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ȼɜɟɞɟɧɢɟ 
 
 

Ƚɨɥɶɹɧɵ ɪɨɞɚ Rhynchocypris (FishBase, 2019),– ɝɨɥɶɹɧ ɑɟɤɚɧɨɜɫɤɨɝɨ (R. 

czekanowskii) ɢ ɨɡɟɪɧɵɣ ɝɨɥɶɹɧ (R. percnurus) ɷɬɨ ɬɢɩɢɱɧɵɟ ɧɟɩɪɨɦɵɫɥɨɜɵɟ 

ɪɵɛɵ, ɢɝɪɚɸɳɢɟ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɛɢɨɰɟɧɨɡɚɯ, ɤɚɤ ɨɛɴɟɤɬ ɩɢɬɚɧɢɹ ɢ ɤɨɧɤɭɪɟɧɬɵ 

ɡɚ ɩɢɳɟɜɵɟ ɪɟɫɭɪɫɵ ɰɟɧɧɵɯ ɩɪɨɦɵɫɥɨɜɵɯ ɜɢɞɨɜ ɪɵɛ (Ɂɭɟɜ, 2007). 

ɋɨɝɥɚɫɧɨ ɝɟɧɟɬɢɱɟɫɤɢɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɝɨɥɶɹɧ ɑɟɤɚɧɨɜɫɤɨɝɨ ɢ ɨɡɟɪɧɵɣ 

ɝɨɥɶɹɧ, ɨɞɧɢ ɢɡ ɧɚɢɛɨɥɟɟ ɛɥɢɡɤɨɪɨɞɫɬɜɟɧɧɵɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɪɨɞɚ 

Rhynchocypris (Sakai et al., 2006). ɇɟɫɦɨɬɪɹ ɧɚ ɛɥɢɡɤɨɪɨɞɫɬɜɟɧɧɨɫɬɶ ɷɬɢɯ 

ɜɢɞɨɜ, ɢɯ ɷɤɨɥɨɝɢɹ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɨɬɥɢɱɚɸɬɫɹ (ɉɨɩɨɜ, 2007). 

Ƚɨɥɶɹɧ ɨɡɟɪɧɵɣ ɯɨɪɨɲɨ ɢɡɭɱɟɧ. ȼɫɬɪɟɱɚɟɬɫɹ ɜ ɜɨɞɨɟɦɚɯ ȿɜɪɨɩɵ ɢ 

ɋɟɜɟɪɧɨɣ Ⱥɡɢɢ (ɉɨɩɨɜ, 2007). əɜɥɹɟɬɫɹ ɬɢɩɢɱɧɵɦ ɩɪɟɞɫɬɚɜɢɬɟɥɟɦ 

ɩɨɣɦɟɧɧɵɯ ɨɡɟɪ, ɨɫɨɛɟɧɧɨ ɫɬɟɩɧɨɣ ɢ ɥɟɫɨɫɬɟɩɧɨɣ ɡɨɧ ȿɧɢɫɟɹ, Ⱥɧɝɚɪɵ ɢ 

ɑɭɥɵɦɚ (ȼɵɲɟɝɨɪɨɞɰɟɜ, 2000; ɉɨɩɨɜ, 2007). ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɪɚɣɨɧɨɜ ɋɢɛɢɪɢ 

ɨɡɟɪɧɵɣ ɝɨɥɶɹɧ – ɧɟɩɪɨɦɵɫɥɨɜɵɣ ɜɢɞ, ɧɨ ɜ əɤɭɬɢɢ ɷɬɚ ɪɵɛɚ ɢɡɞɚɜɧɚ 

ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɦɟɫɬɧɵɦ ɧɚɫɟɥɟɧɢɟɦ ɜ ɩɢɳɭ. Ɍɚɤ, ɜ ɛɚɫɫɟɣɧɟ Ʌɟɧɵ, ɜ 1962, 

1964 ɢ 1966 ɝɨɞɚɯ ɛɵɥɨ ɞɨɛɵɬɨ 13, 188 ɢ 182, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɨɧɧ ɨɡɟɪɧɨɝɨ 

ɝɨɥɶɹɧɚ. ɂ, ɩɨ ɧɟɤɨɬɨɪɵɦ ɩɪɨɝɧɨɡɚɦ ɨɛɳɢɣ ɜɵɥɨɜ ɨɡɟɪɧɨɝɨ ɝɨɥɶɹɧɚ, ɩɨ 

ɛɚɫɫɟɣɧɚɦ ɂɧɞɢɝɢɪɤɢ, Ʉɨɥɵɦɵ, Ʌɟɧɵ ɢ əɧɵ ɦɨɠɟɬ ɛɵɬɶ ɞɨɜɟɞɟɧ ɞɨ 1,5 ɬɵɫ. 

ɬ ɜ ɝɨɞ (ɉɨɩɨɜ, 2007). 

Ƚɨɥɶɹɧ ɑɟɤɚɧɨɜɫɤɨɝɨ ɢɡɭɱɟɧ ɯɭɠɟ, ɨɛ ɷɬɨɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɦɚɥɨɟ ɱɢɫɥɨ 

ɫɬɚɬɟɣ, ɚ ɬɚɤɠɟ ɭɩɨɦɢɧɚɧɢɹ ɨ ɧɟɦ ɥɢɲɶ ɜ ɮɚɭɧɢɫɬɢɱɟɫɤɢɯ ɫɜɨɞɤɚɯ. 

ȼɫɬɪɟɱɚɟɬɫɹ ɜ ɜɨɞɨɟɦɚɯ ɋɢɛɢɪɢ ɢ ɜ ɛɚɫɫɟɣɧɚɯ ɋɟɜɟɪɧɨɝɨ Ʌɟɞɨɜɢɬɨɝɨ ɨɤɟɚɧɚ, 

ɦɨɠɟɬ ɨɛɢɬɚɬɶ ɜ ɪɟɤɚɯ, ɜɨɞɨɟɦɚɯ, ɩɪɨɬɨɤɚɯ. əɜɥɹɟɬɫɹ ɬɢɩɢɱɧɵɦ ɪɟɨɮɢɥɶɧɵɦ 

ɜɢɞɨɦ (ɉɨɩɨɜ, 2007), ɧɨ ɩɨ ɧɟɤɨɬɨɪɵɦ ɞɚɧɧɵɦ ɦɨɠɟɬ ɜɫɬɪɟɱɚɬɶɫɹ ɫ ɨɡɺɪɧɵɦ 

ɝɨɥɶɹɧɨɦ ɫɨɜɦɟɫɬɧɨ (ȼɵɲɟɝɨɪɨɞɰɟɜ, 2000). 

Ɋɚɡɧɢɰɚ ɜ ɩɪɟɞɩɨɱɢɬɚɟɦɵɯ ɦɟɫɬɚɯ ɨɛɢɬɚɧɢɹ, ɜɨɡɦɨɠɧɨ, ɫɜɹɡɚɧɚ ɫ ɪɚɡɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɟɪɟɧɨɫɢɬɶ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ, ɚ ɢɦɟɧɧɨ ɫɧɢɠɟɧɢɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɪɨɞɚ – ɝɢɩɨɤɫɢɸ. Ⱦɨɤɚɡɚɧɨ, ɱɬɨ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɝɢɩɨɤɫɢɢ 

–  ɜɢɞɨɫɩɟɰɢɮɢɱɧɚ  ɢ  ɦɨɠɟɬ  ɫɢɥɶɧɨ  ɨɬɥɢɱɚɬɶɫɹ  ɭ  ɪɚɡɧɵɯ  ɜɢɞɨɜ  (ȿ.  ɇ. 
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əɞɪɟɧɤɢɧɚ, 2011). ɉɨ ɧɟɤɨɬɨɪɵɦ, ɨɪɢɟɧɬɢɪɨɜɨɱɧɵɦ, ɞɚɧɧɵɦ – ɝɨɥɶɹɧɚ 

ɑɟɤɚɧɨɜɫɤɨɝɨ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɨɤɫɢɛɢɨɧɬɚɦ, ɬɨɝɞɚ ɤɚɤ ɨɡɟɪɧɵɣ ɝɨɥɶɹɧ 

ɭɫɬɨɣɱɢɜ ɤ ɞɟɮɢɰɢɬɭ ɤɢɫɥɨɪɨɞɚ (ɉɨɩɨɜ, 2007). ɇɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ 

ɭɫɬɨɣɱɢɜɨɫɬɢ, ɷɬɢɯ ɜɢɞɨɜ, ɮɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ (ɋɦɢɪɧɨɜ ɢ ɞɪ., 2020). 

 
Цɟɥɶ ɪɚɛɨɬɵ: Ɉɰɟɧɢɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɝɢɩɨɤɫɢɢ ɝɨɥɶɹɧɚ ɑɟɤɚɧɨɜɫɤɨɝɨ 

ɢ ɨɡɟɪɧɨɝɨ ɝɨɥɶɹɧɚ (ɪɨɞ Rhynchocypris). 

Ɂɚɞɚɱɢ: 

1) ɂɡɦɟɪɢɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɝɚɡɨɨɛɦɟɧɚ ɩɪɢ ɩɨɦɨɳɢ ɤɚɦɟɪɵ 

ɪɟɫɩɢɪɨɦɟɬɪɚ 

2) ɂɡɦɟɪɢɬɶ ɭɞɟɥɶɧɭɸ ɩɥɨɳɚɞɶ ɞɵɯɚɬɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

3) ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɰɟɧɢɬɶ ɢ ɫɪɚɜɧɢɬɶ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɝɢɩɨɤɫɢɢ ɝɨɥɶɹɧɨɜ. 
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Ƚɥɚɜɚ 1. Оɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 
 
 

1.1 ɋɬɟɩɟɧɶ ɢɡɭɱɟɧɧɨɫɬɢ яɜɥɟɧɢя ɝɢɩɨɤɫɢɢ 
 
 

ɂɡɭɱɟɧɢɟ ɹɜɥɟɧɢɹ ɝɢɩɨɤɫɢɢ ɜ ɜɨɞɧɵɯ ɷɤɨɫɢɫɬɟɦɚɯ – ɬɟɦɚ ɚɤɬɭɚɥɶɧɚɹ. 

ɋɨɝɥɚɫɧɨ ɩɨɪɬɚɥɭ Web of science – ɤɨɥɢɱɟɫɬɜɨ ɩɭɛɥɢɤɚɰɢɣ, ɤɚɤ ɢ ɤɨɥɢɱɟɫɬɜɨ 

ɰɢɬɢɪɨɜɚɧɢɣ (Ɋɢɫ. 1.) ɩɨ ɬɟɦɟ «Ƚɢɩɨɤɫɢɹ ɜɨɞ» (Water hypoxia) ɪɚɫɬɟɬ ɫ ɤɚɠɞɵɦ 

ɝɨɞɨɦ (Web of science, 2020). ɇɚɱɢɧɚɹ ɫ 1990 ɝɨɞɚ ɬɟɦɚ ɫɬɚɥɚ ɛɨɥɟɟ ɩɨɩɭɥɹɪɧɚ. 

 

Ɋɢɫɭɧɨɤ. 1. Ƚɪɚɮɢɤɢ ɤɨɥɢɱɟɫɬɜɨ ɩɭɛɥɢɤɚɰɢɣ (Ⱥ) ɢ ɤɨɥɢɱɟɫɬɜɨ ɰɢɬɢɪɨɜɚɧɢɣ 

(Ȼ). Ⱦɚɧɧɵɟ ɫ ɩɨɪɬɚɥɚ web of science (2020), ɩɨɢɫɤ ɩɨ ɡɚɩɪɨɫɭ «Ƚɢɩɨɤɫɢɹ ɜɨɞ» 

(Water hypoxia). 
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ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɧɚɫɱɢɬɵɜɚɟɬɫɹ ɛɨɥɟɟ 8000 ɫɬɚɬɟɣ ɩɨ ɬɟɦɟ 

ɝɢɩɨɤɫɢɹ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɫɬɚɬɟɣ (ɨɤɨɥɨ 3000) ɩɨɞɟɥɟɧɵ ɦɟɠɞɭ 

ɞɜɭɦɹ ɤɚɬɟɝɨɪɢɹɦɢ web of science: ɛɢɨɥɨɝɢɹ ɦɨɪɟɣ ɢ ɩɪɟɫɧɵɯ ɜɨɞ ɢ ɧɚɭɤɢ ɨɛ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ (ɪɢɫɭɧɨɤ 2). ɋɥɟɞɭɸɳɢɟ ɬɪɢ ɤɪɭɩɧɵɟ ɤɚɬɟɝɨɪɢɢ: 

ɨɤɟɚɧɨɝɪɚɮɢɹ, ɷɤɨɥɨɝɢɹ ɢ ɮɢɡɢɨɥɨɝɢɹ – ɜ ɫɭɦɦɟ ɨɤɨɥɨ 2400 ɩɭɛɥɢɤɚɰɢɢ. 

ɉɨɫɥɟɞɧɢɟ ɞɜɟ ɤɚɬɟɝɨɪɢɢ: ɡɨɨɥɨɝɢɹ ɢ ɚɤɜɚɤɭɥɶɬɭɪɚ – ɜ ɫɭɦɦɟ ɨɤɨɥɨ 1000 

ɩɭɛɥɢɤɚɰɢɣ. Ⱦɥɹ ɚɧɚɥɢɡɚ ɛɪɚɥɢɫɶ ɬɨɥɶɤɨ ɫɚɦɵɟ ɤɪɭɩɧɵɟ ɤɚɬɟɝɨɪɢɢ ɨɬ 500 

ɩɭɛɥɢɤɚɰɢɣ. 

 

Ɋɢɫɭɧɨɤ. 2. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɛɨɥɶɲɢɧɫɬɜɚ ɩɭɛɥɢɤɚɰɢɣ ɩɨ ɤɚɬɟɝɨɪɢɹɦ web of 

science. Ɋɚɡɦɟɪ ɤɜɚɞɪɚɬɚ – ɤɨɥɢɱɟɫɬɜɨ ɩɭɛɥɢɤɚɰɢɣ, ɰɜɟɬ – ɤɚɬɟɝɨɪɢɹ. 

 
Ɉɞɧɚ ɢɡ ɩɪɢɱɢɧ ɩɨɩɭɥɹɪɧɨɫɬɢ – ɩɪɹɦɚɹ ɫɜɹɡɶ ɝɢɩɨɤɫɢɢ ɫ 

ɷɜɬɪɨɮɢɪɨɜɚɧɢɟɦ. ɉɨɢɫɤ ɩɨ ɫɜɹɡɤɟ ɝɢɩɨɤɫɢɹ ɢ ɷɜɬɪɨɮɢɪɨɜɚɧɢɟ ɞɚɟɬ ɛɨɥɟɟ 

1300 ɫɬɚɬɟɣ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɫɬɚɬɟɣ ɧɚɯɨɞɢɬɫɹ ɜ ɛɢɨɥɨɝɢɢ ɦɨɪɟɣ ɢ ɩɪɟɫɧɵɯ ɜɨɞ, 

ɨɫɬɚɥɶɧɵɟ ɜ ɤɚɬɟɝɨɪɢɹɯ: ɧɚɭɤɢ ɨɛ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ, ɷɤɨɥɨɝɢɹ ɢ 

ɨɤɟɚɧɨɝɪɚɮɢɹ (Web of science, 2020). 
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ɂɡɜɟɫɬɧɨ, ɱɬɨ ɧɚ ɨɞɧɨɦ ɢɡ ɷɬɚɩɨɜ ɷɜɬɪɨɮɢɪɨɜɚɧɢɹ ɜ ɜɨɞɨɟɦɟ, ɢɡ-ɡɚ 

ɪɚɡɥɨɠɟɧɢɹ (ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ) ɧɚɤɨɩɢɜɲɟɣɫɹ ɨɪɝɚɧɢɤɢ, ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɤɢɫɥɨɪɨɞɚ ɫɧɢɠɚɟɬɫɹ (Diaz, Rosenberg, 2008). 

