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ɊȿɎȿɊȺɌ 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «ɂɫɫɥɟɞɨɜɚɧɢɟ ɞɟɣɫɬɜɢɹ ɝɟɪɛɢɰɢɞɚ 

ɦɟɬɪɢɛɭɡɢɧɚ ɧɚ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɤɭɥɶɬɭɪɧɵɯ ɢ ɫɨɪɧɵɯ ɪɚɫɬɟɧɢɣ» 

ɫɨɞɟɪɠɢɬ 56 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 21 ɪɢɫɭɧɨɤ, 3 ɬɚɛɥɢɰɵ. 

ɆȿɌɊɂȻɍɁɂɇ, ȽȿɊȻɂɐɂȾ, ɌɈɄɋɂɑɇɈɋɌɖ,  ɎɈɌɈɋɂɇɌȿɁ, 

ɎɅɍɈɊȿɋɐȿɇɐɂə ɏɅɈɊɈɎɂɅɅȺ  

ɋɨɪɧɵɟ ɪɚɫɬɟɧɢɹ ɧɚɧɨɫɹɬ ɨɝɪɨɦɧɵɣ ɜɪɟɞ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ 

ɨɬɪɚɫɥɢ; ɫɧɢɠɚɟɬɫɹ ɭɪɨɠɚɣ ɤɭɥɶɬɭɪɧɵɯ ɪɚɫɬɟɧɢɣ, ɤɨɪɦɨɜɵɯ ɤɭɥɶɬɭɪ ɜ ɫɜɹɡɢ 

ɫ ɷɬɢɦ ɭɪɨɧ ɧɚɧɨɫɢɬɫɹ ɠɢɜɨɬɧɨɜɨɞɫɬɜɭ. ɉɨɷɬɨɦɭ ɜɚɠɧɨ ɝɪɚɦɨɬɧɨ ɢ 

ɷɮɮɟɤɬɢɜɧɨ ɛɨɪɨɬɶɫɹ ɫ ɫɨɪɧɹɤɚɦɢ ɜ ɩɨɫɟɜɚɯ. ɏɢɦɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɛɨɪɶɛɵ ɫ 

ɫɨɪɧɹɤɚɦɢ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɭɞɨɛɧɵɦ ɢ ɷɮɮɟɤɬɢɜɧɵɦ. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɨɰɟɧɢɬɶ ɦɟɯɚɧɢɡɦ ɞɟɣɫɬɜɢɹ  ɝɟɪɛɢɰɢɞɚ ɦɟɬɪɢɛɭɡɢɧɚ 

ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɤɭɥɶɬɭɪɧɵɯ ɢ ɫɨɪɧɵɯ ɪɚɫɬɟɧɢɣ. 

Ɂɚɞɚɱɢ: 

1. ɂɡɭɱɢɬɶ ɦɟɯɚɧɢɡɦ ɞɟɣɫɬɜɢɹ ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɩɪɟɩɚɪɚɬɚ 

ɦɟɬɪɢɛɭɡɢɧɚ; 

2. ɂɡɭɱɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɮɨɪɦɵ 

ɝɟɪɛɢɰɢɞɚ ɦɟɬɪɢɛɭɡɢɧɚ; 

3. ɂɡɭɱɢɬɶ ɞɟɣɫɬɜɢɟ ɝɟɪɛɢɰɢɞɚ ɦɟɬɪɢɛɭɡɢɧɚ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ 

ɭɫɥɨɜɢɹɯ ɜ ɩɨɫɟɜɚɯ ɡɟɪɧɨɜɵɯ ɢ ɨɜɨɳɧɵɯ ɤɭɥɶɬɭɪ, ɡɚɪɚɠɟɧɧɵɯ ɫɨɪɧɵɦɢ 

ɪɚɫɬɟɧɢɹɦɢ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɫɟɪɢɣ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɢɡɭɱɟɧɢɸ ɞɟɣɫɬɜɢɹ 

ɞɜɭɯ ɪɚɡɧɵɯ ɮɨɪɦ ɝɟɪɛɢɰɢɞɚ ɦɟɬɪɢɛɭɡɢɧɚ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɟɣɫɬɜɢɟ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɮɨɪɦɵ ɜɧɟɫɟɧɢɹ ɝɟɪɛɢɰɢɞɚ ɢɦɟɟɬ ɛɨɥɶɲɭɸ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. 
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ȼȼȿȾȿɇɂȿ 

ȼɚɠɧɨɣ ɩɪɚɤɬɢɱɟɫɤɨɣ ɡɚɞɚɱɟɣ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɢɫɬɟɦɚɯ ɹɜɥɹɟɬɫɹ 

ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɛɨɪɶɛɵ ɫ ɫɨɪɧɵɦɢ ɪɚɫɬɟɧɢɹɦɢ, ɚ ɬɚɤ ɠɟ ɭɜɟɥɢɱɟɧɢɟ 

ɭɪɨɠɚɹ ɤɭɥɶɬɭɪɧɵɯ ɪɚɫɬɟɧɢɣ ɢ ɤɚɱɟɫɬɜɚ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɩɪɨɞɭɤɰɢɢ 

(Agostinetto D. ɢ ɞɪ., 2016). ȼɨɡɦɨɠɧɨɫɬɢ ɛɨɪɶɛɵ ɫ ɫɨɪɧɹɤɚɦɢ 

ɪɚɫɲɢɪɢɥɢɫɶ, ɜ ɱɚɫɬɧɨɫɬɢ ɢɡ-ɡɚ ɩɪɢɦɟɧɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ. ɋɥɟɞɭɟɬ 

ɨɬɦɟɬɢɬɶ, ɱɬɨ ɝɟɪɛɢɰɢɞɵ ɧɚɪɹɞɭ ɫ ɞɪɭɝɢɦɢ ɮɚɤɬɨɪɚɦɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɥɢ 

ɡɟɦɥɟɞɟɥɢɟ. Ƚɟɪɛɢɰɢɞɵ ɜɫɟ ɲɢɪɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧɚɯ 

(Ɂɚɯɚɪɱɟɧɤɨ ȼ. Ⱥ., 1990).  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɯɢɦɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɩɨɩɭɥɹɪɧɵɦ ɦɟɬɨɞɨɦ ɛɨɪɶɛɵ ɫ ɫɨɪɧɹɤɚɦɢ ɢɡ-ɡɚ ɟɝɨ ɭɞɨɛɫɬɜɚ ɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ ɛɨɪɶɛɵ ɫ ɫɨɪɧɵɦɢ 

ɪɚɫɬɟɧɢɹɦɢ (Hoar S. K.,1986; Hermanutz L. A., 1994; Tamru S., 2017). 

Ɉɞɧɚɤɨ ɝɟɧɟɬɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɜɢɞɚ ɢɥɢ ɫɨɪɬɚ ɦɨɠɟɬ ɨɩɪɟɞɟɥɹɬɶ ɪɚɡɥɢɱɧɵɟ 

ɫɬɟɩɟɧɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɥɢ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ ɤ ɞɟɣɫɬɜɢɸ ɝɟɪɛɢɰɢɞɚ. 

ɂɡɛɢɪɚɬɟɥɶɧɨɟ ɞɟɣɫɬɜɢɟ ɝɟɪɛɢɰɢɞɚ ɨɫɧɨɜɚɧɨ ɧɚ ɫɩɨɫɨɛɧɨɫɬɢ ɪɚɫɬɟɧɢɹ 

ɛɵɫɬɪɨ ɦɟɬɚɛɨɥɢɡɢɪɨɜɚɬɶ ɝɟɪɛɢɰɢɞ, ɨɛɪɚɡɭɹ ɧɟɮɢɬɨɬɨɤɫɢɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ. 

Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɝɟɧɟɬɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɜɢɞɚ ɢɥɢ ɫɨɪɬɚ ɦɨɠɟɬ ɨɩɪɟɞɟɥɢɬɶ 

ɪɚɡɥɢɱɧɵɟ ɫɬɟɩɟɧɢ ɬɨɥɟɪɚɧɬɧɨɫɬɢ ɢɥɢ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ ɤ ɝɟɪɛɢɰɢɞɚɦ. 

ɉɪɢɦɟɧɟɧɢɟ ɝɟɪɛɢɰɢɞɚ ɦɨɠɟɬ ɜɵɡɵɜɚɬɶ ɫɬɪɟɫɫ ɞɚɠɟ ɭ ɬɨɥɟɪɚɧɬɧɵɯ ɫɨɪɬɨɜ 

ɪɚɫɬɟɧɢɣ, ɩɪɢ ɷɬɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɮɢɬɨɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ, ɱɬɨ 

ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɟɬ ɧɚ ɪɨɫɬ, ɪɚɡɜɢɬɢɟ ɢ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ ɪɚɫɬɟɧɢɹ. 

ɇɟɝɚɬɢɜɧɵɣ ɷɮɮɟɤɬ ɫɬɪɟɫɫɚ ɩɪɨɹɜɥɹɟɬɫɹ ɨɤɢɫɥɢɬɟɥɶɧɵɦɢ ɩɨɜɪɟɠɞɟɧɢɹɦɢ, 

ɜɵɡɜɚɧɧɵɦɢ ɚɤɬɢɜɧɵɦɢ ɮɨɪɦɚɦɢ ɤɢɫɥɨɪɨɞɚ. Ɉɬɜɟɬɨɦ ɧɚ ɩɨɜɪɟɠɞɟɧɢɹ 

ɹɜɥɹɟɬɫɹ ɢɡɥɢɹɧɢɟ ɤɥɟɬɨɱɧɨɝɨ ɫɨɞɟɪɠɢɦɨɝɨ ɜ ɫɪɟɞɭ, ɤɨɬɨɪɚɹ ɪɚɫɩɨɥɨɠɟɧɚ 

ɜɨɤɪɭɝ ɩɨɜɪɟɠɞɟɧɧɨɣ ɬɤɚɧɢ, ɧɚɪɭɲɚɹ ɧɟɤɨɬɨɪɵɟ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɢ 

ɦɟɬɚɛɨɥɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ. ɇɨ ɪɚɫɬɟɧɢɹ ɢɦɟɸɬ ɡɚɳɢɬɧɵɟ ɦɟɯɚɧɢɡɦɵ, ɬɨ 

ɟɫɬɶ ɚɧɬɢɨɤɫɢɞɚɧɬɧɭɸ ɡɚɳɢɬɭ. ɂɡɛɢɪɚɬɟɥɶɧɨɟ ɞɟɣɫɬɜɢɟ ɝɟɪɛɢɰɢɞɨɜ ɦɨɠɧɨ 

ɨɰɟɧɢɬɶ ɜɢɡɭɚɥɶɧɨ ɩɨ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɦ ɫɢɦɩɬɨɦɚɦ ɢɥɢ ɢɧɵɦ ɱɟɪɬɚɦ 

ɮɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɪɚɫɬɟɧɢɣ. Ɍɚɤ ɠɟ ɜɚɠɧɨ ɩɪɨɜɟɪɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɝɟɪɛɢɰɢɞɨɜ ɜ ɤɨɧɬɪɨɥɟ ɧɚɞ ɫɨɪɧɹɤɚɦɢ (Agostinetto D. ɢ ɞɪ., 2016). ȼ 
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ɪɟɡɭɥɶɬɚɬɟ ɡɚɫɨɪɟɧɢɹ ɫɨɪɧɹɤɚɦɢ ɧɚ ɪɚɡɧɵɯ ɤɭɥɶɬɭɪɧɵɯ ɩɨɫɟɜɚɯ ɬɟɪɹɟɬɫɹ ɨɬ 

3% ɞɨ 18% ɭɪɨɠɚɹ (Ɂɚɯɚɪɱɟɧɤɨ ȼ. Ⱥ., 1990). ɉɪɢɦɟɧɟɧɢɟ ɝɟɪɛɢɰɢɞɚ 

ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɡɚɫɨɪɟɧɧɨɫɬɢ ɫɨɪɧɹɤɚɦɢ ɩɨɫɟɜɨɜ, ɢ ɷɬɨ 

ɩɨɥɨɠɢɬɟɥɶɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɭɪɨɠɚɣɧɨɫɬɢ ɤɭɥɶɬɭɪɧɵɯ ɪɚɫɬɟɧɢɣ. Ɉɞɧɚɤɨ 

ɩɪɢɦɟɧɟɧɢɟ ɝɟɪɛɢɰɢɞɚ ɞɨɥɠɧɨ ɛɵɬɶ ɨɛɨɫɧɨɜɚɧɨ ɫɨ ɫɬɨɪɨɧɵ ɭɪɨɜɧɹ 

ɡɚɫɨɪɟɧɧɨɫɬɢ ɩɨɫɟɜɨɜ ɫɨɪɧɹɤɚɦɢ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧɨ. ɍɪɨɜɟɧɶ 

ɡɚɫɨɪɟɧɧɨɫɬɢ, ɜɟɞɭɳɢɣ ɤ ɩɨɬɟɪɟ ɭɪɨɠɚɹ ɪɚɜɧɵɣ ɩɨ ɫɬɨɢɦɨɫɬɢ ɡɚɬɪɚɬɚɦ ɧɚ 

ɩɪɢɦɟɧɟɧɢɟ ɝɟɪɛɢɰɢɞɨɜ, ɞɨɥɠɟɧ ɧɟ ɬɨɥɶɤɨ ɨɤɭɩɢɬɶ ɡɚɬɪɚɬɵ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɭɪɨɠɚɟɦ, ɧɨ ɢ ɩɪɢɧɟɫɬɢ ɞɨɯɨɞ (Ʉɭɥɢɤɨɜɚ ɇ. Ⱥ., Ʌɟɛɟɞɟɜɚ 

Ƚ. Ɏ., 2010). ȼɚɠɧɨ, ɱɬɨɛɵ ɞɟɣɫɬɜɢɟ ɝɟɪɛɢɰɢɞɚ ɛɵɥɨ ɷɮɮɟɤɬɢɜɧɵɦ ɢ 

ɧɚɩɪɚɜɥɟɧɧɵɦ. Ɇɟɬɪɢɛɭɡɢɧ – ɚɫɢɦɦɟɬɪɢɱɧɵɣ ɬɪɢɚɡɢɧɨɜɵɣ ɝɟɪɛɢɰɢɞ, 

ɤɨɬɨɪɵɣ ɨɛɥɚɞɚɟɬ ɜɟɫɶɦɚ ɜɵɫɨɤɨɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɜ 

ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ. ɗɬɨɬ ɝɟɪɛɢɰɢɞ ɩɪɢɦɟɧɹɸɬ ɞɨ ɩɨɹɜɥɟɧɢɹ ɢ 

ɩɨɫɥɟ ɩɨɹɜɥɟɧɢɹ ɜɫɯɨɞɨɜ ɞɥɹ ɛɨɪɶɛɵ ɫ ɫɨɪɧɹɤɚɦɢ. Ɇɟɬɪɢɛɭɡɢɧ ɥɟɝɤɨ 

ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɜɨɞɟ ɢ ɫɥɚɛɨ ɫɨɪɛɢɪɭɟɬɫɹ ɜ ɩɨɱɜɟ, ɡɚɝɪɹɡɧɹɹ ɝɪɭɧɬɨɜɵɟ 

ɜɨɞɵ. ɉɨɬɟɪɹ ɚɤɬɢɜɧɨɫɬɢ ɦɟɬɪɢɛɭɡɢɧɚ ɱɚɳɟ ɜɫɟɝɨ ɫɜɹɡɚɧɚ ɫ ɟɝɨ 

ɜɵɦɵɜɚɧɢɟɦ ɢɡ ɧɢɠɧɢɯ ɫɥɨɟɜ ɩɨɱɜɵ (Volova T. G. ɢ ɞɪ., 2016). 

ɐɟɥɶ ɪɚɛɨɬɵ: ɨɰɟɧɢɬɶ ɦɟɯɚɧɢɡɦ ɞɟɣɫɬɜɢɹ  ɝɟɪɛɢɰɢɞɚ ɦɟɬɪɢɛɭɡɢɧɚ 

ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɤɭɥɶɬɭɪɧɵɯ ɢ ɫɨɪɧɵɯ ɪɚɫɬɟɧɢɣ. 

Ɂɚɞɚɱɢ: 

1. ɂɡɭɱɢɬɶ ɦɟɯɚɧɢɡɦ ɞɟɣɫɬɜɢɹ ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɩɪɟɩɚɪɚɬɚ 

ɦɟɬɪɢɛɭɡɢɧɚ; 

2. ɂɡɭɱɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɮɨɪɦɵ 

ɝɟɪɛɢɰɢɞɚ ɦɟɬɪɢɛɭɡɢɧɚ; 

3. ɂɡɭɱɢɬɶ ɞɟɣɫɬɜɢɟ ɝɟɪɛɢɰɢɞɚ ɦɟɬɪɢɛɭɡɢɧɚ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ 

ɭɫɥɨɜɢɹɯ ɜ ɩɨɫɟɜɚɯ ɡɟɪɧɨɜɵɯ ɢ ɨɜɨɳɧɵɯ ɤɭɥɶɬɭɪ, ɡɚɪɚɠɟɧɧɵɯ ɫɨɪɧɵɦɢ 

ɪɚɫɬɟɧɢɹɦɢ. 
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ɈȻɁɈɊ ɅɂɌȿɊȺɌɍɊɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 

ȼ ɬɟɱɟɧɢɟ ɦɧɨɝɢɯ ɥɟɬ ɝɟɪɛɢɰɢɞɵ ɢɝɪɚɥɢ ɠɢɡɧɟɧɧɨ ɜɚɠɧɭɸ ɪɨɥɶ ɜ 

ɪɚɫɬɟɧɢɟɜɨɞɫɬɜɟ. ɂɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɡɜɨɥɢɥɨ ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɫɲɢɪɢɬɶ 

ɜɵɪɚɳɢɜɚɟɦɵɟ ɮɟɪɦɟɪɚɦɢ ɜɢɞɵ ɤɭɥɶɬɭɪ, ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɫɞɜɢɝɭ ɜ ɫɬɨɪɨɧɭ 

ɩɨɱɜɨ- ɢ ɜɨɞɨɫɛɟɪɟɝɚɸɳɢɯ, ɢ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɯ ɫɢɫɬɟɦ ɡɟɦɥɟɞɟɥɢɹ. 

