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Ɉɩɪɟɞɟɥɟɧɢɟ ɫɬɚɛɢɥɶɧɵɯ ɢɡɨɬɨɩɨɜ ɜɨɞɨɪɨɞɚ ɢ ɤɢɫɥɨɪɨɞɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ 

ɤɚɱɟɫɬɜɟ ɜɚɠɧɨɣ ɦɟɬɨɞɢɤɢ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɢɧɚɦɢɤɢ ɩɪɢɪɨɞɧɵɯ ɜɨɞ, ɢɯ 

ɝɟɧɟɡɢɫɚ ɢ ɝɢɞɪɨɝɟɨɯɢɦɢɱɟɫɤɢɯ ɷɮɮɟɤɬɨɜ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɜɨɞɵ ɢ 

ɩɨɪɨɞ[5,23]. 

Ⱥɬɦɨɫɮɟɪɧɵɟ ɨɫɚɞɤɢ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢ 

ɮɨɪɦɢɪɨɜɚɧɢɢ ɢɡɨɬɨɩɧɨɝɨ ɫɨɫɬɚɜɚ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ 1960 ɝɨɞɭ 

ɛɵɥɚ ɡɚɩɭɳɟɧɚ Ƚɥɨɛɚɥɶɧɚɹ ɫɟɬɶ ɢɡɨɬɨɩɨɜ ɜ ɨɫɚɞɤɚɯ (GNIP), ɫɨɜɦɟɫɬɧɨ 

ɢɫɩɨɥɶɡɭɟɦɚɹ Ɇɟɠɞɭɧɚɪɨɞɧɵɦ ɚɝɟɧɬɫɬɜɨɦ ɩɨ ɚɬɨɦɧɨɣ ɷɧɟɪɝɢɢ (ɆȺȽȺɌɗ) ɢ 

ȼɫɟɦɢɪɧɨɣ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɨɣ ɨɪɝɚɧɢɡɚɰɢɟɣ (ȼɆɈ). Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ ɞɚɧɧɨɣ 

ɫɟɬɢ ɢɡɨɬɨɩɨɜ ɛɵɥɨ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɛɚɡɨɜɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɢɡɨɬɨɩɧɨɦ ɫɨɫɬɚɜɟ 

ɨɫɚɞɤɨɜ ɜ ɝɥɨɛɚɥɶɧɨɦ ɦɚɫɲɬɚɛɟ[1]. Ƚɥɨɛɚɥɶɧɚɹ ɫɟɬɶ ɢɡɨɬɨɩɨɜ ɜ ɨɫɚɞɤɚɯ, ɢɥɢ 

GNIP, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɟɬɶ, ɨɫɭɳɟɫɬɜɥɹɸɳɭɸ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɫɨɞɟɪɠɚɧɢɟɦ 

ɢɡɨɬɨɩɨɜ  ɤɢɫɥɨɪɨɞɚ ɢ ɜɨɞɨɪɨɞɚ. 

ȼɩɟɪɜɵɟ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ D ɢ 18Ɉ ɞɥɹ ɚɬɦɨɫɮɟɪɧɵɯ ɨɫɚɞɤɨɜ ɛɵɥɚ 

ɭɫɬɚɧɨɜɥɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ Ƚ. Ʉɪɟɣɝɨɦ. ɂɡɦɟɧɟɧɢɟ ɢɡɨɬɨɩɧɨɝɨ 

ɫɨɫɬɚɜɚ ɦɟɬɟɨɪɧɵɯ ɜɨɞ ɪɚɡɧɵɯ ɲɢɪɨɬ ɩɪɨɢɫɯɨɞɢɬ ɜɞɨɥɶ ɩɪɹɦɨɣ ɥɢɧɢɢ, ɤɨɬɨɪɚɹ 

ɩɨɥɭɱɢɥɚ ɧɚɡɜɚɧɢɟ ɥɢɧɢɢ Ʉɪɟɣɝɚ («ɥɢɧɢɹ ɦɟɬɟɨɪɧɵɯ ɜɨɞ»). ɍɱɟɧɵɣ ɜ 1961 ɝ. 