ɍɱɚɫɬɢɜɲɢɟɫɹ ɫɥɭɱɚɢ ɷɜɬɪɨɮɢɪɨɜɚɧɢɹ ɜɨɞɨɟɦɨɜ ɫɜɹɡɵɜɚɸɬ ɫ ɜɨɡɪɨɫɲɟɣ 

ɚɧɬɪɨɩɨɝɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ, ɚ ɜ ɱɚɫɬɧɨɫɬɢ ɫ ɡɚɝɪɹɡɧɟɧɢɟɦ ɜɨɞɵ ɫɨɟɞɢɧɟɧɢɹɦɢ 

ɚɡɨɬɚ ɢ ɮɨɫɮɨɪɚ – ɨɫɧɨɜɧɵɦɢ ɥɢɦɢɬɢɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɚ ɬɚɤɠɟ ɫ 

ɬɟɩɥɨɜɵɦ ɡɚɝɪɹɡɧɟɧɢɟɦ ɢ c ɢɡɦɟɧɟɧɢɹɦɢ ɤɥɢɦɚɬɚ (Camargo, Alonso, 2006; 

Correll, 1998; Poertner, Peck, 2010; Stanley, Nixon, 1992). 

ɗɜɬɪɨɮɢɪɨɜɚɧɢɟ ɢ ɝɢɩɨɤɫɢɹ – ɜɥɢɹɸɬ ɧɚ ɛɢɨɰɟɧɨɡ ɧɚɩɪɹɦɭɸ. ɉɪɢ ɷɬɨɦ 

ɢɡɦɟɧɹɟɬɫɹ ɱɢɫɥɟɧɧɨɫɬɶ ɩɨɩɭɥɹɰɢɣ (ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɚɞɚɩɬɚɰɢɣ ɤ ɧɨɜɵɦ 

ɭɫɥɨɜɢɹɦ), ɦɟɧɹɟɬɫɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɫɨɨɛɳɟɫɬɜ, ɚ ɬɚɤɠɟ 

ɦɟɠɜɢɞɨɜɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ (Doney et al., 2012). ȼɫɺ ɷɬɨ ɜɥɢɹɟɬ ɧɚ 

ɰɟɥɨɫɬɧɨɫɬɶ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɨɨɛɳɟɫɬɜ, ɢ ɢɦɟɧɧɨ ɩɨɷɬɨɦɭ ɢɡɭɱɟɧɢɸ ɝɢɩɨɤɫɢɢ 

ɨɬɜɨɞɢɬɫɹ ɬɚɤɨɟ ɦɟɫɬɨ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɟ. 

 
1.2 Ƚɢɩɨɤɫɢя ɪɵɛ 

 
 

ȼ ɧɟɤɨɬɨɪɵɯ ɷɤɨɫɢɫɬɟɦɚɯ ɨɪɝɚɧɢɡɦɵ ɦɨɝɭɬ ɢɡɦɟɧɹɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɩɪɢɪɨɞɧɵɯ ɮɚɤɬɨɪɨɜ, ɧɚɩɪɢɦɟɪ ɬɚɤɢɯ ɤɚɤ: ɬɟɦɩɟɪɚɬɭɪɚ, 

ɤɢɫɥɨɪɨɞ, pH ɢɥɢ ɬɨɤɫɢɧɵ. Ɉɪɝɚɧɢɡɦɵ ɚɞɚɩɬɢɪɭɸɬɫɹ ɤ ɷɤɫɬɪɟɦɚɥɶɧɵɦ 

ɭɫɥɨɜɢɹɦ ɫɪɟɞɵ, ɬɟɦ ɫɚɦɵɦ ɨɛɪɚɡɭɹ ɨɫɨɛɵɟ ɮɟɧɨɬɢɩɵ ɢ ɫɨɨɛɳɟɫɬɜɚ (Tobler et 

al., 2007). Ʉɚɤ ɩɪɚɜɢɥɨ, ɧɨ ɧɟ ɜɫɟɝɞɚ, ɷɤɫɬɪɟɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɫɪɟɞɵ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɦɟɧɶɲɟɣ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶɸ ɢ ɛɢɨɪɚɡɧɨɨɛɪɚɡɢɟɦ, ɚ 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢ ɤɨɧɤɭɪɟɧɰɢɟɣ, ɩɨɦɢɦɨ ɷɬɨɝɨ ɜ ɬɚɤɢɯ ɷɤɨɫɢɫɬɟɦɚɯ ɦɟɧɶɲɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɨ ɯɢɳɧɢɱɟɫɬɜɨ ɢ ɧɢɠɟ ɧɚɝɪɭɡɤɚ ɧɚ ɢɦɦɭɧɧɭɸ ɫɢɫɬɟɦɭ (ɦɟɧɶɲɟ 

ɩɚɪɚɡɢɬɨɜ ɢ ɩɚɬɨɝɟɧɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ) (Tobler et al., 2007; Tobler, 2008). 

ɗɤɨɫɢɫɬɟɦɵ ɫ ɷɤɫɬɪɟɦɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɨɛɢɬɚɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ ɷɬɨ 

ɩɨɥɹɪɧɵɟ ɪɟɝɢɨɧɵ, ɧɨ ɬɚɤɠɟ ɢɯ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɢ ɜɧɭɬɪɢ ɬɢɩɢɱɧɵɯ 

ɛɢɨɝɟɨɰɟɧɨɡɨɜ. ɇɚɩɪɢɦɟɪ: ɩɪɢɞɨɧɧɵɟ ɢɥɢ ɡɚɛɨɥɨɱɟɧɧɵɟ ɭɱɚɫɬɤɢ ɨɡɺɪ ɫɨ 

ɫɧɢɠɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɤɢɫɥɨɪɨɞɚ (Chapman, 2007; Tobler, 2008). 
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ȼɨɞɧɚɹ ɝɢɩɨɤɫɢɹ – ɧɢɡɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɤɢɫɥɨɪɨɞɚ ɜ 

ɜɨɞɟ, ɢɧɬɟɪɟɫɧɚ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɬɟɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɜɢɞɟɬɶ ɩɪɟɞɟɥɵ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɪɵɛ, ɚ ɬɚɤɠɟ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɢɡɭɱɟɧɢɹ 

ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɢ ɷɜɨɥɸɰɢɨɧɧɵɯ ɩɨɫɥɟɞɫɬɜɢɣ ɠɢɡɧɢ ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ 

ɭɫɥɨɜɢɹɯ. Ɂɞɟɫɶ ɬɚɤɠɟ ɦɨɠɧɨ ɩɪɨɫɥɟɞɢɬɶ ɡɚ ɩɨɫɥɟɞɫɬɜɢɹɦɢ ɞɟɹɬɟɥɶɧɨɫɬɢ 

ɱɟɥɨɜɟɤɚ (Diaz, Rosenberg, 2008). 

Ƚɢɩɨɤɫɢɹ, ɤɚɤ ɹɜɥɟɧɢɟ, ɧɟ ɢɦɟɟɬ ɱɟɬɤɨ ɨɱɟɪɱɟɧɧɵɯ ɝɪɚɧɢɰ, ɬɚɤ ɤɚɤ ɞɥɹ 

ɨɬɞɟɥɶɧɵɯ ɜɢɞɨɜ ɪɚɡɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɜɨɞɟ ɤɢɫɥɨɪɨɞɚ 

ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɨɣ. Ɉɞɧɚɤɨ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɡɭɱɟɧɢɹ 206 ɜɢɞɨɜ ɦɨɪɫɤɢɯ ɪɵɛ 

Vaqner-Sunyer ɢ ɫɨɚɜɬɨɪɵ ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɤɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨ 2 

ɦɝɈ2/ɥ. ɗɬɨ ɡɧɚɱɟɧɢɟ ɹɜɥɹɟɬɫɹ ɩɨɥɭɥɟɬɚɥɶɧɨɣ ɞɨɡɨɣ (ɅȾ 50) ɞɥɹ ɢɡɭɱɟɧɧɵɯ 

ɜɢɞɨɜ ɪɵɛ (Vaquer-Sunyer, Duarte, 2008). Ɇɨɠɧɨ ɤ ɝɢɩɨɤɫɢɢ ɨɬɧɨɫɢɬɶ ɧɟ 

ɬɨɥɶɤɨ ɥɟɬɚɥɶɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɤɢɫɥɨɪɨɞɚ, ɚ ɩɪɢ ɤɨɬɨɪɨɣ ɧɚ ɨɪɝɚɧɢɡɦ 

ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ (Breitburg, 2002; Pollock, et al., 2007). 

Ʉɨɧɰɟɧɬɪɚɰɢɸ ɤɢɫɥɨɪɨɞɚ ɨɛɵɱɧɨ ɫɱɢɬɚɸɬ ɤɚɤ ɦɝ/ɥ ɢɥɢ ɦɥ/ɥ (ɪɚɡɧɢɰɚ ɟɫɬɶ: 

1ɦɝ Ɉ2 = 0,7 ɦɥ Ɉ2) ɢɥɢ ɜ ɩɪɨɰɟɧɬɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ, ɢɥɢ ɜ ɟɞɢɧɢɰɚɯ ɢɡɦɟɪɟɧɢɹ 

ɞɚɜɥɟɧɢɹ (Ʉɥɹɲɬɨɪɢɧ, 1982). 

Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜɨɞɵ, ɞɚɠɟ ɩɪɢ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ ɪɚɫɬɜɨɪɟɧɧɨɝɨ 

ɤɢɫɥɨɪɨɞɚ, ɦɨɝɭɬ ɫɨɡɞɚɜɚɬɶ ɩɪɨɛɥɟɦɵ ɞɥɹ ɩɨɝɥɨɳɟɧɢɹ ɤɢɫɥɨɪɨɞɚ (Ʉɥɹɲɬɨɪɢɧ, 

1982). ȼɞɨɛɚɜɨɤ ɤ ɨɝɪɚɧɢɱɟɧɢɹɦ ɜ ɩɨɝɥɨɳɟɧɢɢ ɤɢɫɥɨɪɨɞɚ ɧɚɤɥɚɞɵɜɚɟɦɵɟ 

ɫɜɨɣɫɬɜɚɦɢ ɜɨɞɵ ɟɫɬɶ ɬɚɤɠɟ ɦɧɨɠɟɫɬɜɨ ɷɤɨɫɢɫɬɟɦ ɨɫɬɚɸɳɢɯɫɹ 

ɧɟɧɚɫɵɳɟɧɧɵɦɢ ɤɢɫɥɨɪɨɞɨɦ ɢ ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɩɟɪɟɯɨɞɹɬ ɜ ɝɢɩɨɤɫɢɱɟɫɤɢɟ. 

Ɋɟɱɶ ɢɞɺɬ ɨ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ OMZs - Oceanic oxygen minimum zones - ɢɥɢ 

ɨɤɟɚɧɢɱɟɫɤɢɟ ɪɚɣɨɧɵ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɢɫɥɨɪɨɞɚ. ȼ ɨɤɟɚɧɟ ɨɱɟɧɶ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɬɚɤɢɟ ɭɱɚɫɬɤɢ ɞɥɹ ɩɪɢɦɟɪɚ ɞɨɧɧɵɟ ɝɢɩɨɤɫɢɱɟɫɤɢɟ ɭɱɚɫɬɤɢ 

ɞɨɫɬɢɝɚɸɬ ɩɥɨɳɚɞɢ ɜ 1.148.000 ɤɦ2 ɢɥɢ 31% Ɍɢɯɨɝɨ ɨɤɟɚɧɚ ɢ 51% ɂɧɞɢɣɫɤɨɝɨ 

(Childress, Seibel, 1998). 

ɉɨɦɢɦɨ ɨɤɟɚɧɢɱɟɫɤɢɯ ɭɱɚɫɬɤɨɜ ɝɢɩɨɤɫɢɹ ɱɚɫɬɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬ 

ɦɧɨɠɟɫɬɜɨ ɩɪɟɫɧɨɜɨɞɧɵɯ ɷɤɨɫɢɫɬɟɦ ɫ ɩɥɨɯɢɦ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ ɢ ɜɵɫɨɤɢɦ 

ɭɪɨɜɧɟɦ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ (ɊɈȼ) ɢ/ɢɥɢ ɦɚɥɵɦ 
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ɤɨɥɢɱɟɫɬɜɨɦ ɫɜɟɬɚ ɞɥɹ ɧɨɪɦɚɥɶɧɨɣ (ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɣ) ɩɪɨɞɭɤɰɢɢ 

ɤɢɫɥɨɪɨɞɚ, ɬɚɤɨɣ ɤɚɤ ɜ ɫɢɥɶɧɨ ɡɚɪɨɫɲɢɯ ɛɨɥɨɬɚɯ, ɡɚɬɨɩɥɟɧɧɵɯ ɥɟɫɚɯ ɢ 

ɡɚɬɨɩɥɟɧɧɵɯ ɪɚɜɧɢɧɚɯ, ɚ ɬɚɤɠɟ ɝɥɭɛɨɤɢɯ ɨɡɺɪ, ɩɪɭɞɨɜ ɩɨɤɪɵɬɵɯ ɥɶɞɨɦ ɢ 

ɫɟɜɟɪɧɵɯ ɨɡɺɪ. ɏɪɨɧɢɱɟɫɤɚɹ ɝɢɩɨɤɫɢɹ ɢ ɚɧɨɤɫɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɧɟɤɨɬɨɪɵɟ 

ɝɥɭɛɨɤɢɟ ɦɟɪɨɦɢɤɬɢɱɟɫɤɢɟ ɨɡɺɪɚ, ɧɚɩɪɢɦɟɪ Ⱥɮɪɢɤɚɧɫɤɢɟ ɨɡɺɪɚ Ɍɚɧɝɚɧɶɢɤɚ ɢ 

Ɇɚɥɚɜɢ, ɝɢɩɨɤɫɢɹ ɜ ɬɚɤɢɯ ɨɡɺɪɚɯ ɜɵɡɜɚɧɚ ɫɬɪɚɬɢɮɢɤɚɰɢɟɣ, ɚ ɬɚɤɠɟ ɫɬɨɤɨɦ 

ɊɈȼ (Spigel, Coulter, 1996). ȼ ɞɪɭɝɢɯ ɷɤɨɫɢɫɬɟɦɚɯ ɩɪɨɢɫɯɨɞɹɬ ɤɨɥɟɛɚɧɢɹ 

ɭɪɨɜɧɹ ɤɢɫɥɨɪɨɞɚ ɜɵɡɜɚɧɧɵɟ ɫɟɡɨɧɧɵɦɢ ɹɜɥɟɧɢɹɦɢ – ɢɡɦɟɧɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ 

ɨɫɚɞɤɨɜ, ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ, ɤɨɥɢɱɟɫɬɜɨɦ ɩɚɞɚɸɳɟɝɨ ɫɜɟɬɚ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ 

ɜɨɞɵ. Ʉɨɥɟɛɚɧɢɹ ɭɪɨɜɧɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɤɢɫɥɨɪɨɞɚ ɩɪɨɢɫɯɨɞɢɬ ɜ 

ɧɟɩɨɫɬɨɹɧɧɵɯ ɜɨɞɨɟɦɚɯ ɢɥɢ ɜɨɞɨɬɨɤɚɯ (ɢɡɦɟɧɹɸɳɢɟɫɹ ɜ ɬɟɱɟɧɢɢ ɝɨɞɚ). ȼ 

ɫɟɡɨɧɵ ɞɨɠɞɟɣ, ɤɨɝɞɚ ɜɨɞɨɟɦ ɢɥɢ ɜɨɞɨɬɨɤ ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ 

ɢɥɢ ɩɪɨɬɨɱɧɨɫɬɶ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ – ɜɵɫɨɤɚɹ, ɢ ɧɚɨɛɨɪɨɬ ɜ 

ɡɚɫɭɲɥɢɜɵɣ ɩɟɪɢɨɞ (Chapman, Kramer, 1991). ȼ ɨɡɺɪɚɯ ɭɪɨɜɟɧɶ ɪɚɫɬɜɨɪɟɧɧɨɝɨ 

ɤɢɫɥɨɪɨɞɚ ɜ ɝɢɩɨɥɢɦɧɢɭɦɟ ɫɧɢɠɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɥɭɛɢɧɵ, ɩɟɪɜɢɱɧɨɣ 

ɩɪɨɞɭɤɰɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɚ ɬɚɤɠɟ ɦɧɨɠɟɫɬɜɨ ɷɜɬɪɨɮɧɵɯ ɨɡɺɪ ɢɫɩɵɬɵɜɚɸɬ 

ɥɟɬɧɟɟ ɫɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɪɨɞɚ. Ɂɢɦɨɣ ɢɡ-ɡɚ ɩɨɤɪɵɜɚɧɢɹ ɨɡɺɪ 

ɥɶɞɨɦ ɢ ɫɧɟɝɨɦ ɦɨɝɭɬ ɩɪɨɢɫɯɨɞɢɬɶ ɡɚɦɨɪɵ ɩɪɢ ɷɬɨɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 

ɧɚɪɭɲɚɟɬɫɹ ɝɚɡɨɨɛɦɟɧ ɢ ɩɟɪɟɤɪɵɜɚɟɬɫɹ ɞɨɫɬɭɩ ɤ ɫɨɥɧɟɱɧɨɦɭ ɫɜɟɬɭ, ɢ ɟɫɥɢ ɜ 

ɨɡɟɪɟ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɊɈȼ, ɬɨ ɡɚɦɨɪɧɵɟ ɩɪɨɰɟɫɫɵ ɦɨɝɭɬ ɪɚɡɜɢɜɚɬɶɫɹ ɧɚ 

ɞɥɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ (Kalff, 2002). ɇɨɱɧɨɟ ɞɵɯɚɧɢɟ ɜ ɷɜɬɪɨɮɧɵɯ 

ɜɨɞɨɟɦɚɯ ɦɨɠɟɬ ɩɨɧɢɠɚɬɶ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɨɬ ɩɟɪɟɧɚɫɵɳɟɧɢɹ ɞɧɺɦ, ɞɨ 

ɝɢɩɨɤɫɢɢ ɧɨɱɶɸ (Chapman, Chapman, 1993; Congleton, 1980; Kramer et al., 

1978). ɉɪɭɞɵ, ɫɩɪɹɬɚɧɧɵɟ ɩɨɞ ɩɨɥɨɝɨɦ ɥɟɫɚ, ɜ ɤɨɬɨɪɵɯ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɜɨɞɵ 

ɩɪɨɢɫɯɨɞɢɬ ɫɥɚɛɨ, ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɝɢɩɨɤɫɢɟɣ (Chapman, Kramer, 

1991). 

