
 

Ʌɟɤɰɢɹ 1 

ɊȺɋɑȿɌ ȼȿɊɏɇȿȽɈ ɋɌɊɈȿɇɂə ɉɍɌɂ ɇȺ ɉɊɈɑɇɈɋɌɖ 

ɉɥɚɧ ɥɟɤɰɢɢ: 

1.1.  Кɪɚɬɤɚɹ ɢɫɬɨɪɢɹ ɪɚɡɜɢɬɢɹ ɬɟɨɪɢɢ ɪɚɫɱɟɬɨɜ ɩɭɬɢ ɧɚ ɩɪɨɱɧɨɫɬɶ. 
1.2.  Цɟɥɢ ɪɚɫɱɟɬɨɜ. 
1.3.  ɉɪɟɞɩɨɫɵɥɤɢ ɢ ɞɨɩɭɳɟɧɢɹ ɩɪɢ ɪɚɫɱɟɬɚɯ. 
1.4.  ɍɩɪɭɝɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɭɬɢ. 
 

1.1. Ʉɪɚɬɤɚɹ ɢɫɬɨɪɢɹ ɪɚɡɜɢɬɢɹ ɬɟɨɪɢɢ ɪɚɫɱɟɬɨɜ ɩɭɬɢ 

ɧɚ ɩɪɨɱɧɨɫɬɶ 

Ɍɟɨɪɢɹ ɪɚɫɱɟɬɨɜ ɩɭɬɢ ɧɚ ɩɪɨɱɧɨɫɬɶ ɢɫɬɨɪɢɱɟɫɤɢ ɪɚɡɜɢɜɚɥɚɫɶ ɜ ɞɜɭɯ 
ɧɚɩɪɚɜɥɟɧɢɹɯ: 

1) ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɥɚɫɶ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ; 
2) ɭɥɭɱɲɚɥɚɫɶ ɦɟɬɨɞɢɤɚ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɪɚɫɱɟɬɚ. 
ȼ 1831 ɝ. ɢɧɠɟɧɟɪ ɉ.ɉ. Ɇɟɥɶɧɢɤɨɜ ɤɧɢɝɨɣ «Ɉ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝɚɯ» ɞɟ-

ɥɚɟɬ ɩɟɪɜɵɣ ɲɚɝ ɩɨ ɪɚɫɱɟɬɭ ɩɭɬɢ ɧɚ ɩɪɨɱɧɨɫɬɶ – ɪɚɫɫɱɢɬɵɜɚɟɬ ɪɟɥɶɫ ɤɚɤ 
ɛɚɥɤɭ, ɥɟɠɚɳɭɸ ɧɚ ɞɜɭɯ ɠɟɫɬɤɢɯ ɨɩɨɪɚɯ ɢ ɡɚɝɪɭɠɟɧɧɭɸ ɜɟɪɬɢɤɚɥɶɧɨɣ 
ɧɚɝɪɭɡɤɨɣ. Ɍɨ ɟɫɬɶ ɢɫɩɨɥɶɡɨɜɚɥ ɡɚɤɨɧɵ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ. 

ȼ 1888 ɝ. ɧɟɦɟɰɤɢɣ ɭɱɟɧɵɣ ɐɢɦɦɟɪɦɚɧ ɭɫɥɨɠɧɹɟɬ ɫɯɟɦɭ, ɪɚɫɫɦɚɬɪɢ-
ɜɚɹ ɪɟɥɶɫ ɤɚɤ ɧɟɪɚɡɪɟɡɧɭɸ ɛɚɥɤɭ, ɥɟɠɚɳɭɸ ɧɚ ɱɟɬɵɪɟɯ ɭɩɪɭɝɢɯ ɨɩɨɪɚɯ. 

ȼ 1903–1906 ɝɝ. ɚɤɚɞɟɦɢɤ ɇ.ɉ. ɉɟɬɪɨɜ ɩɪɢɧɢɦɚɟɬ ɜ ɪɚɫɱɟɬɚɯ ɪɟɥɶɫ ɭɠɟ 
ɜ ɜɢɞɟ ɛɚɥɤɢ ɛɟɫɤɨɧɟɱɧɨɣ ɞɥɢɧɵ, ɥɟɠɚɳɟɣ ɧɚ ɦɧɨɠɟɫɬɜɟ ɬɨɱɟɱɧɵɯ ɭɩɪɭ-
ɝɢɯ ɨɩɨɪ ɢɥɢ ɤɚɤ ɧɚ ɫɩɥɨɲɧɨɦ ɭɩɪɭɝɨɦ ɨɫɧɨɜɚɧɢɢ. ɗɬɚ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɢ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɩɭɬɢ ɧɚ ɩɪɨɱɧɨɫɬɶ. 

ɉɟɪɜɨɣ ɤɧɢɝɨɣ ɩɨ ɫɥɨɠɧɟɣɲɢɦ ɜɨɩɪɨɫɚɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɭɬɢ ɢ ɩɨɞ-
ɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɹɜɥɹɟɬɫɹ ɪɚɛɨɬɚ ɇ.ɉ. ɉɟɬɪɨɜɚ, ɨɩɭɛɥɢɤɨɜɚɧɧɚɹ ɢɦ ɜ 
1915 ɝ., «Ⱦɚɜɥɟɧɢɟ ɤɨɥɟɫɚ ɧɚ ɪɟɥɶɫɵ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ, ɩɪɨɱɧɨɫɬɶ ɪɟɥɶ-
ɫɨɜ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɭɬɢ», ɜ ɤɨɬɨɪɨɣ ɨɧ ɡɚɤɪɟɩɥɹɟɬ ɩɪɢɨɪɢɬɟɬ ɪɭɫɫɤɢɯ 
ɭɱɟɧɵɯ ɜ ɪɚɡɜɢɬɢɢ ɬɪɚɧɫɩɨɪɬɧɨɣ ɧɚɭɤɢ. ȼ 1914 ɝ. ɧɚ ɛɚɡɟ ɪɚɛɨɬ 
ɇ.ɉ. ɉɟɬɪɨɜɚ, Ⱥ.Ⱥ. ȼɚɫɸɬɧɢɧɫɤɨɝɨ, Ⱥ.Ⱥ. ɏɨɥɨɞɟɰɤɨɝɨ, Ʉ.ɘ. ɐɟɝɥɢɧɫɤɨɝɨ ɢ 
ɞɪɭɝɢɯ ɭɱɟɧɵɯ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɩɟɪɜɚɹ ɂɧɫɬɪɭɤɰɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ 
ɧɚɝɪɭɡɨɤ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɣ ɩɭɬɶ ɢ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ ɜ ɡɚ-
ɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɜɟɪɯɧɟɝɨ ɫɬɪɨɟɧɢɹ ɩɭɬɢ. 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɷɬɚ ɢɧɫɬɪɭɤɰɢɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɥɚɫɶ ɢ ɩɟɪɟɢɡɞɚɜɚɥɚɫɶ: 
1925 ɝ. 
1931 ɝ. 
1936 ɝ. 
1941 ɝ. 

