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УПРАВЛЕɇИЕ В МɈДЕЛəХ КРИСТАЛЛИɁАЦИИ ВЕЩЕСТВА 
 

Д. А. Сɢɧɢɰɤая 
Дɨɧеɰɤɢɣ ɧаɰɢɨɧаɥьɧɵɣ ɬехɧɢчеɫɤɢɣ ɭɧɢвеɪɫɢɬеɬ, ɝ. Дɨɧеɰɤ 

ɤаɮеɞɪа ɫɢɫɬеɦɧɨɝɨ аɧаɥɢɡа ɢ ɦɨɞеɥɢɪɨваɧɢя 
 

Сɬаɬья ɩɨɫвящеɧа вɨɩɪɨɫаɦ ɭɩɪавɥеɧɢя в ɦɨɞеɥях ɤɪɢɫɬаɥɥɢɡаɰɢɢ вещеɫɬва. 
Оɬɥɢчɢɬеɥьɧɨɣ ɨɫɨɛеɧɧɨɫɬью ɞаɧɧɨɝɨ ɭɩɪавɥеɧɢя явɥяеɬɫя вɧеɞɪеɧɢе 
ɧечеɬɤɨɝɨ ɭɩɪавɥеɧɢя ɧа ɷɬаɩе ɤɪɢɫɬаɥɥɢɡаɰɢɢ вещеɫɬва. 

 
Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɬɟɩɥɚ ɜ ɪɚɡɥɢɱɧɵɯ ɫɪɟɞɚɯ ɨɤɚɡɵɜɚɟɬ ɛɨɥьɲɨɟ ɜɥɢяɧɢɟ ɧɚ 

ɯɚɪɚɤɬɟɪ ɩɪɨɬɟɤɚɧɢя ɦɧɨɝɢɯ ɜɚɠɧɵɯ ɞɥя ɩɪɚɤɬɢɤɢ ɩɪɨɰɟɫɫɨɜ. Пɨɷɬɨɦɭ ɢɡɭɱɟɧɢɸ 
ɜɨɩɪɨɫɨɜ, ɫɜяɡɚɧɧɵɯ ɫ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ ɬɟɩɥɚ, ɩɨɫɜяɳɟɧɨ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ, 
ɤɚɤ ɮɢɡɢɱɟɫɤɢɯ, ɬɚɤ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ. 

ɋɪɟɞɢ ɡɚɞɚɱ, ɫɜяɡɚɧɧɵɯ ɫ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ ɬɟɩɥɚ, ɜɵɞɟɥяɟɬɫя ɜɚɠɧɵɣ ɤɥɚɫɫ 
ɡɚɞɚɱ, ɜ ɤɨɬɨɪɵɯ ɢɫɫɥɟɞɭɟɦɨɟ ɜɟɳɟɫɬɜɨ ɩɪɟɬɟɪɩɟɜɚɟɬ ɩɪɟɜɪɚɳɟɧɢя, ɜ ɪɟɡɭɥьɬɚɬɟ ɱɟɝɨ 
ɨɧɨ ɩɟɪɟɯɨɞɢɬ ɢɡ ɨɞɧɨɣ ɮɚɡɵ ɜ ɞɪɭɝɭɸ ɫ ɜɵɞɟɥɟɧɢɟɦ ɢɥɢ ɩɨɝɥɨɳɟɧɢɟɦ ɬɟɩɥɚ. 
Пɨɞɨɛɧɵɟ ɡɚɞɚɱɢ (ɨɧɢ ɧɚɡɵɜɚɸɬɫя ɡɚɞɚɱɚɦɢ ɬɢɩɚ ɋɬɟɮɚɧɚ) ɜɨɡɧɢɤɚɸɬ ɜ ɫɥɭɱɚяɯ 
ɩɥɚɜɥɟɧɢя ɢ ɡɚɬɜɟɪɞɟɜɚɧɢя ɜɟɳɟɫɬɜɚ. 