Ɇɧɨɝɢɟ ɧɨɜɵɟ ɝɟɪɛɢɰɢɞɵ ɛɵɥɢ ɨɬɤɪɵɬɵ ɢ ɪɚɡɪɚɛɨɬɚɧɵ ɜ 1960-ɯ ɢ 1970-ɯ 

ɝɨɞɚɯ. Ɇɟɬɪɢɛɭɡɢɧ ɛɵɥ ɜɩɟɪɜɵɟ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧ ɜ 1968 ɝɨɞɭ. ɉɪɢɦɟɧɟɧɢɟ 

ɦɟɬɪɢɛɭɡɢɧɚ ɧɚɱɚɥɨɫɶ ɫ 1971 ɝɨɞɚ (Holm F. A., Johnson E. N., 2009). 

ȼ ɤɚɱɟɫɬɜɟ ɝɟɪɛɢɰɢɞɚ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɢ 

ɨɪɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. ȼ ɨɞɢɧ 

ɤɥɚɫɫ ɦɨɝɭɬ ɛɵɬɶ ɨɛɴɟɞɢɧɟɧɵ ɫɨɟɞɢɧɟɧɢɹ, ɢɦɟɸɳɢɟ ɫɯɨɞɧɨɟ ɫɬɪɨɟɧɢɟ ɢ 

ɦɟɯɚɧɢɡɦ ɞɟɣɫɬɜɢɹ, ɧɨ ɪɚɡɥɢɱɧɵɟ ɩɨ ɝɟɪɛɢɰɢɞɧɨɣ ɚɤɬɢɜɧɨɫɬɢ, 

ɢɡɛɢɪɚɬɟɥɶɧɨɫɬɢ ɤ ɤɭɥɶɬɭɪɟ, ɬɨɤɫɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɨɦ (Ɂɚɯɚɪɱɟɧɤɨ ȼ. Ⱥ., 

1990). 

Ƚɟɪɛɢɰɢɞɵ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɝɪɭɩɩɵ ɩɨ ɪɚɡɥɢɱɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 

ɢ ɨɫɧɨɜɧɵɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɰɟɥɟɣ ɩɪɢɦɟɧɟɧɢɹ (Ɂɚɯɚɪɱɟɧɤɨ ȼ. Ⱥ., 1990). ɉɨ 

ɯɚɪɚɤɬɟɪɭ ɞɟɣɫɬɜɢɹ ɧɚ ɜɢɞɨɜɨɣ ɫɨɫɬɚɜ ɪɚɫɬɟɧɢɣ ɨɧɢ ɞɟɥɹɬɫɹ ɧɚ ɞɜɟ ɝɪɭɩɩɵ: 

ɫɩɥɨɲɧɨɝɨ ɞɟɣɫɬɜɢɹ ɢ ɢɡɛɢɪɚɬɟɥɶɧɨɝɨ (ɫɟɥɟɤɬɢɜɧɨɝɨ) ɞɟɣɫɬɜɢɹ. Ƚɟɪɛɢɰɢɞɵ 

ɫɩɥɨɲɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɨɪɚɠɚɸɬ ɜɫɟ ɜɢɞɵ ɪɚɫɬɟɧɢɣ, ɚ ɝɟɪɛɢɰɢɞɵ 

ɢɡɛɢɪɚɬɟɥɶɧɨɝɨ (ɫɟɥɟɤɬɢɜɧɨɝɨ) ɞɟɣɫɬɜɢɹ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɞɨɡɚɯ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɟɡɨɩɚɫɧɵ ɞɥɹ ɞɪɭɝɢɯ ɜɢɞɨɜ. Ɍɚɤ ɠɟ ɝɟɪɛɢɰɢɞɵ ɪɚɡɞɟɥɹɸɬ: 

ɤɨɧɬɚɤɬɧɵɟ ɢ ɫɢɫɬɟɦɧɵɟ. Ʉɨɧɬɚɤɬɧɵɟ ɝɟɪɛɢɰɢɞɵ ɩɨɪɚɠɚɸɬ ɪɚɫɬɟɧɢɹ ɜ 

ɦɟɫɬɚɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɩɨɩɚɞɚɧɢɹ ɧɚ ɥɢɫɬɶɹ, ɫɬɟɛɥɢ ɢɥɢ ɤɨɪɧɢ, ɜɵɡɵɜɚɹ 

ɨɠɨɝɢ, ɧɟɤɪɨɡ, ɚ ɡɚɬɟɦ ɢ ɝɢɛɟɥɶ ɧɚɡɟɦɧɵɯ ɨɪɝɚɧɨɜ ɪɚɫɬɟɧɢɣ ɢɥɢ ɢɯ 

ɦɨɥɨɞɵɯ ɩɪɨɪɨɫɬɤɨɜ ɜ ɩɨɱɜɟ. ɋɢɫɬɟɦɧɵɟ ɝɟɪɛɢɰɢɞɵ, ɩɨɩɚɞɚɹ ɜ ɪɚɫɬɟɧɢɹ 

ɱɟɪɟɡ ɧɚɡɟɦɧɵɟ ɨɪɝɚɧɵ ɢɥɢ ɤɨɪɧɢ, ɫɩɨɫɨɛɧɵ ɩɟɪɟɞɜɢɝɚɬɶɫɹ ɩɨ ɪɚɫɬɟɧɢɸ ɢ 

ɨɤɚɡɵɜɚɬɶ ɬɨɤɫɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɜ ɪɚɡɧɵɯ ɨɪɝɚɧɚɯ ɪɚɫɬɟɧɢɣ, ɧɚɩɪɢɦɟɪ, 

ɩɪɨɧɢɤɚɹ ɜ ɪɚɫɬɟɧɢɹ, ɝɟɪɛɢɰɢɞ ɫɢɫɬɟɦɧɨɝɨ ɞɟɣɫɬɜɢɹɦ ɜɥɢɹɟɬ ɧɚ ɩɪɨɰɟɫɫ 

ɮɨɬɨɫɢɧɬɟɡɚ ɢ ɞɪɭɝɢɟ, ɠɢɡɧɟɧɧɨ ɜɚɠɧɵɟ ɩɪɨɰɟɫɫɵ (Ɂɚɯɚɪɱɟɧɤɨ ȼ. Ⱥ., 1990; 

Ʉɭɥɢɤɨɜɚ ɇ. Ⱥ., Ʌɟɛɟɞɟɜɚ Ƚ. Ɏ., 2010). ɇɟɦɚɥɨɜɚɠɧɨ ɜɪɟɦɹ ɜɧɟɫɟɧɢɹ 
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ɝɟɪɛɢɰɢɞɨɜ, ɩɨɷɬɨɦɭ ɩɨ ɫɪɨɤɚɦ ɩɪɢɦɟɧɟɧɢɹ ɝɟɪɛɢɰɢɞɵ ɛɵɜɚɸɬ: 

ɩɪɟɞɩɨɫɟɜɧɵɟ, ɬɨ ɟɫɬɶ ɜɧɨɫɹɬ ɞɨ ɩɨɫɟɜɚ ɢɥɢ ɩɨɫɚɞɤɢ ɤɭɥɶɬɭɪɧɵɯ ɪɚɫɬɟɧɢɣ; 

ɩɪɟɞɜɫɯɨɞɨɜɵɟ, ɤɨɬɨɪɵɟ ɜɧɨɫɹɬ ɩɨɫɥɟ ɩɨɫɟɜɚ ɢɥɢ ɩɨɫɚɞɤɢ, ɧɨ ɞɨ ɩɨɹɜɥɟɧɢɹ 

ɜɫɯɨɞɨɜ; ɩɨɫɥɟɜɫɯɨɞɨɜɵɟ, ɤɨɬɨɪɵɟ ɜɧɨɫɹɬ ɩɨɫɥɟ ɩɨɹɜɥɟɧɢɹ ɜɫɯɨɞɨɜ 

ɤɭɥɶɬɭɪɧɵɯ ɪɚɫɬɟɧɢɣ, ɜ ɪɚɡɥɢɱɧɵɟ ɜɟɝɟɬɚɰɢɨɧɧɵɟ ɩɟɪɢɨɞɵ (Ʉɭɥɢɤɨɜɚ ɇ. 

Ⱥ., Ʌɟɛɟɞɟɜɚ Ƚ. Ɏ., 2010). 

ɋɩɨɫɨɛɵ ɜɧɟɫɟɧɢɹ ɝɟɪɛɢɰɢɞɨɜ ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɬɢɩɚ ɝɟɪɛɢɰɢɞɚ. ȼɵɞɟɥɹɸɬ ɫɥɟɞɭɸɳɢɟ ɫɩɨɫɨɛɵ ɜɧɟɫɟɧɢɹ: ɨɩɪɵɫɤɢɜɚɧɢɟ 

(ɫɩɥɨɲɧɨɟ, ɥɟɧɬɨɱɧɨɟ ɢ ɝɧɟɡɞɨɜɨɟ); ɜɧɟɫɟɧɢɟ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ; 

ɜɧɟɫɟɧɢɟ ɜ ɜɢɞɟ ɩɟɧɵ; ɜɧɟɫɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɜɚɥɢɤɨɜ; ɜɧɟɫɟɧɢɟ ɫ ɩɨɥɢɜɧɨɣ 

ɜɨɞɨɣ (ɝɟɪɛɢɝɚɰɢɹ) (Ɇɟɥɶɧɢɤɨɜ ɇ. ɇ., 1987; Ʉɭɥɢɤɨɜɚ ɇ. Ⱥ., Ʌɟɛɟɞɟɜɚ Ƚ. 

Ɏ., 2010). Ɇɧɨɝɢɟ ɫɨɜɪɟɦɟɧɧɵɟ ɝɟɪɛɢɰɢɞɵ ɜɧɨɫɹɬ ɩɭɬɟɦ ɨɩɪɵɫɤɢɜɚɧɢɹ. 

Ʉɪɨɦɟ ɫɩɥɨɲɧɨɝɨ ɨɩɪɵɫɤɢɜɚɧɢɹ ɜɨɡɦɨɠɧɨ ɥɟɧɬɨɱɧɨɟ ɢ ɝɧɟɡɞɨɜɨɟ ɜɧɟɫɟɧɢɟ 

ɩɪɟɩɚɪɚɬɨɜ, ɤɨɬɨɪɨɟ ɩɪɢɦɟɧɹɸɬ ɧɚ ɩɪɨɩɚɲɧɵɯ ɤɭɥɶɬɭɪɚɯ, ɜ ɫɚɞɚɯ, 

ɜɢɧɨɝɪɚɞɧɢɤɚɯ, ɥɟɫɨɩɢɬɨɦɧɢɤɚɯ. Ɍɚɤɨɣ ɫɩɨɫɨɛ ɜɧɟɫɟɧɢɹ ɜɟɳɟɫɬɜɚ 

ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɧɨɪɦɭ ɪɚɫɯɨɞɚ ɢ ɫɧɢɡɢɬɶ ɨɩɚɫɧɨɫɬɶ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɱɜɵ 

(Ʉɭɥɢɤɨɜɚ ɇ. Ⱥ., Ʌɟɛɟɞɟɜɚ Ƚ. Ɏ., 2010). 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɟɞɭɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ 

ɦɟɬɨɞɚ ɜɧɟɫɟɧɢɹ ɩɟɫɬɢɰɢɞɨɜ. ɇɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɝɟɪɛɢɰɢɞ ɛɵɥ 

ɷɮɮɟɤɬɢɜɟɧ, ɢɦɟɥ ɧɚɩɪɚɜɥɟɧɧɨɟ ɞɟɣɫɬɜɢɟ ɢ ɧɢɡɤɢɣ ɬɨɤɫɢɱɟɫɤɢɣ ɜɵɛɪɨɫ ɜ 

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ (Volova T. G. ɢ ɞɪ., 2016). Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɦɟɬɪɢɛɭɡɢɧ ɜ ɫɨɫɬɚɜɟ ɦɚɬɪɢɰɵ ɪɚɡɥɚɝɚɟɦɨɝɨ ɩɪɢɪɨɞɧɨɝɨ ɩɨɥɢɦɟɪɧɨɝɨ ɩɨɥɢ 

(3-ɝɢɞɪɨɤɫɢɛɭɬɢɪɚɬɚ) (P3HB) ɢ ɟɝɨ ɤɨɦɩɨɡɢɬɨɜ ɫ ɩɨɥɢ (ɷɬɢɥɟɧɝɥɢɤɨɥɟɦ) 

(PEG) ɩɨɤɚɡɚɥ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ ɜɵɯɨɞ ɞɟɣɫɬɜɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ. 

ɉɪɢɦɟɧɟɧɢɟ ɷɬɨɝɨ ɞɨɥɝɨɫɪɨɱɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɡɜɨɥɢɬ ɭɦɟɧɶɲɢɬɶ ɜɵɛɪɨɫ 

ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɨɝɪɚɧɢɱɢɬɫɹ 

ɫɤɨɪɨɫɬɶ ɧɚɤɨɩɥɟɧɢɹ ɬɨɤɫɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɬɪɨɮɢɱɟɫɤɢɯ ɰɟɩɹɯ 

ɷɤɨɫɢɫɬɟɦ ɢ ɭɦɟɧɶɲɢɬɫɹ ɢɯ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɛɢɨɫɮɟɪɭ 

(Boyandin A. N. ɂ ɞɪ., 2016) 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɟɪɛɢɰɢɞɚ ɫɥɟɞɭɟɬ ɫɨɛɥɸɞɚɬɶ ɬɟɯɧɢɤɭ 

ɛɟɡɨɩɚɫɧɨɫɬɢ. Ɋɚɛɨɬɚɸɳɢɟ ɫ ɝɟɪɛɢɰɢɞɚɦɢ ɜ ɩɨɥɟ ɞɨɥɠɧɵ ɛɵɬɶ ɨɛɥɚɱɟɧɵ ɜ 
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ɫɩɟɰɨɞɟɠɞɭ (ɤɨɦɛɢɧɟɡɨɧɵ, ɪɟɡɢɧɨɜɵɟ ɫɚɩɨɝɢ, ɪɭɤɚɜɢɰɵ ɢɥɢ ɩɟɪɱɚɬɤɢ), 

ɞɵɯɚɬɟɥɶɧɵɟ ɩɭɬɢ ɫɥɟɞɭɟɬ ɩɪɢɤɪɵɬɶ ɡɚɳɢɬɧɵɦɢ ɪɟɫɩɢɪɚɬɨɪɚɦɢ ɢɥɢ 

ɦɚɪɥɟɜɵɦɢ ɩɨɜɹɡɤɚɦɢ. ȼɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɫ ɝɟɪɛɢɰɢɞɚɦɢ ɡɚɩɪɟɳɚɟɬɫɹ ɩɢɬɶ ɢ 

ɤɭɪɢɬɶ, ɩɟɪɟɞ ɟɞɨɣ ɢ ɤɭɪɟɧɢɟɦ ɧɚɞɨ ɨɛɹɡɚɬɟɥɶɧɨ ɫɧɹɬɶ ɫɩɟɰɨɞɟɠɞɭ, 

ɜɵɦɵɬɶ ɪɭɤɢ ɢ ɥɢɰɨ, ɩɪɨɩɨɥɨɫɤɚɬɶ ɪɨɬ ɜɨɞɨɣ. ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɪɚɛɨɬ ɫ 

ɹɞɨɯɢɦɢɤɚɬɚɦɢ ɫɩɟɰɨɞɟɠɞɭ ɬɳɚɬɟɥɶɧɨ ɨɱɢɫɬɢɬɶ ɨɬ ɨɫɬɚɬɤɨɜ ɩɟɫɬɢɰɢɞɨɜ 

(Ʉɭɥɢɤɨɜɚ ɇ. Ⱥ., Ʌɟɛɟɞɟɜɚ Ƚ. Ɏ., 2010).  

 

1.1  ȼɪɟɞ ɫɨɪɧыɯ ɪɚɫɬɟɧɢɣ 

ɋɨɪɧɵɦɢ ɪɚɫɬɟɧɢɹɦɢ ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɞɢɤɨɪɚɫɬɭɳɢɟ ɪɚɫɬɟɧɢɹ, 

ɨɛɢɬɚɸɳɢɟ ɧɚ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɭɝɨɞɶɹɯ ɢ ɫɧɢɠɚɸɳɢɟ ɜɟɥɢɱɢɧɭ ɢ 

ɤɚɱɟɫɬɜɨ ɩɪɨɞɭɤɰɢɢ. Ɋɚɡɥɢɱɚɸɬ 3 ɝɪɭɩɩɵ ɫɨɪɧɹɤɨɜ (ɩɨ Ⱥ.ɂ. Ɇɚɥɶɰɟɜɭ): 

ɫɨɪɧɨ-ɩɨɥɟɜɵɟ (ɫɟɝɟɬɚɥɶɧɵɟ), ɦɭɫɨɪɧɵɟ (ɪɭɞɟɪɚɥɶɧɵɟ) ɢ ɫɨɪɧɭɸ 

ɪɚɫɬɢɬɟɥɶɧɨɫɬɶ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɝɨɞɢɣ (ɪɚɫɬɟɧɢɹ, ɩɨɹɜɥɹɸɳɢɟɫɹ ɧɚ ɥɟɫɧɵɯ 

ɜɵɪɭɛɤɚɯ, ɩɨɠɚɪɢɳɚɯ ɢ ɞɪ.) (Ʉɭɥɢɤɨɜɚ ɇ. Ⱥ., Ʌɟɛɟɞɟɜɚ Ƚ. Ɏ., 2010). 

ɋɧɢɠɟɧɢɟ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ ɭɪɨɠɚɹ ɤɭɥɶɬɭɪɧɵɯ ɪɚɫɬɟɧɢɣ ɧɚ 

ɡɚɫɨɪɟɧɧɵɯ ɩɨɥɹɯ ɜɵɡɜɚɧɨ ɬɟɦ, ɱɬɨ ɫɨɪɧɵɟ ɪɚɫɬɟɧɢɹ ɨɬɧɢɦɚɸɬ ɭ 

ɤɭɥɶɬɭɪɧɵɯ ɜɨɞɭ, ɫɜɟɬ ɢ ɩɢɬɚɬɟɥɶɧɵɟ ɜɟɳɟɫɬɜɚ. Ɉɬ ɡɚɬɟɧɟɧɢɹ ɫɨɪɧɹɤɚɦɢ 

ɤɭɥɶɬɭɪɧɵɟ ɪɚɫɬɟɧɢɹ ɫɢɥɶɧɨ ɫɬɪɚɞɚɸɬ ɜ ɪɚɧɧɟɦ ɜɨɡɪɚɫɬɟ, ɤɨɝɞɚ ɚɤɬɢɜɧɨ 

ɪɚɡɜɢɜɚɸɳɢɟɫɹ ɫɨɪɧɹɤɢ ɨɩɟɪɟɠɚɸɬ ɪɚɡɜɢɬɢɟ ɤɭɥɶɬɭɪɧɵɯ ɪɚɫɬɟɧɢɣ. 

