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ϖ ϴ ϹϹ ϶ Ϲ  ϶  Ϸϼ  ϹϷϼ ϴ  Ϥ ϼϽ Ͼ Ͻ ϨϹϸϹ ϴ ϼϼ 
ϴϵϿ ϸϴϹ  ϸϹ ϼ ϼ  ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ, ϶ ϻ϶ϴ Ͻ ϴϻ϶ϼ ϼϹ  Ͼ ϼϾϼ. 

ϘϿ  Ϲ Ϲ ϼ  ϸϴ Ͻ ϵϿϹ  Ϲ ϵ ϸϼ  ϼ ϹϿ ϶  ϷϹ Ϲ ϼ ϼ  
Ϲϸ ϼ ϼϽ. 

ϛ ϴ Ϲ ϼϹ Ϸϼϸ Ϲ ϷϹ ϼϾϼ Ͽ Ϻ  Ϲ Ϲ Ϲ ϼ . ϡϴϿϼ ϼϹ ϸ Ͻ 
Ϲ Ϸϼϼ ϶Ͽ Ϲ  ϵ ϻϴ ϹϿ  Ͽ ϶ϼϹ  ϵϹ Ϲ Ϲ ϼ  Ͼ Ͻ Ϻϼϻ ϼ 

ϹϿ ϶ϹϾϴ. Ϫϼ϶ϼϿϼϻϴ ϼ  ϼ ϼ ϼ  ϴϻ϶ϼ ϼ  Ϲ ϷϹ ϼϾϼ, ϼϻ Ϲ ϼϹ ϶  Ϲ ϸ ϶ 
ϹϹ Ϲ ϵ ϴϻ ϶ϴ ϼ , ϼϻ ϵ Ϲ Ϲ ϼϹ ϶  ϼ ϼϾ ϶ Ϲ ϴϻ ϶  ϶ ϻϴ . ϖ 

Ͼ Ϲ ϶ Ϲ Ϲ Ͻ Ϲ ϷϹ ϼϾϼ ϿϹ Ϲ Ͽ ϶  ϿϹϾ ϴ ϼϽ, ϴ Ͼ Ϲ 
ϼ ϸϼ  62%, ϶ Ϲ Ϲ  ϻϴ ϼ ϴ  ϵϼ , ϼ Ͽ ϻ ϼϹ ϼϿ  ϶ ϸ Ϸ  

Ͼϴ ϶ Ͼϴ Ϲ ϶Ϲ ϼ ϼϾϴ Ϲ Ϸϼϼ. ϗϼϸ Ϲ ϷϹ ϼϾϴ –  ϶ ϻ Ϻ  
Ͽ ϴ  Ϲ Ϸϼ , ϼ Ͽ ϻ  ϶ ϻ ϵ ϶Ͽ Ϲ Ϲ Ϲ : ϼ ϸ ϴ   

ϹϾ, ϷϹ Ϲ ϴϿ Ϲ ϶ ϸ , Ϲ Ϸϼ  ϼϿϼ϶ ϶. 
Ϝ Ͼ Ͼϴ  ϵϿϴ  ϶Ͽ Ϲ  Ϲ Ϸ ϸϹ ϼ ϼ  ϹϷϼ   

ϿϹϾ Ϲ Ϸϼϼ ϼ Ϲ Ϸ ϼϻϵ   ϼ. ϖ ϻ϶ϹϸϹ ϼϹ ϖϼ ϼ Ͼ Ͻ ϗϱϥ 
ϸϴ Ͻ ϵϿϹ . ϣ ϹϵϿϹ ϼϹ ϿϹϾ Ϲ Ϸϼϼ ϶ ϵϿϴ ϼ ϶ Ϲ Ϲ ϼϹ ϸ  ϴϾ ϼ϶  

Ϲ Ϲ , Ͼ Ͽ Ͼ  ϶  Ϲϵϼ ϹϿϹ  ϿϹϾ Ϲ Ϸϼϼ ϶Ͽ Ϲ  
ϴ ϹϿϹ ϼϹ,  ϸϴ Ͻ ϼ Ϲ Ϲ Ͼ ϴϽ Ϲ Ϲ ϵ ϸϼ  Ͻ ϼ ϴ Ϲ϶ Ϲ Ͻ 

ϼ ϼϾ ϿϹϾ Ϲ Ϸϼϼ. ϤϹϷϼ  ϵ Ϸϴ  ϿϹϻ ϼ ϼ Ͼ ϴϹ ϼ, ϸϿ  ϸ ϵ ϼ 
Ͼ  Ϲϵ Ϲ  ϵ Ͽ Ϲ Ͼ Ͽϼ Ϲ ϶  ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ.  

ϱ  ϹϷϼ  ϼ ϹϹ  ϵ Ͽ Ͻ Ϸϼϸ Ϲ ϷϹ ϼ Ϲ ϾϼϽ Ϲ ϼϴϿ, ϶ ϵ ϸ Ϲ  
ϼ ϹϹ  ϺϹ ϶  ϹϾ ϶ ϗϱϥ ϶  ϹϷϼ Ϲ. 

ϥϹϵϹ ϼ  ϼϻ϶ ϸ ϶ϴ ϿϹϾ Ϲ Ϸϼϼ ϶ Ͼϖ ∙  ϴ ϗϱϥ ϴ ϸ Ͼ 
ϼϺϹ, Ϲ  ϴ ϦϱϪ ϼ ϔϱϥ. ϖ Ͽ ϶ϼ  ϹϸϿϹ Ϸ  Ϸ Ϲ ϴ ϶ ϻϸϴ ϼϼ 

ϴϿ Ϲ ϴ ϼ϶  ϼ ϼϾ ϶ ϿϹϾ Ϲ Ϸϼϼ ϸ Ͽ  Ϸϼϸ Ϲ ϷϹ ϼϾϼ ϶ 
Ϲ ϷϹ ϼ Ϲ Ͼ  ϵϴϿϴ Ϲ ϴ   ϶ Ϲ Ϲ Ϲ  ϵ ϸϹ  Ͽ Ͼ  ϶ ϻ ϴ ϴ , ϴ ϶Ϲ  

ϴϻ϶ϼ ϼ  Ϲ ϷϹ ϼϾϼ ϶ ϶  Ϲ Ϲϸ  ϴϺϴϹ  ϸ ϼϷ Ͻ Ϲ ϼϾ – 
Ͼ ϼ Ϲ ϾϼϽ Ϲ ϼϴϿ ϴ .   

ϡϹ  ϴ ϻϸϴ ϼϹ ϶ ϸ ϴ ϼϿϼ , Ͼ Ϲ ϶ Ϻϸϴ  
ϻϴ ϿϹ ϼϹ  Ϲ ϼ ϼϽ, Ϸϼϸ ϿϹϾ ϴ ϼϼ ϶Ͽ  ϸ ϼ  ϼϻ ϴ  
Ͼ Ͽ Ϸϼ Ϲ Ͼϼ ϼ  ϼ ϼϾ ϶ Ϲ Ϸϼϼ. 

ϖ ϸϴ Ͻ ϴϵ Ϲ ϴ Ϲ  ϹϾ  ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϴ ϹϾϹ ϖϼ ϼ . ϖ 
ϴ϶ ϹϾ ϴ ϶ ϸϼ : ϹϸϹϿϹ ϼϹ ϴ ϶ϿϹ Ͻ ϼ, ϶ ϵ  ϶ Ϸ  

ϼ ϶ Ϸϴ ϹϿ Ϸ  ϵ ϸ ϶ϴ ϼ , ϴ Ϲ  Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ, ϴ Ϲ  
ϻϴ ϼ  Ϸϼϸ ϷϹ Ϲ ϴ ϴ, Ͼ ϼ Ϲ Ͼ Ϲ ϵ ϶ϴ ϼϹ ϼ ϹϿ ϶ϴ ϖϼ ϼ Ͼ Ͻ 
ϗϱϥ.  
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2 -  ё   
 

2.1  ё       
     

 
ϘϿ  ϶ ϵ ϴ ϴ Ϲ  Ϸϼϸ Ϸ ϴ ϶ ϹϿϹ ϵ ϴϻ  ϴϻϸϹϿϼ  Ϸ ϸ ϴ ϸ϶ϴ 

϶  Ϲ ϼ ϸϴ: Ϸ ϶ ϸ Ͻ ( Ͽ ϶ ϸ Ϲ) ϼ ϴϿ ϶ ϸ Ͻ ( ϹϺϹ ). 
ϘϿ  ϶ Ϲ  ϿϹ  ϸϴ ϶ ϼ Ͽϼ  Ϲϸ ϼϹ ϴ ϸ  ϻϴ Ϸ ϸ, Ͽϼ ϼ ϼ ϼϽ Ϲϻ  

ϼ Ϲ ϼ ϸ Ͽ ϶ ϸ . ϣ  Ͽ Ϲ  Ϲϻ Ͽ ϴ ϴ   ϼ ϼ Ϲ ϾϼϹ Ͼ ϼ϶ Ϲ 
ϵϹ Ϲ Ϲ ϼ  ϿϹ (2.1):  

 = + ∙ %,                                                                                          (2.1) 

 
ϷϸϹ  – ϸϾ ϶ Ͻ Ϲ  ϿϹ ϴ ϸϴ ϴ ϸ ϶ ( Ϲϸ ϹϷ ϸ ϶ , 

Ϲϸ Ϲ Ͽ ϶ ϸ  ϼ Ϲϸ ϼ  ϻϴ ϻϼ ϼϽ Ϲϻ ), ϴ Ϻϼ ϶ϴ Ϸ  ϶ ϵ ϶ϴ Ϲ  
ϸϾϹ;  

 – ϵ ϹϹ ϼ Ͽ  ϿϹ ϶ ϸϴ.  
ϣ Ͽ Ϲ Ϲ ϻ ϴ Ϲ ϼ  ϻϴ Ϲ Ϲ  ϶ ϴϵϿϼ  2.1.  

 
ϦϴϵϿϼ ϴ 2.1 – Ϙϴ Ϲ ϸϿ  Ϲ ϼ  Ͼ ϼ϶  ϵϹ Ϲ Ϲ ϼ Ϲϸ ϹϷ ϸ ϶ , 

Ϲϸ Ϲ Ͽ ϶ ϸ  ϼ Ϲϸ Ϲ ϹϺϹ  ϴ ϸ ϶  
m P, % ϗ ϸ  . ., /  ϗ ϸ  . .., /  ϗ ϸ  . ., /  
1 2 1971 1670 1971 3945 2818 1968 
2 4 1983 1570 1983 3927 2774 1981 
3 6 1955 1493 1955 3866 2598 1971 
4 8 1970 1413 1970 3823 2325 1970 
5 10 1953 1339 1953 3582 2187 1953 
6 12 1968 1300 1973 3581 2099 1982 
7 14 1973 1238 1961 3576 2078 1943 
8 16 1961 1195 1968 3554 2051 1960 
9 18 1969 1183 1969 3395 2018 1958 
10 20 1944 1180 1944 3288 2011 1962 
11 22 1981 1146 1957 3266 1974 1955 
12 24 1957 1135 1960 3203 1841 1959 
13 25 1960 1130 1951 3097 1819 1949 
14 27 1966 1068 1945 3071 1787 1966 
15 29 1962 1056 1964 3013 1778 1973 
16 31 1945 1050 1965 2946 1774 1972 
17 33 1942 1041 1963 1698 1952 334 
18 35 1959 1037 1959 1692 1967 333 
19 37 1965 1029 1984 1682 1963 333 
20 39 1982 1025 1947 1671 1942 332 
21 41 1951 1022 1972 1668 1941 330 
22 43 1972 1021 1974 1652 1939 327 
23 45 1963 1015 1939 1637 1975 320 
24 47 1956 995 1976 1636 1945 313 
25 49 1978 989 1940 1634 1961 312 
26 51 1939 982 1956 1629 1980 303 
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ϣ ϸ ϿϺϹ ϼϹ ϴϵϿϼ  2.1 

 
ϘϿ  ϻϴϸϴ Ͻ ϴ Ϲ Ͻ ϵϹ Ϲ Ϲ ϼ ϴ Ͼ ϼ϶  ϵϹ Ϲ Ϲ ϼ 

϶ Ϲ  Ͼ Ͼ Ϲ Ͻ Ϸ ϸ. ϣ  Ͼ ϼ϶ Ͻ ϵϹ Ϲ Ϲ ϼ Ϸ ϸ ϶  ϴ ϸ ϶ 
ϹϸϹϿ Ϲ  ϵϿϼϺϴϽ ϼϹ Ϸ ϸ  ϴ϶ϴ ϼ ϿϹ϶ϴ  ϴ Ϲ Ͻ ϵϹ Ϲ Ϲ ϼ 50%: 

1978 ϼ 1939 Ϸ ϸ . Ϝ Ϲ Ͽϼ Ϲ  ϻ ϴ Ϲ ϼϹ ϴ ϸϴ ϸϿ  50% ϵϹ Ϲ Ϲ ϼ. 
ϖ ϸϴ  Ͽ ϴϹ, Ϲϸ Ϲ Ͽ ϶ ϸ Ϲ ϻ ϴ Ϲ ϼϹ ϸϿ  50% ϵϹ Ϲ Ϲ ϼ 

1670 /  – ϵϴϻ ϶ Ϲ ϻ ϴ Ϲ ϼϹ. ϠϴϿ ϶ ϸ Ϲ ϵϴϻ ϶ Ϲ ϻ ϴ Ϲ ϼϹ ϸϿ  50% 
ϵϹ Ϲ Ϲ ϼ 331 / . 

ϖ ϼ ϿϹ  Ͼ ϼ ϼϹ  ϼ϶ϹϸϹ ϼ  ϸϿ  1978 Ϸ ϸϴ: 
 = Q %Q  = = , .                                                                           (2.2) 

 = Q %Q  = = , .                                                                              (2.3) 

 
ϔ ϴϿ Ϸϼ  ϶ ϼ ϿϹ  Ͼ ϼ ϼϹ  ϼ϶ϹϸϹ ϼ  ϸϿ  1939 Ϸ ϸϴ: 
 = Q %Q  = = , .                                                                             (2.4) 

 = Q %Q  = = , .                                                                                 (2.5) 

m P, % ϗ ϸ  . ., /  ϗ ϸ  . .., /  ϗ ϸ  . ., /  
27 53 1964 979 1967 1622 1957 297 
28 55 1967 977 1948 1612 1979 294 
29 57 1984 977 1975 1608 1986 290 
30 59 1975 964 1982 1578 1950 288 
31 61 1976 960 1979 1565 1976 285 
32 63 1974 959 1985 1545 1965 284 
33 65 1943 956 1941 1513 1985 278 
34 67 1940 932 1954 1471 1984 272 
35 69 1979 929 1988 1470 1974 266 
36 71 1941 921 1943 1461 1977 260 
37 73 1954 921 1980 1451 1946 253 
38 75 1947 920 1958 1409 1987 245 
39 76 1958 911 1949 1404 1978 239 
40 78 1985 911 1952 1364 1940 231 
41 80 1948 907 1977 1277 1951 225 
42 82 1949 893 1950 1275 1988 214 
43 84 1980 877 1987 1241 1948 203 
44 86 1952 849 1946 1241 1964 181 
45 88 1988 842 1986 1232 1947 170 
46 90 1950 781 1963 1698 1952 334 
47 92 1977 768 1959 1692 1967 333 
48 94 1986 761 1984 1682 1963 333 
49 96 1946 747 1947 1671 1942 332 
50 98 1987 743 1972 1668 1941 330 
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Ϟ ϼ ϼϹ  ϼ϶ϹϸϹ ϼ  ϵϿϼϺϹ Ͼ 1 ϸϿ  1947 Ϸ ϸϴ,  ϼ ϶ ϵ ϴ  
ϼ ϺϹ  ϴ ϶Ϲ ϶ ϼϹ ϴ ϸ  ϶ Ͽ ϶ ϸ Ϲ ϼ ϹϺϹ ϼ, ϸϴϿϹϹ 
Ͼ ϹϾ ϼ ϶ϴ  ϻ ϴ Ϲ ϼ  ϼ  Ͼ ϼ ϼϹ ϶ ϴϾ, ϵ  Ϲϸ ϹϷ ϸ ϶ Ͻ 
ϴ ϸ Ϲ ϼϻ Ϲ Ͽ .  ϤϹϻ Ͽ ϴ  ϴ ё ϶ ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 2.2.  

 
ϦϴϵϿϼ ϴ 2.2 – Ϥϴ ϸ  ϶ ϴ ё  Ϲϸ Ϲ϶ ϸ  Ϸ ϸ  1947 Ϸ. = % , /  

 
ϣ Ͼ Ͽ Ͼ  ϵϴ Ͼ ϼ ϼϹ ϴ ϵ Ͽ Ϲ 1,  Ͼ ϹϾ ϼ ϶Ͼϴ Ϲ Ϲϵ Ϲ . 
ϣ  ϻ ϴ Ϲ ϼ  Ϲϸ ϹϷ ϸ ϶  ϴ ϸ ϶ 90% ϵϹ Ϲ Ϲ ϼ ϶Ϲ ϶ Ϲ  

1950 Ϸ. 
ϕϴϻ ϶ Ϲ ϻ ϴ Ϲ ϼϹ  Ͽ ϶ ϸ  ϸϿ  90% ϵϹ Ϲ Ϲ ϼ ϴ϶  1277 / . 
ϕϴϻ ϶ Ϲ ϻ ϴ Ϲ ϼϹ  ϹϺϹ ϼ ϸϿ  90% ϵϹ Ϲ Ϲ ϼ ϴ϶  225 / . 
ϖ ϼ ϿϹ  Ͼ ϼ ϼϹ  ϼ϶ϹϸϹ ϼ   Ͽ ϶ ϸ  ϸϿ  ϴ϶ ϼ϶ϴϹ  

ϿϹ : 
 = Q %Q  = = .                                                                            (2.6) 

 = Q %Q  = = , .                                                                                    (2.7) 

 
ϣ Ͼ Ͽ Ͼ  ϸϼ  ϼϻ Ͼ ϼ ϼϹ ϶ ϴ϶Ϲ  1,  Ͼ ϹϾ ϼ ϶Ͼϴ Ϲ Ϲϵ Ϲ . 
Ϥϴ ϸ  ϸϴ Ͻ ϵϹ Ϲ Ϲ ϼ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 2.3.  
 

ϦϴϵϿϼ ϴ 2.3 – Ϥϴ ϸ  ϶ ϴ ё  ϴϿ ϶ ϸ  Ϸ ϸ  1988 Ϸ. = % , /  

 
ϘϿ  ϴϷϿ ϸ ϼ ϶ ϴϵϿϼ Ϲ 2.4 ϼ϶ϹϸϹ  ϴ϶ Ϲ ϼϹ ϴ ϸ ϶ 

Ϲϸ Ϲ϶ ϸ Ϸ  ϼ ϴϿ ϶ ϸ Ϸ  Ϸ ϸ ϶ ϿϹ Ͼ ϹϾ ϼ ϶Ͼϼ, Ϸϼϸ Ϸ ϴ  
Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 2.1.  

 
ϦϴϵϿϼ ϴ 2.4 – ϥ ϴ϶ Ϲ ϼϹ Ϲϸ Ϲ϶ ϸ Ϸ  ϼ ϴϿ ϶ ϸ Ϸ  Ϸ ϸ ϶ ϿϹ 
Ͼ ϹϾ ϼ ϶Ͼϼ, /  

 

ϠϹ  I II  III  IV V VI  VII VIII IX X XI  XII .  
1939 306 181 120 240 1044 2289 1922 1556 1465 1547 619 495 982 

ϠϹ  I II  III  IV V VI  VII VIII IX X XI  XII .  
1988 232 201 193 325 1393 1686 1349 1115 1049 1055 457 318 781 

ϠϹ  I II  III  IV V VI  VII VIII IX X XI  XII %− % 
5 7 12 16 819 1016 436 26 9 8 7 5 
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Ϥϼ Ͼ 2.1 – ϗϼϸ Ϸ ϴ  ϴϿ ϶ ϸ Ϸ  ϼ Ϲϸ Ϲ϶ ϸ Ϸ  Ϸ ϸ ϶  

 
ϧ ϼ϶ Ͼ ϴ ϹϿ  ϴ Ϲ Ϲ Ϸϼϸ Ϸ ϴ  Ϲϸ Ϲ϶ ϸ Ϸ  ϼ 

ϴϿ ϶ ϸ Ϸ  ϿϹ , Ϲ ϵ ϸϼ  ϶Ϲ ϼ , Ϲ Ϲ϶ ϴ  Ͽϼ ϶ ϾϴϾϼϹ-Ͽϼϵ  Ϲ  
ϴ ϸ  ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ ϴ ϴϿ Ϸϼ  ϴ ϸ ϶ Ϲϸ Ϲ϶ ϸ Ϸ  Ϸ ϸϴ. ϖ ϸϴ  
Ͽ ϴϹ Ϲ ϶ Ϲ ϴ ϸ  Ϲϸ Ϲ϶ ϸ Ϸ  Ϸ ϸϴ ϵ Ͽ Ϲ ϴϿ ϶ ϸ Ϸ , Ͼ ϹϾ ϼ ϶Ͼϴ 
Ϲϵ Ϲ . 

ϙ Ͽϼ ϶ ϾϴϾ -Ͽϼϵ  Ϲ Ϲ ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ ϼ ϹϹ  ϴ ϸ  ϵ Ͽ ϼϹ, Ϲ  
϶ Ϲϸ Ϲ϶ ϸ  Ϸ ϸ ,  Ϲϵ Ϲ  ϸ Ͽ ϼ ϹϿ ϴ  Ͼ ϹϾ ϼ ϶Ͼϴ ϼ 
϶ Ͽ Ϲ ϼϼ ϿϹϸ ϹϷ  Ͽ ϶ϼ : ϵ Ϲ  Ϲϻ Ϸ  ϼ Ϸ ϸ ϶ Ϸ  Ͼϴ ϸ ϿϺϹ  

ϴ  Ϲϼϻ Ϲ  ϸ  Ͼ ϹϾ ϼ ϶Ͼϼ ϼ ϿϹ ϹϹ. Ϥϴ ϸ  ϶ ϴ Ϲ  
Ϲϸ Ϲ϶ ϸ  Ϸ ϸ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 2.5. 

 
ϦϴϵϿϼ ϴ 2.5 – Ϥϴ ϸ  ϶ ϴ Ϲ  Ϲϸ Ϲ϶ ϸ  Ϸ ϸ  1939 ϿϹ 
Ͼ ϹϾ ϼ ϶Ͼϼ, = % , /  

 
ϥ ϶ϴ ϴ϶ ϼ϶ϴϹ  ϴϿ ϶ ϸ Ͻ ϼ Ϲϸ Ϲ϶ ϸ Ϲ Ϸ ϸϴ, ϴ ё  Ϲϸ ϴ϶ϿϹ  ϶ 

ϴϵϿϼ Ϲ 2.6. 
 

ϦϴϵϿϼ ϴ 2.6 – ϥ ϴ϶ Ϲ ϼϹ ϴ ϸ ϶ Ϲϸ Ϲ϶ ϸ Ϸ  ϼ ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ 
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ϠϹ  I II  III  IV V VI  VII VIII IX X XI  XII .  
1939 256 211 210 350 1544 2289 1722 1556 1465 1247 519 415 256 

ϠϹ  I II  III  IV V VI  VII VIII IX X XI  XII %− % 
24 10 17 25 151 603 373 441 416 192 62 97 



  

20 
 

2.2       
 
ϘϿ  Ϲ ϼ   Ϸ ϴ ϼϾ ϶ ϴϷ ϻϾϼ Ϲ ϵ ϸϼ  ϻ ϴ  ϶ ϾϴϾ Ͻ 

Ϲ Ϸ ϼ Ϲ Ϲ ϵ ϸϹ  ϴϵ ϴ  ϹϾ ϼ Ϲ ϴ  ϗϱϥ. ϖ Ϲ  Ͽ ϴϹ 
ϹϾ ϼ Ϲ ϴ  ϗϱϥ ϴϵ ϴϹ  ϶ ϢϘϧ ϥϼϵϼ ϼ, ϤϘϧ Ϝ Ͼ Ͼϴ  ϵϿϴ . ϥ Ϲ 

Ϸ ϴ ϼϾϼ ϴϷ ϻϾϼ Ͼϴ ϼ϶ϴ   ϴϽ ϴ ϼ Ϲ Ϸ  Ϲ ϴ ϴ (http://so-ups.ru) 
ϸϿ  ϻϼ ϼ  ϼ ϿϹ ϼ  Ͼ. ϖ ϻϼ ϼϹ ϼ ϿϹ ϼϹ Ͼϼ ϶ ϵϼ ϴϹ  ϸϹ , Ͼ Ͻ Ϲ 
ϸ ϿϺϹ  ϶Ͽ  ϶ ϸ  ϼϿϼ ϴϻϸ ϼ . Ϝ ϸ  ϼϻ ϶ Ϲ  ϴ϶ϼϿ,  
϶ ϵϼ ϴϹ  27.12.18 ϶ ϻϼ ϼϽ Ϲ ϼ ϸ ϼ 28.06.18 ϶ ϿϹ ϼϽ Ϲ ϼ ϸ. 