ɪɚɫɱɟɬɵ ɩɨ ɡɚɤɨɧɚɦ ɫɬɪɨɢɬɟɥɶɧɨɣ ɢ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ;

 
1954 ɝ. 
1972–1976 ɝɝ. 

ɪɚɫɱɟɬɵ ɩɨ ɡɚɤɨɧɚɦ ɫɬɪɨɢɬɟɥɶɧɨɣ ɢ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɟ-
ɯɚɧɢɤɢ + ɩɨ ɡɚɤɨɧɚɦ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɟɣ. 
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ȼ 1923 ɝ. ɩɪɨɮɟɫɫɨɪ Ⱥ.Ɇ. Ƚɨɞɵɰɤɢɣ-ɐɜɢɪɤɨ (ɅɂɂɀɌΨ ɢɡɞɚɟɬ ɮɭɧɞɚ-
ɦɟɧɬɚɥɶɧɭɸ ɞɥɹ ɬɨɝɨ ɜɪɟɦɟɧɢ ɦɨɧɨɝɪɚɮɢɸ «ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɭɬɢ ɢ 
ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ», ɝɥɚɜɧɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɹ ɜɨɩɪɨɫɚɦ ɪɚɫɱɟɬɚ ɞɢ-
ɧɚɦɢɱɟɫɤɢɯ ɫɢɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. 

ȼ 1933 ɝ. ɜɵɯɨɞɢɬ ɜ ɫɜɟɬ ɧɚ ɪɭɫɫɤɨɦ ɹɡɵɤɟ ɦɨɧɨɝɪɚɮɢɹ ɮɪɚɧɰɭɡɫɤɨɝɨ 
ɭɱɟɧɨɝɨ Ƚ. Ɇɚɪɶɟ, ɩɨɫɜɹɳɟɧɧɚɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɩɭɬɢ ɢ ɩɨɞɜɢɠɧɨɝɨ ɫɨ-
ɫɬɚɜɚ ɫ ɞɟɬɚɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨɞɜɢɠ-
ɧɨɝɨ ɫɨɫɬɚɜɚ. 

ȼ 1956 ɝ. ɢɡɞɚɧ ɨɛɨɛɳɚɸɳɢɣ ɬɪɭɞ ɩɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɩɭɬɢ ɢ ɩɨɞ-
ɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɩɪɚɤɬɢɱɟɫɤɨɦɭ ɦɟɬɨɞɭ ɪɚɫɱɟɬɚ ɩɭɬɢ ɧɚ ɩɪɨɱɧɨɫɬɶ 
ɤɨɥɥɟɤɬɢɜɨɦ ɚɜɬɨɪɨɜ: Ɇ.Ɏ. ȼɟɪɢɝɨ, ȼ.ɇ. Ⱦɚɧɢɥɨɜɚ, ȿ.Ɇ. Ȼɪɨɦɛɟɪɝɚ ɢ 
Ɇ.Ⱥ. Ɏɪɢɲɦɚɧɚ «ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɭɬɢ ɢ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ». ȼɟɪɨɹɬ-
ɧɨɫɬɧɵɣ ɚɧɚɥɢɡ ɨɬɞɟɥɶɧɵɯ ɫɢɥ ɢ ɦɟɬɨɞ ɤɨɦɩɨɡɢɰɢɢ ɢɯ ɪɟɡɭɥɶɬɢɪɭɟɳɟɝɨ 
ɞɟɣɫɬɜɢɹ ɪɚɡɪɚɛɨɬɚɧɵ Ɇ.Ɏ. ȼɟɪɢɝɨ. ȼ 1972 ɝ. ɧɚ ɛɚɡɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɯ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɦ ɪɚɡɪɚɛɨɬɚɧɵ ɩɪɟɞɥɨɠɟɧɢɹ ɩɨ 
ɤɨɪɪɟɤɬɢɪɨɜɤɟ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɪɚɫɱɟɬɚ ɩɭɬɢ ɧɚ ɩɪɨɱɧɨɫɬɶ. 

ȼ 1986 ɝ. ɢɡɞɚɬɟɥɶɫɬɜɨɦ «Ɍɪɚɧɫɩɨɪɬ» ɜɵɩɭɳɟɧɨ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɟ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɮɟɫɫɨɪɨɜ Ɇ.Ɏ. ȼɟɪɢɝɨ ɢ Ⱥ.ə. Ʉɨɝɚɧɚ «ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɩɭɬɢ ɢ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ», ɜ ɤɨɬɨɪɨɦ ɢɡɥɚɝɚɸɬɫɹ ɫɨɜɪɟɦɟɧɧɵɟ ɜɡɝɥɹ-
ɞɵ ɧɚ ɷɬɭ ɩɪɨɛɥɟɦɭ ɢ ɞɜɚ ɦɟɬɨɞɚ ɪɚɫɱɟɬɚ ɩɭɬɢ ɧɚ ɩɪɨɱɧɨɫɬɶ – ɩɪɚɤɬɢɱɟ-
ɫɤɢɣ (ɢɧɠɟɧɟɪɧɵɣΨ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɣ ɧɚ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝɚɯ ɫɬɪɚɧɵ 
ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨɟɡɞɨɜ ɫɨ ɫɤɨɪɨɫɬɶɸ ɞɨ 100–120 ɤɦ/ɱ, ɢ ɧɨɜɵɣ, ɛɨɥɟɟ ɫɨ-
ɜɟɪɲɟɧɧɵɣ ɦɟɬɨɞ – ɦɟɬɨɞ ɜ ɩɨɥɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ, ɩɨɡɜɨɥɹɸɳɢɣ 
ɢɫɫɥɟɞɨɜɚɬɶ ɫɢɥɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɭɬɢ ɢ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɢ ɥɸ-
ɛɵɯ ɪɟɚɥɶɧɵɯ ɫɤɨɪɨɫɬɹɯ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɜɪɟ-
ɦɟɧɧɵɯ, ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɯ ɗȼɆ. 

