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1. ɀɂȾɄɂȿ ɊАɋɌȼɈɊЫ. 

ɂɫɬɢɧɧɵɦ ɪɚɫɬɜɨɪɨɦ ɧɚɡɵɜɚɟɬɫɹ ɨɞɧɨɮɚɡɧɚɹ ɫɢɫɬɟɦɚ, ɨɛɪɚɡɨɜɚɧɧɚɹ ɧɟ 
ɦɟɧɟɟ, ɱɟɦ ɞɜɭɦɹ ɤɨɦɩɨɧɟɧɬɚɦɢ. ɋɨɫɬɚɜ ɪɚɫɬɜɨɪɚ ɦɨɠɧɨ ɢɡɦɟɧɹɬɶ ɧɟɩɪɟɪɵɜɧɨ 
ɜ ɨɩɪɟɞɟɥɺɧɧɵɯ ɩɪɟɞɟɥɚɯ. ɂɫɬɢɧɧɵɣ ɪɚɫɬɜɨɪ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɤɨɥɥɨɢɞɧɨɝɨ ɢ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɦɟɫɢ ɬɟɦ, ɱɬɨ ɩɨɫɥɟɞɧɢɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɝɟɬɟɪɨɝɟɧɧɵɟ ɫɢɫɬɟɦɵ. Ɋɚɫɬɜɨɪɵ ɦɨɝɭɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɜ 
ɬɪɺɯ ɚɝɪɟɝɚɬɧɵɯ ɫɨɫɬɨɹɧɢɹɯμ ɝɚɡɨɨɛɪɚɡɧɵɟ (ɫɦɟɫɶ ɝɚɡɨɜ), ɬɜɺɪɞɵɟ (ɬɜɺɪɞɵɟ 
ɪɚɫɬɜɨɪɵ) ɢ ɜ ɠɢɞɤɨɦ. ȼ ɠɢɞɤɢɯ ɪɚɫɬɜɨɪɚɯ ɪɚɡɥɢɱɚɸɬ ɪɚɫɬɜɨɪɢɬɟɥɶ ɢ 
ɪɚɫɬɜɨɪɟɧɧɨɟ ɜɟɳɟɫɬɜɨ. Ɋɚɫɬɜɨɪɢɬɟɥɶ- ɠɢɞɤɢɣ ɤɨɦɩɨɧɟɧɬ ɪɚɫɬɜɨɪɚ, ɤɨɬɨɪɵɣ 
ɢɦɟɟɬɫɹ ɜ ɢɡɛɵɬɤɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ 
ɪɚɫɬɜɨɪɟ ɜ ɦɟɧɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ ɢ ɧɚɡɵɜɚɟɦɵɦɢ ɪɚɫɬɜɨɪɺɧɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ. 

Ɋɚɫɬɜɨɪɹɟɦɵɟ ɜɟɳɟɫɬɜɚ ɦɨɝɭɬ ɛɵɬɶ ɜ ɬɜɺɪɞɨɦ, ɠɢɞɤɨɦ ɢ ɝɚɡɨɨɛɪɚɡɧɨɦ 
ɫɨɫɬɨɹɧɢɹɯ. ɀɢɞɤɨɫɬɢ ɢ ɠɢɞɤɢɟ ɪɚɫɬɜɨɪɵ ɨɛɥɚɞɚɸɬ ɷɥɟɦɟɧɬɚɦɢ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ, ɢɦɟɸɬ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɫɬɪɨɟɧɢɟ ɦɟɠɞɭ ɝɚɡɨɦ ɢ 

ɬɜɺɪɞɵɦ ɜɟɳɟɫɬɜɨɦ. Ɇɨɥɟɤɭɥɵ ɠɢɞɤɨɫɬɢ ɧɚɯɨɞɹɬɫɹ ɜ ɯɚɨɬɢɱɟɫɤɨɦ ɬɟɩɥɨɜɨɦ 
ɞɜɢɠɟɧɢɢ, ɤɚɠɞɚɹ ɦɨɥɟɤɭɥɚ ɨɤɪɭɠɟɧɚ ɞɪɭɝɢɦɢ ɦɨɥɟɤɭɥɚɦɢ ɧɚ ɧɟɤɨɬɨɪɵɯ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ, ɫɨɯɪɚɧɹɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɛɥɢɠɧɢɣ 
ɩɨɪɹɞɨɤ, ɢɦɟɸɳɢɣ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ. 

Ɇɟɠɞɭ ɱɚɫɬɢɰɚɦɢ (ɚɬɨɦɚɦɢ, ɦɨɥɟɤɭɥɚɦɢ, ɢɨɧɚɦɢ) ɜ ɠɢɞɤɨɫɬɢ ɢ ɜ ɪɚɫɬɜɨɪɟ 
ɞɟɣɫɬɜɭɸɬ ɮɢɡɢɱɟɫɤɢɟ (ɜɚɧ-ɞɟɪ-ɜɚɚɥɶɫɨɜɵ) ɢ ɯɢɦɢɱɟɫɤɢɟ ɫɢɥɵ. ɑɚɫɬɢɰɵ 
ɪɚɫɬɜɨɪɺɧɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɪɚɫɬɜɨɪɟ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɞɪɭɝ ɫ 
ɞɪɭɝɨɦ ɢ ɫ ɦɨɥɟɤɭɥɚɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹ.ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɷɬɢɯ ɫɢɥ ɩɪɨɢɫɯɨɞɢɬ 
ɞɢɫɫɨɰɢɚɰɢɹ ɢ ɚɫɫɨɰɢɚɰɢɹ ɱɚɫɬɢɰ, ɨɛɪɚɡɨɜɚɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 
ɪɚɡɥɢɱɧɨɣ ɩɪɨɱɧɨɫɬɢ ɢ ɫɨɫɬɚɜɚ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɬɜɨɪɟɧɢɹ ɢɨɧɧɨɝɨ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɜɨɞɟ ɩɪɨɢɫɯɨɞɢɬ ɫɛɥɢɠɟɧɢɟ ɢɨɧɨɜ ɫ ɞɢɩɨɥɹɦɢ 
ɜɨɞɵ, ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ ɩɪɢ ɷɬɨɦ ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɜɵɞɟɥɹɟɬɫɹ 
ɬɟɩɥɨɬɚ. Ɋɚɫɬɜɨɪɟɧɢɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɠɚɬɢɟɦ, ɤɨɬɨɪɨɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ 
ɭɩɥɨɬɧɟɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜɨɤɪɭɝ ɢɨɧɨɜ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɨɤɨɥɨ ɤɚɠɞɨɝɨ ɢɨɧɚ ɫɥɨɹ 
ɬɟɫɧɨ ɫɜɹɡɚɧɧɵɯ ɫ ɢɨɧɨɦ ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɢɬɟɥɹ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ 
ɦɨɥɟɤɭɥɚɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɪɚɫɬɜɨɪɹɸɳɟɝɨɫɹ ɜɟɳɟɫɬɜɚ- ɫɨɥɶɜɚɬɚɰɢɹ. 
Ɋɚɡɥɢɱɚɸɬ ɩɟɪɜɢɱɧɭɸ ɫɨɥɶɜɚɬɧɭɸ ɨɛɨɥɨɱɤɭ – ɜɨɡɞɟɣɫɬɜɢɟ ɢɨɧɚ ɧɚ 
ɛɥɢɠɚɣɲɢɟ ɦɨɥɟɤɭɥɵ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɤɨɬɨɪɵɟ ɩɪɢ ɷɬɨɦ ɬɟɪɹɸɬ ɧɟɡɚɜɢɫɢɦɨɟ 
ɞɜɢɠɟɧɢɟ ɢ ɩɟɪɟɦɟɳɚɸɬɫɹ ɜɦɟɫɬɟ ɫ ɢɨɧɨɦ  ɢ ɜɬɨɪɢɱɧɭɸ ɫɨɥɶɜɚɬɧɭɸ 
ɨɛɨɥɨɱɤɭ, ɤɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɛɨɥɟɟ ɭɞɚɥɺɧɧɵɟ ɦɨɥɟɤɭɥɵ 
ɪɚɫɬɜɨɪɢɬɟɥɹ, ɜɥɢɹɸɳɢɟ ɧɚ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɪɚɫɬɜɨɪɚ. ɋɜɨɣɫɬɜɚ 
ɪɚɫɬɜɨɪɚ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɹɬ ɨɬ ɟɝɨ ɫɨɫɬɚɜɚ. ȼɚɠɧɟɣɲɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ- 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɦɩɨɧɟɧɬɨɜ.  
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1.1. ɋɩɨɫɨɛɵ ɜɵɪɚɠɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɪɚɫɬɜɨɪɨɜ. 
ȼɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: ɢɧɞɟɤɫ 1 ɨɬɧɨɫɢɬɫɹ ɤ ɪɚɫɬɜɨɪɢɬɟɥɸ; 

ɢɧɞɟɤɫ 2 – ɤ ɪɚɫɬɜɨɪɟɧɧɨɦɭ ɜɟɳɟɫɬɜɭ. 

Ɇɨɥɹɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɥɢ ɦɨɥɹɥɶɧɨɫɬɶ. 

Ɇɨɥɹɥɶɧɨɫɬɶ - ɷɬɨ ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ (ɜ ɦɨɥɶ), ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ 1 ɤɝ 
ɪɚɫɬɜɨɪɢɬɟɥɹ. 

][

][

1

2
2 ɤɝg

ɦɨɥɶn
m  . 

Ɋɚɡɦɟɪɧɨɫɬɶ 
ɤɝ

ɦɨɥɶ
m ][ . 

Ɇɨɥɹɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

Ɇɨɥɹɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɥɢ ɦɨɥɹɪɧɨɫɬɶ. 

Ɇɨɥɹɪɧɨɫɬɶ – ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ (ɜ ɦɨɥɶ), ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɟɞɢɧɢɰɟ 
ɨɛɴɟɦɚ ɪɚɫɬɜɨɪɚ. 

ɪɚɫɬɨɜɪɚV

n
C 2

2   

Ɋɚɡɦɟɪɧɨɫɬɶ 3
][

ɦ
ɦɨɥɶɢɥɢ

ɥ
ɦɨɥɶɋ  ; 3

10001
ɦ

ɦɨɥɶ
ɥ

ɦɨɥɶ
 . 

Ɇɨɥɹɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

Ɇɨɥɶɧɚɹ ɞɨɥɹ 

Ɇɨɥɶɧɚɹ ɞɨɥɹ – ɷɬɨ ɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɞɚɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ (ɜ ɦɨɥɶ) ɤ 
ɨɛɳɟɦɭ ɤɨɥɢɱɟɫɬɜɭ ɜɟɳɟɫɬɜ ɜ ɫɢɫɬɟɦɟ. 

i

i
i

n

n
x


 . 

ȿɫɥɢ ɫɢɫɬɟɦɚ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɚɹ, ɬɨ 

21

1
1

21

2
2

nn

n
xɢ

nn

n
x





 . 

Ɇɨɥɶɧɚɹ ɞɨɥɹ ɛɟɡɪɚɡɦɟɪɧɚɹ. ɋɭɦɦɚ ɦɨɥɶɧɵɯ ɞɨɥɟɣ ɜɫɟɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ 
ɪɚɫɬɜɨɪɟ (ɫɢɫɬɟɦɟ) ɪɚɜɧɚ ɟɞɢɧɢɰɟμ  

1 ix . 

ɉɪɨɰɟɧɬɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ. 

Ȼɵɜɚɟɬ ɦɚɫɫɨɜɨɣ, ɦɨɥɹɪɧɨɣ, ɨɛɴɟɦɧɨɣ. 
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Ɇɚɫɫɨɜɚɹ ɩɪɨɰɟɧɬɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹμ %100
 i

i

g

g ; .%][ ɦɚɫ . 

Ɇɨɥɹɪɧɚɹ ɩɪɨɰɟɧɬɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹμ %100
 i

i

n

n ; .%][ ɦɨɥ . 

Ɉɛɴɟɦɧɚɹ ɩɪɨɰɟɧɬɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹμ %100
ɪɚɫɬɜɨɪɚ

i

V

V ; .%][ ɨɛ . 

 

1.2. Ɂɚɤɨɧ Ɋɚɭɥɹ. 
Ʌɸɛɚɹ ɠɢɞɤɨɫɬɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɚɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɩɚɪɨɜ ɧɚɞ ɟɟ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɤɨɬɨɪɚɹ ɜɵɪɚɠɚɟɬɫɹ ɜ ɜɢɞɟ ɞɚɜɥɟɧɢɹ 
ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ. 

ȼɟɥɢɱɢɧɚ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢɪɨɞɨɣ ɠɢɞɤɨɫɬɢ (ɟɟ 
ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ ɢ ɷɧɟɪɝɢɟɣ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ) ɢ 
ɬɟɦɩɟɪɚɬɭɪɨɣ. ɑɟɦ ɦɟɧɶɲɟ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɢ ɫɥɚɛɟɟ ɫɢɥɚ 
ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɬɟɦ ɠɢɞɤɨɫɬɶ ɛɨɥɟɟ ɥɟɬɭɱɚɹ ɢ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɧɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ ɧɚɫɵɳɟɧɧɨɝɨ 
ɩɚɪɚ. 

ȾȺȼɅȿɇɂȿ ɇȺɋɕɓȿɇɇɕɏ ɉȺɊɈȼ ɀɂȾɄɈɋɌȿɃ ȼ ɁȺȼɂɋɂɆɈɋɌɂ 
ɈɌ ɌȿɆɉȿɊȺɌɍɊɕ (Ɋ0,1, ɦɦ.ɪɬ.ɫɬ.) 

№ 

ɩ/ɩ 
ɀɢɞɤɨɫɬɶ  Ɍɟɦɩɟɪɚɬɭɪɚ,  0ɋ  

    20 30 40 50 60 70 80 90 100 120 130 150 

1 ȼɨɞɚ 17,5 31,9 55,4 92,6 149,5 233 355 526 760 1489 2025 3568 

ɉɊȿȾȿɅɖɇɕȿ ɍȽɅȿȼɈȾɈɊɈȾɕ  

2 ɉɟɧɬɚɧ 422 612 864 1191 1605 2121 2754 3518 4429 6750 8189 11693 

3 Ƚɟɤɫɚɧ 120 186 278 403 570 787 1064 1410 1838 2981 3719 5587 

4 Ƚɟɩɬɚɧ 35 58 92 141 209 302 426 587 792 1369 1757 2779 

5 Ɉɤɬɚɧ 10,4 18,3 30,9 50 78 118 174 250 350 645 853 1422 

АɊɈɆАɌɂɑȿɋɄɂȿ ɍ ȽɅȿȼɈȾɈɊɈȾɕ ɂ ɂɏ ɉɊɈɂɁȼɈȾɇɕȿ  

6 Ȼɟɧɡɨɥ 74,7 118 181 269 389 547 754 1016 1344 2238 2825 4347 

7 Ɍɨɥɭɨɥ 25,5 39,5 64 98 147 204 299 408 571 973 1350 2058 

8 ɏɥɨɪɛɟɧɡɨɥ 8,8 15,5 26 42 65,5 97,9 145 208 293 543 719 1211 

9 ɦ-Ʉɫɢɥɨɥ 6,1 11,0 18,8 30,9 49,1 75,4 113 164 232 440 589 1006 

ɋɉɂɊɌɕ ɂ ɈɊȽАɇɂɑȿɋɄɂȿ ɄɂɋɅɈɌɕ  

10 Ȼɭɬɢɥɨɜɵɣ ɫɩɢɪɬ 4,4 9,5 18,6 33,7 59,2 112 165 255 386 833 1150 2140 

11 ɂɡɨɩɪɨɩɢɥɨɜɵɣ ɫɩɢɪɬ 32,4 59,1 106 177 289 455 692 1021 1460 2790 3800 6906 

12 Ɇɟɬɢɥɨɜɵɣ ɫɩɢɪɬ 96 160 261 406 625 927 1341 1897 2621 4751 6242 10486 

13 Ɇɭɪɚɜɶɢɧɚɹ ɤɢɫɥɨɬɚ 33,1 52,2 82,6 126 190 280 398 552 753 1310 1699 2749 

14 ɍɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ 11,7 20,6 34,8 56,6 88,9 136 202 294 417 784 1068 1844 

15 ɗɬɢɥɨɜɵɣ ɫɩɢɪɬ 43,9 78,8 135 222 353 543 813 1187 1692 3223 4320 7601 

ɗɎɂɊɕ, ɄȿɌɈɇɕ, ɋȿɊɈ -  ɂ ɏɅɈɊɋɈȾȿɊɀАЩɂȿ ɋɈȿȾɂɇȿɇɂə  

16 Ⱥɰɟɬɨɧ 185 283 422 613 861 1190 1611 2142 2797 4547 5670 8558 

17 Ⱦɢɯɥɨɪɷɬɚɧ 60,5 97,7 152 229 338 480 664 906 1220 2050 2580 4122 

18 Ⱦɢɷɬɢɥɨɜɵɣ ɷɮɢɪ 437 641 914 1271 1728 2301 3009 3870 4901 7550 9205 13260 

19 ɏɥɨɪɨɮɨɪɦ 106 246 366 526 740 1019 1403 1865 2429 3926 4885 6747 

ȿɫɥɢ ɪɚɫɬɜɨɪ ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɥɟɬɭɱɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɬɨ ɤɚɠɞɵɣ ɢɡ 
ɧɢɯ ɜɧɨɫɢɬ ɫɜɨɣ ɜɤɥɚɞ ɜ ɨɛɳɟɟ ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ. Ɉɛɳɟɟ ɞɚɜɥɟɧɢɟ 
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ɝɚɡɨɜ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɩɚɪɰɢɚɥɶɧɵɯ ɞɚɜɥɟɧɢɣ ɩɚɪɨɜ. 
Ɂɚɤɨɧ Ɋɚɭɥɹ: ɩɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɩɚɪɨɜ ɥɟɬɭɱɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɩɪɹɦɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɟɝɨ ɦɨɥɶɧɨɣ ɞɨɥɟ ɜ ɪɚɫɬɜɨɪɟ. 

iii xPP  ,0  

ȿɫɥɢ ɜ ɪɚɫɬɜɨɪɟ ɞɜɚ ɥɟɬɭɱɢɯ ɤɨɦɩɨɧɟɧɬɚ Ⱥ ɢ ȼ, ɬɨ бA+xB=1 ɢ ɡɚɤɨɧ Ɋɚɭɥɹ 
ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶμ 

AAA xPP  ,0  ɢ BBB xPP  ,0 . 

)1(,0 BAA xPP   

ȿɫɥɢ ɜ ɥɟɬɭɱɟɦ ɪɚɫɬɜɨɪɢɬɟɥɟ (1) ɪɚɫɬɜɨɪɟɧɨ ɧɟɥɟɬɭɱɟɟ ɜɟɳɟɫɬɜɨ (2), ɬɨ 
ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɛɭɞɟɬ ɬɚɤɠɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 
ɦɨɥɶɧɨɣ ɞɨɥɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɪɚɫɬɜɨɪɟμ 

)1( 21,01 xPP   

21,01,01 xPPP   

Ɏɪɚɧɫɭɚ Ɇɚɪɢ Ɋɚɭɥɶ (1830-1901) — ɮɪɚɧɰɭɡɫɤɢɣ ɯɢɦɢɤ ɢ ɮɢɡɢɤ, ɱɥɟɧ-

ɤɨɪɪɟɫɩɨɧɞɟɧɬ ɉɚɪɢɠɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ. ɇɚɭɱɧɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ Ɋɚɭɥɹ ɧɚɱɚɥɚɫɶ ɜ 
1863 ɝ.ν ɟɝɨ ɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɬɧɨɫɢɥɢɫɶ ɤ ɩɟɪɟɯɨɞɭ ɯɢɦɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ 
ɷɧɟɪɝɢɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ. ȼ ɫɜɨɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ Ɋɚɭɥɶ ɩɵɬɚɥɫɹ ɨɛɴɹɫɧɢɬɶ 
ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɤɨɥɢɱɟɫɬɜɨɦ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɟɧɧɵɦ ɜ ɝɚɥɶɜɚɧɢɱɟɫɤɨɦ ɷɥɟɦɟɧɬɟ ɢ 
ɜɵɱɢɫɥɟɧɧɵɦ ɩɨ ɡɚɤɨɧɭ Ⱦɠɨɭɥɹ-Ʌɟɧɰɚ, ɪɚɡɥɢɱɧɵɦɢ ɜɬɨɪɢɱɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ. 
Ƚɥɚɜɧɨɣ ɡɚɫɥɭɝɨɣ Ɋɚɭɥɹ ɫɬɚɥɢ ɜɵɩɨɥɧɟɧɧɵɟ ɢɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɧɢɠɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɦɟɪɡɚɧɢɹ ɢ ɩɨɧɢɠɟɧɢɹ ɭɩɪɭɝɨɫɬɢ ɩɚɪɚ (ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 
ɤɢɩɟɧɢɹ) ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɧɟɝɨ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. ɉɟɪɜɚɹ ɱɚɫɬɶ 
ɷɬɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɨɩɭɛɥɢɤɨɜɚɧɚ ɜ 1882 ɝ., ɢ ɩɪɢɧɚɞɥɟɠɢɬ ɤ ɨɞɧɢɦ ɢɡ ɩɟɪɜɵɯ 
ɛɥɟɫɬɹɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɪɚɫɬɜɨɪɨɜ. Ɋɚɭɥɶ ɩɪɨɜɺɥ 
ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɡɚɦɟɪɡɚɧɢɹ ɢ ɤɢɩɟɧɢɹ ɜɨɞɧɵɯ ɢ ɧɟɜɨɞɧɵɯ 
ɪɚɫɬɜɨɪɨɜ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ ɢ ɩɪɢɲɺɥ ɤ ɜɵɜɨɞɭμ ɤɨɥɢɱɟɫɬɜɚ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ, 
ɤɨɬɨɪɵɟ ɜɵɡɵɜɚɸɬ ɨɞɢɧɚɤɨɜɨɟ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɱɢɫɬɵɦ ɪɚɫɬɜɨɪɢɬɟɥɟɦ) ɩɨɧɢɠɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɦɟɪɡɚɧɢɹ ɢɥɢ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ, ɡɚɜɢɫɹɬ ɬɨɥɶɤɨ ɨɬ 

ɢɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɫɫ. Ɂɚɤɨɧɵ Ɋɚɭɥɹ ɞɚɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɹɬɶ ɦɨɥɟɤɭɥɹɪɧɵɟ ɦɚɫɫɵ ɩɨ ɩɨɧɢɠɟɧɢɸ 
ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɦɟɪɡɚɧɢɹ ɢɥɢ ɩɨ ɩɨɜɵɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɪɚɡɛɚɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ. Ɋɚɭɥɶ ɜɜɺɥ ɜ 
ɯɢɦɢɸ ɬɟɪɦɢɧ "ɤɪɢɨɫɤɨɩɢɹ"ν ɫɤɨɧɫɬɪɭɢɪɨɜɚɥ ɝɚɡɨɜɭɸ ɝɨɪɟɥɤɭ ɞɥɹ ɝɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ (1876), 
ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɭɸ ɩɨɡɠɟ Ɋ. ȼ. Ȼɭɧɡɟɧɨɦ. Ɉɬɤɪɵɥ ɡɚɤɨɧ ɩɨɧɢɠɟɧɢɹ ɫɠɢɦɚɟɦɨɫɬɢ ɪɚɫɬɜɨɪɨɜ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɨɛɧɚɪɭɠɢɥ ɬɢɨɮɟɧ ɜ ɬɟɯɧɢɱɟɫɤɨɦ ɛɟɧɡɨɥɟ. 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɩɨɧɢɠɟɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɧɚɞ ɪɚɫɬɜɨɪɨɦ 

ɧɟɥɟɬɭɱɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɪɚɜɧɨ ɟɝɨ ɦɨɥɶɧɨɣ ɞɨɥɟ ɜ ɪɚɫɬɜɨɪɟ: 

2

1,0

11,0
x

P

PP



. 

Ɋɚɫɬɜɨɪɵ, ɞɥɹ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɟɬɫɹ ɡɚɤɨɧ  Ɋɚɭɥɹ, ɧɚɡɵɜɚɸɬɫɹ ɢɞɟɚɥɶɧɵɦɢ. 

Cɜɨɣɫɬɜɚ ɪɚɫɬɜɨɪɨɜ, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɱɢɫɥɚ ɱɚɫɬɢɰ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ, 
ɧɨ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɢɯ ɩɪɢɪɨɞɵ, ɧɚɡɵɜɚɸɬɫɹ  ɤɨɥɥɢɝɚɬɢɜɧɵɟ ɫɜɨɣɫɬɜɚɦɢ. 

 

https://ru.wikipedia.org/wiki/1830
https://ru.wikipedia.org/wiki/1901
https://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B0%D0%BD%D1%86%D1%83%D0%B7%D1%81%D0%BA%D0%B0%D1%8F_%D0%B0%D0%BA%D0%B0%D0%B4%D0%B5%D0%BC%D0%B8%D1%8F_%D0%BD%D0%B0%D1%83%D0%BA
http://www.physchem.chimfak.rsu.ru/Source/History/Persones/Bunsen.html
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1.3. Ʉɪɢɨ- ɢ ɷɛɭɥɢɨɫɤɨɩɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ. 
ɉɪɢ ɜɜɟɞɟɧɢɢ ɜ ɥɟɬɭɱɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ ɧɟɥɟɬɭɱɟɝɨ ɜɟɳɟɫɬɜɚ (ɧɚɩɪɢɦɟɪ, ɩɪɢ 

ɪɚɫɬɜɨɪɟɧɢɢ ɝɥɸɤɨɡɵ ɜ ɜɨɞɟ) ɫɨɝɥɚɫɧɨ ɡɚɤɨɧɭ Ɋɚɭɥɹ, ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ 
ɩɚɪɚ ɭɦɟɧɶɲɢɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɭɦɟɧɶɲɟɧɢɸ ɦɨɥɶɧɨɣ ɞɨɥɢ ɪɚɫɬɜɨɪɢɬɟɥɹ 
ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɪɚɫɬɜɨɪɚ. 

ɇɚ ɞɢɚɝɪɚɦɦɟ ɫɨɫɬɨɹɧɢɹ ɥɢɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɥɢɧɢɹ ɈȺ) ɫɦɟɳɚɟɬɫɹ ɜɧɢɡ (ɥɢɧɢɹ 
O'A'), ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɧɚɞ ɪɚɫɬɜɨɪɨɦ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 
ɭɦɟɧɶɲɚɟɬɫɹ. ɉɪɢ ɜɧɟɲɧɟɦ ɞɚɜɥɟɧɢɢ Ɋɜɧɟɲ ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ ɱɢɫɬɨɝɨ 
ɪɚɫɬɜɨɪɢɬɟɥɹ ɫɨɫɬɚɜɥɹɟɬ ɌɄ,0. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɌɄ,0 ɪɚɫɬɜɨɪ ɤɢɩɟɬɶ ɧɟ ɛɭɞɟɬ, ɬ.ɤ. 
ɩɟɪɟɫɬɚɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ ɤɢɩɟɧɢɹ ɠɢɞɤɨɫɬɢ (Ɋɧɚɫ.ɩɚɪɚ=Ɋɜɧɟɲ). Ⱦɥɹ ɬɨɝɨ, 
ɱɬɨɛɵ ɪɚɫɬɜɨɪ ɡɚɤɢɩɟɥ ɧɟɨɛɯɨɞɢɦɨ ɟɝɨ ɧɚɝɪɟɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɌɄ. ɉɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɌɄ ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɵɦ ɜɧɟɲɧɟɦɭ 
ɞɚɜɥɟɧɢɸ (ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ ɤɢɩɟɧɢɹ ɠɢɞɤɨɫɬɢ), ɪɚɫɬɜɨɪ ɧɚɱɢɧɚɟɬ ɤɢɩɟɬɶ. 

ɗɛɭɥɢɨɫɤɨɩɢɱɟɫɤɢɣ ɷɮɮɟɤɬ (ɨɬ ɥɚɬ. ebullio — «ɤɢɩɟɬɶ» ɢ ɞɪ.-ɝɪɟɱ. σκοπέω 
— «ɧɚɛɥɸɞɚɸ») – ɷɬɨ ɷɮɮɟɤɬ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɪɚɫɬɜɨɪɚ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. 

ȼɟɥɢɱɢɧɚ ɷɛɭɥɢɨɫɤɨɩɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɪɚɜɧɚ ɪɚɡɧɨɫɬɢ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɤɢɩɟɧɢɹ ɪɚɫɬɜɨɪɚ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɪɢ ɞɚɧɧɨɦ 
ɞɚɜɥɟɧɢɢμ 

0,KKКɢɩ TTT   

ɌКɪ,0ɌКɪ
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Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɢɫɭɧɤɚ, ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɪɚɫɬɜɨɪɚ ɩɪɨɢɫɯɨɞɢɬ ɫɦɟɳɟɧɢɟ 
ɬɪɨɣɧɨɣ ɬɨɱɤɢ ɢ ɥɢɧɢɢ ɩɥɚɜɥɟɧɢɹ (Ɉȼ). Ɍɟɦɩɟɪɚɬɭɪɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɬɜɨɪɚ 
(ɌɄɪ) ɩɪɢ ɜɧɟɲɧɟɦ ɞɚɜɥɟɧɢɢ Pɜɧɟɲ ɫɦɟɳɚɟɬɫɹ ɜ ɨɬɪɢɰɚɬɟɥɶɧɭɸ ɨɛɥɚɫɬɶ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɌɄɪ,0). 

Ʉɪɢɨɫɤɨɩɢɱɟɫɤɢɣ ɷɮɮɟɤɬ (ɨɬ ɝɪɟɱ. κρȪο – «ɯɨɥɨɞ» ɢ σκοπέω – «ɧɚɛɥɸɞɚɸ») 
– ɷɬɨ ɷɮɮɟɤɬ ɩɨɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɬɜɨɪɚ ɩɨ 

https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B5%D0%B2%D0%BD%D0%B5%D0%B3%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
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ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. 
ȼɟɥɢɱɢɧɚ ɤɪɢɨɫɤɨɩɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɪɚɜɧɚ ɪɚɡɧɨɫɬɢ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɬɜɨɪɚ 
ɩɪɢ ɞɚɧɧɨɦ ɞɚɜɥɟɧɢɢμ 

0,KɪKɪКɪ TTT 
 

ɉɪɢ ɜɜɟɞɟɧɢɢ ɩɨɫɬɨɪɨɧɧɟɝɨ ɜɟɳɟɫɬɜɚ ɜ ɪɚɫɬɜɨɪɢɬɟɥɶ ɩɪɨɢɫɯɨɞɢɬ 
ɭɦɟɧɶɲɟɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɪɚɫɬɜɨɪɟ. Ʌɢɧɢɹ 
ɡɚɜɢɫɢɦɨɫɬɢ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɳɚɟɬɫɹ 
ɜɧɢɡμ 

TК
TКɪ TК,0

Ж

TКɪ,0 

 

Паɪ

Тв

Т

 Даɜɥɟɧиɟ: Pɜɧɟш

ɪɚɫɬɜɨɪɢɬɟɥɶ

ɪɚɫɬɜɨɪ

 

ȼɟɥɢɱɢɧɚ ɤɪɢɨ- ɢ ɷɛɭɥɢɨɫɤɨɩɢɱɟɫɤɢɯ ɷɮɮɟɤɬɨɜ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 
ɦɨɥɹɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɧɟɥɟɬɭɱɟɝɨ ɤɨɦɩɨɧɟɧɬɚμ 

2mKTКɪ  ; 

2mETКɢɩ  , 

ɝɞɟ Ц2 – ɦɨɥɹɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ, ɦɨɥɶ/ɤɝν Ʉ - 

ɤɪɢɨɫɤɨɩɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹν ȿ – ɷɛɭɥɢɨɫɤɨɩɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ. 
Ʉɪɢɨɫɤɨɩɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ ɱɢɫɥɟɧɧɨ ɪɚɜɧɚ ɩɨɧɢɠɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɞɧɨɦɨɥɹɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. 

ɗɛɭɥɢɨɫɤɨɩɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ ɱɢɫɥɟɧɧɨ ɪɚɜɧɚ ɩɨɜɵɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ 
ɤɢɩɟɧɢɹ ɨɞɧɨɦɨɥɹɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ 
ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. 

Ɋɚɡɦɟɪɧɨɫɬɶ ɤɪɢɨɫɤɨɩɢɱɟɫɤɨɣ ɢ ɷɛɭɥɢɨɫɤɨɩɢɱɟɫɤɨɣ ɩɨɫɬɨɹɧɧɵɯμ 

 
ɦɨɥɶ

Кɤɝ
EK


; . 
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Ʉɪɢɨɫɤɨɩɢɱɟɫɤɚɹ ɢ ɷɛɭɥɢɨɫɤɨɩɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɵɟ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɩɪɢɪɨɞɵ 
ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ (ɤɨɥɥɢɝɚɬɢɜɧɨɟ ɫɜɨɣɫɬɜɨ), ɚ ɡɚɜɢɫɹɬ ɬɨɥɶɤɨ ɨɬ ɩɪɢɪɨɞɵ 
ɪɚɫɬɜɨɪɢɬɟɥɹ. ɗɬɢ ɤɨɧɫɬɚɧɬɵ ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢμ 

1000.

1

2

0,





Кɪ

Кɪ

H

MTR
K , 

ɝɞɟ, ɌɄɪ,0 – ɬɟɦɩɟɪɚɬɭɪɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, Ʉν HɄɪ – 

ɦɨɥɹɪɧɚɹ ɬɟɩɥɨɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, Ⱦɠ/ɦɨɥɶν Ɇ1 – 

ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɝ/ɦɨɥɶν 

1000.

1

2

0,






Иɫɩ

Кɢɩ

H

MTR
E , 

ɝɞɟ, ɌɄɢɩ,0 – ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, Ʉν Hɂɫɩ – ɦɨɥɹɪɧɚɹ 
ɬɟɩɥɨɬɚ ɢɫɩɚɪɟɧɢɹ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, Ⱦɠ/ɦɨɥɶν Ɇ1 – ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ 
ɪɚɫɬɜɨɪɢɬɟɥɹ, ɝ/ɦɨɥɶ. 

Ⱦɥɹ ɜɨɞɵ: Ʉ=1,86ν   ȿ=0,512 ɤɝɄ/ɦɨɥɶ. 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɨɩɢɫɚɧɧɵɯ ɷɮɮɟɤɬɨɜ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɵ ɢɡɭɱɟɧɢɹ 

ɪɚɫɬɜɨɪɨɜ – ɤɪɢɨɫɤɨɩɢɹ ɢ ɷɛɭɥɢɨɫɤɨɩɢɹ. 
Ʉɪɢɨɫɤɨɩɢɹ – ɦɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɬɜɨɪɨɜ, ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ 

ɢɡɦɟɪɟɧɢɟ ɩɨɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɦɟɪɡɚɧɢɹ ɪɚɫɬɜɨɪɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɡɚɦɟɪɡɚɧɢɹ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. 

ɗɛɭɥɢɨɫɤɨɩɢɹ – ɦɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɬɜɨɪɨɜ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɢɡɦɟɪɟɧɢɢ 
ɩɨɜɵɲɟɧɢɹ ɢɯ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɱɢɫɬɵɦ ɪɚɫɬɜɨɪɢɬɟɥɟɦ. 

ɗɬɢ ɦɟɬɨɞɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ 

ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɚɤɬɢɜɧɨɫɬɢ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɫɬɟɩɟɧɢ ɞɢɫɫɨɰɢɚɰɢɢ ɢ 
ɢɡɨɬɨɧɢɱɟɫɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ. 

Ɂɧɚɹ, ɧɚɩɪɢɦɟɪ, ɤɪɢɨɫɤɨɩɢɱɟɫɤɭɸ ɩɨɫɬɨɹɧɧɭɸ ɪɚɫɬɜɨɪɢɬɟɥɹ ɦɨɠɧɨ ɧɚɣɬɢ 
ɦɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ɧɟɢɡɜɟɫɬɧɨɝɨ ɜɟɳɟɫɬɜɚ (ɧɟɷɥɟɤɬɪɨɥɢɬɚ)μ 

КɪTg

gK
M





1

2
2

1000
, 

ɝɞɟ, Ɇ2 – ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɧɟɢɡɜɟɫɬɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɝ/ɦɨɥɶν Ʉ – 

ɤɪɢɨɫɤɨɩɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ ɪɚɫɬɜɨɪɢɬɟɥɹν Р2 – ɦɚɫɫɚ ɧɚɜɟɫɤɢ ɧɟɢɡɜɟɫɬɧɨɝɨ 
ɜɟɳɟɫɬɜɚ, ɝν Р1 – ɦɚɫɫɚ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɝν ɌɄɪ – ɜɟɥɢɱɢɧɚ ɤɪɢɨɫɤɨɩɢɱɟɫɤɨɝɨ 
ɷɮɮɟɤɬɚ. 
 

https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D1%82%D0%B2%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D1%82%D0%B2%D0%BE%D1%80%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D1%82%D0%B2%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0_%D0%BA%D0%B8%D0%BF%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B0%D1%81%D1%81%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D1%8C_(%D1%85%D0%B8%D0%BC%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B5%D0%BF%D0%B5%D0%BD%D1%8C_%D0%B4%D0%B8%D1%81%D1%81%D0%BE%D1%86%D0%B8%D0%B0%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D1%82%D0%BE%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BA%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82
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1.4. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɝɚɡɨɜ ɜ ɠɢɞɤɨɫɬɹɯ. Ɂɚɤɨɧ Ƚɟɧɪɢ. 
Ɋɚɫɬɜɨɪɢɦɨɫɬɶɸ ɝɚɡɚ ɜ ɠɢɞɤɨɫɬɢ ɧɚɡɵɜɚɟɬɫɹ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜ 

ɧɚɫɵɳɟɧɧɨɦ ɪɚɫɬɜɨɪɟ, ɧɚɯɨɞɹɳɟɦɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɫ ɝɚɡɨɜɨɣ ɮɚɡɨɣ. 
ȿɫɥɢ ɪɚɫɬɜɨɪɟɧɧɨɟ ɜɟɳɟɫɬɜɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɨɥɶɲɢɦ ɞɚɜɥɟɧɢɟɦ 

ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɚɜɥɟɧɢɟɦ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɪɚɫɬɜɨɪɢɬɟɥɹ 
(Pȼ >> PА) ɢ ɩɪɢ ɷɬɨɦ ɨɛɚ ɤɨɦɩɨɧɟɧɬɚ ɪɚɫɬɜɨɪɚ ɯɢɦɢɱɟɫɤɢ ɢɧɟɪɬɧɵ, ɬɨ 
ɪɚɫɬɜɨɪɟɧɢɟ ɬɚɤɨɝɨ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɠɢɞɤɨɫɬɢ ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɭ 
Ƚɟɧɪɢ. 

Ɂɚɤɨɧ Ƚɟɧɪɢ: ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɚɜɥɟɧɢɟ ɥɟɬɭɱɟɝɨ 
(ɝɚɡɨɨɛɪɚɡɧɨɝɨ) ɤɨɦɩɨɧɟɧɬɚ PB ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɟɝɨ ɦɨɥɶɧɨɣ 
ɞɨɥɟ xB ɜ ɪɚɫɬɜɨɪɟ: 

BȽB xKP  , 

ɝɞɟ, KȽ – ɩɨɫɬɨɹɧɧɚɹ Ƚɟɧɪɢ.  
Ɂɧɚɱɟɧɢɹ ɤɨɧɫɬɚɧɬ ɧɟɤɨɬɨɪɵɯ ɝɚɡɨɜ ɞɥɹ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɩɪɢ 298Ʉ, ɩɪɢɜɟɞɟɧɵ 
ɜ ɬɚɛɥɢɰɟμ 

Ƚɚɡ H2 He Ar N2 O2 CO2 

KȽ 1311 2649 662 1610 773 29,3 

 

Ⱦɪɭɝɚɹ ɮɨɪɦɭɥɢɪɨɜɤɚ ɡɚɤɨɧɚ Ƚɟɧɪɢ: ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɧɟ 
ɜɵɫɨɤɨɦ ɞɚɜɥɟɧɢɢ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɝɚɡɚ ɜ ɞɚɧɧɨɣ ɠɢɞɤɨɫɬɢ ɩɪɹɦɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɞɚɜɥɟɧɢɸ ɷɬɨɝɨ ɝɚɡɚ ɧɚɞ ɪɚɫɬɜɨɪɨɦ. 

Ƚ

B
B

K

P
x  . 

ɍɢɥɶɹɦ Ƚɟɧɪɢ (1774 – 1836) — ɛɪɢɬɚɧɫɤɢɣ ɯɢɦɢɤ. Ɋɨɞɢɥɫɹ ɜ Ɇɚɧɱɟɫɬɟɪɟ, Ⱥɧɝɥɢɹ. 

ɍɢɥɶɹɦ Ƚɟɧɪɢ ɛɵɥ ɨɬɞɚɧ ɜ ɨɛɭɱɟɧɢɟ Ɍɨɦɚɫɭ ɉɟɪɫɢɜɚɥɸ, ɚ ɡɚɬɟɦ ɪɚɛɨɬɚɥ ɫ Ⱦɠɨɧɨɦ 

Ɏɟɪɪɢɚɪɨɦ ɜ ɛɨɥɶɧɢɰɟ Ɇɚɧɱɟɫɬɟɪɚ. Ɉɧ ɧɚɱɚɥ ɢɡɭɱɚɬɶ ɦɟɞɢɰɢɧɭ ɜ ɗɞɢɧɛɭɪɝɟ ɜ 1795 

ɝɨɞɭ, ɫɬɚɜ ɜɪɚɱɨɦ ɜ 1807 ɝɨɞɭ, ɧɨ ɢɡ-ɡɚ ɩɥɨɯɨɝɨ ɡɞɨɪɨɜɶɹ ɩɪɟɪɜɚɥ ɫɜɨɸ ɩɪɚɤɬɢɤɭ ɜ 

ɤɚɱɟɫɬɜɟ ɜɪɚɱɚ ɢ ɩɨɫɜɹɬɢɥ ɜɫɺ ɫɜɨɟ ɜɪɟɦɹ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɯɢɦɢɱɟɫɤɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɹɦ, ɨɫɨɛɟɧɧɨ ɫɜɹɡɚɧɧɵɦ ɫ ɝɚɡɚɦɢ. Ɉɞɧɚ ɢɡ ɟɝɨ ɫɚɦɵɯ ɢɡɜɟɫɬɧɵɯ ɪɚɛɨɬ 

(ɨɩɭɛɥɢɤɨɜɚɧɨ ɜ Ɏɢɥɨɫɨɮɫɤɢɯ ɬɪɭɞɚɯ ɤɨɪɨɥɟɜɫɤɨɝɨ ɨɛɳɟɫɬɜɚ, 1803 ɝɨɞ) ɨɩɢɫɵɜɚɟɬ 

ɷɤɫɩɟɪɢɦɟɧɬɵ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɝɚɡɨɜ, ɩɨɝɥɨɳɚɟɦɵɯ ɜɨɞɨɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɞɚɜɥɟɧɢɹɯ. ȿɝɨ ɪɟɡɭɥɶɬɚɬɵ ɢɡɜɟɫɬɧɵ ɫɟɝɨɞɧɹ ɤɚɤ 

ɡɚɤɨɧ Ƚɟɧɪɢ. ȿɝɨ ɞɪɭɝɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɫɜɹɡɚɧɵ ɫ ɚɧɚɥɢɡɨɦ ɝɚɡɨɜ, 

ɨɝɧɟɭɩɨɪɧɵɦ ɝɚɡɨɦ, ɫɜɟɬɢɥɶɧɵɦ ɝɚɡɨɦ, ɢɡɭɱɟɧɢɟɦ ɫɨɫɬɚɜɚ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɢ 

ɚɦɦɢɚɤɚ ɢ ɞɟɡɢɧɮɟɤɰɢɟɣ ɩɨɫɪɟɞɫɬɜɨɦ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. ȿɝɨ ɫɨɱɢɧɟɧɢɟ Elements 

of Experimental Chemistry (1799) ɩɨɥɶɡɨɜɚɥɨɫɶ ɛɨɥɶɲɨɣ ɩɨɩɭɥɹɪɧɨɫɬɶɸ ɜ ɟɝɨ ɜɪɟɦɹ, 

ɜɵɞɟɪɠɚɜ ɨɞɢɧɧɚɞɰɚɬɶ ɢɡɞɚɧɢɣ ɜ ɬɟɱɟɧɢɟ 30 ɥɟɬ. Ɉɧ ɛɵɥ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɚɬɟɥɟɣ ɂɧɫɬɢɬɭɬɚ ɦɟɯɚɧɢɤɢ, ɤɨɬɨɪɵɣ 

ɜɩɨɫɥɟɞɫɬɜɢɢ ɫɬɚɥ ɍɧɢɜɟɪɫɢɬɟɬɨɦ Ɇɚɧɱɟɫɬɟɪɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɧɚɭɤɢ ɢ ɬɟɯɧɨɥɨɝɢɢ. 

 

Ɋɚɫɬɜɨɪɟɧɢɟ ɫɦɟɫɢ ɝɚɡɨɜ ɜ ɠɢɞɤɨɫɬɹɯ ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɭ Ⱦɚɥɶɬɨɧɚμ 
Ɂɚɤɨɧ Ⱦɚɥɶɬɨɧɚ: ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɫɦɟɫɢ ɝɚɡɨɜ ɜ ɠɢɞɤɨɫɬɢ 
ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɤɚɠɞɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɟɝɨ ɩɚɪɰɢɚɥɶɧɨɦɭ 
ɞɚɜɥɟɧɢɸ. 

http://dic.academic.ru/dic.nsf/ruwiki/86
http://dic.academic.ru/dic.nsf/ruwiki/31175
http://dic.academic.ru/dic.nsf/ruwiki/6555
http://dic.academic.ru/dic.nsf/ruwiki/30418
http://dic.academic.ru/dic.nsf/ruwiki/1272418
http://dic.academic.ru/dic.nsf/ruwiki/680732
http://dic.academic.ru/dic.nsf/ruwiki/201
http://dic.academic.ru/dic.nsf/ruwiki/265
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Ⱦɥɹ ɚɛɫɨɥɸɬɧɨɝɨ ɛɨɥɶɲɢɧɫɬɜɚ ɝɚɡɨɜ ɪɚɫɬɜɨɪɟɧɢɟ ɜ ɜɨɞɟ ɹɜɥɹɟɬɫɹ 
ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɧɫɬɚɧɬɚ Ƚɟɧɪɢ 
ɪɚɫɬɟɬ, ɚ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɝɚɡɨɜ ɜ ɠɢɞɤɨɫɬɹɯ ɭɦɟɧɶɲɚɟɬɫɹ. 

Ƚɚɡ H, ɤȾɠ/ɦɨɥɶ 

O2 -12,1 

H2 -3,8 

N2 -10,5 

Ⱥɧɨɦɚɥɶɧɨ ɜɵɫɨɤɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɝɚɡɨɜ ɜ 
ɠɢɞɤɨɫɬɹɯ ɨɛɵɱɧɨ ɨɛɭɫɥɨɜɥɢɜɚɟɬɫɹ ɢɯ 
ɫɩɟɰɢɮɢɱɟɫɤɢɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɫ 
ɪɚɫɬɜɨɪɢɬɟɥɟɦ – ɨɛɪɚɡɨɜɚɧɢɟɦ ɯɢɦɢɱɟɫɤɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ (ɞɥɹ NH3) ɢɥɢ ɞɢɫɫɨɰɢɚɰɢɟɣ ɜ 
ɪɚɫɬɜɨɪɟ ɧɚ ɢɨɧɵ (ɞɥɹ HCХ). Ƚɚɡɵ, ɦɨɥɟɤɭɥɵ 
ɤɨɬɨɪɵɯ ɧɟɩɨɥɹɪɧɵ, ɪɚɫɬɜɨɪɹɸɬɫɹ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɥɭɱɲɟ ɜ ɧɟɩɨɥɹɪɧɵɯ ɠɢɞɤɨɫɬɹɯ – ɢ 
ɧɚɨɛɨɪɨɬ. 

Ʉɨɥɢɱɟɫɬɜɨ ɨɛɴɟɦɨɜ ɝɚɡɚ Vɝ, ɪɚɫɬɜɨɪɹɸɳɟɝɨɫɹ ɜ ɨɞɧɨɦ ɨɛɴɟɦɟ ɜɨɞɵ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 293 K ɢ ɞɚɜɥɟɧɢɢ 1 ɚɬɦ (1,0110

5
 ɉɚ)μ 

Ƚɚɡ He N2 H2 O2 H2S NH3 

Vɝ 0,0088 0,0157 0,0182 0,0310 0,282 702 

Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɝɚɡɨɜ ɜ ɪɚɫɬɜɨɪɚɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɱɢɫɬɨɦ 
ɪɚɫɬɜɨɪɢɬɟɥɟ (ɷɮɮɟɤɬ ɜɵɫɚɥɢɜɚɧɢɹ). Ⱦɥɹ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɛɵɥɚ ɷɦɩɢɪɢɱɟɫɤɢ 
ɭɫɬɚɧɨɜɥɟɧɚ ɫɥɟɞɭɸɳɚɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ, ɧɚɡɵɜɚɟɦɚɹ ɭɪɚɜɧɟɧɢɟɦ ɋɟɱɟɧɨɜɚ: 

CK
x

x

C

0lg , 

ɝɞɟ, б0 – ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɝɚɡɚ ɜ ɱɢɫɬɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟν бC – ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɝɚɡɚ ɜ 
ɪɚɫɬɜɨɪɟ ɷɥɟɤɬɪɨɥɢɬɚ, ɤɨɧɰɟɧɬɪɚɰɢɟɣ Cν Ʉ – ɩɨɫɬɨɹɧɧɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɩɪɢɪɨɞɵ 
ɝɚɡɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ. 

əɜɥɟɧɢɟ «ɜɵɫɚɥɢɜɚɧɢɹ» ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɢɨɧɵ, ɨɛɪɚɡɨɜɚɜɲɢɟɫɹ ɩɪɢ 
ɞɢɫɫɨɰɢɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɩɨɥɹɪɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ ɢ 
ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɧɟɩɨɥɹɪɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ ɝɚɡɚ, ɱɬɨ ɢ ɩɪɢɜɨɞɢɬ ɤ 
ɭɦɟɧɶɲɟɧɢɸ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɝɚɡɚ. ȼɵɫɚɥɢɜɚɸɳɟɟ ɞɟɣɫɬɜɢɟ ɢɨɧɚ ɩɨɜɵɲɚɟɬɫɹ ɫ 
ɪɨɫɬɨɦ ɡɚɪɹɞɚ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɞɢɭɫɚ ɢɨɧɚ. 
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1.5. Ɉɫɦɨɫ. 
Ɉɫɦɨɫ – ɷɬɨ ɹɜɥɟɧɢɟ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ 
ɪɚɫɬɜɨɪ, ɨɬɞɟɥɟɧɧɵɣ ɨɬ ɧɟɝɨ ɩɨɥɭɩɪɨɧɢɰɚɟɦɨɣ ɩɟɪɟɝɨɪɨɞɤɨɣ 
(ɦɟɦɛɪɚɧɨɣ), ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɦɨɠɟɬ ɩɪɨɧɢɤɚɬɶ ɪɚɫɬɜɨɪɢɬɟɥɶ, ɧɨ ɧɟ ɦɨɠɟɬ 
ɩɪɨɯɨɞɢɬɶ ɪɚɫɬɜɨɪɟɧɧɨɟ ɜɟɳɟɫɬɜɨ. 

Ɉɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɥ ɜ 1748 ɝɨɞɭ ɮɪɚɧɰɭɡɫɤɢɣ 
ɮɢɡɢɤ ɇɨɥɥО ɜ ɨɩɵɬɟ ɫ ɩɨɥɭɩɪɨɧɢɰɚɟɦɨɣ ɩɟɪɟɝɨɪɨɞɤɨɣ ɢɡ ɛɵɱɶɟɝɨ ɩɭɡɵɪɹ. 
ɉɭɡɵɪɶ ɡɚɬɹɝɢɜɚɥ ɧɢɠɧɢɣ ɤɨɧɟɰ ɜɨɪɨɧɤɢ ɫ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɫɚɯɚɪɚ, 
ɩɨɝɪɭɠɺɧɧɨɣ ɜ ɫɨɫɭɞ ɫ ɱɢɫɬɨɣ ɜɨɞɨɣ. Ɇɨɥɟɤɭɥɵ ɜɨɞɵ ɦɨɝɭɬ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɡ 
ɫɬɟɧɤɢ ɩɭɡɵɪɹ, ɚ ɛɨɥɶɲɢɟ ɩɨ ɪɚɡɦɟɪɭ ɦɨɥɟɤɭɥɵ ɫɚɯɚɪɚ - ɧɟɬ. ȼɫɥɟɞɫɬɜɢɟ 
ɪɚɡɥɢɱɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɦɨɥɟɤɭɥ ɜɨɞɵ ɜ ɜɨɪɨɧɤɟ ɢ ɜɧɟ ɟɺ, ɨɧɢ ɞɢɮɮɭɧɞɢɪɭɸɬ 
ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɜɧɭɬɪɶ ɜɨɪɨɧɤɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɪɨɜɟɧɶ ɪɚɫɬɜɨɪɚ ɜ ɧɟɣ 
ɩɨɜɵɲɚɟɬɫɹ ɞɨ ɡɧɚɱɟɧɢɹ h: 

 

Ɉɫɦɨɫ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɟɥɢɱɢɧɨɣ ɨɫɦɨɬɢɱɟɫɤɨɝɨ 
ɞɚɜɥɟɧɢɹ. 

Ɉɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ () ɪɚɜɧɨ ɢɡɛɵɬɨɱɧɨɦɭ ɜɧɟɲɧɟɦɭ ɞɚɜɥɟɧɢɸ, 
ɤɨɬɨɪɨɟ ɧɭɠɧɨ ɩɪɢɥɨɠɢɬɶ ɤ ɪɚɫɬɜɨɪɭ, ɱɬɨɛɵ ɩɪɟɤɪɚɬɢɥɫɹ ɨɫɦɨɫ, ɢ ɜ ɫɢɫɬɟɦɟ 
ɭɫɬɚɧɨɜɢɥɨɫɶ ɪɚɜɧɨɜɟɫɢɟ. 

ȼɟɥɢɱɢɧɚ ɨɫɦɨɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɢɞɟɚɥɶɧɵɯ ɪɚɫɬɜɨɪɨɜ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ ȼɚɧɬ-Ƚɨɮɮɚμ 

TRC  , 

ɝɞɟ,  - ɨɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɉɚν ɋ – ɦɨɥɹɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ, ɦɨɥɶ/ɦ3ν Ɍ – 

ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ. 
ȿɫɥɢ ɦɟɦɛɪɚɧɨɣ ɪɚɡɞɟɥɢɬɶ ɞɜɚ ɪɚɫɬɜɨɪɚ ɝɥɸɤɨɡɵ ɫ ɪɚɡɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ, 

ɬɨ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɜ ɨɛɨɢɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɛɭɞɭɬ ɩɪɨɯɨɞɢɬɶ ɬɨɥɶɤɨ ɦɨɥɟɤɭɥɵ 
ɜɨɞɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜ ɛɨɥɟɟ ɪɚɡɛɚɜɥɟɧɧɨɦ ɪɚɫɬɜɨɪɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɥɸɤɨɡɵ 
ɩɨɜɵɫɢɬɫɹ, ɚ ɜ ɛɨɥɟɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɦ, ɧɚɨɛɨɪɨɬ, ɩɨɧɢɡɢɬɫɹ. Ʉɨɝɞɚ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɥɸɤɨɡɵ ɜ ɨɛɨɢɯ ɪɚɫɬɜɨɪɚɯ ɫɬɚɧɟɬ ɨɞɢɧɚɤɨɜɨɣ, ɧɚɫɬɭɩɢɬ 
ɪɚɜɧɨɜɟɫɢɟ. 

Ɉɫɦɨɫ, ɧɚɩɪɚɜɥɟɧɧɵɣ ɜɧɭɬɪɶ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɨɛɴɺɦɚ ɠɢɞɤɨɫɬɢ, ɧɚɡɵɜɚɟɬɫɹ 
ɷɧɞɨɫɦɨɫɨɦ, ɧɚɪɭɠɭ – ɷɤɡɨɫɦɨɫɨɦ.  

əɜɥɟɧɢɟ ɨɫɦɨɫɚ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜɨ ɦɧɨɝɢɯ ɯɢɦɢɱɟɫɤɢɯ ɢ 
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ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ. Ȼɥɚɝɨɞɚɪɹ ɨɫɦɨɫɭ ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɨɫɬɭɩɥɟɧɢɟ ɜɨɞɵ ɜ 
ɤɥɟɬɤɢ ɢ ɦɟɠɤɥɟɬɨɱɧɵɟ ɫɬɪɭɤɬɭɪɵ. ɍɩɪɭɝɨɫɬɶ ɤɥɟɬɨɤ (ɬɭɪɝɨɪ), 

ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɷɥɚɫɬɢɱɧɨɫɬɶ ɬɤɚɧɟɣ ɢ ɫɨɯɪɚɧɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɣ ɮɨɪɦɵ 
ɨɪɝɚɧɨɜ, ɨɛɭɫɥɨɜɥɟɧɚ ɨɫɦɨɬɢɱɟɫɤɢɦ ɞɚɜɥɟɧɢɟɦ. ɀɢɜɨɬɧɵɟ ɢ ɪɚɫɬɢɬɟɥɶɧɵɟ 
ɤɥɟɬɤɢ ɢɦɟɸɬ ɨɛɨɥɨɱɤɢ ɢɥɢ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ ɩɪɨɬɨɩɥɚɡɦɵ, ɨɛɥɚɞɚɸɳɢɟ 
ɫɜɨɣɫɬɜɚɦɢ ɩɨɥɭɩɪɨɧɢɰɚɟɦɵɯ ɦɟɦɛɪɚɧ. ɉɪɢ ɩɨɦɟɳɟɧɢɢ ɷɬɢɯ ɤɥɟɬɨɤ ɜ 
ɪɚɫɬɜɨɪɵ ɫ ɪɚɡɥɢɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɧɚɛɥɸɞɚɟɬɫɹ ɨɫɦɨɫ. 

Ɋɚɫɬɜɨɪɵ, ɢɦɟɸɳɢɟ ɨɞɢɧɚɤɨɜɨɟ ɨɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɧɚɡɵɜɚɸɬɫɹ 
ɢɡɨɬɨɧɢɱɟɫɤɢɦɢ. ȿɫɥɢ ɞɜɚ ɪɚɫɬɜɨɪɚ ɢɦɟɸɬ ɪɚɡɥɢɱɧɨɟ ɨɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, 
ɬɨ ɪɚɫɬɜɨɪ ɫ ɛɨɥɶɲɢɦ ɨɫɦɨɬɢɱɟɫɤɢɦ ɞɚɜɥɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɝɢɩɟɪɬɨɧɢɱɟɫɤɢɦ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤɨ ɜɬɨɪɨɦɭ, ɚ ɜɬɨɪɨɣ – ɝɢɩɨɬɨɧɢɱɟɫɤɢɦ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɟɪɜɨɦɭ.  

ɉɪɢ ɩɨɦɟɳɟɧɢɢ ɤɥɟɬɨɤ ɜ ɢɡɨɬɨɧɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪ ɨɧɢ ɫɨɯɪɚɧɹɸɬ ɫɜɨɣ 
ɪɚɡɦɟɪ ɢ ɧɨɪɦɚɥɶɧɨ ɮɭɧɤɰɢɨɧɢɪɭɸɬ. 

ɉɪɢ ɩɨɦɟɳɟɧɢɢ ɤɥɟɬɨɤ ɜ ɝɢɩɟɪɬɨɧɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪ ɜɨɞɚ ɢɡ ɤɥɟɬɨɤ ɭɯɨɞɢɬ ɜ 
ɛɨɥɟɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɣ ɪɚɫɬɜɨɪ, ɢ ɧɚɛɥɸɞɚɟɬɫɹ ɫɦɨɪɳɢɜɚɧɢɟ (ɜɵɫɭɲɢɜɚɧɢɟ) 
ɤɥɟɬɨɤ. ɗɬɨ ɹɜɥɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɩɥɚɡɦɨɥɢɡɨɦ. 

ɉɪɢ ɩɨɦɟɳɟɧɢɢ ɤɥɟɬɨɤ ɜ ɝɢɩɨɬɨɧɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪ ɜɨɞɚ ɢɡ ɦɟɧɟɟ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ ɜɧɟɲɧɟɝɨ ɪɚɫɬɜɨɪɚ ɩɟɪɟɯɨɞɢɬ ɜɧɭɬɪɶ ɤɥɟɬɨɤ, ɱɬɨ ɩɪɢɜɨɞɢɬ 
ɤ ɢɯ ɧɚɛɭɯɚɧɢɸ, ɚ ɡɚɬɟɦ ɤ ɪɚɡɪɵɜɭ ɨɛɨɥɨɱɟɤ ɢ ɜɵɬɟɤɚɧɢɸ ɤɥɟɬɨɱɧɨɝɨ 
ɫɨɞɟɪɠɢɦɨɝɨ. Ɍɚɤɨɟ ɪɚɡɪɭɲɟɧɢɟ ɤɥɟɬɨɤ ɧɚɡɵɜɚɟɬɫɹ ɥɢɡɢɫɨɦ, ɜ ɫɥɭɱɚɟ 
ɷɪɢɬɪɨɰɢɬɨɜ ɷɬɨɬ ɩɪɨɰɟɫɫ ɧɚɡɵɜɚɟɬɫɹ ɝɟɦɨɥɢɡɨɦ. Ʉɪɨɜɶ ɫ ɤɥɟɬɨɱɧɵɦ 
ɫɨɞɟɪɠɢɦɵɦ, ɜɵɯɨɞɹɳɢɦ ɧɚɪɭɠɭ ɩɪɢ ɝɟɦɨɥɢɡɟ, ɡɚ ɫɜɨɣ ɰɜɟɬ ɧɚɡɵɜɚɟɬɫɹ 
ɥɚɤɨɜɨɣ ɤɪɨɜɶɸ. 

  

ɉɥɚɡɦɨɥɢɡ Ʌɢɡɢɫ 

 

Ȼɢɨɥɨɝɢɱɟɫɤɢɟ ɠɢɞɤɨɫɬɢ ɱɟɥɨɜɟɤɚ (ɤɪɨɜɶ, ɥɢɦɮɚ, ɬɤɚɧɟɜɵɟ ɠɢɞɤɨɫɬɢ) 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ – NaCI, 

KCХ, ɋɚɋ12, ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ – ɛɟɥɤɨɜ, ɩɨɥɢɫɚɯɚɪɢɞɨɜ, 
ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ ɢ ɮɨɪɦɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ – ɷɪɢɬɪɨɰɢɬɨɜ, ɥɟɣɤɨɰɢɬɨɜ, 
ɬɪɨɦɛɨɰɢɬɨɜ. ɂɯ ɫɭɦɦɚɪɧɵɦ ɞɟɣɫɬɜɢɟɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ 
ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɟɣ. 
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Ɉɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɤɪɨɜɢ ɱɟɥɨɜɟɤɚ ɩɪɢ 310 Ʉ (370ɋ) ɫɨɫɬɚɜɥɹɟɬ 
780 ɤɉɚ (7,7 ɚɬɦ). Ɍɚɤɨɟ ɠɟ ɞɚɜɥɟɧɢɟ ɫɨɡɞɚɟɬ ɢ 0,9%-ɧɵɣ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ NКCХ 
(9 ɝ/ɥ ɢɥɢ 0,15 ɦɨɥɶ/ɥ), ɤɨɬɨɪɵɣ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɡɨɬɨɧɢɱɟɧ ɫ ɤɪɨɜɶɸ 
(ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪ). Ɉɞɧɚɤɨ ɜ ɤɪɨɜɢ ɤɪɨɦɟ ɢɨɧɨɜ NК+

 ɢ ɋ1-
 ɢɦɟɸɬɫɹ ɢ 

ɞɪɭɝɢɟ ɢɨɧɵ, ɚ ɬɚɤɠɟ ȼɆɋ ɢ ɮɨɪɦɟɧɧɵɟ ɷɥɟɦɟɧɬɵ. ɉɨɷɬɨɦɭ ɜ ɦɟɞɢɰɢɧɫɤɢɯ 
ɰɟɥɹɯ ɛɨɥɟɟ ɩɪɚɜɢɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɫɬɜɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɬɟ ɠɟ ɤɨɦɩɨɧɟɧɬɵ ɢ 
ɜ ɬɨɦ ɠɟ ɤɨɥɢɱɟɫɬɜɟ, ɱɬɨ ɢ ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ ɤɪɨɜɢ. ɗɬɢ ɪɚɫɬɜɨɪɵ ɩɪɢɦɟɧɹɸɬ ɜ 
ɤɚɱɟɫɬɜɟ ɤɪɨɜɟɡɚɦɟɧɢɬɟɥɟɣ ɜ ɯɢɪɭɪɝɢɢ. 

ɑɟɥɨɜɟɱɟɫɤɢɣ ɨɪɝɚɧɢɡɦ, ɩɨɦɢɦɨ ɨɫɦɨɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɩɨɫɬɨɹɧɫɬɜɨɦ (ɝɨɦɟɨɫɬɚɡɨɦ) ɢ ɞɪɭɝɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɪɨɜɢ 
ɧɚɩɪɢɦɟɪ ɤɢɫɥɨɬɧɨɫɬɢ. Ⱦɨɩɭɫɬɢɦɵɟ ɤɨɥɟɛɚɧɢɹ ɨɫɦɨɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɤɪɨɜɢ 
ɜɟɫɶɦɚ ɧɟɡɧɚɱɢɬɟɥɶɧɵ ɢ ɞɚɠɟ ɩɪɢ ɬɹɠɟɥɨɣ ɩɚɬɨɥɨɝɢɢ ɧɟ ɩɪɟɜɵɲɚɸɬ 
ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ɤɉɚ. 

ɉɪɢ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɞɭɪɚɯ ɜ ɤɪɨɜɶ ɱɟɥɨɜɟɤɚ ɢ ɠɢɜɨɬɧɵɯ ɜ ɛɨɥɶɲɢɯ 
ɤɨɥɢɱɟɫɬɜɚɯ ɦɨɠɧɨ ɜɜɨɞɢɬɶ ɬɨɥɶɤɨ ɢɡɨɬɨɧɢɱɟɫɤɢɟ ɪɚɫɬɜɨɪɵ. 

ɉɪɢ ɛɨɥɶɲɢɯ ɩɨɬɟɪɹɯ ɤɪɨɜɢ (ɧɚɩɪɢɦɟɪ, ɩɨɫɥɟ ɬɹɠɟɥɵɯ ɨɩɟɪɚɰɢɣ, ɬɪɚɜɦ) 
ɛɨɥɶɧɵɦ ɜɜɨɞɹɬ ɩɨ ɧɟɫɤɨɥɶɤɨ ɥɢɬɪɨɜ ɢɡɨɬɨɧɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɚ ɞɥɹ ɜɨɡɦɟɳɟɧɢɹ 
ɩɨɬɟɪɢ ɠɢɞɤɨɫɬɢ ɫ ɤɪɨɜɶɸ. 

əɜɥɟɧɢɟ ɨɫɦɨɫɚ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬ ɜ ɦɟɞɢɰɢɧɫɤɨɣ ɩɪɚɤɬɢɤɟ. Ɍɚɤ, ɜ 
ɯɢɪɭɪɝɢɢ ɩɪɢɦɟɧɹɸɬ ɝɢɩɟɪɬɨɧɢɱɟɫɤɢɟ ɩɨɜɹɡɤɢ (ɦɚɪɥɸ, ɫɦɨɱɟɧɧɭɸ ɜ 
ɝɢɩɟɪɬɨɧɢɱɟɫɤɨɦ 10%-ɧɨɦ ɪɚɫɬɜɨɪɟ NКCХ), ɤɨɬɨɪɵɟ ɜɜɨɞɹɬ ɜ ɝɧɨɣɧɵɟ ɪɚɧɵ. ɉɨ 
ɡɚɤɨɧɭ ɨɫɦɨɫɚ ɬɨɤ ɠɢɞɤɨɫɬɢ ɪɚɧɵ ɱɟɪɟɡ ɦɚɪɥɸ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚɪɭɠɭ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɪɚɧɚ ɩɨɫɬɨɹɧɧɨ ɨɱɢɳɚɟɬɫɹ ɨɬ ɝɧɨɹ, ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢ 
ɩɪɨɞɭɤɬɨɜ ɪɚɫɩɚɞɚ. 

ɍ ɪɚɫɬɟɧɢɣ ɤɥɟɬɤɢ ɢɫɩɨɥɶɡɭɸɬ ɨɫɦɨɫ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɨɛɴɺɦɚ ɜɚɤɭɨɥɢ. 
ɍɜɟɥɢɱɟɧɧɵɣ ɨɛɴɟɦ ɜɚɤɭɨɥɢ ɪɚɫɩɢɪɚɟɬ ɫɬɟɧɤɢ ɤɥɟɬɤɢ, ɬɟɦ ɫɚɦɵɦ, ɢɡɦɟɧɹɹ 
ɬɭɪɝɨɪɧɨɟ ɞɚɜɥɟɧɢɟ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɪɚɫɬɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɟɟ ɭɩɪɭɝɢɦ. 
ɏɨɪɨɲɚɹ ɭɩɪɭɝɨɫɬɶ ɞɟɥɚɟɬ ɪɚɫɬɟɧɢɹ ɧɟ ɬɨɥɶɤɨ ɛɨɥɟɟ ɫɬɨɣɤɢɦɢ ɤ ɜɟɬɪɭ, 
ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɚɝɪɭɡɤɚɦ, ɧɨ ɢ ɩɨɡɜɨɥɹɟɬ ɦɧɨɝɢɦ ɪɚɫɬɟɧɢɹɦ ɨɫɭɳɟɫɬɜɥɹɬɶ 
ɞɜɢɠɟɧɢɹ ɢ ɩɟɪɟɦɟɳɟɧɢɹ. ɉɪɢɦɟɪ ɞɜɢɠɟɧɢɹ ɭɫɨɜ ɝɨɪɨɯɚ ɢɥɢ ɞɪɭɝɢɯ ɥɚɡɚɸɳɢɯ 
ɪɚɫɬɟɧɢɣ ɢɡɜɟɫɬɟɧ ɦɧɨɝɢɦ. ȼɫɟ ɷɬɨ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɛɥɚɝɨɞɚɪɹ ɹɜɥɟɧɢɸ 
ɨɫɦɨɫɚ. ɂɫɩɨɥɶɡɭɹ ɨɫɦɨɫ, ɪɚɫɬɟɧɢɹ ɞɟɥɚɸɬ ɜ ɤɥɟɬɤɚɯ ɡɚɩɚɫɵ ɫɚɯɚɪɨɡɵ. ɂɡɦɟɧɹɹ 
ɤɨɧɰɟɧɬɪɚɰɢɸ ɫɚɯɚɪɨɡɵ ɜ ɫɚɦɨɣ ɰɢɬɨɩɥɚɡɦɟ, ɤɥɟɬɤɢ ɫɩɨɫɨɛɧɵ ɪɟɝɭɥɢɪɨɜɚɬɶ 
ɨɫɦɨɫ. 
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1.6. Ɂɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Эɤɫɬɪɚɤɰɢɹ. 
ȿɫɥɢ ɜɡɹɬɶ ɞɜɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɞɪɭɝ 

ɞɪɭɝɟ ɠɢɞɤɨɫɬɢ (ɪɚɫɬɜɨɪɢɬɟɥɹ) ɢ ɜɟɳɟɫɬɜɨ, ɫɩɨɫɨɛɧɨɟ 
ɪɚɫɬɜɨɪɹɬɶɫɹ ɜ ɧɢɯ, ɬɨ ɜ ɫɢɫɬɟɦɟ ɭɫɬɚɧɨɜɢɬɫɹ 
ɪɚɜɧɨɜɟɫɢɟμ 

)2(3)1(3    

Ƚɞɟ )1(3 - ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɤɨɦɩɨɧɟɧɬɚ 3 ɜ 

ɪɚɫɬɜɨɪɢɬɟɥɟ (1), ɚ )2(3  - ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ 
ɤɨɦɩɨɧɟɧɬɚ 3 ɜ ɪɚɫɬɜɨɪɢɬɟɥɟ (2). 

)2(3

0

)2(3)1(3

0

)1(3 lnln aRTaRT   , 

ɝɞɟ )1(3a ɢ )2(3a - ɚɤɬɢɜɧɨɫɬɢ ɤɨɦɩɨɧɟɧɬɚ (3) ɜ ɪɚɫɬɜɨɪɢɬɟɥɟ (1) ɢ (2) 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨν 0

)2(3

0

)1(3  ɢ - ɫɬɚɧɞɚɪɬɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɩɨɬɟɧɰɢɚɥɵ. 

ɉɪɟɨɛɪɚɡɭɟɦ ɩɨɫɥɟɞɧɟɟ ɭɪɚɜɧɟɧɢɟμ 

 0

)2(3

0

)1(3

)1(3

)2(3 1
ln  

RTa

a
. 

K
a

a


)1(3

)2(3

 

Ʉ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɚ. 
ȿɫɥɢ ɜ ɨɞɧɨɣ ɢɡ ɮɚɡ ɩɪɨɢɫɯɨɞɢɬ ɚɫɫɨɰɢɚɰɢɹ ɢɥɢ ɞɢɫɫɨɰɢɚɰɢɹ ɜɟɳɟɫɬɜɚ, ɬɨ 

ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɧɢɦɚɟɬ ɜɢɞμ 

na

a
K

)1(3

)2(3  ɢɥɢ naKa )1(3)2(3   

ɉɨɫɥɟ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɢɹ ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ ɜ ɥɢɧɟɣɧɨɦ ɜɢɞɟμ 

)1(3)2(3 lnlnln anKa   ɢɥɢ )1(3)2(3 lnlnln CnKC  . 

ȿɫɥɢ ɩɨɫɬɪɨɢɬɶ ɝɪɚɮɢɱɟɫɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ )1(3)2(3 lnln CC  , ɬɨ ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ Ʉ ɢ Ч. 

Ɂɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ: ɨɬɧɨɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɣ (ɚɤɬɢɜɧɨɫɬɟɣ) ɬɪɟɬɶɟɝɨ 
ɤɨɦɩɨɧɟɧɬɚ ɜ ɞɜɭɯ ɠɢɞɤɢɯ ɮɚɡɚɯ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɟɫɬɶ ɜɟɥɢɱɢɧɚ 
ɩɨɫɬɨɹɧɧɚɹ ɢ ɧɟ ɡɚɜɢɫɹɳɚɹ ɨɬ ɢɫɯɨɞɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ. 
ɗɤɫɬɪɚɤɰɢɟɣ ɧɚɡɵɜɚɟɬɫɹ ɢɡɜɥɟɱɟɧɢɟ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢɡ 
ɪɚɫɬɜɨɪɚ ɩɪɢ ɩɨɦɨɳɢ ɞɪɭɝɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɷɤɫɬɪɚɝɟɧɬɚ), ɩɪɚɤɬɢɱɟɫɤɢ 
ɧɟ ɫɦɟɲɢɜɚɸɳɟɝɨɫɹ ɫ ɩɟɪɜɵɦ. 

(1)

(2)

3
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Ɋɚɫɫɱɢɬɚɟɦ ɦɚɫɫɭ ɷɤɫɬɪɚɝɢɪɭɟɦɨɝɨ ɜɟɳɟɫɬɜɚ (gn), ɤɨɬɨɪɚɹ ɨɫɬɚɟɬɫɹ ɜ 
ɪɚɫɬɜɨɪɟ 1 ɩɨɫɥɟ n ɷɤɫɬɪɚɤɰɢɣ ɨɞɢɧɚɤɨɜɵɦɢ ɩɨɪɰɢɹɦɢ ɷɤɫɬɪɚɝɟɧɬɚ (V2), ɟɫɥɢ g0 

– ɧɚɱɚɥɶɧɚɹ ɦɚɫɫɚ ɷɤɫɬɪɚɝɢɪɭɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɪɚɫɬɜɨɪɟ 1, ɨɛɴɟɦɨɦ V1. 

1-ɹ ɷɤɫɬɪɚɤɰɢɹμ 

2

1

1

10

1

2

V

V

g

gg

C

C
K 


 ; 

21

1
01

VKV

V
gg


 . 

2-ɹ ɷɤɫɬɪɚɤɰɢɹμ 

2

1

2

21

1

2

V

V

g

gg

C

C
K 


 ;   

2

21

1
0

21

1
12 














VKV

V
g

VKV

V
gg . 

3-ɹ ɷɤɫɬɪɚɤɰɢɹμ 
3

21

1
03 











VKV

V
gg . 

n-ɹ ɷɤɫɬɪɚɤɰɢɹμ 
n

n
VKV

V
gg 











21

1
0 . 

ȿɫɥɢ ɩɪɨɜɟɫɬɢ ɷɤɫɬɪɚɤɰɢɸ ɜ ɨɞɢɧ ɩɪɢɟɦ ɨɞɧɨɣ ɩɨɪɰɢɟɣ ɷɤɫɬɪɚɝɟɧɬɚ V=nV2, 

ɬɨ ɜ ɢɫɯɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɨɫɬɚɧɟɬɫɹ ɷɤɫɬɪɚɝɢɪɭɟɦɨɝɨ ɤɨɦɩɨɧɟɧɬɚμ 

21

1
01

nVKV

V
gg


 . 

ɉɪɢ ɨɞɢɧɚɤɨɜɨɦ ɨɛɴɟɦɟ ɡɚɬɪɚɱɟɧɧɨɝɨ ɷɤɫɬɪɚɝɟɧɬɚ 1ggn  . 

Ɂɨɥɨɬɨɟ ɩɪɚɜɢɥɨ ɷɤɫɬɪɚɤɰɢɢμ ɞɥɹ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ 
ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢɡ ɪɚɫɬɜɨɪɚ ɩɪɢ ɩɨɦɨɳɢ ɞɪɭɝɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ 
ɷɤɫɬɪɚɤɰɢɸ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɧɟɛɨɥɶɲɢɦɢ ɩɨɪɰɢɹɦɢ ɷɤɫɬɪɚɝɟɧɬɚ  ɤɚɤ 
ɦɨɠɧɨ ɛɨɥɶɲɟɟ ɱɢɫɥɨ ɪɚɡ. 

ɉɊɂɆȿɊ. 
ɉɭɫɬɶ ɜ 1000 ɦɥ ɜɨɞɵ ɪɚɫɬɜɨɪɟɧɨ 0,1 ɝ. I2. ȼ ɤɚɱɟɫɬɜɟ ɷɤɫɬɪɚɝɟɧɬɚ ɜɨɡɶɦɟɦ 

ɫɟɪɨɭɝɥɟɪɨɞ (CS2) ɨɛɳɢɦ ɨɛɴɟɦɨɦ 10 ɦɥ. Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɨ 200ɋ 
ɫɨɫɬɚɜɥɹɟɬ  Ʉ=590. 

1. ɇɚɣɞɟɦ ɦɚɫɫɭ ɣɨɞɚ, ɤɨɬɨɪɚɹ ɨɫɬɚɧɟɬɫɹ ɜ ɜɨɞɟ ɩɨɫɥɟ ɷɤɫɬɪɚɤɰɢɢ ɜ ɨɞɢɧ 
ɩɪɢɟɦ 10 ɦɥ ɫɟɪɨɭɝɥɟɪɨɞɚ. 

.015,0
105901000

1000
1,0

21

1
01 ɝ

VKV

V
gg 





  

2. ɇɚɣɞɟɦ ɦɚɫɫɭ ɣɨɞɚ, ɤɨɬɨɪɚɹ ɨɫɬɚɧɟɬɫɹ ɜ ɜɨɞɟ ɩɨɫɥɟ ɷɤɫɬɪɚɤɰɢɢ ɜ ɞɜɚ 
ɩɪɢɟɦɚ ɩɨ 5 ɦɥ ɫɟɪɨɭɝɥɟɪɨɞɚ. 
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.0064,0
55901000

1000
1,0

22

21

1
02 ɝ

VKV

V
gg 




















  

3. ɇɚɣɞɟɦ ɦɚɫɫɭ ɣɨɞɚ, ɤɨɬɨɪɚɹ ɨɫɬɚɧɟɬɫɹ ɜ ɜɨɞɟ ɩɨɫɥɟ ɷɤɫɬɪɚɤɰɢɢ ɜ ɩɹɬɶ 
ɩɪɢɟɦɨɜ ɩɨ 2 ɦɥ ɫɟɪɨɭɝɥɟɪɨɞɚ. 

.002,0
25901000

1000
1,0

55

21

1
05 ɝ

VKV

V
gg 




















  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɷɤɫɬɪɚɤɰɢɢ ɜ ɨɞɢɧ ɩɪɢɟɦ ɦɵ ɦɨɠɟɦ ɢɡɜɥɟɱɶ 0,1-

0,015=0,085 (85%) ɝ ɣɨɞɚ, ɚ ɜ ɩɹɬɶ ɩɪɢɟɦɨɜ 0,1-0,002=0,098 ɝ (98%) ɣɨɞɚ. 
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2. АɇАɅɂɁ ȾɂАȽɊАɆɆ Ʉɂɉȿɇɂə. ɉȿɊȿȽɈɇɄА. 

2.1. Ɉɬɤɥɨɧɟɧɢɹ ɨɬ ɡɚɤɨɧɚ Ɋɚɭɥɹ. 
ɉɨɞɱɢɧɟɧɢɟ ɜɫɟɯ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɬɜɨɪɚ ɡɚɤɨɧɭ Ɋɚɭɥɹ ɜɨ ɜɫɟɣ ɨɛɥɚɫɬɢ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɞɤɨ, ɩɨɷɬɨɦɭ ɤ ɢɞɟɚɥɶɧɵɦ ɪɚɫɬɜɨɪɚɦ ɦɨɠɧɨ 
ɨɬɧɟɫɬɢ ɥɢɲɶ ɧɟɛɨɥɶɲɨɟ ɱɢɫɥɨ ɥɟɬɭɱɢɯ ɫɦɟɫɟɣ. 

ɇɟɢɞɟɚɥɶɧɵɟ ɪɚɫɬɜɨɪɵ ɧɟ ɩɨɞɱɢɧɹɸɬɫɹ ɡɚɤɨɧɭ Ɋɚɭɥɹ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ 
ɫɨɫɬɚɜɨɜ ɢ ɩɪɨɹɜɥɹɸɬ ɥɢɛɨ ɩɨɥɨɠɢɬɟɥɶɧɵɟ, ɥɢɛɨ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ 
ɨɬ ɧɟɝɨ.  

ȿɫɥɢ ɜ ɪɚɫɬɜɨɪɟ ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɨɞɧɨɪɨɞɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ 
ɛɨɥɶɲɟ, ɱɟɦ ɦɟɠɞɭ ɪɚɡɧɨɪɨɞɧɵɦɢ, ɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɪɚɫɬɜɨɪɚ ɨɛɵɱɧɨ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɝɥɨɳɟɧɢɟɦ ɬɟɩɥɚ (ΔH>0) ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɨɛɴɟɦɚ Vɪ-ɪɚ 

> VA + VB. ɗɬɨ ɨɛɥɟɝɱɚɟɬ ɩɪɨɰɟɫɫ ɢɫɩɚɪɟɧɢɹ, ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɨɤɚɡɵɜɚɸɬɫɹ ɜɵɲɟ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ 
ɡɚɤɨɧɭ Ɋɚɭɥɹ – ɪɚɫɬɜɨɪ ɩɪɨɹɜɥɹɟɬ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɡɚɤɨɧɚ Ɋɚɭɥɹ. 
ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ ɜ ɷɬɢɯ ɫɢɫɬɟɦɚɯ ɧɢɠɟ, ɱɟɦ ɜ ɢɞɟɚɥɶɧɵɯ. 
Ɍɚɤɢɟ ɪɚɫɬɜɨɪɵ ɜɫɬɪɟɱɚɸɬɫɹ ɱɚɫɬɨ. Ʉ ɢɯ ɱɢɫɥɭ ɨɬɧɨɫɹɬɫɹ, ɧɚɩɪɢɦɟɪ, ɫɦɟɫɢ 
ɷɬɢɥɨɜɵɣ ɷɮɢɪ – ɷɬɚɧɨɥ, ɚɰɟɬɨɧ – ɫɟɪɨɭɝɥɟɪɨɞ, ɛɟɧɡɨɥ – ɚɰɟɬɨɧ ɢ ɞɪ. 

P
A = P

0,A  x
A

P
0,B

B

 

 

 

A

P
0,A

P
A  + P

B

P B
= P 0,B

 x B

ɂɞɟɚɥɶɧɵɣ ɪɚɫɬɜɨɪ H=0; V=0

  

ȿɫɥɢ ɜ ɪɚɫɬɜɨɪɟ ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɨɞɧɨɪɨɞɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ 
ɦɟɧɶɲɟ, ɱɟɦ ɦɟɠɞɭ ɪɚɡɧɨɪɨɞɧɵɦɢ, ɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɪɚɫɬɜɨɪɚ ɨɛɵɱɧɨ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɚ (ΔH<0) ɢ ɭɦɟɧɶɲɟɧɢɟɦ ɨɛɴɟɦɚ Vɪ-ɪɚ < VA 

+ VB. ɗɬɨ ɡɚɬɪɭɞɧɹɟɬ ɩɪɨɰɟɫɫ ɢɫɩɚɪɟɧɢɹ, ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɵɟ 
ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɨɤɚɡɵɜɚɸɬɫɹ ɧɢɠɟ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ ɡɚɤɨɧɭ Ɋɚɭɥɹ – 

ɪɚɫɬɜɨɪ ɩɪɨɹɜɥɹɟɬ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɡɚɤɨɧɚ Ɋɚɭɥɹ. Ɍɟɦɩɟɪɚɬɭɪɚ 
ɤɢɩɟɧɢɹ ɜ ɷɬɢɯ ɫɢɫɬɟɦɚɯ ɜɵɲɟ, ɱɟɦ ɜ ɢɞɟɚɥɶɧɵɯ. Ɍɚɤɢɟ ɪɚɫɬɜɨɪɵ ɜɫɬɪɟɱɚɸɬɫɹ 
ɫɪɚɜɧɢɬɟɥɶɧɨ ɪɟɞɤɨ. Ʉ ɢɯ ɱɢɫɥɭ ɨɬɧɨɫɹɬɫɹ, ɧɚɩɪɢɦɟɪ, ɫɦɟɫɢ ɜɨɞɚ – ɫɟɪɧɚɹ 
ɤɢɫɥɨɬɚ, ɜɨɞɚ – ɚɡɨɬɧɚɹ ɤɢɫɥɨɬɚ, ɯɥɨɪɨɮɨɪɦ – ɛɟɧɡɨɥ ɢ ɞɪ. 
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+

+ P0,B

B

 

 

 

A

P0,A
P

A  + P
B

ɉɨɥɨɠɢɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɡ-ɧɚ Ɋɚɭɥя
H>0; V>0

+

-

-
P0,B

B

 

 

 

A

P0,A

Ɉɬɪɢɰɚɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɡ-ɧɚ Ɋɚɭɥя
H<0; V<0

-

 

Cɭɳɟɫɬɜɭɸɬ ɪɚɫɬɜɨɪɵ (ɧɚɩɪɢɦɟɪ, ɩɢɪɢɞɢɧ – ɜɨɞɚ, ɚɰɟɬɨɧɢɬɪɢɥ – ɜɨɞɚ), ɞɥɹ 
ɤɨɬɨɪɵɯ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɡɧɚɤ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɡɚɤɨɧɚ Ɋɚɭɥɹ 
ɪɚɡɥɢɱɟɧ. 

ɍ ɦɧɨɝɢɯ ɢɡɭɱɟɧɧɵɯ ɫɦɟɫɟɣ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɢɥɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ 
ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɡɚɤɨɧɚ Ɋɚɭɥɹ ɧɚɫɬɨɥɶɤɨ ɜɟɥɢɤɢ, ɱɬɨ ɧɚ ɤɪɢɜɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɨɬ ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɚ ɩɨɹɜɥɹɟɬɫɹ ɷɤɫɬɪɟɦɚɥɶɧɚɹ 
ɬɨɱɤɚ (ɦɚɤɫɢɦɭɦ ɢɥɢ ɦɢɧɢɦɭɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 
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H>0; V>0
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ɋɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɫɨɫɬɚɜɚɦɢ ɪɚɜɧɨɜɟɫɧɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɢɯ ɩɚɪɨɜ, ɚ ɬɚɤɠɟ 
ɨɛɳɢɦ ɞɚɜɥɟɧɢɟɦ ɩɚɪɚ ɧɚɞ ɪɚɫɬɜɨɪɨɦ ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ 
ɞɪɭɝɚ Ⱦ.ɉ.Ʉɨɧɨɜɚɥɨɜɵɦ ɢ Ⱦɠ.Ƚɢɛɛɫɨɦ ɜ 1881 ɝ. ɢ ɧɨɫɹɬ ɧɚɡɜɚɧɢɟ ɢɯ ɡɚɤɨɧɨɜ. 

ɉɟɪɜɵɣ ɡɚɤɨɧ Ƚɢɛɛɫɚ - Ʉɨɧɨɜɚɥɨɜɚ: ɉɚɪ ɨɬɧɨɫɢɬɟɥɶɧɨ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɪɚɫɬɜɨɪɨɦ) ɛɨɝɚɱɟ ɬɟɦ ɤɨɦɩɨɧɟɧɬɨɦ, ɩɪɢɛɚɜɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɤ ɪɚɫɬɜɨɪɭ 
ɩɨɜɵɲɚɟɬ ɨɛɳɟɟ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɢɥɢ ɩɪɢ ɞɚɧɧɨɦ ɞɚɜɥɟɧɢɢ ɩɚɪɚ 
ɩɨɧɢɠɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɤɢɩɟɧɢɹ ɪɚɫɬɜɨɪɚ. 

Ⱦɚɧɧɵɣ ɡɚɤɨɧ ɨɩɢɫɵɜɚɟɬ ɩɪɨɰɟɫɫ ɮɪɚɤɰɢɨɧɧɨɣ ɩɟɪɟɝɨɧɤɢ, ɤɨɝɞɚ, 
ɦɧɨɝɨɤɪɚɬɧɨ ɢɫɩɚɪɹɹ ɠɢɞɤɨɫɬɶ, ɦɨɠɧɨ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɪɚɡɞɟɥɢɬɶ ɞɜɚ 
ɤɨɦɩɨɧɟɧɬɚ. 

ȼɬɨɪɨɣ ɡɚɤɨɧ Ƚɢɛɛɫɚ - Ʉɨɧɨɜɚɥɨɜɚ: ȼ ɬɨɱɤɚɯ ɷɤɫɬɪɟɦɭɦɨɜ ɞɚɜɥɟɧɢɣ 
ɩɚɪɚ (ɢɥɢ ɬɟɦɩɟɪɚɬɭɪ ɤɢɩɟɧɢɹ) ɫɨɫɬɚɜɵ ɩɚɪɚ ɢ ɫɨɫɭɳɟɫɬɜɭɸɳɟɣ ɫ ɧɢɦ ɜ 
ɪɚɜɧɨɜɟɫɢɢ ɠɢɞɤɨɫɬɢ ɫɨɜɩɚɞɚɸɬ.  

ɋɦɟɫɢ, ɭ ɤɨɬɨɪɵɯ ɪɚɫɬɜɨɪ ɢ ɩɚɪ ɨɞɢɧɚɤɨɜɵ ɩɨ ɫɨɫɬɚɜɭ, ɧɚɡɵɜɚɸɬɫɹ 
ɚɡɟɨɬɪɨɩɧɵɦɢ (ɩɨɫɬɨɹɧɧɨ ɤɢɩɹɳɢɦɢ). 

ɉɪɢɦɟɪɚɦɢ ɚɡɟɨɬɪɨɩɧɵɯ ɫɦɟɫɟɣ ɫ ɦɢɧɢɦɭɦɚɦɢ ɧɚ ɤɪɢɜɵɯ ɤɢɩɟɧɢɹ 
ɹɜɥɹɸɬɫɹ ɪɚɫɬɜɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɇ2Ɉ ɢ ɋ2ɇ5Ɉɇ (96,5%); ɋɇɋl3 ɢ ɋɇ3Ɉɇ (40%) 
ɢ ɞɪ. ɉɪɢɦɟɪɚɦɢ ɪɚɫɬɜɨɪɨɜ ɫ ɦɚɤɫɢɦɭɦɚɦɢ ɧɚ ɤɪɢɜɵɯ ɤɢɩɟɧɢɹ ɹɜɥɹɸɬɫɹ 
ɪɚɫɬɜɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɇ2Ɉ ɢ ɇɋl (20ɦɚɫ.%), ɇ2Ɉ ɢ HNO3 (68ɦɚɫ.%), ɋɇɋl3 ɢ 
ɋɇ3ɋɈɋɇ3 (30ɦɚɫ.%) ɢ ɞɪ. Ɋɚɡɞɟɥɢɬɶ ɚɡɟɨɬɪɨɩɧɵɟ ɫɦɟɫɢ ɩɭɬɟɦ ɩɟɪɟɝɨɧɤɢ 
ɧɟɜɨɡɦɨɠɧɨ, ɬ.ɤ. ɩɪɢ ɤɢɩɟɧɢɢ ɫɨɫɬɚɜ ɩɚɪɚ ɪɚɜɟɧ ɫɨɫɬɚɜɭ ɪɚɜɧɨɜɟɫɧɨɣ ɫ ɧɢɦ 
ɠɢɞɤɨɫɬɢ. Ⱥɡɟɨɬɪɨɩɧɵɟ ɫɦɟɫɢ ɪɚɡɞɟɥɹɸɬ ɨɛɵɱɧɨ ɢɥɢ ɯɢɦɢɱɟɫɤɢɦ ɩɭɬɟɦ, ɢɥɢ 
ɷɤɫɬɪɚɤɰɢɟɣ ɬɪɟɬɶɢɦ ɤɨɦɩɨɧɟɧɬɨɦ. 

 

2.2. Ⱦɢɚɝɪɚɦɦɚ ɤɢɩɟɧɢɹ ɠɢɞɤɨɫɬɟɣ ɧɟɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵɯ ɞɪɭɝ ɜ 
ɞɪɭɝɟ ɛɟɡ ɚɡɟɨɬɪɨɩɚ. 

Ⱦɢɚɝɪɚɦɦɵ ɬɚɤɨɝɨ ɬɢɩɚ ɨɛɪɚɡɭɸɬ ɜɟɳɟɫɬɜɚ ɧɟ ɫɢɥɶɧɨ ɨɬɥɢɱɚɸɳɢɟɫɹ ɩɨ 
ɫɜɨɢɦ ɯɢɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ. Ⱦɥɹ ɬɚɤɢɯ ɫɢɫɬɟɦ ɯɚɪɚɤɬɟɪɧɨ ɧɟ ɫɥɢɲɤɨɦ 
ɫɢɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɡɚɤɨɧɚ Ɋɚɭɥɹ, ɬ.ɟ. ɩɨɞɨɛɧɵɟ ɛɢɧɚɪɧɵɟ ɪɚɫɬɜɨɪɵ ɜɟɞɭɬ 
ɫɟɛɹ ɩɪɚɤɬɢɱɟɫɤɢ ɤɚɤ ɢɞɟɚɥɶɧɵɟ. 

ɉɨɫɬɪɨɟɧɢɟ ɢ ɚɧɚɥɢɡ ɩɥɨɫɤɢɯ ɞɢɚɝɪɚɦɦ ɪɚɜɧɨɜɟɫɢɹ ɫɨɫɬɚɜ – ɫɜɨɣɫɬɜɨ ɞɥɹ 
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ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɢɫɬɟɦ ɠɢɞɤɨɫɬɶ–ɩɚɪ ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɬɟɯ ɠɟ 
ɩɪɢɧɰɢɩɚɯ, ɱɬɨ ɢ ɞɥɹ ɫɢɫɬɟɦ ɠɢɞɤɨɫɬɶ–ɬɜɟɪɞɨɟ. ɇɨ ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɶɲɨɝɨ 
ɜɥɢɹɧɢɹ ɞɚɜɥɟɧɢɹ ɧɚ ɩɪɨɰɟɫɫɵ ɢɫɩɚɪɟɧɢɹ ɢ ɤɨɧɞɟɧɫɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ, ɧɚɪɹɞɭ ɫ 
ɞɢɚɝɪɚɦɦɚɦɢ ɫɨɫɬɚɜ–ɬɟɦɩɟɪɚɬɭɪɚ, ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɟɳɟ ɢ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɚɜ–
ɞɚɜɥɟɧɢɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɢɚɝɪɚɦɦɵ ɤɢɩɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ ɜɢɞɟμ 
1. Ɂɚɜɢɫɢɦɨɫɬɢ ɞɚɜɥɟɧɢɟ-ɫɨɫɬɚɜ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟν 
2. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɚ-ɫɨɫɬɚɜ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ. 
Ɉɛɚ ɬɢɩɚ ɞɢɚɝɪɚɦɦ ɫɜɹɡɵɜɚɟɬ ɦɟɠɞɭ ɫɨɛɨɣ ɭɫɥɨɜɢɟ ɤɢɩɟɧɢɹ ɠɢɞɤɨɫɬɢ. 
Ɋɚɫɫɦɨɬɪɢɦ ɞɢɚɝɪɚɦɦɭ ɫɨɫɬɨɹɧɢɹ, ɩɨɥɭɱɟɧɧɭɸ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ.  
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Ʉɪɢɜɚɹ KNMF ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɜɢɫɢɦɨɫɬɶ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ 
ɨɬ ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɚ (ɥɢɧɢɹ ɠɢɞɤɨɫɬɢ)ν ɧɚɞ ɤɪɢɜɨɣ ɧɚɯɨɞɢɬɫɹ ɨɛɥɚɫɬɶ, 
ɨɬɜɟɱɚɸɳɚɹ ɠɢɞɤɨɣ ɮɚɡɟ. Ʉɪɢɜɚɹ KRQF ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɜɢɫɢɦɨɫɬɶ 
ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɨɬ ɫɨɫɬɚɜɚ ɩɚɪɚ (ɥɢɧɢɹ ɩɚɪɚ)ν ɩɨɞ ɤɪɢɜɨɣ 
ɧɚɯɨɞɢɬɫɹ ɨɛɥɚɫɬɶ, ɨɬɜɟɱɚɸɳɚɹ ɝɚɡɨɨɛɪɚɡɧɨɣ ɮɚɡɟ. Ɉɛɥɚɫɬɶ ɦɟɠɞɭ ɤɪɢɜɵɦɢ – 

ɨɛɥɚɫɬɶ ɝɟɬɟɪɨɝɟɧɧɨɫɬɢ ɫɢɫɬɟɦɵ, ɡɞɟɫɶ ɜ ɪɚɜɧɨɜɟɫɢɢ ɧɚɯɨɞɢɬɫɹ ɠɢɞɤɨɫɬɶ+ɩɚɪ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɢɚɝɪɚɦɦɵ, ɪɚɫɬɜɨɪɭ ɫɨɫɬɚɜɚ L1 ɨɬɜɟɱɚɟɬ ɪɚɜɧɨɜɟɫɧɵɣ ɩɚɪ 
ɫɨɫɬɚɜɚ S1 (ɬɨɱɤɢ N ɢ R), ɞɚɜɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɪɚɜɧɨ Ɋ1, ɚ ɪɚɫɬɜɨɪɭ ɫɨɫɬɚɜɚ L2 – 

ɪɚɜɧɨɜɟɫɧɵɣ ɩɚɪ ɫɨɫɬɚɜɚ S2 (ɬɨɱɤɢ M ɢ Q) ɞɚɜɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɪɚɜɧɨ Ɋ2. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɩɨɧɟɧɬɚ ȼ ɜ ɠɢɞɤɨɣ ɮɚɡɟ ɩɪɢɜɨɞɢɬ ɤ 
ɭɦɟɧɶɲɟɧɢɸ ɨɛɳɟɝɨ ɞɚɜɥɟɧɢɹ ɩɚɪɚ, ɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 1-ɦ ɡɚɤɨɧɨɦ Ʉɨɧɨɜɚɥɨɜɚ 
ɪɚɜɧɨɜɟɫɧɵɣ ɩɚɪ ɫɨɞɟɪɠɢɬ ɛɨɥɶɲɟ ɤɨɦɩɨɧɟɧɬɚ Ⱥ, ɱɟɦ ɪɚɫɬɜɨɪ. 

Ɍɚɤɠɟ ɞɢɚɝɪɚɦɦɚ ɤɢɩɟɧɢɹ, ɩɨɥɭɱɟɧɧɚɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, ɛɭɞɟɬ 
ɢɦɟɬɶ ɨɛɪɚɬɧɵɣ ɜɢɞμ 
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Ɂɞɟɫɶ ɤɪɢɜɚɹ KNMF ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ 
ɨɬ ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɚ (ɥɢɧɢɹ ɠɢɞɤɨɫɬɢ)ν ɩɨɞ ɤɪɢɜɨɣ ɧɚɯɨɞɢɬɫɹ ɨɛɥɚɫɬɶ, 
ɨɬɜɟɱɚɸɳɚɹ ɠɢɞɤɨɣ ɮɚɡɟ. Ʉɪɢɜɚɹ KRQF ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɜɢɫɢɦɨɫɬɶ 
ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɪɚɫɬɜɨɪɚ ɨɬ ɫɨɫɬɚɜɚ ɩɚɪɚ (ɥɢɧɢɹ ɩɚɪɚ)ν ɧɚɞ ɤɪɢɜɨɣ 
ɧɚɯɨɞɢɬɫɹ ɨɛɥɚɫɬɶ, ɨɬɜɟɱɚɸɳɚɹ ɝɚɡɨɨɛɪɚɡɧɨɣ ɮɚɡɟ. Ɉɛɥɚɫɬɶ ɦɟɠɞɭ ɤɪɢɜɵɦɢ –
ɨɛɥɚɫɬɶ ɝɟɬɟɪɨɝɟɧɧɨɫɬɢ ɫɢɫɬɟɦɵ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɢɚɝɪɚɦɦɵ, ɪɚɫɬɜɨɪ ɫɨɫɬɚɜɚ L1 ɢɦɟɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɤɢɩɟɧɢɹ Ɍ1 
(ɬɨɱɤɚ N), ɚ ɧɚɯɨɞɹɳɢɣɫɹ ɫ ɧɢɦ ɜ ɪɚɜɧɨɜɟɫɢɢ ɩɚɪ – ɫɨɫɬɚɜ S1 (ɬɨɱɤɚ R), ɬ.ɟ. ɩɚɪ 
ɨɛɨɝɚɳɺɧ ɤɨɦɩɨɧɟɧɬɨɦ A, ɞɨɛɚɜɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɤ ɪɚɫɬɜɨɪɭ ɩɨɧɢɠɚɟɬ 
ɬɟɦɩɟɪɚɬɭɪɭ ɤɢɩɟɧɢɹ ɪɚɫɬɜɨɪɚ. Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ ɨɛɳɟɝɨ ɫɨɫɬɚɜɚ L2, 

ɧɚɯɨɞɹɳɭɸɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ2 (ɬɨɱɤɚ M). Ɋɚɜɧɨɜɟɫɧɚɹ ɠɢɞɤɚɹ ɮɚɡɚ (ɬɨɱɤɚ 
M) ɛɭɞɟɬ ɢɦɟɬɶ ɫɨɫɬɚɜ L2, ɚ ɪɚɜɧɨɜɟɫɧɵɣ ɩɚɪ – ɫɨɫɬɚɜ S2 (ɬɨɱɤɚ Q).  

ɉɪɢɦɟɪ ɚɧɚɥɢɡɚ ɞɢɚɝɪɚɦɦɵ ɤɢɩɟɧɢɹ ɧɟɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ. 
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Ɍɨɱɤɚ 1. ɋɢɫɬɟɦɚ ɝɨɦɨɝɟɧɧɚɹ (Ɏ=1)μ ɩɚɪ, ɫɨɫɬɚɜɚ S1. ɑɢɫɥɨ ɫɬɟɩɟɧɟɣ 
ɫɜɨɛɨɞɵ ɋ = 2 – 1 + 1 = 2 – ɫɢɫɬɟɦɚ ɛɢɜɚɪɢɚɧɬɧɚ. 

Ɍɨɱɤɚ 2. ȼ ɞɚɧɧɨɣ ɬɨɱɤɟ ɢɡ ɩɚɪɚ ɩɨɹɜɥɹɸɬɫɹ ɩɟɪɜɵɟ ɤɚɩɥɢ ɠɢɞɤɨɫɬɢ, 
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ɫɨɫɬɚɜɚ L2. ɋɢɫɬɟɦɚ ɫɬɚɧɨɜɢɬɫɹ ɦɨɧɨɜɚɪɢɚɧɬɧɨɣ ɋ = 2 – 2 + 1 = 1. 

Ɍɨɱɤɚ 3. ɉɨ ɦɟɪɟ ɨɯɥɚɠɞɟɧɢɹ ɫɢɫɬɟɦɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɦɚɫɫɚ ɠɢɞɤɨɣ ɮɚɡɵ, 
ɫɨɫɬɚɜ ɤɨɬɨɪɨɣ ɧɟɩɪɟɪɵɜɧɨ ɢɡɦɟɧɹɟɬɫɹ ɜɞɨɥɶ ɥɢɧɢɢ ɠɢɞɤɨɫɬɢ (ɫɢɧɢ ɫɬɪɟɥɤɢ), ɚ 
ɮɚɡɚ ɩɚɪ ɢɡɦɟɧɹɟɬ ɫɜɨɣ ɫɨɫɬɚɜ ɩɨ ɥɢɧɢɢ ɩɚɪɚ (ɤɪɚɫɧɵɟ ɫɬɪɟɥɤɢ).  