ϖ ϴϵϿϼ ϴ  2.6 ϼ 2.8 Ͼϴϻϴ ϴ ϶ ϴϵϴ ϶ϴϹ ϴ   ϶ ϢϘϧ. ϣ  
ϴϵϿϼ ϴ  2.7 ϼ 2.9 ϼ  Ͻ Ϸ ϴ ϼϾ ϴϷ ϻϾϼ ϸϿ  ϻϼ  ϼ ϿϹ ϴ, 

Ϲϸ ϴ϶ϿϹ Ͻ ϴ ϼ ϾϹ 2.2. 
 
ϦϴϵϿϼ ϴ 2.6 – ϖ ϴϵϴ ϶ϴϹ ϴ   ϶ ϻϼ ϼϽ Ϲ ϼ ϸ ϶ ϢϘϧ 

ϖ Ϲ ,  Ϥ, Ϡϖ  
1 27659 
2 27236 
3 27052 
4 26944 
5 26812 
6 27191 
7 27758 
8 28869 
9 29560 
10 30458 
11 30601 
12 30611 
13 30363 
14 30067 
15 29767 
16 29655 
17 29943 
18 30163 
19 30501 
20 30463 
21 29889 
22 29649 
23 29339 
24 28543 

 
ϡϴ ϸϼ  Ͼ ϼ ϼϹ   
 

 = Э ДУ

ЭРДУ
                                                                                                                  (2.8) 

 

 = ,, =  
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ϘϹϿϼ   ϢϘϧ ϴ Ͼ ϼ ϼϹ   
 
ϦϴϵϿϼ ϴ 2.7 – ϖ ϴϵϴ ϶ϴϹ ϴ   ϶ ϻϼ ϼϽ Ϲ ϼ ϸ ϶ ϤϘϧ 

ϖ Ϲ ,  Ϥ, Ϡϖ  
1 6864 
2 6759 
3 6714 
4 6687 
5 6654 
6 6748 
7 6889 
8 7165 
9 7336 
10 7559 
11 7594 
12 7597 
13 7535 
14 7462 
15 7387 
16 7360 
17 7431 
18 7486 
19 7570 
20 7560 
21 7418 
22 7358 
23 7281 
24 7084 

 
ϦϴϵϿϼ ϴ 2.8 – ϖ ϴϵϴ ϶ϴϹ ϴ   ϶ ϿϹ Ͻ Ϲ ϼ ϸ ϢϘϧ 

ϖ Ϲ ,  Ϥ, Ϡϖ  
1 18896 
2 19279 
3 19973 
4 20591 
5 21554 
6 21877 
7 21923 
8 21996 
9 21910 
10 21820 
11 21829 
12 21801 
13 21728 
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ϣ ϸ ϿϺϹ ϼϹ ϴϵϿϼ  2.8 
ϖ Ϲ ,  Ϥ, Ϡϖ  

14 21659 
15 21543 
16 21464 
17 21517 
18 21606 
19 20955 
20 19981 
21 19264 
22 19091 
23 18813 
24 18782 

 
ϦϴϵϿϼ ϴ 2.9 – ϖ ϴϵϴ ϶ϴϹ ϴ   ϶ ϻϼ ϼϽ Ϲ ϼ ϸ ϶ ϤϘϧ 

ϖ Ϲ ,  Ϥ, Ϡϖ  
1 4689 
2 4785 
3 4957 
4 5110 
5 5349 
6 5429 
7 5441 
8 5459 
9 5437 
10 5415 
11 5417 
12 5410 
13 5392 
14 5375 
15 5346 
16 5327 
17 5340 
18 5362 
19 5200 
20 4959 
21 4781 
22 4738 
23 4669 
24 4661 
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Ϥϼ Ͼ 2.2 – ϥ Ͻ Ϸ ϴ ϼϾ ϴϷ ϻϾϼ ϻϼ  ϼ ϿϹ ϴ 

 
2.3       

   
 
ϗ ϸ ϶ Ϲ Ϸ ϴ ϼϾϼ ϴϷ ϻϾϼ Ϲ ϵ ϸϼ  ϸϿ  Ϲ ϼ  ϵϴϿϴ ϴ 

ϹϽ (Ϸ ϴ ϼϾ ϴϾ ϼ ϴϿ  ϹϽ) ϼ ϵϴϿϴ ϴ Ϲ ϷϼϽ (Ϸ ϴ ϼϾ 
Ϲϸ ϼ  ϹϽ). ϦϴϾϺϹ Ϸ ϴ ϼϾ Ϲϸ ϼ  ϹϽ ϼ Ͽ ϻ Ϲ  ϼ 

ϹϷ Ͽϼ ϶ϴ ϼϼ Ϸ ϸ ϶ Ϸ  Ͼϴ.  
ϥ  ϼ Ϸ ϴ ϼϾϼ  ϻϴϾ  Ͼ ϼ ϴ. ϘϿ  Ϲ ϴϻ϶ϼ϶ϴ ϼϽ  

Ϲ Ϸ ϼ Ϲ   ϴ ϼ Ϲ Ͼϼ  ϴϾ ϼ  ϴϷ ϻϾϼ Ͽϴ Ϲϸ ϴ϶ϿϹ ϴ ϶ 
϶ϼϸϹ: 

 = + ∙  | ° ∙ − °| ∙ ,                                                                (2.9) 

 
ϷϸϹ    t – ϸϾ ϶ Ͻ Ϲ  Ϲ ϴ ϶ Ϸ ϸ  (1 – ϶ϴ , 2 – Ϲ϶ ϴϿ , ϼ .ϸ.);  ,  – Ͼ ϼ ϼϹ , ϸϿ  ϹϸϹϿϹ ϼ  Ͼ  ϼ Ͽ ϻ  ϿϹϸ ϼϹ 

Ͽ :  
 , = 𝑎 ± 𝑎 .                                                                                                 (2.10) 

 , = ′ ± ′ .                                                                                                    (2.11) 

 
ϖ ϼ ϿϹ  Ͼ ϼ ϼϹ  ϸϿ  ϴϾ ϼ ϴϿ  ϴϷ ϻ Ͼ:  
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= + = .  
 = − = .  
 
ϥ Ϲϸ Ϲ Ϲ Ͻ Ϸ ϴ ϼϾ ϼ  ϴ ϴϿ Ϸϼ , Ͽ Ͼ   ϸϴ  Ϲϸ ϹϷ  

ϹϵϿϹ ϼ  ϻϴ ϻϼ ϼϽ ϼ ϿϹ ϼϽ Ϲ : PϿ =  Ϡ϶ ,  P =  Ϡ϶ . 
 = + = .  

 = − = .  
 

ϤϹϻ Ͽ ϴ  ϶ ϼ ϿϹ ϼϽ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 2.10. ϣ  Ϲϻ Ͽ ϴ ϴ  
϶ ϼ ϿϹ ϼϽ Ϲ  Ϸ ϸ ϶ Ϲ Ϸ ϴ ϼϾϼ ϴϾ ϼ ϴϿ Ͻ ϼ Ϲϸ Ϲ Ϲ  

ϴϷ ϻ Ͼ Ϲ Ϸ ϼ Ϲ  Ϲϸ ϴ϶ϿϹ  ϴ ϼ ϾϹ 2.3.  
 
ϦϴϵϿϼ ϴ 2.10 – Ϙϴ Ϲ ϸϿ  Ϲ ϼ  Ϸ ϸ ϶  Ϸ ϴ ϼϾ ϶ ϴϷ ϻϾϼ 

Ϲ Ϸ ϼ Ϲ   
  α cos ,  ,  

1 0,2618 0,9659 7560 7194 
2 0,7854 0,7071 7284 6927 
3 1,3090 0,2588 6804 6465 
4 1,8326 -0,2588 6251 5932 
5 2,3562 -0,7071 5772 5470 
6 2,8798 -0,9659 5495 5204 
7 3,4034 -0,9659 5495 5204 
8 3,9270 -0,7071 5772 5470 
9 4,4506 -0,2588 6251 5932 
10 4,9742 0,2588 6804 6465 
11 5,4978 0,7071 7284 6927 
12 6,0214 0,9659 7560 7194 
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Ϥϼ Ͼ 2.3 – ϗ ϸ ϶ Ϲ Ϸ ϴ ϼϾϼ ϴϾ ϼ ϴϿ  ϼ Ϲϸ Ϲ Ϲ  ϴϷ ϻ Ͼ Ϲ Ϸ ϼ Ϲ   

 
2.4         

   
 

ϗϿϴ϶  Ͼ ϼ Ϲ ϼϹ  ϼ ϹϸϹϿϹ ϼϼ ϴ ϴ Ϲ ϶ ϹϾ ϼ Ϲ Ͻ ϗϱϥ ϶ 
ϴ Ͼϴ  Ͼ ϶ Ϸ  ϹϾ ϼ ϶ϴ ϼ  ϶Ͽ Ϲ  ϴϾ ϼ  ϶ Ϲ Ϲ ϼ  Ϲ Ͽ ϶  

ϹϽ ϶ Ϲ Ϸ ϼ Ϲ Ϲ. 
ϘϿ  ϶ ϵ ϴ Ϸ  ϴ Ϲ Ϸ  ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ (1950) ϶ ϼ Ͽ Ϲ  ϻ ϴ Ϲ ϼϹ 

ϼ ϴ ϿϹϻ  ϵ ϶  ϾϹ ϸϿ  ϾϴϺϸ Ϸ  Ϲ ϴ Ϸ ϸϴ  ϿϹ: 
  Э = ∙ % ∙ Э .                                                                                          (2.12) 
        

ϷϸϹ     kN  − Ͼ ϼ ϼϹ  ϼ, kN = 8,7; % − ϿϹϻ Ͻ ϵ ϶ Ͻ ϴ ϸ ϴ Ϲ Ϸ  ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ, 3/ ; Э −  ϸ϶ϹϸϹ Ͻ ϴ  ϗϱϥ, . 
 Э = − ( ) − ∆ℎ.                                                             (2.13) 

 
ϷϸϹ     − Ϲ Ͼϴ ϶Ϲ ϹϷ  ϵ Ϲ ϴ, ϶Ϲ ϶ ϴ  Ϲ ϾϹ ϡϣϧ,  ( ) − ϶Ϲ  ϼϺ ϹϷ  ϵ Ϲ ϴ, ϶Ϲ ϶ ϼϽ Ϲϸ Ϲ Ϲ  
ϵ ϶  ϴ ϸϴ  ϶ ϸ , ϹϸϹϿϹ   ϿϹ ϹϽ ϼϿϼ ϻϼ ϹϽ Ͼ ϼ϶ Ͻ ϶ ϻϼ, ; 
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∆ℎ - Ϲ ϼ ϴ ϴ ϶ ϶ ϸ ϸ϶ ϸ ϼ  ϺϹ ϼ , ∆ℎ = ,  . 
ϖ ϴϵϿϼ Ϲ 2.11 ϼ϶ϹϸϹ  Ϲ ϼ ϴ ϸϴ. 
ϛϴ Ϲ  ϴ ϼ ϶ϴϹ   ϗϱϥ ϶ ϹϺϼ Ϲ ϴϵ   Ϲϵ ϶ϴ ϼ  ϖϩϞ 

 ϿϹ:  
 = ∙ ∙ Э .                                                                            (2.14) 

 
ϷϸϹ − ϴ ϸ ϶ ϸ   Ϲϵ ϶ϴ ϼ  ϴ ϼϾ ϶ ϶ ϸ ϻ Ͻ ϶Ϲ Ϸ  
Ͼ ϿϹϾ ϴ, 3/ . 

ϖ ϴϵϿϼ ϴ  2.12 ϼ 2.13 ϼ϶ϹϸϹ  ϹϺϼ  ϴϵ .  
 

ϦϴϵϿϼ ϴ 2.11 – ϣ Ϲ ϼ ϴ ϸϴ 
 
 

 
 
 
 
 
 

 
ϦϴϵϿϼ ϴ 2.12 – ϤϹϺϼ  ϴϵ  ϗϱϥ  ϵ ϶  Ͼ  

 
ϦϴϵϿϼ ϴ 2.13 – ϤϹϺϼ  ϴϵ  ϗϱϥ  Ϲϵ ϶ϴ ϼ  ϖϩϞ 

 
ϘϴϿϹϹ, ϸϿ  Ϲ ϼ  ϵϴϿϴ ϴ Ϲ Ϸϼϼ, Ϲ ϵ ϸϼ  ϴ϶ ϼ  ϹϺϼ  

ϴϵ  ϗϱϥ  Ϲϵ ϶ϴ ϼ  ϖϩϞ ϼ ϴϵ  ϗϱϥ  ϵ ϶  Ͼ  ϼ ϹϸϹϿϼ  
ϼϻϵ  . ϥ ϴ϶ Ϲ ϼϹ ϼ  ϹϺϼ ϶ ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 2.14. 

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

Qϵ 90%, 3/  36 28 38 58 439 550 243 260 154 106 100 56 

Q϶ Ͼ, 3/  500 500 500 500 650 650 650 650 650 650 500 500 
Q ϼϿ , 3/  0 0 0 0 14 17 13 11 10 11 0 0 
Qϼ ϴ ., 3/  8 8 8 8 8 8 8 8 8 8 8 8 
Q Ͽ., 3/  12 12 12 12 -12 -18 -54 0 0 0 12 12 
QϿϹϸ, 3/  0 0 0 0 28 34 27 22 21 21 0 0 

ϠϹ  I II  III IV V VI  VII VIII IX X XI  XII Q , 3/  212 181 173 305 1355 1646 1355 1074 1010 1016 437 298 

Zϖϕ,  440,00 440,00 440,00 440,00 440,00 440,00 440,00 440,00 440,00 440,00 440,00 440,00 

Zϡϕ,  362,12 361,97 361,93 362,55 365,52 366,33 365,51 364,72 364,53 364,55 363,11 362,52 

H,  77,09 77,24 77,28 76,66 73,69 72,88 73,70 74,49 74,68 74,66 76,10 76,69 

Nϵ , 
Ϡϖ  

142 122 117 204 869 1043 869 696 656 660 290 199 

  ϠϹ  I II  III IV V VI  VII VIII IX X XI  XII Q , 
3/  

500 500 500 500 650 650 650 650 650 650 500 500 

Zϖϕ,  440,00 440,00 440,00 440,00 440,00 440,00 440,00 440,00 440,00 440,00 440,00 440,00 

Zϡϕ,  363,37 363,37 363,37 363,37 363,45 363,45 363,45 363,45 363,45 363,45 363,37 363,37 

H,  75,84 75,84 75,84 75,84 75,76 75,76 75,76 75,76 75,76 75,76 75,84 75,84 

NϖϩϞ, 
Ϡϖ  

330 330 330 330 428 428 428 428 428 428 330 330 
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ϦϴϵϿϼ ϴ 2.14 – ϥ ϴ϶ Ϲ ϼϹ ϹϺϼ ϶ ϴϵ  ϗϱϥ  Ϲϵ ϶ϴ ϼ  ϖϩϞ ϼ ϴϵ  
ϗϱϥ  ϵ ϶  Ͼ  

 
Ϙϴ Ͻ ϴ ё  ϶ Ͽ Ϲ   ϹϿ  ϹϸϹϿϹ ϼ  Ϲ Ϲ϶, ϶ Ͼ Ϲ ϗϱϥ 

ϵ ϸϹ  ϴϵ ϴ  ϴ ϴ ϸϴ , Ϲ϶ ϴ ϼ  Ϲϵ ϶ϴ ϼ  ϖϩϞ. Ϡ , Ͼ  
 ϺϹ  ϴ ϹϸϹϿϼ  ϶ Ϲ  ϹϷ Ͽϼ ϶ϴ ϼ  Ͼϴϻϴ ϴ ϶ ϴϵϿϼ Ϲ 2.15 ϼ 

ϴ ϼ ϶ϴϹ   ϿϹ (2.15): 
 
Nϼϻϵ=∑ N − N  = 110 Ϡϖ .                                                          (2.15) 
 

ϦϴϵϿϼ ϴ 2.15 – Ϥϴ ϹϸϹϿϹ ϼϹ ϼϻϵ Ͻ ϼ 

 
2.5 -        

 
 
ϪϹϿ  ϖϱϤ ϹϺϼ ϴ ϴϵ  ϗϱϥ ϶ ϴϿ ϶ ϸ  Ϸ ϸ  ϶Ͽ Ϲ :  
 ϹϸϹϿϹ ϼϹ Ϸϴ ϴ ϼ ϶ϴ Ͻ ϼ, ϹϾ ϼ Ϲ Ͻ ϗϱϥ; 
 Ϲ Ͼϼ ∇ ; 
 ϿϹϻ Ͻ ϵ Ϲ  ϶ ϸ ϴ ϼϿϼ ϴ. 
Ϥϴ ё  ϴ ϼ ϴϹ   Ϸ  Ϲ ϴ ϶ Ϲ Ϲ ϼ, Ͼ Ϸϸϴ ϵ ϶ Ϸ  Ͼϴ 

Ϲϸ ϴ , ϵ  Ͼ  Ϲϵ ϶ϴ ϼ  ϶ ϸ ϻ Ͻ ϶Ϲ Ϸ  Ͼ ϿϹϾ ϴ Ͽϼϵ  
϶ ϸϴ  Ϸϴ ϴ ϼ ϶ϴ  , ϴ ϼ Ϲ : ϿϹ Ͼ ϴ ϼ  ϶Ϲ Ϲ ϹϷ  

Ͽ ϶ ϸ , Ͼ Ϸϸϴ ϶ ϸ ϴ ϼϿϼ Ϲ ϻϴ Ͽ Ϲ  ϼ, ϿϹϸ ϶ϴ ϹϿ , ϶Ϲ  ϶ ϸ  ϶ 
ё  ϴ϶Ϲ  Ϲ ϾϹ ∇ϡϣϧ = 440 , ϶ ϴ ϴ ϼ϶ϴϹ  Ͽ ϴϹ  ϵ . 

ϖ ϼϿ ϺϹ ϼϼ ϔ ϴϵϿϼ Ϲ ϔ.1 Ϲϸ ϴ϶ϿϹ Ͻ ϴ Ϲ  ϶Ͽ Ϲ  Ϲ ϶Ϲ . 
ϘϿ  ϴ϶ϼϿ Ϸ  ϴ Ϲ ϴ  ϸ ϿϺ  ϵϿ ϸϴ  ϼ Ͽ ϶ϼ : = ,  = ,  Э = .  

ϣϹ ϶ Ͻ ϶ϴ ϼϴ  Ϸϴ ϴ ϼ ϶ϴ Ͻ ϼ Ϲ ϸ ϸϼ ,   
Ϲ Ͼϴ ϖϕ Ϲ϶ ϴϹ  ϡϣϧ ( Ϲ Ϲ Ͽ Ϲ ϼϹ ϶ ϸ ϴ ϼϿϼ ϴ). ϥϿϹϸ ϶ϴ ϹϿ , 

Ϲ ϵ ϸϼ  ϼ  Ͽϼ ϼ  Ϸϴ ϴ ϼ ϶ϴ Ͻ ϼ, Ͼ ϴ  ϴ ϸϼ  ϶ 
ϼϿ ϺϹ ϼϼ ϔ ϼ Ͼ ϔ.1 ϼ ϶Ϲ ϼ ϸϵ  Ϸϴ ϴ ϼ ϶ϴ Ͻ ϼ ϴϾ, 

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

Nϵ , Ϡϖ  142 122 117 204 869 1043 869 696 656 660 290 199 

NϖϩϞ, Ϡϖ  330 330 330 330 428 428 428 428 428 428 330 330 

Nϵ  -  NϖϩϞ, Ϡϖ  -187 -208 -213 -126 441 615 440 267 228 231 -40 -131 

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

N ϴ Ϲϸ, Ϡϖ  55 0 0 0 0 0 0 0 0 0 0 55 
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ϵ  ϶ Ͽ ϼϿϴ  Ϸ ϸ ϶ϴ  ϴϵ Ͼϴ- ϴ Ͽ Ϲ ϼϹ ϶ ϸ ϴ ϼϿϼ ϴ  
ϸ ϼϺϹ ϼϹ  ϡϣϧ ϶ ϿϹϸ Ϲ  Ϲ Ϲ ϴ Ͽ Ϲ ϼ  ϶ ϸ ϴ ϼϿϼ ϴ. 

ϣ ϿϹ ϶ Ϲ ϼ   ϶ ϼϿ ϺϹ ϼϼ ϔ ϴϵϿϼ Ϲ ϔ.2  Ͽ ϼ  ϶Ϲ Ͻ 
ϴ Ϲ , ϴϾ ϾϴϾ ϶ Ϲ ϼ Ͽ ϶ϼ  ϶ Ͽ . 

Ϝ Ͽ ϻ  Ͼ ϼ϶  ϶ ϻϼ ϵ ё ϶ ϶ ϸ ϴ ϼϿϼ ϴ  ϶  ϶ ϸ  Ϸ ϴ ϼϾ 
1.1 ϹϸϹϿ Ϲ  ϿϹϻ Ͻ ϵ Ϲ  ϶ ϸ ϴ ϼϿϼ ϴ: 

 = − = , − = ,  .                                 (2.16) 
 

Ϣ ϹϸϹϿϼ  Ͼ ϼ ϼϹ  ϻϴ ϹϷ Ͽϼ ϶ϴ ϼ Ͼϴ, Ͼ Ͻ ϴ϶Ϲ  
Ϲ ϼ  ϿϹϻ Ϸ  ϵ Ϲ ϴ ϶ ϸ ϴ ϼϿϼ ϴ = ,   Ͼ Ϲϸ Ϲ  

ϻϴ Ϸ ϿϹ ϼϽ Ϲ ϼ ϸ ϵ Ϲ ϴ Ϸ ϸ ϶ Ϸ  Ͼϴ ϗϱϥ: % =  / . : 
 = ̅ ,                                                                                                         (2.17) 
 = , ∙, ∙ = , .                                                                                       
 
ϣ  Ͽ Ϲ  Ͼ ϼ ϼϹ  ϻϴ ϹϷ Ͽϼ ϶ϴ ϼ Ͼϴ = ,  

Ͽ ϼ  Ϸ ϸϼ Ϲ ϹϷ Ͽϼ ϶ϴ ϼϹ. 
ϣ ϶Ϲϸ  ϖϱϤ ϹϺϼ ϴ ϗϱϥ ϶ ϴϿ ϶ ϸ Ͻ Ϸ ϸ Ͽ ϼϿϼ Ϲ Ͼ   ∇ =,   ϼ ϴ ϼ ϴϿϼ ϿϹϻ Ͻ ϵ Ϲ  ϶ ϸ ϴ ϼϿϼ ϴ Ͼ Ͻ ϴ϶ϼϿ = ,  . ϦϴϾϺϹ ϼϻ Ͽ ϶ϼϽ ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ ϹϸϹϿϼϿϼ 

Ϸϴ ϴ ϼ ϶ϴ   ϹϾ ϼ Ϲ Ͻ ϖϼ ϼ Ͼ Ͻ ϗϱϥ: NϷϴ = 773 Ϡϖ . 
 
