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Abstract. There has been studied the generation of a new variety of plastic flow – the built-in zones – 

in beryllium after different degrees of superplastic deformation. For this purpose there was used the 

method of aiming electron microscopic shooting of panoramic photos. The generation of built-in zones 

may be a result of modified Herring-Nabarro creep characterized by short distances between sources 

and sinks of vacances, and accelerated diffusion along dislocations. 
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ȼɜɟɞɟɧɢɟ 
 

ɋɜɟɪɯɩɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ (ɋɉȾ) ɦɚɬɟ-
ɪɢɚɥɨɜ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɟɳɟ ɜ 20-ɟ ɝɨɞɵ 

ɩɪɨɲɥɨɝɨ ɜɟɤɚ [1, 2], ɨɞɧɚɤɨ ɪɚɧɧɢɟ ɪɚɛɨɬɵ 

ɧɟ ɩɪɢɜɥɟɤɥɢ ɲɢɪɨɤɨɝɨ ɜɧɢɦɚɧɢɹ ɢɫɫɥɟɞɨɜɚ-
ɬɟɥɟɣ, ɚ ɫɚɦ ɬɟɪɦɢɧ «ɫɜɟɪɯɩɥɚɫɬɢɱɧɨɫɬɶ» 

ɛɵɥ ɩɪɟɞɥɨɠɟɧ Ⱥ.Ⱥ. Ȼɨɱɜɚɪɨɦ ɜ 1945 ɝ. [3]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɞ ɋɉȾ ɩɨɧɢɦɚɸɬ ɞɟ-
ɮɨɪɦɚɰɢɸ ɦɚɬɟɪɢɚɥɨɜ ɜ ɫɨɬɧɢ ɢ ɬɵɫɹɱɢ ɩɪɨ-
ɰɟɧɬɨɜ, ɤɨɬɨɪɚɹ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭ-
ɪɟ Ɍ0,5Ɍɩɥ ɩɪɢ ɦɚɥɵɯ ɧɚɩɪɹɠɟɧɢɹɯ ɢ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɩɪɨɱɧɟɧɢɟɦ.  

 

Ƚɥɚɜɧɵɦ ɫɬɪɭɤɬɭɪɧɵɦ ɭɫɥɨɜɢɟɦ ɩɨɹɜɥɟɧɢɹ 
ɷɮɮɟɤɬɚ ɫɜɟɪɯɩɥɚɫɬɢɱɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɧɚɥɢ-

ɱɢɟ ɦɟɥɤɨɝɨ ɡɟɪɧɚ. Ɏɢɡɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɹɜɥɟ-
ɧɢɹ ɋɉȾ ɞɨɥɠɧɚ ɨɛɴɹɫɧɢɬɶ ɜɵɫɨɤɨɟ ɡɧɚɱɟ-
ɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɫɤɨɪɨɫɬɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

ɬɟɱɟɧɢɹ (m) ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, 
ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ, ɪɚɡɦɟɪɟ ɡɟɪɧɚ; ɜɟɥɢ-

ɱɢɧɭ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɩɪɨɰɟɫɫɚ ɢ ɨɫɧɨɜ-
ɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɧɚɛɥɸɞɟɧɢɹ: ɡɧɚɱɢ-

ɬɟɥɶɧɨɟ ɫɤɨɥɶɠɟɧɢɟ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ (ɋȽɁ) 
ɢ ɨɬɫɭɬɫɬɜɢɟ ɫɭɛɫɬɪɭɤɬɭɪɵ. ɗɮɮɟɤɬ ɋɉȾ 

ɨɛɭɫɥɨɜɥɟɧ ɯɚɪɚɤɬɟɪɧɵɦ ɫɨɱɟɬɚɧɢɟɦ ɷɬɢɯ 
ɩɪɨɰɟɫɫɨɜ ɜ ɭɥɶɬɪɚɦɟɥɤɨɡɟɪɧɢɫɬɵɯ ɦɚɬɟɪɢɚ-
ɥɚɯ.  
 

ɂɧɬɟɪɟɫ ɤ ɹɜɥɟɧɢɸ ɋɉȾ ɫɬɚɥ ɛɵɫɬɪɨ ɜɨɡɪɚɫ-
ɬɚɬɶ ɜ ɫɜɹɡɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɟɝɨ ɩɪɚɤɬɢɱɟ-
ɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɩɨɥɭɱɟɧɢɢ 

ɤɭɩɨɥɨɨɛɪɚɡɧɵɯ ɞɟɬɚɥɟɣ ɜɵɞɭɜɤɨɣ ɝɚɡɨɦ ɩɪɢ 

ɧɟɛɨɥɶɲɢɯ ɞɚɜɥɟɧɢɹɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨ-
ɫɬɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ [4]. 

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

Ɉɞɧɨ ɢɡ ɩɟɪɜɵɯ ɨɛɴɹɫɧɟɧɢɣ ɷɮɮɟɤɬɚ ɋɉȾ 

ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ Ⱥ.Ⱥ. Ȼɨɱɜɚɪɨɦ [5, 6]. Ɉɧ 

ɠɟ ɩɟɪɜɵɣ ɩɪɢɲɟɥ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ 
ɋɉȾ, ɤɪɨɦɟ ɨɫɧɨɜɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɞɟɮɨɪɦɚ-
ɰɢɢ, ɞɨɥɠɟɧ ɛɵɬɶ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ (ɚɤɤɨ-
ɦɨɞɢɪɭɸɳɢɣ) ɦɟɯɚɧɢɡɦ ɡɚɥɟɱɢɜɚɧɢɹ ɨɱɚɝɨɜ 
ɪɚɡɪɭɲɟɧɢɹ ɩɪɢ ɋȽɁ. Ɍɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨ-
ɞɢɦɨɫɬɶ ɫɨɜɦɟɫɬɧɨɝɨ ɩɪɨɬɟɤɚɧɢɹ ɞɢɮɮɭɡɢ-

ɨɧɧɨɣ ɩɨɥɡɭɱɟɫɬɢ ɢ ɋȽɁ ɞɥɹ ɫɨɛɥɸɞɟɧɢɹ ɭɫ-
ɥɨɜɢɹ ɫɩɥɨɲɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɩɪɢ 

ɞɟɮɨɪɦɚɰɢɢ ɞɨɤɚɡɚɧɚ ɂ.Ɇ. Ʌɢɮɲɢɰɟɦ [7]. 

