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ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ȻɊ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ Ɇɚɧɫɤɨɣ 
Ƚɗɋ ɧɚ ɪɟɤɟ Ɇɚɧɚ. Ɉɩɚɫɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɨɛɴɟɤɬɵ ɜ ɫɨɫɬɚɜɟ ɨɛɨɪɭɞɨɜɚɧɢɹ 
Ƚɗɋ». 

 
Ʉɨɧɫɭɥɶɬɚɧɬɵ ɩɨ  
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ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
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ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɯɪɚɧɚ ɬɪɭɞɚ 

 
________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
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ɩɨɞɩɢɫɶ, ɞɚɬɚ 
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ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
Ɍɟɯɧɢɤɨ–ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 

 
________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ 
 
 

 
________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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2 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ 
 

2.1 ȼɵɛɨɪ ɪɚɫɱɟɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
ɩɪɢ ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 

 
Ɋɚɫɱɟɬɵ ɜɟɞɭɬɫɹ ɫɨɝɥɚɫɧɨ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɦɭ ɩɨɫɨɛɢɸ [2]. Ⱦɥɹ ɜɵɛɨɪɚ 

ɪɚɫɱёɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɪɚɡɞɟɥɢɬɶ ɝɨɞ ɧɚ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɟɪɢɨɞɚ: 
ɦɧɨɝɨɜɨɞɧɵɣ (ɩɨɥɨɜɨɞɶɟ) ɢ ɦɚɥɨɜɨɞɧɵɣ (ɦɟɠɟɧɶ). ɂɡ ɞɜɭɯ ɩɟɪɢɨɞɨɜ ɜɵɛɢɪɚɟɬɫɹ 
ɥɢɦɢɬɢɪɭɸɳɢɣ, ɬ. ɟ. ɤɪɢɬɢɱɟɫɤɢɣ ɜ ɨɬɧɨɲɟɧɢɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɬɨɤɚ ɞɥɹ 
ɷɧɟɪɝɟɬɢɤɢ. ȼɧɭɬɪɢ ɥɢɦɢɬɢɪɭɸɳɟɝɨ ɩɟɪɢɨɞɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɥɢɬɶ 
ɥɢɦɢɬɢɪɭɸɳɢɣ ɫɟɡɨɧ, ɬ. ɟ. ɡɢɦɧɢɣ. ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ 
ɤ ɥɢɦɢɬɢɪɭɸɳɟɦɭ ɫɟɡɨɧɭ ɨɬɧɨɫɹɬɫɹ ɬɟ ɦɟɫɹɰɵ, ɜ ɤɨɬɨɪɵɟ ɪɚɫɯɨɞɵ ɧɟ 
ɩɪɟɜɵɲɚɸɬ ɟɝɨ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɡɚ ɥɢɦɢɬɢɪɭɸɳɢɣ ɩɟɪɢɨɞ. 

Ɉɩɪɟɞɟɥɢɜ ɝɪɚɧɢɰɵ ɫɟɡɨɧɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɜɫɟɯ ɥɟɬ ɪɹɞɚ ɜɵɱɢɫɥɢɬɶ 
ɫɪɟɞɧɢɟ ɪɚɫɯɨɞɵ ɡɚ ɝɨɞ, ɥɢɦɢɬɢɪɭɸɳɢɣ ɫɟɡɨɧ ɢ ɩɟɪɢɨɞ ɩɨɥɨɜɨɞɶɹ. ɉɨ 
ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɫɬɪɨɹɬɫɹ ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɩɨ 
ɮɨɪɦɭɥɟ:  

ሺ݉ሻ݌  = ௠௡+ଵ ∙ ͳͲͲ%,                                  (2.1) 

 
ɝɞɟ m – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɱɥɟɧɚ ɪɹɞɚ ɪɚɫɯɨɞɨɜ (ɫɪɟɞɧɟɝɨɞɨɜɵɯ, 
ɫɪɟɞɧɟɩɨɥɨɜɨɞɧɵɯ ɢ ɫɪɟɞɧɢɯ ɡɚ ɡɢɦɧɢɣ ɫɟɡɨɧ), ɪɚɧɠɢɪɨɜɚɧɧɨɝɨ ɜ ɭɛɵɜɚɸɳɟɦ 
ɩɨɪɹɞɤɟ;   

n – ɨɛɳɟɟ ɱɢɫɥɨ ɱɥɟɧɨɜ ɪɹɞɚ. 
Ɋɚɫɱёɬɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɜɵɛɨɪɚ ɦɚɥɨɜɨɞɧɨɝɨ ɢ 

ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɞɚɧɵ 90 % ɢ 50 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ɉɩɪɟɞɟɥɢɜ ɝɪɚɧɢɰɵ ɫɟɡɨɧɨɜ, ɞɥɹ ɜɫɟɯ ɥɟɬ ɪɹɞɚ ɜɵɱɢɫɥɹɟɦ ɫɪɟɞɧɢɟ ɪɚɫɯɨɞɵ 

ɡɚ ɝɨɞ, ɥɢɦɢɬɢɪɭɸɳɢɣ ɫɟɡɨɧ ɢ ɩɟɪɢɨɞ ɩɨɥɨɜɨɞɶɹ. Ɋɚɧɠɢɪɭɟɦ ɤɚɠɞɭɸ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɢ ɩɨ ɮɨɪɦɭɥɟ (2.1) ɜɵɱɢɫɥɹɟɦ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɢɜɨɞɹɬɫɹ ɜ ɬɚɛɥɢɰɟ 2.1. 

 
Ɍɚɛɥɢɰɚ 2.1 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɪɟɞɧɟɝɨɞɨɜɵɯ, 
ɫɪɟɞɧɟɩɨɥɨɜɨɞɧɵɯ ɢ ɫɪɟɞɧɟɦɟɠɟɧɧɵɯ ɪɚɫɯɨɞɨɜ 

ɉɨɪɹɞɤɨɜɵɣ 
ɧɨɦɟɪ ɱɥɟɧɚ 

ɪɹɞɚ 

P,% Qɫɪ.ɝɨɞ,ɦ3/ɫ Ƚɨɞɵ Qɦɟɠ,ɦ3/ɫ Ƚɨɞɵ Qɩɨɥ,ɦ3/ɫ Ƚɨɞɵ 

1 2 1386 1970 593 1970 2522 1954 
2 4 1342 1954 576 1956 2496 1970 
3 6 1304 1955 569 1971 2354 1955 
4 8 1259 1950 560 1943 2294 1950 
5 10 1245 1971 554 1955 2210 1952 
6 12 1204 1956 520 1950 2192 1971 
7 14 1200 1943 517 1972 2096 1943 
8 16 1178 1952 509 1966 2086 1959 
9 18 1150 1962 509 1964 2084 1956 
10 20 1127 1959 507 1949 2050 1962 
11 22 1106 1944 507 1962 1970 1944 
12 24 1099 1958 506 1940 1930 1958 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.1 
ɉɨɪɹɞɤɨɜɵɣ 
ɧɨɦɟɪ ɱɥɟɧɚ 

ɪɹɞɚ 

P,% Qɫɪ.ɝɨɞ,ɦ3/ɫ Ƚɨɞɵ Qɦɟɠ,ɦ3/ɫ Ƚɨɞɵ Qɩɨɥ,ɦ3/ɫ Ƚɨɞɵ 

13 25 1094 1949 505 1958 1916 1949 
14 27 1076 1972 499 1954 1894 1960 
15 29 1065 1960 496 1941 1860 1972 
16 31 1021 1940 493 1944 1824 1939 
17 33 999 1937 487 1947 1742 1940 
18 35 994 1941 484 1926 1732 1924 
19 37 992 1924 481 1937 1728 1969 
20 39 990 1939 478 1929 1724 1933 
21 41 987 1933 478 1946 1724 1937 
22 43 986 1966 472 1960 1712 1925 
23 45 985 1969 471 1935 1698 1957 
24 47 982 1925 468 1957 1698 1934 
25 49 981 1957 466 1942 1654 1966 
26 51 938 1934 466 1931 1652 1941 
27 53 932 1926 460 1965 1628 1951 
28 55 932 1946 458 1923 1566 1946 
29 57 919 1951 442 1959 1564 1938 
30 59 919 1942 441 1952 1560 1926 
31 61 913 1965 433 1924 1552 1942 
32 63 905 1947 422 1945 1548 1965 
33 65 872 1931 413 1951 1508 1948 
34 67 870 1935 413 1933 1500 1953 
35 69 860 1948 412 1925 1490 1947 
36 71 850 1964 404 1969 1442 1967 
37 73 850 1938 396 1948 1440 1931 
38 75 841 1953 396 1934 1430 1935 
39 76 836 1923 387 1930 1400 1968 
40 78 824 1967 382 1967 1368 1930 
41 80 796 1930 380 1936 1366 1923 
42 82 795 1929 371 1953 1344 1936 
43 84 793 1968 362 1939 1328 1964 
44 86 782 1936 360 1968 1278 1961 
45 88 743 1945 349 1932 1238 1929 
46 90 667 1932 340 1938 1192 1932 
47 92 665 1961 281 1927 1168 1927 
48 94 651 1927 278 1961 1114 1945 
49 96 596 1928 270 1963 1068 1928 
50 98 589 1963 258 1928 1034 1963 

 
Ⱦɥɹ ɡɚɞɚɧɧɨɣ ɪɚɫɱёɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɧɚ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 

ɨɬɫɭɬɫɬɜɭɟɬ ɤɨɧɤɪɟɬɧɵɣ ɝɨɞ. ɉɨ ɤɪɢɜɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɝɨɞɨɜɵɯ ɪɚɫɯɨɞɨɜ 
ɨɩɪɟɞɟɥɹɟɦ ɛɥɢɠɚɣɲɢɟ ɝɨɞɵ ɫɩɪɚɜɚ ɢ ɫɥɟɜɚ ɨɬ ɪɚɫɱёɬɧɨɣ 50-ɩɪɨɰɟɧɬɧɨɣ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 1957 ɢ 1934 ɝɝ. ɂɧɬɟɪɩɨɥɢɪɭɟɦ ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɚ ɞɥɹ 50-
ɩɪɨɰɟɧɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ.  

Ⱦɥɹ ɞɚɧɧɨɝɨ ɤɨɧɬɪɨɥɶɧɨɝɨ ɩɪɢɦɟɪɚ ɫɪɟɞɧɟɩɨɥɨɜɨɞɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ 50 
ɩɪɨɰɟɧɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ – 1653 ɦ3/ɫ. ɗɬɨ ɛɚɡɨɜɨɟ ɡɧɚɱɟɧɢɟ. Ɇɚɥɨɜɨɞɧɨɟ 
ɛɚɡɨɜɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ 50-ɩɪɨɰɟɧɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ – 466 ɦ3/ɫ. ȼɵɱɢɫɥɹɟɦ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɞɥɹ 1957 ɝ.: 

 ʙ˒ = ொ˒ఱబ%˄˃ˊˑ˅ˑˈொ˒భవఱళ = ଵ଺ହଷଵ଺ଽ଼ = Ͳ,ͻ͹ ;              (2.2) 
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ʙˏ = ொˏఱబ%˄˃ˊ˃ொˏభవఱళ = ସ଺଺ସ଺଼ = ͳ                (2.3) 

 
Ⱥɧɚɥɨɝɢɱɧɨ ɜɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɞɥɹ 1934 ɝ.: 
 ʙ˒ = ொ˒ఱబ%˄˃ˊˑ˅ˑˈொ˒భవయర = ଵ଺ହଷଵ଺ଽ଼ = Ͳ,ͻ͹ ;              (2.4) 

 ʙˏ = ொˏఱబ%˄˃ˊˑ˅ˑˈொˏభవయర = ସ଺଺ଷଽ଺ = ͳ,ͳͺ                                               (2.5) 

 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɪɚɜɟɧ 1 ɞɥɹ 1957 ɝ., ɩɨɷɬɨɦɭ ɜɵɛɢɪɚɟɦ ɷɬɨɬ 

ɝɨɞ. Ʉɨɪɪɟɤɬɢɪɨɜɤɚ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɟ ɬɪɟɛɭɟɬɫɹ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɟɞɟɧɵ 
ɜ ɬɚɛɥɢɰɭ 2.2. 

 
Ɍɚɛɥɢɰɚ 2.2 – Ɋɚɫɯɨɞɵ ɜ ɪɚɫɱёɬɧɨɦ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 1957 (Ɋ = 50 %) 

Ɇɟɫɹɰɵ I II  III  IV V VI  VII VIII IX X XI  XII Qɫɪ.ɝɨɞ, 
ɦ3/ɫ 

1957 339 278 269 939 3840 1264 1263 1067 1057 721 400 330 981 

 
ɉɨ ɡɧɚɱɟɧɢɹɦ ɫɪɟɞɧɟɝɨɞɨɜɵɯ ɪɚɫɯɨɞɨɜ 90-ɩɪɨɰɟɧɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ 1932 ɝ. Ȼɚɡɨɜɨɟ ɡɧɚɱɟɧɢɟ ɩɨ ɩɨɥɨɜɨɞɶɸ ɞɥɹ 90-ɩɪɨɰɟɧɬɧɨɣ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɪɚɜɧɨ 1192 ɦ3/ɫ. Ȼɚɡɨɜɨɟ ɡɧɚɱɟɧɢɟ ɩɨ ɦɟɠɟɧɢ ɞɥɹ 90-ɩɪɨɰɟɧɬɧɨɣ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɪɚɜɧɨ 340 ɦ3/ɫ. ȼɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ 
ɩɨɥɨɜɨɞɶɸ ɞɥɹ ɫɪɚɜɧɢɜɚɟɦɵɯ ɩɟɪɢɨɞɨɜ: 

 ʙ˒ = ொ˒వబ%˄˃ˊˑ˅ˑˈொ˒భవయమ = ଵଵଽଶଵଵଽଶ = ͳ;               (2.6) 

 ʙˏ = ொˏవబ%˄˃ˊˑ˅ˑˈொˏభవయమ = ଷସ଴ଷସଽ = Ͳ,ͻͺ                                                                      (2.7) 

  
Ʉɨɪɪɟɤɬɢɪɨɜɤɚ ɧɟ ɧɭɠɧɚ, ɬ.ɤ. ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɪɚɜɟɧ 1. 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.3. 
 

Ɍɚɛɥɢɰɚ 2.3 – Ɋɚɫɯɨɞɵ ɜ ɪɚɫɱёɬɧɨɦ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 1964 ɝ. (Р = 90 %) 
Ɇɟɫɹɰɵ I II  III  IV V VI  VII VIII IX X XI  XII Qɫɪ.ɝɨɞ, 

ɦ3/ɫ 
1957 259 244 242 403 1521 1083 1040 964 961 665 337 290 667 

 
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɫɬɪɨɢɦ ɝɢɞɪɨɝɪɚɮ ɪɢɫɭɧɨɤ 2.1. 
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Ɋɢɫɭɧɨɤ 2.1-Ƚɢɞɪɨɝɪɚɮɵ 

 
2.2 ɉɨɫɬɪɨɟɧɢɟ ɫɭɬɨɱɧɵɯ ɢ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ 
ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

 
Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɢɤɨɣ 

ɢɧɫɬɢɬɭɬɚ «ɗɧɟɪɝɨɫɟɬɶɩɪɨɟɤɬ». 
ɗɧɟɪɝɨɫɢɫɬɟɦɚ ɞɚɧɧɨɣ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɢɡɨɥɢɪɨɜɚɧɧɚɹ, ɩɨɷɬɨɦɭ ɞɥɹ 

ɧɚɱɚɥɚ ɨɩɪɟɞɟɥɢɦ ɤɨɨɪɞɢɧɚɬɵ ɦɟɫɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɬɜɨɪɚ: 54˚46`34,5``, ɱɬɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɣɨɧɭ ɐɟɧɬɪ (58-51˚ ɫɟɜɟɪɧɨɣ ɲɢɪɨɬɵ). ɋ ɭɱёɬɨɦ ɪɚɣɨɧɚ 
ɨɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɚɝɪɭɡɤɢ ɬɢɩɨɜɵɯ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ  ߙ௧ˎ, ,ˊ௧ߙ ܾ௧ˎ, ܾ௧ˊ. 

Ⱦɚɥɟɟ ɩɨ ɩɨɤɚɡɚɬɟɥɸ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɪɚɣɨɧɚ ɐɟɧɬɪ (58-
51˚ɫɟɜɟɪɧɨɣ ɲɢɪɨɬɵ) ɨɩɪɟɞɟɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɥɨɬɧɨɫɬɢ ɫɭɬɨɱɧɨɝɨ ɥɟɬɧɟɝɨ ߚ˔˖˕.ˎˈ˕ ɢ ɡɢɦɧɟɝɨ ߚ˔˖˕.ˊˋˏ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ. ɉɨɫɟɪɟɞɢɧɟ ɦɨɧɨɝɪɚɦɦɵ ɜɵɛɢɪɚɟɦ 
ɜɪɟɦɹ 6500 ɱɚɫ, ɢ ɩɨɥɭɱɚɟɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ߚ˔˖˕.ˎˈ˕ = Ͳ,͹ͺ,ߚ˔˖˕.ˊˋˏ = Ͳ,͹Ͷͷ. 

Ɍɟɩɟɪɶ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ ɞɥɹ ɡɢɦɵ ɢ ɥɟɬɚ, ɜ ɦɨёɦ 
ɫɥɭɱɚɟ ɞɥɹ ɡɢɦɵ ɨɧɚ ɪɚɜɧɚ 1200 Ɇȼɬ, ɚ ɞɥɹ ɥɟɬɚ ɧɚ 30% ɦɟɧɶɲɟ, ɱɟɦ ɡɢɦɨɣ, ɬ.ɟ. 
360 Ɇȼɬ. 

ɇɚɝɪɭɡɤɢ ɜ ɥɸɛɨɣ ɱɚɫ ɫɭɬɨɤ ɡɢɦɵ (2.8) ɢ ɥɟɬɚ (2.9) ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ 
ɮɨɪɦɭɥɚɦ: 
 
           ܲ ௧ଷ = ܲ́௠௔௫ ∙ ሺߙ௧ଷ ∙ ˊ˕˖˔ߚ + ܾ௧ଷሻ;              (2.8) 
 
           ܲ ௧ˎ = ܲˎ ௠௔௫ ∙ ሺߙ௧ˎ ∙ ˎ˕˖˔ߚ + ܾ௧ˎሻ              (2.9) 
 

Ƚɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɫɬɪɨɢɦ ɩɨ ɡɚɤɨɧɭ ɤɨɫɢɧɭɫɚ. Ⱦɥɹ ɧɟɪɚɡɜɢɜɚɸɳɢɣɫɹ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɫɨ ɫɬɚɬɢɱɟɫɤɢɦ ɦɚɤɫɢɦɭɦɨɦ ɧɚɝɪɭɡɤɢ ɮɨɪɦɭɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 
ɜɢɞɟ: 

 
 ௧ܲ௠௔௫ = ܽ + ܾ ∙ cos⁡ α,              (2.10) 
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ɝɞɟ t – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɦɟɫɹɰɚ ɜ ɝɨɞɭ (1 – ɹɧɜɚɪɶ, 2 – ɮɟɜɪɚɥɶ ɢ ɬ. ɞ.); 
 a, b – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɨɪɦɭɥɵ: 
 

 ܽ = ௉య೘𝑎ೣ+௉ˎ ೘𝑎ೣଶ = ଵଶ଴଴+ଷ଺଴ଶ = ͹ͺͲ;            (2.11) 

 

 ܾ = ௉య೘𝑎ೣ−௉ˎ ೘𝑎ೣଶ = ଵଶ଴଴−ଷ଺଴ଶ = ͶʹͲ;                  (2.12) 

 
ߙ  = ሺ͵Ͳ°ݐ − ͳͷ°ሻ ∙  ͳͺͲ°                      (2.13)/ߨ
 
ɉɨɥɭɱɟɧɧɵɟ ɪɚɫɱɟɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.4. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ 

ɩɨɫɬɪɨɟɧ ɝɪɚɮɢɤ ɪɢɫɭɧɨɤ 2.2.  
 
Ɍɚɛɥɢɰɚ 2.4 – Ɋɚɫɱёɬɧɵɟ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɢɯ ɦɨɳɧɨɫɬɟɣ ɞɥɹ 
ɩɨɫɬɪɨɟɧɢɹ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ 

t α cos α ௧ܲ௠௔௫ , ʛʑ˕ ௧̝ܲ ˓, ʛʑ˕ 
1 0,2617 0,97 1186 877 
2 0,7850 0,71 1077 797 
3 1,3083 0,26 889 659 
4 1,8317 -0,26 672 500 
5 2,3550 -0,71 483 361 
6 2,8783 -0,97 374 282 
7 3,4017 -0,97 374 281 
8 3,9250 -0,71 482 361 
9 4,4483 -0,26 670 499 
10 4,9717 0,26 888 658 
11 5,4950 0,71 1076 796 
12 6,0183 0,97 1185 876 

 

 
Ɋɢɫɭɧɨɤ 2.2 – Ƚɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ 

ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
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2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɢɩɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
 

Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɪɟɝɭɥɢɪɨɜɚɧɧɨɫɬɢ ɫɬɨɤɚ, ɤɨɬɨɪɵɣ ɪɚɜɟɧ 
ɨɬɧɨɲɟɧɢɸ ɩɨɥɟɡɧɨɝɨ ɨɛɴɟɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ܸɩɨɥɟɡɧ = 6,2 ɤɦ3 ɤ ɫɪɟɞɧɟɦɭ ɡɚ 
ɦɧɨɝɨɥɟɬɧɢɣ ɩɟɪɢɨɞ ɨɛɴɟɦɭ ɝɨɞɨɜɨɝɨ ɫɬɨɤɚ Ƚɗɋ: 

⁡ߚ   = ⁡ ௏˒ˑˎௐ̅ ⁡ ;                                           (2.14) 

 

 ܹ⁡ = ⁡ 𝛴ொˆˑˇ⁡˔˓⁡·⁡௧ଵ଴వ ⁡= ⁡ ଽ଺଴⁡·⁡ଷ଺ହ⁡·⁡ଶସ⁡·⁡ଷ଺଴଴ଵ଴వ ⁡= ⁡͵Ͳ,ʹ͹⁡ˍˏଷ           (2.15) 

 
Ɍɨɝɞɚ ɩɨ ɮɨɪɦɭɥɟ (2.14) ɩɨɥɭɱɢɦ: 
 
⁡ߚ  = ⁡ ଺,ଶଷ଴,ଶ଻ = Ͳ,ʹ⁡⁡ 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɚɟɦ ɝɨɞɢɱɧɵɣ ɬɢɩ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɬɚɤ ɤɚɤ 

ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɪɟɝɭɥɢɪɨɜɚɧɧɨɫɬɢ ɫɬɨɤɚ ɛɨɥɶɲɟ 0,01. 
 
2.4 Ɋɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ ɢ ɬɪɟɛɨɜɚɧɢɹɦ 
ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɵ 

 
Ȼɵɬɨɜɵɟ ɦɨɳɧɨɫɬɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɝɨɪɢɡɨɧɬɟ ɜɟɪɯɧɟɝɨ 

ɛɶɟɮɚ (ȼȻ), ɪɚɜɧɨɦ ɨɬɦɟɬɤɟ ɇɉɍ, ɚ ɧɚɩɨɪ Ƚɗɋ – ɩɨ ɮɨɪɦɭɥɟ: 
 

 ʜʒЭʠ = ܼʑʐ − ܼʜʐ − ∆ℎ,             (2.16) 

 
ɝɞɟ ܼʑʐ– ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɬɦɟɬɤɟ ɇɉɍ; 
          ܼ ʜʐ– ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ (ɍɇȻ), ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɫɪɟɞɧɟɦɟɫɹɱɧɵɦ 
ɛɵɬɨɜɵɦ ɪɚɫɯɨɞɚɦ ɜɨɞɵ ɫ ɭɱёɬɨɦ ɡɢɦɧɟɣ ɢ ɥɟɬɧɟɣ ɤɪɢɜɨɣ ɫɜɹɡɢ ܼʜʐ = f(Q);  

Δh – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ. 
Ɋɚɫɫɱɢɬɚɟɦ ɧɚɩɨɪ ɞɥɹ ɹɧɜɚɪɹ ɩɨ ɮɨɪɦɭɥɟ (2.16): 
 ʜʒЭʠ = ͹ͶͲ − ͸ͻͲ − Ͳ,Ͷͷ = Ͷͻ 

 
Ɍɨɝɞɚ ɛɵɬɨɜɚɹ ɦɨɳɧɨɫɬɶ ɛɭɞɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ʐܰЫʡ = ݇ே ∙ ܳ˒ˑˎ˄˞˕ ∙ ʜʒЭʠ, (2.17) 

 
ɝɞɟ ݇ே– ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɪɚɜɧɵɣ 8,8; 
          ܳ ˒ˑˎ˄˞˕– ɩɨɥɟɡɧɵɣ ɛɵɬɨɜɨɣ ɪɚɫɯɨɞ ɜ ɞɚɧɧɵɣ ɦɟɫɹɰ; ʜʒЭʠ – ɧɚɩɨɪ Ƚɗɋ. 

Ȼɵɬɨɜɚɹ ɦɨɳɧɨɫɬɶ ɹɧɜɚɪɹ ɩɨ ɮɨɪɦɭɥɟ (2.17): 
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 ʐܰЫʡ = ͺ,ͺ ∙ ʹͶ͵ ∙ Ͷͻ = ͳͲͶ͹ͺʹ⁡ˍʑ˕ = ͳͲͷ⁡ʛʑ˕ 
 
ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.5. 
 

Ɍɚɛɥɢɰɚ 2.5 – Ɋɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ ɩɪɢ ɍȼȻ ɪɚɜɧɨɦ ɇɉɍ 
Ɇɟɫɹɰɵ I II  III  IV V VI  VII VIII IX  X XI  XII ܳ˒ˑˎ˄˞˕, 

ɦ3/ɫ 
243 228 231 398 1515 1045 1003 948 945 650 325 278 ܼʑʐ, ˏ 740 740 740 740 740 740 740 740 740 740 740 740 ܼʜʐ,ɦ 690 690 690 691 696 694 694 694 694 693 691 691 ʜʒЭʠ, ˏ 49,33 49,95 49,92 48,95 44,35 45,85 46,00 46,19 46,20 46,69 48,89 49,37 ˄ܰ˞˕, 

Ɇȼɬ 
105 100 101 172 591 422 406 385 384 267 140 121 

 
Ɉɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɬɦɟɬɤɟ ɇɉɍ. Ɇɨɳɧɨɫɬɶ ȼɏɄ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ʑܰʤʙ = ݇ே ∙ ܳʑʤʙ ∙ ʜʒЭʠ˒ˑˇ˅., (2.18) 

 
ɝɞɟ ݇ே⁡– ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ; 

 ܳʑʤʙ– ɪɚɫɯɨɞ ɜɨɞɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ; 

 ʜʒЭʠ˒ˑˇ˅⁡-ɧɚɩɨɪ. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.6. 

 
Ɍɚɛɥɢɰɚ 2.6 – Ɋɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ 

Ɇɟɫɹɰɵ I II  III  IV V VI  VII VIII IX  X XI  XII ܳʑʤʙ, 
ɦ3/ɫ 

400 400 400 400 400 550 550 400 400 400 400 400 ܼʑʐ, ˏ 740 740 740 740 740 740 740 740 740 740 740 740 ܼʜʐ,ɦ 692 692 692 691 691 692 692 691 691 692 692 692 ʜʒЭʠ˒ˑˇ˅, ˏ 47,78 47,78 47,78 48,49 48,49 47,48 47,48 48,49 48,49 47,78 47,78 47,78 ʑܰʤʙ, 
Ɇȼɬ 

168 168 168 171 171 230 230 171 171 168 168 168 

 
Ⱦɚɥɟɟ, ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɫɪɚɜɧɢɬɶ ɪɟɠɢɦɵ 

ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ ɢ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ ɢ ɨɩɪɟɞɟɥɢɬɶ 
ɢɡɛɵɬɨɱɧɭɸ ɦɨɳɧɨɫɬɶ. ɋɪɚɜɧɟɧɢɟ ɷɬɢɯ ɪɟɠɢɦɨɜ ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɟ 2.7. 

 
Ɍɚɛɥɢɰɚ 2.7 – ɋɪɚɜɧɟɧɢɟ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ ɢ ɪɚɛɨɬɵ 
Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ 

Ɇɟɫɹɰɵ I II  III  IV V VI  VII VIII IX  X XI  XII ˄ܰ˞˕, 
Ɇȼɬ 

105 100 101 172 591 422 406 385 384 267 140 121 

ʑܰʤʙ, 
Ɇȼɬ 

168 168 168 171 171 230 230 171 171 168 168 168 

˄ܰ˞˕ −ʑܰʤʙ,Ɇȼɬ 
-63 -68 -67 1 421 192 176 215 213 99 -28 -47 

 
ɂɡ ɬɚɛɥɢɰɵ 2.7 ɩɨɥɭɱɢɦ ˋܰˊ˄ = ͳͲͶ͵⁡ʛʑ˕. 
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ɋɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ ɹɜɥɹɟɬɫɹ Ʉɪɚɫɧɨɹɪɫɤɚɹ Ƚɗɋ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɶɸ 6000 Ɇȼɬ ɢ ɝɨɞɨɜɨɣ ɜɵɪɚɛɨɬɤɨɣ 18350 ɦɥɧ ɤȼɬ·ɱ. 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɬɚɧɰɢɣ ˔ܰ˖˜ = ͵ͲͲ⁡ʛʑ˕, 
ɝɨɞɨɜɚɹ ɜɵɪɚɛɨɬɤɚ Э˔˓.ˆˑˇ=2,51 ɦɥɧ ɤȼɬ·ɱ. 

Ɍɨɝɞɚ ɫɪɟɞɧɟɫɭɬɨɱɧɚɹ ɜɵɪɚɛɨɬɤɚ Ɇɚɧɫɤɨɣ Ƚɗɋ ɞɥɹ ɹɧɜɚɪɹ–ɞɟɤɚɛɪɹ ɪɚɜɧɚ: 
 Э˔˓.˔˖˕яː˅˃˓˟ = Эˆˑˇଷ଺ହ ∙ ͳ,ʹ = ଽଵ଻,ହ଴ଷ଺ହ · ͳ,ʹ = ͵,Ͳʹ           (2.19) 

   
Ⱦɥɹ ɨɫɬɚɜɲɢɯɫɹ ɦɟɫɹɰɟɜ ɫɪɟɞɧɟɫɭɬɨɱɧɚɹ ɜɵɪɚɛɨɬɤɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 

ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ. 
Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ 

ɫɪɟɞɧɟɫɭɬɨɱɧɵɟ ɦɨɳɧɨɫɬɢ ɞɥɹ ɜɫɟɯ ɦɟɫɹɰɟɜ ɝɨɞɚ. 
 ɋɪɟɞɧɟɫɭɬɨɱɧɚɹ ɦɨɳɧɨɫɬɶ ɞɥɹ ɹɧɜɚɪɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ: ɫɪɟɞɧɟɫɭɬɨɱɧɭɸ ɜɵɪɚɛɨɬɤɭ ɹɧɜɚɪɹ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɟɥɢɬɶ ɧɚ 24 ɱɚɫɚ: 
 ˔ܰ˓.˔˖˕яː˅˃˓˟ = Э˔˓.˔˖˕яː˅˃˓˟ଶସ ∙ ͳͲͲͲ = ଷ,଴ଶଶସ ∙ ͳͲͲͲ = ͳʹ͸⁡ʛʑ˕         (2.20) 

 
Ⱦɥɹ ɨɫɬɚɥɶɧɵɯ ɦɟɫɹɰɟɜ ɝɨɞɚ ɫɪɟɞɧɟɫɭɬɨɱɧɵɟ ɦɨɳɧɨɫɬɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ 

ɚɧɚɥɨɝɢɱɧɨ. ȼɫɟ ɪɚɫɱɟɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.8. 
 
Ɍɚɛɥɢɰɚ 2.8 – ɋɪɟɞɧɟɫɭɬɨɱɧɵɟ ɜɵɪɚɛɨɬɤɢ ɢ ɦɨɳɧɨɫɬɢ ɞɥɹ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ 

Ɇɟɫɹɰɵ I II  III  IV V VI  VII VIII IX X XI  XII Э˔˓.˔˖˕, ˏˎː⁡ˍʑ˕ ∙ ˚ 
3,02 2,77 2,51 2,41 2,26 2,01 2,01 2,26 2,41 2,51 2,77 3,02 

˔ܰ˓.˔˖˕,Ɇȼɬ 126 115 105 101 94 84 84 94 101 105 115 126 

 
Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.3. 
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Ɋɢɫɭɧɨɤ 2.3 – Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ 

 
2.5 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ 
ɝɨɞɭ 
 
ɉɨ ɝɪɚɮɢɤɭ ɪɢɫɭɧɨɤ 2.3 ɨɩɪɟɞɟɥɢɥɢ ɦɟɫɹɰ ɧɚɱɚɥɚ ɫɪɚɛɨɬɤɢ 11 ɦɟɫɹɰ, ɬɚɤ 

ɤɚɤ ɦɟɫɹɰ, ɜ ɤɨɬɨɪɨɦ ɛɵɬɨɜɚɹ ɦɨɳɧɨɫɬɶ ɦɟɧɶɲɟ, ɱɟɦ ɦɨɳɧɨɫɬɶ, ɬɪɟɛɭɟɦɚɹ ɩɨ 
ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɦɭ ɪɟɠɢɦɭ. 

ɉɪɢ ɪɚɫɱёɬɟ ɜ ɯɨɞɟ ɫɪɚɛɨɬɤɢ ɦɢɧɢɦɚɥɶɧɚɹ ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 
ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɍɆɈ=726,06 ɦ. 

ɉɨɫɥɟ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɪɚɫɱёɬɚ ɪɟɠɢɦɚ 
ɪɚɛɨɬɵ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɨɩɪɟɞɟɥɢɥɚɫɶ ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ: 

 ˆܰ˃˓яː˅˃˓˟ = ˆܰ˃˓ˇˈˍ˃˄˓˟ = ͵ͺͶ⁡ʛʑ˕;  
 ˆܰ˃˓˗ˈ˅˓˃ˎ˟ = ˆܰ˃˓ːˑя˄˓˟ = ͵ͳͷ⁡ʛʑ˕  
 
ɋɪɚɛɨɬɤɚ ɢ ɧɚɩɨɥɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɉɪɢɥɨɠɟɧɢɢ ȼ. ɀɟɥɬɵɦ ɜɵɞɟɥɟɧɵ 

ɭɫɥɨɜɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɟɬɫɹ ɫɪɚɛɨɬɤɚ ɢ ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
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Ɇɨɳɧɨɫɬɢ ȼɏɄ,Ɇȼɬ ɗɧɟɪɝɨɫɢɫɬɟɦɚ,Ɇȼɬ
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2.6 Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ 
 

2.6.1 Ɋɚɫɱɟɬ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ 
 

Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ ɪɚɜɧɚ: 
 ˓ܰ˃˄. = ˄ܰ˃ˊ˃ + ˒ܰˋˍ          (2.21) 
  
Ɋɚɫɱёɬ ɛɚɡɨɜɨɣ ɦɨɳɧɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ˄ܰ˃ˊ˃ = ݇ே ∙ ܳ˔.˒ ∙ ʜ,          (2.22) 

 
ɝɞɟ ܳ˔.˒. – ɪɚɫɯɨɞ ɫɚɧɢɬɚɪɧɨɝɨ ɩɨɩɭɫɤɚ;  

H – ɧɚɩɨɪ ɜ ɞɚɧɧɨɦ ɦɟɫɹɰɟ;  ݇ே – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ.  
ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɛɚɡɨɜɨɣ ɦɨɳɧɨɫɬɢ, ɫɭɬɨɱɧɚɹ ɜɵɪɚɛɨɬɤɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ: 
 Э˄˃ˊ˃ = ˄ܰ˃ˊ˃ ∙ ʹͶ           (2.23) 
 
ȼ ɰɟɥɨɦ ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɷɧɟɪɝɨɨɬɞɚɱɚ ɡɚ ɫɭɬɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 

ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ: 
 Эˆ˃˓ = ˆܰ˃˓ ∙ ʹͶ           (2.24) 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɪɚɛɨɬɤɚ ɜ ɩɢɤɨɜɨɣ ɡɨɧɟ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ ɪɚɜɧɚ: 
 Э˒ˋˍ = Эˆ˃˓. − Э˄˃ˊ˃          (2.25) 
 
Ƚɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɷɧɟɪɝɨɨɬɞɚɱɚ ɡɚ ɫɭɬɤɢ ɹɧɜɚɪɹ ɩɨ ɮɨɪɦɭɥɟ (2.24) ɪɚɜɧɚ: 
 Эˆ˃˓ = ͵ͺͶ ∙ ʹͶ = ͻ,ʹʹ⁡ˏˎː⁡ˍʑ˕ ∙ ˚  
 
ɑɚɫɬɶ ɦɨɳɧɨɫɬɢ, ɤɨɬɨɪɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹ ɛɭɞɟɬ ɩɨɤɪɵɜɚɬɶ ɛɚɡɨɜɭɸ 

ɱɚɫɬɶ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɯɨɞɨɦ ɫɚɧɢɬɚɪɧɨɝɨ ɩɨɩɭɫɤɚ ɩɨ 
ɮɨɪɦɭɥɟ (2.22): 

 ˄ܰ˃ˊ˃ = ͺ,ͺ ∙ ʹͲͲ ∙ ͵͸,ͳʹ = ͸Ͷ⁡ʛʑ˕  
 
 ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɛɚɡɨɜɨɣ ɦɨɳɧɨɫɬɢ, ɫɭɬɨɱɧɚɹ ɜɵɪɚɛɨɬɤɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ (2.23): 
 Э˄˃ˊ˃ = ͸Ͷ ∙ ʹͶ = ͳ,ͷ͵⁡ˏˎː⁡ˍʑ˕ ∙ ˚  
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ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɵɪɚɛɨɬɤɚ ɜ ɩɢɤɨɜɨɣ ɡɨɧɟ ɝɪɚɮɢɤɚ ɩɨ ɮɨɪɦɭɥɟ (2.25): 
 Э˒ˋˍ. = ͻ,ʹʹ − ͳ,ͷ͵ = ͹,͸ͻ⁡ˏˎː⁡ˍʑ˕ ∙ ˚  
 
ɉɨɥɭɱɢɜ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɤɚɬɟɬ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɬɪɟɭɝɨɥɶɧɢɤɚ ɜɩɢɫɵɜɚɟɦ 

ɟɝɨ ɧɚ ɂɄɇ ɢ ɝɪɚɮɢɱɟɫɤɢ ɨɩɪɟɞɟɥɹɟɦ ɩɢɤɨɜɭɸ ɦɨɳɧɨɫɬɶ: 
 ˒ܰˋˍ = ͶͲͲ⁡ʛʑ˕           

 
Ɍɨɝɞɚ ɪɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɞɥɹ ɹɧɜɚɪɹ ɩɨ ɮɨɪɦɭɥɟ 

(2.21) ɪɚɜɧɚ: 
 ˓ܰ˃˄. = ͸Ͷ + ͶͲͲ = Ͷ͸Ͷ⁡ʛʑ˕  
 
Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɪɚɛɨɱɢɟ ɦɨɳɧɨɫɬɢ ɞɥɹ ɨɫɬɚɜɲɢɯɫɹ 

ɦɟɫɹɰɟɜ ɝɨɞɚ. Ɋɚɡɦɟɳɟɧɢɟ ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɧɚ ɂɄɇ ɹɧɜɚɪɹ ɩɨɤɚɡɚɧɨ ɜ 
ɉɪɢɥɨɠɟɧɢɢ Ƚ. Ɋɚɫɱɟɬɵ ɦɨɳɧɨɫɬɟɣ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.9. 

 
Ɍɚɛɥɢɰɚ 2.9 – Ɋɚɫɱёɬ ɪɚɛɨɱɢɯ ɦɨɳɧɨɫɬɟɣ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ 

Ɇɟɫɹɰɵ I II  III  IV V VI  VII VIII IX  X XI  XII 

ˆܰ˃˓ 384 315 187 119 126 176 186 151 160 163 315 384 Эˆ˃˓. 9,22 7,56 4,49 2,86 3,02 4,22 4,64 3,62 3,84 3,91 7,56 9,22 

˄ܰ˃ˊ˃ 64 73 47 58 64 91 79 68 81 83 86 86 Э˄˃ˊ˃ 1,53 1,75 1,13 1,39 1,54 2,19 1,90 1,62 1,94 1,99 2,06 2,1 

˒ܰˋˍ 400 312 150 80 70 85 98 88 93 133 295 377 Э˒ˋˍ. 7,69 5,81 3,36 1,47 1,49 2,03 2,57 2,00 1,90 1,92 5,5 7,12 

˓ܰ˃˄. 464 385 197 138 134 176 177 156 173 216 373 463 

 
2.6.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ.  

 
ɍɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ Ƚɗɋ ɩɨ ɜɵɩɨɥɧɹɟɦɵɦ ɜ ɫɢɫɬɟɦɟ ɮɭɧɤɰɢɹɦ 

ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɫɭɦɦɵ ɛɟɡ ɭɱɟɬɚ ɞɭɛɥɢɪɭɸɳɟɣ ɦɨɳɧɨɫɬɢ, ɬɚɤ ɤɚɤ ɨɧɚ 
ɨɬɫɭɬɫɬɜɭɟɬ: 

 ˖ܰ˔˕.ʒЭʠ = ˅ܰ˞˕.˓˃˄ʒЭʠ + ˓ܰˈˊ.ʒЭʠ                                (2.26) 
 
ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ ɭɱɢɬɵɜɚɟɦ ɫɥɟɞɭɸɳɟɟ: ɚɜɚɪɢɣɧɵɣ 

ɪɟɡɟɪɜ ɫɨɫɬɚɜɥɹɟɬ 10 % ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 
ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ – 3 % ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ.  

ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɧɟɨɛɯɨɞɢɦɵɣ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɜ ɰɟɥɨɦ ɞɥɹ ɹɧɜɚɪɹ: 
 ܲː ˃ˆ˓.Эʠ = ୫ܲୟ୶ Эʠ ∙ Ͳ,Ͳ͵ = ͳͳͺ͸ ∗ Ͳ,Ͳ͵ = ͵͸⁡ʛʑ˕         (2.27) 
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Ⱥɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɞɥɹ ɹɧɜɚɪɹ: 
 ܲ˃ ˅.Эʠ = ୫ܲୟ୶ Эʠ ∙ Ͳ,ͳ = ͳͳͺ͸ ∙ Ͳ,ͳ = ͳͳͻ⁡ʛʑ˕          (2.28) 

 
Ⱥɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɪɚɡɦɟɳɚɟɬɫɹ ɧɚ Ɍɗɋ, ɩɨɷɬɨɦɭ ɩɪɢ ɪɚɫɱёɬɟ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɨɧ ɫɱɢɬɚɟɬɫɹ ɪɚɜɧɵɦ 0. Ɋɟɡɟɪɜɵ ɢ 
ɪɟɦɨɧɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.10. 

 
Ɍɚɛɥɢɰɚ 2.10 –Ɋɚɫɱёɬ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɪɟɡɟɪɜɨɜ 

Ɇ
ɟɫ

ɵ
ɰɵ

 ɗɧɟɪɝɨɫɢɫɬɟɦɚ, Ɇȼɬ ɋɭɳɟɫɬɜɭɸɳɢɟ Ƚɗɋ, 
Ɇȼɬ 

ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ, 
Ɇȼɬ 

ɋɭɳɟɫɬɜɭɸɳɢɟ Ɍɗɋ, Ɇȼɬ 

௠ܲ௔௫ ܲ˃ ˅. ܲː ˃ˆ˓. ˓ܰ˃˄. ːܰ˃ˆ˓ ˓ܰˈˏ ˓ܰ˃˄ ːܰ˃ˆ˓ ˓ܰˈˏ ˓ܰ˃˄ ːܰ˃ˆ˓ ˃ܰ˅ ˓ܰˈˏ 

1 1186 119 36 300 9 0 464 14 0 422 13 42 0 
2 1077 108 32 270 8 0 385 12 0 422 13 42 0 
3 889 89 27 270 8 0 197 6 0 422 13 42 0 
4 672 67 20 200 6 0 138 4 0 334 10 33 0 
5 483 48 15 190 6 0 134 4 0 159 5 16 0 
6 374 37 11 153 5 0 176 5 0 45 1 5 70 
7 374 37 11 165 5 0 177 5 0 32 1 3 70 
8 482 48 14 186 6 0 160 5 0 136 4 14 0 
9 670 67 20 210 6 35 140 4 23 320 10 32 0 
10 888 89 27 300 9 0 166 5 0 422 13 42 0 
11 1076 108 32 300 9 0 354 11 0 422 13 42 0 
12 1185 119 36 300 9 0 463 14 0 422 13 42 0 

 
ɉɨɫɥɟ ɪɚɫɱёɬɚ ɪɟɡɟɪɜɨɜ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ 

ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɩɨ ɮɨɪɦɭɥɟ (2.26): 
 ˖ܰ˔˕ = Ͷ͸Ͷ + ͳͶ = Ͷ͹ͺ⁡ʛʑ˕  
 
Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣ ɪɢɫɭɧɨɤ 2.4 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɦɨɳɧɨɫɬɟɣ ɧɚ ɩɨɤɪɵɬɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɜɫɟɦɢ ɭɱɚɫɬɧɢɤɚɦɢ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɢ ɪɚɡɦɟɳɟɧɢɟ ɪɟɡɟɪɜɨɜ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɨ ɤɨɧɤɪɟɬɧɵɦ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦ.  
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Ɋɢɫɭɧɨɤ 2.4 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣ 
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t,ɦɟɫɹɰɵɊɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ Ɋɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ Ɍɗɋ
Ɋɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ Ⱥɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ
ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ Ɍɗɋ ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ
ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɋɭɳɟɫɬɜɭɸɳɢɟ Ƚɗɋ
ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ ɋɭɳɟɫɬɜɭɸɳɢɟ Ɍɗɋ



27 

3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 

3.1 Ɋɟɠɢɦɧɨɟ ɩɨɥɟ 
 

ȼɟɪɯɧɟɣ ɝɪɚɧɢɰɟɣ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɹɜɥɹɟɬɫɹ ɧɚɩɨɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢ 
ɪɚɛɨɬɟ Ƚɗɋ ɫ ɜɨɞɨɯɪɚɧɢɥɢɳɟɦ, ɧɚɩɨɥɧɟɧɧɵɦ ɞɨ ɨɬɦɟɬɤɢ ɇɉɍ, ɧɢɠɧɟɣ 
ɝɪɚɧɢɰɟɣ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ – ɧɚɩɨɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢ ɪɚɛɨɬɟ Ƚɗɋ ɫ 
ɜɨɞɨɯɪɚɧɢɥɢɳɟɦ, ɫɪɚɛɨɬɚɧɧɵɦ ɞɨ ɨɬɦɟɬɤɢ ɍɆɈ. ɉɨɫɬɪɨɟɧɢɟ ɷɬɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɭɪɚɜɧɟɧɢɸ: 

ʒЭʠሺܳʒЭʠሻܪ  = ܼʑʐ(ܸ̝ ˓˃˄.) − ܼʜʐሺܳʜʐሻ − ∆ℎ˅.˔.,            (3.1) 
  

ɝɞɟ ܼʑʐ(ܸ̝ ˓˃˄.) – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ, ɤɨɬɨɪɚɹ ɢɡɦɟɧɹɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɛɴёɦɚ ɫɪɚɛɨɬɤɢ Vɫɪɚɛ. ɨɬ ɇɉɍ ɞɨ ɍɆɈ; 

 ܼʜʐሺܳʜʐሻ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɯɨɞɚ 
QɇȻ; 

 Δhɜ.ɫ. – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɪɨɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ ɨɬ ɩɚɪɚɦɟɬɪɨɜ 
ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ. 

ɍɪɚɜɧɟɧɢɟ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱёɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 
ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

 ˖ܰ˔˕. = ݇ே ∙ .˚˔˃˓ܪ ∙ ܳ௠௔௫ , (3.2) 
 
ɝɞɟ ݇ே – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ. 