2.6       

   
 
ϡϴ ϼ ϹϷ ϴϿ Ͻ Ͼ ϼ϶ Ͻ ϴϷ ϻϾϼ ϹϸϹϿ Ϲ  Ϲ  ϴϵ  

Ϲ ϶ ϼ  ϿϹϾ ϴ ϼϼ: Ϡϴ ϴϾϴ Ͼ Ͻ ϗϱϥ ϼ ϹϾ ϼ Ϲ Ͻ ϖϼ ϼ Ͼ Ͻ 
ϗϱϥ. ϖ ϴϵ Ͼ  Ϲ ϶ ϼ  ϗϱϥ ϴ Ͽϼ ϴ ϴϽ Ϲ ϼ Ϲ Ϸ  

Ϲ ϴ ϴ(http://so-ups.ru) ϣ ϹϾ ϼ Ϲ ϴ  ϴ ϼ  ϶ ϼ ϶ϴϹ  ϶ Ϸ ϴ ϼϾ 
 ϴϷ ϻ Ͼ.  

ϳ ϶ϴ : 
 = , ∙ . .∙ . = , ∙ ∙ , =  ,                                       (2.18)  
 Э = ∙ = ∙ = ,  . ∙ ,                                              (2.19) 
 Э = Э . − Э = , − , = ,  . ∙ .                      (2.20) 
 
ϡϴ ϜϞϡ ϶ ϸϼ  Ͽϼ ϼ  Э , ϼ ϹϸϹϿ Ϲ  ϻ ϴ Ϲ ϼϹ: =    
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ϣ  Ͽ Ϲ  ϻ ϴ Ϲ ϼ  ϹϸϹϿ Ϲ  ϴϵ  : 
 . = + = + =  .                                          (2.21)  

 
Ϝ : 
 = , ∙ . .∙ = , ∙ ∙ , =  ,                                 (2.22) 
 Э = ∙ = ∙ = ,  . ∙ ,                                            (2.23)  
 Э = Э . − Э = , − , = ,  . ∙ .                        (2.24)  
 
ϡϴ ϜϞϡ ϶ ϸϼ  Ͽϼ ϼ  Э , ϼ ϹϸϹϿ Ϲ  ϻ ϴ Ϲ ϼϹ: =    
ϣ  Ͽ Ϲ  ϻ ϴ Ϲ ϼ  ϹϸϹϿ Ϲ  ϴϵ  : 
 . = + = + =  .                                              (2.25)  
 
Ϥϴ ё  ϴϵ ϼ  ϹϽ ϹϾ ϼ Ϲ Ͻ ϴ ϼϼ Ϲϸ ϴ϶ϿϹ ϴ ϶ 

ϴϵϿϼ Ϲ 2.16. 
 

ϦϴϵϿϼ ϴ 2.16 – Ϥϴ ё  ϴϵ ϼ  ϹϽ ϹϾ ϼ Ϲ Ͻ ϴ ϼϼ 

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

NϷϴ  773 493 251 245 327 356 385 404 415 424 493 773 
ϱϷϴ  18,55 11,83 6,02 5,88 7,84 8,54 9,24 9,70 9,96 10,18 11,83 18,55 
Nϵϴϻ 138 128 125 123 163 178 193 202 208 212 161 151 
ϱϵϴϻ 3,30 3,08 3,01 2,94 3,92 4,27 4,62 4,85 4,98 5,09 3,88 3,63 
ϱ ϼϾ 15,25 8,75 3,01 2,94 3,92 4,27 4,62 4,85 4,98 5,09 7,96 14,92 
N ϼϾ 997 717 285 318 335 358 383 385 443 415 687 975 
N ϴϵ 1135 845 410 441 498 536 576 587 651 627 848 1126 

 
2.7 -  ё       

  
 
ϛϴϸϴ ϴ ϖϱϤ ϹϺϼ ϴ ϴϵ  ϗϱϥ ϶ Ϲϸ Ϲ϶ ϸ  Ϸ ϸ  – ϹϸϹϿϼ  

Ϲϸ Ϲ Ϸ ϿϹ  ϶ ϴϵ Ͼ . 
ϕ Ͽϼ ϴ Ϲ  ϹϺϼ  ϴ Ͽ Ϲ ϼ  ϶ ϸ ϴ ϼϿϼ ϴ   ϶ 

Ϲ ϼ ϸ ϴ Ͽ Ϲ ϼ  ϶ ϴϿ ϶ ϸ  Ϸ ϸ  ϼϿ ϺϹ ϼϼ ϔ ϴϵϿϼ ϴ ϔ.3, ϴ ϴϾϺϹ 
ϴϵ ϴ  ϹϺϼ  ϶  ϶ ϴ ё  ϴϿ ϶ ϸ  Ϸ ϸ  ϼϿ ϺϹ ϼϼ ϔ ϴϵϿϼ ϴ 

ϔ.4. ϣ  ϼ  ϸ϶  ϶ϴ ϼϴ ϴ  ϴ ϼ ϶ϴϹ  ϶ ϴϵ Ͼϴ ϿϹϾ Ϲ Ϸϼϼ ϗϱϥ ϼ 
϶ ϵϼ ϴϹ  ϶ϴ ϼϴ , ϵϹ Ϲ ϼ϶ϴ ϼϽ ϵ Ͽ  ϶ ϴϵ Ͼ . ϡϴϼϵ Ͽ  
϶ ϴϵ Ͼ  ϵϹ Ϲ ϼ϶ϴϹ  ϶ϴ ϼϴ  ϴϵ  ϗϱϥ  , ϼ  ϶ 
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ϴϿ ϶ ϸ  Ϸ ϸ  (ϱ = 5,01 Ͽ ϸ Ͼϖ ∙ ). ϡϴ ϼ ϾϹ 2.4 Ϲϸ ϴ϶ϿϹ  Ϸ ϴ ϼϾ 
ϴϵ Ͼϼ ϼ ϴ Ͽ Ϲ ϼ  ϶ ϸ ϴ ϼϿϼ ϴ. 

 

 
Ϥϼ Ͼ 2.4 – ϗ ϴ ϼϾ ϴϵ Ͼϼ ϼ ϴ Ͽ Ϲ ϼ  ϶ ϸ ϴ ϼϿϼ ϴ ϹϾ ϼ Ϲ Ͻ ϗϱϥ ϶ 

Ϲϸ Ϲ϶ ϸ  ϼ ϴϿ ϶ ϸ  Ϸ ϸϴ  
 

2.8    
 
ϕϴϿϴ  ϹϽ Ϲϸ ϴ϶Ͽ Ϲ  ϵ Ͻ ϴ ϹϸϹϿϹ ϼϹ ϹϽ ϴ 

Ͼ ϼϹ ϴϾ ϼ ϴϿ Ͻ ϴϷ ϻϾϼ ϹϺϸ  ϶ Ϲ ϼ ϴ ϼϾϴ ϼ Ϲ Ϸ ϼ Ϲ  ϼ 
ϴϻ Ϲ Ϲ ϼϹ ϹϻϹ ϶ ϶ ϶  ϶ Ϲ Ϲ ϼ ϼ  Ͼ Ͼ Ϲ  ϿϹϾ ϴ ϼ . 

ϕϴϿϴ  ϼ Ͼϴϻϴ  ϶ ϼϿ ϺϹ ϼϼ ϔ ϼ Ͼ ϔ.4. 
ϣ ϼ ϴ϶ϿϹ ϼϼ ϵϴϿϴ ϴ ϼ Ϲ Ϸ ϼ Ϲ  ϼ ϶ϴϹ ,  

ϴϷ ϻ Ͻ ϹϻϹ ϶ Ϲ Ϸ ϼ Ϲ  ϴ϶Ϲ  3% , ϴ϶ϴ ϼϽ Ͻ ϹϻϹ ϶ ϴ϶Ͽ Ϲ  
10 %  . ϡϴϷ ϻ Ͻ ϹϻϹ ϶ ϴ Ͽ ϺϹ  ϴ Ϲ ϶ ϹϽ ϗϱϥ, ϴ 

ϹϾ ϼ Ϲ Ͻ ϗϱϥ, ϴ Ϲ ϶ ϼ  Ϧϱϥ. ϔ϶ϴ ϼϽ Ͻ ϵ ϸϹ  ϴϻ Ϲ Ϲ  ϴ 
Ϧϱϥ.  ϧ ϴ ϶ϿϹ   ϗϱϥ Ϲϸ ϴ϶ϼ  ϶ ϶ϼϸϹ : 

 .Э = .Э + Э =  .                                                                               (2.26) 
 

ϧ ϴ ϶ϿϹ   Ϧϱϥ Ϲϸ ϴ϶ϼ  ϶ ϶ϼϸϹ :  
 Э = Э + . .Э + . .Э .                                                                         (2.27) 

 
ϣϿϴ ϼ ϶ϴ ϼϹ Ͼϴ ϼ ϴϿ  Ϲ ϶ ϵ ϸ ϶ϴ ϼ  Ϲ Ϸ ϼ Ϲ  

ϼϻ϶ ϸϼ   Ϲ  Ϲ ϼϾ - Ͼ ϼ Ϲ Ͼϼ  ϵϹ ϹϽ. ϤϹ  

415,00

420,00

425,00

430,00

435,00

440,00

445,00

Z
϶ϵ

, 

ϠϹ

ϡϣϧ
ϧϠϢ
ϥ Ϲϸ Ϲ϶ ϸ Ͻ Ϸ ϸ
ϠϴϿ ϶ ϸ Ͻ Ϸ ϸ

max
tР

max
tР

11         12         1          2          3          4          5          6          7          8          9         10        11 
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ϵ ϸ ϶ϴ ϼ  ϗϱϥ Ϲ ϶Ͽ Ϲ  ϶ Ϲ Ϲ , Ͼ Ϸϸϴ  Ϲ Ͽ  
ϼ Ͽ ϻ Ϲ  ϶ Ϲ Ϸ ϼ Ϲ Ϲ, .Ϲ. ϴ ϗϱϥ ϼ ϹϹ  ϶ ϵ ϸ ϴ  . 

ϤϹ ϴ  Ͽ ϴϸ  Ϲ ϶ ϼ  ϗϱϥ: 
 . Э = ∙ . Э ∙ = =  ∙ / .                                 (2.28) 

 
ϤϹ ϴ  Ͽ ϴϸ  ϹϾ ϼ Ϲ Ͻ ϗϱϥ: 
 . Э = ∙ . Э ∙ = =  ∙ / .                              (2.29) 

 
Ϟϴ ϼ ϴϿ Ͻ Ϲ  ϵ ϸ ϶ϴ ϼ  Ϧϱϥ Ϻ  Ͽϴ ϼ ϶ϴ , ϼ ϸ  ϼϻ 

ϴ Ϲ ϴ ϴ ϶ Ͼ ϾϴϺϸ Ϸ  ϴϷ ϹϷϴ ϴ ϴ Ϲ ϼ ϸ Ϲ ϴ ϶ Ϲϸ Ϲ  1 ϴϻ ϶ 2 Ϸ ϸϴ.  
 Э = Э ∙  = =  ∙ / .                                    (2.30) 
 
ϖ ϴϵϿϼ Ϲ 2.17 Ͼϴϻϴ  ϵϴϿϴ  ϼ Ϲ Ϸ ϼ Ϲ  ϶ ϴϿ ϶ ϸ  Ϸ ϸ . 
 

ϦϴϵϿϼ ϴ 2.17 – ϕϴϿϴ  ϼ Ϲ Ϸ ϼ Ϲ  ϶ ϴϿ ϶ ϸ  Ϸ ϸ  

Ϡ
Ϲ

 ϱ Ϲ Ϸ ϼ Ϲ ϴ, Ϡϖ  
ϥ Ϲ ϶ ϼϹ 

ϗϱϥ, Ϡϖ  

ϣ ϹϾ ϼ Ϲ ϴ  ϗϱϥ, 

Ϡϖ  
ϥ Ϲ ϶ ϼϹ Ϧϱϥ, Ϡϖ  

Pmax Pϴ϶ϴ  P ϴϷ  P ϴϵ P ϴϷ  P Ϲ  P ϴϵ. P ϴϷ  P Ϲ  P ϴϵ. P ϴϷ  Pϴ϶ϴ  P Ϲ  

I 7560 227 756 49 1  1115 33  6396 640  192 
II  7284 219 728 45 1  845 25  6394 639  192 
III 6804 204 680 41 1  410 12  6353 635  191 
IV 6251 188 625 39 1  441 13  5771 577  173 
V 5772 173 577 37 1  498 15  5237 524 151 157 
VI  5495 165 550 33 1  536 16  4926 493 151 148 
VII 5495 165 550 33 1  576 17  4886 489 151 147 
VIII 5772 173 577 37 1  587 18  5148 515 151 154 
IX 6251 188 625 39 1  651 20 191 5561 556  167 
X 6804 204 680 41 1 8 627 19  6136 614  184 
XI  7284 219 728 45 1  848 25  6391 639  192 
XII 7560 227 756 49 1  1126 34  6385 639  192 
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2.9     
 

ϡϹ ϵ ϸϼ  ϹϸϹϿϼ  ϵϿϴ  ϸ ϼ Ͻ ϴϵ , ϹϾ ϼ Ϲ Ͻ ϗϱϥ, 
ϸϿ  Ϸ  ϼ  ϹϺϼ Ϲ ϿϹ  Ͼϴϻϴ ϼϹ  Ͽϼ ϼϽ Ϸ ϴ ϼ Ϲ ϼϽ ϸϿ  
ϴϻϿϼ  ϹϺϼ ϶.  

 – Ϲ Ͼϴ ϶  ϶ ϸ  ϶ ϼϺ Ϲ  ϵ Ϲ Ϲ ϶ ϻϴ϶ϼ ϼ ϼ  ϴ ϸϴ 
( ϼ Ͼ 2.1); Δℎ – Ϲ ϼ ϴ ϴ ϶ ϶ ϸ ϸ϶ ϸ ϼ  ϺϹ ϼ . 

Ϣ ϹϸϹϿϼ  Ϸ ϴ ϼ Ϲ ϼ  ϴϵ  ϵϼ : 
1) ϢϷ ϴ ϼ Ϲ ϼϹ  ϴ Ϲ Ͻ ϴ ϶ϿϹ Ͻ ϼ, ϹϸϹϿ Ϲ Ϲ: 

 , = · Э · Э .                                                                            (2.31) 
 

ϷϸϹ     = 8,7 – Ͼ ϼ ϼϹ  ϼ. 
2) ϢϷ ϴ ϼ Ϲ ϼϹ  Ͼ Ͻ ϵ ϼ ϗϱϥ ( ϼϺϹ Ͼϼ ϴ ё Ϸ  

ϴ ϴ), Ͼ  ϸ  ϶ ϵ ϴ ϵϼ Ϸ  ϵ ϸ ϶ϴ ϼ  ϼ   ϻϴ϶ϼ ϼ ϼ: Э = Э · √ Э .                                                                                        (2.32) 

 
ϷϸϹ    Э  – ϴϾ ϼ ϴϿ ϴ  Ͼ ϴ  ϵ  ϗϱϥ. 

3) ϢϷ ϴ ϼ Ϲ ϼϹ  ϼ ϼ ϴϿ  ϴ ϸ   Qmin = 250 3/  
ϣ  Ͽ Ϲ  ϻ ϴ Ϲ ϼ  ϼ  ϹϺϼ Ϲ ϿϹ  Ϲ  Ϸ ϴ ϼ Ϲ ϼϽ 

 ϼ ϼ ϴϿ  ϴ ϸ , ϼ ϼ Ͼ Ͻ ϵ ϼ, ϼϻ Ͼ Ϸ  
ϹϸϹϿ Ϲ  ϸϼϴ ϴϻ  ϼϻ Ϲ Ϲ ϼ  ϴ ϶ ϼ ϴ ϸ ϶ ( ϴϵϿϼ ϴ 2.18). 

 
ϦϴϵϿϼ ϴ 2.18 – Ϥϴ Ϲ  ϹϺϼ Ϸ  Ͽ  

Ϟ ϼ϶ Ϲ ϶ ϻϼ ϡϕ ϡϴ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ 

ϟϼ ϼϼ Ϸ ϴ ϼ Ϲ ϼ  
 ϴ Ϲ  

ϴ ϶ϿϹ Ͻ 
ϼ 

ϟϼ ϼ  
Ϸ ϴ ϼ Ϲ ϼ   

Ͼ Ͻ 
ϵ ϼ ϗϱϥ 

Qϡϕ, 
3/  

Zϡϕ,  
Hϡϣϧ, 

 
ϡϧϠϢ, 

 
ϡz϶ϵ,  ϡ,  Q, 3/  ϡ,  Q, 3/  

0 361,02 78,19 58,22 71,36 40 3299 72 2139 
100 361,46 77,75 57,78 70,92 42 3142 70 2109 
200 361,87 77,34 57,37 70,51 44 2999 68 2078 
300 362,25 76,96 56,99 70,13 46 2869 66 2048 
400 362,61 76,6 56,63 69,77 48 2749 64 2016 
500 362,96 76,25 56,28 69,42 50 2639 62 1985 
600 363,29 75,92 55,95 69,09 52 2538 60 1952 
700 363,6 75,61 55,64 68,78 54 2444 58 1919 
800 363,91 75,3 55,33 68,47 56 2356 56 1886 
900 364,21 75 55,03 68,17 58 2275 54 1852 
1000 364,5 74,71 54,74 67,88 60 2199 52 1817 
1100 364,79 74,42 54,45 67,59 62 2128 50 1782 
1200 365,08 74,13 54,16 67,30 64 2062 
1300 365,36 73,85 53,88 67,02 66 1999 
1400 365,64 73,57 53,6 66,74 68 1941 
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ϣ ϸ ϿϺϹ ϼϹ ϴϵϿϼ  2.18 

Ϟ ϼ϶ Ϲ ϶ ϻϼ ϡϕ ϡϴ Ϲ ϴ ϴϾ Ϲ ϼ ϼϾϼ 

ϟϼ ϼϼ Ϸ ϴ ϼ Ϲ ϼ  
 ϴ Ϲ  

ϴ ϶ϿϹ Ͻ 
ϼ 

Qϡϕ, 
3/  

Zϡϕ,  
Hϡϣϧ, 

 
ϡϧϠϢ, 

 
ϡz϶ϵ,  ϡ,  Q, 3/  

1500 365,92 73,29 53,32 66,46 70 1885 
1600 366,2 73,01 53,04 66,18 72 1833 
1700 366,48 72,73 52,76 65,90 74 1783     
1800 366,75 72,46 52,49 65,63 76 1736     
1900 367,03 72,18 52,21 65,35 78 1692     
2000 367,31 71,9 51,93 65,07 80 1649     
2100 367,59 71,62 51,65 64,79       
2200 367,86 71,35 51,38 64,52     
2300 368,14 71,07 51,1 64,24 
2400 368,41 70,8 50,83 63,97 
2500 368,68 70,53 50,56 63,70 
2600 368,95 70,26 50,29 63,43 
2700 369,22 69,99 50,02 63,16 
2800 369,49 69,72 49,75 62,89 
2900 369,75 69,46 49,49 62,63 

 
ϣ  Ͽ Ϲ  ϻ ϴ Ϲ ϼ  Ϲ  ϹϺϼ Ϲ ϿϹ  ё  ϻϴϸϴ  

Ϸ ϴ ϼ Ϲ ϼϽ  ϴ ϸ , ϼ ϼ Ͼ Ͻ ϵ ϼ ϼϿ ϺϹ ϼϹ ϔ 
ϼ Ͼ ϔ.5, ϼϻ Ͼ Ϸ  ϹϸϹϿ Ϲ  ϸϼϴ ϴϻ  ϼϻ Ϲ Ϲ ϼ  ϴ ϶ ϼ ϴ ϸϴ: 

ϡmax= 77,05 , ϡ . = 65 , ϡmin = 52,37 , Qmin = 250 3 /  ϼ Qmax = 2032 3 / . 
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3      
 

3.1      
 

 
3.1.1       

 
ϖ ϵ  ϵ ϸ ϶ϴ ϼ   ϼ Ͽ ϻ ϶ϴ ϼϹ  ϗϧϩ ϼ  ϶ ,  ϸϿ  

ϾϴϺϸ Ϸ  ϴ ϴ ϼ϶ϴϹ Ϸ  ϼ ϴ ϵϼ  ϸ ϵ ϴ  ϴϾϼϹ ϶ϴ ϼϴ  ϸϼϴ Ϲ ϴ  
ϴϵ ϹϷ  Ͼ ϿϹ ϴ ϼ ϼ Ͻ ϴ  ϶ ϴ Ϲ ϼ  , ϼ Ͼ  ϶ ϵϿϴ ϼ 

ϸ ϼ  ϹϺϼ ϶  ϴ  ϼ ϴ ϸ  ϶ ϸ , ϹϾ ϼ Ϲ ϴ  ϗϱϥ ϴϵ ϴϿϴ 
ϵ   ϴϼϵ Ͽ ϼ  ϞϣϘ ϼ ϼ ϼ ϴϿ  ϻϴϷϿ ϵϿϹ ϼϼ ϴϵ ϹϷ  Ͼ ϿϹ ϴ ϼ 
Ͼ Ͽϼ Ϲ ϶Ϲ ϴ ϶ϿϹ  ϴϷ ϹϷϴ ϶.  

ϡϴ ϶Ϲ ϸϼϴ ϴϻ ϴ ϴ ϶ ϼϻ ϹϺϼ Ϸ  Ͽ  ϼϻ϶Ϲϸё  ϸϵ  
϶ϴ ϼϴ ϶ ϵϼ . ϖ ϵ ϴ  ϼ  Ϸϼϸ ϵϼ  ϣϟϘ90–ϖ45. ϣϴ ϴ Ϲ  ϸϹϿϼ 

Ͻ Ϸϼϸ ϵϼ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 3.1.  
 

ϦϴϵϿϼ ϴ 3.1 – ϣϴ ϴ Ϲ  ϸϹϿϹϽ Ϸϼϸ ϵϼ   

 
3.1.2       

 
ϛϴϸϴ϶ϴ  ϸ  ϴ ϸϴ  ϻ ϴ Ϲ ϼϽ ϸϼϴ Ϲ ϶  ϴ ϼ ϴ  ϸϿ  

ϾϴϺϸ Ϸ  ϿϹϸ ϼϹ ϴ ϴ Ϲ . 
Ϡ  ϴϷ ϹϷϴ ϴ ϶ ϴ ё Ͻ ϾϹ:  
 Na = , · Q′ · D · √H · η ∙ η ,                                                                          (3.1) 
 

ϷϸϹ    Q′  - ϼ϶Ϲϸё Ͻ ϴ ϸ ϶ ϴ ё Ͻ ϾϹ; η  - ϞϣϘ ϴ Ͻ ϵϼ ;              η  - ϞϣϘ ϷϹ Ϲ ϴ ϴ, ϼ ϼ ϴϹ  η = , . 
ϞϣϘ ϴ Ͻ ϵϼ : 
 

ϣϴ ϴ Ϲ  ϣϟϘ90–ϖ45  ,  90 𝑖 /  0,5 ′ , −  85 ′ , /  820   0,921  , /  1300  ′ ,  0,46 ,  4 , °  16 ∙ − , /  1,11 
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η = − − η ( − + √DD ∙ √ ∙ √ νν ),                                           (3.2) 

 
ϷϸϹ     η  – ϞϣϘ ϸϹϿ Ͻ ϵϼ ; D  – ϸϼϴ Ϲ  ϸϹϿ Ͻ ϵϼ ; H  – ϴ  ϸϹϿ Ͻ ϵϼ ; 

D1 – ϸϼϴ Ϲ  ϴ Ͻ ϵϼ ; 
 – ϴ ё Ͻ ϴ  ϴ Ͻ Ϸϼϸ ϵϼ ; ν , ν  – Ͼ ϼ ϼϹ  Ͼϼ Ϲ ϴ ϼ Ϲ Ͼ Ͻ ϶ ϻϾ ϼ ϶ ϸ  ϸϿ  ϴ Ͻ ϼ 

ϸϹϿ Ͻ ϵϼ , Ͼ Ϲ ϻϴ϶ϼ   Ϲ Ϲ ϴ  ϶ ϸ  ϸϿ  ϴ  ϼ 
ϸϹϿ  Ͽ ϶ϼϽ; ν  ϼ Ϲϸ ϹϽ Ϲ Ϲ ϴ Ϲ ϶ ϸ  ϶ Ϸ ϸ  12°ϥ ϴ϶Ͽ Ϲ  

1,21·10-6 2/ . 
 – Ͼ ϼ ϼϹ , ϶ ϴϺϴ ϼϽ Ϲ ϼϹ Ϲ  Ϲ ϼ  Ͼ  ϶ Ϲ  

Ϸϼϸ ϴ϶Ͽϼ Ϲ Ͼϼ  Ϲ  ( = , ). 
Ϟ Ͽϼ Ϲ ϶  ϴϷ ϹϷϴ ϶:  
 Z′ϴϷ = NNϴϷ

,                                                                                                         (3.3) 

 
ϷϸϹ     N  - ϴ ϶ϿϹ ϴ   ϗϱϥ; NϴϷ  -  ϴϷ ϹϷϴ ϴ. 