Ȼɨɥɶɲɨɣ ɜɤɥɚɞ ɜ ɬɟɨɪɢɸ ɢ ɨɩɵɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɧɟɫɥɢ ɭɱɟɧɵɟ 
ȼɇɂɂɀɌɚ, ɆɂɂɌɚ, ɅɂɂɀɌɚ, ȾɂɂɌɚ ɢ ɞɪɭɝɢɯ ɨɪɝɚɧɢɡɚɰɢɣ, ɬɚɤɢɟ ɤɚɤ 
Ɇ.Ɏ. ȼɟɪɢɝɨ, Ƚ.Ɇ. ɒɚɯɭɧɹɧɰ, Ɇ.Ⱥ. Ɏɪɢɲɦɚɧ, Ɇ.Ⱥ. ɑɟɪɧɵɲɟɜ, Ɇ.ɉ. ɋɦɢɪ-
ɧɨɜ, ȼ.Ɏ. əɤɨɜɥɟɜ, Ⱥ.ə. Ʉɨɝɚɧ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ. 

 
1.2. ɐɟɥɢ ɪɚɫɱɟɬɨɜ 

1. Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ ɜɟɪɯɧɟɝɨ ɫɬɪɨɟɧɢɹ ɩɭɬɢ ɩɪɢ 
ɡɚɞɚɧɧɵɯ ɬɢɩɟ ɜɟɪɯɧɟɝɨ ɫɬɪɨɟɧɢɹ ɩɭɬɢ ɢ ɩɨɞɜɢɠɧɨɣ ɧɚɝɪɭɡɤɟ, ɫɤɨɪɨɫɬɢ 
ɞɜɢɠɟɧɢɹ, ɩɥɚɧɟ ɢ ɩɪɨɮɢɥɟ ɩɭɬɢ: 

ɤ
ɪ  – ɨɛɳɢɟ ɤɪɨɦɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɨɞɨɲɜɟ ɨɬ ɢɡɝɢɛɚ ɢ ɤɪɭɱɟɧɢɹ 

ɪɟɥɶɫɚ, Ɇɉɚ; 
ɲ  – ɧɚɩɪɹɠɟɧɢɹ ɩɨɞ ɩɨɞɤɥɚɞɤɨɣ ɧɚ ɲɩɚɥɚɯ, Ɇɉɚ; 

ɛ  – ɧɚɩɪɹɠɟɧɢɹ ɜ ɛɚɥɥɚɫɬɟ ɧɚ ɭɪɨɜɧɟ ɧɢɠɧɟɣ ɩɨɫɬɟɥɢ ɲɩɚɥɵ ɜ 
ɩɨɞɪɟɥɶɫɨɜɨɦ ɫɟɱɟɧɢɢ, Ɇɉɚ; 

а

а
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h  – ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɨɫɧɨɜɧɨɣ ɩɥɨɳɚɞɤɟ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ, ɤɉɚ. 
2. Ɉɩɪɟɞɟɥɟɧɢɟ ɞɨɩɭɫɤɚɟɦɵɯ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɷɤɢɩɚɠɟɣ ɩɨ ɭɫɥɨ-

ɜɢɹɦ ɩɪɨɱɧɨɫɬɢ ɩɭɬɢ ɞɨɩV , ɤɦ/ɱ. 
3. ɉɨɥɭɱɟɧɢɟ ɧɚɢɦɟɧɶɲɟɣ ɦɨɳɧɨɫɬɢ ɩɭɬɢ ɞɥɹ ɡɚɞɚɧɧɵɯ ɭɫɥɨɜɢɣ ɷɤɫ-

ɩɥɭɚɬɚɰɢɢ ɨɫɊ , V, T  ɢ ɬ. ɞ. 
4. ɉɨɥɭɱɟɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ 

ɧɚ ɭɤɥɚɞɤɭ ɛɟɫɫɬɵɤɨɜɨɝɨ ɩɭɬɢ ɢ ɜɵɩɨɥɧɟɧɢɹ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɚɫ-
ɱɟɬɨɜ. 

 

1.3. ɉɪɟɞɩɨɫɵɥɤɢ ɢ ɞɨɩɭɳɟɧɢɹ ɩɪɢ ɪɚɫɱɟɬɚɯ 

1. Ɋɟɥɶɫ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɛɚɥɤɚ ɩɨɫɬɨɹɧɧɨɝɨ ɫɟɱɟɧɢɹ ɛɟɫɤɨɧɟɱɧɨɣ 
ɞɥɢɧɵ, ɥɟɠɚɳɚɹ ɧɚ ɫɩɥɨɲɧɨɦ ɭɩɪɭɝɨɦ ɨɞɧɨɪɨɞɧɨɦ ɨɫɧɨɜɚɧɢɢ (ɪɢɫ. 1.1, ɚ) 
ɢɥɢ ɤɚɤ ɛɚɥɤɚ ɧɚ ɦɧɨɠɟɫɬɜɟ ɬɨɱɟɱɧɵɯ ɭɩɪɭɝɢɯ ɨɩɨɪ (ɪɢɫ. 1.1, ɛ). Ɏɚɤɬɢɱɟ-
ɫɤɢ ɩɭɬɶ ɢɦɟɟɬ ɭɩɪɭɝɨɩɪɟɪɵɜɢɫɬɨɟ ɨɫɧɨɜɚɧɢɟ (ɪɢɫ. 1.1, ɜΨ. Ɂɚɦɟɧɚ ɮɚɤ-
ɬɢɱɟɫɤɨɣ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɧɚ ɩɟɪɜɭɸ ɞɚɟɬ ɪɚɡɧɢɰɭ ɜ ɜɟɥɢɱɢɧɚɯ ɧɚɩɪɹ-
ɠɟɧɢɣ ɜ ɪɟɥɶɫɚɯ ɧɚ 2–4%, ɧɚ ɜɬɨɪɭɸ – ɧɚ 5–7%. 
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ɜ
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Ɋɢɫ. 1.1. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɪɟɥɶɫɚ 

 
2. Ɋɟɥɶɫɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ: 
 ɧɟɨɫɥɚɛɥɟɧɧɵɟ ɛɨɥɬɨɜɵɦɢ ɨɬɜɟɪɫɬɢɹɦɢ; 
 ɪɚɫɱɟɬɧɨɟ ɫɟɱɟɧɢɟ ɛɟɪɟɬɫɹ ɧɚ ɭɞɚɥɟɧɢɢ ɨɬ ɫɬɵɤɚ ɧɚ 3,5 ɦ ɢ ɛɨɥɟɟ; 
 ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɩɨɞɭɤɥɨɧɤɚ ɪɟɥɶɫɨɜ; 

 ɨɛɚ ɪɟɥɶɫɚ ɫɱɢɬɚɸɬɫɹ ɪɚɜɧɨɡɚɝɪɭɠɟɧɧɵɦɢ 
(ɪɢɫ. 1.2Ψ. 