Ɉɝɪɚɧɢɱɟɧɢɟ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɬɭɪɛɢɧɵ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ 
ɩɨɧɢɠɟɧɢɢ ɧɚɩɨɪɚ (ɧɢɠɟ ɪɚɫɱёɬɧɨɝɨ ɧɚɩɨɪɚ) ɭɠɟ ɧɟ ɩɨɥɭɱɢɬɫɹ ɜɵɞɚɬɶ 
ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ. ɇɢɠɟ ɬɨɱɤɢ ɪɚɫɱёɬɧɨɝɨ ɧɚɩɨɪɚ ɪɟɠɢɦɧɨɟ ɩɨɥɟ 
ɨɝɪɚɧɢɱɟɧɨ ɥɢɧɢɟɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ, ɤɨɬɨɪɭɸ ɫɬɪɨɢɦ ɩɨ ɞɚɧɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ: 

 ܳʒЭʠ = ܳ௠௔௫ ∙ √ுʒЭʠு˓˃˔˚.,                   (3.3) 

 
ɝɞɟ ܳ ௠௔௫ ⁡– ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ Ƚɗɋ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɪɚɛɨɬɟ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɢ ɪɚɫɱёɬɧɨɦ ɩɨ ɦɨɳɧɨɫɬɢ ɧɚɩɨɪɟ ܪ˓˃˔˚.. 

ɋɥɟɜɚ ɧɚɧɨɫɢɬɫɹ ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ ܳ௠௜௡– 
ɫɚɧɢɬɚɪɧɵɣ ɩɨɩɭɫɤ.  

Ɋɟɡɭɥɶɬɚɬɵ ɜɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.1. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɩɨɫɬɪɨɟɧɨ 
ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɪɢɫɭɧɨɤ 3.1 ɫ ɭɱёɬɨɦ ɡɚɞɚɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ ɩɨ ɪɚɫɯɨɞɭ, 
ɦɨɳɧɨɫɬɢ ɢ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɢɡ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɢɚɩɚɡɨɧ 
ɢɡɦɟɧɟɧɢɹ ɧɚɩɨɪɨɜ ɢ ɪɚɫɯɨɞɚ: ɇmax= 50,4 ɦ, ɇɪ. = 36,2 ɦ, ɇmin = 30,1 ɦ, Qmin = 200 
ɦ3/ɫ ɢ Qmax = 1600 ɦ3/ɫ. 
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Ɍɚɛɥɢɰɚ 3.1 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 
Ʉɪɢɜɵɟ ɫɜɹɡɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
ɞɥɹ ɥɟɬɧɢɯ ɢ ɡɢɦɧɢɯ ɭɫɥɨɜɢɣ 

ɇɚɩɨɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ 
ɩɨ ɪɚɫɱёɬɧɨɣ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ ܳʜʐ, 

ɦ3/ɫ 

ܼʜʐˎˈ˕ˑ, 
ɦ 

ܼʜʐˊˋˏ˃, 
ɦ 

 

 ,ʜʞʢܪ

ɦ 

 ,ʢʛʝܪ

ɦ 

 ,.˚˔˃˓ܪ
ɦ 

ʜ, ˏ ܳ, ˏଷ/˔ ɇ,ɦ ܳ, ˏଷ/˔ 
0 686,00 686,00 53,55 39,61 45,98 47 1226 38 1639 

150 688,46 688,95 51,09 37,15 43,52 46,3 1244 37,5 1628 

250 689,68 690,31 49,87 35,93 42,30 45,6 1263 37 1618 

350 690,65 691,34 48,90 34,96 41,33 44,9 1283 36,5 1607 

450 691,43 692,14 48,12 34,18 40,55 44,2 1303 36 1596 

550 692,07 692,78 47,48 33,54 39,91 43,5 1324 35,5 1584 

650 692,60 693,31 46,95 33,01 39,38 42,8 1346 35 1573 

750 693,05 693,78 46,50 32,56 38,93 42,1 1368 34,5 1562 

850 693,45 694,21 46,10 32,16 38,53 41,4 1392 34 1551 

950 693,82 694,62 45,73 31,79 38,16 40,7 1416 33,5 1539 

1000 693,99 694,82 45,56 31,62 37,99 40 1440 33 1528 

1050 694,16 695,02 45,39 31,45 37,82 39,3 1466 32,5 1516 

1150 694,49 695,41 45,06 31,12 37,49 38,6 1493 32 1504 

1250 694,82 695,80 44,73 30,79 37,16 37,9 1520 31,5 1493 

1350 695,14 696,18 44,41 30,47 36,84 37,2 1549 31 1481 

1450 695,45 696,54 44,10 30,16 36,53 36,5 1578 30,5 1469 

1550 695,76 696,89 43,79 29,85 36,22 35,8 1609 30 1457 

1650 696,06 697,22 43,49 29,55 35,92 35,1 1641 29,5 1444 

1750 696,36 697,54 43,19 29,25 35,62 34,4 1675 29 1432 

1850 696,65 697,84 42,90 28,96 35,33 33,7 1710 28,5 1420 

1950 696,92 698,13 42,63 28,69 35,06 33 1746 28 1407 
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Ɋɢɫɭɧɨɤ 3.1 – Ɋɟɠɢɦɧɨɟ ɩɨɥɟ ɫ ɭɱɟɬɨɦ ɡɚɞɚɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ ɩɨ ɪɚɫɯɨɞɭ, 

ɦɨɳɧɨɫɬɢ ɢ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 
 
3.2 ȼɵɛɨɪ ɝɢɞɪɨɬɭɪɛɢɧ ɩɨ ɝɥɚɜɧɵɦ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
 
Ⱦɥɹ ɢɡɜɟɫɬɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɢɡɦɟɧɟɧɢɹ ɧɚɩɨɪɚ ɩɨɞɛɢɪɚɟɦ ɜɫɟ ɜɨɡɦɨɠɧɵɟ 

ɬɢɩɵ ɝɢɞɪɨɬɭɪɛɢɧ, ɞɥɹ ɤɨɬɨɪɵɯ ɡɧɚɱɟɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ ɧɚɩɨɪɚ (ɩɨ ɫɩɪɚɜɨɱɧɵɦ 
ɞɚɧɧɵɦ) ɛɵɥɨ ɛɵ ɧɟ ɦɟɧɶɲɟ ɩɨɥɭɱɟɧɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ ɢ ɫɨɨɬɧɨɲɟɧɢɟ 
ɇmin/Hmax (ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ) ɧɟ ɩɪɟɜɵɲɚɥɨ ɛɵ ɚɧɚɥɨɝɢɱɧɨɝɨ 
ɮɚɤɬɢɱɟɫɤɨɝɨ ɨɬɧɨɲɟɧɢɹ: 

 ு೘𝑖೙ு೘𝑎ೣ = ଷ଴,ଵ଺଴ = Ͳ,ͷͲ  (3.4) 

 
ɉɪɢ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 

ɜɵɛɢɪɚɸ ɬɭɪɛɢɧɭ ɉɅ60-ȼ ɢ ɉɅȾ60-ȼ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 3.2. 

 
Ɍɚɛɥɢɰɚ 3.2 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɞɟɥɶɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ 

ɉɚɪɚɦɟɬɪɵ ɉɅ60-ȼ ɉɅȾ60-ȼ ܪ˒˓ˈˇ, ′˕˒௠௔௫ 0,50 0,50 ୍݊⁡ˑܪ/௠௜௡ܪ 60 60 ˏ , ˑ˄/ˏ 116 111 ୍ܳ⁡ˑ˒˕, ˎ/˔ 1080 1130 𝜂ˏ⁡ˑ˒˕ 0,913 0,906 ୍ܳ⁡୫ୟ୶′ , ˎ/˔ 1560 1570 𝜎ሺ୍ܳ⁡୫ୟ୶′ ሻ 0,6 0,65 ୍ܦ⁡௠, ,ˇˑˏܪ 0,460 0,460 ˏ ,ˇˑˏݐ 12 10 ˏ ℃ 20 20 
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3.3 ȼɵɛɨɪ ɧɨɦɢɧɚɥɶɧɨɝɨ ɞɢɚɦɟɬɪɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 
 

Ɂɚɞɚɜɚɹɫɶ ɪɹɞɨɦ ɫɬɚɧɞɚɪɬɧɵɯ ɡɧɚɱɟɧɢɣ ɞɢɚɦɟɬɪɨɜ ܦଵ ɩɪɨɢɡɜɟɥɢ ɪɚɫɱёɬɵ 
ɧɟɤɨɬɨɪɵɯ ɩɚɪɚɦɟɬɪɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɉɅ60-ȼ ɫ ɞɢɚɦɟɬɪɨɦ 5,6ɦ. 

• ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ: 
 η˕ = ͳ − ሺͳ − ηˏሻ (ሺͳ − εሻ + ε√ୈభˏˑˇୈభఱ ∙ √ୌˏˑˇʜ˓భబ ∙ √ νːνˏˑˇఱ ) = ͳ − ሺͳ −

−Ͳ,ͺͺͶሻ(ሺͳ − Ͳ,͹ͷሻ + Ͳ,͹ͷ√଴,ସ଺ହ,଺ఱ ∙ √ ଵ଴ଷ଺,ଶభబ ∙ √ଵ,ଵଵ·ଵ଴ఱଵ,଴ଵ·ଵ଴ఱఱ ) = Ͳ,ͻʹͶ,           (3.5) 

 
ɝɞɟ ηˏ – ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; ε – ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ (ε = Ͳ,͹ͷ); Dଵˏˑˇ – ɞɢɚɦɟɬɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; Hˏˑˇ – ɧɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; Dଵ – ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ʜ˓ – ɪɚɫɱёɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ɋː – ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ɋˏˑˇ – ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ. 

• Ɇɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ: 
 
 N˃ˆ˓ = ͻ,ͺͳ · Q୍˓′ · Dଵଶ · H˓ · √H˓ · η˕ ∙ ηˆ = = ͻ,ͺͳ · ͳ,ͷ͸ · ͷ,͸ଶ · ͵͸,ʹ · √͵͸,ʹ · Ͳ,ͻʹͶ · Ͳ,ͻ͹ = ͻ͵͸ͷ͹⁡ˍʑ˕,         (3.6) 
 

ɝɞɟ Q୍˓′  – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ; η˕ – ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ηˆ – ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ.  
• Ʉɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ: 
 

          Z˃ˆ˓ = N˖˔˕N˃ˆ˓ = ସ଻଼଴଴଴ଽଷ଺ହ଻ = ͷ,ͳ⁡˛˕⁡ ⇒ Z˃ˆ˓′ = ͸⁡˛˕,                                        (3.7) 

 
ɝɞɟ N˖˔˕ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɭɡɥɚ, ɤȼɬ; N˃ˆ˓ – ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ. 

ɍɬɨɱɧɟɧɢɟ ɦɨɳɧɨɫɬɢ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ ɩɨ ɮɨɪɦɭɥɟ (3.8):   
 

 N˃ˆ˓′ = N˖˔˕Z˃ˆ˓′ = ସ଻଼଴଴଴଺ = ͹ͻ͸͸͹⁡ˍʑ˕                                                                             (3.8) 

 
• ɉɨɩɪɚɜɤɚ ɄɉȾ: 
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Δ = η˕ηˏ = ଴,ଽଶସ଴,଼଼ସ = ͳ,ͲͶͷ,                                                                                (3.9) 

 
ɝɞɟ η˕ – ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ηˏ - ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 

• ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ: 
 ݊′ = ௡I⁡౦′ √Δ·ୌ˓ୈభ = ଵଵ଺·√ଵ,଴ସହ·ଷ଺,ଶହ,଺ = ͳʹ͹,Ͷ ⇒ ⁡݊˔ˋː˘′ = ͳʹͷ⁡ ˑ˄ˏˋː,                          (3.10) 

 
ɝɞɟ ୍݊⁡୮′  - ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɜ ɪɚɫɱёɬɧɨɣ 
ɬɨɱɤɟ;  𝛥 – ɩɨɩɪɚɜɤɚ ɧɚ ɄɉȾ; ʜ˓ – ɪɚɫɱёɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; Dଵ – ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 

• ɉɪɢɜɟɞɟɧɧɵɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ: 
 ୍݊⁡௠௔௫′ = ௡˔ˋː˘′ ୈభ√𝛥·ୌ೘𝑖೙ = ଵଶହ·ହ,଺√ଵ,଴ସହ·ଷ଴,ଵ = ͻ͸,ͷ⁡ ˑ˄ˏˋː ;                                                                (3.11) 

 ୍݊⁡˓˃˔˚′ = ௡˔ˋː˘′ ୈభ√𝛥·ୌ˓˃˔˚ = ଵଶହ·ହ,଺√ଵ,଴ସହ·ଷ଺,ଶ = ͳͳ͵,ͺ⁡ ˑ˄ˏˋː ;                                               (3.12) 

 ୍݊⁡௠௜௫′ = ௡˔ˋː˘′ ୈభ√𝛥·ୌ೘𝑎ೣ = ଵଶହ·ହ,଺√ଵ,଴ସହ·ହ଴,ସ = ͳʹͶ,ͺ⁡ ˑ˄ˏˋː                              (3.13) 

 
• ɉɪɨɢɡɜɟɞɟɧɢɹ ɩɪɢɜɟɞёɧɧɨɝɨ ɪɚɫɯɨɞɚ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ ɧɚ ɄɉȾ: 
 ܳ′˓ · η˕ = N˃ˆ˓′ଽ,଼ଵ·ୈభమ·ୌభ˓,ఱ·ηˆ = ଻ଽ଺଺଻ଽ,଼ଵ·ହ,଺మ·ଷ଺,ଶభ,ఱ·଴,ଽ଻ = ͳ,ʹ͵,                                             (3.14) 

 
ɝɞɟ N˃ˆ˓′  – ɭɬɨɱɧɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ; Dଵ – ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ʜ˓ – ɪɚɫɱёɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ηˆ – ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ; 

• ɉɪɨɢɡɜɟɞɟɧɢɟ ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɝɟɧɟɪɚɬɨɪɭ: 
 ܳ௠௔௫′ · η˕ = N˃ˆ˓′ଽ,଼ଵ·ୈభమ·ୌ೘𝑎ೣభ,ఱ ·ηˆ = ସଵ଴଴଴ଽ,଼ଵ·ହ,଺మ·ଶ଼భ,ఱ·଴,ଽ଺ = Ͳ,͹ͷ,                                     (3.15) 

 
ɝɞɟ N˃ˆ˓′  – ɭɬɨɱɧɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ; Dଵ – ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ʜ୫ୟ୶ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ηˆ – ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ. 
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Ʌɟɜɚɹ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɣ 3.14 ɢ 3.15, ɨɩɪɟɞɟɥɟɧɚ ɩɨɞɛɨɪɨɦ ɬɚɤɨɝɨ ɩɨɥɨɠɟɧɢɹ 
ɬɨɱɟɤ ɧɚ ɥɢɧɢɹɯ ୍݊⁡˓˃˔˚′  ɢ ୍݊⁡௠௔௫′  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨɥɨɠɟɧɢɟ ɬɨɱɟɤ ɩɨɞɨɛɪɚɧɨ 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɪɨɢɡɜɟɞɟɧɢɟ ܳ′˓ · η˕ ɨɛɟɫɩɟɱɢɜɚɥɨ ɜɵɩɨɥɧɟɧɢɟ 
ɭɤɚɡɚɧɧɨɝɨ ɪɚɜɟɧɫɬɜɚ. 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɚɛɥɢɰɚ 3.3 ɪɚɫɫɱɢɬɚɧɧɵɯ ɜɚɪɢɚɧɬɨɜ, ɩɪɢɧɹɬɵɯ ɤ 
ɞɚɥɶɧɟɣɲɟɦɭ ɪɚɫɫɦɨɬɪɟɧɢɸ. 
 
Ɍɚɛɥɢɰɚ 3.3 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɬɭɪɛɢɧ 

ɉɚɪɚɦɟɬɪɵ  ɉɅ60-ȼ  ɉɅȾ60-ȼ 
D1 3,55 5,6 6 7,1 7,5 3,5 5 5,5 6 7 

ɄɉȾ ɬɭɪɛ 0,919 0,924 0,924 0,926 0,926 0,924 0,927 0,928 0,929 0,930 

N'ɚɝɪ, ɤȼɬ 37454 93657 107590 150907 168479 38966 75420 91343 108797 148299 

z'a, ɲɬ 12,8 5,10 4,4 3,2 2,8 12,3 6,3 5,2 4,4 3,2 

z a, ɲɬ 14 6 6 4 3 14 8 6 6 4 

Nɚɝɪ, ɤȼɬ 34143 79667 79667 119500 159333 34143 59750 79667 79667 119500 

Δ 1,040 1,045 1,046 1,047 1,048 1,04 1,04 1,04 1,04 1,04 

nc' 200,5 127,4 118,9 100,6 95,3 188,81 136,17 123,85 113,58 97,42 

nɫɢɧɯɪ 214,3 125,0 125,0 100,0 100,0 187,5 136,4 125,0 115,4 100,0 

n ɪɚɫɱ 136,0 124,8 133,7 126,4 133,5 120,0 121,9 122,9 123,7 125 

n max 124,0 113,8 121,9 115,3 121,8 110,2 111,2 112,0 112,8 113,9 

n min 105,1 96,5 103,3 97,7 103,2 93,4 94,2 94,9 95,6 96,6 

Q·ɄɉȾ ɪ 1,31 1,23 1,07 1,14 1,37 1,27 1,15 1,27 1,07 1,18 

Q·ɄɉȾ m 0,80 0,75 0,65 0,70 0,83 0,77 0,70 0,77 0,65 0,72 

Qmax' 0,88 0,84 0,73 0,78 0,91 0,87 0,79 0,86 0,73 0,81 

ηmax 0,905 0,898 0,895 0,895 0,908 0,888 0,889 0,9 0,889 0,895 

σmax 0,8 0,19 0,14 0,15 0,21 0,15 0,11 0,18 0,13 0,16 

Qɪɚɫɱ' 1,47 1,36 1,17 1,25 1,55 1,41 1,28 1,41 1,18 1,31 

ηɪɚɫɱ 0,891 0,901 0,911 0,908 0,885 0,9 0,902 0,9 0,905 0,902 

σɪɚɫɱ 0,57 0,48 0,37 0,41 0,6 0,51 0,35 0,5 0,35 0,45 

Qmin' 1,36 1,26 1,1 1,16 1,46 1,26 1,08 1,31 1,09 1,22 

ηmin 0,895 0,905 0,902 0,908 0,889 0,896 0,899 0,9 0,899 0,899 

σmin 0,49 0,43 0,33 0,36 0,56 0,35 0,27 0,41 0,27 0,34 

 
3.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 
 
Ɉɬɦɟɬɤɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɟё 

ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: 
 ∇ܼ˓.ˍ. = ܼː˄ሺܳː˄ሻ + Hௌ,                                         (3.16) 
 

ɝɞɟ ܼː˄ሺܳː˄ሻ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɇȻ ɩɪɢ ɪɚɫɯɨɞɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 
ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ. 

ɇɚɢɛɨɥɟɟ ɨɩɚɫɧɵɦɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ, ɬ.ɟ. ɬɪɟɛɭɸɳɢɦɢ 
ɧɚɢɛɨɥɶɲɟɝɨ ɡɚɝɥɭɛɥɟɧɢɹ ɹɜɥɹɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɬɪɢ ɪɟɠɢɦɚ: 

• ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ H௠௔௫ ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ; 
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• ɞɥɹ ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɨɪɚ H˓˃˔˚ ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ; 
• ɞɥɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ H௠௜௡ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɟɦɭ ɦɨɳɧɨɫɬɢ 

ɨɝɪɚɧɢɱɟɧɢɹ. 
ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ: 
௦ܪ  = ͳͲ,͵͵ − ௓ː˄ሺொː˄ሻଽ଴଴ − 𝜎H − ∆H௦ + ∆ܼ˘.˒ˎ − ͳ,ͷ,                                               (3.17) 

 
ɝɞɟ ∆H௦ – ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɡɚɝɥɭɛɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɭɱɢɬɵɜɚɸɳɟɟ 
ɧɟɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ σ ɩɪɢ ɦɨɞɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɹɯ, ɦɚɫɲɬɚɛɧɵɣ ɷɮɮɟɤɬ ɢ 
ɚɧɬɢɤɚɜɢɬɚɰɢɨɧɧɵɣ ɡɚɩɚɫ (1,5 ɦ); 𝜎 – ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɞɥɹ ɪɚɫɱёɬɧɵɯ ɬɨɱɟɤ; H – ɧɚɩɨɪ ɬɭɪɛɢɧɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɭɪɨɜɧɟɦ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɢ ܼː˄ሺܳː˄ሻ; ∆ܼ˘⁡˒ˎ – ɪɚɡɧɨɫɬɶ ɜɵɫɨɬ ɨɬɦɟɬɨɤ ɞɜɭɯ ɯɚɪɚɤɬɟɪɧɵɯ ɩɥɨɫɤɨɫɬɟɣ ɦɨɞɟɥɶɧɨɣ 
ɢ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧ. Ⱦɥɹ ɉɅ ɬɭɪɛɢɧ ∆ܼ˘⁡˒ˎ = Ͳ, ɞɥɹ ɉɅȾ ɬɭɪɛɢɧ ∆ܼ˘⁡˒ˎ =  .ʹ/଴ܤ
Ɂɞɟɫɶ ܤ଴ – ɜɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ, ɤɨɬɨɪɚɹ 
ɩɟɪɟɫɱɢɬɚɧɚ ɫ ɦɨɞɟɥɢ ɩɨ ɮɨɪɦɭɥɟ: 

଴ܤ⁡⁡  = ˇ଴ˏˑܤ ∙ ஽భ஽భˏˑˇ                                                  (3.18) 

 
ȼɫɟ ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɜɵɛɪɚɧɧɵɯ ɬɭɪɛɢɧ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 

3.4. 
 

Ɍɚɛɥɢɰɚ 3.4 – Ɋɚɫɫɱɢɬɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɵɛɪɚɧɧɵɯ ɬɭɪɛɢɧ 

D1,ɦ 

ɉɅȾ 60-ȼ ɉɅ 60-ȼ 

3,55 5,0 5,5 6,0 7 3,6 5,6 6 7,1 7,5 

Qmin 1124,0 1143,6 1130,3 1142,3 1150,9 1140,6 1147,0 1144,7 1142,7 1116,0 

Qmax 1342,4 1208,2 1330,5 1318,1 1339,6 1276,6 1329,6 1333,0 1313,3 1383,7 

Qɪɚɫɱ. 1591,2 1570,3 1570,5 1564,8 1577,5 1566,6 1573,8 1554,8 1552,0 1611,0 

Zɧɛ(Qɧɛ)ɪɚɫɱ. 695,89 695,82 695,82 695,80 695,84 695,81 695,83 695,77 695,77 695,95 

Zɧɛ(Qɧɛ) max 695,11 694,68 695,07 695,03 695,10 694,90 695,07 695,08 695,02 695,24 

Zɧɛ(Qɧɛ) min 694,41 694,68 695,07 695,03 695,10 694,90 694,49 694,48 694,47 694,38 

Hs ɩɪɢ ɇɪɚɫɱ. -12,91 -3,69 -9,12 -3,69 -7,31 -9,85 -9,65 -5,67 -7,12 -13,99 

Hs ɩɪɢ ɇmax -2,35 3,43 -0,09 2,43 0,91 1,42 -1,85 -10,92 0,17 -2,86 

Hs ɩɪɢ ɇmin -5,21 0,85 -3,06 0,85 -0,96 0,85 -5,21 -3,41 -3,11 -9,13 

ΔZɪ.ɤ. ɪɚɫɱ. 682,98 690,99 685,95 691,34 687,79 685,06 686,18 690,11 688,65 681,95 

ΔZɪ.ɤ. max 692,76 698,12 694,98 697,46 696,02 696,32 693,22 684,16 695,19 692,39 

ΔZɪ.ɤ. min 689,20 695,53 692,01 695,89 694,15 695,75 689,27 691,07 691,36 685,26 
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Ƚɢɞɪɨɬɭɪɛɢɧɚ ɉɅȾ60-ȼ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨɣ ɞɥɹ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɬɚɤ ɤɚɤ ɜɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɟɧɶɲɟɦɭ 
ɡɚɝɥɭɛɥɟɧɢɸ, ɱɬɨ ɫɤɚɠɟɬɫɹ ɧɚ ɢɫɤɥɸɱɟɧɢɢ ɪɚɡɜɢɬɨɣ ɤɚɜɢɬɚɰɢɢ. Ⱥ ɬɚɤɠɟ ɢɫɯɨɞɹ 
ɢɡ ɦɢɧɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɚɝɪɟɝɚɬɨɜ, ɧɚɢɛɨɥɶɲɟɝɨ ɄɉȾ, ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ 
ɬɭɪɛɢɧɭ ɉɅȾ60-ȼ ɫ ܦଵ = ͹⁡ˏ. Ɋɟɠɢɦɧɨɟ ɩɨɥɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɉɪɢɥɨɠɟɧɢɟ Ȼ. 
 

3.5 Ƚɢɞɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
 
ɍɝɨɥ ɨɯɜɚɬɚ ɫ Ƚɍɏ: 
 
 ߮˔˒ = ʹʹͷ° 
 
ɇɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɧɚɯɨɞɢɦ ɢɡ Ƚɍɏ: 
ݎ˅  ˘ = ʹ,ͻͳ͹ ∗ ଵܦ − ͳ,ͳͺ͵ ∗ ଵܦ = ʹ,ͻͳ͹ ∗ ͹ − ͳ,ͳͺ͵ ∗ ͹ = ͳʹ,ͳͶ⁡ˏ           (3.19) 

 
Ⱦɢɚɦɟɬɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ: 
 
˓˃ːܦ  = ͳͲ,ͷͷ⁡ˏ 
 
Ⱦɢɚɦɟɬɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɵɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ: 
ː˅ܦ  = ͻ,ʹ⁡ɦ  
 
ȼɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬ, ɜɡɹɬɚ ɫ Ƚɍɏ: 
 ܾ଴ = Ͳ,͵ͷ͵ · ଵܦ = Ͳ,͵ͷ͵ ∙ ͹ = ʹ,Ͷ͹⁡ˏ            (3.20) 
 
ȼɵɫɨɬɚ ɫɬɚɬɨɪɚ: 
˕˔ܤ  = ܾ଴ + Ͳ,ͲͲ͵͵ ∙ ଵܦ = ʹ,Ͷ͹ + Ͳ,ͲͲ͵͵ ∙ ͹ = ʹ,Ͷͻ⁡ˏ (3.21) 

 
ɋɤɨɪɨɫɬɶ ɜɨ ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɩɪɢɧɢɦɚɟɬɫɹ ߭˅˘ =ͷ,ʹˏ ˔⁄ . 
Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɥɧɨɝɨ ɪɚɫɯɨɞɚ ɱɟɪɟɡ ɬɭɪɛɢɧɭ ɩɪɢ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɹ 

ɧɚɩɨɪɚ ɢ ɦɨɳɧɨɫɬɢ: 
 ܳ଴ = ேଽ,଼ଵ∙ு˓∙𝜂ˑ˒˕ = ଵଵଽହ଴଴ଽ,଼ଵ∙ଷ଺,ଶ∙଴,ଽ଴ହ = ͵͹ͳ,ͺ͵⁡ˏଷ/c (3.22) 

 
Ɋɚɫɯɨɞ ɱɟɪɟɡ ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɫɩɢɪɚɥɶɧɨɝɨ ɤɚɧɚɥɚ ɤɚɦɟɪɵ: 
 ܳ௜ = ொబ∙𝜑ଷ଺଴ = ଷ଻ଵ,଼ଷ∙ଶଶହଷ଺଴ = ʹ͵ʹ,͵ͻ⁡ˏଷ/c (3.23) 
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ɉɥɨɳɚɞɶ ɜɯɨɞɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ: 
ܨ˅  ˘ = ொ𝑖௩˅˘ = ଶଷଶ,ଷଽହ,ଶ = ͶͶ,͸ͻ⁡ˏଶ (3.24) 

 
ɒɢɪɢɧɚ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 ܽ˅˘ = ݎ˅ ˘ − ௔ݎ = ͳʹ,ͳͶ − ͷ,ʹͺ = ͸,ͺ͸⁡ˏ (3.25) 

 
ȼɵɫɨɬɚ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɤɜɚɞɪɚɬɧɨɝɨ ɭɪɚɜɧɟɧɢɹ: 
ܨ˅  ˘ = ܾ଴ሺݎ௔ − ௕ሻݎ + ሺ˅ݎ ˘ − ˘˅௔ሻܾݎ − ሺ௕˅˘−௕೚ሻమଶ ∙  ͳͷ° (3.26)݊ܽݐ

 
Ɉɬɛɪɚɫɵɜɚɹ ɨɞɢɧ ɢɡ ɤɨɪɧɟɣ ɩɨɥɭɱɢɦ  ܾ˅˘ଵ = ͷ,͸Ͷ. 
Ⱦɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɬɢɱɟɫɤɢɦ 

ɦɟɬɨɞɨɦ.  
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 3.5. 
 

Ɍɚɛɥɢɰɚ 3.5-Ɋɚɫɱёɬ ɛɟɬɨɧɧɨɣ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
ȼɟɥɢɱɢɧɚ 

ɋɟɱɟɧɢɟ 
ɜɯ 1 2 3 4 5 6 7 8 9 10 ɜɵɯ 

ri 12,14 11,45 10,77 10,08 9,40 8,71 8,03 7,34 6,66 5,97 5,29 4,60 
b 5,60 5,28 4,97 4,66 4,35 4,04 3,72 3,41 3,10 2,79 2,48 2,16 
rk 6,11 6,03 5,95 5,86 5,78 5,69 5,61 5,53 5,44 5,36 5,28 5,19 

rk/ra 1,16 1,14 1,13 1,11 1,10 1,08 1,06 1,05 1,03 1,02 1,00 0,98 
ln rk/ra 0,15 0,13 0,12 0,11 0,09 0,08 0,06 0,05 0,03 0,02 0,00 -0,02 

ri/ra 2,30 2,17 2,04 1,91 1,78 1,65 1,52 1,39 1,26 1,13 1,00 0,87 
ln ri/ra 0,83 0,78 0,71 0,65 0,58 0,50 0,42 0,33 0,23 0,12 0,00 -0,14 
b lnri/ra 4,66 4,10 3,55 3,02 2,51 2,03 1,56 1,13 0,72 0,35 0,01 -0,30 

rk ctg ϒ 
22,81 22,50 22,19 21,88 21,56 21,25 20,9

4 
20,6
3 

20,3
2 

20,0
0 

19,6
9 

19,3
8 

rk ctg 
ϒ·lnrk/ra 3,36 3,01 2,65 2,31 1,96 1,63 1,29 0,96 0,64 0,32 0,01 -0,30 

ji  4,79 4,24 3,73 3,24 2,76 2,30 1,86 1,45 1,05 0,68 0,34 0,04 

φi 225,0
0 

199,5
0 

175,5
7 

152,3
5 

129,9
0 

108,3
0 

87,6
1 

67,9
4 

49,3
8 

32,0
8 

16,1
9 

1,92 

ai 6,86 6,18 5,49 4,81 4,12 3,44 2,75 2,07 1,38 0,70 0,01 -0,67 
mi 3,13 2,81 2,50 2,19 1,88 1,57 1,25 0,94 0,63 0,32 0,01 -0,31 

 
Ɂɧɚɱɟɧɢɹ ɞɥɹ ɬɚɛɥɢɰɵ 3.6 ɩɨɥɭɱɟɧɵ ɩɭɬɟɦ ɪɚɡɛɢɟɧɢɹ ɭɝɥɚ ɨɯɜɚɬɚ 

ɫɩɢɪɚɥɶɧɨɣ ɱɚɫɬɢ ɤɚɦɟɪɵ ɧɚ ɢɧɬɟɪɜɚɥɵ ɫ ∆߮˔˒ = ͳͷ°.  
 

Ɍɚɛɥɢɰɚ 3.6 – Ɋɚɡɛɢɟɧɢɟ ɭɝɥɚ ɨɯɜɚɬɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ߮˔˒ 0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 

r 4,6 5,2 5,8 6,4 7 7,56 8,1 8,6 9,12 9,6 10,1 10,5 10,9 11,3 11,7 12,1 

 
Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ߮˔˒ = ݂ሺݎ௜ሻ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.2. 
 



36 

 
Ɋɢɫɭɧɨɤ 3.2 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ߮˔˒ = ݂ሺݎ௜ሻ 

 
ɒɢɪɢɧɚ ɩɨɞɜɨɞɚ: 
′ܤ  = ʹ,ͻͳ͹ · ଵܦ = ʹ,ͻͳ͹ ∙ ͹ = ʹͲ,Ͷ⁡ˏ (3.27) 

 
Ɍɚɤ ɤɚɤ ɲɢɪɢɧɚ ɩɨɞɜɨɞɚ ܤ′ > ͹⁡ˏ, ɭɫɬɚɧɨɜɢɥɢ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɛɵɱɨɤ, 

ɬɨɥɳɢɧɭ ɤɨɬɨɪɨɝɨ ɩɪɢɛɥɢɠёɧɧɨ ɧɚɡɧɚɱɢɥɢ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 ܾ = ͳ + ொ೘𝑎ೣସ଴଴ = ͳ + ଷ଼଴,ଶଷସ଴଴ = ͳ,ͻͷ⁡ˏ, (3.28) 

 
ɝɞɟ ܳ௠௔௫ ɜɵɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (3.29): 
 

 ܳ௠௔௫ = ேଽ,଼ଵ∙ு˓∙𝜂೘𝑎ೣ = ଵଵଽହ଴଴ଽ,଼ଵ∙ଷ଺,ଶ∙଴,଼଼ହ = ͵ͺͲ,ʹ͵⁡ˏଷ/c         (3.29) 

 
Ɉɩɪɟɞɟɥɢɦ ɲɢɪɢɧɭ ɩɨɞɜɨɞɚ ɫ ɭɱёɬɨɦ ɲɢɪɢɧɵ ɛɵɱɤɚ ɩɨ ɮɨɪɦɭɥɟ: 
ܤ  = ′ܤ + ܾ = ʹͲ,Ͷ + ͳ,ͻͷ = ʹʹ,Ͷ⁡ˏ                                                                             (3.30) 

 
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɩɨɫɬɪɨɢɥɢ ɛɟɬɨɧɧɭɸ ɫɩɢɪɚɥɶɧɭɸ ɤɚɦɟɪɭ 

(ɉɪɢɥɨɠɟɧɢɟ Ⱥ). 
 

3.6 ȼɵɛɨɪ ɬɢɩɚ ɫɟɪɢɣɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ 
 

ɉɨɞɛɨɪ ɝɟɧɟɪɚɬɨɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ ɫɚɣɬɚ 
ɨɧɥɚɣɧ ɷɥɟɤɬɪɢɤ, ɫɟɪɢɣɧɵɯ ɬɢɩɨɜ ɩɨ ɡɧɚɱɟɧɢɸ ɟɝɨ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢ 
ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. 

Ɍɪɟɛɭɟɦɚɹ ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
 

 ܵ˕˓.⁡⁡ːˑˏ = N˃ˆ˓′ୡ୭ୱ𝜑 = ଵଵଽ,ହ଴,଼ହ = ͳ͵ʹ,ͺ⁡ʛʑʏ,                                               (3.31) 
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ɝɞɟ N˃ˆ˓′  – ɭɬɨɱɧɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ; cos߮ = Ͳ,ͺ ÷ Ͳ,ͻ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɧɚɡɧɚɱɚɟɦ cos߮ = Ͳ,ͺͷ. 
ɑɢɫɥɨ ɩɨɥɸɫɨɜ ɝɟɧɟɪɚɬɨɪɚ: 
݌  = ଶ∙௙∙଺଴௡೎ = ଶ∙ହ଴∙଺଴ଵ଴଴ = ͸Ͳ                                                                                                       (3.32) 

 
Ɉɩɢɪɚɹɫɶ ɧɚ ɫɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ, ɛɵɥ ɜɵɛɪɚɧ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ 

1160/135-60 ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 3.7. Ⱦɚɥɟɟ ɡɚ 
ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ ɩɪɢɧɢɦɚɟɦ 412 Ɇȼɬ. 

 
Ɍɚɛɥɢɰɚ 3.7 – Ⱦɚɧɧɵɟ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ 1160/135-60 

Ɍɢɩ ɋȼ-1160/135-60 ܵːˑˏ, ʛʑʏ 128,7 ܲː ˑˏ, ʛʑ˕ 103 cos ߮ 0,85 ܷːˑˏ, ˍʑ 13,8 ݊ːˑˏ, ˑ˄/ˏˋː 100 ݊˖ˆ/݊ːˑˍ 1,9 
ɈɄɁ 1,05 xd′′ 0,22 xd′ 0,32 xd 1,05 ʙʞʓ,% 97,7 J, ˕ · ˏଶ · Ͳ,ʹͷ 32000 

Ɇɚɫɫɚ ɨɛɳɚɹ, ɬ 750 
Ⱦɢɚɦɟɬɪ ɫɬɚɬɨɪɚ, ɦɦ 13100 

ɂɫɩɨɥɧɟɧɢɟ Ɂɨɧɬɢɱɧɨɟ 

 
3.7 Ɋɚɫɱёɬ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ ɝɢɞɪɨɬɭɪɛɢɧɵ 

 
3.7.1 Ɋɚɫɱёɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ 

 
ȼɚɥ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɟɪɟɞɚɱɢ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɨɬ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɤ ɪɨɬɨɪɭ ɝɟɧɟɪɚɬɨɪɚ. Ɋɚɫɱёɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɨɢɡɜɨɞɟɧ ɫ 
ɭɱɟɬɨɦ ɫɨɜɦɟɫɬɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫɤɪɭɱɢɜɚɸɳɢɯ, ɢɡɝɢɛɚɸɳɢɯ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 
ɭɫɢɥɢɣ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɚɥɚ: 
˅∗ܦ  ൒ (ͷ,ͳ ∙ ெˍ˓[𝜏ˇˑ˒])଴,ଷଷ,                                         (3.33) 

 
ɝɞɟ [߬ˇˑ˒] = ͵Ͳ ÷ ͵ͷ⁡ʛʞ˃⁡ሺ͵Ͳ⁡ʛʞ˃ሻ; ܯˍ˓ – ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ: 
 

˓ˍܯ⁡          = ଴,଴଴ଽ଻ସ·N˃ˆ˓′௡೎ = ଴,଴଴ଽ଻ସ·ଵଵଽହ଴଴ଵ଴଴ = ͳͳ,͸Ͷ⁡ʛʞ˃                            (3.34) 

 
ɉɨ ɮɨɪɦɭɥɟ (3.33) ɩɨɥɭɱɢɦ: 
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˅∗ܦ  ൒ ቀͷ,ͳ ∙ ଵଵ,଺ସଷ଴ ቁ଴,ଷଷ = ͳ,ʹͷ͵⁡ˏˏ 

 
ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɢɚɦɟɬɪɚ ɨɤɪɭɝɥɟɧɨ ɞɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɝɨ 

(ɤɪɚɬɧɨɟ 50 ɦɦ ɩɪɢ ܦ˅ ɦɟɧɟɟ 1000 ɦɦ ɢ ɤɪɚɬɧɨɟ 100 ɦɦ ɩɪɢ ܦ ൒ ͳͲͲͲ ɦɦ), D˅ =ͳ͵ͲͲ⁡ˏˏ. 
 
3.7.2 Ɋɚɫɱёɬ ɩɨɞɲɢɩɧɢɤɚ 
 
Ɋɚɞɢɚɥɶɧɚɹ ɫɢɥɚ ɧɚ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ: 
 ܴ˓˃ˇ = Ͳ,ͺ ∙ ቀ N˃ˆ˓′௡೎∙஽భቁ = Ͳ,ͺ ∙ ଵଵଽହ଴଴ଵ଴଴∙଻ = ͳͷͻ,͵⁡ˍʜ                            (3.35) 

 
Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɩɨɞɲɢɩɧɢɤɨɦ ɫ ɭɱɟɬɨɦ ɨɛɥɢɰɨɜɤɢ ݀௡ ɩɪɢɧɹɬ 1,315 ɦɦ 

(ɧɚ 15-20 ɦɦ ɛɨɥɶɲɟ ܦ˅) 
ɍɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɞɥɹ ɤɨɥɶɰɟɜɨɝɨ ɩɨɞɲɢɩɧɢɤɚ: 
ˇ˖݌  = ோ˓˃ˇௗ˒∙ℎ˒ ൑ ,[ˇ˖݌] ˍʞ˃,                                         (3.36) 

 
ɝɞɟ ℎ˒ ɩɪɢɧɹɬɨ 500 ɦɦ, ɩɪɢ ͳʹͲͲ ൑ ˅ܦ ൑ ͳͲͲͲˏˏ. 

[ˇ˖݌]  = ʹͻ ∙ U, ˍʞ˃                                         (3.37) 
 ܷ = ߨ ∙ ݊˔ˋː˘ ∙ ௗ˒ଷ଴ , ˏ ˔ˈˍ⁄                                         (3.38) 

 
ɉɨ ɮɨɪɦɭɥɟ (3.35) ɩɨɥɭɱɢɦ: 
 

ˇ˖݌  = ଵହଽ,ଷଵ,ଷଵହ∙଴,ହ = ʹͶʹ,͵⁡⁡ˍʞ˃ 
 
ɉɨ ɮɨɪɦɭɥɟ (3.38) ɩɨɥɭɱɢɦ: 
 

 ܷ = ͵,ͳͶ ∙ ͳͲͲ ∙ ଵ,ଷଵହଷ଴ = ͳ͵,ͺ⁡⁡ˏ/˔ˈˍ 

 
ɉɨ ɮɨɪɦɭɥɟ (3.37) ɩɨɥɭɱɢɦ: 
 
[ˇ˖݌]  = ʹͻ ∙ ͳ͵,ͺ = ͵ͻͻ,ͳͷ⁡⁡ˍʞ˃ 
 
ɍɫɥɨɜɢɟ ݌˖ˇ ൑  ɫɨɛɥɸɞɟɧɨ. Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ [ˇ˖݌]

ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɤɨɥɶɰɟɜɨɣ ɩɨɞɲɢɩɧɢɤ. 
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3.7.3 ȼɵɛɨɪ ɬɢɩɚ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ 
 
Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɨɩɪɟɞɟɥɟɧɵ ɨɛɴёɦɨɦ 

ɦɚɫɥɨɜɨɡɞɭɲɧɨɝɨ ɤɨɬɥɚ, ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɫɭɦɦɚɪɧɨɝɨ ɱɢɫɥɚ ɫɟɪɜɨɦɨɬɨɪɨɜ, 
ɨɛɫɥɭɠɢɜɚɟɦɵɯ ɨɞɧɨɣ Ɇɇɍ. 

ɉɨ ɦɨɧɨɝɪɚɦɦɟ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɫɩɪɚɜɨɱɧɨɦ ɩɨɫɨɛɢɢ [3] (ɱɚɫɬɶ1, ɫɬɪ 144) 
ɛɵɥ ɩɨɞɨɛɪɚɧ ɫɥɟɞɭɸɳɢɣ ɬɢɩ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ܪ௠௔௫ = ͷͲ,Ͷ ɢ ܦଵ =͹ˏ: 

 
Ɇɇɍ 20/2-40-20-2,  
 

ɝɞɟ 20 – ɜɦɟɫɬɢɬɟɥɶɧɨɫɬɶ; 
2 – ɤɨɥɢɱɟɫɬɜɨ ɫɨɫɭɞɨɜ; 
40 – ɫɨɫɭɞ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɧɚ ɞɚɜɥɟɧɢɟ 40 ˍˆ˔/˔ˏଶ; 
20 – ɜɦɟɫɬɢɬɟɥɶɧɨɫɬɶ ɫɥɢɜɧɨɝɨ ɛɚɤɚ ɜ ˏଷ; 
2 – ɤɨɥɢɱɟɫɬɜɨ ɧɚɫɨɫɨɜ. 
 
3.7.4 ȼɵɛɨɪ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 
 
ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ [3] (ɬɚɛɥɢɰɚ 9,2., ɫɬɪ 103) ɜɵɛɢɪɚɟɬɫɹ 

ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ  ɫ ɨɞɧɢɦ ɪɟɝɭɥɢɪɭɸɳɢɦ ɨɪɝɚɧɨɦ 1983ɝ.: 
 
ɗȽɊɄ-2ɂ1-100-4, 
 

ɝɞɟ ɗȽɊɄ – ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ ɫ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɦ 
ɤɨɦɛɢɧɚɬɨɪɨɦ; 

100 – ɞɢɚɦɟɬɪ ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ; 
4 – ɢɫɩɨɥɧɟɧɢɟ. 
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4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 

4.1 ȼɵɛɨɪ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ 
 

ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɢɦ 
ɷɬɚɩɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ. Ɉɬ ɫɯɟɦɵ ɡɚɜɢɫɢɬ 
ɧɚɞёɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɝɢɛɤɨɫɬɶ ɨɩɟɪɚɬɢɜɧɵɯ 
ɩɟɪɟɤɥɸɱɟɧɢɣ, ɭɞɨɛɫɬɜɨ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ 
ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɲɢɪɟɧɢɹ ɜ ɞɚɥɶɧɟɣɲɟɦ. 

ɉɨ ɤɚɪɬɟ – ɫɯɟɦɟ ɪɚɡɦɟɳɟɧɢɹ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɨɞɫɬɚɧɰɢɣ 
Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɛɥɢɠɚɣɲɟɣ ɜ ɩɪɨɟɤɬɢɪɭɟɦɨɦ ɪɚɣɨɧɟ 
ɹɜɥɹɟɬɫɹ ɉɋ «Ⱦɢɜɧɨɝɨɪɫɤɚɹ» 220 ɤȼ ɫ ɪɚɫɫɬɨɹɧɢɟɦ 92 ɤɦ. 

ɇɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɜɟ ɧɚɢɛɨɥɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɟ ɫɯɟɦɵ: ɨɞɢɧɨɱɧɵɣ ɢ ɭɤɪɭɩɧɟɧɧɵɣ ɛɥɨɤɢ (Ɋɢɫɭɧɨɤ 4.1). 
 

 
Ɋɢɫɭɧɨɤ 4.1 – ɋɯɟɦɚ ɫ ɨɞɢɧɨɱɧɵɦ ɢ ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɚɦɢ 

 
4.2 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ 

 
ɉɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ [5] ɜɵɛɪɚɧ ɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɋȼ 1160/135-60 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɈȺɈ "ɗɥɫɢɛ". ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 4.1. 

 
Ɍɚɛɥɢɰɚ 4.1 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɚ ɋȼ-1160/135-60 

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ːܷˑˏ, ˍʑ cos ߮ 𝜂 
ɂɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ܵːˑˏ, ʛʑʏ ܲː ˑˏ, ʛʑ˕ xௗ′′ xௗ′  xௗ ͳʹͺ,͹ 103 ͳ͵,ͺ Ͳ,ͺͷ ͻ͹,ʹ Ͳ,ʹʹ Ͳ,͵ʹ ͳ,Ͳͷ 
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4.3 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ 
ɛɥɨɤɨɦ 
 
ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɪɟɞɟɥɟɧɢɟ ɢɯ ɱɢɫɥɚ, ɬɢɩɚ ɢ 

ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ.  
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɛɥɨɤɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ ɜ 

ɫɟɬɶ ɩɨɜɵɲɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, ɩɨɞɤɥɸɱɟɧɧɨɣ 
ɧɚ ɨɬɜɟɬɜɥɟɧɢɢ ɨɬ ɝɟɧɟɪɚɬɨɪɚ ɬ.ɟ. ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɤɨɬɨɪɚɹ 
ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 0,5% ɨɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ: 

 ܵ˓˃˔˚ = ௉ː ˑˏ−௉̝ .ː.௖௢௦ 𝜑 = ଵ଴ଷ−଴,଴଴ହ∙ସଵଶ଴,଼ହ = ͳͳͺ⁡ʛʑ · ʏ,                                            (4.1) 

 
ɝɞɟ ܲː ˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ (ɭɫɬɚɧɨɜɥɟɧɧɚɹ) ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, Ɇȼɬ; ̝ܲ .ː. – ɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, Ɇȼɬ; cos߮ – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ, ɨ.ɟ. 

ɇɚ ɞɚɧɧɵɟ ɦɨɳɧɨɫɬɶ ɢ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɤɚɬɚɥɨɝɭ [6] ɩɨɞɨɛɪɚɧ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɡɚɜɨɞɚ ɈȺɈ «ɗɥɟɤɬɪɨɡɚɜɨɞ» ɬɢɩɚ ɌȾɐ 225000/220 ɍ1 ɍɏɅ1. 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2. 

