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Ⱦɚвыɞɨв ȼ.ɇ. 
ɉɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ ɷɥɟɤɬɪɨɧɧɵɯ ɩɪɢɛɨɪɨɜ ɌɍɋɍɊ 
 
ɎɂɁɂЧȿɋɄɂȿ ɈɋɇɈȼЫ ɈɉɌɈЭɅȿɄɌɊɈɇɂɄɂ. ɍɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɟ ɩɨɫɨɛɢɟ ɞɥɹ 
ɫɬɭɞɟɧɬɨɜ ɫ ɤɪɚɬɤɨɣ ɬɟɨɪɢɟɣ, ɩɪɢɦɟɪɚɦɢ ɪɟɲɟɧɢɹ ɬɢɩɨɜɵɯ ɡɚɞɚɱ ɢ ɡɚɞɚɱɚɦɢ ɞɥɹ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ. - Ɍɨɦɫɤ: ɌɍɋɍɊ, 2013. - 112 ɫ. 
 
 
 

Ⱦɚɧɧɨɟ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɟ ɩɨɫɨɛɢɟ ɹɜɥɹɟɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ 
ɤɨɦɩɥɟɤɬɚ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɤɭɪɫɚ «Ɏɢɡɢɱɟɫɤɢɟ 
ɨɫɧɨɜɵ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ». 

ȼ ɩɨɫɨɛɢɢ ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɨɬɪɟɧɵ ɩɪɢɦɟɪɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɩɨ ɜɫɟɦ ɪɚɡɞɟɥɚɦ 
ɞɚɧɧɨɝɨ ɤɭɪɫɚ, ɢɡɥɨɠɟɧɧɵɦ ɜ ɭɱɟɛɧɨɦ ɩɨɫɨɛɢɢ, ɚ ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɜɚɪɢɚɧɬɵ 
ɡɚɞɚɧɢɣ ɩɨ ɤɚɠɞɨɦɭ ɪɚɡɞɟɥɭ ɤɭɪɫɚ ɜ ɤɨɥɢɱɟɫɬɜɟ ɩɨ 20 ɡɚɞɚɱ ɞɥɹ ɤɨɧɬɪɨɥɶɧɵɯ ɪɚɛɨɬ 
ɢ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ. ȼ ɤɨɧɰɟ ɩɨɫɨɛɢɹ ɩɪɢɜɟɞɟɧɵ ɫɩɪɚɜɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ 
ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɧɚɢɛɨɥɟɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ. ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɤɚɠɞɨɝɨ ɪɚɡɞɟɥɚ ɞɚɧɨ ɤɪɚɬɤɨɟ 
ɢɡɥɨɠɟɧɢɟ ɬɟɨɪɢɢ ɩɨ ɬɟɦ ɜɨɩɪɨɫɚɦ ɢ ɜ ɬɨɦ ɨɛɴɟɦɟ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ 
ɞɚɥɶɧɟɣɲɟɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱ. ȼ ɷɬɨɦ ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɦɚɬɟɪɢɚɥɟ  ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ, 
ɪɚɫɲɢɪɹɸɳɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɨ ɞɚɧɧɨɦɭ ɜɨɩɪɨɫɭ ɢ ɤɨɬɨɪɵɟ ɩɨɬɪɟɛɭɸɬɫɹ ɞɥɹ 
ɜɵɱɢɫɥɟɧɢɹ ɬɪɟɛɭɟɦɵɯ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɹɜɥɟɧɢɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ 
ɫɨɡɞɚɧɢɹ ɩɪɢɛɨɪɨɜ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ. 
        ɉɨɫɨɛɢɟ ɛɭɞɟɬ ɩɨɥɟɡɧɨ ɫɬɭɞɟɧɬɚɦ ɨɱɧɨ-ɡɚɨɱɧɨɣ ɢ ɡɚɨɱɧɨɣ ɮɨɪɦ ɨɛɭɱɟɧɢɹ, 
ɢɫɩɵɬɵɜɚɸɳɢɦ ɬɪɭɞɧɨɫɬɢ ɜ ɨɫɜɨɟɧɢɢ ɤɭɪɫɚ «Ɏɢɡɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ», 
ɚ ɬɚɤɠɟ ɫɬɭɞɟɧɬɚɦ, ɢɡɭɱɚɸɳɢɦ ɛɥɢɡɤɢɟ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɞɢɫɰɢɩɥɢɧɵ ɮɢɡɢɱɟɫɤɨɝɨ 
ɩɪɨɮɢɥɹ.  
 
 
 
 
 
 
 
 
 
 

                                                          Ⱦɚɜɵɞɨɜ ȼ.ɇ.                                          2013 
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ɋɉɂɋɈɄ  ɂɋɉɈɅɖɁɍȿɆɕɏ  ɈȻɈɁɇȺɑȿɇɂɃ 

 

1.   E    - ɷɧɟɪɝɢɹ ɷɥɟɤɬɪɨɧɚ ɜ ɬɜɟɪɞɨɦ ɬɟɥɟ; 
2.   cE  - ɷɧɟɪɝɢɹ ɷɥɟɤɬɪɨɧɚ ɭ ɞɧɚ ɡɨɧɵ ɩɪɨɜɨɞɢɦɨɫɬɢ; 
3.   vE  - ɷɧɟɪɝɢɹ ɷɥɟɤɬɪɨɧɚ ɭ ɩɨɬɨɥɤɚ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ; 
4.   gE - ɲɢɪɢɧɚ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ; 

5.   
2k    - ɜɨɥɧɨɜɨɣ ɜɟɤɬɨɪ; 

6.    mp    - ɢɦɩɭɥɶɫ ɤɥɚɫɫɢɱɟɫɤɨɣ ɱɚɫɬɢɰɵ; 
7.    0m  - ɦɚɫɫɚ ɩɨɤɨɹ ɷɥɟɤɬɪɨɧɚ; 
8.    m  - ɷɮɮɟɤɬɢɜɧɚɹ ɦɚɫɫɚ ɷɥɟɤɬɪɨɧɚ; 
9.    L    - ɞɥɢɧɚ ɤɪɢɫɬɚɥɥɚ; 
10.      - ɞɥɢɧɚ ɜɨɥɧɵ; 
11.  N   - ɤɨɥɢɱɟɫɬɜɨ ɚɬɨɦɨɜ ɜ ɤɪɢɫɬɚɥɥɟ; 
12.  F - ɷɧɟɪɝɢɹ ɭɪɨɜɧɹ Ɏɟɪɦɢ; 
13.   ɤ  - ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ; 
14.   T  - ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ; 
15.   Ef  - ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɩɨ ɷɧɟɪɝɢɢ; 
16.   j     - ɩɥɨɬɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ; 
17.   qe,     - ɡɚɪɹɞ ɷɥɟɤɬɪɨɧɚ; 
18.        - ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɷɥɟɤɬɪɨɧɚ (ɞɵɪɤɢ); 
19.  

nm   - ɷɮɮɟɤɬɢɜɧɚɹ ɦɚɫɫɚ ɷɥɟɤɬɪɨɧɚ ɜ ɡɨɧɟ ɩɪɨɜɨɞɢɦɨɫɬɢ; 
20.  

pm   - ɷɮɮɟɤɬɢɜɧɚɹ ɦɚɫɫɚ ɞɵɪɤɢ ɜ ɜɚɥɟɧɬɧɨɣ ɡɨɧɟ; 
21.  x   - ɤɨɨɪɞɢɧɚɬɚ ɜ ɬɜɟɪɞɨɦ ɬɟɥɟ; 
22.     - ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ; 
23.   t   - ɬɟɤɭɳɟɟ ɜɪɟɦɹ; 
24.   R  - ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɢɡɥɭɱɟɧɢɹ; 
25.   I   - ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ; 
26.     - ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ; 
27.  ф - ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ; 
28.     - ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ; 
29.   c   - ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ ɜ ɜɚɤɭɭɦɟ; 

30.     - ɫɟɱɟɧɢɟ ɡɚɯɜɚɬɚ ɮɨɬɨɧɚ ɡɚɪɹɞɚ ɰɟɧɬɪɨɦ ɩɨɝɥɨɳɟɧɢɹ; 
31.   фɨɬm  - ɦɚɫɫɚ ɮɨɬɨɧɚ; 
32.  ng - ɫɤɨɪɨɫɬɶ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ; 
33.  pg  - ɫɤɨɪɨɫɬɶ ɝɟɧɟɪɚɰɢɢ ɞɵɪɨɤ; 
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34. nR  - ɫɤɨɪɨɫɬɶ ɪɟɤɨɦɛɢɧɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ; 
35. pR  - ɫɤɨɪɨɫɬɶ ɪɟɤɨɦɛɢɧɚɰɢɢ ɞɵɪɨɤ; 
36.  n  - ɜɪɟɦɹ ɠɢɡɧɢ ɷɥɟɤɬɪɨɧɨɜ; 
37.  p  - ɜɪɟɦɹ ɠɢɡɧɢ ɞɵɪɨɤ; 
38.     - ɤɜɚɧɬɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ; 
39. n  - ɷɥɟɤɬɪɨɧɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ; 
40. p  - ɞɵɪɨɱɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ; 
41.  n   - ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɤɬɪɨɧɨɜ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ; 
42.  p   - ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɵɪɨɤ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ; 
43. n  - ɩɨɞɜɢɠɧɨɫɬɶ ɷɥɟɤɬɪɨɧɨɜ; 
44.  p - ɩɨɞɜɢɠɧɨɫɬɶ ɞɵɪɨɤ; 
45. фɩ - ɜɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ; 
46.  nD  - ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɷɥɟɤɬɪɨɧɨɜ; 
47.  pD  - ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɞɵɪɨɤ; 
48.  nL   - ɞɢɮɮɭɡɢɨɧɧɚɹ ɞɥɢɧɚ ɷɥɟɤɬɪɨɧɨɜ; 
49.  pL   - ɞɢɮɮɭɡɢɨɧɧɚɹ ɞɥɢɧɚ ɞɵɪɨɤ; 
50.   d   - ɬɨɥɳɢɧɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɨɛɪɚɡɰɚ; 
51.      - ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɡɰɚ; 
52.   S   - ɩɥɨɳɚɞɶ; 
53.       - ɪɚɡɧɨɫɬɶ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ; 
56.    I  - ɜɟɥɢɱɢɧɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ; 
57.   p n   - ɜɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ ɧɟɪɚɜɧɨɜɟɫɧɨɝɨ ɡɚɪɹɞɚ ɜ p-n ɩɟɪɟɯɨɞɟ; 
58.   f   - ɥɢɧɟɣɧɚɹ ɱɚɫɬɨɬɚ; 
59.   K  - ɤɨɧɫɬɚɧɬɚ ɭɩɪɭɝɨɫɬɢ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ; 
60.   p   - ɲɚɝ ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ; 
61.   z   - ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɤɨɨɪɞɢɧɚɬɚ; 
62.   Q  - ɩɚɪɚɦɟɬɪ ɩɨɪɹɞɤɚ ɜ ɠɢɞɤɢɯ ɤɪɢɫɬɚɥɥɚɯ; 
63.     -  ɜɟɥɢɱɢɧɚ ɨɩɬɢɱɟɫɤɨɣ ɚɧɢɡɨɬɪɨɩɢɢ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ; 
64.    - ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɢɡɦɟɪɟɧɧɚɹ ɩɟɪɩɟɧɞɢɤɭ- 

        ɥɹɪɧɨ ɞɥɢɧɧɨɣ ɨɫɢ ɦɨɥɟɤɭɥɵ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ; 
65.  II  - ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɢɡɦɟɪɟɧɧɚɹ ɩɚɪɚɥɥɟɥɶɧɨ 

        ɞɥɢɧɧɨɣ ɨɫɢ ɦɨɥɟɤɭɥɵ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ. 
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1. ȼȼȿȾȿɇɂȿ 

Ⱦɚɧɧɨɟ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɟ ɩɨɫɨɛɢɟ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 
ɦɚɬɟɪɢɚɥɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɭɞɟɧɬɚɦɢ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨɬɵ ɩɨ ɢɡɭɱɟɧɢɸ ɞɢɫɰɢɩɥɢɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɤɨɦɩɶɸɬɟɪɧɵɯ ɨɛɭɱɚɸɳɢɯ, ɦɨɞɟɥɢɪɭɸɳɢɯ ɢ ɤɨɧɬɪɨɥɢɪɭɸɳɢɯ 
ɩɪɨɝɪɚɦɦ. Ɉɧɨ ɬɚɤɠɟ ɛɭɞɟɬ ɩɨɥɟɡɧɨ ɫɬɭɞɟɧɬɚɦ ɨɱɧɨɣ ɮɨɪɦɵ 
ɨɛɭɱɟɧɢɹ ɩɪɢ ɨɫɜɨɟɧɢɢ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɢ ɩɪɚɤɬɢɱɟɫɤɨɣ ɱɚɫɬɟɣ ɤɭɪɫɚ 
«Ɏɢɡɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ». 

 ɉɪɢ ɨɱɧɨɣ ɮɨɪɦɟ ɨɛɭɱɟɧɢɹ ɞɚɧɧɵɣ ɤɭɪɫ ɢɡɭɱɚɟɬɫɹ ɜ ɬɟɱɟɧɢɟ 
ɱɟɬɜɟɪɬɨɝɨ ɫɟɦɟɫɬɪɚ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɢɡɭɱɟɧɢɹ ɞɢɫɰɢɩɥɢɧɵ ɫɞɚɟɬɫɹ 
ɡɚɱɟɬ. ȼ ɩɪɨɰɟɫɫɟ ɨɫɜɨɟɧɢɹ ɞɢɫɰɢɩɥɢɧɵ ɜɵɩɨɥɧɹɟɬɫɹ ɞɜɟ 
ɤɨɧɬɪɨɥɶɧɵɯ ɪɚɛɨɬɵ ɢ ɱɟɬɵɪɟ ɥɚɛɨɪɚɬɨɪɧɵɯ ɪɚɛɨɬɵ.  

ɉɟɪɜɚɹ ɤɨɧɬɪɨɥɶɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɬɟɦɚɦ:  
*   ɷɥɟɦɟɧɬɵ ɡɨɧɧɨɣ ɬɟɨɪɢɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɢ ɬɨɤɨɩɪɨɬɟɤɚɧɢɟ; 

*   ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫ ɬɜɟɪɞɵɦɢ 
ɬɟɥɚɦɢ; 

*   ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɹɜɥɟɧɢɹ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ ɢ  
             ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɚɯ; 
 

    ȼɬɨɪɚɹ ɤɨɧɬɪɨɥɶɧɚɹ ɪɚɛɨɬɚ ɱɟɬɜɟɪɬɨɝɨ ɫɟɦɟɫɬɪɚ ɧɚɩɪɚɜɥɟɧɚ 
ɧɚ ɩɪɨɜɟɪɤɭ ɡɧɚɧɢɣ ɩɨ ɫɥɟɞɭɸɳɢɦ ɜɨɩɪɨɫɚɦ: 
*   ɮɥɭɤɬɭɚɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ; 
*   ɷɦɢɫɫɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɬɜɟɪɞɵɯ ɬɟɥ; 

*   ɠɢɞɤɢɟ ɤɪɢɫɬɚɥɥɵ ɜ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɟ. 
 

     ȼ ɩɪɨɰɟɫɫɟ ɢɡɭɱɟɧɢɹ ɞɢɫɰɢɩɥɢɧɵ ɡɚɩɥɚɧɢɪɨɜɚɧɨ ɬɚɤɠɟ 
ɜɵɩɨɥɧɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɪɚɛɨɬ:  
    1. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜ  p-n ɩɟɪɟɯɨɞɚ ɜ ɨɩɬɨɷɥɟɤɬɪɨɧɧɵɯ 
ɩɪɢɛɨɪɚɯ (ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚ ɤɨɦɩɶɸɬɟɪɟ). 
    2. ɂɫɫɥɟɞɨɜɚɧɢɟ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ (ɢɡɦɟɪɟɧɢɹ 
ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɟ).  
    3. ɂɫɫɥɟɞɨɜɚɧɢɟ ɲɭɦɨɜɵɯ ɫɜɨɣɫɬɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ (ɢɡɦɟɪɟɧɢɹ ɧɚ 
ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɟ). 
    4. Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ 
ɦɟɬɨɞɨɦ ɢɧɠɟɤɰɢɢ ɧɟɨɫɧɨɜɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ (ɢɡɦɟɪɟɧɢɹ ɧɚ 
ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɟ). 
 

ɉɪɢ ɧɚɩɢɫɚɧɢɢ ɤɚɤ ɭɱɟɛɧɨɝɨ ɩɨɫɨɛɢɹ ɤ ɤɭɪɫɭ, ɬɚɤ ɢ ɞɚɧɧɨɝɨ 
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ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɝɨ ɩɨɫɨɛɢɹ ɚɜɬɨɪ ɫɬɪɟɦɢɥɫɹ ɤ ɩɨɞɪɨɛɧɨɦɭ 
ɢɡɥɨɠɟɧɢɸ ɮɢɡɢɱɟɫɤɨɣ ɫɬɨɪɨɧɵ ɨɛɫɭɠɞɚɟɦɨɝɨ ɹɜɥɟɧɢɹ ɢɥɢ ɩɪɨɰɟɫɫɚ, 
ɱɬɨ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɫɞɟɥɚɧɨ ɜ ɭɳɟɪɛ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦɭ ɨɩɢɫɚɧɢɸ. 
ɉɨɫɥɟɞɧɟɟ ɦɨɠɟɬ ɛɵɬɶ ɜɨɫɩɨɥɧɟɧɨ ɢɡɭɱɟɧɢɟɦ ɞɨɫɬɭɩɧɵɯ ɦɨɧɨɝɪɚɮɢɣ 
ɩɨ ɮɢɡɢɤɟ ɬɜɟɪɞɨɝɨ ɬɟɥɚ, ɬɟɨɪɢɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ. Ⱥɜɬɨɪ ɬɚɤɠɟ 
ɭɞɟɥɹɥ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɹɫɧɨɫɬɢ ɢ ɩɨɥɧɨɬɟ ɢɡɥɨɠɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ 
ɫɬɨɪɨɧ ɨɛɫɭɠɞɚɟɦɨɝɨ ɹɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɜ ɢɦɟɸɳɢɯɫɹ ɜɭɡɨɜɫɤɢɯ 
ɭɱɟɛɧɢɤɚɯ ɥɢɛɨ ɢɡɥɨɠɟɧɵ ɧɟɞɨɫɬɚɬɨɱɧɨ ɹɫɧɨ, ɥɢɛɨ ɨɬɫɭɬɫɬɜɭɸɬ 
ɫɨɜɫɟɦ. ɗɬɨ ɤɚɫɚɟɬɫɹ ɨɩɢɫɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɜɚɧɬɚ ɫɜɟɬɚ ɫ ɚɬɨɦɨɦ 
ɜ ɤɪɢɫɬɚɥɥɟ, ɨɩɢɫɚɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɨɡɧɢɤɚɸɳɢɯ 
ɨɪɢɟɧɬɚɰɢɨɧɧɵɯ ɷɮɮɟɤɬɨɜ ɜ ɠɢɞɤɢɯ ɤɪɢɫɬɚɥɥɚɯ ɜ ɲɢɪɨɤɨɦ 
ɞɢɚɩɚɡɨɧɟ ɧɚɩɪɹɠɟɧɢɣ ɢ ɬ.ɞ.  

ȼ ɧɚɱɚɥɟ ɤɚɠɞɨɝɨ ɪɚɡɞɟɥɚ ɩɪɢɜɨɞɢɬɫɹ ɨɩɢɫɚɧɢɟ ɨɛɳɟɣ ɤɚɪɬɢɧɵ 
ɹɜɥɟɧɢɹ ɫ ɭɤɚɡɚɧɢɟɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ ɟɝɨ ɩɚɪɚɦɟɬɪɨɜ ɢ 
ɡɚɜɢɫɢɦɨɫɬɟɣ. Ɂɚɬɟɦ ɞɚɟɬɫɹ ɞɟɬɚɥɶɧɨɟ ɨɩɢɫɚɧɢɟ ɮɢɡɢɤɢ ɹɜɥɟɧɢɹ ɢ ɟɝɨ 
ɪɟɚɥɢɡɚɰɢɹ ɜ ɜɢɞɟ ɬɜɟɪɞɨɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ.   

 

2. ɐȿɅɖ  ɉɊȿɉɈȾȺȼȺɇɂə  ȾɂɋɐɂɉɅɂɇɕ 

    ɐɟɥɶɸ ɢɡɭɱɟɧɢɹ ɞɢɫɰɢɩɥɢɧɵ «Ɏɢɡɢɱɟɫɤɢɟ ɨɫɧɨɜɵ 
ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ» ɹɜɥɹɟɬɫɹ ɨɡɧɚɤɨɦɥɟɧɢɟ ɫɬɭɞɟɧɬɨɜ ɫ ɨɫɧɨɜɧɵɦɢ 
ɮɢɡɢɱɟɫɤɢɦɢ ɩɪɢɧɰɢɩɚɦɢ ɮɭɤɰɢɨɧɢɪɨɜɚɧɢɹ ɛɚɡɨɜɵɯ ɷɥɟɦɟɧɬɨɜ 
ɫɨɜɪɟɦɟɧɧɨɣ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ, ɚ ɬɚɤɠɟ ɫ ɢɯ ɨɫɧɨɜɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɩɚɪɚɦɟɬɪɚɦɢ.  

        ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɡɭɱɟɧɢɹ ɷɬɨɣ ɞɢɫɰɢɩɥɢɧɵ ɫɬɭɞɟɧɬɵ ɞɨɥɠɧɵ ɡɧɚɬɶ 
ɢ ɭɦɟɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɪɟɲɟɧɢɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ: 

1. ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɡɨɧɧɨɣ ɬɟɨɪɢɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ; 
2. ɬɨɤɨɩɪɨɬɟɤɚɧɢɟ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɚɯ ɤɚɤ ɩɨ 

ɞɪɟɣɮɨɜɨɦɭ, ɬɚɤ ɢ ɞɢɮɮɭɡɢɨɧɧɨɦɭ ɦɟɯɚɧɢɡɦɚɦ; 

3. ɞɨɦɢɧɢɪɭɸɳɢɟ ɦɟɯɚɧɢɡɦɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɩɬɢɱɟɫɤɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɫ ɬɜɟɪɞɵɦɢ ɬɟɥɚɦɢ;  

4. ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɮɨɬɨɩɪɨɜɨɞɦɨɫɬɢ, ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ 
ɮɨɬɨɷɞɫ, ɩɪɢɧɰɢɩɵ ɪɚɛɨɬɵ ɮɨɬɨɩɪɢɟɦɧɵɯ ɷɥɟɦɟɧɬɨɜ, 
ɢɡɥɭɱɚɸɳɢɯ ɞɢɨɞɨɜ ɢ ɥɚɡɟɪɨɜ, ɠɢɞɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ 
ɩɪɢɛɨɪɨɜ ɢ ɭɫɬɪɨɣɫɬɜ; 

5. ɦɟɯɚɧɢɡɦɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɲɭɦɨɜ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɨɜ, ɭɦɟɬɶ ɪɚɫɫɱɢɬɵɜɚɬɶ ɢɯ 
ɜɟɥɢɱɢɧɭ ɢ ɨɩɪɟɞɟɥɹɬɶ ɫɩɟɤɬɪɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ.  
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ɇɚɪɹɞɭ ɫ ɷɬɢɦ ɫɬɭɞɟɧɬɵ ɬɚɤɠɟ ɞɨɥɠɧɵ ɜɢɞɟɬɶ ɢ ɩɨɧɢɦɚɬɶ 
ɩɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ ɬɜɟɪɞɨɬɟɥɶɧɨɣ ɷɥɟɤɬɪɨɧɢɤɢ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ, ɚ ɬɚɤɠɟ ɧɨɜɵɯ 
ɮɢɡɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ ɜ ɬɜɟɪɞɵɯ ɬɟɥɚɯ ɞɥɹ ɰɟɥɟɣ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ 
ɬɜɟɪɞɨɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ. 

 

3. ɋɌɊɍɄɌɍɊȺ ɂ ɋɈȾȿɊɀȺɇɂȿ ȾɂɋɐɂɉɅɂɇɕ 

3.1. ɇɚɢɦɟɧɨɜɚɧɢɟ ɬɟɦ, ɢɯ ɫɨɞɟɪɠɚɧɢɟ 

Ɍɟɦɚ 1. ȼɜɟɞɟɧɢɟ. Ɉɫɧɨɜɧɵɟ ɩɪɟɞɩɨɫɵɥɤɢ ɩɨɹɜɥɟɧɢɹ 
ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ, ɟё ɦɟɫɬɨ ɫɪɟɞɢ ɪɨɞɫɬɜɟɧɧɵɯ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ 
ɧɚɩɪɚɜɥɟɧɢɣ: ɷɥɟɤɬɪɨɧɢɤɢ, ɦɢɤɪɨɷɥɟɤɬɪɨɧɢɤɢ, ɨɩɬɢɤɢ. Ɉɫɨɛɟɧɧɨɫɬɢ 
ɩɨɞɯɨɞɚ ɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ  
ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ, ɢɧɮɨɪɦɚɬɢɤɢ, ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ. Ɉɛɥɚɫɬɢ 
ɩɪɢɦɟɧɟɧɢɹ ɩɪɢɛɨɪɨɜ ɢ ɭɫɬɪɨɣɫɬɜ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ. 
       

         Ɍɟɦɚ 2.  Эɥɟɦɟɧɬɵ ɡɨɧɧɨɣ ɬɟɨɪɢɢ ɬɜɟɪɞɵɯ ɬɟɥ. 

ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɤɪɢɫɬɚɥɥɨɜ ɢ ɩɨɩɵɬɤɢ ɟё ɨɛɴɹɫɧɟɧɢɹ 
ɤɥɚɫɫɢɱɟɫɤɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɨɪɢɟɣ. Ɂɨɧɧɚɹ ɫɬɪɭɤɬɭɪɚ, ɨɛɪɚɡɨɜɚɧɢɟ 
ɡɨɧ ɢɡ ɚɬɨɦɧɵɯ ɭɪɨɜɧɟɣ: ɦɨɞɟɥɶ Ɂɨɦɦɟɪɮɟɥɶɞɚ ɢ ɦɨɞɟɥɶ Ȼɥɨɯɚ. 
ɉɨɧɹɬɢɟ ɡɨɧɵ ɩɪɨɜɨɞɢɦɨɫɬɢ, ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ ɢ ɡɚɩɪɟɳёɧɧɨɣ ɡɨɧɵ, ɢɯ 
ɫɜɹɡɶ ɫ ɚɬɨɦɚɪɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɨ ɫɬɪɨɟɧɢɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɬɟɥ.  

ɉɨɧɹɬɢɟ ɤɜɚɡɢɢɦɩɭɥɶɫɚ ɷɥɟɤɬɪɨɧɚ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɧɨɜ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɤɜɚɡɢɢɦɩɭɥɶɫɨɜ. Ⱦɨɥɢɧɵ ɷɧɟɪɝɢɢ ɢ ɡɨɧɚ Ȼɪɢɥɥɸɷɧɚ.  
ɉɥɨɬɧɨɫɬɶ ɫɨɫɬɨɹɧɢɣ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɨɫɢɬɟɥɟɣ ɜ ɡɨɧɚɯ. 
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ Ɏɟɪɦɢ-Ⱦɢɪɚɤɚ ɱɚɫɬɢɰ ɩɨ ɷɧɟɪɝɢɢ. ɉɨɥɨɠɢɬɟɥɶɧɵɟ 
ɩɨɞɜɢɠɧɵɟ ɱɚɫɬɢɰɵ: ɩɨɧɹɬɢɟ ɨ ɞɵɪɤɟ, ɟё ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɩɨɥɨɠɟɧɢɟ ɜ 
ɡɨɧɧɨɣ ɞɢɚɝɪɚɦɦɟ ɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɤɜɚɡɢɢɦɩɭɥɶɫɨɜ.  

Ⱦɜɢɠɟɧɢɟ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ ɜ ɤɪɢɫɬɚɥɥɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. Ȼɥɨɯɨɜɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɷɥɟɤɬɪɨɧɚ ɢ ɞɵɪɤɢ, 

ɧɚɤɥɨɧ ɡɨɧ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɞɢɚɝɪɚɦɦɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ. 
Ɍɭɧɧɟɥɢɪɨɜɚɧɢɟ ɱɚɫɬɢɰ ɱɟɪɟɡ ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɛɚɪɶɟɪ. ɉɪɨɛɨɣ Ɂɢɧɟɪɚ. 
    

Ɍɟɦɚ 3. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫ ɬɜɟɪɞɵɦɢ 
ɬɟɥɚɦɢ. Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɢɡɥɭɱɟɧɢɹ ɫ ɜɟɳɟɫɬɜɨɦ: ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɝɥɨɳɟɧɢɹ ɢ ɨɬɪɚɠɟɧɢɹ, 
ɫɩɟɤɬɪɵ ɩɨɝɥɨɳɟɧɢɹ ɢ ɨɬɪɚɠɟɧɢɹ. Ɂɚɤɨɧ Ȼɭɝɟɪɚ - Ʌɚɦɛɟɪɬɚ. 
Ɏɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɝɥɨɳɟɧɢɹ. Ɍɢɩɵ 
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ɦɟɯɚɧɢɡɦɨɜ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ. Ɏɢɡɢɱɟɫɤɢɟ ɹɜɥɟɧɢɹ ɩɪɢ 
ɪɚɡɥɢɱɧɵɯ ɬɢɩɚɯ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ: ɫɨɛɫɬɜɟɧɧɨɟ ɢ ɩɪɢɦɟɫɧɨɟ 
ɩɨɝɥɨɳɟɧɢɟ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ, ɩɪɹɦɵɟ ɢ ɧɟɩɪɹɦɵɟ ɩɟɪɟɯɨɞɵ, 

ɩɨɝɥɨɳɟɧɢɟ ɫɜɨɛɨɞɧɵɦɢ ɧɨɫɢɬɟɥɹɦɢ, ɪɟɲёɬɨɱɧɨɟ ɩɨɝɥɨɳɟɧɢɟ. 
ȼɧɭɬɪɢɡɨɧɧɵɟ ɩɟɪɟɯɨɞɵ.  

 

       Ɍɟɦɚ 4. Фɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɹɜɥɟɧɢɹ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ ɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɚɯ. Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɨɹɧɢɟ ɜɟɳɟɫɬɜɚ ɩɪɢ ɩɨɝɥɨɳɟɧɢɢ 
ɢɡɥɭɱɟɧɢɹ: ɜɪɟɦɟɧɚ ɪɟɥɚɤɫɚɰɢɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɟɪɚɜɧɨɜɟɫɧɵɯ 
ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ, ɤɜɚɧɬɨɜɵɣ ɜɵɯɨɞ ɜɧɭɬɪɟɧɧɟɝɨ ɮɨɬɨɷɮɮɟɤɬɚ. 
Ʉɢɧɟɬɢɤɚ ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. 
ɋɨɛɫɬɜɟɧɧɚɹ ɢ ɩɪɢɦɟɫɧɚɹ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɶ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ, 
ɩɪɹɦɵɟ ɢ ɧɟɩɪɹɦɵɟ ɩɟɪɟɯɨɞɵ, ɜɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ, 
ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ.  

Ɋɨɥɶ ɧɟɨɫɧɨɜɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɮɨɬɨɷɮɮɟɤɬɨɜ. Ɏɨɬɨɷɞɫ Ⱦɟɦɛɟɪɚ. Ɉɛɴɟɦɧɚɹ ɮɨɬɨɷɞɫ. Ɏɨɬɨɦɚɝɧɢɬɧɵɣ 
ɷɮɮɟɤɬ ɇɨɫɤɨɜɚ-Ʉɢɤɨɢɧɚ. Ʉɜɚɡɢɭɪɨɜɧɢ Ɏɟɪɦɢ. ɗɥɟɤɬɪɨɧɧɨ-

ɞɵɪɨɱɧɵɟ ɩɟɪɟɯɨɞɵ. Ȼɚɪɶɟɪɧɚɹ ɮɨɬɨɷɞɫ. Ɏɨɬɨɞɢɨɞɧɵɣ ɪɟɠɢɦ. 
Ʌɚɜɢɧɧɨɟ ɪɚɡɦɧɨɠɟɧɢɟ ɧɨɫɢɬɟɥɟɣ ɜ ɩɟɪɟɯɨɞɟ: ɟɝɨ ɮɢɡɢɱɟɫɤɨɟ 
ɨɛɴɹɫɧɟɧɢɟ, ɩɚɪɚɦɟɬɪɵ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɗɮɮɟɤɬ ɮɨɬɨɧɧɨɝɨ 
ɞɚɜɥɟɧɢɹ ɧɚ ɧɨɫɢɬɟɥɢ ɡɚɪɹɞɚ. ɑɢɫɥɟɧɧɵɟ ɨɰɟɧɤɢ ɜɟɥɢɱɢɧ ɪɚɡɥɢɱɧɵɯ  
ɮɨɬɨɷɮɮɟɤɬɨɜ ɢ ɢɯ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ.    

       

Ɍɟɦɚ 5. Фɥɭɤɬɭɚɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ ɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɚɯ. Ɉɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ ɬɟɨɪɢɢ ɲɭɦɨɜ: 

ɜɢɞɵ ɲɭɦɨɜ ɢ ɢɯ ɮɢɡɢɱɟɫɤɢɟ ɩɪɢɱɢɧɵ, ɞɢɫɩɟɪɫɢɹ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɟɣ. Ɉɫɧɨɜɧɵɟ ɜɢɞɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ 
ɜɟɪɨɹɬɧɨɫɬɢ ɫɥɭɱɚɣɧɨɝɨ ɩɪɨɰɟɫɫɚ. Ⱥɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ 
ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ. Ɇɟɬɨɞ Ɏɭɪɶɟ, ɫɩɟɤɬɪɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ 
ɜɟɪɨɹɬɧɨɫɬɢ. Ɇɟɬɨɞ Ʌɚɧɠɟɜɟɧɚ. Ɋɚɫɫɦɨɬɪɟɧɢɟ ɬɟɩɥɨɜɨɝɨ, ɞɪɨɛɨɜɨɝɨ, 
ɝɟɧɟɪɚɰɢɨɧɧɨ-ɪɟɤɨɦɛɢɧɚɰɢɨɧɧɨɝɨ ɢ ɢɡɛɵɬɨɱɧɨɝɨ ɲɭɦɨɜ. ɑɢɫɥɟɧɧɵɟ 
ɨɰɟɧɤɢ ɲɭɦɨɜ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɮɨɬɨɪɟɡɢɫɬɨɪɚɯ. 

       

Ɍɟɦɚ 6. Эɦɢɫɫɢɹ ɢɡɥɭɱɟɧɢɹ ɢɡ ɬɜɟɪɞɵɯ ɬɟɥ. ɂɡɥɭɱɚɬɟɥɶɧɵɟ 
ɩɪɨɰɟɫɫɵ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ. Ɉɩɪɟɞɟɥɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ 
ɥɸɦɢɧɟɫɰɟɧɰɢɢ. ɂɡɥɭɱɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ. ȼɧɭɬɪɟɧɧɹɹ ɢ ɜɧɟɲɧɹɹ 
ɤɜɚɧɬɨɜɵɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɝɟɧɟɪɚɰɢɢ ɢɡɥɭɱɟɧɢɹ. ɋɩɟɤɬɪ 
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ɢɡɥɭɱɟɧɢɹ ɢ ɟɝɨ ɜɡɚɢɦɨɫɜɹɡɶ ɫɨ ɫɩɟɤɬɪɨɦ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ. 
ɋɞɜɢɝ Ɏɪɚɧɤɚ-Ʉɨɪɞɨɧɚ ɫɩɟɤɬɪɚ ɢɡɥɭɱɟɧɢɹ. Ɇɟɠɡɨɧɧɚɹ ɢɡɥɭɱɚɬɟɥɶɧɚɹ 
ɪɟɤɨɦɛɢɧɚɰɢɹ. ɋɜɹɡɶ ɜɪɟɦɟɧɢ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ ɜ ɨɛɴɟɦɟ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɫ ɭɪɨɜɧɟɦ ɟɝɨ ɥɟɝɢɪɨɜɚɧɢɹ.  
       ɋɩɨɧɬɚɧɧɨɟ ɢ ɜɵɧɭɠɞɟɧɧɨɟ ɢɡɥɭɱɟɧɢɟ ɚɬɨɦɚ, ɫɜɹɡɶ ɦɟɠɞɭ ɧɢɦɢ. 

Ʉɪɢɬɟɪɢɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɬɜɟɪɞɵɯ ɬɟɥɚɯ. 
Ɏɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɥɚɡɟɪɚɯ. ɉɪɢɧɰɢɩ 
ɪɚɛɨɬɵ ɢɧɠɟɤɰɢɨɧɧɵɯ ɥɚɡɟɪɨɜ ɧɚ p-Ч ɩɟɪɟɯɨɞɚɯ, ɫɜɟɬɨɞɢɨɞɨɜ.  
 

       Ɍɟɦɚ 7.  ɀɢɞɤɢɟ ɤɪɢɫɬɚɥɥɵ ɜ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɟ. Ɉɫɨɛɟɧɧɨɫɬɢ 
ɫɜɨɣɫɬɜ ɠɢɞɤɢɯ ɤɪɢɫɬɚɥɥɨɜ. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɠɢɞɤɢɯ ɤɪɢɫɬɚɥɥɨɜ. 
Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɫɬɪɭɤɬɭɪɚ ɧɟɦɚɬɢɤɨɜ, ɯɨɥɟɫɬɟɪɢɤɨɜ, 
ɫɦɟɤɬɢɤɨɜ. ɉɚɪɚɦɟɬɪɵ, ɯɚɤɬɟɪɢɡɭɸɳɢɟ ɫɬɪɭɤɬɭɪɧɨɟ ɫɨɫɬɨɹɧɢɟ 
ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ. Ɉɪɢɟɧɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɧɟɦɚɬɢɤɨɜ: ɩɟɪɟɯɨɞ 
Ɏɪɟɞɟɪɢɤɫɚ, ɞɨɦɟɧɵ Ʉɚɩɭɫɬɢɧɚ-ȼɢɥɶɹɦɫɚ, ɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɫɫɟɹɧɢɟ 
ɫɜɟɬɚ. Ɉɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɟɦɚɬɢɤɨɜ ɢ ɯɨɥɟɫɬɟɪɢɤɨɜ. ɗɮɮɟɤɬ 

“ɝɨɫɬɶ-ɯɨɡɹɢɧ”. ɉɪɢɧɰɢɩɵ ɭɩɪɚɜɥɟɧɢɹ ɫɜɨɣɫɬɜɚɦɢ ɠɢɞɤɢɯ 
ɤɪɢɫɬɚɥɥɨɜ. ɉɪɢɦɟɧɟɧɢɟ ɠɢɞɤɢɯ ɤɪɢɫɬɚɥɥɨɜ ɜ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɟ: 
ɭɫɬɪɨɣɫɬɜɨ ɢ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɨɩɬɢɱɟɫɤɢɯ ɬɪɚɧɫɩɚɪɚɧɬɨɜ, 
ɦɨɞɭɥɹɬɨɪɨɜ, ɭɫɬɪɨɣɫɬɜ ɨɬɨɛɪɚɠɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɢ ɬ.ɞ. 
     

Ɍɟɦɚ 8. ɉɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ. 
Ɋɚɫɲɢɪɟɧɢɟ ɤɪɭɝɚ ɮɢɡɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ 
ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɟ: ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɫɜɟɪɯɩɪɨɜɨɞɢɦɨɫɬɶ, 
ɞɜɭɦɟɪɧɵɟ ɤɜɚɧɬɨɜɵɟ ɫɢɫɬɟɦɵ, ɫɜɟɪɯɪɟɲɟɬɤɢ, ɫɢɧɟɪɝɟɬɢɱɟɫɤɢɟ 
ɹɜɥɟɧɢɹ. Ɋɚɫɲɢɪɟɧɢɟ ɱɢɫɥɚ ɦɚɬɟɪɢɚɥɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ 
ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɟ: ɝɟɬɟɪɨɫɬɪɭɤɬɭɪɵ, ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ ɫɥɨɠɧɨɝɨ 
ɫɨɫɬɚɜɚ. 

 

 3.2  Ɍɟɦɵ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨɬɵ 

Ⱦɥɹ ɛɨɥɟɟ ɝɥɭɛɨɤɨɝɨ ɩɨɧɢɦɚɧɢɹ ɢ ɭɫɩɟɲɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɧɢɣ 
ɤɨɧɬɪɨɥɶɧɨɣ ɪɚɛɨɬɵ № 1 ɩɨ ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ ɥɢɬɟɪɚɬɭɪɟ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɩɨɞɝɨɬɨɜɢɬɶ ɫɥɟɞɭɸɳɢɟ ɜɨɩɪɨɫɵ: 
- ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɥɨɠɟɧɢɹ ɭɪɨɜɧɹ Ɏɟɪɦɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɢ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ (ɢɫɬɨɱɧɢɤ № 5 ɢɡ ɫɩɢɫɤɚ 
ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ ɥɢɬɟɪɚɬɭɪɵ); 
- ɛɚɪɶɟɪɧɚɹ ɟɦɤɨɫɬɶ p-n ɩɟɪɟɯɨɞɚ (ɢɫɬɨɱɧɢɤɢ №1 ɢ № 5 ɢɡ ɫɩɢɫɤɚ 
ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ ɥɢɬɟɪɚɬɭɪɵ); 
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- ɩɨɞɜɢɠɧɨɫɬɶ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ 
ɡɚɪɹɞɚ (ɢɫɬɨɱɧɢɤ № 5 ɢɡ ɫɩɢɫɤɚ ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ ɥɢɬɟɪɚɬɭɪɵ). 

Ⱦɥɹ ɩɨɧɢɦɚɧɢɹ ɢ ɭɫɩɟɲɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɧɢɣ ɤɨɧɬɪɨɥɶɧɨɣ 
ɪɚɛɨɬɵ № 2 ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɩɨɞɝɨɬɨɜɢɬɶ ɫɥɟɞɭɸɳɢɟ 
ɜɨɩɪɨɫɵ: 
- ɩɨɥɧɵɣ ɲɭɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɩɪɢɛɨɪɚ (ɢɫɬɨɱɧɢɤ № 6 ɢɡ ɫɩɢɫɤɚ 
ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ ɥɢɬɟɪɚɬɭɪɵ). 

 

4. ɋɉɂɋɈɄ  ɊȿɄɈɆȿɇȾɍȿɆɈɃ  ɅɂɌȿɊȺɌɍɊɕ 

1. ɘ.ɂ. ȿɩɢɮɚɧɨɜ. Ɏɢɡɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɦɢɤɪɨɷɥɟɤɬɪɨɧɢɤɢ. Ɇ., 
ȼɵɫɲɚɹ ɲɤɨɥɚ, 1971.- 388ɫ. 

2. ɂ.Ʉ.ȼɟɪɟɳɚɝɢɧ, Ʌ.Ⱥ.Ʉɨɫɹɱɟɧɤɨ, ɋ.Ɇ.Ʉɨɤɢɧ. ȼɜɟɞɟɧɢɟ ɜ 
ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɭ. Ɇ., ȼɵɫɲɚɹ ɲɤɨɥɚ. - 1991. - 189 ɫ. 

3.  ɘ.Ɋ. ɇɨɫɨɜ. Ɉɩɬɨɷɥɟɤɬɪɨɧɢɤɚ. Ɇ., Ɋɚɞɢɨ ɢ ɫɜɹɡɶ. - 1989. - 350 ɫ. 
1. ɋ.Ⱥ.ɉɢɤɢɧ, Ʌ.Ɇ.Ȼɥɢɧɨɜ. ɀɢɞɤɢɟ ɤɪɢɫɬɚɥɥɵ.Ɇ., ɇɚɭɤɚ, 1982. –  

     207ɫ. 
2. ɋ.Ⱥ. Ɏɪɢɞɪɢɯɨɜ, ɋ.Ɇ. Ɇɨɜɢɧ. Ɏɢɡɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɷɥɟɤɬɪɨɧɧɨɣ  
     ɬɟɯɧɢɤɢ. Ɇ., ȼɵɫɲɚɹ ɲɤɨɥɚ. 1982. – 607 ɫ.; Ʉ.ȼ. ɒɚɥɢɦɨɜɚ.  
    Ɏɢɡɢɤɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ. Ɇ., ɗɧɟɪɝɢɹ. 1976. – 416 ɫ. 
3. ȼɚɧ ɞɟɪ Ɂɢɥ. ɒɭɦɵ. ɂɫɬɨɱɧɢɤɢ, ɨɩɢɫɚɧɢɟ, ɢɡɦɟɪɟɧɢɹ: ɉɟɪɟɜɨɞ ɫ    
    ɚɧɝɥ.  Ɇ.: ɋɨɜ. ɪɚɞɢɨ, 1973. – 226 ɫ.  
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5. «ɗɅȿɆȿɇɌɕ  ɁɈɇɇɈɃ  ɌȿɈɊɂɂ  ɌȼȿɊȾɕɏ  ɌȿɅ» 

5.1. ɄɊȺɌɄɈȿ  ɂɁɅɈɀȿɇɂȿ  ɌȿɈɊɂɂ 

 

Ɉɛɳɢɟ ɜɨɩɪɨɫɵ. Ⱦɥɹ ɨɛɴɹɫɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɬɜɟɪɞɵɯ ɬɟɥ ɢɫɩɨɥɶɡɭɸɬ ɡɨɧɧɭɸ ɞɢɚɝɪɚɦɦɭ. Ɉɧɚ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɜɢɫɢɦɨɫɬɶ ɷɧɟɪɝɢɢ  ɷɥɟɤɬɪɨɧɚ ɜ ɤɪɢɫɬɚɥɥɟ ɨɬ 
ɤɨɨɪɞɢɧɚɬɵ, ɨɬɫɱɢɬɵɜɚɟɦɨɣ ɨɬ ɨɞɧɨɣ ɢɡ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɟɥɚ. Ɂɨɧɧɵɣ 

ɫɩɟɤɬɪ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɢ ɞɢɷɥɟɤɬɪɢɤɨɜ ɫɨɫɬɨɢɬ ɢɡ ɩɨɥɨɫ 
ɪɚɡɪɟɲɟɧɧɵɯ ɢ ɡɚɩɪɟɳɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɵɟ ɦɨɠɟɬ 
ɩɪɢɧɢɦɚɬɶ ɜɚɥɟɧɬɧɵɣ ɷɥɟɤɬɪɨɧ ɜ ɤɪɢɫɬɚɥɥɟ ɩɪɢ ɜɧɟɲɧɢɯ 
ɜɨɡɞɟɣɫɬɜɢɹɯ. Ɉɞɧɚɤɨ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɥɚɛɵɦɢ ɜɧɟɲɧɢɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ 
(ɨɫɜɟɳɟɧɢɟ, ɩɪɢɥɨɠɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ), ɞɨɫɬɚɬɨɱɧɨ 
ɨɝɪɚɧɢɱɢɬɶ ɫɜɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɢɡɭɱɟɧɢɟɦ ɬɨɥɶɤɨ ɩɨɜɟɞɟɧɢɹ 
ɷɥɟɤɬɪɨɧɚ ɬɨɥɶɤɨ ɜ ɞɜɭɯ ɛɥɢɡɥɟɠɚɳɢɯ ɡɨɧɚɯ: ɩɨɫɥɟɞɧɟɣ ɡɨɧɟ 
ɧɟɜɨɡɛɭɠɞɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɜɚɥɟɧɬɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɢ ɩɟɪɜɨɣ ɡɨɧɟ 
ɜɨɡɛɭɠɞɟɧɧɵɯ, ɧɚɡɵɜɚɟɦɵɯ ɜɚɥɟɧɬɧɨɣ ɡɨɧɨɣ ɢ ɡɨɧɨɣ 
ɩɪɨɜɨɞɢɦɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɜɚɥɟɧɬɧɨɣ ɡɨɧɟ ɦɨɝɭɬ 
ɩɟɪɟɦɟɳɚɬɶɫɹ ɞɵɪɤɢ, ɫɨɡɞɚɜɚɹ ɞɵɪɨɱɧɭɸ ɩɪɨɜɨɞɢɦɨɫɬɶ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ, ɚ ɜ ɜɚɥɟɧɬɧɨɣ ɡɨɧɟ – ɷɥɟɤɬɪɨɧɵ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬ 
ɷɥɟɤɬɪɨɧɧɭɸ ɩɪɨɜɨɞɢɦɨɫɬɶ. ȼɟɪɯɧɢɣ ɭɪɨɜɟɧɶ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ ɢ 
ɧɢɠɧɢɣ ɭɪɨɜɟɧɶ ɡɨɧɵ 

 

 

Ɂɨɧɚ ɩɪɨɜɨɞɢɦɨɫɬɢ   
 

Ɂɚɩɪɟɳɟɧɧɚɹ ɡɨɧɚ 

 

ȼɚɥɟɧɬɧɚɹ ɡɨɧɚ   
      

ɩɪɨɜɨɞɢɦɨɫɬɢ ɨɛɨɡɧɚɱɚɸɬ ɤɚɤ VE ɢ CE , 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɗɧɟɪɝɟɬɢɱɟɫɤɢɣ ɡɚɡɨɪ 
ɦɟɠɞɭ ɷɬɢɦɢ ɭɪɨɜɧɹɦɢ gE , ɧɚɡɵɜɚɟɦɵɣ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɨɣ, 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɫɨɫɬɨɹɧɢɹ ɫ ɷɧɟɪɝɢɹɦɢ E  ɢɡ 
ɞɢɚɩɚɡɨɧɚ ViC EEE  , ɜ ɤɨɬɨɪɵɯ ɷɥɟɤɬɪɨɧ ɧɚɯɨɞɢɬɶɫɹ ɧɟ ɦɨɠɟɬ. 
ɋɟɪɟɞɢɧɭ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɨɛɨɡɧɚɱɚɸɬ ɤɚɤ iE . Ɋɢɫɭɧɨɤ 1 ɩɨɹɫɧɹɟɬ 
ɫɤɚɡɚɧɧɨɟ.  
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ɇɚɱɚɥɨ ɨɬɫɱɟɬɚ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɧɚ ɢ ɞɵɪɤɢ ɨɛɵɱɧɨ ɫɨɜɦɟɳɚɸɬ ɫ 
ɩɨɬɨɥɤɨɦ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ: VE =0. ɉɪɢ ɷɬɨɦ ɷɧɟɪɝɢɹ ɷɥɟɤɬɪɨɧɚ 
ɨɬɫɱɢɬɵɜɚɟɬɫɹ ɜɜɟɪɯ, ɚ ɷɧɟɪɝɢɹ ɞɵɪɤɢ – ɜɧɢɡ. ȼ ɪɚɜɧɨɜɟɫɧɵɯ 
ɭɫɥɨɜɢɹɯ ɤɚɠɞɚɹ ɱɚɫɬɢɰɚ ɫɬɪɟɦɢɬɫɹ ɡɚɧɹɬɶ ɬɚɤɨɟ ɫɨɫɬɨɹɧɢɟ, ɜ ɤɨɬɨɦ 
ɟɟ ɷɧɟɪɝɢɹ ɦɢɧɢɦɚɥɶɧɚ. Ɂɧɚɱɢɬ, ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɜɵɝɨɞɧɵɟ ɫɨɫɬɨɹɧɢɹ 
ɞɥɹ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ ɧɚɯɨɞɹɬɫɹ ɜɛɥɢɡɢ VE  ɢ CE . 

ɍɪɨɜɟɧɶ Ɏɟɪɦɢ. Ɉɞɧɚɤɨ ɜ ɪɟɚɥɶɧɵɯ ɤɪɢɫɬɚɥɥɚɯ ɜ ɡɚɩɪɟɳɟɧɧɨɣ 
ɡɨɧɟ ɦɨɝɭɬ ɧɚɯɨɞɢɬɶɫɹ ɭɪɨɜɧɢ ɪɚɡɪɟɲɟɧɧɵɯ ɷɧɟɪɝɢɣ. ɂɯ ɩɨɹɜɥɟɧɢɟ 
ɫɜɹɡɚɧɨ ɫ ɧɚɥɢɱɢɟɦ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ɪɚɡɥɢɱɧɵɯ ɩɪɢɦɟɫɟɣ ɢ (ɢɥɢ) 
ɫɬɪɭɤɬɭɪɧɵɯ ɞɟɮɟɤɬɨɜ. ɉɪɢ ɢɯ ɡɧɚɱɢɬɟɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɧɢ 
ɨɩɪɟɞɟɥɹɸɬ ɤɨɧɰɟɧɬɪɚɰɢɸ ɫɜɨɛɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɡɨɧɚɯ 
ɪɚɡɪɟɲɟɧɧɵɯ ɷɧɟɪɝɢɣ. Ⱦɥɹ ɨɰɟɧɤɢ ɡɚɩɨɥɧɟɧɢɹ ɷɥɟɤɬɪɨɧɚɦɢ ɫɨɫɬɨɹɧɢɹ 
ɫ ɷɧɟɪɝɢɟɣ E  ɜ ɭɫɥɨɜɢɹɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɧɟɨɛɯɨɞɢɦɨ 
ɩɨɥɶɡɨɜɚɬɶɫɹ ɮɭɧɤɰɢɟɣ Ɏɟɪɦɢ-Ⱦɢɪɚɤɚ:  
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Ⱦɚɧɧɚɹ ɮɭɧɤɰɢɹ ɨɩɪɟɞɟɥɹɟɬ ɜɟɪɨɹɬɧɨɫɬɶ )(Ef  ɧɚɯɨɠɞɟɧɢɹ ɷɥɟɤɬɪɨɧɚ 
ɧɚ ɭɪɨɜɧɟ ɫ ɷɧɟɪɝɢɟɣ E , ɟɫɥɢ ɢɡɜɟɫɬɧɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɩɨɥɨɠɟɧɢɟ 
ɭɪɨɜɧɹ Ɏɟɪɦɢ F . Ɂɞɟɫɶ 231038.1 k  Ⱦɠ/ɝɪɚɞ – ɩɨɫɬɨɹɧɧɚɹ 
Ȼɨɥɶɰɦɚɧɚ, T ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɤɪɢɫɬɚɥɥɚ ɜ ɤɟɥɶɜɢɧɚɯ. 
ȼɟɥɢɱɢɧɚ )(Ef  ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɡɧɚɱɟɧɢɹ, ɥɟɠɚɳɢɟ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0 
ɞɨ 1.  Ɂɧɚɱɟɧɢɟ   0Ef  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɥɭɱɚɸ ɩɨɥɧɨɣ ɢɨɧɢɡɚɰɢɢ 
ɫɨɫɬɨɹɧɢɹ ɫ ɷɧɟɪɝɢɟɣ E : ɞɚɧɧɨɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ, 
ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɤɨɬɨɪɨɝɨ ɨɛɭɫɥɨɜɥɟɧɨ, ɧɚɩɪɢɦɟɪ, ɧɚɥɢɱɢɟɦ ɜ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ɩɪɢɦɟɫɧɵɯ ɚɬɨɦɨɜ (ɦɟɞɶ ɠɟɥɟɡɨ, ɮɨɫɮɨɪ, ɛɨɪ ɢ ɬ.ɞ. ɜ 
ɤɪɟɦɧɢɢ), ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɚɤɨɦɭ ɫɨɫɬɨɹɧɢɸ ɚɬɨɦɨɜ ɩɪɢɦɟɫɢ, ɩɪɢ 
ɤɨɬɨɪɨɦ ɧɚ ɟɝɨ ɜɚɥɟɧɬɧɵɯ ɨɛɨɥɨɱɤɚɯ ɨɬɫɭɬɫɬɜɭɟɬ ɨɞɢɧ ɢɥɢ ɧɟɫɤɨɥɶɤɨ 
ɜɚɥɟɧɬɧɵɯ ɷɥɟɤɬɪɨɧɨɜ. ɋɥɭɱɚɣ ɠɟ   1Ef  ɧɚ ɮɢɡɢɱɟɫɤɨɦ ɭɪɨɜɧɟ 
ɨɡɧɚɱɚɟɬ ɩɪɢɫɭɬɫɬɜɢɟ ɧɚ ɜɚɥɟɧɬɧɵɯ ɨɛɨɥɨɱɤɚɯ ɚɬɨɦɨɜ ɜɫɟɯ ɜɚɥɟɧɬɧɵɯ 
ɷɥɟɤɬɪɨɧɨɜ. ɍɪɨɜɟɧɶ Ɏɟɪɦɢ – ɝɢɩɨɬɟɬɢɱɟɫɤɢɣ (ɦɵɫɥɟɧɧɵɣ) ɭɪɨɜɟɧɶ ɜ 
ɡɨɧɧɨɣ ɞɢɚɝɪɚɦɦɟ ɤɪɢɫɬɚɥɥɚ, ɪɟɚɥɶɧɨ ɟɝɨ ɧɟɥɶɡɹ ɨɛɧɚɪɭɠɢɬɶ 
ɩɪɹɦɵɦɢ ɦɟɬɨɞɚɦɢ. Ɉɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɧɟɤɨɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ 
ɫɨɫɬɨɹɧɢɟ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ, ɜɟɪɨɹɬɧɨɫɬɢ ɡɚɩɨɥɧɟɧɢɹ ɤɨɬɨɪɨɝɨ 
ɷɥɟɤɬɪɨɧɚɦɢ ɢ ɞɵɪɤɚɦɢ ɪɚɜɧɵ 0.5. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɮɭɧɤɰɢɹ 
ɜɢɞɚ (5.1) ɨɱɟɧɶ ɛɵɫɬɪɨ ɢɡɦɟɧɹɟɬɫɹ ɜɛɥɢɡɢ ɬɨɱɤɢ FE  : ɨɬɫɬɭɩɢɜ ɩɨ 
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ɷɧɟɪɝɢɢ ɨɬ ɷɬɨɝɨ ɪɚɜɟɧɫɬɜɚ ɧɚ  kT32  ɜɜɟɪɯ ɢɥɢ ɜɧɢɡ, ɮɭɧɤɰɢɹ 
ɡɚɩɨɥɧɟɧɢɹ ɩɪɢɦɟɬ ɡɧɚɱɟɧɢɹ ɪɚɜɧɵɟ ɧɭɥɸ ɢɥɢ ɟɞɢɧɢɰɟ ɫ ɬɨɱɧɨɫɬɶɸ 
ɞɨ 5%. Ɏɢɡɢɱɟɫɤɢ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɪɢ   1Ef  ɜɫɟ ɫɨɫɬɨɹɧɢɹ, 
ɥɟɠɚɳɢɟ ɧɢɠɟ ɭɪɨɜɧɹ Ɏɟɪɦɢ ɧɚ  kT32  , ɩɨɥɧɨɫɬɶɸ ɡɚɩɨɥɧɟɧɵ 
ɷɥɟɤɬɪɨɧɚɦɢ; ɜ ɫɥɭɱɚɟ   0Ef  ɜɫɟ ɫɨɫɬɨɹɧɢɹ, ɧɚɯɨɞɹɳɢɟɫɹ ɜɵɲɟ 
ɭɪɨɜɧɹ Ɏɟɪɦɢ ɧɚ  kT32  , ɩɨɥɧɨɫɬɶɸ ɥɢɲɟɧɵ ɷɥɟɤɬɪɨɧɨɜ ɡɚ ɫɱɟɬ ɢɯ 
ɜɨɡɛɭɠɟɧɢɹ ɬɟɩɥɨɜɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɪɟɲɟɬɤɢ.  
 ȼɟɪɨɹɬɧɨɫɬɶ ɡɚɩɨɥɧɟɧɢɹ ɭɪɨɜɧɹ ɫ ɷɧɟɪɝɢɟɣ E  ɞɵɪɤɚɦɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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Ʉɚɤ ɠɟ ɧɚ ɩɪɚɤɬɢɤɟ ɩɨɥɶɡɨɜɚɬɶɫɹ ɜɵɪɚɠɟɧɢɟɦ (5.1)? 
ɉɪɨɞɟɦɨɧɫɬɪɢɪɭɟɦ ɷɬɨ ɧɚ ɩɪɨɫɬɟɣɲɟɦ ɩɪɢɦɟɪɟ: ɩɭɫɬɶ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ɢɦɟɟɬɫɹ ɩɪɢɦɟɫɶ ɞɨɧɨɪɧɨɝɨ ɬɢɩɚ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 

dN . Ɍɨɝɞɚ, ɡɧɚɹ ɩɨɥɨɠɟɧɢɟ ɭɪɨɜɧɹ Ɏɟɪɦɢ, ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ, ɫɤɨɥɶɤɨ 
ɚɬɨɦɨɜ ɩɪɢɦɟɫɢ ɛɭɞɟɬ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɧɟɢɨɧɢɡɨɜɚɧɨ (ɢɥɢ ɞɪɭɝɢɦɢ 
ɫɥɨɜɚɦɢ, ɫɤɨɥɶɤɨ ɷɥɟɤɬɪɨɧɨɜ ɧɚɯɨɞɢɬɫɹ ɧɚ ɩɪɢɦɟɫɧɨɦ ɭɪɨɜɧɟ): 

 EfNn dt  . 

