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Пɪɟɞɥɨɠɟɧа ɦаɬɟɦаɬɢɱɟɫɤаɹ ɦɨɞɟɥɶ ɡаɪɨɞɵɲɟɨɛɪаɡɨɜаɧɢɹ ɞɥɹ ɮаɡɨɜɨɝɨ ɩɟɪɟɯɨɞа 
ɫɢɫɬɟɦɵ «ɝаɡ ― ɮɢɥɶɬɪɭɸɳаɹɫɹ ɠɢɞɤɨɫɬɶ» ɫ ɭɱɟɬɨɦ ɡаɜɢɫɢɦɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɧаɬɹɠɟɧɢɹ ɨɬ ɪаɞɢɭɫа ɤɪɢɜɢɡɧɵ ɩɨɜɟɪɯɧɨɫɬɢ ɪаɡɪɵɜа ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡаɪɹɞа. 
Иɫɫɥɟɞɨɜаɧɨ ɩɨɜɟɞɟɧɢɟ ɝаɡɢɪɨɜаɧɧɨɣ ɠɢɞɤɨɫɬɢ ɜ ɞɨɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥаɫɬɢ ɢ 
ɜɵɹɜɥɟɧɵ ɡɨɧɵ ɩɫɟɜɞɨɩɥаɫɬɢɱɟɫɤɨɝɨ (аɧɨɦаɥɶɧɨɝɨ) ɢ ɞɢɥаɬаɧɬɧɨɝɨ (ɛɥɢɡɤɨɝɨ ɤ 
ɧɶɸɬɨɧɨɜɫɤɨɦɭ) ɬɟɱɟɧɢɣ, а ɬаɤɠɟ ɭɫɥɨɜɢɣ ɮɢɥɶɬɪаɰɢɢ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɭɤаɡаɧɧɵɦ 
ɮɨɪɦаɦ ɬɟɱɟɧɢɣ. 

Ʉлючевые словɚ: ɩɨɪɢɫɬаɹ ɫɪɟɞа, ɮɢɥɶɬɪаɰɢɹ, ɧɶɸɬɨɧɨɜɫɤаɹ ɠɢɞɤɨɫɬɶ, ɧɟ 
ɧɶɸɬɨɧɨɜɫɤаɹ ɠɢɞɤɨɫɬɶ, ɝаɡɨɧаɫɵɳɟɧɧɨɫɬɶ, ɪаɫɯɨɞ ɝаɡɨɧаɫɵɳɟɧɧɨɣ ɠɢɞɤɨɫɬɢ. 

ȼвеɞеɧие 

Пɪɢ ɫɨɡɞаɧɢɢ ɫɨɜɪɟɦɟɧɧɵɯ (ɜ ɬɨɦ ɱɢɫɥɟ ɤɨɦɩɶɸɬɟɪɢɡɢɪɨɜаɧɧɵɯ) ɫɢɫɬɟɦ 
ɭɩɪаɜɥɟɧɢɹ ɫɥɨɠɧɵɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫаɦɢ ɜаɠɧɟɣɲɭɸ ɪɨɥɶ ɢɝɪаɟɬ ɜɵɛɨɪ 
аɞɟɤɜаɬɧɨɣ ɦаɬɟɦаɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ (ММ)  ɩɪɨɰɟɫɫа. Ɉɬ ɷɬɨɝɨ, ɜ ɡɧаɱɢɬɟɥɶɧɨɣ ɦɟɪɟ, 
ɡаɜɢɫɹɬ ɬаɤɢɟ ɩɨɤаɡаɬɟɥɢ ɤаɱɟɫɬɜа ɫɢɫɬɟɦ ɭɩɪаɜɥɟɧɢɹ ɤаɤ ɬɨɱɧɨɫɬɶ, ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ 
ɡаɬɪаɬɵ ɧа ɭɩɪаɜɥɟɧɢɟ, ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɢ ɬ.ɞ. В ɧɟɮɬɟɞɨɛɵɜаɸɳɟɣ ɨɬɪаɫɥɢ 
ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɛɨɥɶɲɢɧɫɬɜɨ  ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ  ɮɢɡɢɱɟɫɤɢɦɢ ɹɜɥɟɧɢɹɦɢ 
ɜɵɫɬɭɩаɸɬ ɮɢɥɶɬɪаɰɢɨɧɧɵɟ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɟɣ ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ. Пɨɷɬɨɦɭ 
ɩɨɥɭɱɟɧɢɟ ɞɨɫɬɨɜɟɪɧɵɯ ММ ɮɢɥɶɬɪаɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɟɞɫɬаɜɥɹɟɬ ɫɨɛɨɣ 
аɤɬɭаɥɶɧɭɸ ɡаɞаɱɭ ɫɨɡɞаɧɢɹ ɷɮɮɟɤɬɢɜɧɵɯ ɋȺɍ ɜ ɧɟɮɬɟɞɨɛɵɜаɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 
Ɍɟɱɟɧɢɟ ɝаɡɢɪɨɜаɧɧɵɯ ɠɢɞɤɨɫɬɟɣ ɯаɪаɤɬɟɪɢɡɭɟɬɫɹ ɫɥɨɠɧɨɫɬɶɸ ɩɪɨɢɫɯɨɞɹɳɢɯ 
ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ ɩɪɟɞɨɩɪɟɞɟɥɹɸɬɫɹ ɤаɤ ɮаɡɨɜɵɦɢ ɩɪɟɜɪаɳɟɧɢɹɦɢ, ɬаɤ 
ɢ ɜɥɢɹɧɢɟɦ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ. 

