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ȼȼȿȾȿɇɂȿ 

 

Ɏɢɡɢɱɟɫɤɚɹ ɯɢɦɢɹ – ɷɬɨ ɧɚɭɤɚ, ɢɡɭɱɚɸɳɚɹ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ 
ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ. 

Ɏɢɡɢɱɟɫɤɚɹ ɯɢɦɢɹ — ɧɚɭɤɚ ɨ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɯ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ 
ɮɢɡɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ. Ƚɥɚɜɧɨɣ ɡɚɞɚɱɟɣ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɢ 
ɨɛɴɹɫɧɟɧɢɟ ɨɫɧɨɜɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ 
ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɫɤɨɪɨɫɬɶ ɢɯ ɩɪɨɬɟɤɚɧɢɹ, ɜɥɢɹɧɢɟ ɫɪɟɞɵ, ɩɪɢɦɟɫɟɣ, 
ɢɡɥɭɱɟɧɢɹ, ɭɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɵɯɨɞɚ ɩɨɥɟɡɧɨɝɨ ɩɪɨɞɭɤɬɚ. 
ɂɡɭɱɟɧɢɟ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɧɹɬɶ ɡɚɤɨɧɵ ɯɢɦɢɢ, ɚ ɬɚɤɠɟ 
ɩɪɟɞɫɤɚɡɵɜɚɬɶ ɯɢɦɢɱɟɫɤɢɟ ɹɜɥɟɧɢɹ ɢ ɭɩɪɚɜɥɹɬɶ ɢɦɢ. ɋɨɜɪɟɦɟɧɧɚɹ ɮɢɡɢɱɟɫɤɚɹ 
ɯɢɦɢɹ ɫɥɭɠɢɬ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɨɛɨɫɧɨɜɚɧɢɟɦ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɩɨɡɜɨɥɹɟɬ 
ɪɟɲɢɬɶ ɡɚɞɚɱɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɨɦ, ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɢ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɇɚɩɪɢɦɟɪ, ɜɚɠɧɟɣɲɢɟ  

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɬɚɤɢɟ ɤɚɤ ɫɢɧɬɟɡ ɢ 
ɨɤɢɫɥɟɧɢɟ ɚɦɦɢɚɤɚ, ɤɨɧɬɚɤɬɧɨɟ ɩɨɥɭɱɟɧɢɟ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɩɨɥɭɱɟɧɢɟ ɷɬɚɧɨɥɚ 
ɢɡ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ, ɤɪɟɤɢɧɝ ɧɟɮɬɢ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ, ɨɫɧɨɜɚɧɵ ɧɚ ɪɟɡɭɥɶɬɚɬɚɯ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɟɚɤɰɢɣ, ɥɟɠɚɳɢɯ ɜ ɨɫɧɨɜɟ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ. 
Ȼɟɡ ɡɧɚɧɢɹ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɧɟɜɨɡɦɨɠɧɨ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɫɨɡɞɚɧɢɹ ɜɟɳɟɫɬɜ 
ɫ ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɪɚɡɪɚɛɨɬɚɬɶ ɧɨɜɵɟ ɢɫɬɨɱɧɢɤɢ ɬɨɤɚ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ 
ɜɨɩɪɨɫɵ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

Ɏɢɡɢɱɟɫɤɚɹ ɯɢɦɢɹ ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɨɫɧɨɜɧɵɯ ɪɚɡɞɟɥɨɜμ 
1. ɏɢɦɢɱɟɫɤɚɹ ɬɟɪɦɨɞɢɧɚɦɢɤɚν 
2. ɏɢɦɢɱɟɫɤɢɟ ɪɚɜɧɨɜɟɫɢɹν 
3. Ɏɚɡɨɜɵɟ ɪɚɜɧɨɜɟɫɢɹ ɜ ɨɞɧɨ- ɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦɚɯ, ɪɚɫɬɜɨɪɵν 
4. ɗɥɟɤɬɪɨɯɢɦɢɹν 
5. ɏɢɦɢɱɟɫɤɚɹ ɤɢɧɟɬɢɤɚν 
6. ɉɨɜɟɪɯɧɨɫɬɧɵɟ ɹɜɥɟɧɢɹ ɢ ɚɞɫɨɪɛɰɢɹ. 

 

ɄɊȺɌɄɂɃ ɂɋɌɈɊɂɑȿɋɄɂɃ ɈɑȿɊɄ ɋɌȺɇɈȼɅȿɇɂə 

ɎɂɁɂɑȿɋɄɈɃ ɏɂɆɂɂ 

ɇɚɡɜɚɧɢɟ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɜɩɟɪɜɵɟ ɞɚɧɨ 
Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɵɦ (1ιηβ)μ «Ɏɢɡɢɱɟɫɤɚɹ ɯɢɦɢɹ ɷɬɨ ɧɚɭɤɚ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɩɨɥɨɠɟɧɢɣ ɢ ɨɩɵɬɨɜ ɮɢɡɢɱɟɫɤɢɯ ɨɛɴɹɫɧɢɬɶ ɩɪɢɱɢɧɭ ɬɨɝɨ, ɱɬɨ 
ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ ɯɢɦɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ ɜ ɫɥɨɠɧɵɯ ɬɟɥɚɯ». 

ȼɚɠɧɟɣɲɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ Ʌɨɦɨɧɨɫɨɜɚ 
ɩɪɢɜɟɥɢ ɟɝɨ ɤ ɨɬɤɪɵɬɢɹɦ, ɤɨɬɨɪɵɟ ɢ ɫɟɣɱɚɫ ɧɟ ɩɨɬɟɪɹɥɢ ɫɜɨɟɝɨ ɡɧɚɱɟɧɢɹ.  

Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜ ɛɥɢɡɤɨ ɩɨɞɨɲɟɥ ɤ ɩɪɚɜɢɥɶɧɨɦɭ ɨɩɪɟɞɟɥɟɧɢɸ ɩɪɢɧɰɢɩɚ 
ɫɨɯɪɚɧɟɧɢɹ ɦɚɬɟɪɢɢ ɢ ɞɜɢɠɟɧɢɹ, ɤɢɧɟɬɢɱɟɫɤɨɣ ɩɪɢɪɨɞɟ ɬɟɩɥɨɬɵ, ɚ ɬɚɤɠɟ 
ɨɬɦɟɬɢɥ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɟɪɟɯɨɞɚ ɬɟɩɥɨɬɵ ɨɬ ɛɨɥɟɟ 
ɯɨɥɨɞɧɨɝɨ ɬɟɥɚ ɤ ɛɨɥɟɟ ɬɟɩɥɨɦɭ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɞɧɨɣ ɢɡ 
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ɮɨɪɦɭɥɢɪɨɜɨɤ ɜɬɨɪɨɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. ȼ ɬɟɱɟɧɢɟ ɩɨɫɥɟɞɭɸɳɟɝɨ 
ɫɬɨɥɟɬɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɛɵɥɨ ɫɞɟɥɚɧɨ ɦɧɨɝɨ 
ɜɚɠɧɵɯ ɨɬɤɪɵɬɢɣ ɢ ɨɛɨɛɳɟɧɢɣ. Ʉ.ȼ. ɒɟɟɥɟ ɜ ɒɜɟɰɢɢ (1ιιγ) ɢ Ɏɨɧɬɚɧɚ ɜɨ 
Ɏɪɚɧɰɢɢ (1ιιι) ɨɬɤɪɵɥɢ ɚɞɫɨɪɛɰɢɸ ɝɚɡɨɜν Ɍ.ȿ. Ʌɨɜɢɰ ɜ Ɋɨɫɫɢɢ (1ι8η) ɨɬɤɪɵɥ 
ɚɞɫɨɪɛɰɢɸ ɢɡ ɪɚɫɬɜɨɪɨɜ. Ⱥ.Ʌ. Ʌɚɜɭɚɡɶɟ ɢ ɉ.ɋ. Ʌɚɩɥɚɫ ɜɨ Ɏɪɚɧɰɢɢ (1ιι9–1784) 

ɢɡɭɱɚɥɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜɟɳɟɫɬɜ ɢ ɬɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ ɪɟɚɤɰɢɣ. ȼ ɧɚɱɚɥɟ БIБ ɜ. 
Ƚ. Ⱦɷɜɢ ɜ Ⱥɧɝɥɢɢ ɢ Ʌ.ɀ. Ɍɟɧɚɪɨɦ ɜɨ Ɏɪɚɧɰɢɢ ɛɵɥɢ ɨɬɤɪɵɬɵ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ 
ɪɟɚɤɰɢɢ, ɚ Ƀ.ə. Ȼɟɪɰɟɥɢɭɫ ɜ ɒɜɟɰɢɢ (18γη) ɪɚɡɜɢɥ ɞɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ 
ɤɚɬɚɥɢɡɟ.  

Ɉɫɧɨɜɵ ɷɥɟɤɬɪɨɯɢɦɢɢ ɛɵɥɢ ɡɚɥɨɠɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɩɨ ɝɚɥɶɜɚɧɢɱɟɫɤɢɦ 
ɷɥɟɦɟɧɬɚɦ, ɷɥɟɤɬɪɨɥɢɡɭ ɢ ɩɟɪɟɧɨɫɭ ɬɨɤɚ ɜ ɷɥɟɤɬɪɨɥɢɬɚɯ. Ʌ. Ƚɚɥɶɜɚɧɢ ɢ  
Ⱥ. ȼɨɥɶɬɚ ɜ ɂɬɚɥɢɢ ɫɨɡɞɚɥɢ ɜ 1ι99 ɝ. ɝɚɥɶɜɚɧɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ. ȼ.ȼ. ɉɟɬɪɨɜ ɜ 
Ɋɨɫɫɢɢ (180β) ɨɬɤɪɵɥ ɹɜɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɞɭɝɢ. Ɍ. Ƚɪɨɬɝɭɫ ɜ Ɋɨɫɫɢɢ ɜ (180η) 
ɡɚɥɨɠɢɥ ɨɫɧɨɜɵ ɬɟɨɪɢɢ ɷɥɟɤɬɪɨɥɢɡɚ. ȼ 1800 ɝ. Ƚ. Ⱦɷɜɢ ɜɵɞɜɢɧɭɥ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɭɸ ɬɟɨɪɢɸ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɟɳɟɫɬɜμ ɨɧ ɲɢɪɨɤɨ ɩɪɢɦɟɧɢɥ 
ɷɥɟɤɬɪɨɥɢɡ ɞɥɹ ɯɢɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ɇ. Ɏɚɪɚɞɟɣ, ɭɱɟɧɢɤ Ⱦɷɜɢ, ɜ 18γγ–
18γ4 ɝɝ. ɫɮɨɪɦɭɥɢɪɨɜɚɥ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɡɚɤɨɧɵ ɷɥɟɤɬɪɨɥɢɡɚ. Ȼ.ɋ. əɤɨɛɢ ɜ 
Ɋɨɫɫɢɢ, ɪɟɲɚɹ ɜɨɩɪɨɫɵ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɷɥɟɤɬɪɨɥɢɡɚ, 
ɨɬɤɪɵɥ ɜ 18γθ ɝ. ɝɚɥɶɜɚɧɨɩɥɚɫɬɢɤɭ.  

ȼ ɩɟɪɜɨɣ ɩɨɥɨɜɢɧɟ БIБ ɜ. ɛɥɚɝɨɞɚɪɹ ɬɪɭɞɚɦ Ⱦ. Ⱦɚɥɶɬɨɧɚ ɜ Ⱥɧɝɥɢɢ (1801–
180γ), ɀ. Ʌ. Ƚɟɣ-Ʌɸɫɫɚɤɚ ɜɨ Ɏɪɚɧɰɢɢ (180β) ɢ Ⱥ. Ⱥɜɨɝɚɞɪɨ ɜ ɂɬɚɥɢɢ (1811), 
ɨɬɤɪɵɜɲɢɯ ɜɚɠɧɟɣɲɢɟ ɡɚɤɨɧɵ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɟ 
ɪɚɡɜɢɬɢɟ ɚɬɨɦɢɫɬɢɱɟɫɤɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ. Ʉ ɷɬɨɦɭ ɠɟ ɩɟɪɢɨɞɭ ɨɬɧɨɫɹɬɫɹ ɪɚɛɨɬɵ 
Ƚ. ɂ. Ƚɟɫɫɚ (180β–18ηθ) ɩɨ ɬɟɪɦɨɯɢɦɢɢ.  

Ʉ. Ƚɭɥɶɞɛɟɪɝ ɢ ɉ. ȼɚɚɝɟ ɜ ɇɨɪɜɟɝɢɢ (18θ4–18θι), Ⱦɠ.ɍ. Ƚɢɛɛɫ ɜ ɋɒȺ 
(1873–18ι8) ɪɚɡɜɢɥɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɭɱɟɧɢɟ ɨ ɯɢɦɢɱɟɫɤɨɦ ɪɚɜɧɨɜɟɫɢɢ, ɚ 
Ⱥ.Ʌ. Ʌɟ-ɒɚɬɟɥɶɟ ɜɨ Ɏɪɚɧɰɢɢ (1884) ɨɬɤɪɵɥ ɨɛɳɢɣ ɩɪɢɧɰɢɩ ɫɦɟɳɟɧɢɹ 
ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ. ȼ ɪɚɛɨɬɚɯ ɝɨɥɥɚɧɞɫɤɨɝɨ ɯɢɦɢɤɚ 
ə.ɏ. ȼɚɧɬ-Ƚɨɮɮɚ ɩɨɥɭɱɢɥɚ ɪɚɡɜɢɬɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɯɢɦɢɱɟɫɤɨɝɨ 
ɪɚɜɧɨɜɟɫɢɹ. Ɉɧ ɠɟ ɪɚɡɪɚɛɨɬɚɥ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɬɟɨɪɢɸ ɪɚɡɛɚɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ 
(1885–1889). ɉɟɪɟɧɨɫ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɜ ɪɚɫɬɜɨɪɚɯ ɢɫɫɥɟɞɨɜɚɥɢ ɜ Ƚɟɪɦɚɧɢɢ  
ɂ.ȼ. Ƚɢɬɬɨɪɮ ɢ Ɏ.ȼ.Ƚ. Ʉɨɥɶɪɚɭɲ. ɒɜɟɞɫɤɢɣ ɭɱɟɧɵɣ ɋ.Ⱥ. Ⱥɪɪɟɧɢɭɫ ɪɚɡɜɢɥ ɜ 
1883–188ι ɝɝ. ɬɟɨɪɢɸ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɢ. Ƚɥɭɛɨɤɢɣ ɫɥɟɞ ɜ 
ɪɚɡɜɢɬɢɢ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɨɫɬɚɜɢɥ Ⱥ.Ɇ. Ȼɭɬɥɟɪɨɜ, ɫɨɡɞɚɜɲɢɣ ɬɟɨɪɢɸ 
ɫɬɪɨɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ.  

ȼɟɥɢɤɢɣ ɪɭɫɫɤɢɣ ɯɢɦɢɤ Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜ (18γ4–190ι) ɨɬɤɪɵɥ 
ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (18θ0), ɜɵɜɟɥ ɨɛɳɟɟ ɭɪɚɜɧɟɧɢɟ 
ɫɨɫɬɨɹɧɢɹ ɝɚɡɨɜ, (18ι4) ɢ ɪɚɡɪɚɛɨɬɚɥ ɯɢɦɢɱɟɫɤɭɸ ɬɟɨɪɢɸ ɪɚɫɬɜɨɪɨɜ (188ι). 
Ⱦ.ɉ. Ʉɨɧɨɜɚɥɨɜ (1889), ɭɱɟɧɢɤ Ɇɟɧɞɟɥɟɟɜɚ, ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 
ɨɫɧɨɜɨɩɨɥɨɠɧɢɤɨɜ ɬɟɨɪɢɢ ɪɚɫɬɜɨɪɨɜ. 

ȼ ɤɨɧɰɟ БIБ ɜ. ɛɵɥ ɫɞɟɥɚɧ ɪɹɞ ɤɪɭɩɧɵɯ ɨɬɤɪɵɬɢɣ ɜ ɨɛɥɚɫɬɢ ɭɱɟɧɢɹ ɨ 
ɫɬɪɨɟɧɢɢ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɞɨɤɚɡɚɥɢ ɫɥɨɠɧɨɫɬɶ ɫɬɪɨɟɧɢɹ ɚɬɨɦɚ ɢ ɫɵɝɪɚɥɢ 
ɨɝɪɨɦɧɭɸ ɪɨɥɶ ɜ ɪɚɡɜɢɬɢɢ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɨɬɤɪɵɬɢɹ 
ɷɥɟɤɬɪɨɧɚ ɀ. Ȼ. ɉɟɪɪɟɧɨɦ (189η) ɢ Ⱦɠ. Ɍɨɦɫɨɧɨɦ (189ι), ɤɜɚɧɬɨɜɨɣ ɩɪɢɪɨɞɵ 
ɫɜɟɬɚ Ɋ. ɉɥɚɧɤɨɦ (1900), ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɫɜɟɬɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɉ.ɇ. Ʌɟɛɟɞɟɜɵɦ 
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(1899), ɢɡɭɱɟɧɢɟ (ɧɚɱɢɧɚɹ ɫ 1898 ɝ.) ɹɜɥɟɧɢɣ ɪɚɞɢɨɚɤɬɢɜɧɨɫɬɢ ɉ. Ʉɸɪɢ ɢ                 
Ɇ. ɋɤɥɨɞɨɜɫɤɨɣ-Ʉɸɪɢ. 

ɉɪɟɩɨɞɚɜɚɧɢɟ ɜ Ɋɨɫɫɢɢ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɧɚɭɤɢ ɜɜɟɥ 
ɩɪɨɮ. ɇ.ɇ. Ȼɟɤɟɬɨɜ ɜ 18θ0 ɝ. ɜ ɏɚɪɶɤɨɜɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ.  

Ʉ ɧɚɱɚɥɭ ББ ɜ. ɮɢɡɢɱɟɫɤɚɹ ɯɢɦɢɹ ɨɩɪɟɞɟɥɹɥɚɫɶ ɤɚɤ ɧɚɭɤɚ, ɢɡɭɱɚɸɳɚɹ 
ɫɬɪɨɟɧɢɟ ɜɟɳɟɫɬɜɚ, ɯɢɦɢɱɟɫɤɭɸ ɬɟɪɦɨɞɢɧɚɦɢɤɭ, ɜɤɥɸɱɚɹ ɬɟɪɦɨɯɢɦɢɸ ɢ 
ɭɱɟɧɢɟ ɨ ɪɚɜɧɨɜɟɫɢɢ, ɪɚɫɬɜɨɪɵ, ɯɢɦɢɱɟɫɤɭɸ ɤɢɧɟɬɢɤɭ ɢ ɷɥɟɤɬɪɨɯɢɦɢɸ. Ȼɵɥɢ 
ɩɪɢɦɟɧɟɧɵ ɧɨɜɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢ ɧɚ ɩɟɪɜɵɣ ɩɥɚɧ ɜɵɫɬɭɩɢɥɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɨɟɧɢɹ ɚɬɨɦɨɜ, ɦɨɥɟɤɭɥ ɢ ɤɪɢɫɬɚɥɥɨɜ. 

ɇɚɢɛɨɥɟɟ ɛɭɪɧɨ ɜ ББ ɫɬɨɥɟɬɢɢ ɪɚɡɜɢɜɚɥɨɫɶ ɭɱɟɧɢɟ ɨ ɫɬɪɨɟɧɢɢ ɜɟɳɟɫɬɜɚ, ɜ 
ɨɫɨɛɟɧɧɨɫɬɢ ɨ ɫɬɪɨɟɧɢɢ ɚɬɨɦɨɜ ɢ ɦɨɥɟɤɭɥ. Ʉɪɭɩɧɵɦ ɞɨɫɬɢɠɟɧɢɟɦ ɜ ɷɬɨɣ 
ɨɛɥɚɫɬɢ ɛɵɥɚ ɹɞɟɪɧɚɹ ɬɟɨɪɢɹ ɚɬɨɦɚ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɗ. Ɋɟɡɟɪɮɨɪɞɨɦ (1911) ɢ 
ɩɨɥɭɱɢɜɲɚɹ ɪɚɡɜɢɬɢɟ ɜ ɩɟɪɜɨɣ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɬɟɨɪɢɢ ɚɬɨɦɚ ɜɨɞɨɪɨɞɚ, 
ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɞɚɬɫɤɢɦ ɮɢɡɢɤɨɦ ɇ. Ȼɨɪɨɦ (191γ). 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɢɪɨɞɵ ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ ɢ ɫɬɪɨɟɧɢɹ ɦɨɥɟɤɭɥ ɪɚɡɜɢɜɚɥɨɫɶ 
ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɢɡɭɱɟɧɢɟɦ ɫɬɪɨɟɧɢɹ ɚɬɨɦɚ. Ʉ ɧɚɱɚɥɭ β0-ɯ ɝɨɞɨɜ ɬɟɤɭɳɟɝɨ 
ɫɬɨɥɟɬɢɹ ȼ. Ʉɨɫɫɟɥɶ ɢ Ƚ.ɇ. Ʌɶɸɢɫ ɪɚɡɪɚɛɨɬɚɥɢ ɨɫɧɨɜɵ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɨɪɢɢ 
ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ. ȼ.Ƚ. Ƚɚɣɬɥɟɪɨɦ ɢ Ɏ. Ʌɨɧɞɨɧɨɦ (19βι) ɛɵɥɚ ɪɚɡɜɢɬɚ 
ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ. 

Ʉɪɭɩɧɟɣɲɢɟ ɨɬɤɪɵɬɢɹ ɮɢɡɢɤɢ ɜ ɨɛɥɚɫɬɢ ɫɬɪɨɟɧɢɹ ɚɬɨɦɚ, ɬɟɨɪɟɬɢɱɟɫɤɢɟ 
ɦɟɬɨɞɵ ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɢ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ, ɧɨɜɵɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨɞɵμ ɪɟɧɬɝɟɧɨɜɫɤɢɣ ɚɧɚɥɢɡ, ɫɩɟɤɬɪɨɫɤɨɩɢɹ, 
ɦɚɫɫɩɟɤɬɪɨɫɤɨɩɢɹ, ɦɚɝɧɢɬɧɵɟ ɦɟɬɨɞɵ, ɦɟɬɨɞ ɦɟɱɟɧɵɯ ɚɬɨɦɨɜ ɢ ɞɪ. ɩɨɡɜɨɥɢɥɢ 
ɮɢɡɢɤɨ-ɯɢɦɢɤɚɦ ɞɨɛɢɬɶɫɹ ɛɨɥɶɲɢɯ ɭɫɩɟɯɨɜ ɜ ɢɡɭɱɟɧɢɢ ɫɬɪɨɟɧɢɹ ɦɨɥɟɤɭɥ, 

ɤɪɢɫɬɚɥɥɨɜ ɢ ɜ ɩɨɡɧɚɧɢɢ ɩɪɢɪɨɞɵ ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ. 
Ȼɨɥɶɲɨɟ ɪɚɡɜɢɬɢɟ ɩɨɥɭɱɢɥɨ ɭɱɟɧɢɟ ɨ ɫɤɨɪɨɫɬɹɯ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɬ. ɟ. 

ɯɢɦɢɱɟɫɤɚɹ ɤɢɧɟɬɢɤɚ, ɫɜɹɡɵɜɚɟɦɚɹ ɬɟɩɟɪɶ ɤɨɧɤɪɟɬɧɨ ɫ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ 
ɫɬɪɨɟɧɢɹ ɦɨɥɟɤɭɥ ɢ ɩɪɨɱɧɨɫɬɢ ɫɜɹɡɟɣ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɜ ɦɨɥɟɤɭɥɟ. ȼɨɡɧɢɤɥɢ ɢ 
ɭɫɩɟɲɧɨ ɪɚɡɜɢɜɚɸɬɫɹ ɧɨɜɵɟ ɪɚɡɞɟɥɵ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢμ ɦɚɝɧɟɬɨɯɢɦɢɹ, 
ɪɚɞɢɚɰɢɨɧɧɚɹ ɯɢɦɢɹ, ɮɢɡɢɱɟɫɤɚɹ ɯɢɦɢɹ ɜɵɫɨɤɨɩɨɥɢɦɟɪɨɜ, ɮɢɡɢɱɟɫɤɚɹ ɯɢɦɢɹ 
ɫɢɥɢɤɚɬɨɜ, ɝɚɡɨɜɚɹ ɷɥɟɤɬɪɨɯɢɦɢɹ ɢ ɞɪ. 

Ʉɚɤ ɢ ɞɪɭɝɢɟ ɧɚɭɤɢ, ɮɢɡɢɱɟɫɤɚɹ ɯɢɦɢɹ ɢ ɨɬɞɟɥɶɧɵɟ ɟɟ ɪɚɡɞɟɥɵ ɜɨɡɧɢɤɚɥɢ 
ɢɥɢ ɧɚɱɢɧɚɥɢ ɪɚɡɜɢɜɚɬɶɫɹ ɨɫɨɛɟɧɧɨ ɭɫɩɟɲɧɨ ɜ ɬɟ ɩɟɪɢɨɞɵ, ɤɨɝɞɚ ɬɚ ɢɥɢ ɢɧɚɹ 
ɩɪɚɤɬɢɱɟɫɤɚɹ ɩɨɬɪɟɛɧɨɫɬɶ ɜɵɡɵɜɚɥɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɛɵɫɬɪɨɝɨ ɪɚɡɜɢɬɢɹ ɤɚɤɨɣ-

ɥɢɛɨ ɨɬɪɚɫɥɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɚ ɞɥɹ ɷɬɨɝɨ ɪɚɡɜɢɬɢɹ ɬɪɟɛɨɜɚɥɚɫɶ ɩɪɨɱɧɚɹ 
ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɨɫɧɨɜɚ. Ɏɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɩɪɢɧɚɞɥɟɠɢɬ ɜɟɞɭɳɚɹ ɪɨɥɶ ɩɪɢ 
ɪɟɲɟɧɢɢ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɩɪɨɛɥɟɦ, ɫɬɨɹɳɢɯ ɩɟɪɟɞ ɯɢɦɢɱɟɫɤɨɣ ɧɚɭɤɨɣ ɢ 
ɩɪɚɤɬɢɤɨɣ, ɧɚɩɪɢɦɟɪ, ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɇ.ɋ. Ʉɭɪɧɚɤɨɜɚ ɩɨ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɦɭ ɚɧɚɥɢɡɭ, ɪɚɛɨɬɵ ɜ ɨɛɥɚɫɬɢ ɷɥɟɤɬɪɨɯɢɦɢɢ Ⱥ.ɇ. Ɏɪɭɦɤɢɧɚ, 
ɫɨɡɞɚɧɢɟ ɬɟɨɪɢɢ ɰɟɩɧɵɯ ɪɟɚɤɰɢɣ ɇ.ɇ. ɋɟɦɟɧɨɜɵɦ, ɪɚɡɪɚɛɨɬɤɚ ɬɟɨɪɢɢ 
ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ Ⱥ.Ⱥ. Ȼɚɥɚɧɞɢɧɵɦ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɮɢɡɢɱɟɫɤɚɹ 
ɯɢɦɢɹ – ɫɚɦɨɫɬɨɹɬɟɥɶɧɚɹ ɞɢɫɰɢɩɥɢɧɚ ɫɨ ɫɜɨɢɦɢ ɦɟɬɨɞɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ 
ɹɜɥɹɟɬɫɹ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɛɚɡɨɣ ɩɪɢɤɥɚɞɧɵɯ ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɞɢɫɰɢɩɥɢɧ. 
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1. ɏɂɆɂɑȿɋɄȺə ɌȿɊɆɈȾɂɇȺɆɂɄȺ 

Ɍɟɪɦɨɞɢɧɚ́ɦɢɤɚ (ɝɪɟɱ.: șέȡȝȘ — «ɬɟɩɥɨ», įύȞαȝȚȢ — «ɫɢɥɚ») — ɪɚɡɞɟɥ 

ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ, ɢɡɭɱɚɸɳɢɣ ɜɡɚɢɦɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ ɢ 
ɜɢɞɨɜ ɷɧɟɪɝɢɢ, ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

ɏɢɦɢɱɟɫɤɚɹ ɬɟɪɦɨɞɢɧɚɦɢɤɚ ɢɡɭɱɚɟɬ ɩɪɟɜɪɚɳɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ 
ɷɧɟɪɝɢɢ ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ. 

Ɍɟɪɦɨɞɢɧɚɦɢɤɚ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɡɚɤɨɧɚɯ (ɧɚɱɚɥɚɯ), ɢɡ ɤɨɬɨɪɵɯ 
ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɩɨɥɨɠɟɧɢɹ ɷɬɨɣ ɧɚɭɤɢ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɭɬɟɦ ɥɨɝɢɱɟɫɤɢɯ 
ɪɚɫɫɭɠɞɟɧɢɣ. Ɂɚɤɨɧɵ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɛɵɥɢ ɪɚɫɤɪɵɬɵ ɢ ɡɚɬɟɦ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɨɛɳɟɧɢɹ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɨɩɵɬɚ. 

Ɍɟɪɦɨɞɢɧɚɦɢɤɚ, ɤɚɤ ɧɚɭɤɚ ɜɨɡɧɢɤɥɚ ɜ БIБ ɜɟɤɟ. ɍ ɢɫɬɨɤɨɜ ɦɨɥɨɞɨɣ ɧɚɭɤɢ 
ɫɬɨɹɥɢ ɬɚɤɢɟ ɜɵɞɚɸɳɢɟɫɹ ɭɱɟɧɵɟ ɤɚɤ ɇɢɤɨɥɚ Ʌɟɨɧɚɪɞ ɋɚɞɢ Ʉɚɪɧɨ, Ⱦɠɟɣɦɫ 
ɉɪɟɫɤɨɬɬ Ⱦɠɨɭɥɶ, ɍɢɥɶɹɦ Ɍɨɦɫɨɧ (ɥɨɪɞ Ʉɟɥɶɜɢɧ) ɢ Ɋɭɞɨɥɶɮ Ƚɨɬɥɢɛ 
(Ʉɥɚɭɡɢɭɫ). 
ɇɢɤɨɥɹ́ Ʌɟɨɧɚ́ɪ ɋɚɞɢ́ Ʉɚɪɧɨ́  (1796 — 1832) — ɮɪɚɧɰɭɡɫɤɢɣ 
ɮɢɡɢɤ ɢ ɦɚɬɟɦɚɬɢɤ. ɋɵɧ ɢɡɜɟɫɬɧɨɝɨ ɩɨɥɢɬɢɱɟɫɤɨɝɨ ɞɟɹɬɟɥɹ ɢ 
ɦɚɬɟɦɚɬɢɤɚ Ʌɚɡɚɪɚ Ʉɚɪɧɨ ɢ ɞɹɞɹ ɧɚɡɜɚɧɧɨɝɨ ɜ ɟɝɨ ɱɟɫɬɶ ɋɚɞɢ 
Ʉɚɪɧɨ, ɜ 188ι—1894 ɝɨɞɚɯ ɩɪɟɡɢɞɟɧɬɚ Ɏɪɚɧɰɢɢ. 

ɋɚɞɢ Ʉɚɪɧɨ ɩɨɥɭɱɢɥ ɯɨɪɨɲɟɟ ɞɨɦɚɲɧɟɟ ɨɛɪɚɡɨɜɚɧɢɟ. ȼ 
181β ɝɨɞɭ ɛɥɟɫɬɹɳɟ ɡɚɤɨɧɱɢɥ ɥɢɰɟɣ Ʉɚɪɥɚ ȼɟɥɢɤɨɝɨ ɢ 
ɩɨɫɬɭɩɢɥ ɜ ɉɨɥɢɬɟɯɧɢɱɟɫɤɭɸ ɲɤɨɥɭ — ɥɭɱɲɟɟ ɧɚ ɬɨɬ 
ɦɨɦɟɧɬ ɭɱɟɛɧɨɟ ɡɚɜɟɞɟɧɢɟ Ɏɪɚɧɰɢɢ. ȼ 1814 ɝɨɞɭ ɨɧ ɟɺ 
ɡɚɤɨɧɱɢɥ ɲɟɫɬɵɦ ɩɨ ɭɫɩɟɜɚɟɦɨɫɬɢ ɢ ɛɵɥ ɧɚɩɪɚɜɥɟɧ ɜ 
ɂɧɠɟɧɟɪɧɭɸ ɲɤɨɥɭ ɜ ɝɨɪɨɞɟ Ɇɟɰ, ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɤɨɬɨɪɨɣ 
ɜ 181θ ɝɨɞɭ ɛɵɥ ɪɚɫɩɪɟɞɟɥɺɧ ɜ ɢɧɠɟɧɟɪɧɵɣ ɩɨɥɤ, ɝɞɟ ɩɪɨɜɺɥ 
ɧɟɫɤɨɥɶɤɨ ɥɟɬ. ȼ 1819 ɝɨɞɭ ɜɵɢɝɪɚɥ ɤɨɧɤɭɪɫ ɧɚ ɡɚɦɟɳɟɧɢɟ 
ɜɚɤɚɧɫɢɢ ɜ Ƚɥɚɜɧɨɦ ɲɬɚɛɟ ɤɨɪɩɭɫɚ ɜ ɉɚɪɢɠɟ ɢ ɩɟɪɟɛɪɚɥɫɹ 
ɬɭɞɚ. ȼ ɉɚɪɢɠɟ Ʉɚɪɧɨ ɩɪɨɞɨɥɠɢɥ ɨɛɭɱɟɧɢɟ. ɉɨɫɟɳɚɥ ɥɟɤɰɢɢ 
ɜ ɋɨɪɛɨɧɧɟ, Ʉɨɥɥɟɠ ɞɟ Ɏɪɚɧɫ, Ʉɨɧɫɟɪɜɚɬɨɪɢɢ ɂɫɤɭɫɫɬɜ ɢ 
Ɋɟɦɺɫɟɥ. Ɍɚɦ ɨɧ ɩɨɡɧɚɤɨɦɢɥɫɹ ɫ ɯɢɦɢɤɨɦ ɇɢɤɨɥɚ Ʉɥɟɦɚɧɨɦ, ɡɚɧɢɦɚɜɲɢɦɫɹ ɢɡɭɱɟɧɢɟɦ ɝɚɡɨɜ. 
Ɉɛɳɟɧɢɟ ɫ ɧɢɦ ɜɵɡɜɚɥɨ ɢɧɬɟɪɟɫ ɭ Ʉɚɪɧɨ ɤ ɢɡɭɱɟɧɢɸ ɩɚɪɨɜɵɯ ɦɚɲɢɧ. ɂ ɜ 18β4 ɝɨɞɭ ɜɵɲɥɚ 
ɩɟɪɜɚɹ ɢ ɟɞɢɧɫɬɜɟɧɧɚɹ ɪɚɛɨɬɚ ɋɚɞɢ Ʉɚɪɧɨ — «Ɋɚɡɦɵɲɥɟɧɢɹ ɨ ɞɜɢɠɭɳɟɣ ɫɢɥɟ ɨɝɧɹ ɢ ɨ 
ɦɚɲɢɧɚɯ, ɫɩɨɫɨɛɧɵɯ ɪɚɡɜɢɜɚɬɶ ɷɬɭ ɫɢɥɭ» (RцПХОбТons sЮr Хa pЮТssanМО ЦoЭrТМО НЮ ПОЮ ОЭ sЮr ХОs 
ЦaМСТnОs proprОs р НцvОХoppОr МОЭЭО pЮТssanМО). ɗɬɚ ɪɚɛɨɬɚ ɫɱɢɬɚɟɬɫɹ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɟɣ ɜ 
ɬɟɪɦɨɞɢɧɚɦɢɤɟ. ȼ ɧɟɣ ɛɵɥ ɩɪɨɢɡɜɟɞɺɧ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɨɜɚɜɲɢɯ ɜ ɬɨ ɜɪɟɦɹ ɩɚɪɨɜɵɯ ɦɚɲɢɧ, ɢ 
ɛɵɥɢ ɜɵɜɟɞɟɧɵ ɭɫɥɨɜɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɄɉȾ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ (ɜ ɩɚɪɨɜɵɯ 
ɦɚɲɢɧɚɯ ɬɨɝɨ ɜɪɟɦɟɧɢ ɄɉȾ ɧɟ ɩɪɟɜɵɲɚɥ β %). ɉɨɦɢɦɨ ɷɬɨɝɨ ɬɚɦ ɠɟ ɛɵɥɢ ɜɜɟɞɟɧɵ 
ɨɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ ɬɟɪɦɨɞɢɧɚɦɢɤɢμ ɢɞɟɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɦɚɲɢɧɚ (ɫɦ. ɬɟɩɥɨɜɚɹ ɦɚɲɢɧɚ), 
ɢɞɟɚɥɶɧɵɣ ɰɢɤɥ (ɫɦ. ɰɢɤɥ Ʉɚɪɧɨ), ɨɛɪɚɬɢɦɨɫɬɶ ɢ ɧɟɨɛɪɚɬɢɦɨɫɬɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ. 

ȼ 18β8 ɝɨɞɭ Ʉɚɪɧɨ ɨɫɬɚɜɢɥ ɜɨɟɧɧɭɸ ɫɥɭɠɛɭ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ 18γ0 ɝɨɞɭ ɩɪɨɢɡɨɲɥɚ 
ɨɱɟɪɟɞɧɚɹ ɮɪɚɧɰɭɡɫɤɚɹ ɪɟɜɨɥɸɰɢɹ, ɨɧ ɩɪɨɞɨɥɠɚɥ ɦɧɨɝɨ ɪɚɛɨɬɚɬɶ. ɍɦɟɪ Ʉɚɪɧɨ ɜ 18γβ ɝɨɞɭ ɜ 
ɜɨɡɪɚɫɬɟ γθ ɥɟɬ ɨɬ ɯɨɥɟɪɵ.  

https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
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Ⱦɠɟɣɦɫ ɉɪɟ́ɫɤɨɬɬ Ⱦɠɨ́ɭɥɶ (1818-1889) ɚɧɝɥɢɣɫɤɢɣ ɮɢɡɢɤ, 

ɜɧɟɫɲɢɣ ɡɧɚɱɢɬɟɥɶɧɵɣ ɜɤɥɚɞ ɜ ɫɬɚɧɨɜɥɟɧɢɟ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. 

Ɋɨɞɢɥɫɹ ɜ ɫɟɦɶɟ ɡɚɠɢɬɨɱɧɨɝɨ ɜɥɚɞɟɥɶɰɚ ɩɢɜɨɜɚɪɟɧɧɨɝɨ ɡɚɜɨɞɚ ɜ 

ɋɨɥɮɨɪɞɟ ɛɥɢɡ Ɇɚɧɱɟɫɬɟɪɚ, ɩɨɥɭɱɢɥ ɞɨɦɚɲɧɟɟ ɨɛɪɚɡɨɜɚɧɢɟ, 

ɩɪɢɬɨɦ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɥɟɬ ɟɝɨ ɭɱɢɬɟɥɟɦ ɩɨ 

ɷɥɟɦɟɧɬɚɪɧɨɣ ɦɚɬɟɦɚɬɢɤɟ, ɧɚɱɚɥɚɦ ɯɢɦɢɢ ɢ ɮɢɡɢɤɢ ɛɵɥ 

Ⱦɚɥɶɬɨɧ.  

Ɉɩɵɬɧɵɦ ɩɭɬɺɦ ɨɛɨɫɧɨɜɚɥ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ, 

ɭɫɬɚɧɨɜɢɥ ɡɚɤɨɧ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɬɟɩɥɨɜɨɟ ɞɟɣɫɬɜɢɟ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ, ɜɵɱɢɫɥɢɥ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ 

ɝɚɡɚ ɢ ɡɚɜɢɫɢɦɨɫɬɶ ɟɺ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ɍɟɨɪɟɬɢɱɟɫɤɢ ɢɡɭɱɚɥ 
ɩɪɢɪɨɞɭ ɬɟɩɥɚ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɢɥ ɟɺ ɫɜɹɡɶ ɫ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɪɚɛɨɬɨɣ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɜɟɥɨ ɤ ɤɨɧɰɟɩɰɢɢ 
ɜɫɟɨɛɳɟɝɨ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ, ɢ ɨɛɟɫɩɟɱɢɥɨ ɮɨɪɦɭɥɢɪɨɜɤɭ 

ɩɟɪɜɨɝɨ ɡɚɤɨɧɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. ɋɨɜɦɟɫɬɧɨ ɫ Ɍɨɦɫɨɧɨɦ (Ʉɟɥɶɜɢɧɨɦ) ɪɚɛɨɬɚɥ ɧɚɞ ɫɨɡɞɚɧɢɟɦ 
ɚɛɫɨɥɸɬɧɨɣ ɲɤɚɥɵ ɬɟɦɩɟɪɚɬɭɪɵ, ɨɩɢɫɚɥ ɹɜɥɟɧɢɟ ɦɚɝɧɢɬɨɫɬɪɢɤɰɢɢ, ɨɬɤɪɵɥ ɫɜɹɡɶ ɦɟɠɞɭ 
ɬɨɤɨɦ, ɬɟɤɭɳɢɦ ɱɟɪɟɡ ɩɪɨɜɨɞɧɢɤ ɫ ɨɩɪɟɞɟɥɺɧɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɢ ɜɵɞɟɥɹɸɳɢɦɫɹ ɩɪɢ 
ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɨɦ ɬɟɩɥɨɬɵ (ɡɚɤɨɧ Ⱦɠɨɭɥɹ — Ʌɟɧɰɚ). ȼɧɺɫ ɡɧɚɱɢɬɟɥɶɧɵɣ ɜɤɥɚɞ ɜ ɬɟɯɧɢɤɭ 
ɮɢɡɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɥ ɤɨɧɫɬɪɭɤɰɢɢ ɦɧɨɝɢɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 
ɩɪɢɛɨɪɨɜ.  

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɨɩɭɛɥɢɤɨɜɚɥ ɫɬɚɬɶɟ «Ɉ ɬɟɩɥɨɜɨɦ ɷɮɮɟɤɬɟ 
ɦɚɝɧɢɬɨɷɥɟɤɬɪɢɱɟɫɬɜɚ ɢ ɦɟɯɚɧɢɱɟɫɤɨɦ ɡɧɚɱɟɧɢɢ ɬɟɩɥɚ» (1843). ȼ 1844 ɝɨɞɭ ɫɮɨɪɦɭɥɢɪɨɜɚɥ 

ɩɟɪɜɵɣ ɜɚɪɢɚɧɬ ɡɚɤɨɧɚ ɬɟɩɥɨɺɦɤɨɫɬɢ ɫɥɨɠɧɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɬɟɥ, ɢɡɜɟɫɬɧɵɣ ɤɚɤ ɡɚɤɨɧ 
Ⱦɠɨɭɥɹ – Ʉɨɩɩɚ, ɚ 18θ4 ɝɨɞɭ ɞɚɥ ɟɝɨ ɬɨɱɧɭɸ ɮɨɪɦɭɥɢɪɨɜɤɭ ɢ ɨɤɨɧɱɚɬɟɥɶɧɨɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ). 

Ɉɩɵɬɧɵɦ ɩɭɬɟɦ ɜ 1844 ɝɨɞɭ ɢɡɦɟɪɹɟɬ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɩɪɢ ɩɪɨɞɚɜɥɢɜɚɧɢɢ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ 
ɭɡɤɢɟ ɬɪɭɛɤɢ, ɬɟɩɥɨɬɭ ɩɪɢ ɫɠɚɬɢɢ ɝɚɡɚ (1845), ɩɨɡɠɟ ɫɪɚɜɧɢɜɚɟɬ ɡɚɬɪɚɬɵ ɧɚ ɜɪɚɳɟɧɢɟ 
ɦɟɲɚɥɤɢ ɜ ɠɢɞɤɨɫɬɢ ɫ ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɪɟɧɢɹ ɬɟɩɥɨɬɨɣ (1847). 

 

ɍɢ́ɥɶɹɦ Ɍɨ́ɦɫɨɧ, ɥɨɪɞ Ʉɟ́ɥɶɜɢɧ (1824-1907). Ɋɨɞɢɥɫɹ ɜ Ȼɟɥɮɚɫɬɟ 
(ɂɪɥɚɧɞɢɹ) ɜ ɫɟɦɶɟ ɢɡɜɟɫɬɧɨɝɨ ɦɚɬɟɦɚɬɢɤɚ. Ɉɤɨɧɱɢɜ ɤɨɥɥɟɞɠ ɜ 
Ƚɥɚɡɝɨ (ɒɨɬɥɚɧɞɢɹ), ɩɨɫɬɭɩɢɥ ɜ Ʉɟɦɛɪɢɞɠɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɩɨ 
ɨɤɨɧɱɚɧɢɢ ɤɨɬɨɪɨɝɨ ɨɬɩɪɚɜɢɥɫɹ ɜ ɉɚɪɢɠ ɞɥɹ ɫɬɚɠɢɪɨɜɤɢ ɜ 
ɥɚɛɨɪɚɬɨɪɢɢ ɮɪɚɧɰɭɡɫɤɨɝɨ ɮɢɡɢɤɚ-ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɚ Ⱥ. Ɋɟɧɶɨ. 

ȼ 184θ ɝ. Ɍɨɦɫɨɧ ɡɚɧɹɥ ɤɚɮɟɞɪɭ ɟɫɬɟɫɬɜɨɡɧɚɧɢɹ ɜ 
ɍɧɢɜɟɪɫɢɬɟɬɟ Ƚɥɚɡɝɨ. Ɉɧ ɡɚɜɟɞɨɜɚɥ ɤɚɮɟɞɪɨɣ ɮɢɡɢɤɢ ɜ ɬɟɱɟɧɢɟ 
ηγ ɥɟɬ, ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɠɢɡɧɢ ɡɚɧɢɦɚɥ ɩɨɫɬ ɩɪɟɡɢɞɟɧɬɚ 
ɭɧɢɜɟɪɫɢɬɟɬɚ. ȼ ɤɪɭɝ ɢɧɬɟɪɟɫɨɜ ɭɱɺɧɨɝɨ ɜɯɨɞɢɥɢ 
ɬɟɪɦɨɞɢɧɚɦɢɤɚ, ɝɢɞɪɨɞɢɧɚɦɢɤɚ, ɷɥɟɤɬɪɨɦɚɝɧɟɬɢɡɦ, ɬɟɨɪɢɹ 
ɭɩɪɭɝɨɫɬɢ, ɬɟɩɥɨɬɚ, ɦɚɬɟɦɚɬɢɤɚ, ɬɟɯɧɢɤɚ. ȿɳɺ ɫɬɭɞɟɧɬɨɦ ɨɧ 
ɨɩɭɛɥɢɤɨɜɚɥ ɧɟɫɤɨɥɶɤɨ ɫɬɚɬɟɣ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɪɹɞɨɜ Ɏɭɪɶɟ ɤ 
ɪɚɡɥɢɱɧɵɦ ɪɚɡɞɟɥɚɦ ɮɢɡɢɤɢν ɪɚɡɪɚɛɨɬɚɥ ɦɟɬɨɞ «ɡɟɪɤɚɥɶɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ» ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɷɥɟɤɬɪɨɫɬɚɬɢɤɢ (184θ ɝ.). 

ɉɨɡɧɚɤɨɦɢɜɲɢɫɶ ɫ ɬɟɨɪɟɦɨɣ Ʉɚɪɧɨ, Ɍɨɦɫɨɧ ɜɵɫɤɚɡɚɥ ɢɞɟɸ ɚɛɫɨɥɸɬɧɨɣ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɲɤɚɥɵ (1848 ɝ.). Ɉɧ ɫɮɨɪɦɭɥɢɪɨɜɚɥ ɜɬɨɪɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ 
(1851 ɝ.)ν ɡɚɥɨɠɢɥ ɨɫɧɨɜɵ ɬɟɨɪɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɤɨɥɟɛɚɧɢɣ ɢ ɜ 18ηγ ɝ. ɜɵɜɟɥ 
ɡɚɜɢɫɢɦɨɫɬɶ ɩɟɪɢɨɞɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɤɨɧɬɭɪɚ ɨɬ ɟɝɨ ɺɦɤɨɫɬɢ ɢ ɢɧɞɭɤɬɢɜɧɨɫɬɢ 
(ɮɨɪɦɭɥɚ Ɍɨɦɫɨɧɚ). ȼ 18ηθ ɝ. ɭɱɺɧɵɣ ɨɬɤɪɵɥ ɬɪɟɬɢɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ (ɷɮɮɟɤɬ 
Ɍɨɦɫɨɧɚ). 

Ɍɨɦɫɨɧ ɜɧɺɫ ɛɨɥɶɲɨɣ ɜɤɥɚɞ ɜ ɪɚɡɜɢɬɢɟ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɧɚɭɤɢμ ɨɧ ɛɵɥ ɝɥɚɜɧɵɦ 
ɧɚɭɱɧɵɦ ɤɨɧɫɭɥɶɬɚɧɬɨɦ ɩɪɢ ɩɪɨɤɥɚɞɤɟ ɩɟɪɜɵɯ ɬɪɚɧɫɚɬɥɚɧɬɢɱɟɫɤɢɯ ɤɚɛɟɥɟɣ, ɫɤɨɧɫɬɪɭɢɪɨɜɚɥ 
ɪɹɞ ɷɥɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɯ ɢ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɩɪɢɛɨɪɨɜ. ɂɡɜɟɫɬɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ Ɍɨɦɫɨɧɚ ɩɨ 

https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D1%87%D0%B0%D0%BD%D0%B5
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D1%84%D0%BE%D1%80%D0%B4
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BD%D1%87%D0%B5%D1%81%D1%82%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%BC%D0%B0%D1%88%D0%BD%D0%B5%D0%B5_%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B0%D0%BB%D1%8C%D1%82%D0%BE%D0%BD,_%D0%94%D0%B6%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%BA%D0%BE%D0%BD_%D1%81%D0%BE%D1%85%D1%80%D0%B0%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8B
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%BA%D0%BE%D0%BD_%D1%81%D0%BE%D1%85%D1%80%D0%B0%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B2%D0%BE%D0%B5_%D0%BD%D0%B0%D1%87%D0%B0%D0%BB%D0%BE_%D1%82%D0%B5%D1%80%D0%BC%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BC%D1%81%D0%BE%D0%BD,_%D0%A3%D0%B8%D0%BB%D1%8C%D1%8F%D0%BC_(%D0%BB%D0%BE%D1%80%D0%B4_%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD)
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BE%D1%81%D1%82%D1%80%D0%B8%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%BA%D0%BE%D0%BD_%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8F_%E2%80%94_%D0%9B%D0%B5%D0%BD%D1%86%D0%B0
https://ru.wikipedia.org/wiki/1844_%D0%B3%D0%BE%D0%B4_%D0%B2_%D0%BD%D0%B0%D1%83%D0%BA%D0%B5
https://ru.wikipedia.org/w/index.php?title=1864_%D0%B3%D0%BE%D0%B4_%D0%B2_%D0%BD%D0%B0%D1%83%D0%BA%D0%B5&action=edit&redlink=1
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ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɪɚɛɨɬɵ ɩɨ ɬɟɨɪɢɢ ɩɪɢɥɢɜɨɜ, ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɜɨɥɧ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨ 
ɬɟɨɪɢɢ ɜɢɯɪɟɜɨɝɨ ɞɜɢɠɟɧɢɹ. ȼ 189β ɝ. ɭɱɺɧɨɦɭ ɛɵɥ ɩɨɠɚɥɨɜɚɧ ɬɢɬɭɥ ɥɨɪɞɚ Ʉɟɥɶɜɢɧɚ. ȼ 189θ 
ɝ. ɢɡɛɪɚɧ ɩɨɱɺɬɧɵɦ ɱɥɟɧɨɦ ɉɟɬɟɪɛɭɪɝɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ. 

Ɋɭɞɨɥɶɮ ɘɥɢɭɫ ɗɦɦɚɧɭɷɥɶ Ʉɥɚɭɡɢɭɫ (ɢɦɹ ɩɪɢ ɪɨɠɞ. — 

Ɋɭɞɨɥɶɮ Ƚɨɬɬɥɢɛ)ν 1822-1888 — ɧɟɦɟɰɤɢɣ ɮɢɡɢɤ,ɦɟɯɚɧɢɤ ɢ 
ɦɚɬɟɦɚɬɢɤ.  

ɍɧɢɜɟɪɫɢɬɟɬɫɤɨɟ ɨɛɪɚɡɨɜɚɧɢɟ Ʉɥɚɭɡɢɭɫ ɩɨɥɭɱɢɥ ɜ Ȼɟɪɥɢɧɟ. 
ɉɟɪɜɚɹ ɪɚɛɨɬɚ Ʉɥɚɭɡɢɭɫɚ ɩɨ ɦɟɯɚɧɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɬɟɩɥɚ ɛɵɥɚ 
ɨɩɭɛɥɢɤɨɜɚɧɚ ɜ 18η0 ɝɨɞɭ. ȼ ɷɬɨɦ ɠɟ ɝɨɞɭ ɜ ɫɟɧɬɹɛɪɟ ɨɧ 
ɩɨɥɭɱɢɥ ɩɪɢɝɥɚɲɟɧɢɟ ɧɚ ɞɨɥɠɧɨɫɬɶ ɩɪɨɮɟɫɫɨɪɚ ɜ Ȼɟɪɥɢɧɫɤɭɸ 
Ʉɨɪɨɥɟɜɫɤɭɸ ɚɪɬɢɥɥɟɪɢɣɫɤɭɸ ɢɧɠɟɧɟɪɧɭɸ ɲɤɨɥɭ. ɋ 18ηη ɝɨɞɚ 
— ɡɚɧɢɦɚɥ ɤɚɮɟɞɪɭ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɜ ɒɜɟɣɰɚɪɫɤɨɣ 
ɉɨɥɢɬɟɯɧɢɱɟɫɤɨɣ ɲɤɨɥɟ, ɬɨɝɞɚ ɠɟ ɩɨɥɭɱɢɥ ɧɚɡɧɚɱɟɧɢɟ ɜ 
ɭɧɢɜɟɪɫɢɬɟɬ ɐɸɪɢɯɚ. ȼ 18θι ɝɨɞɭ ɨɧ ɩɪɢɧɹɥ ɩɪɢɝɥɚɲɟɧɢɟ ɧɚ 
ɞɨɥɠɧɨɫɬɶ ɩɪɨɮɟɫɫɨɪɚ ɜ ȼɸɪɰɛɭɪɝɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ, ɚ ɫ 18θ9 
ɝɨɞɚ ɛɵɥ ɩɪɨɮɟɫɫɨɪɨɦ ɜ Ȼɨɧɧɟ. 

ɋɥɚɜɭ Ʉɥɚɭɡɢɭɫɭ ɫɨɡɞɚɥɢ ɟɝɨ ɪɚɛɨɬɵ ɩɨ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɬɟɪɦɨɞɢɧɚɦɢɤɟ, ɞɨ ɧɟɝɨ ɛɵɜɲɟɣ ɜ 
ɦɥɚɞɟɧɱɟɫɤɨɦ ɩɟɪɢɨɞɟ ɪɚɡɜɢɬɢɹν ɥɢɲɶ ɛɥɚɝɨɞɚɪɹ ɬɪɭɞɚɦ Ʉɥɚɭɡɢɭɫɚ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ 
ɪɚɛɨɬɚɦɢ Ⱦɠɨɭɥɹ, Ƚɟɥɶɦɝɨɥɶɰɚ ɢ Ɋɟɧɤɢɧɚ, ɬɟɪɦɨɞɢɧɚɦɢɤɚ ɩɨɥɭɱɢɥɚ ɨɤɨɧɱɚɬɟɥɶɧɭɸ 
ɪɚɡɪɚɛɨɬɤɭ. 

ȼ ɪɚɛɨɬɟ «Ɉ ɞɜɢɠɭɳɟɣ ɫɢɥɟ ɬɟɩɥɨɬɵ ɢ ɨ ɡɚɤɨɧɚɯ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɨɬɫɸɞɚ ɩɨɥɭɱɢɬɶ ɞɥɹ 
ɬɟɨɪɢɢ ɬɟɩɥɨɬɵ», ɨɩɭɛɥɢɤɨɜɚɧɧɨɣ ɜ 1850 ɝ., Ʉɥɚɭɡɢɭɫ ɫɮɨɪɦɭɥɢɪɨɜɚɥ ɭɬɜɟɪɠɞɟɧɢɟ, ɤɨɬɨɪɨɟ 
ɩɨɡɞɧɟɟ ɧɚɡɜɚɥ ɬɟɩɥɨɜɨɣ ɚɤɫɢɨɦɨɣμ «Ɍɟɩɥɨɬɚ ɫɚɦɚ ɫɨɛɨɣ ɧɟ ɦɨɠɟɬ ɩɟɪɟɯɨɞɢɬɶ ɨɬ ɬɟɥɚ 
ɯɨɥɨɞɧɨɝɨ ɤ ɬɟɥɭ ɝɨɪɹɱɟɦɭ». Ɍɟɩɥɨɜɚɹ ɚɤɫɢɨɦɚ Ʉɥɚɭɡɢɭɫɚ ɫɬɚɥɚ ɩɟɪɜɨɣ ɮɨɪɦɭɥɢɪɨɜɤɨɣ 
ɜɬɨɪɨɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɧɵɧɟ ɢɡɜɟɫɬɧɨɣ ɫɟɣɱɚɫ ɤɚɤ ɮɨɪɦɭɥɢɪɨɜɤɚ Кɥɚɭɡɢɭɫɚ. ȼ ɪɹɞɟ 
ɩɨɫɥɟɞɭɸɳɢɯ ɪɚɛɨɬ ɩɨ ɦɟɯɚɧɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɬɟɩɥɚ Ʉɥɚɭɡɢɭɫ ɭɬɨɱɧɢɥ ɫɜɨɸ ɮɨɪɦɭɥɢɪɨɜɤɭ 
ɜɬɨɪɨɝɨ ɧɚɱɚɥɚ ɢ ɞɨɤɚɡɚɥ ɧɟɫɤɨɥɶɤɨ ɧɨɜɵɯ ɬɟɨɪɟɦ, ɧɨɫɹɳɢɯ ɬɟɩɟɪɶ ɟɝɨ ɢɦɹ. 

ȼ 1865 ɝ. ɩɨɹɜɢɥɚɫɶ ɪɚɛɨɬɚ «Ɉ ɪɚɡɥɢɱɧɵɯ ɭɞɨɛɧɵɯ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɮɨɪɦɚɯ ɜɬɨɪɨɝɨ 
ɧɚɱɚɥɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɬɟɩɥɨɬɵ», ɜ ɤɨɬɨɪɨɣ Ʉɥɚɭɡɢɭɫ ɜɜɺɥ ɩɨɧɹɬɢɟ ɜɚɠɧɟɣɲɟɟ ɞɥɹ 
ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɷɧɬɪɨɩɢɢ. 

Ȼɥɚɝɨɞɚɪɹ ɹɫɧɨɫɬɢ ɢɡɥɨɠɟɧɢɹ Ʉɥɚɭɡɢɭɫɚ ɦɟɯɚɧɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɬɟɩɥɚ ɜ ɫɚɦɨɦ ɧɚɱɚɥɟ 
ɫɜɨɟɝɨ ɪɚɡɜɢɬɢɹ ɫɬɚɥɚ ɩɪɢɦɟɧɹɬɶɫɹ ɢ ɤ ɨɛɴɹɫɧɟɧɢɸ ɹɜɥɟɧɢɣ ɢɡ ɫɨɜɟɪɲɟɧɧɨ ɞɪɭɝɨɣ ɨɛɥɚɫɬɢ 
ɧɚɭɱɧɨɝɨ ɡɧɚɧɢɹ. Ɍɚɤ, ɜ 1867 ɝ. ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɚɧɚɥɨɝɢɹ ɦɟɠɞɭ ɢɫɩɚɪɟɧɢɟɦ ɢ ɪɚɡɥɨɠɟɧɢɟɦ 
ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

https://ru.wikipedia.org/wiki/1822
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D1%80%D0%BC%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C,_%D0%94%D0%B6%D0%B5%D0%B9%D0%BC%D1%81
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BB%D1%8C%D0%BC%D0%B3%D0%BE%D0%BB%D1%8C%D1%86,_%D0%93%D0%B5%D1%80%D0%BC%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BD%D0%BA%D0%B8%D0%BD,_%D0%A3%D0%B8%D0%BB%D1%8C%D1%8F%D0%BC_%D0%94%D0%B6%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/1850
https://ru.wikipedia.org/wiki/%D0%92%D1%82%D0%BE%D1%80%D0%BE%D0%B5_%D0%BD%D0%B0%D1%87%D0%B0%D0%BB%D0%BE_%D1%82%D0%B5%D1%80%D0%BC%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/1865
https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D1%82%D1%80%D0%BE%D0%BF%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/1867
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1.1. Ɉɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ ɯɢɦɢɱɟɫɤɨɣ ɬɟɪɦɨɞɢɧɚɦɢɤɢ 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ – ɷɬɨ ɱɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɚ (ɦɚɬɟɪɢɚɥɶɧɨɝɨ 
ɦɢɪɚ), ɨɬɞɟɥɟɧɧɚɹ ɨɬ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜɨɨɛɪɚɠɚɟɦɵɦɢ ɢɥɢ 
ɮɢɡɢɱɟɫɤɢɦɢ ɝɪɚɧɢɰɚɦɢ, ɤɨɬɨɪɚɹ ɩɨɞɜɟɪɝɧɭɬɚ ɢɡɭɱɟɧɢɸ ɢɥɢ 
ɪɚɫɫɦɨɬɪɟɧɢɸ. 

(Ⱦɨɫɬɚɬɨɱɧɨ ɱɚɫɬɨ ɜ ɬɟɪɦɨɞɢɧɚɦɢɤɟ ɩɪɢɦɟɧɹɟɬɫɹ ɩɨɧɹɬɢɟ ȼɫɟɥɟɧɧɚɹ, ɤɚɤ 
ɫɢɧɨɧɢɦ Ɉɤɪɭɠɚɸɳɚɹ ɫɪɟɞɚ) 

ɋɢɫɬɟɦɚ ɨɬɤɪɵɬɚɹ – ɫɢɫɬɟɦɚ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɨɛɦɟɧɢɜɚɬɶɫɹ ɫ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ ɤɚɤ ɜɟɳɟɫɬɜɨɦ  ɬɚɤ ɢ ɷɧɟɪɝɢɟɣ. ɉɪɢɦɟɪɨɦ ɩɨɞɨɛɧɨɣ 
ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɨɬɤɪɵɬɵɣ  ɫɬɚɤɚɧ ɫ ɜɨɞɨɣ. 

ɋɢɫɬɟɦɚ ɡɚɤɪɵɬɚɹ – ɫɢɫɬɟɦɚ, ɤɨɬɨɪɚɹ ɧɟ ɦɨɠɟɬ ɨɛɦɟɧɢɜɚɬɶɫɹ ɜɟɳɟɫɬɜɨɦ 
ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ, ɧɨ ɦɨɠɟɬ ɨɛɦɟɧɢɜɚɬɶɫɹ ɷɧɟɪɝɢɟɣ, ɧɚɩɪɢɦɟɪ, ɡɚɩɚɹɧɧɚɹ 
ɚɦɩɭɥɚ ɫ ɜɟɳɟɫɬɜɨɦ. 

ɋɢɫɬɟɦɚ ɢɡɨɥɢɪɨɜɚɧɧɚɹ – ɫɢɫɬɟɦɚ, ɤɨɬɨɪɚɹ ɧɟ ɦɨɠɟɬ ɨɛɦɟɧɢɜɚɬɶɫɹ ɫ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ ɧɢ ɜɟɳɟɫɬɜɨɦ, ɧɢ ɷɧɟɪɝɢɟɣ. ɉɪɢɦɟɪμ ɡɚɤɪɵɬɵɣ ɬɟɪɦɨɫ. 
ɂɡɨɥɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɜɫɟɝɞɚ ɢɡɨɯɨɪɧɚɹ V=const. 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɦɨɝɭɬ ɛɵɬɶ ɝɨɦɨɝɟɧɧɵɦɢ ɢɥɢ 
ɝɟɬɟɪɨɝɟɧɧɵɦɢ. 
Ƚɨɦɨɝɟɧɧɚɹ ɫɢɫɬɟɦɚ – ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɱɚɫɬɹɦɢ ɧɟɬ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ.  
Ƚɟɬɟɪɨɝɟɧɧɚɹ (ɦɧɨɝɨɮɚɡɧɚɹ) ɫɢɫɬɟɦɚ – ɦɟɠɞɭ ɱɚɫɬɹɦɢ ɫɢɫɬɟɦɵ ɟɫɬɶ 
ɩɨɜɟɪɯɧɨɫɬɶ (ɝɪɚɧɢɰɚ) ɪɚɡɞɟɥɚ.  

Ɏɚɡɚ – ɝɨɦɨɝɟɧɧɚɹ (ɨɞɧɨɪɨɞɧɚɹ) ɱɚɫɬɶ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɢɫɬɟɦɵ, 
ɨɝɪɚɧɢɱɟɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶɸ ɪɚɡɞɟɥɚ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹɫɹ 
ɨɞɢɧɚɤɨɜɵɦɢ ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ ɮɢɡɢɱɟɫɤɢɦɢ ɢ ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

ɉɪɢɦɟɪɨɦ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ ɦɧɨɝɨɮɚɡɧɨɣ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɫɬɚɤɚɧ ɫ 
ɜɨɞɨɣ, ɜ ɤɨɬɨɪɨɦ ɧɚɯɨɞɢɬɫɹ ɤɭɫɨɱɟɤ ɥɶɞɚ (ɬɪɢ ɮɚɡɵ- ɝɚɡɨɨɛɪɚɡɧɚɹ, ɬɜɺɪɞɚɹ, 

ɠɢɞɤɚɹ). ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɨɞɧɨɮɚɡɧɨɣ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɦɨɠɧɨ 
ɩɪɢɜɟɫɬɢ ɪɚɫɬɜɨɪ ɝɥɸɤɨɡɵ ɜ ɜɨɞɟ. 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 

Ɇɚɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ – ɷɬɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ 

ɜɟɥɢɱɢɧɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ.  
Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɞɟɥɹɬɫɹ ɧɚ ɷɤɫɬɟɧɫɢɜɧɵɟ ɢ ɢɧɬɟɧɫɢɜɧɵɟ. 

ɗɤɫɬɟɧɫɢɜɧɵɟ (ɮɚɤɬɨɪɵ ɷɤɫɬɟɧɫɢɜɧɨɫɬɢ) – ɷɬɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ 
ɩɚɪɚɦɟɬɪɵ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜɚ ɫɢɫɬɟɦɵ 

(ɧɚɩɪɢɦɟɪ, ɦɚɫɫɚ, ɨɛɴɺɦ, ɷɧɟɝɪɢɹ). ɗɤɫɬɟɧɫɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɛɥɚɞɚɸɬ 
ɫɜɨɣɫɬɜɨɦ ɚɞɞɢɬɢɜɧɨɫɬɢ (ɢɯ ɡɧɚɱɟɧɢɹ ɫɭɦɦɢɪɭɸɬɫɹ). 
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ɂɧɬɟɧɫɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ (ɮɚɤɬɨɪɵ ɢɧɬɟɧɫɢɜɧɨɫɬɢ) – ɷɬɨ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɵɯ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɦɚɫɫɵ 

(ɧɚɩɪɢɦɟɪ, ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɞɚɜɥɟɧɢɟ). Ɇɨɠɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɜɟɥɢɱɢɬɶ ɦɚɫɫɭ ɢ 
ɨɛɴɟɦ ɫɢɫɬɟɦɵ ɜ ɥɸɛɨɟ ɱɢɫɥɨ ɪɚɡ, ɩɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɞɚɜɥɟɧɢɟ ɨɫɬɚɧɭɬɫɹ 
ɩɨɫɬɨɹɧɧɵɦɢ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɭɞɟɥɶɧɵɯ ɜɟɥɢɱɢɧ, ɤɨɬɨɪɵɟ ɨɬɧɟɫɟɧɵ, ɧɚɩɪɢɦɟɪ, ɤ ɟɞɢɧɢɰɟ 
ɦɚɫɫɵ ɢɥɢ ɨɛɴɟɦɚ ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ ɢɧɬɟɧɫɢɜɧɵɦɢ (ɤɨɧɰɟɧɬɪɚɰɢɹ, ɩɥɨɬɧɨɫɬɶ, 
ɬɟɩɥɨɟɦɤɨɫɬɶ). 

ɗɧɟɪɝɢɹ. 
ȼɩɟɪɜɵɟ ɬɟɪɦɢɧ ɷɧɟɪɝɢɹ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɜ 180ι ɝɨɞɭ Ɍɨɦɚɫɨɦ ɘɧɝɨɦ 

ɜɡɚɦɟɧ ɩɨɧɹɬɢɹ ɠɢɜɚɹ ɫɢɥɚ. ɍɢɥɶɹɦ Ɍɨɦɫɨɧ (ɥɨɪɞ Ʉɟɥɶɜɢɧ) ɜɩɟɪɜɵɟ 
ɢɫɩɨɥɶɡɨɜɚɥ ɬɟɪɦɢɧ «ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ» ɧɟ ɩɨɡɠɟ 18η1 ɝɨɞɚ, ɚ ɜ 18ηγ ɝɨɞɭ 
ɍɢɥɶɹɦ Ɋɟɧɤɢɧ ɜɩɟɪɜɵɟ ɜɜɺɥ ɩɨɧɹɬɢɟ «ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ». 
 ɗɧɟ́ɪɝɢɹ (ɞɪ.-ɝɪɟɱ. ἐȞέȡȖİȚα — ɞɟɣɫɬɜɢɟ, ɞɟɹɬɟɥɶɧɨɫɬɶ, ɫɢɥɚ, ɦɨɳɶ) — 

ɮɢɡɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ, ɹɜɥɹɸɳɚɹɫɹ ɟɞɢɧɨɣ ɦɟɪɨɣ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ 
ɞɜɢɠɟɧɢɹ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɚɬɟɪɢɢ, ɦɟɪɨɣ ɩɟɪɟɯɨɞɚ ɞɜɢɠɟɧɢɹ 
ɦɚɬɟɪɢɢ ɢɡ ɨɞɧɢɯ ɮɨɪɦ ɜ ɞɪɭɝɢɟ. 

 ɗɧɟ́ɪɝɢɹ – ɷɬɨ ɫɩɨɫɨɛɧɨɫɬɶ ɫɨɜɟɪɲɚɬɶ ɪɚɛɨɬɭ. 
ȿɞɢɧɢɰɚ ɢɡɦɟɪɟɧɢɹ ɷɧɟɪɝɢɢ ɤɚɥɨɪɢɹ (Ʉɚɥ) ɢ ɜ ɫɢɫɬɟɦɟ ɋɂ – ɞɠɨɭɥɶ (Ⱦɠ).  

1 Ʉɚɥ = 4,18 Ⱦɠ. 
 

1.2. ȼɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ, ɬɟɩɥɨɬɚ, ɪɚɛɨɬɚ 

ȼɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ – ɷɬɨ ɩɨɥɧɵɣ ɡɚɩɚɫ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ ɡɚ 
ɢɫɤɥɸɱɟɧɢɟɦ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɩɨɥɨɠɟɧɢɹ ɢ ɤɢɧɟɬɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɢ ɞɜɢɠɟɧɢɹ ɫɢɫɬɟɦɵ ɤɚɤ ɰɟɥɨɝɨ. 
ɋɨɫɬɚɜɥɹɸɳɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵμ 

– ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ, ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɢ 
ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥν 
– ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɬɨɦɨɜ ɢ ɦɨɥɟɤɭɥν 
– ɜɧɭɬɪɢɚɬɨɦɧɚɹ ɢ ɜɧɭɬɪɢɹɞɟɪɧɚɹ ɷɧɟɪɝɢɢ. 

ȼɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ. Ɏɭɧɤɰɢɟɣ 
ɫɨɫɬɨɹɧɢɹ ɧɚɡɵɜɚɟɬɫɹ ɬɚɤɚɹ ɩɟɪɟɦɟɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɚɹ ɧɟ 
ɡɚɜɢɫɢɬ ɨɬ ɩɭɬɢ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ, ɚ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɢ 
ɤɨɧɟɱɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ. ɉɟɪɟɞ ɮɭɧɤɰɢɟɣ ɫɨɫɬɨɹɧɢɹ ɜɫɟɝɞɚ ɫɬɚɜɢɬɫɹ ɡɧɚɤ 
ɩɨɥɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɚ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɩɨɥɧɵɣ ɡɚɩɚɫ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ ɧɟ ɦɨɠɟɬ 
ɛɵɬɶ ɪɚɫɫɱɢɬɚɧ ɢɥɢ ɢɡɦɟɪɟɧ. Ɉɞɧɚɤɨ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɢ ɢɡɦɟɪɢɬɶ ɟɟ 
ɢɡɦɟɧɟɧɢɟ (U=U2-U1). 

https://ru.wikipedia.org/wiki/%D0%AE%D0%BD%D0%B3,_%D0%A2%D0%BE%D0%BC%D0%B0%D1%81
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BC%D1%81%D0%BE%D0%BD,_%D0%A3%D0%B8%D0%BB%D1%8C%D1%8F%D0%BC_(%D0%BB%D0%BE%D1%80%D0%B4_%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD)
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BD%D0%BA%D0%B8%D0%BD,_%D0%A3%D0%B8%D0%BB%D1%8C%D1%8F%D0%BC_%D0%94%D0%B6%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%82%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
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Ɍɟɩɥɨɬɚ (Q) – ɫɩɨɫɨɛ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɩɭɬɟɦ ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɝɨ 
ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ. 
Ɋɚɛɨɬɚ (W) – ɷɬɨ ɫɩɨɫɨɛ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɩɭɬɟɦ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ 

ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɩɥɨɬɚ ɢ ɪɚɛɨɬɚ – ɷɬɨ ɞɜɚ ɫɩɨɫɨɛɚ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ.  
ȼɧɟ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɧɢ ɬɟɩɥɨɬɵ ɢ ɧɢ ɪɚɛɨɬɵ. 

ɇɟɤɨɪɪɟɤɬɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɫɢɫɬɟɦɚ ɨɛɥɚɞɚɟɬ ɡɚɩɚɫɨɦ ɬɟɩɥɨɬɵ ɢ 
ɪɚɛɨɬɵ – ɫɢɫɬɟɦɚ ɨɛɥɚɞɚɟɬ ɡɚɩɚɫɨɦ ɷɧɟɪɝɢɢ. 

ȼ ɯɨɞɟ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɜ ɜɢɞɟ ɬɟɩɥɚ ɨɞɧɚ ɫɢɫɬɟɦɚ ɭɫɜɚɢɜɚɟɬ 
ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɫɬɶ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ ɞɪɭɝɨɣ. ɉɟɪɟɞɚɱɚ ɬɟɩɥɚ ɩɪɨɢɫɯɨɞɢɬ ɞɨ 
ɧɚɫɬɭɩɥɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. ɉɪɢ ɷɬɨɦ ɜɵɪɚɜɧɢɜɚɟɬɫɹ ɫɪɟɞɧɹɹ 
ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɪɚɜɧɢɜɚɟɬɫɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ (ɪɢɫ. 1.1-1.2). 

ɇɟɭɩɨɪɹɞɨɱɟɧɧɨɟ ɞɜɢɠɟɧɢɟ ɱɚɫɬɢɰ ɧɚɡɵɜɚɟɬɫɹ ɬɚɤɠɟ ɬɟɩɥɨɜɵɦ, 
ɯɚɨɬɢɱɟɫɤɢɦ ɢɥɢ ɛɪɨɭɧɨɜɫɤɢɦ. (ɉɪɨ ɩɪɢɪɨɞɭ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ 
ɱɢɬɚɣɬɟ ɜ ɪɚɡɞɟɥɟ «Ɍɟɦɩɟɪɚɬɭɪɚ»). 

Ɍɟɩɥɨɬɚ ɢ ɪɚɛɨɬɚ ɧɟ ɹɜɥɹɸɬɫɹ ɮɭɧɤɰɢɹɦɢ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ. 
Сиɫɬɟɦа 2
(хɨɥɨɞɧая)

Сиɫɬɟɦа 1
(ɝɨɪячая)

Q
  

Ɋɢɫ. 1.1. ɉɪɢ ɤɨɧɬɚɤɬɟ ɋɢɫɬɟɦɚ 2 ɭɫɜɚɢɜɚɟɬ 

ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɫɬɶ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ 
ɋɢɫɬɟɦɵ 1. ɉɪɨɢɫɯɨɞɢɬ ɩɟɪɟɞɚɱɚ ɷɧɟɪɝɢɢ ɜ 
ɮɨɪɦɟ ɬɟɩɥɚ ɨɬ ɋɢɫɬɟɦɵ 1 ɤ ɋɢɫɬɟɦɟ 2 

Ɋɢɫ. 1.2. ɋɢɫɬɟɦɚ 2 ɭɫɜɚɢɜɚɟɬ 

ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɶ (ɤɨɝɟɪɟɧɬɧɨɫɬɶ) ɞɜɢɠɟɧɢɹ 
ɱɚɫɬɢɰ ɋɢɫɬɟɦɵ 1. ɋɢɫɬɟɦɚ 1 ɫɨɜɟɪɲɚɟɬ 
ɪɚɛɨɬɭ ɧɚɞ ɋɢɫɬɟɦɨɣ β 

 

ȼɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɫɨɫɬɨɹɧɢɹ. Ɍɟɩɥɨɬɚ ɢ ɪɚɛɨɬɚ 
ɹɜɥɹɸɬɫɹ ɮɭɧɤɰɢɹɦɢ ɩɭɬɢ. ȿɫɥɢ ɫɢɫɬɟɦɚ ɩɟɪɟɯɨɞɢɬ ɢɡ ɫɨɫɬɨɹɧɢɹ I ɜ ɫɨɫɬɨɹɧɢɟ 
II (ɪɢɫ. 1.γ), ɬɨ ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɧɚɱɚɥɶɧɵɦ 
ɢ ɤɨɧɟɱɧɵɦ ɫɨɫɬɨɹɧɢɹɦɢ, ɚ ɪɚɛɨɬɚ ɢ ɬɟɩɥɨɬɚ ɦɨɝɭɬ ɛɵɬɶ ɥɸɛɵɦɢ, ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɩɨ ɤɚɤɨɦɭ ɩɭɬɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɨɬɟɤɚɟɬ ɩɪɨɰɟɫɫ. 
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Ɋɢɫ. 1.3. ɉɟɪɟɯɨɞ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɢɡ ɫɨɫɬɨɹɧɢɹ 1 ɜ ɫɨɫɬɨɹɧɢɟ 2 

ȼɟɥɢɱɢɧɵ ΔU, Q ɢ W ɦɨɝɭɬ ɢɦɟɬɶ ɤɚɤ ɩɨɥɨɠɢɬɟɥɶɧɵɟ, ɬɚɤ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ 
ɡɧɚɱɟɧɢɹ.  

– ȼ ɬɟɪɦɨɞɢɧɚɦɢɤɟ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɫɱɢɬɚɟɬɫɹ ɬɚɤɨɟ ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ, 
ɤɨɝɞɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɜ ɫɢɫɬɟɦɟ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ (Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɩɪɚɜɢɥɨ ɡɧɚɤɨɜ.) 
– Ɍɟɩɥɨɬɚ, ɩɨɥɭɱɟɧɧɚɹ ɫɢɫɬɟɦɨɣ, ɫɱɢɬɚɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɚ 
ɨɬɞɚɧɧɚɹ ɫɢɫɬɟɦɨɣ ɜɨ ɜɧɟɲɧɸɸ ɫɪɟɞɭ – ɨɬɪɢɰɚɬɟɥɶɧɨɣ. 
– Ɍɚɤ ɤɚɤ ɜ ɦɟɯɚɧɢɤɟ ɩɪɢɧɹɬɚ ɨɛɪɚɬɧɚɹ ɫɢɫɬɟɦɚ ɡɧɚɤɨɜ, ɬɨ ɪɚɛɨɬɚ 
ɪɚɫɲɢɪɟɧɢɹ, ɫɨɜɟɪɲɚɟɦɚɹ ɫɢɫɬɟɦɨɣ ɧɚɞ ɜɧɟɲɧɟɣ ɫɪɟɞɨɣ, ɫɱɢɬɚɟɬɫɹ 
ɩɨɥɨɠɢɬɟɥɶɧɨɣ, ɚ ɫɨɜɟɪɲɚɟɦɚɹ ɧɚɞ ɫɢɫɬɟɦɨɣ — ɨɬɪɢɰɚɬɟɥɶɧɨɣ.  

Ɋɚɡɥɢɱɚɸɬ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɪɚɛɨɬɵμ ɤɚɤ ɪɚɛɨɬɭ ɪɚɫɲɢɪɟɧɢɹ (PdV), ɬɚɤ ɢ ɞɪɭɝɢɟ 
ɜɢɞɵ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵμ ɪɚɛɨɬɭ ɫɨɜɟɪɲɚɟɦɭɸ ɩɪɨɬɢɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢɥɢ 
ɦɚɝɧɢɬɧɵɯ ɫɢɥ, ɪɚɛɨɬɭ ɩɨ ɫɨɡɞɚɧɢɸ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɬ. ɩ. 