Ⱦɪɭɝɚɹ ɱɚɫɬɶ ɚɬɨɦɨɜ ɩɪɢɦɟɫɢ ɛɭɞɟɬ ɢɨɧɢɡɨɜɚɧɚ, ɩɨɬɟɪɹɜ ɫ ɜɧɟɲɧɟɣ 
ɨɛɨɥɨɱɤɢ ɜɚɥɟɧɬɧɵɣ ɷɥɟɤɬɪɨɧ, ɤɨɬɨɪɵɣ ɭɣɞɟɬ ɜ ɡɨɧɭ ɩɪɨɜɨɞɢɦɨɫɬɢ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɡɨɧɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɨɹɜɢɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɨɧɨɜ (ɭɣɞɹ ɫ ɩɪɢɦɟɫɧɨɝɨ ɭɪɨɜɧɹ, ɨɧɢ ɩɟɪɟɲɥɢ ɜ 
ɦɟɠɚɬɨɦɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ), ɪɚɜɧɨɟ 

  EfNnNn dtd  1 . 

     ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɨɥɨɠɟɧɢɟ ɭɪɨɜɧɹ Ɏɟɪɦɢ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɫɜɨɛɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. ȿɫɥɢ 
ɢɦɟɟɬɫɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤ n - ɬɢɩɚ ɩɪɨɜɨɞɢɦɨɫɬɢ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɷɥɟɤɬɪɨɧɨɜ ɜ ɡɨɧɟ ɩɪɨɜɨɞɢɦɨɫɬɢ 0n , ɬɨ ɭɪɨɜɟɧɶ Ɏɟɪɦɢ ɪɚɫɩɨɥɨɠɟɧ ɨɬ 

VE  ɧɚ ɪɚɫɫɬɨɹɧɢɢ, ɨɩɪɟɞɟɥɹɟɦɨɦ ɜɵɪɚɠɟɧɢɟɦ: 
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Ɂɞɟɫɶ ɩɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ ɪɚɜɧɨ ɫɟɪɟɞɢɧɟ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ, ɜɬɨɪɨɟ 
ɫɥɚɝɚɟɦɨɟ ɭɱɢɬɵɜɚɟɬ ɪɚɡɥɢɱɢɟ ɜ ɷɮɮɟɤɬɢɜɧɵɯ ɦɚɫɫɚɯ ɞɵɪɨɤ 

pm  ɢ 
ɷɥɟɤɬɪɨɧɨɜ 

nm , ɢ ɬɨɥɶɤɨ ɬɪɟɬɶɟ ɫɥɚɝɚɟɦɨɟ (5.3) ɨɬɜɟɬɫɬɜɟɧɧɨ ɡɚ 
ɜɥɢɹɧɢɟ ɧɚ ɩɨɥɨɠɟɧɢɟ ɭɪɨɜɧɹ Ɏɟɪɦɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɜɨɛɨɞɧɵɯ 
ɷɥɟɤɬɪɨɧɨɜ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɜɵɪɚɠɟɧɢɹ (5.3), ɜ ɫɨɛɫɬɜɟɧɧɨɦ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ( inpn  00 - ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ 
ɫɨɛɫɬɜɟɧɧɨɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ) ɩɨɥɨɠɟɧɢɟ ɭɪɨɜɧɹ Ɏɟɪɦɢ iF  ɦɨɠɧɨ 
ɜɵɱɢɫɥɢɬɶ ɫ ɩɨɦɨɳɶɸ ɜɵɪɚɠɟɧɢɹ 
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Ɉɛɵɱɧɨ ɷɮɮɟɤɬɢɜɧɚɹ ɦɚɫɫɚ ɞɵɪɨɤ ɩɪɟɜɵɲɚɟɬ ɷɮɮɟɤɬɢɜɧɭɸ ɦɚɫɫɭ 
ɷɥɟɤɬɪɨɧɨɜ ɢ ɩɨɬɨɦɭ, ɫɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɸ (5.4), ɭɪɨɜɟɧɶ Ɏɟɪɦɢ ɜ 
ɫɨɛɫɬɜɟɧɧɨɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ɥɟɠɢɬ ɜɵɲɟ ɫɟɪɟɞɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ 
ɡɨɧɵ iE . Ɉɞɧɚɤɨ ɩɪɟɜɵɲɟɧɢɟ iF   ɧɚɞ iE  ɨɛɵɱɧɨ ɧɟɜɟɥɢɤɨ. 
 Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɜɵɪɚɠɟɧɢɹ (5.3), ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ 
ɭɪɨɜɟɧɶ Ɏɟɪɦɢ ɥɟɠɢɬ ɜ ɜɟɪɯɧɟɣ ɩɨɥɨɜɢɧɟ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ, ɩɪɢɱɟɦ 
ɨɧ ɬɟɦ ɛɥɢɠɟ ɤ ɞɧɭ ɡɨɧɵ ɩɪɨɜɨɞɢɦɨɫɬɢ CE , ɱɟɦ ɜɵɲɟ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɷɥɟɤɬɪɨɧɨɜ. ȼ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ p - ɬɢɩɚ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɨɥɨɠɟɧɢɟ 
ɭɪɨɜɧɹ Ɏɟɪɦɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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ɝɞɟ 0p  - ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɵɪɨɤ ɜ ɜɚɥɟɧɬɧɨɣ ɡɨɧɟ.  
      Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɜɵɪɚɠɟɧɢɹ ɞɚɸɬ ɩɨɥɨɠɟɧɢɟ 
ɭɪɨɜɧɹ Ɏɟɪɦɢ ɜ ɞɠɨɭɥɹɯ. 
     ȼ ɭɫɥɨɜɢɹɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɦɟɠɞɭ ɪɚɜɧɨɜɟɫɧɵɦɢ 
ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɷɥɟɤɬɪɨɧɨɜ 0n  ɢ ɞɵɪɨɤ 0p  ɜ ɡɨɧɚɯ ɫɭɳɟɫɬɜɭɟɬ ɫɜɹɡɶ, 
ɨɩɪɟɞɟɥɹɟɦɚɹ ɫɥɟɞɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ: 

                                              2
00 inpn  .                                             (5.6) 

Ɂɞɟɫɶ in  - ɫɨɛɫɬɜɟɧɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ. ɋɨɨɬɧɨɲɟɧɢɟ (5.6) ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɜ ɬɟɨɪɢɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɩɪɨɚɧɚɥɢɡɢɪɭɟɦ ɟɝɨ ɩɨɞɪɨɛɧɟɟ. 
      ɋɨɨɬɧɨɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɣ. ɉɭɫɬɶ ɢɦɟɟɬɫɹ ɫɨɛɫɬɜɟɧɧɵɣ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤ, ɭ ɤɨɬɨɪɨɝɨ ɱɢɫɥɨ ɞɵɪɨɤ ɪɚɜɧɨ ɱɢɫɥɭ ɷɥɟɤɬɪɨɧɨɜ. Ⱦɨɛɚɜɢɦ 
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ɬɟɩɟɪɶ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɨɧɨɪɧɵɯ ɚɬɨɦɨɜ. ɑɢɫɥɨ ɷɥɟɤɬɪɨɧɨɜ ɩɪɢ ɷɬɨɦ 
ɞɨɥɠɧɨ ɜɨɡɪɚɫɬɢ, ɧɨ, ɫɨɝɥɚɫɧɨ (5.6), ɟɫɥɢ ɱɢɫɥɨ ɷɥɟɤɬɪɨɧɨɜ ɪɚɫɬɟɬ, ɱɢɫɥɨ 
ɞɵɪɨɤ ɞɨɥɠɧɨ ɭɦɟɧɶɲɚɬɶɫɹ, ɬɚɤ ɤɚɤ ɢɯ ɩɪɨɢɡɜɟɞɟɧɢɟ ɩɨɫɬɨɹɧɧɨ. ɇɚ ɩɟɪɜɵɣ 
ɜɡɝɥɹɞ ɷɬɨ ɤɚɠɟɬɫɹ ɫɬɪɚɧɧɵɦ. Ɇɨɠɧɨ ɛɵɥɨ ɛɵ ɨɠɢɞɚɬɶ, ɱɬɨ ɱɢɫɥɨ 
ɷɥɟɤɬɪɨɧɨɜ, ɩɟɪɟɲɟɞɲɢɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɩɥɨɜɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɢɡ ɜɚɥɟɧɬɧɨɣ 
ɡɨɧɵ ɜ ɡɨɧɭ ɩɪɨɜɨɞɢɦɨɫɬɢ (ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɱɢɫɥɨ ɜɨɡɧɢɤɲɢɯ ɞɵɪɨɤ), 
ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɧɚ ɧɟɝɨ ɧɟ ɜɥɢɹɟɬ ɧɚɥɢɱɢɟ ɞɨɧɨɪɧɵɯ 
ɚɬɨɦɨɜ. ɇɨ ɷɬɨ ɧɟ ɬɚɤ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨɧɨɪɨɜ ɱɢɫɥɨ 
ɷɥɟɤɬɪɨɧɨɜ ɜ ɡɨɧɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜɨɡɪɚɫɬɚɟɬ, ɨɞɧɚɤɨ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɨɧɨɜ, 
ɩɟɪɟɲɟɞɲɢɯ ɱɟɪɟɡ ɡɚɩɪɟɳɟɧɧɭɸ ɡɨɧɭ, ɭɦɟɧɶɲɚɟɬɫɹ (ɧɟ ɬɨɥɶɤɨ ɜ 
ɨɬɧɨɫɢɬɟɥɶɧɨɦ, ɧɨ ɢ ɜ ɚɛɫɨɥɸɬɧɨɦ ɜɵɪɚɠɟɧɢɢ). ɉɨɱɟɦɭ ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ? 

  ɋ ɤɚɱɟɫɬɜɟɧɧɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɬɜɟɬ ɧɚ ɷɬɨɬ ɜɨɩɪɨɫ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, 
ɨɛɪɚɬɢɜɲɢɫɶ ɤ ɤɨɧɰɟɩɰɢɢ «ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ». ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɷɥɟɤɬɪɨɧɧɨ-ɞɵɪɨɱɧɵɟ ɩɚɪɵ ɧɟɩɪɟɪɵɜɧɨ ɜɨɡɧɢɤɚɸɬ ɢ ɚɧɧɢɝɢɥɢɪɭɸɬ, 
ɩɪɢɱɟɦ ɪɚɜɧɨɜɟɫɢɟ ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɫɤɨɪɨɫɬɶ ɢɯ ɝɟɧɟɪɚɰɢɢ 
ɪɚɜɧɚ ɫɤɨɪɨɫɬɢ ɚɧɧɢɝɢɥɹɰɢɢ (ɩɨɫɥɟɞɧɟɟ ɹɜɥɟɧɢɟ ɱɚɳɟ ɧɚɡɵɜɚɸɬ 
"ɪɟɤɨɦɛɢɧɚɰɢɟɣ"). 

   Ɋɚɡɭɦɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɷɥɟɤɬɪɨɧɭ ɢ ɞɵɪɤɟ ɥɟɝɱɟ ɧɚɣɬɢ ɞɪɭɝ ɞɪɭɝɚ 
ɬɨɝɞɚ, ɤɨɝɞɚ ɢɯ ɦɧɨɝɨ. ɉɨɷɬɨɦɭ ɫɤɨɪɨɫɬɶ ɪɟɤɨɦɛɢɧɚɰɢɢ  ɞɨɥɠɧɚ ɛɵɬɶ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɨɧɰɟɧɬɪɚɰɢɹɦ ɞɵɪɨɤ ɢ ɷɥɟɤɬɪɨɧɨɜ. Ⱦɥɹ ɫɨɛɫɬɜɟɧɧɨɝɨ    
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ   ɦɨɠɧɨ   ɡɚɩɢɫɚɬɶ 

                                           2
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ii ng                                     (5.7) 

ɝɞɟ ɚ - ɧɟɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ,  ii gR ,  - ɫɤɨɪɨɫɬɢ ɪɟɤɨɦ-

ɛɢɧɚɰɢɢ ɢ ɝɟɧɟɪɚɰɢɢ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɫɨɛɫɬɜɟɧɧɨɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ȼɩɨɥɧɟ ɟɫɬɟɫɬɜɟɧɧɨ ɨɠɢɞɚɬɶ, ɱɬɨ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɧɟɛɨɥɶɲɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɩɪɢɦɟɫɢ ɧɢ ɫɤɨɪɨɫɬɶ ɝɟɧɟɪɚɰɢɢ, ɧɢ ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ɧɟ ɢɡɦɟɧɹɬɫɹ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɪɢɦɟɫɧɨɝɨ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ, ɧɚɩɪɢɦɟɪ, n-ɬɢɩɚ, ɜɵɪɚɠɟɧɢɟ 

                                         2
in ng                              (5.8)  

ɩɨ-ɩɪɟɠɧɟɦɭ ɨɫɬɚɟɬɫɹ ɫɩɪɚɜɟɞɥɢɜɵɦ. 
ɋɤɨɪɨɫɬɶ ɪɟɤɨɦɛɢɧɚɰɢɢ, ɨɞɧɚɤɨ, ɞɨɥɠɧɚ ɡɚɜɢɫɟɬɶ ɨɬ ɢɫɬɢɧɧɵɯ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ, ɬɚɤ ɱɬɨ 

                                                          pnRn  .                              (5.9) 

ɉɪɢɪɚɜɧɢɜɚɹ (5.8) ɢ (5.9), ɩɨɥɭɱɚɟɦ ɢɫɤɨɦɨɟ ɫɨɨɬɧɨɲɟɧɢɟ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɤɬɪɨɧɨɜ ɧɚɱɢɧɚɟɬ ɩɪɟɜɵɲɚɬɶ 
ɤɨɧɰɟɧɬɪɚɰɢɸ ɜ ɫɨɛɫɬɜɟɧɧɨɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ, ɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɞɵɪɨɤ ɞɨɥɠɧɚ ɫɬɚɬɶ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɫɨɛɫɬɜɟɧɧɨɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ, 
ɱɬɨɛɵ ɫɤɨɪɨɫɬɶ ɪɟɤɨɦɛɢɧɚɰɢɢ ɷɥɟɤɬɪɨɧɧɨ-ɞɵɪɨɱɧɵɯ ɩɚɪ ɨɫɬɚɜɚɥɚɫɶ 
ɩɨɫɬɨɹɧɧɨɣ ɢ ɪɚɜɧɨɣ ɫɤɨɪɨɫɬɢ ɢɯ ɬɟɪɦɢɱɟɫɤɨɣ ɝɟɧɟɪɚɰɢɢ. 

Кɨɦɩɟɧɫɢɪɨɜɚɧɧɵɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ. Ƚɨɜɨɪɹ ɨ ɥɟɝɢɪɨɜɚɧɢɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɭɤɚɡɚɬɶ ɧɚ ɨɞɧɨ ɜɚɠɧɨɟ ɞɥɹ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɟɝɨ ɫɜɨɣɫɬɜɨ. ɉɪɢ ɜɵɪɚɳɢɜɚɧɢɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɧɟ ɭɞɚɟɬɫɹ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɢɬɶ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɜ 
ɧɟɝɨ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɪɢɦɟɫɟɣ, ɚ ɬɚɤɠɟ ɢɡɛɟɠɚɬɶ ɩɨɹɜɥɟɧɢɹ ɜ ɟɝɨ 
ɨɛɴɟɦɟ ɫɬɪɭɤɬɭɪɧɵɯ ɞɟɮɟɤɬɨɜ. Ɍɟ ɢ ɞɪɭɝɢɟ ɦɨɝɭɬ ɩɪɨɹɜɢɬɶ ɫɟɛɹ ɤɚɤ 
ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɚɹ ɥɟɝɢɪɭɸɳɚɹ ɩɪɢɦɟɫɶ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ ɛɨɥɶɲɢɧɫɬɜɨ 
ɜɵɪɚɳɢɜɚɟɦɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ 
ɢɦɟɸɬ ɞɨ ɥɟɝɢɪɨɜɚɧɢɹ n -ɬɢɩ 
ɩɪɨɜɨɞɢɦɨɫɬɢ. Ȼɨɥɟɟ ɬɨɝɨ, ɩɪɢ 
ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ 
ɩɪɢɛɨɪɨɜ ɧɚ ɢɫɯɨɞɧɨɣ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ ɩɨɞɥɨɠɤɟ ɫ 
ɡɚɞɚɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɥɟɝɢɪɭɸɳɟɣ 
ɩɪɢɦɟɫɢ ɩɨɥɭɱɚɸɬ ɨɛɥɚɫɬɢ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ ɬɢɩɚ (ɢɡɝɨɬɨɜɥɟɧɢɟ np   ɩɟɪɟɯɨɞɨɜ, ɨɯɪɚɧɧɵɯ 
ɤɨɥɟɰ ɢ ɬ.ɩ.).  

 Ⱦɥɹ ɫɦɟɧɵ ɬɢɩɚ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɥɢ ɤɚɤɨɣ-ɬɨ ɟɝɨ 
ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɹɸɬ ɨɩɟɪɚɰɢɸ ɤɨɦɩɟɧɫɢɪɨɜɚɧɢɹ ɢɥɢ 
ɩɟɪɟɤɨɦɩɟɧɫɢɪɨɜɚɧɢɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ. ȿɟ ɫɭɬɶ ɫɜɨɞɢɬɫɹ ɤ ɬɨɦɭ, 
ɱɬɨ ɜ ɭɤɚɡɚɧɧɭɸ ɨɛɥɚɫɬɶ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɥɨɤɚɥɶɧɨ ɜɜɨɞɹɬ ɜ ɧɭɠɧɨɦ 
ɤɨɥɢɱɟɫɬɜɟ ɥɟɝɢɪɭɸɳɭɸ ɩɪɢɦɟɫɶ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ ɬɢɩɚ: ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɧɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ n  ɬɢɩɚ ɨɛɥɚɫɬɢ p ɬɢɩɚ 
ɜɜɨɞɹɬ ɚɤɰɟɩɬɨɪɧɭɸ ɩɪɢɦɟɫɶ. Ɋɢɫɭɧɨɤ 2 ɩɨɹɫɧɹɟɬ ɫɤɚɡɚɧɧɨɟ. Ɂɞɟɫɶ 

)(nF - ɩɨɥɨɠɟɧɢɟ ɭɪɨɜɧɹ Ɏɟɪɦɢ ɜ ɢɫɯɨɞɧɨɦ ɩɨɥɭɩɪɨɜɨɞɢɤɟ n ɬɢɩɚ ɫ 
ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɶɸ dE , ɚ )(pF  - ɩɨɥɨɠɟɧɢɟ ɭɪɨɜɧɹ Ɏɟɪɦɢ ɩɨɫɥɟ 
ɜɜɟɞɟɧɢɹ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɤɨɦɩɟɧɫɢɪɭɸɳɟɣ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ ɫ 
ɭɪɨɜɧɟɦ aE . iE ɫɟɪɟɞɢɧɚ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ, ɪɚɡɞɟɥɹɸɳɚɹ ɟɟ ɧɚ 
ɜɟɪɯɧɸɸ ɱɚɫɬɶ (ɞɥɹ ɞɨɧɨɪɧɵɯ ɩɪɢɦɟɫɟɣ) ɢ ɧɢɠɧɸɸ (ɞɥɹ 
ɚɤɰɟɩɬɨɪɧɵɯ). ɇɚ ɪɢɫ. 2 ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɫɬɪɟɥɤɚɦɢ ɩɨɤɚɡɚɧɵ ɬɚɤɠɟ 
ɩɟɪɟɯɨɞɵ ɷɥɟɤɬɪɨɧɨɜ ɧɚ ɫɬɚɞɢɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɚɪɹɞɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ 

Ɋɢɫ. 2 
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ɞɨɧɨɪɧɨɣ ɢ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ ɜ ɤɨɦɩɟɧɫɢɪɨɜɚɧɧɨɦ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ.  

Ʉɨɧɰɟɧɬɪɚɰɢɸ ɜɜɨɞɢɦɨɣ ɤɨɦɩɟɧɫɢɪɭɸɳɟɣ ɩɪɢɦɟɫɢ ɪɚɫɫɱɢɬɵɜɚɸɬ 
ɢɫɯɨɞɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɨɛɪɚɠɟɧɢɣ: ɩɨɫɥɟ ɟɟ ɜɜɟɞɟɧɢɹ ɧɟɨɛɯɨɞɢɦɚ 

ɬɚɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɵɪɨɤ, ɱɬɨɛɵ ɨɧɚ ɩɪɟɜɵɫɢɥɚ ɤɨɧɰɟɧɬɪɚɰɢɸ 
ɷɥɟɤɬɪɨɧɨɜ ɜ ɢɫɯɨɞɧɨɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ɧɚ ɜɟɥɢɱɢɧɭ ɬɪɟɛɭɟɦɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɵɪɨɤ ɜ ɨɤɨɧɱɚɬɟɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ. 
Ɍɚɤ, ɟɫɥɢ ɢɫɯɨɞɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɤɬɪɨɧɨɜ ɫɨɫɬɚɜɥɹɥɚ 14

0 105.2 n  

ɫɦ 3 , ɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ p -ɨɛɥɚɫɬɢ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɵɪɨɤ 
14108.4 kp  ɫɦ 3  ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɚɤɰɟɩɬɨɪɧɭɸ ɩɪɢɦɟɫɶ (ɩɪɢ 

ɭɫɥɨɜɢɢ ɩɨɥɧɨɣ ɟɟ ɢɨɧɢɡɚɰɢɢ) ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ aN , ɪɚɜɧɨɣ 
141414 103.7105.2108.4   (ɫɦ 3 ). ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ 

ɬɪɟɛɭɟɬɫɹ ɭɱɟɫɬɶ ɭɪɨɜɧɢ ɢɨɧɢɡɚɰɢɢ ɞɨɧɨɪɧɨɣ ɢ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɢɦɨɣ ɤɨɦɟɧɫɢɪɭɸɳɟɣ ɩɪɢɦɟɫɢ ɞɨɥɠɧɚ 
ɭɞɨɜɥɟɬɜɨɪɹɬɶ  ɫɥɟɞɭɸɳɟɦɭ ɭɫɥɨɜɢɸ: ɟɟ ɢɡɛɵɬɨɤ ɧɚɞ ɞɨɧɨɪɧɨɣ 
ɩɪɢɦɟɫɶɸ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɬɪɟɛɭɟɦɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɞɵɪɨɤ ɜ 
ɜɚɥɟɧɬɧɨɣ ɡɨɧɟ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢ ɷɬɨ ɭɫɥɨɜɢɟ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɬɚɤ: 
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,         (5.11) 

ɝɞɟ aE ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɩɨɥɨɠɟɧɢɟ ɜɜɨɞɢɦɨɣ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ, 
F ɩɨɥɨɠɟɧɢɟ ɭɪɨɜɧɹ Ɏɟɪɦɢ ɜ ɤɨɧɟɱɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɩɨɫɥɟ 

ɤɨɦɩɟɧɫɚɰɢɢ). ɉɪɢ ɜɵɜɨɞɟ ɜɵɪɚɠɟɧɢɹ (5.11) ɭɱɬɟɧɨ, ɱɬɨ ɜ ɞɵɪɨɱɧɨɦ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ɭɪɨɜɟɧɶ Ɏɟɪɦɢ ɧɚɯɨɞɢɬɫɹ ɜ ɧɢɠɧɟɣ ɩɨɥɨɜɢɧɟ 
ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɢ ɩɨɬɨɦɭ ɥɸɛɨɣ ɭɪɨɜɟɧɶ ɜ ɜɟɪɯɧɟɣ ɩɨɥɨɜɢɧɟ 
ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɛɭɞɟɬ ɩɨɥɧɨɫɬɶɸ ɢɨɧɢɡɨɜɚɧ ɜɫɟɝɞɚ ɢ ɩɪɢ ɥɸɛɵɯ 
ɭɫɥɨɜɢɹɯ. 
 

      Ɍɨɤɨɩɟɪɟɧɨɫ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ. ȼ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ ɩɨɥɧɵɣ ɬɨɤ 
ɫɥɚɝɚɟɬɫɹ ɢɡ ɞɜɭɯ ɫɨɫɬɚɜɥɹɸɳɢɯ: ɞɪɟɣɮɨɜɨɝɨ ɬɨɤɚ, ɜɨɡɧɢɤɚɸɳɟɝɨ ɡɚ 
ɫɱɟɬ ɞɟɣɫɬɜɢɹ ɧɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɢ 
ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɬɨɤɚ, ɩɪɢɱɢɧɨɣ ɩɨɹɜɥɟɧɢɹ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ 
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ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ 
ɨɛɴɟɦɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ.  
 Ⱦɪɟɣɮɨɜɵɣ ɬɨɤ (ɢɥɢ ɬɨɤ ɩɪɨɜɨɞɢɦɨɫɬɢ) ɞɪj  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɫɭɦɦɭ ɬɨɤɨɜ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɡɨɧɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɜ ɜɚɥɟɧɬɧɨɣ ɡɨɧɟ 
ɡɚ ɫɱɟɬ ɞɪɟɣɮɨɜɨɝɨ ɞɜɢɠɟɧɢɹ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ ɡɚ ɫɱɟɬ 
ɤɭɥɨɧɨɜɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢɯ ɡɚɪɹɞɚ ɫ ɜɧɟɲɧɢɦ ɩɨɫɬɨɹɧɧɵɦ 
ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɥɟɦ - ɞɪ

nj  ɢ ɞp
ɪj , ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 

                                               ɞɪ ɞp
ɞɪ n ɪj j j .                                        (5.12) 

 Ʉɚɠɞɵɣ ɢɡ ɞɪɟɣɮɨɜɵɯ ɬɨɤɨɜ ɜɵɪɚɠɟɧɢɹ (5.12) ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɭ 
Ɉɦɚ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɬɨɤ ɪɚɜɟɧ ɩɪɨɢɡɜɟɞɟɧɢɸ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ 
ɧɚ ɜɟɥɢɱɢɧɭ ɩɪɢɥɨɠɟɧɧɨɝɨ ɩɨɫɬɨɹɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 0 : 

   0j . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɜɵɪɚɠɟɧɢɸ (5.12) ɢɦɟɟɦ 

    0 0ɞɪ n pj . 

ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɩɨ ɷɥɟɤɬɪɨɧɚɦ ɢ ɩɨ ɞɵɪɤɚɦ 
ɦɨɝɭɬ ɛɵɬɶ ɧɚɣɞɟɧɵ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɡɨɧɟ ɪɚɡɪɟɲɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɷɧɟɪɝɢɢ (ɫɦ. ɭɱɟɛɧɨɟ 
ɩɨɫɨɛɢɟ ɩɨ ɤɭɪɫɭ Ɏɢɡɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ. 2011, ɝɥɚɜɚ 
1).  ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ, ɱɬɨ ɫɜɨɛɨɞɧɵɣ ɧɨɫɢɬɟɥɶ ɡɚɪɹɞɚ ɜ 
ɬɜɟɪɞɨɦ ɬɟɥɟ (ɜ ɨɬɥɢɱɢɟ ɨɬ ɜɚɤɭɭɦɧɨɣ ɫɢɫɬɟɦɵ) ɩɪɢ ɫɜɨɟɦ ɞɜɢɠɟɧɢɢ 
ɢɫɩɵɬɵɜɚɟɬ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɫɬɨɥɤɧɨɜɟɧɢɹ ɫ ɞɟɮɟɤɬɚɦɢ ɪɟɲɟɬɤɢ ɢ 
ɩɨɬɨɦɭ ɬɚɤɨɟ ɞɜɢɠɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɨ ɜɜɟɞɟɧɢɟɦ ɭɫɪɟɞɧɟɧɧɨɣ 
ɫɤɨɪɨɫɬɢ ɞɪɟɣɮɨɜɨɝɨ ɞɜɢɠɟɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ ɱɟɪɟɡ ɜɜɟɞɟɧɢɟ ɜ 
ɪɚɫɫɦɨɬɪɟɧɢɟ ɩɨɞɜɢɠɧɨɫɬɟɣ ɷɥɟɤɬɪɨɧɨɜ n  ɢ ɞɵɪɨɤ p . 

ɉɨɞɜɢɠɧɨɫɬɢ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɫɥɚɛɨ ɡɚɜɢɫɹɬ ɨɬ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ ɢ 
ɦɨɝɭɬ ɫɱɢɬɚɬɶɫɹ ɤɨɧɫɬɚɧɬɚɦɢ ɜɟɳɟɫɬɜɚ. ȼ ɢɬɨɝɟ ɩɨɥɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɫɜɨɛɨɞɧɵɯ 
ɷɥɟɤɬɪɨɧɨɜ 0n  ɢ ɞɵɪɨɤ 0p  ɢ ɢɯ ɩɨɞɜɢɠɧɨɫɬɹɦɢ: 

                                            00 pqnq pn   .                                  (5.13) 

     ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɧɟ 
ɬɨɥɶɤɨ ɢɡ-ɡɚ ɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɧɨ ɢ ɡɚ ɫɱɟɬ 
ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɜɨɛɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ 
ɡɚɪɹɞɚ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ. ȿɫɥɢ ɢɦɟɟɬɫɹ ɝɪɚɞɢɟɧɬ ɤɨɧɰɟɧɬɪɚɰɢɣ 
ɷɥɟɤɬɪɨɧɨɜ ɢ (ɢɥɢ) ɞɵɪɨɤ, ɬɨ ɢɡ ɦɟɫɬ ɫ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɫɜɨɛɨɞɧɵɟ ɧɨɫɢɬɟɥɢ ɭɫɬɪɟɦɹɬɫɹ ɜ ɦɟɫɬɚ, ɝɞɟ ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɟɧɶɲɟ 
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(ɧɚ ɬɨ ɨɧɢ ɫɜɨɛɨɞɧɵɟ ɧɨɫɢɬɟɥɢ, ɱɬɨ ɦɨɝɭɬ ɫɜɨɛɨɞɧɨ ɩɟɪɟɦɟɳɚɬɶɫɹ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ). ȼɨɡɧɢɤɚɸɳɢɣ ɩɪɢ ɷɬɨɦ ɬɨɤ ɧɚɡɵɜɚɟɬɫɹ 
ɞɢɮɮɭɡɢɨɧɧɵɦ, ɬ.ɤ. ɩɪɢɱɢɧɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɞɜɢɠɟɧɢɹ – ɞɢɮɮɭɡɢɹ 
ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. ȼɟɥɢɱɢɧɚ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɬɨɤɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 
ɝɪɚɞɢɟɧɬɭ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɜɨɛɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. ȼ ɨɞɧɨɦɟɪɧɨɦ 
ɫɥɭɱɚɟ ɞɢɮɮɭɡɢɨɧɧɵɟ ɬɨɤɢ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ ɪɚɜɧɵ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

                                
   ( ) ( ),ɞиф ɞиф

n n p p
n p

j qD j qD
x x

,                       (5.14) 

ɝɞɟ    ,n n p p
kT kT

D D
q q

 ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ ɷɥɟɤɬɪɨɧɨɜ ɢ 

ɞɵɪɨɤ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨɫɤɨɥɶɤɭ ɨɧɢ ɹɜɥɹɸɬɫɹ ɤɨɧɫɬɚɧɬɚɦɢ 
ɜɟɳɟɫɬɜɚ, ɬɨ, ɡɧɚɹ ɝɪɚɞɢɟɧɬɵ ɤɨɧɰɟɧɬɪɚɰɢɣ, ɩɨ ɜɵɪɚɠɟɧɢɹɦ (5.14) 

ɦɨɠɧɨ ɧɚɣɬɢ ɜɟɥɢɱɢɧɵ ɞɢɮɮɭɡɢɨɧɧɵɯ ɬɨɤɨɜ. 

 

5.2. ɉɊɂɆȿɊɕ  Ɋȿɒȿɇɂə ɁȺȾȺɑ  ɉɈ  ȼɕɑɂɋɅȿɇɂɘ 

ɁɈɇɇɈȽɈ  ɋɉȿɄɌɊȺ  ɉɈɅɍɉɊɈȼɈȾɇɂɄȺ ɂ ɌɈɄɈɉȿɊȿɇɈɋɍ 

 

 ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɪɚɡɞɟɥɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɶɡɨɜɚɬɶɫɹ 
ɫɩɪɚɜɨɱɧɵɦɢ ɞɚɧɧɵɦɢ ɩɨ ɱɢɫɥɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɩɚɪɚɦɟɬɪɨɜ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɪɚɡɥɢɱɧɨɝɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. ɗɬɢ 
ɞɚɧɧɵɟ ɫɨɛɪɚɧɵ ɜ ɤɨɧɰɟ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɝɨ ɩɨɫɨɛɢɹ. 
 Зɚɞɚɱɚ 1. ȼɵɱɢɫɥɢɬɶ ɩɨɥɨɠɟɧɢɟ ɭɪɨɜɧɹ Ɏɟɪɦɢ ɜ ɤɪɟɦɧɢɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɨɥɤɚ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɞɚɧɧɵɣ 
ɤɪɢɫɬɚɥɥ ɧɚɯɨɞɢɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ KT 300  ɢ ɫɨɞɟɪɠɢɬ 13104.1   

ɚɬɨɦɨɜ ɮɨɫɮɨɪɚ ɜ 1 ɫɦ3. ɉɪɢ ɪɟɲɟɧɢɢ ɭɱɟɫɬɶ, ɱɬɨ ɚɬɨɦɵ ɮɨɫɮɨɪɚ 
ɞɚɸɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ ɞɨɧɨɪɧɨɝɨ ɬɢɩɚ, ɤɨɬɨɪɵɣ ɥɟɠɢɬ ɜ 
ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɟ ɩɪɚɤɬɢɱɟɫɤɢ ɬɨɱɧɨ ɩɨ ɞɧɭ ɡɨɧɵ ɩɪɨɜɨɞɢɦɨɫɬɢ. 
 Ɋɟɲɟɧɢɟ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɨɥɨɠɟɧɢɹ ɭɪɨɜɧɹ 
Ɏɟɪɦɢ ɜ ɡɚɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ 
ɜɵɪɚɠɟɧɢɟɦ (5.3): 
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Ɂɞɟɫɶ ɪɚɜɧɨɜɟɫɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 0n  ɡɚɞɚɟɬɫɹ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɶɸ: 
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ɋɬɪɨɝɨ ɝɨɜɨɪɹ, ɢɦɟɟɦ ɬɪɚɧɫɰɟɧɞɟɧɬɧɨɟ ɭɪɚɜɧɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ F  
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,    (5.15) 

ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɪɟɲɢɬɶ ɩɪɢɛɥɢɠɟɧɧɵɦ ɦɟɬɨɞɨɦ, ɟɫɥɢ kTEF C 3 . 

ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɟɫɥɢ ɞɨɧɨɪɧɵɣ ɭɪɨɜɟɧɶ ɧɚɯɨɞɢɬɫɹ ɜɵɲɟ ɭɪɨɜɧɹ 
Ɏɟɪɦɢ ɧɚ ɟɞɢɧɢɰɵ kT , ɬɨ ɨɧ ɩɨɥɧɨɫɬɶɸ ɢɨɧɢɡɨɜɚɧ. Ɍɨɝɞɚ ɩɨɫɥɟɞɧɟɟ 
ɫɥɚɝɚɟɦɨɟ ɜ ɜɵɪɚɠɟɧɢɢ (5.15) ɦɨɠɧɨ ɪɚɡɥɨɠɢɬɶ ɜ ɪɹɞ ɩɨ ɦɚɥɨɦɭ 
ɩɚɪɚɦɟɬɪɭ  
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ɢ ɭɜɢɞɟɬɶ, ɱɬɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ  1ln  ɦɨɠɧɨ ɫ ɜɵɫɨɤɨɣ 
ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ ɫɱɢɬɚɬɶ ɪɚɜɧɵɦ  1ln , ɱɬɨ ɞɚɟɬ ɧɭɥɶ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɩɪɢɯɨɞɢɦ ɤ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ ɞɥɹ ɩɨɥɨɠɟɧɢɹ ɭɪɨɜɧɹ Ɏɟɪɦɢ ɜ 
ɥɟɝɢɪɨɜɚɧɧɨɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ: 
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ȿɫɥɢ ɫɱɢɬɚɬɶ ɩɨɥɨɠɟɧɢɟ ɭɪɨɜɧɹ Ɏɟɪɦɢ ɜ ɷɥɟɤɬɪɨɧɨɜɨɥɶɬɚɯ (ɷȼ), ɬɨ 
ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɫɥɟɞɭɟɬ ɪɚɡɞɟɥɢɬɶ ɧɚ ɡɚɪɹɞ ɷɥɟɤɬɪɨɧɚ: 
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ɝɞɟ iE  - ɡɚɞɚɧɨ ɭɠɟ ɜ ɷɥɟɤɬɪɨɧɨɜɨɥɶɬɚɯ. ɉɨɞɫɬɚɧɨɜɤɚ ɱɢɫɥɟɧɧɵɯ 
ɡɧɚɱɟɧɢɣ ɜ (5.16) ɞɚɟɬ  
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        ɂɡ ɩɪɨɜɟɞɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɫɥɟɞɭɟɬ ɜɚɠɧɵɣ ɜɵɜɨɞ: ɢɡɦɟɧɟɧɢɟ 
ɩɨɥɨɠɟɧɢɟ ɭɪɨɜɧɹ Ɏɟɪɦɢ ɡɚ ɫɱɟɬ ɪɚɡɥɢɱɢɹ ɷɮɮɟɤɬɢɜɧɵɯ ɦɚɫɫ 
ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɨɤɚɡɵɜɚɟɬɫɹ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɵɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɞɪɭɝɢɦɢ ɫɥɚɝɚɟɦɵɦɢ ɜ (5.16) ɢ ɩɨɷɬɨɦɭ ɧɟɜɚɠɧɨ: ɤɚɤɢɟ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɷɥɟɤɬɪɨɧɵ ɢ ɞɵɪɤɢ (ɥɟɝɤɢɟ ɢɥɢ ɬɹɠɟɥɵɟ) – ɪɟɡɭɥɶɬɚɬ 
ɛɭɞɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧ ɢ ɬɨɬ ɠɟ. Ɍɚɤɚɹ ɫɢɬɭɚɰɢɹ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ 
ɩɨɞɚɜɥɹɸɳɟɝɨ ɛɨɥɶɲɢɧɫɬɜɚ ɩɪɚɤɬɢɱɟɫɤɢ ɜɚɠɧɵɯ ɫɥɭɱɚɟɜ. ɉɨɷɬɨɦɭ 
ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɤɪɟɦɧɢɟɜɵɯ ɨɛɪɚɡɰɨɜ ɛɭɞɟɦ ɨɬɛɪɚɫɵɜɚɬɶ ɷɬɨ 
ɫɥɚɝɚɟɦɨɟ ɜ ɜɵɪɚɠɟɧɢɢ ɞɥɹ ɩɨɥɨɠɟɧɢɹ ɭɪɨɜɧɹ Ɏɟɪɦɢ. 
       Ⱦɚɥɟɟ, ɩɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɩɨɞɬɜɟɪɠɞɚɟɬ ɫɞɟɥɚɧɧɨɟ 
ɩɪɟɞɩɨɥɨɠɟɧɢɟ: ɭɪɨɜɟɧɶ Ɏɟɪɦɢ ɧɚɯɨɞɢɬɫɹ ɧɢɠɟ ɭɪɨɜɧɹ ɞɨɧɨɪɧɨɣ 
ɩɪɢɦɟɫɢ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɜ 38.074.012.1  FEFEE CVC  ɷȼ, 
ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ ɧɟɫɤɨɥɶɤɢɯ ɟɞɢɧɢɰ kT .     

      Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɪɨɜɟɧɶ Ɏɟɪɦɢ ɜ ɤɪɟɦɧɢɢ ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɧɟɦ 
ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 13104.1   ɫɦ-3 ɪɚɫɩɨɥɨɠɟɧ ɜ 
ɜɟɪɯɧɟɣ ɩɨɥɨɜɢɧɟ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 74.0F  ɷȼ, 
ɨɬɫɱɢɬɚɧɧɨɦ ɨɬ ɩɨɬɨɥɤɚ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ. 
 

     Зɚɞɚɱɚ 2. Ɉɩɪɟɞɟɥɢɬɶ ɩɨɥɨɠɟɧɢɟ ɞɨɧɨɪɧɨɝɨ ɭɪɨɜɧɹ dE  (ɜ 
ɷɥɟɤɬɪɨɧɨ-ɜɨɥɶɬɚɯ) ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɨɥɤɚ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ VE  ɜ 
ɤɪɟɦɧɢɟɜɨɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɦ ɨɛɪɚɡɰɟ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɜ ɧɟɦ ɪɚɜɧɚ 14

0 106.6 n  ɫɦ 3 , 

ɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɜɟɞɟɧɧɨɣ  ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 14100.9 dN  ɫɦ 3 ? 

     Ɋɟɲɟɧɢɟ. ɉɨɫɤɨɥɶɤɭ ɩɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ ɡɚɞɚɧɚ ɪɚɜɧɨɜɟɫɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɤɬɪɨɧɨɜ, ɬɨ ɬɟɦ ɫɚɦɵɦ ɡɚɞɚɧɨ ɩɨɥɨɠɟɧɢɟ ɭɪɨɜɧɹ 
Ɏɟɪɦɢ ɜ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ 
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ɗɬɨ ɩɨɥɨɠɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɨɥɤɚ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ, ɚ 
ɜ ɩɟɪɟɜɨɞɟ ɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɨɧɨ-ɜɨɥɶɬɵ ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɩɪɢɦɟɬ ɜɢɞ: 
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.                (5.17) 

Ɍɟɩɟɪɶ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɬɟɦ, ɱɬɨ ɩɪɢ ɡɚɞɚɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɷɥɟɤɬɪɨɧɨɜ ɢɡɜɟɫɬɧɚ ɬɚɤɠɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ, ɫɜɹɡɶ 
ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɮɭɧɤɰɢɟɣ Ɏɟɪɦɢ-Ⱦɢɪɚɤɚ: 
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ɝɞɟ ɜɫɟ ɜɟɥɢɱɢɧɵ ɢɡɜɟɫɬɧɵ ɤɪɨɦɟ ɷɧɟɪɝɢɢ ɢɨɧɢɡɚɰɢɢ ɞɨɧɨɪɧɨɣ 
ɩɪɢɦɟɫɢ dE . Ɋɚɡɪɟɲɚɹ ɜɵɪɚɠɟɧɢɟ (5.18) ɨɬɧɨɫɢɬɟɥɶɧɨ dE , ɩɨɥɭɱɢɦ 
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Ɂɞɟɫɶ ɩɨɥɨɠɟɧɢɟ ɭɪɨɜɧɹ Ɏɟɪɦɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ (5.17).  

      Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɜɦɟɫɬɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɵɪɚɠɟɧɢɣ (5.17) ɢ 
(5.19) ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɩɨɥɨɠɟɧɢɟ ɞɨɧɨɪɧɨɝɨ ɭɪɨɜɧɹ ɜ 
ɱɢɫɥɟɧɧɨɦ ɜɵɪɚɠɟɧɢɢ. ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɫɩɪɚɜɨɱɧɵɦɢ ɞɚɧɧɵɦɢ 

ɡɧɚɱɟɧɢɹ ɞɥɹ ( ) 1,12/ 2 0,56
2

g
i

E
E эȼ эȼ

   , ɷɮɮɟɤɬɢɜɧɵɯ ɦɚɫɫ 

ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ, ɚ ɬɚɤɠɟ ɫɨɛɫɬɜɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɨɫɢɬɟɥɟɣ 
ɡɚɪɹɞɚ ɜ ɤɪɟɦɧɢɢ 10104.1 in  ɫɦ 3 , ɢɡ ɜɵɪɚɠɟɧɢɹ (5.17) ɧɚɣɞɟɦ: 
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     Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɜɟɬ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɣ ɜ ɡɚɞɚɱɟ ɜɨɩɪɨɫ ɬɚɤɨɜ:  
0.72 .d VE E эȼ   

 

   Зɚɞɚɱɚ 3. Ʉɚɤɨɣ ɞɨɥɠɧɚ ɛɵɬɶ ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ, 
ɜɜɨɞɢɦɨɣ ɜ ɨɛɪɚɡɟɰ ɤɪɟɦɧɢɹ n ɬɢɩɚ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɷɥɟɤɬɪɨɧɨɜ 

16
0 104.2 n ɫɦ 3  ɞɥɹ ɩɨɥɭɱɟɧɢɹ p ɬɢɩɚ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɵɪɨɤ 

17
0 108.2 p ɫɦ 3 , ɟɫɥɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ ɜɜɨɞɢɦɨɣ 

ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ aE  ɭɞɚɥɟɧ ɨɬ ɩɨɬɨɥɤɚ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ ɧɚ 
ɪɚɫɫɬɨɹɧɢɟ 0,12a VE E эȼ  ? 

    Ɋɟɲɟɧɢɟ. ɉɨɫɥɟ ɜɜɟɞɟɧɢɹ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ ɭɪɨɜɟɧɶ ɞɨɧɨɪɧɨɣ  
ɩɪɢɦɟɫɢ ɨɤɚɠɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ (ɛɨɥɟɟ ɱɟɦ ɧɚ ɧɟɫɤɨɥɶɤɨ ɟɞɢɧɢɰ 
kT ) ɭɪɨɜɧɹ Ɏɟɪɦɢ ɢ ɩɨɬɨɦɭ ɛɭɞɟɬ ɩɨɥɧɨɫɬɶɸ ɢɨɧɢɡɨɜɚɧ. 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɤɜɚɧɬ ɤɨɥɟɛɚɧɢɹ ɪɟɲɟɬɤɢ ɜ ɟɞɢɧɢɰɚɯ ɷɥɟɤɬɪɨɧɨ-ɜɨɥɶɬ 
ɫɨɫɬɚɜɥɹɟɬ 
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2 2
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10 2.59 10 ( )
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kT эȼ
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      . 

ɉɨɷɬɨɦɭ ɡɚɩɪɟɳɟɧɧɚɹ ɡɨɧɚ ɤɪɟɦɧɢɹ ɜ ɟɞɢɧɢɰɚɯ ɤɜɚɧɬɨɜ ɬɟɩɥɨɜɵɯ 
ɤɨɥɟɛɚɧɢɣ ɪɟɲɟɬɤɢ ɫɨɫɬɚɜɥɹɟɬ 

3.4310
59.2

12.1 2 
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟɪɯɧɹɹ ɢ ɧɢɠɧɹɹ ɩɨɥɨɜɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ, ɜ 
ɤɨɬɨɪɵɯ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɞɨɧɨɪɧɵɟ ɢ ɚɤɰɟɩɬɨɪɧɵɟ ɭɪɨɜɧɢ ɥɟɝɢɪɭɸɳɢɯ 
ɩɪɢɦɟɫɟɣ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɟɥɢɤɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɥɚɫɬɶɸ 
ɩɟɪɟɡɚɪɹɞɤɢ ɩɪɢɦɟɫɧɨɝɨ ɭɪɨɜɧɹ  

 
q

kT
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ɗɬɚ ɨɛɥɚɫɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɨɛɥɚɫɬɟɣ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɢɦɟɫɧɵɯ ɭɪɨɜɧɟɣ.  
    Ʉɨɧɰɟɧɬɪɚɰɢɹ ɫɜɨɛɨɞɧɵɯ ɞɵɪɨɤ 0p  ɜ ɜɚɥɟɧɬɧɨɣ ɡɨɧɟ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɪɚɜɧɚ ɪɚɡɧɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɢɨɧɢɡɨɜɚɧɧɵɯ 
ɚɤɰɟɩɬɨɪɨɜ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨɧɨɪɨɜ: 
                                              daa NEfNp 0 ,                               (5.20) 

ɝɞɟ ɮɭɧɤɰɢɹ ɡɚɩɨɥɧɟɧɢɹ ɷɥɟɤɬɪɨɧɚɦɢ ɚɤɰɟɩɬɨɪɧɨɝɨ ɭɪɨɜɧɹ ɟɫɬɶ 

 



 


kT
FE

Ef
a

a
exp1

1
. 

ɂɡ ɜɵɪɚɠɟɧɢɹ (5.20) ɧɚɣɞɟɦ ɤɨɧɰɟɧɬɪɚɰɢɸ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ: 

                               


 


 
kT

FE
NpN a

da exp10 .                        (5.21) 

Ɂɞɟɫɶ ɩɨɥɨɠɟɧɢɟ ɭɪɨɜɧɹ Ɏɟɪɦɢ F  ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɨɥɤɚ ɜɚɥɟɧɬɧɨɣ 
ɡɨɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɠɟ ɢɡɜɟɫɬɧɵɦ ɨɛɪɚɡɨɦ (ɫɦ. (5.17)): 
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ɉɟɪɟɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ (5.21) ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ, ɭɜɹɡɚɜ ɩɨɥɨɠɟɧɢɟ 
ɚɰɟɩɬɨɪɧɨɝɨ ɭɪɨɜɧɹ ɫ ɩɨɬɨɥɤɨɦ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ: 
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ɢɥɢ ɜ ɬɚɤɨɦ ɜɢɞɟ: 
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Ɉɤɨɧɱɚɬɟɥɶɧɨ: 
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10  .              (5.22) 

 

Ɍɟɩɟɪɶ ɩɨɞɫɬɚɜɢɦ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɞɚɧɧɨɟ ɜɵɪɚɠɟɧɢɟ: 
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Ⱦɚɥɟɟ, ɩɨɞɫɬɚɜɢɜ ɷɬɢ ɡɧɚɱɟɧɢɹ ɜ ɜɵɪɚɠɟɧɢɟ (5.22), ɩɨɥɭɱɢɦ: 
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ȼɵɱɢɫɥɢɜ   510
228

1
17exp  , ɧɚɣɞɟɦ 

    17175717 106.588.01100.310228/1021100.3 aN  ɫɦ 3 . 

    Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɦɩɟɧɫɢɪɭɸɳɟɣ ɩɪɢɦɟɫɢ ɫ 
ɡɚɞɚɧɧɵɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɩɨɥɨɠɟɧɢɟɦ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ 

17 35.6 10 ɫɦ . 
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    Зɚɞɚɱɚ 4. Ɋɚɫɫɱɢɬɚɬɶ ɭɞɟɥɶɧɭɸ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɤɪɢɫɬɚɥɥɚ 
ɝɟɪɦɚɧɢɹ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɭɪɨɜɟɧɶ ɟɝɨ 
ɥɟɝɢɪɨɜɚɧɢɹ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɶɸ ɫɨɫɬɚɜɥɹɟɬ 15102 dN  ɫɦ-3. 

    Ɋɟɲɟɧɢɟ.   ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɤɪɢɫɬɚɥɥɚ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɞɜɢɠɟɧɢɟɦ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ. 
ɉɨɷɬɨɦɭ ɨɧɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɫɥɚɝɚɟɦɵɯ: ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɦɩɨɧɟɧɬɵ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɞɵɪɨɱɧɨɣ, ɱɬɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɵɪɚɠɟɧɢɹ 
(5.10) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ 
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n
qnqpqnq i
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2  .                   (5.23) 

ɉɨɥɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɤɬɪɨɧɨɜ ɜ ɡɨɧɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɪɚɜɧɚ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ. ɉɨɷɬɨɦɭ, ɩɪɟɞɩɨɥɚɝɚɹ ɩɨɥɧɭɸ 
ɢɨɧɢɡɚɰɢɸ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ: 

dNn  . 

Ɍɨɝɞɚ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɤɪɢɫɬɚɥɥɚ ɝɟɪɦɚɧɢɹ (5.23) ɛɭɞɟɬ ɪɚɜɧɚ: 
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2  .                                   (5.24) 

ɉɨɞɫɬɚɜɢɜ ɢɡ ɉɪɢɥɨɠɟɧɢɹ 1 ɜ ɜɵɪɚɠɟɧɢɟ (5.24) ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 
ɩɨɞɜɢɠɧɨɫɬɟɣ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ ɜ ɝɟɪɦɚɧɢɢ, ɩɨɥɭɱɢɦ: 
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ɂɬɚɤ, ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢɫɫɥɟɞɭɟɦɨɝɨ ɤɪɢɫɬɚɥɥɚ ɝɟɪɦɚɧɢɹ ɪɚɜɧɚ 
1,2 Ɉɦ-1ɫɦ-1. 

 

 Зɚɞɚɱɚ 5. ɑɟɪɟɡ ɨɛɪɚɡɟɰ ɚɪɫɟɧɢɞɚ ɝɚɥɥɢɹ, ɥɟɝɢɪɨɜɚɧɧɵɣ 
ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɶɸ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 15104,1   ɫɦ-3,  ɩɪɨɬɟɤɚɟɬ ɬɨɤ 
ɜɟɥɢɱɢɧɨɸ 310  Ⱥ. Ɋɚɡɦɟɪɵ ɨɛɪɚɡɰɚ  0,131,031,0   ɫɦ3 . Ɂɚ ɤɚɤɨɟ 
ɜɪɟɦɹ ɷɥɟɤɬɪɨɧɵ ɩɪɨɥɟɬɚɸɬ ɷɬɨɬ ɨɛɪɚɡɟɰ? ɋɱɢɬɚɬɶ, ɱɬɨ ɬɨɤ ɬɟɱɟɬ 
ɜɞɨɥɶ ɛɨɥɶɲɟɣ ɫɬɨɪɨɧɵ ɤɪɢɫɬɚɥɥɚ. 
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 Ɋɟɲɟɧɢɟ. ɑɬɨɛɵ ɧɚɣɬɢ ɜɪɟɦɹ ɩɪɨɥɟɬɚ ɷɥɟɤɬɪɨɧɚɦɢ ɨɛɪɚɡɰɚ, 
ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɫɤɨɪɨɫɬɶ ɞɪɟɣɮɚ ɷɥɟɤɬɪɨɧɨɜ - n , ɬ.ɤ. ɞɥɢɧɚ 
ɨɛɪɚɡɰɚ ɢɡɜɟɫɬɧɚ: 

                                             
n

L
t   .                                                  (5.25) 

ɋɤɨɪɨɫɬɶ ɷɥɟɤɬɪɨɧɨɜ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɚ ɱɟɪɟɡ ɢɯ ɩɨɞɜɢɠɧɨɫɬɶ: 

                                              
 n

n   ,                                              (5.26) 

ɝɞɟ   - ɜɟɥɢɱɢɧɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɩɪɢɥɨɠɟɧɧɨɝɨ ɤ ɤɪɢɫɬɚɥɥɭ. ȿɟ 
ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɡɚɤɨɧɚ Ɉɦɚ: 

                                                Ej  .                                             (5.27) 

Ɂɧɚɱɢɬ, ɢɫɤɨɦɚɹ ɧɟɢɡɜɟɫɬɧɚɹ ɛɭɞɟɬ ɜɵɱɢɫɥɹɬɶɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
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ɉɥɨɬɧɨɫɬɶ ɬɨɤɚ ɦɨɠɧɨ ɧɚɣɬɢ ɩɨ ɢɡɜɟɫɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɬɨɤɚ ɱɟɪɟɡ 
ɨɛɪɚɡɟɰ I  ɢ ɩɥɨɳɚɞɢ ɨɛɪɚɡɰɚ   11031,031,0 S  ɫɦ2 : 
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Ɉɤɨɧɱɚɬɟɥɶɧɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɩɪɨɥɟɬɚ 
ɷɥɟɤɬɪɨɧɚɦɢ ɨɛɪɚɡɰɚ ɛɭɞɟɬ 
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ɉɨɞɫɬɚɜɢɜ ɢɡ ɉɪɢɥɨɠɟɧɢɹ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɚɪɫɟɧɢɞɚ 
ɝɚɥɥɢɹ, ɩɨɥɭɱɢɦ: 
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ɂɬɚɤ, ɨɬɜɟɬ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɣ ɜɨɩɪɨɫ ɬɚɤɨɜ: ɷɥɟɤɬɪɨɧ ɩɪɨɥɟɬɢɬ 
ɨɛɪɚɡɟɰ ɡɚ 22 ɦɢɥɥɢɫɟɤɭɧɞɵ. 
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    Зɚɞɚɱɚ 6. Ɋɚɫɫɱɢɬɚɬɶ ɜɟɥɢɱɢɧɭ ɩɥɨɬɧɨɫɬɢ ɩɨɥɧɨɝɨ ɞɢɮɮɭɡɢɨɧɧɨɝɨ 
ɬɨɤɚ (ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ) ɜ ɤɪɟɦɧɢɟɜɨɦ ɨɛɪɚɡɰɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɭɪɨɜɟɧɶ ɟɝɨ ɥɟɝɢɪɨɜɚɧɢɹ ɞɨɧɨɪɧɨɣ 
ɩɪɢɦɟɫɶɸ ɫɨɫɬɚɜɥɹɟɬ 15102 dN  ɫɦ 3 , ɚ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ 
ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ ɨɬ ɤɨɨɪɞɢɧɚɬɵ ɨɩɢɫɵɜɚɸɬɫɹ ɜɵɪɚɠɟɧɢɹɦɢ:   
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Ɂɞɟɫɶ bapn ,.,   - ɧɟɤɢɟ ɩɨɫɬɨɹɧɧɵɟ ɜɟɥɢɱɢɧɵ. 
    Ɋɟɲɟɧɢɟ.  ɉɥɨɬɧɨɫɬɶ ɩɨɥɧɨɝɨ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɬɨɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɪɚɡɧɨɫɬɶ ɞɢɮɮɭɡɢɨɧɧɵɯ ɬɨɤɨɜ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ 
ɨɞɢɧɚɤɨɜɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɞɜɢɠɟɧɢɹ ɩɟɪɟɧɨɫɹɬɫɹ ɡɚɪɹɞɵ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɡɧɚɤɨɜ 

( ) ( ) ( )ɞиф ɞиф ɞиф
n p n p

n p
j j j qD qD

x x
      . 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɝɪɚɞɢɟɧɬɵ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ, ɱɬɨ ɫɟɣɱɚɫ ɫɞɟɥɚɟɦ:      
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɩɨɥɧɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɛɭɞɟɬ: 

( ) 2 ( ) ( ) 2 ( ) ( )ɞиф
p nj q x b p x q x a n x       .                 (5.29) 

Ⱦɚɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɹɜɥɹɟɬɫɹ ɨɬɜɟɬɨɦ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɣ ɜ ɡɚɞɚɱɟ 
ɜɨɩɪɨɫ. 

5.3. ȼȺɊɂȺɇɌɕ  ɁȺȾȺɇɂɃ  ɉɈ  ȼɕɑɂɋɅȿɇɂɘ   
ɁɈɇɇɈȽɈ  ɋɉȿɄɌɊȺ  ɉɈɅɍɉɊɈȼɈȾɇɂɄȺ ɂ ɌɈɄɈɉȿɊȿɇɈɋɍ 

Ʉ  ɄɈɇɌɊɈɅɖɇɈɃ  ɊȺȻɈɌȿ  № 1 
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ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɪɚɡɞɟɥɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɶɡɨɜɚɬɶɫɹ 
ɫɩɪɚɜɨɱɧɵɦɢ ɞɚɧɧɵɦɢ ɩɨ ɱɢɫɥɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɩɚɪɚɦɟɬɪɨɜ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɪɚɡɥɢɱɧɨɝɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. ɗɬɢ 
ɞɚɧɧɵɟ ɫɨɛɪɚɧɵ ɜ ɤɨɧɰɟ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɝɨ ɩɨɫɨɛɢɹ. 
1. Ɉɩɪɟɞɟɥɢɬɟ ɩɨɥɨɠɟɧɢɟ ɭɪɨɜɧɹ Ɏɟɪɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɨɥɤɚ 

ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ ɜ ɤɪɟɦɧɢɟɜɨɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ p - ɬɢɩɚ ɢ 
ɤɨɧɰɟɧɬɪɚɰɢɸ ɧɟɨɫɧɨɜɧɵɯ ɧɨɫɢɬɟɥɟɣ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ ɜ ɧɟɦ ɪɚɜɧɚ 1610aN  ɫɦ-3. 