ɋɭɳɟɫɬɜɟɧɧɨɣ ɱɟɪɬɨɣ ɬɚɤɢɯ ɡɚɞɚɱ яɜɥяɟɬɫя ɧɚɥɢɱɢɟ ɞɜɢɠɭɳɟɣɫя ɩɨɜɟɪɯɧɨɫɬɢ 
ɪɚɡɞɟɥɚ ɦɟɠɞɭ ɞɜɭɦя ɮɚɡɚɦɢ (ɠɢɞɤɨɣ ɢ ɬɜɟɪɞɨɣ), ɩɪɢɱɟɦ ɡɚɤɨɧ ɞɜɢɠɟɧɢя ɷɬɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɪɚɧɟɟ ɧɟɢɡɜɟɫɬɟɧ ɢ ɟɝɨ ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥяɬь. Иɦɟɧɧɨ ɧɚ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɪɨɢɫɯɨɞɢɬ ɩɨɝɥɨɳɟɧɢɟ ɢɥɢ ɜɵɞɟɥɟɧɢɟ ɬɟɩɥɚ, ɫɜяɡɚɧɧɨɟ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ. 
Ɍɟɪɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɮɚɡ ɩɨ ɨɛɟ ɫɬɨɪɨɧɵ ɞɜɢɠɭɳɟɣɫя ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɝɭɬ ɨɤɚɡɚɬьɫя 
ɪɚɡɥɢɱɧɵɦɢ. Зɚɞɚɱɢ ɷɬɨɝɨ ɤɥɚɫɫɚ ɡɚɦɟɬɧɨ ɫɥɨɠɧɟɟ ɬɟɯ, ɜ ɤɨɬɨɪɵɯ ɨɬɫɭɬɫɬɜɭɟɬ ɩɟɪɟɯɨɞ 
ɜɟɳɟɫɬɜɚ ɢɡ ɨɞɧɨɣ ɮɚɡɵ ɜ ɞɪɭɝɭɸ. 

Вɚɠɧɨɣ ɢ ɢɧɬɟɪɟɫɧɨɣ ɡɚɞɚɱɟɣ ɬɚɤɨɝɨ ɤɥɚɫɫɚ, ɤɨɬɨɪɨɣ ɩɨɫɜяɳɟɧɚ ɧɚɫɬɨяɳɚя 
ɪɚɛɨɬɚ, яɜɥяɟɬɫя ɡɚɞɚɱɚ ɭɩɪɚɜɥɟɧɢя ɩɪɨɰɟɫɫɨɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜɟɳɟɫɬɜɚ. 

Аɤɬɭɚɥьɧɨɫɬь ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɵ ɨɛɭɫɥɨɜɥɟɧɚ ɤɚɤ ɩɪɚɤɬɢɱɟɫɤɨɣ 
ɜɨɫɬɪɟɛɨɜɚɧɧɨɫɬьɸ ɧɟɱɟɬɤɨɝɨ ɭɩɪɚɜɥɟɧɢя ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɥя ɨɛɴɟɤɬɚ ɫɨ 
ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɟɣ, ɬɚɤ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬьɸ ɪɚɡɪɚɛɨɬɤɢ ɦɟɬɨɞɨɥɨɝɢɢ ɱɢɫɥɟɧɧɨɝɨ 
ɪɟɲɟɧɢя ɡɚɞɚɱɢ ɨɩɬɢɦɚɥьɧɨɝɨ ɭɩɪɚɜɥɟɧɢя ɷɬɢɦ ɩɪɨɰɟɫɫɨɦ, ɱɬɨ ɜɧɨɫɢɬ ɜɤɥɚɞ ɜ ɬɟɨɪɢɸ 
ɨɩɬɢɦɢɡɚɰɢɢ ɫɥɨɠɧɵɦɢ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɫɢɫɬɟɦɚɦɢ. 