 

Ȼɨɥɶɲɟ ɜɫɟɝɨ ɞɚɧɧɵɯ ɨ ɋɉȾ ɩɨɥɭɱɟɧɨ ɪɚɡ-
ɥɢɱɧɵɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɜ ɯɨɞɟ ɢɡɭɱɟɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɪɟɥɶɟɮɚ ɫɜɟɪɯɩɥɚɫɬɢɱɧɵɯ 
ɨɛɪɚɡɰɨɜ. ɉɪɨɜɟɪɤɚ ɫɨɨɬɜɟɬɫɬɜɢɹ ɩɨɜɟɪɯɧɨ-
ɫɬɧɨɣ ɤɚɪɬɢɧɵ ɩɪɨɰɟɫɫɚɦ, ɩɪɨɢɫɯɨɞɹɳɢɦ ɜ 
ɝɥɭɛɢɧɟ ɨɛɪɚɡɰɚ, ɫɞɟɥɚɧɚ ɜ ɪɚɛɨɬɚɯ [8–11] ɧɚ 

ɫɩɥɚɜɚɯ ɫ ɜɧɭɬɪɟɧɧɢɦɢ ɦɟɬɤɚɦɢ ɢ ɜ ɪɚɛɨɬɟ 
[12] ɩɪɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɧɚɛɥɸɞɟɧɢɢ ɋɉȾ 

ɜ ɤɨɥɨɧɧɟ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ.  
 

ȼ ɪɚɡɧɨɟ ɜɪɟɦɹ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɦɧɨɝɨ ɦɨ-
ɞɟɥɟɣ ɋɉȾ. ɇɚɢɛɨɥɟɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɹɜɥɹɸɬɫɹ, ɩɨ 
ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɦɨɞɟɥɢ, ɩɪɟɞɥɨɠɟɧɧɵɟ 
ɗɲɛɢ ɢ ȼɟɪɪɚɥɨɦ [13] ɢ Ⱦɠɢɮɤɢɧɫɨɦ [14]. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɛɨɛɳɟɧɢɟ 
ɞɥɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɥɢɹɧɢɹ ɭɫɥɨɜɢɣ 

ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɜɫɬɪɨɟɧɧɵɯ ɡɨɧ 

(ȼɁ), ɚ ɬɚɤɠɟ ɢɯ ɦɨɪɮɨɥɨɝɢɢ, ɭɫɥɨɜɢɣ ɢ ɦɟ-
ɯɚɧɢɡɦɨɜ ɨɛɪɚɡɨɜɚɧɢɹ. ȼɁ – ɧɨɜɚɹ ɪɚɡɧɨɜɢɞ-

ɧɨɫɬɶ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ, ɨɛɧɚɪɭɠɟɧɧɚɹ 
ɪɚɧɟɟ ɚɜɬɨɪɚɦɢ ɩɪɢ ɢɡɭɱɟɧɢɢ ɋɉȾ ɩɨɥɢɤɪɢ-

ɫɬɚɥɥɢɱɟɫɤɨɝɨ ɛɟɪɢɥɥɢɹ [15, 16]. 
 

Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɣ 
 

Ɉɛɴɟɤɬɨɦ ɧɚɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɨɛɪɚɡ-
ɰɵ ɢɡ ɱɢɫɬɨɝɨ ɭɥɶɬɪɚɦɟɥɤɨɡɟɪɧɢɫɬɨɝɨ ɛɟɪɢɥ-
ɥɢɹ ɫ ɪɚɡɦɟɪɨɦ ɡɟɪɧɚ 7–10 ɦɤɦ (ɨɩɬɢɦɚɥɶ-
ɧɵɣ ɪɚɡɦɟɪ ɞɥɹ ɩɪɨɹɜɥɟɧɢɹ ɫɜɟɪɯɩɥɚɫɬɢ-

ɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɛɟɪɢɥɥɢɹ), ɦɟɥɤɨ-  
(dɡ=20–40 ɦɤɦ) ɢ ɤɪɭɩɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ 
ɛɟɪɢɥɥɢɹ (dɡ=1–5 ɦɦ), ɚ ɬɚɤɠɟ ɦɨɧɨɤɪɢɫɬɚɥ-
ɥɵ. ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɤɚɤ 
ɜ ɭɫɥɨɜɢɹɯ ɩɨɥɡɭɱɟɫɬɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɧɚ-
ɩɪɹɠɟɧɢɢ ɬɟɱɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ  
873–1173 Ʉ ɢ ɫɤɨɪɨɫɬɹɯ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ 
ɩɨɥɡɭɱɟɫɬɢ 10–3–10–7 ɫ–1, ɬɚɤ ɢ ɜ ɭɫɥɨɜɢɹɯ ɚɤ-
ɬɢɜɧɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɫɨ ɫɤɨɪɨɫɬɹɦɢ ɞɟɮɨɪɦɚ-
ɰɢɢ 10–1– 10–3 ɫ–1. 
 

Ɉɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥ ɚɧɚ-
ɥɢɡ ɢɡɦɟɧɟɧɢɣ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɪɟɥɶɟɮɟ ɨɛ-
ɪɚɡɰɨɜ ɦɟɬɨɞɨɦ ɩɪɢɰɟɥɶɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɦɢɤɪɨɫɤɨɩɢɢ. ɇɚɛɥɸɞɟɧɢɟ ɜɟɥɨɫɶ ɧɚ ɱɟɬɵ-

ɪɟɯ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɭɱɚɫɬɤɚɯ ɪɚɛɨɱɟɣ ɱɚɫɬɢ 

ɨɛɪɚɡɰɚ (100100 ɦɤɦ, ɛɨɥɟɟ 200 ɡɟɪɟɧ ɩɪɢ 

ɢɫɯɨɞɧɨɦ ɪɚɡɦɟɪɟ ɡɟɪɧɚ ɜ 7 ɦɤɦ) ɩɨɫɥɟ ɧɟ-
ɫɤɨɥɶɤɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɫɬɚɞɢɣ ɟɝɨ ɞɟ-
ɮɨɪɦɚɰɢɢ. Ⱦɥɹ ɷɬɨɝɨ ɝɨɬɨɜɢɥɢ ɞɜɭɯɫɬɭɩɟɧ-