2. Ɉɩɪɟɞɟɥɢɬɟ ɩɨɥɨɠɟɧɢɟ ɭɪɨɜɧɹ Ɏɟɪɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɨɥɤɚ 
ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ ɜ ɤɪɟɦɧɢɟɜɨɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ n - ɬɢɩɚ ɢ 
ɤɨɧɰɟɧɬɪɚɰɢɸ ɧɟɨɫɧɨɜɧɵɯ ɧɨɫɢɬɟɥɟɣ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ ɜ ɧɟɦ ɪɚɜɧɚ 1610dN  ɫɦ-3. 

3. Ɉɩɪɟɞɟɥɢɬɟ ɩɨɥɨɠɟɧɢɟ ɭɪɨɜɧɹ Ɏɟɪɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɟɪɟɞɢɧɵ 
ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɜ ɝɟɪɦɚɧɢɟɜɨɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ p - ɬɢɩɚ ɢ 
ɤɨɧɰɟɧɬɪɚɰɢɸ ɧɟɨɫɧɨɜɧɵɯ ɧɨɫɢɬɟɥɟɣ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ ɜ ɧɟɦ ɪɚɜɧɚ 1710aN  ɫɦ-3. 

4. Ɉɩɪɟɞɟɥɢɬɟ ɩɨɥɨɠɟɧɢɟ ɭɪɨɜɧɹ Ɏɟɪɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɨɥɤɚ 
ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɦ ɨɛɪɚɡɰɟ GaAs  p - ɬɢɩɚ ɢ 
ɤɨɧɰɟɧɬɪɚɰɢɸ ɧɟɨɫɧɨɜɧɵɯ ɧɨɫɢɬɟɥɟɣ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ ɜ ɧɟɦ ɪɚɜɧɚ 1510aN  ɫɦ-3. 

5. Ɉɩɪɟɞɟɥɢɬɶ ɩɨɥɨɠɟɧɢɟ ɚɤɰɟɩɬɨɪɧɨɝɨ ɭɪɨɜɧɹ aE  (ɜ ɷɥɟɤɬɪɨɧɨ-

ɜɨɥɶɬɚɯ) ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɨɥɤɚ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ VE  ɜ ɤɪɟɦɧɢɟɜɨɦ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɦ ɨɛɪɚɡɰɟ p ɬɢɩɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɜɨɛɨɞɧɵɯ ɞɵɪɨɤ ɜ ɧɟɦ ɪɚɜɧɚ 14

0 106.6 p  ɫɦ 3 , ɚ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ 14100.9 aN  ɫɦ 3 ? 

6. Ɉɩɪɟɞɟɥɢɬɶ ɩɨɥɨɠɟɧɢɟ ɞɨɧɨɪɧɨɝɨ ɭɪɨɜɧɹ dE  (ɜ ɷɥɟɤɬɪɨɧɨ-

ɜɨɥɶɬɚɯ) ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɨɥɤɚ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ VE  ɜ ɝɟɪɦɚɧɢɟɜɨɦ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɦ ɨɛɪɚɡɰɟ n ɬɢɩɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɜ ɧɟɦ ɪɚɜɧɚ 14

0 106.5 n  

ɫɦ 3 , ɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 14108.8 dN  ɫɦ 3 ? 

7. Ɉɩɪɟɞɟɥɢɬɶ ɩɨɥɨɠɟɧɢɟ ɞɨɧɨɪɧɨɝɨ ɭɪɨɜɧɹ dE  (ɜ ɷɥɟɤɬɪɨɧɨ-ɜɨɥɶɬɚɯ) 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɨɥɤɚ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ VE  ɜ ɚɪɫɟɧɢɞ-ɝɚɥɥɢɟɜɨɦ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɦ ɨɛɪɚɡɰɟ n ɬɢɩɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ 



 

32 

 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɜ ɧɟɦ ɪɚɜɧɚ 12
0 106.1 n  

ɫɦ 3 , ɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 12102.3 dN  ɫɦ 3 ? 

8. Ɉɩɪɟɞɟɥɢɬɶ ɩɨɥɨɠɟɧɢɟ ɚɤɰɟɩɬɨɪɧɨɝɨ ɭɪɨɜɧɹ aE  (ɜ ɷɥɟɤɬɪɨɧɨ-

ɜɨɥɶɬɚɯ) ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɨɥɤɚ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ VE  ɜ ɚɪɫɟɧɢɞ-

ɝɚɥɥɢɟɜɨɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɦ ɨɛɪɚɡɰɟ p ɬɢɩɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɜɨɛɨɞɧɵɯ ɞɵɪɨɤ ɜ ɧɟɦ ɪɚɜɧɚ 12

0 106.3 p  ɫɦ 3 , ɚ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ 12106.9 aN  ɫɦ 3 ?  

9. Ɉɩɪɟɞɟɥɢɬɶ ɩɨɥɨɠɟɧɢɟ ɞɨɧɨɪɧɨɝɨ ɭɪɨɜɧɹ dE  (ɜ ɷɥɟɤɬɪɨɧɨ-ɜɨɥɶɬɚɯ) 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɨɥɤɚ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ VE  ɜ ɝɟɪɦɚɧɢɟɜɨɦ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɦ ɨɛɪɚɡɰɟ n ɬɢɩɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɜɨɛɨɞɧɵɯ ɞɵɪɨɤ ɜ ɧɟɦ ɪɚɜɧɚ 13

0 106.2 p  ɫɦ 3 , ɚ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 13107.7 dN  ɫɦ 3 ? 

10. Ʉɚɤɨɣ ɞɨɥɠɧɚ ɛɵɬɶ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɦɩɟɧɫɢɪɭɸɳɟɣ ɚɤɰɟɩɬɨɪɧɨɣ 
ɩɪɢɦɟɫɢ, ɜɜɨɞɢɦɨɣ ɜ ɨɛɪɚɡɟɰ ɚɪɫɟɧɢɞɚ ɝɚɥɥɢɹ n ɬɢɩɚ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɷɥɟɤɬɪɨɧɨɜ 16

0 104.2 n ɫɦ 3  ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
p ɬɢɩɚ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɵɪɨɤ 17

0 108.2 p ɫɦ 3 , ɟɫɥɢ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ ɜɜɨɞɢɦɨɣ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ aE  ɭɞɚɥɟɧ 
ɨɬ ɩɨɬɨɥɤɚ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ ɧɚ ɪɚɫɫɬɨɹɧɢɟ 0,12a VE E эȼ  ? 

11. Ʉɚɤɨɣ ɞɨɥɠɧɚ ɛɵɬɶ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɦɩɟɧɫɢɪɭɸɳɟɣ ɞɨɧɨɪɧɨɣ 
ɩɪɢɦɟɫɢ, ɜɜɨɞɢɦɨɣ ɜ ɨɛɪɚɡɟɰ ɚɪɫɟɧɢɞɚ ɝɚɥɥɢɹ p ɬɢɩɚ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɵɪɨɤ 12

0 104.2 p ɫɦ 3  ɞɥɹ ɩɨɥɭɱɟɧɢɹ n ɬɢɩɚ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɷɥɟɤɬɪɨɧɨɜ 13

0 108.2 n ɫɦ 3 , ɟɫɥɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ 
ɭɪɨɜɟɧɶ ɜɜɨɞɢɦɨɣ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ dE  ɭɞɚɥɟɧ ɨɬ ɩɨɬɨɥɤɚ 
ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ ɧɚ ɪɚɫɫɬɨɹɧɢɟ 1,35d VE E эȼ  ? 

12. Ʉɚɤɨɣ ɞɨɥɠɧɚ ɛɵɬɶ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɦɩɟɧɫɢɪɭɸɳɟɣ ɞɨɧɨɪɧɨɣ 
ɩɪɢɦɟɫɢ, ɜɜɨɞɢɦɨɣ ɜ ɨɛɪɚɡɟɰ ɤɪɟɦɧɢɹ p ɬɢɩɚ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɞɵɪɨɤ 17

0 104.1 p ɫɦ 3  ɞɥɹ ɩɨɥɭɱɟɧɢɹ n ɬɢɩɚ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɷɥɟɤɬɪɨɧɨɜ 17

0 108.2 n ɫɦ 3 , ɟɫɥɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ 
ɜɜɨɞɢɦɨɣ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ dE  ɭɞɚɥɟɧ ɨɬ ɩɨɬɨɥɤɚ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ 
ɧɚ ɪɚɫɫɬɨɹɧɢɟ 1,0d VE E эȼ  ? 
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13. Ʉɚɤɨɣ ɞɨɥɠɧɚ ɛɵɬɶ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɦɩɟɧɫɢɪɭɸɳɟɣ ɞɨɧɨɪɧɨɣ 
ɩɪɢɦɟɫɢ, ɜɜɨɞɢɦɨɣ ɜ ɨɛɪɚɡɟɰ ɝɟɪɦɚɧɢɹ p ɬɢɩɚ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɞɵɪɨɤ 14

0 107.2 p ɫɦ 3  ɞɥɹ ɩɨɥɭɱɟɧɢɹ n ɬɢɩɚ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɷɥɟɤɬɪɨɧɨɜ 14

0 108.4 n ɫɦ 3 , ɟɫɥɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ 
ɜɜɨɞɢɦɨɣ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ dE  ɭɞɚɥɟɧ ɨɬ ɩɨɬɨɥɤɚ ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ 
ɧɚ ɪɚɫɫɬɨɹɧɢɟ 0,60d VE E эȼ  ? 

14. Ɉɛɪɚɡɟɰ ɚɪɫɟɧɢɞɚ ɝɚɥɥɢɹ ɫɨɞɟɪɠɢɬ ɞɨɧɨɪɧɭɸ ɩɪɢɦɟɫɶ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ 14102 dN ɫɦ-3. Ɉɩɪɟɞɟɥɢɬɶ ɭɞɟɥɶɧɭɸ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɬɢɩ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ. Ʉɚɤɨɣ 
ɞɨɥɠɧɚ ɛɵɬɶ ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɨɧɨɪɨɜ, ɱɬɨɛɵ ɭɞɟɥɶɧɚɹ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɜɧɹɥɚɫɶ 2102,6   Ɉɦ-1 ɦ-1? 

15. Ɉɛɪɚɡɟɰ ɝɟɪɦɚɧɢɹ ɫɨɞɟɪɠɢɬ ɚɤɰɟɩɬɨɪɧɭɸ ɩɪɢɦɟɫɶ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ 15102 aN ɫɦ-3. Ɉɩɪɟɞɟɥɢɬɶ ɭɞɟɥɶɧɭɸ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɬɢɩ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ. Ʉɚɤɨɣ 
ɞɨɥɠɧɚ ɛɵɬɶ ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɨɧɨɪɨɜ, ɱɬɨɛɵ ɭɞɟɥɶɧɚɹ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɜɧɹɥɚɫɶ ɫɨɛɫɬɜɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ? 

16. Ⱦɪɟɣɮɨɜɵɣ ɬɨɤ ɩɥɨɬɧɨɫɬɶɸ 310  Ⱥ/ɫɦ2 ɬɟɱɟɬ ɱɟɪɟɡ ɨɛɪɚɡɟɰ 
ɝɟɪɦɚɧɢɹ n-ɬɢɩɚ ɩɪɨɜɨɞɢɦɨɫɬɢ ɫ ɭɞɟɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 5  

Ɉɦɫɦ. Ɂɚ ɤɚɤɨɟ ɜɪɟɦɹ ɷɥɟɤɬɪɨɧɵ ɢ ɞɵɪɤɢ ɩɪɨɣɞɭɬ ɪɚɫɫɬɨɹɧɢɟ 
3105   cɦ? 

17. Ⱦɪɟɣɮɨɜɵɣ ɬɨɤ ɩɥɨɬɧɨɫɬɶɸ 1,0  Ⱥ/ɫɦ2 ɬɟɱɟɬ ɱɟɪɟɡ ɨɛɪɚɡɟɰ ɤɪɟɦɧɢɹ 
p-ɬɢɩɚ ɩɪɨɜɨɞɢɦɨɫɬɢ ɫ ɭɞɟɥɶɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 55,0  Ɉɦɫɦ. Ɂɚ 
ɤɚɤɨɟ ɜɪɟɦɹ ɷɥɟɤɬɪɨɧɵ ɢ ɞɵɪɤɢ ɩɪɨɣɞɭɬ ɪɚɫɫɬɨɹɧɢɟ 2105   cɦ? 

18. Ɋɚɫɫɱɢɬɚɬɶ ɜɟɥɢɱɢɧɭ ɩɥɨɬɧɨɫɬɢ ɩɨɥɧɨɝɨ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɬɨɤɚ 
(ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ) ɜ ɤɪɟɦɧɢɟɜɨɦ ɨɛɪɚɡɰɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɥɟɤɬɪɨɧɨɜ 
ɢ ɞɵɪɨɤ ɨɬ ɤɨɨɪɞɢɧɚɬɵ ɨɩɢɫɵɜɚɸɬɫɹ ɜɵɪɚɠɟɧɢɹɦɢ:  
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                     . 

19. Ɋɚɫɫɱɢɬɚɬɶ ɜɟɥɢɱɢɧɭ ɩɥɨɬɧɨɫɬɢ ɩɨɥɧɨɝɨ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɬɨɤɚ 
(ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ) ɜ ɤɪɟɦɧɢɟɜɨɦ ɨɛɪɚɡɰɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɥɟɤɬɪɨɧɨɜ 
ɢ ɞɵɪɨɤ ɨɬ ɤɨɨɪɞɢɧɚɬɵ ɨɩɢɫɵɜɚɸɬɫɹ ɜɵɪɚɠɟɧɢɹɦɢ:  
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20. Ɋɚɫɫɱɢɬɚɬɶ ɜɟɥɢɱɢɧɭ ɩɥɨɬɧɨɫɬɢ ɩɨɥɧɨɝɨ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɬɨɤɚ 
(ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ) ɜ ɤɪɟɦɧɢɟɜɨɦ ɨɛɪɚɡɰɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɥɟɤɬɪɨɧɨɜ 
ɢ ɞɵɪɨɤ ɨɬ ɤɨɨɪɞɢɧɚɬɵ ɨɩɢɫɵɜɚɸɬɫɹ ɜɵɪɚɠɟɧɢɹɦɢ:  
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6. «ȼɁȺɂɆɈȾȿɃɋɌȼɂȿ  ɈɉɌɂɑȿɋɄɈȽɈ  ɂɁɅɍɑȿɇɂə  
ɋ  ɌȼȿɊȾɕɆɂ  ɌȿɅȺɆɂ» 

6.1.  ɄɊȺɌɄɈȿ  ɂɁɅɈɀȿɇɂȿ  ɌȿɈɊɂɂ 

 
ɉɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɬɜɟɪɞɨɦ 

ɬɟɥɟ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ ɦɨɧɨɬɨɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ. ȿɫɥɢ 
ɩɚɪɚɦɟɬɪɵ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɩɨɫɬɨɹɧɧɵ ɩɨ ɤɨɨɪɞɢɧɚɬɟ ɯ, ɜɞɨɥɶ ɤɨɬɨɪɨɣ 
ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɢɡɥɭɱɟɧɢɹ, ɬɨ ɭɦɟɧɶɲɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨ ɦɟɪɟ 
ɭɞɚɥɟɧɢɹ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɭ Ȼɭɝɟɪɚ-

Ʌɚɦɛɟɪɬɚ: 
                                xRIxI  exp1)( 0 .                             (6.1) 

Ɂɞɟɫɶ R - ɛɟɡɪɚɡɦɟɪɧɚɹ ɜɟɥɢɱɢɧɚ, ɢɦɟɧɭɟɦɚɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɨɬɪɚɠɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ,  - ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ. Ɉɧ ɢɦɟɟɬ ɪɚɡɦɟɪɧɨɫɬɶ ɨɛɪɚɬɧɨɣ ɞɥɢɧɵ, ɢ 
ɩɨɬɨɦɭ ɜɜɨɞɹɬ ɟɳɟ ɨɞɢɧ  ɩɚɪɚɦɟɬɪ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɡɥɭɱɟɧɢɹ ɫ ɬɜɟɪɞɵɦ ɬɟɥɨɦ – ɞɥɢɧɭ ɫɜɨɛɨɞɧɨɝɨ 
ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ: 

                                                    1ф .                                        (6.2) 

Ɉɧɚ ɪɚɜɧɚ ɫɪɟɞɧɟɦɭ ɪɚɫɫɬɨɹɧɢɸ, ɤɨɬɨɪɨɟ ɩɪɨɯɨɞɢɬ ɮɨɬɨɧ ɜ ɬɜɟɪɞɨɦ 
ɬɟɥɟ ɞɨ ɦɨɦɟɧɬɚ ɫɜɨɟɝɨ ɩɨɝɥɨɳɟɧɢɹ. ɑɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɢɧɵ 
ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ ɫɨɫɬɚɜɥɹɸɬ ɟɞɢɧɢɰɵ ɢ ɞɨɥɢ ɦɢɤɪɨɧɚ, ɱɬɨ 
ɭɤɚɡɵɜɚɟɬ ɧɚ ɞɨɦɢɧɢɪɭɸɳɭɸ ɪɨɥɶ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɜ 
ɩɪɨɰɟɫɫɟ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ. 
 Ɋɚɫɫɦɨɬɪɟɧɢɟ ɩɨɝɥɨɳɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɤɜɚɧɬɨɜɨɣ ɬɟɨɪɢɢ ɫɜɟɬɚ 
ɩɪɢɜɨɞɢɬ ɤ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɝɥɨɳɟɧɢɹ: 

                                                  N ,                                        (6.3) 

ɝɞɟ  - ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɝɥɨɳɟɧɢɹ ɮɨɬɨɧɚ ɨɞɢɧɨɱɧɵɦ ɰɟɧɬɪɨɦ, 
ɢɦɟɸɳɚɹ ɪɚɡɦɟɪɧɨɫɬɶ ɩɥɨɳɚɞɢ; N  - ɤɨɧɰɟɧɬɪɚɰɢɹ ɰɟɧɬɪɨɜ 
ɩɨɝɥɨɳɟɧɢɹ.  
 ɂɡ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɬɜɟɪɞɵɦ 
ɬɟɥɨɦ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɟ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɫɥɟɞɭɟɬ 
ɜɵɞɟɥɢɬɶ ɫɨɛɫɬɜɟɧɧɨɟ ɩɨɝɥɨɳɟɧɢɟ, ɩɪɢɦɟɫɧɨɟ ɩɨɝɥɨɳɟɧɢɟ ɢ 
ɩɨɝɥɨɳɟɧɢɟ ɧɚ ɫɜɨɛɨɞɧɵɯ ɧɨɫɢɬɟɥɹɯ ɡɚɪɹɞɚ.  

1. ɋɨɛɫɬɜɟɧɧɨɟ ɩɨɝɥɨɳɟɧɢɟ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɩɚɞɟɧɢɢ ɧɚ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɢɡɥɭɱɟɧɢɹ ɫ ɷɧɟɪɝɢɟɣ ɤɜɚɧɬɚ ɛɨɥɶɲɟ ɲɢɪɢɧɵ 
ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ:  
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                                    gE .                                             (6.4)                    

ɗɬɨɬ ɬɢɩ ɩɨɝɥɨɳɟɧɢɹ ɞɨɦɢɧɢɪɭɟɬ ɜ ɨɛɥɚɫɬɢ ɤɨɪɨɬɤɢɯ ɞɥɢɧ ɜɨɥɧ, 
ɦɟɧɶɲɢɯ ɤɪ : 

                                        
g

ɤɪ E
hc
 .                                                   (6.5) 

     2. ɉɪɢɦɟɫɧɨɟ ɩɨɝɥɨɳɟɧɢɟ ɜɨɡɧɢɤɚɟɬ, ɤɨɝɞɚ ɷɧɟɪɝɢɹ ɩɚɞɚɸɳɟɝɨ ɧɚ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɮɨɬɨɧɚ ɞɨɫɬɚɬɨɱɧɚ ɞɥɹ ɩɟɪɟɜɨɞɚ ɷɥɟɤɬɪɨɧɚ ɢɡ 
ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ ɧɚ ɭɪɨɜɟɧɶ ɩɪɢɦɟɫɢ – ɫɥɭɱɚɣ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ 
( aE ) ɢɥɢ ɧɚɨɛɨɪɨɬ: ɫ ɩɪɢɦɟɫɢ ɜ ɡɨɧɭ ɩɪɨɜɨɞɢɦɨɫɬɢ – ɫɥɭɱɚɣ 
ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ ( dE ). ɗɬɢ ɭɫɥɨɜɢɹ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɬɚɤ: 

                                      
,

ɩɪ
d a

hc
E

   .                                                   (6.6) 

ɇɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɧɚɛɥɸɞɟɧɢɹ ɩɪɢɦɟɫɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ 
ɹɜɥɹɟɬɫɹ ɱɚɫɬɢɱɧɚɹ ɢɨɧɢɡɚɰɢɹ ɩɪɢɦɟɫɧɨɝɨ ɭɪɨɜɧɹ, ɱɬɨ ɞɨɫɬɢɝɚɟɬɫɹ 
ɩɪɢ ɩɨɧɢɠɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ. ɉɨɫɤɨɥɶɤɭ 
ɩɪɢɦɟɫɧɨɟ ɩɨɝɥɨɳɟɧɢɟ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨ ɜ ɨɛɥɚɫɬɢ ɤɨɪɨɬɤɢɯ ɞɥɢɧ 
ɜɨɥɧ, ɝɞɟ ɞɨɦɢɧɢɪɭɟɬ ɫɨɛɫɬɜɟɧɧɨɟ ɩɨɝɥɨɳɟɧɢɟ, ɬɨ ɜɬɨɪɵɦ ɭɫɥɨɜɢɟɦ 
ɧɚɛɥɸɞɟɧɢɹ ɩɪɢɦɟɫɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ 
ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ. ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɨ ɷɬɨ ɦɨɠɧɨ ɞɨɫɬɢɱɶ, ɟɫɥɢ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɡɥɭɱɟɧɢɟ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ   ɢɡ ɞɢɚɩɚɡɨɧɚ 

ɩɪ ɤɪ    . ɍɱɢɬɵɜɚɹ ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɩɪɢɦɟɫɟɣ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ɧɚ ɩɨɪɹɞɤɢ ɧɢɠɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɫɨɛɫɬɜɟɧɧɵɯ ɚɬɨɦɨɜ, ɫɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɸ (6.3) ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɪɢɦɟɫɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ   ɜ ɪɟɚɥɶɧɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ ɨɤɚɡɵɜɚɟɬɫɹ 
ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɨɪɹɞɤɨɜ ɧɢɠɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɨɛɫɬɜɟɧɧɨɝɨ  
ɩɨɝɥɨɳɟɧɢɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɝɥɨɳɟɧɢɟ ɢɡɥɭɱɟɧɢɹ ɩɪɢɦɟɫɧɵɦɢ 
ɚɬɨɦɚɦɢ ɢ ɢɨɧɚɦɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɥɨɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɬɨɥɳɢɧɨɣ ɞɨ 
ɫɨɬɟɧ ɦɢɤɪɨɧ. 

 
 

6.2. ɉɊɂɆȿɊɕ  Ɋȿɒȿɇɂə ɁȺȾȺɑ  ɉɈ  ɈɉɊȿȾȿɅȿɇɂɘ   
ɉȺɊȺɆȿɌɊɈȼ  ȼɁȺɂɆɈȾȿɃɋɌȼɂə  ɂɁɅɍɑȿɇɂə    ɋ  

ɉɈɅɍɉɊɈȼɈȾɇɂɄȺɆɂ 

 

ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɪɚɡɞɟɥɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɶɡɨɜɚɬɶɫɹ 
ɫɩɪɚɜɨɱɧɵɦɢ ɞɚɧɧɵɦɢ ɩɨ ɱɢɫɥɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɩɚɪɚɦɟɬɪɨɜ 
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ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɪɚɡɥɢɱɧɨɝɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. ɗɬɢ 
ɞɚɧɧɵɟ ɫɨɛɪɚɧɵ ɜ ɤɨɧɰɟ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɝɨ ɩɨɫɨɛɢɹ. 
 Зɚɞɚɱɚ 1. Ʉɚɤɚɹ ɞɨɥɹ ɨɬ ɩɚɞɚɸɳɟɣ ɫɜɟɬɨɜɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɩɨɝɥɨɳɚɟɬɫɹ ɜ ɫɥɨɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɦɟɠɞɭ ɤɨɨɪɞɢɧɚɬɚɦɢ 6

1 10x ɫɦ 
ɞɨ 6

2 102 x ɫɦ, ɨɬɫɱɢɬɚɧɧɵɦɢ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɟɫɥɢ 
ɢɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ ɫɨɫɬɚɜɥɹɟɬ 810  ɦ? 

 Ɋɟɲɟɧɢɟ. Ɂɚ ɨɫɧɨɜɭ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɜɨɡɶɦɟɦ ɡɚɤɨɧ Ȼɭɝɟɪɚ – 

Ʌɚɦɛɟɪɬɚ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ 
ɧɚ ɪɚɫɫɬɨɹɧɢɢ x ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ  xI  ɭɦɟɧɶɲɚɟɬɫɹ ɫ 
ɪɨɫɬɨɦ ɝɥɭɛɢɧɵ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ: 
                                              xIRxI  exp1 0 ,                              (6.7) 

ɝɞɟ R  - ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ  - 

ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ, ɤɨɬɨɪɵɣ ɩɨ ɜɟɥɢɱɢɧɟ ɨɛɪɚɬɧɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɞɥɢɧɟ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ ф : 

ф

1 . 

Ɂɧɚɱɢɬ, ɜ ɬɨɱɤɟ 6
1 10x  ɫɦ  ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɬɚ ɛɭɞɟɬ ɪɚɜɧɚ 

   101 exp xIxI  . 

ɗɬɚ ɞɨɥɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬ ɩɚɞɚɸɳɟɝɨ ɧɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɢɡɥɭɱɟɧɢɹ, 
ɩɪɨɣɞɹ ɫɥɨɣ ɜɟɳɟɫɬɜɚ ɞɨ ɬɨɱɤɢ 6

2 102 x  ɫɦ, ɭɦɟɧɶɲɢɬɫɹ ɞɨ 

   202 exp xIxI  . 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɫɥɨɟ ɬɨɥɳɢɧɨɣ  12 xx   ɩɨɝɥɨɬɢɬɫɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

         20102112 expexp xIxIxIxIxxI     

ɢɥɢ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ      21
0

12 expexp xx
I

xxI  
 . 

ɉɨɞɫɬɚɜɥɹɹ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɫɚɧɬɢɦɟɬɪɚɯ, ɩɨɥɭɱɢɦ:      
        .23,0
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Ɉɬɜɟɬ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɣ ɜ ɡɚɞɚɱɟ ɜɨɩɪɨɫ ɬɚɤɨɜ: ɜ ɭɤɚɡɚɧɧɨɦ ɫɥɨɟ 
ɩɨɝɥɨɬɢɬɫɹ ɩɪɢɦɟɪɧɨ 23%  ɨɬ ɩɚɞɚɸɳɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ. 

 Зɚɞɚɱɚ 2. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɝɥɨɳɟɧɢɹ ɮɨɬɨɧɨɜ 
ɜɢɞɢɦɨɝɨ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɦ ɤɪɟɦɧɢɢ, 
ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ 99% ɩɚɞɚɸɳɟɣ ɫɜɟɬɨɜɨɣ ɦɨɳɧɨɫɬɢ ɩɨɝɥɨɳɚɟɬɫɹ ɜ 
ɫɥɨɟ ɬɨɥɳɢɧɨɣ 510 ɫɦ.   
 Ɋɟɲɟɧɢɟ. Ɂɚ ɨɫɧɨɜɭ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɜɨɡɶɦɟɦ ɡɚɤɨɧ Ȼɭɝɟɪɚ – 

Ʌɚɦɛɟɪɬɚ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ 
ɧɚ ɪɚɫɫɬɨɹɧɢɢ x ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ  xI  ɭɦɟɧɶɲɚɟɬɫɹ ɫ 
ɪɨɫɬɨɦ ɝɥɭɛɢɧɵ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɢ ɪɚɜɧɚ: 

          xIRxI  exp1 0 .                                                

Ɂɞɟɫɶ ɩɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ 0R . ɂɡɜɟɫɬɧɨ, 
ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ   ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶɸ 
ɩɨɝɥɨɳɟɧɢɹ ɮɨɬɨɧɚ   ɨɬɞɟɥɶɧɵɦ ɰɟɧɬɪɨɦ ɢ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɩɨɝɥɨɳɚɸɳɢɯ ɰɟɧɬɪɨɜ N :  

                                           N .                                                  (6.8) 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ ɩɪɨɰɟɧɬ ɨɫɬɚɬɨɱɧɨɣ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚ ɝɥɭɛɢɧɟ 5

0 10x ɫɦ ɪɚɜɟɧ 1%. ɉɨɷɬɨɦɭ ɢɡ ɡɚɤɨɧɚ 
Ȼɭɝɟɪɚ - Ʌɚɦɛɟɪɬɚ ɢɦɟɟɦ 

    01.0exp 0
0

0  xN
I
xI  . 

Ɉɬɫɸɞɚ ɧɚɯɨɞɢɦ ɧɟɢɡɜɟɫɬɧɭɸ ɜɟɥɢɱɢɧɭ: 

                        10ln
2

10ln
1

01.0ln
1

0

2

00 xNxNxN   .          (6.9) 

Ɍɚɤ ɤɚɤ ɩɨɝɥɨɳɟɧɢɟ ɢɡɥɭɱɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɫɨɛɫɬɜɟɧɧɨɣ ɩɨɥɨɫɟ 
ɞɥɢɧ ɜɨɥɧ (ɫɥɭɱɚɣ ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ), ɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɩɨɝɥɨɳɚɸɳɢɯ ɰɟɧɬɪɨɜ ɪɚɜɧɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɬɨɦɨɜ ɤɪɟɦɧɢɹ. 
ɋɨɝɥɚɫɧɨ ɬɚɛɥɢɱɧɵɦ ɞɚɧɧɵɦ 22105 N  ɫɦ 3  , ɩɨɷɬɨɦɭ ɢɡ ɜɵɪɚɠɟɧɢɹ 
(6.9) ɧɚɯɨɞɢɦ: 

  1817
522

102.93.210
5

2
10ln

10105

2    ɫɦ2  . 
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     ɂɬɚɤ, ɨɬɜɟɬ ɧɚ ɩɨɫɬɚɜɥɟɧɧɭɸ ɡɚɞɚɱɭ ɬɚɤɨɜ: ɜɟɪɨɹɬɧɨɫɬɶ 
ɩɨɝɥɨɳɟɧɢɹ ɮɨɬɨɧɚ ɚɬɨɦɚɦɢ ɤɪɟɦɧɢɹ ɪɚɜɧɚ 18102.9  ɫɦ2 . 

 Зɚɞɚɱɚ 3. Ɉɩɪɟɞɟɥɢɬɶ ɦɨɳɧɨɫɬɶ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ 
ɝɥɭɛɢɧɟ 4

0 10x ɫɦ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ, 
ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɩɚɞɟɧɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 1 ȼɬ ɫɜɟɬɚ ɧɚ 
ɪɚɫɫɬɨɹɧɢɢ 4

1 101,2 x  ɫɦ ɩɨɝɥɨɬɢɥɨɫɶ 85% ɨɬ ɩɪɨɲɟɞɲɟɣ ɜ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɦɨɳɧɨɫɬɢ.   
 Ɋɟɲɟɧɢɟ. Ʉɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɣ ɡɚɞɚɱɟ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɡɚɤɨɧɨɦ 
Ȼɭɝɟɪɚ – Ʌɚɦɛɟɪɬɚ ɞɥɹ ɦɨɳɧɨɫɬɢ ɞɥɹ ɞɜɭɯ ɝɥɭɛɢɧ ɩɨɝɥɨɳɟɧɢɹ. 
Ɍɪɟɛɭɟɦɚɹ ɦɨɳɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɚ ɩɨ ɮɨɪɦɭɥɟ:  

     000 exp1 xPRxP  ,  

ɝɞɟ 1,0 0  PR  ȼɬ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɧɚ ɝɥɭɛɢɧɟ 
4

0 10x ɫɦ ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ, ɱɬɨ 
ɬɚɤɠɟ ɦɨɠɧɨ ɫɞɟɥɚɬɶ, ɢɫɩɨɥɶɡɭɹ ɡɚɤɨɧ Ȼɭɝɟɪɚ – Ʌɚɦɛɟɪɬɚ: 

    101 exp xPxP   

Ɉɬɫɸɞɚ ɩɨɥɭɱɢɦ: 
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Ɍɨɝɞɚ ɢɫɤɨɦɚɹ ɜɟɥɢɱɢɧɚ ɛɭɞɟɬ ɪɚɜɧɚ 
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PxP .                          (6.10) 

ɉɨɞɫɬɚɧɨɜɤɚ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜ ɜɵɪɚɠɟɧɢɟ (6.10) ɞɚɟɬ 

          .108,1
54

1

4exp

1
9.11,2exp15.0ln1,2exp1 2

0 ȼɬxP   

Ɉɬɜɟɬ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɣ ɜɨɩɪɨɫ ɬɚɤɨɜ: ɧɚ ɝɥɭɛɢɧɟ 410 ɫɦ 
ɦɨɳɧɨɫɬɶ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɪɚɜɧɚ 2108,1   ȼɬ. 
 

Зɚɞɚɱɚ 4. ɇɚɣɬɢ ɤɨɧɰɟɧɬɪɚɰɢɸ ɩɪɢɦɟɫɧɵɯ ɰɟɧɬɪɨɜ, ɧɚ ɤɨɬɨɪɵɯ 
ɩɪɨɢɫɯɨɞɢɬ ɩɨɝɥɨɳɟɧɢɟ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ 
10.6 ɦɤɦ ɜ ɤɪɢɫɬɚɥɥɟ GaAs ɞɥɢɧɨɣ 410  ɫɦ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɧɚ ɟɝɨ 
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ɞɥɢɧɟ ɩɨɝɥɨɬɢɥɨɫɶ 50% ɩɚɞɚɸɳɟɣ ɦɨɳɧɨɫɬɢ, ɚ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ɩɨɝɥɨɳɚɸɳɢɯ ɰɟɧɬɪɨɜ ɬɨɣ ɠɟ ɩɪɢɪɨɞɵ 2108,1  ɫɦ-3 

ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ ɭɤɚɡɚɧɧɨɣ ɞɥɢɧɵ ɜɨɥɧɵ ɫɨɫɬɚɜɥɹɟɬ 
100 ɫɦ.   

Ɋɟɲɟɧɢɟ. ɇɟɢɡɜɟɫɬɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɰɟɧɬɪɨɜ ɩɨɝɥɨɳɟɧɢɹ 
ɮɨɬɨɧɨɜ ɧɚɣɞɟɦ ɢɡ ɡɚɤɨɧɚ Ȼɭɝɟɪɚ – Ʌɚɦɛɟɪɬɚ: 

     LNIxILI   expexp 00 . 

Ɉɬɫɸɞɚ ɧɚɯɨɞɢɦ: 
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ȼ ɞɚɧɧɨɦ ɜɵɪɚɠɟɧɢɢ ɞɥɹ ɨɬɵɫɤɚɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɟɣ 
ɧɟɢɡɜɟɫɬɧɨɣ ɜɟɥɢɱɢɧɨɣ ɹɜɥɹɟɬɫɹ ɫɟɱɟɧɢɟ ɡɚɯɜɚɬɚ ɢɦɢ ɮɨɬɨɧɨɜ. 
Ɂɚɣɦɟɦɫɹ ɬɟɩɟɪɶ ɟɝɨ ɨɩɪɟɞɟɥɟɧɢɟɦ. ɂɡ ɭɫɥɨɜɢɹ ɡɚɞɚɱɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɩɪɢ  12

0 10 NN  ɫɦ-3 ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ ɪɚɜɧɚ 
100ф  ɫɦ. ɉɨ ɨɩɪɟɞɟɥɟɧɢɸ ɨɧɚ ɪɚɜɧɚ ɨɛɪɚɬɧɨɦɭ ɡɧɚɱɟɧɢɸ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɝɥɨɳɟɧɢɹ: 

0

11

Nф    . 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɟɱɟɧɢɟ ɡɚɯɜɚɬɚ ɨɬɫɸɞɚ ɛɭɞɟɬ ɪɚɜɧɨ 

0

1

Nф  . 

Ɉɤɨɧɱɚɬɟɥɶɧɨ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɬɵɫɤɚɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɧɵɯ 
ɰɟɧɬɪɨɜ ɩɪɢɦɟɬ ɜɢɞ: 
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I

L
NN ф 0

0 ln .                                      (6.11) 

ɉɨɞɫɬɚɧɨɜɤɚ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜ ɜɵɪɚɠɟɧɢɟ (6.11) ɞɚɟɬ ɫɥɟɞɭɸɳɟɟ 
ɡɧɚɱɟɧɢɟ ɨɬɵɫɤɢɜɚɟɦɨɣ ɜɟɥɢɱɢɧɵ: 

14212 1077.01010 N  ɫɦ-3 . 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɨɬɜɟɬ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɣ ɜ ɡɚɞɚɱɟ 
ɜɨɩɪɨɫ ɬɚɤɨɜ: ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢɦɟɫɧɵɯ  ɰɟɧɬɪɨɜ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ, 
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ɩɨɝɥɨɳɚɸɳɢɯ ɢɡɥɭɱɟɧɢɟ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ 10.6 ɦɤɦ,  ɫɨɫɬɚɜɥɹɟɬ 
14107   ɫɦ-3 . 

6.3. ȼȺɊɂȺɇɌɕ  ɁȺȾȺɇɂɃ  ɉɈ ɈɉɊȿȾȿɅȿɇɂɘ   
ɉȺɊȺɆȿɌɊɈȼ  ȼɁȺɂɆɈȾȿɃɋɌȼɂə  ɂɁɅɍɑȿɇɂə     

C  ɉɈɅɍɉɊɈȼɈȾɇɂɄȺɆɂ   
           Ʉ  ɄɈɇɌɊɈɅɖɇɈɃ  ɊȺȻɈɌȿ  № 1 

1. Ʉɚɤɚɹ ɞɨɥɹ ɨɬ ɩɚɞɚɸɳɟɣ ɫɜɟɬɨɜɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɝɥɨɳɚɟɬɫɹ ɜ 
ɫɥɨɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ( 0x ) ɞɨ ɬɨɱɤɢ 

6
1 102 x ɫɦ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ 

ɫɨɫɬɚɜɥɹɟɬ 610  ɫɦ , ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɨɬ ɨɫɜɟɳɚɟɦɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɜɟɧ 0.2? 

2. Ʉɚɤɚɹ ɞɨɥɹ ɨɬ ɩɚɞɚɸɳɟɣ ɫɜɟɬɨɜɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɝɥɨɳɚɟɬɫɹ ɜ 
ɫɥɨɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ( 0x ) ɞɨ ɬɨɱɤɢ 

5
1 102 x ɫɦ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ 

ɫɨɫɬɚɜɥɹɟɬ 610  ɫɦ , ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɨɬ ɨɫɜɟɳɚɟɦɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɜɟɧ 0.3? 

3. Ʉɚɤɚɹ ɞɨɥɹ ɨɬ ɩɚɞɚɸɳɟɣ ɫɜɟɬɨɜɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɝɥɨɳɚɟɬɫɹ ɜ 
ɫɥɨɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ( 0x ) ɞɨ ɬɨɱɤɢ 

4
1 102 x ɫɦ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ 

ɫɨɫɬɚɜɥɹɟɬ 610  ɫɦ , ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɨɬ ɨɫɜɟɳɚɟɦɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɜɟɧ 0.4? 

4. Ʉɚɤɚɹ ɞɨɥɹ ɨɬ ɩɚɞɚɸɳɟɣ ɫɜɟɬɨɜɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɝɥɨɳɚɟɬɫɹ ɜ 
ɫɥɨɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ( 0x ) ɞɨ ɬɨɱɤɢ 

6
1 103 x ɫɦ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ 

ɫɨɫɬɚɜɥɹɟɬ 6102   ɫɦ , ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɨɬ ɨɫɜɟɳɚɟɦɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɜɟɧ 0.5?  

5. Ʉɚɤɚɹ ɞɨɥɹ ɨɬ ɩɚɞɚɸɳɟɣ ɫɜɟɬɨɜɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɝɥɨɳɚɟɬɫɹ ɜ 
ɫɥɨɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ( 0x ) ɞɨ ɬɨɱɤɢ 

6
1 105 x ɫɦ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ 

ɫɨɫɬɚɜɥɹɟɬ 6102   ɫɦ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɨɬ ɨɫɜɟɳɚɟɦɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɜɟɧ 0.6?  

6. Ʉɚɤɚɹ ɞɨɥɹ ɨɬ ɩɚɞɚɸɳɟɣ ɫɜɟɬɨɜɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɝɥɨɳɚɟɬɫɹ ɜ 
ɫɥɨɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɦɟɠɞɭ ɤɨɨɪɞɢɧɚɬɚɦɢ 5

1 10x ɫɦ ɞɨ 
5

2 102 x ɫɦ, ɨɬɫɱɢɬɚɧɧɵɦɢ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɟɫɥɢ 
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ɢɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ ɫɨɫɬɚɜɥɹɟɬ 610  

ɫɦ?  
7. Ʉɚɤɚɹ ɞɨɥɹ ɨɬ ɩɚɞɚɸɳɟɣ ɫɜɟɬɨɜɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɝɥɨɳɚɟɬɫɹ ɜ 

ɫɥɨɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɦɟɠɞɭ ɤɨɨɪɞɢɧɚɬɚɦɢ 6
1 10x ɫɦ ɞɨ 

5
2 102 x ɫɦ, ɨɬɫɱɢɬɚɧɧɵɦɢ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɟɫɥɢ 

ɢɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ ɫɨɫɬɚɜɥɹɟɬ 610  

ɫɦ?  
8. Ʉɚɤɚɹ ɞɨɥɹ ɨɬ ɩɚɞɚɸɳɟɣ ɫɜɟɬɨɜɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɝɥɨɳɚɟɬɫɹ ɜ 

ɫɥɨɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɦɟɠɞɭ ɤɨɨɪɞɢɧɚɬɚɦɢ 6
1 102 x ɫɦ ɞɨ 

5
2 102 x ɫɦ, ɨɬɫɱɢɬɚɧɧɵɦɢ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɟɫɥɢ 

ɢɡɜɟɫɬɧɨ,  ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 610  

ɫɦ-1 , ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɪɚɜɟɧ 2.0 ? 

9. Ʉɚɤɚɹ ɦɨɳɧɨɫɬɶ ɫɜɟɬɚ ɩɨɝɥɨɳɚɟɬɫɹ ɜ ɫɥɨɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɦɟɠɞɭ 
ɤɨɨɪɞɢɧɚɬɚɦɢ 6

1 105 x ɫɦ ɞɨ 5
2 102 x ɫɦ, ɨɬɫɱɢɬɚɧɧɵɦɢ ɨɬ 

ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɚɞɚɸɳɚɹ ɧɚ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɦɨɳɧɨɫɬɶ ɫɜɟɬɚ ɪɚɜɧɚ 3102   ȼɬ, ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 6103   ɫɦ-1, ɚ ɤɨɷɮɮɢɰɢɟɧɬ 
ɨɬɪɚɠɟɧɢɹ ɫɜɟɬɚ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ 
ɪɚɜɟɧ 1.0 ? 

10. Ʉɚɤɚɹ ɦɨɳɧɨɫɬɶ ɫɜɟɬɚ ɩɨɝɥɨɳɚɟɬɫɹ ɜ ɫɥɨɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɦɟɠɞɭ 
ɤɨɨɪɞɢɧɚɬɚɦɢ 5

1 10x ɫɦ ɞɨ 5
2 102 x ɫɦ, ɨɬɫɱɢɬɚɧɧɵɦɢ ɨɬ 

ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɚɞɚɸɳɚɹ ɧɚ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɦɨɳɧɨɫɬɶ ɫɜɟɬɚ ɪɚɜɧɚ 2108   ȼɬ, ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 6102   ɫɦ-1, ɚ ɤɨɷɮɮɢɰɢɟɧɬ 
ɨɬɪɚɠɟɧɢɹ ɫɜɟɬɚ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ 
ɪɚɜɟɧ 5.0 ?  

11. Ɉɩɪɟɞɟɥɢɬɶ ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɨɩɬɢɱɟɫɤɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɧɚ ɝɥɭɛɢɧɟ 6

0 10x ɫɦ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɩɚɞɟɧɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 

310  ȼɬ ɫɜɟɬɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5
1 101,2 x  ɫɦ ɩɨɝɥɨɬɢɥɨɫɶ %95  ɨɬ 

ɩɪɨɲɟɞɲɟɣ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɫɜɟɬɨɜɨɣ ɦɨɳɧɨɫɬɢ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ 
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ɨɬɪɚɠɟɧɢɹ ɫɜɟɬɚ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ 
ɪɚɜɟɧ 15.0 .  

12. Ɉɩɪɟɞɟɥɢɬɶ ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɨɩɬɢɱɟɫɤɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɧɚ ɝɥɭɛɢɧɟ 6

0 102 x ɫɦ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɩɚɞɟɧɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 

310  ȼɬ ɫɜɟɬɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5
1 102,4 x ɫɦ ɩɨɝɥɨɬɢɥɨɫɶ %90  ɨɬ 

ɩɪɨɲɟɞɲɟɣ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɫɜɟɬɨɜɨɣ ɦɨɳɧɨɫɬɢ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ 
ɨɬɪɚɠɟɧɢɹ ɫɜɟɬɚ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ 
ɪɚɜɟɧ 35.0 .  

13. Ɉɩɪɟɞɟɥɢɬɶ ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɨɩɬɢɱɟɫɤɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɧɚ ɝɥɭɛɢɧɟ 5

0 102 x ɫɦ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɩɚɞɟɧɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 

310  ȼɬ ɫɜɟɬɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5
1 102,4 x ɫɦ ɩɨɝɥɨɬɢɥɨɫɶ %70  ɨɬ 

ɩɪɨɲɟɞɲɟɣ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɫɜɟɬɨɜɨɣ ɦɨɳɧɨɫɬɢ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ 
ɨɬɪɚɠɟɧɢɹ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɜɟɧ 1.0 .  

14. Ɉɩɪɟɞɟɥɢɬɶ ɞɨɥɸ ɩɚɞɚɸɳɟɣ ɦɨɳɧɨɫɬɢ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ 
ɝɥɭɛɢɧɟ 5

0 102 x ɫɦ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5

1 108 x ɫɦ 
ɩɨɝɥɨɬɢɥɨɫɶ %60  ɨɬ ɩɪɨɲɟɞɲɟɣ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɫɜɟɬɨɜɨɣ 
ɦɨɳɧɨɫɬɢ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɪɚɜɟɧ 25.0 .  

15. Ɉɩɪɟɞɟɥɢɬɶ ɞɨɥɸ ɩɚɞɚɸɳɟɣ ɦɨɳɧɨɫɬɢ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ 
ɝɥɭɛɢɧɟ 4

0 103 x ɫɦ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5

1 106 x ɫɦ 
ɩɨɝɥɨɬɢɥɨɫɶ %50  ɨɬ ɩɪɨɲɟɞɲɟɣ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɫɜɟɬɨɜɨɣ 
ɦɨɳɧɨɫɬɢ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɨɬ ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɪɚɜɟɧ 5.0 .  

16. ɇɚɣɬɢ ɤɨɧɰɟɧɬɪɚɰɢɸ ɩɪɢɦɟɫɧɵɯ ɰɟɧɬɪɨɜ, ɧɚ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ 
ɩɨɝɥɨɳɟɧɢɟ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɤɪɢɫɬɚɥɥɟ GaAs ɞɥɢɧɨɣ 

5.0L  ɫɦ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɧɚ ɟɝɨ ɞɥɢɧɟ ɩɨɝɥɨɬɢɥɨɫɶ %50  

ɩɚɞɚɸɳɟɣ ɦɨɳɧɨɫɬɢ, ɚ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ  ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ 
ɩɨɝɥɨɳɚɸɳɢɯ ɰɟɧɬɪɨɜ ɬɨɣ ɠɟ ɩɪɢɪɨɞɵ 1310 ɫɦ-3 ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ 
ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ ɫɨɫɬɚɜɥɹɟɬ cɦ10 .   
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17. ɇɚɣɬɢ ɤɨɧɰɟɧɬɪɚɰɢɸ ɩɪɢɦɟɫɧɵɯ ɰɟɧɬɪɨɜ, ɧɚ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ 
ɩɨɝɥɨɳɟɧɢɟ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɤɪɢɫɬɚɥɥɟ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ GaAs ɞɥɢɧɨɣ 1L  ɫɦ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɧɚ ɟɝɨ 
ɞɥɢɧɟ ɩɨɝɥɨɬɢɥɨɫɶ %90  ɩɪɨɲɟɞɲɟɣ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɦɨɳɧɨɫɬɢ, ɚ 
ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ɩɨɝɥɨɳɚɸɳɢɯ ɰɟɧɬɪɨɜ ɬɨɣ 
ɠɟ ɩɪɢɪɨɞɵ 2108,1  ɫɦ-3 ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ 
ɭɤɚɡɚɧɧɨɣ ɞɥɢɧɵ ɜɨɥɧɵ ɫɨɫɬɚɜɥɹɟɬ ɫɦ80 .  Ʉɨɷɮɮɢɰɢɟɧɬ 
ɨɬɪɚɠɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɩɪɢɧɹɬɶ 
ɪɚɜɧɵɦ 25.0 . 

18. ɇɚɣɬɢ ɤɨɧɰɟɧɬɪɚɰɢɸ ɩɪɢɦɟɫɧɵɯ ɰɟɧɬɪɨɜ, ɧɚ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ 
ɩɨɝɥɨɳɟɧɢɟ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɤɪɢɫɬɚɥɥɟ GaAs ɞɥɢɧɨɣ 

35.0L  ɫɦ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɧɚ ɟɝɨ ɞɥɢɧɟ ɩɨɝɥɨɬɢɥɨɫɶ %99  

ɩɪɨɲɟɞɲɟɣ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɦɨɳɧɨɫɬɢ, ɚ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ɩɨɝɥɨɳɚɸɳɢɯ ɰɟɧɬɪɨɜ ɬɨɣ ɠɟ ɩɪɢɪɨɞɵ 1110 ɫɦ-3 

ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ ɭɤɚɡɚɧɧɨɣ ɞɥɢɧɵ ɜɨɥɧɵ 
ɫɨɫɬɚɜɥɹɟɬ ɫɦ100 .  Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɨɬ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ 5.0 . 

19. ɇɚɣɬɢ ɤɨɧɰɟɧɬɪɚɰɢɸ ɩɪɢɦɟɫɧɵɯ ɰɟɧɬɪɨɜ, ɧɚ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ 
ɩɨɝɥɨɳɟɧɢɟ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɤɪɢɫɬɚɥɥɟ Si ɞɥɢɧɨɣ 

25.0L  ɫɦ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɧɚ ɟɝɨ ɞɥɢɧɟ ɩɨɝɥɨɬɢɥɨɫɶ %80  

ɩɪɨɲɟɞɲɟɣ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɦɨɳɧɨɫɬɢ, ɚ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ɩɨɝɥɨɳɚɸɳɢɯ ɰɟɧɬɪɨɜ ɬɨɣ ɠɟ ɩɪɢɪɨɞɵ 1010 ɫɦ-3 

ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ ɭɤɚɡɚɧɧɨɣ ɞɥɢɧɵ ɜɨɥɧɵ 
ɫɨɫɬɚɜɥɹɟɬ ɫɦ10 . Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɨɬ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ 1.0 . 

20. ɇɚɣɬɢ ɤɨɧɰɟɧɬɪɚɰɢɸ ɩɪɢɦɟɫɧɵɯ ɰɟɧɬɪɨɜ, ɧɚ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ 
ɩɨɝɥɨɳɟɧɢɟ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ 10.6 ɦɤɦ ɜ 
ɤɪɢɫɬɚɥɥɟ GaAs ɞɥɢɧɨɣ 410  ɫɦ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɧɚ ɟɝɨ ɞɥɢɧɟ 
ɩɨɝɥɨɬɢɥɨɫɶ %10  ɩɚɞɚɸɳɟɣ ɦɨɳɧɨɫɬɢ, ɚ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ɩɨɝɥɨɳɚɸɳɢɯ ɰɟɧɬɪɨɜ ɬɨɣ ɠɟ ɩɪɢɪɨɞɵ 910 ɫɦ-3 

ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ ɭɤɚɡɚɧɧɨɣ ɞɥɢɧɵ ɜɨɥɧɵ 
ɫɨɫɬɚɜɥɹɟɬ ɫɦ200 . Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɨɬ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ 33.0 .  
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7. «ɎɈɌɈɗɅȿɄɌɊɂɑȿɋɄɂȿ əȼɅȿɇɂə   
ȼ  ɉɈɅɍɉɊɈȼɈȾɇɂɄȺɏ» 

7.1.  ɄɊȺɌɄɈȿ  ɂɁɅɈɀȿɇɂȿ  ɌȿɈɊɂɂ 

Ɏɨɬɨɩɪɨɜɨɞɢɦɨɫɬɶ. Ɉɞɧɨ ɢɡ ɨɫɧɨɜɧɵɯ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɹɜɥɟɧɢɣ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ, ɤɨɬɨɪɨɟ ɮɢɡɢɱɟɫɤɢ ɨɱɟɧɶ ɩɪɨɡɪɚɱɧɨ ɢ 
ɤɨɬɨɪɨɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬ ɜ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ 
ɩɪɢɥɨɠɟɧɢɹɯ – ɷɬɨ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɶ. ɉɨɞ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɶɸ 
ɩɨɧɢɦɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ, ɜɵɡɜɚɧɧɨɟ 
ɞɟɣɫɬɜɢɟɦ ɩɚɞɚɸɳɟɝɨ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ. ɉɨɥɭɩɪɨɜɨɞɧɢɤ, 
ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɡɚ ɫɱɟɬ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɜ ɧɟɦ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ, ɧɚɡɵɜɚɸɬ ɮɨɬɨɪɟɡɢɫɬɨɪɨɦ. 

ɂɡɦɟɧɟɧɢɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɦɨɠɟɬ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶɫɹ ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ ɤ 
ɮɨɬɨɪɟɡɢɫɬɨɪɭ ɤɚɤ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɬɚɤ ɢ ɩɟɪɟɦɟɧɧɨɝɨ. ȼ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɪɚɡɥɢɱɚɸɬ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɶ ɧɚ ɩɨɫɬɨɹɧɧɨɦ 
ɬɨɤɟ ɢ ɧɚ ɩɟɪɟɦɟɧɧɨɦ. ɉɟɪɜɵɣ ɬɢɩ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ ɩɨɞɪɨɛɧɨ 
ɪɚɫɫɦɨɬɪɟɧ ɜ ɭɱɟɛɧɨɦ ɩɨɫɨɛɢɢ ɚɜɬɨɪɚ: Ⱦɚɜɵɞɨɜ ȼ.ɇ. Ɏɢɡɢɱɟɫɤɢɟ 
ɨɫɧɨɜɵ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ. Ɍɨɦɫɤ, ɌɆɐ ȾɈ. – 2011. – 135ɫ. 

Ɏɢɡɢɱɟɫɤɚɹ ɩɪɢɱɢɧɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ    ɨɞɧɚ: ɢɡɦɟɧɟɧɢɟ (ɜɨɡɪɚɫɬɚɧɢɟ) ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɫɜɨɛɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ pn  ,  ɜ ɪɚɡɪɟɲɟɧɧɵɯ ɡɨɧɚɯ ɷɧɟɪɝɢɢ ɡɚ 
ɫɱɟɬ ɩɨɝɥɨɳɟɧɢɹ ɩɚɞɚɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ. Ɏɨɬɨɩɪɨɜɨɞɢɦɨɫɬɶ 
ɟɞɢɧɢɱɧɨɝɨ ɨɛɴɟɦɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 
ɜɵɪɚɠɟɧɢɟɦ: 

                                 pqnq pn   ,                               (7.1) 

ɝɞɟ pn  ,  - ɩɨɞɜɢɠɧɨɫɬɢ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; pn  ,  

- ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɫɜɨɛɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɡɨɧɚɯ. ɂɯ 
ɦɨɠɧɨ ɧɚɣɬɢ, ɪɟɲɢɜ ɤɢɧɟɬɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɢɟ 
ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɡɨɧɚɯ ɡɚ ɫɱɟɬ ɢɯ 
ɝɟɧɟɪɚɰɢɢ ɢ ɪɟɤɨɦɛɢɧɚɰɢɢ:  
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; ,                               (7.2) 

ɝɞɟ    xIgxIg pn   ,  - ɫɤɨɪɨɫɬɢ ɝɟɧɟɪɚɰɢɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ 
ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ ɡɚ ɫɱɟɬ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ  xI . ȿɫɥɢ ɫɱɢɬɚɬɶ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɚɞɚɸɳɟɝɨ ɨɩɬɢɱɟɫɤɨɝɨ 
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ɢɡɥɭɱɟɧɢɹ ɦɨɞɭɥɢɪɨɜɚɧɚ ɩɨ ɝɚɪɦɨɧɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ (ɬɚɤ, ɢɡɥɭɱɟɧɢɟ 
ɥɚɦɩ ɧɚɤɚɥɢɜɚɧɢɹ ɦɨɞɭɥɢɪɨɜɚɧɨ ɩɨ ɚɦɩɥɢɬɭɞɟ ɱɚɫɬɨɬɨɣ 

Ƚц100502  ), ɬɨ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ: 

                ,exp0 tiggn   tiggp exp0 .                                (7.3) 

Ɋɚɡɭɦɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ 
ɬɚɤɠɟ ɩɨɞɱɢɧɹɸɬɫɹ ɝɚɪɦɨɧɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ ɢɡɦɟɧɟɧɢɹ ɜɨ ɜɪɟɦɟɧɢ ɧɚ 
ɬɨɣ ɠɟ ɱɚɫɬɨɬɟ, ɢ ɩɨɷɬɨɦɭ ɛɭɞɟɦ ɨɬɵɫɤɢɜɚɬɶ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ (7.2) 
ɜ ɜɢɞɟ 

                    ,exp0 tinn   tippp exp0  .                             (7.4) 

ɉɨɞɫɬɚɜɢɜ ɜɵɪɚɠɟɧɢɹ (7.3) ɢ (7.4) ɜ ɭɪɚɜɧɟɧɢɹ (7.2), ɦɨɠɧɨ ɧɚɣɬɢ, 
ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɡɚɜɢɫɹɬ 
ɨɬ ɱɚɫɬɨɬɵ ɦɨɞɭɥɹɰɢɢ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ: 
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                                    (7.5) 

Ɉɞɧɚɤɨ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɢɦɟɸɬ ɬɨɥɶɤɨ 
ɪɟɚɥɶɧɵɟ ɱɚɫɬɢ ɜɵɪɚɠɟɧɢɣ (7.5). Ɉɬɵɫɤɢɜɚɹ ɢɯ, ɩɨɥɭɱɢɦ: 
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                     (7.6) 

ȼɵɪɚɠɟɧɢɹ (7.6) ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɚɦɩɥɢɬɭɞɵ ɢɡɦɟɧɟɧɢɣ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɨɫɢɬɟɥɟɣ ɜ ɡɨɧɚɯ ɡɚɜɢɫɹɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɱɚɫɬɨɬɵ 
ɦɨɞɭɥɹɰɢɢ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɧɨɫɢɬɟɥɟɣ. ȿɫɥɢ 
ɱɚɫɬɨɬɚ ɦɨɞɭɥɹɰɢɢ ɧɢɡɤɚɹ ( 1,1  pn  ), ɬɨ ɢɡɦɟɧɟɧɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɦɚɤɫɢɦɚɥɶɧɵ ɢ ɪɚɜɧɵ  

 p
ɇЧ

n
ɇЧ gpgn   0000

, .                                   (7.7) 

ɇɚ ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɟ ( 1,1  pn  ) ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ 
ɭɦɟɧɶɲɚɸɬɫɹ ɫ ɪɨɫɬɨɦ ɱɚɫɬɨɬɵ: 
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                              (7.8) 

ɑɚɫɬɨɬɚ, ɧɚ ɤɨɬɨɪɨɣ ɧɚɱɢɧɚɟɬɫɹ ɫɩɚɞ ɚɦɩɥɢɬɭɞɵ ɢɡɛɵɬɨɱɧɵɯ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ (ɜ 
ɛɨɥɶɲɢɧɫɬɜɟ ɩɪɚɤɬɢɱɟɫɤɢ ɜɚɠɧɵɯ ɫɥɭɱɚɟɜ pn   , ɨɛɨɡɧɚɱɢɦ  

pnpn  , )  

                                       1,0  pn                                               (7.9) 

ɢ ɧɚɡɵɜɚɟɬɫɹ ɱɚɫɬɨɬɨɣ ɫɪɟɡɚ: 

    
pn,

0
1

  .                                             (7.10) 

ɇɚ ɷɬɨɣ ɱɚɫɬɨɬɟ ɚɦɩɥɢɬɭɞɚ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɭɦɟɧɶɲɚɟɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɜ ɞɜɚ ɪɚɡɚ. 

