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ɋȿɄɐɂə 6. ȽɂȾɊɈȽȿɈɅɈȽɂə ɂ ɂɇɀȿɇȿɊɇȺə ȽȿɈɅɈȽɂə 
ȽȿɈɂɇɎɈɊɆȺɐɂɈɇɇɕȿ ɋɂɋɌȿɆɕ ȼ ȽɂȾɊɈȽȿɈɅɈȽɂɑȿɋɄɂɏ 

ɂɋɋɅȿȾɈȼȺɇɂəɏ 

ɅȺɁȿɊɇȺə ȾɂɎɊȺɄɌɈɆȿɌɊɂə-ȺɅɖɌȿɊɇȺɌɂȼȺ ɋɈȼɊȿɆȿɇɇɕɆ ɆȿɌɈȾȺɆ 
ɂɋɋɅȿȾɈȼȺɇɂə ȽɊȺɇɍɅɈɆȿɌɊɂɑȿɋɄɈȽɈ ɋɈɋɌȺȼȺ ɉȿɋɑȺɇɈ-ȽɅɂɇɂɋɌɕɏ 

ȽɊɍɇɌɈȼ 

ȿ.ȼ. ɋɢɧɟɝɭɛɨɜɚ1
 

ɇɚɭɱɧɵɟ ɪɭɤɨɜɨɞɢɬɟɥɢ ɞɨɰɟɧɬ ɋ.ɇ. Ʌɚɜɪɨɜ1
, ɞɨɰɟɧɬ ȼ.ȼ. Ʉɪɚɦɚɪɟɧɤɨ2 

 
1ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɪɯɢɬɟɤɬɭɪɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ,  

ɝ. ɇɨɜɨɫɢɛɢɪɫɤ, Ɋɨɫɫɢɹ  
2ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

ɋ ɩɨɦɨɳɶɸ ɚɧɚɥɢɡɚ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɨɰɟɧɢɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ 
ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɬɜɟɪɞɨɣ ɤɨɦɩɨɧɟɧɬɵ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ. ɉɨ ɟɝɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɭɞɹɬ ɨ ɞɢɫɩɟɪɫɧɨɫɬɢ ɝɪɭɧɬɨɜ, 
ɚ ɬɚɤɠɟ ɩɪɨɜɨɞɹɬ ɢɯ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɢɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɞɚɟɬ ɫɬɪɭɤɬɭɪɧɭɸ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɝɪɭɧɬɚ, ɩɨɡɜɨɥɹɟɬ ɫɭɞɢɬɶ ɨ ɩɪɨɢɫɯɨɠɞɟɧɢɢ ɩɨɪɨɞɵ, ɨɰɟɧɢɜɚɬɶ ɧɟɤɨɬɨɪɵɟ ɫɜɨɣɫɬɜɚ ɝɪɭɧɬɚ 
(ɮɢɥɶɬɪɚɰɢɨɧɧɵɟ, ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ ɞɪ.), ɨɰɟɧɢɜɚɬɶ ɝɪɭɧɬ ɤɚɤ ɫɬɪɨɢɬɟɥɶɧɵɣ ɦɚɬɟɪɢɚɥ ДθЖ.  

Ɋɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɩɪɚɤɬɢɤɟ ɢɫɫɥɟɞɨɜɚɧɢɣ, 
ɢɦɟɸɬ ɨɛɳɢɟ ɢ ɫɨɛɫɬɜɟɧɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ, ɬɚɤɢɟ ɤɚɤ ɩɨɝɪɟɲɧɨɫɬɶ ɩɪɢ ɜɡɜɟɲɢɜɚɧɢɢ ɱɚɫɬɢɰ, ɤɨɥɟɛɚɧɢɹ 
ɩɥɨɬɧɨɫɬɢ ɱɚɫɬɢɰ ɝɪɭɧɬɚ, ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɜɹɡɤɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ ɫɭɫɩɟɧɡɢɢ ɢ ɬ.ɞ. ɇɟɦɚɥɨɜɚɠɧɵɦɢ 
ɮɚɤɬɨɪɚɦɢ ɹɜɥɹɸɬɫɹ ɬɚɤɠɟ ɩɪɨɫɬɨɬɚ ɩɨɞɝɨɬɨɜɤɢ ɢ ɫɤɨɪɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɛɥɟɦɵ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɹɜɥɹɸɬɫɹ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɵɦɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɨɛɳɟɩɪɢɧɹɬɵɦ ɦɟɬɨɞɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɟɬɨɞ ɥɚɡɟɪɧɨɣ 
ɞɢɮɪɚɤɬɨɦɟɬɪɢɢ ɧɚ ɩɪɢɦɟɪɟ ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɚɧɚɥɢɡɚɬɨɪɚ ɦɨɞɟɥɢ SALD-βγ00 ɩɪɨɢɡɜɨɞɫɬɜɚ 
SHIMADZU (əɩɨɧɢɹ), ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫ. 1. 