ϣ ϴ϶Ͼϴ ϞϣϘ:  
 ∆ = ηη .                                                                                                                  (3.4) 

 
ϫϴ ϴ ϶ ϴ Ϲ ϼ  ϵϼ  (  ϿϹϸ ϼ  Ͼ ϷϿϹ ϼϹ  ϸ  ϴ ϸϴ Ϸ  

ϻ ϴ Ϲ ϼ ):  
 

′ = 𝐼 ′ √Δ ∙ р,                                                                                                                        (3.5) 

 
ϷϸϹ      ′  - ϼ϶Ϲϸё ϴ  ϴ ϴ ϶ ϴ Ϲ ϼ  ϸϹϿ Ͻ Ϸϼϸ ϵϼ  ϶ ϴ ё Ͻ 

ϾϹ. 
ϣ ϼ϶Ϲϸё ϴ  ϴϾ ϼ ϴϿ ϴ , ϴ ё ϴ  ϼ ϼ ϼ ϴϿ ϴ  ϴ  ϶ ϴ Ϲ ϼ :  
 n  a′ = D∆ i . .                                                                                                  (3.6) 

 n  ′ = D(∆ ) . .                                                                                                     (3.7) 

 n  i′ = D∆ ax . .                                                                                                  (3.8) 
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ϣ ϼϻ϶ϹϸϹ ϼϹ ϼ϶Ϲϸё Ϸ  ϴ ϸϴ ϶ ϴ ё Ͻ ϾϹ ϴ ϞϣϘ:  
 Q′ ∙ η = Na, ∙D ∙ p, ∙η  .                                                                                          (3.9) 

 
ϟϹ϶ϴ  ϴ  ϴ϶ Ϲ ϼ  ϹϸϹϿ Ϲ  ϸϵ  ϴϾ Ͻ Ͼϼ ϴ Ͽϼ ϼϼ  ′ , 

ϵ  ϼϻ϶ϹϸϹ ϼϹ Q′ ∙ η  ϶ Ͻ ϾϹ ϵϹ Ϲ ϼ϶ϴϿ  ϶ Ͽ Ϲ ϼϹ Ͼϴϻϴ Ϸ  
ϴ϶Ϲ ϶ϴ. 

ϣ ϼϻ϶ϹϸϹ ϼϹ ϸϿ  Ϸ ϴ ϼ Ϲ ϼ   ϷϹ Ϲ ϴ :  
 Q′ ∙ η = Na, ∙D ∙ ax, ∙η  .                                                                                      (3.10) 

 
ϣ ϼ϶Ϲϸё Ϲ ϴ ϸ :  
 Q′ = Q i∙D ∙√ i ∙∆ .                                                                                                  (3.11) 

 Q′ = Q i∙D ∙√ ax∙∆ .                                                                                                   (3.12) 

 
ϤϹϻ Ͽ ϴ  ϴ ё ϶ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 3.2.  
 

ϦϴϵϿϼ ϴ 3.2 – ϣϴ ϴ Ϲ  Ϸϼϸ ϵϼ  ϣϟϘ90–ϖ45 

 
ϣ ϶Ϲϸё  ϴ ϴϿϼϻ ϶ ϵ ϴ  ϸϼϴ Ϲ ϶  ϿϹϸ ϼ  Ͼ ϼ Ϲ ϼ : 
 ϠϴϾ ϼ ϴϿ Ͻ ϞϣϘ; 
 Ϣ ϼ ϴϿ ϴ  ϴϵ ϴ  ϻ ϴ ϵϼ ; 
 ϥ Ͼ ϴ Ϲ ϼϹ Ͼ Ͽϼ Ϲ ϶ϴ ϴϷ ϹϷϴ ϶; 

D ,  5,6 6 6,3 7,1 7,5 8 η , . . 0,943 0,944 0,944 0,945 0,945 0,945 N′ ,  185904 213514 235480 299326 334127 380325 Z′ ,  6,18 5,38 4,88 3,84 3,44 3,02 Z ,  6 6 6 4 4 4 Na ,  191333 191333 191333 287000 287000 287000 ∆ , . . 1,040 1,041 1,041 1,042 1,042 1,043 ′ , /  124,6 116,3 110,8 98,4 93,1 87,3 n , /  125 125 115,4 100 93,8 88,2 ′ 𝑖 , /  94,8 101,5 98,4 96,0 95,1 95,4 ′ , /  85,1 91,2 88,4 86,3 85,5 85,7 ′ , /  78,2 83,8 81,2 79,2 78,5 78,7 Q′ ∙ η  1,12 0,97 0,88 1,04 0,93 0,82 Q′ ∙ η  0,87 0,76 0,68 0,81 0,72 0,64 ′ , /  0,89 0,78 0,70 0,55 0,450 0,44 ′ 𝑖 , /  1,08 0,94 0,85 0,67 0,60 0,53 
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ϦϴϾϺϹ ϴ ϷϿϴ϶ Ͻ ϼ϶Ϲ ϴϿ Ͻ ϴ ϴϾ Ϲ ϼ ϼϾϹ Ϲ  ϻ  ϴϵ  
ϸϿ  ϾϴϺϸ Ϸ  ϶ ϵ ϴ Ϸ  ϸϼϴ Ϲ ϴ ϼϿ ϺϹ ϼϹ ϕ ϼ Ͼ ϕ.1-6.  

ϖ Ϲϻ Ͽ ϴ Ϲ ϶ϹϸϹ  Ϲ ϼϽ ϴϵ ϼ  ϻ  ϴϻϿϼ  ϸϼϴ Ϲ ϶ 
ϴϵ ϹϷ  Ͼ ϿϹ ϴ ϵϼ  ϣϟ90-ϖ45-560 ϶ ϵ ϶ϴϹ  ϼϻ ϴ Ϲ ϼ , ϴϾ ϾϴϾ ϶ Ϲё 
ϴϵ  ϻ  Ϲ ϶ ϸϼ  Ͼϴ ϼ ϴ. 

ϦϴϾϼ  ϵ ϴϻ , ϸ ϿϺϼ  ϴ Ϲ  ϸϿ  ϿϹϸ ϼ  ϵϼ : ϣϟ90-ϖ45-600, 
ϣϟ90-ϖ45-630, ϣϟϘ90-ϖ45-710, ϣϟ90Ϙ-ϖ45-750, ϣϟ90Ϙ-ϖ45-800. 

 
3.2       

 
Ϣ ϹϸϹϿϹ ϼϹ ϻϴϷϿ ϵϿϹ ϼ  ϴϵ ϹϷ  Ͼ ϿϹ ϴ Ϲ ϵ ϸϼ  ϸϿ  ϵϹ Ϲ Ϲ ϼ  

ϵϹ Ͼϴ϶ϼ ϴ ϼ Ͻ ϴϵ  ϵϼ .  
Ϣ Ϲ Ͼϴ ϴ ϶Ͼϼ ϴϵ ϹϷ  Ͼ ϿϹ ϴ ϹϸϹϿ Ϲ   ϿϹ:  
 ∇ . . = + ,                                                                                     (3.13) 
 

ϷϸϹ     ( ) – Ϲ Ͼϴ ϼϺ ϹϷ  ϵ Ϲ ϴ ϶ ϻϴ϶ϼ ϼ ϼ  ϴ ϸϴ ϶ ϡϕ;  
 – ϶ ϴ ϴ ϶ϴ ϼ .  

Ϥϴ Ϲ Ϲ ϻ ϴ Ϲ ϼϹ ϶  ϴ ϶ϴ ϼ  HS ϹϸϹϿ Ϲ  ϴϼϵ ϿϹϹ 
ϹϵϿϴϷ ϼ   Ͼϼ ϻ Ϲ ϼ  Ͼϴ϶ϼ ϴ ϼϼ ϹϺϼ  ϴϵ  Ϸϼϸ ϵϼ Ϸ  
ϵ ϸ ϶ϴ ϼ . ϔ ϴϿϼϻ Ͼϴ϶ϼ ϴ ϼ Ͻ ϴ ϴϾ Ϲ ϼ ϼϾϼ Ͼϴϻ ϶ϴϹ ,  ϴϼϵ ϿϹϹ 

ϴ ϼ  Ͼϼ ϻ Ϲ ϼ  Ͼϴ϶ϼ ϴ ϼϼ, .Ϲ. Ϲϵ ϼ ϼ ϴϼϵ Ͽ ϹϷ  ϻϴϷϿ ϵϿϹ ϼ  
϶Ͽ , ϾϴϾ ϴ϶ϼϿ , ϼ ϹϺϼ ϴ: 

 Ϥϴϵ ϴ ϸ Ϸ  ϴϷ ϹϷϴ ϴ ϼ max ϴ Ϲ ϼ ϼ ϴϿ Ͻ ϼ; 
 Ϥϴϵ ϴ ϸ Ϸ  ϴϷ ϹϷϴ ϴ ϼ ϴ Ϲ  ϴ Ϲ ϼ ϼ ϴϿ Ͻ 

ϼ; 
 Ϥϴϵ ϴ ϸ Ϸ  ϴϷ ϹϷϴ ϴ ϼ min ϴ Ϲ ϼ ϶Ϲ ϶ ϹϽ Ϲ  

ϼ ϴ Ͽϼ ϼϼ Ϸ ϴ ϼ Ϲ ϼ . 
ϖ ϴ ϴ ϶ϴ ϼ  ϴ ϸϼ   ϿϹϸ ϹϽ ϿϹ:  
 = − − 𝜎 − , + ∆ . .                                                                      (3.14) 

 
ϷϸϹ    =   – ϵϴ Ϲ ϼ Ϲ Ͼ Ϲ ϸϴ϶ϿϹ ϼϹ;  𝜎 – Ͼ ϼ ϼϹ  Ͼϴ϶ϼ ϴ ϼϼ, ϹϸϹϿ Ϲ   ϗϧϩ ( ϼϿ ϺϹ ϼϹ ϕ);  

 – ϴ .  
Z . Ͽ – . ϴϻ  ϶  Ϲ Ͼ ϸ϶  ϴ ϴϾ Ϲ  Ͽ Ͼ ϹϽ 

ϸϹϿ Ͻ ϼ ϴ Ͻ ϵϼ , ϸϿ  Ϲ϶  ϶Ϲ ϼϾϴϿ  ϣϟϘ- ϵϼ   
 

Z . Ͽ.=  .                                                                                                         (3.15)  

 
ϛϸϹ    – ϶ ϴ ϴ ϴ϶Ͽ ϹϷ  ϴ ϴ ϴ ϴ ϴ Ͻ ϵϼ , Ͼ ϴ  

Ϲ Ϲ ϼ ϶ϴϹ   ϸϹϿϼ: 
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 =  ∗   .                                                                                         (3.16) 

 
ϷϸϹ      ϼ   – Ͼϴϻϴ  ϴ ϧϩ. 

 
Ϥϴ ϼ ϶ϴϹ  Ϲ Ͼ  ϴ ϶Ͼϼ ϴϵ ϹϷ  Ͼ ϿϹ ϴ ϼ ϾϴϺϸ Ͻ ϼϻ 

϶ ϼ ϿϹ  ϶  ϴ ϶ϴ ϼ   Ͼ ϼ϶ Ͻ ϶ ϻϼ ϼϺ ϹϷ  ϵ Ϲ ϴ ( ϼ Ͼ 3.1). 
 

 

 
Ϥϼ Ͼ 3.1 – ϗ ϴ ϼϾ ϻϴ϶ϼ ϼ ϼ =  

 
ϣ Ͽϼ  ϻϴ϶ϼ ϼ ϼ Z ϵ=f(Q): 
 
y = −0,0000000000000000000013760x6 + 0,0000000000000000282194172x5 −0,0000000000002258659455739x4 + 0,0000000008704846587472000x3 −0,0000017531098537304500000x2 + 0,0045702995616920800000000x + 

361,0157893154830000000000000 
 
Ϥϴ ϼ ϶ϴϹ  Ϲ Ͼ  ϴ ϶Ͼϼ ϴϵ ϹϷ  Ͼ ϿϹ ϴ ϼ ϾϴϺϸ Ͻ ϼϻ 

϶ ϼ ϿϹ  ϶  ϴ ϶ϴ ϼ . Ϣ Ϲ Ͼϴ ϴ ϶Ͼϼ ϴϵ ϹϷ  Ͼ ϿϹ ϴ ϶ 
϶ -Ͽ ϴ  ϵϼ ϴ  ϼ ϶ϴϹ   ϶  ϼϺ ϹϷ  ϵ Ϲ ϴ ϸ  ϼ 
϶ ϴ Ͽ ϴ ϹϽ. 

 Hmin = Z  (Q Hmin ) + H H 𝑖 ,                                                       (3.17) 
 (H ) = Z  Q (H ) + H (H ),                                                   (3.18) 

361
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H = Z  (Q Hmax ) + H Hmax .                                                      (3.19) 
 
ϥ ϴ϶ϼ  ϴϵϿϼ  3.3 ϸϿ  ϣϟϘ90-ϖ45. 

 
ϦϴϵϿϼ ϴ 3.3 – ϣϴ ϴ Ϲ  Ϸϼϸ ϵϼ  ϣϟϘ90-ϖ45 
 

D1 6 6,3 7,1 7,5 8 

Q`(Hmin) 0,98 0,88 1,04 0,93 0,81 

 
Q`(H ϴ ) 

1,07 0,96 1,14 1,02 0,89 

Q`(Hmax) 0,82 0,75 0,88 0,79 0,69 

Q (Hmin) 260 258 388 388 383 

Q (H ϴ ) 316 314 473 471 469 

Q (Hmϴ ) 264 265 398 398 398 

Z ϵ (Q (Hmin)) 362,34 362,33 362,91 362,91 362,89 

Z ϵ (Q (H ϴ )) 362,59 362,59 363,26 363,25 363,25 

Z ϵ (Q (Hmax)) 362,36 362,37 362,95 362,95 362,95 

ϭ (Hmin) 0,213 0,170 0,249 0,195 0,144 

ϭ(H ϴ ) 0,270 0,216 0,327 0,240 0,176 

ϭ(Hmax) 0,149 0,120 0,174 0,132 0,101 

Hs(Hmin) -2,00 0,29 -3,75 -0,87 1,87 

Hs(H ϴ ) -8,37 -4,83 -11,94 -6,24 -2,01 

Hs(Hmax) -2,30 -0,03 -4,09 -0,81 1,64 

Z Ͼ(Hmin) 360,06 362,34 358,86 362,14 364,59 

Z Ͼ(H ϴ ) 354,22 357,76 351,32 357,01 361,23 

Z Ͼ(Hmax) 360,34 362,63 359,15 362,04 364,76 
 

Ϝϻ ϴ ϴϿϼϻϴ Ͽ Ϲ  ϶ϴ ϼϴ ϶ ϸϿ  ϣϟϘ90-ϖ45, ϵ Ͽϴ ϶ ϵ ϴ ϴ ϵϼ ϴ 
ϣϟϘ90-ϖ45-630, .Ͼ ϵϼ ϴ ϸϴ Ϸ  ϸϼϴ Ϲ ϴ ϼ ϹϹ  ϶  ϴ ϶ϴ ϼ  

Ϲ Ϲ 8   Ͽ ϶ϼ , ϵϹ Ϲ ϼ϶ϴ ϹϹ ϵϹ Ͼϴ϶ϼ ϴ ϼ Ͻ ϹϺϼ , 
ϼ ϴϿ  Ͼ Ͽϼ Ϲ ϶  ϴϷ ϹϷϴ ϶, Ͼ Ϲ Ϸ  Ϸϴ ϴ ϼ ϶ϴ  

ϵϹ Ϲ Ϲϵ Ͻ  ϴϵ  ϴ ϼϼ. Ϧ Ͼϴ ϼ ϴ ϶ ϸϼ  ϶ ϻ  ϴϵ  ϼ 
ϴ ϸϼ  ϹϺϸ  n1`Hmax ϼ n1`H . Ϝ ϹϹ  ϴϼ Ϲ ϼϽ ϸϼϴ Ϲ  ϼϻ ϶ Ϲ  

ϵϿϴϷ ϼ  ϴ ϴ ϼ϶ϴϹ  ϸϼϴ Ϲ ϶. 
Ϣ Ϲ Ͼϴ ϴ ϶Ͼϼ ϤϞ: 357,76   
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3.3      
 

ϡ ϼ ϴϿ ϴ  ϾϴϺ ϴ   Ϸϼϸ ϷϹ Ϲ ϴ ϴ:  
 = c s 𝜑 = ,, = ,  ∙ ,                                                                             (3.20) 

 
ϷϸϹ     cos = ,  – Ͼ ϼ ϼϹ  ϼ.  

ϫϼ Ͽ  ϴ  Ͽ ϶ Ϸϼϸ ϷϹ Ϲ ϴ ϴ:  
 = ∙ = ∙ ∙, = .                                                                                          (3.21) 

 
ϣ Ͼ Ͽ Ͼ  Ϲ Ϲ ϶ Ϲ  Ϸϼϸ ϷϹ Ϲ ϴ ϴ ϴ ϶ ϵ ϴ Ϲ ϴ ϴ Ϲ , 

϶ ϸϼ  Ϲ Ͻ ϴ Ϲ  ϶  ϴ ϴ Ϲ ϶. 
Ϥϴ ё ϴ  :  
 = = , ∙ , = ,  ∙ ,                                                               (3.22) 
 

ϷϸϹ    = ,  – Ͼ ϼ ϼϹ , ϻϴ϶ϼ ϼϽ  cos . 
ϧϸϹϿ ϴ  ϴϷ ϻϾϴ:  
 ∗ = = , = ,  ∙ .                                                                                 (3.23) 

 
ϣ Ͽ Ϲ ϸϹϿϹ ϼϹ, ϻϴ϶ϼ ϹϹ  ϴϷ ϻϾϼ ϼ  ϵϴ ϿϴϺϸϹ ϼ :  
 ∗ = ∙ ∗𝛼 = , ∙ , , = ,  ,                                                          (3.24) 
 

ϷϸϹ   = , ;  = ,  – ϼ ϼ Ϲ ϾϼϹ Ͼ ϼ ϼϹ , ϻϴ϶ϼ ϼϹ  ϵϴ 
ϿϴϺϸϹ ϼ , ϶ ϸϴ  Ͽ ϴϹ Ϲ Ϲϸ ϶Ϲ Ϲ ϶ ϸ Ϲ ϵ Ͼ ϴ ϴ ϼ 

Ϲ Ϲϸ ϶Ϲ Ϲ ϶ ϻϸ Ϲ ϵ Ͼ ϴ.  
 
Ϙϼϴ Ϲ  ϴ:  
 𝑖 = 𝜏∙ = , ∙, = , .                                                                                 (3.25) 

 
ϣ ϹϸϹϿ ϴ  Ͼ Ϻ ϴ  Ͼ :  
 𝜗 = 𝑖 = , ∙ , ∙ ∙ , =  / ,                                                 (3.26) 

 
ϷϸϹ     = .  
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Ϣ ϼϹ ϼ ϶  ϸϼϴ Ϲ  ϴ  ϼ  ϴ϶  ϶ Ϲ Ϲ  ϸϼϴ Ϲ  
Ͼ Ͼ ϴ ϴ ϵϼ : = ,  .  

Ϟ ϼ ϼϹ  ϴ ϼ :  
 = ∗ = ,, , = , ,                                                                              (3.27) 

 
ϷϸϹ  = , ; = ,  – Ͼ ϼ ϼϹ , ϶ ϵ ϴ Ϲ ϶ ϶Ϲ ϶ϼϼ  ϵ  

ϿϴϺϸϹ ϼ . 
ϖ ϴ ϴϾ ϼ϶ Ͻ ϴϿϼ:  
 = 𝑠𝑖 = 𝑎 𝑖 = ∙ , ∙ ,, ∙ , ∙ , = ,  .                                                    (3.28) 

 
ϖ ϴ ϴϾ ϼ϶ Ͻ ϴϿϼ ϴ ϸϴ ϼϻϼ ϶ϴ ϴ,  ϼ ϼ ϴϹ  

ϵϿϼϺϴϽ ϹϹ ϻ ϴ Ϲ ϼϹ = ,  . 
Ϟ Ͼ ϼ϶ Ϲ ϼ Ͽ Ϲ ϼϹ ϷϹ Ϲ ϴ ϴ Ϲ  Ϲ ϼϹ :  
 𝑖𝑎 = ,, = ,  .                                                                                                (3.29) 

 

ϦϴϾ ϾϴϾ 𝑖𝑎 > ,  ϼ ϼ ϴϹ  ϻ ϼ Ϲ ϼ Ͽ Ϲ ϼϹ.  
 
ϖ Ϲ ϼϽ ϸϼϴ Ϲ  ϶ϴϿϴ ϼϵϿϼϺё  ϴ ϼ ϶ϴϹ  ϿϹ (3.30)  

ϸϴϿ ϹϽ ϼ  Ͼ ϷϿϹ ϼϹ  ϸ  ϴ ϸϴ ϼϻϼ ϶ϴ Ϸ  ϼ Ͽϴ:  
 = ∙ √ = ∙ √ , = ,  .                                               (3.30) 

 
ϣ ϼ ϼ ϴϹ  ϴ ϸϴ  ϶ϹϿϼ ϼ  ( Ͼ ϷϿ  Ͼ ϴ  50  ϼ d϶ < 1  

, ϼϿϼ Ͼ ϴ  100  ϼ d϶ ≥ 1 ), ϦϴϾϼ  ϵ ϴϻ , =  .  
Ϣϵ ϴ  ϴ ϴ ϷϹ Ϲ ϴ ϴ ϼϵϿϼϺё :  
 = 𝑖 = ∙ , ∙ , =  ,                                                               (3.31) 
 

ϷϸϹ    = ÷  ϸϿ  ϻ ϼ  ϷϹ Ϲ ϴ ϶.  
ϖϹ  ϴ ϷϹ Ϲ ϴ ϴ  ϶ϴϿ  ϴ϶Ͽ Ϲ  50-55% ϵ ϹϽ ϴ  

Ϸϼϸ ϷϹ Ϲ ϴ ϴ:  
 = , = , ∙ =  .                                                            (3.32) 
 
Ϙϼϴ Ϲ  ϴϾ ϼ϶ Ͻ ϴϿϼ:  
 = 𝑖 + , = , + , = ,  .                                                       (3.33) 
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Ϧ Ϸϸϴ, ϴ Ͼϼ ϶Ͼϴ ϷϹ Ϲ ϴ ϴ: ϥϖ-1139/140-52.  
ϦϴϾϼ  ϵ ϴϻ , ϴ ϴ Ϲ  ϶ Ϸ  ϷϹ Ϲ ϴ ϴ ϴ ϼ ϴ  ϼϵϿϼϺё  ϼ 

Ϲϻ Ͽ ϴ  ϴ ё ϴ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 3.5.  
 