ɋɨɪɧɵɟ ɪɚɫɬɟɧɢɹ ɩɨɬɪɟɛɥɹɸɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɵ ɢ ɩɢɬɚɬɟɥɶɧɵɯ 

ɜɟɳɟɫɬɜ ɜ ɨɬɥɢɱɢɟ ɨɬ ɤɭɥɶɬɭɪɧɵɯ ɪɚɫɬɟɧɢɣ. ɋɨɪɧɹɤɢ ɧɟ ɬɨɥɶɤɨ ɫɧɢɠɚɸɬ 

ɭɪɨɠɚɣ, ɧɨ ɢ ɫɧɢɠɚɸɬ ɟɝɨ ɤɚɱɟɫɬɜɨ. ɋɨɪɧɵɟ ɪɚɫɬɟɧɢɹ ɩɪɢɜɨɞɹɬ ɤ 

ɭɜɟɥɢɱɟɧɢɸ ɡɚɬɪɚɬ ɧɚ ɨɛɪɚɛɨɬɤɭ ɩɨɱɜɵ, ɧɚ ɨɱɢɫɬɤɭ ɫɟɦɹɧ ɤɭɥɶɬɭɪɧɵɯ 

ɪɚɫɬɟɧɢɣ ɨɬ ɫɟɦɹɧ ɫɨɪɧɹɤɨɜ, ɚ ɬɚɤ ɠɟ ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɤɚɱɟɫɬɜɚ 

ɩɪɨɞɭɤɬɨɜ ɠɢɜɨɬɧɨɜɨɞɫɬɜɚ. ɋɨɪɧɵɟ ɪɚɫɬɟɧɢɹ ɧɟɫɭɬ ɨɩɚɫɧɨɫɬɶ ɡɚɪɹɠɟɧɢɹ 

ɛɨɥɟɡɧɹɦɢ ɤɭɥɶɬɭɪɧɵɯ ɪɚɫɬɟɧɢɣ, ɚ ɬɚɤ ɠɟ ɦɨɝɭɬ ɩɪɢɱɢɧɢɬɶ ɜɪɟɞ ɡɞɨɪɨɜɶɸ 

ɱɟɥɨɜɟɤɚ. ɂɡ ɜɵɲɟ ɢɡɥɨɠɟɧɧɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɧɚ ɩɨɫɟɜɚɯ ɧɟɨɛɯɨɞɢɦ 

ɤɨɧɬɪɨɥɶ ɡɚɫɨɪɟɧɧɨɫɬɢ ɩɨɫɟɜɨɜ ɢɥɢ ɛɨɪɶɛɚ ɫɨɪɧɹɤɚɦɢ (Ʉɭɥɢɤɨɜɚ ɇ. Ⱥ., 

Ʌɟɛɟɞɟɜɚ Ƚ. Ɏ., 2010; Zimdahl R. L.,2018).  
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Ⱥɝɪɨɬɟɯɧɢɤɚ – ɫɢɫɬɟɦɚ ɩɪɢɟɦɨɜ ɜɨɡɞɟɥɵɜɚɧɢɹ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ 

ɤɭɥɶɬɭɪ. Ʉ ɟɺ ɩɪɢɟɦɚɦ ɨɬɧɨɫɹɬɫɹ: ɫɟɜɨɨɛɨɪɨɬ, ɤɨɬɨɪɵɣ ɩɪɢɜɨɞɢɬ ɤ 

ɫɧɢɠɟɧɢɸ ɡɚɫɨɪɟɧɧɨɫɬɢ ɩɨɫɟɜɨɜ; ɨɛɪɚɛɨɬɤɚ ɩɨɱɜɵ; ɜɧɟɫɟɧɢɟ ɭɞɨɛɪɟɧɢɣ, 

ɛɨɪɶɛɚ ɫ ɜɪɟɞɢɬɟɥɹɦɢ; ɛɨɥɟɡɧɹɦɢ ɢ ɫɨɪɧɹɤɚɦɢ ɢ ɞɪ. (Ʉɭɥɢɤɨɜɚ ɇ. Ⱥ., 

Ʌɟɛɟɞɟɜɚ Ƚ. Ɏ., 2010). 

Ɉɛɪɚɛɨɬɤɚ ɪɚɫɬɟɧɢɣ ɝɟɪɛɢɰɢɞɚɦɢ ɨɬɧɨɫɢɬɫɹ ɤ ɯɢɦɢɱɟɫɤɨɦɭ ɦɟɬɨɞɭ 

ɛɨɪɶɛɵ ɫ ɫɨɪɧɵɦɢ ɪɚɫɬɟɧɢɹɦɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɝɟɪɛɢɰɢɞɨɜ ɩɪɢɜɨɞɢɬ ɤ 

ɫɧɢɠɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɫɨɪɧɹɤɨɜ ɧɚ ɩɨɥɹɯ ɢ ɛɥɚɝɨɩɪɢɹɬɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ 

ɭɪɨɠɚɣɧɨɫɬɢ ɤɭɥɶɬɭɪɧɵɯ ɪɚɫɬɟɧɢɣ. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɦɢɪɨɜɵɦ ɨɩɵɬɨɦ 

(Ʉɭɥɢɤɨɜɚ ɇ. Ⱥ., Ʌɟɛɟɞɟɜɚ Ƚ. Ɏ., 2010). 

ɂɧɬɟɧɫɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɟɪɛɢɰɢɞɨɜ ɜ ɬɟɱɟɧɢɟ ɩɨɫɥɟɞɧɢɯ ɲɟɫɬɢ 

ɞɟɫɹɬɢɥɟɬɢɣ ɩɪɢɜɟɥɨ ɤ ɪɚɡɜɢɬɢɸ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɥɭɱɚɟɜ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɝɟɪɛɢɰɢɞɚɦ ɭ ɫɨɪɧɵɯ ɪɚɫɬɟɧɢɣ. Ɉɞɧɚɤɨ ɷɬɨ ɟɳɟ ɧɟ ɩɪɢɜɟɥɨ 

ɤ ɫɧɢɠɟɧɢɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɟɪɛɢɰɢɞɨɜ, ɤɨɧɟɱɧɨ, ɛɵɥɚ ɫɧɢɠɟɧɚ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɧɟɤɨɬɨɪɵɯ ɝɟɪɛɢɰɢɞɨɜ ɧɚ ɦɧɨɝɢɯ ɮɟɪɦɚɯ. ɍɫɬɨɣɱɢɜɵɟ ɤ 

ɝɟɪɛɢɰɢɞɚɦ ɫɨɪɧɹɤɢ ɹɜɥɹɸɬɫɹ ɯɨɪɨɲɢɦ ɧɚɩɨɦɢɧɚɧɢɟɦ ɨ ɧɟɧɚɞɟɠɧɨɫɬɢ, 

ɩɪɢɫɭɳɟɣ ɱɪɟɡɦɟɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɞɧɨɝɨ ɦɟɬɨɞɚ ɛɨɪɶɛɵ ɫ ɫɨɪɧɹɤɚɦɢ. 

ɗɬɚ ɩɪɨɛɥɟɦɚ ɫɬɢɦɭɥɢɪɭɟɬ ɜɨɡɨɛɧɨɜɥɟɧɢɟ ɢɧɬɟɪɟɫɚ ɤ ɪɚɡɪɚɛɨɬɤɟ 

ɷɤɨɧɨɦɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɵɯ ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɛɨɪɶɛɵ ɫ ɫɨɪɧɹɤɚɦɢ 

(Holm F. A., Johnson E. N., 2009; Nabipour M., ɢ ɞɪ, 2017). 

ɂɫɫɥɟɞɨɜɚɧɢɟ, ɞɟɝɪɚɞɚɰɢɢ ɛɟɥɤɚ D1 ɜɵɡɜɚɧɧɨɣ ɫɜɟɬɨɦ ɜ ɤɥɟɬɤɚɯ 

Chenopodium rubrum ɭɫɬɨɣɱɢɜɵɯ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤɭɥɶɬɭɪ ɤ ɦɟɬɪɢɛɭɡɢɧɭ. 

ȼɵɹɜɥɟɧɨ, ɱɬɨ ɭɫɬɨɣɱɢɜɵɟ ɤɥɟɬɨɱɧɵɟ ɤɭɥɶɬɭɪɵ ɢɦɟɸɬ ɞɜɨɣɧɵɟ ɢ ɬɪɨɣɧɵɟ 

ɦɭɬɚɰɢɢ ɜ ɛɟɥɤɟ D1 ɮɨɬɨɫɢɫɬɟɦɵ II, ɢ ɜɟɪɨɹɬɧɨ ɷɬɢ ɦɭɬɚɰɢɢ, ɹɜɥɹɸɬɫɹ 

ɩɟɪɜɢɱɧɨɣ ɨɫɧɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɪɚɡɥɢɱɧɵɦ ɜɚɪɢɚɧɬɚɦ ɝɟɪɛɢɰɢɞɨɜ ɜ 

ɞɨɩɨɥɧɟɧɢɟ ɤ ɧɟɫɤɨɥɶɤɢɦ ɨɱɟɜɢɞɧɵɦ ɚɞɚɩɬɢɜɧɵɦ ɦɟɯɚɧɢɡɦɚɦ ɜ ɥɢɧɢɹɯ 

ɭɫɬɨɣɱɢɜɵɯ ɤɥɟɬɨɤ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɞɟɝɪɚɞɚɰɢɢ ɛɟɥɤɚ D 1 ɜ 

ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɨɣ ɨɫɜɟɳɟɧɧɨɫɬɢ ɜɵɹɜɢɥɢ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɫɤɨɪɨɫɬɢ 

ɞɟɝɪɚɞɚɰɢɢ ɜ ɤɥɟɬɤɚɯ ɫ ɧɢɡɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ, ɨɞɧɚɤɨ ɥɢɧɢɢ ɤɥɟɬɨɤ ɫ 

ɜɵɫɨɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɩɨɤɚɡɚɥɢ ɥɢɲɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɤɥɟɬɤɚɦɢ ɪɚɫɬɟɧɢɹ ɞɢɤɨɝɨ ɬɢɩɚ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
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ɫɭɛɥɟɬɚɥɶɧɵɯ ɞɨɡ ɦɟɬɪɢɛɭɡɢɧɚ ɜɪɟɦɹ ɩɨɥɭɠɢɡɧɢ ɛɟɥɤɚ D 1 ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 

5 ɪɚɡ ɜ ɫɥɭɱɚɟ ɤɥɟɬɨɤ ɞɢɤɨɝɨ ɬɢɩɚ, ɧɨ ɬɨɥɶɤɨ ɜ 2-2,5 ɪɚɡɚ ɜ ɫɥɭɱɚɟ 

ɪɟɡɢɫɬɟɧɬɧɵɯ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɣ (Schwenger-Erger C., Barz W., 2000). 

ɉɪɢɦɟɧɟɧɢɟ ɝɟɪɛɢɰɢɞɨɜ ɲɢɪɨɤɨ ɪɚɡɜɢɬɨ ɩɨ ɜɫɟɦɭ ɦɢɪɭ ɢ ɷɬɨ 

ɫɬɢɦɭɥɢɪɭɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɬɨɥɟɪɚɧɬɧɵɯ ɜɢɞɨɜ. ȼɧɭɬɪɢ ɜɢɞɚ ɪɚɡɜɢɬɢɟ 

ɬɨɥɟɪɚɧɬɧɨɫɬɢ ɢɥɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɝɟɪɛɢɰɢɞɚɦ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 

ɝɟɧɟɬɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ ɜ ɩɨɩɭɥɹɰɢɢ, ɟɝɨ ɫɩɨɫɨɛɚ ɧɚɫɥɟɞɨɜɚɧɢɹ ɢ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬɛɨɪɚ. Ɍɨɥɟɪɚɧɬɧɨɫɬɶ ɨɬɧɨɫɢɬɫɹ ɤ ɧɨɪɦɚɥɶɧɨɣ 

ɢɡɦɟɧɱɢɜɨɫɬɢ, ɨɛɧɚɪɭɠɟɧɧɨɣ ɭ ɨɬɞɟɥɶɧɵɯ ɜɢɞɨɜ. ɇɟɤɨɬɨɪɵɟ ɨɫɨɛɢ 

ɩɪɨɹɜɥɹɸɬ ɫɧɢɠɟɧɧɭɸ ɪɟɚɤɰɢɸ ɧɚ ɧɢɡɤɢɟ ɞɨɡɵ ɝɟɪɛɢɰɢɞɨɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɨɬɫɭɬɫɬɜɢɟ ɪɟɚɤɰɢɢ ɧɚ ɝɟɪɛɢɰɢɞ ɩɪɢ 

ɧɨɪɦɚɥɶɧɵɯ ɩɨɥɟɜɵɯ ɪɟɚɤɰɢɹɯ ɭ ɜɢɞɨɜ, ɤɨɬɨɪɵɟ ɨɛɵɱɧɨ ɜɨɫɩɪɢɢɦɱɢɜɵ. 

ɂɡɦɟɧɱɢɜɨɫɬɶ ɬɨɥɟɪɚɧɬɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɪɟɡɭɥɶɬɚɬɨɦ ɥɢɛɨ ɪɚɡɥɢɱɢɣ ɜ 

ɩɨɝɥɨɳɟɧɢɢ ɝɟɪɛɢɰɢɞɨɜ ɢ ɢɯ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɥɢɛɨ ɪɚɡɥɢɱɢɣ ɜ 

ɦɟɬɚɛɨɥɢɡɦɟ ɪɚɫɬɟɧɢɣ ɢ ɝɟɪɛɢɰɢɞɚɯ. ȼɵɞɟɥɹɸɬ ɫɥɟɞɭɸɳɢɟ ɮɚɤɬɨɪɵ, 

ɨɩɪɟɞɟɥɹɸɳɢɟ ɫɤɨɪɨɫɬɶ ɩɨɹɜɥɟɧɢɹ ɬɨɥɟɪɚɧɬɧɨɫɬɢ ɢɥɢ ɭɫɬɨɣɱɢɜɨɫɬɢ: 

ɞɢɧɚɦɢɤɚ ɩɪɨɪɚɫɬɚɧɢɹ, ɜɪɟɦɹ ɝɟɧɟɪɚɰɢɢ, ɡɚɩɚɫ ɫɟɦɹɧ ɢ ɢɯ ɩɟɪɟɧɨɫ, 

ɩɪɢɦɟɧɹɟɦɚɹ ɫɦɟɫɶ ɝɟɪɛɢɰɢɞɨɜ ɢ ɢɯ ɷɮɮɟɤɬɢɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɭɧɢɱɬɨɠɟɧɢɹ 

(Hermanutz L. A., Weaver S. E., 1994). 

ɇɚ ɨɪɨɲɚɟɦɵɯ ɢ ɫɭɯɢɯ ɩɨɱɜɚɯ ɹɱɦɟɧɹ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɨɛɪɚɛɨɬɤɚ 

ɝɟɪɛɢɰɢɞɨɦ. Ɇɟɬɪɢɛɭɡɢɧ ɞɚɥ ɯɨɪɨɲɢɣ ɤɨɧɬɪɨɥɶ ɧɚɞ ɲɢɪɨɤɨɥɢɫɬɜɟɧɧɵɦɢ 

ɫɨɪɧɹɤɚɦɢ ɜɨ ɜɫɟɯ ɢɫɩɵɬɚɧɢɹɯ. Ȼɨɥɟɟ ɬɨɝɨ, ɤɨɧɬɪɨɥɶ Avena fatua 

ɜɚɪɶɢɪɨɜɚɥɫɹ 20% – 97%, ɭ ɨɪɨɲɚɟɦɨɝɨ ɹɱɦɟɧɹ ɜ ɡɚɫɭɲɥɢɜɵɯ ɪɚɣɨɧɚɯ 75% 

– 97%. Ȼɨɪɶɛɚ ɫ ɫɨɪɧɹɤɚɦɢ ɛɵɥɚ ɜɵɲɟ ɩɪɢ ɨɪɨɲɟɧɢɢ ɞɨɠɞɟɜɚɧɢɟɦ, ɱɟɦ 

ɩɪɢ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɩɨɥɢɜɟ (Pocock R. L. ɢ ɞɪ., 1980). 

 

1.2  Ⱦɟɣɫɬɜɢɟ ɦɟɬɪɢɛɭɡɢɧɚ. ɏɢɦɢɡɦ ɦɟɬɪɢɛɭɡɢɧɚ 

Ɇɟɬɪɢɛɭɡɢɧ – ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɧɵɦ ɝɟɪɛɢɰɢɞɨɦ ɧɚ ɨɫɧɨɜɟ ɬɪɢɚɡɢɧɨɧɚ 

(Delancey J. O. L. ɂ ɞɪ., 2009). ɉɨ ɫɩɨɫɨɛɭ ɞɟɣɫɬɜɢɹ ɢɡɛɢɪɚɬɟɥɶɧɵɣ. 

Ɇɟɯɚɧɢɡɦ ɞɟɣɫɬɜɢɹ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ. 
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ɉɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɛɨɪɶɛɵ ɫ ɨɞɧɨɥɟɬɧɢɦɢ ɞɜɭɞɨɥɶɧɵɦɢ ɢ ɡɥɚɤɨɜɵɦɢ 

ɫɨɪɧɹɤɚɦɢ ɜ ɩɨɫɚɞɤɚɯ ɤɚɪɬɨɮɟɥɹ, ɬɨɦɚɬɨɜ, ɥɸɰɟɪɧɵ 2-ɝɨ ɝɨɞɚ ɜɟɝɟɬɚɰɢɢ, 

ɪɨɡɵ ɷɮɢɪɧɨɦɚɫɥɢɱɧɨɣ. Ɇɟɬɪɢɛɭɡɢɧ ɨɬɧɨɫɢɬɫɹ ɤ 1,2,4-ɬɪɢɚɡɢɧɨɧɚɦ. ɗɬɨɬ 

ɝɟɪɛɢɰɢɞ ɨɬɥɢɱɚɟɬɫɹ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ ɞɟɣɫɬɜɢɹ ɧɚ ɪɹɞ ɞɜɭɞɨɥɶɧɵɯ ɢ 

ɡɥɚɤɨɜɵɯ ɫɨɪɧɹɤɨɜ. ɉɪɟɩɚɪɚɬɵ ɞɚɧɧɨɣ ɝɪɭɩɩɵ ɨɛɥɚɞɚɸɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɦ 

ɷɮɮɟɤɬɨɦ, ɬɚɤ ɤɚɤ ɞɟɣɫɬɜɭɸɬ ɤɚɤ ɱɟɪɟɡ ɥɢɫɬɶɹ, ɬɚɤ ɢ ɱɟɪɟɡ ɩɨɱɜɭ. 

Ɇɟɬɪɢɛɭɡɢɧ ɷɮɮɟɤɬɢɜɟɧ ɩɪɨɬɢɜ ɫɥɟɞɭɸɳɢɯ ɫɨɪɧɵɯ ɪɚɫɬɟɧɢɣ: 

ɚɦɛɪɨɡɢɹ, ɳɟɬɢɧɧɢɤ, ɩɚɫɬɭɲɶɹ ɫɭɦɤɚ, ɥɢɫɨɯɜɨɫɬ ɩɨɥɟɜɨɣ, ɩɨɪɬɭɥɚɤ 

ɨɝɨɪɨɞɧɵɣ, ɨɜɫɸɝ, ɨɫɨɬ, ɥɚɡɨɪɧɢɤ, ɤɭɪɢɧɨɟ ɩɪɨɫɨ, ɩɥɟɜɟɥ, ɳɟɬɢɧɧɢɤ, 

ɳɢɪɢɰɚ, ɜɚɫɢɥɟɤ ɫɢɧɢɣ, ɦɚɪɶ ɛɟɥɚɹ, ɦɨɤɪɢɰɚ, ɪɨɦɚɲɤɚ ɥɭɝɨɜɚɹ ɢ 

ɧɟɩɚɯɭɱɚɹ, ɝɨɪɟɰ, ɝɨɪɱɢɰɚ ɩɨɥɟɜɚɹ, ɜɟɪɨɧɢɤɚ, ɪɨɫɢɱɤɚ ɤɪɨɜɹɧɚɹ, 

ɞɭɪɧɢɲɧɢɤ. 

ɋɥɚɛɨ ɜɨɡɞɟɣɫɬɜɭɟɬ ɢɥɢ ɧɟ ɞɟɣɫɬɜɭɟɬ ɧɚ ɩɵɪɟɣ ɩɨɥɡɭɱɢɣ, ɫɵɬɢ, 

ɩɚɫɥɟɧ ɱɟɪɧɵɣ, ɛɨɞɹɤ ɩɨɥɟɜɨɣ, ɜɶɸɧɨɤ ɩɨɥɟɜɨɣ, ɩɨɞɦɚɪɟɧɧɢɤ ɰɟɩɧɨɣ, 

ɦɧɨɝɨɥɟɬɧɢɟ ɡɥɚɤɨɜɵɟ ɫɨɪɧɹɤɢ (ɉɟɫɬɢɰɢɞɵ, ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ ɨ 

ɦɧɨɝɢɯ ɩɟɫɬɢɰɢɞɚɯ, ɚɝɪɨɯɢɦɢɤɚɬɚɯ. ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ). 

Ɇɟɬɪɢɛɭɡɢɧ ɪɚɫɫɟɢɜɚɟɬɫɹ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɤɥɚ ɢ ɩɨɱɜɵ ɩɭɬɟɦ 

ɭɥɟɬɭɱɢɜɚɧɢɹ ɢ / ɢɥɢ ɮɨɬɨɪɚɡɥɨɠɟɧɢɹ. ȼ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ 

ɡɚɮɢɤɫɢɪɨɜɚɥɢ ɩɨɬɟɪɸ ɥɟɬɭɱɟɫɬɢ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɱɜɵ, ɩɪɢɛɥɢɠɚɸɳɭɸɫɹ ɤ 

10–12% ɨɬ ɤɨɥɢɱɟɫɬɜɚ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɨɜ 

ɩɨɫɥɟ ɜɧɟɫɟɧɢɹ, ɧɨ ɩɨɫɥɟ ɷɬɨɝɨ ɪɟɡɤɨ ɫɧɢɠɚɥɢɫɶ. ɍɜɟɥɢɱɟɧɢɟ ɜɥɚɠɧɨɫɬɢ 

ɩɨɱɜɵ ɫ 3 ɞɨ 30% ɫɩɨɫɨɛɧɨ ɭɦɟɧɶɲɢɬɶ ɥɟɬɭɱɟɫɬɶ ɦɟɬɪɢɛɭɡɢɧɚ, ɜɟɪɨɹɬɧɨ, ɢɡ-

ɡɚ ɜɥɢɹɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɧɚ ɞɚɜɥɟɧɢɟ ɩɚɪɨɜ. Ȼɵɫɬɪɚɹ ɩɨɬɟɪɹ ɦɟɬɪɢɛɭɡɢɧɚ 

ɫɨ ɫɬɟɤɥɹɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɪɨɢɫɯɨɞɢɥɚ ɩɪɢ ɨɛɥɭɱɟɧɢɢ ɥɸɦɢɧɟɫɰɟɧɬɧɵɦɢ 

ɥɚɦɩɚɦɢ; ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɚɹ ɩɨɬɟɪɹ ɧɚɛɥɸɞɚɥɚɫɶ ɜ ɬɟɱɟɧɢɟ 8-ɱɚɫɨɜɨɝɨ 

ɩɟɪɢɨɞɚ, ɜɪɟɦɹ ɩɨɥɭɪɚɫɩɚɞɚ ɫɨɫɬɚɜɢɥɨ 4 ɱɚɫɚ. ɉɨɬɟɪɹ ɦɟɬɪɢɛɭɡɢɧɚ ɫ 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɱɜɵ ɛɵɥɚ ɦɟɞɥɟɧɧɟɟ, ɧɨ 30 – 50% ɨɬ ɧɚɧɟɫɟɧɧɨɝɨ ɝɟɪɛɢɰɢɞɚ 

ɦɨɠɧɨ ɛɵɥɨ ɩɨɬɟɪɹɬɶ ɜ ɬɟɱɟɧɢɟ 1-2 ɞɧɟɣ. ɉɨɬɟɪɢ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɱɜɵ 

ɧɚɛɥɸɞɚɥɢɫɶ ɜ ɬɟɱɟɧɢɟ 5-7 ɞɧɟɣ. Ɂɧɚɱɟɧɢɹ ɩɟɪɢɨɞɚ ɩɨɥɭɪɚɫɩɚɞɚ ɫɨɫɬɚɜɢɥɨ 4 

– 5 ɞɧɟɣ, ɪɚɫɱɟɬ ɛɵɥ ɩɪɨɜɟɞɟɧ ɞɥɹ ɦɟɬɪɢɛɭɡɢɧɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɱɜɵ ɩɪɢ 

ɜɨɡɞɟɣɫɬɜɢɢ ɫɢɥɶɧɨɝɨ ɫɨɥɧɟɱɧɨɝɨ ɫɜɟɬɚ ɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ (Savage K. E. 
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ɂ ɞɪ.,1980). 

ɉɨɥɭɱɚɸɬ ɦɟɬɪɢɛɭɡɢɧ ɢɡ ɬɪɢɦɟɬɢɥɩɢɪɨɜɢɧɨɝɪɚɞɧɨɣ ɤɢɫɥɨɬɵ, 

ɬɢɨɤɚɪɛɚɡɢɞɚ ɢ ɣɨɞɢɫɬɨɝɨ ɦɟɬɢɥɚ. 

 

 
Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɩɨɥɭɱɟɧɢɹ ɦɟɬɪɢɛɭɡɢɧɚ 

 

Ɇɟɬɪɢɛɭɡɢɧ ɢɧɝɢɛɢɪɭɟɬ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɣ ɬɪɚɧɫɩɨɪɬ ɷɥɟɤɬɪɨɧɨɜ, 

ɜɵɬɟɫɧɹɹ ɜɬɨɪɢɱɧɵɣ ɚɤɰɟɩɬɨɪ ɷɥɟɤɬɪɨɧɨɜ Qa ɢɡ ɫɜɨɟɣ ɫɜɹɡɵɜɚɸɳɟɣ ɧɢɲɢ 

ɜ ɛɟɥɤɟ D 1 ɮɨɬɨɫɢɫɬɟɦɵ II (PS 11) (Schwenger-Erger C., Barz W., 2000). 

Ɇɟɬɪɢɛɭɡɢɧ ɩɪɨɹɜɥɹɟɬ ɝɟɪɛɢɰɢɞɧɵɣ ɷɮɮɟɤɬ ɱɟɪɟɡ 7–14 ɞɧɟɣ, ɱɬɨ ɡɚɜɢɫɢɬ 

ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɱɜɵ ɢ ɩɨɝɨɞɧɵɯ ɭɫɥɨɜɢɣ 

ɉɨɝɥɨɳɟɧɢɟ ɝɟɪɛɢɰɢɞɚ ɤɨɪɧɹɦɢ ɪɚɫɬɟɧɢɹ - ɫɢɦɩɬɨɦɵ ɟɝɨ ɞɟɣɫɬɜɢɹ 

ɩɪɨɹɜɹɬɫɹ ɜ ɧɢɠɧɢɯ ɥɢɫɬɶɹɯ, ɡɚɬɟɦ ɩɪɨɝɪɟɫɫɢɪɭɹ ɷɮɮɟɤɬ ɞɨɣɞɟɬ ɞɨ 

ɜɟɪɯɭɲɤɢ ɪɚɫɬɟɧɢɹ ɢ ɛɭɞɟɬ ɩɨɫɥɟɞɭɸɳɢɣ ɦɟɠɤɥɟɬɨɱɧɵɣ ɯɥɨɪɨɡ (ɠɢɥɤɢ 

ɨɫɬɚɸɬɫɹ ɡɟɥɟɧɵɦɢ) ɫ ɧɟɤɪɨɡɨɦ ɤɨɧɱɢɤɨɜ ɥɢɫɬɶɟɜ ɢ ɤɪɚɟɜ. Ƚɢɛɟɥɶ ɫɨɪɧɹɤɚ 

ɧɚɫɬɭɩɢɬ, ɤɚɤ ɬɨɥɶɤɨ ɧɚɱɧɟɬɫɹ ɮɨɬɨɫɢɧɬɟɡ. Ɍɚɤɠɟ ɪɚɫɬɟɧɢɹ ɨɩɪɵɫɤɢɜɚɸɬ 

ɦɟɬɪɢɛɭɡɢɧɨɦ ( Devine M. D., ɢ ɞɪ., 1993).  

Ƚɟɪɛɢɰɢɞ ɹɜɥɹɟɬɫɹ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɦɢ, ɦɟɬɪɢɛɭɡɢɧ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɚɫɢɦɦɟɬɪɢɱɧɵɣ ɬɪɢɚɡɢɧɨɧ. 
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Ɋɢɫɭɧɨɤ 2 – ɋɬɪɨɟɧɢɟ ɦɨɥɟɤɭɥɵ ɝɟɪɛɢɰɢɞɚ ɦɟɬɪɢɛɭɡɢɧɚ 

 

Ɇɟɬɚɛɨɥɢɡɦ ɦɟɬɪɢɛɭɡɢɧɚ ɜ ɪɚɫɬɟɧɢɹɯ ɢɞɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

ɝɢɞɪɨɤɫɢɥɢɪɨɜɚɧɢɟ, ɞɟɡɚɦɢɧɢɪɨɜɚɧɢɟ, ɤɨɧɴɸɝɚɰɢɹ. ȼ ɩɨɱɜɟ ɪɚɡɥɚɝɚɟɬɫɹ ɜ 

ɬɟɱɟɧɢɢ 30-60 ɞɧɟɣ. Ƚɟɪɛɢɰɢɞ ɥɟɝɤɨ ɭɫɜɚɢɜɚɟɬɫɹ ɤɨɪɧɹɦɢ ɢ ɩɟɪɟɦɟɳɚɟɬɫɹ 

ɜɜɟɪɯ ɪɚɫɬɟɧɢɹ ɩɨ ɤɫɢɥɟɦɟ ɩɪɢ ɩɨɝɥɨɳɟɧɢɢ ɥɢɫɬɶɹɦɢ ɪɟɚɤɰɢɹ ɝɟɪɛɢɰɢɞɚ ɧɟ 

ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɞɪɭɝɢɟ ɨɪɝɚɧɵ ɪɚɫɬɟɧɢɹ (Ʉɨɧɞɪɚɬɟɧɤɨ Ɉ. ȼ. ɢ ɞɪ, 

2016). 

 

1.3  Ɍɨɤɫɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɦɟɬɪɢɛɭɡɢɧɚ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ 

Ɇɟɬɪɢɛɭɡɢɧ ɫɪɚɜɧɢɬɟɥɶɧɨ ɦɚɥɨɬɨɤɫɢɱɟɧ ɢ ɧɟ ɨɛɥɚɞɚɟɬ 

ɪɚɡɞɪɚɠɚɸɳɢɦ ɞɟɣɫɬɜɢɟɦ. Ƚɟɪɛɢɰɢɞ ɭɦɟɪɟɧɧɨ ɬɨɤɫɢɱɟɧ ɞɥɹ ɪɵɛ. 

ɇɟɩɪɢɟɦɥɟɦɨ ɩɪɢɫɭɬɫɬɜɢɟ ɩɪɟɩɚɪɚɬɚ ɜ ɜɨɞɟ ɪɵɛɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɜɨɞɨɟɦɨɜ. 

ȼ ɩɨɱɜɟ ɪɚɡɥɚɝɚɟɬɫɹ ɜ ɬɟɱɟɧɢɟ 1-3 ɦɟɫɹɰɟɜ. ȼɟɳɟɫɬɜɨ ɦɚɥɨɬɨɤɫɢɱɧɨ ɞɥɹ 

ɛɨɥɶɲɢɧɫɬɜɚ ɩɨɥɟɡɧɵɯ ɧɚɫɟɤɨɦɵɯ. Ɇɚɥɨɬɨɤɫɢɱɟɧ ɞɥɹ ɩɱɟɥ (4-ɵɣ ɤɥɚɫɫ 

ɨɩɚɫɧɨɫɬɢ). ɉɪɟɩɚɪɚɬɵ ɧɚ ɨɫɧɨɜɟ ɦɟɬɪɢɛɭɡɢɧɚ ɨɬɧɨɫɹɬɫɹ ɤ 3 ɤɥɚɫɫɭ 

ɨɩɚɫɧɨɫɬɢ ɞɥɹ ɱɟɥɨɜɟɤɚ ɢ 3 ɢ 4 ɤɥɚɫɫɚɦ ɨɩɚɫɧɨɫɬɢ ɞɥɹ ɩɱɺɥ 

(http://www.pesticidy.ru/active_substance/metribuzin). 

Ɇɟɬɪɢɛɭɡɢɧ ɛɵɥ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧ Ⱥɝɟɧɬɫɬɜɨɦ ɩɨ ɨɯɪɚɧɟ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɤɚɤ ɯɢɦɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɝɪɭɩɩɵ D, «ɧɟ ɩɨɞɞɚɸɳɟɟɫɹ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɜ ɨɬɧɨɲɟɧɢɢ ɤɚɧɰɟɪɨɝɟɧɧɨɫɬɢ ɞɥɹ ɱɟɥɨɜɟɤɚ» ɢɡ-ɡɚ ɧɟ 

ɬɨɱɧɵɯ ɞɚɧɧɵɯ ɨ ɤɚɧɰɟɪɨɝɟɧɧɨɫɬɢ ɢɡ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ 
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ɠɢɜɨɬɧɵɯ ɢ ɨɬɫɭɬɫɬɜɢɹ ɞɚɧɧɵɯ ɨ ɤɚɧɰɟɪɨɝɟɧɧɨɫɬɢ ɞɥɹ ɥɸɞɟɣ. Ɍɟɫɬɵ ɧɚ 

ɦɭɬɚɝɟɧɧɨɫɬɶ ɢ ɝɟɧɨɬɨɤɫɢɱɧɨɫɬɶ ɦɟɬɪɢɛɭɡɢɧɚ ɞɚɥɢ ɩɪɨɬɢɜɨɪɟɱɢɜɵɟ 

ɪɟɡɭɥɶɬɚɬɵ. Ɉɬɪɢɰɚɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɢɥɢ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ 

ɝɟɧɨɬɨɤɫɢɱɧɨɫɬɢ in vivo ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɫɬɚ ɫɨɦɚɬɢɱɟɫɤɨɣ ɦɭɬɚɰɢɢ ɢ 

ɪɟɤɨɦɛɢɧɚɰɢɢ ɧɚ ɤɪɵɥɶɹɯ Drosophila melanogaster. ɋɬɚɬɢɫɬɢɱɟɫɤɢ 

ɡɧɚɱɢɦɨɟ ɭɜɟɥɢɱɟɧɢɟ ɨɛɦɟɧɚ ɫɟɫɬɪɢɧɫɤɢɦɢ ɯɪɨɦɚɬɢɞɚɦɢ ɧɚɛɥɸɞɚɥɨɫɶ ɜ 

ɱɟɥɨɜɟɱɟɫɤɢɯ ɥɢɦɮɨɰɢɬɚɯ in vitro ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɦɟɬɪɢɛɭɡɢɧɨɦ ɢ 

ɦɟɬɚɛɨɥɢɱɟɫɤɨɣ ɫɦɟɫɶɸ, ɧɨ ɧɟ ɩɪɢ ɥɟɱɟɧɢɢ ɨɞɧɢɦ ɦɟɬɪɢɛɭɡɢɧɨɦ, ɯɨɬɹ 

ɧɚɛɥɸɞɚɥɢɫɶ ɰɢɬɨɬɨɤɫɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ, ɜɵɪɚɠɟɧɧɵɟ ɜ ɤɥɟɬɨɱɧɨɣ ɝɢɛɟɥɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɝɟɧɨɬɨɤɫɢɱɧɨɫɬɢ in vitro ɩɨɤɚɡɚɥɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɚɥɢɡɚ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɪɟɜɟɪɫɢɢ ɜ Escherichia coli. 

ɂɫɫɥɟɞɨɜɚɧɢɟ, ɩɪɨɜɟɞɟɧɧɨɟ ɧɚ ɝɨɥɨɜɚɫɬɢɤɚɯ Rana catesbeiana, ɜɵɹɜɢɥɨ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɨɜɪɟɠɞɟɧɢɟ ȾɇɄ ɩɪɢ ɜɫɟɯ ɞɨɡɚɯ ɜɨɡɞɟɣɫɬɜɢɹ ɦɟɬɪɢɛɭɡɢɧɚ 

(Delancey J. O. L. ɢ ɞɪ., 2009). 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɞɜɚ ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹ, 

ɢɡɭɱɚɸɳɢɯ ɫɜɹɡɶ ɦɟɠɞɭ ɜɨɡɞɟɣɫɬɜɢɟɦ ɦɟɬɪɢɛɭɡɢɧɚ ɢ ɪɚɤɨɦ. ȼ ɩɟɪɜɨɦ 

ɫɥɭɱɚɟ ɢɡɭɱɚɥɢ ɫɜɹɡɶ ɦɟɠɞɭ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɪɢɛɭɡɢɧɚ ɢ ɱɚɫɬɨɬɨɣ 

ɧɟɯɨɞɠɤɢɧɫɤɨɣ ɥɢɦɮɨɦɵ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɜ ɪɚɦɤɚɯ 

ɨɛɴɟɞɢɧɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɜ 1980-ɯ ɝɨɞɨɜ ɫ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɩɟɫɬɢɰɢɞɨɜ ɧɚ ɮɟɪɦɟ. ȼ ɷɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɨɫɬɨɹɧɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɦɟɬɪɢɛɭɡɢɧɚ ɧɟ ɛɵɥɨ ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɱɚɫɬɨɬɵ ɧɟɯɨɞɠɤɢɧɫɤɨɣ 

ɥɢɦɮɨɦɵ. ȼɬɨɪɵɦ ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɛɵɥɨ ɢɡɭɱɟɧɢɟ ɫɜɹɡɢ ɩɪɢɦɟɧɟɧɢɹ 

ɩɟɫɬɢɰɢɞɨɜ ɢ ɪɢɫɤɚ ɪɚɡɜɢɬɢɹ ɝɥɢɨɦɵ, ɩɪɨɜɟɞɟɧɧɨɟ ɜ ɪɚɦɤɚɯ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɡɞɨɪɨɜɶɹ ɲɬɚɬɚ ɇɟɛɪɚɫɤɚ. ɗɬɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɵɹɜɢɥɨ ɡɧɚɱɢɬɟɥɶɧɨ 

ɩɨɜɵɲɟɧɧɵɣ ɪɢɫɤ ɪɚɡɜɢɬɢɹ ɝɥɢɨɦɵ (Delancey J. O. L. ɢ ɞɪ., 2009).  

Ɉɬɪɚɜɥɟɧɢɟ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɠɢɜɨɬɧɵɯ ɢ ɩɬɢɰ ɟɠɟɝɨɞɧɨ 

ɧɚɧɨɫɹɬ ɭɪɨɧ ɚɝɪɨɩɪɨɦɵɲɥɟɧɧɨɦɭ ɤɨɦɩɥɟɤɫɭ. ɇɚɤɨɩɥɟɧɢɟ ɩɟɫɬɢɰɢɞɨɜ ɜ 

ɤɨɪɦɨɜɵɯ ɤɭɥɶɬɭɪɚɯ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɧɚɤɨɩɥɟɧɢɟ ɜ ɪɚɫɬɢɬɟɥɶɧɵɯ ɢ 

ɠɢɜɨɬɧɵɯ ɤɥɟɬɤɚɯ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɜɧɟɫɟɧɢɹ ɜ ɩɨɱɜɭ ɩɟɫɬɢɰɢɞɨɜ ɢ 

ɩɪɟɞɩɨɫɟɜɧɨɣ ɨɛɪɚɛɨɬɤɢ ɡɟɪɧɚ. ɗɬɨ ɨɛɴɹɫɧɹɟɬ ɩɨɜɵɲɟɧɢɟ ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɜ ɡɜɟɧɶɹɯ ɬɪɨɮɢɱɟɫɤɨɣ ɰɟɩɢ ɢ ɜɪɟɞ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɨɪɝɚɧɢɡɦɨɜ. 
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ɉɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɩɟɫɬɢɰɢɞɨɜ ɜ ɤɨɪɦɚɯ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɪɚɡɜɢɬɢɸ 

ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɩɚɬɨɥɨɝɢɣ, ɧɚɩɪɢɦɟɪ, ɦɨɥɨɤɨ ɢ ɹɣɰɨ ɛɭɞɭɬ ɢɦɟɬɶ ɧɢɡɤɭɸ 

ɩɢɳɟɜɭɸ ɰɟɧɧɨɫɬɶ ɢ ɜ ɨɬɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ ɦɨɝɭɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɨɩɚɫɧɨɫɬɶ 

ɞɥɹ ɡɞɨɪɨɜɶɹ ɱɟɥɨɜɟɤɚ. Ɇɟɬɪɢɛɭɡɢɧ ɧɟ ɨɤɚɡɵɜɚɟɬ ɪɟɚɤɰɢɢ «ɨɬɤɚɡɚ» ɨɬ 

ɤɨɪɦɚ, ɜ ɤɨɬɨɪɨɦ ɨɧ ɫɨɞɟɪɠɚɬɫɹ ɜ ɬɨɤɫɢɱɟɫɤɢɯ ɞɨɡɚɯ, ɢɡ-ɡɚ ɱɟɝɨ ɦɨɠɟɬ 

ɜɵɡɜɚɬɶ ɦɚɫɫɨɜɵɟ ɨɬɪɚɜɥɟɧɢɹ ɢ ɝɢɛɟɥɶ ɞɢɤɢɯ ɢ ɞɨɦɚɲɧɢɯ ɠɢɜɨɬɧɵɯ, 

ɨɬɪɚɜɥɟɧɢɹ ɬɚɤɠɟ ɦɨɝɭɬ ɧɚɫɬɭɩɢɬɶ ɜɫɥɟɞɫɬɜɢɟ ɧɟɛɪɟɠɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɢ 

ɯɪɚɧɟɧɢɹ ɝɟɪɛɢɰɢɞɚ, ɪɚɡɛɪɚɫɵɜɚɧɢɢ ɢ ɪɚɫɫɟɢɜɚɧɢɢ ɟɝɨ ɨɫɬɚɬɤɨɜ. 

ɑɚɳɟ ɜɫɟɝɨ ɝɟɪɛɢɰɢɞ ɩɨɩɚɞɚɟɬ ɜ ɬɟɥɨ ɠɢɜɨɬɧɵɯ ɱɟɪɟɡ ɠɟɥɭɞɨɱɧɨ-

ɤɢɲɟɱɧɵɣ ɬɪɚɤɬ ɢ ɥɟɝɤɢɟ, ɧɨ ɜɨɡɦɨɠɧɨ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɢ ɱɟɪɟɡ ɤɨɠɭ. 

Ɉɩɚɫɧɨɫɬɶ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɝɟɪɛɢɰɢɞɚ ɜ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɤɨɪɨɫɬɶ ɢɯ ɜɫɚɫɵɜɚɧɢɹ ɩɨɜɵɲɚɟɬɫɹ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɨɞɭɤɬɨɜ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɢ 

ɠɢɜɨɬɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɧɟ ɫɧɢɠɚɟɬɫɹ ɢɡɛɵɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɨɤɫɢɧɚ ɜ 

ɧɢɯ, ɯɨɬɹ ɦɟɬɪɢɛɭɡɢɧ ɢ ɧɟ ɨɬɧɨɫɢɬɫɹ ɤ ɜɵɫɨɤɨɬɨɤɫɢɱɧɵɦ ɫɨɟɞɢɧɟɧɢɹɦ, 

ɨɬɪɚɜɥɟɧɢɹ ɜɨɡɧɢɤɚɸɬ ɜ ɫɜɹɡɢ ɫ ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɤɭɦɭɥɹɰɢɢ. ȼ ɩɟɪɜɭɸ 

ɨɱɟɪɟɞɶ ɩɪɟɩɚɪɚɬ ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɜ ɨɪɝɚɧɚɯ, ɛɨɝɚɬɵɯ ɥɢɩɢɞɚɦɢ ɢ ɠɢɪɚɦɢ: ɜ 

ɩɨɞɤɨɠɧɨɦ ɢ ɜɧɭɬɪɟɧɧɟɦ ɠɢɪɟ, ɩɟɱɟɧɢ, ɠɟɥɟɡɚɯ ɜɧɭɬɪɟɧɧɟɣ ɫɟɤɪɟɰɢɢ, 

ɝɨɥɨɜɧɨɦ ɢ ɫɩɢɧɧɨɦ ɦɨɡɝɟ. Ɉɛɪɚɡɭɸɳɢɟɫɹ ɩɪɨɞɭɤɬɵ ɟɝɨ ɨɤɢɫɥɟɧɢɹ 

ɜɵɡɵɜɚɸɬ ɢɧɚɤɬɢɜɚɰɢɸ ɦɢɬɨɯɨɧɞɪɢɣ ɩɟɱɟɧɢ (Ɇɢɮɬɚɯɭɬɞɢɧɨɜ Ⱥ. ȼ., 

ȼɢɥɶɜɟɪ Ⱦ. ɋ., 2018). 

 

1.4 Ɏɨɬɨɫɢɧɬɟɡ 

Ɏɨɬɨɫɢɧɬɟɡ ɷɬɨ ɩɪɨɰɟɫɫ, ɩɪɢ ɤɨɬɨɪɨɦ ɪɚɫɬɟɧɢɹ ɧɚ ɫɨɥɧɟɱɧɨɦ ɫɜɟɬɭ 

ɫɢɧɬɟɡɢɪɭɸɬ ɨɪɝɚɧɢɱɟɫɤɢɟ ɢɡ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. ɉɪɨɰɟɫɫ 

ɮɨɬɨɫɢɧɬɟɡɚ ɹɜɥɹɟɬɫɹ ɭɧɢɤɚɥɶɧɵɦ ɛɢɨɥɨɝɢɱɟɫɤɢɦ ɹɜɥɟɧɢɟɦ, ɩɪɨɬɟɤɚɸɳɢɦ 

ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɢ ɡɚɩɚɫɚɧɢɟɦ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ. Ɏɨɬɨɫɢɧɬɟɡ ɩɪɨɬɟɤɚɟɬ ɜ 

ɬɤɚɧɹɯ ɥɢɫɬɚ ɧɚɡɵɜɚɟɦɨɣ ɯɥɨɪɟɧɯɢɦɨɣ (ɦɟɡɨɮɢɥɥ) ɬɚɤ ɤɚɤ ɨɧɚ ɫɨɫɬɨɢɬ ɢɡ 

ɩɚɪɟɧɯɢɦɧɵɯ ɤɥɟɬɨɤ ɫɨɞɟɪɠɚɳɢɯ ɯɥɨɪɨɩɥɚɫɬɵ.  
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ɏɥɨɪɨɩɥɚɫɬɵ ɷɬɨ ɩɥɚɫɬɢɞɵ ɤɥɟɬɤɢ, ɢɦɟɸɳɢɟ ɫɨɛɫɬɜɟɧɧɨɟ ɹɞɪɨ ɢ 

ɞɜɨɣɧɭɸ ɦɟɦɛɪɚɧɭ. Ɍɚɤ ɠɟ ɨɧɢ ɢɦɟɸɬ ɫɥɨɠɧɭɸ ɦɟɦɛɪɚɧɧɭɸ ɨɪɝɚɧɢɡɚɰɢɸ, 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɪɭɠɧɚɹ ɦɟɦɛɪɚɧɚ ɩɪɨɧɢɰɚɟɦɚ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɦɨɥɟɤɭɥ, ɜɧɭɬɪɟɧɧɹɹ ɦɟɦɛɪɚɧɚ ɫɯɨɞɧɚ ɫ ɩɥɚɡɦɚɥɟɦɦɨɣ. 

ȼɧɭɬɪɟɧɧɹɹ ɦɟɦɛɪɚɧɚ ɢɦɟɟɬ ɬɢɥɚɤɨɢɞɵ ɝɪɚɧ ɢ ɬɢɥɚɤɨɢɞɵ ɫɬɪɨɦɵ. 

Ɍɢɥɚɤɨɢɞɵ ɩɪɨɧɢɡɵɜɚɸɬ ɜɟɫɶ ɯɥɨɪɨɩɥɚɫɬ ɢ ɨɛɪɚɡɭɸɬ ɟɞɢɧɭɸ ɦɟɦɛɪɚɧɧɭɸ 

ɫɢɫɬɟɦɭ ɩɥɚɫɬɢɞɵ. ȼɨ ɜɧɭɬɪɟɧɧɢɯ ɦɟɦɛɪɚɧɚɯ ɨɛɨɢɯ ɬɢɩɨɜ ɬɢɥɚɤɨɢɞɨɜ 

ɥɨɤɚɥɢɡɨɜɚɧɵ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɟ ɩɢɝɦɟɧɬɵ, ɤɨɦɩɨɧɟɧɬɵ 

ɷɥɟɤɬɪɨɧɬɪɚɧɫɩɨɪɬɧɨɣ ɰɟɩɢ ɢ ɫɢɧɬɟɡɚ ȺɌɎ (Ɇɟɞɜɟɞɟɜ ɋ. ɋ., 2013). 

 

 
Ɋɢɫɭɧɨɤ 3 – Ʌɨɤɚɥɢɡɚɰɢɹ ɮɟɪɦɟɧɬɨɜ ɜ ɦɟɦɛɪɚɧɚɯ ɬɢɥɚɤɨɢɞɨɜ: ɜɢɨɥɚɤɫɚɧɬɢɧɨɜɨɣ 

ɞɟɷɩɨɤɫɢɞɚɡɵ ɜ ɧɟɚɤɬɢɜɧɨɦ ( ) ɢ ɚɤɬɢɜɧɨɦ ( ) ɫɨɫɬɨɹɧɢɹɯ ɢ ɩɪɨɱɧɨ ɫɜɹɡɚɧɧɨɣ 

ɡɟɚɤɫɚɧɬɢɧɨɜɨɣ ɷɩɨɤɫɢɞɚɡɵ ( ) (Ʌɚɞɵɝɢɧ ȼ. Ƚ., 2015) 

 

ȼɢɞɢɦɵɣ ɫɜɟɬ ɷɬɨ ɨɛɥɚɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɫɩɟɤɬɪɚ, ɤɨɬɨɪɭɸ 

ɫɩɨɫɨɛɟɧ ɭɜɢɞɟɬɶ ɱɟɥɨɜɟɱɟɫɤɢɣ ɝɥɚɡ. ɗɬɨɬ ɫɜɟɬ ɨɯɜɚɬɵɜɚɟɬ ɨɛɥɚɫɬɶ 400 – 

700 ɧɦ. ȼɫɟ ɪɚɫɬɟɧɢɹ ɫɩɨɫɨɛɧɵ ɩɨɝɥɨɳɚɬɶ ɜɢɞɢɦɵɣ ɫɜɟɬ ɢ ɩɟɪɟɜɨɞɢɬɶ ɟɝɨ ɜ 

ɜɨɡɛɭɠɞɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɩɭɫɤɚɹ ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ 

ɮɨɬɨɫɢɧɬɟɡɚ. Ɋɚɫɬɢɬɟɥɶɧɵɟ ɨɪɝɚɧɢɡɦɵ ɫɨɞɟɪɠɚɬ ɧɟɫɤɨɥɶɤɨ ɜɢɞɨɜ 

ɩɢɝɦɟɧɬɨɜ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɟɬ ɫɜɨɢ ɮɭɧɤɰɢɢ. ȼ ɯɥɨɪɨɩɥɚɫɬɚɯ 

ɜɵɫɲɢɯ ɪɚɫɬɟɧɢɣ ɜɫɬɪɟɱɚɸɬɫɹ ɬɪɢ ɨɫɧɨɜɧɵɯ ɤɥɚɫɫɵ ɩɢɝɦɟɧɬɨɜ – 
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ɯɥɨɪɨɮɢɥɥɵ ɢ ɤɚɪɚɬɢɧɨɢɞɵ ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɜ ɩɨɥɹɪɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ, ɚ 

ɮɢɤɨɛɢɥɢɧɵ ɪɚɫɬɜɨɪɢɦɵɟ. 

Ɇɨɥɟɤɭɥɚ ɯɥɨɪɨɮɢɥɥɚ ɫɨɫɬɨɢɬ ɢɡ ɩɨɪɮɢɪɢɧɨɜɨɣ «ɝɨɥɨɜɤɢ» ɢ 

ɮɢɬɨɥɶɧɨɝɨ «ɯɜɨɫɬɚ». ɏɥɨɪɨɮɢɥɥ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɵɣ ɷɮɢɪ 

ɞɢɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɯɥɨɪɨɮɢɥɥɢɧɚ, ɭ ɤɨɬɨɪɨɣ ɨɞɧɚ ɤɚɪɛɨɤɫɢɥɶɧɚɹ 

ɝɪɭɩɩɚ ɷɬɟɪɢɮɢɰɢɪɨɜɚɧɚ ɨɫɬɚɬɤɨɦ ɦɟɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ, ɚ ɜɬɨɪɚɹ — ɨɫɬɚɬɤɨɦ 

ɫɩɢɪɬɚ ɮɢɬɨɥɚ. Ⱥɬɨɦɵ ɚɡɨɬɚ ɩɢɪɨɥɶɧɵɯ ɤɨɥɟɰ ɫɨɟɞɢɧɹɸɬɫɹ ɞɜɭɦɹ 

ɤɨɨɞɢɧɚɰɢɨɧɧɵɦɢ ɫɜɹɡɹɦɢ ɫ ɚɬɨɦɨɦ Mg. ȼ ɫɥɭɱɚɟ ɡɚɦɟɳɟɧɢɹ ɚɬɨɦɚ Mg ɧɚ 

2 ɚɬɨɦɚ ɜɨɞɨɪɨɞɚ, ɨɛɪɚɡɭɟɬɫɹ ɮɟɨɮɢɬɢɧ, ɜɵɩɨɥɧɹɸɳɢɣ ɮɭɧɤɰɢɢ 

ɩɟɪɜɢɱɧɨɝɨ ɚɤɰɟɩɬɨɪɚ ɷɥɟɤɪɨɧɨ ɜ ɮɨɬɨɫɢɫɬɟɦɟ II .  

ɏɥɨɪɨɮɢɥɥɵ ɢɦɟɸɬ ɞɜɚ ɦɚɤɫɢɦɭɦɚ ɩɨɝɥɨɳɟɧɢɹ ɫɜɟɬɚ – ɜ ɫɢɧɟɣ (430 

– 460) ɢ ɜ ɤɪɚɫɧɨɣ (650 – 700 ɧɦ) ɨɛɥɚɫɬɹɯ ɫɩɟɤɬɪɚ. 

ɋɬɪɭɤɬɭɪɚ ɯɥɨɪɨɮɢɥɥɚ ɩɪɢɫɩɨɫɨɛɥɟɧɚ ɞɥɹ ɩɨɫɪɟɞɧɢɱɟɫɬɜɚ ɜ 

ɮɨɬɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɜ ɯɨɞɟ ɮɨɬɨɫɢɧɬɟɡɚ. ɏɥɨɪɨɮɢɥɥ ɷɬɨ ɯɨɪɨɲɢɣ 

ɫɟɧɫɢɛɢɥɢɡɚɬɨɪ, ɨɧ ɥɟɝɤɨ ɜɨɡɛɭɠɞɚɟɬɫɹ ɩɪɢ ɩɨɝɥɨɳɟɧɢɢ ɫɜɟɬɚ ɢ ɨɛɥɚɞɚɟɬ 

ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɟɪɟɞɚɜɚɬɶ ɷɧɟɪɝɢɸ ɞɪɭɝɢɦ ɦɨɥɟɤɭɥɚɦ. ȼɨɡɛɭɠɞɟɧɧɚɹ 

ɫɜɟɬɨɦ ɦɨɥɟɤɭɥɚ ɯɥɨɪɨɮɢɥɥɚ ɩɪɢɨɛɪɟɬɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɭɱɚɫɬɜɨɜɚɬɶ ɜ 

ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɚɯ.  

ɉɨɝɥɨɳɚɹ ɤɜɚɧɬ ɷɧɟɪɝɢɢ, ɜɟɳɟɫɬɜɨ ɩɟɪɟɯɨɞɢɬ ɜ ɜɨɡɛɭɠɞɟɧɧɨɟ 

ɫɨɫɬɨɹɧɢɟ, ɬɨ ɟɫɬɶ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 

ɢɡɥɭɱɟɧɢɹ ɢ ɟɺ ɡɚɩɚɫɚɧɢɹ. ɇɨ ɷɧɟɪɝɢɹ ɷɥɟɤɬɪɨɧɧɨɝɨ ɜɨɡɞɭɠɞɟɧɢɹ ɛɵɫɬɪɨ 

ɩɟɪɟɯɨɞɢɬ ɜ ɬɟɩɥɨ ɢɥɢ ɫɧɨɜɚ ɢɡɥɭɱɚɟɬɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ. ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ 

ɜɨɡɛɭɠɞɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ – ɫɢɧɝɥɟɬɧɨɟ ɢ ɬɪɢɩɥɟɬɧɨɟ. ȿɫɥɢ ɩɪɢ ɩɨɝɥɨɳɟɧɢɢ 

ɤɜɚɧɬɚ ɫɜɟɬɚ ɫɩɢɧɵ ɷɥɟɤɬɪɨɧɨɜ ɨɫɬɚɸɬɫɹ ɚɧɬɢɩɚɪɚɥɥɟɥɶɧɵɦɢ, ɦɨɥɟɤɭɥɚ 

ɯɥɨɪɨɮɢɥɥɚ ɩɟɪɟɯɨɞɢɬ ɜ ɫɢɧɝɥɟɬɧɨɟ ɜɨɡɛɭɠɞɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ (S1 ɢɥɢ S2). 

ɋɢɧɝɥɟɬɧɨɟ ɜɨɡɛɭɠɞɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ S2 ɧɟɫɬɚɛɢɥɶɧɨ, ɷɥɟɤɬɪɨɧ ɛɵɫɬɪɨ (10-

12 ɫ) ɬɟɪɹɟɬ ɱɚɫɬɶ ɷɧɟɪɝɢɢ ɜ ɜɢɞɟ ɬɟɩɥɚ ɢ ɩɟɪɟɯɨɞɢɬ ɧɚ ɧɢɠɧɢɣ ɭɪɨɜɟɧɶ (S1), 

ɝɞɟ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɬɟɱɟɧɢɟ 10-9 — 10-8 ɫ. ȼɨɡɜɪɚɳɟɧɢɟ ɜ ɢɫɯɨɞɧɨɟ 

ɫɨɫɬɨɹɧɢɟ ɦɨɥɟɤɭɥɵ ɯɥɨɪɨɮɢɥɥɚ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɪɚɡɧɵɦɢ ɩɭɬɹɦɢ. 

ɉɟɪɜɵɣ ɩɭɬɶ, ɷɬɨ ɨɬɞɚɜ ɱɚɫɬɶ ɷɧɟɪɝɢɢ ɜ ɜɢɞɟ ɬɟɩɥɚ ɢ ɢɡɥɭɱɢɜ ɤɜɚɧɬ ɫɜɟɬɚ, 

ɦɨɥɟɤɭɥɚ ɦɨɠɟɬ ɩɟɪɟɣɬɢ ɜ ɨɫɧɨɜɧɨɟ ɫɨɫɬɨɹɧɢɟ (S0). Ɍɚɤɨɟ ɹɜɥɟɧɢɟ 
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ɧɚɡɵɜɚɟɬɫɹ ɮɥɭɨɪɟɫɰɟɧɰɢɟɣ. ɋɨɝɥɚɫɧɨ ɩɪɚɜɢɥɭ ɋɬɨɤɫɚ ɞɥɢɧɚ ɜɨɥɧɵ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɛɨɥɶɲɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɥɢɧ ɜɨɥɧ ɩɨɝɥɨɳɟɧɢɹ. ȼɨ-

ɜɬɨɪɵɯ, ɜ ɫɢɧɝɥɟɬɧɨɦ ɜɨɡɛɭɠɞɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ S1 ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ 

ɢɡɦɟɧɟɧɢɟ ɡɧɚɤɚ ɫɩɢɧɚ ɷɥɟɤɬɪɨɧɚ, ɩɪɢ ɷɬɨɦ ɦɨɥɟɤɭɥɚ ɯɥɨɪɨɮɢɥɥɚ 

ɩɟɪɟɯɨɞɢɬ ɜ ɦɟɬɚɫɬɚɛɢɥɶɧɨɟ ɬɪɢɩɥɟɬɧɨɟ ɫɨɫɬɨɹɧɢɟ (Ɍ), ɢɦɟɸɳɟɟ ɝɨɪɚɡɞɨ 

ɛɨɥɶɲɟɟ ɜɪɟɦɹ ɠɢɡɧɢ — ɩɨɪɹɞɤɚ 10-5 — 10-3 ɫ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ 

ɜɨɡɛɭɠɞɟɧɧɵɣ ɷɥɟɤɬɪɨɧ ɩɪɢɨɛɪɟɬɚɟɬ ɬɨɬ ɠɟ ɡɧɚɤ ɫɩɢɧɚ, ɱɬɨ ɢ 

ɧɟɜɨɡɛɭɠɞɟɧɧɵɣ ɷɥɟɤɬɪɨɧ, ɨɫɬɚɜɲɢɣɫɹ ɧɚ ɨɫɧɨɜɧɨɦ ɭɪɨɜɧɟ (S0). ɗɬɨ ɧɟ 

ɩɨɡɜɨɥɹɟɬ ɜɨɡɛɭɠɞɟɧɧɨɦɭ ɷɥɟɤɬɪɨɧɭ ɜ ɬɪɢɩɥɟɬɧɨɦ ɫɨɫɬɨɹɧɢɢ ɡɚɧɹɬɶ 

ɷɥɟɤɬɪɨɧɧɭɸ "ɞɵɪɤɭ" ɧɚ ɨɫɧɨɜɧɨɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɭɪɨɜɧɟ (S0) ɞɨ ɬɟɯ ɩɨɪ, 

ɩɨɤɚ ɧɟ ɩɪɨɢɡɨɣɞɟɬ ɫɦɟɧɚ ɡɧɚɤɚ ɫɩɢɧɚ. ɂɡ ɬɪɢɩɥɟɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɨɥɟɤɭɥɚ 

ɦɨɠɟɬ ɜɟɪɧɭɬɶɫɹ ɜ ɨɫɧɨɜɧɨɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ, ɢɡɥɭɱɢɜ ɤɜɚɧɬ ɫɜɟɬɚ 

ɛɨɥɟɟ ɞɥɢɧɧɨɜɨɥɧɨɜɵɣ, ɱɟɦ ɩɪɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ. Ɍɚɤɨɟ ɫɜɟɱɟɧɢɟ ɧɚɡɵɜɚɸɬ 

ɮɨɫɮɨɪɟɫɰɟɧɰɢɟɣ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɹɦɨɣ ɩɟɪɟɯɨɞ ɢɡ ɨɫɧɨɜɧɨɝɨ 

ɫɢɧɝɥɟɬɧɨɝɨ (S0) ɜ ɬɪɢɩɥɟɬɧɨɟ ɜɨɡɛɭɠɞɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɦɚɥɨɜɟɪɨɹɬɟɧ. 

ɉɟɪɟɯɨɞ ɷɥɟɤɬɪɨɧɚ ɜ ɬɪɢɩɥɟɬɧɨɟ ɫɨɫɬɨɹɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɱɟɪɟɡ 

ɫɢɧɝɥɟɬɧɨɟ (S1) ɜɨɡɛɭɠɞɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ. Ɍɪɟɬɢɣ ɩɭɬɶ, ɷɧɟɪɝɢɹ ɫɢɧɝɥɟɬɧɨɝɨ 

ɜɨɡɛɭɠɞɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɨɥɟɤɭɥɵ ɯɥɨɪɨɮɢɥɥɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ 

ɜ ɯɨɞɟ ɮɨɬɨɫɢɧɬɟɡɚ ɜ ɮɨɬɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɹɯ ɢ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɬɶɫɹ ɜ 

ɷɧɟɪɝɢɸ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ (Birks J. B., Easterly 

C. E., Christophorou L. G., 1977; Ɇɟɞɜɟɞɟɜ ɋ. ɋ., 2013). 

ɋɧɢɠɟɧɢɟ ɜɵɯɨɞɚ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɨɬ ɦɚɤɫɢɦɚɥɶɧɵɯ ɭɪɨɜɧɟɣ, ɨɛɵɱɧɨ 

ɧɚɡɵɜɚɸɬ ɝɚɲɟɧɢɟɦ. Ɉɧɨ ɜɵɡɜɚɧɨ ɧɚɛɨɪɨɦ ɦɟɯɚɧɢɡɦɨɜ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ 

ɩɟɪɜɢɱɧɨɟ ɮɨɬɨɯɢɦɢɱɟɫɤɨɟ ɝɚɲɟɧɢɟ (qQ, ɫɜɹɡɚɧɧɨɟ ɫ ɡɚɯɜɚɬɨɦ ɤɜɚɧɬɨɜ ɢ 

ɪɚɫɳɟɩɥɟɧɢɟɦ ɜɨɞɵ ɮɨɬɨɫɢɫɬɟɦɨɣ II, ɢ ɞɪɭɝɢɦɢ ɜɬɨɪɢɱɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ 

ɤɨɬɨɪɵɟ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɨɬɜɨɞɹɬ ɢɡɛɵɬɨɱɧɭɸ ɷɧɟɪɝɢɸ ɜɨɡɛɭɠɞɟɧɢɹ ɨɬ 

ɪɟɚɤɰɢɨɧɧɵɯ ɰɟɧɬɪɨɜ (ɧɟɮɨɬɨɯɢɦɢɱɟɫɤɨɟ ɬɭɲɟɧɢɟ)). ɇɟɮɨɬɨɯɢɦɢɱɟɫɤɨɟ 

ɬɭɲɟɧɢɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɤɨɪɪɟɥɢɪɭɟɬɫɹ ɫ ɭɫɬɚɧɨɜɥɟɧɢɟɦ ɩɪɨɬɨɧɧɵɯ 

ɝɪɚɞɢɟɧɬɨɜ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ ɤɨɦɩɚɪɬɦɟɧɬɚɦɢ ɯɥɨɪɨɩɥɚɫɬɚ, ɱɬɨ ɦɨɠɟɬ 

ɩɪɢɜɨɞɢɬɶ ɤ ɨɛɪɚɬɢɦɨɦɭ ɫɢɧɬɟɡɭ ɤɫɚɧɬɨɮɢɥɶɧɵɯ ɩɢɝɦɟɧɬɨɜ, ɚ ɬɚɤ ɠɟ 
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ɡɟɚɤɫɚɧɬɢɧɚ. Ɉɛɪɚɡɨɜɚɧɢɟ ɡɟɚɤɫɚɧɬɢɧɚ ɦɨɠɟɬ ɛɵɬɶ ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɡɚ 

ɝɚɲɟɧɢɟ ɪɟɡɨɧɚɧɫɧɨɣ ɩɟɪɟɞɚɱɟɣ ɷɧɟɪɝɢɢ (Daley P. F.,1995). 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜɟɫɶ ɯɥɨɪɨɮɢɥɥ ɜ ɯɥɨɪɨɩɥɚɫɬɚɯ ɪɚɫɬɟɧɢɣ ɥɨɤɚɥɢɡɨɜɚɧ ɜ 

ɩɢɝɦɟɧɬ-ɛɟɥɤɨɜɵɯ ɤɨɦɩɥɟɤɫɚɯ ɮɨɬɨɫɢɫɬɟɦ. Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ ɯɥɨɪɨɮɢɥɥɚ Ⱥ 

(50 – 60%) ɢ ɜɟɫɶ ɯɥɨɪɨɮɢɥɥ ȼ ɫɜɹɡɚɧɧɵɯ ɫ ɛɟɥɤɚɦɢ ɫɜɟɬɨɫɨɛɢɪɚɸɳɢɯ 

ɯɥɨɪɨɮɢɥɥ-Ⱥ/ȼ-ɛɟɥɤɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ ɮɨɬɨɫɢɫɬɟɦɵ I ɢ II (ɋɋɄ I ɢ ɋɋɄ II). 

Ɉɫɬɚɥɶɧɚɹ ɱɚɫɬɶ ɯɥɨɪɨɮɢɥɥɚ Ⱥ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɹɞɪɨɜɵɯ ɯɥɨɪɨɮɢɥɥ-Ⱥ-

ɛɟɥɤɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ ɪɟɚɤɰɢɨɧɧɵɯ ɰɟɧɬɪɨɜ ɮɨɬɨɫɢɫɬɟɦɵ I ɢ II (Ɋɐ Ɏɋ-I ɢ 

Ɋɐ Ɏɋ- II). ɇɭɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ ɫ ɤɚɤɢɦ ɢɡ ɛɟɥɤɨɜ 

ɫɜɹɡɚɧɵ ɦɨɥɟɤɭɥɵ ɯɥɨɪɨɮɢɥɥɚ, ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɢɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ 

ɥɨɤɚɥɢɡɚɰɢɹ ɜ ɦɟɦɛɪɚɧɚɯ ɬɢɥɚɤɨɢɞɨɜ, ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɦɟɠɞɭ ɫɨɛɨɣ, ɚ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɢɯ ɫɩɟɤɬɪɵ ɩɨɝɥɨɳɟɧɢɹ ɢ ɢɡɥɭɱɟɧɢɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

ɯɥɨɪɨɮɢɥɥɚ ɤɚɠɞɨɝɨ ɢɡ ɱɟɬɵɪɟɯ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɩɢɝɦɟɧɬ-ɛɟɥɤɨɜɵɯ 

ɤɨɦɩɥɟɤɫɨɜ (Ʌɚɞɵɝɢɧ ȼ. Ƚ., 2015). 

 

 
Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɫɬɪɨɟɧɢɟ ɮɨɬɨɫɢɫɬɟɦɵ II (Ɇɟɞɜɟɞɟɜ ɋ. ɋ., 2013) 
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ɉɪɢ ɮɨɬɨɫɢɧɬɟɡɟ ɫɜɟɬɨɜɚɹ ɷɧɟɪɝɢɹ, ɩɨɝɥɨɳɚɟɦɚɹ ɩɢɝɦɟɧɬɧɨ-

ɛɟɥɤɨɜɵɦɢ ɤɨɦɩɥɟɤɫɚɦɢ (ɋɋɄ), ɩɟɪɟɧɨɫɢɬɫɹ ɫ ɯɥɨɪɨɮɢɥɥɨɦ Ⱥ ɜ 

ɪɟɚɤɰɢɨɧɧɵɟ ɰɟɧɬɪɵ ɮɨɬɨɫɢɫɬɟɦɵ II (Ɏɋ I ɢ Ɏɋ II). ɗɧɟɪɝɢɹ ɫɜɟɬɚ 

ɜɵɡɵɜɚɟɬ ɩɟɪɜɢɱɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɡɚɪɹɞɨɜ ɜ Ɋɐ Ɏɋ I ɢ Ɏɋ II ɡɚɩɭɫɤɚɟɬ 

ɰɟɩɨɱɤɭ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɫɨɛɵɬɢɣ, ɩɨɞɞɟɪɠɢɜɚɹ ɩɪɨɰɟɫɫ 

ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɨɜ, ɧɚɱɢɧɚɹ ɫ ɜɨɞɵ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɜɢɱɧɨɝɨ ɞɨɧɨɪɚ 

ɷɥɟɤɬɪɨɧɨɜ ɞɨ Ɏɋ II ɢ, ɞɨ ɤɨɧɰɟɜɨɝɨ ɚɤɰɟɩɬɨɪɚ ɷɥɟɤɬɪɨɧɨɜ NADP. Ɍɚɤɨɣ 

ɬɪɚɧɫɩɨɪɬ ɷɥɟɤɬɪɨɧɨɜ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɩɪɨɬɨɧɧɵɦ ɝɪɚɞɢɟɧɬɨɦ ɜ ɬɢɥɚɤɨɢɞɧɵɯ 

ɦɟɦɛɪɚɧɚɯ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɨɛɪɚɡɨɜɚɧɢɹ ȺɌɎ. ɋɢɧɬɟɡ 

NADPH ɢ ȺɌɎ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɩɟɪɟɧɨɫɨɦ ɷɥɟɤɬɪɨɧɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɨɫɧɨɜɧɨɟ ɭɫɥɨɜɢɟ ɞɥɹ ɮɢɤɫɚɰɢɢ ɋɈ2 ɢ ɞɪɭɝɢɯ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, 

ɬɟɫɧɨ ɫɜɹɡɚɧɧɵɯ ɫ ɮɨɬɨɫɢɧɬɟɡɨɦ. ɑɚɫɬɶ ɩɨɝɥɨɳɟɧɧɨɣ ɫɜɟɬɨɜɨɣ ɷɧɟɪɝɢɢ, ɧɟ 

ɢɫɩɨɥɶɡɭɟɦɚɹ ɜ ɮɨɬɨɯɢɦɢɢ ɮɨɬɨɫɢɫɬɟɦɵ II, ɪɚɫɫɟɢɜɚɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ 

ɛɟɡɵɡɥɭɱɚɬɟɥɶɧɨɣ ɷɧɟɪɝɢɢ ɢɥɢ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɫɜɹɡɚɧɧɨɝɨ ɫ 

ɤɨɦɩɥɟɤɫɨɦ ɮɨɬɨɫɢɫɬɟɦɵ II (DeEll J. R., Toivonen P. M. A. ɢ ɞɪ,2012). 

 

1.5  ȼɥɢɹɧɢɟ ɝɟɪɛɢɰɢɞɚ ɧɚ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɪɚɫɬɟɧɢɣ 

ɍɜɟɥɢɱɟɧɢɟ ɡɟɦɟɥɶ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ ɩɪɢɜɟɥɨ ɤ ɜɵɫɨɤɨɦɭ ɪɨɫɬɭ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɟɪɛɢɰɢɞɨɜ, ɱɬɨ ɩɨɜɥɟɤɥɨ ɡɚ ɫɨɛɨɣ ɬɨɤɫɢɱɟɫɤɨɟ ɡɚɝɪɹɡɧɟɧɢɟ 

ɩɨɱɜɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɡɚɝɪɹɡɧɟɧɢɹ ɝɟɪɛɢɰɢɞɚɦɢ ɩɨɬɪɟɛɨɜɚɥɨɫɶ ɪɚɡɪɚɛɨɬɚɬɶ 

ɦɟɬɨɞɵ ɨɰɟɧɢɜɚɸɳɢɟ ɜɥɢɹɧɢɹ ɬɚɤɢɯ ɜɟɳɟɫɬɜ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 

Ƚɟɪɛɢɰɢɞɵ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɮɨɬɨɫɢɧɬɟɡ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢɱɢɧɢɬɶ ɭɳɟɪɛ ɪɨɫɬɭ ɪɚɫɬɟɧɢɣ. ɂɧɝɢɛɢɪɨɜɚɧɢɟ 

ɮɨɬɨɫɢɧɬɟɡɚ ɢɥɢ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɮɨɬɨɫɢɧɬɟɡɨɦ, 

ɦɨɠɟɬ ɩɨɤɚɡɚɬɶ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɪɚɫɬɟɧɢɹ, ɢ ɩɨɷɬɨɦɭ ɢɡɦɟɪɟɧɢɟ 

ɮɨɬɨɫɢɧɬɟɡɚ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɨɤɚɡɚɬɟɥɹ ɜɨɡɞɟɣɫɬɜɢɹ 

ɫɬɪɟɫɫɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ȿɳɟ ɧɚ ɪɚɧɧɢɯ ɷɬɚɩɚɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɬɚɥɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɢɡɦɟɪɟɧɢɟ ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ ɢɡɦɟɧɟɧɢɹ 

ɮɨɬɨɫɢɧɬɟɡɚ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɟɡɧɵɦ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɩɪɢɫɭɬɫɬɜɢɹ 

ɩɨɥɸɬɚɧɬɨɜ ɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ.  
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ȿɫɥɢ ɮɨɬɨɫɢɧɬɟɡ ɢɥɢ ɫɜɹɡɚɧɧɵɟ ɫ ɧɢɦ ɛɢɨɯɢɦɢɱɟɫɤɢɟ ɢɥɢ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɛɭɞɭɬ ɢɡɦɟɧɟɧɵ, ɜɵɯɨɞ ɢ ɤɢɧɟɬɢɤɚ ɪɚɫɫɟɹɧɧɨɣ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɛɭɞɭɬ ɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɟɧɵ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɤɪɢɜɚɹ 

ɤɢɧɟɬɢɤɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɢɡɜɟɫɬɧɚɹ ɤɚɤ ɷɮɮɟɤɬ Ʉɚɭɫɬɤɨɝɨ, ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ, 

ɱɬɨɛɵ ɭɤɚɡɚɬɶ ɧɚ ɢɡɦɟɧɟɧɢɟ ɫɩɨɫɨɛɧɨɫɬɢ ɮɨɬɨɫɢɧɬɟɡɚ, ɤɨɝɞɚ ɩɨɜɪɟɠɞɟɧɢɟ 

ɜɵɡɜɚɧɨ ɡɚɝɪɹɡɧɢɬɟɥɹɦɢ ɢɥɢ ɭɫɥɨɜɢɹɦɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (Stober F., 

Lichtenthaler H. K., 1993; Stirbet A., 2011). 

Ɂɚ ɩɨɫɥɟɞɧɢɟ 15 ɥɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɫɩɨɫɨɛɫɬɜɨɜɚɥɢ 

ɪɚɡɜɢɬɢɸ ɮɥɭɨɪɨɦɟɬɪɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 

ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢ ɩɪɢɤɥɚɞɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɦɩɥɢɬɭɞɧɨ-ɢɦɩɭɥɶɫɧɨɣ ɦɨɞɭɥɹɰɢɢ (PAM) ɢ ɚɧɚɥɢɡɚɬɨɪɚ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɫɬɟɧɢɣ (PEA) ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɨɞɢɬɶ 

ɧɟɢɧɜɚɡɢɜɧɵɟ ɢɡɦɟɪɟɧɢɹ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɟɣ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɪɚɫɬɢɬɟɥɶɧɨɣ ɬɤɚɧɢ (DeEll J. R., Toivonen P. 

M. A. ɢ ɞɪ,2012). 

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɢɡɦɟɪɟɧɢɹ ɯɥɨɪɨɮɢɥɥɚ ɢ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɜɫɟ ɲɢɪɟ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɮɢɡɢɨɥɨɝɢɢ 

ɪɚɫɬɟɧɢɣ. ɏɥɨɪɨɮɢɥɥ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɨɛɫɬɜɟɧɧɵɣ 

ɮɥɭɨɪɟɫɰɟɧɬɧɵɣ ɡɨɧɞ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ (Krause G. H., Weis E., 

1984).  

Ɇɧɨɝɢɟ ɝɟɪɛɢɰɢɞɵ ɫɩɨɫɨɛɧɵ ɧɚɩɪɹɦɭɸ ɢɧɝɢɛɢɪɨɜɚɬɶ ɚɤɬɢɜɧɨɫɬɶ 

ɮɨɬɨɫɢɫɬɟɦɵ II ɜɨɞɨɪɨɫɥɟɣ ɢ ɜɵɫɲɢɯ ɪɚɫɬɟɧɢɣ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɫɧɨɜɚɧɧɵɟ 

ɧɚ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɯɥɨɪɨɮɢɥɥɚ, ɩɨɤɚɡɵɜɚɸɬ ɷɬɨ ɢɧɝɢɛɢɪɨɜɚɧɢɟ. ȼ ɬɚɤɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɪɚɫɬɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɤɚɤ ɛɢɨɫɟɧɫɨɪɵ. ɇɟɤɨɬɨɪɵɟ 

ɝɟɪɛɢɰɢɞɵ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ ɤɨɫɜɟɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɮɨɬɨɫɢɧɬɟɡ, ɬɨ ɟɫɬɶ 

ɢɡɦɟɧɹɬɶ ɜɬɨɪɢɱɧɵɟ ɦɟɬɚɛɨɥɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɚɫɫɢɦɢɥɹɰɢɟɣ 

ɭɝɥɟɪɨɞɚ ɮɨɬɨɞɵɯɚɧɢɟɦ ɢ ɦɟɬɚɛɨɥɢɡɦɨɦ ɚɡɨɬɚ (ɢɥɢ ɫɢɧɬɟɡ ɥɢɩɢɞɨɜ, 

ɩɢɝɦɟɧɬɨɜ ɢɥɢ ɚɦɢɧɨɤɢɫɥɨɬ). Ȼɨɥɶɲɢɧɫɬɜɨ ɤɨɦɦɟɪɱɟɫɤɢɯ ɝɟɪɛɢɰɢɞɨɜ 

ɧɚɩɪɹɦɭɸ ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ ɮɨɬɨɯɢɦɢɸ ɮɨɬɨɫɢɫɬɟɦɵ II, ɛɥɨɤɢɪɭɹ 

ɬɪɚɧɫɩɨɪɬ ɷɥɟɤɬɪɨɧɨɜ ɧɚ ɜɬɨɪɢɱɧɨɦ ɚɤɰɟɩɬɨɪɟ ɷɥɟɤɬɪɨɧɨɜ Ɏɋ II QB , 

ɤɨɬɨɪɵɣ ɫɜɹɡɚɧ ɫ ɛɟɥɤɨɦ D1, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɨɛɪɚɡɨɜɚɧɢɹ 
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ATP ɢ NADPH ɢ ɬɟɦ ɫɚɦɵɦ ɨɤɚɡɵɜɚɟɬ ɜɪɟɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɪɨɫɬ ɢ 

ɪɚɡɜɢɬɢɟ ɪɚɫɬɟɧɢɣ (DeEll J. R., Toivonen P. M. A. ɢ ɞɪ,2012). 

ɉɨɩɭɥɹɪɧɵɦ ɦɟɬɨɞɨɦ ɢɡɭɱɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɝɨ 

ɚɩɩɚɪɚɬɵ ɹɜɥɹɟɬɫɹ ɮɥɭɨɪɟɫɰɟɧɬɧɵɣ ɚɧɚɥɢɡ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɹɬ ɧɚ 

ɊȺɆ ɮɥɭɨɪɢɦɟɬɪɚɯ. ɇɨɜɚɹ ɫɢɫɬɟɦɚ ɢɫɩɨɥɶɡɭɟɬ ɦɢɧɢɚɬɸɪɧɵɣ 

ɮɨɬɨɭɦɧɨɠɢɬɟɥɶ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɢɦɩɭɥɶɫɚ ɦɨɞɭɥɹɰɢɢ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ 

ɫɢɝɧɚɥɚ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɸɬ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɤɢɧɟɬɢɤɭ 

ɢɧɞɭɤɰɢɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (ɷɮɮɟɤɬ Ʉɚɭɬɫɤɨɝɨ), ɬɭɲɟɧɢɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

ɦɟɬɨɞɨɦ ɢɦɩɭɥɶɫɚ ɧɚɫɵɳɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɤɜɚɧɬɨɜɨɝɨ ɜɵɯɨɞɚ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɜ ɮɨɬɨɫɢɫɬɟɦɟ II ɧɚ ɪɚɡɧɵɯ ɭɱɚɫɬɤɚɯ ɥɢɫɬɚ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɤɢɧɟɬɢɤɚ ɩɨɜɵɲɟɧɢɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɡɚɦɟɬɧɨ ɛɵɫɬɪɟɟ, ɤɨɝɞɚ 

ɯɥɨɪɨɩɥɚɫɬɵ ɜɧɭɬɪɢ ɝɭɛɱɚɬɨɝɨ ɦɟɡɨɮɢɥɥɚ ɨɫɜɟɳɚɸɬɫɹ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɯɥɨɪɨɩɥɚɫɬɚɦɢ ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɩɚɥɢɫɚɞɧɨɦ ɦɟɡɨɮɢɥɥɟ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 

ɮɨɬɨɢɧɝɢɛɢɪɨɜɚɧɢɟ ɜɥɢɹɟɬ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɧɚ ɤɜɚɧɬɨɜɵɣ ɜɵɯɨɞ 

ɯɥɨɪɨɩɥɚɫɬɨɜ ɜ ɩɚɥɢɫɚɞɧɨɦ ɦɟɡɨɮɢɥɥɟ (Daley P. F., 1995; Sayed O. H., 2003; 

Krause G. H., Weis E., 1984; Krause G. H., Weis E., 1991; Lang M., Stober F.,ɢ 

ɞɪ,1991; Ƚɚɟɜɫɤɢɣ ɇ. Ⱥ., Ɇɨɪɝɭɧ ȼ. ɇ., 1993; Adams W. W., Demmig-Adams 

B.,2004; Juneau P., Green B. R., Harrison P. J.,2005; ɇɟɫɬɟɪɟɧɤɨ Ɍ. ȼ., ɢ ɞɪ, 

2007; Baker N. R.,2008; Migliavacca M. ɢ ɞɪ., 2017; Chu J.,ɢ ɞɪ, 2018).  
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ɁȺɄɅɘɑȿɇɂȿ 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɞɟɣɫɬɜɢɹ ɩɪɟɩɚɪɚɬɚ ɦɟɬɪɢɛɭɡɢɧɚ ɧɚ 

ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɤɭɥɶɬɭɪɧɵɯ ɢ ɫɨɪɧɵɯ ɪɚɫɬɟɧɢɣ ɩɨɤɚɡɚɥɨ: 

1. Ɇɟɬɨɞɨɦ ɜɚɤɭɭɦɧɨɣ ɢɧɮɢɥɶɬɪɚɰɢɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɟɣɫɬɜɢɟ 

ɝɟɪɛɢɰɢɞɚ ɦɟɬɪɢɛɭɡɢɧɚ ɧɚ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɩɪɨɹɜɥɹɟɬɫɹ ɭɠɟ 

ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,05 ɦɝ/ɥ, ɚ ɟɝɨ ɧɟɨɫɩɨɪɢɦɵɣ ɷɮɮɟɤɬ ɧɚ ɮɨɬɨɫɢɧɬɟɡ 

ɪɚɫɬɟɧɢɹ ɡɚɦɟɬɟɧ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,5 ɦɝ/ɥ. 

2. Ⱦɟɣɫɬɜɢɟ ɪɚɡɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɝɟɪɛɢɰɢɞɚ 

ɦɟɬɪɢɛɭɡɢɧɚ ɩɪɢ ɞɨɜɫɯɨɞɨɜɨɣ ɨɛɪɚɛɨɬɤɟ ɡɟɪɧɨɜɵɯ ɤɭɥɶɬɭɪ ɢ ɫɨɪɧɵɯ 

ɪɚɫɬɟɧɢɣ ɩɨɤɚɡɚɥɚ ɫɧɢɠɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɮɨɬɨɫɢɧɬɟɡɚ (Y(II )mɚɯ, Y(NPQ), 

ETRmax)). ɇɟ ɨɤɚɡɚɥ ɞɨɫɬɨɜɟɪɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɜɫɯɨɠɟɫɬɶ ɫɟɦɹɧ, ɪɨɫɬ 

ɩɪɨɪɨɫɬɤɨɜ ɧɚ ɪɚɧɧɢɯ ɫɬɚɞɢɹɯ ɢ ɧɚɤɨɩɥɟɧɢɟ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɢɝɦɟɧɬɨɜ, 

ɧɨ ɧɚɛɥɸɞɚɥɫɹ ɪɨɫɬ ɢ ɪɚɡɜɢɬɢɟ ɪɚɫɬɟɧɢɣ ɧɟ ɡɚɜɢɫɢɦɨ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɣ 

ɝɟɪɛɢɰɢɞɚ.  

3. ɉɨɫɥɟɜɫɯɨɞɨɜɚɹ ɨɛɪɚɛɨɬɤɚ ɩɪɟɩɚɪɚɬɨɦ ɦɟɬɪɢɛɭɡɢɧɨɦ ɩɨɤɚɡɚɥɚ 

ɫɧɢɠɟɧɢɟ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ (Y(II )mɚɯ, Y(NPQ), ETRmax) 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɹ ɧɚ 21 ɞɟɧɶ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɝɢɛɟɥɶ ɪɚɫɬɟɧɢɣ 

ɨɛɪɚɛɨɬɚɧɧɵɯ ɝɟɪɛɢɰɢɞɨɦ ɧɚ 35 ɞɟɧɶ. 

4. ɉɪɢɦɟɧɟɧɢɟ ɬɪɚɞɢɰɢɨɧɧɨɣ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɮɨɪɦɵ 

ɜɧɟɫɟɧɢɹ ɩɪɟɩɚɪɚɬɚ ɦɟɬɪɢɛɭɡɢɧɚ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɫɧɢɠɟɧɢɟ 

ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ (Y(II )mɚɯ, Y(NPQ), ETRmax) ɧɚɛɥɸɞɚɥɨɫɶ 

ɭ ɜɫɟɯ ɨɛɪɚɛɨɬɚɧɧɵɯ ɪɚɫɬɟɧɢɣ. ɗɮɮɟɤɬ ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɩɪɟɩɚɪɚɬɚ 

ɦɟɬɪɢɛɭɡɢɧɚ ɢɦɟɥ ɧɟɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ ɞɟɣɫɬɜɢɟ, ɚ ɞɟɣɫɬɜɢɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɮɨɪɦɵ ɩɪɟɩɚɪɚɬɚ ɦɟɬɪɢɛɭɡɢɧɚ ɛɵɥɨ ɛɨɥɟɟ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɦ ɢ ɷɮɮɟɤɬɢɜɧɵɦ.  

5. ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɪɢɛɭɡɢɧɚ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɮɨɪɦɟ ɞɨɫɬɚɜɤɢ 

ɨɛɥɚɞɚɟɬ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɩɟɪɟɞ ɬɪɚɞɢɰɢɨɧɧɵɦ ɫɩɨɫɨɛɨɦ (ɩɨɥɢɜɨɦ), 

ɭɦɟɧɶɲɚɹ ɬɨɤɫɢɱɧɨɫɬɢ ɢ ɭɜɟɥɢɱɢɜɚɹ ɜɪɟɦɹ ɞɟɣɫɬɜɢɹ ɦɟɬɪɢɛɭɡɢɧɚ.  

  



24 
 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɍȿɆɈɃ ɅɂɌȿɊȺɌɍɊɕ 

1. Ƚɚɟɜɫɤɢɣ ɇ. Ⱥ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɢ ɡɚɦɟɞɥɟɧɧɨɣ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɯɥɨɪɨɮɢɥɥɚ ɞɥɹ ɢɡɭɱɟɧɢɹ ɮɨɬɨɫɢɧɬɟɡɚ ɪɚɫɬɟɧɢɣ / ɇ. Ⱥ. 

Ƚɚɟɜɫɤɢɣ, ȼ. ɇ. Ɇɨɪɝɭɧ //Ɏɢɡɢɨɥɨɝɢɹ ɪɚɫɬɟɧɢɣ. – 1993. – Ɍ. 40. – №. 1. – 

ɋ. 119-127. 

2. Ƚɨɪɛɚɬɨɜɚ Ɉ. ɇ. Ɍɪɢɚɡɢɧɨɜɵɟ ɩɟɫɬɢɰɢɞɵ: ɫɬɪɭɤɬɭɪɚ, ɞɟɣɫɬɜɢɟ ɧɚ ɠɢɜɵɟ 

ɨɪɝɚɧɢɡɦɵ, ɩɪɨɰɟɫɫɵ ɞɟɝɪɚɞɚɰɢɢ / Ɉ. ɇ. Ƚɨɪɛɚɬɨɜɚ, Ⱥ. ȼ. ɀɟɪɞɟɜ, Ɉ. ȼ. 

Ʉɨɪɨɥɟɜɚ //ɍɫɩɟɯɢ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɯɢɦɢɢ. – 2006. – Ɍ. 46. – №. 2. – ɋ. 

323-348. 

3. Ɂɚɯɚɪɱɟɧɤɨ ȼ. Ⱥ. Ƚɟɪɛɢɰɢɞɵ / ȼ. Ⱥ. Ɂɚɯɚɪɱɟɧɤɨ– Ɇ.: Ⱥɝɪɨɩɪɨɦɢɡɞɚɬ 

1990. 

4. Ʉɚɥɦɵɤɨɜ ɋ. ɂ. Ⱥɥɥɟɥɨɩɚɬɢɱɟɫɤɨɟ ɜɥɢɹɧɢɟ ɫɨɪɧɵɯ ɪɚɫɬɟɧɢɣ ɧɚ ɷɧɟɪɝɢɸ 

ɩɪɨɪɚɫɬɚɧɢɹ ɢ ɜɫɯɨɠɟɫɬɶ ɫɟɦɹɧ ɤɭɥɶɬɭɪɧɵɯ ɪɚɫɬɟɧɢɣ / ɋ. ɂ. Ʉɚɥɦɵɤɨɜ, 

Ɇ. Ⱥ. Ⱦɚɭɥɟɬɨɜ, ɇ. ɋ. ɒɚɪɨɜɚ, ȼ. Ȼ. Ʌɟɛɟɞɟɜ, ɇ. ɂ. ɋɬɪɢɠɤɨɜ, 

//Ⱥɝɪɚɪɧɵɣ ɧɚɭɱɧɵɣ ɠɭɪɧɚɥ. – 2007. – №. 5. – ɋ. 17. 
5. Ʉɭɥɢɤɨɜɚ ɇ. Ⱥ., Ʌɟɛɟɞɟɜɚ Ƚ. Ɏ. Ƚɟɪɛɢɰɢɞɵ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ ɢɯ 

ɩɪɢɦɟɧɟɧɢɹ. – 2010. 

6. Ʌɚɞɵɝɢɧ ȼ. Ƚ. ɀɢɡɧɟɧɧɵɣ ɰɢɤɥ, ɧɚɫɥɟɞɨɜɚɧɢɟ, ɛɢɨɝɟɧɟɡ, 

ɛɢɨɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, ɫɩɟɤɬɪɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɢ ɫɬɪɭɤɬɭɪɧɨ-

ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɯɥɨɪɨɩɥɚɫɬɨɜ Chlamydomonas reinhardtii / 

ȼ. Ƚ. Ʌɚɞɵɝɢɧ //ȼɨɩɪɨɫɵ ɫɨɜɪɟɦɟɧɧɨɣ ɚɥɶɝɨɥɨɝɢɢ. – 2015. – №. 2. – ɋ. 2-

2. 

7. Ɇɟɞɜɟɞɟɜ ɋ. ɋ. Ɏɢɡɢɨɥɨɝɢɹ ɪɚɫɬɟɧɢɣ: ɭɱɟɛɧɢɤ / ɋ. ɋ. Ɇɟɞɜɟɞɟɜ – Ȼɏȼ-

ɉɟɬɟɪɛɭɪɝ, 2013. 

8. Ɇɟɥɶɧɢɤɨɜ ɇ. ɇ. ɉɟɫɬɢɰɢɞɵ. ɏɢɦɢɹ, ɬɟɯɧɨɥɨɝɢɹ ɢ ɩɪɢɦɟɧɟɧɢɟ/ ɇ. ɇ. 

Ɇɟɥɶɧɢɤɨɜ //Ɇ.: ɏɢɦɢɹ. – 1987. – Ɍ. 712. – ɋ. 2. 

9. Ɇɢɮɬɚɯɭɬɞɢɧɨɜ Ⱥ. ȼ., ȼɢɥɶɜɟɪ Ⱦ. ɋ. Ⱥɤɬɭɚɥɶɧɵɟ ɜɨɩɪɨɫɵ ɜɟɬɟɪɢɧɚɪɢɢ 

ɢ ɛɢɨɬɟɯɧɨɥɨ-ɝɢɢ: ɢɞɟɢ ɦɨɥɨɞɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ [Ɏɚɪɦɚɤɨɤɨɪɪɟɤɰɢɹ 

ɬɨɤɫɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɦɟɬɪɢɛɭɡɢɧɚ ɧɚ ɨɪɝɚɧɢɡɦ ɤɪɨɥɢɤɨɜ]: ɦɚɬɟɪɢɚɥɵ. 

– 2018  

10. ɇɟɫɬɟɪɟɧɤɨ Ɍ. ȼ. ɂɧɞɭɤɰɢɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɯɥɨɪɨɮɢɥɥɚ ɢ ɨɰɟɧɤɚ 



25 
 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɪɚɫɬɟɧɢɣ ɤ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɜɨɡɞɟɣɫɬɜɢɹɦ / Ɍ. ȼ. 

ɇɟɫɬɟɪɟɧɤɨ, Ⱥ. Ⱥ. Ɍɢɯɨɦɢɪɨɜ, ȼ. ɇ. ɒɢɯɨɜ //ɀɭɪɧɚɥ ɨɛɳɟɣ ɛɢɨɥɨɝɢɢ. – 

2007. – Ɍ. 68. – №. 6. – ɋ. 444-458. 

11. ɋɟɥɶɫɤɨɟ ɯɨɡɹɣɫɬɜɨ: Ȼɨɥɶɲɚɹ ɫɨɜɟɬɫɤɚɹ ɷɧɰɢɤɥɨɩɟɞɢɹ /Ɇɟɫɹɰ ȼ. Ʉ.. – 

Ɇɨɫɤɜɚ, 1998. 

12. ɑɭɩɚɯɢɧɚ Ƚ. ɇ. Ɏɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɢ ɛɢɨɯɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ 

ɪɚɫɬɟɧɢɣ / Ƚ. ɇ. ɑɭɩɚɯɢɧɚ //Ʉɚɥɢɧɢɧɝɪɚɞ: Ʉɚɥɢɧɢɧɝɪ. ɭɧ-ɬ. – 2000. 

13. Adams W. W. Chlorophyll fluorescence as a tool to monitor plant response to 

the environment / W. W. Adams, B. Demmig-Adams //Chlorophyll a 

Fluorescence. – Springer, Dordrecht, 2004. – ɋ. 583-604. 

14. Agostinetto D. Changes in photosynthesis and oxidative stress in wheat plants 

submmited to herbicides application / D. Agostinetto, L. T  Perboni, A. C 

Langaro, J.Gomes, D. S Fraga, J. J Franco //Planta Daninha. – 2016. – Ɍ. 34. 

– №. 1. – ɋ. 1-9. 

15. Baker N. R. Chlorophyll fluorescence: a probe of photosynthesis in vivo / N. 

R. Baker //Annu. Rev. Plant Biol. – 2008. – Ɍ. 59. – ɋ. 89-113. 

16. Birks J. B. Christophorou L. G. Stokes and anti‐ Stokes fluorescence of 1, 

12‐ benzoperylene in solution / J. B. Birks, C. E. Easterly, L. 

G.Christophorou //The Journal of Chemical Physics. – 1977. – Ɍ. 66. – №. 9. 

– ɋ. 4231-4236. 

17. Boyandin A. N. Constructing slow-release formulations of metribuzin based 

on degradable poly (3-hydroxybutyrate) / A. N. Boyandin, N. O. Zhila, E. G. 

Kiselev, T. G. Volova //Journal of agricultural and food chemistry. – 2016. – 

Ɍ. 64. – №. 28. – ɋ. 5625-5632. 

18. Chu J. Effects of cadmium on photosynthesis of Schima superba young plant 

detected by chlorophyll fluorescence/ J. Chu, F. Zhu, X. Chen, H. Liang, R. 

Wang, X. Wang, X. Huang, //Environmental Science and Pollution Research. 

– 2018. – Ɍ. 25. – №. 11. – ɋ. 10679-10687. 
19. Daley P. F. Chlorophyll fluorescence analysis and imaging in plant stress and 

disease / Daley P. F. //Canadian journal of plant pathology. – 1995. – Ɍ. 17. – 

№. 2. – ɋ. 167-173. 



26 
 

20. DeEll J. R. Practical applications of chlorophyll fluorescence in plant 

biology/ J. R. DeEll, P. M. A. Toivonen. – Springer Science & Business 

Media, 2012. 

21. Devine M. D. Oxygen toxicity and herbicidal action / M. D. Devine, S. O. 

Duke, C. Fedtke //Physiology of Herbicide Action. Englewood Cliffs, NJ: 

Prentice Hall. – 1993. – ɋ. 177-188. 

22. Delancey J. O. L. Occupational exposure to metribuzin and the incidence of 

cancer in the Agricultural Health Study // J. O. L. Delancey, M. C. Alavanja, 

J. Coble, A. Blair, J. A. Hoppin, H. D. Austin, , L. E. B Freeman/Annals of 

epidemiology. – 2009. – Ɍ. 19. – №. 6. – ɋ. 388-395. 

23. Lang M. Fluorescence emission spectra of plant leaves and plant constituents 

/ M. Lang, F. Stober, H. K. Lichtenthaler//Radiation and Environmental 

Biophysics. – 1991. – Ɍ. 30. – №. 4. – ɋ. 333-347. 

24. Migliavacca M. Plant functional traits and canopy structure control the 

relationship between photosynthetic CO2 uptake and far‐ red sun‐ induced 

fluorescence in a Mediterranean grassland under different nutrient availability 

/ M. Migliavacca, O. Perez‐ Priego, M. Rossini, T. S. El‐ Madany, G., van 

der Tol, C. Moreno, A. Carrara//New Phytologist. – 2017. – Ɍ. 214. – №. 3. – 

ɋ. 1078-1091. 

25. Nabipour M. Mechanisms of resistance to metribuzin in new resistant biotype 

of jungle rice ('Echinochloa colona') in sugarcane fields of hot semi-arid 

climates / M. Nabipour, S. R. Ahmadpour, M. Mesgarbashi, H. Rajabi-

Memari, M. Farzane, //Australian Journal of Crop Science. – 2017. – Ɍ. 11. – 

№. 7. – ɋ. 868 

26. Sayed O. H. Chlorophyll fluorescence as a tool in cereal crop research / O. H. 

Sayed //Photosynthetica. – 2003. – Ɍ. 41. – №. 3. – ɋ. 321-330. 
27. Slamet W.. Leaf area index, chlorophyll, photosynthesis rate of lettuce 

(Lactuca sativa L) under N-organic fertilizer / W. Slamet, E. D. Purbajanti, A. 

Darmawati, E. Fuskhah//Indian Journal of Agricultural Research. – 2017. – Ɍ. 

51. – №. 4. 

28. Durhman A. K. Effect of watering regimen on chlorophyll fluorescence and 



27 
 

growth of selected green roof plant taxa / A. K. Durhman, D. B. Rowe, C. L. 

Rugh //HortScience. – 2006. – Ɍ. 41. – №. 7. – ɋ. 1623-1628. 

29. Schwenger-Erger C. Decreased rate of degradation of the D1 protein in 

metribuzin-resistant photoautotrophic Chenopodium rubrum cell cultures / C. 

Schwenger-Erger, W. Barz//Journal of plant physiology. – 2000. – Ɍ. 156. – 

№. 4. – ɋ. 458-461. 

30. Schreiber U. Measurement of chlorophyll fluorescence within leaves using a 

modified PAM fluorometer with a fiber-optic microprobe / U. Schreiber, M. 

I. KühlKlimant, H. Reising//Photosynthesis Research. – 1996. – Ɍ. 47. – №. 

1. – ɋ. 103-109. 

31. Haggblade S. Causes and consequences of increasing herbicide use in Mali / 

S. Haggblade, M. Smale, V. Theriault, A. Assima//The European Journal of 

Development Research. – 2017. – Ɍ. 29. – №. 3. – ɋ. 648-674. 

32. Hermanutz L. A. Variability in metribuzin tolerance among ruderal and 

agrestal populations of Solanum ptycanthum Dun / L. A. Hermanutz, S. E. 

Weaver //Canadian journal of plant science. – 1994. – Ɍ. 74. – №. 2. – ɋ. 

395-401. 

33. Holm F. A. The history of herbicide use for weed management on the prairies 

/ F. A. Holm, E. N. Johnson //Prairie Soils Crops. – 2009. – Ɍ. 2. – ɋ. 1-11. 

34. Hoar S. K. Agricultural herbicide use and risk of lymphoma and soft-tissue 

sarcoma/ S. K. Hoar, A. Blair, F. F. Holmes, C. D. Boysen, R. J. Robel, R. 

Hoover, J. F. Fraumeni//Jama. – 1986. – Ɍ. 256. – №. 9. – ɋ. 1141-1147. 

35. Savage K. E.. Metribuzin persistence on the soil surface / K. E. Savage 

//Metribuzin persistence on the soil surface. – 1980. 

36. Schwenger-Erger C. Decreased rate of degradation of the D1 protein in 

metribuzin-resistant photoautotrophic Chenopodium rubrum cell cultures / C. 

Schwenger-Erger, W. Barz //Journal of plant physiology. – 2000. – Ɍ. 156. – 

№. 4. – ɋ. 458-461. 

37. Stirbet A. On the relation between the Kautsky effect (chlorophyll a 

fluorescence induction) and photosystem II: basics and applications of the 

OJIP fluorescence transient/ A. Stirbet //Journal of Photochemistry and 



28 
 

Photobiology B: Biology. – 2011. – Ɍ. 104. – №. 1-2. – ɋ. 236-257. 

38. Stober F. Studies on the constancy of the blue and green fluorescence yield 

during the chlorophyll fluorescence induction kinetics (Kautsky effect)/ F. 

Stober, H. K. Lichtenthaler//Radiation and environmental biophysics. – 1993. 

– Ɍ. 32. – №. 4. – ɋ. 357-365. 

39. Juneau P. Simulation of Pulse-Amplitude-Modulated (PAM) fluorescence: 

limitations of some PAM-parameters in studying environmental stress effects/ 

P. Juneau, B. R. Green, P. J. Harrison //Photosynthetica. – 2005. – Ɍ. 43. – №. 

1. – ɋ. 75-83. 

40. Krause G. H. Chlorophyll fluorescence as a tool in plant physiology / G. H. 

Krause, E. Weis //Photosynthesis research. – 1984. – Ɍ. 5. – №. 2. – ɋ. 139-

157. 

41. Krause G. H. Chlorophyll fluorescence and photosynthesis: the basics / G. H. 

Krause, E. Weis //Annual review of plant biology. – 1991. – Ɍ. 42. – №. 1. – 

ɋ. 313-349. 
42. Pfündel E. JUNIOR-PAM chlorophyll fluorometer operators guide //H Walz 

GmbH: Effeltrich, Germany. – 2007. 

43. Pocock R. L. Metribuzin as a barley herbicide / R. L. Pocock //Metribuzin as 

a barley herbicide. – 1980. – №. Volume 33. 

44. Tamru S. The rapid expansion of herbicide use in smallholder agriculture in 

Ethiopia: Patterns, drivers, and implications/ S. Tamru, B. Minten, D. Alemu, 

F. Bachewe //The European Journal of Development Research. – 2017. – Ɍ. 

29. – №. 3. – ɋ. 628-647. 

45. Volova T. G. Constructing herbicide metribuzin sustained-release 

formulations based on the natural polymer poly-3-hydroxybutyrate as a 

degradable matrix / T. G. Volova, N. O. Zhila, O. N. Vinogradova, E. D. 

Nikolaeva, E. G. Kiselev, A. A. Shumilova, E. I Shishatskaya,. //Journal of 

Environmental Science and Health, Part B. – 2016. – Ɍ. 51. – №. 2. – ɋ. 113-

125. 

46. Walz H. IMAGING-PAM M-series Chlorophyll Fluorometer, Instrument 

Description and Information for Users. – 2009. 



29 
 

47. Zimdahl R. L. Fundamentals of weed science/ R. L. Zimdahl – Academic 

press, 2018 

48. Ƚɟɨɝɪɚɮɢɱɟɫɤɚɹ ɷɧɰɢɤɥɨɩɟɞɢɹ: ɡɚɥɟɠɧɵɟ ɡɟɦɥɢ. URL: 

https://dic.academic.ru/dic.nsf/enc_geo/6337/%D0%B7%D0%B0%D0%BB

%D0%B5%D0%B6%D0%BD%D1%8B%D0%B5 

49. ɉɟɫɬɢɰɢɞɵ, ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɦɧɨɝɢɯ ɩɟɫɬɢɰɢɞɚɯ, 

ɚɝɪɨɯɢɦɢɤɚɬɚɯ. [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. URL: 

http://www.pesticidy.ru/active_substance/metribuzin 

50.  Ⱥɝɪɨɯɢɦɢɹ, ɩɨɥɧɚɹ ɜɥɚɝɨɟɦɤɨɫɬɶ ɩɨɱɜɵ. [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. URL: 

http://agrohimija24.ru/agrohimicheskie-metody/1850-polnaya-vlagoemkost-

pochvy.html 
51.  Ɋɚɫɬɜɨɪ ɏɨɝɞɚɧɞɚ ɞɥɹ ɝɢɞɪɨɩɨɧɢɤɢ. [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ].URL: 

https://scienceinhydroponics.com/2009/02/the-hoaglands-solution-for-

hydroponic-cultivation.html 