ɨɩɪɟɞɟɥɢɥ ɚɛɫɨɥɸɬɧɵɟ ɨɬɧɨɲɟɧɢɹ ɢɡɨɬɨɩɨɜ ɜɨɞɨɪɨɞɚ ɢ ɤɢɫɥɨɪɨɞɚ ɜ SMOW 

(Standard Mean Ocean Water). SMOW ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɪɟɞɧɸɸ ɩɪɨɛɭ ɜɨɞɵ, 

ɨɬɨɛɪɚɧɧɨɣ ɢɡ Ⱥɬɥɚɧɬɢɱɟɫɤɨɝɨ, Ɍɢɯɨɝɨ ɢ ɂɧɞɢɣɫɤɨɝɨ ɨɤɟɚɧɨɜ ɜ ɢɧɬɟɪɜɚɥɟ 

ɝɥɭɛɢɧ ɨɬ 500 ɞɨ 2000 ɦ, ɜ ɪɚɣɨɧɚɯ, ɭɞɚɥɟɧɧɵɯ ɨɬ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɝɨ ɫɬɨɤɚ, ɢ 

ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɚɧɧɨɣ [8].  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɦɢɪɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɟɬɨɞɵ ɢɡɨɬɨɩɧɨɣ ɦɚɫɫ-

ɫɩɟɤɬɪɨɦɟɬɪɢɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɪɟɲɢɬɶ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɩɪɨɛɥɟɦ 

ɫɨɜɪɟɦɟɧɧɨɣ ɝɢɞɪɨɝɟɨɯɢɦɢɢ. Ʉɨɦɩɥɟɤɫɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɢɞɪɨɝɟɨɯɢɦɢɱɟɫɤɢɯ 

ɢ ɢɡɨɬɨɩɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɦɟɟɬ ɛɨɥɶɲɨɣ ɩɨɬɟɧɰɢɚɥ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ 

ɩɨɞɪɨɛɧɨɣ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɛɵɫɬɪɨɣ ɢ 
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ɷɮɮɟɤɬɢɜɧɨɣ ɨɰɟɧɤɢ ɜɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ, 

ɜɨɫɬɪɟɛɨɜɚɧɧɨɝɨ ɜ ɩɪɚɤɬɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɢɡɭɱɟɧɢɢ ɢɡɨɬɨɩɧɨɝɨ ɫɨɫɬɚɜɚ 

ɩɪɢɪɨɞɧɵɯ ɜɨɞ ɫɪɟɞɧɟɣ ɬɚɣɝɢ ɜ ɪɚɣɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɟɠɞɭɧɚɪɨɞɧɨɣ 

ɨɛɫɟɪɜɚɬɨɪɢɢ ―ZOTTO‖ 

Ⱦɨɫɬɢɠɟɧɢɟ ɧɚɦɟɱɟɧɧɨɣ ɰɟɥɢ ɩɪɟɞɩɨɥɚɝɚɥɨ ɪɟɲɟɧɢɟ ɫɥɟɞɭɸɳɢɯ 

ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ:  

1. ɂɡɭɱɢɬɶ ɧɚɭɱɧɭɸ ɥɢɬɟɪɚɬɭɪɭ ɩɨ ɢɡɨɬɨɩɧɨɦɭ ɫɨɫɬɚɜɭ ɩɪɢɪɨɞɧɵɯ 

ɜɨɞ; 

2. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɢɡɦɟɧɟɧɢɹ ɢɡɨɬɨɩɧɨɝɨ 

ɫɨɫɬɚɜɚ ɩɪɢɪɨɞɧɵɯ ɜɨɞ; 

3. ɋɢɫɬɟɦɚɬɢɡɢɪɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɞɟɣɬɟɪɢɹ ɢ 

ɤɢɫɥɨɪɨɞɚ-18 ɜ ɪɚɡɥɢɱɧɵɯ ɜɨɞɧɵɯ ɨɛɴɟɤɬɚɯ ɪɚɣɨɧɚ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɯɨɞɟ ɩɪɨɜɟɞɺɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɩɪɟɞɟɥɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɢɡɨɬɨɩɧɨɝɨ ɫɨɫɬɚɜɚ (δ18O ɢ δ2H) ɚɬɦɨɫɮɟɪɧɵɯ ɨɫɚɞɤɨɜ, ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɢ ɪɟɱɧɨɝɨ 

ɫɬɨɤɚ ɜ ɋɵɦɫɤɨ – Ⱦɭɛɱɟɫɤɨɦ ɦɟɠɞɭɪɟɱɶɟ (ɧɚ ɩɪɢɦɟɪɟ ɪɚɣɨɧɚ ɩ. Ɂɨɬɢɧɨ). 