ɱɚɬɵɟ ɪɟɩɥɢɤɢ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɧɚ 
ɷɬɢɯ ɭɱɚɫɬɤɚɯ ɢ ɫ ɧɢɯ ɞɟɥɚɥɢ ɫɧɢɦɤɢ ɫ ɩɟɪɟ-
ɤɪɵɬɢɟɦ ɫɨɫɟɞɧɢɯ ɭɱɚɫɬɤɨɜ, ɚ ɬɚɤɠɟ ɫɬɟɪɟɨ-
ɫɧɢɦɤɢ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɯ ɭɱɚɫɬɤɨɜ ɩɨ 
ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ. ɂɡ ɩɨɥɭɱɟɧɧɵɯ 
ɫɧɢɦɤɨɜ ɮɨɪɦɢɪɨɜɚɥɢ ɮɨɬɨɩɚɧɨɪɚɦɵ ɤɚɠɞɨ-
ɝɨ ɢɡ ɱɟɬɵɪɟɯ ɭɱɚɫɬɤɨɜ. Ɍɚɤɢɦ ɫɩɨɫɨɛɨɦ ɫ 
ɨɞɧɨɝɨ ɨɛɪɚɡɰɚ ɫɧɢɦɚɥɢ ɞɨ 1000 ɫɧɢɦɤɨɜ 
ɩɪɢ ɩɹɬɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɫɬɟɩɟɧɹɯ ɟɝɨ ɞɟ-
ɮɨɪɦɚɰɢɢ.  
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Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɢɯ  
ɨɛɫɭɠɞɟɧɢɟ 

 

ɏɨɬɹ ɫɜɢɞɟɬɟɥɶɫɬɜɚ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɧɟɤɨɬɨ-
ɪɵɯ ɯɚɪɚɤɬɟɪɧɵɯ ɩɨɥɨɫ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛ-
ɪɚɡɰɨɜ ɩɪɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɞɟɮɨɪɦɚ-
ɰɢɢ ɩɨɹɜɢɥɢɫɶ ɟɳɟ ɜ ɲɟɫɬɢɞɟɫɹɬɵɟ ɝɨɞɵ 

[17], ɞɨɥɝɨɟ ɜɪɟɦɹ ɛɵɥɨ ɧɟɹɫɧɨ, ɦɨɠɧɨ ɥɢ 

ɫɱɢɬɚɬɶ ɪɚɡɥɢɱɧɵɟ ɧɚɛɥɸɞɟɧɢɹ, ɜɤɥɸɱɚɹ ɢ 

ɧɚɲɢ, ɪɟɡɭɥɶɬɚɬɨɦ ɢɞɟɧɬɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ 
ɩɪɢ ɋɉȾ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. Ɋɚɡ-
ɥɢɱɧɵɟ ɝɪɭɩɩɵ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɞɚɥɢ ɬɚɤɢɦ 

ɩɨɥɨɫɚɦ ɪɚɡɧɵɟ ɧɚɡɜɚɧɢɹ: ɨɛɟɞɧɟɧɧɵɟ ɡɨɧɵ, 

ɩɨɥɨɫɱɚɬɵɟ ɡɨɧɵ, ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɡɨɧɵ [17, 

18], ɚ ɬɚɤɠɟ ɩɪɟɞɥɨɠɢɥɢ ɪɚɡɥɢɱɧɵɟ ɦɟɯɚ-
ɧɢɡɦɵ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɨɫɬɚ (ɞɢɮɮɭɡɢɨɧ-

ɧɵɣ ɤɪɢɩ, ɞɢɮɮɭɡɢɨɧɧɵɣ ɤɪɢɩ ɜ ɤɨɦɩɥɟɤɫɟ 
ɥɢɛɨ ɫɨ ɫɤɨɥɶɠɟɧɢɟɦ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ, ɥɢɛɨ 
ɫ ɢɯ ɦɢɝɪɚɰɢɟɣ, ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɫɤɨɥɶɠɟɧɢɟ 
ɩɨ ɝɪɚɧɢɰɚɦ ɜ ɝɪɭɩɩɟ ɡɟɪɟɧ ɢ ɞɪ.) [19, 20]. 

 

Ɇɟɬɨɞɢɤɚ ɫɬɟɪɟɨɫɴɟɦɤɢ ɧɚ ɷɥɟɤɬɪɨɧɧɨɦ 

ɦɢɤɪɨɫɤɨɩɟ, ɩɪɢɦɟɧɟɧɧɚɹ ɧɚɦɢ, ɩɨɡɜɨɥɢɥɚ 
ɨɛɧɚɪɭɠɢɬɶ ɢɫɤɥɸɱɢɬɟɥɶɧɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ 

ɫɬɪɭɤɬɭɪ ɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɪɟɥɶɟɮɨɜ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ, 
ɫɜɹɡɚɧɧɨɟ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɤɚɤ ɫ ɪɚɡɥɢɱɧɵɦ 

ɬɢɩɨɦ ɝɪɚɧɢɰ ɡɟɪɟɧ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɞɟɮɨɪ-
ɦɚɰɢɢ, ɬɚɤ ɢ ɫ ɜɨɡɦɨɠɧɵɦ ɨɞɧɨɜɪɟɦɟɧɧɵɦ 

ɩɪɨɬɟɤɚɧɢɟɦ ɧɟɫɤɨɥɶɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɥɚɫɬɢ-

ɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ, ɜɡɚɢɦɨɫɜɹɡɶ ɤɨɬɨɪɵɯ ɦɨɠɟɬ 
ɢɡɦɟɧɹɬɶɫɹ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ, 

ɧɚɤɨɩɥɟɧɧɨɣ ɨɛɪɚɡɰɚɦɢ.  

 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɨɹɜɢɥɨɫɶ ɞɜɟ ɝɪɭɩɩɵ ɡɚɞɚɱ, 
ɬɪɟɛɭɸɳɢɯ ɨɞɧɨɡɧɚɱɧɨɝɨ ɪɟɲɟɧɢɹ: ɩɟɪɜɚɹ – 

ɷɬɨ ɮɟɧɨɦɟɧɨɥɨɝɢɹ ɹɜɥɟɧɢɹ, ɬ.ɟ. ɝɟɨɦɟɬɪɢɹ 
ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɡɨɧ, ɢɯ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ, 
ɫɜɹɡɶ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɦɚɬɟɪɢɚɥɚ ɢ ɭɫɥɨɜɢɹɦɢ 

ɞɟɮɨɪɦɚɰɢɢ, ɜɤɥɚɞ ɜ ɨɛɳɭɸ ɞɟɮɨɪɦɚɰɢɸ 

ɨɛɪɚɡɰɚ ɢ ɞɪ.; ɜɬɨɪɚɹ, ɤ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɩɪɢ-

ɫɬɭɩɢɬɶ ɬɨɥɶɤɨ ɩɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɨɬɜɟɬɨɜ ɧɚ 
ɡɚɞɚɱɢ ɩɟɪɜɨɣ ɝɪɭɩɩɵ, – ɷɬɨ ɩɪɢɪɨɞɚ ɞɟɮɨɪ-
ɦɚɰɢɨɧɧɵɯ ɡɨɧ ɢ ɦɟɯɚɧɢɡɦ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ ɢ 

ɪɨɫɬɚ. 
 

