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ɋ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɢɦɩɭɥɶɫɧɨ-ɦɨɞɭɥɢɪɨɜɚɧɧɨɣ ɮɥɭɨɪɢɦɟɬɪɢɢ ɢɡɭɱɟɧɨ 
ɜɥɢɹɧɢɟ ɜɨɡɛɭɠɞɟɧɢɹ, ɜɵɡɜɚɧɧɨɝɨ ɷɥɟɤɬɪɨ- ɢ ɮɨɬɨɢɧɞɭɰɢɪɨɜɚɧɧɵɦɢ 
ɫɬɢɦɭɥɚɦɢ, ɧɚ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɧɟɮɨɬɨɯɢɦɢɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ ɮɥɭɨɪɟɫ-
ɰɟɧɰɢɢ ɯɥɨɪɨɮɢɥɥɚ ɚ (NPQ) ɜ ɤɥɟɬɤɚɯ ɜɨɞɨɪɨɫɥɢ Chara corallina ɢ ɩɟɱɟ-
ɧɨɱɧɨɝɨ ɦɯɚ Anthoceros sp. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɦɟɯɚɧɢɡɦɵ ɨɛɪɚɡɨɜɚɧɢɹ NPQ 

ɩɪɢ ɜɨɡɛɭɠɞɟɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɬɢɦɭɥɨɦ ɢ ɹɪɤɨɣ ɜɫɩɵɲɤɨɣ ɫɜɟɬɚ 
ɪɚɡɥɢɱɚɸɬɫɹ. 

 

 

ȼɜɟɞɟɧɢɟ. ȼɨɡɛɭɞɢɦɨɫɬɶ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɫɜɨɣɫɬɜ ɠɢɜɨɣ ɤɥɟɬɤɢ. ɂɡɭɱɟɧɢɟ ɜɨɡɛɭɞɢɦɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɚɠɧɵɦ 

ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɨɫɨɛɟɧɧɨɫɬɟɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɫɬɟɧɢɣ ɫ ɜɧɟɲɧɟɣ ɫɪɟ-
ɞɨɣ; ɷɬɨɣ ɩɪɨɛɥɟɦɟ ɩɨɫɜɹɳɟɧɨ ɦɧɨɝɨ ɪɚɛɨɬ (Pyatygin et al., 1992; 

Shepherd et al., 2002; Koziolek et al., 2003; Lautner et al., 2005; Fromm and 

Lautner, 2007). ȼ ɤɥɟɬɤɚɯ ɪɚɫɬɟɧɢɣ ɩɨɬɟɧɰɢɚɥɵ ɞɟɣɫɬɜɢɹ (ɉȾ) ɜɨɡɧɢɤɚɸɬ 
ɜ ɨɬɜɟɬ ɧɚ ɪɚɡɥɢɱɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜɧɟɲɧɟɣ ɢɥɢ ɜɧɭɬɪɟɧɧɟɣ ɫɪɟɞɵ. Ʉɥɟɬɤɢ 

ɧɟɤɨɬɨɪɵɯ ɦɯɨɜ, ɜɨɞɨɪɨɫɥɟɣ ɢ ɜɵɫɲɢɯ ɪɚɫɬɟɧɢɣ ɝɟɧɟɪɢɪɭɸɬ ɉȾ ɜ ɨɬɜɟɬ 
ɧɚ ɨɫɜɟɳɟɧɢɟ (Bulychev and Turovetsky, 1983; Trebacz et al., 1989), ɨɯɥɚ-
ɠɞɟɧɢɟ (Pyatygin et al., 1992), ɨɠɨɝ (Koziolek et al., 2003), ɦɟɯɚɧɢɱɟɫɤɢɟ, 
ɯɢɦɢɱɟɫɤɢɟ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɜɨɡɞɟɣɫɬɜɢɹ (Shepherd et al., 2002). ɉɨɬɟɧ-

ɰɢɚɥɵ ɞɟɣɫɬɜɢɹ ɢɝɪɚɸɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜɨ ɦɧɨɝɢɯ ɩɪɨɰɟɫɫɚɯ ɠɢɡɧɟɞɟɹ-
ɬɟɥɶɧɨɫɬɢ ɪɚɫɬɟɧɢɣ, ɜɤɥɸɱɚɹ ɞɵɯɚɧɢɟ (Dziubinska et al., 1989), ɩɨɝɥɨɳɟ-
ɧɢɟ ɜɨɞɵ (Davies, 2006), ɪɚɡɦɧɨɠɟɧɢɟ (Fromm, 2006), ɚ ɬɚɤɠɟ ɜ ɩɪɨɰɟɫ-
ɫɚɯ ɨɫɦɨɬɢɱɟɫɤɨɣ ɪɟɝɭɥɹɰɢɢ (Shepherd et al., 2002). Ʉɪɨɦɟ ɬɨɝɨ, ɪɚɫɩɪɨ-
ɫɬɪɚɧɹɸɳɢɟɫɹ ɉȾ ɜɵɡɵɜɚɸɬ ɷɤɫɩɪɟɫɫɢɸ ɧɟɤɨɬɨɪɵɯ ɝɟɧɨɜ (Vian et al., 

1999), ɡɚɩɭɫɤɚɸɬ ɬɭɪɝɨɪɧɵɟ ɞɜɢɠɟɧɢɹ ɭ ɥɢɫɬɶɟɜ Mimosa ɢ ɧɚɫɟɤɨɦɨɹɞ-
ɧɵɯ ɪɚɫɬɟɧɢɣ (Koziolek et al., 2003) ɢ ɩɪɢɜɨɞɹɬ ɤ ɜɪɟɦɟɧɧɨɣ ɨɫɬɚɧɨɜɤɟ 
ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ ɞɜɢɠɟɧɢɹ ɰɢɬɨɩɥɚɡɦɵ ɯɚɪɨɜɵɯ ɜɨɞɨɪɨɫɥɟɣ (Kikuyama 

and Tazawa, 1983). ɍ ɮɨɬɨɫɢɧɬɟɡɢɪɭɸɳɢɯ ɨɛɴɟɤɬɨɜ ɝɟɧɟɪɚɰɢɹ ɉȾ ɫɤɚ-
ɡɵɜɚɟɬɫɹ ɬɚɤɠɟ ɧɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ ɯɥɨɪɨɩɥɚɫɬɨɜ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɪɚɫ-

169



ɩɪɨɫɬɪɚɧɹɸɳɢɟɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɢɝɧɚɥɵ ɩɪɢɜɨɞɹɬ ɤ ɫɧɢɠɟɧɢɸ ɤɜɚɧɬɨ-
ɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɨɬɨɪɟɚɤɰɢɣ ɮɨɬɨɫɢɫɬɟɦɵ II (ɎɋII) ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɯɥɨɪɨɮɢɥɥɚ '

mF  (Koziolek et al., 2003; Lautner et al., 2005). 

ɗɬɨɬ ɮɚɤɬ ɭɤɚɡɵɜɚɟɬ ɧɚ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɧɟɮɨɬɨɯɢɦɢɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ 
(NPQ) ɜ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɦ ɚɩɩɚɪɚɬɟ, ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɯ ɦɟɯɚ-
ɧɢɡɦɨɜ ɡɚɳɢɬɵ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɨɬ ɮɨɬɨɩɨɜɪɟɠɞɟɧɢɹ 
(Crofts and Yerkes, 1994; Dau, 1994; Müller et al., 2001). 

