
Ɍɟɯɧɢɱɟɫɤɚɹ ɬɟɩɥɨɮɢɡɢɤɚ ɢ ɚɬɨɦɧɚɹ ɷɧɟɪɝɟɬɢɤɚ      

 
 

26 

4. Nakamura Y., Katsuki R., Yokomori T., Ohmura R., Takahashi M., Iwasaki T., 
Uchida K., Ueda T., Combustion characteristics of methane hydrate in a laminar boundary 
layer. // Energy & Fuels. – 2009. – 23. – P. 1445–1449. 

5. Nakoryakov V.E, Misyura S.Ya., Elistratov S. L., Manakov A.Yu., Shubnikov 
A.E., Combustion of Hydrates // Journal of Engineering Thermophysics. – 2013. – 
V. 22. – ʋ 2. – Ɋ. 1–6. 

6. ɂɫɬɨɦɢɧ ȼ.Ⱥ., əɤɭɲɟɜ ȼ.ɋ. Ƚɚɡɨɜɵɟ ɝɢɞɪɚɬɵ ɜ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɹɯ. – Ɇ.: 
ɇɟɞɪɚ, 1992. – 236 ɫ. 

7. Yakushev V.S., Istomin V.A., Physics and Chemistry of Ice // Hokkaido Uni-
versity Press, Sapporo. – 1992. – P. 136. 

8. Zhang G., Rogers R.E., Ultra-stability of gas hydrates at 1 atm. and 268,2K // 
Chemical Engineering Science. – 2008. – 63. – P. 2066–2074. 

9. Kuhs W. F., Genov G., Staykova D. K., Hansen T., Ice perfection and onset of 
anomalous preservation of gas hydrates // Phys.Chem.Chem.Phys. – 2004. – 6. – P. 4917–4920. 

ɍȾɄ 536.423 
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ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɩɪɨɰɟɫɫɚ ɤɢɩɟɧɢɹ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɟ, 
ɬɟɯɧɢɤɟ ɢ ɬɟɯɧɨɥɨɝɢɢ, ɞɟɥɚɸɬ ɚɤɬɭɚɥɶɧɵɦ ɛɨɥɶɲɢɧɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ, 
ɩɪɨɜɨɞɢɦɵɯ ɩɨ ɢɡɭɱɟɧɢɸ ɪɚɡɥɢɱɧɵɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢ ɝɢɞɪɨɞɢɧɚɦɢ-
ɱɟɫɤɢɯ ɚɫɩɟɤɬɨɜ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɩɪɢ ɤɢɩɟɧɢɢ ɱɢɫɬɵɯ ɠɢɞɤɨɫɬɟɣ ɢ 
ɢɯ ɫɦɟɫɟɣ ɜ ɫɚɦɨɦ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ, ɞɚɜɥɟɧɢɣ, ɪɟɠɢɦ-
ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢ ɬ. ɞ. Ʉɢɩɟɧɢɟ ɜɨɞɵ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɱɪɟɡɜɵɱɚɣɧɨ ɢɧɬɟɧɫɢɜɧɭɸ ɬɟɩɥɨɨɬɞɚɱɭ ɢ ɨɬɜɨɞ ɩɪɟɞɟɥɶɧɨ 
ɜɵɫɨɤɢɯ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɤɚɤ ɩɪɢ ɤɢɩɟɧɢ ɜ ɛɨɥɶɲɨɦ ɨɛɴɟɦɟ, ɬɚɤ ɢ ɜ 
ɭɫɥɨɜɢɹɯ ɜɵɧɭɠɞɟɧɧɨɝɨ ɬɟɱɟɧɢɹ [1]. 