ȼ ɬɨɱɤɟ 2 ɫɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚ (Ɏ=2)μ ɩɚɪ, ɫɨɫɬɚɜɚ S3 ɢ ɠɢɞɤɨɫɬɶ, ɫɨɫɬɚɜɚ 
L3. 

ɋɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚ ɋ = 2 – 2 + 1 = 1. 

Ɍɨɱɤɚ 4. ȼ ɷɬɨɣ ɬɨɱɤɟ ɢɫɱɟɡɚɟɬ ɩɨɫɥɟɞɧɹɹ ɩɨɪɰɢɹ ɩɚɪɚ,  ɤɨɬɨɪɵɣ 
ɦɚɤɫɢɦɚɥɶɧɨ ɨɛɨɝɚɳɟɧ ɤɨɦɩɨɧɟɧɬɨɦ ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ. 

ɋɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚ (Ɏ=2)μ ɩɚɪ, ɫɨɫɬɚɜɚ S4 ɢ ɠɢɞɤɨɫɬɶ, ɫɨɫɬɚɜɚ  
ɋɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚ ɋ = 2 – 2 + 1 = 1. 

Ɍɨɱɤɚ 5. ɋɢɫɬɟɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɠɢɞɤɨɫɬɶ, ɫɨɫɬɚɜɚ L5. 

 

Ɋɚɫɫɦɨɬɪɢɦ ɚɧɚɥɢɡ ɞɢɚɝɪɚɦɦɵ ɤɢɩɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚɧɢɹ ɠɢɞɤɨɫɬɢ 
ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɚɜɚ L1 ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ1 ɞɨ Ɍ5: 
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ȼ ɮɢɝɭɪɚɬɢɜɧɨɣ ɬɨɱɤɟ 1 ɫɢɫɬɟɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɠɢɞɤɨɫɬɶ, ɫɨɫɬɚɜɚ L1. 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ2 (ɜ ɬɨɱɤɟ 2) ɩɨɹɜɥɹɸɬɫɹ ɩɟɪɜɵɟ ɩɭɡɵɪɶɤɢ ɩɚɪɚ (ɠɢɞɤɨɫɬɶ 
ɧɚɱɢɧɚɟɬ ɤɢɩɟɬɶ), ɫɨɫɬɚɜɚ S2, ɦɚɤɫɢɦɚɥɶɧɨ ɨɛɨɝɚɳɟɧɧɵɟ ɤɨɦɩɨɧɟɧɬɨɦ ɫ 
ɦɢɧɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ. 

ɉɨ ɦɟɪɟ ɜɵɤɢɩɚɧɢɹ ɠɢɞɤɨɫɬɢ ɪɚɫɬɟɬ ɬɟɦɩɟɪɚɬɭɪɚ, ɢɡɦɟɧɹɟɬɫɹ ɟɟ ɫɨɫɬɚɜ ɢ 
ɫɨɫɬɚɜ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫ ɧɟɣ ɩɚɪɚ. ȼ ɬɨɱɤɟ 3 ɫɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚ (Ɏ=2)μ ɩɚɪ, 
ɫɨɫɬɚɜɚ S3 ɢ ɠɢɞɤɨɫɬɶ, ɫɨɫɬɚɜɚ L3. 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ4 ɢɫɱɟɡɚɟɬ ɩɨɫɥɟɞɧɹɹ ɤɚɩɥɹ ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɚɹ ɢɦɟɟɬ 
ɫɨɫɬɚɜ L4. Ⱦɚɥɟɟ ɫɥɟɞɭɟɬ ɧɚɝɪɟɜɚɧɢɟ ɩɚɪɚ ɞɨ Ɍ5. 

 



25 

 

2.3. Ⱦɢɚɝɪɚɦɦɚ ɤɢɩɟɧɢɹ ɠɢɞɤɨɫɬɟɣ ɧɟɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵɯ ɞɪɭɝ ɜ 
ɞɪɭɝɟ c ɚɡɟɨɬɪɨɩɨɦ. 

Ⱥɧɚɥɢɡ ɞɢɚɝɪɚɦɦɵ ɩɨɞɨɛɧɨɝɨ ɬɢɩɚ, ɤɨɝɞɚ ɫɨɫɬɚɜɵ ɩɚɪɚ ɢɥɢ ɠɢɞɤɨɫɬɢ ɧɟ 
ɪɚɜɧɵ ɚɡɟɨɬɪɨɩɧɵɦ, ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɚɧɚɥɢɡɚ ɞɢɚɝɪɚɦɦɵ ɛɟɡ ɚɡɟɨɬɪɨɩɚ. 

ɋɢɫɬɟɦɚ ɚɡɟɨɬɪɨɩɧɨɝɨ ɫɨɫɬɚɜɚ ɜɟɞɟɬ ɫɟɛɹ ɤɚɤ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɚɹ ɢ ɫɨɫɬɚɜ 
ɩɚɪɚ ɪɚɜɟɧ ɫɨɫɬɚɜɭ ɪɚɜɧɨɜɟɫɧɨɣ ɫ ɧɢɦ ɠɢɞɤɨɫɬɢ. ɉɪɢ ɪɚɫɱɟɬɟ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ 
ɫɜɨɛɨɞɵ ɜ ɚɡɟɨɬɪɨɩɧɨɣ ɬɨɱɤɟ ɜ ɭɪɚɜɧɟɧɢɟ ɮɚɡ Ƚɢɛɛɫɚ ɩɨɞɫɬɚɜɥɹɟɬɫɹ Ʉ=1μ 

ɋ = 1 – 2 + 1 = 0. 

ɀɢɞɤɨɫɬɶ ɚɡɟɨɬɪɨɩɧɨɝɨ ɫɨɫɬɚɜɚ ɤɢɩɢɬ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 
ɇɚɝɪɟɟɦ ɠɢɞɤɨɫɬɶ ɚɡɟɨɬɪɨɩɧɨɝɨ ɫɨɫɬɚɜɚ L1. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ2, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɚɡɟɨɬɪɨɩɧɨɣ ɬɨɱɤɟ, ɠɢɞɤɨɫɬɶ ɧɚɱɢɧɚɟɬ ɤɢɩɟɬɶ. ɋɨɫɬɚɜ ɩɚɪɚ 
ɪɚɜɟɧ ɫɨɫɬɚɜɭ ɠɢɞɤɨɫɬɢ L1=S2. ɉɨɤɚ ɧɟ ɜɵɤɢɩɢɬ ɩɨɫɥɟɞɧɹɹ ɤɚɩɥɹ ɠɢɞɤɨɫɬɢ 
ɬɟɦɩɟɪɚɬɭɪɚ ɛɭɞɟɬ ɩɨɫɬɨɹɧɧɨɣ Ɍ2. ɉɨɫɥɟ ɢɫɱɟɡɧɨɜɟɧɢɹ ɩɨɫɥɟɞɧɟɣ ɤɚɩɥɢ 
ɠɢɞɤɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɧɚɝɪɟɜɚɧɢɟ ɩɚɪɚ. 
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2.4. Ⱦɢɚɝɪɚɦɦɚ ɤɢɩɟɧɢɹ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɞɪɭɝ ɜ ɞɪɭɝɟ ɠɢɞɤɨɫɬɟɣ 

Ⱥɧɚɥɢɡ ɞɢɚɝɪɚɦɦɵ ɤɢɩɟɧɢɹ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɞɪɭɝ ɜ ɞɪɭɝɟ ɠɢɞɤɨɫɬɟɣ 
ɚɧɚɥɨɝɢɱɟɧ ɚɧɚɥɢɡɭ ɞɢɚɝɪɚɦɦ ɩɥɚɜɤɨɫɬɢ ɧɟɢɡɨɦɨɪɮɧɨ ɩɥɚɜɹɳɢɯɫɹ ɜɟɳɟɫɬɜ. 

Ⱥɧɚɥɢɡ ɩɨɞɨɛɧɨɣ ɞɢɚɝɪɚɦɦɵ ɪɚɫɫɦɨɬɪɢɦ ɧɚ ɩɪɢɦɟɪɟ ɧɚɝɪɟɜɚɧɢɹ ɠɢɞɤɨɫɬɢ 
ɨɛɳɟɝɨ ɫɨɫɬɚɜɚ L1 ɢ L6.  
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Ɍɨɱɤɚ 1. ɋɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚɹ (ɷɦɭɥɶɫɢɹ), ɫɨɫɬɨɢɬ ɢɡ ɠɢɞɤɨɫɬɢ Ⱥ ɢ 
ɠɢɞɤɨɫɬɢ Ȼ. Ɉɛɳɢɣ ɫɨɫɬɚɜ ɫɢɫɬɟɦɵ L1. Ɏ=2. ɋ = 2-2+1=1. 

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɫɢɫɬɟɦɵ ɤɢɩɟɧɢɟ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ2. 

ɇɚɱɢɧɚɟɬɫɹ ɩɪɟɜɪɚɳɟɧɢɟ ɠɢɞɤɨɫɬɢ Ⱥ ɢ ɠɢɞɤɨɫɬɢ ȼ ɜ ɩɚɪ. ɉɪɢɱɟɦ ɫɢɫɬɟɦɚ 
ɛɭɞɟɬ ɨɫɬɚɜɚɬɶɫɹ ɜ ɬɨɱɤɟ 2 ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɩɨɥɧɨɫɬɶɸ ɧɟ ɢɫɱɟɡɧɟɬ ɠɢɞɤɨɫɬɶ ȼ. 
ɋɨɫɬɚɜ ɪɚɜɧɨɜɟɫɧɨɝɨ ɩɚɪɚ ɛɭɞɟɬ S2. 

Ɍɨɱɤɚ 2. ɋɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚ, Ɏ=3μ ɠ.Ⱥ + ɠ.ȼ + ɩɚɪ, ɫɨɫɬɚɜɚ S2. ɋ=2-

3+1=0. 

Ʉɚɤ ɬɨɥɶɤɨ ɩɨɥɧɨɫɬɶɸ ɜɵɤɢɩɢɬ ɠɢɞɤɨɫɬɶ ȼ, ɩɪɨɞɨɥɠɚɟɬɫɹ ɧɚɝɪɟɜɚɧɢɟ ɢ 
ɩɪɟɜɪɚɳɟɧɢɟ ɠɢɞɤɨɫɬɢ Ⱥ ɜ ɩɚɪ. ɋɨɫɬɚɜ ɩɚɪɚ ɛɭɞɟɬ ɩɨɫɬɟɩɟɧɧɨ ɨɛɨɝɚɳɚɬɶɫɹ 
ɤɨɦɩɨɧɟɧɬɨɦ Ⱥ ɢ ɩɨ ɦɟɪɟ ɧɚɝɪɟɜɚɧɢɹ ɫɢɫɬɟɦɵ ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɩɨ ɥɢɧɢɢ ɩɚɪɚ 
ɢɡ ɬɨɱɤɢ 7 ɜ ɬɨɱɤɭ 4. 

Ɍɨɱɤɚ 3. ɋɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚ, Ɏ=2μ ɠ.Ⱥ + ɩɚɪ, ɫɨɫɬɚɜɚ S3. ɋ=2-2+1=1. 

ȼ ɬɨɱɤɟ 4 ɢɫɱɟɡɚɟɬ ɩɨɫɥɟɞɧɹɹ ɤɚɩɥɹ (ɩɨɪɰɢɹ) ɠɢɞɤɨɫɬɢ Ⱥ. ɉɚɪ ɛɭɞɟɬ ɢɦɟɬɶ 
ɫɨɫɬɚɜ S4. ɂ ɞɚɥɟɟ ɫɥɟɞɭɟɬ ɧɚɝɪɟɜɚɧɢɟ ɩɚɪɚ, ɫɨɫɬɚɜɚ S4. 

 

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɢɫɯɨɞɧɨɣ ɠɢɞɤɨɫɬɢ ɫɨɫɬɚɜɚ L6 (ɬɨɱɤɚ 6) ɤɢɩɟɧɢɟ 
ɧɚɱɢɧɚɟɬɫɹ ɢ ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɩɨɥɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɫɢɫɬɟɦɵ ɜ ɩɚɪ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ Ɍ2. Ʉɢɩɟɧɢɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɩɪɟɜɪɚɳɟɧɢɟɦ 
ɠɢɞɤɨɫɬɢ Ⱥ ɢ ȼ ɜ ɩɚɪ. ɋɢɫɬɟɦɚ ɜɟɞɟɬ ɫɟɛɹ ɤɚɤ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɚɹ. ɇɚ ɤɪɢɜɨɣ 
ɧɚɝɪɟɜɚɧɢɹ ɛɭɞɟɬ ɧɚɛɥɸɞɚɬɶɫɹ ɬɨɥɶɤɨ ɩɥɨɳɚɞɤɚ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ2. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɚɧɚɥɢɡɚ ɞɢɚɝɪɚɦɦɵ ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ ɩɨɞɨɛɧɨɣ ɫɢɫɬɟɦɵ 
ɝɨɪɚɡɞɨ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪ ɤɢɩɟɧɢɹ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɉɪɢɱɟɦ ɬɟɦɩɟɪɚɬɭɪɚ 
ɤɢɩɟɧɢɹ ɛɭɞɟɬ ɨɫɬɚɜɚɬɶɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɩɨɫɬɨɹɧɧɨɣ ɩɨɤɚ ɩɨɥɧɨɫɬɶɸ ɧɟ 
ɜɵɤɢɩɢɬ ɨɞɢɧ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ.  

Ɍɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɠɢɞɤɨɫɬɟɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɩɟɪɟɝɨɧɤɢ ɫ ɜɨɞɹɧɵɦ ɩɚɪɨɦ. 
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ɉɟɪɟɝɨɧɤɚ ɫ ɜɨɞɹɧɵɦ ɩɚɪɨɦ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɥɚɛɨɪɚɬɨɪɧɨɣ ɩɪɚɤɬɢɤɟ ɢ ɜ 
ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɞɥɹ ɨɱɢɫɬɤɢ ɜɵɫɨɤɨɤɢɩɹɳɢɯ ɜɟɳɟɫɬɜ (ɤɨɬɨɪɵɟ 
ɧɟɪɚɫɬɜɨɪɢɦɵ ɜ ɜɨɞɟ), ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɞɥɹ ɠɢɞɤɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɪɚɡɥɚɝɚɸɬɫɹ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɤɢɩɟɧɢɹ ɜ ɱɢɫɬɨɦ ɜɢɞɟ, ɧɨ ɟɳɟ ɭɫɬɨɣɱɢɜɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɨɥɨ 
100 °ɋ. ɉɟɪɟɝɨɧɤɭ ɫ ɜɨɞɹɧɵɦ ɩɚɪɨɦ ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɢ ɩɨɞ ɜɚɤɭɭɦɨɦ, ɟɫɥɢ 
ɧɟɨɛɯɨɞɢɦɨ ɫɧɢɡɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɩɟɪɟɝɨɧɤɢ ɞɥɹ ɩɪɟɞɨɯɪɚɧɟɧɢɹ ɠɢɞɤɨɫɬɢ ɨɬ 
ɪɚɡɥɨɠɟɧɢɹ. 

ɋ ɩɨɦɨɳɶɸ ɩɟɪɟɝɨɧɤɢ ɫ ɜɨɞɹɧɵɦ ɩɚɪɨɦ ɩɨɥɭɱɚɸɬ ɷɮɢɪɧɵɟ ɦɚɫɥɚ ɢɡ 
ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɵɪɶɹ. 

  

 

 

2.5. Ⱦɢɚɝɪɚɦɦɚ ɤɢɩɟɧɢɹ ɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵɯ ɞɪɭɝ ɜ ɞɪɭɝɟ 
ɠɢɞɤɨɫɬɟɣ. 

Ⱦɚɧɧɚɹ ɞɢɚɝɪɚɦɦɚ ɹɜɥɹɟɬɫɹ «ɤɨɦɛɢɧɚɰɢɟɣ» ɬɪɟɯ ɞɢɚɝɪɚɦɦμ  

 ɞɢɚɝɪɚɦɦɵ ɜɡɚɢɦɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵɯ ɠɢɞɤɨɫɬɟɣ 
(ɨɛɥɚɫɬɶ kmnf – ɡɞɟɫɶ ɜ ɪɚɜɧɨɜɟɫɢɢ ɧɚɯɨɞɹɬɫɹ ɞɜɚ ɧɚɫɵɳɟɧɧɵɯ ɪɚɫɬɜɨɪɚ Ⱥ ɜ 
ȼ ɢ ȼ ɜ Ⱥ);  

 ɞɢɚɝɪɚɦɦɵ ɤɢɩɟɧɢɹ ɧɟɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵɯ ɠɢɞɤɨɫɬɟɣ ɜ ɨɛɥɚɫɬɹɯ 
ɝɨɦɨɝɟɧɧɨɫɬɢ ɫɢɫɬɟɦɵ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ gAkm (ɡɞɟɫɶ ɧɚɯɨɞɢɬɫɹ ɪɚɫɬɜɨɪ 
ɤɨɦɩɨɧɟɧɬɚ B ɜ A – ɮɚɡɚ ) ɢ ɨɛɥɚɫɬɶ dBfn (ɡɞɟɫɶ ɧɚɯɨɞɢɬɫɹ ɪɚɫɬɜɨɪ 
ɤɨɦɩɨɧɟɧɬɚ A ɜ B – ɮɚɡɚ )ν ɤ ɷɬɢɦ ɨɛɥɚɫɬɹɦ ɩɪɢɦɵɤɚɸɬ ɨɛɥɚɫɬɢ ɪɚɜɧɨɜɟɫɢɹ 
ɠɢɞɤɨɫɬɶ-ɩɚɪ (mOg ɢ nOd); 

 ɞɢɚɝɪɚɦɦɵ ɤɢɩɟɧɢɹ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɞɪɭɝ ɜ ɞɪɭɝɟ ɠɢɞɤɨɫɬɟɣ – ɨɛɥɚɫɬɶ 
ɠɢɞɤɨɫɬɢ ɧɢɠɟ ɥɢɧɢɢ mn ɢ ɨɛɥɚɫɬɢ ɪɚɜɧɨɜɟɫɢɹ ɠɢɞɤɨɫɬɶ-ɩɚɪ (mOg ɢ nOd). 
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ɋɥɭɱɚɣ 1. 
ɉɭɫɬɶ ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɮɢɝɭɪɚɬɢɜɧɨɣ ɬɨɱɤɟ 1. ɋɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚ 

(Ɏ=2). Ɂɞɟɫɶ ɧɚɯɨɞɹɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɞɜɟ ɠɢɞɤɨɫɬɢμ ɧɚɫɵɳɟɧɧɵɣ ɩɪɢ ɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɫɬɜɨɪ ȼ ɜ Ⱥ () ɢ ɧɚɫɵɳɟɧɧɵɣ ɪɚɫɬɜɨɪ Ⱥ ɜ ȼ ().  

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜ ɬɨɱɤɟ 2 ɫɢɫɬɟɦɚ ɩɨɩɚɞɚɟɬ ɧɚ ɥɢɧɢɸ ɥɢɤɜɚɰɢɢ. Ɂɞɟɫɶ 
ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɨɟ ɜɡɚɢɦɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ ȼ ɜ Ⱥ ɢ ɢɫɱɟɡɚɟɬ ɮɚɡɚ . 

ȼ ɬɨɱɤɟ 3 ɠɢɞɤɨɫɬɶ  ɧɚɱɢɧɚɟɬ ɤɢɩɟɬɶ. ɉɨ ɦɟɪɟ ɜɵɤɢɩɚɧɢɹ ɠɢɞɤɨɫɬɢ  

ɩɪɨɢɫɯɨɞɢɬ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɚɜɚ ɩɚɪɚ ɢ ɫɨɫɬɚɜɚ ɪɚɜɧɨɜɟɫɧɨɣ ɫ 
ɧɢɦ ɠɢɞɤɨɫɬɢ . ɋɨɫɬɚɜ ɩɚɪɚ ɞɜɢɠɟɬɫɹ ɩɨ ɥɢɧɢɢ OР, ɚ ɫɨɫɬɚɜ ɠɢɞɤɨɫɬɢ ɜɞɨɥɶ 
ɥɢɧɢɢ ЦР. 

ȼ ɬɨɱɤɟ 4 ɢɫɱɟɡɚɟɬ ɩɨɫɥɟɞɧɹɹ ɩɨɪɰɢɹ ɠɢɞɤɨɣ ɮɚɡɵ , ɢ ɞɚɥɶɲɟ ɩɪɨɢɫɯɨɞɢɬ 
ɧɚɝɪɟɜɚɧɢɟ ɩɚɪɚ ɞɨ ɬɨɱɤɢ 5. 

ɋɥɭɱɚɣ 2. 
ɉɭɫɬɶ ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɮɢɝɭɪɚɬɢɜɧɨɣ ɬɨɱɤɟ 6. ɋɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚ 

(Ɏ=2). Ɂɞɟɫɶ ɧɚɯɨɞɹɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɞɜɟ ɠɢɞɤɨɫɬɢμ ɧɚɫɵɳɟɧɧɵɣ ɩɪɢ ɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɫɬɜɨɪ ȼ ɜ Ⱥ () ɢ ɧɚɫɵɳɟɧɧɵɣ ɪɚɫɬɜɨɪ Ⱥ ɜ ȼ ().  

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜ ɬɨɱɤɟ 7 ɧɚɱɢɧɚɟɬɫɹ ɤɢɩɟɧɢɟ. ɀɢɞɤɨɫɬɢ  ɢ  

ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɩɚɪ ɫɨɫɬɚɜɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɬɨɱɤɟ Ɉ. Ɍɟɦɩɟɪɚɬɭɪɚ ɫɢɫɬɟɦɵ 
ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ ɞɨ ɩɨɥɧɨɝɨ ɢɫɱɟɡɧɨɜɟɧɢɹ (ɜɵɤɢɩɚɧɢɹ) ɠɢɞɤɨɣ ɮɚɡɵ . 

ɉɨɫɥɟ ɢɫɱɟɡɧɨɜɟɧɢɹ ɠɢɞɤɨɣ ɮɚɡɵ  ɩɪɨɞɨɥɠɚɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɩɪɨɢɫɯɨɞɢɬ ɞɚɥɶɧɟɣɲɟɟ ɩɪɟɜɪɚɳɟɧɢɟ ɠɢɞɤɨɣ ɮɚɡɵ  ɜ ɩɚɪ. 

ȼ ɬɨɱɤɟ 8 ɢɫɱɟɡɚɟɬ ɩɨɫɥɟɞɧɹɹ ɩɨɪɰɢɹ ɠɢɞɤɨɣ ɮɚɡɵ , ɢ ɞɚɥɶɲɟ ɩɪɨɢɫɯɨɞɢɬ 
ɧɚɝɪɟɜɚɧɢɟ ɩɚɪɚ ɞɨ ɬɨɱɤɢ 9. 
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2.6. ɉɟɪɟɝɨɧɤɚ. 
ɉɟɪɟɝɨɧɤɚ ɢɥɢ ɞɢɫɬɢɥɥɹɰɢɹ - ɩɪɨɰɟɫɫ ɪɚɡɞɟɥɟɧɢɹ ɠɢɞɤɢɯ ɫɦɟɫɟɣ ɧɚ 

ɨɬɥɢɱɚɸɳɢɟɫɹ ɩɨ ɫɨɫɬɚɜɭ ɮɪɚɤɰɢɢ. 
Ɉɧɚ ɨɫɧɨɜɚɧɚ ɧɚ ɪɚɡɥɢɱɢɢ ɩɪɢ ɤɢɩɟɧɢɢ ɫɨɫɬɚɜɨɜ ɠɢɞɤɨɫɬɢ ɢ 

ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɩɚɪɚ. ɉɪɨɫɬɭɸ ɩɟɪɟɝɨɧɤɭ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɭɬɟɦ ɨɞɧɨɤɪɚɬɧɨɝɨ 
ɱɚɫɬɢɱɧɨɝɨ ɢɫɩɚɪɟɧɢɹ ɠɢɞɤɨɫɬɢ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɚ. Ɉɬɨɝɧɚɧɧɚɹ 
ɮɪɚɤɰɢɹ (ɞɢɫɬɢɥɥɹɬ) ɨɛɨɝɚɳɟɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɟɟ ɥɟɬɭɱɢɦ (ɧɢɡɤɨɤɢɩɹɳɢɦ) 
ɤɨɦɩɨɧɟɧɬɨɦ, ɚ ɨɫɬɚɬɨɤ ɧɟɨɬɨɝɧɚɧɧɨɣ ɠɢɞɤɨɫɬɢ (ɤɭɛɨɜɵɣ ɨɫɬɚɬɨɤ) - ɦɟɧɟɟ 
ɥɟɬɭɱɢɦ (ɜɵɫɨɤɨɤɢɩɹɳɢɦ). 

ɉɪɢ ɷɬɨɦ ɧɟ ɞɨɫɬɢɝɚɟɬɫɹ ɩɨɥɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɫɦɟɫɢ. Ɉɛɚ ɤɨɦɩɨɧɟɧɬɚ 
ɹɜɥɹɸɬɫɹ ɥɟɬɭɱɢɦɢ, ɨɛɚ ɩɟɪɟɯɨɞɹɬ ɜ ɩɚɪɵ, ɧɨ ɜ ɪɚɡɧɨɣ ɫɬɟɩɟɧɢ. ɉɨɷɬɨɦɭ 
ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɩɟɪɟɝɨɧɤɟ ɩɚɪɵ ɧɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɱɢɫɬɨɝɨ 
ɧɢɡɤɨɤɢɩɹɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ. 

ɉɪɨɫɬɭɸ ɩɟɪɟɝɨɧɤɭ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɝɪɭɛɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɫɦɟɫɟɣ ɢɥɢ ɞɥɹ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ ɩɪɨɞɭɤɬɨɜ ɨɬ ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɩɪɢɦɟɫɟɣ. 

 

 

Ʌɚɛɨɪɚɬɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ ɞɥɹ ɩɟɪɟɝɨɧɤɢ ɠɢɞɤɨɫɬɟɣ. 1 – ɤɨɥɛɚ ȼɸɪɰɚν 2 – 

ɬɟɪɦɨɦɟɬɪν 3 – ɯɨɥɨɞɢɥɶɧɢɤν 4 – ɚɥɥɨɧɠν 5 – ɩɪɢɟɦɧɢɤ. 
 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɫɬɨɣ ɩɟɪɟɝɨɧɤɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɚɧɚɥɢɡɚ 
ɞɢɚɝɪɚɦɦɵ ɤɢɩɟɧɢɹ. 
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ɉɭɫɬɶ  ɢɫɯɨɞɧɚɹ ɠɢɞɤɨɫɬɶ ɨɛɨɝɚɳɟɧɚ ɤɨɦɩɨɧɟɧɬɨɦ ȼ (ɫɨɫɬɚɜ L1). 
ɉɨɦɟɳɚɟɦ ɠɢɞɤɨɫɬɶ ɜ ɤɨɥɛɭ ȼɸɪɰɚ ɫɨɟɞɢɧɟɧɧɭɸ ɫ ɯɨɥɨɞɢɥɶɧɢɤɨɦ ɢ ɧɚɱɢɧɚɟɦ 
ɧɚɝɪɟɜɚɬɶ ɫɨɞɟɪɠɢɦɨɟ. 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ2 ɧɚɱɢɧɚɟɬɫɹ ɤɢɩɟɧɢɟ. Ɉɛɪɚɡɭɸɳɢɟɫɹ ɩɟɪɜɵɟ ɩɨɪɰɢɢ 
ɩɚɪɚ ɛɭɞɭɬ ɦɚɤɫɢɦɚɥɶɧɨ ɨɛɨɝɚɳɟɧɵ ɤɨɦɩɨɧɟɧɬɨɦ Ⱥ ɢ ɛɭɞɟɬ ɢɦɟɬɶ ɫɨɫɬɚɜ Ʉ2. 
ɉɟɪɜɵɟ ɤɚɩɥɢ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɯɨɥɨɞɢɥɶɧɢɤɚ ɬɚɤɠɟ ɛɭɞɭɬ ɢɦɟɬɶ ɫɨɫɬɚɜ 
Ʉ2.  

ȼɟɞɟɦ ɩɟɪɟɝɨɧɤɭ ɞɚɥɶɲɟ. Ɍɟɦɩɟɪɚɬɭɪɚ ɛɭɞɟɬ ɩɨɜɵɲɚɬɶɫɹ, ɚ ɫɨɫɬɚɜ ɤɚɩɟɥɶ 
ɤɨɧɞɟɧɫɚɬɚ ɛɭɞɟɬ ɨɛɨɝɚɳɚɬɶɫɹ ɤɨɦɩɨɧɟɧɬɨɦ ȼ. ȿɫɥɢ ɦɵ ɡɚɤɨɧɱɢɦ ɩɟɪɟɝɨɧɤɭ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ3, ɬɨ ɩɨɫɥɟɞɧɢɟ ɤɚɩɥɢ ɤɨɧɞɟɧɫɚɬɚ ɛɭɞɭɬ ɢɦɟɬɶ ɫɨɫɬɚɜ Ʉ3. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜ ɩɪɢɟɦɧɢɤɟ ɫɨɛɟɪɟɬɫɹ ɠɢɞɤɨɫɬɶ ɫɨɫɬɚɜɚ ɦɟɠɞɭ Ʉ2 ɢ Ʉ3 
(ɛɥɢɠɟ ɤ Ʉ3). 

ȿɫɥɢ ɩɨɥɭɱɟɧɧɵɣ ɤɨɧɞɟɧɫɚɬ ɦɵ ɩɨɞɜɟɪɝɧɟɦ ɫɥɟɞɭɸɳɟɣ ɩɟɪɟɝɨɧɤɟ, ɬɨ ɦɵ 
ɩɨɥɭɱɢɦ ɤɨɧɞɟɧɫɚɬ ɫ ɟɳɟ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɨɦɩɨɧɟɧɬɚ Ⱥ. 

Ɇɧɨɝɨɫɬɚɞɢɣɧɚɹ ɩɟɪɟɝɨɧɤɚ ɧɚɡɵɜɚɟɬɫɹ ɞɪɨɛɧɨɣ ɢɥɢ ɮɪɚɤɰɢɨɧɧɨɣ. 

ɉɨɞɜɟɪɝɧɟɦ ɠɢɞɤɨɫɬɶ ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɚɜɚ L1 ɩɟɪɟɝɨɧɤɟ ɜ ɬɪɢ ɫɬɚɞɢɢ 
(ɫɬɭɩɟɧɢ). 



31 

 

T
3

K3

КɈ3 КɈ2
L1K2 K1

T

Tɤɢɩ,B

B

 

 

 

A

Tɤɢɩ,A

T

КɈ1

P=const

1

T
2

T
1

2

3

 

ɉɭɫɬɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɜɨɣ ɩɟɪɟɝɨɧɤɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ1 ɦɵ ɩɨɥɭɱɢɥɢ 
ɤɨɧɞɟɧɫɚɬ ɫɨɫɬɚɜɚ Ʉ1 ɢ ɤɭɛɨɜɵɣ ɨɫɬɚɬɨɤ ɄɈ1. 

ɉɟɪɟɧɟɫɟɦ ɤɨɧɞɟɧɫɚɬ ɜ ɤɨɥɛɭ ȼɸɪɰɚ ɢ ɩɪɨɜɟɞɟɦ ɜɬɨɪɭ ɫɬɚɞɢɸ ɩɟɪɟɝɨɧɤɢ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ Ɍ2. ɋɨɫɬɚɜ ɤɨɧɞɟɧɫɚɬɚ ɛɭɞɟɬ Ʉ2, ɚ ɤɭɛɨɜɨɝɨ ɨɫɬɚɬɤɚ ɄɈ2. 

ɉɨɞɜɟɪɝɧɟɦ ɤɨɧɞɟɧɫɚɬ ɫɨɫɬɚɜɚ Ʉ2 ɬɪɟɬɶɟɣ ɫɬɚɞɢɢ ɩɟɪɟɝɨɧɤɢ  ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ Ɍ3. ɉɪɢ ɷɬɨɦ ɩɨɥɭɱɢɦ ɤɨɧɞɟɧɫɚɬ ɫɨɫɬɚɜɚ Ʉ3 ɦɚɤɫɢɦɚɥɶɧɨ 
ɨɛɨɝɚɳɟɧɧɵɣ ɤɨɦɩɨɧɟɧɬɨɦ Ⱥ ɢ ɤɭɛɨɜɵɣ ɨɫɬɚɬɨɤ ɄɈ3. 

ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɤɭɛɨɜɵɟ ɨɫɬɚɬɤɢ ɄɈ2 ɢ ɄɈ3 
ɫɦɟɲɢɜɚɸɬɫɹ ɢ ɩɨɞɜɟɪɝɚɸɬɫɹ ɞɚɥɶɧɟɣɲɟɣ ɞɪɨɛɧɨɣ ɩɟɪɟɝɨɧɤɟ. 

ɉɨɫɥɟ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɩɨɜɬɨɪɟɧɢɹ ɷɬɨɣ ɨɩɟɪɚɰɢɢ ɜ ɠɢɞɤɨɣ ɮɚɡɟ 
(ɧɚɡɵɜɚɟɦɨɣ ɤɭɛɨɜɵɦ ɨɫɬɚɬɤɨɦ) ɨɫɬɚɧɟɬɫɹ ɬɨɥɶɤɨ ɱɢɫɬɵɣ ɤɨɦɩɨɧɟɧɬ B. 
Ⱥɧɚɥɨɝɢɱɧɨ (ɩɭɬɟɦ ɫɬɭɩɟɧɱɚɬɨɣ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɚ ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɚɜɚ L1 ɢ 
ɨɬɞɟɥɟɧɢɹ ɧɚ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ ɤɨɧɞɟɧɫɚɬɚ) ɩɪɢ ɤɨɧɞɟɧɫɚɰɢɢ ɩɨɫɥɟɞɧɟɣ ɩɨɪɰɢɢ 
ɩɚɪɚ ɛɭɞɟɬ ɩɨɥɭɱɟɧ ɬɨɥɶɤɨ ɱɢɫɬɵɣ ɤɨɦɩɨɧɟɧɬ A. 

Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɞɪɨɛɧɚɹ ɩɟɪɟɝɨɧɤɚ ɧɚɡɵɜɚɟɬɫɹ ɪɟɤɬɢɮɢɤɚɰɢɟɣ.  

Ɋɟɤɬɢɮɢɤɚɰɢɹ - ɫɩɨɫɨɛ ɞɢɫɬɢɥɥɹɰɢɢ, ɩɪɢ ɤɨɬɨɪɨɦ ɱɚɫɬɶ ɠɢɞɤɨɝɨ 
ɤɨɧɞɟɧɫɚɬɚ (ɮɥɟɝɦɚ) ɩɨɫɬɨɹɧɧɨ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɤɭɛ, ɞɜɢɝɚɹɫɶ ɧɚɜɫɬɪɟɱɭ ɩɚɪɭ ɜ 

ɤɨɥɨɧɧɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɩɪɢɦɟɫɢ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɩɚɪɟ, ɱɚɫɬɢɱɧɨ ɩɟɪɟɯɨɞɹɬ 
ɜɨ ɮɥɟɝɦɭ ɢ ɜɨɡɜɪɚɳɚɸɬɫɹ ɜ ɤɭɛ, ɩɪɢ ɷɬɨɦ ɱɢɫɬɨɬɚ ɩɚɪɚ (ɢ ɤɨɧɞɟɧɫɚɬɚ) 
ɩɨɜɵɲɚɟɬɫɹ. 

ɋɢɫɬɟɦɵ ɛɟɡ ɚɡɟɨɬɪɨɩɚ ɱɟɪɟɡ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɫɬɚɞɢɣ ɩɟɪɟɝɨɧɤɢ 
ɬɟɨɪɟɬɢɱɟɫɤɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɱɢɫɬɵɟ ɤɨɦɩɨɧɟɬɵ.  ɇɚ ɩɪɚɤɬɢɤɟ 

ɪɚɡɞɟɥɢɬɶ ɬɚɤɭɸ ɫɦɟɫɶ ɦɨɠɧɨ ɩɪɢ ɭɫɥɨɜɢɢ ɡɧɚɱɢɬɟɥɶɧɨɣ ɪɚɡɧɨɫɬɢ 
ɬɟɦɩɟɪɚɬɭɪ ɤɢɩɟɧɢɹ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɬɨɜ. 

ɋɢɫɬɟɦɵ ɫ ɚɡɟɨɬɪɨɩɨɦ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɠɢɞɤɨɫɬɶ ɚɡɟɨɬɪɨɩɧɨɝɨ 
ɫɨɫɬɚɜɚ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɱɢɫɬɵɣ ɤɨɦɩɨɧɟɧɬ, ɤɨɬɨɪɨɝɨ ɜ ɢɫɯɨɞɧɨɣ ɠɢɞɤɨɫɬɢ 
ɛɨɥɶɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɡɟɨɬɪɨɩɨɦ. 

https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BA%D1%82%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BE%D0%BB%D0%BE%D0%BD%D0%BD%D0%B0
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3. ɊАɋɌȼɈɊЫ ЭɅȿɄɌɊɈɅɂɌɈȼ. 

3.1. Эɥɟɤɬɪɨɥɢɬ. 
ɗɥɟɤɬɪɨɥɢɬɵ – ɜɟɳɟɫɬɜɚ, ɫɩɨɫɨɛɧɵɟ ɪɚɫɩɚɞɚɬɶɫɹ ɧɚ ɢɨɧɵ ɩɪɢ 
ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɩɨɥɹɪɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɢɥɢ ɩɪɢ ɩɥɚɜɥɟɧɢɢ. 
Ɋɚɫɩɚɞ ɦɨɥɟɤɭɥ ɧɚ ɢɨɧɵ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚɡɵɜɚɟɬɫɹ 
ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɟɣ. 

Ɉ ɜɨɡɦɨɠɧɨɫɬɢ ɞɢɫɫɨɰɢɚɰɢɢ ɜɟɳɟɫɬɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ – 

ɢɨɧɨɜ ɟɳɟ ɜ 30-ɯ ɝɨɞɚɯ БIБ ɜɟɤɚ ɭɤɚɡɵɜɚɥ Ɇɚɣɤɥ Ɏɚɪɚɞɟɣ. Ɉɞɧɚɤɨ Ɏɚɪɚɞɟɣ 
ɫɱɢɬɚɥ, ɱɬɨ ɩɪɨɰɟɫɫ ɞɢɫɫɨɰɢɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ. 

Ɉɬɫɸɞɚ ɢ ɩɪɨɢɫɯɨɞɢɬ, ɩɪɟɞɥɨɠɟɧɧɵɣ Ɏɚɪɚɞɟɟɦ, ɬɟɪɦɢɧ "ɷɥɟɤɬɪɨɥɢɬ", ɱɬɨ ɜ 
ɩɟɪɟɜɨɞɟ ɫ ɝɪɟɱɟɫɤɨɝɨ ɨɡɧɚɱɚɟɬ "ɪɚɡɥɚɝɚɟɦɵɣ ɷɥɟɤɬɪɢɱɟɫɬɜɨɦ". Ɉɛɪɚɡɭɸɳɢɟɫɹ 
ɢɨɧɵ (ɞɪ.-ɝɪɟɱ. ἰȩȞ — ɢɞɭɳɟɟ) ɞɜɢɝɚɸɬɫɹ ɤ ɷɥɟɤɬɪɨɞɚɦ, ɩɟɪɟɧɨɫɹ 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. Ɍɟɪɦɢɧ «ɢɨɧ» Ɏɚɪɚɞɟɣ ɜɜɺɥ ɜ 1834 ɝɨɞɭ. ɉɨɥɨɠɢɬɟɥɶɧɨ 
ɡɚɪɹɠɟɧɧɵɟ ɢɨɧɵ, ɞɜɢɠɭɳɢɟɫɹ ɜ ɪɚɫɬɜɨɪɟ ɤ ɨɬɪɢɰɚɬɟɥɶɧɨɦɭ ɷɥɟɤɬɪɨɞɭ 
(ɤɚɬɨɞɭ), Ɏɚɪɚɞɟɣ ɧɚɡɜɚɥ ɤɚɬɢɨɧɚɦɢ, ɚ ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɟ, ɞɜɢɠɭɳɢɟɫɹ ɤ 
ɩɨɥɨɠɢɬɟɥɶɧɨɦɭ ɷɥɟɤɬɪɨɞɭ (ɚɧɨɞɭ) — ɚɧɢɨɧɚɦɢ. 

Ɇɚɣɤɥ ɎАɊАȾȿɃ (22.09.1791 – 25.08.1867). ɜ ɫɟɦɶɟ ɤɭɡɧɟɰɚ. 
Ɋɚɧɨ ɧɚɱɚɥ ɪɚɛɨɬɚɬɶ ɜ ɩɟɪɟɩɥɺɬɧɨɣ ɦɚɫɬɟɪɫɤɨɣ, ɝɞɟ ɭɜɥɺɤɫɹ 

ɱɬɟɧɢɟɦ. Ɇɚɣɤɥɚ ɩɨɬɪɹɫɥɢ ɫɬɚɬɶɢ ɩɨ ɷɥɟɤɬɪɢɱɟɫɬɜɭ ɜ «Ȼɪɢɬɚɧɫɤɨɣ 
ɷɧɰɢɤɥɨɩɟɞɢɢ»μ «Ȼɟɫɟɞɵ ɩɨ ɯɢɦɢɢ» ɦɚɞɚɦ Ɇɚɪɫɷ ɢ «ɉɢɫɶɦɚ ɨ 
ɪɚɡɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɢ ɮɢɥɨɫɨɮɫɤɢɯ ɦɚɬɟɪɢɹɯ» Ʌ. ɗɣɥɟɪɚ. Ɉɧ ɬɭɬ 
ɠɟ ɩɨɫɬɚɪɚɥɫɹ ɩɨɜɬɨɪɢɬɶ ɨɩɢɫɚɧɧɵɟ ɜ ɤɧɢɝɚɯ ɨɩɵɬɵ. Ɍɚɥɚɧɬɥɢɜɵɣ 
ɸɧɨɲɚ ɩɪɢɜɥɺɤ ɤ ɫɟɛɟ ɜɧɢɦɚɧɢɟ, ɢ ɟɝɨ ɩɪɢɝɥɚɫɢɥɢ ɩɨɫɥɭɲɚɬɶ 
ɥɟɤɰɢɢ ɜ Ʉɨɪɨɥɟɜɫɤɨɦ ɢɧɫɬɢɬɭɬɟ ȼɟɥɢɤɨɛɪɢɬɚɧɢɢ. ɑɟɪɟɡ 
ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ Ɏɚɪɚɞɟɣ ɫɬɚɥ ɪɚɛɨɬɚɬɶ ɬɚɦ ɥɚɛɨɪɚɧɬɨɦ. ɋ 1820 ɝ. 
ɨɧ ɭɩɨɪɧɨ ɬɪɭɞɢɥɫɹ ɧɚɞ ɢɞɟɟɣ ɨɛɴɟɞɢɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɢ 
ɦɚɝɧɟɬɢɡɦɚ. ȼɩɨɫɥɟɞɫɬɜɢɢ ɷɬɨ ɫɬɚɥɨ ɞɟɥɨɦ ɜɫɟɣ ɠɢɡɧɢ ɭɱɺɧɨɝɨ. ȼ 

1821 ɝ. Ɏɚɪɚɞɟɣ ɜɩɟɪɜɵɟ ɨɫɭɳɟɫɬɜɢɥ ɜɪɚɳɟɧɢɟ ɦɚɝɧɢɬɚ ɜɨɤɪɭɝ ɩɪɨɜɨɞɧɢɤɚ ɫ ɬɨɤɨɦ ɢ 
ɩɪɨɜɨɞɧɢɤɚ ɫ ɬɨɤɨɦ ɜɨɤɪɭɝ ɦɚɝɧɢɬɚ, ɬ. ɟ. ɫɨɡɞɚɥ ɥɚɛɨɪɚɬɨɪɧɭɸ ɦɨɞɟɥɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. ȼ 
1824 ɝ. ɨɧ ɛɵɥ ɢɡɛɪɚɧ ɱɥɟɧɨɦ Ʌɨɧɞɨɧɫɤɨɝɨ ɤɨɪɨɥɟɜɫɤɨɝɨ ɨɛɳɟɫɬɜɚ. ȼ 1831 ɝ. ɭɱɺɧɵɣ 
ɨɛɧɚɪɭɠɢɥ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ, ɜ ɩɨɫɥɟɞɭɸɳɢɟ ɝɨɞɵ ɭɫɬɚɧɨɜɢɥ 
ɡɚɤɨɧɵ ɷɬɨɝɨ ɹɜɥɟɧɢɹ. Ɉɬɤɪɵɥ ɬɚɤɠɟ ɷɤɫɬɪɚɬɨɤɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɢ ɪɚɡɦɵɤɚɧɢɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ, ɨɩɪɟɞɟɥɢɥ ɢɯ ɧɚɩɪɚɜɥɟɧɢɟ. Ɉɩɢɪɚɹɫɶ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɦɚɬɟɪɢɚɥ, 

ɞɨɤɚɡɚɥ ɬɨɠɞɟɫɬɜɟɧɧɨɫɬɶ «ɠɢɜɨɬɧɨɝɨ» ɢ «ɦɚɝɧɢɬɧɨɝɨ» ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɷɥɟɤɬɪɢɱɟɫɬɜɚ 
ɨɬ ɬɪɟɧɢɹ, ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ. ɉɪɨɩɭɫɤɚɹ ɬɨɤ ɱɟɪɟɡ ɪɚɫɬɜɨɪɵ ɳɟɥɨɱɟɣ, ɫɨɥɟɣ, 
ɤɢɫɥɨɬ, ɫɮɨɪɦɭɥɢɪɨɜɚɥ ɜ 1833 ɝ. ɡɚɤɨɧɵ ɷɥɟɤɬɪɨɥɢɡɚ (ɡɚɤɨɧɵ Ɏɚɪɚɞɟɹ). ȼɜɺɥ ɩɨɧɹɬɢɹ 
«ɤɚɬɨɞ», «ɚɧɨɞ», «ɢɨɧ», «ɷɥɟɤɬɪɨɥɢɡ», «ɷɥɟɤɬɪɨɞ», «ɷɥɟɤɬɪɨɥɢɬ». ɋɤɨɧɫɬɪɭɢɪɨɜɚɥ ɜɨɥɶɬɦɟɬɪ. 
ȼ 1843 ɝ. Ɏɚɪɚɞɟɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɞɨɤɚɡɚɥ ɢɞɟɸ ɫɨɯɪɚɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɪɹɞɚ ɢ 
ɜɩɥɨɬɧɭɸ ɩɨɞɨɲɺɥ ɤ ɨɬɤɪɵɬɢɸ ɡɚɤɨɧɚ ɨ ɫɨɯɪɚɧɟɧɢɢ ɢ ɩɪɟɜɪɚɳɟɧɢɢ ɷɧɟɪɝɢɢ, ɜɵɫɤɚɡɚɜ 
ɦɵɫɥɶ ɨ ɟɞɢɧɫɬɜɟ ɫɢɥ ɩɪɢɪɨɞɵ ɢ ɨɛ ɢɯ ɜɡɚɢɦɧɨɦ ɩɪɟɜɪɚɳɟɧɢɢ. ɋɨɡɞɚɬɟɥɶ ɭɱɟɧɢɹ ɨɛ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ ɩɨɥɟ, ɭɱɺɧɵɣ ɜɵɫɤɚɡɚɥ ɦɵɫɥɶ ɨɛ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɩɪɢɪɨɞɟ ɫɜɟɬɚ 
(ɦɟɦɭɚɪɵ «Ɇɵɫɥɢ ɨ ɥɭɱɟɜɵɯ ɤɨɥɟɛɚɧɢɹɯ», 1846 ɝ.). ȼ 1854 ɝ. ɨɬɤɪɵɥ ɹɜɥɟɧɢɟ ɞɢɚɦɚɝɧɟɬɢɡɦɚ, 
ɚ ɬɪɢ ɝɨɞɚ ɫɩɭɫɬɹ — ɩɚɪɚɦɚɝɧɟɬɢɡɦɚ. ɉɨɥɨɠɢɥ ɧɚɱɚɥɨ ɦɚɝɧɢɬɨɨɩɬɢɤɟ. ȼɜɺɥ ɩɨɧɹɬɢɟ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. ɗɬɚ ɢɞɟɹ, ɩɨ ɦɧɟɧɢɸ Ⱥ. ɗɣɧɲɬɟɣɧɚ, ɛɵɥɚ ɫɚɦɵɦ ɜɚɠɧɵɦ 
ɨɬɤɪɵɬɢɟɦ ɫɨ ɜɪɟɦɺɧ ɂ. ɇɶɸɬɨɧɚ. Ɏɚɪɚɞɟɣ ɠɢɥ ɫɤɪɨɦɧɨ ɢ ɬɢɯɨ, ɩɪɟɞɩɨɱɢɬɚɹ ɜɫɟɦɭ ɡɚɧɹɬɢɹ 
ɨɩɵɬɚɦɢ. ɍɦɟɪ 25 ɚɜɝɭɫɬɚ 1867 ɝ. ɜ Ʌɨɧɞɨɧɟ.  

https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B5%D0%B2%D0%BD%D0%B5%D0%B3%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/1834_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%82%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%82%D0%B8%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B8%D0%BE%D0%BD
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ɉɨɡɠɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫɥɚɛɵɟ ɷɥɟɤɬɪɨɥɢɬɵ ɫɩɨɫɨɛɧɵ ɩɪɚɤɬɢɱɟɫɤɢ 
ɩɨɥɧɨɫɬɶɸ ɞɢɫɫɨɰɢɢɪɨɜɚɬɶ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 
ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ ɛɨɥɟɟ 510

7
 ȼ/ɦ. Ɉɞɧɚɤɨ ɱɚɫɬɢɱɧɚɹ ɢɥɢ ɩɨɥɧɚɹ ɞɢɫɫɨɰɢɚɰɢɹ 

ɷɥɟɤɬɪɨɥɢɬɨɜ ɩɪɨɢɫɯɨɞɢɬ ɛɟɡ ɧɚɥɨɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. 
Ɋɟɚɤɰɢɹ ɞɢɫɫɨɰɢɚɰɢɢ 1-1 ɜɚɥɟɧɬɧɨɣ ɦɨɥɟɤɭɥɵ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɚ ɜ 

ɫɥɟɞɭɸɳɟɦ ɜɢɞɟμ 
AB  A

+
 + B

–
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɢɫɫɨɰɢɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɨɜ ɜ ɪɚɫɬɜɨɪɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɱɚɫɬɢɰ, ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɢɡ ɨɞɧɨɣ ɩɪɨɞɢɫɫɨɰɢɢɪɨɜɚɜɲɟɣ 
ɦɨɥɟɤɭɥɵ ɨɛɪɚɡɭɟɬɫɹ ɦɢɧɢɦɭɦ ɞɜɚ ɢɨɧɚ. Ɋɚɧɟɟ ɦɵ ɪɚɫɫɦɚɬɪɢɜɚɥɢ ɫɜɨɣɫɬɜɚ 
ɪɚɫɬɜɨɪɨɜ, ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɱɢɫɥɚ 
ɪɚɫɬɜɨɪɟɧɧɵɯ ɱɚɫɬɢɰ (ɤɨɧɰɟɧɬɪɚɰɢɢ), ɧɨ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɩɪɢɪɨɞɵ. Ɍɚɤɢɟ 
ɫɜɨɣɫɬɜɚ ɪɚɫɬɜɨɪɨɜ ɧɚɡɵɜɚɸɬɫɹ ɤɨɥɥɢɝɚɬɢɜɧɵɦɢ.  

Ɉɛɨɛɳɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, ȼɚɧɬ-Ƚɨɮɮ ɩɪɢɲɟɥ ɤ ɜɵɜɨɞɭ, ɱɬɨ 
ɪɚɫɬɜɨɪɵ ɷɥɟɤɬɪɨɥɢɬɨɜ ɜɫɟɝɞɚ ɜɟɞɭɬ ɫɟɛɹ ɬɚɤ, ɛɭɞɬɨ ɨɧɢ ɫɨɞɟɪɠɚɬ ɛɨɥɶɲɟ 
ɱɚɫɬɢɰ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɱɟɦ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ. 
Ⱦɥɹ ɭɱɟɬɚ ɷɬɢɯ ɨɬɤɥɨɧɟɧɢɣ ȼɚɧɬ-Ƚɨɮɮ ɩɪɟɞɥɨɠɢɥ ɩɨɩɪɚɜɤɭ – ɢɡɨɬɨɧɢɱɟɫɤɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬ (i): 

2mKiTКɪ 
 

2mEiTКɢɩ 
 

TRCi   

21,011,0 xPiPP 
 Ɉɬɧɨɲɟɧɢɟ ɨɛɳɟɝɨ ɱɢɫɥɚ ɱɚɫɬɢɰ (ɢɨɧɨɜ ɢ ɦɨɥɟɤɭɥ) ɜ ɪɚɫɬɜɨɪɟ ɷɥɟɤɬɪɨɥɢɬɚ 

ɤ ɱɢɫɥɭ ɪɚɫɬɜɨɪɟɧɧɵɯ ɦɨɥɟɤɭɥ ɧɚɡɵɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ȼɚɧɬ-Ƚɨɮɮɚ.  
Ʉɨɷɮɮɢɰɢɟɧɬ ȼɚɧɬ-Ƚɨɮɮɚ ɩɨɤɚɡɵɜɚɟɬ ɬɚɤɠɟ, ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɛɳɚɹ 

ɦɨɥɹɪɧɚɹ ɤɨɧɰɟɧɪɚɰɢɹ ɱɚɫɬɢɰ ɜ ɪɚɫɬɜɨɪɟ ɡɚ ɫɱɟɬ ɞɢɫɫɨɰɢɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚ. 

ɂɡɨɬɨɧɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɪɚɫɬɜɨɪɨɜ ɷɥɟɤɬɪɨɥɢɬɨɜ ɜɫɟɝɞɚ ɛɨɥɶɲɟ 
ɟɞɢɧɢɰɵ, ɩɪɢɱɟɦ ɫ ɪɚɡɛɚɜɥɟɧɢɟɦ ɪɚɫɬɜɨɪɚ i ɜɨɡɪɚɫɬɚɟɬ ɞɨ ɧɟɤɨɬɨɪɨɝɨ 
ɰɟɥɨɱɢɫɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. 

 11  ni   

ɝɞɟ Ч – ɱɢɫɥɨ ɢɨɧɨɜ, ɧɚ ɤɨɬɨɪɨɟ ɞɢɫɫɨɰɢɢɪɭɟɬ ɨɞɧɚ ɦɨɥɟɤɭɥɚ ɷɥɟɤɬɪɨɥɢɬɚν  - 

ɫɬɟɩɟɧɶ ɞɢɫɫɨɰɢɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚ. 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɢɜ ɢɡɨɬɨɧɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɠɧɨ 

ɪɚɫɫɱɢɬɚɬɶ ɫɬɟɩɟɧɶ ɞɢɫɫɨɰɢɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚμ 
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3.2. Ɍɟɨɪɢɹ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɢ Аɪɪɟɧɢɭɫɚ. 
ɇɚɛɥɸɞɚɟɦɵɟ ɨɬɤɥɨɧɟɧɢɹ ɞɥɹ ɪɚɫɬɜɨɪɨɜ ɷɥɟɤɬɪɨɥɢɬɨɜ, ɚ ɬɚɤɠɟ ɢɯ 

ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɨɜɨɞɢɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɛɵɥɢ ɨɛɴɹɫɧɟɧɵ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɢɢ 
ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɢ, ɫɨɡɞɚɧɧɨɣ ɲɜɟɞɫɤɢɦ ɭɱɟɧɵɦ ɋɜɚɧɬɟ 
Ⱥɪɪɟɧɢɭɫɨɦ (1883 ɝ.). 
ɋɜɚɧɬɟ Аɪɪɟɧɢɭɫ (19.02.1859 – 02.10.1927) ɪɨɞɢɥɫɹ ɜ ɢɦɟɧɢɢ ȼɟɣɤ, 
ɧɟɩɨɞɚɥɟɤɭ ɨɬ ɍɩɫɚɥɢ, ɜ ɫɟɦɶɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɢɦɟɧɢɟɦ. ɋ ɪɚɧɧɟɝɨ ɞɟɬɫɬɜɚ 
ɋɜɚɧɬɟ ɜɵɹɜɥɹɥ ɢɫɤɥɸɱɢɬɟɥɶɧɵɟ ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɛɢɨɥɨɝɢɢ, ɮɢɡɢɤɢ ɢ 
ɦɚɬɟɦɚɬɢɤɢ. ȼ 1876 ɝ. ɋɜɚɧɬɟ ɜɫɬɭɩɢɥ ɜ ɍɩɫɚɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝɞɟ ɢɡɭɱɚɥ 
ɦɚɬɟɦɚɬɢɤɭ, ɮɢɡɢɤɭ, ɯɢɦɢɸ. ȼ 1878 ɝ. ɟɦɭ ɩɪɢɫɜɨɢɥɢ ɫɬɟɩɟɧɶ ɛɚɤɚɥɚɜɪɚ 
ɟɫɬɟɫɬɜɟɧɧɵɯ ɧɚɭɤ. ɇɨ ɨɧ ɩɪɨɞɨɥɠɚɥ ɢɡɭɱɟɧɢɟ ɮɢɡɢɤɢ ɜ ɷɬɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ 
ɟɳɟ ɬɪɢ ɝɨɞɚ, ɨɞɧɚɤɨ ɟɦɭ ɛɵɥɢ ɧɭɠɧɵ ɝɥɭɛɨɤɢɟ ɡɧɚɧɢɹ, ɩɨɷɬɨɦɭ ɜ 1881 ɝ. ɨɧ 
ɜɵɟɯɚɥ ɜ ɋɬɨɤɝɨɥɶɦ ɞɥɹ ɩɪɨɞɨɥɠɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɷɥɟɤɬɪɢɱɟɫɬɜɚ. 
ȼ 1883 ɝɨɞɭ ɫɨɡɞɚɥ ɬɟɨɪɢɸ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɢ, ɚ ɜ 1884 ɝ. 
ɡɚɳɢɬɢɥ ɞɨɤɬɨɪɫɤɭɸ ɞɢɫɫɟɪɬɚɰɢɸ ɫ ɧɟɤɨɬɨɪɵɦɢ ɬɪɭɞɧɨɫɬɹɦɢ, ɩɨɫɤɨɥɶɤɭ 
ɦɧɨɝɢɟ ɫ ɭɱɟɧɵɯ ɫɨɦɧɟɜɚɥɢɫɶ ɜ ɩɪɚɜɢɥɶɧɨɫɬɢ ɟɝɨ ɝɢɩɨɬɟɡɵ. ɉɨɬɨɦ ɟɝɨ 
ɧɚɡɧɚɱɢɥɢ ɥɟɤɬɨɪɨɦ ɍɩɫɚɥɶɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, ɧɚ ɷɬɨɣ ɞɨɥɠɧɨɫɬɢ Ⱥɪɪɟɧɢɭɫ 
ɧɚɯɨɞɢɥɫɹ ɞɜɚ ɝɨɞɚ. ȼ 1886 ɝ. Ⱥɪɪɟɧɢɭɫ ɫɬɚɥ ɫɬɢɩɟɧɞɢɚɬɨɦ Ʉɨɪɨɥɟɜɫɤɨɣ 
ɚɤɚɞɟɦɢɢ ɒɜɟɰɢɢ. ɗɬɨ ɞɚɥɨ ɟɦɭ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚ 
ɝɪɚɧɢɰɟɣ. ȼ ɋɬɨɤɝɨɥɶɦɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ Ⱥɪɪɟɧɢɭɫ ɩɨɥɭɱɚɟɬ ɞɨɥɠɧɨɫɬɶ 
ɩɪɨɮɟɫɫɨɪɚ ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ (1897) ɫɬɚɧɨɜɢɬɫɹ ɪɟɤɬɨɪɨɦ ɭɧɢɜɟɪɫɢɬɟɬɚ. ȼ 1903 ɝ. Ⱥɪɪɟɧɢɭɫɭ ɛɵɥɚ ɩɪɢɫɭɠɞɟɧɚ 
ɇɨɛɟɥɟɜɫɤɚɹ ɩɪɟɦɢɹ ɜ ɨɛɥɚɫɬɢ ɯɢɦɢɢ «ɤɚɤ ɩɪɢɡɧɚɧɢɹ ɨɫɨɛɨɝɨ ɡɧɚɱɟɧɢɹ ɟɝɨ ɬɟɨɪɢɢ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ 
ɞɢɫɫɨɰɢɚɰɢɢ ɞɥɹ ɪɚɡɜɢɬɢɹ ɯɢɦɢɢ». Ɍɟɨɪɢɹ ɢɨɧɨɜ Ⱥɪɪɟɧɢɭɫɚ ɡɚɥɨɠɢɥɚ ɨɫɧɨɜɵ ɞɥɹ ɷɥɟɤɬɪɨɯɢɦɢɢ, «ɩɨɡɜɨɥɢɜ 
ɩɪɢɦɟɧɢɬɶ ɤ ɧɟɣ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɩɨɞɯɨɞ». Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɨɪɢɢ Ⱥɪɪɟɧɢɭɫɚ ɟɫɬɶ 
ɡɚɜɟɪɲɟɧɢɹ ɤɨɥɨɫɫɚɥɶɧɨɝɨ ɨɛɨɛɳɟɧɢɹ, ɡɚ ɤɨɬɨɪɨɟ ɩɟɪɜɚɹ ɇɨɛɟɥɟɜɫɤɚɹ ɩɪɟɦɢɹ ɜ ɨɛɥɚɫɬɢ ɯɢɦɢɢ ɛɵɥɚ 
ɩɪɢɫɭɠɞɟɧɚ ȼɚɧɬ-Ƚɨɮɮɭ. Ɉɞɧɚɤɨ ɧɟ ɬɨɥɶɤɨ ɷɬɢɦɢ ɩɪɨɛɥɟɦɚɦɢ ɡɚɧɢɦɚɥɫɹ Ⱥɪɪɟɧɢɭɫ. Ɉɧ ɜɵɞɚɥ ɩɟɱɚɬɶɸ ɫɬɚɬɶɸ 
ɨ ɲɚɪɨɜɵɯ ɦɨɥɧɢɹɯ (1883), ɜɵɭɱɢɥ ɜɥɢɹɧɢɟ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɧɚ ɚɬɦɨɫɮɟɪɭ, ɢɫɤɚɥ ɨɛɴɹɫɧɟɧɢɟ ɬɚɤɢɦ 
ɤɥɢɦɚɬɢɱɟɫɤɢɦ ɢɡɦɟɧɟɧɢɹɦ ɤɚɤ ɥɟɞɧɢɤɨɜɵɟ ɩɟɪɢɨɞɵ, ɫɬɚɪɚɥɫɹ ɩɪɢɦɟɧɢɬɶ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɬɟɨɪɢɢ ɤ 
ɢɡɭɱɟɧɢɸ ɜɭɥɤɚɧɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɬ.ɩ. Ⱥɪɪɟɧɢɭɫ ɩɨɥɭɱɢɥ ɦɧɨɝɨ ɧɚɝɪɚɞ ɢ ɬɢɬɭɥɨɜ. ɋɪɟɞɢ ɧɢɯ — ɦɟɞɚɥɶ 
Ⱦɷɜɢ Ʌɨɧɞɨɧɫɤɨɝɨ ɤɨɪɨɥɟɜɫɤɨɝɨ ɨɛɳɟɫɬɜɚ (1902), І ɦɟɞɚɥɶ ɍɢɥɥɚɪɞɚ Ƚɢɛɛɫɚ Ⱥɦɟɪɢɤɚɧɫɤɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ 
ɨɛɳɟɫɬɜɚ (1911). Ɉɧ ɛɵɥ ɱɥɟɧɨɦ ɦɧɨɝɢɯ ɢɧɨɫɬɪɚɧɧɵɯ ɚɤɚɞɟɦɢɣ. 2 ɨɤɬɹɛɪɹ 1927 ɝ. Ⱥɪɪɟɧɢɭɫ ɩɨɫɥɟ 
ɧɟɩɪɨɞɨɥɠɢɬɟɥɶɧɨɣ ɛɨɥɟɡɧɢ ɜɧɟɡɚɩɧɨ ɭɦɟɪ ɜ ɋɬɨɤɝɨɥɶɦɟ. 

 

Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɬɟɨɪɢɢ Аɪɪɟɧɢɭɫɚ: 
1. ɋɨɥɢ, ɤɢɫɥɨɬɵ, ɨɫɧɨɜɚɧɢɹ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɜɨɞɟ ɢ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ 

ɩɨɥɹɪɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɪɚɫɩɚɞɚɸɬɫɹ (ɞɢɫɫɨɰɢɢɪɭɸɬ) ɧɚ ɩɨɥɨɠɢɬɟɥɶɧɨ ɢ 
ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɟ ɢɨɧɵ.  

2. ɂɨɧɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɡɚɪɹɠɟɧɧɵɟ ɱɚɫɬɢɰɵ, ɤɨɬɨɪɵɟ ɫɨɫɬɨɹɬ ɢɥɢ ɢɡ 
ɨɬɞɟɥɶɧɵɯ ɚɬɨɦɨɜ, ɢɥɢ ɢɡ ɝɪɭɩɩɵ ɚɬɨɦɨɜ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɢɨɧɵ ɜ ɪɚɫɬɜɨɪɟ 
ɜɟɞɭɬ ɫɟɛɹ ɩɨɞɨɛɧɨ ɦɨɥɟɤɭɥɚɦ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ, ɬɨ ɟɫɬɶ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ 
ɞɪɭɝ ɫ ɞɪɭɝɨɦ. 

3. ɗɬɢ ɢɨɧɵ ɫɭɳɟɫɬɜɭɸɬ ɜ ɪɚɫɬɜɨɪɟ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ 
ɪɚɫɬɜɨɪ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɢɥɢ ɧɟɬ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɱɢɫɥɨ ɧɟɡɚɜɢɫɢɦɨ 
ɞɜɢɠɭɳɢɯɫɹ ɱɚɫɬɢɰ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ 
ɞɢɫɫɨɰɢɚɰɢɢ, ɚ ɜɟɥɢɱɢɧɵ ɤɨɥɥɢɝɚɬɢɜɧɵɯ ɫɜɨɣɫɬɜ ɪɚɫɬɜɨɪɨɜ ɜɨɡɪɚɫɬɚɸɬ ɩɪɹɦɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɱɢɫɥɭ ɱɚɫɬɢɰ.  

4. ɇɚɪɹɞɭ ɫ ɩɪɨɰɟɫɫɨɦ ɞɢɫɫɨɰɢɚɰɢɢ ɜ ɪɚɫɬɜɨɪɟ ɢɞɟɬ ɨɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ  

ɚɫɫɨɰɢɚɰɢɹ ɢɨɧɨɜ ɜ ɦɨɥɟɤɭɥɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɢɫɫɨɰɢɚɰɢɹ ɦɨɥɟɤɭɥ ɧɚ ɢɨɧɵ 
ɹɜɥɹɟɬɫɹ ɧɟɩɨɥɧɨɣ, ɩɨɷɬɨɦɭ ɜ ɤɚɱɟɫɬɜɟ ɦɟɪɵ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɢ 

http://biographera.net/biography.php?id=115
http://biographera.net/biography.php?id=115
http://biographera.net/biography.php?id=97


35 

 

Ⱥɪɪɟɧɢɭɫ ɜɜɟɥ ɜɟɥɢɱɢɧɭ ɫɬɟɩɟɧɢ ɞɢɫɫɨɰɢɚɰɢɢ , ɨɩɪɟɞɟɥɹɟɦɭɸ ɤɚɤ ɞɨɥɸ 
ɦɨɥɟɤɭɥ, ɪɚɫɩɚɜɲɢɯɫɹ ɧɚ ɢɨɧɵν ɞɨɥɹ ɦɨɥɟɤɭɥ (1 – ɨɫɬɚɟɬɫɹ 
ɧɟɞɢɫɫɨɰɢɢɪɨɜɚɧɧɨɣμ 

0N

ND ,  

ɝɞɟ ND – ɱɢɫɥɨ ɩɪɨɞɢɫɫɨɰɢɢɪɨɜɚɜɲɢɯ ɦɨɥɟɤɭɥν N0 – ɢɫɯɨɞɧɨɟ ɱɢɫɥɨ ɦɨɥɟɤɭɥ. 
5. ɉɪɨɰɟɫɫ ɞɢɫɫɨɰɢɚɰɢɢ ɨɩɢɫɵɜɚɟɬɫɹ ɡɚɤɨɧɨɦ ɞɟɣɫɬɜɭɸɳɢɯ ɦɚɫɫ. ɉɪɢ 

ɭɦɟɧɶɲɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɫɫɨɰɢɚɰɢɹ ɫɬɚɧɨɜɢɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɣ. 
AB  A

+
 + B

–
 

Ɍɚɤ, ɟɫɥɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɢɫɫɨɰɢɚɰɢɢ ɨɛɪɚɡɭɟɬɫɹ ɨɞɢɧ ɤɚɬɢɨɧ ɢ ɚɧɢɨɧ, ɬɨ 
ɪɚɜɧɨɜɟɫɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɱɚɫɬɢɰ ɜ ɪɚɫɬɜɨɪɟ (ɱɚɫɬɨ ɞɥɹ ɨɛɨɡɧɚɱɟɧɢɹ 
ɪɚɜɧɨɜɟɫɧɵɯ ɦɨɥɹɪɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɱɚɫɬɢɰ ɢɫɩɨɥɶɡɭɸɬ ɤɜɚɞɪɚɬɧɵɟ ɫɤɨɛɤɢ) 

ɦɨɝɭɬ ɛɵɬɶ ɜɵɪɚɠɟɧɵ ɱɟɪɟɡ ɫɬɟɩɟɧɶ ɞɢɫɫɨɰɢɚɰɢɢ ( ɢ ɤɨɧɰɟɧɬɪɚɰɢɸ 
ɷɥɟɤɬɪɨɥɢɬɚ ɜ ɪɚɫɱɟɬɟ ɧɚ ɩɨɥɧɨɫɬɶɸ ɧɟɞɢɫɫɨɰɢɢɪɨɜɚɧɧɨɟ ɜɟɳɟɫɬɜɨ (ɋ)μ 

      CABCBA )1(;    . 

Ʉɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ (ɤɨɧɫɬɚɧɬɚ ɞɢɫɫɨɰɢɚɰɢɢ ɄȾ) ɫɨɝɥɚɫɧɨ ɡɚɤɨɧɭ 
ɞɟɣɫɬɜɭɸɳɢɯ ɦɚɫɫ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

   
 AB

BA
K Ⱦ

 
 , 






1

2C
K Ⱦ  

Ⱦɚɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɡɚɤɨɧɨɦ ɪɚɡɜɟɞɟɧɢɹ (ɪɚɡɛɚɜɥɟɧɢɹ) 
Ɉɫɬɜɚɥɶɞɚ (1888 ɝ.).  

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɫɩɪɚɜɟɞɥɢɜɨ ɬɨɥɶɤɨ ɞɥɹ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɛɢɧɚɪɧɵɯ ɫɥɚɛɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ, ɤɨɝɞɚ ɦɨɥɟɤɭɥɚ ɞɢɫɫɨɰɢɢɪɭɟɬ 
ɧɚ ɨɞɢɧ ɤɚɬɢɨɧ ɢ ɨɞɢɧ ɚɧɢɨɧ. 

Ɍɚɤ ɤɚɤ ɄȾ ɹɜɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɬɨ ɦɨɠɧɨ 
ɪɚɫɫɱɢɬɚɬɶ ɫɬɟɩɟɧɶ ɞɢɫɫɨɰɢɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚ ɩɥɢ ɞɚɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢμ 

C

CKKK ȾȾȾ

2

42 
  

ɉɪɢ ɦɚɥɵɯ ɤɨɧɫɬɚɧɬɚɯ ɞɢɫɫɨɰɢɚɰɢɢ ɢ ɧɟ ɨɱɟɧɶ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 
ɷɥɟɤɬɪɨɥɢɬɚ, ɤɨɝɞɚ CKK ȾȾ 42  : 

C

K Ⱦ  

ȼɟɥɢɱɢɧɚ ɫɬɟɩɟɧɢ ɞɢɫɫɨɰɢɚɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ 
ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɨ ɜɟɥɢɱɢɧɟ 
ɫɬɟɩɟɧɢ ɞɢɫɫɨɰɢɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɵ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɬɪɢ ɝɪɭɩɩɵμ ɫɢɥɶɧɵɟ ( 
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≥ 0.7), ɫɪɟɞɧɟɣ ɫɢɥɵ (0.3 <  < 0.7) ɢ ɫɥɚɛɵɟ ( ≤ 0.3). Ʉ ɫɢɥɶɧɵɦ ɷɥɟɤɬɪɨɥɢɬɚɦ 
ɨɬɧɨɫɹɬɫɹ ɩɨɱɬɢ ɜɫɟ ɫɨɥɢ (ɤɪɨɦɟ ɊЛ(ɋɇ3ɋɈɈ)2, ɇРɋХ2, ɋНɋХ2), ɛɨɥɶɲɢɧɫɬɜɨ 
ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ ɢ ɳɟɥɨɱɟɣν ɤ ɫɥɚɛɵɦ – ɜɫɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɢɫɥɨɬɵ, ɜɨɞɚ, 
Nɇ4Ɉɇ, ɇ2S ɢ ɬ.ɞ. ɗɥɟɤɬɪɨɥɢɬɚɦɢ ɫɪɟɞɧɟɣ ɫɢɥɵ ɹɜɥɹɸɬɫɹ ɧɟɤɨɬɨɪɵɟ 
ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɤɢɫɥɨɬɵμ ɇό, ɇɋN, ɇ3PO4. 

ȼɢɥɶɝɟɥɶɦ Ɉɫɬɜɚɥɶɞ (2.09.1853 – 4.04.1932) ɪɨɞɢɥɫɹ ɜ Ɋɢɝɟ (Ʌɚɬɜɢɹ) 
ɜ ɫɟɦɶɟ ɭɦɟɥɨɝɨ ɛɨɧɞɚɪɹ. ɑɪɟɡɜɵɱɚɣɧɨ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɢɧɬɟɪɟɫɨɜ 
ɩɪɨɹɜɢɥɫɹ ɭ Ɉɫɬɜɚɥɶɞɚ ɟɳɟ ɜ ɪɢɠɫɤɨɣ ɝɢɦɧɚɡɢɢ. Ɉɧ ɭɜɥɟɤɚɥɫɹ 
ɯɢɦɢɟɣ, ɮɢɡɢɤɨɣ, ɥɢɬɟɪɚɬɭɪɨɣ ɢ ɪɢɫɨɜɚɧɢɟɦ, ɚ ɬɚɤɠɟ ɢɝɪɚɥ ɧɚ ɚɥɶɬɟ ɢ 
ɮɨɪɬɟɩɢɚɧɨ. 1872 ɝ. ɨɧ ɫɬɚɥ ɫɬɭɞɟɧɬɨɦ ɯɢɦɢɱɟɫɤɨɝɨ ɮɚɤɭɥɶɬɟɬɚ 
Ⱦɟɪɩɬɫɤɨɝɨ (ɧɵɧɟ Ɍɚɪɬɭɫɤɨɝɨ) ɭɧɢɜɟɪɫɢɬɟɬɚ, ɚ 1876 ɝ. ɩɨɥɭɱɢɥ 
ɫɬɟɩɟɧɶ ɛɚɤɚɥɚɜɪɚ ɢ ɨɫɬɚɥɫɹ ɜ ɚɫɩɢɪɚɧɬɭɪɟ, ɡɚɧɢɦɚɹ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɞɨɥɠɧɨɫɬɶ ɩɪɢɜɚɬ-ɞɨɰɟɧɬɚ. ɉɪɨɹɜɢɥ ɢɧɬɟɪɟɫ ɤ ɡɚɛɵɬɨɣ ɬɨɝɞɚ 
ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ. ɉɢɫɚɥ ɦɚɝɢɫɬɟɪɫɤɭɸ ɪɚɛɨɬɭ ɜ Ⱦɟɪɩɬɫɤɨɦ 

ɭɧɢɜɟɪɫɢɬɟɬɟ. ȼ 1878 ɝ. Ɉɫɬɜɚɥɶɞɭ ɩɪɢɫɜɨɟɧɚ ɞɨɤɬɨɪɫɤɚɹ ɫɬɟɩɟɧɶ ɡɚ 
ɞɢɫɫɟɪɬɚɰɢɸ ɨɛ ɨɩɬɢɱɟɫɤɨɦ ɤɨɷɮɮɢɰɢɟɧɬɟ ɩɪɟɥɨɦɥɟɧɢɹ ɤɢɫɥɨɬɧɨ-

ɨɫɧɨɜɧɵɯ ɪɟɚɤɰɢɣ. Ɉɧ ɩɪɟɩɨɞɚɜɚɥ ɮɢɡɢɤɭ ɢ ɯɢɦɢɸ ɜ ɦɟɫɬɧɨɣ ɲɤɨɥɟ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɪɚɛɨɬɚɥ ɚɫɫɢɫɬɟɧɬɨɦ ɭ ɩɪɨɮ. Ⱥ. ɮɨɧ ȿɬɬɢɧɝɟɧɚ. ȼ 1881 ɝ. Ɉɫɬɜɚɥɶɞɚ ɛɵɥ ɢɡɛɪɚɧ ɩɪɨɮɟɫɫɨɪɨɦ 
ɯɢɦɢɢ Ɋɢɠɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ. Ɉɧ ɧɚɩɢɫɚɥ ɪɹɞ ɭɱɟɛɧɢɤɨɜ, ɤɨɬɨɪɵɟ ɫɵɝɪɚɥɢ 
ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɭɬɜɟɪɠɞɟɧɢɢ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɞɢɫɰɢɩɥɢɧɵ. ȼ 1887 ɝ. 
Ɉɫɬɜɚɥɶɞɚ ɛɵɥ ɧɚɡɧɚɱɟɧ ɩɟɪɜɵɦ ɩɪɨɮɟɫɫɨɪɨɦ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɜ Ʌɟɣɩɰɢɝɡɤɨɦ 
ɭɧɢɜɟɪɫɢɬɟɬɟ, ɝɞɟ ɪɚɛɨɬɚɥɢ əɤɨɛ ȼɚɧɬ-Ƚɨɮɮ, Ⱥɪɪɟɧɢɭɫ ɢ ȼ.ɇɟɪɧɫɬ. ȼ ɷɬɨɦ ɝɨɞɭ ɨɧ ɨɫɧɨɜɚɥ 
«ɀɭɪɧɚɥ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ», ɝɞɟ ɛɵɥ ɪɟɞɚɤɬɨɪɨɦ ɦɧɨɝɨ ɥɟɬ. Ɉɫɧɨɜɚɧɧɨɟ ɢɦ ɧɟɦɟɰɤɨɟ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ ɨɛɳɟɫɬɜɨ ɜ ɫɤɨɪɨɦ ɜɪɟɦɟɧɢ ɛɵɥɨ ɩɪɟɨɛɪɚɡɨɜɚɧɨ ɜ ɇɟɦɟɰɤɨɟ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɨɟ ɨɛɳɟɫɬɜɨ Ȼɭɧɡɟɧɚ. ȼ 1890 ɝ. ɨɧ ɧɚɱɢɧɚɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɷɧɟɪɝɢɸ ɤɚɤ 
ɩɟɪɜɨɨɫɧɨɜɭ ɮɢɡɢɱɟɫɤɨɝɨ ɦɢɪɚ. Ɉɫɬɜɚɥɶɞ ɫɤɟɩɬɢɱɟɫɤɢ ɨɬɧɨɫɢɥɫɹ ɤɨ ɜɫɟɦ 
ɦɚɬɟɪɢɚɥɢɫɬɢɱɟɫɤɢɯ ɤɨɧɰɟɩɰɢɹɦ, ɨɫɨɛɟɧɧɨ ɤ ɚɬɨɦɧɨ-ɦɨɥɟɤɭɥɹɪɧɨɣ ɬɟɨɪɢɢ. Ɉɧ ɭɬɜɟɪɠɞɚɟɬ, 
ɱɬɨ ɟɫɬɟɫɬɜɟɧɧɵɟ ɹɜɥɟɧɢɹ ɦɨɝɭɬ ɨɛɴɹɫɧɹɬɶɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ ɷɧɟɪɝɢɢ, ɜɵɜɟɥ ɡɚɤɨɧ 
ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɧɚ ɭɪɨɜɟɧɶ ɮɢɥɨɫɨɮɫɤɢɯ ɨɛɨɛɳɟɧɢɣ ɫɨɝɥɚɫɧɨ ɬɚɤɨɦɭ ɩɨɞɯɨɞɭ. ȼ 1906 ɝ. 
Ɉɫɬɜɚɥɶɞ ɜɵɯɨɞɢɬ ɜ ɨɬɫɬɚɜɤɭ ɢ ɩɨɫɜɹɳɚɟɬ ɫɟɛɹ ɢɡɭɱɟɧɢɸ ɷɧɟɪɝɢɢ ɰɜɟɬɚ, ɚ ɬɚɤɠɟ 
ɨɪɝɚɧɢɡɚɬɨɪɫɤɨɣ ɢ ɬɜɨɪɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. ȼ 1909 ɝ. Ɉɫɬɜɚɥɶɞɭ ɩɪɢɫɭɠɞɟɧɚ ɇɨɛɟɥɟɜɫɤɚɹ 
ɩɪɟɦɢɹ ɜ ɨɛɥɚɫɬɢ ɯɢɦɢɢ «ɧɚ ɡɧɚɤ ɩɪɢɡɧɚɧɢɹ ɟɝɨ ɪɚɡɪɚɛɨɬɨɤ ɩɨ ɤɚɬɚɥɢɡɭ, ɚ ɬɚɤɠɟ ɡɚ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɧɨɜɧɵɯ ɩɪɢɧɰɢɩɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɢ ɭɫɤɨɪɟɧɢɹ ɢɥɢ 
ɡɚɦɟɞɥɟɧɢɹ ɪɟɚɤɰɢɣ», ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɪɚɡɜɢɬɢɹ ɬɟɨɪɢɢ, ɧɨ ɢ 
ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. ɗɬɨ — ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɢ ɫɢɧɬɟɡ ɤɪɚɫɢɬɟɥɟɣ ɧɚ 
ɨɫɧɨɜɟ ɢɧɞɢɝɨ. ȼ.Ɉɫɬɜɚɥɶɞ ɩɪɢɧɢɦɚɥ ɭɱɚɫɬɢɟ ɜ ɪɚɛɨɬɟ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɦɟɠɞɭɧɚɪɨɞɧɵɯ 
ɧɚɭɱɧɵɯ ɨɛɳɟɫɬɜ, ɜɤɥɸɱɚɹ Ɇɟɠɞɭɧɚɪɨɞɧɭɸ ɤɨɦɢɫɫɢɸ ɩɨ ɚɬɨɦɧɵɦ ɜɟɫɚɦ ɢ 
Ɇɟɠɞɭɧɚɪɨɞɧɭɸ ɚɫɫɨɰɢɚɰɢɸ ɯɢɦɢɱɟɫɤɢɯ ɨɛɳɟɫɬɜ. ȿɝɨ ɢɧɬɟɪɟɫɨɜɚɥɢ ɜɨɩɪɨɫ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɩɨɞɝɨɬɨɜɤɢ ɭɱɟɧɵɯ. Ɉɞɢɧ ɢɡ ɟɝɨ ɫɵɧɨɜɟɣ, ȼɢɥɶɝɟɥɶɦ 
ȼɨɥɶɮɝɚɧɝ Ɉɫɬɜɚɥɶɞ, ɫɬɚɥ ɜɵɞɚɸɳɢɦɫɹ ɭɱɟɧɵɦ ɜ ɨɛɥɚɫɬɢ ɤɨɥɥɨɢɞɧɨɣ ɯɢɦɢɢ. 
 

3.3. ɇɟɞɨɫɬɚɬɤɢ ɬɟɨɪɢɢ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɢ Аɪɪɟɧɢɭɫɚ. 
1. Ɍɟɨɪɢɹ ɢɝɧɨɪɢɪɨɜɚɥɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɨɧɨɜ ɫ ɞɢɩɨɥɹɦɢ ɜɨɞɵ ɢɥɢ ɞɪɭɝɨɝɨ 

ɩɨɥɹɪɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. 
Ɉɞɧɚɤɨ ɢɦɟɧɧɨ ɞɚɧɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɞɢɫɫɨɰɢɚɰɢɢ 

ɦɨɥɟɤɭɥ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɨɪɢɹ Ⱥɪɪɟɧɢɭɫɚ ɧɟ ɪɚɫɤɪɵɜɚɥɚ ɩɪɢɱɢɧɵ 
ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɢ. 

2. Ɍɟɨɪɢɹ ɢɝɧɨɪɢɪɨɜɚɥɚ ɢɨɧ-ɢɨɧɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ. 
ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɪɚɫɫɱɢɬɚɧɧɚɹ Ʉɞ ɩɨ ɡɚɤɨɧɭ ɪɚɡɜɟɞɟɧɢɹ Ɉɫɬɜɚɥɶɞɚ ɧɟ 

http://biographera.net/biography.php?id=160
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http://biographera.net/biography.php?id=115
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ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ, ɚ ɢɡɦɟɧɹɟɬɫɹ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɷɥɟɤɬɪɨɥɢɬɚ. Ɉɫɨɛɟɧɧɨ 
ɫɢɥɶɧɨ ɷɬɨɬ ɧɟɞɨɫɬɚɬɨɤ ɩɪɨɹɜɥɹɟɬɫɹ ɞɥɹ ɫɢɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ. Ɍɟɨɪɢɹ 
ɫɬɚɧɨɜɢɬɫɹ ɩɪɢɦɟɧɢɦɚ ɞɥɹ ɪɚɡɛɚɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ (ɋ<0,1 Ɇ) ɫɥɚɛɵɯ 
ɷɥɟɤɬɪɨɥɢɬɨɜ ɩɪɢ ɫɬɟɩɟɧɹɯ ɞɢɫɫɨɰɢɚɰɢɢ <0,05. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɨɪɢɹ 
Ⱥɪɪɟɧɢɭɫɚ ɧɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɥɚ ɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɥɢɬɨɜ ɧɚ ɫɢɥɶɧɵɟ ɢ ɫɥɚɛɵɟ.  

3.4. ɉɪɢɱɢɧɵ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɢ. 

ɋɨɥɶɜɚɬɚɰɢɹ (ɝɢɞɪɚɬɚɰɢɹ).  
ɉɨ ɫɨɜɪɟɦɟɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ ɩɪɢɱɢɧɨɣ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ 

ɞɢɫɫɨɰɢɚɰɢɢ ɹɜɥɹɟɬɫɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɩɨɥɹɪɧɵɦɢ 
ɦɨɥɟɤɭɥɚɦɢ ɢ ɢɨɧɚɦɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɢ ɩɨɥɹɪɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ 
ɪɚɫɬɜɨɪɢɬɟɥɹ (ɫɨɥɶɜɚɬɚɰɢɹ), ɩɪɢɜɨɞɹɳɟɟ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɨɟɞɢɧɟɧɢɣ ɫɨɥɶɜɚɬɨɜ 
(ɤɨɦɩɥɟɤɫɨɜ). ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɪɚɫɬɜɨɪɢɬɟɥɶ – ɜɨɞɚ, ɝɨɜɨɪɹɬ ɨ ɝɢɞɪɚɬɚɰɢɢ ɢ 
ɨɛɪɚɡɨɜɚɧɢɢ ɝɢɞɪɚɬɨɜ. Ɇɨɥɟɤɭɥɚ ɜɨɞɵ – ɩɨɥɹɪɧɚ, ɟɟ ɞɢɩɨɥɶɧɵɣ ɦɨɦɟɧɬ 
ȝ=1,84 D, ɬ.ɟ. ɨɧɚ ɨɛɥɚɞɚɟɬ ɫɢɥɶɧɵɦ ɩɨɥɹɪɢɡɭɸɳɢɦ ɞɟɣɫɬɜɢɟɦ. 

ɗɧɟɪɝɢɹ, ɧɟɨɛɯɨɞɢɦɚɹ ɧɚ ɪɚɡɪɵɜ ɫɜɹɡɢ ɜ ɦɨɥɟɤɭɥɟ ɢɥɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɪɟɲɟɬɤɟ, ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɷɧɟɪɝɢɟɣ, ɜɵɞɟɥɹɸɳɟɣɫɹ ɩɪɢ ɫɨɥɶɜɚɬɚɰɢɢ 
ɨɛɪɚɡɭɸɳɢɯɫɹ ɢɨɧɨɜ. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɢ ɢɨɧɚɦɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɢ 
ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ ɦɨɠɟɬ ɫɨɫɬɨɹɬɶ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢɥɢ ɨɞɧɨɜɪɟɦɟɧɧɨμ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɫɫɨɰɢɚɰɢɢ, ɨɛɪɚɡɨɜɚɧɢɹ 
ɫɨɥɶɜɚɬɨɜ, ɢɨɧɢɡɚɰɢɢ ɢ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɢ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ 
ɪɚɫɬɜɨɪɹɸɳɢɯɫɹ ɜɟɳɟɫɬɜ ɱɢɫɥɨ ɫɬɚɞɢɣ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ. Ɍɚɤ, ɜ ɫɥɭɱɚɟ ɢɨɧɧɵɯ 
ɤɪɢɫɬɚɥɥɨɜ ɫɬɚɞɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɝɢɞɪɚɬɨɜ ɢ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɚɹ ɞɢɫɫɨɰɢɚɰɢɹ 
ɫɨɜɦɟɳɟɧɵ. 

ȼ ɫɥɭɱɚɟ ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɜɟɳɟɫɬɜ ɩɟɪɜɨɣ ɫɬɚɞɢɟɣ ɹɜɥɹɟɬɫɹ ɦɨɥɟɤɭɥɹɪɧɚɹ 
ɞɢɫɫɨɰɢɚɰɢɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. ɉɪɨɰɟɫɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɫɫɨɰɢɚɰɢɢ 
ɩɪɨɢɫɯɨɞɢɬ ɜɫɥɟɞɫɬɜɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ 
ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ AB, (Ц+Ч) ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɣ ɦɨɥɟɤɭɥɵ AB(Ц+Ч)ɇ2Ɉμ 

AB + (Ц+Ч)ɇ2Ɉ  ɄȺ(Ц+Ч)ɇ2Ɉ (ɫɬɚɞɢɹ 1). 
Ɉɛɪɚɡɭɸɳɢɣɫɹ ɝɢɞɪɚɬ ɞɢɫɫɨɰɢɢɪɭɟɬ ɧɚ ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɟ ɢɨɧɵ (ɫɬɚɞɢɹ 

ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɢ)μ 
AB(Ц+Ч)ɇ2Ɉ  A

+·Цɇ2Ɉ + B–·Чɇ2Ɉ (ɫɬɚɞɢɹ 2). 

 

ɉɪɨɰɟɫɫ ɫɨɥɶɜɚɬɚɰɢɢ ɦɨɠɟɬ ɨɫɬɚɧɨɜɢɬɶɫɹ ɧɚ ɥɸɛɨɣ ɫɬɚɞɢɢ. ȿɫɥɢ ɩɪɨɰɟɫɫ 
ɝɢɞɪɚɬɚɰɢɢ ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɫɬɚɞɢɢ 1, ɬɨ ɫɢɫɬɟɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɪɚɫɬɜɨɪ ɧɟɷɥɟɤɬɪɨɥɢɬɚ. Ɉɧɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟɦ ɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɟ ɢ 
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ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɟ ɨɛɥɚɞɚɟɬ ɢɨɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ. ȿɫɥɢ 
ɩɪɨɰɟɫɫ ɝɢɞɪɚɬɚɰɢɢ ɩɪɨɬɟɤɚɟɬ ɞɨ ɫɬɚɞɢɢ 2, ɬɨ ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɪɚɫɬɜɨɪɨɦ 
ɷɥɟɤɬɪɨɥɢɬɚ, ɬ.ɟ. ɢɦɟɟɬ ɦɟɫɬɨ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɚɹ ɞɢɫɫɨɰɢɚɰɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɢɨɧɨɜ. ɍɪɚɜɧɟɧɢɟ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ, ɨɩɭɫɬɢɜ 
ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɫɬɚɞɢɢ, ɭɤɚɡɚɜ ɥɢɲɶ ɧɚɱɚɥɶɧɵɟ ɢ ɤɨɧɟɱɧɵɟ ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢμ 

AB + (Ц+Ч)ɇ2Ɉ  A
+·Цɇ2Ɉ + B–·Чɇ2Ɉ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɝɢɞɪɚɬɨɜ (ɫɨɥɶɜɚɬɨɜ) ɤɚɤ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ 
ɬɨ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ Ч ɢ Ц ɦɟɧɹɸɬɫɹ ɫ ɢɡɦɟɧɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ, 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɬɜɨɪɚ. ɉɨɷɬɨɦɭ ɩɪɢɜɟɞɟɧɧɵɟ ɮɨɪɦɭɥɵ 
ɝɢɞɪɚɬɨɜ (ɫɨɥɶɜɚɬɨɜ) ɧɟ ɨɬɪɚɠɚɸɬ ɢɯ ɢɫɬɢɧɧɨɝɨ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɢ 
ɜ ɭɪɚɜɧɟɧɢɹɯ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɟ ɢɨɧɵ ɨɛɵɱɧɨ ɡɚɩɢɫɵɜɚɸɬ, 
ɤɚɤ A+

(aq), B
–
(aq). 

Ɉɞɧɚɤɨ ɱɚɫɬɨ ɜ ɩɨɞɨɛɧɵɯ ɭɪɚɜɧɟɧɢɹɯ ɨɩɭɫɤɚɸɬ ɦɨɥɟɤɭɥɵ ɪɚɫɬɜɨɪɢɬɟɥɹ, 
ɡɚɩɢɫɵɜɚɹ ɢɯ ɜ ɬɚɤɨɦ ɜɢɞɟμ 

AB  A
+ 

+ B
–
. 

ɗɥɟɤɬɪɨɥɢɬɢɱɟɫɤɚɹ ɞɢɫɫɨɰɢɚɰɢɹ ɩɪɨɬɟɤɚɟɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ (∆ύ<0). 
ɉɨɧɢɠɟɧɢɟ ɢɡɨɛɚɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɨɛɭɫɥɨɜɥɟɧɨ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɯ (ɫɨɥɶɜɚɬɢɪɨɜɚɧɧɵɯ) ɢɨɧɨɜ. ɗɧɟɪɝɢɢ ɝɢɞɪɚɬɚɰɢɢ 
(ɫɨɥɶɜɚɬɚɰɢɢ) ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɪɚɡɪɭɲɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɜ ɦɨɥɟɤɭɥɚɯ ɢɥɢ 
ɢɨɧɧɵɯ ɤɪɢɫɬɚɥɥɚɯ. 

Ɇɟɯɚɧɢɡɦ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɢ. 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɪɭɤɬɭɪɵ ɪɚɫɬɜɨɪɹɸɳɟɝɨɫɹ ɜɟɳɟɫɬɜɚ ɜ ɛɟɡɜɨɞɧɨɦ 

ɫɨɫɬɨɹɧɢɢ ɟɝɨ ɞɢɫɫɨɰɢɚɰɢɹ ɩɪɨɬɟɤɚɟɬ ɩɨ-ɪɚɡɧɨɦɭ. ɇɚɢɛɨɥɟɟ ɬɢɩɢɱɧɵ ɞɜɚ 
ɫɥɭɱɚɹμ 

1. Ɋɚɫɬɜɨɪɟɧɧɨɟ ɜɟɳɟɫɬɜɨ ɫ ɢɨɧɧɨɣ ɫɜɹɡɶɸ (NКCХ, KCХ ɢ ɬ.ɞ.). «Ɇɨɥɟɤɭɥɵ» 
ɬɚɤɢɯ ɜɟɳɟɫɬɜ ɭɠɟ ɫɨɫɬɨɹɬ ɢɡ ɢɨɧɨɜ. ɉɪɢ ɢɯ ɪɚɫɬɜɨɪɟɧɢɢ ɩɨɥɹɪɧɵɟ ɦɨɥɟɤɭɥɵ 
ɜɨɞɵ (ɞɢɩɨɥɢ) ɛɭɞɭɬ ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɤ ɢɨɧɚɦ ɫɜɨɢɦɢ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦɢ 
ɤɨɧɰɚɦɢ. Ɇɟɠɞɭ ɢɨɧɚɦɢ ɢ ɞɢɩɨɥɹɦɢ ɜɨɞɵ ɜɨɡɧɢɤɚɸɬ ɫɢɥɵ ɜɡɚɢɦɧɨɝɨ 
ɩɪɢɬɹɠɟɧɢɹ (ɢɨɧ-ɞɢɩɨɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ), ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɜɹɡɶ ɦɟɠɞɭ ɢɨɧɚɦɢ 
ɨɫɥɚɛɟɜɚɟɬ ɢ ɨɧɢ ɜ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɦ ɜɢɞɟ ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ. ȼ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɪɚɫɬɜɨɪɟɧɢɟɦ ɩɪɨɢɫɯɨɞɢɬ 
ɞɢɫɫɨɰɢɚɰɢɹ ɦɨɥɟɤɭɥ. ȼɟɳɟɫɬɜɚ ɫ ɢɨɧɧɨɣ ɫɜɹɡɶɸ ɞɢɫɫɨɰɢɢɪɭɸɬ ɥɟɝɱɟ ɜɫɟɝɨ. 

 

Ⱦɢɫɫɨɰɢɚɰɢɢ ɢɨɧɧɨɝɨ ɤɪɢɫɬɚɥɥɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɢɨɧɨɜ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ ɜ ɫɪɟɞɟ ɫ ɜɵɫɨɤɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ. ɋɨɝɥɚɫɧɨ ɡɚɤɨɧɭ Ʉɭɥɨɧɚ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɞɜɭɯ ɡɚɪɹɠɟɧɧɵɯ 
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ɱɚɫɬɢɰ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɫɪɟɞɵμ 
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ȼɨɞɚ  (ε = 81), ɚ ɬɚɤɠɟ HCN (ε = 107) ɢ ɇɋɈɈɇ (ε = 57) ɨɬɧɨɫɹɬɫɹ ɤ 
ɪɚɫɬɜɨɪɢɬɟɥɹɦ, ɜɵɡɵɜɚɸɳɢɦ ɫɢɥɶɧɭɸ ɞɢɫɫɨɰɢɚɰɢɸ. ɇɢɡɲɢɟ ɫɩɢɪɬɵ ɢ ɤɟɬɨɧɵ, 
ɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ, ɩɢɪɢɞɢɧ ɢɦɟɸɬ ε = 20-35 ɢ ɬɚɤɠɟ ɫɩɨɫɨɛɧɵ ɨɛɪɚɡɨɜɵɜɚɬɶ 
ɷɥɟɤɬɪɨɥɢɬɵ, ɯɨɬɹ ɢ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ (ε – ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ 
ɪɚɫɬɜɨɪɢɬɟɥɹ). 

2. Ɋɚɫɬɜɨɪɟɧɧɨɟ ɜɟɳɟɫɬɜɨ ɫ ɩɨɥɹɪɧɨɣ ɤɨɜɚɥɟɧɬɧɨɣ ɫɜɹɡɶɸ (ɧɚɩɪɢɦɟɪ, ɇCХ, 
H2SO4, H2S ɢ ɞɪ.). Ɂɞɟɫɶ ɬɚɤɠɟ ɜɨɤɪɭɝ ɤɚɠɞɨɣ ɩɨɥɹɪɧɨɣ ɦɨɥɟɤɭɥɵ ɜɟɳɟɫɬɜɚ 
ɨɪɢɟɧɬɢɪɭɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɛɪɚɡɨɦ ɞɢɩɨɥɢ ɜɨɞɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɝɢɞɪɚɬɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɨɝɨ ɞɢɩɨɥɶ-ɞɢɩɨɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɜɹɡɭɸɳɟɟ 
ɷɥɟɤɬɪɨɧɧɨɟ ɨɛɥɚɤɨ (ɷɥɟɤɬɪɨɧɧɚɹ ɩɚɪɚ) ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɫɦɟɫɬɢɬɫɹ ɤ 
ɚɬɨɦɭ ɫ ɛɨɥɶɲɟɣ ɷɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɨɫɬɶɸ, ɩɪɢ ɷɬɨɦ ɩɨɥɹɪɧɚɹ ɦɨɥɟɤɭɥɚ 
ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɢɨɧɧɭɸ (ɫɬɚɞɢɹ ɢɨɧɢɡɚɰɢɢ ɦɨɥɟɤɭɥɵ) ɢ ɡɚɬɟɦ ɪɚɫɩɚɞɚɟɬɫɹ ɧɚ 
ɢɨɧɵ, ɤɨɬɨɪɵɟ ɩɟɪɟɯɨɞɹɬ ɜ ɪɚɫɬɜɨɪ ɜ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɦ ɜɢɞɟ. Ⱦɢɫɫɨɰɢɚɰɢɹ 
ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɧɨɣ ɢɥɢ ɱɚɫɬɢɱɧɨɣ – ɜɫɟ ɡɚɜɢɫɢɬ ɨɬ ɫɬɟɩɟɧɢ ɩɨɥɹɪɧɨɫɬɢ ɫɜɹɡɟɣ 
ɜ ɦɨɥɟɤɭɥɟ. 

Ɋɚɡɥɢɱɢɟ ɦɟɠɞɭ ɪɚɫɫɦɨɬɪɟɧɧɵɦɢ ɫɥɭɱɚɹɦɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ ɫɥɭɱɚɟ 
ɢɨɧɧɨɣ ɫɜɹɡɢ ɢɨɧɵ ɫɭɳɟɫɬɜɨɜɚɥɢ ɜ ɤɪɢɫɬɚɥɥɟ, ɚ ɜ ɫɥɭɱɚɟ ɩɨɥɹɪɧɨɣ – ɨɧɢ 
ɨɛɪɚɡɭɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɬɜɨɪɟɧɢɹ. ɋɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ 
ɢɨɧɧɵɟ, ɢ ɩɨɥɹɪɧɵɟ ɫɜɹɡɢ, ɫɧɚɱɚɥɚ ɞɢɫɫɨɰɢɢɪɭɸɬ ɩɨ ɢɨɧɧɵɦ, ɚ ɡɚɬɟɦ ɩɨ 
ɤɨɜɚɥɟɧɬɧɵɦ ɩɨɥɹɪɧɵɦ ɫɜɹɡɹɦ. ɇɚɩɪɢɦɟɪ, ɝɢɞɪɨɫɭɥɶɮɚɬ ɧɚɬɪɢɹ NɚɇSɈ4 

ɩɨɥɧɨɫɬɶɸ ɞɢɫɫɨɰɢɢɪɭɟɬ ɩɨ ɫɜɹɡɢ NК-O, ɱɚɫɬɢɱɧɨ – ɩɨ ɫɜɹɡɢ H-O ɢ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɞɢɫɫɨɰɢɢɪɭɟɬ ɩɨ ɦɚɥɨɩɨɥɹɪɧɵɦ ɫɜɹɡɹɦ ɫɟɪɵ ɫ ɤɢɫɥɨɪɨɞɨɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɟɩɟɧɶ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɢ (ɝɥɭɛɢɧɚ ɩɪɨɰɟɫɫɚ 
ɞɢɫɫɨɰɢɚɰɢɢ) ɡɚɜɢɫɢɬ ɨɬμ 

- ɬɢɩɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚν 
- ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɪɚɫɬɜɨɪɢɬɟɥɹν 
- ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚν 
- ɬɟɦɩɟɪɚɬɭɪɵ (ɫɬɟɩɟɧɶ ɞɢɫɫɨɰɢɚɰɢɢ ɩɪɢ ɷɧɞɨɬɟɪɦɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɫ 

ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɪɚɫɬɚɟɬ). 
 

3.5. ɂɨɧɧɚɹ ɫɢɥɚ ɪɚɫɬɜɨɪɚ 

Ⱦɥɹ ɮɨɪɦɚɥɶɧɨɝɨ ɨɩɢɫɚɧɢɹ ɫɭɦɦɚɪɧɨɝɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɫɟɯ ɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɟ ɚɦɟɪɢɤɚɧɫɤɢɟ ɭɱɟɧɵɟ Ƚ.ɇ. Ʌɶɸɢɫ ɢ Ɇ. 
Ɋɟɧɞɚɥɥ ɜɜɟɥɢ ɩɨɧɹɬɢɟ ɢɨɧɧɨɣ ɫɢɥɵ ɪɚɫɬɜɨɪɚ.  

ɂɨɧɧɚɹ ɫɢɥɚ ɪɚɫɬɜɨɪɚ ɪɚɜɧɚ ɩɨɥɭɫɭɦɦɟ ɩɪɨɢɡɜɟɞɟɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɢ (Ci) 

ɜɫɟɯ ɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɟ ɧɚ ɤɜɚɞɪɚɬ ɢɯ ɡɚɪɹɞɚ (гi): 

   2

2

1
ii zCI . 
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ɉɪɢɦɟɪ 1. Ɋɚɫɫɱɢɬɚɬɶ ɢɨɧɧɭɸ ɫɢɥɭ ɪɚɫɬɜɨɪɚ CКCХ2 ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɋ=0,1 Ɇ. 
Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ ɞɢɫɫɨɰɢɚɰɢɢ CКCХ2: 

CaCl2  Ca
2+

 + 2Cl
–
. 

ɋ ɭɱɟɬɨɦ ɫɬɟɩɟɧɢ ɞɢɫɫɨɰɢɚɰɢɢ , ɜɵɪɚɡɢɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɟμ 

C(Ca
2+

) = C; C(Cl
-
) = 2C. 

Ɂɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɪɚɫɱɟɬɚ ɢɨɧɧɨɣ ɫɢɥɵ ɪɚɫɬɜɨɪɚ CaCl2 ɜ ɨɛɳɟɦ ɜɢɞɟμ 

   22 )1(2)2(
2

1
CCI  . 

ȿɫɥɢ ɫɬɟɩɟɧɶ ɞɢɫɫɨɰɢɚɰɢɢ =1, ɬɨμ 

  3,0)1(1,02)2(1,0
2

1 22  I . 

ȿɫɥɢ ɫɬɟɩɟɧɶ ɞɢɫɫɨɰɢɚɰɢɢ ɪɚɜɧɚ, ɧɚɩɪɢɦɟɪ, =0,6: 

  18,0)1(1,06,02)2(1,06,0
2

1 22  I . 

ɉɪɢɦɟɪ 2. Ɋɚɫɫɱɢɬɚɬɶ ɢɨɧɧɭɸ ɫɢɥɭ ɪɚɫɬɜɨɪɚ, ɫɨɞɟɪɠɚɳɢɯ ɞɜɚ ɷɥɟɤɬɪɨɥɢɬɚμ 
0,1 Ɇ CКCХ2 (1=0,6) ɢ 0,5 Ɇ K2SO4

 
(2=0,8). 

Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ ɞɢɫɫɨɰɢɚɰɢɢμ 
CaCl2  Ca

2+
 + 2Cl

–
; 

K2SO4  2K
+
 + SO4

2–
. 

ɋ ɭɱɟɬɨɦ ɫɬɟɩɟɧɢ ɞɢɫɫɨɰɢɚɰɢɢ, ɜɵɪɚɡɢɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɟμ 

C(Ca
2+

) = 10,1; C(Cl
-
) = 210,1; 

C(K
+
) = 220,5; C(SO4

2-
) = 20,5 

Ɂɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɪɚɫɱɟɬɚ ɢɨɧɧɨɣ ɫɢɥɵ ɪɚɫɬɜɨɪɚ ɜ ɨɛɳɟɦ ɜɢɞɟμ 

    22

42

2

2

21

1

22

1 )2)(()1)((2)1)((2)2)((
2

1
SOCKCClCCaCI  . 

ȿɫɥɢ ɫɬɟɩɟɧɶ ɞɢɫɫɨɰɢɚɰɢɢ 1=2=1, ɬɨμ 

  8,1)2(5,0)1(5,02)1(1,02)2(1,0
2

1 2222  I . 

ɋ ɭɱɟɬɨɦ ɫɬɟɩɟɧɟɣ ɞɢɫɫɨɰɢɚɰɢɢ ɩɨɥɭɱɢɦμ 

  38,1)2(5,08,0)1(5,028,0)1(1,06,02)2(1,06,0
2

1 2222  I . 
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3.6. ɂɨɧɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɜɨɞɵ. ɪɇ. 
ȼɨɞɚ, ɹɜɥɹɹɫɶ ɜɟɫɶɦɚ ɫɥɚɛɵɦ ɷɥɟɤɬɪɨɥɢɬɨɦ, ɜ ɨɱɟɧɶ ɦɚɥɨɣ ɫɬɟɩɟɧɢ 

ɞɢɫɫɨɰɢɢɪɭɟɬ ɧɚ ɢɨɧɵμ 
H2Ɉ  H

+
 +OH

-
 

ɉɪɢɦɟɧɢɦ ɤ ɷɬɨɦɭ ɨɛɪɚɬɢɦɨɦɭ ɩɪɨɰɟɫɫɭ ɡɚɤɨɧ ɞɟɣɫɬɜɭɸɳɢɯ ɦɚɫɫ.  

][

][][

2OH

OHHК
 

 , 

ɝɞɟ К – ɤɨɧɫɬɚɧɬɚ ɞɢɫɫɨɰɢɚɰɢɢ ɜɨɞɵ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ, ɧɚɩɪɢɦɟɪ, 
ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ. 

ɉɪɢ 25°ɋ К = 1,8·10-16
. 

Ɍɚɤ ɤɚɤ ɜɨɞɚ ɞɢɫɫɨɰɢɢɪɭɟɬ ɤɪɚɣɧɟ ɦɚɥɨ, ɬɨ ɜ ɭɪɚɜɧɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɸ 
ɜɨɞɵ Дɇ2ɈЖ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɜɟɥɢɱɢɧɨɣ ɩɨɫɬɨɹɧɧɨɣ.  

ɑɢɫɥɟɧɧɨ Дɇ2ɈЖ = 1000/18= 55,56 ɦɨɥɶ/ɥ. ɍɪɚɜɧɟɧɢɟ ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ 
ɬɚɤμ 

KW = [H
+
][OH

-
]. 

КW – ɩɨɫɬɨɹɧɧɚɹ ɜɟɥɢɱɢɧɚ – ɧɚɡɵɜɚɟɬɫɹ ɢɨɧɧɵɦ ɩɪɨɢɡɜɟɞɟɧɢɟɦ ɜɨɞɵ. 
ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ Ʉ ɢ ДH2OЖ ɜ ɭɪɚɜɧɟɧɢɟ, ɩɨɥɭɱɚɟɦ ɱɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ 
ɢɨɧɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ ɜɨɞɵ ɩɪɢ 25 °ɋμ 

KW = Дɇ+Ж ДɈɇ-Ж = 1,8·10-16·55,56 = 10-14
. 

ɋɪɟɞɚ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɣ 
ɞɜɭɯ ɢɨɧɨɜ H+ ɢ OH

-, ɤɨɬɨɪɵɟ ɜɫɟɝɞɚ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɜɨɞɟ ɢ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ 
ɥɸɛɨɝɨ ɜɟɳɟɫɬɜɚ. 

ɑɬɨɛɵ ɢɡɛɟɠɚɬɶ ɧɟɭɞɨɛɫɬɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɱɢɫɟɥ ɫ 
ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɫɬɟɩɟɧɢ, ɤɨɧɰɟɧɬɪɚɰɢɸ ɜɨɞɨɪɨɞɧɵɯ ɢɨɧɨɜ 
ɩɪɢɧɹɬɨ ɜɵɪɚɠɚɬɶ ɱɟɪɟɡ ɜɨɞɨɪɨɞɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɪɇ. 

ȼɨɞɨɪɨɞɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɪɇ – ɷɬɨ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɞɟɫɹɬɢɱɧɵɣ ɥɨɝɚɪɢɮɦ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ ɜ ɪɚɫɬɜɨɪɟ: 

ɪɇ = –lg[H
+
] 

ɝɞɟ Дɇ+
] – ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ ɜ ɪɚɫɬɜɨɪɟ, ɦɨɥɶ/ɥ. 

ɉɨɧɹɬɢɟ «ɜɨɞɨɪɨɞɧɵɣ ɩɨɤɚɡɚɬɟɥɶ» ɛɵɥɨ ɜɜɟɞɟɧɨ ɞɚɬɫɤɢɦ ɯɢɦɢɤɨɦ 
Ɂɺɪɟɧɫɟɧɨɦ ɜ 1920 ɝ.μ ɛɭɤɜɚ «ɪ» – ɧɚɱɚɥɶɧɚɹ ɛɭɤɜɚ ɞɚɬɫɤɨɝɨ ɫɥɨɜɚ potenz – 

ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɫɬɟɩɟɧɶ, ɛɭɤɜɚ ɇ – ɫɢɦɜɨɥ ɜɨɞɨɪɨɞɚ. 
1) ɧɟɣɬɪɚɥɶɧɚɹ ɫɪɟɞɚ: ɞɥɹ ɱɢɫɬɨɣ ɜɨɞɵ ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ 

ɪɚɜɧɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɢɞɪɨɤɫɢɞ-ɢɨɧɨɜ, ɬɚɤ ɤɚɤ ɢɡ ɨɞɧɨɝɨ ɦɨɥɹ ɜɨɞɵ ɨɛɪɚɡɭɟɬɫɹ 
ɨɞɢɧ ɦɨɥɶ ɢɨɧɨɜ ɇ+

 ɢ ɨɞɢɧ ɦɨɥɶ ɢɨɧɨɜ Ɉɇ-. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɬɢɯ 
ɢɨɧɨɜ  Дɇ+Ж = ДɈɇ-

] = 10
-7 ɦɨɥɶ/ɥ., ɚ ɪɇ = 7ν 
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2) ɤɢɫɥɚɹ ɫɪɟɞɚ: Дɇ+
] > ДɈɇ-Ж ɢ Дɇ+

]>10
-7

 ɦɨɥɶ/ɥ,  ɪɇ<7; 

3) ɳɟɥɨɱɧɚɹ ɫɪɟɞɚ: ДɈɇ-Ж>Дɇ+Ж ɢ Дɇ+
] <10

-7
 ɦɨɥɶ/ɥ,  ɪɇ>7. 

Ⱥɧɚɥɨɝɢɱɧɨ ɤɨɧɰɟɧɬɪɚɰɢɸ Ɉɇ-
-ɢɨɧɨɜ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ ɩɨɤɚɡɚɬɟɥɶ 

ɝɢɞɪɨɤɫɢɞ-ɢɨɧɨɜ ɪɈɇ. 
Ƚɢɞɪɨɤɫɢɥɶɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɪɈɇ ɧɚɡɵɜɚɸɬ ɨɬɪɢɰɚɬɟɥɶɧɵɣ 
ɞɟɫɹɬɢɱɧɵɣ ɥɨɝɚɪɢɮɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɢɞɪɨɤɫɢɥɶɧɵɯ ɢɨɧɨɜ: 

ɪɈɇ = –lg[OH
-
], 

ɝɞɟ ДɈɇ-
] – ɤɨɧɰɟɧɬɪɚɰɢɹ  ɝɢɞɪɨɤɫɢɞ-ɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɟ, ɦɨɥɶ/ɥ. 

ɪɇ + ɪɈɇ=14ν ɪɈɇ=14–ɪɇ. 
 

3.7. ɂɨɧ-ɢɨɧɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜ ɪɚɫɬɜɨɪɚɯ ɷɥɟɤɬɪɨɥɢɬɨɜ 

ɉɪɟɞɩɨɥɨɠɟɧɢɟ Ⱥɪɪɟɧɢɭɫɚ ɨ ɬɨɦ, ɱɬɨ ɜ ɪɚɫɬɜɨɪɟ ɫɢɥɶɧɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ 
ɬɚɤɠɟ ɫɭɳɟɫɬɜɭɟɬ ɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɢ ɢɨɧɚɦɢ, ɤɚɤ ɢ 
ɭ ɫɥɚɛɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ, ɨɤɚɡɚɥɨɫɶ ɨɲɢɛɨɱɧɵɦ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ, ɜɨ-ɩɟɪɜɵɯ, ɜɟɥɢɱɢɧɚ ɤɨɧɫɬɚɧɬɵ ɞɢɫɫɨɰɢɚɰɢɢ 
ɫɢɥɶɧɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ (ɬ.ɟ. ɤ ɪɚɫɬɜɨɪɚɦ ɫɢɥɶɧɵɯ 
ɷɥɟɤɬɪɨɥɢɬɨɜ ɧɟɩɪɢɦɟɧɢɦ ɡɚɤɨɧ ɞɟɣɫɬɜɭɸɳɢɯ ɦɚɫɫ) ɢ, ɜɨ-ɜɬɨɪɵɯ, ɧɢɤɚɤɢɦɢ 
ɦɟɬɨɞɚɦɢ ɧɟ ɭɞɚɥɨɫɶ ɨɛɧɚɪɭɠɢɬɶ ɜ ɪɚɫɬɜɨɪɚɯ ɫɢɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ 
ɧɟɩɪɨɞɢɫɫɨɰɢɢɪɨɜɚɜɲɢɟ ɦɨɥɟɤɭɥɵ. ɗɬɨ ɩɨɡɜɨɥɢɥɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɫɢɥɶɧɵɟ 
ɷɥɟɤɬɪɨɥɢɬɵ ɜ ɪɚɫɬɜɨɪɚɯ ɥɸɛɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɩɨɥɧɨɫɬɶɸ ɞɢɫɫɨɰɢɢɪɭɸɬ ɧɚ 
ɢɨɧɵ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɫɥɚɛɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ, 
ɧɟ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɤ ɫɢɥɶɧɵɦ ɷɥɟɤɬɪɨɥɢɬɚɦ ɛɟɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɨɩɪɚɜɨɤ. 

ȼ ɪɚɡɛɚɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɚɯ, ɤɨɝɞɚ ɢɨɧɵ ɧɚɯɨɞɹɬɫɹ ɧɚ ɛɨɥɶɲɨɦ ɪɚɫɫɬɨɹɧɢɢ 
ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜ ɨɫɧɨɜɧɨɦ ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɦ. ɉɨ 
ɦɟɪɟ ɫɛɥɢɠɟɧɢɹ ɢɨɧɨɜ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɚ ɧɚɱɢɧɚɟɬɫɹ 
ɩɟɪɟɤɪɵɜɚɧɢɟ ɫɨɥɶɜɚɬɧɵɯ ɨɛɨɥɨɱɟɤ ɨɬɞɟɥɶɧɵɯ ɢɨɧɨɜ ɢ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɨɧɨɜ ɨɫɥɨɠɧɹɟɬɫɹ ɢɨɧ-ɞɢɩɨɥɶɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ. ɂɧɨɝɞɚ 
ɩɪɢ ɫɛɥɢɠɟɧɢɢ ɤɚɬɢɨɧɨɜ ɢ ɚɧɢɨɧɨɜ ɩɪɨɢɫɯɨɞɢɬ ɚɫɫɨɰɢɚɰɢɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɫɢɥɵ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɢɨɧɚɦɢ ɭɠɟ ɧɟɥɶɡɹ ɫɱɢɬɚɬɶ ɱɢɫɬɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɦɢ. 
ȿɳɟ ɛɨɥɟɟ ɫɢɥɶɧɨɟ ɧɟɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜɨɡɧɢɤɚɟɬ ɩɪɢ 
ɨɛɪɚɡɨɜɚɧɢɢ ɜ ɪɚɫɬɜɨɪɟ ɷɥɟɤɬɪɨɥɢɬɚ ɤɨɦɩɥɟɤɫɧɵɯ ɢɨɧɨɜ ɢ ɧɟɞɢɫɫɨɰɢɢɪɨɜɚɧɧɵɯ 
ɦɨɥɟɤɭɥ. 

ȼɫɸ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɪɚɫɬɜɨɪɚɯ 
ɷɥɟɤɬɪɨɥɢɬɨɜ, ɦɨɠɧɨ ɮɨɪɦɚɥɶɧɨ ɨɩɢɫɚɬɶ, ɢɫɩɨɥɶɡɭɹ ɜɦɟɫɬɨ ɤɨɧɰɟɧɬɪɚɰɢɣ 
ɚɤɬɢɜɧɨɫɬɢ ɢɨɧɨɜ. ɉɪɢ ɷɬɨɦ, ɤɚɤ ɢ ɜ ɪɚɫɬɜɨɪɚɯ ɧɟɷɥɟɤɬɪɨɥɢɬɨɜ, ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, 
ɱɬɨ ɜɫɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɨɨɬɧɨɲɟɧɢɹ, ɡɚɩɢɫɚɧɧɵɟ ɜ ɮɨɪɦɟ ɭɪɚɜɧɟɧɢɣ ɞɥɹ 
ɢɞɟɚɥɶɧɵɯ ɪɚɫɬɜɨɪɨɜ, ɧɨ ɫɨɞɟɪɠɚɳɢɟ ɧɟ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɚ ɚɤɬɢɜɧɨɫɬɢ, ɫɬɪɨɝɨ 
ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɟ 
ɜɢɞɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɪɚɫɬɜɨɪɚ (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɫɥɭɱɚɟɜ 
ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɚ) ɛɟɡ ɭɱɟɬɚ ɢɯ ɮɢɡɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ ɫɜɨɞɹɬɫɹ ɤ 
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ɨɬɤɥɨɧɟɧɢɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɧɚɣɞɟɧɧɵɯ ɚɤɬɢɜɧɨɫɬɟɣ ɨɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɤɨɧɰɟɧɬɪɚɰɢɣ.  

Ⱦɥɹ ɢɞɟɚɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ ɡɚɜɢɫɢɦɨɫɬɶ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɨɬ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɦɟɟɬ ɜɢɞμ 

iii mRT ln0    

ɑɬɨɛɵ ɩɪɢɦɟɧɢɬɶ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɪɟɚɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜɦɟɫɬɨ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɫɬɚɜɢɬɶ ɜɟɥɢɱɢɧɭ ɚɤɬɢɜɧɨɫɬɢμ 

iii aRT ln0   . 

Аɤɬɢɜɧɨɫɬɶ ɜɟɳɟɫɬɜɚ – ɷɬɨ ɜɟɥɢɱɢɧɚ, ɩɨɞɫɬɚɧɨɜɤɚ ɤɨɬɨɪɨɣ ɜɦɟɫɬɨ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ 
ɞɟɥɚɟɬ ɢɯ ɫɩɪɚɜɟɞɥɢɜɵɦɢ ɞɥɹ ɪɟɚɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ. 

Ⱥɤɬɢɜɧɨɫɬɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɜɨɣɫɬɜɚ ɪɟɚɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, 
ɱɟɦ ɨɛɭɫɥɨɜɥɟɧɨ ɨɬɤɥɨɧɟɧɢɟ ɷɬɢɯ ɫɜɨɣɫɬɜ ɨɬ ɢɞɟɚɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ. Ɉɬɥɢɱɢɟ 
ɚɤɬɢɜɧɨɫɬɢ ɷɥɟɤɬɪɨɥɢɬɚ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɜɹɡɚɧɨ ɫ ɱɚɫɬɢɱɧɨɣ ɢɥɢ ɩɨɥɧɨɣ 
ɞɢɫɫɨɰɢɚɰɢɟɣ ɟɝɨ ɦɨɥɟɤɭɥ ɧɚ ɢɨɧɵ, ɩɨɹɜɥɟɧɢɟɦ ɫɢɥ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɬɢɯ ɢɨɧɨɜ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɢɨɧɨɜ ɫ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɢ ɬ. ɞ. 
Ⱥɤɬɢɜɧɨɫɬɶ ɭɱɢɬɵɜɚɟɬ ɜɫɟ ɩɪɢɱɢɧɵ, ɜɵɡɵɜɚɸɳɢɟ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɢɞɟɚɥɶɧɨɫɬɢ. 

Ⱥɤɬɢɜɧɨɫɬɶ ɫɜɹɡɚɧɚ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɫɥɟɞɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦμ 

iii ma   , 

ɝɞɟ i – ɤɨɷɮɮɢɰɢɟɧɬ ɚɤɬɢɜɧɨɫɬɢν mi – ɤɨɧɰɟɧɬɪɚɰɢɹ. 
Ɋɚɫɬɜɨɪ ɷɥɟɤɬɪɨɥɢɬɚ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɧɟ ɩɪɨɫɬɨ ɤɚɤ ɪɚɫɬɜɨɪ 

ɜɟɳɟɫɬɜɚ AB, ɚ ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɤɚɬɢɨɧɵ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ A+
 ɢ 

ɚɤɬɢɜɧɨɫɬɶɸ ɚ+ ɢ ɚɧɢɨɧɵ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ B–
 ɢ ɚɤɬɢɜɧɨɫɬɶɸ ɚ–. ȼɜɢɞɭ ɬɨɝɨ ɱɬɨ 

ɧɟɜɨɡɦɨɠɧɨ ɫɨɡɞɚɬɶ ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɬɨɥɶɤɨ ɨɞɢɧ ɜɢɞ ɢɨɧɨɜ, ɢ ɨɩɪɟɞɟɥɢɬɶ 
ɚ+ ɢ ɚ–, ɩɪɢɧɹɬɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɪɟɞɧɸɸ ɢɨɧɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ Ц± ɢ ɫɪɟɞɧɸɸ 
ɢɨɧɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɚ±. 

Ⱦɥɹ ɨɞɧɨ-ɨɞɧɨɜɚɥɟɧɬɧɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ AB (1-1) ɫɪɟɞɧɹɹ ɚɤɬɢɜɧɨɫɬɶ ɢ 
ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɚɤɬɢɜɧɨɫɬɢμ 

  aaa ;  

   . 

Ⱦɥɹ ɷɥɟɤɬɪɨɥɢɬɚ   BA , ɤɨɬɨɪɵɣ ɞɢɫɫɨɰɢɢɪɭɟɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ 
ɭɪɚɜɧɟɧɢɟɦμ 

  BA  



  zz BA   

ɫɪɟɞɧɹɹ ɚɤɬɢɜɧɨɫɬɶ ɢ ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɚɤɬɢɜɧɨɫɬɢμ 
  




  aaa ; 
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   



   

Ⱦɥɹ ɭɱɟɬɚ ɢɨɧ-ɢɨɧɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɤɨɧɫɬɚɧɬɚ 
ɪɚɜɧɨɜɟɫɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɱɟɪɟɡ ɪɚɜɧɨɜɟɫɧɵɟ ɚɤɬɢɜɧɨɫɬɢ ɭɱɚɫɬɧɢɤɨɜ 
ɪɟɚɤɰɢɢμ 

AB

BA
Ⱦ

a

aa
K

 
 . 

Ⱦɥɹ ɪɚɡɛɚɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɷɥɟɤɬɪɨɥɢɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ 
ɭɫɬɚɧɨɜɥɟɧ ɡɚɤɨɧ (ɩɪɚɜɢɥɨ) ɢɨɧɧɨɣ ɫɢɥɵ - ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɚɤɬɢɜɧɨɫɬɢ ɷɥɟɤɬɪɨɥɢɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɢɨɧɧɨɣ ɫɢɥɨɣ ɪɚɫɬɜɨɪɚ ɢ ɧɟ 
ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɬɞɟɥɶɧɵɯ ɢɨɧɨɜ.  

Ʉɨɷɮɮɢɰɢɟɧɬ ɚɤɬɢɜɧɨɫɬɢ ɛɟɫɤɨɧɟɱɧɨ ɪɚɡɛɚɜɥɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɢɧɢɦɚɟɬɫɹ 
ɡɚ ɟɞɢɧɢɰɭ. ɋ ɪɨɫɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ± ɫɧɚɱɚɥɚ ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ 
ɪɨɫɬɨɦ ɫɢɥ ɩɪɢɬɹɠɟɧɢɹ ɦɟɠɞɭ ɢɨɧɚɦɢ, ɚ ɡɚɬɟɦ, ɤɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɜɨɡɪɚɫɬɚɧɢɟ ɫɢɥ ɨɬɬɚɥɤɢɜɚɧɢɹ, ɨɧ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɹ, 
ɛɨɥɶɲɢɟ ɟɞɢɧɢɰɵ. 

 

Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɚɤɬɢɜɧɨɫɬɢ ɬɪɨɫɬɧɢɤɨɜɨɝɨ 
ɫɚɯɚɪɚ (ɤɪɢɜɚɹ 1) ɢ LiCl 

(ɤɪɢɜɚɹ 2) ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ 

 

3.8. Ɍɟɨɪɢɹ ɫɢɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ Ⱦɟɛɚɹ-Ƚɸɤɤɟɥɹ 

ɑɬɨɛɵ ɨɩɢɫɚɬɶ ɢɨɧ-ɢɨɧɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ, ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɟ ɢ ɩɪɢɪɨɞɭ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɦɟɠɞɭ ɢɨɧɚɦɢ. 
ɉɨɫɤɨɥɶɤɭ ɢ ɢɨɧɵ, ɢ ɞɢɩɨɥɢ ɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚɯɨɞɹɬɫɹ ɜ ɯɚɨɬɢɱɟɫɤɨɦ ɞɜɢɠɟɧɢɢ, ɚ 
ɢɨɧɵ ɦɨɝɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶ ɚɫɫɨɰɢɚɬɵ, ɤɨɦɩɥɟɤɫɵ ɢ ɧɟɞɢɫɫɨɰɢɢɪɨɜɚɧɧɵɟ 
ɦɨɥɟɤɭɥɵ, ɬɨ ɜ ɨɛɳɟɦ ɜɢɞɟ ɡɚɞɚɱɚ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɢɨɧɨɜ ɨɤɚɡɵɜɚɟɬɫɹ 
ɱɪɟɡɜɵɱɚɣɧɨ ɫɥɨɠɧɨɣ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɷɥɟɤɬɪɨɥɢɬ ɩɨɥɧɨɫɬɶɸ 
ɞɢɫɫɨɰɢɢɪɨɜɚɧ (=1), ɪɚɫɬɜɨɪɢɬɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɩɪɟɪɵɜɧɭɸ ɫɪɟɞɭ ɫ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɨɫɬɨɹɧɧɨɣ ɟ, ɚ ɢɨɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɜ ɧɟɦ ɬɨɥɶɤɨ ɩɨ ɡɚɤɨɧɭ 
Ʉɭɥɨɧɚ. ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɜɨɩɪɨɫ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɢɨɧɨɜ ɜ 
ɪɚɫɬɜɨɪɚɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɛɵɥ ɪɟɲɟɧ ɉ. Ⱦɟɛɚɟɦ ɢ ɗ. ɏɸɤɤɟɥɟɦ (1923 ɝ.). 

ɗɥɟɤɬɪɨɥɢɬ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɚɤɬɢɜɧɨɫɬɢ ()  
ɩɪɢ ɪɚɡɧɵɯ ɦɨɥɹɥɶɧɨɫɬɹɯ 

m = 0,1 m = 0,5 m = 1,0 

HCl 0,796 0,757 0,809 

HBr 0,805 0,789 0,871 

HClO4 0,803 0,769 0,823 

HNO3 0,791 0,720 0,724 

H2SO4 0,266 0,156 0,1316 

LiOH 0,760 0,617 0,554 

KOH 0,798 0,732 0,756 

CsOH 0,795 0,739 0,771 

Na2SO4 0,445 0,266 0,201 

CuSO4 0,150 0,062 0,042 

Al2(SO4)3 0,035 0,0143 0,0175 
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ɋɪɟɞɢ ɦɧɨɠɟɫɬɜɚ ɢɨɧɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɯɚɨɬɢɱɟɫɤɨɦ ɬɟɩɥɨɜɨɦ ɞɜɢɠɟɧɢɢ, ɜ 
ɬɟɨɪɢɢ Ⱦɟɛɚɹ ɢ ɏɸɤɤɟɥɹ ɜɵɛɢɪɚɟɬɫɹ ɨɞɢɧ – ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɰɟɧɬɪɚɥɶɧɵɣ ɢɨɧ, 

ɤɨɬɨɪɵɣ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɧɟɩɨɞɜɢɠɧɵɣ. ɂɧɚɱɟ ɝɨɜɨɪɹ, ɧɚɱɚɥɨ ɜɵɛɢɪɚɟɦɨɣ 
ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɩɪɢɜɹɡɵɜɚɟɬɫɹ ɤ ɰɟɧɬɪɭ ɷɬɨɝɨ 
ɢɨɧɚ. ȼɛɥɢɡɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɢɨɧɚ ɧɟɤɨɬɨɪɵɦ 
ɨɛɪɚɡɨɦ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɞɪɭɝɢɟ ɢɨɧɵ. ɏɚɪɚɤɬɟɪ 
ɷɬɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɛɭɫɥɨɜɥɟɧ, ɜɨ-ɩɟɪɜɵɯ, ɩɨɥɟɦ 
ɰɟɧɬɪɚɥɶɧɨɝɨ ɢɨɧɚ, ɤɨɬɨɪɨɟ ɭɛɵɜɚɟɬ ɫ ɪɚɫɫɬɨɹɧɢɟɦ 
ɨɬ ɰɟɧɬɪɚɥɶɧɨɝɨ ɢɨɧɚ, ɢ, ɜɨ-ɜɬɨɪɵɯ, ɬɟɩɥɨɜɵɦ 
ɞɜɢɠɟɧɢɟɦ ɢɨɧɨɜ. ɉɨɷɬɨɦɭ ɱɟɦ ɛɥɢɠɟ ɤ 
ɰɟɧɬɪɚɥɶɧɨɦɭ ɢɨɧɭ, ɬɟɦ ɛɨɥɶɲɟ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, 
ɱɬɨ ɬɚɦ ɨɤɚɠɟɬɫɹ ɢɨɧ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ ɡɧɚɤɚ 
(ɪɢɫ). ɐɟɧɬɪɚɥɶɧɵɣ ɢɨɧ ɤɚɤ ɛɵ ɨɤɪɭɠɟɧ ɢɨɧɧɨɣ 
ɚɬɦɨɫɮɟɪɨɣ. ȼɵɛɨɪ ɰɟɧɬɪɚɥɶɧɨɝɨ ɢɨɧɚ ɹɜɥɹɟɬɫɹ 

ɭɫɥɨɜɧɵɦ, ɬ.ɟ. ɤɚɠɞɵɣ ɢɨɧ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɰɟɧɬɪɚɥɶɧɨɝɨ ɢ ɜ ɬɨ 
ɠɟ ɜɪɟɦɹ ɜɯɨɞɹɳɟɝɨ ɜ ɫɨɫɬɚɜ ɢɨɧɧɨɣ ɚɬɦɨɫɮɟɪɵ ɞɪɭɝɢɯ ɢɨɧɨɜ. 

Ɍɟɩɥɨɜɨɟ ɞɜɢɠɟɧɢɟ ɢɨɧɨɜ ɜ ɢɨɧɧɨɣ ɚɬɦɨɫɮɟɪɟ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ 
ɞɢɫɤɪɟɬɧɵɟ ɡɚɪɹɞɵ ɷɬɢɯ ɢɨɧɨɜ ɤɚɤ ɛɵ ɪɚɡɦɚɡɵɜɚɸɬɫɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɨɧɧɭɸ 
ɚɬɦɨɫɮɟɪɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɨɬɞɟɥɶɧɵɯ ɢɨɧɨɜ, ɜ ɫɪɟɞɧɟɦ ɡɚ ɧɟɤɨɬɨɪɵɣ 
ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɦɨɠɧɨ ɦɨɞɟɥɢɪɨɜɚɬɶ ɨɛɥɚɤɨɦ ɪɚɡɦɚɡɚɧɧɨɝɨ ɡɚɪɹɞɚ, 
ɩɥɨɬɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɭɦɟɧɶɲɚɟɬɫɹ ɩɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɨɬ ɰɟɧɬɪɚɥɶɧɨɝɨ ɢɨɧɚ. 
Ɉɛɳɢɣ ɡɚɪɹɞ ɢɨɧɧɨɣ ɚɬɦɨɫɮɟɪɵ ɢɡ-ɡɚ ɭɫɥɨɜɢɹ ɷɥɟɤɬɪɨɧɟɣɬɪɚɥɶɧɨɫɬɢ ɞɨɥɠɟɧ 
ɛɵɬɶ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɟ ɪɚɜɟɧ ɡɚɪɹɞɭ ɰɟɧɬɪɚɥɶɧɨɝɨ ɢɨɧɚ ɢ 
ɩɪɨɬɢɜɨɩɨɥɨɠɟɧ ɟɦɭ ɩɨ ɡɧɚɤɭ. 

Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɬɟɨɪɢɢ Ⱦɟɛɚɹ-Ƚɸɤɤɟɥɹ: 
1. ɂɨɧɵ ɷɥɟɤɬɪɨɥɢɬɚ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ. ɋɢɥɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɟ ɢ ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɵ ɩɨ ɡɚɤɨɧɚɦ ɷɥɟɤɬɪɨɫɬɚɬɢɤɢ. 
2. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɜɥɢɹɟɬ ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɨɧɨɜ. ɗɬɨ ɜɥɢɹɧɢɟ ɭɱɢɬɵɜɚɟɬɫɹ 

ɜɜɟɞɟɧɢɟɦ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɨɫɬɨɹɧɧɨɣ ɪɚɫɬɜɨɪɢɬɟɥɹ ɤɚɤ ɧɟɩɪɟɪɵɜɧɨɣ 
ɨɞɧɨɪɨɞɧɨɣ ɫɪɟɞɵ. 

3. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɨɧɚ (ɜ ɬɟɨɪɢɢ ɨɧ ɧɚɡɵɜɚɟɬɫɹ ɰɟɧɬɪɚɥɶɧɵɦ) ɫ 
ɨɤɪɭɠɚɸɳɢɦɢ ɟɝɨ ɢɨɧɚɦɢ ɷɥɟɤɬɪɨɥɢɬɚ ɜ ɫɪɟɞɧɟɦ ɪɚɜɧɨɰɟɧɧɨ ɟɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɫ ɜɨɨɛɪɚɠɚɟɦɨɣ ɢɨɧɧɨɣ ɚɬɦɨɫɮɟɪɨɣ, ɨɛɥɚɞɚɸɳɟɣ 
ɧɟɩɪɟɪɵɜɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɪɹɞɚ. 

4. Ɋɚɡɦɟɪɚɦɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɢɨɧɚ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɢ ɫɱɢɬɚɬɶ ɟɝɨ ɬɨɱɟɱɧɵɦ 
ɡɚɪɹɞɨɦ. 
ɉɪɟɞɩɨɥɨɠɟɧɢɟ ɨɛ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɢɨɧɨɜ ɨɛɴɹɫɧɹɟɬ 

ɨɬɥɢɱɢɟ ɪɚɫɬɜɨɪɨɜ ɫɢɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɨɬ ɢɞɟɚɥɶɧɵɯ. ȼɵɱɢɫɥɹɹ ɪɚɛɨɬɭ 
ɨɛɪɚɡɨɜɚɧɢɹ ɢɨɧɧɨɣ ɚɬɦɨɫɮɟɪɵ, ɦɨɠɧɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɰɟɧɢɬɶ ɫɬɟɩɟɧɶ 
ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɢɞɟɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɧɚɣɬɢ ɤɨɷɮɮɢɰɢɟɧɬ ɚɤɬɢɜɧɨɫɬɢ 
ɷɥɟɤɬɪɨɥɢɬɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ ɡɚɤɨɧɚ Ⱦɟɛɚɹ—
Ƚɸɤɤɟɥɹ, ɫɩɪɚɜɟɞɥɢɜɨɟ ɞɥɹ ɫɢɥɶɧɨ ɪɚɡɛɚɜɥɟɧɧɵɯ ɛɢɧɚɪɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɢɥɶɧɵɯ 



46 

 

ɷɥɟɤɬɪɨɥɢɬɨɜμ 

IzzA  lg , 

ɝɞɟ ± – ɫɪɟɞɧɢɣ  ɤɨɷɮɮɢɰɢɟɧɬ  ɚɤɬɢɜɧɨɫɬɢ  ɷɥɟɤɬɪɨɥɢɬɚν z+  ɢ z– – ɡɚɪɹɞɵ 
ɢɨɧɨɜν I – ɢɨɧɧɚɹ ɫɢɥɚ ɪɚɫɬɜɨɪɚν А – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɪɚɫɬɜɨɪɢɬɟɥɹ. Ⱦɥɹ ɪɚɡɛɚɜɥɟɧɧɵɯ ɜɨɞɧɵɯ 
ɪɚɫɬɜɨɪɨɜ ɩɪɢ T=298 Ʉ А = 0,509. 

Izz   509,0lg  

ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢ ɨɛɨɫɧɨɜɵɜɚɟɬ ɡɚɤɨɧ ɢɨɧɧɨɣ ɫɢɥɵ, ɬɚɤ ɤɚɤ 
ɩɨɞɬɜɟɪɠɞɚɟɬ, ɱɬɨ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɢɨɧɧɨɣ ɫɢɥɟ ɪɚɫɬɜɨɪɚ ± ɜɫɟɯ ɷɥɟɤɬɪɨɥɢɬɨɜ 
ɨɞɢɧɚɤɨɜ ɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɩɪɢɪɨɞɵ. 

ɗɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɚɬɶ ɪɹɞ ɫɜɨɣɫɬɜ ɪɚɫɬɜɨɪɨɜ 
ɫɢɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ, ɨɞɧɚɤɨ, ɜ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɦ 
ɫɨɝɥɚɫɢɢ ɫ ɨɩɵɬɨɦ ɥɢɲɶ ɞɥɹ ɜɟɫɶɦɚ ɦɚɥɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɪɚɫɬɜɨɪɚ, ɩɨɪɹɞɤɚ 
0,01 Ɇ ɢ ɦɟɧɟɟ. Ɋɹɞ ɮɚɤɬɨɜ ɷɬɚ ɬɟɨɪɢɹ ɨɛɴɹɫɧɢɬɶ ɧɟ ɦɨɠɟɬ. ȼɫɟ ɷɬɨ ɫɜɹɡɚɧɨ ɫ 
ɧɟɬɨɱɧɨɫɬɶɸ ɩɪɢɧɹɬɵɯ ɞɨɩɭɳɟɧɢɣ. ɉɪɢ ɦɚɥɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɦɟɠɞɭ ɢɨɧɚɦɢ 
ɫɢɥɵ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɫɜɟɞɟɧɵ ɥɢɲɶ ɤ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɦ. 
ɍɱɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢɨɧɨɜ ɫ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɧɟ ɞɨɥɠɟɧ ɢɝɧɨɪɢɪɨɜɚɬɶ 
ɦɨɥɟɤɭɥɹɪɧɭɸ ɫɬɪɭɤɬɭɪɭ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɪɨɫɬɵɦ ɜɜɟɞɟɧɢɟɦ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɪɨɧɢɰɚɟɦɨɫɬɢ. ɏɚɪɚɤɬɟɪ ɷɬɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɡɚɜɢɫɢɬ ɨɬ ɫɬɪɨɟɧɢɹ ɢ ɞɪɭɝɢɯ 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɨɧɨɜ ɷɥɟɤɬɪɨɥɢɬɚ ɢ ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ 
ɢɡɦɟɧɹɟɬɫɹ ɫ ɪɚɡɛɚɜɥɟɧɢɟɦ ɪɚɫɬɜɨɪɚ. ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɩɨɥɧɨɣ ɞɢɫɫɨɰɢɚɰɢɢ 
ɷɥɟɤɬɪɨɥɢɬɚ ɞɨɥɠɧɨ ɛɵɬɶ ɞɨɩɨɥɧɟɧɨ ɭɱɟɬɨɦ ɚɫɫɨɰɢɚɰɢɢ ɢɨɧɨɜ ɢ ɨɛɪɚɡɨɜɚɧɢɹ 
ɤɨɦɩɥɟɤɫɧɵɯ ɢɨɧɨɜ ɢ ɦɨɥɟɤɭɥ. 

 

3.9. ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɢɨɧɨɜ. Чɢɫɥɚ ɩɟɪɧɨɫɚ. 
ɉɪɨɜɨɞɧɢɤ - ɷɬɨ ɬɟɥɨ, ɜɧɭɬɪɢ ɤɨɬɨɪɨɝɨ ɫɨɞɟɪɠɢɬɫɹ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɡɚɪɹɞɨɜ, ɫɩɨɫɨɛɧɵɯ ɩɟɪɟɦɟɳɚɬɶɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. 
ȼ ɩɪɨɜɨɞɧɢɤɚɯ ɜɨɡɦɨɠɧɨ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
ɩɪɢɥɨɠɟɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ.  

ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ – ɷɬɨ ɭɩɨɪɹɞɨɱɟɧɧɨɟ ɞɜɢɠɟɧɢɟ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ. 

Ⱦɥɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɢ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɧɟɨɛɯɨɞɢɦɨ ɧɚɥɢɱɢɟ 
ɫɜɨɛɨɞɧɨ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ, ɞɜɢɠɭɳɢɯɫɹ ɧɚɩɪɚɜɥɟɧɧɨ ɢ ɭɩɨɪɹɞɨɱɟɧɧɨ. ȼ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɨɞɚ ɩɪɨɜɨɞɧɢɤɚ ɷɬɢ ɡɚɪɹɠɟɧɧɵɟ ɱɚɫɬɢɰɵ ɪɚɡɥɢɱɧɵ, ɚ ɡɧɚɱɢɬ, 
ɪɚɡɥɢɱɧɵ ɢ ɬɢɩɵ ɩɪɨɜɨɞɢɦɨɫɬɢ. ɋɭɳɟɫɬɜɭɸɬ ɧɟɫɤɨɥɶɤɨ ɜɢɞɨɜ 
ɩɪɨɜɨɞɢɦɨɫɬɢ – ɷɥɟɤɬɪɨɧɧɚɹ, ɢɨɧɧɚɹ, ɞɵɪɨɱɧɚɹ ɢ ɷɥɟɤɬɪɨɧɧɨ-ɞɵɪɨɱɧɚɹ 
ɩɪɨɜɨɞɢɦɨɫɬɢ. 

ɗɥɟɤɬɪɨɧɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ – ɷɬɨ ɫɩɨɫɨɛ ɩɪɨɜɨɞɢɦɨɫɬɢ, ɩɪɢɫɭɳɢɣ ɜ 
ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɦɟɬɚɥɥɚɦ, ɚ ɬɚɤɠɟ ɧɟɤɨɬɨɪɵɦ ɫɨɟɞɢɧɟɧɢɹɦ ɢ ɜɟɳɟɫɬɜɚɦ. Ⱦɥɹ 
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ɧɟɝɨ ɯɚɪɚɤɬɟɪɧɨ ɧɚɥɢɱɢɟ ɫɜɨɛɨɞɧɵɯ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ – ɷɥɟɤɬɪɨɧɨɜ, ɫ 
ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɮɚɤɬɨɪɟ – ɧɚɥɢɱɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ – 

ɜɨɡɧɢɤɚɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. ɉɪɢ ɷɥɟɤɬɪɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɩɪɨɜɨɞɧɢɤɚ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɬɟɦɩɟɪɚɬɭɪɟ (ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɪɨɜɨɞɢɦɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ). 

ɉɪɨɜɨɞɧɢɤɢ ɫ ɷɥɟɤɬɪɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɧɚɡɵɜɚɸɬ ɩɪɨɜɨɞɧɢɤɚɦɢ 
ɩɟɪɜɨɝɨ ɪɨɞɚ. 

ɗɥɟɤɬɪɨɧɧɨ-ɞɵɪɨɱɧɚɹ ɢ ɞɵɪɨɱɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɪɢɫɭɳɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɦ. ɑɢɫɬɵɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ ɧɚɱɢɧɚɸɬ ɩɪɨɜɨɞɢɬɶ ɬɨɤ ɩɪɢ 
ɜɨɡɞɟɣɫɬɜɢɢ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜμ ɫɜɟɬɨɜɨɦ, ɪɚɞɢɚɰɢɨɧɧɨɦ ɨɛɥɭɱɟɧɢɢ ɢ 
ɧɚɝɪɟɜɚɧɢɢ. Ⱦɥɹ ɩɪɢɞɚɧɢɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɬɢɩɚ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɤɪɢɫɬɚɥɥ 
ɱɢɫɬɨɝɨ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɜɜɨɞɹɬ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɦɟɫɟɣ, ɩɨɫɥɟ ɱɟɝɨ ɜ 
ɞɚɧɧɨɦ ɤɪɢɫɬɚɥɥɟ ɢɦɟɟɬɫɹ ɥɢɛɨ ɢɡɛɵɬɨɤ ɷɥɟɤɬɪɨɧɨɜ, ɥɢɛɨ ɢɯ ɧɟɞɨɫɬɚɬɨɤ. ȼ 
ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɷɥɟɤɬɪɨɧɵ ɫɬɚɧɨɜɹɬɫɹ ɩɟɪɟɧɨɫɱɢɤɚɦɢ ɡɚɪɹɞɚ, ɜɨ ɜɬɨɪɨɦ ɷɬɭ ɪɨɥɶ 
ɢɝɪɚɸɬ ɜɚɥɟɧɬɧɵɟ ɦɟɫɬɚ – ɞɵɪɤɢ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ ɞɟɥɹɬ ɧɚ ɝɪɭɩɩɵμ ɫ ɷɥɟɤɬɪɨɧɧɨ-ɞɵɪɨɱɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɢ ɫ 
ɞɵɪɨɱɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ. Ⱦɥɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɢɯ ɩɪɨɜɨɞɢɦɨɫɬɢ. 

ɂɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɨɛɥɚɞɚɸɬ ɪɚɫɬɜɨɪɵ ɢ ɪɚɫɩɥɚɜɵ ɷɥɟɤɬɪɨɥɢɬɨɜ. 
ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɩɟɪɟɧɨɫɢɬɫɹ ɡɚɪɹɠɟɧɧɵɦɢ ɱɚɫɬɢɰɚɦɢ – ɢɨɧɚɦɢ. ɉɪɢ 
ɜɨɡɞɟɣɫɬɜɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɤɚɬɢɨɧɵ ɢ ɚɧɢɨɧɵ ɧɚɱɢɧɚɸɬ ɞɜɢɝɚɬɶɫɹ 
ɧɚɩɪɚɜɥɟɧɧɨ ɢ ɭɩɨɪɹɞɨɱɟɧɧɨ. Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɪɚɫɬɜɨɪ ɢɥɢ 
ɪɚɫɩɥɚɜ ɷɥɟɤɬɪɨɥɢɬɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɦɟɫɬɢɬɶ ɞɜɚ ɩɪɨɜɨɞɧɢɤɚ (ɨɛɵɱɧɨ 
ɩɪɨɜɨɞɧɢɤɚ ɩɟɪɜɨɝɨ ɪɨɞɚ) – ɞɜɚ ɷɥɟɤɬɪɨɞɚ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɤɬɪɨɞɨɜ 
ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɞɚɱɚ ɷɥɟɤɬɪɨɧɨɜ ɜɨ ɜɧɟɲɧɸɸ ɰɟɩɶ ɢɥɢ ɩɨɥɭɱɟɧɢɟ ɢɯ ɢɡ 
ɜɧɟɲɧɟɣ ɰɟɩɢ. ɇɚ ɷɥɟɤɬɪɨɞɚɯ (ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɞɜɭɯ ɮɚɡ) ɩɪɨɢɫɯɨɞɢɬ 
ɩɟɪɟɧɨɫ ɡɚɪɹɞɚ, ɬɨ ɟɫɬɶ ɩɪɨɬɟɤɚɸɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ, ɢɧɵɦɢ 
ɫɥɨɜɚɦɢ, ɢɦɟɧɧɨ ɡɞɟɫɶ ɥɨɤɚɥɢɡɨɜɚɧɨ ɜɡɚɢɦɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɯɢɦɢɱɟɫɤɨɣ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɮɨɪɦ ɷɧɟɪɝɢɢ (ɷɥɟɤɬɪɨɥɢɡ ɢɥɢ ɝɚɥɶɜɚɧɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ). 

ɋɢɫɬɟɦɵ, ɜ ɤɨɬɨɪɵɯ ɩɟɪɟɧɨɫ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɨɧɚɦɢ, 
ɧɚɡɵɜɚɸɬ ɩɪɨɜɨɞɧɢɤɚɦɢ ɜɬɨɪɨɝɨ ɪɨɞɚ. Ⱦɥɹ ɩɪɨɜɨɞɧɢɤɨɜ ɜɬɨɪɨɝɨ ɪɨɞɚ 
ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ. 

ɋɩɨɫɨɛɧɨɫɬɶ ɩɪɨɜɨɞɧɢɤɚ ɜɬɨɪɨɝɨ ɪɨɞɚ ɩɪɨɜɨɞɢɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ 
ɡɚɜɢɫɢɬ ɨɬμ  

- ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɢɨɧɨɜν 
- ɤɨɧɰɟɧɬɪɚɰɢɢν 
- ɡɚɪɹɞɚν 
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ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɢɨɧɚ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜμ ɜɹɡɤɨɫɬɢ ɫɪɟɞɵ, 
ɪɚɡɦɟɪɚ ɢɨɧɚ ɫ ɟɝɨ ɫɨɥɶɜɚɬɧɨɣ ɨɛɨɥɨɱɤɨɣ, ɡɚɪɹɞɚ, ɧɚɩɪɹɠɟɧɧɨɫɬɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. 

ɋɤɨɪɨɫɬɶɸ ɞɜɢɠɟɧɢɹ ɢɨɧɚ (, ɦ/ɫ) ɧɚɡɵɜɚɟɬɫɹ ɫɤɨɪɨɫɬɶ ɟɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 
ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɞɧɨɝɨ ɢɡ ɷɥɟɤɬɪɨɞɨɜ (ɦɢɝɪɚɰɢɹ). 
Аɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɶɸ ɞɜɢɠɟɧɢɹ ɢɨɧɚ (u) ɧɚɡɵɜɚɸɬ ɫɤɨɪɨɫɬɶ ɟɝɨ 
ɦɢɝɪɚɰɢɢ ɩɪɢ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 1 ȼ/ɦ.  
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U
H   – ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ȼ/ɦ. 
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Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɬɚɛɥɢɰɵ, ɜ ɪɹɞɭ LТ+
 Na

+
 K

+
 ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɚɛɫɨɥɸɬɧɚɹ 

ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɢɨɧɚ. ȼ ɞɚɧɧɨɦ ɪɹɞɭ ɪɚɫɬɟɬ ɢɨɧɧɵɣ ɪɚɞɢɭɫ, ɨɞɧɚɤɨ, ɪɚɞɢɭɫ 
ɢɨɧɚ ɫ ɫɨɥɶɜɚɬɧɨɣ ɨɛɨɥɨɱɤɨɣ ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ 
ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɜ ɫɪɟɞɟμ 

ɂɨɧ Ɋɚɞɢɭɫ ɢɨɧɚ, ɧɦ Ɋɚɞɢɭɫ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɝɨ ɢɨɧɚ, ɧɦ 
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6,0 

9,7 

6,5 

23,7 

18,3 

34,6 

ɂɨɧɵ H3O
+
 ɢ OH-

 ɨɛɥɚɞɚɸɬ ɚɧɨɦɚɥɶɧɵɦɢ ɚɛɫɨɥɸɬɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ 
ɞɜɢɠɟɧɢɹ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɢɯ ɢɨɧɧɵɟ ɪɚɞɢɭɫɵ ɜɦɟɫɬɟ ɫ ɫɨɥɶɜɚɬɧɨɣ 
ɨɛɨɥɨɱɤɨɣ ɫɨɩɨɫɬɚɜɢɦɵ ɫ ɪɚɞɢɭɫɚɦɢ ɞɪɭɝɢɯ ɢɨɧɨɜ. Ɍɚɤɨɟ ɚɧɨɦɚɥɶɧɨɟ 
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ɩɨɜɟɞɟɧɢɟ ɫɜɹɡɚɧɨ ɫ ɨɫɨɛɵɦ ɦɟɯɚɧɢɡɦɨɦ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ – 

ɷɫɬɚɮɟɬɧɵɦ ɦɟɯɚɧɢɡɦɨɦ: 
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ȼ ɪɚɫɬɜɨɪɟ (ɪɚɫɩɥɚɜɟ) ɷɥɟɤɬɪɨɥɢɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɩɟɪɟɧɨɫɢɬɫɹ, ɤɚɤ 
ɤɚɬɢɨɧɚɦɢ, ɬɚɤ ɢ ɚɧɢɨɧɚɦɢ. Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɩɟɪɟɧɨɫɢɦɨɟ ɡɚ 
ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɪɚɜɧɨ ɫɭɦɦɟ ɤɨɥɢɱɟɫɬɜ ɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɩɟɪɟɧɨɫɢɦɨɝɨ 
ɤɚɬɢɨɧɚɦɢ ɢ ɚɧɢɨɧɚɦɢμ 

 iqq . 

Ʉɚɠɞɵɣ ɜɢɞ ɢɨɧɨɜ ɜɧɨɫɢɬ ɫɜɨɣ ɜɤɥɚɞ ɜ ɩɟɪɟɧɨɫɢɦɨɟ ɷɥɟɤɬɪɢɱɟɫɬɜɨ. ɗɬɨɬ 
ɜɤɥɚɞ ɜɵɪɚɠɚɸɬ ɜ ɜɢɞɟ ɱɢɫɟɥ ɩɟɪɟɧɨɫɚ. 

Ⱦɥɹ ɛɢɧɚɪɧɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ (1-1): 
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ɑɢɫɥɨ ɩɟɪɟɧɨɫɚ ɩɨɤɚɡɵɜɚɟɬ ɞɨɥɸ ɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɩɟɪɟɧɨɫɢɦɭɸ ɞɚɧɧɵɦ 
ɜɢɞɨɦ ɢɨɧɨɜ. 
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3.10. ɍɞɟɥɶɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ ɞɥɢɧɨɣ L, ɦ ɢ ɩɨɩɟɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ S, ɦ2

  

ɪɚɜɧɨμ 

S

L
R  , 

Ƚɞɟ  - ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɦɈɦ  . 

ȼɟɥɢɱɢɧɚ ɨɛɪɚɬɧɚɹ ɫɨɩɪɨɬɢɜɥɟɧɢɸ 





  ɋɦɢɥɢɈɦ

R

1,
1

 - ɧɚɡɵɜɚɟɬɫɹ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ ɢɥɢ ɩɪɨɜɨɞɢɦɨɫɬɶɸ (ɋɦ – ɫɢɦɦɟɧɫ). 

ȼɟɥɢɱɢɧɚ ɨɛɪɚɬɧɚɹ ɭɞɟɥɶɧɨɦɭ ɫɨɩɪɨɬɢɜɥɟɧɢɸ 

1 ϰ - ɧɚɡɵɜɚɟɬɫɹ ɭɞɟɥɶɧɨɣ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ. 

S=1ɦ2S=1ɦ2

L=1ɦ

ɪɚɫɬɜɨɪ (ɪɚɫɩɥɚɜ)
ɷɥɟɤɬɪɨɥɢɬɚ

R = 

1

R
=

 

Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥμ  
ɍɞɟɥɶɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ (ϰ)  - ɷɬɨ ɩɪɨɜɨɞɢɦɨɫɬɶ ɫɥɨɹ ɪɚɫɬɜɨɪɚ 
(ɪɚɫɩɥɚɜɚ) ɷɥɟɤɬɪɨɥɢɬɚ, ɡɚɤɥɸɱɟɧɧɨɝɨ ɦɟɠɞɭ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɵɦɢ 
ɷɥɟɤɬɪɨɞɚɦɢ ɩɥɨɳɚɞɶɸ 1 ɦ2, ɧɚɯɨɞɹɳɢɦɢɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 1 ɦ. 

Ɋɚɡɦɟɪɧɨɫɬɶ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢμ 

[ϰ] 111   ɦɋɦɦɈɦ  

ɂɡ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɬɚɛɥɢɰɵ ɡɧɚɱɟɧɢɣ ɭɞɟɥɶɧɵɯ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɟɣ ɞɥɹ 
ɩɪɨɜɨɞɧɢɤɨɜ ɢ ɞɢɷɥɟɤɬɪɢɤɨɜ ɜɢɞɧɨ, ɱɬɨ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɩɪɨɜɨɞɧɢɤɨɜ 2-ɝɨ 
ɪɨɞɚ ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ, ɱɟɦ ɷɥɟɤɬɩɪɨɜɨɞɧɨɫɬɶ ɦɟɬɚɥɥɨɜ. ɍɞɟɥɶɧɵɟ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɚɥɸɦɢɧɢɹ ɢ 1,0 Ɇ ɪɚɫɬɜɨɪɚ HCХ ɨɬɥɢɱɚɸɬɫɹ ɜ 106 ɪɚɡ. 
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ɉɪɨɜɨɞɧɢɤ 1-ɝɨ ɪɨɞɚ ɉɪɨɜɨɞɧɢɤ 2-ɝɨ ɪɨɞɚ Ⱦɢɷɥɟɤɬɪɢɤ 

T=298 K ϰ 11,   ɦɈɦ  T=298 K ϰ 11,   ɦɈɦ  T=298 K ϰ 11,   ɦɈɦ  

Ag 

Cu 

Al 

Fe  

Pt 

Pb 

6,2510
7
 

5,8810
7
 

3,610
7
 

110
7
 

9,3510
6
 

4,810
6
 

 

0,1 M HCl 

1,0 M HCl 

0,1 M NaOH 

1,0 M NaOH 

0,1 M KCl 

1,0 M KCl 

C2H5OH (100%) 

C2H5OH (95%) 

H2O 

3,85 

33,22  

2,0 

17,33 

1,288
 

11,18 

1,310
-7 

3,310
-4 

<510
-6

 

ɋɬɟɤɥɨ 

ɉɚɪɚɮɢɧ 

ɉɨɥɢɷɬɢɥɟɧ 

 

10
-8

 - 10
-17

 

3,310
-19

 

110
-16

 

ɍɞɟɥɶɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɪɚɫɬɜɨɪɚ ɷɥɟɤɬɪɨɥɢɬɚ ɡɚɜɢɫɢɬ ɜ ɨɫɧɨɜɧɨɦ ɨɬμ 
1. Ʉɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜν 
2. ɋɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɢɨɧɨɜν 
3. Ɂɚɪɹɞɚ ɢɨɧɨɜν 
4. Ɍɟɦɩɟɪɚɬɭɪɵ. 

ɍɞɟɥɶɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɛɢɧɚɪɧɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 
ɤɨɧɰɟɧɬɪɚɰɢɹɦ ɢɨɧɨɜ ɢ ɢɯ ɚɛɫɨɥɸɬɧɵɦ ɫɤɨɪɨɫɬɹɦ ɞɜɢɠɟɧɢɹμ 

ϰ )(   uCuCF  

Ⱦɥɹ ɨɞɧɨ-ɨɞɧɨɜɚɥɟɧɬɧɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ (1-1)  ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɜɤɥɸɱɚɹ 
ɫɥɚɛɵɟ ɷɥɟɤɬɪɨɥɢɬɵ, ɩɪɟɞɵɞɭɳɟɟ ɜɵɪɚɠɟɧɢɟ ɫɥɟɞɭɟɬ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟμ 

ϰ )(   uuFC  

ɝɞɟ  – ɫɬɟɩɟɧɶ ɞɢɫɫɨɰɢɚɰɢɢ, ɋ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɚ ɷɥɟɤɬɪɨɥɢɬɚ. 
ɋ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɪɨɜɨɞɧɢɤɨɜ 1-ɝɨ ɪɨɞɚ, ɭɞɟɥɶɧɚɹ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɪɚɫɬɜɨɪɨɜ ɷɥɟɤɬɪɨɥɢɬɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɉɨɜɵɲɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 10Ʉ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɩɪɨɜɨɞɧɨɫɬɢ ɧɚ 20-25%. 

ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɜɹɡɤɨɫɬɢ, ɭɦɟɧɶɲɟɧɢɟɦ ɫɬɟɩɟɧɢ ɝɢɞɪɚɬɚɰɢɢ ɢɨɧɨɜ, 
ɩɨɜɵɲɟɧɢɟɦ ɫɬɟɩɟɧɢ ɞɢɫɫɨɰɢɚɰɢɢ. 

ȼ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɭɞɟɥɶɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɫ ɪɨɫɬɨɦ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ (ɬɚɤ ɤɚɤ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɡɪɚɫɬɚɟɬ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɟɪɟɧɨɫɱɢɤɨɜ ɡɚɪɹɞɚ), ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɚ 
ɡɚɬɟɦ ɭɦɟɧɶɲɚɟɬɫɹ. ȼ ɪɚɫɬɜɨɪɚɯ ɫɢɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɷɬɨ ɭɦɟɧɶɲɟɧɢɟ 
ɨɛɴɹɫɧɹɟɬɫɹ ɡɚɦɟɞɥɟɧɢɟɦ ɞɜɢɠɟɧɢɹ ɢɨɧɨɜ ɢɡ-ɡɚ ɪɟɥɚɤɫɚɰɢɨɧɧɨɝɨ ɷɮɮɟɤɬɚ ɢ 
ɷɮɮɟɤɬɚ ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɨɝɨ ɬɨɪɦɨɠɟɧɢɹ, ɚ ɜ ɪɚɫɬɜɨɪɚɯ ɫɥɚɛɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ 
– ɫɧɢɠɟɧɢɟɦ ɫɬɟɩɟɧɢ ɞɢɫɫɨɰɢɚɰɢɢ. 
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Эɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɬɨɪɦɨɠɟɧɢɹ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ ɩɪɢ 
ɧɚɥɨɠɟɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɢɨɧ ɧɚɱɢɧɚɟɬ ɞɜɢɝɚɬɶɫɹ ɜ ɨɞɧɭ ɫɬɨɪɨɧɭ, ɚ ɟɝɨ 
ɢɨɧɧɚɹ ɚɬɦɨɫɮɟɪɚ - ɜ ɞɪɭɝɭɸ. Ⱦɜɢɠɟɧɢɟ ɪɚɡɧɨɢɦɟɧɧɨ ɡɚɪɹɠɟɧɧɵɯ ɢɨɧɨɜ ɜ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɟ ɫɬɨɪɨɧɵ ɫɨɡɞɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɬɨɪɦɨɠɟɧɢɟ ɞɜɢɠɟɧɢɸ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɢɨɧɚ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚ ɩɥɨɬɧɨɫɬɶ 
ɢɨɧɧɨɣ ɚɬɦɨɫɮɟɪɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɬɨɪɦɨɡɹɳɢɣ 
ɷɥɟɤɬɪɨɮɨɪɟɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ. 

Ɋɟɥɚɤɫɚɰɢɨɧɧɵɣ ɷɮɮɟɤɬ ɫɜɹɡɚɧ ɫ ɫɭɳɟɫɬɜɨɜɚɧɢɟɦ ɢɨɧɧɨɣ ɚɬɦɨɫɮɟɪɵ ɢ ɟɟ 
ɜɥɢɹɧɢɟɦ ɧɚ ɞɜɢɠɟɧɢɟ ɢɨɧɨɜ. ɉɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɟɝɨ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɰɟɧɬɪɚɥɶɧɵɣ ɢɨɧ ɜɵɯɨɞɢɬ ɢɡ ɰɟɧɬɪɚ ɢɨɧɧɨɣ ɚɬɦɨɫɮɟɪɵ, 
ɤɨɬɨɪɚɹ ɜɧɨɜɶ ɜɨɫɫɨɡɞɚɟɬɫɹ ɜ ɧɨɜɨɦ ɩɨɥɨɠɟɧɢɢ ɢɨɧɚ. Ɉɛɪɚɡɨɜɚɧɢɟ ɢ 
ɪɚɡɪɭɲɟɧɢɟ ɢɨɧɧɨɣ ɚɬɦɨɫɮɟɪɵ ɩɪɨɬɟɤɚɟɬ ɫ ɛɨɥɶɲɨɣ, ɧɨ ɤɨɧɟɱɧɨɣ ɫɤɨɪɨɫɬɶɸ, 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɤɨɬɨɪɨɣ ɫɥɭɠɢɬ ɜɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ. ȼɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ ɡɚɜɢɫɢɬ 
ɨɬ ɢɨɧɧɨɣ ɫɢɥɵ ɪɚɫɬɜɨɪɚ, ɟɝɨ ɜɹɡɤɨɫɬɢ ɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ. 

 

3.11. Ɇɨɥɹɪɧɚɹ (ɷɤɜɢɜɚɥɟɧɬɧɚɹ) ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ. 

Ɇɨɥɹɪɧɨɣ (ɷɤɜɢɜɚɥɟɧɬɧɨɣ) ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ ɧɚɡɵɜɚɟɬɫɹ 
ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɨɛɴɟɦɚ ɷɥɟɤɬɪɨɥɢɬɚ ɫɨɞɟɪɠɚɳɟɝɨ 1 ɦɨɥɶ 
(1 ɝ-ɷɤɜ) ɜɟɳɟɫɬɜɚ ɢ ɡɚɤɥɸɱɟɧɧɨɝɨ ɦɟɠɞɭ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ, 
ɧɚɯɨɞɹɳɢɦɢɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 1 ɦ. 
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SS

L=1ɦ

ɨɛɴɟɦ ɪɚɫɬɜɨɪɚ,
ɫɨɞɟɪɠɚɳɟɝɨ 
1 ɦɨɥɶ ɢɥɢ 1 ɝ-ɷɤɜ 
ɷɥɟɤɬɪɨɥɢɬɚ

R

1

R
=

 

Ɋɚɡɦɟɪɧɨɫɬɶ ɜ ɫɢɫɬɟɦɟ ɋɂμ   121   ɦɨɥɶɦɈɦ  

ɉɨɧɹɬɢɟ ɦɨɥɹɪɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜɜɟɞɟɧɧɭɸ ɜ ɧɚɭɤɭ ɪɭɫɫɤɢɦ 
ɮɢɡɢɤɨɦ ɗ.ɏ.Ʌɟɧɰɟɦ (1877). 

Ɇɨɥɹɪɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɫɜɹɡɚɧɚ ɫ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ 
ɫɨɨɬɧɨɲɟɧɢɟɦμ 

ϰ 

ɝɞɟ ɋ – ɦɨɥɹɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ  ɪɚɫɬɜɨɪɚ ɷɥɟɤɬɪɨɥɢɬɚ ɜ ɦɨɥɶ/ɥ. 
ȼɟɥɢɱɢɧɚ ɨɛɪɚɬɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɡɵɜɚɟɬɫɹ ɪɚɡɜɟɞɟɧɢɟɦ (V): 

C
V

1
 . 

Ɋɚɡɜɟɞɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɛɴɟɦɭ ɪɚɫɬɜɨɪɚ, ɜ ɤɨɬɨɪɨɦ ɧɚɯɨɞɢɬɫɹ 1 ɦɨɥɶ 
ɜɟɳɟɫɬɜɚ.  

Ɇɨɥɹɪɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɪɚɡɛɚɜɥɟɧɢɢ ɪɚɫɬɜɨɪɚ ɢ 
ɫɬɪɟɦɢɬɫɹ ɤ ɩɪɟɞɟɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ, ɤɨɬɨɪɨɟ ɧɚɡɵɜɚɟɬɫɹ ɦɨɥɹɪɧɨɣ 
(ɷɤɜɢɜɚɥɟɧɬɧɨɣ) ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ ɩɪɢ ɛɟɫɤɨɧɟɱɧɨɦ ɪɚɡɜɟɞɟɧɢɢ 
(ɪɚɡɛɚɜɥɟɧɢɢ)μ 

0

0 lim



C

 

ɋ, 
ɦɨɥɶ/ɥ 

1214,10   ɦɨɥɶɦɈɦ  

HCl KOH NaCl CH3COOH NH4OH 

1 300,5 74,2 184 1,3 0,9 

0,1 350,1 91,8 213 4,6 3,3 

0,01 369,3 101,7 228 14,3 9,6 

1 10
-3 

377,1 106,3 234 41,0 28,0 

1 10
-4

 377,5 106,9 235 107,0 66,0 

Ⱦɥɹ ɫɢɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ, ɞɢɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɧɚɰɟɥɨ, 
ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɨɠɢɞɚɬɶ, ɱɬɨ  ɛɭɞɟɬ ɜɟɥɢɱɢɧɨɣ ɩɨɫɬɨɹɧɧɨɣ ɩɪɢ ɥɸɛɵɯ 
ɤɨɧɰɟɧɬɪɚɰɢɹɯ. Ɉɞɧɚɤɨ ɨɩɵɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɢ ɞɥɹ ɧɢɯ ɜɟɥɢɱɢɧɚ  ɡɚɜɢɫɢɬ 
ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɚ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɡɚɜɢɫɢɦɨɫɬɶɸ ɚɛɫɨɥɸɬɧɵɯ 
ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɢɨɧɨɜ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɨɜ. 

Ⱦɥɹ ɫɥɚɛɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɥɹɪɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ 

1000


C

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ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɚɹ, ɱɟɦ ɞɥɹ ɫɢɥɶɧɵɯ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ 
ɪɚɡɛɚɜɥɟɧɢɢ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɬɟɩɟɧɶ ɞɢɫɫɨɰɢɚɰɢɢ, ɚ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɫɬɟɬ ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. ȼ ɪɚɫɬɜɨɪɚɯ ɫɥɚɛɵɯ 
ɷɥɟɤɬɪɨɥɢɬɨɜ, ɝɞɟ ɢɨɧ-ɢɨɧɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɢɜɨɞɹɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 
ɧɟɣɬɪɚɥɶɧɵɯ ɦɨɥɟɤɭɥ ɭɠɟ ɩɪɢ ɨɱɟɧɶ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɢɨɧɨɜ, ɜɵɯɨɞ  ɧɚ 
ɩɪɟɞɟɥ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɧɚɛɥɸɞɚɬɶ ɧɟ ɭɞɚɟɬɫɹ. 

Иɫɫɥɟɞɭɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɤɢɫɥɨɬ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɚɡɛɚɜɥɟɧɢɹɯ, 
Аɪɪɟɧɢɭɫ ɟɳɟ ɜ 1884—1886 ɝɨɞɚɯ ɭɫɬɚɧɨɜɢɥ, ɱɬɨ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɤɢɫɥɨɬ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɚɡɛɚɜɥɟɧɢɟɦ — ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɧɟɤɨɬɨɪɨɣ 
ɩɪɟɞɟɥɶɧɨɣ ɜɟɥɢɱɢɧɟ. Иɦ ɛɵɥɨ ɧɚɣɞɟɧɨ, ɱɬɨ ɞɥɹ ɪɚɫɬɜɨɪɨɜ ɫɥɚɛɵɯ ɤɢɫɥɨɬ 
(ɹɧɬɚɪɧɨɣ ɢ ɞɪ.) ɢ ɨɫɧɨɜɚɧɢɣ ɭɜɟɥɢɱɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɫ 
ɪɚɡɛɚɜɥɟɧɢɟɦ ɝɨɪɚɡɞɨ ɡɚɦɟɬɧɟɟ, ɱɟɦ ɞɥɹ ɤɢɫɥɨɬ ɫɢɥɶɧɵɯ, ɧɚɩɪɢɦɟɪ ɫɟɪɧɨɣ ɢ ɞɪ. 

Ɋɚɡɜɟɞɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɞɨɫɬɢɝɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɥɹɪɧɨɣ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɭɫɥɨɜɧɨ ɧɚɡɵɜɚɟɬɫɹ ɛɟɫɤɨɧɟɱɧɵɦ. 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɢɫɭɧɤɨɜ, ɦɨɥɹɪɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɩɪɢ ɛɟɫɤɨɧɟɱɧɨɦ 
ɪɚɡɜɟɞɟɧɢɢ ɞɥɹ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɫɬɚɧɨɜɢɬɫɹ ɛɥɢɡɤɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ 
ɪɚɫɬɜɨɪɚ ɫɢɥɶɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ. 
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Ⱦɥɹ ɪɚɡɛɚɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɢɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɡɚɜɢɫɢɦɨɫɬɶ  ɨɬ ɋ 

ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɟɬɫɹ ɷɦɩɢɪɢɱɟɫɤɢɦ ɭɪɚɜɧɟɧɢɟɦ Ɏ.Ʉɨɥɶɪɚɭɲɚ (1900)μ 

Ca 0  

ȼ ɤɨɨɪɞɢɧɚɬɚɯ  - ɋ1/2
 ɷɬɨɦɭ ɭɪɚɜɧɟɧɢɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɹɦɚɹ ɥɢɧɢɹ. 

Ɉɩɪɟɞɟɥɢɜ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɪɚɫɬɜɨɪɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɢ ɡɚɬɟɦ 
ɩɨɫɬɪɨɢɜ ɝɪɚɮɢɤ, ɦɨɠɧɨ ɩɭɬɟɦ ɝɪɚɮɢɱɟɫɤɨɣ ɷɤɫɬɪɚɩɨɥɹɰɢɢ ɨɩɪɟɞɟɥɢɬɶ 
ɜɟɥɢɱɢɧɭ 0

. 

ɇɚ ɪɢɫɭɧɤɟ ɧɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɷɥɟɤɬɪɨɥɢɬɨɜ ɨɬ ɤɜɚɞɪɚɬɧɨɝɨ ɤɨɪɧɹ ɢɡ ɢɯ 
ɤɨɧɰɟɧɬɪɚɰɢɢ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɢɫɭɧɤɚ, ɞɥɹ ɫɥɚɛɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɞɚɧɧɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɧɟ ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɨɣ. 
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ɂɡ-ɡɚ ɫɜɨɟɨɛɪɚɡɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɫɥɚɛɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɞɥɹ ɧɢɯ ɧɟɥɶɡɹ 
ɨɩɪɟɞɟɥɢɬɶ 0

 ɩɭɬɟɦ ɷɤɫɬɪɚɩɨɥɹɰɢɢ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɷɤɜɢɜɚɥɟɧɬɧɨɣ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ. ɑɚɳɟ ɜɫɟɝɨ ɜɟɥɢɱɢɧɭ 0

 ɞɥɹ ɫɥɚɛɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ 
ɨɩɪɟɞɟɥɹɸɬ ɢɡ ɩɨɞɜɢɠɧɨɫɬɟɣ ɢɨɧɨɜ ɫɨɝɥɚɫɧɨ ɡɚɤɨɧɭ Ʉɨɥɶɪɚɭɲɚ. 

Ɂɚɤɨɧ Ʉɨɥɶɪɚɭɲɚ: ɦɨɥɶɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɪɚɫɬɜɨɪɚ ɷɥɟɤɬɪɨɥɢɬɚ 
ɩɪɢ ɛɟɫɤɨɧɟɱɧɨɦ ɪɚɡɜɟɞɟɧɢɢ ɪɚɜɧɚ ɫɭɦɦɟ ɩɨɞɜɢɠɧɨɫɬɟɣ ɢɨɧɨɜ: 

000

    

ɝɞɟ 00

  ɢ – ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɤɚɬɢɨɧɚ ɢ ɚɧɢɨɧɚ 
ɷɥɟɤɬɪɨɥɢɬɚ ɩɪɢ ɛɟɫɤɨɧɟɱɧɨɦ ɪɚɡɜɟɞɟɧɢɢ (ɩɨɞɜɢɠɧɨɫɬɢ ɢɨɧɨɜ). 

  uF0  – ɩɪɟɞɟɥɶɧɚɹ ɩɨɞɜɢɠɧɨɫɬɶ ɤɚɬɢɨɧɚ, 121   ɦɨɥɶɦɈɦ ; 

  uF0  – ɩɪɟɞɟɥɶɧɚɹ ɩɨɞɜɢɠɧɨɫɬɶ ɚɧɢɨɧɚ, 121   ɦɨɥɶɦɈɦ ; 

F – ɩɨɫɬɨɹɧɧɚɹ Ɏɚɪɚɞɟɹ 96487 (Ʉɥ/ɦɨɥɶ), 
u+  ɢ u- – ɚɛɫɨɥɸɬɧɵɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɤɚɬɢɨɧɚ ɢ ɚɧɢɨɧɚ, 121   ɫɦȼ . 

Ⱦɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɫɬɟɩɟɧɧɨ ɞɢɫɫɨɰɢɚɰɢɢ ɦɟɧɶɲɟ ɟɞɢɧɢɰɵ ( < 1) ɦɨɥɹɪɧɚɹ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɛɭɞɟɬ ɪɚɜɧɚμ 

 00

    

Ɂɧɚɹ ɡɧɚɱɟɧɢɹ ɦɨɥɹɪɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɞɚɧɧɨɦ ɢ ɩɪɢ 
ɛɟɫɤɨɧɟɱɧɨɦ ɪɚɡɜɟɞɟɧɢɹɯ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɫɬɟɩɟɧɶ ɞɢɫɫɨɰɢɚɰɢɢ ɩɨ ɮɨɪɦɭɥɟ 
Аɪɪɟɧɢɭɫɚ: 

00

 



  ɢɥɢ 0

   

Ɏɢɡɢɱɟɫɤɚɹ ɫɭɳɧɨɫɬɶ ɡɚɤɨɧɚ Ʉɨɥɶɪɚɭɲɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɜ ɪɚɫɬɜɨɪɟ 
ɷɥɟɤɬɪɨɥɢɬɚ ɤɚɬɢɨɧɵ ɢ ɚɧɢɨɧɵ ɩɟɪɟɧɨɫɹɬ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ 
ɨɬ ɞɪɭɝɚ. 

Ⱦɥɹ ɫɥɚɛɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɜɟɥɢɱɢɧɭ 0
 ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɡɧɚɱɟɧɢɹɦ 0 ɞɥɹ 

ɫɢɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɨɧɵμ 



56 

 

)()()()( 00

3

0

3

0 NaClHClCOONaCHCOOHCH    

 

Ⱦɥɹ ɷɥɟɤɬɪɨɯɢɦɢɤɨɜ. 
ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɪɚɫɬɜɨɪɚ ɡɚɜɢɫɢɬ ɨɬ ɚɛɫɨɥɸɬɧɵɯ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ 
ɢɨɧɨɜ u+ ɢ u-: 

   uuF  

ɝɞɟ  – ɫɬɟɩɟɧɶ ɞɢɫɫɨɰɢɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚν u+  ɢ u- – ɚɛɫɨɥɸɬɧɵɟ ɫɤɨɪɨɫɬɢ 
ɞɜɢɠɟɧɢɹ ɤɚɬɢɨɧɚ ɢ ɚɧɢɨɧɚ, 121   ɫɦȼ ; F – ɩɨɫɬɨɹɧɧɚɹ Ɏɚɪɚɞɟɹ. 

ɉɪɢ 0C ; V ; 1 ; 
0

  uu ; 
0

  uu ; 
0  ɨɬɫɸɞɚ  

 000

  uuF . 

ɉɨɞɟɥɢɜ ɞɜɚ ɩɨɫɥɟɞɧɢɯ ɭɪɚɜɧɟɧɢɹ ɩɨɥɭɱɢɦμ 
 
 000

 






uu

uu





. 

Ɉɬɧɨɲɟɧɢɟ 
 
 00

 






uu

uu
f  - ɧɚɡɵɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ. 

Ɇɨɠɧɨ ɡɚɩɢɫɚɬɶμ 





f
0 . 

Ⱦɥɹ ɫɢɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ 1 : 




f
0 . 

Ⱦɥɹ ɫɥɚɛɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ  0

  uu ; 
0

  uu ; 1f : 






0 . 
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4. ЭɅȿɄɌɊɈХɂɆɂə. 

4.1. Эɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ 

Ⱦɚɥɟɟ ɦɵ ɪɚɫɫɦɨɬɪɢɦ ɩɪɨɰɟɫɫɵ, ɤɨɬɨɪɵɟ ɩɪɨɬɟɤɚɸɬ ɧɚ ɝɪɚɧɢɰɚɯ ɪɚɡɞɟɥɚ 
ɮɚɡ ɢ ɫɨɩɪɨɜɨɠɞɚɸɳɢɟɫɹ ɨɛɦɟɧɨɦ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ – ɷɥɟɤɬɪɨɧɨɜ ɢ ɢɨɧɨɜ. 

ɉɟɪɟɯɨɞ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ɜɵɡɵɜɚɟɬ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɡɚɪɹɞɚ, ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɫɤɚɱɤɚ ɩɨɬɟɧɰɢɚɥɨɜ. 

ȼɨɡɧɢɤɚɸɳɟɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɜɥɢɹɟɬ ɧɚ ɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɤɨɬɨɪɵɟ 
ɦɨɝɭɬ ɩɪɨɬɟɤɚɬɶ ɧɚ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɟ, ɚ ɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ, ɦɨɝɭɬ ɢɡɦɟɧɢɬɶ ɜɟɥɢɱɢɧɭ ɫɤɚɱɤɚ ɩɨɬɟɧɰɢɚɥɨɜ. 

ɋɤɚɱɤɢ ɩɨɬɟɧɰɢɚɥɨɜ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɧɚ ɫɥɟɞɭɸɳɢɯ ɝɪɚɧɢɰɚɯμ ɚ) ɦɟɬɚɥɥ-

ɜɚɤɭɭɦ ɛ)ɦɟɬɚɥɥ-ɦɟɬɚɥɥν ɜ) ɦɟɬɚɥɥ-ɪɚɫɬɜɨɪ. 
Ɋɚɫɫɦɨɬɪɢɦ ɨɫɨɛɟɧɧɨɫɬɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɫɤɚɱɤɨɜ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ 

ɭɩɨɦɹɧɭɬɵɯ ɝɪɚɧɢɰɚɯ. 
Ɇɟɬɚɥɥ-ɜɚɤɭɭɦ 

ɉɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɫɜɨɛɨɞɧɵɟ ɷɥɟɤɬɪɨɧɵ 
ɧɚɯɨɞɹɬɫɹ ɜɧɭɬɪɢ ɦɟɬɚɥɥɚ, ɬɚɤ ɤɚɤ ɢɯ ɭɞɟɪɠɢɜɚɟɬ ɩɪɢɬɹɠɟɧɢɟ ɩɨɥɨɠɢɬɟɥɶɧɵɯ 
ɢɨɧɨɜ. ɉɪɢ ɷɬɨɦ ɨɬɞɟɥɶɧɵɟ ɷɥɟɤɬɪɨɧɵ ɫ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɟɣ ɦɨɝɭɬ ɜɵɣɬɢ ɢɡ ɦɟɬɚɥɥɚ ɜ ɨɤɪɭɠɚɸɳɟɟ ɫɜɨɛɨɞɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ (ɜ 
ɜɚɤɭɭɦ). ɉɪɢ ɷɬɨɦ ɨɧɢ ɫɨɜɟɪɲɚɸɬ ɪɚɛɨɬɭ ɩɪɨɬɢɜ ɫɢɥ ɩɪɢɬɹɠɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ 
ɢɡɛɵɬɨɱɧɨɝɨ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɡɚɪɹɞɚ, ɜɨɡɧɢɤɲɟɝɨ ɜ ɦɟɬɚɥɥɟ ɩɨɫɥɟ ɢɯ ɜɵɥɟɬɚ, ɢ 
ɩɪɨɬɢɜ ɫɢɥ ɨɬɬɚɥɤɢɜɚɧɢɹ ɨɬ ɷɥɟɤɬɪɨɧɨɜ, ɜɵɥɟɬɟɜɲɢɯ ɪɚɧɟɟ. ɋ ɪɨɫɬɨɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɞɨɥɹ ɷɥɟɤɬɪɨɧɨɜ, ɢɦɟɸɳɢɯ ɞɨɫɬɚɬɨɱɧɭɸ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɢ 
ɩɨɤɢɞɚɸɳɢɯ ɦɟɬɚɥɥ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ȼɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɡɧɢɤɚɟɬ 
«ɷɥɟɤɬɪɨɧɧɨɟ ɨɛɥɚɤɨ», ĸᴏᴛᴏᴩᴏᴇ ɜɦɟɫɬɟ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɫɥɨɟɦ 
ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɢɨɧɨɜ ɨɛɪɚɡɭɟɬ ɞɜɨɣɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɫɥɨɣ ɬɨɥɳɢɧɨɣ 10-10

-

10
-8 ɦ. ɉɨɥɟ ɷɬɨɝɨ ɫɥɨɹ ɩɪɟɩɹɬɫɬɜɭɟɬ ɜɵɯɨɞɭ ɫɥɟɞɭɸɳɢɯ ɷɥɟɤɬɪɨɧɨɜ. 

 

Ɋɚɛɨɬɚ, ɤɨɬɨɪɭɸ ɧɭɠɧɨ ɡɚɬɪɚɬɢɬɶ ɞɥɹ ɭɞɚɥɟɧɢɹ ɷɥɟɤɬɪɨɧɚ ɢɡ ɦɟɬɚɥɥɚ ɜ 
ɜɚɤɭɭɦ, ɧɚɡɵɜɚɟɬɫɹ ɪɚɛɨɬɨɣ ɜɵɯɨɞɚ Wȼɵɯ: 

eWȼɵɯ   , 

ɝɞɟ ɟ – ɡɚɪɹɞ ɷɥɟɤɬɪɨɧɚ,  - ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɩɨɬɟɧɰɢɚɥ. 

Ɋɚɛɨɬɭ ɜɵɯɨɞɚ ɩɪɢɧɹɬɨ ɢɡɦɟɪɹɬɶ ɜ ɷɥɟɤɬɪɨɧ-ɜɨɥɶɬɚɯ (ɷȼ). 1ɷȼ - ɪɚɛɨɬɚ 
ɩɟɪɟɦɟɳɟɧɢɹ ɷɥɟɤɬɪɨɧɚ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɦɟɠɞɭ ɬɨɱɤɚɦɢ ɫ ɪɚɡɧɨɫɬɶɸ 
ɩɨɬɟɧɰɢɚɥɨɜ ɜ 1ȼ (1ɷȼ=1.610

-19
 Ⱦɠ). Ɋɚɛɨɬɚ ɜɵɯɨɞɚ ɷɥɟɤɬɪɨɧɚ ɡɚɜɢɫɢɬ ɨɬ 

ɯɢɦɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ ɦɟɬɚɥɥɚ ɢ ɱɢɫɬɨɬɵ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ. Ⱦɥɹ ɱɢɫɬɵɯ ɦɟɬɚɥɥɨɜ ɜɟɥɢɱɢɧɚ ɪɚɛɨɬɵ ɩɨɪɹɞɤɚ ɧɟɫɤɨɥɶɤɢɯ ɷȼ. 

ɉɚɞɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɜ ɡɚɪɹɠɟɧɧɨɦ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɜɟɥɢɱɢɧɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ  . ɉɨɜɟɪɯɧɨɫɬɧɵɣ ɩɨɬɟɧɰɢɚɥ () – ɷɬɨ 
ɩɨɬɟɧɰɢɚɥ, ɤɨɬɨɪɵɣ ɫɜɹɡɚɧ ɫ ɪɚɛɨɬɨɣ ɩɟɪɟɧɨɫɚ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɜɨɨɛɪɚɠɚɟɦɨɝɨ 
ɡɚɪɹɞɚ ɢɡ ɝɥɭɛɢɧɵ ɮɚɡɵ ɜ ɬɨɱɤɭ ɜ ɜɚɤɭɭɦɟ, ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ 



58 

 

ɛɥɢɡɨɫɬɢ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɮɚɡɵ (ɧɚ ɪɚɫɫɬɨɹɧɢɢ 10
-10

-10
-9 ɦ) ɛɟɡ ɭɱɟɬɚ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɫɚɦɨɣ ɮɚɡɨɣ. Ⱦɥɹ ɪɚɫɬɜɨɪɨɜ ɜɟɥɢɱɢɧɚ  ɨɛɭɫɥɨɜɥɟɧɚ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɨɪɢɟɧɬɚɰɢɟɣ ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɞɢɩɨɥɟɣ 
ɪɚɫɬɜɨɪɢɬɟɥɹ, ɚ ɧɚ ɝɪɚɧɢɰɟ ɦɟɬɚɥɥ/ɜɚɤɭɭɦ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɩɨɬɟɧɰɢɚɥ ɜɨɡɧɢɤɚɟɬ 
ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɷɥɟɤɬɪɨɧɧɵɣ ɝɚɡ ɱɚɫɬɢɱɧɨ ɫɦɟɳɚɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɨɧɨɜ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɦɟɬɚɥɥɚ ɢ ɜɦɟɫɬɟ ɫ ɢɯ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɡɚɪɹɞɚɦɢ 
ɬɚɤɠɟ ɨɛɪɚɡɭɟɬ ɞɢɩɨɥɶɧɵɣ ɫɥɨɣ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɟ ɛɵɥɨ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɭɬɚɧɢɰɵ ɜɜɟɞɟɦ ɫɪɚɡɭ ɩɨɧɹɬɢɹ ɟɳɟ 
ɞɜɭɯ ɩɨɬɟɧɰɢɚɥɨɜ, ɜɨɡɧɢɤɚɸɳɢɯ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡμ 

ȼɧɟɲɧɢɣ ɩɨɬɟɧɰɢɚɥ () – ɷɬɨ ɩɨɬɟɧɰɢɚɥ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɛɨɬɨɣ 
ɩɟɪɟɧɨɫɚ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɜɨɨɛɪɚɠɚɟɦɨɝɨ ɡɚɪɹɞɚ ɜ ɜɚɤɭɭɦɟ ɢɡ ɛɟɫɤɨɧɟɱɧɨɫɬɢ ɜ 
ɬɨɱɤɭ, ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɞɚɧɧɨɣ 
ɮɚɡɵ (ɧɚ ɪɚɫɫɬɨɹɧɢɢ 10

-10
-10

-9 ɦ); 

ȼɧɭɬɪɟɧɧɢɣ ɩɨɬɟɧɰɢɚɥ () – ɩɨɬɟɧɰɢɚɥ, ɤɨɬɨɪɵɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɛɨɬɟ 
ɩɟɪɟɧɨɫɚ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɜɨɨɛɪɚɠɚɟɦɨɝɨ ɡɚɪɹɞɚ ɢɡ ɛɟɫɤɨɧɟɱɧɨɫɬɢ ɜ ɜɚɤɭɭɦɟ 
ɜɝɥɭɛɶ ɞɚɧɧɨɣ ɮɚɡɵ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɵɣ ɜɨɨɛɪɚɠɚɟɦɵɣ ɡɚɪɹɞ 
ɩɪɢ ɷɬɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɬɨɥɶɤɨ ɫ ɜɧɟɲɧɢɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɥɟɦ (ɡɚɪɹɞɨɦ 
ɩɨɜɟɪɯɧɨɫɬɢ) ɢ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɫɚɦɨɣ ɮɚɡɨɣ. 

ȼɟɥɢɱɢɧɵ ɷɬɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚɯɨɞɹɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɫɨɨɬɧɨɲɟɧɢɢμ 
   . 

ȿɫɥɢ ɫɜɨɛɨɞɧɵɣ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɣ ɡɚɪɹɞ ɮɚɡɵ  ɪɚɜɟɧ ɧɭɥɸ, ɬɨ =0, ɢ 
ɬɨɝɞɚ 

 = . 






ȼɚɤɭɭɦ Фɚɡɚ 




e

8

 

Ɇɟɬɚɥɥ-ɦɟɬɚɥɥ. 
Ɇɟɠɞɭ ɞɜɭɦɹ ɢɡɨɥɢɪɨɜɚɧɧɵɦɢ ɤɭɫɤɚɦɢ ɦɟɬɚɥɥɚ ɦɨɠɟɬ ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ 

ɩɪɨɢɡɜɨɥɶɧɚɹ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ, ɟɺ ɡɧɚɱɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɫɥɭɱɚɣɧɨɝɨ 
ɧɚɤɨɩɥɟɧɢɹ ɢɡɛɵɬɨɱɧɵɯ ɡɚɪɹɞɨɜ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ. ȿɫɥɢ ɩɪɢɜɟɫɬɢ ɦɟɬɚɥɥɵ ɜ 
ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɟ, ɬɨ ɡɚɪɹɞɵ ɩɟɪɟɪɚɫɩɪɟɞɟɥɹɬɫɹ ɢ ɩɨɬɟɧɰɢɚɥɵ ɜɵɪɨɜɧɹɸɬɫɹ. ȼ 
ɫɥɭɱɚɟ ɨɞɢɧɚɤɨɜɵɯ ɦɟɬɚɥɥɨɜ ɜɵɪɚɜɧɢɜɚɧɢɟ ɛɭɞɟɬ ɩɨɥɧɵɦ, ɚ ɜ ɫɥɭɱɚɟ ɦɟɬɚɥɥɨɜ 
ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ ɧɚ ɝɪɚɧɢɰɟ ɭɫɬɚɧɨɜɢɬɫɹ ɨɩɪɟɞɟɥɺɧɧɚɹ ɪɚɡɧɨɫɬɶ 
ɩɨɬɟɧɰɢɚɥɨɜ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɩɪɢɪɨɞɵ ɩɪɨɜɨɞɧɢɤɨɜ. ɉɨɹɜɥɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ 
(Ƚɚɥɶɜɚɧɢ-ɩɨɬɟɧɰɢɚɥɚ) ɜɵɡɜɚɧɨ ɪɚɡɥɢɱɢɟɦ ɯɢɦɢɱɟɫɤɢɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɜ 
ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɧɚ ɷɥɟɤɬɪɨɧɵ ɫɨ ɫɬɨɪɨɧɵ ɤɚɠɞɨɝɨ ɢɡ ɦɟɬɚɥɥɨɜ. Ʉɨɧɬɚɤɬɧɚɹ 
ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɡɚɜɢɫɢɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɜ ɫɩɨɫɨɛɧɨɫɬɢ ɦɟɬɚɥɥɨɜ 



59 

 

ɨɬɞɟɥɹɬɶ ɷɥɟɤɬɪɨɧɵ ɢ ɪɚɜɧɚ ɪɚɡɧɨɫɬɢ ɪɚɛɨɬ ɜɵɯɨɞɚ ɷɥɟɤɬɪɨɧɚ. 
Ɋɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɠɞɭ ɞɜɭɦɹ ɬɨɱɤɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜɧɭɬɪɢ ɞɜɭɯ 

ɮɚɡ, ɧɚɡɵɜɚɸɬ ɝɚɥɶɜɚɧɢ-ɩɨɬɟɧɰɢɚɥɨɦ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɧ ɪɚɜɟɧ ɪɚɡɧɨɫɬɢ 
ɜɧɭɬɪɟɧɧɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɞɜɭɯ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɦɟɬɚɥɥɨɜμ 

212/1 MeMeMeMe   . 

-

-

-

-








(Ɇɟ2 ɢɥɢ ɪɚɫɬɜɨɪ ɷɥ-ɬɚ)
Фɚɡɚ Фɚɡɚ 

8
(Ɇɟ1)

ȼɚɤɭɭɦ

e
-

+

+

+

+

 

Ɇɟɬɚɥɥ-ɪɚɫɬɜɨɪ ɷɥɟɤɬɪɨɥɢɬɚ 

ȼ ɨɛɳɟɦ ɜɢɞɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɪɟɚɥɶɧɨɣ ɡɚɪɹɠɟɧɧɨɣ ɱɚɫɬɢɰɵ 
ɜɧɭɬɪɢ ɮɚɡɵ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ. 
ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ 
ɡɚɪɹɠɟɧɧɨɣ ɱɚɫɬɢɰɵ ɩɪɢ ɤɨɬɨɪɨɦ ɭɱɢɬɵɜɚɟɬɫɹ ɤɚɤ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɬɚɤ ɢ 
ɯɢɦɢɱɟɫɤɚɹ ɪɚɛɨɬɚ ɩɟɪɟɧɨɫɚμ 

iiii Fz   , 

ɝɞɟ i  - ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ i-ɣ ɡɚɪɹɠɟɧɧɨɣ ɱɚɫɬɢɰɵ ɜ ɮɚɡɟν i  - 

ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥν iz  - ɡɚɪɹɞ ɱɚɫɬɢɰɵν i  - ɜɧɭɬɪɟɧɧɢɣ ɩɨɬɟɧɰɢɚɥ ɱɚɫɬɢɰɵν 
F – ɩɨɫɬɨɹɧɧɚɹ Ɏɚɪɚɞɟɹ (ό = 96487 Ʉɥ/ɦɨɥɶ). 

ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɹɜɥɟɧɢɣ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ɧɟɨɛɯɨɞɢɦɨ ɭɤɚɡɵɜɚɬɶ, ɤ 
ɤɚɤɨɣ ɮɚɡɟ ɨɬɧɨɫɹɬɫɹ ɭɤɚɡɚɧɧɵɟ ɜɟɥɢɱɢɧɵμ 

   Fziii  

Ɋɚɫɫɦɨɬɪɢɦ ɭɫɥɨɜɢɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ ɩɟɪɟɧɨɫɟ 
ɡɚɪɹɠɟɧɧɨɣ ɱɚɫɬɢɰɵ ɱɟɪɟɡ ɝɪɚɧɢɰɭ ɪɚɡɞɟɥɚ ɮɚɡμ 

  iiii dndqVdPSdTdG  , 

Ƚɞɟ qi – ɡɚɪɹɞ, ɚ iii Fdnzdq  , ɩɨɷɬɨɦɭ  

  iiiii dnFdnzVdPSdTdG   

 ɉɪɢ P, T = const   0)(0 iiii dnFzdG   ɢɥɢ 0i . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ 
ɪɚɜɧɨɜɟɫɢɟ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ ɜ ɞɜɭɯ ɮɚɡɧɨɣ ɫɢɫɬɟɦɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 
ɪɚɜɟɧɫɬɜɨɦ ɢɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ. 

ɉɪɢɱɢɧɵ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɫɧɚɱɚɥɚ ɩɨɬɟɧɰɢɚɥɚ ɧɚ ɝɪɚɧɢɰɟ ɮɚɡ ɦɨɝɭɬ ɛɵɬɶ 
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ɫɥɟɞɭɸɳɢɦɢμ 
- Ɉɛɦɟɧ ɡɚɪɹɠɟɧɧɵɦɢ ɱɚɫɬɢɰɚɦɢν 
- ɂɡɛɢɪɚɬɟɥɶɧɚɹ ɚɞɫɨɪɛɰɢɹν 
- Ⱥɞɫɨɪɛɰɢɹ ɩɨɥɹɪɧɵɯ ɦɨɥɟɤɭɥν 
- ɇɚɥɢɱɢɢ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ (ɫɥɭɱɚɣ ɢɞɟɚɥɶɧɨ ɩɨɥɹɪɢɡɭɟɦɵɯ 

ɷɥɟɤɬɪɨɞɨɜ). 
Ɋɚɫɫɦɨɬɪɢɦ ɝɪɚɧɢɰɭ ɪɚɡɞɟɥɚ ɦɟɬɚɥɥ – ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɢɨɧɵ ɞɚɧɧɨɝɨ 
ɦɟɬɚɥɥɚ. Ɍɚɤ ɤɚɤ ɢɨɧɵ ɦɟɬɚɥɥɚ ɜ ɦɟɬɚɥɥɟ ɢ ɪɚɫɬɜɨɪɟ ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɣ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ, ɬɨ ɩɪɢ ɩɨɝɪɭɠɟɧɢɢ ɦɟɬɚɥɥɚ ɜ ɪɚɫɬɜɨɪ ɧɚɱɧɟɬɫɹ 
ɩɟɪɟɯɨɞ ɢɨɧɨɜ ɢɡ ɦɟɬɚɥɥɚ ɜ ɪɚɫɬɜɨɪ (ɢɥɢ ɧɚɨɛɨɪɨɬ) ɞɨ ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɧɚ 
ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ɭɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɨɜɟɫɢɟμ 

)(ɦɟɬɚɥɥMez   )( ɪɚɫɬɜɨɪMez . 

ɍɫɥɨɜɢɟɦ ɪɚɜɧɨɜɟɫɢɹ ɛɭɞɟɬμ 

)()( pPMeMeMe zz    , ɢɥɢμ 

)()()()( pPpPMeMeMeMe
FzFz zz     . 

ȼɵɪɚɡɢɦ ɢ ɡɚɩɢɲɟɦ ɝɚɥɶɜɚɧɢ-ɩɨɬɧɟɰɢɚɥ ɧɚ ɝɪɚɧɢɰɟ ɦɟɬɚɥɥ-ɪɚɫɬɜɨɪμ 

Fz

MeMepPMe

pPMepPMe

zz






 
 )()(

)()(/


 . 

ɉɨɫɤɨɥɶɤɭ ɯɢɦɢɱɟɫɤɢɟ ɩɨɬɟɧɰɢɚɥɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɚɤɬɢɜɧɨɫɬɹɦɢ ɢɨɧɨɜμ 

)(

0

)()(
ln

MeMeMeMeMeMe zzz aRT     ɢ 
)(

0

)()(
ln

pPMepPMepPMe zzz aRT
     

)(

)(0

)(

0

)(/ ln

MeMe

pPMe

MeMepPMepPMe

z

z

zz

a

a

Fz

RT









    ɢɥɢ 

)(

)(

/ ln

MeMe

pPMe

pPMe

z

z

a

a

Fz

RT
const



 


  . 

ɉɨɥɭɱɟɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɭɪɚɜɧɟɧɢɟ ɇɟɪɧɫɬɚ. 

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɚɤɬɢɜɧɨɫɬɶ ɢɨɧɨɜ ɦɟɬɚɥɚ ɜ ɦɟɬɚɥɥɟ ɪɚɜɧɚ ɟɞɢɧɢɰɟ 
( 1

)(
 MeMeza ), ɬɨɝɞɚ ɭɪɚɜɧɟɧɢɟ ɇɟɪɧɫɬɚ ɩɪɢɦɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞμ 

)(/ ln
pPMepPMe za

Fz

RT
const




   

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɟɥɢɱɢɧɚ Ƚɚɥɶɜɚɧɢ-ɩɨɬɟɧɰɢɚɥɚ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 
ɚɤɬɢɜɧɨɫɬɢ ɢɨɧɨɜ ɦɟɬɚɥɥɚ ɜ ɪɚɫɬɜɨɪɟ (   pPMepPMeza /)(

 ). 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦɭ ɨɩɪɟɞɟɥɟɧɢɸ ɞɨɫɬɭɩɧɚ ɪɚɛɨɬɚ ɩɟɪɟɧɨɫɚ ɬɨɥɶɤɨ 
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ɪɟɚɥɶɧɨɣ ɱɚɫɬɢɰɵ (ɷɥɟɤɬɪɨɧɚ, ɢɨɧɚ ɢ ɬ. ɩ.). ɉɨɷɬɨɦɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 
ɢɡɦɟɪɹɟɬɫɹ ɢɥɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ, ɢɥɢ ɪɚɡɧɨɫɬɶ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ, ɨɬɧɨɫɹɳɢɯɫɹ, ɧɚɩɪɢɦɟɪ, ɤ ɮɚɡɚɦ  ɢ : 

)()(    Fziiiii . 

ɂɡ ɞɚɧɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ 
ɦɨɠɧɨ ɢɡɦɟɪɢɬɶ ɥɢɲɶ ɦɟɠɞɭ ɬɨɱɤɚɦɢ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɨɞɢɧɚɤɨɜɵɯ ɩɨ 
ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɮɚɡɚɯ. ȼ ɫɚɦɨɦ ɞɟɥɟ, ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ  

0)(    ii , ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
Fzi

ii







  . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɢɡɦɟɪɹɟɬɫɹ, ɧɚɩɪɢɦɟɪ, ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɠɞɭ ɞɜɭɦɹ 
ɪɚɡɧɵɦɢ ɤɭɫɤɚɦɢ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɦɟɬɚɥɥɚ ɢɥɢ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ ɬɨɱɤɚɦɢ ɜ 
ɜɚɤɭɭɦɟ. ȿɫɥɢ ɠɟ ɬɨɱɤɢ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɪɚɡɥɢɱɧɵɯ ɩɨ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ 
ɮɚɡɚɯ, ɬɨ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɠɞɭ ɧɢɦɢ ɢɡɦɟɪɢɬɶ 
ɧɟɜɨɡɦɨɠɧɨ. ɇɚɩɪɢɦɟɪ, ɧɟɥɶɡɹ ɢɡɦɟɪɢɬɶ ɪɚɡɧɨɫɬɶ ɜɧɭɬɪɟɧɧɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ 
ɝɪɚɧɢɰɟ ɞɜɭɯ ɮɚɡ, ɬ.ɟ. ɝɚɥɶɜɚɧɢ-ɩɨɬɟɧɰɢɚɥ. Ɉɞɧɚɤɨ ɝɚɥɶɜɚɧɢ-ɩɨɬɟɧɰɢɚɥ ɦɨɠɟɬ 
ɛɵɬɶ ɨɰɟɧɟɧ ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɚɤɢɯ-ɥɢɛɨ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ. 

 

4.2. Эɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɰɟɩɢ 

Ʉɚɤ ɝɨɜɨɪɢɥɨɫɶ ɜɵɲɟ ɝɚɥɶɜɚɧɢ-ɩɨɬɟɧɰɢɚɥ ɦɨɠɧɨ ɢɡɦɟɪɢɬɶ ɬɨɥɶɤɨ ɦɟɠɞɭ 
ɬɨɱɤɚɦɢ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɨɞɧɨɣ ɮɚɡɟ. 

ȿɫɥɢ ɪɚɫɫɦɨɬɪɟɬɶ ɰɟɩɨɱɤɭ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ 
ɝɪɚɧɢɰ ɪɚɡɞɟɥɚ ɮɚɡ, ɬɨ ɜɨɡɧɢɤɚɸɳɢɟ ɧɚ ɝɪɚɧɢɰɚɯ ɪɚɡɞɟɥɚ ɮɚɡ ɝɚɥɶɜɚɧɢ-

ɩɨɬɟɧɰɢɚɥɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɭɦɦɢɪɭɸɬɫɹ. ȿɫɥɢ ɬɚɤɚɹ ɫɭɦɦɚ ɧɟ ɪɚɜɧɚ ɧɭɥɸ, ɬɨ 
ɧɚ ɤɨɧɰɚɯ ɰɟɩɢ ɜɨɡɧɢɤɚɟɬ ɷɥɟɤɬɪɨɞɜɢɠɭɳɚɹ ɫɢɥɚ (ɗȾɋ), ɤɨɬɨɪɚɹ ɫɩɨɫɨɛɧɚ 
ɜɵɩɨɥɧɹɬɶ ɪɚɛɨɬɭ ɩɨ ɩɟɪɟɧɨɫɭ ɡɚɪɹɞɚ (ɷɥɟɤɬɪɨɧɚ) ɱɟɪɟɡ ɜɧɟɲɧɸɸ ɰɟɩɶ (ɨɛɵɱɧɨ 
ɩɪɨɜɨɞɧɢɤ 1-ɝɨ ɪɨɞɚ).  

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɗȾɋ ɰɟɩɶ ɞɨɥɠɧɚ ɧɚɱɢɧɚɬɶɫɹ ɢ ɨɤɚɧɱɢɜɚɬɶɫɹ ɨɞɧɢɦ ɢ 
ɬɟɦ ɠɟ ɦɟɬɚɥɥɨɦ - ɬɚɤɚɹ ɝɚɥɶɜɚɧɢɱɟɫɤɚɹ ɰɟɩɶ ɧɚɡɵɜɚɟɬɫɹ ɩɪɚɜɢɥɶɧɨ 
ɪɚɡɨɦɤɧɭɬɨɣ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚ ɩɪɚɤɬɢɤɟ ɜɨɩɪɨɫ ɢɡɦɟɪɟɧɢɹ ɗȾɋ ɧɚ ɤɨɧɰɚɯ 
ɩɪɚɜɢɥɶɧɨ ɪɚɡɨɦɤɧɭɬɨɣ ɰɟɩɢ ɪɟɲɚɟɬɫɹ ɧɚɥɢɱɢɟɦ ɩɪɨɜɨɞɧɢɤɨɜ ɢɡ ɨɞɢɧɚɤɨɜɨɝɨ 
ɦɟɬɚɥɥɚ (ɱɚɫɬɨ ɦɟɞɶ) ɜɧɭɬɪɢ ɫɚɦɨɝɨ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

ɉɪɢ ɢɡɦɟɪɟɧɢɹɯ ɗȾɋ ɧɟɥɶɡɹ ɩɨɥɶɡɨɜɚɬɶɫɹ ɨɛɵɱɧɵɦ ɧɢɡɤɨɨɦɧɵɦ 
ɜɨɥɶɬɦɟɬɪɨɦ, ɩɨɫɤɨɥɶɤɭ ɟɝɨ ɜɤɥɸɱɟɧɢɟ ɜ ɰɟɩɶ ɧɚɪɭɲɚɟɬ ɪɚɜɧɨɜɟɫɢɟ ɢɡ-ɡɚ 
ɩɪɨɬɟɤɚɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɬɨɤɚ. ɉɨɷɬɨɦɭ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɗȾɋ ɩɪɢɦɟɧɹɸɬ 
ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɣ ɦɟɬɨɞ, ɩɪɢ ɤɨɬɨɪɨɦ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ ɤɨɧɰɚɯ ɰɟɩɢ 
ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɜɵɜɟɪɟɧɧɨɣ ɩɨ ɷɬɚɥɨɧɭ ɪɚɡɧɨɫɬɶɸ ɩɨɬɟɧɰɢɚɥɨɜ ɨɬ ɜɧɟɲɧɟɝɨ 
ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ.  

ȿɳɟ ɨɞɢɧ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɗȾɋ ɨɫɧɨɜɚɧ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɨɥɶɬɦɟɬɪɨɜ ɫ 
ɨɱɟɧɶ ɜɵɫɨɤɢɦ ɜɧɭɬɪɟɧɧɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ (R > 10

9
 Ɉɦ). ɉɪɢ ɜɤɥɸɱɟɧɢɢ ɜ 
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ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɭɸ ɰɟɩɶ ɬɚɤɨɝɨ ɜɨɥɶɬɦɟɬɪɚ ɜɨɡɧɢɤɚɸɳɢɣ ɜ ɰɟɩɢ ɬɨɤ 
ɨɤɚɡɵɜɚɟɬɫɹ ɫɥɢɲɤɨɦ ɦɚɥɵɦ, ɱɬɨɛɵ ɜɵɡɜɚɬɶ ɫɭɳɟɫɬɜɟɧɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ 
ɪɚɜɧɨɜɟɫɢɹ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɗȾɋ ɜɫɟɝɞɚ ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɜɟɥɢɱɢɧɚ. 

 

4.3. Ʉɨɧɬɚɤɬɧɚɹ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ 

Ʉɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ, ɥɸɛɨɣ ɦɟɬɚɥɥ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɚɛɨɬɨɣ ɜɵɯɨɞɚ 
ɷɥɟɤɬɪɨɧɨɜ ɢɡ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɜɚɤɭɭɦ (Ⱥe). 

Ʉɨɧɬɚɤɬɧɚɹ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɜɨɡɧɢɤɚɟɬ ɧɚ ɝɪɚɧɢɰɟ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ 
ɞɜɭɯ ɦɟɬɚɥɥɨɜ. ȿɫɥɢ ɞɜɚ ɦɟɬɚɥɥɚ ɫ ɪɚɡɥɢɱɧɵɦɢ ɪɚɛɨɬɚɦɢ ɜɵɯɨɞɚ ɫɛɥɢɡɢɬɶ, ɬɨ 
ɷɥɟɤɬɪɨɧɵ ɛɭɞɭɬ ɩɟɪɟɯɨɞɢɬɶ ɨɬ ɦɟɬɚɥɥɚ ɫ ɦɟɧɶɲɟɣ ɪɚɛɨɬɨɣ ɜɵɯɨɞɚ ɤ ɦɟɬɚɥɥɭ ɫ 
ɛɨɥɶɲɟɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɜɵɣ ɦɟɬɚɥɥ ɡɚɪɹɞɢɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɨ, ɚ ɜɬɨɪɨɣ – 

ɨɬɪɢɰɚɬɟɥɶɧɨ, ɢ ɬɚɤɠɟ ɨɛɪɚɡɭɟɬɫɹ ɞɜɨɣɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɫɥɨɣ. ɉɪɢ 
ɪɚɜɧɨɜɟɫɢɢ ɡɚɪɹɞɨɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ ɡɧɚɤɚ ɧɚ ɝɪɚɧɢɰɟ ɦɟɠɞɭ ɦɟɬɚɥɥɚɦɢ 
ɜɨɡɧɢɤɧɭɬ ɪɚɡɧɨɫɬɢ ɜɧɭɬɪɟɧɧɢɯ ɩɨɬɟɧɰɢɚɥɨɜ (ɝɚɥɶɜɚɧɢ-ɩɨɬɟɧɰɢɚɥɵ) ɢ ɜɧɟɲɧɢɯ 
ɩɨɬɟɧɰɢɚɥɨɜ (ɜɨɥɶɬɚ-ɩɨɬɟɧɰɢɚɥɨɜ). 

Ʉɨɧɬɚɤɬɧɚɹ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɚɪ ɦɟɬɚɥɥɨɜ ɢɦɟɟɬ 
ɜɟɥɢɱɢɧɭ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɵɯ ɜɨɥɶɬɚ ɢɥɢ ɰɟɥɵɯ ɜɨɥɶɬ. Ɉɧɚ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɦɟɫɟɣ 
ɜ ɦɟɬɚɥɥɚɯ, ɱɢɫɬɨɬɵ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ, ɨɤɤɥɸɞɢɪɨɜɚɧɧɵɯ (ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɯ) 
ɝɚɡɨɜ ɢ ɬɟɦɩɟɪɚɬɭɪɵ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɤɦɟɠɞɭ ɧɟɤɨɬɨɪɵɦɢ 
ɦɟɬɚɥɥɚɦɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟμ 

ɉɚɪɚ ɦɟɬɚɥɥɨɜ Hg-Ag Hg-Pt Hg-Tl Cu-Zn 

ɤ, ȼ 0,480 0,450 0,530 0,006 

 

Ɋɚɫɫɦɨɬɪɢɦ ɤɨɧɬɚɤɬ ɞɜɭɯ ɦɟɬɚɥɥɨɜ Ɇ1 ɢ Ɇ2. 




M1 M2
1 2

 

Ʉɨɧɬɚɤɬɧɚɹ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ (ɦɟɠɞɭ ɬɨɱɤɚɦɢ 1 ɢ2 ) ɜ ɷɬɨɦ ɫɥɭɱɚɟ 
ɛɭɞɟɬ ɪɚɧɚμ  

ɤ = Ɇ1 – Ɇ2  0. 

Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɤɨɧɬɚɤɬ ɬɪɟɯ ɤɭɫɤɨɜ ɦɟɬɚɥɥɨɜ Ɇ1еɆ2еɆ1μ 


 M1


M1 M2



1 2

 

Ʉɨɧɬɚɤɬɧɚɹ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɪɚɧɚμ   

ɤ = (Ɇ1 – Ɇ2) + (Ɇ2 – Ɇ1) = 0. 
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Ⱦɨɛɚɜɢɦ ɟɳɟ ɨɞɢɧ ɦɟɬɚɥɥ ɜ ɰɟɩɶμ 


 M3


M1 M2



1 M1

 2


 

ȿɫɥɢ ɜɫɟ ɦɟɬɚɥɥɵ ɧɚɯɨɞɹɬɫɹ ɩɪɢ ɨɞɢɧɚɤɨɜɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɬɨɝɞɚ ɤɨɧɬɚɤɬɧɚɹ 
ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɪɚɧɚμ 

ɤ = (Ɇ1 – Ɇ2) + (Ɇ2 – Ɇ3) + (Ɇ3 – Ɇ1) = 0. 

ȿɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɦɟɫɬɟ ɤɨɧɬɚɤɬɚ Ɇ2еɆ3 ɛɭɞɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪ 
Ɇ1еɆ2 ɢ Ɇ2еɆ3, ɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶɫɹ ɬɟɪɦɨ-ɗȾɋ (ɫɩɚɣ 
ɞɜɭɯ ɦɟɬɚɥɥɨɜ Ɇ2 ɢ Ɇ3 ɧɚɡɵɜɚɸɬ ɬɟɪɦɨɩɚɪɨɣ)μ 

ɤ = (Ɇ1 – Ɇ2) + (Ɇ2 – Ɇ3) + (Ɇ3 – Ɇ1) > 0. 

  Cu (Ɇ1)

ɬɟɪɦɨ
ЭȾɋ

Cu (Ɇ1)

ɢɡɦɟɪɟɧɢɟ Ɍ

Pt (M2)

Fe (M
3)

 

 

ɌɟɪɦɨɗȾɋ ɧɟɤɨɬɨɪɵɯ ɦɟɬɚɥɥɨɜ ɜ ɤɨɧɬɚɤɬɟ ɫ ɩɥɚɬɢɧɨɣ (PЭ-MО) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
ɫɩɚɹ +1000ɋ 

Ɇɟɬɚɥɥ ɬɟɪɦɨɗȾɋ, ɦȼ Ɇɟɬɚɥɥ ɬɟɪɦɨɗȾɋ, ɦȼ 

ɉɥɚɬɢɧɚ 

ɏɪɨɦɟɥɶ 

ɀɟɥɟɡɨ 

Ɇɟɞɶ 

0 

+2,95 

+1,80 

+0,76 

Pt-Ro(10%) 

ȼɨɥɶɮɪɚɦ 

Ɇɨɥɢɛɞɟɧ 

Ʉɨɩɟɥɶ 

+0,64 

+0,80 

+1,30 

– 4,00 

 

4.4. Ƚɚɥɶɜɚɧɢɱɟɫɤɢɟ ɰɟɩɢ 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɰɟɩɶɸ ɧɚɡɵɜɚɟɬɫɹ ɫɢɫɬɟɦɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɦɢɧɢɦɭɦ ɞɜɭɯ 
ɷɥɟɤɬɪɨɞɨɜ (ɱɚɳɟ - ɷɬɨ ɩɪɨɜɨɞɧɢɤɢ ɩɟɪɜɨɝɨ ɪɨɞɚ – ɦɟɬɚɥɥɵ ɢɥɢ ɢɯ ɨɤɫɢɞɵ) 
ɩɨɝɪɭɠɟɧɧɵɯ ɜ ɪɚɫɬɜɨɪ ɢɥɢ ɪɚɫɩɥɚɜ ɷɥɟɤɬɪɨɥɢɬɚ (ɩɪɨɜɨɞɧɢɤ ɜɬɨɪɨɝɨ ɪɨɞɚ) . 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɰɟɩɢ – ɷɬɨ ɫɢɫɬɟɦɵ ɢɡ ɷɥɟɤɬɪɨɞɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ 

ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɷɥɟɤɬɪɨɥɢɬɟ ɥɢɛɨ ɜ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɪɚɡɥɢɱɧɵɯ 
ɷɥɟɤɬɪɨɥɢɬɚɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɚɬɪɢɛɭɬɨɦ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɰɟɩɢ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɤɚɤ 
ɦɢɧɢɦɭɦ ɞɜɭɯ ɝɪɚɧɢɰ ɪɚɡɞɟɥɚμ ɷɥɟɤɬɪɨɞ1-ɪɚɫɬɜɨɪ ɢ ɷɥɟɤɬɪɨɞ2-ɪɚɫɬɜɨɪ, ɢ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɜɭɯ ɫɤɚɱɤɨɜ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ ɷɬɢɯ ɝɪɚɧɢɰɚɯ. 

ɑɚɫɬɨ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɰɟɩɢ ɧɚɡɵɜɚɸɬ ɝɚɥɶɜɚɧɢɱɟɫɤɢɦɢ ɰɟɩɹɦɢ. 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɰɟɩɢ, ɫɩɨɫɨɛɧɵɟ ɜɵɪɚɛɚɬɵɜɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɭɸ 
ɷɧɟɪɝɢɸ, ɧɚɡɵɜɚɸɬ ɝɚɥɶɜɚɧɢɱɟɫɤɢɦɢ ɷɥɟɦɟɧɬɚɦɢ. ȼ ɧɢɯ ɩɪɨɢɫɯɨɞɢɬ 
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ɩɪɟɜɪɚɳɟɧɢɟ ɷɧɟɪɝɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɚɤɰɢɣ ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ. 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɰɟɩɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɷɥɟɤɬɪɨɞɜɢɠɭɳɟɣ ɫɢɥɨɣ. ɗȾɋ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɭɦɦɭ ɪɚɡɧɨɫɬɟɣ (ɫɤɚɱɤɨɜ) ɩɨɬɟɧɰɢɚɥɨɜ, ɜɨɡɧɢɤɚɸɳɢɯ ɧɚ 
ɝɪɚɧɢɰɚɯ ɪɚɡɞɟɥɚ ɮɚɡ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɷɥɟɦɟɧɬ. 

ɉɪɢ ɷɬɨɦ ɫɤɚɱɤɢ ɩɨɬɟɧɰɢɚɥɨɜ ɡɚɩɢɫɵɜɚɸɬɫɹ ɧɚ ɝɪɚɧɢɰɚɯ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨ- 

ɢɥɢ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ. ɇɢɠɟ ɱɟɪɟɞɨɜɚɧɢɟ ɝɪɚɧɢɰ ɛɭɞɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ 
ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ. 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɩɪɚɜɢɥɶɧɨ ɪɚɡɨɦɤɧɭɬɵɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ 
ɰɟɩɟɣμ 

Цепь II

ЭȾɋ (E)
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Ɂɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɹ ɗȾɋ ɞɥɹ ɩɪɢɜɟɞɟɧɧɵɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɰɟɩɟɣ (ɩɨ 
ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ): 

(ɐɟɩɶ I) E = Ɇ1еL + L|M2 + Ɇ2еM1; 

(ɐɟɩɶ II) E = Ɇ3еM1 + Ɇ1еL + L|M2 + Ɇ2еM1 + Ɇ1еM3, ɧɨ Ɇ3|M1 = – 

Ɇ1еM3.  

ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɩɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɐɟɩɢ Iμ 
E = Ɇ1еL + L|M2 + Ɇ2еM1; 

(ɐɟɩɶ III) E = Ɇ3еM1 + Ɇ1еL + L|M2 + Ɇ2еM3ν ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɦɨɠɧɨ 
ɡɚɩɢɫɚɬɶ, ɱɬɨμ 

Ɇ3еM1 = Ɇ3 – Ɇ1 ɢ Ɇ2еM3 = Ɇ2 – Ɇ3 ɨɬɫɸɞɚ 

Ɇ3еM1 + Ɇ2еM3 = Ɇ3 – Ɇ1 + Ɇ2 – Ɇ3 = Ɇ2 – Ɇ1 = Ɇ2еM1; 

ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɡɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɗȾɋ ɰɟɩɢ III ɜ ɨɤɨɧɱɚɬɟɥɶɧɨɦ 
ɜɢɞɟμ 

E = Ɇ1еL + L|M2 + Ɇ2еM1. 

Ʉɚɤ ɜɢɞɧɨ, ɦɵ ɩɨɥɭɱɢɥɢ ɞɥɹ ɬɪɟɯ ɰɟɩɟɣ ɨɞɢɧɚɤɨɜɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɗȾɋ. ȼ 
ɧɟɝɨ ɜɯɨɞɢɬ ɤɨɧɬɚɤɬɧɚɹ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɬɚɥɥɨɜ, ɤɨɬɨɪɵɟ ɩɨɝɪɭɠɟɧɵ ɜ 
ɪɚɫɬɜɨɪ (ɪɚɫɩɥɚɜ) ɷɥɟɤɬɪɨɥɢɬɚ. Ɍ.ɟ. ɞɚɧɧɚɹ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɡɚɜɢɫɢɬ 
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ɬɨɥɶɤɨ ɨɬ ɩɪɢɪɨɞɵ ɩɪɨɜɨɞɧɢɤɨɜ, ɤɨɬɨɪɵɟ ɩɪɢɧɢɦɚɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ 
ɭɱɚɫɬɢɟ ɜ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɢ ɹɜɥɹɟɬɫɹ ɤɨɧɫɬɚɧɬɨɣ ɩɪɢ ɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɩɢ I, II ɢ III – ɷɤɜɢɜɚɥɟɧɬɧɵ. 
ȿɫɥɢ ɫɤɚɱɤɢ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ ɝɪɚɧɢɰɟ ɪɚɫɬɜɨɪ-ɷɥɟɤɬɪɨɞ ɡɚɩɢɫɚɬɶ ɜ 

ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɜɢɞɟ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɚɫɬɜɨɪ  ɦɟɬɚɥɥ 
(LеMɟ), ɬɨ ɭɱɢɬɵɜɚɹ, ɱɬɨ  

 ɆɟеL = – LеMɟ, 

ɉɨɥɭɱɢɦ ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɗȾɋ ɰɟɩɢμ 

E = L|M2 – L|M1 + Ɇ2еM1. 

Ɋɚɫɫɦɨɬɪɢɦ ɟɳɟ ɨɞɢɧ ɜɚɪɢɚɧɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ (ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ) 
ɰɟɩɢ. Ɂɞɟɫɶ ɨɞɢɧɚɤɨɜɵɟ ɦɟɬɚɥɥɵ (Ɇ1) ɩɨɝɪɭɠɟɧɵ ɜ ɷɥɟɤɬɪɨɥɢɬɵ ɫ ɪɚɡɧɨɣ, 

ɧɚɩɪɢɦɟɪ, ɤɨɧɰɟɧɬɪɚɰɢɟɣ (ɚɤɬɢɜɧɨɫɬɶɸ) ɤɚɬɢɨɧɚ 
Me

z+. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɢɮɮɭɡɢɢ 
ɷɥɟɤɬɪɨɥɢɬɵ ɪɚɡɞɟɥɟɧɵ ɩɨɪɢɫɬɨɣ ɩɟɪɟɝɨɪɨɞɤɨɣ – 

ɞɢɚɮɪɚɝɦɨɣ. ɇɚ ɝɪɚɧɢɰɟ ɷɬɢɯ ɷɥɟɤɬɪɨɥɢɬɨɜ 
ɜɨɡɧɢɤɚɟɬ ɤɨɧɬɚɤɬɧɚɹ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ L2|L1 

, ɤɨɬɨɪɭɸ ɧɚɡɵɜɚɸɬ ɞɢɮɮɭɡɢɨɧɧɵɦ 
ɩɨɬɟɧɰɢɚɥɨɦ. Ɍɚɤɚɹ ɰɟɩɶ ɨɬɧɨɫɢɬɫɹ ɤ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɦ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɰɟɩɹɦ. 

(ɐɟɩɶ IV) E = Ɇ1еL2 + L2|L1 + L1|M1;  

L2|L1 = Ⱦ – ɞɢɮɮɭɡɢɨɧɧɵɣ ɩɨɬɟɧɰɢɚɥ. 
Ⱦɢɮɮɭɡɢɨɧɧɵɣ ɩɨɬɟɧɰɢɚɥ ɜɨɡɧɢɤɚɟɬ ɧɚ 

ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɦɟɠɞɭ ɪɚɫɬɜɨɪɚɦɢ, ɢɦɟɸɳɢɦɢ 
ɪɚɡɥɢɱɧɵɟ ɫɨɫɬɚɜɵ ɢɥɢ ɤɨɧɰɟɧɬɪɚɰɢɢ. 
ȼɨɡɧɢɤɧɨɜɟɧɢɟ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɫɜɹɡɚɧɨ 

ɫ ɪɚɡɧɨɣ ɩɨɞɜɢɠɧɨɫɬɶɸ ɤɚɬɢɨɧɨɜ ɢ ɚɧɢɨɧɨɜ, ɞɢɮɮɭɧɞɢɪɭɸɳɢɯ ɢɡ ɨɞɧɨɝɨ 
ɪɚɫɬɜɨɪɚ ɜ ɞɪɭɝɨɣ. Ⱦɢɮɮɭɡɢɨɧɧɵɣ ɩɨɬɟɧɰɢɚɥ ɹɜɥɹɟɬɫɹ ɧɟɪɚɜɧɨɜɟɫɧɵɦ 
ɩɨɬɟɧɰɢɚɥɨɦ. 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɰɟɩɢ ɦɨɝɭɬ ɛɵɬɶ ɪɚɜɧɨɜɟɫɧɵɦɢ ɢ ɧɟɪɚɜɧɨɜɟɫɧɵɦɢ. 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɰɟɩɶ ɹɜɥɹɟɬɫɹ ɪɚɜɧɨɜɟɫɧɨɣ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ ɤɚɠɞɨɣ ɮɚɡɨɜɨɣ ɝɪɚɧɢɰɟ, ɚ 
ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ ɤɨɧɰɚɯ ɰɟɩɢ ȿ ɫɤɨɦɩɟɧɫɢɪɨɜɚɧɚ ɪɚɡɧɨɫɬɶɸ 
ɩɨɬɟɧɰɢɚɥɨɜ ɨɬ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ. 

 

Цепь IV

ЭȾɋ (E)

Эɥ-ɬ (L2)Эɥ-ɬ (L1)

Ɇ1Ɇ1 ɩɨɪиɫɬая
ɩɟɪɟɝɨɪɨɞɤа
(ɞиафɪаɝɦа)


L1M1


M1L2


L2L1
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4.5. Ɋɚɜɧɨɜɟɫɧɵɣ ɷɥɟɤɬɪɨɞɧɵɣ ɩɨɬɟɧɰɢɚɥ. ɉɪɢɱɢɧɵ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 

ȾЭɋ. 
ɗɥɟɤɬɪɨɞ, ɩɨɝɪɭɠɟɧɧɵɣ ɜ ɪɚɫɬɜɨɪ (ɪɚɫɩɥɚɜ) ɷɥɟɤɬɪɨɥɢɬɚ, ɧɚɡɵɜɚɬɫɹ 

"ɩɨɥɭɷɥɟɦɟɧɬɨɦ". ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɰɟɩɶ ɫɨɫɬɨɢɬ ɨɛɵɱɧɨ ɢɡ ɞɜɭɯ 
ɩɨɥɭɷɥɟɦɟɧɬɨɜ. 

Ɋɚɜɧɨɜɟɫɧɵɣ ɩɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɨɞɚ ɩɨɥɭɷɥɟɦɟɧɬɚ (ɧɟɦɟɬɚɥɥɚ ɢɥɢ ɦɟɬɚɥɥɚ) 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɧɨɫɬɶ (ɫɤɚɱɟɤ) ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ ɝɪɚɧɢɰɟ ɷɥɟɤɬɪɨɞ – ɪɚɫɬɜɨɪ.  

Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ ɧɚ ɝɪɚɧɢɰɟ ɪɚɫɬɜɨɪ-ɷɥɟɤɬɪɨɞ ɜɨɡɧɢɤɚɟɬ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɡɚɪɹɞɚ – ɨɛɪɚɡɭɟɬɫɹ ɞɜɨɣɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ 
ɫɥɨɣ (Ⱦɗɋ). 

Ⱦɗɋ ɨɛɪɚɡɭɟɬɫɹ ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɦɟɯɚɧɢɡɦɚɦμ 
1. ȼɫɥɟɞɫɬɜɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɢɨɧɢɡɚɰɢɢ ɷɥɟɤɬɪɨɞɚν 
2. ȼɫɥɟɞɫɬɜɢɟ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɚɞɫɨɪɛɰɢɢ ɢɨɧɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɤɬɪɨɞɚν 
3. ȼɫɥɟɞɫɬɜɢɟ ɚɞɫɨɪɛɰɢɢ ɩɨɥɹɪɧɵɯ ɦɨɥɟɤɭɥ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ. 
Ɋɚɫɫɦɨɬɪɢɦ ɫɚɦɵɣ ɬɢɩɢɱɧɵɣ ɫɥɭɱɚɣ ɩɨɥɭɷɥɟɦɟɧɬɚ, ɤɨɝɞɚ ɦɟɬɚɥɥɢɱɟɫɤɚɹ 

ɩɥɚɫɬɢɧɤɚ ɩɨɝɪɭɠɟɧɚ ɜ ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɤɚɬɢɨɧɵ ɞɚɧɧɨɝɨ ɦɟɬɚɥɥɚ. ɉɪɢ 
ɷɬɨɦ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɦɟɬɚɥɥ-ɪɚɫɬɜɨɪ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɪɚɜɧɨɜɟɫɢɟμ 

  OmHneM n

2       OmHMne n

2   

 Ɇɟɬɚɥɥ Ɇɟɬɚɥɥ Ɋɚɫɬɜɨɪ 

ɉɪɢ ɩɨɝɪɭɠɟɧɢɢ ɦɟɬɚɥɥɚ ɜ ɪɚɫɬɜɨɪ ɟɝɨ ɢɨɧɵ (ɤɚɬɢɨɧɵ), ɧɚɯɨɞɹɳɢɟɫɹ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜɯɨɞɹɳɢɟ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ, ɫɨɥɶɜɚɬɢɪɭɸɬɫɹ 
(ɝɢɞɪɚɬɢɪɭɸɬɫɹ, ɟɫɥɢ ɪɚɫɬɜɨɪɢɬɟɥɶ ɜɨɞɚ). ɂɯ ɫɜɹɡɶ ɫ ɨɫɬɚɥɶɧɵɦɢ ɢɨɧɚɦɢ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɨɫɥɚɛɥɹɟɬɫɹ. ɂɨɧɵ, ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɬɟɩɥɨɜɨɝɨ 
ɞɜɢɠɟɧɢɹ ɤɨɬɨɪɵɯ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɚ, ɩɟɪɟɯɨɞɹɬ ɜ ɫɥɨɣ ɪɚɫɬɜɨɪɚ, 
ɩɪɢɥɟɝɚɸɳɢɣ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɢɡ ɪɚɫɬɜɨɪɚ ɤɚɬɢɨɧɵ, 
ɬɚɤɠɟ ɨɛɥɚɞɚɸɳɢɟ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ, ɩɟɪɟɯɨɞɹɬ ɜ 
ɦɟɬɚɥɥ. ȿɫɥɢ ɧɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɟɪɟɯɨɞɚ ɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪ ɛɨɥɶɲɟ, ɱɟɦ 
ɫɤɨɪɨɫɬɶ ɢɯ ɩɟɪɟɯɨɞɚ ɢɡ ɪɚɫɬɜɨɪɚ ɧɚ ɦɟɬɚɥɥ, ɬɨ ɩɨɜɟɪɯɧɨɫɬɶ ɦɟɬɚɥɥɚ ɡɚɪɹɠɚɟɬɫɹ 
ɨɬɪɢɰɚɬɟɥɶɧɨ ɢɡ-ɡɚ ɨɫɬɚɜɲɢɯɫɹ ɜ ɧɟɦ ɢɡɛɵɬɨɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ, ɚ ɪɚɫɬɜɨɪ – 

ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚ ɫɱɟɬ ɤɚɬɢɨɧɨɜ, ɩɨɤɢɧɭɜɲɢɯ ɦɟɬɚɥɥ. ɋ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɨɛɟ 
ɫɤɨɪɨɫɬɢ ɫɬɚɧɨɜɹɬɫɹ ɪɚɜɧɵɦɢ. ɍɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨɞɜɢɠɧɨɟ ɪɚɜɧɨɜɟɫɢɟ, ɧɚ 
ɝɪɚɧɢɰɟ ɦɟɬɚɥɥ – ɪɚɫɬɜɨɪ ɨɛɪɚɡɭɟɬɫɹ ɞɜɨɣɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɫɥɨɣ ɢ ɜɨɡɧɢɤɚɟɬ 
ɨɩɪɟɞɟɥɟɧɧɵɣ ɫɤɚɱɨɤ ɩɨɬɟɧɰɢɚɥɨɜ. 

ɉɟɪɟɯɨɞ ɤɚɬɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪμ Me
0
 – ne

–
  Me

z+
,  

ɢ ɨɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ: Me
z+ 

+ ne
–
  Me

0
  

ɗɬɨ ɪɚɜɧɨɜɟɫɢɟ ɡɚɩɢɫɵɜɚɸɬ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɩɪɚɜɢɥɚɦɢ ɂɘɉȺɄ, ɜ 

ɫɥɟɞɭɸɳɟɦ ɜɢɞɟμ 
Me

z+
 + ne

–
  Me

0
 (Ox + ne

–
  Red) 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɪɨɞɵ ɦɟɬɚɥɥɚ, ɚɤɬɢɜɧɨɫɬɢ ɤɚɬɢɨɧɨɜ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɞɚɧɧɨɟ ɪɚɜɧɨɜɟɫɢɟ ɦɨɠɟɬ ɛɵɬɶ ɫɦɟɳɟɧɨ ɜ ɬɭ ɢɥɢ ɢɧɭɸ ɫɬɨɪɨɧɭ.  

Ⱦɥɹ ɞɚɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɡɦɟɧɹɹ ɤɨɧɰɟɧɬɪɚɰɢɸ 
ɤɚɬɢɨɧɚ ɜ ɪɚɫɬɜɨɪɟ ɦɨɠɧɨ 

 

)()( pPMeMeMe zz    

)()( pPMeMeMe zz   
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ɍɫɥɨɜɢɟɦ ɪɚɜɧɨɜɟɫɢɹ ɹɜɥɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ 
ɤɚɬɢɨɧɚ ɜ ɦɟɬɚɥɥɟ ɢ ɪɚɫɬɜɨɪɟμ 

)()( pPMeMeMe zz    . 

Ɋɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ ɝɪɚɧɢɰɟ ɤɨɧɬɚɤɬɚ ɦɟɬɚɥɥɚ ɫ ɪɚɫɬɜɨɪɨɦ ɜ ɦɨɦɟɧɬ 
ɪɚɜɟɧɫɬɜɚ ɫɤɨɪɨɫɬɟɣ ɨɛɦɟɧɚ ɡɚɪɹɞɚɦɢ ɦɟɠɞɭ ɦɟɬɚɥɥɨɦ ɢ ɪɚɫɬɜɨɪɨɦ – 

ɪɚɜɧɨɜɟɫɧɵɣ ɩɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɨɞɚ. Ɉɧ ɪɚɜɟɧ ɝɚɥɶɜɚɧɢ-ɩɨɬɟɧɰɢɚɥɭ ɧɚ ɝɪɚɧɢɰɟ 
ɦɟɬɚɥɥ-ɷɥɟɤɬɪɨɥɢɬ. 

 

4.6. ɋɬɪɨɟɧɢɟ ȾЭɋ. 
Ⱦɗɋ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɡɞɚɺɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɡɚɪɹɞɚɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɧɚ 

ɦɟɬɚɥɥɟ, ɢ ɢɨɧɚɦɢ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ ɡɧɚɤɚ (ɩɪɨɬɢɜɨɢɨɧɚɦɢ), 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦɢ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɤɬɪɨɞɚ. ȼ ɮɨɪɦɢɪɨɜɚɧɢɢ Ⱦɗɋ (ɟɝɨ 
ɢɨɧɧɨɣ ɨɛɤɥɚɞɤɢ) ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɤɚɤ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɟ ɫɢɥɵ, ɩɨɞ 
ɜɥɢɹɧɢɟɦ ɤɨɬɨɪɵɯ ɩɪɨɬɢɜɨɢɨɧɵ ɩɨɞɯɨɞɹɬ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɤɬɪɨɞɚ, ɬɚɤ ɢ ɫɢɥɵ 
ɦɨɥɟɤɭɥɹɪɧɨɝɨ (ɬɟɩɥɨɜɨɝɨ) ɞɜɢɠɟɧɢɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ Ⱦɗɋ ɩɪɢɨɛɪɟɬɚɟɬ 
ɪɚɡɦɵɬɨɟ ɞɢɮɮɭɡɧɨɟ ɫɬɪɨɟɧɢɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɫɨɡɞɚɧɢɢ Ⱦɗɋ ɧɚ ɝɪɚɧɢɰɟ ɦɟɬɚɥɥ 
–ɪɚɫɬɜɨɪ ɫɭɳɟɫɬɜɟɧɧɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɷɮɮɟɤɬ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɚɞɫɨɪɛɰɢɢ ɉȺȼ, 
ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶɫɹ ɜ ɷɥɟɤɬɪɨɥɢɬɟ. 

ɉɟɪɜɨɣ ɬɟɨɪɢɟɣ ɫɬɪɨɟɧɢɹ Ⱦɗɋ ɛɵɥɚ ɬɟɨɪɢɹ Ƚɟɥɶɦɝɨɥɶɰɚμ Ⱦɗɋ ɫɨɫɬɨɢɬ ɢɡ 
ɞɜɭɯ ɩɥɨɫɤɢɯ ɡɚɪɹɞɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɦɨɥɟɤɭɥɹɪɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɞɢɧ ɨɬ 
ɞɪɭɝɨɝɨ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɦɟɠɞɭ ɫɨɛɨɣ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ 
ɫɢɥ ɩɪɢɬɹɠɟɧɢɹ. ɋɬɪɭɤɬɭɪɚ ɩɨɞɨɛɧɚ ɩɥɨɫɤɨɦɭ ɤɨɧɞɟɧɫɚɬɨɪɭ, ɩɚɞɟɧɢɟ 
ɩɨɬɟɧɰɢɚɥɚ ɦɟɠɞɭ ɫɥɨɹɦɢ ɩɪɨɢɫɯɨɞɢɬ ɥɢɧɟɣɧɨ. 

Ɇɨɞɟɥɶ Ƚɭɢ-ɑɟɩɦɟɧɚ ɩɪɟɞɩɨɥɚɝɚɥɚ ɞɢɮɮɭɡɢɨɧɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɩɪɨɬɢɜɨɢɨɧɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɜ 
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ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯμ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ ɫɢɥ ɩɪɢɬɹɠɟɧɢɹ ɤ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɫɢɥ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢɹ ɢɨɧɨɜ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɞɢɮɮɭɡɢɢ ɢ 
ɪɚɡɦɵɜɚɧɢɸ ɜɧɟɲɧɟɝɨ ɫɥɨɹ. Ɍɟɨɪɢɹ ɜɜɨɞɢɬ ɩɨɧɹɬɢɟ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ, ɢɨɧɵ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɬɨɱɟɱɧɵɟ ɡɚɪɹɞɵ, ɧɟ ɢɦɟɸɳɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɪɚɡɦɟɪɨɜ. 

ɉɨ ɫɨɜɪɟɦɟɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ (ɬɟɨɪɢɹ 
ɒɬɟɪɧɚ) ɫɬɪɨɟɧɢɟ Ⱦɗɋ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ ɢɨɧɵ ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ 
ɬɜɟɪɞɨɣ ɮɚɡɵ, ɨɛɪɚɡɭɸɬ ɜɧɭɬɪɟɧɧɸɸ 
ɨɛɤɥɚɞɤɭ ɞɜɨɣɧɨɝɨ ɫɥɨɹν ɢɨɧɵ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ ɡɧɚɤɚ, ɬ.ɟ. ɩɪɨɬɢɜɨɢɨɧɵ 
ɨɛɪɚɡɭɸɬ ɜɧɟɲɧɸɸ ɨɛɤɥɚɞɤɭ, ɩɪɢ ɷɬɨɦ ɱɚɫɬɶ 
ɩɪɨɬɢɜɨɢɨɧɨɜ ɧɚɯɨɞɢɬɫɹ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ 
ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɢ ɫ ɢɨɧɚɦɢ ɬɜɟɪɞɨɣ ɮɚɡɵ, 
ɨɛɪɚɡɭɹ ɩɥɨɬɧɵɣ ɫɥɨɣ (ɫɥɨɣ Ƚɟɥɶɦɝɨɥɶɰɚ, 
ɚɞɫɨɪɛɰɢɨɧɧɵɣ ɫɥɨɣ), ɞɪɭɝɚɹ ɱɚɫɬɶ 
ɩɪɨɬɢɜɨɢɨɧɨɜ ɫɨɫɬɚɜɥɹɟɬ ɞɢɮɮɭɡɧɵɣ ɫɥɨɣ 
(ɫɥɨɣ Ƚɭɢ). Ⱦɢɮɮɭɡɧɵɣ ɫɥɨɣ ɫɨɡɞɚɟɬɫɹ 

ɢɨɧɚɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɟɜɵɲɚɸɳɢɯ ɪɚɞɢɭɫ 
ɫɨɥɶɜɚɬɢɪɨɜɚɧɧɨɝɨ ɢɨɧɚ. ɋɢɫɬɟɦɚ ɜ ɰɟɥɨɦ 

ɜɫɟɝɞɚ ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɧɟɣɬɪɚɥɶɧɨɣ, ɬɨ ɟɫɬɶ ɱɢɫɥɨ ɡɚɪɹɞɨɜ ɜɧɭɬɪɟɧɧɟɣ 
ɨɛɤɥɚɞɤɢ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɜɧɨ ɱɢɫɥɭ ɡɚɪɹɞɨɜ ɩɪɨɬɢɜɨɢɨɧɨɜ (ɩɥɨɬɧɵɣ ɫɥɨɣ + 
ɢɡɛɵɬɨɤ ɜ ɞɢɮɮɭɡɧɨɦ ɫɥɨɟ). 

Ɍɨɥɳɢɧɚ ɩɥɨɬɧɨɣ ɱɚɫɬɢ ɫɦ810 , ɞɢɮɮɭɡɧɨɣ ɫɦ37 1010   . 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɜ ɢɨɧɧɨɣ ɨɛɤɥɚɞɤɟ Ⱦɗɋ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 
ɪɢɫɭɧɤɟ ɫɥɟɜɚ, ɜɟɥɢɱɢɧɚ ɩɨɬɟɧɰɢɚɥɚ (0) ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɥɢɧɟɣɧɨɝɨ ɩɚɞɟɧɢɹ 
ɩɨɬɟɧɰɢɚɥɚ ɜ ɩɥɨɬɧɨɣ ɱɚɫɬɢ Ⱦɗɋ ɬɨɥɳɢɧɨɣ  ɢ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɩɚɞɟɧɢɹ 

ɩɨɬɟɧɰɢɚɥɚ ɜ ɞɢɮɮɭɡɧɨɣ ɱɚɫɬɢ (1). ɉɨɬɟɧɰɢɚɥ, ɪɟɚɥɢɡɭɟɦɵɣ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 
ɪɚɞɢɭɫɚ ɢɨɧɚ ɩɥɨɬɧɨɣ ɱɚɫɬɢ () ɱɚɫɬɨ ɧɚɡɵɜɚɸɬ "ɩɫɢ-ɩɪɢɦ ɩɨɬɟɧɰɢɚɥɨɦ". 

Ɉɛɨɡɧɚɱɚɟɬɫɹ 1
 ɢɥɢ '. 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɚ, ɩɪɨɰɟɫɫɵ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɟ 
ɮɨɪɦɢɪɨɜɚɧɢɸ ɞɢɮɮɭɡɧɨɣ ɱɚɫɬɢ, ɨɫɥɚɛɥɹɸɬɫɹ, ɪɚɡɦɟɪɵ ɟɺ ɭɦɟɧɶɲɚɸɬɫɹ, Ⱦɗɋ 
ɫɠɢɦɚɟɬɫɹ, ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ 1- ɩɨɬɟɧɰɢɚɥɚ. 

 

4.7. ɋɬɚɧɞɚɪɬɧɵɣ ɷɥɟɤɬɪɨɞɧɵɣ ɩɨɬɟɧɰɢɚɥ. 
Ⱥɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɜɟɫɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɷɥɟɤɬɪɨɞɚ φ, ɪɚɜɧɨɝɨ 

ɝɚɥɶɜɚɧɢ-ɩɨɬɟɧɰɢɚɥɭ L|Me, ɨɩɪɟɞɟɥɢɬɶ ɧɟɜɨɡɦɨɠɧɨ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦɭ 
ɨɩɪɟɞɟɥɟɧɢɸ ɞɨɫɬɭɩɧɚ ɬɨɥɶɤɨ ɜɟɥɢɱɢɧɚ ɗȾɋ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɰɟɩɢ 
ɫɨɫɬɚɜɥɟɧɧɨɣ ɢɡ ɞɜɭɯ ɷɥɟɤɬɪɨɞɨɜ. ȼɦɟɫɬɨ ɚɛɫɨɥɸɬɧɨɝɨ ɷɥɟɤɬɪɨɞɧɨɝɨ 
ɩɨɬɟɧɰɢɚɥɚ, ɪɚɜɧɨɝɨ ɫɤɚɱɤɭ ɩɨɬɟɧɰɢɚɥɚ ɧɚ ɝɪɚɧɢɰɟ ɦɟɬɚɥɥ-ɪɚɫɬɜɨɪ, ɭɞɨɛɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɗȾɋ ɷɥɟɦɟɧɬɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɤɪɨɦɟ ɞɚɧɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɪɚɫɬɜɨɪɚ 

+

+

+

++

+

+

+

+

+

+

+
P-p

Me -

-

-

-

-

-

-

-




1



ɞɢɮɮɭɡɧɚя ɱɚɫɬɶ ȾЭɋɩɥɨɬɧɚя

ɯ

Ɇɨɞɟɥɶ ɫɬɪɨɟɧɢя ȾЭɋ
Шɬɟɪɧа
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ɟɳɟ ɢ ɞɪɭɝɨɣ ɷɥɟɤɬɪɨɞ, ɤɨɬɨɪɵɣ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɞɨɥɠɟɧ ɛɵɬɶ ɨɞɧɢɦ ɢ ɬɟɦ ɠɟ. 
ȿɫɥɢ ɛɵ ɫɭɳɟɫɬɜɨɜɚɥ ɷɥɟɤɬɪɨɞ, ɚɛɫɨɥɸɬɧɵɣ ɪɚɜɧɨɜɟɫɧɵɣ ɩɨɬɟɧɰɢɚɥ 

ɤɨɬɨɪɨɝɨ ɛɵɥ ɛɵ ɪɚɜɟɧ ɧɭɥɸ, ɬɨ ɢɡɦɟɪɟɧɧɚɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɝɨ ɜɟɥɢɱɢɧɚ ɗȾɋ 
ɱɢɫɥɟɧɧɨ ɪɚɜɧɹɥɚɫɶ ɛɵ ɚɛɫɨɥɸɬɧɨɦɭ ɩɨɬɟɧɰɢɚɥɭ ɢɡɭɱɚɟɦɨɝɨ ɷɥɟɤɬɪɨɞɚ. 
Ɉɞɧɚɤɨ ɬɚɤɨɝɨ ɷɥɟɤɬɪɨɞɚ ɫɪɚɜɧɟɧɢɹ ɧɟ ɫɭɳɟɫɬɜɭɟɬ. Ʉɪɨɦɟ ɬɨɝɨ ɜ ɢɡɦɟɪɹɟɦɭɸ 
ɜɟɥɢɱɢɧɭ ɗȾɋ, ɜ ɥɸɛɨɦ ɫɥɭɱɚɟ, ɜɯɨɞɢɥɚ ɛɵ ɤɨɧɬɚɤɬɧɚɹ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ 
M1|M2. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɛɵɥɨ ɪɟɲɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ 
ɷɥɟɤɬɪɨɞɚ ɫɪɚɜɧɟɧɢɹ ɫɬɚɧɞɚɪɬɧɵɣ ɜɨɞɨɪɨɞɧɵɣ ɷɥɟɤɬɪɨɞ (ɫ.ɜ.ɷ.), ɩɨɬɟɧɰɢɚɥ 
ɤɨɬɨɪɨɝɨ ɛɵɥ ɩɪɢɧɹɬ ɪɚɜɧɵɦ ɧɭɥɸ (ɫ.ɜ.ɷ.) = 0 ȼ (ɟɝɨ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɢ 
ɭɫɬɪɨɣɫɬɜɨ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɨ ɧɢɠɟ). 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɡɚɩɢɫɢ ɗȾɋ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɰɟɩɢ ɱɟɪɟɡ 
ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɩɨɬɟɧɰɢɚɥɵ ɩɨɥɭɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɟɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɷɥɟɤɬɪɨɞɚ ɫɪɚɜɧɟɧɢɹ, ɜɟɥɢɱɢɧɚ ɤɨɧɬɚɤɬɧɨɣ ɪɚɡɧɨɫɬɢ 
ɩɨɬɟɧɰɢɚɥɨɜ Ɇ1|M2 ɜɡɚɢɦɧɨ ɫɨɤɪɚɳɚɟɬɫɹ. 

ȼɟɥɢɱɢɧɚ ɗȾɋ, ɜɵɪɚɠɟɧɧɚɹ  ɱɟɪɟɡ ɝɚɥɶɜɚɧɢ-ɩɨɬɟɧɰɢɚɥɵ:   

E = L|M2 – L|M1 + Ɇ2еM1; 

ȼɟɥɢɱɢɧɚ ɗȾɋ, ɜɵɪɚɠɟɧɧɚɹ  ɱɟɪɟɡ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɩɨɬɟɧɰɢɚɥɵμ 

E = M2
z+

|M2 – M1
z+

|M1. 

ɗɥɟɤɬɪɨɞɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ  (ɨɬɧɨɫɢɬɟɥɶɧɵɦ ɷɥɟɤɬɪɨɞɧɵɦ 
ɩɨɬɟɧɰɢɚɥɨɦ) ɧɚɡɵɜɚɟɬɫɹ ɜɟɥɢɱɢɧɚ, ɪɚɜɧɚɹ ɗȾɋ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ 
ɷɥɟɦɟɧɬɚ, ɫɨɫɬɚɜɥɟɧɧɨɝɨ ɢɡ ɞɚɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɢ ɫɬɚɧɞɚɪɬɧɨɝɨ 
ɜɨɞɨɪɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɫɪɚɜɧɟɧɢɹ. 

ɋɬɚɧɞɚɪɬɧɵɦ ɷɥɟɤɬɪɨɞɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ (0
) ɧɚɡɵɜɚɟɬɫɹ ɜɟɥɢɱɢɧɚ, 

ɪɚɜɧɚɹ ɗȾɋ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ, ɫɨɫɬɚɜɥɟɧɧɨɝɨ ɢɡ ɞɚɧɧɨɝɨ 
ɷɥɟɤɬɪɨɞɚ ɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɜɨɞɨɪɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɫɪɚɜɧɟɧɢɹ. 
ɋɬɚɧɞɚɪɬɧɵɟ ɩɨɬɟɧɰɢɚɥɵ ɧɚɯɨɞɹɬ ɜ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ 

ɚɤɬɢɜɧɨɫɬɢ ɜɫɟɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨɬɟɧɰɢɚɥɨɩɪɟɞɟɥɹɸɳɟɣ ɪɟɚɤɰɢɢ, 
ɩɪɨɬɟɤɚɸɳɟɣ ɧɚ ɢɫɫɥɟɞɭɟɦɨɦ ɷɥɟɤɬɪɨɞɟ, ɪɚɜɧɵ 1, ɚ ɞɚɜɥɟɧɢɟ ɝɚɡɚ (ɞɥɹ 
ɝɚɡɨɜɵɯ ɷɥɟɤɬɪɨɞɨɜ) ɪɚɜɧɨ Ɋ=101325 ɉɚ (1 ɚɬɦ), Ɍ=298 Ʉ. 

ɋɬɚɧɞɚɪɬɧɵɣ ɜɨɞɨɪɨɞɧɵɣ ɷɥɟɤɬɪɨɞ ɫɨɫɬɨɢɬ ɢɡ 
ɩɥɚɬɢɧɢɪɨɜɚɧɧɨɝɨ (ɩɨɤɪɵɬɨɝɨ ɷɥɟɤɬɪɨɥɢɡɨɦ 
ɩɥɚɬɢɧɨɜɨɣ ɱɟɪɧɶɸ) ɩɥɚɬɢɧɨɜɨɝɨ ɷɥɟɤɬɪɨɞɚ, 
ɤɨɬɨɪɵɣ ɩɨɝɪɭɠɟɧ ɜ ɪɚɫɬɜɨɪ ɤɢɫɥɨɬɵ (ɨɛɵɱɧɨ HCХ ɫ 
ɚɤɬɢɜɧɨɫɬɶɸ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ 1 ɦɨɥɶ/ɥ) ɢ ɨɦɵɜɚɟɬɫɹ 
ɩɨɬɨɤɨɦ H2 ɩɨɞ ɞɚɜɥɟɧɢɟɦ 1 ɚɬɦ.  

ȼɨɞɨɪɨɞɧɵɣ ɷɥɟɤɬɪɨɞ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɰɟɩɶɸμ 

Pt | H
+
, H2. 

ɉɥɚɬɢɧɚ ɜɵɫɬɭɩɚɟɬ ɜ ɪɨɥɢ ɤɨɥɥɟɤɬɨɪɚ 

http://www.xumuk.ru/encyklopedia/101.html
http://www.xumuk.ru/encyklopedia/2/5297.html
http://www.xumuk.ru/encyklopedia/1165.html
http://www.xumuk.ru/encyklopedia/879.html
http://www.xumuk.ru/encyklopedia/2/5297.html
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ɷɥɟɤɬɪɨɧɨɜ. ɇɚ ɟɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɬɟɤɚɟɬ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɚɹ 
ɩɨɥɭɪɟɚɤɰɢɹμ 2H

+
 + 2e  H2. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɨɞɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ ɢɫɩɨɥɶɡɭɸɬ ɭɪɚɜɧɟɧɢɟ ɇɟɪɧɫɬɚ. ȼ 
ɨɛɳɟɦ ɜɢɞɟ ɞɥɹ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɩɨɥɭɪɟɚɤɰɢɢ Ox + ne

–
  Red 

ɭɪɚɜɧɟɧɢɟ ɢɦɟɟɬ ɜɢɞμ 

d

Ox
dOxdOx

a

a

nF

RT

Re

0

Re/Re/ ln , 

ɝɞɟ ό=96487 Ʉɥ/ɦɨɥɶ – ɩɨɫɬɨɹɧɧɚɹ Ɏɚɪɚɞɟɹν 0
Ox/Red – ɫɬɚɧɞɚɪɬɧɵɣ 

ɷɥɟɤɬɪɨɞɧɵɣ ɩɨɬɟɧɰɢɚɥ; aOx ɢ КRed – ɚɤɬɢɜɧɨɫɬɢ ɨɤɢɫɥɟɧɧɨɣ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ 
ɮɨɪɦ. 

ɋɥɟɜɚ ɧɚ ɪɢɫɭɧɤɟ ɩɪɢɜɟɞɟɧ ɜɧɟɲɧɢɣ ɜɢɞ 
ɜɵɩɭɫɤɚɟɦɨɝɨ ɜɨɞɨɪɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɚ 
ɫɪɚɜɧɟɧɢɹμ 1 – ɷɥɟɤɬɪɨɞ ɫɪɚɜɧɟɧɢɹν 2 – 

ɡɚɠɢɦν 3 – ɬɪɭɛɤɚ ɞɥɹ ɩɨɞɚɱɢ ɜɨɞɨɪɨɞɚν 4 – 

ɭɩɥɨɬɧɢɬɟɥɶɧɨɟ ɤɨɥɶɰɨ. 
ɍɪɚɜɧɟɧɢɟ ɇɟɪɧɫɬɚ ɞɥɹ ɪɚɫɱɟɬɚ 

ɩɨɬɟɧɰɢɚɥɚ ɜɨɞɨɪɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɛɭɞɟɬ 
ɢɦɟɬɶ ɜɢɞμ 

2

22

2

0

//
ln

2 H

H

HHHH P

a

F

RT 

  . 

ɗɥɟɤɬɪɨɞɧɵɣ ɩɨɬɟɧɰɢɚɥ ɜɨɞɨɪɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɩɪɢ ɚɤɬɢɜɧɨɫɬɢ ɢɨɧɨɜ 
ɜɨɞɨɪɨɞɟ 1H

a , ɞɚɜɥɟɧɢɢ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɜɨɞɨɪɨɞɚ ɚɬɦPH 1
2
 , ɬɟɦɩɟɪɚɬɭɪɟ 

Ɍ=298 K ɪɚɜɟɧ ɧɭɥɸμ B
HHHH

00

// 22

   . 

ɋɩɪɚɜɚ ɩɪɢɜɟɞɟɧɚ ɤɥɚɫɫɢɱɟɫɤɚɹ ɫɯɟɦɚ 
ɢɡɦɟɪɟɧɢɹ ɩɨɬɟɧɰɢɚɥɚ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ 
ɷɥɟɤɬɪɨɞɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɨɞɨɪɨɞɧɨɝɨ 
ɷɥɟɤɬɪɨɞɚ ɫɪɚɜɧɟɧɢɹ.  

ȿɫɥɢ (Me
n+

/Me) > (H
+
/H2), ɬɨɝɞɚ ȿ = 

(Me
n+

/Me) – (H
+
/H2). Ɍ.ɤ. E>0 ɢ (H

+
/H2) = 

0, ɬɨ ɩɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɨɞɚ ɛɭɞɟɬ 
ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɢ ɛɭɞɟɬ ɪɚɜɟɧμ (Me

n+
/Me) = 

ȿ. 

ȿɫɥɢ (Me
n+

/Me) < (H
+
/H2), ɬɨɝɞɚ ȿ = (H

+
/H2) –(Me

n+
/Me). ȼ ɷɬɨɦ ɫɥɭɱɚɟ 

ɩɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɨɞɚ ɛɭɞɟɬ ɢɦɟɬɶ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɡɧɚɤ ɢ ɛɭɞɟɬ ɪɚɜɟɧμ 
(Me

n+
/Me) = – ȿ. 
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4.8. Ƚɚɥɶɜɚɧɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ. 
Ƚɚɥɶɜɚɧɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ – ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ, ɜ ɤɨɬɨɪɨɣ 
ɯɢɦɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɪɟɚɤɰɢɢ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ. 

ɍɫɥɨɜɢɟɦ ɪɚɛɨɬɵ ɩɨɞɨɛɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ ɹɜɥɹɟɬɫɹ ɪɚɡɞɟɥɟɧɢɟ 
ɫɨɩɪɹɠɟɧɧɨɝɨ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ɞɜɚ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɪɚɡɞɟɥɺɧɧɵɯ ɚɤɬɚ – ɨɤɢɫɥɟɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɱɚɫɬɢɰ 
ɜɟɳɟɫɬɜɚ. ɉɪɢ ɷɬɨɦ ɨɛɚ ɷɥɟɤɬɪɨɞɚ ɩɨɝɪɭɠɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɥɟɤɬɪɨɥɢɬɵ 
ɢ ɡɚɦɤɧɭɬɵ ɱɟɪɟɡ ɜɧɟɲɧɸɸ ɰɟɩɶ. Ɋɚɛɨɬɚ, ɩɨɥɭɱɚɟɦɚɹ ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ 
ɩɪɨɜɟɞɟɧɢɢ ɞɚɧɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ, ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɶɲɟɣ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ 
ɪɟɚɤɰɢɹ ɩɪɨɜɨɞɢɬɫɹ ɜ ɭɫɥɨɜɢɹɯ, ɧɚɢɛɨɥɟɟ ɛɥɢɡɤɢɦ ɤ ɨɛɪɚɬɢɦɵɦ. 

Ʉɥɚɫɫɢɱɟɫɤɢɦ ɝɚɥɶɜɚɧɢɱɟɫɤɢɦ ɷɥɟɦɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɦɟɞɧɨ-ɰɢɧɤɨɜɵɣ 
ɷɥɟɦɟɧɬ Ⱦɚɧɢɷɥɹ-əɤɨɛɢ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɰɢɧɤɨɜɵɣ ɢ ɦɟɞɧɵɣ 
ɷɥɟɤɬɪɨɞɵ, ɨɩɭɳɟɧɧɵɟ ɜ ɪɚɫɬɜɨɪɵ ГЧSO4 ɢ CЮSO4, ɪɚɡɞɟɥɺɧɧɵɟ ɩɨɪɢɫɬɨɣ 
ɞɢɚɮɪɚɝɦɨɣ. 

ɋɯɟɦɚ ɷɥɟɦɟɧɬɚ Ⱦɚɧɢɷɥɹ-əɤɨɛɢμ 
)(|,||,|)( 2424  CuOHCuSOOHZnSOZn  ɢɥɢ  

)(||||)( 22   CuCuZnZn  

ȿɫɥɢ ɜɧɟɲɧɹɹ ɰɟɩɶ ɧɟ ɡɚɦɤɧɭɬɚɹ (ɨɬɫɭɬɫɬɜɭɟɬ ɧɚɩɪɚɜɥɟɧɧɨɟ ɞɜɢɠɟɧɢɟ 
ɷɥɟɤɬɪɨɧɨɜ – ɨɬɫɭɬɫɬɜɭɟɬ ɬɨɤ) ɬɨ ɧɚ ɷɥɟɤɬɪɨɞɚɯ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɪɚɜɧɨɜɟɫɢɟ.  

ȼ ɫɢɥɭ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ ɰɢɧɤɚ ɢ ɦɟɞɢ, ɩɪɢ ɩɨɝɪɭɠɟɧɢɢ ɰɢɧɤɨɜɨɣ 
ɩɥɚɫɬɢɧɤɢ ɜ ɪɚɫɬɜɨɪ ZnSO4 ɢɨɧɵ ɰɢɧɤɚ ɧɚɱɢɧɚɸɬ ɩɟɪɟɯɨɞɢɬɶ ɜ ɪɚɫɬɜɨɪ ɞɨ 
ɭɫɬɚɧɨɜɥɟɧɢɹ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ɪɚɜɧɨɜɟɫɢɹ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɜɵɪɚɜɧɢɜɚɧɢɟɦ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɢɨɧɨɜ Zn

2+ 
 ɜ ɪɚɫɬɜɨɪɟ ɢ 

ɦɟɬɚɥɥɟ: 

)()( 22 pPZnMeZn    . 

ɉɨɜɟɪɯɧɨɫɬɶ ɰɢɧɤɨɜɨɣ ɩɥɚɫɬɢɧɤɢ ɩɪɢɨɛɪɟɬɚɟɬ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɡɚɪɹɞ. 
ȼɨɡɧɢɤɚɟɬ Ⱦɗɋ. 

ȼ ɫɥɭɱɚɟ ɦɟɞɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɢɨɧɵ Cu
2+

 ɩɟɪɟɯɨɞɹɬ ɢɡ ɪɚɫɬɜɨɪɚ ɜ 
ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɦɟɞɧɨɣ ɩɥɚɫɬɢɧɤɢ. ɉɨɜɟɪɯɧɨɫɬɶ 
ɡɚɪɹɠɚɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɨ – ɜɨɡɧɢɤɚɟɬ Ⱦɗɋ. ɉɟɪɟɯɨɞ ɢɨɧɨɜ ɩɪɨɢɫɯɨɞɢɬ ɞɨ 
ɦɨɦɟɧɬɚ ɭɫɬɚɧɨɜɥɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ, ɭɫɥɨɜɢɟɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɢɨɧɨɜ CЮ2+

: 

)()( 22 pPCuMeCu    . 

ȿɫɥɢ ɚɤɬɢɜɧɨɫɬɢ ɢɨɧɨɜ ɛɭɞɭɬ ɪɚɜɧɵ ɟɞɢɧɢɰɟ aZn(II)=aCu(II)=1, ɬɨ ɩɪɢ Ɍ=298Ʉ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɜɨɞɨɪɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɚ, ɩɨɬɟɧɰɢɚɥɵ ɷɥɟɤɬɪɨɞɨɜ 
ɛɭɞɭɬ ɹɜɥɹɬɶɫɹ ɫɬɚɧɞɚɪɬɧɵɦɢ ɩɨɬɟɧɰɢɚɥɚɦɢμ 

0

/

0

/ 0202 ZnZnCuCu     B
CuCu

337,00

/ 02  . 
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 B
CuCu

337,00

/ 02  B
ZnZn

763,00

/ 02 

Cu
2+

+ 2e       Cu
0

Ɋɚɫɬɜɨɪ
ZnSO

4

Zn Cu

Zn
2+

Zn
2+

Cu
2+

Cu
2+

+

+

+

+

+

+

+

-

-

-

-

-

-

-

Zn
2+

+ 2e       Zn
0

a
Zn

2+ = 1 a
Cu

2+ = 1

Ɋɚɫɬɜɨɪ
CuSO

4

ЭȾɋ (E)

 

ȼ ɫɥɭɱɚɟ ɩɪɨɢɡɜɨɥɶɧɵɯ ɚɤɬɢɜɧɨɫɬɟɣ ɢɨɧɨɜ, ɩɨɬɟɧɰɢɚɥɵ ɦɨɝɭɬ ɛɵɬɶ 
ɪɚɫɫɱɢɬɚɧɵ ɩɨ ɭɪɚɜɧɟɧɢɸ ɇɟɪɧɫɬɚμ 

  20202 ln
2

0

// ZnZnZnZnZn
a

F

RT  ɢ   20202 ln
2

0

// CuCuCuCuCu
a

F

RT . 

Ɋɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɷɥɟɤɬɪɨɞɨɜ ɛɭɞɟɬ ɪɚɜɧɚ ɗȾɋ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚμ 

0202 // ZnZnCuCu
E    , 

ɚ ɪɚɡɧɨɫɬɶ ɫɬɚɧɞɚɪɬɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ ɷɥɟɤɬɪɨɞɨɜ ɛɭɞɟɬ ɪɚɜɧɚ ɫɬɚɧɞɚɪɬɧɨɣ 
ɗȾɋ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ 

0

/

0

/

0
0202 ZnZnCuCu

E    . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɚɧɞɚɪɬɧɚɹ ɗȾɋ ɷɥɟɦɟɧɬɚ Ⱦɚɧɢɷɥɹ-əɤɨɛɢ ɛɭɞɟɬ ɪɚɜɧɚμ 
BBBE 100,1)763,0(337,00  . 

ȿɫɥɢ ɡɚɦɤɧɭɬɶ ɷɥɟɤɬɪɨɞɵ ɱɟɪɟɡ ɧɚɝɪɭɡɤɭ, ɬɨ ɱɟɪɟɡ ɜɧɟɲɧɸɸ ɰɟɩɶ ɧɚɱɧɟɬ 
ɩɪɨɬɟɤɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. ɋɢɫɬɟɦɚ ɜɵɣɞɟɬ ɢɡ ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ. 
ɉɨɥɭɷɥɟɦɟɧɬ ɫ ɛɨɥɟɟ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɷɥɟɤɬɪɨɞɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ ɛɭɞɟɬ 
ɨɬɛɢɪɚɬɶ ɷɥɟɤɬɪɨɧɵ ɭ ɩɨɥɭɷɥɟɦɟɧɬɚ ɫ ɦɟɧɶɲɢɦ ɩɨɬɟɧɰɢɚɥɨɦμ 

  20 2 ZneZn
 0

/

0

/ 0202 ZnZnCuCu  
 02 2 CueCu 

2e

 

ɋɭɦɦɚɪɧɨɟ ɭɪɚɜɧɟɧɢɟ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɪɟɚɤɰɢɢ (ɈȼɊ) 
ɛɭɞɟɬ ɢɦɟɬɶ ɫɥɟɞɭɸɳɢɣ ɜɢɞμ 

  20202 ZnCuZnCu
e

. 

ɇɚ ɰɢɧɤɨɜɨɦ ɷɥɟɤɬɪɨɞɟ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɨɤɢɫɥɟɧɢɟ, ɟɝɨ ɨɛɨɡɧɚɱɚɸɬ 
ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɡɧɚɤɨɦ, ɨɧ ɧɚɡɵɜɚɟɬɫɹ ɚɧɨɞɨɦ. 
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ɇɚ ɦɟɞɧɨɦ ɷɥɟɤɬɪɨɞɟ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ, ɟɝɨ ɨɛɨɡɧɚɱɚɸɬ 
ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɡɧɚɤɨɦ, ɨɧ ɧɚɡɵɜɚɟɬɫɹ ɤɚɬɨɞɨɦ. 

 

2e
-

 02 2 CueCu  eZnZn 220  

2e
-

Ɋɚɫɬɜɨɪ
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0
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2+

+

+

+

+

+

+

+

-

-

-

-

-

-

-

Ɋɚɫɬɜɨɪ
CuSO

4

V

ɪɚɛɨɱɟɟ ɧɚɩɪяɠɟɧɢɟ ȽЭ

R

ɇɚɝɪɭɡɤɚ +
_

Ɉɬɪɢɰɚɬɟɥɶɧɵɣ

Ɉɤɢɫɥɟɧɢɟ

Аɧɨɞ

ɉɨɥɨɠɢɬɟɥɶɧɵɣ

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ

Кɚɬɨɞ

   022 / CuCuCu
C    022 / ZnZnZn

C 

 

ɉɨ ɦɟɪɟ ɪɚɛɨɬɵ ɬɚɤɨɝɨ ɷɥɟɦɟɧɬɚ ɰɢɧɤɨɜɵɣ ɷɥɟɤɬɪɨɞ (ɚɧɨɞ) ɛɭɞɟɬ 
ɪɚɫɬɜɨɪɹɬɶɫɹ, ɚ ɧɚ ɦɟɞɧɨɦ ɛɭɞɟɬ ɨɫɚɠɞɚɬɶɫɹ ɦɟɞɶ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ ɰɢɧɤɚ ɜ ɪɚɫɬɜɨɪɟ ɛɭɞɟɬ ɪɚɫɬɢ, ɚ ɢɨɧɨɜ ɦɟɞɢ – 

ɭɦɟɧɶɲɚɬɶɫɹ. ȿɫɥɢ ɱɟɪɟɡ ɧɟɤɨɬɨɪɵɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ ɪɚɡɪɵɜɚɬɶ ɰɟɩɶ ɢ 
ɢɡɦɟɪɹɬɶ ɗȾɋ, ɬɨ ɗȾɋ ɛɭɞɟɬ ɭɦɟɧɶɲɚɬɶɫɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɚɤɫɢɦɚɥɶɧɭɸ 
ɪɚɛɨɬɭ ɨɬ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ (Э=0): 


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
0,- 

t,-


t,+
H

+
/H

2 Cu
2+

/Cu
0Zn

2+
/Zn

0

-0,763 0,0 +0,337

E
0
 (t=0)

E (t)

 

Ⱦɚɧɧɵɣ ɝɚɥɶɜɚɧɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɢɥɢ 
ɪɚɫɬɜɨɪɢɬɫɹ ɜɟɫɶ ɰɢɧɤ ɢɥɢ ɜɨɫɫɬɚɧɨɜɹɬɫɹ ɜɫɟ ɢɨɧɵ ɦɟɞɢ ɢɡ ɪɚɫɬɜɨɪɚ. ɉɨ ɦɟɪɟ 
ɪɚɛɨɬɵ ɛɭɞɟɬ ɭɦɟɧɶɲɚɬɶɫɹ ɧɟ ɬɨɥɶɤɨ ɗȾɋ, ɧɨ ɢ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɤɨɬɨɪɨɟ 
ɜɫɟɝɞɚ ɦɟɧɶɲɟ ɗȾɋ. ɑɟɦ ɛɨɥɟɟ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɛɭɞɟɬ ɪɚɛɨɬɚ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ 
ɷɥɟɦɟɧɬɚ (ɜɵɲɟ ɬɨɤ) ɬɟɦ ɦɟɧɶɲɟ ɛɭɞɟɬ ɧɚɩɪɹɠɟɧɢɟ. ɍɦɟɧɶɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ 
ɫɜɹɡɚɧɨ ɫ ɩɨɥɹɪɢɡɚɰɢɟɣ ɷɥɟɤɬɪɨɞɨɜ (ɫɦɟɳɟɧɢɟɦ ɩɨɬɟɧɰɢɚɥɚ) ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
ɬɨɤɚ. 
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4.9. Ɍɟɪɦɨɞɢɧɚɦɢɤɚ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ. 
Ɂɧɚɤ ɗȾɋ ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ ɰɟɩɟɣμ - ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɧɚɤ ɞɥɹ ɷ.ɞ.ɫ. 

ɧɨɪɦɚɥɶɧɨ ɪɚɛɨɬɚɸɳɟɝɨ ɷɥɟɦɟɧɬɚ, ɬɨ ɟɫɬɶ ɞɥɹ ɬɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɪɟɚɤɰɢɢ ɜ 
ɤɨɬɨɪɨɦ ɨɧɚ ɩɪɨɬɟɤɚɟɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ, ɛɭɞɭɱɢ ɫɩɨɫɨɛɧɨɣ ɫɨɜɟɪɲɚɬɶ ɪɚɛɨɬɭ. 
Ɍɚɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɟɚɤɰɢɢ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ. 

ɗȾɋ ɰɟɩɢ, ɡɚɩɢɫɚɧɧɨɣ ɞɥɹ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɷɬɨɣ ɪɟɚɤɰɢɢ, 
ɩɪɢɩɢɫɵɜɚɟɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɡɧɚɤ. Ɉɧ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɷɥɟɦɟɧɬ ɦɨɠɟɬ 
ɪɚɛɨɬɚɬɶ ɥɢɲɶ, ɤɨɝɞɚ ɞɚɧɧɚɹ ɪɟɚɤɰɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ, ɭɤɚɡɚɧɧɨɦɭ ɜ ɡɚɩɢɫɢ ɰɟɩɢ. Ɍɟɱɟɧɢɟ ɪɟɚɤɰɢɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, 
ɭɤɚɡɵɜɚɟɦɵɦ ɜ ɡɚɩɢɫɢ ɰɟɩɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟ ɬɨɥɶɤɨ ɧɟ ɫɥɭɠɢɬ ɢɫɬɨɱɧɢɤɨɦ 
ɪɚɛɨɬɵ, ɧɨ ɢ ɬɪɟɛɭɟɬ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɢɡɜɧɟ, ɢ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɫɹ ɩɭɬɺɦ 
ɷɥɟɤɬɪɨɥɢɡɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ, ɤɨɬɨɪɵɣ ɪɚɛɨɬɚɟɬ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɨɛɪɚɬɢɦɨ ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɢ. Ɋɚɛɨɬɚ, 
ɫɨɜɟɪɲɚɟɦɚɹ ɜ ɷɥɟɦɟɧɬɟ ɡɚ ɫɱɺɬ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɪɨɬɟɤɚɧɢɹ ɯɢɦɢɱɟɫɤɨɣ 
ɪɟɚɤɰɢɢ 

nFEGA   

ɝɞɟ Ч – ɱɢɫɥɨ ɷɥɟɤɬɪɨɧɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɬɨɤ ɨɛɪɚɡɭɸɳɟɣ ɪɟɚɤɰɢɢν 
ȿ – ɷɥɟɤɬɪɨɞɜɢɠɭɳɚɹ ɫɢɥɚ, ȼν 
F – ɱɢɫɥɨ Ɏɚɪɚɞɟɹ, 96487 Ʉɥ/ɦɨɥɶ. 

ȿɫɥɢ ɩɨɞɫɬɚɜɢɬɶ ɜɟɥɢɱɢɧɭ ɫɬɚɧɞɚɪɬɧɨɣ ɗȾɋ, ɬɨ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ 
ɫɬɚɧɞɚɪɬɧɨɟ ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɈȼɊμ 

00 nFEG   

PT

G
THG 










  

 














T

E
nF

T

G

 



















 E
T

E
TnFH  

T

E




- ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɗȾɋ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 

ɡɚɜɢɫɢɦɨɫɬɢ ɗȾɋ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ȿɫɥɢ 0


T

E , ɬɨ 

ɗȾɋ ɷɥɟɦɟɧɬɚ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ, 0ST , ɪɨɛɨɬɚ ɦɟɧɶɲɟ ɬɟɩɥɨɜɨɝɨ 
ɷɮɮɟɤɬɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɷɥɟɦɟɧɬ ɪɚɛɨɬɚɟɬ ɫ 
ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɨɬɵ. 
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ɉɪɢ 0


T

E , ɗȾɋ ɷɥɟɦɟɧɬɚ ɪɚɫɬɺɬ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ, 0ST , ɷɥɟɦɟɧɬ 

ɪɚɛɨɬɚɟɬ ɫ ɩɨɝɥɨɳɟɧɢɟɦ ɬɟɩɥɨɬɵ. 

ɂɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ 
dT

dE , ɨɩɪɟɞɟɥɹɸɬ  

dT

dE
nFS 

. 

Ɇɟɠɞɭ ЭȾɋ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ, ɤɨɧɫɬɚɧɬɨɣ ɪɚɜɧɨɜɟɫɢɹ ɢ 
ɚɤɬɢɜɧɨɫɬɹɦɢ ɪɟɚɝɟɧɬɨɜ ɫɭɳɟɫɬɜɭɟɬ ɡɚɜɢɫɢɦɨɫɬɶ. Ɍɚɤ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ 
ɪɟɚɤɰɢɢ  

eElLbBaA   





















b

B

a

A

e

E

l

L
a

aa

aa
KRTG lnln , 

ȼ ɫɥɭɱɚɟ ɚɤɬɢɜɧɨɫɬɢ ɜɫɟɯ ɭɱɚɫɬɧɢɤɨɜ ɪɟɚɤɰɢɢ 1ia , ɢɦɟɟɦ  

aKRTnFE ln0  , ɨɬɤɭɞɚ  

0ln E
RT

nF
Ka   

ɉɨɫɤɨɥɶɤɭ ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɥɟɡɧɚɹ ɪɚɛɨɬɚ, ɫɨɜɟɪɲɚɟɦɚɹ ɷɥɟɦɟɧɬɨɦ, 
0nFEAMax  ɬɨɝɞɚ ɡɧɚɹ ɫɬɚɧɞɚɪɬɧɭɸ ɗȾɋ ɷɥɟɦɟɧɬɚ, ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɤɨɧɫɬɚɧɬɭ 

ɪɚɜɧɨɜɟɫɢɹ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ, ɩɪɨɬɟɤɚɸɳɟɣ ɜ ɷɥɟɦɟɧɬɟ. 

ɋɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɗȾɋ ɷɥɟɦɟɧɬɚ Ⱦɚɧɢɷɥɹ-əɤɨɛɢ ȼE 10,10  , ɬɨɝɞɚ 

73,85
29831,8

1,1965002
ln 








RT

nFE

RT

G
Ka

 

3773,85 107,1  eKa  ɪɚɜɧɨɜɟɫɢɟ ɬɚɤɨɣ ɪɟɚɤɰɢɢ ɫɦɟɳɟɧɨ ɜɩɪɚɜɨ, ɰɢɧɤ 
ɩɨɥɧɨɫɬɶɸ ɦɨɠɟɬ ɜɵɬɟɫɧɢɬɶ ɦɟɞɶ ɢɡ ɪɚɫɬɜɨɪɚ ɟɺ ɫɨɥɢ. 
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4.10 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɷɥɟɤɬɪɨɞɨɜ. 

Эɥɟɤɬɪɨɞɵ 1-ɝɨ ɪɨɞɚ 

ɗɥɟɤɬɪɨɞɨɦ ɩɟɪɜɨɝɨ  ɪɨɞɚ ɧɚɡɵɜɚɸɬ ɦɟɬɚɥɥ ɢɥɢ ɧɟɦɟɬɚɥɥ, ɩɨɝɪɭɠɟɧɧɵɣ 
ɜ ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɟɝɨ ɢɨɧɵ. 

ɋɯɟɦɚ ɷɥɟɤɬɪɨɞɚμ Me|Me
z+

 ɢɥɢ Me
z+

|Me. 

Ɋɟɚɤɰɢɹμ Me
z+

 + ze  Me
0
. 

ɉɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɨɞɚ 1 ɪɨɞɚ ɨɩɪɟɞɟɥɹɸɬμ 

  ZZZ MeMeMeMeMe
a

ZF

RT
EE ln0

//  

ɝɞɟ ZMe
a - ɚɤɬɢɜɧɨɫɬɶ ɢɨɧɨɜ ɦɟɬɚɥɥɚ ɜ ɪɚɫɬɜɨɪɟ  

ɉɪɢɦɟɪμ  ɦɟɞɧɵɣ ɷɥɟɤɬɪɨɞμ 02 /CuCu  ;  

ɉɨɥɭɪɟɚɤɰɢɹμ Cu
2+

 + 2e  Cu
0
; 

  22 ln
2

337.0
Cu

Cu
Cu

a
F

RT
E

 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɷɥɟɤɬɪɨɞɵ ɩɟɪɜɨɝɨ ɪɨɞɚ ɨɛɪɚɬɢɦɵ ɩɨ ɤɚɬɢɨɧɭ, ɨɞɧɚɤɨ, ɟɫɬɶ 
ɷɥɟɤɬɪɨɞɵ 1-ɝɨ ɪɨɞɚ, ɨɛɪɚɬɢɦɵɟ ɩɨ ɚɧɢɨɧɭ. 

ɉɪɢɦɟɪμ  ɫɟɥɟɧɨɜɵɣ ɷɥɟɤɬɪɨɞμ Se
0
/Se

2-
.  

ɉɨɥɭɪɟɚɤɰɢɹ: Se
0
 + 2e  Se

2 – 

  22 ln
2

92.0
/ SeSeSe

a
F

RTȿ  

 

Эɥɟɤɬɪɨɞɵ 2-ɝɨ ɪɨɞɚ 

ɗɥɟɤɬɪɨɞ ɜɬɨɪɨɝɨ ɪɨɞɚ ɫɨɫɬɨɢɬ ɢɡ ɦɟɬɚɥɥɚ, ɩɨɤɪɵɬɨɝɨ ɫɥɨɟɦ ɟɝɨ 
ɦɚɥɨɪɚɫɬɜɨɪɢɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢ ɩɨɝɪɭɠɺɧɧɨɝɨ ɜ ɪɚɫɬɜɨɪ ɪɚɫɬɜɨɪɢɦɨɣ 
ɫɨɥɢ, ɫɨɞɟɪɠɚɳɟɣ ɬɨɬ ɠɟ ɚɧɢɨɧ, ɱɬɨ ɢ ɦɚɥɨɪɚɫɬɜɨɪɢɦɨɟ ɫɨɟɞɢɧɟɧɢɟ.  

ɋɯɟɦɚ: Me|MeA, A
z-
. 

ɉɪɨɬɟɤɚɸɳɚɹ ɪɟɚɤɰɢɹ: MeA + ze  Me + A
z–

. 

ɉɨɬɟɧɰɢɚɥ ɬɚɤɨɝɨ ɷɥɟɤɬɪɨɞɚ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɭɪɚɜɧɟɧɢɸμ 

  zzz AAMeAMeAMeAMe
a

zF

RT
EE ln0

,/,/  

ɉɪɢɦɟɪμ ɯɥɨɪ-ɫɟɪɟɛɪɹɧɵɣ (ɯɥɨɪɢɞ-ɫɟɪɟɛɪɹɧɵɣ) ɷɥɟɤɬɪɨɞ Ag|AgCl, Cl
–
. 

Ɋɟɚɤɰɢɹ: AgCl + e  Ag
0
 + Cl

–
. 

ɉɨɬɟɧɰɢɚɥ ɨɩɪɟɞɟɥɹɸɳɚɹ ɪɟɚɤɰɢɹ: Ag
+
 + e  Ag

0
. 
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Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ ɇɟɪɧɫɬɚμ 

 
AgAgAgAgAg

a
F

RT
EE ln

1

0

//
. 

Ʉɚɤ ɜɢɞɧɨ, ɩɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɨɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
(ɚɤɬɢɜɧɨɫɬɶɸ) ɢɨɧɨɜ ɫɟɪɟɛɪɚ ɜ ɪɚɫɬɜɨɪɟ, ɤɨɬɨɪɵɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɞɢɫɫɨɰɢɚɰɢɢ ɦɚɥɨɪɚɫɬɜɨɪɢɦɨɣ ɫɨɥɢ AРCХ: 

AgCl  Ag
+
 + Cl

 –
. 

Ⱥɤɬɢɜɧɨɫɬɶ ɤɚɬɢɨɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɢɡɜɟɞɟɧɢɟɦ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɞɚɧɧɨɣ 
ɫɨɥɢμ 

 
ClAgAgCl aaɉɊ . 



 
Cl

AgCl

Ag a

ɉɊ
a . 

ɉɨɞɫɬɚɜɢɦ ɜ ɭɪɚɜɧɟɧɢɟ ɇɟɪɧɫɬɚμ 



 
Cl

AgCl

AgAgAgAg a

ɉɊ
F

RT
EE ln

1

0

//

 

 
ClAgClAgAgAgAg

a
F

RTɉɊ
F

RT
EE ln

1
ln

1

0

//
 

Ɍ.ɤ. ɉɊAgCl = МШЧЬЭ, ɬɨ 0

,/

0

/
ln

1
 

ClAgClAgAgClAgAg
EɉɊ

F

RT
E  

ɉɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ ɇɟɪɧɫɬɚ ɞɥɹ ɯɥɨɪ-ɫɟɪɟɛɪɹɧɨɝɨ ɷɥɟɤɬɪɨɞɚμ 

 
ClClAgClAgClAgClAg

a
F

RT
EE ln

1

0

,/,/  

ɉɪɢ 298 Ʉμ  
ClClAgClAg

aBE ln0257.02224.0
,/

. 

ȼɟɥɢɱɢɧɚ ɩɨɬɟɧɰɢɚɥɚ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ (ɚɤɬɢɜɧɨɫɬɢ) 
ɚɧɢɨɧɚ, ɤɨɬɨɪɵɣ ɧɟ ɩɪɢɧɢɦɚɟɬ ɭɱɚɫɬɢɟ ɜ ɨɤɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ 
ɩɨɥɭɪɟɚɤɰɢɢ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ ɩɪɢ 
ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɗɬɨ ɫɜɨɣɫɬɜɨ ɩɨɡɜɨɥɹɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɤɚɤ ɷɥɟɤɬɪɨɞ 
ɫɪɚɜɧɟɧɢɹ. 
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ȿɳɟ ɨɞɧɢɦ ɩɪɢɦɟɪɨɦ ɷɥɟɤɬɪɨɞɚ 2-ɝɨ ɪɨɞɚ ɹɜɥɹɟɬɫɹ Ʉɚɥɨɦɟɥɶɧɵɣ 
ɷɥɟɤɬɪɨɞ.   

ɋɯɟɦɚμ HР | Hg2Cl2, Cl
 –
 . 

Ɋɟɚɤɰɢɢ:  1/2 Hg2Cl2  Hg
+
 + Cl

 –
, 

Hg
+
 + e  Hg

0
. 

ɍɪɚɜɧɟɧɢɟ ɇɟɪɧɫɬɚμ 

 
ClClClHgHgClClHgHg

a
F

RT
EE ln

1

0

,/,/ 2222
 

ɗɥɟɤɬɪɨɞɧɵɣ ɩɨɬɟɧɰɢɚɥ ɩɪɢ T=298K:  
ClClClHgHg

aE ln0257.02678.0
,/ 22

. 

Ɉɛɵɱɧɨ ɩɪɢɦɟɧɹɸɬ ɤɚɥɨɦɟɥɶɧɵɟ ɷɥɟɤɬɪɨɞɵ ɫ ɫɨɞɟɪɠɚɧɢɟ 0,1 Ɇν 1Ɇν 
ɧɚɫɵɳɟɧɧɵɣ ɪɚɫɬɜɨɪ ɄCХ ɢɯ ɩɨɬɟɧɰɢɚɥɵ ɩɪɢ Ɍ=298Ʉ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵμ 
0,3337; 0,2801; 0,2412 ȼ. 

Ɉɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɷɥɟɤɬɪɨɞɵ. 
Ɉɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɷɥɟɤɬɪɨɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɫɢɫɬɟɦɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɢɧɞɢɮɮɟɪɟɧɬɧɨɝɨ ɦɟɬɚɥɥɚ (ɩɥɚɬɢɧɵ), 
ɩɨɝɪɭɠɟɧɧɨɝɨ ɜ ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɨɤɢɫɥɟɧɧɭɸ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɭɸ 
ɮɨɪɦɭ ɜɟɳɟɫɬɜɚ. 

Ɉɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɣ ɷɥɟɤɬɪɨɞ: Pt | Sn
4+

, Sn
2+

. 

ɉɨɥɭɪɟɚɤɰɢɹμ Sn
4+

 + 2e  Sn
2+

. 





 
2

4

2424 ln
2

0

//

Sn

Sn

SnSnSnSn a

a

F

RT . 

Ƚɚɡɨɜɵɟ ɷɥɟɤɬɪɨɞɵ. 

ɋɪɟɞɢ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɷɥɟɤɬɪɨɞɨɜ ɜɵɞɟɥɹɸɬ ɝɚɡɨɜɵɟ 
ɷɥɟɤɬɪɨɞɵ.  ɇɚɩɪɢɦɟɪ, ɜɨɞɨɪɨɞɧɵɣ, ɤɢɫɥɨɪɨɞɧɵɣ, ɯɥɨɪɧɵɣ ɷɥɟɤɬɪɨɞɵ. ɇɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢɧɟɪɬɧɨɝɨ ɦɟɬɚɥɥɚ ɩɪɨɬɟɤɚɸɬ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ 
ɪɟɚɤɰɢɢ ɫ ɭɱɚɫɬɢɟɦ ɝɚɡɨɜ. 

ȼɨɞɨɪɨɞɧɵɣ ɷɥɟɤɬɪɨɞ ɦɵ ɪɚɫɫɦɨɬɪɟɥɢ ɜɵɲɟ. 
Ɋɚɫɫɦɨɬɪɢɦ ɤɢɫɥɨɪɨɞɧɵɣ ɷɥɟɤɬɪɨɞ. Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɥɚɬɢɧɨɜɭɸ 

ɩɥɚɫɬɢɧɤɭ, ɩɨɤɪɵɬɭɸ ɩɥɚɬɢɧɨɜɨɣ ɱɟɪɧɶɸ, ɩɨɝɪɭɠɟɧɧɭɸ ɜ ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ 
ɩɨɬɟɧɰɢɚɥɨɩɪɟɞɟɥɹɸɳɢɟ ɢɨɧɵ ɢ ɨɦɵɜɚɟɦɭɸ ɤɢɫɥɨɪɨɞɨɦ ɫ ɞɚɜɥɟɧɢɟɦ ɊɈ2.  

ȼ ɤɢɫɥɨɣ ɫɪɟɞɟ ɩɪɨɬɟɤɚɟɬ ɪɟɚɤɰɢɹ: 
O2 + 4H

+
 + 4e  2H2O.  0

 = 1,229 ȼ. 
Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ ɇɟɪɧɫɬɚμ 

2

4

0

/,/,

2

2

2222

ln
4 OH

HO

OHHOOHHO a

aP

F

RT 




  
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420

/,/,
ln

4
ln

4
ln

4 222222
 

HOOHOHHOOHHO
a

F

RT
P

F

RT
a

F

RT  

 
HOOHOHHOOHHO

a
F

RT
P

F

RT
a

F

RT
lnln

4
ln

2 222222

0

/,/,
  

ȼɵɪɚɡɢɦ ɚɤɬɢɜɧɨɫɬɶ H+
 ɱɟɪɟɡ ɪɇμ 

H
apH lg . ɋ ɭɱɟɬɨɦ ХЧ(б)=2,303ХР(б) ɩɪɢ 

Ɍ=298Ʉ, ɩɨɥɭɱɢɦμ 

pHPa OOHOHHOOHHO
059,0lg

4

059,0
lg

2

059,0
222222

0

/,/,
    

ȼɧɟɫɟɦ ɚɤɬɢɜɧɨɫɬɶ ɜɨɞɵ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɤɨɧɫɬɚɧɬɨɣ ɜ 
Ba OHOHHOOHHO

229,1lg
2

059,0
22222

0

/,

0

/,
   . ɉɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ ɷɥɟɤɬɪɨɞɧɨɝɨ 

ɩɨɬɟɧɰɢɚɥɚ ɞɥɹ ɤɢɫɥɨɪɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɚμ 
pHPB OOHHO

059,0lg01475,0229,1
222 /,
 . 

ɉɪɢ Ɋ(Ɉ2)=1 ɚɬɦμ 
pHB

OHHO
059,0229,1

22 /,
  

ȼ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɩɪɨɬɟɤɚɟɬ ɪɟɚɤɰɢɹ: 
O2 + 2H2O + 4e  4OH

 –
.  0

 = 0,401 ȼ. 

4

2

0

//

22

22

ln
4 






OH

OHO

OHOOHO a

aP

F

RT  

 
OHOOHOHOOHO

aPa lg059,0lg
4

059,0
lg

2

059,0
2222

0

//
  

ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ Ba OHOHOOHO
401,0lg

2

059,0
222

0

/

0

/
    ɩɨɥɭɱɢɦμ 

 
OHOOHO

aPB lg059,0lg01475,0401,0
22 /

  

ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ pHa
OH

  14lg ɩɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɦɵ 
ɩɨɥɭɱɢɥɢ ɜɵɲɟμ 

pHB
OHHO

059,0229,1
22 /,

  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɬɟɧɰɢɚɥ ɤɢɫɥɨɪɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɡɚɜɢɫɢɬ ɨɬ ɪɇμ 

0,816 0,401

pH

, B

0 7 14

1,229
 

 

4.11. Ɇɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɪɇ 
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Ʉɢɫɥɨɬɧɨɫɬɶ ɪɚɫɬɜɨɪɚ (ЩH) ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦɢ 
ɦɟɬɨɞɚɦɢ. ɉɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ЩH ɪɚɫɬɜɨɪɚ ɨɫɧɨɜɚɧ ɧɚ 
ɨɩɪɟɞɟɥɟɧɢɢ ɷɥɟɤɬɪɨɞɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ ɢɡɦɟɪɟɧɢɟɦ ɗȾɋ ɪɚɡɥɢɱɧɵɯ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɰɟɩɟɣ. ɉɪɢ ɷɬɨɦ  ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɷɥɟɤɬɪɨɞɵ. 

 

Ɉɩɪɟɞɟɥɟɧɢɟ pH ɩɪɢ ɩɨɦɨɳɢ ɜɨɞɨɪɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɚ.  
Ⱦɚɧɧɵɣ ɷɥɟɤɬɪɨɞ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɥɚɫɬɢɧɤɭ ɢɡ  ɩɥɚɬɢɧɢɪɨɜɚɧɧɨɣ 

ɩɥɚɬɢɧɵ, ɩɨɦɟɳɟɧɧɨɣ ɜ ɢɫɫɥɟɞɭɟɦɵɣ ɪɚɫɬɜɨɪ ɢ ɨɦɵɜɚɟɦɨɣ ɫɬɪɭɺɣ ɜɨɞɨɪɨɞɚ. ɇɚ 
ɷɥɟɤɬɪɨɞɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɚɜɧɨɜɟɫɢɟ  

)(22
1

ɝɇɟɇ 

 

ɋɨɫɬɚɜɥɹɸɬ ɷɥɟɦɟɧɬ ɢɡ ɷɬɨɝɨ ɷɥɟɤɬɪɨɞɚ ɢ ɤɚɤɨɝɨ-ɥɢɛɨ ɫɬɚɧɞɚɪɬɧɨɝɨ 
ɷɥɟɤɬɪɨɞɚ ɫ ɩɨɫɬɨɹɧɧɵɦ ɡɧɚɱɟɧɢɟɦ ɩɨɬɟɧɰɢɚɥɚ, ɧɚɩɪɢɦɟɪ, ɤɚɥɨɦɟɥɶɧɨɝɨμ 

     HgClHgKClAHPtɇ ,|||,|, 222  

ɗȾɋ ɬɚɤɨɣ ɰɟɩɢ 
2

. ɇɇɤɚɥɨɦ ȿEE  , 

ɝɞɟ ȿɤɚɥɨɦ – ɩɨɬɟɧɰɢɚɥ ɤɚɥɨɦɟɥɶɧɨɝɨ ɷɥɟɤɬɪɨɞɚ. 
ɉɨɬɟɧɰɢɚɥ ɜɨɞɨɪɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɞɚɜɥɟɧɢɢ 

ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɜɨɞɨɪɨɞɚ 0,1013 Ɇɉɚ (1 ɚɬɦ)μ 

pH
F

RTȿ ɇɇ 3,2
2

  

Ɉɤɨɧɱɚɬɟɥɶɧɨ, ЩH ɪɚɫɬɜɨɪɚ ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμ  ɤɚɥɨɦEE
RT

F
pH 

3,2
 

Ɉɩɪɟɞɟɥɟɧɢɟ pH ɩɪɢ ɩɨɦɨɳɢ ɫɬɟɤɥɹɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚ.  

ɋɬɟɤɥɹɧɧɵɣ ɷɥɟɤɬɪɨɞ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɫɭɞ ɢɡ ɬɨɧɤɨɝɨ ɫɬɟɤɥɚ ɫ 
ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ, ɧɚɩɨɥɧɟɧɧɵɣ ɪɚɫɬɜɨɪɨɦ, ɜ ɤɨɬɨɪɵɣ ɩɨɝɪɭɠɟɧ 
ɷɥɟɤɬɪɨɞ ɩɟɪɜɨɝɨ ɢɥɢ ɜɬɨɪɨɝɨ ɪɨɞɚ. ɉɨɬɟɧɰɢɚɥ ɫɬɟɤɥɹɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɦɟɧɹɟɬɫɹ 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɚɤɬɢɜɧɨɫɬɢ ɇ+

 ɜ ɪɚɫɬɜɨɪɟ 

pH
F

RTȿȿ ɫɬɫɬ 3,20   

ɋɨɫɬɚɜɥɹɸɬ ɰɟɩɶ ɢɡ ɫɬɟɤɥɹɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ, ɧɚɩɪɢɦɟɪ, 
ɤɚɥɨɦɟɥɶɧɨɝɨμ 

     ɞɷɥɫɬɟɤɥHɪɚɫɬɜɨɪKClClHgHg .|,|||; 22  

ɗȾɋ ɬɚɤɨɝɨ ɷɥɟɦɟɧɬɚμ  ȿ = ȿɫɬ - ȿ ɤɚɥɨɦɟɥɶɧɨɝɨ ɷɥɟɤɬɪɨɞɚ 

 ȿȿE
RT

F
pH ɤɚɥɨɦɫɬ  0

3,2
 

ɋɬɟɤɥɹɧɧɵɣ ɷɥɟɤɬɪɨɞ ɩɪɢɦɟɱɚɬɟɥɟɧ ɬɟɦ, ɱɬɨ ɜ ɩɨɬɟɧɰɢɚɥɨɩɪɟɞɟɥɹɸɳɟɣ 
ɪɟɚɤɰɢɢ ɷɥɟɤɬɪɨɧɵ ɧɟ ɭɱɚɫɬɜɭɸɬ. ɗɥɟɤɬɪɨɞɧɚɹ ɪɟɚɤɰɢɹ  ɧɚ ɫɬɟɤɥɹɧɧɨɦ 
ɷɥɟɤɬɪɨɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɛɦɟɧ ɇ+

 ɦɟɠɞɭ ɪɚɫɬɜɨɪɨɦ ɢ ɫɬɟɤɥɨɦμ  
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  ɫɬɟɤɥɨɇɇ  

Ʉɨɧɫɬɚɧɬɚ ɨɛɦɟɧɚ ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɚɜɚ ɫɬɟɤɥɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ 
ɩɨɬɟɧɰɢɚɥ ɫɬɟɤɥɹɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɡɚɜɢɫɢɬ ɨɬ ɚɤɬɢɜɧɨɫɬɢ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ ɢ 
ɳɟɥɨɱɧɨɝɨ ɦɟɬɚɥɥɚ. Ɉɝɪɚɧɢɱɟɧɢɹμ ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ ЩH 1-12 

 

Ɉɩɪɟɞɟɥɟɧɢɟ pH ɩɪɢ ɩɨɦɨɳɢ ɯɢɧɝɢɞɪɨɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚ.  
ɏɢɧɝɢɞɪɨɧɧɵɦ ɧɚɡɵɜɚɟɬɫɹ ɷɥɟɤɬɪɨɞ ɢɡ ɢɧɟɪɬɧɨɝɨ ɦɟɬɚɥɥɚ (PЭ), 

ɩɨɝɪɭɠɺɧɧɵɣ ɜ ɢɫɫɥɟɞɭɟɦɵɣ ɪɚɫɬɜɨɪ ɤ ɤɨɬɨɪɨɦɭ ɞɨɛɚɜɥɟɧɨ ɧɟɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɯɢɧɝɢɞɪɨɧɚ - ɷɤɜɢɦɨɥɹɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɯɢɧɨɧɚ ɢ ɝɢɞɪɨɯɢɧɨɧɚ. 

ɏɢɧɝɢɞɪɨɧ ɫɥɚɛɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɜɨɞɟ, ɢ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɪɚɫɩɚɞɚɟɬɫɹ ɧɚ 
ɫɨɫɬɚɜɧɵɟ ɱɚɫɬɢ μ ɯɢɧɨɧ ɢ ɝɢɞɪɨɯɢɧɨɧ  

246246246246 )()( OHHCOHCOHHCOHC   

ɏɢɧɝɢɞɪɨɧɧɵɣ ɷɥɟɤɬɪɨɞ ɨɬɧɨɫɢɬɫɹ ɤ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɦ 
ɷɥɟɤɬɪɨɞɚɦ. 

 ɋɯɟɦɚμ PtOHHCOHCH |)(,, 246246

  

ɉɪɨɬɟɤɚɟɬ ɷɥɟɤɬɪɨɞɧɚɹ ɪɟɚɤɰɢɹ 
ȽHx aaa

OHHCeHOHC 246246 )(22 


  

ɉɨɬɟɧɰɢɚɥ ɯɢɧɝɢɞɪɨɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚ 

Ƚ

Hx

ɱɝɯɝ
a

aa

F

RTȿE

2

0 ln
2


  

ɝɞɟ Ƚx aa , - ɚɤɬɢɜɧɨɫɬɢ ɯɢɧɨɧɚ ɢ ɝɢɞɪɨɯɢɧɨɧɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȿɫɥɢ 1 Ƚx aa , 

ɬɨ: 

pH
F

RTȿE ɱɝɯɝ 23030   

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɪɇ ɫɨɛɢɪɚɸɬ ɫɯɟɦɭμ ɷɥɟɤɬɪɨɞ ɫɪɚɜɧɟɧɢɹ, ɯɢɧɝɢɞɪɨɧɧɵɣ 
ɷɥɟɤɬɪɨɞ, ɩɨɬɟɧɰɢɨɦɟɬɪ (ɜɵɫɨɤɨɨɦɧɵɣ ɜɨɥɶɬɦɟɬɪ). 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɯɢɧɝɢɞɪɨɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚμ ɩɪɨɫɬɨɬɚ, ɦɚɥɨɟ ɜɪɟɦɹ 
ɭɫɬɚɧɨɜɥɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɜ ɪɚɫɬɜɨɪɟ, ɨɬɫɭɬɫɬɜɢɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɤɚɥɢɛɪɨɜɤɢ. 

ɇɟɞɨɫɬɚɬɤɢ – ɨɝɪɚɧɢɱɟɧɧɚɹ ɨɛɥɚɫɬɶ ɢɡɦɟɪɟɧɢɹ ɪɇ ɨɬ 1 ɞɨ 8, ɧɟɥɶɡɹ 
ɢɡɦɟɪɹɬɶ ɪɇ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɤɢɫɥɢɬɟɥɟɣ ɢɥɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ, ɬɚɤ ɤɚɤ ɭɫɥɨɜɢɟ 

1
Ƚ

x

a
a  ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ ɢɡ-ɡɚ ɨɤɢɫɥɟɧɢɹ (ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ) ɤɨɦɩɨɧɟɧɬɨɜ. 
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4.12. Ɂɚɤɨɧɵ ɷɥɟɤɬɪɨɥɢɡɚ 

ɗɥɟɤɬɪɨɥɢɡ – ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɩɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɱɟɪɟɡ ɧɟɺ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɢɨɧɚ ɨɬ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ, ɬ.ɟ. ɫɨɜɨɤɭɩɧɨɫɬɶ ɨɤɢɫɥɢɬɟɥɶɧɨ-

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɭ ɤɚɬɨɞɚ ɢ ɚɧɨɞɚ ɩɪɢ 
ɩɪɨɯɨɠɞɟɧɢɢ ɩɨɫɬɨɹɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢɨɧɚ ɱɟɪɟɡ ɪɚɫɬɜɨɪɵ ɢɥɢ 
ɪɚɫɩɥɚɜɵ ɷɥɟɤɬɪɨɥɢɬɨɜ. Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɷɥɟɤɬɪɨɥɢɡɚ 
ɢɫɩɨɥɶɡɭɸɬ ɡɚɤɨɧɵ Ɏɚɪɚɞɟɹ 

ɉɟɪɜɵɣ ɡɚɤɨɧ Ɏɚɪɚɞɟɹ: «ɦɚɫɫɵ ɜɟɳɟɫɬɜ, ɜɵɞɟɥɢɜɲɢɯɫɹ ɧɚ ɤɚɬɨɞɟ ɢ ɚɧɨɞɟ 
(ɢɥɢ ɨɛɪɚɡɨɜɚɜɲɢɟɫɹ ɜ ɤɚɬɨɞɧɨɦ ɢɥɢ ɚɧɨɞɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɚɯ) 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɤɨɥɢɱɟɫɬɜɭ ɩɪɨɲɟɞɲɟɝɨ ɱɟɪɟɡ ɪɚɫɬɜɨɪ ɢɥɢ ɪɚɫɩɥɚɜ 
ɷɥɟɤɬɪɢɱɟɫɬɜɚ»μ 

tIKKQm   

ɝɞɟ K – ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ – ɦɚɫɫɚ ɩɪɨɪɟɚɝɢɪɨɜɚɜɲɟɝɨ ɜɟɳɟɫɬɜɚ 
ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɟɞɢɧɢɰɵ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɝ/Ʉɥ ɢɥɢ ɝ/Ⱥɫν 

I – ɫɢɥɚ ɬɨɤɚ, Ⱥ 

t – ɜɪɟɦɹ, ɫɟɤ. 
ȼɬɨɪɨɣ  ɡɚɤɨɧ Ɏɚɪɚɞɟɹ: «ɪɚɜɧɵɟ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɜɵɞɟɥɹɸɬ ɩɪɢ 

ɷɥɤɬɪɨɥɢɡɟ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɤɨɥɢɱɟɫɬɜɚ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ 
ɷɥɟɤɬɪɨɞɧɵɯ ɪɟɚɤɰɢɹɯ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɢɯ ɯɢɦɢɱɟɫɤɢɦ ɷɤɜɢɜɚɥɟɧɬɚɦ». 

321321 :::: ЭЭЭmmm   

ɑɢɫɥɨ Ɏɚɪɚɞɟɹ (ό) ɪɚɜɧɨ ɩɪɨɢɡɜɟɞɟɧɢɸ ɱɢɫɥɚ Ⱥɜɨɝɚɞɪɨ (NA) ɧɚ ɡɚɪɹɞ 
ɷɥɟɤɬɪɨɧɚ (ɟ): КɥF 96486106002.11002.6 1923    

ɍɪɚɜɧɟɧɢɟ, ɨɛɴɟɞɢɧɹɸɳɟɟ ɞɜɚ ɡɚɤɨɧɚ 

tI
F

Э
m   

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ (Ʉ) ɪɚɜɟɧ ɝɪɚɦɦ-ɷɤɜɢɜɚɥɟɧɬɭ ɜɟɳɟɫɬɜɚ, 
ɞɟɥɺɧɧɨɦɭ ɧɚ ɱɢɫɥɨ Ɏɚɪɚɞɟɹ: 

Fn

M
K


  

ɉɪɢɦɟɪμ Кɥ
ȽKAg 0011281.0

96485

86.107
 ; Кɥ

ȽKZn 000328.0
964852

38.65



  

ɉɪɨɰɟɫɫɵ ɷɥɟɤɬɪɨɥɢɡɚ ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɟ ɢ ɪɚɡɧɨɫɬɨɪɨɧɧɟɟ ɩɪɢɦɟɧɟɧɢɟ ɜ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɩɪɚɤɬɢɤɟ. 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ ɫɨɫɬɚɜɥɹɟɬ 
ɛɨɥɶɲɭɸ ɨɬɪɚɫɥɶ ɫɨɜɪɟɦɟɧɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɋɪɟɞɢ 
ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ ɧɚ ɩɟɪɜɨɦ ɦɟɫɬɟ ɫɬɨɢɬ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɟ 
ɩɨɥɭɱɟɧɢɟ ɯɥɨɪɚ ɢ ɳɟɥɨɱɟɣ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɷɥɟɤɬɪɨɥɢɡɟ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ NКCХ.  
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ȿɠɟɝɨɞɧɨɟ ɦɢɪɨɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɯɥɨɪɚ ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 40 ɦɥɧ.ɬɨɧɧ. ȼ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɩɨɥɶɡɭɸɬ ɞɜɚ ɦɟɬɨɞɚ – ɫ ɪɬɭɬɧɵɦ ɤɚɬɨɞɨɦ ɢ ɫ ɬɜɺɪɞɵɦ 
ɤɚɬɨɞɨɦ (ɞɢɚɮɪɚɝɦɟɧɧɵɣ ɦɟɬɨɞ).  

ɗɥɟɤɬɪɨɥɢɡ ɜɨɞɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɨɞɨɪɨɞɚ ɢ ɤɢɫɥɨɪɨɞɚ, ɚ ɬɚɤɠɟ ɬɹɠɺɥɨɣ 
ɜɨɞɵ  ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɯ ɤɚɬɨɞɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ 

222 HeH   ɢ ɚɧɨɞɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ eHOOH 222/1 22   .  
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