ȼɪɟɦɟɧɧɨɟ ɫɧɢɠɟɧɢɟ '

mF  ɩɨɫɥɟ ɝɟɧɟɪɚɰɢɢ ɉȾ ɩɨɞɪɨɛɧɨ ɢɡɭɱɟɧɨ 
ɧɚ ɤɥɟɬɤɚɯ ɯɚɪɨɜɨɣ ɜɨɞɨɪɨɫɥɢ ɩɪɢ ɫɬɢɦɭɥɹɰɢɢ ɨɞɢɧɨɱɧɵɦɢ ɢɦɩɭɥɶɫɚ-
ɦɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ (Bulychev et al., 2004; Bulychev and Kamzolkina, 

2006; Krupenina and Bulychev, 2007; Krupenina et al., 2008). ɇɚ ɤɥɟɬɤɚɯ 
Chara ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɟɮɨɬɨɯɢɦɢɱɟɫɤɨɟ ɬɭɲɟɧɢɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

ɩɪɢ ɷɥɟɤɬɪɨɫɬɢɦɭɥɹɰɢɢ ɩɥɚɡɦɚɥɟɦɦɵ ɹɜɥɹɟɬɫɹ ɷɧɟɪɝɨɡɚɜɢɫɢɦɵɦ ɢ ɨɛɭ-
ɫɥɨɜɥɟɧɨ ɜɨɡɪɚɫɬɚɧɢɟɦ Δɪɇ ɧɚ ɦɟɦɛɪɚɧɟ ɬɢɥɚɤɨɢɞɨɜ (Bulychev and 

Kamzolkina, 2006). Ȼɵɥɨ ɬɚɤɠɟ ɩɨɥɭɱɟɧɨ ɤɨɫɜɟɧɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɬɨ-
ɝɨ, ɱɬɨ ɉȾ-ɢɧɞɭɰɢɪɨɜɚɧɧɨɟ ɩɨɞɚɜɥɟɧɢɟ ɮɨɬɨɫɢɧɬɟɡɚ ɢ ɜɨɡɪɚɫɬɚɧɢɟ NPQ 

ɨɩɨɫɪɟɞɨɜɚɧɨ ɩɨɜɵɲɟɧɢɟɦ ɭɪɨɜɧɹ ɋɚ2+
 ɜ ɰɢɬɨɩɥɚɡɦɟ (Krupenina and 

Bulychev, 2007). ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɢɡɭɱɢɬɶ ɜɥɢɹɧɢɟ ɉȾ ɧɚ ɮɨɬɨ-
ɫɢɧɬɟɬɢɱɟɫɤɢɣ ɨɬɜɟɬ ɪɚɫɬɟɧɢɹ, ɟɫɥɢ ɜɨɡɛɭɠɞɟɧɢɟ ɛɵɥɨ ɜɵɡɜɚɧɨ ɞɪɭɝɢɦ 

ɫɩɨɫɨɛɨɦ. Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ ɯɨɪɨɲɨ ɩɨɞɯɨɞɢɬ ɩɟɱɟɧɨɱɧɵɣ ɦɨɯ Athoceros 

sp., ɤɨɬɨɪɵɣ ɢɧɬɟɪɟɫɟɧ ɬɟɦ, ɱɬɨ ɝɟɧɟɪɢɪɭɟɬ ɨɬɜɟɬ ɬɢɩɚ ɉȾ ɜ ɨɬɜɟɬ ɧɚ ɹɪ-
ɤɭɸ ɜɫɩɵɲɤɭ ɫɜɟɬɚ (Bulychev and Turovetsky, 1983; Ȼɭɥɵɱɟɜ, 1989; ɇɢɹ-
ɡɨɜɚ ɢ Ȼɭɥɵɱɟɜ, 1989). Ɏɨɬɨɫɬɢɦɭɥɹɰɢɹ ɫɥɨɟɜɢɳɚ ɦɯɚ ɜɵɡɵɜɚɟɬ ɢɡɦɟ-
ɧɟɧɢɹ ɦɟɦɛɪɚɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɩɥɚɡɦɚɥɟɦɦɵ ɚɦɩɥɢɬɭɞɨɣ ɩɨɪɹɞɤɚ 
40 ɦȼ (Bulychev and Turovetsky, 1983; Ȼɭɥɵɱɟɜ ɢ ɞɪ., 1986), ɚ ɬɚɤɠɟ 
ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɜɢɬɢɸ ɬɭɲɟɧɢɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɤɢɧɟɬɢɱɟɫɤɢ ɩɨɞɨɛɧɨɦɭ 
ɢɡɦɟɧɟɧɢɹɦ Ɇɉ (Ȼɭɥɵɱɟɜ, 1989; Pikulenko and Bulychev, 2005). 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜ ɫɪɚɜɧɢɬɟɥɶɧɨɦ ɚɫɩɟɤɬɟ ɪɚɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɟ 
ɮɨɬɨ- ɢ ɷɥɟɤɬɪɨɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɧɚ ɧɟɮɨɬɨɯɢɦɢɱɟɫɤɨɟ 
ɬɭɲɟɧɢɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɜ ɤɥɟɬɤɚɯ Chara ɢ Anthoceros sp. 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ. ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶ-
ɡɨɜɚɥɢ ɢɡɨɥɢɪɨɜɚɧɧɵɟ ɤɥɟɬɤɢ ɜɨɞɨɪɨɫɥɢ Chara corallina Klein ex Willd, 

ɚ ɬɚɤɠɟ ɤɥɟɬɤɢ ɫɥɨɟɜɢɳɚ ɩɟɱɟɧɨɱɧɨɝɨ ɦɯɚ Anthoceros sp. ɉɟɪɟɞ ɷɤɫɩɟ-
ɪɢɦɟɧɬɨɦ ɤɥɟɬɤɭ Chara ɩɨɦɟɳɚɥɢ ɜ ɞɜɭɯɫɟɤɰɢɨɧɧɭɸ ɤɚɦɟɪɭ ɫ ɢɡɨɥɢɪɨ-
ɜɚɧɧɵɦɢ ɨɬɫɟɤɚɦɢ, ɡɚɩɨɥɧɟɧɧɭɸ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɩɪɭɞɨɜɨɣ ɜɨɞɨɣ (ɂɉȼ), 

ɫɨɞɟɪɠɚɳɟɣ 0.1 ɦɆ KCl, 1.0 ɦɆ NaCl ɢ 0.1 ɦɆ CaCl2. ɉɪɢ ɪɚɛɨɬɟ ɫ An-

thoceros, ɱɚɫɬɶ ɫɥɨɟɜɢɳɚ ɩɨɦɟɳɚɥɢ ɧɚ ɩɪɟɞɦɟɬɧɨɟ ɫɬɟɤɥɨ ɜ ɤɚɩɥɸ ɂɉȼ. 