Ɍɢɩɵ ɪɚɛɨɬɵ ȼɵɪɚɠɟɧɢɹ ɞɥɹ 
δW 

Ɋɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɢɥɢ ɫɠɚɬɢɹ ɫɢɫɬɟɦɵ (ɪɚɛɨɬɚ 
ɪɚɫɲɢɪɟɧɢɹ ɝɚɡɚ) 

įW = p dV 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɪɚɛɨɬɚ ɩɪɨɯɨɠɞɟɧɢɹ ɡɚɪɹɞɚ z ɱɟɪɟɡ 
ɹɱɟɣɤɭ ɫ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ E 

įW = −E dz 

Ɋɚɛɨɬɚ ɫɨɡɞɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ s ɜ ɫɢɫɬɟɦɟ ɫ 
ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɧɚɬɹɠɟɧɢɟɦ ı 

įW =ı dS 

Ɋɚɛɨɬɚ ɩɨɞɧɹɬɢɹ ɫɢɫɬɟɦɵ ɦɚɫɫɨɣ m ɧɚ ɜɵɫɨɬɭ h ɜ 
ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɩɨɥɟ ɫ ɭɫɤɨɪɟɧɢɟɦ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ g 

įW = mg dh 

Ɋɚɛɨɬɚ ɪɚɫɬɹɠɟɧɢɹ ɢɥɢ ɫɠɚɬɢɹ ɧɚ ɞɥɢɧɭ l ɩɪɭɠɢɧɵ ɢɥɢ 
ɷɥɚɫɬɢɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɭɩɪɭɝɨɫɬɢ k 

įW = k dl 

Ɇɚɝɧɢɬɧɚɹ ɪɚɛɨɬɚ, ɩɪɨɢɡɜɟɞɟɧɧɚɹ ɧɚɞ ɜɟɳɟɫɬɜɨɦ ɫ 
ɦɚɝɧɢɬɧɨɣ ɩɨɥɹɪɢɡɚɰɢɟɣ M ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ 
ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ H 

įW = H dM 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɪɚɛɨɬɚ, ɩɪɨɢɡɜɟɞɟɧɧɚɹ ɧɚɞ ɜɟɳɟɫɬɜɨɦ ɫ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɨɥɹɪɢɡɚɰɢɟɣ P ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ 
ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ E0 

įW = −İ EdP 
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1.3. Ɍɟɦɩɟɪɚɬɭɪɚ. ɇɭɥɟɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ 

ȼɚɠɧɵɦ ɷɬɚɩɨɦ ɜ ɪɚɡɜɢɬɢɢ ɭɱɟɧɢɹ ɨ ɬɟɩɥɨɜɵɯ ɹɜɥɟɧɢɹɯ ɛɵɥɨ ɜɵɹɜɥɟɧɢɟ 
ɪɚɡɥɢɱɢɹ ɦɟɠɞɭ ɩɨɧɹɬɢɹɦɢ «ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ» ɢ «ɬɟɦɩɟɪɚɬɭɪɚ». ɉɟɪɜɵɦ, 
ɤɬɨ ɱɟɬɤɨ ɫɮɨɪɦɭɥɢɪɨɜɚɥ ɦɵɫɥɶ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɯ ɪɚɡɥɢɱɟɧɢɹ, ɛɵɥ 
ɲɨɬɥɚɧɞɫɤɢɣ ɭɱɟɧɵɣ Ⱦɠ. Ȼɥɷɤ. 

Ɍɟɦɩɟɪɚɬɭɪɚ – ɷɬɨ ɦɟɪɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ (ɬɟɩɥɨɜɨɝɨ) ɪɚɜɧɨɜɟɫɢɹ 
ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɹɜɥɹɟɬɫɹ ɢɧɬɟɧɫɢɜɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɧɟ ɡɚɜɢɫɹɳɟɣ ɨɬ ɦɚɫɫɵ 

ɫɢɫɬɟɦɵ, ɬ.ɟ. ɬɟɦɩɟɪɚɬɭɪɚ ɧɟ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɨɦ ɚɞɞɢɬɢɜɧɨɫɬɢ.  
Ɍɟɦɩɟɪɚɬɭɪɚ ɹɜɥɹɟɬɫɹ ɱɢɫɬɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɩɨɧɹɬɢɟɦ. Ƚɨɜɨɪɢɬɶ ɨ 

ɬɟɦɩɟɪɚɬɭɪɟ, ɧɚɩɪɢɦɟɪ, ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ ɧɟ ɤɨɪɪɟɤɬɧɨ. 
«...ɦɟɪɢɥɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɹɜɥɹɟɬɫɹ ɧɟ ɫɚɦɨ ɞɜɢɠɟɧɢɟ, ɚ ɯɚɨɬɢɱɧɨɫɬɶ 

ɷɬɨɝɨ ɞɜɢɠɟɧɢɹ. ɏɚɨɬɢɱɧɨɫɬɶ ɫɨɫɬɨɹɧɢɹ ɬɟɥɚ ɨɩɪɟɞɟɥɹɟɬ ɟɝɨ 
ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɢ ɷɬɚ ɢɞɟɹ (ɤɨɬɨɪɚɹ ɜɩɟɪɜɵɟ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ 
Ȼɨɥɶɰɦɚɧɨɦ), ɱɬɨ ɨɩɪɟɞɟɥɺɧɧɨɟ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɬɟɥɚ ɜɨɜɫɟ ɧɟ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɧɟɪɝɢɟɣ ɞɜɢɠɟɧɢɹ, ɧɨ ɯɚɨɬɢɱɧɨɫɬɶɸ ɷɬɨɝɨ ɞɜɢɠɟɧɢɹ, ɢ 
ɹɜɥɹɟɬɫɹ ɬɟɦ ɧɨɜɵɦ ɩɨɧɹɬɢɟɦ ɜ ɨɩɢɫɚɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɹɜɥɟɧɢɣ, ɤɨɬɨɪɵɦ 
ɦɵ ɞɨɥɠɧɵ ɩɨɥɶɡɨɜɚɬɶɫɹ…» ɉ.Ʌ. Ʉɚɩɢɰɚ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɦɩɟɪɚɬɭɪɚ ɨɬɪɚɠɚɟɬ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ 
ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɝɨ (ɯɚɨɬɢɱɟɫɤɨɝɨ) ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ (ɚɬɨɦɨɜ ɢ ɦɨɥɟɤɭɥ), ɢɡ 
ɤɨɬɨɪɵɯ ɫɨɫɬɨɢɬ ɞɚɧɧɚɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ. 

ȼ 1827ɝ. ɚɧɝɥɢɣɫɤɢɣ ɛɨɬɚɧɢɤ Ȼɪɨɭɧ, ɧɚɛɥɸɞɚɹ ɜ ɦɢɤɪɨɫɤɨɩ ɞɜɢɠɟɧɢɟ 
ɜɡɜɟɲɟɧɧɵɯ ɱɚɫɬɢɰ ɰɜɟɬɨɱɧɨɣ ɩɵɥɶɰɵ ɜ ɜɨɞɟ, ɭɫɬɚɧɨɜɢɥ ɯɚɨɬɢɱɟɫɤɢɣ 
ɯɚɪɚɤɬɟɪ ɢɯ ɩɟɪɟɦɟɳɟɧɢɹ. Ɍɨɠɟ ɦɨɠɧɨ ɛɵɥɨ ɧɚɛɥɸɞɚɬɶ ɢ ɫ ɩɵɥɢɧɤɚɦɢ, 
ɜɡɜɟɲɟɧɧɵɦɢ ɜ ɜɨɡɞɭɯɟ. Иɦɟɧɧɨ ɷɬɨ ɛɟɫɩɨɪɹɞɨɱɧɨɟ, ɯɚɨɬɢɱɟɫɤɨɟ ɩɟɪɟɦɟɳɟɧɢɟ 
ɜ ɝɚɡɟ ɢɥɢ ɠɢɞɤɨɫɬɢ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɜɡɜɟɲɟɧɧɵɯ ɱɚɫɬɢɰ ɩɨɥɭɱɢɥɨ ɧɚɡɜɚɧɢɟ 
ɛɪɨɭɧɨɜɫɤɨɝɨ ɞɜɢɠɟɧɢɹ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɷɬɨ 
ɞɜɢɠɟɧɢɟ ɭɫɢɥɢɜɚɟɬɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ, ɡɚɜɢɫɢɬ ɨɬ ɜɹɡɤɨɫɬɢ 
ɫɪɟɞɵ, ɨɬ ɪɚɡɦɟɪɨɜ ɜɡɜɟɲɟɧɧɵɯ ɱɚɫɬɢɰ. Ɍɨɥɶɤɨ ɫɩɭɫɬɹ 80 ɥɟɬ ɷɬɨɦɭ 
ɮɢɡɢɱɟɫɤɨɦɭ ɹɜɥɟɧɢɸ ɛɵɥɨ ɞɚɧɨ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɨɛɴɹɫɧɟɧɢɟ ɜ ɪɚɛɨɬɚɯ 
Ⱥ. ɗɣɧɲɬɟɣɧɚ ɢ Ƚ. ɋɦɨɥɭɯɨɜɫɤɨɝɨ, ɤɨɬɨɪɵɟ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ 
ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɩɟɪɜɨɩɪɢɱɢɧɨɣ ɛɪɨɭɧɨɜɫɤɨɝɨ ɞɜɢɠɟɧɢɹ ɹɜɥɹɟɬɫɹ 
ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɜ ɝɚɡɚɯ ɢ ɠɢɞɤɨɫɬɹɯ ɚɬɨɦɨɜ ɢɥɢ ɦɨɥɟɤɭɥ, ɤɨɬɨɪɵɟ ɫɚɦɢ 
ɫɨɜɟɪɲɚɸɬ ɧɟɩɪɟɪɵɜɧɨɟ ɯɚɨɬɢɱɟɫɤɨɟ ɞɜɢɠɟɧɢɟ, ɫɬɚɥɤɢɜɚɸɬɫɹ ɫɨ 
ɜɡɜɟɲɟɧɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɢ ɩɟɪɟɞɚɸɬ ɩɨɫɥɟɞɧɢɦ ɤɨɥɢɱɟɫɬɜɨ ɞɜɢɠɟɧɢɹ ɢ 
ɷɧɟɪɝɢɸ. ɇɨ ɜ ɫɢɥɭ ɫɥɭɱɚɣɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɫɬɨɥɤɧɨɜɟɧɢɣ ɢ ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɨɫɬɢ 
ɭɞɚɪɨɜ ɫɨ ɫɬɨɪɨɧɵ ɱɚɫɬɢɰ ɫɪɟɞɵ ɩɨ ɜɡɜɟɲɟɧɧɵɦ ɱɚɫɬɢɰɚɦ ɢ ɫɨɜɟɪɲɚɟɬɫɹ 
ɩɨɫɥɟɞɧɢɦɢ ɭɩɨɦɹɧɭɬɨɟ ɛɪɨɭɧɨɜɫɤɨɟ ɞɜɢɠɟɧɢɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɟɦ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɚ, ɬɟɦ ɜɵɲɟ ɷɧɟɪɝɢɹ 
ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɝɨ (ɬɟɩɥɨɜɨɝɨ) ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ. Ⱦɥɹ ɨɞɧɨɚɬɨɦɧɵɯ ɦɨɥɟɤɭɥ 
(ɢɞɟɚɥɶɧɵɣ ɝɚɡ) ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɹɜɥɹɟɬɫɹ ɨɬɪɚɠɟɧɢɟɦ ɭɜɟɥɢɱɟɧɢɹ 
ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ. Ⱦɥɹ ɨɞɧɨɣ 

https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BF%D0%B8%D1%86%D0%B0,_%D0%9F%D1%91%D1%82%D1%80_%D0%9B%D0%B5%D0%BE%D0%BD%D0%B8%D0%B4%D0%BE%D0%B2%D0%B8%D1%87
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ɦɨɥɟɤɭɥɵ ɫɪɟɞɧɹɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɟɟ ɞɜɢɠɟɧɢɹ ɪɚɜɧɚμ 

Tk
2

3
Tk

2

m
E ȻȻK  ,     (1.1) 

ɝɞɟ Ц=γ – ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ (б, в, г)ν 
kȻ=1,3810

-23
 Ⱦɠ/Ʉ – ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚν T – ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɚɛɫɨɥɸɬɧɨɣ 

ɲɤɚɥɟ.  
Ⱦɥɹ ɨɞɧɨɝɨ ɦɨɥɶ ɦɨɥɟɤɭɥ ɫɪɟɞɧɹɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɢɯ ɞɜɢɠɟɧɢɹ 

ɪɚɜɧɚμ 
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EK  ,     (1.2) 

ɝɞɟ R=8,γ14 Ⱦɠ/ɦɨɥɶɄ – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ. 
Ⱦɥɹ ɦɧɨɝɨɚɬɨɦɧɵɯ ɦɨɥɟɤɭɥ ɤ ɷɧɟɪɝɢɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ 

ɩɪɢɛɚɜɥɹɟɬɫɹ ɷɧɟɪɝɢɹ ɜɪɚɳɚɬɟɥɶɧɨɝɨ (ɫɩɢɧɨɜɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ) ɞɜɢɠɟɧɢɹ. 
Ⱦɜɭɯɚɬɨɦɧɚɹ ɦɨɥɟɤɭɥɚ (ɪɢɫ. 1) ɦɨɠɟɬ ɫɨɜɟɪɲɚɬɶ ɲɟɫɬɶ ɧɟɡɚɜɢɫɢɦɵɯ ɞɜɢɠɟɧɢɣμ 
ɬɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɵɯ ɞɜɢɠɟɧɢɹ ɜɞɨɥɶ ɨɫɟɣ X, Y, Z ɢ ɞɜɚ ɜɪɚɳɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɨɫɟɣ X ɢ Y. ȼɪɚɳɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ Z, ɧɚ ɤɨɬɨɪɨɣ ɥɟɠɚɬ ɰɟɧɬɪɵ ɨɛɨɢɯ 
ɚɬɨɦɨɜ, ɦɨɠɟɬ ɛɵɬɶ ɜɨɡɛɭɠɞɟɧɨ ɬɨɥɶɤɨ ɩɪɢ ɨɱɟɧɶ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 
Ʉɚɠɞɨɟ ɧɟɡɚɜɢɫɢɦɨɟ ɞɜɢɠɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɫɬɟɩɟɧɶɸ ɫɜɨɛɨɞɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɨɞɧɨɚɬɨɦɧɚɹ ɦɨɥɟɤɭɥɚ ɢɦɟɟɬ γ ɩɨɫɬɭɩɚɬɟɥɶɧɵɟ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ, ɞɜɭɯɚɬɨɦɧɚɹ 
ɦɨɥɟɤɭɥɚ ɢɦɟɟɬ η ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ (γ ɩɨɫɬɭɩɚɬɟɥɶɧɵɟ, β ɜɪɚɳɚɬɟɥɶɧɵɟ)μ 
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Ɋɢɫ. 1.4. ɉɨɫɬɭɩɚɬɟɥɶɧɚɹ ɢ ɜɪɚɳɚɬɟɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɞɜɢɠɟɧɢɹ ɞɜɭɯɚɬɨɦɧɨɣ 
ɦɨɥɟɤɭɥɵ 

ɂɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɧɭɥɟɜɨɦ ɧɚɱɚɥɟ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. 
ɇɭɥɟɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ (ɬɟɨɪɟɦɚ Ɏɚɭɥɟɪɚ, 1931 ɝ.) – ɟɫɥɢ ɞɜɚ ɬɟɥɚ 
ɧɚɯɨɞɹɬɫɹ ɜ ɬɟɩɥɨɜɨɦ ɪɚɜɧɨɜɟɫɢɢ ɫ ɬɪɟɬɶɢɦ, ɬɨ ɨɧɢ ɧɚɯɨɞɹɬɫɹ ɜ 
ɬɟɩɥɨɜɨɦ ɪɚɜɧɨɜɟɫɢɢ ɞɪɭɝ ɫ ɞɪɭɝɨɦ. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɦɟɧɹɸɬ ɭɫɬɪɨɣɫɬɜɨ – ɬɟɪɦɨɦɟɬɪ. Ɉɫɧɨɜɧɵɦ 
ɷɥɟɦɟɧɬɨɦ ɬɟɪɦɨɦɟɬɪɚ ɹɜɥɹɟɬɫɹ ɬɟɪɦɨɦɟɬɪɢɱɟɫɤɨɟ ɬɟɥɨ, ɧɚɩɪɢɦɟɪ, ɞɥɹ 
ɪɬɭɬɧɨɝɨ ɬɟɪɦɨɦɟɬɪɚ ɬɟɪɦɨɦɟɬɪɢɱɟɫɤɢɦ ɬɟɥɨɦ ɹɜɥɹɟɬɫɹ ɪɬɭɬɶ. Ɋɚɛɨɬɚ 
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ɬɟɪɦɨɦɟɬɪɚ ɨɫɧɨɜɚɧɚ ɧɚ ɡɚɜɢɫɢɦɨɫɬɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 
ɬɟɪɦɨɦɟɬɪɢɱɟɫɤɨɝɨ ɬɟɥɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ɍɚɤɢɦ ɩɚɪɚɦɟɬɪɨɦ ɦɨɠɟɬ ɛɵɬɶμ 

– ɨɛɴɟɦ ɝɚɡɚ ɢɥɢ ɠɢɞɤɨɫɬɢ (ɝɚɡɨɜɵɟ ɢ ɠɢɞɤɨɫɬɧɵɟ ɬɟɪɦɨɦɟɬɪɵ)ν 
– ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɩɪɨɜɨɞɧɢɤɚν 
– ɷɥɟɤɬɪɨɞɜɢɠɭɳɚɹ ɫɢɥɚ, ɜɨɡɧɢɤɚɸɳɚɹ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɫɩɚɹ ɞɜɭɯ 

ɪɚɡɧɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ (ɬɟɪɦɨɩɚɪɚ)ν 
– ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɬɜɟɪɞɵɯ ɬɟɥ (ɞɢɥɚɬɨɦɟɬɪɢɱɟɫɤɢɟ ɢ 

ɛɢɦɟɬɚɥɥɢɱɟɫɤɢɟ ɬɟɪɦɨɦɟɬɪɵ)ν. 
– ɹɪɤɨɫɬɶ ɫɜɟɱɟɧɢɹ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɨɞɧɨɝɨ ɬɟɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɨɝɨ 
(ɬ.ɟ. ɨɬɜɟɬɢɬɶ ɧɚ ɜɨɩɪɨɫ ɬɟɦɩɟɪɚɬɭɪɚ ɤɚɤɨɝɨ ɬɟɥɚ ɜɵɲɟ, ɚ ɤɚɤɨɝɨ ɧɢɠɟ) 
ɧɟɨɛɯɨɞɢɦɨ ɫɧɚɱɚɥɚ ɩɪɢɜɟɫɬɢ ɬɟɪɦɨɦɟɬɪ ɜ ɬɟɩɥɨɜɨɟ ɪɚɜɧɨɜɟɫɢɟ ɫ ɩɟɪɜɵɦ ɬɟɥɨɦ 
ɢ ɡɚɮɢɤɫɢɪɨɜɚɬɶ ɜɟɥɢɱɢɧɭ ɬɟɪɦɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɚɪɚɦɟɬɪɚ (ɧɚɩɪɢɦɟɪ, ɜɵɫɨɬɭ 
ɭɪɨɜɧɹ ɪɬɭɬɢ ɜ ɤɚɩɢɥɥɹɪɟ), ɚ ɡɚɬɟɦ ɩɪɢɜɟɫɬɢ ɜ ɬɟɩɥɨɜɨɟ ɪɚɜɧɨɜɟɫɢɟ ɫɨ ɜɬɨɪɵɦ 
ɬɟɥɨɦ ɢ ɫɪɚɜɧɢɬɶ ɡɧɚɱɟɧɢɹ ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. ȿɫɥɢ ɨɩɪɟɞɟɥɹɟɦɵɟ 
ɬɟɪɦɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɨɞɢɧɚɤɨɜɵ, ɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɬɟɥɚ 1 ɪɚɜɧɚ 
ɬɟɦɩɟɪɚɬɭɪɟ ɬɟɥɚ β (0-ɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ). ȿɫɥɢ, ɧɚɩɪɢɦɟɪ, ɜɵɫɨɬɚ 
ɫɬɨɥɛɢɤɚ ɪɬɭɬɢ ɜ ɪɬɭɬɧɨɦ ɬɟɪɦɨɦɟɬɪɟ ɩɪɢ ɪɚɜɧɨɜɟɫɢɢ ɫ ɩɟɪɜɵɦ ɬɟɥɨɦ ɜɵɲɟ, 
ɱɟɦ ɩɪɢ ɪɚɜɧɨɜɟɫɢɢ ɫɨ ɜɬɨɪɵɦ ɬɟɥɨɦ, ɬɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɟɪɜɨɟ 
ɬɟɥɨ ɝɨɪɹɱɟɟ ɜɬɨɪɨɝɨ. Ɉɞɧɚɤɨ ɬɚɤɨɣ ɩɨɞɯɨɞ ɤ ɢɡɦɟɪɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɹɜɥɹɟɬɫɹ 
ɤɚɱɟɫɬɜɟɧɧɵɦ. 

Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɜɟɥɢɱɢɧɵ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɪɦɨɦɟɬɪ 
(ɬɟɪɦɨɦɟɬɪɢɱɟɫɤɨɟ ɬɟɥɨ) ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɬɤɚɥɢɛɪɨɜɚɧ ɫ ɭɱɟɬɨɦ 
ɲɤɚɥɵ ɬɟɦɩɟɪɚɬɭɪ, ɜ ɤɨɬɨɪɨɣ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɢɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ.  

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɥɸɛɨɣ ɷɦɩɢɪɢɱɟɫɤɨɣ ɲɤɚɥɵ ɬɟɦɩɟɪɚɬɭɪ ɢɫɩɨɥɶɡɭɸɬ ɬɪɢ 
ɞɨɩɭɳɟɧɢɹμ 

1) ɰɟɧɚ ɨɞɧɨɝɨ ɝɪɚɞɭɫɚ ɡɚɞɚɟɬɫɹ ɜɵɛɨɪɨɦ ɱɢɫɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧɵ ΔT 
ɦɟɠɞɭ ɞɜɭɦɹ ɪɟɩɟɪɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɬɨɱɤɚɦɢ – ɷɬɚɥɨɧɚɦɢ ɬɟɦɩɟɪɚɬɭɪɵν 

β) ɩɨɥɨɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɧɭɥɹ ɜ ɷɦɩɢɪɢɱɟɫɤɢɯ ɲɤɚɥɚɯ ɹɜɥɹɟɬɫɹ 
ɩɪɨɢɡɜɨɥɶɧɵɦν 

γ) ɩɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ ɬɟɪɦɨɦɟɬɪɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɥɢɧɟɣɧɚ ɜ ɞɚɧɧɨɦ 
ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ. 

Ɍɟɪɦɨɦɟɬɪɵ ɤɚɥɢɛɪɭɸɬɫɹ ɩɨ ɷɬɚɥɨɧɭ (ɷɬɚɥɨɧɚɦ) ɫ ɢɡɜɟɫɬɧɵɦɢ ɪɟɩɟɪɧɵɦɢ 
ɬɨɱɤɚɦɢ. ɑɚɳɟ ɜɫɟɝɨ ɪɟɩɟɪɧɵɦɢ ɬɨɱɤɚɦɢ ɹɜɥɹɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɵɯ 
ɩɟɪɟɯɨɞɨɜ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɬɟɦɩɟɪɚɬɭɪɭ ɢɡɦɟɪɹɸɬ ɜ ɧɟɫɤɨɥɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɲɤɚɥɚɯμ 

– ɚɛɫɨɥɸɬɧɚɹ ɲɤɚɥɚ ɬɟɦɩɟɪɚɬɭɪ (ɲɤɚɥɚ Ʉɟɥɶɜɢɧɚ)ν 
– ɲɤɚɥɚ ɐɟɥɶɫɢɹν 
– ɲɤɚɥɚ Ɏɚɪɟɧɝɟɣɬɚ. 
Ⱥɛɫɨɥɸɬɧɚɹ ɲɤɚɥɚ ɬɟɦɩɟɪɚɬɭɪ. ɉɨɧɹɬɢɟ ɚɛɫɨɥɸɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɛɵɥɨ 

ɜɜɟɞɟɧɨ ɍɢɥɶɹɦɨɦ Ɍɨɦɫɨɧɨɦ (Ʉɟɥɶɜɢɧɨɦ), ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɲɤɚɥɭ ɚɛɫɨɥɸɬɧɨɣ 

https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BC%D1%81%D0%BE%D0%BD,_%D0%A3%D0%B8%D0%BB%D1%8C%D1%8F%D0%BC_(%D0%BB%D0%BE%D1%80%D0%B4_%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD)
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ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɡɵɜɚɸɬ ɲɤɚɥɨɣ Ʉɟɥɶɜɢɧɚ ɢɥɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɲɤɚɥɨɣ. ȿɞɢɧɢɰɚ ɚɛɫɨɥɸɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ — ɤɟɥɶɜɢɧ (Ʉ). 

Ⱥɛɫɨɥɸɬɧɚɹ ɲɤɚɥɚ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɡɵɜɚɟɬɫɹ ɬɚɤ, ɩɨɬɨɦɭ ɱɬɨ ɦɟɪɚ 
ɨɫɧɨɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɧɢɠɧɟɝɨ ɩɪɟɞɟɥɚ ɬɟɦɩɟɪɚɬɭɪɵ — ɚɛɫɨɥɸɬɧɵɣ ɧɨɥɶ, ɬɨ 
ɟɫɬɶ ɧɚɢɛɨɥɟɟ ɧɢɡɤɚɹ ɜɨɡɦɨɠɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɜ ɩɪɢɧɰɢɩɟ 
ɧɟɜɨɡɦɨɠɧɨ ɢɡɜɥɟɱɶ ɢɡ ɜɟɳɟɫɬɜɚ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ. 

Шɤɚɥɚ ɐɟɥɶɫɢɹ. ɉɪɟɞɥɨɠɟɧɚ Ⱥɧɞɟɪɫɨɦ ɐɟɥɶɫɢɟɦ ɜ 1ι4β ɝ. Ɂɚ ɧɭɥɶ 
ɬɟɦɩɟɪɚɬɭɪɵ ɛɵɥɚ ɩɪɢɧɹɬɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɥɶɞɚ, ɚ ɡɚ 100 0ɋ 
ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ ɜɨɞɵ ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɦ ɞɚɜɥɟɧɢɢ. Ɉɞɢɧ ɝɪɚɞɭɫ ɜ ɲɤɚɥɟ 
ɐɟɥɶɫɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɞɧɨɦɭ ɝɪɚɞɭɫɭ ɜ ɚɛɫɨɥɸɬɧɨɣ ɲɤɚɥɟ ɬɟɦɩɟɪɚɬɭɪ. ȼ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨ ɲɤɚɥɟ ɐɟɥɶɫɢɹ (t, 0C) ɜɵɪɚɠɚɟɬɫɹ ɜ ɜɢɞɟ ɫɜɹɡɢ 
ɫ ɚɛɫɨɥɸɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ (T, K), ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɜɢɞμ 

t15,273T 
. 

Шɤɚɥɚ Ɏɚɪɟɧɝɟɣɬɚ. ɉɪɟɞɥɨɠɟɧɚ ɧɟɦɟɰɤɢɦ ɭɱɺɧɵɦ Ƚɚɛɪɢɟɥɟɦ 
Ɏɚɪɟɧɝɟɣɬɨɦ ɜ 1ιβ4 ɝɨɞɭ. ȼ ɲɤɚɥɟ Ɏɚɪɟɧɝɟɣɬɚ ɬɨɱɤɚ ɩɥɚɜɥɟɧɢɹ ɥɶɞɚ ɪɚɜɧɚ 
+32

0F, ɚ ɬɨɱɤɚ ɤɢɩɟɧɢɹ ɜɨɞɵ +β1β0F (ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɦ ɞɚɜɥɟɧɢɢ). ɉɪɢ ɷɬɨɦ ɨɞɢɧ 
ɝɪɚɞɭɫ Ɏɚɪɟɧɝɟɣɬɚ ɪɚɜɟɧ 1/180 ɪɚɡɧɨɫɬɢ ɷɬɢɯ ɬɟɦɩɟɪɚɬɭɪ. Ⱦɢɚɩɚɡɨɧ 0…+1000

F 

ɩɨ ɲɤɚɥɟ Ɏɚɪɟɧɝɟɣɬɚ ɩɪɢɦɟɪɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɢɚɩɚɡɨɧɭ -18…+γ80ɋ ɩɨ ɲɤɚɥɟ 
ɐɟɥɶɫɢɹ. ɇɨɥɶ ɧɚ ɷɬɨɣ ɲɤɚɥɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɡɚɦɟɪɡɚɧɢɹ ɫɦɟɫɢ 
ɜɨɞɵ, ɫɨɥɢ ɢ ɧɚɲɚɬɵɪɹ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1μ1μ1 (ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɢɦɟɪɧɨ -17,8

0ɋ), ɚ 
ɡɚ 9θ0F ɩɪɢɧɹɬɚ ɧɨɪɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɬɟɥɚ. ɒɤɚɥɵ ɐɟɥɶɫɢɹ ɢ 
Ɏɚɪɟɧɝɟɣɬɚ ɩɟɪɟɫɟɤɚɸɬɫɹ ɩɪɢ T = -40

0ɋ = -40
0
F:  

 32][
9

5
][ 00  FC

. 

1.4. ɉɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ 

ɉɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɹɜɥɹɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɡɚɤɨɧɨɦ 
ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ. 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɮɨɪɦɭɥɢɪɨɜɨɤ ɩɟɪɜɨɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, 
ɤɨɬɨɪɵɟ ɪɚɜɧɨɰɟɧɧɵ ɞɪɭɝ ɞɪɭɝɭ ɢ ɜɵɬɟɤɚɸɬ ɨɞɧɚ ɢɡ ɞɪɭɝɨɣμ 
– ȼ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ ɫɭɦɦɚ ɜɫɟɯ ɜɢɞɨɜ ɷɧɟɪɝɢɢ ɩɨɫɬɨɹɧɧɚ; ɩɪɢ ɢɯ 
ɜɡɚɢɦɨɩɪɟɜɪɚɳɟɧɢɢ ɷɧɟɪɝɢɹ ɧɟ ɬɟɪɹɟɬɫɹ ɢ ɧɟ ɫɨɡɞɚɟɬɫɹ ɜɧɨɜɶ (Ʉɥɚɭɡɢɭɫ). 
– ɉɨɥɧɵɣ ɡɚɩɚɫ ɷɧɟɪɝɢɢ ɜ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ. 
– Ɋɚɡɧɵɟ ɮɨɪɦɵ ɷɧɟɪɝɢɢ ɩɟɪɟɯɨɞɹɬ ɞɪɭɝ ɜ ɞɪɭɝɚ ɜ ɫɬɪɨɝɨ ɷɤɜɢɜɚɥɟɧɬɧɵɯ 
ɤɨɥɢɱɟɫɬɜɚɯ. 

– ȼɟɱɧɵɣ ɞɜɢɝɚɬɟɥɶ ɩɟɪɜɨɝɨ ɪɨɞɚ ɧɟɜɨɡɦɨɠɟɧ, ɬ.ɟ. ɧɟɜɨɡɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ 
ɦɚɲɢɧɭ, ɤɨɬɨɪɚɹ ɩɪɨɢɡɜɨɞɢɥɚ ɛɵ ɪɚɛɨɬɭ, ɧɟ ɡɚɬɪɚɱɢɜɚɹ ɧɚ ɷɬɨ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɧɟɪɝɢɢ. 

– Ɍɟɩɥɨɬɚ, ɫɨɨɛɳɚɟɦɚɹ ɫɢɫɬɟɦɟ, ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ 

https://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%90%D0%B1%D1%81%D0%BE%D0%BB%D1%8E%D1%82%D0%BD%D1%8B%D0%B9_%D0%BD%D1%83%D0%BB%D1%8C_%D1%82%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D1%8B
http://ru.wikipedia.org/wiki/%D0%A6%D0%B5%D0%BB%D1%8C%D1%81%D0%B8%D0%B9,_%D0%90%D0%BD%D0%B4%D0%B5%D1%80%D1%81
https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D1%80%D0%B5%D0%BD%D0%B3%D0%B5%D0%B9%D1%82,_%D0%93%D0%B0%D0%B1%D1%80%D0%B8%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D1%80%D0%B5%D0%BD%D0%B3%D0%B5%D0%B9%D1%82,_%D0%93%D0%B0%D0%B1%D1%80%D0%B8%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/1724_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BC%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%BD%D0%BE%D0%B5_%D0%B4%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B4%D1%83%D1%81_%D0%A6%D0%B5%D0%BB%D1%8C%D1%81%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B4%D1%83%D1%81_%D0%A6%D0%B5%D0%BB%D1%8C%D1%81%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B2%D0%BE%D0%B5_%D0%BD%D0%B0%D1%87%D0%B0%D0%BB%D0%BE_%D1%82%D0%B5%D1%80%D0%BC%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B8
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ɷɧɟɪɝɢɢ ɢ ɫɨɜɟɪɲɟɧɢɟ ɫɢɫɬɟɦɨɣ ɪɚɛɨɬɵ ɩɪɨɬɢɜ ɜɧɟɲɧɢɯ ɫɢɥ. 
ȼ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦ ɜɢɞɟ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɡɚɩɢɫɶ ɜɵɪɚɠɟɧɢɹ ɩɟɪɜɨɝɨ 

ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢμ 

WdUQ 
.     (1.4) 

ȼ ɢɧɬɟɝɪɚɥɶɧɨɦ ɜɢɞɟμ 

WUQ 
.      (1.5) 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɧɟɧɢɟ 1-ɝɨ ɧɚɱɚɥɚ ɧɚ ɩɪɢɦɟɪɟ ɝɚɡɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ 
ɰɢɥɢɧɞɪɟ ɩɨɞ ɧɟɜɟɫɨɦɵɦ ɩɨɪɲɧɟɦ. ɉɪɢ ɷɬɨɦ ɫɨɜɟɪɲɚɟɦɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ 
ɪɚɛɨɬɚ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɪɚɛɨɬɨɣ ɪɚɫɲɢɪɟɧɢɹ: 


2

1

V

V

PdVW ,      (1.6) 

ɢɥɢ ɜ ɢɧɬɟɝɪɚɥɶɧɨɦ ɜɢɞɟμ 
VPW  .      (1.7) 

Ɂɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ 1-ɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ: 

VPUQ 
.     (1.8) 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɰɟɫɫɚ ɜ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ. 
- ɂɡɨɯɨɪɧɵɟ ɭɫɥɨɜɢɹ (V=const). 

ɉɨɪɲɟɧɶ ɧɟɩɨɞɜɢɠɟɧ (ɡɚɤɥɢɧɟɧ). Ɋɚɫɲɢɪɟɧɢɹ ɝɚɡɚ ɩɪɢ ɫɨɨɛɳɟɧɢɢ ɬɟɩɥɨɬɵ Q 
ɧɟ ɩɪɨɢɫɯɨɞɢɬ (V=0), ɪɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɪɚɜɧɚ ɧɭɥɸ (PV=0). Ɂɚɩɢɲɟɦ 
ɜɵɪɚɠɟɧɢɟ 1-ɝɨ ɧɚɱɚɥɚμ 

UQV        (1.9) 

(ɢɧɞɟɤɫ V ɭ ɬɟɩɥɨɬɵ Q ɨɛɨɡɧɚɱɚɟɬ ɢɡɨɯɨɪɧɵɟ ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ) 
ɉɪɢ ɢɡɨɯɨɪɧɨɦ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɚ ɬɟɩɥɨɬɚ, ɫɨɨɛɳɚɟɦɚɹ ɫɢɫɬɟɦɟ, 
ɩɨɥɧɨɫɬɶɸ ɢɞɟɬ ɧɚ ɢɡɦɟɧɟɧɢɟ ɟɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ, ɬ.ɟ. ɧɚ ɧɚɝɪɟɜɚɧɢɟ 
ɝɚɡɚ. 

– ɂɡɨɛɚɪɧɵɟ ɭɫɥɨɜɢɹ (P=const). 

ɑɚɫɬɶ ɬɟɩɥɨɬɵ ɢɞɟɬ ɧɚ ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ, ɚ ɱɚɫɬɶ ɧɚ ɫɨɜɟɪɲɟɧɢɟ 
ɪɚɛɨɬɵ ɪɚɫɲɢɪɟɧɢɹμ 

VPUQ  ;     (1.10) 

)PVPV()UU(Q 1212 
.   (1.11) 

 

ɉɟɪɟɝɪɭɩɩɢɪɭɟɦμ 
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)PVU()PVU(Q 1122 
.    (1.12) 

ȼ ɫɤɨɛɤɚɯ U, P ɢ V ɹɜɥɹɸɬɫɹ ɮɭɧɤɰɢɹɦɢ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ. ȼɜɟɞɟɦ ɧɨɜɭɸ 
ɮɭɧɤɰɢɸ ɫɨɫɬɨɹɧɢɹ – ɗɇɌȺɅɖɉɂɘ: 

PVUH 
.      (1.13) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɩɥɨɬɚ, ɫɨɨɛɳɚɟɦɚɹ ɫɢɫɬɟɦɟ, ɜ ɢɡɨɛɚɪɧɵɯ ɭɫɥɨɜɢɹɯ ɢɞɟɬ ɧɚ 
ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɫɢɫɬɟɦɵμ 

HQP 
.      (1.14) 

ɂɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɢɡɦɟɧɟɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɧɚ 
ɜɟɥɢɱɢɧɭ ɪɚɛɨɬɵ ɪɚɫɲɢɪɟɧɢɹμ 
 

VPUH  .     (1.15) 

ȼɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɢ ɷɧɬɚɥɶɩɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɡɚɜɢɫɹɬ ɬɨɥɶɤɨ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ: 

0
dP

dH
;0

dV

dU

TT
















. 

– Ⱥɞɢɚɛɚɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ (Q=0). 

0VPU  ;      (1.16) 

VPU  .      (1.17) 

ȼ ɚɞɢɚɛɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɪɚɛɨɬɭ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ 
ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɝɚɡɚ (ɨɯɥɚɠɞɟɧɢɹ). ȼɫɸ ɪɚɛɨɬɭ, ɫɨɜɟɪɲɚɟɦɭɸ ɧɚɞ ɝɚɡɨɦ, 
ɦɨɠɧɨ ɩɪɟɜɪɚɬɢɬɶ ɜɨ ɜɧɭɬɪɟɧɧɸɸ ɷɧɟɪɝɢɸ (ɧɚɝɪɟɬɶ ɝɚɡ). 

– ɂɡɨɬɟɪɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ (U=0). 

VPQ  .      (1.18) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɫɨɝɥɚɫɧɨ 1-ɦɭ ɧɚɱɚɥɭ 
ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɦɨɠɧɨ ɩɨɥɧɨɫɬɶɸ ɩɪɟɜɪɚɬɢɬɶ ɬɟɩɥɨɬɭ ɜ ɪɚɛɨɬɭ ɢ ɧɚɨɛɨɪɨɬμ 

QWɢWQ  . 
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1.5. Ɍɟɩɥɨɟɦɤɨɫɬɶ 

Ɍɟɩɥɨɟɦɤɨɫɬɶ – ɷɬɨ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ ɫɨɨɛɳɢɬɶ 
ɫɢɫɬɟɦɟ ɞɥɹ ɧɚɝɪɟɜɚɧɢɹ ɟɟ ɧɚ ɨɞɢɧ ɝɪɚɞɭɫ ɜ ɨɬɫɭɬɫɬɜɢɟ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ. 

«Ɍɟɩɥɨɟɦɤɨɫɬɶ», ɤɚɤ ɢ «ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ» – ɤɪɚɣɧɟ ɧɟɭɞɚɱɧɵɟ ɬɟɪɦɢɧɵ. 
Ɉɧɢ ɞɨɫɬɚɥɢɫɶ ɜ ɧɚɫɥɟɞɫɬɜɨ ɨɬ ɬɟɨɪɢɢ ɬɟɩɥɨɪɨɞɚ, ɝɨɫɩɨɞɫɬɜɨɜɚɜɲɟɣ ɜ БVIII 
ɜɟɤɟ. ɗɬɚ ɬɟɨɪɢɹ ɪɚɫɫɦɚɬɪɢɜɚɥɚ ɬɟɩɥɨɬɭ ɤɚɤ ɨɫɨɛɨɟ ɧɟɜɟɫɨɦɨɟ ɜɟɳɟɫɬɜɨ, 
ɫɨɞɟɪɠɚɳɟɟɫɹ ɜ ɬɟɥɚɯ. ɋɱɢɬɚɥɨɫɶ, ɱɬɨ ɨɧɨ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɧɢ ɫɨɡɞɚɧɨ, ɧɢ 
ɭɧɢɱɬɨɠɟɧɨ. ɇɚɝɪɟɜɚɧɢɟ ɬɟɥ ɨɛɴɹɫɧɹɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟɦ, ɚ ɨɯɥɚɠɞɟɧɢɟ – 

ɭɦɟɧɶɲɟɧɢɟɦ ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜɧɭɬɪɢ ɧɢɯ ɬɟɩɥɨɪɨɞɚ. Ɍɟɨɪɢɹ ɬɟɩɥɨɪɨɞɚ 
ɧɟɫɨɫɬɨɹɬɟɥɶɧɚ. Ɉɧɚ ɧɟ ɦɨɠɟɬ ɨɛɴɹɫɧɢɬɶ, ɩɨɱɟɦɭ ɨɞɧɨ ɢ ɬɨ ɠɟ ɢɡɦɟɧɟɧɢɟ 
ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɬɟɥɚ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɩɟɪɟɞɚɜɚɹ ɟɦɭ ɪɚɡɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɬɟɩɥɨɬɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɛɨɬɵ, ɤɨɬɨɪɭɸ ɫɨɜɟɪɲɚɟɬ ɬɟɥɨ. ɉɨɷɬɨɦɭ ɥɢɲɟɧɨ 
ɮɢɡɢɱɟɫɤɨɝɨ ɫɦɵɫɥɚ ɭɬɜɟɪɠɞɟɧɢɟ, ɱɬɨ «ɜ ɞɚɧɧɨɦ ɬɟɥɟ ɫɨɞɟɪɠɢɬɫɹ ɬɚɤɨɣ-ɬɨ 
ɡɚɩɚɫ ɬɟɩɥɨɬɵ». 

ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ 
ɫɨɨɛɳɢɬɶ 1 ɤɝ ɜɟɳɟɫɬɜɚ ɞɥɹ ɧɚɝɪɟɜɚɧɢɹ ɟɝɨ ɧɚ ɨɞɢɧ ɝɪɚɞɭɫ ɜ ɨɬɫɭɬɫɬɜɢɟ 
ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ.  

Ɋɚɡɦɟɪɧɨɫɬɶ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢμ 





Ʉɤɝ
Ⱦɠ

. 

Ɇɨɥɹɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ 
ɫɨɨɛɳɢɬɶ 1 ɦɨɥɶ ɜɟɳɟɫɬɜɚ ɞɥɹ ɧɚɝɪɟɜɚɧɢɹ ɟɝɨ ɧɚ ɨɞɢɧ ɝɪɚɞɭɫ ɜ 
ɨɬɫɭɬɫɬɜɢɟ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ. 

Ɋɚɡɦɟɪɧɨɫɬɶ ɦɨɥɹɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢμ 





Ʉɦɨɥɶ
Ⱦɠ

. 

MCC ɭɞɦɨɥ 
.
     (1.19) 

Ɍɟɩɥɨɟɦɤɨɫɬɶ ɛɵɜɚɟɬ ɫɪɟɞɧɟɣ ɢ ɢɫɬɢɧɧɨɣ. ɋɪɟɞɧɹɹ ɬɟɩɥɨɟɦɤɨɫɬɶ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɥɹ ɢɧɬɟɪɜɚɥɚ ɬɟɦɩɟɪɚɬɭɪ Ɍ2-Ɍ1: 

12

_

TT

Q
C


 .      (1.20) 

ɂɫɬɢɧɧɚɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɥɹ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɨɦ 
ɩɪɢɪɚɳɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵμ 

dT

Q

T

Q
limC

0T





. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɬɟɩɥɨɟɦɤɨɫɬɶ ɛɵɜɚɟɬ 
ɢɡɨɯɨɪɧɨɣ (CV) ɢ ɢɡɨɛɚɪɧɨɣ (CP). ɂɯ ɜɟɥɢɱɢɧɵ ɨɬɥɢɱɚɸɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ ɪɚɛɨɬɵ 
ɪɚɫɲɢɪɟɧɢɹ. Ⱦɥɹ ɦɨɥɹɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɜɵɩɨɥɧɹɟɬɫɹ 
ɫɨɨɬɧɨɲɟɧɢɟ, ɤɨɬɨɪɨɟ ɧɚɡɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ Ɇɚɣɟɪɚ: 

RCC VP 
.     (1.21) 
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Ɍɟɩɥɨɟɦɤɨɫɬɶ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɜɫɟɝɞɚ ɛɨɥɶɲɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜ ɢɡɨɛɚɪɧɵɯ ɭɫɥɨɜɢɹɯ 
ɱɚɫɬɶ ɫɨɨɛɳɚɟɦɨɝɨ ɬɟɩɥɚ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɪɚɛɨɬɭ ɪɚɫɲɢɪɟɧɢɹ. 

Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɝɚɡɨɜɨɣ ɩɨɫɬɨɹɧɧɨɣ R – ɷɬɨ ɪɚɛɨɬɚ, 
ɤɨɬɨɪɭɸ ɫɨɜɟɪɲɚɟɬ 1 ɦɨɥɶ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɟɝɨ ɧɚ 1 К. (R=8,314 
Ⱦɠ/ɦɨɥɶК). 

Ɍɟɩɥɨɟɦɤɨɫɬɶ ɜɟɳɟɫɬɜ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ⱦɚɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ 
ɜɵɪɚɠɚɸɬ ɜ ɜɢɞɟ ɫɬɟɩɟɧɧɨɝɨ ɪɹɞɚ, ɝɞɟ К, Л, ɫ ɢ ɫ' – ɫɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ: 

2cTbTaCP  (ɞɥɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ).    (1.22) 

2

'

T

c
bTaCP  (ɞɥɹ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ).   (1.23) 

ɍɧɢɜɟɪɫɚɥɶɧɨɟ ɜɵɪɚɠɟɧɢɟμ 

2

2 '

T

c
cTbTaCP 

.    (1.24)
 

ɉɪɢ ɩɪɨɬɟɤɚɧɢɢ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɛɭɞɟɬ ɧɚɛɥɸɞɚɬɶɫɹ ɢɡɦɟɧɟɧɢɟ ɨɛɳɟɣ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɪɟɚɤɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. Ɋɚɫɫɦɨɬɪɢɦ ɯɢɦɢɱɟɫɤɭɸ ɪɟɚɤɰɢɸμ 

mM + nN = fF + gG; 

ɢɡɦɟɧɟɧɢɟ ɦɨɥɹɪɧɨɣ ɢɡɨɛɚɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɛɭɞɟɬ ɪɚɜɧɨμ 

)()( NMGFP bCaCgCdCC  . 

C ɭɱɟɬɨɦ (1.24) ɢ ɢɡɦɟɧɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ (a, b, c, 

c') ɩɨɥɭɱɢɦ ɢɡɦɟɧɟɧɢɟ ɦɨɥɹɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɞɥɹ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ: 

)()( NMGF namagadaa 
; 

)()( NMGF nbmbgbdbb 
; 

)()( NMGF ncmcgcdcc 
; 

)''()''(' NMGF ncmcgcdcc 
; 

2

2 '

T

c
cTbTaCP


  .   (1.25) 

ɗɦɩɢɪɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɪɚɫɱɺɬɚ ɬɟɩɥɨɺɦɤɨɫɬɢ 

Ⱦɸɥɨɧɝ ɢ ɉɬɢ (1819) ɭɫɬɚɧɨɜɢɥɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ 
ɦɨɥɹɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɦɟɬɚɥɥɨɜ ɩɨɫɬɨɹɧɧɚ ɢ ɫɨɫɬɚɜɥɹɟɬ ɜɟɥɢɱɢɧɭ ɛɥɢɡɤɭɸ ɤ 
25 Ⱦɠ/ɦɨɥɶɄμ 

CFe=25,2 Ⱦɠ/ɦɨɥɶɄν CLi=25,074 Ⱦɠ/ɦɨɥɶɄν 
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CAg=25,54 Ⱦɠ/ɦɨɥɶɄν CAu=25,04 Ⱦɠ/ɦɨɥɶɄ. 

Ⱦɥɹ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɬɟɩɥɨɟɦɤɨɫɬɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɦɨɠɧɨ 
ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɥɟɞɭɸɳɢɦ ɩɪɚɜɢɥɨɦμ ɦɨɥɹɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɥɨɠɧɵɯ 
ɜɟɳɟɫɬɜ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɚ ɫɭɦɦɟ ɦɨɥɹɪɧɵɯ ɬɟɩɥɨɟɦɤɨɫɬɟɣ 
ɜɯɨɞɹɳɢɯ ɜ ɧɢɯ ɷɥɟɦɟɧɬɨɜ. 

Ʉɨɩɩ ɢ ɇɟɣɦɚɧ (18γ1) ɧɚɲɥɢ ɦɨɥɹɪɧɵɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɧɟɦɟɬɚɥɥɨɜ ɜ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɹɯ ɩɪɢ β98Ʉμ 

ɗɥɟɦɟɧɬ C H B Si O F P S 

ɋP, Ⱦɠ/ɦɨɥɶɄ 7,6 9,6 11,3 15,9 16,8 21,0 22,6 22,6 

ɉɪɢɦɟɪ ɪɚɫɱɟɬɚ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ ζК2SO4: 

CP = 225 + 22,6 + 416,8 = 139,8 Ⱦɠ/ɦɨɥɶɄ. 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɥɹɟɬ 1β8,1 Ⱦɠ/ɦɨɥɶɄ. 
ɂɫɯɨɞɹ ɢɡ ɩɪɚɜɢɥɚ ɚɞɞɢɬɢɜɧɨɫɬɢ, ɬɟɩɥɨɺɦɤɨɫɬɶ ɫɩɥɚɜɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɞɜɭɯ 

ɜɟɳɟɫɬɜ, ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɚ ɩɪɢɛɥɢɠɟɧɧɨ ɩɨ ɭɪɚɜɧɟɧɢɸμ 
CP = x1CP1 + x2CP2,     (1.26) 

ɝɞɟ CP1, CP2, – ɬɟɩɥɨɺɦɤɨɫɬɢ ɱɢɫɬɵɯ ɜɟɳɟɫɬɜ; x1, x2  – ɫɨɞɟɪɠɚɧɢɟ ɜɟɳɟɫɬɜ ɜ 
ɫɩɥɚɜɟ, ɦɨɥɶɧɵɟ ɞɨɥɢ. 

Ⱦɟɛɚɣ ɭɫɬɚɧɨɜɢɥ, ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɛɥɢɡɤɢɯ ɤ ɚɛɫɨɥɸɬɧɨɦɭ ɧɭɥɸ, 
ɬɟɩɥɨɺɦɤɨɫɬɶ ɤɪɢɫɬɚɥɥɨɜ, ɩɨɫɬɪɨɟɧɧɵɯ ɢɡ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɢɥɢ ɞɥɹ ɯɥɨɪɢɞɨɜ 
ɨɞɧɨɜɚɥɟɧɬɧɵɯ ɦɟɬɚɥɥɨɜ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɷɦɩɢɪɢɱɟɫɤɢɦ ɭɪɚɜɧɟɧɢɟɦμ 

ɋv=αT3
,       (1.27) 

ɝɞɟ α – ɧɟɤɨɬɨɪɚɹ ɩɨɫɬɨɹɧɧɚɹ. 
ȼ.ȼ.Ɍɚɪɚɫɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɤɪɢɫɬɚɥɥɵ ɫɨ ɫɥɨɢɫɬɨɣ ɢɥɢ ɰɟɩɧɨɣ ɫɬɪɭɤɬɭɪɚɦɢ, 

ɨɬɥɢɱɚɸɬɫɹ ɩɨ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ ɨɬ ɤɪɢɫɬɚɥɥɨɜ ɫ ɬɪɺɯɦɟɪɧɨɣ 
ɫɬɪɭɤɬɭɪɨɣ. Ⱦɥɹ ɫɥɨɢɫɬɵɯ ɫɬɪɭɤɬɭɪ (ɬɢɩɚ ɫɥɸɞɵ) ɭɪɚɜɧɟɧɢɟ Ⱦɟɛɚɹ ɩɪɢɧɢɦɚɟɬ 
ɜɢɞμ 

ɋv=α'T
2
,       (1.28) 

ɝɞɟ α' – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɫɥɨɺɜ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɟ 
ɫɬɪɭɤɬɭɪɵν.Ɍ – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. 

ȼ ɫɥɭɱɚɟ ɨɞɧɨɦɟɪɧɨɣ  ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ (ɬɢɩɚ ɤɚɭɱɭɤɚ) ɮɨɪɦɭɥɚ 
Ɍɚɪɚɫɨɜɚ ɩɪɢɧɢɦɚɟɬ ɜɢɞμ  

ɋv=α'T.        (1.29) 

Ⱦɚɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɩɪɢɦɟɧɢɦɨ ɤ ɪɚɫɱɺɬɚɦ ɬɟɩɥɨɺɦɤɨɫɬɢ 
ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɫɬɪɭɤɬɭɪ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 1η-β0 Ʉ. 

Ɍɟɩɥɨɺɦɤɨɫɬɶ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɜɵɫɨɤɨɤɢɩɹɳɢɯ ɠɢɞɤɨɫɬɟɣ (ɪɚɫɩɥɚɜɨɜ) 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ȼɵɱɢɫɥɟɧɢɟ ɬɟɩɥɨɺɦɤɨɫɬɢ  
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ɜɵɫɨɤɨɤɢɩɹɳɢɯ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɟɣ (BОη, BeCl2, MgBr2) ɩɪɨɜɨɞɹɬ ɩɨ 
ɭɪɚɜɧɟɧɢɸ Ʉɟɥɥɢμ 

ɋɪ = 32,43n,       (1.30) 

ɝɞɟ Ч – ɱɢɫɥɨ ɚɬɨɦɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɦɨɥɟɤɭɥɭ. 
ɉɪɢ ɨɰɟɧɤɟ ɬɟɩɥɨɺɦɤɨɫɬɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞ ɚɬɨɦɧɨ-

ɝɪɭɩɩɨɜɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɟɩɥɨɟɦɤɨɫɬɟɣ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɚɧɚɥɢɡɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɬɟɩɥɨɟɦɤɨɫɬɹɯ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɫɨɟɞɢɧɟɧɢɣ 

Ⱥɬɨɦ ɢɥɢ 
ɝɪɭɩɩɚ 

-CH3 -CN -O- \
/

CO   -NH2 -C6H5 

ɋɪ, Ⱦɠ/ɦɨɥɶ*Ʉ 41.32 58,16 60.75 61.5 63.6 127,61 

 

ɇɚɩɪɢɦɟɪ, ɢɫɯɨɞɹ ɢɡ ɫɬɪɭɤɬɭɪɧɨɣ ɮɨɪɦɭɥɵ ɬɨɥɭɨɥɚ (C6H5-CH3), ɢɦɟɟɦμ 

ɋɪ = 41,32 + 127,61= 168,93 Ⱦɠ/ɦɨɥɶɄ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɠɢɞɤɨɝɨ ɬɨɥɭɨɥɚ ɫɨɫɬɚɜɥɹɟɬ 
1ηθ,0θ Ⱦɠ/ɦɨɥɶɄ. 

Ɋɚɡɪɚɛɨɬɤɚ ɤɜɚɧɬɨɜɨɣ  ɬɟɨɪɢɢ ɬɟɩɥɨɺɦɤɨɫɬɢ ɬɜɺɪɞɨɝɨ ɜɟɳɟɫɬɜɚ ɛɵɥɚ 
ɜɩɟɪɜɵɟ ɩɪɟɞɩɪɢɧɹɬɚ ɗɣɧɲɬɟɣɧɨɦ ɜ 190ι ɝ. Ɉɫɧɨɜɧɵɦ ɞɨɩɭɳɟɧɢɟɦ ɬɟɨɪɢɢ 
ɛɵɥɨ ɬɨ, ɱɬɨ ɤɨɥɟɛɚɧɢɹ ɚɬɨɦɨɜ ɜ ɭɡɥɚɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɺɬɤɢ ɹɜɥɹɸɬɫɹ 
ɝɚɪɦɨɧɢɱɟɫɤɢɦɢ, ɬ.ɟ. ɚɬɨɦɵ ɦɨɠɧɨ ɭɩɨɞɨɛɢɬɶ ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɨɫɰɢɥɥɹɬɨɪɚɦ, 
ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɛɦɟɧɢɜɚɬɶɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨɪɰɢɹɦɢ ɷɧɟɪɝɢɢ – ɤɜɚɧɬɚɦɢ. 
ɗɣɧɲɬɟɣɧ ɜɵɜɟɥ ɮɨɪɦɭɥɭ ɞɥɹ ɫɪɟɞɧɟɣ ɷɧɟɪɝɢɢ ɚɬɨɦɚ ɜ ɤɪɢɫɬɚɥɥɟ ɢ ɩɨɤɚɡɚɥ, ɱɬɨ 
ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɚɬɨɦɨɜ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ ɬɜɺɪɞɨɝɨ ɬɟɥɚ. Ɏɭɧɤɰɢɹ 
ɬɟɩɥɨɺɦɤɨɫɬɢ ɗɣɧɲɬɟɣɧɚ – ɷɬɨ ɱɚɫɬɶ ɬɟɩɥɨɺɦɤɨɫɬɢ ɬɜɺɪɞɨɝɨ ɜɟɳɟɫɬɜɚ, 
ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɨɞɧɭ ɫɬɟɩɟɧɶ ɫɜɨɛɨɞɵ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ. 
ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɩɪɢ ɩɨɞɨɛɧɵɯ ɪɚɫɱɺɬɚɯ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɩɟɤɬɪɚɥɶɧɵɦ ɞɚɧɧɵɦ, ɩɨ ɫɠɢɦɚɟɦɨɫɬɢ ɢɥɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 
ɩɨ ɪɹɞɭ ɭɪɚɜɧɟɧɢɣ. Ⱦɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɤɜɚɧɬɨɜɚɹ ɬɟɨɪɢɹ ɬɟɩɥɨɺɦɤɨɫɬɢ 
ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɩɨɥɭɱɢɥɚ ɜ ɪɚɛɨɬɚɯ Ⱦɟɛɚɹ. Ɂɚɤɨɧ Ɍ-ɤɭɛɨɜ Ⱦɟɛɚɹ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 
ɨɩɵɬɧɵɦɢ ɞɚɧɧɵɦɢ (ɫɦ. ɭɪɚɜɧɟɧɢɟ 1.βι). 

 

Ʉɢɧɟɬɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ 

ɋɨɝɥɚɫɧɨ ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɬɟɩɥɨɟɦɤɨɫɬɢ, ɷɧɟɪɝɢɹ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɜɫɟ ɫɬɟɩɟɧɹɦ ɫɜɨɛɨɞɵ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ ɪɚɜɧɨɦɟɪɧɨ. ɂɡɨɯɨɪɧɚɹ 
ɬɟɩɥɨɟɦɤɨɫɬɶ, ɩɪɢɯɨɞɹɳɚɹɫɹ  ɧɚ ɨɞɧɭ ɫɬɟɩɟɧɶ ɫɜɨɛɨɞɵ ɪɚɜɧɚμ 

R
2

m
CV 

.     (1.31) 

Ɉɞɧɨɚɬɨɦɧɵɟ ɦɨɥɟɤɭɥɵ ɢɦɟɸɬ ɬɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɵɯ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ 
(m=3). Ⱦɥɹ ɦɧɨɝɨɚɬɨɦɧɵɯ ɦɨɥɟɤɭɥ ɤ ɷɧɟɪɝɢɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ 
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ɩɪɢɛɚɜɥɹɟɬɫɹ ɷɧɟɪɝɢɹ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɢ ɜɪɚɳɚɬɟɥɶɧɨɝɨ (ɫɩɢɧɨɜɚɹ 
ɫɨɫɬɚɜɥɹɸɳɚɹ) ɞɜɢɠɟɧɢɹ. Ⱦɜɭɯɚɬɨɦɧɚɹ ɦɨɥɟɤɭɥɚ (ɪɢɫ. 1.4) ɦɨɠɟɬ ɫɨɜɟɪɲɚɬɶ 
ɲɟɫɬɶ ɧɟɡɚɜɢɫɢɦɵɯ ɞɜɢɠɟɧɢɣμ ɬɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɵɯ ɞɜɢɠɟɧɢɹ ɜɞɨɥɶ ɨɫɟɣ X, Y, 

Z; ɞɜɚ ɜɪɚɳɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɟɣ X ɢ Y. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɞɧɨɚɬɨɦɧɚɹ 
ɦɨɥɟɤɭɥɚ ɢɦɟɟɬ ɬɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɵɟ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ, ɞɜɭɯɚɬɨɦɧɚɹ ɦɨɥɟɤɭɥɚ 
ɢɦɟɟɬ 5 ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ (γ ɩɨɫɬɭɩɚɬɟɥɶɧɵɟ, β ɜɪɚɳɚɬɟɥɶɧɵɟ): 

ɨɞɧɨɚɬɨɦɧɚɹ ɦɨɥɟɤɭɥɚ     m=3  ɦɨɥɶɄ
Ⱦɠ

47,12R
2

3
CV 

; 

ɞɜɭɯɚɬɨɦɧɚɹ ɦɨɥɟɤɭɥɚ     m=3+2=5 ɦɨɥɶК
Ⱦɠ

RCV 78,20
2

5


. 

Ⱥɧɨɦɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ȼɨɞɵ. Иɫɯɨɞɹ ɢɡ ɡɧɚɱɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ, ɜɨɞɚ 

ɞɨɥɠɧɚ ɡɚɦɟɪɡɚɬɶ ɩɪɢ -90
0ɋ, ɚ ɤɢɩɟɬɶ ɩɪɢ -70

0ɋ. ɇɨ ɦɵ ɡɧɚɟɦ, ɱɬɨ ɷɬɨ ɧɟ 

ɬɚɤ. ȼɬɨɪɨɟ ɚɧɨɦɚɥɶɧɨɟ ɫɜɨɣɫɬɜɨ ɜɨɞɵ, ɷɬɨ ɬɟɦɩɟɪɚɬɭɪɚ +4
0ɋ. Иɦɟɧɧɨ 

ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɞɚ ɨɛɥɚɞɚɟɬ ɧɚɢɛɨɥɶɲɟɣ ɩɥɨɬɧɨɫɬɶɸ. Иɦɟɧɧɨ ɷɬɚ 

ɚɧɨɦɚɥɢɹ ɫɨɡɞɚɟɬ ɤɨɦɮɨɪɬɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɠɢɬɟɥɟɣ ɜɨɞɨɟɦɨɜ. Иɧɬɟɧɫɢɜɧɨ 

ɩɟɪɟɦɟɳɚɹɫɶ ɢɡ-ɡɚ ɪɚɡɧɨɣ ɩɥɨɬɧɨɫɬɢ, ɨɛɨɝɚɳɚɸɬ ɟɟ ɤɢɫɥɨɪɨɞɨɦ. 
ɋɥɟɞɭɸɳɢɣ ɨɛɳɟɢɡɜɟɫɬɧɵɣ ɮɚɤɬ – ɤɪɢɫɬɚɥɥɢɡɭɹɫɶ, ɜɨɞɚ ɪɚɫɲɢɪɹɟɬɫɹ, ɚ 

ɩɨɞɚɜɥɹɸɳɟɟ ɛɨɥɶɲɢɧɫɬɜɨ  ɜɟɳɟɫɬɜ ɫɠɢɦɚɸɬɫɹ. ɗɬɨ ɚɧɨɦɚɥɶɧɨɟ ɫɜɨɣɫɬɜɨ 

ɜɨɞɵ, ɬɨɠɟ ɢɦɟɟɬ ɫɜɨɟ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ – ɥɟɞ ɡɚɳɢɳɚɟɬ ɜɨɞɨɟɦɵ ɨɬ 

ɩɨɥɧɨɝɨ ɩɪɨɦɟɪɡɚɧɢɹ, ɫɩɚɫɚɹ ɨɬ ɝɢɛɟɥɢ ɠɢɜɵɟ ɨɪɝɚɧɢɡɦɵ. ȿɳɟ ɨɞɧɢɦ 

ɚɧɨɦɚɥɶɧɵɦ ɫɜɨɣɫɬɜɨɦ ɜɨɞɵ, ɹɜɥɹɟɬɫɹ ɟɟ ɬɟɩɥɨɟɦɤɨɫɬɶ. ɍɞɟɥɶɧɚɹ 

ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ ɜ 30 ɪɚɡ ɛɨɥɶɲɟ ɪɬɭɬɢ, ɜ 10 ɪɚɡ ɛɨɥɶɲɟ ɫɬɚɥɢ, ɢ 

ɫɨɫɬɚɜɥɹɟɬ ɋ = 4,18 Ⱦɠ/ɝК = 75,24 Ⱦɠ/ɦɨɥɶК. ȼɨɞɚ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ 
ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ. 

 

1.6. Ɍɟɪɦɨɯɢɦɢɹ 

Ɍɟɪɦɨɯɢɦɢɟɣ – ɷɬɨ ɪɚɡɞɟɥ ɯɢɦɢɱɟɫɤɨɣ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɢɡɭɱɚɸɳɢɣ 
ɬɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ ɪɚɡɥɢɱɧɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜμ ɯɢɦɢɱɟɫɤɢɯ 
ɪɟɚɤɰɢɣ, ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ, ɩɪɨɰɟɫɫɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɪɚɫɬɜɨɪɟɧɢɹ ɢ ɞɪ.  

ɏɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ – ɷɬɨ ɩɪɨɰɟɫɫ, ɜ ɤɨɬɨɪɨɦ ɫɢɫɬɟɦɚ ɩɟɪɟɯɨɞɢɬ ɨɬ 
ɧɚɱɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ―ɪɟɚɝɟɧɬɵ‖ ɤ ɤɨɧɟɱɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ―ɩɪɨɞɭɤɬɵ‖. 

Ɍɟɩɥɨɜɵɦ ɷɮɮɟɤɬɨɦ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɧɚɡɵɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ 
ɬɟɩɥɨɬɵ, ɤɨɬɨɪɨɟ ɜɵɞɟɥɹɟɬɫɹ ɢɥɢ ɩɨɝɥɨɳɚɟɬɫɹ ɩɪɢ ɧɟɨɛɪɚɬɢɦɨɦ 
ɩɪɨɬɟɤɚɧɢɢ ɪɟɚɤɰɢɢ, ɤɨɝɞɚ ɟɞɢɧɫɬɜɟɧɧɨɣ ɪɚɛɨɬɨɣ ɹɜɥɹɟɬɫɹ ɬɨɥɶɤɨ 
ɪɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ ɢ 
ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɞɨɥɠɧɵ ɛɵɬɶ ɨɞɢɧɚɤɨɜɵɦɢ. 

Ɋɚɫɫɦɨɬɪɢɦ ɪɟɚɤɰɢɸ: 

ɋɬɜ + Ɉ2  = ɋɈ2 . 

(ɢɫɯɨɞɧɵɟ ɜ-ɜɚ)  (ɩɪɨɞɭɤɬɵ) 
 

http://voda.biz-at-home.ru/?p=1779
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Ⱦɥɹ ɪɟɚɤɰɢɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶμ  
ɞɥɹ ɢɡɨɯɨɪɧɵɯ ɭɫɥɨɜɢɣ  ΔU = U(ɩɪɨɞɭɤɬɵ) - U(ɢɫɯ. ɜ-ɜɚ); QV = ΔUν 
ɞɥɹ ɢɡɨɛɚɪɧɵɯ ɭɫɥɨɜɢɣ  ΔH = H(ɩɪɨɞɭɤɬɵ) - H(ɢɫɯ. ɜ-ɜɚ); QP = ΔH. 
Ⱦɥɹ ɢɡɨɯɨɪɧɨɝɨ ɢ ɢɡɨɛɚɪɧɨɝɨ ɩɪɨɰɟɫɫɨɜ — ɬɟɩɥɨɬɚ ɩɪɨɰɟɫɫɚ ɩɪɢɨɛɪɟɬɚɟɬ 

ɫɜɨɣɫɬɜɚ ɮɭɧɤɰɢɢ ɫɨɫɬɨɹɧɢɹ, ɬ.ɟ. ɨɧɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɩɭɬɢ ɩɪɨɰɟɫɫɚ, ɚ ɡɚɜɢɫɢɬ 
ɬɨɥɶɤɨ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɢ ɤɨɧɟɱɧɨɝɨ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ. 

Ɋɟɚɤɰɢɢ, ɩɪɨɬɟɤɚɸɳɢɟ ɫ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɨɬɵ ɧɚɡɵɜɚɸɬɫɹ 
ɗɄɁɈɌȿɊɆɂɑȿɋɄɂɆɂ. 

Ɋɟɚɤɰɢɢ, ɩɪɨɬɟɤɚɸɳɢɟ ɫ ɩɨɝɥɨɳɟɧɢɟɦ ɬɟɩɥɨɬɵ ɧɚɡɵɜɚɸɬɫɹ 
ɗɇȾɈɌȿɊɆɂɑȿɋɄɂɆɂ. 

ȿɫɥɢ ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ (ɷɧɬɚɥɶɩɢɹ) ɩɪɨɞɭɤɬɨɜ ɦɟɧɶɲɟ ɜɧɭɬɪɟɧɧɟɣ 
ɷɧɟɪɝɢɢ (ɷɧɬɚɥɶɩɢɢ) ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ, ɬɨ ɩɪɨɢɫɯɨɞɢɬ ɜɵɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ ɜ 
ɜɢɞɟ ɬɟɩɥɚ. ɂɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɢ ɷɧɬɚɥɶɩɢɢ ɨɬɪɢɰɚɬɟɥɶɧɨ – 

ɪɟɚɤɰɢɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɚɹ: 

U(ɢɫɯ. ɜ-ɜɚ) ρ U(ɩɪɨɞɭɤɬɵ)  ΔU < 0; 

H(ɢɫɯ. ɜ-ɜɚ) ρ H(ɩɪɨɞɭɤɬɵ)  ΔH < 0. 

ȿɫɥɢ ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ (ɷɧɬɚɥɶɩɢɹ) ɩɪɨɞɭɤɬɨɜ ɛɨɥɶɲɟ ɜɧɭɬɪɟɧɧɟɣ 
ɷɧɟɪɝɢɢ (ɷɧɬɚɥɶɩɢɢ) ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ, ɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɨɝɥɨɳɟɧɢɟ ɷɧɟɪɝɢɢ ɜ 
ɜɢɞɟ ɬɟɩɥɚ. ɂɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɢ ɷɧɬɚɥɶɩɢɢ ɩɨɥɨɠɢɬɟɥɶɧɨ – 

ɪɟɚɤɰɢɹ ɷɧɞɨɬɟɪɦɢɱɟɫɤɚɹ: 

U(ɢɫɯ. ɜ-ɜɚ) < U(ɩɪɨɞɭɤɬɵ)  ΔU > 0; 

H(ɢɫɯ. ɜ-ɜɚ) < H(ɩɪɨɞɭɤɬɵ)  ΔH > 0. 

 

ɂɡɨɛɚɪɧɵɣ ɢ ɢɡɨɯɨɪɧɵɣ ɬɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ 

Ɍɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ ɢɡɨɯɨɪɧɨɝɨ ɢ ɢɡɨɛɚɪɧɨɝɨ ɬɟɩɥɨɜɵɯ ɷɮɮɟɤɬɨɜ, ɫɨɝɥɚɫɧɨ 
1-ɦɭ ɧɚɱɚɥɭ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɨɬɥɢɱɚɸɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ ɪɚɛɨɬɵ ɪɚɫɲɢɪɟɧɢɹμ 

VPUH  .      (1.32) 

ȿɫɥɢ ɜɫɟ ɭɱɚɫɬɧɢɤɢ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɧɚɯɨɞɹɬɫɹ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɦ 
ɫɨɫɬɨɹɧɢɢ (ɠɢɞɤɨɦ ɢɥɢ ɬɜɟɪɞɨɦ), ɬɨ ɪɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɩɪɟɧɟɛɪɟɠɢɬɟɥɶɧɨ 
ɦɚɥɚ - ɢɡɨɛɚɪɧɵɣ ɢ ɢɡɨɯɨɪɧɵɣ ɬɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ ɪɚɜɧɵ ɞɪɭɝ ɞɪɭɝɭμ 

UH0VP  . 

ȿɫɥɢ ɜ ɪɟɚɤɰɢɢ ɭɱɚɫɬɜɭɸɬ ɝɚɡɵ, ɬɨ ɫ ɭɱɟɬɨɦ ɭɪɚɜɧɟɧɢɹ Ɇɟɧɞɟɥɟɟɜɚ-

Ʉɥɚɩɟɣɪɨɧɚ, ɪɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɛɭɞɟɬ ɪɚɜɧɚμ 
RTnVP  ,     (1.33) 

ɝɞɟ n – ɷɬɨ ɢɡɦɟɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ ɜ ɯɨɞɟ ɞɚɧɧɨɣ 
ɪɟɚɤɰɢɢ – ɨɧɨ ɪɚɜɧɨ ɫɭɦɦɟ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭ 
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ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ ɡɚ ɜɵɱɟɬɨɦ ɫɭɦɦɵ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭ ɝɚɡɨɨɛɪɚɡɧɵɯ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ. 

    ɜɚɜ.ɢɫɯɝɚɡɵiɩɪɨɞɭɤɬɵɝɚɡɵi nnn   
.
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɪɟɚɤɰɢɣ ɫ ɭɱɚɫɬɢɟɦ ɝɚɡɨɜμ  

RTnUH   ɢɥɢ RTnQQ VP 
. 

 

Ɂɚɤɨɧ Ƚɟɫɫɚ 

Ɍɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɩɭɬɢ ɟɝɨ 
ɩɪɨɜɟɞɟɧɢɹ, ɚ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɢ ɤɨɧɟɱɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɫɢɫɬɟɦɵ. 

Ɂɚɤɨɧ ɫɮɨɪɦɭɥɢɪɨɜɚɧ Ƚɟɪɦɚɧɨɦ ɂɜɚɧɨɜɢɱɟɦ Ƚɟɫɫɨɦ ɜ 1840 ɝɨɞɭ. Ɂɚɤɨɧ 
ɹɜɥɹɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɫɥɟɞɫɬɜɢɟɦ ɩɟɪɜɨɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ: 

ɋɬɜ + Ɉ2 = ɋɈ2   H1 = -γ9γ,η Ⱦɠ. 

Ⱦɚɧɧɭɸ ɪɟɚɤɰɢɸ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɜ ɞɜɟ ɫɬɚɞɢɢ ɱɟɪɟɡ ɨɛɪɚɡɨɜɚɧɢɟ 
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɪɨɞɭɤɬɚ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (II)μ 

ɋɬɜ + 1/βɈ2  = ɋɈ   H2 = -110,η Ⱦɠ 

ɋη + 1/βɈ2  = ɋɈ2   H3 = -β8γ,0 Ⱦɠ. 

Ɂɚɩɢɲɟɦ ɡɚɤɨɧ Ƚɟɫɫɚ ɞɥɹ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢμ 
H1 = H2 + H3. 

Ɂɚɤɨɧ Ƚɟɫɫɚ ɜɵɩɨɥɧɹɟɬɫɹ μ-γ9γ,η Ⱦɠ = -110,η Ⱦɠ + (-β8γ,0 Ⱦɠ). 
 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɧɟɧɢɟ ɡɚɤɨɧɚ Ƚɟɫɫɚ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɨɩɪɟɞɟɥɟɧɢɸ 
ɬɟɩɥɨɬɵ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɛɟɡɜɨɞɧɨɣ ɫɨɥɢ. Ɍɟɩɥɨɬɭ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ 
ɫɭɥɶɮɚɬɚ ɦɟɞɢ(II) ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɬɟɩɥɨɬɟ ɪɚɫɬɜɨɪɟɧɢɹ ɛɟɡɜɨɞɧɨɣ ɫɨɥɢ ɢ 
ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɚ ɜ ɜɨɞɟ ɫɨɝɥɚɫɧɨ ɡɚɤɨɧɭ Ƚɟɫɫɚ. ɋɯɟɦɚɬɢɱɟɫɤɢ ɩɪɨɰɟɫɫ 
ɪɚɫɬɜɨɪɟɧɢɹ ɛɟɡɜɨɞɧɨɣ ɫɨɥɢ CЮSη4 ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɫɥɟɞɭɸɳɟɣ 
ɫɯɟɦɨɣμ 
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ɝɞɟ H1 – ɬɟɩɥɨɬɚ ɪɚɫɬɜɨɪɟɧɢɹ ɛɟɡɜɨɞɧɨɣ ɫɨɥɢ CЮSη4, Ⱦɠ/ɦɨɥɶν H2 – 

ɬɟɩɥɨɬɚ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹν H3 – ɬɟɩɥɨɬɚ ɪɚɫɬɜɨɪɟɧɢɹ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɚ 
CuSO4·ηH2O. 

ɋɨɝɥɚɫɧɨ ɡɚɤɨɧɭ Ƚɟɫɫɚμ  
H1 =  H2 +  H3,  ɢ  H2 = H1 - H3. 
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Ƚȿɋɋ Ƚɟɪɦɚɧ ɂɜɚɧɨɜɢɱ (180β - 1850). Ɋɭɫɫɤɢɣ ɯɢɦɢɤ, 
ɚɤɚɞɟɦɢɤ ɉɟɬɟɪɛɭɪɝɫɤɨɣ Ⱥɇ (ɫ 18γ0 ɝ.). Ɋɨɞɢɥɫɹ ɜ ɀɟɧɟɜɟ. 
Ɉɤɨɧɱɢɥ Ⱦɟɪɩɬɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ (ɞɨɤɬɨɪ ɦɟɞɢɰɢɧɵ, 18βη ɝ.). 
ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɥ ɨɛɪɚɡɨɜɚɧɢɟ ɜ ɋɬɨɤɝɨɥɶɦɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ 
(18βη ɝ.). ɋ 18γ0 ɝ. – ɩɪɨɮɟɫɫɨɪ ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ, ɜ 18γβ-1849 ɝɝ. – ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ 
ɝɨɪɧɨɝɨ ɢɧɫɬɢɬɭɬɚ. Ɉɞɢɧ ɢɡ ɨɫɧɨɜɨɩɨɥɨɠɧɢɤɨɜ ɬɟɪɦɨɯɢɦɢɢ. 
Ɂɧɚɱɢɬɟɥɶɧɨ ɪɚɧɶɲɟ Б. Ɍɨɦɫɟɧɚ ɢ ɉ. Ȼɟɪɬɥɨ ɜɵɞɜɢɧɭɥ (1840 ɝ.) 
ɩɨɥɨɠɟɧɢɟ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɜɟɥɢɱɢɧɵ ɬɟɩɥɨɜɵɯ ɷɮɮɟɤɬɨɜ 
ɪɟɚɤɰɢɢ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɦɟɪɨɣ ɯɢɦɢɱɟɫɤɨɝɨ ɫɪɨɞɫɬɜɚ. Ɉɬɤɪɵɥ 
(1840 ɝ.) ɨɫɧɨɜɧɨɣ ɡɚɤɨɧ ɬɟɪɦɨɯɢɦɢɢ – ɡɚɤɨɧ ɩɨɫɬɨɹɧɫɬɜɚ 
ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɚ, ɩɨ ɤɨɬɨɪɨɦɭ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɪɟɚɤɰɢɢ 
ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɢ ɤɨɧɟɱɧɨɝɨ ɫɨɫɬɨɹɧɢɣ 
ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ, ɚ ɧɟ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɫɬɚɞɢɣ ɩɪɨɰɟɫɫɚ (ɡɚɤɨɧ Ƚɟɫɫɚ). Ⱦɨɤɚɡɚɥ (184β ɝ.), 
ɱɬɨ ɩɪɢ ɫɦɟɲɟɧɢɢ ɧɟɣɬɪɚɥɶɧɵɯ ɫɨɥɟɜɵɯ ɪɚɫɬɜɨɪɨɜ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɨɬɫɭɬɫɬɜɭɟɬ (ɩɪɚɜɢɥɨ 
ɬɟɪɦɨɧɟɣɬɪɚɥɶɧɨɫɬɢ). ɍɫɬɚɧɨɜɢɥ, ɱɬɨ ɩɪɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ 1 ɦɨɥɶ-ɷɤɜɢɜɚɥɟɧɬɚ ɥɸɛɨɣ 
ɫɢɥɶɧɨɣ ɤɢɫɥɨɬɵ ɫɢɥɶɧɵɦ ɨɫɧɨɜɚɧɢɟɦ ɜɫɟɝɞɚ ɜɵɞɟɥɹɟɬɫɹ ɨɞɢɧɚɤɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ 
Hɧɟɣɬɪ = -57,22 ɤȾɠ/ɦɨɥɶ. Ɉɬɤɪɵɥ ɢ ɨɩɪɟɞɟɥɢɥ (18γ0-18γ4 ɝɝ.) ɫɨɫɬɚɜ ɱɟɬɵɪɟɯ ɧɨɜɵɯ 
ɦɢɧɟɪɚɥɨɜ – ɜɟɪɬɢɬɚ, ɭɜɚɪɨɜɢɬɚ, ɝɢɞɪɨɛɨɪɚɰɢɬɚ ɢ ɮɨɥɶɛɨɪɬɢɬɚ. ɉɪɟɞɥɨɠɢɥ (18γγ ɝ.) ɫɩɨɫɨɛ 
ɩɨɥɭɱɟɧɢɹ ɬɟɥɥɭɪɚ ɢɡ ɬɟɥɥɭɪɢɞɚ ɫɟɪɟɛɪɚ – ɦɢɧɟɪɚɥɚ, ɤɨɬɨɪɵɣ ɛɵɥ ɢɦ ɜɩɟɪɜɵɟ ɢɡɭɱɟɧ. 

