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ɍȾɄ 538.958(075.8) 

Ⱥ.ɂ. Ʌɢɜɚɲɜɢɥɢ, ȼ.ȼ. Ʉɪɢɲɬɨɩ, Ƚ.ȼ. Ʉɨɫɬɢɧɚ, Ɍ.ɇ. Ȼɪɸɯɚɧɨɜɚ 

ȾɂɇȺɆɂɄȺ ɄɈɇɐȿɇɌɊȺɐɂɂ ɇȺɇɈɀɂȾɄɈɋɌɂ,  
ɇȺɏɈȾəЩȿɃɋə ȼ ɋȼȿɌɈȼɈɆ ɉɈɅȿ 

 
Ɍɟɨɪɟɬɢɱɟɫɤɢ ɢɡɭɱɚɟɬɫɹ ɞɢɧɚɦɢɤɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɠɢɞɤɨɫɬɢ, ɩɨɦɟ-
ɳɟɧɧɨɣ ɜ ɫɜɟɬɨɜɨɟ ɩɨɥɟ ɫ ɩɪɨɮɢɥɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ Ƚɚɭɫɫɚ. Иɫɫɥɟɞɨɜɚɧɢɟ 
ɨɫɧɨɜɚɧɨ ɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɪɟɲɟɧɢɹɯ ɫɢɫɬɟɦɵ ɥɢɧɟɚɪɢɡɨɜɚɧɧɵɯ ɭɪɚɜɧɟ-
ɧɢɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɤɨɧɜɟɤɰɢɢ-ɞɢɮɮɭɡɢɢ. ɍɪɚɜɧɟɧɢɟ ɤɨɧɜɟɤɰɢɢ-
ɞɢɮɮɭɡɢɢ ɫɨɞɟɪɠɢɬ ɱɥɟɧɵ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɤɚɤ ɷɮɮɟɤɬɭ ɋɨɪɟ, 
ɬɚɤ ɢ ɩɟɪɟɧɨɫɭ ɧɚɧɨɱɚɫɬɢɰ, ɜɵɡɜɚɧɧɨɦɭ ɞɟɣɫɬɜɢɟɦ ɧɚ ɧɢɯ ɫɜɟɬɨɜɨɝɨ ɩɨɥɹ 
(ɷɥɟɤɬɪɨɫɬɪɢɤɰɢɹ). 
 
Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɧɚɧɨɠɢɞɤɨɫɬɶ, ɤɨɧɰɟɧɬɪɚɰɢɹ, ɤɨɧɜɟɤɰɢɹ, ɬɟɪɦɨɞɢɮɮɭ-
ɡɢɹ, ɷɥɟɤɬɪɨɫɬɪɢɤɰɢɹ, ɜɨɥɧɵ. 

 
DВNAMICS OF THE CONCENTRATION OF A NANOFLUID IN A LIGHT FIELD 

 
TСО dвnamТcs oП tСО concОntratТon oП a nanoПluТd placОd Тn a lТgСt ПТОld аТtС a 
GaussТan ТntОnsТtв proПТlО Тs studТОd tСОorОtТcallв. TСО ТnvОstТgatТon Тs basОd on 
tСО analвtТcal solutТons oП tСО sвstОm oП lТnОarТгОd СОat conductТon and convОc-
tТon-dТППusТon ОquatТons. TСО convОctТon-dТППusТon ОquatТon contaТns tОrms tСat 
corrОspond botС to tСО SorОt ОППОct and to tСО transПОr oП nanopartТclОs, causОd 
bв tСО actТon oП a lТgСt ПТОld on tСОm (ОlОctrostrТctТon). 
 
KОв аords: nano-ПluТd, concОntratТon, convОctТon, tСОrmal dТППusТon, ОlОctro-
strТctТon, аavОs. 

 
ȼɜɟɞɟɧɢɟ 

Ʉɨɥɥɨɢɞɧɵɟ ɫɭɫɩɟɧɡɢɢ, ɢɥɢ, ɤɚɤ ɫɟɣɱɚɫ ɢɯ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ, ɧɚɧɨɠɢɞɤɨɫɬɢ, ɲɢɪɨɤɨ ɩɪɢɦɟ-
ɧɹɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪɚɯ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ. ɇɚɩɪɢɦɟɪ, ɜ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ (ɤɚɬɚɥɢɡɟ), 
ɩɪɢ ɫɨɡɞɚɧɢɢ ɧɨɜɵɯ ɥɟɤɚɪɫɬɜ, ɫɦɚɡɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬ.ɞ. ɋ ɪɨɫɬɨɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɷɥɟɤɬɪɨɧ-
ɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢ ɪɚɡɜɢɬɢɟɦ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɡɞɚɧɢɹ 
ɷɮɮɟɤɬɢɜɧɵɯ ɨɯɥɚɠɞɚɸɳɢɯ ɫɢɫɬɟɦ ɢ ɭɩɪɚɜɥɟɧɢɹ ɛɨɥɶɲɢɦɢ ɬɟɩɥɨɜɵɦɢ ɩɨɬɨɤɚɦɢ Д1, 2Ж. Ɉɞɢɧ ɢɡ 
ɫɩɨɫɨɛɨɜ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɬɟɩɥɨɨɛɦɟɧɚ – ɩɨɜɵɲɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ 
ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɫ ɜɵɫɨɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ. Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɢ ɫɨɡɞɚɧɢɢ ɬɚɤɢɯ ɫɭɫɩɟɧɡɢɣ ɩɪɟɞ-
ɫɬɚɜɥɹɸɬ ɧɚɧɨɱɚɫɬɢɰɵ Д3Ж. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɮɢɡɢɱɟɫɤɢɟ ɦɟɯɚɧɢɡɦɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɰɟɫɫɚɦɢ ɬɟɩɥɨɦɚɫ-
ɫɨɩɟɪɟɧɨɫɚ ɜ ɬɚɤɢɯ ɫɪɟɞɚɯ, ɧɚ ɧɚɲ ɜɡɝɥɹɞ, ɬɪɟɛɭɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