ɍɱɚɫɬɨɤ ɨɞɧɨɣ ɢɡ ɩɚɧɨɪɚɦ ɞɥɹ ɞɜɭɯ ɫɬɟɩɟɧɟɣ 

ɞɟɮɨɪɦɚɰɢɢ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 1.  
 

 
 

ɚ – =66 % 
 

   
ɛ –  = 124 % 

 

Ɋɢɫ. 1. ɍɱɚɫɬɨɤ ɩɚɧɨɪɚɦɵ ɩɨɜɟɪɯɧɨɫɬɢ ɛɟɪɢɥɥɢɟɜɨɝɨ ɨɛɪɚɡɰɚ; ɥɢɧɢɹɦɢ ɫɨɟɞɢɧɟɧɵ ɢɞɟɧɬɢɱɧɵɟ 
ɬɨɱɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ; ɯ5000 
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ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɫɬɪɭɤɬɭɪɵ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ 
ɡɨɧ ɩɪɢ ɭɫɥɨɜɢɹɯ ɞɟɮɨɪɦɚɰɢɢ, ɤɨɝɞɚ ɨɬɫɭɬ-
ɫɬɜɭɟɬ ɤɨɧɫɟɪɜɚɬɢɜɧɨɟ ɫɤɨɥɶɠɟɧɢɟ ɞɢɫɥɨɤɚ-
ɰɢɣ, ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ ɝɪɭɩɩɵ (ɪɢɫ. 2, 3): 

– ɫɤɨɥɶɠɟɧɢɟ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ (ɋȽɁ) ɜ ɱɢɫ-
ɬɨɦ ɜɢɞɟ (ɪɢɫ. 2, ɚ; ɡɨɧɚ 1 ɧɚ ɪɢɫ. 1; ɫɬɪɟɥɤɚ 
«Ⱥ» ɧɚ ɪɢɫ. 3) ɥɢɛɨ ɫɨɜɦɟɫɬɧɨ ɫ ɜɬɨɪɢɱɧɵɦɢ 

ɩɪɨɰɟɫɫɚɦɢ (ɡɨɧɚ 2 ɧɚ ɪɢɫ. 1); 

– ɨɛɪɚɡɨɜɚɧɢɟ ɜɞɨɥɶ ɝɪɚɧɢɰ ɡɟɪɟɧ ɥɨɠɛɢɧ 

ɢɥɢ ɤɚɧɶɨɧɨɜ (ɪɢɫ. 2, ɛ; ɡɨɧɚ 3 ɧɚ ɪɢɫ. 1; 

ɫɬɪɟɥɤɚ «Ȼ» ɧɚ ɪɢɫ. 3); 

– ɨɛɪɚɡɨɜɚɧɢɟ ɜɫɬɪɨɟɧɧɵɯ ɡɨɧ (ɪɢɫ. 2, ɜ; ɡɨɧɚ 
4 ɧɚ ɪɢɫ. 1; ɫɬɪɟɥɤɚ «ȼ» ɧɚ ɪɢɫ. 3). Ɇɵ ɞɚɥɢ 

ɬɚɤɨɟ ɧɚɡɜɚɧɢɟ ɷɬɨɦɭ ɬɢɩɭ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ 
ɪɟɥɶɟɮɚ, ɬ.ɤ. ɨɤɚɡɚɥɨɫɶ, ɱɬɨ ɷɬɢ ɡɨɧɵ – ɭɱɚɫɬ-
ɤɢ ɜɧɨɜɶ ɜɫɬɪɨɟɧɧɨɝɨ ɜ ɨɛɴɟɦ ɦɚɬɟɪɢɚɥɚ, ɤɨ-
ɬɨɪɨɝɨ ɧɟ ɛɵɥɨ ɜ ɞɚɧɧɨɦ ɦɟɫɬɟ ɞɨ ɞɟɮɨɪɦɚ-
ɰɢɢ. Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɷɬɨɝɨ ɮɚɤɬɚ ɛɵɥɨ 
ɩɪɨɜɟɞɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɢɡɦɟɪɟɧɢɣ. 

 

ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ ɧɚ ɨɛɵɱɧɵɯ ɫɧɢɦɤɚɯ ɷɬɢ 

ɪɚɡɥɢɱɧɵɟ ɡɨɧɵ ɜɵɝɥɹɞɹɬ, ɫ ɭɱɟɬɨɦ ɧɟɤɨɬɨ-
ɪɵɯ ɪɚɡɥɢɱɢɣ ɜ ɤɨɧɬɪɚɫɬɟ ɢɡɨɛɪɚɠɟɧɢɣ, 

ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɨ, ɨɞɧɚɤɨ ɜ ɫɬɟɪɟɨ-
ɢɡɨɛɪɚɠɟɧɢɢ ɪɚɡɥɢɱɢɟ ɜ ɢɯ ɦɨɪɮɨɥɨɝɢɢ ɫɭ-
ɳɟɫɬɜɟɧɧɨ, ɤɚɤ ɫɯɟɦɚɬɢɱɟɫɤɢ ɩɨɤɚɡɚɧɨ ɧɚ 
ɪɢɫ. 2. 
 

 
 

 
Ɋɢɫ. 2. Ɇɨɪɮɨɥɨɝɢɹ ɪɚɡɥɢɱɧɵɯ ɞɟɮɨɪɦɚɰɢ-

ɨɧɧɵɯ ɡɨɧ ɧɚ ɫɬɟɪɟɨɫɧɢɦɤɚɯ: ɚ – ɱɢɫɬɨɟ 
ɋȽɁ, ɛ – ɤɚɧɶɨɧ (ɥɨɠɛɢɧɚ), ɜ – ɜɫɬɪɨɟɧ-

ɧɚɹ ɡɨɧɚ 
 

 
 

Ɋɢɫ. 3. ɋɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ, =124 %, ɯ 1200 

ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɵ ɫɧɢɦɤɢ ɭɱɚɫɬɤɚ ɨɛɪɚɡɰɚ 
ɞɨ ɢ ɩɨɫɥɟ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɧɟɦ ȼɁ. ɂɞɟɧɬɢɱ-
ɧɵɟ ɬɨɱɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɟɞɢɧɟɧɵ ɥɢɧɢɹɦɢ 

ɜ ɜɢɞɟ ɬɪɟɭɝɨɥɶɧɢɤɚ. ɂɡɦɟɪɟɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, 
ɱɬɨ Ⱥ1ȼ1= Ⱥ0ȼ0+1 ɢ Ⱥ1ɋ1= Ⱥ0ɋ0+2, ɝɞɟ 1 ɢ 2 – ɫɭɦɦɚɪɧɚɹ ɲɢɪɢɧɚ ɜɫɟɯ ȼɁ, ɩɟɪɟɫɟɤɚɟ-
ɦɵɯ ɥɢɧɢɹɦɢ Ⱥ1ȼ1 ɢ Ⱥ1ɋ1.  
 