 
Ɍɚɛɥɢɰɚ 4.2 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ 225000/220 ɍ1 ɍɏɅ1. ܵːˑˏ, ʛʑʏ 

ܷ, ˍʑ ܷʙʖ, % ∆ ʙܲʖ, ˍʑ˕ ∆ ʤܲʤ, ˍʑ˕ ܫʤʤ, % ܷʑʜ ܷʜʜ ʹʹͷ ʹʹͷ ͳ͵,ͺ ͳͲ,ͷ ͷ͵Ͳ ͳͳͲ Ͳ,͵ 

 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ୫ܶୟ୶ ɢ ɜɪɟɦɹ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ ߬: 

 

 ߬ = ቀͲ,ͳʹͶ + ೘்𝑎ೣଵ଴ర ቁଶ · ͺ͹͸Ͳ = ቀͲ,ͳʹͶ + ସ଴଴଴ଵ଴ర ቁଶ · ͺ͹͸Ͳ = ʹͶͲͷ⁡˚/ˆˑˇ        (4.2) 

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: 
˄˃˓ݐ  = ͺ͹͸Ͳ − ˒ܶߤ ˎ −𝜔ܶ˅ = ͺ͹͸Ͳ − ͳ ∙ ͵Ͳ − Ͳ,Ͳʹͷ ∙ ͸Ͳ = ͺ͹ʹͻ⁡˚,        (4.3) 
 

ɝɞɟ ߤ – ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ ,1 ɪɚɡ ɜ ɝɨɞ; ܶ˒ ˎ – ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ, ɩɪɢɧɹɬɨ: ܶ˒ ˎ = ͵Ͳ˚; 𝜔 – ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɛɥɨɤɚ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ: 𝜔 = Ͳ,Ͳʹͷ⁡ɟɞ/ɝɨɞ; ܶ˅  – ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ, ܶ˅ = ͸Ͳ⁡˚. 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ ʤܹʤ = ݊ʡ · ∆ ʤܲʤ · ˄˃˓ݐ = ͳ ∙ Ͳ,ͳͳͲ ∙ ͺ͹ʹͻ = ͳͻʹͲ⁡ʛʑ˕ · ˚,                     (4.4)  
 

ɝɞɟ ݊ʡ – ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜ ɛɥɨɤɟ, ݊ʡ = ͳ; 
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∆ ʤܲʤ – ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼɬ; ݐ˓˃˄ – ɜɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɢ ɝɨɞɚ, ɱ. 
ɇɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ ʜܹ = ∆௉ʙʖ௡˕ · ቀ ௌ˓˃˔˚ௌ˕⁡ːˑˏቁଶ · ߬ = ଴,ହଷ଴ଵ · ቀଵଵ଼ଶଶହቁଶ · ʹͶͲͷ = ͵ͷʹ,ͺ⁡ʛʑ˕ · ˚,            (4.5) 

 
ɝɞɟ ∆ ʙܲʖ – ɩɨɬɟɪɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼɬ; ݊˕ – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; ܵ˓˃˔˚ – ɦɨɳɧɨɫɬɶ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, 
ɆȼȺ; ܵ˕⁡ːˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɆȼȺ; ߬ – ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɱ/ɝɨɞ. 

ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɧɚ 1 ɚɝɪɟɝɚɬɧɵɣ 
ɛɥɨɤ: 

 ʗ˒ = ଵߚ · ∆ ʤܹʤ + ଶߚ · ∆ ʜܹ = Ͳ,͸ · ͳͲ−ଶ · ͳͻʹͲ + Ͳ,ͻ · ͳͲ−ଶ · ͵ͷʹ,ͺ = = ͺ,ͻͶ⁡⁡˕˞˔⁡˓˖˄/ˆˑˇ,                                                                                   (4.6)  
 

ɝɞɟ ∆ ʤܹʤ – ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ʛʑ˕ · ˚; ∆ ʜܹ – ɧɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ, ʛʑ˕ · ,ଵߚ ;˚  ଶ – ɫɬɨɢɦɨɫɬɶ ɩɨɬɟɪɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɏɏ ɢ ɧɚɝɪɭɡɨɱɧɵɯߚ
ɩɨɬɟɪɶ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 

ଵߚ  = Ͳ,͸ · ͳͲ−ଶ⁡⁡˕˞˔. ˓˖˄/ሺʛʑ˕ · ˚ሻ;  
ଶߚ  = Ͳ,ͻ · ͳͲ−ଶ⁡⁡˕˞˔. ˓˖˄/ሺʛʑ˕ · ˚ሻ  
 
ɂɡɞɟɪɠɤɢ ɞɥɹ ɜɫɟɣ ɫɬɚɧɰɢɢ (4 ɨɞɢɧɨɱɧɵɯ ɛɥɨɤɚ): 
 ʗʞ = Ͷ · ʗʞ⁡ˑˇˋːˑ˚ = Ͷ · ͺ,ͻͶ = ͵ͷ,͹Ͷ⁡˕˞˔. ˓˖˄/ˆˑˇ                                 (4.7)           
 
4.4 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦ 
ɛɥɨɤɨɦ 
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ ɜ ɫɟɬɶ 

ɩɨɜɵɲɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, ɩɨɞɤɥɸɱɟɧɧɨɣ ɧɚ 
ɨɬɜɟɬɜɥɟɧɢɢ ɨɬ ɝɟɧɟɪɚɬɨɪɚ: 

 ܵ˓˃˔˚ = ʹ ⋅ ௉ː ˑˏ−௉̝ .ː.ୡ୭ୱ𝜑 = ʹ ⋅ ଵ଴ଷ−଴,଴଴ହ∙ସଵଶ଴,଼ହ = ʹ͵͸,͹⁡ʛʑʏ                                         (4.8)  

 

ɇɚ ɞɚɧɧɵɟ ɦɨɳɧɨɫɬɶ ɢ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɤɚɬɚɥɨɝɭ [6] ɩɨɞɨɛɪɚɧ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɡɚɜɨɞɚ ɈɈɈ «ɗɥɟɤɬɪɨɡɚɜɨɞ» ɬɢɩɚ ɌȾɐ-400000/220. Ʉɚɬɚɥɨɠɧɵɟ 
ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.3. 
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Ɍɚɛɥɢɰɚ 4.3 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ 400000/220-ɍ1. ܵːˑˏ, ʛʑʏ 
ܷ, ˍʑ ܷʙʖ, % ∆ ʙܲʖ, ˍʑ˕ ∆ ʤܲʤ, ˍʑ˕ ܫʤʤ, % ܷʑʜ ܷʜʜ ͶͲͲ ʹͶʹ ͳ͵,ͺ ͳʹ,͹ ͺʹͲ ʹͶͷ Ͳ,ͷ 

 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ ɩɨ 

ɮɨɪɦɭɥɟ (4.2): 
 ߬ = ቀͲ,ͳʹͶ + ସ଴଴଴ଵ଴ర ቁଶ · ͺ͹͸Ͳ = ʹͶͲͷ⁡˚/ˆˑˇ                
 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɢ ɝɨɞɚ ɩɨ ɮɨɪɦɭɥɟ (4.3): 

˄˃˓ݐ  = ͺ͹͸Ͳ − ͳ · ͵Ͳ − Ͳ,Ͳͷ · ͸Ͳ = ͺ͹ʹ͹⁡˚  
 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɝɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɩɨ ɮɨɪɦɭɥɟ (4.4): 
 ∆ ʤܹʤ = ʹ · Ͳ,ʹͶͷ · ͺ͹ʹ͹ = Ͷʹ͹͸,ʹ͵⁡ʛʑ˕ · ˚  
 
ɇɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɩɨ ɮɨɪɦɭɥɟ (4.5): 
 ∆ ʜܹ = ଴,଼ଶ଴ଶ · ቀଶଷ଺,଻ସ଴଴ ቁଶ · ʹͶͲͷ = ͵Ͷͷ,Ͷͳ⁡ʛʑ˕ · ˚  

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɧɚ 1 ɭɤɪɭɩɧɟɧɧɵɣ ɚɝɪɟɝɚɬɧɵɣ ɛɥɨɤ ɩɨ ɮɨɪɦɭɥɟ (4.6): 
 ʗʞ⁡˖ˍ˓˖˒⁡ = Ͳ,͸ · ͳͲ−ଶ · Ͷʹ͹͸,ʹ͵ + Ͳ,ͻ · ͳͲ−ଶ · ͵Ͷͷ,Ͷͳ = ʹͺ,͹͹⁡˕˞˔⁡˓˖˄/ˆˑˇ⁡ 
 
ɂɡɞɟɪɠɤɢ ɞɥɹ ɜɫɟɣ ɫɬɚɧɰɢɢ (2 ɭɤɪɭɩɧɟɧɧɵɯ ɛɥɨɤɚ): 
 ʗʞ = ʹ · ʗʞ⁡˖ˍ˓˖˒ = ʹ · ʹͺ,͹͹ = ͷ͹,ͷ͵⁡˕˞˔. ˓˖˄/ˆˑˇ                                            (4.9) 

 
ȼ ɯɨɞɟ ɪɚɫɱɟɬɨɜ ɛɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ 

ɭɫɬɚɧɨɜɤɢ ɨɞɢɧɨɱɧɨɝɨ ɛɥɨɤɚ, ɬ.ɤ ɞɚɧɧɚɹ ɫɯɟɦɚ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɧɚɞɟɠɧɨɣ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ. 

 
4.5 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
 
Ⱦɨɥɹ ɦɨɳɧɨɫɬɢ, ɩɪɢɯɨɞɹɳɟɣɫɹ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɫɬɚɧɰɢɢ, ɫɨɫɬɚɜɥɹɟɬ 

0,5%: 
 ܵ˔.ː. = Ͳ,ͲͲͷ ∙ ௉ʒЭʠୡ୭ୱ𝜑ˆ = Ͳ,ͲͲͷ ∗ ସଵଶ଴,଼ହ = ʹͺͳʹ⁡ˍʑʏ (4.10)  

 
ɉɨ ɤɚɬɚɥɨɝɭ [16] ɜɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌɅɋɁ-3150/13,8. Ʉɚɬɚɥɨɠɧɵɟ 

ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.4. 
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Ɍɚɛɥɢɰɚ 4.4 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɅɋɁ-3150/13,8 ܵːˑˏ, ˍʑʏ 
ܷʜ, ˍʑ ܷʙʖ, % ܷʑʜ ܷʜʜ 

3150 13,8 0,4 7,5 

 
4.6 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ȼɅ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɦɚɪɤɢ ɩɪɨɜɨɞɨɜ ȼɅ 
 
ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɭɱɟɛɧɵɦ ɩɨɫɨɛɢɟɦ [4]. ɑɢɫɥɨ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ 220 ɤȼ: 
 ݊ = ʟ˖˔˕−ʟʠʜ௄· 𝑃ː˃˕.ౙ౥s𝜑˔ + ͳ = ସଵଶ−ଶ,ଷଽଵ,ଶ∙భయఱబ,ఴఱ + ͳ = ͵,ͷ ≈ Ͷ,                                                                (4.11)  

 
ɝɞɟ Pː ˃˕. = ͳ͵ͷ⁡ʛʑ˕ − ɩɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɨɞɧɭ ɰɟɩɶ ɞɥɹ ȼɅ (220 ɤȼ); ʙ = ͳ,ʹ- ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɧɚɬɭɪɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ Ʌɗɉ (220ɤȼ); cos߮˔ − ˍˑˠ˗˗ˋ˙ˋˈː˕⁡ˏˑ˜ːˑ˔˕ˋ⁡˔ˋ˔˕ˈˏ˞; 

ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɜ ɫɢɫɬɟɦɭ: 
 ܵΣ = ݊ˆ ∙ ቀ௉̂ −௉̝ ː௖௢௦𝜑ˆቁ = Ͷ ∙ ቀଵ଴ଷ−ଶ,ଷଽ଴,଼ହ ቁ = Ͷ͹͵⁡ʛʑʏ (4.12)  

 
Ɋɚɛɨɱɢɣ ɬɨɤ ȼɅ 220 ɤȼ: 
ܫ˓  ˃˄ = ௌΣ௡·√ଷ·ଶଶ଴ = ସ଻ଷସ·√ଷ·ଶଶ଴ = Ͳ,͵ͷͷ⁡ˍʏ⁡ (4.13)  

 
Ɋɚɫɱёɬɧɵɣ ɬɨɤ ȼɅ 220 ɤȼ: 
ܫ˓  ˃˔˚ = ܫ˓ ˃˄ · ூߙ · 𝜏ߙ = Ͳ,͵ͷͷ ∙ ͳ,Ͳͷ ∙ ͳ = Ͳ,͵͹͵⁡ˍʏ, (4.14)  

  
ɝɞɟ ߙூ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɱɚɫɬɢɟ ɩɨɬɪɟɛɢɬɟɥɹ ɜ ɦɚɤɫɢɦɭɦɟ 
ɧɚɝɪɭɡɤɢ, ߙூ = ͳ,Ͳͷ; ߙ𝜏 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ߙ𝜏 = ͳ. 

Ⱦɚɥɟɟ ɪɚɫɫɱɢɬɵɜɚɟɦ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ ɩɨ ɦɟɬɨɞɭ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ. 
ɉɥɨɬɧɨɫɬɶ ɬɨɤɚ  ݆ = ͳ,ͳ⁡ʏ/ˏˏଶ, ɬɨɝɞɚ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ: 

ܨ  = ூ˓ ˃˔˚௝ = ଷ଻ଷଵ,ଵ = ͵͵ͻ⁡ˏˏଶ (4.15)  

 
ɉɪɨɢɡɜɟɞɟɧɚ ɩɪɨɜɟɪɤɚ ɩɪɨɜɨɞɚ ɩɨ ɧɚɝɪɟɜɭ. ɋɪɚɜɧɢɜɚɹ ɞɥɢɬɟɥɶɧɨ 

ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ̌ܫ ˇ = ͺʹͷ⁡ʏ, ɫ ɩɨɫɥɟɚɜɚɪɢɣɧɵɦ: 
ܫ˒  .˃˅ = ௌΣሺ௡−ଵሻ·√ଷ·ଶଶ଴ = ସ଻ଷሺସ−ଵሻ·√ଷ·ଶଶ଴ = Ͷͻͺ⁡ʏ  (4.16)  
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ɋɭɳɟɫɬɜɭɟɬ ɭɫɥɨɜɢɟ ɧɚɝɪɟɜɚ: 
ܫ̌  ˇ > ܫ˒ .˃˅  
  ͺʹͷ⁡ʏ > Ͷͻͺ⁡ʏ  
 
ɉɨɫɥɟ ɪɚɫɱɟɬɚ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɚ ɢ ɩɪɨɜɟɪɤɢ ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɹ ɩɨ 

ɧɚɝɪɟɜɭ, ɛɵɥ ɜɵɛɪɚɧ ɩɪɨɜɨɞ Ⱥɋ-400/51. ɉɚɪɚɦɟɬɪɵ ɩɪɨɜɨɞɚ Ⱥɋ-400/51 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.5. 

 
Ɍɚɛɥɢɰɚ 4.5 – ɉɚɪɚɦɟɬɪɵ ɩɪɨɜɨɞɚ ɦɚɪɤɢ Ⱥɋ–400/51 

ɑɢɫɥɨ ɩɪɨɜɨɞɨɜ ɜ ɮɚɡɟ ݎ଴⁡ʝˏ/ˍˏ ݔ଴⁡ʝˏ/ˍˏ ܾ଴⁡ʠˏ/ˍˏ ͳ Ͳ,Ͳ͹͵ Ͳ,Ͷʹ ʹ,͹Ͳͳ · ͳͲ−଺ 

 
4.7 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ 
ɪɚɫɱёɬɚ 
 
Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫɯɟɦɵ ɪɚɡɥɢɱɚɸɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɫɢɥɨɜɵɯ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɨɰɟɧɢɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
ܭ  = ݊ ∙ ʡܭ +݉ ∙ ʡʠʜܭ + ݐ ∙   ʙʟʢЭ, (4.17)ܭ

 
ɝɞɟ ܭʡ – ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ (25,97 ɦɥɧ ɪɭɛ – ɩɨ ɫɯɟɦɟ ɫ 
ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ; 45,8 ɦɥɧ ɪɭɛ – ɩɨ ɫɯɟɦɟ ɫ ɭɤɪɭɩɧёɧɧɵɦ ɛɥɨɤɨɦ.);  ܭʡʠʜ – ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (10,6 ɦɥɧ ɪɭɛ); ܭʙʟʢЭ – ɫɬɨɢɦɨɫɬɶ ɄɊɍɗ (170 ɦɥɧ ɪɭɛ);  ݊ – ɱɢɫɥɨ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; ݉ – ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; ݐ −⁡ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɛɨɪɨɦ Ɋɍ. 

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɨɦ ɩɨ ɮɨɪɦɭɥɟ (4.17):⁡ 
ଵܭ  = Ͷ ∙ ʹͷ,ͻ͹ + ͵ ∙ ͳͲ,͸ + ͹ ∙ ͳ͹Ͳ⁡ = ͳ,͵⁡⁡ˏˎ˓ˇ. ˓˖˄.⁡  

 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɨɤɚɦɢ ɩɨ ɮɨɪɦɭɥɟ (4.17): 
 ʙଶ = ʹ ∙ Ͷͷ,ͺ + ͵ · ͳͲ,͸ + ͷ ∙ ͳ͹Ͳ = Ͳ,ͻ͹⁡ˏˎ˓ˇ. ˓˖˄.⁡  

 
Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜɚɪɢɚɧɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɧɢɰɚ ɩɨɥɧɵɯ 

ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ: 
 ʖ୧ = ʔː ∙ ʙ୧ + ʗ୧, (4.18)   

 
ɝɞɟ ʔː =⁡0,15 – ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ  
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ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ: 
 ʖଵ = Ͳ,ͳͷ ∙ ͳ,͵ + ͵ͷ,͹Ͷ · ͳͲ−଺ ≈ Ͳ,ͳͻͺ⁡ˏˎ˓ˇ. ˓˖˄.  
  
ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ: 
 ʖଶ = Ͳ,ͳͷ ∙ Ͳ,ͳͲ͵ + ͷʹ,ͷ͵ · ͳͲ−଺ ≈ Ͳ,ͳͶͳ⁡ˏˎ˓ˇ. ˓˖˄.  
 
Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɜɚɪɢɚɧɬɚɦɢ:  
 ʟ = ʖభ−ʖమʖభ ∙ ͳͲͲ% = ଴.ଵଽ଼−଴.ଵସଵ଴.ଵଽ଼ ∙ ͳͲͲ% = ͵͸% (4.19)   

 
ɂɡ ɪɚɫɱɟɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɞɚɧɧɵɟ ɜɚɪɢɚɧɬɵ ɨɬɥɢɱɚɸɬɫɹ ɛɨɥɶɲɟ ɱɟɦ ɧɚ 5% ɢ 

ɧɟ ɹɜɥɹɸɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɪɚɜɧɨɰɟɧɧɵɦɢ, ɨɤɨɧɱɚɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɜɚɪɢɚɧɬ ɫ 
ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ. ɉɨ ɧɚɞёɠɧɨɫɬɢ ɫɯɟɦɚ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ ɹɜɥɹɟɬɫɹ 
ɛɨɥɟɟ ɩɪɢɟɦɥɟɦɨɣ.  

 
4.8 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ 
ɧɚɩɪɹɠɟɧɢɹ 
 
ɑɢɫɥɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɄɊɍɗ–220 ɤȼ ɪɚɜɧɨ 9 (1 ɫɥɭɠɟɛɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ, 

4 Ʌɗɉ 220 ɤȼ ɢ 4 ɛɥɨɤɚ). ɉɪɢ ɞɚɧɧɨɦ ɤɥɚɫɫɟ ɧɚɩɪɹɠɟɧɢɹ ɢ ɤɨɥɢɱɟɫɬɜɟ 
ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɛɵɥ ɜɵɛɪɚɧ ɜɚɪɢɚɧɬ ɫ ɞɜɭɦɹ ɪɚɛɨɱɢɦɢ ɫɢɫɬɟɦɚɦɢ ɲɢɧ (13 ɫɯɟɦɚ) 
ɫɨɝɥɚɫɧɨ ɞɨɤɭɦɟɧɬɚ [7]. ȼɵɛɪɚɧɧɚɹ ɫɯɟɦɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.2. 

 
Ɋɢɫɭɧɨɤ 4.2 – ɋɯɟɦɚ Ɋɍ ȼɇ 220 ɤȼ: 2 ɋɒ 
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4.9 Ɋɚɫɱёɬ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ 
ɝɥɚɜɧɨɣ ɫɯɟɦɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ RastrWin. 
 
4.9.1 Ɋɚɫɱёɬ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɫɨɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɧɚ ɪɢɫɭɧɤɟ 4.3. 

 
Ɋɢɫɭɧɨɤ 4.3 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɞɥɹ ɪɚɫɱɟɬɚ ɌɄɁ 

 
Ⱦɥɹ ɪɚɫɱёɬɧɨɣ ɫɯɟɦɵ ɪɢɫɭɧɨɤ 4.3 ɜɵɱɢɫɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ. 
ɉɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ: 
 ܺʠ = ௎ːˑˏమௌʙʖ = ଶଷ଴మଵହ଴ = ʹͷ͵⁡ʝˏ; (4.20)  

 ܴʠ = ௑ʠ𝜔∙ 𝑎்,ʠ = ଶହଷଷଵସ∙଴,଴ଷହ = ͵ʹ⁡ʝˏ (4.21)   

 
ɉɚɪɚɦɟɬɪɵ ɝɟɧɟɪɚɬɨɪɨɜ: 
 ʔˆ = ′′ʒܧ ∙ ܷːˑˏ.ˆ = ͳ,ͳ͵ ∙ ͳ͵,ͺ = ͳͷ,ͷͻ⁡ˍʑ; (4.22)   

 xʒ = xௗ′′ ∙ ௎ːˑˏమௌːˑˏ = Ͳ,ʹʹ ∙ ଵଷ,଼మଵ଴ଷ ⁡= Ͳ,Ͷͳ⁡ʝˏ; (4.23)   

 ܴʒ = ௑ʒ𝜔∙ 𝑎்,ʒ = ଴,ସଵଷଵସ∙଴,଴ସହ = Ͳ,Ͳʹͻ⁡ʝˏ (4.24)  

 
ɉɚɪɚɦɟɬɪɵ ɛɥɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 

 ܺʡ = ௎ˍ,%ଵ଴଴ ∙ ௎ːˑˏమௌːˑˏ = ଵଶ,଻ଵ଴଴ ∙ ଶସଶమଶଶହ = ͵͵,Ͳ͸⁡ʝˏ; (4.25)  

 ܴʡ = ∆̱ܲ ∙ ௎ːˑˏమௌːˑˏమ = Ͳ,ͷ͵Ͳ ∙ ଶସଶమଶଶହమ = Ͳ,͸ͳ⁡ʝˏ; (4.26)  
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݇ʡ = ௎ʜʜ௎ʑʜ = ଵହ,଻ହଶସଶ = Ͳ,Ͳ͸ͷ⁡ˑ. ˈ. (4.27)  

 
ɉɚɪɚɦɟɬɪɵ ɥɢɧɢɢ: 
 ܺʚ = ܺ଴,˖ˇ ∙ ܮ = Ͳ,Ͷʹ ∙ ͳʹͶ = ͷʹ,Ͳͺ⁡ʝˏ;  (4.28)  

 ܴʚ = ܴ଴,˖ˇ ∙ ܮ = Ͳ,Ͳ͹͵ ∙ ͳʹͶ = ͻ,ͳ⁡ʝˏ                                                                        (4.29) 
 
4.9.2 ȼɧɟɫɟɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ. Ɋɚɫɱɟɬ 
ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɋɒ ɢ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɜ 
ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ «RastrWin» 
 
ȼ ɉȼɄ RastrWin 3 ɫɨɡɞɚɧ ɮɚɣɥ ɞɢɧɚɦɢɤɢ, ɡɚɧɟɫɟɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ 

ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɢ ɪɚɫɫɱɢɬɚɧɵ ɧɟɨɛɯɨɞɢɦɵɟ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ ɪɢɫɭɧɤɢ 4.4-4.9. 
 

 
Ɋɢɫɭɧɨɤ 4.4 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ 

 

 
Ɋɢɫɭɧɨɤ 4.5 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ 

 

 
Ɋɢɫɭɧɨɤ 4.6 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ 

 
Ɋɢɫɭɧɨɤ 4.7– Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 3ɮ ɄɁ ɧɚ ɜɵɯɨɞɟ ɝɟɧɟɪɚɬɨɪɚ 
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Ɋɢɫɭɧɨɤ 4.8 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 3ɮ ɄɁ ɧɚ ɄɊɍɗ 

 

 
Ɋɢɫɭɧɨɤ 4.9 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 1ɮ ɄɁ ɧɚ ɄɊɍɗ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 4.6. 
 

Ɍɚɛɥɢɰɚ 4.6– Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɜ ɬɨɱɤɚɯ ɄɁ 
ȼɢɞ ɧɟɫɢɦɦɟɬɪɢɢ Ɍɨɱɤɚ ɄɁ ܫ௡ , ˍʏ ݅˖ˇ, ˍʏ 

Ɍɪёɯɮɚɡɧɨɟ ɄɁ 
Ƚɟɧɟɪɚɬɨɪ Ƚ1 22,11 43,45 

ɄɊɍɗ – 220 ɤȼ 16,91 29,07 

Ɉɞɧɨɮɚɡɧɨɟ ɄɁ ɄɊɍɗ – 220 ɤȼ 25,20 43,35 

 
ɍɞɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɛɵɥ ɪɚɫɫɱɢɬɚɧ ɩɨ ɮɨɪɦɭɥɟ: 
 ݅˖ˇ =    ௡, (4.30)ܫˇ˖݇ʹ√

 
ɝɞɟ ݇˖ˇ – ɭɞɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɝɟɧɟɪɚɬɨɪɚ/Ɋɍ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ݇˖ˇ = ͳ,ͻ͸ͷ ɞɥɹ 
ɞɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɢ  ݇˖ˇ = ͳ,͹ʹ ɞɥɹ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ 220ɤȼ. 

 
4.9.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɬɨɤɨɜ ɪɚɛɨɱɟɝɨ ɢ ɭɬɹɠɟɥёɧɧɨɝɨ ɪɟɠɢɦɚ 
 
ɉɪɢ ɜɵɛɨɪɟ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɜɵɩɨɥɧɟɧɢɟ 

ɬɪɟɛɨɜɚɧɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɚɩɩɚɪɚɬɨɜ ɢ ɩɪɨɜɨɞɧɢɤɨɜ.  
Ⱦɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɝɟɧɟɪɚɬɨɪɨɜ ɧɚɢɛɨɥɶɲɢɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɪɢ ɪɚɛɨɬɟ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɫɧɢɠɟɧɧɨɦ ɧɚ 5% ɧɚɩɪɹɠɟɧɢɢ: ̂ܫ ,˓˃˄⁡୫ୟ୶ = ͳ,Ͳͷ ௌˆ,ːˑˏ√ଷ∙௎ˆ,ːˑˏ = ͳ,Ͳͷ ∙ ଵ଴ଷ√ଷ∙ଵଷ,଼ = Ͷ,ͷʹ⁡ˍʏ (4.31)   

 
Ɋɚɛɨɱɢɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
ܫ˓  ˃˄⁡୫ୟ୶⁡ሺʟʢʑʜሻ = ͳ,Ͳͷ ௌˆ,ːˑˏ√ଷ∙௎˕,ːˑˏ = ͳ,Ͳͷ ଵ଴ଷ√ଷ∙ଶସଶ = Ͳ,ʹͶ͸⁡ˍʏ (4.32)  

 
Ɋɚɛɨɱɢɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɜ ɥɢɧɢɢ ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ 220ɤȼ: 
ܫ˓  ˃˄.௠௔௫ = ௌ∑௡ˎ∙√ଷ∙௎ːˑˏ = ଵଵ଼ସ∙√ଷ∙ଶଶ଴ = Ͳ,Ͳͺͻ⁡ˍʏ (4.33)   
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Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɣ 
ɢɡ ɥɢɧɢɢ ɫɜɹɡɢ: 

ܫ˓  ˃˄.˖˕ˉ = ௌ∑ሺ௡ˎ−ଵሻ∙√ଷ∙௎ːˑˏ = ଵଵ଼ሺସ−ଵሻ∙√ଷ∙ଶଶ଴ = Ͳ,ͳʹͶ⁡ˍʏ⁡                                               (4.34)   

 
4.9.4 ȼɵɛɨɪ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ 
ɧɚɩɪɹɠɟɧɢɢ 13,8 ɤȼ 
 
Ɋɚɡɴɟɞɢɧɢɬɟɥɢ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɢ ɬɨɤɭ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ 

ɢ ɩɪɨɜɟɪɹɸɬɫɹ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɢ ɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɩɨ ɬɟɦ ɠɟ ɡɧɚɱɟɧɢɹɦ, 
ɱɬɨ ɢ ɜɵɤɥɸɱɚɬɟɥɢ. 

ɉɪɢ ɜɵɛɨɪɟ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 

 ܷːˑˏ ൒ ܷːˑˏ⁡˔ˋ˔˕;  
 ːܫ ˑˏ ൒ ܫ˓ ˃˄⁡୫ୟ୶;  
 ݅ˠˎ.ˇˋː ൒ ݅˖ˇ;  
ˏːˑ,ˍܤ  ൒   ˚˔˃˓,ˍܤ
 

ɂɫɩɨɥɶɡɭɹ ɤɚɬɚɥɨɝ ɩɪɨɢɡɜɨɞɢɬɟɥɹ [17] ɈȺɈ ȼɈ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» ɞɥɹ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɛɵɥ ɜɵɛɪɚɧ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȽȽ–15-
50/6300 ɍɁ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ [20] ɊȼɉɁ–20/12500 ɍɁ.  Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 
ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.7.  

 
Ɍɚɛɥɢɰɚ 4.7 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ 
ȼȽȽ-15-50/6300 ɍ3 

Ɋɚɡɴɟɞɢɧɢɬɟɥɶ 
ɊȼɉɁ-20/12500 ɍ3 

˔ܷˈ˕ˋ⁡ːˑˏ = ͳ͵,ͺ⁡ˍʑ ːܷˑˏ = ͳͷ ɤȼ ːܷˑˏ = ʹͲ ɤȼ ̂ܫ .˓˃˄ = Ͷͷʹͷ⁡ʏ ːܫ ˑˏ = ͸͵ͲͲ Ⱥ ːܫ ˑˏ = ͳʹͷͲͲ Ⱥ i୷ = ͳͶ,Ͷͷ ɤȺ ݅ˠˎ.ˇˋː = ͳ͸ͳ ɤȺ ݅ˠˎ.ˇˋː = ͳʹͷ ɤȺ ܫ୬଴ = ͺ,ͶͲͳ ɤȺ ːܫ ˑˏ.ˑ˕ˍˎ = ͷͲ ɤȺ ̞ܫ .˔˕ = ͳ͸Ͳ ɤȺ 

ˎˍ˕ˑݐ  = ˎˍ˕ˑݐ ˔⁡͵ = ͵⁡˔ ʑˍ.˓˃˔˚ = I୬଴ଶ ∙ (tˑ˕ˍ + t˓ˊ) = = ͺ,ͶͲͳ⁡ଶ ∙ ሺͲ,Ͳ͵ + Ͳ,Ͳͳሻ = = ʹ,ͺʹ⁡ˍʏଶ ∙ ˔ ʑˍ.ːˑˏ = ITଶ ∙ tT = = ͷͲଶ ∙ ͵ = ͹ͷͲͲ⁡ˍʏଶ ∙ ˔ ʑˍ.ːˑˏ = ITଶ ∙ tT = = ͳ͸Ͳଶ ∙ ͵ = ͹͸ͺͲͲ⁡ˍʏଶ ∙ ˔ 
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ɉɪɨɜɟɪɤɚ ɧɚ ɚɩɟɪɢɨɞɢɱɟɫɤɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɜɵɤɥɸɱɚɬɟɥɹ ȼȽȽ–15-
50/6300 ɍɁ: 

 ݅ୟτ = √ʹ ∙ ܫ˒ ˑ ∙ ˈ− τʡ˃ = √ʹ ∙ ͺ,ͶͲͳ ∙ ˈ− బ,బభబ,బయఱ = ͺ,ͻʹ⁡ˍʏ;  (4.35)   
 ݅ୟ.ːˑˏ = √ʹ ∙ ːܫ ˑˏ.ˑ˕ˍˎ ∙ ˈ− τʡ˃ = √ʹ ∙ ͷͲ ∙ ˈ− బ,బభబ,బయఱ = ͷ͵,ͳͶ⁡ˍʏ; (4.36)   
 ݅ୟ.ːˑˏ ൒ ݅ୟτ;  
 ͷ͵,ͳͶ ൒ ͺ,ͻʹ  

 
4.9.4.1 ȼɵɛɨɪ ɚɧɚɥɢɡɚɬɨɪɨɜ ɢ ɫɢɧɯɪɨɧɢɡɚɬɨɪɨɜ 

 
ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 

4.8. 
 

Ɍɚɛɥɢɰɚ 4.8 – ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɩɪɢɛɨɪɚ 
Ɍɢɩ ɩɪɢɛɨɪɚ 

ɂɧɬɟɪɮɟɣɫ 
ɩɪɢɛɨɪɚ 

Ʉɥɚɫɫ 
ɬɨɱɧɨɫɬɢ 

ɉɨɬɪɟɛɥɹɟɦɚɹ 
ɦɨɳɧɨɫɬɶ (ȼ·Ⱥ) 

 ȼ ɰɟɩɢ ɫɬɚɬɨɪɚ: 
Ⱥɧɚɥɢɡɚɬɨɪ ɫɟɬɢ M201 RS232 0,5 4 

 ȼ ɰɟɩɢ ɪɨɬɨɪɚ: 
ɋɢɧɯɪɨɧɢɡɚɬɨɪ SYNCHROTACT 5 RS232 MODBUS 0,5 25 

  ∑ = 16 ȼ·Ⱥ 

 
ȼɵɛɪɚɧ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɪɨɫɫɢɣɫɤɨɣ ɤɨɦɩɚɧɢɟɣ ɈɈɈ «Ⱥɋɍ-ȼɗɂ», 

ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɫɢɧɯɪɨɧɢɡɚɬɨɪ ɬɢɩɚ Ⱥɋ-Ɇ3. ɉɪɟɞɧɚɡɧɚɱɟɧ 
ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɦɟɬɨɞɨɦ ɬɨɱɧɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 
ɫɢɧɯɪɨɧɢɡɚɰɢɢ.  

ȼɵɛɪɚɧ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡɚɬɨɪ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɮɢɪɦɨɣ ɈɈɈ «ɘɉɁ 
ɉɪɨɦɫɜɹɡɶɤɨɦɩɥɟɤɬ». ȺɉɄɗ-1 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢɡɦɟɪɟɧɢɣ ɢ 
ɪɟɝɢɫɬɪɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ 
ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɨɝɨ ɬɪɟɯɮɚɡɧɨɝɨ ɢ 
ɨɞɧɨɮɚɡɧɨɝɨ ɬɨɤɚ ɱɚɫɬɨɬɨɣ 50 Ƚɰ ɢ ɧɚɩɪɹɠɟɧɢɟɦ ɨɬ 0,4 ɞɨ 750 ɤȼ. 

ɉɪɢɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɤɨɧɬɪɨɥɢɪɭɟɬ ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɬɫɥɟɠɢɜɚɬɶ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɧɨɪɦɚɬɢɜɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ – ɩɪɟɞɨɬɜɪɚɳɚɬɶ ɚɜɚɪɢɣɧɵɟ ɫɢɬɭɚɰɢɢ ɢ 
ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɬɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɨɛɟɫɩɟɱɢɜ ɟɝɨ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ, ɧɚɞɟɠɧɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ.  

 
4.9.4.2 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 
ȼɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɩɨ ɤɚɬɚɥɨɝɭ [18] ɌɒɅ–20–I. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ «ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ». ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 
ɌɒɅ-20-I ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 4.9. 
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Ɍɚɛɥɢɰɚ 4.9 – ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɒɅ–20-I 
ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ < Uːˑˏ Uʒ = ͳ͵,ͺ⁡ˍʑ Uːˑˏ = ʹͲ⁡ˍʑ I˓˃˄⁡୫ୟ୶ < Iːˑˏ Iʒ.˓˃˄ = Ͷͷʹͷ⁡ʏ Iːˑˏ = ͳͺͲͲͲ⁡ʏ 

 
ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɤɚɬɚɥɨɝɭ [18]  ɁɇɈɅ-06-15. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ «ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ». ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ-06-15 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.10. 

 
Ɍɚɛɥɢɰɚ 4.10– ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ Ɍɇ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ < Uːˑˏ Uʒ = ͳ͵,ͺ⁡ˍʑ Uːˑˏ = ͳͷˍʑ 

 
Ⱦɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɰɟɩɢ 13,8 ɤȼ 

ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɫɨ ɫɬɨɪɨɧɵ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ-15 / 450 ɍɏɅ1 ɮɢɪɦɵ ɁȺɈ 
«ɁɗɌɈ». 

 
4.10 ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɄɊɍɗ 
 
ɄɊɍɗ ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɶɸ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 

ɜɵɫɨɤɢɦɢ ɢɡɨɥɹɰɢɨɧɧɵɦɢ ɢ ɞɭɝɨɝɚɫɢɬɟɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɷɥɟɝɚɡɚ 
(ɲɟɫɬɢɮɬɨɪɢɫɬɚɹ ɫɟɪɚ SF6) ɢ ɫɜɟɞɟɧɢɟɦ ɤ ɦɢɧɢɦɭɦɭ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ 
ɚɬɦɨɫɮɟɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. ɂɫɩɨɥɶɡɭɹ ɤɚɬɚɥɨɝ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɁȺɈ «ɗɧɟɪɝɨɦɚɲ» 
ɜɵɛɢɪɚɟɦ ɹɱɟɣɤɭ ɄɊɍɗ ZF28-252.  

əɱɟɣɤɚ ɄɊɍɗ ɭɤɨɦɩɥɟɤɬɨɜɚɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɬɨɤɚ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ ɧɚɩɪɹɠɟɧɢɹ: 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɬɨɤɚ: 0,2 ɫ 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɡɚɳɢɬɵ ɬɨɤɚ: 5Ɋ ɥɢɛɨ 5ɌɊȿ 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ: 0,2 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɡɚɳɢɬɵ ɧɚɩɪɹɠɟɧɢɹ: 3Ɋ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɹɱɟɣɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.11. ɉɪɢɛɨɪɵ, 

ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɧɚ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɹɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.12. 
 

Ɍɚɛɥɢɰɚ 4.11 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ZF28-252 Uɫɟɬɢ⁡ɧɨɦ = ʹʹͲ⁡ɤȼ Uɧɨɦ = ʹͷʹ ɤȼ Iɪɚɛ⁡୫ୟ୶ = ͺͻ⁡Ⱥ Iɧɨɦ = ʹͷͲͲ Ⱥ I୬଴ = ͳ͸,ͻͲͷ ɤȺ Iːˑˏ.ˑ˕ˍˎ = ͷͲ⁡ˍʏ i୷ = ʹͻ,Ͳ͹⁡ˍʏ ̞ܫ = ͶͲ⁡ˍʏ ʑˍ.˓˃˔˚ = I୬଴ଶ ∙ (tˑ˕ˍ + t˓ˊ) = = ͳ͸,ͻͲͷଶ ∙ ሺͲ,Ͳ͵ + Ͳ,Ͳͳሻ = = ͳͳ,Ͷ͵⁡ˍʏଶ ∙ ˔ 

ʑˍ.ːˑˏ = ITଶ ∙ tT = = ͶͲଶ ∙ ͵ = ͶͺͲͲ⁡ˍʏଶ ∙ ˔ 
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Ɍɚɛɥɢɰɚ 4.12 – ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɢ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 220ɤȼ 
ɧɚ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɹɯ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɪɢɛɨɪɚ 

Ɍɢɩ ɩɪɢɛɨɪɚ 
ɂɧɬɟɪɮɟɣɫ 

ɩɪɢɛɨɪɚ 
Ʉɥɚɫɫ 

ɬɨɱɧɨɫɬɢ 
ɉɨɬɪɟɛɥɹɟɦɚɹ 

ɦɨɳɧɨɫɬɶ (ȼ·Ⱥ) 
Ⱥɧɚɥɢɡɚɬɨɪ ɫɟɬɢ ȺɉɄɗ-1 RS485 0,5 8 
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5 ɍɫɬɪɨɣɫɬɜɚ ɊɁɢȺ 
 

ɋɢɥɨɜɨɟ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɩɨɞɫɬɚɧɰɢɣ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ ɞɨɥɠɧɨ ɛɵɬɶ ɡɚɳɢɳɟɧɨ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ 
ɧɚɪɭɲɟɧɢɣ ɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢɥɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹɦɢ.  

Ɋɚɫɫɦɨɬɪɢɦ ɡɚɳɢɬɵ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ Ƚɗɋ: ɝɟɧɟɪɚɬɨɪɨɜ, 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ Ʌɗɉ. 

 
5.1 Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 
ȼ ɬɚɛɥɢɰɟ 5.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɨɜ. ȼ ɬɚɛɥɢɰɟ 

5.2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. ȼ ɬɚɛɥɢɰɟ 5.3 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (Ɍɋɇ) 
 
Ɍɚɛɥɢɰɚ 5.1 – ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ – 1160/135-60 

Ɍɢɩ ɋȼ – 1160/135-60 

Ɇɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ 
ɩɨɥɧɚɹ 128,7 ɆȼȺ 

ɚɤɬɢɜɧɚɹ 103 Ɇȼɬ 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 13,8 ɤȼ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ cos φ 0,85 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 100 ɨɛ/ɦɢɧ 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ 3200 Ⱥ 
Ɍɨɤ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 1195 Ⱥ 

ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɨ.ɟ. 
ɫɢɧɯɪɨɧɧɨɟ 1,05 ݀ݔ 
ɩɟɪɟɯɨɞɧɨɟ 0,32 ′݀ݔ 

ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ 0,22 ′′݀ݔ 
ɋɢɫɬɟɦɚ ɜɨɡɛɭɠɞɟɧɢɹ ɫɚɦɨɜɨɡɛɭɠɞɟɧɢɟ 

 
Ɍɚɛɥɢɰɚ 5.2 – ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ 225000/220-ɍ1 

Ɍɢɩ ɌȾɐ 225000/220-ɍ1 

ɉɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ 225 ɆȼȺ 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 242/13,8 ɤȼ 

ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 12,7 % 

Ɇɨɳɧɨɫɬɶ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 530 ɤȼɬ 

Ɇɨɳɧɨɫɬɶ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ 110 ɤȼɬ 

Ɍɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ 0,45 % 

 
Ɍɚɛɥɢɰɚ 5.3-ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ  

Ɍɢɩ ɌɅɋɁ-3150/13,8 
Ɇɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ 3150ɤȼɬ 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 13,8 ɤȼ 
ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 7,5% 
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5.2 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ ɫɨɝɥɚɫɧɨ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢɧɹɬɵ ɤ ɭɫɬɚɧɨɜɤɟ 
ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɡɚɳɢɬ ɧɚ ɨɫɧɨɜɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ. 

ɇɚ ɝɥɚɜɧɨɦ ɝɟɧɟɪɚɬɨɪɟ ɋȼ – 1160/135-60: 
⎯ ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɲɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ 

ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ; 
⎯ Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ (100%) ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ; 
⎯ Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ; 
⎯ Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ; 
⎯ Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɬɨɤɨɜ ɜɧɟɲɧɢɯ 

ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɝɟɧɟɪɚɬɨɪɚ; 

⎯ Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɫɬɚɬɨɪɚ; 
⎯ Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɧɟɲɧɢɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
⎯ Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɛɟɡ ɩɨɬɟɪɢ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ; 
⎯ Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɩɨɬɟɪɟ ɜɨɡɛɭɠɞɟɧɢɹ 

ɝɟɧɟɪɚɬɨɪɚ; 
⎯ Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ, ɤɨɧɬɪɨɥɶ ɞɥɢɬɟɥɶɧɨɫɬɢ 

ɮɨɪɫɢɪɨɜɤɢ; 
⎯ ɍɫɬɪɨɣɫɬɜɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɬɤɚɡɚ ɜɵɤɥɸɱɚɬɟɥɹ (ɍɊɈȼ) ɝɟɧɟɪɚɬɨɪɚ; 
ɇɚ ɫɢɥɨɜɨɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɛɥɨɤɚ ɌȾɐ 225000/220-ɍ1: 
⎯ Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
⎯ ɍɫɬɪɨɣɫɬɜɨ ɜɵɛɨɪɚ ɩɨɜɪɟɠɞɟɧɧɨɣ ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 

ɨɯɜɚɬɵɜɚɸɳɟɟ ɨɛɦɨɬɤɭ ȼɇ (Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ); 

⎯ Ɍɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 
ɧɚ ɡɟɦɥɸ ɜ ɫɟɬɢ 220 ɤȼ; 

⎯ Ʉɨɧɬɪɨɥɶ ɢɡɨɥɹɰɢɢ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɜɜɨɞɨɜ (Ʉɂȼ-220) 
⎯ Ɋɟɡɟɪɜɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; 
⎯ Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ 13,8 ɤȼ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɛɥɨɤɚ; 
⎯ Ʉɨɧɬɪɨɥɶ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɭɫɤɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ;  
⎯ Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ; 
⎯ Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɟɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 
ɇɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɋɇ Ƚɗɋ: 
⎯ Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 
⎯ Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɩɭɫɤɨɦ ɩɨ 

ɧɚɩɪɹɠɟɧɢɸ 
⎯ Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ 
⎯ Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ 
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5.3 Ɋɚɫɱёɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ 
 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱёɬɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɧɨɦɢɧɚɥɶɧɵɟ ɬɨɤɢ ɧɚ 
ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ. 

ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ:  
 ːܫ ˆሺଵሻ = ௌːˑˏ√ଷ∙௎ːˑˏ = ଵଶ଼,଻∙ଵ଴య√ଷ∙ଵଷ,଼ = ͷ͵ͺͶ⁡ʏ (5.1)  

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɢɜɟɞёɧɧɵɣ ɤ ɧɢɡɲɟɣ 

ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ:  
 ːܫ ˆሺଶሻ = ூː ˆሺభሻ∙௄˔˘௄˕˕ = ହଷ଼ସ∙ଵ଺଴଴଴/ହ = Ͷ,Ͷͻ⁡ʏ (5.2)  

 
Ɍɚɤ ɤɚɤ ɝɟɧɟɪɚɬɨɪ ɋȼ – 1160/135-60 ɜɵɩɨɥɧɟɧ ɩɨ ɫɯɟɦɟ ɫɚɦɨɜɨɡɛɭɠɞɟɧɢɹ, 

ɪɚɫɱɟɬ ɩɪɨɢɡɜɨɞɹɬ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ: 
 ܵːˑˏ,ʡʑ = ூː ˑˏ,˓ˑ˕ଵ,ଶଶହହ ∙ ܷːˑˏ,˓ˑ˕ = ଵଵଽହଵ,ଶଶହହ ∙ ʹͶͲ = ʹ͵Ͷ⁡ˍʑʏ              (5.3)  

 
ɉɪɢɧɹɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɜɨɡɛɭɠɞɟɧɢɹ ɦɨɳɧɨɫɬɶɸ 250 ɤȼȺ. 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ Ɍȼ ɫɨ ɫɬɨɪɨɧɵ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ:  
ܫ˅  ː⁡ːˑˏ = ଶହ଴∙ଵ଴଴଴√ଷ∙ଶସ଴ = ͸Ͳͳ⁡ʏ; (5.4) 

 ːܫ ˑˏ,˓ˑ˕⁡ = ூ˅ ː.ːˑˏ∙௞˔˘௄˕˕ = ଺଴ଵ∙ଵଵ଴଴଴/ହ = ͵,Ͳͳ⁡ʏ (5.5)  

 
5.4 Ɉɩɢɫɚɧɢɟ ɡɚɳɢɬ ɢ ɪɚɫɱɟɬ ɢɯ ɭɫɬɚɜɨɤ 
  
5.4.1 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ 𝑰∆𝑮 

 
ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 

ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ሺܫʠʟ < Ͳ,ʹ ∙  ʜሻ ɡɚɳɢɬɨɣ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯܫ
ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ. 

Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɬɪɟɯɮɚɡɧɨɣ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ 
ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɜ 
ɧɟɣɬɪɚɥɶɧɵɯ ɜɵɜɨɞɚɯ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ: ܫʜʝʛ = ͷ͵ͺͶ⁡ʏ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: 𝜂ʡʡ = ͸ͲͲͲ/ͷ⁡ʏ.  
1) ɇɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɩɪɢ 

ɦɚɥɵɯ ɬɨɪɦɨɡɧɵɯ ɬɨɤɚɯ. ȼɟɥɢɱɢɧɚ ܫʠʟ.ʝ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ: 
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ʜʐሺʜሻܫ = ʙʝʓʜ ∙ ௜݂ ∙ ʜܫ = Ͳ,ͷ ∙ Ͳ,ͳ ∙   ʜ, (5.6)ܫ

 
ɝɞɟ  ʙʝʓʜ = Ͳ,ͷ - ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ;  ௜݂ = Ͳ,ͳ - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. 

ɍɫɬɚɜɤɚ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
ʠʟ.଴ܫ  ൒ ʜܭ ∙ ʜʐሺʜሻܫ = ʹ ∙ Ͳ,Ͳͷ ∙ ʜܫ = Ͳ,ͳ ∙   ʜ, (5.7)ܫ

 

ɝɞɟ ܭʜ = ʹ - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 
ɉɪɢɧɹɬɚ ɭɫɬɚɜɤɚ: ܫʠʟ.ʝ = Ͳ,ͳͷ ∙  .ʜܫ
2) Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ܭʡ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɤ 

ɩɨɜɪɟɠɞɟɧɢɹɦ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ ɧɚɝɪɭɡɤɢ. ȼɟɥɢɱɢɧɚ ܭʡ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɨɜ ɧɟɛɚɥɚɧɫɚ, ɜɵɡɜɚɧɧɵɯ ɩɨɝɪɟɲɧɨɫɬɹɦɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɢ ɫɤɜɨɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 
ɡɚɦɵɤɚɧɢɢ ɪɚɜɟɧ:   

ʜʐሺʙʖሻܫ  = ʙʏʞ ∙ ௜݂ ∙ ʙʝʓʜ ∙   ʛʏʙʠ, (5.8)ܫ

 
ɝɞɟ ʙʏʞ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ;  ௜݂ = Ͳ,ͳ - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ; ʙʝʓʜ = Ͳ,ͷ - ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ (0,5-ɞɥɹ 
ɨɞɧɨɬɢɩɧɵɯɌɌ, 1,0 ɞɥɹ ɪɚɡɧɵɯ ɌɌ); ܫʛʏʙʠ - ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ 
ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ: 

ʛʏʙʠܫ  = ா′̂′௫೏′′ ∙ ʜܫ = ଵ,ଵଷ଴,ଶଶ ∙ ͷ͵ͺͶ = ʹ͹͸ͷͶ⁡ʏ⁡ (5.9)  

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɪɚɜɟɧ ɩɨ (5.8): 
ʜʐሺʙʖሻܫ⁡  = ʹ ∙ Ͳ,ͳ ∙ Ͳ,ͷ ∙ ଵ,ଵଷ଴,ଶଶ ∙ ͷ͵ͺͶ = ʹ͹͸ͷ⁡ʏ  

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
ʡܭ  > ⁡ூʜʐሺʙʖሻ∙௄ʜூʡ = ଶ଻଺ହ∙ଶଶ଻଺ହସ = Ͳ,ʹ, (5.10)  

 
ɝɞɟ ܭʜ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ;  ܫʡ - ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 

ɉɪɢɧɹɬɚ ɭɫɬɚɜɤɚ ܭʡ = Ͳ,͵. 
3) ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ (ɭɜɟɥɢɱɢɜɚɟɬ ɡɨɧɭ ɪɚɛɨɬɵ ɡɚɳɢɬɵ ɛɟɡ 

ɬɨɪɦɨɠɟɧɢɹ): 
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ʜʡܫ = ூ∗ʠʟʙʡ = ଴,ଵହ଴,ଷ = Ͳ,ͷ (5.11)  

 
4) Ɍɨɪɦɨɡɧɨɣ ɬɨɤ ȼ ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɤɭ ɢɡɥɨɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɪɚɛɚɬɵɜɚɧɢɹ. ɉɪɢ ɜɵɛɨɪɟ ȼ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ: 
ܤ  ൒ ூ∗ʠʟʙʡ = ଴,ଵହ଴,ଷ = Ͳ,ͷ (5.12)  

 
ɉɪɢɧɹɬɨ ɬɢɩɨɜɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ȼ = 1,5 (ɩɪɢ ɷɬɨɦ ɭɫɥɨɜɢɟ 

ɜɵɩɨɥɧɹɟɬɫɹ). 
ɇɚ ɪɢɫɭɧɤɟ 5.1 ɩɪɢɜɟɞɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ. 
 

 
Ɋɢɫɭɧɨɤ 5.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 

ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ 
 
Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ, ɨɫɬɚɧɨɜ 

ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ ɢ ɧɚ ɩɭɫɤ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 
ɝɟɧɟɪɚɬɨɪɚ. 

 
5.4.2 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ     

(UN (UO)) 
 
Ɂɚɳɢɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 100% ɨɯɜɚɬ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ, 

ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɢɡɨɥɢɪɨɜɚɧɧɨɝɨ ɛɥɨɤɚ ɢ ɧɟ ɢɦɟɸɳɟɝɨ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ 
ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ ɨɪɝɚɧɨɜ ɧɚɩɪɹɠɟɧɢɹ: 
1) ɉɟɪɜɵɣ ɨɪɝɚɧ (U0) ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɫɧɨɜɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɧɚɩɪɹɠɟɧɢɹ 

ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ U0 ɢ ɡɚɳɢɳɚɟɬ 85-95% ɜɢɬɤɨɜ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ 
ɫɬɨɪɨɧɵ ɮɚɡɧɵɯ ɜɵɜɨɞɨɜ; U0 ɜɤɥɸɱɚɟɬɫɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 3U0 Ɍɇ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɨɜ ɝɟɧɟɪɚɬɨɪɚ, ɢɡɦɟɪɹɟɦɨɟ 
ɨɛɦɨɬɤɨɣ «ɪɚɡɨɦɤɧɭɬɵɣ ɬɪɟɭɝɨɥɶɧɢɤ». 
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ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɨɫɧɨɜɧɨɣ ɝɚɪɦɨɧɢɤɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ 
ɭɫɥɨɜɢɹ ɨɬɫɬɪɨɣɤɢ ɨɬ ɞɟɣɫɬɜɭɸɳɟɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɫɧɨɜɧɨɣ ɱɚɫɬɨɬɵ ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ 
ɢɧɞɭɤɰɢɟɣ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ ሺܷʝ⁡Эʚ.ʠʡ.ሻɩɪɢ ɄɁ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ȼɇ. 

Ɋɚɫɱɟɬ ܷʝ⁡Эʚ.ʠʡ. ɜɵɩɨɥɧɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ 
Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ. 

ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫɭɧɤɟ 2.2. 

 
Ɋɢɫɭɧɨɤ 5.2 - ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 

ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
 ʠʒ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; ʠʡ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; ʠʧ – ɟɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ; ʠ – ɟɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ. 

ɋɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
𝛴ܥ  = ʡܥ + ʠʒ + ʠʧ + ʠ = Ͳ,ͲͲ͹ + Ͳ,ͻ + Ͳ,ͲͲͺ + Ͳ,͵ͷ = = ͳ,ʹ͸ͷ ˏˍʣ˗˃ˊ˖⁡                                                                                                            (5.13) 

 ܷʝ⁡Эʚ.ʠʡ = ʙ ∙ ܷ଴ ∙ ʠʡሺఓబሻʠʡሺఓబሻ+ʠ𝛴, (5.14)  

 

ɝɞɟ ʙ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ܷ଴ ɩɨ ɨɛɦɨɬɤɟ 
ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ ɞɥɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɝɥɭɯɨɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ, ʙ = Ͳ,ͷ; ʠʡሺߤ଴ሻ – ɟɦɤɨɫɬɶ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɞɧɨɣ 
ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ሺʠʡሺߤ଴ሻ = Ͳ,Ͳͳʹ⁡ˇˎя⁡ܷ = ʹͶʹˍʑሻ; ܷ଴ – ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ: 
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ܷ଴ = ଵଷ ∙ ௎ʜʝʛ⁡ʑʜ√ଷ = ଵଷ ∙ ଶଷ଴√ଷ = ͶͶ,ʹ͸⁡ˍʑ (5.15)  

 
ɋɭɦɦɚɪɧɵɣ ɟɦɤɨɫɬɧɨɣ ɬɨɤ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
஼ܫ  = ͳ,͹͵ ∙ ܷʚ ∙ 𝜔 ∙ ʠ𝛴 = ͳ,͹͵ · ͳ͵,ͺ · ͳͲଷ ∙ ͵ͳͶ ∙ ͳ,ʹ͸ͷ = ͻ,Ͷͺ⁡ʏ (5.16)  

 
ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 

ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ ɩɨ ɮɨɪɦɭɥɟ (5.14): 
 ܷʝ⁡Эʚ.ʠʡ. = Ͳ,ͷ ∙ ͶͶʹ͸Ͳ ∙ ଴,଴଴ଵଶ଴,଴଴ଵଶ+ଵ,ଶ଺ହ = ʹͲ͹,ͻ͸⁡ʑ  

 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 ܷʠʟ ൒ ʙʜʙʑ ∙ ଷ௡ʡʜ ∙ ܷ଴⁡Эʚ.ʠʡ; (5.17)  

 ܷʠʟ ൒ ଵ,ହ଴,ଽହ ∙ ଷ∙ଶ଴଻,ଽ଺భయ,ఴ√య∙బ,భ/య ;  

 ܷʠʟ ൒ Ͷ,ͳʹ,  
 

ɝɞɟ ʙʜ = ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ݊ʡʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ Ɍɇ, ɩɪɢɧɹɬɨ 100/3; ʙʑ = Ͳ,ͻͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. ܷ଴ ɢɦɟɟɬ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɪɟɝɭɥɢɪɭɟɦɭɸ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 5 ɞɨ 20 ȼ. 

ɉɪɢɧɢɦɚɸɬ ɫɥɟɞɭɸɳɢɟ ɭɫɬɚɜɤɢ: ܷ଴ଵீ ɫ ɭɫɬɚɜɤɨɣ 5 ȼ ɞɟɣɫɬɜɭɟɬ ɫ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 5,0 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ; ܷ଴ீ ɫ ɭɫɬɚɜɤɨɣ ɪɚɜɧɨɣ 15 ȼ ɢ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, 
ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 

2) ȼɬɨɪɨɣ ɨɪɝɚɧ ܷ଴ଷ ɪɟɚɝɢɪɭɟɬ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɬɪɟɬɟɣ 
ɝɚɪɦɨɧɢɤɢ ɢ ɜ ɧɟɣɬɪɚɥɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɢ ɡɚɳɢɳɚɟɬ ɩɨɪɹɞɤɚ 30% ɜɢɬɤɨɜ 
ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 

Ⱦɥɹ ɨɪɝɚɧɚ ܷ଴ଷ ɭɫɬɚɜɤɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɨɪɦɨɠɟɧɢɹ ɪɟɝɭɥɢɪɭɟɬɫɹ ɨɬ 1 
ɞɨ 3. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɞɨ ɦɟɫɬɚ ɡɚɦɵɤɚɧɢɹ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ 
ɡɚɜɢɫɢɬ ɨɬ ܭʡ: 

 ʤ = ଵʙʡ+ଶ (5.18)  

 

ɉɪɢ ܭʡ = ͳ,͵ ɨɪɝɚɧ ܷ଴ଷ ɪɚɛɨɬɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɢ ɡɚɳɢɳɚɟɬ 30,3 % ɨɛɦɨɬɤɢ 
ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 
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Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 
ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ 
ɡɚɬɜɨɪɨɜ. 

 
5.4.3 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ (U1>), (U2>) 
 
1) ɍɫɬɚɜɤɚ ɡɚɳɢɬɵ U2> ɜɵɛɢɪɚɟɬɫɹ: 
 ܷ஼ʟଶ = ଵ,ସ∙௎ʜ௡ʡʜ = ଵ,ସ∙ଵଷ଼଴଴ଵଷ଼଴଴/ଵ଴଴ = ͳͶͲ⁡ʑ (5.19)  

 
2) ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɡɚɳɢɬɟ ɧɚ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɭɫɦɨɬɪɟɧ 

ɜɬɨɪɨɣ ɨɪɝɚɧ U1> ɫ ɭɫɬɚɜɤɨɣ ͳ,ʹ ∙ ܷʜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɚɛɨɬɵ ɜ ɪɟɠɢɦɟ 
ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢɥɢ ɩɪɢ ɫɛɪɨɫɟ ɧɚɝɪɭɡɤɢ. 

U1> ɜɜɨɞɢɬɫɹ ɜ ɪɚɛɨɬɭ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɝɟɧɟɪɚɬɨɪɚ. 
ɍɫɬɚɜɤɚ U1> ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: 
 ܷ஼ʟଵ = ଵ,ଶ∙௎ʜ௡ʡʜ = ଵ,ଶ∙ଵଷ଼଴଴ଵଷ଼଴଴/ଵ଴଴ = ͳʹͲ⁡ʑ (5.20)  

 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɬɨɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɚ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ 

ɢ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ Ͳ,Ͳͻ ∙  .ʜܫ
Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 

ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 

5.4.4 Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) 

 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ 

ɝɟɧɟɪɚɬɨɪɚ ɬɨɤɚɦɢ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɦɟɠɞɭɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɢ ɞɪɭɝɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɪɟɠɢɦɚɯ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɩɪɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɜ ɫɚɦɨɦ 
ɝɟɧɟɪɚɬɨɪɟ. 

Ɂɚɳɢɬɚ ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ܫ∗ଶ: 
ଶ∗ܫ  = ூమூʜ, (5.21)  

 

ɝɞɟ ܫଶ– ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ; ܫʜ– ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ. 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 

ɡɧɚɱɟɧɢɢ ɬɨɤɚ ܫଶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 
ʓʝʞݐ  = ஺ூ∗మమ , (5.22)  
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ɝɞɟ ܣ = ʹͲ – ɩɚɪɚɦɟɬɪ, ɡɚɞɚɧɧɵɣ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ. 
Ɂɚɳɢɬɚ ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 
1)  ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ ሺܫଶʠʗʒʜሻ ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶ 

ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 
(ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ). 

ɉɪɢɧɹɬɚ ɭɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ:  ܫ∗ଶʠʗʒʜ = Ͳ,Ͳ͹;ܫ⁡ଶʠʗʒʜ = Ͳ,Ͳ͹ ∙   .ʜܫ
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ ሺܫଶʞʢʠʙሻ⁡ɫɪɚɛɚɬɵɜɚɟɬ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ ܫଶ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɝɨ ɩɭɫɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢ ݐʛʏʙʠ = ͸ͲͲ⁡˔.  

ɉɪɢ ɷɬɨɦ: 
ଶ∗ܫ  = √ʏ௧ = √ ଶ଴଺଴଴ = Ͳ,ͳͺ (5.23)  

 
ɍɫɬɚɜɤɚ ɪɚɜɧɚ: 
ଶʞʢʠʙ∗ܫ  = ூ∗మʙʜ = ଴,ଵ଼ଵ,ଶ = Ͳ,ͳͷ, (5.24)  

 
ɝɞɟ ʙʜ = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 

ଶʞʢʠʙܫ  = Ͳ,ͳͷ ∙   ʜ (5.25)ܫ
 

ɉɪɢ ɷɬɨɦ ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ 
ɬɟɩɥɨɜɨɦɭ ɞɟɣɫɬɜɢɸ ɬɨɤɚ, ɪɚɜɧɨɝɨ ܫ∗ଶʞʢʠʙ = Ͳ,ͳͷ: 

ʓʝʞݐ  = ଶ଴଴,ଵହమ ≈ ͺͺͻ⁡˔  

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɭɞɚɥɟɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɪɟɠɢɦɚɯ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɬɨɤɚɦɢ ɩɟɪɟɝɪɭɡɤɢ ܫଶ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɭɪɚɜɧɟɧɢɟɦ: 

ʠʟݐ  = ଶ଴ሺூ∗మሻమ; (5.26)  

 ʏʗʝ = ʹͲ = ଶଶ∗ܫ ∙   ʠʟ (5.27)ݐ
 

Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɜ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.4. 
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Ɍɚɛɥɢɰɚ 5.4 - Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɬɨɤɭ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ I2/Iɧ 1,0 0,6 0,5 0,4 0,3 0,2 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ (ɫ), ݐʠʟ 30 83 120 188 333 750 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.3. 

 

 
Ɋɢɫɭɧɨɤ 5.3 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) 

 
ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢɧɹɬɨ: ݐˏˋː⁡ = ʹͲ˔, ˔ˍ˃ˏݐ⁡ =⁡͸ͲͲ⁡˔. 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɢɦɢɬɢɪɭɟɬ ɩɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ 

ɩɨɫɥɟ ɭɫɬɪɚɧɟɧɢɹ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ.  
4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ  ሺܫଶʝʡʠሻ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɢ ɹɜɥɹɟɬɫɹ 
ɡɚɳɢɬɨɣ ɨɬ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ. 

Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 
1. ɂɡ ɭɫɥɨɜɢɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɟɪɟɝɪɟɜɚ ɪɨɬɨɪɚ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ 

ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; 
2. ɂɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ 

ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɧɚ ɨɬɯɨɞɹɳɢɯ BɅ. 
3. ɂɡ ɭɫɥɨɜɢɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɹ ɫ 

ɡɚɳɢɬɚɦɢ BJI. 
ȼ ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɭɫɬɚɜɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ. 
ɍɫɥɨɜɢɟ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ ɜ ɤɨɧɰɟ ɥɢɧɢɣ 

220 ɤȼ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɤɨɧɰɟ ȼɅ ɢ ɪɚɛɨɬɟ 
ɜɫɟɯ ɝɟɧɟɪɚɬɨɪɨɜ: 
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.ଶʠ.ʖ∗ܫ ൑ ூమʛʗʜሺమሻʙʦ = ଵଵ,ଷ⋅ଶ∙(௑೏⁡˅ː′′ +௑ʡ+ʤʚ∗ ) ; (5.28)  

 ܺ∗ˎ = ܺˎ ∙ ௌ˄௎మ˄ = ͷ͵,Ͳͺ ∙ ଵଶ଼,଻ଶସଶమ = Ͳ,ͳͳͶ; (5.29)  

 ܺௗ⁡˅ː′′ = ܺௗ⁡′′ ∙ ሺ௎˅ː௎ːːሻଶ = Ͳ,ʹʹ ∙ ሺଶସଶଵଷ,଼ሻଶ = ͸͹,͸ͷ;          (5.30)  

 ܺʡ = ௎ˍ%ଵ଴଴ ∙ ௌ˄ௌːˑˏ = ଵଶ,଻ଵ଴଴ ∙ ଵଶ଼,଻ଶଶହ = Ͳ,Ͳ͹͵,             (5.31) 

  
ɝɞɟ ܺௗ⁡˅ː′′ −⁡ ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ, 
ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɜɵɫɨɤɨɣ ɫɬɨɪɨɧɟ ɧɚɩɪɹɠɟɧɢɹ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ; 
 ܺʒ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ; 
 ܺʡ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. 

ɉɪɢ ɞɜɭɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɤɨɧɰɟ ȼɅ 220 ɤȼ ɩɨ ɮɨɪɦɭɥɟ 
(5.28): 

.ଶʠ.ʖ∗ܫ  ൑ ଵଵ,ଷ⋅ଶ∙ሺ଺଻,଺ହ+଴,଴଻ଷ+଴,ଵଵସሻ ⁡ ;  
.ଶʠ.ʖ∗ܫ  ൑ Ͳ,ͲͲ͸  

 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɧɚ ɫɬɨɪɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
.ଶʠ.ʖܫ  = .ଶʠ.ʖ∗ܫ ∙ ʹ ∙ ௎˅ː௎ːː = Ͳ,ͲͲ͸ ∙ ʹ ∙ ଶସଶଵଷ,଼ = Ͳ,ʹͳ (5.32) 

 
Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɒɋȼ 220 ɤȼ, 

ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ 
ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 
ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
5.4.5 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ሺ𝑰૚ሻ 
 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ ɨɛɦɨɬɨɤ 

ɫɬɚɬɨɪɚ. Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɢ ɫɨɞɟɪɠɢɬ 
ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 

1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ 
ɞɟɣɫɬɜɭɸɳɢɣ ɜ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ. 

ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 
ʠʗʒʜܫ  = ௄ʜ∙ூʜ௄ʑ = ଵ,଴ହ∙ூʜ଴,ଽ଼ = ͳ,Ͳ͹ ∙   ʜ⁡, (5.33)ܫ
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ɝɞɟ ܭʜ = ͳ,Ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ܭʑ = Ͳ,ͻͺ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ݐ = ͸⁡˔. 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 

ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
ଵʞʢʠʙܫ  = ଵ,଴଼∙ூʜ଴,ଽ଼ = ͳ,ͳ ∙    ʜ (5.34)ܫ

 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. 
ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 

ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.5: 
 
Ɍɚɛɥɢɰɚ 5.5 - ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 
ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ூூʜ 1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ (ɫ) 3800 900 360 300 280 120 60 1 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ሺܫଵሻ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.4. 
 

 
Ɋɢɫɭɧɨɤ 5.4 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ሺܫଵሻ 
 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɡɚɳɢɬɵ ɱɟɪɟɡ ɨɬɤɥɸɱɚɸɳɢɣ ɨɪɝɚɧ ɞɟɣɫɬɜɭɟɬ ɧɚ 

ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
ɍɫɬɚɜɤɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɨɬɤɥɸɱɚɸɳɟɝɨ ɨɪɝɚɧɚ ɩɪɢɧɢɦɚɟɬɫɹ 

ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ 0,01 ɫ. 
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3) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. 

ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ:  
ଵʝʡʠܫ  = ଵ,ସ∙ூʜʝʛ଴,ଽ଼ = ͳ,Ͷʹͻ ∙   ʜʝʛ⁡ (5.35)ܫ

 
Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɭɫɤɨɦ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ܷʒ <. 

ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ: 
 ܷʠʟ = ଴,଺଼∙௎ʜʝʛ௄ʑ∙௡ʡ = ଴,଺଼∙ଵଷ଼଴଴ଵ,଴ଷ∙భయఴబబభబబ = ͸͸⁡ʑ (5.36)  

 
Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 7,0 ɫ ɧɚ ɒɋȼ, 7,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 

ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 
ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
 5.4.6 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ሺ𝒁૚ <ሻ, ሺ𝒁૛ <ሻ 
 
Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɢɫɬɚɧɰɢɨɧɧɵɯ ɨɪɝɚɧɨɜ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ 

ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɜ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 

1) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɞɟɣɫɬɜɢɹ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɧɟ ɛɨɥɟɟ 1ɫ. ɍɤɚɡɚɧɧɚɹ 
ɜɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ ɫɨɝɥɚɫɨɜɚɧɢɹ ɫ ɩɟɪɜɵɦɢ ɫɬɭɩɟɧɹɦɢ 
ɡɚɳɢɬ ɥɢɧɢɣ, ɨɬɯɨɞɹɳɢɯ ɨɬ ɲɢɧ Ƚɗɋ. 

ɋɨɝɥɚɫɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɧɚ ɲɢɧɚɯ 220 ɤȼ Ƚɗɋ 
ɨɞɧɨɝɨ ɛɥɨɤɚ. ܼଵ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ 220 ɤȼ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 

ɚ) ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɡɚɳɢɬ ȼɅ 220 ɤȼ Ɇɚɧɫɤɚɹ Ƚɗɋ – 
Ⱦɢɜɧɨɝɨɪɫɤɚɹ: 

 ܼଵ ൑ Ͳ,ͺ ∙ ܼʡ + ଴,଼௄ʡ ∙ ܼଵʚ′ = Ͳ,ͺ ∙ ͵ʹ,Ͷͷ + ଴,ସ଼ ∙ Ͷʹ,͸͵ = ͵Ͷ,Ͷͻ,⁡ (5.37)   

 

ɝɞɟ ܭʡ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ, ɱɬɨ ɥɢɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵ; ܼʡ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ ɫɬɨɪɨɧɵ 
220 ɤȼ: 

 ܼʡ = ଴,ଵଷ଼∙ଶଷ଴ଶଶହ ଶ = ͵ʹ,Ͷͷ⁡ʝˏ  

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 

ɝɟɧɟɪɚɬɨɪɚ: 
 ܼଵ⁡ˑ.ˈ. ൑ Ͳ,ͺ ∙ Ͳ,ͳ͵ͺ ∙ ଵଶ଼,଻ଶଶହ + ଴,ସ଼ ∙ ଵଶ଼,଻ଶଷ଴మ ∙ Ͷʹ,͸͵ = Ͳ,Ͳͺ  
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ܼଵ ɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ ɫɨɫɬɚɜɢɬ: 
 ܼଵ = ܼଵ⁡ˑ.ˈ. ∙ ܼ˄ = Ͳ,Ͳͺ ∙ ͳ,Ͷͺ = Ͳ,ͳʹ⁡ʝˏ; (5.38)  

 

 ܼ˄ = ௎మ˄ௌʜʒ = ଵଷ,଼మଵଶ଼,଻ = ͳ,Ͷͺ⁡ʝˏ             (5.39) 

 
ɍɫɬɚɜɤɚ ɛɭɞɟɬ ɪɚɜɧɚ: 
 ܼଵ஼ଷ = ܼଵ ∙ ௡ʡ௡ʜ = Ͳ,ͳʹ ∙ లబబబఱభయ,ఴబ,భ = ͳ,ͲͶ⁡ʝˏ (5.40)  

 
ɉɪɢɧɹɬɚ ɭɫɬɚɜɤɚ ܼଵ = ͳ,ͲͶ⁡ʝˏ. 
2) Ɏɭɧɤɰɢɹ ∆ܼ ɨɬɥɢɱɚɟɬ ɩɨɜɪɟɠɞɟɧɢɟ ɨɬ ɤɚɱɚɧɢɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɩɨ 

ɫɤɨɪɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɍɫɬɚɜɤɚ ɮɭɧɤɰɢɢ ∆ܼ, ɜ ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɩɪɢɧɢɦɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ, 
ɪɚɫɫɱɢɬɚɧɧɵɯ ɪɚɧɟɟ, ∆ܼ = ͵Ͳ ʝˏ˔ˈˍ. 

ɉɟɪɜɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 1,0 
ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ, ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɢ 
ɫɛɪɨɫ ȺɊɁ. 

3) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 
ɨɬɫɬɪɨɣɤɢ ɨɬ ɪɟɠɢɦɚ ɧɚɝɪɭɡɤɢ ɢ ɪɟɠɢɦɚ ɮɨɪɫɢɪɨɜɤɢ ɜɨɡɛɭɠɞɟɧɢɹ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ = ௎ʜʝʛ√ଷ∙ூʜʏʒʟ = ଵଷ,଼∙ଵ଴య√ଷ∙ହଷ଼ସ = ͳ,Ͷͺ⁡ʝˏ, (5.41)  

 
ɝɞɟ ܫʜʏʒʟ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ, Ⱥ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ 
ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɬɨɤɚ ɫɬɚɬɨɪɚ ɩɪɢ ɞɜɨɣɧɨɦ ɬɨɤɟ 
ɜɨɡɛɭɠɞɟɧɢɹ ሺʹ ∙ ʑ.ʜ.ሻ ɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɡɚɠɢɦɚɯ ɫɬɚɬɨɪɚ Ͳ,ͻͷܫ ∙ ܷʜ (ɛɟɡ ɭɱɟɬɚ 
ɧɚɫɵɳɟɧɢɹ): 

ʣܫ  = మ∙𝐼ʑ.ʜʝʛ𝐼ʑ.ʤ.ʤ. −଴,ଽହ௫೏ = ଶ∙ଶ,ଵଽ−଴,ଽହଵ,଴ହ = ͵,Ͷͺ⁡ˑ. ˈ., (5.42)  

 
ɝɞɟ ܫʑ.ʤ.ʤ. – ɬɨɤ ɪɨɬɨɪɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, Ⱥ; ݔௗ – ɫɢɧɯɪɨɧɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ 
ɨɫɢ. 

ɋ ɭɱɟɬɨɦ ɧɚɫɵɳɟɧɢɹ ɦɚɲɢɧɵ ɜɟɥɢɱɢɧɚ ɬɨɤɚ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɜ ɪɟɠɢɦɟ 
ɮɨɪɫɢɪɨɜɤɢ ɫɨɫɬɚɜɢɬ ʹ,ͷ ∙  .ʜʝʛܫ

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 
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ܼʜʏʒʟ.ʣ = ଴,ଽହ∙௎ʜூʣ = ଴,ଽହ∙ଵଶ,ହ = Ͳ,͵ͺ⁡ˑ. ˈ. ; (5.43) 

⁡ʜʏʒʟ.ʣ߮ݏ݋ܿ  = ௖௢௦𝜑ʜ଴,ଽହ∙ூʣ = ଴,଼ହ଴,ଽହ∙ଶ,ହ = Ͳ,͵ͷͺ (5.44)  

 
ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ ߮ʜʏʒʟ.ʣ = ͸ͻ°. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 
 ܼ஼⁡ʖூூ = ௓ʜʏʒʟ.ʣʙʜ = ଴,ଷ଼ଵ,ଵ = Ͳ,͵ͷ⁡ˑ. ˈ.; (5.45) 

 ܼ஼⁡ʖூூ = ܼூூ⁡ˑ.ˈ. ∙ ܼʐ = Ͳ,͵ͷ ∙ ଵଷ,଼మଵଶ଼,଻ = Ͳ,ͷͳ⁡ʝˏ (5.46) 

 
Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɫɨɫɬɚɜɢɬ: 
 ܼ஼⁡ʖூூ = ௓ʠ.ʖ.𝐼𝐼∙௡ʡ௡ʜ = ଴,ହଵ∙଺଴଴଴/ହଵଷ଼଴଴/ଵ଴଴ = ʹ,ʹʹ⁡ʝˏ (5.47) 

 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼூூ = ʹ,ʹʹ⁡ʝˏ. 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɨɫɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 10%. ɍɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɦɟɳɟɧɢɹ ܼ஼ʛଵ =Ͳ,ͳ⁡ʝˏ, ܼ஼ʛଶ = Ͳ,ʹʹ⁡ʝˏ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɫɬɪɨɟɧɚ ɨɬ ɧɚɢɛɨɥɶɲɟɣ 

ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ ɥɢɧɢɣ. 
ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 7,0 ɫ ɧɚ ɒɋȼ, 7,5 ɫ ɧɚ 

ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ 8,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 5.5. 
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Ɋɢɫɭɧɨɤ 5.5 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ 

 
5.4.7 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ ɨɛɦɨɬɨɤ 

ɪɨɬɨɪɚ. Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. Ɂɚɳɢɬɚ 
ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 

1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ 
ɞɟɣɫɬɜɭɸɳɟɣ ɜ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ.  

ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 
.௉⁡ʠʗʒʜܫ  = ʙʜ∙ூʜʝʛ.ʟ௄ʑ = ଵ,଴ହ∙ூʜʝʛ.ʟ଴,ଽ଼ = ͳ,Ͳ͹ ∙   ʜʝʛ.ʟ. (5.48)ܫ

 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 

.௉⁡ʞʢʠʙܫ  = ଵ,଴଼∙ூʜʝʛ.ʟ଴,ଽ଼ = ͳ,ͳ ∙   ʜʝʛ.ʟ.⁡ (5.49)ܫ

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 

ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɡɚɞɚɧɧɨɣ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ, ɢ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.6. 
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Ɍɚɛɥɢɰɚ 5.6  – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ூூʜ 1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ (ɫ) ɞɥɢɬɟɥɶɧɨɟ 210 150 120 90 90 72 20 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ 

ɪɨɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.6. 
 

 
Ɋɢɫɭɧɨɤ 5.6 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ 

ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
 
4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. ɍɫɬɚɜɤɚ 
ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ: 

.௉⁡ʞʢʠʙܫ  = ଶ,ଵ∙ூʜʝʛ.ʟ଴,ଽ଼ = ʹ,ͳͶ͵ ∙   ʜʝʛ.ʟ. (5.50)ܫ

 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ɩɪɢɧɢɦɚɟɬɫɹ 3,0 ɫ. Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ 

ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 

5.5 ȼɵɛɨɪ ɤɨɦɩɥɟɤɫɚ ɡɚɳɢɬ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
 
ɂɫɯɨɞɹ ɢɡ ɪɚɫɱёɬɚ ɭɫɬɚɜɨɤ, ɞɥɹ ɡɚɳɢɬ ɫɢɥɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɥɚɜɧɨɣ 

ɫɯɟɦɵ Ɇɚɧɫɤɨɣ Ƚɗɋ ɢ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɭɫɬɚɧɨɜɤɚ 
ɫɨɜɪɟɦɟɧɧɵɯ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɬɟɪɦɢɧɚɥɨɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɈɈɈ ɇɉɉ «ɗɄɊȺ» [26]. Ȼɥɚɝɨɞɚɪɹ ɛɥɨɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 
ɰɢɮɪɨɜɵɯ ɬɟɪɦɢɧɚɥɨɜ ɢ ɦɨɞɭɥɶɧɨɦɭ ɩɪɨɝɪɚɦɦɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ, 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɟ ɡɚɳɢɬɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɭɸ ɚɞɚɩɬɚɰɢɸ ɤ ɤɨɧɤɪɟɬɧɨɣ 
ɩɟɪɜɢɱɧɨɣ ɫɯɟɦɟ ɫɬɚɧɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɛɴёɦɚ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɟɝɨ ɪɚɛɨɬɵ. 
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 ɇɚɥɢɱɢɟ ɮɭɧɤɰɢɣ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɚɦɨɤɨɧɬɪɨɥɹ ɢ ɞɢɚɝɧɨɫɬɢɤɢ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɭɸ ɝɨɬɨɜɧɨɫɬɶ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɡɚɳɢɬ ɩɪɢ ɧɚɥɢɱɢɢ 
ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɪɚɛɚɬɵɜɚɧɢɸ, ɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɵɫɨɤɨ ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ ɢ 
ɜɵɫɨɤɨɧɚɞёɠɧɵɯ ɦɢɤɪɨɫɯɟɦ – ɩɨɜɵɲɟɧɧɭɸ ɧɚɞёɠɧɨɫɬɶ ɚɩɩɚɪɚɬɧɨɣ ɱɚɫɬɢ 
ɡɚɳɢɬɵ. 
 

5.6 Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 
 

ȼ ɞɚɧɧɨɦ ɩɭɧɤɬɟ ɩɪɢɜɟɞɟɧɚ ɬɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɡɚɳɢɬ ɬɚɛɥɢɰɚ 5.7 ɢ ɬɚɛɥɢɰɚ 
ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɬɚɛɥɢɰɚ 5.8. 

 
Ɍɚɛɥɢɰɚ 5.7 – ɍɫɬɚɜɤɢ ɡɚɳɢɬ 

Ɂɚɳɢɬɵ ɍɫɬɚɜɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ɉɬɧɨɫɢɬɟɥɶɧɵɟ 

ɟɞɢɧɢɰɵ 
ɂɦɟɧɨɜɚɧɧɵɟ 

ɟɞɢɧɢɰɵ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ 

 ܩ∆ܫ

Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ,ܫʠʟ.ʝ 

Ͳ,ͳͷ ∙  ʜ 0,67 Ⱥܫ

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ,ܭʡ 

Ͳ,͵ - 

ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ 
ɬɨɪɦɨɠɟɧɢɹ, ܫʜʡ 

Ͳ,ͷ ∙  ʜ 2,25 Ⱥܫ

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ, ȼ ͳ,ͷ ∙  ʜ 6,74 Ⱥܫ

ɁɁȽ 
଴ܷ 

ଵ ଴ܷଵீݐ  - 5 ȼ ݐଶ ଴ܷீ  - 15 ȼ 

଴ܷଷ 
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɨɪɦɨɠɟɧɢɹ,ܭʡ 
1,3 - 

Ɂɉɇ ܷ > 

2 ɫɬɭɩɟɧɶ ܷ஼ʟଶ ͳ,Ͷ ∙ ܷʜ 140 ȼ 

1 ɫɬɭɩɟɧɶ ܷ஼ʟଵ ͳ,ʹ ∙ ܷʜ 120 ȼ 

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 

 ଶܫ

ɋɈ ܫଶʠʗʒʜ Ͳ,Ͳ͹ ∙  ʜ 0,31 Ⱥܫ

ɉɈ ܫଶʞʢʠʙ Ͳ,ͳͷ ∙  ʜ 0,67 Ⱥܫ

ɈɌɋ I ܫଶʠ.ʖ. Ͳ,ʹͳ ∙  ʜ 0,94 Ⱥܫ

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 
 ଵܫ

ɋɈ ܫʠʗʒʜ ͳ,Ͳ͹ ∙  ʜ 4,80 Ⱥܫ
ɉɈ ܫଵʞʢʠʙ ͳ,ͳ ∙  ʜ 4,94 Ⱥܫ

ɈɌɋ ܫଵʝʡʠ ͳ,Ͷʹͻ ∙  ʜʝʛ 6,42 Ⱥܫ

ȾɁ ܼ < 

1 ɫɬɭɩɟɧɶ ܼூ 0,08 1,04 ʝˏ 

2 ɫɬɭɩɟɧɶ ܼூூ 0,35 2,22 Ɉɦ 

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

ܫ˓  

ɋɈ ܫ௉⁡ʠʗʒʜ. ͳ,Ͳ͹ ∙  ʜʝʛ.ʟ 3,22 Ⱥܫ
ɉɈ ܫ௉⁡ʞʢʠʙ. ͳ,ͳ ∙  ʜʝʛ.ʟ 3,31 Ⱥܫ

Ɉɬɫɟɱɤɚ ܫ௉⁡ʞʢʠʙ. ʹ,ͳͶ͵ ∙  ʜʝʛ.ʟ 6,45 Ⱥܫ
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Ɍɚɛɥɢɰɚ 5.8 – Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 

Ⱦɟɣɫɬɜɢɟ 
Ɂɚɳɢɬɵ 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ȼ
/Ƚ

 

Ƚɚ
ɲ

ɟɧ
ɢɟ

 ɩ
ɨɥ

ɟɣ
 

Ɉ
ɫɬ

ɚɧ
ɨɜ

 ɬ
ɭɪ

ɛɢ
ɧɵ

 ɢ
 ɫ

ɛɪ
ɨɫ

 
Ⱥ

ɊɁ
 

ɉ
ɭɫ

ɤ 
ɉ

ɀ
Ɍ 

ȽȽ
 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ȼ-
22

0 
ɢ 

ȼ-
Ɍɋ

ɇ
 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ɒ
ɋȼ

 - 
2

2
0 

ɉ
ɪɟ

ɞɭ
ɩɪ

ɟɞ
ɢɬ

ɟɥ
ɶɧ

ɵɣ
 ɫ

ɢɝ
ɧɚ

ɥ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ 

    + + + + ܩ∆ܫ

ɁɁȽ 
଴ܷ 

     + + + ଶݐ +       ଵݐ

଴ܷ ݐ + + +     

Ɂɉɇ ܷ > 

1 ɫɬɭɩɟɧɶݐ⁡ଵ + +      

2 ɫɬɭɩɟɧɶݐ⁡ଶ + +      

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɄɁ ɢ 

ɩɟɪɟɝɪɭɡɨɤ 

 ଶܫ

ɋɈ       + 

ɂɈ + +      

ɈɌɋ I 

      + + ଷݐ   +     ଶݐ  +      ଵݐ

Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 
ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

 ଵܫ

ɋɈ       + 
ɂɈ + +      

ɈɌɋ 

      + + ଷݐ   +     ଶݐ  +      ଵݐ

ȾɁ ܼ < 

1 ɫɬɭɩɟɧɶ 
     + + + ଶݐ   +     ଵݐ

2 ɫɬɭɩɟɧɶ 

      + + ଷݐ   +     ଶݐ  +      ଵݐ

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

ܫ˓  
ɋɈ       + 
ɂɈ + +      

Ɉɬɫɟɱɤɚ + +      
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6 Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɟ ɝɢɞɪɨɭɡɥɚ 
 

6.2 ȼɵɛɨɪ ɤɥɚɫɫɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ  
 
Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɜɵɫɨɬɚ ɩɥɨɬɢɧɵ ɪɚɜɧɚ ∇ʜʞʢ − ∇ˇːˑ = ͷͶˏ, ɬɢɩ ɨɫɧɨɜɚɧɢɹ 

Ⱥ, ɨɬɫɸɞɚ ɫɥɟɞɭɟɬ III ɤɥɚɫɫ ȽɌɋ. ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ ɫɨɫɬɚɜɥɹɟɬ 412 
Ɇȼɬ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ II  ɤɥɚɫɫɟ ȽɌɋ. ȼ ɇȻ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɦɨɠɧɨɣ ɚɜɚɪɢɢ 
ɦɨɝɭɬ ɩɨɫɬɪɚɞɚɬɶ 1011 ɱɟɥɨɜɟɤ, ɩɪɨɠɢɜɚɸɳɢɯ ɜ ɩɨɫёɥɤɟ Ɇɚɧɚ. Ⱥ ɬɚɤɠɟ 269 
ɱɟɥɨɜɟɤ, ɩɪɨɠɢɜɚɸɳɢɯ ɜ ɞɟɪɟɜɧɟ Ʉɨɣ. (II  ɤɥɚɫɫ). ɍɳɟɪɛ ɦɚɬɟɪɢɚɥɶɧɵɣ 
ɨɰɟɧɢɜɚɟɬɫɹ ɜ 3 ɦɥɪɞ. ɪɭɛ. (II  ɤɥɚɫɫ).  

ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɧɚɡɧɚɱɚɟɦ ɤɥɚɫɫ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ II . 

 
6.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ 
 
Ɍɚɤ ɤɚɤ ɲɢɪɢɧɚ ɫɬɜɨɪɚ 342,0 ɦ, ɜɵɩɨɥɧɢɦ ɝɥɭɯɢɟ ɩɥɨɬɢɧɵ ɢɡ ɛɟɬɨɧɚ. 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɜ ɪɚɣɨɧɚɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɝɢɞɪɨɭɡɥɚ 

ɫɨɫɬɚɜɥɹɟɬ ௪ܸ = ʹ͸ ɦ/ɫ. 
Ⱦɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ, ɢɫɯɨɞɹ ɢɡ ɤɚɪɬɵ ɫɨ ɫɩɭɬɧɢɤɚ ɫɨɫɬɚɜɢɥɚ, 2500= ܮ ɦ. 
Ɂɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ∇ȽȻɉ ɩɪɢɧɢɦɚɟɬɫɹ ɨɬɦɟɬɤɚ, 

ɜɵɫɱɢɬɚɧɧɚɹ ɩɨ ɮɨɪɦɭɥɟ: 
ʒʐʞߘ  = ʜʞʢߘ + ℎଵ% + ܽ,                           (6.1) 
 

ɝɞɟ ܽ⁡- ɜɟɥɢɱɢɧɚ ɡɚɩɚɫɚ, ɞɥɹ II  ɤɥɚɫɫɚ ɫɨɫɬɚɜɥɹɟɬ 0,7 ɦ. 
ȼɵɫɨɬɚ ɜɨɥɧɵ 1%: 
 
 ℎଵ% = ℎ ·  ௜,                 (6.2)ܭ
 

ɝɞɟ ℎ – ɫɪɟɞɧɹɹ ɜɵɫɨɬɚ ɜɨɥɧɵ, ɦ; ܭ௜ – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ [27, ɉɪɢɥɨɠɟɧɢɟ 1, ɬɚɛɥ.2]; ݃ – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ; ܮ – ɞɥɢɧɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ, ɦ; ௪ܸ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ, ɦ/ɫ; 
Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱёɬɚ ɨɩɪɟɞɟɥɢɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ: 
 

 
௚∙௅௏ೢమ = ଽ,଼ଵ∙ଶହ଴଴ଶ଺మ = ͵͸,͵;⁡                (6.3) 

 
 
௚∙௧௏ೢ = ଽ,଼ଵ∙଺∙଺଴∙଺଴ଶ଺ = ͺͳͶͻ,ͺ,               (6.4) 

 
ɝɞɟ ݐ – ɜɪɟɦɹ ɪɚɡɝɨɧɚ ɜɨɥɧɵ, ɪɚɜɧɨɟ 6 ɱɚɫɨɜ. 
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ɋ ɩɨɦɨɳɶɸ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢɡ ɝɪɚɮɢɤɚ [27, ɉɪɢɥɨɠɟɧɢɟ 3] 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɟɪɢɨɞ ɜɨɥɧɵ, ɜɪɟɦɹ ɡɚ ɤɨɬɨɪɨɟ ɪɚɡɜɢɜɚɟɬɫɹ ɨɞɧɚ ɞɥɢɧɚ ɜɨɥɧɵ, ɞɥɹ 
ɷɬɨɝɨ ɧɚɣɞёɦ ɫɥɟɞɭɸɳɢɟ ɜɟɥɢɱɢɧɵ, ɫɜɟɞёɧɧɵɟ ɜ ɬɚɛɥɢɰɭ 6.1. 
 
Ɍɚɛɥɢɰɚ 6.1 – ɗɥɟɦɟɧɬɵ ɜɟɬɪɨɜɵɯ ɜɨɥɧ ɜ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɢ ɦɟɥɤɨɜɨɞɧɨɣ ɡɨɧɚɯ ݃ ∙ ௪ܸଶܮ  

݃ ∙ ௪ܸݐ  ݃ ∙ ̝ܶ ˓௪ܸ  
݃ ∙ ℎ̅௪ܸଶ  

݃ ∙ ̝ܶ ˓௪ܸ  
݃ ∙ ℎ̅௪ܸଶ  

1,85 0,018 1,34 0,023 

 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɝɨ ɩɟɪɢɨɞɚ ɜɨɥɧɵ ̝ܶ ˓ ɢ ɫɪɟɞɧɟɣ ɜɵɫɨɬɵ ɜɨɥɧɵ ℎ̅ 

ɢɫɩɨɥɶɡɭɟɦ ɧɚɢɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ: 
 ̝ܶ ˓ = ଵ,଼ହ∙௏ೢ௚ = ଵ,଼ହ∙ଶ଺ଽ,଼ଵ = Ͷ,ͻͲ⁡˔⁡;                       (6.5)

  ℎ̅ = ଴,଴ଵ଼∙௏ೢమ௚ = ଴,଴ଵ଼∙ଶ଺మଽ,଼ଵ = ͳ,ʹͶ⁡ˏ⁡              (6.6) 

 
Ⱦɥɢɧɚ ɜɨɥɧɵ: 
 ƛ̅ = ௚∙்̝మ˓ଶ∙గ = ଽ,଼ଵ∙ସ,ଽ଴మଶ∙ଷ,ଵସ = ͵͹,ͷͷ⁡ˏ               (6.7) 

 
ɋɪɟɞɧɹɹ ɜɵɫɨɬɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: 
 ݀ = ఇʜʞʢ−ఇˇːˑଶ = ଻ସ଴,଴−଺଼଺,଴ଶ = ʹ͹⁡ˏ              (6.8) 

 
ɇɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɩɪɨɜɟɪɤɭ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɭɸ ɫɥɟɞɭɸɳɟɦɭ 

ɭɫɥɨɜɢɸ: 
 ݀ > Ͳ,ͷƛ ⟶ ʹ͹ > ͵͹,ͷͷ · Ͳ,ͷ⁡ ⟶ʹ͹,ͷ⁡ˏ > ͳͺ,͹ͺ⁡ˏ           (6.9) 
 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ, ɪɚɫɱёɬɵ ɩɨɞɬɜɟɪɠɞɟɧɵ. 
Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɜɨɥɧɵ 1 % ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 
 ℎଵ% = ℎ · ௜ܭ = ͳ,ʹͶ · ʹ,ͳ = ʹ,͸͹⁡ˏ,            (6.10) 
 

ɝɞɟ ܭ௜ = ʹ,ͳ⁡− ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɢɫɯɨɞɹ ɝɪɚɮɢɤɚ [27, ɉɪɢɥɨɠɟɧɢɟ 1, 
ɪɢɫ.2] ɢ ɡɧɚɱɟɧɢɹ 

௚∙௅௏ೢమ . 

Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ: 
 ∇ʒʐʞ = ∇ʜʞʢ + ℎଵ% + ܽ = ͹ͶͲ,Ͳ + ʹ,͸͹ + Ͳ,͹ = ͹ͶͶ,ʹͲ⁡ˏ                 (6.11) 
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ȼɵɫɨɬɚ ɩɥɨɬɢɧɵ: 
 ∇ʒʐʞ − ∇ˇːˑ = ͹ͶͶ,ʹͲ − ͸ͺ͸,ͲͲ = ͷͻ,͵͹⁡ˏ           (6.12) 
 
6.4 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ 

 
6.4.1 ȼɵɛɨɪ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɢ 
ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɵɯ ɫɥɭɱɚɟɜ 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ II  ɤɥɚɫɫɨɦ ȽɌɋ ܳˏ˃ˍ˔.˓˃˔˚ˑ˔ː  = Q1%, ɚ ܳˏ˃ˍ˔.˓˃˔˚˒ˑ˅  = Q0,1%, 

ɩɪɢ ɪɚɫɯɨɞɟ ܳˏ˃ˍ˔.˓˃˔˚ˑ˔ː  = 3967 ɦ3/ɫ ɨɬɦɟɬɤɚ ɍɇȻ 702,15ɦ, ɩɪɢ ɪɚɫɯɨɞɟ ܳˏ˃ˍ˔.˓˃˔˚˒ˑ˅  = 
4452 ɦ3/ɫ ɨɬɦɟɬɤɚ ɍɇȻ 703,00ɦ. 

Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɩɭɫɤɚ ɩɚɜɨɞɤɚ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ 
ɨɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɩɪɢ ɨɫɧɨɜɧɨɦ ɢ ɩɨɜɟɪɨɱɧɨɦ ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ: 

ˑ˔ːܪ  = ʜʞʢ ߘ − ʢʜʐ(ܳˏ˃ˍ˔. ˓˃˔˚ˑ˔ː ) = ͹ͶͲ,ͲͲ⁡– ⁡͹Ͳʹ,ͳͷ⁡ = ⁡͵͹,ͺͷ⁡ˏ;       (6.13) 
˅ˑ˒ܪ   = ʣʞʢ ߘ − ʢʜʐ(ܳˏ˃ˍ˔. ˓˃˔˚˒ˑ˅ ) = ͹Ͷʹ,ͲͲ⁡– ⁡͹Ͳ͵⁡ = ⁡͵ͻ,ͲͲ⁡ˏ⁡       (6.14) 
 
ɇɚɩɨɪɵ ɛɨɥɶɲɟ, ɱɟɦ ɦɢɧɢɦɚɥɶɧɵɣ.  
ɉɚɜɨɞɨɤ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɩɭɳɟɧ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ. Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɯɨɞ 

ɱɟɪɟɡ ɨɞɢɧ ɝɢɞɪɨɚɝɪɟɝɚɬ ɩɪɢ ɨɫɧɨɜɧɨɦ ܳˑ˔ː 
ˆ˃  ɢ ɩɨɜɟɪɨɱɧɨɦ ܳ˒ˑ˅ 

ˆ˃ ɪɚɫɱɟɬɧɨɦ 
ɫɥɭɱɚɟ, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ ɦɨɳɧɨɫɬɢ: 

  ܳˆ˃ˑ̝ː = ேˆ˃ [ˍʑ˕]ଽ,଼ଵ∙ሺுˑ˔ː−∆ℎሻ∙𝜂 = ସ଻଼଴଴଴ସ∙ଽ,଼ଵ∙ሺଷ଻,଼ହ−଴,ସହሻ∙଴,ଽଷ = ͵ͷͲ,ʹʹ⁡ˏଷ/˔;                 (6.15)

  ܳˆ˃˒ˑ ˅ = ேˆ˃[ˍʑ˕]ଽ,଼ଵ∙ሺு˒ˑ˅−∆ℎሻ∙𝜂 = ସ଻଼ ଴଴଴ସ∙ଽ,଼ଵ∙ሺଷଽ−଴,ସହሻ∙଴,ଽଷ = ͵͵ͻ,͹ͺ⁡ˏ͵/˔⁡⁡⁡                   (6.16) 

 
Ʉɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɪɨɩɭɫɤɟ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ - m, 

ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɛɨɥɟɟ m = (n - 1) = 4-1=3 ɩɪɢ ɱɢɫɥɟ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ Ƚɗɋ ݊ ൑ ͸. 
 
 ܳʒЭʠˑ˔ː = 350 · 3 = 1050 ɦ3/ɫ;         
      
 ܳʒЭʠ˒ˑ˅ = 340 · 3 = 1020 ɦ3/ɫ 
 
Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɞɥɹ ɨɫɧɨɜɧɨɝɨ 

ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ ɫɨɫɬɚɜɥɹɟɬ: 
 ܳ˓˃˔˚ˑ˔ː = ܳˏ˃ˍ˔. ˓˃˔˚ˑ˔ː − ܳʒЭʠˑ˔ː − ܳ௖           (6.17) 

 
ɉɨɥɭɱɢɦ ɩɨ ɮɨɪɦɭɥɟ (6.17): 
 



76 

ܳ˓˃˔˚ˑ˔ː = ͵ͻ͸͹⁡ − ⁡ͳͲͷͳ⁡ − ͳͳͳʹ,Ͷ = ͳͺͲ͵,͸⁡ˏଷ/˔  
Ⱦɥɹ ɩɨɜɟɪɨɱɧɨɝɨ: 
 ܳ˓˃˔˚˒ˑ˅ = ܳˏ˃ˍ˔. ˓˃˔˚˒ˑ˅ − ܳʒЭʠ˒ˑ˅ − ܳ௖ = ⁡ͶͶͷʹ⁡ − ⁡ͳͲͳͻ⁡ − ⁡ͳͳͳʹ,Ͷ = = ʹ͵ʹͲ,͸ ˏଷ̝ ;            (6.18) 

 

 ܳ˔ ⁡= ௏˒ ˑ⁡+⁡௏˒ ˓ʡ˔˓ = ሺͳͳ,ͳ⁡ + ⁡͸,ʹሻ ∙ ଵ଴వଵହହହଶ଴଴଴ = ͳͳͳʹ,Ͷ⁡⁡ˏ͵/˔                 (6.19) 

 
6.4.2 Ɋɚɫɱɟɬ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɝɢɞɪɨɭɡɥɚ, ɜɤɥɸɱɚɹ 
ɡɚɝɥɭɛɥɟɧɧɵɟ ɜɨɞɨɩɪɨɩɭɫɤɧɵɟ ɨɬɜɟɪɫɬɢɹ  
 
Ɂɚɞɚɟɦɫɹ ɞɢɚɦɟɬɪɨɦ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ D ɨɬ 1 ɞɨ 5 ɦ ɩɪɢɧɢɦɚɟɦ 

D = 3,0 ɦ. ɉɪɢɧɢɦɚɟɦ ɨɬɦɟɬɤɭ ɰɟɧɬɪɚ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɵɩɭɫɤɚ ɐɈ ɜɵɲɟ 
ɩɨɬɨɥɤɚ ɝɚɥɟɪɟɢ ɧɟ ɦɟɧɟɟ D / 2 + 2 ɦ =1,5 + 2 = 3,5 ɦ: 

 ʝ˕ˏ.ʥʝ⁡ = ⁡ˑ˕ˏ. ˒ˑˎ˃⁡ˆ˃ˎˈ˓ˈˋ⁡ + ⁡˅˞˔ˑ˕˃⁡ˆ˃ˎˈ˓ˈˋ⁡ + ⁡͵.ͷ⁡ = ͸ͺ͸,ͲͲ⁡ +⁡+͵,ͷ⁡ + ⁡͵,ͷ⁡ = ⁡͸ͻ͵,ͲͲ           (6.20) 
 
ɇɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɵɩɭɫɤɚ: 
 

 ʜ = ሺʜʞʢ⁡+⁡ʢʛʝሻଶ – ⁡ˑ˕ˏ.ʥʝ⁡ = ሺ଻ସ଴,଴଴+଻ଶ଺,଴଺ሻଶ − ͸ͻ͵,ͲͲ = ͶͲ⁡ˏ       (6.21) 

 
Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ: 

˅˅ݍ  = ܪ݃ʹ√𝜔ߤ = Ͳ,ͺ ∙ ͹,ͳ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ͶͲ = ͳͷͺ,͵⁡ ˏయ̝,                           (6.22) 

 
ɝɞɟ ߤ - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ 0,8;  

  𝜔 - ɩɥɨɳɚɞɶ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɩɪɢ D=3ɦ: 
 𝜔⁡ = ଶܴ⁡ߨ⁡ ⁡= ⁡͵,ͳͶ ∙ ͳ,ͷଶ = ͹,ͳ⁡ˏଶ                                                   (6.23)           
 
Ɉɩɪɟɞɟɥɹɟɦ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɜɵɩɭɫɤɧɵɯ ɨɬɜɟɪɫɬɢɣ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ 

ɩɪɨɩɭɫɤɚ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ܳ˔˓: 
        ݊ = ⁡ ொ˔˓௤ʑʑ = ⁡ͳͳͳʹ,Ͷ/ͳͷ͸,ͺ = ͹,Ͳͻ⁡⁡⁡                    (6.24) 

 
ɉɪɢɧɢɦɚɟɦ 7 ɨɬɜɟɪɫɬɢɣ ɞɢɚɦɟɬɪɨɦ 3,0 ɦ.  
 
6.4.3 Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ: 
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˓ݍ ⁡= ⁡ [𝑣˓]⁡ℎː˄,                    (6.25) 
 

ɝɞɟ hɧɛ − ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɪɢɜɨɣ ɍɇȻ = f (Qɧɛ) 
ɩɪɢ  ܳˏ˃ˍ˔. ˓˃˔˚ˑ˔ː ;  

[𝑣˓] −ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ, ɩɪɢɧɢɦɚɟɦ [𝑣˓] ⁡= ⁡ʹ⁡ˏ/˔ 
Ƚɥɭɛɢɧɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ℎː˄ = ͹Ͳʹ,ͳͷ − ͸ͺ͸,ͲͲ⁡ = ⁡ͳ͸,ͳͷ⁡ˏ  
˓ݍ  ⁡= ⁡ʹ⁡ ∙ ⁡ͳ͸,ͳͷ⁡ = ⁡͵ʹ,͵⁡ˏଶ/˔  
 
Ɉɩɪɟɞɟɥɹɸɬ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ: 
˅ݍ⁡  ⁡= ⁡ͳ,ʹͷݍ⁡˓ ⁡= ⁡ͳ,ʹͷ⁡ ∙ ⁡͵ʹ,͵ = ⁡ͶͲ,͵͹⁡ˏଶ/˔                   (6.26) 
 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ В = Σb: 
ܤ  = ொ˓˃˔˚ˑ˔ː௤˅ = ଵ଼଴ଷ,଺ସ଴,ଷ଻ = ͶͶ,͸͹⁡ˏ           (6.27) 

 
ɉɪɢɧɢɦɚɟɦ 3 ɩɪɨɥɟɬɚ ɲɢɪɢɧɨɣ b =15 ɦ. 
Ɋɚɫɱɟɬɧɚɹ ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ В ɪɚɜɧɚ 3ɯ15=45 ɦ. 
Ȼɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ: 
଴ଵˑ˔ːܪ  =  ( ொ˓˃˔˚ˑ˔ː௠∙௕∙௡∙√ଶ௚)ଶ ଷ⁄ = ሺ ଵ଼଴ଷ,଺⁡଴,ସଽ∗ଵହ∗ଷ∗√ଶ∗ଽ,଼ଵሻଶ/ଷ = ͸,ͻͻ⁡ˏ        (6.28) 

 
ɋ ɭɱɟɬɨɦ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ: 
଴ଶˑ˔ːܪ  =  ( ொ˓˃˔˚ˑ˔ː௠∙ఌ ∗𝜎∗௕∙௡∙√ଶ௚)ଶ ଷ⁄ = ቀ ଵ଼଴ଷ,଺଴,ସଽ∗ଵ∗ଵହ∗ଷ∗√ଶ∗ଽ,଼ଵቁమయ = ͹,ʹ͵⁡ˏ,       (6.29) 

      
ɝɞɟ σ − ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ [28, ɪɚɡɞɟɥ 6-3] (σ = 1);  

İ − ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ ɩɨɬɨɤɚ ɜ 
ɩɪɨɥɟɬ: 

ߝ  = ͳ − Ͳ,ʹ [𝜉˖+ሺ௡−ଵሻ𝜉˄௡ ] ுబ௕  =ͳ − Ͳ,ʹ [଴,଻+ሺଷ−ଵሻ଴,ସହଷ ] ଺,ଽଽଵହ = ͳ        (6.30) 

 
ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ ɜɨɞɨɫɥɢɜɭ 

V0: 
ܪ  = ଴ଶܪ − ఈ௏బమଶ௚ = ͹,ʹ͵ − ଵ,ଵ·଴,଺ହమଶ·ଽ,଼ଵ = ͹,ʹ⁡ˏ;           (6.31) 

 ଴ܸ = ொ೛ሺ∇ʜʞʢ−∇ˇːˑሻሺʑ+ሺ௡−ଵሻఋʐሻ = ଵ଼଴ଷ,଺ሺ଻ସ଴,଴଴−଺଼଺,଴଴ሻ·ሺସହ+ሺଷ−ଵሻ·ଷሻ = Ͳ,͸͸⁡ˏ/˔,        (6.32) 
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ɝɞɟ įȻ − ɬɨɥɳɢɧɚ ɛɵɤɚ, ɤɨɬɨɪɚɹ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ ɡɚɬɜɨɪɨɜ ɢ ɪɚɡɦɟɪɨɜ 
ɩɟɪɟɤɪɵɜɚɟɦɵɯ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ, ɩɪɢɧɢɦɚɟɦ ɪɚɡɪɟɡɧɨɣ ɛɵɤ įȻ = 3 ɦ. 

ɇɚɡɧɚɱɚɸɬ Нɫɬ - ɛɥɢɠɚɣɲɢɣ ɤ ɜɵɱɢɫɥɟɧɧɨɦɭ Н ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ (4; 4,5; 5,0; 5,5; 6,0; 7,0; 8,0; 9,0; 10,0; 12,0; 14,0; 16,0; 
18,0; 20,0 ɦ), ɩɪɢɧɢɦɚɟɦ ɇɫɬ=7 ɦ. 

Ɉɬɦɟɬɤɭ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ʒʑ = ∇ʜʞʢ − ʜ˔˕ = ͹ͶͲ,ͲͲ − ͹ = ͹͵͵,ͲͲ                                                          (6.33) 
 
6.4.4 ɉɪɨɜɟɪɤɚ ɩɪɨɩɭɫɤɚ ɪɚɫɯɨɞɚ ɞɥɹ ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɹ 
 
Ɉɩɪɟɞɟɥɹɸɬ ɧɚɩɨɪ ɧɚɞ ɝɪɟɛɧɟɦ ɜɨɞɨɫɥɢɜɚ ɩɪɢ ɩɪɨɩɭɫɤɟ ɪɚɫɯɨɞɚ 

ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ (ɩɪɢ Ɏɉɍ) ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ: 
˅଴ଵ˒ˑܪ   =  ( ொ˓˃˔˚˒ˑ˅௠∙஻∙√ଶ௚)ଶ ଷ⁄ = ሺ ଶଷଶ଴,଺଴,ସଽ∙ସହ∙√ଶ∙ଽ,଼ଵሻଶ/ଷ = ͺ,ʹ͸⁡ɦ         (6.34) 

 
ȼɵɱɢɫɥɹɸɬ ɧɚɩɨɪ ɧɚɞ ɝɪɟɛɧɟɦ ɜɨɞɨɫɥɢɜɚ ɫ ɭɱɟɬɨɦ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ: 
˅଴ଶ˒ˑܪ  =  ( ொ˓˃˔˚˒ˑ˅௠∙ఌ∙𝜎˒∙஻∙√ଶ௚)ଶ ଷ⁄ = ሺ ଶଷଶ଴,଺଴,ସଽ∙଴,ଽହ∙ସହ∙√ଶ∙ଽ,଼ଵሻଶ/ଷ = ͺ,ͷͷ⁡ˏ                 (6.35) 

 
ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ: 
˅ˑ˒ܪ  = ˒˅ܪ ˑ˅ − ఈ∙௏మଶ௚ = ͺ,ʹ͸ − ଵ,ଵ∙଴,଼ଵమଶ∙ଽ,଼ଵ = ͺ,ͷͳ⁡ˏ;          (6.36) 

 ଴ܸ˒ ˑ˅ = ொ˓˃˔˚˒ˑ˅ሺఇʣʞʢ−ఇˇːˑሻሺ஻+ሺ௡−ଵሻఋʐሻ = ଶଷଶ଴,଺ሺ଻ସଶ−଺଼଺ሻ∙ሺସହ+ሺଷ−ଵሻ∙ଷሻ = Ͳ,ͺͳ⁡ˏ/˔       (6.37) 

 
Ɉɩɪɟɞɟɥɹɸɬ ɪɚɫɱɟɬɧɭɸ ɨɬɦɟɬɤɭ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɭɪɨɜɧɹ, ɬ.ɟ. ɨɬɦɟɬɤɭ ɩɪɢ 

ɤɨɬɨɪɨɣ ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɯɨɞ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɩɭɳɟɧ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ: 
   ∇ʣʞʢ˓ = ∇ʒʑ + ˅ˑ˒ܪ = ͹͵͵⁡ + ⁡ͺ,ͷͳ⁡ = ⁡͹Ͷͳ,ͷͳ         (6.38) 
 
Ɋɚɫɱɟɬɧɚɹ ɨɬɦɟɬɤɚ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɭɪɨɜɧɹ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɚ ɢɥɢ ɦɟɧɶɲɟ 

ɡɚɞɚɧɧɨɣ ɨɬɦɟɬɤɢ Ɏɉɍ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɷɬɭ ɨɬɦɟɬɤɭ ɩɨɜɵɲɚɸɬ ɞɨ ɨɬɦɟɬɤɢ 
Ɏɉɍɪ. ɉɪɢɧɢɦɚɟɦ ɨɬɦɟɬɤɭ Ɏɉɍ 742,00 
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6.4.5 ɉɨɫɬɪɨɟɧɢɟ ɨɝɨɥɨɜɤɚ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɤɨɨɪɞɢɧɚɬɵ ɨɝɨɥɨɜɤɚ ɜɨɞɨɫɥɢɜɚ. Ⱦɚɥɟɟ ɬɚɛɥɢɱɧɵɟ 

ɤɨɨɪɞɢɧɚɬɵ ݕ⁡ˋ⁡ݔ [28, ɬɚɛɥɢɰɚ 6-12] ɭɦɧɨɠɚɟɦ ɧɚ ܪ˔˕ = ͹⁡ˏ, ɩɨɥɭɱɟɧɧɵɟ 
ɡɧɚɱɟɧɢɹ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 6.2 ɢ ɫɬɪɨɢɦ ɤɪɢɜɭɸ, ɩɪɢɜɟɞɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 6.1.  

 
Ɍɚɛɥɢɰɚ 6.2 - Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɝɨɥɨɜɤɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 

ɇɨɦɟɪ ɬɨɱɤɢ x y ݔ ∙ ݕ ˕˔ܪ ∙  ˕˔ܪ
1 0 0,126 0 0,882 
2 0,1 0,036 0,7 0,252 
3 0,2 0,007 1,4 0,049 
4 0,3 0 2,1 0 
5 0,4 0,006 2,8 0,042 
6 0,5 0,027 3,5 0,189 
7 0,6 0,06 4,2 0,42 
8 0,7 0,1 4,9 0,7 
9 0,8 0,146 5,6 1,022 
10 0,9 0,198 6,3 1,386 
11 1 0,256 7 1,792 
12 1,1 0,321 7,7 2,247 
13 1,2 0,394 8,4 2,758 
14 1,3 0,475 9,1 3,325 
15 1,4 0,564 9,8 3,948 
16 1,5 0,661 10,5 4,627 
17 1,6 0,764 11,2 5,348 
18 1,7 0,873 27,2 13,968 
19 1,8 0,987 28,8 15,792 
20 1,9 1,108 30,4 17,728 

 

 
Ɋɢɫɭɧɨɤ 6.1 – Ɉɝɨɥɨɜɨɤ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 

 
Ɉɬɦɟɬɤɭ ɜɟɪɯɚ ɛɵɤɚ (ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ) ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
ʒʐߘ  = ʒʑߘ + ͳ,͸ ∙ ʜ˔˕ = ͹͵͵ + ͳ,͸ ∙ ͹ = ͹ͶͶ,ʹͲ⁡         (6.39) 
 
6.4.6 Ɋɚɫɱɟɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɇȻ ɩɪɢ ɞɨɧɧɨɦ ɪɟɠɢɦɟ 
 
Ɋɚɫɱɟɬ ɩɪɨɢɡɜɟɞɟɧ ɫɨɝɥɚɫɧɨ ɫɩɪɚɜɨɱɧɢɤɭ [28, ɪɚɡɞɟɥ 9-9] ȼɵɱɢɫɥɹɟɦ 

ɩɨɥɧɭɸ ɭɞɟɥɶɧɭɸ ɷɧɟɪɝɢɸ ɜ ɫɟɱɟɧɢɢ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
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ʡ଴ = ∇ʜʞʢ − ∇ˇːˑ = ͹ͶͲ,ͲͲ − ͸ͺ͸,ͲͲ = ͷͶ ɦ  
         (6.40) 
Ʉɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ ɩɨɬɨɤɚ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɜɨɞɨɩɪɨɩɭɫɤɧɵɯ ɨɬɜɟɪɫɬɢɣ: 
 ℎˍ˓ = √ ఈ௤೛మ௚·ሺ୆+∑ஔ˄ሻమయ = √ ଵ,ଵ·ଵ଼଴ଷ,ଽమଽ,଼ଵ·ሺସହ+ଽሻమయ = ͷ,ͲͲ⁡ˏ,          (6.41) 

 
ɝɞɟ α-ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ, ɪɚɜɧɵɣ 1,1; 

ɉɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜ ɫɟɱɟɧɢɢ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
 T଴ = ∇ʜʞʢ − ∇ˇːˑ = ͹ͶͲ,Ͳ − ͸ͺ͸,Ͳ = ͷͶ,Ͳ⁡ˏ          (6.42) 
 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɫɟɱɟɧɢɹ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ: 
 ɌTబ = Tబ୦ˍ˓ = ହସ,଴ହ,଴଴ = ͳͲ,ͺͲ⁡ˏ                               (6.43) 

 
Ɉɩɪɟɞɟɥɹɟɦ ɝɥɭɛɢɧɭ ℎ௖ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ ɩɪɢ ߮ = 0,9 (ɞɥɹ ɜɨɞɨɫɥɢɜɚ 

ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ ɫ ɤɪɢɜɨɥɢɧɟɣɧɵɦ ɨɱɟɪɬɚɧɢɟɦ ɫɥɢɜɧɨɣ ɝɪɚɧɢ ɢ ɝɥɚɞɤɨɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸ) ɢ ɝɥɭɛɢɧɭ ℎ௖"  – ɜɬɨɪɨɣ ɫɨɩɪɹɠёɧɧɨɣ ɫɨ ɫɠɚɬɨɣ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɟɥɢɱɢɧɵ 𝜉 బ் , ɨɩɪɟɞɟɥɹɸ 𝜉˔ = Ͳ,ʹͶ͵ ɢ 𝜉௖" = ʹ,ͺͲ 

Ɉɬɫɸɞɚ, ɫɨɩɪɹɠёɧɧɵɟ ɝɥɭɛɢɧɵ: 
 ℎ௖′ = 𝜉˔ · ℎˍ˓ = Ͳ,ʹͶ͵ · ͷ,ͲͲʹ = ͳ,ʹʹ⁡ˏ;           (6.44) 
 ℎ௖" = 𝜉௖" · ℎˍ˓ = ʹ,ͺͲ · ͷ,ͲͲʹ = ͳͶ,Ͳͳ⁡ˏ           (6.45) 
 
Ƚɥɭɛɢɧɚ ɜ ɇȻ ɩɪɢ ɨɫɧɨɜɧɨɦ ɪɚɫɯɨɞɟ ܳଵ%, ℎʜʐ = ͳ͸,ʹ⁡ˏ. 

 ℎ௖" < ℎʜʐ           
 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɵɠɨɤ ɡɚɬɨɩɥɟɧɧɵɣ. 
Ɍɨɥɳɢɧɚ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ ȼ.Ⱦ. 

Ⱦɨɦɛɪɨɜɫɤɨɝɨ: 
 
˅ߜ  = Ͳ,ͳͷ𝑣௖√ℎ௖′  ,                 (6.46)  
 

ɝɞɟ   ℎ௖̀ = ⁡ͳ,ʹʹ ɦ; 
 𝑣௖ −ɫɤɨɪɨɫɬɶ ɜɨɞɵ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ: 

 
  𝑣௖ = ܳ˓/𝜔˔,                                                  (6.47) 
 

ɝɞɟ 𝜔˔ − ɩɥɨɳɚɞɶ ɩɨɬɨɤɚ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ: 
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 𝜔௖ = ℎ௖̀ ∙ ⁡ ሺܤ⁡ +⁡ሺ݊ − ͳሻߜ˄⁡ሻ             (6.48) 
 
Ɍɨɝɞɚ ɩɨ ɮɨɪɦɭɥɟ (6.46): 
˅ߜ  = Ͳ,ͳͷ · ଵ଼଴ଷ,଺ଵ,ଶଶ·ሺସହ+ሺଷ−ଵሻ·ଷሻ√ͳ,ʹʹ = Ͳ,ͳͷ · ͹Ͷ,ͳͶ · √ͳ,ʹʹ = Ͷ,Ͳʹ⁡ˏ  

 
Ⱦɥɢɧɚ ɜɨɞɨɛɨɹ ɩɪɢ ɧɚɥɢɱɢɢ ɧɚ ɧёɦ ɝɚɫɢɬɟɥɟɣ: 
 ݈˅ =⁡ ሺͲ,ͺ ÷ ͳ,Ͳሻ⁡݈˒˓,              (6.49) 
 

ɝɞɟ ݈˒˓ – ɞɥɢɧɚ ɩɪɵɠɤɚ (ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ ɜɚɥɶɰɚ): 
 ݈˒˓ = ʹ,ͷሺͳ,ͻℎ௖′′ − ℎ௖′ ሻ = ʹ,ͷ ∙ ሺͳ,ͻ · ͳͶ,Ͳͳ − ͳ,ʹʹሻ = ͸͵,Ͷͺ⁡ˏ       (6.50)  

 
ɉɪɢɧɢɦɚɟɦ ݈˅ = Ͳ,ͺ ∙ ͸͵,Ͷͺ = ͷͲ,͹ͻ⁡ˏ. 
 
6.5 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɩɥɨɬɢɧɵ 
 
6.5.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ 
 
ɇɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ ɜɚɪɢɚɧɬɨɦ ɹɜɥɹɟɬɫɹ ɬɪɟɭɝɨɥɶɧɵɣ ɩɪɨɮɢɥɶ 

ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ, ɢɦɟɸɳɢɣ ɦɢɧɢɦɚɥɶɧɭɸ ɲɢɪɢɧɭ ɩɨɧɢɡɭ. ɗɬɨɬ 
ɩɪɨɮɢɥɶ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɞɜɭɦ ɭɫɥɨɜɢɹɦ: ɨɬɫɭɬɫɬɜɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 
ɧɚɩɪɹɠɟɧɢɣ ɜ ɩɥɨɬɢɧɟ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɟɟ ɩɪɨɬɢɜ ɫɞɜɢɝɚ ɩɨ ɨɫɧɨɜɚɧɢɸ. 

ɂɡ ɭɫɥɨɜɢɹ ɧɟɞɨɩɭɳɟɧɢɹ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢɧɢɦɚɟɦ 
ɡɚɥɨɠɟɧɢɟ ɧɢɡɨɜɨɣ ɝɪɚɧɢ 0,7, ɬɨɝɞɚ ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ:  

ܤ   = Ͳ,͹ ∙ ℎ = Ͳ,͹ ∙ ͷͺ,ͻ = Ͷͳ,ʹ͵⁡ˏ            (6.51) 
 
ȼɵɫɨɬɚ ɩɥɨɬɢɧɵ ℎ ɪɚɜɧɚ: 
 ℎ = ∇ʜʞʢ − ∇˒ˑˇ,              (6.52) 
 

ɝɞɟ ∇˒ˑˇ − ˑ˕ˏˈ˕ˍ˃⁡˒ˑˇˑ˛˅˞,ˏ:   
 

 ∇˒ˑˇ = ∇ˇːˑ − ˅ߜ = ͸ͺ͸ − Ͷ,ͻ = ͸ͺͳ,ͳ⁡ˏ,          (6.53)  
                                                           
ɝɞɟ ߜ˅ – ɬɨɥɳɢɧɚ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ. 

ɉɨ ɮɨɪɦɭɥɟ (6.52) ɩɨɥɭɱɢɦ: 
 ℎ = ͹ͶͲ − ͸ͺͳ,ͳ = ͷͺ,ͻ⁡ˏ  
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6.5.2 Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɲɜɚɦɢ 
 
ȼ ɩɥɨɬɢɧɚɯ ɲɜɵ ɭɫɬɪɚɢɜɚɸɬ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɦɨɧɨɥɢɬɧɨɫɬɢ ɛɟɬɨɧɚ ɫɟɤɰɢɣ 

ɩɥɨɬɢɧɵ ɩɪɢ ɧɟɪɚɜɧɨɦɟɪɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ ɢ 
ɪɚɡɧɨɣ ɨɫɚɞɤɟ ɫɨɫɟɞɧɢɯ ɫɟɤɰɢɣ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɹɯ 
ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɢɯ ɪɚɡɪɟɡɤɚ ɩɨɩɟɪɟɱɧɵɦɢ ɦɟɠɫɟɤɰɢɨɧɧɵɦɢ ɲɜɚɦɢ ɫ ɲɚɝɨɦ 16.5 
ɦ, ɲɜɵ ɩɪɢɧɢɦɚɸ 1 ɫɦ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5 ɦ ɨɬ ɥɢɰɟɜɵɯ ɝɪɚɧɟɣ ɢ ɝɪɟɛɧɹ, ɚ ɜɧɭɬɪɢ 
ɩɥɨɬɢɧɵ 0,3 ɫɦ. 

 
6.5.3 Ȼɵɤɢ 
 
ɇɚ ɜɨɞɨɫɥɢɜɟ ɭɫɬɪɚɢɜɚɸɬ ɛɵɤɢ ɞɥɹ ɞɟɥɟɧɢɹ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɧɚ 

ɩɪɨɥɟɬɵ ɢ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɡɚɬɜɨɪɨɜ. Ȼɵɤɢ ɛɭɞɭɬ ɜɵɞɜɢɧɭɬɵ ɜ ɜɟɪɯɧɢɣ ɛɶɟɮ ɞɥɹ 
ɭɫɬɚɧɨɜɤɢ ɤɪɚɧɚ ɢ ɨɪɝɚɧɢɡɚɰɢɢ ɩɥɨɳɚɞɤɢ ɯɪɚɧɟɧɢɹ ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ.  

Ɍɨɥɳɢɧɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ ߜ˄ = ͵⁡ˏ. Ɍɨɥɳɢɧɚ ɩɚɡɨɜɨɝɨ ɩɟɪɟɲɟɣɤɚ ɛɵɤɚ 0,8 
ɦ.  

ɉɚɡɵ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ ɩɪɢɧɢɦɚɸ ɪɚɜɧɵɦɢ ܽ = ܿ = Ͳ,ͷ⁡ˏ, 
ɩɚɡɵ ɪɚɛɨɱɢɯ ɡɚɬɜɨɪɨɜ ݊ = ݉ = Ͳ,͹⁡ˏ. 

ɉɚɡɵ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɪɚɡɦɟɳɚɸ 
ɧɚ ɪɚɫɫɬɨɹɧɢɢ 1 ɦ ɨɬ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɞɨɛɧɵɯ ɭɫɥɨɜɢɣ ɜɨ 
ɜɪɟɦɹ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɧɚ ɪɚɛɨɱɢɯ ɡɚɬɜɨɪɚɯ. 

 
6.5.4 ɍɫɬɨɢ 
 
ɍɫɬɨɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɡɚɳɢɬɵ ɛɟɪɟɝɚ ɨɬ ɪɚɡɦɵɜɚ ɜɨɞɨɣ, ɫɛɪɚɫɵɜɚɟɦɨɣ 

ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ.  
ȼ ɩɪɨɟɤɬɟ ɭɫɬɪɚɢɜɚɸ ɪɚɡɞɟɥɶɧɵɣ ɭɫɬɨɣ ɞɥɢɧɧɨɣ 20 ɦ, ɤɨɬɨɪɵɣ ɨɬɞɟɥɹɟɬ 

ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɨɬ ɫɬɚɧɰɢɨɧɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ.  
 
6.5.5 Ⱦɪɟɧɚɠ ɬɟɥɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧɵ 
 
ȼɞɨɥɶ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ ɞɪɟɧɚɠɚ ɜ ɜɢɞɟ 

ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ. Ⱦɢɚɦɟɬɪ ɜɟɪɬɢɤɚɥɶɧɵɯ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɩɪɢɧɢɦɚɸ 
30 ɫɦ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɞɪɟɧ 3 ɦ.  

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ 
ɦɟɧɟɟ 2 ɦ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɹ: 

 ܽˇ˓ ൒ ு೘𝑎ೣ∙ఊ೙ூˍ˓,೘  ,                                                                                                                     (6.54)         

 
ɝɞɟ ܪௗ −⁡ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ ɫɟɱɟɧɢɟɦ; ߛ௡ −⁡ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ, ɪɚɜɟɧ 1,2 
(ɞɥɹ ɩɥɨɬɢɧ II  ɤɥɚɫɫɚ); 
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ܫ̱ ˓,௠ −⁡ɤɪɢɬɢɱɟɫɤɢɣ ɫɪɟɞɧɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ, ɞɥɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
ɪɚɜɟɧ 25. 

 H௠௔௫ = ∇ʜʞʢ − ∇ˇːˑ = ͹ͶͲ − ͸ͺ͸ = ͷͶ                                                     (6.55) 
 
Ɇɢɧɢɦɚɥɶɧɨɟ ɞɨɩɭɫɬɢɦɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɞɪɟɧɚɠɚ: 
 ܽˇ˓ ൒ ହସ⋅ଵ,ଶଶହ = ʹ,͸⁡ˏ                                                                                      (6.56)         

 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɞɪɟɧɚɠɧɨɣ ɫɤɜɚɠɢɧɵ 

ɩɪɢɧɢɦɚɟɦ 2,6 ɦ, ɱɬɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ ܽˇ˓ ൒ ʹ⁡ˏ. 
 
6.5.6 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 
 
ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɭɫɬɪɚɢɜɚɸɬɫɹ ɫɦɨɬɪɨɜɵɟ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ 

ɝɚɥɟɪɟɢ. Ɉɞɧɭ ɢɡ ɩɪɨɞɨɥɶɧɵɯ ɝɚɥɟɪɟɣ ɫɩɪɨɟɤɬɢɪɭɟɦ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɚɦɨɬɟɱɧɨɝɨ ɨɬɜɨɞɚ ɜɨɞɵ ɢɡ ɜɫɟɣ 
ɜɵɲɟɥɟɠɚɳɟɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ. 

Ɋɚɡɦɟɪɵ ɩɪɨɞɨɥɶɧɵɯ ɝɚɥɟɪɟɣ ɩɪɢɧɢɦɚɸɬɫɹ: 
• ɋɦɨɬɪɨɜɚɹ ɝɚɥɟɪɟɹ – 2,0⁡˘⁡2,5 ɦ, 
• ɐɟɦɟɧɬɚɰɢɨɧɧɚɹ ɝɚɥɟɪɟɹ ɢ ɞɥɹ ɞɪɟɧɚɠɚ – 3,0⁡˘⁡3,5 ɦ. 
ɒɚɝ ɫɦɨɬɪɨɜɵɯ ɝɚɥɟɪɟɣ ɩɨ ɜɵɫɨɬɟ −ͳͲ⁡ˏ. 
 
6.5.7 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ 
ɩɥɨɬɢɧɵ 
 
ȼ ɨɫɧɨɜɚɧɢɢ ɩɥɨɬɢɧɵ, ɫɬɨɹɳɟɣ ɧɚ ɫɤɚɥɟ, ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ 

ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɭɫɬɪɚɢɜɚɟɦ ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ ɡɚɜɟɫɭ. 
Ɍɨɥɳɢɧɚ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɞɨɥɠɧɚ ɛɵɬɶ: 
˅˃ˊߜ  > ∆ுˊఊ೙௃ˍ˓,೘ ,                                                                                                   (6.57)         

                                                                                         
ɝɞɟ ∆ܪˊ − ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ, ߛ௡ −⁡ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ, ɪɚɜɧɵɣ 
1,2 (ɞɥɹ ɩɥɨɬɢɧ II  ɤɥɚɫɫɚ), ܬˍ˓,௠ −⁡ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ, ɜ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɚɯ ɪɚɜɧɵɣ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɣ 15. 

ɇɚɩɨɪ ɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɟ, ɨɬɧɟɫёɧɧɵɣ ɤ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɧɚɩɨɪɭ, 
ɪɚɜɟɧ: 

 ுˊு೘𝑎ೣ = Ͳ,Ͷ;    
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ˊܪ = Ͳ,Ͷܪ௠௔௫ = Ͳ,Ͷ ∙ ͵͸,͸ = ͳͶ,͸Ͷ⁡ˏ;                                                            (6.58) 
௠௔௫ܪ  = ∇ʜʞʢ − ∇ʢʜʐˏˋː = ͹ͶͲ,ͲͲ − ͹Ͳͳ,ͶͲ = ͵͸,͸⁡ˏ,                         (6.59) 

 

ɝɞɟ ∇ʢʜʐˏˋː = ݂ ቀܳ˅˘ˍ = ͶͲͲˏଷ ˔⁄ ቁ = ͹Ͳͳ,Ͷ⁡ˏ 

 
Ɍɨɝɞɚ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ ɪɚɜɧɵ: 
ˊܪ∆  = ௠௔௫ܪ ˊܪ− = ͵͸,͸ − ͳͶ,͸Ͷ = ʹͳ,ͻ͸⁡ˏ                                                  (6.60)          
 
Ɍɨɝɞɚ ɬɨɥɳɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ (6.57): 
˅˃ˊߜ  ൒ ଶଵ,ଽ଺∙ଵ,ଶଵହ > ͳ,ͺͶ⁡ˏ  

 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 ݈ଵ = ሺͲ,Ͳͷ ÷ Ͳ,ͳሻ ∙ ˒ܤ = Ͳ,Ͳͺ͹ ∙ Ͷͷ,ͺ = Ͷ⁡ˏ,            (6.61)               
 

ɝɞɟ ܤ˒ − ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
Ɋɚɫɫɬɨɹɧɢɟ ݈ଶ ɞɨɥɠɧɨ ɛɵɬɶ ɛɨɥɶɲɟ ɪɚɞɢɭɫɚ ɰɟɦɟɧɬɚɰɢɢ ɢ ɧɟ ɦɟɧɟɟ 4 ɦ. 

ɉɪɢɧɢɦɚɸ ݈ଶ = ͷ⁡ˏ. 
Ƚɥɭɛɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 ℎˊ˃˅ = ሺͲ,ͷ ÷ Ͳ,ͺሻ ∙ H௠௔௫ = Ͳ,ͷʹ ∙ ͵ͺ,͵͸ = ʹͲ⁡ˏ         (͸.͸ʹሻ

                                                                                       
Ƚɥɭɛɢɧɚ ɞɪɟɧɚɠɚ: 
 ℎˇ˓ = ሺͲ,ͷ ÷ Ͳ,͹ሻ ∙ ℎˊ˃˅ = Ͳ,͸ ∙ ʹͲ = ͳʹ⁡ˏ                                (6.63)          
                 
ɉɪɢɧɢɦɚɟɦ ℎˇ˓ = ͳʹ⁡ˏ.     
Ⱦɢɚɦɟɬɪ ɫɤɜɚɠɢɧ ɞɥɹ ɞɪɟɧɚɠɚ ɩɪɢɧɢɦɚɟɦ 0,2 ɦ. ɫ ɲɚɝɨɦ 2 ɦ. 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɰɟɦɟɧɬɧɨɣ ɡɚɜɟɫɵ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ɩɪɢɧɢɦɚɟɦ 4 ɦ. 
 
6.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 
 
6.6.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ ɢ ɡɚɬɜɨɪɨɜ 
 
ȼɟɫ ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ: 
ˎ˒ܩ  = ௌ˒ˎ∙௕∙௚∙ఘʐ௕+ఋʐ = ଵଶଶଵ,ସ଼∙ଵହ∙ଽ,଼ଵ∙ଶସଵହ+ଷ = ʹ͵ͻ͸ͷͶ,͵ͺ ˍʜˏ,⁡⁡                  (6.64) 

 
ɝɞɟ  ܵ˒ˎ – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɥɨɬɢɧɵ (ɪɚɫɫɱɢɬɚɧɨ ɜ ɩɪɨɝɪɚɦɦɟ 
AutoCad); 
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ܾ – ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ; ߜʐ – ɬɨɥɳɢɧɚ ɛɵɤɚ; ߩʐ – ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ. 
Ɍɚɤɠɟ ɨɩɪɟɞɟɥɹɟɦ ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɩɥɨɬɢɧɵ. 
Ⱦɚɥɟɟ ɩɨɜɬɨɪɹɟɦ ɚɧɚɥɨɝɢɱɧɵɣ ɪɚɫɱɟɬ ɞɥɹ ɛɵɤɚ: 
˄ܩ  = ௌ˄∙ఋʐ∙ఘ˄∙௚௕+ఋʐ = ଵ଻ସଶ,ହଷ∙ଷ∙ଶସ∙ଽ,଼ଵଵହ+ଷ = ͸ͺ͵͹͸,ͺͺ⁡ˍʜ/ˏ         (6.65) 

 
ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ɋ. Ȼɟɪɟɡɢɧɫɤɨɝɨ: 
 ܳଷ ≈ Ͳ,Ͳͷͷ݂√݂݃ = Ͳ,Ͳͷͷ ∙ ͳͶʹ,ͷ ∙ √ͳͶʹ,ͷ ∙ ͻ,ͺͳ = ͻͳ͹,ͺͳ⁡ˍʜ,⁡⁡⁡       (6.66) 
 

ɝɞɟ ݂ – ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ: 
 
 ݂ = ሺ∇ʣʞʢ − ∇ʒʑ + Ͳ,ͷሻ ∙ ܾ = ሺ͹Ͷʹ,Ͳ − ͹͵͵,Ͳ + Ͳ,ͷሻ ∙ ͳͷ = = ͳͶʹ,ͷ⁡ˏଶ                                                                                                        (6.67) 
 
ɉɪɢɜɟɞɟɦ ɜɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ ɤ 1 ɩ.ɦ. ɞɥɢɧɵ ɫɟɤɰɢɢ: 
ˊݍ  = ொˊ௕+ఋʐ = ଽଵ଻,଼ଵଵହ+ଷ = ͷͲ,ͻͻ⁡ˍʜ/ˏ            (6.68) 

 
6.6.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 
 
Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ: 
- ɫ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ:  
 ʑܹʐ = ሺ∇ʜʞʢ−∇˒ˑˇሻమଶ ∙ ߛ˅ = ሺ଻ସ଴,଴଴−଺଼ଵ,ଵଽሻమଶ ∙ ͻ,ͺͳ = ͳ͹ʹͻͶ,ͷͺ⁡ˍʜ/ˏ       (6.69) 

 
- ɫ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 ʜܹʐ = ሺ∇ʢʜʐౣi౤−∇˒ˑˇሻమଶ ∙ ߛ˅ = ሺ଻଴ଵ,ସ−଺଼ଵ,ଵଽሻమଶ ∙ ͻ,ͺͳ = ʹͲͶʹ,͹Ͷ⁡ˍʜ/ˏ       (6.70) 

 
6.6.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ 
 
ɗɩɸɪɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɜɢɞɟ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɨɬ 

ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɨ ɩɨɞɨɲɜɵ ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɢ 
ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ. 

ɋɢɥɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ: 

 ܹ˅ ˊ˅ = ߛ˅ ∙ ܤ ∙ ሺ∇ʢʜʐ୫୧୬ − ∇˒ˑˇሻ = = ͻ,ͺͳ ⋅ Ͷʹ,Ͷ ∙ ሺ͹Ͳͳ,Ͷ − ͸ͺͳ,ͳͻሻ = ͺͷ͹Ͳ,ͳʹ⁡ˍʜ/ˏ                  (6.71) 
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6.6.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 
 
Ɋɚɫɱɟɬ ɜɵɩɨɥɧɟɧ ɫɨɝɥɚɫɧɨ [27]. ɇɚɩɨɪ ɞɟɣɫɬɜɭɸɳɢɣ ɧɚ ɰɟɦ. ɡɚɜɟɫɭ ɢ 

ɞɪɟɧɚɠ: 
௔௦ܪ  = Ͳ,Ͷܪௗ = Ͳ,Ͷ · ͵ͺ,͸ = ͳͷ,ͶͶ⁡ˏ ;                    (6.72) 
ௗ௥ܪ  = Ͳ,ͳͷܪௗ = Ͳ,ͳͷ · ͵ͺ,͸ = ͷ,͹ͻ⁡ˏ;                    (6.73) 
 ˗ܹ = ܵˠ˒ · ߛ˅ = ʹͺͺ · ͻ,ͺͳ = ʹͺʹͷ,ͺ͸                    (6.74) 
 
ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫ 

ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɨɣ ɜ ɨɫɧɨɜɚɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6.2.  