ɋɩɟɰɢɮɢɤɨɣ ɩɪɨɰɟɫɫɚ ɤɢɩɟɧɢɹ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɮɚɡɨɜɨ-
ɝɨ ɩɟɪɟɯɨɞɚ (ɱɢɫɬɨɣ ɠɢɞɤɨɫɬɢ ɢ ɢɯ ɫɦɟɫɟɣ) ɨɛɪɚɡɭɟɬɫɹ ɩɚɪɨɜɵɟ ɨɛɪɚɡɨ-
ɜɚɧɢɹ [2]. ɗɬɨɬ ɩɪɨɰɟɫɫ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢɫɩɚɪɟɧɢɟ-ɤɨɧɞɟɧɫɚɰɢɸ ɠɢɞ-
ɤɨɫɬɢ ɱɟɪɟɡ ɩɚɪɨɜɵɟ ɩɭɡɵɪɢ, ɞɟɣɫɬɜɭɸɳɢɟ ɤɚɤ ɦɢɧɢɚɬɸɪɧɵɟ ɬɟɩɥɨɜɵɟ 
ɬɪɭɛɤɢ, ɢ ɫɬɢɦɭɥɢɪɨɜɚɧɧɵɣ ɷɬɢɦɢ ɩɟɪɢɨɞɢɱɟɫɤɢ ɜɨɡɧɢɤɚɸɳɢɦɢ ɢ 
ɫɯɥɨɩɵɜɚɸɳɢɦɢ ɩɚɪɨɜɵɦɢ ɩɭɡɵɪɹɦɢ ɬɭɪɛɭɥɟɧɬɧɵɣ ɬɟɩɥɨɨɛɦɟɧ ɨɞɧɨ-
ɮɚɡɧɨɣ ɯɨɥɨɞɧɨɣ ɠɢɞɤɨɫɬɢ ɫ ɧɚɝɪɟɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɦɟɠɞɭ ɩɭɡɵɪɹɦɢ [2]. 

ɋɟɝɨɞɧɹ ɢɦɟɸɳɢɯɫɹ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɢ ɨɩɢɫɵɜɚɸɳɢɯ ɢɯ ɪɚɫɱɺɬ-
ɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɩɨ ɩɨɜɟɞɟɧɢɸ ɩɚɪɨɜɵɯ ɩɭɡɵɪɟɣ [3, 4], ɹɜɧɨ ɧɟɞɨɫɬɚ-
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ɬɨɱɧɨ ɞɥɹ ɭɫɩɟɲɧɨɣ ɪɚɡɪɚɛɨɬɤɢ ɡɚɜɟɪɲɟɧɧɨɣ, ɧɟɩɪɨɬɢɜɨɪɟɱɢɜɨɣ ɬɟɨ-
ɪɢɢ ɤɢɩɟɧɢɹ. ɉɨɷɬɨɦɭ ɩɟɪɜɨɨɱɟɪɟɞɧɵɦɢ ɡɚɞɚɱɚɦɢ ɧɚ ɫɟɝɨɞɧɹ ɨɤɚɡɵɜɚ-
ɸɬɫɹ ɫɤɨɪɨɫɬɧɵɟ ɤɢɧɨɫɴɺɦɤɢ ɩɪɨɰɟɫɫɚ ɫ ɜɵɫɨɤɢɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɢ 
ɜɪɟɦɟɧɧɵɦ ɪɚɡɪɟɲɟɧɢɟɦ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɧɨɜɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɤɚ-
ɫɚɸɳɟɣɫɹ ɪɚɡɦɟɪɨɜ ɩɭɡɵɪɶɤɨɜ, ɞɢɧɚɦɢɤɢ ɪɨɫɬɚ ɩɭɡɵɪɶɤɨɜ ɢ ɢɯ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɟ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɝɪɟɜɚ. 

ɋ ɰɟɥɶɸ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɛɵɥɚ ɫɨɡɞɚɧɚ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɚ ɤɢɩɟɧɢɹ. ɇɚ ɪɢɫɭɧɤɟ 1 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ, ɚ ɧɚ ɪɢɫɭɧɤɟ 2 – ɫɯɟɦɚ ɩɪɨɟɰɢɪɨɜɚɧɢɹ 
ɢɡɨɛɪɚɠɟɧɢɹ (ɫɯɟɦɚ ɬɟɧɟɜɨɣ ɦɟɬɨɞɢɤɢ) ɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɩɚɪɨ-
ɨɛɪɚɡɨɜɚɧɢɹ. 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ: 

1 – ɢɫɬɨɱɧɢɤ ɫɜɟɬɚ; 2 – ɛɥɨɤ ɩɢɬɚɧɢɹ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɹ; 3 – ɦɟɞɧɚɹ ɩɥɚɫɬɢɧɚ ɢ 
ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶ; 4 – ɤɸɜɟɬɚ (ɫɨɫɭɞ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ ɢɡ ɫɬɟɤɥɚ); 