ɂɡɭɱɚɥ (18γβ ɝ.) ɨɤɢɫɥɵ ɤɨɛɚɥɶɬɚ. ɍɫɬɚɧɨɜɢɥ ɤɚɬɚɥɢɡɢɪɭɸɳɟɟ ɢ ɚɞɫɨɪɛɰɢɨɧɧɨɟ ɫɜɨɣɫɬɜɚ 
ɦɟɥɤɨɪɚɡɞɪɨɛɥɟɧɧɨɣ ɩɥɚɬɢɧɵ. Ɉɞɧɢɦ ɢɡ ɩɟɪɜɵɯ ɢɡɭɱɚɥ ɫɨɫɬɚɜ ɤɚɜɤɚɡɫɤɢɯ ɧɟɮɬɟɣ. Ɉɬɤɪɵɥ 
ɫɚɯɚɪɧɭɸ ɤɢɫɥɨɬɭ. ɇɚɩɢɫɚɥ ɭɱɟɛɧɢɤ "Ɉɫɧɨɜɚɧɢɹ ɱɢɫɬɨɣ ɯɢɦɢɢ" (18γ1 ɝ.), ɜɵɞɟɪɠɚɜɲɢɣ ɫɟɦɶ 
ɢɡɞɚɧɢɣ. ȼ ɟɝɨ ɱɟɫɬɶ ɬɟɥɥɭɪɢɞ ɫɟɪɟɛɪɚ ɧɚɡɜɚɧ ɝɟɫɫɢɬɨɦ. 

 

ɋɥɟɞɫɬɜɢɹ ɢɡ ɡɚɤɨɧɚ Ƚɟɫɫɚ 

ɋɥɟɞɫɬɜɢɟ 1: Ɍɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɪɚɜɟɧ ɫɭɦɦɟ ɬɟɩɥɨɬ 
ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɡɚ ɜɵɱɟɬɨɦ ɫɭɦɦɵ ɬɟɩɥɨɬ ɨɛɪɚɡɨɜɚɧɢɹ 
ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ ɫ ɭɱɟɬɨɦ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ: 

   
ɜɚɜ.ɢɫɯɨɞi,fiɩɪɨɞɭɤɬɵi,fi HnHnH
 

.
 

Ⱦɥɹ ɪɟɚɤɰɢɢ  aA + bB = dD + gG ɡɚɩɢɲɟɦ ɫɥɟɞɫɬɜɢɟ ɢɡ ɡɚɤɨɧɚ Ƚɟɫɫɚμ 

H = (dHf,D + gHf,G) – (aHf,A + bHf,B), 

ɝɞɟ Hf,i  – ɬɟɩɥɨɬɚ ɨɛɪɚɡɨɜɚɧɢɹ Т-ɝɨ ɜɟɳɟɫɬɜɚ. 
Ɍɟɩɥɨɬɨɣ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚɡɵɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɤɨɬɨɪɨɟ ɜɵɞɟɥɹɟɬɫɹ 
ɢɥɢ ɩɨɝɥɨɳɚɟɬɫɹ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ 1 ɦɨɥɶ ɞɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢɡ ɩɪɨɫɬɵɯ 
ɜɟɳɟɫɬɜ ɩɪɢ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ. 

Ʌɸɛɨɣ ɪɚɫɱɟɬ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɩɪɢ ɡɚɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚɱɢɧɚɟɬɫɹ ɫ 
ɪɚɫɱɟɬɚ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɩɪɢ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ (T = β98 K,             

P = 101325 ɉɚ) – ɫɬɚɧɞɚɪɬɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ (H
0

298). 

ɉɪɢ ɪɚɫɱɟɬɟ ɫɬɚɧɞɚɪɬɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɬɚɧɞɚɪɬɧɵɟ 
ɬɟɩɥɨɬɵ ɨɛɪɚɡɨɜɚɧɢɹ ɜɟɳɟɫɬɜ (H

0
f,298,i), ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɫɩɪɚɜɨɱɧɵɦɢ 

ɜɟɥɢɱɢɧɚɦɢ. 
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    ɜɚɜ.ɢɫɯɨɞ
0

i,298,fiɩɪɨɞɭɤɬɵ
0

i,298,fi
0
298 HnHnH    

H
0

298 = (dH
0

f,298,D + gH
0

f,298,G) – (aH
0
f,298,A + bH

0
f,298,B). 

Ɋɚɡɦɟɪɧɨɫɬɢ: 

ɫɬɚɧɞɚɪɬɧɚɹ ɬɟɩɥɨɬɚ ɨɛɪɚɡɨɜɚɧɢɹ ɜɟɳɟɫɬɜ:  
ɦɨɥɶ
Ⱦɠ

H if  0

,298, ; 

ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɞ ɜɟɳɟɫɬɜɨɦ ɜ ɭɪɚɜɧɟɧɢɢ ɯɢɦɢɱɟɫɤɨɣ 
ɪɟɚɤɰɢɢ ɢɦɟɸɬ ɪɚɡɦɟɪɧɨɫɬɶ Дɦɨɥɶ], ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɦɟɪɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ 
ɷɮɮɟɤɬɚ ɛɭɞɟɬ   ȾɠH  0

298 . 

ɋɥɟɞɫɬɜɢɟ β: Ɍɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɪɚɜɟɧ ɫɭɦɦɟ ɬɟɩɥɨɬ 
ɫɝɨɪɚɧɢɹ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ ɡɚ ɜɵɱɟɬɨɦ ɫɭɦɦɵ ɬɟɩɥɨɬ ɫɝɨɪɚɧɢɹ ɩɪɨɞɭɤɬɨɜ 
ɪɟɚɤɰɢɢ ɫ ɭɱɟɬɨɦ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ: 

   
ɩɪɨɞɭɤɬɵi,ɫɝɨɪiɜɚɜ.ɢɫɯɨɞi,ɫɝɨɪi HnHnH  

 .
 

Ɍɟɩɥɨɬɨɣ ɫɝɨɪɚɧɢɹ ɧɚɡɵɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɤɨɬɨɪɨɟ ɜɵɞɟɥɹɟɬɫɹ ɩɪɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 1 ɦɨɥɶ ɞɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɫɨ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɦ ɤɨɥɢɱɟɫɬɜɨɦ 
ɤɢɫɥɨɪɨɞɚ ɩɪɢ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɫɬɚɧɞɚɪɬɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɜ ɜɵɪɚɠɟɧɢɟ ɫɥɟɞɫɬɜɢɹ ɢɡ 
ɡɚɤɨɧɚ Ƚɟɫɫɚ ɩɨɞɫɬɚɜɥɹɸɬɫɹ ɫɬɚɧɞɚɪɬɧɵɟ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹμ 

   
ɩɪɨɞɭɤɬɵiɫɝɨɪiɜɚɜɢɫɯɨɞɧiɫɝɨɪi HnHnH  


0

,298,.

0

,298,

0

298  

Ⱦɚɧɧɨɟ ɫɥɟɞɫɬɜɢɟ ɩɪɢɦɟɧɹɟɬɫɹ ɨɛɵɱɧɨ ɞɥɹ ɪɚɫɱɟɬɚ ɬɟɩɥɨɜɵɯ ɷɮɮɟɤɬɨɜ 
ɪɟɚɤɰɢɣ ɫ ɭɱɚɫɬɢɟɦ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. 
ɋɥɟɞɫɬɜɢɟ γ: Ɍɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ ɩɪɹɦɨɝɨ ɢ ɨɛɪɚɬɧɨɝɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ ɪɚɜɧɵ ɩɨ ɦɨɞɭɥɸ, ɧɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵ ɩɨ ɡɧɚɤɭ: 


 HH . 

ȿɫɥɢ ɩɪɹɦɚɹ ɪɟɚɤɰɢɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɚɹ, ɬɨ ɷɬɚ ɠɟ ɪɟɚɤɰɢɹ ɜ ɨɛɪɚɬɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ – ɷɧɞɨɬɟɪɦɢɱɟɫɤɚɹ. 

 

Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ.  

Ɂɚɤɨɧ Ʉɢɪɯɝɨɮɚ 

Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 
ɨɩɢɫɵɜɚɟɬɫɹ ɡɚɤɨɧɨɦ Ʉɢɪɯɝɨɮɚμ 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ 
ɪɚɜɟɧ ɢɡɦɟɧɟɧɢɸ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɢɫɬɟɦɵ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɩɪɨɬɟɤɚɧɢɟɦ 
ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ. 
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Ⱦɥɹ ɢɡɨɛɚɪɧɨɣ ɪɟɚɤɰɢɢμ  P
P

C
dT

Hd







 

.     (1.34)
 

Ⱦɥɹ ɢɡɨɯɨɪɧɨɣ ɪɟɚɤɰɢɢμ V
V

C
dT

Ud







 

.    (1.35) 

ȿɫɥɢ ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɢɫɬɟɦɵ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ ɛɭɞɟɬ ɭɦɟɧɶɲɚɬɶɫɹ ɋP < 0, ɬɨ 

0
dT

Hd

P







 

, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɛɭɞɟɬ 

ɭɦɟɧɶɲɚɬɶɫɹ  (ɫɬɚɧɨɜɢɬɶɫɹ ɨɬɪɢɰɚɬɟɥɶɧɟɟ) (ɪɢɫ.1.ηɚ). 

ȿɫɥɢ ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɢɫɬɟɦɵ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɋP ρ 0, ɬɨ 

0
dT

Hd

P







 

, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɛɭɞɟɬ 

ɪɚɫɬɢ (ɫɬɚɧɨɜɢɬɶɫɹ ɩɨɥɨɠɢɬɟɥɶɧɟɟ) (ɪɢɫ.1.ηЛ). 

ȿɫɥɢ ɤɪɢɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ ɢ ɩɪɨɞɭɤɬɨɜ 
ɩɟɪɟɫɟɤɚɸɬɫɹ ɩɪɢ ɤɚɤɨɣ-ɥɢɛɨ ɬɟɦɩɟɪɚɬɭɪɟ, ɬɨ ɧɚɛɥɸɞɚɟɬɫɹ ɷɤɫɬɪɟɦɚɥɶɧɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ (ɪɢɫ. 1.ηМ, ɪɢɫ. 1.ηН). 

 

H

(
n iC

P
,i
) ɩɪ

ɨɞ
ɭɤ

ɬы

CP

H

(
n iC

P
,i
) иɫ

хɨ
ɞ.

ɜ-
ɜа

CP < 0

d
 dT
------ < 0

T

 

 

H

(n iC
P,i

) ɩɪɨɞɭɤɬы

CP

H

(n
iC

P,i
) иɫхɨ

ɞ.ɜ-
ɜа

CP > 0

d
 dT
------ > 0

T

 

a b 

CP = 0

CP > 0

 

H (
n iC

P
,i
) ɩɪ

ɨɞ
ɭɤ

ɬы

CP

H

(
n iC

P,i
) иɫ

хɨ
ɞ.ɜ-

ɜа

CP < 0

T

 

CP = 0

CP > 0

 

H (
n iC

P
,i
) ɩɪ

ɨɞ
ɭɤ

ɬы

CP

H

(
n iC

P
,i
) иɫ

хɨ
ɞ.

ɜ-
ɜа

CP < 0

T

 

c d 

Ɋɢɫ. 1.η. ȼɨɡɦɨɠɧɵɟ ɫɥɭɱɚɢ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɟɣ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ, ɩɪɨɞɭɤɬɨɜ 
ɪɟɚɤɰɢɢ ɢ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 
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Ⱦɥɹ ɪɟɚɤɰɢɢ  aA + bB = dD + gG ɢɡɦɟɧɟɧɢɟ ɢɡɨɛɚɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɛɭɞɟɬ 
ɪɚɜɧɨμ 

ɋP = (dCP,D + gCP,G) – (aCP,A + bCP,B). 

C ɭɱɟɬɨɦ ɫɬɟɩɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜɟɳɟɫɬɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

2

2 '

T

c
cTbTaCP 

 

ɡɚɩɢɲɟɦ ɷɦɩɢɪɢɱɟɫɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜ ɯɨɞɟ ɞɚɧɧɨɣ 
ɪɟɚɤɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵμ

 

2

2 '

T

c
TcTbaCP




.   (1.36) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɭɪɚɜɧɟɧɢɟ Ʉɢɪɝɨɮɚ ɩɪɢɦɟɬ ɜɢɞμ 

2

2 '

T

c
TcTba

dT

Hd

P









 

 





2

1

2
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ɉɨɫɥɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɢ ɡɚɦɟɧɵ H1 ɧɚ ɫɬɚɧɞɚɪɬɧɵɣ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ 
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1.7. ȼɬɨɪɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ 

ɉɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɹɜɥɹɹɫɶ ɡɚɤɨɧɨɦ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ, ɧɟ 
ɨɬɜɟɱɚɟɬ ɧɚ ɜɨɩɪɨɫ ɨ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ. 
ɇɚɩɪɢɦɟɪ, ɩɟɪɜɨɟ ɧɚɱɚɥɨ ɩɨɫɬɭɥɢɪɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 100%-ɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ 
ɬɟɩɥɨɬɵ ɜ ɪɚɛɨɬɭ ɢ ɪɚɛɨɬɵ ɜ ɬɟɩɥɨɬɭ. Ɉɞɧɚɤɨ ɜ ɩɪɢɪɨɞɟ ɩɨɥɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ 
ɬɟɩɥɨɬɵ ɜ ɪɚɛɨɬɭ ɧɟ ɜɨɡɦɨɠɧɨ. ɉɟɪɜɨɟ ɧɚɱɚɥɨ ɞɨɩɭɫɤɚɟɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ 
ɩɪɨɰɟɫɫ ɩɟɪɟɯɨɞɚ ɷɧɟɪɝɢɢ ɜ ɮɨɪɦɟ ɬɟɩɥɚ ɨɬ ɯɨɥɨɞɧɨɝɨ ɬɟɥɚ ɤ ɝɨɪɹɱɟɦɭ. Ɉɞɧɚɤɨ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɨɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ – ɨɯɥɚɠɞɟɧɢɟ ɝɨɪɹɱɟɝɨ 
ɬɟɥɚ. 

ȼɬɨɪɨɟ ɧɚɱɚɥɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɨɬɟɤɚɧɢɹ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɩɪɢɪɨɞɟ. 

ȼɬɨɪɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɭɤɚɡɵɜɚɟɬ ɧɚ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɜ ɩɪɢɪɨɞɟ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɚɫɢɦɦɟɬɪɢɢ, ɬ.ɟ. ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɜɫɟɯ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɩɪɨɬɟɤɚɸɳɢɯ ɩɪɨɰɟɫɫɨɜμ 
– ɝɨɪɹɱɢɟ ɬɟɥɚ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɨɯɥɚɠɞɚɸɬɫɹν 
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– ɩɪɵɝɚɸɳɢɣ ɦɹɱɢɤ ɩɨɫɬɟɩɟɧɧɨ ɩɪɟɤɪɚɳɚɟɬ ɫɜɨɟ ɞɜɢɠɟɧɢɟ, ɚ ɜɨɬ ɩɨɤɨɹɳɢɣɫɹ 
ɦɹɱɢɤ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɧɟ ɧɚɱɢɧɚɟɬ ɩɨɞɩɪɵɝɢɜɚɬɶν 
– ɥɵɠɧɢɤ ɤɚɬɢɬɫɹ ɫ ɝɨɪɵ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ, ɚ ɩɨɞɴɟɦ ɧɚ ɝɨɪɭ ɬɪɟɛɭɟɬ ɡɚɬɪɚɬ 
ɷɧɟɪɝɢɢ. 

Ɂɞɟɫɶ ɩɪɨɹɜɥɹɟɬɫɹ ɬɨ ɫɜɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ Ʉɟɥɶɜɢɧ ɢ Ʉɥɚɭɡɢɭɫ ɫɦɨɝɥɢ 
ɨɬɞɟɥɢɬɶ ɨɬ ɫɜɨɣɫɬɜɚ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ – ɩɨɥɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ ɜ ɥɸɛɨɦ 
ɩɪɨɰɟɫɫɟ ɞɨɥɠɧɨ ɫɨɯɪɚɧɹɬɶɫɹ, ɚ ɜɨɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɦɟɸɳɟɣɫɹ ɷɧɟɪɝɢɢ 
ɢɡɦɟɧɹɟɬɫɹ ɧɟɨɛɪɚɬɢɦɨ. 

ȼɬɨɪɨɟ ɧɚɱɚɥɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɟɫɬɟɫɬɜɟɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ, ɜ ɤɨɬɨɪɨɦ 
ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ, ɩɪɢɱɟɦ ɷɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɟ 
ɡɚɜɢɫɢɬ ɨɬ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɧɟɪɝɢɢ. 

ɑɟɥɨɜɟɱɟɫɬɜɨ ɞɨɫɬɚɬɨɱɧɨ ɞɚɜɧɨ ɧɚɭɱɢɥɨɫɶ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ ɷɧɟɪɝɢɸ ɜɟɬɪɚ 
(ɷɧɟɪɝɢɸ ɋɨɥɧɰɚ) ɜ ɪɚɛɨɬɭ – ɜ ɞɜɢɠɟɧɢɟ ɦɟɥɶɧɢɱɧɵɯ ɠɟɪɧɨɜɨɜ ɢ ɤɨɪɚɛɥɟɣν 
ɢɡɜɥɟɤɚɬɶ ɷɧɟɪɝɢɸ ɋɨɥɧɰɚ ɜ ɜɢɞɟ ɬɟɩɥɚ ɩɪɢ ɫɠɢɝɚɧɢɢ ɞɪɟɜɟɫɢɧɵ ɢɥɢ 
ɤɚɦɟɧɧɨɝɨ ɭɝɥɹ. Ɉɞɧɚɤɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ (ɷɧɟɪɝɢɸ 
ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ) ɜ ɪɚɛɨɬɭ ɜ ɧɟɨɛɯɨɞɢɦɨɦ ɤɨɥɢɱɟɫɬɜɟ ɧɟ 
ɡɚɜɢɫɢɦɨ ɨɬ ɫɨɥɧɰɚ ɢ ɜɟɬɪɚ ɱɟɥɨɜɟɱɟɫɬɜɭ ɧɚɭɱɢɥɨɫɶ ɬɨɥɶɤɨ ɜ ɤɨɧɰɟ БVIII ɜɟɤɚ. 
ɉɟɪɜɵɟ ɬɟɩɥɨɜɵɟ ɦɚɲɢɧɵ ɛɵɥɢ ɨɝɪɨɦɧɵɦɢ ɢ ɦɚɥɨɷɮɮɟɤɬɢɜɧɵɦɢ. 

ȿɫɥɢ ɠɟɥɟɡɧɵɣ ɲɚɪ ɦɚɫɫɨɣ Ц=1ɤɝ ɩɨɞɧɹɬɶ ɧɚɞ 
ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚ ɜɵɫɨɬɭ С=1 ɦ, ɬɨ ɦɵ ɡɚɩɚɫɟɦ ɜ 
ɲɚɪɟ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɜ ɤɨɥɢɱɟɫɬɜɟ 
EP=9,8 Ⱦɠ. Ɉɬɩɭɫɬɢɦ ɲɚɪ. ɉɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ 
ɦɨ ɦɟɪɟ ɩɚɞɟɧɢɹ ɛɭɞɟɬ ɩɟɪɟɯɨɞɢɬɶ ɜ ɤɢɧɟɬɢɱɟɫɤɭɸ ɢ 
ɜ ɦɨɦɟɧɬ ɫɬɨɥɤɧɨɜɟɧɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɨɥɧɨɫɬɶɸ 
ɩɪɟɜɪɚɬɢɬɶɫɹ ɜ ɧɟɺ EК=9,8 Ⱦɠ. ȼ ɦɨɦɟɧɬ 
ɫɬɨɥɤɧɨɜɟɧɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜɫɹ ɤɢɧɟɬɢɱɟɫɤɚɹ 
ɷɧɟɪɝɢɹ ɩɪɟɜɪɚɬɢɬɫɹ ɜɨ ɜɧɭɬɪɟɧɧɸɸ ɷɧɟɪɝɢɸ. ȿɫɥɢ 
ɞɨɩɭɫɬɢɬɶ, ɱɬɨ ɜɫɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɩɨɣɞɟɬ ɧɚ 
ɭɜɟɥɢɱɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɬɨɥɶɤɨ ɲɚɪɚ, ɬɨ ɟɝɨ 
ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɵɫɢɬɫɹ ɜɫɟɝɨ ɧɚ 0,03 К. 
ɍɩɨɪɹɞɨɱɟɧɧɵɣ ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɜɫɟɯ ɱɚɫɬɢɰ 
ɲɚɪɚ (ɪɚɛɨɬɚ) ɩɪɟɜɪɚɬɢɥɫɹ ɜ ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɟ 
(ɬɟɩɥɨɜɨɟ) ɞɜɢɠɟɧɢɟ ɱɚɫɬɢɰ. Ɍɚɤɨɣ ɩɪɨɰɟɫɫ 
(ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɟɜɪɚɳɟɧɢɹ ɮɨɪɦ ɷɧɟɪɝɢɢ) ɹɜɥɹɟɬɫɹ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɦ ɢ ɟɫɬɟɫɬɜɟɧɧɵɦ. 

ɉɪɨɬɟɤɚɧɢɟ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɹɜɥɹɟɬɫɹ 
ɧɟɜɨɡɦɨɠɧɵɦ. Кɚɤ ɛɵ ɦɵ ɧɟ ɧɚɝɪɟɜɚɥɢ ɲɚɪ, ɨɧ ɧɟ ɩɨɞɩɪɵɝɧɟɬ ɧɚɞ 
ɩɨɜɟɪɯɧɨɫɬɶɸ. 

ɇɚɥɢɰɨ ɮɭɧɞɚɦɟɧɬɚɥɶɧɚɹ ɚɫɢɦɦɟɬɪɢɹ – ɛɨɥɟɟ ɜɵɫɨɤɨɨɪɝɚɧɢɡɨɜɚɧɧɚɹ 
ɮɨɪɦɚ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɩɨɥɧɨɫɬɶɸ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɩɟɪɟɯɨɞɢɬ ɜ 
ɦɟɧɟɟ ɨɪɝɚɧɢɡɨɜɚɧɧɭɸ ɮɨɪɦɭ ɷɧɟɪɝɢɢ – ɬɟɩɥɨɜɭɸ. Ɉɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɧɟɜɨɡɦɨɠɟɧ. 
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ɉɪɨɰɟɫɫɵ, ɤɨɬɨɪɵɟ ɫɨɜɟɪɲɚɸɬɫɹ ɜ ɫɢɫɬɟɦɟ ɛɟɡ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɫɨ 
ɫɬɨɪɨɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɧɚɡɵɜɚɸɬɫɹ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɦɢ. 

ɉɪɨɰɟɫɫɵ, ɤɨɬɨɪɵɟ ɛɟɡ «ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɢɡɜɧɟ» ɫɚɦɢ ɫɨɛɨɣ ɫɨɜɟɪɲɚɬɶɫɹ 
ɧɟ ɦɨɝɭɬ, ɧɚɡɵɜɚɸɬɫɹ ɧɟɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɦɢ. 

Ɏɨɪɦɭɥɢɪɨɜɤɢ β-ɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢμ 
– ɇɟɜɨɡɦɨɠɟɧ ɩɪɨɰɟɫɫ, ɟɞɢɧɫɬɜɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɤɨɬɨɪɨɝɨ ɫɨɫɬɨɹɥ ɛɵ ɜ 
ɩɨɝɥɨɳɟɧɢɢ ɬɟɩɥɨɬɵ ɨɬ ɧɚɝɪɟɜɚɬɟɥɹ ɢ ɩɨɥɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɟɺ ɜ 
ɪɚɛɨɬɭ (Ʉɟɥɶɜɢɧ); 
– ɇɟɜɨɡɦɨɠɟɧ ɩɪɨɰɟɫɫ, ɟɞɢɧɫɬɜɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɤɨɬɨɪɨɝɨ ɫɨɫɬɨɹɥ ɛɵ ɜ 
ɩɟɪɟɯɨɞɟ ɷɧɟɪɝɢɢ ɨɬ ɛɨɥɟɟ ɯɨɥɨɞɧɨɝɨ ɬɟɥɚ ɤ ɛɨɥɟɟ ɧɚɝɪɟɬɨɦɭ ɬɟɥɭ 
(Ʉɥɚɭɡɢɭɫ); 
– ɇɟɜɨɡɦɨɠɟɧ ɜɟɱɧɵɣ ɞɜɢɝɚɬɟɥɶ β-ɝɨ ɪɨɞɚ, ɬ.ɟ. ɬɚɤɚɹ ɩɟɪɢɨɞɢɱɟɫɤɢ 
ɞɟɣɫɬɜɭɸɳɚɹ ɦɚɲɢɧɚ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɥɚ ɛɵ ɩɨɥɭɱɚɬɶ ɪɚɛɨɬɭ ɬɨɥɶɤɨ ɡɚ 
ɫɱɟɬ ɨɯɥɚɠɞɟɧɢɹ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ. 
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Ɋɚɫɫɦɨɬɪɢɦ ɧɟɤɨɬɨɪɵɟ ɩɪɢɦɟɪɵ ɩɪɨɬɟɤɚɧɢɹ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ. 
1. Ƚɨɪɹɱɟɟ ɬɟɥɨ (Ɍ1) ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɯɨɥɨɞɧɵɦ (Ɍ2) ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɨɫɬɵɜɚɟɬ, ɚ 

ɯɨɥɨɞɧɨɟ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɧɚɝɪɟɜɚɟɬɫɹ. Ɍɟɩɥɨɩɟɪɟɧɨɫ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɨ 
ɦɨɦɟɧɬɚ ɭɫɬɚɧɨɜɥɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɬɟɦɩɟɪɚɬɭɪɨɣ, ɧɚɯɨɞɹɳɟɣɫɹ ɦɟɠɞɭ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɝɨɪɹɱɟɝɨ ɢ 
ɯɨɥɨɞɧɨɝɨ ɬɟɥɚ (Ɍ3): 

T1>T3>T2
T1>T2

T2QT1 T3T3
. 

2. ȿɫɥɢ ɞɜɚ ɛɚɥɥɨɧɚ, ɜ ɤɨɬɨɪɵɯ ɝɚɡ ɧɚɯɨɞɢɬɫɹ ɩɪɢ ɪɚɡɧɨɦ ɞɚɜɥɟɧɢɢ (Ɋ1 ɢ Ɋ2) 

ɫɨɟɞɢɧɢɬɶ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɬɨ ɞɚɜɥɟɧɢɟ ɜ ɛɚɥɥɨɧɚɯ ɜɵɪɨɜɧɹɟɬɫɹ ɢ ɫɬɚɧɟɬ 
ɩɪɨɦɟɠɭɬɨɱɧɵɦ Ɋ3: 

P2
P1 P3

P3

P1>P3>P2P1>P2

. 
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3. ȿɫɥɢ ɞɜɚ ɪɚɫɬɜɨɪɚ ɫ ɪɚɡɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɜɟɳɟɫɬɜɚ 
ɩɨɦɟɫɬɢɬɶ ɜ ɫɨɫɭɞ ɫ ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɟɪɟɝɨɪɨɞɤɨɣ ɢɥɢ ɩɟɪɟɝɨɪɨɞɤɨɣ ɫ 
ɧɟɛɨɥɶɲɢɦ ɨɬɜɟɪɫɬɢɟɦ, ɬɨ ɱɟɪɟɡ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɨɛɟɢɯ 
ɩɨɥɨɜɢɧɚɯ ɫɨɫɭɞɚ ɜɵɪɨɜɧɹɸɬɫɹμ 

C3
C3C2

C1

. 

ȼ ɤɚɠɞɨɦ ɢɡ ɬɪɟɯ ɩɪɢɜɟɞɟɧɧɵɯ ɩɪɢɦɟɪɨɜ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ ɩɪɨɰɟɫɫ 
ɩɪɨɬɟɤɚɥ ɜ ɫɬɨɪɨɧɭ ɜɵɪɚɜɧɢɜɚɧɢɹ ɮɚɤɬɨɪɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ: ɬɟɦɩɟɪɚɬɭɪɵ, 
ɞɚɜɥɟɧɢɹ, ɤɨɧɰɟɧɬɪɚɰɢɢ. Ɋɚɜɧɨɜɟɫɢɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɞɢɧɚɤɨɜɨɟ ɡɧɚɱɟɧɢɟ ɜɫɟɯ 
ɢɧɬɟɧɫɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ ɫɢɫɬɟɦɵ. 

ɉɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɨɩɟɪɢɪɭɟɬ ɩɨɧɹɬɢɟɦ ɷɧɟɪɝɢɹ ɢ ɧɟ ɦɨɠɟɬ 
ɩɪɟɞɫɤɚɡɚɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ. 

ȼ 18θη ɝɨɞɭ Ɋɭɞɨɥɶɮɨɦ Ʉɥɚɭɡɢɭɫɨɦ ɜ ɧɚɭɤɭ ɛɵɥ ɜɜɟɞɟɧ ɭɧɢɜɟɪɫɚɥɶɧɵɣ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɢɥ ɨɩɢɫɚɬɶ ɢ ɩɪɟɞɫɤɚɡɚɬɶ 
ɩɪɨɬɟɤɚɧɢɟ ɜɫɟɯ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ – ɗɇɌɊɈɉɂə (ɞɪ.-ɝɪɟɱ. 
ἐȞĲȡοπία – ɩɨɜɨɪɨɬ, ɩɪɟɜɪɚɳɟɧɢɟ). 

ɗɇɌɊɈɉɂə – ɷɬɨ ɦɟɪɚ ɛɟɫɩɨɪɹɞɤɚ, ɦɟɪɚ ɜɟɪɨɹɬɧɨɫɬɢ ɫɭɳɟɫɬɜɨɜɚɧɢɹ 
ɫɢɫɬɟɦɵ. 

ɗɧɬɪɨɩɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ, ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ 
ɜɟɪɨɹɬɧɨɫɬɢ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ. ɗɬɭ ɫɜɹɡɶ ɨɬɪɚɠɚɟɬ ɭɪɚɜɧɟɧɢɟ Ȼɨɥɶɰɦɚɧɚ: 

WkS Ȼ ln
 ,    (1.38) 

ɝɞɟ kȻ – ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚν А - ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɜɟɪɨɹɬɧɨɫɬɶ 
ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɫɢɫɬɟɦɵ – ɱɢɫɥɨ ɦɢɤɪɨɫɨɫɬɨɹɧɢɣ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɞɚɧɧɨɟ 
ɦɚɤɪɨɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ. 

ɍɪɚɜɧɟɧɢɟ Ȼɨɥɶɰɦɚɧɚ ɫɜɹɡɵɜɚɟɬ ɫɜɨɣɫɬɜɚ ɢ ɫɨɛɵɬɢɹ ɦɚɤɪɨɦɢɪɚ ɫɨ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɦɢɤɪɨɦɢɪɚ. 

Ɍɚɤ, ɫɨɜɨɤɭɩɧɨɫɬɶ ɤɨɨɪɞɢɧɚɬ, ɫɤɨɪɨɫɬɟɣ ɢ ɤɜɚɧɬɨɜɵɯ ɭɪɨɜɧɟɣ ɷɧɟɪɝɢɢ 
ɱɚɫɬɢɰ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɬ ɟɺ ɦɢɤɪɨɫɨɫɬɨɹɧɢɟ. Ɇɨɥɟɤɭɥɵ ɝɚɡɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ 
ɭɫɥɨɜɢɹɯ ɨɩɪɟɞɟɥɺɧɧɨɝɨ ɨɛɴɺɦɚ, ɞɚɜɥɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɵ, ɬ.ɟ. ɜ ɨɩɪɟɞɟɥɺɧɧɨɦ 
ɦɚɤɪɨɫɨɫɬɨɹɧɢɢ, ɩɨɫɬɨɹɧɧɨ ɢ ɯɚɨɬɢɱɧɨ ɞɜɢɠɭɬɫɹ, ɚ ɩɨɷɬɨɦɭ ɦɢɤɪɨɫɨɫɬɨɹɧɢɹ 
ɱɟɪɟɞɭɸɬɫɹ. ɑɢɫɥɨ ɦɢɤɪɨɫɨɫɬɨɹɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɚɧɧɨɦɭ 
ɦɚɤɪɨɫɨɫɬɨɹɧɢɸ ɫɢɫɬɟɦɵ, ɧɚɡɵɜɚɟɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ. 

Ʉɚɠɞɨɦɭ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦɭ ɫɨɫɬɨɹɧɢɸ ɦɨɠɧɨ ɩɪɢɩɢɫɚɬɶ ɜɟɪɨɹɬɧɨɫɬɶ, 
ɫɜɹɡɚɧɧɭɸ ɫ ɱɢɫɥɨɦ ɪɚɡɥɢɱɧɵɯ ɫɩɨɫɨɛɨɜ, ɤɨɬɨɪɵɦɢ ɨɧɨ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ 
ɧɚ ɦɢɤɪɨɭɪɨɜɧɟ. ɉɪɢ ɷɬɨɦ ɱɟɦ ɛɨɥɶɲɟ ɫɩɨɫɨɛɨɜ, ɤɨɬɨɪɵɦɢ ɦɨɠɟɬ ɛɵɬɶ 
ɞɨɫɬɢɝɧɭɬɨ ɞɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɬɟɦ ɜɵɲɟ ɟɝɨ ɜɟɪɨɹɬɧɨɫɬɶ. ȼ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ 
ɬɟɪɦɨɞɢɧɚɦɢɤɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɪɨɰɟɫɫ, ɩɪɢɛɥɢɠɚɸɳɢɣ ɫɢɫɬɟɦɭ ɤ 

https://ru.wikipedia.org/wiki/1865_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%83%D0%B7%D0%B8%D1%83%D1%81,_%D0%A0%D1%83%D0%B4%D0%BE%D0%BB%D1%8C%D1%84
https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B5%D0%B2%D0%BD%D0%B5%D0%B3%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
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ɫɨɫɬɨɹɧɢɸ ɪɚɜɧɨɜɟɫɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɟɪɟɯɨɞɭ ɨɬ ɦɟɧɟɟ ɜɟɪɨɹɬɧɵɯ ɫɨɫɬɨɹɧɢɣ ɤ 
ɛɨɥɟɟ ɜɟɪɨɹɬɧɵɦ. ɉɪɨɰɟɫɫ, ɭɞɚɥɹɸɳɢɣ ɫɢɫɬɟɦɭ ɨɬ ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɫ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɧɟ ɹɜɥɹɟɬɫɹ ɧɟɜɨɡɦɨɠɧɵɦ, ɚ 
ɩɪɨɫɬɨ ɦɟɧɟɟ ɜɟɪɨɹɬɧɵɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨɰɟɫɫɨɦ, ɜɟɞɭɳɢɦ ɤ ɪɚɜɧɨɜɟɫɢɸ. 

ȼ ɷɬɨɦ ɫɦɵɫɥɟ ɨɞɧɨɪɨɞɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɚɬɨɦɨɜ, ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɬɚɤɠɟ 
ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ ɫɨɫɬɨɹɧɢɟ, ɞɨɫɬɢɝɚɟɦɨɟ ɦɚɤɫɢɦɚɥɶɧɵɦ ɱɢɫɥɨɦ ɪɚɡɥɢɱɧɵɯ 
ɫɩɨɫɨɛɨɜ, ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ȼɫɟɥɟɧɧɨɣ. ɂɧɵɦɢ 
ɫɥɨɜɚɦɢ, ɬɟɩɥɨɜɨɟ ɪɚɜɧɨɜɟɫɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɦɭ 
ɫɨɫɬɨɹɧɢɸ ȼɫɟɥɟɧɧɨɣ. 
Ʌɸɞɜɢɝ Ȼɨɥɶɰɦɚɧ (1844-190θ). Ⱥɜɫɬɪɢɣɫɤɢɣ ɮɢɡɢɤ 
ɪɨɞɢɥɫɹ ɜ ȼɟɧɟ. ɇɚɭɱɧɵɟ ɢɧɬɟɪɟɫɵ Ȼɨɥɶɰɦɚɧɚ 

ɨɯɜɚɬɵɜɚɥɢ ɩɨɱɬɢ ɜɫɟ ɨɛɥɚɫɬɢ ɮɢɡɢɤɢ (ɢ ɪɹɞ 
ɨɛɥɚɫɬɟɣ ɦɚɬɟɦɚɬɢɤɢ). Ⱥɜɬɨɪ ɪɚɛɨɬ ɩɨ ɦɚɬɟɦɚɬɢɤɟ, 
ɦɟɯɚɧɢɤɟ, ɝɢɞɪɨɞɢɧɚɦɢɤɟ, ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ, ɬɟɨɪɢɢ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɨɩɬɢɤɟ, ɬɟɪɦɨɞɢɧɚɦɢɤɟ ɢ 
ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɝɚɡɨɜ. Ɉɞɧɚɤɨ ɧɚɢɛɨɥɶɲɟɟ 
ɡɧɚɱɟɧɢɟ ɢɦɟɸɬ ɪɚɛɨɬɵ Ȼɨɥɶɰɦɚɧɚ ɩɨ ɤɢɧɟɬɢɱɟɫɤɨɣ 
ɬɟɨɪɢɢ ɝɚɡɨɜ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɦɭ ɨɛɨɫɧɨɜɚɧɢɸ 
ɬɟɪɦɨɞɢɧɚɦɢɤɢ. ȼ 188θ–1872 ɝɝ. ɨɧ ɩɪɨɜɺɥ 
ɜɚɠɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɤɢɧɟɬɢɱɟɫɤɨɣ 
ɬɟɨɪɢɢ ɝɚɡɨɜ, ɜɵɜɟɥ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɨɥɟɤɭɥ 
ɝɚɡɚ ɩɨ ɫɤɨɪɨɫɬɹɦ, ɨɛɨɛɳɢɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ⱦɠ. Ʉ. Ɇɚɤɫɜɟɥɥɚ ɧɚ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɧɚ ɝɚɡ 
ɞɟɣɫɬɜɭɸɬ ɜɧɟɲɧɢɟ ɫɢɥɵ (ɫɬɚɬɢɫɬɢɤɚ Ȼɨɥɶɰɦɚɧɚ). Ɏɨɪɦɭɥɚ ɪɚɜɧɨɜɟɫɧɨɝɨ ɛɨɥɶɰɦɚɧɨɜɫɤɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɫɥɭɠɢɥɚ ɨɫɧɨɜɨɣ ɤɥɚɫɫɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ. ȼ 18ιβ ɝ., ɩɪɢɦɟɧɢɜ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɤ ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɝɚɡɨɜ, ɜɵɜɟɥ ɨɫɧɨɜɧɨɟ ɤɢɧɟɬɢɱɟɫɤɨɟ 
ɭɪɚɜɧɟɧɢɟ ɝɚɡɨɜ. ɍɫɬɚɧɨɜɢɥ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɷɧɬɪɨɩɢɟɣ ɮɢɡɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɵ ɢ ɜɟɪɨɹɬɧɨɫɬɶɸ ɟɺ ɫɨɫɬɨɹɧɢɹ, ɞɨɤɚɡɚɥ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɜɬɨɪɨɝɨ ɧɚɱɚɥɚ 
ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɱɬɨ ɭɤɚɡɚɥɨ ɧɚ ɧɟɫɨɫɬɨɹɬɟɥɶɧɨɫɬɶ ɝɢɩɨɬɟɡɵ «ɬɟɩɥɨɜɨɣ ɫɦɟɪɬɢ» ȼɫɟɥɟɧɧɨɣ. 
Ȼɨɥɶɰɦɚɧ ɜɩɟɪɜɵɟ ɩɪɢɦɟɧɢɥ ɡɚɤɨɧɵ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɤ ɩɪɨɰɟɫɫɚɦ ɢɡɥɭɱɟɧɢɹ ɢ ɜ 1884 ɝ. 
ɬɟɨɪɟɬɢɱɟɫɤɢ ɜɵɜɟɥ ɡɚɤɨɧ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɷɧɟɪɝɢɹ, ɢɡɥɭɱɚɟɦɚɹ 
ɚɛɫɨɥɸɬɧɨ ɱɺɪɧɵɦ ɬɟɥɨɦ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɱɟɬɜɺɪɬɨɣ ɫɬɟɩɟɧɢ ɚɛɫɨɥɸɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ 
1879 ɝ. ɷɬɨɬ ɡɚɤɨɧ ɛɵɥ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧ Ƀ. ɋɬɟɮɚɧɨɦ ɢ ɢɡɜɟɫɬɟɧ ɬɟɩɟɪɶ ɤɚɤ 
ɡɚɤɨɧ ɋɬɟɮɚɧɚ – Ȼɨɥɶɰɦɚɧɚ. ɀɢɡɧɶ Ȼɨɥɶɰɦɚɧɚ ɨɛɨɪɜɚɥɚɫɶ ɬɪɚɝɢɱɟɫɤɢμ ɨɧ ɩɨɤɨɧɱɢɥ ɫ ɫɨɛɨɣ η 
ɫɟɧɬɹɛɪɹ 1906 ɝ. ɜ Ⱦɭɢɧɨ (ɂɬɚɥɢɹ). ɉɨɯɨɪɨɧɟɧ ɜ ȼɟɧɟ. ɇɚ ɧɚɞɝɪɨɛɢɢ ɜɵɫɟɱɟɧɨ ɜɵɜɟɞɟɧɧɨɟ 
ɢɦ ɡɧɚɦɟɧɢɬɨɟ ɭɪɚɜɧɟɧɢɟ S=ФlogW. 

ȼɜɟɞɟɧɧɨɟ ɜ ɧɚɭɤɭ Ʉɥɚɭɡɢɭɫɨɦ ɩɨɧɹɬɢɟ ɷɧɬɪɨɩɢɢ ɩɨɡɜɨɥɢɥɨ ɡɚɩɢɫɚɬɶ ɨɫɧɨɜɧɭɸ 
ɢ ɧɚɢɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɭɸ ɮɨɪɦɭɥɢɪɨɜɤɭ ɜɬɨɪɨɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢμ 

ɋɚɦɨɩɪɨɢɡɜɨɥɶɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ ɩɪɨɬɟɤɚɸɬ ɜ 
ɫɬɨɪɨɧɭ ɭɜɟɥɢɱɟɧɢɹ ɷɧɬɪɨɩɢɢ, ɚ ɪɚɜɧɨɜɟɫɢɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɟɟ 
ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ ɩɪɨɰɟɫɫ – ɭɜɟɥɢɱɟɧɢɟ ɛɟɫɩɨɪɹɞɤɚ, 
ɫɬɟɩɟɧɢ ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ ɫɢɫɬɟɦɵ. 

http://www.physchem.chimfak.rsu.ru/Source/History/Persones/Maxwell.html


 

 

35 

S=0

ɊȺȼɇɈȼȿɋɂȿ

 

S=Maximum

ɩɪɨɰɟɫɫ 
ɋȺɆɈɉɊɈɂɁȼɈɅɖɇɈ

ɇȿ ȼɈɁɆɈɀȿɇ

S<0

хɨɞ (ɪаɡɜиɬиɟ) ɩɪɨɰɟɫɫа

S, Ⱦɠ/K

S>0

ɩɪɨɰɟɫɫ 
ɋȺɆɈɉɊɈɂɁȼɈɅɖɇɕɃ

 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢ ɷɧɬɪɨɩɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɮɭɧɤɰɢɹ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ, 
ɪɚɜɧɚɹ ɜ ɪɚɜɧɨɜɟɫɧɨɦ ɩɪɨɰɟɫɫɟ ɤɨɥɢɱɟɫɬɜɭ ɬɟɩɥɨɬɵ, ɫɨɨɛɳɺɧɧɨɣ ɫɢɫɬɟɦɟ ɢɥɢ 
ɨɬɜɟɞɺɧɧɨɣ ɨɬ ɫɢɫɬɟɦɵ, ɨɬɧɟɫɺɧɧɨɦɭ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɫɢɫɬɟɦɵ.  

ɂɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ – ɷɬɨ ɩɪɢɜɟɞɟɧɧɚɹ ɬɟɩɥɨɬɚ: 

T

Q
Sɢɥɢ

T

Q
dS 




.     (1.39)
 

ɗɧɬɪɨɩɢɹ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ, ɟɟ ɢɡɦɟɧɟɧɢɟ ɧɟ ɡɚɜɢɫɢɬ 
ɨɬ ɩɭɬɢ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɷɧɬɪɨɩɢɢ ɩɪɨɰɟɫɫ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɨɫɬɵɜɚɧɢɹ ɝɨɪɹɱɟɝɨ ɬɟɥɚ ɢ ɧɚɝɪɟɜɚɧɢɹ ɯɨɥɨɞɧɨɝɨ. ɉɭɫɬɶ 
ɬɟɦɩɟɪɚɬɭɪɚ «ɝɨɪɹɱɟɝɨ» ɬɟɥɚ ɫɨɫɬɚɜɥɹɟɬ Ɍ1=1000Ʉ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ «ɯɨɥɨɞɧɨɝɨ» 

Ɍ2=100Ʉ. ɉɟɪɟɞɚɞɢɦ 100Ⱦɠ ɷɧɟɪɝɢɢ ɜ ɜɢɞɟ ɬɟɩɥɚ ɨɬ ɝɨɪɹɱɟɝɨ ɤ ɯɨɥɨɞɧɨɦɭ ɬɟɥɭ 
ɢ ɪɚɫɫɱɢɬɚɟɦ ɫɭɦɦɚɪɧɨɟ ɢɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɫɢɫɬɟɦɵ S: 

S2

Q=100Ⱦɠ
T1=1000K T2=100K

S1

. 

ɗɧɬɪɨɩɢɹ ɝɨɪɹɱɟɝɨ ɬɟɥɚ ɭɦɟɧɶɲɢɬɫɹ, ɚ ɷɧɬɪɨɩɢɹ ɯɨɥɨɞɧɨɝɨ ɭɜɟɥɢɱɢɬɫɹμ 
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Ⱦɠ100
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
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.
 

ɗɧɬɪɨɩɢɹ ɝɨɪɹɱɟɝɨ ɬɟɥɚ ɭɦɟɧɶɲɢɥɚɫɶ ɧɚ ɦɟɧɶɲɭɸ ɜɟɥɢɱɢɧɭ, ɱɟɦ ɷɧɬɪɨɩɢɹ 
ɯɨɥɨɞɧɨɝɨ ɭɜɟɥɢɱɢɥɚɫɶ. ɇɚɣɞɟɦ ɫɭɦɦɚɪɧɨɟ ɢɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢμ 

Ʉ
Ⱦɠ

9,0
Ʉ

Ⱦɠ
0,1

Ʉ
Ⱦɠ

1,0SSS 21  
,
 

S > 0 – ɩɪɨɰɟɫɫ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ. 

Ɉɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ ɩɟɪɟɞɚɱɢ ɬɟɩɥɚ ɨɬ «ɯɨɥɨɞɧɨɝɨ» ɤ «ɝɨɪɹɱɟɦɭ» ɬɟɥɭ ɛɭɞɟɬ 

https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B2%D0%BD%D0%BE%D0%B2%D0%B5%D1%81%D0%BD%D1%8B%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81
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Sɏ

Qх

Tɧ=1000K

W

Qɧ=100 Ⱦɠ

ɧаɝɪɟɜаɬɟɥɶ

Tх=100K

хɨɥɨɞиɥɶɧиɤ

Sɇ

ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɷɧɬɪɨɩɢɢ (S = -0,9 Ⱦɠ/Ʉν 
S < 0) – ɬɚɤɨɣ ɩɪɨɰɟɫɫ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɧɟɜɨɡɦɨɠɟɧ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɰɟɫɫ ɩɨɥɧɨɝɨ (100%-ɧɨɝɨ) ɩɪɟɜɪɚɳɟɧɢɹ ɬɟɩɥɨɬɵ ɜ ɪɚɛɨɬɭ. 
Ɉɬɛɟɪɟɦ ɨɬ ɧɚɝɪɟɜɚɬɟɥɹ 100 Ⱦɠ ɷɧɟɪɝɢɢ ɜ ɮɨɪɦɟ ɬɟɩɥɚ ɢ ɩɪɟɜɪɚɬɢɦ ɟɝɨ ɜ 
ɪɚɛɨɬɭμ 

T1=1000K

А=100 Ⱦɠ

Q=100 Ⱦɠ

. 

ɋɭɦɦɚɪɧɨɟ ɢɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɢɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ  
ɧɚɝɪɟɜɚɬɟɥɹμ 

Ʉ
Ⱦɠ

1,0
Ʉ1000

Ⱦɠ100

T

Q
SS

1
1 


  . 

ɂɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɨɬɪɢɰɚɬɟɥɶɧɨ S < 0 – ɩɪɨɰɟɫɫ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ 
ɧɟɜɨɡɦɨɠɟɧ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɹɜɥɹɟɬɫɹ ɧɟ ɜɨɡɦɨɠɧɵɦ ɩɨɥɧɨɫɬɶɸ ɩɪɟɜɪɚɬɢɬɶ 
ɬɟɩɥɨɬɭ ɜ ɪɚɛɨɬɭ, ɚ ɜɨɬ ɨɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ ɩɪɨɬɟɤɚɟɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ – ɞɥɹ ɧɟɝɨ 
S =+0,1 Ⱦɠ/Ʉ, S > 0. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɨɰɟɫɫ ɩɪɟɜɪɚɳɟɧɢɹ ɬɟɩɥɨɬɵ ɜ 
ɪɚɛɨɬɭ ɫɬɚɥ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɜɨɡɦɨɠɧɵɦ ɞɨɥɠɧɨ 
ɜɵɩɨɥɧɹɬɫɹ ɭɫɥɨɜɢɟμ ɫɭɦɦɚɪɧɚɹ ɷɧɬɪɨɩɢɹ ɜɫɟɥɟɧɧɨɣ 
ɞɨɥɠɧɚ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɢɥɢ, ɤɚɤ ɤɪɚɣɧɢɣ ɫɥɭɱɚɣ, 
ɞɨɥɠɧɚ ɪɚɜɧɹɬɶɫɹ ɧɭɥɸ. Ⱦɥɹ ɷɬɨɝɨ ɱɚɫɬɶ ɬɟɩɥɨɬɵ ɨɬ 
ɧɚɝɪɟɜɚɬɟɥɹ ɧɚɞɨ ɫɨɨɛɳɢɬɶ ɯɨɥɨɞɢɥɶɧɢɤɭ 
(ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ), ɚ ɨɫɬɚɜɲɭɸɫɹ ɪɚɡɧɢɰɭ ɦɨɠɧɨ 
ɩɪɟɜɪɚɬɢɬɶ ɜ ɪɚɛɨɬɭ. 

ɉɭɫɬɶ ɧɚɝɪɟɜɚɬɟɥɶ ɬɟɦɩɟɪɚɬɭɪɨɣ Ɍɇ=1000 Ʉ ɨɬɞɚɥ 
Qɇ=100 Ⱦɠ ɬɟɩɥɚ ɪɚɛɨɱɟɦɭ ɬɟɥɭ (ɭɫɬɪɨɣɫɬɜɭ 
ɩɪɟɜɪɚɳɚɸɳɟɦɭ ɬɟɩɥɨɬɭ ɜ ɪɚɛɨɬɭ). ɇɟɨɛɯɨɞɢɦɨ 
ɪɚɫɫɱɢɬɚɬɶ ɤɚɤɨɟ ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ ɧɚɞɨ 
ɫɨɨɛɳɢɬɶ ɯɨɥɨɞɢɥɶɧɢɤɭ, ɱɬɨɛɵ ɫɭɦɦɚɪɧɚɹ ɷɧɬɪɨɩɢɹ 
ɭɜɟɥɢɱɢɥɚɫɶ. Ɍɨ ɟɫɬɶ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟμ 
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ɉɨɞɫɬɚɜɢɦ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟμ 

Ⱦɠ
К

КȾɠ
Qɏ 10

1000

100100





.
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɟɜɪɚɬɢɬɶ ɬɟɩɥɨɬɭ ɜ ɪɚɛɨɬɭ ɧɟɨɛɯɨɞɢɦɨ, 
ɤɚɤ ɦɢɧɢɦɭɦ, 10 Ⱦɠ ɷɧɟɪɝɢɢ ɨɬɞɚɬɶ ɯɨɥɨɞɢɥɶɧɢɤɭ. Ɋɚɛɨɬɚ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ ɛɭɞɟɬ ɫɨɫɬɚɜɥɹɬɶμ 

ȾɠȾɠȾɠQQW ɏɇ 9010100   

Ⱦɨɥɹ ɬɟɩɥɨɬɵ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɩɪɟɜɪɚɬɢɬɶ ɜ ɪɚɛɨɬɭ, ɤɚɤ ɜɢɞɧɨ, ɡɚɜɢɫɢɬ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚɬɟɥɹ (ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɨɬɵ) ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɯɨɥɨɞɢɥɶɧɢɤɚ. 
ɑɟɦ ɫɢɥɶɧɟɟ ɨɬɥɢɱɚɸɬɫɹ ɷɬɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɬɟɦ ɩɨɥɧɟɟ ɦɨɠɧɨ ɫɨɜɟɪɲɢɬɶ 
ɩɪɟɜɪɚɳɟɧɢɟ ɬɟɩɥɨɬɵ ɜ ɪɚɛɨɬɭ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ (ɄɉȾ) ɬɟɩɥɨɜɨɣ 
ɦɚɲɢɧɵ ɛɭɞɟɬ ɪɚɜɟɧμ 
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ɇ

ɏɇ 







  (1.40)
 

ɇɚɣɞɟɦ ɄɉȾ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ, ɤɨɬɨɪɚɹ ɩɪɢɜɨɞɢɬ ɝɟɧɟɪɚɬɨɪ ɬɨɤɚ ɧɚ 
ɬɟɩɥɨɜɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ (ɧɚɝɪɟɜɚɬɟɥɶ) 
ɫɨɫɬɚɜɥɹɟɬ 800Ʉ, ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɢɥɶɧɢɤɚ γιγɄμ 

%53%100
Ʉ800

Ʉ373Ʉ800ɄɉȾ 


 . 

Ⱦɥɹ ɞɜɢɝɚɬɟɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ (Ⱦȼɋ) ɬɟɦɩɟɪɚɬɭɪɚ ɫɝɨɪɚɸɳɟɣ 
ɬɨɩɥɢɜɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ γγ00Ʉ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɯɨɞɟ 
ɜ ɜɵɩɭɫɤɧɨɣ ɤɨɥɥɟɤɬɨɪ 1400Ʉμ 

%56%100
Ʉ3300

Ʉ1400Ʉ3300ɄɉȾ 


 . 

Ɉɞɧɚɤɨ ɪɟɚɥɶɧɵɣ ɬɟɩɥɨɜɨɣ ɄɉȾ ɫɨɜɪɟɦɟɧɧɨɝɨ Ⱦȼɋ ɫɨɫɬɚɜɥɹɟɬ 30-γη%, ɚ ɫ 
ɭɱɟɬɨɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɨɛɳɢɣ ɄɉȾ ɫɨɜɪɟɦɟɧɧɨɝɨ Ⱦȼɋ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 
20-25%. 
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ɗɧɬɪɨɩɢɹ ɹɜɥɹɟɬɫɹ ɦɟɪɨɣ ɧɟɨɛɪɚɬɢɦɨɫɬɢ ɩɪɟɜɪɚɳɟɧɢɹ ɷɧɟɪɝɢɢ, ɦɟɪɨɣ ɟɟ 
ɪɚɫɫɟɹɧɢɹ, ɦɟɪɨɣ ɟɟ ɞɟɝɪɚɞɚɰɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɧɬɪɨɩɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɭɫɥɨɜɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɡɚɩɚɫɚɟɬɫɹ 
ɷɧɟɪɝɢɹμ ɟɫɥɢ ɷɧɟɪɝɢɹ ɡɚɩɚɫɚɟɬɫɹ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɟɟ ɷɧɬɪɨɩɢɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɚ, ɚ «ɤɚɱɟɫɬɜɨ» (ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɟɜɪɚɳɚɬɶɫɹ ɜ ɪɚɛɨɬɭ) ɷɬɨɣ 
ɷɧɟɪɝɢɢ, ɧɚɩɪɨɬɢɜ, ɜɵɫɨɤɨ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɟɫɥɢ ɬɚɤɨɟ ɠɟ ɤɨɥɢɱɟɫɬɜɨ 
ɷɧɟɪɝɢɢ ɡɚɩɚɫɚɟɬɫɹ ɩɪɢ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɬɨ ɷɧɬɪɨɩɢɹ ɜɟɥɢɤɚ, ɚ ɟɟ ɤɚɱɟɫɬɜɨ 
ɧɢɡɤɨɟ. ȿɫɬɟɫɬɜɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ – ɷɬɨ ɩɨɧɢɠɟɧɢɟ «ɤɚɱɟɫɬɜɚ» ɷɧɟɪɝɢɢ. 
 

1.8. ɋɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ. Ɉɛɪɚɬɢɦɵɟ ɢ ɧɟɨɛɪɚɬɢɦɵɟ ɩɪɨɰɟɫɫɵ 

ɋɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɟɫɥɢ 
ɡɧɚɱɟɧɢɟ ɨɩɢɫɵɜɚɸɳɢɯ ɟɟ ɫɨɫɬɨɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɨɞɢɧɚɤɨɜɨ ɜ ɥɸɛɨɣ ɬɨɱɤɟ 
ɫɢɫɬɟɦɵ ɢ ɨɧɢ ɨɫɬɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ ɜɨ ɜɪɟɦɟɧɢ. 

ȿɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ, ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɫɢɫɬɟɦɵ 
ɩɨɫɬɨɹɧɧɨ ɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɜɨ ɜɪɟɦɟɧɢ, ɬɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢɦɟɟɬ ɦɟɫɬɨ 
ɦɟɯɚɧɢɱɟɫɤɨɟ, ɬɟɩɥɨɜɨɟ ɢ ɯɢɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ. 

ɏɢɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ – ɞɢɧɚɦɢɱɟɫɤɨɟ. ȼ ɫɨɫɬɨɹɧɢɢ ɯɢɦɢɱɟɫɤɨɝɨ 
ɪɚɜɧɨɜɟɫɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɭɱɚɫɬɧɢɤɨɜ ɪɟɚɤɰɢɢ (ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ ɢ ɩɪɨɞɭɤɬɨɜ) 
ɨɫɬɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ ɜɨ ɜɪɟɦɟɧɢ, ɨɞɧɚɤɨ, ɜ ɫɢɫɬɟɦɟ ɧɚɛɥɸɞɚɸɬɫɹ ɯɢɦɢɱɟɫɤɢɟ 
ɩɪɟɜɪɚɳɟɧɢɹ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɩɪɨɞɭɤɬɵ ɢ ɩɪɨɞɭɤɬɨɜ ɜ ɢɫɯɨɞɧɵɟ ɜɟɳɟɫɬɜɚ. 
ȼ ɫɨɫɬɨɹɧɢɢ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɫɤɨɪɨɫɬɢ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɪɟɚɤɰɢɣ 
ɪɚɜɧɵ ɞɪɭɝ ɞɪɭɝɭ. 

Ɉɛɪɚɬɢɦɵɦ ɩɪɨɰɟɫɫɨɦ ɧɚɡɵɜɚɟɬɫɹ ɬɚɤɨɣ ɩɪɨɰɟɫɫ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ 
ɩɪɨɜɟɫɬɢ ɜ ɩɪɹɦɨɦ ɢ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ ɛɟɡ ɬɨɝɨ, ɱɬɨɛɵ ɜ ɫɢɫɬɟɦɟ ɢ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ ɨɫɬɚɥɢɫɶ ɤɚɤɢɟ-ɥɢɛɨ ɢɡɦɟɧɟɧɢɹ. 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɪɚɜɧɨɜɟɫɧɵɦ ɩɪɨɰɟɫɫɨɦ ɧɚɡɵɜɚɟɬɫɹ ɩɪɨɰɟɫɫ, 
ɤɨɬɨɪɵɣ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɪɹɞ ɛɟɫɤɨɧɟɱɧɨ ɛɥɢɡɤɢɯ ɞɪɭɝ ɤ ɞɪɭɝɭ ɫɨɫɬɨɹɧɢɣ 
ɪɚɜɧɨɜɟɫɢɹ. 

Ɋɚɜɧɨɜɟɫɧɵɣ ɩɪɨɰɟɫɫ ɜɫɟɝɞɚ 
ɹɜɥɹɟɬɫɹ ɨɛɪɚɬɢɦɵɦ. 

ȼɫɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ 
ɞɥɹ ɨɛɪɚɬɢɦɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢɧɢɦɚɸɬ 
ɷɤɫɬɪɟɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ. ɇɚɩɪɢɦɟɪ, 
ɪɚɛɨɬɚ, ɫɨɜɟɪɲɚɟɦɚɹ ɩɪɢ ɨɛɪɚɬɢɦɨɦ 
ɩɪɨɰɟɫɫɟ, ɧɚɢɛɨɥɶɲɚɹ – ɨɧɚ 
ɧɚɡɵɜɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɛɨɬɨɣ. 
ɑɬɨɛɵ ɩɪɨɜɟɫɬɢ ɩɪɨɰɟɫɫ ɨɛɪɚɬɢɦɨ 
ɟɝɨ ɧɚɞɨ ɩɪɨɜɨɞɢɬɶ ɛɟɫɤɨɧɟɱɧɨ 
ɦɟɞɥɟɧɧɨ. 

Ɋɚɫɫɦɨɬɪɢɦ ɝɚɡ ɩɨɞ ɩɨɪɲɧɟɦ, ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ Ⱥ (ɪɢɫɭɧɨɤ). Ƚɚɡ 
ɩɨɞ ɩɨɪɲɧɟɦ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɞɚɜɥɟɧɢɟɦ P1 ɢ ɨɛɴɟɦɨɦ V1. ȿɫɥɢ ɦɵ ɛɭɞɟɦ ɧɚ 

 


2

1

V

V

PdVW

Dɋ

P

V

А

В

V2, P2

V1, P1



 

 

39 

ɩɨɪɲɟɧɶ ɛɟɫɤɨɧɟɱɧɨɦɟɞɥɟɧɧɨ ɩɨɦɟɳɚɬɶ ɛɟɫɤɨɧɟɱɧɨ ɥɟɝɤɢɟ ɩɟɫɱɢɧɤɢ, ɬɨ ɫɠɚɬɢɟ 
ɝɚɡɚ ɛɭɞɟɬ ɨɩɢɫɵɜɚɬɶɫɹ ɥɢɧɢɟɣ Ⱥȼ (ɫɢɧɹɹ). ɉɪɨɰɟɫɫ ɛɭɞɟɬ ɩɪɨɯɨɞɢɬɶ 
ɪɚɜɧɨɜɟɫɧɨ ɢ ɨɛɪɚɬɢɦɨ. Ɉɧ ɛɭɞɟɬ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɡ ɪɹɞ ɛɟɫɤɨɧɟɱɧɨ ɛɥɢɡɤɢɯ ɞɪɭɝ 
ɤ ɞɪɭɝɭ ɫɨɫɬɨɹɧɢɣ ɪɚɜɧɨɜɟɫɢɹ. ɋɧɢɦɚɹ ɛɟɫɤɨɧɟɱɧɨ ɦɟɞɥɟɧɧɨ ɩɟɫɱɢɧɤɢ ɦɵ 
ɩɪɨɜɟɞɟɦ ɟɝɨ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɢ ɪɚɛɨɬɚ (ɱɢɫɥɟɧɧɨ ɪɚɜɧɚ ɩɥɨɳɚɞɢ ɩɨɞ 
ɥɢɧɢɟɣ) ɩɪɹɦɨɝɨ ɩɪɨɰɟɫɫɚ (ɫɠɚɬɢɹ) ɛɭɞɟɬ ɪɚɜɧɚ ɪɚɛɨɬɟ ɨɛɪɚɬɧɨɝɨ ɩɪɨɰɟɫɫɚ 
(ɪɚɫɲɢɪɟɧɢɹ)μ 

ɨɛɪɨɛɪ WW



.
 

ȿɫɥɢ ɜɦɟɫɬɨ ɩɟɫɱɢɧɨɤ ɧɚ ɩɨɪɲɟɧɶ ɧɚɝɪɭɠɚɬɶ ɛɨɥɟɟ ɬɹɠɟɥɵɟ ɞɪɨɛɢɧɤɢ, ɬɨ 
ɩɪɨɰɟɫɫ ɫɠɚɬɢɹ ɛɭɞɟɬ ɨɩɢɫɵɜɚɬɶɫɹ ɜɟɪɯɧɟɣ ɥɨɦɚɧɨɣ ɥɢɧɢɟɣ ɢ ɪɚɛɨɬɚ, ɤɨɬɨɪɭɸ 
ɧɟɨɛɯɨɞɢɦɨ ɡɚɬɪɚɬɢɬɶ ɧɚ ɫɠɚɬɢɟ (ɩɥɨɳɚɞɶ ɩɨɞ ɜɟɪɯɧɟɣ ɥɨɦɚɧɨɣ ɥɢɧɢɟɣ) ɜ ɷɬɨɦ 
ɫɥɭɱɚɟ ɛɭɞɟɬ ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢ ɪɚɜɧɨɜɟɫɧɨɦ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɚ. 

ȿɫɥɢ ɬɟɩɟɪɶ ɩɪɨɜɟɫɬɢ ɩɪɨɰɟɫɫ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɫɧɢɦɚɹ ɞɪɨɛɢɧɤɢ, 
ɬɨ ɪɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɛɭɞɟɬ ɪɚɜɧɚ ɩɥɨɳɚɞɢ ɩɨɞ ɧɢɠɧɟɣ ɥɨɦɚɧɨɣ ɥɢɧɢɟɣ – ɨɧɚ 
ɛɭɞɟɬ ɦɟɧɶɲɟ ɪɚɛɨɬɵ, ɱɟɦ ɩɪɢ ɪɚɜɧɨɜɟɫɧɨɦ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɚ. Ɋɚɛɨɬɚ, 
ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɨɬ ɫɢɫɬɟɦɵ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɚ ɧɟɨɛɪɚɬɢɦɨ 
ɜɫɟɝɞɚ ɦɟɧɶɲɟ ɪɚɛɨɬɵ, ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ ɨɛɪɚɬɢɦɨɦ ɩɪɨɬɟɤɚɧɢɢ ɩɪɨɰɟɫɫɚμ 

ɨɛɪɧɟɨɛɪ WW  . 

Ɉɛɪɚɬɢɦɵɟ ɩɪɨɰɟɫɫɵ ɹɜɥɹɸɬɫɹ ɢɞɟɚɥɢɡɚɰɢɟɣ ɪɟɚɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ. 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɤ ɧɢɦ ɦɨɠɧɨ ɩɪɢɛɥɢɡɢɬɶɫɹ, ɧɨ ɧɟɥɶɡɹ ɞɨɫɬɢɝɧɭɬɶ, ɬɚɤ ɤɚɤ 
ɧɟɜɨɡɦɨɠɧɨ, ɧɚɩɪɢɦɟɪ, ɫɨɡɞɚɬɶ ɧɟɜɟɫɨɦɵɣ ɩɨɪɲɟɧɶ, ɪɚɛɨɬɚɸɳɢɣ ɛɟɡ ɬɪɟɧɢɹ. 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɪɚɛɨɬɚ ɩɨɥɭɱɚɟɬɫɹ ɬɨɥɶɤɨ ɜ ɨɛɪɚɬɢɦɨɦ ɩɪɨɰɟɫɫɟ. ɗɬɨ ɨɡɧɚɱɚɟɬ, 
ɱɬɨ ɱɟɦ ɛɥɢɠɟ ɫɢɫɬɟɦɚ ɤ ɪɚɜɧɨɜɟɫɢɸ, ɬɟɦ ɛɨɥɶɲɭɸ ɪɚɛɨɬɭ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ. 
ɉɪɢ ɷɬɨɦ, ɱɟɦ ɛɥɢɠɟ ɤ ɨɛɪɚɬɢɦɨɫɬɢ ɞɚɧɧɨɟ ɢɡɦɟɧɟɧɢɟ, ɬɟɦ ɦɟɞɥɟɧɧɟɟ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɛɨɬɚ, ɬɚɤ ɤɚɤ ɨɛɪɚɬɢɦɨɟ ɪɚɫɲɢɪɟɧɢɟ, ɧɚɩɪɢɦɟɪ, ɝɚɡɚ 
ɩɪɨɢɫɯɨɞɢɬ ɛɟɫɤɨɧɟɱɧɨ ɦɟɞɥɟɧɧɨ, ɯɨɬɹ ɢ ɩɪɨɢɡɜɨɞɢɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɪɚɛɨɬɵ. 

ɇɟɨɛɪɚɬɢɦɨɫɬɶ ɢ ɨɛɪɚɬɢɦɨɫɬɶ ɩɪɨɰɟɫɫɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɭɫɥɨɜɢɹɦɢ ɢ 
ɫɩɨɫɨɛɨɦ ɩɪɨɜɟɞɟɧɢɹ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. ȿɫɥɢ ɝɨɪɹɱɟɟ ɢ ɯɨɥɨɞɧɨɟ ɬɟɥɚ ɩɪɢɜɟɫɬɢ 
ɜ ɤɨɧɬɚɤɬ, ɬɨ ɬɟɩɥɨɬɚ ɩɟɪɟɯɨɞɢɬ ɨɬ ɝɨɪɹɱɟɝɨ ɬɟɥɚ ɤ ɯɨɥɨɞɧɨɦɭ. ɗɬɨɬ ɩɪɨɰɟɫɫ 
ɢɞɟɬ ɞɨ ɭɫɬɚɧɨɜɥɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪ ɨɛɨɢɯ ɬɟɥ, ɢ ɨɧ ɧɟɨɛɪɚɬɢɦ. 

ɏɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɚ ɫ ɤɢɫɥɨɪɨɞɨɦ ɛɭɞɟɬ 
ɧɟɨɛɪɚɬɢɦɨɣ, ɟɫɥɢ ɟɟ ɩɪɨɜɟɫɬɢ «ɨɛɵɱɧɵɦ ɫɩɨɫɨɛɨɦ», ɧɚɩɪɢɦɟɪ, ɩɨɞɠɟɱɶ. ɇɨ 
ɷɬɚ ɪɟɚɤɰɢɹ ɛɭɞɟɬ ɨɛɪɚɬɢɦɨɣ, ɟɫɥɢ ɟɟ ɩɪɨɜɟɫɬɢ, ɧɚɩɪɢɦɟɪ, ɜ ɨɛɪɚɬɢɦɨ 
ɪɚɛɨɬɚɸɳɟɦ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɦ ɷɥɟɦɟɧɬɟ. 

ɇɟɨɛɪɚɬɢɦɵɟ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɨɬɟɤɚɸɬ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, 
ɤɨɬɨɪɨɟ ɩɪɢɛɥɢɠɚɟɬ ɫɢɫɬɟɦɭ ɤ ɫɨɫɬɨɹɧɢɸ ɪɚɜɧɨɜɟɫɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɷɬɢ 
ɩɪɨɰɟɫɫɵ ɫɜɹɡɚɧɵ ɫ ɩɟɪɟɞɚɱɟɣ ɬɟɩɥɨɬɵ ɢɥɢ ɛɟɫɩɨɪɹɞɨɱɧɵɦ ɞɜɢɠɟɧɢɟɦ 
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ɦɨɥɟɤɭɥ. ȼ ɫɥɨɠɧɨɦ ɩɪɨɰɟɫɫɟ ɟɫɥɢ ɯɨɬɹ ɛɵ ɨɞɧɚ ɫɬɚɞɢɹ ɧɟɨɛɪɚɬɢɦɚ, ɬɨ ɢ ɜɟɫɶ 
ɩɪɨɰɟɫɫ ɜ ɰɟɥɨɦ ɧɟɨɛɪɚɬɢɦ. ȼ ɪɟɚɥɶɧɵɯ ɩɪɨɰɟɫɫɚɯ ɱɚɫɬɨ ɬɚɤɨɣ ɫɬɚɞɢɟɣ 
ɹɜɥɹɸɬɫɹ ɬɪɟɧɢɟ (ɪɚɡɧɵɯ ɜɢɞɨɜ), ɩɪɨɰɟɫɫɵ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɢɥɢ ɦɚɫɫɨɩɟɪɟɧɨɫɚ 
(ɞɢɮɮɭɡɢɢ, ɤɨɧɜɟɤɰɢɢ), ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɪɟɚɥɶɧɨ ɩɪɨɬɟɤɚɸɳɢɟ ɩɪɨɰɟɫɫɵ ɛɭɞɭɬ 
ɜɫɟɝɞɚ ɧɟɨɛɪɚɬɢɦɵɦɢ. 

ɇɟɪɚɜɟɧɫɬɜɚ Ʉɥɚɭɡɢɭɫɚ 

ɉɪɢ ɩɪɨɬɟɤɚɧɢɢ ɨɛɪɚɬɢɦɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ 
ɷɧɬɪɨɩɢɹ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ. 
Ɍɟɩɥɨɬɚ ɢ ɪɚɛɨɬɚ ɥɸɛɨɝɨ ɧɟɨɛɪɚɬɢɦɨɝɨ ɩɪɨɰɟɫɫɚ ɜɫɟɝɞɚ ɦɟɧɶɲɟ ɬɟɩɥɨɬɵ 
ɢ ɪɚɛɨɬɵ ɨɛɪɚɬɢɦɨɝɨ ɩɪɨɰɟɫɫɚ ɦɟɠɞɭ ɬɟɦɢ ɠɟ ɧɚɱɚɥɶɧɵɦ ɢ ɤɨɧɟɱɧɵɦ 
ɫɨɫɬɨɹɧɢɹɦɢ ɩɪɨɰɟɫɫɚ. 

įQɧɟɨɛɪ < įQɨɛɪ ɢɥɢ Qɧɟɨɛɪ < Qɨɛɪν 
įWɧɟɨɛɪ < įWɨɛɪ ɢɥɢ Wɧɟɨɛɪ< Wɨɛɪ. 

ɉɨɷɬɨɦɭ ɪɚɛɨɬɭ ɜ ɨɛɪɚɬɢɦɵɯ ɩɪɨɰɟɫɫɚɯ ɧɚɡɵɜɚɸɬ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɛɨɬɨɣ: 

įWɨɛɪ = įWmax, Wɨɛɪ = Wmax. 

ɑɟɦ ɦɟɧɶɲɟ ɪɚɛɨɬɚ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ, ɬɟɦ ɛɨɥɟɟ ɧɟɨɛɪɚɬɢɦ 
ɩɪɨɰɟɫɫ. ɉɪɨɰɟɫɫɵ, ɤɨɬɨɪɵɟ ɩɪɨɢɫɯɨɞɹɬ ɛɟɡ ɫɨɜɟɪɲɟɧɢɹ ɪɚɛɨɬɵ, ɧɚɡɵɜɚɸɬɫɹ 
ɩɨɥɧɨɫɬɶɸ ɧɟɨɛɪɚɬɢɦɵɦɢ. 

ɨɛɪɚɬɢɦɵɣ ɩɪɨɰɟɫɫ ɧɟɨɛɪɚɬɢɦɵɣ ɩɪɨɰɟɫɫ 
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Ɉɛɴɟɞɢɧɟɧɧɵɟ ɜɵɪɚɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɧɟɪɚɜɟɧɫɬɜɚ Ʉɥɚɭɡɢɭɫɚ: 
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1. ɂɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɪɚɜɧɨ ɩɪɢɜɟɞɟɧɧɨɣ ɬɟɩɥɨɬɟ, ɫɨɨɛɳɟɧɧɨɣ ɫɢɫɬɟɦɟ 
ɨɛɪɚɬɢɦɵɦ ɩɪɨɰɟɫɫɨɦ, ɧɨ ɛɨɥɶɲɟ ɩɪɢɜɟɞɟɧɧɨɣ ɬɟɩɥɨɬɵ, ɫɨɨɛɳɟɧɧɨɣ 
ɧɟɨɛɪɚɬɢɦɵɦ ɩɪɨɰɟɫɫɨɦν 

2. ɋɭɦɦɚ ɩɪɢɜɟɞɟɧɧɵɯ ɬɟɩɥɨɬ, ɫɨɨɛɳɟɧɧɵɯ ɫɢɫɬɟɦɟ ɜ ɥɸɛɨɦ ɤɪɭɝɨɜɨɦ 
ɩɪɨɰɟɫɫɟ, ɞɨɥɠɧɚ ɛɵɬɶ ɦɟɧɶɲɟ ɢɥɢ ɪɚɜɧɚ ɧɭɥɸ. 
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1.9. Ɍɪɟɬɶɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. ɉɨɫɬɭɥɚɬ ɉɥɚɧɤɚ 

ɂɫɯɨɞɹ ɢɡ ɜɬɨɪɨɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɫɥɟɞɭɟɬ, ɱɬɨ ɄɉȾ ɛɥɢɡɤɢɣ ɤ 100% 
ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɟɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɢɥɶɧɢɤɚ ɛɭɞɟɬ ɛɥɢɡɤɚ ɚɛɫɨɥɸɬɧɨɦɭ 
ɧɭɥɸμ 

%100



ɇɚɝɪ

ɏɨɥɇɚɝɪ

Ɍ
ɌɌ

КɉȾ  

%1000  КɉȾKɌ ɏɨɥ  

ɑɟɦ ɦɟɧɶɲɟ ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɢɥɶɧɢɤɚ, ɬɟɦ ɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ 
ɧɟɨɛɯɨɞɢɦɨ ɟɦɭ ɨɬɞɚɬɶ, ɱɬɨɛɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɜɫɟɥɟɧɧɨɣ ɧɚ 
ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɰɢɤɥɚ ɛɵɥɨ ɩɨɥɨɠɢɬɟɥɶɧɵɦ. 

ɋɭɳɟɫɬɜɭɟɬ ɩɪɟɞɟɥ ɩɨɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ. ɗɬɨɬ ɟɫɬɟɫɬɜɟɧɧɵɣ ɩɪɟɞɟɥ – 

ɧɭɥɶ ɝɪɚɞɭɫɨɜ ɜ ɚɛɫɨɥɸɬɧɨɣ ɲɤɚɥɟ ɬɟɦɩɟɪɚɬɭɪμ Ɍ = 0 ɢ ɄɉȾ=100%. 
Ɉɞɧɚɤɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɚɛɫɨɥɸɬɧɨɝɨ ɧɭɥɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɫ ɩɨɦɨɳɶɸ ɯɨɥɨɞɢɥɶɧɨɣ ɦɚɲɢɧɵ ɧɟɨɛɯɨɞɢɦɨ ɫɨɜɟɪɲɢɬɶ ɛɟɫɤɨɧɟɱɧɨɟ ɱɢɫɥɨ 
ɰɢɤɥɨɜ ɟɟ ɪɚɛɨɬɵ. Ⱥ ɷɬɨ ɧɟ ɜɨɡɦɨɠɧɨ. Ɇɨɠɧɨ ɬɨɥɶɤɨ ɩɪɢɛɥɢɡɢɬɶɫɹ ɤ ɧɭɥɸ 
ɬɟɦɩɟɪɚɬɭɪ, ɧɨ ɞɨɫɬɢɝɧɭɬɶ ɧɭɥɹ ɧɟ ɜɨɡɦɨɠɧɨ. 
Ɍɪɟɬɶɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ: 
– Ⱥɛɫɨɥɸɬɧɵɣ ɧɭɥɶ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟɞɨɫɬɢɠɢɦ; 
– Ⱥɛɫɨɥɸɬɧɵɣ ɧɭɥɶ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬ ɡɚ ɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɰɢɤɥɨɜ; 
– ɉɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɚɛɫɨɥɸɬɧɨɦɭ ɧɭɥɸ ɷɧɬɪɨɩɢɹ ɥɸɛɨɣ ɪɚɜɧɨɜɟɫɧɨɣ 
ɫɢɫɬɟɦɵ ɩɟɪɟɫɬɚɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɤɚɤɢɯ-ɥɢɛɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ, ɩɪɢɧɢɦɚɹ ɞɥɹ ɜɫɟɯ ɫɢɫɬɟɦ ɨɞɧɨ ɢ ɬɨɠɟ ɡɧɚɱɟɧɢɟ. 