 
Ɋɢɫɭɧɨɤ 6.2 – ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

 
6.6.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 
 
Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɧɚ ɧɚɩɨɪɧɭɸ ɝɪɚɧɶ: 
 ʟː = ːߛ˅ˊ˅ ∙ ℎː ∙ ଶ݃ݐ ቀͶͷ − 𝜑ଶː ቁ,             (6.75) 

 
ɝɞɟ⁡ℎː- ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɟ 3 ɦ; ߮ː –ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ, ߮ː = ͵Ͳ°; ːߛ˅ˊ˅-ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɩɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɵɦ: ːߛ˅ˊ˅ = ͳͲ ˍʜˏయ; 

 ʟː = ͳͲ ∙ ͵ ∙ ଶ݃ݐ ቀͶͷ − ଷ଴ଶ ቁ = ͳͲ⁡ ˍʜˏయ                     (6.76) 

 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɧɚ 1 ɩ.ɦ.: 
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ːܧ = ʟː∙ℎːଶ = ଵ଴·ଷଶ = ͳͷ⁡ˍʜ             (6.77) 

 
Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ȼȻ: 
 ʟ′ˆ˓ = ːߛ˅ˊ˅ ∙ ℎː ∙ ଶ݃ݐ ቀͶͷ − 𝜑ˆ˓ଶ ቁ − ʹ · ܿ ∙ ݃ݐ ቀͶͷ − 𝜑ˆ˓ଶ ቁ,         (6.78) 

 
ɝɞɟ ߮ˆ˓ = ͵͹°, ܿ = ͳͲͲ⁡ˍʞ˃ 

 ʟ′ˆ˓ = ͳͲ ∙ ͵ ∙ ଶ݃ݐ ቀͶͷ − ଷ଻ଶ ቁ − ʹ · ͳͳͲ ∙ ݃ݐ ቀͶͷ − ଷ଻ଶ ቁ = −ͳͲʹ,ʹ⁡ ˍʜˏమ       (6.79) 

 
ȼ ɬɨɱɤɟ ɧɚ ɤɚɠɞɨɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɝɪɭɧɬɚ ɬɨɥɳɢɧɨɣ ℎˆ˓ ,ɝɞɟ ɞɟɣɫɬɜɭɸɬ ɜɟɫ 

ɧɚɧɨɫɨɜ ɢ ɝɪɭɧɬɚ, ɚɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ: 
 ⁡ʟ′′ˆ˓ = (ːߛ˅ˊ˅ ∙ ℎː + ߛ̂ ˓˅́ ˅ ∙ ℎˆ˓) ∙ ଶ݃ݐ ቀͶͷ − 𝜑ˆ˓ଶ ቁ − ʹ · ܿ ∙ ݃ݐ ቀͶͷ − 𝜑ˆ˓ଶ ቁ                     (6.80) 
 
ɍɞɟɥɶɧɵɣ ɜɟɫ ɜɡɜɟɲɟɧɧɨɝɨ ɝɪɭɧɬɚ: 
ߛ̂  ˓˅́ ˅ = ߛ̂ ˓ − ሺͳ − ݊଴ሻߛ௪ ,                      (6.81) 
 

ɝɞɟ ̂ߛ ˓ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ, ̂ߛ ˓ = ʹͷ⁡ ˍʜˏయ ; ݊଴ – ɩɨɪɢɫɬɨɫɬɶ ɫɭɯɨɝɨ ɝɪɭɧɬɚ, ݊଴ = Ͳ,ͲͲͷ; ℎˆ˓ – ɬɨɥɳɢɧɚ ɫɥɨɹ ɝɪɭɧɬɚ, ℎˆ˓ = ʹ⁡ˏ; ߮ˆ˓ – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɝɪɭɧɬɚ, ߮ˆ˓ = ͵͹°⁡; ߛ௪ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɥɭɱɢɦ: 
ߛ̂  ˓˅́ ˅ = ʹͷ − ሺͳ − Ͳ,ͲͲͷሻ · ͻ,ͺͳ = ͳͷ,ʹͶ⁡ ˍʜˏయ  

 ⁡ʟ′′ˆ˓ = ሺͳͲ ∙ ͵ + ͳͷ,ʹͶ ∙ ʹሻ ∙ ଶ݃ݐ (Ͷͷ − ͵͹ʹ) − ʹ · ͳͳͲ ∙ ݃ݐ (Ͷͷ − ͵͹ʹ) = = −ͻͶ,͸ͷ⁡ ˍʜˏమ               (6.82) 

 
ɑɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɝɨ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ 

ɩɨɝɨɧɧɵɣ ɦɟɬɪ: 
˃ܧ  = ʟ′ˆ˓+⁡ʟ′′ˆ˓ଶ = −ଵ଴ଶ,ଶ−ଽସ,଺ହଶ = −ͻͺ,Ͷ͵⁡ˍʜ           (6.83) 

 
Ɍɚɤ ɤɚɤ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ 

ɨɬɪɢɰɚɬɟɥɶɧɨ, ɬɨ ɟɝɨ ɧɟ ɭɱɢɬɵɜɚɟɦ ɜ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱёɬɚɯ. 
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6.6.6 ȼɨɥɧɨɜɨɟ ɞɚɜɥɟɧɢɟ  
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɨɫɧɨɜɧɨɦ ɢ ɨɫɨɛɨɦ ɫɨɱɟɬɚɧɢɢ 

ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ʌ. Ɇɨɠɟɜɢɬɢɧɨɜɚ: 
 ܹ˅ ˑˎː = Ͳ,ͷ ∙ γ˅ ∙ ℎଵ% ∙ ቀఒ̅೏గ + ℎబଶ ቁ,            (6.84) 

 
ɝɞɟ, ̅ߣௗ – ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ, ̅ߣௗ = ͵͹,ͷͷ; ʡ̅ – ɫɪɟɞɧɢɣ ɩɟɪɢɨɞ ɜɨɥɧɵ ʡ̅ = Ͷ,ͻͲ; ℎଵ% - ɜɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ℎଵ% = ʹ,͸͸; ℎ଴ – ɫɪɟɞɧɹɹ ɜɵɫɨɬɚ ɜɨɥɧɵ, ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ℎ଴ = గ∙ℎభ%మఒ̅೏ = ଷ,ଵସ·ଵ,଺଼ଵ଺,ଵଶ = Ͳ,ͷͻ⁡ˏ             (6.85) 

 
ɉɨ ɮɨɪɦɭɥɟ (6.84) ɩɨɥɭɱɢɦ: 
 ܹ˅ ˑˎː = Ͳ,ͷ · ͻ,ͺͳ · ʹ,͸͸ ∙ ቀଷ଻,ହହగ + ଴,ହଽଶ ቁ = ͳ͸͵,͵͸⁡ˍʜ        

 
ɉɥɟɱɨ ɫɢɥɵ ܹ˅ ˑˎː ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɪɨɜɧɹ ɩɨɤɨɹ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ: 
௖ݕ  = ఒ̅೏ଶ∙గ − ଷ଼ ∙ ℎଵ% = ଷ଻,ହହଶ∙గ − ଷ଼ · ʹ,͸͸ = Ͷ,ͻ͹⁡ˏ          (6.86) 

 
6.7 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 
Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɦɟɬɨɞɭ ɩɪɟɞɟɥɶɧɵɯ 

ɫɨɫɬɨɹɧɢɣ ɩɟɪɜɨɣ ɝɪɭɩɩɵ (ɩɨ ɧɟɩɪɢɝɨɞɧɨɫɬɢ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ). Ɋɚɫɱɟɬ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɛɟɡ ɭɱёɬɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. Ⱦɥɹ ɨɰɟɧɤɢ ɩɪɨɱɧɨɫɬɢ 
ɩɥɨɬɢɧɵ ɜɜɨɞɹɬɫɹ ɤɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɥɨɬɢɧɟ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ ɤɪɢɬɟɪɢɹɦɢ 
ɩɪɨɱɧɨɫɬɢ. 

ɂɫɯɨɞɹ ɢɡ ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ ɜ ɪɚɫɱɟɬɟ ɩɥɨɬɢɧɵ ɫɠɢɦɚɸɳɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ ɫɨ ɡɧɚɤɨɦ «–», ɚ ɪɚɫɬɹɝɢɜɚɸɳɚɹ ɫɨ ɡɧɚɤɨɦ «+». Ⱦɥɹ 
ɭɞɨɛɫɬɜɚ ɪɚɫɱɟɬɨɜ ɫɨɫɬɚɜɥɹɟɬɫɹ ɬɚɛɥɢɰɚ 6.3, ɜ ɤɨɬɨɪɭɸ ɜɧɟɫɟɧɵ ɜɫɟ ɧɚɝɪɭɡɤɢ. 

Ɍɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ ɪɚɫɫɱɢɬɚɧɵ ɫ ɩɨɦɨɳɶɸ 
ɩɪɨɝɪɚɦɦɵ AutoCAD. 

 
Ɍɚɛɥɢɰɚ 6.3 – Ɉɫɧɨɜɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɥɨɬɢɧɭ 

ɇɚɝɪɭɡɤɢ γf ɇɚɩɪɚɜɥɟɧɢɟ 
ɫɢɥɵ 

ɋɢɥɚ, ɤɇ ɋɢɥɚ γf, ɤɇ ɉɥɟɱɨ, ɦ Ɇɨɦɟɧɬ, ɤɇ∙ɦ Wʑʐ 1 → 17294,58 17294,58 19,34 +302790,6 Wʜʐ 1  2042,74 2042,74 6,4 -13073,5 G˒ˎ 0,95  162846,0 154703,7 13,97 -2161210,7 G˄ 0,95  43164,0 41005,8 17,31 -709810,4 W˅ˊ 1  8570,12 8570,12 0 0,0 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6.3 

ɇɚɝɪɭɡɤɢ γf ɇɚɩɪɚɜɥɟɧɢɟ 
ɫɢɥɵ 

ɋɢɥɚ, ɤɇ ɋɢɥɚ γf, ɤɇ ɉɥɟɱɨ, ɦ Ɇɨɦɟɧɬ, ɤɇ∙ɦ W˗ 1  2825,86 2825,86 11,2 +31649,6 ʔː 1,2 → 7,00 8,40 1 +8,4 W˅ˑˎː 1 → 163,36 163,36 4,98 +813,0 qˊ 0,9  50,99 45,89 20,5 -940,8 W˒˓ 1  162620,4 162620,4 15 +2439305,6 

 ∑N = G˒ˎ + G˄ + qˊ +W˒˓ −W˅ˊ −W˗;                    (6.87) 
 ∑N = ͳͷͶ͹Ͳ͵,͹ + ͶͳͲͲͷ,ͺ + Ͷͷ,ͺͻ + ͳ͸ʹ͸ʹͲ,Ͷ − ͺͷ͹Ͳ,ͳʹ − ʹͺʹͷ,ͺ͸;  
 ∑N = ͵Ͷ͸ͻ͹ͻ,ͺ⁡ˍʜ;  
  ∑ʛ = −͹ͺ͹ͺͳ,͸⁡ˍʜ ∙ ˏ  
 
Ɋɚɫɱɟɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɥɨɬɢɧɵ ɭ 

ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ (ɩɪɢ ɪɚɫɱɟɬɟ ɧɚ 1 ɩ.ɦ.): 
Ⱦɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 σ୷୳ = − ∑N୆˒ˑˇ + ଺∑ʛ୆˒ˑˇమ,                                                                              (6.88) 

 
ɝɞɟ ∑N – ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; ∑ʛ – ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; B˒ˑˇ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 

 σ୷୳ = − ଷସ଺ଽ଻ଽ,଼ସଶ,ସ + ଺·ሺ−଻଼଻଼ଵ,଺ሻସଶ,ସమ = −ͺͶͶ͸,Ͷʹ⁡ˍʞ˃;  

 σ୶୳ = σ୷୳ ∙ m୳ଶ − γ˅ ∙ H୳ୢ ∙ ሺͳ − m୳ଶሻ,                              (6.89) 
 

ɝɞɟ H୳ୢ – ɧɚɩɨɪ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, 58,81; m୳⁡ = tgα – ɬɚɧɝɟɧɫ ɭɝɥɚ ɦɟɠɞɭ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɢ ɜɟɪɬɢɤɚɥɶɸ, 0. 
 σ୶୳ = σ୷୳ ∙ m୳ଶ − γ˅ ∙ H୳ୢ ∙ ሺͳ − m୳ଶሻ = −ͷͺͺ,ͳ͵⁡ˍʜ/ˏଶ;                  (6.90) 
 τ୶୷୳ = (γ˅ ∙ H୳ୢ + σ୷୳) ∙ m୳ = Ͳ⁡ˍʞ˃;            (6.91) 
 σଵ୳ = σ୷୳ ∙ ሺͳ + m୳ଶሻ + γ˅ ∙ H୳ୢ ∙ m୳ଶ = −ͺͶͶ͸,Ͷʹ⁡ˍʞ˃;         (6.92) 
 σଷ୳ = −γ˅ ∙ H୳ୢ = −ͷͺͺ,ͳ͵⁡ˍʞ˃            (6.93) 
 
Ⱦɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
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σ୷୲ = − ∑N୆˒ˑˇ − ଺∑ʛ୆˒ˑˇమ = −͹ͻʹͲ,ͷͷ⁡ˍʞ˃;           (6.94) 

 σ୶୲ = σ୷୲ ∙ m୲ଶ − γ˅ ∙ H୲ୢ ∙ ሺͳ − m୲ଶሻ = −ʹͻͳͶ,ͳ͵⁡ˍʞ˃,         (6.95) 
 

ɝɞɟ H୲ୢ  – ɧɚɩɨɪ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, 9,8; m୲⁡ = tgα = tg͵ͳ° = Ͳ,͸ – ɬɚɧɝɟɧɫ ɭɝɥɚ ɦɟɠɞɭ ɧɢɡɨɜɨɣ ɝɪɚɧɶɸ ɢ 
ɜɟɪɬɢɤɚɥɶɸ. 

 τ୶୷୲ = −(γ˅ ∙ H୲ୢ + σ୷୲ ) ∙ m୲ = Ͷ͸ͻ͵,ͷʹ;           (6.96) 
 σଷ୲ = σ୷୲ ∙ ሺͳ + m୲ଶሻ + γ˅ ∙ H୲ୢ ∙ m୲ଶ = −ͳͲ͹͵͸,͹;                                     (6.97) 
 σଵ୲ = −γ˅ ∙ H୲ୢ = −ͻͺ,Ͳʹ             (6.98) 
 
Ɋɚɫɱɟɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 6.4. 
 

Ɍɚɛɥɢɰɚ 6.4 – Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ 
ɇɚɩɪɹɠɟɧɢɟ σ୷⁡  σ୶⁡  τ୶୷⁡  σଵ⁡  σଷ⁡  
ɇɚɩɨɪɧɚɹ ɝɪɚɧɶ -8446,42 -588,13 0 -8446,42 -588,13 
ɇɢɡɨɜɚɹ ɝɪɚɧɶ -7920,55 -2914,13 4693,52 -10736,7 -98,02 

 
6.7.1 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɢ ɟё ɨɫɧɨɜɚɧɢɹ 
 
ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, 

ɫɨɨɪɭɠɟɧɢɟ ɩɪɨɜɟɪɹɟɬɫɹ ɧɚ ɩɪɨɱɧɨɫɬɶ. ɍɫɥɨɜɢɹ ɩɪɨɱɧɨɫɬɢ: 
1) ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 
 γ୬ ∙ γ୪ୡ ∙ |σଷ୲ | ൑ γୡୢ ∙ Rୠ,              (6.99) 
 

ɝɞɟ γ୬ = ͳ,ʹͲ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ 
ɫɨɨɪɭɠɟɧɢɹ; γ௟ୡ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ γ௟ୡ = ͳ; γୡୢ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ γୡୢ =Ͳ,ͻ. 

 Rୠ ൒ ଵ,ଶ଴∙ଵ∙ଵ଴଻ଷ଺,଻଴,ଽ = ͳͶ͵ͳͷ⁡ ˍʜˏమ           (6.100) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɬɫɹ ɛɟɬɨɧ ɤɥɚɫɫɚ ȼ12,5 ɫ 

ɪɚɫɱɟɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɛɟɬɨɧɚ ɧɚ ɫɠɚɬɢɟ Rୠ = ͳ͸ͳ͵ͳ⁡⁡ˍʜ/ˏଶ. 
 ͳ͸ͳ͵ͳ ˍʜˏమ ൒ ⁡ͳͶ͵ͳͷ⁡ ˍʜˏమ                      
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2) ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 
ɧɚɩɪɹɠɟɧɢɣ: 

 σ୳୷ < Ͳ;  
                        −ͺͶͶ͸,Ͷʹ⁡ˍʜ/ˏଶ < Ͳ         
 
3) ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ: 
 |σ୷୳| ⁡൒ Ͳ,ʹͷ ∙ γ˅ ∙ H୳ୢ;            (6.101) 
 ͹ͻʹͲ,ͷͷ⁡ ˍʜˏమ ൒ Ͳ,ʹͷ ∙ ͻ,ͺͳ ∙ ͷͺ,ͺͳ = ͳͶͶ,ʹͶ⁡ ˍʜˏమ⁡                  

 
ȼɫɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɹɸɬɫɹ, ɫɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ 

ɩɪɨɱɧɨɫɬɢ. 
 
6.7.2 Ɉɛɨɫɧɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ 
 
ɍɫɬɨɣɱɢɜɨɫɬɶ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɹɯ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɨɫɧɨɜɚɧɢɹ, ɬɨ ɟɫɬɶ ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɫɞɜɢɝɭ 
ɫɨɨɪɭɠɟɧɢɹ. ɉɥɨɬɢɧɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɫɞɜɢɝ ɩɨ ɩɟɪɜɨɦɭ ɩɪɟɞɟɥɶɧɨɦɭ 
ɫɨɫɬɨɹɧɢɸ – ɩɨ ɩɨɬɟɪɟ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ.  

ɉɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɮɨɪɦɟ ɫɞɜɢɝɚ ɩɥɨɬɢɧɚ ɭɫɬɨɣɱɢɜɚ, ɟɫɥɢ ɜɵɩɨɥɧɹɟɬɫɹ 
ɭɫɥɨɜɢɟ: 

 R∙ஓౙౚF∙ஓౢౙ ൒ γ୬;              (6.102)

  R = ∑N ∙ tgφ + c ∙ ω;⁡            (6.103) 
 R = ͵Ͷ͸ͻ͹ͻ,ͺ ∙ Ͳ,͹ͷ + ͳͲͲ ∙ Ͷʹ,Ͷ = ʹͶ͹ͳʹͷ,ͺͷ ˍʜˏ,    

 
ɝɞɟ tgφ = Ͳ,͹ͷ – ɬɚɧɝɟɧɫ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɞɥɹ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ; c = ͳͲͲ⁡ˍʜ/ˏଶ – ɫɰɟɩɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ; ω = B˒ˑˇ ∙ ͳ = Ͷʹ,Ͷ⁡ˏଶ – ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ ɩɥɨɳɚɞɢ ɩɨɞɨɲɜɵ 
ɩɥɨɬɢɧɵ, ɩɪɢ ɪɚɫɱɟɬɟ ɧɚ 1 ɩɨɝɨɧɧɵɣ ɦɟɬɪ. 

 F = Wʑʐ −Wʜʐ +W˅ˑˎː + ʔː;          (6.104) 
 F = ͳ͹ʹͻͶ,ͺͷ − ʹͲͶʹ,͹Ͷ + ͳ͸͵,͵͸ + ͺ,Ͷ⁡ = ͳ͹ͺͲͶ͵,ͻ͹⁡ ˍʜˏ   

 
Ɍɨɝɞɚ ɭɫɥɨɜɢɟ ɧɚ ɫɞɜɢɝ: 
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ଶସ଻ଵଶହ,଼ହ∙଴,ଽହଵ଻଼଴ସଷ,ଽ଻∙ଵ ൒ ͳ,͵ͳͺ;  

 ͳ,͵͵ ൒ ͳ,͵ͳͺ  
 
ɋɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 10% 

ɡɚɩɚɫ ɩɪɨɱɧɨɫɬɢ (1,33). Ɂɧɚɱɢɬ, ɩɥɨɬɢɧɚ ɭɫɬɨɣɱɢɜɚ. 
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7 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ 
Ɇɚɧɫɤɨɝɨ Ƚɍ. Ɉɯɪɚɧɚ ɬɪɭɞɚ ɢ ɩɪɨɬɢɜɨɩɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 
 

7.1 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɩɟɪɢɨɞ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ  

 
ȼ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ 

ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɚ ɬɚɤɠɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɦɢɧɢɦɢɡɚɰɢɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 
Ɇɚɧɫɤɨɝɨ Ƚɍ ɜɵɩɨɥɧɹɟɬɫɹ ɜɵɟɦɤɚ ɝɪɭɧɬɚ ɜ ɪɚɡɦɟɪɟ 186000 ɦ3 ɢ ɫɤɥɚɞɢɪɨɜɚɧɢɟ 
ɟɝɨ ɜ ɩɨɥɟɡɧɭɸ ɧɚɫɵɩɶ, ɚ ɬɚɤɠɟ ɩɨɞɝɨɬɨɜɤɚ ɩɥɨɳɚɞɤɢ ɤ ɫɬɪɨɢɬɟɥɶɫɬɜɭ, ɬ.ɟ. 
ɪɚɫɱɢɫɬɤɚ ɢ ɩɥɚɧɢɪɨɜɤɚ ɬɟɪɪɢɬɨɪɢɢ ɜ ɪɚɡɦɟɪɟ 254 ɤɦ2. 

ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɫɜɹɡɚɧɨ 
ɫ ɪɚɛɨɬɨɣ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ, ɩɪɨɜɟɞɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɫɬɪɨɢɬɟɥɶɧɵɯ, 
ɡɟɦɟɥɶɧɵɯ ɢ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ. Ⱥ ɬɚɤɠɟ ɫɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɢɡɦɟɧɟɧɢɟ 
ɥɚɧɞɲɚɮɬɨɜ, ɜɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɨɬɯɨɞɨɜ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɢɧɠɟɧɟɪɧɨɣ ɡɚɳɢɬɟ ɧɚɫɟɥɟɧɧɵɯ 
ɩɭɧɤɬɨɜ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ, ɢɫɤɥɸɱɚɸɳɢɟ 
ɡɚɬɨɩɥɟɧɢɟ ɢ ɩɨɞɬɨɩɥɟɧɢɟ ɨɫɬɚɜɥɹɟɦɵɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, ɩɪɟɞɩɪɢɹɬɢɣ, 
ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, ɬɟɯɧɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɞɪɟɧɢɪɨɜɚɧɢɸ ɟɫɬɟɫɬɜɟɧɧɨɝɨ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɬɨɤɚ ɫ ɫɨɛɫɬɜɟɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ ɢɧɠɟɧɟɪɧɨɣ ɡɚɳɢɬɵ. 

ɋɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɛɭɞɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɬɚɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɤɚɤ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɝɢɞɪɨɯɢɦɢɱɟɫɤɨɝɨ, ɝɢɞɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ, ɜɨɞɧɨɝɨ, 
ɥɟɞɨɜɨɝɨ ɢ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɨɜ.  
 

7.2 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɡɨɧɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
 

ɉɥɨɳɚɞɶ ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ɇɚɧɫɤɨɣ Ƚɗɋ ɫɨɫɬɚɜɥɹɟɬ 12 ɤɦ2. ȼ ɡɨɧɭ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜɯɨɞɢɬ 5,5 ɤɦ2 ɥɟɫɧɵɯ ɦɚɫɫɢɜɨɜ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɵ 
ɪɚɛɨɬɵ ɩɨ ɭɞɚɥɟɧɢɸ ɥɟɫɧɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ, ɚ ɢɦɟɧɧɨ ɥɟɫɨɫɜɨɞɤɚ. 

ȼ ɡɨɧɟ ɡɚɬɨɩɥɟɧɢɹ ɨɬɫɭɬɫɬɜɭɸɬ ɤɥɚɞɛɢɳɚ, ɫɤɨɬɨɦɨɝɢɥɶɧɢɤɢ ɢ ɧɚɫɟɥɟɧɧɵɟ 
ɩɭɧɤɬɵ. Ɍɚɤɠɟ ɨɬɫɭɬɫɬɜɭɸɬ ɫɟɥɶɯɨɡɭɝɨɞɢɹ, ɩɚɲɧɢ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɢ 
ɫɨɰɢɚɥɶɧɨ-ɤɭɥɶɬɭɪɧɵɟ ɨɛɴɟɤɬɵ, ɩɨɷɬɨɦɭ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɡɨɧɵ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɫɜɨɞɹɬɫɹ ɤ ɨɱɢɫɬɤɟ ɡɨɧɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɨɬ ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɢ 
ɞɪɟɜɟɫɧɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ. ȼɫɟ ɨɬɯɨɞɵ ɨɬ ɪɚɫɤɨɪɱɟɜɤɢ ɬɪɟɛɭɟɬɫɹ ɭɛɪɚɬɶ ɢ ɫɠɟɱɶ. 
 

7.3 Ɉɬɯɨɞɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 
 

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɛɨɥɶɲɨɣ 
ɨɛɴɟɦ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ, ɩɪɢ ɷɬɨɦ ɛɭɞɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɨɜ. 

Ʌɨɦ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ, ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ (Ʉɨɞ ɨɬɯɨɞɨɜ ɩɨ 
ɎɄɄɈ – 2014 8 22 201 01 21 5). 
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ܯ = ே∙௤ଵ଴଴% ∙ ߩ = ଼ହ଺ସହଶ∙ଵ,଼ଵ଴଴% ∙ ʹ,ͷ = ͵ͺͷͶͲ⁡˕,                                                                   (7.1) 

 
ɝɞɟ ܰ- ɨɛɴɟɦ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ, ɦ3 (856452 ɦ3); ݍ- ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (1,8= ݍ%); ߩ- ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ, ɬ/ɦ3 (2,5= ߩ ɬ/ɦ3). 

Ʌɨɦ ɢ ɨɬɯɨɞɵ, ɫɨɞɟɪɠɚɳɢɟ ɧɟɡɚɝɪɹɡɧɟɧɧɵɟ ɱɟɪɧɵɟ ɦɟɬɚɥɥɵ ɜ ɜɢɞɟ 
ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ, ɧɟɫɨɪɬɢɪɨɜɚɧɧɵɟ (Ʉɨɞ ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ – 2014 4 61 010 01 20 
5). ɍɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɉɪɢɥɨɠɟɧɢɟɦ ɤ ɫɛɨɪɧɢɤɭ Ɍɢɩɨɜɵɯ ɧɨɪɦ ɩɨɬɟɪɶ ɦɚɬɟɪɢɚɥɶɧɵɯ ɪɟɫɭɪɫɨɜ ɜ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ (ɞɨɩɨɥɧɟɧɢɟ ɤ ɊȾɋ 82-202-96) Ɇɨɫɤɜɚ, Ƚɨɫɫɬɪɨɣ Ɋɨɫɫɢɢ, 1988ɝ. , 
ɬɚɛɥɢɰɚ 4, ɧɨɪɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ ɚɪɦɚɬɭɪɵ ɫɨɫɬɚɜɥɹɟɬ 1,0 % 

ܯ  = ே∙௤ଵ଴଴% ∙ ߩ = ଵଶସ∗ଵ,଴ଵ଴଴% ∙ ʹ,Ͳ = ʹ,Ͷͺ⁡˕,                       (7.2) 

 
ɝɞɟ ܰ- ɤɨɥɢɱɟɫɬɜɨ ɚɪɦɚɬɭɪɵ, ɬ (124 ɬ); ݍ- ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (1,0= ݍ%); ߩ- ɭɞɟɥɶɧɵɣ ɜɟɫ ɚɪɦɚɬɭɪɵ, ɬ/ɦ3 (2,0= ߩ ɬ/ɦ3). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɨɛɪɚɡɨɜɚɧɨ 38540 ɬ ɥɨɦɚ 
ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ (ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ), 2,48 ɬ ɨɬɯɨɞɨɜ ɱɟɪɧɵɯ 
ɦɟɬɚɥɥɨɜ ɜ ɜɢɞɟ ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ. Ɉɬɯɨɞɵ ɛɟɬɨɧɚ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɜɟɡɟɧɵ ɧɚ 
ɡɚɯɨɪɨɧɟɧɢɟ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɩɨɥɢɝɨɧ. Ɉɬɯɨɞɵ ɱɟɪɧɨɝɨ ɦɟɬɚɥɥɚ ɞɨɥɠɧɵ 
ɛɵɬɶ ɩɟɪɟɞɚɧɵ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ, ɢɦɟɸɳɟɣ ɥɢɰɟɧɡɢɸ ɧɚ 
ɡɚɝɨɬɨɜɤɭ ɥɨɦɚ ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɰɟɥɹɯ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɩɥɚɜɤɢ, ɬɚɤ ɤɚɤ ɱɟɪɧɵɣ 
ɦɟɬɚɥɥ ɹɜɥɹɟɬɫɹ ɜɬɨɪɢɱɧɵɦ ɪɟɫɭɪɫɨɦ. 
 

7.4 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɩɟɪɢɨɞ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

 
ȼɨ ɢɡɛɟɠɚɧɢɟ ɡɚɝɪɹɡɧɟɧɢɹ ɧɟɮɬɟɩɪɨɞɭɤɬɚɦɢ ɜɨɞ ɪɟɤɢ ɢ ɩɪɢɥɟɝɚɸɳɟɣ 

ɬɟɪɪɢɬɨɪɢɢ ɧɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɢ ɫɨɞɟɪɠɚɬɶɫɹ ɜ 
ɢɫɩɪɚɜɧɨɦ ɫɨɫɬɨɹɧɢɢ ɫɢɫɬɟɦɵ ɨɬɜɨɞɚ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɫɨ ɜɫɟɣ 
ɬɟɪɪɢɬɨɪɢɢ (ɫɬɨɤɢ, ɞɪɟɧɚɠɢ, ɤɚɧɚɜɵ, ɜɨɞɨɨɬɜɨɞɹɳɢɟ ɤɚɧɚɥɵ ɢ ɞɪ.) ɢ ɨɱɢɫɬɧɵɟ 
ɫɨɨɪɭɠɟɧɢɹ ɢ ɭɫɬɪɨɣɫɬɜɚ. Ɂɚɦɚɫɥɟɧɧɵɟ ɫɬɨɤɢ Ƚɗɋ ɞɨɥɠɧɵ ɩɨɫɬɭɩɚɬɶ ɧɚ 
ɫɩɟɰɢɚɥɶɧɵɟ ɦɚɫɥɨɨɱɢɫɬɢɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ. ȼ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ — ɜ ɛɚɤɢ 
ɚɜɚɪɢɣɧɨɝɨ ɫɥɢɜɚ ɦɚɫɥɚ.  

ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɫɬɨɤɢ, ɧɟ ɬɪɟɛɭɸɳɢɟ ɨɱɢɫɬɤɢ (ɜɨɞɵ, ɢɞɭɳɢɟ ɧɚ 
ɨɯɥɚɠɞɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɢ ɫɬɨɱɧɵɟ ɜɨɞɵ ɨɬ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɤɚɛɟɥɶɧɵɯ 
ɩɨɦɟɳɟɧɢɣ) ɨɬɜɨɞɹɬɫɹ ɜ ɧɢɠɧɢɣ ɛɶɟɮ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɥɟɠɚɳɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɢ ɫɚɧɢɬɚɪɧɨ-
ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ƚɗɋ ɜɵɩɨɥɧɹɸɬɫɹ ɩɪɨɬɢɜɨɨɩɨɥɡɧɟɜɵɟ, 
ɩɪɨɬɢɜɨɨɛɜɚɥɶɧɵɟ, ɩɪɨɬɢɜɨɫɟɥɟɜɵɟ ɢ ɛɟɪɟɝɨɭɤɪɟɩɢɬɟɥɶɧɵɟ ɫɨɨɪɭɠɟɧɢɹ, 
ɤɨɧɬɪɨɥɶɧɵɟ ɫɤɜɚɠɢɧɵ ɞɥɹ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɪɟɠɢɦɨɦ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɢ ɞɪɟɧɚɠɢ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɨɬɜɨɞɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɜɨɞɵ. 
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7.5 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 
 

ɇɚ Ɇɚɧɫɤɨɣ Ƚɗɋ ɨɛɹɡɚɬɟɥɶɧɵ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɫɥɟɞɭɸɳɢɟ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ: 

⎯ ɨɛɭɱɟɧɢɟ ɦɟɪɚɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɭɬɟɦ ɩɪɨɜɟɞɟɧɢɹ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɢɧɫɬɪɭɤɬɚɠɚ ɢ ɩɪɨɯɨɠɞɟɧɢɹ ɩɨɠɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɦɢɧɢɦɭɦɚ; 

⎯ ɪɚɡɪɚɛɨɬɤɚ ɢ ɜɵɩɨɥɧɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɩɨɜɵɲɟɧɢɟ 
ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

⎯ ɭɫɬɚɧɨɜɥɟɧɢɟ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ, ɧɚ ɬɟɪɪɢɬɨɪɢɢ, ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɹɯ; 

⎯ ɧɚɡɧɚɱɟɧɢɟ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɥɢɰ ɡɚ ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɨ 
ɤɚɠɞɨɦɭ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦɭ ɭɱɚɫɬɤɭ ɢ ɩɨɦɟɳɟɧɢɸ; 

⎯ ɫɨɨɛɳɟɧɢɟ ɨ ɤɚɠɞɨɦ ɩɨɠɚɪɟ ɜ ɦɟɫɬɧɵɟ ɨɪɝɚɧɵ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɚɡɧɚɱɟɧɢɟ ɤɨɦɢɫɫɢɢ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢɱɢɧ ɩɨɠɚɪɚ ɢ 
ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ. 

Ʉɚɠɞɵɣ ɪɚɛɨɬɚɸɳɢɣ ɧɚ Ƚɗɋ ɨɛɹɡɚɧ ɱɟɬɤɨ ɡɧɚɬɶ ɢ ɫɨɛɥɸɞɚɬɶ 
ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɩɪɚɜɢɥɚ ɢ ɢɧɫɬɪɭɤɰɢɢ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɜɵɩɨɥɧɹɬɶ ɜɫɟ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɧɚ ɫɜɨɟɦ ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɢ ɜ ɞɪɭɝɢɯ ɩɨɦɟɳɟɧɢɹɯ 
ɢ ɫɨɨɪɭɠɟɧɢɹɯ Ƚɗɋ. ɉɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɨɠɚɪɚ ɧɟɦɟɞɥɟɧɧɨ ɫɨɨɛɳɢɬɶ 
ɜɵɲɟɫɬɨɹɳɟɦɭ ɪɭɤɨɜɨɞɢɬɟɥɸ ɢɥɢ ɨɩɟɪɚɬɢɜɧɨɦɭ ɩɟɪɫɨɧɚɥɭ ɨ ɦɟɫɬɟ ɩɨɠɚɪɚ. 

ɉɟɪɫɨɧɚɥ Ƚɗɋ ɧɟɫɟɬ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ. Ʌɢɰɚ, ɜɢɧɨɜɧɵɟ ɜ ɧɚɪɭɲɟɧɢɢ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɧɟɫɭɬ ɞɢɫɰɢɩɥɢɧɚɪɧɭɸ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɭɸ ɢɥɢ ɭɝɨɥɨɜɧɭɸ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ. 

Ʉɚɠɞɵɣ ɨɛɴɟɤɬ ɫɬɚɧɰɢɢ ɨɫɧɚɳɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ, ɫ 
ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɶ ɡɚ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɦ ɫɨɫɬɨɹɧɢɟɦ 
ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ. 

Ɉɛɴɟɤɬɚɦɢ ɜɨɞɹɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɧɚ Ɇɚɧɫɤɨɣ Ƚɗɋ ɹɜɥɹɸɬɫɹ: 
⎯ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɵ ɋȼ-1160/135-60; 
⎯ ɫɢɥɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌȾɐ 225000/220-ɍ1; 
⎯ ɤɚɛɟɥɶɧɵɟ ɫɨɨɪɭɠɟɧɢɹ: ɤɚɛɟɥɶɧɵɟ ɝɚɥɟɪɟɢ, ɤɚɛɟɥɶɧɵɟ ɬɨɧɧɟɥɢ, 

ɤɚɛɟɥɶɧɵɟ ɲɚɯɬɵ; 
⎯ ɫɬɚɧɰɢɨɧɧɨɟ ɦɚɫɥɨɯɨɡɹɣɫɬɜɨ. 

 
7.6 Ɉɯɪɚɧɚ ɬɪɭɞɚ 

 
Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ ɬɪɭɞɚ, ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɣ Ƚɗɋ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɛɟɡɨɩɚɫɧɵɯ 
ɭɫɥɨɜɢɣ ɬɪɭɞɚ, ɨɛɭɱɟɧɢɟ ɩɟɪɫɨɧɚɥɚ ɛɟɡɨɩɚɫɧɵɦ ɩɪɢёɦɚɦ ɪɚɛɨɬ, ɩɪɢёɦɚɦ 
ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ ɩɨɦɨɳɢ ɩɪɢ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɹɯ, ɜɵɹɜɥɟɧɢɟ ɢ ɭɫɬɪɚɧɟɧɢɟ 
ɩɪɢɱɢɧ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɬɪɚɜɦɚɬɢɡɦɚ, ɩɨɜɵɲɟɧɢɟ ɤɭɥɶɬɭɪɵ ɩɪɨɢɡɜɨɞɫɬɜɚ, 
ɪɚɡɪɚɛɨɬɤɚ ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɫɚɧɢɬɚɪɧɨ-
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ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɩɪɟɞɭɩɪɟɠɞɟɧɢɸ, ɚ ɬɚɤɠɟ ɫɧɢɠɟɧɢɸ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɬɪɚɜɦɚɬɢɡɦɚ ɢ ɡɚɛɨɥɟɜɚɟɦɨɫɬɢ. 

Ɉɪɝɚɧɢɡɚɰɢɨɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ ɪɚɛɨɬ ɧɚ 
Ɇɚɧɫɤɨɣ Ƚɗɋ ɫɨɫɬɚɜɥɟɧɵ ɫɨɝɥɚɫɧɨ ɩɪɚɜɢɥɚɦ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ. Ɍɚɤɢɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ ɹɜɥɹɸɬɫɹ: 

⎯ ɨɮɨɪɦɥɟɧɢɟ ɪɚɛɨɬ ɧɚɪɹɞɨɦ-ɞɨɩɭɫɤɨɦ, ɪɚɫɩɨɪɹɠɟɧɢɟɦ ɢɥɢ ɩɟɪɟɱɧɟɦ 
ɪɚɛɨɬ, ɜɵɩɨɥɧɹɟɦɵɯ ɜ ɩɨɪɹɞɤɟ ɬɟɤɭɳɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ; 

⎯ ɜɵɞɚɱɚ ɪɚɡɪɟɲɟɧɢɹ ɧɚ ɩɨɞɝɨɬɨɜɤɭ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ ɢ ɧɚ ɞɨɩɭɫɤ ɤ 
ɪɚɛɨɬɟ ɫ ɭɱɟɬɨɦ ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɥɢɰɚ, ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɡɚ ɜɵɞɚɱɭ 
ɪɚɡɪɟɲɟɧɢɹ ɧɚ ɩɨɞɝɨɬɨɜɤɭ ɪɚɛɨɱɢɯ ɦɟɫɬ ɢ ɧɚ ɞɨɩɭɫɤ, ɢ ɩɨ ɜɵɞɚɱɟ ɬɚɤɨɝɨ 
ɪɚɡɪɟɲɟɧɢɹ ɧɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ ɩɨ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ 
ɩɨɬɪɟɛɢɬɟɥɟɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɤɪɨɦɟ ɪɚɛɨɬ ɧɚ ȼɅ, ɄɅ, ɄȼɅ, ɬɪɟɛɭɸɳɢɯ 
ɤɨɨɪɞɢɧɚɰɢɢ ɫɨ ɫɬɨɪɨɧɵ ɩɟɪɫɨɧɚɥɚ ɞɪɭɝɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɢɯ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ; 

⎯ ɞɨɩɭɫɤ ɤ ɪɚɛɨɬɟ; 
⎯ ɧɚɞɡɨɪ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ; 
⎯ ɨɮɨɪɦɥɟɧɢɟ ɩɟɪɟɪɵɜɚ ɜ ɪɚɛɨɬɟ, ɩɟɪɟɜɨɞɚ ɧɚ ɞɪɭɝɨɟ ɦɟɫɬɨ. 
ɇɚ Ƚɗɋ ɨɪɝɚɧɢɡɚɰɢɸ ɪɚɛɨɬɵ ɩɨ ɬɟɯɧɢɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɨɯɪɚɧɟ ɬɪɭɞɚ 

ɞɨɥɠɟɧ ɨɫɭɳɟɫɬɜɥɹɬɶ ɪɭɤɨɜɨɞɢɬɟɥɶ ɨɪɝɚɧɢɡɚɰɢɢ, ɪɭɤɨɜɨɞɢɬɟɥɢ ɩɨɞɪɚɡɞɟɥɟɧɢɣ 
ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɱɚɫɬɤɨɜ. ɇɚɡɜɚɧɧɵɟ ɥɢɰɚ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫɨ ɫɜɨɢɦɢ 
ɞɨɥɠɧɨɫɬɧɵɦɢ ɢɧɫɬɪɭɤɰɢɹɦɢ, ɨɛɹɡɚɧɵ ɨɛɟɫɩɟɱɢɬɶ ɩɪɨɜɟɞɟɧɢɟ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɫɨɡɞɚɧɢɸ ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ 
ɬɪɭɞɚ, ɢɧɫɬɪɭɤɬɚɠ ɢ ɨɛɭɱɟɧɢɟ ɩɟɪɫɨɧɚɥɚ ɛɟɡɨɩɚɫɧɵɦ ɦɟɬɨɞɚɦ ɪɚɛɨɬɵ ɢ ɤɨɧɬɪɨɥɶ 
ɜɵɩɨɥɧɟɧɢɹ ɩɪɚɜɢɥ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

Ɋɚɫɫɥɟɞɨɜɚɧɢɟ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ ɧɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɩɨɥɨɠɟɧɢɟɦ ɨ ɪɚɫɫɥɟɞɨɜɚɧɢɢ ɢ 
ɭɱёɬɟ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ. 

ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ Ƚɗɋ ɩɟɪɫɨɧɚɥ ɢ ɞɪɭɝɢɟ ɥɢɰɚ, ɡɚɧɹɬɵɟ 
ɬɟɯɧɢɱɟɫɤɢɦ ɨɛɫɥɭɠɢɜɚɧɢɟɦ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɩɪɨɜɨɞɹɳɢɯ ɜ ɧɢɯ ɨɩɟɪɚɬɢɜɧɵɟ 
ɩɟɪɟɤɥɸɱɟɧɢɹ, ɨɪɝɚɧɢɡɭɸɳɢɯ ɢ ɜɵɩɨɥɧɹɸɳɢɯ ɫɬɪɨɢɬɟɥɶɧɵɟ, ɦɨɧɬɚɠɧɵɟ, 
ɧɚɥɚɞɨɱɧɵɟ, ɪɟɦɨɧɬɧɵɟ ɪɚɛɨɬɵ, ɢɫɩɵɬɚɧɢɹ ɢ ɢɡɦɟɪɟɧɢɹ, ɨɛɹɡɚɧɵ ɜɵɩɨɥɧɹɬɶ 
ɬɪɟɛɨɜɚɧɢɹ ɧɨɪɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ, ɜɜɟɞёɧɧɵɯ ɭɩɨɥɧɨɦɨɱɟɧɧɵɦɢ ɨɪɝɚɧɚɦɢ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɜɥɚɫɬɢ ɩɪɚɜɢɥ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ (ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ), 
ɫɬɚɧɞɚɪɬɨɜ ɨɪɝɚɧɢɡɚɰɢɢ (ɢɧɫɬɪɭɤɰɢɣ) Ƚɗɋ. 

Ʉɚɠɞɵɣ ɪɚɛɨɬɧɢɤ ɫɬɚɧɰɢɢ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɭɱɟɧ ɛɟɡɨɩɚɫɧɵɦ ɦɟɬɨɞɚɦ 
ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɨɝɧɟɜɵɯ ɪɚɛɨɬ, ɩɪɨɣɬɢ ɩɪɨɜɟɪɤɭ 
ɡɧɚɧɢɣ ɢ ɢɦɟɬɶ ɞɨɤɭɦɟɧɬ ɨ ɩɪɚɜɟ ɩɪɨɜɟɞɟɧɢɹ ɷɬɢɯ ɪɚɛɨɬ. 

ɗɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɞɨɥɠɧɵ ɧɚɯɨɞɢɬɶɫɹ ɜ ɬɟɯɧɢɱɟɫɤɢ 
ɢɫɩɪɚɜɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɛɟɡɨɩɚɫɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ, ɢ ɛɵɬɶ 
ɭɤɨɦɩɥɟɤɬɨɜɚɧɵ ɢɫɩɵɬɚɧɧɵɦɢ, ɝɨɬɨɜɵɦɢ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɡɚɳɢɬɧɵɦɢ 
ɫɪɟɞɫɬɜɚɦɢ, ɚ ɬɚɤɠɟ ɫɪɟɞɫɬɜɚɦɢ ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ ɦɟɞɢɰɢɧɫɤɨɣ ɩɨɦɨɳɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɩɪɚɜɢɥɚɦɢ ɢ ɧɨɪɦɚɦɢ. 

ɇɚ Ƚɗɋ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɞɨɜɟɞɟɧɵ ɞɨ ɫɜɟɞɟɧɢɹ ɜɫɟɝɨ 
ɩɟɪɫɨɧɚɥɚ ɛɟɡɨɩɚɫɧɵɟ ɦɚɪɲɪɭɬɵ ɫɥɟɞɨɜɚɧɢɹ ɩɨ ɬɟɪɪɢɬɨɪɢɢ ɤ ɦɟɫɬɭ ɪɚɛɨɬɵ, 
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ɨɩɟɪɚɬɢɜɧɵɟ ɩɥɚɧɵ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɢ ɷɜɚɤɭɚɰɢɢ ɥɸɞɟɣ ɧɚ ɫɥɭɱɚɣ ɩɨɠɚɪɚ ɢɥɢ 
ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ. 

 
7.7 Ȼɟɡɨɩɚɫɧɨɫɬɶ ȽɌɋ 

 
ɋɨɝɥɚɫɧɨ ɋɉ 58.13330.2019 Ƚɢɞɪɨɬɟɯɧɢɱɟɫɤɢɟ ɫɨɨɪɭɠɟɧɢɹ ɧɚ ɤɚɠɞɨɦ 

ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɦ ɫɨɨɪɭɠɟɧɢɢ ɞɨɥɠɟɧ ɛɵɬɶ ɨɪɝɚɧɢɡɨɜɚɧ ɩɨɫɬɨɹɧɧɵɣ ɢ 
ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ (ɨɫɦɨɬɪɵ, ɬɟɯɧɢɱɟɫɤɢɟ ɨɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɧɢɹ, 
ɨɛɫɥɟɞɨɜɚɧɢɹ) ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɨɨɪɭɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɵ 
ɭɩɨɥɧɨɦɨɱɟɧɧɵɟ ɥɢɰɚ, ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ ɤɨɧɬɪɨɥɶ ɫɨɫɬɨɹɧɢɹ ɢ ɛɟɡɨɩɚɫɧɭɸ 
ɷɤɫɩɥɭɚɬɚɰɢɸ ɫɨɨɪɭɠɟɧɢɣ, ɧɚɡɧɚɱɟɧ ɩɟɪɫɨɧɚɥ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɧɚɞɡɨɪɭ ɢ ɭɬɜɟɪɠɞɟɧɵ ɟɝɨ ɞɨɥɠɧɨɫɬɧɵɟ ɨɛɹɡɚɧɧɨɫɬɢ. 

Ɉɛɟɫɩɟɱɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɞɨɥɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɞɟɣɫɬɜɭɸɳɢɯ ɧɨɪɦɚɬɢɜɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɞɨɤɭɦɟɧɬɨɜ ɢ 
ɧɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɵɯ ɚɤɬɨɜ. 

ȼɢɞɵ ɤɨɧɬɪɨɥɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɨɨɪɭɠɟɧɢɹ ɞɨɥɠɧɵ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɨɟɤɬɧɨɣ ɢ ɞɟɣɫɬɜɭɸɳɟɣ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ 
ɞɨɤɭɦɟɧɬɚɰɢɟɣ (ɩɪɨɝɪɚɦɦɵ ɧɚɬɭɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ, ɜɤɥɸɱɚɸɳɢɟ ɤɪɢɬɟɪɢɢ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ, ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɜɟɞɟɧɢɸ 
ɦɨɧɢɬɨɪɢɧɝɚ ɫɨɫɬɨɹɧɢɹ ɫɨɨɪɭɠɟɧɢɣ, ɩɪɨɝɪɚɦɦɵ ɫɩɟɰɢɚɥɶɧɵɯ ɨɛɫɥɟɞɨɜɚɧɢɣ ɢ 
ɩɪ.). 

Ƚɢɞɪɨɬɟɯɧɢɱɟɫɤɢɟ ɫɨɨɪɭɠɟɧɢɹ, ɚɜɚɪɢɹ ɢɥɢ ɩɨɜɪɟɠɞɟɧɢɹ ɤɨɬɨɪɵɯ ɜ 
ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɵɡɵɜɚɸɬ ɑɋ, ɞɨɥɠɧɵ ɩɨɞɜɟɪɝɚɬɶɫɹ ɞɟɤɥɚɪɢɪɨɜɚɧɢɸ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɜ ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɩɨɪɹɞɤɟ 
ɞɟɤɥɚɪɚɰɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. 
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8 Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 
 

8.1 Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɧɟɪɝɢɢ ɢ ɪɚɫɯɨɞɨɜ 
 
8.1.1 Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

 
ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ Ƚɗɋ ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɷɬɚɩɨɜ, 

ɧɚɱɢɧɚɹ ɨɬ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɢ ɡɚɤɚɧɱɢɜɚɹ ɭɫɬɚɧɨɜɤɨɣ ɨɛɨɪɭɞɨɜɚɧɢɹ. ȼ ɬɚɛɥɢɰɟ 
8.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɰɟɧɤɚ ɨɛɴɟɦɨɜ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
 
Ɍɚɛɥɢɰɚ 8.1 – Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ȿɞɢɧɢɰɚ ɢɡɦɟɪɟɧɢɹ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2023 2024 2025 2026 2027 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ɇȼɬ 412 412 412 412 412 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɑɚɫɵ 4000 4000 4000 4000 4000 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɇȼɬ·ɱ 1920000 1920000 1920000 1920000 1920000 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 

% 1 1 1 1 1 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 

Ɇȼɬ·ɱ 19200 19200 19200 19200 19200 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

Ɇȼɬ·ɱ 1900800 1900800 1900800 1900800 1900800 

Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɪɭɛ/ Ɇȼɬ·ɱ 1110 1143 1175 1206 1235 

ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɦɥɧ.ɪɭɛ. 2109,88 2172,61 2233,44 2292,36 2347,48 

ɇȾɋ ɤ ɜɵɪɭɱɤɟ ɦɥɧ.ɪɭɛ 351,64 362,10 372,24 382,06 391,24 

 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 8.1 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 

ɬɨɦ, ɱɬɨ ɜɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɜɨɡɪɚɫɬɚɟɬ ɡɚ ɫɱёɬ ɩɨɜɵɲɟɧɢɹ ɬɚɪɢɮɚ ɧɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. 
  

8.1.2 Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 
 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ ɜɵɩɨɥɧɟɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ «ȿɞɢɧɵɯ 
ɫɰɟɧɚɪɧɵɯ ɭɫɥɨɜɢɣ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042ɝɝ. (ɩɪɢɤɚɡ «ɉȺɈ «ɊɭɫȽɢɞɪɨ» 
ɨɬ 16.01.2017 №9) ɫ ɭɱɟɬɨɦ ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 
⎯ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 
⎯ ɪɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ; 
⎯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
⎯ ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ;  
⎯ ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ; 
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⎯ ɧɚɥɨɝ ɧɚ ɜɨɞɭ. 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɚɤɬɢɜɚ, ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɫɱɢɬɚɧɧɨɣ ɧɨɪɦɨɣ ɚɦɨɪɬɢɡɚɰɢɢ. 
Ɋɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɪɚɡɦɟɪɟ (ɨɬ ɫɭɦɦɵ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ ɢɦɭɳɟɫɬɜɚ ɨɛɴɟɤɬɨɜ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɢ ɨɛɴɟɤɬɨɜ 
ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ) – 0,08%. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (ɨɩɥɚɬɚ ɬɪɭɞɚ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɬɪɚɬɵ, 
ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ) ɩɨ Ƚɗɋ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.2. 
 
Ɍɚɛɥɢɰɚ 8.2 – ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɝɢɞɪɨɭɡɥɚ  

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ, ɬɵɫ.ɪɭɛ/Ɇɜɬ ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 

Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 255,2 122,5 

ɉɪɨɱɢɟ 274,0 131,52 

ɂɬɨɝɨ ɩɨ Ƚɗɋ  254,02 

 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɯ ɫɬɨɢɦɨɫɬɢ, ɭɞɟɥɶɧɵɟ ɡɧɚɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɜ 
ɩɪɨɰɟɧɬɚɯ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.3. 
 
Ɍɚɛɥɢɰɟ 8.3 – ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɜ ɩɪɨɰɟɧɬɚɯ 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ (Ɇȼɬ) 
ɗɬɚɩɵ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɩɪɨɟɤɬɚ(ɥɟɬ) 

Ɉɬ 1 ɞɨ 5 Ɉɬ 6 ɞɨ 15 Ɉɬ 16 ɞɨ 25 ȼɵɲɟ 25 

Ɉɬ 400 Ɇȼɬ ɞɨ 999 Ɇȼɬ 0,04 0,06 0,08 0,100 

 
Ɋɚɫɫɱɢɬɵɜɚɸɬɫɹ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɢɫɯɨɞɹ ɢɡ ɫɬɚɜɨɤ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɟɞɢɧɵɦ ɫɰɟɧɚɪɧɵɦ ɭɫɥɨɜɢɹɦ ɊɭɫȽɢɞɪɨ, ɪɟɡɭɥɶɬɚɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɬɚɛɥɢɰɟ 8.4. 
 
Ɍɚɛɥɢɰɚ 8.4 – Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 
ɈȺɈ «ɋɈ – ȿɗɋ» 135,38 ɬɵɫ.ɪɭɛ/Ɇɜɬ 64,98 

ɇɉ ȺɌɋ (ɚɞɦɢɧɢɫɬɪɚɬɨɪ ɬɨɪɝɨɜɨɣ 
ɫɢɫɬɟɦɵ) 0,001097 ɬɵɫ.ɪɭɛ/Ɇɜɬ·ɱ 4,53 

ɐɎɊ (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ ɪɚɫɱɟɬɨɜ) 0,000318 ɬɵɫ.ɪɭɛ/Ɇɜɬ·ɱ 1,31 

ɂɬɨɝɨ  70,82 

 
ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 ɬɵɫ. ɤȼɬ·ɱ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ 

ɤɨɞɟɤɫɨɦ ɊɎ ɞɥɹ ɪɟɤɢ Ɇɚɧɚ ɫɨɫɬɚɜɥɹɟɬ 4,8 ɪɭɛ. 
Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 8.5. 
 
 



100 

Ɍɚɛɥɢɰɚ 8.5 – Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2023 2024 2025 2026 2027 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ. 16805,036 87,725 116,352 116,352 116,352 

Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ, ɦɥɧ.ɪɭɛ. 19,979 82,301 102,110 100,993 99,876 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ. 254,016 254,016 254,016 254,016 254,016 

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ, ɦɥɧ.ɪɭɛ. 9,989 41,150 51,055 75,745 74,907 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ, ɦɥɧ.ɪɭɛ. 70,826 70,826 70,826 70,826 70,826 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɦɥɧ.ɪɭɛ. 18,171 19,823 19,823 19,823 19,823 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 17178,133 555,843 614,184 637,757 635,802 

 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɞɚɧɧɵɯ (ɬɚɛɥɢɰɚ 8.5) ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ 

ɨ ɬɨɦ, ɱɬɨ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɡɚɜɢɫɹɬ ɨɬ ɪɚɫɯɨɞɨɜ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ ɢ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ, ɬ. ɟ. ɱɟɦ ɜɵɲɟ ɪɚɫɯɨɞ, ɬɟɦ ɜɵɲɟ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ.  

Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ ɧɚ ɪɢɫɭɧɤɟ 8.1. 

 
Ɋɢɫɭɧɨɤ 8.1– ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɪɨɰɟɧɬɚɯ 

 
ɉɨ ɫɬɪɭɤɬɭɪɟ ɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɚɹ ɞɨɥɹ ɫɪɟɞɫɬɜ ɩɪɢɯɨɞɢɬɫɹ ɧɚ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ɬɚɤ ɤɚɤ ɧɚ Ɇɚɧɫɤɨɣ Ƚɗɋ ɢɦɟɟɬɫɹ ɦɧɨɠɟɫɬɜɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɬɪɟɛɭɟɬ ɩɨɫɬɨɹɧɧɵɣ ɤɨɧɬɪɨɥɶ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ. 

 
8.1.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 

 
ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɩɨɫɥɟ 

ɡɚɜɟɪɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ƚɗɋ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɨɬɱɢɫɥɹɟɬɫɹ ɜ ɪɟɝɢɨɧɚɥɶɧɵɣ 
ɛɸɞɠɟɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ Ʉɨɞɟɤɫɨɦ ɊɎ.  

18%

16%

40%

12%

11%
3%

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ

Ɋɚɫɯɨɞɵ ɧɚ 
ɫɬɪɚɯɨɜɚɧɢɟ

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ

Ɋɚɫɯɨɞ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ
Ɋɚɫɯɨɞ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ 
ɤɨɦɩɚɧɢɣ
ɇɚɥɨɝ ɧɚ ɜɨɞɭ
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ɍɱɬɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɥɨɝɢ: 
1) ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ – 20%; 
2) ɇȾɋ – 20%; 
3) ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ – 34%; 
4) ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ – 2,2%  
5) ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɧɚ 1 ɬɵɫ. ɤȼɬ·ɱ – 4,8 ɪɭɛ. 

ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɶɝɨɬ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 8.6. 
 
Ɍɚɛɥɢɰɚ 8.6 – ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2034 2035 2036 2037 2038 

ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 905,454 927,762 950,138 973,156 996,874 

ɇȾɋ, ɦɥɧ.ɪɭɛ. 1009,865 1031,661 1053,525 1076,031 1099,236 

ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ, ɦɥɧ.ɪɭɛ. 44,125 44,125 44,125 44,125 44,125 

ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ɦɥɧ.ɪɭɛ. 211,712 209,153 206,593 204,033 201,473 

ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 2171,158 2212,702 2254,382 2297,346 2341,709 

 
ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 8.6 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 

ɬɨɦ, ɱɬɨ ɪɨɫɬ ɧɚɥɨɝɨɜɵɯ ɪɚɫɯɨɞɨɜ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱёɬ ɭɜɟɥɢɱɟɧɢɹ ɇȾɋ ɢ ɧɚɥɨɝɚ 
ɧɚ ɩɪɢɛɵɥɶ. 

 
8.2 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 
ɦɨɳɧɨɫɬɢ 
 
ɉɪɢɛɵɥɶ ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ ɮɢɧɚɧɫɨɜɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɨɬ ɩɪɨɞɚɠɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɝɟɧɟɪɢɪɭɸɳɟɣ ɤɨɦɩɚɧɢɢ ɢ ɜ ɨɛɳɟɦ ɜɢɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɧɢɰɭ 
ɦɟɠɞɭ ɰɟɧɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɟё ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ.  

Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɩɟɪɜɵɯ ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 8.7. 
 
Ɍɚɛɥɢɰɚ 8.7 - Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2033  2034 2035 2036 2037 

ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɧ.ɪɭɛ. 4952,367 5058,142 5167,412 5276,737 5389,558 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ.ɪɭɛ. 624,074 622,119 620,165 640,666 638,432 

EBIT(ɩɪɢɛɵɥɶ ɨɬ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), ɦɥɧ.ɪɭɛ. 4428,393 4536,728 4648,558 4760,443 4875,824 

ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 883,846 905,454 927,762 950,138 973,156 

NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 3542,667 3629,382 3718,847 3808,354 3900,659 

ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ, % 20 20 20 20 20 

 
ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 8.7 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 

ɬɨɦ, ɱɬɨ ɪɨɫɬ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ ɡɚɜɢɫɢɬ ɨɬ ɜɵɪɭɱɤɢ, ɱɬɨ ɦɨɠɟɬ ɫɥɭɠɢɬɶ 
ɞɨɤɚɡɚɬɟɥɶɫɬɜɨɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ. 

Ⱦɢɧɚɦɢɤɚ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 8.2. 
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Ɋɢɫɭɧɨɤ 8.2 – ɂɡɦɟɧɟɧɢɟ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɩɨ ɩɪɨɟɤɬɭ, ɦɥɧ. ɪɭɛ. 

 
8.3 Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 

 
Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɨɰɟɧɤɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ, ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ Ɂɚɤɚɡɱɢɤɚ (ɉɪɢɥɨɠɟɧɢɟ 
ɤ ɩɪɢɤɚɡɭ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 - «ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɈȺɈ 
«ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042ɝɝ.»)  

 
 8.3.1 Ɇɟɬɨɞɨɥɨɝɢɹ, ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 
ɐɟɥɶɸ ɨɰɟɧɤɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, 

ɤ ɬɚɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɬɧɨɫɹɬɫɹ: 
1. ɑɢɫɬɵɣ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ 
2. ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ 

Ɋɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ: 
ɚ) «Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɪɚɡɪɚɛɨɬɤɟ 

ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɛɢɡɧɟɫ-ɩɥɚɧɨɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ», ɭɬɜɟɪɠɞɟɧɧɵɯ 
ɩɪɢɤɚɡɨɦ ɈȺɈ ɊȺɈ «ȿɗɋ Ɋɨɫɫɢɢ» ɨɬ 07.02.2000ɝ. № 54 ɧɚ ɨɫɧɨɜɚɧɢɢ 
Ɂɚɤɥɸɱɟɧɢɹ Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɵ Ɋɨɫɫɢɢ ɨɬ 26.05.1999ɝ. №24-16-1/20-113; 

ɛ)«Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɪɚɡɪɚɛɨɬɤɟ 
ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɛɢɡɧɟɫ-ɩɥɚɧɨɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ ɧɚ ɫɬɚɞɢɢ 
ɩɪɟɞɌɗɈ ɢ ɌɗɈ», Ɇɨɫɤɜɚ, 2008 ɝ., ɭɬɜɟɪɠɞɟɧɧɵɦɢ ɊȺɈ «ȿɗɋ Ɋɨɫɫɢɢ» ɨɬ 
31.03.2008ɝ № 155 ɢ Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɨɣ Ɋɨɫɫɢɢ ɨɬ 26.05.99ɝ. №24-16-1/20-113. 

ɜ) ɉɪɢɥɨɠɟɧɢɟ ɤ ɩɪɢɤɚɡɭ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 - «ȿɞɢɧɵɟ 
ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042ɝɝ.» 

Ɋɚɫɱёɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɰɟɧɡɢɨɧɧɨɣ ɜɟɪɫɢɢ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ProjectExpert, ɮɢɪɦɵ ExpertSystems.  

Ⱦɥɹ ɰɟɥɟɣ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɩɪɢɧɢɦɚɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɩɪɟɞɩɨɫɵɥɤɢ: 

1) ɉɟɪɢɨɞ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɞɥɹ Ɇɚɧɫɤɨɣ Ƚɗɋ ɫɨɫɬɚɜɥɹɟɬ 30 ɥɟɬ, ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɪɨɤɨɦ ɫɥɭɠɛɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

2) ɂɫɩɨɥɶɡɭɟɦɚɹ ɩɪɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɹ ɬɪɚɠɚɟɬ 
ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɫɢɬɭɚɰɢɸ, ɫɥɨɠɢɜɲɭɸɫɹ ɧɚ 1 ɤɜ. 2021 ɝɨɞɚ. 
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ɪɭɛ.
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ȼ ɬɟɱɟɧɢɟ ɩɪɨɝɧɨɡɧɨɝɨ ɩɟɪɢɨɞɚ ɧɟ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɝɥɨɛɚɥɶɧɵɯ 
ɢɡɦɟɧɟɧɢɣ ɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ, ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɚɜɢɥ ɢ ɡɚɤɨɧɨɜ. 
 

8.4 Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 

ɐɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱёɬɚ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ 
ɪɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.8. 
 
Ɍɚɛɥɢɰɚ 8.8-ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ «Ɇɚɧɫɤɨɣ Ƚɗɋ ɧɚ 
ɪɟɤɟ Ɇɚɧɚ»  

ɇɚɢɦɟɧɨɜɚɧɢɟ Ⱦɚɧɧɵɟ ɧɚ 2021ɝ 

ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 11,6 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ - DPB, ɦɟɫ 135 

ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ.ɪɭɛ 4 078,540 

ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI, ɪɭɛ. 1,18 

ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ - IRR, % 13,69 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥ.ɷɧɟɪɝɢɢ, ɪɭɛ/Ʉɜɬ·ɱ 0,15 

ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ/Ʉɜɬ 69397,2 

 
ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 8.8 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨɛ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ, ɤɨɬɨɪɵɣ ɨɤɭɩɢɬɫɹ ɡɚ ɧɟɛɨɥɶɲɨɣ ɫɪɨɤ 135 
ɦɟɫɹɰɟɜ. Ɍɚɤɠɟ ɢɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ, ɤɨɬɨɪɵɣ ɩɨɤɚɡɵɜɚɟɬ ɭɪɨɜɟɧɶ ɞɨɯɨɞɚ ɢ ɫɨɫɬɚɜɥɹɟɬ 1,18.  
 

8.5 Ȼɸɞɠɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 

ɉɨɤɚɡɚɬɟɥɢ ɛɸɞɠɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɩɪɨɟɤɬɚ ɧɚ ɞɨɯɨɞɧɭɸ ɱɚɫɬɶ ɮɟɞɟɪɚɥɶɧɨɝɨ ɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ. Ⱦɨɯɨɞɧɚɹ 
ɱɚɫɬɶ ɛɸɞɠɟɬɨɜ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ ɮɨɪɦɢɪɭɟɬɫɹ ɡɚ ɫɱёɬ ɧɚɥɨɝɨɜɵɯ 
ɩɨɫɬɭɩɥɟɧɢɣ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɵɯ ɩɨɤɚɡɚɧɚ ɜ ɬɚɛɥɢɰɟ 8.9.  
 
Ɍɚɛɥɢɰɚ 8.9 – ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɟ ɛɸɞɠɟɬɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 2022 2023 2024 2025 2026 

ȼ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.Ɋɭɛɥɟɣ 63,948 63,948 63,948 255,359 853,110 

ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.Ɋɭɛɥɟɣ 89,018 257,540 232,190 229,631 227,071 

ɂɬɨɝɨ ɧɚɥɨɝɨɜɵɯ ɩɨɫɬɭɩɥɟɧɢɣ, ɦɥɧ.Ɋɭɛɥɟɣ 152,966 321,489 296,139 484,990 1080,181 

 
ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 8.9, ɱɬɨ ɧɚɢɛɨɥɶɲɚɹ ɱɚɫɬɶ ɨɬ 

ɧɚɥɨɝɨɜɵɯ ɩɨɫɬɭɩɥɟɧɢɣ ɫɨɫɬɚɜɥɹɸɬ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, 
ɤɨɬɨɪɵɟ ɫɤɥɚɞɵɜɚɸɬɫɹ ɢɡ ɜɨɞɧɨɝɨ ɧɚɥɨɝɚ, ɧɚɥɨɝɚ ɧɚ ɞɨɛɚɜɥɟɧɧɭɸ ɫɬɨɢɦɨɫɬɶ, 
ɜɡɧɨɫɵ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ ɢ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ. 
 



104 

8.6 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 
 

Ɉɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɢɫɤɨɜ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ - ɦɟɬɨɞ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɢɧɚɧɫɨɜɨɣ 
ɦɨɞɟɥɢ ɧɚ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɩɨɤɚɡɚɬɟɥɶ. 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɟɥɢɱɢɧɵ 
ɩɪɨɝɧɨɡɧɨɝɨ ɬɚɪɢɮɚ ɤ ɢɡɦɟɧɟɧɢɹɦ: 

ɚ) ɋɬɚɜɤɢ ɧɚɥɨɝɨɜ; 
ɛ) Ɉɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ; 
ɜ) Ɉɛɴёɦ ɫɛɵɬɚ; 
ɉɪɟɞɟɥɵ ɢɡɦɟɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɮɚɤɬɨɪɨɜ ɨɩɪɟɞɟɥɹɥɢɫɶ ɷɤɫɩɟɪɬɨɦ. 

ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɱɢɫɬɨɝɨ ɩɪɢɜɟɞɟɧɧɨɝɨ ɞɨɯɨɞɚ (NPV) ɨɬ ɫɬɚɜɤɢ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 8.3. 
 

 
Ɋɢɫɭɧɨɤ 8.3 – ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɚɜɤɢ 

ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 
 

ɉɨ ɞɚɧɧɨɦɭ ɝɪɚɮɢɤɭ ɜɢɞɧɨ, ɱɬɨ ɱɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ ɫɧɢɠɚɟɬɫɹ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ. 

ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɱɢɫɬɨɝɨ ɩɪɢɜɟɞɟɧɧɨɝɨ ɞɨɯɨɞɚ (NPV) ɨɬ ɰɟɧɵ ɫɛɵɬɚ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 8.4. 

 
Ɋɢɫɭɧɨɤ 8.4 – ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ NPV ɨɬ ɰɟɧɵ ɫɛɵɬɚ 

 
ɉɨ ɜɵɲɟɭɤɚɡɚɧɧɨɦɭ ɝɪɚɮɢɤɭ ɜɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɰɟɧɵ ɫɛɵɬɚ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɟɥɢɱɢɧɚ NPV. 
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ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɱɢɫɬɨɝɨ ɩɪɢɜɟɞёɧɧɨɝɨ ɞɨɯɨɞɚ (NPV) ɨɬ ɨɛɴɟɦɚ 
ɢɧɜɟɫɬɢɰɢɣ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 8.5. 
 

 
Ɋɢɫɭɧɨɤ 8.5 – ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ NPV ɨɬ ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ 

 
ɉɨ ɜɵɲɟɭɤɚɡɚɧɧɨɦɭ ɝɪɚɮɢɤɭ ɜɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ 

ɫɧɢɠɚɟɬɫɹ ɜɟɥɢɱɢɧɚ NPV. 
ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɢɧɞɟɤɫɚ ɞɨɯɨɞɧɨɫɬɢ (PI) ɨɬ ɰɟɧɵ ɫɛɵɬɚ ɩɪɟɞɫɬɚɜɥɟɧɨ 

ɧɚ ɪɢɫɭɧɤɟ 8.6. 
 

 
Ɋɢɫɭɧɨɤ 8.6 – ɂɡɦɟɧɟɧɢɟ ɢɧɞɟɤɫɚ ɞɨɯɨɞɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ 

ɫɛɵɬɚ 
 

ɉɨ ɜɵɲɟɭɤɚɡɚɧɧɨɦɭ ɝɪɚɮɢɤɭ ɜɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɰɟɧɵ ɫɛɵɬɚ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɟɥɢɱɢɧɚ NPV. 
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9 Ɉɩɚɫɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɨɛɴɟɤɬɵ ɜ ɫɨɫɬɚɜɟ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ 
 

9.1 ɉɨɜɵɲɟɧɧɵɣ ɲɭɦ  
 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ ɨɬɞɟɥɶɧɵɯ ɢɯ ɨɛɴɟɤɬɨɜ 

ɫɥɟɞɭɟɬ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɩɪɨɜɟɞɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ, ɩɪɟɞɨɬɜɪɚɳɚɸɳɢɯ ɜɪɟɞɧɨɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɪɚɛɨɬɚɸɳɢɯ ɲɭɦɚ, ɜɢɛɪɚɰɢɢ, ɭɥɶɬɪɚɡɜɭɤɚ, ɢɨɧɢɡɢɪɭɸɳɢɯ 
ɢɡɥɭɱɟɧɢɣ, ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɥɟɣ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɜɪɟɞɧɵɯ ɯɢɦɢɱɟɫɤɢɯ 
ɜɟɳɟɫɬɜ, ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɝɨ ɦɢɤɪɨɤɥɢɦɚɬɚ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ ɪɚɞɢɨɱɚɫɬɨɬ 
ɢ ɞɪ.  

ɍɪɨɜɟɧɶ ɲɭɦɚ ɜ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɛɥɢɡɨɤ ɤ ɭɪɨɜɧɸ ɲɭɦɚ, 
ɫɨɡɞɚɜɚɟɦɨɝɨ ɫɚɦɨɥɟɬɧɵɦ ɞɜɢɝɚɬɟɥɟɦ. ȼɨɡɞɟɣɫɬɜɢɟ ɬɚɤɢɯ ɜɵɫɨɤɢɯ ɭɪɨɜɧɟɣ 
ɲɭɦɚ ɬɚɤɠɟ ɞɨɥɠɧɨ ɛɵɬɶ ɧɚɛɥɸɞɚɟɦɵɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ, 
ɩɨɫɤɨɥɶɤɭ ɱɟɦ ɜɵɲɟ ɢɧɬɟɧɫɢɜɧɨɫɬɶ, ɬɟɦ ɦɟɧɶɲɟ ɞɨɥɠɧɨ ɛɵɬɶ ɜɪɟɦɹ 
ɜɨɡɞɟɣɫɬɜɢɹ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɤɚɠɞɵɣ ɱɟɥɨɜɟɤ ɩɨɞɜɟɪɠɟɧ ɫɥɭɯɨɜɨɦɭ 
ɫɬɚɪɟɧɢɸ, ɜɨɡɞɟɣɫɬɜɢɟ ɜɵɫɨɤɢɯ ɭɪɨɜɧɟɣ ɲɭɦɚ ɦɨɠɟɬ ɭɫɤɨɪɢɬɶ ɷɬɨɬ ɩɪɨɰɟɫɫ ɢ 
ɩɪɢɧɟɫɬɢ ɧɟɩɨɩɪɚɜɢɦɵɣ ɜɪɟɞ. Ʉɨɝɞɚ ɷɬɨɬ ɲɭɦ ɧɚɯɨɞɢɬɫɹ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ, 
ɫɢɬɭɚɰɢɹ ɦɨɠɟɬ ɫɬɚɬɶ "ɞɥɢɬɟɥɶɧɵɦ ɟɠɟɞɧɟɜɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ", "ɩɨɬɟɪɟɣ 
ɫɥɭɯɚ", ɟɫɥɢ ɧɟ ɛɭɞɭɬ ɩɪɢɧɹɬɵ ɦɟɪɵ ɩɨ ɛɨɪɶɛɟ ɫ ɲɭɦɨɦ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɚ 
ɪɨɬɚɰɢɹ ɪɚɛɨɬɧɢɤɨɜ ɢ ɢɧɞɢɜɢɞɭɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɩɨɜɪɟɠɞɟɧɢɹ ɫɥɭɯɚ. 

ȼɨɡɞɟɣɫɬɜɢɟ ɜɵɫɨɤɢɯ ɭɪɨɜɧɟɣ ɲɭɦɚ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɜɫɟɝɞɚ ɞɨɥɠɧɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶɫɹ. 

Ɉɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɩɨɜɵɲɟɧɧɨɝɨ ɭɪɨɜɧɹ ɲɭɦɚ (ɜɵɲɟ 85 ɞȻȺ) ɧɚ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɹɜɥɹɸɬɫɹ: 

⎯ ɝɟɧɟɪɚɬɨɪɵ, ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɢ ɞɪɭɝɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɦɚɲɢɧɵ ɫ 
ɜɪɚɳɚɸɳɢɦɢɫɹ ɱɚɫɬɹɦɢ; 

⎯ ɫɢɥɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɦɨɳɧɨɫɬɶɸ 100 Ɇȼ·A ɢ ɜɵɲɟ; 
⎯ ɧɚɫɨɫɵ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ; 
⎯ ɰɟɧɬɪɨɛɟɠɧɵɟ ɜɟɧɬɢɥɹɬɨɪɵ; 
⎯ ɤɨɦɩɪɟɫɫɨɪɵ; 
⎯ ɬɭɪɛɢɧɵ; 
⎯ ɩɪɨɬɨɱɧɵɟ ɱɚɫɬɢ ɫɨɨɪɭɠɟɧɢɣ (ɜɨɞɨɫɛɪɨɫɵ, ɬɪɭɛɨɜɨɞɨɩɪɨɜɨɞɵ); 
⎯ ɦɟɬɚɥɥɨɪɟɠɭɳɢɟ ɫɬɚɧɤɢ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɩɪɨɱɧɨɣ ɫɬɚɥɢ, ɧɚɠɞɚɱɧɵɟ 

ɫɬɚɧɤɢ; 
⎯ ɜɨɡɞɭɲɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ. 
ɂɫɬɨɱɧɢɤɨɦ ɲɭɦɚ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɵɣ ɢɧɫɬɪɭɦɟɧɬ 

(ɩɧɟɜɦɨɢɧɫɬɪɭɦɟɧɬ, ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɞɪɟɥɢ, ɫɜɚɪɨɱɧɵɟ ɚɝɪɟɝɚɬɵ, ɲɥɢɮɨɜɚɥɶɧɵɣ 
ɢɧɫɬɪɭɦɟɧɬ ɢ ɬ.ɞ.). 

Ɉɛɴɟɤɬɵ ɫ ɞɨɩɭɫɬɢɦɵɦɢ ɭɪɨɜɧɹɦɢ ɲɭɦɚ 65 ɞȻȺ ɢ ɧɢɠɟ (ɩɭɥɶɬɵ 
ɭɩɪɚɜɥɟɧɢɣ, ɥɚɛɨɪɚɬɨɪɢɢ ɛɟɡ ɫɨɛɫɬɜɟɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɲɭɦɚ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨ-
ɫɥɭɠɟɛɧɵɟ ɩɨɦɟɳɟɧɢɹ ɢ ɞɪ.) ɧɟ ɫɥɟɞɭɟɬ ɪɚɡɦɟɳɚɬɶ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ 
ɤ ɩɨɦɟɳɟɧɢɹɦ ɢ ɭɫɬɚɧɨɜɤɚɦ ɫ ɩɨɜɵɲɟɧɧɵɦ ɭɪɨɜɧɟɦ ɲɭɦɚ.  

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɫ ɩɨɜɵɲɟɧɧɵɦ ɭɪɨɜɧɟɦ ɲɭɦɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ 
ɜ ɨɬɞɟɥɶɧɵɯ ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɯ ɩɨɦɟɳɟɧɢɹɯ ɢɥɢ ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɯ ɛɨɤɫɚɯ. 
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Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɲɭɦɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɫɪɟɞɫɬɜɚ: 

⎯ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɭɸ ɨɛɥɢɰɨɜɤɭ ɢɥɢ ɲɬɭɱɧɵɟ ɩɨɝɥɨɬɢɬɟɥɢ; 
⎯ ɜɢɛɪɨɢɡɨɥɹɰɢɸ ɚɝɪɟɝɚɬɨɜ ɨɬ ɩɟɪɟɤɪɵɬɢɣ; 
⎯ ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɟ ɢ ɜɢɛɪɨɞɟɦɩɮɢɪɭɸɳɢɟ ɩɨɤɪɵɬɢɹ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɢɡɥɭɱɚɸɳɢɯ ɲɭɦ, ɡɜɭɤɨɢɡɨɥɹɰɢɸ ɦɟɫɬ ɩɪɨɤɥɚɞɤɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɤɨɦɦɭɧɢɤɚɰɢɣ, ɫɜɹɡɵɜɚɸɳɢɯ ɩɨɦɟɳɟɧɢɟ ɫ ɩɨɜɵɲɟɧɧɵɦ 
ɭɪɨɜɧɟɦ ɲɭɦɚ ɫ ɞɪɭɝɢɦɢ ɩɨɦɟɳɟɧɢɹɦɢ; 

⎯ ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɟ ɤɨɠɭɯɢ, ɚɤɭɫɬɢɱɟɫɤɢɟ ɷɤɪɚɧɵ ɢ ɜɵɝɨɪɨɞɤɢ. 
Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɲɭɦɚ, ɭɪɨɜɟɧɶ ɤɨɬɨɪɨɝɨ ɩɪɟɜɵɲɚɟɬ 

ɧɨɪɦɵ, ɧɚ ɬɟɪɪɢɬɨɪɢɸ Ƚɗɋ ɢ ɩɪɢɥɟɝɚɸɳɭɸ ɤ ɧɟɣ ɬɟɪɪɢɬɨɪɢɸ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɢɦɟɧɹɬɶ ɦɚɬɟɪɢɚɥɵ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɤɪɨɜɥɢ, ɧɚɪɭɠɧɵɯ 
ɫɬɟɧ, ɨɫɬɟɤɥɟɧɢɣ, ɜɨɪɨɬ ɢ ɞɜɟɪɟɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɲɭɦɚ, 
ɝɥɭɲɢɬɟɥɢ ɲɭɦɚ ɜ ɬɪɚɤɬɚɯ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ, ɢɡɥɭɱɚɸɳɢɯ ɲɭɦ ɜ 
ɚɬɦɨɫɮɟɪɭ (ɤɨɦɩɪɟɫɫɨɪɨɜ, ɜɟɧɬɢɥɹɬɨɪɨɜ), ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɟ ɨɛɥɢɰɨɜɤɢ 
ɤɚɧɚɥɨɜ, ɢɡɥɭɱɚɸɳɢɯ ɲɭɦ ɜ ɚɬɦɨɫɮɟɪɭ, ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɟ ɤɨɠɭɯɢ ɢ ɷɤɪɚɧɵ 
ɩɪɢ ɨɬɤɪɵɬɨɦ ɪɚɡɦɟɳɟɧɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɩɨɜɵɲɟɧɧɵɦ ɭɪɨɜɧɟɦ ɲɭɦɚ ɧɚ 
ɬɟɪɪɢɬɨɪɢɢ Ƚɗɋ. 

Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɜɪɟɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɜɵɲɟɧɧɨɝɨ ɭɪɨɜɧɹ ɲɭɦɚ ɧɚ 
ɨɛɫɥɭɠɢɜɚɸɳɢɣ ɩɟɪɫɨɧɚɥ ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ: 

⎯ ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɟ ɤɚɛɢɧɵ ɞɥɹ ɞɟɠɭɪɧɨɝɨ ɩɟɪɫɨɧɚɥɚ, ɦɚɫɬɟɪɨɜ ɩɨ 
ɪɟɦɨɧɬɭ; 

⎯ ɤɨɦɧɚɬɵ ɨɬɞɵɯɚ; 
⎯ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɨɪɝɚɧɨɜ ɫɥɭɯɚ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɫɥɟɞɭɟɬ ɨɝɪɚɧɢɱɢɜɚɬɶ ɩɪɟɛɵɜɚɧɢɟ ɩɟɪɫɨɧɚɥɚ ɜ ɡɨɧɚɯ ɫ 

ɩɨɜɵɲɟɧɧɵɦ ɭɪɨɜɧɟɦ ɲɭɦɚ ɢ ɨɩɪɟɞɟɥɹɬɶ ɜ ɧɢɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 12.1.003-
83 (ɩɪɢɥɨɠɟɧɢɟ 1 ɤ ȽɈɋɌ) ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɞɨɡɭ ɲɭɦɚ ɫ ɬɟɦ, ɱɬɨɛɵ ɫɭɦɦɚɪɧɚɹ 
ɞɨɡɚ ɲɭɦɚ ɜ ɬɟɱɟɧɢɟ ɪɚɛɨɱɟɝɨ ɞɧɹ (ɪɚɛɨɱɟɣ ɫɦɟɧɵ) ɧɟ ɩɪɟɜɵɲɚɥɚ ɞɨɩɭɫɬɢɦɨɝɨ 
ɭɪɨɜɧɹ. Ⱦɨɩɭɫɬɢɦɵɟ ɭɪɨɜɧɢ ɲɭɦɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 9.1.[36] 

 
Ɍɚɛɥɢɰɚ 9.1-Ⱦɨɩɭɫɬɢɦɵɟ ɭɪɨɜɧɢ ɲɭɦɚ ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ 

Ɋɚɛɨɱɢɟ ɦɟɫɬɚ 
ɍɪɨɜɟɧɶ ɡɜɭɤɚ ɢ ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɭɪɨɜɟɧɶ 

ɡɜɭɤɚ, ɞȻȺ 
ɐɟɧɬɪɚɥɶɧɵɣ ɩɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ, ɩɨɦɟɳɟɧɢɹ ɞɥɹ ɢɧɠɟɧɟɪɧɨ-

ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɟɪɫɨɧɚɥɚ ɰɟɯɨɜ ɢ ɫɥɭɠɛ 
60 

ɓɢɬɵ ɭɩɪɚɜɥɟɧɢɹ, ɤɚɛɢɧɵ ɞɥɹ ɧɚɛɥɸɞɟɧɢɹ ɢ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɫ ɪɟɱɟɜɨɣ ɫɜɹɡɶɸ ɩɨ ɬɟɥɟɮɨɧɭ 

65 

ɉɨɦɟɳɟɧɢɹ ɥɚɛɨɪɚɬɨɪɢɣ ɛɟɡ ɫɨɛɫɬɜɟɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɲɭɦɚ, 
ɤɨɦɧɚɬɵ ɦɚɫɬɟɪɨɜ, ɦɚɲɢɧɨɩɢɫɧɵɟ ɛɸɪɨ 

65 

ɉɨɦɟɳɟɧɢɹ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɛɸɪɨ, ɞɥɹ ɪɚɫɱɟɬɱɢɤɨɜ, 
ɩɪɨɝɪɚɦɦɢɫɬɨɜ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɚɲɢɧ, ɩɪɢɟɦɚ ɛɨɥɶɧɵɯ ɜ 
ɡɞɪɚɜɩɭɧɤɬɚɯ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨ-ɭɩɪɚɜɥɟɧɱɟɫɤɨɝɨ ɩɟɪɫɨɧɚɥɚ 

50 

ɉɨɦɟɳɟɧɢɹ ɥɚɛɨɪɚɬɨɪɢɣ ɫ ɫɨɛɫɬɜɟɧɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɲɭɦɚ ɞɥɹ 
ɪɚɡɦɟɳɟɧɢɹ ɚɝɪɟɝɚɬɨɜ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɚɲɢɧ ɫ ɩɨɜɵɲɟɧɧɵɦ 

ɭɪɨɜɧɟɦ ɲɭɦɚ 
80 

ɉɨɫɬɨɹɧɧɵɟ ɪɚɛɨɱɢɟ ɦɟɫɬɚ ɢ ɪɚɛɨɱɢɟ ɡɨɧɵ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɩɨɦɟɳɟɧɢɹɯ ɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɪɢɹɬɢɣ 

85 
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9.2 ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɨɥɹ 
 
ȼɥɢɹɧɢɟ ɗɆɉ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɧɚɪɭɲɟɧɢɹɦ ɞɟɹɬɟɥɶɧɨɫɬɢ ɰɟɧɬɪɚɥɶɧɨɣ, 

ɜɟɝɟɬɚɬɢɜɧɨɣ ɧɟɪɜɧɨɣ, ɫɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɨɣ, ɢɦɦɭɧɧɨɣ, ɷɧɞɨɤɪɢɧɧɨɣ ɫɢɫɬɟɦ, 
ɬɚɤɠɟ ɨɤɚɡɵɜɚɬɶ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɨɫɬɚɜ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ, 
ɛɢɨɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɨɪɝɚɧɢɡɦɟ. 

Ɉɫɧɨɜɧɵɦɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ ɧɚ ɞɚɧɧɨɦ ɩɪɟɞɩɪɢɹɬɢɢ 
ɹɜɥɹɸɬɫɹ ɷɥɟɤɬɪɨɫɥɟɫɚɪɢ ɢ ɷɥɟɤɬɪɨɦɨɧɬɟɪɵ ɩɨ ɪɟɦɨɧɬɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɢɧɠɟɧɟɪɵ ɢ ɷɥɟɤɬɪɨɦɨɧɬɟɪɵ ɩɨ ɢɫɩɵɬɚɧɢɹɦ ɢ ɢɡɦɟɪɟɧɢɹɦ ɫɥɭɠɛɵ ɪɟɥɟɣɧɨɣ 
ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ. 

ɋɬɟɩɟɧɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɨɛɭɫɥɨɜɥɟɧɧɨɫɬɢ ɬɚɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ ɤɚɤ 
ɛɨɥɟɡɧɢ ɫɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɨɣ, ɤɨɫɬɧɨ-ɦɵɲɟɱɧɨɣ ɫɢɫɬɟɦ, ɨɪɝɚɧɨɜ ɩɢɳɟɜɚɪɟɧɢɹ 
ɭ ɪɚɛɨɬɚɸɳɢɯ ɜ ɤɨɧɬɚɤɬɟ ɫ ɗɆɉ ɜɚɪɶɢɪɭɟɬ ɨɬ ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɞɨ ɩɪɚɤɬɢɱɟɫɤɢ 
ɩɨɥɧɨɣ. 

Ɉɬɧɨɫɢɬɟɥɶɧɨ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɟ ɩɪɟɛɵɜɚɧɢɟ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɗɆɉ ɧɚɩɪɹ-
ɠɟɧɧɨɫɬɶɸ 10–17 ɤȼ/ɦ ɦɨɠɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɭɯɭɞɲɟɧɢɟɦ ɫɚɦɨɱɭɜɫɬɜɢɹ 
ɪɚɛɨɬɚɸɳɢɯ, ɫɨɱɟɬɚɸɳɢɦɫɹ ɫ ɩɪɟɯɨɞɹɳɢɦɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɫɞɜɢɝɚɦɢ ɜ 
ɞɟɹɬɟɥɶɧɨɫɬɢ ɢɯ ɰɟɧɬɪɚɥɶɧɨɣ ɧɟɪɜɧɨɣ ɫɢɫɬɟɦɵ (ɨɬɦɟɱɟɧɨ ɭɞɥɢɧɟɧɢɟ ɥɚɬɟɧɬɧɨɝɨ 
ɜɪɟɦɟɧɢ ɦɨɬɨɪɧɵɯ ɪɟɚɤɰɢɣ ɧɚ ɡɜɭɤɨɜɨɣ ɢ ɫɜɟɬɨɜɨɣ ɪɚɡɞɪɚɠɢɬɟɥɢ). ɏɚɪɚɤɬɟɪɧɵ 
ɠɚɥɨɛɵ ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɬɭɩɵɟ ɝɨɥɨɜɧɵɟ ɛɨɥɢ ɜ ɥɨɛɧɨ-ɜɢɫɨɱɧɵɯ ɨɛɥɚɫɬɹɯ, 
ɩɨɜɵɲɟɧɧɭɸ ɭɬɨɦɥɹɟɦɨɫɬɶ, ɪɚɡɞɪɚɠɢɬɟɥɶɧɨɫɬɶ, ɫɨɧɥɢɜɨɫɬɶ, ɫɟɪɞɰɟɛɢɟɧɢɟ ɢ 
ɩɟɪɟɛɨɢ ɜ ɫɟɪɞɰɟ, ɞɚɜɹɳɢɟ ɛɨɥɢ ɡɚ ɝɪɭɞɢɧɨɣ. ɗɬɢ ɫɭɛɴɟɤɬɢɜɧɵɟ ɪɚɫɫɬɪɨɣɫɬɜɚ 
ɩɨɹɜɥɹɸɬɫɹ ɭɠɟ ɧɚ ɩɟɪɜɨɦ ɝɨɞɭ ɪɚɛɨɬɵ, ɚ ɱɚɫɬɨɬɚ ɢɯ ɧɚɪɚɫɬɚɟɬ ɩɨ ɦɟɪɟ 
ɭɜɟɥɢɱɟɧɢɹ ɫɬɚɠɚ ɪɚɛɨɬɵ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɗɆɉ. 

ɂɫɬɨɱɧɢɤɚɦɢ ɗɆɉ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ 50 Ƚɰ ɹɜɥɹɸɬɫɹ, ɲɢɧɵ 
ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɞɫɬɚɧɰɢɣ ɢ ɩɪɨɜɨɞɚ ɜɨɡɞɭɲɧɵɯ Ʌɗɉ. [37] 

 
9.3 ȼɢɛɪɚɰɢɢ 
  
ɇɚɥɢɱɢɟ ɢɥɢ ɨɬɫɭɬɫɬɜɢɟ ɜɢɛɪɚɰɢɢ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɨɩɪɟɞɟɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɞɥɢɬɟɥɶɧɨɣ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɚɝɪɟɝɚɬɚ ɢ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ 
ɤɚɱɟɫɬɜɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɟɝɨ ɤɨɧɫɬɪɭɤɰɢɢ, ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ 
ɜɵɩɨɥɧɟɧɢɹ ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ. ɉɨɜɵɲɟɧɧɚɹ ɜɢɛɪɚɰɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɦɨɠɟɬ 
ɩɪɢɜɟɫɬɢ ɤ ɚɜɚɪɢɣɧɨɦɭ ɫɨɫɬɨɹɧɢɸ, ɩɨɧɢɠɟɧɢɸ ɄɉȾ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɩɨɬɟɪɹɦ 
ɷɧɟɪɝɢɢ. ɉɨɷɬɨɦɭ, ɤɨɝɞɚ ɜɢɛɪɚɰɢɹ ɚɝɪɟɝɚɬɚ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɵɟ ɜɟɥɢɱɢɧɵ, 
ɞɨɥɠɧɵ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵ ɢ ɭɫɬɪɚɧɟɧɵ ɩɪɢɱɢɧɵ ɩɨɜɵɲɟɧɧɨɣ ɜɢɛɪɚɰɢɢ. 

ȼɪɟɞɧɨɟ ɞɟɣɫɬɜɢɟ ɜɢɛɪɚɰɢɢ ɧɚ ɱɟɥɨɜɟɤɚ ɭɫɢɥɢɜɚɸɬ ɲɭɦ, ɨɯɥɚɠɞɟɧɢɟ, 
ɩɟɪɟɭɬɨɦɥɟɧɢɟ, ɡɧɚɱɢɬɟɥɶɧɨɟ ɦɵɲɟɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɚɥɤɨɝɨɥɶɧɨɟ ɨɩɶɹɧɟɧɢɟ ɢ 
ɞɪ. ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɨɪɝɚɧɢɡɦ ɨɛɳɟɣ ɜɢɛɪɚɰɢɢ ɫɬɪɚɞɚɟɬ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 
ɧɟɪɜɧɚɹ ɫɢɫɬɟɦɚ ɢ ɚɧɚɥɢɡɚɬɨɪɵ: ɜɟɫɬɢɛɭɥɹɪɧɵɣ, ɡɪɢɬɟɥɶɧɵɣ, ɬɚɤɬɢɥɶɧɵɣ. ɗɬɢ 
ɧɚɪɭɲɟɧɢɹ ɜɵɡɵɜɚɸɬ ɝɨɥɨɜɧɵɟ ɛɨɥɢ, ɝɨɥɨɜɨɤɪɭɠɟɧɢɹ, ɧɚɪɭɲɟɧɢɹ ɫɧɚ, 
ɫɧɢɠɟɧɢɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ, ɭɯɭɞɲɟɧɢɟ ɫɚɦɨɱɭɜɫɬɜɢɹ, ɧɚɪɭɲɟɧɢɹ ɫɟɪɞɟɱɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ, ɪɚɫɫɬɪɨɣɫɬɜɨ ɡɪɟɧɢɹ, ɨɧɟɦɟɧɢɟ ɢ ɨɬɟɱɧɨɫɬɶ ɩɚɥɶɰɟɜ ɪɭɤ, 
ɡɚɛɨɥɟɜɚɧɢɟ ɫɭɫɬɚɜɨɜ, ɫɧɢɠɟɧɢɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. Ɉɛɳɚɹ ɧɢɡɤɨɱɚɫɬɨɬɧɚɹ 
ɜɢɛɪɚɰɢɹ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɨɛɦɟɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɹɜɥɹɸɳɢɟɫɹ 
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ɢɡɦɟɧɟɧɢɟɦ ɭɝɥɟɜɨɞɧɨɝɨ, ɛɟɥɤɨɜɨɝɨ, ɮɟɪɦɟɧɬɧɨɝɨ, ɜɢɬɚɦɢɧɧɨɝɨ ɢ 
ɯɨɥɟɫɬɟɪɢɧɨɜɨɝɨ ɨɛɦɟɧɨɜ, ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɪɨɜɢ. 

Ɂɚɳɢɬɚ ɨɬ ɜɢɛɪɚɰɢɣ ɧɚɱɢɧɚɟɬɫɹ ɩɪɟɠɞɟ ɜɫɟɝɨ ɫ ɢɯ ɥɢɤɜɢɞɚɰɢɢ. 
Ⱦɨɫɬɢɝɚɟɬɫɹ ɷɬɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟɦ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɫɯɟɦ ɢ 
ɭɥɭɱɲɟɧɢɟɦ ɪɚɛɨɬɵ ɦɟɯɚɧɢɡɦɨɜ. Ⱦɥɹ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɟɣ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢɦɟɧɹɸɬ 
ɭɩɪɭɝɭɸ ɩɨɞɜɟɫɤɭ, ɚɦɨɪɬɢɡɚɰɢɸ, ɢɡɨɥɢɪɭɸɬ ɨɩɨɪɵ. ɂɡɨɥɹɰɢɹ ɮɭɧɞɚɦɟɧɬɚ (ɜ 
ɩɨɱɜɟ ɜɨɤɪɭɝ ɮɭɧɞɚɦɟɧɬɚ ɭɫɬɪɚɢɜɚɸɬ ɪɚɡɪɵɜɵ ɛɟɡ ɡɚɩɨɥɧɟɧɢɹ ɢɥɢ ɫ 
ɡɚɩɨɥɧɟɧɢɟɦ) ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɩɟɪɟɞɚɱɭ ɤɨɥɟɛɚɧɢɣ ɨɬ ɮɭɧɞɚɦɟɧɬɚ ɤ ɨɤɪɭɠɚɸɳɟɣ 
ɩɨɱɜɟ ɢɥɢ ɨɬ ɧɟɟ ɤ ɮɭɧɞɚɦɟɧɬɭ. 