ɂɡ ɜɵɪɚɠɟɧɢɹ (7.10) ɫɥɟɞɭɟɬ ɜɚɠɧɵɣ ɜɵɜɨɞ: ɢɡɦɟɪɹɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɡɚɜɢɫɢɦɨɫɬɶ ɚɦɩɥɢɬɭɞ ɤɨɧɰɟɧɬɪɚɰɢɣ 
ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɨɬ ɱɚɫɬɨɬɵ ɦɨɞɭɥɹɰɢɢ ɫɜɟɬɨɜɨɝɨ 
ɩɨɬɨɤɚ, ɦɨɠɧɨ ɩɨ ɱɚɫɬɨɬɟ ɫɪɟɡɚ ɨɩɪɟɞɟɥɢɬɶ ɜɪɟɦɹ ɠɢɡɧɢ 
ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. Ɍɨɝɞɚ ɧɚ ɧɢɡɤɨɣ ɱɚɫɬɨɬɟ 
ɦɨɞɭɥɹɰɢɢ, ɡɧɚɹ ɡɧɚɱɟɧɢɹ ɜɪɟɦɟɧ ɠɢɡɧɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɢ 
ɞɵɪɨɤ pn, , ɩɨ ɜɵɪɚɠɟɧɢɹɦ (7.7) ɦɨɠɧɨ ɧɚɣɬɢ ɫɤɨɪɨɫɬɶ ɢɯ ɝɟɧɟɪɚɰɢɢ, 
ɚ ɢɡ ɧɟё ɜɵɱɢɫɥɢɬɶ ɤɜɚɧɬɨɜɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ, ɟɫɥɢ 
ɢɡɜɟɫɬɧɨ ɡɧɚɱɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɚɞɚɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ. 

ɋɩɨɫɨɛɨɦ, ɚɧɚɥɨɝɢɱɧɵɦ ɪɚɫɫɦɨɬɪɟɧɧɨɦɭ ɜɵɲɟ, ɦɨɠɧɨ ɧɚɣɬɢ 
ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɜɟɥɢɱɢɧɵ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ   ɨɬ ɱɚɫɬɨɬɵ 
ɦɨɞɭɥɹɰɢɢ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɩɨɥɭɱɢɬɶ ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ: 
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1 22
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фɩpn gq


 
                         (7.11) 

ɝɞɟ   01 IRg    - ɫɤɨɪɨɫɬɶ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɨɧɧɨ-ɞɵɪɨɱɧɵɯ ɩɚɪ 
ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ɡɚ ɫɱɟɬ ɩɨɝɥɨɳɟɧɢɹ ɩɚɞɚɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ, ɚ фɩ - 

ɜɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ ( pn   ) 
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       (7.12) 

ɂɡ ɜɵɪɚɠɟɧɢɹ (7.11) ɫɥɟɞɭɟɬ, ɱɬɨ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɶ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ 
ɧɚ ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ ɦɨɞɭɥɹɰɢɢ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɚ ɧɚ 
ɜɵɫɨɤɢɯ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɜɚɞɪɚɬɭ ɱɚɫɬɨɬɵ ɦɨɞɭɥɹɰɢɢ 
ɩɚɞɚɸɳɟɝɨ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɫɭɳɟɫɬɜɭɟɬ ɱɚɫɬɨɬɚ 
ɫɪɟɡɚ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɤɚɤ ɜɟɥɢɱɢɧɚ, ɨɛɪɚɬɧɚɹ 
ɜɪɟɦɟɧɢ ɪɟɥɚɤɫɚɰɢɢ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ  

фɩ 1
0  . 

ɉɪɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɜɪɟɦɟɧɢ ɪɟɥɚɤɫɚɰɢɢ 
ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ ɩɨ ɧɚɣɞɟɧɧɨɣ ɥɢɧɟɣɧɨɣ ɱɚɫɬɨɬɟ ɫɪɟɡɚ 0f  ɞɥɹ 
ɫɢɫɬɟɦɵ ɟɞɢɧɢɰ ɋɂ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɵɪɚɠɟɧɢɟ: 

0

1
фɩ f
  . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɫɥɟɞɭɹ ɫɜɨɣɫɬɜɚ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ, ɦɨɠɧɨ ɩɨ 
ɩɪɢɜɟɞɟɧɧɵɦ ɜɵɲɟ ɜɵɪɚɠɟɧɢɹɦ ɜɵɱɢɫɥɢɬɶ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

 

Ɏɨɬɨɜɨɥɶɬɚɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ. ȼ ɪɹɞɟ ɩɪɚɤɬɢɱɟɫɤɢɯ 
ɩɪɢɥɨɠɟɧɢɣ ɮɨɬɨɷɮɮɟɤɬɨɜ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ ɧɟɞɨɫɬɚɬɤɨɦ ɧɚ ɩɭɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɞɤɥɸɸ-

ɱɟɧɢɹ ɤ ɮɨɬɨɪɟɡɢɫɬɨɪɭ ɩɨɫɬɨɹɧɧɨ ɞɟɣɫɬɜɭɸɳɟɝɨ ɢɫɬɨɱɧɢɤɚ 
ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. Ȼɨɥɟɟ ɬɨɝɨ, ɩɪɨɬɟɤɚɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 
ɱɟɪɟɡ ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɭɯɭɞɲɚɟɬ ɟɝɨ ɲɭɦɨɜɵɟ ɫɜɨɣɫɬɜɚ – ɲɭɦ 
ɮɨɬɨɪɟɡɢɫɬɨɪɚ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɩɨ ɧɟɦɭ ɬɨɤɚ  ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɉɨ ɷɬɢɦ 
ɩɪɢɱɢɧɚɦ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɮɨɬɨɷɮɮɟɤɬɵ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ, 
ɤɨɝɞɚ ɜ ɨɬɫɭɬɫɬɜɢɢ ɢɫɬɨɱɧɢɤɚ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ 
ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɰɟɩɢ ɨɫɜɟɳɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɧɚ ɟɝɨ ɬɨɪɰɚɯ 
ɮɨɬɨɧɚɩɪɹɠɟɧɢɹ – ɧɚɩɪɹɠɟɧɢɹ, ɜɵɡɜɚɧɧɨɝɨ ɨɫɜɟɳɟɧɢɟɦ. 

- Ɏɨɬɨɷɞɫ Ⱦɟɦɛɟɪɚ. Ɏɢɡɢɱɟɫɤɢ ɫɚɦɵɦ ɩɪɨɫɬɵɦ ɮɨɬɨɜɨɥɶɬɚɢ-

ɱɟɫɤɢɦ ɷɮɮɟɤɬɨɦ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ ɹɜɥɹɟɬɫɹ ɮɨɬɨɷɞɫ Ⱦɟɦɛɟɪɚ. Ɉɧɚ 
ɜɨɡɧɢɤɚɟɬ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɨɛɪɚɡɰɚɯ, ɢɦɟɸɳɢɯ ɬɟɦɧɨɜɭɸ 
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ɩɪɨɜɨɞɢɦɨɫɬɶ 0 , ɤɨɝɞɚ ɧɚ ɨɞɧɭ ɢɡ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɚɞɟɬ ɢɡɥɭɱɟɧɢɟ 
ɦɨɳɧɨɫɬɶɸ ɩɚɞP  ɢɡ ɫɨɛɫɬɜɟɧɧɨɣ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ. Ɋɚɡɥɢɱɢɟ ɜ 
ɫɤɨɪɨɫɬɹɯ ɞɢɮɮɭɡɢɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ ɩɪɢɜɨɞɢɬ ɤ 
ɢɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦɭ ɪɚɡɞɟɥɟɧɢɸ. Ɋɟɡɭɥɶɬɚɬɨɦ ɷɬɨɝɨ ɪɚɡɞɟɥɟɧɢɹ 
ɹɜɥɹɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɞɢɩɨɥɹ, ɫɨɫɬɚɜɥɟɧɧɨɝɨ ɢɡ 
ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɞɵɪɨɤ 
– ɫ ɞɪɭɝɨɣ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ 
ɨɫɜɟɳɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɜɨɡɧɢɤɚɟɬ ɜɧɭɬɪɟɧɧɟɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ, 
ɤɨɬɨɪɨɟ ɧɚ ɬɨɪɰɚɯ ɨɛɪɚɡɰɚ ɮɢɤɫɢɪɭɟɬɫɹ ɤɚɤ ɧɟɤɚɹ ɪɚɡɧɨɫɬɶ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ. 

Ⱥɧɚɥɢɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ, ɩɨɡɜɨɥɹɸɳɟɟ ɨɰɟɧɢɬɶ ɜɟɥɢɱɢɧɭ 
ɮɨɬɨɷɞɫ Ⱦɟɦɛɟɪɚ, ɩɨɥɭɱɟɧɨ ɜ ɭɱɟɛɧɨɦ ɩɨɫɨɛɢɢ (ɫɦ. ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ 
ɩɨ ɤɭɪɫɭ «Ɏɢɡɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ». Ɍɨɦɫɤ: ɌɍɋɍɊ. – 

2011, ɫɬɪ. 75-77) ɢ ɩɪɢ ɪɚɜɟɧɫɬɜɟ ɝɪɚɞɢɟɧɬɨɜ ɧɟɪɚɜɧɨɜɟɫɧɵɯ 
ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ ɜ ɫɥɭɱɚɟ «ɬɨɥɫɬɵɯ» ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɢɦɟɟɬ ɜɢɞ: 
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Ʉɨɧɰɟɧɬɪɚɰɢɹ ɪɚɜɧɨɜɟɫɧɵɯ ɞɵɪɨɤ (ɨɧɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɪɚɜɧɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɷɥɟɤɬɪɨɧɨɜ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɚɪɚɦɟɬɪɚɦɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɢ ɜɟɥɢɱɢɧɨɣ ɩɚɞɚɸɳɟɣ ɦɨɳɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ (ɫɦ. 
ɜɵɪɚɠɟɧɢɟ (7.6)): 

.
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ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɤɨɪɨɫɬɶ ɝɟɧɟɪɚɰɢɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ 
ɧɚɯɨɞɢɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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Ɂɞɟɫɶ R ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɫɜɟɬɨɜɨɣ ɦɨɳɧɨɫɬɢ ɨɬ ɩɨɜɟɪɯ-

ɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ,  ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ, 
 ɤɜɚɧɬɨɜɵɣ ɜɵɯɨɞ ɜɧɭɬɪɟɧɧɟɝɨ ɮɨɬɨɷɮɮɟɤɬɚ, ɬ.ɟ. ɤɨɥɢɱɟɫɬɜɨ 

ɷɥɟɤɬɪɨɧɨ-ɞɵɪɨɱɧɵɯ ɩɚɪ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɩɨɝɥɨɳɟɧɢɢ ɨɞɧɨɝɨ 
ɤɜɚɧɬɚ ɫɜɟɬɚ ɫ ɷɧɟɪɝɢɟɣ h . Ɉɛɵɱɧɨ ɷɬɨɬ ɩɚɪɚɦɟɬɪ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ  
ɜɟɥɢɱɢɧɟ ɛɥɢɡɤɢɦ ɤ ɟɞɢɧɢɰɟ.  
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     ȼ ɢɬɨɝɟ ɤɨɧɟɱɧɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɮɨɬɨɷɞɫ Ⱦɟɦɛɟɪɚ ɩɪɢ ɨɫɜɟɳɟɧɢɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɧɚ ɱɚɫɬɨɬɟ   ɢɡɥɭɱɟɧɢɟɦ ɡɚɞɚɧɧɨɣ 
ɦɨɳɧɨɫɬɢ  0

ɩɚɞP  ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 
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Ɂɚɦɟɬɢɦ, ɱɬɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɷɬɨɣ ɮɨɬɨɷɞɫ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɛɴɟɦɧɵɦ 
ɜɪɟɦɟɧɟɦ ɠɢɡɧɢ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ pn  ,  ɢ ɜ ɪɟɚɥɶɧɵɯ ɩɨɥɭɩɪɨ-

ɜɨɞɧɢɤɚɯ ɨɤɚɡɵɜɚɟɬɫɹ ɞɨɜɨɥɶɧɨ ɦɚɥɨɣ ɜɟɥɢɱɢɧɨɣ (ɞɨ c810 ). 

      - Ɉɛɴɟɦɧɚя ɮɨɬɨɷɞɫ. ɗɬɨɬ ɜɢɞ ɮɨɬɨɷɞɫ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɜ 
ɨɛɴɟɦɧɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɨɛɪɚɡɰɚɯ ɫ ɧɟɨɞɧɨɪɨɞɧɨɫɬɹɦɢ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɥɟɝɢɪɭɸɳɟɣ ɩɪɢɦɟɫɢ ɢɥɢ ɫɬɪɭɤɬɭɪɧɵɯ ɞɟɮɟɤɬɨɜ, ɬ.ɟ. 
ɢɦɟɸɳɢɯ ɝɪɚɞɢɟɧɬ ɬɟɦɧɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ 
ɭɱɟɛɧɨɦ ɩɨɫɨɛɢɢ, ɜɟɥɢɱɢɧɚ ɨɛɴɟɦɧɨɣ ɮɨɬɨɷɞɫ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ: 
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ɝɞɟ N ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɷɥɟɤɬɪɨɧɧɨ-ɞɵɪɨɱɧɵɯ ɩɚɪ, 
ɫɨɡɞɚɧɧɵɯ ɨɩɬɢɱɟɫɤɢɦ ɢɡɥɭɱɟɧɢɟɦ. ɗɬɭ ɜɟɥɢɱɢɧɭ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ 
ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 
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ɉɨɷɬɨɦɭ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɨɛɴɟɦɧɨɣ 
ɮɨɬɨɷɞɫ ɛɭɞɟɬ ɫɥɟɞɭɸɳɢɦ: 
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     Ʉɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɦ ɫɥɭɱɚɟ, ɢɧɟɪɰɢɨɧɧɨɫɬɶ ɨɛɴɟɦɧɨɣ ɮɨɬɨɷɞɫ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɪɟɦɟɧɟɦ ɠɢɡɧɢ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɷɥɟɤɬɪɨɧɧɨ-ɞɵɪɨɱɧɨɣ 
ɩɚɪɵ ɜ ɨɛɴɟɦɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɢ ɩɨɬɨɦɭ ɢɧɟɪɰɢɨɧɧɨɫɬɶ ɹɜɥɹɟɬɫɹ 
ɞɨɜɨɥɶɧɨ ɦɚɥɨɣ ɜɟɥɢɱɢɧɨɣ. 
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- Бɚɪɶɟɪɧɚя ɮɨɬɨɷɞɫ. ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɣ ɢ ɡɧɚɱɢ-

ɦɵɣ ɩɨ ɜɟɥɢɱɢɧɟ  ɮɨɬɨɜɨɥɶɬɚɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ 
ɨɫɜɟɳɟɧɢɢ p-n ɩɟɪɟɯɨɞɚ. ȼɨɡɧɢɤɚɸɳɚɹ ɩɪɢ ɷɬɨɦ ɷɥɟɤɬɪɨɞɜɢɠɭɳɚɹ 
ɫɢɥɚ ɧɚɡɵɜɚɟɬɫɹ ɛɚɪɶɟɪɧɨɣ ɮɨɬɨɷɞɫ.  

Ɉɫɧɨɜɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ p-n ɩɟɪɟɯɨɞɚ, ɨɩɪɟɞɟɥɹɸɳɟɣ 
ɤɚɱɟɫɬɜɨ ɟɝɨ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ 
ɷɥɟɤɬɪɨɧɧɵɯ ɩɪɢɛɨɪɚɯ, ɹɜɥɹɟɬɫɹ  ɜɨɥɶɬ-ɚɦɩɟɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 
(ȼȺɏ). Ɉɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɜɢɫɢɦɨɫɬɶ ɨɦɢɱɟɫɤɨɝɨ ɬɨɤɚ j, 
ɩɪɨɬɟɤɚɸɳɟɝɨ ɱɟɪɟɡ p-n ɩɟɪɟɯɨɞ, ɨɬ ɜɟɥɢɱɢɧɵ ɩɨɫɬɨɹɧɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ V ɧɚ ɧɟɦ. ɂɡ-ɡɚ ɧɚɥɢɱɢɹ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɛɚɪɶɟɪɚ ɧɚ 
ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ p- ɢ n-ɨɛɥɚɫɬɟɣ  ɩɟɪɟɯɨɞɚ, ɞɚɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 
ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɫɢɦɦɟɬɪɢɱɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɧɚɤɚ ɩɪɢɤɥɚɞɵɜɚɟɦɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ. Ɍɚɤ, ɟɫɥɢ ɤ n-ɨɛɥɚɫɬɢ ɩɪɢɥɨɠɢɬɶ ɩɨɥɨɠɢɬɟɥɶɧɵɣ 
ɩɨɬɟɧɰɢɚɥ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɟɧɰɢɚɥɚ p-ɨɛɥɚɫɬɢ (ɫɥɭɱɚɣ ɨɛɪɚɬɧɵɯ ɢɥɢ 
ɡɚɩɨɪɧɵɯ ɧɚɩɪɹɠɟɧɢɣ), ɬɨ ɜɵɫɨɬɚ ɛɚɪɶɟɪɚ, ɪɚɡɞɟɥɹɸɳɟɝɨ ɷɬɢ 
ɨɛɥɚɫɬɢ, ɭɜɟɥɢɱɢɬɫɹ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɨɬɟɤɚɧɢɟ ɬɨɤɚ ɨɫɧɨɜɧɵɯ 
ɧɨɫɢɬɟɥɟɣ ɱɟɪɟɡ ɩɟɪɟɯɨɞ ɛɭɞɟɬ ɢɫɤɥɸɱɟɧɨ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɱɟɪɟɡ p-n 

ɩɟɪɟɯɨɞ ɩɪɨɬɟɤɚɟɬ ɬɨɤ 0I , ɨɛɪɚɡɨɜɚɧɧɵɣ ɧɟɨɫɧɨɜɧɵɦɢ ɧɨɫɢɬɟɥɹɦɢ 
ɡɚɪɹɞɚ n- ɢ p-ɨɛɥɚɫɬɟɣ, ɞɥɹ ɤɨɬɨɪɵɯ ɤɨɧɬɚɤɬɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɟɪɟɧɨɫɭ: ɷɥɟɤɬɪɨɧɨɜ ɢɡ p-ɨɛɥɚɫɬɢ ɜ n-ɨɛɥɚɫɬɶ ɢ ɞɵɪɨɤ 
ɢɡ n-ɨɛɥɚɫɬɢ ɜ p-ɨɛɥɚɫɬɶ.  

ȿɫɥɢ ɠɟ ɤ n-ɨɛɥɚɫɬɢ ɩɪɢɥɨɠɢɬɶ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɩɨɬɟɧɰɢɚɥ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɟɧɰɢɚɥɚ p-ɨɛɥɚɫɬɢ (ɫɥɭɱɚɣ ɩɪɹɦɵɯ ɢɥɢ ɨɬɩɢɪɚɸɳɢɯ 
ɧɚɩɪɹɠɟɧɢɣ), ɬɨ ɜɵɫɨɬɚ ɛɚɪɶɟɪɚ, ɪɚɡɞɟɥɹɸɳɟɝɨ ɷɬɢ ɨɛɥɚɫɬɢ, 
ɭɦɟɧɶɲɢɬɫɹ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɱɟɪɟɡ ɩɟɪɟɯɨɞ ɛɭɞɟɬ ɬɟɱɶ ɬɨɤ ɨɫɧɨɜɧɵɯ 
ɧɨɫɢɬɟɥɟɣ. ɍɱɢɬɵɜɚɹ ɛɨɥɶɰɦɚɧɨɜɫɤɢɣ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɩɨ 
ɷɧɟɪɝɢɹɦ: ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɬɢɰ, ɢɦɟɸɳɢɯ ɷɧɟɪɝɢɸ ɜɵɲɟ ɜɵɫɨɬɵ 
ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɛɚɪɶɟɪɚ, ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 
ɭɦɟɧɶɲɟɧɢɟɦ ɜɵɫɨɬɵ ɷɬɨɝɨ ɛɚɪɶɟɪɚ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 
ȼȺɏ p-n ɩɟɪɟɯɨɞɚ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 
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ɝɞɟ 0I  - ɜɟɥɢɱɢɧɚ ɨɛɪɚɬɧɨɝɨ ɬɨɤɚ p-n ɩɟɪɟɯɨɞɚ. Ʉɚɤ ɭɤɚɡɵɜɚɥɨɫɶ ɜɵɲɟ 
ɮɢɡɢɱɟɫɤɨɣ ɩɪɢɱɢɧɨɣ ɟɝɨ ɩɨɹɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɬɨɤ ɧɟɨɫɧɨɜɧɵɯ 
ɧɨɫɢɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɥɢɛɨ ɝɟɧɟɪɢɪɭɸɬɫɹ ɜ ɩɪɟɞɟɥɚɯ p-n ɩɟɪɟɯɨɞɚ 
ɩɪɢɦɟɫɧɵɦɢ ɚɬɨɦɚɦɢ ɢ ɢɨɧɚɦɢ (ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɟɝɨ ɧɚɡɵɜɚɸɬ 
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ɝɟɧɟɪɚɰɢɨɧɧɨ-ɪɟɤɨɦɛɢɧɚɰɢɨɧɧɵɦ ɬɨɤɨɦ), ɥɢɛɨ ɡɚ ɫɱɟɬ ɞɢɮɮɭɡɢɢ 
ɧɟɨɫɧɨɜɧɵɟ ɧɨɫɢɬɟɥɢ ɡɚɪɹɞɚ ɢɡ n- ɢ p-ɨɛɥɚɫɬɟɣ ɩɨɫɬɚɜɥɹɸɬɫɹ ɤ 
ɩɟɪɟɯɨɞɭ, ɝɞɟ ɩɨɞɯɜɚɬɵɜɚɸɬɫɹ ɢ ɪɚɡɞɟɥɹɸɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɥɟɦ p-

n ɩɟɪɟɯɨɞɚ (ɟɝɨ ɧɚɡɵɜɚɸɬ ɞɢɮɮɭɡɢɨɧɧɵɦ ɬɨɤɨɦ). ȼɟɥɢɱɢɧɚ 
ɨɛɪɚɬɧɨɝɨ ɬɨɤɚ – ɜɚɠɧɵɣ ɩɚɪɚɦɟɬɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɦɧɨɝɢɟ 
ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɟɪɟɯɨɞɚ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɪɚɬɧɨɝɨ ɬɨɤɚ ɩɟɪɟɯɨɞɚ ɜ ɫɥɭɱɚɟ ɞɨɦɢɧɢɪɨɜɚɧɢɹ 
ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɩɨɫɬɚɜɤɢ ɧɟɨɫɧɨɜɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ 
ɬɚɤɨɜɨ: 
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Ɂɞɟɫɶ S - ɩɥɨɳɚɞɶ ɩɟɪɟɯɨɞɚ; n pb   - ɨɬɧɨɲɟɧɢɟ ɩɨɞɜɢɠɧɨɫɬɟɣ 
ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ; i  - ɫɨɛɫɬɜɟɧɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ 
ɩɟɪɟɯɨɞɚ; ,n p  - ɭɞɟɥɶɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ n- ɢ p – ɨɛɥɚɫɬɟɣ p-n 

ɩɟɪɟɯɨɞɚ; ,n pL L  - ɞɢɮɮɭɡɢɨɧɧɚɹ ɞɥɢɧɚ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ɉɞɧɚɤɨ ɧɚ ɩɪɚɤɬɢɤɟ ɱɚɫɬɨ ɨɫɧɨɜɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɩɨɫɬɚɜɤɢ 
ɧɟɨɫɧɨɜɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ, ɚ ɡɧɚɱɢɬ, ɨɫɧɨɜɧɵɦ ɦɟɯɚɧɢɡɦɨɦ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɛɪɚɬɧɨɝɨ ɬɨɤɚ p-n ɩɟɪɟɯɨɞɚ ɹɜɥɹɟɬɫɹ ɢɯ ɝɟɧɟɪɚɰɢɹ 
ɩɪɢɦɟɫɧɵɦɢ ɫɨɫɬɨɹɧɢɹɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɟ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɝɨɜɨɪɹɬ ɨ ɝɟɧɟɪɚɰɢɨɧɧɨ-

ɪɟɤɨɦɛɢɧɚɰɢɨɧɧɨɦ (ȽɊ) ɨɛɪɚɬɧɨɦ ɬɨɤɟ ɩɟɪɟɯɨɞɚ. Ⱦɥɹ ɷɬɨɝɨ ɫɥɭɱɚɹ 
ɜɟɥɢɱɢɧɚ ɨɛɪɚɬɧɨɝɨ ɬɨɤɚ ɜɵɱɢɫɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɜɵɪɚɠɟɧɢɹ 

0 i
p n

W
I qn S  
 . 

Ɂɞɟɫɶ W  - ɲɢɪɢɧɚ ɨɛɥɚɫɬɶ p-n ɩɟɪɟɯɨɞɚ, in - ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɨɫɢɬɟɥɟɣ 
ɡɚɪɹɞɚ ɜ ɫɨɛɫɬɜɟɧɧɨɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ (ɤɨɧɫɬɚɧɬɚ ɦɚɬɟɪɢɚɥɚ), ɚ p n   - 

ɜɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɧɟɦ. Ɉɫɬɚɥɶɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ 
ɨɛɳɟɩɪɢɧɹɬɵɟ. 

Ⱦɪɭɝɢɦ ɜɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦ ɤɚɱɟɫɬɜɨ 
ɩɟɪɟɯɨɞɚ, ɹɜɥɹɟɬɫɹ ɟɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, 
ɨɛɨɡɧɚɱɚɟɦɨɟ ɤɚɤ dR . Ɏɢɡɢɱɟɫɤɢ ɨɧɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɷɥɟɦɟɧɬɚ, ɨɤɚɡɵɜɚɟɦɨɟ ɢɦ ɩɪɨɬɟɤɚɧɢɸ ɫɥɚɛɨɝɨ 
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ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ. ɍɱɢɬɵɜɚɹ ɬɨ, ɱɬɨ ɫɥɚɛɨɟ ɩɟɪɟɦɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 
ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɰɟɩɹɯ ɜ ɤɚɱɟɫɬɜɟ 
ɫɢɝɧɚɥɶɧɨɝɨ, ɜɜɟɞɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɨɤɚɡɵɜɚɟɬɫɹ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɞɨɦɢɧɢɪɭɸɳɢɦ ɞɥɹ ɨɰɟɧɤɢ 
ɜɨɡɦɨɠɧɨɫɬɟɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶ-

ɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɷɥɟɦɟɧɬɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ 
ɧɚɩɪɹɠɟɧɢɢ 0V V , ɬɚɤɨɜɨ 
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Ɏɢɡɢɱɟɫɤɢ ɟɝɨ ɦɨɠɧɨ ɢɡɦɟɪɢɬɶ, ɟɫɥɢ ɧɚɪɹɞɭ ɫ ɩɨɫɬɨɹɧɧɵɦ 
ɧɚɩɪɹɠɟɧɢɟɦ 0V  ɤ ɢɫɫɥɟɞɭɟɦɨɦɭ ɷɥɟɦɟɧɬɭ ɩɪɢɥɨɠɢɬɶ ɦɚɥɨɟ 
ɩɟɪɟɦɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɚɦɩɥɢɬɭɞɨɣ U , ɱɚɫɬɨɬɨɣ f  ɢ 
ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɜɟɥɢɱɢɧɭ ɩɪɨɬɟɤɚɸɳɟɝɨ ɱɟɪɟɡ ɷɥɟɦɟɧɬ ɬɨɤɚ I  ɧɚ 
ɷɬɨɣ ɠɟ ɱɚɫɬɨɬɟ. Ɍɨɝɞɚ ɫɨɝɥɚɫɧɨ ɨɩɪɟɞɟɥɟɧɢɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨ 
ɡɚɤɨɧɭ Ɉɦɚ ɧɚɣɞɟɦ: 
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əɫɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɜɢɫɢɬ ɤɚɤ 
ɨɬ ɱɚɫɬɨɬɵ, ɧɚ ɤɨɬɨɪɨɣ ɨɧɨ ɢɡɦɟɪɹɟɬɫɹ, ɬɚɤ ɢ ɨɬ ɜɟɥɢɱɢɧɵ 
ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɢɥɨɠɟɧɧɨɝɨ ɤ ɷɥɟɦɟɧɬɭ. ɂɡ ɜɵɪɚɠɟɧɢɹ 
(7.16) ɬɚɤɠɟ ɫɥɟɞɭɟɬ ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ p-n ɩɟɪɟɯɨɞɚ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ, ɢɡɦɟɪɹɟɦɵɦ ɧɚ 
ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ: ɨɧɢ ɪɚɡɧɹɬɫɹ ɬɚɤ ɠɟ, ɤɚɤ ɨɬɥɢɱɚɟɬɫɹ ɩɪɨɢɡɜɨɞɧɚɹ 
ɮɭɧɤɰɢɢ, ɜɵɱɢɫɥɟɧɧɚɹ ɜ ɡɚɞɚɧɧɨɣ ɬɨɱɤɟ, ɨɬ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ 
ɬɚɧɝɟɧɫɚ ɭɝɥɚ ɧɚɤɥɨɧɚ ɷɬɨɣ ɮɭɧɤɰɢɢ ɜ ɬɨɣ ɠɟ ɬɨɱɤɟ - ɜ ɧɚɲɟɦ 
ɫɥɭɱɚɟ: ɩɪɢ ɡɚɞɚɧɧɨɦ ɩɨɫɬɨɹɧɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɧɚ ɩɟɪɟɯɨɞɟ.  

ɉɨɥɶɡɭɹɫɶ ɜɵɪɚɠɟɧɢɟɦ ɞɥɹ ȼȺɏ ɩɟɪɟɯɨɞɚ (7.13), 
ɩɨɞɜɟɪɝɧɭɬɨɝɨ ɨɞɧɨɜɪɟɦɟɧɧɨɦɭ ɞɟɣɫɬɜɢɸ ɩɪɨɢɡɜɨɥɶɧɨɝɨ 
ɩɨɫɬɨɹɧɧɨɝɨ ɢ ɦɚɥɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɧɟɬɪɭɞɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɟɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ: 

  



 


 


 


 















1
0

0 1exp
1

0

kT
UVq

I
U

U
I

R

VV

d

 



 

54 

 

  





 


 


 




 


 


 













kT
qV

qI
kT

kT
UVq

I
kT
q

kT
qU

UkT
qV

I

0

0

1
0

0

1
0

0

expexp

expexp

 

ɩɨɫɤɨɥɶɤɭ ɨɛɵɱɧɨ 0 0V U  , ɬ.ɤ. ɚɦɩɥɢɬɭɞɚ ɩɟɪɟɦɟɧɧɨɝɨ 
ɬɟɫɬɨɜɨɝɨ ɫɢɝɧɚɥɚ ɫɱɢɬɚɟɬɫɹ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɨɣ ɜɟɥɢɱɢɧɨɣ. 
Ɉɤɨɧɱɚɬɟɥɶɧɨ ɢɦɟɟɦ: 

                                  .exp 0

0
0 




kT
qV

qI
kT

VRd                             (7.17) 

ɂɡ ɞɚɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɟɡɤɨ ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɨɛɥɚɫɬɢ ɩɪɹɦɵɯ ɫɦɟɳɟɧɢɣ 
(ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɨɬɤɪɵɜɚɸɳɢɯ ɩɟɪɟɯɨɞ). Ɉɧɨ 
ɦɚɤɫɢɦɚɥɶɧɨ ɜ ɬɨɱɤɟ 0V  ȼ. ȼ ɨɛɥɚɫɬɢ ɠɟ ɨɛɪɚɬɧɵɯ ɫɦɟɳɟɧɢɣ 
ɞɚɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɧɟɞɟɣɫɬɜɢɬɟɥɶɧɨ ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɢɫɯɨɞɧɨɟ 
ɜɵɪɚɠɟɧɢɟ ɞɥɹ ȼȺɏ p-n ɩɟɪɟɯɨɞɚ ɧɟ ɞɚɟɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɤɚ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɧɚɩɪɹɠɟɧɢɣ. ɉɨɷɬɨɦɭ ɞɥɹ 
ɡɚɩɢɪɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɨɛɵɱɧɨ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ (7.17), ɤɨɝɞɚ 00 V : 

                                             .
0qI

kT
Rd                                           (7.18) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɟɥɢɱɢɧɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ   
p-n ɩɟɪɟɯɨɞɚ ɩɪɢ ɜɵɛɪɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 
ɧɟɦ 0V  ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɡɧɚɱɟɧɢɟɦ ɨɛɪɚɬɧɨɝɨ ɬɨɤɚ, ɚ 
ɬɚɤɠɟ ɜɟɥɢɱɢɧɨɣ ɩɪɢɥɨɠɟɧɧɨɝɨ ɤ ɩɟɪɟɯɨɞɭ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ.  

ɋɥɟɞɭɸɳɢɦ ɜɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦ 
ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ p-n ɩɟɪɟɯɨɞɚ, ɹɜɥɹɟɬɫɹ ɟɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ 
ɟɦɤɨɫɬɶ C . Ɏɢɡɢɱɟɫɤɢ ɷɬɚ ɟɦɤɨɫɬɶ ɨɛɪɚɡɨɜɚɧɚ n- ɢ p- ɨɛɥɚɫɬɹɦɢ (ɢɯ 
ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɨɛɤɥɚɞɤɢ ɩɥɨɫɤɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ), 
ɪɚɡɞɟɥɟɧɧɵɦɢ i-ɫɥɨɟɦ ɬɨɥɳɢɧɨɣ W , ɜ ɤɨɬɨɪɨɦ ɩɪɨɜɨɞɢɦɨɫɬɶ ɪɚɜɧɚ 
ɫɨɛɫɬɜɟɧɧɨɣ (ɟɝɨ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɥɨɣ ɞɢɷɥɟɤɬɪɢɤɚ ɦɟɠɞɭ 
ɨɛɤɥɚɞɤɚɦɢ ɤɨɧɞɟɧɫɚɬɨɪɚ). ɗɬɚ ɟɦɤɨɫɬɶ ɧɚɡɵɜɚɟɬɫɹ ɛɚɪɶɟɪɧɨɣ. 

ȼɟɥɢɱɢɧɚ ɛɚɪɶɟɪɧɨɣ ɟɦɤɨɫɬɢ ɟɞɢɧɢɱɧɨɣ ɩɥɨɳɚɞɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɞɨɧɨɪɧɨɣ dN  ɢ ɚɤɰɟɩɬɨɪɧɨɣ aN  ɩɪɢɦɟɫɹɦɢ ɜ n- ɢ p- 

ɨɛɥɚɫɬɹɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɵɫɨɬɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɛɚɪɶɟɪɚ ɧɚ 
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ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɨɛɥɚɫɬɟɣ ɪɚɡɧɨɝɨ ɬɢɩɚ ɩɪɨɜɨɞɢɦɨɫɬɢ ɛ , ɚ ɬɚɤɠɟ 
ɜɟɥɢɱɢɧɨɣ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɟɪɟɯɨɞɟ V , ɫɦɟɳɚɸɳɟɝɨ ɟɝɨ ɜ ɩɪɹɦɨɦ 
(ɩɪɨɜɨɞɹɳɟɦ) ɢɥɢ ɨɛɪɚɬɧɨɦ (ɡɚɩɨɪɧɨɦ) ɧɚɩɪɚɜɥɟɧɢɢ: 
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Ɂɞɟɫɶ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɠɞɭ n- ɢ p-ɨɛɥɚɫɬɹɦɢ ɩɟɪɟɯɨɞɚ 
ɨɩɪɟɞɟɥɹɟɬ ɜɵɫɨɬɭ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɛɚɪɶɟɪɚ ɦɟɠɞɭ ɨɛɥɚɫɬɹɦɢ 
ɩɟɪɟɯɨɞɚ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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Ʉɚɤ ɢ ɜɫɹɤɢɣ ɷɥɟɤɬɪɨɧɧɵɣ ɩɪɢɛɨɪ, ɜ ɤɨɬɨɪɨɦ ɢɦɟɟɬɫɹ ɩɟɪɟɧɨɫ 
ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɱɟɪɟɡ ɨɛɥɚɫɬɶ ɢɯ ɪɟɝɢɫɬɪɚɰɢɢ, p-n ɩɟɪɟɯɨɞ ɞɨɥɠɟɧ 
ɨɛɥɚɞɚɬɶ ɧɟɤɨɬɨɪɨɣ ɢɧɟɪɰɢɨɧɧɨɫɬɶɸ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɧɟɲɧɟɦɭ 
ɜɨɡɞɟɣɫɬɜɢɸ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɪɢ ɩɨɞɚɱɟ ɧɚ ɧɟɝɨ ɩɟɪɟɦɟɧɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɪɚɡɥɢɱɧɨɣ ɱɚɫɬɨɬɵ p-n ɩɟɪɟɯɨɞ ɦɨɠɟɬ ɧɟ ɭɫɩɟɬɶ 
ɨɬɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɧɟɝɨ, ɟɫɥɢ ɱɚɫɬɨɬɚ ɧɚɩɪɹɠɟɧɢɹ ɜɵɫɨɤɚ ɢ ɩɪɟɜɵɲɚɟɬ 
ɧɟɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɚɪɚɦɟɬɪɚɦɢ 
p-n ɩɟɪɟɯɨɞɚ, ɢɥɢ ɭɫɩɟɜɚɬɶ, ɟɫɥɢ ɱɚɫɬɨɬɚ ɜɧɟɲɧɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɦɚɥɚ. 
ɗɬɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɨɦ ɹɜɥɹɟɬɫɹ ɜɪɟɦɹ ɩɟɪɟɡɚɪɹɞɤɢ ɟɝɨ 
ɟɦɤɨɫɬɢ C . Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɱɚɫɬɨɬɧɵɯ ɫɜɨɣɫɬɜ p-n ɩɟɪɟɯɨɞɚ ɟɝɨ 
ɧɟɨɛɯɨɞɢɦɨ ɜɤɥɸɱɢɬɶ ɜ ɩɪɹɦɨɦ ɢɥɢ ɡɚɩɨɪɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɢ 
ɩɪɢɥɨɠɢɬɶ ɫɢɧɭɫɨɢɞɚɥɶɧɵɣ ɫɢɝɧɚɥ ɫ ɦɚɥɨɣ ɚɦɩɥɢɬɭɞɨɣ, ɨɛɵɱɧɨ ɧɟ 
ɩɪɟɜɵɲɚɸɳɟɣ ɧɚɩɪɹɠɟɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ ɫɦɟɳɟɧɢɹ ɧɚ ɩɟɪɟɯɨɞɟ. 
ɂɡɦɟɧɹɹ ɱɚɫɬɨɬɭ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬ ɦɟɧɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɤ 
ɛɨɥɶɲɟɦɭ, ɫ ɩɨɦɨɳɶɸ ɤɜɚɞɪɚɬɢɱɧɨɝɨ ɞɟɬɟɤɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɚɦɩɥɢɬɭɞɚ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧU , ɫɧɢɦɚɟɦɨɝɨ ɫ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɧɚɝɪɭɡɤɢ ɧR . ɂɡ ɩɨɥɭɱɟɧɧɨɣ ɱɚɫɬɨɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ  ɧU f  

ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɚɫɬɨɬɚ, ɧɚ ɤɨɬɨɪɨɣ ɩɚɞɟɧɢɟ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɧɚɝɪɭɡɤɢ ɭɦɟɧɶɲɢɬɫɹ ɜ 2 =1.41- ɪɚɡɚ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɟɝɨ ɡɧɚɱɟɧɢɟɦ ɧɚ ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ, ɧɚɩɪɢɦɟɪ, ɧɚ ɱɚɫɬɨɬɟ 
10 Ƚɰ. ɑɚɫɬɨɬɚ, ɧɚ ɤɨɬɨɪɨɣ ɚɦɩɥɢɬɭɞɚ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɭɤɚɡɚɧɧɨɟ ɱɢɫɥɨ ɪɚɡ, ɧɚɡɵɜɚɟɬɫɹ ɱɚɫɬɨɬɨɣ ɫɪɟɡɚ - 0f . 

ɂɡ ɧɚɣɞɟɧɧɨɝɨ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬɵ ɫɪɟɡɚ ɨɩɪɟɞɟɥɹɸɬ 
ɜɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ ɡɚɪɹɞɚ ɜ ɩɟɪɟɯɨɞɟ: 
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ȿɫɥɢ ɱɚɫɬɨɬɚ ɢɡɦɟɪɟɧɚ ɜ ɝɟɪɰɚɯ, ɬɨ ɜɵɪɚɠɟɧɢɟ (7.20) ɞɚɟɬ ɡɧɚɱɟɧɢɟ 
ɜɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ ɜ ɫɟɤɭɧɞɚɯ.  
      ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɨɫɤɨɥɶɤɭ ɩɟɪɟɡɚɪɹɞɤɚ ɟɦɤɨɫɬɢ C  p-n 

ɩɟɪɟɯɨɞɚ ɮɢɡɢɱɟɫɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɟɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ dR , ɬɨ ɜɪɟɦɹ ɩɟɪɟɡɚɪɹɞɤɢ  ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɨ ɢɡ 
ɜɵɪɚɠɟɧɢɹ: 
                                              dnp RC  .                                       (7.21) 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɫɥɢ ɢɡɜɟɫɬɧɵ ɡɧɚɱɟɧɢɹ ɟɦɤɨɫɬɢ ɢ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɟɪɟɯɨɞɚ, ɬɨ ɢɦɟɟɬɫɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɱɢɫɥɢɬɶ ɜɪɟɦɹ ɩɟɪɟɡɚɪɹɞɤɢ ɢ ɫɪɚɜɧɢɬɶ ɟɝɨ ɫ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɧɚɣɞɟɧɧɵɦ ɡɧɚɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɪɟɥɚɤɫɚɰɢɢ p-n 

ɩɟɪɟɯɨɞɚ.  
ɋ ɮɢɡɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ ɩɟɪɟɯɨɞɚ ɪɚɜɧɨ 

ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ p-n ɩɟɪɟɯɨɞɟ. ɉɨ 
ɟɝɨ ɜɟɥɢɱɢɧɟ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɧɚɩɪɢɦɟɪ, ɢɧɟɪɰɢɨɧɧɨɫɬɶ 
ɮɨɬɨɩɪɢɟɦɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɨɫɧɨɜɟ ɛɚɪɶɟɪɧɨɣ ɮɨɬɨɷɞɫ p-n 

ɩɟɪɟɯɨɞɚ. 
ȼɟɥɢɱɢɧɚ ɛɚɪɶɟɪɧɨɣ ɮɨɬɨɷɞɫ p-n ɩɟɪɟɯɨɞɚ ɧɚ ɧɢɡɤɨɣ ɱɚɫɬɨɬɟ ɩɪɢ 

ɧɚɩɪɹɠɟɧɢɢ ɧɚ ɩɟɪɟɯɨɞɟ 00 V  ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 
ɜɵɪɚɠɟɧɢɟɦ: 
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ɝɞɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ фɬiI 0 . Ɂɧɚɱɟɧɢɟ ɮɨɬɨɬɨɤɚ ɧɚ ɱɚɫɬɨɬɟ 
ɢɡɦɟɪɟɧɢɹ ɛɚɪɶɟɪɧɨɣ ɮɨɬɨɗȾɋ   ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɨ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ   
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    .                        (7.23) 

ɬ.ɟ. ɷɬɨ ɬɨɤ, ɨɛɪɚɡɨɜɚɧɧɵɣ ɧɟɪɚɜɧɨɜɟɫɧɵɦɢ ɧɨɫɢɬɟɥɹɦɢ ɡɚɪɹɞɚ ɩɪɢ 
100%-ɧɨɦ ɩɨɝɥɨɳɟɧɢɢ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ɨɩɬɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ   ɩɚɞPR 1 . Ɂɞɟɫɶ ɩɚɞP  - ɦɨɳɧɨɫɬɶ ɩɚɞɚɸɳɟɝɨ ɨɩɬɢɱɟɫɤɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɱɚɫɬɨɬɨɣ  , R  - ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɫɜɟɬɚ ɨɬ 
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ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ,   - ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɫɜɟɬɚ ɜ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ. ɉɪɢ ɷɬɨɦ ɦɨɳɧɨɫɬɶ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ 
ɦɨɞɭɥɢɪɨɜɚɧɚ ɩɨ ɝɚɪɦɨɧɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ: 

 0( ) 1 sin( )ɩɚɞ ɩɚɞP P t   . 

ɇɚɩɨɦɧɢɦ, ɱɬɨ ɦɨɳɧɨɫɬɶ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚɯɨɞɢɬɫɹ ɩɭɬɟɦ 
ɭɦɧɨɠɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɬɚ ɧɚ ɩɥɨɳɚɞɶ ɨɫɜɟɳɚɟɦɨɝɨ ɭɱɚɫɬɤɚ.  
       ȼɪɟɦɹ ɠɢɡɧɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ p-n – ɩɟɪɟɯɨɞɟ 
ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɟɝɨ ɨɛɴɟɦɧɨɝɨ ɡɧɚɱɟɧɢɹ   pn   ɧɚ ɜɟɥɢɱɢɧɭ, 
ɨɩɪɟɞɟɥɹɟɦɭɸ ɜɵɫɨɬɨɣ ɛɚɪɶɟɪɚ, ɪɚɡɞɟɥɹɸɳɟɝɨ  p- ɢ n- ɨɛɥɚɫɬɢ: 
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p n

q
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        .                                    (7.24) 

ȼɨɡɪɚɫɬɚɧɢɟ ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɨɛɭɫɥɨɜɥɟɧɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ 
ɪɚɡɞɟɥɟɧɢɟɦ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɩɨɥɟɦ ɩɟɪɟɯɨɞɚ, ɚ 
ɡɧɚɱɢɬ ɢ ɡɚɬɪɭɞɧɟɧɢɟɦ ɢɯ ɪɟɤɨɦɛɢɧɚɰɢɢ, ɱɬɨ ɢ ɩɪɢɜɨɞɢɬ ɤ 
ɭɜɟɥɢɱɟɧɢɸ ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɷɥɟɤɬɪɨɧɧɨ-ɞɵɪɨɱɧɵɯ ɩɚɪ ɫɨɝɥɚɫɧɨ 
ɜɵɪɚɠɟɧɢɸ (7.24). 

 

7.2. ɉɊɂɆȿɊɕ  Ɋȿɒȿɇɂə ɁȺȾȺɑ  ɉɈ  ɈɉɊȿȾȿɅȿɇɂɘ   
ɉȺɊȺɆȿɌɊɈȼ  ɎɈɌɈɗɅȿɄɌɊɂɑȿɋɄɂɏ  ɗɎɎȿɄɌɈȼ   

 ȼ  ɉɈɅɍɉɊɈȼɈȾɇɂɄȺɏ 

 

 Зɚɞɚɱɚ 1. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ ɤɪɟɦɧɢɟɜɨɝɨ 
ɨɛɪɚɡɰɚ ɪɚɡɦɟɪɚɦɢ  511   ɫɦ3

 ɩɪɢ ɟɝɨ ɨɫɜɟɳɟɧɢɢ ɨɩɬɢɱɟɫɤɢɦ 
ɢɡɥɭɱɟɧɢɟɦ ɩɨɬɨɤɨɦ )/(10 212

0 ɫɫɦɤɜɚɧɬI   ɢɡ ɫɨɛɫɬɜɟɧɧɨɣ ɩɨɥɨɫɵ 
ɩɨɝɥɨɳɟɧɢɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɤɜɚɧɬɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɪɚɜɧɚ 5.0 , ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1610  ɫɦ , ɚ ɱɚɫɬɨɬɚ ɦɨɞɭɥɹɰɢɢ 
ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɫɢɝɧɚɥɨɦ ɫɨɫɬɚɜɥɹɟɬ Ƚцf 510 .  

ɋɱɢɬɚɬɶ, ɱɬɨ ɨɫɜɟɳɟɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɫ ɲɢɪɨɤɨɣ ɫɬɨɪɨɧɵ ɨɛɪɚɡɰɚ, 
ɚ ɪɟɝɢɫɬɪɢɪɭɸɳɢɟ ɤɨɧɬɚɤɬɵ ɩɪɢɩɚɹɧɵ ɤ ɭɡɤɢɦ ɬɨɪɰɚɦ. 

Ɋɟɲɟɧɢɟ. ȼ ɞɚɧɧɨɣ ɡɚɞɚɱɟ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡɦɟɧɟɧɢɟ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɜɫɟɝɨ ɨɛɪɚɡɰɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɚ 
ɧɟ ɟɞɢɧɢɱɧɨɝɨ ɨɛɴɟɦɚ, ɤɚɤ ɷɬɨ ɪɚɫɫɦɨɬɪɟɧɨ ɜ ɤɭɪɫɟ ɥɟɤɰɢɣ.  ɉɨɷɬɨɦɭ 
ɜɵɪɚɡɢɦ ɢɡɦɟɧɟɧɢɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜɫɟɝɨ ɨɛɪɚɡɰɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ 
ɢɡɦɟɧɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ. ɉɭɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɨɛɪɚɡɟɰ  
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ɢɦɟɟɬ ɞɥɢɧɭ L  ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɢ ɩɥɨɳɚɞɶ ɨɦɢɱɟɫɤɢɯ 
ɤɨɧɬɚɤɬɨɜ ɤ ɨɛɪɚɡɰɭ S  ɢ ɭɞɟɥɶɧɭɸ ɩɪɨɜɨɞɢɦɨɫɬɶ  . ȿɫɥɢ ɩɪɢ 
ɨɫɜɟɳɟɧɢɢ ɭɞɟɥɶɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɢɡɦɟɧɹɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ  , ɬɨ 
ɢɡɦɟɧɟɧɢɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜɫɟɝɨ ɨɛɪɚɡɰɚ ɛɭɞɟɬ ɪɚɜɧɨ 

                                           
L
S

G   .                                           (7.25) 

ɂɦɟɧɧɨ ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬ ɢɫɤɨɦɭɸ ɧɟɢɡɜɟɫɬɧɭɸ ɜɟɥɢɱɢɧɭ, ɜ 
ɤɨɬɨɪɨɦ ɢɡɦɟɧɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɟɫɬɶ ɭɞɟɥɶɧɚɹ 
ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɶ. ɉɨɫɥɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 
(7.11), ɜ ɤɨɬɨɪɨɦ ɧɟɢɡɜɟɫɬɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɹɜɥɹɸɬɫɹ ɫɤɨɪɨɫɬɶ 
ɝɟɧɟɪɚɰɢɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ, ɚ ɬɚɤɠɟ ɜɪɟɦɹ 
ɪɟɥɚɤɫɚɰɢɢ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ. ɂɫɩɨɥɶɡɭɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ  
ɜɵɱɢɫɥɟɧɢɹ ɜɪɟɦɟɧɢ ɪɟɥɚɤɫɚɰɢɢ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ:  

nppn

pnpn
фɩ 

 
 , 

ɜ ɤɨɬɨɪɨɦ ɜɫɟ ɜɟɥɢɱɢɧɵ ɹɜɥɹɸɬɫɹ ɫɩɪɚɜɨɱɧɵɦɢ (ɫɦ. ɉɪɢɥɨɠɟɧɢɟ ɤ 
ɞɚɧɧɨɦɭ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɦɭ ɩɨɫɨɛɢɸ). ɉɨɞɫɬɚɜɢɜ ɫɩɪɚɜɨɱɧɵɟ 
ɡɧɚɱɟɧɢɹ ɩɨɞɜɢɠɧɨɫɬɟɣ  ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ, ɚ ɬɚɤɠɟ ɜɪɟɦɟɧ ɢɯ 
ɠɢɡɧɢ ( cpn

310 ), ɩɨɥɭɱɢɦ: 
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ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɨɩɪɟɞɟɥɢɦ ɫɤɨɪɨɫɬɶ ɝɟɧɟɪɚɰɢɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ 
ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɬɪɚɠɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɢɡɥɭɱɟɧɢɹ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɟɦɧɢɹ 
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ɉɨɞɫɬɚɧɨɜɤɚ ɜ ɞɚɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɤɪɟɦɧɢɹ ɞɚɟɬ ɫɥɟɞɭɸɳɟɟ ɡɧɚɱɟɧɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɬɪɚɠɟɧɢɹ 
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ɋɤɨɪɨɫɬɶ ɝɟɧɟɪɚɰɢɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ - ɱɢɫɥɨ 
ɷɥɟɤɬɪɨɧɧɨ-ɞɵɪɨɱɧɵɯ ɩɚɪ, ɝɟɧɟɪɢɪɭɟɦɵɯ ɫɜɟɬɨɦ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ 
ɜ ɟɞɢɧɢɱɧɨɦ ɨɛɴɟɦɟ, ɪɚɜɧɚ 

  6 12 17
01 0.5 10 0.25 10 1.2 10 /g R I ɩɚɪ c            . 

Ɍɟɩɟɪɶ ɧɚɣɞɟɦ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɶ ɟɞɢɧɢɱɧɨɝɨ ɨɛɴɟɦɚ 
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Ɂɞɟɫɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ, ɞɨɫɬɢɝɚɟɦɨɟ ɧɚ 
ɧɢɡɤɨɣ ɱɚɫɬɨɬɟ ɦɨɞɭɥɹɰɢɢ, ɪɚɜɧɨ 1 1 10.35 10 Ɉɦ ɫɦ   , ɱɬɨ ɜɢɞɧɨ ɩɨ 
ɡɧɚɱɟɧɢɸ ɱɢɫɥɢɬɟɥɹ ɜɵɪɚɠɟɧɢɹ. Ɉɬɥɢɱɧɵɣ ɨɬ ɟɞɢɧɢɰɵ ɡɧɚɦɟɧɚɬɟɥɶ 
ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɪɨɹɜɥɟɧɢɟ ɢɧɟɪɰɢɨɧɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ. Ɋɟɡɤɨɟ 
ɫɧɢɠɟɧɢɟ ɡɧɚɱɟɧɢɹ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ ɧɚ ɡɚɞɚɧɧɨɣ ɱɚɫɬɨɬɟ ɫɜɹɡɚɧɨ ɫ 
ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɨɣ ɦɨɞɭɥɹɰɢɢ ɢɡɥɭɱɟɧɢɹ (ɫɦ. ɡɧɚɦɟɧɚɬɟɥɶ ɜɵɪɚɠɟɧɢɹ) 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɱɚɫɬɨɬɨɣ ɫɪɟɡɚ.  

Ɏɨɬɨɩɪɨɜɨɞɢɦɨɫɬɶ ɨɛɪɚɡɰɚ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɭɞɟɥɶɧɨɣ 
ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɶɸ ɢ ɪɚɡɦɟɪɚɦɢ ɨɛɪɚɡɰɚ ɫɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɸ (7.25) 

7 8 11 1
1 10 2 10 .
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɜɟɬ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɣ ɜɨɩɪɨɫ ɬɚɤɨɜ: 
ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɶ ɤɪɟɦɧɢɟɜɨɝɨ ɨɛɪɚɡɰɚ ɪɚɡɦɟɪɚɦɢ  511   ɫɦ3

 ɩɪɢ 
ɨɫɜɟɳɟɧɢɢ ɜɵɫɨɱɚɫɬɨɬɧɨ-ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɢɡɥɭɱɟɧɢɟɦ ɫ ɲɢɪɨɤɨɣ 
ɫɬɨɪɨɧɵ ɨɛɪɚɡɰɚ ɪɚɜɧɚ 8 12 10 Ɉɦ  . 

 

 

         Зɚɞɚɱɚ 2. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɮɨɬɨɷɞɫ Ⱦɟɦɛɟɪɚ, ɜɨɡɧɢɤɚɸɳɟɣ 
ɜ ɤɪɟɦɧɢɟɜɨɦ ɨɛɪɚɡɰɟ ɪɚɡɦɟɪɚɦɢ   31.5 2.0 10 ɦɦ   ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 312104.2  ɫɦNd ɩɪɢ ɨɫɜɟɳɟɧɢɢ ɨɛɪɚɡɰɚ ɫɨ 
ɫɬɨɪɨɧɵ ɭɡɤɨɝɨ ɬɨɪɰɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɚɞɚɸɳɚɹ ɫɜɟɬɨɜɚɹ 
ɦɨɳɧɨɫɬɶ ɜɟɥɢɱɢɧɨɣ ȼɬ9100.2   ɩɪɨɦɨɞɭɥɢɪɨɜɚɧɚ ɩɨ ɚɦɩɥɢɬɭɞɟ ɧɚ 
ɱɚɫɬɨɬɟ Ƚц2500 . ɂɡɥɭɱɟɧɢɟ ɢɦɟɟɬ ɞɥɢɧɭ ɜɨɥɧɵ ɦɤɦ0.1Ȝ  ɢ ɥɟɠɢɬ ɜ 
ɩɨɥɨɫɟ ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ.  
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         Ɋɟɲɟɧɢɟ. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɮɨɬɨɷɞɫ Ⱦɟɦɛɟɪɚ ɧɟɨɛɯɨɞɢɦɨ 
ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜɵɪɚɠɟɧɢɟɦ (8.14) 
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ɜ ɤɨɬɨɪɨɦ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɮɨɬɨɷɞɫ ɧɟ ɞɨɫɬɚɟɬ ɡɧɚɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ 
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ɂɫɩɨɥɶɡɭɹ ɫɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɤɪɟɦɧɢɹ, ɧɚɣɞɟɦ 
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ȼɵɱɢɫɥɢɦ ɨɬɞɟɥɶɧɨ ɦɧɨɠɢɬɟɥɶ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɱɚɫɬɨɬɧɵɟ 
ɫɜɨɣɫɬɜɚ ɮɨɬɨɷɞɫ Ⱦɟɦɛɟɪɚ, ɢɫɩɨɥɶɡɭɹ ɫɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ ɞɥɹ 
ɤɪɟɦɧɢɹ: 
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ɗɬɨɬ ɪɟɡɭɥɶɬɚɬ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɫɥɭɱɚɣ ɦɨɞɭɥɹ-

ɰɢɢ ɢɡɥɭɱɟɧɢɹ ɞɥɹ ɮɨɬɨɷɞɫ Ⱦɟɦɛɟɪɚ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɦ. 
    Ɉɫɬɚɥɨɫɶ ɨɰɟɧɢɬɶ ɦɧɨɠɢɬɟɥɶ, ɨɩɢɫɵɜɚɸɳɢɣ ɭɪɨɜɟɧɶ ɢɧɠɟɤɰɢɢ 
ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɫɜɟɳɟɧɢɹ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ 25.0,1  R  - ɜɡɹɬɨ ɢɡ 
ɩɪɟɞɵɞɭɳɟɣ ɡɚɞɚɱɢ, ,0.1 ɦɤɦȜ  ɫɫɦɫ /103 10 : 
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ɉɪɨɢɡɜɟɞɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɜɵɱɢɫɥɟɧɢɹ, ɬɟɩɟɪɶ ɪɚɫɫɱɢɬɚɟɦ 
ɜɟɥɢɱɢɧɭ ɮɨɬɨɷɞɫ Ⱦɟɦɛɟɪɚ: 
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      Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɟɥɢɱɢɧɚ ɮɨɬɨɷɞɫ Ⱦɟɦɛɟɪɚ ɩɪɢ ɡɚɞɚɧɧɵɯ 
ɭɫɥɨɜɢɹɯ ɫɨɫɬɚɜɢɬ 10 ɦȼ. 
 