ɉɨɤɚɡɚɧɵ ɨɬɥɢɱɢɹ ɜ ɢɡɨɬɨɩɧɨɦ ɫɨɫɬɚɜɟ ɚɬɦɨɫɮɟɪɧɵɯ ɨɫɚɞɤɨɜ ɪɚɣɨɧɚ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɥɟɬɧɢɣ ɢ ɡɢɦɧɢɣ ɩɟɪɢɨɞɵ. ȼɵɹɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɨɬɨɩɧɨɝɨ 

ɫɨɫɬɚɜɚ ɢ ɞɟɣɬɟɪɢɟɜɨɝɨ ɷɤɫɰɟɫɫɚ ɥɟɬɧɢɯ ɨɫɚɞɤɨɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ, 

ɭɤɚɡɵɜɚɸɳɚɹ ɧɚ ɢɫɩɚɪɢɬɟɥɶɧɨɟ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ ɜɨɞɵ. ɉɨɥɭɱɟɧɚ ɥɨɤɚɥɶɧɚɹ 

ɥɢɧɢɹ ɦɟɬɟɨɪɧɵɯ ɜɨɞ (LMWL, δ2H = 7.6 δ18O + 2.3). 

ɉɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɨ ɞɢɧɚɦɢɤɟ ɢɡɨɬɨɩɧɨɝɨ ɫɨɫɬɚɜɚ ɜɨɞɨɬɨɤɨɜ ɪɚɡɧɨɝɨ 

ɩɨɪɹɞɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɨɩɪɟɞɟɥɢɬɶ ɩɟɪɢɨɞɵ ɫɧɟɝɨɜɨɝɨ ɢ 

ɞɨɠɞɟɜɨɝɨ ɩɢɬɚɧɢɹ. ȼɵɹɜɥɟɧɵ ɪɚɡɥɢɱɢɹ ɜ ɥɨɤɚɥɶɧɨɣ ɥɢɧɢɢ ɢɫɩɚɪɟɧɢɹ (LEL) 

ɞɥɹ ɜɨɞɨɬɨɤɨɜ, ɞɪɟɧɢɪɭɸɳɢɯ ɨɦɛɪɨɬɪɨɮɧɵɟ (ɪɭɱ. Ɋɚɡɜɢɥɤɢ) ɢ ɦɢɧɟɪɨɬɪɨɮɧɵɟ 

(ɪɭɱ. Ƚɨɪɛɚɬɵɣ) ɛɨɥɨɬɧɵɟ ɤɨɦɩɥɟɤɫɵ. Ⱦɚɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɡɨɬɨɩɧɨɝɨ ɫɨɫɬɚɜɚ 

ɝɪɭɧɬɨɜɵɯ ɜɨɞ. ɇɚɛɥɸɞɚɟɦɨɟ ɫɦɟɳɟɧɢɟ ɢɡɨɬɨɩɧɵɯ ɡɧɚɱɟɧɢɣ ɜ ɨɬɪɢɰɚɬɟɥɶɧɭɸ 

ɨɛɥɚɫɬɶ (δ18O < 18 ‰) ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɡɧɚɱɢɬɟɥɶɧɨɦ ɜɤɥɚɞɟ ɫɧɟɝɨɜɨɝɨ 

ɩɢɬɚɧɢɹ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɤɚɤ ɩɨɜɟɪɯɧɨɫɬɧɵɯ (53-56%), ɬɚɤ ɢ ɝɪɭɧɬɨɜɵɯ ɜɨɞ 

(66-68%). 
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