͕͋͐ ͕͕͈͘͏ ͉͙ͦ͒ͦ͌ͦ͘ ͎͔͇͞͏͙͔͕͌͒ͣ͐��̶͕͓͚͌͞"�͙͕̈́
͖͕͗͏͕͋͘͜͏͙ ͖͕͙͕͓͚��͙͕͞ ͋͒ͦ ͕͔͌͑͝͏ ͇͙͕͙͘͢͞ ͗͌͌͘͘͝͏͉͔͕͐ ͇͒͒͌͒͏ ͇
͙͕͎͊͌͌͗͏͕͙͊͢ $$$D��$$DD��$DDD ͔͌ ͖͗͏͔͙ͦ͢ ͉ ͇͙͗͌͘͞��͙͕͙̈́ ͎͚͙͇͙͗͌͒ͣ ͈͕͒ͣ͌͟��͕͇͑͊͋
͞͏͕͒͘ ͖͕͒͏͋͏͐ ͏͚͓͕͕͒͌͋͌͊͘͘ ͉͏͇͋ ͔͌͏͎͉͙͔͕͌͘���͗�� �͇͙͔͕͗͌͌͘͞ ͎͔͇͔͌͞͏͌��͔�� �
͔͇͈͇͓͕͒ͥ͋͌͌ ͎͔͇͔͌͞͏͌��

̩ ͙͕͓ͤ ͖͗͏͓͌͗͌ ͖͕͇͔͇͗͒͏͎͏͕͉͇͔͗͢ ͘ ͕͓͋͏͔͇͔͙͔͓͢ ͓͇͕͓͗͑͌͗ ͖͕ ���͕͕͈͌͐͘ ͏͎
͇͍͕͕͑͋͊ ͋͏͖͕͒͏͔͕͕͋͊ ͏ ͙͙͇͖͕͌͗͒͏͔͕͕͋͊ ͉͏͇͋��̳͢ ͖͖͕͇͇͓͗͌͋͒͊͌��͙͕͞
͖͕͚͔͔͒͌͌͢͞ ͙͗͌͗͘͏͙͔͑͌͢ ͇͓͔͙͛͗͊͌͢ ͕͋͏͔͇͕͉͑͌͢��̶͕͕͒͘͢ ͈͒͢͏
͖͕͈͇͎͕͉͇͔͗͌͗͢ ͉ ͈͏͔͇͔͚͗ͥ ͙͇͈͒͏͚͝ ͉ ͕͈͕͏͜ ͚͇͒ͦ͘͜͞��̷͇͙͌͘͢͞ ͇͙͕͙͘͞
͖͗͏͉͔͌͋͌͢ ͉ ͙͇͈͒͏͌͝ ͔͏͍͌��̳͢ ͓͕͍͓͌ ͉͏͙͋͌ͣ��͙͕͞ ͔͇͖͗͏͓͌͗��͉ ͙͙͇͖͕͌͗͒͏͋͌��
͔͕͙͊͌͏͖ ���͓͕͍͙͌ ͈͙ͣ͢ ͒͏͈͕ ̧̧̧̧��$$$D��$$DD ͏ $DDD��͕͔͇͕͋͑��͖͕͕͇͒͘ ͈͚͙͋͌
͖͕͋͘͞͏͙͇͔͇ ͙͕͕͒ͣ͑ ͇͑͑ ͖͗͏͚͙͙͉͚͙͌͘͘ ����͙͇͍͑͌ ͇͑͑ ͋͒ͦ ͋͏͖͕͒͏͇͋ �$$�͏ $D��
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̲͕͚͑͘ $�
͋͏͖͕͒͏͋
��;�

̲͕͚͑͘ $
͙͙͇͖͕͌͗͒͏͋

��;�

̫͏͖͕͒͏͔͇͋ͦ
͈͏͔͇͔͇͗ͦ
͓͇͙͗͏͇͝

,����1����'���,����9����,����'����8���2����6

������������������������������������������������������������������������������������������������������� ��������������� ����������������
�������

0 � � � � � � � � � ���� �� �� ����������

Ɋɚɫɱɟɬ ɱɚɫɬɨɬ ɚɥɥɟɥɢ ɞɥɹ ɞɢɩɥɨɢɞɨɜ ɢ
ɬɟɬɪɚɩɥɨɢɞɨɜ��ɤɨɞɨɦɢɧɚɧɬɧɵɣ ɦɚɪɤɟɪ

̵͕͈͘͏

A
1

A
1

A
1

A
1

A
1

A
1

A
2 

A
3 

A
1

A
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A
2

A
3 

A
1

A
2 

A
3 

A
3

A
3

A
3

A
3

A
3

0 � � � � � � � � � ���� �� �� ����������

$ �
$ �

$ �
$ �

�

$ �
$ �

$ �
�$

�

$ �
$ �

$ �
$ �

̩ ͙͕͓ͤ ͖͗͏͓͌͗͌ ͖͕͇͔͇͗͒͏͎͏͕͉͇͔͗͢ ͘ ͕͕͓͑͋͏͔͇͔͙͔͓͢ ͓͇͕͓͗͑͌͗ ͖͕ ���͕͕͈͌͐͘
͏͎ ͇͍͕͕͑͋͊ ͋͏͖͕͒͏͔͕͕͋͊ ͏ ͙͙͇͖͕͌͗͒͏͔͕͕͋͊ ͉͏͇͋��̵͈͔͇͚͍͔͗͌ ͕͋͏͔ ͕͚͒͑͘ �$��͘
͙͓͗͌ͦ ͇͓͒͒͌͒ͦ͏ ͉ ͕͈͕͏͜ ͘͏͙͚͇͝͏ͦ͜ �$���$� ͏ $����

̷͇͙͌͘͞ ͇͙͕͙͘͞ ͇͒͒͌͒͏ ͉ ͋͏͖͕͒͏͔͕͋͐ ͕͕͈͘͏ ͔͌ ͖͙͇͉͙͗͌͋͒ͦ͌͘ ͙͚͔͕͙͗͋͘͏
�͈͏͔͇͔͇͗ͦ ͓͇͙͗͏͇͝ ͉͔͏͎͚ ͇͇͒͐͋͘���̵͔͇͕͋͑��͋͒ͦ ͙͙͇͖͕͌͗͒͏͔͕͋͐ ͕͕͈͘͏ ͖͉͕͌͗͌͋
͉ ͈͏͔͇͔͗͌͢ ͇͔͔͋͌͢ ͎͇͙͚͔͔͗͋͌ ͙͓͌ ͇͙͕͓͛͑��͙͕͞ ͕͕͈͘͏ ͘ ͇͓͒͒͌͒ͦ͏ $� $� $� $�
͔͌ ͓͕͚͙͊ ͈͙ͣ͢ ͕͙͒͏͔͌͢͞ ͕͙ ͙͌͜��͙͕͞ ͏͓͙͌ͥ ͚͋͗͊͏͌ ͕͓͈͑͏͔͇͝͏͏ ͇͑͑ $� $� $� $�
͏͒͏ $� $� $� $��� ͙͇̈́ ͖͕͈͓͇͗͒͌ ͓͕͍͙͌ ͈͙ͣ͢ ͔͇͗͌͌͟ ͙͕͕͒ͣ͑ ͇͑͑ ͉͉͕͋͢���
͕͔͕͉͇͔͔͐͘͢ ͔͇ ͕͔͌͑͌͝ ͞͏͇͒͘ ͕͖͑͏͐ ͇͓͔͙͇͛͗͊͌ ̴̫̱ ͉ ͊͌͒͌�

0,25

p

0,15

q

1

18

1

ɂɬɨɝ
ɨ

P13 = 
0,22

4

2pr

A1
A3

P22 = 
0,06

1

q2

A2
A2

P23 = 
0,11

2

2qr

A2
A3

0,60

r

P33 = 
0,44

P12 = 
0,06

P11 = 
0,11

͇͙̾͘�͔͊͌�
(ɧ.)

2

p2

A1 A1

81ɑɢɫɥɨ
ɨɫɨɛɟɣ

r22pqɑɚɫɬ.ɝɟɧ. 
(ɪ.)

A3
A3

A1
A2

Ƚɟɧɨɬɢɩ

�͗�� �͇͙͔͕͗͌͌͘͞ ͎͔͇͔͌͞͏͌��
R�� �͔͇͈͇͓͕͒ͥ͋͌͌ ͎͔͇͔͌͞͏͌�
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������D���G���E���F�6RNDO ͏ 6QHDWK ��������6��

������D���G��>D���G����E���F���@6RNDO ͏ 6QHDWK ��������6��
������D���G��>D���G�����E���F�@5RJHUV ͏ 7DQLPRWR ������6��
������D���G��Q6RNDO ͏ 0LFKHQHU ������6��
�����D��E���F�.XOF]\QVNL ��������6�
�����D�>D����E���F�@6RNDO ͏ 6QHDWK ��������6�

�����D��D���E���F�-DFFDUG ������������������6�
������D����>���D�E�@���>���D�F�@�.XOF]\QVNL �6�
�����D�>�D���E��D���F�@���2FKLDL ������6�
�����D�>D����E���F���@'LFH���������1HL ͏ /L ������6�

�����D�PD[>�D���E���D���F�@%UDXQ�%ODQTXHW6�
�����D�PLQ>�D���E���D���F�@6LPSVRQ6�
�����D�Q5XVVHO ͏ 5DR�������6�

̶͗͏͓͌͗ ͎͔͇͔͌͞͏͐ ͕͑ͤ͛͛͏͝͏͔͙͇͌��
͌͒͘͏

D� ����E� ����F� ����G� ��
͖̈́͑͗͌͘͘͘͏̧͉͙͕ͦ͗

̸͕͙͉͕͋͘͜ ͕͑ͤ͛͛͏͝͏͔͙͕͉͌ ͈͏͔͇͔͗͢͜
͖͓͔͔͌͗͌͌͢͜��͖͗͏͓͌͗͢

͊͋͌��
Q� �D���E���F���G

̩ ͙͇͈͒͏͌͝ ͉͌͢͟ ͓͢ ͉͏͋͏͓��͙͕͞�

̯͔͋͌͑͘͢ ͕͙ 6��͕͋ 6��͇͙͋ͥ ͎͔͇͔͌͞͏͌ ͙͕͕͒ͣ͑ ͉ ͕͙͔͕͔͌͟͏͏
͏͔͕͓͇͛͗͝͏͏ ͔͇͒͏͞͏ͦ�
̯͔͋͌͑͘͢ ͕͙ 6���͕͋ 6���͇͙͋ͥ ͎͔͇͔͌͞͏͌ ͇͑͑ ͕ ͔͇͒͏͞͏͏��͙͇͑ ͏
͕͙͚͙͙͉͘͘͏͏

̫͇͒͌͌ ͓͢ ͕͈͚͋͘͏͓ ͙͗͏ ͏͔͇͋͌͑͘ �͉͔͋͌͒͌͢͢ ͇͔͓͑͗͘͢ ͉ ͙͇͈͒͏͌͝ ͉͌͢͟���
͖͕͙͕͕͗͊͘ ͕͉͖͇͔͋͌͘͏ͦ �6�����̫͍͇͇͇͑͑͗͋ �-DFFDUG� �6���͏ ̴͌ͦ�̲͏ �1HL�/L� �6���

c + ddc0

a + 
bba1

Ɉɫɨɛɶi

b + d

0

a + c

1

Ɉɫɨɛɶj

n
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�D���G���D���E���F���G�

̱͕ͤ͛͛͏͝͏͔͙͌ ̫͍͇͇͇͑͑͗͋ �-DFFDUG� �

D��D���E���F�

̱͕ͤ͛͛͏͝͏͔͙͌ ̴͌ͦ�̲͏ �1HL�/L���͏͒͏ ̫͇͇͐͘ �'LFH��

�D���D���E���F�

̯͔͋͌͑͘͢ ͕͓͙͊͌͌͗͏͕͌͑͐͘͞ ͋͏͙͇͔͘͝͏͏

͙̈́͏ ͙͗͏ ͏͔͇͋͌͑͘ ͕͙͒͏͇͙ͥͦ͘͞ ͖͕ ͏͜ ͖͕͕͚͋͋͜ ͉ ͕͔͌͑͌͝ ͞͏͇͒͘ ͕͉͖͇͔͋͌͘͏͐ ͏
͇͎͗͒͏͞͏͐�

̱͕ͤ͛͛͏͝͏͔͙͌ ͖͕͙͕͕͗͊͘ ͕͉͖͇͔͋͌͘͏ͦ ͖͕͇͇͙͒͊͌��͙͕͞ ͕͙͚͙͙͉͘͘͏͌ ͕͕͙͉͙͙͉͚͙͌͌͘͘
͕͓͕͎͊͏͕͙͔͓͊͢ ͕͚͇͓͒͑͘��̵͔ ͓͕͍͙͌ ͏͖͕͎͕͉͇͙͒ͣͣͦ͘͘ ͘ ͇͔͔͓͋͢͏ ͕͓͋͏͔͇͔͙͔͕͕͊
͓͇͇͗͑͌͗ �5$3'�͏ $)/3� ͙͇͑ ͇͑͑ ͕͙͚͙͙͉͘͘͏͌ ͓͕͕͊͒ ͈͢ ͕͕͙͉͙͙͉͕͉͇͙͌ͣ͘͘
͕͓͕͎͊͏͕͙͔͓͊͢ ͗͌͝͏͘͘͏͉͇͓��̶͗͏͓͌͗ ͖͗͏͓͔͔͌͌͏ͦ ͕͑ͤ͛͛͏͝͏͔͙͇͌ ͖͕͙͕͕͗͊͘
͕͉͖͇͔͋͌͘͏ͦ ͋͒ͦ ͇͙͕͑͌͊͗͏͇͔͒ͣ͢͜ ͖͓͔͔͌͗͌͌͢͜ ͖͗͏͉͔͌͋͌ ͉ ̶͗͏͕͍͔͒͌͏͏ ��
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͈͏͕͕͒͊͏͕͌͑͌͘͞ ͎͔͇͔͌͞͏͌ ͏��͙͇͑͏͓ ͕͈͇͎͕͓͗��͙͕͙ͤ ͕͑ͤ͛͛͏͝͏͔͙͌ ͏͓͙͌͌ ͖͕͔͕͒͌
͎͔͇͔͌͞͏͌ ͉ ͕͙͔͕͔͌͟͏͏ ͕͍͙͌͘͘͜͏ ̴̫̱��̵͔ ͓͕͍͙͌ ͖͗͏͓͔͙͌ͦͣͦ͘ ͘ ͇͔͔͓͋͢͏
͕͕͓͑͋͏͔͇͔͙͔͕͕͊ ͓͇͇͗͑͌͗ �5)/3��665��
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f ̯͎͓͙͌͗ͦ͌ ͇͎͗͒͏͞͏͌ ͓͍͚͌͋ ͉͚͓͋ͦ ͔͇͓͊͌͏��
͖͕͖͕͗͗͝͏͕͔͇͔͕͒ͣ͌ ͕͑ ͉͓͔͗͌͌͏ ͕͙͔͋͌͒͌͏ͦ ͕͙
͕͈͕͌͊͠ ͖͇͗͌͋͑

f ̩͕͎͓͕͍͔͢ ͔͕͕͌͑͒ͣ͑͘ ͓͕͋͌͒͌͐ �
ವ ̳͚͙͇͝͏ͦ ͓͔͕͍͙͉͇͌͘ ͇͒͒͌͒͌͐

͔͇͖͗͏͓͌͗��͔͙͊͌͌͏͕͌͑͌͘͞ ͇͙͕͔͗ͦ͘͘͏͌ ̴͌ͦ

ವ ̳͕͋͌͒ͣ ͖͕͙͇͖͔͕ͤ͐ ͓͚͙͇͝͏͏
̴͇͖͗͏͓͌͗��͇͙͕͔͗ͦ͘͘͏͌ ͘ ͏͖͕͎͕͉͇͔͒ͣ͘͏͓͌
͓͏͕͇͙͑͗͌͒͒͘͏͙͕͉

ವ ̳͚͙͇͝͏ͦ ͉ ͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣ͘͘͏ ͔͚͕͙͑͒͌͏͇͋

̳͕͋͌͒ͣ ͋͏͈͇͇͔͇͒͘͘��͔͙͊͌͌͏͕͌͑͌͘͞
͇͙͕͔͗ͦ͘͘͏͌

ವ ̳͚͙͇͝͏͏ ͈͕͔͔͌͑͌͘͢͜͞ ͇͒͒͌͒͌͐ �͔͇͖͗͏͓͌͗��͏͎͕͓͔͙͛͌͗͌͢�
� ̱͇͍͋͐͢ ͚͇͒͐͘͞ ͓͚͙͇͝͏͏ ͇͙͋͌ ͔͇͇͕͒͞ ͔͕͉͕͐ ͇͒͒͌͒͏��
� ̬͒͘͏ ��͔͇͊͌ ͕͋͏͔͇͕͉͑͌͢��͙͕ ͓͚͙͇͝͏ͦ ͔͌ ͉͕͎͔͏͇͙͑͌��̬͒͘͏ ��͔͇͊͌

͇͎͔͗͌͢��͙͕ ͉͕͎͔͏͇͙͑͌ ͔͌͏͎͉͙͔͕͌͌͘ ͞͏͕͒͘ ͓͚͙͇͝͏͐�
� ̸͔͗͌͋͌͌ ͞͏͕͒͘ ͓͚͙͇͝͏͐ ͕͘ ͉͓͔͗͌͌͏ W���͕͇͑͊͋ ͕͔͏ ͕͙͕͒͟͏ ͕͙ ͖͇͗͌͋͑���

͇͉͔͕͗  ��Ww ��͊͋͌ w ͙͌ͣ͘ ͚͕͉͔͗͌ͣ ͓͚͙͇͝͏͏ ͏ ͚͉͌͒͏͔͌͞ ͉ ��͇͎͇͗ ͙͇͑
͇͑͑ ͓͢ ͏͓͓͌͌ ͕͋͌͒ ͘ ��͔͎͇͉͌͏͘͏͓͓͢͏ ͔͇͓͊͌͏�

� ̩͕͙͔͕͙͌͗ͦͣ͘��͙͕͞ ��͔͇͊͌ ͉͙ͦ͒ͦͥͦ͘ ͕͈͠͏͓͏ ͖͕ ͔͇͙͉͚͒͌͋͘͘ ͖͕
͖͕͙͉͗͌͘͟͏͏ ͉͓͔͗͌͌͏ W ͇͉͔͕͗ 3 �H��Ww

ವ ̳͕͋͌͒ͣ ͖͕͙͇͖͔͕ͤ͐ ͓͚͙͇͝͏͏ �͔͇͖͗͏͓͌͗� 665�
� ̳͚͙͇͝͏ͦ� ͙͕ͤ ͖͕͗͊͗͌͘͘͏͉͔͕͌ ͏͎͓͔͔͌͌͏͌��͖͕͗͏͕͋ͦ͌͌͘͜͠ ͙͇͑͏͓

͕͈͇͎͕͓͗��͙͕͞ ͇͓͔͙͛͗͊͌͢��͓͏͊͗͏͚͗ͥ͠͏͌ ͔͇ ͕͋͏͔͇͕͉͑͌͢ ͇͙͕͔͗ͦ͘͘͏ͦ��
͏͓͙͌ͥ ͔͎͔͇͌͞͏͙͔͕͌͒ͣ͌ ͕͑͒͏͙͉͕͌͘͞ ͓͚͙͇͝͏͐��

� ̩ ͚͇͒͌͘͞ 665��͖͖͕͇͇͙͗͌͋͒͊͌ͦ͘��͙͕͞ ͓͚͙͇͝͏͏ ͏͎͓͔͙͌ͦͥ ͞͏͕͒͘
͖͕͉͙͕͕͉͗��͚͉͌͒͏͞͏͉͇ͦ ͏͒͏ ͚͓͔͇͌ͣͦ͟ ͏͜ ͇͊͟ ͎͇ ͇͕͓͊͟��̳͕͍͔͕
͖͕͓͕͔͙͗͋͌͗͘͏͕͉͇͙͗ͣ��͙͕͞ ͉͇͇͙͑͋͗ ͇͎͔͗͏͢͝ ͉ ͞͏͒͌͘ ͖͕͉͙͕͕͉͗
͓͍͚͌͋ ��͓͏͕͇͙͑͗͌͒͒͘͏͙͇͓͏ ͖͕͖͕͗͗͝͏͕͔͇͔͒͌ ͉͓͔͗͌͌͏ ͕͙͕͍͔͋͌͜͏ͦ
͕͙ ͕͈͕͌͊͠ ͖͇͗͌͋͑�

ವ ̳͚͙͇͝͏ͦ ͉ ͖͕͕͉͇͙͔͕͙͒͌͋͌͒ͣ͘͘͏ ͔͚͕͙͑͒͌͏͇͋
� ̺͇͎͉͇͙͑͌͢��͙͕͞ ͇͓͕͌͘ ͖͕͙͕͗͌͘ ͎͇͓͔͌͌͠͏͌ ದ ͙͕ͤ ͓͚͙͇͝͏ͦ

͌͋͏͔͏͔͕͕͊͞ ͕͔͕͉͇͔͘͏ͦ�
� ̵͔͕͉͔͓͘͢ ͕͇͔͊͗͏͔͌͞͏͓͌ ͉͙ͦ͒ͦ͌ͦ͘ ͖͕͙͌͗ͦ ͏͔͕͓͇͛͗͝͏͏ ͏͎�͎͇

͔͎͔͇͔͌͏ͦ ͞͏͇͒͘ ͓͚͙͇͝͏͐��͕͙͕͑͗͌͢ ͓͕͊͒͏ ͈͢ ͏͓͙͌ͣ ͓͙͕͌͘ ͉ ͕͔͕͓͋
͇͙͐͌͘��̫͒ͦ ͔͗͌͌͟͏ͦ ͙͕ͤ͐ ͖͕͈͓͗͒͌͢��͔͕͙͕͌͑͗͌͢ ͓͙͕͌͋͢
͖͖͕͇͇͙͗͌͋͒͊ͥ ͉͕͙͔͕͙͌͗ͦͣ͘ ͙͇͔͎͗͏͝͏͏ �͖͚͗͏͔o ͖͚͗͏͔ ͏͒͏
͖͏͇͓͗͏͋͏͔ o ͖͏͇͓͗͏͋͏͔ ��͏ ͙͇͔͉͗͌͗͘͘͏͏ �͖͚͗͏͔o ͖͚͗͏͔ ͏͒͏
͖͏͇͓͗͏͋͏͔ o ͖͏͇͓͗͏͋͏͔���
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f ɋɬɚɧɞɚɪɬɧɨɟ ɝɟɧɟɬɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɇɟɹ
ɟɫɬɶ ��

f Ɉɧ ɨɫɧɨɜɚɧ ɧɚ ɤɨɧɰɟɩɰɢɢ ɝɟɧɟɬɢɱɟɫɤɨɣ
ɢɞɟɧɬɢɱɧɨɫɬɢ �,;<��

)J(J
J

I
yx

xy
xy  

)(I ln D XYXY � 

̷͇͙͌͘͞ ͔͙͊͌͌͏͕͕͌͑͊͘͞ ͇͙͕͔͗ͦ͘͘͏ͦ ̴͌ͦ

�͖͕͕͍͔͗͋͒͌͏͌ ͉ ͚͓͒͌͋ͥ͌͘͠ ͇͒͐͋͌͘�

ɝɞɟ�
-;  �ɫɪɟɞɧɹɹ ɝɨɦɨɡɢɝɨɬɧɨɫɬɶ ɜ ɩɨɩɭɥɹɰɢɢ ;
-<  �ɫɪɟɞɧɹɹ ɝɨɦɨɡɢɝɨɬɧɨɫɬɶ ɜ ɩɨɩɭɥɹɰɢɢ <
-;<� �ɫɪɟɞɧɹɹ ɝɨɦɨɡɢɝɨɬɧɨɫɬɶ ɦɟɠɞɭ ɩɨɩɭɥɹɰɢɹɦɢ

ɬɚɤɢɦ ɨɛɪɚɡɨɦ�
,;<  ����ɟɫɥɢ ɞɜɟ ɩɨɩɭɥɹɰɢɢ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɟ ɱɚɫɬɨɬɵ ɚɥɥɟɥɢ ɜɨ
ɜɫɟɯ ɨɬɨɛɪɚɧɧɵɯ ɥɨɤɭɫɚɯ
,;<  ����ɟɫɥɢ ɞɜɟ ɩɨɩɭɥɹɰɢɢ ɧɟ ɢɦɟɸɬ ɫɨɜɦɟɫɬɧɵɯ ɨɞɢɧɚɤɨɜɵɯ
ɱɚɫɬɨɬ ɚɥɥɟɥɢ ɜ ɨɬɨɛɪɚɧɧɵɯ ɥɨɤɭɫɚɯ

• Ɂɧɚɱɟɧɢɟ ';<�ɜɚɪɶɢɪɭɟɬ ɨɬ ���ɝɞɟ ɩɨɩɭɥɹɰɢɢ ɢɦɟɸɬ ɢɞɟɧɬɢɱɧɵɟ
ɱɚɫɬɨɬɵ ɚɥɥɟɥɢ��ɞɨ ɛɟɫɤɨɧɟɱɧɨɫɬɢ ����ɝɞɟ ɩɨɩɭɥɹɰɢɢ ɧɟ ɢɦɟɸɬ ɧɢ ɨɞɧɨɣ
ɫɨɜɦɟɫɬɧɨɣ ɚɥɥɟɥɢ��

• ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɭɪɨɜɟɧɶ ɡɚɦɟɳɟɧɢɹ ɧɚ ɥɨɤɭɫ ɨɞɢɧɚɤɨɜɵɣ ɫɪɟɞɢ
ɜɫɟɯ ɥɨɤɭɫɨɜ ɢ ɩɨɩɭɥɹɰɢɣ.

• ɗɬɚ ɞɢɫɬɚɧɰɢɹ ɨɰɟɧɢɜɚɟɬ ɪɚɡɥɢɱɢɹ ɤɨɞɨɧɚ ɧɚ ɥɨɤɭɫ ɦɟɠɞɭ ɞɜɭɦɹ
ɩɨɩɭɥɹɰɢɹɦɢ�
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'���� �������'���� �������'���� �������'LLಬ̪͔͙͌͌͏͕͌͑͌͘͞ ͇͙͕͔͗ͦ͘͘͏͌
,���� �������,���� �������,���� �������,LLಬ̪͔͙͌͌͏͇͌͑ͦ͘͞ ͏͔͙͋͌͏͔͕͙ͣ͘͞

-���� �������-���� �������-���� �������-LLಬ̸͔͗͌͋ͦͦ ͓͍͖͕͖͚͌͒ͦ͝͏͕͔͔͇ͦ
͕͓͕͎͊͏͕͙͔͕͙͊ͣ͘

������������������-L̸͔͗͌͋ͦͦ ͕͓͕͎͊͏͕͙͔͕͙͊ͣ͘
������������������+L̸͔͗͌͋ͦͦ ͙͕͎͊͌͌͗͏͕͙͔͕͙͊ͣ͘
����������������KLMN̪͙͕͎͌͌͗͏͕͙͔͕͙͊ͣ͘ ͕͚͇͒͑͘
������������'�

������������'�'
������������������KLMN̪͙͕͎͌͌͗͏͕͙͔͕͙͊ͣ͘ ͕͚͇͒͑͘
������������%�

������������%�

������������%�%
������������������KLMN̪͙͕͎͌͌͗͏͕͙͔͕͙͊ͣ͘ ͕͚͇͒͑͘
������������$�

������������$�$
̶͕͖��̶͕͖��̶͕͖��

͇͙͕͙̾͘͢ ͇͒͒͌͒͏̧͒͒͌͒͏̲͕͚͑͘

̷͇͙͌͘͞ ͔͙͊͌͌͏͕͕͌͑͊͘͞ ͇͙͕͔͗ͦ͘͘͏ͦ ̴͌ͦ
�͖͕͕͍͔͗͋͒͌͏͌�

Ɇɵ ɢɦɟɟɦ ɩɪɢɦɟɪ, ɝɞɟ L� ���ɩɨɩɭɥɹɰɢɢ��M� ���ɩɨɥɢɦɨɪɮɧɵɯ ɥɨɤɭɫɚ ɢ ɫ ���
ɦɨɧɨɦɨɪɮɧɵɦɢ ɥɨɤɭɫɚɦɢ��Ȼɨɥɟɟ ɬɨɝɨ, ɫ ɪɚɡɧɵɦ ɱɢɫɥɨɦ (Ʉ) ɚɥɥɟɥɟɣ ɧɚ ɥɨɤɭɫ
�ɧɚɩɪɢɦɟɪ, $�ɢ '�ɢɦɟɸɬ ɩɨ ��ɚɥɥɟɥɢ ɤɚɠɞɵɣ ɢ ȼ ɢɦɟɟɬ 3 ɚɥɥɟɥɢ��

Ɍɚɛɥɢɰɚ ɩɨɤɚɡɵɜɚɟɬ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɱɚɫɬɨɬ ɚɥɥɟɥɢ ɜ ɤɚɠɞɨɣ ɩɨɩɭɥɹɰɢɢ, 
ɚ ɬɚɤɠɟ ɝɟɬɟɪɨɡɢɝɨɬɧɨɫɬɶ ɥɨɤɭɫɚ. Ɂɚɬɟɦ ɦɵ ɪɚɫɫɱɢɬɵɜɚɟɦ ɫɪɟɞɧɸɸ
ɝɟɬɟɪɨɡɢɝɨɬɧɨɫɬɶ ɢ ɝɨɦɨɡɢɝɨɬɧɨɫɬɶ ���� ɝɟɬɟɪɨɡɢɝɨɬɧɨɫɬɶ��ɧɚ ɩɨɩɭɥɹɰɢɸ�

ɂ ɩɨɫɥɟɞɧɟɟ, ɦɵ ɪɚɫɫɱɢɬɵɜɚɟɦ ɦɟɠɩɨɩɭɥɹɰɢɨɧɧɭɸ ɝɨɦɨɡɢɝɨɬɧɨɫɬɶ ɢ
ɝɟɧɟɬɢɱɟɫɤɭɸ ɢɞɟɧɬɢɱɧɨɫɬɶ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɦɨɠɟɦ ɨɰɟɧɢɬɶ
ɝɟɧɟɬɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɇɟɹ. Ɋɚɫɱɟɬɵ ɩɪɨɢɡɜɨɞɹɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ���

MLL’MN  �6LL’M SLMN SL’MN��ɧɚɩɪɢɦɟɪ��M���MN  �ɝɨɦɨɡɢɝɨɬɧɨɫɬɶ ɫɪɟɞɢ ɩɨɩɭɥɹɰɢɣ ��ɢ ��
M���MN  ������������������������������������������������������������������������
������������������������������� ��������
-���  �ɫɪɟɞɧɹɹ ɦɟɠɩɨɩɭɥɹɰɢɨɧɧɚɹ ɝɨɦɨɡɢɝɨɬɧɨɫɬɶ  �M���MN���� �
��,�������� ��,����
,���  �ɝɟɧɟɬɢɱɟɫɤɚɹ ɢɞɟɧɬɢɱɧɨɫɬɶ ɦɟɠɞɭ ɩɨɩɭɥɹɰɢɹɦɢ ��ɢ �� �
-������-�-��� ����������������� �������� �������
'���  �ɝɟɧɟɬɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɨɩɭɥɹɰɢɹɦɢ ��ɢ �� ��OQ�,����� ��
OQ��������� �������

Ɍɚɤ ɤɚɤ ɦɵ ɩɨɤɚ ɟɳɟ ɧɟ ɪɚɡɴɹɫɧɢɥɢ ɦɟɬɨɞɵ ɨɛɪɚɡɨɜɚɧɢɹ ɤɥɚɫɬɟɪɨɜ, ɬɨ ɦɵ
ɩɪɢɜɨɞɢɦ ɞɢɫɬɚɧɰɢɨɧɧɭɸ ɦɚɬɪɢɰɭ ɢ ɞɟɧɞɪɨɝɪɚɦɦɭ ɷɬɨɝɨ ɩɪɢɦɟɪɚ ɜ
ɉɪɢɥɨɠɟɧɢɢ ���ɳɟɥɤɧɢɬɟ ɦɵɲɤɨɣ ɡɞɟɫɶ��
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¦� �
�

 i'i
2

i'i'iiwi )a(a
1)2n(2n

2S

¦ j wjsw S)(1/dS

̷͇͙͌͘͞ ͉͔͚͙͗͏͖͕͖͚͒ͦ͝͏͕͔͔͕͕͊ ͇͙͕͔͗ͦ͘͘͏ͦ ͘
͏͖͕͎͕͉͇͔͒ͣ͘͏͓͌ ͓͏͕͇͙͑͗͌͒͒͘͏͙͕͉

f Ɋɚɫɫɬɨɹɧɢɟ ɜɧɭɬɪɢ ɩɨɩɭɥɹɰɢɢ - ɷɬɨ ɫɪɟɞɧɟɟ
ɫɭɦɦɵ ɤɜɚɞɪɚɬɨɜ ɪɚɡɧɨɫɬɢ ɜ ɱɢɫɥɟ ɩɨɜɬɨɪɨɜ
ɦɟɠɞɭ ɚɥɥɟɥɹɦɢ

f ɋɪɟɞɧɟɟ ɜɧɭɬɪɢɩɨɩɭɥɹɰɢɨɧɧɨɟ ɪɚɫɫɬɨɹɧɢɟ
ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɨ ɞɥɹ ɚɧɚɥɢɡɢɪɭɟɦɵɯ
ɥɨɤɭɫɨɜ �GV�

ɝɞɟ�
DLM  �ɪɚɡɦɟɪ ɚɥɥɟɥɢ L–ɨɣ ɤɨɩɢɢ �L� �������…���Q��ɜ M–ɨɣ ɩɨɩɭɥɹɰɢɢ
�M� �������…��GV�
Q� �ɱɢɫɥɨ ɨɫɨɛɟɣ ɜ ɨɛɪɚɡɰɟ

Ⱦɜɚ ɫɨɨɛɪɚɠɟɧɢɹ�

Ɋɚɫɱɟɬ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɞɜɭɦɹ ɚɥɥɟɥɹɦɢ- ɷɬɨ ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɱɢɫɥɚ
ɩɨɜɬɨɪɨɜ��
Ɍɪɭɞɧɨɫɬɶ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 665�ɞɥɹ ɪɚɫɱɟɬɚ ɝɟɧɟɬɢɱɟɫɤɢɯ ɪɚɫɫɬɨɹɧɢɣ
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɯ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ ɦɭɬɚɰɢɢ
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

ɗɬɨ ɦɟɠɩɨɩɭɥɹɰɢɨɧɧɵɣ ɤɨɦɩɨɧɟɧɬ ɞɥɹ ɫɪɟɞɧɟɝɨ
ɪɚɫɫɬɨɹɧɢɹ ɫɪɟɞɢ ɫɪɚɜɧɟɧɢɣ ɜɫɟɯ ɩɚɪɧɵɯ
ɚɥɥɟɥɟɣ

¦ ¦ �
�

 � �j'j i'i
2

j'i'ij
ss

2
B ) a (a

1) (d d (2n)
2 S

̷͇͙͌͘͞ ͓͍͖͕͖͚͌͒ͦ͝͏͕͔͔͕͕͊ ͇͙͕͔͗ͦ͘͘͏ͦ ͘
͏͖͕͎͕͉͇͔͒ͣ͘͏͓͌ ͓͏͕͇͙͑͗͌͒͒͘͏͙͕͉

̪͕͈͇͔͕͒͒ͣ͌ ͇͙͕͔͗ͦ͘͘͏͌ ದ ͙͕ͤ ͔͉͎͉͔͔͕͗͌͋͌͌͌͌͘͟ ͗͌͋͘͏ ͉͔͚͙͗͏� ͏ ͓͍͚͌͋
͖͕͖͚͒ͦ͝͏͐ ͕͓͖͕͔͔͙͇͑͌��

͙̈́͏ ͕͑ͤ͛͛͏͝͏͔͙͌͢ ͖͙͇͉͙͗͌͋͒ͦͥ͘ ͉͕͙͔͕͙͌͗ͦͣ͘ ͉͈͕͇͗͢ ͉͚͋͜ ͇͎͔͗͢͜ ͕͖͑͏͐
͕͔͕͕͋͊ ͕͚͇͒͑͘ ͉ ͕͔͕͋͐ ͏ ͙͕͐ ͍͌ ͖͕͖͚͒ͦ͝͏͏ ͏ ͓͍͚͌͋ ͉͚͓͋ͦ ͖͕͖͚͒ͦ͝͏͓ͦ͏�

̶͕͎͔͓͒͌͢͏ ͕͓͖͙͔͓͑ͣͥ͌͗͢͏ ͖͕͇͓͓͇͓͗͊͗͏ ͉͙ͦ͒ͦͥͦ͘��0,&526$7��%,26<6��
*(1(323��*'$�͏ 323*(1(�

B
s

s
w

s
S

1)(2nd
1)2n(dS

1)(2nd
1-2nŜ

�
�

�
�
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

͙͕̈́ ͖͕͗͌͘͘͝ ͚͖͖͊͗͏͕͉͇͔͗͏ͦ �͏͒͏ ͕͈͇͎͕͉͇͔͗͏͌ ͇͙͕͉͑͒͌͗͘��
͕͈͙͕͉͌͑͡ ͉ ͇͙͕͑͌͊͗͏͏ ͏͒͏ ͇͑͒͘͘͢ ͔͇ ͕͔͕͉͇͔͘͏͏ ͏͜ ͕͈͠͏͜
͖͗͏͎͔͇͕͉͑ ͏͒͏ ͉͎͇͏͓͕͉͎ͦ͌͐͘��̪͚͖͖͗͏͕͉͇͔͗͏͌ ͓͕͍͙͌ ͈͙ͣ͢�

ವ ̯͇͌͗͗͜͏͌͑͘͞͏͓ �
� ̵͔͕͉͔͓͘͢��͕͙͕͑͗͐͢ ͖͙͇͙͌ͦ͘͢ ͇͙͗͑͗ͣ͘͢ ͏͙͘͏͔͔͚ͥ

͖͗͏͕͚͗͋ ͏͒͏ ͕͓͚͛͗
� ̱͇͒͋͏͙͘͏͌͑͘͞͏͓��͕͔͕͉͇͔͔͓͘͢ ͔͇ ͔͇͕͊͌͌͒͊͏͏ ͏

͛͏͕͔͙͒͊͌͌͏͑͌
� ͉͕̈́͒ͥ͝͏͕͔͔͓͢��͕͔͕͉͇͔͔͓͘͢ ͔͇ ͛͏͕͔͙͒͊͌͌͏͑͌ ͏ ͞͏͒͌͘

͉͕ͤ͒ͥ͝͏͕͔͔͢͜ ͏͎͓͔͔͌͌͏͐
� ̻͔͔͓͌͢��͕͔͕͉͇͔͔͓͘͢ ͔͇ ͔͇͏͈͕͓͒ͣ͌͟ ͞͏͒͌͘ ͖͗͏͎͔͇͕͉͑

͕͇͔͗͊͏͎͓͇ ͏ ͕͌͊ ͍͏͎͔͔͔͕͓͌ ͝͏͑͒͌
ವ ̴͌͏͇͌͗͗͜͏͌͑͘͞͏͓
ವ ͇͙̾͘͏͔͕͞ ͕͉͖͇͇͋ͥ͘͠͏͓

̫͓͕͔͙͇͌͗͘͝͏ͦ ͉͎͇͏͓͕͉͎ͦ͘͏��͇͑͒͘͘͏͛͏͇͑͝͏ͦ
͏͒͏ ͕͈͇͎͕͉͇͔͗͏͌ ͇͙͕͉͑͒͌͗͘

• ̯͇͌͗͗͜͏͕͌͑͌͘͞��͕͔͕͉͔͕͐͘ ͇͑͒͘͘��͕͙͕͑͗͐͢ ͕͍͋͌͗͘͏͙ ͉͙͕͕͙͖͔͔͗͌͌͌͘͢
͇͑͒͘͘͢��͔͇͎͉͇͓͌͌͢͢ «͉͙͉͌͏»��

• ̴͌͏͇͌͗͗͜͏͕͌͑͌͘͞: ͇͍͇͑͋ͦ ͕͕͈ͣ͘ ͕͙͔͔͇͌͌͘ ͑ ͚͔͏͇͔͕͑͒ͣ͐ ͚͖͖͊͗͌ ͖͚͙͓͌
͇͉͔͔͗͌͘͏ͦ ͌͌ ͘ ͏͕͔͓͋͘͜͢͏ ͇͇͓͑͒͘͘͏ ͙͇͑͏͓ ͕͈͇͎͕͓͗, ͙͕͞ ͌͌ ͖͕͕͍͔͒͌͏͌
͉͙ͦ͒ͦ͌ͦ͘ ͔͇͏͈͕͒͌͌ ͕͕͙͉͙͙͉͚͌ͥ͌͐͘͘͠�

• ͇͙̾͘͏͔͕͞ ͕͉͖͇͇͋ͥ͌͌͘͠: ͕͕͈͘͏ ͓͕͚͙͊ ͖͗͏͔͇͍͇͙͋͒͌ͣ ͑ ͈͕͒͌͌, ͓͌͞ ͕͔͕͋͐
͚͖͖͊͗͌�

̹͏͖͢ ͇͑͒͘͘͏͛͏͇͑͝͏͏ ͕͙͔͕͙ͦͦ͘͘ ͑ ͖͕͚͇͓͗͌͋͗͝ ͇͙͇͕͑͒͊͏͎͇͝͏͏ ͕͈͙͕͉͌͑͡, 
͕͇͔͗͊͏͎͓͕͉ ͏ ͙.͋. ͏ ͏͖͕͎͚͙͒ͣͥͦ͘͘ ͉ ͔͕͌͑͒ͣ͑͘͏͜ ͕͈͇͙͒ͦ͘͜ ͎͔͇͔͏͐. ̩ ͔͇͓͌͟
͚͇͒͌͘͞ ͓͢ ͏͖͕͎͚͓͒ͣ͌͘ ͏͇͌͗͗͜͏͚͌͑ͥ͘͞ ͇͑͒͘͘͏͛͏͇͑͝͏ͥ ͏͎-͎͇ ͖͗͏͕͗͋͢
͉͎͇͏͓͕͉͎ͦ͌͐͘ ͓͍͚͌͋ ͕͕͈͓ͦ͘͏, ͇ ͏͓͔͔͕͌, ͕͕͈ͣ͘, ͖͕͖͚͒ͦ͝͏ͦ, ͕͈͇͎͗͌͝, ͕͙͗͘, 
͖͗. ͉͙ͦ͒ͦͥͦ͘ ͌͋͏͔͏͇͓͝͏, ͕͙͕͑͗͌͢ ͔͌ ͓͕͚͙͊ ͈͙ͣ͢ ͕͙͔͔͌͌͘͢ ͑ ͉͚͓͋ ͇͎͔͓͗͢
͚͖͖͇͓͊͗ ͉ ͕͔͕͋ ͏ ͙͕ ͍͌ ͉͓͗͌ͦ. 

̲͏͙͇͙͚͇͌͗͗

*DUFíD��-�$���0�&��'XTXH��-��7RKPH��6��;X ͏ 0��/HY\��������6$6�IRU &ODVVLILFDWLRQ
$QDO\VLV��$JURELRWHFQRORJ\ &RXUVH��2FWREHU ������:RUNLQJ GRFXPHQW��&HQWUR�
,QWHUQDFLRQDO�GH�$JULFXOWXUD�7URSLFDO��&,$7���&DOL��&RORPELD�
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

̱͇͒͘͘͏͛͏͇͑͝͏ͦ ͖͕ ͔͚͛͌

f ̶͕͇͎͉͇͙͑͌͢ ͉͎͇͏͓͕͉͎ͦͣ͘ ͓͍͚͌͋ ͕͈͇͎͇͓͗͝͏
͖͚͙͓͌ ͏͖͕͎͕͉͇͔͒ͣ͘͏ͦ ͏͔͇͋͌͑͘ ͕͙͉͇͋͘͘͜

f ̳͙͕͌͋ ͚͖͖͊͗͏͕͉͇͔͗͏ͦ ͏͒͏ ͇͙͕͔͗ͦ͘͘͏͌ ͉͈͇͔͗͢͢
͙͇͑͏͓ ͕͈͇͎͕͓͗��͙͕͞ ͉͕͉͋͗͌͏͔͇͋ͦ ͓͇͌͘͜
�͔͕͇͓͓͇͋͌͋͗͊͗��͏͒͏ ͔͕͇͓͓͇͛͌͊͗ �͌͒͘͏ ͓͇͙͗͏͇͝
͕͙͉͇͋͘͘͜ ͕͍͋͌͗͘͏͙ ͔͕͙͛͌͏͖͏͌͑͘͞͏͌ ͇͔͔͋͌͢��
͓͕͍͙͌ ͈͙ͣ͢ ͏͎͕͈͇͍͔͇͗͌

� � � � � � �

�

� �

�

̩ ͙͕͓ͤ ͖͗͏͓͌͗͌ ͏͇͌͗͗͜͏͕͕͌͑͊͘͞ ͚͖͖͊͗͏͕͉͇͔͗͏ͦ ͉͓͌͘ ͖͗͏͎͔͇͇͓͑ ͖͗͏͇͔͋͢
͕͋͏͔͇͕͉͇͑ͦ ͉͇͍͔͕͙ͣ͘ ͉ ͖͕͗͌͌͘͘͝ ͚͖͖͊͗͏͕͉͇͔͗͏ͦ���

̵͈͌͌͠ ͚͓͓͇͔͕͗͌͘ ͕͙͉͕͋͘͘͜ ͓͍͚͌͋ ͉͚͓͋ͦ ͚͖͖͇͓͊͗͏ � ͙͕ͤ ͚͓͓͇͘ ͕͙͉͋͘͘͜
͇͍͕͕͑͋͊ ͖͗͏͎͔͇͇͑��

̵͔͇ ͔͌ ͚͞͏͙͉͇͙͌͢ ͔͇͕͊͌͌͒͊͏ͥ�

̻͔͔͇͌ͦ ͕͙͔͕͘͏͙ͦ͘ ͑ ͈͕͓͚͒ͥ ͖͗͏͎͔͇͚͑��͏͖͕͎͕͉͇͔͔͕͓͚͒ͣ͘ ͉ ͖͕͚͗͌͋͗͌͝
͇͑͒͘͘͏͛͏͇͑͝͏͏��͏͒͏ ͓͕͕͕͗͛͒͊͏͕͓͚͌͑͘͞��͛͏͎͏͕͕͒͊͏͕͓͚͌͑͘͞��͕͕ͤ͑͒͊͏͕͓͚͌͑͘͞��
͓͕͚͔͕͓͚͒͌͑͒ͦ͗��͏͒͏ ͝͏͙͕͕͒͊͏͕͓͚͌͑͘͞���
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

̳͙͕͌͋͢ ͕͈͇͎͕͉͇͔͗͏ͦ ͇͙͕͉͑͒͌͗͘

f ͙͇͖̈́͢ ͕͈͇͎͕͉͇͔͗͏ͦ ͇͙͕͉͑͒͌͗͘ ��
ವ ̵͖͔͗͌͋͌͒͌͏͌ ͈͒͏͎͕͙͘͏
ವ ̵͔͇͌͑͝ ͇͍͕͑͋͐ ͚͖͖͊͗͏͕͉͗͑͏ ͉ ͕͕͙͉͙͙͉͌͘͘͏͏ ͘

͋͏͙͇͔͘͝͏͌͐
ವ ̶͕͙͕͔͗͌͘͏͌ ͉͙͉͌͌͐ ͔͕͇͓͓͋͌͋͗͊͗͢ ͉ ͇͍͕͓͑͋

͝͏͑͒͌

f ̸͚͙͉͚͙͌͌͘͠ ͙͗͏ ͓͙͕͇͌͋ �
ವ ̶͕͙͇͗ͦ͘ ͉͎ͦͣ͘ �͏͒͏ m͈͒͏͍͇͐͟͏͐ ͕͌͋͘͘}�
ವ ̧͈͕͙͔͇͒ͥͦ͘ ͉͎ͦͣ͘ �͏͒͏ m͇͓͐͘͢ ͇͔͋͒ͣ͏͐ ͕͌͋͘͘}�
ವ ̸͔͗͌͋ͦͦ ͉͎ͦͣ͘ �͏͒͏ 83*0&�

̯͓͙͌ͥͦ͘ ͚͋͗͊͏͌ ͓͙͕͌͋͢ ͕͈͇͎͕͉͇͔͗͏ͦ ͇͙͕͉͑͒͌͗͘ ͇͑͑�

ವ ̳͙͕͌͋ ͔͉͎͉͔͔͌͌͌͟͢͜ ͖͇͔͗͢͜ ͚͖͖͊͗ ͘ ͏͖͕͎͕͉͇͔͒ͣ͘͏͓͌ ͔͙͕͌͗͝͏͇͋
�8QZHLJKWHG SDLU�JURXS�PHWKRG�XVLQJ�WKH�FHQWURLG �83*0&����̵͔ ͕͔͕͉͇͔͘
͔͇ ͋͏͙͇͔͘͝͏͏ ͓͍͚͌͋ ͔͗͌͋͘͏͓͏ ͎͔͇͔͌͞͏͓ͦ͏ ͇͍͕͑͋͐ ͚͖͖͊͗͢�

ವ ̳͙͕͌͋ ͉͎͉͔͔͌͌͟͢͜ ͖͇͔͗͢͜ ͚͖͖͊͗ ͘ ͏͖͕͎͕͉͇͔͒ͣ͘͏͓͌ ͔͙͕͌͗͝͏͇͋
�:HLJKWHG�SDLU�JURXS�PHWKRG�XVLQJ�WKH�FHQWURLG �:3*0&����̵͔ ͕͔͕͉͇͔͘ ͔͇
͔͓͗͌͋͌͘ ͎͔͇͔͌͞͏͏ ̵̹̬ ͉ ͚͖͖͇͊͗͜��

ವ ̳͙͕͌͋ ̩͇͇͗͋��̵͔ ͇͈͕͙͇͙͗͌ ͘ ͚͓͓͕͐͘ ͉͇͇͙͕͉͑͋͗ ͋͏͙͇͔͘͝͏͐ ͋͒ͦ ͖͇͗͢
̵̹̬��̵͔ ͙͇͍͑͌ ͏͎͉͙͔͌͌͘ ͇͑͑ ͓͙͕͌͋ ͓͏͔͏͓͇͔͕͒ͣ͐ ͉͇͗͏͇͔͘͢��͙͇͑ ͇͑͑ ͖͗͏
͉͎͙ͦ͏͏ ͎͔͇͔͌͞͏͐ ͉ ͉͇͇͙͑͋͗͌ ͕͔ ͙͇͔͕͉͘͏͙ͦ͘ ͕͔͌ͣ͞ ͚͉͙͉͘͞͏͙͔͓͌͒ͣ͢
͓͙͕͕͓͌͋ �͇͎͔͗͌͢ ̵̹̬ ͈͚͚͙͋ ͉͙͊͒ͦ͋͌ͣ͢ ͈͕͒͌͌ ͔͕͔͓͌͋͘͜͢͏��͇ ͕͔͋͌͘͜͢
̵̹̬ ͈͚͚͙͋ ͉͙͊͒ͦ͋͌ͣ͢ ͈͕͒͌͌ ͖͕͕͍͜͏͓͏���̵͔ ͓͕͍͙͌ ͏͖͕͎͕͉͇͙͒ͣͣͦ͘͘ ͘
͉̈́͑͒͏͕͉͓͋͢͏ ͋͏͙͇͔͘͝͏͓ͦ͏ ͏ ͓͕͚͔͓͒͌͑͒ͦ͗͢͏ ͇͔͔͓͋͢͏��͕͇͑͊͋ ͏͓͙͌͌ͦ͘
͈͕͕͒ͣ͌͟ ͞͏͕͒͘ ͖͕͕͒͘ ̴̫̱�

̩ ͚͒͌͋ͥ͘͠͏͜ ͔͕͌͑͒ͣ͑͘͏͜ ͇͇͒͐͋͘͜ ͓͢ ͕͈͚͋͘͏͓ ͈͕͒͌͌ ͖͕͕͈͔͕͋͗ ͙͗͏ ͓͙͕͇͌͋��
͖͌͗͌͞͏͔͔͒͌͘͢͜ ͉ ͇͒͐͋͌͘ ͉͌͢͟��͏ ͖͗͏͉͓͌͋͌ ͖͗͏͓͌͗ ͋͒ͦ ͇͍͕͕͑͋͊ ͏͎ ͔͏͜��



��

̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

f ̯͒͏ m͈͒͏͍͇͐͟͏͐ ͕͌͋͘͘}
f ̵͔͇ ͓͏͔͏͓͇͔͕͒ͣ ͚͓͔͇͙͌ͣ͌͟ ͓͍͚͖͖͕͉͕͌͊͗͌

͇͙͕͔͗ͦ͘͘͏͌ ͖͚͙͓͌ ͉͈͕͇͗͢ ͇͙͕͔͗ͦ͘͘͏ͦ ͑
͕͚͌͋͘͘ ͘ ͇͓͕͐͘ ͉͕͕͑͐͘͢ ͕͍͙͌ͣͥ͘͘͜

f ̵͔͇ ͇͈͕͙͇͙͗͌ ͘ ͚͔͓͗͌͊͒ͦ͗͢͏ ͏ ͕͓͖͇͙͔͓͑͑͢͏
͚͖͖͇͓͊͗͏��͔͕ ͘͏͔͕͒ͣ ͖͕͉͇͙͋͌͗͊͌ͦ͘
͉͕͎͙͉͋͌͐͘͏ͥ ͕͘ ͙͕͕͔͗͘͢ ͇͔͋͒ͣ͏͜ ͕͕͈͌͐͘��͙͕̈́
͔͚͕͈͔͕͌͋��͕͇͑͊͋ ͇͎͔͗͌͢ ͚͖͖͊͗͢ ͕͕͕͗͜͟ ͔͌
͇͖͕͙͇͔͔͗͗͗͌͘͘͢ ͉ ͖͕͙͇͔͙͉͗͗͌͘͘

̪͚͖͖͇͗ � ̪͚͖͖͇͗ �

G�����
G������ �͓͏͔͏͓͇͔͕͒ͣ͌
͇͙͕͔͗ͦ͘͘͏͌ ͓͍͚͌͋ ͉͚͓͋ͦ
̵̹̬

̶͕͙͇͗ͦ͘ ͉͎ͦͣ͘



��

̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

̶͕͙͇͗ͦ͘ ͉͎ͦͣ͘��͖͗͏͓͌͗
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�� ̸͔͇͇͇͒͞ ͕͓͛͗͏͚͙͗͌ͦ͘ ͓͇͙͗͏͇͝ ͇͙͕͔͗ͦ͘͘͏ͦ��͎͇͙͓͌��͉ ͖͉͕͓͌͗ ͝͏͑͒͌��
͉͈͢͏͇͙͗͌ͦ͘ ͇͓͕͌͘ ͕͕͙͕͑͗͑͌ ͇͙͕͔͗ͦ͘͘͏͌ G$'  ������

�� ̻͕͓͗͏͚͙͗͌ͦ͘ ͔͕͉͇ͦ ͓͇͙͗͏͇͝ ͖͚͙͓͌ ͚͖͖͊͗͏͕͉͗͑͏ ͕͕͈͌͐͘ $�͏ '�͏ ͇͙͇͗͌͘͞
͕͓͈͑͏͔͏͕͉͇͔͔͗͢͜ ͇͙͕͔͗ͦ͘͘͏͐���

G%�$'�  �PLQ �G%$��G%'�� �PLQ ������������� �����
G&�$'�  �PLQ �G&$��G&'�� �PLQ ������������� �����

�� ̻͕͓͗͏͚͙͗͌ͦ͘ ͔͕͉͇ͦ ͓͇͙͗͏͇͝ ͖͚͙͓͌ ͚͖͖͊͗͏͕͉͗͑͏ ͕͕͈͘͏ %�͘ ͚͖͖͕͊͗͐ �$'��͏
͇͙͇͗͌͘͞ ͕͓͈͑͏͔͏͕͉͇͔͔͗͢͜ ͇͙͕͔͗ͦ͘͘͏͐

G&�$'%�  �PLQ �G$&��G&'��G&%�� �PLQ ������������������� �����

�� ̷͏͚͙͌ͦ͘͘ ͔͕͇͓͓͇͋͌͋͗͊͗�



��

̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

f ̯͒͏ m͇͓͐͘͢ ͇͔͋͒ͣ͏͐ ͕͌͋͘͘}
f ̵͔͇ ͓͇͑͘͏͓͇͔͕͒ͣ ͚͉͌͒͏͞͏͉͇͙͌ ͓͍͚͖͖͕͉͕͌͊͗͌

͇͙͕͔͗ͦ͘͘͏͌ ͖͚͙͓͌ ͉͈͕͇͗͢ ͇͙͕͔͗ͦ͘͘͏ͦ ͑ ͕͚͌͋͘͘ ͘
͓͏͔͏͓͇͔͕͒ͣ͐ ͕͍͙͌ͣͥ͘͘͜

f ̵͔͇ ͇͈͕͙͇͙͗͌ ͘ ͚͔͓͗͌͊͒ͦ͗͢͏ ͏ ͕͓͖͇͙͔͓͑͑͢͏
͚͖͖͇͓͊͗͏��͔͕ ͕͖͙ͦͣ ͍͌ ͘͏͔͕͒ͣ ͖͕͉͇͙͋͌͗͊͌ͦ͘
͉͕͎͙͉͋͌͐͘͏ͥ ͕͘ ͙͕͕͔͗͘͢ ͇͔͋͒ͣ͏͜ ͕͕͈͌͐͘��

̪͚͖͖͇͗ � ̪͚͖͖͇͗ �

G�����
G������ �͎͔͇͞͏͙͔͕͌͒ͣ͌
͇͙͕͔͗ͦ͘͘͏͌ ͓͍͚͌͋
͉͚͓͋ͦ ̵̹̬

̧͈͕͙͔͇͒ͥͦ͘ ͉͎ͦͣ͘
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

̧͈͕͙͔͇͒ͥͦ͘ ͉͎ͦͣ͘��͖͗͏͓͌͗
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�� ̸͔͇͇͇͒͞ ͕͓͛͗͏͚͙͗͌ͦ͘ ͓͇͙͗͏͇͝ ͇͙͕͔͗ͦ͘͘͏ͦ��͎͇͙͓͌��͉ ͖͉͕͓͌͗ ͝͏͑͒͌��
͉͈͢͏͇͙͗͌ͦ͘ ͇͓͕͌͘ ͋͒͏͔͔͕͌ ͇͙͕͔͗ͦ͘͘͏͌ G%'  ������

�� ̻͕͓͗͏͚͙͗͌ͦ͘ ͔͕͉͇ͦ ͓͇͙͗͏͇͝ ͖͚͙͓͌ ͚͖͖͊͗͏͕͉͗͑͏ ͕͕͈͌͐͘ ̩ ͏ '�͏ ͇͙͇͗͌͘͞
͕͓͈͑͏͔͏͕͉͇͔͔͗͢͜ ͇͙͕͔͗ͦ͘͘͏͐���

G$�%'�  �PD[�G%$��G$'�� �PD[������������� �����
G&�%'�  �PD[�G&%��G&'�� �PD[������������� �����

�� ̻͕͓͗͏͚͙͗͌ͦ͘ ͔͕͉͇ͦ ͓͇͙͗͏͇͝ ͘ ͚͖͖͇͓͊͗͏ ̸̧ ͏ ̩'�͏ ͇͙͇͗͌͘͞
͕͓͈͑͏͔͏͕͉͇͔͔͗͢͜ ͇͙͕͔͗ͦ͘͘͏͐

G�$&��'%�  �PD[ �G$'��G$%��G&'��G&%�� �PD[ ������������������������� ������

�� ̷͏͚͙͌ͦ͘͘ ͔͕͇͓͓͇͋͌͋͗͊͗�



��

̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

f ̯͒͏ m͓͙͕͌͋ ͔͉͎͉͔͔͕͕͌͌͌͊͟ ͖͕͖͇͔͕͕͗͊
͚͖͖͊͗͏͕͉͇͔͗͏ͦ ͘ ͏͖͕͎͕͉͇͔͒ͣ͘͏͓͌
͇͗͏͓͙͛͌͏͕͌͑͐͘͞ ͔͗͌͋͌͐͘} �83*0$�

f ̵͔ ͓͏͔͏͓͏͎͏͚͙͗͌ ͓͍͚͖͖͕͉͕͌͊͗͌ ͇͙͕͔͗ͦ͘͘͏͌
͖͚͙͓͌ ͚͙͇͌͞ ͔͕͗͌͋͌͊͘ ͖͕͖͇͔͕͕͗͊ ͇͙͕͔͗ͦ͘͘͏ͦ
͗͌͋͘͏ ͉͌͘͜ ͕͕͈͌͐͘ ͕͈͇͎͇͗͝

f ̴͇͏͈͕͒͌͌ ͏͖͕͎͚͓͒ͣ͌͐͘͢ ͓͙͕͌͋

G��L ��M�� �͔͗͌͋͌͌͘
͇͙͕͔͗ͦ͘͘͏͌ ͓͍͚͌͋ ̵̹̬L ͏
̵̹̬M ͚͖͖͊͗ ��͏ �

̪͚͖͖͇͗ � ̪͚͖͖͇͗ �

̸͔͗͌͋ͦͦ ͉͎ͦͣ͘
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

̸͔͗͌͋ͦͦ ͉͎ͦͣ͘��͖͗͏͓͌͗
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�� ̸͔͇͇͇͒͞ ͕͓͛͗͏͚͙͗͌ͦ͘ ͓͇͙͗͏͇͝ ͇͙͕͔͗ͦ͘͘͏ͦ��͎͇͙͓͌��͉ ͖͉͕͓͌͗ ͝͏͑͒͌��͉͈͢͏͇͙͗͌ͦ͘
͇͓͕͌͘ ͕͕͙͕͑͗͑͌ ͇͙͕͔͗ͦ͘͘͏͌ G$'  ������

�� ̸͚͒͌͋ͥ͌͌͠��͕͓͛͗͏͚͙͗͌ͦ͘ ͔͕͉͇ͦ ͓͇͙͗͏͇͝ ͖͚͙͓͌ ͚͖͖͊͗͏͕͉͗͑͏ ͕͕͈͌͐͘ ̧ ͏ '�͏ ͇͙͇͗͌͘͞
͕͓͈͑͏͔͏͕͉͇͔͔͗͢͜ ͇͙͕͔͗ͦ͘͘͏͐���

G%�$'�  ��G%$ ��G%'���� ����������������� �����
G&�$'�  ��G&$ ��G&'���� ����������������� ������

�� ̻͕͓͗͏͚͙͗͌ͦ͘ ͔͕͉͇ͦ ͓͇͙͗͏͇͝ ͖͚͙͓͌ ͚͖͖͊͗͏͕͉͗͑͏ ͕͕͈͌͐͘ ͘ ͇͓͓͘͢ ͕͕͙͑͗͑͏͓
͇͙͕͔͗ͦ͘͘͏͓͌ ̩ ͘ ̸ ͏ ͇͙͇͗͌͘͞ ͕͓͈͑͏͔͏͕͉͇͔͔͗͢͜ ͇͙͕͔͗ͦ͘͘͏͐

G�$'���%&�  ��G$% ��G$& ��G%' ��G%&���� ������������������������������� �����



��

̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

f ̶͉͕͌͗͌��͕͈͌͗͘͏͙͌ ͎͔͇͔͏ͦ ͕͈ ͏͎͚͇͓͕͓͌͞ ͉͏͋͌��
͕͌͊ ͇͎͔͕͕͈͇͎͗͗͏͏��͘͏͙͓͌͌͘ ͖͕͚͗͌͗͋͑͝͏͏��
͖͕͒͏͔͕͙͋͘͏ ͏ ͚͕͉͔͗ͦ͜ ͙͕͎͊͌͌͗͏͕͙͔͕͙͊͘͏

f ̵͙͕͕͍͔͕͗͘ ͕͙͈͌͗͏͙͌ ͔͙͊͌͌͏͌͑͘͞͏͌ ͖͗͏͎͔͇͑͏
͋͒ͦ ͇͔͇͒͏͎͇

f ̧͖͕͈͗͏͚͙͗͐͌ ͇͎͔͗͌͢ ͓͙͕͕͕͌͋͒͊͏͏
͕͈͇͎͕͉͇͔͗͏ͦ ͇͙͕͉͑͒͌͗͘ ͏ ͕͔͌͝͏͙͌ ͚͕͉͔͗͌ͣ
͕͇͊͒͘͘͏ͦ��͕͙͋͘͏͔͚͙͊͐͢ ͘ ͇͍͓͑͋͢ ͏͎ ͔͏͜

̩͈͢͏͇͗ͦ ͓͙͕͌͋ ͕͈͇͎͕͉͇͔͗͏ͦ ͇͙͕͉͑͒͌͗͘

̱ ͙͕͓͚ ͍͌ ͉͇͌͊͋͘ ͈͚͙͋͌ ͉͇͍͔͕ ͕͈͌͋͡͏͔͙ͦͣ ͇͑͑ ͓͕͍͔͕ ͈͕͒ͣ͌͟
͏͔͕͓͇͛͗͝͏͏��̶͗͏͓͌͗ ͖͗͏͉͔͌͋͌ ͉ ̶͗͏͕͍͔͒͌͏͏ ���͔͌͒͑͠͏͙͌ ͓͕͑͐͢͟
͎͋͌ͣ͘�� ͊͋͌ ͏͓͙͌ͥͦ͘ ͇͑͑ ͓͕͕͕͗͛͒͊͏͌͑͘͞͏͌��͙͇͑ ͏ ͓͕͚͔͒͌͑͒ͦ͗͌͢
͇͔͔͋͌͢��͇ ͙͇͍͑͌ ͏͖͕͎͕͉͇͔͒ͣ͘͏͌ ͕͙͔͋͌͒ͣ͢͜ ͔͇͈͕͕͉͗ ͇͔͔͋͢͜
͇͉͔͗͘͏͉͇͙͌ͦ͘ ͘ ͏͖͕͎͕͉͇͔͒ͣ͘͏͓͌ ͕͈͌͋͡͏͔͔͔͌͢͜ ͇͔͔͋͢͜�



��

̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

f ̩͔͔͌ͦͦ͟ ͖͕͉͇͗͌͗͑ ͖͇͉͗͏͔͕͙͒ͣ͘͏

f ̩͔͚͙͔͔͗͌ͦͦ ͖͕͉͇͗͌͗͑ ͖͇͉͗͏͔͕͙͒ͣ͘͏

f ̵͙͔͕͘͏͙͔͇͌͒ͣͦ ͖͕͉͇͗͌͗͑ ͖͇͉͗͏͔͕͙͒ͣ͘͏

f %RRWVWUDS ͇͔͇͒͏͎

̶͕͉͇͗͌͗͑ ͖͇͉͗͏͔͕͙͒ͣ͘͏ ͇͔͇͒͏͎͇
͕͈͇͎͕͉͇͔͗͏ͦ ͇͙͕͉͑͒͌͗͘

̩͔͔͌ͦͦ͟ ͖͕͉͇͗͌͗͑ ͖͇͉͗͏͔͕͙͒ͣ͘͏�
̳͇͙͗͏͔͕͌͞ ͇͙͕͔͗ͦ͘͘͏͌ ͇͉͔͗͘͏͉͇͙͌ͦ͘ ͘ ͚͕͋͗͊͐ ͏͔͕͓͇͛͗͝͏͌͐��͔͌
͏͖͕͎͕͉͇͔͔͕͒ͣ͐͘ ͉ ͇͙͇͗͌͘͜͞ ͚͖͖͊͗͏͕͉͇͔͗͏ͦ��͔͇͖͗͏͓͌͗��͔͇͕͊͌͌͒͊͏ͦ���

̩͔͚͙͔͔͗͌ͦͦ ͖͕͉͇͗͌͗͑ ͖͇͉͗͏͔͕͙͒ͣ͘͏ �
͙͇̈́ ͙͔͕͕͌͒͊͜͏ͦ ͕͑͒͏͙͉͔͔͕͌͌͘͞ ͉͇͍͇͙͗͌͢ ͏͇͍͔͑͌͘͏͌ ͉ ͎͚͙͇͙͗͌͒ͣ͌
͏͖͕͎͕͉͇͔͔͕͕͒ͣ͊͘ ͓͙͕͇͌͋ ͚͖͖͊͗͏͕͉͇͔͗͏ͦ��̵͔͇ ͙͕͗͘͏͙ ͔͕͉͚ͥ ͓͇͙͗͏͚͝
͖͕͕͈͋͏ͦ ͏͒͏ ͋͏͙͇͔͘͝͏͏��͓͇͙͗͏͚͝ m͕͑�͔͇͛͌}��͖͓͕͗ͦ ͏͎ ͔͕͇͓͓͋͌͋͗͊͗͢��
̶͕͉͇͗͌͗͑ ͖͇͉͗͏͔͕͙͒ͣ͘͏ ͇͗͘͘͞͏͙͉͇͙͌ͦ͘͢ ͖͗͏ ͖͕͓͕͠͏ ͕͑ͤ͛͛͏͝͏͔͙͇͌
͕͑͗͗͌͒ͦ͝͏͏ ͓͍͚͌͋ ͇͔͔͓͋͢͏ ͖͕͕͈͋͏ͦ ͏͒͏ ͇͙͕͔͗ͦ͘͘͏ͦ ͏͎ ͏͕͔͕͋͐͘͜
͓͇͙͗͏͢͝ ͏ ͇͔͔͓͋͢͏ ͔͕͉͕͐ ͓͇͙͗͏͢͝ ͕͑�͔͇͛͌��̶͕͍͋͋͌͗͏͉͇͙ͥͦ͘ ͒͏
͏͕͔͋͌͘͜͢ ͇͙͕͔͗ͦ͘͘͏ͦ ͕͔͌͝͏͉͇͙͌ͦ͘ ͖͕͒͌͘ ͕͚͙͉͔͌͒͌͘͘͠͏ͦ
͚͖͖͊͗͏͕͉͇͔͗͏ͦ �6RNDO ͏ 5RKOI��������

̵͙͔͕͘͏͙͔͇͌͒ͣͦ ͖͕͉͇͗͌͗͑ ͖͇͉͗͏͔͕͙͒ͣ͘͏�
̸͇͉͔͗͏͉͇͙͌ͦ͘ ͕͍͙͌ͣ͘͘͜ ͓͍͚͌͋ ͓͙͕͇͓͌͋͏�

̶͕͉͇͗͌͗͑ ͖͇͉͗͏͔͕͙͒ͣ͘͏ ͖͗͏ ͖͕͓͕͠͏ %RRWVWUDS ͇͔͇͒͏͎͇ �
͙͕̈́ ͓͙͕͌͋ ͖͕͉͙͕͔͕͕͗͊ ͕͙͈͕͇͗ ͕͈͇͎͕͉͗͝ ͖͚͙͓͌ ͎͇͓͔͌͢ ͙͕͐ ͍͌
͓͇͙͗͏͌͐͝ ͇͔͔͋͢͜��̵͔ ͖͕͎͉͕͙͒ͦ͌ ͉͢͞͏͒͘͏͙ͣ ͙͇͔͇͙͔͋͗͌͘͢ ͕͙͕͔͔͑͒͌͏ͦ ͏
͉͇͗͏͇͔͘͢ ͏ ͖͕͎͔͒͌͌ ͉ ͙͌͜ ͘͏͙͚͇͝͏ͦ͜��͊͋͌ ͞͏͕͒͘ ͕͈͇͎͕͉͗͝ ͏͒͏
͚͕͉͗͌͗͘͘��͔͇͖͗͏͓͌͗��͉͓͔͗͌͌͏��͈͍͙͇ͥ͋͌��͕͇͔͊͗͏͔͕͌͞���

̶͗͏͓͌͗͢ ͖͗͏͓͔͔͌͌͏ͦ ͓͙͕͕͉͌͋ ͕͑�͔͙͛͌͌͏͕͌͑͐͘͞ ͕͑͗͗͌͒ͦ͝͏͏ ͏ ͖͕͉͇͗͌͗͑
͖͇͉͗͏͔͕͙͒ͣ͘͏ %RRWVWUDS ͇͔͇͒͏͎͇ ͖͗͏͉͔͌͋͌͢ ͇͋͒͌͌��

̲͏͙͇͙͚͇͌͗͗

6RNDO��5��͏ -��5RKOI��������%LRPHWU\��7KH 3ULQFLSOHV DQG 3UDFWLFH RI 6WDWLVWLFV LQ�
%LRORJLFDO 5HVHDUFK ���ͦ ͗͌͋����)UHHPDQ 	�&R��1<�
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

�������������'
���������&

�����%
�$

'&%$

̯͕͔͇͋ͦ͘͜ ͋͏͙͇͔͘͝͏͕͔͔͇ͦ
͓͇͙͗͏͇͝

̫͔͕͇͓͓͇͌͋͗͊͗

������������������������ ���

�������������'
���������&

�����%
�$

'&%$

̱͕�͔͙͛͌͌͏͇͌͑ͦ͘͞
͓͇͙͗͏͇͝

%

'

$

&

������������

̱͕�͔͙͛͌͌͏͇͌͑ͦ͘͞
͕͑͗͗͌͒ͦ͝͏ͦ  �������

̱͕�͔͙͛͌͌͏͇͌͑ͦ͘͞ ͕͑͗͗͌͒ͦ͝͏ͦ��͖͗͏͓͌͗

Ⱦɥɹ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɦɚɬɪɢɰɵ ɤɨ-ɮɟɧɚ ɦɵ ɜɡɝɥɹɧɟɦ ɧɚ ɞɟɧɞɪɨɝɪɚɦɦɭ, ɪɚɧɟɟ
ɩɨɫɬɪɨɟɧɧɭɸ ɫ ɢɫɯɨɞɧɨɣ ɦɚɬɪɢɰɟɣ (ɷɬɨɬ ɩɪɢɦɟɪ ɩɪɢɜɟɞɟɧ ɜ ɫɥɚɣɞɟ 58). Ɇɵ
ɜɢɞɢɦ, ɱɬɨ ɞɢɫɬɚɧɰɢɹ ɦɟɠɞɭ '�ɢ &�ɜ ɞɟɧɞɪɨɝɪɚɦɦɟ ɪɚɜɧɚ 0,43, ɢ ɦɵ
ɡɚɩɨɥɧɹɟɦ ɹɱɟɣɤɭ ɜ ɦɚɬɪɢɰɟ ɤɨ-ɮɟɧɚ. Ⱦɢɫɬɚɧɰɢɹ ɦɟɠɞɭ ȼ ɢ ɋ ɪɚɜɧɚ 0,35 ɢ
ɬɚɤ ɞɚɥɟɟ. 