Вɨɡɧɢɤɚɸɳɢɟ ɩɪɚɤɬɢɱɟɫɤɢɟ ɡɚɞɚɱɢ ɬɪɟɛɭɸɬ ɧɟ ɬɨɥьɤɨ ɨɩɢɫɚɧɢя ɢ ɢɡɭɱɟɧɢя 
ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɟɬɚɥɥɚ, ɧɨ ɢ ɨɩɬɢɦɚɥьɧɨɝɨ ɭɩɪɚɜɥɟɧɢя ɷɬɢɦ ɩɪɨɰɟɫɫɨɦ, ɬ.ɤ. 
ɷɬɨ ɩɨɡɜɨɥяɟɬ ɭɥɭɱɲɢɬь ɤɚɱɟɫɬɜɨ ɩɨɥɭɱɚɟɦɵɯ ɢɡɞɟɥɢɣ ɢ ɫɧɢɡɢɬь ɪɚɫɯɨɞɵ ɩɪɢ 
ɨɬɞɟɥɟɧɢɢ ɢɡɞɟɥɢя ɨɬ ɮɨɪɦɵ. В ɧɚɫɬɨяɳɟɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɭɟɬɫя ɩɪɨɰɟɫɫ ɭɩɪɚɜɥɟɧɢя 
ɨɫɬɵɜɚɧɢɟɦ ɠɢɞɤɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɥɢɬɟɣɧɨɣ ɮɨɪɦɟ, ɢɦɟɸɳɟɣ ɫɥɨɠɧɭɸ ɫɬɪɭɤɬɭɪɭ. 
Ɉɫɬɵɜɚɧɢɟ ɨɛɴɟɤɬɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɩɟɰɢɚɥьɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɤɨɬɨɪɚя ɩɨɡɜɨɥяɟɬ ɭɩɪɚɜɥяɬь 
ɷɬɢɦ ɩɪɨɰɟɫɫɨɦ. Ɉɛɴɟɤɬɵ ɢ ɭɫɬɚɧɨɜɤɢ, ɩɨɞɨɛɧɵɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦ ɜ ɪɚɛɨɬɟ, 
ɢɫɩɨɥьɡɭɸɬɫя ɜ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

Пɭɫɬь  ɩɨɥɭɩɨɥɨɫɚ, ɡɚɩɨɥɧɟɧɧɚя ɬɜɟɪɞɵɦ ɦɟɬɚɥɥɨɦ. 
Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ  ɬɟɦɩɟɪɚɬɭɪɭ ɷɬɨɝɨ ɦɟɬɚɥɥɚ. Ɍɪɟɛɭɟɬɫя ɨɩɪɟɞɟɥɢɬь 
ɬɟɦɩɟɪɚɬɭɪɭ  ɩɨ ɫɥɟɞɭɸɳɢɦ ɭɫɥɨɜɢяɦ: 

 

 , (1) 
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 , (2) 

 , (3) 

 . (4) 
 

Зɞɟɫь  ɢ  – ɩɨɫɬɨяɧɧɵɟ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɢɫɥɨ Пɟɤɥɟ ɢ ɇɭɫɫɟɥьɬɚ. Ɋɟɲɟɧɢɟ 
ɡɚɞɚɱɢ (1)(4) ɢɦɟɟɬ ɜɢɞ 

 

 , (5) 

 

ɝɞɟ  ,  – ɩɨɥɨɠɢɬɟɥьɧɵɟ ɤɨɪɧɢ ɭɪɚɜɧɟɧɢя 

 
 . 