Ваɠɧɟɣɲɢɦ ɤɥаɫɫɨɦ ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɢɫɬɟɦ ɹɜɥɹɸɬɫɹ ɝаɡɢɪɨɜаɧɧɵɟ ɠɢɞɤɨɫɬɢ. Пɨɞ 
ɝаɡɢɪɨɜаɧɧɨɣ ɠɢɞɤɨɫɬɶɸ ɩɨɞɪаɡɭɦɟɜаɟɬɫɹ ɠɢɞɤɨɫɬɶ, ɫɨɞɟɪɠаɳаɹ ɪаɫɬɜɨɪɟɧɧɵɣ ɝаɡ. 
Пɪɢ ɞɜɢɠɟɧɢɢ ɬаɤɨɣ ɠɢɞɤɨɫɬɢ ɜ ɡɨɧаɯ ɩɨɧɢɠɟɧɧɨɝɨ ɞаɜɥɟɧɢɹ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ 
ɜɵɞɟɥɟɧɢɟ ɝаɡа, ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɬɶ ɧа ɯаɪаɤɬɟɪ ɬɟɱɟɧɢɹ. Ƚаɡɢɪɨɜаɧɧɵɟ 
ɠɢɞɤɨɫɬɢ ɩɪɢ ɞаɜɥɟɧɢɢ ɜɵɲɟ ɞаɜɥɟɧɢɹ ɧаɫɵɳɟɧɢɹ, ɤаɤ ɩɪаɜɢɥɨ, ɢɫɫɥɟɞɭɸɬɫɹ ɤаɤ 
ɝɨɦɨɝɟɧɧɵɟ, ɬаɤ ɤаɤ ɤɥаɫɫɢɱɟɫɤаɹ ɬɟɨɪɢɹ ɮаɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɩɪɟɞɩɨɥаɝаɟɬ 
ɡаɤɪɢɬɢɱɟɫɤɨɟ ɨɛɪаɡɨɜаɧɢɟ ɡаɪɨɞɵɲɟɣ ɧɨɜɨɣ ɮаɡɵ. Иɫɫɥɟɞɨɜаɧɢɹ ɩɨɤаɡɵɜаɸɬ, ɱɬɨ ɩɪɢ 
ɞаɜɥɟɧɢɢ ɜɵɲɟ ɞаɜɥɟɧɢɹ ɧаɫɵɳɟɧɢɹ ɝаɡɢɪɨɜаɧɧɵɟ ɫɢɫɬɟɦɵ, ɫɨɫɬаɜɥɟɧɧɵɟ ɧа ɨɫɧɨɜɟ 
ɧɶɸɬɨɧɨɜɫɤɢɯ ɠɢɞɤɨɫɬɟɣ ɩɪɢ ɫɬаɰɢɨɧаɪɧɨɣ ɮɢɥɶɬɪаɰɢɢ, ɤаɱɟɫɬɜɟɧɧɨ ɦɟɧɹɸɬ 
ɪɟɨɥɨɝɢɸ (ɜ ɱаɫɬɧɨɫɬɢ ɪаɫɯɨɞ ɠɢɞɤɨɫɬɢ ɜɨɡɪаɫɬаɟɬ ɜ 2-3 ɪаɡа), а ɩɪɢ ɧɟɫɬаɰɢɨɧаɪɧɵɯ 
ɢɫɫɥɟɞɨɜаɧɢɹɯ ɩɪɨɹɜɥɹɸɬ ɧɟɪаɜɧɨɜɟɫɧɵɟ ɫɜɨɣɫɬɜа.  