5 – ɤɨɧɞɟɧɫɢɪɭɸɳɚɹ ɥɢɧɡɚ; 6 – ɧɟɩɪɨɡɪɚɱɧɵɣ ɳɢɬ ɫ ɨɬɜɟɪɫɬɢɟɦ; 
7 – ɤɚɦɟɪɚ ɫ ɨɛɴɟɤɬɢɜɨɦ 

 

Ɋɢɫ. 2. ɋɢɫɬɟɦɚ ɩɪɨɟɰɢɪɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ: 
1 – ɤɨɧɞɟɧɫɢɪɭɸɳɚɹ ɥɢɧɡɚ; 2 – ɧɟɩɪɨɡɪɚɱɧɵɣ ɳɢɬ ɫ ɨɬɜɟɪɫɬɢɟɦ; 

3 – ɨɛɴɟɤɬɢɜ; 4 – ɫɟɧɫɨɪ ɤɚɦɟɪɵ 

Ⱦɥɹ ɩɪɨɟɰɢɪɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɫɟɧɫɨɪ ɤɚɦɟɪɵ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɤɨɦɛɢɧɚɰɢɹ ɤɨɧɞɟɧɫɢɪɭɸɳɚɹ ɥɢɧɡɚ ɢ ɨɛɴɟɤɬɢɜ ɤɚɦɟɪɵ (ɫɦ. ɪɢɫ. 2). 
ɉɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɵɣ ɫɜɟɬ ɮɨɤɭɫɢɪɭɟɬɫɹ ɧɚ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ɥɢɧɡɨɣ 1. 
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Ɉɛɴɟɤɬɢɜ ɤɚɦɟɪɵ 3 ɨɛɪɚɬɧɨ ɤɨɧɜɟɪɬɢɪɭɟɬ ɫɜɟɬ ɜ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶ-
ɧɵɣ. Ⱦɚɥɟɟ ɫɜɟɬ ɩɨɩɚɞɚɟɬ ɧɚ ɫɟɧɫɨɪ ɤɚɦɟɪɵ 4. ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɫɢɫɬɟɦɚ 
ɩɪɨɟɰɢɪɭɟɬ ɬɟɧɟɜɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɧɚ ɫɟɧɫɨɪ ɤɚɦɟɪɵ ɛɟɡ ɢɫɤɚɠɟɧɢɣ. Ʉɨ-
ɷɮɮɢɰɢɟɧɬ ɭɜɟɥɢɱɟɧɢɹ ɨɛɴɟɤɬɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

c

obj

f
f

h
h


1

2 , 

ɝɞɟ h1 ɢ h2 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɡɦɟɪɵ ɨɛɥɚɫɬɢ ɢɡɦɟɪɟɧɢɣ ɢ ɫɟɧɫɨɪɚ ɤɚ-
ɦɟɪɵ; fobj ɢ fɫ – ɮɨɤɭɫɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɨɛɴɟɤɬɢɜɚ ɢ ɤɨɧɞɟɧɫɢɪɭɸɳɟɣ ɥɢɧɡɵ. 

ȼ ɮɨɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɥɢɧɡɵ 1 (ɫɦ. ɪɢɫ. 2) ɩɨɦɟɳɚɟɬɫɹ ɧɟɩɪɨ-
ɡɪɚɱɧɵɣ ɳɢɬ ɫ ɨɬɜɟɪɫɬɢɟɦ 2 ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɰɟɧɬɪ ɨɬɜɟɪɫɬɢɹ ɫɨ-
ɜɦɟɳɚɟɬɫɹ ɫ ɨɩɬɢɱɟɫɤɨɣ ɨɫɶɸ ɫɢɫɬɟɦɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɜɟɬ ɨɬ ɢɫɬɨɱɧɢɤɚ 
ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɨɝɨ ɫɜɟɬɚ ɩɪɨɣɞɟɬ ɱɟɪɟɡ ɳɢɬ ɛɟɡ ɢɫɤɚɠɟɧɢɣ. ɋɜɟɬ ɨɬ 
ɞɪɭɝɢɯ ɢɫɬɨɱɧɢɤɨɜ ɛɭɞɟɬ ɫɮɨɤɭɫɢɪɨɜɚɧ ɥɢɧɡɨɣ 1 ɜ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ ɮɨ-
ɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɭɞɟɬ ɡɚɞɟɪɠɚɧ ɭɫɬɚɧɨɜɥɟɧɧɵɦ 
ɳɢɬɨɦ 2. Ɍɨ ɟɫɬɶ, ɬɨɥɶɤɨ ɫɜɟɬ, ɝɟɧɟɪɢɪɭɟɦɵɣ ɫɩɟɰɢɚɥɶɧɨ ɞɥɹ ɢɡɦɟɪɟ-
ɧɢɣ, ɛɭɞɟɬ ɡɚɮɢɤɫɢɪɨɜɚɧ ɫɟɧɫɨɪɨɦ ɤɚɦɟɪɵ. 