ɉɨɦɢɦɨ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɨɝɨ, ɝɢɩɨɤɫɢɹ ɦɨɠɟɬ ɩɨɹɜɥɹɬɶɫɹ ɢɡ-ɡɚ 

ɚɧɬɪɨɩɨɝɟɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. ɇɚɩɪɢɦɟɪ – ɦɭɧɢɰɢɩɚɥɶɧɵɟ ɡɚɝɪɹɡɧɟɧɢɹ ɢɥɢ 

ɫɬɨɤɢ ɭɞɨɛɪɟɧɢɣ, ɤɨɬɨɪɵɟ ɡɚɝɪɹɡɧɹɸɬ ɜɨɞɭ ɢ ɭɫɤɨɪɹɸɬ ɷɜɬɨɪɮɢɤɚɰɢɸ (Diaz, 

2001). ɂɫɤɭɫɫɬɜɟɧɧɚɹ ɷɜɬɨɪɮɢɤɚɰɢɹ ɢ ɫɜɹɡɚɧɧɚɹ ɫ ɧɟɣ ɝɢɩɨɤɫɢɹ ɜ 
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ɩɪɟɫɧɨɜɨɞɧɵɯ ɷɤɨɫɢɫɬɟɦɚɯ ɫɬɚɥɢ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɜɨ ɜɬɨɪɨɣ 

ɩɨɥɨɜɢɧɟ ɞɜɚɞɰɚɬɨɝɨ ɜɟɤɚ (Jepensen, Sondergaard, Jensen, 2005). ȼ ɷɤɨɫɢɫɬɟɦɚɯ 

ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɛɟɪɟɝɚɯ ɢ ɜ ɷɫɬɭɪɢɹɯ ɷɜɬɨɪɮɢɤɚɰɢɹ ɫɜɹɡɚɧɧɚ ɜ ɨɫɧɨɜɧɨɦ ɫ 

ɞɟɹɬɟɥɶɧɨɫɬɶɸ ɱɟɥɨɜɟɤɚ, ɤɨɬɨɪɚɹ ɜɟɞɟɬ ɤ ɩɪɢɞɨɧɧɨɣ ɝɢɩɨɤɫɢɢ, ɦɚɫɫɨɜɨɣ 

ɝɢɛɟɥɢ ɨɛɢɬɚɬɟɥɟɣ ɢ ɢɡɦɟɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɷɤɨɫɢɫɬɟɦɵ (Diaz, 2001; Diaz, 

Rosenberg, 2008; Dybas, 2005; Rabalais, Turner R Eugene, WJ Jr Wiseman, 2002). 

Ƚɢɩɨɤɫɢɱɟɫɤɢɟ ɭɱɚɫɬɤɢ (Ɇɺɪɬɜɵɟ ɡɨɧɵ) ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ 

ɧɚɱɢɧɚɹ ɫ 1960-ɯ, ɫɟɣɱɚɫ ɢɡɜɟɫɬɧɨ ɨɤɨɥɨ 400 ɷɤɨɫɢɫɬɟɦ ɫ ɩɥɨɳɚɞɶɸ ɛɨɥɟɟ 

245.000 ɤɦ (Diaz, Rosenberg, 2008). 
 
 

1.3 Ƚɚɡɨɨɛɦɟɧ ɪɵɛ 
 
 

Ɋɵɛɚɦ, ɤɚɤ ɢ ɞɪɭɝɢɦ ɷɭɤɚɪɢɨɬɚɦ, ɞɥɹ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ, ɧɟɨɛɯɨɞɢɦ 

ɤɢɫɥɨɪɨɞ. ɇɨ ɞɥɹ ɜɨɞɧɵɯ ɨɛɢɬɚɬɟɥɟɣ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɨɛɢɬɚɬɟɥɟɣ ɧɚɡɟɦɧɨ- 

ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɵ, ɢɡɜɥɟɱɟɧɢɟ ɤɢɫɥɨɪɨɞɚ – ɫɨɩɪɹɠɟɧɨ ɫ ɪɹɞɨɦ ɬɪɭɞɧɨɫɬɟɣ. 

Ɋɵɛɵ ɪɚɡɪɚɛɨɬɚɥɢ ɪɹɞ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ (ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɢ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ) ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɢɡ ɜɨɞɵ. ɉɨɦɢɦɨ ɦɟɯɚɧɢɡɦɨɜ 

ɢɡɜɥɟɱɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɢɡ ɜɨɞɵ, ɬɚɤɠɟ ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɚɞɚɩɬɚɰɢɣ ɤ 

ɭɦɟɧɶɲɟɧɢɸ ɩɨɬɪɟɛɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɢ ɭɜɟɥɢɱɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɨɪɝɚɧɢɡɦɟ (The diversity…, 2009). 

ɇɚɡɟɦɧɨ-ɜɨɡɞɭɲɧɚɹ ɫɪɟɞɚ – ɛɨɝɚɬɚ ɤɢɫɥɨɪɨɞɨɦ, ɬɨɝɞɚ ɤɚɤ ɜɨɞɧɚɹ – 

ɛɟɞɧɚ. ȼɨɞɚ ɫɨɞɟɪɠɢɬ ɬɨɥɶɤɨ 1/30 ɱɚɫɬɶ ɨɬ ɤɢɫɥɨɪɨɞɚ ɜɨɡɞɭɯɚ, ɢ ɩɪɢ ɜɞɨɛɚɜɨɤ 

ɞɢɮɮɭɡɢɹ ɜ ɜɨɞɟ ɩɪɨɢɫɯɨɞɢɬ ɜ 10,000 ɪɚɡ ɦɟɞɥɟɧɧɟɟ, ɱɟɦ ɧɚ ɜɨɡɞɭɯɟ (Riesch, 

Tobler, Plath, 2015). ɋɤɨɪɨɫɬɶ ɞɢɮɮɭɡɢɢ ɨɛɭɫɥɨɜɥɟɧɚ ɜɵɫɨɤɨɣ ɜɹɡɤɨɫɬɶɸ ɜɨɞɵ 

(ɜɵɲɟ ɜ 55 ɪɚɡ ɱɟɦ ɭ ɜɨɡɞɭɯɚ) ɢ ɩɥɨɬɧɨɫɬɶɸ (ɩɪɢɦɟɪɧɨ ɜ 780 ɪɚɡ ɜɵɲɟ, ɱɟɦ ɭ 

ɜɨɡɞɭɯɚ). ɉɪɢ ɷɬɨɦ ɫɤɨɪɨɫɬɶ ɞɢɮɮɭɡɢɢ ɩɨɜɵɲɚɟɬɫɹ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɚ 

ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɤɢɫɥɨɪɨɞɚ – ɧɚɨɛɨɪɨɬ (Ʉɥɹɲɬɨɪɢɧ, 1982). Ɋɚɫɬɜɨɪɢɦɨɫɬɶ 

ɤɢɫɥɨɪɨɞɚ ɜ ɜɨɞɟ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɬɚɤɠɟ ɜɥɢɹɸɬ ɫɨɥɟɧɨɫɬɶ 

ɢ ɝɥɭɛɢɧɚ (Davis, 1975). ɍɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɨɥɟɧɨɫɬɢ, ɭɯɭɞɲɚɸɬ 

ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɤɢɫɥɨɪɨɞɚ ɜ ɜɨɞɟ (ɬɚɛɥɢɰɚ 1.) (Davis, 1975). 
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Ɍɚɛɥɢɰɚ 1. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɤɢɫɥɨɪɨɞɚ ɜ ɩɪɟɫɧɨɣ ɜɨɞɟ ɩɪɢ ɪɚɡɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ (Ʉɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ ɜɨɡɞɭɯɚ 20.9% ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ 

760 ɦɦ ɪɬɭɬɧɨɝɨ ɫɬɨɥɛɚ) (Davis, 1975). 
 

Ɍɟɦɩɟɪɚɬɭɪɚ, ɨɋ 
Ʉɨɧɰɟɧɬɪɚɰɢɹ Ɍɟɦɩɟɪɚɬɭɪɚ, ɨɋ 

Ʉɨɧɰɟɧɬɪɚɰɢɹ
 

 
 
 
 
 
 
 
 
 
 

Ɋɵɛɵ ɨɛɥɚɞɚɸɬ ɫɢɫɬɟɦɨɣ ɞɵɯɚɧɢɹ ɫ ɩɪɢɧɭɞɢɬɟɥɶɧɨɣ ɜɟɧɬɢɥɹɰɢɟɣ, 

ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɟɪɟɧɨɫ ɤɢɫɥɨɪɨɞɚ ɤ ɞɵɯɚɬɟɥɶɧɵɦ ɩɨɜɟɪɯɧɨɫɬɹɦ – 

ɠɚɛɪɚɦ. ɇɨ ɩɟɪɟɧɨɫ ɤɢɫɥɨɪɨɞɚ ɢɡ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɜɨ ɜɧɭɬɪɟɧɧɸɸ ɩɪɨɢɫɯɨɞɢɬ 

ɡɚ ɫɱɺɬ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ (The diversity…, 2009). 

ɀɚɛɪɵ ɨɱɟɧɶ ɷɮɮɟɤɬɢɜɧɵ ɜ ɢɡɜɥɟɱɟɧɢɢ ɤɢɫɥɨɪɨɞɚ ɢɡ ɜɨɞɵ, ɬɚɤɚɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɺɬ ɨɝɪɨɦɧɨɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɥɨɬɧɚɹ 

ɤɚɩɢɥɥɹɪɧɚɹ ɫɟɬɶ ɨɛɪɚɡɭɟɬ ɛɨɥɶɲɭɸ ɩɥɨɳɚɞɶ, ɞɢɮɮɭɡɢɨɧɧɨɣ, ɩɨɜɟɪɯɧɨɫɬɢ. 

ɉɨɫɬɭɩɢɜɲɢɣ ɜ ɤɪɨɜɶ ɤɢɫɥɨɪɨɞ ɫɜɹɡɵɜɚɟɬɫɹ ɝɟɦɨɝɥɨɛɢɧɨɦ ɢ ɩɟɪɟɧɨɫɢɬɫɹ ɫ 

ɬɨɤɨɦ ɤɪɨɜɢ ɤ ɬɤɚɧɹɦ. ɉɟɪɟɧɨɫ Ɉ2 (ɪɢɫɭɧɨɤ 3) ɢɡ ɫɪɟɞɵ ɤ ɬɤɚɧɹɦ ɦɨɠɟɬ ɛɵɬɶ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ ɞɜɭɯ ɤɚɩɢɥɥɹɪɧɵɯ ɝɚɡɨɨɛɦɟɧɧɢɤɨɜ (ɠɚɛɟɪɧɨɝɨ ɢ 

ɬɤɚɧɟɜɨɝɨ). ȼ ɠɚɛɟɪɧɨɦ ɝɚɡɨɨɛɦɟɧɧɢɤɟ ɪɚɫɬɜɨɪɟɧɧɵɣ ɜ ɜɨɞɟ Ɉ2 ɩɟɪɟɯɨɞɢɬ ɜ 

ɤɪɨɜɶ, ɰɢɪɤɭɥɹɰɢɹ ɤɨɬɨɪɨɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɪɚɛɨɬɨɣ ɫɟɪɞɟɱɧɨɝɨ ɧɚɫɨɫɚ. ȼ 

ɬɤɚɧɟɜɨɦ ɤɚɩɢɥɥɹɪɧɨɦ ɝɚɡɨɨɛɦɟɧɧɢɤɟ ɤɢɫɥɨɪɨɞ ɢɡ ɤɪɨɜɢ ɩɟɪɟɯɨɞɢɬ ɜ ɬɤɚɧɢ. 

Ɉɞɧɨɜɪɟɦɟɧɧɨ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ ɋɈ2 ɢɡ ɬɤɚɧɟɣ ɜ ɤɪɨɜɶ (ɜ ɬɤɚɧɟɜɨɦ 

 ppm ɦɥ/ɥ  ppm ɦɥ/ɥ 
0 14,62 10,23 16 9,95 6,96 
1 14,23 9,96 17 9,74 6,82 
2 13,84 9,68 18 9,54 6,68 
3 13,48 9,43 19 9,35 6,54 
4 13,13 9,19 20 9,17 6,42 
5 12,80 8,96 21 8,99 6,29 
6 12,48 8,73 22 8,83 6,18 
7 12,17 8,52 23 8,68 6,07 
8 11,87 8,31 24 8,53 5,97 
9 11,59 8,11 25 8,38 5,86 
10 11,33 7,93 26 8,22 5,75 
11 11,08 7,75 27 8,07 5,65 
12 10,83 7,58 28 7,92 5,54 
13 10,60 7,42 29 7,77 5,44 
14 10,37 7,26 30 7,63 5,34 
15 10,15 7,10 - - - 
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ɝɚɡɨɨɛɦɟɧɧɢɤɟ) ɢ ɢɡ ɤɪɨɜɢ ɜ ɜɨɞɭ ɜ ɠɚɛɟɪɧɨɦ ɝɚɡɨɨɛɦɟɧɧɢɤɟ (Ʉɥɹɲɬɨɪɢɧ, 

1982). 

 
 
 

Ɋɢɫ. 3. ɋɯɟɦɚ ɩɟɪɟɧɨɫɚ ɤɢɫɥɨɪɨɞɚ ɢɡ ɜɨɞɵ ɤ ɬɤɚɧɹɦ (Ʉɥɹɲɬɨɪɢɧ, 1982) 
 
 

1.4 ɋɬɪɨɟɧɢɟ ɠɚɛɟɪɧɨɝɨ ɚɩɩɚɪɚɬɚ ɪɵɛ 
 
 

ɀɚɛɪɵ – ɨɛɪɚɡɨɜɚɧɢɹ ɫ ɜɥɚɠɧɨɣ, ɬɨɧɤɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɨɛɨɥɨɱɤɨɣ, 

ɛɨɝɚɬɨ ɫɧɚɛɠɟɧɧɵɟ ɤɪɨɜɟɧɨɫɧɵɦɢ ɫɨɫɭɞɚɦɢ ɢ ɫɥɨɠɧɨɫɤɥɚɞɱɚɬɵɟ ɞɥɹ 

ɭɜɟɥɢɱɟɧɢɹ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɝɚɡɨɨɛɦɟɧɚ (Ɋɨɦɟɪ, ɉɚɪɫɨɧɫ, 1992). 