Ɏɢɡɢɱɟɫɤɢɟ ɩɪɢɱɢɧɵ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɦɟɯаɧɢɡɦ ɞɨɤɪɢɬɢɱɟɫɤɨɝɨ ɨɛɪаɡɨɜаɧɢɹ 
ɡаɪɨɞɵɲɟɣ ɧɨɜɨɣ ɮаɡɵ ɢɫɫɥɟɞɨɜаɧɵ ɜ ɪɹɞɟ ɢɡɜɟɫɬɧɵɯ ɪаɛɨɬ Д1 – 3]. В ɱаɫɬɧɨɫɬɢ, ɜ Д1] 
ɛɵɥа ɜɵɞɜɢɧɭɬа ɬɟɨɪɢɹ ɝɟɬɟɪɨɮаɡɧɵɯ ɮɥɭɤɬаɰɢɣ, ɧа ɨɫɧɨɜɟ ɤɨɬɨɪɨɣ ɨɛɴɹɫɧɟɧɵ 
ɩɨɥɭɱɟɧɧɵɟ ɤ ɬɨɦɭ ɜɪɟɦɟɧɢ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɟ ɮаɤɬɵ, а ɜ Д2] ɩɨɤаɡаɧɨ, ɱɬɨ 
ɝɟɬɟɪɨɮаɡɧɵɟ ɮɥɭɤɬɭаɰɢɢ ɜɟɥɢɤɢ ɬаɦ, ɝɞɟ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧаɬɹɠɟɧɢɟ ɦɟɠɞɭ ɮаɡаɦɢ 
ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ, ɩɪɢɱɟɦ «ɩɟɪɟɯɨɞɧɵɟ ɹɜɥɟɧɢɹ» ɨɛɹɡаɧɵ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɷɮɮɟɤɬаɦ. 
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ɗɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɧаɯɨɞɢɬ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɢ ɜ ɪɹɞɟ ɞɪɭɝɢɯ ɪаɛɨɬ Д3, 4 – 10], ɫɨɝɥаɫɧɨ 
ɤɨɬɨɪɵɦ ɫɬаɛɢɥɢɡаɰɢɹ ɞɨɤɪɢɬɢɱɟɫɤɢɯ ɡаɪɨɞɵɲɟɣ ɧɨɜɨɣ ɮаɡɵ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡа 
ɜɵɞɟɥɟɧɢɹ ɧа ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨ-аɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ (ПȺВ), ɫɥɟɞɵ ɤɨɬɨɪɵɯ 
ɜɫɟɝɞа ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɪɟаɥɶɧɵɯ ɫɢɫɬɟɦаɯ, ɧɟ ɩɨɞɬɜɟɪɝɧɭɬɵɯ ɫɩɟɰɢаɥɶɧɨɣ ɨɛɪаɛɨɬɤɟ. 
ɇаɥɢɱɢɟ ɜ ɠɢɞɤɨɫɬɹɯ ПȺВ ɧɟ ɫɧɢɦаɟɬ ɜɨɩɪɨɫ ɨ ɫɬаɛɢɥɶɧɨɫɬɢ ɞɨɤɪɢɬɢɱɟɫɤɢɯ 
ɡаɪɨɞɵɲɟɣ, ɬ. ɤ. ɩɪɢɦɟɫɶ ПȺВ ɦɨɠɟɬ ɥɢɲɶ ɭɦɟɧɶɲɢɬɶ ɫɤɨɪɨɫɬɶ ɢɯ ɪаɫɬɜɨɪɟɧɢɹ, ɧɨ ɧɟ 
ɩɪɟɞɨɬɜɪаɬɢɬɶ ɩɨɥɧɨɝɨ ɢɫɱɟɡɧɨɜɟɧɢɹ. Вɦɟɫɬɟ ɫ ɬɟɦ, ɜ ɪаɛɨɬаɯ Д5, 6, 11] ɩɨɤаɡаɧɨ, ɱɬɨ 
ɫɬаɛɢɥɢɡаɰɢɹ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɡа ɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɡаɪɹɞɨɜ ɧа ɩɨɜɟɪɯɧɨɫɬɢ 
ɡаɪɨɞɵɲɟɣ. Пɪɢ ɷɬɨɦ ɜаɠɧɨ ɭɱɟɫɬɶ ɫɨɜɦɟɫɬɧɨɟ ɞɟɣɫɬɜɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧаɬɹɠɟɧɢɹ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡаɪɹɞа. 

ɐелɶ ɪɚɛоɬы 

Ɋаɡɪаɛɨɬɤа ɦаɬɟɦаɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɡаɪɨɞɵɲɟɨɛɪаɡɨɜаɧɢɹ ɧɨɜɨɣ ɮаɡɵ 
ɝаɡɨɠɢɞɤɨɫɬɧɨɣ ɫɦɟɫɢ (ɫɭɬɶ – ɮаɡɨɜɨɝɨ ɩɟɪɟɯɨɞа ɜ ɫɢɫɬɟɦɟ «ɝаɡ–ɠɢɞɤɨɫɬɶ») ɫ ɭɱɟɬɨɦ 
ɡаɜɢɫɢɦɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧаɬɹɠɟɧɢɹ ɨɬ ɪаɞɢɭɫа ɤɪɢɜɢɡɧɵ ɩɨɜɟɪɯɧɨɫɬɢ ɪаɡɪɵɜа ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡаɪɹɞа, ɪаɜɧɨɦɟɪɧɨ ɪаɫɩɪɟɞɟɥɟɧɧɨɝɨ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɫɮɟɪɢɱɟɫɤɨɝɨ 
ɦɢɤɪɨɩɭɡɵɪɶɤа ɢɞɟаɥɶɧɨɝɨ ɝаɡа. 