Раздел 6. Анализ сложных биологических систем. Эксперимент и модели
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Ɉɛɴɟɤɬɵ ɩɨɦɟɳɚɥɢ ɧɚ ɫɬɨɥɢɤ ɢɧɜɟɪɬɢɪɨɜɚɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ Axiovert 

25 (Carl Zeiss) ɫɨ ɜɫɬɪɨɟɧɧɵɦ ɮɥɭɨɪɢɦɟɬɪɨɦ Microscopy PAM (Walz). 

Ɏɥɭɨɪɟɫɰɟɧɰɢɸ ɯɥɨɪɨɮɢɥɥɚ ɧɚ ɤɥɟɬɤɚɯ Chara ɢ Anthoceros sp. ɢɡ-
ɦɟɪɹɥɢ ɧɚ ɧɟɛɨɥɶɲɢɯ ɭɱɚɫɬɤɚɯ ɨɛɴɟɤɬɨɜ (ɤɪɭɝɨɜɚɹ ɨɛɥɚɫɬɶ ɞɢɚɦɟɬɪɨɦ 

100 ɦɤɦ) ɦɟɬɨɞɨɦ ɧɚɫɵɳɚɸɳɢɯ ɫɜɟɬɨɜɵɯ ɢɦɩɭɥɶɫɨɜ ɫ ɩɨɦɨɳɶɸ ɮɥɭɨ-
ɪɢɦɟɬɪɚ ɫ ɢɦɩɭɥɶɫɧɨ-ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɨɫɜɟɳɟɧɢɟɦ Microscopy PAM 

(Walz). Ɉɫɨɛɟɧɧɨɫɬɢ ɦɟɬɨɞɢɤɢ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɛɨɪɚ ɛɨɥɟɟ ɩɨɞ-

ɪɨɛɧɨ ɨɩɢɫɚɧɵ ɜ ɪɚɛɨɬɚɯ (Bulychev and Kamzolkina, 2006; Krupenina and 

Bulychev, 2007). ɗɮɮɟɤɬɢɜɧɵɣ ɤɜɚɧɬɨɜɵɣ ɜɵɯɨɞ ɮɨɬɨɯɢɦɢɱɟɫɤɨɣ ɚɤ-
ɬɢɜɧɨɫɬɢ ɎɋII ɭ ɚɞɚɩɬɢɪɨɜɚɧɧɵɯ ɤ ɬɟɦɧɨɬɟ ɤɥɟɬɨɤ ɢ ɤɥɟɬɨɤ, ɨɫɜɟɳɚɟ-
ɦɵɯ ɞɟɣɫɬɜɭɸɳɢɦ ɫɜɟɬɨɦ, ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɮɨɪɦɭɥɚɦ: 
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mF  — ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɜɵɡɵɜɚɟɦɵɣ ɧɚ-
ɫɵɳɚɸɳɢɦ ɫɜɟɬɨɜɵɦ ɢɦɩɭɥɶɫɨɦ ɜ ɬɟɦɧɨɬɟ ɢ ɧɚ ɮɨɧɟ ɩɨɫɬɨɹɧɧɨɝɨ ɞɟɣ-

ɫɬɜɭɸɳɟɝɨ ɫɜɟɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. F0 ɢ F — ɬɟɦɧɨɜɨɣ ɭɪɨɜɟɧɶ ɮɥɭɨɪɟɫ-
ɰɟɧɰɢɢ ɢ ɜɵɯɨɞ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɧɚ ɞɟɣɫɬɜɭɸɳɟɦ ɫɜɟɬɭ. ɉɨɤɚɡɚɬɟɥɶ ɧɟ-
ɮɨɬɨɯɢɦɢɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɤɨɷɮɮɢɰɢɟɧɬ NPQ ɪɚɫɫɱɢ-

ɬɵɜɚɥɢ ɩɨ ɮɨɪɦɭɥɟ: 

'

'

m

mm

F

FF
NPQ

−
= . 

ɉɚɪɚɦɟɬɪɵ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɢ ɤɜɚɧɬɨɜɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɎɋII ɪɟɝɢɫɬɪɢ-

ɪɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ WinControl. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɪɇ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɤɢ Chara ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɫɭɪɶɦɹɧɵɟ ɪɇ-ɦɢɤɪɨɷɥɟɤɬɪɨɞɵ ɜ ɫɬɟɤɥɹɧɧɨɣ ɢɡɨɥɹɰɢɢ ɫ ɞɢɚɦɟɬɪɨɦ 

ɤɨɧɱɢɤɚ 10–20 ɦɤɦ. Ɍɟɪɦɢɧɵ «ɳɟɥɨɱɧɵɟ» ɢ «ɤɢɫɥɵɟ» ɡɨɧɵ ɤɥɟɬɤɢ ɨɛɨ-
ɡɧɚɱɚɸɬ ɭɱɚɫɬɤɢ ɦɟɠɞɨɭɡɥɢɹ, ɩɪɢɦɵɤɚɸɳɢɟ ɤ ɳɟɥɨɱɧɵɦ ɢ ɤɢɫɥɵɦ ɡɨ-
ɧɚɦ ɧɚɪɭɠɧɨɣ ɫɪɟɞɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋɢɝɧɚɥɵ ɪɇ ɢɡɦɟɪɹɥɢ ɫ ɩɨɦɨɳɶɸ 

ɷɥɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɭɫɢɥɢɬɟɥɹ VAJ-51 (RFT) ɢ ɡɚɩɢɫɵɜɚɥɢ ɧɚ ɤɨɦɩɶɸ-

ɬɟɪ ɫ ɩɨɦɨɳɶɸ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ CED 1401 ɢ ɩɪɨ-
ɝɪɚɦɦɵ WinControl. 

Ⱦɥɹ ɷɥɟɤɬɪɨɫɬɢɦɭɥɹɰɢɢ ɤɥɟɬɤɢ Chara ɩɪɢɦɟɧɹɥɢ ɜɧɟɤɥɟɬɨɱɧɵɟ 
ɩɥɚɬɢɧɨɜɵɟ ɷɥɟɤɬɪɨɞɵ, ɧɟɡɚɜɢɫɢɦɵɟ ɨɬ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɰɟɩɢ. ɗɥɟɤɬɪɨɞɵ 

ɩɨɦɟɳɚɥɢ ɜ ɢɡɨɥɢɪɨɜɚɧɧɵɟ ɨɬɫɟɤɢ ɤɚɦɟɪɵ ɢ ɜɨɡɛɭɠɞɚɥɢ ɤɥɟɬɤɭ ɨɞɢɧɨɱ-
ɧɵɦɢ ɢɦɩɭɥɶɫɚɦɢ ɬɨɤɚ ɫɢɥɨɣ ɨɤɨɥɨ 10 ɦɤȺ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 150 ɦɫɟɤ. 
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Ɏɨɬɨɫɬɢɦɭɥɹɰɢɸ ɫɥɨɟɜɢɳɚ Anthoceros sp. ɩɪɨɜɨɞɢɥɢ, ɨɫɜɟɳɚɹ ɨɛɴɟɤɬ 
ɹɪɤɢɦɢ 3-ɯ ɫɟɤɭɧɞɧɵɦɢ ɢɦɩɭɥɶɫɚɦɢ ɛɟɥɨɝɨ ɫɜɟɬɚ (1000 ɦɤȿ ɦ–2

 ɫ–1
). 