 Зɚɞɚɱɚ 3. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɨɛɴɟɦɧɨɣ ɮɨɬɨɷɞɫ ɜ 
ɤɪɟɦɧɢɟɜɨɦ ɨɛɪɚɡɰɟ ɪɚɡɦɟɪɚɦɢ     30.55.15.1 ɫɦcba  ,  ɨɫɜɟɳɚɟ-

ɦɨɝɨ ɫɨ ɫɬɨɪɨɧɵ ɲɢɪɨɤɨɝɨ ɬɨɪɰɚ ɜ ɬɨɱɤɟ cɦx 5.2  ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ 
ɜ ɜɢɞɟ ɭɡɤɨɣ ɩɨɥɨɫɤɢ ɢɡɥɭɱɟɧɢɹ 
ɲɢɪɢɧɨɣ ɦɦd 1  ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ 

ɦɤɦ0.1Ȝ  ɢ ɩɚɞɚɸɳɟɣ ɦɨɳɧɨɫ-

ɬɶɸ ȼɬPɩɚɞ
100 109.1  , ɟɫɥɢ ɢɡ-

ɜɟɫɬɧɨ, ɱɬɨ ɤɨɨɪɞɢɧɚɬɧɚɹ ɡɚɜɢɫɢ-

ɦɨɫɬɶ ɬɟɦɧɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɨɛɪɚɡɰɚ ɜɞɨɥɶ ɟɝɨ ɞɥɢɧɧɨɣ ɫɬɨɪɨ-

ɧɵ ɨɩɢɫɵɜɚɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ                                                                           
              00 /exp xxx   . 

Ɂɞɟɫɶ ñìÎì  2
0 10 , ɫɦx 4

0 10 . ɋɱɢɬɚɬɶ, ɱɬɨ ɩɨɥɨɫɤɚ ɫɜɟɬɚ 
ɧɚɩɪɚɜɥɟɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɨɫɢ x , ɧɚɩɪɚɜɥɟɧɧɨɣ ɜɞɨɥɶ ɞɥɢɧɨɣ 
ɫɬɨɪɨɧɵ .c  Ƚɟɨɦɟɬɪɢɹ ɨɛɪɚɡɰɚ ɢ ɭɫɥɨɜɢɹ ɨɫɜɟɳɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɧɚ 
ɪɢɫ. 5. 

Ɋɢɫ. 5 
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         Ɋɟɲɟɧɢɟ. ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɨɣ ɮɨɬɨɷɞɫ ɢɦɟɟɬ 
ɫɥɟɞɭɸɳɢɣ ɜɢɞ (8.15): 
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02* .              (8.16) 

Ɂɞɟɫɶ ɩɨɞ ɩɥɨɳɚɞɶɸ baS   ɩɨɧɢɦɚɟɬɫɹ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ 
ɫɟɱɟɧɢɹ ɨɛɪɚɡɰɚ. ɉɨɷɬɨɦɭ ɩɟɪɜɵɣ ɫɨɦɧɨɠɢɬɟɥɶ ɜɵɪɚɠɟɧɢɹ (8.16) 
ɛɭɞɟɬ ɪɚɜɟɧ 
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Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɱɚɫɬɨɬɧɵɣ ɦɧɨɠɢɬɟɥɶ ɜɵɪɚɠɟɧɢɹ (8.16). ɉɪɢ 
ɥɨɤɚɥɶɧɨɦ ɨɫɜɟɳɟɧɢɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɨɛɥɚɫɬɶ, ɭɱɚɫɬɜɭɸɳɚɹ ɜ 
ɮɨɪɦɢɪɨɜɚɧɢɢ ɮɨɬɨɷɞɫ, ɢɡ-ɡɚ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɪɚɫɬɟɤɚɧɢɹ 
ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɶɲɟ ɨɛɥɚɫɬɢ 
ɨɫɜɟɳɟɧɢɹ ɧɚ ɜɟɥɢɱɢɧɭ pL2 . ȼ ɤɪɟɦɧɢɢ  

.102.148.0106.2

10480
106.1

3001038.1

12

3
19

23

ɫɦ

q
kT

L ppp









 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɚɥɶɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɡɪɟɲɟɧɢɟ ɨɛɴɟɦɧɨɣ 
ɮɨɬɨɷɞɫ ɛɭɞɟɬ ɫɨɫɬɚɜɥɹɬɶ ɩɨɱɬɢ 3.5 ɦɦ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɢɦɟɬɶ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɡɪɟɲɟɧɢɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, 
ɨɩɪɟɞɟɥɹɟɦɨɟ ɪɚɡɦɟɪɚɦɢ ɨɩɬɢɱɟɫɤɨɣ ɩɨɥɨɫɤɢ, ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ 
ɞɢɮɮɭɡɢɨɧɧɨɟ ɪɚɫɬɟɤɚɧɢɟ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɡɚ 
ɩɪɟɞɟɥɵ ɨɫɜɟɳɟɧɧɨɣ ɨɛɥɚɫɬɢ ɛɵɥɨ ɛɵ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɪɚɡɦɟɪɨɜ 
ɨɫɜɟɳɟɧɧɨɣ ɨɛɥɚɫɬɢ. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɭɫɥɨɜɢɹɯ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɞɢɮɮɭɡɢɨɧɧɚɹ ɞɥɢɧɚ ɞɵɪɨɤ ɞɨɥɠɧɚ ɛɵɬɶ, ɧɚɩɪɢɦɟɪ, ɜ 100 ɪɚɡ ɦɟɧɶɲɟ 
1 ɦɦ. Ⱦɥɹ ɷɬɨɝɨ ɧɚɞɨ ɜɵɛɪɚɬɶ ɫɬɨɥɶ ɜɵɫɨɤɭɸ ɱɚɫɬɨɬɭ ɦɨɞɭɥɹ-ɰɢɢ 
ɢɡɥɭɱɟɧɢɹ, ɱɬɨɛɵ ɞɢɮɮɭɡɢɨɧɧɚɹ ɞɥɢɧɚ ɞɵɪɨɤ ɧɚ ɱɚɫɬɨɬɟ   
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ɫɨɫɬɚɜɥɹɥɚ ɛɵ ɟɞɢɧɢɰɵ ɦɢɤɪɨɧ. ɉɪɢ ɱɚɫɬɨɬɟ ɦɨɞɭɥɹɰɢɢ Ƚц610  ɷɬɨ 
ɬɪɟɛɨɜɚɧɢɟ ɪɟɚɥɢɡɭɟɬɫɹ.  
 Ɍɨɝɞɚ ɱɚɫɬɨɬɧɵɣ ɦɧɨɠɢɬɟɥɶ ɜɵɪɚɠɟɧɢɹ (8.16) ɞɚɟɬ ɫɥɟɞɭɸɳɟɟ 
ɱɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ 
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Ɇɧɨɠɢɬɟɥɶ ɜɵɪɚɠɟɧɢɹ (8.16), ɨɬɜɟɱɚɸɳɢɣ ɡɚ ɭɪɨɜɟɧɶ ɢɧɠɟɤɰɢɢ 
ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤ, ɛɭɞɟɬ ɪɚɜɟɧ 
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Ɍɨɝɞɚ ɜɟɥɢɱɢɧɚ ɨɛɴɟɦɧɨɣ ɮɨɬɨɷɞɫ ɛɭɞɟɬ ɪɚɜɧɚ 
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      Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɟɥɢɱɢɧɚ ɨɛɴɟɦɧɨɣ ɮɨɬɨɷɞɫ ɜ ɜɵɛɪɚɧɧɵɯ 
ɭɫɥɨɜɢɹɯ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ ɦȼ650  . 

 

      Зɚɞɚɱɚ 4. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɛɚɪɶɟɪɧɨɣ ɮɨɬɨɷɞɫ ɤɪɟɦɧɢɟɜɨɝɨ 
p-n ɩɟɪɟɯɨɞɚ ɩɥɨɳɚɞɶɸ 22104 ɫɦS   ɩɪɢ ɟɝɨ ɨɫɜɟɳɟɧɢɢ 
ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɧɚ ɱɚɫɬɨɬɟ Ƚц410  ɢɡɥɭɱɟɧɢɟɦ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ 
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ɦɤɦ64.0Ȝ  ɢ ɦɨɳɧɨɫɬɶɸ ȼɬPɩɚɞ
1010 , ɟɫɥɢ ɤɜɚɧɬɨɜɚɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɝɥɨɳɟɧɢɹ ɪɚɜɧɚ 0.1 , ɚ ɡɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ 
ɚɤɰɟɩɬɨɪɧɨɣ aN  ɢ ɞɨɧɨɪɧɨɣ dN  ɩɪɢɦɟɫɢ ɜ ɨɛɥɚɫɬɹɯ ɨɞɢɧɚɤɨɜɵ ɢ 
ɪɚɜɧɵ 315102  ɫɦ . ɋɱɢɬɚɬɶ, ɱɬɨ ɨɛɪɚɬɧɵɣ ɬɨɤ ɩɟɪɟɯɨɞɚ ɫɨɡɞɚɟɬɫɹ 
ɞɢɮɮɭɡɢɨɧɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɩɨɫɬɚɜɤɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ 
ɡɚɪɹɞɚ. 
 Ɋɟɲɟɧɢɟ. ɂɫɯɨɞɧɵɦ ɜɵɪɚɠɟɧɢɟɦ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɛɚɪɶɟɪɧɨɣ 
ɮɨɬɨɷɞɫ ɫɥɭɠɢɬ ɜɵɪɚɠɟɧɢɟ (8.22) 
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ɜ ɤɨɬɨɪɨɦ ɧɟɢɡɜɟɫɬɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɹɜɥɹɸɬɫɹ ɨɛɪɚɬɧɵɣ ɬɨɤ 0I  ɢ 
ɮɨɬɨɬɨɤ фɬi . ɇɚɣɞɟɦ ɢɯ.  
       ȼɟɥɢɱɢɧɚ ɮɨɬɨɬɨɤɚ ɩɪɢ ɦɨɞɭɥɹɰɢɢ ɢɡɥɭɱɟɧɢɹ ɧɚ ɩɪɨɢɡɜɨɥɶɧɨɣ 
ɱɚɫɬɨɬɟ   ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɚ ɢɡ ɜɵɪɚɠɟɧɢɹ 
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ɚ ɨɛɪɚɬɧɵɣ ɬɨɤ 0I  ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧ ɩɨ ɜɵɪɚɠɟɧɢɸ  
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ɜ ɤɨɬɨɪɨɦ ɜɫɟ ɜɟɥɢɱɢɧɵ ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ, ɢɫɯɨɞɹ ɢɡ 
ɬɚɛɥɢɱɧɵɯ ɞɚɧɧɵɯ. ɋɧɚɱɚɥɚ ɨɩɪɟɞɟɥɢɦ ɷɥɟɤɬɪɨɧɧɭɸ ɢ ɞɵɪɨɱɧɭɸ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɨɛɪɚɡɰɚ: 

.45.0104.12.31021450106.1 1111519   ɫɦɈɦnq nnn   

.15.0108.42.3102480106.1 1121519   ɫɦɈɦpq ppp   

Ⱦɚɥɟɟ ɜɵɱɢɫɥɢɦ ɞɥɢɧɵ ɞɢɮɮɭɡɢɢ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ: 
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.102.148.0106.2 12 ɫɦ   

ɋɬɨɥɶ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɞɥɢɧ ɞɢɮɮɭɡɢɢ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɤɪɟɦɧɢɢ 
ɹɜɥɹɸɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ ɜɪɟɦɟɧ ɠɢɡɧɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ 
ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɉɪɢɥɨɠɟɧɢɢ ɤ 
ɞɚɧɧɨɦɭ ɩɨɫɨɛɢɸ, ɧɚɣɞɟɦ: 
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Ɍɟɩɟɪɶ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɛɚɪɶɟɪɧɭɸ ɮɨɬɨɷɞɫ: 
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Ɏɢɝɭɪɢɪɭɸɳɢɣ ɜ ɜɵɪɚɠɟɧɢɢ ɞɥɹ ɛɚɪɶɟɪɧɨɣ ɮɨɬɨɷɞɫ ɤɨɷɮɮɢɰɢɟɧɬ 
ɨɬɪɚɠɟɧɢɹ ɫɜɟɬɚ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɪɚɜɟɧ: 
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Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɱɚɫɬɨɬɧɨɝɨ ɦɧɨɠɢɬɟɥɹ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɜɪɟɦɹ 
ɠɢɡɧɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ p-n – ɩɟɪɟɯɨɞɟ 

dnp RC  . 

ȼɟɥɢɱɢɧɭ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ p-n – ɩɟɪɟɯɨɞɚ 

 ɇɚɣɞɟɦ ɢɡ ɜɵɪɚɠɟɧɢɹ 
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Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɟɦɤɨɫɬɶ p-n - ɩɟɪɟɯɨɞɚ ɩɥɨɳɚɞɶɸ S  ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɜɵɪɚɠɟɧɢɟɦ 
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Ɂɞɟɫɶ á ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɠɞɭ n- ɢ p-ɨɛɥɚɫɬɹɦɢ ɩɟɪɟɯɨɞɚ 
ɨɩɪɟɞɟɥɹɟɬ ɜɵɫɨɬɭ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɛɚɪɶɟɪɚ ɦɟɠɞɭ ɨɛɥɚɫɬɹɦɢ 
ɩɟɪɟɯɨɞɚ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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Ɍɟɩɟɪɶ ɧɚɣɞɟɦ ɟɦɤɨɫɬɶ p-n – ɩɟɪɟɯɨɞɚ ɩɪɢ 0V : 
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Ɂɧɚɱɢɬ, ɜɪɟɦɹ ɠɢɡɧɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɛɭɞɟɬ ɪɚɜɧɨ 

.103.5101.1108.4 1910 cRC dnp
   



 

67 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɱɚɫɬɨɬɧɵɣ ɦɧɨɠɢɬɟɥɶ ɛɚɪɶɟɪɧɨɣ ɮɨɬɨɷɞɫ ɧɚ ɱɚɫɬɨɬɟ 
Ƚц410  ɛɭɞɟɬ ɪɚɜɟɧ 
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Ɍɨɝɞɚ ɩɨɞɫɬɚɜɥɹɹ ɧɚɣɞɟɧɧɵɟ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ, ɧɚɣɞɟɦ ɜɟɥɢɱɢɧɭ 
ɛɚɪɶɟɪɧɨɣ ɮɨɬɨɷɞɫ ɜ ɜɵɛɪɚɧɧɵɯ ɭɫɥɨɜɢɹɯ: 
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 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɜɟɬ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɣ ɜɨɩɪɨɫ ɛɭɞɟɬ ɬɚɤɢɦ: ɩɪɢ 
ɭɤɚɡɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɨɫɜɟɳɟɧɢɹ ɤɪɟɦɧɢɟɜɨɝɨ p-n ɩɟɪɟɯɨɞɚ ɧɚ ɧɟɦ 
ɩɨɹɜɢɬɫɹ ɮɨɬɨɷɞɫ ɜɟɥɢɱɢɧɨɣ ɨɤɨɥɨ 1 ɦȼ. 
 

7.3. ȼȺɊɂȺɇɌɕ  ɁȺȾȺɇɂɃ  ɉɈ  ɈɉɊȿȾȿɅȿɇɂɘ   
ɉȺɊȺɆȿɌɊɈȼ  ɎɈɌɈɗɅȿɄɌɊɂɑȿɋɄɂɏ  ɗɎɎȿɄɌɈȼ   

 ȼ  ɉɈɅɍɉɊɈȼɈȾɇɂɄȺɏ   
Ʉ  ɄɈɇɌɊɈɅɖɇɈɃ  ɊȺȻɈɌȿ  № 1 

 

1. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɭɞɟɥɶɧɨɣ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ ɤɪɟɦɧɢɟɜɨɝɨ 
ɨɛɪɚɡɰɚ ɩɪɢ ɟɝɨ ɨɫɜɟɳɟɧɢɢ ɨɩɬɢɱɟɫɤɢɦ ɢɡɥɭɱɟɧɢɟɦ ɦɨɳɧɨɫɬɶɸ  

ȼɬPɩɚɞ
810  ɢɡ ɫɨɛɫɬɜɟɧɧɨɣ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɜ 

ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɤɜɚɧɬɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɝɥɨɳɟɧɢɹ 
ɢɡɥɭɱɟɧɢɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɪɚɜɧɚ 9.0 , ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1610  ɫɦ , ɚ ɱɚɫɬɨɬɚ 
ɦɨɞɭɥɹɰɢɢ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɫɢɝɧɚɥɨɦ 
ɫɨɫɬɚɜɥɹɟɬ Ƚцf 210 . Ɉɫɜɟɳɚɟɦɚɹ ɩɥɨɳɚɞɶ ɨɛɪɚɡɰɚ ɫɨɫɬɚɜɥɹɟɬ 

25.0 ɫɦS  . 
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2. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɭɞɟɥɶɧɨɣ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ ɝɟɪɦɚɧɢɟɜɨɝɨ 
ɨɛɪɚɡɰɚ ɩɪɢ ɟɝɨ ɨɫɜɟɳɟɧɢɢ ɨɩɬɢɱɟɫɤɢɦ ɢɡɥɭɱɟɧɢɟɦ ɦɨɳɧɨɫɬɶɸ  

ȼɬPɩɚɞ
1010  ɢɡ ɫɨɛɫɬɜɟɧɧɨɣ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɜ 

ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɤɜɚɧɬɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɝɥɨɳɟɧɢɹ 
ɢɡɥɭɱɟɧɢɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɪɚɜɧɚ 9.0 , ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1610  ɫɦ , ɚ ɱɚɫɬɨɬɚ 
ɦɨɞɭɥɹɰɢɢ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɫɢɝɧɚɥɨɦ 
ɫɨɫɬɚɜɥɹɟɬ Ƚцf 210 . Ɉɫɜɟɳɚɟɦɚɹ ɩɥɨɳɚɞɶ ɨɛɪɚɡɰɚ ɫɨɫɬɚɜɥɹɟɬ 

225.0 ɫɦS  . 

 

3. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɭɞɟɥɶɧɨɣ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ ɚɪɫɟɧɢɞ-

ɝɚɥɥɢɟɜɨɝɨ ɨɛɪɚɡɰɚ ɩɪɢ ɟɝɨ ɨɫɜɟɳɟɧɢɢ ɨɩɬɢɱɟɫɤɢɦ ɢɡɥɭɱɟɧɢɟɦ 
ɦɨɳɧɨɫɬɶɸ  ȼɬPɩɚɞ

1010  ɢɡ ɫɨɛɫɬɜɟɧɧɨɣ ɩɨɥɨɫɵ 
ɩɨɝɥɨɳɟɧɢɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɤɜɚɧɬɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɪɚɜɧɚ 9.0 , 

ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1610  ɫɦ , ɚ 
ɱɚɫɬɨɬɚ ɦɨɞɭɥɹɰɢɢ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɫɢɝɧɚɥɨɦ 
ɫɨɫɬɚɜɥɹɟɬ Ƚцf 610 . Ɉɫɜɟɳɚɟɦɚɹ ɩɥɨɳɚɞɶ ɨɛɪɚɡɰɚ ɫɨɫɬɚɜɥɹɟɬ 

25.5 ɫɦS  . 

 

4. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ ɤɪɟɦɧɢɟɜɨɝɨ ɨɛɪɚɡɰɚ 
ɪɚɡɦɟɪɚɦɢ  1011   ɫɦ3 ɩɪɢ ɟɝɨ ɨɫɜɟɳɟɧɢɢ ɨɩɬɢɱɟɫɤɢɦ 
ɢɡɥɭɱɟɧɢɟɦ ɩɨɬɨɤɨɦ ɤɜɚɧɬɨɜ )/(10 212

0 ɫɫɦɤɜɚɧɬI   ɢɡ 
ɫɨɛɫɬɜɟɧɧɨɣ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ 
ɤɜɚɧɬɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɪɚɜɧɚ 0.1 , ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ 
ɢɡɥɭɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 16104  ɫɦ , ɚ ɱɚɫɬɨɬɚ ɦɨɞɭɥɹɰɢɢ 
ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɫɢɝɧɚɥɨɦ ɫɨɫɬɚɜɥɹɟɬ Ƚцf 310 .  

       ɋɱɢɬɚɬɶ, ɱɬɨ ɨɫɜɟɳɟɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɫ ɭɡɤɨɣ ɫɬɨɪɨɧɵ ɨɛɪɚɡɰɚ, ɚ 
ɪɟɝɢɫɬɪɢɪɭɸɳɢɟ ɤɨɧɬɚɤɬɵ ɩɪɢɩɚɹɧɵ ɤ ɲɢɪɨɤɢɦ ɬɨɪɰɚɦ. 

 

5. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ ɝɟɪɦɚɧɢɟɜɨɝɨ ɨɛɪɚɡɰɚ 
ɪɚɡɦɟɪɚɦɢ  511   ɫɦ3

 ɩɪɢ ɟɝɨ ɨɫɜɟɳɟɧɢɢ ɨɩɬɢɱɟɫɤɢɦ 
ɢɡɥɭɱɟɧɢɟɦ ɩɨɬɨɤɨɦ ɤɜɚɧɬɨɜ )/(10 212

0 ɫɫɦɤɜɚɧɬI   ɢɡ 
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ɫɨɛɫɬɜɟɧɧɨɣ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ 
ɤɜɚɧɬɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɪɚɜɧɚ 0.1 , ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ 
ɢɡɥɭɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 16102  ɫɦ , ɚ ɱɚɫɬɨɬɚ ɦɨɞɭɥɹɰɢɢ 
ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɫɢɝɧɚɥɨɦ ɫɨɫɬɚɜɥɹɟɬ 

Ƚцf 610 .  

        ɋɱɢɬɚɬɶ, ɱɬɨ ɨɫɜɟɳɟɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɫ ɭɡɤɨɣ ɫɬɨɪɨɧɵ ɨɛɪɚɡɰɚ, ɚ 
ɪɟɝɢɫɬɪɢɪɭɸɳɢɟ ɤɨɧɬɚɤɬɵ ɩɪɢɩɚɹɧɵ ɤ ɲɢɪɨɤɢɦ ɬɨɪɰɚɦ. 

 

6. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ ɚɪɫɟɧɢɞ-ɝɚɥɥɢɟɜɨɝɨ 
ɨɛɪɚɡɰɚ ɪɚɡɦɟɪɚɦɢ  1015.0   ɫɦ3 ɩɪɢ ɟɝɨ ɨɫɜɟɳɟɧɢɢ 
ɨɩɬɢɱɟɫɤɢɦ ɢɡɥɭɱɟɧɢɟɦ ɩɨɬɨɤɨɦ ɤɜɚɧɬɨɜ 

)/(10 215
0 ɫɫɦɤɜɚɧɬI   ɢɡ ɫɨɛɫɬɜɟɧɧɨɣ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɜ 

ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɤɜɚɧɬɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɝɥɨɳɟɧɢɹ 
ɢɡɥɭɱɟɧɢɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɪɚɜɧɚ 9.0 , ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 15105  ɫɦ , ɚ ɱɚɫɬɨɬɚ 
ɦɨɞɭɥɹɰɢɢ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɫɢɝɧɚɥɨɦ 
ɫɨɫɬɚɜɥɹɟɬ Ƚцf 610 .  

         ɋɱɢɬɚɬɶ, ɱɬɨ ɨɫɜɟɳɟɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɫ ɲɢɪɨɤɨɣ ɫɬɨɪɨɧɵ 
ɨɛɪɚɡɰɚ, ɚ ɪɟɝɢɫɬɪɢɪɭɸɳɢɟ ɤɨɧɬɚɤɬɵ ɩɪɢɩɚɹɧɵ ɤ ɭɡɤɢɦ ɬɨɪɰɚɦ. 

 

7. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ ɤɪɟɦɧɢɟɜɨɝɨ ɨɛɪɚɡɰɚ 
ɪɚɡɦɟɪɚɦɢ  511   ɫɦ3 ɩɪɢ ɟɝɨ ɨɫɜɟɳɟɧɢɢ ɨɩɬɢɱɟɫɤɢɦ 
ɢɡɥɭɱɟɧɢɟɦ ɩɨɬɨɤɨɦ ɤɜɚɧɬɨɜ )/(10 212

0 ɫɫɦɤɜɚɧɬI   ɢɡ 
ɫɨɛɫɬɜɟɧɧɨɣ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ 
ɤɜɚɧɬɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɪɚɜɧɚ 5.0 , ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ 
ɢɡɥɭɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1610  ɫɦ , ɚ ɱɚɫɬɨɬɚ ɦɨɞɭɥɹɰɢɢ 
ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɫɢɝɧɚɥɨɦ ɫɨɫɬɚɜɥɹɟɬ Ƚцf 510 .  

         ɋɱɢɬɚɬɶ, ɱɬɨ ɨɫɜɟɳɟɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɫ ɲɢɪɨɤɨɣ ɫɬɨɪɨɧɵ 
ɨɛɪɚɡɰɚ, ɚ ɪɟɝɢɫɬɪɢɪɭɸɳɢɟ ɤɨɧɬɚɤɬɵ ɩɪɢɩɚɹɧɵ ɤ ɭɡɤɢɦ ɬɨɪɰɚɦ. 

 

8. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɮɨɬɨɷɞɫ Ⱦɟɦɛɟɪɚ, ɜɨɡɧɢɤɚɸɳɟɣ ɜ 
ɤɪɟɦɧɢɟɜɨɦ ɨɛɪɚɡɰɟ ɪɚɡɦɟɪɚɦɢ   31.5 2.0 10 ɦɦ   ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 314104.2  ɫɦNd ɩɪɢ 
ɨɫɜɟɳɟɧɢɢ ɨɛɪɚɡɰɚ ɫ ɬɨɪɰɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɚɞɚɸɳɚɹ 
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ɫɜɟɬɨɜɚɹ ɦɨɳɧɨɫɬɶ ɜɟɥɢɱɢɧɨɣ ȼɬ9105.1   ɩɪɨɦɨɞɭɥɢɪɨɜɚɧɚ ɩɨ 
ɚɦɩɥɢɬɭɞɟ ɧɚ ɱɚɫɬɨɬɟ Ƚц500 . ɂɡɥɭɱɟɧɢɟ ɥɟɠɢɬ ɜ ɩɨɥɨɫɟ 
ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɢ ɢɦɟɟɬ ɞɥɢɧɭ ɜɨɥɧɵ ɦɤɦ0.1Ȝ . 

 

9. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɮɨɬɨɷɞɫ Ⱦɟɦɛɟɪɚ, ɜɨɡɧɢɤɚɸɳɟɣ ɜ 
ɝɟɪɦɚɧɢɟɜɨɦ ɨɛɪɚɡɰɟ ɪɚɡɦɟɪɚɦɢ   30.2105.1 ɦɦ  ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 315106.4  ɫɦNd ɩɪɢ 
ɨɫɜɟɳɟɧɢɢ ɨɛɪɚɡɰɚ ɫ ɬɨɪɰɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɚɞɚɸɳɚɹ 
ɫɜɟɬɨɜɚɹ ɦɨɳɧɨɫɬɶ ɜɟɥɢɱɢɧɨɣ ȼɬ9100.2   ɩɪɨɦɨɞɭɥɢɪɨɜɚɧɚ ɩɨ 
ɚɦɩɥɢɬɭɞɟ ɧɚ ɱɚɫɬɨɬɟ Ƚц2500 . ɂɡɥɭɱɟɧɢɟ ɥɟɠɢɬ ɜ ɩɨɥɨɫɟ 
ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɢ ɢɦɟɟɬ ɞɥɢɧɭ ɜɨɥɧɵ ɦɤɦ6.1Ȝ . 

 

10. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɮɨɬɨɷɞɫ Ⱦɟɦɛɟɪɚ, ɜɨɡɧɢɤɚɸɳɟɣ ɜ 
ɚɪɫɟɧɢɞ-ɝɚɥɥɢɟɜɨɦ ɨɛɪɚɡɰɟ ɪɚɡɦɟɪɚɦɢ   3100.25.1 ɦɦ  ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 311104.2  ɫɦNd ɩɪɢ 
ɨɫɜɟɳɟɧɢɢ ɨɛɪɚɡɰɚ ɫ ɬɨɪɰɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɚɞɚɸɳɚɹ 
ɫɜɟɬɨɜɚɹ ɦɨɳɧɨɫɬɶ ɜɟɥɢɱɢɧɨɣ ȼɬ9105.1   ɩɪɨɦɨɞɭɥɢɪɨɜɚɧɚ ɩɨ 
ɚɦɩɥɢɬɭɞɟ ɧɚ ɱɚɫɬɨɬɟ Ƚц5000 . ɂɡɥɭɱɟɧɢɟ ɥɟɠɢɬ ɜ ɩɨɥɨɫɟ 
ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɢ ɢɦɟɟɬ ɞɥɢɧɭ ɜɨɥɧɵ ɦɤɦ6.0Ȝ . 

 

11. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɮɨɬɨɷɞɫ Ⱦɟɦɛɟɪɚ, ɜɨɡɧɢɤɚɸɳɟɣ ɜ 
ɝɟɪɦɚɧɢɟɜɨɦ ɨɛɪɚɡɰɟ ɪɚɡɦɟɪɚɦɢ   30.2105.2 ɦɦ  ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 315106.4  ɫɦNd ɩɪɢ 
ɨɫɜɟɳɟɧɢɢ ɨɛɪɚɡɰɚ ɫ ɬɨɪɰɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɚɞɚɸɳɚɹ 
ɫɜɟɬɨɜɚɹ ɦɨɳɧɨɫɬɶ ɜɟɥɢɱɢɧɨɣ ȼɬ9105.2   ɩɪɨɦɨɞɭɥɢɪɨɜɚɧɚ ɩɨ 
ɚɦɩɥɢɬɭɞɟ ɧɚ ɱɚɫɬɨɬɟ Ƚц200 . ɂɡɥɭɱɟɧɢɟ ɥɟɠɢɬ ɜ ɩɨɥɨɫɟ 
ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɢ ɢɦɟɟɬ ɞɥɢɧɭ ɜɨɥɧɵ ɦɤɦ8.1Ȝ . 

 

12. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɮɨɬɨɷɞɫ Ⱦɟɦɛɟɪɚ, ɜɨɡɧɢɤɚɸɳɟɣ ɜ 
ɚɪɫɟɧɢɞ-ɝɚɥɥɢɟɜɨɦ ɨɛɪɚɡɰɟ ɪɚɡɦɟɪɚɦɢ   31.5 2.0 10 ɦɦ   ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 311104.2  ɫɦNd ɩɪɢ 
ɨɫɜɟɳɟɧɢɢ ɨɛɪɚɡɰɚ ɫ ɬɨɪɰɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɚɞɚɸɳɚɹ 
ɫɜɟɬɨɜɚɹ ɦɨɳɧɨɫɬɶ ɜɟɥɢɱɢɧɨɣ ȼɬ10105.6   ɩɪɨɦɨɞɭɥɢɪɨɜɚɧɚ ɩɨ 



 

71 

 

ɚɦɩɥɢɬɭɞɟ ɧɚ ɱɚɫɬɨɬɟ ɤȽц50 . ɂɡɥɭɱɟɧɢɟ ɥɟɠɢɬ ɜ ɩɨɥɨɫɟ 
ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɢ ɢɦɟɟɬ ɞɥɢɧɭ ɜɨɥɧɵ ɦɤɦ45.0Ȝ . 

 

13. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɨɛɴɟɦɧɨɣ ɮɨɬɨɷɞɫ ɜ ɝɟɪɦɚɧɢɟɜɨɦ ɨɛɪɚɡɰɟ 
ɪɚɡɦɟɪɚɦɢ     30.55.35.1 ɫɦcba  , ɨɫɜɟɳɚɟɦɨɝɨ ɢɡɥɭɱɟɧɢɟɦ ɜ 
ɜɢɞɟ ɭɡɤɨɣ ɩɨɥɨɫɤɢ ɲɢɪɢɧɨɣ ɦɦd 1  ɫɨ ɫɬɨɪɨɧɵ ɲɢɪɨɤɨɝɨ 
ɬɨɪɰɚ ɜ ɬɨɱɤɟ cɦx 5.1  ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɩɨ ɚɦɩɥɢɬɭɞɟ ɢ ɫ 
ɞɥɢɧɨɣ ɜɨɥɧɵ ɦɤɦ5.1Ȝ  ɢ ɩɚɞɚɸɳɟɣ ɦɨɳɧɨɫɬɶɸ 

ȼɬPɩɚɞ
110 109.2  , ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɤɨɨɪɞɢɧɚɬɧɚɹ 

ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɧɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɛɪɚɡɰɚ ɜɞɨɥɶ ɟɝɨ 
ɞɥɢɧɧɨɣ ɫɬɨɪɨɧɵ ɨɩɢɫɵɜɚɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ                                                                              00 /exp xxx   . 

     Ɂɞɟɫɶ ɫɦɈɦ  2
0 10ρ , ɫɦx 4

0 10 . ɋɱɢɬɚɬɶ, ɱɬɨ ɩɨɥɨɫɤɚ ɫɜɟɬɚ 
ɧɚɩɪɚɜɥɟɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɨɫɢ x , ɧɚɩɪɚɜɥɟɧɧɨɣ ɜɞɨɥɶ ɞɥɢɧɨɣ 
ɫɬɨɪɨɧɵ c  (ɫɦ. ɪɢɫ. ɤ ɡɚɞɚɱɟ 3). 

 

14. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɨɛɴɟɦɧɨɣ ɮɨɬɨɷɞɫ ɜ ɚɪɫɟɧɢɥ-ɝɚɥɥɢɟɜɨɦ  
ɨɛɪɚɡɰɟ ɪɚɡɦɟɪɚɦɢ     30.55.35.1 ɫɦcba  , ɨɫɜɟɳɚɟɦɨɝɨ 
ɢɡɥɭɱɟɧɢɟɦ ɜ ɜɢɞɟ ɭɡɤɨɣ ɩɨɥɨɫɤɢ ɲɢɪɢɧɨɣ ɦɦd 1  ɫɨ ɫɬɨɪɨɧɵ 
ɲɢɪɨɤɨɝɨ ɬɨɪɰɚ ɜ ɬɨɱɤɟ cɦx 2.1  ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɩɨ 
ɚɦɩɥɢɬɭɞɟ ɢ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɦɤɦ5.0Ȝ  ɢ ɩɚɞɚɸɳɟɣ ɦɨɳɧɨɫɬɶɸ 

ȼɬPɩɚɞ
110 109.3  , ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɤɨɨɪɞɢɧɚɬɧɚɹ 

ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɧɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɛɪɚɡɰɚ ɜɞɨɥɶ ɟɝɨ 
ɞɥɢɧɧɨɣ ɫɬɨɪɨɧɵ ɨɩɢɫɵɜɚɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ                                                                              00 /exp xxx   . 

     Ɂɞɟɫɶ ɫɦɈɦ  1
0 10ρ , ɫɦx 5

0 10 . ɋɱɢɬɚɬɶ, ɱɬɨ ɩɨɥɨɫɤɚ ɫɜɟɬɚ 
ɧɚɩɪɚɜɥɟɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɨɫɢ x , ɧɚɩɪɚɜɥɟɧɧɨɣ ɜɞɨɥɶ ɞɥɢɧɨɣ 
ɫɬɨɪɨɧɵ c  (ɫɦ. ɪɢɫ. ɤ ɡɚɞɚɱɟ 3). 

 

15. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɨɛɴɟɦɧɨɣ ɮɨɬɨɷɞɫ ɜ ɝɟɪɦɚɧɢɟɜɨɦ ɨɛɪɚɡɰɟ 
ɪɚɡɦɟɪɚɦɢ     30.55.35.3 ɫɦcba  , ɨɫɜɟɳɚɟɦɨɝɨ ɢɡɥɭɱɟɧɢɟɦ ɜ 
ɜɢɞɟ ɭɡɤɨɣ ɩɨɥɨɫɤɢ ɲɢɪɢɧɨɣ ɦɦd 1.0  ɫɨ ɫɬɨɪɨɧɵ ɲɢɪɨɤɨɝɨ 
ɬɨɪɰɚ ɜ ɬɨɱɤɟ cɦx 5.0  ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɩɨ ɚɦɩɥɢɬɭɞɟ ɢ ɫ 
ɞɥɢɧɨɣ ɜɨɥɧɵ ɦɤɦ5.1Ȝ  ɢ ɩɚɞɚɸɳɟɣ ɦɨɳɧɨɫɬɶɸ 
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ȼɬPɩɚɞ
110 100.2  , ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɤɨɨɪɞɢɧɚɬɧɚɹ 

ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɧɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɛɪɚɡɰɚ ɜɞɨɥɶ ɟɝɨ 
ɞɥɢɧɧɨɣ ɫɬɨɪɨɧɵ ɨɩɢɫɵɜɚɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ                                                                 00 /exp xxx   . 

     Ɂɞɟɫɶ ɫɦɈɦ  3
0 10ρ , ɫɦx 4

0 10 . ɋɱɢɬɚɬɶ, ɱɬɨ ɩɨɥɨɫɤɚ ɫɜɟɬɚ 
ɧɚɩɪɚɜɥɟɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɨɫɢ x , ɧɚɩɪɚɜɥɟɧɧɨɣ ɜɞɨɥɶ ɞɥɢɧɨɣ 
ɫɬɨɪɨɧɵ c  (ɫɦ. ɪɢɫ. ɤ ɡɚɞɚɱɟ 3). 

 

16. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɛɚɪɶɟɪɧɨɣ ɮɨɬɨɷɞɫ ɤɪɟɦɧɢɟɜɨɝɨ p-n 

ɩɟɪɟɯɨɞɚ ɩɥɨɳɚɞɶɸ 22104 ɫɦS   ɩɪɢ ɟɝɨ ɨɫɜɟɳɟɧɢɢ 
ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɧɚ ɱɚɫɬɨɬɟ Ƚц3104   ɢɡɥɭɱɟɧɢɟɦ ɫ ɞɥɢɧɨɣ 
ɜɨɥɧɵ ɦɤɦ55.0  ɢ ɦɨɳɧɨɫɬɶɸ ȼɬPɩɚɞ

910 , ɟɫɥɢ 
ɤɜɚɧɬɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɝɥɨɳɟɧɢɹ ɪɚɜɧɚ 9.0 , ɚ ɡɧɚɱɟɧɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɚɤɰɟɩɬɨɪɧɨɣ aN  ɢ ɞɨɧɨɪɧɨɣ dN  ɩɪɢɦɟɫɢ ɜ 
ɨɛɥɚɫɬɹɯ ɨɞɢɧɚɤɨɜɵ ɢ ɪɚɜɧɵ 316102  ɫɦ . ɋɱɢɬɚɬɶ, ɱɬɨ 
ɨɛɪɚɬɧɵɣ ɬɨɤ ɩɟɪɟɯɨɞɚ ɫɨɡɞɚɟɬɫɹ ɞɢɮɮɭɡɢɨɧɧɵɦ ɦɟɯɚɧɢɡɦɨɦ 
ɩɨɫɬɚɜɤɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. 

 

17. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɛɚɪɶɟɪɧɨɣ ɮɨɬɨɷɞɫ ɝɟɪɦɚɧɢɟɜɨɝɨ p-n 

ɩɟɪɟɯɨɞɚ ɩɥɨɳɚɞɶɸ 22104 ɫɦS   ɩɪɢ ɟɝɨ ɨɫɜɟɳɟɧɢɢ 
ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɧɚ ɱɚɫɬɨɬɟ 310 Ƚц  ɢɡɥɭɱɟɧɢɟɦ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ 

ɦɤɦ64.0  ɢ ɦɨɳɧɨɫɬɶɸ ȼɬPɩɚɞ
1010 , ɟɫɥɢ ɤɜɚɧɬɨɜɚɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɝɥɨɳɟɧɢɹ ɪɚɜɧɚ 9.0η , ɚ ɡɧɚɱɟɧɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɚɤɰɟɩɬɨɪɧɨɣ aN  ɢ ɞɨɧɨɪɧɨɣ dN  ɩɪɢɦɟɫɢ ɜ 
ɨɛɥɚɫɬɹɯ ɨɞɢɧɚɤɨɜɵ ɢ ɪɚɜɧɵ 315102  ɫɦ . ɋɱɢɬɚɬɶ, ɱɬɨ ɨɛɪɚɬɧɵɣ 
ɬɨɤ ɩɟɪɟɯɨɞɚ ɫɨɡɞɚɟɬɫɹ ɞɢɮɮɭɡɢɨɧɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɩɨɫɬɚɜɤɢ 
ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. 

 

18. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɛɚɪɶɟɪɧɨɣ ɮɨɬɨɷɞɫ ɚɪɫɟɧɢɞ-ɝɚɥɥɢɟɜɨɝɨ p-

n ɩɟɪɟɯɨɞɚ ɩɥɨɳɚɞɶɸ 22104 ɫɦS   ɩɪɢ ɟɝɨ ɨɫɜɟɳɟɧɢɢ 
ɢɡɥɭɱɟɧɢɟɦ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɦɤɦ64.0  ɢ ɦɨɳɧɨɫɬɶɸ 

ȼɬPɩɚɞ
810 , ɟɫɥɢ ɤɜɚɧɬɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɝɥɨɳɟɧɢɹ 

ɪɚɜɧɚ 0.1 , ɚ ɡɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɚɤɰɟɩɬɨɪɧɨɣ aN  ɢ 
ɞɨɧɨɪɧɨɣ dN  ɩɪɢɦɟɫɢ ɜ ɨɛɥɚɫɬɹɯ ɨɞɢɧɚɤɨɜɵ ɢ ɪɚɜɧɵ 
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314102  ɫɦ . ɋɱɢɬɚɬɶ, ɱɬɨ ɨɛɪɚɬɧɵɣ ɬɨɤ ɩɟɪɟɯɨɞɚ ɫɨɡɞɚɟɬɫɹ 
ɞɢɮɮɭɡɢɨɧɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɩɨɫɬɚɜɤɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ 
ɡɚɪɹɞɚ. 

 

19. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɛɚɪɶɟɪɧɨɣ ɮɨɬɨɷɞɫ ɤɪɟɦɧɢɟɜɨɝɨ p-n 

ɩɟɪɟɯɨɞɚ ɩɥɨɳɚɞɶɸ 24104 ɫɦS   ɩɪɢ ɟɝɨ ɨɫɜɟɳɟɧɢɢ 
ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɧɚ ɱɚɫɬɨɬɟ 64 10 Ƚц  ɢɡɥɭɱɟɧɢɟɦ ɫ ɞɥɢɧɨɣ 
ɜɨɥɧɵ ɦɤɦλ 45.0  ɢ ɦɨɳɧɨɫɬɶɸ 1010ɩɚɞP ȼɬ , ɟɫɥɢ 
ɤɜɚɧɬɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɝɥɨɳɟɧɢɹ ɪɚɜɧɚ 75.0 , ɚ ɡɧɚɱɟɧɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ ɜ ɨɛɥɚɫɬɹɯ ɪɚɜɧɚ 

313102  ɫɦNa , ɚ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 316102  ɫɦNd . 

ɋɱɢɬɚɬɶ, ɱɬɨ ɨɛɪɚɬɧɵɣ ɬɨɤ ɩɟɪɟɯɨɞɚ ɫɨɡɞɚɟɬɫɹ ɞɢɮɮɭɡɢɨɧɧɵɦ 
ɦɟɯɚɧɢɡɦɨɦ ɩɨɫɬɚɜɤɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. 

 

20. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɛɚɪɶɟɪɧɨɣ ɮɨɬɨɷɞɫ ɝɟɪɦɚɧɢɟɜɨɝɨ p-n 

ɩɟɪɟɯɨɞɚ ɩɥɨɳɚɞɶɸ 3 25 10S ɫɦ   ɩɪɢ ɟɝɨ ɨɫɜɟɳɟɧɢɢ 
ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɧɚ ɱɚɫɬɨɬɟ 52 10 Ƚц  ɢɡɥɭɱɟɧɢɟɦ ɫ ɞɥɢɧɨɣ 
ɜɨɥɧɵ ɦɤɦ55.0  ɢ ɦɨɳɧɨɫɬɶɸ ȼɬPɩɚɞ

1010 , ɟɫɥɢ ɤɜɚɧɬɨɜɚɹ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɝɥɨɳɟɧɢɹ ɪɚɜɧɚ 0.1η , ɚ ɡɧɚɱɟɧɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ ɜ ɨɛɥɚɫɬɹɯ ɪɚɜɧɚ 

316102  ɫɦNa , ɚ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 316101  ɫɦNd . 

ɋɱɢɬɚɬɶ, ɱɬɨ ɨɛɪɚɬɧɵɣ ɬɨɤ ɩɟɪɟɯɨɞɚ ɫɨɡɞɚɟɬɫɹ ɞɢɮɮɭɡɢɨɧɧɵɦ 
ɦɟɯɚɧɢɡɦɨɦ ɩɨɫɬɚɜɤɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. 

 

 

8. «ɎɅɍɄɌɍȺɐɂɈɇɇɕȿ  ɉɊɈɐȿɋɋɕ 

ȼ  ɉɈɅɍɉɊɈȼɈȾɇɂɄȺɏ» 

8.1. ɄɊȺɌɄɈȿ  ɂɁɅɈɀȿɇɂȿ  ɌȿɈɊɂɂ 

 ɒɭɦɵ ɨɩɬɨɷɥɟɤɬɪɨɧɧɵɯ ɩɪɢɛɨɪɨɜ ɩɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ ɦɨɠɧɨ 
ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɛɨɥɶɲɢɟ ɝɪɭɩɩɵ:  

- ɲɭɦɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɮɥɭɤɬɭɚɰɢɟɣ ɩɚɪɚɦɟɬɪɨɜ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ 
(ɦɨɳɧɨɫɬɢ, ɩɨɥɹɪɢɡɚɰɢɢ, ɱɚɫɬɨɬɵ), ɜɵɡɜɚɧɧɨɣ ɤɨɪɩɭɫɤɭɥɹɪɧɨɣ 
ɩɪɢɪɨɞɨɣ ɫɜɟɬɚ ɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɟɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨ 
ɨɩɬɢɱɟɫɤɨɦɭ ɬɪɚɤɬɭ ɨɩɬɨɷɥɟɤɬɪɨɧɧɨɝɨ ɩɪɢɛɨɪɚ; 

- ɲɭɦɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɫɢɝɧɚɥɚ ɜ ɬɜɟɪɞɨɬɟɥɶɧɨɣ 
ɱɚɫɬɢ ɩɪɢɛɨɪɚ (ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ɢɥɢ ɞɢɷɥɟɤɬɪɢɤɟ).  
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ɉɟɪɜɵɣ ɬɢɩ ɲɭɦɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɜɚɧɬɨɜɨɣ ɩɪɢɪɨɞɨɣ ɫɜɟɬɚ, ɚ 
ɬɚɤɠɟ  ɬɟɯɧɨɥɨɝɢɟɣ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ ɬɪɚɤɬɚ ɢ ɩɨɬɨɦɭ ɨɧ 
ɨɛɵɱɧɨ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɲɭɦɚɦɢ, ɜɵɡɜɚɧɧɵɦɢ 
ɬɜɟɪɞɨɬɟɥɶɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɨɩɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ. ɉɨɷɬɨɦɭ ɜ 
ɫɜɨɟɦ ɞɚɥɶɧɟɣɲɟɦ ɪɚɫɫɦɨɬɪɟɧɢɢ ɨɝɪɚɧɢɱɢɦɫɹ ɲɭɦɚɦɢ, 
ɜɨɡɧɢɤɚɸɳɢɦɢ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ ɧɚ ɫɬɚɞɢɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɨɩɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɢɥɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ 
ɨɞɧɨɣ ɮɨɪɦɵ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɞɪɭɝɨɣ ɮɨɪɦɵ. 

ɉɪɢɪɨɞɚ ɲɭɦɨɜ. ȼɫɟ ɲɭɦɵ ɩɨ ɫɜɨɟɣ ɮɢɡɢɱɟɫɤɨɣ ɩɪɢɪɨɞɟ ɢɦɟɸɬ 
ɩɪɢɱɢɧɨɣ ɫɥɭɱɚɣɧɵɣ ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ ɜ 
ɬɜɟɪɞɨɦ ɬɟɥɟ, ɢɯ ɫɥɭɱɚɣɧɨɟ ɪɨɠɞɟɧɢɟ ɢɥɢ ɭɧɢɱɬɨɠɟɧɢɟ, ɚ ɬɚɤɠɟ 
ɫɥɭɱɚɣɧɵɟ ɦɨɦɟɧɬɵ ɜɯɨɠɞɟɧɢɹ- ɜɵɯɨɞɚ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ. 
ɇɚɢɛɨɥɟɟ ɜɚɠɧɵɟ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɢɦɟɧɟɧɢɣ ɲɭɦɵ ɜ ɬɜɟɪɞɵɯ 
ɬɟɥɚɯ ɬɚɤɨɜɵ: 

- ɬɟɩɥɨɜɨɣ ɲɭɦ; 
- ɞɪɨɛɨɜɨɣ ɲɭɦ; 
- ɝɟɧɟɪɚɰɢɨɧɧɨ-ɪɟɤɨɦɛɢɧɚɰɢɨɧɧɵɣ ɲɭɦ; 
- ɢɡɛɵɬɨɱɧɵɣ ɲɭɦ. 
Ɍɟɩɥɨɜɨɣ ɲɭɦ. Ɍɟɩɥɨɜɨɣ ɲɭɦ ɫɨɡɞɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɛɪɨɭɧɨɜɫɤɨɝɨ ɞɜɢɠɟɧɢɹ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ ɢ ɫɬɨɥɤɧɨɜɟɧɢɹ ɢɯ ɫ 
ɧɟɩɨɞɜɢɠɧɵɦɢ ɢɨɧɚɦɢ ɪɟɲɟɬɤɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ 
ɷɧɟɪɝɢɹ ɬɟɩɥɨɜɨɝɨ ɤɨɥɟɛɚɧɢɹ ɪɟɲɟɬɤɢ ɢ ɷɧɟɪɝɢɹ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢɹ 
ɷɥɟɤɬɪɨɧɨɜ ɜɵɪɚɜɧɢɜɚɸɬɫɹ. ɉɨɷɬɨɦɭ ɜɵɞɟɥɹɟɦɨɟ ɷɥɟɤɬɪɨɧɚɦɢ ɩɪɢ 
ɫɬɨɥɤɧɨɜɟɧɢɹɯ ɞɠɨɭɥɟɜɨ ɬɟɩɥɨ ɩɨɞɞɟɪɠɢɜɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɲɟɬɤɢ 
ɩɨɫɬɨɹɧɧɨɣ. Ɉɞɧɚɤɨ ɬɟɩɥɨɜɨɟ ɞɜɢɠɟɧɢɟ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ ɦɨɠɟɬ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɞɟɣɫɬɜɢɹ ɧɚ ɞɥɢɧɟ ɢɯ ɫɜɨɛɨɞɧɨɝɨ 
ɩɪɨɛɟɝɚ ɦɢɤɪɨɢɫɬɨɱɧɢɤɚ ɧɚɩɪɹɠɟɧɢɹ: ɨɬ ɨɞɧɨɝɨ ɫɬɨɥɤɧɨɜɟɧɢɹ ɞɨ 
ɫɥɟɞɭɸɳɟɝɨ ɞɟɣɫɬɜɭɟɬ ɨɞɢɧ ɦɢɤɪɨɢɫɬɨɱɧɢɤ ɫɨ ɫɜɨɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 
ɧɚɩɪɹɠɟɧɢɹ. ɋɤɨɥɶɤɨ ɫɬɨɥɤɧɨɜɟɧɢɣ ɫɨɜɟɪɲɚɟɬ ɷɥɟɤɬɪɨɧ ɧɚ ɫɜɨɟɦ 
ɞɜɢɠɟɧɢɢ – ɫɬɨɥɶɤɨ ɦɢɤɪɨɢɫɬɨɱɧɢɤɨɜ ɧɚɩɪɹɠɟɧɢɹ ɜɜɨɞɢɬɫɹ ɜ 
ɪɚɫɫɦɨɬɪɟɧɢɟ. əɫɧɨ, ɱɬɨ ɱɢɫɥɨ ɜɜɨɞɢɦɵɯ ɦɢɤɪɨɢɫɬɨɱɧɢɤɨɜ ɨɝɪɨɦɧɨ 
ɢ ɩɨɬɨɦɭ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɚɪɚɦɟɬɪɵ ɨɬɞɟɥɶɧɨɝɨ ɦɢɤɪɨɢɫɬɨɱɧɢɤɚ 
ɧɟɜɨɡɦɨɠɧɨ. Ɂɧɚɱɢɬ, ɧɭɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɨɞɢɧ ɢɫɬɨɱɧɢɤ: ɷɬɨ ɧɟɤɢɣ 
ɫɭɦɦɚɪɧɵɣ ɢɫɬɨɱɧɢɤ, ɞɟɣɫɬɜɭɸɳɢɣ ɧɚ ɜɟɫɶ ɨɛɪɚɡɟɰ. ɉɨɷɬɨɦɭ ɟɫɥɢ ɧɚ 
ɤɨɧɰɚɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɨɛɪɚɡɰɚ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɩɟɪɟɦɟɧɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɦɝɧɨɜɟɧɧɭɸ ɫɭɦɦɭ 
ɧɚɩɪɹɠɟɧɢɣ ɨɬ ɜɫɟɯ ɦɢɤɪɨɢɫɬɨɱɧɢɤɨɜ ɧɚ ɞɥɢɧɟ ɤɪɢɫɬɚɥɥɚ, ɬɨ 
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ɨɤɚɠɟɬɫɹ, ɱɬɨ ɷɬɨ ɫɭɦɦɚɪɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢɡɦɟɧɹɟɬ ɫɥɭɱɚɣɧɵɦ 
ɨɛɪɚɡɨɦ ɜɨ ɜɪɟɦɟɧɢ ɫɜɨɸ ɜɟɥɢɱɢɧɭ, ɡɧɚɤ, ɮɚɡɭ ɢ ɱɚɫɬɨɬɭ. ɂɡɦɟɧɟɧɢɹ 
ɩɚɪɚɦɟɬɪɨɜ ɫɭɦɦɚɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɛɭɞɭɬ ɨɞɧɨɡɧɚɱɧɨ 
ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɬɟɩɥɨɜɨɟ ɞɜɢɠɟɧɢɟ ɷɥɟɤɬɪɨɧɨɜ ɜ ɪɟɲɟɬɤɟ, ɚ ɡɧɚɱɢɬ, 
ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ. ɋɨɝɥɚɫɧɨ ɬɟɨɪɟɦɟ ɇɚɣɤɜɢɫɬɚ, ɜɩɟɪɜɵɟ 
ɨɩɢɫɚɜɲɟɝɨ ɷɬɨɬ ɬɢɩ ɲɭɦɚ, ɫɪɟɞɧɹɹ ɚɦɩɥɢɬɭɞɚ ɬɟɩɥɨɜɨɝɨ ɲɭɦɚ 
ɪɟɡɢɫɬɨɪɚ ɜɟɥɢɱɢɧɨɸ R , ɢɡɦɟɪɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɚ, ɢɦɟɸɳɟɝɨ 
ɩɨɥɨɫɭ ɩɪɨɩɭɫɤɚɧɢɹ f , ɪɚɜɧɚ:  
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ȼ ɜɵɪɚɠɟɧɢɢ (8.1) ɧɚ ɩɟɪɜɵɣ ɜɡɝɥɹɞ ɤɚɠɟɬɫɹ ɭɞɢɜɢɬɟɥɶɧɵɦ, ɱɬɨ 
ɢɡɦɟɪɹɟɦɵɣ ɭɪɨɜɟɧɶ ɲɭɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɚɪɚɦɟɬɪɚɦɢ 
ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ: ɩɨɥɨɫɨɣ ɟɝɨ ɩɪɨɩɭɫɤɚɧɢɹ. ɇɚ ɫɚɦɨɦ ɞɟɥɟ 
ɧɢɱɟɝɨ ɭɞɢɜɢɬɟɥɶɧɨɝɨ ɡɞɟɫɶ ɧɟɬ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɧɚ ɩɪɚɤɬɢɤɟ ɲɭɦɵ 
ɢɡɦɟɪɹɸɬ ɫ ɩɨɦɨɳɶɸ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɫɟɥɟɤɬɢɜɧɵɯ 
ɧɚɧɨɜɨɥɶɬɦɟɬɪɨɜ. Ɉɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɨɥɶɬɦɟɬɪɵ, ɫɩɨɫɨɛɧɵɟ 
ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɨɱɟɧɶ ɦɚɥɵɟ ɧɚɩɪɹɠɟɧɢɹ (ɞɨ ɟɞɢɧɢɰ ɧɚɧɨɜɨɥɶɬ - 910  

ȼ) ɢ ɢɦɟɸɳɢɟ ɨɱɟɧɶ ɭɡɤɭɸ, ɧɨ ɩɟɪɟɫɬɪɚɢɜɚɟɦɭɸ ɨɩɟɪɚɬɨɪɨɦ, ɩɨɥɨɫɭ 
ɩɪɨɩɭɫɤɚɧɢɹ. ɉɨɫɥɟɞɧɟɟ ɞɨɫɬɢɝɚɟɬɫɹ ɭɫɬɚɧɨɜɤɨɣ ɧɚ ɜɯɨɞɟ 
ɧɚɧɨɜɨɥɶɬɦɟɬɪɚ ɩɟɪɟɫɬɪɚɢɜɚɟɦɨɝɨ ɩɨɥɨɫɨɜɨɝɨ ɮɢɥɶɬɪɚ. ɋ ɩɨɦɨɳɶɸ 
ɬɚɤɨɝɨ ɩɪɢɛɨɪɚ ɭɞɚɟɬɫɹ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɚɦɩɥɢɬɭɞɵ 
ɲɭɦɚ, ɢɡɦɟɪɟɧɧɨɣ ɜ ɩɨɥɨɫɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ ɪɚɜɧɨɣ 1 Ƚɰ, ɨɬ 
ɱɚɫɬɨɬɵ ɟɝɨ ɢɡɦɟɪɟɧɢɹ. Ɍɚɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɧɚɡɵɜɚɟɬɫɹ ɫɩɟɤɬɪɚɥɶɧɨɣ 
ɩɥɨɬɧɨɫɬɶɸ ɲɭɦɚ. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɮɢɡɢɱɟɫɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ 
ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɲɭɦɚ (ɢ ɧɟ ɬɨɥɶɤɨ ɲɭɦɚ, ɧɨ ɢ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ) ɩɨɜɟɞɟɧɢɟ ɲɭɦɚ ɜɨ ɜɫɟɣ ɩɨɥɨɫɟ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɱɚɫɬɨɬ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ, ɩɪɟɞɩɨɥɨɠɢɜ, ɱɬɨ ɨɧ 
ɫɨɡɞɚɟɬɫɹ ɦɧɨɠɟɫɬɜɨɦ ɢɫɬɨɱɧɢɤɨɜ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ. Ⱥɦɩɥɢɬɭɞɚ ɤɚɠɞɨɝɨ ɢɫɬɨɱɧɢɤɚ, ɞɟɣɫɬɜɭɸɳɟɝɨ  ɧɚ ɫɬɪɨɝɨ 
ɡɚɞɚɧɧɨɣ ɱɚɫɬɨɬɟ, ɪɚɜɧɚ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɲɭɦɚ. Ɍɚɤ ɜɨɬ, 
ɬɟɩɥɨɜɨɣ ɲɭɦ ɨɩɢɫɵɜɚɟɬɫɹ ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ 
ɫɢɧɭɫɨɢɞɚɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɚɦɩɥɢɬɭɞɚ 
ɤɨɬɨɪɨɝɨ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɱɚɫɬɨɬɵ ɢ ɪɚɜɧɚ   
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ɬ.ɟ. ɬɟɩɥɨɜɨɣ ɲɭɦ ɢɦɟɟɬ ɪɚɜɧɨɦɟɪɧɭɸ ɫɩɟɤɬɪɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ: ɧɚ 
ɤɚɤɨɣ ɛɵ ɱɚɫɬɨɬɟ ɧɟ ɩɪɨɜɨɞɢɥɨɫɶ ɢɡɦɟɪɟɧɢɟ ɲɭɦɚ ɟɝɨ ɜɟɥɢɱɢɧɚ ɛɭɞɟɬ 
ɩɨɫɬɨɹɧɧɚ. Ɂɧɚɱɢɬ, ɟɫɥɢ ɭɜɟɥɢɱɢɜɚɬɶ ɱɢɫɥɨ ɜɤɥɸɱɚɟɦɵɯ ɜ ɢɡɦɟɪɟɧɢɟ 
ɫɢɧɭɫɨɢɞɚɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɲɭɦɚ ɡɚ ɫɱɟɬ ɪɚɫɲɢɪɟɧɢɹ ɩɨɥɨɫɵ 
ɩɪɨɩɭɫɤɚɧɢɹ ɩɪɢɛɨɪɚ, ɬɨ ɚɦɩɥɢɬɭɞɚ ɲɭɦɚ, ɟɫɬɟɫɬɜɟɧɧɨ, ɬɚɤɠɟ ɞɨɥɠɧɚ 
ɪɚɫɬɢ. ɂɦɟɧɧɨ ɷɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɨɬɪɚɠɟɧɨ ɬɟɦ, ɱɬɨ ɜ ɜɵɪɚɠɟɧɢɢ 
(8.1) ɮɢɝɭɪɢɪɭɟɬ ɩɨɥɨɫɚ ɩɪɨɩɭɫɤɚɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ f : 