Ɋɚɫɫɱɢɬɵɜɚɸɬ ɬɨɥɶɤɨ ɨɞɢɧ ɪɟɥɶɫ, ɡɚɞɚɱɚ ɭɩ-
ɪɨɳɚɟɬɫɹ: ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɧɟ ɤɨɥɟɫɧɭɸ ɩɚɪɭ ɢ ɬɟ-
ɥɟɠɤɭ ɜ ɰɟɥɨɦ, ɚ ɤɨɥɟɫɨ ɢ ɜɫɟ ɧɚɝɪɭɡɤɢ ɩɪɢɜɨɞɹɬ ɤ 
ɷɬɨɦɭ ɤɨɥɟɫɭ. 

Ɋ1  =  Ɋ2

 
 

Ɋɢɫ. 1.2. ȼɟɪɬɢɤɚɥɶɧɵɟ  
ɧɚɝɪɭɡɤɢ ɧɚ ɪɟɥɶɫɵ 
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3. ɉɪɢɧɹɬɚ ɝɢɩɨɬɟɡɚ ɨ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɩɪɨɝɢɛɚɦɢ ɢ ɧɚ-
ɝɪɭɡɤɚɦɢ (ɪɢɫ. 1.3Ψ. 

q y

Ɋ y

Ɋ, ɤɇ

y = f(Ɋ)

ɪɟɚɥɶɧɚɹ ɬɟɨɪɟɬɢɱɟɫɤɚɹ
ɚ ɛ

 

Ɋɢɫ. 1.3. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɪɟɥɶɫɚ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɢɥɨɣ (ɚΨ ɢ 
ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɝɢɛɚ ɨɬ ɧɚɝɪɭɡɤɢ (ɛ) 

 
4. Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ ɧɚ ɜɟɪɬɢɤɚɥɶɧɵɟ ɫɢɥɵ, ɭɱɟɬ ɞɟɣɫɬɜɢɹ ɝɨɪɢɡɨɧ-

ɬɚɥɶɧɵɯ ɩɨɩɟɪɟɱɧɵɯ ɫɢɥ, ɜɥɢɹɧɢɹ ɜɧɟɰɟɧɬɪɟɧɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ ɜɟɪɬɢ-
ɤɚɥɶɧɵɯ ɫɢɥ ɢ ɩɨɞɭɤɥɨɧɤɢ ɪɟɥɶɫɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ f , 
ɩɨɥɭɱɟɧɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 

 
max max
ɧɤ ɜɤ

ɧɤ ɜɤ

( )
f

0,5( )
, (1.1) 

ɝɞɟ max max
ɧɤ ɜɤ,  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɤɫɢɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɧɚɪɭɠ-

ɧɟɣ, ɜɧɭɬɪɟɧɧɟɣ ɤɪɨɦɤɚɦ ɩɨɞɨɲɜɵ ɪɟɥɶɫɚ; ɧɤ ɜɤ0,5( ) – ɨɫɟɜɵɟ ɧɚ-
ɩɪɹɠɟɧɢɹ ɜ ɩɨɞɨɲɜɟ ɪɟɥɶɫɚ. 

5. Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ ɫɬɚɬɢɤɢ ( V 0 Ψ, ɩɪɢ ɞɟɣɫɬɜɢɢ ɫɢɫɬɟɦɵ 
ɧɚɝɪɭɡɨɤ ɩɪɢɧɢɦɚɟɬɫɹ ɡɚɤɨɧ ɧɟɡɚɜɢɫɢɦɨɫɬɢ ɞɟɣɫɬɜɢɹ ɫɢɥ; ɩɟɪɟɦɟɧɧɵɟ 
ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɥɵ ɨɬ ɪɚɫɱɟɬɧɨɝɨ ɤɨɥɟɫɚ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɢɯ ɦɚɤɫɢɦɚɥɶɧɨ 
ɜɟɪɨɹɬɧɨɦ ɡɧɚɱɟɧɢɢ, ɨɬ ɨɫɬɚɥɶɧɵɯ ɤɨɥɟɫ – ɜ ɢɯ ɫɪɟɞɧɟɦ ɡɧɚɱɟɧɢɢ. 

6. Ʉɨɥɟɫɚ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɢ ɞɜɢɠɟɧɢɢ ɧɟ ɨɬɪɵɜɚɸɬɫɹ ɨɬ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɤɚɬɚɧɢɹ ɪɟɥɶɫɚ (ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɛɟɡɭɞɚɪɧɨɟ ɞɜɢɠɟɧɢɟΨ. 

7. Ɋɟɥɶɫ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɧɚɩɪɹɠɟɧɢɹɦ ɢɡɝɢɛɚ; ɤɨɧɬɚɤɬɧɵɟ, ɧɚɩɪɹ-
ɠɟɧɢɹ ɩɨɞ ɝɨɥɨɜɤɨɣ ɢ ɞɪɭɝɢɟ ɦɟɫɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ. 

8. ɋɨɛɫɬɜɟɧɧɵɦ ɜɟɫɨɦ ɷɥɟɦɟɧɬɨɜ ɜɟɪɯɧɟɝɨ ɫɬɪɨɟɧɢɹ ɩɭɬɢ ɩɪɟɧɟɛɪɟ-
ɝɚɸɬ. 

9. ɉɭɬɶ ɢ ɩɨɞɜɢɠɧɨɣ ɫɨɫɬɚɜ ɧɚɯɨɞɹɬɫɹ ɜ ɢɫɩɪɚɜɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɨɬɜɟ-
ɱɚɸɳɟɦ ɬɪɟɛɨɜɚɧɢɹɦ ɉɌɗ. 

10. Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ ɩɨ ɱɟɬɵɪɟɦ ɨɰɟɧɨɱɧɵɦ ɤɪɢɬɟɪɢɹɦ ɩɪɨɱɧɨɫɬɢ ɩɭɬɢ 
(ɞɨɩɭɫɤɚɟɦɵɦ ɧɚɩɪɹɠɟɧɢɹɦΨ ɢɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɟɝɨ ɧɚɞɟɠɧɨɫɬɢ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ ɩɭɬɟɣ: 

 [ ɤ] – ɢɡ ɭɫɥɨɜɢɹ ɧɟɩɪɟɜɵɲɟɧɢɹ ɞɨɩɭɫɤɚɟɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɬɤɚɡɨɜ 
ɪɟɥɶɫɨɜ ɡɚ ɩɟɪɢɨɞ ɧɨɪɦɚɬɢɜɧɨɣ ɧɚɪɚɛɨɬɤɢ; 

 [ ɲ] – ɢɡ ɭɫɥɨɜɢɹ ɧɟɩɪɟɜɵɲɟɧɢɹ ɞɨɩɭɫɤɚɟɦɨɝɨ ɢɡɧɨɫɚ ɲɩɚɥ ɢ ɩɪɨ-
ɤɥɚɞɨɤ ɩɨɞ ɩɨɞɤɥɚɞɤɚɦɢ ɡɚ ɩɟɪɢɨɞ ɧɨɪɦɚɬɢɜɧɨɣ ɧɚɪɚɛɨɬɤɢ; 
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 [ ɛ] ɢ [ ɡ] – ɢɡ ɭɫɥɨɜɢɹ ɧɟɩɪɟɜɵɲɟɧɢɹ ɞɨɩɭɫɤɚɟɦɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɧɚɤɨɩɥɟɧɢɹ ɨɫɬɚɬɨɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɛɚɥɥɚɫɬɟ ɢ ɧɚ 
ɨɫɧɨɜɧɨɣ ɩɥɨɳɚɞɤɟ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ. 
 ȼ ɬɟɨɪɢɢ ɧɚɞɟɠɧɨɫɬɢ ɩɨɞ ɨɬɤɚɡɨɦ ɩɨɧɢɦɚɟɬɫɹ ɫɨɛɵɬɢɟ, ɡɚɤɥɸɱɚɸ-
ɳɟɟɫɹ ɜ ɧɚɪɭɲɟɧɢɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. ɉɪɢ ɩɨɥɧɨɦ ɨɬɤɚɡɟ ɨɛɴɟɤɬ ɩɟ-
ɪɟɫɬɚɟɬ ɜɵɩɨɥɧɹɬɶ ɜɫɟ ɮɭɧɤɰɢɢ. Ɍɚɤ, ɢɡɥɨɦ ɪɟɥɶɫɚ ɩɪɢɜɨɞɢɬ ɤ ɨɫɬɚɧɨɜ-
ɤɟ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ, ɬ. ɟ. ɤ ɩɨɥɧɨɦɭ ɨɬɤɚɡɭ. ɉɪɢ ɱɚɫɬɢɱɧɨɦ ɨɬɤɚɡɟ ɢɡ-
ɞɟɥɢɟ ɩɟɪɟɫɬɚɟɬ ɜɵɩɨɥɧɹɬɶ ɤɚɤɭɸ-ɥɢɛɨ ɨɞɧɭ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɮɭɧɤɰɢɣ ɢɥɢ 
ɜɵɩɨɥɧɹɟɬ ɫɜɨɢ ɮɭɧɤɰɢɢ, ɧɨ ɫ ɩɨɧɢɠɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ (ɩɪɨɩɭɫɤ ɩɨ-
ɟɡɞɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɧɢɠɟɧɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ ɞɜɢɠɟɧɢɹΨ. 

ɇɚɪɚɛɨɬɤɨɣ ɧɚɡɵɜɚɟɬɫɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɥɢ ɨɛɴɟɦ ɪɚɛɨɬɵ ɨɛɴ-
ɟɤɬɚ. Ⱦɥɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɩɭɬɢ – ɷɬɨ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɩɭɳɟɧɧɨɝɨ ɬɨɧ-
ɧɚɠɚ ɜ ɦɢɥɥɢɨɧɚɯ ɬɨɧɧ ɛɪɭɬɬɨ. 

 

1.4. ɍɩɪɭɝɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɭɬɢ 

1.4.1. ɀɟɫɬɤɨɫɬɶ ɪɟɥɶɫɨɜɵɯ ɨɩɨɪ ɀɨ 

Ɋɟɥɶɫ ɨɛɵɱɧɨ ɨɩɢɪɚɟɬɫɹ ɧɚ ɨɬɞɟɥɶɧɵɟ ɨɩɨɪɵ. Ɂɚɩɢɲɟɦ ɭɫɥɨɜɢɟ 
ɪɚɜɧɨɜɟɫɢɹ ɞɟɪɟɜɹɧɧɨɣ (ɪɢɫ. 1.4, ɚΨ ɢ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ (ɪɢɫ. 1.4, ɛΨ ɲɩɚ-

ɥɵ ɩɪɢ ɟɟ ɫɩɥɨɲɧɨɦ ɨɩɢɪɚɧɢɢ ɧɚ 
ɭɩɪɭɝɨɟ ɨɫɧɨɜɚɧɢɟ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 
ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɢɥɵ ɨɬ ɤɚɠɞɨɣ ɪɟɥɶ-
ɫɨɜɨɣ ɧɢɬɢ 

 

2Q = a  b  C  yɫɪ,    (1.2) 

ɝɞɟ a, b – ɞɥɢɧɚ ɢ ɲɢɪɢɧɚ ɲɩɚɥɵ,  
ɦ; ɋ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɫɬɟɥɢ ɲɩɚ-
ɥɵ   (ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɝɨ ɫɠɚɬɢɹ 
ɩɨɞɲɩɚɥɶɧɨɝɨ ɨɫɧɨɜɚɧɢɹΨ, ɇ/ɦ3 

(ɋ = 100 120 ɇ/ɦ3 ɩɪɢ ɞɟɪɟɜɹɧɧɵɯ 
ɲɩɚɥɚɯ ɧɚ ɝɪɚɜɢɣɧɨɦ ɢ ɳɟɛɟɧɨɱɧɨɦ 
ɛɚɥɥɚɫɬɟ ɥɟɬɨɦ; ɋ = 1000 1500 ɇ/ɦ3  

ɞɥɹ ɫɤɚɥɶɧɨɝɨ ɝɪɭɧɬɚ; ɋ = 10 200 ɇ/ɦ3 
ɞɥɹ ɩɥɨɬɧɨɣ ɝɥɢɧɵΨ; yɫɪ  – ɫɪɟɞɧɹɹ 
ɭɩɪɭɝɚɹ ɨɫɚɞɤɚ ɲɩɚɥɵ. 