ɇɚ ɪɢɫɭɧɤɚɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɬɢɩɢɱɧɵɯ ɨɩɵɬɨɜ. 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ. Ƚɟɧɟɪɚɰɢɹ ɉȾ ɜ ɳɟɥɨɱɧɵɯ ɭɱɚɫɬɤɚɯ 

ɤɥɟɬɨɤ Chara corallina ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɜɚɧɬɨ-
ɜɨɝɨ ɜɵɯɨɞɚ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɨɜ ɜ ɎɋII, ɜɨɡɪɚɫɬɚɧɢɸ ɧɟɮɨɬɨɯɢɦɢɱɟ-
ɫɤɨɝɨ ɬɭɲɟɧɢɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ NPQ (ɫɧɢɠɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ 
ɮɥɭɨɪɟɫɰɟɧɰɢɢ '

mF ), ɚ ɬɚɤɠɟ ɜɵɡɵɜɚɟɬ ɫɧɢɠɟɧɢɟ ɪɇ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬ-
ɤɢ (Bulychev et al., 2004; Eremin et al., 2007; Krupenina and Bulychev, 

2007; Krupenina et al., 2008). ɇɚ ɪɢɫ. 1ɚ ɩɪɢɜɟɞɟɧɵ ɜɵɡɜɚɧɧɵɟ ɩɨɬɟɧɰɢɚ-
ɥɨɦ ɞɟɣɫɬɜɢɹ ɢɡɦɟɧɟɧɢɹ NPQ ɩɪɢ ɞɜɭɯ ɢɧɬɟɧɫɢɜɧɨɫɬɹɯ ɫɜɟɬɚ ɢ ɪɇ ɭ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɤɥɟɬɤɢ. ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɚɦɩɥɢɬɭɞɚ ɢɡɦɟɧɟɧɢɣ ɧɟɮɨɬɨ-
ɯɢɦɢɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ ɩɨɫɥɟ ɉȾ, ɤɚɤ ɢ ɢɫɯɨɞɧɵɣ ɭɪɨɜɟɧɶ ɧɟɮɨɬɨɯɢɦɢ-

ɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ ɡɚɜɢɫɹɬ ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɟɣɫɬɜɭɸɳɟɝɨ ɫɜɟɬɚ. ɉȾ-

ɢɧɞɭɰɢɪɨɜɚɧɧɵɟ ɢɡɦɟɧɟɧɢɹ NPQ ɧɟ ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɨɬɫɭɬɫɬɜɢɟ ɫɜɟɬɚ 
(ɞɚɧɧɵɟ ɧɟ ɩɪɢɜɟɞɟɧɵ) ɢ ɩɪɢ ɜɵɫɨɤɢɯ ɢɧɬɟɧɫɢɜɧɨɫɬɹɯ ɮɨɬɨɫɢɧɬɟɬɢɱɟ-
ɫɤɢ ɚɤɬɢɜɧɨɣ ɪɚɞɢɚɰɢɢ (ɎȺɊ, 40–100 ɦɤȿ ɦ–2

 ɫ–1
), ɧɨ ɢɦɟɸɬ ɦɚɤɫɢ-

ɦɚɥɶɧɭɸ ɚɦɩɥɢɬɭɞɭ ɜ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ ɎȺɊ. 

 
Ɋɢɫ. 1. ɂɡɦɟɧɟɧɢɹ ɧɟɮɨɬɨɯɢɦɢɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ NPQ ɭ ɤɥɟɬɤɢ Chara corallina 

ɢ Anthoceros. (ɚ) ɉȾ-ɢɧɞɭɰɢɪɨɜɚɧɧɵɟ ɢɡɦɟɧɟɧɢɹ NPQ ɜ ɤɥɟɬɤɟ Chara ɩɪɢ 

ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤɚ ɤɜɚɧɬɨɜ 40 (ɤɪɢɜɚɹ 1) ɢ 26 ɦɤȿ ɦ–2
 ɫ–1

 (ɤɪɢɜɚɹ 2), ɫɨɩɪɨɜɨɠ-

ɞɚɸɳɢɟɫɹ ɩɚɪɚɥɥɟɥɶɧɵɦ ɫɧɢɠɟɧɢɟɦ ɪɇ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɟɬɤɢ (ɤɪɢɜɚɹ 3). (ɛ) 

ȼɵɡɜɚɧɧɵɟ ɹɪɤɨɣ ɜɫɩɵɲɤɨɣ ɫɜɟɬɚ ɢɡɦɟɧɟɧɢɹ NPQ ɭ Anthoceros sp. ɜ ɬɟɦɧɨɬɟ 
(ɤɪɢɜɚɹ 1) ɢ ɧɚ ɮɨɧɨɜɨɦ ɫɜɟɬɭ ɫ ɢɧɬɟɧɫɢɜɧɨɫɬɹɦɢ 3 ɢ 9 ɦɤȿ ɦ–2

 ɫ–1
 (ɤɪɢɜɵɟ 2 ɢ 

3). Ɂɢɝɡɚɝɨɨɛɪɚɡɧɨɣ ɫɬɪɟɥɤɨɣ ɧɚ ɷɬɨɦ ɪɢɫɭɧɤɟ ɢ ɪɢɫ. 3 ɨɬɦɟɱɟɧ ɦɨɦɟɧɬ ɩɪɢɥɨ-

ɠɟɧɢɹ ɷɥ. ɫɬɢɦɭɥɚ ɤ ɤɥɟɬɤɟ Chara; ɩɪɨɫɬɨɣ ɫɬɪɟɥɤɨɣ — ɨɫɜɟɳɟɧɢɟ ɬɚɥɥɨɦɚ 
ɦɯɚ Anthoceros sp. 3-ɯ ɫɟɤɭɧɞɧɵɦ ɢɦɩɭɥɶɫɨɦ ɹɪɤɨɝɨ ɫɜɟɬɚ (1000 ɦɤȿ ɦ–2

 ɫ–1
). 
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ɂɧɬɟɪɟɫɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɪɹɞɟ ɨɩɵɬɨɜ ɜɨɡɪɚɫɬɚɧɢɸ ɧɟɮɨɬɨɯɢɦɢ-

ɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ ɩɨɫɥɟ ɉȾ ɩɪɟɞɲɟɫɬɜɨɜɚɥɨ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɟ ɫɧɹɬɢɟ 
ɬɭɲɟɧɢɹ, ɩɪɢɪɨɞɚ ɤɨɬɨɪɨɝɨ ɩɨɤɚ ɧɟ ɹɫɧɚ. ɗɬɨ ɧɚɱɚɥɶɧɨɟ ɫɧɢɠɟɧɢɟ NPQ 

ɯɨɪɨɲɨ ɜɢɞɧɨ ɧɚ ɹɪɤɨɦ ɫɜɟɬɭ (ɪɢɫ.1ɚ, ɤɪɢɜɚɹ 1). Ɉɫɜɟɳɟɧɢɟ ɬɚɥɥɨɦɚ ɩɟ-
ɱɟɧɨɱɧɨɝɨ ɦɯɚ Anthoceros sp. ɫɜɟɬɨɜɵɦɢ ɢɦɩɭɥɶɫɚɦɢ ɫɟɤɭɧɞɧɨɣ ɞɥɢ-

ɬɟɥɶɧɨɫɬɢ ɜɵɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɹ ɦɟɦɛɪɚɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ, ɚɧɚɥɨɝɢɱɧɵɟ 
ɉȾ, ɤɨɬɨɪɵɟ ɪɚɡɜɢɜɚɸɬɫɹ ɫɯɨɞɧɵɦ ɨɛɪɚɡɨɦ ɧɚ ɫɜɟɬɭ ɢ ɜ ɬɟɦɧɨɬɟ 
(Bulychev and Turovetsky, 1983; Ȼɭɥɵɱɟɜ ɢ ɞɪ., 1986). ȼ ɨɬɥɢɱɢɟ ɨɬ ɉȾ-

ɢɧɞɭɰɢɪɨɜɚɧɧɵɯ ɢɡɦɟɧɟɧɢɣ NPQ ɜ ɤɥɟɬɤɚɯ Chara, ɧɚɢɛɨɥɶɲɚɹ ɚɦɩɥɢ-

ɬɭɞɚ ɢɡɦɟɧɟɧɢɣ NPQ ɭ Anthoceros sp. ɨɬɦɟɱɟɧɚ ɩɪɢ ɮɨɬɨɫɬɢɦɭɥɹɰɢɢ 

ɨɛɴɟɤɬɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɬɟɦɧɨɬɟ (ɪɢɫ. 1ɛ, ɤɪɢɜɚɹ 1). ɉɨɜɵɲɟɧɢɟ ɮɨɧɨ-
ɜɨɝɨ ɭɪɨɜɧɹ ɎȺɊ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɨɫɥɚɛɥɟɧɢɟɦ ɡɚɩɭɫɤɚɟɦɵɯ ɫɜɟɬɨɜɵɦ 

ɫɬɢɦɭɥɨɦ ɢɡɦɟɧɟɧɢɣ NPQ ɢ ɭɫɤɨɪɟɧɢɟɦ ɪɟɥɚɤɫɚɰɢɢ NPQ ɤ ɢɫɯɨɞɧɨɦɭ 

ɫɨɫɬɨɹɧɢɸ (ɪɢɫ. 1ɛ, ɤɪɢɜɚɹ 2). 

Ɉɬɫɭɬɫɬɜɢɟ ɜɵɡɜɚɧɧɵɯ ɩɨɬɟɧɰɢɚɥɨɦ ɞɟɣɫɬɜɢɹ ɢɡɦɟɧɟɧɢɣ ɤɜɚɧɬɨ-
ɜɨɝɨ ɜɵɯɨɞɚ ɎɋII ɢ NPQ ɜ ɬɟɦɧɨɬɟ (Krupenina and Bulychev, 2007) ɢ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɞɢɭɪɨɧɚ (Ȼɭɥɵɱɟɜ ɢ Ʉɪɭɩɟɧɢɧɚ, 2008) ɩɨɡɜɨɥɹɟɬ ɡɚɤɥɸ-

ɱɢɬɶ, ɱɬɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ǻpH ɢ NPQ ɜ ɬɢɥɚɤɨɢɞɚɯ Chara ɩɨɫɥɟ ɢɦ-

ɩɭɥɶɫɧɨɣ ɞɟɩɨɥɹɪɢɡɚɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɩɨɬɨɤɚ ɷɥɟɤ-
ɬɪɨɧɨɜ. ɉɪɟɞɥɨɠɟɧɧɵɣ ɜ ɪɚɛɨɬɚɯ (Bulychev and Kamzolkina, 2006; 

Krupenina and Bulychev, 2007) ɦɟɯɚɧɢɡɦ ɨɛɪɚɡɨɜɚɧɢɹ ɬɭɲɟɧɢɹ ɮɥɭɨɪɟɫ-
ɰɟɧɰɢɢ ɩɪɢ ɜɨɡɛɭɠɞɟɧɢɢ ɭɱɢɬɵɜɚɟɬ ɩɨɜɵɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɋɚ2+ ɜ 
ɰɢɬɨɩɥɚɡɦɟ ɢ ɫɬɪɨɦɟ ɯɥɨɪɨɩɥɚɫɬɚ, ɚ ɬɚɤɠɟ ɨɩɨɫɪɟɞɨɜɚɧɧɨɟ ɋɚ2+

 ɢɧɝɢ-

ɛɢɪɨɜɚɧɢɟ ɰɢɤɥɚ Ʉɚɥɶɜɢɧɚ ɢ ɜɨɡɪɚɫɬɚɧɢɟ ɝɪɚɞɢɟɧɬɚ ɇ+
 ɧɚ ɦɟɦɛɪɚɧɚɯ 

ɬɢɥɚɤɨɢɞɨɜ. 
ȼ ɨɬɥɢɱɢɟ ɨɬ ɬɭɲɟɧɢɹ NPQ ɭ ɤɥɟɬɨɤ Chara, ɤɨɬɨɪɨɟ ɩɪɨɹɜɥɹɟɬɫɹ 

ɬɨɥɶɤɨ ɧɚ ɫɜɟɬɭ, ɭ Anthoceros sp. ɜɨɡɛɭɠɞɚɸɳɚɹ ɤɨɪɨɬɤɚɹ ɜɫɩɵɲɤɚ ɫɜɟɬɚ 
ɫɥɭɠɢɬ ɥɢɲɶ ɬɪɢɝɝɟɪɨɦ, ɢɧɢɰɢɢɪɭɸɳɢɦ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɬɭɲɟɧɢɹ ɮɥɭɨ-
ɪɟɫɰɟɧɰɢɢ. ɉɨɫɥɟɞɭɸɳɟɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ǻpH ɢ NPQ ɭ Anthoceros sp., 

ɜɟɪɨɹɬɧɨ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɞɨɥɝɨɠɢɜɭɳɢɯ ɬɟɦɧɨɜɵɯ ɩɪɨɰɟɫɫɨɜ, ɡɚ-
ɩɭɫɤɚɟɦɵɯ ɜ ɯɥɨɪɨɩɥɚɫɬɚɯ ɩɨɫɥɟ ɫɜɟɬɨɜɨɝɨ ɫɬɢɦɭɥɚ. Ɍɚɤɢɦɢ ɫɜɨɣɫɬɜɚ-
ɦɢ ɨɛɥɚɞɚɟɬ ɢɧɢɰɢɢɪɭɟɦɵɣ ɫɜɟɬɨɦ ɬɟɦɧɨɜɨɣ ɝɢɞɪɨɥɢɡ ȺɌɎ ɜ ɯɥɨɪɨ-
ɩɥɚɫɬɚɯ, ɫɨɩɪɨɜɨɠɞɚɟɦɵɣ ɝɟɧɟɪɚɰɢɟɣ ǻpH (Gilmore and Yamamoto, 

1992). Ɋɚɫɫɦɚɬɪɢɜɚɹ ɩɪɢɱɢɧɵ ɬɟɦɧɨɜɨɝɨ ɜɨɡɪɚɫɬɚɧɢɹ NPQ ɢ ɟɝɨ ɜɨɫɫɬɚ-
ɧɨɜɥɟɧɢɹ ɜ ɤɥɟɬɤɚɯ Anthoceros sp. ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ, ɱɬɨ ɜ ɩɨɞɞɟɪɠɚ-
ɧɢɢ ǻpH ɦɨɠɟɬ ɭɱɚɫɬɜɨɜɚɬɶ ɚɤɬɢɜɢɪɭɟɦɚɹ ɫɜɟɬɨɦ ɇ+

-ȺɌɎɚɡɚ ɯɥɨɪɨɩɥɚ-
ɫɬɨɜ (Bulychev et al., 1985; Shahak, 1986). Ɍɟɦɧɨɜɚɹ ɧɚɤɚɱɤɚ ɩɪɨɬɨɧɨɜ, 
ɨɫɭɳɟɫɬɜɥɹɟɦɚɹ ɷɬɢɦ ɮɟɪɦɟɧɬɨɦ, ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ 
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ɦɢɧɭɬ ɩɨɫɥɟ ɜɵɤɥɸɱɟɧɢɹ ɫɜɟɬɚ, ɨɫɥɚɛɥɹɹɫɶ ɩɨ ɦɟɪɟ ɢɧɚɤɬɢɜɚɰɢɢ ɇ+
-

ȺɌɎɚɡɵ (Shahak, 1986). ɇɚ ɭɱɚɫɬɢɟ ɇ+
-ȺɌɎɚɡɵ ɭɤɚɡɵɜɚɟɬ ɬɚɤɠɟ ɬɨɬ 

ɮɚɤɬ, ɱɬɨ ɢɧɝɢɛɢɬɨɪ ɮɨɬɨɚɤɬɢɜɢɪɭɟɦɨɣ ȺɌɎɚɡɵ ɯɥɨɪɨɩɥɚɫɬɨɜ ɬɟɧɬɨɤ-
ɫɢɧ ɨɫɥɚɛɥɹɟɬ ɡɚɩɭɫɤɚɟɦɨɟ ɫɜɟɬɨɦ ɭɦɟɧɶɲɟɧɢɟ ɜɵɯɨɞɚ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

ɢ ɭɫɤɨɪɹɟɬ ɩɪɨɰɟɫɫ ɬɟɦɧɨɜɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɵɯɨɞɚ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

(Ȼɭɥɵɱɟɜ, 1989). 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɨɛɪɚɡɨɜɚɧɢɹ NPQ ɩɪɢ ɷɥɟɤɬɪɨ- ɢ ɮɨɬɨ-
ɫɬɢɦɭɥɢɪɭɟɦɨɦ ɜɨɡɛɭɠɞɟɧɢɢ ɤɥɟɬɤɢ ɦɵ ɢɫɫɥɟɞɨɜɚɥɢ ɜɥɢɹɧɢɟ ɢɫɤɭɫɫɬ-
ɜɟɧɧɨɝɨ ɚɤɰɟɩɬɨɪɚ ɷɥɟɤɬɪɨɧɨɜ ɦɟɬɢɥɜɢɨɥɨɝɟɧɚ (ɩɚɪɚɤɜɚɬ) ɧɚ ɫɜɟɬɨɜɵɟ 
ɤɪɢɜɵɟ NPQ (ɪɢɫ. 2) ɢ ɉȾ-ɢɧɞɭɰɢɪɨɜɚɧɧɨɟ ɬɭɲɟɧɢɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 

(ɪɢɫ. 3) ɜ ɤɥɟɬɤɚɯ Chara ɢ Anthoceros sp. 

ɇɚ ɪɢɫ. 2. ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ Ɇȼ ɧɚ ɡɚɜɢɫɢɦɨɫɬɢ NPQ ɨɬ ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɢ ɫɜɟɬɚ, ɢɡɦɟɪɟɧɧɵɟ ɧɚ ɤɥɟɬɤɚɯ Chara ɢ Anthoceros sp. ɍ Chara ɫɜɟ-
ɬɨɜɵɟ ɤɪɢɜɵɟ, ɢɡɦɟɪɟɧɧɵɟ ɜ ɤɨɧɬɪɨɥɟ, ɧɟ ɨɬɥɢɱɚɥɢɫɶ ɨɬ ɫɜɟɬɨɜɵɯ ɤɪɢ-

ɜɵɯ ɜ ɩɪɢɫɭɬɫɬɜɢɢ Ɇȼ ɞɨ ɩɪɢɥɨɠɟɧɢɹ ɜɨɡɛɭɠɞɚɸɳɟɝɨ ɫɬɢɦɭɥɚ 
(ɪɢɫ. 2ɚ). Ɉɞɧɚɤɨ ɝɟɧɟɪɚɰɢɹ ɉȾ ɩɪɢɜɨɞɢɥɚ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɬɭɲɟɧɢɹ ɜ 
ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɫɜɟɬɚ ɢ ɫɞɜɢɝɭ ɫɜɟɬɨɜɨɣ ɤɪɢɜɨɣ ɜ 
ɫɬɨɪɨɧɭ ɧɢɡɤɢɯ ɎȺɊ. ɋɯɨɞɧɨɟ ɜɥɢɹɧɢɟ Ɇȼ ɧɚ ɫɜɟɬɨɜɭɸ ɤɪɢɜɭɸ NPQ 

ɧɚɛɥɸɞɚɥɨɫɶ ɢ ɭ Anthoceros sp. (ɪɢɫ. 2ɛ). 

 
Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɹ ɫɜɟɬɨɜɵɯ ɤɪɢɜɵɯ ɧɟɮɨɬɨɯɢɦɢɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ NPQ ɩɨɫɥɟ 
ɝɟɧɟɪɚɰɢɢ ɉȾ ɜ ɩɪɢɫɭɬɫɬɜɢɢ Ɇȼ ɭ Chara (ɚ) ɢ Anthoceros sp. (ɛ). (ɚ) Ɉɬɤɪɵɬɵɟ 
ɫɢɦɜɨɥɵ — ɩɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ɜ ɫɪɟɞɭ Ɇȼ, ɞɨ ɝɟɧɟɪɚɰɢɢ ɉȾ; ɡɚɤɪɵɬɵɟ ɫɢɦɜɨ-

ɥɵ — ɜ ɩɪɢɫɭɬɫɬɜɢɢ Ɇȼ ɩɨɫɥɟ ɨɞɧɨɤɪɚɬɧɨɣ ɫɬɢɦɭɥɹɰɢɢ. (ɛ) Ɉɬɤɪɵɬɵɟ ɫɢɦɜɨɥɵ 

— ɫɜɟɬɨɜɚɹ ɤɪɢɜɚɹ, ɢɡɦɟɪɟɧɧɚɹ ɞɨ ɜɧɟɫɟɧɢɹ ɜ ɫɪɟɞɭ Ɇȼ, ɡɚɤɪɵɬɵɟ — ɩɨɫɥɟ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɫɯɨɞɧɨɟ ɜɥɢɹɧɢɟ Ɇȼ ɧɚ ɫɜɟɬɨɜɵɟ ɤɪɢɜɵɟ ɧɟɮɨɬɨɯɢ-

ɦɢɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ ɭ Chara ɢ Anthoceros sp., ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɢɧɟɬɢɤ ɢɡ-
ɦɟɧɟɧɢɹ NPQ ɩɨɫɥɟ ɫɬɢɦɭɥɹɰɢɢ ɢɦɩɭɥɶɫɨɦ ɬɨɤɚ ɢ ɜɫɩɵɲɤɨɣ ɫɜɟɬɚ ɜɵ-
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ɹɜɢɥɨ ɪɚɡɥɢɱɢɹ ɜ ɨɬɜɟɬɚɯ ɷɬɢɯ ɨɛɴɟɤɬɨɜ ɧɚ ɜɨɡɛɭɠɞɟɧɢɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

Ɇȼ (ɪɢɫ. 3).  

 
Ɋɢɫ. 3. Ɋɚɡɜɢɬɢɟ ɧɟɮɨɬɨɯɢɦɢɱɟɫɤɨɝɨ ɭ Chara (ɚ) ɢ Anthoceros sp. (ɛ) ɜ ɫɪɟɞɟ ɛɟɡ 
ɞɨɛɚɜɨɤ ɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɜ ɫɪɟɞɟ ɦɟɬɢɥɜɢɨɥɨɝɟɧɚ. Ʉɨɧɰɟɧɬɪɚɰɢɢ Ɇȼ ɞɥɹ ɨɩɵ-

ɬɨɜ ɚ ɢ ɛ — 0.83 ɦɆ ɢ 0.5 ɦɆ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɇɚ ɪɢɫ. 3ɚ ɩɨɤɚɡɚɧɵ ɢɡɦɟɧɟɧɢɹ NPQ ɜ ɤɥɟɬɤɟ Chara, ɜɵɡɵɜɚɟɦɵɟ 
ɩɨɬɟɧɰɢɚɥɨɦ ɞɟɣɫɬɜɢɹ ɞɨ ɢ ɩɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ Ɇȼ. ȼ ɤɨɧɬɪɨɥɶɧɵɯ ɭɫɥɨ-
ɜɢɹɯ (ɛɟɡ Ɇȼ) ɉȾ-ɢɧɞɭɰɢɪɨɜɚɧɧɨɟ ɜɨɡɪɚɫɬɚɧɢɟ NPQ ɜ ɤɥɟɬɤɚɯ Chara 

ɛɵɥɨ ɨɛɪɚɬɢɦɵɦ (ɪɢɫ. 3ɚ, ɡɚɤɪɵɬɵɟ ɫɢɦɜɨɥɵ): ɩɨɫɥɟ ɜɨɡɪɚɫɬɚɧɢɹ ɭɪɨɜ-
ɧɹ NPQ ɞɨ ɦɚɤɫɢɦɭɦɚ ɧɚɛɥɸɞɚɥɨɫɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ NPQ ɞɨ ɢɫɯɨɞɧɨɝɨ 
ɭɪɨɜɧɹ. ɉɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ɜ ɫɪɟɞɭ Ɇȼ ɞɨ ɤɨɧɰɟɧɬɪɚɰɢɢ 0.83 ɦɆ, ɝɟɧɟ-
ɪɚɰɢɹ ɉȾ ɜɵɡɵɜɚɥɚ ɜ ɬɨɣ ɠɟ ɤɥɟɬɤɟ ɛɵɫɬɪɨɟ ɢ ɧɟɨɛɪɚɬɢɦɨɟ ɭɜɟɥɢɱɟɧɢɟ 
NPQ (ɨɬɤɪɵɬɵɟ ɫɢɦɜɨɥɵ). ɉɪɢ ɷɬɨɦ ɩɨɜɬɨɪɧɵɣ ɫɬɢɦɭɥ ɧɟ ɩɪɢɜɨɞɢɥ ɤ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɜɨɡɪɚɫɬɚɧɢɸ ɬɭɲɟɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

0.83 ɦɆ Ɇȼ ɜɨɡɪɚɫɬɚɧɢɟ NPQ ɩɨɫɥɟ ɉȾ ɪɚɡɜɢɜɚɥɨɫɶ ɛɵɫɬɪɟɟ, ɱɟɦ ɜ 
ɫɪɟɞɟ ɛɟɡ ɞɨɛɚɜɨɤ. ɗɬɢ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɉȾ ɜɵɡɵɜɚɟɬ 
ɩɪɨɧɢɤɧɨɜɟɧɢɟ Ɇȼ ɤ ɯɥɨɪɨɩɥɚɫɬɚɦ.  

ȼ ɨɩɵɬɚɯ ɫ Anthoceros sp. ɦɟɬɢɥɜɢɨɥɨɝɟɧ ɩɨɞɚɜɥɹɥ ɡɚɩɭɫɤɚɟɦɵɟ 
ɫɜɟɬɨɦ ɢɡɦɟɧɟɧɢɹ ɦɟɦɛɪɚɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɩɥɚɡɦɚɥɟɦɦɵ (ɞɚɧɧɵɟ ɧɟ 
ɩɪɢɜɟɞɟɧɵ), ɧɟ ɨɤɚɡɵɜɚɹ ɨɳɭɬɢɦɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɡɚɩɭɫɤɚɟɦɵɟ ɫɜɟɬɨɦ 

ɢɡɦɟɧɟɧɢɹ ɧɟɮɨɬɨɯɢɦɢɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (ɪɢɫ. 3ɛ). Ɉɫ-
ɜɟɳɟɧɢɟ ɬɟɦɧɨɚɞɚɩɬɢɪɨɜɚɧɧɨɝɨ ɬɚɥɥɨɦɚ ɦɯɚ Anthoceros sp., ɜɵɞɟɪɠɚɧ-

ɧɨɝɨ ɜ ɪɚɫɬɜɨɪɟ Ɇȼ, ɹɪɤɨɣ ɜɫɩɵɲɤɨɣ ɫɜɟɬɚ ɩɪɢɜɨɞɢɥɨ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɚɦɩɥɢɬɭɞɵ ɢɡɦɟɧɟɧɢɣ NPQ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɟɦ (ɪɢɫ. 3ɛ), ɨɞɧɚɤɨ 
ɧɟɨɛɪɚɬɢɦɨɫɬɢ, ɤɚɤ ɜ ɫɥɭɱɚɟ ɫ ɤɥɟɬɤɨɣ Chara, ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ. ȼ ɭɫɥɨ-
ɜɢɹɯ ɨɛɳɟɝɨ ɫɥɚɛɨɝɨ ɨɫɜɟɳɟɧɢɹ ɢɡɦɟɧɟɧɢɹ NPQ, ɜɵɡɜɚɧɧɵɟ ɮɨɬɨɫɬɢ-
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ɦɭɥɹɰɢɟɣ ɭɱɚɫɬɤɚ ɦɯɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ Ɇȼ, ɧɟ ɨɬɥɢɱɚɥɢɫɶ ɨɬ ɤɨɧɬɪɨɥɶɧɨ-
ɝɨ ɨɩɵɬɚ: ɨɫɜɟɳɟɧɢɟ ɨɛɪɚɡɰɚ ɹɪɤɢɦ ɫɜɟɬɨɜɵɦ ɢɦɩɭɥɶɫɨɦ ɩɪɢɜɨɞɢɥɨ ɤ 
ɭɦɟɧɶɲɟɧɢɸ ɢɡɦɟɧɟɧɢɣ NPQ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɩɪɢɫɭɬɫɬɜɢɹ ɜ ɫɪɟɞɟ ɷɤɡɨ-
ɝɟɧɧɨɝɨ ɚɤɰɟɩɬɨɪɚ. 

Ɋɟɡɭɥɶɬɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫ. 3, ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ ɦɟɯɚ-
ɧɢɡɦɵ ɨɛɪɚɡɨɜɚɧɢɹ ɧɟɮɨɬɨɯɢɦɢɱɟɫɤɨɝɨ ɬɭɲɟɧɢɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɪɢ 

ɜɨɡɛɭɠɞɟɧɢɢ ɧɟɨɞɢɧɚɤɨɜɵ ɭ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɴɟɤɬɨɜ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɷɬɨ 
ɫɜɹɡɚɧɨ ɫ ɪɚɡɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɉȾ-ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ 

ɬɭɲɟɧɢɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɭ Chara ɢ Anthoceros sp. ɜ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɹɯ (ɜ ɨɬɫɭɬɫɬɜɢɟ Ɇȼ). ȼ ɪɚɛɨɬɟ (Ȼɭɥɵɱɟɜ ɢ Ʉɪɭɩɟɧɢɧɚ, 2008) ɛɵ-

ɥɨ ɫɞɟɥɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ Ɇȼ ɦɨɠɟɬ ɩɨɫɬɭɩɚɬɶ ɜ ɤɥɟɬɤɭ Chara ɩɨ 
ɋɚ2+

-ɤɚɧɚɥɚɦ ɩɥɚɡɦɚɥɟɦɦɵ, ɤɨɬɨɪɵɟ ɨɬɤɪɵɜɚɸɬɫɹ ɩɪɢ ɜɨɡɛɭɠɞɟɧɢɢ, ɢ 

ɩɪɨɧɢɤɚɟɬ ɜ ɯɥɨɪɨɩɥɚɫɬɵ, ɝɞɟ ɜɵɡɵɜɚɟɬ ɧɟɨɛɪɚɬɢɦɨɟ ɬɭɲɟɧɢɟ ɮɥɭɨɪɟɫ-
ɰɟɧɰɢɢ. ȼɥɢɹɧɢɟ ɦɟɬɢɥɜɢɨɥɨɝɟɧɚ ɧɚ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɦɯɚ 
Anthoceros sp. ɬɪɟɛɭɟɬ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɨɞɧɚɤɨ ɨɱɟɜɢɞɧɨ, ɱɬɨ 
ɡɚɩɭɫɤɚɟɦɵɟ ɫɜɟɬɨɦ ɞɨɥɝɨɠɢɜɭɳɢɟ ɬɟɦɧɨɜɵɟ ɩɪɨɰɟɫɫɵ, ɥɟɠɚɳɢɟ ɜ ɨɫ-
ɧɨɜɟ ɢɡɦɟɧɟɧɢɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ, ɧɟɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɞɟɣɫɬɜɢɸ ɢɫɤɭɫɫɬ-
ɜɟɧɧɨɝɨ ɚɤɰɟɩɬɨɪɚ ɷɥɟɤɬɪɨɧɨɜ. 

Ɂɚɤɥɸɱɟɧɢɟ. ȼ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɜɥɢɹɧɢɹ ɜɨɡɛɭɠɞɟɧɢɹ, 
ɜɵɡɜɚɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɬɢɦɭɥɨɦ ɢ ɮɨɬɨɜɫɩɵɲɤɨɣ, ɧɚ ɧɟɮɨɬɨɯɢɦɢ-

ɱɟɫɤɨɟ ɬɭɲɟɧɢɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɤɥɟɬɨɤ ɜɨɞɨɪɨɫɥɢ Chara ɢ ɩɟɱɟɧɨɱɧɨɝɨ 
ɦɯɚ Anthoceros sp. ȼ ɤɥɟɬɤɚɯ Chara ɬɭɲɟɧɢɟ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɜɨɡɧɢɤɚɟɬ 
ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɢɡɦɟɧɟɧɢɣ ɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ ɰɢɬɨɩɥɚɡɦɵ ɜɨ ɜɪɟɦɹ ɉȾ, ɚ ɜ 
ɤɥɟɬɤɚɯ ɦɯɚ ɢɡɦɟɧɟɧɢɹ ɦɟɦɛɪɚɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɪɚɡɜɢ-

ɜɚɸɬɫɹ ɤɚɤ ɩɚɪɚɥɥɟɥɶɧɵɟ ɩɪɨɰɟɫɫɵ, ɜɵɡɜɚɧɧɵɟ ɮɨɬɨɪɟɚɤɰɢɹɦɢ ɜ ɯɥɨɪɨ-
ɩɥɚɫɬɚɯ. Ɉ ɪɚɡɥɢɱɢɹɯ ɜ ɦɟɯɚɧɢɡɦɚɯ ɨɛɪɚɡɨɜɚɧɢɹ NPQ ɩɪɢ ɷɥɟɤɬɪɨ- ɢ ɮɨ-
ɬɨɫɬɢɦɭɥɢɪɭɟɦɨɦ ɜɨɡɛɭɠɞɟɧɢɢ ɤɥɟɬɤɢ ɝɨɜɨɪɢɬ ɬɚɤɠɟ ɧɟɨɞɢɧɚɤɨɜɨɟ ɞɟɣ-

ɫɬɜɢɟ ɦɟɬɢɥɜɢɨɥɨɝɟɧɚ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ NPQ ɩɪɢ ɜɨɡɛɭɠɞɟɧɢɢ ɢɫɫɥɟɞɨ-
ɜɚɧɧɵɯ ɨɛɴɟɤɬɨɜ. ȼ ɨɩɵɬɚɯ ɫ Anthoceros sp. ɦɟɬɢɥɜɢɨɥɨɝɟɧ ɩɨɞɚɜɥɹɥ ɡɚ-
ɩɭɫɤɚɟɦɵɟ ɫɜɟɬɨɦ ɢɡɦɟɧɟɧɢɹ ɦɟɦɛɪɚɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ, ɧɟ ɨɤɚɡɵɜɚɹ 
ɜɥɢɹɧɢɹ ɧɚ ɡɚɩɭɫɤɚɟɦɵɟ ɫɜɟɬɨɦ ɢɡɦɟɧɟɧɢɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ. 
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FLUORESCENCE QUENCHING IN GREEN PLANT CELLS AFTER 

ELECTRICALLY AND PHOTO-INDUCED ACTION  

POTENTIALS 

 

Krupenina N. A., Pikulenko M. M., Bulychev A. A. 

 

 

Pulse amplitude-modulated microfluorometry was used to study the effects of 

electrically and photo-induced action potentials (AP) on the formation of 

non-photochemical fluorescence quenching (NPQ) in cells of alga Chara co-

rallina and hornwort Anthoceros sp. It was shown that the mechanisms of 

NPQ formation differ in the cases of electro- and photo-induced excitation. 
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