Ɍɟɯɧɢɱɟɫɤɢɦɢ ɦɟɪɚɦɢ ɧɟ ɜɫɟɝɞɚ ɭɞɚɟɬɫɹ ɫɧɢɡɢɬɶ ɭɪɨɜɟɧɶ ɲɭɦɚ ɢ ɜɢɛɪɚɰɢɢ 
ɧɢɠɟ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɨɪɦ. ȼ ɷɬɢɯ ɫɥɭɱɚɹɯ ɩɪɢɯɨɞɢɬɫɹ ɩɨɥɶɡɨɜɚɬɶɫɹ 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɡɚɳɢɬɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ. Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɥɨɤɚɥɶɧɵɯ ɜɢɛɪɚɰɢɣ 
ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɛɭɜɶ ɧɚ ɬɨɥɫɬɨɣ ɜɢɛɪɨɝɚɫɹɳɟɣ ɩɨɞɨɲɜɟ, 
ɚɧɬɢɜɢɛɪɚɰɢɨɧɧɵɟ ɪɭɤɚɜɢɰɵ.[38] 

 
9.4 ȼɪɟɞɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ 
 
ɇɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɨɛɪɚɡɨɜɚɧɢɟ ɨɩɚɫɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɪɟɞɧɵɯ 

ɜɟɳɟɫɬɜ ɢ ɚɷɪɨɡɨɥɟɣ ɜɨɡɦɨɠɧɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɜ ɩɨɦɟɳɟɧɢɹɯ 
ɪɚɡɥɢɱɧɵɯ ɪɟɦɨɧɬɧɵɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɛɨɬ (ɩɚɣɤɢ, ɫɜɚɪɤɢ, ɦɚɥɹɪɧɵɯ, 
ɩɟɫɤɨɫɬɪɭɣɧɵɯ, ɲɥɢɮɨɜɚɥɶɧɵɯ ɢ ɬ.ɞ.), ɚ ɬɚɤɠɟ ɜ ɩɨɦɟɳɟɧɢɹɯ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ 
ɛɚɬɚɪɟɣ, ɜ ɩɨɦɟɳɟɧɢɹɯ ɫ ɚɩɩɚɪɚɬɭɪɨɣ, ɫɨɞɟɪɠɚɳɢɯ ɪɬɭɬɶ, ɧɚ ɫɤɥɚɞɚɯ 
ɝɨɪɸɱɟɫɦɚɡɨɱɧɵɯ ɢ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɯɢɦɢɱɟɫɤɨɣ ɥɚɛɨɪɚɬɨɪɢɢ, 
ɩɨɦɟɳɟɧɢɹɯ ɦɚɫɥɹɧɨɝɨ ɯɨɡɹɣɫɬɜɚ. 

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɞɨɥɠɧɚ ɩɪɨɟɤɬɢɪɨɜɚɬɶɫɹ 
ɩɪɢɬɨɱɧɨ-ɜɵɬɹɠɧɚɹ ɢɥɢ ɦɟɫɬɧɚɹ ɜɵɬɹɠɧɚɹ ɜɟɧɬɢɥɹɰɢɹ. 

ɉɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ (ɉȾɄ) ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɜɨɡɞɭɯɟ 
ɪɚɛɨɱɟɣ ɡɨɧɵ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɩɨɦɟɳɟɧɢɹɦ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɫɨɝɥɚɫɧɨ 
ȽɈɋɌ 12.1.005-76 ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 9.2. 

 
Ɍɚɛɥɢɰɚ 9.2 –ɉɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɪɚɛɨɱɟɣ 
ɡɨɧɟ 

ȼɟɳɟɫɬɜɨ Ɂɧɚɱɟɧɢɟ ɉȾɄ, ɦɝ/ɦ  Ʉɥɚɫɫ ɨɩɚɫɧɨɫɬɢ 
Ⱥɝɪɟɝɚɬɧɨɟ 
ɫɨɫɬɨɹɧɢɟ 

Ɉɤɢɫɥɵ ɚɡɨɬɚ (ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ Ɉ ) 2 2 ɉ 

Ⱥɦɦɢɚɤ 20 4 ɉ 
Ⱥɰɟɬɨɧ 200 4 ɉ 

Ȼɟɧɡɢɧ-ɪɚɫɬɜɨɪɢɬɟɥɶ (ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɋ) ɢ 
ɞɪɭɝɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɚɥɟɮɬɢɱɟɫɤɢɟ ɩɪɟɞɟɥɶɧɵɟ 

ɋ -ɋ  (ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɋ) 
300 4 ɉ 

Ʉɫɢɥɨɥ 50 3 ɉ 

Ɇɚɪɝɚɧɟɰ (ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ MnO ) 0,3 2 ɚ 

ɇɢɤɟɥɶ ɢ ɟɝɨ ɨɤɢɫɶ, ɡɚɤɢɫɶ, ɫɭɥɶɮɢɞ (ɜ 
ɩɟɪɟɫɱɟɬɟ ɧɚ Ni) 0,5 2 ɚ 

Ɇɟɞɶ 1 2 ɚ 
ɋɜɢɧɟɰ ɢ ɟɝɨ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ 0,01 1 ɚ 

Ɋɬɭɬɶ ɦɟɬɚɥɥɢɱɟɫɤɚɹ 0,01 1 ɉ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 9.2 

ȼɟɳɟɫɬɜɨ Ɂɧɚɱɟɧɢɟ ɉȾɄ, ɦɝ/ɦ  Ʉɥɚɫɫ ɨɩɚɫɧɨɫɬɢ 
Ⱥɝɪɟɝɚɬɧɨɟ 
ɫɨɫɬɨɹɧɢɟ 

ɋɩɢɪɬ ɷɬɢɥɨɜɵɣ 1000 4 ɉ 

ɋɩɢɪɬ ɦɟɬɢɥɨɜɵɣ (ɦɟɬɚɧɨɥ) 5  3 ɉ 

ɋɩɢɪɬ ɩɪɨɩɢɥɨɜɵɣ, ɚɧɢɥɨɜɵɣ, ɛɭɬɢɥɨɜɵɣ, 
ɚɰɟɬɨɩɪɨɩɢɥɨɜɵɣ 

10 3 ɉ 

ɋɟɪɧɚɹ ɤɢɫɥɨɬɚ, ɫɟɪɧɵɣ ɚɧɝɢɞɪɢɞ 1 2 ɚ 
ɋɟɪɧɢɫɬɵɣ ɚɧɝɢɞɪɢɞ 10 3 ɉ 

ɋɨɥɹɧɚɹ ɤɢɫɥɨɬɚ 5 2 ɉ 
Ɉɤɢɫɶ ɭɝɥɟɪɨɞɚ 20 4 ɉ 

Ɉɤɢɫɶ ɠɟɥɟɡɚ ɫ ɩɪɢɦɟɫɶɸ ɨɤɢɫɥɨɜ ɦɚɪɝɚɧɰɚ ɞɨ 
30% 

6 4 ɚ 

Ɇɚɫɥɹɧɵɣ ɚɧɝɢɞɪɢɞ 1 2 ɉ 
ɉɪɢɦɟɱɚɧɢɟ. ɉ - ɩɚɪɵ ɢ (ɢɥɢ) ɝɚɡɵ; ɚ - ɚɷɪɨɡɨɥɢ; "+" - ɨɩɚɫɧɵ ɩɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɱɟɪɟɡ ɤɨɠɭ. 

 
ɉɟɪɫɨɧɚɥ, ɨɛɫɥɭɠɢɜɚɸɳɢɣ ɩɨɞɡɟɦɧɵɟ ɫɨɨɪɭɠɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɨ 

ɧɚɥɢɱɢɟ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ, ɞɨɥɠɟɧ ɡɧɚɬɶ: 
− ɩɟɪɟɱɟɧɶ ɬɚɤɢɯ ɫɨɨɪɭɠɟɧɢɣ; 
− ɫɩɨɫɨɛɵ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɥɢɱɢɹ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ; 
− ɨɬɪɚɜɥɹɸɳɟɟ ɞɟɣɫɬɜɢɟ ɷɬɢɯ ɜɟɳɟɫɬɜ ɢ ɩɪɢɡɧɚɤɢ ɨɬɪɚɜɥɟɧɢɹ ɢɦɢ; 
− ɫɩɨɫɨɛɵ ɩɪɨɜɟɬɪɢɜɚɧɢɹ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ; 
− ɬɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɝɨ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ; 
− ɩɪɚɜɢɥɚ ɩɨɥɶɡɨɜɚɧɢɹ ɫɪɟɞɫɬɜɚɦɢ ɡɚɳɢɬɵ ɨɪɝɚɧɨɜ ɞɵɯɚɧɢɹ; 
−ɩɪɚɜɢɥɚ ɷɜɚɤɭɚɰɢɢ ɥɢɰ, ɩɨɫɬɪɚɞɚɜɲɢɯ ɨɬ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ, ɢɡ 

ɝɚɡɨɨɩɚɫɧɵɯ ɦɟɫɬ ɢ ɫɩɨɫɨɛɵ ɨɤɚɡɚɧɢɹ ɢɦ ɩɟɪɜɨɣ ɩɨɦɨɳɢ.[39] 
 
9.5 Ɇɚɫɥɨ 
 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ ɧɚ Ƚɗɋ ɧɚɢɛɨɥɶɲɭɸ 

ɨɩɚɫɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɟ ɦɚɫɥɨ, ɡɚɥɢɜɚɟɦɨɟ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɢ ɜɵɤɥɸɱɚɬɟɥɢ, ɚ ɬɚɤɠɟ ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ, ɢɫɩɨɥɶɡɭɟɦɨɟ ɜ ɫɢɫɬɟɦɟ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɷɧɟɪɝɨɧɨɫɢɬɟɥɹ, ɚ ɩɨɞɩɹɬɧɢɤɚɯ ɢ ɩɨɞɲɢɩɧɢɤɚɯ – 
ɦɚɫɥɨ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɫɦɚɡɤɢ ɢ ɨɯɥɚɠɞɟɧɢɹ. 

Ⱥɧɚɥɢɡ ɚɜɚɪɢɣ ɧɚ Ƚɗɋ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɫɧɨɜɧɵɦɢ ɩɪɢɱɢɧɚɦɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɢ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɠɚɪɚ ɹɜɥɹɸɬɫɹ: 

⎯ ɩɨɜɪɟɠɞɟɧɢɹ ɦɚɫɥɹɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ;  
⎯ ɪɚɡɪɭɲɟɧɢɟ ɛɚɧɞɚɠɧɨɝɨ ɤɨɥɶɰɚ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ 

ɤɨɧɬɚɤɬɧɵɯ ɤɨɥɟɰ, ɫ ɪɚɡɪɭɲɟɧɢɟɦ ɦɚɫɥɨɨɱɢɫɬɢɬɟɥɶɧɨɝɨ ɰɢɥɢɧɞɪɚ ɢ ɱɚɫɬɟɣ 
ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɜɟɞɭɳɟɟ ɤ ɜɧɭɬɪɟɧɧɟɦɭ ɤɨɪɨɬɤɨɦɭ ɡɚɦɵɤɚɧɢɸ ɜ 
ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɟ;  

⎯ ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ, ɜɟɞɭɳɟɟ ɤ ɪɚɡɪɭɲɟɧɢɸ ɟɝɨ 
ɤɨɪɩɭɫɚ;  

⎯ ɩɨɜɪɟɠɞɟɧɢɟ ɢɡɨɥɹɬɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ;  
⎯ ɩɨɜɪɟɠɞɟɧɢɟ ɬɪɭɛɨɩɪɨɜɨɞɚ ɠɢɞɤɨɝɨ ɬɨɩɥɢɜɚ ɢ ɩɨɩɚɞɚɧɢɹ ɟɝɨ ɧɚ 

ɝɨɪɹɱɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. 
ɉɪɢ ɚɜɚɪɢɢ ɦɚɫɥɨɫɢɫɬɟɦ ɫɢɬɭɚɰɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɫɥɨɠɧɹɟɬɫɹ ɜɵɛɪɨɫɨɦ ɢ 

ɪɚɫɬɟɤɚɧɢɟɦ ɦɚɫɥɚ ɱɟɪɟɡ ɩɪɨɟɦɵ ɢ ɧɟɩɥɨɬɧɨɫɬɢ, ɜ ɧɢɠɟ ɪɚɫɩɨɥɨɠɟɧɧɵɟ 
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ɩɨɦɟɳɟɧɢɹ, ɤɚɛɟɥɶɧɵɟ ɬɭɧɧɟɥɢ ɢ ɩɨɥɭɷɬɚɠɢ. ɉɪɢ ɝɨɪɟɧɢɢ ɞɭɝɢ ɜ ɦɚɫɥɟ 
ɨɛɪɚɡɭɸɬɫɹ ɩɪɨɞɭɤɬɵ ɝɥɭɛɨɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 
ɷɬɨ ɝɚɡɵ ɩɪɢ ɫɦɟɲɟɧɢɢ ɫ ɜɨɡɞɭɯɨɦ ɨɛɪɚɡɭɸɳɢɟ ɜɡɪɵɜɨɨɩɚɫɧɵɟ ɫɦɟɫɢ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɩɪɢ ɩɨɠɚɪɚɯ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɨɛɪɚɡɭɸɬɫɹ ɬɚɤɢɟ  ɬɨɤɫɢɤɚɧɬɵ, ɤɚɤ 
ɯɥɨɪɢɫɬɵɣ ɜɨɞɨɪɨɞ ɇɋl, ɰɢɚɧɢɫɬɵɣ ɜɨɞɨɪɨɞ HCN, ɫɟɪɨɜɨɞɨɪɨɞ H2S, ɚɦɦɢɚɤ 
NH3, ɨɤɢɫɥɵ ɚɡɨɬɚ N02 ɢ ɞɪ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɢɛɨɥɶɲɢɣ ɪɢɫɤ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɠɚɪɚ ɜɨɡɧɢɤɚɟɬ ɩɪɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɦɚɫɥɹɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɜɵɛɪɨɫɨɦ ɦɚɫɥɚ ɢ ɟɝɨ ɜɨɫɩɥɚɦɟɧɟɧɢɟɦ. 

 
9.6 ɗɥɟɝɚɡ 
 
ɗɥɟɝɚɡ - ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɣ ɝɚɡ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɲɟɫɬɢɮɬɨɪɢɫɬɭɸ ɫɟɪɭ 

SF6 (ɝɟɤɫɨɮɬɨɪɢɞ ɫɟɪɵ). ɗɥɟɝɚɡ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɢɡɨɥɢɪɭɸɳɟɝɨ 
ɦɚɬɟɪɢɚɥɚ ɜ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ 
ɪɚɫɩɚɞɟ ɷɥɟɝɚɡɚ, ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɜɨɡɦɨɠɧɵ ɩɨɹɜɥɟɧɢɹ ɪɚɡɞɪɚɠɟɧɢɣ ɝɥɚɡ, 
ɤɨɠɢ, ɧɨɫɚ ɢ ɝɨɪɥɚ, ɨɬɟɤɚ ɥɟɝɤɢɯ, ɛɪɨɧɯɢɬɨɜ ɢ ɞɪɭɝɢɯ ɩɨɜɪɟɠɞɟɧɢɣ ɞɵɯɚɬɟɥɶɧɨɣ 
ɫɢɫɬɟɦɵ ɱɟɥɨɜɟɤɚ. Ʉɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɣ ɪɚɫɬɜɨɪ ɮɬɨɪɨɜɨɞɨɪɨɞɚ (HF) ɦɨɠɟɬ 
ɜɵɡɜɚɬɶ ɨɠɨɝɢ ɫɥɢɡɢɫɬɵɯ ɨɛɨɥɨɱɟɤ. ɉɨɩɚɞɚɧɢɟ ɮɬɨɪɨɜɨɞɨɪɨɞɚ ɜɧɭɬɪɶ 
ɨɪɝɚɧɢɡɦɚ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɚɪɢɬɦɢɸ ɢ ɩɪɢɜɟɫɬɢ ɤ ɥɟɬɚɥɶɧɨɦɭ ɢɫɯɨɞɭ. ɋɚɦ ɷɥɟɝɚɡ 
ɧɟ ɨɤɚɡɵɜɚɟɬ ɬɨɤɫɢɱɧɨɝɨ, ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɢɥɢ ɤɚɧɰɟɪɨɝɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ 
ɡɞɨɪɨɜɶɟ ɱɟɥɨɜɟɤɚ. 

ȼ ɩɨɦɟɳɟɧɢɢ, ɝɞɟ ɩɪɨɢɡɜɨɞɹɬɫɹ ɪɚɛɨɬɵ ɫ ɷɥɟɝɚɡɨɦ ɢ ɷɥɟɝɚɡɨɜɵɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɞɨɥɠɧɚ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɚ ɩɪɢɬɨɱɧɨ-ɜɵɬɹɠɧɚɹ ɜɟɧɬɢɥɹɰɢɹ ɫ 
ɡɚɛɨɪɨɦ ɜɨɡɞɭɯɚ ɢɡ ɧɢɠɧɟɝɨ ɭɪɨɜɧɹ ɩɨɦɟɳɟɧɢɹ ɢ ɤɚɛɟɥɶɧɵɯ ɤɚɧɚɥɨɜ. ɇɚ ɞɜɟɪɹɯ 
ɩɨɦɟɳɟɧɢɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɞɜɟɪɠɟɧɵ ɡɚɩɨɥɧɟɧɢɸ ɷɥɟɝɚɡɨɦ, ɞɨɥɠɧɵ 
ɛɵɬɶ ɜ ɨɛɹɡɚɬɟɥɶɧɨɦ ɩɨɪɹɞɤɟ ɭɫɬɚɧɨɜɥɟɧɵ ɩɥɚɤɚɬɵ «Ɉɫɬɨɪɨɠɧɨ ɷɥɟɝɚɡ». 
ɉɨɫɟɳɟɧɢɟ ɞɚɧɧɵɯ ɩɨɦɟɳɟɧɢɣ ɞɨɥɠɧɨ ɛɵɬɶ ɨɝɪɚɧɢɱɟɧɨ. 

Ɉɩɚɫɧɨɫɬɶ ɪɚɛɨɬɵ ɫ ɷɥɟɝɚɡɨɦ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɷɥɟɝɚɡ, ɹɜɥɹɹɫɶ 
ɬɹɠɟɥɟɟ ɜɨɡɞɭɯɚ, ɩɪɢ ɭɬɟɱɤɟ ɢɡ ɨɛɨɪɭɞɨɜɚɧɢɹ ɡɚɩɨɥɧɹɟɬ ɥɸɛɵɟ ɭɝɥɭɛɥɟɧɢɹ 
(ɩɪɢɹɦɤɢ, ɤɚɛɟɥɶɧɵɟ ɤɚɧɚɥɵ, ɧɟɜɟɧɬɢɥɢɪɭɟɦɵɟ ɩɨɦɟɳɟɧɢɹ ɢ ɬ. ɞ.), ɜɵɬɟɫɧɹɹ ɢɡ 
ɧɢɯ ɜɨɡɞɭɯ ɢ ɫɨɡɞɚɜɚɹ ɚɬɦɨɫɮɟɪɭ ɧɟɩɪɢɝɨɞɧɭɸ ɞɥɹ ɞɵɯɚɧɢɹ. 

 
9.7 ȼɥɢɹɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ 
 
ɉɪɨɯɨɞɹ ɱɟɪɟɡ ɨɪɝɚɧɢɡɦ, ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɜɵɡɵɜɚɟɬ ɬɟɪɦɢɱɟɫɤɨɟ, 

ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɟ ɢ ɛɢɨɥɨɝɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ. Ɍɟɪɦɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ 
ɜɵɡɵɜɚɟɬ ɨɠɨɝɢ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɬɟɥɚ, ɧɚɝɪɟɜ ɤɪɨɜɟɧɨɫɧɵɯ ɫɨɫɭɞɨɜ, ɧɟɪɜɨɜ, 
ɤɪɨɜɢ ɢ ɬ.ɩ. ɗɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ ɜɵɪɚɠɚɟɬɫɹ ɜ ɪɚɡɥɨɠɟɧɢɢ ɤɪɨɜɢ ɢ 
ɞɪɭɝɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɟɣ ɨɪɝɚɧɢɡɦɚ ɢ ɜɵɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɧɚɪɭɲɟɧɢɹ 
ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. Ȼɢɨɥɨɝɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɬɨɤɚ ɩɪɨɹɜɥɹɟɬɫɹ ɤɚɤ 
ɪɚɡɞɪɚɠɟɧɢɟ ɢ ɜɨɡɛɭɠɞɟɧɢɟ ɠɢɜɵɯ ɬɤɚɧɟɣ ɨɪɝɚɧɢɡɦɚ, ɱɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɧɟɩɪɨɢɡɜɨɥɶɧɵɦɢ ɫɭɞɨɪɨɠɧɵɦɢ ɫɨɤɪɚɳɟɧɢɹɦɢ ɦɵɲɰ, ɥɟɝɤɢɯ ɢ ɫɟɪɞɰɚ. ȼ 
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ɪɟɡɭɥɶɬɚɬɟ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɪɚɡɥɢɱɧɵɟ ɧɚɪɭɲɟɧɢɹ ɢ ɞɚɠɟ ɩɨɥɧɨɟ ɩɪɟɤɪɚɳɟɧɢɟ 
ɞɟɹɬɟɥɶɧɨɫɬɢ ɨɪɝɚɧɨɜ ɤɪɨɜɨɨɛɪɚɳɟɧɢɹ ɢ ɞɵɯɚɧɢɹ. 

ɏɚɪɚɤɬɟɪ ɢ ɩɨɫɥɟɞɫɬɜɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɱɟɥɨɜɟɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɬɟɥɚ ɱɟɥɨɜɟɤɚ, ɧɚɩɪɹɠɟɧɢɟɦ ɬɨɤɚ 
ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ ɜɨɡɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ, ɡɚɜɢɫɹɬ ɨɬ ɩɭɬɢ 
ɩɪɨɯɨɠɞɟɧɢɹ ɬɨɤɚ ɱɟɪɟɡ ɬɟɥɨ ɱɟɥɨɜɟɤɚ, ɪɨɞɚ ɢ ɱɚɫɬɨɬɵ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ, ɚ 
ɬɚɤɠɟ ɨɬ ɭɫɥɨɜɢɣ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɱɟɥɨɜɟɤɚ. 

ȼ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɧɟ ɹɜɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ. 
Ɉɧɨ ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɨɹɧɢɹ ɤɨɠɢ, ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɰɟɩɢ ɢ ɬ.ɞ. ɉɨɜɪɟɠɞɟɧɢɹ ɪɨɝɨɜɨɝɨ ɫɥɨɹ (ɩɨɪɟɡɵ, ɰɚɪɚɩɢɧɵ, ɫɫɚɞɢɧɵ) ɫɧɢɠɚɸɬ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɥɚ ɞɨ 500-700 Ɉɦ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɨɩɚɫɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ 
ɱɟɥɨɜɟɤɚ ɬɨɤɨɦ. Ɍɚɤɨɟ ɠɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɭɜɥɚɠɧɟɧɢɟ ɤɨɠɢ ɜɨɞɨɣ ɢɥɢ ɩɨɬɨɦ. 
ɉɨɷɬɨɦɭ ɪɚɛɨɬɚ ɫ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɦɢ ɜɥɚɠɧɵɦɢ ɪɭɤɚɦɢ ɢ ɜ ɭɫɥɨɜɢɹɯ, 
ɜɵɡɵɜɚɸɳɢɯ ɭɜɥɚɠɧɟɧɢɟ ɤɨɠɢ, ɚ ɬɚɤɠɟ ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɭɫɭɝɭɛɥɹɟɬ ɨɩɚɫɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɱɟɥɨɜɟɤɚ ɬɨɤɨɦ. Ɂɚɝɪɹɡɧɟɧɢɟ ɤɨɠɢ ɜɪɟɞɧɵɦɢ 
ɜɟɳɟɫɬɜɚɦɢ, ɯɨɪɨɲɨ ɩɪɨɜɨɞɹɳɢɦɢ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ (ɩɵɥɶ, ɨɤɚɥɢɧɚ), ɬɨɠɟ 
ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɂɦɟɸɬ ɡɧɚɱɟɧɢɟ ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ ɢ 
ɦɟɫɬɨ ɤɚɫɚɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɠɢ ɧɟɨɞɢɧɚɤɨɜɨ ɧɚ ɪɚɡɧɵɯ ɭɱɚɫɬɤɚɯ 
ɬɟɥɚ. ɇɚɢɦɟɧɶɲɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɨɛɥɚɞɚɟɬ ɤɨɠɚ ɥɢɰɚ, ɲɟɢ, ɥɚɞɨɧɟɣ ɢ ɪɭɤ, 
ɨɫɨɛɟɧɧɨ ɧɚ ɫɬɨɪɨɧɟ, ɨɛɪɚɳɟɧɧɨɣ ɤ ɬɭɥɨɜɢɳɭ (ɩɨɞɦɵɲɟɱɧɵɯ ɜɩɚɞɢɧɚɯ ɢ ɞɪ.). 
Ʉɨɠɚ ɬɵɥɶɧɨɣ ɫɬɨɪɨɧɵ ɢ ɩɨɞɨɲɜ ɢɦɟɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɜɨ ɦɧɨɝɨ ɪɚɡ 
ɩɪɟɜɵɲɚɸɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɠɢ ɞɪɭɝɢɯ ɭɱɚɫɬɤɨɜ ɬɟɥɚ. 

Ɉɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɬɭ ɢɥɢ ɢɧɭɸ ɫɬɟɩɟɧɶ ɩɨɪɚɠɟɧɢɹ 
ɱɟɥɨɜɟɤɚ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ, ɹɜɥɹɟɬɫɹ ɫɢɥɚ ɬɨɤɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɟɝɨ ɬɟɥɨ. 
ɉɨɪɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɬɨɤɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 9.3. 

 
Ɍɚɛɥɢɰɚ 9.3 –ɉɨɪɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɬɨɤɚ 

ȼɢɞɵ ɬɨɤɚ ɋɢɥɚ ɬɨɤɚ, ɦȺ 
ɉɟɪɟɦɟɧɧɵɣ ɬɨɤ ɉɨɫɬɨɹɧɧɵɣ ɬɨɤ 

ɉɨɪɨɝɨɜɵɣ ɨɳɭɬɢɦɵɣ ɬɨɤ – 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ, ɜɵɡɵɜɚɸɳɢɣ 
ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɱɟɪɟɡ ɨɪɝɚɧɢɡɦ 

ɨɳɭɬɢɦɵɟ ɪɚɡɞɪɚɠɟɧɢɹ 

0,6-1,5 5-7 

ɉɨɪɨɝɨɜɵɣ ɧɟɨɬɩɭɫɤɚɸɳɢɣ ɬɨɤ –
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ, ɜɵɡɵɜɚɸɳɢɣ 
ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɱɟɪɟɡ ɨɪɝɚɧɢɡɦ 

ɱɟɥɨɜɟɤɚ, ɧɟɩɪɟɨɞɨɥɢɦɵɟ 
ɫɭɞɨɪɨɠɧɵɟ ɫɨɤɪɚɳɟɧɢɹ ɦɵɲɰ 

ɪɭɤɢ, ɜ ɤɨɬɨɪɨɣ ɡɚɠɚɬ ɩɪɨɜɨɞɧɢɤ 
 

10-15 50-80 

Ɏɢɛɪɢɥɥɹɰɢɨɧɧɵɣ ɬɨɤ - 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ,  ɜɵɡɵɜɚɸɳɢɣ 
ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɱɟɪɟɡ ɨɪɝɚɧɢɡɦ 

ɮɢɛɪɢɥɥɹɰɢɸ ɫɟɪɞɰɚ 
 

100ɦȺ ɞɨ 5Ⱥ 300ɦȺ ɞɨ 5Ⱥ 

 
ɇɚɩɪɹɠɟɧɢɟ, ɩɪɢɥɨɠɟɧɧɨɟ ɤ ɬɟɥɭ ɱɟɥɨɜɟɤɚ, ɬɚɤɠɟ ɜɥɢɹɟɬ ɧɚ ɢɫɯɨɞ 

ɩɨɪɚɠɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɨɧɨ ɨɩɪɟɞɟɥɹɟɬ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɬɨɤɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ 
ɱɟɥɨɜɟɤɚ. Ɋɨɫɬ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɩɪɨɛɨɸ ɪɨɝɨɜɨɝɨ ɫɥɨɹ ɤɨɠɢ, 
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ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɠɢ ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɞɟɫɹɬɤɢ ɪɚɡ, ɩɪɢɛɥɢɠɚɹɫɶ ɤ ɫɨɩɪɨɬɢɜɥɟɧɢɸ 
ɜɧɭɬɪɟɧɧɢɯ ɬɤɚɧɟɣ (300— 500 Ɉɦ), ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɢɥɚ ɬɨɤɚ. 

Ⱦɥɢɬɟɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɩɪɢɜɨɞɢɬ ɤ ɬɹɠɟɥɵɦ, ɚ 
ɢɧɨɝɞɚ ɫɦɟɪɬɟɥɶɧɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ. Ȼɟɡɨɩɚɫɧɵɦ ɫɱɢɬɚɟɬɫɹ ɞɥɢɬɟɥɶɧɨɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɬɨɤɚ ɫɢɥɨɣ 1 ɦȺ, ɩɪɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɞɟɣɫɬɜɢɹ ɞɨ 30 ɫ ɛɟɡɨɩɚɫɟɧ 
ɬɨɤ 6 ɦȺ. ɉɪɚɤɬɢɱɟɫɤɢ ɞɨɩɭɫɬɢɦɵɦɢ ɫ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ 
ɩɨɪɚɠɟɧɢɹ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɫɢɥɵ ɬɨɤɚ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
9.4. 

 
Ɍɚɛɥɢɰɚ 9.4-Ⱦɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ ɬɨɤɚ ɫ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɜɨɡɞɟɣɫɬɜɢɹ  

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ, ɫ ɋɢɥɚ ɬɨɤɚ, ɦȺ 
1,0 50 
0,7 70 
0,5 100 
0,2 250 

 
ɉɭɬɶ ɩɪɨɯɨɠɞɟɧɢɹ ɬɨɤɚ ɱɟɪɟɡ ɬɟɥɨ ɱɟɥɨɜɟɤɚ ɢɝɪɚɟɬ ɬɚɤɠɟ ɫɭɳɟɫɬɜɟɧɧɭɸ 

ɪɨɥɶ ɜ ɢɫɯɨɞɟ ɩɨɪɚɠɟɧɢɹ, ɬɚɤ ɤɚɤ ɬɨɤ ɦɨɠɟɬ ɩɪɨɣɬɢ ɱɟɪɟɡ ɠɢɡɧɟɧɧɨ ɜɚɠɧɵɟ 
ɨɪɝɚɧɵ — ɫɟɪɞɰɟ, ɥɟɝɤɢɟ, ɝɨɥɨɜɧɨɣ ɦɨɡɝ ɢ ɬ.ɞ. 

ɂɧɞɢɜɢɞɭɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɱɟɥɨɜɟɤɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɡɞɨɪɨɜɵɟ ɢ ɤɪɟɩɤɢɟ 
ɥɸɞɢ ɥɟɝɱɟ ɩɟɪɟɧɨɫɹɬ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɭɞɚɪɵ. 

ɋɵɪɨɫɬɶ, ɬɨɤɨɩɪɨɜɨɞɹɳɚɹ ɩɵɥɶ, ɧɚɥɢɱɢɟ ɟɞɤɢɯ ɩɚɪɨɜ ɪɚɡɪɭɲɚɸɳɟ 
ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɢɡɨɥɹɰɢɸ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, ɫɧɢɠɚɸɬ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɥɚ ɱɟɥɨɜɟɤɚ, 
ɱɬɨ ɟɳɟ ɛɨɥɶɲɟ ɭɜɟɥɢɱɢɜɚɟɬ ɨɩɚɫɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɬɨɤɨɦ. [40] 

ɉɪɢɱɢɧɵ ɩɨɪɚɠɟɧɢɹ: 
1. ɋɥɭɱɚɣɧɨɟ ɩɪɢɤɨɫɧɨɜɟɧɢɟ ɤ ɬɨɤɨɜɟɞɭɳɢɦ ɱɚɫɬɹɦ, ɧɚɯɨɞɹɳɢɦɫɹ ɩɨɞ 

ɧɚɩɪɹɠɟɧɢɟɦ ɜ ɪɟɡɭɥɶɬɚɬɟ: 
-ɨɲɢɛɨɱɧɵɯ ɞɟɣɫɬɜɢɣ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɛɨɬ; 
-ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɡɚɳɢɬɧɵɯ ɫɪɟɞɫɬɜ, ɤɨɬɨɪɵɦɢ ɩɨɬɟɪɩɟɜɲɢɣ ɤɚɫɚɥɫɹ 

ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɢ ɞɪ.2 
2. ɉɨɹɜɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɱɚɫɬɹɯ 

ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ: 
-ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ; ɡɚɦɵɤɚɧɢɹ ɮɚɡɵ ɫɟɬɢ ɧɚ 

ɡɟɦɥɸ; 
-ɩɚɞɟɧɢɹ ɩɪɨɜɨɞɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ, ɧɚ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ 

ɱɚɫɬɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɞɪ.3 
3. ɉɨɹɜɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɨɬɤɥɸɱɟɧɧɵɯ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɹɯ ɜ 

ɪɟɡɭɥɶɬɚɬɟ: 
-ɨɲɢɛɨɱɧɨɝɨ ɜɤɥɸɱɟɧɢɹ ɨɬɤɥɸɱɟɧɧɨɣ ɭɫɬɚɧɨɜɤɢ; 
-ɡɚɦɵɤɚɧɢɹ ɦɟɠɞɭ ɨɬɤɥɸɱɟɧɧɵɦɢ ɢ ɧɚɯɨɞɹɳɢɦɢɫɹ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ 

ɬɨɤɨɜɟɞɭɳɢɦɢ ɱɚɫɬɹɦɢ; 
-ɪɚɡɪɹɞɚ ɦɨɥɧɢɢ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɭ ɢ ɞɪ. 
4. ȼɨɡɧɢɤɧɨɜɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɲɚɝɚ ɧɚ ɭɱɚɫɬɤɟ ɡɟɦɥɢ, ɝɞɟ ɧɚɯɨɞɢɬɫɹ 

ɱɟɥɨɜɟɤ, ɜ ɪɟɡɭɥɶɬɚɬɟ: 
-ɡɚɦɵɤɚɧɢɹ ɮɚɡɵ ɧɚ ɡɟɦɥɸ; 
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-ɜɵɧɨɫɚ ɩɨɬɟɧɰɢɚɥɚ ɩɪɨɬɹɠɟɧɧɵɦ ɬɨɤɨɩɪɨɜɨɞɹɳɢɦ ɩɪɟɞɦɟɬɨɦ 
(ɬɪɭɛɨɩɪɨɜɨɞɨɦ, ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦɢ ɪɟɥɶɫɚɦɢ); 

-ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɭɫɬɪɨɣɫɬɜɟ ɡɚɳɢɬɧɨɝɨ ɡɚɡɟɦɥɟɧɢɹ ɢ ɞɪ. 
 
9.8 ɗɠɟɤɬɨɪɧɵɣ ɧɚɫɨɫ 

 
ɉɨɞ ɷɠɟɤɬɨɪɨɦ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɫɬɪɭɣɧɵɣ ɚɩɩɚɪɚɬ, ɜ ɤɨɬɨɪɨɦ ɛɟɡ ɭɱɚɫɬɢɹ 

ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ ɫɦɟɲɢɜɚɸɬɫɹ ɞɜɚ ɩɨɬɨɤɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɦɟɲɚɧɧɨɝɨ 
ɩɨɬɨɤɚ. ɋɪɟɞɚ ɫ ɛɨɥɶɲɢɦ ɞɚɜɥɟɧɢɟɦ ɧɚɡɵɜɚɟɬɫɹ ɪɚɛɨɱɟɣ ɫɪɟɞɨɣ. ȼɬɨɪɚɹ ɫɪɟɞɚ — 
ɜɫɚɫɵɜɚɟɦɚɹ. ɋɬɪɭɣɧɵɣ ɚɩɩɚɪɚɬ ɫɥɭɠɢɬ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɫ ɩɨɦɨɳɶɸ ɪɚɛɨɱɟɣ 
ɫɪɟɞɵ ɩɪɨɢɡɜɟɫɬɢ ɧɚɝɧɟɬɚɧɢɟ ɜɫɚɫɵɜɚɟɦɨɣ ɫɪɟɞɵ.  

ɋɯɟɦɚ ɜɨɞɨɫɬɪɭɣɧɨɝɨ ɷɠɟɤɬɨɪɚ, ɜ ɱɚɫɬɧɨɫɬɢ ɷɠɟɤɬɨɪɚ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ (Ɍȼɋ) ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 9.1. 

 

 
Ɋɢɫɭɧɨɤ 9.1-ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɛɨɬɵ ɧɟɪɟɝɭɥɢɪɭɟɦɨɝɨ ɷɠɟɤɬɨɪɚ 

Ɍȼɋ ɧɚ Ƚɗɋ; 
1-ɫɨɩɥɨ; 2-ɤɚɦɟɪɚ ɫɦɟɲɢɜɚɧɢɹ; 3-ɞɢɮɮɭɡɨɪ; 4-ɜɯɨɞɧɨɣ ɭɱɚɫɬɨɤ ɜ ɤɚɦɟɪɭ 

ɫɦɟɲɢɜɚɧɢɹ; 5-ɪɟɝɭɥɹɬɨɪ ɞɚɜɥɟɧɢɹ; 6-ɧɚɱɚɥɨ ɤɚɦɟɪɵ ɫɦɟɲɢɜɚɧɢɹ; 7-ɫɪɟɡ ɫɨɩɥɚ; 
8-ɩɪɢɟɦɧɚɹ ɤɚɦɟɪɚ 

Hɪ, Hɜɫ, Hɜɵɯ -ɧɚɩɨɪɵ ɪɚɛɨɱɟɝɨ, ɜɫɚɫɵɜɚɟɦɨɝɨ ɢ ɜɵɯɨɞɧɨɝɨ ɩɨɬɨɤɨɜ; Qɪ, 
Qɜɫ, Qɜɵɯ -ɪɚɫɯɨɞɵ; vɪ, vɜɫ, vɜɵɯ -ɫɤɨɪɨɫɬɢ; dɫ, Dɤ ɫɦ -ɞɢɚɦɟɬɪɵ ɫɨɩɥɚ ɢ ɤɚɦɟɪɵ 

ɫɦɟɲɢɜɚɧɢɹ; x, Lɜɯ, Lɤ ɫɦ -ɭɞɚɥɟɧɢɟ ɨɬ ɫɪɟɡɚ ɫɨɩɥɚ ɞɨ ɧɚɱɚɥɚ ɤɚɦɟɪɵ 
ɫɦɟɲɢɜɚɧɢɹ, ɞɥɢɧɚ ɜɯɨɞɧɨɝɨ ɭɱɚɫɬɤɚ ɤɚɦɟɪɵ ɫɦɟɲɢɜɚɧɢɹ, ɞɥɢɧɚ ɤɚɦɟɪɵ 

ɫɦɟɲɢɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɦɚɫɫɵ 
ɪɚɛɨɱɟɝɨ ɩɨɬɨɤɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ, ɤɚɤ ɩɪɚɜɢɥɨ ɢɡ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ (ȼȻ) ɧɚ ɜɵɯɨɞɟ 
ɢɡ ɫɨɩɥɚ, ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ. ɋɢɥɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɬɪɟɧɢɹ 
ɪɚɛɨɱɟɝɨ ɩɨɬɨɤɚ ɭɜɥɟɤɚɟɬ ɫ ɫɨɛɨɣ ɱɚɫɬɢɰɵ ɜɨɡɞɭɯɚ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɩɪɢɟɦɧɨɣ 
ɤɚɦɟɪɟ, ɫɨɡɞɚɜɚɹ ɜ ɧɟɣ ɪɚɡɪɟɠɟɧɢɟ. Ȼɥɚɝɨɞɚɪɹ ɪɚɡɪɟɠɟɧɢɸ ɜ ɫɪɟɡɟ ɫɨɩɥɚ 
ɩɪɢɟɦɧɨɣ ɤɚɦɟɪɵ ɢ ɚɬɦɨɫɮɟɪɧɨɦɭ ɞɚɜɥɟɧɢɸ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɵ ɧɢɠɧɟɝɨ 
ɛɶɟɮɚ, (ɇȻ), ɬ.ɟ. ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɫɚɫɵɜɚɟɦɨɝɨ ɩɨɬɨɤɚ, ɩɪɨɢɫɯɨɞɹɬ ɜɫɚɫɵɜɚɧɢɟ 
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ɜɨɞɵ ɢɡ ɧɢɠɧɟɝɨ ɛɶɟɮɚ. ɑɚɫɬɢɰɵ ɜɫɚɫɵɜɚɟɦɨɝɨ ɩɨɬɨɤɚ ɢɡ-ɡɚ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ 
ɪɚɛɨɱɟɝɨ ɩɨɬɨɤɚ ɩɨɞɬɨɪɦɚɠɢɜɚɸɬ ɟɝɨ ɝɪɚɧɢɱɧɵɟ ɫɥɨɧ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ 
ɩɪɨɢɫɯɨɞɢɬ ɨɛɦɟɧ ɱɚɫɬɢɰ ɪɚɛɨɱɟɝɨ ɢ ɜɫɚɫɵɜɚɟɦɨɝɨ ɩɨɬɨɤɨɜ (ɩɨɬɨɤɢ 
ɫɦɟɲɢɜɚɸɬɫɹ). ɋɦɟɲɢɜɚɧɢɟ ɪɚɛɨɱɟɝɨ ɢ ɜɫɚɫɵɜɚɟɦɨɝɨ ɩɨɬɨɤɨɜ, ɧɚɱɢɧɚɹɫɶ ɜɨ 
ɜɯɨɞɟ ɜ ɤɚɦɟɪɭ ɫɦɟɲɢɜɚɧɢɹ, ɡɚɜɟɪɲɚɟɬɫɹ ɜ ɞɢɮɮɭɡɨɪɟ ɷɠɟɤɬɨɪɚ. Ʉɚɦɟɪɚ 
ɫɦɟɲɢɜɚɧɢɹ ɢ ɞɢɮɮɭɡɨɪ ɫɥɭɠɚɬ ɞɥɹ ɫɦɟɲɢɜɚɧɢɹ ɩɨɬɨɤɨɜ, ɜɵɪɚɜɧɢɜɚɧɢɹ 
ɫɤɨɪɨɫɬɢ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɢ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ, ɬ. ɟ. 
ɫɥɭɠɚɬ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɜ 
ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɩɨɥɨɠɟɧɢɹ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɠɟɤɬɨɪɚ. 

ȼɨɞɨɫɬɪɭɣɧɵɟ ɷɠɟɤɬɨɪɵ ɩɨ ɫɜɨɟɦɭ ɧɚɡɧɚɱɟɧɢɸ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ 
ɬɢɩɚ ɷɠɟɤɬɨɪɵ, ɫɥɭɠɚɳɢɟ ɞɥɹ ɨɬɤɚɱɤɢ ɢɥɢ ɩɨɞɚɱɢ ɜɨɞɵ ɤ ɤɚɤɨɦɭ-ɥɢɛɨ ɨɛɴɟɤɬɭ. 
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɟɪɜɵɟ ɧɚɡɜɚɧɵ ɨɬɤɚɱɢɜɚɸɳɢɦɢ ɢɥɢ ɞɪɟɧɚɠɧɵɦɢ, ɜɬɨɪɵɟ — 
ɧɚɝɧɟɬɚɸɳɢɦɢ ɢɥɢ ɜɨɞɨɩɨɞɴɟɦɧɵɦɢ. ɗɠɟɤɬɨɪɵ ɩɟɪɜɨɝɨ ɬɢɩɚ ɧɚ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɫɢɫɬɟɦɟ ɨɬɤɚɱɤɢ ɩɪɨɬɟɱɟɤ ɜɨɞɵ ɢɡ 
ɤɪɵɲɤɢ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɢɡ ɞɪɟɧɚɠɧɵɯ ɩɚɬɟɪɧ ɢ ɩɪɨɱɟɟ. ɗɠɟɤɬɨɪɵ ɜɬɨɪɨɝɨ ɬɢɩɚ 
ɧɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɩɪɢɦɟɧɹɸɬɫɹ, ɧɚɩɪɢɦɟɪ, ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ 
ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ. 

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɲɭɦɚ ɢ ɜɢɛɪɚɰɢɢ ɞɟɬɚɥɟɣ ɪɚɛɨɬɚɸɳɢɯ ɷɠɟɤɬɨɪɨɜ ɞɨ 
ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɨɜ (ɬɚɛɥɢɰɚ 9.1) ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɞɜɟ-ɬɪɢ ɠɟɫɬɤɢɟ 
ɨɩɨɪɵ ɩɨ ɞɥɢɧɟ ɷɠɟɤɬɨɪɚ ɢ ɨɩɨɪɵ ɧɚ ɜɫɟɣ ɬɪɭɛɨɩɪɨɜɨɞɧɨɣ ɬɪɚɫɫɟ ɷɠɟɤɬɨɪɚ ɢ, 
ɤɪɨɦɟ ɬɨɝɨ, ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɢɡɨɥɢɪɭɸɳɢɟ ɮɭɬɥɹɪɵ ɧɚ ɤɚɠɞɵɣ ɷɠɟɤɬɨɪ 
(ɧɚɩɪɢɦɟɪ, ɤɟɪɚɦɡɢɬɨɜɚɹ ɡɚɫɵɩɤɚ ɜ ɞɟɪɟɜɹɧɧɨɣ ɨɛɲɢɜɤɟ ɢɥɢ ɨɛɜɹɡɤɚ 
ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɦ ɦɚɬɟɪɢɚɥɨɦ).[41] 
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ɥ.
ɛ.

,ɦ
3

/ɫ
 

Q
ɜɞ

ɯɪ
.,ɦ

3 /
ɫ 

Q
ɬɭ

ɪɛ
.,ɦ

3 /
ɫ 

Q
ɯ.

ɫɛ
.,ɦ

3 /ɫ
 

Q
ɜɯ

ɤ,
ɦ3 /ɫ

 

Q
ɧɛ

,ɦ
3 /ɫ

 

V
ɧɚ

ɱ.
,ɤ

ɦ3  

ΔV
,ɦ

3  

V
ɤɨ

ɧ,
 

ɤɦ
3 ݖ  ˅˄ː˃˚ , ɦ ܼ ʜʐˍˑː  ɦ ܼ ʠʟ,ɦ Zɧ

ɛ,
ɦ 

ɇ
,ɦ

 

N
ɝɷ

ɫ,
Ɇ

ȼɬ
 

N
ɝɚ

ɪ,
Ɇ

ȼɬ
 

11 340 3 7 2 0 325 482 807 0 400 814 19,6 1,2 18,4 740,00 737,88 738,94 694,05 44,44 315 315 
12 290 3 7 2 0 278 802 1080 0 400 1087 18,4 2,1 16,3 737,88 734,24 736,06 695,16 40,45 384 384 
1 259 3 7 7 0 242 967 1209 0 400 1216 16,3 2,5 13,8 734,24 730,24 732,24 695,67 36,12 384 384 
2 244 2 7 7 0 228 849 1077 0 400 1084 13,8 2,2 11,6 730,24 727,32 728,78 695,15 33,18 315 315 
3 242 2 7 2 0 251 394 645 0 400 652 11,6 1,0 10,5 727,32 726,06 726,69 693,32 32,92 187 187 
4 450 4 7 -6 0 398 -5 393 0 400 400 10,5 0,0 10,6 726,06 726,07 726,07 691,06 34,55 119 ȼɏɄ 
5 1790 15 7 -16 0 1515 -1122 393 0 400 400 10,6 -

2,9 
13,5 726,07 729,81 727,94 691,06 36,43 126 ȼɏɄ 

6 1220 11 7 0 20 1045 -522 523 0 550 550 13,5 -
1,4 

14,8 729,81 731,83 730,82 692,07 38,30 176 ȼɏɄ 

7 1070 10 7 0 20 1003 -480 523 0 550 550 14,8 -
1,2 

16,1 731,83 733,88 732,85 692,07 40,34 186 ȼɏɄ 

8 980 10 7 0 0 948 -555 393 0 400 400 16,1 -
1,4 

17,5 733,88 736,39 735,13 691,06 43,62 151 ȼɏɄ 

9 960 10 7 0 0 945 -552 393 0 400 400 17,5 -
1,4 

18,9 736,39 738,89 737,64 691,06 46,12 160 ȼɏɄ 

10 710 7 7 2 0 650 -257 393 0 400 400 18,9 -
0,7 

19,6 738,89 740,00 739,44 691,77 47,23 163 ȼɏɄ 
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ɉɊɂɅɈɀȿɇɂȿ Ƚ 
ɂɧɬɟɝɪɚɥɶɧɚɹ ɤɪɢɜɚɹ ɧɚɝɪɭɡɤɢ ɞɥɹ ɹɧɜɚɪɹ 

 

 
Ɋɢɫɭɧɨɤ Ƚ.1-ɂɧɬɟɝɪɚɥɶɧɚɹ ɤɪɢɜɚɹ ɧɚɝɪɭɡɤɢ ɞɥɹ ɹɧɜɚɪɹ 
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ɉɊɂɅɈɀȿɇɂȿ Ⱦ 
ɋɛɨɪ ɧɚɝɪɭɡɨɤ ɧɚ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ  

 

 
Ɋɢɫɭɧɨɤ Ⱦ.1-ɋɛɨɪ ɧɚɝɪɭɡɨɤ ɧɚ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ 