ȼ ɨɫɧɨɜɧɨɦ ɭ ɪɵɛ ɫɬɪɨɟɧɢɟ ɠɚɛɪ - ɨɞɧɨɬɢɩɧɨ, ɯɨɬɹ ɞɚɠɟ ɜ ɩɪɟɞɟɥɚɯ 

ɤɥɚɫɫɚ ɤɨɫɬɧɵɯ ɪɵɛ ɜɫɬɪɟɱɚɸɬɫɹ ɯɚɪɚɤɬɟɪɧɵɟ ɪɚɡɥɢɱɢɹ. ɋɬɪɨɟɧɢɟ ɠɚɛɪ 

ɤɨɫɬɢɫɬɵɯ ɪɵɛ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4. Ɉɬ ɤɚɠɞɨɣ ɠɚɛɟɪɧɨɣ ɞɭɝɢ ɨɬɯɨɞɹɬ 

ɫɭɠɚɸɳɢɟɫɹ ɤ ɤɨɧɰɭ ɩɚɪɧɵɟ ɜɵɪɨɫɬɵ, ɠɚɛɟɪɧɵɟ ɥɟɩɟɫɬɤɢ. ɉɨɩɟɪɟɤ 

ɠɚɛɟɪɧɨɝɨ ɥɟɩɟɫɬɤɚ ɪɚɫɩɨɥɨɠɟɧɵ ɩɨɩɟɪɟɱɧɵɟ ɫɤɥɚɞɤɢ, ɧɚɡɵɜɚɸɳɢɟɫɹ 

ɜɬɨɪɢɱɧɵɦɢ ɥɟɩɟɫɬɤɚɦɢ, ɢɥɢ ɜɬɨɪɢɱɧɵɦɢ ɥɚɦɟɥɥɚɦɢ ɢɥɢ ɩɪɨɫɬɨ - 

ɩɥɚɫɬɢɧɤɚɦɢ (Hughes, 1984; The diversity…, 2009). 
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Ɋɢɫ. 4. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɫɬɪɨɟɧɢɟ ɠɚɛɪ ɤɨɫɬɢɫɬɵɯ ɪɵɛ (Hughes, Morgan, 
1973). 

 
ɂɦɟɧɧɨ ɩɥɚɫɬɢɧɤɢ, ɩɨɤɪɵɬɵ ɝɭɫɬɨɣ ɫɟɬɶɸ ɤɚɩɢɥɥɹɪɨɜ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ 

ɝɚɡɨɨɛɦɟɧ. ɀɚɛɟɪɧɵɟ ɥɟɩɟɫɬɤɢ, ɢ ɬɟɦ ɛɨɥɟɟ ɠɚɛɟɪɧɵɟ ɞɭɝɢ, ɨɛɟɫɩɟɱɢɜɚɸɬ 

ɪɚɜɧɨɦɟɪɧɵɣ ɬɨɤ ɜɨɞɵ ɢ ɜɵɩɨɥɧɹɸɬ ɪɨɥɶ ɩɨɞɞɟɪɠɢɜɚɸɳɟɣ ɫɬɪɭɤɬɭɪɵ 

(Hughes, 1984; Hughes, Morgan, 1973; The diversity…, 2009). 

Ʉɪɨɜɶ, ɩɪɢɯɨɞɹɳɚɹ ɨɬ ɫɟɪɞɰɚ ɩɨ ɠɚɛɟɪɧɨɣ ɚɪɬɟɪɢɢ, ɞɚɟɬ ɨɬɜɟɬɜɥɟɧɢɹ ɜ 

ɤɚɠɞɭɸ ɠɚɛɟɪɧɭɸ ɞɭɝɭ. Ɉɬ ɷɬɨɣ ɩɪɢɧɨɫɹɳɟɣ ɚɪɬɟɪɢɢ ɜ ɤɚɠɞɵɣ ɠɚɛɟɪɧɵɣ 

ɥɟɩɟɫɬɨɤ ɨɬɯɨɞɢɬ ɜɟɬɜɶ, ɤɨɬɨɪɚɹ ɩɪɨɯɨɞɢɬ ɩɨ ɜɧɟɲɧɟɦɭ ɤɪɚɸ ɥɟɩɟɫɬɤɚ. Ɉɬ 

ɥɟɩɟɫɬɤɨɜɨɣ ɜɟɬɜɢ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɬɯɨɞɹɬ ɬɨɧɤɢɟ ɫɨɫɭɞɵ ɜ ɬɟɥɨ ɤɚɠɞɨɣ 

ɜɬɨɪɢɱɧɨɣ  ɩɥɚɫɬɢɧɤɢ,  ɝɞɟ  ɬɚɤɨɣ  ɫɨɫɭɞ  ɪɚɡɛɢɜɚɟɬɫɹ  ɧɚ  ɞɜɚ:  ɨɞɢɧ  ɢɞɟɬ  ɩɨ 

ɫɜɨɛɨɞɧɨɦɭ ɤɪɚɸ ɜɬɨɪɢɱɧɨɣ ɩɥɚɫɬɢɧɤɢ, ɚ ɞɪɭɝɨɣ – ɜɞɨɥɶ ɟɟ ɨɫɧɨɜɚɧɢɹ. Ɇɟɠɞɭ 
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ɷɬɢɦɢ ɫɨɫɭɞɚɦɢ ɤɪɨɜɶ ɬɟɱɟɬ ɩɨ ɝɭɫɬɨɣ ɫɟɬɢ ɦɟɥɶɱɚɣɲɢɯ ɤɚɩɢɥɥɹɪɨɜ, ɫɟɱɟɧɢɟɦ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ ɞɢɚɦɟɬɪ ɷɪɢɬɪɨɰɢɬɚ. Ɉɛɚ ɫɨɫɭɞɚ, ɨɤɚɣɦɥɹɸɳɢɟ ɜɬɨɪɢɱɧɭɸ 

ɩɥɚɫɬɢɧɤɭ, ɫɲɢɜɚɸɬɫɹ ɜ ɨɞɢɧ ɢ ɜɩɚɞɚɸɬ ɜ ɨɤɚɣɦɥɹɸɳɭɸ ɠɚɛɟɪɧɵɣ ɥɟɩɟɫɬɨɤ 

ɜɵɧɨɫɹɳɭɸ ɚɪɬɟɪɢɸ. ȼɵɧɨɫɹɳɢɟ ɥɟɩɟɫɬɤɨɜɵɟ ɚɪɬɟɪɢɢ ɫɥɢɜɚɸɬɫɹ ɜ ɭɧɨɫɹɳɢɣ 

ɫɨɫɭɞ ɠɚɛɟɪɧɨɣ ɞɭɝɢ, ɚ ɩɨɫɥɟɞɧɢɟ, ɨɛɴɟɞɢɧɹɹɫɶ, ɜɩɚɞɚɸɬ ɜ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ 

ɝɨɥɨɜɧɨɣ ɤɪɭɝ, ɢ ɞɚɥɟɟ ɜ ɝɨɥɨɜɧɭɸ ɢ ɫɩɢɧɧɭɸ ɚɨɪɬɵ. ɂɡ ɫɩɢɧɧɨɣ ɚɨɪɬɵ 

ɚɪɬɟɪɢɚɥɶɧɚɹ ɤɪɨɜɶ ɪɚɡɧɨɫɢɬɫɹ (ɫ ɩɨɦɨɳɶɸ ɜɬɨɪɢɱɧɵɯ ɚɪɬɟɪɢɣ) ɜ ɨɪɝɚɧɵ ɢ 

ɬɤɚɧɢ ɠɢɜɨɬɧɨɝɨ (Hughes, 1984; The diversity…, 2009). 

ɀɚɛɟɪɧɵɟ ɥɟɩɟɫɬɤɢ ɨɛɥɚɞɚɸɬ ɨɩɪɟɞɟɥɟɧɧɨɣ ɠɟɫɬɤɨɫɬɶɸ ɡɚ ɫɱɟɬ ɬɨɝɨ, 

ɱɬɨ ɜɧɭɬɪɢ ɥɟɩɟɫɬɤɚ ɩɪɨɯɨɞɢɬ ɬɨɧɤɚɹ ɨɩɨɪɧɚɹ ɯɪɹɳɟɜɚɹ ɩɥɚɫɬɢɧɤɚ (ɱɚɫɬɶ 

ɠɚɛɟɪɧɨɣ ɞɭɝɢ). Ʉɪɨɦɟ ɬɨɝɨ, ɜɟɫɶ ɥɟɩɟɫɬɨɤ ɢ ɜɬɨɪɢɱɧɵɟ ɩɥɚɫɬɢɧɤɢ ɨɞɟɬɵ 

ɨɱɟɧɶ ɬɨɧɤɢɦ ɫɥɨɟɦ ɭɩɪɭɝɨɣ ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ ɬɤɚɧɢ, ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ 

ɛɚɡɚɥɶɧɨɣ ɦɟɦɛɪɚɧɨɣ. ɉɨɦɢɦɨ ɩɚɫɫɢɜɧɨ-ɭɩɪɭɝɨɝɨ ɫɨɟɞɢɧɢɬɟɥɶɧɨɬɤɚɧɧɨɝɨ 

ɤɚɪɤɚɫɚ ɠɚɛɟɪɧɵɟ ɥɟɩɟɫɬɤɢ ɢɦɟɸɬ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɭɸ ɦɭɫɤɭɥɚɬɭɪɭ 

(Hughes, 1984). 

 

1.5 Аɞɚɩɬɚɰɢɢ ɪɵɛ ɤ ɝɢɩɨɤɫɢɢ 
 
 

Ɍɚɤɚɹ ɩɪɨɛɥɟɦɚ, ɤɚɤ ɝɢɩɨɤɫɢɹ, ɩɪɢɜɟɥɚ ɤ ɜɵɪɚɛɨɬɤɟ ɭ ɪɵɛ ɧɟɫɤɨɥɶɤɢɯ 

ɨɫɧɨɜɧɵɯ ɫɬɪɚɬɟɝɢɣ ɜɵɠɢɜɚɧɢɹ: 

1) ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɨɪɝɚɧɨɜ ɞɵɯɚɧɢɹ; 

2) ɉɨɜɟɞɟɧɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ; 

3) Ɋɚɡɜɢɬɢɟ ɦɟɯɚɧɢɡɦɨɜ ɩɨɝɥɨɳɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɢɡ ɜɨɞɵ; 

4) Ɂɚɦɟɞɥɟɧɢɟ ɦɟɬɚɛɨɥɢɡɦɚ; 

5) Ⱥɧɚɷɪɨɛɧɵɣ ɦɟɬɚɛɨɥɢɡɦ (Riesch et al., 2015). 
 
 

Ɇɧɨɝɢɟ ɤɨɫɬɧɵɟ ɪɵɛɵ ɪɚɡɜɢɥɢ ɞɜɨɣɧɭɸ ɫɢɫɬɟɦɭ ɞɵɯɚɧɢɹ, 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɟɫɬɶ ɢ ɠɚɛɪɵ, ɢ ɨɪɝɚɧ ɜɨɡɞɭɲɧɨɝɨ ɞɵɯɚɧɢɹ – ɈȼȾ (ABO – air 

breathing organ – ɚɧɝ.) (Martin, Graham, 1998). ɇɚɩɪɢɦɟɪ, ɷɬɨɬ ɈȼȾ ɦɨɠɟɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ  ɞɥɹ  ɡɚɩɚɫɚɧɢɹ  ɜɨɡɞɭɯɚ  ɫ  ɩɨɜɟɪɯɧɨɫɬɢ  –  ɪɵɛɚ  ɡɚɝɥɚɬɵɜɚɟɬ 
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ɩɭɡɵɪɟɤ ɜɨɡɞɭɯɚ ɢ, ɜ ɩɨɫɥɟɞɫɬɜɢɢ, ɪɚɫɯɨɞɭɟɬ ɟɝɨ. ɗɬɨɬ ɨɪɝɚɧ ɢɦɟɟɬ ɪɚɡɧɵɟ 

ɮɨɪɦɵ ɢ ɪɚɡɧɨɟ ɩɪɨɢɫɯɨɠɞɟɧɢɟ, ɧɚɩɪɢɦɟɪ: ɫɥɟɩɨ ɡɚɤɚɧɱɢɜɚɸɳɢɟɫɹ 

ɛɪɨɧɯɢɚɥɶɧɵɟ ɤɚɦɟɪɵ (Clarias, Ctenopoma) ɢ ɦɨɞɢɮɢɤɚɰɢɢ ɩɥɚɜɚɬɟɥɶɧɨɝɨ 

ɩɭɡɵɪɹ (Polypterus, Protopterus). Ɍɚɤɢɟ ɪɵɛɵ ɤɨɦɛɢɧɢɪɭɸɬ ɞɜɚ ɬɢɩɚ ɞɵɯɚɧɢɹ, 

ɢɫɩɨɥɶɡɭɸɬ ɤɢɫɥɨɪɨɞ ɚɬɦɨɫɮɟɪɵ ɢ ɪɚɫɬɜɨɪɟɧɧɵɣ ɜ ɜɨɞɟ. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬ 

ɚɬɦɨɫɮɟɪɧɨɝɨ ɤɢɫɥɨɪɨɞɚ ɢ ɫɬɟɩɟɧɶ ɪɚɡɜɢɬɢɹ ɠɚɛɪ ɫɢɥɶɧɨ ɜɚɪɶɢɪɭɟɬ. Ɍɚɤ 

ɧɚɩɪɢɦɟɪ ɚɮɪɢɤɚɧɫɤɢɟ ɞɜɨɹɤɨɞɵɲɚɳɢɟ ɪɵɛɵ (Protopterus sp.) ɞɵɲɚɬ 

ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɚɬɦɨɫɮɟɪɧɵɦ ɜɨɡɞɭɯɨɦ. Ȼɟɡ ɞɨɫɬɭɩɚ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɵ ɨɧɢ 

ɝɢɛɧɭɬ, ɬɨɝɞɚ ɤɚɤ Ʉɥɚɪɢɟɜɵɟ ɫɨɦɵ (Clarias sp.), ɩɨɦɢɦɨ ɧɚɥɢɱɢɹ ɈȼȾ, ɢɦɟɸɬ 

ɯɨɪɨɲɨ ɪɚɡɜɢɬɵɟ ɠɚɛɪɵ ɢ ɦɨɝɭɬ, ɩɪɢ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɪɚɫɬɜɨɪɟɧɧɨɝɨ 

ɤɢɫɥɨɪɨɞɚ, ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɫɜɨɸ ɩɨɬɪɟɛɧɨɫɬɶ ɡɚ ɫɱɺɬ ɤɢɫɥɨɪɨɞɚ ɜɨɞɵ 

(Chapman, Chapman, 1994). 

ȼɨɡɞɭɲɧɨɟ ɞɵɯɚɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ, ɜ ɬɟɨɪɢɢ, ɛɨɥɟɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢ 

ɜɵɝɨɞɧɵɦ ɱɟɦ ɜɨɞɧɨɟ, ɡɚ ɫɱɺɬ ɦɟɧɶɲɢɯ ɡɚɬɪɚɬ ɧɚ ɜɟɧɬɢɥɹɰɢɸ ɢ ɛɨɥɶɲɟɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɪɨɞɚ ɜ ɜɨɡɞɭɯɟ (Kramer, 1987; Martin, Graham, 1998). Ɍɟɦ 

ɧɟ ɦɟɧɟɟ, ɪɵɛ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɜɨɡɞɭɯ ɞɥɹ ɞɵɯɚɧɢɹ, ɜɫɟɝɨ 2% ɨɬ ɢɡɜɟɫɬɧɵɯ 

(Martin, Graham, 1998), ɜɞɨɛɚɜɨɤ ɛɨɥɶɲɢɧɫɬɜɨ ɪɵɛ, ɠɢɜɭɳɢɯ ɜ ɭɫɥɨɜɢɹɯ 

ɝɢɩɨɤɫɢɢ, ɧɟ ɢɫɩɨɥɶɡɭɸɬ ɚɬɦɨɫɮɟɪɧɵɣ ɤɢɫɥɨɪɨɞ. Ⱦɥɹ ɩɪɢɦɟɪɚ, ɨɫɧɨɜɧɵɟ 

ɪɵɛɵ, ɠɢɜɭɳɢɟ ɜ ɡɚɪɨɫɥɹɯ ɩɚɩɢɪɭɫɚ ɢ Miscanthidium ɜɥɚɠɧɵɯ ɡɟɦɟɥɶ Ⱥɮɪɢɤɢ 

– ɜɨɞɧɨɞɵɲɚɳɢɟ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɫɟɦɟɣɫɬɜɚɦ ɐɢɯɥɢɞɵ, Ʉɚɪɩɨɜɵɟ ɢ 

Ɇɨɪɦɢɪɨɜɵɟ (Joyner-Matos, Chapman, 2013). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ 

ɜɵɜɨɞɵ ɨ ɬɨɦ, ɱɬɨ ɟɫɬɶ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɢɡɞɟɪɠɤɢ 

ɜɨɡɞɭɲɧɨɝɨ ɞɵɯɚɧɢɹ, ɤɨɬɨɪɵɟ ɫɤɨɪɟɟ ɜɫɟɝɨ ɜɤɥɸɱɚɸɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ 

ɢ ɪɢɫɤ ɛɵɬɶ ɚɬɚɤɨɜɚɧɧɵɦ ɯɢɳɧɢɤɨɦ (ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɵ) 

(Kramer, 1987). 

ɉɨɜɟɞɟɧɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɜɟɪɬɢɤɚɥɶɧɵɟ ɦɢɝɪɚɰɢɢ, ɫɟɡɨɧɧɵɟ 

ɦɢɝɪɚɰɢɢ ɢɥɢ ɡɚɝɥɚɬɵɜɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɵ, ɩɨɡɜɨɥɹɸɬ ɛɵɬɶ 

ɛɨɥɟɟ ɩɪɢɫɩɨɫɨɛɥɟɧɧɵɦ ɞɥɹ ɠɢɡɧɢ ɩɪɢ ɢɡɦɟɧɟɧɢɹɯ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɤɢɫɥɨɪɨɞɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɜɪɟɦɟɧɧɵɦɢ ɢɥɢ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɥɨɤɚɥɢɡɨɜɚɧɧɵɦɢ. Ƚɢɩɨɤɫɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɱɢɧɨɣ 
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ɢɡɦɟɧɟɧɢɣ ɜ ɫɩɨɧɬɚɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɭ ɪɵɛ, ɨɧɚ ɦɨɠɟɬ ɭɦɟɧɶɲɚɬɶɫɹ ɢɥɢ 

ɭɜɟɥɢɱɢɜɚɬɶɫɹ (ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɪɵɛɵ ɢ ɨɛɫɬɚɧɨɜɤɢ). Ɋɚɧɶɲɟ ɫɱɢɬɚɥɨɫɶ, ɱɬɨ 

ɬɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɧɚɩɪɚɜɥɟɧɧɨ ɧɚ ɫɨɯɪɚɧɟɧɢɟ ɷɧɟɪɝɢɢ, ɬɟɩɟɪɶ ɠɟ ɫɱɢɬɚɸɬ, ɱɬɨ 

ɧɚ ɢɡɛɟɝɚɧɢɟ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɣ (Chapman, McKenzie, 2009). ɇɚɩɪɢɦɟɪ 

ɭ ɡɨɥɨɬɨɝɨ ɤɚɪɚɫɹ Carassius carassius ɫɩɨɧɬɚɧɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ 

50%, ɚ ɜɫɥɟɞ ɡɚ ɧɟɣ ɢ ɧɚ 35% ɩɚɞɚɟɬ ɨɛɦɟɧ ɜɟɳɟɫɬɜ (Nillson et al., 1993). 

Wannamaker ɢ Rice (2000) - ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢ ɧɟɫɤɨɥɶɤɨ ɜɢɞɨɜ ɠɢɜɭɳɢɯ ɜ 

ɷɫɬɭɚɪɢɹɯ, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɨɛɧɚɪɭɠɢɜɚɬɶ ɢ ɢɡɛɟɝɚɬɶ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɢɠɟ 1 ɦɝO2ɥ1. Ɍɚɤɠɟ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɩɟɥɚɝɢɱɟɫɤɢɟ ɜɢɞɵ 

ɪɵɛ, ɤɨɬɨɪɵɟ ɢɡɛɟɝɚɸɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɢɠɟ 2ɦɝ O2ɥ -1, ɢɡɛɟɝɚɸɬ ɩɟɪɟɦɟɳɚɹɫɶ 

ɜɟɪɬɢɤɚɥɶɧɨ ɢɥɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɤ ɝɪɚɧɢɰɟ ɝɢɩɨɤɫɢɱɟɫɤɨɣ ɡɨɧɵ (Zhang et al., 

2009). Ȼɥɢɡɤɢɣ ɩɨ ɫɭɬɢ ɜɚɪɢɚɧɬ ɫɭɬɨɱɧɵɯ ɦɢɝɪɚɰɢɣ Ɇɢɤɬɨɮɨɜɵɯ (ɫɜɟɬɹɳɢɟɫɹ 

ɚɧɱɨɭɫɵ), ɢɯ ɦɢɝɪɚɰɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɟɪɟɦɟɳɟɧɢɢ ɞɧɟɦ ɜ ɜɨɞɭ ɛɨɥɟɟ 

ɧɚɫɵɳɟɧɧɭɸ ɤɢɫɥɨɪɨɞɨɦ, ɚ ɧɨɱɶɸ - ɨɛɪɚɬɧɨ ɜ ɜɨɞɭ ɦɟɧɟɟ ɧɚɫɵɳɟɧɧɭɸ 

ɤɢɫɥɨɪɨɞɨɦ (Lopes et al., 2013). 

ȼ ɦɟɥɤɢɯ ɝɢɩɨɤɫɢɱɟɫɤɢɯ ɜɨɞɨɟɦɚɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɚ ɩɨɜɟɞɟɧɱɟɫɤɚɹ 

ɨɫɨɛɟɧɧɨɫɬɶ - ɜɨɞɧɨɟ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɞɵɯɚɧɢɟ ɢɥɢ ASR - aquatic surface 

respiration. Ɂɚɤɥɸɱɚɸɳɚɹɫɹ ɜ ɬɨɦ, ɱɬɨ ɪɵɛɵ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɨɞɧɢɦɚɸɬɫɹ ɤ 

ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɵ ɢ ɜɟɧɬɢɥɢɪɭɸɬ, ɭɜɥɚɠɧɟɧɧɵɟ, ɠɚɛɪɵ ɧɚ ɜɨɡɞɭɯɟ, ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ ɜɨɞɚ ɩɨɤɪɵɜɚɸɳɚɹ ɠɚɛɪɵ ɧɚɫɵɳɚɟɬɫɹ ɤɢɫɥɨɪɨɞɨɦ, ɤɨɬɨɪɵɣ ɡɚɬɟɦ 

ɩɨɝɥɨɳɚɟɬɫɹ ɠɚɛɪɚɦɢ (Riesch et al, 2015). ɉɨɜɟɪɯɧɨɫɬɧɨɟ ɞɵɯɚɧɢɟ 

ɷɮɮɟɤɬɢɜɧɟɟ, ɱɟɦ ɩɪɨɫɬɨɟ ɭɱɚɳɟɧɢɟ ɞɵɯɚɬɟɥɶɧɵɯ ɞɜɢɠɟɧɢɣ (Kramer, 1983a; 

Kramer, 1983b; Kramer, Mehegan, 1981). ȼ ɞɨɩɨɥɧɟɧɢɟ: ɧɟɤɨɬɨɪɵɟ ɜɢɞɵ 

ɭɜɟɥɢɱɢɜɚɸɬ ɤɨɥɢɱɟɫɬɜɨ ɩɨɝɥɨɳɟɧɧɨɝɨ ɤɢɫɥɨɪɨɞɚ, ɧɚɯɨɞɹɫɶ ɭ ɩɨɜɟɪɯɧɨɫɬɢ, ɜ 

ɛɨɥɟɟ ɧɚɫɵɳɟɧɧɵɯ ɤɢɫɥɨɪɨɞɨɦ ɫɥɨɹɯ ɜɨɞɵ (Chapman, Chapman, 1994; 

Rosenberger, Chapman, 2000) ɢɥɢ ɡɚɝɥɚɬɵɜɚɹ ɩɭɡɵɪɶɤɢ ɜɨɡɞɭɯɚ ɢ, ɭɞɟɪɠɢɜɚɹ 

ɢɯ ɜ ɪɨɬɨɜɨɣ ɩɨɥɨɫɬɢ, ɜɨɞɚ, ɩɪɨɯɨɞɹɳɚɹ ɱɟɪɟɡ ɩɭɡɵɪɺɤ ɫ ɜɨɡɞɭɯɨɦ, 

ɧɚɫɵɳɚɟɬɫɹ ɤɢɫɥɨɪɨɞɨɦ (Burggren, 1982; Gee, Gee, 1991). ɇɟɤɨɬɨɪɵɟ ɜɢɞɵ 

ɢɦɟɸɬ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɬɚɤɢɟ ɤɚɤ ɜɟɪɯɧɢɣ ɪɨɬ ɢɥɢ ɭɩɥɨɳɟɧɧɚɹ 

ɝɨɥɨɜɚ, ɤɨɬɨɪɵɟ ɭɜɟɥɢɱɢɜɚɸɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɞɵɯɚɧɢɹ (Cech 
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et al., 1985; Lewis, 1970), ɢɥɢ ɜɵɩɹɱɢɜɚɧɢɹ ɤɨɠɢ ɧɚ ɝɭɛɚɯ (dermal lip 

protuberances) ɤɨɬɨɪɵɟ ɫɨɞɟɣɫɬɜɭɸɬ ɞɨɫɬɭɩɭ ɜɨɞɵ ɫ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɺɧɤɢ 

(Winemiller, 1989). ɇɨ ɧɚɞɨ ɩɨɦɧɢɬɶ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɞɵɯɚɧɢɟ, ɩɨɞɜɟɪɝɚɟɬ 

ɪɵɛɭ ɪɢɫɤɭ - ɫɬɚɬɶ ɠɟɪɬɜɨɣ ɯɢɳɧɢɤɚ, ɚ ɬɚɤɠɟ ɩɨɜɵɲɚɟɬ ɷɧɟɪɝɨɡɚɬɪɚɬɵ 

(Chapman, McKenzie, 2009). 

Ɋɵɛɵ ɨɩɢɪɚɸɳɢɟɫɹ ɧɚ ɜɨɞɧɵɣ ɝɚɡɨɨɛɦɟɧ ɜ ɯɪɨɧɢɱɟɫɤɢ ɝɢɩɨɤɫɢɱɟɫɤɢɯ 

ɜɨɞɨɟɦɚɯ ɢɫɩɨɥɶɡɭɸɬ ɦɧɨɠɟɫɬɜɨ ɫɬɪɚɬɟɝɢɣ ɞɥɹ ɞɨɫɬɚɜɤɢ ɧɚɢɛɨɥɶɲɟɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɤɢɫɥɨɪɨɞɚ ɢɡ ɜɨɞɵ ɜ ɬɤɚɧɢ ɢ ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɩɪɨɛɥɟɦ ɫ 

ɝɢɩɨɤɫɢɟɣ. Ɉɞɢɧ ɢɡ ɦɟɯɚɧɢɡɦɨɜ ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɤɢɫɥɨɪɨɞɟ 

– ɭɜɟɥɢɱɟɧɢɟ ɩɥɨɳɚɞɢ ɦɟɦɛɪɚɧ ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɝɚɡɨɨɛɦɟɧɟ. ȿɫɬɶ ɧɚɩɪɢɦɟɪ, 

ɧɟɫɤɨɥɶɤɨ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜ ɤɨɬɨɪɵɯ ɫɪɚɜɧɢɜɚɥɢ ɩɨɩɭɥɹɰɢɢ ɪɚɡɧɵɯ ɜɢɞɨɜ 

(Barbus neumayer, Pseudocrenilabrus multicolor victoriae) ɢɡ ɛɨɝɚɬɵɯ 

ɤɢɫɥɨɪɨɞɨɦ ɜɨɞɨɟɦɨɜ ɢ ɢɡ ɡɚɦɨɪɧɵɯ ɛɨɥɨɬ ɜɨɫɬɨɱɧɨɣ Ⱥɮɪɢɤɢ. Ȼɨɥɶɲɚɹ 

ɭɞɟɥɶɧɚɹ ɩɥɨɳɚɞɶ ɠɚɛɟɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɭ ɩɨɩɭɥɹɰɢɣ 

ɧɚɫɟɥɹɸɳɢɟ ɡɚɦɨɪɧɵɟ ɜɨɞɨɟɦɵ (Chapman et al., 1999; Chapman et al., 2000; 

Langerhans et al., 2007; Tobler et al., 2011; Wiens et al., 2014). 

Ȼɨɥɶɲɢɟ ɩɨ ɪɚɡɦɟɪɭ ɠɚɛɪɵ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɧɟɤɨɬɨɪɵɟ ɩɪɢɞɨɧɧɵɟ 

ɜɢɞɵ ɪɵɛ ɢɡ ɨɛɥɚɫɬɟɣ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɧɚɫɵɳɟɧɢɟɦ ɤɢɫɥɨɪɨɞɨɦ (Friedman et 

al., 2012), ɧɚɩɪɢɦɟɪ: Microstomus pacificus ɢɦɟɟɬ ɛɨɥɶɲɢɟ ɠɚɛɪɵ, ɜ ɫɪɚɜɧɟɧɢɢ 

ɫ ɞɪɭɝɢɦɢ Ʉɚɦɛɚɥɨɨɛɪɚɡɧɵɦɢ, Nezumia liolepis ɢɦɟɟɬ ɛɨɥɶɲɢɟ ɠɚɛɪɵ ɜ 

ɫɪɚɜɧɟɧɢɟ ɫ Corphaenoides acrolepis ɠɢɜɭɳɟɣ ɜ ɨɛɥɚɫɬɢ ɫ ɛɨɥɶɲɟɣ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɤɢɫɥɨɪɨɞɚ. ȼ ɞɨɛɚɜɥɟɧɢɟ ɤ ɦɟɠɜɢɞɨɜɨɣ ɢ ɦɟɠɩɨɩɭɥɹɰɢɨɧɧɨɦɭ 

ɲɚɛɥɨɧɭ ɩɥɨɳɚɞɢ ɠɚɛɟɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɟɤɨɬɨɪɵɟ ɜɢɞɵ ɪɵɛ ɦɨɝɭɬ 

ɢɡɦɟɧɹɬɶ ɩɥɨɳɚɞɶ ɠɚɛɟɪ, ɢɡɦɟɧɹɹ ɢɯ ɦɨɪɮɨɥɨɝɢɸ. ɂɡɦɟɧɟɧɢɟ ɦɨɪɮɨɥɨɝɢɢ 

ɠɚɛɟɪ ɜɩɟɪɜɵɟ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɭ ɡɨɥɨɬɨɝɨ ɤɚɪɚɫɹ Carassius Carassius ɢ ɭ 

ɡɨɥɨɬɨɣ ɪɵɛɤɢ Carassius auratus auratus (Nillson et al., 2012). Ɍɚɤɚɹ 

ɤɨɪɪɟɤɬɢɪɨɜɤɚ, ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ ɥɢɛɨ ɪɟɞɭɤɰɢɸ, ɥɢɛɨ ɭɜɟɥɢɱɟɧɢɟ 

ɦɟɠɥɚɦɟɥɹɪɧɨɣ ɤɥɟɬɨɱɧɨɣ ɦɚɫɫɵ (ILCM - interlamellar cell mass). ɉɪɢ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɜɟɥɢɱɢɬɶ ɩɨɝɥɨɳɟɧɢɟ ɤɢɫɥɨɪɨɞɚ ɢɡ ɜɨɞɵ, ILCM ɭɦɟɧɶɲɚɥɚɫɶ 

ɚɩɨɩɬɨɡɨɦ ɭɜɟɥɢɱɢɜɚɹ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɟ ɷɩɢɬɟɥɢɹ ɠɚɛɟɪ ɫ ɜɨɞɨɣ ɢ ɭɜɟɥɢɱɢɜɚɹ 
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ɩɨɝɥɨɳɟɧɢɟ ɤɢɫɥɨɪɨɞɚ ɢɡ ɜɨɞɵ (Nillson, 2007; Nillson et al., 2012; Sollid et al., 

2003; Sollid, Nillson, 2006; Sollid et al., 2005; Tzaneva et al., 2011). 