ϦϴϵϿϼ ϴ 3.5 – Ϣ ϶ Ϲ ϴϻ Ϲ  ϷϹ Ϲ ϴ ϴ ϥϖ-1139/140-52 

 
3.4  ё      
 
ϠϹ ϴϿϿϼ Ϲ ϾϼϹ ϼ ϴϿ Ϲ Ͼϴ Ϲ  (φ = 345 ÷ 360°) ϼ Ϲ  Ͼ ϷϿ Ϲ 

Ϲ Ϲ Ϲ Ϲ Ϲ ϼ   Ϲ Ϲ ϸ  ϴ ϿϿϼ ϼ Ϲ ϾϼϹ ϶ ϴϽ Ϲ ϻ ϵϴ, ϼ Ͽ Ϻϴ  
ϸϿ  ϸ϶ ϸϴ ϶ ϸ  Ͼ ϵϼ Ϲ ϼ ϼ ϶ϴ ϼ  Ͼϴ ϴ ϶ ϸϹ ϶ ϴ ϴ϶Ͽ ϼϽ 
ϴ ϴ ϴ . ϣ ϼ Ϲϸ ϼ  ϼ ϶ Ͼϼ  ϴ ϴ  ϼ Ϲ  Ϲ ϴϿϿϼ Ϲ ϾϼϹ Ͼϴ Ϲ   
Ͼ ϷϿ ϼ Ϲ Ϲ ϼ ϼ. ϣ ϼ ϹϹ ϴ Ϲ Ϲ ϻϴϸϴϹ  Ϲ  ϷϿϴ϶ ϼ Ͽ ϶ϼ ϼ, 
Ͼ  ϸ ϿϺϹ  ϸ ϼ  Ͼ, Ϲ Ϲϻ ϹϹ ϸ ϼϽ: 

1. ϢϵϹ Ϲ ϼ϶ϴϹ  ϴ϶ Ϲ Ϲ ϴ ϹϸϹϿϹ ϼϹ ϴ ϸϴ  Ͼ Ϻ ϼ 
ϴ ϴ϶Ͽ ϹϷ  ϴ ϴ ϴ ϴ. 

2. ϢϵϹ Ϲ ϼ϶ϴϹ  ϸϼ ϴϾ ϶  ϻϴϾ Ͼ  Ͼϴ ( ϶  Ϲ ϴ 
Ͼ ϼ) Ϲ Ϲϸ ϴ ϴ϶Ͽ ϼ  ϴ ϴ ϴ . 

3. ϣ ϸϵϼ ϴϹ  ϴϻ Ϲ  ϴϸϼϴϿ  Ϲ Ϲ ϼϽ ϼ ϴϿ Ͻ Ͼϴ Ϲ  ϴϾ, ϵ  
Ϲϸ ϼϹ Ͼ ϼ Ͼϴ ϶ ϼ  Ϲ Ϲ϶ ϸϼϿϼ ϹϸϹϿ  ϻ ϴ Ϲ ϼϽ. 

Ϝ ϸ Ϲ ϸϴ Ϲ ϸϿ  ϵϼ  ϣϟϘ90–ϖ45: 
ϡ ϼ ϴϿ ϴ   ϵϼ  N  = 191,3 Ϡϖ ; 
Ϥϴ ё Ͻ ϴ  H  = 65 ; 
Ϙϼϴ Ϲ  ϴϵ ϹϷ  Ͼ ϿϹ ϴ D1 = 6,3 ; 
ϫϴ ϴ ϶ ϴ Ϲ ϼ  n = 115,4 ϵ/ ϼ ; 
Ϥϴ ϸ Ϲ Ϲϻ ϵϼ  ϼ N  ϼ H  : Q  = 314 3/ . 
ϣ  ϗϧϩ ϸϿ  ϵϼ  ϣϟϘ90–ϖ45 ϶ ϵϼ ϴ  ϶  ϴ ϴ϶Ͽ ϹϷ  

ϴ ϴ ϴ ϴ b0 = 0,25 ∙ D1 = 0,25 ∙ 6,3 = 1,575  ϼ Ϸ Ͽ ϵ ϶ϴ ϴ φ = 345°; ϼ ϶  
ϴ ϴ b1 = b0 + 0,02 = 1,595 . Ϣ ϶ Ϲ ϴϻ Ϲ  ϴ ϴ ϸϿ  D1 = 6,3 :  

ϱϿϹ Ϲ  ϷϹ Ϲ ϴ ϴ ϣϴ ϴ Ϲ   ϛϴ϶ϼ ϼ   ϛ ϴ Ϲ ϼϹ,  

ϥ ϴ   
ϖ ϴ Ͼ ϴ ℎ   ,   ,  2,52 

Ϙϼϴ Ϲ  Ͼ ϴ  , + , 𝑖 13,20 
Ϙϼϴ Ϲ  ϴϾ ϼ϶ Ͻ ϴϿϼ  𝑖 +  ,   ,  11,29 

ϖϹ  Ͼ Ϲ ϶ϼ ϴ 
ϖ ϴ ℎ   ,   , 𝑖 1,17 

Ϙϼϴ Ϲ  Ͽ ϹϽ   13,20 

ϣ ϸ ϼϾ  ϖ ϴ ℎ   ,   , 𝑖 1,80 
Ϙϼϴ Ϲ  Ͼ Ϻ ϴ   ,   , 𝑖 4,77 

ϡϼϺ  Ͼ Ϲ ϶ϼ ϴ 
϶ ϴ h .Ͼ  ,   ,  2,27 

ϸϼϴ Ϲ  Ͽ ϹϽ D .Ͼ + ,  8,82 

ϡϴϸ ϽϾϴ  ϖ ϴ ℎ   ,   ,  0,40 

Ϟ ϴ Ϲ   
Ϙϼϴ Ϲ    ,   , 𝑖 15,36 

Ϡϼ ϼ ϴϿ ϴ  ϼ ϼ ϴ 
ϸ ϸϴ  

 ,   ,  0,45 

Ϝ Ͽ Ϲ ϼϹ  ϛ ϼ Ͻ 
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Da = 9,7 ; Db = 8,42 ; D4 = 10,1 ; R4 = 5,05 ; R = 0,56 ; h1 = 0,484 ; K 
= 0,175. 

Ϥϴ Ϲ  ϼ ϴϿ Ͻ Ͼϴ Ϲ  ϶ ϸ  ϶ ϿϹϸ ϹϽ ϿϹϸ ϶ϴ ϹϿ ϼ: 
ϣ Ͽ ϴ  ϶ ϴ ϴ ϴ: 
 = + ∙ ℎ = , + ∙ , = ,  .                                              (3.34) 
 
ϥϾ  ϶  ϶ ϸ  Ϲ Ϲ ϼϼ ϼ ϴϿ Ͻ Ͼϴ Ϲ  ϼ ϼ ϴ   Ϸ ϴ ϼϾ : 
 𝑣 = , Ͼ ϸϴ 𝑣 = ,  / .                                                                     (3.35) 
 
ϖ ϼ Ͽ Ϲ  ϴ ϸ Ϲ Ϲϻ ϶ ϸ Ϲ Ϲ Ϲ ϼϹ: 
 = 𝜑 = ∙ = ,  3/ .                                                                   (3.36) 

 
ϣϿ ϴϸ  ϶ ϸ Ϸ  Ϲ Ϲ ϼ  ϼ ϴϿ Ͻ Ͼϴ Ϲ : 
 = = ,, = ,  2.                                                                            (3.37) 

 
Ϥϴϸϼ  ϶ ϸ Ϸ  Ϲ Ϲ ϼ : 
  = √ = √ ,, = ,  .                                                                   (3.38) 

 
Ϥϴ ϼϹ  ϼ ϵϼ  ϸ  Ϲ ϴ ϶ ϸ Ϸ  Ϲ Ϲ ϼ : 
 a = + √ − = , + √ , − , = ,  .                 (3.39) 

 
ϡϴ Ϻ Ͻ ϴϸϼ  ϶ ϸ Ϸ  Ϲ Ϲ ϼ : 
 = + = , + , = ,  .                                                                  (3.40) 
 
ϛ ϴ Ϲ ϼϹ 𝜑 ϶ ϸ Ϸ  Ϲ Ϲ ϼ  ϹϸϹϿ Ϲ   ϿϹ: 

 𝜑 ∙ = − √ − = , − √ , − , = , .                                (3.41) 

 
ϣ ϼ ϼ  ϻ ϴ Ϲ ϼϼ  3,5 ϼ 3,6: 
 = , ,                                                                                                                    (3.42) 
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= 𝜑 = = , .                                                                                (3.43) 

 
ϣ ϿϹϸ ϶ϴ ϹϿ  ϻϴϸϴ϶ϴ  ϸ  ϻ ϴ Ϲ ϼϽ ϷϿ ϶ φi Ϲ Ϲϻ Δφ = 15°, 

ϴ ϼ ϶ϴϹ  ϶ Ϲ Ϲ Ϲ ϼ  ϼ ϴϿ Ͻ Ͼϴ Ϲ . ϣ ϼϻ϶ϹϸϹ  ϴ Ϲ  ϸϿ   = 330° 
ϧ ϴ϶ Ϲ ϼϹ, Ϲ ϴϹ Ϲ ϼ ϹϿ  x: 
 = 𝜑 + √ ∙ ∙𝜑 − =  = , ∙ , + √ ∙ , ∙ ,, − , = ,  .                                           (3.44) 

 
Ϥϴ ϼϹ ϸ  Ϲ ϴ ϴ ё Ϸ  Ϲ Ϲ ϼ : 
 = + = , + , = ,  .                                                                   (3.45) 
 
Ϥϴϸϼ  ϴ Ϲ Ϸ  Ϲ Ϲ ϼ : 
 = √ + = √ , + , = ,  .                                       (3.46) 

 
ϡϴ Ϻ Ͻ ϴϸϼ  ϴ Ϲ Ϸ  Ϲ Ϲ ϼ  
 = + = , + , = ,  .                                                               (3.47) 
 
Ϙϴ Ϲ ϻϴ ϼ  ϶ ϴϵϿϼ  3.6. 

 
ϦϴϵϿϼ ϴ 3.6 – Ϥϴ ё  Ϲ ϴϿϿϼ Ϲ Ͼ Ͻ ϼ ϴϿ Ͻ Ͼϴ Ϲ  

 - - - - -  x2 ρ2 ρ a R 

 /360 /C 2·R4·[3] [4]-
(H1/2)2 

√[5] [6]+[3] [7]2 [8]+(H1/2)2 √[9] R4+[7] [10]+[11] 

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

° - -   2  2 2    

345 0,96 0,87 8,81 7,16 2,68 3,55 12,59 14,23 3,77 8,60 12,37 

330 0,92 0,83 8,42 6,78 2,60 3,44 11,82 13,46 3,67 8,49 12,16 

315 0,88 0,80 8,04 6,40 2,53 3,33 11,06 12,70 3,56 8,38 11,94 

300 0,83 0,76 7,66 6,01 2,45 3,21 10,31 11,95 3,46 8,26 11,72 

285 0,79 0,72 7,27 5,63 2,37 3,09 9,57 11,21 3,35 8,14 11,49 

270 0,75 0,68 6,89 5,25 2,29 2,97 8,84 10,48 3,24 8,02 11,26 

255 0,71 0,64 6,51 4,87 2,21 2,85 8,12 9,77 3,13 7,90 11,03 

240 0,67 0,61 6,13 4,48 2,12 2,72 7,42 9,06 3,01 7,77 10,78 

225 0,63 0,57 5,74 4,10 2,02 2,59 6,73 8,37 2,89 7,64 10,54 

210 0,58 0,53 5,36 3,72 1,93 2,46 6,05 7,69 2,77 7,51 10,28 

195 0,54 0,49 4,98 3,33 1,83 2,32 5,38 7,02 2,65 7,37 10,02 

180 0,50 0,45 4,59 2,95 1,72 2,17 4,72 6,36 2,52 7,22 9,75 

165 0,46 0,42 4,21 2,57 1,60 2,02 4,08 5,72 2,39 7,07 9,46 
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Ϧ.Ͼ. ϸϿ  ϸϴϿ ϹϽ ϼ  ϷϿ ϶  Ϲ Ϲ ϼϹ ϥϞ ϼ ϼ ϴϹ   ϿϿϼ ϴ,  
Ϲ ϸϼϾϴ, Ͼϴϻϴ ϴ  ϶ Ϲ, Ϲ ϸ ϸϼ . ϥ ϼ  Ͽϴ϶  ϻϴ϶ϼ ϼ   ϺϹ 

ϼ Ϲ ϼ  Ͼ ϸϼ ϴ ϴ  R ϼ  ϸ  Ͼ ϸϼ ϴ  (  = 0;  = 
, ). ϡϹϸ ϴ ϼϽ 

ϴ Ͼ Ͽϴ϶  ϸϿ Ϲ  ϸ  0 ͦ (϶  ϼϿϼ ϸϵ  Ͼ ϼϼ) ϼ Ͽ ϴϹ  
ϻϴ϶ϼ ϼ  R = f( ) ( ϼ Ͼ 3.2). 

 
Ϥϼ Ͼ 3.2 – Ϝϻ Ϲ Ϲ ϼϹ ϴ Ϻ Ϸ  ϸϼϴ Ϲ ϴ ϼ ϴϿ Ͻ Ͼϴ Ϲ  R=f( ) 

 
ϣ Ͽ ϻ  ϴϷ  Δφ = 15°,  ϼ Ͼϴ 3.1 ϼ ϴϹ  ϻ ϴ Ϲ ϼ  R϶ ϻϴ϶ϼ ϼ ϼ 

 ϷϿϴ φ. 
 𝜑= = ,  .                                                                                       

 
Ϥϴϻ Ϲ  ϿϿϼ ϼ Ϲ Ͼϼ  Ϲ Ϲ ϼϽ ϼ ϴϿ Ͻ Ͼϴ Ϲ : 
 = ∙si = ,∙si = ,  .                                                                 (3.48) 

 
ϠϹ ϼϽ ϴϸϼ  ϸϿ  Ͽ ϵ Ϸ  ϿϿϼ ϼ Ϲ Ͼ Ϸ  Ϲ Ϲ ϼ : 
 𝜑= = 𝜑= − + ∙ −c s∙c s =  = , − , + , ∙ −c s∙c s = ,  .                                                        (3.49) 

 
Ϙϴ Ϲ ϻϴ ϼ  ϶ ϴϵϿϼ  3.7. 
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ϦϴϵϿϼ  3.7 – Ϙϴ Ϲ ϿϿϼ ϼ Ϲ Ͼ Ϸ  Ϲ Ϲ ϼ  
ϣ ϸϾ ϶ Ͻ 

Ϲ  
φ° p1 R P2 

14 150 

2,23 

9,17 2,27 
15 135 8,84 2,07 
16 120 8,52 1,87 
17 105 8,14 1,64 
18 90 7,72 1,38 
19 75 7,28 1,11 
20 60 6,80 0,82 
21 45 6,22 0,47 

 
ϣ  ϼ ϴϿ Ͻ Ͼϴ Ϲ  ϹϸϹϿ   ϿϹ: 

 = ∙ ∙ ⁄ = ∙ , ∙ , = , .                                                                 (3.50) 

 
ϧϷ Ͽ Ͼϴ ϶ ϼ ϴϿ Ͻ Ͼϴ Ϲ Ϲ ( ϴ ϶ ϸϹ ϶ Ͼ Ͽ  ϴ ϴ): 
 tan = ∙ ∙⁄ = / ∙ , ∙ ,, = , ,                                              (3.51) 

 = arctan ∙ ∙⁄ = arctan , = °.                                           (3.52) 

 
ϥ ϼ  Ϲ Ϲ ϼ Ϲ ϾϼϽ Ϲ ϹϺ ϼ ϴϿ Ͻ Ͼϴ Ϲ  Ͼ ϷϿ Ϸ  Ϲ Ϲ ϼ   

ϴϵϿϼ Ϲ 3.8 ϼϻ ϴ ϼ ϴ  ϶ Ϲ ϴ ϴ Ϲ ϶ 
 
ϦϴϵϿϼ  3.8 – Ϙϴ Ϲ ϼ ϴϿ Ͻ Ͼϴ Ϲ  Ͼ ϷϿ Ϸ  Ϲ Ϲ ϼ  

ϘϿ  Ͼ ϷϿ Ϸ  Ϲ Ϲ ϼ  
ϣ ϸϾ ϶ Ͻ 

Ϲ  
φ° a p R 

1 345 8,60 3,77 12,37 
2 330 8,49 3,67 12,16 
3 315 8,38 3,56 11,94 
4 300 8,26 3,46 11,72 
5 285 8,14 3,35 11,49 
6 270 8,02 3,24 11,26 
7 255 7,90 3,13 11,03 
8 240 7,77 3,01 10,78 
9 225 7,64 2,89 10,54 
10 210 7,51 2,77 10,28 
11 195 7,37 2,65 10,02 
12 180 7,22 2,52 9,75 
13 165 7,07 2,39 9,46 
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ϣ ϸ ϿϺϹ ϼϹ ϴϵϿϼ  3.8 
ϘϿ  ϿϿϼ ϼ Ϲ Ͼ Ϸ  Ϲ Ϲ ϼ  

№ φ° p1 R P2 
14 150 

2,23 

9,17 2,27 
15 135 8,84 2,07 
16 120 8,52 1,87 
17 105 8,14 1,64 
18 90 7,72 1,38 
19 75 7,28 1,11 
20 60 6,80 0,82 
21 45 6,22 0,47 

 
3.5 ё       

 
3.5.1 ё      

 
ϖϴϿ Ϸϼϸ ϴϷ ϹϷϴ ϴ Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  Ϲ Ϲϸϴ ϼ Ͼ ϹϷ  Ϲ ϴ  

ϴϵ ϹϷ  Ͼ ϿϹ ϴ Ͼ  ϷϹ Ϲ ϴ ϴ. Ϥϴ ё  ϶ϴϿϴ ϴ  ϼϻ϶ ϸϼ   
ё  ϶ Ϲ Ϸ  ϸϹϽ ϶ϼ  Ͼ ϼ϶ϴ ϼ , ϼϻϷϼϵϴ ϼ  ϼ ϴ Ϸϼ϶ϴ ϼ  
ϼϿϼϽ.  

ϡϴ Ϻ Ͻ ϸϼϴ Ϲ  ϶ϴϿϴ ϴ ϼ ϶ϴϹ  Ϲϸ϶ϴ ϼ ϹϿ   ϿϹϸ ϹϽ 
ϿϹ:  
 ∗ ( , ∙ 𝜏 ) ,  = , ∙ , , =  ,                                        (3.53) 

 
ϷϸϹ     =  . 

Ϟ ϼϽ Ϲ  ϹϸϹϿ Ϲ   ϿϹ (3.55):  
 = , = , ∙ , = ,  .                                                    (3.54) 

 
ϣ Ͽ Ϲ Ϲ ϻ ϴ Ϲ ϼϹ ϸϼϴ Ϲ ϴ Ͼ ϷϿ Ϲ  ϸ  ϴ ϸϴ ϼϻϼ ϶ϴ Ϸ  

(Ͼ ϴ Ϲ 50  ϼ D϶ Ϲ ϹϹ 1000  ϼ Ͼ ϴ Ϲ 100  ϼ D≥1000 ). 
ϢϾ ϴ ϹϿ Ϲ ϻ ϴ Ϲ ϼϹ ϴ Ϻ Ϸ  ϸϼϴ Ϲ ϴ ϶ϴϿϴ =  . 
 
3.5.2 ё    

 
ϡϴ ϴ϶Ͽ ϼϽ ϸ ϼ ϼϾ ϵϼ  Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  ϶ ϼ ϼ  

ϴϸϼϴϿ  ϴϷ ϻ Ͼ. ϖ ϹϾ Ϲ ϹϾ Ϲ ϸ Ϲ  ϼ Ϲ  ϸ ϼ ϼϾ ϴ 
϶ ϸ Ͻ ϴϻϾϹ, Ͼ Ͻ ϺϹ  ϵ  Ͼ Ͽ Ϲ϶ Ϸ  ϼϿϼ ϹϷ Ϲ Ϸ  ϼ ϴ.   

Ϥϴ ё  ϸ ϼ ϼϾϴ ϶ ϸϼ  Ͼ ϹϸϹϿϹ ϼ  ϹϷ  ϴϻ Ϲ ϴ ϼ ϶Ϲ ϾϹ  
Ͼ ϼ Ϲ ϼ  ϴϵ ϵ ϼ.  
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ϤϴϸϼϴϿ ϴ  ϼϿϴ ϴ ϴϵ Ϲ  Ͼ ϿϹ Ϲ ϹϸϹϿ Ϲ   ϼ ϼ Ϲ Ͼ Ͻ 
ϻϴ϶ϼ ϼ ϼ:  

 = , = , ∙ , ∙ , = ,  Ͼϡ.                                                               (3.55) 

 
Ϙϼϴ Ϲ  ϶ϴϿϴ ϸ ϸ ϼ ϼϾ ,  ё  ϵϿϼ ϶Ͼϼ, ϵ  

ϼ ϼ ϴϹ  ϴ 15-20  ϵ Ͽ Ϲ ϴ Ϻ Ϸ  ϸϼϴ Ϲ ϴ ϶ϴϿϴ:  
 = + = + =  .                                                           (3.56) 
 
ϘϿ  Ͼ Ͽ Ϲ϶ Ϸ  ϸ ϼ ϼϾϴ ϸϹϿ Ϲ ϸϴ϶ϿϹ ϼϹ ϴ϶ :  
 = ℎ = ,, ∙ , = .   [ ] = = ,  ,           (3.57) 

 
ϷϸϹ     ℎ =  ; 

 = = , ∙ , ∙ , = ,  / .                                                       (3.58) 

 
ϘϿ  ϹϷ Ϲ Ϸ  ϸ ϼ ϼϾϴ ϼ Ͽ  ϹϷ Ϲ ϶ ϼ ϶ ϴ ϹϷ Ϲ ϶ ϴ϶  

϶Ϲ ϶Ϲ : = , ℎ =  .  
ϧ ϼϿϼϹ ϴ ϴϼϵ ϿϹϹ ϴϷ ϺϹ Ͻ ϹϷ Ϲ  ϹϸϹϿ Ϲ   ϿϹϸ ϹϽ 
ϿϹ:  
 = + c s 𝛼+ c s 𝛼 = ,+ ∙ + c s = ,  Ͼϡ,                          (3.59) 

 

ϷϸϹ    = ° = °.  
ϧϸϹϿ ϴ  ϴϷ ϻϾϴ ϴ ϹϷ Ϲ  ϴ ϼ ϶ϴϹ   ϿϹϸ ϹϽ ϿϹ:  
 = ℎ = ,, ∙ , = ,   [ ] = = ,  ,       (3.60) 

 

ϷϸϹ     = , = , ∙ , ∙ , = ,  .    

 
ϖ ϵ ϼ  ϶ϼϸϴ  ϸ ϼ ϼϾ ϶ ϶ Ϲ Ͼϴϻϴ Ϲ Ͽ ϶ϼϹ ϵϿ ϸϴϹ ,  ϼϻ-

ϻϴ ϵ ϿϹϹ Ͻ ϴ ϶Ͼϼ ϼ Ͼ Ͽ ϴ ϴ ϼϼ ϶ ϵϼ ϴϹ  ϹϷ Ϲ Ͻ ϸ ϼ ϼϾ.  
  