Ɉɬɧɨɲɟɧɢɟ ɫɪɟɞɧɟɣ ɩɪɨɫɚɞɤɢ 
ɲɩɚɥɵ yɫɪ ɤ ɩɪɨɫɚɞɤɟ ɜ ɩɨɞɪɟɥɶɫɨ-
ɜɨɦ ɫɟɱɟɧɢɢ yɪ ɨɛɨɡɧɚɱɢɦ ɤɚɤ ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɩɪɨɫɚɞɤɢ ɨɩɨɪɵ ɜ ɩɨɞɪɟɥɶɫɨɜɨɦ ɫɟɱɟɧɢɢ ɪ 
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Ɋɢɫ. 1.4. ɗɩɸɪɚ ɩɪɨɫɚɞɤɢ ɲɩɚɥɵ:  
ɚ – ɞɟɪɟɜɹɧɧɨɣ; ɛ – ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ 
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Ɂɧɚɱɟɧɢɹ ɪ ɥɟɬɨɦ ɩɪɢ ɞɟɪɟɜɹɧɧɵɯ ɲɩɚɥɚɯ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 
0,72÷0,86, ɩɪɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ – 0,85÷0,88 Д7Ж ɢ ɦɨɠɟɬ ɞɨɯɨɞɢɬɶ ɞɨ 
1,0÷1,05 [8]. 

Ɍɨɝɞɚ 2Ɋ = К  b  C  ɪ  yɫɪ, ɨɬɤɭɞɚ pp yC
2

ba
P . 

ɉɨɞ ɠɟɫɬɤɨɫɬɶɸ ɨɩɨɪɵ ɩɨɧɢɦɚɟɬɫɹ ɫɢɥɚ, ɤɇ/ɦ, ɩɪɢɥɨɠɟɧɧɚɹ ɜ ɩɨɞ-
ɪɟɥɶɫɨɜɨɦ ɫɟɱɟɧɢɢ ɤ ɨɩɨɪɟ ɢ ɜɵɡɵɜɚɸɳɚɹ ɟɟ ɨɫɚɞɤɭ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ 

 
p

ɨ
y

Рɀ . (1.4) 

ɀɟɫɬɤɨɫɬɶ ɨɩɨɪ ɜ ɥɟɬɧɢɣ ɩɟɪɢɨɞ ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 90000 ɞɨ 
200000 ɇ/ɦ. Ɂɧɚɱɟɧɢɟ ɨɀ  ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɫ ɮɢɤɫɚɰɢɟɣ 
ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɢɥɵ ɧɚ ɨɩɨɪɭ ɢ ɟɟ ɩɪɨɫɚɞɤɢ. ɉɪɢ yp = 1 ɫɦ ɜɟɥɢɱɢɧɚ 

ɨɊ ɀ . 

 
1.4.2. Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɪɟɥɶɫɨɜɨɝɨ ɨɫɧɨɜɚɧɢɹ U 

 ɉɪɢ ɪɚɫɱɟɬɟ ɪɟɥɶɫɚ ɤɚɤ ɛɚɥɤɢ ɧɚ ɫɩɥɨɲɧɨɦ ɭɩɪɭɝɨɦ ɨɫɧɨɜɚɧɢɢ, ɞɥɹ 
ɬɨɝɨ ɱɬɨɛɵ ɜɵɡɜɚɬɶ ɩɪɨɫɚɞɤɭ ɨɫɧɨɜɚɧɢɹ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ (1 ɫɦΨ, ɜɦɟɫɬɨ 
ɫɢɥɵ ɨɀ  ɩɪɢɤɥɚɞɵɜɚɸɬ ɜɞɨɥɶ ɩɨ ɪɟɥɶɫɭ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɭɸ 
ɧɚɝɪɭɡɤɭ U, Ɇɉɚ (ɤɝɫ/ɫɦ2), ɤɨɬɨɪɚɹ ɜ ɫɭɦɦɟ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɪɚɫɫɬɨɹɧɢɹ 
ɦɟɠɞɭ ɨɫɹɦɢ ɲɩɚɥ   ɫɨɫɬɚɜɥɹɟɬ ɫɢɥɭ ɨɀ  

 p
ɨ C

2

baɀ
U


. (1.5) 

Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ – ɷɬɨ ɩɨɝɨɧɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ 1 ɫɦ 
ɛɚɥɤɢ, ɜɵɡɵɜɚɸɳɚɹ ɟɟ ɨɫɚɞɤɭ ɧɚ 1 ɫɦ. 

ɗɬɨ ɨɫɧɨɜɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɭɬɢ ɜ 
ɪɚɫɱɟɬɚɯ. ȼɟɥɢɱɢɧɚ U ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 
ɩɨ ɞɚɧɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜ ɧɚɬɭɪɧɵɯ 
ɭɫɥɨɜɢɹɯ. ɂɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 
ɫɩɨɫɨɛɵ. 

1. ɉɨ ɩɪɨɫɚɞɤɚɦ ɪɟɥɶɫɚ ɭ ɩɪɢ ɩɪɢ-
ɥɨɠɟɧɢɢ ɫɬɭɩɟɧɹɦɢ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɢɥɵ 

Ɋ  (ɪɢɫ. 1.5Ψ. 
ȼɟɥɢɱɢɧɚ ɩɪɨɫɚɞɤɢ ɪɟɥɶɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
U2

KP
y , (1.5) 

x

y

Ɋ

X

 
 

Ɋɢɫ. 1.5. ɋɯɟɦɚ ɩɪɨɝɢɛɚ ɪɟɥɶɫɚ  
ɩɨɞ ɨɞɢɧɨɱɧɨɣ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɢɥɨɣ 

а

• а • • а •

• а
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ɝɞɟ K – ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɪɟɥɶɫɚ ɢ ɪɟɥɶɫɨɜɨɝɨ ɨɫ-
ɧɨɜɚɧɢɹ, ɫɦ-1, 

 4

EJ4

U
K , (1.6) 

ɝɞɟ ȿ – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɪɟɥɶɫɨɜɨɣ ɫɬɚɥɢ, 5ȿ 2,1 10  Ɇɉɚ; J – ɦɨɦɟɧɬ 
ɢɧɟɪɰɢɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɪɟɥɶɫɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ, 
ɞɥɹ ɪɟɥɶɫɚ ɬɢɩɚ Ɋ65 J 3208  ɫɦ4. 