Ɍɪɚɧɫɩɨɪɬ ɤɢɫɥɨɪɨɞɚ ɤɪɨɜɶɸ ɪɵɛ ɩɪɨɢɫɯɨɞɢɬ, ɜ ɨɫɧɨɜɧɨɦ, ɩɪɢ ɩɨɦɨɳɢ 

ɝɟɦɨɝɥɨɛɢɧɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɷɪɢɬɪɨɰɢɬɚɯ. Ⱥɞɚɩɬɚɰɢɹ ɤ ɫɧɢɠɟɧɢɸ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɪɨɞɚ ɜ ɜɨɞɟ ɫɨ ɫɬɨɪɨɧɵ ɤɪɨɜɟɧɨɫɧɨɣ ɫɢɫɬɟɦɵ ɩɪɨɢɫɯɨɞɢɬ 

ɩɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɷɪɢɬɪɨɰɢɬɨɜ ɢɥɢ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɝɟɦɨɝɥɨɛɢɧɚ 

ɜ ɷɪɢɬɪɨɰɢɬɚɯ (Hughes, Morgan, 1973; Jensen, 1991; Johansen et al., 1978; Wells 

et al., 1989). Wells (2009) ɩɪɟɞɩɨɥɨɠɢɥ, ɱɬɨ ɷɜɨɥɸɰɢɨɧɧɵɣ ɭɫɩɟɯ ɤɨɫɬɧɵɯ ɪɵɛ 

ɡɚɤɥɸɱɺɧ ɜ, ɬɚɤ ɧɚɡɵɜɚɟɦɨɦ Ʉɨɪɧɟɜɨɦ ɷɮɮɟɤɬɟ (Root effect), ɤɨɬɨɪɵɣ 

ɭɧɢɤɚɥɟɧ ɞɥɹ ɤɨɫɬɧɵɯ ɪɵɛ. Ɂɚɤɥɸɱɚɟɬcɹ ɨɧ ɜ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ ɭɜɟɥɢɱɟɧɢɢ 

ɝɟɦɚɬɨɤɪɢɬɚ (Hct) (ɤɨɥɢɱɟɫɬɜɚ ɮɨɪɦɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɪɨɜɢ ɤ ɩɥɚɡɦɟ) ɢ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɦɚɝɥɨɛɢɧɚ ɜ ɷɪɢɬɪɨɰɢɬɚɯ (Hb) ɜ ɨɬɜɟɬ ɧɚ ɝɢɩɨɤɫɢɸ. ɗɬɨɬ 

ɷɮɮɟɤɬ ɛɵɥ ɨɛɧɚɪɭɠɟɧ ɭ ɧɟɫɤɨɥɶɤɢɯ ɪɵɛ ɫɟɦɟɣɫɬɜ: ɏɚɪɚɰɢɨɧɜɵɟ, 

Ʉɨɥɶɱɭɠɧɵɟ ɫɨɦɵ, ɇɨɬɨɬɨɧɢɟɜɵɟ, ɉɟɰɢɥɢɟɜɵ (Graham, 1985; Timmerman, 

Chapman, 2004; Val et al., 1992; Wells et al., 1989). Ɍɟɦ ɧɟ ɦɟɧɟɟ ɬɚɤɢɟ 

ɢɡɦɟɧɟɧɢɹ ɜ ɮɢɡɢɨɥɨɝɢɢ ɤɪɨɜɢ ɦɨɝɭɬ ɛɵɬɶ ɧɚɫɬɨɥɶɤɨ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦɢ, ɱɬɨ 

ɞɚɠɟ ɢ ɧɟ ɪɚɡɥɢɱɢɦɵɦɢ (Marinsky et al., 1990). 

ȿɳɺ ɨɞɧɚ ɫɬɪɚɬɟɝɢɹ ɞɥɹ ɜɵɠɢɜɚɧɢɹ ɩɪɢ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ 

ɤɢɫɥɨɪɨɞɚ – ɚɧɚɷɪɨɛɧɵɣ ɦɟɬɚɛɨɥɢɡɦ. Ⱥɧɚɷɪɨɛɧɵɣ ɦɟɬɚɛɨɥɢɡɦ ɩɨɡɜɨɥɹɟɬ 

ɜɨɫɩɨɥɧɢɬɶ ɧɟɞɨɫɬɚɬɨɤ ɜ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɭɸ ɧɟ ɦɨɠɟɬ ɞɚɬɶ ɚɷɪɨɛɧɵɣ 

ɦɟɬɚɛɨɥɢɡɦ (ɜ ɫɜɹɡɢ ɫ ɧɟɞɨɫɬɚɬɤɨɦ ɤɢɫɥɨɪɨɞɚ). Ɇɧɨɝɢɟ ɪɵɛɵ ɭɫɬɨɣɱɢɜɵɟ ɤ 

ɝɢɩɨɤɫɢɢ ɭɜɟɥɢɱɢɜɚɸɬ ɤɢɫɥɨɪɨɞ-ɧɟɡɚɜɢɫɢɦɵɣ ɫɢɧɬɟɡ ȺɌɎ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɛɚɥɚɧɫɚ ɤɥɟɬɨɤ (Davies et al., 2011; Jibb, Richards, 2008; Land 

et al., 1993), ɢɫɩɨɥɶɡɭɹ ɝɥɢɤɨɥɢɡ ɞɥɹ ɜɨɡɦɟɳɟɧɢɹ ɧɟɞɨɫɬɚɬɤɚ ȺɌɎ (Hochachka 

et al., 1996; Lawrence et al., 2004; Pollock et al., 2007). Ʉɨɧɟɱɧɨ, ɚɧɚɷɪɨɛɧɵɣ 

ɦɟɬɚɛɨɥɢɡɦ ɭɫɬɭɩɚɟɬ ɜ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɷɪɨɛɧɨɦɭ (Hochachka, Somero, 2002), 

ɢ, ɤ ɬɨɦɭ ɠɟ, ɬɪɟɛɭɟɬ ɛɨɥɶɲɢɯ ɡɚɩɚɫɨɜ ɝɥɢɤɨɝɟɧɚ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɜɨɞɢɬ ɤ 

ɧɚɤɨɩɥɟɧɢɸ ɩɪɨɞɭɤɬɨɜ ɦɟɬɚɛɨɥɢɡɦɚ (Seibel, 2011). Ɋɵɛɵ, ɠɢɜɭɳɢɟ ɜ ɭɫɥɨɜɢɹɯ 

ɯɪɨɧɢɱɟɫɤɨɣ ɝɢɩɨɤɫɢɢ – ɨɛɥɚɞɚɸɬ ɧɟ ɨɞɧɨɣ, ɚ ɰɟɥɵɦ ɪɹɞɨɦ ɚɞɚɩɬɚɰɢɣ, 

ɫɨɞɟɣɫɬɜɭɸɳɢɯ ɜɵɠɢɜɚɧɢɸ. ȿɫɬɶ ɞɚɠɟ ɜɚɪɢɚɧɬ, ɤɨɝɞɚ ɪɵɛɵ ɢɫɩɨɥɶɡɭɸɬ 
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ɚɧɚɷɪɨɛɧɵɣ ɩɭɬɶ ɦɟɬɚɛɨɥɢɡɦɚ – ɤɚɤ ɨɫɧɨɜɧɨɣ. ɇɚɩɪɢɦɟɪ, ɪɵɛɵ ɠɢɜɭɳɢɟ ɜ 

OMZ, ɝɞɟ ɫɨɞɟɪɠɚɧɢɟ ɊɄ > 0.2 ɦɥ Ɉ2 Ʌ-1, ɢɫɩɨɥɶɡɭɸɬ ɚɧɚɷɪɨɛɧɵɣ ɝɥɢɤɨɥɢɡ 

ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ (Childress, Seibel, 1998). Ⱥɧɚɷɪɨɛɧɵɣ 

ɝɥɢɤɨɥɢɡ - ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɟɞɢɧɫɬɜɟɧɧɵɣ ɜɚɪɢɚɧɬ ɜɵɠɢɜɚɧɢɹ ɞɥɹ ɪɵɛ. 

Ɍɚɤ, ɡɨɥɨɬɨɣ ɤɚɪɚɫɶ ɦɨɠɟɬ ɩɟɪɟɠɢɞɚɬɶ ɡɚɦɟɪɡɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɵ ɧɚ 

ɩɪɨɬɹɠɟɧɢɢ ɰɟɥɨɝɨ ɦɟɫɹɰɚ (Vornanen et al., 2009). Ɉɞɢɧ ɢɡ ɮɚɤɬɨɪɨɜ ɭɫɩɟɯɚ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɧɚɷɪɨɛɧɨɝɨ ɝɥɢɤɨɥɢɡɚ – ɫɢɧɬɟɡ ɷɬɚɧɨɥɚ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɟɱɧɨɝɨ 

ɩɪɨɞɭɤɬɚ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɝɢɩɨɤɫɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɧɟ 

ɡɚɤɢɫɥɹɹɫɶ ɦɨɥɨɱɧɨɣ ɤɢɫɥɨɬɨɣ. 

ȿɫɬɶ ɯɨɪɨɲɢɣ ɩɪɢɦɟɪ ɤɨɦɩɥɟɤɫɧɨɣ ɚɞɚɩɬɚɰɢɢ ɪɵɛɵ ɤ ɝɢɩɨɤɫɢɢ. 

Ɂɨɥɨɬɨɣ ɤɚɪɚɫɶ, ɞɥɹ ɩɟɪɟɠɢɞɚɧɢɹ ɡɢɦɵ, ɡɚɩɚɫɚɟɬ ɝɥɢɤɨɝɟɧ ɜ ɛɨɥɶɲɨɦ 

ɤɨɥɢɱɟɫɬɜɟ (Vornanen et al., 2009), ɧɚɪɚɳɢɜɚɟɬ ɩɥɨɳɚɞɶ ɠɚɛɟɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

(Sollid et al., 2003; Sollid et al., 2005), ɩɨɜɵɲɚɟɬ ɤɢɫɥɨɪɨɞ-ɫɜɹɡɭɸɳɢɟ ɫɜɨɣɫɬɜɚ 

ɤɪɨɜɢ ɢ ɪɚɫɲɢɪɹɟɬ ɤɚɩɢɥɥɹɪɵ ɠɚɛɪ (Vornanen et al., 2009). ɂ ɜɞɨɛɚɜɨɤ ɤɨ 

ɜɫɟɦɭ ɷɬɨɦɭ - ɫɧɢɠɚɟɬ ɚɤɬɢɜɧɨɫɬɶ ɦɨɡɝɚ, ɜɫɥɟɞ ɡɚ ɱɟɦ ɩɚɞɚɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 

ɤ ɜɧɟɲɧɢɦ ɮɚɤɬɨɪɚɦ (Johansson et al., 1997; Nilsson, 2001). 

 
1.6 Оɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢя 

Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɝɨɥɶɹɧɵ. ȼɵɛɪɚɧɵ ɩɨɬɨɦɭ ɱɬɨ 

ɷɬɨ ɞɜɚ ɛɥɢɡɤɨɪɨɞɫɬɜɟɧɧɵɯ ɜɢɞɚ, ɨɱɟɧɶ ɫɯɨɠɢɯ ɩɨ ɦɨɪɮɨɥɨɝɢɢ ɢ ɷɤɨɥɨɝɢɢ (ɢɯ 

ɡɚɱɚɫɬɭɸ ɦɨɠɧɨ ɩɟɪɟɩɭɬɚɬɶ) (Ɂɭɟɜ, 2007). ɇɨ ɬɟɦ ɧɟ ɦɟɧɟɟ ɜ ɢɯ ɛɢɨɥɨɝɢɢ ɟɫɬɶ 

ɚɧɨɦɚɥɢɹ – ɪɚɡɧɨɫɬɶ ɜ ɚɪɟɚɥɟ. Ɍɚɤɢɟ ɫɯɨɠɢɟ ɜɢɞɵ ɞɨɥɠɧɵ ɨɛɢɬɚɬɶ, ɩɪɢɦɟɪɧɨ, 

ɧɚ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɬɟɪɪɢɬɨɪɢɢ, ɧɨ ɷɬɨ ɧɟ ɬɚɤ. 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɩɭɛɥɢɤɚɰɢɹɯ (ɚɧɚɥɢɡɢɪɨɜɚɥɢɫɶ ɞɚɧɧɵɟ ɫ ɩɨɪɬɚɥɨɜ 

Elibrary, Web Of Science, Google Scholar) ɝɨɥɶɹɧɵ ɭɩɨɦɢɧɚɸɬɫɹ ɜ 

ɮɚɭɧɢɫɬɢɱɟɫɤɢɯ ɫɜɨɞɤɚɯ. ɂɡɭɱɟɧɧɨɫɬɶ ɪɚɡɧɵɯ ɜɢɞɨɜ ɝɨɥɶɹɧɨɜ ɫɜɹɡɚɧɚ ɫ ɢɯ 

ɪɚɫɩɪɨɫɬɪɚɧɺɧɧɨɫɬɶɸ ɢ ɦɚɫɫɨɜɨɫɬɶɸ. Ɋɚɛɨɬ ɩɨ ɢɡɭɱɟɧɢɸ ɨɡɟɪɧɨɝɨ ɝɨɥɶɹɧɚ – 

ɛɨɥɶɲɟ, ɬɚɤ ɤɚɤ ɜɢɞ ɹɜɥɹɟɬɫɹ ɲɢɪɨɤɨɚɪɟɚɥɶɧɵɦ. Ɍɨɝɞɚ ɤɚɤ ɝɨɥɶɹɧ 

ɑɟɤɚɧɨɜɫɤɨɝɨ – ɭɡɤɨɚɪɟɚɥɶɧɵɣ ɜɢɞ, ɢ ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɧɵɯ ɟɦɭ ɦɟɧɶɲɟ. ɉɨɢɫɤ 

ɩɨ ɪɚɡɥɢɱɧɵɦ ɛɚɡɚɦ ɞɚɧɧɵɯ ɩɨɞɬɜɟɪɠɞɚɟɬ ɷɬɭ ɢɧɮɨɪɦɚɰɢɸ (FishBase, 2019; 
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ɉɨɡɜɨɧɨɱɧɵɟ ɠɢɜɨɬɧɵɟ Ɋɨɫɫɢɢ (ɂɧɮɨɪɦɚɰɢɨɧɧɨ-ɩɨɢɫɤɨɜɚɹ ɫɢɫɬɟɦɚ), 2020; 

California Academy of Sciences, 2020). 

Ɍɚɤɠɟ ɫɥɚɛɭɸ ɢɡɭɱɟɧɧɨɫɬɶ ɨɡɟɪɧɨɝɨ ɝɨɥɶɹɧɚ ɩɨɞɬɜɟɪɠɞɚɸɬ ɋɦɢɪɧɨɜ ɢ 

ɫɨɚɜɬɨɪɵ (2020) – ɜ ɧɨɜɨɣ ɪɚɛɨɬɟ ɩɨ ɢɡɛɢɪɚɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɡɟɪɧɨɝɨ ɝɨɥɶɹɧɚ. 

Ƚɨɥɶɹɧ ɑɟɤɚɧɨɜɫɤɨɝɨ ɢ Ɉɡɟɪɧɵɣ ɝɨɥɶɹɧ (ɪɢɫɭɧɨɤ 3) R. czekanowskii ɢ R. 

percnurus, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɨɞɧɨɦɭ ɪɨɞɭ Rhynchocypris. ȼ 

Ⱥɧɝɨɥɹɡɵɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɨɧɢ ɜɫɬɪɟɱɚɸɬɫɹ ɩɨɞ ɧɚɡɜɚɧɢɹɦɢ: ɋzekanowski's 

minnow ɢ Lake minnow (FishBase, 2019). 
 