ȼ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɢɫɬɨɱɧɢɤɨɦ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɹɜɥɹɟɬɫɹ 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ 
ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ. ɉɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜɵɞɟɥɹɟɦɨɝɨ ɫɩɢ-
ɪɚɥɶɸ ɧɚɤɚɥɢɜɚɧɢɹ ɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɞɜɟɞɟɧɧɨɝɨ ɤ ɤɸɜɟɬɟ ɨɩɪɟɞɟɥɹ-
ɥɨɫɶ ɢɡ ɪɚɫɱɺɬɚ ɧɟɞɨɝɪɟɜɚ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 85 ɞɨ 100 °ɋ ɢ 
ɫɨɫɬɚɜɥɹɥɨ (14,8; 26,75; 40,73; 53,57 ȼɬ), ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɨ ɧɟɞɨɝɪɟɜɭ 
ɠɢɞɤɨɫɬɢ ɜ ɩɪɟɞɟɥɚɯ 0–15 °ɋ. ɉɪɢɱɟɦ ɩɪɢ ɩɨɫɥɟɞɧɟɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨ-
ɜɨɝɨ ɩɨɬɨɤɚ (53,57 ȼɬ), ɬɟɦɩɟɪɚɬɭɪɚ ɠɢɞɤɨɫɬɢ ɞɨɫɬɢɝɚɥɚ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɚɫɵɳɟɧɢɹ. ɂɧɬɟɪɜɚɥ ɜɚɪɶɢɪɨɜɚɧɢɹ – 5 °ɋ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɛɟɫɩɟɱɢɜɚɥɨɫɶ ɧɟɢɡɦɟɧɧɨɫɬɶ 
ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ ɫ ɰɟɥɶɸ ɦɢɧɢɦɢɡɚɰɢɢ ɫɥɭɱɚɣɧɵɯ ɨɲɢɛɨɤ. Ɍɚɤ, ɧɚ-
ɩɪɢɦɟɪ, ɩɨɞɞɟɪɠɢɜɚɥɚɫɶ ɩɨɫɬɨɹɧɧɨɣ ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢɫɯɨɞɧɨɣ 
ɫɦɟɫɢ. ȼɫɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɡɚɤɪɵɬɵɯ ɨɬɚɩɥɢɜɚɟɦɵɯ ɩɨ-
ɦɟɳɟɧɢɹɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ 293–298 K (20–25 °ɋ). 

ȼɨ ɜɪɟɦɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɪɟɠɢɦɧɵɟ 
ɩɚɪɚɦɟɬɪɵ: ɬɟɦɩɟɪɚɬɭɪɚ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɥɨɠɤɢ, ɬɟɦ-
ɩɟɪɚɬɭɪɚ ɫɬɟɧɤɢ ɤɸɜɟɬɵ, ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɜɵɞɟɥɹɟɦɨɣ ɫɩɢɪɚɥɶɸ ɧɚɤɚ-
ɥɢɜɚɧɢɹ. 

ȼɢɡɭɚɥɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɤɢɩɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɱɟɪɟɡ ɮɪɨɧɬɚɥɶ-
ɧɭɸ ɫɬɨɪɨɧɭ ɤɸɜɟɬɵ (ɪɚɡɦɟɪ 5×2,5 ɫɦ) ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ ɧɚ ɉɄ. ɐɢɮɪɨɜɚɹ ɫɤɨɪɨɫɬɧɚɹ ɤɚɦɟɪɚ Fastvideo-500M ɩɨ-
ɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɢɬɶ ɫɴɺɦɤɭ ɫ ɱɚɫɬɨɬɨɣ 500 ɤɚɞɪ/ɫɟɤ ɩɪɢ ɩɨɥɧɨɷɤɪɚɧ-
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ɧɨɦ ɫɤɚɧɢɪɨɜɚɧɢɢ (ɪɚɡɪɟɲɟɧɢɟ 1280×1024, 10 ɛɢɬ). Ⱦɚɧɧɵɟ ɫ ɜɢɞɟɨ 
ɫɟɧɫɨɪɚ ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɤɨɧɬɪɨɥɥɟɪɨɦ ɤɚɦɟɪɵ ɢ ɩɟɪɟɞɚɸɬɫɹ ɜ ɮɪɟɣɦ-
ɝɪɚɛɛɟɪ. ɂ ɞɚɥɟɟ ɡɚɩɢɫɵɜɚɸɬɫɹ ɧɚɩɪɹɦɭɸ ɜ ɨɩɟɪɚɬɢɜɧɭɸ ɩɚɦɹɬɶ ɉɄ, 
ɨɬɤɭɞɚ ɨɧɢ ɜɵɜɨɞɹɬɫɹ ɧɚ ɷɤɪɚɧ ɦɨɧɢɬɨɪɚ ɢ ɦɨɝɭɬ ɛɵɬɶ ɫɨɯɪɚɧɟɧɵ ɧɚ 
ɠɺɫɬɤɢɣ ɞɢɫɤ. Ⱦɥɹ ɚɧɚɥɢɡɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 
ɩɪɨɝɪɚɦɦɚ Drop Shape Analysis, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦ ɰɟɧ-
ɬɪɨɦ ɦɢɤɪɨɝɪɚɜɢɬɚɰɢɢ ɋɜɨɛɨɞɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, Ȼɪɸɫɫɟɥɶ, Ȼɟɥɶɝɢɹ. 

ɇɚ ɤɚɞɪɚɯ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɫɥɟɠɢɜɚɸɬɫɹ ɩɨɫɬɨɹɧɧɨ ɞɟɣɫɬɜɭɸ-
ɳɢɟ ɰɟɧɬɪɵ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ 
ɛɨɥɶɲɢɧɫɬɜɚ ɰɟɧɬɪɨɜ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɧɨɫɢɬ ɫɥɭɱɚɣɧɵɣ (ɯɚɨɬɢɱɟɫɤɢɣ) 
ɯɚɪɚɤɬɟɪ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɵɥ ɜɵɞɟɥɟɧ ɭɱɚɫɬɨɤ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɩɭ-
ɬɺɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɫɟɪɢɣ ɬɢɩɢɱɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɝɞɟ ɧɚɛɥɸɞɚɥɫɹ 
ɪɨɫɬ ɩɚɪɨɜɵɯ ɨɛɪɚɡɨɜɚɧɢɣ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɪɚɡɧɵɦ ɤɨɥɢɱɟ-
ɫɬɜɨɦ ɠɢɞɤɨɫɬɢ ɨɬ 5 ɦɥ ɞɨ 15 ɦɥ, ɫ ɢɧɬɟɪɜɚɥɨɦ 5 ɦɥ. ɉɪɢɧɰɢɩɢɚɥɶɧɨɝɨ 
ɨɬɥɢɱɢɹ ɜ ɪɚɡɦɟɪɚɯ ɩɚɪɨɜɵɯ ɩɭɡɵɪɶɤɨɜ ɨɬ ɨɛɴɺɦɚ ɢɫɫɥɟɞɭɟɦɨɣ ɠɢɞɤɨ-
ɫɬɢ ɧɟ ɨɛɧɚɪɭɠɢɥɨɫɶ. 

ȼ ɯɨɞɟ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ 
ɝɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɢɚɦɟɬɪɚ ɨɫɧɨɜɚɧɢɹ ɢ ɜɵɫɨɬɵ ɩɚɪɨɜɵɯ ɨɛɪɚ-
ɡɨɜɚɧɢɣ ɜ ɦɨɦɟɧɬ ɨɬɪɵɜɚ ɨɬ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɞɚɧɧɵɯ 
ɡɧɚɱɟɧɢɹɯ ɧɟɞɨɝɪɟɜɚ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ (ɫɦ. ɪɢɫ. 3, ɪɢɫ. 4). 