 
 

ɚ 
 

    
 

ɛ 
 

Ɋɢɫ. 4. Ɉɛɪɚɡɨɜɚɧɢɟ ȼɁ ɧɚ ɭɱɚɫɬɤɟ ɨɛɪɚɡɰɚ:  
ɚ – =46 %; ɛ – =66 %; ɯ 3200, ɫɨɟɞɢɧɟ-
ɧɵ ɢɞɟɧɬɢɱɧɵɟ ɬɨɱɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɨɛɪɚɡɰɚ 
 

Ɋɢɫɤɢ ɢ ɞɟɮɟɤɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɪɟɡɚɸɬɫɹ 
ɜɫɬɪɨɟɧɧɨɣ ɡɨɧɨɣ ɧɚ ɞɜɟ ɱɚɫɬɢ ɢ ɪɚɡɞɜɢɝɚɸɬ-
ɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɟ, ɪɚɜɧɨɟ ɫɭɦɦɚɪɧɨɣ ɲɢɪɢɧɟ 
ɜɫɟɯ ȼɁ ɧɚ ɭɱɚɫɬɤɟ – ɪɢɫ. 5. 
 

    
 

ɚ     ɛ 
 

 
 

ɜ 
Ɋɢɫ. 5. ɚ – ȼɁ ɪɚɡɪɟɡɚɟɬ ɪɢɫɤɭ; ɛ – =25 %, ɜ – 

ɲɢɪɨɤɚɹ ȼɁ ɩɨɹɜɢɥɚɫɶ ɧɚ ɭɱɚɫɬɤɟ,  =30 %, ɯ 2000 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɱɟɜɢɞɧɨ, ɱɬɨ ȼɁ – ɷɬɨ ɞɟɣ-
ɫɬɜɢɬɟɥɶɧɨ ɜɫɬɪɨɢɜɲɢɣɫɹ ɜ ɬɟɥɨ ɡɟɪɧɚ ɦɚɬɟ-
ɪɢɚɥ, ɤɨɬɨɪɨɝɨ ɧɟ ɛɵɥɨ ɜ ɞɚɧɧɨɦ ɦɟɫɬɟ ɡɟɪɧɚ 
ɞɨ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ.  
 
ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɛɵɥɨ ɢɡɭɱɟɧɢɟ ɫɤɨɪɨɫɬɢ 
ɪɨɫɬɚ ȼɁ ɢ ɢɯ ɜɤɥɚɞɚ ɜ ɞɟɮɨɪɦɚɰɢɸ ɨɛɪɚɡɰɚ. 
Ɉɛɪɚɛɨɬɤɚ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɵɯ ɫɧɢɦɤɨɜ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɭɱɚɫɬɤɨɜ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɫɤɨɪɨɫɬɶ 
ɪɨɫɬɚ ȼɁ ɛɵɥɚ ɧɟ ɦɟɧɟɟ 10–4 ɫ–1 ɩɪɢ ɫɤɨɪɨɫɬɢ 
ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ ɩɨɥɡɭɱɟɫɬɢ (5–17) × 10–6 ɫ–1. 
Ⱦɟɮɨɪɦɚɰɢɹ ɜɟɥɢɤɚ ɢ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɝɨ ɡɟɪ-
ɧɚ: ɭɞɥɢɧɟɧɢɟ ɨɬɞɟɥɶɧɨɝɨ ɡɟɪɧɚ ɩɪɢ ɨɛɪɚɡɨ-
ɜɚɧɢɢ ɜ ɧɟɦ ȼɁ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɞɟɫɹɬɤɨɜ 
ɩɪɨɰɟɧɬɨɜ ɩɪɢ ɨɛɳɟɦ ɭɞɥɢɧɟɧɢɢ ɨɛɪɚɡɰɚ ɧɚ 
2 %. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ȼɁ 
ɢɦɟɟɬ ɦɟɫɬɨ ɫɢɥɶɧɟɣɲɚɹ ɥɨɤɚɥɢɡɚɰɢɹ ɩɥɚ-
ɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ ɦɚɬɟɪɢɚɥɚ. ȼɦɟɫɬɟ ɫ ɬɟɦ 
ɫɭɦɦɚɪɧɵɣ ɜɤɥɚɞ ȼɁ (ɜ ɱɢɫɬɨɦ ɜɢɞɟ, ɛɟɡ ɢɯ 
ɭɱɚɫɬɢɹ ɜ ɤɨɦɩɥɟɤɫɧɵɯ ɩɪɨɰɟɫɫɚɯ ɩɥɚɫɬɢɱɟ-
ɫɤɨɝɨ ɬɟɱɟɧɢɹ) ɜ ɨɛɳɭɸ ɞɟɮɨɪɦɚɰɢɸ ɨɛɪɚɡ-
ɰɚ ɧɟɜɟɥɢɤ ɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 12–15 %. 
 