 
Ɉɬɨɠɞɟɫɬɜɢɦ ɬɟɩɟɪь ɬɟɦɩɟɪɚɬɭɪɭ  ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɬɜɟɪɞɨɝɨ ɫɥɢɬɤɚ, 

ɧɚɯɨɞяɳɟɝɨɫя ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɟ ɩɪɢ ɷɥɟɤɬɪɨɧɧɨɦ ɩɟɪɟɩɥɚɜɟ. Дɥя ɜɵɬɚɫɤɢɜɚɧɢя ɫɥɢɬɤɚ 
ɢɡ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ ɩɨɜɟɪɯɧɨɫɬь ɫɥɢɬɤɚ ɨɛɨɝɪɟɜɚɟɬɫя ɬɪɟɦя ɷɥɟɤɬɪɨɧɧɵɦɢ ɥɭɱɚɦɢ 

, ɩɪɢɱɟɦ ɦɨɳɧɨɫɬь  ɨɞɧɨɝɨ ɢɡ ɧɢɯ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɚ ɜ 
ɰɟɧɬɪɚɥьɧɨɣ ɡɨɧɟ , ɚ ɞɜɚ ɞɪɭɝɢɯ ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɧɵ ɩɨ ɤɭɫɤɚɦ 

. ɇɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɜ ɤɚɤɨɦ ɨɬɧɨɲɟɧɢɢ ɧɚɯɨɞɢɬɫя ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɥɢɬɤɚ ɫ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ , ɩɪɢ ɤɨɬɨɪɨɣ ɩɨɜɟɪɯɧɨɫɬь ɫɥɢɬɤɚ ɨɬɞɟɥяɟɬɫя ɨɬ 
ɫɬɟɧɨɤ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ, ɬɟɦ ɧɟ ɦɟɧɟɟ ɬɟɩɥɨɨɛɦɟɧ ɫɥɢɬɤɚ ɫ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɨɦ 
ɨɫɭɳɟɫɬɜɥяɟɬɫя ɩɨ ɮɨɪɦɭɥɟ (2). Дɥя ɩɨɥɭɱɟɧɢя ɬɟɦɩɟɪɚɬɭɪɵ ɫɥɢɬɤɚ ɞɨɫɬɚɬɨɱɧɨ 
ɩɨɥɨɠɢɬь ɜ ɮɨɪɦɭɥɟ (5) . 

Дɚɥɟɟ ɜɜɟɞɟɦ ɜ ɪɚɫɫɦɨɬɪɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥ 
 

 . (6) 
 
Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫя ɡɚɞɚɱɚ. Ɍɪɟɛɭɟɬɫя ɨɩɪɟɞɟɥɢɬь ɩɨɬɨɤ  ɢɡ ɞɨɩɭɫɬɢɦɨɝɨ 

ɦɧɨɠɟɫɬɜɚ , ɞɨɫɬɚɜɥяɸɳɢɣ ɧɚɢɦɟɧьɲɟɟ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɭ . 
Мɢɧɢɦɢɡɢɪɭɸɳɚя ɩɨɫɥɟɞɨɜɚɬɟɥьɧɨɫɬь  ɫɬɪɨɢɬɫя ɩɨ ɮɨɪɦɭɥɟ 

, ɩɚɪɚɦɟɬɪ  ɜɵɛɢɪɚɟɬɫя ɢɡ ɭɫɥɨɜɢя 
. В ɤɚɱɟɫɬɜɟ ɨɛɥɚɫɬɢ ɨɩɪɟɞɟɥɟɧɢя ɮɭɧɤɰɢɢ  ɛɟɪɟɬɫя 

ɦɧɨɠɟɫɬɜɨ ɤɭɫɨɱɧɨ-ɩɨɫɬɨяɧɧɵɯ ɫɬɭɩɟɧɱɚɬɵɯ ɮɭɧɤɰɢɣ: 
, , , . 

Пɪɢ ɷɬɨɦ ɮɨɪɦɭɥɚ (5) ɩɪɢɦɟɬ ɜɢɞ: 
 

 , 

 
ɚ . 
 