Ɉсɧовɧɚɹ чɚсɬɶ 

ɗɧɟɪɝɢɹ, ɧɟɨɛɯɨɞɢɦаɹ ɞɥɹ ɨɛɪаɡɨɜаɧɢɹ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ ɝаɡа ɢɡ ɠɢɞɤɨɫɬɢ, ɫ 
ɭɱɟɬɨɦ ɪаɜɧɨɦɟɪɧɨ ɪаɫɩɪɟɞɟɥɟɧɧɨɝɨ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɡаɪɨɞɵɲа ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡаɪɹɞа 
ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧа ɫɥɟɞɭɸɳɢɦ ɨɛɪаɡɨɦ [1, 6]: 
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ɝɞɟ  r  – ɪаɞɢɭɫ ɡаɪɨɞɵɲа; N  – ɱɢɫɥɨ ɦɨɥɟɤɭɥ ɜ ɡаɪɨɞɵɲɟ; e  – ɷɥɟɦɟɧɬаɪɧɵɣ 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɡаɪɹɞ;   – ɞɢɷɥɟɤɬɪɢɱɟɫɤаɹ ɩɪɨɧɢɰаɟɦɨɫɬɶ; 0  – ɷɥɟɤɬɪɢɱɟɫɤаɹ 
ɩɨɫɬɨɹɧɧаɹ;  r  – ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧаɬɹɠɟɧɢɟ; z  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜаɸɳɢɣ 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɡаɪɹɞ ɧа ɩɨɜɟɪɯɧɨɫɬɢ ɡаɪɨɞɵɲа.  

Ɉɛɨɡɧаɱɢɜ ɨɛɴɟɦ ɦɨɥɟɤɭɥɵ ɝаɡа ɱɟɪɟɡ Bv , ɩɨɥɭɱɢɦ: 

   
B

rN  34 2
. (2) 

Пɨɜɟɪɯɧɨɫɬɧɨɟ ɧаɬɹɠɟɧɢɟ ɡаɪɨɞɵɲа (ɧа ɨɫɧɨɜɟ ɭɪаɜɧɟɧɢɹ Ɍɨɥɦɟɪа Д5]) ɛɭɞɟɬ 
ɢɦɟɬɶ ɜɢɞ: 

  rr o  21)(   

ɢɥɢ ɩɨɫɥɟ ɭɩɪɨɳɟɧɢɹ: 

  ,21)( rr o    (3) 

ɝɞɟ o  – ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧаɬɹɠɟɧɢɟ ɩɥɨɫɤɨɣ ɝɪаɧɢɰɵ ɪаɡɞɟɥа;  
  – ɬɨɥɳɢɧа ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɪɨɫɥɨɣɤɢ ɡаɪɨɞɵɲа.  

Вɵɪаɠɟɧɢɟ (3) ɫɩɪаɜɟɞɥɢɜɨ ɬɨɥɶɤɨ ɩɪɢ  r . 
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Пɪɢ r ɡаɜɢɫɢɦɨɫɬɶ )(rf  ɛɭɞɟɬ ɥɢɧɟɣɧа: 

,)( rkr o  (4) 

ɝɞɟ 0k  – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨɫɬɢ. 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜ ɧаɱаɥɟ ɡаɪɨɞɵɲɟɨɛɪаɡɨɜаɧɢɹ, ɤɨɝɞа ɪаɞɢɭɫ ɡаɪɨɞɵɲа ɟɳɟ ɦаɥ, 

ɫ ɭɱɟɬɨɦ (2) ɢ (4) ɜ ɜɵɪаɠɟɧɢɢ (1), ɛɭɞɟɦ ɢɦɟɬɶ 

,
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  (5) 

ɫɨɝɥаɫɧɨ ɡаɤɨɧɭ Ȼɨɥɶɰɦаɧа  kTΔuexpPP c  . Ɍɨɝɞа ɢɡ (5) ɛɭɞɟɦ ɢɦɟɬɶ: 
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 . (6) 

ɝɞɟ P  – ɞаɜɥɟɧɢɟ ɧаɞ ɡаɪɨɞɵɲɟɦ; cP  – ɪаɜɧɨɜɟɫɧɨɟ ɞаɜɥɟɧɢɟ ɧаɞ ɩɥɨɫɤɨɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸ (ɢɥɢ ɞаɜɥɟɧɢɟ ɧаɫɵɳɟɧɢɹ); k  – ɩɨɫɬɨɹɧɧаɹ Ȼɨɥɶɰɦаɧа; T  – аɛɫɨɥɸɬɧаɹ 
ɬɟɦɩɟɪаɬɭɪа. 

Вɬɨɪɨɣ ɱɥɟɧ ɜ ɭɪаɜɧɟɧɢɢ (6) ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɹɟɬ ɯаɪаɤɬɟɪ ɡаɜɢɫɢɦɨɫɬɢ, ɢ ɩɪɢ 
  0ln cPP  ɪаɞɢɭɫ ɡаɪɨɞɵɲа r  

 

ɢɦɟɟɬ ɧɟɧɭɥɟɜɨɟ ɡɧаɱɟɧɢɟ. 
Пɪɢ r  ɢɡ (1) ɫ ɭɱɟɬɨɦ (2) ɢ (3) ɩɨɥɭɱɢɦ: 
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ȿɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ   1r , ɬɨ ɢɡ (7) ɩɨɥɭɱɢɦ: 
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Мɟɯаɧɢɱɟɫɤɨɟ ɪаɜɧɨɜɟɫɢɟ ɡаɪɨɞɵɲа ɫ ɭɱɟɬɨɦ ɜɥɢɹɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡаɪɹɞа 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɭɪаɜɧɟɧɢɟɦ: 
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Пɪɢ ɞаɜɥɟɧɢɢ P  ɜɵɲɟ ɞаɜɥɟɧɢɹ ɧаɫɵɳɟɧɢɹ cP  ɝаɡа ɜ ɠɢɞɤɨɫɬɢ ɧаɱɢɧаɸɬ 
ɨɛɪаɡɨɜɵɜаɬɶɫɹ ɦɢɤɪɨɡаɪɨɞɵɲɢ (ɦɢɤɪɨɩɭɡɵɪɶɤɢ), ɢ ɨɫɧɨɜɧɨɣ ɜɤɥаɞ ɜ ɷɬɨ ɜɧɨɫɢɬ 
ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɡаɪɹɞ. 