Ɋɚɫɱɟɬɵ ɞɥɹ ɤɨɪɪɟɥɹɰɢɢ ɤɨ-ɮɟɧɚ ɨɫɧɨɜɚɧɵ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬɟ ɤɨɪɪɟɥɹɰɢɢ: 

U� ��6;L<L � 6;L6<L�Q��6;L6<L

ɝɞɟ,

;L ͏ <L – ͙͕ͤ ͎͔͇͔͌͞͏ͦ ͕͔͕͙͋͘͘͜͏ ͏͒͏ ͋͏͙͇͔͘͝͏͏ ͏͕͔͕͋͐͘͜ ͏ ͕͑�
͔͔͕͛͌͐ ͓͇͙͗͏͢͝ ͕͕͙͉͙͙͉͔͔͕͌͌͘͘
6;L ͏ 6<L – ͙͕ͤ ͙͇͔͇͙͔͋͗͌͘͢ ͕͙͕͔͔͑͒͌͏ͦ ͋͒ͦ ͇͍͕͑͋͐ ͖͓͔͔͕͌͗͌͌͐

̬͒͘͏ ͎͔͇͔͌͞͏͌ ͕͑͗͗͌͒ͦ͝͏͏ ͉͕͕͑͌͘͢, ͓͢ ͓͕͍͓͌ ͇͙͋͌͒ͣ͘ ͉͉͕͋͢, ͙͕͞
͔͕͇͓͓͇͋͌͋͗͊͗ ͉ ͙͉͋͌͐͘͏͙͔͕͙͌͒ͣ͘͏ ͕͙͇͍͇͙͗͌ ͋͏͙͇͔͘͝͏͏ ͉ ͏͕͔͕͋͐͘͜ ͓͇͙͗͏͌͝, 
͏ ͙͇͑͏͓ ͕͈͇͎͕͓͗ ͔͌ ͏͓͙͌͌ͦ͘ ͏͇͍͔͑͌͘͏ͦ ͉ ͎͚͙͇͙͗͌͒ͣ͌ ͓͙͕͇͌͋ ͚͖͖͊͗͏͕͉͇͔͗͏ͦ. 
̩ ͖͗͏͓͌͗͌ ͉͌͢͟ ͓͢ ͖͕͚͒͞͏͒͏ ͎͔͇͔͌͞͏͌ 0,5557. ͙͕̈́ ͔͗͌͋͌͌͘ ͎͔͇͔͌͞͏͌, 
͕͙͕͕͑͗͌ ͓͕͕͊͒ ͈͢ ͚͇͎͇͙͑ͣ, ͙͕͞ ͋͏͙͇͔͘͝͏͏ ͔͕͇͓͓͋͌͋͗͊͗͢ ͔͌ ͕͙͇͍͇͙͗ͥ ͇͔͔͋͌͢
͋͏͙͇͔͘͝͏͏ ͉ ͏͕͔͕͋͐͘͜ ͓͇͙͗͏͌͝, ͏ ͙͇͑͏͓ ͕͈͇͎͕͓͗, ͚͙͉͚͙͌͌͘͘͠ ͏͇͍͔͑͌͘͏͌ ͉
͎͚͙͇͙͗͌͒ͣ͌ ͏͖͕͎͕͉͇͔͔͕͕͒ͣ͊͘ ͓͙͕͇͌͋. ̵͔͇͕͋͑, ͉ ͖͗͏͓͌͗͌ ͖͕͙͕͔͗͌͘͏ͦ ͓͢
͏͖͕͎͕͉͇͒ͣ͒͘͏ ͕͔͌ͣ͞ ͔͎͔͇͌͞͏͙͔͕͌͒ͣ͌ ͕͑͒͏͙͉͕͌͘͞ ͇͔͔͋͢͜; ͏ ͇͍͋͌ ͕͔͏ ͔͌ ͈͒͢͏
͙͉͋͌͐͘͏͙͔͓͌͒ͣ͢͏ ͎͚͙͇͙͇͓͗͌͒ͣ͏ ͖ͤ͑͌͗͘͏͓͔͙͇͌, ͙͕͞ ͏ ͕͈͔͙ͦͦ͌͘͡ ͖͕͚͔͔͒͌͌͢͞
͎͔͇͔͌͞͏ͦ.   
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����/�

����/�

����/�
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����/�

3�3�3�3�

̳͇͙͗͏͇͝ ͇͔͔͋͢͜

̳͇͙͗͏͇͝ ͕͙͉͇͋͘͘͜

$ 3� 3� 3� 3�

̪͌͒ͣ

%
&

'
(

��� ���

���

̵͔͇͌͑͝ ͖͇͉͗͏͔͕͙͒ͣ͘͏ ͖͗͏ ͖͕͓͕͠͏ %RRWVWUDS
͇͔͇͒͏͎͇��͖͗͏͓͌͗

����������������3�

�����������3�

������3�

�3�

3�3�3�3�

�͖͕͕͍͔͗͋͒͌͏͌ ͉ ͚͓͒͌͋ͥ͌͘͠ ͇͒͐͋͌͘�

̩ ͊͌͒͌ ͉͌͢͟ �͉͔͌͗͜͏͐ ͉͒͌͐͢ ͚͕͊͒��͓͢ ͏͓͓͌͌ ��͕͕͈͘͏ �3L��͏ ��͕͚͕͉͒͑͘ �/M���̳͢
͖͖͕͕͍͗͌͋͒͏͓��͙͕͞ ͉͖͕͔͓͒ͦ͌͢ ͕͔͚͌͑͝ ͖͇͉͗͏͔͕͙͒ͣ͘͏ ͉ ͙͗͌͜ ͕͈͇͎͇͗͜͝ ͘
͎͇͓͔͌͌͠͏͓͌���

̸͔͇͇͇͒͞ ͓͢ ͖͕͋͘͞͏͙͇͓͌ ͇͔͔͋͌͢ ͓͇͇͗͑͌͗ ͉ ͕͕͈ͦ͘͜ �͓͇͙͗͏͇͝ ͇͔͔͋͢͜���͏ ͎͇͙͓͌
͓͢ ͉͢͞͏͒͘͏͓ ͔͗͌͋͌͌͘ ͕͙͉͕͋͘͘͜ �͖͕͙͕͗͌͘ ͕͉͖͇͔͋͌͘͏͌��͏ ͕͌͊ ͏͔͙͉͇͌͗͒���
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������ ± ���������� ± ���������� ± �����3�

������ ± ���������� ± �����3�

������ ± �����3�

�3�

3�3�3�3�

̳͇͙͗͏͇͝ ͔͕͗͌͋͌͊͘ ͕͙͉͇͋͘͘͜ ͘
͙͇͔͇͙͔͓͋͗͘͢͏ ͕͙͕͔͔͑͒͌͏͓ͦ͏

̫͔͕͇͓͓͇͌͋͗͊͗ ͕͋ ͎͇͓͔͌͌͠͏ͦ ̫͔͕͇͓͓͇͌͋͗͊͗ ͖͕͒͌͘ ͎͇͓͔͌͌͠͏ͦ

̵͔͇͌͑͝ ͖͇͉͗͏͔͕͙͒ͣ͘͏ ͖͗͏ ͖͕͓͕͠͏ %RRWVWUDS
͇͔͇͒͏͎͇��͖͗͏͓͌͗ �͖͕͕͍͔͗͋͒͌͏͌�

�

���� ���� ���� ���� ����

�

�

�

���� ���� ���� ���� ����

�

�

�

�

̫͒ͦ ͇͍͕͑͋͐ ͕͕͈͘͏��͎͔͇͔͌͞͏͌ ͋͒ͦ ͇͍͕͕͑͋͊ ͕͚͇͒͑͘ ͉͎͙͕ͦ ͖͕ ͕͔͕͓͚͋��͘
͎͇͓͔͌͌͠͏͓͌��͏ ͕͓͛͗͘͏͕͉͇͔͗ ͕͈͇͎͗͌͝ ͘ ͕͋͏͔͇͕͉͓͑͢ ͞͏͕͓͒͘ ͕͚͕͉͒͑͘��
̸͚͙͉͚͙͌͌͘͠ ͉͕͙͔͕͙͌͗ͦͣ͘��͙͕͞ ͕͚͒͑͘ ͉͈͇͔͗͢ ͕͋͏͔ ͏͒͏ ͈͕͒͌͌ ͇͎͗��̴͇͖͗͏͓͌͗�

0���/� /� /� /� /� �͕͚͒͑͘ /��͔͌ ͔͇͗͏͕͉͇͔͘�
0���/� /� /� /� /�
0���/� /� /� /� /�

̩ ͇͍͕͓͑͋ ͕͈͇͎͗͌͝ ͉͢͞͏͔͇͒͌͘ ͓͇͙͗͏͇͝ ͕͙͉͇͋͘͘͜�

̸͔͗͌͋͏͌ ͕͙͉͇͋͘͘͜ ͏ ͏͜ ͙͇͔͇͙͔͋͗͌͘͢ ͕͙͕͔͔͑͒͌͏ͦ ͇͗͘͘͞͏͙͇͔͢ ͋͒ͦ ͇͍͕͑͋͐ ͖͇͗͢
͕͕͈͌͐͘ ���	������	������	����͏ ͙͇͑ ͇͋͒͌͌���͏ ͕͎͇͔͇͋͘ ͓͇͙͗͏͇͝ ͔͕͗͌͋͌͊͘
͕͙͉͇͋͘͘͜�����

̶͕͙͕͔͇͗͌͘ ͔͕͉͇ͦ ͔͕͇͓͓͇͋͌͋͗͊͗ ͘ ͏͖͕͎͕͉͇͔͒ͣ͘͏͓͌ ͓͇͙͗͏͢͝ ͔͕͗͌͋͌͊͘
͕͙͉͇͋͘͘͜����

̫͒ͦ ͇͔͗͌͒ͣ͢͜ ͘͏͙͚͇͝͏͐ ͔͕͈͕͌͋͜͏͓͕ ͕͎͇͙͋ͣ͘ ͈͕͒͌͌ ����͕͈͇͎͕͉͗͝ ͎͇͓͔͌͌͠͏ͦ��
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f ̷͇͖͕͕͍͔͒͌͘͏͌ ದ ͙͕ͤ ͘͏͙͓͇͙͌͘͏͎͇͝͏ͦ ͏͒͏
m͚͖͕͕͔͗ͦ͋͌͞͏͌} ͌͋͏͔͏͝ ͕͈͇͎͇͗͝ ͉͕͋͒ͣ
͘͏͙͓͌͘ ͕͕͑͗͋͏͔͇͙

f ̽͌͒ͣ ͇͖͕͕͍͔͗͒͌͘͏ͦ��͇ ͙͇͍͑͌ ͓͙͕͕͉͌͋
͇͑͒͘͘͏͛͏͇͑͝͏͏��͎͇͇͙͑͒ͥ͌ͦ͘͞ ͉
͏͔͙͖͙͇͌͗͗͌͝͏͏ ͖͇͙͙͔͇͌͗ ͉ ͙͚͙͚͗͑͗͌͘
͕͈͇͎͕͉͗͝

̫͓͕͔͙͇͌͗͘͝͏ͦ ͉͎͇͏͓͕͉͎ͦ͌͐͘��͇͖͕͕͍͔͗͒͌͘͏͌

̷͇͖͕͕͍͔͒͌͘͏͌ ದ ͙͕ͤ ͓͔͕͕͓͔͊͌͗͐͢ ͓͙͕͌͋��͕͙͕͑͗͐͢ ͕͖͕͔͙͋͒ͦ͌ ͕͈͇͎͕͉͇͔͗͏͌
͇͙͕͉͑͒͌͗͘��͏ ͕͈͔͕͢͞ ͇͓͇͙͗͗͘͘͏͉͇͙͌ͦ͘ ͇͑͑ ͖͕͕͋͋͜��͕͙͕͑͗͐͢ ͈͒͏͍͌ ͑
͈͏͕͕͒͊͏͕͌͑͐͘͞ ͇͔͕͙͗͌͒ͣ͘͏��

̶͗͏ ͖͕͓͕͠͏ ͓͙͕͕͉͌͋ ͇͖͕͕͍͔͗͒͌͘͏ͦ ͓͢ ͕͙͜͏͓ ͖͙͇͉͗͌͋͘͏͙ͣ ͉͎͇͏͓͕͉͎ͦ͘͏
͕͈͇͎͕͉͗͝ ͖͕͙͓͗͘͢ ͖͕͕͈͕͓͘͘ ͖͚͙͓͌ ͚͓͔͔͌ͣ͌͟͏ͦ ͇͙͛͑͏͕͌͑͐͘͞ ͘͏͙͚͇͝͏͏ ͕͋
m͔͏͎͕͓͔͕͕͑͌͗͊ ͖͕͙͇͔͙͉͇͗͗͘͘} �*DXFK���������̶͗͏ ͙͕͓ͤ ͕͙͇͉͘͘ ͕͈͇͎͕͉͗͝
͏͎͚͇͙͌ͦ͘͞ ͉ ͕͓͌͒͝��͙͇͙͘͏͙͘͏͇͌͑ͦ͘͞ ͘͏͇͒ ͇͔͇͒͏͎͇ ͚͚͇͙͒͌ͦ͘͟͞��͙͇͑ ͇͑͑ ͏͎͈͙͕͑͢
͙͇͑ ͏͒͏ ͏͔͇͌͞ ͚͙͇͔͙͗ͦ͌ͦ͘͘ ͏͒͏ ͕͇͇͙͑͗͌ͦ͘͘͠��͏ ͕͙͔͕͘͏͙͔͇͌͒ͣͦ ͉͇͍͔͕͙ͣ͘
͇͎͔͗͢͜ ͇͊͗͋͏͔͙͕͉͌ ͓͕͍͙͌ ͈͙ͣ͢ ͚͙͇͔͕͉͔͇͒͌͘���̨͕͒͌͌ ͉͕͌͊͘��͓͢ ͖͕͚͇͓͒͌͞
͇͊͗͛͏͌͑͘͞͏͌ ͖͙͇͉͔͗͌͋͒͌͘͏ͦ ��͕͙͕͑͗͌͢ ͖͕͓͕͇͙͊ͥ ͔͇͓ ͏͔͙͚͏͙͏͉͔͕ ͙͕͕͉͇͙͒͑ͣ
͉͎͇͏͓͕͉͎ͦ͘͏ ͇͎͔͗͢͜ ͚͖͖͊͗ ͕͈͇͎͕͉͗͝�

̩ ͖͗͏͔͝͏͖͌��͇͖͕͕͍͔͗͒͌͘͏͌ ದ ͙͕ͤ ͏͔͙͚͓͔͙͗͌͘ ͇͑͑ ͋͒ͦ ͏͕͉͇͔͒͌͋͘͘͏͐��͙͇͑ ͏ ͋͒ͦ
͇͖͕͈͇͗͝͏͏ ͊͏͖͕͙͎͌��̩ ͈͕͓͒ͥ ͚͇͒͌͘͞��͎͚͙͇͙͗͌͒ͣ͢��͖͕͚͔͔͒͌͌͢͞ ͖͗͏ ͖͕͓͕͠͏
͓͙͕͕͉͌͋ ͇͖͕͕͍͔͗͒͌͘͏ͦ��͕͍͔͋͒͢ ͉͇͌͊͋͘ ͇͉͔͗͘͏͉͇͙ͣͦ͘ ͘ ͏͓͌ͥ͠͏͓͏ͦ͘
͎͔͇͔͏͓ͦ͏ ͕͈ ͏͎͚͇͓͕͓͌͞ ͕͈͇͎͗͌͝ ͏ ͔͇͕͕͑͒ͣ͑͘ ͙͕ͤ ͉͕͎͓͕͍͔͕ ͘ ͕͖͕͔͋͒͏͙͔͕͌͒ͣ͐
͏͔͕͓͇͛͗͝͏͌͐��͕͙͔͕ͦ͌͐ͦ͘͘͠ ͑ ͏͚͓͕͓͚͒͌͋͌͘͘ ͈͏͕͕͒͊͏͕͓͚͌͑͘͞ ͉͕͖͕͚͗͘��

̲͏͙͇͙͚͇͌͗͗

*DXFK��+�*���-U��������0XOWLYDULDWH�$QDO\VLV�DQG�&RPPXQLW\�6WUXFWXUH�
&DPEULGJH�8QLYHUVLW\�3UHVV��8.��
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

f ̵͔͕͉͔͕͐͘ ͇͔͇͒͏͎ ͕͕͑͗͋͏͔͇͙ �̵̧̱�

f ̴͓͙͌͌͗͏͕͌͑͌͘͞ ͓͔͕͕͓͔͕͊͌͗͌
͓͇͙͇͈͘͟͏͕͉͇͔͗͏͌ �̴̳̳�

f ̧͔͇͒͏͎ ͇͔͇͕͒͊͏͐ �̧̧�

̶͕͎͔͒͌͌͢ ͓͙͕͌͋͢ ͇͖͕͕͍͔͗͒͌͘͏ͦ ͋͒ͦ ͇͔͔͋͢͜
͓͕͚͔͕͕͒͌͑͒ͦ͗͊ ͓͇͇͗͑͌͗

̸͚͙͉͚͙͌͌͘͠ ͓͔͕͕͊ ͖͕͕͈͕͉͘͘ ͇͖͕͕͍͔͗͒͌͘͏ͦ – ͔͕͙͕͌͑͗͌͢ ͏͎ ͔͏͜ ͕͔͕͉͇͔͘͢ ͔͇
͇͔͔͋͢͜ ɪɚɫɫɬɨɹɧɢɹ ͏͒͏ ͔͇ ͇͙͇͗͌͘͜͞, ͙͇͑ ͔͇͎͉͇͓͌͢͢͜, ͕͈͙͉͔͔͌͘͘͢͜ ͎͔͇͔͌͞͏͐
(͚͓͓͘͢ ͉͌͘͜ ͉͇͗͏͇͔͘ ͋͒ͦ ͇͍͕͕͑͋͊ ͖͗͏͎͔͇͇͑ ͉ ͇͍͕͓͑͋ ͕͓͖͕͔͔͙͑͌͌). ̵͔͇͕͋͑, 
͙ͤ͏ ͖͕͕͈͘͘͢, ͕͔͕͉͇͔͔͌͘͢ ͔͇ ͔͖͉͔͌͗͌͗͢͢͜ ͉͌͒͏͞͏͔͇͜ (͔͇͖͗͏͓͌͗, ͕͔͕͉͔͕͐͘
͇͔͇͒͏͎ ͕͓͖͕͔͔͙͇͑͌ ͏͒͏ ̵̧̱)  ͔͌ ͖͕ɞ͕͙͋ͦ͜ ͋͒ͦ ͏͖͕͎͕͉͇͔͒ͣ͘͏ͦ ͘ ͓͇͔͓͗͑͌͗͢͏
͇͔͔͓͋͢͏. ̸͕͉͇͙͔͕͒͌͋͌͒ͣ, ͓͢ ͕͈͚͋͘͏͓ ͉͇͙͑͗͌͝ ͙͕͕͒ͣ͑ ͙͗͏ ͖͕͕͈͇͘͘, 
͖͌͗͌͞͏͔͔͒͌͌͘͢ ͉ ͇͒͐͋͌͘ ͉͌͢͟. ̶͕͕͈͔͕͋͗͌ ͏͎͕͍͔͒͌͏͌ ͕͔͕͉͘ ͙ͤ͏͜ ͓͙͕͕͉͌͋
͖͕͙͈͕͉͇͕͗͌͒ ͈͢ ͈͕͒͌͌ ͚͈͕͕͕͊͒͑͊ ͓͇͙͓͇͙͌͏͕͕͌͑͊͘͞ ͖͕͔͏͓͇͔͏ͦ
͏͖͕͎͕͉͇͔͔͒ͣ͘͢͜ ͇͕͒͊͗͏͙͓͕͉, ͓͌͞ ͙͕͙ ͚͕͉͔͗͌ͣ, ͕͙͕͓͑͗͢ ͇͑͑ ͓͢ ͖͖͕͇͇͓͗͌͋͒͊͌
͕͈͇͇͙͒͋͌ ͔͗͌͋͘͏͐ ͖͕͎͕͉͇͙͒ͣ͌͒ͣ ͔͇͙͕͕ͦ͌͊͘͠ ͓͕͚͋͒ͦ.   ̶͕͙͕͓͚ͤ ͓͢
͖͕͍͋͋͌͗͏͉͇͓͌ ͔͇͟͏͜ ͞͏͙͇͙͌͒͌͐, ͕͙͕͑͗͌͢ ͕͙͙ͦ͜ ͎͔͇͙ͣ ͈͕͒ͣ͌͟ ͕͈ ͙ͤ͏͜
͓͙͕͇͌͋͜, ͉ ͖͕͏͑͌͘ ͓͙͕͕͉͌͋ ͇͖͕͕͍͔͗͒͌͘͏ͦ ͉ ̯͔͙͔͙͌͗͌͌. ̫͒ͦ ͕͈͎͕͇͗ ͔͌͒͑͠͏͙͌
͓͕͑͐͢͟ ͔͇ ͇͙͐͘ �KWWS���ZZZ�RNVWDWH�HGX�DUWVFL�ERWDQ\�RUGLQDWH�RYHUYLHZ�KWP!

Ɉɫɧɨɜɧɨɣ ɚɧɚɥɢɡ ɤɨɨɪɞɢɧɚɬ (ɈȺɄɨ) ɩɵɬɚɟɬɫɹ ɩɪɟɞɫɬɚɜɢɬɶ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ
ɨɛɪɚɡɰɚɦɢ ɢ ɦɨɠɟɬ ɜɦɟɳɚɬɶ ɦɚɬɪɢɰɵ ɢɡ ɪɚɡɧɵɯ ɧɟɫɯɨɞɧɵɯ ɢɡɦɟɪɟɧɢɣ. Ɉɧ
ɦɚɤɫɢɦɚɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɥɢɧɟɣɧɭɸ ɤɨɪɪɟɥɹɰɢɸ ɦɟɠɞɭ ɪɚɫɫɬɨɹɧɢɹɦɢ
ɨɛɪɚɡɰɚ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɗɜɤɥɢɞɨɜɵɯ ɪɚɫɫɬɨɹɧɢɣ ɪɟɡɭɥɶɬɚɬɵ ɢɞɟɧɬɢɱɧɵ
ɈȺɄ.   

ɇɟɦɟɬɪɢɱɟɫɤɨɟ ɦɧɨɝɨɦɟɪɧɨɟ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ (ɇɆɆ) ɪɚɛɨɬɚɟɬ ɩɭɬɟɦ
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɩɨɪɹɞɤɨɜɨɣ ɤɨɪɪɟɥɹɰɢɢ ɢ ɩɨɩɵɬɤɨɣ ɧɚɣɬɢ
ɧɚɢɥɭɱɲɭɸ ɮɨɪɦɭ ɞɥɹ ɜɦɟɳɟɧɢɹ ɞɚɧɧɵɯ. ɗɬɨɬ ɦɟɬɨɞ ɪɚɫɤɪɵɜɚɟɬ ɨɫɧɨɜɧɭɸ
ɤɨɧɮɢɝɭɪɚɰɢɸ ɢɡ ɦɚɬɪɢɰɵ ɧɟɫɯɨɠɟɫɬɢ ɨɛɪɚɡɰɚ. ɋ ɇɆɇɆ ɬɨɥɶɤɨ ɧɚɛɨɪ ɬɨɱɟɤ
ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ, ɚ ɧɟ ɢɯ ɩɪɨɢɫɯɨɠɞɟɧɢɟ, ɢ ɢɡɨɛɪɚɠɟɧɢɟ ɦɨɠɟɬ ɱɟɪɟɞɨɜɚɬɶɫɹ. 

Ⱥɧɚɥɢɡ ɫɨɨɬɜɟɬɫɬɜɢɹ (Ⱥɋ) ɩɨɜɬɨɪɹɟɬ ɫɪɟɞɧɢɟ ɩɨɞɫɱɟɬɵ ɨɛɪɚɡɰɚ ɢ ɧɚɯɨɞɢɬ
ɦɟɫɬɚ, ɝɞɟ ɜɫɟ ɨɛɪɚɡɰɵ, ɨɯɜɚɬɵɜɚɸɳɢɟ ɨɞɧɨ ɢ ɬɨ ɠɟ ɦɟɫɬɨ, ɧɚɫɬɨɥɶɤɨ ɩɨɯɨɠɢ
ɧɚɫɤɨɥɶɤɨ ɜɨɡɦɨɠɧɨ ɢ, ɨɞɧɨɜɪɟɦɟɧɧɨ, ɨɛɪɚɡɰɵ ɜ ɪɚɡɧɵɯ ɦɟɫɬɚɯ ɧɚɫɬɨɥɶɤɨ
ɪɚɡɧɵɟ, ɧɚɫɤɨɥɶɤɨ ɷɬɨ ɜɨɡɦɨɠɧɨ. 
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

̶͗͏͕͍͔͒͌͏ͦ

̫͒ͦ ͖͕͓͕͙͇͗͗͘ ͖͗͏͕͍͔͒͌͏ͦ ͔͌͒͑͠͏͙͌ ͓͕͑͐͢͟ ͔͇ ͕͌͊ ͔͇͎͉͇͔͏͏�

�� ̧͔͇͒͏͎ ͓͕͚͔͕͒͌͑͒ͦ͗͐ ͉͇͗͏͇͔͘͢��͖͗͏͓͌͗ �

3� ̧͔͇͒͏͎ ͓͕͚͔͕͒͌͑͒ͦ͗͐ ͉͇͗͏͇͔͘͢��͖͗͏͓͌͗ �

4� ̪͕͓͙͌͌͗͏͕͌͑͌͘͞ ͇͙͕͔͗ͦ͘͘͏͌

5� ̶͕͈͇͎͕͉͇͔͗͌͗͏͌ ͇͔͔͋͢͜ ͕͑͒͏͙͉͔͔͌͌͘͢͜͞ ͖͓͔͔͌͗͌͌͢͜��͖͗͏͓͌͗

6� ̶͗͏͓͔͔͌͌͏͌ ͕͑ͤ͛͛͏͝͏͔͙͇͌ ͖͕͙͕͕͗͊͘ ͕͉͖͇͔͋͌͘͏ͦ ͋͒ͦ
͓͕͕͕͗͛͒͊͏͌͑͘͞͏͜ ͖͗͏͎͔͇͕͉͑ �͇͙͕͑͌͊͗͏͇͔͒ͣ͌͢ ͖͓͔͔͌͗͌͌͌͢�

7. ̷͇͙͌͘͞ ͔͙͊͌͌͏͕͕͌͑͊͘͞ ͇͙͕͔͗ͦ͘͘͏ͦ ̴͌ͦ

8� ̳͕͕͕͗͛͒͊͏͌͑͘͞͏͌ ͏ ͓͕͚͔͒͌͑͒ͦ͗͌͢ ͕͙͉͇͋͘͘͜
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

f ̧͔͇͒͏͎ ͔͙͊͌͌͏͕͕͌͑͊͘͞ ͇͎͔͕͕͈͇͎͗͗͏ͦ ͏ ͙͚͙͚͗͑͗͘͢
͖͕͖͚͒ͦ͝͏͐ ͉͇͙͑͒ͥ͌͞ �

ವ ̱͕͒͏͙͉͔͔͕͌͌͌͘͞ ͉͇͍͔͗͌͢͏͌ ͇͎͔͕͕͈͇͎͗͗͏ͦ ͏
͉͎͇͏͓͕͉͎ͦ͌͐͘ ͓͍͚͌͋ ͏ ͉͔͚͙͗͏ ͖͕͖͚͒ͦ͝͏͓ͦ͏ ͏�͏͒͏
͕͕͈͓ͦ͘͏

ವ ̫͓͕͔͙͇͌͗͘͝͏ͥ ͉͎͇͏͓͕͉͎ͦ͌͐͘

f ̳͕͚͔͒͌͑͒ͦ͗͌͢ ͇͔͔͋͌͢ ͕͈͔͕͢͞ ͙͇͙͚͙͗͑ͥͦ͘ ͇͑͑
͈͏͔͇͔͗͌͢ ͇͔͔͋͌͢

f ̳͕͚͔͒͌͑͒ͦ͗͌͢ ͇͔͔͋͌͢ ͓͕͚͙͊ ͈͙ͣ͢ ͕͈͔͕͢͞ ͕͖͕͔͔͋͒͌͢
͓͕͕͕͗͛͒͊͏͌͑͘͞͏͓͏ ͏ ͉͕ͤ͒ͥ͝͏͕͔͔͓͢͏ ͇͔͔͓͋͢͏��̫͒ͦ
͙͕͕ͤ͊ ͙͏͖͢ ͖͓͔͔͌͗͌͌͢͜ ͓͕͚͙͊ ͈͙ͣ͢ ͖͕͈͇͎͕͉͇͔͗͌͗͢ ͉
͈͏͔͇͔͗͌͢ ͖͓͔͔͌͗͌͌͌͢

̱͇͙͕͗͑
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

f ̵͔͕͉͔͌͘͢ ͙͇͖ͤ͢��͉͕͉͔͔͒͌͌͌͢͞ ͉ ͏͎͓͔͌͗͌͏͌
͔͙͊͌͌͏͕͕͌͑͊͘͞ ͇͎͔͕͕͈͇͎͗͗͏ͦ

f ̪͇͉͔͒͌͢ ͓͙͕͌͋͢ ͕͖͏͇͔͘͏ͦ ͔͙͊͌͌͏͕͕͌͑͊͘͞
͇͎͔͕͕͈͇͎͗͗͏ͦ ͉͔͚͙͗͏ ͏ ͓͍͚͌͋ ͖͕͖͚͒ͦ͝͏͓ͦ͏

f ̶͇͉͗͏͔͒ͣ͐͢ ͉͈͕͗͢ ͇͙͇͗͌͘͞ ͇͙͕͔͗ͦ͘͘͏ͦ ͋͒ͦ
͕͔͌͑͝͏ ͉͎͇͏͓͕͉͎ͦ͌͐͘ ͉ ͏͎͚͇͓͕͓͌͞ ͕͈͇͎͗͌͝

f ̷͇͎͒͏͞͏ͦ ͓͍͚͌͋ ͇͙͔͇͙͒ͣ͌͗͏͉͔͓͢͏ ͓͙͕͇͓͌͋͏
͕͈͇͎͕͉͇͔͗͏ͦ ͇͙͕͉͑͒͌͗͘

f ̯͓͌ͥ͠͏͌ͦ͘ ͉͇͗͏͇͔͙͢ ͋͒ͦ ͕͔͌͑͝͏ ͖͇͉͗͏͔͕͙͒ͣ͘͏
͚͖͖͊͗͏͕͉͇͔͗͏ͦ

f ̵͔͕͉͔͌͘͢ ͖͕͔͙ͦ͏ͦ��͍͇͒͌͠͏͌ ͉ ͕͔͕͉͌͘ ͕͔͖͑͌͝͝͏͏
͇͑͒͘͘͏͛͏͇͑͝͏͏

f ̸͕͙͉͇͋͘͜ ͏ ͇͎͗͒͏͞͏ͦ ͓͍͚͌͋ ͕͈͇͎͕͉͇͔͗͏͓͌
͇͙͕͉͑͒͌͗͘ ͏ ͇͖͕͕͍͔͗͒͌͘͏͓͌

̹͖͌͌͗ͣ ̩͢ ͕͍͔͋͒͢ ͎͔͇͙ͣ ಹ
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

̨͏͈͒͏͕͇͊͗͛͏ͦ

&DYDOOL–6IRU]D��/�/��͏ :�)��%RGPHU��������*HQéWLFD�GH�ODV�3REODFLRQHV�+XPDQDV��
(G��2PHJD��%DUFHORQD��

*DUFíD��-�$���0�&��'XTXH��-��7RKPH��6��;X ͏ 0��/HY\��������6$6�IRU &ODVVLILFDWLRQ
$QDO\VLV��$JURELRWHFQRORJ\ &RXUVH��2FWREHU ������:RUNLQJ GRFXPHQW��&HQWUR�
,QWHUQDFLRQDO�GH�$JULFXOWXUD�7URSLFDO��&,$7���&DOL��&RORPELD�

*DXFK��+�*���-U��������0XOWLYDULDWH�$QDO\VLV�DQG�&RPPXQLW\�6WUXFWXUH� &DPEULGJH�
8QLYHUVLW\�3UHVV��8.�

.DUS��$���3�*��,VDDF�͏ '�6��,QJUDP��������0ROHFXODU�7RROV�IRU�6FUHHQLQJ�
%LRGLYHUVLW\��3ODQWV�DQG�$QLPDOV��&KDSPDQ�	�+DOO��/RQGRQ�

/\QFK��0��͏ %�*��0LOOLJDQ��������$QDO\VLV RI SRSXODWLRQ JHQHWLF VWUXFWXUH ZLWK
5$3'�PDUNHUV��0RO��(FRO����������

6RNDO��5��͏ -��5RKOI��������%LRPHWU\��7KH 3ULQFLSOHV DQG 3UDFWLFH RI 6WDWLVWLFV LQ�
%LRORJLFDO 5HVHDUFK ��UG�HGQ����)UHHPDQ 	�&R��1<�
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̧͉͙͕͗͑͘͏͌ ͖͇͉͇͗��%LRYHUVLW\�,QWHUQDWLRQDO ͏ ̱͕͔͗͌͒ͣ͑͘͏͐ ̺͔͏͉͌͗͘͏͙͙͌������ ̯͎͓͔͌͗͌͏ͦ ��

f ̱͕͓͖͙͔ͣͥ͌͗͌͢ ͖͕͇͓͓͗͊͗͢ ͋͒ͦ ͇͔͇͒͏͎͇
͔͙͊͌͌͏͕͕͌͑͊͘͞ ͇͎͔͕͕͈͇͎͗͗͏ͦ

f ̪͕͇͒͗͘͘͏͐

̸͚͒͌͋ͥ͌͌͠
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ɉɪɢɥɨɠɟɧɢɟ 2: 
ǯȎȓȌȗȌȔȏȌ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ  
 

ǧȔȇȒȏȎ ȓȕȒȌȑȚȒȦȗȔȕȐ ȉȇȗȏȇȔȘȢ: ǶȗȏȓȌȗ  1 
 
ɗɬɚ ɦɨɞɟɥɶ, ɬɚɤɠɟ ɧɚɡɵɜɚɟɦɚɹ AMOVA, ɢɡɦɟɪɹɟɬ ɪɚɡɧɨɨɛɪɚɡɢɟ ɝɟɧɨɜ ɫɪɟɞɢ 
ɩɨɩɭɥɹɰɢɣ ɫ ɫɩɟɰɢɮɢɱɧɵɦ ɫɨɨɬɧɟɫɟɧɢɟɦ ɤ ɨɛɥɚɫɬɹɦ ɪɟɝɢɨɧɚ ɜ ɤɨɧɬɢɧɟɧɬɟ   
(ɫɢɬɭɚɰɢɹ 3, ɫɥɚɣɞ 26). 