Ɂɚɜɢɫɢɦɨɫɬɶ ɲɢɪɢɧɵ ȼɁ ɢ ɦɟɫɬɚ ɢɯ ɨɛɪɚɡɨ-
ɜɚɧɢɹ ɨɬ ɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ ɫɥɨɠɧɚɹ: ɯɨɬɹ 
ɢɦɟɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɤ ɜɨɡɪɚɫɬɚɧɢɸ ɲɢɪɢɧɵ 
ȼɁ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɦɟɪɚ ɡɟɪɧɚ ɦɚɬɟɪɢɚɥɚ, 
ɟɫɬɶ ɦɧɨɠɟɫɬɜɨ ɢɫɤɥɸɱɟɧɢɣ. ȼɟɪɨɹɬɧɨɣ ɩɪɢ-
ɱɢɧɨɣ ɷɬɨɝɨ ɦɨɠɟɬ ɛɵɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɲɢɪɢ-
ɧɵ ȼɁ ɨɬ ɫɬɪɭɤɬɭɪɵ ɭɱɚɫɬɤɚ ɦɚɬɟɪɢɚɥɚ, ɧɚ 
ɤɨɬɨɪɨɦ ɨɧɢ ɨɛɪɚɡɭɸɬɫɹ. ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ȼɁ 
ɨɛɪɚɡɭɸɬɫɹ ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ ɢ ɜɛɥɢɡɢ ɢɯ. 
ɇɚ ɪɢɫ. 6, ɚ ȼɁ ɨɛɪɚɡɨɜɵɜɚɥɢɫɶ ɧɚ ɝɪɚɧɢɰɟ 
ɡɟɪɧɚ ɩɪɢ ɟɟ ɦɢɝɪɚɰɢɢ, ɮɢɤɫɢɪɭɹ ɬɟɦ ɫɚɦɵɦ 
ɪɚɡɥɢɱɧɵɟ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɡɟɪɧɚ ɜɨ ɜɪɟ-
ɦɟɧɢ. Ɉɞɧɚɤɨ ɝɪɚɧɢɰɵ ɡɟɪɟɧ ɧɟ ɹɜɥɹɸɬɫɹ 
ɟɞɢɧɫɬɜɟɧɧɵɦ ɦɟɫɬɨɦ ɨɛɪɚɡɨɜɚɧɢɹ ȼɁ, ɯɨɬɹ 
ɢɦ ɩɪɢɧɚɞɥɟɠɢɬ ɨɫɧɨɜɧɚɹ ɪɨɥɶ ɜɨ ɜɤɥɚɞɟ ȼɁ 
ɜ ɩɥɚɫɬɢɱɧɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ 
ɫɬɪɭɤɬɭɪɧɵɦɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɹɦɢ ɜ ɦɚɬɟɪɢɚ-
ɥɟ. ɇɚ ɪɢɫ. 6, ɛ ɩɪɟɞɫɬɚɜɥɟɧɵ ȼɁ, ɨɛɪɚɡɨɜɚɜ-
ɲɢɟɫɹ ɩɨ ɜɫɟɦɭ ɡɟɪɧɭ. Ɇɟɫɬɨɦ ɨɛɪɚɡɨɜɚɧɢɹ 
ȼɁ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɦɨɝɭɬ ɛɵɬɶ ɞɜɭɯɦɟɪɧɵɟ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɬɢɩɚ ɦɚɥɨɭɝɥɨɜɵɯ ɝɪɚɧɢɰ, 
ɞɢɫɥɨɤɚɰɢɨɧɧɵɯ ɫɬɟɧɨɤ, ɩɨɥɨɫ ɫɤɨɥɶɠɟɧɢɹ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨɞ ɛɨɥɶɲɢɦɢ ɭɝɥɚɦɢ ɤ ɨɫɢ 
ɪɚɫɬɹɠɟɧɢɹ ɨɛɪɚɡɰɚ. ȼɨɡɦɨɠɧɨ, ȼɁ ɨɛɪɚɡɭ-
ɸɬɫɹ ɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɪɨɰɟɫɫɟ ɫɤɨɥɶɠɟ-
ɧɢɹ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ, ɤɚɤ ɷɥɟɦɟɧɬ ɩɪɨɰɟɫɫɚ 
ɫɤɨɥɶɠɟɧɢɹ, ɧɚ ɱɬɨ ɭɤɚɡɵɜɚɸɬ ɨɱɟɧɶ ɫɥɨɠ-
ɧɵɟ ɫɬɟɪɟɨɝɪɚɮɢɱɟɫɤɢɟ ɤɚɪɬɢɧɵ ɨɬɞɟɥɶɧɵɯ 
ɝɪɚɧɢɰ ɡɟɪɟɧ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ (ɪɢɫ. 6, ɜ). 
 
ɉɪɢ ɢɡɭɱɟɧɢɢ ɜɥɢɹɧɢɹ ɭɫɥɨɜɢɣ ɞɟɮɨɪɦɚɰɢɢ 
ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɪɚɡɜɢɬɢɟ ȼɁ ɛɵɥɨ ɭɫɬɚɧɨɜ-
ɥɟɧɨ, ɱɬɨ ȼɁ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɞɟɮɨɪɦɚɰɢɢ 
ɛɟɪɢɥɥɢɹ ɜ ɲɢɪɨɤɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɤɨɪɨɫɬ-

ɧɨɦ ɢɧɬɟɪɜɚɥɟ: Ɍ  0,6Ɍɩɥ,   = 10–6–10–1 ɫ–1, 

ɨɞɧɚɤɨ ɜɟɪɨɹɬɧɨɫɬɶ ɢɯ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɡɧɚɱɢ-
ɬɟɥɶɧɨ ɜɚɪɶɢɪɭɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ 
ɞɟɮɨɪɦɚɰɢɢ.  
 

  
ɚ 

 

 
 

ɛ 
 

  
 

ɜ 
 

Ɋɢɫ. 6. Ɉɛɪɚɡɨɜɚɧɢɟ ȼɁ: ɚ – ɧɚ ɝɪɚɧɢɰɟ ɡɟɪɧɚ 
ɩɪɢ ɟɟ ɦɢɝɪɚɰɢɢ; ɛ – ɜ ɬɟɥɟ ɡɟɪɧɚ; ɜ – 

ɩɪɢ ɋȽɁ ɢ ɦɢɝɪɚɰɢɢ ɝɪɚɧɢɰ, ɯ 3200 
 

ȼɁ ɧɟ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɞɟɮɨɪɦɚɰɢɢ ɦɟɥɤɨ-
ɡɟɪɧɢɫɬɵɯ ɨɛɪɚɡɰɨɜ (dɡ = 30 ɦɤɦ) ɫ ɩɨɫɬɨɹɧ-

ɧɨɣ ɫɤɨɪɨɫɬɶɸ (   =10–4 ɫ–1) ɩɪɢ Ɍ=873 Ʉ  

(ɪɢɫ. 7, ɚ), ɨɫɧɨɜɧɵɦ ɜɢɞɨɦ ɞɟɮɨɪɦɚɰɢɢ ɹɜ-
ɥɹɟɬɫɹ ɋȽɁ (ɫɬɪɟɥɤɢ «Ⱥ»). əɜɧɨɝɨ ɞɢɫɥɨɤɚ-
ɰɢɨɧɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ ɧɟ ɜɢɞɧɨ, ɯɨɬɹ ɧɚ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɜɢɞɧɵ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ 
«ɩɟɪɟɥɨɦɵ» (ɫɬɪɟɥɤɢ «Ȼ»). 
 

ɉɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ Ɍ=973 Ʉ (ɪɢɫ. 7, ɛ) 
ɨɱɟɧɶ ɬɨɧɤɢɟ (0,05–0,1 ɦɤɦ) ȼɁ ɨɛɪɚɡɭɸɬ 
ɫɟɪɢɢ ɩɨɥɨɫ (ɫɬɪɟɥɤɚ «ȼ») ɧɚ ɩɭɬɹɯ ɦɢɝɪɚɰɢɢ 
ɝɪɚɧɢɰ, ɩɨɩɟɪɟɱɧɵɯ ɤ ɨɫɢ ɞɟɮɨɪɦɚɰɢɢ, ɚ 
ɫɥɟɞɵ ɋȽɁ ɢɦɟɸɬ ɜɢɞ ɫɬɭɩɟɧɱɚɬɵɯ ɬɟɪɪɚɫ; 
ɡɧɚɱɢɬɟɥɶɧɨɟ ɋȽɁ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨ ɩɪɨɞɨɥɶ-
ɧɵɦ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ, ɝɞɟ ȼɁ ɧɟɬ. 
 

ɉɪɢ Ɍ=1073 Ʉ ȼɁ ɩɪɨɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɡɚ-
ɦɟɬɧɨ, ɢɯ ɲɢɪɢɧɚ ɭɜɟɥɢɱɢɥɚɫɶ ɞɨ 0,5–2 ɦɤɦ 

ɢ ɢɡɦɟɧɢɥɚɫɶ ɢɯ ɦɨɪɮɨɥɨɝɢɹ: ɜɨ-ɩɟɪɜɵɯ, 



ВеȟȠник ХНАДУ, вып. 60, 2013 

 

 

110 

ɝɪɚɧɢɰɵ ɡɨɧ ɢɦɟɸɬ ɛɨɥɟɟ ɫɥɨɠɧɵɣ ɪɟɥɶɟɮ ɢ 

ɩɪɟɪɵɜɢɫɬɵɣ ɯɚɪɚɤɬɟɪ (ɪɢɫ. 7, ɜ); ɜɨ-ɜɬɨɪɵɯ, 
ɩɨɹɜɥɹɸɬɫɹ ɫɟɪɢɢ ȼɁ, ɨɬɤɥɨɧɹɸɳɢɯɫɹ ɨɬ 
ɧɨɪɦɚɥɢ ɤ ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɧɚɝɪɭɡɤɟ, ɜɩɥɨɬɶ 

ɞɨ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɟɣ ɧɚɩɪɚɜɥɟɧɢɹ (ɪɢɫ. 7, ɝ), 
ɚ ɬɚɤɠɟ ɫɟɬɤɢ ɡɨɧ ɜ ɨɞɧɨɦ ɡɟɪɧɟ (ɪɢɫ. 7, ɞ). 
ɉɪɢ Ɍ=1173 Ʉ ɭɤɚɡɚɧɧɵɟ ɬɟɧɞɟɧɰɢɢ ɩɪɨɹɜ-
ɥɹɸɬɫɹ ɟɳɟ ɛɨɥɟɟ ɱɟɬɤɨ. 

 

                
              ɚ                              ɛ                                ɜ                                ɝ                               ɞ 
 

Ɋɢɫ. 7. ɉɨɜɟɪɯɧɨɫɬɧɵɣ ɪɟɥɶɟɮ ɩɨɫɥɟ ɞɟɮɨɪɦɚɰɢɢ (  = 10–4 ɫ–1) ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ:  
ɚ – Ɍ=873 Ʉ;  ɛ – 973 Ʉ; ɜ, ɝ, ɞ – 1073 Ʉ, ɯ 4000 

 

ȼɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɨɛɪɚɡɨɜɚ-
ɧɢɟ ȼɁ ɛɵɥɨ ɢɡɭɱɟɧɨ ɩɪɢ 1073 Ʉ, ɤɨɝɞɚ ɨɧɢ 

ɩɪɨɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɱɟɬɤɨ. ȼ ɨɬɥɢɱɢɟ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚ-
ɰɢɢ ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ (ɞɨ   = 10–2 ɫ–1) ɫɥɚɛɨ 
ɜɥɢɹɟɬ ɧɚ ɜɧɟɲɧɢɣ ɜɢɞ ɢ ɫɬɪɭɤɬɭɪɭ ȼɁ. ɋɭ-
ɳɟɫɬɜɟɧɧɟɟ ɢɡɦɟɧɹɟɬɫɹ ɬɨɥɶɤɨ ɜɢɞ ɩɪɢɝɪɚ-
ɧɢɱɧɵɯ ɨɛɥɚɫɬɟɣ: ɜɦɟɫɬɨ ɱɢɫɬɨɝɨ ɋȽɁ ɩɨ ɩɨ-
ɩɟɪɟɱɧɵɦ ɝɪɚɧɢɰɚɦ ɩɨɹɜɥɹɸɬɫɹ ɲɢɪɨɤɢɟ 
ɨɛɥɚɫɬɢ ɧɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɫɬɪɟɥɤɚ «Ȼ» ɧɚ 
ɪɢɫ. 8), ɢɦɟɸɳɢɟ ɯɚɪɚɤɬɟɪɧɵɣ ɲɟɪɨɯɨɜɚɬɵɣ 

ɜɢɞ. ɋɭɦɦɚɪɧɚɹ ɲɢɪɢɧɚ ɷɬɢɯ ɭɱɚɫɬɤɨɜ ɢ ȼɁ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɛɳɟɣ ɞɟɮɨɪɦɚɰɢɢ ɭɱɚɫɬɤɚ 
ɨɛɪɚɡɰɚ. 
 

ɂɡɭɱɟɧɢɟ ɩɭɬɟɣ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɩɪɢ ɨɛɪɚɡɨ-
ɜɚɧɢɢ ȼɁ ɩɭɬɟɦ ɧɚɧɟɫɟɧɢɹ ɫɟɬɨɤ ɢɡ ɥɢɧɢɣ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɶ ɤɪɭɩɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɛɪɚɡ-
ɰɨɜ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɦɚɬɟɪɢɚɥ ɩɟɪɟɧɨɫɢɬɫɹ ɜ ɨɫ-
ɧɨɜɧɨɦ ɤɚɤ ɩɪɢ ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɨɥɡɭɱɟɫɬɢ – 

ɨɬ ɩɪɨɞɨɥɶɧɵɯ ɝɪɚɧɢɰ ɡɟɪɟɧ ɤ ɩɨɩɟɪɟɱɧɵɦ.  
 