 
Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 

ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɠɢɞɤɨɮɚɡɧɚɹ ɫɪɟɞɚ ɫ ɧɚɧɨɱɚɫɬɢɰɚɦɢ, ɨɛɥɭɱɚɟɦɚɹ ɫɜɟɬɨɜɵɦ ɩɭɱɤɨɦ 
ɫ ɝɚɭɫɫɨɜɵɦ ɩɪɨɮɢɥɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɫɜɟɬɨɜɨɝɨ ɩɨɥɹ ɜ ɫɪɟɞɟ ɜɨɡɧɢɤɚɸɬ 
ɝɪɚɞɢɟɧɬɵ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɨɛɭɫɥɨɜɥɢɜɚɸɳɢɟ ɩɪɨɰɟɫɫɵ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ. ɗɬɢ ɹɜɥɟ-
ɧɢɹ ɨɩɢɫɵɜɚɸɬɫɹ ɫɢɫɬɟɦɨɣ ɛɚɥɚɧɫɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɱɚɫɬɢɰ ɫ ɭɱɟɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢ-
ɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ Д4Ж, ɡɚɩɢɫɚɧɧɵɯ ɜ ɨɞɧɨɦɟɪɧɨɦ ɜɢɞɟ (ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢɛɥɢɠɟɧɢɹ Ȼɭɫɫɢɧɟɫɤɚ): 
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ȼ ɭɪɚɜɧɟɧɢɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɩɭɳɟɧɨ ɫɥɚɝɚɟɦɨɟ, ɨɬɜɟɱɚɸɳɟɟ ɡɚ ɷɮɮɟɤɬ Ⱦɸɮɭɪɚ, ɜɜɢɞɭ 
ɟɝɨ ɦɚɥɨɫɬɢ. ɉɪɨɰɟɫɫɚɦɢ ɫɟɞɢɦɟɧɬɚɰɢɢ ɦɵ ɬɚɤɠɟ ɩɪɟɧɟɛɪɟɝɚɟɦ.  Ɂɞɟɫɶ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ  ɨɛɨɡɧɚ-
ɱɟɧɢɹ: T – ɬɟɦɩɟɪɚɬɭɪɚ ɫɪɟɞɵ; 0( , )C C r Э Ц Ц  – ɦɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɱɚɫɬɢɰ ( 0Ц  – ɦɚɫɫɚ ɱɚɫɬɢɰ, 

Ц  – ɦɚɫɫɚ ɜɫɟɣ ɫɪɟɞɵ); , , ( )pC ɫ   – ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɩɨɫɬɨɹɧɧɵɟ ɠɢɞɤɨɫɬɢ; 0I  – ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɫɜɟɬɚ; 0  – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɫɪɟɞɵ; TDD,  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ ɢ ɬɟɪɦɨɞɢɮɮɭɡɢɢ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; /Я С  – ɫɤɨɪɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɤɨɧɜɟɤɰɢɢ, ɤɨɬɨɪɭɸ ɦɵ ɩɪɢɧɢɦɚɟɦ ɩɨɫɬɨ-
ɹɧɧɨɣ. ɉɪɢ ɷɬɨɦ η – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ; С –ɯɚɪɚɤɬɟɪɧɨɟ ɪɚɫɫɬɨɹɧɢɟ (ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɦɵ ɩɪɢ-

ɦɟɦ 010 );С б  4 ;
ɷɮ

D
МЧ ФT


     – ɩɨɥɹɪɢɡɭɟɦɨɫɬɶ ɱɚɫɬɢɰ; Ф  – ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ; М  – ɫɤɨɪɨɫɬɶ 

ɫɜɟɬɚ ɜ ɜɚɤɭɭɦɟ; .ɷɮЧ
 
– ɷɮɮɟɤɬɢɜɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɫɪɟɞɵ. 