ɋɩɨɫɨɛɨɜ ɩɨɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɬɟɥɚ ɢɦɟɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ 
ɦɧɨɝɨ. Ɇɨɠɧɨ ɢɫɩɚɪɹɬɶ ɠɢɞɤɨɫɬɶ ɫ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ, ɢ ɨɧɚ ɛɭɞɟɬ ɨɬɧɢɦɚɬɶ 
ɬɟɩɥɨɬɭ ɭ ɬɟɥɚ. Ɇɨɠɧɨ ɪɟɡɤɨ ɪɚɫɲɢɪɹɬɶ ɝɚɡ, ɧɚɯɨɞɢɜɲɢɣɫɹ ɩɨɞ ɜɵɫɨɤɢɦ 
ɞɚɜɥɟɧɢɟɦ. ɉɨɞɨɛɧɵɦɢ ɦɟɬɨɞɚɦɢ ɞɨɜɨɞɹɬ ɬɟɦɩɟɪɚɬɭɪɭ ɞɨ ɭɪɨɜɧɹ ɧɟɫɤɨɥɶɤɢɯ 
ɝɪɚɞɭɫɨɜ ɜɵɲɟ ɚɛɫɨɥɸɬɧɨɝɨ ɧɭɥɹ. Ɉɞɧɚɤɨ ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɩɨ-ɧɚɫɬɨɹɳɟɦɭ 
ɫɜɟɪɯɧɢɡɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɢɯɨɞɢɬɫɹ ɧɚɞɨɥɝɨ ɩɨɞɜɟɲɢɜɚɬɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɚɬɨɦɨɜ ɜɟɳɟɫɬɜɚ ɜ ɫɢɥɶɧɵɯ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ ɢ ɦɚɝɧɢɬɧɵɯ ɩɨɥɹɯ. 
ɉɨɫɥɟ ɷɬɨɝɨ "ɩɨɞɜɟɲɟɧɧɵɟ" ɚɬɨɦɵ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɥɚɡɟɪɧɵɦ ɥɭɱɨɦ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɢɧɵ ɜɨɥɧɵ, ɤɨɬɨɪɵɣ ɫɧɚɱɚɥɚ ɡɚɫɬɚɜɥɹɟɬ ɚɬɨɦɵ ɢɫɩɭɫɬɢɬɶ 
ɨɫɬɚɬɤɢ ɷɧɟɪɝɢɢ ɜɨɡɛɭɠɞɟɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɜ ɜɢɞɟ ɫɜɟɬɨɜɵɯ ɤɜɚɧɬɨɜ, ɚ ɡɚɬɟɦ — 

ɪɚɡɨɝɧɚɬɶ ɚɬɨɦɵ ɜɪɨɡɶ, ɤɚɤ ɛɵ ɪɚɫɩɪɵɫɤɚɬɶ ɢɯ ɢɡ ɚɷɪɨɡɨɥɶɧɨɝɨ ɛɚɥɥɨɧɱɢɤɚ. 
ɂɦɟɧɧɨ ɬɚɤ ɫɟɝɨɞɧɹ ɩɨɥɭɱɚɸɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɪɹɞɤɚ ɧɟɫɤɨɥɶɤɢɯ ɧɚɧɨɤɟɥɶɜɢɧɨɜ 
(1ɧɄ = 10–9 Ʉ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɩɥɨɬɭ ɦɨɠɧɨ ɩɪɟɜɪɚɬɢɬɶ ɜ ɪɚɛɨɬɭ (1-ɟ ɧɚɱɚɥɨ), 
ɩɨɥɧɨɫɬɶɸ ɷɬɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɬɨɥɶɤɨ ɩɪɢ ɚɛɫɨɥɸɬɧɨɦ ɧɭɥɟ ɬɟɦɩɟɪɚɬɭɪ (2-ɟ 
ɧɚɱɚɥɨ), ɨɞɧɚɤɨ, ɚɛɫɨɥɸɬɧɵɣ ɧɭɥɶ ɧɟ ɞɨɫɬɢɠɢɦ (3-ɟ ɧɚɱɚɥɨ). 
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1.10. Ɋɚɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɷɧɬɪɨɩɢɢ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ 

ɇɚɝɪɟɜɚɧɢɟ ɬɜɟɪɞɨɝɨ ɢɥɢ ɠɢɞɤɨɝɨ ɜɟɳɟɫɬɜɚ ɨɬ T1 ɞɨ T2 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɪɨɰɟɫɫɚ ɧɚɝɪɟɜɚɧɢɹ ɬɜɟɪɞɨɝɨ ɢɥɢ ɠɢɞɤɨɝɨ 
ɬɟɥɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɛɴɟɦ ɫɢɫɬɟɦɵ ɦɟɧɹɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɩɨɷɬɨɦɭ ɟɝɨ 
ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɨɫɬɨɹɧɧɵɦ. 

ɂɫɯɨɞɹ ɢɡ 1-ɝɨ ɢ β-ɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɡɚɩɢɲɟɦμ 

dTCQ PP   ɢ 
T

Q
dS P


;
 

T

dTC
dS P ; 

2

1

T

T

P

T

dTC
S

.

 

ɂɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ (ɬɜɟɪɞɨɝɨ 
ɢɥɢ ɠɢɞɤɨɝɨ ɬɟɥɚ) ɨɬ T1 ɞɨ T2: 

ɚ) ɩɪɨɰɟɫɫ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ (V=МШЧЬЭ) ɩɪɢ ɋV = const: 

1

2
V

T

T
lnCnS 

;     (1.42)
 

b) ɩɪɨɰɟɫɫ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ (P = МШЧЬЭ) ɩɪɢ ɋɪ = const: 

1

2
P

T

T
lnCnS 

.     (1.43)
 

Ⱦɥɹ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫ ɢɞɟɚɥɶɧɵɦ ɝɚɡɨɦ: 

Ⱦɥɹ ɢɡɨɛɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ: 

1

2

1

2
V

V

V
lnRn

T

T
lnCnS  .

    (1.44)
 

Ⱦɥɹ ɢɡɨɯɨɪɧɨɝɨ ɩɪɨɰɟɫɫɚ: 

2

1

1

2
P

P

P
lnRn

T

T
lnCnS  .

     (1.45)
 

Ⱦɥɹ ɢɡɨɯɨɪɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ: 

2

1

P

P
lnRnS  .

      (1.46)
 

Ⱦɥɹ ɢɡɨɛɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ: 

1

2

V

V
lnRnS  .

      (1.47)
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Иɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɩɪɢ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɞɜɭɯ ɢɞɟɚɥɶɧɵɯ ɝɚɡɨɜ: 
ɑɬɨɛɵ ɜɵɱɢɫɥɢɬɶ ɢɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɩɪɢ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɞɜɭɯ ɝɚɡɨɜ, 
ɧɭɠɧɨ ɜɵɱɢɫɥɢɬɶ ɢɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɤɚɠɞɨɝɨ ɢɡ ɝɚɡɨɜ ɩɪɢ ɨɛɪɚɬɢɦɨɦ 
ɢɡɨɬɟɪɦɧɨɦ ɪɚɫɲɢɪɟɧɢɢ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɨɛɴɟɦɚ V1 ɢɥɢ V2 ɞɨ ɤɨɧɟɱɧɨɝɨ (V1 + 

V2) 

1

21
11

V

VV
lnRnS


  ɢ 

2

21
22

V

VV
lnRnS




   (1.48)
 

21 SSS 
.
 

ɉɪɨɰɟɫɫ ɮɚɡɨɜɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ  

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɪɨɰɟɫɫɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ 
ɨɛɪɚɬɢɦɨ, ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧ ɜɫɟɝɞɚ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ 
ɞɚɜɥɟɧɢɢ. 

Ɍɚɤ ɤɚɤ ɷɬɨ ɢɡɨɛɚɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ (ɪ = МШЧЬЭ ɢ T = МШЧЬЭ), ɬɨ 
ɢɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɭɪɚɜɧɟɧɢɸμ 

..

..

ɉɎ

ɉɎ

Ɍ
H

nS



,      (1.49)
 

ɝɞɟ ΔHɎ.ɉ. – ɬɟɩɥɨɬɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚν ɌɎ.ɉ. – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚν Ч – ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ. 
 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɚɛɫɨɥɸɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɷɧɬɪɨɩɢɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɫɥɟɞɫɬɜɢɟɦ ɢɡ 
ɬɪɟɬɶɟɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ – ɩɨɫɬɭɥɚɬɨɦ ɉɥɚɧɤɚ: 

ɗɧɬɪɨɩɢɹ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɬɜɟɪɞɨɝɨ ɜɟɳɟɫɬɜɚ ɫ ɢɞɟɚɥɶɧɨɣ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ ɩɪɢ ɚɛɫɨɥɸɬɧɨɦ ɧɭɥɟ ɬɟɦɩɟɪɚɬɭɪ ɪɚɜɧɚ 
ɧɭɥɸ. 

0Slim 0
0T


 .

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɛɫɨɥɸɬɧɚɹ ɷɧɬɪɨɩɢɹ ɢɞɟɚɥɶɧɨɝɨ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɛɭɞɟɬ ɪɚɜɧɚμ 


T

0

P
T

T

dTC
S . 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɚɛɫɨɥɸɬɧɨɣ ɷɧɬɪɨɩɢɢ ɜɟɳɟɫɬɜɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ, ɧɚɩɪɢɦɟɪ, ɜ 
ɝɚɡɨɨɛɪɚɡɧɨɦ ɫɨɫɬɨɹɧɢɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɢɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɩɪɢ 
ɧɚɝɪɟɜɚɧɢɢ ɜɟɳɟɫɬɜɚ ɜ ɬɜɟɪɞɨɦ, ɠɢɞɤɨɦ ɢ ɝɚɡɨɨɛɪɚɡɧɨɦ ɫɨɫɬɨɹɧɢɹɯ, ɚ ɬɚɤɠɟ ɜ 
ɩɪɨɰɟɫɫɟ ɞɜɭɯ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜμ 

 






..

.

.

.,.,

0

.,
0

T

Ɍ

ɝP

ɤɢɩ

ɤɢɩ
T

Ɍ

ɠP

ɩɥ

ɩɥ
T

ɬɜP

T

ɤɢɩ

ɤɢɩ

ɩɥ

ɩɥ

T
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Ɍ
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dTC

Ɍ
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1.11. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ 

Ȼɨɥɶɲɢɧɫɬɜɨ ɩɪɨɰɟɫɫɨɜ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɬɟɤɚɸɬ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ 
ɞɚɜɥɟɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɟɫɥɢ ɨɧɢ ɩɪɨɜɨɞɹɬɫɹ ɜ ɨɬɤɪɵɬɵɯ ɚɩɩɚɪɚɬɚɯ, ɢɥɢ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ ɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɟɫɥɢ ɨɧɢ ɩɪɨɜɨɞɹɬɫɹ ɜ ɡɚɤɪɵɬɵɯ ɚɩɩɚɪɚɬɚɯ, 
ɧɚɩɪɢɦɟɪ, ɜ ɚɜɬɨɤɥɚɜɚɯ. ȼ ɬɚɤɢɯ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ 
(ɡɚɤɪɵɬɵɯ ɢ ɨɬɤɪɵɬɵɯ ɫɢɫɬɟɦɚɯ) ɢɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɧɟ ɦɨɠɟɬ ɩɪɟɞɫɤɚɡɚɬɶ 
ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɢ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɩɪɨɰɟɫɫɚ. 

ɉɨɜɟɞɟɧɢɟ ɜɫɹɤɨɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɨɞɱɢɧɹɟɬɫɹ ɞɟɣɫɬɜɢɸ ɞɜɭɯ 
ɮɚɤɬɨɪɨɜμ ɷɧɬɚɥɶɩɢɣɧɨɝɨ, ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɫɢɫɬɟɦɭ ɜ ɫɬɨɪɨɧɭ ɦɢɧɢɦɭɦɚ 
ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɢ ɷɧɬɪɨɩɢɣɧɨɝɨ, ɨɬɪɚɠɚɸɳɟɝɨ ɞɜɢɠɟɧɢɟ ɫɢɫɬɟɦɵ ɜ ɫɬɨɪɨɧɭ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɛɟɫɩɨɪɹɞɤɚ, ɜ ɫɬɨɪɨɧɭ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɜɟɪɨɹɬɧɨɫɬɢ ɟɟ ɫɭɳɟɫɬɜɨɜɚɧɢɹ, ɜ ɫɬɨɪɨɧɭ ɭɦɟɧɶɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɷɧɟɪɝɢɢ. ȿɫɥɢ 
ɞɥɹ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɤɪɢɬɟɪɢɟɦ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɛɭɞɟɬ ɫɥɭɠɢɬɶ 
ɭɜɟɥɢɱɟɧɢɟ ɷɧɬɪɨɩɢɢ Sρ0, ɬɨ ɞɥɹ ɡɚɤɪɵɬɵɯ ɢ ɨɬɤɪɵɬɵɯ ɫɢɫɬɟɦ ɧɟɨɛɯɨɞɢɦɨ 
ɭɱɢɬɵɜɚɬɶ ɞɟɣɫɬɜɢɟ ɞɜɭɯ ɷɬɢɯ ɮɚɤɬɨɪɨɜ. 

ɋɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ ɫɨɜɟɪɲɚɬɶ ɪɚɛɨɬɭ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɤɪɢɬɟɪɢɟɜ 
ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜμ 

W>0 – ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ ɩɪɨɰɟɫɫν 
W<0 – ɧɟɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ ɩɪɨɰɟɫɫν 
W=0 – ɫɨɫɬɨɹɧɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. 

ɋɨɝɥɚɫɧɨ 1-ɦɭ ɧɚɱɚɥɭ ɬɟɪɦɨɞɢɧɚɦɢɤɢμ 
WdUQ  . 

ɋɨɝɥɚɫɧɨ β-ɦɭ ɧɚɱɚɥɭ ɬɟɪɦɨɞɢɧɚɦɢɤɢμ 

QTdS
T

Q
dS 




.
 

W – ɩɨɥɧɚɹ ɪɚɛɨɬɚ. ɨɧɚ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ (А’) ɢ ɪɚɛɨɬɵ 
ɪɚɫɲɢɪɟɧɢɹ (pV): 

PdV'WW  . 

ɉɨɥɟɡɧɚɹ ɪɚɛɨɬɚ – ɜɫɹ ɪɚɛɨɬɚ, ɫɨɜɟɪɲɚɟɦɚɹ ɫɢɫɬɟɦɨɣ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ 
ɪɚɛɨɬɵ ɪɚɫɲɢɪɟɧɢɹ. 

Ɉɛɴɟɞɢɧɢɦ ɭɪɚɜɧɟɧɢɹμ 

'WPdVdUTdS  .    (1.50) 

ɉɟɪɟɝɪɭɩɩɢɪɭɟɦ ɢ ɩɨɥɭɱɢɦ ɨɛɴɟɞɢɧɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ 1-ɝɨ ɢ β-ɝɨ ɧɚɱɚɥ 
ɬɟɪɦɨɞɢɧɚɦɢɤɢμ 

PdVdUTdS'W   ɢɥɢ ɜ ɢɧɬɟɝɪɚɥɶɧɨɦ ɜɢɞɟ VPUST'W  . 

ȿɫɥɢ ɩɪɨɰɟɫɫ ɩɪɨɜɨɞɢɬɶ ɨɛɪɚɬɢɦɨ, ɬɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ 
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ɩɨɥɟɡɧɭɸ ɪɚɛɨɬɭμ 

PdVdUTdS'W max   ɢɥɢ ɜ ɢɧɬɟɝɪɚɥɶɧɨɦ ɜɢɞɟ 
VPUST'W max 

. 

Ɋɚɫɫɦɨɬɪɢɦ ɪɚɡɥɢɱɧɵɟ ɫɥɭɱɚɢ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ. 

1. ɂɡɨɯɨɪɧɨ-ɢɡɨɷɧɬɪɨɩɧɵɟ ɭɫɥɨɜɢɹ (V, S = МШЧЬЭ  V=0 ɢ S=0).  

ȼ ɢɡɨɯɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɥɧɚɹ ɪɚɛɨɬɚ ɪɚɜɧɚ 
ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɟ(А’=А), ɬ.ɤ. ɪɚɛɨɬɚ 
ɪɚɫɲɢɪɟɧɢɹ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ PV=0. 

Ɉɛɴɟɞɢɧɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɪɢɦɟɬ ɜɢɞμ 

UW

dUW

max 


.
 

Ʉɪɢɬɟɪɢɟɦ ɩɪɨɬɟɤɚɧɢɹ ɫɚɦɨ-

ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɢɡɨɯɨɪɧɨ-

ɢɡɨɷɧɬɪɨɩɧɵɯ ɭɫɥɨɜɢɹɯ ɹɜɥɹɟɬɫɹ 
ɭɦɟɧɶɲɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ (U<0). 

ȼ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɰɟɫɫ ɩɪɨɬɟɤɚɟɬ ɜ ɫɬɨɪɨɧɭ ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɝɨ 
ɢɡɨɯɨɪɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ. 

ȼ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨɜɟɫɢɹ U=0. 

 

2. ɂɡɨɛɚɪɧɨ-ɢɡɨɷɧɬɪɨɩɧɵɟ ɭɫɥɨɜɢɹ (P, S = МШЧЬЭ  S=0).  

Ɉɛɴɟɞɢɧɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɪɢɦɟɬ ɜɢɞμ 

VPU'W

PdVdU'W

max 


.
 

C ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ HVPU  ɩɨɥɭɱɢɦμ 

H'W

dH'W

max 


.
 

Ʉɪɢɬɟɪɢɟɦ ɩɪɨɬɟɤɚɧɢɹ ɫɚɦɨ-

ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɢɡɨɛɚɪɧɨ-

ɢɡɨɷɧɬɪɨɩɧɵɯ ɭɫɥɨɜɢɹɯ ɹɜɥɹɟɬɫɹ 
ɭɦɟɧɶɲɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɫɢɫɬɟɦɵ 
(H<0). 

ȼ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɰɟɫɫ 
ɩɪɨɬɟɤɚɟɬ ɜ ɫɬɨɪɨɧɭ ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɝɨ 

ɢɡɨɛɚɪɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ. ȼ 
ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨɜɟɫɢɹ H=0. 

U
min

U=0
ɊȺȼɇɈȼȿɋɂȿ 

ɩɪɨɰɟɫɫ 
ɋȺɆɈɉɊɈɂɁȼɈɅɖɇɈ

ɇȿ ȼɈɁɆɈɀȿɇ

U>0

хɨɞ (ɪаɡɜиɬиɟ) ɩɪɨɰɟɫɫа

U

U<0

ɩɪɨɰɟɫɫ 
ɋȺɆɈɉɊɈɂɁȼɈɅɖɇɕɃ

H
min

H=0
ɊȺȼɇɈȼȿɋɂȿ 

ɩɪɨɰɟɫɫ 
ɋȺɆɈɉɊɈɂɁȼɈɅɖɇɈ

ɇȿ ȼɈɁɆɈɀȿɇ

H>0

хɨɞ (ɪаɡɜиɬиɟ) ɩɪɨɰɟɫɫа

H

H<0

ɩɪɨɰɟɫɫ 
ɋȺɆɈɉɊɈɂɁȼɈɅɖɇɕɃ
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3. ɂɡɨɯɨɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ (V, T = МШЧЬЭ).  
Ɉɛɴɟɞɢɧɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɪɢɦɟɬ ɜɢɞμ 

USTW

dUTdSW

max 


.
 

C ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ 
1212 SSSɢUUU  ɩɨɥɭɱɢɦμ 

 )TSU()TSU(W

)UU()TSTS(W

1122max

1212max




.
 

ȼɜɟɞɟɦ ɧɨɜɭɸ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ 
ɮɭɧɤɰɢɸμ 

TSUF 
. 

F – ɢɡɨɯɨɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɢɥɢ ɷɧɟɪɝɢɹ Ƚɟɥɶɦɝɨɥɶɰɚ 
(ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ Ƚɟɥɶɦɝɨɥɶɰɚ) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɪɢɬɟɪɢɟɦ ɩɪɨɬɟɤɚɧɢɹ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɢɡɨɯɨɪɧɨ-

ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ (ɡɚɤɪɵɬɚɹ ɫɢɫɬɟɦɚ) 

ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ Ƚɟɥɶɦɝɨɥɶɰɚμ 

FW

FW

dFW





max



.

 

ɋɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ ɩɪɨɰɟɫɫ ɜ ɢɡɨɯɨɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ 
ɩɪɨɬɟɤɚɟɬ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɫɬɨɪɨɧɭ ɭɦɟɧɶɲɟɧɢɹ ɷɧɟɪɝɢɢ Ƚɟɥɶɦɝɨɥɶɰɚ. 

F<0 – ɩɪɨɰɟɫɫ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣν 

F>0 – ɩɪɨɰɟɫɫ ɧɟɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ; 

ȼ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨɜɟɫɢɹ ɜ ɢɡɨɯɨɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɷɧɟɪɝɢɹ 
Ƚɟɥɶɦɝɨɥɶɰɚ ɫɬɪɟɦɢɬɫɹ ɤ ɦɢɧɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ: F → min ɢ F = 0. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ Ƚɟɥɶɦɝɨɥɶɰɚ ɪɚɜɧɨ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɟ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜ ɢɡɨɯɨɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɹɯ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ. 

 

 

F
min

F=0
ɊȺȼɇɈȼȿɋɂȿ

 

ɩɪɨɰɟɫɫ 
ɋȺɆɈɉɊɈɂɁȼɈɅɖɇɈ

ɇȿ ȼɈɁɆɈɀȿɇ

F>0

хɨɞ (ɪаɡɜиɬиɟ) ɩɪɨɰɟɫɫа

F

F<0

ɩɪɨɰɟɫɫ 
ɋȺɆɈɉɊɈɂɁȼɈɅɖɇɕɃ

ɧɟɨɛɪаɬиɦɨ
21

Wmax = -F

ɨɛɪаɬиɦɨ

W < -F
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4. ɂɡɨɛɚɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ (P, T = МШЧЬЭ).  
Ɉɛɴɟɞɢɧɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɪɢɦɟɬ ɜɢɞμ 

VPUST'W

PdVdUTdS'W

max 


.
 

C ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ 
1212 SSSɢHHH;HPVU  ɩɨɥɭɱɢɦμ 

 )TSH()TSH('W

)HH()TSTS('W

1122max

1212max




.
 

ȼɜɟɞɟɦ ɧɨɜɭɸ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ 

ɮɭɧɤɰɢɸμ 

TSHG 
. 

G – ɢɡɨɛɚɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɢɥɢ ɷɧɟɪɝɢɹ Ƚɢɛɛɫɚ (ɫɜɨɛɨɞɧɚɹ 
ɷɧɟɪɝɢɹ Ƚɢɛɛɫɚ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɪɢɬɟɪɢɟɦ ɩɪɨɬɟɤɚɧɢɹ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɢɡɨɛɚɪɧɨ-

ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ (ɨɬɤɪɵɬɚɹ ɫɢɫɬɟɦɚ) 
ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚμ 

GW

GW

dGW





max'

'

'

.

 

ɋɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ ɩɪɨɰɟɫɫ ɜ ɢɡɨɛɚɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɩɪɨɬɟɤɚɟɬ, ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɜ ɫɬɨɪɨɧɭ ɭɦɟɧɶɲɟɧɢɹ ɷɧɟɪɝɢɢ Ƚɟɥɶɦɝɨɥɶɰɚμ 

G<0 – ɩɪɨɰɟɫɫ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣν 

G>0 – ɩɪɨɰɟɫɫ ɧɟ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ; 

ȼ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨɜɟɫɢɹμ G → min ɢ G = 0. 

ɂɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ – ɷɬɨ ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɥɟɡɧɚɹ ɪɚɛɨɬɚ, 

ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɨɬ ɪɟɚɤɰɢɢ, ɩɪɨɬɟɤɚɸɳɟɝɨ ɜ ɢɡɨɛɚɪɧɨ-

ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. 

 

ɍɪɚɜɧɟɧɢɟ Ƚɢɛɛɚ-Ƚɟɥɶɦɝɨɥɶɰɚ. 

Ɉɞɧɢɦ ɢɡ ɜɵɞɚɸɳɢɯɫɹ ɞɨɫɬɢɠɟɧɢɣ Ⱦɠɨɡɚɣɹ-ɍɢɥɚɧɞɚ Ƚɢɛɛɫɚ ɹɜɥɹɟɬɫɹ ɬɨ, 
ɱɬɨ ɨɧ ɩɟɪɟɧɟɫ ɜɬɨɪɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɧɚ ɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ. 

G
min

G=0
ɊȺȼɇɈȼȿɋɂȿ

 

ɩɪɨɰɟɫɫ 
ɋȺɆɈɉɊɈɂɁȼɈɅɖɇɈ

ɇȿ ȼɈɁɆɈɀȿɇ

G>0

хɨɞ (ɪаɡɜиɬиɟ) ɩɪɨɰɟɫɫа

G

G<0

ɩɪɨɰɟɫɫ 
ɋȺɆɈɉɊɈɂɁȼɈɅɖɇɕɃ

ɧɟɨɛɪаɬиɦɨ
21

Wmax = -G

ɨɛɪаɬиɦɨ

W < -G
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Ⱦɠɨɡɚɣɹ ɍɢɥɥɚɪɞ ȽɂȻȻɋ (1839 – 190γ) Ⱥɦɟɪɢɤɚɧɫɤɢɣ 
ɮɢɡɢɤ ɢ ɦɚɬɟɦɚɬɢɤ. Ɋɨɞɢɥɫɹ ɜ ɇɶɸ-ɏɟɣɜɟɧɟ, ɲɬɚɬ Ʉɨɧɧɟɤɬɢɤɭɬ. 
Ɉɧ ɨɤɨɧɱɢɥ Ƀɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ.  

ȼ 18θθ–1869 ɝɝ. Ƚɢɛɛɫ ɩɪɨɞɨɥɠɢɥ ɨɛɪɚɡɨɜɚɧɢɟ ɜ ɋɨɪɛɨɧɧɟ ɢ 
Ʉɨɥɥɟɠ ɞɟ Ɏɪɚɧɫ ɜ ɉɚɪɢɠɟ, ɜ Ȼɟɪɥɢɧɫɤɨɦ ɢ Ƚɟɣɞɟɥɶɛɟɪɝɫɤɨɦ 
ɭɧɢɜɟɪɫɢɬɟɬɚɯ. ɉɨɫɥɟ ɜɨɡɜɪɚɳɟɧɢɹ ɜ ɇɶɸ-ɏɟɣɜɟɧ ɜɨɡɝɥɚɜɢɥ 
ɤɚɮɟɞɪɭ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ Ƀɟɥɶɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢ 
ɡɚɧɢɦɚɥ ɟɺ ɞɨ ɤɨɧɰɚ ɠɢɡɧɢ. 

ɉɟɪɜɭɸ ɪɚɛɨɬɭ ɜ ɨɛɥɚɫɬɢ ɬɟɪɦɨɞɢɧɚɦɢɤɢ Ƚɢɛɛɫ 
ɩɪɟɞɫɬɚɜɢɥ Ʉɨɧɧɟɤɬɢɤɭɬɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ ɜ 18ιβ ɝ. Ɉɧɚ 
ɧɚɡɵɜɚɥɚɫɶ «Ƚɪɚɮɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɜ ɬɟɪɦɨɞɢɧɚɦɢɤɟ ɠɢɞɤɨɫɬɟɣ» 
ɢ ɛɵɥɚ ɩɨɫɜɹɳɟɧɚ ɦɟɬɨɞɭ ɷɧɬɪɨɩɢɣɧɵɯ ɞɢɚɝɪɚɦɦ. Ɇɟɬɨɞ 
ɩɨɡɜɨɥɹɥ ɝɪɚɮɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɢɬɶ ɜɫɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜɚ ɢ ɫɵɝɪɚɥ ɛɨɥɶɲɭɸ ɪɨɥɶ ɜ ɬɟɯɧɢɱɟɫɤɨɣ 
ɬɟɪɦɨɞɢɧɚɦɢɤɟ. Ƚɢɛɛɫ ɪɚɡɜɢɥ ɫɜɨɢ ɢɞɟɢ ɜ ɫɥɟɞɭɸɳɟɣ ɪɚɛɨɬɟ – 

«Ɇɟɬɨɞɵ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɟɳɟɫɬɜ ɩɪɢ ɩɨɦɨɳɢ 
ɩɨɜɟɪɯɧɨɫɬɟɣ» (18ιγ), ɜɜɟɞɹ ɬɪɺɯɦɟɪɧɵɟ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɢ ɩɨɥɭɱɢɜ ɫɨɨɬɧɨɲɟɧɢɟ 
ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɟɣ ɫɢɫɬɟɦɵ, ɷɧɬɪɨɩɢɟɣ ɢ ɨɛɴɟɦɨɦ. 

ȼ 18ι4–1878 ɝɝ. Ƚɢɛɛɫ ɨɩɭɛɥɢɤɨɜɚɥ ɬɪɚɤɬɚɬ «Ɉ ɪɚɜɧɨɜɟɫɢɢ ɝɟɬɟɪɨɝɟɧɧɵɯ ɜɟɳɟɫɬɜ», ɢɞɟɢ 
ɤɨɬɨɪɨɝɨ ɥɟɝɥɢ ɜ ɨɫɧɨɜɭ ɯɢɦɢɱɟɫɤɨɣ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. ȼ ɧɟɦ Ƚɢɛɛɫ ɢɡɥɨɠɢɥ ɨɛɳɭɸ ɬɟɨɪɢɸ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɢ ɦɟɬɨɞ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ, ɫɮɨɪɦɭɥɢɪɨɜɚɥ 
ɩɪɚɜɢɥɨ ɮɚɡ (ɧɵɧɟ ɧɨɫɹɳɟɟ ɟɝɨ ɢɦɹ), ɩɨɫɬɪɨɢɥ ɨɛɳɭɸ ɬɟɨɪɢɸ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ, ɨɛɨɛɳɢɥ ɩɪɢɧɰɢɩ ɷɧɬɪɨɩɢɢ, ɩɪɢɦɟɧɹɹ ɜɬɨɪɨɟ ɧɚɱɚɥɨ 
ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɤ ɲɢɪɨɤɨɦɭ ɤɪɭɝɭ ɩɪɨɰɟɫɫɨɜ ɢ ɜɵɜɟɥ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ, 
ɭɫɬɚɧɚɜɥɢɜɚɸɳɟɟ ɫɜɹɡɶ ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɟɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɩɨɬɟɧɰɢɚɥɚɦɢ. ɉɨɥɭɱɟɧɧɵɟ ɢɦ ɭɪɚɜɧɟɧɢɹ ɩɨɡɜɨɥɹɥɢ ɨɩɪɟɞɟɥɹɬɶ 
ɧɚɩɪɚɜɥɟɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɢ ɭɫɥɨɜɢɹ ɪɚɜɧɨɜɟɫɢɹ ɞɥɹ ɫɦɟɫɟɣ ɥɸɛɨɣ ɫɥɨɠɧɨɫɬɢ, ɚ 
ɬɚɤɠɟ ɞɥɹ ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɢɫɬɟɦ. 

ɋ ɟɝɨ ɢɦɟɧɟɦ ɫɜɹɡɚɧɵ ɬɚɤɢɟ ɩɨɧɹɬɢɹ, ɤɚɤ «ɩɚɪɚɞɨɤɫ Ƚɢɛɛɫɚ», «ɤɚɧɨɧɢɱɟɫɤɨɟ, 
ɦɢɤɪɨɤɚɧɨɧɢɱɟɫɤɨɟ ɢ ɛɨɥɶɲɨɟ ɤɚɧɨɧɢɱɟɫɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ƚɢɛɛɫɚ», «ɚɞɫɨɪɛɰɢɨɧɧɨɟ 
ɭɪɚɜɧɟɧɢɟ Ƚɢɛɛɫɚ», «ɭɪɚɜɧɟɧɢɟ Ƚɢɛɛɫɚ – Ⱦɸɝɟɦɚ» ɢ ɞɪ. ȼ ɬɪɭɞɚɯ Ƚɢɛɛɫɚ ɩɪɨɹɜɢɥɢɫɶ 
ɡɚɦɟɱɚɬɟɥɶɧɨ ɬɨɱɧɚɹ ɥɨɝɢɤɚ ɢ ɬɳɚɬɟɥɶɧɨɫɬɶ ɜ ɨɬɞɟɥɤɟ ɪɟɡɭɥɶɬɚɬɨɜ. ȼ ɟɝɨ ɪɚɛɨɬɚɯ ɞɨ ɫɢɯ ɩɨɪ 
ɧɟ ɨɛɧɚɪɭɠɟɧɨ ɧɢ ɨɞɧɨɣ ɨɲɢɛɤɢ, ɜɫɟ ɟɝɨ ɢɞɟɢ ɫɨɯɪɚɧɢɥɢɫɶ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɟ. 

 

ɋɨɨɬɧɨɲɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɤɚɤɭɸ ɦɚɤɫɢɦɚɥɶɧɭɸ ɩɨɥɟɡɧɭɸ ɪɚɛɨɬɭ 
ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɨɬ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɧɚɡɵɜɚɸɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ Ƚɢɛɛɫɚ-

Ƚɟɥɶɦɝɨɥɶɰɚμ 

STUF

STHG




.     (1.51)
 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ β-ɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɬɨɥɶɤɨ ɱɚɫɬɶ ɬɟɩɥɨɬɵ 
(ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ - ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ) ɦɨɠɧɨ ɩɪɟɜɪɚɬɢɬɶ 
ɜ ɪɚɛɨɬɭ. Ⱦɪɭɝɚɹ ɱɚɫɬɶ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɞɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ 
ɷɧɬɪɨɩɢɹ ɜɫɟɥɟɧɧɨɣ ɭɜɟɥɢɱɢɥɚɫɶ. Ɍɨɥɶɤɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɬ ɪɟɚɤɰɢɢ ɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ ɪɚɛɨɬɭ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɟɚɤɰɢɹ ɛɭɞɟɬ ɩɪɨɬɟɤɚɬɶ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨμ 
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TSG

H

 

TS – ɫɜɹɡɚɧɧɚɹ ɬɟɩɥɨɬɚ, ɬ.ɟ. ɬɚ ɞɨɥɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ, 
ɤɨɬɨɪɚɹ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɜɪɚɳɟɧɚ ɜ ɪɚɛɨɬɭ. 

ɂɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɢɡɦɟɧɟɧɢɹ ɷɧɟɪɝɢɢ Ƚɟɥɶɦɝɨɥɶɰɚ 
ɧɚ ɜɟɥɢɱɢɧɭ ɪɚɛɨɬɵ ɪɚɫɲɢɪɟɧɢɹμ 

nRTFG

VPFG




.    (1.52)
 

C ɭɱɟɬɨɦ (1.1η) ɢ (1.52) ɩɨɥɭɱɚɟɦ ɝɪɚɮɢɱɟɫɤɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ 
ɜɚɠɧɟɣɲɢɦɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɮɭɧɤɰɢɹɦɢ: 

U

PV

TSG

H

TSF

PV

 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɤɚɤ ɢɡɦɟɧɹɸɬɫɹ ɇ ɢ S ɜɨɡɦɨɠɧɨ ɧɟɫɤɨɥɶɤɨ 
ɫɥɭɱɚɟɜ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢμ 

1. Ɋɟɚɤɰɢɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɚɹ, ɩɪɨɬɟɤɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟ ɷɧɬɪɨɩɢɢ.  
ɇ < 0 ɢ S > 0  ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ G < 0 – ɪɟɚɤɰɢɹ 
ɩɪɨɬɟɤɚɟɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ. 
2. Ɋɟɚɤɰɢɹ ɷɧɞɨɬɟɪɦɢɱɟɫɤɚɹ, ɩɪɨɬɟɤɚɟɬ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɷɧɬɪɨɩɢɢ. 
ɇ > 0 ɢ S < 0  ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ G > 0 – ɪɟɚɤɰɢɹ ɧɟ 
ɩɪɨɬɟɤɚɟɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ. 
3. Ɋɟɚɤɰɢɹ ɷɧɞɨɬɟɪɦɢɱɟɫɤɚɹ, ɩɪɨɬɟɤɚɟɬ ɫ ɪɨɫɬɨɦ ɷɧɬɪɨɩɢɢ: 
ɇ > 0 ɢ S > 0  ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ G < 0, ɟɫɥɢ 

S

H
T




 ν ɩɪɢ 
S

H
T




  ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɫɬɚɧɨɜɢɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɵɦ 

– ɪɟɚɤɰɢɹ ɫɬɚɧɨɜɢɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨɣ. 
4. Ɋɟɚɤɰɢɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɚɹ, ɩɪɨɬɟɤɚɟɬ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɷɧɬɪɨɩɢɢ. 

ɇ < 0 ɢ S < 0  ɩɪɢ 
S

H
T




  ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɫɬɚɧɨɜɢɬɫɹ 

ɩɨɥɨɠɢɬɟɥɶɧɵɦ – ɪɟɚɤɰɢɹ ɫɬɚɧɨɜɢɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨɣν 
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ɩɪɢ
S

H
T




  ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ G < 0 – ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ 

ɬɟɦɩɟɪɚɬɭɪ ɭɦɟɧɶɲɟɧɢɟ ɷɧɬɪɨɩɢɢ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɚ ɜ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɭɦɦɚɪɧɨɦɭ ɪɨɫɬɭ ɷɧɬɪɨɩɢɢ ȼɫɟɥɟɧɧɨɣ 
ɢ ɞɟɥɚɟɬ ɪɟɚɤɰɢɸ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɜɨɡɦɨɠɧɨɣ. 

 

Ɋɚɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ 

ɉɪɢɛɥɢɠɟɧɧɵɣ ɪɚɫɱɟɬ G ɞɥɹ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɩɪɢ ɡɚɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɞɜɭɦ ɩɪɢɛɥɢɠɟɧɢɹɦ ɍɥɢɯɚ. 

1-ɟ ɩɪɢɛɥɢɠɟɧɢɟ ɍɥɢɯɚ ɨɫɧɨɜɚɧɨ ɧɚ ɞɨɩɭɳɟɧɢɢ, ɱɬɨ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ 
ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɢɫɬɟɦɵ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɋP=0. Ɋɚɫɱɟɬ 
ɩɪɨɜɨɞɢɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɨ ɫɬɚɧɞɚɪɬɧɨɦ ɬɟɩɥɨɜɨɦ ɷɮɮɟɤɬɟ ɢ ɢɡɦɟɧɟɧɢɢ 
ɫɬɚɧɞɚɪɬɧɨɣ ɷɧɬɪɨɩɢɢ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɭɪɚɜɧɟɧɢɟɦμ 

0

298

0

298

0 STHGT 
     (1.53) 

2-ɟ ɩɪɢɛɥɢɠɟɧɢɟ ɍɥɢɯɚ ɨɫɧɨɜɚɧɨ ɧɚ ɞɨɩɭɳɟɧɢɢ, ɱɬɨ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ 
ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɢɡɦɟɧɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɢɫɬɟɦɵ ɧɟ ɡɚɜɢɫɢɬ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɋP=a=const: 

0

0

298

0

298

0 MTaSTHGT  ,   (1.54) 

ɝɞɟ a – ɢɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ a ɷɦɩɢɪɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ 
ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜν ε0 – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ 
ɬɨɥɶɤɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵμ 

1
298

298
ln0 

T

T
M . 

ɋɚɦɵɣ ɬɨɱɧɵɣ ɪɚɫɱɟɬ G
0

T ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɹ 
Ɍɺɦɤɢɧɚ-ɒɜɚɪɰɦɚɧɚμ 

 2210

0

298

0

298

0 '  McMcMbMaTSTHGT ,     (1.55) 

ɝɞɟ ε0, M1, M2, M-2 – ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ Ɍɺɦɤɢɧɚ-ɒɜɚɪɰɦɚɧɚ, ɤɨɬɨɪɵɟ 
ɡɚɜɢɫɹɬ ɬɨɥɶɤɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵμ 

1
15,298

15,298
ln0 

T

T
M  

0,
15,298

)1(
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







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T
M

nnn
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1.12. ɏɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ 

ɏɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɟɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɟ. 
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ȿɫɥɢ ɜ ɫɢɫɬɟɦɭ ɜɜɨɞɹɬɫɹ (ɢɥɢ ɜɵɜɨɞɹɬɫɹ) ɤɚɤɢɟ-ɬɨ ɜɟɳɟɫɬɜɚ ɢɥɢ ɜ ɫɢɫɬɟɦɟ 
ɩɪɨɢɫɯɨɞɢɬ ɯɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ, ɬɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɢɫɬɟɦɵ U, 

H, F ɢɥɢ G ɢɡɦɟɧɹɸɬɫɹ, ɬɚɤ ɤɚɤ ɩɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɤɨɥɢɱɟɫɬɜ ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɧɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɢɡɦɟɧɟɧɢɟɦ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ. 

Ɋɚɫɫɦɨɬɪɢɦ, ɧɚɩɪɢɦɟɪ, ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ, ɤɨɝɞɚ ɨɧɚ ɹɜɥɹɟɬɫɹ 
ɮɭɧɤɰɢɟɣ ɧɟ ɬɨɥɶɤɨ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ, ɧɨ ɢ ɤɨɥɢɱɟɫɬɜɚ ɪɟɚɝɟɧɬɨɜμ 

G = f (P, T, n1, n2, ... , ni). 

ɝɞɟ n1, n2 – ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜ, ɦɨɥɶ. 
ɑɚɫɬɧɚɹ ɩɪɨɢɡɜɨɞɧɚɹ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɩɨ ɤɨɥɢɱɟɫɬɜɭ (ɜ ɦɨɥɶ) ɞɚɧɧɨɝɨ 

ɜɟɳɟɫɬɜɚ (ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ Ɋ, Ɍ ɢ ɤɨɥɢɱɟɫɬɜɚɯ ɨɫɬɚɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ) 
ɧɚɡɵɜɚɟɬɫɹ ɯɢɦɢɱɟɫɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ: 

jn,T,Pi
i

n

G













.     (1.56)

 

ɏɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ (Ƚɢɛɛɫ, 18ιη) i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɪɚɜɟɧ ɩɪɢɪɚɳɟɧɢɸ 
ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɨɞɧɨɝɨ ɦɨɥɹ ɷɬɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɢ ɤ ɧɚɫɬɨɥɶɤɨ ɛɨɥɶɲɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɫɢɫɬɟɦɵ, ɱɬɨɛɵ 
ɫɨɫɬɚɜ ɟɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɥɫɹ. 

Ɍɚɤ ɤɚɤ ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɜɫɟɝɞɚ ɨɬɧɨɫɢɬɫɹ ɤ 1 ɦɨɥɶ ɤɨɦɩɨɧɟɧɬɚ, ɬɨ 
ɟɝɨ ɜɟɥɢɱɢɧɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜ ɜ ɫɢɫɬɟɦɟ. ɏɢɦɢɱɟɫɤɢɣ 
ɩɨɬɟɧɰɢɚɥ – ɮɚɤɬɨɪ ɢɧɬɟɧɫɢɜɧɨɫɬɢ. 

ɏɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɧɚɡɵɜɚɸɬ ɟɳɟ ɩɚɪɰɢɚɥɶɧɨɣ ɦɨɥɶɧɨɣ ɷɧɟɪɝɢɟɣ 
Ƚɢɛɛɫɚ, ɩɨɫɤɨɥɶɤɭ ɩɨɫɥɟɞɧɹɹ ɛɟɪɟɬɫɹ ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ Ɋ ɢ Ɍ (ɤɚɤ ɢ ɞɪɭɝɢɟ 
ɩɚɪɰɢɚɥɶɧɵɟ ɜɟɥɢɱɢɧɵ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ)μ 

ii G
. 

ɉɪɢ ɩɨɫɬɨɹɧɫɬɜɟ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ (ɢɡɨɛɚɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ 
ɩɪɨɰɟɫɫ) ɷɧɟɪɝɢɹ Ƚɢɛɛɫɚ ɫɢɫɬɟɦɵ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɱɚɫɬɟɣ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ 
ɤɨɦɩɨɧɟɧɬɚɦɢ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵμ 

iinG 
. 

Ⱦɥɹ 1 ɦɨɥɶ ɱɢɫɬɨɝɨ ɜɟɳɟɫɬɜɚ ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɪɚɜɟɧ ɦɨɥɹɪɧɨɦɭ 
ɡɧɚɱɟɧɢɸ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚμ 

G . 

ɏɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɷɬɨ ɞɜɢɠɭɳɚɹ ɫɢɥɚ ɜ ɹɜɥɟɧɢɹɯ ɩɟɪɟɧɨɫɚ ɜɟɳɟɫɬɜɚ. 
Ɍɚɤɨɣ ɩɟɪɟɧɨɫ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɚɯ ɢ ɩɪɢ ɯɢɦɢɱɟɫɤɢ ɪɟɚɤɰɢɹɯ. 
Ɋɚɛɨɬɭ ɩɟɪɟɧɨɫɚ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɡɚɩɢɫɵɜɚɸɬ НGi=ȝidni . Ⱦɥɹ ɯɢɦɢɱɟɫɤɨɣ 
ɪɟɚɤɰɢɢ ɜ ɰɟɥɨɦ ɩɪɨɢɫɯɨɞɢɬ ɜɡɚɢɦɨɫɜɹɡɚɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɦɚɫɫ ɜɫɟɯ 



 

 

52 

ɤɨɦɩɨɧɟɧɬɨɜ, ɩɨɷɬɨɦɭ ɩɨɥɧɚɹ ɪɚɛɨɬɚ ɩɟɪɟɦɟɳɟɧɢɹ ɦɚɫɫ ɡɚɩɢɲɟɬɫɹ ɤɚɤμ 

 iidndG
.     (1.57) 

ɉɪɢ ɩɪɨɬɟɤɚɧɢɢ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜɟɳɟɫɬɜɨ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ 
ɩɟɪɟɯɨɞɢɬ ɢɡ ɮɚɡɵ, ɜ ɤɨɬɨɪɨɣ ɟɝɨ ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɛɨɥɶɲɟ, ɜ ɮɚɡɭ, ɝɞɟ 
ɟɝɨ ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɦɟɧɶɲɟ. Ɋɚɜɧɨɜɟɫɢɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɜɟɧɫɬɜɨ 
ɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɤɨɦɩɨɧɟɧɬɚ ɜ ɮɚɡɚɯμ 

ɮаɡа ɮаɡа 
i

i  > i

. 

ɉɪɢ ɭɫɬɚɧɨɜɥɟɧɢɢ ɜ ɫɢɫɬɟɦɟ ɪɚɜɧɨɜɟɫɢɹ НGɊ,T = 0. ɉɨɷɬɨɦɭ, ɭɫɥɨɜɢɟ 
ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɢɫɬɟɦɟ ɫ ɩɟɪɟɦɟɧɧɵɦ ɱɢɫɥɨɦ ɦɨɥɟɣ, ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ 
ɩɪɨɰɟɫɫɚ (ɪ ɢ T), ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨɦμ 

  0dn T,Pii 
.     (1.58)

 

ɏɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɡɚɜɢɫɢɬ ɨɬ ɞɚɜɥɟɧɢɹμ 

PlnRT0
ii 

,    (1.59) 

ɝɞɟ i
0
 – ɫɬɚɧɞɚɪɬɧɵɣ ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɩɪɢ Ɋ0

 = 101γβη ɉɚν 
0P

P
P   – 

ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ. 
ȼ ɫɦɟɫɢ ɪɟɚɥɶɧɵɯ ɝɚɡɨɜ ɭɪɚɜɧɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɞɚɜɥɟɧɢɹ ɢ ɨɛɴɟɦɚ ɛɨɥɟɟ 

ɝɪɨɦɨɡɞɤɢ ɢ ɧɟɭɞɨɛɧɵ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. Ȼɨɥɟɟ ɩɪɨɫɬɨɣ ɫɩɨɫɨɛ ɜɵɱɢɫɥɟɧɢɹ 
ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɨɬ ɞɚɜɥɟɧɢɹ ɩɪɟɞɥɨɠɢɥ Ʌɶɸɢɫ. Ɉɧ ɩɪɟɞɥɨɠɢɥ 
ɫɨɯɪɚɧɢɬɶ ɜɢɞ ɡɚɜɢɫɢɦɨɫɬɢ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɪɟɚɥɶɧɨɝɨ ɝɚɡɚ ɨɬ 
ɞɚɜɥɟɧɢɹ ɬɚɤɨɣ ɠɟ, ɤɚɤ ɢ ɞɥɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ, ɧɨ ɜɦɟɫɬɨ ɞɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɧɟɤɨɬɨɪɭɸ ɪɚɫɱɟɬɧɭɸ ɜɟɥɢɱɢɧɭ, ɡɚɜɢɫɹɳɭɸ ɨɬ ɞɚɜɥɟɧɢɹ, ɤɨɬɨɪɭɸ ɨɧ ɧɚɡɜɚɥ 
ɮɭɝɢɬɢɜɧɨɫɬɶ (ɥɟɬɭɱɟɫɬɶ). 

Ɏɭɝɢɬɢɜɧɨɫɬɶ (fi) — ɜɟɥɢɱɢɧɚ, ɫɜɹɡɚɧɧɚɹ ɫ ɪɟɚɥɶɧɵɦ ɞɚɜɥɟɧɢɟɦ (fi =ȖiPi ), 

ɤɨɬɨɪɭɸ ɧɭɠɧɨ ɩɨɞɫɬɚɜɢɬɶ ɜ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ 
ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɜɦɟɫɬɨ ɞɚɜɥɟɧɢɹ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɡɧɚɱɟɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ 
ɩɨɬɟɧɰɢɚɥɚ ɪɟɚɥɶɧɨɝɨ ɝɚɡɚ: 

i
0
ii flnRT

 ,    (1.60) 

ɝɞɟ 0
i

i
i

f

f
f  – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɮɭɝɢɬɢɜɧɨɫɬɶ ɪɟɚɥɶɧɨɝɨ ɝɚɡɚν ɉɚ10125Pf 0

i
0
i   – 

ɫɬɚɧɞɚɪɬɧɚɹ ɮɭɝɢɬɢɜɧɨɫɬɶ ɪɟɚɥɶɧɨɝɨ ɝɚɡɚ, ɤɨɬɨɪɚɹ ɫɱɢɬɚɟɬɫɹ ɪɚɜɧɨɣ 
ɫɬɚɧɞɚɪɬɧɨɦɭ ɞɚɜɥɟɧɢɸ. 

Ɏɭɝɢɬɢɜɧɨɫɬɶ ɢɦɟɟɬ ɬɚɤɭɸ ɠɟ ɪɚɡɦɟɪɧɨɫɬɶ, ɤɚɤ ɢ ɞɚɜɥɟɧɢɟ, ɡɚɜɢɫɢɬ ɨɬ 
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ɬɟɦɩɟɪɚɬɭɪɵ, ɞɚɜɥɟɧɢɹ ɢ ɫɨɫɬɚɜɚ ɝɚɡɨɜɨɣ ɫɦɟɫɢ. Ʉɨɷɮɮɢɰɢɟɧɬ ɮɭɝɢɬɢɜɧɨɫɬɢ 
(i) – ɛɟɡɪɚɡɦɟɪɧɚɹ ɜɟɥɢɱɢɧɚ. 

Ɏɭɝɢɬɢɜɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɤɚɤ ɦɟɧɶɲɟ ɞɚɜɥɟɧɢɹ, ɬɚɤ ɢ ɛɨɥɶɲɟ ɞɚɜɥɟɧɢɹ, ɬɨ 
ɟɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɮɭɝɢɬɢɜɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɦɟɧɶɲɟ ɟɞɢɧɢɰɵ ɢ ɧɚɦɧɨɝɨ 
ɛɨɥɶɲɟ ɟɞɢɧɢɰɵ. Ʉ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɮɭɝɢɬɢɜɧɨɫɬɢ ɜɦɟɫɬɨ ɩɚɪɰɢɚɥɶɧɨɝɨ 
ɞɚɜɥɟɧɢɹ ɩɪɢɯɨɞɢɬɫɹ ɩɪɢɛɟɝɚɬɶ ɩɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ, ɧɚɩɪɢɦɟɪ, ɩɪɢ 
ɞɚɜɥɟɧɢɹɯ η–10 Ɇɉɚ (η0–100 ɚɬɦ). Ʉɨɷɮɮɢɰɢɟɧɬɵ ɮɭɝɢɬɢɜɧɨɫɬɢ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. 

Ɇɟɬɨɞɵ ɪɚɫɱɺɬɚ ɮɭɝɢɬɢɜɧɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɭɝɢɬɢɜɧɨɫɬɢ ɱɢɫɬɵɯ 
ɝɚɡɨɜ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɝɪɚɮɢɱɟɫɤɢɟ ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɟ.  

Ʉ ɝɪɚɮɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦ  ɨɬɧɨɫɹɬɫɹ: 

– ɪɚɫɱɺɬ ɮɭɝɢɬɢɜɧɨɫɬɢ ɪɟɚɥɶɧɨɝɨ ɝɚɡɚ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɨɛ 
ɟɝɨ ɨɛɴɺɦɟ V ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɞɚɜɥɟɧɢɹɯ Ɋ. ȼ ɤɨɨɪɞɢɧɚɬɚɯ Ɋ-V ɫɬɪɨɹɬ ɢɡɨɬɟɪɦɵ 
ɞɥɹ ɪɟɚɥɶɧɨɝɨ ɢ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɨɜ, ɧɚɱɢɧɚɹ ɨɬ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ Ɋ1 ɞɨ ɞɚɜɥɟɧɢɹ 
Ɋ, ɩɪɢ ɤɨɬɨɪɨɦ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɮɭɝɢɬɢɜɧɨɫɬɶ. ɉɥɨɳɚɞɶ, ɡɚɤɥɸɱɺɧɧɚɹ 
ɦɟɠɞɭ ɷɬɢɦɢ ɥɢɧɢɹɦɢ, ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɢɬɶ ɜɟɥɢɱɢɧɭ П ɩɪɢ ɞɚɜɥɟɧɢɢ Ɋν 

– ɪɚɫɱɺɬ ɮɭɝɢɬɢɜɧɨɫɬɢ ɱɢɫɬɨɝɨ (ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ) ɝɚɡɚ ɩɨ ɜɟɥɢɱɢɧɟ α – 

ɨɬɤɥɨɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɛɴɺɦɚ Vm ɪɟɚɥɶɧɨɝɨ ɝɚɡɚ ɨɬ ɢɞɟɚɥɶɧɨɝɨ 
(VЦ,ɢɞ.= RT/Ɋ). ȼɟɥɢɱɢɧɚ  α ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ: 

mV
P

RT


.
 

ɋɬɪɨɹɬ ɝɪɚɮɢɤ ɜ ɤɨɨɪɞɢɧɚɬɚɯ α – Ɋ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɩɪɟɞɟɥɹɸɬ 

ɩɥɨɳɚɞɶ ɦɟɠɞɭ ɤɪɢɜɨɣ ɢ ɨɫɶɸ ɚɛɫɰɢɫɫ, ɤɨɬɨɪɚɹ ɪɚɜɧɚ ɢɧɬɟɝɪɚɥɭ  
P

dP
0
 . 

ɉɨɫɥɟ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɸɬ ɮɨɪɦɭɥɭ  

 
P

dPPRTfRT
0

lnln  ,  

ɨɬɤɭɞɚ ɥɟɝɤɨ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ f. 

Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɞɥɹ ɪɚɫɱɺɬɚ ɮɭɝɢɬɢɜɧɨɫɬɢ ɱɢɫɬɨɝɨ ɝɚɡɚ ɜɤɥɸɱɚɸɬ ɜ 
ɫɟɛɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɭɪɚɜɧɟɧɢɣ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ, Ȼɟɪɬɥɨ, Ȼɢɬɬɢ-Ȼɪɢɞɠɦɟɧɚ, ɚ 
ɬɚɤɠɟ ɬɚɤɢɟ ɩɨɧɹɬɢɹ, ɤɚɤ ɤɪɢɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɢ ɧɟɤɨɬɨɪɵɟ ɩɨɫɬɨɹɧɧɵɟ, 
ɧɚɡɵɜɚɟɦɵɟ ɜɢɪɢɚɥɶɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ, ɡɚɜɢɫɹɳɢɦɢ ɧɟ ɬɨɥɶɤɨ ɨɬ 
ɩɪɢɪɨɞɵ ɝɚɡɚ, ɧɨ ɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ɋɚɫɱɺɬ ɮɭɝɢɬɢɜɧɨɫɬɢ ɱɢɫɬɨɝɨ ɝɚɡɚ ɩɪɨɜɨɞɹɬ 
ɬɚɤɠɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ (ɦɟɬɨɞɚ 
ɇɶɸɬɨɧɚ), ɡɚɤɥɸɱɚɸɳɟɝɨɫɹ ɜ ɬɨɦ, ɱɬɨ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɪɟɚɥɶɧɨɝɨ ɝɚɡɚ ɜ 
ɨɛɨɛɳɺɧɧɨɣ ɮɨɪɦɟ, ɟɫɥɢ V, P, T ɛɭɞɭɬ ɜɵɪɚɠɟɧɵ ɜ ɞɨɥɹɯ ɤɪɢɬɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ 
(ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɩɪɢɜɟɞɟɧɧɵɣ ɨɛɴɺɦ, ɩɪɢɜɟɞɟɧɧɨɟ ɞɚɜɥɟɧɢɟ ɢ ɩɪɢɜɟɞɟɧɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ) ɧɟ ɞɨɥɠɧɵ ɫɨɞɟɪɠɚɬɶ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɩɨɫɬɨɹɧɧɵɯ, ɡɚɜɢɫɹɳɢɯ ɨɬ 
ɩɪɢɪɨɞɵ ɝɚɡɚ. Ɍɚɤ, ɜ ɦɟɬɨɞɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɭɬɜɟɪɠɞɚɟɬɫɹ, ɱɬɨ 
ɧɟɤɨɬɨɪɵɟ ɢɡ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɟɳɟɫɬɜ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɡɧɚɱɟɧɢɹɯ 
ɩɪɢɜɟɞɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɨɥɠɧɵ ɛɵɬɶ ɨɞɢɧɚɤɨɜɵɦɢ. Ɇɟɬɨɞ ɫɨɨɬɜɟɬɫɬɜɟɧɧɵɯ 
ɫɨɫɬɨɹɧɢɣ ɩɨɡɜɨɥɹɟɬ ɥɟɝɤɨ ɨɩɪɟɞɟɥɹɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɮɭɝɢɬɢɜɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɢ 
ɮɭɝɢɬɢɜɧɨɫɬɶ, ɟɫɥɢ ɢɡɜɟɫɬɧɵ ɤɪɢɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɞɚɜɥɟɧɢɟ. 
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2. ɏɂɆɂɑȿɋɄɈȿ ɊȺȼɇɈȼȿɋɂȿ 

ɉɪɢ ɩɪɨɬɟɤɚɧɢɢ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɱɟɪɟɡ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ (ɯɢɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ), ɤɨɝɞɚ ɱɢɫɥɨ 
ɦɨɥɟɤɭɥ ɜɟɳɟɫɬɜ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɯɢɦɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ, ɩɟɪɟɫɬɚɺɬ ɢɡɦɟɧɹɬɶɫɹ ɢ 
ɨɫɬɚɺɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɜɨ ɜɪɟɦɟɧɢ ɩɪɢ ɧɟɢɡɦɟɧɧɵɯ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɹɯ. 

ɏɢɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ ɹɜɥɹɟɬɫɹ ɞɢɧɚɦɢɱɟɫɤɢɦ. ȼ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨɜɟɫɢɹ 
ɯɢɦɢɱɟɫɤɢɟ ɩɪɟɜɪɚɳɟɧɢɹ ɩɪɨɬɟɤɚɸɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ 
ɧɚɩɪɚɜɥɟɧɢɹɯ ɫ ɨɞɢɧɚɤɨɜɨɣ ɫɤɨɪɨɫɬɶɸ. ɉɪɢ ɷɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɫɟɯ ɭɱɚɫɬɧɢɤɨɜ 
ɪɟɚɤɰɢɢ (ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ ɢ ɩɪɨɞɭɤɬɨɜ) ɨɫɬɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ ɜɨ ɜɪɟɦɟɧɢ. 

ɏɢɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ ɹɜɥɹɟɬɫɹ ɩɨɞɜɢɠɧɵɦ – ɜɫɹɤɨɟ ɜɧɟɲɧɟɟ ɜɥɢɹɧɢɟ ɧɚ 
ɫɢɫɬɟɦɭ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɧɨɣ ɫɢɫɬɟɦɵ. ɉɪɢ 
ɩɪɟɤɪɚɳɟɧɢɢ ɜɧɟɲɧɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɫɢɫɬɟɦɚ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɫɜɨɟ ɢɫɯɨɞɧɨɟ 
ɫɨɫɬɨɹɧɢɟ.  

ɋɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɞɚɧɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ 
ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɪɟɚɤɰɢɢ ɫ ɞɜɭɯ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɫɬɨɪɨɧμ 

100%

иɫх. ɜ-ɜа
100%

ɩɪɨɞɭɤɬы

ɪаɜɧɨɜɟɫиɟ

 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨɠɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ 4 

ɫɥɭɱɚɹ (ɪɢɫ. 1): 

100%

иɫх. ɜ-ɜа
100%

ɩɪɨɞɭɤɬы

ɪаɜɧɨɜɟɫиɟ G<0

 

Ɋɚɜɧɨɜɟɫɢɟ ɫɦɟɳɟɧɨ ɜ ɫɬɨɪɨɧɭ 
ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ. ȼɵɯɨɞ ɩɪɨɞɭɤɬɚ 

ɞɥɹ ɬɚɤɢɯ ɪɟɚɤɰɢɣ ȼɉρη0% 

100%

иɫх. ɜ-ɜа
100%

ɩɪɨɞɭɤɬы

ɪаɜɧɨɜɟɫиɟ G<<0

 

Ɋɚɜɧɨɜɟɫɢɟ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ 
ɫɦɟɳɟɧɨ ɜ ɫɬɨɪɨɧɭ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ. 

ȼɉ→100%. Ɍɚɤɢɟ ɪɟɚɤɰɢɢ ɹɜɥɹɸɬɫɹ 
ɧɟɨɛɪɚɬɢɦɵɦɢ. 

100%

иɫх. ɜ-ɜа
100%

ɩɪɨɞɭɤɬы

ɪаɜɧɨɜɟɫиɟ G>0

 

Ɋɚɜɧɨɜɟɫɢɟ ɫɦɟɳɟɧɨ ɜ ɫɬɨɪɨɧɭ 
ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ. ȼɵɯɨɞ ɩɪɨɞɭɤɬɚ 

ɞɥɹ ɬɚɤɢɯ ɪɟɚɤɰɢɣ ȼɉ<η0% 

100%

иɫх. ɜ-ɜа
100%

ɩɪɨɞɭɤɬы

ɪаɜɧɨɜɟɫиɟ G>>0

 

Ɋɚɜɧɨɜɟɫɢɟ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ 
ɫɦɟɳɟɧɨ ɜ ɫɬɨɪɨɧɭ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ. 

ȼɉ→0%. Ɉ ɬɚɤɢɯ ɪɟɚɤɰɢɹɯ ɝɨɜɨɪɹɬ, 
ɱɬɨ ɨɧɢ ɧɟ ɩɪɨɬɟɤɚɸɬ 

Ɋɢɫ.2.1 ɋɥɭɱɚɢ ɩɨɥɨɠɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɢ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɢ ɡɧɚɤɚ G ɩɪɨɰɟɫɫɚ. 
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Ɋɚɫɫɦɨɬɪɢɦ ɪɟɚɤɰɢɸ ɫɢɧɬɟɡɚ ɚɦɦɢɚɤɚ. ɉɭɫɬɶ ɢɫɯɨɞɧɵɟ ɜɟɳɟɫɬɜɚ ɜɫɬɭɩɚɸɬ 
ɜ ɪɟɚɤɰɢɸ ɜ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɯ ɤɨɥɢɱɟɫɬɜɚɯ (γ ɦɨɥɶ H2 ɢ 1 ɦɨɥɶ ζ2). ɑɟɪɟɡ 
ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɪɟɚɤɰɢɹ ɞɨɫɬɢɝɧɟɬ ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ 
(ɪɢɫ.β). Ɉɫɨɛɟɧɧɨɫɬɶ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ȼɉ<100%. Ɋɚɜɧɨɜɟɫɧɚɹ 
ɫɦɟɫɶ ɫɨɞɟɪɠɢɬ, ɤɚɤ ɩɪɨɞɭɤɬ ɪɟɚɤɰɢɢ ɚɦɦɢɚɤ, ɬɚɤ ɢ ɢɫɯɨɞɧɵɟ ɜɟɳɟɫɬɜɚ (ɚɡɨɬ ɢ 
ɜɨɞɨɪɨɞ). ɉɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɫɨɫɬɚɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɟɪɟɫɬɚɟɬ 
ɢɡɦɟɧɹɬɶɫɹ. 
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ɍɫɥɨɜия ɫиɧɬɟɡа: Ɍ=4000ɋ; P=30 Ɇɉа
Ɋаɜɧɨɜɟɫɧыɣ ɜыхɨɞ NH3 = 50%

 

Ɋɢɫ.β.2 ɂɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ (H2 ɢ ζ2) ɢ ɩɪɨɞɭɤɬɨɜ (ζH3 ) ɜ ɯɨɞɟ 
ɪɟɚɤɰɢɢ ɫɢɧɬɟɡɚ ɚɦɦɢɚɤɚ 

ɁȺɄɈɇ ȾȿɃɋɌȼɍɘɓɂɏ ɆȺɋɋ. "ȼ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨɜɟɫɢɹ ɨɬɧɨɲɟɧɢɟ 
ɩɪɨɢɡɜɟɞɟɧɢɹ ɪɚɜɧɨɜɟɫɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɩɪɨɞɭɤɬɨɜ ɤ ɩɪɨɢɡɜɟɞɟɧɢɸ 
ɪɚɜɧɨɜɟɫɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ, ɜɡɹɬɵɯ  ɜ ɫɬɟɩɟɧɹɯ, ɪɚɜɧɵɯ 
ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɚɦ, ɟɫɬɶ ɜɟɥɢɱɢɧɚ ɩɨɫɬɨɹɧɧɚɹ, ɨɧɚ 
ɧɚɡɵɜɚɟɬɫɹ ɄɈɇɋɌȺɇɌɈɃ ɊȺȼɇɈȼȿɋɂə". 

Ⱦɥɹ ɪɟɚɤɰɢɢ КA + ЛB = НD + ПF ɡɚɩɢɫɶ ɡɚɤɨɧɚ ɞɟɣɫɬɜɭɸɳɢɯ ɦɚɫɫ ɛɭɞɟɬ 
ɢɦɟɬɶ ɫɥɟɞɭɸɳɢɣ ɜɢɞμ 

b
B

a
A

f
F

d
D

CC

CC
K






.
      (2.1) 

ɉɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɢɫɯɨɞɧɨɝɨ 
ɢɥɢ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɚɜɚ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ. 

Ʉɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɩɨɫɨɛɚ ɡɚɩɢɫɢ ɭɪɚɜɧɟɧɢɹ 
ɪɟɚɤɰɢɢ. ɇɚɩɪɢɦɟɪ, ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɣɨɞɨɜɨɞɨɪɨɞɚ ɦɨɠɟɬ ɛɵɬɶ 
ɡɚɩɢɫɚɧɨ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢμ 
ɞɥɹ ɪɟɚɤɰɢɢ H2 + I2 = 2HI ɡɚɩɢɫɶ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ ɢɦɟɟɬ ɜɢɞμ  

22

2

1

IH

HI

CC
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K




;     (2.2) 
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ɞɥɹ ɪɟɚɤɰɢɢ ½H2 + ½I2 = HI ɡɚɩɢɫɶ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ ɢɦɟɟɬ ɜɢɞμ 

21212

22 IH

HI

CC

C
K




.     (2.3) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 12
2
21 KKɢɥɢKK  . 

2.1. ɋɩɨɫɨɛɵ ɜɵɪɚɠɟɧɢɹ ɤɨɧɫɬɚɧɬ ɪɚɜɧɨɜɟɫɢɹ 

fFdDbBaA  


     
(2.4) 

1. ɋɬɚɧɞɚɪɬɧɚɹ ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ (Ʉ0
). 

ɋɬɚɧɞɚɪɬɧɚɹ ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ ɜɵɪɚɠɚɟɬɫɹ ɱɟɪɟɡ ɨɬɧɨɫɢɬɟɥɶɧɨɟ 
ɩɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ  ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ iP . 

   Ȼɚɪ
ɉɚ

P
PɢɥɢȺɬɦ

ɉɚ
P

P i
i

i
i

510
.

101325
  

 

b
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PP
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




.     
(2.5) 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɛɟɡɪɚɡɦɟɪɧɚɹ ɜɟɥɢɱɢɧɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɫɬɚɧɞɚɪɬɧɚɹ ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ ɛɟɡɪɚɡɦɟɪɧɚ. 

2. Ʉɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ (ɄɊ), ɤɨɬɨɪɚɹ ɜɵɪɚɠɟɧɚ ɱɟɪɟɡ ɩɚɪɰɢɚɥɶɧɵɟ 
ɞɚɜɥɟɧɢɹ ɝɚɡɨɜ ɜ ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ (Pi): 

b
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PP
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




.     
(2.6) 

Ɋɚɡɦɟɪɧɨɫɬɶ ɄɊ ɡɚɜɢɫɢɬ ɨɬ ɡɚɩɢɫɢ ɭɪɚɜɧɟɧɢɹ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢμ 

  n
P )ɉɚ(K  , 

ɝɞɟ  n – ɷɬɨ ɢɡɦɟɧɟɧɢɟ ɱɢɫɥɚ ɦɨɥɶ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ ɜ ɯɨɞɟ ɞɚɧɧɨɣ 
ɪɟɚɤɰɢɢ – ɨɧɨ ɪɚɜɧɨ ɫɭɦɦɟ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭ ɝɚɡɨɨɛɪɚɡɧɵɯ 

ɩɪɨɞɭɤɬɨɜ ɡɚ ɜɵɱɟɬɨɦ ɫɭɦɦɵ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭ 
ɝɚɡɨɨɛɪɚɡɧɵɯ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ. 

    ɜɚɜ.ɢɫɯɝɚɡɵiɩɪɨɞɭɤɬɵɝɚɡɵi nnn   
 

ȼ ɡɚɩɢɫɢ ɄɊ ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɬɨɥɶɤɨ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ 
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ɝɚɡɨɨɛɪɚɡɧɨɦ ɫɨɫɬɨɹɧɢɢ. 
ɄɊ ɫɜɹɡɚɧɚ ɫɨ ɫɬɚɧɞɚɪɬɧɨɣ ɤɨɧɫɬɚɧɬɨɣ ɪɚɜɧɨɜɟɫɢɹ ɫɥɟɞɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦμ 

n0
P )ɉɚ101325(KK  .     (2.7) 

3. Ʉɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ (Ʉɋ), ɤɨɬɨɪɚɹ ɜɵɪɚɠɟɧɚ ɱɟɪɟɡ ɦɨɥɹɪɧɵɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɟɳɟɫɬɜ ɜ ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ (Ci): 
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.     
(2.8) 

Ɋɚɡɦɟɪɧɨɫɬɶ Ʉɋ ɡɚɜɢɫɢɬ ɨɬ ɡɚɩɢɫɢ ɭɪɚɜɧɟɧɢɹ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɢ ɚɝɪɟɝɚɬɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɪɟɚɤɰɢɢ ɜɟɳɟɫɬɜ. ɇɚ ɩɪɚɤɬɢɤɟ, ɟɫɥɢ ɜɫɟ ɭɱɚɫɬɧɢɤɢ 
ɪɟɚɤɰɢɢ ɧɚɯɨɞɹɬɫɹ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɧɚɩɪɢɦɟɪ, ɜ ɪɚɫɬɜɨɪɟ), ɬɨ ɜ 
ɡɚɩɢɫɢ Ʉɋ ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ, ɢ 
ɪɚɡɦɟɪɧɨɫɬɶ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞμ 

 












3ɋ
ɦ

ɦɨɥɶ
K

,     (2.9) 

ɝɞɟ  – ɷɬɨ ɢɡɦɟɧɟɧɢɟ ɱɢɫɥɚ ɦɨɥɶ ɜɟɳɟɫɬɜ (ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ) ɜ ɯɨɞɟ 
ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ – ɨɧɨ ɪɚɜɧɨ ɫɭɦɦɟ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭ 
ɩɪɨɞɭɤɬɨɜ ɡɚ ɜɵɱɟɬɨɦ ɫɭɦɦɵ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭ ɢɫɯɨɞɧɵɯ 
ɜɟɳɟɫɬɜ. 

ȿɫɥɢ ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɫ ɭɱɚɫɬɢɟɦ ɝɚɡɨɜ, ɬɨ ɜ ɡɚɩɢɫɢ Ʉɋ ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ ɢ ɟɟ ɪɚɡɦɟɪɧɨɫɬɶ ɛɭɞɟɬμ 
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ɉɪɢ ɷɬɨɦ ɄɊ ɢ Ʉɋ ɛɭɞɭɬ ɫɜɹɡɚɧɵ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɫɥɟɞɭɸɳɢɦɢ ɫɨɨɬɧɨɲɟɧɢɟɦμ 

  n
CP RTKK

 .     (2.10) 

4. Ʉɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ (Ʉn), ɤɨɬɨɪɚɹ ɜɵɪɚɠɟɧɚ ɱɟɪɟɡ ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜ 
(ɜ ɦɨɥɶ) ɜ ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ (Чi): 
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(2.11) 
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Ɋɚɡɦɟɪɧɨɫɬɶμ 

     ɦɨɥɶKn  ɢɥɢ     n

n ɦɨɥɶK


. 

5. Ʉɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ (Ʉx), ɤɨɬɨɪɚɹ ɜɵɪɚɠɟɧɚ ɱɟɪɟɡ ɦɨɥɶɧɵɟ ɞɨɥɢ 
ɜɟɳɟɫɬɜ ɜ ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ (бi): 
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.     
(2.12) 

 

Ɇɨɥɶɧɚɹ ɞɨɥɹ (бi) – ɷɬɨ ɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɞɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ (ɜ ɦɨɥɶ) ɤ 
ɫɭɦɦɟ ɤɨɥɢɱɟɫɬɜ ɜɟɳɟɫɬɜ ɜ ɫɢɫɬɟɦɟμ 




i

i
i

n

n
x

. 

Ɇɨɥɶɧɚɹ ɞɨɥɹ ɛɟɡɪɚɡɦɟɪɧɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ Kx – ɛɟɡɪɚɡɦɟɪɧɚ. 
Kx ɫɜɹɡɚɧɚ ɫ ɧɟɤɨɬɨɪɵɦɢ ɞɪɭɝɢɦɢ ɤɨɧɫɬɚɧɬɚɦɢ ɪɚɜɧɨɜɟɫɢɹ ɫɥɟɞɭɸɳɢɦɢ 

ɫɨɨɬɧɨɲɟɧɢɹɦɢμ 

n

P
x

P

K
K 

)(
, ɝɞɟ Ɋ – ɨɛɳɟɟ ɞɚɜɥɟɧɢɟ ɜ ɫɢɫɬɟɦɟ ɜ ɦɨɦɟɧɬ ɪɚɜɧɨɜɟɫɢɹν 

n

i

C
x

C

K
K 


)(

, ɝɞɟ  iC  – ɫɭɦɦɚ ɦɨɥɹɪɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɟɳɟɫɬɜ ɜ 

ɪɚɜɧɨɜɟɫɧɨɣ ɫɢɫɬɟɦɟ. 

ȿɫɥɢ Ч = 0, ɬɨ K
0
=KP=KC=Kn=Kx. 

 

2.2. ɍɪɚɜɧɟɧɢɟ ɢɡɨɬɟɪɦɵ ȼɚɧɬ-Ƚɨɮɮɚ 

ɉɭɫɬɶ ɜ ɫɢɫɬɟɦɟ ɩɪɨɬɟɤɚɟɬ ɯɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ, ɜ ɤɨɬɨɪɨɣ ɜɫɟ ɪɟɚɝɢɪɭɸɳɢɟ 
ɜɟɳɟɫɬɜɚ ɹɜɥɹɸɬɫɹ ɝɚɡɚɦɢμ 

FfDdBbAa  
 . 

Ɂɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ ɱɟɪɟɡ ɪɚɜɧɨɜɟɫɧɵɟ ɩɚɪɰɢɚɥɶɧɵɟ 
ɞɚɜɥɟɧɢɹ ɝɚɡɨɨɛɪɚɡɧɵɯ ɭɱɚɫɬɧɢɤɨɜ ɪɟɚɤɰɢɢμ 
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Ɂɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ ɩɨɞɨɛɧɨɟ ɩɪɟɞɵɞɭɳɟɦɭ, ɨɞɧɚɤɨ, ɜɦɟɫɬɨ ɪɚɜɧɨɜɟɫɧɵɯ 
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ɞɚɜɥɟɧɢɣ ɜ ɧɟɝɨ ɛɭɞɭɬ ɜɯɨɞɢɬɶ ɞɚɜɥɟɧɢɹ ɝɚɡɨɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɧɟ 
ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. ɇɚɩɪɢɦɟɪ, ɦɵ ɫɦɟɲɚɥɢ 
ɝɚɡɵ A, B, D, F ɜ ɩɪɨɢɡɜɨɥɶɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɢ ɢɯ ɩɚɪɰɢɚɥɶɧɵɟ ɞɚɜɥɟɧɢɹ ɜ 
ɫɦɟɫɢ ɫɨɫɬɚɜɥɹɸɬ P/

A, P
/
B, P

/
D ɢ P/

F. 

b/
B

a/
A

f/
F

d/
D/

P
PP

PP
K






.
 

Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ ɢɡɨɬɟɪɦɵ ȼɚɧɬ-Ƚɨɮɮɚ ɞɥɹ ɢɡɨɛɚɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɣ ɩɪɨɬɟɤɚɧɢɹ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢμ 

P
/
PT KlnRTKlnRTG 

 ,  (2.13) 

TG  – ɷɬɨ ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ, ɨɬɧɟɫɟɧɧɨɟ ɤ ɧɚɱɚɥɭ ɪɟɚɤɰɢɢ ɢɥɢ ɤ 
ɥɸɛɨɦɭ ɫɨɫɬɨɹɧɢɸ ɪɟɚɤɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɜɧɟ ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ. 

TG  – ɯɢɦɢɱɟɫɤɨɟ ɫɪɨɞɫɬɜɨ, ɬ.ɟ. ɫɩɨɫɨɛɧɨɫɬɶ ɜɟɳɟɫɬɜ ɜɫɬɭɩɚɬɶ ɜ 
ɯɢɦɢɱɟɫɤɭɸ ɪɟɚɤɰɢɸ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɜ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ. 

ɉɪɨɬɟɤɚɧɢɟ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɫɢɫɬɟɦɟ ɩɪɨɯɨɞɢɬ ɜ ɫɬɨɪɨɧɭ 
ɭɦɟɧɶɲɟɧɢɹ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɢɥɢ Ƚɟɥɶɦɝɨɥɶɰɚ ( 0 TG ; 0 TF ). 

ɑɟɪɟɡ ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ 
ɞɨɫɬɢɝɚɟɬ ɫɜɨɟɝɨ ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢ ɧɚɫɬɭɩɚɟɬ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ 
( 0 TG ; 0 TF ). 

ɂɡ ɭɪɚɜɧɟɧɢɹ ɢɡɨɬɟɪɦɵ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ (β.1γ) ɫɥɟɞɭɟɬ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɢ 
ɡɧɚɤ ɢɡɦɟɧɟɧɢɹ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɪɟɚɤɰɢɢ ɡɚɜɢɫɹɬ ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɜɟɥɢɱɢɧ K/

P 

ɢ KP.  