 

 
Ɋɢɫ. 1 Ʌɚɡɟɪɧɵɣ ɚɧɚɥɢɡɚɬɨɪ ɦɨɞɟɥɢ SALD-2300 SHIMADГU (əɩɨɧɢɹ) 

 
ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɢɤ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ 

ɚɧɚɥɢɡɚ ɝɪɭɧɬɨɜ ɢ ɩɪɢɦɟɧɹɟɦɨɝɨ ɧɚ ɩɪɚɤɬɢɤɟ ɨɛɨɪɭɞɨɜɚɧɢɹ.  
Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɪɹɞ ɡɚɞɚɱμ 
- ɨɛɡɨɪ ɢ ɫɢɫɬɟɦɚɬɢɡɚɰɢɹ ɦɟɬɨɞɨɜν 
- ɨɛɡɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɟɞɟɥɶɧɭɸ ɞɢɫɩɟɪɫɧɨɫɬɶ ɝɪɭɧɬɚ ɢ ɩɨɷɬɨɦɭ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 

ɚɧɚɥɢɡɚ ɞɚɧɧɨɝɨ ɝɪɭɧɬɚ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɜɟɫɬɢ ɟɝɨ ɱɚɫɬɢɰɵ ɜ ɫɨɫɬɨɹɧɢɟ ɩɟɪɜɢɱɧɨɣ ɞɢɫɩɟɪɫɧɨɫɬɢ, ɱɬɨ 
ɞɨɫɬɢɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɩɨɞɝɨɬɨɜɤɢ [6]. 

Ƚɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɦ (ɡɟɪɧɨɜɵɦ) ɫɨɫɬɚɜɨɦ ɧɚɡɵɜɚɟɬɫɹ ɜɟɫɨɜɨɟ ɫɨɞɟɪɠɚɧɢɟ ɱɚɫɬɢɰ ɪɚɡɥɢɱɧɨɣ 
ɤɪɭɩɧɨɫɬɢ, ɜɵɪɚɠɟɧɧɨɟ ɜ ɩɪɨɰɟɧɬɚɯ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɦɚɫɫɟ ɫɭɯɨɣ ɩɪɨɛɵ, ɜɡɹɬɨɣ ɞɥɹ ɚɧɚɥɢɡɚ [7]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɫɨɫɬɚɜɚ ɝɪɭɧɬɨɜ ɢɫɩɨɥɶɡɭɸɬ ɬɪɢ 
ɝɪɭɩɩɵ ɦɟɬɨɞɨɜ. 

ɉɟɪɜɚɹ ɝɪɭɩɩɚ ɨɫɧɨɜɚɧɚ ɧɚ ɜɵɞɟɥɟɧɢɢ ɨɛɪɚɡɭɸɳɢɯ ɝɪɭɧɬɵ ɮɪɚɤɰɢɣ (ɫɢɬɨɜɨɣ, ɩɢɩɟɬɨɱɧɵɣ, ɦɟɬɨɞ 
ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ ɢ ɬ.ɞ.) - ɷɬɨ ɩɪɹɦɵɟ ɦɟɬɨɞɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɵɞɟɥɢɬɶ ɧɟɨɛɯɨɞɢɦɵɟ 
ɮɪɚɤɰɢɢ, ɜɡɜɟɲɢɜɚɬɶ ɢ ɨɩɪɟɞɟɥɹɬɶ ɢɯ ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜ ɝɪɭɧɬɟ. 

Ɇɟɬɨɞɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɤɨ ɜɬɨɪɨɣ ɝɪɭɩɩɟ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɩɪɹɦɨɣ ɨɛɦɟɪ ɢ ɩɨɞɫɱɟɬ ɱɚɫɬɢɰ ɩɨɞ 
ɦɢɤɪɨɫɤɨɩɨɦ ɫ ɩɨɦɨɳɶɸ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɢ ɬ.ɞ. 

Ʉ ɬɪɟɬɶɟɣ ɝɪɭɩɩɟ ɨɬɧɨɫɹɬɫɹ ɤɨɫɜɟɧɧɵɟ ɦɟɬɨɞɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɰɟɧɢɬɶ ɩɚɪɚɦɟɬɪɵ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ 
ɫɨɫɬɚɜɚ ɛɟɡ ɜɵɞɟɥɟɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ ɮɪɚɤɰɢɣ, ɩɨ ɨɰɟɧɤɟ ɢɡɦɟɧɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢɝɨɬɨɜɥɟɧɧɨɣ 
ɫɭɫɩɟɧɡɢɢ (ɚɪɟɨɦɟɬɪɢɱɟɫɤɢɣ, ɫɟɞɢɦɟɧɬɨɥɨɝɢɱɟɫɤɢɣ, ɮɨɬɨɫɟɞɢɦɟɧɬɨɝɪɚɮɢɱɟɫɤɢɣ ɦɟɬɨɞɵ ɢ ɬ.ɩ.). 

ȼ ȽɈɋɌ 1βηγθ-79 [7] ɭɫɬɚɧɨɜɥɟɧɵ ɦɟɬɨɞɵ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ 
(ɡɟɪɧɨɜɨɝɨ) ɢ ɦɢɤɪɨɚɝɪɟɝɚɬɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɝɪɭɧɬɨɜ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɉɟɫɱɚɧɵɟ ɝɪɭɧɬɵ 
ɢɡɭɱɚɸɬɫɹ ɫɢɬɨɜɵɦ ɦɟɬɨɞɨɦ ɫ ɩɪɨɦɵɜɤɨɣ ɜɨɞɨɣ ɢ ɛɟɡ ɩɪɨɦɵɜɤɢ. Ⱦɥɹ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ ɨɫɧɨɜɧɨɣ ɦɟɬɨɞ 
ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ - ɚɪɟɨɦɟɬɪɢɱɟɫɤɢɣ. ɉɢɩɟɬɨɱɧɵɣ ɦɟɬɨɞ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ 
ɥɢɲɶ ɞɥɹ ɫɩɟɰɢɚɥɶɧɵɯ ɰɟɥɟɣ [2]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɜɢɜɚɟɬɫɹ, ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɡɚ ɪɭɛɟɠɨɦ, ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ ɦɟɬɨɞ ɥɚɡɟɪɧɨɣ ɞɢɮɪɚɤɬɨɦɟɬɪɢɢ, ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɩɪɢɧɰɢɩ ɨɬɤɥɨɧɟɧɢɹ ɥɚɡɟɪɧɨɝɨ ɥɭɱɚ 
ɧɚ ɪɚɡɧɵɟ ɭɝɥɵ ɩɪɢ ɨɬɪɚɠɟɧɢɢ ɨɬ ɱɚɫɬɢɰ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ. Ɂɚɬɟɦ ɧɚ ɨɫɧɨɜɟ ɨɛɪɚɛɨɬɤɢ ɢ ɚɧɚɥɢɡɚ 
ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɤɚɪɬɢɧɵ ɞɟɥɚɸɬɫɹ ɜɵɜɨɞɵ ɨ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɦ ɫɨɫɬɚɜɟ ɝɪɭɧɬɚ. 

ɋɨɩɨɫɬɚɜɥɟɧɢɸ ɢ ɫɪɚɜɧɟɧɢɸ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɝɪɭɧɬɨɜ, 
ɩɨɥɭɱɟɧɧɵɯ ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɢ ɥɚɡɟɪɧɨɣ ɞɢɮɪɚɤɬɨɦɟɬɪɢɟɣ ɩɨɫɜɹɳɟɧɨ ɦɧɨɠɟɫɬɜɨ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ 
ɡɚɪɭɛɟɠɧɵɯ ɪɚɛɨɬ  [3-5]. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɩɪɢɛɨɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɚ 
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ɥɚɡɟɪɧɨɣ ɞɢɮɪɚɤɬɨɦɟɬɪɢɢ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɪɚɡɥɢɱɧɨɟ ɩɨɫɬɨɪɟɧɧɢɟ ɭɡɥɨɜ ɢ ɱɚɫɬɨ ɨɬɥɢɱɚɸɬɫɹ ɩɨ ɦɟɯɚɧɢɡɦɭ 
ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɢ ɫɩɨɫɨɛɭ ɪɟɝɢɫɬɪɚɰɢɢ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɤɚɪɬɢɧɵ, ɧɨ ɪɚɛɨɬɚɸɬ ɩɨ ɟɞɢɧɨɣ ɫɯɟɦɟ. ɋɨɝɥɚɫɧɨ 
ɫɬɚɬɶɟ Д1Ж, ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɈɈɈ «Ɇɨɫɬɞɨɪɝɟɨɬɪɟɫɬ» ɩɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ 
ɫɨɫɬɚɜɚ ɝɥɢɧ ɫ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɝɪɭɧɬɚ ɧɚ ɩɪɢɛɨɪɟ Analysette-ββ. Ⱥɜɬɨɪɵ ɩɪɢɲɥɢ ɤ 
ɜɵɜɨɞɭ, ɱɬɨ ɪɚɡɥɢɱɢɹ ɜ ɪɟɡɭɥɶɬɚɬɚɯ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɛ ɝɪɭɧɬɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɪɚɡɧɵɯ ɫɩɨɫɨɛɨɜ ɢɧɨɝɞɚ ɛɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɵɦɢ ɡɚ ɫɱɟɬ ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ.   

Ʉɨɧɫɬɪɭɤɰɢɹ ɩɪɢɛɨɪɚ ɦɨɞɟɥɢ SALD-βγ00 ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɚɧɚɥɢɡ ɩɪɨɛ ɝɪɭɧɬɨɜ ɜ ɜɢɞɟ ɫɭɫɩɟɧɡɢɣ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɚɤɥɸɱɚɥɨɫɶ ɜ ɢɡɭɱɟɧɢɢ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ, ɜɡɹɬɵɯ ɢɡ ɩɪɨɛ ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ (ɩɟɫɤɚ, 
ɫɭɩɟɫɢ ɢ ɫɭɝɥɢɧɤɚ). ɉɨɞɫɢɬɨɜɨɣ ɞɢɚɩɚɡɨɧ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ (ɦɟɧɟɟ β ɦɦ, ɢɥɢ ɦɟɧɟɟ θγ ɦɤɦ) ɛɵɥ ɜɡɹɬ ɧɚ ɚɧɚɥɢɡ.  

ȼ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɩɚɪɚɥɥɟɥɶɧɵɟ ɢɫɩɵɬɚɧɢɹ ɞɥɹ γγ ɩɪɨɛ ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɯ 
ɝɪɭɧɬɨɜ ɫɢɬɨɜɵɦ, ɚɪɟɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢ ɥɚɡɟɪɧɨɣ ɞɢɮɪɚɤɬɨɦɟɬɪɢɟɣ. ɉɪɨɛɨɩɨɞɝɨɬɨɜɤɚ ɜɟɥɚɫɶ ɫɥɟɞɭɸɳɢɦ 
ɫɩɨɫɨɛɨɦμ 

1. Ɉɛɪɚɡɟɰ ɩɟɫɤɚ ɛɵɥ ɩɨɞɝɨɬɨɜɥɟɧ ɤ ɚɧɚɥɢɡɭ ɜ ɫɭɯɨɦ ɜɢɞɟ (ɜɵɫɭɲɟɧ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ) ɢ ɜ 
ɜɢɞɟ ɨɛɪɚɡɰɚ ɟɫɬɟɫɬɜɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢν 

2. Ɉɛɪɚɡɟɰ ɫɭɩɟɫɢ ɛɵɥ ɜɡɹɬ ɩɪɢ ɟɫɬɟɫɬɜɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ ɢ ɩɨɞɝɨɬɨɜɥɟɧ ɤ ɚɧɚɥɢɡɭ ɜ ɜɢɞɟ ɩɚɫɬɵ ɢ ɜ ɜɢɞɟ 
ɨɛɪɚɡɰɚ ɟɫɬɟɫɬɜɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢν 

3. Ɉɛɪɚɡɟɰ ɫɭɝɥɢɧɤɚ ɛɵɥ ɜɡɹɬ ɩɪɢ ɟɫɬɟɫɬɜɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ ɢ ɩɨɞɝɨɬɨɜɥɟɧ ɤ ɚɧɚɥɢɡɭ ɜ ɜɢɞɟ ɩɚɫɬɵ ɢ ɜ 
ɜɢɞɟ ɨɛɪɚɡɰɚ ɟɫɬɟɫɬɜɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ. 

ɉɪɨɛɵ ɝɪɭɧɬɚ ɦɚɫɫɨɣ β ɝɪɚɦɦɚ ɛɵɥɢ ɩɨɦɟɳɟɧɵ ɜ ɫɨɫɭɞ ɞɥɹ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 
ɦɟɲɚɥɤɭ ɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɞɢɫɩɟɪɝɚɬɨɪ. ɇɚɫɨɫ ɩɨɞɚɺɬ ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɭɸ ɫɭɫɩɟɧɡɢɸ ɜ ɩɪɨɬɨɱɧɭɸ ɹɱɟɣɤɭ, ɞɚɥɟɟ 
84-ɷɥɟɦɟɧɬɧɵɣ ɞɟɬɟɤɬɨɪ ɭɥɚɜɥɢɜɚɟɬ ɩɪɟɥɨɦɥɟɧɧɵɣ ɢ ɪɚɫɫɟɹɧɧɵɣ ɫɜɟɬ ɢ ɩɨɡɜɨɥɹɟɬ ɛɵɫɬɪɨ ɩɪɨɜɟɫɬɢ ɢɡɦɟɪɟɧɢɹ ɢ 
ɩɨɥɭɱɢɬɶ ɪɟɡɭɥɶɬɚɬ. ɇɚɥɢɱɢɟ ɩɨɞɜɢɠɧɨɝɨ ɨɫɧɨɜɚɧɢɹ ɩɪɨɬɨɱɧɨɣ ɹɱɟɣɤɢ, ɧɚɫɨɫɚ ɞɥɹ ɩɨɞɚɱɢ ɠɢɞɤɨɫɬɢ ɢ ɨɩɰɢɢ 
ɚɜɬɨɪɚɡɛɚɜɥɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɨɛɥɟɝɱɚɟɬ ɩɪɨɰɟɫɫ ɚɧɚɥɢɡɚ. 

 ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɥɚɡɟɪɧɨɝɨ ɞɢɮɪɚɤɬɨɦɟɬɪɚ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɞɚɧɧɵɟ ɜ ɜɢɞɟ ɬɚɛɥɢɰ, 
ɝɪɚɮɢɤɨɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ ɢ ɢɧɬɟɝɪɚɥɶɧɵɯ ɤɪɢɜɵɯ. Ʉɪɢɜɚɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɱɚɫɬɢɰ ɢɦɟɟɬ ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫ. 2. 

 
Ɋɢɫ.2. Ʉɪɢɜɚɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɢ ɝɢɫɬɨɝɪɚɦɦɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɮɪɚɤɰɢɣ ɝɪɭɧɬɚ ɩɨ ɪɚɡɦɟɪɚɦ ɜ ɨɛɪɚɡɰɟ 
 
ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɚɧɚɥɢɡɚ ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɫɩɨɫɨɛɚ 

ɩɨɞɝɨɬɨɜɤɢ ɤ ɚɧɚɥɢɡɭ (ɩɨ ȽɈɋɌ 12536-7λ, ɢɥɢ ɢɧɵɟ ɫɩɨɫɨɛɵ ɩɨɞɝɨɬɨɜɤɢ) ɢ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ (ɫɢɬɨɜɵɦ, 
ɚɪɟɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢ ɥɚɡɟɪɧɵɦ ɞɢɮɪɚɤɬɨɦɟɬɪɨɦ) ɫɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɩɟɫɱɚɧɵɯ ɱɚɫɬɢɰ ɩɨɡɜɨɥɹɟɬ 
ɬɨɱɧɨ ɩɪɨɜɨɞɢɬɶ ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɝɪɭɧɬɚ, ɫɨɝɥɚɫɧɨ ȽɈɋɌ βη100-β011 ɢ ɞɚɜɚɬɶ ɧɨɦɟɧɤɥɚɬɭɪɭ ɝɪɭɧɬɚ.  

ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɫɩɨɫɨɛɚ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɩɪɢɛɨɪ ɩɨɡɜɨɥɹɟɬ ɛɵɫɬɪɨ ɢ 
ɤɚɱɟɫɬɜɟɧɧɨ ɩɪɨɜɨɞɢɬɶ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ. Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ ɥɚɡɟɪɧɨɣ 
ɞɢɮɪɚɤɬɨɦɟɬɪɢɢ ɢ ɩɪɢɛɨɪɚ SALD-βγ00 ɹɜɥɹɸɬɫɹμ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ ɨɬ 0,017 ɞɨ βη00 ɦɤɦ, ɜɵɫɨɤɚɹ 
ɫɤɨɪɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ, ɦɚɥɟɧɶɤɚɹ ɦɚɫɫɚ ɩɪɨɛɵ ɞɥɹ ɚɧɚɥɢɡɚ, ɭɞɨɛɧɵɣ ɢ ɩɨɧɹɬɧɵɣ ɢɧɬɟɪɮɟɣɫ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. Ɇɟɬɨɞ ɥɚɡɟɪɧɨɣ ɞɢɮɪɚɤɬɨɦɟɬɪɢɢ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɝɪɭɧɬɨɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɫɨɡɞɚɧɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɝɪɭɧɬɨɜ ɦɟɬɨɞɨɦ ɥɚɡɟɪɧɨɣ ɞɢɮɪɚɤɬɨɦɟɬɪɢɢ, ɛɨɥɟɟ ɞɟɬɚɥɶɧɨ ɩɪɨɜɟɫɬɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɜɵɹɜɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ ɨɬ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɝɪɭɧɬɚ. 
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ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ ɡɚɜɟɞɭɸɳɢɣ ɥɚɛɨɪɚɬɨɪɢɟɣ ɝɢɞɪɨɝɟɨɥɨɝɢɢ ɢ ɢɧɠɟɧɟɪɧɨɣ ɝɟɨɥɨɝɢɢ 
Ʉ.ȿ. Ɇɨɪɚɪɭ 

ɂɧɫɬɢɬɭɬ ɝɟɨɥɨɝɢɢ ɢ ɫɟɣɫɦɨɥɨɝɢɢ Ⱥɤɚɞɟɦɢɢ ɧɚɭɤ Ɇɨɥɞɨɜɵ, ɝ. Ʉɢɲɢɧɟɜ, Ɋɟɫɩɭɛɥɢɤɚ Ɇɨɥɞɨɜɚ 

ȼɩɟɪɜɵɟ ɞɥɹ ɬɟɪɪɢɬɨɪɢɢ ɝ. Ʉɢɲɢɧɟɜɚ ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ ɰɢɮɪɨɜɚɹ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɢ ɪɟɠɢɦɚ ɭɪɨɜɧɟɣ 
ɝɪɭɧɬɨɜɵɯ ɜɨɞ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɨɞɟɥɶ ModFlow, ɤɨɬɨɪɚɹ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨɜɟɞɟɧɢɹ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɜɨɞɨɧɨɫɧɨɦ ɝɨɪɢɡɨɧɬɟ ɩɨɞ 
ɜɥɢɹɧɢɟɦ ɩɪɢɪɨɞɧɵɯ ɢ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɮɚɤɬɨɪɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɤ ɩɨɫɬɨɹɧɧɨ 
ɞɟɣɫɬɜɭɸɳɚɹ ɦɨɞɟɥɶ ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ. ɇɚɲɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɩɪɨɞɨɥɠɟɧɢɟɦ ɢ 
ɞɨɩɨɥɧɟɧɢɟɦ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɧɟɟ ɪɚɛɨɬ [1,2,3]. 

Ʉɨɧɰɟɩɬɭɚɥɶɧɚɹ ɦɨɞɟɥɶ ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɝ. Ʉɢɲɢɧɟɜɚ ɛɵɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɬɢɩɨɜɵɯ 
ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɯ ɪɚɡɪɟɡɨɜ. Ɇɨɞɟɥɶ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɢ ɨɛɨɛɳɟɧɢɹμ 

1. Ƚɪɭɧɬɨɜɵɣ ɜɨɞɨɧɨɫɧɵɣ ɝɨɪɢɡɨɧɬ ɹɜɥɹɟɬɫɹ ɨɞɧɨɫɥɨɣɧɵɦ; 
2. ȼɨɞɨɭɩɨɪɨɦ ɫɥɭɠɚɬ ɦɨɳɧɵɟ ɬɨɥɳɢ ɫɪɟɞɧɟɝɨ ɢ ɜɟɪɯɧɟɝɨ ɫɚɪɦɚɬɚ, ɤɨɬɨɪɵɟ ɥɢɬɨɥɨɝɢɱɟɫɤɢ ɫɦɟɧɹɸɬɫɹ 

ɫ ɜɨɞɨɪɚɡɞɟɥɶɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜ ɜ ɫɬɨɪɨɧɭ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɮɨɪɦ ɪɟɥɶɟɮɚ. Ƚɥɢɧɵ, ɬɟɨɪɟɬɢɱɟɫɤɢ, ɩɪɢɧɹɬɵ ɤɚɤ 
ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɵɟ; 

3. ɋɜɟɪɯɭ ɜɨɞɨɧɨɫɧɵɣ ɝɨɪɢɡɨɧɬ ɩɨɜɫɟɦɟɫɬɧɨ ɩɟɪɟɤɪɵɬ ɜɨɞɨɩɪɨɧɢɰɚɟɦɨɣ ɡɨɧɨɣ ɚɷɪɚɰɢɢ; 
4. ȼɨɞɨɨɛɦɟɧ ɜɨɞɨɧɨɫɧɨɝɨ ɝɨɪɢɡɨɧɬɚ ɢɦɟɟɬ ɦɟɫɬɨ ɱɟɪɟɡ ɡɨɧɭ ɚɷɪɚɰɢɢ ɢ ɛɨɤɨɜɵɟ ɝɪɚɧɢɰɵ. ɋɧɢɡɭ (ɱɟɪɟɡ 

ɜɨɞɨɭɩɨɪ) ɜɨɞɨɨɛɦɟɧ ɧɟɡɧɚɱɢɬɟɥɟɧ ɢ ɱɢɫɥɟɧɧɨ ɪɚɜɟɧ ɧɭɥɸ. 
ɂɫɩɨɥɶɡɭɟɦɚɹ ɧɚɦɢ ɤɨɦɩɶɸɬɟɪɧɚɹ ɦɨɞɟɥɶ ModFlow ɨɫɧɨɜɚɧɚ ɧɚ ɪɟɲɟɧɢɢ ɚɥɝɨɪɢɬɦɚ ɭɪɚɜɧɟɧɢɹ ɜ 

ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨɜɟɞɟɧɢɹ ɭɪɨɜɧɹ (ɢɥɢ ɧɚɩɨɪɚ) ɜɨɞɵ ɜ ɜɨɞɨɧɨɫɧɨɦ ɝɨɪɢɡɨɧɬɟ, ɩɨɞ ɜɥɢɹɧɢɟɦ ɤɨɦɩɥɟɤɫɚ 
ɩɪɢɪɨɞɧɵɯ ɢ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ. Ɍɚɤɨɝɨ ɬɢɩɚ ɚɥɝɨɪɢɬɦɵ ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ ɪɟɲɟɧɢɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɨɬɞɟɥɶɧɵɯ ɦɚɥɵɯ ɭɱɚɫɬɤɨɜ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɬɶ 
ɢɫɫɥɟɞɭɟɦɭɸ ɬɟɪɪɢɬɨɪɢɸ ɧɚ ɧɟɛɨɥɶɲɢɟ ɩɪɹɦɨɭɝɨɥɶɧɵɟ ɭɱɚɫɬɤɢ. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɩɨɤɪɵɬɢɹ ɬɟɪɪɢɬɨɪɢɢ 
ɪɚɜɧɨɦɟɪɧɨɣ ɫɟɬɶɸ (grid). ɐɟɧɬɪ ɤɚɠɞɨɣ ɹɱɟɣɤɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɚɥɝɨɪɢɬɦɚ ɦɨɞɟɥɢ 
ModFlow, ɢ ɨɛɨɛɳɟɧɢɟ ɞɚɧɧɵɯ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɟɬɨɞɭ “ɫɤɨɥɶɡɹɳɟɝɨ ɨɤɧɚ”. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɰɟɥɟɣ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɫɬɟɩɟɧɢ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɨɣ ɢɡɭɱɟɧɧɨɫɬɢ, 
ɬɟɪɪɢɬɨɪɢɹ ɝɨɪɨɞɚ ɢ ɫɨɩɪɟɞɟɥɶɧɵɯ ɩɥɨɳɚɞɟɣ ɛɵɥɢ ɩɨɤɪɵɬɵ ɫɟɬɶɸ λ0 x λ0 ɹɱɟɟɤ, ɫ ɪɚɡɦɟɪɨɦ ɩɨɫɥɟɞɧɢɯ β00 б 
β00 ɦ. ɗɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɫɥɨɜɢɹɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢ ɬɨɩɨɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɫɲɬɚɛɚ 1μ10 000. 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ (ɢɥɢ ɝɪɚɧɢɰɵ ɨɛɥɚɫɬɢ ɮɢɥɶɬɪɚɰɢɢ) ɞɥɹ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɦɢ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢμ 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɩɟɪɜɨɝɨ ɪɹɞɚ (ɭɫɥɨɜɢɹ Ⱦɢɪɢɤɥɟɬɚ) – ɢɡɜɟɫɬɟɧ ɧɚɩɨɪ (ɭɪɨɜɟɧɶ) ɝɪɭɧɬɨɜɵɯ ɜɨɞ 
Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɜɬɨɪɨɝɨ ɪɹɞɚ (ɭɫɥɨɜɢɹ ɇɶɸɦɚɧɧ) – ɝɪɚɧɢɰɚ ɜɨɞɨɩɪɨɧɢɰɚɟɦɚ ɢɥɢ ɧɚ ɧɟɣ ɢɡɜɟɫɬɟɧ 

ɪɚɫɯɨɞ ɜɨɞɧɨɝɨ ɩɨɬɨɤɚ 
Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɬɪɟɬɶɟɝɨ ɪɹɞɚ (ɫɦɟɲɚɧɧɵɟ) – ɪɚɫɯɨɞ ɜɨɞɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɡɚɞɚɧɧɨɣ ɝɪɚɧɢɰɟ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɩɨɪɚ (ɭɪɨɜɧɹ) ɜɨɞɵ ɢ ɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 
ȼ ɦɨɞɟɥɢ ModFlow ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɝɪɭɧɬɨɜɨɝɨ ɜɨɞɨɧɨɫɧɨɝɨ ɝɨɪɢɡɨɧɬɚ ɛɵɥɢ ɡɚɞɚɧɵ ɩɪɢ ɩɨɦɨɳɢ 

ɩɪɨɰɟɞɭɪ IBOUND ɢ MODFLOW. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɭɪɨɜɧɟɣ ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɝ. Ʉɢɲɢɧɟɜɚ ɛɵɥɨ ɨɫɭɳɟɫɬɜɥɟɧɨ ɜ 
ɞɜɭɯ ɜɚɪɢɚɧɬɚɯμ ɜ ɩɪɢɪɨɞɧɵɯ (steady state) ɢ ɬɟɯɧɨɝɟɧɧɵɯ (transient condition) ɭɫɥɨɜɢɹɯ. Ⱦɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɣ (ɟɳɟ ɭɫɥɨɜɧɨ-ɩɪɢɪɨɞɧɵɯ), ɩɪɢɧɢɦɚɟɬɫɹ ɤɨɧɰɟɩɰɢɹ ɢ ɞɨɩɭɳɟɧɢɟ, ɱɬɨ 
ɜɨɞɨɧɨɫɧɵɣ ɝɨɪɢɡɨɧɬ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɝɢɞɪɨɝɟɨɞɢɧɚɦɢɤɢ ɫɬɚɬɶɢ 
ɉɊɂɏɈȾ ɢ ɊȺɋɏɈȾ ɜɨɞɵ ɪɚɜɧɵ ɦɟɠɞɭ ɫɨɛɨɣ, ɢ ɞɥɹ ɝɨɪɢɡɨɧɬɚ ɨɬɫɭɬɫɬɜɭɸɬ ɜɨɡɦɭɳɚɸɳɢɟ ɮɚɤɬɨɪɵ 
(ɷɤɫɩɥɭɚɬɚɰɢɹ, ɨɫɭɲɟɧɢɟ ɢ ɬ.ɞ.). 

Ⱦɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɯɧɨɝɟɧɧɵɯ ɭɫɥɨɜɢɣ, ɭɪɨɜɧɢ ɜɨɞɨɧɨɫɧɨɝɨ ɝɨɪɢɡɨɧɬɚ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɡɚɜɢɫɢɦɵ ɨɬ ɜɪɟɦɟɧɢ ɢ ɢɡɦɟɧɹɸɳɢɯɫɹ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ (ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɢɧɮɢɥɶɬɪɚɰɢɹ, 
ɨɬɤɚɱɤɚ ɜɨɞɵ, ɢɫɩɚɪɟɧɢɟ, ɬɪɚɧɫɩɢɪɚɰɢɹ ɢ ɞɪ.). ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɥɢɱɢɹ  ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɰɟɥɢ ɦɨɞɟɥɢ, 
ɫɭɳɟɫɬɜɭɸɳɢɟ ɍȽȼ ɝɨɪɨɞɚ, ɛɵɥɢ ɫɝɪɭɩɩɢɪɨɜɚɧɵ ɜ ɬɪɢ ɜɪɟɦɟɧɧɵɟ ɜɵɛɨɪɤɢμ 1λ48-1λθη ɝɝ., 1λθθ-1λ8η ɝɝ., 1λ8θ-
β00β ɝɝ. 

ɉɪɨɰɟɞɭɪɚ ɫɨɫɬɚɜɥɟɧɢɹ ɦɨɞɟɥɢ ɍȽȼ ɝ. Ʉɢɲɢɧɟɜɚ ɜ ɭɫɥɨɜɧɨ-ɩɪɢɪɨɞɧɵɯ, ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ 
ɜɤɥɸɱɚɥɚ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ ɪɚɛɨɬμ 

1. ɉɪɨɜɟɪɤɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɢɯ ɜɜɨɞ ɜ ɷɥɟɤɬɪɨɧɧɵɟ ɬɚɛɥɢɰɵ ɦɨɞɟɥɢ; 
2. Ʉɚɥɢɛɪɨɜɤɚ ɦɨɞɟɥɢ; 
3. Ɉɰɟɧɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ; 
4. Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɨɞɟɥɢ, ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɞɢɧɚɦɢɱɟɫɤɢɦ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ 
Ɉɛɨɛɳɟɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɚɧɧɵɯ ɢ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ.  