ɉɨɞɫɬɚɜɥɹɹ ɜɵɪɚɠɟɧɢɟ (1.6Ψ ɜ (1.5Ψ ɢ ɭɱɢɬɵɜɚɹ ɩɪɢɪɚɳɟɧɢɟ ɩɪɨɫɚɞɤɢ 
ɪɟɥɶɫɚ ɭ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɢɥɵ Ɋ , ɩɨɥɭɱɢɦ ɪɚɫɱɟɬɧɭɸ 
ɮɨɪɦɭɥɭ 

 
3

3/4

EJ64

1

y

P
U . (1.7) 

2. ɉɨ ɞɥɢɧɟ ɩɪɨɫɚɞɤɢ ɪɟɥɶɫɚ. ɉɨɥɨɜɢɧɚ ɞɥɢɧɵ ɩɪɨɫɚɞɤɢ ɪɟɥɶɫɚ ɯ 
(ɪɢɫ. 1.5Ψ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 
K4

3
x . (1.8) 

ɉɨɞɫɬɚɜɥɹɹ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ K (1.6Ψ ɜ (1.8Ψ, ɩɨɥɭɱɢɦ ɪɚɫ-
ɱɟɬɧɭɸ ɮɨɪɦɭɥɭ 

 
4

4

x64

JE81
U . (1.9) 

ȼ ɞɚɧɧɨɦ ɫɩɨɫɨɛɟ ɨɱɟɧɶ ɜɚɠɧɨ ɬɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɯ, ɬɚɤ ɤɚɤ 
ɷɬɚ ɜɟɥɢɱɢɧɚ ɜɨɡɜɨɞɢɬɫɹ ɜ ɱɟɬɜɟɪɬɭɸ ɫɬɟɩɟɧɶ ɢ ɥɸɛɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɫɭ-
ɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ U. 

3. ɉɨ ɧɚɩɪɹɠɟɧɢɹɦ ɜ ɩɨɞɨɲɜɟ ɪɟɥɶɫɚ. Ɉɫɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɤɪɨɦɤɟ 
ɩɨɞɨɲɜɵ ɪɟɥɶɫɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 ɧ ɜ
ɨ

2
, (1.10) 

ɝɞɟ ɧ ɜ,  – ɢɡɦɟɪɟɧɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɤɪɨɦɤɚɯ ɩɨɞɨɲɜɵ ɪɟɥɶɫɚ ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ ɫ ɜɧɭɬɪɟɧɧɟɣ ɢ ɜɧɟɲɧɟɣ ɫɬɨɪɨɧɵ, Ɇɉɚ. 

ȼɟɪɬɢɤɚɥɶɧɚɹ ɫɢɥɚ, ɤɇ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 ɨɊ 4А K . (1.11) 

ɝɞɟ А – ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɪɟɥɶɫɚ, ɦ3. 
ɂɫɩɨɥɶɡɭɹ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɫɢɥɵ Ɋ ɢ ɡɚɦɟɪɟɧɧɵɟ ɩɪɨɫɚɞɤɢ ɪɟɥɶ-

ɫɚ, ɩɨ ɮɨɪɦɭɥɟ (1.7Ψ ɨɩɪɟɞɟɥɹɸɬ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɪɟɥɶɫɨɜɨɝɨ ɨɫɧɨɜɚ-

А А

Г а
VА

71

• • 71

о + а
а

а а

• а
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ɧɢɹ. Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɷɩɸɪɵ ɲɩɚɥ, ɦɚɬɟɪɢɚɥɚ ɢ ɫɨɫɬɨɹɧɢɹ 
ɲɩɚɥ, ɪɨɞɚ ɢ ɫɨɫɬɨɹɧɢɹ ɛɚɥɥɚɫɬɚ, ɜɢɞɚ ɢ ɫɨɫɬɨɹɧɢɹ ɝɪɭɧɬɨɜ ɡɟɦɥɹɧɨɝɨ 
ɩɨɥɨɬɧɚ, ɜɪɟɦɟɧɢ ɝɨɞɚ. 

ȼɟɥɢɱɢɧɚ U ɧɚ ɩɭɬɢ ɫ ɞɟɪɟɜɹɧɧɵɦɢ ɲɩɚɥɚɦɢ ɩɪɢɧɢɦɚɟɬɫɹ ɨɬ 16 ɞɨ 
29,5 Ɇɉɚ, ɧɚ ɩɭɬɢ ɫ ɠɟɥɟɡɨɛɟɬɨɧɧɵɦɢ ɲɩɚɥɚɦɢ – ɨɬ 100 ɞɨ 167 Ɇɉɚ Д2Ж. 
ȼ ɡɢɦɧɢɣ ɩɟɪɢɨɞ ɠɟɫɬɤɨɫɬɶ ɩɨɞɪɟɥɶɫɨɜɨɝɨ ɨɫɧɨɜɚɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, 
ɩɨɷɬɨɦɭ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜɟɥɢɱɢɧɭ U ɩɨɜɵɲɚɬɶ ɩɪɢɦɟɪɧɨ ɜ 2÷4 ɪɚɡɚ. 

ȼ ɫɭɪɨɜɵɯ ɩɪɢɪɨɞɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɝɥɭɛɨɤɨɦ ɫɟɡɨɧɧɨɦ 
ɩɪɨɦɟɪɡɚɧɢɢ-ɨɬɬɚɢɜɚɧɢɢ ɢ ɧɚɥɢɱɢɢ ɜɟɱɧɨɦɟɪɡɥɵɯ ɝɪɭɧɬɨɜ ɜ ɬɟɥɟ ɢ ɨɫɧɨ-
ɜɚɧɢɢ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ ɜɟɥɢɱɢɧɚ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɪɟɥɶɫɨɜɨɝɨ ɨɫɧɨɜɚ-
ɧɢɹ ɢɡɦɟɧɹɟɬɫɹ ɜ ɛɨɥɶɲɨɦ ɞɢɚɩɚɡɨɧɟ. Ɍɚɤ, ɩɨ ɞɚɧɧɵɦ ɢɡɦɟɪɟɧɢɣ 
ȾȼȽɍɉɋ, ɧɚ Ⱦɚɥɶɧɟɜɨɫɬɨɱɧɨɣ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɟ ɧɚ ɩɭɬɢ ɫ ɞɟɪɟɜɹɧɧɵɦɢ 
ɲɩɚɥɚɦɢ ɩɪɢ ɷɩɸɪɟ 2000 ɲɬ./ɤɦ ɜ ɩɟɪɢɨɞ ɩɪɨɬɚɢɜɚɧɢɹ ɛɚɥɥɚɫɬɚ ɢ ɝɪɭɧɬɨɜ 
ɧɚɫɵɩɢ ɜɟɥɢɱɢɧɚ U ɭɦɟɧɶɲɢɥɚɫɶ ɨɬ 152 ɞɨ 24 Ɇɉɚ (ɜ 6,3 ɪɚɡɚΨ Д9]. 