 
Ɋɢɫ. 3. Ƚɪɚɮɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɞɢɚɦɟɬɪɚ ɨɫɧɨɜɚɧɢɹ ɩɚɪɨɜɨɝɨ 

ɩɭɡɵɪɶɤɚ ɜ ɦɨɦɟɧɬ ɨɬɪɵɜɚ ɨɬ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ 
ɜ ɞɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɜɚɪɶɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɠɢɞɤɨɫɬɢ 



Ɍɟɯɧɢɱɟɫɤɚɹ ɬɟɩɥɨɮɢɡɢɤɚ ɢ ɚɬɨɦɧɚɹ ɷɧɟɪɝɟɬɢɤɚ      

 
 

30 

 
Ɋɢɫ. 4. Ƚɪɚɮɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɵɫɨɬɵ ɩɚɪɨɜɨɝɨ ɩɭɡɵɪɶɤɚ 
ɜ ɦɨɦɟɧɬ ɨɬɪɵɜɚ ɨɬ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɞɚɧɧɨɦ 

ɢɧɬɟɪɜɚɥɟ ɜɚɪɶɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɠɢɞɤɨɫɬɢ 
Ⱥɧɚɥɢɡɢɪɭɹ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɩ-

ɥɨɜɨɝɨ ɩɨɬɨɤɚ ɞɢɚɦɟɬɪ ɨɫɧɨɜɚɧɢɹ ɩɚɪɨɜɨɝɨ ɩɭɡɵɪɶɤɚ ɜ ɦɨɦɟɧɬ ɨɬɪɵɜɚ 
ɪɚɫɬɺɬ ɢ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 0,8 ɦɦ ɞɨ 2,5 ɦɦ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚ-
ɱɟɧɢɟ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɫɵɳɟɧɢɹ 99,9 °ɋ, ɢ ɜɚɪɶɢɪɭɟɬɫɹ ɜ 
ɞɢɚɩɚɡɨɧɟ ɨɬ 2,1 ɦɦ ɞɨ 2,428 ɦɦ. Ⱦɢɚɦɟɬɪ ɨɫɧɨɜɚɧɢɹ ɩɚɪɨɜɨɝɨ ɩɭɡɵɪɶɤɚ 
ɜ ɦɨɦɟɧɬ ɨɬɪɵɜɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɦɚɱɢɜɚɟɦɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ. ȼ 
ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜɵɫɨɬɚ ɩɚɪɨɜɨɝɨ ɩɭɡɵɪɶɤɚ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤɚ, ɢ ɢɧɬɟɪɜɚɥ ɜɚɪɶɢɪɨɜɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 2,5 ɦɦ ɞɨ 
3,8 ɦɦ. ɉɪɢɱɟɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
ɠɢɞɤɨɫɬɢ 85 °ɋ. 

ɉɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɨɩɨɥɧɹɸɬ ɞɚɧɧɵɟ [1], ɝɞɟ 
ɧɟ ɛɵɥ ɡɚɮɢɤɫɢɪɨɜɚɧ ɨɬɪɵɜ ɩɚɪɨɜɵɯ ɩɭɡɵɪɶɤɨɜ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ. 
ȼ [1] ɷɬɨ ɛɵɥɨ ɫɜɹɡɚɧɨ ɫ ɫɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɝɪɟɜɨɦ ɜɨɞɵ ɞɨ ɬɟɦɩɟɪɚɬɭ-
ɪɵ ɧɚɫɵɳɟɧɢɹ, ɫɨɫɬɚɜɥɹɸɳɢɦ 45–75 °ɋ. 

Ⱥɜɬɨɪ ɪɚɛɨɬɵ [5] ɬɟɨɪɟɬɢɱɟɫɤɢ ɪɚɫɫɱɢɬɚɥ ɨɛɴɟɦɵ ɩɭɡɵɪɶɤɨɜ ɩɟɪɟɞ 
ɨɬɪɵɜɨɦ ɜ ɫɬɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɞɥɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ ɤɪɚɟɜɵɯ ɭɝɥɨɜ. 
Ɉɧ ɩɨɧɢɦɚɥ ɩɨɞ ɨɬɪɵɜɧɵɦ ɞɢɚɦɟɬɪɨɦ d0 ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ 
3

0 /6 V , ɝɞɟ V0 – ɨɛɴɟɦ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɩɭɡɵɪɶɤɚ ɩɟɪɟɞ ɨɬɪɵɜɨɦ, 
ɟɝɨ ɮɨɪɦɭɥɚ ɢɦɟɟɬ ɜɢɞ: 