Ɋɚɫɫɦɨɬɪɢɦ ɬɪɢ ɫɥɭɱɚɹμ 

1. K
/
P < KP, ɫɥɟɞɨɜɚɬɟɥɶɧɨ 0GT   — ɩɪɨɰɟɫɫ ɩɪɨɬɟɤɚɟɬ ɜ ɩɪɹɦɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢν 
2. K

/
P = KP, ɫɥɟɞɨɜɚɬɟɥɶɧɨ 0GT   — ɪɟɚɤɰɢɹ ɞɨɫɬɢɝɥɚ ɫɨɫɬɨɹɧɢɹ 

ɪɚɜɧɨɜɟɫɢɹν 
3. K

/
P > KP, ɫɥɟɞɨɜɚɬɟɥɶɧɨ 0GT   — ɩɪɨɰɟɫɫ ɩɪɨɬɟɤɚɟɬ ɜ ɨɛɪɚɬɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ. 
ɑɟɦ ɨɬɪɢɰɚɬɟɥɶɧɟɣ ɢɥɢ ɩɨɥɨɠɢɬɟɥɶɧɟɣ ɡɧɚɱɟɧɢɟ TG , ɬɟɦ ɞɚɥɶɲɟ ɨɬ 

ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɧɚɯɨɞɢɬɫɹ ɞɚɧɧɚɹ ɯɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ. 
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Ɋɢɫ. 2.γ. ɂɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɜ ɫɢɫɬɟɦɟ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ, ɜ 
ɤɨɬɨɪɨɣ ɜɫɟ ɪɟɚɝɢɪɭɸɳɢɟ ɜɟɳɟɫɬɜɚ ɧɚɯɨɞɹɬɫɹ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɫɨɫɬɨɹɧɢɢμ  

aA + bB  dD + fF. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɩɨɦɨɳɢ ɭɪɚɜɧɟɧɢɹ ɢɡɨɬɟɪɦɵ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ 
ɦɨɠɧɨ ɪɚɫɱɟɬɧɵɦ ɩɭɬɟɦ ɩɪɟɞɫɤɚɡɚɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɪɟɚɤɰɢɢ, ɟɫɥɢ ɢɡɜɟɫɬɧɵ 
ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ ɪɟɚɤɰɢɢ ɢ ɧɚɱɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɢɫɬɟɦɟ. 

Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɢɫɯɨɞɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɫɟɯ ɪɟɚɝɢɪɭɸɳɢɯ 
ɜɟɳɟɫɬɜ ɪɚɜɧɵ 1 ɚɬɦɨɫɮɟɪɟμ 

P
/
A = P

/
B = P

/
D = P

/
F = 1 ɚɬɦ., 

Ɍɨɝɞɚμ  
K

/
P = 1 ɢ ХЧ(K/

P)= 0, 

ɢ ɭɪɚɜɧɟɧɢɟ ɢɡɨɬɟɪɦɵ (ɫ ɭɱɟɬɨɦ ɩɪɢɜɟɞɟɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɚɬɦ. ɢ ɉɚ) ɩɪɢɦɟɬ 
ɜɢɞμ 

])ɉɚ101325(Kln[RTG n
P

0
T


.   (2.14) 

 

]ln[ 00 KRTGT 
.    (2.15) 

0
TG  – ɫɬɚɧɞɚɪɬɧɨɟ ɫɪɨɞɫɬɜɨ ɢɥɢ ɫɬɚɧɞɚɪɬɧɚɹ ɷɧɟɪɝɢɹ Ƚɢɛɛɫɚ; K

0
 – 

ɫɬɚɧɞɚɪɬɧɚɹ ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ. ɋ ɭɱɟɬɨɦ ɫɬɚɧɞɚɪɬɧɨɣ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ 
ɭɪɚɜɧɟɧɢɟ ɢɡɨɬɟɪɦɵ ɩɪɢɧɢɦɚɟɬ ɜɢɞμ 
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/
P

0
TT KlnRTGG  .    (2.16) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɚɧɞɚɪɬɧɨɟ ɫɪɨɞɫɬɜɨ (ɫɬɚɧɞɚɪɬɧɚɹ ɷɧɟɪɝɢɹ Ƚɢɛɛɫɚ) – ɷɬɨ 
ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɞɥɹ ɭɫɥɨɜɢɣ, ɤɨɝɞɚ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɝɚɡɨɨɛɪɚɡɧɵɟ ɢɫɯɨɞɧɵɟ ɜɟɳɟɫɬɜɚ ɢ ɩɪɨɞɭɤɬɵ ɫ ɩɚɪɰɢɚɥɶɧɵɦ 
ɞɚɜɥɟɧɢɟɦ 1 ɚɬɦ. (ɫɦɨɬɪɢ ɪɢɫ. γ). 

ɋɬɚɧɞɚɪɬɧɨɣ ɷɧɟɪɝɢɟɣ Ƚɢɛɛɫɚ ɭɞɨɛɧɨ ɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɩɪɢɛɥɢɠɟɧɧɨɣ 
ɨɰɟɧɤɢ ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ ɢɥɢ ɞɥɹ ɩɪɟɞɫɤɚɡɚɧɢɹ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɜɨɡɦɨɠɧɨɫɬɢ ɟɟ ɩɪɨɬɟɤɚɧɢɹ ɜ ɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɟɫɥɢ 
ɧɚɱɚɥɶɧɵɟ ɪɟɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɪɟɚɤɰɢɢ ɧɟ ɫɢɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ 
ɫɬɚɧɞɚɪɬɧɵɯ (101γβη ɉɚ ɢ β98 Ʉ).  

ɉɪɚɤɬɢɱɟɫɤɢ ɫ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨμ ɟɫɥɢ 
ΔG°298 < -40 ɤȾɠ/ɦɨɥɶ, ɬɨ ɪɟɚɤɰɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɜɨɡɦɨɠɧɚν ɟɫɥɢ ΔG°298 > 

+40 ɤȾɠ/ɦɨɥɶ, ɬɨ ɪɟɚɤɰɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɡɚɩɪɟɳɟɧɚν ɟɫɥɢ ɡɧɚɱɟɧɢɟ ΔG°298 

ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɦɟɠɞɭ ɷɬɢɦɢ ɞɜɭɦɹ ɡɧɚɱɟɧɢɹɦɢ, ɬɨ ɧɭɠɧɨ ɫɞɟɥɚɬɶ 
ɬɨɱɧɵɣ ɪɚɫɱɟɬ ɩɨ ɩɨɥɧɨɦɭ ɭɪɚɜɧɟɧɢɸ ɢɡɨɬɟɪɦɵ ȼɚɧɬ-Ƚɨɮɮɚ (β.1γ). 

Ⱦɥɹ ɪɟɚɤɰɢɣ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɢɡɨɯɨɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, 
ɧɚɩɪɢɦɟɪ, ɞɥɹ ɪɟɚɤɰɢɣ ɜ ɪɚɫɬɜɨɪɟ ɭɪɚɜɧɟɧɢɟ ɢɡɨɬɟɪɦɵ ȼɚɧɬ-Ƚɨɮɮɚ ɢɦɟɟɬ ɜɢɞμ 

C
/
CT KlnRTKlnRTF 

,   (2.17) 
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2.3. ɍɪɚɜɧɟɧɢɟ ɢɡɨɛɚɪɵ ȼɚɧɬ-Ƚɨɮɮɚ. ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɫɨɫɬɨɹɧɢɟ 
ɪɚɜɧɨɜɟɫɢɹ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ 

ɇɚ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ, ɢɡɦɟɧɹɹ 
ɜɧɟɲɧɢɟ ɭɫɥɨɜɢɹ. Ɉɫɧɨɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ ɜɥɢɹɧɢɹ ɧɚ ɪɚɜɧɨɜɟɫɢɟ ɯɢɦɢɱɟɫɤɨɣ 
ɪɟɚɤɰɢɢ ɹɜɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɨɛɳɟɟ ɞɚɜɥɟɧɢɟ ɜ ɫɢɫɬɟɦɟ, ɧɚɥɢɱɢɟ ɢɧɟɪɬɧɵɯ 
ɝɚɡɨɜ. 

Ʉɨɥɢɱɟɫɬɜɟɧɧɨ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɜɵɪɚɠɚɟɬɫɹ 
ɭɪɚɜɧɟɧɢɟɦ ɢɡɨɛɚɪɵ ȼɚɧɬ-Ƚɨɮɮɚ: 

2
P

P
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Klnd 

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





.    
(2.18) 

Ⱦɥɹ ɢɡɨɯɨɪɧɵɯ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟ 
ɢɡɨɯɨɪɵμ 
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Klnd 
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



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

.    
(2.19) 

 

ȿɫɥɢ ɪɟɚɤɰɢɹ ɹɜɥɹɟɬɫɹ ɷɧɞɨɬɟɪɦɢɱɟɫɤɨɣ (ɩɪɨɬɟɤɚɟɬ ɫ ɩɨɝɥɨɳɟɧɢɟɦ ɬɟɩɥɚ, 

Hρ0), ɬɨ 0
dT

Klnd

P

P 







, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɧɫɬɚɧɬɚ 

ɪɚɜɧɨɜɟɫɢɹ ɛɭɞɟɬ ɪɚɫɬɢ ɢ ɪɚɜɧɨɜɟɫɢɟ ɛɭɞɟɬ ɫɦɟɳɚɬɶɫɹ ɜ ɫɬɨɪɨɧɭ ɩɪɨɞɭɤɬɨɜ 
ɪɟɚɤɰɢɢ. ȼɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɛɭɞɟɬ ɪɚɫɬɢ (H>0  T  KP ɢ ȼɉ): 

T2

ɪаɜɧɨɜɟɫиɟ-1 

100%

иɫх. ɜ-ɜа
100%

ɩɪɨɞɭɤɬы

ɪаɜɧɨɜɟɫиɟ-2
ɪɟаɤɰия ɷɧɞɨɬɟɪɦиɱɟɫɤая H>0

T
2
 > T

1

T T1

. 

Ⱦɥɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ (ɜɵɞɟɥɟɧɢɟ ɬɟɩɥɚ, H<0) 0
dT

Klnd

P

P 







, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ ɛɭɞɟɬ 
ɭɦɟɧɶɲɚɬɶɫɹ, ɪɚɜɧɨɜɟɫɢɟ ɛɭɞɟɬ ɫɦɟɳɚɬɶɫɹ ɜ ɫɬɨɪɨɧɭ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ, ɜɵɯɨɞ 
ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ ɛɭɞɟɬ ɭɦɟɧɶɲɚɬɶɫɹ (H<0  T  KP ɢ ȼɉ): 

100%

иɫх. ɜ-ɜа
100%

ɩɪɨɞɭɤɬы

ɪɟаɤɰия ɷɤɡɨɬɟɪɦиɱɟɫɤая H<0

T
2
 > T

1

T T2

ɪаɜɧɨɜɟɫиɟ-1 ɪаɜɧɨɜɟɫиɟ-2
T1

. 

ɇɚ ɩɪɚɤɬɢɤɟ ɭɪɚɜɧɟɧɢɟ ɢɡɨɛɚɪɵ (ɢɡɨɯɨɪɵ) ɩɪɢɦɟɧɹɸɬ ɜ ɢɧɬɟɝɪɚɥɶɧɨɦ ɜɢɞɟ. 
ɉɪɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ ɨɩɪɟɞɟɥɟɧɧɵɦ ɢɧɬɟɝɪɚɥɨɦ ɩɨɥɭɱɚɟɦ, ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ, 
ɭɪɚɜɧɟɧɢɟ ɢɡɨɛɚɪɵ ɞɥɹ ɞɜɭɯ ɬɟɦɩɟɪɚɬɭɪμ 

12

12

1

2

TTR

)TT(H

K

K
ln





.    (2.20) 

 

Ɂɧɚɹ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɪɟɚɤɰɢɢ (H) ɢ ɤɨɧɫɬɚɧɬɭ ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ ɨɞɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɤɨɧɫɬɚɧɬɭ ɪɚɜɧɨɜɟɫɢɹ ɞɥɹ ɞɪɭɝɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɉɪɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ ɧɟɨɩɪɟɞɟɥɟɧɧɵɦ ɢɧɬɟɝɪɚɥɨɦ ɩɨɥɭɱɚɸɬ ɭɪɚɜɧɟɧɢɟ 
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ɢɡɨɛɚɪɵ (ɢɡɨɯɨɪɵ) ɜ ɥɢɧɟɣɧɨɦ ɜɢɞɟμ 

const
T

1

R

H
Kln 




.   (2.21) 

 

Ƚɪɚɮɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ, ɩɨɫɬɪɨɟɧɧɚɹ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ХЧK-1/T, ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɩɪɹɦɭɸ, ɭɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɬɨɪɨɣ ɪɚɜɟɧ 
R

H
 . 

 

2.4. ȼɥɢɹɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ 

ȿɫɥɢ ɜ ɪɟɚɤɰɢɢ ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɝɚɡɵ (ɢɞɟɚɥɶɧɵɟ ɝɚɡɵ), ɬɨ ɜɟɥɢɱɢɧɚ 
ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ KP ɧɟ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɨɛɳɟɝɨ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ 
(ɫɜɨɣɫɬɜɨ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ), ɨɞɧɚɤɨ, ɩɪɢ ɷɬɨɦ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɞɚɜɥɟɧɢɹ 
KX, ɬ.ɟ. ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɫɨɫɬɚɜ ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ. ȼɥɢɹɧɢɟ ɨɛɳɟɝɨ ɞɚɜɥɟɧɢɹ 
ɧɚ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɜɵɪɚɠɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɉɥɚɧɤɚμ 

P

n

dP

Klnd

T

X 









 ɢɥɢ RT

V

dP

Klnd

T

X 









.
 

ɋɜɹɡɶ KX ɢ ɨɛɳɟɝɨ ɞɚɜɥɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɢɡ ɫɜɹɡɢ ɤɨɧɫɬɚɧɬ 
ɪɚɜɧɨɜɟɫɢɹ KP ɢ KX: 

n
P

X
P

K
K 

. 

Ɂɞɟɫɶ ɜɨɡɦɨɠɧɵ ɬɪɢ ɫɥɭɱɚɹμ 
1. Ɋɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ ɦɨɥɶ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ 

(Чρ0 ɢ Vρ0). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɜɵɲɟɧɢɟ ɨɛɳɟɝɨ ɞɚɜɥɟɧɢɹ ɫɦɟɳɚɟɬ 
ɪɚɜɧɨɜɟɫɢɟ ɜ ɫɬɨɪɨɧɭ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ (KX  ɭɦɟɧɶɲɚɟɬɫɹ)μ 

100%

иɫх. ɜ-ɜа
100%

ɩɪɨɞɭɤɬы

n>0  и V>0

P
2
 > P

1

P P2

ɪаɜɧɨɜɟɫиɟ-1 ɪаɜɧɨɜɟɫиɟ-2
P1

. 

2. Ɋɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɱɢɫɥɚ ɦɨɥɶ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ 
(Ч<0 ɢ V<0). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɜɵɲɟɧɢɟ ɨɛɳɟɝɨ ɞɚɜɥɟɧɢɹ ɫɦɟɳɚɟɬ 
ɪɚɜɧɨɜɟɫɢɟ ɜ ɫɬɨɪɨɧɭ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ (KX  ɢ ȼɉ ɪɚɫɬɭɬ)μ 
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100%

иɫх. ɜ-ɜа
100%

ɩɪɨɞɭɤɬы

n<0 иV<0

P
2
 > P

1

P 
P2

ɪаɜɧɨɜɟɫиɟ-1 ɪаɜɧɨɜɟɫиɟ-2
P1

. 

3. Ɋɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɱɢɫɥɚ ɦɨɥɶ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ (n=0 

ɢ V=0). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɜɵɲɟɧɢɟ ɨɛɳɟɝɨ ɞɚɜɥɟɧɢɹ ɧɟ ɜɥɢɹɟɬ ɧɚ 
ɪɚɜɧɨɜɟɫɢɟ ɪɟɚɤɰɢɢ (KX  ɢ ȼɉ ɧɟ ɢɡɦɟɧɹɸɬɫɹ). 

 

2.5. ȼɥɢɹɧɢɟ ɩɪɢɫɭɬɫɬɜɢɹ ɢɧɟɪɬɧɵɯ ɝɚɡɨɜ ɧɚ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ 
ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɨɞ ɬɟɪɦɢɧɨɦ «ɢɧɟɪɬɧɵɟ ɝɚɡɵ» ɩɨɧɢɦɚɸɬ ɥɸɛɵɟ ɝɚɡɵ, 
ɤɨɬɨɪɵɟ ɧɟ ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɜ ɞɚɧɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ. 

ȼɜɟɞɟɧɢɟ ɢɧɟɪɬɧɵɯ ɝɚɡɨɜ ɞɟɣɫɬɜɭɟɬ ɩɨɞɨɛɧɨ ɩɨɧɢɠɟɧɢɸ ɨɛɳɟɝɨ ɞɚɜɥɟɧɢɹμ 
1. Ɋɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ ɦɨɥɶ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ 

(Чρ0 ɢ Vρ0). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɜɟɞɟɧɢɟ ɢɧɟɪɬɧɵɯ ɝɚɡɨɜ ɫɦɟɳɚɟɬ 
ɪɚɜɧɨɜɟɫɢɟ ɜ ɫɬɨɪɨɧɭ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ (ȼɉ ɪɚɫɬɟɬ)ν 

2. Ɋɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɱɢɫɥɚ ɦɨɥɶ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ 
(Ч<0 ɢ V<0). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɜɟɞɟɧɢɟ ɢɧɟɪɬɧɵɯ ɝɚɡɨɜ ɫɦɟɳɚɟɬ 
ɪɚɜɧɨɜɟɫɢɟ ɜ ɫɬɨɪɨɧɭ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ (ȼɉ ɭɦɟɧɶɲɚɟɬɫɹ)ν 

3. Ɋɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɱɢɫɥɚ ɦɨɥɶ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ (n=0 

ɢ V=0). ȼ ɷɬɨɦ ɜɜɟɞɟɧɢɟ ɢɧɟɪɬɧɵɯ ɝɚɡɨɜ ɧɟ ɜɥɢɹɟɬ ɧɚ ɪɚɜɧɨɜɟɫɢɟ 
ɪɟɚɤɰɢɢ (ȼɉ ɧɟ ɢɡɦɟɧɹɟɬɫɹ). 

 

2.6. ɉɪɢɧɰɢɩ Ʌɟ ɒɚɬɟɥɶɟ-Ȼɪɚɭɧɚ 

ɉɪɢɧɰɢɩ ɩɨɡɜɨɥɹɟɬ ɤɚɱɟɫɬɜɟɧɧɨ ɩɪɟɞɫɤɚɡɚɬɶ ɞɟɣɫɬɜɢɟ ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ 
ɧɚ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ. 

"ȿɫɥɢ ɧɚ ɫɢɫɬɟɦɭ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
(ɩɨɞɜɢɠɧɨɝɨ) ɪɚɜɧɨɜɟɫɢɹ ɩɨɞɟɣɫɬɜɨɜɚɬɶ ɢɡɜɧɟ, ɬɨ ɫɢɫɬɟɦɚ ɫɦɟɫɬɢɬ 
ɪɚɜɧɨɜɟɫɢɟ ɜ ɫɬɨɪɨɧɭ ɤɨɦɩɟɧɫɚɰɢɢ (ɭɦɟɧɶɲɟɧɢɹ) ɞɚɧɧɨɝɨ ɜɧɟɲɧɟɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ." 

ɉɪɢɧɰɢɩ ɛɵɥ ɫɮɨɪɦɭɥɢɪɨɜɚɧ Ʌɟ ɒɚɬɟɥɶɟ ɜ 1884 ɝɨɞɭ ɢ ɜ 188ι ɝɨɞɭ ɛɵɥ 
ɨɛɨɫɧɨɜɚɧ ɧɟɦɟɰɤɢɦ ɮɢɡɢɤɨɦ Ʉɚɪɥɨɦ Ɏɟɪɞɢɧɚɧɞɨɦ Ȼɪɚɭɧɨɦ (1850 - 1918). 

ɂɧɵɦɢ ɫɥɨɜɚɦɢμ ɟɫɥɢ ɧɚɝɪɟɜɚɬɶ ɪɚɜɧɨɜɟɫɧɭɸ ɫɢɫɬɟɦɭ (ɩɨɞɜɨɞɢɬɶ ɬɟɩɥɨɬɭ), 
ɬɨ ɫɢɫɬɟɦɚ ɫɦɟɫɬɢɬ ɫɜɨɟ ɪɚɜɧɨɜɟɫɢɟ ɜ ɫɬɨɪɨɧɭ ɷɧɞɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɬ.ɟ. 

http://fn.bmstu.ru/data-physics/library/physbook/tom2/keyw/names_01.htm#341
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ɩɪɨɰɟɫɫɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ ɫ ɩɨɝɥɨɳɟɧɢɟɦ ɬɟɩɥɨɬɵ. ȿɫɥɢ ɩɨɜɵɲɚɬɶ ɨɛɳɟɟ 
ɞɚɜɥɟɧɢɟ ɪɚɜɧɨɜɟɫɧɨɣ ɫɢɫɬɟɦɵ, ɬɨ ɪɚɜɧɨɜɟɫɢɟ ɫɦɟɫɬɢɬɫɹ ɜ ɫɬɨɪɨɧɭ ɭɦɟɧɶɲɟɧɢɹ 
ɤɨɥɢɱɟɫɬɜɚ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ, ɱɬɨɛɵ ɫɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɩɨɜɵɲɟɧɢɟ 
ɞɚɜɥɟɧɢɹ. 

Ⱥɧɪɢ Ʌɭɢ Ʌɟ ɒɚɬɟɥɶɟ (1850 - 1936). Ɏɪɚɧɰɭɡɫɤɢɣ ɮɢɡɢɤɨ-

ɯɢɦɢɤ ɢ ɦɟɬɚɥɥɨɜɟɞ. Ɋɨɞɢɥɫɹ 8 ɨɤɬɹɛɪɹ 1850 ɜ ɉɚɪɢɠɟ. ɍɱɢɥɫɹ ɜ 

Ʉɨɥɥɟɠ Ɋɨɥɥɚɧ ɜ ɉɚɪɢɠɟ ɢ ɜ ɉɨɥɢɬɟɯɧɢɱɟɫɤɨɣ ɲɤɨɥɟ. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɡɚɜɟɪɲɢɥ ɜ 1872 ɜ ȼɵɫɲɟɣ ɝɨɪɧɨɣ ɲɤɨɥɟ. Ɋɚɛɨɬɚɥ 

ɝɨɪɧɵɦ ɢɧɠɟɧɟɪɨɦ ɜ Ⱥɥɠɢɪɟ ɢ Ȼɟɡɚɧɫɨɧɟ. ɋ 1877 ɩɨ 1919 – 

ɩɪɨɮɟɫɫɨɪ ɉɚɪɢɠɫɤɨɣ ɜɵɫɲɟɣ ɝɨɪɧɨɣ ɲɤɨɥɵ, ɫ 1898 ɩɨ 1907 - 

ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ ɨɛɳɟɣ ɯɢɦɢɢ ɜ Ʉɨɥɥɟɠ ɞɟ Ɏɪɚɧɫ, ɫ190ι ɩɨ 

1925 - ɩɪɨɮɟɫɫɨɪ ɉɚɪɢɠɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. Ȼɨɥɶɲɢɧɫɬɜɨ ɪɚɛɨɬ 

Ʌɟ ɒɚɬɟɥɶɟ ɫɜɹɡɚɧɵ ɫ ɪɟɲɟɧɢɟɦ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɛɥɟɦ. ȼ 1881 

ɫɨɜɦɟɫɬɧɨ ɫ Ɇ.Ȼɟɪɬɥɨ ɢ Ɏ.Ɇɚɥɥɚɪɨɦ ɨɧ ɡɚɧɹɥɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟɦ 

ɩɪɨɰɟɫɫɨɜ ɜɨɫɩɥɚɦɟɧɟɧɢɹ, ɝɨɪɟɧɢɹ ɢ ɜɡɪɵɜɚ. ɗɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɪɢɜɟɥɢ ɟɝɨ ɤ ɫɨɡɞɚɧɢɸ ɨɪɢɝɢɧɚɥɶɧɨɝɨ ɫɩɨɫɨɛɚ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɟɣ ɝɚɡɨɜ ɩɪɢ 

ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɂɡɭɱɚɹ ɩɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɞɨɦɟɧɧɵɯ ɩɟɱɚɯ, ɢ ɫɬɚɥɤɢɜɚɹɫɶ ɫ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɨɧ ɜ 1886 ɪɚɡɪɚɛɨɬɚɥ ɩɪɨɫɬɨɣ ɢ ɬɨɱɧɵɣ 

ɩɢɪɨɦɟɬɪ, ɨɩɬɢɱɟɫɤɢɣ ɩɪɢɛɨɪ, ɢɡɦɟɪɹɸɳɢɣ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɫɤɚɥɟɧɧɵɯ ɬɟɥ ɩɨ ɰɜɟɬɭ ɢɯ 

ɫɜɟɱɟɧɢɹ. Ʌɟɒɚɬɟɥɶɟ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɥ ɦɟɬɨɞɢɤɭ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ ɢ ɫɨɡɞɚɥ 

ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɣ ɦɢɤɪɨɫɤɨɩ (1897), ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɛɵɥɨ ɢɡɭɱɚɬɶ ɫɬɪɨɟɧɢɟ 

ɧɟɩɪɨɡɪɚɱɧɵɯ ɨɛɴɟɤɬɨɜ. ȼ 1884 ɫɮɨɪɦɭɥɢɪɨɜɚɥ ɩɪɢɧɰɢɩ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, 

ɧɨɫɹɳɢɣ ɬɟɩɟɪɶ ɟɝɨ ɢɦɹ. 

Ɋɚɫɫɦɨɬɪɢɦ ɞɟɣɫɬɜɢɹ ɩɪɢɧɰɢɩɚ Ʌɟ-ɒɚɬɟɥɶɟ ɧɚ ɩɪɢɦɟɪɟ ɪɟɚɤɰɢɢ ɫɢɧɬɟɡɚ 
ɚɦɦɢɚɤɚ. 

Ɋɟɚɤɰɢɹ ɫɢɧɬɟɡɚ ɚɦɦɢɚɤɚ ɹɜɥɹɟɬɫɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɣ (H<0) ɢ ɩɪɨɬɟɤɚɟɬ ɫ 
ɭɦɟɧɶɲɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ (n<0): 

2)13(2;92;NH2NH3 0
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ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɤɢ (ɩɪɢɧɰɢɩ Ʌɟ-ɒɚɬɟɥɶɟ) ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ 
ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ (ɚɦɦɢɚɤɚ) ɩɨɜɵɲɚɟɬɫɹ ɫ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɪɟɡɤɨ ɭɦɟɧɶɲɚɟɬɫɹ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ, ɢ ɤɚɤ  ɫɥɟɞɫɬɜɢɟ, ɨɛɳɚɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɥɨɧɧɵ ɫɢɧɬɟɡɚ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɨɰɟɫɫ 
ɫɢɧɬɟɡɚ ɚɦɦɢɚɤɚ ɜɟɞɭɬ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɠɟɥɟɡɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ, 
ɨɩɬɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɬɵ ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ 400 – η00 °ɋ. 
ɉɨɜɵɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɩɪɢɜɨɞɢɬ ɤ ɫɞɜɢɝɭ ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɬɨɪɨɧɭ 
ɩɪɨɞɭɤɬɚ – ɚɦɦɢɚɤɚ. ɉɨɷɬɨɦɭ ɢɞɭɬ ɧɚ ɤɨɦɩɪɨɦɢɫɫμ ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ ɩɪɢ 
ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɚɞɚɟɬ, ɧɨ ɡɚɬɨ ɪɟɡɤɨ ɭɦɟɧɶɲɚɟɬɫɹ ɜɪɟɦɹ ɞɨɫɬɢɠɟɧɢɹ 
ɪɚɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ. ɍɱɢɬɵɜɚɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɪɟɚɤɰɢɹ ɫɢɧɬɟɡɚ ɚɦɦɢɚɤɚ 
ɨɛɪɚɬɢɦɚ, ɩɨɥɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɚɡɨɬɚ ɢ ɜɨɞɨɪɨɞɚ ɜ ɚɦɦɢɚɤ ɡɚ ɜɪɟɦɹ ɢɯ 
ɨɞɧɨɤɪɚɬɧɨɝɨ ɩɪɨɯɨɠɞɟɧɢɹ ɱɟɪɟɡ ɚɩɩɚɪɚɬ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. Ⱦɥɹ ɛɨɥɟɟ ɩɨɥɧɨɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɚɝɟɧɬɨɜ ɩɪɢɦɟɧɹɸɬ ɦɧɨɝɨɤɪɚɬɧɭɸ ɰɢɪɤɭɥɹɰɢɸ ɚɡɨɬɨ-

ɜɨɞɨɪɨɞɧɨɣ ɫɦɟɫɢ ɱɟɪɟɡ ɤɨɥɨɧɧɭ ɫɢɧɬɟɡɚ. ȼɫɟ ɫɨɜɪɟɦɟɧɧɵɟ ɫɯɟɦɵ ɫɢɧɬɟɡɚ 
ɚɦɦɢɚɤɚ ɹɜɥɹɸɬɫɹ ɰɢɪɤɭɥɹɰɢɨɧɧɵɦɢ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɢɦɢ ɜɵɞɟɥɟɧɢɟ 
ɚɦɦɢɚɤɚ ɢ ɜɨɡɜɪɚɳɟɧɢɟ ɧɟɩɪɨɪɟɚɝɢɪɨɜɚɜɲɟɣ ɚɡɨɬɨ-ɜɨɞɨɪɨɞɧɨɣ ɫɦɟɫɢ ɜ ɰɢɤɥ 

https://ru.wikipedia.org/wiki/1850
https://ru.wikipedia.org/wiki/1936
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ɫɢɧɬɟɡɚ. 
Ⱥɝɪɟɝɚɬɵ ɞɥɹ ɫɢɧɬɟɡɚ ɚɦɦɢɚɤɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ  ɩɪɢɦɟɧɹɟɦɨɝɨ  ɞɚɜɥɟɧɢɹ 

ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ  ɬɪɢ ɝɪɭɩɩɵμ 
1. ɇɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (10-1η Ɇɉɚ) ɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 

(400°ɋ), ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɢɦɟɧɹɥɢ ɤɨɦɩɥɟɤɫɧɭɸ ɫɨɥɶ, ɫɨɞɟɪɠɚɳɭɸ 
ɰɢɚɧɢɞ ɠɟɥɟɡɚ, ɜɵɯɨɞ ɚɦɦɢɚɤɚ ɫɨɫɬɚɜɥɹɥ 8-13%; 

β. ɋɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ (βη-40 Ɇɉɚ) ɢ ɬɟɦɩɟɪɚɬɭɪɵ 4β0-η00°ɋ, ɩɪɢɦɟɧɹɸɬ 
ɩɥɚɜɥɟɧɵɣ ɠɟɥɟɡɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪν 

γ. ȼɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (η0-100 Ɇɉɚ), ɤɨɬɨɪɵɟ ɛɵɥɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɜ 
ɫɟɪɟɞɢɧɟ ББ ɫɬɨɥɟɬɢɹ ɢ ɨɛɟɫɩɟɱɢɜɚɥɢ ɜɵɫɨɤɭɸ, (ɞɨ 40%) ɫɬɟɩɟɧɶ ɩɪɟɜɪɚɳɟɧɢɹ 
ɚɡɨɬɨ-ɜɨɞɨɪɨɞɧɨɣ ɫɦɟɫɢ ɜ ɚɦɦɢɚɤ. 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɺɧɧɵɦ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛ 
ɩɨɥɭɱɟɧɢɹ ɚɦɦɢɚɤɚ ɩɪɢ ɫɪɟɞɧɢɯ ɞɚɜɥɟɧɢɹɯ. 

Ɍɚɤ, ɧɚ ɪɢɫ 2.4 ɩɪɢɜɟɞɟɧɚ 
ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɥɢɱɟɫɬɜɚ ɚɦɦɢɚɤɚ ɜ 
ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ ɨɬ ɞɚɜɥɟɧɢɹ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ. ɉɪɢ T=4η0°ɋ 
ɢ P=10 Ɇɉɚ ɜ ɪɚɜɧɨɜɟɫɧɨɣ ɝɚɡɨɜɨɣ 
ɫɦɟɫɢ ɫɨɞɟɪɠɢɬɫɹ ɜɫɟɝɨ 1θ% NH3, ɩɪɢ 
ɞɚɜɥɟɧɢɢ γ0 Ɇɉɚ ɪɚɜɧɨɜɟɫɧɵɣ ɜɵɯɨɞ 
ɚɦɦɢɚɤɚ ɭɠɟ ɫɨɫɬɚɜɥɹɟɬ γθ%, ɚ ɩɪɢ 
100 Ɇɉɚ – 70%. ɇɨ ɜɥɢɹɧɢɟ ɞɚɜɥɟɧɢɹ 
ɧɚ ɮɚɤɬɢɱɟɫɤɢɣ ɜɵɯɨɞ ɚɦɦɢɚɤɚ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɡɚɬɭɯɚɸɳɟɣ ɤɪɢɜɨɣ, 
ɩɨɷɬɨɦɭ ɩɪɢɦɟɧɹɬɶ ɨɱɟɧɶ ɜɵɫɨɤɢɟ 
ɞɚɜɥɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɧɟɜɵɝɨɞɧɨ. 

2.7. Ƚɟɬɟɪɨɝɟɧɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɪɚɜɧɨɜɟɫɢɹ  

Ƚɟɬɟɪɨɝɟɧɧɵɦɢ ɯɢɦɢɱɟɫɤɢɦɢ ɪɚɜɧɨɜɟɫɢɹɦɢ ɧɚɡɵɜɚɸɬɫɹ ɪɚɜɧɨɜɟɫɧɵɟ 
ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɪɟɚɤɰɢɣ ɦɟɠɞɭ ɜɟɳɟɫɬɜɚɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɮɚɡɚɯ. 
ȿɫɥɢ ɩɪɢ ɷɬɨɦ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɟ ɮɚɡɵ ɹɜɥɹɸɬɫɹ ɱɢɫɬɵɦɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ 
ɜɟɳɟɫɬɜɚɦɢ, ɬɨ ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɷɬɢɯ ɜɟɳɟɫɬɜ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 
ɡɚɜɢɫɹɳɢɦ ɬɨɥɶɤɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɉɪɢɦɟɪɨɦ ɝɟɬɟɪɨɝɟɧɧɵɯ ɪɟɚɤɰɢɣ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɪɟɚɤɰɢɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ ɜɨɞɨɪɨɞɨɦ ɢɥɢ ɋɈ, ɪɟɚɤɰɢɹ ɨɤɢɫɥɟɧɢɹ ɭɝɥɟɪɨɞɚ, ɪɚɡɥɨɠɟɧɢɹ 
ɤɚɪɛɨɧɚɬɨɜ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟμ 

FeO(ɬɜ) + CO = Fe(ɬɜ) + CO2 

CaCO3(ɬɜ) = CaO(ɬɜ) + CO2 

C + O2 = CO2 

CuO(ɬɜ) + H2 = Cu(ɬɜ) + H2O(ɝ.). 

ȿɫɥɢ ɝɚɡɵ, ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɪɟɚɤɰɢɹɯ ɩɨɞɱɢɧɹɸɬɫɹ ɡɚɤɨɧɚɦ ɢɞɟɚɥɶɧɵɯ ɝɚɡɨɜ 

 

Ɋɢɫ.2 4. Ʉɨɥɢɱɟɫɬɜɨ ɚɦɦɢɚɤɚ ɜ ɪɚɜɧɨɜɟɫɧɨɣ 
ɫɦɟɫɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɚɜɥɟɧɢɹ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ 
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(ɧɢɡɤɢɟ ɞɚɜɥɟɧɢɹ), ɬɨ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ ɪɟɚɤɰɢɣ ɜɵɪɚɠɚɸɬ ɱɟɪɟɡ 
ɩɚɪɰɢɚɥɶɧɵɟ ɞɚɜɥɟɧɢɹ ɝɚɡɨɜμ 

CO

CO

P
P

P
K 2 ; 

2COP PK  ; 

2

2

O

CO

P
P

P
K  ; 

2

2

H

OH

P
P

P
K  . 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɡɚɩɢɫɢ KP ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɬɨɥɶɤɨ 
ɩɚɪɰɢɚɥɶɧɵɟ ɞɚɜɥɟɧɢɹ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ. 

ȼ ɫɥɭɱɚɟ ɪɚɡɥɨɠɟɧɢɹ ɬɜɟɪɞɨɝɨ ɜɟɳɟɫɬɜɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɚɡɨɨɛɪɚɡɧɵɯ 
ɩɪɨɞɭɤɬɨɜ ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ ɪɚɜɧɚ ɩɚɪɰɢɚɥɶɧɨɦɭ ɞɚɜɥɟɧɢɸ ɝɚɡɨɨɛɪɚɡɧɨɝɨ 
ɩɪɨɞɭɤɬɚ – ɷɬɨ ɞɚɜɥɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɞɚɜɥɟɧɢɟɦ ɞɢɫɫɨɰɢɚɰɢɢ ɢ ɨɧɨ ɩɨɫɬɨɹɧɧɨ 
ɞɥɹ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵμ 

Cu(OH)β(ɬɜ) = CuO(ɬɜ) + H2O(ɝ.) 

OHP PK
2

 . 

Ɍɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɞɚɜɥɟɧɢɟ ɞɢɫɫɨɰɢɚɰɢɢ ɪɚɜɧɨ 101γβη ɉɚ, 
ɧɚɡɵɜɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɡɥɨɠɟɧɢɹ. ɇɚɩɪɢɦɟɪ, ɡɚɩɢɫɶ ɤɨɧɫɬɚɧɬɵ 
ɪɚɜɧɨɜɟɫɢɹ ɞɥɹ ɪɟɚɤɰɢɣ ɪɚɡɥɨɠɟɧɢɹ ɤɚɪɛɨɧɚɬɨɜ ɤɚɥɶɰɢɹ, ɦɚɝɧɢɹ, ɫɬɪɨɧɰɢɹ 
ɡɚɩɢɫɵɜɚɟɬɫɹ ɨɞɢɧɚɤɨɜɨ: 

2COP PK  , 

ɧɨ ɜɟɥɢɱɢɧɚ ɟɺ ɪɚɡɥɢɱɚɟɬɫɹ, ɬ.ɤ. ɯɢɦɢɱɟɫɤɢɟ ɩɨɬɟɧɰɢɚɥɵ CКCηγ(ɬɜ) ɢ CКη(ɬɜ); 

MgCOγ(ɬɜ) ɢ εРCКη(ɬɜ), SrCOγ(ɬɜ) ɢ SЫη(ɬɜ) ɪɚɡɥɢɱɧɵ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɢɡɦɟɧɟɧɢɟ 
ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɞɥɹ ɬɚɤɢɯ ɪɟɚɤɰɢɣ ɛɭɞɟɬ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵɦ. 
 

3. ɎȺɁɈȼЫȿ  ɊȺȼɇɈȼȿɋɂə 

ȼɟɳɟɫɬɜɚ, ɨɛɪɚɡɭɸɳɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ, ɦɨɝɭɬ ɧɚɯɨɞɢɬɶɫɹ ɜ 
ɬɪɟɯ ɚɝɪɟɝɚɬɧɵɯ ɫɨɫɬɨɹɧɢɹɯμ ɬɜɟɪɞɨɦ, ɠɢɞɤɨɦ ɢ ɝɚɡɨɨɛɪɚɡɧɨɦ. 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ, ɜɧɭɬɪɢ ɤɨɬɨɪɨɣ ɧɟɬ ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɚɡɞɟɥɚ, 
ɨɬɞɟɥɹɸɳɢɯ ɪɚɡɧɵɟ ɩɨ ɫɜɨɣɫɬɜɚɦ ɱɚɫɬɢ ɫɢɫɬɟɦ, ɧɚɡɵɜɚɟɬɫɹ ɝɨɦɨɝɟɧɧɨɣ 
ɫɢɫɬɟɦɨɣ. ɉɪɢɦɟɪɵ ɬɚɤɢɯ ɫɢɫɬɟɦμ ɫɦɟɫɶ ɝɚɡɨɜ, ɢɫɬɢɧɧɵɟ ɪɚɫɬɜɨɪɵ, ɤɪɢɫɬɚɥɥɵ 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɜɟɳɟɫɬɜ, ɬɜɺɪɞɵɟ ɪɚɫɬɜɨɪɵ. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ, 
ɫɨɫɬɨɹɳɚɹ ɢɡ ɪɚɡɥɢɱɧɵɯ ɩɨ ɫɜɨɢɦ ɫɜɨɣɫɬɜɚɦ ɱɚɫɬɟɣ, ɬ.ɟ. ɜɧɭɬɪɢ ɤɨɬɨɪɨɣ 
ɢɦɟɸɬɫɹ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ, ɨɬɞɟɥɹɸɳɢɟ ɪɚɡɧɵɟ ɩɨ ɫɜɨɣɫɬɜɚɦ ɱɚɫɬɢ ɫɢɫɬɟɦ, 
ɧɚɡɵɜɚɟɬɫɹ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɢɫɬɟɦɨɣ. ɉɪɢɦɟɪɚɦɢ ɬɚɤɢɯ ɫɢɫɬɟɦ ɦɨɝɭɬ ɛɵɬɶμ 
ɫɦɟɫɶ ɧɟɫɤɨɥɶɤɢɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, ɧɚɫɵɳɟɧɧɵɟ ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ ɜ 
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ɜɨɞɟ, ɫɦɟɫɶ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɞɪɭɝ ɜ ɞɪɭɝɟ ɠɢɞɤɨɫɬɟɣ (ɛɟɧɡɨɥ-ɜɨɞɚ), ɬɨɥɭɨɥ ɢ ɟɝɨ 
ɩɚɪ. Ƚɟɬɟɪɨɝɟɧɧɚɹ ɫɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɨɬɞɟɥɶɧɵɯ ɮɚɡ.  

ɉɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɟɳɟɫɬɜɨ ɩɟɪɟɯɨɞɢɬ ɢɡ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ. Ɍɚɤɢɟ ɩɟɪɟɯɨɞɵ ɩɪɨɬɟɤɚɸɬ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ 
ɫɨɫɬɚɜɚ, ɢ ɧɚɡɵɜɚɟɬɫɹ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɚɦɢ ɢɥɢ ɮɚɡɨɜɵɦɢ ɩɪɟɜɪɚɳɟɧɢɹɦɢ. 

Ɏɚɡɨɜɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɦɨɝɭɬ ɩɪɨɬɟɤɚɬɶ ɤɚɤ ɜ ɪɚɜɧɨɜɟɫɧɵɯ, ɬɚɤ ɢ ɜ 
ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɹɯ. ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɝɟɬɟɪɨɝɟɧɧɚɹ ɫɢɫɬɟɦɚ, ɜ 
ɤɨɬɨɪɨɣ ɧɟɬ ɯɢɦɢɱɟɫɤɨɝɨ, ɚ ɢɦɟɸɬɫɹ ɥɢɲɶ ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ, ɬɨ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɢ (T, P = МШЧЬЭ) ɜ ɫɢɫɬɟɦɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
ɮɚɡɨɜɨɟ ɪɚɜɧɨɜɟɫɢɟ. ȼ ɫɨɫɬɨɹɧɢɢ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɢɫɬɟɦɟ ɨɫɬɚɸɬɫɹ 
ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɫɫɵ (ɤɨɥɢɱɟɫɬɜɚ) ɪɚɜɧɨɜɟɫɧɵɯ ɮɚɡ. ȿɫɥɢ, ɧɚɩɪɢɦɟɪ, ɜɨɞɚ ɩɪɢ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɚɪɹɟɬɫɹ ɢɡ ɨɬɤɪɵɬɨɝɨ ɫɨɫɭɞɚ, ɬɨ ɬɚɤɨɣ ɩɪɨɰɟɫɫ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɛɭɞɟɬ ɩɪɨɬɟɤɚɬɶ ɜ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɹɯ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ 
ɧɟ ɢɫɱɟɡɧɟɬ ɩɨɫɥɟɞɧɹɹ ɤɚɩɥɹ ɜɨɞɵ. ȿɫɥɢ ɫɨɫɭɞ ɛɭɞɟɬ ɡɚɤɪɵɬɵɦ, ɬɨ ɜ ɫɢɫɬɟɦɟ 
ɱɟɪɟɡ ɨɩɪɟɞɟɥɟɧɧɨɟ ɜɪɟɦɹ ɭɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɨɜɟɫɢɟμ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜɨɞɵ 
ɭɫɬɚɧɨɜɢɬɫɹ ɨɩɪɟɞɟɥɟɧɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɟɟ ɩɚɪɨɜ, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɜɟɥɢɱɢɧɨɣ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ (P0,1). 

ɋɨɝɥɚɫɧɨ ɗɪɟɧɮɟɫɬɭ, ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɩɟɪɜɨɝɨ ɪɨɞɚ – ɪɚɜɧɨɜɟɫɧɵɣ 
ɩɟɪɟɯɨɞ ɜɟɳɟɫɬɜɚ ɢɡ ɨɞɧɨɣ ɮɚɡɵ ɜ ɞɪɭɝɭɸ, ɩɪɢ ɤɨɬɨɪɨɦ ɫɤɚɱɤɨɨɛɪɚɡɧɨ 
ɢɡɦɟɧɹɸɬɫɹ ɩɟɪɜɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɨɬ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɸ 
(ɷɧɬɪɨɩɢɹ ɢ ɨɛɴɺɦ), ɧɚɩɪɢɦɟɪ, ɤɢɩɟɧɢɟ ɠɢɞɤɨɫɬɢ. ȼ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɜɨɡɦɨɠɧɨ 
ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɦɟɬɚɫɬɚɛɢɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ, ɧɚɩɪɢɦɟɪ, ɩɟɪɟɨɯɥɚɠɞɟɧɧɨɣ 
ɠɢɞɤɨɫɬɢ. ȼ ɫɥɭɱɚɟ ɪɚɜɧɨɜɟɫɧɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜɟɳɟɫɬɜɚ ɢɡ ɨɞɧɨɣ ɮɚɡɵ ɜ 
ɞɪɭɝɭɸ, ɜ ɤɨɬɨɪɨɦ ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ ɢɡɦɟɧɟɧɢɟ ɩɪɟɬɟɪɩɟɜɚɸɬ ɬɨɥɶɤɨ ɜɬɨɪɵɟ 
ɩɪɨɢɡɜɨɞɧɵɟ ɨɬ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɸ, ɬ.ɟ ɩɪɢ ɮɚɡɨɜɨɦ 
ɩɟɪɟɯɨɞɟ ɜɬɨɪɨɝɨ ɪɨɞɚ ɫɤɚɱɤɨɨɛɪɚɡɧɨ ɢɡɦɟɧɹɟɬɫɹ ɬɟɩɥɨɺɦɤɨɫɬɶ, ɤɨɷɮɮɢɰɢɟɧɬ 
ɨɛɴɺɦɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, ɫɠɢɦɚɟɦɨɫɬɶ. Ⱦɥɹ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜɬɨɪɨɝɨ ɪɨɞɚ 
ɧɟɜɨɡɦɨɠɧɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɦɟɬɚɫɬɚɛɢɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ, ɤɚɠɞɚɹ ɮɚɡɚ ɦɨɠɟɬ 
ɫɭɳɟɫɬɜɨɜɚɬɶ ɬɨɥɶɤɨ ɜ ɨɩɪɟɞɟɥɺɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ, ɧɚɩɪɢɦɟɪ, 
ɩɟɪɟɯɨɞ ɠɢɞɤɨɝɨ ɝɟɥɢɹ ɜ ɫɜɟɪɯɬɟɤɭɱɟɟ ɫɨɫɬɨɹɧɢɟ, ɠɟɥɟɡɚ ɢɡ ɮɟɪɪɨɦɚɝɧɢɬɧɨɝɨ ɜ 
ɩɚɪɚɦɚɝɧɢɬɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɦɟɬɚɥɥɚ ɢɡ ɨɛɵɱɧɨɝɨ ɜ ɫɜɟɪɯɩɪɨɜɨɞɹɳɟɟ ɫɨɫɬɨɹɧɢɟ. 

Ɋɚɡɥɢɱɚɸɬ ɫɥɟɞɭɸɳɢɟ ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵμ 

Ɍɜɟɪɞɚɹ ɮɚɡɚ  ɠɢɞɤɨɫɬɶ, ɇρ0 

(ɩɥɚɜɥɟɧɢɟ) 
ɀɢɞɤɨɫɬɶ  ɬɜɟɪɞɚɹ ɮɚɡɚ, ɇ<0 

(ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ) 
ɀɢɞɤɨɫɬɶ  ɝɚɡ (ɩɚɪ), ɇρ0 

(ɢɫɩɚɪɟɧɢɟ, ɤɢɩɟɧɢɟ) 
Ƚɚɡ (ɩɚɪ)  ɠɢɞɤɨɫɬɶ, ɇ<0 

(ɤɨɧɞɟɧɫɚɰɢɹ) 
Ɍɜɟɪɞɚɹ ɮɚɡɚ ɝɚɡ (ɩɚɪ), ɇρ0 

(ɫɭɛɥɢɦɚɰɢɹ, ɜɨɡɝɨɧɤɚ) 
Ƚɚɡ (ɩɚɪ)  ɬɜɟɪɞɚɹ ɮɚɡɚ, ɇ<0 

(ɞɟɫɭɛɥɢɦɚɰɢɹ) 
Ɍɜɟɪɞɚɹ ɮɚɡɚ-  ɬɜɟɪɞɚɹ ɮɚɡɚ- 

(ɩɨɥɢɦɨɪɮɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ) 
ɉɪɨɰɟɫɫɵ ɩɥɚɜɥɟɧɢɹ, ɢɫɩɚɪɟɧɢɹ ɢ ɫɭɛɥɢɦɚɰɢɢ ɩɪɨɬɟɤɚɸɬ ɫ ɩɨɝɥɨɳɟɧɢɟɦ 
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ɬɟɩɥɚ (ɷɧɞɨɬɟɪɦɢɱɟɫɤɢɟ), ɚ ɩɪɨɰɟɫɫɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɤɨɧɞɟɧɫɚɰɢɢ ɢ 
ɞɟɫɭɛɥɢɦɚɰɢɢ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɚ (ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɟ).  

Ɏɚɡɨɜɵɟ ɪɚɜɧɨɜɟɫɢɹ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɱɢɫɥɨɦ ɤɨɦɩɨɧɟɧɬɨɜ, ɮɚɡ ɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ.  

ɑɢɫɥɨ ɮɚɡ (Ɏ) – ɱɢɫɥɨ ɝɨɦɨɝɟɧɧɵɯ (ɨɞɧɨɪɨɞɧɵɯ) ɱɚɫɬɟɣ ɝɟɬɟɪɨɝɟɧɧɨɣ 
ɫɢɫɬɟɦɵ, ɨɝɪɚɧɢɱɟɧɵɯ ɩɨɜɟɪɯɧɨɫɬɶɸ ɪɚɡɞɟɥɚ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ 
ɨɞɢɧɚɤɨɜɵɦɢ ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ ɮɢɡɢɱɟɫɤɢɦɢ ɢ ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. 
Ʉɨɦɩɨɧɟɧɬɨɦ ɧɚɡɵɜɚɟɬɫɹ ɬɚɤɚɹ ɯɢɦɢɱɟɫɤɢ ɨɞɧɨɪɨɞɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 
ɱɚɫɬɶ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɞɟɥɟɧɚ ɢɡ ɫɢɫɬɟɦɵ ɢ 
ɫɭɳɟɫɬɜɨɜɚɬɶ ɜɧɟ ɧɟɺ. 
ɑɢɫɥɨɦ ɤɨɦɩɨɧɟɧɬɨɜ (Ʉ) ɧɚɡɵɜɚɟɬɫɹ ɧɚɢɦɟɧɶɲɟɟ ɱɢɫɥɨ 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱɧɨ 
ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɜɫɟɯ ɮɚɡ ɪɚɜɧɨɜɟɫɧɨɣ ɫɢɫɬɟɦɵ. 

ɇɟɨɛɯɨɞɢɦɨ ɪɚɡɥɢɱɚɬɶ ɨɛɳɟɟ ɱɢɫɥɨ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, 
ɜɯɨɞɹɳɢɯ ɜ ɤɚɤɭɸ-ɥɢɛɨ ɫɢɫɬɟɦɭ ɢ ɧɚɢɦɟɧɶɲɟɟ ɢɯ ɱɢɫɥɨ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ 
ɨɛɪɚɡɨɜɚɧɢɹ ɷɬɨɣ ɫɢɫɬɟɦɵ. 

ɑɢɫɥɨ ɤɨɦɩɨɧɟɧɬɨɜ ɧɟ ɪɚɜɧɨ ɱɢɫɥɭ ɫɨɫɬɚɜɥɹɸɳɢɯ ɱɚɫɬɟɣ ɥɢɲɶ ɜ ɬɟɯ 
ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɦɟɠɞɭ ɩɨɫɥɟɞɧɢɦɢ ɩɪɨɢɫɯɨɞɹɬ ɯɢɦɢɱɟɫɤɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
(ɪɟɚɤɰɢɢ) ɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɪɚɜɧɨɜɟɫɢɟ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɱɢɫɥɨ ɤɨɦɩɨɧɟɧɬɨɜ 
ɪɚɜɧɨ ɱɢɫɥɭ ɫɨɫɬɚɜɥɹɸɳɢɯ ɱɚɫɬɟɣ ɫɢɫɬɟɦɵ ɦɢɧɭɫ ɱɢɫɥɨ ɭɪɚɜɧɟɧɢɣ, 
ɫɜɹɡɵɜɚɸɳɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɱɚɫɬɟɣ ɩɪɢ ɪɚɜɧɨɜɟɫɢɢ. ȼ ɷɬɨɦ 
ɫɥɭɱɚɟ ɱɢɫɥɨ ɤɨɦɩɨɧɟɧɬɨɜ ɜɫɟɝɞɚ ɦɟɧɶɲɟ ɱɢɫɥɚ ɜɟɳɟɫɬɜ ɜ ɪɚɜɧɨɜɟɫɧɨɣ 
ɫɢɫɬɟɦɟ. 

Ⱦɥɹ ɪɟɚɤɰɢɢ 222 IHHI 
  ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɞɜɚ ɭɪɚɜɧɟɧɢɹ: 

22
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HI
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P PPɢ
P

PP
K 


 , 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ Ʉ = γ – 2 = 1 – ɷɬɢɦ ɤɨɦɩɨɧɟɧɬɨɦ ɹɜɥɹɟɬɫɹ HI. 

Ⱦɥɹ ɪɟɚɤɰɢɢ HIIH 222


  ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɬɨɥɶɤɨ ɨɞɧɨ ɭɪɚɜɧɟɧɢɟ 

22

2

IH

HI
P

PP

P
K


 , 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ Ʉ = γ – 1 = 2 – ɷɬɨ H2 ɢ I2. 

ɉɨ ɱɢɫɥɭ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɫɬɟɦɵ ɞɟɥɹɬɫɹ ɧɚ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɟ (Ʉ=1), 
ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɟ (Ʉ=β), ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɟ (Ʉ=γ) ɢ ɬ.ɞ. 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɟɩɟɧɶɸ ɫɜɨɛɨɞɵ ɢɥɢ ɜɚɪɢɚɧɬɧɨɫɬɶɸ (ɋ) ɫɢɫɬɟɦɵ 
ɧɚɡɵɜɚɟɬɫɹ ɱɢɫɥɨ ɩɚɪɚɦɟɬɪɨɜ (ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ…), ɤɨɬɨɪɵɟ 
ɦɨɠɧɨ ɦɟɧɹɬɶ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɧɟ ɢɡɦɟɧɹɹ ɩɪɢ ɷɬɨɦ ɱɢɫɥɚ ɢ 
ɜɢɞɚ ɮɚɡ ɜ ɫɢɫɬɟɦɟ. 
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Ⱦɥɹ ɫɢɫɬɟɦɵ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɱɢɫɥɨ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɱɢɫɥɨɦ ɧɟɡɚɜɢɫɢɦɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɱɢɫɥɨɦ ɪɚɜɧɨɜɟɫɧɵɯ ɮɚɡ ɫɨɨɬɧɨɲɟɧɢɟɦ, ɤɨɬɨɪɨɟ ɧɚɡɵɜɚɟɬɫɹ 
ɩɪɚɜɢɥɨɦ ɮɚɡ Ƚɢɛɛɫɚ. 
ɉɪɚɜɢɥɨ ɮɚɡ Ƚɢɛɛɫɚ (1876 ɝ.): ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɪɚɜɧɨɜɟɫɧɨɣ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɧɚ ɤɨɬɨɪɭɸ ɢɡ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ ɜɥɢɹɟɬ 
ɬɨɥɶɤɨ ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɞɚɜɥɟɧɢɟ, ɪɚɜɧɨ ɱɢɫɥɭ ɧɟɡɚɜɢɫɢɦɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɦɢɧɭɫ ɱɢɫɥɨ ɮɚɡ ɩɥɸɫ ɞɜɚ:  

2 ɎКC .    (3.1) 

ȿɫɥɢ ɧɚ ɫɢɫɬɟɦɭ ɦɵ ɦɨɠɟɦ ɜɥɢɹɬɶ, ɢɡɦɟɧɹɹ n ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ, ɬɨ 
ɩɪɚɜɢɥɨ ɮɚɡ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɜɢɞɟμ 

nɎКC 
.    (3.2) 

ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɚɜɬɨɤɥɚɜɟ, ɬɨ ɧɚ ɧɟɟ ɦɨɠɧɨ ɜɥɢɹɬɶ, 
ɢɡɦɟɧɹɹ, ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɞɜɚ ɩɚɪɚɦɟɬɪɚ – ɬɟɦɩɟɪɚɬɭɪɭ ɢ ɞɚɜɥɟɧɢɟ. 
ɉɪɢ ɷɬɨɦ Ч = β. ȿɫɥɢ ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɨɬɤɪɵɬɨɦ ɫɨɫɭɞɟ, ɬɨ ɦɵ ɦɨɠɟɦ ɜɥɢɹɬɶ 
ɧɚ ɧɟɟ, ɢɡɦɟɧɹɹ ɬɨɥɶɤɨ ɨɞɢɧ ɩɚɪɚɦɟɬɪ – ɬɟɦɩɟɪɚɬɭɪɭ (ɧɚɝɪɟɜɚɹ ɢɥɢ ɨɯɥɚɠɞɚɹ), ɚ 
ɜɬɨɪɨɣ (ɞɚɜɥɟɧɢɟ) ɛɭɞɟɬ ɩɨɫɬɨɹɧɟɧ ɢ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɚɬɦɨɫɮɟɪɧɵɦ 
ɞɚɜɥɟɧɢɟɦ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ Ч = 1. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɫɢɫɬɟɦɵ ɛɵɜɚɸɬμ 
– ɧɨɧɜɚɪɢɚɧɬɧɵɦɢ (ɋ = 0)ν 
– ɦɨɧɨɜɚɪɢɚɧɬɧɵɦɢ (ɋ = 1)ν 
– ɛɢɜɚɪɢɚɧɬɧɵɦɢ ɢɥɢ ɞɢɜɚɪɢɚɧɬɧɵɦɢ (ɋ = β). 

3.1. Ⱦɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ 

Ʌɸɛɨɟ ɮɚɡɨɜɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɩɪɨɬɟɤɚɟɬ ɬɨɥɶɤɨ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɣ. Ɏɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɜɨɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ, 
ɡɚɜɢɫɹɳɟɣ ɨɬ ɩɪɢɪɨɞɵ ɜɟɳɟɫɬɜɚ ɢ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ. 

Ƚɪɚɮɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɨɬ ɞɚɜɥɟɧɢɹ 
ɞɥɹ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ «ɞɢɚɝɪɚɦɦɵ 
ɫɨɫɬɨɹɧɢɹ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ».  

Ⱦɥɹ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ, ɧɚ ɤɨɬɨɪɭɸ ɜɨɡɞɟɣɫɬɜɭɸɬ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ 
ɨɬ ɞɪɭɝɚ ɞɜɚ ɩɚɪɚɦɟɬɪɚ, ɩɪɚɜɢɥɨ ɮɚɡ Ƚɢɛɛɫɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞμ 

21  ɎC  ɢɥɢ ɎC  3 . 

Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɜɟɳɟɫɬɜ ɜɢɞ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɧɨɫɢɬ ɯɚɪɚɤɬɟɪ, 
ɤɨɬɨɪɵɣ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 1. 
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Ɋɢɫ.3.1 Ɍɢɩɢɱɧɵɣ ɜɢɞ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ 

 

Ʌɢɧɢɢ ɧɚ ɞɢɚɝɪɚɦɦɟ ɈȺ, Ɉȼ, Ɉɋ ɹɜɥɹɸɬɫɹ ɝɪɚɧɢɰɚɦɢ ɬɪɟɯ ɨɛɥɚɫɬɟɣ, ɜ 
ɤɨɬɨɪɵɯ ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɝɨɦɨɝɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ (Ɏ=1)μ  

ɨɛɥɚɫɬɶ ɋɈȺ – ɫɢɫɬɟɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɬɜɟɪɞɭɸ (ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ) ɮɚɡɭν 
ɨɛɥɚɫɬɶ ȺɈȼ – ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɠɢɞɤɨɦ ɚɝɪɟɝɚɬɧɨɦ ɫɨɫɬɨɹɧɢɢν 
ɨɛɥɚɫɬɶ ɋɈȼ – ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɜɢɞɟ ɩɚɪɚ (ɝɚɡɚ). 
ɇɚ ɥɢɧɢɹɯ ɈȺ, Ɉȼ, Ɉɋ ɫɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚ (Ɏ=β), ɡɞɟɫɶ ɧɚɛɥɸɞɚɸɬɫɹ 

ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ ɢɥɢ ɮɚɡɨɜɵɟ ɪɚɜɧɨɜɟɫɢɹμ 
– ɥɢɧɢɹ ȺɈ – ɷɬɨ ɥɢɧɢɹ ɩɥɚɜɥɟɧɢɹν  
– ɥɢɧɢɹ ɋɈ – ɷɬɨ ɥɢɧɢɹ ɜɨɡɝɨɧɤɢν  
– ɥɢɧɢɹ Ɉȼ – ɷɬɨ ɥɢɧɢɹ ɤɢɩɟɧɢɹ. 

3.2. Ɉɫɨɛɟɧɧɨɫɬɢ ɩɪɨɰɟɫɫɨɜ  ɤɢɩɟɧɢɹ, ɜɨɡɝɨɧɤɢ ɢ ɩɥɚɜɥɟɧɢɹ 

Ʉɢɩɟɧɢɟ 

Ʉɢɩɟɧɢɟ ɷɬɨ ɩɪɨɰɟɫɫ (ɹɜɥɟɧɢɟ) ɢɧɬɟɧɫɢɜɧɨɝɨ 
ɩɪɟɜɪɚɳɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɩɚɪ, ɤɨɬɨɪɨɟ 
ɩɪɨɢɫɯɨɞɢɬ ɧɟ ɬɨɥɶɤɨ ɫ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɨ ɢ ɢɡ 
ɨɛɴɟɦɚ ɠɢɞɤɨɫɬɢ. Ʉɢɩɟɧɢɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɯɚɪɚɤɬɟɪɧɵɦ ɡɜɭɤɨɦ ɢ ɜɵɞɟɥɟɧɢɟɦ ɩɚɪɚ ɢɡ 
ɨɛɴɟɦɚ ɠɢɞɤɨɫɬɢ (ɛɭɪɥɟɧɢɟɦ). Ʉɢɩɟɧɢɟ, ɤɚɤ ɢ 
ɢɫɩɚɪɟɧɢɟ, ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ 
ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɢɫɩɚɪɟɧɢɹ, 
ɤɢɩɟɧɢɟ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɥɢɲɶ ɩɪɢ 

ɨɩɪɟɞɟɥɺɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɢ. ɂɫɩɚɪɟɧɢɟ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɥɸɛɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɠɢɞɤɨɫɬɢ, ɧɨ ɬɨɥɶɤɨ ɫ ɟɟ ɩɨɜɟɪɯɧɨɫɬɢ (ɡɟɪɤɚɥɚ 
ɠɢɞɤɨɫɬɢ). Ɉɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ ɢɫɩɚɪɟɧɢɸ ɧɚɡɵɜɚɟɬɫɹ "ɤɨɧɞɟɧɫɚɰɢɹ". 

Иɫɩɚɪɟɧɢɟ ɢ ɤɨɧɞɟɧɫɚɰɢɹ — ɧɟɪɚɜɧɨɜɟɫɧɵɟ ɩɪɨɰɟɫɫɵ, ɨɧɢ ɩɪɨɢɫɯɨɞɹɬ ɞɨ 
ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɭɫɬɚɧɨɜɢɬɫɹ ɥɨɤɚɥɶɧɨɟ ɪɚɜɧɨɜɟɫɢɟ (ɟɫɥɢ ɭɫɬɚɧɨɜɢɬɫɹ), 

https://ru.wikipedia.org/wiki/%D0%98%D1%81%D0%BF%D0%B0%D1%80%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/w/index.php?title=%D0%9D%D0%B5%D1%80%D0%B0%D0%B2%D0%BD%D0%BE%D0%B2%D0%B5%D1%81%D0%BD%D1%8B%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%9B%D0%BE%D0%BA%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%80%D0%B0%D0%B2%D0%BD%D0%BE%D0%B2%D0%B5%D1%81%D0%B8%D0%B5&action=edit&redlink=1
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ɩɪɢɱɺɦ ɠɢɞɤɨɫɬɶ ɦɨɠɟɬ ɩɨɥɧɨɫɬɶɸ ɢɫɩɚɪɢɬɶɫɹ, ɢɥɢ ɠɟ ɩɪɢɣɬɢ ɜ ɪɚɜɧɨɜɟɫɢɟ 
ɫɨ ɫɜɨɢɦ ɩɚɪɨɦ, ɤɨɝɞɚ ɢɡ ɠɢɞɤɨɫɬɢ ɜɵɯɨɞɢɬ ɫɬɨɥɶɤɨ ɠɟ ɦɨɥɟɤɭɥ, ɫɤɨɥɶɤɨ 
ɜɨɡɜɪɚɳɚɟɬɫɹ. ɉɚɪ, ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɫ ɠɢɞɤɨɫɬɶɸ ɧɚɡɵɜɚɟɬɫɹ 
"ɧɚɫɵɳɟɧɧɵɦ ɩɚɪɨɦ" ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɜɨɢɦ ɩɚɪɰɢɚɥɶɧɵɦ ɞɚɜɥɟɧɢɟɦ. 

ɍɫɥɨɜɢɟ ɤɢɩɟɧɢɹ ɠɢɞɤɨɫɬɢ: ɠɢɞɤɨɫɬɶ ɤɢɩɢɬ, ɤɨɝɞɚ ɞɚɜɥɟɧɢɟ ɟɟ 
ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɵɦ ɜɧɟɲɧɟɦɭ ɞɚɜɥɟɧɢɸ. 

Ɋɚɫɫɦɨɬɪɢɦ ɥɢɧɢɸ Ɉȼ ɧɚ ɞɢɚɝɪɚɦɦɟ ɫɨɫɬɨɹɧɢɹ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ 
ɡɚɜɢɫɢɦɨɫɬɶɸ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɠɢɞɤɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ: 

Tɤиɩ
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ɉɭɫɬɶ ɬɟɦɩɟɪɚɬɭɪɚ ɠɢɞɤɨɫɬɢ Ɍ1, ɚ ɜɧɟɲɧɟɟ ɞɚɜɥɟɧɢɟ Ɋȼɇ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
Ɍ1 ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɠɢɞɤɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ Ɋɇɉ,1. 

ɀɢɞɤɨɫɬɶ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɟ ɤɢɩɢɬ, ɬ.ɤ. ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ 
ɤɢɩɟɧɢɹ (Ɋɇɉ,1<Ɋȼɇ). Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɠɢɞɤɨɫɬɶ ɧɚɱɚɥɚ ɤɢɩɟɬɶ ɧɟɨɛɯɨɞɢɦɨ ɟɟ 
ɧɚɝɪɟɬɶ. ɇɚɝɪɟɜɚɧɢɟ ɛɭɞɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɭɜɟɥɢɱɟɧɢɸ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ 
ɩɚɪɚ ɠɢɞɤɨɫɬɢ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɛɭɞɟɬ ɞɜɢɝɚɬɶɫɹ ɢɡ 
ɬɨɱɤɢ 1 ɩɨ ɥɢɧɢɢ Ɉȼ (ɩɨ ɫɬɪɟɥɤɚɦ). Ʉɚɤ ɬɨɥɶɤɨ ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ 
ɫɬɚɧɟɬ ɪɚɜɧɵɦ ɜɧɟɲɧɟɦɭ ɞɚɜɥɟɧɢɸ Ɋɇɉ,β=Ɋȼɇ ɠɢɞɤɨɫɬɶ ɡɚɤɢɩɢɬ. Ɍɟɦɩɟɪɚɬɭɪɚ 
ɤɢɩɟɧɢɹ ɛɭɞɟɬ ɌɄɂɉ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɥɢɧɢɹ Ɉȼ ɨɬɪɚɠɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, 
ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɠɢɞɤɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɚ ɫ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧɵ, ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɠɢɞɤɨɫɬɢ ɨɬ ɜɧɟɲɧɟɝɨ 
ɞɚɜɥɟɧɢɹ. 

Ɍɚɤ ɤɚɤ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɜɫɟɯ ɜɟɳɟɫɬɜ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ 
ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɜɟɥɢɱɢɧɵ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ, ɬɨ ɢ 
ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ. 

ɋɭɛɥɢɦɚɰɢɹ (ɜɨɡɝɨɧɤɚ) 

ɋɭɛɥɢɦɚɰɢɹ – ɩɟɪɟɯɨɞ ɜɟɳɟɫɬɜɚ ɢɡ ɬɜɟɪɞɨɝɨ ɚɝɪɟɝɚɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ (ɦɢɧɭɹ ɠɢɞɤɨɟ) ɜ ɝɚɡɨɨɛɪɚɡɧɨɟ. Ɉɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ ɧɚɡɵɜɚɟɬɫɹ 
ɞɟɫɭɛɥɢɦɚɰɢɟɣ. 

ɋɭɛɥɢɦɚɰɢɹ ɜɨ ɦɧɨɝɨɦ ɫɯɨɠɚ ɫ ɩɪɨɰɟɫɫɨɦ ɤɢɩɟɧɢɹ ɢ ɢɫɩɚɪɟɧɢɹ ɠɢɞɤɨɫɬɢ. 
ɉɨɜɟɪɯɧɨɫɬɧɵɟ ɦɨɥɟɤɭɥɵ ɬɜɟɪɞɨɝɨ ɜɟɳɟɫɬɜɚ ɦɨɝɭɬ ɩɟɪɟɯɨɞɢɬɶ ɜ ɝɚɡɨɨɛɪɚɡɧɨɟ 
ɫɨɫɬɨɹɧɢɟ ɩɪɢ ɥɸɛɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 
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Ɍɚɤɨɣ ɩɪɨɰɟɫɫ ɧɚɡɵɜɚɟɬɫɹ 
ɫɭɛɥɢɦɚɰɢɟɣ ɢɥɢ ɢɫɩɚɪɟɧɢɟɦ ɫ ɬɜɟɪɞɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɩɪɨɰɟɫɫ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɢɡɤɨɣ ɫɤɨɪɨɫɬɶɸ ɢ 
ɹɜɥɹɟɬɫɹ ɧɟ ɪɚɜɧɨɜɟɫɧɵɦ. 

ɋɭɛɥɢɦɚɰɢɹ ɫ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ 
(ɚɧɚɥɨɝ ɤɢɩɟɧɢɹ) ɩɪɨɬɟɤɚɟɬ, ɤɨɝɞɚ 
ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɧɚɞ ɬɜɟɪɞɨɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɵɦ 

ɜɧɟɲɧɟɦɭ ɞɚɜɥɟɧɢɸ. ɇɚɩɪɢɦɟɪ, ɞɥɹ 
ɜɨɞɵ ɜ ɮɨɪɦɟ ɥɶɞɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ βθ0Ʉ (-13

0ɋ) ɫɭɛɥɢɦɚɰɢɹ 
ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɜɧɟɲɧɟɝɨ 

ɞɚɜɥɟɧɢɹ ɞɨ β00 ɉɚ (ɪɢɫ. β). 
ɇɚ ɞɢɚɝɪɚɦɦɟ ɫɨɫɬɨɹɧɢɹ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ Ɉɋ – ɥɢɧɢɹ 

ɫɭɛɥɢɦɚɰɢɢ ɨɬɪɚɠɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɞɚɜɥɟɧɢɹ 
ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɧɚɞ ɬɜɟɪɞɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɚ ɫ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧɵ, ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɛɥɢɦɚɰɢɢ ɨɬ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɭɛɥɢɦɚɰɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ. 
 

ɉɥɚɜɥɟɧɢɟ 

ɉɥɚɜɥɟɧɢɟ – ɷɬɨ ɩɪɨɰɟɫɫ ɩɪɟɜɪɚɳɟɧɢɹ ɬɜɟɪɞɨɝɨ ɚɝɪɟɝɚɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ 
ɠɢɞɤɨɟ. ɉɥɚɜɥɟɧɢɟ ɧɚɱɢɧɚɟɬɫɹ, ɤɨɝɞɚ ɞɨɫɬɢɝɚɟɬɫɹ ɪɚɜɟɧɫɬɜɨ ɞɚɜɥɟɧɢɣ 
ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɧɚɞ ɠɢɞɤɢɦ ɢ ɬɜɟɪɞɵɦ ɚɝɪɟɝɚɬɧɵɦɢ ɫɨɫɬɨɹɧɢɹɦɢ ɜɟɳɟɫɬɜɚ. 
ɉɪɨɰɟɫɫ ɨɛɪɚɬɧɵɣ ɩɥɚɜɥɟɧɢɸ ɧɚɡɵɜɚɟɬɫɹ  ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ. 

Ⱦɥɹ ɩɨɞɚɜɥɹɸɳɟɝɨ ɛɨɥɶɲɢɧɫɬɜɚ ɜɟɳɟɫɬɜ ɩɨɜɵɲɟɧɢɟ ɨɛɳɟɝɨ ɞɚɜɥɟɧɢɹ 
ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɜɟɳɟɫɬɜɚ (ɥɢɧɢɹ ȺɈ ɢɦɟɟɬ 
ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɧɚɤɥɨɧ), ɚ ɞɥɹ ɧɟɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɜɟɳɟɫɬɜ ɧɚɛɥɸɞɚɟɬɫɹ 
ɚɧɨɦɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɨɬ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ  (ɥɢɧɢɹ 
ȺɈ ɢɦɟɟɬ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɧɚɤɥɨɧ) – ɫ ɪɨɫɬɨɦ ɞɚɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 
ɭɦɟɧɶɲɚɟɬɫɹ. Ʉ ɬɚɤɢɦ ɜɟɳɟɫɬɜɚɦ ɨɬɧɨɫɢɬɫɹ ɜɨɞɚ, ɫɜɢɧɟɰ, ɝɚɥɥɢɣ, ɜɢɫɦɭɬ ɢ ɞɪ.μ 

VM,ɉɥ>0
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ɚ ɛ 
Ɋɢɫ. γ.3 ɇɨɪɦɚɥɶɧɚɹ (ɚ) ɢ ɚɧɨɦɚɥɶɧɚɹ (ɛ) ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɨɬ 

ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ (ɥɢɧɢɹ ȺɈ) 

 
Ɋɢɫ. 3.2 Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɜɨɞɵ ɩɪɢ 
ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɹɯ ɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 
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Ɋɚɡɧɢɰɚ ɜ ɯɚɪɚɤɬɟɪɟ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɨɬ ɜɧɟɲɧɟɝɨ 
ɞɚɜɥɟɧɢɹ (ɥɢɧɢɹ ȺɈ) ɫɜɹɡɚɧɚ ɫ ɢɡɦɟɧɟɧɢɟɦ ɦɨɥɹɪɧɨɝɨ ɨɛɴɟɦɚ ɜɟɳɟɫɬɜɚ ɜ 
ɩɪɨɰɟɫɫɟ ɩɥɚɜɥɟɧɢɹ. Ɉɞɧɚɤɨ ɢɡɦɟɧɟɧɢɟ ɦɨɥɹɪɧɵɯ ɨɛɴɟɦɨɜ ɹɜɥɹɟɬɫɹ ɜɧɟɲɧɢɦ 
ɩɪɨɹɜɥɟɧɢɟɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɜɟɳɟɫɬɜɚ. Ⱦɜɢɠɭɳɟɣ ɫɢɥɨɣ ɜɫɟɯ 
ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɢ ɢɯ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ ɫɜɹɡɚɧɚ ɫ 
ɢɡɦɟɧɟɧɢɟɦ ɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɤɨɦɩɨɧɟɧɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɚɡɧɵɯ 
ɮɚɡɚɯ ɢ ɚɝɪɟɝɚɬɧɵɯ ɫɨɫɬɨɹɧɢɹɯ. 

ɋɚɦɨɩɪɨɢɡɜɨɥɶɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɨɬɟɤɚɸɬ ɜ ɫɬɨɪɨɧɭ ɭɦɟɧɶɲɟɧɢɹ 
ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɤɨɦɩɨɧɟɧɬɚ (µ). ɉɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɢ 
ɭɫɬɨɣɱɢɜɵɦ ɚɝɪɟɝɚɬɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɜɟɳɟɫɬɜɚ ɛɭɞɟɬ ɬɨ, ɜ ɤɨɬɨɪɨɦ ɯɢɦɢɱɟɫɤɢɣ 
ɩɨɬɟɧɰɢɚɥ ɜɟɳɟɫɬɜɚ ɛɭɞɟɬ ɦɟɧɶɲɟ (ɪɢɫ. 4)μ 
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Ɋɢɫ. 3.4 Ɉɛɳɢɣ ɜɢɞ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ 
ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ (ɚ), ɨɛɥɚɫɬɢ 
ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɜɟɳɟɫɬɜɚ ɜ ɪɚɡɥɢɱɧɵɯ 
ɚɝɪɟɝɚɬɧɵɯ ɫɨɫɬɨɹɧɢɹɯ (ɛ,ɜ) 

Ɉɛɥɚɫɬь ɉɚɪɚ

Ɉɛɥɚɫɬь 
Тɜɟɪɞɨɝɨ

Пар<Тв

Тв< Пар
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Ɉɛɥɚɫɬь 
ɉɚɪɚ

Пар<Тв; Ж)

Ɉɛɥɚɫɬь 
Жиɞɤɨɫɬи

Ж<Тв; Пар)

Ж
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ɉɭɫɬɶ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɚɹ ɫɢɫɬɟɦɚ, ɧɚɯɨɞɢɬɫɹ ɩɪɢ ɞɚɜɥɟɧɢɢ P1. ȼ ɨɛɥɚɫɬɢ 
ɬɟɦɩɟɪɚɬɭɪ ɨɬɪɢɰɚɬɟɥɶɧɟɟ Ɍ1 (Ɍ < T1) ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɤɨɦɩɨɧɟɧɬɚ ɜ 
ɬɜɟɪɞɨɦ ɚɝɪɟɝɚɬɧɨɦ ɫɨɫɬɨɹɧɢɢ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ (µɌɜ < µɉɚɪ) – 
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ɜɟɳɟɫɬɜɨ ɧɚɯɨɞɢɬɫɹ ɜ ɬɜɟɪɞɨɦ (ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ) ɫɨɫɬɨɹɧɢɢ. Ɍɚɤ, ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɨɥɨɠɢɬɟɥɶɧɟɟ T1 (Ɍ ρ T1) ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɤɨɦɩɨɧɟɧɬɚ ɜ 
ɜɢɞɟ ɝɚɡɚ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɬɜɟɪɞɨɦ ɚɝɪɟɝɚɬɧɨɦ ɫɨɫɬɨɹɧɢɢ (µɉɚɪ < µɌɜ) – ɜɟɳɟɫɬɜɨ 
ɧɚɯɨɞɢɬɫɹ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ1 ɧɚɛɥɸɞɚɟɬɫɹ ɮɚɡɨɜɵɣ 
ɩɟɪɟɯɨɞ ɢɥɢ ɮɚɡɨɜɨɟ ɪɚɜɧɨɜɟɫɢɟ Ɍɜɉɚɪ. Ɍ1 – ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɛɥɢɦɚɰɢɢ ɢɥɢ 
ɜɨɡɝɨɧɤɢ. 