ɍɱɬɟɦ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɩɪɨɰɟɫɫɵ ɭɫɬɚɧɨɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢɞɭɬ ɛɵɫɬɪɟɟ ɞɢɮɮɭɡɢɨɧɧɵɯ. ɗɬɨ 
ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɭɱɚɬɶ ɩɨɫɥɟɞɧɢɟ ɧɚ ɮɨɧɟ ɫɬɚɰɢɨɧɚɪɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ: 0.T Э    Ȼɭɞɟɦ ɪɚɫɫɦɚɬ-
ɪɢɜɚɬɶ ɫɥɭɱɚɣ ɦɚɥɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ: 1ɋ . 

Ⱦɚɥɟɟ, ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ 
ɜ ɜɢɞɟ (3): ɩɨɞɨɛɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɨɪɟɬɢɱɟɫɤɢ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɜ ɪɚɛɨɬɟ Д1Ж ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɞ-
ɬɜɟɪɠɞɟɧɚ ɜ Д5Ж. 
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ɇɚɣɬɢ ɬɨɱɧɨɟ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (4) ɫ ɧɚɱɚɥɶɧɨ-ɤɪɚɟɜɵɦɢ ɭɫɥɨɜɢɹɦɢ (8) ɧɟ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. Ɉɰɟɧɤɚ ɱɢɫɥɚ ɉɟɤɥɟ ɩɪɢ ɬɢɩɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɜɟɥɢɱɢɧ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ 
ɞɚɟɬ ɧɟ ɦɟɧɟɟ 103 . ɗɬɨ ɡɧɚɱɟɧɢɟ  ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɪɟɨɛɥɚɞɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɤɨɧɜɟɤɰɢɢ ɧɚɞ ɦɨɥɟɤɭɥɹɪɧɨɣ 
ɞɢɮɮɭɡɢɟɣ. ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɮɚɤɬɚ, ɩɟɪɟɩɢɲɟɦ ɡɚɞɚɱɭ (4)-(5) ɜ ɭɤɨɪɨɱɟɧɧɨɣ ɮɨɪɦɟ: 
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ȿɟ ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ ɱɢɫɥɚ ɉɟɤɥɟ: 
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ɝɞɟ  ОrП  ɮɭɧɤɰɢɹ ɨɲɢɛɨɤ (Ƚɚɭɫɫɚ).  ɉɨɫɬɨɹɧɧɭɸ Ⱥ 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɭɫɥɨɜɢɹ ɫɨɯɪɚɧɟɧɢɹ ɱɢɫɥɚ ɱɚɫɬɢɰ 
ɜ ɫɢɫɬɟɦɟ. ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɜɨɥɧɨɜɨɝɨ 
ɮɪɨɧɬɚ ɫɨɜɩɚɞɚɟɬ ɫ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɤɨɧɰɟɧɬɪɚɰɢ-
ɨɧɧɨɣ ɤɨɧɜɟɤɰɢɟɣ.  

ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɮɭɧɤɰɢɢ Ю () ɩɪɢ 
ɜɨɡɪɚɫɬɚɸɳɢɯ ɦɨɦɟɧɬɚɯ ɜɪɟɦɟɧɢ. 

 
Ɂɚɤɥɸɱɟɧɢɟ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɱɟɬ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ ɤɨɧ-

ɜɟɤɬɢɜɧɨɝɨ ɩɨɬɨɤɚ ɞɚɠɟ ɜ ɨɞɧɨɦɟɪɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, 

ɩɪɢɜɨɞɢɬ ɤ ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɩɨ ɚɦɩɥɢɬɭɞɟ ɡɚɬɭɯɚɸ-

ɳɢɦ ɩɨ ɜɪɟɦɟɧɢ ɛɟɝɭɳɢɦ ɜɨɥɧɚɦ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɚɦɩɥɢɬɭɞɵ ɫɭɳɟɫɬɜɟɧɧɨ 

ɡɚɜɢɫɢɬ ɨɬ ɡɧɚɤɨɜ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɋɨ, Ɋɟ ɢ ɩɨɥɹɪɢɡɚɰɢɢ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɜɹɡɚɧɨ ɫ ɩɪɢɪɨɞɨɣ ɱɚ-

ɫɬɢɰ.  ɗɬɨɬ ɮɚɤɬ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɱɬɨ ɢ ɛɭɞɟɬ ɩɪɟɞɦɟɬɨɦ ɧɚɲɢɯ ɞɚɥɶɧɟɣɲɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ. 
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Ɋɢɫ. 1. Ƚɪɚɮɢɤɢ ɪɟɲɟɧɢɹ  Ю (, ), 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɦɨ-

ɦɟɧɬɨɜ ɜɪɟɦɟɧɢ (ɩɨ ɦɟɪɟ ɜɨɡɪɚɫɬɚɧɢɹ 
ɜɪɟɦɟɧɧяɣ ɩɟɪɟɦɟɧɧɨɣ Ĳ). 