Ɇɵ ɢɦɟɟɦ: i = ɨɫɨɛɢ, j = ɚɥɥɟɥɢ, ɤ = ɩɨɩɭɥɹɰɢɢ 
 

Yki(j) = Y + ak + bk(i) + wki(j) 
 
ɝɞɟ, 

 
 Yki(j)  =  ɡɧɚɱɟɧɢɟ ɦɟɠɞɭ 0 ɢ 1 ɞɥɹ j –ɨɣ ɚɥɥɟɥɢ i-ɨɣ ɨɫɨɛɢ k-ɨɣ ɩɨɩɭɥɹɰɢɢ 
 ak   =  ɜɥɢɹɧɢɟ k – ɨɣ ɩɨɩɭɥɹɰɢɢ ɫ ɜɚɪɢɚɧɫɨɣ ı 2a  
 bk(i)  =  ɜɥɢɹɧɢɟ i–ɨɣ ɨɫɨɛɢ ɜɧɭɬɪɢ k–ɨɣ ɩɨɩɭɥɹɰɢɢ, ɫ ɜɚɪɢɚɧɫɨɣ ı 2b 
 wki(j)  =  ɜɥɢɹɧɢɟ j –ɝɨ ɥɨɤɭɫɚ i–ɨɣ ɨɫɨɛɢ k–ɨɣ ɩɨɩɭɥɹɰɢɢ, ɫ ɜɚɪɢɚɧɫɨɣ ı2W  
 n  =  ɩɪɨɞɭɤɬ i, j ɢ k, ɟɫɬɶ ɨɛɳɟɟ ɱɢɫɥɨ ɧɚɛɥɸɞɟɧɢɣ  
 
 
ǯȘșȕȞȔȏȑ ȏȎȓȌȔȌȔȏȐ df SS MS EMS 

ɋɪɟɞɢ ɩɨɩɭɥɹɰɢɣ (k – 1) 6X...k2/ij – X…2/ijk MSa V2w + 2V2b + 2nV2a 
ɋɪɟɞɢ ɨɫɨɛɟɣ/ɩɨɩɭɥɹɰɢɣ k(i – 1) 66Xi...k2/j – 6...k2/ij MSb V2w + 2V2b 
ȼɧɭɬɪɢ ɨɫɨɛɟɣ ki(j – 1) 666Xijk2 – 66Xi...k2/j MSw V2w 
ɂɬɨɝɨ kij – 1 666Xijk2 – X…2/ijk   
 

ǩȇȗȏȇȔșȢ ȏ ȗȇȘȞȌș F ȘșȇșȏȘșȏȑȏ 

V2a = FSTV
2 FIT = (V2a + V2b)/V2 

V2b = (FIT – FST)V2 FST = V2a/V2 

V2w = (1 – FIT)V2 FIS = V2b/(V2b + V2w) 

V2 = V2w + V2b + V2a  
 

ɝɞɟ, 
ı2a = ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɜɚɪɢɚɧɫɵ ɦɟɠɞɭ 

ɩɨɩɭɥɹɰɢɹɦɢ, ɧɟɫɭɳɚɹ ɢɞɟɧɬɢɱɧɵɟ ɚɥɥɟɥɢ. Ɉɧɨ 
ɨɰɟɧɢɜɚɟɬɫɹ ɤɚɤ (MSa - MSb)/2n  

ı2b = ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɜɚɪɢɚɧɫɵ ɦɟɠɞɭ 
ɨɫɨɛɹɦɢ ɜɧɭɬɪɢ ɤɚɠɞɨɣ ɩɨɩɭɥɹɰɢɢ. Ɉɧɨ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ (MSb - MSw)/2  

ı2w = ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɜɚɪɢɚɧɫɵ ɜɧɭɬɪɢ 
ɨɫɨɛɟɣ ɢɥɢ ɢɡɦɟɪɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɬɨɝɨ, ɱɬɨ 
ɚɥɥɟɥɢ ɜɧɭɬɪɢ ɥɨɤɭɫɨɜ ɪɚɡɥɢɱɧɵ. Ɉɧɨ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ 
ɜɧɭɬɪɢ ɨɫɨɛɟɣ  (CMW) 
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ǶȗȏȒȕȍȌȔȏȌ 3: 

ǯȎȓȌȗȌȔȏȌ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ  
 

 
ǧȔȇȒȏȎ ȓȕȒȌȑȚȒȦȗȔȕȐ ȉȇȗȏȇȔȘȢ: ǶȗȏȓȌȗ 2 
Ʉɚɤ ɨɩɢɫɚɧɨ ɜ ɉɪɢɥɨɠɟɧɢɢ 2 , ɦɨɞɟɥɶ AMOVA ɢɡɦɟɪɹɟɬ ɪɚɡɧɨɨɛɪɚɡɢɟ ɝɟɧɨɜ ɫɪɟɞɢ 
ɩɨɩɭɥɹɰɢɣ ɧɚ ɷɬɨɬ ɪɚɡ ɫ ɫɩɟɰɢɮɢɱɧɵɦ ɫɨɨɬɧɟɫɟɧɢɟɦ ɤ ɩɨɩɭɥɹɰɢɹɦ ɜ ɩɪɟɞɟɥɚɯ ɨɛ-
ɥɚɫɬɢ ɪɟɝɢɨɧɚ ɜ ɤɨɧɬɢɧɟɧɬɟ (ɫɢɬɭɚɰɢɹ 4, ɫɥɚɣɞ 26).  Ɉɧɚ ɢɦɟɟɬ ɧɨɜɵɣ ɢɟɪɚɪɯɢɱɟɫɤɢɣ 
ɭɪɨɜɟɧɶ (ɪɟɝɢɨɧ) ɫ ɟɝɨ ɫɨɨɬɜɟɫɬɜɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɢ ɪɚɫɱɟɬɚɦɢ 
ɫɪɟɞɧɢɯ ɤɜɚɞɪɚɬɢɱɧɵɯ ɡɧɚɱɟɧɢɣ.   

Ɇɵ ɢɦɟɟɦ : i = ɨɫɨɛɢ, j = ɚɥɥɟɥɢ, ɤ = ɩɨɩɭɥɹɰɢɢ, I = ɪɟɝɢɨɧɵ 
 

Ylki(j) = Y + rl + al(k) + blk(i) + wlki(j) 
 
ɝɞɟ, 
 Ylki(j) = ɡɧɚɱɟɧɢɟ ɦɟɠɞɭ 0 ɢ 1 ɞɥɹ j –ɨɣ ɚɥɥɟɥɢ i-ɨɣ ɨɫɨɛɢ k-ɨɣ ɩɨɩɭɥɹɰɢɢ ɜ 

l-ɨɦ ɪɟɝɢɨɧɟ 
 rl = ɜɥɢɹɧɢɟ l –ɨɝɨ ɪɟɝɢɨɧɚ ɫ ɜɚɪɢɚɧɫɨɣ ı2r   
 al(k) = ɜɥɢɹɧɢɟ k–ɨɣ ɩɨɩɭɥɹɰɢɢ ɜ ɩɪɟɞɟɥɚɯ l –ɨɝɨ ɪɟɝɢɨɧɚ ɫ ɜɚɪɢɚɧɫɨɣ ı2ɚ   
 blk(i) = ɜɥɢɹɧɢɟ i–ɨɣ ɨɫɨɛɢ ɜ ɩɪɟɞɟɥɚɯ  k–ɨɣ ɩɨɩɭɥɹɰɢɢ ɜ l –ɨɦ ɪɟɝɢɨɧɟ, ɫ 

ɜɚɪɢɚɧɫɨɣ ı2b 
 wlki(j) = ɜɥɢɹɧɢɟ j –ɝɨ ɥɨɤɭɫɚ  ɜ ɩɪɟɞɟɥɚɯ i–ɨɣ ɨɫɨɛɢ k–ɨɣ ɩɨɩɭɥɹɰɢɢ ɜ l –ɨɦ 

ɪɟɝɢɨɧɟ, ɫ ɜɚɪɢɚɧɫɨɣ ı2c 
 n = ɩɪɨɞɭɤɬ i, j ɢ k, ɟɫɬɶ ɨɛɳɟɟ ɱɢɫɥɨ ɧɚɛɥɸɞɟɧɢɣ  

 
ǯȘșȕȞȔȏȑ ȏȎȓȌȔȌȔȏȐ df MS EMS 

Ɇɟɠɞɭ ɪɟɝɢɨɧɚɦɢ l – 1 MSr V2w + 2V2b + 2nV2a + 2nlV2r 
Ɇɟɠɞɭ ɩɨɩ. ɜɧɭɬɪɢ ɪɟɝɢɨɧɚ l(k – 1) MSa V2w + 2V2b + 2nV2a 
Ɇɟɠɞɭ ɨɫɨɛ/ɩɨɩ/ ɪɟɝ Ik(i – 1) MSb V2w + 2V2b 
ȼɧɭɬɪɢ ɨɫɨɛɟɣ lki(j – 1) MSw V2w 

ɂɬɨɝɨ Ikij – 1   

ɂɬɨɝɨɜɚɹ ɜɚɪɢɚɧɫɚ (%) %V2r = (V2r/V2)  100 %V2a = (V2a /V2)  100 

V2 = V2r + V2w + V2b + V2a %V2b = (V2b /V2)  100 %V2w = (V2w /V2)  100 

 
ı 2r – ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɜɚɪɢɚɧɫɵ ɦɟɠɞɭ ɪɟɝɢɨɧɚɦɢ ɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ  
(CMA-CMB)/2nl. 

ȼ ɪɚɫɱɟɬɚɯ ɜɚɪɢɚɧɫɵ ɞɨɛɚɜɥɟɧ ɡɧɚɤ '%' , ɬɚɤ ɤɚɤ ɦɵ ɦɨɠɟɦ ɜɵɪɚɡɢɬɶ ɜɚɪɢɚɧɫɭ, ɨɬ-
ɜɟɱɚɸɳɭɸ ɡɚ ɤɚɠɞɵɣ ɢɫɬɨɱɧɢɤ (ɪɟɝɢɨɧ, ɩɨɩɭɥɹɰɢɢ ɜɧɭɬɪɢ ɪɟɝɢɨɧɚ, ɨɫɨɛɢ ɜɧɭɬɪɢ 
ɩɨɩɭɥɹɰɢɢ) ɤɚɤ ɮɭɧɤɰɢɸ ɢɬɨɝɨɜɨɣ ɜɚɪɢɚɧɫɵ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɦɨɠɟɦ ɨɩɪɟɞɟ-
ɥɢɬɶ ɤɨɬɨɪɵɣ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɢɡɦɟɧɟɧɢɹ  ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦ. ɇɚɩɪɢɦɟɪ, 
ɟɫɥɢ ɡɧɚɱɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɢɡ-ɡɚ ɪɟɝɢɨɧɨɜ ɛɵɥɨ ɜɵɫɨɤɢɦ, ɚ ɞɥɹ ɞɪɭɝɢɯ ɢɫɬɨɱɧɢɤɨɜ 
ɧɢɡɤɢɦ, ɬɨ ɦɵ ɦɨɠɟɦ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɩɨɩɭɥɹɰɢɢ ɜɧɭɬɪɢ ɪɟɝɢɨɧɨɜ ɢɦɟɸɬ ɝɨɦɨɝɟɧɧɵɟ 
ɚɥɥɟɥɶɧɵɟ ɱɚɫɬɨɬɵ, ɚ ɩɨɩɭɥɹɰɢɢ ɢɡ ɪɚɡɧɵɯ ɪɟɝɢɨɧɨɜ ɡɚɦɟɬɧɨ ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɫɜɨ-
ɢɦ ɚɥɥɟɥɶɧɵɦ ɱɚɫɬɨɬɚɦ.  
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ǶȗȏȒȕȍȌȔȏȌ  4: 

ǯȎȓȌȗȌȔȏȌ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ  
 

 
ǪȌȕȓȌșȗȏȞȌȘȑȕȌ ȗȇȘȘșȕȦȔȏȌ 
 
ǱȕȒȏȞȌȘșȉȌȔȔȢȌ ȖȌȗȌȓȌȔȔȢȌ 
 
ǪȌȕȓȌșȗȏȞȌȘȑȕȌ ȗȇȘȘșȕȦȔȏȌ, șȇȑȍȌ ȏȎȉȌȘșȔȕȌ ȑȇȑ șȇȑȘȕȔȕȓȏȞȌȘȑȕȌ 
ȗȇȘȘșȕȦȔȏȌ (Sokal, 1961) ȏȎȓȌȗȦȌșȘȦ ȄȉȑȒȏȋȕȉȢȓȏ ȗȇȘȘșȕȦȔȏȦȓȏ Ȗȕ țȕȗȓȚȒȌ:   
 

dij = [6k(Xik – Xjk)2]1/2 
 
ɝɞɟ, 

Xlk =ɡɧɚɱɟɧɢɟ  k-ɨɣ ɩɟɪɟɦɟɧɧɨɣ i-ɨɣ ɨɫɨɛɢ  
 
ɋɦ. ɩɪɢɦɟɪ ɪɚɫɱɟɬɚ ɜ ɉɪɢɥɨɠɟɧɢɢ 5.   
 
 
ǸȓȌȟȇȔȔȢȌ ȖȌȗȌȓȌȔȔȢȌ 
 
ǬȘȒȏ ȏȓȌȥșȘȦ ȘȓȌȟȇȔȔȢȌ ȖȌȗȌȓȌȔȔȢȌ, șȕ ȕȔȏ ȋȕȒȍȔȢ ȈȢșȣ ȘȔȇȞȇȒȇ 
ȖȗȌȕȈȗȇȎȕȉȇȔȢ ȏȒȏ ȘșȇȔȋȇȗșȏȎȏȗȕȉȇȔȢ, ȏȘȖȕȒȣȎȚȦ țȕȗȓȚȒȚ ȔȏȍȌ: 
 
 
 
 
 
ɝɞɟ, 
 

 Xij =  l -ɵɣ ɩɪɢɡɧɚɤ j-ɨɣ ɨɫɨɛɢ 
 Xi  =  ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ l –ɨɝɨ ɩɪɢɡɧɚɤɚ  
 si =  ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɞɥɹ l –ɨɝɨ ɩɪɢɡɧɚɤɚ 
 

P ȞȏȘȒȕ ȖȌȗȌȓȌȔȔȢȜ 
 
ȿɫɥɢ ɢɦɟɟɬɫɹ P ɱɢɫɥɨ ɩɟɪɟɦɟɧɧɵɯ, ɬɨ ɪɚɫɫɬɨɹɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɜɡɜɟɲɟɧɨ, ɱɬɨɛɵ 
ɛɵɬɶ ɧɟɡɚɜɢɫɢɦɵɦ ɨɬ ɱɢɫɥɚ ɩɟɪɟɦɟɧɧɵɯ ɩɨ ɮɨɪɦɭɥɟ:   
 
 
 
 
 
 
 
Ʌɢɬɟɪɚɬɭɪɚ 
Sokal, R. 1961. Distance as a measure of taxonomic similarity. Syst. Zool. 10(2):40-51. 
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ǶȗȏȒȕȍȌȔȏȌ  5: 

ǯȎȓȌȗȌȔȏȌ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ  
 

 
ǶȗȌȕȈȗȇȎȕȉȇȔȏȌ ȋȇȔȔȢȜ ȏȎ ȑȕȒȏȞȌȘșȉȌȔȔȢȜ 
ȖȌȗȌȓȌȔȔȢȜ: ȖȗȏȓȌȗ 
Ɇɵ ɢɦɟɟɦ ɬɪɢ ɩɪɢɡɧɚɤɚ ɞɥɹ ɱɟɬɵɪɟɯ ɨɫɨɛɟɣ: 

• ȼɵɫɨɬɚ ɪɚɫɬɟɧɢɹ (ɦ) 
• ȼɟɫ ɫɟɦɹɧ (ɝ) 
• Ⱦɢɚɦɟɬɪ ɩɵɥɶɰɟɜɨɝɨ ɡɟɪɧɚ (ȝ) 

ɉɪɟɠɞɟ ɱɟɦ ɧɚɱɚɬɶ ɪɚɫɱɟɬ ɪɚɫɫɬɨɹɧɢɣ, ɦɵ ɞɨɥɠɧɵ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɬɶ ɞɚɧɧɵɟ ɩɨ 
ɮɨɪɦɭɥɟ: 
 

mstand = m -Cm/V 
ɉɨɫɥɟ ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ, ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ɬɟɪɹɸɬɫɹ. 
 

 m mstand g gstand µ µstand 

ǵȘȕȈȣ1 1,50 0,35 0,02 0,00 80,00 -0,15 

ǵȘȕȈȣ2 1,20 -1,41 0,03 1,00 70,00 -1,32 

ǵȘȕȈȣ3 1,45 0,06 0,01 -1,00 90,00 1,02 

ǵȘȕȈȣ4 1,60 0,94 0,02 0,00 85,00 0,44 

ǸȗȌȋȔȌȌ (Xi) 1,44 � 0,02 � 81,25 � 

ǵșȑȒȕȔȌȔȏȌ (si) 0,17 � 0,01 � 8,54 � 

Ɋɚɫɫɬɨɹɧɢɹ  ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɵ ɬɟɩɟɪɶ ɞɥɹ ɤɚɠɞɨɣ ɩɚɪɵ ɨɫɨɛɟɣ ɩɭɬɟɦ 
ɩɪɢɦɟɧɟɧɢɹ ɢɡɜɟɫɬɧɨɣ ɭɠɟ ɧɚɦ ɮɨɪɦɭɥɵ: 
 

dij = [6(Xij – Xkj)2]1/2 

d12 = [(0,35 – (-1,41))2 + (0,0 – 1,0)2 + (-0,15 – (-1,32))2]1/2 = 2,34 d11 = 0 

d13 = [(0,35 – 0,06)2 + (0,0 – (-1,0))2 + (-0,15 – 1,02)2]1/2 = 1,57 d22 = 0 

d14 = [(0,35 – 0,94)2 + (0,0 – 0,0)2 + (-0,15 – 0,44)2]1/2 = 0,83 d33 = 0 

d23 = [(-1,41 – 0,06)2 + (1,0 – (-1,0))2 + (-1,32 – 1,02)2]1/2 = 3,41 d44 = 0 

d24 = [(-1,41 – 0,94)2 + (1,0 – 0,0)2 + (-1,32 – 0,44)2]1/2 = 3,10  

d34 = [(0,06 – 0,94)2 + (-1,0 – 0,0)2 + (1,02 – 0,44)2]1/2 = 1,45  

 

Ʉɚɤ ɬɨɥɶɤɨ ɦɵ ɩɨɥɭɱɢɦ ɪɚɫɫɬɨɹɧɢɹ ɞɥɹ ɩɚɪ, ɦɵ ɦɨɠɟɦ ɧɚɱɚɬɶ ɩɨɢɫɤ ɝɪɭɩɩ, 
ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ  UPGMA (ɞɥɹ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɫɦ, ɫɥɚɣɞɵ 58 ɢ 59 
ɧɚɫɬɨɹɳɟɝɨ ɦɨɞɭɥɹ), 



 
 

2

ɋɧɚɱɚɥɚ, ɦɵ ɫɢɫɬɟɦɚɬɢɡɢɪɭɟɦ ɧɚɲɢ ɪɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɫɬɨɹɧɢɣ ɜ 
ɫɢɦɦɟɬɪɢɱɧɭɸ ɬɚɛɥɢɰɭ: 
 
 

 Ɉ1 Ɉ2 Ɉ3 Ɉ4 

Ɉ1 0    

Ɉ2 2,34 0   

Ɉ3 1,57 3,41 0  

Ɉ4 0,83 3,10 1,45 0 

 
ȼ ɩɟɪɜɨɦ ɰɢɤɥɟ ɦɵ ɜɵɛɟɪɟɦ ɫɚɦɨɟ ɤɨɪɨɬɤɨɟ ɪɚɫɫɬɨɹɧɢɟ, ɤɨɬɨɪɨɟ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ 
ɪɚɜɧɨ d1,4 =0,83, ɇɨɜɚɹ ɦɚɬɪɢɰɚ ɦɨɠɟɬ ɛɵɬɶ ɫɮɨɪɦɢɪɨɜɚɧɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɩɭɬɟɦ 
ɝɪɭɩɩɢɪɨɜɚɧɢɹ Ɉɫɨɛɢ1 ɫ Ɉɫɨɛɶɸ4  ɢ ɪɚɫɱɟɬɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɪɚɫɫɬɨɹɧɢɣ:  
 
 
 

d2(1,4) = (d1,2 + d2,4)/2 = (2,34 + 3,10)/2 = 2,72 
d3(1,4) = (d1,3 + d3,4)/2 = (1,57 + 1,45)/2 = 1,51 

 

 Ɉ1,4 Ɉ2 Ɉ3 

Ɉ1,4 0   

Ɉ2 2,72 0  

Ɉ3 1,51 3,41 0 

 
 

Ɇɵ ɜɢɞɢɦ, ɱɬɨ ɧɚɢɤɪɨɬɱɚɣɲɟɟ ɪɚɫɫɬɨɹɧɢɟ ɬɟɩɟɪɶ ɦɟɠɞɭ Ɉɫɨɛɶɸ1,4 ɢ Ɉɫɨɛɶɸ3,  
Ⱦɚɥɟɟ, ɜ ɧɨɜɨɦ ɰɢɤɥɟ, ɮɨɪɦɢɪɭɟɬɫɹ ɧɨɜɚɹ ɦɚɬɪɢɰɚ   ɩɭɬɟɦ ɝɪɭɩɩɢɪɨɜɚɧɢɹ Ɉɫɨɛɢ2 ɫ 
ɝɪɭɩɩɨɣ Ɉ(1,4)3 ɢ ɪɚɫɱɟɬɨɦ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɪɚɫɫɬɨɹɧɢɣ d ((1,4)3)2 = 3,07,  

 
 

 Ɉ1,4(3) Ɉ2 

Ɉ1,4(3) 0  

Ɉ2 3,07 0 

 
 

 
ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɜɵɲɟ ɪɟɡɭɥɶɬɚɬɨɜ ɦɵ ɦɨɠɟɦ ɧɚɪɢɫɨɜɚɬɶ ɞɟɧɞɪɨɝɪɚɦɦɭ, 
ɫɜɹɡɵɜɚɸɳɭɸ ɱɟɬɵɪɟ ɨɫɨɛɢ ɩɪɢɦɟɪɚ: 
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1,50 1,002,00 0,0 3,00 
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ǶȗȏȒȕȍȌȔȏȌ 6: 

ǯȎȓȌȗȌȔȏȌ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ  
 
 

ǶȗȏȓȌȔȌȔȏȌ ȑȕȤțțȏȝȏȌȔșȇ ȖȗȕȘșȕȊȕ ȘȕȉȖȇȋȌȔȏȦ 
ȋȒȦ ȓȕȗțȕȒȕȊȏȞȌȘȑȏȜ ȖȗȏȎȔȇȑȕȉ (ȑȇșȌȊȕȗȏȇȒȣȔȢȌ 
ȖȌȗȌȓȌȔȔȢȌ)  
 
Ɇɵ ɢɦɟɟɦ ɬɪɢ ɩɪɢɡɧɚɤɚ: 

• Ɉɩɭɲɟɧɧɨɫɬɶ ɥɢɫɬɚ: ɪɟɞɤɚɹ (1), ɨɛɵɱɧɚɹ  (2), ɨɛɢɥɶɧɚɹ (3) 
• ɐɜɟɬ ɥɟɩɟɫɬɤɚ: ɛɟɥɵɣ (1), ɠɟɥɬɵɣ (2), ɤɪɚɫɧɵɣ (3) 
• Ⱦɥɢɧɚ ɱɟɪɟɲɤɚ: ɤɨɪɨɬɤɢɣ (1), ɫɪɟɞɧɢɣ (2), ɞɥɢɧɧɵɣ (3) 

ɋɧɚɱɚɥɚ ɦɵ ɩɪɟɨɛɪɚɡɭɟɦ ɞɚɧɧɵɟ ɢɡɦɟɪɟɧɢɣ ɜ ɛɢɧɚɪɧɵɟ ɞɚɧɧɵɟ. ɍɱɬɢɬɟ, ɱɬɨ ɬɪɢ 
ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɩɪɢɡɧɚɤɚ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ 9 ɛɢɧɚɪɧɵɯ ɩɪɢɡɧɚɤɨɜ. ɗɬɨ ɦɨɠɟɬ 
ɭɬɹɠɟɥɢɬɶ ɷɬɢ ɩɪɢɡɧɚɤɢ ɜ ɭɳɟɪɛ ɞɪɭɝɢɦ, ɢɫɩɨɥɶɡɭɟɦɵɦ ɜ ɚɧɚɥɢɡɟ.  

 
  ɉɪɢɡɧɚɤ 1 ɉɪɢɡɧɚɤ 2 ɉɪɢɡɧɚɤ 3 

ɈɌȿ 1 2 1 2 

ɈɌȿ 2 2 3 3 

ɈɌȿ 3 1 2 1 

ɈɌȿ 4 3 3 1 

  ɉɪɢɡɧɚɤ 1 
(ɛɢɧɚɪɧɵɣ ɤɨɞ) 

ɉɪɢɡɧɚɤ 2 
(ɛɢɧɚɪɧɵɣ ɤɨɞ) 

ɉɪɢɡɧɚɤ 3 
(ɛɢɧɚɪɧɵɣ ɤɨɞ) 

  Ɋɟɞɤ Ɉɛɵɱɧ. Ɉɛɢɥɶɧ Ȼɟɥɵɣ ɀɟɥɬɵɣ Ʉɪɚɫ. Ʉɨɪɨɬ. ɋɪɟɞ. Ⱦɥɢɧ. 

ɈɌȿ 1 0 1 0 1 0 0 0 1 0 

ɈɌȿ 2 0 1 0 0 0 1 0 0 1 

ɈɌȿ 3 1 0 0 0 1 0 1 0 0 

ɈɌȿ 4 0 0 1 0 0 1 1 0 0 
 

Ⱦɚɥɟɟ ɦɵ ɩɪɢɦɟɧɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɫɬɨɝɨ ɫɨɜɩɚɞɟɧɢɹ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɪɚɫɫɱɢɬɚɬɶ 
ɩɨɩɚɪɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɨɫɨɛɹɦɢ: 
 

ɉɨɩɚɪɧɨɟ ɫɪɚɜɧɟɧɢɟ ɞɥɹ ɜɫɟɯ ɩɪɢɡɧɚɤɨɜ 
ɈɌȿ 1 vs. 2 1 0 ɈɌȿ 1 vs. 3 1 0 ɈɌȿ 1 vs. 4 1 0 

1 a=1 b=2 1 a=0 b=3 1 a=0 b=3 

0 c=2 d=4 0 c=3 d=3 0 c=3 d=3 

ɈɌȿ 2 vs. 3 1 0 ɈɌȿ 2 vs. 4 1 0 ɈɌȿ 3 vs. 4 1 0 

1 a=0 b=3 1 a=1 b=2 1 a=1 b=2 

0 c=3 d=3 0 c=2 d=4 0 c=2 d=4 

vs. – ɜ ɫɪɚɜɧɟɧɢɢ ɫ, ɢɥɢ 



 
 

2

 
Ɍɟɩɟɪɶ ɦɵ ɦɨɠɟɦ ɩɪɨɞɨɥɠɢɬɶ ɫ ɦɟɬɨɞɢɤɨɣ ɧɚɯɨɠɞɟɧɢɹ ɝɪɭɩɩ ɢ ɪɢɫɨɜɚɧɢɟɦ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɮɟɧɨɝɪɚɦɦɵ: 
 
 
 

 Ɉ1 Ɉ2 Ɉ3 Ɉ4 

Ɉ1 0    

Ɉ2 0,56 0   

Ɉ3 0,33 0,33 0  

Ɉ4 0,33 0,56 0,56 0 

 
 

Ɏɟɧɨɝɪɚɦɦɚ 
 

 
 

 
Ʉɨɷɮɮɢɰɢɟɧɬ 

 
 

0,25    0,44   0,63  0,81  1,00 
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ǯȎȓȌȗȌȔȏȌ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ 
 
 

ǷȇȘȞȌș ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȘȘșȕȦȔȏȦ ǴȌȦ  
  
ɋɧɚɱɚɥɚ, ɢɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɩɪɢɦɟɪɟ (ɫɦ.ɫɥɚɣɞ 48) ɦɵ ɫɮɨɪɦɢɪɭɟɦ 
ɦɚɬɪɢɰɭ ɪɚɫɫɬɨɹɧɢɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 

 Ɋ1 Ɋ2 Ɋ3 

Ɋ1 0   

Ɋ2 0,0852 0  

Ɋ3 0,0107 0,0440 0 

ȼ ɩɟɪɜɨɦ ɰɢɤɥɟ, ɦɵ ɜɵɛɪɚɥɢ ɫɚɦɨɟ ɤɨɪɨɬɤɨɟ ɪɚɫɫɬɨɹɧɢɟ, d1,3 = 0,0107 
 
Ⱦɚɥɟɟ, ɜɨ ɜɬɨɪɨɦ ɰɢɤɥɟ, ɮɨɪɦɢɪɭɟɬɫɹ ɧɨɜɚɹ ɦɚɬɪɢɰɚ ɩɭɬɟɦ ɝɪɭɩɩɢɪɨɜɚɧɢɹ Ɉɫɨɛɢ1 ɫ 
Ɉɫɨɛɶɸ4 ɢ ɪɚɫɱɟɬɨɦ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɪɚɫɫɬɨɹɧɢɣ: 
 

d2(1,3) = (d1,2 + d2,3)/2 = (0,0852 + 0,044)/2 = 0,0646 
 

 Ɋ1,3 Ɋ2 

Ɋ1,3 0  

Ɋ2 0,0646 0 

 
 
 
Ɍɟɩɟɪɶ ɦɵ ɦɨɠɟɦ ɧɚɪɢɫɨɜɚɬɶ ɞɟɧɞɪɨɝɪɚɦɦɭ: 
 
 
 
 

 
 
 
 

0,08 0,07 0,06 0,05 0,04 0,03 0,02 0,01 0,0 
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3 
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ǶȗȏȒȕȍȌȔȏȌ 8: 

ǯȎȓȌȗȌȔȏȌ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ 
 

 
ǳȕȗțȕȒȕȊȏȞȌȘȑȏȌ ȏ ȓȕȒȌȑȚȒȦȗȔȢȌ ȘȜȕȋȘșȉȇ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ⱦɚɜɚɣɬɟ ɩɪɟɞɫɬɚɜɢɦ, ɱɬɨ ɦɵ ɢɦɟɟɦ ɬɪɢ ɨɫɨɛɢ ɪɨɡ (1, 2, 3). ɇɨɦɟɪɚ  2 ɢ 3 
ɜɵɝɥɹɞɹɬ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢ ɩɨɯɨɠɢɦɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɧɨɦɟɪ 1 ɜɵɝɥɹɞɢɬ 
ɢɧɚɱɟ.   
 
 
ȿɫɥɢ ɦɵ ɜɡɝɥɹɧɟɦ ɧɚ ɮɪɚɝɦɟɧɬɵ ȾɇɄ, ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɝɟɧɟɪɢɪɨɜɚɧɧɵɣ 
ɩɪɢ ɩɨɦɨɳɢ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɦɚɪɤɟɪɚ, ɬɨ ɦɵ ɭɜɢɞɢɦ, ɱɬɨ Ɉɫɨɛɢ 1 ɢ 2 
ɜɵɝɥɵɞɹɬ ɛɨɥɟɟ ɩɨɯɨɠɢɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɠɟ ɫɥɭɱɢɥɨɫɶ? ɉɪɢɦɟɪ 
ɩɨɤɚɡɵɜɚɟɬ ɜɚɠɧɨɫɬɶ ɢɡɭɱɟɧɢɹ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɧɚ ɜɫɟɯ 
ɜɨɡɦɨɠɧɵɯ ɭɪɨɜɧɹɯ. Ɉɛɴɟɞɢɧɟɧɢɟ  ɢɧɮɨɪɦɚɰɢɢ ɨɬ ɪɚɡɧɵɯ ɬɢɩɨɜ ɦɚɪɤɟɪɚ – 
ɚ ɢɦɟɧɧɨ, ɨɬ ɬɟɯ, ɤɨɬɨɪɵɟ ɨɬɧɨɫɹɬɫɹ ɤ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɝɟɧɚɦ ɢ ɬɟɯ, ɤɨɬɨɪɵɟ 
ɩɨɤɚɡɵɜɚɸɬ ɩɨɥɢɦɨɪɮɢɡɦ ɜ ɝɟɧɨɦɧɵɯ ɪɟɝɢɨɧɚɯ – ɞɚɞɭɬ ɧɚɢɛɨɥɶɲɭɸ 
ɚɞɟɤɜɚɬɧɨɫɬɶ ɡɧɚɧɢɹɦ ɨ ɩɪɢɫɭɬɫɬɜɭɸɳɟɣ ɝɟɧɟɬɢɱɟɫɤɨɣ ɢɡɦɟɧɱɢɜɨɫɬɢ. Ɍɨ ɠɟ 
ɫɚɦɨɟ ɦɵ ɛɵ ɩɪɢɦɟɧɢɥɢ, ɟɫɥɢ ɛɵ ɨɛɴɟɞɢɧɹɥɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɢ 
ɦɨɥɟɤɭɥɹɪɧɵɟ ɞɚɧɧɵɟ.  
 
 
ȼ ɷɬɨɦ ɉɪɢɥɨɠɟɧɢɢ ɦɵ ɩɨɤɚɡɵɜɚɟɦ ɜɢɞɵ ɨɲɢɛɨɤ, ɤɨɬɨɪɵɟ ɦɵ ɦɨɠɟɦ ɢɦɟɬɶ, 
ɟɫɥɢ ɧɚɲɢ ɜɵɜɨɞɵ ɛɭɞɭɬ ɨɫɧɨɜɚɧɵ ɬɨɥɶɤɨ ɧɚ ɨɞɧɨɦ ɬɢɩɟ ɦɚɪɤɟɪɧɵɯ 
ɞɚɧɧɵɯ. 
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Ɉɛɴɟɞɢɧɟɧɧɚɹ ɞɟɧɞɪɨɝɪɚɦɦɚ ɩɨɤɚɡɵɜɚɟɬ ɪɚɫɫɬɨɹɧɢɹ ɝɪɭɩɩɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ 
ɨɬɥɢɱɚɸɬɫɹ ɥɢɛɨ ɬɨɥɶɤɨ ɨɬ ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɣ, ɥɢɛɨ ɬɨɥɶɤɨ ɨɬ ɦɨɥɟɤɭɥɹɪɧɨɣ  
ɞɟɧɞɪɨɝɪɚɦɦɵ. Ɇɵ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɟɦ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɢɧɮɨɪɦɚɰɢɹ, 
ɩɪɟɞɨɫɬɚɜɥɟɧɧɚɹ ɨɛɴɟɞɢɧɟɧɧɵɦɢ ɞɚɧɧɵɦɢ, ɛɨɥɟɟ ɛɥɢɡɤɚ ɤ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ 
ɫɢɬɭɚɰɢɢ.ɇɚ ɨɫɧɨɜɟ ɩɪɨɮɢɥɹ ɩɨɥɨɫɵ ȾɇɄ, ɩɨɥɭɱɟɧɧɨɣ ɜ ɝɟɥɟ ɞɥɹ ɬɪɟɯ ɨɫɨɛɟɣ, 
ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨɩɚɪɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ Ⱦɠɚɤɤɚɪɞɚ: 
 
 
 
 
 
 
Ⱦɚɥɟɟ ɦɵ ɫɮɨɪɦɢɪɨɜɵɜɚɟɦ ɦɚɬɪɢɰɭ ɪɚɫɫɬɨɹɧɢɣ ɢ ɪɢɫɭɟɦ ɞɟɧɞɪɨɝɪɚɦɦɭ: 
 
 
 
 
 

Ɉɫɨɛɶ1 1   

Ɉɫɨɛɶ2 0,786 1  

Ɉɫɨɛɶ3 0,400 0,294 1 

 
 
 
 
 
 
 

Ɉɫɨɛɶ12 1  
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Ɇɨɥɟɤɭɥɹɪɧɚɹ 
ɞɨɧɞɪɨɝɪɚɦɦɚ 

 
 
 
 
 
 

ɗɬɚ ɞɟɧɞɪɨɝɪɚɦɦɚ ɟɫɬɶ ɪɟɡɭɥɶɬɚɬ ɦɨɥɟɤɭɥɹɪɧɵɯ ɞɚɧɧɵɯ. Ɇɵ ɦɨɠɟɦ ɬɟɩɟɪɶ ɫɪɚɜɧɢɬɶ 
ɟɟ ɫ ɞɪɭɝɨɣ ɞɟɧɞɪɨɝɪɚɦɦɨɣ, ɩɨɤɚɡɚɧɧɨɣ ɧɢɠɟ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɧɚ ɨɫɧɨɜɟ 
ɞɚɧɧɵɯ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ, ɢ ɨɬɦɟɱɚɟɬ ɪɚɡɥɢɱɢɹ. ɉɨ ɦɨɥɟɤɭɥɹɪɧɨɣ 
ɞɟɧɞɪɨɝɪɚɦɦɟ Ɉɫɨɛɢ 1 ɢ 2 ɛɥɢɠɟ ɞɪɭɝ ɤ ɞɪɭɝɭ, ɞɚɠɟ ɟɫɥɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
ɝɨɜɨɪɹɬ, ɱɬɨ Ɉɫɨɛɢ 2 ɢ 3 ɛɥɢɠɟ ɞɪɭɝ ɤ ɞɪɭɝɭ.  
 