 

Ɋɢɫ. 5. Ƚɨɥɶɹɧ ɑɟɤɚɧɨɜɫɤɨɝɨ (ɫɜɟɪɯɭ, ɪ. Ȼɨɝɭɧɚɣ, ɩɪɢɬɨɤ ɪ. Ʉɚɧ) ɢ 

Ɉɡɟɪɧɵɣ ɝɨɥɶɹɧ (ɫɧɢɡɭ, ɩɨɣɦɟɧɧɨɟ ɨɡɟɪɨ ɛɚɫɫɟɣɧɚ ɪ. ɉɨɞɤɚɦɟɧɧɚɹ Ɍɭɧɝɭɫɤɚ ɜ 

ɪɚɣɨɧɟ ɫ. Ȼɚɣɤɢɬ). Ɏɨɬɨ: ɋ.Ɇ. ɑɭɩɪɨɜ 

ɗɬɢ ɜɢɞɵ – ɛɥɢɡɤɢɟ ɪɨɞɫɬɜɟɧɧɢɤɢ, ɱɬɨ ɩɨɤɚɡɚɥ ɫɨɜɦɟɫɬɧɵɣ ɚɥɥɨɡɢɦɧɵɣ 

ɚɧɚɥɢɡ ɢ ɚɧɚɥɢɡ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ȾɇɄ. Ɉɧɢ ɩɪɢɧɚɞɥɟɠɚɬ ɤ 

ɦɨɧɨɮɢɥɟɬɢɱɟɫɤɨɣ ɝɪɭɩɩɟ Rhynchocypris (Sakai et al., 2006). Ɉɛɚ ɜɫɬɪɟɱɚɸɬɫɹ 

ɜ ɛɚɫɫɟɣɧɟ ɪɟɤɢ ȿɧɢɫɟɣ ɝɨɥɶɹɧ ɨɡɟɪɧɵɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧ ɜ ɩɨɣɦɟɧɧɵɯ ɨɡɟɪɚɯ 

ȿɧɢɫɟɹ, Ⱥɧɝɚɪɵ, ɑɭɥɵɦɚ ɢ ɢɯ ɩɪɢɬɨɤɨɜ. Ƚɨɥɶɹɧ ɱɟɤɚɧɨɜɫɤɨɝɨ ɨɛɢɬɚɟɬ ɜ 

ȿɧɢɫɟɟ ɧɚ ɭɱɚɫɬɤɟ ɨɬ Ⱦɭɞɢɧɤɢ ɞɨ Ɇɢɧɭɫɢɧɫɤɚ, ɧɨ ɜ ɨɬɥɢɱɢɢ ɨɬ ɨɡɟɪɧɨɝɨ 

ɝɨɥɶɹɧ ɱɟɤɚɧɨɜɫɤɨɝɨ ɜɟɡɞɟ ɦɚɥɨɱɢɫɥɟɧ (ȼɵɲɟɝɨɪɨɞɰɟɜ, 2000; ɉɨɩɨɜ, 2007). 



 

 
 

Ɍɚɛɥɢɰɚ 2. ɋɪɚɜɧɟɧɢɟ ɩɪɢɡɧɚɤɨɜ ɝɨɥɶɹɧɨɜ (ȼɵɲɟɝɨɪɨɞɰɟɜ, 2000; Ɂɭɟɜ, 2007; Ʉɥɹɲɬɨɪɢɧ, 1982; ɇɢɤɨɥɶɫɤɢɣ, 1950; 

ɉɨɩɨɜ, 2007; ɉɨɩɨɜ, 2009) ( Ⱥɬɥɚɫ ɩɪɟɫɧɨɜɨɞɧɵɯ…, 2003; ɋɬɪɨɝɚɧɨɜ, 1962). 
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D III – 6-8, P I – 13–14, V I – 6, A III – 6-8. 

ɠɚɛɟɪɧɵɯ ɬɵɱɢɧɨɤ – 10. ɠɚɛɟɪɧɵɯ ɬɵɱɢɧɨɤ – 8-12. 

ɩɨɡɜɨɧɤɨɜ – 36–40; ɩɨɡɜɨɧɤɨɜ – 35-41 

ɛɨɤɨɜɚɹ ɥɢɧɢɹ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɧɚ ɭɪɨɜɧɟ 

ɡɚɞɧɟɝɨ ɤɪɚɹ ɝɪɭɞɧɵɯ ɩɥɚɜɧɢɤɨɜ 

ɛɨɤɨɜɚɹ ɥɢɧɢɹ ɩɨɥɧɚɹ ɭ ɨɞɧɢɯ ɩɨɩɭɥɹɰɢɣ ɢ 

ɧɟɩɨɥɧɚɹ – ɭ ɞɪɭɝɢɯ; ɜ ɧɟɣ – 67-90 ɱɟɲɭɣ, ɢɡ 

ɤɨɬɨɪɵɯ ɭ ɨɫɨɛɟɣ ɫ ɧɟɩɨɥɧɨɣ ɥɢɧɢɟɣ ɜɫɟɝɨ 10-65 

ɩɪɨɛɨɞɟɧɧɵɯ ɱɟɲɭɣ 

 
 
ɉɥɚɫɬɢɱɟɫɤɢɟ 

ɩɪɢɡɧɚɤɢ 

ɱɟɲɭɹ ɨɱɟɧɶ ɦɟɥɤɚɹ, ɧɟ ɧɚɥɟɝɚɸɳɚɹ ɞɪɭɝ 

ɧɚ ɞɪɭɝɚ. 

ɱɟɲɭɹ ɧɟɫɤɨɥɶɤɨ ɤɪɭɩɧɟɟ, ɱɟɦ ɭ ɞɪɭɝɢɯ ɝɨɥɶɹɧɨɜ. 

ȿɸ ɩɨɤɪɵɬɨ ɢ ɛɪɸɲɤɨ ɪɵɛ 

ɬɟɥɨ ɭɞɥɢɧɟɧɧɨɟ, ɜɟɪɟɬɟɧɨɨɛɪɚɡɧɨɟ ɬɟɥɨ ɜɵɲɟ, ɱɟɦ ɭ ɞɪɭɝɢɯ ɝɨɥɶɹɧɨɜ, ɧɟɦɧɨɝɨ 

ɫɠɚɬɨɟ ɫ ɛɨɤɨɜ 

ɪɨɬ ɩɨɥɭɧɢɠɧɢɣ ɪɨɬ ɤɨɧɟɱɧɵɣ 



 

 
 
 

 ɫɩɢɧɤɚ ɤɨɪɢɱɧɟɜɚɹ, ɛɨɤɚ ɤɨɪɢɱɧɟɜɨ- 

ɡɨɥɨɬɢɫɬɵɟ, ɛɪɸɲɤɨ ɫɜɟɬɥɨɟ. 

(ɨɬ ɨɡɟɪɧɨɝɨ ɝɨɥɶɹɧɚ ɨɬɥɢɱɚɟɬɫɹ 

ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɤɨɪɢɱɧɟɜɵɯ ɢ ɨɬɫɭɬɫɬɜɢɟɦ 

ɡɟɥɟɧɨɜɚɬɵɯ ɬɨɧɨɜ, ɚ ɬɚɤɠɟ ɛɨɥɟɟ ɹɪɤɢɦɢ 

ɱɟɪɧɵɦɢ ɩɹɬɧɚɦɢ ɩɨ ɛɨɤɚɦ ɬɟɥɚ.) 

Ʌɨɛ ɧɟɦɧɨɝɨ ɜɵɩɭɤɥɵɣ. Ȼɪɸɲɢɧɚ ɛɭɪɚɹ 

ɨɤɪɚɫɤɚ ɬɟɥɚ ɬɟɦɧɨ-ɝɨɥɭɛɨɜɚɬɨ-ɡɨɥɨɬɢɫɬɚɹ, ɭ 

ɠɢɜɵɯ ɨɫɨɛɟɣ ɩɨ ɛɨɤɚɦ ɬɟɥɚ ɠɟɥɬɨɜɚɬɨ- 

ɡɨɥɨɬɢɫɬɚɹ ɩɨɥɨɫɤɚ. ɉɥɚɜɧɢɤɢ ɨɪɚɧɠɟɜɵɟ ɢɥɢ 

ɤɪɚɫɧɵɟ. 

(ɦɧɨɝɢɟ ɩɪɢɡɧɚɤɢ ɫɬɪɨɟɧɢɹ ɬɟɥɚ ɨɡɟɪɧɨɝɨ ɝɨɥɶɹɧɚ 

ɜɟɫɶɦɚ ɢɡɦɟɧɱɢɜɵ, ɨɞɧɚɤɨ, ɜ ɩɪɟɞɟɥɚɯ 

ɦɨɧɨɬɢɩɢɱɟɫɤɨɝɨ ɜɢɞɚ) 

ȼɨɡɪɚɫɬ ɢ ɪɨɫɬ ɞɥɢɧɚ 21-130 ɦɦ, ɦɚɫɫɚ 1 – 21ɝ. 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɠɢɡɧɢ 5-7 ɥɟɬ 

ɞɥɢɧɚ 10 – 150 ɦɦ, ɦɚɫɫɚ 2 – 65 ɝ. 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɠɢɡɧɢ 5-6 ɥɟɬ 

Ʉɢɫɥɨɪɨɞɧɵɟ 

ɩɪɟɮɟɪɟɧɰɢɢ 

ɝɨɥɶɹɧ ɑɟɤɚɧɨɜɫɤɨɝɨ – ɨɤɫɢɛɢɨɧɬ 

ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɧɟ ɦɟɧɟɟ 3-4ɦɝ/ɥ*. 

ɨɡɟɪɧɵɣ ɝɨɥɶɹɧ – ɭɫɬɨɣɱɢɜ ɤ ɞɟɮɢɰɢɬɭ ɤɢɫɥɨɪɨɞɚ 

1 – 0,5 ɦɝ/ɥ*. 

*ɞɚɧɧɵɟ ɩɨ ɤɢɫɥɨɪɨɞɧɵɦ ɩɪɟɮɟɪɟɧɰɢɹɦ – ɨɪɢɟɧɬɢɪɨɜɨɱɧɵɟ, ɬɨɱɧɵɟ ɢɡɦɟɪɟɧɢɹ (ɩɨɬɪɟɛɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ) ɧɟ 

ɩɪɨɜɨɞɢɥɢɫɶ. 
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Ƚɥɚɜɚ 2. Мɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 
 
 

2.1 Оɬɛɨɪ ɩɪɨɛ 

Ɋɚɣɨɧ ɨɬɛɨɪɚ - ȼɨɫɬɨɱɧɚɹ ɋɢɛɢɪɶ, Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɣ. Ƚɨɥɶɹɧɨɜ 

ɨɬɛɢɪɚɥɢ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɦɨɪɮɨɦɟɬɪɢɢ ɠɚɛɪ. Ɉɬɛɨɪ ɩɪɨɜɨɞɢɥɢ ɜ ɚɜɝɭɫɬɟ 

ɢ ɫɟɧɬɹɛɪɟ 2019. Ȼɵɥɨ ɩɪɟɞɩɪɢɧɹɬɨ ɧɟɫɤɨɥɶɤɨ ɩɨɩɵɬɨɤ ɩɨɢɦɤɢ ɝɨɥɶɹɧɨɜ. 

Ɇɟɫɬɚ ɨɬɛɨɪɚ ɩɪɨɛ (ɪɢɫɭɧɨɤ 6) – ɛɥɢɠɚɣɲɢɟ ɤ ɦɟɫɬɭ ɩɪɨɜɟɞɟɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ɗɬɨ ɜɚɠɧɨ, ɩɨɬɨɦɭ ɱɬɨ ɞɥɹ ɨɩɵɬɨɜ ɩɨ ɢɡɦɟɪɟɧɢɸ ɫɤɨɪɨɫɬɢ 

ɦɟɬɚɛɨɥɢɡɦɚ ɧɭɠɧɚ ɠɢɜɚɹ ɪɵɛɚ, ɚ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɪɵɛ ɜ ɥɚɛɨɪɚɬɨɪɢɸ 

ɫɨɩɪɹɠɟɧɚ ɫ ɪɹɞɨɦ ɩɪɨɛɥɟɦ. Ɇɟɫɬɚ ɨɬɛɨɪɚ ɩɪɨɛ – ɧɚɢɛɨɥɟɟ ɸɠɧɵɟ ɬɨɱɤɢ ɜ 

ɚɪɟɚɥɟ ɞɥɹ ɝɨɥɶɹɧɚ ɑɟɤɚɧɨɜɫɤɨɝɨ (Zuev et al., 2019). 

 
 

Ɋɢɫ. 6. Ɇɟɫɬɚ ɨɬɛɨɪɚ ɩɪɨɛ (ɱɟɪɧɚɹ ɬɨɱɤɚ – ɪɚɣɨɧ ɭɫɩɟɲɧɨɝɨ ɨɬɛɨɪɚ, 

ɛɟɥɵɟ ɬɨɱɤɢ – ɦɟɫɬɚ ɧɟɭɫɩɟɲɧɵɯ ɩɨɩɵɬɨɤ) 

 
2.2 ɂɡɦɟɪɟɧɢɟ ɩɨɬɪɟɛɥɟɧɢя ɤɢɫɥɨɪɨɞɚ 

 
 

ɂɫɬɨɪɢɱɟɫɤɢ ɫɥɨɠɢɥɢɫɶ ɞɜɚ ɜɚɪɢɚɧɬɚ ɨɰɟɧɤɢ ɩɨɬɪɟɛɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ: ɜ 

ɨɬɤɪɵɬɵɯ ɢ ɡɚɤɪɵɬɵɯ ɪɟɫɩɢɪɨɦɟɬɪɚɯ. ȼ ɡɚɤɪɵɬɨɦ ɪɟɫɩɢɪɨɦɟɬɪɟ ɢɡɦɟɪɹɟɬɫɹ 
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ɩɨɬɪɟɛɥɟɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɡɚɦɤɧɭɬɨɣ ɤɚɦɟɪɟ. ȼ ɨɬɤɪɵɬɨɦ - ɪɚɡɧɢɰɚ ɜ 

ɫɨɞɟɪɠɚɧɢɢ ɝɚɡɚ ɜ ɜɨɞɟ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɤɚɦɟɪɵ. ɍ ɨɛɨɢɯ ɦɟɬɨɞɨɜ ɟɫɬɶ 

ɫɜɨɢ ɧɟɞɨɫɬɚɬɤɢ. ɍ ɡɚɤɪɵɬɨɝɨ – ɧɚɤɨɩɥɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɨɛɦɟɧɚ ɢ ɜ ɱɚɫɬɧɨɫɬɢ 

ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ. ɍ ɨɬɤɪɵɬɨɝɨ (ɩɪɨɬɨɱɧɨɝɨ) ɦɟɬɨɞɚ – ɫɥɨɠɧɨɫɬɶ ɜ 

ɩɨɞɞɟɪɠɚɧɢɢ ɩɨɫɬɨɹɧɫɬɜɚ ɝɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɬɟɤɚɸɳɟɝɨ ɱɟɪɟɡ ɤɚɦɟɪɭ ɢ ɜ 

ɬɨɱɧɨɫɬɢ ɷɥɟɤɬɪɨɞɚ, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ ɭɥɚɜɥɢɜɚɬɶ ɢɡɦɟɧɟɧɢɹ ɝɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ 

(Rosewarne et al., 2016). 

ȿɫɬɶ ɦɨɞɢɮɢɤɚɰɢɹ ɷɬɢɯ ɦɟɬɨɞɨɜ ɤɨɬɨɪɚɹ ɭɱɢɬɵɜɚɟɬ ɷɬɢ ɧɟɞɨɫɬɚɬɤɢ - 

ɩɪɟɪɵɜɢɫɬɚɹ ɩɪɨɬɨɱɧɚɹ ɪɟɫɩɢɪɨɦɟɬɪɢɹ. ɂɡɦɟɪɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɡɚɤɪɵɬɨɣ 

ɤɚɦɟɪɟ (ɜ ɬɟɱɟɧɢɢ ɤɨɪɨɬɤɨɝɨ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ) ɢ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɪɨɢɫɯɨɞɢɬ 

ɩɪɨɦɵɜɤɚ ɤɚɦɟɪɵ ɨɬ ɩɪɨɞɭɤɬɨɜ ɨɛɦɟɧɚ ɢ ɧɚɫɵɳɟɧɢɟ ɜɨɞɵ ɤɢɫɥɨɪɨɞɨɦ 

(Svendsen et al., 2016). ɉɨɦɢɦɨ ɨɛɧɨɜɥɟɧɢɹ ɜɨɞɵ ɜ ɪɟɫɩɢɪɨɦɟɬɪɟ ɬɚɤɚɹ ɫɢɫɬɟɦɚ 

ɩɨɡɜɨɥɹɟɬ ɨɫɬɚɜɢɬɶ ɪɵɛɭ ɜ ɤɚɦɟɪɟ ɞɥɹ ɚɞɚɩɬɚɰɢɢ ɟɺ ɤ ɧɨɜɵɦ ɭɫɥɨɜɢɹɦ. Ɍɚɤ ɤɚɤ 

ɞɚɠɟ ɫɚɦɚɹ ɨɛɵɱɧɚɹ ɨɩɟɪɚɰɢɹ ɩɨɢɦɤɢ ɪɵɛɵ ɢ ɩɟɪɟɫɚɠɢɜɚɧɢɹ ɟɺ ɜ ɪɟɫɩɢɪɨɦɟɬɪ 

ɜɵɡɵɜɚɟɬ ɭ ɧɟɟ ɦɧɨɝɨɱɚɫɨɜɭɸ ɫɬɪɟɫɫɨɩɨɞɨɛɧɭɸ ɪɟɚɤɰɢɸ ɢ ɫɬɨɥɶ ɠɟ 

ɞɥɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɩɨɬɪɟɛɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ (Ʉɥɹɲɬɨɪɢɧ, ɋɚɥɢɤɡɹɧɨɜ, 

1979). ɗɬɨɬ ɫɬɪɟɫɫ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ 

ɦɟɬɚɛɨɥɢɡɦɚ (Rosewarne et al., 2016). 