 0
ɠ ɩ

0,0208d
g p p


 


,     (1) 

ɝɞɟ   – ɤɪɚɟɜɨɣ ɭɝɨɥ (ɢɡɦɟɪɹɟɬɫɹ ɜ ɭɝɥɨɜɵɯ ɝɪɚɞɭɫɚɯ);   – ɤɨɷɮɮɢɰɢ-
ɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ, ɇ/ɦ; g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟ-
ɧɢɹ, ɦ/ɫ2; pɠ – ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ, ɤɝ/ɦ3; pɩ – ɩɥɨɬɧɨɫɬɶ ɩɚɪɚ, ɤɝ/ɦ3. 
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Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ (1), ɜɟɥɢɱɢɧɚ ɨɬɪɵɜɧɨɝɨ ɞɢɚɦɟɬɪɚ ɩɪɢ ɤɢɩɟɧɢɢ ɡɚ-
ɜɢɫɢɬ ɨɬ ɤɪɚɟɜɨɝɨ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ  . ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɤɪɚɟɜɨɝɨ ɭɝɥɚ 
ɫɦɚɱɢɜɚɟɦɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɭɯɭɞɲɚɟɬɫɹ, ɩɚɪɨɜɨɣ ɩɭɡɵɪɟɤ 
ɩɪɢ ɨɬɪɵɜɟ ɢɦɟɟɬ ɛɨɥɶɲɢɟ ɪɚɡɦɟɪɵ [5]. Ⱦɚɧɧɵɣ ɜɵɜɨɞ ɛɵɥ ɫɞɟɥɚɧ ɟɫɥɢ 
ɬɟɦɩɟɪɚɬɭɪɚ Ɍɠ ɛɭɞɟɬ ɩɪɟɜɵɲɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɫɵɳɟɧɢɹ Ɍɧ ɧɚ ɧɟɤɨɬɨ-
ɪɭɸ ɜɟɥɢɱɢɧɭ ɧɠ TTT  . Ⱥɧɚɥɢɡɢɪɭɹ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɢ ɜ ɫɥɭɱɚɟ ɟɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ Ɍɠ  
ɦɟɧɶɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ Ɍɧ ɞɚɧɧɨɟ ɭɬɜɟɪɠɞɟɧɢɟ ɩɨɞɯɨɞɢɬ, ɬɚɤ 
ɤɚɤ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɞɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ 
ɜɚɪɶɢɪɨɜɚɧɢɹ ɫɦɚɱɢɜɚɟɦɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɜɵɫɨɬɚ ɩɚ-
ɪɨɜɨɝɨ ɩɭɡɵɪɶɤɚ ɭɦɟɧɶɲɚɟɬɫɹ. 
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ȼ ɪɹɞɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɬɪɟɛɭɟɬɫɹ ɨɯɥɚɠɞɟɧɢɟ ɝɚɡɨɜ ɫ 

ɩɨɦɨɳɶɸ ɢɯ ɨɪɨɲɟɧɢɹ ɜɨɞɨɣ ɞɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɨɬɫɭɬɫɬ-
ɜɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɤɨɧɬɚɤɬɧɨɝɨ ɬɟɩɥɨɦɚɫɫɨɨɛɦɟɧɚ ɦɟɠɞɭ ɝɚ-
ɡɨɦ ɢ ɤɚɩɥɹɦɢ ɠɢɞɤɨɫɬɢ, ɪɚɫɩɵɥɹɟɦɨɣ ɮɨɪɫɭɧɤɚɦɢ, ɬɚɤɨɣ ɩɪɨɰɟɫɫ ɪɚɫ-
ɫɱɢɬɚɬɶ ɧɟɜɨɡɦɨɠɧɨ. ɇɚ ɤɚɮɟɞɪɟ Ɉɢȼ ɌȽȺɋɍ ɬɚɤɚɹ ɦɨɞɟɥɶ ɪɚɡɪɚɛɨɬɚɧɚ 
ɢ ɜɟɪɢɮɢɰɢɪɨɜɚɧɚ, ɧɨ ɞɥɹ ɭɦɟɪɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɜɨɡɞɭɯɚ, ɩɪɢ ɤɨɬɨɪɵɯ 