 
 
 
 

Ɇɨɪɮɨɥɨɝɢɱɟɫɤɚɹ 
ɞɨɧɞɪɨɝɪɚɦɦɚ 

 
 
 
 
 
 
Ɉɞɧɚɤɨ, ɦɵ ɦɨɠɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɦɨɥɟɤɭɥɹɪɧɵɟ, ɬɚɤ ɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ, 
ɨɛɴɟɞɢɧɹɹ ɢɯ ɢ ɩɪɨɞɟɥɵɜɚɹ ɜɟɫɶ ɩɪɨɰɟɫɫ ɡɚɧɨɜɨ ɫ ɨɛɟɢɦɢ ɬɢɩɚɦɢ ɞɚɧɧɵɯ 
ɨɞɧɨɜɪɟɦɟɧɧɨ. 
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 Ɉɫɨɛɶ1 Ɉɫɨɛɶ2 Ɉɫɨɛɶ3 

Ɉɫɨɛɶ1 1 
Ɉɫɨɛɶ2 0,733 1
Ɉɫɨɛɶ3 0,3375 0,333 1

 
 
 
 
 
 
 

 Ɉɫɨɛɶ12 Ɉɫɨɛɶ3 

Ɉɫɨɛɶ12 1  
Ɉɫɨɛɶ3 0,554 1 

Ɉɛɴɟɞɢɧɟɧɧɚɹ ɞɟɧɞɪɨɝɪɚɦɦɚ 
ɩɨɤɚɡɵɜɚɟɬ ɪɚɫɫɬɨɹɧɢɹ 
ɝɪɭɩɩɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɨɬɥɢɱɚɸɬɫɹ 
ɥɢɛɨ ɬɨɥɶɤɨ ɨɬ ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɣ, 
ɥɢɛɨ ɬɨɥɶɤɨ ɨɬ ɦɨɥɟɤɭɥɹɪɧɨɣ  
ɞɟɧɞɪɨɝɪɚɦɦɵ. Ɇɵ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɦɨɠɟɦ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 
ɢɧɮɨɪɦɚɰɢɹ, ɩɪɟɞɨɫɬɚɜɥɟɧɧɚɹ 
ɨɛɴɟɞɢɧɟɧɧɵɦɢ ɞɚɧɧɵɦɢ, ɛɨɥɟɟ 
ɛɥɢɡɤɚ ɤ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɫɢɬɭɚɰɢɢ. 
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ǧȉșȕȗȘȑȏȌ Ȗȗȇȉȇ: Bioversity International ȏ ǱȕȗȔȌȒȣȘȑȏȐ ǺȔȏȉȌȗȘȏșȌș, 2003 ǱȕȓȖȣȥșȌȗȔȢȌ ȖȗȕȊȗȇȓȓȢ 1

ǧȔȇȒȏȎ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ
Ș ȏȘȖȕȒȣȎȕȉȇȔȏȌȓ ȋȇȔȔȢȜ
ȓȕȒȌȑȚȒȦȗȔȢȜ ȓȇȗȑȌȗȕȉ:

ǺȞȌȈȔȢȐ ȓȕȋȚȒȣ

ǱȕȓȖȣȥșȌȗȔȢȌ ȖȗȕȊȗȇȓȓȢ
ȋȒȦ ȇȔȇȒȏȎȇ ȊȌȔȌșȏȞȌȘȑȕȊȕ

ȗȇȎȔȕȕȈȗȇȎȏȦ
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ǧȉșȕȗȘȑȏȌ Ȗȗȇȉȇ: Bioversity International ȏ ǱȕȗȔȌȒȣȘȑȏȐ ǺȔȏȉȌȗȘȏșȌș, 2003 ǱȕȓȖȣȥșȌȗȔȢȌ ȖȗȕȊȗȇȓȓȢ 2

f ǵȘȔȕȉȔȢȌ ȜȇȗȇȑșȌȗȏȘșȏȑȏ
• ǹȇȈȒȏȝȇ ȗȌȎȥȓȌ
• ǴȌȑȕșȕȗȢȌ ȑȕȓȖȣȥșȌȗȔȢȌ ȖȗȕȊȗȇȓȓȢ, ȏȜ ȇȉșȕȗȢ, 
ȉȌȈ-ȘȇȐșȢ …

• … ȏ ȋȗȚȊȏȌ ȘȉȕȐȘșȉȇ
f ǶȦșȣ ȑȕȓȖȣȥșȌȗȔȢȜ ȖȗȕȊȗȇȓȓ ȉ ȋȌșȇȒȦȜ

• Arlequin
• PowerMarker
• DnaSP
• PAUP*
• MEGA

f ǷȌȘȚȗȘȢ ǯȔșȌȗȔȌșȇ
f ǶȗȏȒȕȍȌȔȏȌ 9: ǲȏșȌȗȇșȚȗȇ Ȗȕ ȑȕȓȖȣȥșȌȗȔȢȓ

ȖȗȕȊȗȇȓȓȇȓ

ɋɨɞɟɪɠɚɧɢɟ
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f ǸȜȕȍȏȌ ȎȇȋȇȞȏ

f ǵȘȔȕȉȔȢȌ ȗȇȎȒȏȞȏȦ
• ǯȔșȌȗțȌȐȘ ȖȕȒȣȎȕȉȇșȌȒȦ
• ǹȏȖ ȉȉȕȋȇ ȏ ȉȢȉȕȋȇ ȋȇȔȔȢȜ
• ǶȒȇșțȕȗȓȇ
• ǩȕȎȓȕȍȔȕȘșȏ

f ǩȢȈȕȗ Ȕȇ ȕȘȔȕȉȌ ȒȏȞȔȢȜ ȖȗȌȋȖȕȞșȌȔȏȐ

ǵȘȔȕȉȔȢȌ ȜȇȗȇȑșȌȗȏȘșȏȑȏ

ǸȚȠȌȘșȉȚȌș ȓȔȕȍȌȘșȉȕ ȑȕȓȖȣȥșȌȗȔȢȜ ȖȗȕȊȗȇȓȓ ȋȒȦ ȕȝȌȔȑȏ ȊȌȔȌșȏȞȌȘȑȕȊȕ
ȗȇȎȔȕȕȈȗȇȎȏȦ. ǨȕȒȣȟȏȔȘșȉȕ ȏȎ ȔȏȜ ȓȕȍȔȕ ȖȕȒȚȞȏșȣ ȈȌȘȖȒȇșȔȕ ȞȌȗȌȎ
ǯȔșȌȗȔȌș. ǳȔȕȊȏȌ ȖȗȕȊȗȇȓȓȢ ȉȢȖȕȒȔȦȥș ȘȜȕȍȏȌ țȚȔȑȝȏȏ ȏ ȏȜ ȕȘȔȕȉȔȢȌ
ȗȇȎȒȏȞȏȦ ȋȗȚȊ ȕș ȋȗȚȊȇ ȎȇȑȒȥȞȇȥșȘȦ ȉ ȖȕȒȣȎȕȉȇșȌȒȣȘȑȕȓ ȏȔșȌȗțȌȐȘȌ, șȏȖȌ
ȉȉȕȋȇ ȏ ȉȢȉȕȋȇ ȋȇȔȔȢȜ ȏ ȖȒȇșțȕȗȓȌ. ǹȇȑȏȓ ȕȈȗȇȎȕȓ ȉȢȈȕȗ ȖȗȕȊȗȇȓȓȢ ȉ
ȎȔȇȞȏșȌȒȣȔȕȐ ȓȌȗȌ ȎȇȉȏȘȏș ȕș ȒȏȞȔȢȜ ȖȗȌȋȖȕȞșȌȔȏȐ. ǩ Ȥșȕȓ ȗȇȎȋȌȒȌ ȓȢ
ȕȖȏȘȢȉȇȌȓ ȔȌȑȕșȕȗȢȌ ȏȎ ȘȚȠȌȘșȉȚȥȠȏȜ ȖȗȕȊȗȇȓȓ, ȚȞȏșȢȉȇȦ ȘȖȌȝȏțȏȞȔȢȌ
ȕȖȝȏȏ, ȑȕșȕȗȢȌ ȖȕȒȣȎȕȉȇșȌȒȏ ȓȕȊȚș ȔȇȐșȏ ȉ ȔȏȜ ȖȗȌȋȖȕȞșȏșȌȒȣȔȢȓȏ.
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ǧȉșȕȗȘȑȏȌ Ȗȗȇȉȇ: Bioversity International ȏ ǱȕȗȔȌȒȣȘȑȏȐ ǺȔȏȉȌȗȘȏșȌș, 2003 ǱȕȓȖȣȥșȌȗȔȢȌ ȖȗȕȊȗȇȓȓȢ 4
Ȗȕ ǲȇȈȇșȌ (2000)

ǵȘȕȈȌȔȔȕȘșȏ
TFPGA1 Arlequin1* GDA1 GENEPOP1* GeneStrut POPGENE*+

ǷȇȎȔȕȕȈȗȇȎȏȌ
ǪȌșȌȗȕȎȏȊȕșȔȕȘșȣ  (ȔȇȈȒȥȋȇȌȓȇ x x x x x
ǶȗȌȋȖȕȒȇȊȇȌȓȇȦ ȊȌșȌȗȕȎȏȊȕșȔȕȘ x x x x x
ǾȏȘȒȕ ȇȒȒȌȒȌȐ Ȕȇ ȒȕȑȚȘ x x x x
ǾȏȘȒȕ ȤțțȌȑșȏȉȔȢȜ ȇȒȒȌȒȌȐ x x x
% ȖȕȒȏȓȕȗțȔȢȜ ȒȕȑȚȘȕȉ x x x x
S hannon-Weaver

ǸșȗȚȑșȚȗȇ ȖȕȖȚȒȦȝȏȏ
ǸșȇșȏȘșȏȑȇ F  x x x x x x
ǸșȇșȏȘșȏȑȇ G x x
ANOVA x x
ǸșȇșȏȘșȏȑȇ R ho x x
ǪȕȓȕȊȌȔȔȕȘșȣ x x x
ǳȏȊȗȇȝȏȦ x x x
ǫȏȘșȇȔȝȏȕȔȔȇȦ ȏȎȕȒȦȝȏȦ x

ǨȇȒȇȔȘ
Hardy-Weinberg x x x x x x
ǫȉȇ ȒȕȑȚȘȇ x x x x x
ǳȔȕȊȕ ȒȕȑȚȘȕȉ x
U-șȌȘș x

ǪȌȔȌșȏȞȌȘȑȕȌ ȗȇȘȘșȕȦȔȏȌ
ǴȌȦ (Nei) x x x x x
ǷȕȋȍȌȗȇ (R oger) x x
ǶȕȖȇȗȔȇȦ Fs r x x x

ǵȈȗȇȎȕȉȇȔȏȌ ȑȒȇȘșȌȗȕȉ
ǶȗȏȘȕȌȋȏȔȌȔȏȌ ȘȕȘȌȋȇ x
UPGMA x x x x
ǹȌȘș ȔȌȐșȗȇȒȣȔȕȘșȏ x x
1 ǩȢȖȕȒȔȦȌș șȕȞȔȢȌ șȌȘșȢ Ȗȕ ȎȔȇȞȏȓȕȘșȏ
* ǶȗȕȊȗȇȓȓȇ ȓȕȍȌș ȘȕȋȌȗȍȇșȣ ȔȚȒȌȉȕȐ ȇȒȒȌȒȣ ȉ ȋȇȔȔȢȜ
+ǶȕȒȣȎȕȉȇșȌȒȣ ȓȕȍȌș șȕȞȔȕ ȕȖȗȌȋȌȒȏșȣ ȑȕȤțțȏȝȏȌȔș ȏȔȈȗȏȋȏȔȊȇ ȋȒȦ ȕȝȌȔȑȏ ȞȇȘșȕșȢ ȔȚȒȌȉȕȊȕ ȇȒȒȌȒȦ

ǶȗȕȊȗȇȓȓȇ 

ǹȇȈȒȏȝȇ ȗȌȎȥȓȌ

ǫȍȕȇȔȔȇ ǲȇȈȇșȌ (2000) ȔȇȖȏȘȇȒȇ ȖȗȌȑȗȇȘȔȢȐ ȕȈȎȕȗ ȟȌȘșȏ ȑȕȓȖȣȥșȌȗȔȢȜ
ȖȗȕȊȗȇȓȓ: TFPGA (Miller, 1997), Arlequin (Schneider ȏ ȋȗ., 1997), GDA (Lewis ȏ
Zaykin, 1999), GENEPOP (Raymond ȏ Rousset, 1995), GeneStrut (Constantine ȏ ȋȗ., 
1994), ȏ POPGENE (Yeh ȏ ȋȗ., 1997). ǬȌ ȕȈȎȕȗ ȉȑȒȥȞȇȌș ȘȖȌȝȏțȏȞȔȢȌ ȕȖȝȏȏ, 
șȇȈȒȏȝȚ țȚȔȑȝȏȐ ȑȇȍȋȕȐ ȖȗȕȊȗȇȓȓ ȏ ȇȋȗȌȘȇ ȉȌȈ-ȘȇȐșȕȉ, ȕșȑȚȋȇ ȕȔȏ ȓȕȊȚș
ȈȢșȣ ȎȇȊȗȚȍȌȔȢ. ǩȕ ȏȎȈȌȍȇȔȏȌ ȏȎȒȏȟȌȘșȉ, ȓȢ ȉȑȒȥȞȏȒȏ ȉ Ȕȇȟ ȕȈȎȕȗ șȕȒȣȑȕ
Arlequin, ȑȕșȕȗȢȐ ȉȌȗȕȦșȔȕ ȦȉȒȦȌșȘȦ ȔȇȏȈȕȒȌȌ ȟȏȗȕȑȕ ȏȘȖȕȒȣȎȚȌȓȕȐ ȘȗȌȋȏ
ȟȌȘșȏ ȖȗȕȊȗȇȓȓ. 

ǫȒȦ ȕȎȔȇȑȕȓȒȌȔȏȦ Ș ȖȕȒȔȢȓ ȖȌȗȌȞȔȌȓ ȒȏșȌȗȇșȚȗȔȢȜ ȏȘșȕȞȔȏȑȕȉ Ȗȕ Ȥșȏȓ
ȟȌȘșȏ ȏ ȋȗȚȊȏȓ ȕșȕȈȗȇȔȔȢȓ ȑȕȓȖȣȥșȌȗȔȢȓ ȖȗȕȊȗȇȓȓȇȓ ȘȓȕșȗȏșȌ
ǶȗȏȒȕȍȌȔȏȌ 9 (ȠȌȒȑȔȏșȌ ȓȢȟȑȕȐ ȎȋȌȘȣ). 

ǲȏșȌȗȇșȚȗȇ

Labate, J.A. 2000. Software for population genetic analyses of molecular marker 
data. Crop Sci. 40:1521-1528.
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ǴȌȑȕșȕȗȢȌ ȑȕȓȖȣȥșȌȗȔȢȌ ȖȗȕȊȗȇȓȓȢ, ȏȜ
ȇȉșȕȗȢ, ȉȌȈ-ȘȇȐșȢ …

http://research.amnh.org/users/djanies/D. Janies ȏ W.C. WheelerMALIGN

http://www.ebi.ac.uk/clustalwThompson, Higgins ȏ GibsonCLUSTAL W

http://lifesci.rutgers.edu/~heylab/ProgramsandData/Programs/SITES/SITES_Documentation.htm#ContentsJody HeySITES

http://evolution.genetics.washington.edu/phylip.htmlJoe FelsenteinPHYLIP

http://phylogeny.arizona.edu/maccladeDavid R. & Wayne P. MaddisonMacClade

http://www.ualberta.ca/~fyeh/index.htmF.C. Yeh, R.-C. Yang, T. BoylePOPGENEa

http://wwwvet.murdoch.edu.au/vetschl/imgad/GenStrut.htmConstantine, Hobbs & LymberyGeneStruta

http://pritch.bsd.uchicago.edu/Jonathan K. Pritchardstructure

http://www.exetersoftware.com/cat/ntsyspc/ntsyspc.htmlF.J. RohlfNTSYSpc

ftp://ftp.cefe.cnrs-mop.fr/pub/PC/MSDOS/GENEPOP/Genepop.zip
also at http://wbiomed.curtin.edu.au/genepop/

Michel Raymond, 
Francois Rousset

GENEPOPa

http://lewis.eeb.uconn.edu/lewishome/software.htmlPaul Lewis, Dmitri ZaykinGDAa

http://bioweb.usu.edu/mpmbio/index.htmMark MillerTFPGAa

http://paup.csit.fsu.edu/David SwoffordPAUP*

http:/www.megasoftware.netS. Kumar ȏ ȋȗȚȊȏȌMEGA2

http://www.powermarker.net/Kejun (Jack) LiuPowerMarker

http://www.ub.es/dnaspJulio and Ricardo RozasDnaSP

http://lgb.unige.ch/arlequinLaurent ExcoffierArlequina

ǫȕȘșȚȖȌȔ Ȕȇ:ǧȉșȕȗȢǴȇȎȉȇȔȏȌ

a ǵȈȘȚȍȋȇȌșȘȦ ȉ ǲȇȈȇșȌ (2000)

ǳȢ ȖȗȕȉȌȋȌȓ ȕȈȎȕȗ ȋȗȚȊȏȜ ȑȕȓȖȣȥșȌȗȔȢȜ ȖȗȕȊȗȇȓȓ, ȉȢȈȗȇȔȔȢȜ ȘȕȊȒȇȘȔȕ ȏȜ
ȟȏȗȕȑȕȓȚ ȏȘȖȕȒȣȎȕȉȇȔȏȥ ȏ ȕșȋȇȉȇȦ ȖȗȏȕȗȏșȌș șȌȓ, ȑȕșȕȗȢȌ ȋȕȘșȚȖȔȢ
ȈȌȘȖȒȇșȔȕ (Ȏȇ ȏȘȑȒȥȞȌȔȏȌȓ PAUP*). ǶȌȗȌȞȏȘȒȌȔȔȢȌ ȉȌȈ-ȘȇȐșȢ ȏ ȒȏȔȑȏ ȓȔȕȊȏȜ
ȋȗȚȊȏȜ ȘȚȠȌȘșȉȚȥȠȏȜ ȖȗȕȊȗȇȓȓ șȇȑȍȌ ȖȗȏȉȌȋȌȔȢ ȉ Ȥșȕȓ ȏ ȘȒȌȋȚȥȠȏȜ
ȘȒȇȐȋȇȜ. ǳȢ ȉȑȒȥȞȏȒȏ ȏȔțȕȗȓȇȝȏȥ ȕȈ ȇȉșȕȗȇȜ, ȘșȕȏȓȕȘșȏ, ȘȖȌȝȏțȏȑȇȜ
ȖȒȇșțȕȗȓ ȏ ȉȌȈ-ȘȇȐșȢ. ǺȞșȏșȌ, Ȟșȕ ȔȇȗȦȋȚ Ș șȌȓ, Ȟșȕ ȔȌȑȕșȕȗȢȌ ȖȗȕȊȗȇȓȓȢ
ȗȇȎȗȇȈȕșȇȔȢ ȘȖȌȝȏȇȒȣȔȕ șȕȒȣȑȕ ȋȒȦ ȕȋȔȕȐ ȖȒȇșțȕȗȓȢ (ȕȈȢȞȔȕ Windows ȏȒȏ
Macintosh), Ș ȔȌȋȇȉȔȏȓ ȖȕȦȉȒȌȔȏȌȓ «ȤȓȚȒȦșȕȗȕȉ» (șȇȑȏȜ ȑȇȑ SoftWindows, 
VirtualPC ) ȈȕȒȣȟȏȔȘșȉȕ ȑȕȓȖȣȥșȌȗȔȢȜ ȖȗȕȊȗȇȓȓ ȓȕȊȚș ȗȇȈȕșȇșȣ Ȕȇ ȒȥȈȕȓ
ȑȕȓȖȣȥșȌȗȌ ȔȌȎȇȉȏȘȏȓȕ ȕș ȖȒȇșțȕȗȓȢ. ǼȕșȦ ȓȢ ȖȗȏȔȏȓȇȌȓ ȑ ȘȉȌȋȌȔȏȥ
ȘȒȚȞȇȏ, ȑȕȊȋȇ ȖȗȕȊȗȇȓȓȇ ȚȘȖȌȟȔȕ ȏȘȖȕȒȣȎȕȉȇȒȇȘȣ Ș ȖȗȏȓȌȔȌȔȏȌȓ ȕȋȔȕȊȕ ȏȎ
ȤșȏȜ ȤȓȚȒȦșȕȗȕȉ, ȓȢ ȔȌ ȚșȉȌȗȍȋȇȌȓ, Ȟșȕ ȉȘȌ ȖȌȗȌȞȏȘȒȌȔȔȢȌ ȖȗȕȊȗȇȓȓȢ ȓȕȊȚș
ȗȇȈȕșȇșȣ ȉ ȒȥȈȕȐ ȖȒȇșțȕȗȓȌ;  ȖȗȕȘșȕ ȓȢ ȎȔȇȌȓ ȔȇȉȌȗȔȦȑȇ, Ȟșȕ ȕȔȏ ȈȢȒȏ
ȚȘȖȌȟȔȕ ȏȘȖȕȒȣȎȕȉȇȔȢ. ǯȔȕȊȋȇ, ȏȘȖȕȒȣȎȕȉȇȔȏȌ ȤȓȚȒȦșȕȗȕȉ ȓȕȍȌș ȈȢșȣ
ȖȗȏȞȏȔȕȐ ȓȌȋȒȌȔȔȕȐ ȗȇȈȕșȢ ȖȒȇșțȕȗȓȢ ȏȒȏ ȉȢȎȉȇșȣ ȋȗȚȊȏȌ ȖȗȕȈȒȌȓȢ. ǪȋȌ
ȉȕȎȓȕȍȔȕ, ȖȗȌȋȖȕȞșȏșȌȒȣȔȕ ȏȘȖȕȒȣȎȕȉȇșȣ ȖȒȇșțȕȗȓȢ, ȋȒȦ ȑȕșȕȗȕȐ ȋȇȔȔȇȦ
ȖȗȕȊȗȇȓȓȇ ȗȇȎȗȇȈȕșȇȔȇ.  

ǶȗȕȊȗȇȓȓȢ, ȖȌȗȌȞȏȘȒȌȔȔȢȌ ȉ ȘȒȇȐȋȌ ȏ ȉȢȋȌȒȌȔȔȢȌ ȍȏȗȔȢȓ ȟȗȏțșȕȓ, 
ȕȈȘȚȍȋȇȥșȘȦ ȉ ȔȇȘșȕȦȠȌȓ ȓȕȋȚȒȌ. ǩȌȈ-ȘȇȐșȢ ȖȗȏȉȌȋȌȔȢ Ȗȕ ȘȕȘșȕȦȔȏȥ Ȕȇ 28 
țȌȉȗȇȒȦ 2003 Ȋ.



6

ǧȉșȕȗȘȑȏȌ Ȗȗȇȉȇ: Bioversity International ȏ ǱȕȗȔȌȒȣȘȑȏȐ ǺȔȏȉȌȗȘȏșȌș, 2003 ǱȕȓȖȣȥșȌȗȔȢȌ ȖȗȕȊȗȇȓȓȢ 6

Windows Macintosh ǫȗȚȊȏȌ
Arlequin X X X 0
DnaS P X c 0
PowerMarker X 0
ME GA2 X c c 0
Arlequin X X X 100
TFPGA X 0
GDA X X 0
GE NE POP X 0
NTS YS pc X 230-300
s tructure X X 0
GeneS trut X 0
POPGE NE X c 0
MacClade X 125
PHYLIP X X X 0
S ITE S X X 0
CLUS TAL W X X X 0
MALIGN X 0

ǶȒȇșțȕȗȓȇ ǸșȕȏȓȕȘșȣ (US$)ǴȇȎȉȇȔȏȌ

… ȏ ȋȗȚȊȏȌ ȘȉȕȐȘșȉȇ

c = ȖȗȕȊȗȇȓȓȇ ȗȇȈȕșȇȌș Ȝȕȗȕȟȕ Ș șȇȑȏȓȏ ȤȓȚȒȦșȕȗȇȓȏ, ȑȇȑ SoftWindows ȏȒȏ
VirtualPC.

ǩ ȝȌȒȦȜ ȤȑȕȔȕȓȏȏ, ȒȏșȌȗȇșȚȗȔȢȌ ȏȘșȕȞȔȏȑȏ Ȗȕ ȕȈȘȚȍȋȇȌȓȢȓ ȖȗȕȊȗȇȓȓȇȓ
ȖȗȏȉȌȋȌȔȢ ȉ ǶȗȏȒȕȍȌȔȏȏ 9 (ȠȌȒȑȔȏșȌ ȓȢȟȑȕȐ ȎȋȌȘȣ).
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f Arlequin

f PowerMarker

f DnaSP

f PAUP*

f MEGA 

ǶȦșȣ ȑȕȓȖȣȥșȌȗȔȢȜ ȖȗȕȊȗȇȓȓ ȉ ȋȌșȇȒȦȜ

ǶȦșȣ ȑȕȓȖȣȥșȌȗȔȢȜ ȖȗȕȊȗȇȓȓ ȈȢȒȏ ȉȢȈȗȇȔȢ ȋȒȦ ȕȈȘȚȍȋȌȔȏȦ ȉ ȋȌșȇȒȦȜ. Ȅșȕș
ȉȢȈȕȗ ȈȢȒ ȘȋȌȒȇȔ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȗȌȎȚȒȣșȇșȇ ȕȖȗȕȘȇ ȖȕȒȣȎȕȉȇșȌȒȌȐ ȕ ȔȇȏȈȕȒȌȌ
ȏȘȖȕȒȣȎȚȌȓȢȜ ȏȓȏ ȖȗȕȊȗȇȓȓȇȜ, ȏ ȈȕȒȌȌ ȖȕȒȌȎȔȢȜ ȏȒȏ ȖȗȌȋȘșȇȉȏșȌȒȣȔȢȜ Ȗȕ ȏȜ
ȓȔȌȔȏȥ ȖȗȕȊȗȇȓȓȇȜ. ǵȖȗȕȟȌȔȔȢȌ ȖȕȒȣȎȕȉȇșȌȒȏ ȉȑȒȥȞȇȒȏ ȉ ȘȌȈȦ ȘșȚȋȌȔșȕȉ, 
ȇȘȖȏȗȇȔșȕȉ ȏ ȋȕȑșȕȗȇȔșȕȉ, ȘȕȏȘȑȇșȌȒȌȐ, ȇ șȇȑȍȌ ȖȗȕțȌȘȘȕȗȘȑȕ-
ȖȗȌȖȕȋȇȉȇșȌȒȣȘȑȏȐ ȘȕȘșȇȉ. ǶȌȗȌȞȌȔȣ ȉȑȒȥȞȇȌș ȔȇȏȈȕȒȌȌ ȚȖȕȓȦȔȚșȢȌ
ȖȗȕȊȗȇȓȓȢ. ǩ ȘȒȚȞȇȌ ȘȕȓȔȌȔȏȦ, ȈȢȒȏ ȉȢȈȗȇȔȢ ȖȗȕȊȗȇȓȓȢ, ȋȕȘșȚȖȔȢȌ
ȈȌȘȖȒȇșȔȕ ȏȒȏ șȌ, ȑȕșȕȗȢȌ ȑȇȎȇȒȏȘȣ ȈȕȒȌȌ ȟȏȗȕȑȕ ȏȘȖȕȒȣȎȚȌȓȢȓȏ. ǾșȕȈȢ
ȈȢșȣ ȈȕȒȌȌ ȖȗȌȋȘșȇȉȏșȌȒȣȔȢȓ, ȋȕȖȕȒȔȏșȌȒȣȔȢȐ ȑȗȏșȌȗȏȐ ȑȇȑ ȉȢȖȕȒȔȌȔȏȌ
ȗȇȎȔȢȜ țȚȔȑȝȏȐ ȈȢȒ ȏȘȖȕȒȣȎȕȉȇȔ ȋȒȦ ȉȢȈȕȗȇ ȖȗȕȊȗȇȓȓ. 
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f <http://lgb.unige.ch/arlequin>
f ɂɦɟɸɬɫɹ ɜɟɪɫɢɢ ɞɥɹ Windows, Mac, ɢ Linux, ɜɫɟ -

ɛɟɫɩɥɚɬɧɨ
f Ɇɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɧɵɟ ɬɢɩɵ ɞɚɧɧɵɯ (ɧɨ ɧɟ

ɞɨɦɢɧɚɧɬɧɵɯ ɦɚɪɤɟɪɨɜ ɩɨɤɚ)
f ɉɪɨɩɭɳɟɧɧɵɟ ɢɥɢ ɧɟɬɨɱɧɵɟ ɞɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ

ɜɤɥɸɱɟɧɵ
f Ⱦɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ ɜɜɟɞɟɧɵ ɤɚɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ

ȾɇɄ, ɝɚɩɥɨɬɢɩɵ RFLP, ɩɪɨɮɢɥɢ ɦɢɤɪɨɫɚɬɟɥɥɢɬɨɜ ɢɥɢ
ɝɚɩɥɨɬɢɩɵ ɦɭɥɶɬɢɥɨɤɭɫɚ

f Ⱦɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ ɢɦɩɨɪɬɢɪɨɜɚɧɵ ɢɡ ɮɚɣɥɨɜ, 
ɫɨɡɞɚɧɧɵɯ ɞɥɹ ɞɪɭɝɢɯ ɩɪɨɝɪɚɦɦ

Arlequin

(ȖȗȕȋȕȒȍȌȔȏȌ ȉ ȘȒȌȋȚȥȠȌȓ ȘȒȇȐȋȌ)

ǩȢȖȚȠȌȔȔȢȐ ȉ 1997 Ȋ., Arlequin (ȘȕȉȗȌȓȌȔȔȇȦ ȉȌȗȘȏȦ 2.001) ȦȉȒȦȌșȘȦ ȉȘȌ ȌȠȌ
ȕȞȌȔȣ ȖȕȖȚȒȦȗȔȢȓ. Ȅșȕ «ȑȕȓȖȣȥșȌȗȔȇȦ ȖȗȕȊȗȇȓȓȇ ȋȒȦ ȏȘȘȒȌȋȕȉȇȔȏȐ
ȖȕȖȚȒȦȝȏȕȔȔȕȐ ȊȌȔȌșȏȑȏ, ȖȕȎȉȕȒȦȥȠȇȦ ȕȈȗȇȈȇșȢȉȇșȣ ȈȕȒȣȟȏȌ ȉȢȈȕȗȑȏ
ȓȕȒȌȑȚȒȦȗȔȢȜ ȋȇȔȔȢȜ (RFLP, ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȣ ǫǴǱ, ȓȏȑȗȕȘȇșȌȒȒȏșȢ) ȏ ȉ
șȕȍȌ ȉȗȌȓȦ ȘȕȜȗȇȔȦȥȠȇȦ ȉȕȎȓȕȍȔȕȘșȣ ȖȗȕȉȌȋȌȔȏȦ ȇȔȇȒȏȎȇ ȕȈȢȞȔȢȜ
ȊȌȔȌșȏȞȌȘȑȏȜ ȋȇȔȔȢȜ (ȘșȇȔȋȇȗșȔȢȌ ȓȚȒȣșȏȒȕȑȚȘȔȢȌ ȋȇȔȔȢȌ ȏȒȏ ȇȈȘȕȒȥșȔȢȌ
ȋȇȔȔȢȌ ȞȇȘșȕș ȇȒȒȌȒȏ).  
Arlequin ȓȕȍȌș ȏȘȖȕȒȣȎȕȉȇșȣ ȓȔȕȊȕ ȗȇȎȒȏȞȔȢȜ șȏȖȕȉ ȋȇȔȔȢȜ șȇȑȏȜ, ȑȇȑ
ȓȕȒȌȑȚȒȦȗȔȢȌ ȋȇȔȔȢȌ ȏ ȞȇȘșȕșȢ ȊȌȔȕșȏȖȕȉ ȏȒȏ ȊȇȖȒȕșȏȖȕȉ, ȉȑȒȥȞȇȦ
ȑȕȋȕȓȏȔȇȔșȔȢȌ ȏȒȏ ȗȌȝȌȘȘȏȉȔȢȌ ȋȇȔȔȢȌ, Ȕȕ Ȗȕȑȇ ȌȠȌ ȔȌ ȋȕȓȏȔȇȔșȔȢȌ
ȋȇȔȔȢȌ. ǳȕȒȌȑȚȒȦȗȔȢȌ ȋȇȔȔȢȌ ȓȕȊȚș ȈȢșȣ ȉȉȌȋȌȔȢ ȑȇȑ ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȏ
ǫǴǱ, ȊȇȖȒȕșȏȖȢ RFLP,  ȖȗȕțȏȒȏ ȓȏȑȗȕȘȇșȌȒȒȏșȕȉ ȏȒȏ ȊȇȖȒȕșȏȖȢ ȓȚȒȣșȏȒȕȑȚȘȇ. 
ǻȕȗȓȇș ȋȇȔȔȢȜ ȎȇȋȇȌșȘȦ ȉ țȇȐȒȌ ȉȉȕȋȇ. ǶȕȒȣȎȕȉȇșȌȒȣ ȓȕȍȌș ȘȕȎȋȇșȣ țȇȐȒ
ȋȇȔȔȢȜ Ȕȇ ȖȚȘșȕȓ ȓȌȘșȌ, ȏȘȖȕȒȣȎȚȦ șȌȑȘșȕȉȕȐ ȗȌȋȇȑșȕȗ ȏ ȘȕȕșȉȌșȘșȉȚȥȠȏȌ
ȑȒȥȞȌȉȢȌ ȘȒȕȉȇ, ȏȒȏ ȏȘȖȕȒȣȎȚȦ «Project Outline Wizard». ǫȇȔȔȢȌ ȓȕȊȚș
ȏȓȖȕȗșȏȗȕȉȇșȣȘȦ ȏȎ țȇȐȒȕȉ, ȘȕȎȋȇȔȔȢȜ ȋȒȦ ȋȗȚȊȏȜ ȖȗȕȊȗȇȓȓ, ȉȑȒȥȞȇȦ MEGA, 
BIOSYS, GENEPOP ȏ PHYLIP. ǴȌȋȕȘșȇȥȠȏȌ ȏȒȏ ȔȌșȕȞȔȢȌ ȋȇȔȔȢȌ ȓȕȊȚș ȈȢșȣ
șȇȑȍȌ ȉȑȒȥȞȌȔȢ. Ǳ ȖȗȕȊȗȇȓȓȌ ȖȗȏȒȇȊȇȌșȘȦ ȕȞȌȔȣ ȖȕȋȗȕȈȔȕȌ ȗȚȑȕȉȕȋȘșȉȕ ȋȒȦ
ȖȕȒȣȎȕȉȇșȌȒȦ, ȑȕșȕȗȕȌ ȉȑȒȥȞȇȌș ȈȕȒȣȟȕȐ ȕȈȡȌȓ șȌȕȗȌșȏȞȌȘȑȕȐ ȏȔțȕȗȓȇȝȏȏ, 
țȕȗȓȚȒ ȏ ȒȏșȌȗȇșȚȗȔȢȜ ȏȘșȕȞȔȏȑȕȉ. ǳȕȍȔȕ ȖȗȕȇȔȇȒȏȎȏȗȕȉȇșȣ ȈȕȒȣȟȕȌ ȞȏȘȒȕ
ȋȇȔȔȢȜ, ȏ ȏȓȌȌșȘȦ ȕȖȝȏȦ ȖȇȑȌșȔȢȜ țȇȐȒȕȉ.  
ǧȉșȕȗȢ: Laurent Excoffier, Stefan Schneider ȏ David Roessli, ǺȔȏȉȌȗȘȏșȌș ǭȌȔȌȉȢ, 
ǿȉȌȐȝȇȗȏȦ

ǲȏșȌȗȇșȚȗȇ

Schneider, S., D. Roessli ɢ L. Excoffier. 2000. Arlequin: A Software for Population Genetics Data 
Analysis, Version 2.000. Genetics and Biometry Laboratory, Dept. of Anthropology, 
University of Geneva, Switzerland.
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Arlequin (ȖȗȕȋȕȒȍȌȔȏȌ)

Ź ɉɪɟɢɦɭɳɟɫɬɜɚ: 
• ɏɨɪɨɲɚɹ ɩɨɞɞɟɪɠɤɚ ɨɛɟɫɩɟɱɟɧɚ ɱɟɪɟɡ ɩɨɞɪɨɛɧɨɟ
ɪɭɤɨɜɨɞɫɬɜɨ, ɤɨɬɨɪɨɟ ɜɤɥɸɱɚɟɬ ɛɨɥɶɲɨɣ ɨɛɴɟɦ
ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɮɨɪɦɭɥ ɢ
ɛɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɯ ɢɫɬɨɱɧɢɤɨɜ; ɯɨɪɨɲɨ ɨɪɝɚɧɢɡɨɜɚɧɧɵɣ
ɜɟɛ-ɫɚɣɬ ɫ ɬɚɤɢɦɢ ɮɭɧɤɰɢɹɦɢ ɤɚɤ «ɑɚɫɬɨ ɡɚɞɚɜɚɟɦɵɟ
ɜɨɩɪɨɫɵ»

• Ƚɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɨɱɟɧɶ ɭɞɨɛɧɵɣ ɞɥɹ
ɩɨɥɶɡɨɜɚɬɟɥɹ

Ź ɇɟɞɨɫɬɚɬɤɢ:
• Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɮɭɧɤɰɢɢ ɢ ɨɩɰɢɢ ɞɥɹ ɢɡɭɱɟɧɢɹ
• ɋɨɡɞɚɧɢɟ ɮɚɣɥɚ ɞɚɧɧɵɯ ɦɨɠɟɬ ɛɵɬɶ ɫɥɨɠɧɵɦ ɢ ɞɨɥɠɧɨ
ɛɵɬɶ ɨɬɮɨɪɦɚɬɢɪɨɜɚɧɨ ɩɪɚɜɢɥɶɧɨ (ɨɞɧɚɤɨ, ɯɨɪɨɲɢɣ
ɩɪɢɦɟɪ ɩɪɢɜɟɞɟɧ ɜ ɪɭɤɨɜɨɞɫɬɜɟ)
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PowerMarker

Ź<http://www.powermarker.net>

ŹɊɚɡɪɚɛɨɬɚɧ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɵɯ SSR/SNP 
ɜ ɚɧɚɥɢɡɚɯ ɩɨɩɭɥɹɰɢɨɧɧɨɣ ɝɟɧɟɬɢɤɢ

Źɂɦɟɸɳɢɟɫɹ ɨɩɰɢɢ ɜɤɥɸɱɚɸɬ ɫɜɨɞɧɭɸ ɫɬɚɬɢɫɬɢɤɭ, 
ɞɪɟɜɚ ɤɨɧɫɟɧɫɭɫɚ, ɬɟɫɬ Ɇɚɧɬɟɥɹ,  ɩɨɫɬɪɨɟɧɢɟ
ɬɪɟɭɝɨɥɶɧɢɤɚ ɢ ɜɢɡɭɚɥɢɡɚɰɢɸ ɪɟɡɭɥɶɬɚɬɨɜ
ɞɢɫɛɚɥɚɧɫɚ ɫɜɹɡɢ