Пɨɪɨɝɨɜɵɣ ɪаɞɢɭɫ ɝаɡɨɜɨɝɨ ɩɭɡɵɪɶɤа, ɩɪɢ ɤɨɬɨɪɨɦ ɧаɱɢɧаɟɬɫɹ ɭɫɬɨɣɱɢɜɨɟ 
ɡаɪɨɞɵɲɟɨɨɛɪаɡɨɜаɧɢɟ ɜ ɫɥɭɱаɟ r , ɦɨɠɟɬ ɛɵɬɶ ɧаɣɞɟɧ ɢɡ ɜɵɪаɠɟɧɢɹ (6): 
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(10) 

Пɪɢ r  ɩɨɪɨɝɨɜɵɣ ɪаɞɢɭɫ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɢɡ ɜɵɪаɠɟɧɢɹ (8): 



ІɇɎɈɊМȺɌИɄȺ ɌȺ МȺɌȿМȺɌИɑɇІ МȿɌɈȾИ В МɈȾȿɅЮВȺɇɇІ ▪ 2015 ▪ Ɍɨɦ 5, №2 

 163

.
32

)(
4

2

2

oo

ez
r




 
(11) 

Ɋаɡɦɟɪɵ ɫɬаɛɢɥɶɧɵɯ ɞɨɤɪɢɬɢɱɟɫɤɢɯ ɡаɪɨɞɵɲɟɣ ɫɨɫɬаɜɥɹɸɬ ɜ ɫɪɟɞɧɟɦ 
  ɧɦ100...1 . 

ɇаɥɢɱɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡаɪɹɞа ɧа ɩɨɜɟɪɯɧɨɫɬɢ ɡаɪɨɞɵɲа ɩɪаɤɬɢɱɟɫɤɢ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɸ   ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧаɬɹɠɟɧɢɹ ɢ, ɬаɤɢɦ ɨɛɪаɡɨɦ, 
ɨɛɪаɡɨɜаɧɢɸ ɡаɪɨɞɵɲɟɣ ɝаɡɨɜɨɣ ɮаɡɵ ɩɪɢ ɞаɜɥɟɧɢɢ P  ɜɵɲɟ ɞаɜɥɟɧɢɹ ɧаɫɵɳɟɧɢɹ 
ɠɢɞɤɨɫɬɢ ɝаɡɨɦ cP , ɱɬɨ ɫɨɝɥаɫɭɟɬɫɹ ɫ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜаɧɢɹɦɢ (ɪɢɫ. 1). 

 

Ɋис. 1. Ɉɛɪаɡɨɜаɧɢɟ ɡаɪɨɞɵɲɟɣ ɜ ɝаɡɨɜɨɣ ɮаɡɟ 1 – ɞɥɹ 2ɦɧ01,0 ;  2 – ɞɥɹ 
2ɦɧ01,0  

Вɵɱɢɫɥɢɬɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨ ɫɬаɰɢɨɧаɪɧɨɣ ɮɢɥɶɬɪаɰɢɢ ɝаɡɢɪɨɜаɧɧɨɣ 
ɠɢɞɤɨɫɬɢ ɜ ɞɨɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥаɫɬɢ ɩɨɤаɡаɥ, ɱɬɨ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɨɛɴɟɦɧɨɣ ɜɹɡɤɨɫɬɢ 
ɝаɡɢɪɨɜаɧɧɨɣ ɠɢɞɤɨɫɬɢ ɜɛɥɢɡɢ ɞаɜɥɟɧɢɹ ɧаɫɵɳɟɧɢɹ cP  ɪаɫɯɨɞ ɠɢɞɤɨɫɬɢ ɜɨɡɪаɫɬаɟɬ ɜ 
 3...2  ɪаɡа. 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɪɢɧɢɦаɹ ɩɨ ɞаɧɧɵɦ ɪаɛɨɬɵ Д1]    cPPD   exp10  

(ɝɞɟ cPP  , 1,0D  ɢ Па11037,0 6  – ɩɨɫɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ,   ɢ 0  –
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɹɡɤɨɫɬɶ ɝаɡɢɪɨɜаɧɧɨɣ ɠɢɞɤɨɫɬɢ ɢ ɪаɫɬɜɨɪɢɬɟɥɹ) ɢ ɪɟɲаɹ ɭɪаɜɧɟɧɢɟ 
Ⱦаɪɫɢ Д7, 12] ɫ ɭɱɟɬɨɦ ɭɤаɡаɧɧɨɝɨ ɭɪаɜɧɟɧɢɹ ɢ ɭɪаɜɧɟɧɢɹ ɧɟɪаɡɪɵɜɧɨɫɬɢ ɧɟɫɠɢɦаɟɦɨɣ 
ɠɢɞɤɨɫɬɢ ɞɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪаɫɯɨɞа 01 QQQ   (ɝɞɟ 0Q  – ɪаɫɯɨɞ ɧɟɫɠɢɦаɟɦɨɣ 
ɠɢɞɤɨɫɬɢ ɩɨ Ⱦаɪɫɢ), ɩɨɥɭɱɢɦ 
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1 . (12) 