ɱɟɦ ɨɧɚ ɛɨɥɶɲɟ, ɬɟɦ ɛɨɥɶɲɟ ɚɦɩɥɢɬɭɞɚ ɢɡɦɟɪɹɟɦɨɝɨ ɬɟɩɥɨɜɨɝɨ ɲɭɦɚ.  
ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɟɩɥɨɜɨɣ ɲɭɦ ɞɜɭɯɩɨɥɸɫɧɢɤɚ, ɢɦɟɸɳɟɝɨ 

ɚɤɬɢɜɧɨɟ ɢ ɪɟɚɤɬɢɜɧɨɟ ɤɨɦɩɨɧɟɧɬɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɬɨ ɬɟɩɥɨɜɨɣ ɲɭɦ 
ɫɨɡɞɚɟɬɫɹ ɬɨɥɶɤɨ ɚɤɬɢɜɧɨɣ ɱɚɫɬɶɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɭɯɩɨɥɸɫɧɢɤɚ  ZRe , ɢ ɬɨɝɞɚ ɚɦɩɥɢɬɭɞɚ ɬɟɩɥɨɜɨɝɨ ɲɭɦɚ ɛɭɞɟɬ ɪɚɜɧɚ 
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Re42  .                                (8.3) 

ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɰɟɩɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɫɨɟɞɢɧɟɧɧɵɟ ɚɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ nRRR ,...,, 21 , ɬɨ ɩɨɥɧɵɣ ɲɭɦ 
ɬɚɤɨɣ ɰɟɩɢ ɜ ɟɞɢɧɢɱɧɨɣ ɩɨɥɨɫɟ ɱɚɫɬɨɬ ɛɭɞɟɬ ɢɦɟɬɶ ɫɪɟɞɧɸɸ 
ɚɦɩɥɢɬɭɞɭ, ɩɪɟɞɫɬɚɜɥɹɸɳɭɸ ɫɨɛɨɣ ɪɟɡɭɥɶɬɚɬ ɫɥɨɠɟɧɢɹ ɤɜɚɞɪɚɬɨɜ 
ɞɢɫɩɟɪɫɢɣ ɬɟɩɥɨɜɵɯ ɲɭɦɨɜ ɨɬ ɤɚɠɞɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ: 
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ɗɬɨɬ ɠɟ ɪɟɡɭɥɶɬɚɬ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɩɨɥɭɱɢɬɶ, ɟɫɥɢ ɫɥɨɠɢɬɶ ɜɫɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɟ ɲɭɦɹɳɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɚ ɬɨɥɶɤɨ 
ɩɨɬɨɦ ɩɨɫɱɢɬɚɬɶ ɬɟɩɥɨɜɨɣ ɲɭɦ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ.  
 Ⱦɪɨɛɨɜɨɣ ɲɭɦ. Ⱦɪɨɛɨɜɨɣ ɲɭɦ ɜɨɡɧɢɤɚɟɬ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɫɥɭɱɚɣɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɢɡɦɟɧɟɧɢɹ ɱɢɫɥɚ ɱɚɫɬɢɰ, ɩɪɨɥɟɬɚɸɳɢɯ ɨɛɥɚɫɬɶ 
ɢɯ ɪɟɝɢɫɬɪɚɰɢɢ. Ɍɢɩɢɱɧɵɣ ɩɪɢɦɟɪ ɩɨɹɜɥɟɧɢɹ ɷɬɨɝɨ ɜɢɞɚ ɲɭɦɚ: 
ɜɚɤɭɭɦɧɵɣ ɞɢɨɞ, ɫ ɤɚɬɨɞɚ ɤɨɬɨɪɨɝɨ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 
ɜɵɥɟɬɚɸɬ ɷɥɟɤɬɪɨɧɵ. ȼɫɥɟɞɫɬɜɢɟ ɪɚɡɛɪɨɫɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 
ɷɥɟɤɬɪɨɧɨɜ ɜ ɤɚɬɨɞɟ, ɩɪɢɨɛɪɟɬɚɟɦɨɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɯ ɫɬɨɥɤɧɨɜɟɧɢɹ ɫ 
ɪɟɲɟɬɤɨɣ ɦɚɬɟɪɢɚɥɚ ɤɚɬɨɞɚ, ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɜɵɥɟɬɚɟɬ 
ɪɚɡɧɨɟ ɱɢɫɥɨ ɷɥɟɤɬɪɨɧɨɜ. ȼ ɫɪɟɞɧɟɦ ɠɟ ɡɚ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ 
ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɢɯ ɱɢɫɥɨ ɩɨɫɬɨɹɧɧɨ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 
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ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɚɬɨɞɚ, ɜɟɥɢɱɢɧɨɣ ɪɚɛɨɬɵ ɜɵɯɨɞɚ ɢ ɟɝɨ ɦɚɬɟɪɢɚɥɚ. 
Ⱦɪɭɝɨɣ ɩɪɢɦɟɪ ɢɫɬɨɱɧɢɤ ɞɪɨɛɨɜɨɝɨ ɲɭɦɚ: ɩɪɨɬɟɤɚɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ 
ɬɨɤɚ ɱɟɪɟɡ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. əɫɧɨ, ɱɬɨ ɞɥɹ ɨɩɢɫɚɧɢɹ ɞɪɨɛɨɜɨɝɨ ɲɭɦɚ 
ɥɭɱɲɟ ɜɜɨɞɢɬɶ ɫɥɭɱɚɣɧɵɣ ɢɫɬɨɱɧɢɤ ɬɨɤɚ, ɚ ɧɟ ɢɫɬɨɱɧɢɤ ɧɚɩɪɹɠɟɧɢɹ, 
ɤɚɤ ɷɬɨ ɛɵɥɨ ɫɞɟɥɚɧɨ ɞɥɹ ɬɟɩɥɨɜɨɝɨ ɲɭɦɚ. ɋɪɟɞɧɹɹ ɚɦɩɥɢɬɭɞɚ 
ɞɪɨɛɨɜɨɝɨ ɲɭɦɚ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɬɨɤɨɦ ɜɟɥɢɱɢɧɨɣ 0I  ɢ ɢɡɦɟɪɟɧɧɚɹ ɜ 
ɩɨɥɨɫɟ ɱɚɫɬɨɬ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ f  ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ: 

                                    fIqI
ɞɪш

 0
2 2 ,                                      (8.5) 

ɝɞɟ q - ɡɚɪɹɞ ɷɥɟɤɬɪɨɧɚ. Ⱥɦɩɥɢɬɭɞɚ ɧɚɩɪɹɠɟɧɢɹ ɩɨɥɧɨɝɨ ɲɭɦɚ ɜ 
ɟɞɢɧɢɱɧɨɣ ɩɨɥɨɫɟ ɱɚɫɬɨɬ, ɫɧɢɦɚɟɦɨɝɨ ɫ ɚɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɨ 
ɤɨɬɨɪɨɦɭ ɬɟɱɟɬ ɩɨɫɬɨɹɧɧɵɣ ɬɨɤ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɩɥɨɜɵɦ ɲɭɦɨɦ ɢ 
ɲɭɦɨɦ, ɜɵɡɜɚɧɧɵɦ ɩɚɞɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɩɪɢ 
ɩɪɨɬɟɤɚɧɢɢ ɩɨ ɧɟɦɭ ɞɪɨɛɨɜɨɝɨ ɲɭɦɚ: 

           0
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ɞɪшɬɟɩɥшш  .                (8.6) 

 Ƚɟɧɟɪɚɰɢɨɧɧɨ-ɪɟɤɨɦɛɢɧɚɰɢɨɧɧɵɣ ɲɭɦ. ɗɬɨɬ ɜɢɞ ɲɭɦɚ 
ɯɚɪɚɤɬɟɪɟɧ ɬɨɥɶɤɨ ɞɥɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ, ɝɞɟ ɡɚɱɚɫɬɭɸ ɹɜɥɹɟɬɫɹ 
ɞɨɦɢɧɢɪɭɸɳɢɦ. ɉɪɢɪɨɞɚ ɟɝɨ ɩɪɨɫɬɚ: ɡɚ ɫɱɟɬ ɬɟɩɥɨɜɨɣ ɝɟɧɟɪɚɰɢɢ ɢ 
ɫɥɭɱɚɣɧɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɜ ɡɨɧɟ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ (ɢɥɢ) ɜɚɥɟɧɬɧɨɣ ɡɨɧɟ ɩɨɹɜɥɹɸɬɫɹ ɧɟɪɚɜɧɨɜɟɫɧɵɟ 
ɧɨɫɢɬɟɥɢ ɡɚɪɹɞɚ, ɱɢɫɥɨ ɤɨɬɨɪɵɯ ɢɡɦɟɧɹɟɬɫɹ ɜɨ ɜɪɟɦɟɧɢ ɫɥɭɱɚɣɧɵɦ 
ɨɛɪɚɡɨɦ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɜ ɩɟɪɜɭɸ ɫɟɤɭɧɞɭ ɨɛɪɚɡɨɜɚɥɨɫɶ 100 
ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ; ɜɨ ɜɬɨɪɭɸ ɫɟɤɭɧɞɭ ɭɫɬɚɧɨɜɢɥɨɫɶ 120 ɩɚɪ, ɜ 
ɫɥɟɞɭɸɳɭɸ – 80 ɢ ɬ.ɞ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɫɪɟɞɧɟɦ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ ɜ 
ɤɚɠɞɭɸ ɫɟɤɭɧɞɭ ɩɨɹɜɥɹɟɬɫɹ 100 ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ. Ɉɞɧɚɤɨ ɨɤɨɥɨ 
ɷɬɨɝɨ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɜɨɡɦɨɠɧɵ ɮɥɭɤɬɭɚɰɢɢ ɱɢɫɥɚ ɱɚɫɬɢɰ – ɜ 
ɧɚɲɟɦ ɫɥɭɱɚɟ ɨɤɨɥɨ 20 ɩɚɪ. ɂɦɟɧɧɨ ɷɬɨ ɱɢɫɥɨ ɧɟɪɚɜɧɨɜɟɫɧɵɯ 
ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ ɩɪɢɜɟɞɟɬ ɤ ɫɥɭɱɚɣɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɩɪɨɜɨɞɢɦɨɫɬɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ, ɱɬɨ ɩɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɱɟɪɟɡ ɧɟɝɨ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 
ɜɟɥɢɱɢɧɨɣ 0I  ɫɨɡɞɚɫɬ ɧɚ ɤɨɧɰɚɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɲɭɦɨɜɨɟ 
ɧɚɩɪɹɠɟɧɢɟ  
                                            tRItUȽɊ   0 .                                       (8.7) 

 
 



 

78 

 

8.2. ɉɊɂɆȿɊɕ  Ɋȿɒȿɇɂə ɁȺȾȺɑ  ɉɈ  ɈɉɊȿȾȿɅȿɇɂɘ   
ɉȺɊȺɆȿɌɊɈȼ  ɎɅɍɄɌɍȺɐɂɈɇɇɕɏ  ɉɊɈɐȿɋɋɈȼ   

 ȼ  ɉɈɅɍɉɊɈȼɈȾɇɂɄȺɏ 

 Зɚɞɚɱɚ 1. Ɋɚɫɫɱɢɬɚɬɶ ɚɦɩɥɢɬɭɞɭ ɬɟɩɥɨɜɨɝɨ ɲɭɦɚ, ɜɨɡɧɢɤɚɸɳɟɝɨ 
ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɈɦR 8102  , ɧɚɯɨɞɹɳɟɦɫɹ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ KT 300 , ɟɫɥɢ ɩɨɥɨɫɚ ɩɪɨɩɭɫɤɚɧɢɹ ɜɨɥɶɬɦɟɬɪɚ, ɫ 
ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɡɦɟɪɟɧɢɟ, ɫɨɫɬɚɜɥɹɟɬ Ƚцf 810 . 

 Ɋɟɲɟɧɢɟ. ɗɬɨ ɬɢɩɢɱɧɚɹ ɡɚɞɚɱɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɨɪɟɦɵ 
ɇɚɣɤɜɢɫɬɚ: ɭɪɨɜɟɧɶ ɲɭɦɨɜɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɪɚɡɭɸɳɟɝɨ ɧɚ ɚɤɬɢɜɧɨɦ 
ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɜ ɡɚɞɚɧɧɨɣ ɩɨɥɨɫɟ ɱɚɫɬɨɬ, ɪɚɜɟɧ  

fkTRU
ɬɟɩɥш

 42 . 

ɉɨɞɫɬɚɜɢɜ ɜ ɞɚɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, 
ɩɨɥɭɱɢɦ: 
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  Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɜɟɬ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɣ ɜɨɩɪɨɫ ɬɚɤɨɜ: ɚɦɩɥɢɬɭɞɚ 
ɬɟɩɥɨɜɨɝɨ ɲɭɦɚ ɧɚ ɪɟɡɢɫɬɨɪɟ ɪɚɜɧɚ 18 ɦɢɥɥɢɜɨɥɶɬ. 

 

 Зɚɞɚɱɚ 2. Ɋɚɫɫɱɢɬɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ ɲɭɦɚ ɧɚ ɱɚɫɬɨɬɟ 
ɤȽцf 1  RC - ɰɟɩɢ, ɫɨɫɬɚɜɥɟɧɧɨɣ ɢɡ ɪɟɡɢɫɬɨɪɚ ɜɟɥɢɱɢɧɨɣ ɈɦR 5102   ɢ 

ɩɚɪɚɥɥɟɥɶɧɨɣ ɟɦɭ ɟɦɤɨɫɬɢ ɩФɋ 6105  , ɟɫɥɢ ɤ ɰɟɩɢ ɩɪɢɥɨɠɟɧɨ 
ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɟɥɢɱɢɧɨɣ ȼV 2 , ɚ ɬɟɦɩɟɪɚɬɭɪɚ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɪɚɜɧɚ KT 300 . 

 Ɋɟɲɟɧɢɟ. ȼ ɞɚɧɧɨɣ ɡɚɞɚɱɟ ɩɨɥɧɵɣ ɲɭɦ ɰɟɩɢ ɫɥɚɝɚɟɬɫɹ ɢɡ 
ɬɟɩɥɨɜɨɝɨ ɢ ɞɪɨɛɨɜɨɝɨ ɲɭɦɚ. Ⱦɪɭɝɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɡɚɞɚɱɢ: ɧɚɥɢɱɢɟ 
ɟɦɤɨɫɬɢ, ɤɨɬɨɪɚɹ ɞɟɥɚɟɬ ɲɭɦ ɱɚɫɬɨɬɧɨ-ɡɚɜɢɫɢɦɵɦ. ɉɨɷɬɨɦɭ ɡɚ ɨɫɧɨɜɭ 
ɪɚɫɱɟɬɚ ɫɥɟɞɭɟɬ ɜɡɹɬɶ ɜɵɪɚɠɟɧɢɟ (8.6), ɜ ɤɨɬɨɪɨɦ ɜɦɟɫɬɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ R  ɫɥɟɞɭɟɬ ɜɡɹɬɶ ɪɟɚɥɶɧɭɸ ɱɚɫɬɶ ɢɦɩɟɞɚɧɫɚ ɰɟɩɢ: 

      0
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ɞɪшɬɟɩɥшш  . 
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Ɋɟɚɥɶɧɭɸ ɱɚɫɬɶ ɢɦɩɟɞɚɧɫɚ ɰɟɩɢ ɦɨɠɧɨ ɧɚɣɬɢ, ɢɫɩɨɥɶɡɭɹ ɜɵɪɚɠɟɧɢɟ 
ɞɥɹ ɩɚɪɚɥɥɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɩɨɫɬɨɹɧɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɟɦɤɨɫɬɢ 
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       (8.7) 

Ɂɞɟɫɶ ɨɛɨɡɧɚɱɟɧɨ: CR  - ɜɪɟɦɹ ɩɟɪɟɡɚɪɹɞɤɢ ɰɟɩɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɪɟɚɥɶɧɚɹ ɱɚɫɬɶ ɢɦɩɟɞɚɧɫɚ ɰɟɩɢ ɪɚɜɧɚ: 

                                  
221

Re  R
Z .                                               (8.8) 

ɩɨɞɫɬɚɜɢɦ ɜ ɜɵɪɚɠɟɧɢɟ (8.6) ɧɚɣɞɟɧɧɭɸ ɪɟɚɥɶɧɭɸ 
ɱɚɫɬɶ ɢɦɩɟɞɚɧɫɚ ɢ ɧɚɣɞɟɦ  ɭɪɨɜɟɧɶ ɲɭɦɚ  
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(8.9) 

ɉɨɞɫɬɚɜɥɹɹ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɧɫɬɚɧɬ ɢ ɩɚɪɚɦɟɬɪɨɜ, 
ɩɨɥɭɱɢɦ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɦɩɥɢɬɭɞɚ ɲɭɦɚ RC ɰɟɩɢ ɧɚ ɱɚɫɬɨɬɟ ɤȽц1  ɩɪɢ 
ɞɟɣɫɬɜɢɢ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɪɚɜɧɚ ɨɤɨɥɨ 2/1/30 Ƚцɧȼ . 

 

Зɚɞɚɱɚ 3. Ɋɚɫɫɱɢɬɚɬɶ ɫɩɟɤɬɪɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ ɫɭɦɦɚɪɧɨɝɨ ɲɭɦɚ 
ɝɟɪɦɚɧɢɟɜɨɝɨ ɮɨɬɨɞɢɨɞɚ ɧɚ ɱɚɫɬɨɬɟ Ƚц410  ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɧɚ ɧɟɦ 

ȼV 1.00  , ɢɦɟɸɳɟɝɨ ɩɥɨɳɚɞɶ 2210 ɫɦS   ɢ ɩɥɨɬɧɨɫɬɶ ɨɛɪɚɬɧɨɝɨ ɬɨɤɚ 
26

0 /10 ɫɦАj  . ɋɱɢɬɚɬɶ ɭɪɨɜɟɧɶ ɥɟɝɢɪɨɜɚɧɢɹ p- ɢ n-ɨɛɥɚɫɬɟɣ 
ɨɞɢɧɚɤɨɜɵɦ ɢ ɪɚɜɧɵɦ 315104.2  ɫɦ . 

 Ɋɟɲɟɧɢɟ. ɉɨɥɧɵɣ ɲɭɦ ɮɨɬɨɞɢɨɞɚ fшU  ɧɚ ɡɚɞɚɧɧɨɣ ɱɚɫɬɨɬɟ – 

ɷɬɨ  ɫɩɟɤɬɪɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɲɭɦɚ. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɨɧɚ 
ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɫɩɟɤɬɪɚɥɶɧɵɯ ɩɥɨɬɧɨɫɬɟɣ ɬɟɩɥɨɜɨɝɨ ɲɭɦɚ ɟɝɨ 
ɚɤɬɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɢɦɩɟɞɚɧɫɚ ɢ ɞɪɨɛɨɜɨɝɨ ɲɭɦɚ ɬɨɤɚ, 
ɩɪɨɬɟɤɚɸɳɟɝɨ ɱɟɪɟɡ ɩɟɪɟɯɨɞ  VI . ȼɨɡɦɨɠɧɨɟ ɜɥɢɹɧɢɟ ɝɟɧɟɪɚɰɢɨɧɧɨ-

ɪɟɤɨɦɛɢɧɚɰɢɨɧɧɨɝɨ ɲɭɦɚ ɧɚ ɩɨɥɧɵɣ ɲɭɦ ɮɨɬɨɞɢɨɞɚ ɜ ɷɬɨɣ ɡɚɞɚɱɟ ɧɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɯɨɞɧɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɬɵɫɤɚɧɢɹ 
ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɩɨɥɧɨɝɨ ɲɭɦɚ ɛɭɞɟɬ  

                          22
ɞɪɨɛшɬɟɩɥшfш UUU   .                                  (8.10) 

ɉɨɫɤɨɥɶɤɭ ɡɚɞɚɧɧɚɹ ɱɚɫɬɨɬɚ ɢɡɦɟɪɟɧɢɣ ɲɭɦɚ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɜɵɲɟ 
ɱɚɫɬɨɬɵ ɫɪɟɡɚ p-n ɩɟɪɟɯɨɞɚ, ɜ ɜɵɱɢɫɥɟɧɢɹɯ ɪɟɚɥɶɧɨɣ ɱɚɫɬɢ ɢɦɩɟɞɚɧɫɚ 
ɮɨɬɨɞɢɨɞɚ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɲɭɧɬɢɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ ɟɦɤɨɫɬɢ 
ɩɟɪɟɯɨɞɚ C , ɤɨɬɨɪɚɹ ɜɤɥɸɱɟɧɚ ɩɚɪɚɥɥɟɥɶɧɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦɭ 
ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɩɟɪɟɯɨɞɚ dR . ɉɨɥɶɡɭɹɫɶ ɬɟɨɪɟɦɨɣ ɇɚɣɤɜɢɫɬɚ ɢ 
ɜɵɪɚɠɟɧɢɟɦ ɞɥɹ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɞɪɨɛɨɜɨɝɨ ɲɭɦɚ ɬɨɤɚ  VI , 

ɩɪɨɬɟɤɚɸɳɟɝɨ ɩɨ ɚɤɬɢɜɧɨɣ ɱɚɫɬɢ ɢɦɩɟɞɚɧɫɚ,  ɧɚɣɞɟɦ: 
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.                            (8.11) 

ɉɟɪɟɫɱɟɬ ɩɚɪɚɥɥɟɥɶɧɨɣ RC ɰɟɩɢ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɭɸ ɰɟɩɶ ɞɚɟɬ 
ɢɦɩɟɞɚɧɫ 
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ɉɨɷɬɨɦɭ ɪɟɚɥɶɧɚɹ ɱɚɫɬɶ ɢɦɩɟɞɚɧɫɚ p-n ɩɟɪɟɯɨɞɚ ɛɭɞɟɬ ɪɚɜɧɚ 

                                    
2221

Re
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 .                                        (8.12) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɪɟɞɟɥɟɧɢɟ ɭɪɨɜɧɹ ɩɨɥɧɨɝɨ ɲɭɦɚ ɮɨɬɨɞɢɨɞɚ 
ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɩɨ ɜɵɪɚɠɟɧɢɸ (8.12) ɚɤɬɢɜɧɨɣ ɱɚɫɬɢ 
ɢɦɩɟɞɚɧɫɚ ɩɟɪɟɯɨɞɚ ɢ ɩɨɞɫɬɚɧɨɜɤɢ ɟɝɨ ɡɧɚɱɟɧɢɹ ɜ ɜɵɪɚɠɟɧɢɟ (8.11).  

ɉɪɟɠɞɟ ɜɫɟɝɨ, ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɟɦɤɨɫɬɶ ɩɟɪɟɯɨɞɚ. ȿɦɤɨɫɬɶ ɩɟɪɟɯɨɞɚ C  ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɟɝɨ ɩɥɨɳɚɞɶɸ S  ɢ ɬɨɥɳɢɧɨɣ ɫɥɨɹ ɫɨɛɫɬɜɟɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ W  ɢ 
ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɚ ɩɨ ɜɵɪɚɠɟɧɢɸ ɩɨ ɜɵɪɚɠɟɧɢɸ (7.19) 
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ɝɞɟ Ge  - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɝɟɪɦɚɧɢɹ. 
ɉɨɞɫɬɚɧɨɜɤɚ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜ ɜɵɪɚɠɟɧɢɹ (8.13) ɩɪɢɜɨɞɢɬ ɤ 
ɫɥɟɞɭɸɳɟɦɭ ɪɟɡɭɥɶɬɚɬɭ: 
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Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɟɪɟɯɨɞɚ ɜ ɨɛɥɚɫɬɢ 
ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɫɦɟɳɟɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ  

                           
  




kT
qV

qI
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VRd
0

0
0 exp ,                                  (8.14) 

ɝɞɟ ɜɫɟ ɜɟɥɢɱɢɧɵ ɬɚɛɥɢɱɧɵɟ ɢɥɢ ɥɟɝɤɨ ɜɵɱɢɫɥɹɸɬɫɹ. ɉɨɷɬɨɦɭ 
ɦɨɠɧɨ ɧɚɣɬɢ ɜɟɥɢɱɢɧɭ  0VRd : 
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Ɍɟɩɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɜɵɪɚɠɟɧɢɟ (8.12), ɧɚɣɞɟɦ ɪɟɚɥɶɧɭɸ ɱɚɫɬɶ 
ɢɦɩɟɞɚɧɫɚ ɮɨɬɨɞɢɨɞɚ ɧɚ ɱɚɫɬɨɬɟ Ƚц410 :  
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Ɉɩɪɟɞɟɥɢɦ ɜɟɥɢɱɢɧɭ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɬɟɤɭɳɟɝɨ ɱɟɪɟɡ p-n 

ɩɟɪɟɯɨɞ: 
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Ɍɟɩɟɪɶ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɫɩɟɤɬɪɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ ɫɭɦɦɚɪɧɨɝɨ ɲɭɦɚ 
ɮɨɬɨɞɢɨɞɚ, ɩɨɞɫɬɚɜɢɜ ɜ ɜɵɪɚɠɟɧɢɟ (8.11) ɧɚɣɞɟɧɧɨɟ ɡɧɚɱɟɧɢɟ 
ɚɤɬɢɜɧɨɣ ɱɚɫɬɢ ɢɦɩɟɞɚɧɫɚ: 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɜɟɬ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɣ ɜ ɷɬɨɣ ɡɚɞɚɱɟ ɜɨɩɪɨɫ 
ɬɚɤɨɜ: ɫɩɟɤɬɪɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɫɭɦɦɚɪɧɨɝɨ ɲɭɦɚ ɝɟɪɦɚɧɢɟɜɨɝɨ 
ɮɨɬɨɞɢɨɞɚ ɧɚ ɱɚɫɬɨɬɟ Ƚц410  ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɧɚ ɧɟɦ ȼV 1.0  

ɫɨɫɬɚɜɥɹɟɬ ./102.3 2/18 Ƚцȼ  

 
 

8.3. ȼȺɊɂȺɇɌɕ  ɁȺȾȺɇɂɃ  ɉɈ ɈɉɊȿȾȿɅȿɇɂɘ   
ɉȺɊȺɆȿɌɊɈȼ  ɎɅɍɄɌɍȺɐɂɈɇɇɕɏ  ɉɊɈɐȿɋɋɈȼ   

ȼ  ɉɈɅɍɉɊɈȼɈȾɇɂɄȺɏ 

      Ʉ  ɄɈɇɌɊɈɅɖɇɈɃ  ɊȺȻɈɌȿ  № 2 

1. Ɋɚɫɫɱɢɬɚɬɶ ɚɦɩɥɢɬɭɞɭ ɬɟɩɥɨɜɨɝɨ ɲɭɦɚ, ɜɨɡɧɢɤɚɸɳɟɝɨ ɧɚ 
ɩɨɫɬɨɹɧɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɈɦR 10106.2  , ɧɚɯɨɞɹɳɟɦɫɹ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ KT 300 , ɟɫɥɢ ɩɨɥɨɫɚ ɩɪɨɩɭɫɤɚɧɢɹ ɜɨɥɶɬɦɟɬɪɚ, ɫ 
ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɡɦɟɪɟɧɢɟ, ɫɨɫɬɚɜɥɹɟɬ 

Ƚцf 610 . 

2. Ɋɚɫɫɱɢɬɚɬɶ ɫɩɟɤɬɪɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɲɭɦɚ, 
ɜɨɡɧɢɤɚɸɳɟɝɨ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɈɦR 8109  , 

ɧɚɯɨɞɹɳɟɦɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ KT 400 , ɟɫɥɢ ɜɨɥɶɬɦɟɬɪ, ɫ 
ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɡɦɟɪɟɧɢɟ, ɧɚɫɬɪɨɟɧ ɧɚ 
ɪɟɝɢɫɬɪɚɰɢɸ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɱɚɫɬɨɬɨɣ  Ƚцf 810 . 

3. Ɋɚɫɫɱɢɬɚɬɶ ɚɦɩɥɢɬɭɞɭ ɬɟɩɥɨɜɨɝɨ ɲɭɦɚ, ɜɨɡɧɢɤɚɸɳɟɝɨ ɧɚ 
ɩɨɫɬɨɹɧɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɈɦR 9102  , ɧɚɯɨɞɹɳɟɦɫɹ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ KT 500 , ɟɫɥɢ ɩɨɥɨɫɚ ɩɪɨɩɭɫɤɚɧɢɹ ɜɨɥɶɬɦɟɬɪɚ, ɫ 
ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɡɦɟɪɟɧɢɟ, ɫɨɫɬɚɜɥɹɟɬ 

Ƚцf 810 . 

4. Ɋɚɫɫɱɢɬɚɬɶ ɜɟɥɢɱɢɧɭ ɚɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɧɚɯɨɞɹɳɟɝɨɫɹ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ KT 300 , ɟɫɥɢ ɚɦɩɥɢɬɭɞɚ ɪɟɝɢɫɬɪɢɪɭɟɦɨɝɨ ɧɚ 
ɧɟɦ ɜɨɥɶɬɦɟɬɪɨɦ ɫ ɩɨɥɨɫɨɣ ɩɪɨɩɭɫɤɚɧɢɹ Ƚцf 410 , ɫɨɫɬɚɜɥɹɟɬ 

.107.1 8 ȼ  
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5. Ɋɚɫɫɱɢɬɚɬɶ ɜɟɥɢɱɢɧɭ ɚɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɧɚɯɨɞɹɳɟɝɨɫɹ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ KT 500 , ɟɫɥɢ ɚɦɩɥɢɬɭɞɚ ɪɟɝɢɫɬɪɢɪɭɟɦɨɝɨ ɧɚ 
ɧɟɦ ɜɨɥɶɬɦɟɬɪɨɦ ɫ ɩɨɥɨɫɨɣ ɩɪɨɩɭɫɤɚɧɢɹ Ƚцf 210 , ɫɨɫɬɚɜɥɹɟɬ 

.107.3 9 ȼ  

6. Ɋɚɫɫɱɢɬɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɚɯɨɞɢɬɫɹ ɩɪɨɜɨɥɨɱɧɵɣ 
ɪɟɡɢɫɬɨɪ ɜɟɥɢɱɢɧɨɣ Ɉɦ910 , ɟɫɥɢ ɚɦɩɥɢɬɭɞɚ ɪɟɝɢɫɬɪɢɪɭɟɦɨɝɨ ɧɚ 
ɧɟɦ ɜɨɥɶɬɦɟɬɪɨɦ ɫ ɩɨɥɨɫɨɣ ɩɪɨɩɭɫɤɚɧɢɹ Ƚцf 610 , ɫɨɫɬɚɜɥɹɟɬ 

.107.8 8 ȼ  

7. Ɋɚɫɫɱɢɬɚɬɶ ɜɟɥɢɱɢɧɭ ɚɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɧɚɯɨɞɹɳɟɝɨɫɹ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ KT 300 , ɟɫɥɢ ɚɦɩɥɢɬɭɞɚ ɪɟɝɢɫɬɪɢɪɭɟɦɨɝɨ ɧɚ 
ɧɟɦ ɜɨɥɶɬɦɟɬɪɨɦ ɫ ɩɨɥɨɫɨɣ ɩɪɨɩɭɫɤɚɧɢɹ Ƚцf 410 , ɫɨɫɬɚɜɥɹɟɬ 
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8. Ɋɚɫɫɱɢɬɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ ɲɭɦɚ ɜ ɩɨɥɨɫɟ ɱɚɫɬɨɬ 
Ƚцf 710 , ɢɡɦɟɪɹɟɦɨɝɨ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɪɟɡɢɫɬɨɪɟ ɜɟɥɢɱɢɧɨɣ 

ɈɦR 5102  , ɟɫɥɢ ɤ ɪɟɡɢɫɬɨɪɭ ɩɪɢɥɨɠɟɧɨ ɩɨɫɬɨɹɧɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ ɜɟɥɢɱɢɧɨɣ ȼV 5.1 , ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ ɪɚɜɧɚ KT 300 . 

9. Ɋɚɫɫɱɢɬɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ ɲɭɦɚ ɜ ɩɨɥɨɫɟ ɱɚɫɬɨɬ 
Ƚцf 610 , ɢɡɦɟɪɹɟɦɨɝɨ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɪɟɡɢɫɬɨɪɟ ɜɟɥɢɱɢɧɨɣ 

ɈɦR 5101.9  , ɟɫɥɢ ɤ ɪɟɡɢɫɬɨɪɭ ɩɪɢɥɨɠɟɧɨ ɩɨɫɬɨɹɧɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ ɜɟɥɢɱɢɧɨɣ ȼV 5.1 , ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ ɪɚɜɧɚ KT 290 .  

10.  Ɋɚɫɫɱɢɬɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ ɲɭɦɚ ɜ ɩɨɥɨɫɟ ɱɚɫɬɨɬ 

Ƚцf 510 , ɢɡɦɟɪɹɟɦɨɝɨ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɪɟɡɢɫɬɨɪɟ ɜɟɥɢɱɢɧɨɣ 
ɈɦR 6101.5  , ɟɫɥɢ ɤ ɪɟɡɢɫɬɨɪɭ ɩɪɢɥɨɠɟɧɨ ɩɨɫɬɨɹɧɧɨɟ 

ɧɚɩɪɹɠɟɧɢɟ ɜɟɥɢɱɢɧɨɣ ȼV 10 , ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ ɪɚɜɧɚ KT 290 . 

11.  Ɋɚɫɫɱɢɬɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ ɲɭɦɚ ɧɚ ɱɚɫɬɨɬɟ ɤȽцf 10  

RC - ɰɟɩɢ, ɫɨɫɬɚɜɥɟɧɧɨɣ ɢɡ ɪɟɡɢɫɬɨɪɚ ɜɟɥɢɱɢɧɨɣ ɈɦR 5105   ɢ 
ɩɚɪɚɥɥɟɥɶɧɨɣ ɟɦɭ ɟɦɤɨɫɬɢ ɩФɋ 6102  , ɟɫɥɢ ɤ ɰɟɩɢ ɩɪɢɥɨɠɟɧɨ 
ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɟɥɢɱɢɧɨɣ ȼV 2 , ɚ ɬɟɦɩɟɪɚɬɭɪɚ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɪɚɜɧɚ KT 290 . 

12.  Ɋɚɫɫɱɢɬɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ ɲɭɦɚ ɧɚ ɱɚɫɬɨɬɟ ɤȽцf 100  

RC - ɰɟɩɢ, ɫɨɫɬɚɜɥɟɧɧɨɣ ɢɡ ɪɟɡɢɫɬɨɪɚ ɜɟɥɢɱɢɧɨɣ ɈɦR 4102   ɢ 
ɩɚɪɚɥɥɟɥɶɧɨɣ ɟɦɭ ɟɦɤɨɫɬɢ ɩФɋ 3105  , ɟɫɥɢ ɤ ɰɟɩɢ ɩɪɢɥɨɠɟɧɨ 
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ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɟɥɢɱɢɧɨɣ ȼV 1.0 , ɚ ɬɟɦɩɟɪɚɬɭɪɚ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɪɚɜɧɚ KT 310 . 

13.  Ɋɚɫɫɱɢɬɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ ɲɭɦɚ ɧɚ ɱɚɫɬɨɬɟ ɤȽцf 3  

RC - ɰɟɩɢ, ɫɨɫɬɚɜɥɟɧɧɨɣ ɢɡ ɪɟɡɢɫɬɨɪɚ ɜɟɥɢɱɢɧɨɣ ɈɦR 4101.5   ɢ 
ɩɚɪɚɥɥɟɥɶɧɨɣ ɟɦɭ ɟɦɤɨɫɬɢ ɩФɋ 6102.2  , ɟɫɥɢ ɤ ɰɟɩɢ ɩɪɢɥɨɠɟɧɨ 
ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɟɥɢɱɢɧɨɣ ȼV 10 , ɚ ɬɟɦɩɟɪɚɬɭɪɚ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɪɚɜɧɚ KT 290 .  

14.  Ɋɚɫɫɱɢɬɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ ɲɭɦɚ ɧɚ ɱɚɫɬɨɬɟ ɤȽцf 20  

RC - ɰɟɩɢ, ɫɨɫɬɚɜɥɟɧɧɨɣ ɢɡ ɪɟɡɢɫɬɨɪɚ ɜɟɥɢɱɢɧɨɣ ɈɦR 3101.5   ɢ 
ɩɚɪɚɥɥɟɥɶɧɨɣ ɟɦɭ ɟɦɤɨɫɬɢ ɩФɋ 6102.2  , ɟɫɥɢ ɤ ɰɟɩɢ ɩɪɢɥɨɠɟɧɨ 
ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɟɥɢɱɢɧɨɣ ȼV 20 , ɚ ɬɟɦɩɟɪɚɬɭɪɚ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɪɚɜɧɚ KT 350 .  

15. Ɋɚɫɫɱɢɬɚɬɶ ɫɩɟɤɬɪɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ ɫɭɦɦɚɪɧɨɝɨ ɲɭɦɚ 
ɤɪɟɦɧɢɟɜɨɝɨ ɮɨɬɨɞɢɨɞɚ ɧɚ ɱɚɫɬɨɬɟ Ƚц410  ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɧɚ 
ɧɟɦ ȼV 1.00  , ɢɦɟɸɳɟɝɨ ɩɥɨɳɚɞɶ 2210 ɫɦS   ɢ ɩɥɨɬɧɨɫɬɶ 
ɨɛɪɚɬɧɨɝɨ ɬɨɤɚ 26

0 /10 ɫɦАj  . ɋɱɢɬɚɬɶ ɭɪɨɜɧɢ ɥɟɝɢɪɨɜɚɧɢɹ p- ɢ n-

ɨɛɥɚɫɬɟɣ ɨɞɢɧɚɤɨɜɵɦɢ ɢ ɪɚɜɧɵɦɢ 315104.2  ɫɦ . 

16. Ɋɚɫɫɱɢɬɚɬɶ ɫɩɟɤɬɪɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ ɫɭɦɦɚɪɧɨɝɨ ɲɭɦɚ 
ɝɟɪɦɚɧɢɟɜɨɝɨ ɮɨɬɨɞɢɨɞɚ ɧɚ ɱɚɫɬɨɬɟ Ƚц310  ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɧɚ 
ɧɟɦ ȼV 2.00  , ɢɦɟɸɳɟɝɨ ɩɥɨɳɚɞɶ 2210 ɫɦS   ɢ ɩɥɨɬɧɨɫɬɶ 
ɨɛɪɚɬɧɨɝɨ ɬɨɤɚ 28

0 /10 ɫɦАj  . ɋɱɢɬɚɬɶ ɭɪɨɜɧɢ ɥɟɝɢɪɨɜɚɧɢɹ p- ɢ n-

ɨɛɥɚɫɬɟɣ ɨɞɢɧɚɤɨɜɵɦɢ ɢ ɪɚɜɧɵɦɢ 314100.2  ɫɦ .  

17. Ɋɚɫɫɱɢɬɚɬɶ ɫɩɟɤɬɪɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ ɫɭɦɦɚɪɧɨɝɨ ɲɭɦɚ 
ɚɪɫɟɧɢɞ-ɝɚɥɥɢɟɜɨɝɨ ɮɨɬɨɞɢɨɞɚ ɧɚ ɱɚɫɬɨɬɟ Ƚц410  ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ 
ɧɚ ɧɟɦ ȼV 3.00  , ɢɦɟɸɳɟɝɨ ɩɥɨɳɚɞɶ 2210 ɫɦS   ɢ ɩɥɨɬɧɨɫɬɶ 
ɨɛɪɚɬɧɨɝɨ ɬɨɤɚ 210

0 /10 ɫɦАj  . ɋɱɢɬɚɬɶ ɭɪɨɜɧɢ ɥɟɝɢɪɨɜɚɧɢɹ p- ɢ 
n-ɨɛɥɚɫɬɟɣ ɨɞɢɧɚɤɨɜɵɦɢ ɢ ɪɚɜɧɵɦɢ 313104.1  ɫɦ . 

18. Ɋɚɫɫɱɢɬɚɬɶ ɫɩɟɤɬɪɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ ɫɭɦɦɚɪɧɨɝɨ ɲɭɦɚ 
ɤɪɟɦɧɢɟɜɨɝɨ ɞɢɨɞɚ ɧɚ ɱɚɫɬɨɬɟ Ƚц3103   ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɧɚ ɧɟɦ 

ȼV 1.00  , ɢɦɟɸɳɟɝɨ ɩɥɨɳɚɞɶ 22106 ɫɦS   ɢ ɩɥɨɬɧɨɫɬɶ ɨɛɪɚɬɧɨɝɨ 
ɬɨɤɚ 28

0 /10 ɫɦАj  . ɋɱɢɬɚɬɶ ɭɪɨɜɧɢ ɥɟɝɢɪɨɜɚɧɢɹ p- ɢ n-ɨɛɥɚɫɬɟɣ 
ɨɞɢɧɚɤɨɜɵɦɢ ɢ ɪɚɜɧɵɦɢ 316103.3  ɫɦ . 

19. Ɋɚɫɫɱɢɬɚɬɶ ɫɩɟɤɬɪɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ ɫɭɦɦɚɪɧɨɝɨ ɲɭɦɚ 
ɝɟɪɦɚɧɢɟɜɨɝɨ ɞɢɨɞɚ ɧɚ ɱɚɫɬɨɬɟ Ƚц610  ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɧɚ ɧɟɦ 

ȼV 00  , ɢɦɟɸɳɟɝɨ ɩɥɨɳɚɞɶ 22105.7 ɫɦS   ɢ ɩɥɨɬɧɨɫɬɶ ɨɛɪɚɬɧɨɝɨ 
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ɬɨɤɚ 27
0 /102 ɫɦАj  . ɋɱɢɬɚɬɶ ɭɪɨɜɧɢ ɥɟɝɢɪɨɜɚɧɢɹ p- ɢ n-ɨɛɥɚɫɬɟɣ 

ɨɞɢɧɚɤɨɜɵɦɢ ɢ ɪɚɜɧɵɦɢ 315104.2  ɫɦ .  

20. Ɋɚɫɫɱɢɬɚɬɶ ɫɩɟɤɬɪɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ ɫɭɦɦɚɪɧɨɝɨ ɲɭɦɚ 
ɚɪɫɟɧɢɞ-ɝɚɥɥɢɟɜɨɝɨ ɞɢɨɞɚ ɧɚ ɱɚɫɬɨɬɟ Ƚц410  ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɧɚ 
ɧɟɦ ȼV 00  , ɢɦɟɸɳɟɝɨ ɩɥɨɳɚɞɶ 2210 ɫɦS   ɢ ɩɥɨɬɧɨɫɬɶ 
ɨɛɪɚɬɧɨɝɨ ɬɨɤɚ 28

0 /105.4 ɫɦАj  . ɋɱɢɬɚɬɶ ɭɪɨɜɧɢ ɥɟɝɢɪɨɜɚɧɢɹ p- 

ɢ n-ɨɛɥɚɫɬɟɣ ɨɞɢɧɚɤɨɜɵɦɢ ɢ ɪɚɜɧɵɦɢ 315105.8  ɫɦ . 
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9. «ɗɆɂɋɋɂə  ɈɉɌɂɑȿɋɄɈȽɈ  ɂɁɅɍɑȿɇɂə 

ɂɁ  ɉɈɅɍɉɊɈȼɈȾɇɂɄɈȼ» 

9.1. ɄɊȺɌɄɈȿ  ɂɁɅɈɀȿɇɂȿ  ɌȿɈɊɂɂ 

 

ɉɪɨɛɥɟɦɭ ɢɡɭɱɟɧɢɹ ɷɦɢɫɫɢɢ ɢɡɥɭɱɟɧɢɹ ɢɡ ɬɜɟɪɞɵɯ ɬɟɥ ɦɨɠɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫ ɞɜɭɯ ɩɨɡɢɰɢɣ: ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɣ ɢ 
ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɣ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɨɛɴɟɤɬɨɦ ɪɚɫɫɦɨɬɪɟɧɢɹ 
ɢɡɥɭɱɚɸɳɢɯ ɫɜɨɣɫɬɜ.  

 

ɋ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɣ ɩɨɡɢɰɢɢ ɢɡɥɭɱɚɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɬɜɟɪɞɨɝɨ 
ɬɟɥɚ ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɤɚɤ ɫɜɨɣɫɬɜɚ ɨɞɧɨɪɨɞɧɨɝɨ ɤɪɢɫɬɚɥɥɚ. Ɂɞɟɫɶ ɞɥɹ 
ɱɢɫɥɟɧɧɨɣ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɜɜɨɞɹɬ 
ɞɜɚ ɩɚɪɚɦɟɬɪɚ. ɉɟɪɜɵɣ ɢɡ ɧɢɯ ɧɚɡɵɜɚɟɬɫɹ ɜɧɭɬɪɟɧɧɟɣ ɤɜɚɧɬɨɜɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ . Ɉɧ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɚɬɨɦɨɜ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɢɡɥɭɱɚɬɶ ɮɨɬɨɧɵ ɩɪɢ ɪɟɤɨɦɛɢɧɚɰɢɢ ɷɥɟɤɬɪɨɧɧɨ-

ɞɵɪɨɱɧɵɯ ɩɚɪ ɢ ɜɵɱɢɫɥɹɟɬɫɹ  ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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ɬ.ɟ. ɷɬɨ ɩɚɪɚɦɟɬɪ ɩɪɟɜɵɲɟɧɢɹ ɫɩɨɫɨɛɧɨɫɬɢ ɝɟɧɟɪɢɪɨɜɚɬɶ ɮɨɬɨɧɵ ɧɚɞ 
ɫɩɨɫɨɛɧɨɫɬɶɸ ɬɨɝɨ ɠɟ ɜɟɳɟɫɬɜɚ ɝɟɧɟɪɢɪɨɜɚɬɶ ɮɨɧɨɧɵ. ɑɢɫɥɟɧɧɨ ɨɧ 
ɨɩɪɟɞɟɥɹɟɬ: ɫɤɨɥɶɤɨ ɝɟɧɟɪɢɪɭɟɬɫɹ ɮɨɬɨɧɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɪɟɤɨɦɛɢɧɚɰɢɢ ɨɞɧɨɣ ɩɚɪɵ «ɷɥɟɤɬɪɨɧ-ɞɵɪɤɚ». Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɪɚɫɱɟɬ 
(ɫɦ. ɩ.6.2 ɍɱɟɛɧɨɝɨ ɩɨɫɨɛɢɹ ɩɨ ɤɭɪɫɭ Ⱦɚɜɵɞɨɜ ȼ.ɇ. «Ɏɢɡɢɱɟɫɤɢɟ 
ɨɫɧɨɜɵ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ», Ɍɨɦɫɤ, ɌɍɋɍɊ, 2011 ɝ.), ɞɥɹ ɩɨɜɵɲɟɧɢɹ 
ɜɧɭɬɪɟɧɧɟɣ ɤɜɚɧɬɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɬɨɱɧɢɤɚ ɨɩɬɢɱɟɫɤɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɞɥɹ ɟɝɨ ɢɡɝɨɬɨɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ ɫ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɥɟɝɢɪɨɜɚɧɢɹ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɧɚɛɥɸɞɚɬɶ ɷɦɢɫɫɢɸ ɢɡɥɭɱɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ, 
ɱɬɨɛɵ ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɟ ɮɨɬɨɧɵ ɜɵɲɥɢ ɢɡ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɱɟɪɟɡ 
ɨɞɧɭ ɢɡ ɟɝɨ ɝɪɚɧɟɣ ɜ ɨɤɪɭɠɚɸɳɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ. Ɉɞɧɚɤɨ, 
ɪɚɫɩɪɨɫɬɪɚɧɹɹɫɶ ɜ ɤɪɢɫɬɚɥɥɟ ɧɚ ɩɭɬɢ ɨɬ ɦɟɫɬɚ ɝɟɧɟɪɚɰɢɢ ɤ 
ɢɡɥɭɱɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɮɨɬɨɧɵ ɦɨɝɭɬ ɛɵɬɶ ɩɨɝɥɨɳɟɧɵ ɞɪɭɝɢɦɢ 
ɚɬɨɦɚɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɨɫɧɨɜɧɨɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ. 
ɉɨɷɬɨɦɭ ɜɜɨɞɹɬ ɟɳɟ ɨɞɢɧ ɩɚɪɚɦɟɬɪ, ɧɚɡɵɜɚɟɦɵɣ ɜɧɟɲɧɟɣ 
ɤɜɚɧɬɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɢ ɨɛɨɡɧɚɱɚɟɦɵɣ ɤɚɤ  . Ɉɧ ɩɨɤɚɡɵɜɚɟɬ 



 

88 

 

ɞɨɥɸ ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɯ ɜ ɨɛɴɟɦɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɮɨɬɨɧɨɜ, 
ɜɵɲɟɞɲɢɯ ɱɟɪɟɡ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɶ: 

                                  
Lф

ф
 ,                                               (9.2) 

ɝɞɟ L – ɬɨɥɳɢɧɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɧɚ ɢɡɥɭɱɚɸɳɭɸ 
ɩɨɜɟɪɯɧɨɫɬɶ; ô  – ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ ɜ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ. ɂɡ ɷɬɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɜɢɞɧɨ, ɱɬɨ ɭɫɥɨɜɢɟ 
ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɨɝɨ  ɜɵɯɨɞɚ ɫɜɟɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɬɨɦ, ɱɬɨɛɵ ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɟ ɮɨɬɨɧɵ ɦɨɝɥɢ ɜɵɣɬɢ ɢɡ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ 
ɧɟ ɛɭɞɭɱɢ ɩɨɝɥɨɳɟɧɧɵɦɢ ɞɪɭɝɢɦɢ ɚɬɨɦɚɦɢ ɧɚ ɩɭɬɢ ɨɬ ɢɡɥɭɱɚɸɳɟɝɨ 
ɚɬɨɦɚ ɞɨ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɞɥɢɧɚ 
ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɚ ɛɵɥɚ ɛɨɥɶɲɟ ɬɨɥɳɢɧɵ ɨɛɪɚɡɰɚ: Lô  . 

Ʉɨɧɟɱɧɨ, ɷɬɢ ɞɜɚ ɩɚɪɚɦɟɬɪɚ ɧɟ ɞɚɸɬ ɢɫɱɟɪɩɵɜɚɸɳɢɣ ɨɬɜɟɬ ɧɚ 
ɜɨɩɪɨɫ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɡɥɭɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ. 
Ʉɪɨɦɟ ɷɬɢɯ ɞɜɭɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɠɧɨ ɜɜɟɫɬɢ ɟɳɟ ɧɟɫɤɨɥɶɤɨ, ɫ 
ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɨɬɨɛɪɚɠɚɥɨɫɶ ɛɵ ɜɵɩɨɥɧɟɧɢɟ ɟɳɟ ɪɹɞɚ ɭɫɥɨɜɢɣ, 
ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɫɬɢ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɢɡɥɭɱɟɧɢɹ (ɧɚɩɪɢɦɟɪ, ɭɫɥɨɜɢɹ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɫɜɟɬɚ ɨɬ 
ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ). ɇɨ ɷɬɢ ɞɜɚ – ɨɫɧɨɜɧɵɟ.  

 

ɋ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɣ ɩɨɡɢɰɢɢ ɢɡɥɭɱɚɸɳɢɟ ɫɩɨɫɨɛɧɨɫɬɢ 
ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɢɡɥɭɱɟɧɢɹ ɨɬɞɟɥɶɧɵɯ 
ɚɬɨɦɨɜ, ɬ.ɟ. ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɦɟɯɚɧɢɡɦɵ ɝɟɧɟɪɚɰɢɢ ɢɡɥɭɱɟɧɢɹ 
ɨɬɞɟɥɶɧɵɦ ɚɬɨɦɨɦ. Ⱦɟɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɷɬɨɦ 
ɩɨɞɯɨɞɟ ɞɜɭɦɹ ɩɚɪɚɦɟɬɪɚɦɢ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɢɡɥɭɱɟɧɢɹ ɨɬɞɟɥɶɧɨɝɨ ɚɬɨɦɚ, ɹɜɥɹɸɬɫɹ ɜɟɪɨɹɬɧɨɫɬɢ ɫɩɨɧɬɚɧɧɨɝɨ - 21A  

ɢ ɢɧɞɭɰɢɪɨɜɚɧɧɨɝɨ - 21B  ɩɟɪɟɯɨɞɨɜ (ɫɦ. ɩ.6.3 ɭɱɟɛɧɨɝɨ ɩɨɫɨɛɢɹ 
Ⱦɚɜɵɞɨɜɚ ȼ.ɇ. Ɏɢɡɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ. Ɍɨɦɫɤ, ɌɍɋɍɊ, 
2011 ɝ.). ɗɬɢ ɩɚɪɚɦɟɬɪɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɢɪɨɞɨɣ ɚɬɨɦɚ, ɟɝɨ 
ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɪɟɲɟɬɤɟ ɢ ɩɨɬɨɦɭ ɹɜɥɹɸɬɫɹ ɤɨɧɫɬɚɧɬɨɣ ɞɥɹ 
ɞɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɷɬɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɦɨɠɧɨ ɧɚɣɬɢ ɜ ɫɩɪɚɜɨɱɧɵɯ ɦɚɬɟɪɢɚɥɚɯ.   

Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɩɬɢɱɟɫɤɨɝɨ 

ɢɡɥɭɱɟɧɢɹ ɬɜɟɪɞɨɬɟɥɶɧɨɝɨ ɥɚɡɟɪɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɹɬɶ ɜɵɩɨɥɧɟɧɢɟ 
ɞɜɭɯ ɭɫɥɨɜɢɣ:   

- ɭɫɥɨɜɢɟ ɪɟɡɨɧɚɧɫɚ ɨɩɬɢɱɟɫɤɨɣ ɜɨɥɧɵ ɧɚ ɞɥɢɧɟ ɪɟɡɨɧɚɬɨɪɚ L : 
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n

mL
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 ,                                      (9.3) 

ɝɞɟ n  - ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɜɟɳɟɫɬɜɚ, ɹɜɥɹɸɳɟɝɨɫɹ 
ɚɤɬɢɜɧɵɦ ɜ ɥɚɡɟɪɟ, m  - ɰɟɥɨɟ ɱɢɫɥɨ, ɩɨɤɚɡɵɜɚɸɳɟɟ ɤɨɥɢɱɟɫɬɜɨ 
ɩɨɥɭɜɨɥɧ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɭɤɥɚɞɵɜɚɸɳɢɯɫɹ ɧɚ ɞɥɢɧɟ 
ɤɪɢɫɬɚɥɥɚ; 
- ɭɫɥɨɜɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɚɤɬɢɜɧɨɝɨ ɜɟɳɟɫɬɜɚ 
g , ɞɨɫɬɚɬɨɱɧɨɝɨ ɞɥɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɝɟɧɟɪɚɰɢɢ, ɟɫɥɢ ɤɪɢɫɬɚɥɥ 
ɩɨɦɟɳɟɧ ɜ ɨɩɬɢɱɟɫɤɢɣ ɪɟɡɨɧɚɬɨɪ ɫ ɡɟɪɤɚɥɚɦɢ, ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɨɬɪɚɠɟɧɢɹ ɨɬ ɤɨɬɨɪɵɯ ɪɚɜɧɵ 21, RR , ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ 
ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫ ɝɟɧɟɪɢɪɭɟɦɨɣ ɞɥɢɧɨɣ ɜɨɥɧɵ ɜ 
ɚɤɬɢɜɧɨɦ ɜɟɳɟɫɬɜɟ ɥɚɡɟɪɚ ɪɚɜɟɧ  : 

                                    21ln
2

1
RR

L
g  .                                   (9.4) 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɝɟɧɟɪɚɰɢɢ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɦ ɥɚɡɟɪɨɦ ɷɬɨ ɭɫɥɨɜɢɟ ɫɜɨɞɢɬɫɹ ɤ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɡɚɞɚɧɢɹ ɩɪɨɬɟɤɚɸɳɟɝɨ ɬɨɤɚ ɱɟɪɟɡ ɨɬɤɪɵɬɵɣ  p-n  

ɩɟɪɟɯɨɞ ɜɟɥɢɱɢɧɨɣ ɜɵɲɟ ɩɨɪɨɝɨɜɨɝɨ ɬɨɤɚ. 
  

 
9.2. ɉɊɂɆȿɊɕ  Ɋȿɒȿɇɂə ɁȺȾȺɑ  ɉɈ  ɈɉɊȿȾȿɅȿɇɂɘ   

ɉȺɊȺɆȿɌɊɈȼ  ɗɆɂɋɋɂɈɇɇɕɏ  ɗɎɎȿɄɌɈȼ   
 ȼ  ɉɈɅɍɉɊɈȼɈȾɇɂɄȺɏ 

Зɚɞɚɱɚ 1. Ɉɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪ ɜɧɭɬɪɟɧɧɟɣ ɤɜɚɧɬɨɜɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɝɟɧɟɪɚɰɢɢ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɝɟɪɦɚɧɢɟɜɨɝɨ 
ɨɛɪɚɡɰɚ n ɬɢɩɚ ɩɪɨɜɨɞɢɦɨɫɬɢ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 

317104.2  cɦNd , ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ KT 300 . 

Ɋɟɲɟɧɢɟ. ɂɫɯɨɞɧɵɦ ɜɵɪɚɠɟɧɢɟɦ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 
ɜɧɭɬɪɟɧɧɟɣ ɤɜɚɧɬɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟ (9.1), ɜ 
ɤɨɬɨɪɨɦ ɧɟɢɡɜɟɫɬɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɹɜɥɹɸɬɫɹ ɜɪɟɦɹ ɠɢɡɧɢ 
ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ l  ɢ ɜɪɟɦɹ ɠɢɡɧɢ ɛɟɡɢɡɥɭɱɚɬɟɥɶɧɨɣ 
ɪɟɤɨɦɛɢɧɚɰɢɢ r : 

                                       
lr

r 
  .                                            (9.5) 
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ȼɪɟɦɹ ɠɢɡɧɢ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɭɪɨɜɧɹ 
ɥɟɝɢɪɨɜɚɧɢɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɩɨ ɡɚɤɨɧɭ: 

                               
00

)( 2

pn
nii

ll   .                                             (9.6) 

ɂɡ ɬɚɛɥɢɱɧɵɯ ɞɚɧɧɵɯ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɪɟɦɹ ɢɡɥɭɱɚɬɟɥɶɧɨɣ 
ɪɟɤɨɦɛɢɧɚɰɢɢ ɜ ɫɨɛɫɬɜɟɧɧɨɦ ɝɟɪɦɚɧɢɢ ɫɨɫɬɚɜɥɹɟɬ ci

l 6.0
)(  . 

ɉɨɷɬɨɦɭ ɩɨ ɜɵɪɚɠɟɧɢɸ (9.6) ɛɭɞɟɦ ɢɦɟɬɶ: 

c
N
n

d

ii
ll

4
17

13
)(

102.1
104.2

104.22
6.0

2 
  . 

       ɂɡ ɫɩɪɚɜɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚɯɨɞɢɦ, ɱɬɨ ɜɪɟɦɹ ɠɢɡɧɢ 
ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ ɝɟɪɦɚɧɢɢ ɫɨɫɬɚɜɥɹɟɬ ɜɟɥɢɱɢɧɭ 

c510 . ɗɬɨ ɜɪɟɦɹ ɨɩɪɟɞɟɥɟɧɨ ɤɚɤ ɜɪɟɦɹ ɠɢɡɧɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ 
ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɩɪɢ ɛɟɡɢɡɥɭɱɚɬɟɥɶɧɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ r . Ɂɧɚɱɢɬ, 
ɢɧɬɟɪɟɫɭɸɳɢɣ ɧɚɫ ɩɚɪɚɦɟɬɪ ɜɧɭɬɪɟɧɧɟɣ ɤɜɚɧɬɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɪɨɰɟɫɫɚ ɢɡɥɭɱɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧ ɩɨ ɮɨɪɦɭɥɟ: 
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r
  .                                                (9.7) 

ɉɨɷɬɨɦɭ ɨɤɨɧɱɚɬɟɥɶɧɨ ɢɦɟɟɦ: 
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 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɜɟɬ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɣ ɜ ɡɚɞɚɱɟ ɜɨɩɪɨɫ ɛɭɞɟɬ 
ɬɚɤɢɦ: ɩɚɪɚɦɟɬɪ ɜɧɭɬɪɟɧɧɟɣ ɤɜɚɧɬɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɝɟɪɦɚɧɢɟɜɨɝɨ 
ɨɛɪɚɡɰɚ ɫɨɫɬɚɜɥɹɟɬ 077.0  ɢɥɢ %7.7 . 

 

 Зɚɞɚɱɚ 2.  ȼɵɱɢɫɥɢɬɶ ɩɚɪɚɦɟɬɪ ɜɧɟɲɧɟɣ ɤɜɚɧɬɨɜɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɪɟɦɧɢɟɜɨɝɨ ɨɛɪɚɡɰɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɜ ɜɢɞɟ ɤɭɛɚ ɢ 
ɫɨɞɟɪɠɚɳɟɝɨ 2110aɬN  ɚɬɨɦɨɜ, ɟɫɥɢ ɢɡɥɭɱɟɧɢɟ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ 
ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ. 
 Ɋɟɲɟɧɢɟ. ɂɫɯɨɞɧɵɦ ɜɵɪɚɠɟɧɢɟɦ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 
ɜɧɟɲɧɟɣ ɤɜɚɧɬɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɥɭɠɢɬ ɜɵɪɚɠɟɧɢɟ (9.2), ɜ 
ɤɨɬɨɪɨɦ ɫɬɨɹɬ ɧɟɢɡɜɟɫɬɧɵɟ ɜɟɥɢɱɢɧɵ ɞɥɢɧɵ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ 
ɮɨɬɨɧɨɜ ɢ ɪɚɡɦɟɪɚ ɤɪɢɫɬɚɥɥɚ. ɂɯ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɦ 
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ɨɛɪɚɡɨɦ: ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɬɨɧɨɜ 
ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɨɣ, ɨɛɪɚɬɧɨɣ ɤɨɷɮɮɢɰɢɟɧɬɭ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ: 

1ф . Ʌɢɧɟɣɧɵɟ ɪɚɡɦɟɪɵ ɤɪɢɫɬɚɥɥɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡ 
ɤɨɥɢɱɟɫɬɜɚ ɚɬɨɦɨɜ ɜ ɨɛɪɚɡɰɟ: 31 ɚɬNL  . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɥɭɱɢɦ: 
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 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɜɟɬ ɧɚ ɜɨɩɪɨɫ ɨ ɜɟɥɢɱɢɧɟ ɩɚɪɚɦɟɬɪɚ ɜɧɟɲɧɟɣ 
ɤɜɚɧɬɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɛɭɞɟɬ ɬɚɤɨɜ: ɜɧɟɲɧɹɹ ɤɜɚɧɬɨɜɚɹ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɡɰɚ ɤɪɟɦɧɢɹ ɫ ɡɚɞɚɧɧɵɦ ɱɢɫɥɨɦ ɚɬɨɦɨɜ ɜ ɧɟɦ 
ɛɭɞɟɬ ɫɨɫɬɚɜɥɹɬɶ ɨɤɨɥɨ %90 . 

 

 Зɚɞɚɱɚ 3. Ʉɚɤɢɦ ɞɨɥɠɟɧ ɛɵɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ 
ɢɡ ɨɛɥɚɫɬɢ ɩɪɢɦɟɫɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ (ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ 

1310  ɫɦ ) ɜ ɬɜɟɪɞɨɦ ɬɟɥɟ ɞɥɢɧɨɣ cɦL 5105.2   ɢ ɬɨɪɰɚɦɢ ɜ ɜɢɞɟ 
ɨɬɪɚɠɚɸɳɢɯ ɡɟɪɤɚɥ,  ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɨɞɧɨɝɨ ɢɡ ɧɢɯ 11 R , 

ɟɫɥɢ ɱɟɪɟɡ ɜɬɨɪɨɟ ɡɟɪɤɚɥɨ ɜɵɜɨɞɢɬɫɹ %5 ɝɟɧɟɪɢɪɭɟɦɨɝɨ ɢɡɥɭɱɟɧɢɹ. 
 Ɋɟɲɟɧɢɟ. ɗɬɚ ɡɚɞɚɱɚ ɦɨɠɟɬ ɛɵɬɶ ɪɟɲɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɜɵɪɚɠɟɧɢɹ (9.4) ɩɪɢ ɢɡɜɟɫɬɧɵɯ ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɝɥɨɳɟɧɢɹ 
ɢɡɥɭɱɟɧɢɹ  , ɨɛɨɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɬɪɚɠɟɧɢɹ ɡɟɪɤɚɥ 21, RR  ɢ ɞɥɢɧɵ 
ɤɪɢɫɬɚɥɥɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɭɫɢɥɟɧɢɹ ɫɜɟɬɚ L : 
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 ɂɡ ɭɫɥɨɜɢɹ ɡɚɞɚɱɢ ɫɥɟɞɭɟɬ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɫɜɟɬɚ 
ɜɬɨɪɵɦ ɡɟɪɤɚɥɨɦ 95.02 R . ɉɨɷɬɨɦɭ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɨɪɦɭɥ 
ɪɚɡɥɨɠɟɧɢɹ ɥɨɝɚɪɢɮɦɚ ɜɛɥɢɡɢ ɟɞɢɧɢɱɧɨɝɨ ɡɧɚɱɟɧɢɹ ɚɪɝɭɦɟɧɬɚ 
ɩɨɥɭɱɢɦ: 
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 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɞɨɥɠɟɧ 
ɛɵɬɶ ɛɨɥɶɲɟ 13102  cɦ . 

9.3. ȼȺɊɂȺɇɌɕ  ɁȺȾȺɇɂɃ  ɉɈ ɈɉɊȿȾȿɅȿɇɂɘ   
ɉȺɊȺɆȿɌɊɈȼ  ɗɆɂɋɋɂɈɇɇɕɏ  ɗɎɎȿɄɌɈȼ   

 ȼ  ɉɈɅɍɉɊɈȼɈȾɇɂɄȺɏ 

Ʉ  ɄɈɇɌɊɈɅɖɇɈɃ  ɊȺȻɈɌȿ  № 2 

1. Ɉɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪ ɜɧɭɬɪɟɧɧɟɣ ɤɜɚɧɬɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɝɟɧɟɪɚɰɢɢ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɤɪɟɦɧɢɟɜɨɝɨ ɨɛɪɚɡɰɚ n ɬɢɩɚ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 

317104.5  cɦNd , ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ KT 300 . 

2. Ɉɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪ ɜɧɭɬɪɟɧɧɟɣ ɤɜɚɧɬɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɝɟɧɟɪɚɰɢɢ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɚɪɟɧɢɞ-ɝɚɥɥɢɟɜɨɝɨ ɨɛɪɚɡɰɚ 
n ɬɢɩɚ ɩɪɨɜɨɞɢɦɨɫɬɢ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 

316104.6  cɦNd , ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ KT 300 . 

3. Ɉɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪ ɜɧɭɬɪɟɧɧɟɣ ɤɜɚɧɬɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɝɟɧɟɪɚɰɢɢ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɤɪɟɦɧɢɟɜɨɝɨ ɨɛɪɚɡɰɚ p ɬɢɩɚ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ 

316106.8  cɦNɚ , ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ KT 300 . 

4. Ɉɩɪɟɞɟɥɢɬɶ ɫɭɦɦɚɪɧɨɟ ɜɪɟɦɹ ɠɢɡɧɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ 
ɡɚɪɹɞɚ (ɮɨɬɨɧ + ɮɨɧɨɧ) ɜ ɝɟɪɦɚɧɢɟɜɨɦ ɨɛɪɚɡɰɟ n ɬɢɩɚ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 

317104.5  cɦNd , ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ KT 300 , 

ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɧɭɬɪɟɧɧɹɹ ɤɜɚɧɬɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɝɟɧɟɪɚɰɢɢ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɷɬɨɦ ɨɛɪɚɡɰɟ ɫɨɫɬɚɜɥɹɟɬ 

68.0 . 

5. Ɉɩɪɟɞɟɥɢɬɶ ɫɭɦɦɚɪɧɨɟ ɜɪɟɦɹ ɠɢɡɧɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ 
ɡɚɪɹɞɚ (ɮɨɬɨɧ + ɮɨɧɨɧ) ɜ ɤɪɟɦɧɢɟɜɨɦ ɨɛɪɚɡɰɟ n ɬɢɩɚ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 

317104.5  cɦNd , ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ KT 300 , 

ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɧɭɬɪɟɧɧɹɹ ɤɜɚɧɬɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɝɟɧɟɪɚɰɢɢ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɷɬɨɦ ɨɛɪɚɡɰɟ ɫɨɫɬɚɜɥɹɟɬ 

88.0 . 

6. Ɉɩɪɟɞɟɥɢɬɶ ɜɪɟɦɹ ɠɢɡɧɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɫ 
ɢɡɥɭɱɟɧɢɟɦ ɮɨɧɨɧɚ ɜ ɤɪɟɦɧɢɟɜɨɦ ɨɛɪɚɡɰɟ n ɬɢɩɚ ɩɪɨɜɨɞɢɦɨɫɬɢ 
ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 317104.5  cɦNd , 
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ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ KT 300 , ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɜɧɭɬɪɟɧɧɹɹ ɤɜɚɧɬɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɝɟɧɟɪɚɰɢɢ ɨɩɬɢɱɟɫɤɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɜ ɷɬɨɦ ɨɛɪɚɡɰɟ ɫɨɫɬɚɜɥɹɟɬ 88.0 . 

7. Ɉɩɪɟɞɟɥɢɬɶ ɜɪɟɦɹ ɠɢɡɧɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɫ 
ɢɡɥɭɱɟɧɢɟɦ ɮɨɧɨɧɚ ɜ ɚɪɫɟɧɢɞ-ɝɚɥɥɢɟɜɨɦ ɨɛɪɚɡɰɟ n ɬɢɩɚ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɨɧɨɪɧɨɣ ɩɪɢɦɟɫɢ 

317104.5  cɦNd , ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ KT 300 , 

ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɧɭɬɪɟɧɧɹɹ ɤɜɚɧɬɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɝɟɧɟɪɚɰɢɢ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɷɬɨɦ ɨɛɪɚɡɰɟ ɫɨɫɬɚɜɥɹɟɬ 

12.0 . 

        8. ȼɵɱɢɫɥɢɬɶ ɩɚɪɚɦɟɬɪ ɜɧɟɲɧɟɣ ɤɜɚɧɬɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɝɟɪɦɚɧɢɟɜɨɝɨ ɨɛɪɚɡɰɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɜ ɜɢɞɟ ɤɭɛɚ ɢ 
ɫɨɞɟɪɠɚɳɟɝɨ 2010aɬN  ɚɬɨɦɨɜ, ɟɫɥɢ ɢɡɥɭɱɟɧɢɟ ɥɟɠɢɬ ɜ 
ɞɢɚɩɚɡɨɧɟ ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ. 

        9. ȼɵɱɢɫɥɢɬɶ ɩɚɪɚɦɟɬɪ ɜɧɟɲɧɟɣ ɤɜɚɧɬɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɚɪɫɟɧɢɞ-ɝɚɥɥɢɟɜɨɝɨ ɨɛɪɚɡɰɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɜ ɜɢɞɟ ɤɭɛɚ ɢ 
ɫɨɞɟɪɠɚɳɟɝɨ 2210aɬN  ɚɬɨɦɨɜ, ɟɫɥɢ ɢɡɥɭɱɟɧɢɟ ɥɟɠɢɬ ɜ 
ɞɢɚɩɚɡɨɧɟ ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ. 

      10. ȼɵɱɢɫɥɢɬɶ ɩɚɪɚɦɟɬɪ ɜɧɟɲɧɟɣ ɤɜɚɧɬɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɝɟɪɦɚɧɢɟɜɨɝɨ ɨɛɪɚɡɰɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɜ ɜɢɞɟ ɤɭɛɚ ɢ 
ɫɨɞɟɪɠɚɳɟɝɨ 2410aɬN  ɚɬɨɦɨɜ, ɟɫɥɢ ɢɡɥɭɱɟɧɢɟ ɥɟɠɢɬ ɜ 
ɞɢɚɩɚɡɨɧɟ ɩɪɢɦɟɫɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɨɝɥɨɳɟɧɢɹ 13100.1  ɫɦ . 

      11. ȼɵɱɢɫɥɢɬɶ ɩɚɪɚɦɟɬɪ ɜɧɟɲɧɟɣ ɤɜɚɧɬɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɚɪɫɟɧɢɞ-ɝɚɥɥɢɟɜɨɝɨ ɨɛɪɚɡɰɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɜ ɜɢɞɟ ɤɭɛɚ ɢ 
ɫɨɞɟɪɠɚɳɟɝɨ 2310aɬN  ɚɬɨɦɨɜ, ɟɫɥɢ ɢɡɥɭɱɟɧɢɟ ɥɟɠɢɬ ɜ 
ɞɢɚɩɚɡɨɧɟ ɩɪɢɦɟɫɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɨɝɥɨɳɟɧɢɹ 12103.2  ɫɦ . 

      12. ȼɵɱɢɫɥɢɬɶ ɩɚɪɚɦɟɬɪ ɜɧɟɲɧɟɣ ɤɜɚɧɬɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɤɪɟɦɧɢɟɜɨɝɨ ɨɛɪɚɡɰɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɜ ɜɢɞɟ ɤɭɛɚ ɢ ɫɨɞɟɪɠɚɳɟɝɨ 

2110aɬN  ɚɬɨɦɨɜ, ɟɫɥɢ ɢɡɥɭɱɟɧɢɟ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ ɩɪɢɦɟɫɧɨɝɨ 
ɩɨɝɥɨɳɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɨɝɥɨɳɟɧɢɹ 

13107.1  ɫɦ . 
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      13. ȼɵɱɢɫɥɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɚɬɨɦɨɜ ɜ ɝɟɪɦɚɧɢɟɜɨɦ ɨɛɪɚɡɰɟ, 
ɢɡɝɨɬɨɜɥɟɧɧɨɦ ɜ ɜɢɞɟ ɤɭɛɚ, ɟɫɥɢ ɢɡɥɭɱɟɧɢɟ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ 
ɩɪɢɦɟɫɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɩɨɝɥɨɳɟɧɢɹ 1310  ɫɦ , ɚ ɩɚɪɚɦɟɬɪ ɜɧɟɲɧɟɣ ɤɜɚɧɬɨɜɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɦɢɫɫɢɢ ɷɬɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɜɟɥɢɱɢɧɭ 

79.0 . 

      14. ȼɵɱɢɫɥɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɚɬɨɦɨɜ ɜ ɚɪɫɟɧɢɞ-ɝɚɥɥɢɟɜɨɦ ɨɛɪɚɡɰɟ, 
ɢɡɝɨɬɨɜɥɟɧɧɨɦ ɜ ɜɢɞɟ ɤɭɛɚ, ɟɫɥɢ ɢɡɥɭɱɟɧɢɟ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ 
ɩɪɢɦɟɫɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɩɨɝɥɨɳɟ-ɧɢɹ 12104.2  ɫɦ , ɚ ɩɚɪɚɦɟɬɪ ɜɧɟɲɧɟɣ ɤɜɚɧɬɨɜɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɦɢɫɫɢɢ ɷɬɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɜɟɥɢɱɢɧɭ 

86.0 . 

     15. Ʉɚɤɢɦ ɞɨɥɠɟɧ ɛɵɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɢɡ 
ɨɛɥɚɫɬɢ ɩɪɢɦɟɫɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ (ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ 

13108.1  ɫɦ ) ɜ ɬɜɟɪɞɨɦ ɬɟɥɟ ɞɥɢɧɨɣ cɦL 5105.1   ɢ 
ɬɨɪɰɚɦɢ ɜ ɜɢɞɟ ɨɬɪɚɠɚɸɳɢɯ ɡɟɪɤɚɥ,  ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ 
ɨɞɧɨɝɨ 11 R , ɟɫɥɢ ɱɟɪɟɡ ɜɬɨɪɨɟ ɡɟɪɤɚɥɨ ɜɵɜɨɞɢɬɫɹ %15  

ɝɟɧɟɪɢɪɭɟɦɨɝɨ ɢɡɥɭɱɟɧɢɹ. 
      16. Ɉɩɪɟɞɟɥɢɬɶ ɞɨɥɸ ɜɵɜɨɞɢɦɨɣ ɢɡ ɬɜɟɪɞɨɬɟɥɶɧɨɝɨ ɥɚɡɟɪɚ 

ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɥɚɡɟɪ ɝɟɧɟɪɢɪɭɟɬ ɫɜɟɬ 
ɢɡ ɫɨɛɫɬɜɟɧɧɨɣ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ( 15105.7  cɦ ), ɢɦɟɟɬ 
ɞɥɢɧɭ  cɦL 5105.0  , ɚ ɝɪɚɧɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɭɫɢɥɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɧɚɱɚɥɭ ɝɟɧɟɪɚɰɢɢ, ɪɚɜɧɨ 

16105.1  ɫɦg . 

      17. Ɉɩɪɟɞɟɥɢɬɶ ɞɨɥɸ ɜɵɜɨɞɢɦɨɣ ɢɡ ɬɜɟɪɞɨɬɟɥɶɧɨɝɨ ɥɚɡɟɪɚ 
ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɥɚɡɟɪ ɝɟɧɟɪɢɪɭɟɬ ɫɜɟɬ 
ɢɡ ɩɪɢɦɟɫɧɨɣ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ( 12105.7  cɦ ), ɢɦɟɟɬ 
ɞɥɢɧɭ  cɦL 5105.2  , ɚ ɝɪɚɧɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɭɫɢɥɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɧɚɱɚɥɭ ɝɟɧɟɪɚɰɢɢ, ɪɚɜɧɨ 

13105.1  ɫɦg . 

      18. Ɉɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɬɜɟɪɞɨɝɨ ɬɟɥɚ, 
ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɚɤɬɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ ɥɚɡɟɪɚ, ɟɫɥɢ ɨɧ 
ɢɦɟɟɬ ɞɥɢɧɭ cɦL 5105.0  , ɝɪɚɧɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɭɫɢɥɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɧɚɱɚɥɭ ɝɟɧɟɪɚɰɢɢ, ɪɚɜɧɨ 

16105.1  ɫɦg , ɚ ɞɨɥɹ ɜɵɜɨɞɢɦɨɣ ɱɟɪɟɡ ɡɟɪɤɚɥɨ ɷɧɟɪɝɢɢ 
ɫɨɫɬɚɜɥɹɟɬ %10 . 
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     19. Ɉɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɬɜɟɪɞɨɝɨ ɬɟɥɚ, 
ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɚɤɬɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ ɥɚɡɟɪɚ, ɟɫɥɢ ɨɧ 
ɢɦɟɟɬ  ɞɥɢɧɭ  cɦL 5105.2  , ɝɪɚɧɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɭɫɢɥɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɧɚɱɚɥɭ ɝɟɧɟɪɚɰɢɢ, ɪɚɜɧɨ 

13105.2  ɫɦg , ɚ ɞɨɥɹ ɜɵɜɨɞɢɦɨɣ ɱɟɪɟɡ ɡɟɪɤɚɥɨ ɷɧɟɪɝɢɢ 
ɫɨɫɬɚɜɥɹɟɬ %5.3 . 

    20. Ɉɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɬɜɟɪɞɨɝɨ ɬɟɥɚ, 
ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɚɤɬɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ ɥɚɡɟɪɚ, ɟɫɥɢ ɨɧ 
ɢɦɟɟɬ  ɞɥɢɧɭ  cɦL 4105.2  , ɝɪɚɧɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɭɫɢɥɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɧɚɱɚɥɭ ɝɟɧɟɪɚɰɢɢ, ɪɚɜɧɨ 

13105.2  ɫɦg , ɚ ɞɨɥɹ ɜɵɜɨɞɢɦɨɣ ɱɟɪɟɡ ɡɟɪɤɚɥɨ ɷɧɟɪɝɢɢ 
ɫɨɫɬɚɜɥɹɟɬ %5 . 
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10. «ɀɂȾɄɂȿ  ɄɊɂɋɌȺɅɅɕ  ȼ  ɈɉɌɈɗɅȿɄɌɊɈɇɂɄȿ» 

10.1. ɄɊȺɌɄɈȿ  ɂɁɅɈɀȿɇɂȿ  ɌȿɈɊɂɂ 

 

         ɀɢɞɤɢɟ ɤɪɢɫɬɚɥɥɵ – ɷɬɨ ɫɩɟɰɢɮɢɱɟɫɤɨɟ ɚɝɪɟɝɚɬɧɨɟ ɫɨɫɬɨɹɧɢɟ 
ɧɟɤɨɬɨɪɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, ɜ ɤɨɬɨɪɨɦ ɨɧɢ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɩɪɨɹɜɥɹɸɬ ɫɜɨɣɫɬɜɚ ɠɢɞɤɨɫɬɢ ɢ ɤɪɢɫɬɚɥɥɚ. ɉɪɢ ɩɥɚɜɥɟɧɢɢ ɤɪɢɫɬɚɥɥɵ 
ɷɬɢɯ ɜɟɳɟɫɬɜ ɨɛɪɚɡɭɸɬ ɠɢɞɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɮɚɡɭ, ɨɬɥɢɱɚɸɳɭɸɫɹ 
ɨɬ ɨɛɵɱɧɵɯ ɠɢɞɤɨɫɬɟɣ: ɨɧɚ ɫɭɳɟɫɬɜɭɟɬ ɜ ɭɡɤɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 
ɞɢɚɩɚɡɨɧɟ, ɜɧɟ ɤɨɬɨɪɨɝɨ ɢɦɟɟɦ ɤɪɢɫɬɚɥɥ ɢɥɢ ɢɡɨɬɪɨɩɧɭɸ ɠɢɞɤɨɫɬɶ. 
Ɉɛɹɡɚɬɟɥɶɧɵɦ ɫɜɨɣɫɬɜɨɦ ɠɢɞɤɢɯ ɤɪɢɫɬɚɥɥɨɜ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ 
ɩɨɪɹɞɤɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɦɨɥɟɤɭɥ.  

ȼɫɟ ɢɡɜɟɫɬɧɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɠɢɞɤɢɟ ɤɪɢɫɬɚɥɥɵ ɫɨɫɬɚɜɥɟɧɵ 
ɢɡ ɨɞɧɨɝɨ ɫɨɪɬɚ ɦɨɥɟɤɭɥ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɫɬɟɪɠɧɟɨɛɪɚɡɧɭɸ ɮɨɪɦɭ 
ɥɢɛɨ ɜɢɞ ɜɵɬɹɧɭɬɨɣ ɫɩɢɪɚɥɢ.  ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ 
ɭɩɨɪɹɞɨɱɟɧɢɹ ɞɥɢɧɧɵɯ ɨɫɟɣ ɦɨɥɟɤɭɥ ɜ ɫɥɨɟ ɠɢɞɤɢɟ ɤɪɢɫɬɚɥɥɵ 
ɪɚɡɞɟɥɹɸɬ ɧɚ ɧɟɦɚɬɢɤɢ, ɫɦɟɤɬɢɤɢ ɢ ɯɨɥɟɫɬɟɪɢɤɢ. Ɋɚɫɫɦɨɬɪɢɦ 
ɜɧɭɬɪɟɧɧɸɸ ɫɬɪɭɤɬɭɪɭ ɠɢɞɤɢɯ ɤɪɢɫɬɚɥɥɨɜ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɢɯ ɦɨɥɟɤɭɥ. 

ɇɟɦɚɬɢɤɢ. Ȼɭɞɟɦ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɟɛɟ ɦɨɥɟɤɭɥɵ ɧɟɦɚɬɢɱɟɫɤɨɝɨ 
ɤɪɢɫɬɚɥɥɚ ɜ ɜɢɞɟ ɫɬɟɪɠɧɟɣ, ɬ.ɤ. ɨɧɢ ɢɦɟɸɬ ɞɥɢɧɭ ɜɨ ɦɧɨɝɨ ɪɚɡ ɛɨɥɶɲɟ 
ɬɨɥɳɢɧɵ. Ɍɨɝɞɚ ɫɬɪɭɤɬɭɪɚ ɧɟɦɚɬɢɤɚ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ 
«ɠɢɞɤɨɫɬɶ ɨɞɢɧɚɤɨɜɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɫɬɟɪɠɧɟɣ» (ɫɦ. ɪɢɫ. 3, ɚ, ɛ). ȼ 
ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɦɨɥɟɤɭɥɵ ɤɪɢɫɬɚɥɥɚ ɫɬɪɨɝɨ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ (ɪɢɫ. 3, ɚ). ȼ ɠɢɞɤɨɤɪɢɫɬɚɥ-

ɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɦɨɥɟɤɭɥɵ ɪɚɡɛɪɨɫɚɧɵ ɩɨ 
ɠɢɞɤɨɦɭ ɤɪɢɫɬɚɥɥɭ ɯɚɨɬɢɱɟɫɤɢ, ɨɧɢ ɦɨɝɭɬ 
ɩɟɪɟɦɟɳɚɬɶɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 
ɥɸɛɭɸ ɫɬɨɪɨɧɭ. Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɩɨɪɹɞɨɤ 
ɫɭɳɟɫɬɜɭɟɬ ɬɨɥɶɤɨ ɜ ɨɪɢɟɧɬɚɰɢɢ ɞɥɢɧɧɵɯ ɨɫɟɣ 
ɦɨɥɟɤɭɥ. ɗɬɢ ɫɬɟɪɠɧɢ ɞɜɢɠɭɬɫɹ ɯɚɨɬɢɱɟɫɤɢ ɜ 
ɠɢɞɤɨɫɬɢ, ɧɨ ɢɯ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɚɹ 
ɨɪɢɟɧɬɚɰɢɹ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. ɉɨɞ ɞɟɣɫɬɜɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɨɧɢ ɫɨɜɟɪɲɚɸɬ ɭɝɥɨɜɵɟ 
ɤɨɥɟɛɚɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɪɟɞɧɟɝɨ ɫɜɨɟɝɨ 
ɩɨɥɨɠɟɧɢɹ, ɚɦɩɥɢɬɭɞɚ ɤɨɬɨɪɵɯ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ 
ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɮɚɡɨɜɨɝɨ 
ɩɟɪɟɯɨɞɚ (ɪɢɫ. 3, ɛ). ɉɨɫɥɟ ɬɨɱɤɢ ɮɚɡɨɜɨɝɨ 
ɩɟɪɟɯɨɞɚ «ɠɢɞɤɢɣ ɤɪɢɫɬɚɥɥ – ɢɡɨɬɪɨɩɧɚɹ  

Ɋɢɫ. 3 



 

97 

 

ɠɢɞɤɨɫɬɶ» ɨɪɢɟɧɬɚɰɢɨɧɧɨɟ ɭɩɨɪɹɞɨɱɟɧɢɟ ɩɨɥɧɨɫɬɶɸ ɪɚɡɪɭɲɚɟɬɫɹ 
ɬɟɩɥɨɜɵɦ ɞɜɢɠɟɧɢɟɦ ɦɨɥɟɤɭɥ (ɪɢɫ. 3, ɜ).  

ȼ ɨɬɧɨɲɟɧɢɢ ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɟɦɚɬɢɤɢ ɜɟɞɭɬ ɫɟɛɹ ɤɚɤ 
ɨɩɬɢɱɟɫɤɢ ɨɞɧɨɨɫɧɵɟ ɤɪɢɫɬɚɥɥɵ. 

Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɩɨɪɹɞɤɚ ɦɨɥɟɤɭɥ ɠɢɞɤɨɝɨ 
ɤɪɢɫɬɚɥɥɚ ɜɜɨɞɢɬɫɹ ɜɟɤɬɨɪ ɟɞɢɧɢɱɧɨɣ ɞɥɢɧɵ n , ɧɚɡɵɜɚɟɦɵɣ 
ɞɢɪɟɤɬɨɪɨɦ, ɧɚɩɪɚɜɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɭɤɚɡɵɜɚɟɬ ɧɚɩɪɚɜɥɟɧɢɟ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɞɥɢɧɧɵɯ ɨɫɟɣ ɦɨɥɟɤɭɥ. Ɉɞɧɚɤɨ ɷɬɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɟɞɨɫɬɚɬɨɱɧɨ  ɞɥɹ ɩɨɥɧɨɝɨ ɨɩɢɫɚɧɢɹ ɫɬɪɭɤɬɭɪɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɫɨɜɟɪɲɚɹ ɬɟɩɥɨɜɵɟ 
ɤɨɥɟɛɚɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɩɪɚɜɥɟɧɢɹ ɞɢɪɟɤɬɨɪɚ, ɦɨɥɟɤɭɥɵ ɦɨɝɭɬ 
ɨɬɤɥɨɧɹɬɶɫɹ ɨɬ ɧɟɝɨ ɧɚ ɛɨɥɶɲɢɣ ɢɥɢ ɦɟɧɶɲɢɣ ɭɝɨɥ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ. Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɟɞɧɟɝɨ 
ɨɬɤɥɨɧɟɧɢɹ ɦɨɥɟɤɭɥ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɞɢɪɟɤɬɨɪɚ,  ɜɜɨɞɢɬɫɹ ɩɚɪɚɦɟɬɪ 
ɩɨɪɹɞɤɚ Q. Ɂɧɚɱɟɧɢɟ Q = 1 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɥɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɜɫɟɯ 
ɦɨɥɟɤɭɥ ɧɟɦɚɬɢɤɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɞɢɪɟɤɬɨɪɚ, ɚ Q = 0 – ɩɨɥɧɨɦɭ 
ɛɟɫɩɨɪɹɞɤɭ ɜ ɨɪɢɟɧɬɚɰɢɢ ɦɨɥɟɤɭɥ. Ɏɚɤɬɢɱɟɫɤɢ ɩɚɪɚɦɟɬɪ ɩɨɪɹɞɤɚ ɟɫɬɶ 
ɞɢɫɩɟɪɫɢɹ ɫɥɭɱɚɣɧɨɣ ɩɟɪɟɦɟɧɧɨɣ – ɭɝɥɚ ɨɬɤɥɨɧɟɧɢɹ ɨɫɟɣ ɦɨɥɟɤɭɥ. 
 ɋɦɟɤɬɢɤɢ. ȼ ɧɢɯ ɫɬɟɩɟɧɶ ɭɩɨɪɹɞɨɱɟɧɢɹ ɦɨɥɟɤɭɥ ɜɵɲɟ, ɱɟɦ ɜ 
ɧɟɦɚɬɢɤɚɯ: ɩɨɦɢɦɨ ɨɪɢɟɧɬɚɰɢɨɧɧɨɣ ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ ɦɨɥɟɤɭɥ, 
ɫɭɳɟɫɬɜɭɟɬ ɭɩɨɪɹɞɨɱɟɧɢɟ ɰɟɧɬɪɨɜ ɢɯ ɬɹɠɟɫɬɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɦɟɤɬɢɤɢ 
ɨɪɝɚɧɢɡɨɜɚɧɵ ɜ ɫɥɨɢ, ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɮɢɤɫɢɪɨɜɚɧɵ. ɑɬɨ 
ɠɟ ɤɚɫɚɟɬɫɹ ɪɚɫɩɨɥɨɠɟɧɢɹ ɰɟɧɬɪɨɜ ɬɹɠɟɫɬɢ ɦɨɥɟɤɭɥ ɜ ɩɪɟɞɟɥɚɯ 
ɨɞɧɨɝɨ ɫɥɨɹ, ɬɨ ɨɧɨ ɯɚɨɬɢɱɧɨ, ɤɚɤ ɜ ɧɟɦɚɬɢɤɟ. ɉɨɷɬɨɦɭ ɞɥɹ ɨɩɢɫɚɧɢɹ 
ɫɨɫɬɨɹɧɢɹ ɫɦɟɤɬɢɤɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɨɧɹɬɢɹ ɞɢɪɟɤɬɨɪɚ  n  ɢ 
ɩɚɪɚɦɟɬɪɚ ɩɨɪɹɞɤɚ Q. 

 Ɉɛɳɢɦ ɞɥɹ ɜɫɟɯ ɫɦɟɤɬɢɤɨɜ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɫɢɥɶɧɨɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɨɥɟɤɭɥ ɜ ɩɪɟɞɟɥɚɯ ɜɵɞɟɥɟɧɧɨɝɨ ɫɥɨɹ ɢ ɫɥɚɛɨɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɫɥɨɹɦɢ. ɉɨɷɬɨɦɭ ɫɥɨɢ ɥɟɝɤɨ ɫɤɨɥɶɡɹɬ ɞɪɭɝ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ ɢ ɧɚ ɨɳɭɩɶ ɜɫɟ ɫɦɟɤɬɢɤɢ ɦɵɥɨɩɨɞɨɛɧɵ (ɦɵɥɨ ɩɨ-

ɝɪɟɱɟɫɤɢ «ɫɦɟɝɦɚ»).  

       ɏɨɥɟɫɬɟɪɢɤɢ.  Ɉɧɢ ɭɫɬɪɨɟɧɵ ɛɨɥɟɟ ɫɥɨɠɧɨ, ɱɟɦ ɧɟɦɚɬɢɤɢ ɢ 
ɫɦɟɤɬɢɤɢ. Ʌɨɤɚɥɶɧɨ ɯɨɥɟɫɬɟɪɢɱɟɫɤɢɣ ɤɪɢɫɬɚɥɥ ɭɫɬɪɨɟɧ ɬɚɤ ɠɟ, ɤɚɤ ɢ 
ɧɟɦɚɬɢɤ: ɜ ɦɚɥɨɦ ɨɛɴɟɦɟ ɭɩɨɪɹɞɨɱɟɧɢɟ ɦɨɥɟɤɭɥ ɯɨɥɟɫɬɟɪɢɤɚ, ɤɚɤ ɢ 
ɧɟɦɚɬɢɤɚ, ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɞɢɪɟɤɬɨɪɨɦ ɢ ɩɚɪɚɦɟɬɪɨɦ ɩɨɪɹɞɤɚ 
Q. Ɉɬɥɢɱɢɟ ɯɨɥɟɫɬɟɪɢɤɚ ɨɬ ɧɟɦɚɬɢɤɚ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɛɨɥɶɲɢɯ, ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɦɨɥɟɤɭɥɹɪɧɵɦɢ ɪɚɡɦɟɪɚɦɢ, ɦɚɫɲɬɚɛɚɯ. ɗɬɢ ɨɬɥɢɱɢɹ 
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ɫɜɹɡɚɧɵ ɫ ɬɟɦ, ɬɨ ɜ ɧɟɦ ɦɨɥɟɤɭɥɵ ɨɛɪɚɡɭɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ 
ɯɨɥɟɫɬɟɪɢɱɟɫɤɭɸ ɫɩɢɪɚɥɶ: ɫɭɳɟɫɬɜɭɟɬ ɬɚɤɨɟ ɧɚɩɪɚɜɥɟɧɢɟ, ɧɚɡɵɜɚɟɦɨɟ 
ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɨɫɶɸ, ɜɞɨɥɶ ɤɨɬɨɪɨɝɨ ɪɟɝɭɥɹɪɧɵɦ ɨɛɪɚɡɨɦ 
ɢɡɦɟɧɹɟɬɫɹ ɨɪɢɟɧɬɚɰɢɹ ɞɢɪɟɤɬɨɪɚ. Ⱦɢɪɟɤɬɨɪ ɩɟɪɩɟɧɞɢɤɭɥɹɪɟɧ ɷɬɨɣ 

ɨɫɢ ɢ ɜɪɚɳɚɟɬɫɹ ɜɨɤɪɭɝ ɧɟɟ.  
ɍɝɨɥ ɩɨɜɨɪɨɬɚ ɥɢɧɟɣɧɨ ɫɜɹɡɚɧ ɫ ɪɚɫɫɬɨɹɧɢɟɦ z ɜɞɨɥɶ 

ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɨɫɢ. Ɋɚɫɫɬɨɹɧɢɟ, ɧɚ ɤɨɬɨɪɨɦ ɞɢɪɟɤɬɨɪ 
ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɧɚ 3600, ɧɚɡɵɜɚɟɬɫɹ ɲɚɝɨɦ ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ 
ɫɩɢɪɚɥɢ.  

 

Ɉɪɢɟɧɬɚɰɢɨɧɧыɟ эɮɮɟɤɬы в ɠɢɞɤɢɯ ɤɪɢɫɬɚɥɥɚɯ  
 

ɇɟɦɚɬɢɤɢ. Ⱦɨ ɫɢɯ ɩɨɪ ɪɟɱɶ ɲɥɚ ɨɛ ɨɞɧɨɞɨɦɟɧɧɨɦ ɨɛɪɚɡɰɟ 
ɧɟɦɚɬɢɤɚ, ɜ ɤɨɬɨɪɨɦ ɨɪɢɟɧɬɚɰɢɹ ɞɢɪɟɤɬɨɪɚ ɨɞɢɧɚɤɨɜɚ ɜɨ ɜɫɟɯ ɟɝɨ 
ɬɨɱɤɚɯ. ȼ ɪɟɚɥɶɧɨɫɬɢ ɦɨɥɟɤɭɥɵ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ ɦɨɝɭɬ ɢɡɦɟɧɹɬɶ 
ɫɜɨɸ ɨɪɢɟɧɬɚɰɢɸ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɨɹ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ, ɚ ɬɚɤɠɟ ɫ 
ɟɝɨ ɬɨɥɳɢɧɨɣ, ɨɛɪɚɡɭɹ ɨɛɥɚɫɬɢ ɨɞɢɧɚɤɨɜɨɣ ɨɪɢɟɧɬɚɰɢɢ ɞɥɢɧɧɵɯ ɨɫɟɣ 
ɦɨɥɟɤɭɥ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ. ɗɬɢ ɨɛɥɚɫɬɢ ɧɚɡɵɜɚɸɬ  ɞɨɦɟɧɚɦɢ. 
ɉɪɢɱɢɧɵ ɩɨɹɜɥɟɧɢɹ ɞɨɦɟɧɨɜ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɫɥɭɱɚɣɧɨɦ ɯɚɪɚɤɬɟɪɟ 
ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɫɩɨɫɨɛɧɵɯ ɡɚɞɚɜɚɬɶ ɨɪɢɟɧɬɚɰɢɸ ɦɨɥɟɤɭɥ. 
ɉɪɟɢɦɭɳɟɫɬɜɟɧɧɵɟ ɨɪɢɟɧɬɚɰɢɢ ɞɥɢɧɧɵɯ ɨɫɟɣ ɦɨɥɟɤɭɥ ɜ ɪɚɡɥɢɱɧɵɯ 
ɞɨɦɟɧɚɯ ɨɛɵɱɧɨ ɧɢɤɚɤ ɧɟ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ, ɩɨɷɬɨɦɭ ɨɪɢɟɧɬɚɰɢɹ 
ɞɢɪɟɤɬɨɪɨɜ ɜ ɪɚɡɧɵɯ ɞɨɦɟɧɚɯ ɯɚɨɬɢɱɧɚ. ɑɬɨɛɵ ɫɞɟɥɚɬɶ ɜɫɟ ɦɨɥɟɤɭɥɵ 
ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦɢ ɨɞɢɧɚɤɨɜɨ (ɫɩɟɰɢɚɥɢɫɬɵ 
ɧɚɡɵɜɚɸɬ ɬɚɤɨɣ ɤɪɢɫɬɚɥɥ «ɨɞɧɨɞɨɦɟɧɧɵɦ»), ɧɟɨɛɯɨɞɢɦɵ 
ɫɩɟɰɢɚɥɶɧɵɟ ɦɟɪɵ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɥɸɛɵɟ ɫɩɨɫɨɛɵ, ɡɚɞɚɸɳɢɟ 
ɨɪɢɟɧɬɚɰɢɸ ɞɥɢɧɧɵɯ ɨɫɟɣ ɦɨɥɟɤɭɥ: ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɨɥɢɪɨɜɤɚ 
ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɬɟɤɨɥ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɩɨɦɟɳɚɟɬɫɹ 
ɠɢɞɤɢɣ ɤɪɢɫɬɚɥɥ; ɨɛɪɚɛɨɬɤɚ ɨɩɨɪɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɩɬɢɱɟɫɤɢɯ ɹɱɟɟɤ 
ɡɚɞɚɧɢɟ ɨɪɢɟɧɬɚɰɢɢ ɫ ɩɨɦɨɳɶɸ ɜɧɟɲɧɢɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢɥɢ 

ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɢ ɬ.ɞ. 
ȼ ɩɪɚɤɬɢɱɟɫɤɢɯ ɢ 

ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ 
ɢɫɩɨɥɶɡɭɸɬ ɞɜɟ ɨɫɧɨɜɧɵɯ 
ɨɪɢɟɧɬɚɰɢɢ ɦɨɥɟɤɭɥ ɧɟɦɚ-

ɬɢɤɚ: ɜɞɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ ɢ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɟɣ. ȼ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɢɫɩɨɥɶ   
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                       Ɋɢɫ.4                ɡɭɸɬ ɞɜɚ ɬɢɩɚ ɠɢɞɤɨɤɪɢɫ-ɬɚɥɥɢɱɟɫɤɢɯ 
ɹɱɟɟɤ, ɩɨɤɚɡɚɧɧɵɯ ɧɚ ɪɢɫ. 4.  Ɂɞɟɫɶ 1 – ɜɟɪɯɧɹɹ ɨɩɨɪɧɚɹ    ɩɨɜɟɪɯɧɨɫɬɶ 
ɹɱɟɣɤɢ, 2 – ɧɢɠɧɹɹ ɨɩɨɪɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɤɨɬɨɪɵɟ ɨɛɵɱɧɨ 
ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɢɡ ɩɪɨɡɪɚɱɧɨɝɨ ɫɬɟɤɥɚ. ɉɥɟɧɤɚ ɧɟɦɚɬɢɤɚ–3 ɩɨɦɟɳɚɟɬɫɹ 
ɦɟɠɞɭ ɨɩɨɪɧɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ.  əɱɟɣɤɭ,  ɩɨɤɚɡɚɧɧɭɸ  ɜ ɥɟɜɨɣ ɱɚɫɬɢ 
ɪɢɫ. 4, ɧɚɡɵɜɚɸɬ ɩɥɚɧɚɪɧɨɣ, ɚ ɩɨɤɚɡɚɧɧɭɸ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ – 

ɝɨɦɟɨɬɪɨɩɧɨɣ.  Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɥɚɧɚɪɧɨɣ ɹɱɟɣɤɢ ɜɧɭɬɪɟɧɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɤɨɥ, ɤɨɧɬɚɤɬɢɪɭɸɳɢɟ ɫ ɠɢɞɤɢɦ ɤɪɢɫɬɚɥɥɨɦ, 
ɩɨɞɜɟɪɝɚɸɬ ɦɟɯɚɧɢɱɟɫɤɨɣ ɲɥɢɮɨɜɤɟ ɜ ɨɞɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɤɥɚ ɨɫɬɚɸɬɫɹ ɦɢɤɪɨɛɨɪɨɡɞɵ. 
Ɇɨɥɟɤɭɥɵ ɧɟɦɚɬɢɤɚ «ɥɨɠɚɬɫɹ» ɜ ɷɬɢ ɛɨɪɨɡɞɵ, ɨɛɪɚɡɭɹ ɫɬɪɨɝɨ 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ ɧɟɦɚɬɢɤɚ ɩɥɚɧɚɪɧɨɣ 
ɫɬɪɭɤɬɭɪɵ. ȼɜɢɞɭ ɞɟɣɫɬɜɢɹ ɫɢɥ ɫɜɹɡɢ ɦɨɥɟɤɭɥɵ ɫɨɫɟɞɧɢɯ ɫɥɨɟɜ 
ɩɟɪɟɧɢɦɚɸɬ ɨɪɢɟɧɬɚɰɢɸ ɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ, ɩɟɪɟɞɚɜɚɹ ɟɟ ɜ ɨɛɴɟɦ 
ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ. Ɍɟɩɥɨɜɨɟ ɞɜɢɠɟɧɢɟ ɦɨɥɟɤɭɥ ɫɬɪɟɦɢɬɫɹ 
ɪɚɡɪɭɲɢɬɶ ɷɬɨɬ ɩɨɪɹɞɨɤ. ɉɨɷɬɨɦɭ ɫɭɳɟɫɬɜɭɟɬ ɧɟɤɨɬɨɪɨɟ ɪɚɫɫɬɨɹɧɢɟ, 
ɩɪɢ ɭɞɚɥɟɧɢɢ ɧɚ ɤɨɬɨɪɨɟ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɨɪɢɟɧɬɢɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ 
ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɪɚɡɨɪɢɟɧɬɢɪɭɸɳɟɟ ɜɥɢɹɧɢɟ ɬɟɩɥɨɜɨɝɨ 
ɞɜɢɠɟɧɢɹ ɭɪɚɜɧɨɜɟɲɢɜɚɸɬ ɞɪɭɝ ɞɪɭɝɚ. ɗɬɨ ɪɚɫɫɬɨɹɧɢɟ ɧɚɡɵɜɚɟɬɫɹ 
ɤɨɝɟɪɟɧɬɧɨɣ ɞɥɢɧɨɣ ɢ ɞɥɹ ɬɢɩɢɱɧɵɯ ɠɢɞɤɢɯ ɤɪɢɫɬɚɥɥɨɜ ɫɨɫɬɚɜɥɹɟɬ 
ɜɟɥɢɱɢɧɭ ɧɟɫɤɨɥɶɤɨ ɦɢɤɪɨɧ. ɉɨɷɬɨɦɭ, ɟɫɥɢ ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɟɦɚɬɢɤɚ 
ɧɟɜɟɥɢɤɚ – ɞɨ ɞɟɫɹɬɤɚ ɦɢɤɪɨɧ, ɬɨ ɪɚɡɨɪɢɟɧɬɢɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ 
ɭɩɪɭɝɢɯ ɫɢɥ, ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢɹ ɧɟɫɭɳɟɫɬɜɟɧɧɨ ɢ ɜɨ ɜɫɟɦ ɨɛɴɟɦɟ 
ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ ɟɝɨ ɦɨɥɟɤɭɥɵ (ɧɚ ɪɢɫɭɧɤɟ ɨɧɢ ɩɨɤɚɡɚɧɵ ɜ ɜɢɞɟ 
ɤɨɪɨɬɤɢɯ ɥɢɧɢɣ ɦɟɠɞɭ ɫɬɟɤɥɚɦɢ) ɫɨɪɢɟɧɬɢɪɨɜɚɧɵ ɜɞɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ 
ɹɱɟɣɤɢ.   

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɝɨɦɟɨɬɪɨɩɧɨɣ ɹɱɟɣɤɢ ɜɧɭɬɪɟɧɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɬɟɤɨɥ ɨɛɪɚɛɚɬɵɜɚɸɬ ɜ ɫɩɟɰɢɚɥɶɧɨɦ ɯɢɦɢɱɟɫɤɨɦ ɫɨɫɬɚɜɟ – 

ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɨɦ ɜɟɳɟɫɬɜɟ. Ɇɨɥɟɤɭɥɵ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɬɚɤɠɟ 
ɢɦɟɸɬ ɜɵɬɹɧɭɬɭɸ ɮɨɪɦɭ ɢ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɨɞɧɢɦ ɤɨɧɰɨɦ 
«ɩɪɢɤɥɟɢɜɚɸɬɫɹ» ɤ ɨɛɪɚɛɚɬɵɜɚɟɦɵɦ ɩɨɜɟɪɯɧɨɫɬɹɦ. Ɇɨɥɟɤɭɥɵ 
ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ ɜɯɨɞɹɬ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ 
ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɨɪɢɟɧɬɢɪɭɹɫɶ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ 
ɩɨɜɟɪɯɧɨɫɬɢ ɹɱɟɣɤɢ. ɋɥɟɞɭɸɳɢɟ ɫɥɨɢ ɦɨɥɟɤɭɥ ɧɟɦɚɬɢɤɚ, ɫɬɪɟɦɹɫɶ 
ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɫɜɨɸ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɦɨɥɟɤɭɥɚɦ ɫɨɫɟɞɧɟɝɨ ɫɥɨɹ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ, ɜɵɫɬɪɚɢɜɚɸɬɫɹ ɬɚɤɠɟ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɫɬɟɤɥɚɦ.   
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ɉɟɪɟɯɨɞ Ɏɪɟɞɟɪɢɤɫɚ. Ⱦɥɹ ɬɟɯɧɢɱɟɫɤɢɯ ɩɪɢɦɟɧɟɧɢɣ ɠɢɞɤɢɯ 
ɤɪɢɫɬɚɥɥɨɜ ɜɚɠɧɨɣ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɹɬɶ ɨɪɢɟɧɬɚɰɢɸ 
ɦɨɥɟɤɭɥ ɩɭɬɟɦ ɩɪɢɥɨɠɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɤɨɬɨɪɨɟ 
ɨɛɵɱɧɨ ɩɪɢɤɥɚɞɵɜɚɸɬ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɨɜɟɪɯɧɨɫɬɹɦ ɹɱɟɟɤ. ȼɚɠɧɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɧɟɦɚɬɢɤɨɜ ɹɜɥɹɟɬɫɹ ɪɚɡɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɟɝɨ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ , ɢɡɦɟɪɟɧɧɨɣ ɜɞɨɥɶ ɨɫɟɣ ɦɨɥɟɤɭɥ ɢ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɢɦ. ɉɨɷɬɨɦɭ ɩɪɢ ɩɨɦɟɳɟɧɢɢ ɧɟɦɚɬɢɤɚ ɜ 
ɩɨɫɬɨɹɧɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɢɡ-ɡɚ ɚɧɢɡɨɬɪɨɩɢɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɟɝɨ ɦɨɥɟɤɭɥɵ ɫɬɪɟɦɹɬɫɹ ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɬɚɤ, 
ɱɬɨɛɵ ɧɚɩɪɚɜɥɟɧɢɟ ɛɨɥɶɲɟɝɨ ɡɧɚɱɟɧɢɹ  ɫɨɜɩɚɞɚɥɨ ɫ 
ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɪɢɥɨɠɟɧɧɨɝɨ ɩɨɥɹ. Ɂɧɚɱɢɬ, ɢɫɯɨɞɧɚɹ ɩɥɚɧɚɪɧɚɹ 
ɫɬɪɭɤɬɭɪɚ ɧɟɦɚɬɢɤɚ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɦɨɠɟɬ ɩɟɪɟɣɬɢ ɜ 
ɝɨɦɟɨɬɪɨɩɧɭɸ ɢɥɢ ɧɚɨɛɨɪɨɬ. ɗɮɮɟɤɬ ɢɡɦɟɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɧɟɦɚɬɢɤɚ 
ɜɨ ɜɧɟɲɧɟɦ ɷɥɟɤɬɪɢɱɟМɤɨɦ ɩɨɥɟ ɧɚɡɵɜɚɸɬ ɩɟɪɟɯɨɞɨɦ Ɏɪɟɞɟɪɢɤɫɚ. 

Ɉɛɳɢɦ ɫɜɨɣɫɬɜɨɦ ɩɟɪɟɨɪɢɟɧɬɚɰɢɢ ɧɟɦɚɬɢɤɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɟɝɨ 
ɩɨɥɹ ɹɜɥɹɟɬɫɹ ɟɟ ɩɨɪɨɝɨɜɵɣ ɯɚɪɚɤɬɟɪ: ɤɚɤ ɬɨɥɶɤɨ ɜɟɥɢɱɢɧɚ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɞɨɫɬɢɝɧɟɬ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ, ɜɫɟ ɦɨɥɟɤɭɥɵ 
ɧɟɦɚɬɢɤɚ ɦɟɧɹɸɬ ɫɜɨɸ ɨɪɢɟɧɬɚɰɢɸ. Ʉɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɫɨɜɟɪɲɚɟɬɫɹ ɩɟɪɟɯɨɞ Ɏɪɟɞɟɪɢɤɫɚ, 
ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
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ɝɞɟ d – ɬɨɥɳɢɧɚ ɫɥɨɹ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ; K – ɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬ 
ɭɩɪɭɝɨɫɬɢ;   || - ɚɧɢɡɨɬɪɨɩɢɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫ-

ɬɢ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ. Ɂɞɟɫɶ || – ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ 
ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ, ɤɨɝɞɚ ɩɨɥɹɪɢɡɚɰɢɹ ɫɜɟɬɚ ɩɚɪɚɥɥɟɥɶɧɚ ɞɢɪɟɤɬɨɪɭ, 
 – ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ, ɤɨɝɞɚ 

ɩɨɥɹɪɢɡɚɰɢɹ ɫɜɟɬɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɞɢɪɟɤɬɨɪɭ. ɂɡ ɷɬɨɝɨ ɜɵɪɚɠɟɧɢɹ 
ɫɥɟɞɭɟɬ, ɱɬɨ ɤɪɢɬɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɩɪɢɤɥɚɞɵɜɚɟɦɨɟ ɤ ɫɥɨɸ 
ɧɟɦɚɬɢɤɚ ɞɥɹ ɟɝɨ ɩɟɪɟɨɪɢɟɧɬɚɰɢɢ, ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɟɝɨ ɬɨɥɳɢɧɵ d : 
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Vc .                                        (10.1) 

ȼɵɲɟ ɷɬɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɹɱɟɣɤɟ ɢɡɦɟɧɟɧɢɹ 
ɫɬɪɭɤɬɭɪɵ ɛɵɫɬɪɨ ɞɨɫɬɢɝɚɸɬ ɧɚɫɵɳɟɧɢɹ: ɟɫɥɢ ɩɪɨɞɨɥɠɚɬɶ 
ɭɜɟɥɢɱɢɜɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɜɵɲɟ ɤɪɢɬɢɱɟɫɤɨɝɨ, ɬɨ ɷɬɨ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 
ɢɡɦɟɧɢɬ ɫɨɫɬɨɹɧɢɟ ɧɟɦɚɬɢɤɚ.  
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Ɉɪɢɟɧɬɚɰɢɨɧɧɨɟ ɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜɟɥɢɱɢɧɨɣ E 

ɩɪɨɹɜɥɹɟɬɫɹ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɤɨɝɟɪɟɧɬɧɨɣ ɞɥɢɧɵ, 

ɨɬɫɱɢɬɵɜɚɟɦɨɣ ɨɬ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ,  
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ɉɨɞɫɬɚɜɢɜ ɜ ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɬɢɩɢɱɧɵɟ ɡɧɚɱɟɧɢɹ: ɞиɧK 610 , 3  

ɢ 310E  ȼ/ɫɦ, ɩɨɥɭɱɢɦ, ɱɬɨ ɦɤɦk 10 . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɥɟɧɤɢ ɧɟɦɚɬɢɤɚ ɞɨɥɠɧɵ ɢɦɟɬɶ ɬɨɥɳɢɧɭ ɦɟɧɶɲɟ ɞɜɭɯ 
ɡɧɚɱɟɧɢɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɤɨɝɟɪɟɧɬɧɨɣ ɞɥɢɧɵ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɜɟɥɢɱɢɧɟ ɩɨɪɹɞɤɚ ɞɟɫɹɬɤɚ ɦɢɤɪɨɧ. 

ȿɫɥɢ ɭɜɟɥɢɱɢɜɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɹɱɟɣɤɟ ɜɵɲɟ ɩɨɪɨɝɚ 
Ɏɪɟɞɟɪɢɤɫɚ, ɬɨ ɜɛɥɢɡɢ ɞɟɫɹɬɤɚ ɜɨɥɶɬ ɫɬɪɭɤɬɭɪɚ ɧɟɦɚɬɢɤɚ 
ɩɪɟɬɟɪɩɟɜɚɟɬ ɫɥɟɞɭɸɳɟɟ ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ ɢɡɦɟɧɟɧɢɟ: ɜɞɨɥɶ 
ɩɨɜɟɪɯɧɨɫɬɢ ɹɱɟɣɤɢ ɨɛɪɚɡɭɸɬɫɹ ɤɪɭɝɨɜɵɟ ɩɨɬɨɤɢ ɦɨɥɟɤɭɥ ɧɟɦɚɬɢɤɚ, 
ɱɬɨ ɮɨɪɦɢɪɭɟɬ ɫɬɪɭɤɬɭɪɭ ɬɢɩɚ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɫɥɨɹ ɜɪɚɳɚɸɳɢɯɫɹ 
ɰɢɥɢɧɞɪɨɜ. ɗɬɨ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɞɨɦɟɧɵ Ʉɚɩɭɫɬɢɧɚ-ȼɢɥɶɹɦɫɚ. ɂɯ 
ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɩɪɨɹɜɥɟɧɢɟɦ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ 
ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ. ɂɡ-ɡɚ ɢɡɦɟɧɟɧɢɹ 
ɨɪɢɟɧɬɚɰɢɢ ɦɨɥɟɤɭɥ ɜ ɩɪɟɞɟɥɚɯ ɞɨɦɟɧɚ ɨɧ ɜɵɫɬɭɩɚɟɬ ɤɚɤ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ .  

Ⱦɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɹɱɟɣɤɟ ɩɪɢɜɨɞɢɬ ɤ 
ɪɚɡɪɭɲɟɧɢɸ ɞɨɦɟɧɨɜ, ɩɨɹɜɥɟɧɢɸ ɯɚɨɬɢɱɟɫɤɢɯ ɬɭɪɛɭɥɟɧɬɧɵɯ ɩɨɬɨɤɨɜ 
ɜ ɫɥɨɟ ɧɟɦɚɬɢɤɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɬɪɭɤɬɭɪɵ ɠɢɞɤɨɝɨ 
ɤɪɢɫɬɚɥɥɚ ɨɧ ɪɚɫɫɟɢɜɚɟɬ ɩɚɞɚɸɳɢɣ ɧɚ ɧɟɝɨ ɫɜɟɬ ɪɚɜɧɨɦɟɪɧɨ ɜɨ ɜɫɟ 
ɫɬɨɪɨɧɵ. ɉɨɷɬɨɦɭ ɞɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɧɟɦɚɬɢɤɚ ɧɚɡɵɜɚɸɬ 
ɞɢɧɚɦɢɱɟɫɤɢɦ ɪɚɫɫɟɹɧɢɟɦ ɫɜɟɬɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɪɚɫɫɟɹɧɢɟ ɩɚɞɚɸɳɟɝɨ 
ɫɜɟɬɚ ɩɪɨɢɫɯɨɞɢɬ ɜɨ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɱɬɨ ɨɛɥɟɝɱɚɟɬ ɜɢɡɭɚɥɶɧɨɟ 
ɧɚɛɥɸɞɟɧɢɟ ɢɡɦɟɧɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ.  
 ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɫɨɫɬɨɹɧɢɹ ɧɟɦɚɬɢɤɚ ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɟ: ɞɥɹ 
ɨɬɨɛɪɚɠɟɧɢɹ ɢ ɯɪɚɧɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɜɟɬɨɜɵɯ 
ɩɨɬɨɤɨɜ ɢ ɬ.ɞ. 