ɉɟɪɟɯɨɞ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɠɟɥɟɡɨɛɟɬɨɧɧɨɟ ɩɨɞɪɟɥɶɫɨɜɨɟ ɨɫɧɨ-
ɜɚɧɢɟ ɪɟɡɤɨ ɭɜɟɥɢɱɢɜɚɟɬ ɠɟɫɬɤɨɫɬɶ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɩɭɬɢ ɢ ɩɪɢɜɨɞɢɬ ɤ 
ɜɨɡɪɚɫɬɚɧɢɸ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ U. ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɚ-
ɤɨɝɨ ɩɭɬɢ ɧɟɨɛɯɨɞɢɦɨ ɫɬɪɟɦɢɬɶɫɹ ɤ ɨɩɬɢɦɚɥɶɧɨɣ ɭɩɪɭɝɨɫɬɢ ɩɭɬɢ ɫ 
U 50 100 Ɇɉɚ  [1, 8Ж ɡɚ ɫɱɟɬ ɭɤɥɚɞɤɢ ɤɚɱɟɫɬɜɟɧɧɵɯ ɩɪɨɤɥɚɞɨɤ ɩɨɜɵ-
ɲɟɧɧɨɣ ɭɩɪɭɝɨɫɬɢ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɫɤɪɟɩɥɟɧɢɢ, ɩɨɞ ɩɨɞɨɲɜɭ ɲɩɚɥ ɢɥɢ 
ɩɨɞ ɛɚɥɥɚɫɬɧɵɣ ɫɥɨɣ. 

 
1.4.3. Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɪɟɥɶɫɚ  

 ɢ ɩɨɞɪɟɥɶɫɨɜɨɝɨ ɨɫɧɨɜɚɧɢɹ K 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɪɟɥɶɫɚ ɢ ɩɨɞɪɟɥɶɫɨɜɨɝɨ ɨɫ-
ɧɨɜɚɧɢɹ K, ɫɦ-1 (ɦ-1Ψ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
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EJ4

U
K , (1.12) 

ɝɞɟ ȿ – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɪɟɥɶɫɨɜɨɣ ɫɬɚɥɢ, 6 2ȿ 2,1 10 ɤɝɫ /ɫɦ  

( 52,1 10 Ɇɉɚ ); J – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɪɟɥɶɫɚ, ɫɦ4. 

ȼ ɪɚɫɱɟɬɚɯ ɩɭɬɢ ɡɚɤɥɚɞɵɜɚɟɬɫɹ ɧɟ ɧɨɜɵɣ ɪɟɥɶɫ, ɚ ɪɟɥɶɫ ɫ  
ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ ɢɡɧɨɫɨɦ. Ⱦɥɹ ɨɛɵɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɭɬɢ 

1K 0,009 0,018 ɫɦ  [2]. 

 

1.4.4. ɀɟɫɬɤɨɫɬɶ ɩɭɬɢ β 

ɉɪɢ ɪɚɫɱɟɬɚɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɨɬ ɩɭɬɢ ɧɚ ɤɨɥɟɫɚ 
ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ, ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɹɜɥɹɟɬ-
ɫɹ ɠɟɫɬɤɨɫɬɶ ɩɭɬɢ. ɀɟɫɬɤɨɫɬɶ ɩɭɬɢ – ɷɬɨ ɫɢɥɚ, ɜɵɡɵɜɚɸɳɚɹ ɟɞɢɧɢɱɧɭɸ 
ɨɫɚɞɤɭ ɩɭɬɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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ɋ ɭɱɟɬɨɦ ɮɨɪɦɭɥɵ (1.12Ψ 
 

4 32 4EJ U ,     (1.14) 

 

ɝɞɟ EJ – ɢɡɝɢɛɧɚɹ ɠɟɫɬɤɨɫɬɶ ɪɟɥɶɫɚ, ɤɝɫ ɫɦ2. 
ɉɪɢ ɪɟɥɶɫɚɯ ɬɢɩɚ Ɋ65, ɳɟɛɟɧɨɱɧɨɦ ɛɚɥɥɚɫɬɟ ɧɚ ɞɟɪɟɜɹɧɧɵɯ ɲɩɚɥɚɯ 

ɜ ɩɪɹɦɵɯ ɭɱɚɫɬɤɚɯ ɩɭɬɢ 2U 270 ɤɝɫ /ɫɦ , ɚ ɧɚ ɩɭɬɢ ɫ ɠɟɥɟɡɨɛɟɬɨɧɧɵɦɢ 
ɲɩɚɥɚɦɢ 2U 1000 ɤɝɫ /ɫɦ  Д2Ж. ɀɟɫɬɤɨɫɬɶ ɩɭɬɢ ɧɚ ɞɟɪɟɜɹɧɧɵɯ ɲɩɚɥɚɯ 
ɪɚɜɧɚ 254000 ɤɝɫ /ɫɦ , ɧɚ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ – 2144000 ɤɝɫ /ɫɦ . ɉɟɪɟɯɨɞ ɧɚ 
ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɲɩɚɥɵ ɜ ɞɚɧɧɨɦ ɩɪɢɦɟɪɟ ɭɜɟɥɢɱɢɜɚɟɬ ɠɟɫɬɤɨɫɬɶ ɩɭɬɢ 
ɜ 2,67 ɪɚɡɚ. 

ȼɟɥɢɱɢɧɚ β ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɫɢɥɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɭɬɢ ɢ ɩɨɞ-
ɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ, ɧɚ ɢɡɦɟɧɟɧɢɟ ɚɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ ɤɨɥɟɛɚɧɢɣ, 
ɚ ɬɚɤɠɟ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɧɚɤɨɩɥɟɧɢɹ ɨɫɬɚɬɨɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ, ɢɡɧɨɫ ɢ 
ɫɪɨɤ ɫɥɭɠɛɵ ɷɥɟɦɟɧɬɨɜ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɩɭɬɢ ɢ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ. 

 
 

 

 
 

 
 

 
 

 
 

 
 

Ɋɟɤɨɦɟɧɞɭɟɦɚɹ ɥɢɬɟɪɚɬɭɪɚ Д1, 2, 3, 8, 14].
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