 
 

Ɋɢɫ. 8. ɋɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ: Ⱥ – ɋȽɁ; Ȼ – 

ɧɨɜɚɹ ɩɨɜɟɪɯɧɨɫɬɶ; ȼ – ɜɫɬɪɨɟɧɧɚɹ ɡɨɧɚ; 
ɯ5000 

 

ɉɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢɹ ȼɁ ɧɟ ɹɜɥɹɟɬɫɹ ɭɧɢ-

ɤɚɥɶɧɵɦ ɢ ɫɜɨɣɫɬɜɟɧɧɵɦ ɬɨɥɶɤɨ ɜɵɫɨɤɨɱɢɫ-
ɬɨɦɭ ɛɟɪɢɥɥɢɸ, ɢɦɟɸɳɟɦɭ ɨɞɢɧ ɢɡ ɫɚɦɵɯ 
ɜɵɫɨɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɚɦɨɞɢɮɮɭɡɢɢ. Ɇɵ 

ɧɚɛɥɸɞɚɥɢ ɷɬɨɬ ɩɪɨɰɟɫɫ, ɧɚɩɪɢɦɟɪ, ɢ ɧɚ 
ɫɩɥɚɜɟ Zn – 0,4 % Al (ɪɢɫ. 9). 
 

 
 

Ɋɢɫ. 9. ȼɁ ɜ ɫɩɥɚɜɟ Zn – 0,4 % Al,  ɯ 4700 

 

ɇɚɥɢɱɢɟ ɩɨɪɨɝɨɜɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɨɜɚ-
ɧɢɹ ȼɁ, ɫɨɜɩɚɞɚɸɳɟɣ ɫ ɧɚɱɚɥɨɦ ɚɤɬɢɜɧɨɝɨ 
ɞɟɣɫɬɜɢɹ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɪɨɫɬ ɢɯ 
ɲɢɪɢɧɵ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɧɚɥɢɱɢɟ ɬɢɩɢɱɧɨ 
ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɭɬɟɣ ɦɚɫɫɨɩɟɪɟɧɨɫɚ (ɩɪɢ 

ɨɬɫɭɬɫɬɜɢɢ ɤɨɧɫɟɪɜɚɬɢɜɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ 
ɞɢɫɥɨɤɚɰɢɣ) ɨɞɧɨɡɧɚɱɧɨ ɭɤɚɡɵɜɚɸɬ ɧɚ ɞɢɮ-

ɮɭɡɢɨɧɧɭɸ ɩɪɢɪɨɞɭ ɜɫɬɪɨɟɧɧɵɯ ɡɨɧ. ȼ ɨɬ-
ɥɢɱɢɟ ɨɬ ɩɨɥɨɫɱɚɬɵɯ ɢɥɢ ɨɛɟɞɧɟɧɧɵɯ ɡɨɧ, 

ȼɁ ɞɚɸɬ ɜɤɥɚɞ ɜ ɞɟɮɨɪɦɚɰɢɸ ɨɛɪɚɡɰɚ. ɉɪɟɞ-

ɥɨɠɟɧɧɚɹ ɫɯɟɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ȼɁ ɩɪɟɞɫɬɚɜɥɟ-
ɧɚ ɧɚ ɪɢɫ. 10.  

 

       
 

Ɋɢɫ. 10. ɋɯɟɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ȼɁ ɢ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɢɣ ɭɱɚɫɬɨɤ ɩɨɜɟɪɯɧɨɫɬɢ, ɯ10000 

 
ȿɞɢɧɫɬɜɟɧɧɵɦ ɮɚɤɬɨɦ ɩɪɨɬɢɜ ɞɢɮɮɭɡɢɨɧ-
ɧɨɣ ɩɨɥɡɭɱɟɫɬɢ ɤɚɤ ɦɟɯɚɧɢɡɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ 
ɪɨɫɬɚ ȼɁ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɢɯ ɪɨɫɬɚ. 
Ɉɞɧɚɤɨ ɷɬɨ ɧɟɫɨɨɬɜɟɬɫɬɜɢɟ ɥɟɝɤɨ ɩɪɟɨɞɨɥɟ-
ɜɚɟɬɫɹ, ɟɫɥɢ ɜɦɟɫɬɨ ɪɚɡɦɟɪɚ ɡɟɪɧɚ ɜ ɭɪɚɜɧɟ-
ɧɢɟ ɞɥɹ ɫɤɨɪɨɫɬɢ ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɨɥɡɭɱɟɫɬɢ 
ɩɨɞɫɬɚɜɥɹɬɶ ɫɪɟɞɧɟɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ȼɁ ɜ 
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ɡɟɪɧɟ. Ɋɚɫɱɟɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɷɬɨ ɞɚɟɬ ɡɧɚ-
ɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɦɚɫɫɨɩɟɪɟɧɨ-
ɫɚ, ɛɥɢɡɤɨɟ ɤ ɢɡɦɟɪɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ȼɁ. 
 

ȼɵɜɨɞɵ 
 

1. Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɩɪɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪ-
ɧɨɣ ɩɨɥɡɭɱɟɫɬɢ ɛɟɪɢɥɥɢɹ ɜ ɬɟɥɟ ɡɟɪɧɚ ɢ 
ɜɛɥɢɡɢ ɟɝɨ ɝɪɚɧɢɰ ɨɛɪɚɡɭɸɬɫɹ ɫɩɟɰɢɮɢɱɟ-
ɫɤɢɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɪɟɥɶɟɮɵ, ɧɚɡɜɚɧɧɵɟ 
ɧɚɦɢ ɜɫɬɪɨɟɧɧɵɦɢ ɡɨɧɚɦɢ. 
2. ȼ ɲɢɪɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɫɤɨɪɨɫɬɧɨɣ ɨɛ-
ɥɚɫɬɢ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɭɫɥɨɜɢɣ ɞɟɮɨɪ-
ɦɚɰɢɢ ɢ ɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ 
ɢ ɦɨɪɮɨɥɨɝɢɸ ɜɫɬɪɨɟɧɧɵɯ ɡɨɧ. 
3. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɫɬɪɨɟɧɧɵɟ ɡɨɧɵ ɢɦɟɸɬ 
ɞɢɮɮɭɡɢɨɧɧɭɸ ɩɪɢɪɨɞɭ. ɉɪɟɞɥɨɠɟɧ ɦɟɯɚ-
ɧɢɡɦ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɨɫɬɚ, ɨɬɥɢɱɚɸɳɢɣɫɹ 
ɨɬ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɤɪɢɩɚ ɏɟɪ-
ɪɢɧɝɚ-ɇɚɛɚɪɪɨ ɭɤɨɪɨɱɟɧɧɵɦɢ ɩɭɬɹɦɢ ɦɚɫɫɨ-
ɩɟɪɟɧɨɫɚ. 
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