ɏɨɥɟɫɬɟɪɢɤɢ. ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɲɚɝ ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ 
ɫɩɢɪɚɥɢ ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɷɥɟɤɬɪɢɱɟɫɤɨɦɭ ɩɨɥɸ, ɦɚɝɧɢɬɧɨɦɭ ɩɨɥɸ, 
ɬɟɦɩɟɪɚɬɭɪɟ, ɯɢɦɢɱɟɫɤɢɦ ɩɪɢɦɟɫɹɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɯɨɥɟɫɬɟɪɢɤɚ, 
ɪɚɞɢɚɰɢɨɧɧɨɦɭ ɢɡɥɭɱɟɧɢɸ ɢ ɬ.ɞ.: ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ, ɧɚɩɪɢɦɟɪ, 
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ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɲɚɝ ɫɩɢɪɚɥɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɜɟɥɢɱɢɧɵ 
ɩɨɥɹ. ɉɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɧɟɤɨɬɨɪɨɦɭ ɩɨɪɨɝɨɜɨɦɭ ɡɧɚɱɟɧɢɸ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ (ɨɛɵɱɧɨ ɷɬɨ ɩɨɥɟ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɜ 
ɧɟɫɤɨɥɶɤɨ ɜɨɥɶɬ) ɲɚɝ ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ ɪɟɡɤɨ ɭɜɟɥɢɱɢɜɚɬɶɫɹ, 
ɚ ɩɪɢ ɩɨɪɨɝɨɜɨɦ ɩɨɥɟ ɜɟɥɢɱɢɧɨɣ  
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Ep                                  (10.3) 

ɫɩɢɪɚɥɶ ɜɨɨɛɳɟ ɪɚɫɩɪɹɦɥɹɟɬɫɹ. ɉɪɢ ɷɬɨɦ ɯɨɥɟɫɬɟɪɢɤ ɩɟɪɟɯɨɞɢɬ ɜ 
ɧɟɦɚɬɢɤ. Ɂɞɟɫɶ 0p  – ɲɚɝ ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ ɜ ɨɬɫɭɬɫɬɜɢɟ 
ɜɨɡɞɟɣɫɬɜɢɹ. ȿɝɨ ɨɛɵɱɧɨ ɜɵɛɢɪɚɸɬ ɜ ɨɛɥɚɫɬɢ ɞɥɢɧ ɜɨɥɧ ɜɢɞɢɦɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɞɟɫɹɬɤɢ ɪɚɡ ɦɟɧɶɲɟ ɬɨɥɳɢɧɵ ɫɥɨɹ 
ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ. ɉɨɷɬɨɦɭ ɡɧɚɱɟɧɢɟ pE  ɨɤɚɡɵɜɚɟɬɫɹ ɨɛɵɱɧɨ 
ɛɨɥɶɲɟ, ɱɟɦ ɩɨɥɟ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɟɪɟɯɨɞɚ Ɏɪɟɞɟɪɢɤɫɚ. ɉɪɢ 
ɩɪɢɥɨɠɟɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɤɨɝɞɚ ɲɚɝ ɫɩɢɪɚɥɢ p  ɧɟ ɩɪɟɜɵɲɚɟɬ 

0p  ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɪɨɰɟɧɬɨɜ: 005.1 pp   ɜɟɥɢɱɢɧɭ ɲɚɝɚ ɦɨɠɧɨ ɨɰɟɧɢɬɶ, 
ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɫɥɟɞɭɸɳɢɦ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɦ ɜɵɪɚɠɟɧɢɟɦ: 
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ȼ ɪɹɞɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɜɟɥɢɱɢɧɭ 
ɬɪɟɛɭɟɦɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɬɪɟɛɭɟɦɨɝɨ ɡɧɚɱɟɧɢɹ ɲɚɝɚ ɫɩɢɪɚɥɢ. Ɉɛɪɚɳɟɧɢɟ ɜɵɪɚɠɟɧɢɹ (10.4) 
ɨɬɧɨɫɢɬɟɥɶɧɨ E  ɞɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ: 
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ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɲɚɝ 
ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ ɢɡɦɟɧɹɟɬɫɹ ɨɬ ɞɟɫɹɬɢ ɩɪɨɰɟɧɬɨɜ ɢ ɜɵɲɟ 
( 005.1 pp  ), ɬ.ɟ. ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 

pE , ɡɚɜɢɫɢɦɨɫɬɶ ɲɚɝɚ ɫɩɢɪɚɥɢ p  ɨɬ ɩɪɢɥɨɠɟɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɩɨɥɹ E  ɨɤɚɡɵɜɚɟɬɫɹ ɪɟɡɤɨɣ ɢ ɨɩɢɫɵɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɜɵɪɚɠɟɧɢɹ 
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Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɡɚɱɚɫɬɭɸ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɜɟɥɢɱɢɧɭ 
ɩɪɢɤɥɚɞɵɜɚɟɦɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɩɨ ɢɡɜɟɫɬɧɨɦɭ ɡɧɚɱɟɧɢɸ p , 

ɱɬɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɜɵɪɚɠɟɧɢɹ (10.6), ɜɵɪɚɡɢɜ E ɤɚɤ 
ɮɭɧɤɰɢɸ ɨɬ  p : 
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ȿɫɥɢ ɩɪɨɞɨɥɠɚɬɶ ɭɜɟɥɢɱɢɜɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɩɥɟɧɤɟ 
ɯɨɥɟɫɬɟɪɢɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ, ɡɚɞɚɸɳɟɝɨ ɤɪɢɬɢɱɟɫɤɨɟ ɩɨɥɟ pE , ɬɨ 
ɞɚɥɟɟ ɦɨɠɧɨ ɨɛɧɚɪɭɠɢɬɶ ɬɟ ɠɟ ɫɬɪɭɤɬɭɪɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɨ 
ɤɨɬɨɪɵɯ ɝɨɜɨɪɢɥɨɫɶ ɩɪɢ ɨɛɫɭɠɞɟɧɢɢ ɫɜɨɣɫɬɜ ɧɟɦɚɬɢɤɚ: ɞɨɦɟɧɵ 
Ʉɚɩɭɫɬɢɧɚ-ȼɢɥɶɹɦɫɚ, ɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɫɫɟɹɧɢɟ ɫɜɟɬɚ. Ɉɞɧɚɤɨ 
ɩɨɜɟɞɟɧɢɟ ɯɨɥɟɫɬɟɪɢɤɚ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɥɹɯ ɡɧɚɱɢɬɟɥɶɧɨ ɫɥɨɠɧɟɟ 
ɧɟɦɚɬɢɤɚ. Ɍɚɤ, ɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɫɫɟɹɧɢɟ ɨɛɥɚɞɚɟɬ ɷɮɮɟɤɬɨɦ ɩɚɦɹɬɢ: 
ɪɚɫɫɟɢɜɚɸɳɟɟ ɫɨɫɬɨɹɧɢɟ ɯɨɥɟɫɬɟɪɢɤɚ, ɜɨɡɧɢɤɲɟɟ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɧɚɥɨɠɟɧɢɹ ɩɨɥɹ, ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɩɨɫɥɟ 
ɫɧɹɬɢɹ ɩɨɥɹ. ȼɪɟɦɹ ɩɚɦɹɬɢ, ɬ.ɟ. ɫɨɯɪɚɧɟɧɢɹ ɪɚɫɫɟɢɜɚɸɳɟɝɨ 
ɫɨɫɬɨɹɧɢɹ, ɡɚɜɢɫɢɬ ɨɬ ɫɜɨɣɫɬɜ ɤɨɧɤɪɟɬɧɨɝɨ ɯɨɥɟɫɬɟɪɢɤɚ ɢ ɦɨɠɟɬ 
ɤɨɥɟɛɚɬɶɫɹ ɨɬ ɦɢɧɭɬ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɥɟɬ. ɇɚɥɨɠɟɧɢɟ ɩɟɪɟɦɟɧɧɨɝɨ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜɨɡɜɪɚɳɚɟɬ ɯɨɥɟɫɬɟɪɢɤ ɜ ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ.   

 

Ɉɩɬɢɱɟɫɤɢɟ ɫвɨɣɫɬвɚ ɠɢɞɤɢɯ ɤɪɢɫɬɚɥɥɨв 

 

Ⱦɥɹ ɩɨɧɢɦɚɧɢɹ ɩɪɢɧɰɢɩɨɜ ɪɚɛɨɬɵ ɨɩɬɢɱɟɫɤɢɯ ɠɢɞɤɨɤɪɢɫɬɚɥ-

ɥɢɱɟɫɤɢɯ ɹɱɟɟɤ ɧɟɨɛɯɨɞɢɦɨ ɜɫɩɨɦɧɢɬɶ ɪɚɡɞɟɥ ɨɩɬɢɤɢ, ɜ ɤɨɬɨɪɨɦ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɯɨɠɞɟɧɢɹ ɱɟɪɟɡ ɨɩɬɢɱɟɫɤɢ 
ɚɤɬɢɜɧɵɣ ɤɪɢɫɬɚɥɥ ɥɢɧɟɣɧɨ ɩɨɥɹɪɢɡɨɜɚɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫ ɡɚɞɚɧɧɨɣ 
ɨɪɢɟɧɬɚɰɢɟɣ ɩɨɥɹɪɢɡɚɰɢɢ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 
ɢɡɥɭɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ɤɪɢɫɬɚɥɥɚ. 

ɇɟɦɚɬɢɤɢ. ɇɟɦɚɬɢɤ ɹɜɥɹɟɬɫɹ ɨɩɬɢɱɟɫɤɢ ɨɞɧɨɨɫɧɵɦ 
ɤɪɢɫɬɚɥɥɨɦ, ɨɩɬɢɱɟɫɤɚɹ ɨɫɶ ɤɨɬɨɪɨɝɨ ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ 
ɞɢɪɟɤɬɨɪɚ. ɉɨɷɬɨɦɭ ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɥɚɧɚɪɧɨɣ ɢ ɝɨɦɟɨɬɪɨɩɧɨɣ 
ɫɬɪɭɤɬɭɪ ɪɚɡɥɢɱɧɵɟ. ȼ ɹɱɟɣɤɟ ɫ ɝɨɦɟɨɬɪɨɩɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫɜɟɬ 
ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɜɞɨɥɶ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ (ɜɞɨɥɶ ɞɢɪɟɤɬɨɪɚ), ɩɨɷɬɨɦɭ, 
ɤɚɤ ɜɨ ɜɫɹɤɨɦ ɨɞɧɨɨɫɧɨɦ ɤɪɢɫɬɚɥɥɟ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɩɬɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɹɱɟɣɤɢ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɩɨɥɹɪɢɡɚɰɢɢ ɫɜɟɬɚ. ɉɪɢ ɩɚɞɟɧɢɢ 
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ɠɟ ɫɜɟɬɚ ɧɚ ɹɱɟɣɤɭ ɫ ɩɥɚɧɚɪɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɩɪɨɯɨɠɞɟɧɢɟ ɫɜɟɬɚ ɫɤɜɨɡɶ 
ɧɟɟ ɡɚɜɢɫɢɬ ɨɬ ɩɨɥɹɪɢɡɚɰɢɢ ɩɚɞɚɸɳɟɝɨ ɫɜɟɬɚ: ɛɟɡ ɢɡɦɟɧɟɧɢɹ 
ɩɨɥɹɪɢɡɚɰɢɢ ɜ ɧɟɣ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɬɨɥɶɤɨ ɫɜɟɬ, ɜɟɤɬɨɪ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɢ ɜ ɤɨɬɨɪɨɦ ɩɟɪɩɟɧɞɢɤɭɥɹɪɟɧ ɞɢɪɟɤɬɨɪɭ. 
 ɂɫɩɨɥɶɡɭɹ ɩɨɥɹɪɨɢɞɧɵɟ ɩɥɟɧɤɢ, ɧɚɧɟɫɟɧɧɵɟ ɧɚ ɨɩɨɪɧɵɟ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɝɨɦɟɨɬɪɨɩɧɭɸ ɫɬɪɭɤɬɭɪɭ ɧɟɩɪɨɡɪɚɱɧɨɣ 
ɞɥɹ ɫɜɟɬɚ, ɫɤɪɟɫɬɢɜ ɜɟɪɯɧɢɣ ɢ ɧɢɠɧɢɣ ɩɨɥɹɪɨɢɞɵ ɜ ɨɩɬɢɱɟɫɤɨɣ 
ɹɱɟɣɤɟ (ɪɢɫ. 4). ɉɥɚɧɚɪɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɢ ɬɚɤɨɦ ɠɟ ɩɨɥɨɠɟɧɢɢ 
ɩɨɥɹɪɨɢɞɨɜ ɩɪɨɩɭɫɤɚɟɬ ɫɜɟɬ, ɟɫɥɢ ɨɪɢɟɧɬɚɰɢɹ ɩɨɥɹɪɨɢɞɚ ɧɟ ɫɨɜɩɚɞɚɟɬ 
ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɞɢɪɟɤɬɨɪɚ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ ɩɪɢɧɰɢɩ, ɧɚ ɨɫɧɨɜɟ 
ɤɨɬɨɪɨɝɨ ɫ ɩɨɦɨɳɶɸ ɠɢɞɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɹɱɟɣɤɢ ɦɨɠɧɨ 
ɨɬɨɛɪɚɠɚɬɶ ɢɧɮɨɪɦɚɰɢɸ – ɩɭɬɟɦ ɩɪɢɤɥɚɞɵɜɚɟɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
ɩɟɪɟɜɨɞɢɬɶ ɩɥɚɧɚɪɧɭɸ ɬɟɤɫɬɭɪɭ ɜ ɝɨɦɟɨɬɪɨɩɧɭɸ ɢ ɨɛɪɚɬɧɨ. ȼ 
ɩɥɚɧɚɪɧɨɣ ɬɟɤɫɬɭɪɟ ɧɚɩɪɚɜɥɟɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɜɟɬɚ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ. ɉɨɷɬɨɦɭ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ 
ɫɜɟɬɚ ɪɚɡɥɢɱɟɧ ɞɥɹ ɫɜɟɬɚ, ɩɥɨɫɤɨɫɬɶ ɩɨɥɹɪɢɡɚɰɢɢ ɤɨɬɨɪɨɝɨ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɧɚɩɪɚɜɥɟɧɢɸ ɞɢɪɟɤɬɨɪɚ ɜ ɫɥɨɟ, ɢ ɫɜɟɬɚ, 
ɩɨɥɹɪɢɡɚɰɢɹ ɤɨɬɨɪɨɝɨ ɫɨɞɟɪɠɢɬ ɷɬɨ ɧɚɩɪɚɜɥɟɧɢɟ. Ɂɧɚɤ ɨɩɬɢɱɟɫɤɨɣ 
ɚɧɢɡɨɬɪɨɩɢɢ ɦɨɠɟɬ ɛɵɬɶ ɤɚɤ ɩɨɥɨɠɢɬɟɥɶɧɵɦ, ɬɚɤ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɦ. 
ȼ ɧɟɦɚɬɢɤɟ ɫ  < 0 ɮɚɡɨɜɚɹ ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ, ɩɨɥɹɪɢɡɨɜɚɧɧɨɝɨ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɧɚɩɪɚɜɥɟɧɢɸ ɞɢɪɟɤɬɨɪɚ, ɨɤɚɡɵɜɚɟɬɫɹ ɦɟɧɶɲɟ 
ɮɚɡɨɜɨɣ ɫɤɨɪɨɫɬɢ ɫɜɟɬɚ, ɩɨɥɹɪɢɡɨɜɚɧɧɨɝɨ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɞɢɪɟɤɬɨɪɚ. 
ɉɟɪɟɯɨɞ Ɏɪɟɞɟɪɢɤɫɚ, ɜ ɤɨɬɨɪɨɦ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɩɨɥɹ ɧɟɦɚɬɢɤ ɫ  > 

0, ɨɛɪɚɡɭɟɬ ɩɥɚɧɚɪɧɭɸ ɬɟɤɫɬɭɪɭ, ɚ ɩɪɢ ɧɚɥɨɠɟɧɢɢ ɩɨɥɹ ɩɟɪɟɯɨɞɢɬ ɜ 
ɝɨɦɟɨɬɪɨɩɧɭɸ, ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ S-ɷɮɮɟɤɬɨɦ.  

ȼ В-ɷɮɮɟɤɬɟ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɝɨɦɟɨɬɪɨɩɧɚɹ, ɚ ɩɨɥɟ ɩɟɪɟɜɨɞɢɬ ɟɟ ɜ ɩɥɚɧɚɪɧɭɸ. Ⱦɥɹ ɷɬɨɝɨ ɬɪɟɛɭɟɬɫɹ 
ɧɟɦɚɬɢɤ ɫ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɚɧɢɡɨɬɪɨɩɢɟɣ <0. Ⱦɥɹ Т-

ɷɮɮɟɤɬɚ ɢɫɯɨɞɧɚɹ ɩɥɚɧɚɪɧɚɹ ɫɬɪɭɤɬɭɪɚ ɛɟɪɟɬɫɹ ɡɚɤɪɭɱɟɧɧɨɣ 
(ɨɪɢɟɧɬɚɰɢɹ ɦɨɥɟɤɭɥ ɧɚ ɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ ɭɝɨɥ 900 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɧɚ ɞɪɭɝɨɣ ɜ ɩɥɨɫɤɨɫɬɢ ɨɩɨɪɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ). ɉɪɢɥɨɠɟɧɧɨɟ ɩɨɥɟ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ S-ɷɮɮɟɤɬɚ, 
ɩɟɪɟɜɨɞɢɬ ɩɥɚɧɚɪɧɭɸ ɫɬɪɭɤɬɭɪɭ ɜ ɝɨɦɟɨɬɪɨɩɧɭɸ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɟɦɚɬɢɤɢ ɫ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɚɧɢɡɨɬɪɨɩɢɟɣ  > 0. 

 ɏɨɥɟɫɬɟɪɢɤɢ. ɗɬɨɬ ɬɢɩ ɠɢɞɤɢɯ ɤɪɢɫɬɚɥɥɨɜ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɫɩɢɪɚɥɶɧɵɦ ɩɨɜɟɞɟɧɢɟɦ ɞɢɪɟɤɬɨɪɚ ɜɞɨɥɶ ɬɨɥɳɢɧɵ ɫɥɨɹ ɯɨɥɟɫɬɟɪɢɤɚ. 
ɇɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɧɚɩɪɚɜɥɟɧɢɹ ɞɢɪɟɤɬɨɪɚ ɢɡɦɟɧɹɟɬɫɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ 
ɩɪɨɧɢɰɚɟɦɨɫɬɶ. ɉɨɷɬɨɦɭ, ɩɨ ɬɨɥɳɢɧɟ ɤɪɢɫɬɚɥɥɚ ɡɧɚɱɟɧɢɟ 
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ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɟɪɢɨɞɢɱɟɫɤɢ ɢɡɦɟɧɹɟɬɫɹ ɨɬ || – 

ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ, ɤɨɝɞɚ 
ɩɨɥɹɪɢɡɚɰɢɹ ɫɜɟɬɚ ɩɚɪɚɥɥɟɥɶɧɚ ɞɢɪɟɤɬɨɪɭ, ɞɨ  – ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ 
ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ, ɤɨɝɞɚ ɩɨɥɹɪɢɡɚɰɢɹ ɫɜɟɬɚ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɞɢɪɟɤɬɨɪɭ. ȼ ɯɨɥɟɫɬɟɪɢɤɟ ɩɟɪɢɨɞɨɦ ɫɥɭɠɢɬ ɧɟ ɲɚɝ 
ɫɩɢɪɚɥɢ 0p , ɧɚ ɤɨɬɨɪɨɦ ɞɢɪɟɤɬɨɪ ɫɨɜɟɪɲɚɟɬ ɨɛɨɪɨɬ ɧɚ 2 , ɚ 20p , ɬɚɤ 
ɤɚɤ ɨɪɢɟɧɬɚɰɢɢ ɞɢɪɟɤɬɨɪɚ n  ɢ  –n  ɷɤɜɢɜɚɥɟɧɬɧɵ, ɢ ɩɟɪɢɨɞ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɯɨɥɟɫɬɟɪɢɤɚ ɨɤɚɡɵɜɚɟɬɫɹ ɜɞɜɨɟ ɦɟɧɶɲɟ, ɱɟɦ 
ɪɚɫɫɬɨɹɧɢɟ, ɧɚ ɤɨɬɨɪɨɦ ɞɢɪɟɤɬɨɪ ɫɨɜɟɪɲɚɟɬ ɩɨɥɧɵɣ ɨɛɨɪɨɬ. ɉɨɷɬɨɦɭ 
ɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɯɨɥɟɫɬɟɪɢɤɚ ɩɟɪɢɨɞɢɱɧɵɟ 
ɜɞɨɥɶ ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ ɫ ɩɟɪɢɨɞɨɦ 20pd  . ɉɨ ɷɬɨɣ 
ɩɪɢɱɢɧɟ ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɯɨɥɟɫɬɟɪɢɤɚ ɜ ɭɤɚɡɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 
ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɞɟɣɫɬɜɢɹ ɱɟɪɟɞɭɸɳɢɯɫɹ ɫɥɨɟɜ ɞɜɭɯ 
ɬɢɩɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ: ||  

ɢ  .  

 ȿɫɥɢ ɧɚ ɬɚɤɭɸ ɫɬɪɭɤɬɭɪɭ ɩɨɞ ɨɩɪɟɞɟɥɟɧɧɵɦ ɭɝɥɨɦ ɩɚɞɟɧɢɹ 
ɩɚɞɚɟɬ ɛɟɥɵɣ ɫɜɟɬ (ɬ.ɟ. ɢɡɥɭɱɟɧɢɟ ɫ ɲɢɪɨɤɢɦ ɞɢɚɩɚɡɨɧɨɦ ɡɧɚɱɟɧɢɣ 
ɞɥɢɧ ɜɨɥɧ), ɬɨ ɜ ɨɬɪɚɠɟɧɧɨɦ ɫɜɟɬɟ ɛɭɞɟɬ ɢɦɟɬɶ ɞɢɮɪɚɤɰɢɹ, 
ɩɨɥɭɱɟɧɧɚɹ ɨɬ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɬɨɥɶɤɨ ɨɞɧɨɣ ɞɥɢɧɵ ɜɨɥɧɵ  

ɢɡ ɜɫɟɯ. ȼɧɟɲɧɟ ɷɬɨ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɤɚɤ ɨɤɪɚɫ ɫɥɨɹ ɯɨɥɟɫɬɟɪɢɤɚ ɜ 
ɰɜɟɬ ɞɥɢɧɨɣ . ɍɫɥɨɜɢɹ ɞɢɮɪɚɤɰɢɢ ɛɟɥɨɝɨ  ɫɜɟɬɚ ɧɚ ɯɨɥɟɫɬɟɪɢɤɟ 
ɚɧɚɥɨɝɢɱɧɵ ɭɫɥɨɜɢɹɦ ɧɚɛɥɸɞɟɧɢɹ  ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɨɣ ɜ ɤɥɚɫɫɢɱɟɫɤɨɣ 
ɨɩɬɢɤɟ ɞɢɮɪɚɤɰɢɢ ȼɭɥɶɮɚ-Ȼɪɷɝɝɚ: 

                                          
d

m sin2 ,                                               (12.8) 

ɝɞɟ   - ɭɝɨɥ ɩɚɞɟɧɢɹ ɛɟɥɨɝɨ ɫɜɟɬɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɟɧɤɢ 
ɯɨɥɟɫɬɟɪɢɤɚ, ɨɬɫɱɢɬɵɜɚɟɦɵɣ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ; m- ɰɟɥɨɟ ɱɢɫɥɨ, 
ɩɨɤɚɡɵɜɚɸɳɟɟ ɩɨɪɹɞɨɤ ɞɢɮɪɚɤɰɢɢ;  - ɞɥɢɧɚ ɜɨɥɧɵ 
ɞɢɮɪɚɝɢɪɨɜɚɧɧɨɝɨ ɫɜɟɬɚ; d - ɬɨɥɳɢɧɚ ɨɞɧɨɝɨ ɫɥɨɹ ɩɥɟɧɤɢ, 
ɫɨɫɬɚɜɥɟɧɧɨɣ ɢɡ ɦɧɨɝɢɯ ɫɥɨɟɜ. Ⱦɥɹ ɯɨɥɟɫɬɟɪɢɤɨɜ 2pd  . ȼ 
ɨɩɬɢɱɟɫɤɢɯ ɹɱɟɣɤɚɯ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɢɮɪɚɤɰɢɨɧɧɨɟ ɨɬɪɚɠɟɧɢɟ 
ɩɪɢ 2  , ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɨɬɪɚɠɟɧɧɨɝɨ ɫɜɟɬɚ ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɚɞɚɸɳɟɦɭ. 

ɒɚɝ ɫɩɢɪɚɥɢ ɯɨɥɟɫɬɟɪɢɤɚ ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɜɧɟɲɧɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ. 
ȿɝɨ ɥɟɝɤɨ ɢɡɦɟɧɢɬɶ, ɧɚɝɪɟɜɚɹ ɯɨɥɟɫɬɟɪɢɤ, ɩɨɦɟɳɚɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɟ 
ɢɥɢ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɢ ɬ.ɞ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ ɨɞɢɧ ɢɡ ɩɪɢɧɰɢɩɨɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɯɨɥɟɫɬɟɪɢɱɟɫɤɢɯ ɤɪɢɫɬɚɥɥɨɜ ɜ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɟ: 
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ɩɥɚɜɧɨɟ ɢɡɦɟɧɟɧɢɟ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ ɰɜɟɬɚ ɨɩɬɢɱɟɫɤɨɣ ɹɱɟɣɤɢ ɩɪɢ 
ɢɡɦɟɧɟɧɢɢ ɜɟɥɢɱɢɧɵ ɜɧɟɲɧɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. 
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19.2. ɉɊɂɆȿɊɕ  Ɋȿɒȿɇɂə ɁȺȾȺɑ  ɉɈ  ɈɉɊȿȾȿɅȿɇɂɘ   
ɉȺɊȺɆȿɌɊɈȼ  ɀɂȾɄɈɄɊɂɋɌȺɅɅɂɑȿɋɄɂɏ ɉɊɂȻɈɊɈȼ  

 

 Зɚɞɚɱɚ 1. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, 
ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɥɨɠɢɬɶ ɤ ɫɥɨɸ ɧɟɦɚɬɢɤɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɩɟɪɟɯɨɞɚ Ɏɪɟɞɟɪɢɤɫɚ ɜ ɧɟɦ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɨɩɬɢɱɟɫɤɨɣ 
ɚɧɢɡɨɬɪɨɩɢɢ 2.4 , ɚ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 6107.1 K ɞɢɧ. 
 Ɋɟɲɟɧɢɟ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɜɵɪɚɠɟ-

ɧɢɟɦ  (10.1) 
21

4 



 
 K

Vc . 

Ȼɭɞɟɦ ɪɟɲɚɬɶ ɡɚɞɚɱɭ ɜ ɫɢɫɬɟɦɟ ɋȽɋȿ, ɚ ɩɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ 
ɩɟɪɟɜɟɞɟɦ ɜ ɫɢɫɬɟɦɭ ɋɂ. ɉɨɞɫɬɚɧɨɜɤɚ ɜ ɞɚɧɧɨɟ ɜɵɪɚɠɟɧɢɟ 
ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ ɞɚɟɬ ɜɟɥɢɱɢɧɭ 
ɧɚɩɪɹɠɟɧɢɹ ɩɟɪɟɯɨɞɚ Ɏɪɟɞɟɪɢɤɫɚ: 

..101.7101.514.3

10
2.4

4.21
14.3

2.4

107.114.34
14.3

33

6
6

ɋȽɋȿɟɞ

Vc







 

Ⱦɥɹ ɩɟɪɟɜɨɞɚ ɟɞɢɧɢɰ ɋȽɋȿ ɜ ɫɢɫɬɟɦɭ ɋɂ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɩɟɪɟɜɨɞɧɵɦ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ: ..1031 3 ɋȽɋȿɟɞȼ   ɉɨɷɬɨɦɭ ɨɤɨɧɱɚɬɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɧɚɱɢɧɚɹ ɫ ɤɨɬɨɪɨɝɨ 
ɫɨɜɟɪɲɚɟɬɫɹ ɩɟɪɟɯɨɞ Ɏɪɟɞɟɪɢɤɫɚ, ɪɚɜɧɨ ɨɤɨɥɨ .4.2 ȼ  

 

 Зɚɞɚɱɚ 2. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɤɨɝɟɪɟɧɬɧɨɣ 
ɞɥɢɧɵ ɜ ɧɟɦɚɬɢɱɟɫɤɨɦ ɠɢɞɤɨɦ ɤɪɢɫɬɚɥɥɟ ɆȻȻȺ, ɢɦɟɸɳɟɝɨ ɡɧɚɱɟɧɢɹ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɢ ɩɚɪɚɥɥɟɥɶɧɨ 
ɞɥɢɧɧɨɣ ɨɫɢ 7.4,4.5 II   ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɨɷɮɮɢɰɢɟɧɬ 
ɭɩɪɭɝɨɫɬɢ ɞиɧK 6105  , ɟɫɥɢ ɤ ɧɟɦɚɬɢɤɭ ɩɪɢɥɨɠɟɧɨ ɷɥɟɤɬɪɢɱɟɫɤɨɟ 
ɩɨɥɟ ɜɟɥɢɱɢɧɨɣ ɋȽɋȿɟɞE .103 1 .  

 Ɋɟɲɟɧɢɟ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɜɵɪɚɠɟɧɢɟɦ 
(10.2) 
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41 



 
 K

Ek .  

ɉɨɞɫɬɚɜɢɦ ɜ ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɠɢɞɤɨɝɨ 
ɤɪɢɫɬɚɥɥɚ ɢ ɜɟɥɢɱɢɧɭ ɩɪɢɥɨɠɟɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɬɨɝɞɚ 
ɩɨɥɭɱɢɦ: 

.102.3
103

105.9

7.0

10514.34

103

1 4
1

36

1
ɫɦk

 


  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɜɟɬ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɣ ɜɨɩɪɨɫ ɬɚɤɨɜ: ɩɪɢ 
ɡɚɞɚɧɧɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɜ ɧɟɦɚɬɢɱɟɫɤɨɦ ɠɢɞɤɨɦ ɤɪɢɫɬɚɥɥɟ 
ɆȻȻȺ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɤɨɝɟɪɟɧɬɧɚɹ ɞɥɢɧɚ ɪɚɜɧɚ .2.3 ɦɤɦ  

 

Зɚɞɚɱɚ 3. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɩɪɢ 
ɤɨɬɨɪɨɦ ɪɚɫɩɪɹɦɥɹɟɬɫɹ ɯɨɥɟɫɬɟɪɢɱɟɫɤɚɹ ɫɩɢɪɚɥɶ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ, 
ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɨɩɬɢɱɟɫɤɨɣ ɚɧɢɡɨɬɪɨɩɢɢ 2.4 , ɲɚɝ 
ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ ɜ ɨɬɫɭɬɫɬɜɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 
ɫɨɫɬɚɜɥɹɥ 50.00 p  ɦɤɦ, ɚ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɪɚɜɟɧ 6107.1 K ɞɢɧ. 
 Ɋɟɲɟɧɢɟ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɜɵɪɚɠɟɧɢ-

ɟɦ (10.3) 
21

0

2 4

2









 

 K
p

Ep .  

Ɋɟɲɚɹ ɡɚɞɚɱɭ ɜ ɫɢɫɬɟɦɟ ɋȽɋȿ, ɜɵɪɚɡɢɦ ɲɚɝ ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ 
ɜ ɫɚɧɬɢɦɟɬɪɚɯ: 

54
0 1051050.0  p ɫɦ. 

ɉɨɞɫɬɚɜɢɦ ɜ ɢɫɯɨɞɧɨɟ ɜɵɪɚɠɟɧɢɟ ɩɚɪɚɦɟɬɪɵ 
ɯɨɥɟɫɬɟɪɢɤɚ, ɬɨɝɞɚ ɩɨɥɭɱɢɦ:  

ɋȽɋȿɟɞEp .104.2101.5
1052

10 23
5

  . 

ɉɟɪɟɜɟɞɟɦ ɩɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɜ ɫɢɫɬɟɦɭ ɋИ, ɪɚɡɞɟɥɢɜ ɟɝɨ ɧɚ 
ɩɟɪɟɜɨɞɧɨɣ ɤɨɷɮɮɢɰɢɟɧɬ  3103  .  ȼ ɢɬɨɝɟ ɨɬɜɟɬ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɣ 
ɜɨɩɪɨɫ ɛɭɞɟɬ ɡɜɭɱɚɬɶ ɬɚɤ: ɜɟɥɢɱɢɧɚ ɪɚɫɩɪɹɦɥɹɸɳɟɝɨ 
ɯɨɥɟɫɬɟɪɢɱɟɫɤɭɸ ɫɩɢɪɚɥɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɪɚɜɧɚ ./108 4 ɫɦȼ  
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Зɚɞɚɱɚ 4. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɤɨɬɨɪɨɟ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɥɨɠɢɬɶ ɤ ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɦɭ ɠɢɞɤɨɦɭ ɤɪɢɫɬɚɥɥɭ ɞɥɹ 
ɬɨɝɨ, ɱɬɨɛɵ ɩɪɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɚɞɟɧɢɢ ɛɟɥɨɝɨ ɫɜɟɬɚ ɜ 
ɨɬɪɚɠɟɧɧɨɦ ɫɜɟɬɟ ɢɡɝɨɬɨɜɥɟɧɧɚɹ ɢɡ ɧɟɝɨ ɩɥɟɧɤɚ ɫɦɟɧɢɥɚ ɫɜɨɣ ɰɜɟɬ ɫ 
ɠɟɥɬɨɝɨ ɧɚ ɤɪɚɫɧɵɣ. ɋɱɢɬɚɬɶ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɨɩɬɢɱɟɫɤɨɣ ɚɧɢɡɨɬɪɨɩɢɢ 
ɤɪɢɫɬɚɥɥɚ 2.4 , ɚ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɪɚɜɟɧ 6107.1 K ɞɢɧ. 
 Ɋɟɲɟɧɢɟ. Ʉɚɤ ɭɤɚɡɚɧɨ ɜ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɱɚɫɬɢ ɞɚɧɧɨɝɨ ɪɚɡɞɟɥɚ 
ɛɟɥɵɣ ɫɜɟɬ ɞɢɮɪɚɝɢɪɭɟɬ ɧɚ ɦɧɨɝɢɯ ɫɥɨɹɯ, ɨɛɪɚɡɨɜɚɧɧɵɯ 
ɩɚɪɚɥɥɟɥɶɧɨɣ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɨɪɢɟɧɬɚɰɢɟɣ ɞɢɪɟɤɬɨɪɚ, ɢ ɩɨɬɨɦɭ 
ɩɪɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɚɞɟɧɢɢ ɫɜɟɬɚ ɩɥɟɧɤɚ ɩɪɢɨɛɪɟɬɚɟɬ ɰɜɟɬ, ɞɥɢɧɚ 
ɜɨɥɧɵ ɤɨɬɨɪɨɝɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ (10.8) ɩɪɢ 2  . 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɚɧɧɚɹ ɡɚɞɚɱɚ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɲɚɝɚ 
ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ ɩɪɢ ɞɟɣɫɬɜɢɢ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɩɨɥɹ. ɉɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ ɢɡɦɟɧɟɧɢɟ ɲɚɝɚ ɫɩɢɪɚɥɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɭɫɥɨɜɢɸ 005.1 pp  . ɉɨɷɬɨɦɭ ɞɥɹ ɪɟɲɟɧɢɹ ɜɨɫɩɨɥɶɡɭɟɦɫɹ 
ɜɵɪɚɠɟɧɢɟɦ (10.7): 
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ɝɞɟ pE - ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ, ɩɨɥɧɨɫɬɶɸ ɪɚɫɩɪɹɦɥɹɸɳɟɟ ɫɩɢɪɚɥɶ 
ɯɨɥɟɫɬɟɪɢɤɚ. ȼ ɞɚɧɧɨɦ ɜɵɪɚɠɟɧɢɢ ɢɡɜɟɫɬɧɵ ɜɫɟ ɩɚɪɚɦɟɬɪɵ, 
ɜɯɨɞɹɳɢɟ ɜ ɟɝɨ ɩɪɚɜɭɸ ɱɚɫɬɶ: ,55.00 ɦɤɦp   ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɠɟɥɬɨɦɭ ɰɜɟɬɭ, ɢ ɦɤɦp 64.0  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɪɚɫɧɨɦɭ ɰɜɟɬɭ. 
ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ ɲɚɝɚ ɫɩɢɪɚɥɢ ɞɨ ɞɟɣɫɬɜɢɹ ɩɨɥɹ ɢ ɩɪɢ ɟɝɨ 
ɧɚɥɢɱɢɢ, ɩɨɥɭɱɢɦ  
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ȼɡɹɜ ɢɡ ɩɪɟɞɵɞɭɳɟɣ ɡɚɞɚɱɢ ɡɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɝɨ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɫɦȼEp /108 4 , ɧɚɣɞɟɦ ɬɪɟɛɭɟɦɨɟ 
ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ: 

ɫɦȼEE p /104.410855.055.0 44  . 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɜɟɬ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɣ ɜ ɡɚɞɚɱɟ ɜɨɩɪɨɫ ɛɭɞɟɬ 
ɬɚɤɨɜ: ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɰɜɟɬɚ ɩɥɟɧɤɢ ɯɨɥɟɫɬɟɪɢɤɚ ɨɬ ɠɟɥɬɨɝɨ ɞɨ 
ɤɪɚɫɧɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɟё ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢɥɨɠɢɬɶ 
ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɜɟɥɢɱɢɧɨɣ ɫɦȼ /104.4 4 . 

 
 

10.3. ȼȺɊɂȺɇɌɕ  ɁȺȾȺɇɂɃ  ɉɈ  ɈɉɊȿȾȿɅȿɇɂɘ   
ɉȺɊȺɆȿɌɊɈȼ  ɀɂȾɄɈɄɊɂɋɌȺɅɅɂɑȿɋɄɂɏ  ɉɊɂȻɈɊɈȼ 

Ʉ  ɄɈɇɌɊɈɅɖɇɈɃ  ɊȺȻɈɌȿ  № 2 
 

1. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɨɟ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɥɨɠɢɬɶ ɤ ɫɥɨɸ ɧɟɦɚɬɢɤɚ ɆȻȻȺ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɩɟɪɟɯɨɞɚ Ɏɪɟɞɟɪɢɤɫɚ ɜ ɧɟɦ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɵ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɜɞɨɥɶ ɨɫɢ 
ɦɨɥɟɤɭɥɵ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɟɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ C022  ɪɚɜɧɵ 

4.5,7.4  II , ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 
6100.5 K ɞɢɧ. 

2. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɨɟ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɥɨɠɢɬɶ ɤ ɫɥɨɸ ɧɟɦɚɬɢɤɚ ɦɚɪɤɢ ɉȺȺ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɩɟɪɟɯɨɞɚ Ɏɪɟɞɟɪɢɤɫɚ ɜ ɧɟɦ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɜɟɥɢɱɢɧɵ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɜɞɨɥɶ 
ɨɫɢ ɦɨɥɟɤɭɥɵ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɟɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ C0120  

ɪɚɜɧɵ 8.4,5.4  II , ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 
7103.9 K ɞɢɧ. 

3. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɨɟ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɥɨɠɢɬɶ ɤ ɫɥɨɸ ɧɟɦɚɬɢɤɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɟɪɟɯɨɞɚ 
Ɏɪɟɞɟɪɢɤɫɚ ɜ ɧɟɦ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɵ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɜɞɨɥɶ ɨɫɢ ɦɨɥɟɤɭɥɵ ɢ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɟɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ C027  ɪɚɜɧɵ 

9.4,4.3  II , ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 
7108.7 K ɞɢɧ. 

4. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɧɟɦɚɬɢɤɚ, ɟɫɥɢ 
ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɵ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɷɬɨɝɨ 
ɜɟɳɟɫɬɜɚ ɜɞɨɥɶ ɨɫɢ ɦɨɥɟɤɭɥɵ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɟɣ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ C0143  ɪɚɜɧɵ 4.3,7.5  II , ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ 
ɧɚɩɪɹɠɟɧɢɟ ɩɟɪɟɯɨɞɚ Ɏɪɟɞɟɪɢɤɫɚ ɜ ɧɟɦ ɫɨɫɬɚɜɥɹɟɬ ȼ4.1 . 
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5. Ʉɚɤɭɸ ɨɩɬɢɱɟɫɤɭɸ ɹɱɟɣɤɭ ɧɚ ɨɫɧɨɜɟ ɩɥɟɧɤɢ ɧɟɦɚɬɢɤɚ ɆȻȻȺ 
ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɫɨɡɞɚɧɢɹ ɡɚɬɜɨɪɚ ɨɩɬɢɱɟɫɤɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɧɚ ɷɮɮɟɤɬɟ Ɏɪɟɞɟɪɢɤɫɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɩɚɪɚɦɟɬɪɵ 
ɜɟɳɟɫɬɜɚ ɬɚɤɨɜɵ: ɜɟɥɢɱɢɧɵ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ 
ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɜɞɨɥɶ ɨɫɢ ɦɨɥɟɤɭɥɵ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɟɣ ɪɚɜɧɵ 

4.5,7.4  II , ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 
6100.5 K ɞɢɧ. Ɉɩɢɲɢɬɟ ɤɨɧɫɬɪɭɤɰɢɸ (ɩɥɚɧɚɪɧɚɹ ɢɥɢ 

ɝɨɦɟɨɬɪɨɩɧɚɹ ɬɨɩɨɥɨɝɢɹ, ɟɫɬɶ ɥɢ ɩɨɥɹɪɢɡɚɬɨɪɵ ɢ ɨɬɪɚɠɚɸɳɢɟ 
ɩɥɟɧɤɢ, ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɟ)  ɢ ɪɚɛɨɬɭ ɷɬɨɣ ɹɱɟɣɤɢ. 

6. Ʉɚɤɭɸ ɨɩɬɢɱɟɫɤɭɸ ɹɱɟɣɤɭ ɧɚ ɨɫɧɨɜɟ ɩɥɟɧɤɢ ɧɟɦɚɬɢɤɚ 
ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɫɨɡɞɚɧɢɹ ɭɫɬɪɨɣɫɬɜɚ ɨɬɨɛɪɚɠɟɧɢɹ 
ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɷɮɮɟɤɬɟ Ɏɪɟɞɟɪɢɤɫɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɩɚɪɚɦɟɬɪɵ ɜɟɳɟɫɬɜɚ ɬɚɤɨɜɵ: ɜɟɥɢɱɢɧɵ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɜɞɨɥɶ ɨɫɢ ɦɨɥɟɤɭɥɵ ɢ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɟɣ ɪɚɜɧɵ 4.4,7.5  II , ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ 
ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 7103.7 K ɞɢɧ. Ɉɩɢɲɢɬɟ ɤɨɧɫɬɪɭɤɰɢɸ 
(ɩɥɚɧɚɪɧɚɹ ɢɥɢ ɝɨɦɟɨɬɪɨɩɧɚɹ ɬɨɩɨɥɨɝɢɹ, ɟɫɬɶ ɥɢ ɩɨɥɹɪɢɡɚɬɨɪɵ ɢ 
ɨɬɪɚɠɚɸɳɢɟ ɩɥɟɧɤɢ, ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɟ) ɢ ɪɚɛɨɬɭ ɷɬɨɣ ɹɱɟɣɤɢ. 

7. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɤɨɝɟɪɟɧɬɧɨɣ ɞɥɢɧɵ ɜ 
ɧɟɦɚɬɢɱɟɫɤɨɦ ɠɢɞɤɨɦ ɤɪɢɫɬɚɥɥɟ, ɢɦɟɸɳɟɦ ɡɧɚɱɟɧɢɹ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɢ 
ɩɚɪɚɥɥɟɥɶɧɨ ɞɥɢɧɧɨɣ ɨɫɢ  7.4,4.4  II , ɤɨɷɮɮɢɰɢɟɧɬ 
ɭɩɪɭɝɨɫɬɢ ɞиɧK 6101.3  , ɟɫɥɢ ɤ ɧɟɦɚɬɢɤɭ ɩɪɢɥɨɠɟɧɨ 
ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɜɟɥɢɱɢɧɨɣ ɋȽɋȿɟɞE .108.2 1 .  

8. Ɉɩɪɟɞɟɥɢɬɶ ɜ ɋɂ ɜɟɥɢɱɢɧɭ ɩɪɢɥɨɠɟɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 
ɤ ɩɥɟɧɤɟ ɧɟɦɚɬɢɱɟɫɤɨɝɨ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ, ɢɦɟɸɳɟɦ ɡɧɚɱɟɧɢɹ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɢ 
ɩɚɪɚɥɥɟɥɶɧɨ ɞɥɢɧɧɨɣ ɨɫɢ  7.4,4.4  II , ɤɨɷɮɮɢɰɢɟɧɬ 
ɭɩɪɭɝɨɫɬɢ ɞиɧK 6101.3  , ɟɫɥɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɷɥɟɤɬɪɢɱɟɫɤɚɹ 
ɤɨɝɟɪɟɧɬɧɚɹ ɫɨɫɬɚɜɥɹɟɬ .7.5 ɦɤɦ   

9. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɚɧɢɡɨɬɪɨɩɢɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɪɨɧɢɰɚɟɦɨɫɬɢ  ɧɟɦɚɬɢɱɟɫɤɨɝɨ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ, ɢɦɟɸɳɟɦ 
ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɫɬɢ ɞиɧK 7103.4  , ɟɫɥɢ ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜɟɥɢɱɢɧɨɣ ɋȽɋȿɟɞE .108.2 1  

ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɤɨɝɟɪɟɧɬɧɚɹ ɞɥɢɧɚ ɜ ɷɬɨɦ ɧɟɦɚɬɢɤɟ  ɫɨɫɬɚɜɥɹɟɬ  
.8.6 ɦɤɦ   
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10.  Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɚɧɢɡɨɬɪɨɩɢɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɪɨɧɢɰɚɟɦɨɫɬɢ  ɧɟɦɚɬɢɱɟɫɤɨɝɨ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ, ɢɦɟɸɳɟɦ 
ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɫɬɢ ɞиɧK 6103.2  , ɟɫɥɢ ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ  ɜɟɥɢɱɢɧɨɣ ȼV 8.2  ɤ ɩɥɟɧɤɟ 
ɬɨɥɳɢɧɨɣ ɦɤɦd 10  ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɤɨɝɟɪɟɧɬɧɚɹ ɞɥɢɧɚ ɜ ɷɬɨɦ 
ɧɟɦɚɬɢɤɟ  ɫɨɫɬɚɜɥɹɟɬ  .9.7 ɦɤɦ   

11. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɩɪɢ ɤɨɬɨɪɨɦ 
ɪɚɫɩɪɹɦɥɹɟɬɫɹ ɯɨɥɟɫɬɟɪɢɱɟɫɤɚɹ ɫɩɢɪɚɥɶ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ, ɟɫɥɢ 
ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɟɝɨ ɨɩɬɢɱɟɫɤɨɣ ɚɧɢɡɨɬɪɨɩɢɢ 1.3 , ɲɚɝ 
ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ ɜ ɨɬɫɭɬɫɬɜɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 
ɫɨɫɬɚɜɥɹɟɬ 45.00 p  ɦɤɦ, ɚ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɪɚɜɟɧ 

7104.9 K ɞɢɧ. 
12.  Ɉɩɪɟɞɟɥɢɬɶ ɲɚɝ ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ p  ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ 

ɩɥɟɧɤɭ ɯɨɥɟɫɬɟɪɢɤɚ  ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɋȽɋȿɟɞE .103 3 , 

ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɟɝɨ ɨɩɬɢɱɟɫɤɨɣ ɚɧɢɡɨɬɪɨɩɢɢ 
1.3 , ɲɚɝ ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ ɜ ɨɬɫɭɬɫɬɜɢɢ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɫɨɫɬɚɜɥɹɟɬ 45.00 p  ɦɤɦ, ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 
ɪɚɜɟɧ 7104.9 K ɞɢɧ. Ɋɚɫɫɦɚɬɪɢɜɚɬɶ ɫɥɭɱɚɣ ɫɢɥɶɧɵɯ ɩɨɥɟɣ. 

13.  Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɩɪɢ ɤɨɬɨɪɨɦ 
ɪɚɫɩɪɹɦɥɹɟɬɫɹ ɯɨɥɟɫɬɟɪɢɱɟɫɤɚɹ ɫɩɢɪɚɥɶ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ, ɟɫɥɢ 
ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɨɩɬɢɱɟɫɤɨɣ ɚɧɢɡɨɬɪɨɩɢɢ 9.1 , ɲɚɝ 
ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ ɜ ɨɬɫɭɬɫɬɜɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 
ɫɨɫɬɚɜɥɹɥ 42.00 p  ɦɤɦ, ɚ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɪɚɜɟɧ 

6104.6 K ɞɢɧ. 
14.  Ɉɩɪɟɞɟɥɢɬɶ ɲɚɝ ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ p  ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ 

ɩɥɟɧɤɭ ɯɨɥɟɫɬɟɪɢɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɋȽɋȿɟɞE .107.2 3 , 

ɟɫɥɢ  ɜɟɥɢɱɢɧɚ ɨɩɬɢɱɟɫɤɨɣ ɚɧɢɡɨɬɪɨɩɢɢ 1.3 , ɲɚɝ 
ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ ɜ ɨɬɫɭɬɫɬɜɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 
ɫɨɫɬɚɜɥɹɟɬ 45.00 p  ɦɤɦ, ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɪɚɜɟɧ 

7104.9 K ɞɢɧ. Ɋɚɫɫɦɚɬɪɢɜɚɬɶ ɫɥɭɱɚɣ ɫɢɥɶɧɵɯ ɩɨɥɟɣ. 
15. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɢɥɨɠɢɬɶ ɤ ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɦɭ ɠɢɞɤɨɦɭ ɤɪɢɫɬɚɥɥɭ ɞɥɹ ɬɨɝɨ, 
ɱɬɨɛɵ ɩɪɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɚɞɟɧɢɢ ɛɟɥɨɝɨ ɫɜɟɬɚ ɜ 
ɨɬɪɚɠɟɧɧɨɦ ɫɜɟɬɟ ɢɡɝɨɬɨɜɥɟɧɧɚɹ ɢɡ ɧɟɝɨ ɩɥɟɧɤɚ ɫɦɟɧɢɥɚ ɫɜɨɣ 
ɰɜɟɬ ɫ ɫɢɧɟɝɨ (ɞɥɢɧɚ ɜɨɥɧɵ ɦɤɦ40.0 ) ɜ ɨɬɫɭɬɫɬɜɢɟ 
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ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɧɚ ɤɪɚɫɧɵɣ (ɞɥɢɧɚ ɜɨɥɧɵ ɦɤɦ64.0 ). 

ɋɱɢɬɚɬɶ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɨɩɬɢɱɟɫɤɨɣ ɚɧɢɡɨɬɪɨɩɢɢ ɤɪɢɫɬɚɥɥɚ 
1.3 , ɚ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɪɚɜɟɧ 6104.6 K ɞɢɧ. 

Ɋɚɫɫɦɚɬɪɢɜɚɬɶ ɫɥɭɱɚɣ ɫɢɥɶɧɵɯ ɩɨɥɟɣ. 
 16. Ɉɩɪɟɞɟɥɢɬɶ ɧɚ ɤɚɤɭɸ ɜɟɥɢɱɢɧɭ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɧɢɬɶ 

ɩɪɢɥɨɠɟɧɧɨɟ ɤ ɩɥɟɧɤɟ  ɯɨɥɟɫɬɟɪɢɤɚ ɩɨɫɬɨɹɧɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ 
ɩɨɥɟ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɚɞɟɧɢɢ ɛɟɥɨɝɨ 
ɫɜɟɬɚ ɜ ɨɬɪɚɠɟɧɧɨɦ ɫɜɟɬɟ ɢɡɝɨɬɨɜɥɟɧɧɚɹ ɢɡ ɧɟɝɨ ɩɥɟɧɤɚ ɫ 

ɦɤɦp 34.00   ɫɦɟɧɢɥɚ ɫɜɨɣ ɰɜɟɬ ɫ ɫɢɧɟɝɨ (ɞɥɢɧɚ ɜɨɥɧɵ 
ɦɤɦ40.0 ) ɧɚ ɤɪɚɫɧɵɣ (ɞɥɢɧɚ ɜɨɥɧɵ ɦɤɦ64.0 ). ɋɱɢɬɚɬɶ, ɱɬɨ 

ɜɟɥɢɱɢɧɚ ɨɩɬɢɱɟɫɤɨɣ ɚɧɢɡɨɬɪɨɩɢɢ ɤɪɢɫɬɚɥɥɚ 1.3 , ɚ ɦɨɞɭɥɶ 
ɭɩɪɭɝɨɫɬɢ ɪɚɜɟɧ 6104.6 K ɞɢɧ. Ɋɚɫɫɦɚɬɪɢɜɚɬɶ ɫɥɭɱɚɣ ɫɢɥɶɧɵɯ 
ɩɨɥɟɣ. 

17. Ɉɩɪɟɞɟɥɢɬɶ ɲɚɝ ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ p  ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ 

ɩɥɟɧɤɭ ɯɨɥɟɫɬɟɪɢɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɋȽɋȿɟɞE .109.2 3 , 

ɟɫɥɢ  ɜɟɥɢɱɢɧɚ ɨɩɬɢɱɟɫɤɨɣ ɚɧɢɡɨɬɪɨɩɢɢ 7.2 , ɲɚɝ 
ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ ɜ ɨɬɫɭɬɫɬɜɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 
ɫɨɫɬɚɜɥɹɟɬ 52.00 p  ɦɤɦ, ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɪɚɜɟɧ 

7103.8 K ɞɢɧ.  
18. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɢɥɨɠɢɬɶ ɤ ɯɨɥɟɫɬɟɪɢɱɟɫɤɨɦɭ ɠɢɞɤɨɦɭ ɤɪɢɫɬɚɥɥɭ ɞɥɹ ɬɨɝɨ, 
ɱɬɨɛɵ ɩɪɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɚɞɟɧɢɢ ɛɟɥɨɝɨ ɫɜɟɬɚ ɜ 
ɨɬɪɚɠɟɧɧɨɦ ɫɜɟɬɟ ɢɡɝɨɬɨɜɥɟɧɧɚɹ ɢɡ ɧɟɝɨ ɩɥɟɧɤɚ ɫɦɟɧɢɥɚ ɫɜɨɣ 
ɰɜɟɬ ɫ ɝɨɥɭɛɨɝɨ (ɞɥɢɧɚ ɜɨɥɧɵ ɦɤɦ45.0 ) ɜ ɨɬɫɭɬɫɬɜɢɟ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɧɚ ɡɟɥɟɧɵɣ (ɞɥɢɧɚ ɜɨɥɧɵ ɦɤɦ50.0 ). 

ɋɱɢɬɚɬɶ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɨɩɬɢɱɟɫɤɨɣ ɚɧɢɡɨɬɪɨɩɢɢ ɤɪɢɫɬɚɥɥɚ 
8.2 , ɚ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɪɚɜɟɧ 6107.5 K ɞɢɧ. 

19. Ɉɩɪɟɞɟɥɢɬɶ ɧɚ ɤɚɤɭɸ ɜɟɥɢɱɢɧɭ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɧɢɬɶ 
ɩɪɢɥɨɠɟɧɧɨɟ ɤ ɩɥɟɧɤɟ  ɯɨɥɟɫɬɟɪɢɤɚ ɩɨɫɬɨɹɧɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ 
ɩɨɥɟ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɚɞɟɧɢɢ ɛɟɥɨɝɨ 
ɫɜɟɬɚ ɜ ɨɬɪɚɠɟɧɧɨɦ ɫɜɟɬɟ ɢɡɝɨɬɨɜɥɟɧɧɚɹ ɢɡ ɧɟɝɨ ɩɥɟɧɤɚ  ɫ 

ɦɤɦp 25.00   ɫɦɟɧɢɥɚ ɫɜɨɣ ɰɜɟɬ ɫ ɝɨɥɭɛɨɝɨ (ɞɥɢɧɚ ɜɨɥɧɵ 
ɦɤɦ45.0 ) ɧɚ ɠɟɥɬɵɣ (ɞɥɢɧɚ ɜɨɥɧɵ ɦɤɦ55.0 ). ɋɱɢɬɚɬɶ, ɱɬɨ 

ɨɩɬɢɱɟɫɤɭɸ ɚɧɢɡɨɬɪɨɩɢɸ ɤɪɢɫɬɚɥɥɚ 1.3 , ɚ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 
6104.6 K ɞɢɧ. 
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20. Ɉɩɪɟɞɟɥɢɬɶ ɧɚ ɤɚɤɭɸ ɜɟɥɢɱɢɧɭ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɧɢɬɶ 
ɩɪɢɥɨɠɟɧɧɨɟ ɤ ɩɥɟɧɤɟ  ɯɨɥɟɫɬɟɪɢɤɚ ɩɨɫɬɨɹɧɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ 
ɩɨɥɟ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɚɞɟɧɢɢ ɛɟɥɨɝɨ 
ɫɜɟɬɚ ɜ ɨɬɪɚɠɟɧɧɨɦ ɫɜɟɬɟ ɢɡɝɨɬɨɜɥɟɧɧɚɹ ɢɡ ɧɟɝɨ ɩɥɟɧɤɚ  ɫ 

ɦɤɦp 34.00   ɫɦɟɧɢɥɚ ɫɜɨɣ ɰɜɟɬ ɫ ɮɢɨɥɟɬɨɜɨɝɨ (ɞɥɢɧɚ ɜɨɥɧɵ 
ɦɤɦ35.0 ) ɧɚ ɨɪɚɧɠɟɜɵɣ (ɞɥɢɧɚ ɜɨɥɧɵ ɦɤɦ60.0 ). ɋɱɢɬɚɬɶ, ɱɬɨ 

ɨɩɬɢɱɟɫɤɚɹ ɚɧɢɡɨɬɪɨɩɢɹ ɤɪɢɫɬɚɥɥɚ 8.1 , ɚ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 
7104.8 K ɞɢɧ.  
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ɉɊИɅɈɀȿɇИȿ 

 

ɋɉɊȺȼɈɑɇɕȿ  ȾȺɇɇɕȿ 

ɉɈ  ɉɈɅɍɉɊɈȼɈȾɇɂɄɈȼɕɆ  ɆȺɌȿɊɂȺɅȺɆ 

 

 

№ 
ɉɚɪɚɦɟɬɪɵ ɦɚɬɟɪɢɚɥɚ  

Ʉɪɟɦɧɢɣ Ƚɟɪɦɚɧɢɣ 
Аɪɫɟɧɢɞ 
ɝɚɥɥɢɹ 

1. 

 

ɒɢɪɢɧɚ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ  ɩɪɢ 

Ɍ=300 Ʉ, ɷȼ 

1.12 

 

0.66 

 

1.4 

2. ɑɢɫɥɨ ɚɬɨɦɨɜ ɜ 1 ɫɦ3
 5  10

22
 4.4 10

22
 2.2 10

22
 

3. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ 11.7 16.0 12.5 

4. 

 

ɋɨɛɫɬɜɟɧɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɨɫɢɬɟɥɟɣ ɩɪɢ Ɍ=300 Ʉ, 
ɫɦ-3

 
1.410

10
 2.410

13
 1.410

8
 

5. ɉɨɞɜɢɠɧɨɫɬɶ ɷɥɟɤɬɪɨɧɨɜ ɩɪɢ Ɍ=300 Ʉ, 
ɫɦ2/ɦ  ɫ 

1450 3900 8000 

6. ɉɨɞɜɢɠɧɨɫɬɶ ɞɵɪɨɤ ɩɪɢ Ɍ=300 Ʉ, ɫɦ2/ɦ  ɫ 480 1900 500 

7.  ȼɪɟɦɹ ɠɢɡɧɢ ɷɥɟɤɬɪɨɧɨɜ, ɫ 10
-3

 10
-5

 10
-8

 

8. ȼɪɟɦɹ ɠɢɡɧɢ ɞɵɪɨɤ, ɫ 10
-3

 10
-5

 10
-8

 

9. ɗɮɮɟɤɬɢɜɧɚɹ ɦɚɫɫɚ ɷɥɟɤɬɪɨɧɚ, m0 

     - ɬɹɠɟɥɵɯ ɷɥɟɤɬɪɨɧɨɜ 

     - ɥɟɝɤɢɯ ɷɥɟɤɬɪɨɧɨɜ 

 

0.97 

0.19 

 

1.58 

0.082 

0.068 

10. ɗɮɮɟɤɬɢɜɧɚɹ ɦɚɫɫɚ ɞɵɪɨɤ, m0 

- ɥɟɝɤɢɯ ɞɵɪɨɤ 

- ɬɹɠɟɥɵɯ ɞɵɪɨɤ 

 

0.16 

0.5 

 

0.04 

0.3 

 

0.12 

0.5 

11. ȼɪɟɦɹ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ, ɫ 

ɜ ɫɨɛɫɬɜɟɧɧɨɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ 
1.5410

4 0.61 0.009 

12. ɋɪɨɞɫɬɜɨ ɤ ɷɥɟɤɬɪɨɧɭ, ɷȼ 4.05 4.0 4.07 

13. Ɋɚɛɨɬɚ ɜɵɯɨɞɚ, ɷȼ 4.8 4.4 4.7 

 

 

 