3.5.3      

 
ϗϴϵϴ ϼ Ϲ ϴϻ Ϲ  ϴ Ͽ ϴ Ͻ ϴ ϶Ͼϼ ϹϸϹϿ  ϴϻ Ϲ  

ϴ Ͽ ϶ ϻϸ Ϸ  Ͼ Ͽϴ, ϻϴ϶ϼ ϹϷ   ϴ Ϸ  ϼ Ͽϴ Ϲ ϶ ϶, 
ϵ Ͽ Ϻϼ϶ϴϹ  ϸ Ͻ Ϡϡϧ. 
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ϣ  Ϸ ϴ Ϲ [2, . 144] ϹϸϹϿ Ϲ  ϼ  ϴ Ͽ ϴ Ͻ ϴ ϶Ͼϼ ϸϿ  
ϴ ϴ = ,   ϼ ϸϼϴ Ϲ ϴ = ,  : Ϡϡϧ 16/1-40-20-3,  

ϷϸϹ     16 – ϵ ё  Ϸϼϸ ϴϾϾ Ͽ ϴ ; 
1 – Ͼ Ͽϼ Ϲ ϶  Ϸϼϸ ϴϾϾ Ͽ ϶; 
40 – ϸ, ϴ ϼ ϴ Ͻ ϴ ϸϴ϶ϿϹ ϼϹ 40 ; 
20 – ϶ Ϲ ϼ ϹϿ  Ͽϼ϶ Ϸ  ϵϴϾϴ, ;  
3 – Ͼ Ͽϼ Ϲ ϶  ϴ ϶. 
 
3.5.4     

 
ϣ  ϴϵϿϼ Ϲ [6, . 103] ϹϸϹϿё  ϼ  ϱϗϤ. ϘϿ  ϶ -Ͽ ϴ Ͻ 

ϵϼ  ϼ : ϱϗϤϞ-2Ϝ1-150-4. ϣϴ ϹϿϼ ϿϹϾ ϵ ϸ ϶ϴ ϼ   ϼ  
ϼϿϼ ϹϿ  ϿϹ Ϲ ϶, ϼ Ϲ Ϲ  ϶ ϶  Ͼϴ ϴϿϹ ϹϷ Ͽϼ ϶ϴ ϼ  ϴ 

ϼ ϹϷ ϴϿ  ϼϾ Ϲ ϴ .  
ϱϗϤ – ϿϹϾ Ϸϼϸ ϴ϶Ͽϼ Ϲ ϾϼϽ ϹϷ Ͽ ;  
Ϝ – ϴ ϼ ϹϷ ϴϿ  ϼϾ Ϲ ϴ ;  
150 – ϸϼϴ Ϲ  ϷϿϴ϶ Ϸ  ϻ Ͽ ϼϾϴ;  
4 – Ϸϼϸ Ϲ ϴ ϼ Ϲ Ͼϴ  Ͼ Ͽ Ͼϴ 4-Ϸ  ϼ Ͽ Ϲ ϼ .  
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4    
 

4.1      
 
ϱϿϹϾ ϼ Ϲ ϾϼϹ Ϲ  ϗϱϥ   ϵϿ  ϼ ϼ . ϖ Ϲ 

ϷϹ Ϲ ϴ  Ϲϸϼ  ϶ ϵϿ Ͼϼ  ϶ ϴ ϼ ϼ ϴ ϴ ϴ ϼ, 
ϴ ϴϿϿϹϿ ϴ  ϴϵ ϴ ϵϿ Ͼ ϶ Ϲ ϶Ͽ Ϲ  ϴ ϶ Ͼ  ϴ ϺϹ ϼϼ, ϷϸϹ 

Ϲϸ ϴ ϼ϶ϴϹ  ϴ ϹϸϹϿϼ ϹϿ Ϲ Ͻ ϶ . 
ϖ ϻϴ϶ϼ ϼ ϼ  ϼ Ͽϴ ϼ ϼ Ϸϼϸ ϴϷ ϹϷϴ ϶ ϼ Ϲ Ϲ ϼϹ Ͽ ϼϿϼ 

Ϲ ϵϿ Ͼϼ, ϶ Ͼ  ϾϴϺϸ  ϷϹ Ϲ ϴ  ϶Ϲ ϶ Ϲ  ϶ ϴ ϼϽ 
ϴ ϴ , ϴ ϴϾϺϹ Ͼ ё Ϲ ϵϿ Ͼϼ  Ϲ Ͼ Ͽ Ͼϼ ϼ ϷϹ Ϲ ϴ ϴ ϼ, 
ϼ Ϲϸϼ ё ϼ Ͼ ϵ Ϲ  ё ϴϻ  ϴ ϴ  ϼϿϼ Ϸ Ϲ ϼϻ 

ϸ ϴϻ  ϴ ϴ ϶. ϡϴ ϷϹ Ϲ ϴ  ϴ ϺϹ ϼϼ ϸϿ  ϼ ϴ ϼ  
ϵ ϶Ϲ  Ϻϸ ϶ Ͽ  ϶Ϲ ϶ϿϹ ϼ . 

ϘϿ  ϖϼ ϼ Ͼ Ͻ ϗϱϥ  ϼ Ͽ  ϴϷ ϹϷϴ ϶, ϴ϶  6, ϸϿ  ϴϾ ϼ ϴϿ Ͻ 
ϴϸϹϺ ϼ Ϲ Ϲϸϴ ϼ ϿϹϾ Ϲ Ϸϼϼ ϴ ϼ  ϶ϴ ϼϴ  – Ϲ   ϼ 

ϵϿ Ͼϴ ϼ. 
ϖ ϵ  ϴ ϺϹ ϼ  ϴ ϹϸϹϿϼ ϹϿ Ϸ  Ͻ ϶ϴ ϵ Ͽ ϶ϿϹ  ϴϿϼ ϼϹ  

϶ Ϲ Ϲϸ ϶Ϲ Ͻ ϵϿϼϻ ϼ (100 Ͼ ) ϸ ϴ ϼϼ ϣϥ-ϧ -Ϟ   500 Ͼϖ, 
ϼ Ϲ ϹϽ ϶ ϻ   Ϲ Ϸ ϼ Ϲ Ͻ Ϝ Ͼ Ͼ Ͻ ϵϿϴ ϼ. ϥ Ϲ ϴ  ϸϼ  ϼ 

Ͼ ё  ϵϿ Ͼ  Ϲϸ ϴ϶ϿϹ  ϴ ϼ Ͼϴ  4.1, 4.2.  
 

ϗ1 ϗ2 ϗ3 ϗ4

Ϧ1 Ϧ2 Ϧ3 Ϧ4

Ϥϧ ϖϡ 220 Ͼϖ

ϟϱϣ 80 Ͼ

ϥϼ Ϲ ϴ

 
Ϥϼ Ͼ 4.1 – ϥ Ͼ ϴ  Ϲ ϴ ϗϱϥ  ϸϼ ϼ ϵϿ Ͼϴ ϼ  

 



  

 51 

ϗ1 ϗ2

Ϧ1

ϗ3 ϗ4

Ϧ2

Ϥϧ ϖϡ 220 Ͼϖ

ϟϱϣ 80 Ͼ

ϥϼ Ϲ ϴ

 
Ϥϼ Ͼ 4.2 – ϥ Ͼ ϴ  Ϲ ϴ ϗϱϥ  Ͼ ё ϼ ϵϿ Ͼϴ ϼ  

 
4.2        

 
4.2.1     
 
ϗϼϸ ϷϹ Ϲ ϴ  ϸϵϼ ϴϹ   ϴ϶  ϸϴ  Ϲ ϼϽ  ϼ ϶  

ϴ ё  ϻ ϴ Ϲ ϼ  ϹϷ  ϼ ϴϿ Ͻ ϼ ϼ ϼ Ͻ ϴ Ϲ 
϶ ϴ Ϲ ϼ .  

ϣ  ϴ϶  ϸϴ  ϶ ϵ ϴ  Ϸϼϸ ϷϹ Ϲ ϴ  ϥϖ-1139/140-52. Ϙϴ Ϲ 
ϷϹ Ϲ ϴ ϴ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 4.1. 

 
ϦϴϵϿϼ ϴ 4.1 – ϣϴ Ϲ ϸϴ Ϲ ϷϹ Ϲ ϴ ϴ ϥϖ-1120/140-52 

ϡϴϼ Ϲ ϶ϴ ϼϹ ϶ϹϿϼ ϼ  Ϣϵ ϻ ϴ Ϲ ϼϹ ϙϸϼ ϼ  ϼϻ Ϲ Ϲ ϼ  ϛ ϴ Ϲ ϼϹ 
ϡ ϼ ϴϿ ϴ  Ͽ ϴ   S  Ϡϖ∙ϔ 235 
ϡ ϼ ϴϿ ϴ  ϴϾ ϼ϶ϴ   Р  Ϡϖ  200 

Ϟ ϼ ϼϹ  ϼ osφ .Ϲ. 0,85 
ϡ ϼ ϴϿ ϴ  ϴ ϴ ϶ ϴ Ϲ ϼ  n  ϵ/ ϼ  125 

ϡ ϼ ϴϿ Ϲ ϴ ϺϹ ϼϹ U  Ͼϖ 15,75 

Ϝ ϸ Ͼ ϼ϶ Ϲ ϼ϶ϿϹ ϼ  
x”d .Ϲ. 0,205 
x’d .Ϲ. 0,345 
xd .Ϲ. 0,915 

 
4.2.2     
 
ϣ  Ͼϴ ϴϿ Ϸ  ϢϔϢ «ϱϟϙϞϦϤϢϛϔϖϢϘ» ϶ ϵϼ ϴϹ  ϼϿ ϶ Ͻ 

ϴ ϴ  ϦϘϪ-250000/500.  
 Ϧ – Ϲ ϴϻ Ͻ; 
 Ϙ - ϸ Ϲ; 
 Ϫ – ϼ Ͼ Ͽ ϼ  ϴ Ͽϴ ϼ ϸϼ ϹϿ ϴ ; 
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 250000 - ϼ ϴϿ ϴ   ϴ ϴ ϴ, Ͼϖϔ; 
 500 -  ϻ ϴ Ϲ ϼϹ ϶ ϹϷ  ϴ ϺϹ ϼ , Ͼϖ. 
ϣϴ Ϲ ϸϴ Ϲ ϴ ϴ ϴ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 4.2: 
 

ϦϴϵϿϼ ϴ 4.2 – ϣϴ Ϲ ϸϴ Ϲ ϴ ϴ ϴ ϦϘϪ-250000/500 
ϡϴϼ Ϲ ϶ϴ ϼϹ ϶ϹϿϼ ϼ  Ϣϵ ϻ ϴ Ϲ ϼϹ ϙϸϼ ϼ  ϼϻ Ϲ Ϲ ϼ  ϛ ϴ Ϲ ϼϹ 

ϡ ϼ ϴϿ ϴ  Ͽ ϴ   S  Ϡϖ∙ϔ 250 
ϡ ϼ ϴϿ Ϲ ϴ ϺϹ ϼϹ ϶ ϹϽ 

ϵ Ͼϼ 
U϶  Ͼϖ 525 

ϡ ϼ ϴϿ Ϲ ϴ ϺϹ ϼϹ ϼϻ ϹϽ 
ϵ Ͼϼ 

U  Ͼϖ 15,75 

ϡϴ ϺϹ ϼϹ Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ  UϾ % 13 
ϣ Ϲ ϼ Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ  Δ Ͼ Ͼϖ  600 

ϣ Ϲ ϼ Ͽ Ϸ  ϸϴ Δ  Ͼϖ  250 
Ϧ Ͼ Ͽ Ϸ  ϸϴ  % 0,45 

 
4.2.3     
 
Ϧ ϴ ϴ  ϵ ϶Ϲ  Ϻϸ ϶ ϵϼ ϴϹ  ϴϾϼ  ϵ ϴϻ , ϵ  ϶ 

Ͽ ϴϹ ϴ϶ϴ ϼϽ Ͻ ϼ ϴ ϼϼ, ϶ Ϲ ϵ ϶Ϲ Ϲ Ϻ  ϷϿϼ ϶ ϻϿϴϷϴ  ϴ ϸϼ  
ϴ ϴ .  ϥ Ϲ  Ϸ  Ͽ ϶ϼ  ϼϻ϶ ϸϼ  ϴ Ϲ  ϵ ϶Ϲ  
Ϻϸ ϴ ϼϼ ϼ ϿϹ ϹϷ  ϶ ϵϼ ϴϹ  ϴ ϴ  ϵ ϶Ϲ  Ϻϸ. 

 = ∙ , = ∙ , = ,  .                     (4.1) 
 
ϣ  Ͽ Ϲ  ϻ ϴ Ϲ ϼ  ϶ ϵϼ ϴϹ  ϴ ϴ  ϵ ϶Ϲ  Ϻϸ. 

ϣ  ϸ ϸ ϹϽ ϼ ϶ ϵϼ ϴϹ  ϴ ϴ  Ϧϥϛ – 6300/15,75/6,3 ϼ 
Ϧϥϛ – 6300/6,3/0,4 

 Ϧ- ϴ ϴ . 
 ϥ- Ͻ. 
 ϛ-ϻϴ ϼ ё Ͻ. 
 6300- ϼ ϴϿ ϴ   ϴ ϴ ϴ, Ͼϖϔ. 
 6,3/0,4 - ϻ ϴ Ϲ ϼϹ ϼϻ ϹϷ  ϴ ϺϹ ϼ , Ͼϖ. 
 15,75/6,3 - ϻ ϴ Ϲ ϼϹ ϶ ϹϷ  ϴ ϺϹ ϼ , Ͼϖ. 
ϣϴ ϴ Ϲ  ϴ ϴ ϴ Ϧϥϛ – 2000/13,8/6,3 ϼ Ϧϥϛ – 2000/6,3/0,4 

Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 4.3. 
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ϦϴϵϿϼ ϴ 4.3 – ϣϴ ϴ Ϲ  ϴ ϴ ϶ Ϧϥϛ–6300/15,75/6,3 ϼ Ϧϥϛ – 
6300/6,3/0,4 

ϡϴϼ Ϲ ϶ϴ ϼϹ 
϶ϹϿϼ ϼ  

Ϣϵ ϻ ϴ Ϲ ϼϹ 
Ϧϥϛ – 

6300/15,75/6,3 
Ϧϥϛ – 

6300/6,3/0,4 
ϡ ϼ ϴϿ ϴ  Ͽ ϴ  

 ,  6,3 6,3 

ϖ ϹϹ ϴ ϺϹ ϼϹ U϶ , Ͼϖ 15,75 6,3 
ϡϼϻ ϹϹ ϴ ϺϹ ϼϹ U ϼϻ, Ͼϖ 6,3 0,4 

ϣ Ϲ ϼ ϴϾ ϼ϶ Ͻ 
ϼ 

∆P, Ͼϖ  11,8 11,5 

ϣ Ϲ ϼ ϴϾ ϼ϶ Ͻ 
ϼ ϴ Ͽ  

ϸ  
∆P , Ͼϖ  3,6 3,1 

ϣ Ϲ ϼ Ͼϴ ϴ 
Ͽ  ϸ  

∆I , % 0,5 0,3 

ϡϴ ϺϹ ϼϹ Ͼ Ͼ Ϸ  
ϻϴ Ͼϴ ϼ  

∆UϾ, % 8 5 

 
4.3            
 
ϥ ϴ ϴ  , ϶ ϸϴ϶ϴϹ ϴ  ϴ ϴ Ϲϸ Ͻ ϶ : 
 Σ = − . . = − , = ,  .                                        (4.2) 
 Σ = Σc s 𝜑 = ,, = ,  ∙ .                                                        (4.3) 

 
ϡϴ ϴϿ ϴ  , Ϲ Ϲϸϴ϶ϴϹ ϴ   1 Ϲ ϼ 500 Ͼϖ =  Ϡϖ . 

Ϟ ϼ ϼϹ  ϼ ϼ Ϲ  cosφc = , . 
ϫϼ Ͽ  ϸ ϼ  Ͽϼ ϼϽ 500 Ͼϖ: 
 = Σ/c sφc + = ,/ , + = , .                                                     (4.4)  

 
ϣ ϼ ϼ ϴϹ  3-  Ϲ ϴ  ϖϟ 500 Ͼϖ. 
Ϥϴϵ ϼϽ Ͼ Ͽϼ ϼϼ: 
 = Σ∙√ ∙ = ∙√ ∙ = ,  .                                                              (4.5) 

 
Ϥϴ Ϲ Ͻ Ͼ Ͽϼ ϼϼ: 
 = α ∙ α𝑖 ∙ = , ∙ , ∙ , = ,  .                                      (4.6) 
 

ϷϸϹ    α  – Ͼ ϼ ϼϹ , ϼ ϶ϴ ϼϽ ϼϻ Ϲ Ϲ ϼϹ Ͼϴ ϶ Ϲ Ϲ Ͼ Ͽ ϴ ϴ ϼϼ; α𝑖 – Ͼ ϼ ϼϹ , ϼ ϶ϴ ϼϽ ϴ ϼϹ Ϲϵϼ ϹϿ  ϶ ϴϾ ϼ Ϲ ϴϷ ϻϾϼ. 
ϣ ϿϹϴ϶ϴ ϼϽ Ͻ Ͼ: 
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. . = Σ− ∙√ ∙ = − ∙√ ∙ = ,  .                                               (4.7)  

 
ϣ ϼ ϼ ϴϹ  ϶ ϸ ϴ Ͼϼ ϔϥ-500/64. Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ Ϲϸ ϴ϶ϿϹ  

϶ ϴϵϿϼ Ϲ 4.4. 
 
ϦϴϵϿϼ ϴ 4.4 – ϣϴ ϴ Ϲ  ϶ ϸϴ ϴ Ͼϼ ϔϥ-500/64 

ϡϴϼ Ϲ ϶ϴ ϼϹ ϶ϹϿϼ ϼ  Ϣϵ ϻ ϴ Ϲ ϼϹ ϙϸϼ ϼ  ϼϻ Ϲ Ϲ ϼ  ϛ ϴ Ϲ ϼϹ 
ϧϸϹϿ Ϲ ϴϾ ϼ϶ Ϲ ϼ϶ϿϹ ϼϹ r ϸ Ϣ /Ͼ  0,011 

ϧϸϹϿ Ϲ ϹϴϾ ϼ϶ Ϲ 
ϼ϶ϿϹ ϼϹ 

x ϸ Ϣ /Ͼ  0,11 

ϣ ϹϸϹϿ  ϸ ϼ Ͻ Ͼ Iϸ  ϔ 610 

 
4.4         

 
ϥ ϼ  ϶ ϵ ϴ  ϴ ϴ ϶ ϼ ϞϤϧϱ ϹϸϹϿϹ ϴ ϶ 

϶Ϲ ϶ϼϼ  ϥϦϢ ϨϥϞ ϙϱϥ ϧϾ ё Ϲ Ͼϴϻϴ ϹϿϼ ϼ ϼ ϺϹ ϼ  
( ϹϾ Ͼ ϼϼ) ϸ ϴ ϼϽ 35-750 Ͼϖ ϼ Ͽϼ ϼϽ ϿϹϾ Ϲ Ϲϸϴ ϼ ϴ ϺϹ ϼϹ  
6, 10-750 Ͼϖ, ϴ ϴϾϺϹ  ё  ϼ ϸϹϾ ϶ ϠϜϡϥϦϤϢϳ ϤϨ ϴ 3 Ͼ϶ϴ ϴϿ 2020 Ϸ ϸϴ, 

Ϲ  ϴ ϵ ϸ ϶ϴ ϼϹ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 4.5. 
 

ϦϴϵϿϼ ϴ 4.5 – ϥ ϼ  ϵ ϸ ϶ϴ ϼ   

  
Ϟϴ ϼ ϴϿ ϶Ͽ ϺϹ ϼ  ϸϿ  Ϲ   ϸϼ ϼ ϵϿ Ͼϴ ϼ ϴ ϼ ϶ϴ   

ϿϹϸ ϹϽ ϿϹ:  
 = ∙ + ∙ + ∙ Э,                                                                       (4.8) 
 

ϷϸϹ     =  – Ͼ Ͽϼ Ϲ ϶  ϵϿ  ϴ ϴ ϶;  
 – ϼ  ϸ Ϸ  ϵϿ Ϸ  ϴ ϴ ϴ;  =  – Ͼ Ͽϼ Ϲ ϶  ϴ ϴ ϶ ϵ ϶Ϲ  Ϻϸ;  
 – ϼ  ϸ Ϸ  ϴ ϴ ϴ ϵ ϶Ϲ  Ϻϸ;  =  – Ͼ Ͽϼ Ϲ ϶  ϹϹϾ ϞϤϧϱ;  Э – ϼ  ϸ Ͻ ϹϽϾϼ ϞϤϧϱ.  

 = ∙ + ∙ + ∙ =  . .   
 
Ϟϴ ϼ ϴϿ ϶Ͽ ϺϹ ϼ  ϸϿ  Ϲ   Ͼ ё ϼ ϵϿ Ͼϴ ϼ ϴ ϼ ϶ϴ  

 ϿϹϸ ϹϽ ϿϹ:  
 

Ϣϵ ϸ ϶ϴ ϼϹ  ϥ ϼ , . ϵ. 
ϦϘϪ-250000/500 1033830 
ϦϘϪ-630000/500 2276505 

Ϧϥϛ – 6300/15,75/6,3 73710 
ϞϤϧϱ-500 244440 
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= ∙ + ∙ + ∙ Э,                                                                      (4.9) 
 

ϷϸϹ     =  – Ͼ Ͽϼ Ϲ ϶  ϵϿ  ϴ ϴ ϶;  
 – ϼ  ϸ Ϸ  ϵϿ Ϸ  ϴ ϴ ϴ;  =  – Ͼ Ͽϼ Ϲ ϶  ϴ ϴ ϶ ϵ ϶Ϲ  Ϻϸ;  
 – ϼ  ϸ Ϸ  ϴ ϴ ϴ ϵ ϶Ϲ  Ϻϸ;  =  – Ͼ Ͽϼ Ϲ ϶  ϹϹϾ ϞϤϧϱ;  Э – ϼ  ϸ Ͻ ϹϽϾϼ ϞϤϧϱ.  

 = ∙ + ∙ + ∙ =  . .   
 
ϣ ϼ϶Ϲϸё Ϲ ϻϴ ϴ  ϸϿ  Ϲ   ϸϼ ϼ ϵϿ Ͼϴ ϼ:  
 = ∙ + = , ∙ + , =  . .,           (4.10) 
 

ϷϸϹ = ,  – Ͼ ϼ ϼϹ  ϴ϶ ϼ ϹϿ Ͻ ϹϾ ϼ϶ ϼ ϸϿ  
ϿϹϾ Ϲ ϷϹ ϼϾϼ.  

ϣ ϼ϶Ϲϸё Ϲ ϻϴ ϴ  ϸϿ  Ϲ   Ͼ ё ϼ ϵϿ Ͼϴ ϼ:  
 = , ∙ + , =  . .,                                   (4.11) 
 ∆ = − ∙ % = − ∙ % = , % > %.                (4.12) 

 
ϦϴϾϼ  ϵ ϴϻ , ϸϿ  ϹϾ ϼ Ϲ Ͻ ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϼ ϼ ϴϹ  

Ͼ ϴ  Ϲ ϴ  ϸϼ ϼ ϵϿ Ͼϴ ϼ, ϴϾ ϾϴϾ ϴ ϵϿϴϸϴϹ  ϴϼϵ Ͽ ϹϽ 
ϴϸёϺ .  