Ʌɢɬɟɪɚɬɭɪɚ

Liu, K. 2003. PowerMarker: New Genetic Data Analysis Software, Version 3.0. 
Free program distributed by the author over Internet at 
<http://www.powermarker.net>

(ȖȗȕȋȕȒȍȌȔȏȌ ȉ ȘȒȌȋȚȥȠȌȓ ȘȒȇȐȋȌ )
ǶȗȕȊȗȇȓȓȇ PowerMarker – Ȥșȕ ȔȕȉȇȦ ȖȗȕȊȗȇȓȓȇ, ȖȌȗȉȇȦ ȕțȏȝȏȇȒȣȔȇȦ ȉȌȗȘȏȦ
ȑȕșȕȗȕȐ ȈȢȒȇ ȉȢȖȚȠȌȔȇ ȉ ȦȔȉȇȗȌ 2004 Ȋ. ǵȔȇ ȈȢȒȇ ȗȇȎȗȇȈȕșȇȔȇ ȘȖȌȝȏȇȒȣȔȕ
ȋȒȦ ȏȘȖȕȒȣȎȕȉȇȔȏȦ ȋȇȔȔȢȜ SSR/SNP ȉ ȇȔȇȒȏȎȇȜ ȖȕȖȚȒȦȝȏȕȔȔȕȐ ȊȌȔȌșȏȑȏ. 
ǫȇȔȔȢȌ ȓȕȊȚș ȈȢșȣ ȏȓȖȕȗșȏȗȕȉȇȔȢ ȏȎ Excel ȏ ȋȗȚȊȏȜ țȕȗȓȇșȕȉ, ȋȌȒȇȦ
ȚȘșȇȔȕȉȑȚ ȋȇȔȔȢȜ ȕȞȌȔȣ ȒȌȊȑȕȐ. ǫȇȔȔȢȌ șȇȑȍȌ ȓȕȊȚș ȈȢșȣ ȤȑȘȖȕȗșȏȗȕȉȇȔȢ ȉ
țȕȗȓȇșȢ NEXUS ȏ Arlequin. ǵȔȇ ȉȑȒȥȞȇȌș ‘2D viewer’ ȋȒȦ ȉȏȎȚȇȒȏȎȇȝȏȏ
ȋȏȘȈȇȒȇȔȘȇ ȘȉȦȎȌȐ. ǶȕȒȣȎȕȉȇșȌȒȣ ȓȕȍȌș ȗȌȋȇȑșȏȗȕȉȇșȣ Ȋȗȇțȏȑȏ ȉ PowerMarker
ȏȒȏ ȤȑȘȖȕȗșȏȗȕȉȇșȣ ȏȜ ȋȒȦ ȖȚȈȒȏȑȇȝȏȏ. ǶȗȕȊȗȇȓȓȢ ȈȢȒȇ ȕȈȟȏȗȔȕ
ȖȗȕșȌȘșȏȗȕȉȇȔȇ ȋȒȦ șȕȞȔȕȘșȏ ȏ ȤțțȌȑșȏȉȔȕȘșȏ. ǶȗȏȒȇȊȇȌșȘȦ ȖȕȒȔȇȦ
ȋȕȑȚȓȌȔșȇȝȏȦ. ǩ ȖȇȑȌș ȉȑȒȥȞȌȔ ȗȦȋ ȔȕȉȢȜ ȓȕȋȌȒȌȐ ȋȒȦ ȏȎȚȞȌȔȏȦ ȇȘȘȕȝȏȇȝȏȐ. 
ǯȓȌȌșȘȦ ȔȌȘȑȕȒȣȑȕ ȋȌȓȕȔȘșȗȇȝȏȕȔȔȢȜ ȔȇȈȕȗȕȉ ȋȇȔȔȢȜ ȋȒȦ ȔȇȞȇȒȇ. 
ǶȗȕȊȗȇȓȓȇ ȋȕȘșȚȖȔȇ ȈȌȘȖȒȇșȔȕ, Ȕȕ șȗȌȈȚȌșȘȦ ȕȈȒȇȋȇȔȏȌ PHYLIP, TreeView, 
ȘȏȘșȌȓȕȐ ȘșȗȚȑșȚȗȢ Microsoft.net (ȉȘȌ ȋȕȘșȚȖȔȢ ȈȌȘȖȒȇșȔȕ) ȏ Excel 2000 
(ȋȕȘșȚȖȌȔ Ȏȇ ȖȒȇșȚ). ǫȗȚȊȏȓ ȔȌȋȕȘșȇșȑȕȓ ȦȉȒȦȌșȘȦ șȕ, Ȟșȕ ȖȗȕȊȗȇȓȓȇ ȗȇȈȕșȇȌș
șȕȒȣȑȕ ȉ Windows 98 ȏ ȌȊȕ ȈȕȒȌȌ ȖȕȎȋȔȏȜ ȉȌȗȘȏȦȜ (ȔȌ ȉ Macintosh ȏȒȏ ȋȗȚȊȏȜ
ȘȏȘșȌȓȇȜ). ǶȕȋȋȌȗȍȏȉȇȌșȘȦ ȞȌȗȌȎ ȤȒȌȑșȗȕȔȔȚȥ ȖȕȞșȚ (șȕȒȣȑȕ ȋȒȦ
ȎȇȗȌȊȏȘșȗȏȗȕȉȇȔȔȢȜ ȖȕȒȣȎȕȉȇșȌȒȌȐ): powermarker@hotmail.com
ǧȉșȕȗ: Kejun (Jack) Liu, ǺȔȏȉȌȗȘȏșȌș ȟșȇșȇ ǸȌȉȌȗȔȕȐ ǱȇȒȏțȕȗȔȏȏ.
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PowerMarker (ȖȗȕȋȕȒȍȌȔȏȌ)

Ź ɉɪɟɢɦɭɳɟɫɬɜɚ:
• ɉɨɡɜɨɥɹɟɬ ɢɦɩɨɪɬɢɪɨɜɚɬɶ ɞɚɧɧɵɟ ɢɡ Excel, ɱɬɨ ɞɟɥɚɟɬ
ɭɩɪɚɜɥɟɧɢɟ ɞɚɧɧɵɦɢ ɨɱɟɧɶ ɥɟɝɤɢɦ

• Ƚɪɚɮɢɱɟɫɤɢɟ ɢɧɬɟɪɮɟɣɫɵ ɨɱɟɧɶ ɭɞɨɛɧɵ ɞɥɹ
ɩɨɥɶɡɨɜɚɬɟɥɹ

• Ƚɚɪɚɧɬɢɪɨɜɚɧɨ, ɱɬɨ ɝɪɚɮɢɤɢ ɢɦɟɸɬ ɯɨɪɨɲɟɟ ɤɚɱɟɫɬɜɨ
ɞɥɹ ɨɩɭɛɥɢɤɨɜɚɧɢɹ

Ź ɇɟɞɨɫɬɚɬɤɢ:
• Ɉɱɟɧɶ ɧɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɫ ɜɨɡɦɨɠɧɵɦɢ ɞɟɮɟɤɬɚɦɢ, 
ɬɪɟɛɭɸɳɢɦɢ ɭɫɬɪɚɧɟɧɢɹ

• ɇɟɚɜɬɨɧɨɦɧɚɹ ɩɪɨɝɪɚɦɦɚ, ɬɪɟɛɭɟɬ ɡɚɝɪɭɡɤɢ ɧɟɫɤɨɥɶɤɢɯ
ɞɪɭɝɢɯ ɤɨɦɩɶɸɬɟɪɧɵɯ ɩɪɨɝɪɚɦɦ ɢ ɩɨɤɭɩɤɢ Excel
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f <http://www.ub.es/dnasp>

f ɂɫɩɨɥɶɡɭɟɬ ɞɚɧɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ȾɇɄ ɞɥɹ
ɜɵɩɨɥɧɟɧɢɹ ɚɧɚɥɢɡɚ ɩɨɩɭɥɹɰɢɨɧɧɨɣ ɝɟɧɟɬɢɤɢ

f ȼɵɩɨɥɧɹɟɬ ɨɱɟɧɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɧɚɥɢɡɨɜ, 
ɜɤɥɸɱɚɹ ɢɡɦɟɪɟɧɢɟ ɩɨɥɢɦɨɪɮɢɡɦɚ, ɞɢɜɟɪɝɟɧɰɢɢ
ɦɟɠɞɭ ɩɨɩɭɥɹɰɢɹɦɢ, ɜɤɥɸɱɚɹ ɢɡɦɟɪɟɧɢɟ ɩɨɬɨɤɚ
ɝɟɧɨɜ, ɫɢɧɨɧɢɦɢɱɧɵɟ ɢ ɧɟɫɢɧɨɧɢɦɢɱɧɵɟ
ɡɚɦɟɳɟɧɢɹ, ɞɢɫɛɚɥɚɧɫ ɫɜɹɡɢ, ɪɟɤɨɦɛɢɧɚɰɢɸ, ɢ
ɦɧɨɝɢɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɬɟɫɬɵ (ɬɟɫɬɵHudson, 
Kreitman ɢ Aguade, Fu ɢ Li, Tajima, McDonald ɢ
Kreitman)

DnaSP

(ȖȗȕȋȕȒȍȌȔȏȌ ȉ ȘȒȌȋȚȥȠȌȓ ȘȒȇȐȋȌ )

DnaSP, ȋȒȦ ȖȕȒȏȓȕȗțȏȎȓȇ ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȏ ǫǴǱ, ȏȘȖȕȒȣȎȚȌș ȋȇȔȔȢȌ
ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȏ ǫǴǱ. Ȅșȇ ȖȗȕȊȗȇȓȓȇ ȟȏȗȕȑȕ ȏȘȖȕȒȣȎȚȌșȘȦ ȋȒȦ ȇȔȇȒȏȎȇ
ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȏ ȖȕșȕȓȚ, Ȟșȕ ȕȔȇ ȋȌȒȇȌș ȉȘȌ ȔȌȕȈȜȕȋȏȓȢȌ ȇȔȇȒȏȎȢ ȏ ȉ șȕ
ȍȌ ȉȗȌȓȦ ȒȌȊȑȇ ȉ ȏȘȖȕȒȣȎȕȉȇȔȏȏ. ǵȔȇ ȈȢȒȇ ȗȇȎȗȇȈȕșȇȔȇ ȏȘȑȒȥȞȏșȌȒȣȔȕ ȋȒȦ
ȕȖȌȗȇȝȏȕȔȔȕȐ ȘȏȘșȌȓȢ Windows , Ȕȕ ȓȕȍȌș ȗȇȈȕșȇșȣ ȉ Macintosh Ș
ȏȘȖȕȒȣȎȕȉȇȔȏȌȓ ȤȓȚȒȦșȕȗȕȉ SoftWindows ȏȒȏ VirtualPC. DnaSP ȓȕȍȌș
ȏȓȖȕȗșȏȗȕȉȇșȣ ȏ ȤȑȘȖȕȗșȏȗȕȉȇșȣ ȔȌȘȑȕȒȣȑȕ șȏȖȕȉ țȕȗȓȇșȇ ȋȇȔȔȢȜ, ȉȑȒȥȞȇȦ
FASTA ȏ NEXUS, Ȟșȕ ȕȞȌȔȣ ȚȋȕȈȔȕ, ȏ ȓȕȍȌș ȕȈȗȇȈȇșȢȉȇșȣ ȈȕȒȣȟȕȌ ȞȏȘȒȕ
ȋȒȏȔȔȢȜ ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȌȐ ȉ ȎȇȉȏȘȏȓȕȘșȏ ȕș ȕȈȡȌȓȇ ȖȇȓȦșȏ ȑȕȓȖȣȥșȌȗȇ. ǩ
ȔȇȘșȕȦȠȌȌ ȉȗȌȓȦ ȇȉșȕȗȢ ȗȇȈȕșȇȥș Ȕȇȋ ȉȌȗȘȏȌȐ 4. ǶȗȕȊȗȇȓȓȇ ȋȕȘșȚȖȔȇ
ȈȌȘȖȒȇșȔȕ ȏ ȓȕȍȌș ȈȢșȣ ȎȇȊȗȚȍȌȔȇ Ș ȉȌȈ-ȘȇȐșȇ. ǼȕșȦ ȗȚȑȕȉȕȋȘșȉȇ Ȗȕ
ȖȕȒȣȎȕȉȇȔȏȥ ȖȗȕȊȗȇȓȓȕȐ ȔȌ ȏȓȌȌșȘȦ , țȇȐȒ ǶȕȓȕȠȏ ȉȘșȗȕȌȔ ȉ ȖȗȕȊȗȇȓȓȚ. ǩ
ȋȕȖȕȒȔȌȔȏȌ, ȉȌȈ-ȘȇȐș ȉȑȒȥȞȇȌș ȓȔȕȊȕ ȗȇȎȡȦȘȔȏșȌȒȣȔȕȊȕ ȓȇșȌȗȏȇȒȇ, ȇ șȇȑȍȌ
ȒȏșȌȗȇșȚȗȔȢȜ ȏȘșȕȞȔȏȑȕȉ. ǧȉșȕȗȢ ȕȖȚȈȒȏȑȕȉȇȒȏ ȗȦȋ ȓȇșȌȗȏȇȒȕȉ ȕ ȖȗȕȊȗȇȓȓȌ
(Șȓ.  ȘȘȢȒȑȏ ȔȏȍȌ).
ǧȉșȕȗȢ: Julio ȏ Ricardo Rozas

Ʌɢɬɟɪɚɬɭɪɚ

Rozas, J. ɢ R. Rozas. 1995. DnaSP, DNA sequence polymorphism: an interactive 
program for estimating population genetics parameters from DNA sequence 
data. Comput. Appl. Biosci. 11:621-625.

Rozas, J. ɢ R. Rozas. 1997. DnaSP version 2.0: a novel software package for extensive 
molecular population genetics analysis. Comput. Appl. Biosci. 
13:307-311. 

Rozas, J. ɢ R. Rozas. 1999. DnaSP version 3: an integrated program for molecular 
population genetics and molecular evolution analysis. Bioinformatics 15:174-
175.
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DnaSP (ȖȗȕȋȕȒȍȌȔȏȌ)

Źɉɪɟɢɦɭɳɟɫɬɜɚ :
• ɉɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɢɧɬɟɪɮɟɣɫ Windows ɞɟɥɚɟɬ
ɩɪɨɝɪɚɦɦɭ ɨɱɟɧɶ ɥɟɝɤɨɣ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ

• ȼɨɡɦɨɠɧɨɫɬɶ ɫɞɟɥɚɬɶ ɨɱɟɧɶ ɛɨɥɶɲɨɟ ɱɢɫɥɨ
ɚɧɚɥɢɡɨɜ

Ź ɇɟɞɨɫɬɚɬɤɢ: 
• ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɨɫɬɭɩɟɧ ɬɨɥɶɤɨ ɞɥɹ
ɩɨɥɶɡɨɜɚɬɟɥɟɣ Windows (ɢ Macintosh ɫ
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Windows -ɷɦɭɥɹɬɨɪɚ)

• ɇɟ ɢɦɟɟɬɫɹ ɩɨɤɚ ɪɭɤɨɜɨɞɫɬɜɚ ɢɥɢ ɭɱɟɛɧɨɝɨ ɩɨɫɨɛɢɹ
• Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɨɞɞɟɪɠɤɚ ɹɜɥɹɟɬɫɹ ɞɟɮɢɰɢɬɧɨɣ
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f <http://www.lms.si.edu/PAUP/about.html>

f ǯȘȖȕȒȣȎȚȌșȘȦ ȋȒȦ ȉȢȉȕȋȕȉ ȏ ȏȔșȌȗȖȗȌșȇȝȏȏ
ȋȗȌȉ ȤȉȕȒȥȝȏȏ

f ǯȓȌȥșȘȦ ȉȌȗȘȏȏ ȋȒȦ ȗȇȎȒȏȞȔȢȜ
ȑȕȓȖȣȥșȌȗȔȢȜ ȖȒȇșțȕȗȓ

f ǩȑȒȥȞȇȌș: ȤȑȕȔȕȓȏȞȔȕȘșȣ, ȓȇșȗȏȝȚ
ȗȇȘȘșȕȦȔȏȦ, ȏȔȉȇȗȏȇȔșȢ, ȓȌșȕȋȢ
ȓȇȑȘȏȓȇȒȣȔȕȊȕ ȖȗȇȉȋȕȖȕȋȕȈȏȦ, ȓȔȕȊȕ
ȏȔȋȌȑȘȕȉ ȏ ȘșȇșȏȘșȏȞȌȘȑȏȜ ȇȔȇȒȏȎȕȉ

PAUP*

(ȖȗȕȋȕȒȍȌȔȏȌ ȉ ȘȒȌȋȚȥȠȌȓ ȘȒȇȐȋȌ )

PAUP* ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɞɟɥɚɬɶ ɡɚɤɥɸɱɟɧɢɹ ɢ
ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɷɜɨɥɸɰɢɨɧɧɵɟ ɞɪɟɜɚ. ɂɡɧɚɱɚɥɶɧɨ ɧɚɡɜɚɧɢɟ ɩɪɨɝɪɚɦɦɵ
ɨɡɧɚɱɚɥɨ «Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ, ɢɫɩɨɥɶɡɭɹ ɷɤɨɧɨɦɢɸ», ɧɨ ɬɟɩɟɪɶ ɨɧɚ
ɢɦɟɟɬ ɦɧɨɝɨ ɞɪɭɝɢɯ ɨɩɰɢɣ. PAUP* ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɨɬ Sinauer Associates, 
ɋɚɧɞɟɪɥɟɧɞ, Ɇɚɫɫɚɱɭɫɟɬɫ ɧɚ ɫɚɣɬɟ:
<http://www.sinauer.com/detail.php?id=8060>. ɏɨɬɹ ɩɪɨɝɪɚɦɦɚ ɧɟ ɛɟɫɩɥɚɬɧɚɹ, 
ɨɧɚ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɞɨɪɨɝɚɹ (US$100 ɧɚ ɦɨɦɟɧɬ ɧɚɩɢɫɚɧɢɹ ɧɚɫɬɨɹɳɟɝɨ
ɦɨɞɭɥɹ). ɇɨɜɚɹ ɜɟɪɫɢɹ ɩɪɨɝɪɚɦɦɵ, 4.0 ɛɟɬɚ, ɛɵɥɚ ɜɵɩɭɳɟɧɚ ɤɚɤ
ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɜɟɪɫɢɹ. ɂɦɟɸɬɫɹ ɜɟɪɫɢɢ ɞɥɹ Macintosh, PowerMac, Windows 
ɢ Unix/OpenVMS; ɜɟɪɫɢɹ Mac ɢɦɟɟɬ ɧɟɤɨɬɨɪɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ.
PAUP* ɬɟɫɧɨ ɫɨɜɦɟɫɬɢɦ ɫ MacClade (ɞɪɭɝɚɹ ɩɪɨɝɪɚɦɦɚ ɞɨɫɬɭɩɧɚɹ ɫ Sinauer), 
ɬɚɤ ɤɚɤ ɨɧɢ ɢɫɩɨɥɶɡɭɸɬ ɨɛɳɢɣ ɮɨɪɦɚɬ ɞɚɧɧɵɯ (NEXUS, Maddison ɢ ɞɪ. 1997). 

Ⱥɜɬɨɪ: David Swofford, Ʌɚɛɨɪɚɬɨɪɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɫɢɫɬɟɦɚɬɢɤɢ, 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɦɭɡɟɣ ɟɫɬɟɫɬɜɨɡɧɚɧɢɹ, ɋɦɢɬɫɨɧɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ , ȼɚɲɢɧɝɬɨɧ.

ǲȏșȌȗȇșȚȗȇ

Swofford, D.L. 2002. PAUP*: Phylogenetic Analysis Using Parsimony (*and 
Other Methods), Version 4. Sinauer Associates, Sunderland, MA.
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f ɉɪɟɢɦɭɳɟɫɬɜɚ:
ɂɦɟɟɬɫɹ ɯɨɪɨɲɚɹ ɩɨɞɞɟɪɠɤɚ ɤɚɤ ɧɚ ɜɟɛ-ɫɚɣɬɟ
(ɜɤɥɸɱɚɹ ɞɥɢɧɧɵɣ ɩɟɪɟɱɟɧɶ «ɑɚɫɬɨ
ɡɚɞɚɜɚɟɦɵɯ ɜɨɩɪɨɫɨɜ»), ɬɚɤ ɢ ɩɨ ɷɥɟɤɬɪɨɧɧɨɣ
ɩɨɱɬɟ

f ɇɟɞɨɫɬɚɬɨɤ:
ɇɟ ɛɟɫɩɥɚɬɧɨ

PAUP* (ȖȗȕȋȕȒȍȌȔȏȌ)



16

ǧȉșȕȗȘȑȏȌ Ȗȗȇȉȇ: Bioversity International ȏ ǱȕȗȔȌȒȣȘȑȏȐ ǺȔȏȉȌȗȘȏșȌș, 2003 ǱȕȓȖȣȥșȌȗȔȢȌ ȖȗȕȊȗȇȓȓȢ 16

f <http://www.megasoftware.net/>

f ǯȘȖȕȒȣȎȚȌș ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȣ ǫǴǱ, 
ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȣ ȖȗȕșȌȏȔȇ, ȤȉȕȒȥȝȏȕȔȔȕȌ
ȗȇȘȘșȕȦȔȏȌ ȏȒȏ ȋȇȔȔȢȌ țȏȒȕȊȌȔȌșȏȞȌȘȑȕȊȕ
ȋȗȌȉȇ. 

f ǩȕȎȓȕȍȔȢȌ ȓȌșȕȋȢ ȇȔȇȒȏȎȇ ȓȔȕȊȕȞȏȘȒȌȔȔȢ, 
ȉȑȒȥȞȇȦ ȗȇȘȞȌșȢ ȗȇȘȘșȕȦȔȏȐ, țȕȗȓȏȗȕȉȇȔȏȌ
ȋȗȌȉ ȏ ȓȔȕȊȕ ȘȖȕȘȕȈȕȉ ȗȇȘȘȓȕșȗȌȔȏȦ
ȋȇȔȔȢȜ. 

MEGA

(ȖȗȕȋȕȒȍȌȔȏȌ ȉ ȘȒȌȋȚȥȠȌȓ ȘȒȇȐȋȌ )

ɉɪɨɝɪɚɦɦɚ MEGA (Molecular Evolutionary Genetics Analysis (Ⱥɧɚɥɢɡ Ɇɨɥɟɤɭɥɹɪɧɨɣ
ɗɜɨɥɸɰɢɨɧɧɨɣ Ƚɟɧɟɬɢɤɢ)) ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫ ɦɨɦɟɧɬɚ ɟɟ ɫɨɡɞɚɧɢɹ ɜ 1993 ɝ.; ɤ
ɧɚɫɬɨɹɳɟɦɭ ɦɨɦɟɧɬɭ ɩɨɹɜɢɥɚɫɶ MEGA2. Ɉɧɚ ɢɫɩɨɥɶɡɭɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ȾɇɄ, 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɢɧɚ, ɷɜɨɥɸɰɢɨɧɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɢɥɢ ɞɚɧɧɵɟ
ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɞɪɟɜɚ. ɐɟɥɶ ɟɟ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ
ɩɪɟɢɦɭɳɟɫɬɜ ɦɨɳɧɨɫɬɢ ɤɨɦɩɶɸɬɟɪɚ ɢ ɝɪɚɮɢɱɟɫɤɢɯ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɯ ɢɧɬɟɪɮɟɣɫɨɜ
ɞɥɹ ɫɨɡɞɚɧɢɹ «ɝɢɛɤɨɝɨ ɢ ɥɟɝɤɨɝɨ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɟɪɫɬɚɤɚ ɞɥɹ ɚɧɚɥɢɡɚ ɝɟɧɟɬɢɱɟɫɤɢɯ
ɞɚɧɧɵɯ» . ɏɨɬɹ ɩɪɨɝɪɚɦɦɚ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɞɥɹ ɩɥɚɬɮɨɪɦɵ Windows , ɨɧɚ ɯɨɪɨɲɨ
ɪɚɛɨɬɚɟɬ ɢ ɜ Macintosh ɫ ɷɦɭɥɹɬɨɪɨɦ Windows, ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɪɚɛɨɱɟɟ ɦɟɫɬɨ
Sun (ɫ SoftWindows95) ɢɥɢ Linux (ɫ Windows ɨɬ VMWare). ɇɨɜɟɣɲɚɹ ɜɟɪɫɢɹ, 2.1, ɢɦɟɟɬ
ɦɧɨɝɨ ɜɚɠɧɵɯ ɞɨɩɨɥɧɟɧɢɣ ɬɚɤɢɯ, ɤɚɤ ɫɩɨɫɨɛɧɨɫɬɶ ɢɦɩɨɪɬɢɪɨɜɚɬɶ ɞɚɧɧɵɟ ɢɡ NEXUS ɢɥɢ
CLUSTAL W, ɧɟɨɝɪɚɧɢɱɟɧɧɵɟ ɪɚɡɦɟɪɵ ɧɚɛɨɪɚ ɞɚɧɧɵɯ, ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ.

Ʉɧɢɝɚ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɩɪɨɝɪɚɦɦɵ, ɇɟɹ (Nei) ɢ Ʉɭɦɚɪɚ (Kumar) (2000) ɜɤɥɸɱɚɟɬ
ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɚɧɚɥɢɡɚɯ, ɫɨɜɟɬɵ ɤɚɤ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ
ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɩɨɦɨɳɢ ɤɚɤ ɢɯ ɫɨɛɫɬɜɟɧɧɨɣ, ɬɚɤ ɢ ɞɪɭɝɢɯ ɩɪɨɝɪɚɦɦ. 
ɉɨɞɪɨɛɧɨɟ ɪɭɤɨɜɨɞɫɬɜɨ ɞɨɫɬɭɩɧɨ ɜ ɂɧɬɟɪɧɟɬɟ (ɯɨɬɹ ɮɨɪɦɚɬ ɧɟ ɨɱɟɧɶ ɭɞɨɛɟɧ ɞɥɹ
ɩɟɪɟɥɢɫɬɵɜɚɧɢɹ ɫɬɪɚɧɢɰ) ɜɦɟɫɬɟ ɫ ɞɨɫɤɨɣ ɨɛɴɹɜɥɟɧɢɣ, ɱɬɨɛɵ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɞɪɭɝ
ɫ ɞɪɭɝɨɦ.  

Ⱥɜɬɨɪɵ: Sudhir Kumar, Koichiro Tamura, Ingrid Jakobsen ɢ Masatoshi Nei.

Ʌɢɬɟɪɚɬɭɪɚ

Nei, M. ɢ S. Kumar. 2000. Molecular Evolution and Phylogenetics. Oxford 
University Press, NY.

Sudhir, K., T. Koichiro, I.B. Jakobsen ɢ M. Nei. 2001. MEGA2: Molecular 
Evolutionary Genetics Analysis software. Bioinformatics 12(17):1244-1245.
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f ɉɪɟɢɦɭɳɟɫɬɜɚ: 
• Ɍɚɤ ɤɚɤ ɞɚɧɧɚɹ ɤɨɦɩɶɸɬɟɪɧɚɹ ɩɪɨɝɪɚɦɦɚ

ɫɭɳɟɫɬɜɭɟɬ ɫ 1993 ɝ., ɜɟɪɨɹɬɧɨ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ
ɨɲɢɛɨɤ ɜ ɩɪɨɝɪɚɦɦɟ ɭɠɟ ɜɵɹɜɥɟɧɨ

• ɂɦɟɟɬɫɹ ɯɨɪɨɲɚɹ ɩɨɞɞɟɪɠɤɚ ɜɤɥɸɱɚɹ
ɪɭɤɨɜɨɞɫɬɜɨ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɮɨɪɦɚɬɟ ɜ
ɂɧɬɟɪɧɟɬɟ ɢ ɢɡɞɚɧɧɭɸ ɜ ɜɢɞɟ ɤɧɢɝɢ

f ɇɟɞɨɫɬɚɬɨɤ: 
ɗɬɨ ɧɟ ɫɚɦɚɹ ɥɟɝɤɚɹ ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɧɚɱɢɧɚɸɳɢɯ

MEGA (ȖȗȕȋȕȒȍȌȔȏȌ)
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f ɋɚɣɬ ȿɜɪɨɩɟɣɫɤɨɣ Ʌɚɛɨɪɚɬɨɪɢɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɛɢɨɥɨɝɢɢ (The European Molecular 
Biology Laboratory)– ȿɜɪɨɩɟɣɫɤɨɝɨ ɂɧɫɬɢɬɭɬɚ Ȼɢɨɢɧɮɨɪɦɚɬɢɤɢ (European 
Bioinformatics Institute (EBI)) <http://www.ebi.ac.uk/services/>

f ɋɬɪɚɧɢɱɤɚ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɤɨɦɩɶɸɬɟɪɧɵɯ ɩɪɨɝɪɚɦɦ ɂɧɫɬɢɬɭɬɚ ɉɚɫɬɟɪɚ ɜɨ Ɏɪɚɧɰɢɢ
(Institut Pasteur)
<http://bioweb.pasteur.fr/intro-uk.html>

f ɉɪɨɝɪɚɦɦɵ ɮɢɥɨɝɟɧɟɬɢɤɢ (ɩɟɪɟɱɢɫɥɟɧɧɵɟ Ⱦɠɨɟɦ Ɏɟɥɶɡɟɧɲɬɟɣɧɨɦ (Joe Felsenstein) 
ɢɡ ɍɧɢɜɟɪɫɢɬɟɬɚ ȼɚɲɢɧɝɬɨɧɚ
<http://evolution.genetics.washington.edu/phylip/software.html>

ǷȌȘȚȗȘȢ ǯȔșȌȗȔȌșȇ

(ȖȗȕȋȕȒȍȌȔȏȌ ȉ ȘȒȌȋȚȥȠȌȓ ȘȒȇȐȋȌ )

ǩ Ȥșȕȓ ȏ ȘȒȌȋȚȥȠȌȓ ȘȒȇȐȋȇȜ ȓȢ Ȗȗȏȉȕȋȏȓ ȖȗȏȓȌȗȔȢȐ ȖȌȗȌȞȌȔȣ ȗȌȘȚȗȘȕȉ
ǯȔșȌȗȔȌșȇ, ȑȕșȕȗȢȐ ȉȢ ȉȕȎȓȕȍȔȕ ȔȇȐȋȌșȌ ȖȕȒȌȎȔȢȓ ȋȒȦ ȖȕȓȌȠȌȔȏȦ
ȏȔțȕȗȓȇȝȏȏ, ȕșȔȕȘȦȠȌȐȘȦ, ȔȇȖȗȏȓȌȗ, ȑ ȇȔȇȒȏȎȚ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ, 
ȖȕȖȚȒȦȝȏȕȔȔȕȐ ȊȌȔȌșȏȑȌ ȏ ȋȗȚȊȏȓ ȘȚȠȌȘșȉȚȥȠȏȓ ȑȕȓȖȣȥșȌȗȔȢȓ
ȖȗȕȊȗȇȓȓȇȓ, ȇ șȇȑȍȌ ȒȏȔȑȇȓ ȑ ȖȕȒȌȎȔȕȐ ȋȕȖȕȒȔȏșȌȒȣȔȕȐ ȏȔțȕȗȓȇȝȏȏ. ǫȒȦ
ȑȇȍȋȕȊȕ ȖȗȌȋȘșȇȉȒȌȔȔȕȊȕ ȗȌȘȚȗȘȇ ȓȢ ȑȗȇșȑȕ ȕȖȏȘȇȒȏ ȌȊȕ ȘȕȋȌȗȍȇȔȏȌ ȉ
ȎȇȓȌșȑȇȜ ȔȏȍȌ.  

• ǸȇȐș ǬȉȗȕȖȌȐȘȑȕȐ ǲȇȈȕȗȇșȕȗȏȏ ȓȕȒȌȑȚȒȦȗȔȕȐ ȈȏȕȒȕȊȏȏ (The European 
Molecular Biology Laboratory)– ǬȉȗȕȖȌȐȘȑȕȊȕ ǯȔȘșȏșȚșȇ ǨȏȕȏȔțȕȗȓȇșȏȑȏ
(European Bioinformatics Institute (EBI)) : ȔȌ șȕȒȣȑȕ ȘȕȋȌȗȍȏș ȒȏȔȑȏ ȑȕ
ȓȔȕȊȏȓ ȖȕȒȌȎȔȢȓ ȑȕȓȖȣȥșȌȗȔȢȓ ȖȗȕȊȗȇȓȓȇȓ ȏ ȋȗȚȊȏȓ ȘȇȐșȇȓ, Ȕȕ
șȇȑȍȌ ȕȖȏȘȢȉȇȌș ȏȜ țȚȔȑȝȏȏ, ȏ ȦȉȒȦȌșȘȦ Ȝȕȗȕȟȏȓ ȏȘșȕȞȔȏȑȕȓ ȕȈȠȌȐ
ȏȔțȕȗȓȇȝȏȏ. 

• ǸșȗȇȔȏȞȑȇ ȈȏȕȒȕȊȏȞȌȘȑȏȜ ȑȕȓȖȣȥșȌȗȔȢȜ ȖȗȕȊȗȇȓȓ ǯȔȘșȏșȚșȇ ǶȇȘșȌȗȇ ȉ
ǻȗȇȔȝȏȏ (Institut Pasteur) : ȜȕșȦ ȔȌȑȕșȕȗȢȌ ȘșȗȇȔȏȝȢ ȏȓȌȥș
ȏȔțȕȗȓȇȝȏȥ șȕȒȣȑȕ Ȕȇ țȗȇȔȝȚȎȘȑȕȓ ȦȎȢȑȌ, ȕȔȇ ȖȗȌȋȕȘșȇȉȒȦȌș ȕȞȌȔȣ
ȕȈȟȏȗȔȢȐ ȖȌȗȌȞȌȔȣ ȑȕȓȖȣȥșȌȗȔȢȜ ȖȗȕȊȗȇȓȓ, ȋȕȘșȚȖȔȢȜ ȞȌȗȌȎ
ǯȔșȌȗȔȌș, ȉȑȒȥȞȇȦ ȒȏȔȑȏ, ȏ ȖȕȘșȕȦȔȔȕ ȕȈȔȕȉȒȦȌșȘȦ. ǵȔȇ șȇȑȍȌ
ȘȕȋȌȗȍȏș ȒȏȔȑȏ ȑ ȓȔȕȊȏȓ ȖȗȕȊȗȇȓȓȇȓ, ȗȇȎȗȇȈȕșȇȔȔȢȓ ǯȔȘșȏșȚșȕȓ
ǶȇȘșȌȗȇ. 

• ǶȗȕȊȗȇȓȓȢ țȏȒȕȊȌȔȌșȏȑȏ – Ȥșȕ ȋȒȏȔȔȥȠȏȐ ȖȌȗȌȞȌȔȣ țȏȒȕȊȌȔȌșȏȞȌȘȑȏȜ
ȖȗȕȊȗȇȓȓ, ȑȕșȕȗȢȐ ȓȢ ȑȕȊȋȇ-ȒȏȈȕ ȉȏȋȌȒȏ, ȔȇȘȞȏșȢȉȇȥȠȏȐ 194 
ȔȇȏȓȌȔȕȉȇȔȏȦ. ǧȉșȕȗ ȋȕȈȇȉȏȒ ȖȗȌȋȚȖȗȌȍȋȌȔȏȌ, Ȟșȕ ȕȔ ȔȌ ȖȢșȇȒȘȦ
ȕȝȌȔȏșȣ ȑȇȞȌȘșȉȕ ȏȒȏ ȘșȕȏȓȕȘșȣ ȖȗȕȊȗȇȓȓ. ǶȌȗȌȞȌȔȣ ȔȌ ȕȈȔȕȉȒȦȒȘȦ Ș
2001 Ȋ., Ȕȕ ȕȔ ȘȕȋȌȗȍȏș ȒȏȔȑȏ ȑ ȖȗȕȊȗȇȓȓȇȓ ȏ ȘȕȗșȏȗȚȌș ȏȜ ȗȇȎȒȏȞȔȢȓȏ
ȘȖȕȘȕȈȇȓȏ (ȔȇȖȗȏȓȌȗ, Ȗȕ ȏȘȖȕȒȣȎȕȉȇȔȔȢȓ ȓȌșȕȋȇȓ, ȘȏȘșȌȓȇȓ), Ȟșȕ Ȗȕ-
ȖȗȌȍȔȌȓȚ ȕȞȌȔȣ ȖȕȒȌȎȔȕ. 
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f ɋɚɣɬ ɞ-ɪɚ Ed Buckler ɩɨ ɝɟɧɟɬɢɤɟ ɤɭɤɭɪɭɡɵ
<http://www.maizegenetics.net/bioinformatics/index.htm>

f ɋɚɣɬ Kent Holsinger ɢɡ ɭɧɢɜɟɪɫɢɬɟɬɚ Ʉɨɧɧɟɤɬɢɤɭɬ
<http://darwin.eeb.uconn.edu/archives.html>

f ɋɚɣɬ Claire Constantine ɢɡ ɭɧɢɜɟɪɫɢɬɟɬɚ Ɇɚɪɞɨɤ(Murdoch University)
<http://wwwvet.murdoch.edu.au/vetschl/imgad/GSLinks.htm>

f ɋɬɪɚɧɢɱɤɚ ɤɨɦɩɶɸɬɟɪɧɵɯ ɩɪɨɝɪɚɦɦ ɂɧɫɬɢɬɭɬɚ ɥɟɫɧɨɣ ɝɟɧɟɬɢɤɢ ɢ ɫɟɥɟɤɰɢɢ ɥɟɫɧɵɯ
ɞɟɪɟɜɶɟɜ (Institute of Forest Genetics and Forest Tree Breeding), ɍɧɢɜɟɪɫɢɬɟɬɚ Ƚɟɬɬɢɧɝɟɧɚ
(University of Göttingen), Ƚɟɪɦɚɧɢɹ
<http://www.uni-forst.gwdg.de/forst/fg/index.htm>

Ɋɟɫɭɪɫɵ ɂɧɬɟɪɧɟɬɚ (ɩɪɨɞɨɥɠɟɧɢɟ)

• ǸȇȐș ȋ-ȗȇ Ȅȋȇ ǨȇȑȒȌȗȇ (Ed Buckler) Ȗȕ ȊȌȔȌșȏȑȌ ȑȚȑȚȗȚȎȢ ȘȕȋȌȗȍȏș
ȈȌȘȖȒȇșȔȕ ȋȕȘșȚȖȔȚȥ ȑȕȓȖȣȥșȌȗȔȚȥ ȖȗȕȊȗȇȓȓȚ, ȗȇȎȗȇȈȕșȇȔȔȚȥ ȊȗȚȖȖȕȐ
ȘȕșȗȚȋȔȏȑȕȉ ȌȊȕ ȒȇȈȕȗȇșȕȗȏȏ. ǼȕșȦ ȔȌȑȕșȕȗȇȦ ȏȔțȕȗȓȇȝȏȦ ȦȉȒȦȌșȘȦ
ȜȇȗȇȑșȌȗȔȕȐ ȋȒȦ ȑȚȑȚȗȚȎȢ, ȘȇȐș șȇȑȍȌ ȘȕȋȌȗȍȏș ȖȕȒȌȎȔȚȥ ȏȔțȕȗȓȇȝȏȥ ȕ
ȊȌȔȕȓȏȑȌ, ȒȏȔȑȏ ȑ ȓȔȕȊȏȓ ȍȚȗȔȇȒȇȓ ȏ ȖȚȈȒȏȑȇȝȏȦȓ ȋ-ȗȇ ǨȇȑȒȌȗȇ (Buckler) 
ȉ țȕȗȓȇșȌ PDF. 

• ǸȇȐș ǱȌȔșȇ ǼȕȒȎȏȔȊȌȗȇ (Kent Holsinger), ǺȔȏȉȌȗȘȏșȌș ǱȕȔȔȌȑșȏȑȚș,  ȏȓȌȌș
ȒȏȔȑȏ ȑȕ ȓȔȕȊȏȓ ȑȕȓȖȣȥșȌȗȔȢȓ ȖȗȕȊȗȇȓȓȇȓ, ȉȑȒȥȞȇȦ ȖȗȕȊȗȇȓȓȢ ȋȒȦ
ȈȏȕȒȕȊȏȏ, ȖȗȕȊȗȇȓȓȏȗȕȉȇȔȏȦ ȏ ȘșȇșȏȘșȏȑȏ. ǧȉșȕȗ ȔȌ ȖȕȓȌȘșȏȒ șȕȊȕ, Ȟșȕ ȕȔ
ȔȌ ȏȘȖȕȒȣȎȚȌș ȗȌȊȚȒȦȗȔȕ ȏ, ȖȕȤșȕȓȚ ȏȓȌȌșȘȦ ȔȌȑȕșȕȗȇȦ ȊȇȗȇȔșȏȦ ȜȕȗȕȟȌȊȕ
ȑȇȞȌȘșȉȇ. Ǵȇ ȓȕȓȌȔș ȔȇȖȏȘȇȔȏȦ ȔȇȘșȕȦȠȌȊȕ ȓȕȋȚȒȦ ȘȇȐș ȈȢȒ ȔȌȋȇȉȔȕ
ȕȈȔȕȉȒȌȔ.

• ǸȇȐș ǱȒȌȗ ǱȕȔȘșȇȔșȏȔȌ (Claire Constantine), ǺȔȏȉȌȗȘȏșȌșȇ ǳȇȗȋȕȑ (Murdoch 
University)
ȜȕșȦ ȏ ȔȌ ȕȈȔȕȉȒȦȒȘȦ ȉ ȖȕȘȒȌȋȔȌȌ ȉȗȌȓȦ, Ȕȕ ȘȕȋȌȗȍȏș ȒȏȔȑȏ ȑ ȔȇȏȈȕȒȌȌ
ȏȘȖȕȒȣȎȚȌȓȢȓ ȖȗȕȊȗȇȓȓȇȓ ȋȒȦ ȇȔȇȒȏȎȇ ȖȕȖȚȒȦȝȏȕȔȔȕȐ ȊȌȔȌșȏȑȏ. ǸȇȐș
ȋȇȍȌ ȕȞȌȔȣ ȖȕȒȌȎȌȔ, șȇȑ ȑȇȑ ȕȔ ȘȕȋȌȗȍȏș ȘȗȇȉȔȏșȌȒȣȔȚȥ șȇȈȒȏȝȚ șȏȖȕȉ
ȘșȇșȏȘșȏȞȌȘȑȏȜ ȋȇȔȔȢȜ , ȏȓȌȥȠȏȜȘȦ ȉ ȑȇȍȋȕȐ ȏȎ ȘȌȓȏ ȕȈȢȞȔȕ
ȏȘȖȕȒȣȎȚȌȓȢȜ ȖȗȕȊȗȇȓȓ (Arlequin, GENEPOP, POPGENE, GDA, GeneStrut, 
DnaSP ȏ SITES). 

• ǸșȗȇȔȏȞȑȇ ȑȕȓȖȣȥșȌȗȔȢȜ ȖȗȕȊȗȇȓȓ ǯȔȘșȏșȚșȇ ȒȌȘȔȕȐ ȊȌȔȌșȏȑȏ ȏ ȘȌȒȌȑȝȏȏ
ȒȌȘȔȢȜ ȋȌȗȌȉȣȌȉ (Institute of Forest Genetics and Forest Tree Breeding), 
ǺȔȏȉȌȗȘȏșȌșȇ ǪȌșșȏȔȊȌȔȇ (University of Göttingen), ǪȌȗȓȇȔȏȦ. Ȅșȕș ȘȇȐș
ȘȕȋȌȗȍȏș 4 ȑȕȓȖȣȥșȌȗȔȢȌ ȖȗȕȊȗȇȓȓȢ, ȗȇȎȗȇȈȕșȇȔȔȢȌ ǯȔȘșȏșȚșȕȓ. ǵȔȏ
ȈȌȘȖȒȇșȔȕ ȋȕȘșȚȖȔȢ, ȉȑȒȥȞȇȥș ȉ ȘȌȈȦ ȜȕȗȕȟȌȌ ȕȖȏȘȇȔȏȌ, ȏ ȘșȗȇȔȏȞȑȇ
ȗȌȊȚȒȦȗȔȕ ȕȈȔȕȉȒȦȌșȘȦ. 



20

ǧȉșȕȗȘȑȏȌ Ȗȗȇȉȇ: Bioversity International ȏ ǱȕȗȔȌȒȣȘȑȏȐ ǺȔȏȉȌȗȘȏșȌș, 2003 ǱȕȓȖȣȥșȌȗȔȢȌ ȖȗȕȊȗȇȓȓȢ 20

ǶȗȏȒȕȍȌȔȏȌ 9

ǫȒȦ ȖȗȕȘȓȕșȗȇ ȖȗȏȒȕȍȌȔȏȦ ȠȌȒȑȔȏșȌ ȓȢȟȑȕȐ Ȕȇ ȌȊȕ ȔȇȎȉȇȔȏȏ :

ǶȗȏȒȕȍȌȔȏȌ 9.  ǲȏșȌȗȇșȚȗȇ Ȗȕ ȑȕȓȖȣȥșȌȗȔȢȓ ȖȗȕȊȗȇȓȓȇȓ
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f ǸȚȠȌȘșȉȚȌș ȓȔȕȊȕ ȑȕȓȖȣȥșȌȗȔȢȜ ȖȗȕȊȗȇȓȓ ȋȒȦ
ȇȔȇȒȏȎȇ ȓȕȒȌȑȚȒȦȗȔȢȜ ȋȇȔȔȢȜ ȋȒȦ ȊȌȔȌșȏȞȌȘȑȕȊȕ
ȗȇȎȔȕȕȈȗȇȎȏȦ

f ǨȕȒȣȟȏȔȘșȉȕ ȖȗȕȊȗȇȓȓ ȉȢȖȕȒȔȦȥș ȘȜȕȍȏȌ ȎȇȋȇȞȏ ȏ
ȏȜ ȕȘȔȕȉȔȢȌ ȗȇȎȒȏȞȏȦ ȋȕȒȍȔȢ ȈȢșȣ ȕȝȌȔȌȔȢ ȉ
ȎȇȉȏȘȏȓȕȘșȏ ȕș ȏȓȌȥȠȏȜȘȦ ȗȌȘȚȗȘȕȉ ȏ/ȏȒȏ ȒȏȞȔȢȜ
ȖȗȌȋȖȕȞșȌȔȏȐ

f ǩ ȔȇȘșȕȦȠȌȌ ȉȗȌȓȦ ȉ ȋȕȖȕȒȔȌȔȏȌ ȑ ȏȓȌȥȠȏȓȘȦ
ȈȌȘȖȒȇșȔȢȓ ȑȕȓȖȣȥșȌȗȔȢȓ ȖȗȕȊȗȇȓȓȇȓ, ȓȔȕȍȌȘșȉȕ
ȗȌȘȚȗȘȕȉ șȇȑȍȌ ȓȕȊȚș ȈȢșȣ ȔȇȐȋȌȔȢ ȉ ǯȔșȌȗȔȌșȌ, 
ȞșȕȈȢ ȖȕȓȕȞȣ Ȕȇȓ ȖȕȒȚȞȏșȣ ȑȇȑ ȕȘȔȕȉȔȚȥ, șȇȑ ȏ
ȘȖȌȝȏȇȒȣȔȚȥ ȏȔțȕȗȓȇȝȏȥ ȕ ȓȌșȕȋȇȜ

ȼɤɪɚɬɰɟ
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f ǨȢșȣ ȎȔȇȑȕȓȢ Ș : 
• ǵșȒȏȞȏșȌȒȣȔȢȓȏ ȕȘȕȈȌȔȔȕȘșȦȓȏ ȏȓȌȥȠȏȜȘȦ
ȑȕȓȖȣȥșȌȗȔȢȜ ȖȗȕȊȗȇȓȓ ȋȒȦ ȇȔȇȒȏȎȇ
ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ

• ǶȗȌȏȓȚȠȌȘșȉȇȓȏ ȏ ȔȌȋȕȘșȇșȑȇȓȏ ȔȌȑȕșȕȗȢȜ
ȕȘȔȕȉȔȢȜ ȑȕȓȖȣȥșȌȗȔȢȜ ȖȗȕȊȗȇȓȓ

f ǯȓȌșȣ ȖȗȌȋȘșȇȉȒȌȔȏȌ ȕ ȔȌȑȕșȕȗȢȜ ȗȌȘȚȗȘȇȜ ȉ
ǯȔșȌȗȔȌșȌ, ȑȕșȕȗȢȌ ȓȕȊȚș ȖȕȓȕȞȣ ǩȇȓ ȉ
ȏȎȚȞȌȔȏȏ ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ

ǹȌȖȌȗȣ ǩȢ ȋȕȒȍȔȢ …
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f ǪȒȕȘȘȇȗȏȐ

ɋɥɟɞɭɸɳɟɟ



 
 

1

ǶȗȏȒȕȍȌȔȏȌ 9: 
 

ǱȕȓȖȣȥșȌȗȔȢȌ ȖȗȕȊȗȇȓȓȢ ȋȒȦ ȇȔȇȒȏȎȇ 
ȊȌȔȌșȏȞȌȘȑȕȊȕ ȗȇȎȔȕȕȈȗȇȎȏȦ  
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Ⱥɧɚɥɢɡ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ  
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ  
ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɦɚɪɤɟɪɚ 

Ƚɥɨɫɫɚɪɢɣ 
AFLP (Amplified fragment length polymorphism) - ɩɨɥɢɦɨɪɮɢɡɦ ɞɥɢɧɵ ɚɦ-
ɩɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɮɪɚɝɦɟɧɬɚ. ȼɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɦɟɬɨɞ ɨɛɧɚɪɭɠɟɧɢɹ 
ɩɨɥɢɦɨɪɮɢɡɦɨɜ ɜ ȾɇɄ. ɋɧɚɱɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɳɟɩɥɟɧɢɟ ȾɇɄ ɮɟɪɦɟɧɬɚɦɢ 
ɪɟɫɬɪɢɤɰɢɢ, ɡɚɬɟɦ ɜɵɛɢɪɚɟɬɫɹ ɧɚɛɨɪ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ ɞɥɹ ɉɐɊ ɚɦɩɥɢɮɢɤɚ-
ɰɢɢ ɢ ɜɢɡɭɚɥɢɡɚɰɢɢ. 

AMOVA (The analysis of molecular variance) - ɚɧɚɥɢɡ ɦɨɥɟɤɭɥɹɪɧɨɣ ɜɚɪɢɚɧɫɵ 
(ȺɆȼ) . ɗɬɨ ɦɟɬɨɞ ɢɡɭɱɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɩɪɟɞɟɥɚɯ ɜɢɞɚ.  

Ⱥɥɥɟɥɶ – ɨɞɧɚ ɢɡ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɮɨɪɦ ɝɟɧɚ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɫɭɳɟɫɬɜɨɜɚɬɶ 
ɜ ɟɞɢɧɢɱɧɨɦ ɥɨɤɭɫɟ.  

Ⱥɥɥɨɝɚɦɢɹ – ɩɟɪɟɧɨɫ ɩɵɥɶɰɵ (ɨɩɵɥɟɧɢɟ) ɫ ɩɵɥɶɧɢɤɚ ɰɜɟɬɤɚ ɨɞɧɨɝɨ ɪɚɫɬɟ-
ɧɢɹ ɧɚ ɪɵɥɶɰɟ ɰɜɟɬɤɚ ɝɟɧɟɬɢɱɟɫɤɢ ɪɚɡɧɨɝɨ ɪɚɫɬɟɧɢɹ. ɇɚɡɵɜɚɟɬɫɹ ɬɚɤɠɟ ɩɟɪɟ-
ɤɪɟɫɬɧɵɦ ɨɩɵɥɟɧɢɟɦ, ɚɭɬɤɪɨɫɫɢɧɝɨɦɢ ɢɥɢ ɤɫɟɧɨɝɚɦɢɟɣ. ɋɦ. ɬɚɤɠɟ Ⱥɭɬɛɪɢ-
ɞɢɧɝ. 

Ⱥɭɬɛɪɢɞɢɧɝ – ɚɥɥɨɝɚɦɧɚɹ ɫɢɫɬɟɦɚ ɫɤɪɟɳɢɜɚɧɢɹ, ɤɨɝɞɚ ɫɤɪɟɳɢɜɚɸɬɫɹ ɨɫɨɛɢ 
ɦɟɧɟɟ ɛɥɢɡɤɨ ɪɨɞɫɬɜɟɧɧɵɟ, ɱɟɦ ɫɪɟɞɧɢɟ ɩɚɪɵ, ɩɪɨɢɡɜɨɥɶɧɨ ɜɵɛɪɚɧɧɵɟ ɜ 
ɩɨɩɭɥɹɰɢɢ. ɇɚɡɵɜɚɟɬɫɹ ɬɚɤɠɟ ɷɤɡɨɝɚɦɢɟɣ ɢ ɩɟɪɟɤɪɟɫɬɧɵɦ ɫɤɪɟɳɢɜɚɧɢɟɦ 
(ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɂɧɛɪɢɞɢɧɝɭ). 

Ⱥɭɬɤɪɨɫɫɢɧɝ - ɫɦ. Ⱥɥɥɨɝɚɦɢɹ. 

Ⱥɭɬɨɝɚɦɢɹ: 
1) ɩɟɪɟɧɨɫ ɩɵɥɶɰɵ (ɨɩɵɥɟɧɢɟ) ɫ ɩɵɥɶɧɢɤɚ ɰɜɟɬɤɚ ɧɚ ɪɵɥɶɰɟ ɬɨɝɨ ɠɟ ɰɜɟɬɤɚ, 
ɢɥɢ, ɢɧɨɝɞɚ, ɧɚ ɪɵɥɶɰɟ ɝɟɧɟɬɢɱɟɫɤɢ ɢɞɟɧɬɢɱɧɨɝɨ ɰɜɟɬɤɚ (ɧɚɩɪɢɦɟɪ, ɬɨɝɨ ɠɟ 
ɪɚɫɬɟɧɢɹ ɢɥɢ ɤɥɨɧɚ);  
2) ɫɩɨɫɨɛɧɨɫɬɶ ɦɧɨɝɢɯ ɜɢɞɨɜ ɪɚɫɬɟɧɢɣ ɤ ɟɫɬɟɫɬɜɟɧɧɨɦɭ ɢ ɭɫɩɟɲɧɨɦɭ ɨɩɥɨɞɨ-
ɬɜɨɪɟɧɢɸ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɨɫɨɛɢ. ɇɚɡɵɜɚɟɬɫɹ ɬɚɤɠɟ ɫɚɦɨɨɩɵɥɟɧɢ-
ɟɦ. 

Ȼɢɨɪɚɡɧɨɨɛɪɚɡɢɟ – ɫɨɜɨɤɭɩɧɨɫɬɶ ɝɟɧɨɜ, ɜɢɞɨɜ ɢ ɷɤɨɫɢɫɬɟɦ ɞɚɧɧɨɝɨ ɪɟɝɢɨɧɚ 
ɹɜɥɹɟɬɫɹ ɥɢ ɨɧ ɦɢɤɪɨɚɪɟɚɥɨɦ ɢɥɢ ɜɫɟɦ ɡɟɦɧɵɦ ɲɚɪɨɦ. ɇɚɡɵɜɚɟɬɫɹ ɬɚɤɠɟ 
ɛɢɨɥɨɝɢɱɟɫɤɢɦ ɪɚɡɧɨɨɛɪɚɡɢɟɦ.  

Ƚɚɩɥɨɢɞ – ɨɞɢɧɚɪɧɵɣ ɧɚɛɨɪ ɯɪɨɦɨɫɨɦ (ɩɨɥɨɜɢɧɚ ɩɨɥɧɨɝɨ ɧɚɛɨɪɚ ɝɟɧɟɬɢɱɟ-
ɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ), ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɤɚɠɞɨɣ ɹɣɰɟ- ɢɥɢ ɫɩɟɪɦɨɤɥɟɬɤɟ ɠɢɜɨɬ-
ɧɨɝɨ ɢ ɜ ɤɚɠɞɨɣ ɹɣɰɟɤɥɟɬɤɟ ɢɥɢ ɩɵɥɶɰɟ ɪɚɫɬɟɧɢɹ ( ɫ ɝɪɟɱ. ‘haploos” – ɨɞɢɧɚɪ-
ɧɵɣ) (ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ Ⱦɢɩɥɨɢɞɭ). 
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Ƚɚɩɥɨɬɢɩ - ɫɩɟɰɢɮɢɱɧɵɣ ɧɚɛɨɪ ɚɥɥɟɥɟɣ ɜ ɪɹɞɟ ɥɨɤɭɫɨɜ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ 
ɛɥɨɤɟ ɫɰɟɩɥɟɧɢɹ. 

Ƚɟɧ - ɨɫɧɨɜɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɟɞɢɧɢɰɚ ɧɚɫɥɟɞɨɜɚɧɢɹ, ɩɟɪɟ-
ɞɚɸɳɚɹ ɢɧɮɨɪɦɚɰɢɸ ɨɬ ɨɞɧɨɝɨ ɩɨɤɨɥɟɧɢɹ ɞɪɭɝɨɦɭ. Ƚɟɧ ɹɜɥɹɟɬɫɹ ɫɟɝɦɟɧɬɨɦ 
ȾɇɄ, ɜɤɥɸɱɚɸɳɢɣ ɬɪɚɧɫɤɪɢɛɢɪɭɟɦɵɣ (ɤɨɞɢɪɭɸɳɢɣ) ɭɱɚɫɬɨɤ ɢ ɪɟɝɭɥɹɬɨɪɧɵɣ 
ɷɥɟɦɟɧɬ, ɩɨɡɜɨɥɹɸɳɢɣ ɨɫɭɳɟɫɬɜɥɹɬɶ ɟɝɨ ɬɪɚɧɫɤɪɢɩɰɢɸ. 

Ƚɟɧɟɬɢɱɟɫɤɚɹ ɞɢɫɬɚɧɰɢɹ – ɫɬɟɩɟɧɶ ɫɜɹɡɚɧɧɨɫɬɢ ɦɟɠɞɭ ɩɨɞɝɪɭɩɩɚɦɢ ɢ ɩɨɩɭ-
ɥɹɰɢɹɦɢ, ɢɡɦɟɪɟɧɧɚɹ ɪɚɡɧɵɦɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ.  

Ƚɟɧɟɬɢɱɟɫɤɚɹ ɷɪɨɡɢɹ – ɩɨɬɟɪɹ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɦɟɠɞɭ ɢ ɜɧɭɬɪɢ 
ɩɨɩɭɥɹɰɢɣ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɜɢɞɚ ɜɨ ɜɪɟɦɟɧɢ, ɢɥɢ ɫɨɤɪɚɳɟɧɢɟ ɝɟɧɟɬɢɱɟɫɤɨɣ 
ɛɚɡɵ ɜɢɞɚ.  

Ƚɟɧɟɬɢɱɟɫɤɢɣ ɞɪɟɣɮ – ɧɟɩɪɟɞɫɤɚɡɭɟɦɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɱɚɫɬɨɬɟ ɚɥɥɟɥɢ, ɤɨɬɨ-
ɪɵɟ ɜɨɡɧɢɤɚɸɬ ɜ ɦɚɥɟɧɶɤɢɯ ɩɨɩɭɥɹɰɢɹɯ. 

Ƚɟɧɟɬɢɱɟɫɤɢɣ ɦɚɪɤɟɪ - ɚɥɥɟɥɶ, ɩɨɥɨɫɚ ɜ ɝɟɥɟ ɢɥɢ ɩɪɢɡɧɚɤ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɨ ɢɫɩɨɥɶɡɭɸɳɢɣɫɹ ɤɚɤ ɩɪɨɛɚ ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɨɫɨɛɢ ɢɥɢ ɨɞɧɨɝɨ ɢɡ ɟɟ 
ɩɪɢɡɧɚɤɨɜ. 

Ƚɟɧɟɬɢɱɟɫɤɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ – ɢɡɦɟɧɟɧɢɟ ɜ ɝɟɧɟɬɢɱɟɫɤɨɦ ɫɨɫɬɚɜɟ ɨɫɨɛɟɣ ɜ 
ɩɪɟɞɟɥɚɯ ɢ ɦɟɠɞɭ ɜɢɞɚɦɢ; ɧɚɫɥɟɞɭɟɦɨɟ ɝɟɧɟɬɢɱɟɫɤɨɟ ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɢ ɢ 
ɦɟɠɞɭ ɩɨɩɭɥɹɰɢɹɦɢ.  

Ƚɟɧɨɦ - ɜɟɫɶ ɧɚɛɨɪ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɨɪɝɚɧɢɡɦɟ. 

Ƚɟɬɟɪɨɡɢɝɨɬɚ - ɞɢɩɥɨɢɞɧɚɹ ɨɫɨɛɶ, ɫɨɞɟɪɠɚɳɚɹ ɪɚɡɥɢɱɧɵɟ ɚɥɥɟɥɢ ɜ ɨɞɧɨɦ 
ɢɥɢ ɛɨɥɟɟ ɝɟɧɟɬɢɱɟɫɤɢɯ ɥɨɤɭɫɚɯ. (ɫ ɝɪɟɱ. “heteros” – ɞɪɭɝɨɣ). (ɩɪɨɬɢɜɨɩɨ-
ɥɨɠɧɨ Ƚɨɦɨɡɢɝɨɬɟ). 

Ƚɨɦɨɡɢɝɨɬɚ – ɞɢɩɥɨɢɞɧɚɹ ɨɫɨɛɶ, ɫɨɞɟɪɠɚɳɚɹ ɨɞɢɧɚɤɨɜɵɟ ɚɥɥɟɥɢ ɜ ɨɞɧɨɦ 
ɢɥɢ ɛɨɥɟɟ ɝɟɧɟɬɢɱɟɫɤɢɯ ɥɨɤɭɫɚɯ (ɫ ɝɪɟɱ. “homos” – ɨɞɢɧɚɤɨɜɵɣ). (ɩɪɨɬɢɜɨ-
ɩɨɥɨɠɧɨ Ƚɟɬɟɪɨɡɢɝɨɬɟ). 

Ⱦɢɤɢɣ ɫɨɪɨɞɢɱ – ɪɨɞɫɬɜɟɧɧɢɤ ɤɭɥɶɬɭɪɧɨɝɨ ɪɚɫɬɟɧɢɹ, ɤɨɬɨɪɵɣ ɩɪɨɢɡɪɚɫɬɚɟɬ ɜ 
ɩɪɢɪɨɞɟ ɢ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɰɟɥɟɣ. 

Ⱦɢɩɥɨɢɞ – ɩɨɥɧɵɣ ɧɚɛɨɪ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɫɩɚɪɟɧɧɵɯ 
ɯɪɨɦɨɫɨɦ, ɜɡɹɬɵɯ ɨɬ ɤɚɠɞɨɝɨ ɪɨɞɢɬɟɥɹ. Ȼɨɥɶɲɢɧɫɬɜɨ ɠɢɜɨɬɧɵɯ ɤɥɟɬɨɤ, ɡɚ 
ɢɫɤɥɸɱɟɧɢɟɦ ɝɚɦɟɬ, ɢɦɟɟɬ ɞɢɩɥɨɢɞɧɵɣ ɧɚɛɨɪ ɯɪɨɦɨɫɨɦ (ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ 
Ƚɚɩɥɨɢɞɭ). 

ɂɡɨɮɟɪɦɟɧɬ - ɦɧɨɠɟɫɬɜɟɧɧɵɟ ɮɨɪɦɵ ɮɟɪɦɟɧɬɚ, ɫɢɧɬɟɡ ɤɨɬɨɪɨɝɨ ɤɨɧɬɪɨɥɢ-
ɪɭɟɬɫɹ ɞɜɭɦɹ ɢɥɢ ɛɨɥɟɟ ɝɟɧɚɦɢ. 

ɂɧɛɪɢɞɢɧɝ – ɫɤɪɟɳɢɜɚɧɢɟ ɝɟɧɟɬɢɱɟɫɤɢ ɪɨɞɫɬɜɟɧɧɵɯ ɨɫɨɛɟɣ ɢɥɢ ɦɟɠɞɭ ɪɨɞ-
ɫɬɜɟɧɧɢɤɚɦɢ. ɋɤɪɟɳɢɜɚɧɢɟ ɩɨɫɪɟɞɫɬɜɨɦ ɫɦɟɧɵ ɪɨɞɢɬɟɥɟɣ, ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɤ 
ɨɞɧɨɦɭ ɢ ɬɨɦɭ ɠɟ ɪɨɞɭ. ɇɚɡɵɜɚɟɬɫɹ ɬɚɤɠɟ ɷɧɞɨɝɚɦɢɟɣ ɢɥɢ ɪɚɡɦɧɨɠɟɧɢɟɦ 
ɩɭɬɟɦ ɫɚɦɨɨɩɵɥɟɧɢɹ (ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ Ⱥɭɬɛɪɢɞɢɧɝɭ).  
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Ʉɨɥɥɟɤɰɢɹ (ɝɟɧɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɪɚɫɬɟɧɢɣ): 
1) ɫɛɨɪ ɜ ɨɞɧɨɦ ɦɟɫɬɟ ɨɞɨɦɚɲɧɟɧɧɵɯ ɪɚɫɬɟɧɢɣ (ɩɪɢɦɢɬɢɜɧɵɯ, ɫɬɚɪɨɞɚɜɧɢɯ ɢ 
ɫɨɜɪɟɦɟɧɧɵɯ ɫɨɪɬɨɜ, ɚ ɬɚɤɠɟ ɫɟɥɟɤɰɢɨɧɧɵɯ ɥɢɧɢɣ) ɢ ɪɨɞɫɬɜɟɧɧɵɯ ɞɢɤɢɯ ɢ 
ɫɨɪɧɵɯ ɜɢɞɨɜ.  
2) ɦɚɬɟɪɢɚɥ, ɫɨɛɪɚɧɧɵɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɛɨɪɚ, ɧɚɡɵɜɚɟɬɫɹ ɬɟɪɦɢɧɨɦ «ɤɨɥɥɟɤ-
ɰɢɹ» 

Ʌɨɤɭɫ - ɫɩɟɰɢɮɢɱɧɵɣ ɭɱɚɫɬɨɤ ɧɚ ɯɪɨɦɨɫɨɦɟ, ɝɞɟ ɪɚɫɩɨɥɨɠɟɧ ɝɟɧ ɢɥɢ ɨɩɪɟɞɟ-
ɥɟɧɧɵɣ ɨɬɪɟɡɨɤ ȾɇɄ. 

Ɇɚɪɤɟɪ - ɩɨɞɞɚɸɳɟɟɫɹ ɨɩɪɟɞɟɥɟɧɢɸ ɮɢɡɢɱɟɫɤɨɟ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɟ ɧɚ 
ɯɪɨɦɨɫɨɦɟ, ɧɚɫɥɟɞɨɜɚɧɢɟ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɩɪɨɫɥɟɞɢɬɶ (ɧɚɩɪɢɦɟɪ, ɭɱɚɫɬɨɤ 
ɝɟɧɚ, ɫɚɣɬ ɪɟɫɬɪɢɤɰɢɢ ɢɥɢ RFLP ɦɚɪɤɟɪ). 

Ɇɢɝɪɚɰɢɹ - ɞɜɢɠɟɧɢɟ ɨɫɨɛɟɣ ɦɟɠɞɭ ɢɡɨɥɢɪɨɜɚɧɧɵɦɢ ɩɨɩɭɥɹɰɢɹɦɢ, ɪɚɡɦɧɨ-
ɠɚɸɳɢɦɢɫɹ ɢɧɵɦ ɫɩɨɫɨɛɨɦ. 

Ɇɢɤɪɨɫɚɬɟɥɥɢɬɧɚɹ ȾɇɄ - ɬɢɩ ɩɨɜɬɨɪɹɸɳɟɣɫɹ ȾɇɄ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɨɱɟɧɶ 
ɤɨɪɨɬɤɢɯ ɩɨɜɬɨɪɨɜ, ɤɚɤ ɞɢɧɭɤɥɟɨɬɢɞɵ, ɬɪɢɧɭɤɥɟɨɬɢɞɵ ɢɥɢ ɬɟɬɪɚɧɭɤɥɟɨɬɢɞɵ. 
Ɍɚɤɠɟ ɧɚɡɵɜɚɸɬɫɹ ɩɪɨɫɬɵɟ ɩɨɜɬɨɪɹɸɳɢɟɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (SSRs).  

Ɇɧɨɠɟɫɬɜɟɧɧɵɟ ɚɥɥɟɥɢ – ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɢɡɜɟɫɬɧɵɯ ɚɥɥɟɥɟɣ 
ɝɟɧɚ. 

Ɇɭɬɚɰɢɹ – ɬɟɪɦɢɧ, ɨɩɢɫɵɜɚɸɳɢɣ ɧɚɫɥɟɞɭɟɦɨɟ ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ ɢɡɦɟɧɟɧɢɟ 
ɮɟɧɨɬɢɩɚ. Ʌɸɛɨɟ ɩɨɫɬɨɹɧɧɨɟ ɢɥɢ ɧɚɫɥɟɞɭɟɦɨɟ ɢɡɦɟɧɟɧɢɟ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨɫɬɢ ȾɇɄ. ȼɢɞɵ ɦɭɬɚɰɢɢ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɬɨɱɤɨɜɭɸ ɦɭɬɚɰɢɸ, ɞɟɥɟɰɢɸ, ɢɧ-
ɫɟɪɰɢɸ ɢ ɢɡɦɟɧɟɧɢɹ ɜ ɱɢɫɥɟ ɢ ɫɬɪɭɤɬɭɪɟ ɯɪɨɦɨɫɨɦ.  

ɇɟɩɨɥɨɜɨɟ ɪɚɡɦɧɨɠɟɧɢɟ – ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɣ ɨɫɨɛɢ ɢɡ ɤɥɟɬɤɢ ɨɞɧɨɝɨ ɪɨ-
ɞɢɬɟɥɹ. Ɉɧɨ ɧɟ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɪɟɤɨɦɛɢɧɚɰɢɸ ɢɥɢ ɫɦɟɲɟɧɢɹ ɪɨɞɢɬɟɥɶɫɤɢɯ 
ɮɨɪɦ.  

Ɉɞɨɦɚɲɧɢɜɚɧɢɟ – ɷɜɨɥɸɰɢɹ ɪɚɫɬɟɧɢɣ ɢɥɢ ɠɢɜɨɬɧɵɯ ɥɢɛɨ ɟɫɬɟɫɬɜɟɧɧɨ, ɥɢɛɨ 
ɩɭɬɟɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɨɬɛɨɪɚ, ɜ ɮɨɪɦɵ ɛɨɥɟɟ ɩɨɥɟɡɧɵɟ ɞɥɹ ɱɟɥɨɜɟɤɚ, ɧɚɩɪɢ-
ɦɟɪ, ɧɟɨɫɵɩɚɸɳɢɟɫɹ ɫɟɦɟɧɚ.  

ɉɢɪɢɦɢɞɢɧ - ɚɡɨɬ-ɫɨɞɟɪɠɚɳɟɟ, ɨɞɧɨ-ɫɩɢɪɚɥɶɧɨɟ ɨɫɧɨɜɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, 
ɜɫɬɪɟɱɚɸɳɟɟɫɹ ɜ ɧɭɤɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɟ. ɉɪɢɪɚɦɢɞɢɧɵ ɜ ȾɇɄ – ɷɬɨ ɰɢɬɨɡɢɧ ɢ 
ɬɢɦɢɧ. ɉɢɪɢɦɢɞɢɧɵ ɜ ɊɇɄ – ɷɬɨ ɰɢɬɨɡɢɧ ɢ ɭɪɚɰɢɥ.  

ɉɨɥɢɦɨɪɮɢɡɦ - ɩɪɨɹɜɥɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫ ɪɚɡɥɢɱ-
ɧɵɦɢ ɚɥɥɟɥɹɦɢ ɨɞɧɨɝɨ ɝɟɧɚ ɢɥɢ ɝɨɦɨɥɨɝɢɱɧɵɯ ɨɞɧɨɣ ɯɪɨɦɨɫɨɦɟ. 

ɉɨɥɨɜɨɟ ɪɚɡɦɧɨɠɟɧɢɟ – ɩɪɨɢɡɜɨɞɫɬɜɨ ɧɨɜɵɯ ɨɫɨɛɟɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɦɟɲɟɧɢɹ 
ɜ ɨɞɧɨɣ ɤɥɟɬɤɟ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɤɥɟɬɨɤ, ɨɛɵɱɧɨ ɝɚɦɟɬ ɢ ɨɛɵɱɧɨ ɨɬ ɪɚɡɧɵɯ ɪɨ-
ɞɢɬɟɥɟɣ. 

ɉɨɩɭɥɹɰɢɨɧɧɚɹ ɝɟɧɟɬɢɤɚ – ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɢɡɭɱɟɧɢɟ ɢ ɢɡɦɟɪɟɧɢɟ ɩɨɩɭɥɹ-
ɰɢɣ ɜ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɹɯ, ɧɚɩɪɢɦɟɪ, ɢɡɭɱɟɧɢɟ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɮɟɧɨ-
ɦɟɧɚ ɩɨ ɫɬɚɧɞɚɪɬɧɵɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ ɬɚɤɢɯ, ɤɚɤ ɬɚɛɥɢɰɵ ɢ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɨɬ, ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ, ɜɚɪɢɚɧɬɧɨɫɬɶ, ɫɬɚɧɞɚɪɬɧɵɟ ɨɬɤɥɨɧɟ-
ɧɢɹ.  
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ɉɨɩɭɥɹɰɢɹ – ɜ ɝɟɧɟɬɢɤɟ, ɷɬɨ ɝɪɭɩɩɚ ɨɫɨɛɟɣ, ɤɨɬɨɪɵɟ ɪɚɡɞɟɥɹɸɬ ɨɛɳɢɣ ɝɟɧɨ-
ɮɨɧɞ ɢ ɨɛɥɚɞɚɸɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɤɪɟɳɢɜɚɬɶɫɹ.  

ɉɨɬɨɤ ɝɟɧɨɜ - ɨɛɦɟɧ ɝɟɧɟɬɢɱɟɫɤɢɦ ɦɚɬɟɪɢɚɥɨɦ ɦɟɠɞɭ ɩɨɩɭɥɹɰɢɹɦɢ. ɗɬɨ ɦɨ-
ɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɩɪɢ ɪɚɡɦɧɨɠɟɧɢɢ ɪɚɫɬɟɧɢɣ (ɧɚɩɪɢɦɟɪ, ɢɡ-ɡɚ ɪɚɫɫɟɢɜɚɧɢɹ 
ɝɚɦɟɬ ɢɥɢ ɡɢɝɨɬ) ɢɥɢ ɛɥɚɝɨɞɚɪɹ ɱɟɥɨɜɟɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɤɚɤ, ɧɚɩɪɢɦɟɪ, 
ɜɜɟɞɟɧɢɟ ɧɨɜɵɯ ɫɨɪɬɨɜ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɤɭɥɶɬɭɪ ɮɟɪɦɟɪɚɦɢ.  

ɉɭɪɢɧ – ɚɡɨɬ-ɫɨɞɟɪɠɚɳɟɟ, ɞɜɭɯ-ɫɩɢɪɚɥɶɧɨɟ ɨɫɧɨɜɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɜɫɬɪɟ-
ɱɚɸɳɟɟɫɹ ɜ ɧɭɤɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɟ. ɉɭɪɢɧ ɜ ȾɇɄ ɢ ɊɇɄ – ɷɬɨ ɚɞɟɧɢɧ ɢ ɝɭɚɧɢɧ.  

Ɋɚɜɧɨɜɟɫɢɟ ɏɚɪɞɢ-ȼɟɣɧɛɟɪɝɚ (Hardy-Weinberg equilibrium) – ɫɬɚɛɢɥɶɧɨɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɱɚɫɬɨɬ ɝɟɧɨɬɢɩɨɜ AA, Aa, ɢ aa, ɜ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɦ ɨɬɧɨ-
ɲɟɧɢɢ p2, 2pq, ɢ q2, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɝɞɟ p ɢ q ɟɫɬɶ ɱɚɫɬɨɬɵ ɚɥɥɟɥɶ A  
ɢ a), ɱɬɨ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɫɥɭɱɚɣɧɨɝɨ ɫɤɪɟɳɢɜɚɧɢɹ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɦɭɬɚ-
ɰɢɢ, ɦɢɝɪɚɰɢɢ, ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɛɨɪɚ ɢ ɫɥɭɱɚɣɧɨɝɨ ɞɪɟɣɮɚ. 

Ɋɚɡɧɨɨɛɪɚɡɢɟ ɜɢɞɨɜ – ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɢɞɨɜ; 
ɫɯɨɞɧɨ ɫɨ ɡɧɚɱɟɧɢɟɦ «ɛɨɝɚɬɫɬɜɨ ɜɢɞɨɜ». ȼ ɛɨɥɟɟ ɫɩɟɰɢɚɥɶɧɨɣ ɥɢɬɟɪɚɬɭɪɟ 
ɜɤɥɸɱɚɟɬ ɩɨɧɹɬɢɟ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɢɞɨɜ. Ɉɛ ɷɤɨɫɢɫɬɟɦɟ 
ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɨɧɚ ɪɚɡɧɨɨɛɪɚɡɧɟɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɛɨɥɟɟ ɫɩɟɰɢɚɥɶɧɵɦ 
ɨɩɪɟɞɟɥɟɧɢɟɦ, ɟɫɥɢ ɜɢɞɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɧɟɣ, ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɟ ɪɚɡɦɟ-
ɪɵ ɩɨɩɭɥɹɰɢɣ, ɢ ɷɤɨɫɢɫɬɟɦɚ ɫɱɢɬɚɟɬɫɹ ɦɟɧɟɟ ɪɚɡɧɨɨɛɪɚɡɧɨɣ, ɟɫɥɢ ɦɧɨɝɢɟ 
ɜɢɞɵ ɹɜɥɹɸɬɫɹ ɪɟɞɤɢɦɢ, ɚ ɧɟɤɨɬɨɪɵɟ ɨɱɟɧɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ.  

Ɋɟɝɟɧɟɪɚɰɢɹ (ɤɨɥɥɟɤɰɢɣ ɝɟɧɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ): 
1) ɩɪɨɰɟɫɫ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɫɟɝɨ ɪɚɫɬɟɧɢɹ ɢɡ ɤɥɟɬɨɤ ɨɫɨɛɢ ɩɭɬɟɦ ɦɚɧɢɩɭɥɢɪɨ-
ɜɚɧɢɹ in vitro ɤɭɥɶɬɭɪɵ;  
2) ɜɵɪɚɳɢɜɚɧɢɟ ɫɟɦɹɧ ɢɡ ɨɛɪɚɡɰɚ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɢɫ-
ɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ. Ɉɧɨ ɨɛɵɱɧɨ ɩɪɨɜɨɞɢɬɫɹ, ɟɫɥɢ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɢɫɯɨɞɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɧɢɠɟ 85%.  

Ɋɟɤɨɦɛɢɧɚɰɢɹ - ɨɛɪɚɡɨɜɚɧɢɟ ɦɨɥɟɤɭɥɵ ȾɇɄ ɫ ɫɟɝɦɟɧɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɛɨ-
ɥɟɟ ɱɟɦ ɨɬ ɨɞɧɨɣ ɪɨɞɢɬɟɥɶɫɤɨɣ ȾɇɄ-ɦɨɥɟɤɭɥɵ. ȼ ɷɭɤɚɪɢɨɬɚɯ ɷɬɨ ɞɨɫɬɢɝɚɟɬɫɹ 
ɩɨɫɪɟɞɫɬɜɨɦ ɪɟɰɢɩɪɨɤɧɨɝɨ ɨɛɦɟɧɚ ȾɇɄ ɦɟɠɞɭ ɧɟɪɨɞɫɬɜɟɧɧɵɦɢ ɯɪɨɦɚɬɢɞɚɦɢ 
ɝɨɦɨɥɨɝɢɱɧɨɣ ɩɚɪɵ ɯɪɨɦɨɫɨɦ ɜ ɬɟɱɟɧɢɢ ɩɪɨɮɚɡɵ ɩɟɪɜɨɝɨ ɦɢɨɬɢɱɟɫɤɨɝɨ ɞɟ-
ɥɟɧɢɹ. Ɋɟɤɨɦɛɢɧɚɰɢɹ ɩɨɡɜɨɥɹɟɬ ɯɪɨɦɨɫɨɦɚɦ ɢɡɦɟɧɹɬɶ ɫɜɨɣ ɝɟɧɟɬɢɱɟɫɤɢɣ 
ɦɚɬɟɪɢɚɥ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɜɵɲɚɹ ɩɨɬɟɧɰɢɚɥ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ. 
Ɍɚɤɠɟ ɢɡɜɟɫɬɧɚ ɤɚɤ ɤɪɨɫɫɢɧɝɨɜɟɪ. 

ɋɚɦɨɨɩɥɨɞɨɬɜɨɪɟɧɢɟ – ɫɦ. Ⱥɜɬɨɝɚɦɢɹ. 

ɋɚɦɨɨɩɵɥɟɧɢɟ – ɨɩɵɥɟɧɢɟ ɩɵɥɶɰɨɣ ɬɨɝɨ ɠɟ ɫɚɦɨɝɨ ɪɚɫɬɟɧɢɹ. 

ɋɟɥɟɤɰɢɹ – ɪɚɡɦɧɨɠɟɧɢɟ ɢ ɝɟɧɟɬɢɱɟɫɤɚɹ ɦɚɧɢɩɭɥɹɰɢɹ ɩɭɬɟɦ ɝɢɛɪɢɞɢɡɚɰɢɢ 
ɢɥɢ ɧɚɦɟɪɟɧɧɨɝɨ ɫɚɦɨɨɩɵɥɟɧɢɹ ɪɚɫɬɟɧɢɣ ɜ ɰɟɥɹɯ ɨɬɛɨɪɚ ɭɥɭɱɲɟɧɧɨɝɨ ɩɨ-
ɬɨɦɫɬɜɚ.  

ɋɢɦɩɚɬɪɢɱɟɫɤɢɣ – ɜɫɬɪɟɱɚɸɳɢɣɫɹ ɜ ɬɨɣ ɠɟ ɝɟɨɝɪɚɮɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ.  
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ɋɢɫɬɟɦɚ ɪɚɡɦɧɨɠɟɧɢɹ – ɫɢɫɬɟɦɚ, ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɬɨɪɨɣ ɜɢɞɵ ɜɨɫɩɪɨɢɡɜɨ-
ɞɹɬɫɹ. Ⱦɥɹ ɪɚɫɬɟɧɢɣ ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɟɫɬɟɫɬɜɟɧɧɵɯ ɫɢɫɬɟɦ ɪɚɡɦɧɨɠɟ-
ɧɢɹ, ɞɥɹ ɩɪɢɦɟɪɚ ɫɦ. ɬɚɤɠɟ Ⱥɭɬɛɪɢɞɢɧɝ ɢ ɂɧɛɪɢɞɢɧɝ.  

ɋɢɫɬɟɦɚ ɫɩɚɪɢɜɚɧɢɹ – ɯɚɪɚɤɬɟɪ ɫɩɚɪɢɜɚɧɢɹ ɦɟɠɞɭ ɨɫɨɛɹɦɢ ɩɨɩɭɥɹɰɢɢ, 
ɜɤɥɸɱɚɹ ɬɚɤɢɟ ɮɚɤɬɨɪɵ, ɤɚɤ ɭɪɨɜɟɧɶ ɢɧɛɪɢɞɢɧɝɚ, ɦɨɧɨɝɚɦɢɢ, ɪɹɞɚ ɫɢɧɯɪɨɧ-
ɧɵɯ ɫɩɚɪɢɜɚɧɢɣ. ɋɢɫɬɟɦɚ ɫɩɚɪɢɜɚɧɢɹ ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɨɩɪɟ-
ɞɟɥɟɧɢɢ ɤɚɤ ɝɟɧɟɬɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ, ɬɚɤ ɢ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɩɪɢ-
ɪɨɞɧɵɯ ɩɨɩɭɥɹɰɢɣ.  

ɋɨɪɧɨɟ ɪɚɫɬɟɧɢɟ: 
1) ɜ ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ, ɨɬɞɟɥɶɧɨɟ ɪɚɫɬɟɧɢɟ ɢɥɢ ɜɢɞ, ɪɚɫɬɭɳɢɣ ɬɚɦ, ɝɞɟ ɨɧ 
ɧɟɠɟɥɚɬɟɥɟɧ; 
2) ɜ ɷɤɨɥɨɝɢɢ, ɪɚɫɬɟɧɢɟ, ɤɨɬɨɪɨɟ ɚɞɚɩɬɢɪɨɜɚɧɨ ɞɥɹ ɩɪɨɢɡɪɚɫɬɚɧɢɹ ɜ ɧɚɪɭɲɟɧ-
ɧɵɯ ɢɥɢ ɨɬɤɪɵɬɵɯ ɚɪɟɚɥɚɯ, ɧɚɩɪɢɦɟɪ, ɧɚ ɦɟɫɬɚɯ ɩɨɠɚɪɢɳ ɢɥɢ ɧɚ ɬɟɪɪɢɬɨɪɢɹɯ, 
ɧɚɪɭɲɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ.  

ɋɨɯɪɚɧɟɧɢɟ – ɷɬɨ ɭɩɪɚɜɥɟɧɢɟ ɚɧɬɪɨɩɨɝɟɧɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɨɫɮɟɪɵ 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɧɚ ɦɨɝɥɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɭɫɬɨɣɱɢɜɭɸ 
ɩɨɥɟɡɧɨɫɬɶ ɧɵɧɟɲɧɢɦ ɩɨɤɨɥɟɧɢɹɦ ɧɚɪɹɞɭ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɫɜɨɟɝɨ ɩɨɬɟɧɰɢɚɥɚ 
ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɩɨɬɪɟɛɧɨɫɬɢ ɢ ɠɟɥɚɧɢɹ ɛɭɞɭɳɢɯ ɩɨɤɨɥɟɧɢɣ ɱɟɥɨɜɟɱɟɫɬɜɚ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɨɯɪɚɧɟɧɢɟ ɨɯɜɚɬɵɜɚɟɬ ɨɯɪɚɧɭ, ɩɨɞɞɟɪɠɚɧɢɟ, ɭɫɬɨɣɱɢɜɨɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ, ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɢ ɭɫɢɥɟɧɢɟ ɮɭɧɤɰɢɣ ɟɫɬɟɫɬɜɟɧɧɨɣ ɨɤɪɭ-
ɠɚɸɳɟɣ ɫɪɟɞɵ.  

ɋɨɯɪɚɧɟɧɢɟ ex-situ: 
1) ɦɟɬɨɞ ɫɨɯɪɚɧɟɧɢɹ, ɫɜɹɡɚɧɧɵɣ ɫ ɭɞɚɥɟɧɢɟɦ ɪɟɫɭɪɫɨɜ ɝɟɪɦɨɩɥɚɡɦɵ (ɫɟɦɹɧ, 
ɩɵɥɶɰɵ, ɫɩɟɪɦɚɬɨɡɨɢɞɨɜ, ɨɬɞɟɥɶɧɵɯ ɨɪɝɚɧɢɡɦɨɜ) ɢɡ ɢɯ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɦɟ-
ɫɬɨɨɛɢɬɚɧɢɹ ɢɥɢ ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɵ.  
2) ɯɪɚɧɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɛɢɨɪɚɡɧɨɨɛɪɚɡɢɹ ɜ ɠɢɜɨɦ ɜɢɞɟ ɡɚ ɩɪɟɞɟɥɚɦɢ ɢɯ 
ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɦɟɫɬɨɨɛɢɬɚɧɢɹ ɢɥɢ ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɵ (ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ in situ 
ɫɨɯɪɚɧɟɧɢɸ). 

ɋɨɯɪɚɧɟɧɢɟ in-situ - ɦɟɬɨɞ ɫɨɯɪɚɧɟɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɝɟɧɟɬɢɱɟɫɤɨɣ ɰɟɥɨɫɬɧɨɫɬɢ ɝɟɧɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɩɭɬɟɦ ɢɯ ɫɨɯɪɚɧɟɧɢɹ ɜ 
ɷɜɨɥɸɰɢɨɧɧɨ ɞɢɧɚɦɢɱɧɵɯ ɷɤɨɫɢɫɬɟɦɚɯ ɢɯ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɦɟɫɬɨɨɛɢɬɚɧɢɹ 
ɢɥɢ ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɵ (ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɫɨɯɪɚɧɟɧɢɸ ex-situ). 

Ɏɟɪɦɟɧɬ ɪɟɫɬɪɢɤɰɢɢ - ɷɧɞɨɧɭɤɥɟɚɡɚ, ɪɚɫɩɨɡɧɚɸɳɚɹ ɤɨɧɤɪɟɬɧɭɸ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɫɬɶ ɢ ɪɚɡɪɟɡɚɸɳɚɹ ɰɟɩɶ ȾɇɄ ɜ ɷɬɨɣ ɬɨɱɤɟ.  

Ɏɢɥɨɝɟɧɟɬɢɤɚ – ɢɫɬɨɪɢɹ ɷɜɨɥɸɰɢɢ ɜɢɞɨɜ. Ⱦɢɚɝɪɚɦɦɚ, ɢɥɥɸɫɬɪɢɪɭɸɳɚɹ ɢɫ-
ɬɨɪɢɸ ɷɜɨɥɸɰɢɢ ɩɨɩɭɥɹɰɢɣ ɢ ɪɨɞɫɬɜɟɧɧɵɯ ɜɢɞɨɜ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ – ɨɰɟɧɤɚ ɩɪɢɡɧɚɤɨɜ ɪɚɫɬɟɧɢɹ, ɤɨɬɨɪɵɟ ɜɵɫɨɤɨ ɧɚɫɥɟɞɭɟɦɵ, 
ɥɟɝɤɨ ɪɚɫɩɨɡɧɚɜɚɟɦɵ ɧɟɜɨɨɪɭɠɟɧɧɵɦ ɝɥɚɡɨɦ, ɨɞɢɧɚɤɨɜɨ ɜɵɪɚɠɟɧɧɵ ɜ ɥɸ-
ɛɨɣ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ ɢ ɩɪɢɦɟɧɢɦɵ ɞɥɹ ɪɚɡɥɢɱɟɧɢɹ ɮɟɧɨɬɢɩɨɜ.  

RAPD (Random amplified polymorphic DNA) - ɫɥɭɱɚɣɧɨ ɚɦɩɥɢɮɢɰɢɪɨɜɚɧɧɚɹ 
ɩɨɥɢɦɨɪɮɧɚɹ ȾɇɄ. Ɇɟɬɨɞ ɚɦɩɥɢɮɢɤɚɰɢɢ ɚɧɨɧɢɦɧɵɯ ɨɬɪɟɡɤɨɜ ȾɇɄ ɩɪɢ ɩɨ-
ɦɨɳɢ ɉɐɊ ɫ ɩɪɨɢɡɜɨɥɶɧɵɦɢ ɩɪɚɣɦɟɪɚɦɢ. 
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RFLP (Restriction Fragment Length Polymorphysm) - ɩɨɥɢɦɨɪɮɢɡɦ ɞɥɢɧɵ 
ɪɟɫɬɪɢɤɰɢɨɧɧɨɝɨ ɮɪɚɝɦɟɧɬɚ (ɉȾɊɎ). Ɋɚɡɥɢɱɢɹ ɦɟɠɞɭ ɢɧɞɢɜɢɞɭɭɦɚɦɢ ɨɩɪɟ-
ɞɟɥɹɸɬɫɹ ɤɚɤ ɪɚɡɧɢɰɚ ɜ ɪɚɡɦɟɪɚɯ ɮɪɚɝɦɟɧɬɨɜ ȾɇɄ ɩɨɫɥɟ ɪɟɫɬɪɢɤɰɢɢ. 

SSR (Simple-sequence repeats) - ɫɦ. Ɇɢɤɪɨɫɚɬɟɥɥɢɬɧɚɹ ȾɇɄ. 
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Ɏɨɪɦɚ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ 
 

ɏɚɪɚɤɬɟɪ ɬɟɦɚɬɢɤɢ ɧɚɫɬɨɹɳɟɝɨ ɦɨɞɭɥɹ ɬɚɤɨɜ, ɱɬɨ ɩɨɫɬɨɹɧɧɨ ɦɟɧɹɟɬɫɹ, ɢ 
ɩɨɷɬɨɦɭ ɠɟɥɚɬɟɥɶɧɨ ɩɟɪɢɨɞɢɱɟɫɤɢ ɨɛɧɨɜɥɹɬɶ ɟɝɨ ɫɨɞɟɪɠɚɧɢɟ. ȼɨɬ ɩɨɱɟɦɭ 
ɦɵ ɩɪɟɞɥɚɝɚɟɦ ɷɬɨɬ ɦɨɞɭɥɶ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɮɨɪɦɚɬɟ. Ɇɵ ɛɵɥɢ ɛɵ 
ɛɥɚɝɨɞɚɪɧɵ ɡɚ ɡɚɦɟɱɚɧɢɹ ɢ ɩɪɨɫɶɛɵ ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɱɬɨɛɵ ɩɨɦɨɱɶ ɧɚɦ ɜ 
ɜɵɩɨɥɧɟɧɢɢ ɷɬɨɣ ɡɚɞɚɱɢ ɢ ɞɚɥɶɧɟɣɲɟɦ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɢ ɦɨɞɭɥɹ. ȼɚɲɢ 
ɡɚɦɟɱɚɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɥɟɡɧɨɫɬɢ ɞɚɧɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɬɚɤɠɟ ɨɱɟɧɶ 
ɩɨɦɨɝɭɬ ɧɚɦ.  
 
ɇɢɠɟ ɦɵ ɩɪɟɞɥɚɝɚɟɦ ȼɚɦ ɨɬɜɟɬɢɬɶ ɧɚ ɧɟɫɤɨɥɶɤɨ ɜɨɩɪɨɫɨɜ. ȼɵ  
ɦɨɠɟɬɟ ɨɬɩɪɚɜɢɬɶ ɧɚɦ ɫɜɨɢ ɨɬɜɟɬɵ, ɩɨɫɪɟɞɫɬɜɨɦ ɧɚɠɚɬɢɹ ɨɤɧɚ “Ɉɬɩɪɚɜɢɬɶ” ɜ 
ɤɨɧɰɟ ɷɬɨɣ ɫɬɪɚɧɢɰɵ, ɢɥɢ ɩɨ ɮɚɤɫɭ (ʋ 57-2 445 0096), ɢɥɢ ɩɨ ɩɨɱɬɟ ȼɚɲɟɦɭ 
ɤɨɧɬɚɤɬɧɨɦɭ ɥɢɰɭ ɜ Bioversity International, ɢɥɢ ɩɨ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɱɬɟ – ɧɚ 
ɚɞɪɟɫɚ:  
cdevicente@cgiar.org, cflb@lamolina.edu.pe ɢɥɢ tf@cornell.edu  
 
 
ȼɨɩɪɨɫɵ:  
 
 
1. Ɋɚɫɫɤɚɠɢɬɟ, ɤɚɤ ȼɵ ɢɫɩɨɥɶɡɭɟɬɟ ɞɚɧɧɵɣ ɦɨɞɭɥɶ……  
 
 
 
2. ɋɱɢɬɚɟɬɟ ɥɢ ȼɵ, ɱɬɨ ɞɚɧɧɵɣ ɦɨɞɭɥɶ:  

a. ɉɪɟɞɨɫɬɚɜɥɹɟɬ ɨɛɡɨɪ ɨɫɧɨɜɧɵɯ ɧɚɭɱɧɵɯ ɤɨɧɰɟɩɰɢɣ 
ɩɨɩɭɥɹɰɢɨɧɧɨɣ ɝɟɧɟɬɢɤɢ ɞɥɹ ɨɰɟɧɤɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 
ɪɚɡɧɨɨɛɪɚɡɢɹ?  

 
Ⱦɚ  
ɇɟɬ  
ɉɨɱɟɦɭ?  
 
 

b. ɉɨɤɚɡɵɜɚɟɬ, ɤɚɤ ɬɟɯɧɨɥɨɝɢɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɪɤɟɪɨɜ ɦɨɝɭɬ ɛɵɬɶ 
ɩɪɚɤɬɢɱɟɫɤɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɥɸɛɵɦ, ɤɬɨ ɩɥɚɧɢɪɭɟɬ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɩɨ ɚɧɚɥɢɡɭ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ   

 
Ⱦɚ  
ɇɟɬ  
ɉɨɱɟɦɭ?  

  
 

c. Ⱦɚɟɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɬɨɦ, ɤɚɤ ɩɪɨɜɨɞɢɬɶ ɚɧɚɥɢɡ ɢ ɬɨɥɤɨɜɚɬɶ 
ɞɚɧɧɵɟ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɪɤɟɪɨɜ 

 
 
 
d. Ⱦɚɟɬ ɫɩɢɫɨɤ ɫɨɜɪɟɦɟɧɧɵɯ ɛɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɯ ɢɫɬɨɱɧɢɤɨɜ ɩɨ 

ɤɚɠɞɨɣ ɢɡ  
ɨɛɫɭɠɞɚɟɦɵɯ ɬɟɦ?  

 
 
Ⱦɚ  
ɇɟɬ  
ɉɨɱɟɦɭ?  
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3. Ɋɚɫɫɤɚɠɢɬɟ, ɱɬɨ ȼɚɦ ɩɨɧɪɚɜɢɥɨɫɶ, ɢ ɱɬɨ ȼɵ ɯɨɬɟɥɢ ɛɵ ɢɡɦɟɧɢɬɶ ɜ ɦɨɞɭɥɟ:  
 

a. ɋɨɞɟɪɠɚɧɢɟ  

b. ɋɬɪɭɤɬɭɪɭ ɪɚɡɞɟɥɨɜ  

c. Ɋɢɫɭɧɤɢ, ɞɢɚɝɪɚɦɦɵ 

d. ɉɪɢɥɨɠɟɧɢɹ  

e. Ⱦɪɭɝɨɟ   

 
 
4. ɑɬɨ ȼɵ ɞɨɛɚɜɢɥɢ ɛɵ ɜ ɦɨɞɭɥɶ, ɱɬɨɛɵ ɫɞɟɥɚɬɶ ɟɝɨ ɛɨɥɟɟ ɩɨɥɟɡɧɵɦ ɜ 
ȼɚɲɟɣ ɤɨɧɤɪɟɬɧɨɣ ɫɢɬɭɚɰɢɢ?  
 

a. ɋɩɢɫɨɤ ɨɫɧɨɜɧɵɯ ɛɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɯ ɢɫɬɨɱɧɢɤɨɜ  
 
 
b. ɉɪɢɦɟɪɵ ɩɪɢɦɟɧɟɧɢɹ  

 
 

c. Ⱦɨɩɨɥɧɢɬɟɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ:  
I. Ʉɨɧɰɟɩɰɢɹɯ ɩɨɩɭɥɹɰɢɨɧɧɨɣ ɝɟɧɟɬɢɤɢ 

II. ɂɡɦɟɪɟɧɢɹɯ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ 
III. Ɉɩɢɫɚɧɧɵɯ ɤɨɦɩɶɸɬɟɪɧɵɯ ɩɪɨɝɪɚɦɦɚɯ  

 
 

d. Ⱦɪɭɝɨɟ  
  
 
5. Ʉɚɤɢɟ ɟɳɟ ɬɟɦɵ ȼɵ ɯɨɬɟɥɢ ɛɵ ɭɜɢɞɟɬɶ ɜ ɞɚɧɧɨɦ ɦɨɞɭɥɟ?  
 
 
6. Ȼɵɥɨ ɥɢ ɬɪɭɞɧɨ ɡɚɝɪɭɠɚɬɶ ɦɨɞɭɥɶ ɢɥɢ ɟɝɨ ɱɚɫɬɢ? ɉɨɱɟɦɭ?  
 
 
 
 

 
Ɉɬɩɪɚɜɢɬɶ 

 
 
 

2



Bioversity International ɹɜɥɹɟɬɫɹ ɧɟɡɚɜɢɫɢɦɨɣ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨɣ ɨɪɝɚɧɢɡɚɰɢɟɣ, 
ɤɨɬɨɪɚɹ ɫɬɪɟɦɢɬɫɹ ɭɥɭɱɲɢɬɶ ɛɥɚɝɨɩɨɥɭɱɢɟ ɧɵɧɟɲɧɟɝɨ ɢ ɛɭɞɭɳɢɯ ɩɨɤɨɥɟɧɢɣ ɱɟɥɨɜɟɱɟɫɬɜɚ 
ɩɨɫɪɟɞɫɬɜɨɦ ɨɤɚɡɚɧɢɹ ɫɨɞɟɣɫɬɜɢɹ ɫɨɯɪɚɧɟɧɢɸ ɢ ɲɢɪɨɤɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 
ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɛɢɨɪɚɡɧɨɨɛɪɚɡɢɹ ɧɚ ɮɟɪɦɟɪɫɤɢɯ ɩɨɥɹɯ ɢ ɜ ɥɟɫɚɯ. Bioversity ɹɜɥɹɟɬɫɹ 
ɨɞɧɢɦ ɢɡ 15 ɰɟɧɬɪɨɜ, ɩɨɞɞɟɪɠɢɜɚɟɦɵɯ Ʉɨɧɫɭɥɶɬɚɬɢɜɧɨɣ ɝɪɭɩɩɨɣ ɦɟɠɞɭɧɚɪɨɞɧɵɯ 
ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ (CGIAR), ɚɫɫɨɰɢɚɰɢɟɣ ɨɛɳɟɫɬɜɟɧɧɵɯ ɢ ɱɚɫɬɧɵɯ ɱɥɟɧɨɜ, 
ɤɨɬɨɪɵɟ ɩɨɞɞɟɪɠɢɜɚɸɬ ɭɫɢɥɢɹ ɩɨ ɦɨɛɢɥɢɡɚɰɢɢ ɞɨɫɬɢɠɟɧɢɣ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɢ ɞɥɹ 
ɭɫɬɪɚɧɟɧɢɹ ɝɨɥɨɞɚ ɢ ɛɟɞɧɨɫɬɢ, ɭɥɭɱɲɟɧɢɹ ɩɢɬɚɧɢɹ ɢ ɫɨɫɬɨɹɧɢɹ ɡɞɨɪɨɜɶɹ ɧɚɫɟɥɟɧɢɹ, ɚ ɬɚɤɠɟ 
ɡɚɳɢɬɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɒɬɚɛ-ɤɜɚɪɬɢɪɚ Bioversity ɧɚɯɨɞɢɬɫɹ ɜ ɫɟɥɟ Ɇɚɤɤɚɪɢɡɟ, ɧɟɞɚɥɟɤɨ 
ɨɬ Ɋɢɦɚ, ɜ ɂɬɚɥɢɢ, ɚ ɬɚɤɠɟ ɟɝɨ ɨɮɢɫɵ ɢɦɟɸɬɫɹ ɟɳɟ ɜ 20 ɫɬɪɚɧɚɯ ɦɢɪɚ. ɂɧɫɬɢɬɭɬ ɪɚɛɨɬɚɟɬ ɩɨ 
ɱɟɬɵɪɟɦ ɩɪɨɝɪɚɦɦɚɦ: Ɋɚɡɧɨɨɛɪɚɡɢɟ ɞɥɹ ɠɢɡɧɟɨɛɟɫɩɟɱɟɧɢɹ; ɉɨɧɢɦɚɧɢɟ ɢ ɭɩɪɚɜɥɟɧɢɟ 
ɛɢɨɪɚɡɧɨɨɛɪɚɡɢɟɦ; Ƚɥɨɛɚɥɶɧɨɟ ɩɚɪɬɧɟɪɫɬɜɨ; ɢ Ɍɨɜɚɪɵ ɞɥɹ ɠɢɡɧɟɨɛɟɫɩɟɱɟɧɢɹ.  

Bioversity ɩɪɢɫɜɨɟɧ ɦɟɠɞɭɧɚɪɨɞɧɵɣ ɫɬɚɬɭɫ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɍɱɪɟɞɢɬɟɥɶɧɵɦ 
Ⱦɨɝɨɜɨɪɨɦ, ɤɨɬɨɪɵɣ ɤ ɹɧɜɚɪɸ 2006 ɝɨɞɚ ɩɨɞɩɢɫɚɧ ɢ ɪɚɬɢɮɢɰɢɪɨɜɚɧ ɩɪɚɜɢɬɟɥɶɫɬɜɚɦɢ 
Ⱥɜɫɬɪɚɥɢɢ, Ⱥɥɠɢɪɚ, Ȼɟɥɶɝɢɢ, Ȼɟɧɢɧɚ, Ȼɨɥɢɜɢɢ, Ȼɪɚɡɢɥɢɢ, Ȼɭɪɤɢɧɚ Ɏɚɫɨ, ȼɟɧɝɪɢɢ, Ƚɜɢɧɟɢ, 
Ƚɪɟɰɢɢ, Ⱦɚɧɢɢ, ȿɝɢɩɬɚ, ɂɡɪɚɢɥɹ, ɂɧɞɢɢ, ɂɧɞɨɧɟɡɢɢ, ɂɪɚɧɚ, ɂɬɚɥɢɢ, ɂɨɪɞɚɧɢɢ, Ʉɚɦɟɪɭɧɚ, 
Ʉɟɧɢɢ, Ʉɢɩɪɚ, Ʉɢɬɚɹ, Ʉɨɧɝɨ, Ʉɨɫɬɚ Ɋɢɤɢ, Ʉɨɬ-Ⱦɢɜɭɚɪɚ, Ɇɚɜɪɢɬɚɧɢɢ, Ɇɚɪɨɤɤɨ, Ɇɚɥɚɣɡɢɢ, Ɇɚɥɢ, 
ɇɨɪɜɟɝɢɢ, ɉɚɤɢɫɬɚɧɚ, ɉɚɧɚɦɵ, ɉɟɪɭ, ɉɨɥɶɲɢ, ɉɨɪɬɭɝɚɥɢɢ, Ɋɨɫɫɢɢ, Ɋɭɦɵɧɢɢ, ɋɟɧɟɝɚɥɚ, 
ɋɢɪɢɢ, ɋɥɨɜɚɤɢɢ, ɋɭɞɚɧɚ, Ɍɭɧɢɫɚ, Ɍɭɪɰɢɢ, ɍɝɚɧɞɵ, ɍɤɪɚɢɧɵ, ɑɟɲɫɤɨɣ Ɋɟɫɩɭɛɥɢɤɢ, ɑɢɥɢ, 
ɒɜɟɣɰɚɪɢɢ ɢ ɗɤɜɚɞɨɪɚ. 

Ɏɢɧɚɧɫɨɜɚɹ ɩɨɞɞɟɪɠɤɚ ɩɪɨɝɪɚɦɦɟ ɢɫɫɥɟɞɨɜɚɧɢɣ Bioversity ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ ɛɨɥɟɟ, 
ɱɟɦ 150 ɞɨɧɨɪɚɦɢ, ɜɤɥɸɱɚɹ ɩɪɚɜɢɬɟɥɶɫɬɜɚ ɫɬɪɚɧ, ɱɚɫɬɧɵɟ ɮɨɧɞɵ ɢ ɦɟɠɞɭɧɚɪɨɞɧɵɟ 
ɨɪɝɚɧɢɡɚɰɢɢ. Ⱦɥɹ ɩɨɞɪɨɛɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɞɨɧɨɪɚɯ ɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ɢɧɫɬɢɬɭɬɚ, ɩɨɠɚɥɭɣɫɬɚ, ɫɦɨɬɪɢɬɟ ɝɨɞɨɜɵɟ ɨɬɱɟɬɵ Bioversity, ɤɨɬɨɪɵɟ ɞɨɫɬɭɩɧɵ ɩɨ ɡɚɩɪɨɫɭ ɧɚ 
ɚɞɪɟɫ bioversity-publications@cgiar.org ɢɥɢ ɧɚ ɜɟɛ-ɫɚɣɬɟ Bioversity 
(www.bioversityinternational.org). 

Ƚɟɨɝɪɚɮɢɱɟɫɤɢɟ ɧɚɡɜɚɧɢɹ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɜ ɞɚɧɧɨɣ ɩɭɛɥɢɤɚɰɢɢ, ɧɟ ɨɬɪɚɠɚɸɬ ɦɧɟɧɢɹ 
Bioversity ɢɥɢ CGIAR ɨɬɧɨɫɢɬɟɥɶɧɨ ɸɪɢɞɢɱɟɫɤɨɝɨ ɫɬɚɬɭɫɚ ɤɚɤɨɣ-ɥɢɛɨ ɫɬɪɚɧɵ, ɬɟɪɪɢɬɨɪɢɢ, 
ɝɨɪɨɞɚ, ɪɚɣɨɧɚ ɢ ɢɯ ɨɪɝɚɧɨɜ ɜɥɚɫɬɢ, ɢɥɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɟɥɢɦɢɬɚɰɢɢ ɢɯ ɝɪɚɧɢɰ. ɉɨɞɨɛɧɵɦ ɠɟ 
ɨɛɪɚɡɨɦ, ɜɡɝɥɹɞɵ ɚɜɬɨɪɨɜ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɫɨɜɩɚɞɚɸɬ ɫ ɦɧɟɧɢɟɦ ɷɬɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɩɨ ɞɚɧɧɨɦɭ 
ɜɨɩɪɨɫɭ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɡɚɩɚɬɟɧɬɨɜɚɧɧɨɝɨ ɧɚɡɜɚɧɢɹ ɧɟ ɨɡɧɚɱɚɟɬ ɩɨɥɧɨɝɨ ɫɨɝɥɚɫɢɹ ɫ ɞɚɧɧɨɣ 
ɩɭɛɥɢɤɚɰɢɟɣ ɢ ɩɪɢɜɨɞɢɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɢɧɮɨɪɦɚɰɢɢ.  
 
Ⱥɜɬɨɪɫɤɢɟ ɩɪɚɜɚ©2004 Bioversity International ɢ ɂɧɫɬɢɬɭɬɚ ɝɟɧɨɦɧɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ (IGD) 
Ʉɨɪɧɟɥɶɫɤɨɝɨ ɍɧɢɜɟɪɫɢɬɟɬɚ.  
 
Ⱥɜɬɨɪɫɤɢɦɢ ɢ ɜɫɟɦɢ ɞɪɭɝɢɦɢ ɩɪɚɜɚɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɜɥɚɞɟɸɬ  
Bioversity International ɢ Ʉɨɪɧɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɫɥɭɱɚɟɜ ɢɯ ɢɧɨɝɨ 
ɤɨɧɤɪɟɬɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. ɑɚɫɬɧɵɟ ɥɢɰɚ ɦɨɝɭɬ ɫɜɨɛɨɞɧɨ ɫɧɢɦɚɬɶ ɤɨɩɢɸ ɢ 
ɪɚɫɩɟɱɚɬɵɜɚɬɶ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɢ ɧɟɤɨɦɦɟɪɱɟɫɤɢɯ ɰɟɥɟɣ ɛɟɡ 
ɩɨɥɭɱɟɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɜɥɚɞɟɥɶɰɟɜ ɚɜɬɨɪɫɤɢɯ ɩɪɚɜ.  
ɋɫɵɥɤɚ ɧɚ ɢɫɬɨɱɧɢɤ ɦɚɬɟɪɢɚɥɨɜ ɨɛɹɡɚɬɟɥɶɧɚ.  
 
ɋɫɵɥɤɚ  
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