ɉɪɨɞɜɢɧɭɬɵɣ ɦɟɬɨɞ ɢɡɦɟɪɟɧɢɹ ɫɤɨɪɨɫɬɢ ɦɟɬɚɛɨɥɢɡɦɚ ɬɪɟɛɭɟɬ 

ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɇɵ ɢɫɩɨɥɶɡɨɜɚɥɢ, ɤɨɦɩɪɨɦɢɫɫɧɵɣ, 

ɜɚɪɢɚɧɬ ɪɟɫɩɢɪɨɦɟɬɪɚ (ɪɢɫɭɧɨɤ 4). ɇɚɲ ɪɟɫɩɢɪɨɦɟɬɪ – ɩɨɡɜɨɥɹɥ ɩɪɨɜɨɞɢɬɶ 

ɩɪɟɪɵɜɢɫɬɵɟ ɩɪɨɬɨɱɧɵɟ ɢɡɦɟɪɟɧɢɹ, ɧɨ ɜɪɭɱɧɭɸ. Ɋɵɛɭ ɩɨɦɟɳɚɥɢ ɜ ɤɚɦɟɪɭ 

(ɪɢɫɭɧɨɤ 4). ɂ ɫɪɚɡɭ ɩɪɨɜɨɞɢɥɢ ɢɡɦɟɪɟɧɢɹ ɜ ɬɟɱɟɧɢɢ 15 ɦɢɧɭɬ – ɬɚɤ 

ɨɩɪɟɞɟɥɹɥɢ ɦɚɤɫɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɦɟɬɚɛɨɥɢɡɦɚ (MMR). Ɂɚɬɟɦ ɨɬɤɪɵɜɚɥɢ 

ɤɥɚɩɚɧɵ ɢ ɜɤɥɸɱɚɥɢ ɧɚɫɨɫ ɞɥɹ ɩɪɨɞɭɜɤɢ – ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɧɚɫɵɳɚɥɢ ɜɨɞɭ 

ɤɢɫɥɨɪɨɞɨɦ ɢ ɩɪɨɜɨɞɢɥɢ ɨɱɢɫɬɤɭ ɨɬ ɩɪɨɞɭɤɬɨɜ ɦɟɬɚɛɨɥɢɡɦɚ, ɚ ɡɚɬɟɦ 

ɩɪɨɜɨɞɢɥɢ ɩɨɜɬɨɪɧɵɟ ɢɡɦɟɪɟɧɢɹ. Ɋɭɱɧɨɟ ɨɬɤɪɵɜɚɧɢɟ ɤɥɚɩɚɧɨɜ ɧɟ ɩɨɡɜɨɥɢɥɨ 

ɢɡɦɟɪɢɬɶ ɧɢɱɟɝɨ ɩɨɦɢɦɨ MMR. ȼɦɟɲɚɬɟɥɶɫɬɜɨ ɢɫɩɵɬɚɬɟɥɹ ɜɵɡɵɜɚɥɨ ɭ ɪɵɛɵ 

ɫɬɪɟɫɫ. 
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Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ MMR ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ 19 ɢɡɦɟɪɟɧɢɣ, 10 ɞɥɹ ɨɡɟɪɧɨɝɨ 

ɝɨɥɶɹɧɚ, 9 ɞɥɹ ɝɨɥɶɹɧɚ ɑɟɤɚɧɨɜɫɤɨɝɨ. Ɋɵɛɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɚɞɚɩɬɢɪɨɜɚɥɢ ɜ 

ɚɤɜɚɪɢɭɦɟ ɤ 20 ɨɋ ɜ ɬɟɱɟɧɢɢ ≥ 10 ɞɧɟɣ. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɬɟɱɟɧɢɢ 20 

ɦɢɧɭɬ Ɇɨɞɟɥɶ ɨɤɫɢɦɟɬɪɚ Hanna hi 9142. 

 

 

Ɋɢɫ. 7. ɋɯɟɦɚ ɪɟɫɩɢɪɨɦɟɬɪɚ ɫɨɛɪɚɧɧɨɝɨ ɚɜɬɨɪɨɦ (Ɋɢɫɭɧɨɤ ɚɜɬɨɪɚ) 

1 – ɨɤɫɢɦɟɬɪ (Hanna hi 9142). 2 – ɷɥɟɤɬɪɨɞ. 3 – ɤɚɦɟɪɚ ɞɥɹ ɷɥɟɤɬɪɨɞɚ 

ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɩɨɫɬɨɹɧɧɨ ɩɪɨɤɚɱɢɜɚɟɬɫɹ ɜɨɞɚ. 4 ɢ 7 – ɧɚɫɨɫɵ ɦɟɦɛɪɚɧɧɨɝɨ 

ɬɢɩɚ. 5 – ɤɚɦɟɪɚ ɫ ɢɫɫɥɟɞɭɟɦɨɣ ɪɵɛɨɣ (ɤɚɦɟɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɟɤɥɹɧɧɭɸ 

ɢɥɢ ɩɥɚɫɬɢɤɨɜɭɸ ɬɪɭɛɭ ɫ ɞɜɭɦɹ ɨɬɜɟɪɫɬɢɹɦɢ ɢ ɤɪɵɲɤɨɣ); 6 – 

ɬɟɪɦɨɫɬɚɬɢɪɭɸɳɚɹ ɟɦɤɨɫɬɶ ɫ ɚɷɪɚɬɨɪɨɦ; 8 – ɤɪɚɧɵ ɞɥɹ ɡɚɦɵɤɚɧɢɹ ɫɢɫɬɟɦɵ. 

ɑɟɪɧɵɟ ɥɢɧɢɢ ɧɚ ɫɯɟɦɟ – ɬɪɭɛɤɢ, ɤɨɬɨɪɵɟ ɫɨɟɞɢɧɹɸɬ ɟɦɤɨɫɬɢ ɦɟɠɞɭ ɫɨɛɨɣ. 

 
Ɋɚɫɱɟɬ ɩɨɬɪɟɛɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɩɪɨɢɡɜɨɞɢɥɢ ɩɨ ɮɨɪɦɭɥɟ: 

y = KVM -1 

Ƚɞɟ y – ɩɨɬɪɟɛɥɟɧɢɟ ɤɢɫɥɨɪɨɞɚ (ɦɝɈ2ɤɝ-1ɱ-1); Ʉ – ɫɤɨɪɨɫɬɶ ɩɨɬɪɟɛɥɟɧɢɹ 

ɤɢɫɥɨɪɨɞɚ ɪɵɛɨɣ ɜ ɪɟɫɩɢɪɨɦɟɬɪɟ, ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɤɨɧɟɱɧɨɣ ɢ ɧɚɱɚɥɶɧɨɣ 
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ɤɨɧɰɟɧɬɪɚɰɢɟɣ / ɜɪɟɦɹ (ɦɝɥ-1 h-1); V – ɨɛɴɟɦ ɪɟɫɩɢɪɨɦɟɬɪɚ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ 

ɤ ɨɛɴɟɦɭ ɪɵɛɵ (ɨɛɴɟɦ ɪɵɛɵ – ɨɛɴɟɦ ɪɟɫɩɢɪɨɦɟɬɪɚ); Ɇ – ɦɚɫɫɚ ɪɵɛɵ (ɤɝ). 

 
2.3 ɋɪɚɜɧɟɧɢɟ ɦɨɪɮɨɥɨɝɢɢ ɠɚɛɪ 

 
 

Ɋɵɛɭ ɨɬɛɢɪɚɥɢ ɢɡ ɜɨɞɨɟɦɨɜ, ɚ ɧɟ ɢɡ ɚɤɜɚɪɢɭɦɨɜ (ɱɬɨɛɵ ɧɟ ɞɨɩɭɫɬɢɬɶ 

ɚɞɚɩɬɚɰɢɢ ɢ ɢɡɦɟɧɟɧɢɹ ɜ ɠɚɛɟɪɧɨɣ ɫɬɪɭɤɬɭɪɟ). Ɋɵɛɭ ɭɦɟɪɳɜɥɹɥɢ ɩɪɢ ɩɨɦɨɳɢ 

ɝɜɨɡɞɢɱɧɨɝɨ ɦɚɫɥɚ, ɡɚɬɟɦ ɩɨɦɟɳɚɥɢ ɜ ɮɨɪɦɚɥɢɧ. ɍ 16 ɪɵɛ ɛɵɥɚ ɢɡɦɟɪɟɧɚ 

ɦɨɪɮɨɥɨɝɢɹ ɠɚɛɪ (ɩɨ 8 ɭ ɤɚɠɞɨɝɨ ɜɢɞɚ). 

ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɩɨɦɨɳɢ ɫɬɟɪɟɨɦɢɤɪɨɫɤɨɩɚ ZEISS STEMI 

2000-C, ɤɚɦɟɪɵ ZEISS Axiocam 503 color ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ZEISS 

Axio Vision. 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɦɨɪɮɨɥɨɝɢɢ ɠɚɛɪ ɢɡɦɟɪɹɥɢ ɫɥɟɞɭɸɳɢɟ ɩɪɢɡɧɚɤɢ: ɱɢɫɥɨ 

ɠɚɛɟɪɧɵɯ ɥɟɩɟɫɬɤɨɜ, ɫɭɦɦɚɪɧɭɸ ɞɥɢɧɭ ɥɟɩɟɫɬɤɨɜ, ɩɥɨɬɧɨɫɬɶ ɩɥɚɫɬɢɧɨɤ ɢ 

ɩɥɨɳɚɞɶ ɩɥɚɫɬɢɧɨɤ. 

ɂɡɦɟɪɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɩɥɚɫɬɢɧɨɤ ɩɪɨɜɨɞɢɥɢ ɞɥɹ ɤɚɠɞɨɝɨ ɞɟɫɹɬɨɝɨ 

ɥɟɩɟɫɬɤɚ – ɞɥɹ ɜɫɟɯ ɠɚɛɟɪɧɵɯ ɞɭɝ ɫ ɥɟɜɨɣ ɫɬɨɪɨɧɵ. ɉɥɨɬɧɨɫɬɶ ɩɥɚɫɬɢɧɨɤ 

ɢɡɦɟɪɹɥɢ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɦɦ. Ɍɚɤɠɟ ɢɡɦɟɪɹɥɢ ɩɥɨɳɚɞɶ ɠɚɛɟɪɧɵɯ ɩɥɚɫɬɢɧɨɤ 

ɞɥɹ ɷɬɨɝɨ ɞɟɥɚɥɢ ɫɪɟɡɵ ɜ ɧɚɱɚɥɟ, ɫɟɪɟɞɢɧɟ ɢ ɤɨɧɰɟ ɠɚɛɟɪɧɵɯ ɥɟɩɟɫɬɤɨɜ. 

ɋɭɦɦɚɪɧɭɸ ɩɥɨɳɚɞɶ ɠɚɛɟɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (total gill area, TGA) 

ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɮɨɪɦɭɥɟ: 

TGA = Lnbl 

Ƚɞɟ L – ɫɭɦɦɚɪɧɚɹ ɞɥɢɧɚ ɠɚɛɟɪɧɵɯ ɥɟɩɟɫɬɤɨɜ (ɦɦ); n – ɩɥɨɬɧɨɫɬɶ 

ɩɥɚɫɬɢɧɨɤ ɜ ɪɚɫɱɟɬɟ ɧɚ ɦɦ; bl – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɠɚɛɟɪɧɵɯ ɩɥɚɫɬɢɧɨɤ. 

ɗɬɨ ɤɥɚɫɫɢɱɟɫɤɚɹ ɦɟɬɨɞɢɤɚ (Hughes, Muir, 1969), ɫɥɟɝɤɚ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɚɹ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɜɢɞɚ. Ɇɟɬɨɞɢɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɬɨɦ ɠɟ 

ɜɢɞɟ ɢ ɩɨ ɫɟɣ ɞɟɧɶ, ɫ ɱɚɫɬɧɵɦɢ ɚɜɬɨɪɫɤɢɦɢ ɦɨɞɢɮɢɤɚɰɢɹɦɢ, ɤɨɬɨɪɵɟ 

ɫɨɯɪɚɧɹɸɬ ɨɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɢɫɯɨɞɧɨɣ ɦɟɬɨɞɢɤɢ (Aparecida Perna, 

Fernandes, 1996; Chapman, Hulen, 2001; Don Stevens, Sutterlin, 1999). 
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Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɧɢɜɟɥɢɪɨɜɚɬɶ ɜɥɢɹɧɢɟ ɦɚɫɫɵ ɪɵɛɵ, ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɞɜɭɯ 

ɜɢɞɨɜ, ɢɫɩɨɥɶɡɨɜɚɥɢ ɭɞɟɥɶɧɭɸ ɠɚɛɟɪɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɜ ɪɚɫɱɟɬɟ ɧɚ ɝɪɚɦɦ 

ɦɚɫɫɵ ɪɵɛɵ. 

 
2.5 ɋɬɚɬɢɫɬɢɱɟɫɤɚя ɨɛɪɚɛɨɬɤɚ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɫɪɟɞɧɢɯ ɜɟɥɢɱɢɧ ɛɵɥ ɜɵɛɪɚɧ ɤɥɚɫɫɢɱɟɫɤɢɣ ɦɟɬɨɞ - Ɍ- 

ɤɪɢɬɟɪɢɣ ɋɬɶɸɞɟɧɬɚ, ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɩɪɨɜɟɪɤɨɣ ɧɚ ɧɨɪɦɚɥɶɧɨɫɬɶ ɦɟɬɨɞɨɦ 

ɒɚɩɢɪɨ-ȼɢɥɤɚ ɢ ɩɪɨɜɟɪɤɨɣ ɧɚ ɝɨɦɨɝɟɧɧɨɫɬɶ ɞɢɫɩɟɪɫɢɣ ɩɪɢ ɩɨɦɨɳɢ ɤɪɢɬɟɪɢɹ 

Ɏɢɲɟɪɚ. ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɩɨɦɨɳɢ: R ɜɟɪɫɢɢ 3.6.1 ɞɥɹ 

Windows, Microsoft Excel ɢ Past 3. 
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ȼɵɜɨɞɵ 
 
 

1) ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɝɚɡɨɨɛɦɟɧɚ ɞɥɹ ɝɨɥɶɹɧɚ ɨɡɟɪɧɨɝɨ ɫɨɫɬɚɜɥɹɟɬ 93.43 

ɦɝɈ2ɤɝ-1ɱ-1, ɞɥɹ ɝɨɥɶɹɧɚ ɑɟɤɚɧɨɜɫɤɨɝɨ 136.66 ɦɝɈ2ɤɝ-1ɱ-1. 

2) ɍɞɟɥɶɧɚɹ ɩɥɨɳɚɞɶ ɞɵɯɚɬɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ ɝɨɥɶɹɧɚ ɨɡɟɪɧɨɝɨ 

ɫɨɫɬɚɜɥɹɟɬ 86.28 ɦɦ2 ɝ-1, ɞɥɹ ɝɨɥɶɹɧɚ ɑɟɤɚɧɨɜɫɤɨɝɨ 181.41 ɦɦ2 ɝ-1. 

3) Ɇɟɧɶɲɢɟ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɤɢɫɥɨɪɨɞɟ ɭ ɨɡɟɪɧɨɝɨ ɝɨɥɶɹɧɚ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɷɬɨɬ ɜɢɞ, ɤɚɤ ɛɨɥɟɟ ɩɪɢɫɩɨɫɨɛɥɟɧɧɵɣ ɤ ɭɫɥɨɜɢɹɦ 

ɝɢɩɨɤɫɢɢ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɥɶɹɧɚ ɑɟɤɚɧɨɜɫɤɨɝɨ. ɋɨɝɥɚɫɧɨ ɩɪɢɧɹɬɨɣ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɝɨɥɶɹɧɚ ɨɡɟɪɧɨɝɨ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɪɵɛɚɦ 

ɭɫɬɨɣɱɢɜɵɦ ɤ ɞɟɮɢɰɢɬɭ ɤɢɫɥɨɪɨɞɚ, ɚ ɝɨɥɶɹɧɚ ɑɟɤɚɧɨɜɫɤɨɝɨ ɤ ɪɵɛɚɦ 

ɨɤɫɢɛɢɨɧɬɚɦ 
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