 
4.5 ё         
 
ϡϴ ϼ ϾϹ 4.3 Ϲϸ ϴ϶ϿϹ  ϼ ϸ Ϲ ϸϴ Ϲ  ϻϿϴ . ϡϴ ϼ ϾϹ 4.4 

Ϲϸ ϴ϶ϿϹ  ϼ ϸ Ϲ ϸϴ Ϲ  ϶Ϲ ϶ . ϡϴ ϼ ϾϹ 4.5 Ϲϸ ϴ϶ϿϹ  
ϼ ϸ Ϲ ϸϴ Ϲ  ϷϹ Ϲ ϴ ϴ . ϖ Ϲ ϼ ϸ Ϲ ϸϴ Ϲ ϼϻ ϴϵϿϼ  Ϸ ϴ  
«RastrWin», Ϲ ϵ ϸϼ Ϲ ϸϿ  ϴ Ϲ ϴ. ϡϴ ϼ Ͼϴ  4.6, 4.7, 4.8 Ϲϸ ϴ϶ϿϹ  
Ϲϻ Ͽ ϴ  ϴ ё ϶. ϖ ϴϵϿϼ Ϲ 4.6 ϶ϹϸϹ  ϶ Ϲ Ϲϻ Ͽ ϴ . 
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Ϥϼ Ͼ 4.3 – Ϝ ϸ Ϲ ϸϴ Ϲ  ϻϿϴ  

 

 
Ϥϼ Ͼ 4.4 – Ϝ ϸ Ϲ ϸϴ Ϲ  ϶Ϲ ϶  

 

 
Ϥϼ Ͼ 4.5 – Ϝ ϸ Ϲ ϸϴ Ϲ  ϷϹ Ϲ ϴ ϴ  

 

 
Ϥϼ Ͼ  4.6 – ϤϹϻ Ͽ ϴ  ϴ Ϲ ϴ Ϲ ϴϻ Ϸ  Ϟϩ ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ 
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Ϥϼ Ͼ 4.7 – ϤϹϻ Ͽ ϴ  ϴ Ϲ ϴ Ϲ ϴϻ Ϸ  Ϟϛ ϴ ϥϬ 500 Ͼϖ 

 

 
Ϥϼ Ͼ 4.8 – ϤϹϻ Ͽ ϴ  ϴ Ϲ ϴ ϸ ϴϻ Ϸ  Ϟϛ ϴ ϥϬ 500 Ͼϖ 

 
ϦϴϵϿϼ ϴ 4.6 – ϤϹϻ Ͽ ϴ  ϴ Ϲ ϴ Ͼ ϶ Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ  

Ϧϼ  Ϟϛ ϡ Ϲ  ϻϿϴ I , Ͼϔ i , Ͼϔ 
3  1 47,52 132,53  
3  3 14,98 39,19  

 
4.6  ё     ё    

 
ϣ ϼ ϶ ϵ Ϲ Ͼ ϶Ϲϸ ϼ  ϴ ϹϽ Ϲ ϵ ϸϼ  ϵϹ Ϲ ϼ  ϶ Ͽ Ϲ ϼϹ 

Ϲϵ ϶ϴ ϼ  Ϲ ϼ Ϲ Ͼ Ͻ ϽϾ ϼ ϴ ϴ ϴ ϶ ϼ ϶ ϸ ϼϾ ϶. 
ϘϿ  ϼ Ϲϸϼ Ϲ ϼϽ ϷϹ Ϲ ϴ ϶ ϴϼϵ Ͽ ϼϽ ϴ ё Ͻ Ͼ ϹϸϹϿ Ϲ  

ϼ ϴϵ Ϲ  ϼ ϴϿ Ͻ  ϼ ϼϺϹ  ϴ 5% ϴ ϺϹ ϼϼ: 
 I ,  a = , ∙ I , = , ∙ , = ,  .                                                (4.13) 
 
Ϥϴϵ ϼϽ Ͼ ϼ Ϲϸϼ Ϲ ϼϽ ϼϿ ϶  ϴ ϴ ϶: 
 I  a  = ,√ ∙ , = √ ∙ = ,  .                                                 (4.14) 

 
Ϥϴϵ ϼϽ ϴϾ ϼ ϴϿ Ͻ Ͼ ϟϱϣ: 
 I . = ∑∙√ ∙ = ,∙√ ∙ = ,  .                                                        (4.15) 

  
Ϥϴ ё Ͻ Ͼ ϺϹϿё Ϸ  ϹϺϼ ϴ ϸϿ  Ͽϼ ϼϼ: 
  I . = ∑− ∙√ ∙ = ,− ∙√ ∙ = ,  .                                               (4.16) 
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4.7      
 15,75   

 
4.7.1      

 
Ϥϴϻ Ϲϸϼ ϼ ϹϿϼ ϶ ϵϼ ϴ   ϴ ϺϹ ϼ  ϼ Ͼ  ϺϹϿϹ Ϸ  ϹϺϼ ϴ 

ϼ ϶Ϲ  ϴ Ϲ ϼ Ϲ Ͼ  ϼ ϸϼ ϴ ϼ Ϲ Ͼ  ϽϾ   Ϲ  ϺϹ ϻ ϴ Ϲ ϼ , 
 ϼ ϶ ϾϿ ϴ ϹϿϼ. 

ϣ ϼ ϶ ϵ Ϲ ϶ ϾϿ ϴ ϹϿϹϽ ϼ ϴϻ Ϲϸϼ ϼ ϹϿϹϽ Ϲ ϵ ϸϼ  ϵϿ ϸϴ  
ϿϹϸ ϼϹ Ͽ ϶ϼ :  

 U U . .                                                                                                  (4.17) 
 I I , a .                                                                                                      (4.18) 
 B , B , .                                                                                                (4.19) 
 
Ϣ Ϲ ϶Ͽ Ϲ  ϶Ϲ Ͼϴ ϴ Ϲ ϼ Ϲ Ͼ  ϼ ϸϼ ϴ ϼ Ϲ Ͼ  ϽϾ .  
Ϝ Ͽ ϻ  Ͼϴ ϴϿ Ϸ ϼϻ϶ ϸϼ ϹϿ  ϢϔϢ ϖϢ «ϱϿϹϾ ϴ ϴ ϴ » ϸϿ  

ϷϹ Ϲ ϴ Ϸ  ϴ ϺϹ ϼ  ϶ ϵϼ ϴϹ  ϿϹϷϴϻ ϶ Ͻ ϶ ϾϿ ϴ ϹϿ  ϖϗϗ–20 ϼ 
ϴϻ Ϲϸϼ ϼ ϹϿ  Ϥϖϣϛ–20/12500 ϧ3. Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ ϷϹ Ϲ ϴ Ϸ  

϶ ϾϿ ϴ ϹϿ  ϼ ϴϻ Ϲϸϼ ϼ ϹϿ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 4.7 ϼ 4.8. 
 

ϦϴϵϿϼ ϴ 4.7 – ϥ϶ ϸ ϴ  ϴϵϿϼ ϴ  ϶ ϵ  ϷϹ Ϲ ϴ Ϸ  ϶ ϾϿ ϴ ϹϿ  ϖϗϗ–20–
90/10000 

ϧ Ͽ ϶ϼϹ ϶ ϵ ϴ Ϥϴ Ϲ Ϲ ϸϴ Ϲ Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ U   U = ,  Ͼϖ U =  Ͼϖ I .  I =  ϔ I =  ϔ I  I . = ,  Ͼϔ I . =  Ͼϔ i  i . = ,  Ͼϔ I . =  Ͼϔ 

ϖϾ. ϴ , Ͼϔ2∙  . = ,  ∙  . =  Ͼϔ2∙  

 
ϦϴϵϿϼ ϴ 4.8 – ϥ϶ ϸ ϴ  ϴϵϿϼ ϴ  ϶ ϵ  ϷϹ Ϲ ϴ Ϸ  ϴϻ Ϲϸϼ ϼ ϹϿ  Ϥϖϣϛ–
20/12500 

ϧ Ͽ ϶ϼϹ ϶ ϵ ϴ Ϥϴ Ϲ Ϲ ϸϴ Ϲ Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ U   U = ,  Ͼϖ U =  Ͼϖ I .  I =  ϔ I . =  ϔ i  I . = ,  Ͼϔ I . =  Ͼϔ 

ϖϾ. ϴ , Ͼϔ2∙  . = ,  ∙  . =  Ͼϔ2∙  

 
ϘϿ  500 Ͼϖ ϶ ϵ ϴ  ϿϹϷϴϻ ϶ Ͻ ϶ ϾϿ ϴ ϹϿ  ϼ ϴ ϖϗϦ–500 ϴϵϿϼ ϴ 4.10, ϴ 

ϴϾϺϹ ϴ ϶ϿϹ  ϴϻ Ϲϸϼ ϼ ϹϿ  ϼ ϴ Ϥϗ–500 ϶Ϲ Ͼϴ ϶ ϴϵϿϼ Ϲ 4.9 ϼ 4.10. 
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ϦϴϵϿϼ ϴ 4.9 – ϣ ϶Ϲ Ͼϴ ϴϻ Ϲϸϼ ϼ ϹϿ  Ϥϗ–500/6300 

ϧ Ͽ ϶ϼϹ ϶ ϵ ϴ Ϥϴ Ϲ Ϲ ϸϴ Ϲ Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ U   U =  Ͼϖ U =  Ͼϖ I .  I =  ϔ I =  ϔ i  i . = ,  Ͼϔ I . =  Ͼϔ 

ϖϾ. ϴ , Ͼϔ2∙  . =  ∙  . =  Ͼϔ2∙  

 
ϦϴϵϿϼ ϴ 4.10 – ϣ ϶Ϲ Ͼϴ ϶ ϾϿ ϴ ϹϿ  ϖϗϦ–500 

ϧ Ͽ ϶ϼϹ ϶ ϵ ϴ Ϥϴ Ϲ Ϲ ϸϴ Ϲ Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ U   U =  Ͼϖ U =  Ͼϖ I .  I . =  ϔ I . =  ϔ i  i . = ,  Ͼϔ I . =  Ͼϔ 
ϖϾ. ϴ , Ͼϔ2∙  . =  ∙  . =  Ͼϔ2∙  

 
 
ϣ ϼϵ , ϴ ϴ϶Ͽϼ϶ϴϹ Ϲ ϶ Ϲ  ϷϹ Ϲ ϴ ϶, Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 

4.11. 
 
ϦϴϵϿϼ ϴ 4.11 – ϣ ϼϵ , ϴ ϴ϶Ͽϼ϶ϴϹ Ϲ ϶ Ϲ  ϷϹ Ϲ ϴ ϶ 

ϡϴϼ Ϲ ϶ϴ ϼϹ ϼϵ ϴ Ϧϼ  ϼϵ ϴ ϞϿϴ  ϼ 
ϣ ϹϵϿ Ϲ ϴ   

(ϖ·ϔ) 
ϔ ϴϿϼϻϴ  Ϲ ϼ ϔϣϞϱ-1 0,5 55 
ϥϼ ϼϻϴ  ϔϥ-Ϡ 0,5 20 

 ∑ = 75 ϖ·ϔ 
 
ϖ ϵ ϴ , ϼϻ϶ ϸϼ Ͻ ϼϽ Ͼ Ͻ Ͼ ϴ ϼϹϽ ϢϢϢ «ϔϥϧ-ϖϱϜ», 

ϼϾ Ϲ Ͻ ϴ϶ ϴ ϼ Ϲ ϾϼϽ ϼ ϼϻϴ  ϼ ϴ ϔϥ-Ϡ. ϣ Ϲϸ ϴϻ ϴ Ϲ  
ϸϿ  ϶ϾϿ Ϲ ϼ  ϶ Ϲ  ϼ Ϸ  ϷϹ Ϲ ϴ ϴ Ϲ ϸ  Ͻ ϴ϶ ϴ ϼ Ϲ Ͼ Ͻ 
ϼ ϼϻϴ ϼϼ, ϴ ϴϾϺϹ ϸϿ  ϶ϾϿ Ϲ ϼ  ϶ Ϲ  ϼ Ϸ  Ͼ Ϲ ϴ ϴ, 
ϴϵ ϴ ϹϷ  ϶ ϹϺϼ Ϲ ϶ ϵϹϷϴ. ϔϥ-Ϡ ϼϻϷ ϴ϶Ͽϼ϶ϴϹ  ϶ ϾϿϼ ϴ ϼ Ϲ Ͼ  

ϼ Ͽ Ϲ ϼϼ ϧ Ͼϴ ϹϷ ϼϼ ϴϻ Ϲ Ϲ ϼ  4  ϗϢϥϦ 15150 ( Ϲ Ϲ ϴ ϴ 
Ͼ Ϻϴ ϹϷ  ϶ ϻϸ ϴ  1 ϸ  45°ϥ; ϶Ϲ ϹϹ ϹϸϹϿ Ϲ ϻ ϴ Ϲ ϼϹ Ϲ Ϲ ϴ  

55°ϥ; ϼ ϹϿ ϴ  ϶ϿϴϺ  ϶ ϻϸ ϴ 98 % ϼ Ϲ Ϲ ϴ Ϲ 35°ϥ). ϔϥ-Ϡ 
Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  Ͼ Ͽ ϴ ϴ ϼϼ ϶ ϴ Ϲ Ϲ, ϶Ϲ ϶ ϹϽ Ϸ Ϲ ϣ  

ϗϢϥϦ 15150.  
ϖ ϵ ϴ  Ϲ Ϲ ϶Ϲ Ͻ ϴ ϴϿϼϻϴ , ϼϻ϶ ϸϼ Ͻ ϼ Ͻ ϢϢϢ «ϲϣϛ 

ϣ ϶ ϻ Ͼ ϿϹϾ ». ϔϣϞϱ-1 Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  ϴ϶ ϴ ϼϻϴ ϼϼ ϼϻ Ϲ Ϲ ϼϽ ϼ 
ϹϷϼ ϴ ϼϼ ϴ ϴ Ϲ ϶ Ͼϴ Ϲ ϶ϴ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ ϶ ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ  
ϼ Ϲ  ϿϹϾ ϴϵϺϹ ϼ  ϵ ϹϷ  ϴϻ ϴ Ϲ ϼ  Ϲ Ϲ Ϲ Ϸ  Ϲ ϴϻ Ϸ  ϼ 
ϸ ϴϻ Ϸ  Ͼϴ ϴ Ͻ 50 ϗ  ϼ ϴ ϺϹ ϼϹ   0,4 ϸ  750 Ͼϖ. 

ϣ ϼϵ  ϴ϶ ϴ ϼ Ϲ Ͼϼ Ͼ Ͽϼ Ϲ  ϶ Ϲ Ͼϴϻϴ ϹϿϼ Ͼϴ Ϲ ϶ϴ 
ϿϹϾ Ϲ Ϸϼϼ ϼ ϴ϶Ͽ Ϲ   ϴ ϼ϶ ϼ ϻ ϴ Ϲ ϼ ϼ (϶ ϶Ϲ ϶ϼϼ  
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ϗϢϥϦ 13109-97),  ϻ϶ Ͽ Ϲ  ϿϹϺϼ϶ϴ  ϾϿ Ϲ ϼ   ϴ ϼ϶  
ϴ ϴ Ϲ ϶, ϴ ϿϹϸ ϶ϴ ϹϿ  – Ϲϸ ϶ ϴ ϴ  ϴ϶ϴ ϼϽ Ϲ ϼ ϴ ϼϼ ϼ 

Ϲ ϶Ϲ  Ͼ ϴ ϼ  Ͼ Ͽ ϴ ϴ ϼ Ϲ ϴ ϸ  ϴ Ϲ  ϵ ϸ ϶ϴ ϼ , 
ϵϹ Ϲ ϼ϶ ϹϷ  ϴϵ ϵ , ϴϸϹϺ  ϼ ϸ ϿϷ ϶Ϲ . ϣ ϸϾϿ Ϲ ϼϹ Ͼ 
Ϲ ϼ ϴ ϺϹ ϼϹ  ϶ Ϲ 0,4 Ͼϖ ϼϻ϶ ϸϼ  Ϲ Ϲϻ ϼϻ Ϲ ϼ ϹϿ Ͻ 
ϴ ϴ  ϴ ϺϹ ϼ . 

 
4.7.2       
 
ϖ ϵϼ ϴϹ  ϴ ϴ  Ͼϴ ϦϬϟ 20/0,5/5Ϥ-10000. ϣ ϼϻ϶ ϸϼ ϹϿ  

ϢϢϢ «ϛϴ϶ ϸ ϿϹϾ Ϲ ϼ Ϲ Ͼ Ϸ  ϵ ϸ ϶ϴ ϼ  ». ϣ ϶Ϲ Ͼϴ ϴ ϴ ϴ 
Ͼϴ ϦϬϟ 20/0,5/5Ϥ-10000 Ϲϸ ϴ϶ϿϹ ϴ ϶ ϴϵϿϼ Ϲ 4.12. 

 
ϦϴϵϿϼ ϴ 4.12 – ϣ ϶Ϲ Ͼϴ ϴ ϴ ϴ Ͼϴ ϦϬϟ 

ϣϴ ϴ Ϲ  Ϥϴ ё Ϲ ϸϴ Ϲ Ϙϴ Ϲ ϦϦ  Ͼϴ ϴϿ Ϸ  U < U  U = ,   U =   I  a < I  I . =   I =   

 
ϖ ϵ ϴ  ϴ ϴ  ϴ ϺϹ ϼ  ϛϡϢϟ-15. ϣ ϼϻ϶ ϸϼ ϹϿ  ϢϔϢ 

«ϥ϶Ϲ ϸϿ ϶ ϾϼϽ ϻϴ϶ ϸ». ϣϴ ϴ Ϲ  ϴ ϴ ϴ ϴ ϺϹ ϼ  ϛϡϢϟ-15 
Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 4.13. 

 
ϦϴϵϿϼ ϴ 4.13 – ϖ ϵ  ϼ ϶Ϲ Ͼϴ ϴ ϴ ϴ ϴ ϺϹ ϼ  

ϣϴ ϴ Ϲ  Ϥϴ ё Ϲ ϸϴ Ϲ Ϙϴ Ϲ Ϧϡ  Ͼϴ ϴϿ Ϸ  U < U  U = ,  U =   
 
ϘϿ  ϻϴ ϼ  ϴ ϴ ϴ  Ϲ Ϲ ϴ ϺϹ ϼϽ Ϲ ϼ 15,75 Ͼϖ 

ϴ ϴ϶Ͽϼ϶ϴϹ    ϼϻ ϹϷ  ϴ ϺϹ ϼ  Ϣϣϡ – 15 2ϧϩϟ1 ϼ  ϢϔϢ 
«Ϥϴz ϸ». 
 

4.7.3       
 

ϣ ϼϵ  Ϲ ϵ ϸϼ Ϲ ϸϿ  ϶ Ͽ Ϲ ϼ  ϴ ϴϿϼϻϴ Ͼϴ Ϲ ϶ϴ Ϲ ϼ ϼ 
ϼ ϼϻϴ ϼϼ  ϸ Ϸϼ ϼ ϷϹ Ϲ ϴ ϴ ϼ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 4.14. 

ϖ ϵ ϴ  ϼϾ Ϲ Ͻ ϴ϶ ϴ ϼ Ϲ ϾϼϽ ϼ ϼϻϴ  ϼ ϴ ϔϥ-Ϡ3 
ϴ Ͼϼ ϢϢϢ «ϔϥϧ-ϖϱϜ». ϣ Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  ϶ϾϿ Ϲ ϼ  ϶ Ϲ  ϼ Ϸ  

ϷϹ Ϲ ϴ ϴ Ϲ ϸ  Ͻ ϴ϶ ϴ ϼ Ϲ Ͼ Ͻ ϼ ϼϻϴ ϼϼ. 
ϖ ϵ ϴ  Ϲ Ϲ ϶Ϲ Ͻ ϴ ϴϿϼϻϴ  ϴ Ͼϼ ϢϢϢ «ϲϣϛ 

ϣ ϶ ϻ Ͼ ϿϹϾ ». ϔϣϞϱ-1 Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  ϴ϶ ϴ ϼϻϴ ϼϼ ϼϻ Ϲ Ϲ ϼϽ ϼ 
ϹϷϼ ϴ ϼϼ ϴ ϴ Ϲ ϶ Ͼϴ Ϲ ϶ϴ ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ ϶ ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ  
ϼ Ϲ  ϿϹϾ ϴϵϺϹ ϼ  ϵ ϹϷ  ϴϻ ϴ Ϲ ϼ  Ϲ Ϲ Ϲ Ϸ  ё ϴϻ Ϸ  ϼ 
ϸ ϴϻ Ϸ  Ͼϴ ϴ Ͻ 50 ϗ  ϼ ϴ ϺϹ ϼϹ   0,4 ϸ  750 Ͼϖ. 
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ϦϴϵϿϼ ϴ 4.14 – ϣ ϼϵ , ϴ ϴ϶Ͽϼ϶ϴϹ Ϲ ϶ Ϲ  ϷϹ Ϲ ϴ ϶  

 
4.8     

 
ϣ  ϼ Ϲ ϼ  ϸϴ  ϸϿ  ϞϤϧϱ 500 Ͼϖ ϼ ϼ ϴ  ϹϽϾϼ 550 SR 

ϴ Ͼϼ ϢϢϢ «ϩϹ ϸ  ϱϿϹϾ ϼ Ϲ ».  
ϞϤϧϱ Ϲ ϼϼ 550 SR  Ͼ  ϶ϾϿ ϴϹ  ϶ Ϲϵ  ϶ Ϲ Ϲ Ͽ Ϸϼ Ϲ Ͼ Ϲ 

ϵ ϸ ϶ϴ ϼϹ ϸ ϴ ϼϼ: ϶ ϾϿ ϴ ϹϿϼ, ϴϻ Ϲϸϼ ϼ ϹϿϼ  ϻϴϻϹ Ͽϼ ϹϿ ϼ, 
ϴ ϴ  Ͼϴ ϼ ϴ ϺϹ ϼ , Ϣϣϡ, ϶ Ϲ ё Ϲ ϶ ϻϴϻϹ Ͽё  

Ϲ ϴϿϿϼ Ϲ Ͼ  Ͼ Ϲ, ϻϴ Ͽ Ϲ  ϿϹϷϴϻ , ϵϿϴϸϴ ϼ  Ͽ ϼ ϼ 
ϼϻ Ͽϼ ϼ ϼ ϼ ϸ Ϸ Ϸϴ ϼ ϹϿ ϼ Ͼϴ Ϲ ϶ϴ ϼ. ϦϴϾϼ  ϵ ϴϻ , ϞϤϧϱ ϶Ͽ Ϲ  
Ͼϴ Ϲ ϶Ϲ  ϴ ϹϸϹϿϼ ϹϿ  Ͻ ϶   ϺϹ ϶  Ϲ϶ ϸ  
ϴ ϴϾ Ϲ ϼ ϼϾ, ϶ϾϿ ϴ  Ͼ ϴϾ , ϵϹϻ ϴ , ϶ Ͼ  ϴϸёϺ , 
ϸ ϵ ϶  Ͼ Ͽ ϴ ϴ ϼϼ ϼ ϽϾ  Ͼ ϶ ϻϸϹϽ ϶ϼ  ϶ Ϲ ϹϽ Ϲϸ . Ϟϴ ϴϿ Ϻ Ϲ 

ϸϴ Ϲ ϹϽϾϼ ϞϤϧϱ 500 Ͼϖ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 4.15. 
 

ϦϴϵϿϼ ϴ 4.15 – ϥ϶ ϸ ϴ  ϴϵϿϼ ϴ  ϶ ϵ  ϹϽϾϼ ϞϤϧϱ 

 
ϦϹ ϼ Ϲ ϾϼϹ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϴ ϴ ϴ Ͼϴ ϼ ϴ ϺϹ ϼ  

Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ ϴ  4.16 ϼ 4.17 ϶Ϲ ϶Ϲ .  
 