ɉɪɢ ɞɚɜɥɟɧɢɢ P2 ɤɚɪɬɢɧɚ ɧɟɦɧɨɝɨ ɫɥɨɠɧɟɟ. ȼ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 
ɨɬɪɢɰɚɬɟɥɶɧɟɟ Ɍ2 (Ɍ < T2) ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɤɨɦɩɨɧɟɧɬɚ ɜ ɬɜɟɪɞɨɦ 
ɚɝɪɟɝɚɬɧɨɦ ɫɨɫɬɨɹɧɢɢ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɢ ɠɢɞɤɨɦ µɌɜ < (µɉɚɪν µɀ) – 

ɜɟɳɟɫɬɜɨ ɧɚɯɨɞɢɬɫɹ ɜ ɬɜɟɪɞɨɦ (ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ) ɫɨɫɬɨɹɧɢɢ. ȼ ɨɛɥɚɫɬɢ 
ɬɟɦɩɟɪɚɬɭɪ ɨɬ Ɍ2 ɞɨ Ɍ3 (T2 < Ɍ < T3) ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɤɨɦɩɨɧɟɧɬɚ ɜ 
ɠɢɞɤɨɦ ɚɝɪɟɝɚɬɧɨɦ ɫɨɫɬɨɹɧɢɢ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɢ ɬɜɟɪɞɨɦ µɀ < (µɉɚɪ; 

µɌɜ) – ɜɟɳɟɫɬɜɨ ɧɚɯɨɞɢɬɫɹ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ. ȼ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 
ɩɨɥɨɠɢɬɟɥɶɧɟɟ Ɍ3 (Ɍ ρ T3) ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɤɨɦɩɨɧɟɧɬɚ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ 
ɚɝɪɟɝɚɬɧɨɦ ɫɨɫɬɨɹɧɢɢ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɬɜɟɪɞɨɦ ɢ ɠɢɞɤɨɦ µɉɚɪ < (µɌɜν µɀ) – 

ɜɟɳɟɫɬɜɨ ɧɚɯɨɞɢɬɫɹ ɜ ɜɢɞɟ ɩɚɪɚ. Ɍɟɦɩɟɪɚɬɭɪɚ Ɍ2 ɹɜɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɩɥɚɜɥɟɧɢɹ, ɚ Ɍ3 – ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ ɠɢɞɤɨɫɬɢ. 

 

3.3. Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɜɨɞɵ 

ɉɨɥɧɚɹ ɞɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɜɨɞɵ ɢɦɟɟɬ ɜɢɞ, ɩɪɢɜɟɞɟɧɧɵɣ ɧɚ ɪɢɫ. 3.η (ɨɫɶ 
ɞɚɜɥɟɧɢɣ ɩɪɢɜɟɞɟɧɚ ɜ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ ɲɤɚɥɟ)μ 

 

 

Ɋɢɫ. 3.5 ɉɨɥɧɚɹ ɞɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɜɨɞɵ 

 

ȼ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɣ ɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɧɚɛɥɸɞɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ 
ɩɨɥɢɦɨɪɮɧɵɟ ɫɨɫɬɨɹɧɢɹ ɜɨɞɵ ɜ ɜɢɞɟ ɮɚɡɚ Ʌɺɞ (ɨɛɨɡɧɚɱɟɧɵ ɪɢɦɫɤɢɦɢ 
ɰɢɮɪɚɦɢ). ȼɫɟɝɨ ɧɚɫɱɢɬɵɜɚɟɬɫɹ 1η ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɨɞɢɮɢɤɚɰɢɣ ɥɶɞɚμ 
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Ɏɚɡɚ ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɜɟɪɞɨɝɨ ɥɶɞɚ 

1 2 

Ʌɺɞ Ih 
Ɉɛɵɱɧɵɣ ɝɟɤɫɚɝɨɧɚɥɶɧɵɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɥɺɞ. ɉɪɚɤɬɢɱɟɫɤɢ ɜɟɫɶ ɥɺɞ ɧɚ Ɂɟɦɥɟ 
ɨɬɧɨɫɢɬɫɹ ɤɨ ɥɶɞɭ Ih, ɢ ɬɨɥɶɤɨ ɨɱɟɧɶ ɦɚɥɚɹ ɱɚɫɬɶ — ɤɨ ɥɶɞɭ Ic. 

Ʌɺɞ Ic 

Ɇɟɬɚɫɬɚɛɢɥɶɧɵɣ ɤɭɛɢɱɟɫɤɢɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɥɺɞ. Ⱥɬɨɦɵ ɤɢɫɥɨɪɨɞɚ ɪɚɫɩɨɥɨɠɟɧɵ ɤɚɤ 
ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɺɬɤɟ ɚɥɦɚɡɚ. ȿɝɨ ɩɨɥɭɱɚɸɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 
−1γγ°C ɞɨ −1βγ°C, ɨɧ ɨɫɬɚɺɬɫɹ ɭɫɬɨɣɱɢɜɵɦ ɞɨ −ιγ°C, ɚ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɧɚɝɪɟɜɟ 
ɩɟɪɟɯɨɞɢɬ ɜ ɥɺɞ Ih. Ɉɧ ɢɡɪɟɞɤɚ ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɜɟɪɯɧɢɯ ɫɥɨɹɯ ɚɬɦɨɫɮɟɪɵ 

Ʌɺɞ II 
Ɍɪɢɝɨɧɚɥɶɧɵɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɥɺɞ ɫ ɜɵɫɨɤɨɭɩɨɪɹɞɨɱɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ. Ɉɛɪɚɡɭɟɬɫɹ 
ɢɡɨ ɥɶɞɚ Ih ɩɪɢ ɫɠɚɬɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬ −8γ°C ɞɨ −θγ°C. ɉɪɢ ɧɚɝɪɟɜɟ ɨɧ 
ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɥɺɞ III 

Ʌɺɞ III 
Ɍɟɬɪɚɝɨɧɚɥɶɧɵɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɥɺɞ, ɤɨɬɨɪɵɣ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɜɨɞɵ ɞɨ 
−23°C ɢ ɞɚɜɥɟɧɢɢ γ00 Ɇɉɚ. ȿɝɨ ɩɥɨɬɧɨɫɬɶ ɛɨɥɶɲɟ, ɱɟɦ ɭ ɜɨɞɵ, ɧɨ ɨɧ ɧɚɢɦɟɧɟɟ 
ɩɥɨɬɧɵɣ ɢɡ ɜɫɟɯ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɥɶɞɚ ɜ ɡɨɧɟ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɣ 

Ʌɺɞ IV Ɇɟɬɚɫɬɚɛɢɥɶɧɵɣ ɬɪɢɝɨɧɚɥɶɧɵɣ ɥɺɞ 

Ʌɺɞ V 

Ɇɨɧɨɤɥɢɧɧɵɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɥɺɞ. ȼɨɡɧɢɤɚɟɬ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɜɨɞɵ ɞɨ −β0°C ɢ 
ɞɚɜɥɟɧɢɢ η00 Ɇɉɚ. Ɉɛɥɚɞɚɟɬ ɫɚɦɨɣ ɫɥɨɠɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɜɫɟɦɢ 
ɞɪɭɝɢɦɢ ɦɨɞɢɮɢɤɚɰɢɹɦɢ. 

Ʌɺɞ VI Ɍɟɬɪɚɝɨɧɚɥɶɧɵɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɥɺɞ. Ɉɛɪɚɡɭɟɬɫɹ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɜɨɞɵ ɞɨ −γ°C ɢ 
ɞɚɜɥɟɧɢɢ 1,1 Ƚɉɚ. ȼ ɧɺɦ ɩɪɨɹɜɥɹɟɬɫɹ ɞɟɛɚɟɜɫɤɚɹ ɪɟɥɚɤɫɚɰɢɹ 

Ʌɺɞ VII Ʉɭɛɢɱɟɫɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ. ɇɚɪɭɲɟɧɨ ɪɚɫɩɨɥɨɠɟɧɢɟ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ. ȼɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ 
ɨɛɪɚɡɭɸɬ ɞɜɟ ɜɡɚɢɦɨɩɪɨɧɢɤɚɸɳɢɟ ɪɟɲɺɬɤɢ 

Ʌɺɞ VIII Ȼɨɥɟɟ ɭɩɨɪɹɞɨɱɟɧɧɵɣ ɜɚɪɢɚɧɬ ɥɶɞɚ VII, ɝɞɟ ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɡɚɧɢɦɚɸɬ, ɨɱɟɜɢɞɧɨ, 
ɮɢɤɫɢɪɨɜɚɧɧɵɟ ɩɨɥɨɠɟɧɢɹ. Ɉɛɪɚɡɭɟɬɫɹ ɢɡ ɥɶɞɚ VII ɩɪɢ ɟɝɨ ɨɯɥɚɠɞɟɧɢɢ ɧɢɠɟ η°C 

Ʌɺɞ IБ 

Ɍɟɬɪɚɝɨɧɚɥɶɧɚɹ ɦɟɬɚɫɬɚɛɢɥɶɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ. ɉɨɫɬɟɩɟɧɧɨ ɨɛɪɚɡɭɟɬɫɹ ɢɡ ɥɶɞɚ III ɩɪɢ 
ɟɝɨ ɨɯɥɚɠɞɟɧɢɢ ɨɬ −θη°C ɞɨ −108°C, ɫɬɚɛɢɥɟɧ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɢɠɟ −1γγ°C ɢ 
ɞɚɜɥɟɧɢɹɯ ɦɟɠɞɭ β00 ɢ 400 Ɇɉɚ. ȿɝɨ ɩɥɨɬɧɨɫɬɶ 1,1θ ɝ/ɫɦ³ 

Ʌɺɞ Б 
ɋɢɦɦɟɬɪɢɱɧɵɣ ɥɺɞ ɫ ɭɩɨɪɹɞɨɱɟɧɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɩɪɨɬɨɧɨɜ. Ɉɛɪɚɡɭɟɬɫɹ ɩɪɢ 
ɞɚɜɥɟɧɢɹɯ ι0 Ƚɉɚ 

Ʌɺɞ БI Ɋɨɦɛɢɱɟɫɤɚɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɪɚɜɧɨɜɟɫɧɚɹ ɮɨɪɦɚ ɝɟɤɫɚɝɨɧɚɥɶɧɨɝɨ ɥɶɞɚ. əɜɥɹɟɬɫɹ 

ɫɟɝɧɟɬɨɷɥɟɤɬɪɢɤɨɦ. 

Ʌɺɞ БII 
Ɍɟɬɪɚɝɨɧɚɥɶɧɚɹ ɦɟɬɚɫɬɚɛɢɥɶɧɚɹ ɩɥɨɬɧɚɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ. ɇɚɛɥɸɞɚɟɬɫɹ ɜ 

ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɥɶɞɚ V ɢ ɥɶɞɚ VI. Ɇɨɠɧɨ ɩɨɥɭɱɢɬɶ ɧɚɝɪɟɜɚɧɢɟɦ ɚɦɨɪɮɧɨɝɨ ɥɶɞɚ 
ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ ɨɬ −19θ°C ɞɨ ɩɪɢɦɟɪɧɨ −90°C ɢ ɩɪɢ ɞɚɜɥɟɧɢɢ 810 Ɇɉɚ 

Ʌɺɞ БIII 
Ɇɨɧɨɤɥɢɧɧɚɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɪɚɡɧɨɜɢɞɧɨɫɬɶ. ɉɨɥɭɱɚɟɬɫɹ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɜɨɞɵ ɧɢɠɟ 
−143°C ɢ ɞɚɜɥɟɧɢɢ η00 Ɇɉɚ. Ɋɚɡɧɨɜɢɞɧɨɫɬɶ ɥɶɞɚ V ɫ ɭɩɨɪɹɞɨɱɟɧɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ 
ɩɪɨɬɨɧɨɜ 

Ʌɺɞ БIV 

Ɋɨɦɛɢɱɟɫɤɚɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɪɚɡɧɨɜɢɞɧɨɫɬɶ. ɉɨɥɭɱɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɢɠɟ 
−155°C ɢ ɞɚɜɥɟɧɢɢ 1,β Ƚɉɚ. Ɋɚɡɧɨɜɢɞɧɨɫɬɶ ɥɶɞɚ БII ɫ ɭɩɨɪɹɞɨɱɟɧɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ 
ɩɪɨɬɨɧɨɜ 

Ʌɺɞ БV 

ɉɫɟɜɞɨɪɨɦɛɢɱɟɫɤɚɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɥɶɞɚ VI ɫ ɭɩɨɪɹɞɨɱɟɧɧɵɦ 
ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɩɪɨɬɨɧɨɜ. Ɇɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɭɬɺɦ ɦɟɞɥɟɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɥɶɞɚ VI 
ɩɪɢɦɟɪɧɨ ɞɨ −14γ°C ɢ ɞɚɜɥɟɧɢɢ 0,8-1,η Ƚɉɚ 

 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ γι4°C (θ47 K) ɢ ɞɚɜɥɟɧɢɢ ββ,0θ4 Ɇɉɚ (218 ɚɬɦ.) ɜɨɞɚ 
ɩɪɨɯɨɞɢɬ ɤɪɢɬɢɱɟɫɤɭɸ ɬɨɱɤɭ. ȼ ɷɬɨɣ ɬɨɱɤɟ ɩɥɨɬɧɨɫɬɶ ɢ ɞɪɭɝɢɟ ɫɜɨɣɫɬɜɚ 

https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_Ih
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BA%D1%81%D0%B0%D0%B3%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_Ic
https://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%B1%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B5%D1%88%D1%91%D1%82%D0%BA%D0%B0#.D0.A0.D0.B5.D1.88.D1.91.D1.82.D0.BA.D0.B0_.D0.B0.D0.BB.D0.BC.D0.B0.D0.B7.D0.B0
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BC%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0_%D0%97%D0%B5%D0%BC%D0%BB%D0%B8
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_II
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B8%D0%B3%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_III
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%82%D1%80%D0%B0%D0%B3%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%81%D0%BA%D0%B0%D0%BB%D1%8C_(%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_IV
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D1%81%D1%82%D0%B0%D0%B1%D0%B8%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%81%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_V
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BD%D0%BE%D0%BA%D0%BB%D0%B8%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_VI
https://ru.wikipedia.org/w/index.php?title=%D0%94%D0%B5%D0%B1%D0%B0%D0%B5%D0%B2%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B5%D0%BB%D0%B0%D0%BA%D1%81%D0%B0%D1%86%D0%B8%D1%8F&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_VII
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_VIII
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_IX_(%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_X
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_XI
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%BC%D0%B1%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D0%BD%D0%B3%D0%BE%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%B3%D0%BD%D0%B5%D1%82%D0%BE%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_XII
https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D1%8F_%D0%B4%D0%B8%D0%B0%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_XIII
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_XIV
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B4_XV
https://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%81%D0%BA%D0%B0%D0%BB%D1%8C_(%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BC%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0_(%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%82%D0%BE%D1%87%D0%BA%D0%B0_(%D1%82%D0%B5%D1%80%D0%BC%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0)
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ɠɢɞɤɨɣ ɢ ɝɚɡɨɨɛɪɚɡɧɨɣ ɜɨɞɵ ɫɨɜɩɚɞɚɸɬ. ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɦ ɞɚɜɥɟɧɢɢ ɢ/ɢɥɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɱɟɡɚɟɬ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɠɢɞɤɨɣ ɜɨɞɨɣ ɢ ɜɨɞɹɧɵɦ ɩɚɪɨɦ. Ɍɚɤɨɟ 
ɚɝɪɟɝɚɬɧɨɟ ɫɨɫɬɨɹɧɢɟ ɧɚɡɵɜɚɸɬ «ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɚɹ ɠɢɞɤɨɫɬɶ». 

Ɋɚɫɫɦɨɬɪɢɦ ɫɯɟɦɚɬɢɱɟɫɤɭɸ ɞɢɚɝɪɚɦɦɭ ɫɨɫɬɨɹɧɢɹ ɜɨɞɵ ɜ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ 
ɞɚɜɥɟɧɢɣ (ɪɢɫ. θ). ɉɪɢɦɟɧɢɦ ɩɪɚɜɢɥɨ ɮɚɡ Ƚɢɛɛɫɚ ɢ ɜɵɹɫɧɢɦ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ 
ɱɢɫɥɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ. 

 

ɉаɪ

Жиɞɤая
ɜɨɞа

 

P

T

Лёɞ

273,16 K

610 ɉа Ɉ

101325 ɉа

373 K

1

647,3 K

22,1 Ɇɉа
ɋ = 1 - Ɏ + 2

2

3
4

Ɏ=2
ɋ=1

Ɏ=1
ɋ=2

Ɏ=3
ɋ=0

 

Ɋɢɫ.3.6 ɋɯɟɦɚɬɢɱɟɫɤɚɹ ɞɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɜɨɞɵ ɜ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɣ 

 

Ʉɚɠɞɨɟ ɪɟɚɥɶɧɨ ɫɭɳɟɫɬɜɭɸɳɟɟ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ ɧɚ ɞɢɚɝɪɚɦɦɟ 
ɫɨɫɬɨɹɧɢɹ ɢɡɨɛɪɚɠɚɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ ɮɢɝɭɪɚɬɢɜɧɨɣ ɬɨɱɤɨɣ. 

Ɏɢɝɭɪɚɬɢɜɧɚɹ ɬɨɱɤɚ ɧɚ ɞɢɚɝɪɚɦɦɟ ɫɨɫɬɨɹɧɢɹ ɨɩɢɫɵɜɚɟɬɫɹ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜμ 

– ɱɢɫɥɨ ɤɨɦɩɨɧɟɧɬɨɜ (Ʉ)ν 
– ɱɢɫɥɨ ɮɚɡ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ (Ɏ)ν 
– ɜɢɞ ɢ ɫɨɫɬɚɜ ɪɚɜɧɨɜɟɫɧɵɯ ɮɚɡν 
– ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ. 
Ɋɚɫɫɦɨɬɪɢɦ ɫɜɨɣɫɬɜɚ ɜɨɞɵ ɜ ɪɚɡɧɵɯ ɨɛɥɚɫɬɹɯ ɞɢɚɝɪɚɦɦɵ. 
Ⱦɥɹ ɬɨɱɤɢ 1. Ʉ=1μ ɜɨɞɚν Ɏ = 1μ ɥɺɞν ɋ = 1 - 1 + 2 =2: 

ɑɢɫɥɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɋ = β (ɛɢɜɚɪɢɚɧɬɧɚɹ ɫɢɫɬɟɦɚ), 
ɝɨɜɨɪɢɬ ɨɬ ɬɨɦ, ɱɬɨ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ ɦɨɠɧɨ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ (ɜ 
ɧɟɤɨɬɨɪɵɯ ɩɪɟɞɟɥɚɯ) ɢɡɦɟɧɹɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɜɚ ɩɚɪɚɦɟɬɪɚ (ɬɟɦɩɟɪɚɬɭɪɭ ɢ 
ɞɚɜɥɟɧɢɟ) ɧɟ ɦɟɧɹɹ ɩɪɢ ɷɬɨɦ ɱɢɫɥɚ ɢ ɜɢɞɚ ɮɚɡ. 

Ɋɚɫɫɦɨɬɪɢɦ ɮɢɝɭɪɚɬɢɜɧɭɸ ɬɨɱɤɭ ɧɚ ɥɢɧɢɢ – ɬɨɱɤɭ β. ȼ ɬɨɱɤɟ β. Ʉ=1μ ɜɨɞɚν 
Ɏ = β (ɠɢɞɤɚɹ ɜɨɞɚ + ɩɚɪ)ν ɋ = 1 – 2 + 2 = 1. 

ɑɢɫɥɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɋ = 1 (ɦɨɧɨɜɚɪɢɚɧɬɧɚɹ 

https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%80%D1%85%D0%BA%D1%80%D0%B8%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B6%D0%B8%D0%B4%D0%BA%D0%BE%D1%81%D1%82%D1%8C
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ɫɢɫɬɟɦɚ), ɝɨɜɨɪɢɬ ɨɬ ɬɨɦ, ɱɬɨ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ ɦɨɠɧɨ ɢɡɦɟɧɹɬɶ ɬɨɥɶɤɨ ɨɞɢɧ 

ɩɚɪɚɦɟɬɪ ɢɡ ɞɜɭɯ (ɢɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɢɥɢ ɞɚɜɥɟɧɢɟ), ɚ ɜɬɨɪɨɣ ɩɚɪɚɦɟɬɪ ɞɨɥɠɟɧ 
ɛɵɬɶ ɫɬɪɨɝɨ ɨɩɪɟɞɟɥɟɧɧɵɦ, ɢɧɚɱɟ ɢɫɱɟɡɧɟɬ ɨɞɧɚ ɢɡ ɪɚɜɧɨɜɟɫɧɵɯ ɮɚɡ. 
ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɦɵ ɩɨɜɵɫɢɦ ɞɚɜɥɟɧɢɟ, ɚ ɬɟɦɩɟɪɚɬɭɪɭ ɡɚɮɢɤɫɢɪɭɟɦ, ɬɨ ɢɫɱɟɡɧɟɬ 
ɮɚɡɚ-ɩɚɪ (ɫɢɫɬɟɦɚ ɩɨɩɚɞɟɬ ɜ ɬɨɱɤɭ γν ɫɢɫɬɟɦɚ ɩɟɪɟɫɬɚɧɟɬ ɤɢɩɟɬɶ). Ⱦɥɹ ɬɨɝɨ 
ɱɬɨɛɵ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɨɫɬɚɜɚɥɢɫɶ ɞɜɟ ɮɚɡɵ  (ɠɢɞɤɨɫɬɶ + 
ɩɚɪ) ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɧɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ (ɩɨɜɵɫɢɬɶ ɟɺ). ɋɢɫɬɟɦɚ ɩɨɩɚɞɟɬ ɜ ɬɨɱɤɭ 
4, ɝɞɟ ɤɢɩɟɧɢɟ ɠɢɞɤɨɫɬɢ ɛɭɞɟɬ ɩɪɨɞɨɥɠɚɬɶɫɹ. 

Ɉɞɧɢɦ ɢɡ ɫɜɨɣɫɬɜ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɮɚɡɨɜɨɝɨ 
ɩɪɟɜɪɚɳɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɢɫɬɟɦɵ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ «ɚɜɬɨɦɚɬɢɱɟɫɤɢ» ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ. 

ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɜɨɞɚ ɤɢɩɢɬ ɩɪɢ ɜɧɟɲɧɟɦ ɞɚɜɥɟɧɢɢ ιθ0 ɦɦɪɬ.ɫɬ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 1000ɋ, ɬɨ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ ɜ ɞɜɚ ɪɚɡɚ (ɞɨ 1ηβ0 ɦɦɪɬ.ɫɬ) 
ɜɨɞɚ ɛɭɞɟɬ ɤɢɩɟɬɶ ɭɠɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1β00ɋ. 

Ȼɥɚɝɨɞɚɪɹ ɩɨɫɬɨɹɧɫɬɜɭ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɩɪɢ ɡɚɞɚɧɧɨɦ ɞɚɜɥɟɧɢɢ, 
ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɜ ɩɪɨɰɟɫɫɟ ɤɢɩɟɧɢɹ (ɬɟɩɥɨɬɭ ɤɢɩɟɧɢɹ) ɢɧɨɝɞɚ ɧɚɡɵɜɚɸɬ 
ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɨɣ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɠɢɞɤɨɫɬɢ (ɭɫɬɚɪɟɜɲɟɟ ɧɚɡɜɚɧɢɟ). 
ɉɪɨɰɟɫɫ ɤɢɩɟɧɢɹ ɹɜɥɹɟɬɫɹ ɷɧɞɨɬɟɪɦɢɱɟɫɤɢɦ ɢ ɬɪɟɛɭɟɬ ɫɨɨɛɳɟɧɢɟ ɤɢɩɹɳɟɣ 
ɠɢɞɤɨɫɬɢ ɷɧɟɪɝɢɢ ɜ ɜɢɞɟ ɬɟɩɥɚ (ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɧɚɝɪɟɜɚɬɟɥɶ, ɝɚɡɨɜɚɹ ɝɨɪɟɥɤɚ ɢ 
ɬ.ɞ.). Ɉɞɧɚɤɨ ɧɚɝɪɟɜɚɧɢɟ ɫɢɫɬɟɦɵ ɜ ɩɪɨɰɟɫɫɟ ɤɢɩɟɧɢɹ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɟɟ 
ɬɟɦɩɟɪɚɬɭɪɵ! ɋɨɨɛɳɚɟɦɚɹ ɨɬ ɧɚɝɪɟɜɚɬɟɥɹ ɬɟɩɥɨɬɚ «ɫɤɪɵɜɚɟɬɫɹ» ɜɧɭɬɪɢ 
ɫɢɫɬɟɦɵ. ɇɚ ɫɚɦɨɦ ɞɟɥɟ ɡɞɟɫɶ ɜɵɩɨɥɧɹɟɬɫɹ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ  – ɜɫɹ 
ɩɨɞɜɨɞɢɦɚɹ ɬɟɩɥɨɬɚ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɩɪɨɰɟɫɫ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ. ɑɟɦ ɢɧɬɟɧɫɢɜɧɟɟ 
ɧɚɝɪɟɜɚɧɢɟ (ɜɵɲɟ ɫɤɨɪɨɫɬɶ ɩɨɞɜɨɞɚ ɬɟɩɥɚ), ɬɟɦ ɢɧɬɟɧɫɢɜɧɟɟ ɤɢɩɟɧɢɟ (ɜɵɲɟ 
ɫɤɨɪɨɫɬɶ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ).  

Ɍɪɨɣɧɚɹ ɬɨɱɤɚ ɜɨɞɵ (ɬɨɱɤɚ Ɉμ T = βιγ,1θ K, P = 610 ɉɚ) ɹɜɥɹɟɬɫɹ 
ɭɧɢɤɚɥɶɧɵɦ ɫɨɫɬɨɹɧɢɟɦ, ɩɪɢ ɤɨɬɨɪɨɦ ɜ ɪɚɜɧɨɜɟɫɢɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɚɯɨɞɢɬɫɹ 
ɬɪɢ ɮɚɡɵμ ɥɺɞ, ɠɢɞɤɚɹ ɜɨɞɚ ɢ ɩɚɪ. ɋɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɧɨɧɜɚɪɢɚɧɬɧɨɣ (ɋ = 0). ɗɬɨ 
ɨɡɧɚɱɚɟɬ, ɱɬɨ ɦɵ ɧɟ ɦɨɠɟɦ ɢɡɦɟɧɢɬɶ ɧɢ ɨɞɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɧɟ ɧɚɪɭɲɢɜ 
ɪɚɜɧɨɜɟɫɢɹ ɬɪɟɯ ɮɚɡ!  

 

3.4. ɍɪɚɜɧɟɧɢɟ Ʉɥɚɩɟɣɪɨɧɚ-Ʉɥɚɭɡɢɭɫɚ 

Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɨɬ ɞɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ 
ɡɚɜɢɫɢɦɨɫɬɶ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɪɚɠɚɟɬɫɹ 
ɭɪɚɜɧɟɧɢɟɦ Ʉɥɚɩɟɣɪɨɧɚ-Ʉɥɚɭɡɢɭɫɚμ 

MVΔT

HΔ
dT

dP




     
(3.3) 

ɝɞɟ ∆H – ɬɟɩɥɨɬɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɤɨɬɨɪɚɹ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɞɚɜɥɟɧɢɹ, ɚ ɡɚɜɢɫɢɬ 
ɨɬ ɩɪɢɪɨɞɵ ɜɟɳɟɫɬɜɚ ɢ ɜɢɞɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚν T – ɬɟɦɩɟɪɚɬɭɪɚ ɮɚɡɨɜɨɝɨ 
ɩɟɪɟɯɨɞɚν ∆VM – ɢɡɦɟɧɟɧɢɟ ɦɨɥɹɪɧɨɝɨ ɨɛɴɟɦɚ ɫɢɫɬɟɦɵ ɜ ɩɪɨɰɟɫɫɟ ɮɚɡɨɜɨɝɨ 



 

 

79 

ɩɪɟɜɪɚɳɟɧɢɹν 
dT

dP
 – ɩɪɨɢɡɜɨɞɧɚɹ, ɤɨɬɨɪɚɹ ɱɢɫɥɟɧɧɨ ɪɚɜɧɚ ɭɝɥɨɜɨɦɭ 

ɤɨɷɮɮɢɰɢɟɧɬɭ ɤɚɫɚɬɟɥɶɧɨɣ, ɩɪɨɜɟɞɟɧɧɨɣ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ ɡɚɜɢɫɢɦɨɫɬɢ P = f(T) 

(ɪɢɫ. ι)μ 

 
T

 
dP

dT

P

> 0

y = ax + b

      

P =     T + b
dP

dT

P

T
 

Ɋɢɫ 3.7 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɨɢɡɜɨɞɧɨɣ
dT

dP
 ɝɪɚɮɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ 

Ɇɨɥɹɪɧɵɣ ɨɛɴɟɦ (VM) – ɷɬɨ ɨɛɴɟɦ, ɡɚɧɢɦɚɟɦɵɣ 1 ɦɨɥɶ ɜɟɳɟɫɬɜɚ ɜ 
ɞɚɧɧɨɦ ɚɝɪɟɝɚɬɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

Ɂɧɚɤ ɩɪɨɢɡɜɨɞɧɨɣ ɭɤɚɡɵɜɚɟɬ ɧɚ ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɨɬ ɞɚɜɥɟɧɢɹ. ȿɫɥɢ 0

dT

dP
 , ɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɚɜɥɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜɨɡɪɚɫɬɚɟɬ. ȿɫɥɢ 0
dT

dP
 , ɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɞɚɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɭɦɟɧɶɲɚɟɬɫɹ. 
ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɡɧɚɤ ɩɪɨɢɡɜɨɞɧɨɣ 

dT

dP
 ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɚɜɨɣ ɱɚɫɬɶɸ 

ɭɪɚɜɧɟɧɢɹ Ʉɥɚɩɟɣɪɨɧɚ-Ʉɥɚɭɡɢɭɫɚ. Ⱦɥɹ ɩɪɨɰɟɫɫɨɜ ɤɢɩɟɧɢɹ ɢ ɜɨɡɝɨɧɤɢ H ρ 0 ɢ 
V ρ 0, ɫɥɟɞɨɜɚɬɟɥɶɧɨ 0

dT

dP
 , ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɢ ɜɨɡɝɨɧɤɢ ɜɫɟɝɞɚ ɛɭɞɭɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ. 
Ⱦɥɹ ɩɨɞɚɜɥɹɸɳɟɝɨ ɛɨɥɶɲɢɧɫɬɜɚ ɜɟɳɟɫɬɜ ɩɪɨɰɟɫɫ ɩɥɚɜɥɟɧɢɹ (Hɉɥ > 0)  

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɦɨɥɹɪɧɨɝɨ ɨɛɴɟɦɚ (Vε, Ɍɜ. < Vε,ɀɢɞ, ∆VM > 0). 

ɉɨɜɵɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ. 
ȿɫɥɢ ɩɪɢ ɩɥɚɜɥɟɧɢɢ ɦɨɥɹɪɧɵɣ ɨɛɴɟɦ ɫɢɫɬɟɦɵ ɭɦɟɧɶɲɚɟɬɫɹ (Vε, Ɍɜ. > Vε,ɀɢɞ, 

∆VM < 0), ɬɨ ɩɨɜɵɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɥɚɜɥɟɧɢɹ. Ƚɨɜɨɪɹɬ, ɱɬɨ ɬɚɤɢɟ ɜɟɳɟɫɬɜɚ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɨɛɴɟɦɚ. Ɍɚɤɚɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ ɞɥɹ ɜɨɞɵ, ɫɜɢɧɰɚ, ɜɢɫɦɭɬɚ, 
ɝɚɥɥɢɹ. ȼɨɞɚ ɩɪɢ ɡɚɦɟɪɡɚɧɢɢ ɪɚɡɪɵɜɚɟɬ ɫɬɟɤɥɹɧɧɵɣ ɫɨɫɭɞ, ɚ ɥɟɞ ɩɥɚɜɚɟɬ ɩɨ 
ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɣ ɜɨɞɵ. 

Ⱦɥɹ ɩɪɨɰɟɫɫɨɜ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ–ɤɨɧɞɟɧɫɚɰɢɢ ɢ ɫɭɛɥɢɦɚɰɢɢ–ɞɟɫɭɛɥɢɦɚɰɢɢ 
ɝɞɟ Vε,ɉɚɪ. >> Vε,ɠɢɞɤ.(Ʉɪ.), ɦɨɥɹɪɧɵɦ ɨɛɴɟɦɨɦ ɬɜɟɪɞɨɝɨ ɢɥɢ ɠɢɞɤɨɝɨ ɚɝɪɟɝɚɬɧɵɯ 
ɫɨɫɬɨɹɧɢɣ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶμ ∆VM = Vε,ɉɚɪ. - Vε,ɀ.(Ʉɪ.)  Vε,ɉɚɪ.. Ⱦɥɹ ɢɞɟɚɥɶɧɨɝɨ 
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ɝɚɡɚ ɢɥɢ ɩɚɪɚ ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ Ɇɟɧɞɟɥɟɟɜɚ-Ʉɥɚɩɟɣɪɨɧɚ 
P

TR
VM


 . 

Ɍɨɝɞɚ, ɭɪɚɜɧɟɧɢɟ Ʉɥɚɩɟɣɪɨɧɚ-Ʉɥɚɭɡɢɭɫɚ ɞɥɹ ɩɪɨɰɟɫɫɨɜ ɤɢɩɟɧɢɹ ɢ 
ɫɭɛɥɢɦɚɰɢɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟμ 

2TR

HΔ
dT

dlnP




.     (3.4) 

 

Ⱦɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɢɧɬɟɝɪɢɪɭɸɬ ɜ 
ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɬɟɩɥɨɬɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɭɡɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 
ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɨɥɭɱɚɸɬ ɭɪɚɜɧɟɧɢɟ Ʉɥɚɩɟɣɪɨɧɚ-Ʉɥɚɭɡɢɭɫɚ ɞɥɹ 
ɞɜɭɯ ɬɟɦɩɟɪɚɬɭɪ ɞɥɹ ɩɪɨɰɟɫɫɨɜ ɤɢɩɟɧɢɹ ɢ ɫɭɛɥɢɦɚɰɢɢμ 













12

12

1

2

TT

TT

R

HΔ
P

P
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.    (3.5) 

ɍɪɚɜɧɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɬɟɩɥɨɬɵ 
ɤɢɩɟɧɢɹ ɩɨ ɡɧɚɱɟɧɢɹɦ  ɬɟɦɩɟɪɚɬɭɪ ɤɢɩɟɧɢɹ (Ɍ1 ɢ Ɍ2) ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɦ  
ɞɚɜɥɟɧɢɹɦ (Ɋ1 ɢ Ɋ2) 

ȿɫɥɢ ɭɪɚɜɧɟɧɢɟ Ʉɥɚɩɟɣɪɨɧɚ-Ʉɥɚɭɡɢɭɫɚ ɩɪɨɢɧɬɟɝɪɢɪɨɜɚɬɶ ɧɟɨɩɪɟɞɟɥɟɧɧɵɦ 
ɢɧɬɟɝɪɚɥɨɦ, ɬɨ ɩɨɥɭɱɚɟɦ ɢɧɬɟɝɪɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ Ʉɥɚɩɟɣɪɨɧɚ-Ʉɥɚɭɡɢɭɫɚ ɜ 
ɥɢɧɟɣɧɨɦ ɜɢɞɟ: 

const
T

1

R

HΔ
lnP 

.   (3.6) 

ɉɪɢɜɟɞɟɧɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɬɟɩɥɨɬɵ ɤɢɩɟɧɢɹ 
(ɫɭɛɥɢɦɚɰɢɢ) ɝɪɚɮɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ. Ⱦɥɹ ɷɬɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ 
ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɧɚɩɪɢɦɟɪ, ɤɢɩɟɧɢɹ ɨɬ ɞɚɜɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɜ 
ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ ɜ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɥɢɧɟɣɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ. 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ ɜ ɤɨɨɪɞɢɧɚɬɚɯμ 

T
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Pln  . 

Ɇɨɥɹɪɧɭɸ ɬɟɩɥɨɬɭ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɠɢɞɤɨɫɬɢ ɧɚɯɨɞɹɬ ɩɭɬɟɦ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɤɢɩɟɧɢɹ ɢɫɫɥɟɞɭɟɦɨɣ ɠɢɞɤɨɫɬɢ ɨɬ ɞɚɜɥɟɧɢɹμ 
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Ɋɢɫ. 3. 8 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨɥɹɪɧɨɣ ɬɟɩɥɨɬɵ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɠɢɞɤɨɫɬɢ ɝɪɚɮɢɱɟɫɤɢɦ 
ɦɟɬɨɞɨɦ 

 

3.5. Ɍɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 

ɌȿɊɆɂɑȿɋɄɂɃ ȺɇȺɅɂɁ – ɷɬɨ ɦɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 
ɢ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɪɟɝɢɫɬɪɚɰɢɢ ɬɟɩɥɨɜɵɯ ɷɮɮɟɤɬɨɜ, 
ɫɨɩɪɨɜɨɠɞɚɸɳɢɯ ɩɪɟɜɪɚɳɟɧɢɹ ɜɟɳɟɫɬɜ. 

ɑɚɫɬɨ ɬɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɨɫɧɨɜɚɧ ɧɚ ɚɧɚɥɢɡɟ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ, ɤɪɢɜɵɯ 
ɨɯɥɚɠɞɟɧɢɹ ɢɥɢ ɤɪɢɜɵɯ ɧɚɝɪɟɜɚɧɢɹ. 

 

Ʉɪиɜая 
ɧаɝɪɟɜаɧия

 ɜɪɟɦя

ɬɟɦɩɟɪаɬɭɪа Ɋ = const C = K - Ф + 1

Ʉɪиɜая 
ɨхɥаɠɞɟɧия

 

Ʉɪɢɜɭɸ ɨɯɥɚɠɞɟɧɢɹ ɢɥɢ ɧɚɝɪɟɜɚɧɢɹ ɩɨɥɭɱɚɸɬ ɨɩɵɬɧɵɦ ɩɭɬɟɦ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ. ɉɪɢ ɡɚɩɢɫɢ ɤɪɢɜɵɯ ɢɡɦɟɧɹɟɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɩɚɪɚɦɟɬɪ – 

ɬɟɦɩɟɪɚɬɭɪɚ. ɉɪɚɜɢɥɨ ɮɚɡ Ƚɢɛɛɫɚ ɩɪɢ ɷɬɨɦ ɩɪɢɧɢɦɚɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞμ 
ɋ = Ʉ – Ɏ + 1. 

Ʉɪɢɜɵɦɢ ɨɯɥɚɠɞɟɧɢɹ ɧɚɡɵɜɚɸɬɫɹ ɤɪɢɜɵɟ, ɢɡɨɛɪɚɠɚɸɳɢɟ ɡɚɜɢɫɢɦɨɫɬɶ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɢɫɬɟɦɵ ɨɬ ɜɪɟɦɟɧɢ ɨɯɥɚɠɞɟɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɱɢɫɬɨɟ ɜɟɳɟɫɬɜɨ ɢɥɢ 
ɫɦɟɫɶ ɜɟɳɟɫɬɜ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɧɚɝɪɟɜɚɸɬ ɞɨ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɚ ɡɚɬɟɦ 
ɧɟɩɪɟɪɵɜɧɨ ɢ ɪɚɜɧɨɦɟɪɧɨ ɨɯɥɚɠɞɚɸɬ, ɮɢɤɫɢɪɭɹ ɬɟɦɩɟɪɚɬɭɪɭ ɫɢɫɬɟɦɵ ɱɟɪɟɡ 
ɪɚɜɧɵɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɢɡɨɛɪɚɠɚɸɬɫɹ ɜ ɜɢɞɟ ɤɪɢɜɨɣ, 
ɩɨɫɬɪɨɟɧɧɨɣ ɜ ɤɨɨɪɞɢɧɚɬɚɯ «ɬɟɦɩɟɪɚɬɭɪɚ (T) – ɜɪɟɦɹ (Э)».  
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Ɋɢɫ.3.9. Ɍɢɩɢɱɧɵɟ ɜɢɞɵ ɤɪɢɜɵɯ ɨɯɥɚɠɞɟɧɢɹμ ɩɥɚɜɧɚɹ (I), ɤɪɢɜɚɹ ɫ ɞɜɭɦɹ ɬɨɱɤɚɦɢ 
ɩɟɪɟɝɢɛɚ (II) ɢ ɤɪɢɜɚɹ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɭɱɚɫɬɤɨɦ (III) 

Ʉɪɢɜɵɟ ɨɯɥɚɠɞɟɧɢɹ ɦɨɝɭɬ ɢɦɟɬɶ ɪɚɡɥɢɱɧɵɣ ɜɢɞν ɜ ɨɞɧɢɯ ɫɥɭɱɚɹɯ 
ɩɨɥɭɱɚɸɬɫɹ ɩɪɨɫɬɵɟ ɤɪɢɜɵɟ, ɜ ɞɪɭɝɢɯ – ɫɥɨɠɧɵɟ. Ɋɚɡɥɢɱɚɸɬ ɬɪɢ ɩɪɨɫɬɟɣɲɢɟ 
ɤɪɢɜɵɟ ɨɯɥɚɠɞɟɧɢɹμ ɩɥɚɜɧɭɸ (ɤɪɢɜɚɹ I), ɤɪɢɜɭɸ ɫ ɞɜɭɦɹ ɬɨɱɤɚɦɢ ɩɟɪɟɝɢɛɚ 
(ɤɪɢɜɚɹ II) ɢ ɤɪɢɜɭɸ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɭɱɚɫɬɤɨɦ (ɤɪɢɜɚɹ III).  

Ⱥɧɚɥɢɡ ɤɪɢɜɵɯ ɨɯɥɚɠɞɟɧɢɹ ɨɫɧɨɜɚɧ ɧɚ ɩɪɢɧɰɢɩɟ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɢ 
ɩɪɢɧɰɢɩɟ ɫɨɨɬɜɟɬɫɬɜɢɹ ɇ. ɋ. Ʉɭɪɧɚɤɨɜɚ. 

ɉɪɢɧɰɢɩ ɧɟɩɪɟɪɵɜɧɨɫɬɢ: ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɢɡɦɟɧɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ 
ɫɢɫɬɟɦɵ ɫɜɨɣɫɬɜɚ ɟɟ ɨɬɞɟɥɶɧɵɯ ɮɚɡ ɢɡɦɟɧɹɸɬɫɹ ɬɚɤɠɟ ɧɟɩɪɟɪɵɜɧɨ, ɧɨ 
ɥɢɲɶ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɢɡɦɟɧɢɬɫɹ ɱɢɫɥɨ ɢɥɢ ɜɢɞ ɮɚɡ. ɉɪɢ ɩɨɹɜɥɟɧɢɢ 
ɧɨɜɵɯ ɢɥɢ ɢɫɱɟɡɧɨɜɟɧɢɢ ɢɦɟɜɲɢɯɫɹ ɮɚɡ ɫɜɨɣɫɬɜɚ ɫɢɫɬɟɦɵ ɢɡɦɟɧɹɸɬɫɹ 
ɫɤɚɱɤɨɨɛɪɚɡɧɨ.  
ɉɪɢɧɰɢɩ ɫɨɨɬɜɟɬɫɬɜɢɹ: ɤɚɠɞɨɣ ɮɚɡɨɜɨɣ ɚɫɫɨɰɢɚɰɢɢ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ 
ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɜ ɪɚɜɧɨɜɟɫɢɢ, ɧɚ ɞɢɚɝɪɚɦɦɟ ɨɬɜɟɱɚɟɬ ɨɩɪɟɞɟɥɟɧɧɵɣ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɨɛɪɚɡ.  

ɋ ɭɱɟɬɨɦ ɷɬɢɯ ɩɪɢɧɰɢɩɨɜ ɪɚɫɫɦɨɬɪɢɦ ɩɪɢɜɟɞɟɧɧɵɟ ɤɪɢɜɵɟμ  
Ʉɪɢɜɚɹ I – ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɫɢɫɬɟɦɵ ɫɧɢɠɚɟɬɫɹ ɩɥɚɜɧɨ, ɛɟɡ 

ɫɤɚɱɤɨɜ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɞɚɧɧɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɜ ɫɢɫɬɟɦɟ ɧɟ 
ɩɪɨɢɫɯɨɞɢɬ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɬɟɩɥɨɜɵɦ ɷɮɮɟɤɬɨɦ.  

Ʉɪɢɜɚɹ II – ɞɨ ɬɨɱɤɢ 1 ɢɞɟɬ ɨɯɥɚɠɞɟɧɢɟ ɫɢɫɬɟɦɵ (ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ 
ɋ=β)ν ɜ ɬɨɱɤɟ 1 (ɩɪɢ T1) ɧɚɛɥɸɞɚɟɬɫɹ ɢɡɥɨɦ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɚɱɚɥɟ 
ɮɚɡɨɜɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɝɨɫɹ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɚ. ɂɡɥɨɦ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɫ ɋ=β ɧɚ ɋ=1. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɨɥɠɚɟɬ ɫɧɢɠɚɬɶɫɹ, ɧɨ ɛɨɥɟɟ ɦɟɞɥɟɧɧɨ. ȼ ɬɨɱɤɟ β (ɩɪɢ T2) 

ɜɵɞɟɥɟɧɢɟ ɬɟɩɥɚ ɩɪɟɤɪɚɳɚɟɬɫɹ, ɩɨɷɬɨɦɭ ɤɪɢɜɚɹ ɜɧɨɜɶ ɫɬɚɧɨɜɢɬɫɹ ɦɟɧɟɟ 
ɩɨɥɨɝɨɣ. ɑɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɫɧɨɜɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ ɋ=β. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ T1 ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɟ ɮɚɡɨɜɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɧɚɱɚɥɨɫɶ, ɩɪɢ T2 
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ɡɚɤɨɧɱɢɥɨɫɶ.  
Ʉɪɢɜɚɹ III – ɞɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɨɯɥɚɠɞɟɧɢɟ ɢɞɟɬ ɩɥɚɜɧɨ (ɋ=1), 

ɡɚɬɟɦ ɜ ɬɨɱɤɟ γ (ɩɪɢ T3) ɩɪɨɢɫɯɨɞɢɬ ɮɚɡɨɜɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɫ ɜɵɞɟɥɟɧɢɟɦ 
ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɚ, ɞɨɫɬɚɬɨɱɧɨɝɨ ɞɥɹ ɩɨɥɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɬɟɩɥɚ 
ɨɬɜɨɞɢɦɨɝɨ. ɉɪɢ ɷɬɨɦ ɫɢɫɬɟɦɚ ɫɬɚɧɨɜɢɬɫɹ ɧɨɧɜɚɪɢɚɧɬɧɚ (ɋ=0) ɢ ɮɚɡɨɜɨɟ 
ɩɪɟɜɪɚɳɟɧɢɟ ɧɚɱɢɧɚɟɬɫɹ ɢ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɩɪɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɬɟɦɩɟɪɚɬɭɪɟ (T3), 

ɤɨɬɨɪɚɹ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɷɬɨ ɩɪɟɜɪɚɳɟɧɢɟ ɧɟ ɡɚɤɨɧɱɢɬɫɹ. 
Ɂɚɬɟɦ ɨɯɥɚɠɞɟɧɢɟ ɫɢɫɬɟɦɵ ɩɪɨɞɨɥɠɚɟɬɫɹ, ɫɢɫɬɟɦɚ ɫɬɚɧɨɜɢɬɫɹ ɦɨɧɨɜɚɪɢɚɧɬɧɨɣ 
(ɛɢɜɚɪɢɚɧɬɧɨɣ) ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɫɧɢɠɚɟɬɫɹ ɩɥɚɜɧɨ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɫɬɪɨɟɧɢɟ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ 
ɩɨ ɤɪɢɜɵɦ ɧɚɝɪɟɜɚɧɢɹ (ɪɢɫ.3.10). ɉɨɥɭɱɢɦ ɤɪɢɜɵɟ ɧɚɝɪɟɜɚɧɢɹ ɜɟɳɟɫɬɜɚ ɜ 
ɬɜɟɪɞɨɣ ɮɚɡɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɞɚɜɥɟɧɢɹɯ (ɪɢɫ.γ.10ɚ). ɇɚɧɟɫɟɦ ɩɨɥɭɱɟɧɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɤɨɨɪɞɢɧɚɬɧɭɸ ɩɥɨɫɤɨɫɬɶ Ɋ-Ɍ (ɪɢɫ.3.10ɛ) 
ɡɚɬɟɦ ɫɨɟɞɢɧɢɦ ɬɨɱɤɢ ɩɥɚɜɧɵɦɢ ɥɢɧɢɹɦɢ ɢ ɩɨɥɭɱɢɦ ɞɢɚɝɪɚɦɦɭ ɫɨɫɬɨɹɧɢɹ 
ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ (ɪɢɫ.3.10ɜ)μ 
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Ɋɢɫ.3.10 ɉɨɫɬɪɨɟɧɢɟ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɩɨ ɤɪɢɜɵɦ 
ɧɚɝɪɟɜɚɧɢɹ (ɚ) ɢ ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɦ ɬɟɦɩɟɪɚɬɭɪɚɦ (ɛ, ɜ). 
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3.6. ɗɧɚɧɬɢɨɬɪɨɩɧɵɟ ɢ ɦɨɧɨɬɪɨɩɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ 

Ʉɪɢɫɬɚɥɥɵ ɪɚɡɥɢɱɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɤɨɦɩɨɧɟɧɬɚ 
ɨɬɥɢɱɚɸɬɫɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɪɚɡɥɢɱɧɵɟ 
ɬɜɟɪɞɵɟ ɮɚɡɵ. ȼɡɚɢɦɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɷɬɢɯ ɦɨɞɢɮɢɤɚɰɢɣ ɧɚɡɵɜɚɸɬɫɹ 
ɩɨɥɢɦɨɪɮɧɵɦɢ ɩɟɪɟɯɨɞɚɦɢ ɢ ɨɬɧɨɫɹɬɫɹ ɤ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɚɦ ɩɟɪɜɨɝɨ ɪɨɞɚ. 

Ʉɨɝɞɚ ɨɞɧɨ ɢ ɬɨ ɠɟ ɜɟɳɟɫɬɜɨ ɫɩɨɫɨɛɧɨ ɫɭɳɟɫɬɜɨɜɚɬɶ ɜ ɜɢɞɟ ɞɜɭɯ ɢɥɢ 
ɧɟɫɤɨɥɶɤɢɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɨɪɦɚɯ, ɢɥɢ ɤɚɤ ɢɯ ɧɚɡɵɜɚɸɬ, ɩɨɥɢɦɨɪɮɧɵɯ 
ɦɨɞɢɮɢɤɚɰɢɹɯ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɢɦɨɪɮɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɚɬɨɦɵ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɬɟɥɚ, ɢɦɟɸɳɟɝɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɺɬɤɭ ɨɞɧɨɝɨ ɬɢɩɚ, 
ɩɟɪɟɫɬɪɚɢɜɚɸɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɨɛɪɚɡɭɟɬɫɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɪɟɲɺɬɤɚ 
ɞɪɭɝɨɝɨ ɬɢɩɚ. ɉɨɥɢɦɨɪɮɧɭɸ ɦɨɞɢɮɢɤɚɰɢɸ, ɭɫɬɨɣɱɢɜɭɸ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɦɟɬɚɥɥɨɜ ɩɪɢɧɹɬɨ ɨɛɨɡɧɚɱɚɬɶ α, ɩɪɢ ɛɨɥɟɟ 
ɜɵɫɨɤɨɣ – ȕ, ɞɚɥɟɟ - Ȗ. ɂɡɜɟɫɬɧɵ ɩɨɥɢɦɨɪɮɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɞɥɹ ɦɟɬɚɥɥɨɜμ 
FeαFeȖ, TiαTiȕ, MnαMnȕMnȖMnį, SnαSnȕ. ɢ ɬ.ɞ. ɉɨɥɢɦɨɪɮɧɨɟ 
ɩɪɟɜɪɚɳɟɧɢɟ ɩɪɨɬɟɤɚɟɬ ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɧɨɜɨɣ ɮɚɡɵ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ. ȼ ɭɫɥɨɜɢɹɯ ɪɚɜɧɨɜɟɫɢɹ 
ɩɨɥɢɦɨɪɮɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
(ɤɪɢɬɢɱɟɫɤɚɹ ɬɨɱɤɚ) ɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɨɬɵ, ɟɫɥɢ ɩɪɟɜɪɚɳɟɧɢɟ 
ɢɞɺɬ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ, ɢɥɢ ɩɨɝɥɨɳɟɧɢɟɦ ɬɟɩɥɨɬɵ ɜ ɫɥɭɱɚɟ ɧɚɝɪɟɜɚ. Ʉɚɤ ɢ ɩɪɢ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɡ ɠɢɞɤɨɣ ɮɚɡɵ, ɱɬɨɛɵ ɩɨɥɢɦɨɪɮɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɩɪɨɬɟɤɚɥɨ, 
ɧɭɠɧɨ ɧɟɤɨɬɨɪɨɟ ɩɟɪɟɨɯɥɚɠɞɟɧɢɟ (ɢɥɢ ɩɟɪɟɝɪɟɜ) ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɜɧɨɜɟɫɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɪɚɡɧɨɫɬɢ ɷɧɟɪɝɢɣ Ƚɢɛɛɫɚ ɦɟɠɞɭ ɢɫɯɨɞɧɨɣ ɢ 
ɨɛɪɚɡɭɸɳɟɣɫɹ ɧɨɜɨɣ ɦɨɞɢɮɢɤɚɰɢɹɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɢɦɨɪɮɧɨɟ 
ɩɪɟɜɪɚɳɟɧɢɟ ɩɨ ɫɜɨɟɦɭ ɦɟɯɚɧɢɡɦɭ – ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ, 
ɨɫɭɳɟɫɬɜɥɹɟɦɵɣ ɩɭɬɺɦ ɨɛɪɚɡɨɜɚɧɢɹ ɡɚɪɨɞɵɲɟɣ ɧɨɜɨɣ ɮɚɡɵ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ 
ɢɯ ɪɨɫɬɚ. ɉɪɢ ɩɨɥɢɦɨɪɮɧɨɦ ɩɪɟɜɪɚɳɟɧɢɢ ɤɪɢɫɬɚɥɥɵ ɧɨɜɨɣ ɮɚɡɵ ɪɚɫɬɭɬ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɩɟɪɟɯɨɞɨɜ ɱɟɪɟɡ ɝɪɚɧɢɰɭ ɮɚɡ. Ɉɬɪɵɜɚɹɫɶ ɨɬ 
ɪɟɲɺɬɤɢ ɨɞɧɨɣ ɮɚɡɵ, ɧɚɩɪɢɦɟɪ, ȕ, ɚɬɨɦɵ ɩɨɨɞɢɧɨɱɤɟ ɢɥɢ ɝɪɭɩɩɚɦɢ 
ɩɪɢɫɨɟɞɢɧɹɸɬɫɹ ɤ ɪɟɲɺɬɤɟ ɧɨɜɨɣ ɮɚɡɵ α, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɝɪɚɧɢɰɚ ɡɟɪɧɚ α-

ɦɨɞɢɮɢɤɚɰɢɢ ɩɟɪɟɞɜɢɝɚɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɡɟɪɧɚ ȕ-ɦɨɞɢɮɢɤɚɰɢɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɩɨɥɢɦɨɪɮɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɨɛɪɚɡɭɸɬɫɹ ɧɨɜɵɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɡɺɪɧɚ, 
ɢɦɟɸɳɢɟ ɞɪɭɝɢɟ ɪɚɡɦɟɪ ɢ ɮɨɪɦɭ, ɫɚɦ ɩɪɨɰɟɫɫ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɤɚɱɤɨɨɛɪɚɡɧɵɦ 
ɢɡɦɟɧɟɧɢɟɦ ɫɜɨɣɫɬɜμ ɷɥɟɤɬɪɨ- ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɬɟɩɥɨɺɦɤɨɫɬɢ, ɦɚɝɧɢɬɧɵɯ ɢ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

ȿɫɥɢ ɩɪɟɜɪɚɳɟɧɢɟ ɜ ɬɨɱɤɟ ɩɟɪɟɯɨɞɚ ɦɨɠɟɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɩɪɨɬɟɤɚɬɶ ɤɚɤ 
ɜ ɩɪɹɦɨɦ, ɬɚɤ ɢ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɬɨ ɬɚɤɨɣ ɩɟɪɟɯɨɞ ɧɚɡɵɜɚɟɬɫɹ 
ɷɧɚɧɬɢɨɬɪɨɩɧɵɦ. 

ɗɧɚɧɬɢɨɬɪɨɩɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɩɨɥɢɦɨɪɮɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ 
ɫɟɪɵ – ɪɨɦɛɢɱɟɫɤɨɣ (SP) ɢ ɦɨɧɨɤɥɢɧɧɨɣ (SM), ɬ.ɟ. ɩɨɥɢɦɨɪɮɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ 
ɩɪɢ ɤɨɬɨɪɨɦ ɞɚɧɧɚɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɜɧɟɲɧɢɯ 
ɭɫɥɨɜɢɣ (Ɋ ɢɥɢ Ɍ) ɩɟɪɟɯɨɞɢɬ ɜ ɞɪɭɝɭɸ ɦɨɞɢɮɢɤɚɰɢɸ, ɚ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ 
ɩɪɟɠɧɢɯ ɭɫɥɨɜɢɣ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɢɫɯɨɞɧɭɸ ɮɨɪɦɭ. ɗɧɚɧɬɢɨɬɪɨɩɧɵɟ 
ɩɪɟɜɪɚɳɟɧɢɹ – ɨɛɪɚɬɢɦɵ. 
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Ɉɛɪɚɡɨɜɚɧɢɟ ɧɨɜɵɯ ɮɚɡ ɜ ɫɢɫɬɟɦɟ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɧɚ ɞɢɚɝɪɚɦɦɟ 
ɫɨɫɬɨɹɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɪɢɜɵɯ ɞɜɭɯɮɚɡɧɵɯ ɪɚɜɧɨɜɟɫɢɣ. ɇɚ ɧɟɣ ɢɦɟɸɬɫɹ 
ɥɢɧɢɢμ 

AB – ɩɨɥɢɦɨɪɮɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɪɨɦɛɢɱɟɫɤɨɣ ɜ ɦɨɧɨɤɥɢɧɧɭɸ ɫɟɪɭ 
(SPSM); 

ȺD – ɥɢɧɢɹ ɜɨɡɝɨɧɤɢ ɪɨɦɛɢɱɟɫɤɨɣ ɫɟɪɵ (SPSɉɚɪ); 

ȼȿ – ɥɢɧɢɹ ɩɥɚɜɥɟɧɢɹ ɪɨɦɛɢɱɟɫɤɨɣ ɫɟɪɵ (SPSɀ); 

ȼɋ – ɥɢɧɢɹ ɩɥɚɜɥɟɧɢɹ ɦɨɧɨɤɥɢɧɧɨɣ ɫɟɪɵ (SɆSɀ); 

Ⱥɋ – ɥɢɧɢɹ ɜɨɡɝɨɧɤɢ ɦɨɧɨɤɥɢɧɧɨɣ ɫɟɪɵ (SɆSɉɚɪ); 

ɋɄ – ɥɢɧɢɹ ɤɢɩɟɧɢɹ ɠɢɞɤɨɣ ɫɟɪɵ (SɀSɉɚɪ). 

ɇɚ ɞɢɚɝɪɚɦɦɟ ɢɦɟɸɬɫɹ ɱɟɬɵɪɟ ɨɛɥɚɫɬɢ, ɨɬɜɟɱɚɸɳɢɟ ɭɫɬɨɣɱɢɜɨɦɭ 
ɫɭɳɟɫɬɜɨɜɚɧɢɸ ɱɟɬɵɪɟɯ ɮɚɡ ɫɟɪɵμ ɩɚɪɨɨɛɪɚɡɧɨɣ (Sɉɚɪ), ɠɢɞɤɨɣ (Sɀ) ɢ ɞɜɭɯ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ (SɊ ɢ SɆ). Ⱦɥɹ ɷɬɨɣ ɫɢɫɬɟɦɵ ɱɢɫɥɨ ɬɪɨɣɧɵɯ ɬɨɱɟɤ – ɬɪɢμ ɬɨɱɤɚ 
Ⱥ (Sɉɚɪ ↔SɆ ↔SɊ), ɬɨɱɤɚ ȼ (Sɀ ↔SɆ ↔SɊ) ɢ ɬɨɱɤɚ ɋ (Sɉɚɪ ↔Sɀ ↔SɆ). 

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ ɦɨɧɨɤɥɢɧɧɚɹ ɫɟɪɚ ɦɨɠɟɬ ɩɟɪɟɯɨɞɢɬɶ ɜ 
ɪɨɦɛɢɱɟɫɤɭɸ, ɚ ɪɨɦɛɢɱɟɫɤɚɹ ɜ ɦɨɧɨɤɥɢɧɧɭɸ. 
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Ɋɢɫ.3.11. Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɫɟɪɵ 

 

Ⱦɪɭɝɢɦ ɩɪɢɦɟɪɨɦ ɷɧɚɧɬɢɨɬɪɨɩɧɨɝɨ ɩɟɪɟɯɨɞɚ ɹɜɥɹɟɬɫɹ ɩɪɟɜɪɚɳɟɧɢɟ ɛɟɥɨɝɨ 
ɨɥɨɜɚ ȕ-SЧ (ɬɟɬɪɚɝɨɧɚɥɶɧɚɹ ɪɟɲɟɬɤɚ) ɜ ɫɟɪɨɟ ɨɥɨɜɨ α-SЧ (ɤɭɛɢɱɟɫɤɚɹ ɪɟɲɟɬɤɚ). 
ɉɪɢ ɧɨɪɦɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ ɬɨɱɤɚ ɩɪɟɜɪɚɳɟɧɢɹ ɧɚɯɨɞɢɬɫɹ ɩɪɢ 1γ,β0ɋ ɜɵɲɟ ɷɬɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɭɫɬɨɣɱɢɜɨ ɛɟɥɨɟ ɨɥɨɜɨ, ɚ ɧɢɠɟ – ɫɟɪɨɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɟɥɨɟ 
ɨɥɨɜɨ ɧɚɯɨɞɢɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɢɠɟ +1γ,β0ɋ ɜ ɦɟɬɚɫɬɚɛɢɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ 
ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɷɬɨɦ ɫɨɫɬɨɹɧɢɢ ɱɪɟɡɜɵɱɚɣɧɨ ɞɨɥɝɨ. Ɉɞɧɚɤɨ ɞɨɫɬɚɬɨɱɧɨ ɬɨɝɨ, 
ɱɬɨɛɵ ɧɚ ɨɥɨɜɹɧɧɵɣ ɩɪɟɞɦɟɬ ɩɨɩɚɥɚ ɧɟɛɨɥɶɲɚɹ ɩɵɥɢɧɤɚ ɫɟɪɨɣ ɦɨɞɢɮɢɤɚɰɢɢ, 
ɱɬɨɛɵ ɧɚɱɚɥɫɹ ɩɪɨɰɟɫɫ ɩɪɟɜɪɚɳɟɧɢɹ, ɤɨɬɨɪɵɣ ɩɪɨɢɫɯɨɞɢɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɨɛɴɟɦɚ ɧɚ βη,θ% ɢ ɜɟɞɟɬ ɤ ɪɚɡɪɭɲɟɧɢɸ ɩɪɟɞɦɟɬɚ. Ɉɞɧɚ ɦɨɞɢɮɢɤɚɰɢɹ ɩɟɪɟɯɨɞɢɬ 
ɜ ɞɪɭɝɭɸ ɬɟɦ ɛɵɫɬɪɟɟ, ɱɟɦ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɉɪɢ -33

0ɋ 
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ɫɤɨɪɨɫɬɶ ɩɪɟɜɪɚɳɟɧɢɣ ɫɬɚɧɨɜɢɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɣ. Ɉɥɨɜɨ ɬɪɟɫɤɚɟɬɫɹ ɢ 
ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɩɨɪɨɲɨɤ. 

Ɍɚɤɨɟ ɹɜɥɟɧɢɟ ɧɚɡɜɚɥɢ «ɨɥɨɜɹɧɧɨɣ ɱɭɦɨɣ», ɤɨɬɨɪɚɹ ɜ ɫɜɨɟ ɜɪɟɦɹ ɨɫɬɚɜɢɥɚ 
«ɬɪɚɤɬɢɪɵ ɛɟɡ ɥɨɠɟɤ ɢ ɦɢɫɨɤ, ɚ ɫɨɥɞɚɬ ɛɟɡ ɩɭɝɨɜɢɰ». 

 
Ɋɢɫ.3.12 Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɨɥɨɜɚ (ɦɟɬɚɥɥɢɱɟɫɤɨɟ ɨɥɨɜɨ ɢɦɟɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ 
231,84

0ɋ ɢ ɧɨɪɦɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɤɢɩɟɧɢɹ βγθβ0ɋ, ɟɝɨ ɩɚɪɵ ɨɤɪɚɲɟɧɵ ɜ ɝɨɥɭɛɨɣ ɢɥɢ 
ɫɟɪɨ-ɝɨɥɭɛɨɣ ɰɜɟɬ). 

 

Ɉɛɪɚɡɟɰ ɨɥɨɜɚ (99,9%), ɤɨɬɨɪɵɣ ɯɪɚɧɢɥɫɹ ɩɪɢ -40
0ɋ 

Иɧɬɟɪɟɫɧɵɟ ɮɚɤɬɵ: 
«Ɉɥɨɜɹɧɧɚɹ ɱɭɦɚ» ɩɨɫɥɭɠɢɥɚ ɩɪɢɱɢɧɨɣ ɝɢɛɟɥɢ ɜ 1912 ɝ. ɚɧɝɥɢɣɫɤɨɣ 

ɷɤɫɩɟɞɢɰɢɢ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ Ɋɨɛɟɪɬɚ ɋɤɨɬɬɚ, ɧɚɩɪɚɜɥɟɧɧɨɣ ɤ ɘɠɧɨɦɭ 
ɩɨɥɸɫɭ. ɉɭɬɟɲɟɫɬɜɟɧɧɢɤɢ ɩɨɝɢɛɥɢ ɧɚ ɨɛɪɚɬɧɨɦ ɩɭɬɢ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ 
ɬɨɩɥɢɜɚ. ɋɨɫɭɞɵ ɫ ɤɟɪɨɫɢɧɨɦ ɧɚɱɚɥɢ ɬɟɱɶ, ɬɚɤ ɤɚɤ ɛɟɥɨɟ ɨɥɨɜɨ, ɤɨɬɨɪɵɦ ɨɧɢ 
ɛɵɥɢ ɩɪɨɩɚɹɧɵ, «ɧɟ ɜɵɞɟɪɠɚɥɨ ɦɨɪɨɡɚ» ɢ ɪɚɫɫɵɩɚɥɨɫɶ. 

ȼ ɹɧɜɚɪɟ 1868 ɝɨɞɚ ɛɨɥɶɲɚɹ ɩɚɪɬɢɹ ɫɥɢɬɤɨɜ ɨɥɨɜɚ ɛɵɥɚ ɨɬɩɪɚɜɥɟɧɚ ɢɡ 
Ɋɨɬɬɟɪɞɚɦɚ ɜɚɝɨɧɚɦɢ ɩɨ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɟ ɜ Ɇɨɫɤɜɭ. ɋɥɢɬɤɢ ɜ Ɇɨɫɤɜɟ 
ɨɤɚɡɚɥɢɫɶ ɨɛɪɚɬɢɜɲɢɦɢɫɹ ɜ ɫɟɪɵɣ ɩɨɪɨɲɨɤ ɜɫɥɟɞɫɬɜɢɟ ɱɪɟɡɜɵɱɚɣɧɨ ɧɢɡɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɬɨɹɜɲɟɣ ɬɨɝɞɚ ɜ Ɇɨɫɤɜɟ (-35

0ɋ).  
Ɉ ɩɨɞɨɛɧɨɦ ɫɥɭɱɚɟ ɫɨɨɛɳɚɟɬ ɢɫɬɨɪɢɹ Ɇɨɫɤɨɜɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɚ БVI ɜ.: 

ɨɞɧɚɠɞɵ ɢɡ Ⱥɪɯɚɧɝɟɥɶɫɤɚ ɜ Ɇɨɫɤɜɭ ɞɥɹ ɰɚɪɫɤɨɣ ɤɚɡɧɵ ɛɵɥɨ ɨɬɩɪɚɜɥɟɧɨ 
ɧɟɫɤɨɥɶɤɨ ɹɳɢɤɨɜ ɚɧɝɥɢɣɫɤɨɣ ɨɥɨɜɹɧɧɨɣ ɩɨɫɭɞɵ: ɛɥɸɞɚ, ɦɢɫɤɢ, ɬɚɪɟɥɤɢ. ɉɨ 
ɩɪɢɛɵɬɢɢ ɜ Ɇɨɫɤɜɭ ɜ ɹɳɢɤɚɯ ɨɤɚɡɚɥɫɹ ɫɟɪɵɣ «ɦɭɫɨɪ».  

ɋ ɨɥɨɜɹɧɧɨɣ ɱɭɦɨɣ ɮɪɚɧɰɭɡɵ ɫɜɹɡɵɜɚɸɬ ɨɞɧɭ ɢɡ ɩɪɢɱɢɧ ɩɨɪɚɠɟɧɢɹ ɚɪɦɢɢ 
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ɇɚɩɨɥɟɨɧɚ ɜ Ɋɨɫɫɢɢ ɡɢɦɨɣ 1812 ɝɨɞɚ. ȼɫɟ ɩɭɝɨɜɢɰɵ ɧɚ ɦɭɧɞɢɪɚɯ ɫɨɥɞɚɬ 
ɧɚɩɨɥɟɨɧɨɜɫɤɨɣ ɚɪɦɢɢ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɛɟɥɨɝɨ ɨɥɨɜɚ. ɇɚ ɫɢɥɶɧɨɦ ɦɨɪɨɡɟ 
ɨɧɢ ɪɚɫɫɵɩɚɥɢɫɶ, ɫɨɥɞɚɬɵ ɧɚɱɚɥɢ ɦɟɪɡɧɭɬɶ, ɭɩɚɥ ɛɨɟɜɨɣ ɞɭɯ, ɧɚɱɚɥɢɫɶ ɛɨɥɟɡɧɢ. 

 

ɉɨɥɢɦɨɪɮɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ ɩɟɪɟɯɨɞ ɨɞɧɨɣ 
ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɜ ɞɪɭɝɭɸ ɜɨɡɦɨɠɟɧ, ɚ ɨɛɪɚɬɧɵɣ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ ɩɟɪɟɯɨɞ ɧɟ ɨɫɭɳɟɫɬɜɢɦ, ɧɚɡɵɜɚɸɬɫɹ ɦɨɧɨɬɪɨɩɧɵɦɢ 

ɩɟɪɟɯɨɞɚɦɢ. 
Ɋɚɫɫɦɨɬɪɢɦ ɦɨɧɨɬɪɨɩɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɧɚ ɩɪɢɦɟɪɟ ɮɨɫɮɨɪɚ (ɪɢɫ. 1γ). 

ɗɥɟɦɟɧɬɚɪɧɵɣ ɮɨɫɮɨɪ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɫɭɳɟɫɬɜɭɟɬ ɜ ɜɢɞɟ 
ɧɟɫɤɨɥɶɤɢɯ ɭɫɬɨɣɱɢɜɵɯ ɚɥɥɨɬɪɨɩɢɱɟɫɤɢɯ ɦɨɞɢɮɢɤɚɰɢɣμ ɛɟɥɵɣ, ɤɪɚɫɧɵɣ, 
ɱɺɪɧɵɣ ɢ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɮɨɫɮɨɪ. ɉɪɢ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ ɭɫɬɨɣɱɢɜɵ ɬɨɥɶɤɨ 
ɬɪɢ ɚɥɥɨɬɪɨɩɢɱɟɫɤɢɯ ɦɨɞɢɮɢɤɚɰɢɢ ɮɨɫɮɨɪɚ (ɧɚɩɪɢɦɟɪ, ɛɟɥɵɣ ɮɨɫɮɨɪ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɧɟɭɫɬɨɣɱɢɜ (ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɟ ɫɨɫɬɨɹɧɢɟ) ɢ ɩɟɪɟɯɨɞɢɬ ɫɨ 
ɜɪɟɦɟɧɟɦ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɜ ɤɪɚɫɧɵɣ ɮɨɫɮɨɪ). 
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Ɋɢɫ.3.13 Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɮɨɫɮɨɪɚ 

 

Ȼɟɥɵɣ ɮɨɫɮɨɪ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɛɵɫɬɪɨ ɨɯɥɚɠɞɚɹ ɠɢɞɤɨɫɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪ, 
ɦɟɧɶɲɢɯ T1. ɍɠɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ T2 ɞɨɥɠɧɨ ɧɚɱɚɬɶɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɤɪɚɫɧɨɝɨ 
ɮɨɫɮɨɪɚ (ɭɫɬɨɣɱɢɜɚɹ ɦɨɞɢɮɢɤɚɰɢɹ). ɗɬɨ, ɨɞɧɚɤɨ, ɦɟɞɥɟɧɧɵɣ ɩɪɨɰɟɫɫ. 
ɀɢɞɤɨɫɬɶ ɩɪɨɞɨɥɠɚɟɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɢ ɨɯɥɚɠɞɚɟɬɫɹ ɞɨ T1, ɝɞɟ ɫɬɚɧɨɜɢɬɶɫɹ 
ɜɨɡɦɨɠɧɵɦ ɟɺ ɩɪɟɜɪɚɳɟɧɢɟ ɜ ɛɟɥɵɣ ɮɨɫɮɨɪ. Ȼɟɥɵɣ ɮɨɫɮɨɪ ɦɟɞɥɟɧɧɨ 
ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɛɨɥɟɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɭɸ ɦɨɞɢɮɢɤɚɰɢɸ (ɤɪɚɫɧɵɣ 
ɮɨɫɮɨɪ). ɋɤɨɪɨɫɬɶ ɩɪɟɜɪɚɳɟɧɢɹ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɮɚɡɵ ɜ ɪɚɜɧɨɜɟɫɧɭɸ ɦɨɠɟɬ 
ɛɵɬɶ ɨɱɟɧɶ ɦɚɥɨɣ. Ɏɚɤɬɢɱɟɫɤɢ, ɧɟɪɚɜɧɨɜɟɫɧɚɹ ɮɚɡɚ (ɛɟɥɵɣ Ɋ) ɫɬɚɧɨɜɢɬɫɹ 
ɤɢɧɟɬɢɱɟɫɤɢ ɫɬɚɛɢɥɶɧɨɣ. ɉɨɥɭɱɢɬɶ ɛɟɥɵɣ ɮɨɫɮɨɪ ɢɡ ɤɪɚɫɧɨɝɨ ɧɟɥɶɡɹ, 
ɩɨɫɤɨɥɶɤɭ ɬɚɤɨɣ ɩɪɨɰɟɫɫ ɹɜɥɹɟɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɵɦ. 

https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D0%BD%D0%B4%D0%B0%D1%80%D1%82%D0%BD%D1%8B%D0%B5_%D1%83%D1%81%D0%BB%D0%BE%D0%B2%D0%B8%D1%8F
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4. ȾɂȺȽɊȺɆɆЫ ɋɈɋɌɈəɇɂə Ⱦȼɍɏ ɄɈɆɉɈɇȿɇɌɇЫɏ ɋɂɋɌȿɆ 

Ⱥɝɪɟɝɚɬɧɨɟ ɫɨɫɬɨɹɧɢɟ ɮɚɡ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ, ɦɨɠɟɬ ɛɵɬɶ 
ɪɚɡɥɢɱɧɵɦ. Ɋɚɫɫɦɨɬɪɢɦ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɞɢɚɝɪɚɦɦ ɜ ɪɚɜɧɨɜɟɫɧɵɯ 
ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦɚɯμ 
– ɬɜɟɪɞɚɹ ɮɚɡɚ – ɠɢɞɤɨɫɬɶ (ɞɢɚɝɪɚɦɦɚ ɩɥɚɜɤɨɫɬɢ); 

– ɠɢɞɤɨɫɬɶ – ɠɢɞɤɨɫɬɶ (ɞɢɚɝɪɚɦɦɚ ɜɡɚɢɦɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɠɢɞɤɨɫɬɟɣ); 

– ɩɚɪ (ɝɚɡ) – ɠɢɞɤɨɫɬɶ (ɞɢɚɝɪɚɦɦɚ ɤɢɩɟɧɢɹ). 

ȼ ɫɥɭɱɚɟ  ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ (ɬɜɟɪɞɨɟ–ɠɢɞɤɨɫɬɶ ɢɥɢ ɠɢɞɤɨɫɬɶ–
ɠɢɞɤɨɫɬɶ), ɢɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɦɚɥɨ ɜɥɢɹɟɬ ɧɚ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ, 
ɩɨɷɬɨɦɭ ɦɨɠɧɨ ɨɝɪɚɧɢɱɢɬɶɫɹ ɚɧɚɥɢɡɨɦ ɞɢɚɝɪɚɦɦ ɬɟɦɩɟɪɚɬɭɪɚ-ɫɨɫɬɚɜ (ɬɚɤɨɝɨ 
ɬɢɩɚ ɞɢɚɝɪɚɦɦɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɥɹ ɪɚɜɧɨɜɟɫɢɣ ɜ ɪɚɫɬɜɨɪɚɯ ɢ ɪɚɫɩɥɚɜɚɯ). 
ȿɫɥɢ ɠɟ ɜ ɫɢɫɬɟɦɟ ɢɦɟɟɬɫɹ ɩɚɪɨɜɚɹ ɮɚɡɚ, ɬɨ ɞɚɜɥɟɧɢɟ ɨɤɚɡɵɜɚɟɬ ɫɢɥɶɧɨɟ 
ɜɥɢɹɧɢɟ ɧɚ ɮɚɡɨɜɵɟ ɪɚɜɧɨɜɟɫɢɹ, ɢ ɬɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ 
ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɚɜ–ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢ Ɋ=МonsЭ, ɧɨ ɢ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɚɜ–ɞɚɜɥɟɧɢɟ 
ɩɪɢ T=const. 

Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜɵɲɟ, ɮɚɡɨɜɨɟ ɪɚɜɧɨɜɟɫɢɟ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ 
ɡɚɜɢɫɢɬ ɨɬ ɞɜɭɯ ɩɚɪɚɦɟɬɪɨɜ (ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ) ɢ Ɋ–T – ɞɢɚɝɪɚɦɦɚ ɞɥɹ 
ɧɢɯ ɦɨɠɟɬ ɛɵɬɶ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɩɥɨɫɤɨɫɬɢ. ɇɨ ɟɫɥɢ ɫɢɫɬɟɦɚ ɫɨɞɟɪɠɢɬ ɞɜɚ 
ɤɨɦɩɨɧɟɧɬɚ (A ɢ B), ɬɨ ɟɟ ɫɨɫɬɨɹɧɢɟ ɡɚɜɢɫɢɬ ɟɳɟ ɢ ɨɬ ɫɨɫɬɚɜɚ. Ⱦɥɹ ɩɨɥɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɨ, ɤɪɨɦɟ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɡɧɚɬɶ ɟɳɟ ɫɨɫɬɚɜ ɫɢɫɬɟɦɵ (ɤɨɧɰɟɧɬɪɚɰɢɸ ɨɞɧɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ). 

Ⱦɥɹ ɬɚɤɢɯ ɫɢɫɬɟɦ, ɝɞɟ ɱɢɫɥɨ ɤɨɦɩɨɧɟɧɬɨɜ К=2 (A ɢ B) ɢ ɱɢɫɥɨ ɩɚɪɚɦɟɬɪɨɜ 
n=2 (T ɢ Ɋ), ɩɪɚɜɢɥɨ ɮɚɡ Ƚɢɛɛɫɚ (ɋ = К – Ɏ + n) ɩɪɢɧɢɦɚɟɬ ɜɢɞμ 

ɋ = 2 – Ɏ + 2. 

ɉɪɢ ɱɢɫɥɟ ɮɚɡ Ɏ=1 ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɋ=3 (T, P, ɫɨɫɬɚɜ). 

Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɞɨɥɠɧɚ ɛɵɬɶ ɩɨɫɬɪɨɟɧɚ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ (ɞɚɜɥɟɧɢɟ - ɬɟɦɩɟɪɚɬɭɪɚ - ɫɨɫɬɚɜ), ɱɬɨ ɧɟɭɞɨɛɧɨ 
ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. ɉɨɷɬɨɦɭ ɨɛɵɱɧɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɩɥɨɫɤɢɟ 
ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɚɜ – ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɫɨɫɬɚɜ – ɞɚɜɥɟɧɢɟ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɨɛɨɣ ɫɟɱɟɧɢɹ ɨɛɴɟɦɧɨɣ ɞɢɚɝɪɚɦɦɵ ɩɪɢ Ɋ=МonsЭ ɢɥɢ T=const. 

ȼ ɢɡɨɛɚɪɧɵɯ ɢɥɢ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ n=1 ɢ ɭɫɥɨɜɧɚɹ ɜɚɪɢɚɧɬɧɨɫɬɶ 
ɫɢɫɬɟɦɵ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɢɥɨɦ ɮɚɡ Ƚɢɛɛɫɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦμ 

ɋ = 2 – Ɏ + 1 
 

4.1. Ɉɫɧɨɜɵ ɚɧɚɥɢɡɚ ɞɢɚɝɪɚɦɦ ɫɨɫɬɨɹɧɢɹ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ 

ɋ ɩɨɦɨɳɶɸ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɫɨɫɬɨɹɧɢɟ 
ɫɢɫɬɟɦɵ ɩɪɢ ɥɸɛɨɦ ɜɡɚɢɦɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɧɟɣ ɢ ɥɸɛɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɭɤɚɡɚɧɧɨɦ ɧɚ ɞɢɚɝɪɚɦɦɟ ɞɢɚɩɚɡɨɧɟμ ɨɩɪɟɞɟɥɢɬɶ ɱɢɫɥɨ ɢ ɫɨɫɬɚɜ 
ɜɫɟɯ ɮɚɡ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɢɫɬɟɦɭ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɩɪɟɞɫɤɚɡɚɬɶ 
ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɨɩɪɟɞɟɥɢɬɶ ɫɨɨɬɧɨɲɟɧɢɟ 
ɦɟɠɞɭ ɦɚɫɫɚɦɢ ɮɚɡ, ɤɨɝɞɚ ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɞɜɭɯɮɚɡɧɨɣ ɨɛɥɚɫɬɢ. 

ɂɫɯɨɞɹ ɢɡ ɩɪɢɧɰɢɩɚ ɫɨɨɬɜɟɬɫɬɜɢɹ, ɱɬɨ «ɤɚɠɞɨɣ ɮɚɡɨɜɨɣ ɚɫɫɨɰɢɚɰɢɢ, 
ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɜ ɪɚɜɧɨɜɟɫɢɢ, ɧɚ ɞɢɚɝɪɚɦɦɟ ɨɬɜɟɱɚɟɬ 
ɨɩɪɟɞɟɥɟɧɧɵɣ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɨɛɪɚɡ», ɬɨ ɥɢɧɢɢ ɧɚ ɞɢɚɝɪɚɦɦɟ ɫɨɫɬɨɹɧɢɹ 
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ɨɡɧɚɱɚɸɬ ɩɨɹɜɥɟɧɢɟ ɢɥɢ ɢɫɱɟɡɧɨɜɟɧɢɟ ɮɚɡ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɜɡɹɬɶ ɫɢɫɬɟɦɭ 
ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɢɡɦɟɧɹɬɶ ɟɟ ɬɟɦɩɟɪɚɬɭɪɭ, ɬɨ ɩɪɢ ɩɟɪɟɯɨɞɟ ɱɟɪɟɡ 
ɥɢɧɢɸ ɛɭɞɭɬ ɢɫɱɟɡɚɬɶ ɫɬɚɪɵɟ ɢɥɢ ɩɨɹɜɥɹɬɶɫɹ ɧɨɜɵɟ ɮɚɡɵ. ȿɫɥɢ ɥɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɚ (ɢɦɟɟɬɫɹ ɩɟɪɟɫɟɱɟɧɢɟ ɫ ɞɪɭɝɨɣ ɥɢɧɢɟɣ, ɮɚɤɬɢɱɟɫɤɢ, ɥɢɧɢɢ ɧɟ 
ɩɟɪɟɫɟɤɚɸɬɫɹ, ɚ ɫɯɨɞɹɬɫɹ ɜ ɬɨɱɤɟ), ɬɨ ɜ ɷɬɨɣ ɬɨɱɤɟ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ ɟɟ 
ɝɪɚɧɢɰɭ, ɫɢɫɬɟɦɚ ɧɟ ɛɭɞɟɬ ɨɛɥɚɞɚɬɶ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ, ɬ.ɟ. ɛɭɞɟɬ 
ɧɨɧɜɚɪɢɚɧɬɧɨɣ. ȼɫɟ ɫɤɚɡɚɧɧɨɟ ɤɚɫɚɟɬɫɹ, ɩɨ ɫɭɬɢ, ɬɨɥɶɤɨ ɧɚɤɥɨɧɧɵɯ ɥɢɧɢɣ ɧɚ 
ɞɢɚɝɪɚɦɦɟ, ɤɨɬɨɪɵɟ ɢ ɨɛɥɚɞɚɸɬ ɨɞɧɨɣ ɫɬɟɩɟɧɶɸ ɫɜɨɛɨɞɵ. Ƚɨɪɢɡɨɧɬɚɥɶɧɵɟ 
ɥɢɧɢɢ ɷɬɨɣ ɫɬɟɩɟɧɶɸ ɫɜɨɛɨɞɵ ɧɟ ɨɛɥɚɞɚɸɬ – ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɥɢɧɢɢ 
ɫɢɫɬɟɦɚ ɧɨɧɜɚɪɢɚɧɬɧɚ. 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɫɜɨɣɫɬɜ ɧɟɤɨɬɨɪɨɣ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɧɟɨɛɯɨɞɢɦɨ 
ɧɚ ɞɢɚɝɪɚɦɦɟ ɩɪɨɜɟɫɬɢ ɜɟɪɬɢɤɚɥɶɧɭɸ ɥɢɧɢɸ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸ ɡɚɞɚɧɧɵɣ 
ɫɨɫɬɚɜ (ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɤɨɦɩɨɧɟɧɬɚɦɢ). Ɍɚɤɚɹ ɥɢɧɢɹ ɧɚɡɵɜɚɟɬɫɹ 
ɢɡɨɩɥɟɬɨɣ. Ⱦɜɢɝɚɹɫɶ ɩɨ ɢɡɨɩɥɟɬɟ ɜɜɟɪɯ ɢɥɢ ɜɧɢɡ ɦɵ ɛɭɞɟɦ ɩɨɥɭɱɚɬɶ 
ɮɢɝɭɪɚɬɢɜɧɵɟ ɬɨɱɤɢ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɩɪɢ ɧɟɤɨɬɨɪɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

Ɇɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɪɢ ɨɫɧɨɜɧɵɯ ɬɢɩɚ ɮɢɝɭɪɚɬɢɜɧɵɯ ɬɨɱɟɤ ɧɚ ɞɢɚɝɪɚɦɦɚɯ 
ɫɨɫɬɨɹɧɢɹ (ɪɢɫ.1). 
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Ɍɢɩ I. Ɍɨɱɤɚ ɥɟɠɢɬ ɧɚ ɩɨɥɟ ɪɚɫɬɜɨɪɚ (ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ ɩɚɪ, ɪɚɫɩɥɚɜ, ɪɚɫɬɜɨɪ 
ɠɢɞɤɢɣ ɢɥɢ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ). ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɫɢɫɬɟɦɚ ɝɨɦɨɝɟɧɧɚɹ (Ɏ=1) 
ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɣ ɮɚɡɵ ɢ ɫɨɫɬɨɹɧɢɟ ɷɬɨɣ ɮɚɡɵ (ɟɟ ɫɨɫɬɚɜ ɢ ɬɟɦɩɟɪɚɬɭɪɭ) ɛɭɞɟɬ 
ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɫɚɦɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɮɢɝɭɪɚɬɢɜɧɚɹ ɬɨɱɤɚ. Ⱦɥɹ ɬ.I ɫɨɫɬɚɜ 
ɛɭɞɟɬ δ1 (γ0%ȼ ɢ ι0%Ⱥ), ɚ ɬɟɦɩɟɪɚɬɭɪɚ Ɍ1. 

Ɍɢɩ II. Ɍɨɱɤɚ ɥɟɠɢɬ ɧɚ ɞɜɭɯɮɚɡɧɨɦ ɩɨɥɟ (Ɏ=β). ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɪɚɜɧɨɜɟɫɢɟ 
ɦɟɠɞɭ ɮɚɡɚɦɢ ɨɩɢɫɵɜɚɟɬɫɹ ɞɜɭɦɹ ɬɨɱɤɚɦɢ ɫ ɩɨɦɨɳɶɸ ɧɨɞɵ (ɤɨɧɧɨɞɵ).  

ɇɨɞɚ (ɤɨɧɧɨɞɚ) – ɷɬɨ ɨɬɪɟɡɨɤ, ɩɪɨɜɟɞɟɧɧɵɣ ɱɟɪɟɡ ɮɢɝɭɪɚɬɢɜɧɭɸ ɬɨɱɤɭ, 
ɩɚɪɚɥɥɟɥɶɧɵɣ ɨɫɢ ɫɨɫɬɚɜɚ ɢ ɫɨɟɞɢɧɹɸɳɢɣ ɥɢɧɢɢ ɪɚɜɧɨɜɟɫɧɵɯ ɮɚɡ (ɧɨɞɚ ɦɨɠɟɬ 
ɬɚɤɠɟ ɜɵɯɨɞɢɬɶ ɢɡ ɮɢɝɭɪɚɬɢɜɧɨɣ ɬɨɱɤɢ). 

ɗɬɢ ɞɜɟ ɥɢɧɢɢ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɩɨɥɟ ɫɥɟɜɚ ɢ ɫɩɪɚɜɚ, ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬ 
ɫɨɫɬɚɜ ɞɜɭɯ ɮɚɡ ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢμ 

– ɞɥɹ ɞɢɚɝɪɚɦɦ ɩɥɚɜɤɨɫɬɢ ɷɬɨ ɥɢɧɢɢ ɫɨɥɢɞɭɫɚ ɢ ɥɢɤɜɢɞɭɫɚ; 

– ɞɥɹ ɞɢɚɝɪɚɦɦ ɤɢɩɟɧɢɹ – ɷɬɨ ɥɢɧɢɢ ɩɚɪɚ ɢ ɠɢɞɤɨɫɬɢ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɨɟɤɰɢɢ ɧɚ ɨɫɶ ɫɨɫɬɚɜɚ ɞɜɭɯ ɬɨɱɟɤ ɩɟɪɟɫɟɱɟɧɢɹ ɧɨɞɵ ɫ 
ɷɬɢɦɢ ɥɢɧɢɹɦɢ ɢ ɭɤɚɠɭɬ ɫɨɫɬɚɜ ɞɜɭɯ ɮɚɡ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɩɪɢ 
ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ʉɚɤɢɟ ɢɦɟɧɧɨ ɮɚɡɵ, ɧɚɯɨɞɹɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɩɪɢ ɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ, ɩɨɤɚɠɭɬ ɫɩɥɨɲɧɵɟ ɩɨɥɹ ɪɚɫɬɜɨɪɨɜ, ɧɚ ɝɪɚɧɢɰɟ ɤɨɬɨɪɵɯ ɥɟɠɚɬ ɷɬɢ 
ɬɨɱɤɢ.  

Ⱦɥɹ ɬɨɱɤɢ II. ɋɩɪɚɜɚ ɧɚɯɨɞɢɬɫɹ ɥɢɧɢɹ ɥɢɤɜɢɞɭɫɚ – ɨɧɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɨɫɬɚɜ 
ɪɚɜɧɨɜɟɫɧɨɣ ɠɢɞɤɨɣ ɮɚɡɚ, ɚ ɫɥɟɜɚ – ɥɢɧɢɹ ɫɨɥɢɞɭɫɚ (ɞɥɹ ɞɚɧɧɨɣ ɞɢɚɝɪɚɦɦɵ ɨɧɚ 
ɫɨɜɩɚɞɚɟɬ ɫ ɨɫɶɸ ɬɟɦɩɟɪɚɬɭɪ). ɉɪɨɜɟɞɟɦ ɧɨɞɭ εζ ɢ ɨɩɭɫɬɢɦ ɩɪɨɟɤɰɢɢ ɢɡ ɬɨɱɟɤ 
ε ɢ ζ ɧɚ ɨɫɶ ɫɨɫɬɚɜɚ. 

ɉɨɥɭɱɢɦ ɫɨɫɬɚɜ ɪɚɫɩɥɚɜɚ – δβ (ηη%ȼ ɢ 4η%Ⱥ) ɢ ɫɨɫɬɚɜ ɬɜɟɪɞɨɣ ɮɚɡɵ – S2 

(100%A – ɤɪɢɫɬɚɥɥɵ Ⱥ). 
Ɍɢɩ III. Ɍɨɱɤɚ ɥɟɠɢɬ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɪɹɦɨɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɫɢɫɬɟɦɚ 

ɛɭɞɟɬ ɫɨɫɬɨɹɬɶ ɢɡ ɬɪɟɯ ɮɚɡ (Ɏ=γ) ɢ ɪɚɜɧɨɜɟɫɢɟ ɜ ɧɟɣ ɛɭɞɟɬ ɨɩɢɫɵɜɚɬɶɫɹ ɬɪɟɦɹ 
ɬɨɱɤɚɦɢ. ɇɚɣɬɢ ɷɬɢ ɬɨɱɤɢ ɨɱɟɧɶ ɥɟɝɤɨ ɩɨ ɩɟɪɟɫɟɱɟɧɢɸ ɷɬɨɣ ɥɢɧɢɢ ɫ ɞɪɭɝɢɦɢ 
ɥɢɧɢɹɦɢ (ɪɢɫ. 1ɚ,ɛ).  

Ⱦɥɹ ɩɪɢɜɟɞɟɧɧɨɝɨ ɩɪɢɦɟɪɚ ɧɨɞɚ, ɩɪɨɜɟɞɟɧɧɚɹ ɱɟɪɟɡ ɬɨɱɤɭ III (KF) 
ɩɟɪɟɫɟɤɚɟɬ ɥɟɜɭɸ ɥɢɧɢɸ ɫɨɥɢɞɭɫɚ ɜ ɬɨɱɤɟ K, ɩɪɚɜɭɸ ɥɢɧɢɸ ɫɨɥɢɞɭɫɚ ɜ ɬɨɱɤɟ F, 
ɚ ɥɢɧɢɸ ɥɢɤɜɢɞɭɫɚ - ɜ ɬɨɱɤɟ η. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɪɢɫ 1ɚ ɩɪɨɟɤɰɢɢ ɧɚ ɨɫɶ ɫɨɫɬɚɜɚ 
ɞɚɸɬ ɧɚɦ ɫɨɫɬɚɜɵ ɪɚɜɧɨɜɟɫɧɵɯ ɮɚɡμ ɪɚɫɩɥɚɜ, ɫɨɫɬɚɜɚ δγν ɬɜɟɪɞɚɹ ɮɚɡɚ, ɫɨɫɬɚɜɚ 
Sβ (100% A) ɢ ɬɜɟɪɞɚɹ ɮɚɡɚ, ɫɨɫɬɚɜɚ Sγ (100% ȼ) .ȼ ɫɥɭɱɚɟ ɪɢɫ. 1ɛ ɩɪɨɟɤɰɢɢ ɧɚ 
ɨɫɶ ɫɨɫɬɚɜɚ ɞɚɸɬ ɫɨɫɬɚɜɵ ɪɚɜɧɨɜɟɫɧɵɯ ɮɚɡμ ɪɚɫɩɥɚɜ, ɫɨɫɬɚɜɚ δγν ɬɜɟɪɞɚɹ ɮɚɡɚ, 
ɫɨɫɬɚɜɚ Sγ ɢ ɬɜɟɪɞɚɹ ɮɚɡɚ, ɫɨɫɬɚɜɚ S4. 

ȼ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɡɦɟɧɹɟɬɫɹ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɮɚɡ (ɧɚɩɪɢɦɟɪ, ɢɡ 
ɠɢɞɤɨɫɬɢ ɜɵɞɟɥɹɸɬɫɹ ɤɪɢɫɬɚɥɥɵ ɨɞɧɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ) ɢ ɤɨɥɢɱɟɫɬɜɨ ɤɚɠɞɨɣ 
ɮɚɡɵ (ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɤɨɥɢɱɟɫɬɜɨ ɬɜɺɪɞɨɣ ɮɚɡɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɠɢɞɤɨɣ- 

ɭɦɟɧɶɲɚɟɬɫɹ). ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɟɪɜɵɦ ɩɨɥɨɠɟɧɢɟɦ ɩɪɚɜɢɥɚ ɨɬɪɟɡɤɨɜμ «ɑɬɨɛɵ 
ɨɩɪɟɞɟɥɢɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɮɚɡɚɯ, ɱɟɪɟɡ ɞɚɧɧɭɸ ɬɨɱɤɭ, 
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ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ, ɩɪɨɜɨɞɹɬ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɥɢɧɢɸ ɞɨ 
ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɥɢɧɢɹɦɢ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɦɢ ɞɚɧɧɭɸ ɨɛɥɚɫɬɶν ɩɪɨɟɤɰɢɢ ɬɨɱɟɤ 
ɩɟɪɟɫɟɱɟɧɢɹ ɧɚ ɨɫɶ ɤɨɧɰɟɧɬɪɚɰɢɣ ɩɨɤɚɡɵɜɚɸɬ ɫɨɫɬɚɜɵ ɮɚɡ». ȼɬɨɪɨɟ ɩɨɥɨɠɟɧɢɟ 
ɩɪɚɜɢɥɚ ɨɬɪɟɡɤɨɜμ «Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ 
ɮɚɡ, ɱɟɪɟɡ ɡɚɞɚɧɧɭɸ ɬɨɱɤɭ ɩɪɨɜɨɞɹɬ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɥɢɧɢɸ. Ɉɬɪɟɡɤɢ ɷɬɨɣ 
ɥɢɧɢɢ ɦɟɠɞɭ ɡɚɞɚɧɧɨɣ ɬɨɱɤɨɣ ɢ ɬɨɱɤɚɦɢ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɫɨɫɬɚɜɵ ɮɚɡ, ɨɛɪɚɬɧɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɤɨɥɢɱɟɫɬɜɚɦ ɷɬɢɯ ɮɚɡ». 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɢɥɨɦ ɪɵɱɚɝɚ, ɮɢɝɭɪɚɬɢɜɧɚɹ ɬɨɱɤɚ 
Ʉ ɞɟɥɢɬ ɩɪɨɜɟɞɟɧɧɭɸ ɱɟɪɟɡ ɧɟɟ ɧɨɞɭ ɆN ɧɚ ɨɬɪɟɡɤɢ ɨɛɪɚɬɧɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɟ ɤɨɥɢɱɟɫɬɜɚɦ (ɦɚɫɫɚɦ) ɮɚɡ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɷɬɨɣ ɬɨɱɤɟ. 

ɋ ɩɨɦɨɳɶɸ ɮɢɝɭɪɚɬɢɜɧɨɣ ɬɨɱɤɢ Ʉ ɢ ɩɪɨɜɟɞɟɧɧɨɣ ɱɟɪɟɡ ɧɟɟ ɧɨɞɵ Ɇζ 
ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɨɨɬɧɨɲɟɧɢɟ ɦɚɫɫ (ɤɨɥɢɱɟɫɬɜ) ɮɚɡ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ, ɚ ɡɧɚɹ 
ɨɛɳɭɸ ɦɚɫɫɭ ɫɢɫɬɟɦɵ ɪɚɫɫɱɢɬɚɬɶ ɦɚɫɫɭ ɤɚɠɞɨɣ ɪɚɜɧɨɜɟɫɧɨɣ ɮɚɡɵ (ɪɢɫ. 4.2). 
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Ɉɬɪɟɡɨɤ, ɩɪɢɦɵɤɚɸɳɟɣ ɤ ɨɛɥɚɫɬɢ ɬɜɟɪɞɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɨɬɜɟɱɚɟɬ ɡɚ ɦɚɫɫɭ 
ɪɚɫɩɥɚɜɚ, ɚ ɨɬɪɟɡɨɤ, ɩɪɢɦɵɤɚɸɳɢɣ ɤ ɨɛɥɚɫɬɢ ɪɚɫɩɥɚɜɚ, ɨɬɜɟɱɚɟɬ ɡɚ ɦɚɫɫɭ 
ɬɜɟɪɞɨɣ ɮɚɡɵ. 

Ɂɧɚɹ ɨɛɳɭɸ ɦɚɫɫɭ ɫɢɫɬɟɦɵ ( ɬɜɟɪɞɨɣɪɚɫɩɥɚɜɚɫɢɫɬɟɦɵ mmm  ) ɦɨɠɧɨ 
ɪɚɫɫɱɢɬɚɬɶ ɦɚɫɫɭ ɤɚɠɞɨɣ ɮɚɡɵ. 

ɉɪɚɜɢɥɨ ɨɬɪɟɡɤɨɜ ɜ ɞɜɨɣɧɵɯ ɞɢɚɝɪɚɦɦɚɯ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɬɨɥɶɤɨ ɜ 
ɞɜɭɯɮɚɡɧɵɯ ɨɛɥɚɫɬɹɯ. ȼɧɭɬɪɢ ɨɞɧɨɮɚɡɧɨɣ ɨɛɥɚɫɬɢ ɥɸɛɚɹ ɬɨɱɤɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬ 
ɟɺ ɤɨɧɰɟɧɬɪɚɰɢɸ, ɚ ɤɨɝɞɚ ɜ ɫɢɫɬɟɦɟ ɜ ɪɚɜɧɨɜɟɫɢɢ ɧɚɯɨɞɹɬɫɹ ɬɪɢ ɮɚɡɵ 
(ɮɢɝɭɪɚɬɢɜɧɚɹ ɬɨɱɤɚ ɥɟɠɢɬ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɥɢɧɢɢ), ɨɩɪɟɞɟɥɢɬɶ 
ɫɨɨɬɧɨɲɟɧɢɟ ɦɚɫɫ ɦɟɠɞɭ ɷɬɢɦɢ ɮɚɡɚɦɢ, ɢɫɯɨɞɹ ɢɡ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ, 
ɧɟɥɶɡɹ.  
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4.2. Ⱦɢɚɝɪɚɦɦɵ ɩɥɚɜɤɨɫɬɢ ɞɜɭɯ ɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ 

ȼɢɞ ɞɢɚɝɪɚɦɦɵ ɩɥɚɜɤɨɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɜɡɚɢɦɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɢ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɹɯ. ȼ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ 
ɫɢɫɬɟɦɵ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɝɨɦɨɝɟɧɧɵ. ɇɨ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ 
ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɧɨɫɬɶɸ ɧɟ ɪɚɫɬɜɨɪɢɦɵ ɞɪɭɝ ɜ ɞɪɭɝɟ, ɩɨɥɧɨɫɬɶɸ ɢɥɢ 
ɱɚɫɬɢɱɧɨ ɪɚɫɬɜɨɪɢɦɵ, ɦɨɝɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶ ɭɫɬɨɣɱɢɜɵɟ ɢɥɢ ɧɟɭɫɬɨɣɱɢɜɵɟ 
ɯɢɦɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɦɨɝɭɬ ɩɪɟɬɟɪɩɟɜɚɬɶ ɩɨɥɢɦɨɪɮɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ. 

Ɋɚɫɫɦɨɬɪɢɦ η ɨɫɧɨɜɧɵɯ ɬɢɩɨɜ ɞɢɚɝɪɚɦɦ ɩɥɚɜɤɨɫɬɢ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ 
ɫɢɫɬɟɦ (ɪɢɫ.4.3): 

 

1.  Ⱦɢɚɝɪɚɦɦɚ ɩɥɚɜɤɨɫɬɢ ɜɟɳɟɫɬɜ ɧɟ ɨɛɪɚɡɭɸɳɢɯ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ (I ɪɨɞɚ)ν 
2. Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɫɩɥɚɜɨɜ ɫ ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜ 

ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ (II ɪɨɞɚ); 
3. Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɫɩɥɚɜɨɜ ɫ ɨɝɪɚɧɢɱɟɧɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜ 

ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ (III ɪɨɞɚ)ν 
4. Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɫɩɥɚɜɨɜ ɨɛɪɚɡɭɸɳɢɯ ɭɫɬɨɣɱɢɜɵɟ ɯɢɦɢɱɟɫɤɢɟ 

ɫɨɟɞɢɧɟɧɢɹ (IV ɪɨɞɚ)ν 
5. Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɫɩɥɚɜɨɜ ɨɛɪɚɡɭɸɳɢɯ ɧɟɭɫɬɨɣɱɢɜɵɟ ɯɢɦɢɱɟɫɤɢɟ 

ɫɨɟɞɢɧɟɧɢɹ (IV ɪɨɞɚ). 
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Ɋɢɫ.4.3 Ɉɫɧɨɜɧɵɟ ɬɢɩɵ ɞɢɚɝɪɚɦɦ ɩɥɚɜɤɨɫɬɢ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ 

 

 

http://www.markmet.ru/diagrammy-splavov/diagramma-sostoyaniya-dlya-splavov-obrazuyushchikh-mekhanicheskie-smesi-iz-chistyk
http://www.markmet.ru/diagrammy-splavov/diagramma-sostoyaniya-dlya-splavov-obrazuyushchikh-mekhanicheskie-smesi-iz-chistyk
http://www.markmet.ru/diagrammy-splavov/diagramma-sostoyaniya-dlya-splavov-s-neogranichennoi-rastvorimostyu-v-tverdom-sost
http://www.markmet.ru/diagrammy-splavov/diagramma-sostoyaniya-dlya-splavov-s-neogranichennoi-rastvorimostyu-v-tverdom-sost


 

 

93 

ȾɂȺȽɊȺɆɆȺ ɉɅȺȼɄɈɋɌɂ ȼȿɓȿɋɌȼ ɇȿ ɈȻɊȺɁɍɘɓɂɏ 
ɌȼȿɊȾЫɏ ɊȺɋɌȼɈɊɈȼ  (I ɪɨɞɚ) 

Ⱦɪɭɝɢɟ ɧɚɡɜɚɧɢɹ ɞɢɚɝɪɚɦɦɵ: 
Ⱦɢɚɝɪɚɦɦɚ ɩɥɚɜɤɨɫɬɢ ɧɟɢɡɨɦɨɪɮɧɨ ɩɥɚɜɹɳɢɯɫɹ ɜɟɳɟɫɬɜν 

Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɫɩɥɚɜɨɜ, ɨɛɪɚɡɭɸɳɢɯ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɦɟɫɢ ɢɡ 
ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜν 

Ⱦɢɚɝɪɚɦɦɵ ɩɥɚɜɤɨɫɬɢ ɫ ɩɪɨɫɬɨɣ ɷɜɬɟɤɬɢɤɨɣ. 
ɂɡɨɦɨɪɮɢɡɦ – ɩɨɥɧɨɟ ɩɨɞɨɛɢɟ ɚɬɨɦɧɨ-ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ ɢ ɮɨɪɦɵ 

ɤɪɢɫɬɚɥɥɨɜ ɜɟɳɟɫɬɜ. ɂɡɨɦɨɪɮɢɡɦ ɜɨɡɦɨɠɟɧ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ 
ɱɢɫɥɚɯ ɚɬɨɦɨɜ, ɚ ɜ ɤɨɜɚɥɟɧɬɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɩɪɢ ɬɨɠɞɟɫɬɜɟɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ 
ɫɜɹɡɟɣ. 

ɂɡɨɦɨɪɮɧɵɟ ɜɟɳɟɫɬɜɚ ɫɩɨɫɨɛɧɵ ɡɚɦɟɳɚɬɶ ɚɬɨɦɵ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ 
ɪɟɲɟɬɤɚɯ (ɄɊ) ɞɪɭɝ ɞɪɭɝɚ. Ɍɚɤɢɟ ɜɟɳɟɫɬɜɚ ɨɛɪɚɡɭɸɬ ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ. 

ɇɟɢɡɨɦɨɪɮɧɵɟ ɜɟɳɟɫɬɜɚ ɬɚɤ ɫɢɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɬɢɩɨɦ ɢ ɩɚɪɚɦɟɬɪɚɦɢ 
ɫɜɨɢɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ, ɱɬɨ ɧɟ ɫɩɨɫɨɛɧɵ ɡɚɦɟɳɚɬɶ ɚɬɨɦɵ ɞɪɭɝ ɞɪɭɝɚ ɜ 
ɭɡɥɚɯ ɄɊ. ɇɟɢɡɨɦɨɪɮɧɵɟ ɜɟɳɟɫɬɜɚ ɧɟ ɨɛɪɚɡɭɸɬ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ. ȼ ɬɜɟɪɞɨɦ 
ɫɨɫɬɨɹɧɢɢ ɨɧɢ ɨɛɪɚɡɭɸɬ ɦɟɯɚɧɢɱɟɫɤɭɸ ɫɦɟɫɶ ɤɪɢɫɬɚɥɥɨɜ ɤɨɦɩɨɧɟɧɬɨɜ. 

Ʉɥɚɫɫɢɱɟɫɤɢɦɢ ɧɟɢɡɨɦɨɪɮɧɨ-ɩɥɚɜɹɳɢɦɢɫɹ ɫɢɫɬɟɦɚɦɢ ɹɜɥɹɸɬɫɹ PЛ-Sb; Al-

Be; Au-Tl; Sb-Ge; LiCl-KCl; BaO-CaO. 

 

Ɋɢɫ.4.4 ɉɪɢɦɟɪɵ ɧɟɢɡɨɦɨɪɮɧɨ-ɩɥɚɜɹɳɢɯɫɹ ɫɢɫɬɟɦ PЛ-SЛ ɢ AХ-Be; 

 

ȼ ɨɛɳɟɦ ɜɢɞɟ ɞɢɚɝɪɚɦɦɚ  ɩɥɚɜɤɨɫɬɢ ɧɟɢɡɨɦɨɪɮɧɨ ɩɥɚɜɹɳɢɯɫɹ  ɜɟɳɟɫɬɜ ɧɟ 
ɨɛɪɚɡɭɸɳɢɯ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɤ ɧɟɣ ɩɪɢɜɟɞɟɧɵ ɧɚ 
(ɪɢɫ.4.5): 

http://www.markmet.ru/diagrammy-splavov/diagramma-sostoyaniya-dlya-splavov-obrazuyushchikh-mekhanicheskie-smesi-iz-chistyk
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Ɋɢɫ.4.5 Ɉɛɳɢɣ ɜɢɞ ɞɢɚɝɪɚɦɦɵ ɩɥɚɜɤɨɫɬɢ ɧɟɢɡɨɦɨɪɮɧɨ-ɩɥɚɜɹɳɢɯɫɹ ɜɟɳɟɫɬɜ 

Ʌɢɧɢɹ DηE – ɧɚɡɵɜɚɟɬɫɹ ɥɢɧɢɟɣ ɥɢɤɜɢɞɭɫɚ. ȼɵɲɟ ɥɢɧɢɢ ɥɢɤɜɢɞɭɫɚ 
ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɩɨɥɧɨɫɬɶɸ ɜ ɜɢɞɟ ɪɚɫɩɥɚɜɚ. ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɪɚɫɩɥɚɜɚ ɧɚ 
ɥɢɧɢɢ ɥɢɤɜɢɞɭɫɚ ɧɚɱɢɧɚɟɬɫɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ (ɩɨɹɜɥɹɸɬɫɹ ɩɟɪɜɵɟ ɤɪɢɫɬɚɥɥɵ 
ɬɜɟɪɞɨɣ ɮɚɡɵ). Ʌɢɧɢɹ ɥɢɤɜɢɞɭɫɚ ɭɤɚɡɵɜɚɟɬ ɧɚ ɫɨɫɬɚɜ ɪɚɜɧɨɜɟɫɧɨɣ ɠɢɞɤɨɣ ɮɚɡɵ 
(ɪɚɫɩɥɚɜɚ) ɜ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɢɫɬɟɦɟ ɪɚɫɩɥɚɜ + ɤɪɢɫɬɚɥɥɵ. 

Ʌɢɧɢɢ AD, KF ɢ BE (AD ɢ BE ɧɚɤɥɚɞɵɜɚɸɬɫɹ ɧɚ ɨɫɢ ɬɟɦɩɟɪɚɬɭɪ) 
ɫɨɫɬɚɜɥɹɸɬ ɥɢɧɢɸ ɫɨɥɢɞɭɫɚ. ɉɨɞ ɷɬɢɦɢ ɥɢɧɢɹɦɢ ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɩɨɥɧɨɫɬɶɸ 
ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ. Ʌɢɧɢɢ ɫɨɥɢɞɭɫɚ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ AD ɢ BE) ɭɤɚɡɵɜɚɸɬ ɧɚ 
ɫɨɫɬɚɜ ɪɚɜɧɨɜɟɫɧɨɣ ɬɜɟɪɞɨɣ ɮɚɡɵ ɜ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɢɫɬɟɦɟ ɪɚɫɩɥɚɜ + ɤɪɢɫɬɚɥɥɵ.  

ȼ ɨɛɥɚɫɬɢ KηD ɫɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚ ɢ ɫɨɫɬɨɢɬ ɢɡ ɪɚɫɩɥɚɜɚ (δ) ɢ ɤɪɢɫɬɚɥɥɨɜ 
ɜɟɳɟɫɬɜɚ A. 

ȼ ɨɛɥɚɫɬɢ FηE ɫɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚ ɢ ɫɨɫɬɨɢɬ ɢɡ ɪɚɫɩɥɚɜɚ (δ) ɢ ɤɪɢɫɬɚɥɥɨɜ 
ɜɟɳɟɫɬɜɚ B. 

ɉɨɞ ɥɢɧɢɟɣ ɷɜɬɟɤɬɢɤɢ (KF) ɫɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɦɟɯɚɧɢɱɟɫɤɭɸ ɫɦɟɫɶ ɤɪɢɫɬɚɥɥɨɜ ɜɟɳɟɫɬɜɚ A ɢ ɜɟɳɟɫɬɜɚ B. 

Ʌɢɧɢɹ KF – ɥɢɧɢɹ ɷɜɬɟɤɬɢɤɢ (ɝɪɟɱ. цЮЭОФЭШЬ — ɥɟɝɤɨɩɥɚɜɹɳɢɣɫɹ) – ɥɢɧɢɹ 
ɩɚɪɚɥɥɟɥɶɧɚɹ ɨɫɢ ɫɨɫɬɚɜɨɜ ɢ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɷɜɬɟɤɬɢɱɟɫɤɭɸ ɬɨɱɤɭ η. ɋɨɫɬɚɜ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɬɨɱɤɟ Ɉ ɧɚɡɵɜɚɟɬɫɹ ɷɜɬɟɤɬɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ. 

Ʌɸɛɚɹ ɬɨɱɤɚ ɧɚ ɥɢɧɢɢ ɷɜɬɟɤɬɢɤɢ KF ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢɱɢɟɦ ɬɪɟɯ ɮɚɡμ 
ɤɪ.Ⱥ, ɤɪ.ȼ ɢ ɪɚɫɩɥɚɜɚ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. 

Ɍɜɟɪɞɚɹ ɫɢɫɬɟɦɚ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɩɥɚɜɥɟɧɢɹ ɨɫɬɚɟɬɫɹ 
ɩɨɫɬɨɹɧɧɨɣ (ɢ ɦɢɧɢɦɚɥɶɧɨɣ) ɜɩɥɨɬɶ ɞɨ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɢɫɱɟɡɧɨɜɟɧɢɹ 
ɩɨɫɥɟɞɧɢɯ ɬɜɟɪɞɵɯ ɤɪɢɫɬɚɥɥɨɜ Ⱥ ɢ ȼ. ɗɜɬɟɤɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɚɡɞɨ ɧɢɠɟ 
ɬɟɦɩɟɪɚɬɭɪ ɩɥɚɜɥɟɧɢɹ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɫɢɫɬɟɦɵ PЛ-Sb 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɫɩɥɚɜɚ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ (1γ% SЛ ɢ 8ι% PЛ) 
ɫɨɫɬɚɜɥɹɟɬ β400ɋ, ɯɨɬɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɫɜɢɧɰɚ γβι0ɋ, ɚ ɫɭɪɶɦɵ θγ10ɋ. 
Ⱦɥɹ ɫɢɫɬɟɦɵ K-ζК ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɫɩɥɚɜɚ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 
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(ββ,ι% ζК ɢ ιι,γ% K) ɫɨɫɬɚɜɥɹɟɬ -13,5
0ɋ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 

ɧɚɬɪɢɹ +9ι,80ɋ, ɚ ɤɚɥɢɹ +θγ,ι0ɋ. 
ɂɡ ɪɚɫɩɥɚɜɚ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɚɱɢɧɚɸɬ 

ɤɪɢɫɬɚɥɥɢɡɨɜɚɬɶɫɹ ɜɟɳɟɫɬɜɚ Ⱥ ɢ ȼ. ɋɢɫɬɟɦɚ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɜɟɞɟɬ ɫɟɛɹ 
ɩɨɞɨɛɧɨ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ – ɧɚ ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ ɢɥɢ ɧɚɝɪɟɜɚɧɢɹ 
ɧɚɛɥɸɞɚɟɬɫɹ ɬɨɥɶɤɨ ɨɞɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɚɹ ɩɥɨɳɚɞɤɚ ɩɨɫɬɨɹɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ. 
ɉɪɢɦɟɪ ɚɧɚɥɢɡɚ ɞɢɚɝɪɚɦɦɵ ɩɥɚɜɤɨɫɬɢ ɧɟɢɡɨɦɨɪɮɧɨ ɩɥɚɜɹɳɢɯɫɹ ɜɟɳɟɫɬɜ 
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Ɍɨɱɤɚ1. ɋɢɫɬɟɦɚ ɝɨɦɨɝɟɧɧɚɹ (Ɏ=1)μ ɪɚɫɩɥɚɜ, ɫɨɫɬɚɜɚ L1 (30%B ɢ 70%A);  
ɑɢɫɥɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɋ = β – 1 + 1 = 2 – ɫɢɫɬɟɦɚ 

ɛɢɜɚɪɢɚɧɬɧɚ (ɦɵ ɦɨɠɟɦ ɢɡɦɟɧɹɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɢ ɫɨɫɬɚɜ ɧɟ ɦɟɧɹɹ ɩɪɢ ɷɬɨɦ 
ɱɢɫɥɚ ɢ ɜɢɞɚ ɪɚɜɧɨɜɟɫɧɵɯ ɮɚɡ). 

Ɍɨɱɤɚ β. ɂɡ ɪɚɫɩɥɚɜɚ ɧɚɱɢɧɚɸɬ ɩɨɹɜɥɹɬɶɫɹ ɩɟɪɜɵɟ ɤɪɢɫɬɚɥɥɵ ɜɟɳɟɫɬɜɚ Ⱥ. 
ɋɢɫɬɟɦɚ ɫɬɚɧɨɜɢɬɫɹ ɝɟɬɟɪɨɝɟɧɧɨɣ (Ɏ=β)μ ɤɪ.Ⱥ + ɪɚɫɩɥɚɜ, ɫɨɫɬɚɜɚ L1 (ɬ.ɤ. ɦɚɫɫɚ 
ɬɜɟɪɞɨɣ ɮɚɡɵ ɜ ɬ.β ɧɢɱɬɨɠɧɨ ɦɚɥɚ, ɬɨ ɫɨɫɬɚɜ ɪɚɫɩɥɚɜɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 
ɢɡɦɟɧɹɟɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɟ ɫ ɬ.1). 

ɑɢɫɥɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɋ = β – 2 + 1 = 1 – ɫɢɫɬɟɦɚ 
ɦɨɧɨɜɚɪɢɚɧɬɧɚ (ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɨɩɪɟɞɟɥɟɧɧɵɣ 
ɫɨɫɬɚɜ ɫɢɫɬɟɦɵ ɢ ɧɚɨɛɨɪɨɬ). 

Ɍɨɱɤɚ γ. ȼ ɬ.β ɢɡ ɪɚɫɩɥɚɜɚ ɧɚɱɚɥɢ ɩɨɹɜɥɹɬɶɫɹ ɩɟɪɜɵɟ ɤɪɢɫɬɚɥɥɵ ɜɟɳɟɫɬɜɚ 
Ⱥ. ɉɨ ɦɟɪɟ ɨɯɥɚɠɞɟɧɢɹ ɢɡ ɪɚɫɩɥɚɜɚ ɦɚɫɫɚ ɤɪɢɫɬɚɥɥɨɜ Ⱥ ɪɚɫɬɟɬ, ɚ ɪɚɫɩɥɚɜ 
ɨɛɨɝɚɳɚɟɬɫɹ ɜɟɳɟɫɬɜɨɦ ȼ. 

ȼ ɬ.γ ɜ ɪɚɜɧɨɜɟɫɢɢ ɧɚɯɨɞɹɬɫɹ ɞɜɟ ɮɚɡɵ (Ɏ=β)μ ɤɪɢɫɬɚɥɥɵ Ⱥ (100%Ⱥ) ɢ 
ɪɚɫɩɥɚɜ, ɫɨɫɬɚɜɚ L3 (ηθ%ȼ ɢ 44%Ⱥ).  

(Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɚ ɪɚɜɧɨɜɟɫɧɵɯ ɮɚɡ ɩɪɨɜɟɞɟɦ ɱɟɪɟɡ ɬɨɱɤɭ γ ɧɨɞɭ 
DE. ɂɡ ɬɨɱɟɤ ɩɟɪɟɫɟɱɟɧɢɹ ɧɨɞɵ ɫ ɥɢɧɢɟɣ ɥɢɤɜɢɞɭɫɚ ɢ ɫɨɥɢɞɭɫɚ (ɢɡ ɬɨɱɟɤ D ɢ E) 



 

 

96 

ɩɨɫɬɪɨɢɦ ɩɪɨɟɤɰɢɢ ɧɚ ɨɫɶ ɫɨɫɬɚɜɚ.)  
ɑɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɋ = β – β +1 = 1. ɋɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚ – ɦɨɠɧɨ 

ɦɟɧɹɬɶ ɬɨɥɶɤɨ ɨɞɢɧ ɩɚɪɚɦɟɬɪ, ɧɚɩɪɢɦɟɪ, ɬɟɦɩɟɪɚɬɭɪɭ, ɚ ɫɨɫɬɚɜ ɢ ɫɨɨɬɧɨɲɟɧɢɟ 
ɤɨɥɢɱɟɫɬɜ (ɦɚɫɫ) ɮɚɡ ɛɭɞɟɬ ɫɬɪɨɝɨ ɨɩɪɟɞɟɥɟɧɧɵɦ. 

Ɍɨɱɤɚ 4. ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɫɢɫɬɟɦɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬ.4 ɢɡ 
ɪɚɫɩɥɚɜɚ ɧɚɱɢɧɚɟɬɫɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɜɟɳɟɫɬɜɚ B ɢ ɩɪɨɞɨɥɠɚɟɬɫɹ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɜɟɳɟɫɬɜɚ A.  

ȼ ɪɚɜɧɨɜɟɫɢɢ ɧɚɯɨɞɢɬɫɹ γ ɮɚɡɵμ ɤɪɢɫɬɚɥɥɵ Ⱥ (100%Ⱥ), ɤɪɢɫɬɚɥɥɵ ȼ 
(100%ȼ) ɢ ɪɚɫɩɥɚɜ, ɫɨɫɬɚɜɚ L4 (θ8%B ɢ γβ%A). 

ɉɪɨɜɟɞɟɦ ɱɟɪɟɡ ɬɨɱɤɭ 4 ɧɨɞɭ KF, ɤɨɬɨɪɚɹ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɬɨɱɤɭ Ɉ ɢ 
ɫɨɟɞɢɧɹɟɬ ɥɢɧɢɢ ɫɨɥɢɞɭɫɚ. ɂɡ ɬɨɱɤɢ Ɉ ɩɨɫɬɪɨɢɦ ɩɪɨɟɤɰɢɸ ɧɚ ɨɫɶ ɫɨɫɬɚɜɚ – 

ɫɨɫɬɚɜ ɪɚɫɩɥɚɜɚ L4μ θ8%B ɢ γβ%A. 
ɋ = β – 3 +1 =0 – ɫɢɫɬɟɦɚ ɧɨɧɜɚɪɢɚɧɬɧɚ. ɇɚ ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ ɛɭɞɟɬ 

ɧɚɛɥɸɞɚɬɶɫɹ ɩɥɨɳɚɞɤɚ ɬɟɦɩɟɪɚɬɭɪɵ – ɜɫɟ ɨɬɜɨɞɢɦɨɟ ɬɟɩɥɨ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ 
ɜɵɞɟɥɹɸɳɟɣɫɹ ɬɟɩɥɨɬɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ Ⱥ ɢ ȼ. 

Ɍɨɱɤɚ 5. Ʉɚɤ ɬɨɥɶɤɨ ɢɫɱɟɡɧɟɬ ɩɨɫɥɟɞɧɹɹ ɤɚɩɥɹ ɪɚɫɩɥɚɜɚ ɫɢɫɬɟɦɚ, ɫɨɫɬɨɹɳɚɹ 
ɢɡ ɫɦɟɫɢ ɤɪɢɫɬɚɥɥɨɜ Ⱥ ɢ ȼ ɧɚɱɢɧɚɟɬ ɨɯɥɚɠɞɚɬɶɫɹ.  

ȼ ɬ.η ɱɢɫɥɨ ɮɚɡ Ɏ=βμ ɤɪ.Ⱥ ɢ ɤɪ.ȼν ɋ = 1 – ɫɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚ. 
Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ ɪɚɫɩɥɚɜɚ, ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɢɬɫɹ ɩɪɚɜɟɟ ɷɜɬɟɤɬɢɤɢ 

ɩɪɨɬɟɤɚɟɬ ɚɧɚɥɨɝɢɱɧɨ ɨɩɢɫɚɧɧɨɦɭ ɫɥɭɱɚɸ ɞɥɹ ɬɨɱɤɢ 1, ɨɞɧɚɤɨ, ɡɞɟɫɶ ɩɟɪɜɵɦɢ 
ɩɨɹɜɹɬɫɹ ɤɪɢɫɬɚɥɥɵ ɜɟɳɟɫɬɜɚ ȼ, ɚ ɤɪɢɫɬɚɥɥɵ ɜɟɳɟɫɬɜɚ Ⱥ ɩɨɹɜɹɬɫɹ ɬɨɥɶɤɨ ɩɪɢ 
ɞɨɫɬɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɷɜɬɟɤɬɢɤɢ. 

Ɋɚɫɫɦɨɬɪɢɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɸ ɪɚɫɩɥɚɜɚ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ (ɬ.θ). Ɂɞɟɫɶ 
ɫɢɫɬɟɦɚ ɝɨɦɨɝɟɧɧɚɹ Ɏ=1μ ɪɚɫɩɥɚɜ, ɫɨɫɬɚɜɚ δ4. ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɪɚɫɩɥɚɜɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ Ɍ4 (ɬɨɱɤɚ ɷɜɬɟɤɬɢɤɢ Ɉ) ɢɡ ɧɟɝɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɚɱɢɧɚɟɬɫɹ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɜɟɳɟɫɬɜɚ Ⱥ ɢ ȼ. Ɍɟɦɩɟɪɚɬɭɪɚ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ ɩɨɤɚ ɧɟ 
ɢɫɱɟɡɧɟɬ ɩɨɫɥɟɞɧɹɹ ɤɚɩɥɹ ɪɚɫɩɥɚɜɚ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. Ⱦɚɥɟɟ ɩɪɨɢɫɯɨɞɢɬ 
ɨɯɥɚɠɞɟɧɢɟ ɫɢɫɬɟɦɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɨɱɤɟ ι. 

ɇɚ ɪɢɫ.4.θ ɩɨɤɚɡɚɧ ɩɪɢɧɰɢɩ ɩɨɫɬɪɨɟɧɢɹ ɞɢɚɝɪɚɦ ɩɥɚɜɤɨɫɬɢ 
ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ ɩɨ ɤɪɢɜɵɦ ɨɯɥɚɠɞɟɧɢɹ. ɉɪɢ ɦɟɞɥɟɧɧɨɦ ɨɯɥɚɠɞɟɧɢɢ 
ɪɚɫɩɥɚɜɚ ɡɚɞɚɧɧɨɝɨ ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɚɜɚ ɧɚ ɤɪɢɜɵɯ ɨɯɥɚɠɞɟɧɢɹ ɧɚɛɥɸɞɚɸɬɫɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɭɱɚɫɬɤɢ ɢ ɬɨɱɤɢ (ɩɟɪɟɥɨɦɵ). ɇɚɥɢɱɢɟ ɬɚɤɢɯ ɭɱɚɫɬɤɨɜ ɢ 
ɢɡɥɨɦɨɜ ɫɜɹɡɚɧɨ ɫ ɢɡɦɟɧɟɧɢɟ ɱɢɫɥɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ. 
ȿɫɥɢ ɫɢɫɬɟɦɚ ɢɡ ɛɢɜɚɪɢɚɧɬɧɨɣ (ɋ=β) ɫɬɚɧɨɜɢɬɫɹ ɦɨɦɧɨɜɚɪɢɚɧɬɧɨɣ, ɬɨ ɧɚ 
ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɢɡɥɨɦ, ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɬɨɪɝɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɬɨɱɤɟ ɧɚ ɥɢɧɢɢ ɥɢɤɜɢɞɭɫɚ. ȿɫɥɢ ɫɢɫɬɟɦɚ ɫɬɚɧɨɜɢɬɫɹ ɧɨɧɜɚɪɢɚɧɬɧɨɣ (ɋ=0), ɬɨ ɧɚ 
ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɩɥɨɳɚɞɤɢ ɬɟɦɩɟɪɚɬɭɪɵ. Ɍɚɤɢɟ ɩɥɨɳɚɞɤɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɟɦɩɟɪɚɬɭɪɚɦ ɩɥɚɜɥɟɧɢɹ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ Ⱥ ɢ ȼ, ɚ ɬɚɤɠɟ 
ɥɢɧɢɹɦ ɷɜɬɟɤɬɢɤɢ. 
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Ɋɢɫ.4.6 ɉɪɢɧɰɢɩ ɩɨɫɬɪɨɟɧɢɹ ɞɢɚɝɪɚɦɦ ɩɥɚɜɤɨɫɬɢ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ ɩɨ ɤɪɢɜɵɦ 
ɨɯɥɚɠɞɟɧɢɹ 

Ⱦɥɹ ɫɩɥɚɜɨɜ, ɨɛɪɚɡɭɸɳɢɯ ɦɟɯɚɧɢɱɟɫɤɭɸ ɫɦɟɫɶ, ɯɚɪɚɤɬɟɪɧɚ ɥɢɤɜɚɰɢɹ – 

ɯɢɦɢɱɟɫɤɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ, ɫɜɹɡɚɧɧɚɹ ɫ ɪɚɡɥɢɱɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɜɟɳɟɫɬɜ ɜ 
ɦɨɦɟɧɬ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ɉɧɚ ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɢ ɛɨɥɶɲɨɣ ɪɚɡɧɢɰɟ ɜ ɭɞɟɥɶɧɨɦ ɜɟɫɟ 
(ɩɥɨɬɧɨɫɬɢ). ɉɪɢ ɦɟɞɥɟɧɧɨɦ ɨɯɥɚɠɞɟɧɢɢ ɛɨɥɟɟ ɬɹɠɟɥɵɣ ɤɨɦɩɨɧɟɧɬ ɨɫɟɞɚɟɬ ɧɚ 
ɞɧɨ ɫɨɫɭɞɚ, ɝɞɟ ɩɪɨɬɟɤɚɟɬ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ. 

ɉɪɢɦɟɪɨɦ ɞɢɚɝɪɚɦɦɵ ɫ ɩɪɨɫɬɨɣ ɷɜɬɟɤɬɢɤɨɣ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ H2O-KCl 

(ɪɢɫ.ι). ɉɪɢ βιγ Ʉ ɪɚɫɬɜɨɪɢɦɨɫɬɶ KCХ ɜ ɜɨɞɟ β1,9% (ɬɨɱɤɚ ɚ). ɉɪɢ γ81,θ Ʉ ɢ 
101γβη ɉɚ ɧɚɫɵɳɟɧɧɵɣ ɪɚɫɬɜɨɪ KCХ, ɫɨɞɟɪɠɚɳɢɣ γθ,η% ɫɨɥɢ, ɡɚɤɢɩɚɟɬ, 
ɩɨɷɬɨɦɭ ɞɚɥɶɧɟɣɲɢɣ ɯɨɞ ɤɪɢɜɨɣ ȿɚȼ ɨɛɪɵɜɚɟɬɫɹ. ɉɪɢ ɫɦɟɲɟɧɢɢ ɥɶɞɚ (ɢɥɢ 
ɫɧɟɝɚ) ɫ ɤɪɢɫɬɚɥɥɚɦɢ KCХ ɥɟɞ ɧɚɱɢɧɚɟɬ ɬɚɹɬɶ, ɫɨɥɶ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɜɨɞɟ ɢ ɩɪɢ 
ɞɨɫɬɚɬɨɱɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɥɶɞɚ ɢ ɫɨɥɢ ɨɛɪɚɡɭɟɬɫɹ ɬɪɟɯɮɚɡɧɚɹ ɫɢɫɬɟɦɚ, ɫɨɫɬɨɹɳɚɹ 
ɢɡ ɥɶɞɚ, ɤɪɢɫɬɚɥɥɨɜ KCХ ɢ ɪɚɫɬɜɨɪɚ KCХ. ȼ ɬɪɟɯɮɚɡɧɨɣ ɫɢɫɬɟɦɟ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ 
ɫɜɨɛɨɞɵ ɪɚɜɧɨ ɋ = 3 – 3 = 0. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɢ ɮɚɡɵ ɦɨɝɭɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɩɪɢ 
ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ βθβ,γ Ʉ ɢ ɫɨɫɬɚɜɟ ɪɚɫɬɜɨɪɚ 19,8% KCХ. Ⱦɨ ɬɟɯ ɩɨɪ, 
ɩɨɤɚ ɜ ɫɢɫɬɟɦɟ ɜ ɪɚɜɧɨɜɟɫɢɢ ɧɚɯɨɞɹɬɫɹ ɬɪɢ ɮɚɡɵ, ɜ ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ 
ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ βθβ,γ Ʉ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ  ɩɪɢɦɟɧɹɬɶ ɟɺ ɜ ɤɚɱɟɫɬɜɟ 
ɨɯɥɚɠɞɚɸɳɟɣ ɫɦɟɫɢ. 
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Ɋɢɫ. 4.7 Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ H2O-KCХ  (ɩɪɨɫɬɚɹ ɷɜɬɟɤɬɢɤɚ) 

 

ȾɂȺȽɊȺɆɆȺ ɉɅȺȼɄɈɋɌɂ ȼȿɓȿɋɌȼ, ɇȿɈȽɊȺɇɂɑȿɇɇɈ 
ɊȺɋɌȼɈɊɂɆЫɏ ȼ ɌȼȿɊȾɈɆ ɋɈɋɌɈəɇɂɂ  (II ɪɨɞɚ) 

Ⱦɪɭɝɢɟ ɧɚɡɜɚɧɢɹ ɞɢɚɝɪɚɦɦɵ: 
Ⱦɢɚɝɪɚɦɦɚ ɢɡɨɦɨɪɮɧɨ ɩɥɚɜɹɳɢɯɫɹ ɜɟɳɟɫɬɜ. 

Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɫɩɥɚɜɨɜ, ɨɛɚ ɤɨɦɩɨɧɟɧɬɚ ɤɨɬɨɪɵɯ ɧɟɨɝɪɚɧɢɱɟɧɧɨ 
ɪɚɫɬɜɨɪɢɦɵ ɜ ɬɜɺɪɞɨɦ ɢ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɹɯ ɢ ɧɟ ɨɛɪɚɡɭɸɬ ɯɢɦɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ. 
Ɍɚɤɨɝɨ ɬɢɩɚ ɞɢɚɝɪɚɦɦɵ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɜɟɳɟɫɬɜ, ɛɥɢɡɤɢɯ ɩɨ ɯɢɦɢɱɟɫɤɨɣ 

ɩɪɢɪɨɞɟ ɢ ɫɬɪɨɟɧɢɸ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ – ɞɥɹ ɢɡɨɦɨɪɮɧɵɯ ɜɟɳɟɫɬɜ. 
ɉɪɢɦɟɪɚɦɢ ɢɡɨɦɨɪɮɧɵɯ ɫɢɫɬɟɦ ɹɜɥɹɸɬɫɹ AЮ-Ag; Cu-Ni; Cu-Pt; AgCl-NaCl. 

 

Ɋɢɫ.4.8 Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɢɡɨɦɨɪɮɧɨɣ ɫɢɫɬɟɦɵ AЮ-AР ɢ  CЮ-Ni 

ɇɟɤɨɬɨɪɵɟ ɦɟɬɚɥɥɵ (ɠɟɥɟɡɨ, ɤɨɛɚɥɶɬ, ɧɢɤɟɥɶ) ɨɬɥɢɱɚɸɬɫɹ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ 
ɦɚɝɧɢɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɧɚɩɪɢɦɟɪ, ɫɩɨɫɨɛɧɨɫɬɶɸ ɧɚɦɚɝɧɢɱɢɜɚɬɶɫɹ. 
Ɇɚɝɧɢɬɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɢɦɟɟɬ ɪɹɞ ɨɫɨɛɟɧɧɨɫɬɟɣμ ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ 
ɩɨɫɬɟɩɟɧɧɨ ɩɚɞɚɸɬ ɩɨ ɦɟɪɟ ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɬɨɱɤɟ ɩɪɟɜɪɚɳɟɧɢɹ, ɢ ɷɬɚ ɬɨɱɤɚ ɧɟ 
ɨɬɜɟɱɚɟɬ ɫɤɚɱɤɨɨɛɪɚɡɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɫɜɨɣɫɬɜ, ɦɚɝɧɢɬɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɧɟ 
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99 

ɢɦɟɟɬ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɢɫɬɟɪɟɡɢɫɚ, ɚ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɧɟ 
ɫɧɢɠɚɟɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɟɜɪɚɳɟɧɢɹ. ɂɡɦɟɧɹɸɬɫɹ ɦɧɨɝɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ, 
ɬɟɩɥɨɜɵɟ ɫɜɨɣɫɬɜɚ ɫɢɫɬɟɦɵ, ɧɨ ɦɚɝɧɢɬɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɧɟ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ 
ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ – ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɨɜɵɯ ɡɺɪɟɧ ɢ ɢɡɦɟɧɟɧɢɟɦ ɪɟɲɺɬɤɢ. 
ɋɨɝɥɚɫɧɨ ɫɨɜɪɟɦɟɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ ɩɪɢ ɦɚɝɧɢɬɧɵɯ ɩɪɟɜɪɚɳɟɧɢɹɯ 
ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɧɟ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɦɟɬɚɥɥɚ, ɚ ɜɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɜɧɟɲɧɢɯ ɢ ɜɧɭɬɪɟɧɧɢɯ ɷɥɟɤɬɪɨɧɧɵɯ ɨɛɨɥɨɱɟɤ ɚɬɨɦɨɜ. 

ȿɫɥɢ ɠɟ ɩɚɪɚɦɟɬɪɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ ɢɥɢ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜ ɛɨɥɟɟ 
ɪɟɡɤɨ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɬɨ ɧɚ ɞɢɚɝɪɚɦɦɚɯ ɦɨɝɭɬ ɧɚɛɥɸɞɚɬɶɫɹ 
ɦɢɧɢɦɭɦɵ (ɫɢɫɬɟɦɚ AЮ-Cu; Au-ζТ) (ɪɢɫ.8), ɥɢɛɨ ɦɚɤɫɢɦɭɦɵ (ɫɢɫɬɟɦɚ εЧ-

Mn3C). ɋɨɝɥɚɫɧɨ ɩɟɪɜɨɦɭ ɩɪɚɜɢɥɭ Ƚɢɛɛɫɚ-Ɋɨɡɟɛɭɦɚ ɬɜɺɪɞɵɣ ɪɚɫɬɜɨɪ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɠɢɞɤɢɦ ɪɚɫɬɜɨɪɨɦ, ɧɚɯɨɞɹɳɢɦɫɹ ɫ ɧɢɦ ɜ ɪɚɜɧɨɜɟɫɢɢ, ɛɨɝɚɱɟ ɬɟɦ 
ɤɨɦɩɨɧɟɧɬɨɦ, ɩɪɢɛɚɜɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɤ ɪɚɫɩɥɚɜɭ ɩɨɜɵɲɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɱɚɥɚ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɬɜɺɪɞɨɝɨ ɪɚɫɬɜɨɪɚ. ɉɨ ɜɬɨɪɨɦɭ  ɩɪɚɜɢɥɭ Ƚɢɛɛɫɚ-Ɋɨɡɟɛɭɦɚ ɜ 
ɬɨɱɤɚɯ ɦɚɤɫɢɦɭɦɚ ɢ ɦɢɧɢɦɭɦɚ ɤɪɢɜɵɯ ɬɟɦɩɟɪɚɬɭɪ ɩɥɚɜɥɟɧɢɹ ɬɜɺɪɞɵɣ ɪɚɫɬɜɨɪ 
ɢ ɧɚɯɨɞɹɳɢɣɫɹ ɫ ɧɢɦ ɜ ɪɚɜɧɨɜɟɫɢɢ ɠɢɞɤɢɣ ɪɚɫɩɥɚɜ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɣ ɫɨɫɬɚɜ. 

   

Ɋɢɫ.4.9 Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɢɡɨɦɨɪɮɧɨɣ ɫɢɫɬɟɦɵ AЮ-CЮ ɢ AЮ-Ni 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ (ɪɢɫ.4.10) ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɛɚ ɤɨɦɩɨɧɟɧɬɚ 
ɧɟɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɠɢɞɤɨɦ ɢ ɬɜɺɪɞɨɦ ɫɨɫɬɨɹɧɢɹɯ, ɩɨɷɬɨɦɭ 
ɜɨɡɦɨɠɧɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɬɨɥɶɤɨ ɞɜɭɯ ɮɚɡμ ɠɢɞɤɨɝɨ ɪɚɫɬɜɨɪɚ (δ) ɢ ɬɜɺɪɞɨɝɨ  
ɪɚɫɬɜɨɪɚ α. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɪɺɯ ɮɚɡ ɛɵɬɶ ɧɟ ɦɨɠɟɬ, ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɥɢɧɢɢ ɧɚ ɞɢɚɝɪɚɦɦɟ 
ɧɟɬ, ɚ ɢɡ ɪɚɫɩɥɚɜɚ ɧɚɱɢɧɚɸɬ ɩɨɹɜɥɹɬɶɫɹ ɤɪɢɫɬɚɥɥɵ ɬɜɟɪɞɨɣ ɮɚɡɵ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ Ⱥ ɜ ȼ ɢɥɢ ȼ ɜ Ⱥ (ɮɚɡɚ α). 
ȼɵɞɟɥɹɸɳɢɟɫɹ ɤɪɢɫɬɚɥɥɵ ɬɜɺɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɢɦɟɸɬ ɩɟɪɟɦɟɧɧɵɣ ɫɨɫɬɚɜ, 
ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɪɢ ɛɟɫɤɨɧɟɱɧɨ ɦɟɞɥɟɧɧɨɦ ɨɯɥɚɠɞɟɧɢɢ ɩɪɨɰɟɫɫɵ 
ɞɢɮɮɭɡɢɢ ɜ ɠɢɞɤɨɣ ɢ ɬɜɺɪɞɨɣ ɮɚɡɚɯ (ɨɛɴɺɦɧɚɹ ɞɢɮɮɭɡɢɹ), ɚ ɬɚɤɠɟ ɩɪɨɰɟɫɫɵ 
ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɦɟɠɞɭ ɧɢɦɢ (ɦɟɠɮɚɡɧɚɹ ɞɢɮɮɭɡɢɹ) ɢɦɟɸɬ ɫɤɨɪɨɫɬɢ, 
ɫɨɩɨɫɬɚɜɢɦɵɟ ɫɨ ɫɤɨɪɨɫɬɶɸ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɩɨɷɬɨɦɭ ɫɨɫɬɚɜ 
ɤɪɢɫɬɚɥɥɨɜ ɜɵɪɚɜɧɢɜɚɟɬɫɹ. ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɫɩɥɚɜ ɩɨɫɥɟ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɛɭɞɟɬ 
ɫɨɫɬɨɹɬɶ ɢɡ ɨɞɧɨɪɨɞɧɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɡɺɪɟɧ ɬɜɺɪɞɨɝɨ ɪɚɫɬɜɨɪɚ α, ɫɨɫɬɚɜ 
ɤɨɬɨɪɨɝɨ ɪɚɜɟɧ ɫɨɫɬɚɜɭ ɢɫɯɨɞɧɨɝɨ ɪɚɫɩɥɚɜɚ. ɇɚ ɤɪɢɜɵɯ ɨɯɥɚɠɞɟɧɢɹ ɫɢɫɬɟɦ, 
ɫɨɞɟɪɠɚɳɢɯ ɨɛɚ ɤɨɦɩɨɧɟɧɬɚ Ⱥ ɢ ȼ ɧɚɛɥɸɞɚɸɬɫɹ ɬɨɥɶɤɨ ɩɟɪɟɝɢɛɵ (ɢɡɥɨɦɵ). 
ɉɥɨɳɚɞɤɢ ɧɚ ɤɪɢɜɵɯ ɨɯɥɚɠɞɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵ ɬɨɥɶɤɨ ɞɥɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
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ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. 
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Ɋɢɫ. 4.10 Ɉɛɳɢɣ ɜɢɞ ɞɢɚɝɪɚɦɦɵ ɢɡɨɦɨɪɮɧɨ ɩɥɚɜɹɳɢɯɫɹ ɜɟɳɟɫɬɜ ɢ ɯɚɪɚɤɬɟɪɧɵɟ ɤɪɢɜɵɟ 
ɨɯɥɚɠɞɟɧɢɹ 

ɉɪɢɦɟɪ ɚɧɚɥɢɡɚ ɞɢɚɝɪɚɦɦɵ ɩɥɚɜɤɨɫɬɢ ɢɡɨɦɨɪɮɧɨ ɩɥɚɜɹɳɢɯɫɹ 
ɜɟɳɟɫɬɜ. 
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Ɍɨɱɤɚ 1. ɋɢɫɬɟɦɚ ɝɨɦɨɝɟɧɧɚɹ (Ɏ=1)μ ɪɚɫɩɥɚɜ, ɫɨɫɬɚɜɚ δ1 (η0%Ⱥ ɢɢ η0% ȼ). 
ɑɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɋ = β – 1 + 1 = 2 – ɫɢɫɬɟɦɚ ɛɢɜɚɪɢɚɧɬɧɚ. 

Ɍɨɱɤɚ β. ȼ ɞɚɧɧɨɣ ɬɨɱɤɟ ɢɡ ɪɚɫɩɥɚɜɚ ɩɨɹɜɥɹɸɬɫɹ ɩɟɪɜɵɟ ɤɪɢɫɬɚɥɥɵ ɮɚɡɵ α, 

ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ Ⱥ ɜ ȼ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɚ 
ɪɚɜɧɨɜɟɫɧɵɯ ɮɚɡ ɩɪɨɜɟɞɟɦ ɢɡ ɬɨɱɤɢ β ɧɨɞɭ ɢ ɩɨɫɬɪɨɢɦ ɩɪɨɟɤɰɢɢ ɫ ɥɢɧɢɣ 
ɫɨɥɢɞɭɫɚ ɢ ɥɢɤɜɢɞɭɫɚ ɧɚ ɨɫɶ ɫɨɫɬɚɜɨɜ. ɋɨɫɬɚɜ ɠɢɞɤɨɣ ɮɚɡɵ δ1 (η0%Ⱥ ɢ η0% 
ȼ), ɚ ɫɨɫɬɚɜ ɬɜɟɪɞɨɣ Sβ (8θ%ȼ ɢ 14% Ⱥ). 
ɋɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚ ɋ = β – 2 + 1 = 1. 

Ɍɨɱɤɚ γ. ɉɨ ɦɟɪɟ ɨɯɥɚɠɞɟɧɢɹ ɫɢɫɬɟɦɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɦɚɫɫɚ ɬɜɟɪɞɨɣ ɮɚɡɵ, 
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ɪɨɫɬ ɤɪɢɫɬɚɥɥɨɜ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɤɪɢɫɬɚɥɥɚ 
ɩɨ ɥɢɧɢɢ ɫɨɥɢɞɭɫɚ (ɫɢɧɢɟ ɫɬɪɟɥɤɢ), ɚ ɠɢɞɤɚɹ ɮɚɡɚ ɢɡɦɟɧɹɟɬ ɫɜɨɣ ɫɨɫɬɚɜ ɩɨ 
ɥɢɧɢɢ ɥɢɤɜɢɞɭɫɚ (ɤɪɚɫɧɵɟ ɫɬɪɟɥɤɢ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɨ 
ɫɟɱɟɧɢɸ ɤɪɢɫɬɚɥɥɨɜ ɛɭɞɟɬ ɩɟɪɟɦɟɧɧɵɦμ ɰɟɧɬɪɚɥɶɧɚɹ ɱɚɫɬɶ ɨɛɨɝɚɳɟɧɚ 
ɤɨɦɩɨɧɟɧɬɨɦ ɫ ɛɨɥɶɲɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɚ ɩɟɪɢɮɟɪɢɹ ɡɟɪɧɚ – 

ɤɨɦɩɨɧɟɧɬɨɦ ɫ ɦɟɧɶɲɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ. ɗɬɨ ɹɜɥɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ 
ɜɧɭɬɪɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɥɢɤɜɚɰɢɟɣ. ɗɬɨ ɹɜɥɟɧɢɟ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɫɩɥɚɜɨɜ ɫ 
ɞɚɧɧɵɦ ɬɢɩɨɦ ɞɢɚɝɪɚɦɦ ɫɨɫɬɨɹɧɢɹ.  

ȼ ɬ.γ ɫɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚ (Ɏ=β)μ ɤɪɢɫɬɚɥɥɵ α, ɫɨɫɬɚɜɚ S3 (ιθ% B ɢ β4%A) ɢ 
ɪɚɫɩɥɚɜ, ɫɨɫɬɚɜɚ L3 (γγ%ȼ ɢ θι%Ⱥ). 

ɋɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚ ɋ = β – 2 + 1 = 1. 

Ɍɨɱɤɚ 4. ȼ ɷɬɨɣ ɬɨɱɤɟ ɢɫɱɟɡɚɟɬ ɩɨɫɥɟɞɧɹɹ ɤɚɩɥɹ ɪɚɫɩɥɚɜɚ. Ɋɚɫɩɥɚɜ ɨɛɨɝɚɳɟɧ 
ɦɚɤɫɢɦɚɥɶɧɨ ɤɨɦɩɨɧɟɧɬɨɦ ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ. 

ɋɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚ (Ɏ=β)μ ɤɪɢɫɬɚɥɥɵ α, ɫɨɫɬɚɜɚ S4 (η0% B ɢ η0%A) ɢ 
ɪɚɫɩɥɚɜ, ɫɨɫɬɚɜɚ L4 (1β%ȼ ɢ 88%Ⱥ). 

ɋɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚ ɋ = β – 2 + 1 = 1. 

Ɍɨɱɤɚ 5. ɋɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɩɨɥɧɨɫɬɶɸ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ - ɮɚɡɭ α, ɫɨɫɬɚɜɚ η0%Ⱥ ɢ η0%ȼ. 

ȾɂȺȽɊȺɆɆȺ ɉɅȺȼɄɈɋɌɂ ȼȿɓȿɋɌȼ ɈȽɊȺɇɂɑȿɇɇɈ 
ɊȺɋɌȼɈɊɂɆЫɏ ȼ ɌȼȿɊȾɈɆ ɋɈɋɌɈəɇɂɂ  (III ɪɨɞɚ) 

Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɪɚɧɟɟ ɞɢɚɝɪɚɦɦɵ ɨɬɧɨɫɹɬɫɹ ɤ ɞɜɭɦ ɩɪɟɞɟɥɶɧɵɦ ɫɥɭɱɚɹɦ 
ɩɨɥɧɨɣ ɧɟɪɚɫɬɜɨɪɢɦɨɫɬɢ ɢ ɩɨɥɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɞɪɭɝ ɜ ɞɪɭɝɟ ɜ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɪɨɦɟɠɭɬɨɱɧɨɟ ɩɨɥɨɠɟɧɢɟ ɦɟɠɞɭ ɧɢɦɢ ɡɚɧɢɦɚɸɬ 
ɞɢɚɝɪɚɦɦɵ ɩɥɚɜɤɨɫɬɢ ɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵɯ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɜɟɳɟɫɬɜ. 
ɋɢɫɬɟɦɵ ɬɚɤɨɝɨ ɬɢɩɚ ɱɪɟɡɜɵɱɚɣɧɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵμ AР-Cu; Cd-Zn; Cd-Bi; Bi–
Pb, Sn-Pb; Cu–Al, CaO–εРη ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ. 

  

Ɋɢɫ.4.11. Ⱦɢɚɝɪɚɦɦɵ ɩɥɚɜɤɨɫɬɢ ɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵɯ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ 
ɜɟɳɟɫɬɜ: Ag-Cu; Cd-Zn;  Sn-Pb. 

ȼ ɨɛɳɟɦ ɜɢɞɟ ɞɢɚɝɪɚɦɦɚ  ɩɥɚɜɤɨɫɬɢ ɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵɯ ɜ ɬɜɟɪɞɨɦ 
ɫɨɫɬɨɹɧɢɢ ɜɟɳɟɫɬɜ (ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ) ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɤ 
ɧɟɣ ɩɪɢɜɟɞɟɧɵ ɧɚ (ɪɢɫ.1β). Ⱦɥɹ ɫɢɫɬɟɦ ɞɚɧɧɨɝɨ ɜɢɞɚ ɨɛɚ ɤɨɦɩɨɧɟɧɬɚ 
ɧɟɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɨɝɪɚɧɢɱɟɧɧɨ ɜ ɬɜɟɪɞɨɦ, ɧɟ 
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ɨɛɪɚɡɭɸɬ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɪɢɫɭɬɫɬɜɭɸɬ ɮɚɡɵμ ɠɢɞɤɨɫɬɶ,  ɢ  ɮɚɡɚμ  
 - ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɤɨɦɩɨɧɟɧɬɚ ȼ ɜ Ⱥν  
 - ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɤɨɦɩɨɧɟɧɬɚ Ⱥ ɜ ȼ. 

ȼ ɷɬɨɣ ɫɢɫɬɟɦɟ ɧɟ ɨɛɪɚɡɭɸɬɫɹ ɮɚɡɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɱɢɫɬɵɟ 
ɤɨɦɩɨɧɟɧɬɵ. ɂɡ ɠɢɞɤɨɫɬɢ ɦɨɝɭɬ ɜɵɞɟɥɹɬɶɫɹ ɬɨɥɶɤɨ ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ  ɢ . ȼ 
ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɟɞɟɥɶɧɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɤɨɦɩɨɧɟɧɬɚ ȼ ɜ Ⱥ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɥɢɧɢɟɣ Gε, ɚ ɩɪɟɞɟɥɶɧɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɤɨɦɩɨɧɟɧɬɚ Ⱥ ɜ ȼ - ɥɢɧɢɟɣ Fζ.  
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Ɋɢɫ.4.12 Ɍɢɩɢɱɧɵɣ ɜɢɞ ɞɢɚɝɪɚɦɦɵ  ɩɥɚɜɤɨɫɬɢ ɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵɯ ɜ ɬɜɟɪɞɨɦ 
ɫɨɫɬɨɹɧɢɢ ɜɟɳɟɫɬɜ (ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ) ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɤ ɧɟɣ  

Ɍɚɤ, ɜ ɨɛɥɚɫɬɢ  ɨɝɪɚɧɢɱɟɧɧɨɣ ɥɢɧɢɟɣ AGεP – ɫɢɫɬɟɦɚ ɝɨɦɨɝɟɧɧɚɹμ ɬɜɟɪɞɵɣ 
ɪɚɫɬɜɨɪ ȼ ɜ Ⱥ (ɮɚɡɚ ). ȼ ɨɛɥɚɫɬɢ BFζK – ɫɢɫɬɟɦɚ ɝɨɦɨɝɟɧɧɚɹμ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ 
Ⱥ ɜ ȼ (ɮɚɡɚ ). 

ȼ ɨɛɥɚɫɬɹɯ  ɨɝɪɚɧɢɱɟɧɧɵɯ ɥɢɧɢɹɦɢ  εPη  ɢ ηKζ – ɫɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚɹμ ɢ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɫɩɥɚɜ ɢ ɤɪɢɫɬɚɥɥɵ ɮɚɡɵ  (ɨɛɥɚɫɬɶ εPη) ɢ ɪɚɫɩɥɚɜ ɢ 

ɤɪɢɫɬɚɥɥɵ ɮɚɡɵ  (ɨɛɥɚɫɬɶ ηKζ). ɇɢɠɟ ɥɢɧɢɢ GεζF – ɫɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚɹ, 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ  ɦɟɯɚɧɢɱɟɫɤɭɸ ɫɦɟɫɶ ɤɪɢɫɬɚɥɥɨɜ ɮɚɡ  ɢ . 
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Ɋɢɫ.4.13 Ⱦɢɚɝɪɚɦɦɚ ɩɥɚɜɤɨɫɬɢ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɫ ɨɝɪɚɧɢɱɟɧɧɨɣ 
ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜɟɳɟɫɬɜ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɯɚɪɚɤɬɟɪɧɵɟ ɤɪɢɜɵɟ ɨɯɥɚɠɞɟɧɢɹ 
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ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɚɜɚ ɪɚɫɩɥɚɜɚ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɪɢ 
ɨɫɧɨɜɧɵɯ ɬɢɩɚ ɤɪɢɜɵɯ ɨɯɥɚɠɞɟɧɢɹμ 

1. ɋɨɫɬɚɜ ɪɚɫɩɥɚɜɚ ɧɚɯɨɞɢɬɫɹ ɥɟɜɟɟ ɬɨɱɤɢ ε ɢɥɢ ɩɪɚɜɟɟ ɬɨɱɤɢ ζ. ɋɢɫɬɟɦɚ 
ɜɟɞɟɬ ɫɟɛɹ ɤɚɤ ɫɢɫɬɟɦɚ ɢɡɨɦɨɪɮɧɨ ɩɥɚɜɹɳɢɯɫɹ ɜɟɳɟɫɬɜ. ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ 
ɪɚɫɩɥɚɜɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɥɢɧɢɢ ɥɢɤɜɢɞɭɫɚ ɧɚɱɢɧɚɟɬɫɹ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɮɚɡɵ  (ɬ.1). ɇɚ ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɢɡɥɨɦ. 
Ɉɯɥɚɠɞɟɧɢɟ ɫɢɫɬɟɦɵ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɦɚɫɫɵ ɬɜɟɪɞɨɣ ɮɚɡɵ. 
ɇɚ ɥɢɧɢɢ ɫɨɥɢɞɭɫɚ (ɬ.β) ɢɫɱɟɡɚɟɬ ɩɨɫɥɟɞɧɹɹ ɤɚɩɥɹ ɪɚɫɩɥɚɜɚ. ɇɚ ɤɪɢɜɨɣ 
ɨɯɥɚɠɞɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɜɬɨɪɨɣ ɩɟɪɟɥɨɦ. Ⱦɚɥɟɟ ɫɥɟɞɭɟɬ ɨɯɥɚɠɞɟɧɢɟ 
ɬɜɟɪɞɨɣ ɮɚɡɵ  ɞɨ ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɧɢɠɧɟɣ ɜɟɬɜɶɸ ɥɢɧɢɢ ɫɨɥɢɞɭɫɚ (ɬ.γ). 
ɇɚ ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɬɪɟɬɢɣ ɢɡɥɨɦ. Ɂɞɟɫɶ ɢɡ ɬɜɟɪɞɨɣ ɮɚɡɵ 
 ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɨɹɜɥɹɟɬɫɹ ɬɜɟɪɞɚɹ ɮɚɡɚ . 

2. ɋɨɫɬɚɜ ɪɚɫɩɥɚɜɚ ɧɚɯɨɞɢɬɫɹ ɦɟɠɞɭ ɬɨɱɤɚɦɢ ε ɢ ζ. Ɂɞɟɫɶ ɫɢɫɬɟɦɚ ɜɟɞɟɬ 
ɫɟɛɹ ɤɚɤ ɫɢɫɬɟɦɚ ɧɟɢɡɨɦɨɪɮɧɨ ɩɥɚɜɹɳɢɯɫɹ ɜɟɳɟɫɬɜ. ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ 
ɪɚɫɩɥɚɜɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɥɢɧɢɢ ɥɢɤɜɢɞɭɫɚ ɧɚɱɢɧɚɟɬɫɹ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɮɚɡɵ  (ɬ.4) ɢɥɢ ɮɚɡɵ  (ɟɫɥɢ ɢɫɯɨɞɧɵɣ ɫɨɫɬɚɜ ɥɟɠɢɬ 
ɦɟɠɞɭ ɬɨɱɤɚɦɢ η ɢ ζ). ɇɚ ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɢɡɥɨɦ. 
Ɉɯɥɚɠɞɟɧɢɟ ɫɢɫɬɟɦɵ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɦɚɫɫɵ ɬɜɟɪɞɨɣ ɮɚɡɵ. 
ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɫɢɫɬɟɦɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ (ɬ.η), ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɥɢɧɢɢ 
ɷɜɬɟɤɬɢɤɢ (εζ) ɢɡ ɪɚɫɩɥɚɜɚ ɧɚɱɢɧɚɟɬɫɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɬɜɟɪɞɨɣ ɮɚɡɵ  

(ɢɥɢ , ɟɫɥɢ ɢɫɯɨɞɧɵɣ ɫɨɫɬɚɜ ɪɚɫɩɥɚɜɚ ɥɟɠɚɥ ɦɟɠɞɭ ɬɨɱɤɚɦɢ η ɢ ζ). ȼ 
ɬ.η ɫɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɮɚɡμ ɤɪɢɫɬɚɥɥɨɜ , ɤɪɢɫɬɚɥɥɨɜ  ɢ ɪɚɫɩɥɚɜɚ, 
ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. ɋɢɫɬɟɦɚ ɧɨɧɜɚɪɢɚɧɬɧɚ. ɇɚ ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ 
ɧɚɛɥɸɞɚɟɬɫɹ ɩɥɨɳɚɞɤɚ (ɡɚɞɟɪɠɤɚ) ɬɟɦɩɟɪɚɬɭɪɵ. Ʉɚɤ ɬɨɥɶɤɨ ɢɫɱɟɡɧɟɬ 
ɩɨɫɥɟɞɧɹɹ ɤɚɩɥɹ ɪɚɫɩɥɚɜɚ, ɬɜɟɪɞɚɹ ɫɢɫɬɟɦɚ ɢɡ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɦɟɫɢ 
ɤɪɢɫɬɚɥɥɨɜ  ɢ  ɧɚɱɧɟɬ ɨɯɥɚɠɞɚɬɶɫɹ. 

3. Ɋɚɫɩɥɚɜ ɷɜɬɟɤɬɢɱɟɤɨɝɨ ɫɨɫɬɚɜɚ. ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɬɚɤɨɝɨ ɪɚɫɩɥɚɜɚ 
ɨɞɧɨɜɪɟɦɟɧɧɚɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɬɜɟɪɞɨɣ ɮɚɡɵ  ɢ  ɧɚɱɢɧɚɟɬɫɹ ɜ ɬɨɱɤɟ Ɉ. 
ɋɢɫɬɟɦɚ ɧɨɧɜɚɪɢɚɧɬɧɚ, ɩɨɷɬɨɦɭ ɧɚ ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɨɞɧɚ 
ɩɥɨɳɚɞɤɚ. 
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ɉɪɢɦɟɪ ɚɧɚɥɢɡɚ ɞɢɚɝɪɚɦɦɵ ɩɥɚɜɤɨɫɬɢ ɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵɯ ɜ 
ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɜɟɳɟɫɬɜ 

I. Ɉɯɥɚɠɞɟɧɢɟ ɢɡ ɬɨɱɤɢ 1 ɜ ɬɨɱɤɭ 7: 
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Ɍɨɱɤɚ 1. ɋɢɫɬɟɦɚ ɝɨɦɨɝɟɧɧɚɹ (Ɏ=1)μ ɪɚɫɩɥɚɜ, ɫɨɫɬɚɜɚ δ1 (1β%ȼ ɢ 88%Ⱥ). 
ɋɢɫɬɟɦɚ ɛɢɜɚɪɢɚɧɬɧɚ ɋ=β-1+1=2. 

Ɍɨɱɤɚ. β. ȼ ɬɨɱɤɟ β ɢɡ ɪɚɫɩɥɚɜɚ ɩɨɹɜɥɹɸɬɫɹ ɩɟɪɜɵɟ ɤɪɢɫɬɚɥɥɵ ɮɚɡɵ . 

ɋɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚɹ (Ɏ=β)μ ɤɪɢɫɬɚɥɥɵ , ɫɨɫɬɚɜɚ β (98%A ɢ β%ȼ) ɢ ɪɚɫɩɥɚɜ, 
ɫɨɫɬɚɜɚ δ1 (1β%ȼ ɢ 88%Ⱥ). ɋɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚɹ ɋ=β-2+1=1. 

Ɍɨɱɤɚ γ. ɉɨ ɦɟɪɟ ɨɯɥɚɠɞɟɧɢɹ ɦɚɫɫɚ ɤɪɢɫɬɚɥɥɨɜ ɪɚɫɬɟɬ, ɢ ɩɨɜɟɪɯɧɨɫɬɶ ɡɟɪɟɧ 
ɤɪɢɫɬɚɥɥɨɜ ɦɟɧɹɟɬ ɫɜɨɣ ɫɨɫɬɚɜ (ɜɧɭɬɪɢɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɥɢɤɜɚɰɢɹ). ɋɢɫɬɟɦɚ 
ɝɟɬɟɪɨɝɟɧɧɚɹ (Ɏ=β)μ ɤɪɢɫɬɚɥɥɵ , ɫɨɫɬɚɜɚ γ (9η%A ɢ η%ȼ) ɢ ɪɚɫɩɥɚɜ, ɫɨɫɬɚɜɚ 
δγ (4γ%ȼ ɢ ηι%Ⱥ). ɋɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚɹ ɋ=β-2+1=1. 

Ɍɨɱɤɚ 4. ȼ ɬɨɱɤɟ 4 ɢɫɱɟɡɚɟɬ ɩɨɫɥɟɞɧɹɹ ɤɚɩɥɹ ɪɚɫɩɥɚɜɚ. ɋɢɫɬɟɦɚ 
ɝɟɬɟɪɨɝɟɧɧɚɹ (Ɏ=β)μ ɤɪɢɫɬɚɥɥɵ , ɫɨɫɬɚɜɚ ɢɫɯɨɞɧɨɝɨ ɪɚɫɩɥɚɜɚ δ1=4 (88%A ɢ 
1β%ȼ) ɢ ɪɚɫɩɥɚɜ ɦɚɤɫɢɦɚɥɶɧɨ ɨɛɨɝɚɳɟɧɧɵɣ ɤɨɦɩɨɧɟɧɬɨɦ ȼ, ɫɨɫɬɚɜɚ δ4 (η9%ȼ 
ɢ 41%Ⱥ). ɋɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚɹ ɋ=β-2+1=1. 

Ɍɨɱɤɚ 5. ȼ ɬɨɱɤɟ η ɫɢɫɬɟɦɚ ɝɨɦɨɝɟɧɧɚɹ (Ɏ=1)μ ɤɪɢɫɬɚɥɥɵ , ɫɨɫɬɚɜɚ 4 

(88%A ɢ 1β%ȼ). ɋɢɫɬɟɦɚ ɛɢɜɚɪɢɚɧɬɧɚ ɋ=β-1+1=2. 

Ɍɨɱɤɚ 6. ȼ ɬɨɱɤɟ θ ɧɚɱɢɧɚɟɬɫɹ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɢ ɢɡ ɮɚɡɵ  ɜɵɞɟɥɹɸɬɫɹ 
ɩɟɪɜɵɟ ɤɪɢɫɬɚɥɥɵ ɮɚɡɵ . ɋɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚ (Ɏ=β)μ ɤɪɢɫɬɚɥɥɵ ɮɚɡɵ , 

ɫɨɫɬɚɜɚ 4 (88%A ɢ 1β%ȼ) ɢ ɤɪɢɫɬɚɥɥɵ ɮɚɡɵ , ɫɨɫɬɚɜɚ θ (9β%ȼ ɢ 8%Ⱥ). 
ɋɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚɹ ɋ=β-2+1=1. 
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Ɍɨɱɤɚ 7. ɉɨ ɦɟɪɟ ɨɯɥɚɠɞɟɧɢɹ ɩɪɨɞɨɥɠɚɟɬɫɹ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɢ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɦɚɫɫɚ ɤɪɢɫɬɚɥɥɨɜ ɮɚɡɵ . Ɉɞɧɨɜɪɟɦɟɧɧɨ ɢɡɦɟɧɹɟɬɫɹ ɫɨɫɬɚɜ 
ɤɪɢɫɬɚɥɥɨɜ . ɋɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚ (Ɏ=β)μ ɤɪɢɫɬɚɥɥɵ ɮɚɡɵ , ɫɨɫɬɚɜɚ 7 

(91%A ɢ 9%ȼ) ɢ ɤɪɢɫɬɚɥɥɵ ɮɚɡɵ , ɫɨɫɬɚɜɚ ι (94%ȼ ɢ θ%Ⱥ). ɋɢɫɬɟɦɚ 
ɦɨɧɨɜɚɪɢɚɧɬɧɚɹ ɋ=β-2+1=1. 

II. Ɉɯɥɚɠɞɟɧɢɟ ɢɡ ɬɨɱɤɢ 1 ɜ ɬɨɱɤɭ 5: 
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Ɍɨɱɤɚ 1. ɋɢɫɬɟɦɚ ɝɨɦɨɝɟɧɧɚɹ (Ɏ=1)μ ɪɚɫɩɥɚɜ, ɫɨɫɬɚɜɚ δ1 (θ0%Ⱥ ɢ 40%ȼ). 
ɋɢɫɬɟɦɚ ɛɢɜɚɪɢɚɧɬɧɚ ɋ=β-1+1=2. 

Ɍɨɱɤɚ. β. ȼ ɬɨɱɤɟ β ɢɡ ɪɚɫɩɥɚɜɚ ɩɨɹɜɥɹɸɬɫɹ ɩɟɪɜɵɟ ɤɪɢɫɬɚɥɥɵ ɮɚɡɵ . 

ɋɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚɹ (Ɏ=β)μ ɤɪɢɫɬɚɥɥɵ , ɫɨɫɬɚɜɚ β (9θ%A ɢ 4%ȼ) ɢ ɪɚɫɩɥɚɜ, 
ɫɨɫɬɚɜɚ δ1 (40%ȼ ɢ θ0%Ⱥ). ɋɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚɹ ɋ=β-2+1=1. 

Ɍɨɱɤɚ γ. ɉɨ ɦɟɪɟ ɨɯɥɚɠɞɟɧɢɹ ɦɚɫɫɚ ɤɪɢɫɬɚɥɥɨɜ  ɪɚɫɬɟɬ. ɋɢɫɬɟɦɚ 
ɝɟɬɟɪɨɝɟɧɧɚɹ (Ɏ=β)μ ɤɪɢɫɬɚɥɥɵ , ɫɨɫɬɚɜɚ γ (8η%A ɢ 1η%ȼ) ɢ ɪɚɫɩɥɚɜ, ɫɨɫɬɚɜɚ 
δγ (θγ%ȼ ɢ 4ι%Ⱥ). ɋɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚɹ ɋ=β-2+1=1. 

Ɍɨɱɤɚ 4. ȼ ɬɨɱɤɟ 4 ɢɡ ɪɚɫɩɥɚɜɚ ɧɚɱɢɧɚɟɬɫɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɮɚɡɵ  ɢ 
ɩɪɨɞɨɥɠɚɟɬɫɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɮɚɡɵ . ɋɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚɹ (Ɏ=γ)μ ɤɪɢɫɬɚɥɥɵ 
, ɫɨɫɬɚɜɚ 4 (ι9%A ɢ β1%ȼ), ɤɪɢɫɬɚɥɥɵ , ɫɨɫɬɚɜɚ 4 (1ι%A ɢ 8γ%ȼ) ɢ 
ɪɚɫɩɥɚɜ, ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ δ4 (θ8%ȼ ɢ γβ%Ⱥ). ɋɢɫɬɟɦɚ ɧɨɧɜɚɪɢɚɧɬɧɚɹ 
ɋ=β-2+1=0 – ɩɥɨɳɚɞɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ 
ɪɚɫɩɥɚɜɚ. 

Ɍɨɱɤɚ. 5. ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɩɪɨɢɫɯɨɞɢɬ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫ ɢɡɦɟɧɟɧɢɟɦ 
ɫɨɫɬɚɜɚ ɤɪɢɫɬɚɥɥɨɜ  ɢ . ɋɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚ (Ɏ=β)μ ɤɪɢɫɬɚɥɥɵ ɮɚɡɵ  , 

ɫɨɫɬɚɜɚ η (90%A ɢ 10%ȼ) ɢ ɤɪɢɫɬɚɥɥɵ ɮɚɡɵ , ɫɨɫɬɚɜɚ η (9γ%ȼ ɢ ι%Ⱥ). 
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ɋɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚɹ ɋ=β-2+1=1. 

III. Ɉɯɥɚɠɞɟɧɢɟ ɢɡ ɬɨɱɤɢ 1 ɜ ɬɨɱɤɭ γ: 
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Ɍɨɱɤɚ 1. ɋɢɫɬɟɦɚ ɝɨɦɨɝɟɧɧɚɹ (Ɏ=1)μ ɪɚɫɩɥɚɜ, ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ δ1 
(γβ%Ⱥ ɢ θ8%ȼ). ɋɢɫɬɟɦɚ ɛɢɜɚɪɢɚɧɬɧɚ ɋ=β-1+1=2. 

Ɍɨɱɤɚ β. ȼ ɬɨɱɤɟ 4 ɢɡ ɪɚɫɩɥɚɜɚ ɧɚɱɢɧɚɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɚɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ 
ɮɚɡɵ  ɢ ɮɚɡɵ . ɋɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚɹ (Ɏ=γ)μ ɤɪɢɫɬɚɥɥɵ , ɫɨɫɬɚɜɚ 2 (79%A 

ɢ β1%ȼ), ɤɪɢɫɬɚɥɥɵ , ɫɨɫɬɚɜɚ β (1ι%A ɢ 8γ%ȼ) ɢ ɪɚɫɩɥɚɜ, ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ 

ɫɨɫɬɚɜɚ δ4 (θ8%ȼ ɢ γβ%Ⱥ). ɋɢɫɬɟɦɚ ɧɨɧɜɚɪɢɚɧɬɧɚɹ ɋ=β-2+1=0 – ɩɥɨɳɚɞɤɚ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ ɪɚɫɩɥɚɜɚ. 

Ɍɨɱɤɚ. γ. ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɩɪɨɢɫɯɨɞɢɬ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫ ɢɡɦɟɧɟɧɢɟɦ 
ɫɨɫɬɚɜɚ ɤɪɢɫɬɚɥɥɨɜ  ɢ . ɋɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚ (Ɏ=β)μ ɤɪɢɫɬɚɥɥɵ ɮɚɡɵ  , 

ɫɨɫɬɚɜɚ γ (90%A ɢ 10%ȼ) ɢ ɤɪɢɫɬɚɥɥɵ ɮɚɡɵ , ɫɨɫɬɚɜɚ γ (9γ%ȼ ɢ ι%Ⱥ). 
ɋɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚɹ ɋ=β-2+1=1. 

 

ȾɂȺȽɊȺɆɆȺ ɉɅȺȼɄɈɋɌɂ ȼȿɓȿɋɌȼ ɈȻɊȺɁɍɘɓɂɏ ɍɋɌɈɃɑɂȼɈȿ 
ɏɂɆɂɑȿɋɄɈȿ ɋɈȿȾɂɇȿɇɂȿ  (IV ɪɨɞɚ) 

Ⱦɪɭɝɨɟ ɧɚɡɜɚɧɢɟ ɞɢɚɝɪɚɦɦɵ: Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɥɚɜɹɳɢɯɫɹ ɤɨɧɝɪɭɷɧɬɧɨ. 

ȼ ɫɢɫɬɟɦɚɯ ɬɚɤɨɝɨ ɬɢɩɚ ɨɛɚ ɤɨɦɩɨɧɟɧɬɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 
ɨɛɪɚɡɭɸɬ ɨɞɧɨ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɭɫɬɨɣɱɢɜɵɯ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɬɢɩɚ ȺxBy 

(ɫɨɟɞɢɧɟɧɢɟ Ɇ) ɫɨ ɫɜɨɟɣ ɫɨɛɫɬɜɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ. Ⱦɚɧɧɵɟ 
ɫɨɟɞɢɧɟɧɢɹ ɹɜɥɹɸɬɫɹ ɭɫɬɨɣɱɢɜɵɦɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɢɯ 
ɩɥɚɜɥɟɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɚ ɞɢɚɝɪɚɦɦɟ ɫɨɫɬɨɹɧɢɹ ɩɨɹɜɥɹɟɬɫɹ ɜɟɪɬɢɤɚɥɶɧɚɹ 
ɥɢɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɨɞɟɪɠɚɧɢɸ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɯɢɦɢɱɟɫɤɨɦ ɫɨɟɞɢɧɟɧɢɢ, 
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ɜɟɪɯɧɹɹ ɬɨɱɤɚ, ɤɨɬɨɪɨɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ. ȼɢɞ ɦɚɤɫɢɦɭɦɚ ɧɚ ɤɪɢɜɨɣ ɩɥɚɜɤɨɫɬɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 
ɡɚɜɢɫɢɬ ɨɬ ɫɬɟɩɟɧɢ ɟɝɨ ɞɢɫɫɨɰɢɚɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ ɩɨ ɫɯɟɦɟμ 

ȺxBy  ɯȺ + ɭȼ 

ɋɢɫɬɟɦɵ ɩɨɞɨɛɧɨɝɨ ɬɢɩɚ ɨɛɪɚɡɭɸɬ ɦɧɨɝɢɟ ɜɟɳɟɫɬɜɚμ εР-Pb; Mg-Cu; Mg-

Ge; Zn-Mg; Mg-Ca; SiO2-CaO; SiO2-Al2O3 ɢ ɞɪ. 

    

Ɋɢɫ.4.14 Ⱦɢɚɝɪɚɦɦɵ ɩɥɚɜɤɨɫɬɢ ɜɟɳɟɫɬɜ, ɨɛɪɚɡɭɸɳɢɯ ɭɫɬɨɣɱɢɜɨɟ ɯɢɦɢɱɟɫɤɨɟ 
ɫɨɟɞɢɧɟɧɢɟμ εР-Ge; Mg-Ca; Mg-Pb 

ɑɟɦ ɛɨɥɶɲɟ ɫɬɟɩɟɧɶ ɞɢɫɫɨɰɢɚɰɢɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɪɢ ɩɥɚɜɥɟɧɢɢ, 
ɬɟɦ ɛɨɥɟɟ ɩɨɥɨɝɢɦ ɹɜɥɹɟɬɫɹ ɷɬɨɬ ɦɚɤɫɢɦɭɦ. ɑɟɦ ɦɟɧɶɲɟ ɫɬɟɩɟɧɶ ɞɢɫɫɨɰɢɚɰɢɢ 
ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɬɟɦ ɨɫɬɪɟɟ ɦɚɤɫɢɦɭɦ ɧɚ ɤɪɢɜɨɣ ɩɥɚɜɥɟɧɢɹ. ȼ ɩɪɟɞɟɥɟ, 
ɤɨɝɞɚ ɫɬɟɩɟɧɶ ɞɢɫɫɨɰɢɚɰɢɢ ɪɚɜɧɚ ɧɭɥɸ, ɪɚɞɢɭɫ ɤɪɢɜɢɡɧɵ ɥɢɤɜɢɞɭɫɚ 
ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɧɭɥɶ, ɱɬɨ ɨɬɜɟɱɚɟɬ ɨɫɬɪɨɦɭ ɦɚɤɫɢɦɭɦɭ. Ɍɨɱɤɚ, ɨɬɜɟɱɚɸɳɚɹ 
ɧɟɞɢɫɫɨɰɢɢɪɨɜɚɧɧɨɦɭ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɟɞɢɧɟɧɢɸ, ɧɚɡɵɜɚɟɬɫɹ ɫɢɧɝɭɥɹɪɧɨɣ ɢɥɢ 
ɞɚɥɶɬɨɧɨɜɫɤɨɣ ɬɨɱɤɨɣ. ɏɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɫɢɧɝɭɥɹɪɧɵɯ ɬɨɱɟɤ 
ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɫɥɨɜɢɣ ɪɚɜɧɨɜɟɫɢɹ (ɜ ɱɚɫɬɧɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɵ 
ɢɥɢ ɞɚɜɥɟɧɢɹ) ɨɬɜɟɱɚɸɳɢɣ ɢɦ ɫɨɫɬɚɜ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. ȿɫɥɢ ɨɛɨɡɧɚɱɢɬɶ 
ɫɨɟɞɢɧɟɧɢɟ ȺxBy (ε), ɬɨ ɞɢɚɝɪɚɦɦɚ ɪɚɡɞɟɥɢɬɫɹ ɧɚ ɞɜɟ ɱɚɫɬɢ, ɤɨɬɨɪɵɟ 
ɚɧɚɥɨɝɢɱɧɵ ɭɠɟ ɪɚɫɫɦɨɬɪɟɧɧɵɦ ɞɢɚɝɪɚɦɦɚɦ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɬɨɝɨ, ɱɬɨ ɨɞɢɧ ɢɡ 
ɤɨɦɩɨɧɟɧɬɨɜ ɹɜɥɹɟɬɫɹ ɯɢɦɢɱɟɫɤɢɦ ɫɨɟɞɢɧɟɧɢɟɦ. ȿɫɥɢ ɠɟ ɤɨɦɩɨɧɟɧɬɵ Ⱥ ɢ ȼ 
ɨɛɪɚɡɭɸɬ ɧɟɫɤɨɥɶɤɨ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɥɚɜɹɳɢɯɫɹ ɤɨɧɝɪɭɷɧɬɧɨ, ɧɚ 
ɞɢɚɝɪɚɦɦɟ ɩɥɚɜɤɨɫɬɢ ɤɚɠɞɨɦɭ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɟɞɢɧɟɧɢɸ ɨɬɜɟɱɚɟɬ ɫɜɨɣ 
ɦɚɤɫɢɦɭɦ.  
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ɉɪɢɦɟɪ ɚɧɚɥɢɡɚ ɞɢɚɝɪɚɦɦɵ ɩɥɚɜɤɨɫɬɢ ɤɨɧɝɪɭɷɧɬɧɨ ɩɥɚɜɹɳɢɯɫɹ 
ɜɟɳɟɫɬɜ 
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Ɍɨɱɤɚ1. ɋɢɫɬɟɦɚ ɝɨɦɨɝɟɧɧɚɹ, ɧɚɯɨɞɢɬɫɹ ɜ ɜɢɞɟ ɪɚɫɩɥɚɜɚ (Ɏ=1)μ ɪɚɫɩɥɚɜ, 
ɫɨɫɬɚɜɚ L1 (30%B ɢ 70%A);  

ɑɢɫɥɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɋ = β – 1 + 1 = 2 – ɫɢɫɬɟɦɚ 
ɛɢɜɚɪɢɚɧɬɧɚ. 

Ɍɨɱɤɚ β. ɂɡ ɪɚɫɩɥɚɜɚ ɧɚɱɢɧɚɸɬ ɩɨɹɜɥɹɬɶɫɹ ɩɟɪɜɵɟ ɤɪɢɫɬɚɥɥɵ ɭɫɬɨɣɱɢɜɨɝɨ 
ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ Ɇ. ɋɢɫɬɟɦɚ ɫɬɚɧɨɜɢɬɫɹ ɝɟɬɟɪɨɝɟɧɧɨɣ (Ɏ=β)μ ɤɪ.Ɇ + 
ɪɚɫɩɥɚɜ, ɫɨɫɬɚɜɚ L1 (ɬ.ɤ. ɦɚɫɫɚ ɬɜɟɪɞɨɣ ɮɚɡɵ ɜ ɬ.β ɧɢɱɬɨɠɧɨ ɦɚɥɚ, ɬɨ ɫɨɫɬɚɜ 
ɪɚɫɩɥɚɜɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɟ ɫ ɬ.1). 

ɑɢɫɥɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɋ = β – 2 + 1 = 1 – ɫɢɫɬɟɦɚ 
ɦɨɧɨɜɚɪɢɚɧɬɧɚ (ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɨɩɪɟɞɟɥɟɧɧɵɣ 
ɫɨɫɬɚɜ ɫɢɫɬɟɦɵ ɢ ɧɚɨɛɨɪɨɬ). 

Ɍɨɱɤɚ γ. ȼ ɪɚɜɧɨɜɟɫɢɢ ɧɚɯɨɞɹɬɫɹ ɞɜɟ ɮɚɡɵ (Ɏ=β)μ ɤɪɢɫɬɚɥɥɵ ɭɫɬɨɣɱɢɜɨɝɨ 
ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ Ɇ ɢ ɪɚɫɩɥɚɜ, ɫɨМɬɚɜɚ δγ.  

ɑɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɋ = β – β +1 = 1. ɋɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚ. 
Ɍɨɱɤɚ 4. ɂɡ ɪɚɫɩɥɚɜɚ ɧɚɱɢɧɚɟɬɫɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɜɟɳɟɫɬɜɚ B ɢ 

ɩɪɨɞɨɥɠɚɟɬɫɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫɨɟɞɢɧɟɧɢɟ ε.  
ȼ ɪɚɜɧɨɜɟɫɢɢ ɧɚɯɨɞɢɬɫɹ γ ɮɚɡɵμ ɤɪɢɫɬɚɥɥɵ Ɇ, ɤɪɢɫɬɚɥɥɵ ȼ ɢ ɪɚɫɩɥɚɜ, 

ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ δ4. 
ɋ = β – 3 +1 = 0 – ɫɢɫɬɟɦɚ ɧɨɧɜɚɪɢɚɧɬɧɚ.  
Ɍɨɱɤɚ 5. ɋɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚɹ (Ɏ=β) ɫɨɫɬɨɢɬ ɢɡ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɦɟɫɢ 

ɤɪɢɫɬɚɥɥɨɜ ɭɫɬɨɣɱɢɜɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ Ɇ ɢ ɜɟɳɟɫɬɜɚ ȼ. ɋɢɫɬɟɦɚ 
ɦɨɧɨɜɚɪɢɚɧɬɧɚ (ɋ = 1). 
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ɋɢɫɬɟɦɚ ɫɨɫɬɚɜɚ Ɇ ɜɟɞɟɬ ɫɟɛɹ ɤɚɤ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɚɹ. ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ 
ɪɚɫɩɥɚɜɚ Ɇ ɧɚ ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɨɞɧɚ ɩɥɨɳɚɞɤɚ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɭɫɬɨɣɱɢɜɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɉɪɚɜɢɥɨ ɮɚɡ Ƚɢɛɛɫɚ 
ɞɥɹ ɫɢɫɬɟɦɵ ɫɨɫɬɚɜɚ Ɇ ɢɦɟɟɬ ɜɢɞμ ɋ = 1 – Ɏ +1.  

 

ȾɂȺȽɊȺɆɆȺ ɉɅȺȼɄɈɋɌɂ ȼȿɓȿɋɌȼ ɈȻɊȺɁɍɘɓɂɏ 
ɇȿɍɋɌɈɃɑɂȼɈȿ ɏɂɆɂɑȿɋɄɈȿ ɋɈȿȾɂɇȿɇɂȿ  (IV ɪɨɞɚ) 

Ⱦɪɭɝɨɟ ɧɚɡɜɚɧɢɟ ɞɢɚɝɪɚɦɦɵ: Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɥɚɜɹɳɢɯɫɹ ɢɧɤɨɧɝɪɭɷɧɬɧɨν 

ȼ ɫɢɫɬɟɦɚɯ ɬɚɤɨɝɨ ɬɢɩɚ ɨɛɚ ɤɨɦɩɨɧɟɧɬɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 
ɨɛɪɚɡɭɸɬ ɨɞɧɨ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɫɨɟɞɢɧɟɧɢɣ ɬɢɩɚ ȺxBy (ɫɨɟɞɢɧɟɧɢɟ Ɇ) ɫɨ ɫɜɨɟɣ 
ɫɨɛɫɬɜɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɧɟɭɫɬɨɣɱɢɜɵɦɢμ 
ɩɪɢ ɢɯ ɧɚɝɪɟɜɚɧɢɢ ɟɳɺ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɨɧɢ ɪɚɡɥɚɝɚɸɬɫɹ ɧɚ ɢɫɯɨɞɧɵɟ 
ɤɨɦɩɨɧɟɧɬɵ Ⱥ ɢ ȼ. 

Ɍɟɦɩɟɪɚɬɭɪɚ, ɜɵɲɟ ɤɨɬɨɪɨɣ ɧɟɭɫɬɨɣɱɢɜɨɟ ɯɢɦɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ 
ɪɚɡɥɚɝɚɟɬɫɹ, ɧɚɡɵɜɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɟɪɢɬɟɤɬɢɤɢ (ɌP). Ʉɨɝɞɚ  ɩɪɢ 
ɨɯɥɚɠɞɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɚ ɫɢɫɬɟɦɵ ɫɬɚɧɟɬ ɪɚɜɧɨɣ ɌP, ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ 
Ⱥ( ɢɥɢ ȼ) ɜɫɬɭɩɢɬ ɜ ɩɟɪɢɬɟɤɬɢɱɟɫɤɭɸ ɪɟɚɤɰɢɸ ɫ ɜɟɳɟɫɬɜɨɦ ȼ (ɢɥɢ Ⱥ), 

ɫɨɞɟɪɠɚɳɢɦɫɹ ɜ ɠɢɞɤɨɣ ɮɚɡɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɨɛɪɚɡɭɟɬɫɹ ɯɢɦɢɱɟɫɤɨɟ 
ɫɨɟɞɢɧɟɧɢɟ Ɇ. 

 

Ɋɢɫ.1η. Ⱦɢɚɝɪɚɦɦɵ ɩɥɚɜɤɨɫɬɢ ɫɢɫɬɟɦ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, 
ɩɥɚɜɹɳɢɯɫɹ ɢɧɤɨɧɝɪɭɷɧɬɧɨ : Au-Pb; K-Na 
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ɉɪɢɦɟɪ ɚɧɚɥɢɡɚ ɞɢɚɝɪɚɦɦɵ ɩɥɚɜɤɨɫɬɢ ɢɧɤɨɧɝɪɭɷɧɬɧɨ ɩɥɚɜɹɳɢɯɫɹ 
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Ɍɨɱɤɚ1. ɋɢɫɬɟɦɚ ɝɨɦɨɝɟɧɧɚɹ, ɧɚɯɨɞɢɬɫɹ ɜ ɜɢɞɟ ɪɚɫɩɥɚɜɚ (Ɏ=1)μ ɪɚɫɩɥɚɜ, 
ɫɨɫɬɚɜɚ L1 (74%B ɢ 26%A);  

ɑɢɫɥɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɋ = β – 1 + 1 = 2 – ɫɢɫɬɟɦɚ 
ɛɢɜɚɪɢɚɧɬɧɚ. 

Ɍɨɱɤɚ β. ɂɡ ɪɚɫɩɥɚɜɚ ɧɚɱɢɧɚɸɬ ɩɨɹɜɥɹɬɶɫɹ ɩɟɪɜɵɟ ɤɪɢɫɬɚɥɥɵ ɜɟɳɟɫɬɜɚ ȼ. 
ɋɢɫɬɟɦɚ ɫɬɚɧɨɜɢɬɫɹ ɝɟɬɟɪɨɝɟɧɧɨɣ (Ɏ=β)μ ɤɪ.ȼ + ɪɚɫɩɥɚɜ, ɫɨɫɬɚɜɚ L1. 

ɑɢɫɥɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɋ = β – 2 + 1 = 1 – ɫɢɫɬɟɦɚ 
ɦɨɧɨɜɚɪɢɚɧɬɧɚ. 

Ɍɨɱɤɚ γ. ȼ ɪɚɜɧɨɜɟɫɢɢ ɧɚɯɨɞɹɬɫɹ ɞɜɟ ɮɚɡɵ (Ɏ=β)μ ɤɪɢɫɬɚɥɥɵ ɜɟɳɟɫɬɜɚ ȼ ɢ 
ɪɚɫɩɥɚɜ, ɫɨМɬɚɜɚ δγ (θ8%ȼ ɢ γβ%Ⱥ).  

ɑɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɋ = β – β +1 = 1. ɋɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚ. 
Ɍɨɱɤɚ 4. ɂɡ ɪɚɫɩɥɚɜɚ ɧɚɱɢɧɚɟɬɫɹ ɩɪɟɜɪɚɳɟɧɢɟ ɤɪɢɫɬɚɥɥɨɜ ɜɟɳɟɫɬɜɚ ȼ ɜ 

ɤɪɢɫɬɚɥɥɵ ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɯɢɦɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɹ Ɇ (ɧɢɠɟ ɥɢɧɢɢ Pζ ɜ ɫɢɫɬɟɦɟ 
ɤɪɢɫɬɚɥɥɨɜ ȼ ɧɟɬ).  

Ɍɨɱɤɚ P – ɩɟɪɢɬɟɤɬɢɱɟɫɤɚɹ ɬɨɱɤɚν ɥɢɧɢɹ Pζ – ɥɢɧɢɹ ɩɟɪɢɬɟɤɬɢɤɢ. ɇɢɠɟ 
ɩɟɪɢɬɟɤɬɢɱɟɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɫɭɳɟɫɬɜɨɜɚɧɢɹ 
ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ Ɇ. 

ȼ ɪɚɜɧɨɜɟɫɢɢ ɧɚɯɨɞɢɬɫɹ γ ɮɚɡɵμ ɤɪɢɫɬɚɥɥɵ Ɇ, ɤɪɢɫɬɚɥɥɵ ȼ ɢ ɪɚɫɩɥɚɜ, 
ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ δ4 (θθ%ȼ ɢ γ4%Ⱥ). 

ɋ = β – 3 +1 = 0 – ɫɢɫɬɟɦɚ ɧɨɧɜɚɪɢɚɧɬɧɚ. 
Ɍɨɱɤɚ 5. ȼ ɪɚɜɧɨɜɟɫɢɢ ɧɚɯɨɞɹɬɫɹ ɞɜɟ ɮɚɡɵ (Ɏ=β)μ ɤɪɢɫɬɚɥɥɵ ɧɟɭɫɬɨɣɱɢɜɨɝɨ 

ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ Ɇ ɢ ɪɚɫɩɥɚɜ, ɫɨМɬɚɜɚ δη (48%ȼ ɢ ηβ%Ⱥ).  
ɑɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɋ = β – β +1 = 1. ɋɢɫɬɟɦɚ ɦɨɧɨɜɚɪɢɚɧɬɧɚ. 
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Ɍɨɱɤɚ 6. ɂɡ ɪɚɫɩɥɚɜɚ ɧɚɱɢɧɚɟɬɫɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɜɟɳɟɫɬɜɚ Ⱥ ɢ 
ɩɪɨɞɨɥɠɚɟɬɫɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɫɨɟɞɢɧɟɧɢɟ ε.  

ȼ ɪɚɜɧɨɜɟɫɢɢ ɧɚɯɨɞɢɬɫɹ γ ɮɚɡɵμ ɤɪɢɫɬɚɥɥɵ Ɇ, ɤɪɢɫɬɚɥɥɵ Ⱥ ɢ ɪɚɫɩɥɚɜ, 
ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ δθ (4η%ȼ ɢ ηη%Ⱥ). 

ɋ = β – 3 +1 = 0 – ɫɢɫɬɟɦɚ ɧɨɧɜɚɪɢɚɧɬɧɚ.  
Ɍɨɱɤɚ 7. ɋɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚɹ (Ɏ=β) ɫɨɫɬɨɢɬ ɢɡ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɦɟɫɢ 

ɤɪɢɫɬɚɥɥɨɜ ɭɫɬɨɣɱɢɜɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ Ɇ ɢ ɜɟɳɟɫɬɜɚ Ⱥ. ɋɢɫɬɟɦɚ 
ɦɨɧɨɜɚɪɢɚɧɬɧɚ (ɋ = 1). 

 

ȾɂȺȽɊȺɆɆȺ ȼɁȺɂɆɇɈɃ ɊȺɋɌȼɈɊɂɆɈɋɌɂ ɈȽɊȺɇɂɑȿɇɈ 
ɊȺɋɌȼɈɊɂɆЫɏ ȼȿɓȿɋɌȼ 

Ɇɧɨɝɢɟ ɜɟɳɟɫɬɜɚ ɢɦɟɸɬ ɨɝɪɚɧɢɱɟɧɧɭɸ ɜɡɚɢɦɧɭɸ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɬɜɟɪɞɨɦ 
ɫɨɫɬɨɹɧɢɢ, ɢ ɜ ɧɟɤɨɬɨɪɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɛɪɚɡɭɸɬ ɞɜɟ ɮɚɡɵ ɬɜɟɪɞɵɯ 
ɪɚɫɬɜɨɪɨɜ (ɫɦɨɬɪɢ ɜɵɲɟ ɞɢɚɝɪɚɦɦɭ CЮ-ζТ ɢɥɢ ɞɢɚɝɪɚɦɦɵ ɩɥɚɜɤɨɫɬɢ 
ɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵɯ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɜɟɳɟɫɬɜ). 

Ⱦɪɭɝɢɟ ɜɟɳɟɫɬɜɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɨɝɪɚɧɢɱɟɧɧɨɣ ɜɡɚɢɦɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ 
ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ, ɨɛɪɚɡɭɸɬ ɞɜɟ ɮɚɡɵ, ɧɚɫɵɳɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɞɪɭɝ ɜ ɞɪɭɝɟ 
ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

ɉɪɢ ɧɟɤɨɬɨɪɨɣ ɬɟɦɩɟɪɚɬɭɪɟ - ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɫɬɜɨɪɟɧɢɹ – 

ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɨɟ ɜɡɚɢɦɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ. Ɍɟɦɩɟɪɚɬɭɪɭ, ɩɪɢ 
ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɨɟ ɜɡɚɢɦɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɟ ɧɚɡɵɜɚɸɬ ɬɟɦɩɟɪɚɬɭɪɨɣ ɥɢɤɜɚɰɢɢ (ɥɚɬ. ХТqЮКЭТШ – 

ɪɚɡɠɢɠɟɧɢɟ, ɩɥɚɜɥɟɧɢɟ). ɋɢɫɬɟɦɵ ɢɡ ɞɜɭɯ ɨɝɪɚɧɢɱɟɧɨ ɪɚɫɬɜɨɪɢɦɵɯ ɠɢɞɤɨɫɬɟɣ, 
ɜɡɚɢɦɧɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɤɨɬɨɪɵɯ ɜɨɡɪɚɫɬɚɟɬ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɧɚɡɵɜɚɸɬɫɹ ɫɢɫɬɟɦɚɦɢ ɫ ɜɟɪɯɧɟɣ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ (ȼɄɌ), ɧɚɩɪɢɦɟɪ, 
ɚɧɢɥɢɧ–ɜɨɞɚ, ɮɟɧɨɥ-ɜɨɞɚ.  

ɋɢɫɬɟɦɵ, ɜ ɤɨɬɨɪɵɯ ɜɡɚɢɦɧɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɭɦɟɧɶɲɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɧɚɡɵɜɚɸɬɫɹ ɫɢɫɬɟɦɚɦɢ ɫ ɧɢɠɧɟɣ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 

(ɇɄɌ), ɧɚɩɪɢɦɟɪ, ɞɢɷɬɢɥɚɦɢɧ – ɜɨɞɚ, ɬɪɢɷɬɢɥɚɦɢɧ – ɜɨɞɚ. 

Ʉ ɫɢɫɬɟɦɚɦ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ȼɄɌ ɢ ɇɄɌ ɨɬɧɨɫɹɬɫɹμ ɧɢɤɨɬɢɧ–
ɜɨɞɚ, ɜɨɞɚ – ɦɟɬɢɥɷɬɢɥɤɟɬɨɧ. 

 

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɜɡɚɢɦɧɨɣ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ. ȼɨɡɦɨɠɧɵ ɬɪɢ ɫɥɭɱɚɹ (ɪɢɫ.1η)μ 

– ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɡɚɢɦɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
ɠɢɞɤɨɫɬɢν  

– ɜɡɚɢɦɧɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵν 
– ɜɡɚɢɦɧɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɠɢɞɤɨɫɬɟɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɫ ɩɨɜɵɲɟɧɢɟɦ, ɢ ɫ 

ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ. 
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ɚ) ɛ) ɜ) 
Ɋɢɫ.4.15 Ⱦɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦμ 

ɚ) ɧɢɤɨɬɢɧ–ɜɨɞɚ ɫ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ  ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɫɬɜɨɪɟɧɢɹν 

ɛ) ɬɪɢɷɬɢɥɚɦɢɧ – ɜɨɞɚ ɫ ɧɢɠɧɟɣ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɫɬɜɨɪɟɧɢɹν 

ɜ) ɮɟɧɨɥ-ɜɨɞɚ ɫ ɜɟɪɯɧɟɣ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɫɬɜɨɪɟɧɢɹ. 

ȿɫɥɢ ɝɪɚɮɢɱɟɫɤɢ ɢɡɨɛɪɚɡɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɫɬɚɜɚ ɫɥɨɟɜ ɨɝɪɚɧɢɱɟɧɧɨ 
ɪɚɫɬɜɨɪɢɦɵɯ ɠɢɞɤɨɫɬɟɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɬɨ ɧɚ ɞɢɚɝɪɚɦɦɟ ɫɨɫɬɨɹɧɢɹ ɩɨɥɭɱɢɬɫɹ 
ɤɪɢɜɚɹ, ɪɚɡɞɟɥɹɸɳɚɹ ɝɨɦɨɝɟɧɧɭɸ ɢ ɝɟɬɟɪɨɝɟɧɧɭɸ ɨɛɥɚɫɬɢ. Ɍɚɤɚɹ ɤɪɢɜɚɹ 
ɧɚɡɵɜɚɟɬɫɹ ɤɪɢɜɨɣ ɪɚɫɫɥɨɟɧɢɹ ɢɥɢ ɤɪɢɜɨɣ ɥɢɤɜɚɰɢɢ. Ʌɸɛɚɹ ɬɨɱɤɚ ɜɧɟ 
ɡɚɲɬɪɢɯɨɜɚɧɧɨɣ ɨɛɥɚɫɬɢ ɨɬɜɟɱɚɟɬ ɝɨɦɨɝɟɧɧɨɣ (ɨɞɧɨɫɥɨɣɧɨɣ) ɫɢɫɬɟɦɟ. 
Ɂɚɲɬɪɢɯɨɜɚɧɧɚɹ ɨɛɥɚɫɬɶ ɨɬɜɟɱɚɟɬ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɢɫɬɟɦɟ. 
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Ɋɢɫ.4.16 Ɍɢɩɢɱɧɵɟ ɫɢɫɬɟɦɵ ɫ ɨɝɪɚɧɢɱɟɧɧɨɣ ɜɡɚɢɦɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɠɢɞɤɨɫɬɟɣμ К – 

ɫɢɫɬɟɦɚ ɫ ɜɟɪɯɧɟɣ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɫɬɜɨɪɟɧɢɹν Л – ɫɢɫɬɟɦɚ ɫ ɧɢɠɧɟɣ 
ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɫɬɜɨɪɟɧɢɹν Н – ɫɢɫɬɟɦɚ ɫ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɤɪɢɬɢɱɟɫɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɫɬɜɨɪɟɧɢɹ  

Ɍɨɱɤɢ ɧɚ ɤɪɢɜɨɣ ɪɚɫɫɥɨɟɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɫɨɫɬɚɜɵ ɫɨɩɪɹɠɟɧɧɵɯ 
(ɪɚɜɧɨɜɟɫɧɵɯ) ɮɚɡ. 
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ɉɪɢɦɟɪ ɚɧɚɥɢɡɚ ɞɢɚɝɪɚɦɦɵ ɫɢɫɬɟɦɵ ɫ ɨɝɪɚɧɢɱɟɧɧɨɣ ɜɡɚɢɦɧɨɣ 
ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɠɢɞɤɨɫɬɟɣ 
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ɥ. ɥиɤɜаɰии

 

Ɏɢɝɭɪɚɬɢɜɧɚɹ ɬɨɱɤɚ 1 ɧɚ ɪɢɫɭɧɤɟ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɫɢɫɬɟɦɚ 
ɫɭɦɦɚɪɧɨɝɨ ɫɨɫɬɚɜɚ ɋ (γ0 % B ɢ ι0 % Ⱥ), ɜɡɹɬɚɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ1, 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɟɬɟɪɨɝɟɧɧɭɸ ɫɢɫɬɟɦɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɧɚɫɵɳɟɧɧɨɝɨ 
ɪɚɫɬɜɨɪɚ ȼ ɜ Ⱥ, ɫɨɫɬɚɜɚ К1 (1η % ȼ, 8η % Ⱥ) ɢ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫ ɧɢɦ ɧɚɫɵɳɟɧɧɨɝɨ 
ɪɚɫɬɜɨɪɚ Ⱥ ɜ ȼ, ɫɨɫɬɚɜɚ Л1 (80 % ȼ, β0 % Ⱥ).  

ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɢɫɬɟɦɵ (ɬ.β) ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɡɚɢɦɧɚɹ 
ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɤɨɦɩɨɧɟɧɬɨɜ Ⱥ ɢ ȼ. ȼ ɬ.β ɫɢɫɬɟɦɚ ɝɟɬɟɪɨɝɟɧɧɚɹ, ɫɨɫɬɨɢɬ ɢɡ 
ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ȼ ɜ Ⱥ, ɫɨɫɬɚɜɚ Кβ (βγ % ȼ, ιι % Ⱥ) ɢ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫ ɧɢɦ 
ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ Ⱥ ɜ ȼ, ɫɨɫɬɚɜɚ Лβ (θ9 % ȼ, γ1 % Ⱥ). 

ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɧɚɝɪɟɜɚɧɢɢ ɩɪɨɢɫɯɨɞɢɬ ɫɛɥɢɠɟɧɢɟ ɫɨɫɬɚɜɨɜ ɫɨɩɪɹɠɟɧɧɵɯ 
ɪɚɫɬɜɨɪɨɜ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ3 ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɨɟ ɜɡɚɢɦɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ 
ɤɨɦɩɨɧɟɧɬɨɜ. 

ɋɢɫɬɟɦɚ ɜ ɬɨɱɤɟ 1 ɢ ɬɨɱɤɟ 4 ɛɭɞɟɬ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶɫɹ ɧɚɥɢɱɢɟɦ ɞɜɭɯ ɮɚɡ 
ɨɞɢɧɚɤɨɜɨɝɨ ɫɨɫɬɚɜɚ (К1 ɢ Л1), ɨɞɧɚɤɨ, ɫɢɫɬɟɦɵ ɛɭɞɭɬ ɨɬɥɢɱɚɬɶɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ 
ɦɚɫɫ ɮɚɡ (ɩɨ ɩɪɚɜɢɥɭ ɪɵɱɚɝɚ). 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɧɚ ɩɨɞɨɛɧɨɣ ɞɢɚɝɪɚɦɦɟ 
ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɚɜɢɥɨ ȼ.Ɏ.Ⱥɥɟɤɫɟɟɜɚ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɫɟɪɟɞɢɧɵ ɧɨɞ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɦɟɠɞɭ ɬɨɱɤɚɦɢ, ɢɡɨɛɪɚɠɚɸɳɢɦɢ ɫɨɫɬɚɜɵ ɪɚɜɧɨɜɟɫɧɵɯ ɠɢɞɤɢɯ 
ɮɚɡ, ɥɟɠɚɬ ɧɚ ɨɞɧɨɣ ɩɪɹɦɨɣ, ɢɞɭɳɟɣ ɨɬ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ. Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ 
ɫɢɫɬɟɦ ɬɚɤɚɹ ɥɢɧɢɹ ɧɟ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɨɫɢ ɫɨɫɬɚɜɚ. 

ɇɚɥɢɱɢɟ ȼɄɌ ɢɥɢ ɇɄɌ ɡɚɜɢɫɢɬ ɨɬ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɠɢɞɤɨɫɬɟɣ. ȿɫɥɢ ɜɡɚɢɦɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɩɨɝɥɨɳɟɧɢɟɦ ɬɟɩɥɚ (ɷɧɞɨɬɟɪɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, Hρ0), ɬɨ ɜ ɫɢɫɬɟɦɟ ɛɭɞɟɬ ɢɦɟɬɶ 
ɦɟɫɬɶ ɜɟɪɯɧɹɹ ɤɪɢɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. ȿɫɥɢ ɜɡɚɢɦɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɨɬɵ (ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, H<0), ɬɨ ɜ 
ɫɢɫɬɟɦɟ ɛɭɞɟɬ ɢɦɟɬɶ ɦɟɫɬɶ ɧɢɠɧɹɹ ɤɪɢɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. Ⱦɥɹ ɫɢɫɬɟɦ ɫ ȼɄɌ 
ɢ ɇɄɌ (ɧɢɤɨɬɢɧ-ɜɨɞɚ) ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɦɟɧɹɟɬ 
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ɫɜɨɣ ɯɚɪɚɤɬɟɪ. 
 

ɌɊȿɏɄɈɆɉɈɇȿɇɌɇЫȿ ɋɂɋɌȿɆЫ 

ɋɩɨɫɨɛɵ ɜɵɪɚɠɟɧɢɹ ɫɨɫɬɚɜɨɜ ɜ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦɚɯ 

Ⱦɥɹ  ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ, ɧɚ ɪɚɜɧɨɜɟɫɢɟ ɤɨɬɨɪɨɣ ɜɥɢɹɸɬ ɬɨɥɶɤɨ 
ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ, ɩɪɚɜɢɥɨ ɮɚɡ Ƚɢɛɛɫɚ 
ɜɵɪɚɠɚɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦμ 

 ɋ = η - Φ  . 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɦɨɝɭɬ 

ɧɚɯɨɞɢɬɶɫɹ ɧɟ ɛɨɥɟɟ ɩɹɬɢ ɮɚɡ, ɚ ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɫɢɫɬɟɦɵ ɪɚɜɧɚ 4. 
ȼ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɟ ɩɪɢ P = МШЧЬЭ, ɫɨɝɥɚɫɧɨ ɩɪɚɜɢɥɭ ɮɚɡ Ƚɢɛɛɫɚ, 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ ɫɨɫɭɳɟɫɬɜɭɸɳɢɯ ɮɚɡ ɫɨɫɬɚɜɥɹɟɬ 4 (ɋ = γ - Φ + 1 = 0). ȼ 
ɨɛɥɚɫɬɢ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɨɞɧɨɣ ɝɨɦɨɝɟɧɧɨɣ ɮɚɡɵ ɫɢɫɬɟɦɚ ɬɪɢɜɚɪɢɚɧɬɧɚ ɋ = γ. 
ɉɨɷɬɨɦɭ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɧɟɨɛɯɨɞɢɦɵ ɬɪɢ ɨɫɢ ɤɨɨɪɞɢɧɚɬ, 
ɩɨ ɤɨɬɨɪɵɦ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɨɬɤɥɚɞɵɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɚɤɢɯ-

ɥɢɛɨ ɞɜɭɯ ɢɡ ɬɪɟɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɗɬɨ, ɨɞɧɚɤɨ, ɧɟɭɞɨɛɧɨ ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ 
ɤɨɧɰɟɧɬɪɚɰɢɸ ɬɪɟɬɶɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɧɚɞɨ ɨɩɪɟɞɟɥɹɬɶ ɩɨ ɪɚɡɧɨɫɬɢ. ɑɬɨɛɵ 
ɢɡɛɟɠɚɬɶ ɷɬɨɝɨ, ɞɥɹ ɜɵɪɚɠɟɧɢɹ ɫɨɫɬɚɜɚ ɢɫɩɨɥɶɡɭɸɬ ɪɚɜɧɨɫɬɨɪɨɧɧɢɣ 
ɬɪɟɭɝɨɥɶɧɢɤ, ɧɚ ɫɬɨɪɨɧɚɯ ɤɨɬɨɪɨɝɨ ɨɬɤɥɚɞɵɜɚɸɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ. 
Ɍɚɤɨɣ ɬɪɟɭɝɨɥɶɧɢɤ ɧɚɡɵɜɚɸɬ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɦ. 

ȼɟɪɲɢɧɵ ɬɪɟɭɝɨɥɶɧɢɤɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɱɢɫɬɵɦ ɜɟɳɟɫɬɜɚɦ Ⱥ, ȼ ɢ ɋ, ɬ.ɟ. ɢɯ 
ɫɬɨɩɪɨɰɟɧɬɧɨɦɭ ɫɨɞɟɪɠɚɧɢɸ ɢɥɢ ɦɨɥɹɪɧɵɦ ɞɨɥɹɦ, ɪɚɜɧɵɦ ɟɞɢɧɢɰɟ. Ʉɚɠɞɚɹ ɢɡ 
ɪɚɜɧɵɯ ɫɬɨɪɨɧ ɬɪɟɭɝɨɥɶɧɢɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɫɬɚɜɵ ɬɪɟɯ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ 
ɫɢɫɬɟɦ Ⱥ - ȼ, Ⱥ - ɋ ɢ ȼ - ɋ. ɗɬɢ ɫɬɨɪɨɧɵ ɨɛɵɱɧɨ ɞɟɥɹɬɫɹ ɧɚ 100 ɢɥɢ 10 ɪɚɜɧɵɯ 
ɱɚɫɬɟɣ. Ʌɸɛɚɹ ɬɨɱɤɚ ɜɧɭɬɪɢ ɬɪɟɭɝɨɥɶɧɢɤɚ ɨɬɪɚɠɚɟɬ ɫɨɫɬɚɜ ɫɢɫɬɟɦɵ ɜ ɦɚɫɫɨɜɵɯ 
% (ɢɥɢ ɦɨɥɹɪɧɵɯ ɞɨɥɹɯ). 

ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɫɩɨɫɨɛɚ ɜɵɪɚɠɟɧɢɹ ɫɨɫɬɚɜɚ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɧɚ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɦ ɬɪɟɭɝɨɥɶɧɢɤɟμ ɦɟɬɨɞ Ƚɢɛɛɫɚ ɢ ɦɟɬɨɞ Ɋɨɡɟɛɭɦɚ. Ɉɛɚ ɦɟɬɨɞɚ 
ɨɫɧɨɜɚɧɵ ɧɚ ɫɜɨɣɫɬɜɚɯ ɪɚɜɧɨɫɬɨɪɨɧɧɟɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ. 

Ɇɟɬɨɞ Ƚɢɛɛɫɚ 

Ɇɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɬɨɦ ɫɜɨɣɫɬɜɟ 
ɪɚɜɧɨɫɬɨɪɨɧɧɟɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ, ɱɬɨ ɫɭɦɦɚ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɨɜ, ɨɩɭɳɟɧɧɵɯ ɢɡ ɥɸɛɨɣ ɬɨɱɤɢ 
ɜɧɭɬɪɢ ɬɪɟɭɝɨɥɶɧɢɤɚ ɧɚ ɟɝɨ ɫɬɨɪɨɧɵ, ɪɚɜɧɚ 
ɜɵɫɨɬɟ h. ɗɬɨɬ ɨɬɪɟɡɨɤ (ɜɵɫɨɬɚ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
100% ɤɚɤɨɝɨ-ɥɢɛɨ ɤɨɦɩɨɧɟɧɬɚ. ɇɚɩɪɢɦɟɪ, ɞɥɹ 
ɬɨɱɤɢ M ɫɭɦɦɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɨɜ 
hA+hB+hC=h=100%. 
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Ɇɟɬɨɞ Ɋɨɡɟɛɭɦɚ 

ȼ ɞɚɧɧɨɦ ɫɩɨɫɨɛɟ ɡɚ 100% ɩɪɢɧɢɦɚɸɬ 
ɫɬɨɪɨɧɭ ɬɪɟɭɝɨɥɶɧɢɤɚ ɢ ɧɚɧɨɫɹɬ ɫɟɬɤɭ ɥɢɧɢɣ, 
ɩɚɪɚɥɥɟɥɶɧɵɯ ɤɚɠɞɨɣ ɫɬɨɪɨɧɟ. ɋɭɦɦɚ 
ɨɬɪɟɡɤɨɜ ɬɚɤɢɯ ɥɢɧɢɣ, ɢɫɯɨɞɹɳɢɯ ɢɡɞɚɧɧɨɣ 
ɬɨɱɤɢ M ɢ ɤɨɧɱɚɸɳɢɯɫɹ ɧɚ ɫɬɨɪɨɧɚɯ 
ɬɪɟɭɝɨɥɶɧɢɤɚ ɟɫɬɶ ɩɨɫɬɨɹɧɧɚɹ ɜɟɥɢɱɢɧɚ, 
ɪɚɜɧɚɹ ɥɸɛɨɣ ɢɡ ɫɬɨɪɨɧ. ɇɚ ɪɢɫ. 4.14 ɷɬɢ 
ɥɢɧɢɢ ɩɨɤɚɡɚɧɵ ɩɭɧɤɬɢɪɨɦ. Ⱦɥɹ ɜɵɛɪɚɧɧɨɣ 
ɬɨɱɤɢ lA+lB+lC=l=100%.  
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Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɧɟ ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɩɥɨɫɤɨɫɬɢ ɞɚɠɟ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, ɬɚɤ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ 
ɞɨɥɠɧɚ ɨɬɤɥɚɞɵɜɚɬɶɫɹ ɧɚ ɤɨɨɪɞɢɧɚɬɧɨɣ ɨɫɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɩɥɨɫɤɨɫɬɢ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ. 

ɇɚ ɪɢɫ.4.1ι ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɨɫɬɟɣɲɚɹ ɨɛɴɟɦɧɚɹ ɞɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ 
ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ, ɜ ɤɨɬɨɪɨɣ ɤɨɦɩɨɧɟɧɬɵ ɧɟɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵ 
ɞɪɭɝ ɜ ɞɪɭɝɟ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɫɨɜɫɟɦ ɧɟɪɚɫɬɜɨɪɢɦɵ ɜ ɬɜɟɪɞɨɦ. Ɉɧɚ 
ɹɜɥɹɟɬɫɹ ɚɧɚɥɨɝɨɦ ɞɢɚɝɪɚɦɦɵ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɩɟɪɜɨɝɨ ɬɢɩɚ. 
Ƚɪɚɮɢɱɟɫɤɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɜɫɟɯ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɢɡɦɚɬɢɱɟɫɤɨɦ 
ɩɪɨɫɬɪɚɧɫɬɜɟ. ȼ ɟɝɨ ɨɫɧɨɜɚɧɢɢ ɧɚɯɨɞɢɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɣ ɬɪɟɭɝɨɥɶɧɢɤ, ɤ 
ɫɬɨɪɨɧɚɦ ɤɨɬɨɪɨɝɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵ ɛɨɤɨɜɵɟ ɩɥɨɫɤɨɫɬɢ. Ʉɚɠɞɚɹ ɬɚɤɚɹ 
ɩɥɨɫɤɨɫɬɶ, ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ ɤɨɬɨɪɨɣ ɨɬɤɥɚɞɵɜɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ, 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɢɚɝɪɚɦɦɭ ɫɨɫɬɨɹɧɢɹ ɨɞɧɨɣ ɢɡ ɬɪɟɯ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ 
ɫɢɫɬɟɦ. Ɍɪɢ ɤɪɢɜɨɥɢɧɟɣɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ Ⱥɟ1Ee2, ȼɟ1ȿɟ3 ɢ ɋɟ2Ee3 ɹɜɥɹɸɬɫɹ 
ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɥɢɤɜɢɞɭɫ. Ɉɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɦɟɫɬɚ ɬɨɱɟɤ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɫɬɚɜɚɦ ɢ ɬɟɦɩɟɪɚɬɭɪɚɦ, ɩɪɢ ɤɨɬɨɪɵɯ ɢɡ ɨɞɧɨɪɨɞɧɨɣ 
ɠɢɞɤɨɫɬɢ (ɪɚɫɩɥɚɜɚ) ɧɚɱɢɧɚɟɬɫɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ Ⱥ, ȼ ɤ ɋ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɭɧɤɬɢɪɧɵɟ ɤɪɢɜɵɟ ɟ1ȿ, ɟ2ȿ ɢ ɟ3ȿ ɨɛɪɚɡɨɜɚɧɵ ɩɟɪɟɫɟɱɟɧɢɟɦ 
ɞɜɭɯ ɫɦɟɠɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɨɬɪɚɠɚɸɬ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɩɥɚɜɚ, 
ɧɚɫɵɳɟɧɧɨɝɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɜɭɦɹ ɤɨɦɩɨɧɟɧɬɚɦɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. 
ɇɚɩɪɢɦɟɪ, ɤɪɢɜɚɹ ɟ1ȿ ɩɨɤɚɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɚɜɚ ɬɪɨɣɧɨɝɨ ɪɚɫɩɥɚɜɚ ɩɪɢ 
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ɪɚɜɧɨɜɟɫɢɢ ɫ ɤɪɢɫɬɚɥɥɚɦɢ Ⱥ ɢ ȼ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɧɚɩɪɢɦɟɪ, ɩɪɢ 
ɨɯɥɚɠɞɟɧɢɢ. ɗɬɭ ɤɪɢɜɭɸ ɦɨɠɧɨ ɬɚɤɠɟ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɨɩɢɫɵɜɚɸɳɭɸ 
ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɜɨɣɧɨɣ ɷɜɬɟɤɬɢɤɢ Ⱥ-ȼ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨɛɚɜɥɹɟɦɨɝɨ ɬɪɟɬɶɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɋ. 

Ɍɪɢ ɩɨɞɨɛɧɵɟ ɞɪɭɝ ɞɪɭɝɭ ɤɪɢɜɵɟ ɟ1ȿ, 

ɟ2ȿ ɢ ɟ3ȿ ɩɟɪɟɫɟɤɚɸɬɫɹ ɜ ɬɨɱɤɟ ȿ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɪɚɜɧɨɜɟɫɢɸ ɪɚɫɩɥɚɜɚ ɫ 
ɤɪɢɫɬɚɥɥɚɦɢ Ⱥ, ȼ ɢ ɋ, Ɍɚɤ ɤɚɤ ɡɞɟɫɶ 
ɫɭɳɟɫɬɜɭɸɬ ɱɟɬɵɪɟ ɮɚɡɵ, ɬɨ ɫɨɝɥɚɫɧɨ 
ɩɪɚɜɢɥɭ ɮɚɡ Ƚɢɛɛɫɚ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ 
ɫɜɨɛɨɞɵ ɪɚɜɧɨ ɧɭɥɸ (ɋ = γ - 4 + 1 = 0). ȼ 
ɬɨɱɤɟ ȿ ɩɪɨɢɫɯɨɞɢɬ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ 
ɬɪɨɣɧɨɣ ɷɜɬɟɤɬɢɤɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ 
ɤɨɦɩɨɧɟɧɬɨɜ Ⱥ, ȼ ɢ ɋ. ɉɪɢ ɧɚɛɥɸɞɟɧɢɢ 
ɫɬɪɭɤɬɭɪɵ ɬɚɤɨɣ ɷɜɬɟɤɬɢɤɢ ɩɨɞ 
ɦɢɤɪɨɫɤɨɩɨɦ ɜɢɞɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɭɩɧɵɟ 
ɤɪɢɫɬɚɥɥɵ Ⱥ, ȼ ɢ ɋ ɢ ɫɦɟɫɶ ɦɟɥɤɢɯ 
ɤɪɢɫɬɚɥɥɢɤɨɜ ɷɬɢɯ ɠɟ ɤɨɦɩɨɧɟɧɬɨɜ, 
ɨɛɪɚɡɨɜɚɜɲɚɹɫɹ ɩɪɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ 
ɬɪɨɣɧɨɝɨ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɪɚɫɩɥɚɜɚ, 
ɩɪɨɢɫɯɨɞɢɜɲɟɝɨ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɚ. 
ɉɨɞɨɛɧɵɟ ɬɪɨɣɧɵɟ ɢ ɱɟɬɜɟɪɧɵɟ ɷɜɬɟɤɬɢɤɢ 
ɬɚɤɢɯ ɦɟɬɚɥɥɨɜ, ɤɚɤ PЛ, BТ, SЧ, CН, 
ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɩɨɟɜ ɢ 
ɥɟɝɤɨɩɥɚɜɤɢɯ ɫɩɥɚɜɨɜ.  

ɋɩɥɚɜ ȼɭɞɚ BТ (η0%), PЛ (βη%), SЧ (1β,η%), CН (1β,η%) ɩɥɚɜɢɬɫɹ ɩɪɢ θ8,ι0
C 

ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɱɟɬɜɟɪɧɭɸ ɷɜɬɟɤɬɢɤɭ. 
Ɍɪɟɯɤɨɦɩɨɧɟɧɬɧɚɹ ɫɢɫɬɟɦɚ, ɫɨɞɟɪɠɚɳɚɹ BТ (52,5%), Pb (γβ,0%) ɢ 

Sn (1η,η%), ɨɛɪɚɡɭɟɬ ɬɪɨɣɧɭɸ ɷɜɬɟɤɬɢɤɭ (ɫɩɥɚɜ Ɋɨɡɟ), ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ 
ɧɚɢɛɨɥɟɟ ɥɟɝɤɨɩɥɚɜɤɨɣ ɫɢɫɬɟɦɨɣ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ 9θ°ɋ: 

 

 

 

Ɋɢɫ. 4.17 Ⱦɢɚɝɪɚɦɦɚ ɩɥɚɜɤɨɫɬɢ 
ɫɢɫɬɟɦɵ ɢɡ ɬɪɺɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɧɟ 
ɨɛɪɚɡɭɸɳɢɯ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 
ɢ ɬɜɺɪɞɵɯ ɪɚɫɬɜɨɪɨɜ, ɩɪɢ P = const 
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ɋɟɱɟɧɢɹ ɨɛɴɟɦɧɨɣ ɞɢɚɝɪɚɦɦɵ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ 
ɩɥɨɫɤɨɫɬɹɦɢ ɞɚɸɬ ɢɡɨɬɟɪɦɢɱɟɫɤɢɟ ɪɚɡɪɟɡɵ ɞɢɚɝɪɚɦɦ 
ɬɪɨɣɧɵɯ ɫɢɫɬɟɦ, ɬ.ɟ. ɨɬɪɚɠɚɸɬ ɮɚɡɨɜɵɟ ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ 
ɨɞɧɨɣ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɇɚɩɪɢɦɟɪ, ɬɚɤɨɟ ɫɟɱɟɧɢɟ 
ɞɢɚɝɪɚɦɦɵ, ɩɪɢɜɟɞɟɧɧɨɣ ɜɵɲɟ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ 

ɩɨɤɚɡɚɧɨ ɜ ɜɢɞɟ ɬɪɟɭɝɨɥɶɧɢɤɚ ABC. Ʉɪɢɜɚɹ ɯɭ ɧɚ ɷɬɨɦ 
ɪɢɫɭɧɤɟ ɟɫɬɶ ɫɟɱɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɋɟ2ȿɟ3 ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 
ɩɥɨɫɤɨɫɬɶɸ. Ʉɪɢɜɨɥɢɧɟɣɧɵɣ ɬɪɟɭɝɨɥɶɧɢɤ ɯɭɋ 

ɨɝɪɚɧɢɱɢɜɚɟɬ ɨɛɥɚɫɬɶ ɞɜɭɯɮɚɡɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɦɟɠɞɭ ɪɚɫɩɥɚɜɨɦ ɢ ɤɪɢɫɬɚɥɥɚɦɢ 
ɋ. ȼɧɟ ɷɬɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ ɫɭɳɟɫɬɜɭɸɬ ɥɢɲɶ ɨɞɧɨɪɨɞɧɵɟ ɪɚɫɩɥɚɜɵ. ɉɪɢ ɛɨɥɟɟ 
ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɧɢɠɟ ɬɨɱɟɤ A ɢ ȼ) ɢɡ ɪɚɫɩɥɚɜɚ ɧɚɱɢɧɚɟɬɫɹ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɤɨɦɩɨɧɟɧɬɨɜ A ɢ ȼ, ɢ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɟɱɟɧɢɹɯ ɩɨɹɜɥɹɸɬɫɹ 
ɞɜɭɯɮɚɡɧɵɟ ɨɛɥɚɫɬɢ, ɩɪɢɥɟɝɚɸɳɢɟ ɤ ɨɫɹɦ ȺȺ’ ɢ ȼȼ’. Ɉɧɢ ɩɨɞɨɛɧɵ ɨɛɥɚɫɬɢ ɯɭɋ. 

ɉɨ ɦɟɪɟ ɩɨɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɜɫɟɯ ɬɪɟɯ ɞɜɭɯɮɚɡɧɵɯ 
ɨɛɥɚɫɬɟɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɇɚɤɨɧɟɰ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ TE ɨɧɢ ɫɦɵɤɚɸɬɫɹ, ɨɛɪɚɡɭɹ 
ɩɥɨɫɤɨɫɬɶ ɬɪɨɣɧɨɣ ɷɜɬɟɤɬɢɤɢ abc ɢɥɢ ɩɥɨɫɤɨɫɬɶ ɫɨɥɢɞɭɫ. ɇɢɠɟ ɷɬɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɚɹ ɮɚɡɚ ɧɟ ɫɭɳɟɫɬɜɭɟɬ. 

ɇɚ ɪɢɫɭɧɤɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɪɨɣɧɚɹ ɞɢɚɝɪɚɦɦɚ 
ɫɨɫɬɨɹɧɢɹ ɧɚ ɩɥɨɫɤɨɫɬɢ. Ɂɞɟɫɶ ɧɚ ɩɪɨɟɤɰɢɹɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ 
(Ⱥ1ɟ1ȿɟ2Ⱥ1, B1eEe3B1, ɋ1ɟ2ȿɟ3ɋ1). ɧɚɧɟɫɟɧɵ ɢɡɨɬɟɪɦɵ, 
ɩɨɞɨɛɧɵɟ ɯɭ ɩɪɢ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɋ ɩɨɦɨɳɶɸ 
ɷɬɨɝɨ ɪɢɫɭɧɤɚ ɦɨɠɧɨ ɩɪɨɫɥɟɞɢɬɶ ɡɚ ɩɪɟɜɪɚɳɟɧɢɹɦɢ 
ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ (ɢɥɢ ɧɚɝɪɟɜɚɧɢɢ) ɤɚɤɨɝɨ-ɥɢɛɨ 
ɫɩɥɚɜɚ, ɧɚɩɪɢɦɟɪ, ɩɪɢ Ɍ1, Ɍ2 ɢ Ɍ3, ɤɨɝɞɚ Ɍ1 > Ɍ2 > Ɍ3. 

 

Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɬɜɟɪɞɵɯ ɬɟɥ ɜ ɠɢɞɤɨɫɬɢ. ɍɪɚɜɧɟɧɢɟ ɒɪɟɞɟɪɚ 

Ɋɚɫɬɜɨɪɢɦɨɫɬɶɸ ɬɜɟɪɞɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɠɢɞɤɨɫɬɢ ɧɚɡɵɜɚɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɫ ɬɜɟɪɞɨɣ ɮɚɡɨɣ ɩɪɢ ɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ. 

Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɬɜɺɪɞɵɯ ɬɟɥ ɜ ɠɢɞɤɨɫɬɹɯ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ ɪɚɫɬɜɨɪɹɟɦɨɝɨ 
ɜɟɳɟɫɬɜɚ, ɪɚɫɬɜɨɪɢɬɟɥɹ, ɬɟɦɩɟɪɚɬɭɪɵ, ɞɚɜɥɟɧɢɹ, ɩɪɢɫɭɬɫɬɜɢɹ ɜ ɪɚɫɬɜɨɪɟ 
ɩɨɫɬɨɪɨɧɧɢɯ ɜɟɳɟɫɬɜ, ɨɫɨɛɟɧɧɨ ɷɥɟɤɬɪɨɥɢɬɨɜ. 

Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɬɜɟɪɞɵɯ ɜɟɳɟɫɬɜ ɜ ɠɢɞɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɨɩɢɫɵɜɚɟɬɫɹ 
ɞɢɚɝɪɚɦɦɨɣ ɫ ɩɪɨɫɬɨɣ ɷɜɬɟɤɬɢɤɨɣ. ɉɪɚɜɚɹ ɜɟɬɜɶ ɥɢɧɢɢ ɥɢɤɜɢɞɭɫɚ Ɉȿ ɹɜɥɹɟɬɫɹ 
ɤɪɢɜɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜɚ B ɜ ɪɚɫɬɜɨɪɢɬɟɥɟ 
A. Ⱦɥɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ KCХ ɜ ɜɨɞɟ ɥɢɧɢɟɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɛɭɞɟɬ ɥɢɧɢɹ EB: 
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Ⱥɧɚɥɢɬɢɱɟɫɤɢ ɜɢɞ ɥɢɧɢɢ ɥɢɤɜɢɞɭɫɚ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɒɪɟɞɟɪɚ. 
Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɭɪɚɜɧɟɧɢɟ ɒɪɟɞɟɪɚ ɨɩɢɫɵɜɚɟɬ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 
ɫɨɫɬɚɜ ɠɢɞɤɨɫɬɢ ɜ ɚɫɫɨɰɢɚɰɢɢ Lɇɚɫ+ɤɪ.B (ɧɚɫɵɳɟɧɧɵɣ ɪɚɫɬɜɨɪ – ɤɪɢɫɬɚɥɥɵ 
ɱɢɫɬɨɝɨ ɤɨɦɩɨɧɟɧɬɚ). 

ȼ ɜɢɞɟ ɫɨɨɬɧɨɲɟɧɢɹ  
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ɭɪɚɜɧɟɧɢɟ ɛɵɥɨ ɜɩɟɪɜɵɟ ɜɵɜɟɞɟɧɨ ɪɭɫɫɤɢɦ ɮɢɡɢɤɨ-ɯɢɦɢɤɨɦ ɂ.Ɏ.ɒɪɟɞɟɪɨɦ 
(1890). ȼ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦ ɜɢɞɟ ɭɪɚɜɧɟɧɢɟ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞμ 

2

ln

TR

H

dT

Xd ɉɥɇɚɫ





.
 

Ⱦɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɒɪɟɞɟɪɚ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɭɪɚɜɧɟɧɢɹ Ʉɥɚɩɟɣɪɨɧɚ-

Ʉɥɚɭɡɢɭɫɚ ɬɟɦ, ɱɬɨ ɜɦɟɫɬɨ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɢɫɩɚɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ 
ɧɟɝɨ ɜɯɨɞɢɬ ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɧɚɫɵɳɟɧɧɨɦ ɪɚɫɬɜɨɪɟ 
Xɇɚɫ, ɚ ɜɦɟɫɬɨ ɬɟɩɥɨɬɵ ɢɫɩɚɪɟɧɢɹ – ɬɟɩɥɨɬɚ ɩɥɚɜɥɟɧɢɹ ΔHɉɥ, ɩɨɬɨɦɭ ɱɬɨ ɤɚɤ 
ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ, ɬɚɤ ɢ ɩɪɢ ɩɥɚɜɥɟɧɢɢ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɪɭɲɟɧɢɟ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ. ɋɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ ɒɪɟɞɟɪɚ, ɡɚɜɢɫɢɦɨɫɬɶ 
ɥɨɝɚɪɢɮɦɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɨɬ ɨɛɪɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɞɨɥɠɧɚ ɧɨɫɢɬɶ ɥɢɧɟɣɧɵɣ ɯɚɪɚɤɬɟɪ, ɭɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɬɨɣ ɩɪɹɦɨɣ ɞɨɥɠɟɧ 
ɛɵɬɶ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɬɟɩɥɨɬɟ ɩɥɚɜɥɟɧɢɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. ɂɡ ɷɬɨɝɨ 
ɭɪɚɜɧɟɧɢɹ ɜɵɬɟɤɚɸɬ ɞɜɚ ɫɥɟɞɫɬɜɢɹμ 

1) ɱɟɦ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɚ, ɬɟɦ ɛɨɥɶɲɟ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɬɜɟɪɞɵɯ ɜɟɳɟɫɬɜ ɜ 
ɠɢɞɤɨɫɬɹɯν  

β) ɱɟɦ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɢɥɢ ɬɟɩɥɨɬɚ ɩɥɚɜɥɟɧɢɹ ɬɜɟɪɞɨɝɨ 
ɜɟɳɟɫɬɜɚ, ɬɟɦ ɦɟɧɶɲɟ ɟɝɨ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɠɢɞɤɨɫɬɹɯ. 

ȿɫɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɭɪɚɜɧɟɧɢɟ ɒɪɟɞɟɪɚ ɜ ɢɧɬɟɝɪɚɥɶɧɨɦ ɜɢɞɟ ɞɥɹ ɞɜɭɯ 
ɬɟɦɩɟɪɚɬɭɪμ 
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ɬɨ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨɥɠɧɚ ɜɨɡɪɚɫɬɚɬɶ ɢ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɩɪɢ ɨɞɢɧɚɤɨɜɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɥɠɧɚ ɛɵɬɶ 
ɨɞɢɧɚɤɨɜɨɣ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɱɟɦ ɛɨɥɶɲɟ T, ɬɟɦ ɦɟɧɶɲɟ ɪɚɡɧɨɫɬɶ (Ɍ-Ɍɉɥ) ɢ ɬɟɦ 
ɛɥɢɠɟ ɤ ɧɭɥɸ lnXɇɚɫ, a Xɇɚɫ ɛɥɢɠɟ ɤ ɟɞɢɧɢɰɟ. ɇɚɨɛɨɪɨɬ, ɱɟɦ ɛɨɥɶɲɟ Ɍɉɥ ɢɥɢ ɇɉɥ, 

ɬɟɦ ɛɨɥɶɲɟ ɨɬɪɢɰɚɬɟɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɩɪɨɢɡɜɟɞɟɧɢɹ )( ɉɥɉɥ TTH  , ɬ.ɟ. ɬɟɦ ɛɨɥɶɲɟ 
ɩɨ ɚɛɫɨɥɸɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɨɬɪɢɰɚɬɟɥɶɧɚɹ ɜɟɥɢɱɢɧɚ lnXɇɚɫ ɢ ɬɟɦ ɦɟɧɶɲɟ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɟɥɢɱɢɧɚ Xɇɚɫ. 

Ɉɞɧɚɤɨ ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɬɜɟɪɞɵɯ ɜɟɳɟɫɬɜ ɜ ɠɢɞɤɨɫɬɹɯ 
ɨɱɟɧɶ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɧɟ ɞɥɹ ɜɫɟɯ ɜɟɳɟɫɬɜ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ. ɋɞɟɥɚɧɧɨɟ ɩɪɢ ɜɵɜɨɞɟ ɭɪɚɜɧɟɧɢɹ ɒɪɟɞɟɪɚ 
ɞɨɩɭɳɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɬɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ ɩɪɨɰɟɫɫɨɜ ɪɚɫɬɜɨɪɟɧɢɹ ɢ ɩɥɚɜɥɟɧɢɹ 
ɨɞɢɧɚɤɨɜɵ, ɫɩɪɚɜɟɞɥɢɜɨ ɥɢɲɶ ɞɥɹ ɧɟɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɫɢɫɬɟɦ ɫ ɢɞɟɚɥɶɧɨɣ 
ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ (ɧɚɩɪɢɦɟɪ, ɞɥɹ ɫɢɫɬɟɦɵ ɛɟɧɡɨɥ – ɞɢɮɟɧɢɥ). ȼ ɧɟɢɞɟɚɥɶɧɵɯ 
ɫɢɫɬɟɦɚɯ ɬɟɩɥɨɬɵ ɪɚɫɬɜɨɪɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɬɟɩɥɨɜɵɦ ɷɮɮɟɤɬɨɦ 
ɪɚɡɪɭɲɟɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚν ɬɭɬ ɛɨɥɶɲɨɟ 
ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɸɬ ɫɢɥɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ 
ɜɟɳɟɫɬɜɚ ɢ ɦɨɥɟɤɭɥɚɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɫɨɥɶɜɚɬɚɰɢɹ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɭɦɦɚɪɧɵɣ 
ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɨɠɢɬɟɥɶɧɵɦ, ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɢɥɢ ɪɚɜɧɵɦ 
ɧɭɥɸ, ɢ ɩɨɷɬɨɦɭ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɟɬ 
ɭɜɟɥɢɱɢɜɚɬɶɫɹ, ɭɦɟɧɶɲɚɬɶɫɹ ɢɥɢ ɨɫɬɚɜɚɬɶɫɹ ɩɨɱɬɢ ɧɟɢɡɦɟɧɧɨɣ, ɱɬɨ ɢ 
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. ȼ ɫɥɭɱɚɟ ɧɟɢɞɟɚɥɶɧɵɯ ɫɢɫɬɟɦ 
ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɒɪɟɞɟɪɚ ɬɨɥɶɤɨ ɜ 
ɨɛɥɚɫɬɢ ɫɨɫɬɚɜɨɜ, ɩɪɢɦɵɤɚɸɳɢɯ ɤ ɧɚɱɚɥɭ ɥɢɧɢɢ ɥɢɤɜɢɞɭɫɚ. 
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