ɝɞɟ  0P  ɢ eP  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞаɜɥɟɧɢɟ ɧа ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ. 
Пɨɞɫɬаɜɥɹɹ ɜ ɩɨɫɥɟɞɧɟɟ ɜɵɪаɠɟɧɢɟ ɡɧаɱɟɧɢɹ ɩаɪаɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ, ɫɨɝɥаɫɧɨ Д1] ɞаɸɬ 
ɦаɤɫɢɦаɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɪаɫɯɨɞа ( ce PP  , 00  cPP ), ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɬɟɨɪɟɬɢɱɟɫɤɨɟ 
ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɨɝɨɜɨɪɟɧɧɨɝɨ ɜɵɲɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬа. 

Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɢ ɦɨɞɟɥɢɪɨɜаɧɢɢ ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɢɫɬɟɦ ɢɦɟɟɬ ɭɱɟɬ ɜɥɢɹɧɢɹ 
ɧɟɧɶɸɬɨɧɨɜɫɤɢɯ ɫɜɨɣɫɬɜ ɠɢɞɤɨɫɬɢ. Ⱦаɧɧɵɣ аɫɩɟɤɬ ɢɫɫɥɟɞɭɟɦ ɧа ɩɪɢɦɟɪɟ 
ɫɬаɰɢɨɧаɪɧɨɣ ɮɢɥɶɬɪаɰɢɢ ɝаɡɢɪɨɜаɧɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɪаɫɬɜɨɪɨɜ. ɍɫɥɨɜɢɹɦɢ 
ɩɪɨɹɜɥɟɧɢɹ ɧɟɧɶɸɬɨɧɨɜɫɤɢɯ ɫɜɨɣɫɬɜ ɮɢɥɶɬɪɭɸɳɟɣɫɹ ɠɢɞɤɨɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ 
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ɷɤɫɩɟɪɢɦɟɧɬɨɦ ɩɨ ɮɨɪɦɭɥɟ (12) ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɧаɱɟɧɢɹ ɢɫɯɨɞɧɵɯ 
ɜɟɥɢɱɢɧ:   cPP 3,1...2,10  ,   ce PP 0,3...1,1 . Пɪɢ ɷɬɨɦ ɦаɫɫɨɜаɹ ɤɨɧɰɟɧɬɪаɰɢɹ ПȺВ 

ɞɨɥɠɧа ɫɨɫɬаɜɥɹɬɶ ɨɬ %01,0  ɞɨ %02,0 . Ɋɟɡɭɥɶɬаɬɵ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬа 
ɨɮɨɪɦɥɟɧɵ ɜ ɜɢɞɟ ɡаɜɢɫɢɦɨɫɬɢ ɛɟɡɪаɡɦɟɪɧɨɝɨ ɪаɫɯɨɞа ɠɢɞɤɨɫɬɢ 01 QQQ   (Q – 

ɪаɫɯɨɞ ɠɢɞɤɨɫɬɢ ɧа ɭɪɨɜɧɟ ɫɪɟɞɧɟɝɨ ɞаɜɥɟɧɢɹ, 0Q  ― ɪаɫɯɨɞ ɠɢɞɤɨɫɬɢ ɞɥɹ 
ɞɟɝаɡɢɪɨɜаɧɧɨɝɨ ɪаɫɬɜɨɪа) ɨɬ ɭɪɨɜɧɹ ɫɪɟɞɧɟɝɨ ɞаɜɥɟɧɢɹ ( cPPP ɫɪ ), ɤɨɬɨɪɵɟ 
ɩɪɟɞɫɬаɜɥɟɧɵ ɧа ɪɢɫ. 2. Ʉаɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 2, ɩɪɢ ɨɛɨɢɯ ɡɧаɱɟɧɢɹɯ ПȺВ ɡаɜɢɫɢɦɨɫɬɶ 
ɪаɫɯɨɞа ɠɢɞɤɨɫɬɢ ɨɬ ɭɪɨɜɧɹ ɞаɜɥɟɧɢɹ ɢɦɟɟɬ ɧɟɦɨɧɨɬɨɧɧɵɣ ɯаɪаɤɬɟɪ, ɩɪɢɱɟɦ 
ɷɤɫɬɪɟɦаɥɶɧɨɟ ɡɧаɱɟɧɢɟ ɪаɫɯɨɞа ɠɢɞɤɨɫɬɢ ɧаɛɥɸɞаɟɬɫɹ ɜɛɥɢɡɢ ɞаɜɥɟɧɢɹ ɧаɫɵɳɟɧɢɹ, ɢ 

ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪаɰɢɢ ПȺВ ɪɨɫɬ ɪаɫɯɨɞа ɠɢɞɤɨɫɬɢ ɭɦɟɧɶɲаɟɬɫɹ. 

 

Ɋис. 2. Ɂаɜɢɫɢɦɨɫɬɶ ɛɟɡɪаɡɦɟɪɧɨɝɨ  ɪаɫɯɨɞа 
1Q  ɨɬ ɭɪɨɜɧɹ ɫɪɟɞɧɟɝɨ ɞаɜɥɟɧɢɹ ɫɪP  

  

  

Ɋис. 3. Ɂаɜɢɫɢɦɨɫɬɶ ɩɟɪɟɩаɞа ɞаɜɥɟɧɢɹ P  ɨɬ ɛɟɡɪаɡɦɟɪɧɨɝɨ ɪаɫɯɨɞа  
1Q  
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ɇа ɪɢɫ. 3 ɩɨɤаɡаɧа ɡаɜɢɫɢɦɨɫɬɶ ɩɟɪɟɩаɞа ɞаɜɥɟɧɢɹ P  ɨɬ ɪаɫɯɨɞа Q  ɞɥɹ 
ɝаɡɢɪɨɜаɧɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɪаɫɬɜɨɪɨɜ. 

 Вɵɱɢɫɥɢɬɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɫɹ ɞɥɹ ɫɥɭɱаɟɜ: const0 P  ( МПа8,70 P , 

а eP  ɢɡɦɟɧɹɥɨɫɶ ɜ ɞɢаɩаɡɨɧɟ  МПа7,7...1,3eP ) ɢ consteP  ( МПа1,3eP , а 0P  

ɢɡɦɟɧɹɥɨɫɶ ɜ ɞɢаɩаɡɨɧɟ  МПа8,7...01,30 P ) Ʉаɤ ɜɢɞɧɨ ɢɡ ɝɪаɮɢɤɨɜ, ɩɪɢ ɪаɡɥɢɱɧɵɯ 
ɫɰɟɧаɪɢɹɯ ɢɡɦɟɧɟɧɢɹ ɩɟɪɟɩаɞа ɞаɜɥɟɧɢɹ ( const0 P  ɢɥɢ consteP ) ɜɨɡɦɨɠɧа 
ɡɧаɱɢɬɟɥɶɧаɹ ɦɨɞɢɮɢɤаɰɢɹ ɯаɪаɤɬɟɪа ɬɟɱɟɧɢɹ, а ɢɦɟɧɧɨ, ɩɪɨɢɫɯɨɞɢɬ ɫɦɟɧа 
ɩɫɟɜɞɨɩɥаɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ ɧа ɞɢɥаɬаɧɬɧɨɟ, ɩɪɢɱɟɦ ɩɪаɤɬɢɱɟɫɤɢ ɜɨ ɜɫɟɦ 
ɢɫɫɥɟɞɭɟɦɨɦ ɢɧɬɟɪɜаɥɟ ɞаɜɥɟɧɢɣ. Пɪɢ ɤɨɧɰɟɧɬɪаɰɢɢ ПȺВ %02,0ɋ  ɢɡɦɟɧɟɧɢɟ 
ɯаɪаɤɬɟɪа ɬɟɱɟɧɢɹ ɦɟɧɟɟ ɡаɦɟɬɧɨ. 

ȼывоɞы 

Ⱥɥɝɨɪɢɬɦɢɱɟɫɤɨɣ ɨɫɧɨɜɨɣ ɫɨɡɞаɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɫɢɫɬɟɦ ɭɩɪаɜɥɟɧɢɹ ɜ 
ɧɟɮɬɟɞɨɛɵɜаɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɦɨɝɭɬ ɪаɫɫɦаɬɪɢɜаɬɶɫɹ ɩɨɥɭɱɟɧɧɵɟ ɢ 
ɢɫɫɥɟɞɨɜаɧɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ  PQ 1

 ɢ  QP , ɨɬɪаɠаɸɳɢɟ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ 
«ɛɟɡɪаɡɦɟɪɧɵɣ ɪаɫɯɨɞ ― ɩɟɪɟɩаɞ ɞаɜɥɟɧɢɹ». ɍɤаɡаɧɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ ɜ ɞаɧɧɨɦ ɫɥɭɱаɟ 
ɩɪɟɞɫɬаɜɥɹɸɬ ɫɨɛɨɣ ММ ɢɡɭɱаɟɦɵɯ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. Пɨɥɭɱɟɧɧɵɟ ɢ 
ɢɫɫɥɟɞɨɜаɧɧɵɟ ɡаɜɢɫɢɦɨɫɬɢ  PQ 1

 ɢ  QP , ɨɬɪаɠаɸɳɢɟ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ 
«ɛɟɡɪаɡɦɟɪɧɵɣ ɪаɫɯɨɞ ― ɩɟɪɟɩаɞ ɞаɜɥɟɧɢɹ», ɩɨɤаɡɵɜаɸɬ ɤɨɦɛɢɧɢɪɨɜаɧɧɵɣ ɯаɪаɤɬɟɪ 
ɪɟɨɥɨɝɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɮɢɥɶɬɪɭɸɳɟɣɫɹ ɠɢɞɤɨɫɬɢ. Пɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɫɦɟɧа 
ɩɫɟɜɞɨɩɥаɫɬɢɱɟɫɤɨɝɨ (ɫɭɬɶ-аɧɨɦаɥɶɧɨɝɨ) ɬɟɱɟɧɢɹ ɧа ɞɢɥаɬаɧɬɧɵɣ (ɬ. ɟ. ɛɥɢɡɤɢɣ ɤ 
ɧɶɸɬɨɧɨɜɫɤɨɦɭ, ɩɨɞɱɢɧɹɸɳɟɦɭɫɹ ɡаɤɨɧɭ Ⱦаɪɫɢ). Ɉɞɧаɤɨ, ɩɪɢ ɤɨɧɰɟɧɬɪаɰɢɢ ПȺВ 

%01,0ɋ  ɭɱаɫɬɨɤ  ɩɫɟɜɞɨɩɥаɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ ɭɜɟɥɢɱɢɜаɟɬɫɹ, а ɞɢɥаɬаɧɫɢɹ ɦɟɧɟɟ 
ɜɵɪаɠɟɧа, ɬ.ɤ. ɭɜɟɥɢɱɟɧɢɟ ɪаɫɯɨɞа ɮɢɥɶɬɪɭɸɳɟɣɫɹ ɠɢɞɤɨɫɬɢ ɜɛɥɢɡɢ ɞаɜɥɟɧɢɹ 
ɧаɫɵɳɟɧɢɹ ɜ ɞаɧɧɨɦ ɫɥɭɱаɟ ɡɧаɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ. 
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Ɂаɩɪɨɩɨɧɨɜаɧɨ ɦаɬɟɦаɬɢɱɧɭ ɦɨɞɟɥɶ ɭɬɜɨɪɟɧɧɹ ɡаɪɨɞɤɿɜ ɞɥɹ ɮаɡɨɜɨɝɨ ɩɟɪɟɯɨɞɭ 
ɫɢɫɬɟɦɢ «ɝаɡ ― ɪɿɞɢɧа, ɹɤа ɮɿɥɶɬɪɭєɬɶɫɹ» ɡ ɭɪаɯɭɜаɧɧɹɦ ɡаɥɟɠɧɨɫɬɿ ɩɨɜɟɪɯɧɟɜɨɝɨ 
ɧаɬɹɝɭ ɜɿɞ ɪаɞɿɭɫɭ ɤɪɢɜɢɡɧɢ ɩɨɜɟɪɯɧɿ ɪɨɡɪɢɜɭ ɬа ɟɥɟɤɬɪɢɱɧɨɝɨ ɡаɪɹɞɭ. Ⱦɨɫɥɿɞɠɟɧɨ 
ɩɨɜɟɞɿɧɤɭ ɝаɡɨɜаɧɨʀ ɪɿɞɢɧɢ ɭ ɞɨɤɪɢɬɢɱɧɿɣ ɨɛɥаɫɬɿ ɬа ɜɢɹɜɥɟɧɨ ɡɨɧɢ 
ɩɫɟɜɞɨɩɥаɫɬɢɱɧɨɝɨ (аɧɨɦаɥɶɧɨɝɨ) ɬа ɞɿɥаɬаɧɬɧɨɝɨ (ɛɥɢɡɶɤɨɝɨ ɞɨ ɧɶɸɬɨɧɿɜɫɶɤɨɝɨ) 
ɩɥɢɧɭ, а ɬаɤɨɠ ɭɦɨɜ ɮɿɥɶɬɪаɰɿʀ, ɳɨ ɩɪɢɡɜɨɞɹɬɶ ɞɨ ɜɤаɡаɧɢɯ ɮɨɪɦ ɩɥɢɧɭ. 
Ʉлючові словɚ:  ɦаɬɟɦаɬɢɱɧа ɦɨɞɟɥɶ, ɮɿɥɶɬɪаɰɿɹ ɭ ɩɨɪɨɜɨɦɭ ɫɟɪɟɞɨɜɢɳɿ, 
ɝɟɬɟɪɨɝɟɧɧɿ ɩɥаɫɬɨɜɿ ɫɢɫɬɟɦɢ, ɩɫɟɜɞɨ ɩɥаɫɬɢɱɧɢɣ ɩɥɢɧ, ɞɿɥаɬаɧɬɧɢɣ ɩɥɢɧ. 

 

 

MATHEMATICAL DESIGN OF FLOW OF THE CARBONATED LIQUID IS IN VORCRITICAL OF 

AREA OF HETEROGENEOUS SYSTEMS 

V. Savich 

Odesa National Polytechnic University,  

1 Shevchenko Str., Odesa, 65044, Ukraine; e-mail: savichsp@gmail.com 

The mathematical model of embryo creation offers for the phase transition of the system 

«РКs ― ПТХЭОr-passing liquid» taking into account dependence of surface-tension on the 

radius of curvature of surface of break and electric charge. Behavior of the carbonated 

liquid is investigational in a vorcritical area and educed zone of pseudoplastic (anomalous) 

and dilatant (near to newtonian) flows, and also terms filtrations resulting in the indicated 

forms of flows. 
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