ϦϴϵϿϼ ϴ 4.16 – ϦϹ ϼ Ϲ ϾϼϹ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϴ ϴ ϴ Ͼϴ  

ϡϴϼ Ϲ ϶ϴ ϼϹ 
ϼϵ ϴ 

Ϧϼ  ϼϵ ϴ Ϝ Ϲ ϹϽ  
ϼϵ ϴ 

ϞϿϴ  ϼ ϣ ϹϵϿ Ϲ ϴ  
  

 ϖ Ϲ ϼ ϴ ϴ: 
ϔ ϴϿϼϻϴ  

Ϲ ϼ 
ϔϣϞϱ-1 RS485 0,5 55 

 ϖ Ϲ ϼ ϴ:  
ϔ ϴϿϼϻϴ  

Ϲ ϼ 
ϔϣϞϱ-1 RS485 0,5 55 

ϼ ϼϻϴ  ϔϥ-Ϡ3 RS485 0,5 20 
  ∑ = 75 ϖ·ϔ 

Ϥϴ ё Ϲ ϸϴ Ϲ Ϟϴ ϴϿ Ϻ Ϲ ϸϴ Ϲ 
550 SR-63/4000 U  =   U =  Ͼϖ I  a =   I =  ϔ I = ,  Ͼϔ i =   i = ,   i =   . = I ∙ (t + t ) = = ,  ∙ , + , =  ∙  

. = I ∙ t = = ∙ =  ∙  

ϣϴ ϴ Ϲ  ϴ ϴ ϶ Ͼϴ 
ϞϿϴ  ϼ ϶ ϼ  ϵ Ͼ  

ϘϿ  ё ϴ 0,25 
ϘϿ  ϼϻ Ϲ Ϲ ϼϽ 0,5p 

ϘϿ  ϻϴ ϼ  10  
ϡ ϼ ϴϿ Ϲ ϴ ϺϹ ϼϹ, Ͼϖ 

500 
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ϦϴϵϿϼ ϴ 4.17 – ϦϹ ϼ Ϲ ϾϼϹ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϴ ϴ ϴ ϴ ϺϹ ϼ   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ϣϴ ϴ Ϲ  ϴ ϴ ϶ ϴ ϺϹ ϼ   
ϞϿϴ  ϼ ϶ ϼ  ϵ Ͼ  

ϘϿ  ё ϴ 0,2 
ϘϿ  ϼϻ Ϲ Ϲ ϼϽ 0,5 

ϘϿ  ϻϴ ϼ  3  
ϡ ϼ ϴϿ Ͻ Ͼ, ϔ 

ϟϼ ϹϽ Ͻ ϹϽϾϼ 4000 
ϥϵ  ϼ  10000 

ϡ ϼ ϴϿ Ϲ ϴ ϺϹ ϼϹ, Ͼϖ 
500 
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5       
 

ϥϼϿ ϶ Ϲ ϿϹϾ ϵ ϸ ϶ϴ ϼϹ ϿϹϾ ϴ ϼϽ, ϸ ϴ ϼϽ ϼ 
ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ ϹϽ ϸ ϿϺ  ϵ  ϻϴ ϼ Ϲ   Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ ϼ 
ϴ Ϲ ϼϽ ϴϿ  ϹϺϼ ϶ Ͻ ϶ϴ ϼ ϹϿϹϽ Ͻ ϻϴ ϼ , 

ϴ϶ ϴ ϼ Ϲ Ͼϼ ϼ ϶ ϾϿ ϴ ϹϿ ϼ ϼϿϼ Ϲϸ ϴ ϼ ϹϿ ϼ ϼ ϴ Ϲ  
Ͻ ϶ϴ ϼ ϿϹϾ ϴ϶ ϴ ϼϾϼ, ϶  ϼ ϿϹ Ͻ ϶ϴ ϼ ϼ϶ ϴ϶ϴ ϼϽ Ͻ 

ϴ϶ ϴ ϼϾϼ ϼ Ͻ ϶ϴ ϼ ϹϷ Ͽϼ ϶ϴ ϼ .  
 

5.1      
 

ϖ ϴϵϿϼ ϴ  5.1 – 5.2 Ϲϸ ϴ϶ϿϹ  ϴ Ϲ ϸϴ Ϲ Ϸϼϸ ϷϹ Ϲ ϴ ϴ ϼ 
ϴ ϴ ϴ Ϧ Ϸ Ͼ Ͻ ϗϱϥ.  

 
ϦϴϵϿϼ ϴ 5.1 – ϣϴ Ϲ ϸϴ Ϲ ϷϹ Ϲ ϴ ϴ ϥϖ-1139/140-52 

 
ϦϴϵϿϼ ϴ 5.2 – ϣϴ Ϲ ϸϴ Ϲ ϴ ϴ ϴ ϦϘϪ-250000/500 

 
5.2      

 
ϖ ϶Ϲ ϶ϼϼ  ϣϧϱ [30] ϷϿϴ  ϼ ϷϹ Ϲ ϴ ϴ, ϼ  Ͼ 

ϴ ϶ϾϹ ϿϹϸ ϼϹ ϶ϼϸ  ϻϴ ϼ  ϴ ϶  ϵ ϸ ϶ϴ ϼϼ.  
ϛϴ ϼ  ϷϹ Ϲ ϴ ϴ ϥϖ-1139/140-52 – 250 ∙ :  
- ϣ ϸ Ͽ ϴ  ϸϼ Ϲ Ϲ ϼϴϿ ϴ  ϻϴ ϼ ϴ ϷϹ Ϲ ϴ ϴ  Ϸ ϴϻ  

Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ ϶ ϵ Ͼϴ  ϴ ϴ ϷϹ Ϲ ϴ ϴ ϼ ϴ ϹϷ  ϶ ϶ ϸϴ ;  

ϡϴϼ Ϲ ϶ϴ ϼϹ Ͼϴϻϴ ϹϿ  ϛ ϴ Ϲ ϼϹ Ͼϴϻϴ ϹϿ  
Ϡ  ϼ ϴϿ ϴ  Ͽ ϴ , ∙  235  

ϴϾ ϼ϶ ϴ ,  200 
ϡ ϼ ϴϿ Ϲ ϴ ϺϹ ϼϹ,  13,8 
Ϟ ϼ ϼϹ  ϼ, . . 0,85 
ϫϴ ϴ,  50 
ϫϴ ϴ ϶ ϴ Ϲ ϼ , /  88,2 
ϫϼ Ͽ  ϴϻ ϵ Ͼϼ ϴ ϴ (Ͼ Ͽϼ Ϲ ϶  ϴ ϴϿϿϹϿ  ϶Ϲ ϶ϹϽ), . . 1 
ϡ ϼ ϴϿ Ͻ Ͼ ϴ ϴ,  2870 
Ϧ Ͼ ϴ ϼ ϼ ϴϿ Ͻ ϴϷ ϻϾϹ,  1165 
ϡϴ ϺϹ ϼϹ ϴ Ͼ Ͽ ϴ  ϴ ϼ ϼ ϴϿ Ͻ ϴϷ ϻϾϹ,  325 

Ϝ ϸ Ͼ ϼ϶ Ϲ ϼ϶ϿϹ ϼϹ  
ϸ Ͽ Ͻ ϼ 

ϼ Ϲ, . . 0,915 
Ϲ Ϲ ϸ Ϲ, . . 0,345 
϶Ϲ Ϲ Ϲ ϸ Ϲ, . . 0,205 

Ϝ ϸ Ͼ ϼ϶ Ϲ ϼ϶ϿϹ ϼϹ ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ, . . 0,20 
Ё Ͼ  ϵ Ͼϼ ϴ ϴ, /  0,9 

ϡϴϼ Ϲ ϶ϴ ϼϹ Ͼϴϻϴ ϹϿ  ϛ ϴ Ϲ ϼϹ Ͼϴϻϴ ϹϿ  
ϡ ϼ ϴϿ ϴ  , ∙  250 
ϡ ϼ ϴϿ Ϲ ϴ ϺϹ ϼϹ,  525/15,75 
ϡϴ ϺϹ ϼϹ Ͼ Ͼ Ϸ  ϻϴ Ͼϴ ϼ , % 13 
ϗ ϴ Ϲϸϼ Ϲ ϼ  D/ϧ -11 
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- ϛϴ ϼ ϴ  ϻϴ Ͼϴ ϼϽ ϴ ϻϹ Ͽ  (100%) ϵ Ͼϼ ϴ ϴ ϷϹ Ϲ ϴ ϴ; 
- ϛϴ ϼ ϴ  ϻϴ Ͼϴ ϼϽ ϴ ϻϹ Ͽ  ϵ Ͼϼ ϴ ϷϹ Ϲ ϴ ϴ;  
- ϛϴ ϼ ϴ  ϶ Ϲ ϼ  ϴ ϺϹ ϼ ;  
- ϛϴ ϼ ϴ ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ  Ͼ ϶ ϶ Ϲ ϼ  

Ϲ ϼ Ϲ ϼ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ ϼ Ϲ ϼ Ϲ ϼ  Ϲ ϹϷ ϻ Ͼ 
ϷϹ Ϲ ϴ ϴ; 

- ϛϴ ϼ ϴ  ϼ Ϲ ϼ  Ϲ ϹϷ ϻ Ͼ ϴ ϴ;  
- Ϙϼ ϴ ϼ ϴ  ϻϴ ϼ ϴ  ϶ Ϲ ϼ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ;  
- ϛϴ ϼ ϴ  ϴ ϼ Ϸ  ϹϺϼ ϴ ϼ Ϲ Ϲ ϶ ϻϵ ϺϸϹ ϼ  

ϷϹ Ϲ ϴ ϴ;  
- ϛϴ ϼ ϴ  Ϲ ϹϷ ϻϾϼ ϵ Ͼϼ ϴ, Ͼ Ͽ  ϸϿϼ ϹϿ ϼ 

ϼ ϶Ͼϼ;  
- ϧ Ͻ ϶  ϹϻϹ ϶ϼ ϶ϴ ϼ  Ͼϴϻϴ ϶ ϾϿ ϴ ϹϿ  (ϧϤϢϖ) ϷϹ Ϲ ϴ ϴ. 

ϛϴ ϼ  ϼϿ ϶ Ϸ  ϴ ϴ ϴ ϦϘϪ-250000/500: 
- Ϙϼ Ϲ Ϲ ϼϴϿ ϴ  ϻϴ ϼ ϴ  ϶ Ϲ  ϶ϼϸ ϶ Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ;  
- ϧ Ͻ ϶  ϶ ϵ ϴ ϶ ϹϺϸё Ͻ ϴϻ  ϴ ϴ ϴ, 

϶ϴ ϶ϴ ϼϹ ϵ Ͼ  ϖϡ (ϸϼ Ϲ Ϲ ϼϴϿ ϴ  ϻϴ ϼ ϴ ϿϹ϶ Ͻ 
ϿϹϸ ϶ϴ ϹϿ ϼ);  

- Ϧ Ͼ ϶ϴ  ϻϴ ϼ ϴ ϿϹ϶ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ 
ϴ ϻϹ Ͽ  ϶ Ϲ ϼ 500 Ͼϖ;  

- Ϟ Ͽ  ϼϻ Ͽ ϼϼ ϶ Ͼ ϶ Ͽ  ϶϶ ϸ ϶ (ϞϜϖ-500);  
- ϤϹϻϹ ϶ ϴ  ϴϾ ϼ ϴϿ ϴ  Ͼ ϶ϴ  ϻϴ ϼ ϴ; 
- ϛϴ ϼ ϴ  ϻϴ Ͼϴ ϼϽ ϴ ϻϹ Ͽ  ϴ Ϲ 15,75 Ͼϖ 

ϴ ϴ Ϸ  ϵϿ Ͼϴ;  
- Ϟ Ͽ  Ͼϴ ϼ ϴ ϺϹ ϼ  ϸϿ  Ͼϴ Ϻϴ Ϲ ϼ  

ϴ ϴ Ϸ  ϵϿ Ͼϴ;  
- ϤϹϿϹ Ͼϴ ϿϴϺϸϹ ϼ  ϴ ϴ Ϸ  ϵϿ Ͼϴ.  

ϛϴ ϼ  ϴ ϴ ϴ ϥϡ ϗϱϥ:  
- Ϙϼ Ϲ Ϲ ϼϴϿ ϴ  ϻϴ ϼ ϴ  ϶ Ϲ  ϶ϼϸ ϶ Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ;  
- ϠϴϾ ϼ ϴϿ ϴ  Ͼ ϶ϴ  ϻϴ ϼ ϴ  Ͼ ϵϼ ϼ ϶ϴ  Ͼ   

ϴ ϺϹ ϼ ;  
- ϛϴ ϼ ϴ  Ϲ ϼ ϿϴϺϸϹ ϼ  ϴ Ͽϴ; 
- ϛϴ ϼ ϴ  Ϲ ϹϷ Ϲ϶ϴ ϴ Ͽϴ; 
- ϛϴ ϼ ϴ  Ϲ ϹϷ ϻϾϼ;  
- ϤϹϿϹ Ͼϴ ϿϴϺϸϹ ϼ .  

ϛϴ ϼ  ϶ ϻϸ  Ͽϼ ϼϽ 500 Ͼϖ:  
- Ϙϼ Ϲ Ϲ ϼϴϿ - ϴϻ ϴ  ϶ Ͼ ϴ ϴ  ϻϴ ϼ ϴ  ϶ Ϲ  ϶ϼϸ ϶ Ϟϛ;  
- ϤϹϻϹ ϶ Ϲ ϻϴ ϼ :  
 Ϧ ё Ϲ ϴ ϴ  ϸϼ ϴ ϼ ϴ  ϻϴ ϼ ϴ  ϹϺϸ ϴϻ  

ϻϴ Ͼϴ ϼϽ;  
 Ϧ Ͼ ϶ϴ  Ϲ Ͼϴ ϸϿ  ϹϻϹ ϶ϼ ϶ϴ ϼ  ϸϼ ϴ ϼ Ͻ ϻϴ ϼ  ϼ 

ϵϿϼϻϾϼ  ϹϺϸ ϴϻ  Ϟϛ;  
 4-  Ϲ ϴ ϴ  Ͼ ϶ϴ  ϴ ϴ϶ϿϹ ϴ  ϻϴ ϼ ϴ  ϻϴ Ͼϴ ϼϽ ϴ 

ϻϹ Ͽ  (Ϧϡϛϡϣ);  



  

 65 

 ϧϤϢϖ 500 Ͼϖ (ϸϿ  ϵϹ Ϲ Ϲ ϼ  ϾϿ Ϲ ϼ  Ϟϛ ϼ Ͼϴϻϴ  
϶ ϾϿ ϴ ϹϿϹϽ 500 Ͼϖ). 

 
5.3 ё     
 
ϡ ϼ ϴϿ Ͻ Ͼ ϴ ϷϹ Ϲ ϴ  ϴ ϺϹ ϼϼ:  
 =  √ ∙  = √ ∙ , = ,  .                                                                         (5.1) 

 
ϡ ϼ ϴϿ Ͻ Ͼ ϷϹ Ϲ ϴ Ϸ  ϴ ϺϹ ϼ , ϼ϶Ϲϸё Ͻ Ͼ ϼϻ ϹϽ 
Ϲ ϴ ϴ ϴ Ͼϴ:  

 = ∙ = ∙ / =  .                                                                       (5.2) 

 
Ϡ  ϷϹ Ϲ ϴ ϴ ϶ ϻϵ ϺϸϹ ϼ : 
 , = ,, ∙ , = , ∙ =                                     (5.3) 

 
ϣ ϼ ϼ ϴϹ  ϷϹ Ϲ ϴ  ϶ ϻϵ ϺϸϹ ϼ   630 Ͼϖϔ. 
ϖ Ͽ ϼ  Ϲ Ϲ ё  Ͼϴ ϷϹ Ϲ ϴ ϴ ϶ ϻϵ ϺϸϹ ϼ : 
 , = ,, = ∙ =                                                                  (5.4) 

 , = , = / = ,                                                                    (5.5) 

 
5.4    ё     

 
5.4.1     

 
ϣ ϸ Ͽ ϴ  ϸϼ Ϲ Ϲ ϼϴϿ ϴ  ϻϴ ϼ ϴ ϷϹ Ϲ ϴ ϴ ϶Ͽ Ϲ  ϶ Ͻ 

ϵ ϸϹϽ ϶ ϹϽ ϶ ϶ϼ ϹϿ Ͻ . . < , ∙  ϻϴ ϼ Ͻ  ϹϺϸ ϴϻ  
Ϟϛ ϶ ϵ ϾϹ ϴ ϴ ϷϹ Ϲ ϴ ϴ ϼ ϴ ϹϷ  ϶ ϶ ϸϴ . ϛϴ ϼ ϴ ϶ Ͽ Ϲ  

ё ϴϻ Ͻ ϼ ϸϾϿ ϴϹ  Ͼ ϴ ϴ ϴ  Ͼϴ ϶ Ͽϼ ϹϽ  ϶ ϶ ϸϴ  
ϴ ϴ ϷϹ Ϲ ϴ ϴ ϼ Ͼ ϴ ϴ ϴ  Ͼϴ ϶ ϹϽ ϴϿ  ϶ ϶ ϸϴ . 

ϡ ϼ ϴϿ Ͻ Ͼϴ ϷϹ Ϲ ϴ ϴ: =  .  
1. ϡϴ ϴϿ Ͻ Ͼ ϴϵϴ ϶ϴ ϼ  ϹϸϹϿ Ϲ  ϶ ϶ϼ ϹϿ  ϻϴ ϼ  ϼ 

ϴϿ  ϻ  Ͼϴ . ϖϹϿϼ ϼ ϴ  ϶ ϵϼ ϴϹ   ё  ϶ ϻ Ϻ ϼ 
ϽϾϼ ϻϴ ϼ   Ͼϴ ϹϵϴϿϴ ϴ ϼ ϴϿ Ϸ  ϹϺϼ ϴ:  

 = ∙ 𝑖 ∙ = , ∙ , ∙ = ,  ,                                     (5.6) 
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ϷϸϹ     = ,  – Ͼ ϼ ϼϹ  ϸ ϼ ϼ ϴ ϴ ϶ Ͼϴ (0,5 – ϸϿ  
ϸ ϼ  ϦϦ; 1,0 – ϸϿ  ϴϻ  ϦϦ);  𝑖 = ,  – ϼ ϹϿ ϴ  Ϸ Ϲ  ϴ ϴ ϶ Ͼϴ.  

ϧ ϴ϶Ͼϴ ϶ ϵϼ ϴϹ  ϼϻ Ͽ ϶ϼ :  
 ∙ = ∙ , ∙ = , ∙ ,                                                    (5.7) 
 

ϷϸϹ     =  – Ͼ ϼ ϼϹ  ϴϸёϺ ϼ. 
ϣ ϼ ϴ ϴ϶Ͼϴ: = , ∙ . 
2. Ϟ ϼ ϼϹ  ϺϹ ϼ   ϹϸϹϿ Ϲ  ϶ ϶ϼ ϹϿ  ϻϴ ϼ  Ͼ 

϶ ϹϺϸϹ ϼ  ϼ ϹϾϴ ϼϼ Ͼϴ ϴϷ ϻϾϼ. ϖϹϿϼ ϼ ϴ  ϶ ϵϼ ϴϹ   ё  
ϽϾϼ ϻϴ ϼ   Ͼ ϶ ϹϵϴϿϴ ϴ, ϶ ϻ϶ϴ  Ϸ Ϲ ϼ 

ϴ ϴ ϶ Ͼϴ ϼ Ͼ϶ ϻ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼ .  
ϠϴϾ ϼ ϴϿ Ͻ Ͼ ϹϵϴϿϴ ϴ ϼ ϶ Ϲ Ϲ  ё ϴϻ  Ͼ Ͼ  

ϻϴ Ͼϴ ϼϼ ϴ϶Ϲ :  
 = ∙ 𝑖 ∙ ∙ ,                                                                           (5.8) 
 

ϷϸϹ     =  – Ͼ ϼ ϼϹ  ϴ Ϲ ϼ ϸϼ Ϲ Ͼ Ͻ ϴ϶Ͽ ϹϽ;  
 – ϴϾ ϼ ϴϿ Ͻ Ͼ Ϲ Ϲϻ ϴ ϴ  Ͼϴ ϶ Ͽϼ ϹϽ  ϶ ϶ ϸϴ  

ϼ ϶ Ϲ Ϲ  ё ϴϻ  Ͼ Ͼ  ϻϴ Ͼϴ ϼϼ ϶ Ϲ ϼ ϷϹ Ϲ ϴ Ϸ  
ϴ ϺϹ ϼ , ϹϸϹϿ Ϲ   ϿϹ:  

 = ′′′′ ∙ .                                                                                                   (5.9) 

 
ϥϿϹϸ ϶ϴ ϹϿ , ϴϾ ϼ ϴϿ Ͻ Ͼ ϹϵϴϿϴ ϴ:  
 = ∙ , ∙ , ∙ ,, ∙ =  .         
 
Ϟ ϼ ϼϹ  ϺϹ ϼ  ϶ ϵϼ ϴϹ  ϼϻ Ͽ ϶ϼ :  
 > ∙ ,                                                                                                     (5.10) 

 
ϷϸϹ     =  – Ͼ ϼ ϼϹ  ϴϸёϺ ϼ;  = =  .  

 > ∙ = , .   
 
ϣ ϼ ϴ ϴ϶Ͼϴ: = , .  
3. ϧ ϴ϶Ͼϴ ϴ ϴϿ Ϸ  ϺϹ ϼ  ( ϶ϹϿϼ ϼ϶ϴϹ  ϻ  ϴϵ  ϻϴ ϼ  ϵϹϻ 
ϺϹ ϼ ) ϴ϶ ϴ:  
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= ∗ = , , = , .                                                                                       (5.11) 

 
4.Ϧ ϻ Ͻ Ͼ  ϹϸϹϿ Ϲ  Ͼ  ϼϻϿ ϴ ϴ ϴϾ Ϲ ϼ ϼϾϼ 

ϴϵϴ ϶ϴ ϼ . ϣ ϼ ϶ ϵ Ϲ  ϸ ϿϺ  ϶ Ͽ  Ͽ ϶ϼϹ:  
 ∗ = , , = , .                                                                                        (5.12) 

 
ϣ ϼ  ϼ ϶ Ϲ ϻ ϴ Ϲ ϼϹ ϴ϶Ͼϼ = ,  ( ϼ  Ͽ ϶ϼϹ 

϶ Ͽ Ϲ ).  
5. ϘϿ  ϵϹ Ϲ Ϲ ϼ  ϴϸёϺ Ͻ ϴϵ  ϼ ϵ Ͽ ϼ  Ͼϴ  Ͼ Ͼ Ϸ  

ϻϴ Ͼϴ ϼ  ϶ ϻ Ϲ ϸϹϽ ϶ϼ , Ϲϸ ϴ ϼ϶ϴϹ  Ͼ ϶ϴ  Ϲ Ͼϴ  Ͼ  
ϴϵϴ ϶ϴ ϼ : 

 = − ∙ = ∙ , = ,  .                                               (5.13) 
 
ϡϴ ϼ ϾϹ 5.1 ϼ϶ϹϸϹ ϴ ϴ ϴϾ Ϲ ϼ ϼϾϴ ϴϵϴ ϶ϴ ϼ  

ϸϼ Ϲ Ϲ ϼϴϿ Ͻ ϻϴ ϼ .  
 

0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8

0,2

0,4

0,6

0,8

  , . . 

 

∆, . . 

= 16, ° 
ϥ ϴϵϴ ϶ϴ ϼϹ

Ϧ ϺϹ ϼϹ

ϥ ϴϵϴ ϶ ϼϹ 
ϼ 1 <  ϼ 
ϼ 2 <  

 
Ϥϼ Ͼ 5.1 – ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϴϵϴ ϶ϴ ϼ  ϸϼ Ϲ Ϲ ϼϴϿ Ͻ ϻϴ ϼ  ϷϹ Ϲ ϴ ϴ 

 
ϛϴ ϼ ϴ ϸϹϽ ϶ Ϲ  ϴ ϾϿ Ϲ ϼϹ ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ, ϴ ϶ 

ϵϼ   ϵ  ϴ϶ϴ ϼϽ - Ϲ  ϻϴ ϶ ϶ ϼ ϴ Ͼ Ϻϴ Ϲ ϼ  
ϷϹ Ϲ ϴ ϴ.  

 
5.4.2          

 
ϛϴ ϼ ϴ ϵϹ Ϲ ϼ϶ϴϹ  100% ϶ϴ  ϵ Ͼϼ ϴ ϴ ϷϹ Ϲ ϴ ϴ, 

ϴϵ ϴ ϹϷ  ϶ ϹϺϼ Ϲ ϼϻ Ͽϼ ϶ϴ Ϸ  ϵϿ Ͼϴ ϼ Ϲ ϼ Ϲ ϹϷ  ϷϴϿ ϶ϴ ϼ Ϲ Ͼ Ͻ 
϶ ϻϼ  ϼ Ϲ Ͻ ϵ ϶Ϲ  Ϻϸ.  
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ϛϴ ϼ ϴ ϶ Ͽ Ϲ ϴ   ϸ϶  Ϸϴ ϶ ϴ ϺϹ ϼ :  
1. ϣϹ ϶ Ͻ Ϸϴ   ϹϴϷϼ Ϲ  ϴ ϶  ϴ϶Ͽ  ϴ ϺϹ ϼ  

ϿϹ϶ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ  ϼ ϻϴ ϼ ϴϹ  85-95% ϶ϼ Ͼ ϶ ϵ Ͼϼ ