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Ɏɥɭɨɪɟɫɰɟɧɬɧɵɟ ɦɟɬɨɞɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧ-
ɝɚ ɬɨɩɨɥɟɣ ɪɚɡɧɵɯ ɪɚɣɨɧɨɜ ɝ. ɍɥɚɧ-Ȼɚɬɨɪ. ȼɟɥɢɱɢɧɚ Fv/Fm ɭ ɨɞɧɨɥɟɬ-

ɧɢɯ ɩɨɛɟɝɨɜ ɝɨɪɨɞɫɤɢɯ ɞɟɪɟɜɶɟɜ ɦɚɥɨ ɨɬɥɢɱɚɥɚɫɶ ɨɬ ɤɨɧɬɪɨɥɹ, ɱɬɨ ɭɤɚ-
ɡɵɜɚɟɬ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɥɚɝɨɩɨɥɭɱɧɭɸ ɷɤɨɥɨɝɢɸ ɝɨɪɨɞɚ. Ɉɞɧɚɤɨ, ɝɢɫ-
ɬɨɝɪɚɦɦɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ Fv/Fm ɢ ɫɧɢɠɟɧɢɟ ∆F/Fm’ ɜɫɟ ɠɟ 
ɭɤɚɡɵɜɚɸɬ ɧɚ ɭɯɭɞɲɟɧɢɟ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɬɨɩɨɥɟɣ. Ⱥɧɚɥɢɡ 
ɢɧɞɭɤɰɢɨɧɧɵɯ ɤɪɢɜɵɯ ɩɨɤɚɡɚɥ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɩɭɥɚ ɯɢɧɨɧɨɜ, ɫɤɨ-
ɪɨɫɬɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɜ ɮɨɬɨɫɢɫɬɟɦɟ 2, ɭɦɟɧɶɲɟɧɢɟ ɚɧ-
ɬɟɧɧ ɢ ɱɢɫɥɚ ɚɤɬɢɜɧɵɯ ɪɟɚɤɰɢɨɧɧɵɯ ɰɟɧɬɪɨɜ. ɇɚɪɭɲɟɧɢɹ ɩɪɨɰɟɫɫɨɜ 
ɮɨɬɨɫɢɧɬɟɡɚ ɜɵɹɜɥɹɸɬɫɹ ɬɨɥɶɤɨ ɭ 3-ɯ ɥɟɬɧɢɯ ɩɨɛɟɝɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɜ ɤɚɱɟɫɬɜɟ ɢɧɞɢɤɚɬɨɪɚ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɰɟɧɨɡɨɜ, ɜɤɥɸɱɚɸɳɢɯ ɬɨɩɨɥɶ. 
 

   

ȼɜɟɞɟɧɢɟ. ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɜɫɟ ɛɨɥɶɲɟ ɧɚɪɭɲɚɟɬɫɹ ɛɚɥɚɧɫ 
ɦɟɠɞɭ ɨɛɳɟɫɬɜɨɦ ɢ ɩɪɢɪɨɞɨɣ. Ɉɫɨɛɟɧɧɨ ɡɚɦɟɬɧɨ ɜɥɢɹɧɢɟ ɨɬɪɢɰɚɬɟɥɶ-
ɧɨɝɨ ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɷɤɨɥɨɝɢɱɟɫɤɭɸ ɫɢɬɭɚɰɢɸ ɜ ɝɨɪɨ-
ɞɚɯ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɟ ɪɚɡɜɢɬɢɟ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɪɨɫɬ ɱɢɫɥɚ 
ɚɜɬɨɦɨɛɢɥɟɣ ɢ ɬɟɩɥɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ (Ɍɗɐ) ɜɯɨɞɹɬ ɜ ɱɢɫɥɨ ɨɫɧɨɜɧɵɯ 
ɡɚɝɪɹɡɧɢɬɟɥɟɣ ɜɨɡɞɭɯɚ, ɩɪɟɞɫɬɚɜɥɹɹ ɬɟɦ ɫɚɦɵɦ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɭɝɪɨɡɭ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ. Ɉɧɢ ɫɥɭɠɚɬ ɢɫɬɨɱɧɢɤɨɦ ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɜ ɚɬɦɨ-
ɫɮɟɪɭ ɦɧɨɝɢɯ ɹɞɨɜɢɬɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɬɚɤɢɯ ɤɚɤ ɫɟɪɧɢɫɬɵɣ ɝɚɡ, ɨɤɫɢɞ 

ɚɡɨɬɚ, ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ (ɬ.ɧ. ɛɟɧɡɩɢɪɟɧ ɢ 

ɩɪɨɢɡɜɨɞɧɵɟ ɚɧɬɪɚɰɟɧɚ), ɹɜɥɹɸɳɢɟɫɹ ɫɢɥɶɧɵɦɢ ɤɚɧɰɟɪɨɝɟɧɚɦɢ, ɚ ɬɚɤ-
ɠɟ ɫɜɢɧɟɰ, ɛɪɨɦ, ɯɥɨɪ, ɢɯ ɫɨɟɞɢɧɟɧɢɹ ɢ ɬ.ɞ. ȼɫɟ ɷɬɢ ɜɟɳɟɫɬɜɚ ɝɭɛɢɬɟɥɶ-
ɧɨ ɞɟɣɫɬɜɭɸɬ ɧɟ ɬɨɥɶɤɨ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ, ɧɨ ɢ ɧɚ ɡɟɥɟɧɵɟ ɧɚɫɚɠɞɟ-
ɧɢɹ ɝɨɪɨɞɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɚɠɚ ɢ ɩɵɥɶ ɡɚɛɢɜɚɸɬ ɭɫɬɶɢɰɚ ɪɚɫɬɟɧɢɣ, ɡɚ-
ɬɪɭɞɧɹɹ ɝɚɡɨɨɛɦɟɧ ɢ ɫɧɢɠɚɹ ɢɯ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɮɨɬɨɫɢɧɬɟɡɭ.  
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Ɉɞɧɢɦ ɢɡ ɨɛɳɟɩɪɢɧɹɬɵɯ ɢɧɞɢɤɚɬɨɪɨɜ ɫɨɫɬɨɹɧɢɹ ɪɚɫɬɟɧɢɣ ɫɥɭɠɢɬ 
ɨɰɟɧɤɚ ɢɡɦɟɧɟɧɢɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɜɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɮɨɬɨɫɢɧɬɟɡɚ ɜ 
ɨɬɜɟɬ ɧɚ ɜɨɡɞɟɣɫɬɜɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ɂɧɚɱɟɧɢɟ ɷɬɨɝɨ ɩɨɤɚɡɚɬɟɥɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɜɚɠɧɨɫɬɶɸ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ ɜ ɠɢɡɧɢ ɪɚɫ-
ɬɟɧɢɹ, ɬɚɤ ɢ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ 
ɤ ɩɨɜɪɟɠɞɚɸɳɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ. ɇɚɪɭɲɟɧɢɹ ɜ ɩɟɪɜɢɱɧɵɯ ɩɪɨɰɟɫɫɚɯ ɮɨ-
ɬɨɫɢɧɬɟɡɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɬɪɚɠɚɸɬɫɹ ɜ ɢɡɦɟɧɟɧɢɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

ɯɥɨɪɨɮɢɥɥɚ ɚ ɢ ɩɨɹɜɥɹɸɬɫɹ ɡɚɞɨɥɝɨ ɞɨ ɜɢɞɢɦɵɯ ɭɯɭɞɲɟɧɢɣ ɮɢɡɢɨɥɨ-
ɝɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɚɫɬɟɧɢɣ. Ɇɧɨɝɢɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ 
ɢɡɦɟɪɟɧɢɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɯɥɨɪɨɮɢɥɥɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɛɵɫɬɪɵɦ, 

ɭɞɨɛɧɵɦ ɢ ɢɧɮɨɪɦɚɬɢɜɧɵɦ ɫɪɟɞɢ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɦɟɬɨɞɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ. ȼ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɮɥɭɨɪɟɫɰɟɧɬɧɵɟ ɦɟɬɨɞɵ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɞɢɚɝɧɨɫɬɢɤɢ 

ɫɨɫɬɨɹɧɢɹ ɪɚɫɬɟɧɢɣ, ɧɚɱɢɧɚɹ ɫ ɨɬɞɟɥɶɧɵɯ ɪɚɫɬɟɧɢɣ ɢ ɡɚɤɚɧɱɢɜɚɹ ɫɨ-
ɫɬɨɹɧɢɟɦ ɷɤɨɫɢɫɬɟɦ (Ɋɭɛɢɧ, 2000; Adams and Demming-Adams, 2004; 

Cavender-Bares and Bazzaz, 2004; əɤɨɜɥɟɜɚ ɢ ɞɪ., 2005).  

ɋɨɜɪɟɦɟɧɧɵɟ ɮɥɭɨɪɟɫɰɟɧɬɧɵɟ ɩɪɢɛɨɪɵ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɤɢ-

ɧɟɬɢɤɢ ɫɜɟɬɨɜɨɣ ɢɧɞɭɤɰɢɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɫ ɜɵɫɨɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ, ɚ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɩɨɞɪɨɛɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɨɫɬɨɹɧɢɢ ɷɥɟɤɬɪɨɧ-

ɬɪɚɧɫɩɨɪɬɧɨɣ ɰɟɩɢ ɮɨɬɨɫɢɧɬɟɡɚ. ȼ ɤɢɧɟɬɢɤɟ ɢɧɞɭɤɰɢɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

ɯɥɨɪɨɮɢɥɥɚ ɜ ɨɬɜɟɬ ɧɚ ɫɜɟɬ ɜɵɫɨɤɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ, ɨɛɵɱɧɨ ɧɚɛɥɸɞɚɟɬ-
ɫɹ ɞɜɚ ɩɢɤɚ — J ɢ I, ɩɨɹɜɥɹɸɳɢɟɫɹ ɦɟɠɞɭ ɧɚɱɚɥɶɧɵɦ Ɉ (Fo) ɢ ɦɚɤɫɢ-

ɦɚɥɶɧɵɦ Ɋ (Fm) ɭɪɨɜɧɹɦɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (Strasser et al., 2004). Ⱥɧɚɥɢɡ 
ɧɚɪɚɫɬɚɧɢɹ ɢɧɞɭɤɰɢɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɪɨɜɨɞɹɬ ɫ ɩɨɦɨɳɶɸ JIP-ɬɟɫɬɚ 
(Strasser and Strasser, 1995) ɩɨɡɜɨɥɹɸɳɟɝɨ ɜɵɹɜɢɬɶ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤɢ ɩɟɪɜɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɮɨɬɨɫɢɧɬɟɡɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɫɨɫɬɨɹɧɢɟ 
ɪɚɫɬɟɧɢɹ ɜ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ. ɋ ɩɨɦɨɳɶɸ ɷɬɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɪɢɟɦɚ 
ɛɵɥɚ ɩɨɤɚɡɚɧɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɮɨɬɨɫɢɧɬɟɡɚ ɤ ɞɟɣɫɬɜɢɸ ɪɚɡɥɢɱɧɵɯ 
ɫɬɪɟɫɫɨɜ, ɬɚɤɢɯ ɤɚɤ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɬɚ (Krüger et al., 1997), ɜɥɢɹɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ (Srivastava et al., 1997), ɧɟɞɨɫɬɚɬɨɤ ɦɢɧɟɪɚɥɶɧɵɯ ɜɟɳɟɫɬɜ 
(Bussotti et al., 2005), ɞɟɣɫɬɜɢɟ ɬɨɤɫɢɤɚɧɬɨɜ (Ali et al., 2006) ɢ ɢɧɝɢɛɢɬɨ-
ɪɨɜ (ȼɨɥɝɭɲɟɜɚ ɢ ɞɪ., 2008).  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɤɨɪɚ ɞɟɪɟɜɶɟɜ ɫɨɞɟɪɠɢɬ ɯɥɨɪɨɩɥɚɫɬɵ, ɨɛɥɚɞɚɸɳɢɟ 
ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɥɢɫɬɶɟɜ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ 
ɫɟɡɨɧɧɨɫɬɶ ɪɚɡɜɢɬɢɹ ɢ ɨɩɚɞɚɸɬ ɨɫɟɧɶɸ, ɯɥɨɪɨɩɥɚɫɬɵ ɤɨɪɵ ɩɨɞɜɟɪɝɚɸɬ-
ɫɹ ɚɧɬɪɨɩɨɝɟɧɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɝɨɞɚ. Ɋɚɧɟɟ ɩɪɨɜɟɞɟɧ-

ɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɮɥɭɨɪɟɫɰɟɧɰɢɢ  

ɯɥɨɪɨɮɢɥɥɚ (ɦɟɬɨɞɨɦ ɊȺɆ) ɜ ɤɨɪɟ ɨɞɧɨɥɟɬɧɢɯ ɩɨɛɟɝɨɜ ɯɨɪɨɲɨ ɨɬɪɚɠɚ-
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ɟɬ ɫɨɫɬɨɹɧɢɟ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɥɢɩɵ, ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɨɣ 

ɞɥɹ ɨɡɟɥɟɧɟɧɢɹ ɝɨɪɨɞɨɜ (ȼɟɧɟɞɢɤɬɨɜ ɢ ɞɪ., 1999). Ⱦɥɹ ɧɟɤɨɬɨɪɵɯ ɜɢɞɨɜ 
ɞɟɪɟɜɶɟɜ ɷɬɨɬ ɦɟɬɨɞ ɬɪɟɛɭɟɬ ɫɩɟɰɢɚɥɶɧɵɯ ɞɨɪɚɛɨɬɨɤ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨ-
ɝɞɚ ɤɨɪɚ ɝɨɞɢɱɧɵɯ ɩɨɛɟɝɨɜ ɞɟɪɟɜɚ ɫɢɥɶɧɨ ɨɩɭɲɟɧɚ (ɹɛɥɨɧɹ, ɫɨɫɧɚ), ɩɨ-
ɤɪɵɬɚ ɱɟɲɭɣɤɚɦɢ (ɥɢɫɬɜɟɧɧɢɰɚ), ɚ ɬɚɤɠɟ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ «ɫɬɪɚɬɟɝɢ-

ɟɣ ɜɵɠɢɜɚɧɢɹ» ɜ ɝɨɪɨɞɟ ɹɜɥɹɟɬɫɹ ɫɛɪɚɫɵɜɚɧɢɟ ɧɟ ɬɨɥɶɤɨ ɥɢɫɬɶɟɜ, ɧɨ ɢ 

ɧɢɠɧɢɯ ɜɟɬɨɤ (ɛɟɪɟɡɚ).  
ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫ ɩɨɦɨɳɶɸ ɢɡɭɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɮɥɭɨ-

ɪɟɫɰɟɧɰɢɢ ɯɥɨɪɨɩɥɚɫɬɨɜ ɤɨɪɵ ɛɵɥɢ ɫɞɟɥɚɧɵ ɩɨɩɵɬɤɢ ɞɢɚɝɧɨɫɬɢɪɨɜɚɬɶ 
ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɬɨɩɨɥɹ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɥɹ ɨɡɟɥɟɧɟɧɢɹ ɜ 
ɪɚɡɧɵɯ ɪɚɣɨɧɚɯ ɝɨɪɨɞɚ ɍɥɚɧ-Ȼɚɬɨɪ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹ-
ɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɤɨɦɛɢɧɚɰɢɢ ɧɟɫɤɨɥɶɤɢɯ ɮɥɭɨɪɟɫɰɟɧɬɧɵɯ ɦɟɬɨɞɨɜ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ ɨɩɪɟɞɟɥɢɬɶ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɮɨɬɨɫɢɧɬɟ-
ɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ, ɧɨ ɢ ɫɞɟɥɚɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɡɚɤɥɸɱɟɧɢɟ ɨɛ ɢɡɦɟ-
ɧɟɧɢɹɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɧ ɬɪɚɧɫɩɨɪɬɧɨɣ ɰɟɩɢ ɮɨɬɨɫɢɧɬɟɡɚ ɜ 
ɯɥɨɪɨɩɥɚɫɬɚɯ ɤɨɪɵ ɪɚɫɬɟɧɢɣ, ɪɚɫɬɭɳɢɯ ɜ ɪɚɡɧɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ.  

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ. Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɢɫɶ ɬɨɩɨɥɹ, 
ɪɚɫɬɭɳɢɟ ɜɞɨɥɶ ɰɟɧɬɪɚɥɶɧɨɣ ɦɚɝɢɫɬɪɚɥɢ ɝɨɪɨɞɚ ɍɥɚɧ-Ȼɚɬɨɪ ɢ ɜ 200 ɦ 

ɨɬ Ɍɗɐ. Ʉɨɧɬɪɨɥɟɦ ɫɥɭɠɢɥɢ ɪɚɫɬɟɧɢɹ, ɜɵɪɨɫɲɢɟ ɜ 20 ɤɦ ɨɬ ɝɨɪɨɞɚ.   
ɉɚɪɚɦɟɬɪɵ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɯɥɨɪɨɮɢɥɥɚ ɚ ɤɨɪɵ ɩɨɛɟɝɨɜ ɬɨɩɨɥɹ 

ɢɡɦɟɪɹɥɢ ɫ ɩɨɦɨɳɶɸ ɮɥɭɨɪɨɦɟɬɪɚ PAM-2000 (Pulse Amplitude Modula-

tion) («Walz, Effelrich», Ƚɟɪɦɚɧɢɹ). ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɩɨɞ ɜɟɪɯɭ-

ɲɟɱɧɨɣ ɩɨɱɤɨɣ ɨɞɧɨɥɟɬɧɢɯ ɩɨɛɟɝɨɜ ɜɟɬɜɟɣ ɧɢɠɧɟɝɨ ɹɪɭɫɚ, ɚ ɬɚɤɠɟ ɜ 
ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɬɪɟɯɥɟɬɧɢɯ ɩɨɛɟɝɨɜ ɷɬɨɝɨ ɠɟ ɹɪɭɫɚ. Ⱦɥɹ ɢɡɦɟɪɟɧɢɣ ɢɫ-
ɩɨɥɶɡɨɜɚɥɢ ɧɟ ɦɟɧɟɟ 10 ɩɨɛɟɝɨɜ, ɫɪɟɡɚɧɧɵɯ ɫ ɪɚɡɧɵɯ ɜɟɬɜɟɣ ɧɢɠɧɟɝɨ 
ɹɪɭɫɚ ɞɟɪɟɜɶɟɜ. ɉɟɪɟɞ ɢɡɦɟɪɟɧɢɟɦ ɩɨɛɟɝɢ ɛɵɥɢ ɚɞɚɩɬɢɪɨɜɚɧɵ ɤ ɬɟɦɧɨɬɟ 
ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ.  

ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ: Fo — ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɯɥɨɪɨɮɢɥɥɚ ɜ 
ɚɞɚɩɬɢɪɨɜɚɧɧɵɯ ɤ ɬɟɦɧɨɬɟ ɨɛɪɚɡɰɚɯ ɩɪɢ ɞɟɣɫɬɜɢɢ ɡɨɧɞɢɪɭɸɳɢɯ ɢɦ-

ɩɭɥɶɫɨɜ ɜɨɡɛɭɠɞɚɸɳɟɝɨ ɫɜɟɬɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 0.1 ɦɤȿɦ-2ɫ-1
, ɞɥɢɬɟɥɶ-

ɧɨɫɬɶɸ 3 ɦɤɫ ɢ ɱɚɫɬɨɬɨɣ 600 Ƚɰ (ɫɜɟɬɨɞɢɨɞɵ H-3000 Stanley, 

λ = 655 ɧɦ); Fm — ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɯɥɨɪɨɮɢɥɥɚ ɜɨ ɜɪɟɦɹ 
ɞɟɣɫɬɜɢɹ 0.8 ɫ ɧɚɫɵɳɚɸɳɟɣ ɜɫɩɵɲɤɢ ɫɜɟɬɚ, ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɟɣ ɩɟɪ-
ɜɢɱɧɵɟ ɯɢɧɨɧɧɵɟ ɚɤɰɟɩɬɨɪɵ QȺ ɞɨ Q

-
Ⱥ (20 ȼɬ ɝɚɥɨɝɟɧɨɜɚɹ ɥɚɦɩɚ, 

λ < 710 ɧɦ, 1100 ɦɤȿɦ-2ɫ-1
).  
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ɂɡɦɟɪɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɨɡɜɨɥɹɸɳɢɟ ɨɩɪɟɞɟɥɢɬɶ 
ɦɚɤɫɢɦɚɥɶɧɭɸ (ɩɨɫɥɟ ɬɟɦɧɨɜɨɣ ɚɞɚɩɬɚɰɢɢ) ɢ ɪɟɚɥɶɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɮɨɬɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɭɫɥɨɜɢɹɯ ɩɨɫɬɨɹɧɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɩɪɨɜɨɞɢ-

ɥɢ ɧɚ ɩɪɢɛɨɪɟ, ɪɚɡɪɚɛɨɬɚɧɧɨɦ ɧɚ ɤɚɮɟɞɪɟ ɛɢɨɮɢɡɢɤɢ Ȼɢɨɥɨɝɢɱɟɫɤɨɝɨ ɮɚ-
ɤɭɥɶɬɟɬɚ ɆȽɍ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɫɜɟɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɜɟɬɨɞɢɨɞ ɫ 
ɞɥɢɧɨɣ ɜɨɥɧɵ 470 ɧɦ (Luxeon). Ɏɥɭɨɪɟɫɰɟɧɰɢɹ ɯɥɨɪɨɮɢɥɥɚ, ɜɨɡɛɭɠɞɚɟ-
ɦɚɹ ɬɟɫɬɢɪɭɸɳɢɦɢ ɢɦɩɭɥɶɫɚɦɢ ɫɜɟɬɚ (ɢɧɬɟɧɫɢɜɧɨɫɬɶ 0.8 ɦɤȿɦ-2ɫ-1

, ɞɥɢ-

ɬɟɥɶɧɨɫɬɶ 5 ɦɤɫ), ɪɟɝɢɫɬɪɢɪɨɜɚɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɮɨɬɨɷɥɟɤɬɪɨɧɧɨɝɨ ɭɦɧɨ-
ɠɢɬɟɥɹ Ɏɗɍ-79 ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɱɟɪɟɡ ɫɜɟɬɨɮɢɥɶɬɪ Ʉɋ-18. Ⱦɥɹ ɢɡɦɟ-
ɪɟɧɢɹ Fm ɢ Fm’ ɨɛɴɟɤɬ ɨɛɥɭɱɚɥɢ ɧɚɫɵɳɚɸɳɢɦ ɫɜɟɬɨɦ (6000 ɦɤȿɦ-2ɫ-1

)
 ɨɬ 

2 ɝɚɥɨɝɟɧɨɜɵɯ ɥɚɦɩ ɦɨɳɧɨɫɬɶɸ ɩɨ 70 ȼɬ ɱɟɪɟɡ ɫɜɟɬɨɮɢɥɶɬɪ ɋɁɋ-22. ɂɡ-
ɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɣ ɜɵɯɨɞɚ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɧɚ ɮɨɧɟ ɩɨɫɬɨɹɧɧɨɝɨ ɫɜɟɬɚ Ft ɢ 

Fm’ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɩɨɫɥɟ 3 ɦɢɧɭɬɧɨɝɨ ɨɫɜɟɳɟɧɢɹ ɨɛɪɚɡɰɨɜ ɩɨɫɬɨɹɧɧɵɦ 

ɫɢɧɢɦ ɫɜɟɬɨɦ (λ = 470 ɧɦ) ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤɚ ɤɜɚɧɬɨɜ 400 ɦɤȿɦ-2ɫ-1
. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɮɨɬɨɯɢɦɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɜ Ɏɋ2 ɜ 
ɚɞɚɩɬɢɪɨɜɚɧɧɵɯ ɤ ɬɟɦɧɨɬɟ ɨɛɪɚɡɰɚɯ ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɮɨɪɦɭɥɟ 
Fv/Fm = (Fm–Fo)/Fm, ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɫɜɟɳɟɧɢɢ ∆F/Fm’ = (Fm’–Ft)/Fm’ 

(Shreiber et al., 1995). ɇɟɮɨɬɨɯɢɦɢɱɟɫɤɨɟ ɬɭɲɟɧɢɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (NPQ) 

ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɮɨɪɦɭɥɟ NPQ = Fm/Fm’–1 (Gilmore and Björkman, 1994). 

Ʉɢɧɟɬɢɤɢ ɫɜɟɬɨɜɨɣ ɢɧɞɭɤɰɢɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɫ 
ɩɨɦɨɳɶɸ ɊȿȺ-ɮɥɭɨɪɨɦɟɬɪɚ (Plant Efficiency Analyzer) (Hansatech, 

King’s Lynn, Norfolk, UK). ɂɧɞɭɤɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɯɥɨ-
ɪɨɮɢɥɥɚ ɚ ɢɧɢɰɢɢɪɨɜɚɥɢ ɤɪɚɫɧɵɦ ɫɜɟɬɨɦ (λ = 650 ɧɦ) ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 

3000 ɦɤȿɦ-2ɫ-1
. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɪɚɡɞɟɥɢɬɶ ɮɚɡɵ ɪɨɫɬɚ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, 

ɤɢɧɟɬɢɤɢ ɢɧɞɭɤɰɢɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɝɪɚɮɢɤɚɯ ɜ ɥɨɝɚ-
ɪɢɮɦɢɱɟɫɤɨɣ ɲɤɚɥɟ ɜɪɟɦɟɧɢ. Ʉɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɩɟɪɜɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɮɨɬɨɫɢɧɬɟɡɚ ɧɚ ɨɫɧɨɜɟ ɩɚɪɚɦɟɬɪɨɜ ɤɢɧɟɬɢɱɟɫɤɨɣ 

ɤɪɢɜɨɣ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ JIP-ɬɟɫɬɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɬɟɨɪɢɢ ɷɧɟɪɝɟ-
ɬɢɱɟɫɤɢɯ ɩɨɬɨɤɨɜ (Strasser and Strasser, 1995). Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɦɵ ɢɫɩɨɥɶ-
ɡɨɜɚɥɢ ɫɥɟɞɭɸɳɢɟ ɢɡɦɟɪɹɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɤɪɢɜɵɯ: ɦɢɧɢɦɚɥɶɧɵɣ ɜɵɯɨɞ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ (Fo ɢɥɢ Ɉ); ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (Fm 

ɢɥɢ Ɋ); ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɪɢ 300 µɫ (F300µɫ), ɩɪɢ 2ɦɫ (F2ɦɫ, 

J-ɩɢɤ) ɢ ɩɪɢ 30 ɦɫ (F30ɦɫ, I-ɩɢɤ). ɍɪɨɜɟɧɶ ɩɟɪɟɦɟɧɧɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

(Fv) ɪɚɫɫɱɢɬɵɜɚɥɢ ɤɚɤ Fv = Fm–Fo. Ɏɨɪɦɭɥɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ JIP-ɬɟɫɬɟ 
ɢ ɤɪɚɬɤɢɟ ɨɛɴɹɫɧɟɧɢɹ ɤ ɧɢɦ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ. 

ɂɫɩɨɥɶɡɭɟɦɵɟ ɩɚɪɚɦɟɬɪɵ JIP-ɬɟɫɬɚ, ɚ ɬɚɤɠɟ ɮɨɪɦɭɥɵ ɞɥɹ ɢɯ ɪɚɫ-
ɱɟɬɚ (ɬɚɛɥ. 1). 
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Ɍɚɛɥɢɰɚ 1. ɉɚɪɚɦɟɬɪɵ JIP-ɬɟɫɬɚ. 

VJ = (F2ɦɫ – Fo)/Fv 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɚɦɩɥɢɬɭɞɚ OJ ɮɚɡɵ, ɯɚɪɚɤ-
ɬɟɪɢɡɭɸɳɚɹ ɞɨɥɸ ɡɚɤɪɵɬɵɯ Ɋɐ  ɤ ɢɯ ɨɛ-

ɳɟɦɭ ɤɨɥɢɱɟɫɬɜɭ  

VI = (F30ɦɫ – Fo)/Fv 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɚɦɩɥɢɬɭɞɚ JI  ɮɚɡɵ ɯɚɪɚɤ-
ɬɟɪɢɡɭɸɳɚɹ, ɫɨɫɬɨɹɧɢɟ ɩɭɥɚ ɯɢɧɨɧɨɜ  

ETO/TRO = 1– VJ  
ȼɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɜɟɪɨɹɬɧɨɫɬɶ 
ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɚ c QȺ

-  ɜ ɩɭɥ ɯɢɧɨɧɨɜ 

RC/ABS = [(F2ɦɫ – Fo)/4(F300µɫ 

– Fo)]×(Fv/Fm)  

ȼɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɫɨɨɬɧɨɲɟɧɢɟ 
ɚɤɬɢɜɧɵɣ Ɋɐ/ɪɚɡɦɟɪ ɚɧɬɟɧɧɵ  

PTR = Fv/Fo 

ȼɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 
ɚɧɬɟɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɤ ɡɚɯɜɚɬɭ ɜɨɡɛɭɠ-

ɞɟɧɧɨɣ ɷɧɟɪɝɢɢ  

PET = (Fm – F2ɦɫ)/(F2ɦɫ– Fo) 

ȼɟɥɢɱɢɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɶ ɦɢɝɪɚɰɢɢ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɜɨɡ-
ɛɭɠɞɟɧɢɹ ɜ ɩɪɨɰɟɫɫɚɯ ɮɨɬɨɫɢɧɬɟɡɚ  

PI = (RC/ABS)(PTR)(PET) 

ȼɟɥɢɱɢɧɚ, ɨɬɪɚɠɚɸɳɚɹ ɦɭɥɶɬɢ-

ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ ɬɪɟɯ ɩɚɪɚɦɟɬ-
ɪɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɮɨ-
ɬɨɫɢɧɬɟɡɚ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ. ɊȺɆ-ɮɥɭɨɪɨɦɟɬɪɢɹ. Ⱦɥɹ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤɢ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɟɪɟɜɶɟɜ ɦɧɨɝɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɢɫ-
ɩɨɥɶɡɭɸɬ ɚɛɫɨɥɸɬɧɭɸ ɜɟɥɢɱɢɧɭ ɢ ɫɪɟɞɧɟɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɪɚɡɛɪɨɫ ɦɚɤ-
ɫɢɦɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɚɩɚɫɚɧɢɹ ɷɧɟɪɝɢɢ ɫɜɟɬɚ Ɏɋ2 (Fv/Fm) (ȼɟɧɟ-
ɞɢɤɬɨɜ ɢ ɞɪ., 1999; əɤɨɜɥɟɜɚ ɢ ɞɪ., 2005; Lazar et al., 2006). ȼ ɧɚɲɭ ɡɚɞɚ-
ɱɭ ɜɯɨɞɢɥɨ ɫɪɚɜɧɟɧɢɟ ɜɟɥɢɱɢɧ ɨɬɧɨɲɟɧɢɹ Fv/Fm ɞɥɹ ɯɥɨɪɨɩɥɚɫɬɨɜ ɤɨ-
ɪɵ ɬɨɩɨɥɹ, ɪɚɫɬɭɳɟɝɨ ɜ ɪɚɡɧɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɜ ɝɨɪɨɞɟ ɍɥɚɧ-

Ȼɚɬɨɪ ɢ ɟɝɨ ɨɤɪɟɫɬɧɨɫɬɹɯ. Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɡɦɟɪɟɧɢɹ ɨɛɪɚɡɰɨɜ ɤɨɪɵ 

ɩɨɛɟɝɨɜ, ɫɪɟɡɚɧɧɵɯ ɫ ɞɟɪɟɜɶɟɜ, ɪɚɫɬɭɳɢɯ ɜ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɷɤɨɥɨ-
ɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɧɚ ɪɚɫɫɬɨɹɧɢɢ 200ɦ ɨɬ Ɍɗɐ ɢ ɜɞɨɥɶ ɰɟɧɬɪɚɥɶɧɨɣ 

ɝɨɪɨɞɫɤɨɣ ɦɚɝɢɫɬɪɚɥɢ, ɝɞɟ ɪɚɫɬɟ-ɧɢɹ ɦɨɝɭɬ ɩɨɞɜɟɪɝɚɬɶɫɹ ɜɨɡɞɟɣɫɬ-ɜɢɸ 

ɬɪɚɧɫɩɨɪɬɧɵɯ ɡɚɝɪɹɡɧɟɧɢɣ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɜɟɥɢɱɢɧɵ Fv/Fm ɜ ɯɥɨɪɨɩɥɚ-
ɫɬɚɯ ɤɨɪɵ ɢɫɫɥɟɞɭɟɦɵɯ ɞɟɪɟɜɶɟɜ ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɊȺɆ ɩɨɤɚɡɚɧɵ 

ɧɚ ɪɢɫ. 1. ȼɢɞɧɨ, ɱɬɨ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ Fv/Fm ɞɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɨɬɥɢɱɚ-
ɟɬɫɹ ɧɟɡɧɚ-ɱɢɬɟɥɶɧɨ. Ɍɚɤ, ɞɥɹ ɤɨɧɬɪɨɥɹ ɷɬɨ ɡɧɚɱɟɧɢɟ ɫɨɫɬɚɜɥɹɥɨ 
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0.80±0.01, ɞɥɹ ɞɟɪɟɜɶɟɜ, ɜɵɪɨɫɲɢɯ ɨɤɨɥɨ Ɍɗɐ 0.81±0.01 ɢ ɜɞɨɥɶ ɝɨɪɨɞ-

ɫɤɨɣ ɦɚɝɢɫɬɪɚɥɢ 0.79±0.02. ɉɪɢɧɹɬɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɨɣ  

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɨɬɪɚɠɚɸɬ 
ɫɨɫɬɨɹ-ɧɢɟ ɪɚɫɬɟɧɢɣ, ɫɥɟɞɨ-
ɜɚɬɟɥɶɧɨ, ɧɟ ɜɵɹɜɥɟɧɨ ɫɭɳɟ-
ɫɬɜɟɧɧɵɯ ɧɚɪɭ-ɲɟɧɢɣ ɞɥɹ 
ɞɟɪɟɜɶɟɜ ɜɵɪɨɫɲɢɯ ɜ ɦɟɧɟɟ 
ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ. 
Ɉɞɧɚɤɨ, ɜ ɤɚɱɟɫɬɜɟ ɟɳɟ ɨɞ-

ɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɫɨɫɬɨɹɧɢɹ 
ɪɚɫɬɟɧɢɣ ɢɫɩɨɥɶɡɭɸɬ ɲɢɪɢ-

ɧɭ ɫɬɚɬɢɫɬɢ-ɱɟɫɤɨɝɨ ɪɚɫɩɪɟ-
ɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ Fv/Fm. 

ɑɟɦ ɛɨɥɶɲɟ ɪɚɡɛɪɨɫ, ɬɟɦ 

ɯɭɠɟ ɫɨɫɬɨɹɧɢɟ ɞɟɪɟɜɶɟɜ, 
ɷɬɨɬ ɠɟ ɩɨɤɚɡɚɬɟɥɶ ɦɨɠɟɬ 
ɬɚɤɠɟ ɯɚɪɚɤɬɟ-ɪɢɡɨɜɚɬɶ ɫɨ-
ɫɬɨɹɧɢɟ ɰɟɧɨɡɚ (ȼɟɧɟ-ɞɢɤɬɨɜ 
ɢ ɞɪ., 1999). Ʉɚɤ ɜɢɞɧɨ ɢɡ 
ɪɢɫ. 1.Ⱥ ɝɢɫɬɨɝɪɚɦɦɚ ɪɚɫ-
ɩɪɟɞɟ-ɥɟɧɢɹ ɜɟɥɢɱɢɧɵ Fv/Fm 

ɜ ɯɥɨ-ɪɨɩɥɚɫɬɚɯ ɤɨɪɵ ɨɞɧɨ-
ɥɟɬɧɢɯ ɩɨɛɟ-ɝɨɜ ɬɨɩɨɥɹ, ɜɵ-

ɪɨɫɲɟɝɨ ɜ ɛɥɚɝɨ-ɩɪɢɹɬɧɵɯ 
ɭɫɥɨɜɢɹɯ, ɭɡɤɚɹ ɢ ɛɨɥɶɲɚɹ 
ɱɚɫɬɶ ɡɧɚɱɟɧɢɣ Fv/Fm ɫɜɹɡɚ-
ɧɚ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɜɵɯɨ-
ɞɚɦɢ. Ⱦɥɹ ɪɚɫɬɟɧɢɣ, ɜɵɪɨɫ-
ɲɢɯ ɜɛɥɢɡɢ Ɍɗɐ, ɝɢɫɬɨ-
ɝɪɚɦɦɚ  ɢɦɟɟɬ ɚɧɚɥɨɝɢɱɧɵɣ 

ɯɚɪɚɤɬɟɪ, ɧɨ, ɬɟɦ ɧɟ ɦɟɧɟɟ, 
ɧɟɫɤɨɥɶɤɨ ɭɜɟɥɢɱɟɧ ɪɚɡɛɪɨɫ 
ɡɧɚɱɟɧɢɣ Fv/Fm ɩɨ ɨɛɟ ɫɬɨ-
ɪɨɧɵ ɨɬ ɫɪɟɞɧɟɝɨ (ɪɢɫ. 1.Ȼ). 

Ⱦɥɹ ɯɥɨɪɨɩɥɚɫɬɨɜ ɤɨɪɵ ɬɨ-
ɩɨɥɹ, ɪɚɫɬɭɳɟɝɨ ɜɞɨɥɶ ɝɨ-
ɪɨɞɫɤɨɣ ɦɚɝɢɫɬɪɚɥɢ, ɲɢɪɢɧɚ 
ɫɪɟɞɧɟɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɪɚɫ-

Ɋɢɫ. 1. Ƚɢɫɬɨɝɪɚɦɦɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢ-

ɱɢɧɵ Fv/Fm ɜ ɯɥɨɪɨɩɥɚɫɬɚɯ ɤɨɪɵ ɨɞɧɨɥɟɬ-
ɧɢɯ ɩɨɛɟɝɨɜ ɬɨɩɨɥɹ, ɪɚɫɬɭɳɟɝɨ ɜ ɷɤɨɥɨɝɢ-

ɱɟɫɤɢ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ (Ⱥ), ɜ 200 ɦ 

ɨɬ Ɍɗɐ (Ȼ) ɢ ɜɞɨɥɶ ɰɟɧɬɪɚɥɶɧɨɣ ɝɨɪɨɞɫɤɨɣ 

ɦɚɝɢɫɬɪɚɥɢ (ȼ) ɝ. ɍɥɚɧ-Ȼɚɬɨɪ.
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ɩɪɟɞɟɥɟɧɢɹ Fv/Fm ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɟɦ ɛɨɥɶɲɟ ɢ ɢɦɟɟɬ ɥɟɜɨɫɬɨ-
ɪɨɧɧɸɸ ɚɫɢɦɦɟɬɪɢɸ — ɫɞɜɢɧɭɬɚ ɜ ɨɛɥɚɫɬɶ ɦɟɧɶɲɢɯ ɡɧɚɱɟɧɢɣ 

(ɪɢɫ. 1.ȼ). ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɢ ɪɚɡɥɢɱɢɹ, ɧɚɲɢ ɞɚɧɧɵɟ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɨɛɳɟ-
ɩɪɢɧɹɬɵɦ ɦɧɟɧɢɟɦ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ Fv/Fm ɜɵɲɟ 0.74 ɨɬɪɚɠɚɸɬ 
ɛɥɚɝɨɩɨɥɭɱɧɨɟ ɫɨɫɬɨɹɧɢɟ ɪɚɫɬɟɧɢɣ.  

Ƚɥɚɜɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɩɟɪɜɢɱɧɵɯ ɫɬɚɞɢɣ ɮɨɬɨɫɢɧɬɟɡɚ ɡɚɤɥɸɱɚɟɬɫɹ 
ɜ ɬɨɦ, ɱɬɨ ɨɧɢ ɚɤɬɢɜɧɨ ɪɟɝɭɥɢɪɭɸɬɫɹ ɪɚɫɬɢɬɟɥɶɧɵɦ ɨɪɝɚɧɢɡɦɨɦ ɜ ɫɨɨɬ-
ɜɟɬɫɬɜɢɢ ɫ ɟɝɨ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɦ ɫɨɫɬɨɹɧɢɟɦ, ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɨɩɬɢ-

ɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɦɟɬɚɛɨɥɢɡɦɚ ɜ ɢɡɦɟɧɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɵ. Ɉɞɧɢɦ ɢɡ ɩɪɨɫɬɵɯ ɫɩɨɫɨɛɨɜ ɨɰɟɧɢɬɶ ɪɟɝɭɥɹɬɨɪɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ 

ɩɟɪɜɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɮɨɬɨɫɢɧɬɟɡɚ, ɹɜɥɹɟɬɫɹ ɢɡɦɟɪɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ 
ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɯɥɨɪɨɮɢɥɥɚ ɜ ɭɫɥɨɜɢɹɯ ɨɫɜɟɳɟɧɢɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, 

ɩɪɟɞɫɬɚɜɥɹɥɨ ɢɧɬɟɪɟɫ, ɫɪɚɜɧɢɬɶ ɢɡɦɟɧɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨ-
ɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ Ɏɋ2 (Fv/Fm) ɫ ɪɟɚɥɶɧɨɣ (∆F/Fm’), ɤɨɬɨɪɚɹ 
ɭɱɢɬɵɜɚɟɬ ɧɟɮɨɬɨɯɢɦɢɱɟɫɤɨɟ ɬɭɲɟɧɢɟ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɬɨɝɨ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɮɥɭɨɪɨɦɟɬɪ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɧɚ ɤɚɮɟɞɪɟ ɛɢɨɮɢ-

ɡɢɤɢ Ȼɢɨɥɨɝɢɱɟɫɤɨɝɨ ɮɚɤɭɥɶɬɟɬɚ ɆȽɍ (Kuznetsova et al., 2008). ȼ ɯɨɞɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɚɞɚɩɬɢɪɨɜɚɧɧɵɟ ɤ ɬɟɦɧɨɬɟ ɨɛɪɚɡɰɵ ɨɫɜɟɳɚɥɢ ɜ ɬɟɱɟɧɢɟ 3 

ɦɢɧɭɬ ɫɜɟɬɨɦ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 400 ɦɤȿɦ-2ɫ-1
, ɡɚɬɟɦ ɢɡɦɟɪɹɥɢ ɩɚɪɚɦɟɬɪɵ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɧɚ ɫɜɟɬɭ (ɫɦ. ɦɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ). ɂɡ ɪɢɫ. 2 ɜɢɞɧɨ, ɱɬɨ 
ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɞɚɧɧɨɦ ɩɪɢɛɨɪɟ ɡɧɚɱɟɧɢɹ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɵ Fv/Fm 

ɢ ɟɟ ɫɪɟɞɧɟɟ ɨɬɤɥɨɧɟɧɢɟ ɭ ɩɨɛɟɝɨɜ, ɜɵɪɨɫɲɢɯ ɜ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɥɚɝɨɩɪɢ-

ɹɬɧɵɯ ɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ ɬɚɤɠɟ ɧɟ ɪɚɡɥɢɱɚɥɢɫɶ, ɱɬɨ ɩɨɥɧɨ-
ɫɬɶɸ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɦɟɬɨɞɨɦ ɊȺɆ. Ɉɛɪɚɳɚ-
ɟɬ ɧɚ ɫɟɛɹ ɜɧɢɦɚɧɢɟ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɭɠɟ ɩɪɢ ɧɟɛɨɥɶɲɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢ 

ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ (400 ɦɤȿɦ-2ɫ-1
, 3 ɦɢɧ.) ɫɜɟɬ ɞɟɣɫɬɜɭɟɬ ɩɨ-

ɪɚɡɧɨɦɭ ɧɚ ɯɥɨɪɨɩɥɚɫɬɵ ɤɨɪɵ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɛɟɝɨɜ ɬɨɩɨɥɹ. Ɍɚɤ, ɜ ɤɨɧ-

ɬɪɨɥɶɧɵɯ ɨɛɪɚɡɰɚɯ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɜɟɬɚ ɜɟɥɢɱɢɧɚ ∆F/Fm’ ɧɚ 30% ɧɢɠɟ 
ɜɟɥɢɱɢɧɵ Fv/Fm, ɩɪɢ ɷɬɨɦ ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɫɬɚɜɚɥɨɫɶ ɧɟɡɧɚɱɢ-

ɬɟɥɶɧɵɦ. ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɭ ɪɚɫɬɟɧɢɣ, ɜɵɪɨɫɲɢɯ ɜɛɥɢɡɢ ɦɚɝɢɫɬɪɚɥɢ ɢ 

Ɍɗɐ, ɡɧɚɱɟɧɢɹ ∆F/Fm’ ɛɵɥɢ ɧɢɠɟ ɭɠɟ ɧɚ 40%, ɚ ɪɚɡɛɪɨɫ ɫɭɳɟɫɬɜɟɧɧɨ 
ɭɜɟɥɢɱɢɜɚɥɫɹ.  

ȼ ɨɫɧɨɜɟ ɧɟɮɨɬɨɯɢɦɢɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (NPQ) ɥɟ-
ɠɢɬ ɱɚɫɬɢɱɧɚɹ ɞɢɫɫɢɩɚɰɢɹ ɧɟ ɢɡɪɚɫɯɨɞɨɜɚɧɧɨɣ ɜ ɩɪɨɰɟɫɫɚɯ ɮɨɬɨɫɢɧɬɟɡɚ 
ɷɧɟɪɝɢɢ  ɩɨɝɥɨɳɟɧɧɵɯ ɤɜɚɧɬɨɜ ɜ ɬɟɩɥɨ. ɋɬɟɩɟɧɶ NPQ ɨɰɟɧɢɜɚɥɢ ɩɨ 
ɒɬɟɪɧɭ-ȼɨɥɦɟɪɭ, ɬ.ɟ. ɩɨ ɢɡɦɟɧɟɧɢɹɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɮɥɭɨɪɟɫ-
ɰɟɧɰɢɢ, ɢɡɦɟɪɟɧɧɨɝɨ ɜ ɦɨɦɟɧɬ ɩɨɥɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɭɥɚ QA. Ɋɟ-
ɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ NPQ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, 
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ɜɟɥɢɱɢɧɚ NPQ ɭ ɩɨɛɟɝɨɜ ɬɨɩɨɥɹ ɜɵɪɨɫɲɟɝɨ ɨɤɨɥɨ ɝɨɪɨɞɫɤɨɣ ɦɚɝɢɫɬɪɚ-
ɥɢ ɭɜɟɥɢɱɢɜɚɥɚɫɶ ɧɚ 56%, ɚ ɭ ɪɚɫɬɟɧɢɣ ɜɵɪɨɫɲɢɯ ɭ Ɍɗɐ ɛɨɥɟɟ ɱɟɦ ɜ ɞɜɚ 
ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɟɦ. ɉɨɫɤɨɥɶɤɭ ɢɡɦɟɧɟɧɢɹ ɜɟɥɢɱɢɧ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɢ ɮɨɬɨɯɢɦɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɢ NPQ ɨɬɪɚɠɚɸɬ 
ɪɟɝɭɥɹɬɨɪɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɤɨɦɩɥɟɤɫɚɯ Ɏɋ2 ɩɪɟɞɫɬɚɜɥɹɥɨ ɢɧɬɟɪɟɫ ɢɫ-
ɫɥɟɞɨɜɚɬɶ ɢɧɞɭɤɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɥɭ-

ɱɢɬɶ ɛɨɥɟɟ ɞɟɬɚɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ ɮɨɬɨɫɢɧɬɟɬɢ-

ɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɯɥɨɪɨɩɥɚɫɬɨɜ ɤɨɪɵ ɬɨɩɨɥɹ ɜ ɪɚɡɧɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɹɯ.     

 

 
 
Ɋɢɫ. 2. ɋɪɚɜɧɟɧɢɟ ɜɟɥɢɱɢɧ Fv/Fm, ∆F/Fm’ ɢ NPQ ɯɥɨɪɨɮɢɥɥɚ ɤɨɪɵ ɨɞɧɨɥɟɬɧɢɯ 
ɩɨɛɟɝɨɜ ɬɨɩɨɥɹ ɪɚɫɬɭɳɟɝɨ ɜ ɪɚɡɧɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. 
 

ɊȿȺ-ɮɥɭɨɪɨɦɟɬɪɢɹ. Ȼɨɥɶɲɨɣ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶɸ ɨɛɥɚɞɚɸɬ ɤɢɧɟ-
ɬɢɤɢ ɫɜɟɬɨɜɨɣ ɢɧɞɭɤɰɢɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɟ ɩɪɢ ɜɵ-

ɫɨɤɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɬɚ ɧɚ ɊȿȺ-ɮɥɭɨɪɨɦɟɬɪɟ. ȼ ɬɚɤɨɣ ɢɧɞɭɤɰɢɨɧ-

ɧɨɣ ɤɪɢɜɨɣ ɨɛɵɱɧɨ ɧɚɛɥɸɞɚɸɬɫɹ ɧɟɫɤɨɥɶɤɨ ɤɨɦɩɨɧɟɧɬ (O-J-I-P-

ɩɟɪɟɯɨɞɵ), ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɧɵ ɫ ɩɨɫɬɭɩɚɬɟɥɶɧɵɦ ɫɧɢɠɟɧɢɟɦ ɮɨɬɨɯɢɦɢ-

ɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ ɢ ɪɚɡɜɢɬɢɟɦ ɧɟɮɨɬɨɯɢɦɢɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ ɮɥɭɨɪɟɫ-
ɰɟɧɰɢɢ ɜ Ɏɋ2 (Lazar, 2006). Ɏɚɡɭ OJ ɫɜɹɡɵɜɚɸɬ ɫɨ ɫɜɟɬɨɢɧɞɭɰɢɪɨɜɚɧ-

ɧɵɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ QA, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɮɚɡɚ JIP ɨɬɪɚɠɚɟɬ, ɝɥɚɜɧɵɦ 

ɨɛɪɚɡɨɦ, ɞɚɥɶɧɟɣɲɟɟ ɧɚɤɨɩɥɟɧɢɟ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ QA
-
,
 ɨɛɭɫɥɨɜɥɟɧɧɨɟ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ QB ɢ ɩɭɥɚ ɯɢɧɨɧɨɜ, ɬ.ɟ. ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɧɚɤɨɩɥɟɧɢ-

ɟɦ QȺ
-
Qȼ, QȺ

-
Qȼ

2-
, ɢ PQH2 ɫɨɫɬɨɹɧɢɣ. ɍɪɨɜɧɢ O ɢ P ɧɚ ɤɢɧɟɬɢɱɟɫɤɨɣ 
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ɤɪɢɜɨɣ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɜɟɥɢɱɢɧɟ Fo ɢ Fm (Heredia, De Las Rivas, 2003; 

Strasser, 2004).  

ɇɚ ɪɢɫ. 3Ⱥ ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɧɞɭɤɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

ɯɥɨɪɨɩɥɚɫɬɨɜ ɤɨɪɵ ɨɞɧɨɥɟɬɧɢɯ ɩɨɛɟɝɨɜ ɬɨɩɨɥɹ ɜɵɪɨɫɲɟɝɨ ɜ ɷɤɨɥɨɝɢɱɟ-
ɫɤɢ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ (ɚ), ɨɤɨɥɨ Ɍɗɐ (ɛ) ɢ ɝɨɪɨɞɫɤɨɣ ɦɚɝɢɫɬɪɚɥɢ 

(ɜ). Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɜɫɟ 3 ɮɚɡɵ (OJ, JI, IP) ɱɟɬɤɨ ɜɵɪɚɠɟɧɵ ɭ ɜɫɟɯ 
ɞɟɪɟɜɶɟɜ, ɬɚɤɠɟ ɤɚɤ ɢ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɨɫɥɟ ɞɨɫɬɢɠɟ-
ɧɢɹ ɦɚɤɫɢɦɭɦɚ, ɨɬɪɚɠɚɸɳɟɟ ɨɬɬɨɤ ɷɥɟɤɬɪɨɧɨɜ ɨɬ Ɏɋ1 (Schansker et al., 

2005). Ɉɞɧɚɤɨ, ɤɪɢɜɵɟ ɨɞɧɨɥɟɬɧɢɯ ɩɨɛɟɝɨɜ ɬɨɩɨɥɹ ɜɵɪɨɫɲɢɯ ɜ ɧɟɛɥɚɝɨ-
ɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɧɢɠɟɧɧɵɦɢ ɦɢɧɢɦɚɥɶɧɵɦɢ (Ɉ 

ɢɥɢ Fo) ɢ ɦɚɤɫɢɦɚɥɶɧɵɦɢ (Ɋ ɢɥɢ Fm) ɡɧɚɱɟɧɢɹɦɢ, ɚ ɬɚɤɠɟ ɛɨɥɟɟ ɦɟɞ-

ɥɟɧɧɵɦ ɫɧɢɠɟɧɢɟɦ ɭɪɨɜɧɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɭ-
ɦɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɭ ɷɬɢɯ ɪɚɫɬɟɧɢɣ ɭɦɟɧɶɲɚɟɬɫɹ ɭɪɨɜɟɧɶ ɩɟɪɟɦɟɧɧɨɣ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ (ɈɊ ɢɥɢ Fv), ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ 
ɮɨɬɨɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ Ɏɋ2 ɧɚ ɟɞɢɧɢɰɭ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɵ. 

ɇɚ ɪɢɫ. 3Ȼ ɩɪɟɞɫɬɚɜɥɟɧɵ ɷɬɢ ɠɟ ɤɪɢɜɵɟ, ɧɨɪɦɢɪɨɜɚɧɧɵɟ ɧɚ ɚɦɩɥɢɬɭɞɭ 
OJ ɮɚɡɵ (VJ), ɤɨɬɨɪɚɹ ɨɬɪɚɠɚɟɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ QA, ɤɨɝɞɚ QB ɧɚɯɨɞɢɬɫɹ 
ɜ ɨɤɢɫɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɬ.ɟ. ɫɤɨɪɨɫɬɶ ɪɟ-ɨɤɢɫɥɟɧɢɹ Q

-
A ɦɚɤɫɢɦɚɥɶɧɚ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɤɢɧɟɬɢɤɢ ɨɞɧɨɥɟɬɧɢɯ ɩɨɛɟɝɨɜ ɬɨɩɨɥɹ ɜɵɪɨɫɲɢɯ ɜ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɦɟɧɶɲɢɦ ɧɚɤɥɨɧɨɦ ɧɚɪɚɫ-
ɬɚɧɢɹ OJ ɮɚɡɵ ɢ ɡɧɚɱɢɬɟɥɶɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɪɨɫɬɚ ɚɦɩɥɢɬɭɞɵ JIP ɮɚɡɵ, 

ɜ ɨɫɧɨɜɧɨɦ ɡɚ ɫɱɟɬ ɜɤɥɚɞɚ ɮɚɡɵ JI, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɨɫɫɬɚɧɨɜɥɟ-
ɧɢɟ ɩɭɥɚ ɯɢɧɨɧɨɜ (Schreiber et al., 1989). ɗɬɨɬ ɪɟɡɭɥɶɬɚɬ ɩɪɹɦɨ ɭɤɚɡɵɜɚ-
ɟɬ ɧɚ ɛɨɥɟɟ ɨɤɢɫɥɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɭɥɚ ɯɢɧɨɧɨɜ ɜ ɯɥɨɪɨɩɥɚɫɬɚɯ ɤɨɪɵ 

ɞɟɪɟɜɶɟɜ, ɜɵɪɨɫɲɢɯ ɜ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. ɉɨ-
ɫɤɨɥɶɤɭ ɨɬɬɨɤ ɷɥɟɤɬɪɨɧɨɜ ɨɬ Ɏɋ1 ɭ ɷɬɢɯ ɪɚɫɬɟɧɢɣ ɫɧɢɠɟɧ (ɨ ɱɟɦ ɝɨɜɨ-
ɪɢɬ ɡɚɦɟɞɥɟɧɢɟ ɤɢɧɟɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɭɦɚ), 
ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɨɤɢɫɥɟɧɢɟ ɩɭɥɚ ɯɢɧɨɧɨɜ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ 
ɛɨɥɟɟ ɚɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɩɥɚɫɬɨɯɢɧɨɧ-O2-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ (ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɤɨɧɬɪɨɥɟɦ), ɤɨɬɨɪɚɹ ɫɩɨɫɨɛɧɚ ɩɟɪɟɤɥɸɱɚɬɶ ɷɥɟɤɬɪɨɧɧɵɣ ɬɪɚɧɫ-
ɩɨɪɬ ɧɚ Ɉ2 (Kuntz, 2004). ɗɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɥɢɬɟɪɚɬɭɪ-
ɧɵɦɢ ɞɚɧɧɵɦɢ ɩɨ ɧɚɤɨɩɥɟɧɢɸ ɷɬɨɝɨ ɛɟɥɤɚ ɢ/ɢɥɢ ɢɧɞɭɤɰɢɢ ɟɝɨ ɝɟɧɨɜ ɜ 
ɭɫɥɨɜɢɹɯ ɫɬɪɟɫɫɚ, ɧɚɩɪɢɦɟɪ, ɭ ɬɚɛɚɤɚ ɩɪɢ ɧɟɞɨɫɬɚɬɤɟ ɚɫɤɨɪɛɚɬ ɩɟɪɨɤɫɢ-

ɞɚɡɵ ɢ ɤɚɬɚɥɚɡɵ (Rizhsky et al., 2002), ɚ ɬɚɤɠɟ ɞɟɮɢɰɢɬɚ Ɏɋ2 (Baena-

Gonzalez et al., 2003).  
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Ɋɢɫ. 3. ɂɧɞɭɤɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɯɥɨɪɨɩɥɚɫɬɨɜ ɤɨɪɵ ɨɞɧɨɥɟɬɧɢɯ
ɩɨɛɟɝɨɜ ɬɨɩɨɥɹ ɢɡ ɪɚɡɧɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɪɚɣɨɧɨɜ, ɚ — ɤɨɧɬɪɨɥɶ, ɛ — Ɍɗɐ, ɜ 
— ɰɟɧɬɪɚɥɶɧɚɹ ɝɨɪɨɞɫɤɚɹ ɦɚɝɢɫɬɪɚɥɶ. ɇɚ ɪɢɫ. Ȼ ɩɪɟɞɫɬɚɜɥɟɧɵ ɷɬɢ ɠɟ ɤɪɢɜɵɟ,
ɧɨɪɦɢɪɨɜɚɧɧɵɟ ɧɚ ɚɦɩɥɢɬɭɞɭ OJ ɮɚɡɵ (VJ), ɬ.ɟ. ɩɟɪɟɦɟɧɧɚɹ ɮɥɭɨɪɟɫɰɟɧɰɢɹ 
ɢɧɞɭɤɰɢɨɧɧɵɯ ɤɪɢɜɵɯ (Wt) ɧɨɪɦɢɪɨɜɚɧɚ ɤɚɤ Wt = Vt/VJ = (Ft–Fo)/(FJ–Fo).  

  
JIP-ɬɟɫɬ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɢɡɦɟ-

ɧɟɧɢɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɛɟɝɨɜ, ɛɵɥ ɩɪɨɜɟɞɟɧ 

JIP-ɬɟɫɬ, ɩɪɟɞɩɨɥɚɝɚɸɳɢɣ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɤɢɧɟɬɢɱɟɫɤɢɯ 
ɤɪɢɜɵɯ (Strasser et al., 2000; 2004). ɋɪɟɞɢ ɦɧɨɝɨɨɛɪɚɡɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
JIP-ɬɟɫɬɚ ɞɥɹ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɫ ɧɚɲɟɣ 

ɬɨɱɤɢ ɡɪɟɧɢɹ, ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ PI, ɤɨɬɨɪɚɹ ɯɚ-
ɪɚɤɬɟɪɢɡɭɟɬ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ Ɏɋ2, ɨɩɪɟɞɟɥɹɸɳɭɸɫɹ 
ɬɪɟɦɹ ɨɫɧɨɜɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɚ ɢɦɟɧɧɨ, ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɩɨɝɥɨɳɟɧɢɹ 
ɫɜɟɬɨɜɨɣ ɷɧɟɪɝɢɢ (ABS), ɡɚɯɜɚɬɚ ɷɧɟɪɝɢɢ ɜɨɡɛɭɠɞɟɧɢɹ (TR) ɢ ɟɟ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɹ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɬɪɚɧɫɩɨɪɬɟ (ET) (Strasser et al., 2000; 2004).  

ȼ ɧɟɫɤɨɥɶɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɚɪɚɦɟɬɪ PI ɹɜɥɹ-
ɟɬɫɹ ɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɤ ɢɡɦɟɧɟɧɢɸ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɩɨ ɫɪɚɜ-
ɧɟɧɢɸ ɫ Fv/Fm (Hermans et al., 2003; Thach et al., 2007). ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɞɚɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɢɡɦɟɧɟɧɢɹ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɝɨ 
ɚɩɩɚɪɚɬɚ ɜ ɨɬɜɟɬ ɧɚ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ: 

ɭɜɟɥɢɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɧɟɞɨɫɬɚɬɤɚ ɜɥɚɝɢ ɢ ɡɚɦɨɪɨɡɤɨɜ (De Ronde et 

al., 2004; Strauss et al., 2006; Thach et al., 2007). ɇɚ ɪɢɫ. 4 ɩɨɤɚɡɚɧɨ ɢɡɦɟ-
ɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ JIP-ɬɟɫɬɚ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɢɡ ɢɧɞɭɤɰɢɨɧɧɵɯ ɤɪɢɜɵɯ 
ɯɥɨɪɨɩɥɚɫɬɨɜ ɤɨɪɵ ɩɨɛɟɝɨɜ ɬɨɩɨɥɟɣ,  ɜɵɪɨɫɲɢɯ ɜ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ 
ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ ɤɨɧɬɪɨɥɹ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧ-

ɤɚ, ɭ ɩɨɛɟɝɨɜ ɩɟɪɜɨɝɨ ɝɨɞɚ (ɫɜɟɬɥɵɟ ɫɬɨɥɛɰɵ) ɩɚɪɚɦɟɬɪ RC/ABS ɭɜɟɥɢ-

ɱɢɜɚɟɬɫɹ ɧɚ 40%. ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɭɦɟɧɶɲɟɧɢɢ ɪɚɡɦɟɪɚ ɚɧɬɟɧɧɵ 
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(Adams and Demming-Adams, 2004). ɋɩɨɫɨɛɧɨɫɬɶ ɤ ɡɚɯɜɚɬɭ (ɊTR) ɢ ɤɨɧ-

ɜɟɪɫɢɢ ɜɨɡɛɭɠɞɟɧɧɨɣ ɷɧɟɪɝɢɢ (ɊET) ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɚɤ ɭ ɞɟɪɟɜɶɟɜ ɪɚɫɬɭ-
ɳɢɯ ɨɤɨɥɨ Ɍȿɐ (40% ɢ 60%, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɬɚɤ ɢ ɭ ɞɟɪɟɜɶɟɜ ɪɚɫɬɭɳɢɯ 
ɜɞɨɥɶ ɝɨɪɨɞɫɤɨɣ ɦɚɝɢɫɬɪɚɥɢ (40% ɢ 50%). ɍɜɟɥɢɱɟɧɢɟ ɷɬɢɯ ɬɪɟɯ ɩɚɪɚ-
ɦɟɬɪɨɜ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɡɧɚɱɟɧɢɣ ɊI ɜ ɞɜɚ ɪɚɡɚ (Ɍɗɐ) ɢ ɱɭɬɶ 
ɦɟɧɶɲɟɦɭ ɭɜɟɥɢɱɟɧɢɸ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɭ ɞɟɪɟɜɶɟɜ, ɪɚɫɬɭɳɢɯ ɜɞɨɥɶ ɦɚ-
ɝɢɫɬɪɚɥɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɯɥɨɪɨɩɥɚɫɬɚɯ ɤɨɪɵ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɛɟɝɨɜ 
ɭɦɟɧɶɲɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɡɚɤɪɵɬɵɯ ɪɟɚɤɰɢɨɧɧɵɯ ɰɟɧɬɪɨɜ (VJ), ɭɜɟɥɢɱɢ-

ɜɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɚ c QȺ
-
 ɜ ɩɭɥ ɯɢɧɨɧɨɜ (ETo/Tro) ɢ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɫɬɶ ɩɭɥɚ ɯɢɧɨɧɨɜ (VI). ɇɚ-
ɲɢ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɨɝɢɱɧɵ ɩɨɥɭɱɟɧɧɵɦ ɪɚɧɟɟ ɞɚɧɧɵɦ ɨɛ ɭɜɟɥɢɱɟɧɢɢ PI 

ɢ ɭɦɟɧɶɲɟɧɢɢ ɪɚɡɦɟɪɚ ɚɧɬɟɧɧɵ ɭ ɥɢɫɬɶɟɜ ɱɚɹ (Camellia sinensis) ɜ ɨɬɜɟɬ 
ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɋɈ2 ɜ ɫɪɟɞɟ (Lin et al., 2009). ɂɡɜɟɫɬɧɨ, ɱɬɨ 
ɜɵɛɪɨɫɵ ɬɟɩɥɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɚɜɬɨɦɨɛɢɥɟɣ ɭɜɟɥɢɱɢɜɚɸɬ ɫɨɞɟɪɠɚɧɢɟ 
ɋɈ2 ɜ ɚɬɦɨɫɮɟɪɟ. ɉɨɜɵɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɬɨɝɨ ɝɚɡɚ ɜ ɜɨɡɞɭɯɟ ɦɨɝɭɬ 
ɩɪɢɜɨɞɢɬɶ ɤ ɫɬɢɦɭɥɹɰɢɢ ɮɨɬɨɫɢɧɬɟɡɚ, ɱɬɨ ɢ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɫɬɢ ɩɭɥɚ ɯɢɧɨɧɨɜ. Ɉɞɧɚɤɨ, ɧɚɤɨɩɥɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɭɝɥɟ-
ɜɨɞɧɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ, ɫɨ ɜɪɟɦɟɧɟɦ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɨɬɨɤɚ 
ɷɥɟɤɬɪɨɧɨɜ ɢɡ ɰɟɩɢ ɞɵɯɚɧɢɹ ɜ ɩɭɥ ɯɢɧɨɧɨɜ, ɨɫɭɳɟɫɬɜɥɹɟɦɨɝɨ ɇȺȾɇ-

ɞɟɝɢɞɪɨɝɟɧɚɡɨɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨ-
ɫɬɢ ɩɥɚɫɬɨɯɢɧɨɧɨɜɵɯ ɚɤɰɟɩɬɨɪɨɜ Ɏɋ2 (QA ɢ QB) ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɫɧɢ-

ɠɟɧɢɟ ɫɤɨɪɨɫɬɢ ɮɨɬɨɫɢɧɬɟɡɚ (Ɋɭɛɢɧ, Ʉɪɟɧɞɟɥɟɜɚ, 2003). ɉɨɞɨɛɧɭɸ ɤɚɪ-
ɬɢɧɭ ɦɵ ɜɢɞɢɦ ɭ ɩɨɛɟɝɨɜ ɬɪɟɬɶɟɝɨ ɝɨɞɚ (ɬɟɦɧɵɟ ɫɬɨɥɛɰɵ) ɬɨɩɨɥɟɣ, ɜɵ-

ɪɨɫɲɢɯ ɜ ɦɟɧɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ (ɪɢɫ. 4). ɍ ɩɨɛɟ-
ɝɨɜ, ɤɨɬɨɪɵɟ ɞɨɥɶɲɟ ɩɨɞɜɟɪɝɚɥɢɫɶ ɚɧɬɪɨɩɨɝɟɧɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ, ɟɳɟ 
ɛɨɥɶɲɟ ɭɦɟɧɶɲɚɟɬɫɹ ɚɧɬɟɧɧɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɛɟɝɚɦɢ ɩɟɪɜɨɝɨ ɝɨɞɚ. ɇɨ, 
ɧɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɩɪɨɢɫɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɝɥɨɳɟɧɧɨɣ ɷɧɟɪɝɢɢ (ɊET) ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɦɟɧɶɲɟɧɢɟ 
ɛɨɥɟɟ ɱɟɦ ɜ ɞɜɚ ɪɚɡɚ ɩɚɪɚɦɟɬɪɚ PI, ɜɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɹ ɞɨɥɢ ɡɚɤɪɵɬɵɯ 
Ɋɐ Ɏɋ2 (VJ), ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɫɬɢ ɩɭɥɚ ɯɢɧɨɧɨɜ (VI) ɢ ɫɧɢɠɟɧɢɹ ɜɟɪɨɹɬ-
ɧɨɫɬɢ ɨɤɢɫɥɟɧɢɹ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ QȺ

-
  ɩɭɥɨɦ ɯɢɧɨɧɨɜ (ETo/Tro).  
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Ɋɢɫ. 4. ɂɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ JIP-ɬɟɫɬɚ ɪɚɫɫɱɢɬɚɧɧɵɯ ɢɡ ɢɧɞɭɤɰɢɨɧɧɵɯ 

ɤɪɢɜɵɯ ɯɥɨɪɨɩɥɚɫɬɨɜ ɤɨɪɵ ɨɞɧɨɥɟɬɧɢɯ (ɫɜɟɬɥɵɟ ɫɬɨɥɛɰɵ) ɢ ɬɪɟɯɥɟɬɧɢɯ
(ɬɟɦɧɵɟ ɫɬɨɥɛɰɵ) ɩɨɛɟɝɨɜ  ɬɨɩɨɥɹ ɜ ɨɬɜɟɬ ɧɚ ɜɥɢɹɧɢɟ ɚɧɬɪɨɩɨɝɟɧɧɵɯ 

ɮɚɤɬɨɪɨɜ. ɉɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɩɨɤɚɡɚɧ ɨɬɜɟɬ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɞɟɪɟɜɶɟɜ ɧɚ
ɫɬɪɟɫɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɶɧɵɯ ɪɚɫɬɟɧɢɣ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɜ ɩɪɨɰɟɧɬɚɯ:  

(ɡɧɚɱɟɧɢɹɩɪɢ ɫɬɪɟɫɫɟ – ɡɧɚɱɟɧɢɹɜ ɤɨɧɬɪɨɥɟ)×100/ɡɧɚɱɟɧɢɹɜ ɤɨɧɬɪɨɥɟ.  
 

Ɂɚɤɥɸɱɟɧɢɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ 
ɬɨɩɨɥɟɣ ɜ ɪɚɡɧɵɯ ɪɚɣɨɧɚɯ ɝɨɪɨɞɚ ɍɥɚɧ-Ȼɚɬɨɪ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɟɥɢ-
ɱɢɧɚ Fv/Fm, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɡɚɩɚɫɚ-
ɧɢɹ ɷɧɟɪɝɢɢ ɫɜɟɬɚ ɜ ɩɪɨɰɟɫɫɚɯ ɮɨɬɨɫɢɧɬɟɡɚ, ɢɡɦɟɪɟɧɧɚɹ ɞɥɹ ɯɥɨɪɨɩɥɚ-
ɫɬɨɜ ɤɨɪɵ, ɜ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɧɚ ɪɚɫɫɬɨɹɧɢɢ 
200 ɦ ɨɬ Ɍɗɐ ɢ ɜɞɨɥɶ ɰɟɧɬɪɚɥɶɧɨɣ ɝɨɪɨɞɫɤɨɣ ɦɚɝɢɫɬɪɚɥɢ ɢɡɦɟɧɹɥɚɫɶ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨ. ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɥɚɝɨɩɨɥɭɱɧɨɣ 
ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɟ ɜ ɦɟɫɬɚɯ ɩɪɨɢɡɪɚɫɬɚɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ ɞɟɪɟɜɶ-
ɟɜ. Ɉɞɧɚɤɨ, ɫɭɞɹ ɩɨ ɝɢɫɬɨɝɪɚɦɦɚɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ Fv/Fm ɧɟɤɨ-
ɬɨɪɵɟ ɢɡɦɟɧɟɧɢɹ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɚɫɬɟɧɢɣ ɜɛɥɢɡɢ Ɍɗɐ ɢ, 
ɨɫɨɛɟɧɧɨ ɜɞɨɥɶ ɦɚɝɢɫɬɪɚɥɢ ɜɫɟ ɠɟ ɢɦɟɸɬ ɦɟɫɬɨ. ɋɪɚɜɧɟɧɢɹ ɜɟɥɢɱɢɧ 
∆F/Fm’ ɭ ɪɚɡɧɵɯ ɜɚɪɢɚɧɬɨɜ ɢ ɜɟɥɢɱɢɧɵ ɧɟɮɨɬɨɯɢɦɢɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ 
ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɟɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɜ 
Ɏɋ2 ɭ ɞɟɪɟɜɶɟɜ ɪɚɫɬɭɳɢɯ ɜ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ ɫɧɢɠɟɧɚ, ɚ NPQ 
ɭɜɟɥɢɱɟɧɨ. Ȼɨɥɟɟ ɱɟɬɤɨ ɧɚɪɭɲɟɧɢɹ ɜɢɞɧɵ ɧɚ ɬɪɟɯɥɟɬɧɢɯ ɩɨɛɟɝɚɯ ɬɨɩɨ-
ɥɟɣ, ɤɨɬɨɪɵɟ ɞɨɥɶɲɟ ɩɨɞɜɟɪɝɚɥɢɫɶ ɜɥɢɹɧɢɸ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɷɤɨɥɨɝɢɱɟ-
ɫɤɢɯ ɮɚɤɬɨɪɨɜ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɤɚɤ ɫ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɥɚɝɨɩɨɥɭɱ-
ɧɨɣ  ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɨɣ ɜ ɝɨɪɨɞɟ ɍɥɚɧ-Ȼɚɬɨɪ, ɬɚɤ ɢ ɫ ɛɨɥɟɟ ɜɵ-
ɫɨɤɨɣ ɬɨɥɟɪɚɧɬɧɨɫɬɶɸ ɬɨɩɨɥɹ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɥɢɩɚɦɢ, ɪɚɫɬɭɳɢɦɢ ɜ 
Ɇɨɫɤɜɟ, ɧɚ ɤɨɬɨɪɵɯ ɧɚɪɭɲɟɧɢɹ ɯɨɪɨɲɨ ɜɢɞɧɵ ɭɠɟ ɧɚ ɨɞɧɨɥɟɬɧɢɯ ɩɨɛɟ-
ɝɚɯ (ȼɟɧɟɞɢɤɬɨɜ ɢ ɞɪ., 1999). 
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Ɋɢɫ. 5. ɋɯɟɦɚ ɢɡɦɟɧɟɧɢɣ ɨɪɝɚɧɢɡɚɰɢɢ ɩɟɪɜɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɮɨɬɨɫɢɧɬɟɡɚ ɜ
ɬɢɥɚɤɨɢɞɧɵɯ ɦɟɦɛɪɚɧɚɯ ɤɨɪɵ ɤɨɧɬɪɨɥɶɧɵɯ (Ⱥ), ɨɞɧɨɥɟɬɧɢɯ (Ȼ) ɢ ɬɪɟɯɥɟɬɧɢɯ
(ȼ) ɩɨɛɟɝɨɜ ɬɨɩɨɥɟɣ,  ɪɚɫɬɭɳɢɯ ɜ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ. ɉɨɫɤɨɥɶɤɭ ɦɵ 

ɧɟ ɜɵɹɜɢɥɢ ɪɚɡɥɢɱɢɣ ɜ ɫɨɫɬɨɹɧɢɢ ɨɞɧɨɥɟɬɧɢɯ ɢ ɬɪɟɯɥɟɬɧɢɯ ɩɨɛɟɝɚɯ
ɤɨɧɬɪɨɥɶɧɵɯ ɪɚɫɬɟɧɢɣ, ɧɚ ɫɯɟɦɟ ɨɧɢ ɨɛɴɟɞɢɧɟɧɵ. Ɏɋ — ɮɨɬɨɫɢɫɬɟɦɚ, Ɋɐ —

ɪɟɚɤɰɢɨɧɧɵɣ ɰɟɧɬɪ, ɇȾɇ — ɇȺȾɇ-ɞɟɝɢɞɪɨɝɟɧɚɡɚ, ɉɏ — ɩɭɥ ɯɢɧɨɧɨɜ, ɉɈɊ 

— ɩɥɚɫɬɨɯɢɧɨɧ-Ɉ2-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɚ, Ɏɞ — ɮɟɪɪɟɞɨɤɫɢɧ. 
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Ɏɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɢɡɦɟɧɟɧɢɣ ɨɪɝɚɧɢɡɚɰɢɢ ɩɟɪɜɢɱɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɮɨɬɨɫɢɧɬɟɡɚ ɜ ɬɢɥɚɤɨɢɞɧɵɯ ɦɟɦɛɪɚɧɚɯ ɤɨɪɵ ɤɨɧɬɪɨɥɶɧɵɯ 

(Ⱥ), ɨɞɧɨɥɟɬɧɢɯ (Ȼ) ɢ ɬɪɟɯɥɟɬɧɢɯ (ȼ) ɩɨɛɟɝɨɜ ɬɨɩɨɥɟɣ, ɪɚɫɬɭɳɢɯ ɜ ɧɟ-
ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 5. Ɉɧɚ ɧɨɫɢɬ ɭɫɥɨɜɧɵɣ 

ɯɚɪɚɤɬɟɪ ɢ ɞɥɹ ɩɪɨɫɬɨɬɵ ɜɵɹɜɥɟɧɢɹ ɬɟɧɞɟɧɰɢɣ ɨɛɴɟɞɢɧɹɟɬ ɪɟɡɭɥɶɬɚɬɵ, 

ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɪɚɫɬɟɧɢɹɯ, ɜɵɪɨɫɲɢɯ ɨɤɨɥɨ Ɍɗɐ ɢ ɝɨɪɨɞɫɤɨɣ ɦɚɝɢɫɬɪɚ-
ɥɢ. ɍɜɟɥɢɱɟɧɢɟ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɭ ɷɬɢɯ ɞɟɪɟɜɶɟɜ, ɧɚ ɱɬɨ 
ɭɤɚɡɵɜɚɸɬ ɩɨɤɚɡɚɬɟɥɢ JIP-ɬɟɫɬɚ, ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɥɨɤɚɥɶɧɵɦ ɜɨɡ-
ɪɚɫɬɚɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɋɈ2 ɜ ɚɬɦɨɫɮɟɪɟ. ɍ ɞɟɪɟɜɶɟɜ ɜɵɪɨɫɲɢɯ ɜ ɧɟ-
ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɭɦɟɧɶɲɚɟɬɫɹ ɪɚɡɦɟɪ ɚɧɬɟɧɧɵ, 

ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɭɦɟɧɶɲɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɡɚɤɪɵɬɵɯ Ɋɐ ɢ ɜɨɡɪɚɫɬɚɟɬ ɨɬ-
ɬɨɤ ɷɥɟɤɬɪɨɧɨɜ ɨɬ Ɏɋ2, ɨɞɧɚɤɨ ɩɭɥ ɯɢɧɨɧɨɜ ɛɨɥɟɟ ɨɤɢɫɥɟɧ ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɤɨɧɬɪɨɥɟɦ. ɗɬɨ ɦɨɠɟɬ ɢɦɟɬɶ ɦɟɫɬɨ ɩɪɢ ɚɤɬɢɜɧɨɦ ɨɬɬɨɤɟ ɷɥɟɤɬɪɨ-
ɧɨɜ ɢɡ ɩɭɥɚ ɯɢɧɨɧɨɜ. ɍɦɟɧɶɲɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɬɟɦ ɧɟ 
ɦɟɧɟɟ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɧɢɠɟɧɢɟ ɱɢɫɥɚ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ Ɏɋ2. ɂɦɟ-
ɸɬɫɹ ɞɚɧɧɵɟ, ɱɬɨ ɜ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɦɨɠɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɚɤɬɢɜɧɨɫɬɶ 
ɩɥɚɫɬɨɯɢɧɨɧ-Ɉ2-ɨɤɫɢɞɨɪɟɞɭɤɬɚɡɵ (Baena-Gonzalez et al., 2003), ɤɨɬɨɪɚɹ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɨɬɬɨɤɭ ɷɥɟɤɬɪɨɧɨɜ ɢɡ ɩɭɥɚ ɯɢɧɨɧɨɜ ɧɚ Ɉ2. ɂɡɛɵɬɨɱɧɨɟ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɦɨɥɟɤɭɥ Ɉ2 ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɚɤɬɢɜɧɵɯ 
ɮɨɪɦ Ɉ2, ɪɚɡɪɭɲɚɸɳɢɯ ɪɚɡɥɢɱɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɝɨ 
ɚɩɩɚɪɚɬɚ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ Ɏɋ2 (Ȼɭɯɨɜ, ȿɝɨɪɨɜɚ, 2006). Ɉɩɬɢɦɚɥɶɧɵɣ ɮɨ-
ɬɨɫɢɧɬɟɡ ɦɨɠɟɬ ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ ɬɨɥɶɤɨ ɞɨ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɦɨɦɟɧɬɚ. ɋ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɦɢ ɢɥɢ ɛɨɥɟɟ ɫɢɥɶɧɵɦɢ ɫɬɪɟɫɫɨɜɵɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ 

ɪɟɝɭɥɹɬɨɪɧɚɹ ɫɢɫɬɟɦɚ ɪɚɫɬɟɧɢɹ ɦɨɠɟɬ ɧɟ ɫɩɪɚɜɢɬɶɫɹ. ɉɪɢ ɞɥɢɬɟɥɶɧɨɦ 

ɜɨɡɞɟɣɫɬɜɢɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɣ ɭ ɩɨɛɟɝɨɜ ɬɪɟɬɶɟɝɨ ɝɨɞɚ (ɪɢɫ. 
5.ȼ) ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɧɚɤɨɩɥɟɧɢɟ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɬɟɦ-

ɧɨɜɨɝɨ ɦɟɬɚɛɨɥɢɡɦɚ (ɜɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɨɬɨɫɢɧɬɟ-
ɡɚ) ɢ ɩɭɥ ɯɢɧɨɧɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧ ɡɚ ɫɱɟɬ ɩɪɢɬɨɤɚ ɷɥɟɤɬɪɨɧɨɜ ɨɬ ɚɥɶɬɟɪɧɚ-
ɬɢɜɧɵɯ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɷɬɚ ɬɟɧɞɟɧɰɢɹ ɛɨɥɟɟ 
ɪɚɡɜɢɬɚ ɭ ɞɟɪɟɜɶɟɜ ɪɚɫɬɭɳɢɯ ɜɞɨɥɶ ɝɨɪɨɞɫɤɨɣ ɦɚɝɢɫɬɪɚɥɢ, ɩɨɫɤɨɥɶɤɭ 

ɤɪɨɦɟ ɭɜɟɥɢɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɋɈ2 ɜ ɜɵɯɥɨɩɚɯ ɛɟɧɡɢɧɚ ɫɨɞɟɪɠɚɬɫɹ 
ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ, ɞɪɭɝɢɟ ɬɨɤɫɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ, ɚ ɬɚɤɠɟ ɬɜɟɪɞɵɟ ɱɚɫɬɢ-

ɰɵ ɡɚɛɢɜɚɸɳɢɟ ɭɫɬɶɢɰɚ.  
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ANALYSIS OF THE CHLOROPHYLL FLUORESCENCE 

PARAMETERS IN THE BARK CHLOROPLASTS OF POPLAR 

FROM DIFFERENT AREAS OF ULAN BATOR 

 

Volgusheva A. A., Yakovleva O. V., Konyukhov I. V.,  

Riznichenko G. Yu., Krendeleva T. E., Gunɩ-Aajav T., Bordanova O. S., 

Battulga Ch., Rubin A. B.  

 

 

Fluorescence methods were used for monitoring of poplar from different 

areas of Ulan Bator. The Fv/Fm ratio was similar in control and annual 

shoots of trees from the city which indicated a relatively favourable ecologi-

cal situation. However, histograms of the values Fv/Fm distribution and de-

creased ∆F/Fm’ ratio indicate deterioration of the physiological state of 

these trees. Analysis of the chlorophyll fluorescence transients showed 

changes of redox state of plastoquinone pool, electron transport rate in pho-

tosystem II, decrease of the size of the Chl. antenna and the number of active 

photosystem II reaction centers. Derangements of photosynthetic process ap-

peared only in triennial shoots. This fact suggests about applicability of fluo-

rescence probing of the three-years old tree shoots for evaluation physiologi-

cal state of the whole plant as well as for monitoring ecological state of the 

phytocenosis. 
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