260



Пɪɢ ɱɢɫɥɟɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬь ɨɝɪɚɧɢɱɟɧɢɟ 
 

, 

 
ɡɞɟɫь  – ɦɨɳɧɨɫɬь ɩɨɬɨɤɚ ɜ ɟɞɢɧɢɰɚɯ МВɬ/ɦ2. 
Пɭɫɬь  – ɮɚɤɬɨɪɵ, ɜɥɢяɸɳɢɟ ɧɚ ɩɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɚ 

 – ɭɫɥɨɜɢя, ɩɪɢ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɩɨяɜɥɟɧɢɟ ɧɨɜɨɝɨ ɫɥɢɬɤɚ. Ɍɨɝɞɚ 
ɧɟɱɟɬɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɜ ɞɚɧɧɨɣ ɡɚɞɚɱɟ ɩɪɟɞɫɬɚɜɥяɟɬɫя ɜ ɜɢɞɟ ɮɭɧɤɰɢɨɧɚɥьɧɨɝɨ 
ɨɬɨɛɪɚɠɟɧɢя . 

Ɋɚɞɢ ɩɪɨɫɬɨɬɵ ɜ ɤɚɱɟɫɬɜɟ ɬɟɪɦ-ɦɧɨɠɟɫɬɜɚ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɯ ɩɟɪɟɦɟɧɧɵɯ 
, ɝɞɟ , , 

, ɛɭɞɟɦ ɢɫɩɨɥьɡɨɜɚɬь ɦɧɨɠɟɫɬɜɚ: 
 

, 
, 

. 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɦɟɟɦ , ɝɞɟ  ɧɟɤɨɬɨɪɵɟ ɱɢɫɥɚ 

(ɨɧɢ ɜɵɛɢɪɚɸɬɫя ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɪɨɢɡɨɲɥɨ ɨɬɞɟɥɟɧɢɟ ɫɥɢɬɤɚ ɨɬ ɫɬɟɧɨɤ 
ɤɪɢɫɬɚɥɥɢɡɚɬɨɪɚ), ɚ ɞɥя ɜɵɯɨɞɧɨɣ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ  (ɬɟɦɩɟɪɚɬɭɪɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ) ɛɭɞɟɬ ɢɫɩɨɥьɡɨɜɚɬьɫя ɬɟɪɦ-ɦɧɨɠɟɫɬɜɨ 

. 
Чɢɫɥɟɧɧɵɣ ɪɚɫɱɟɬ, ɩɨɡɜɨɥяɸɳɢɣ ɩɨɫɬɪɨɢɬь ɧɟɱɟɬɤɨɟ ɭɩɪɚɜɥɟɧɢɟ, 

ɨɫɭɳɟɫɬɜɥяɟɬɫя ɫ ɩɨɦɨɳьɸ ɚɥɝɨɪɢɬɦɚ Мɚɦɞɚɧɢ. Пɪɢ ɷɬɨɦ ɢɫɩɨɥьɡɨɜɚɥɢɫь ɫɥɟɞɭɸɳɢɟ 
ɡɧɚɱɟɧɢя ɩɚɪɚɦɟɬɪɨɜ: , . 

 
Вывоɞы 
Вɵɞɟɥɟɧɵ ɮɚɤɬɨɪɵ, ɜɥɢяɸɳɢɟ ɧɚ ɩɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɭɫɥɨɜɢя, ɩɪɢ 

ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɩɨяɜɥɟɧɢɟ ɫɥɢɬɤɚ. В ɞɚɥьɧɟɣɲɟɦ ɞɚɧɧɵɟ ɪɚɡɪɚɛɨɬɤɢ ɦɨɠɧɨ 
ɢɫɩɨɥьɡɨɜɚɬь ɞɥя ɩɨɫɬɪɨɟɧɢя ɦɨɞɟɥɢ ɧɟɱɟɬɤɨɝɨ ɭɩɪɚɜɥɟɧɢя  ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɜɟɳɟɫɬɜɚ. 
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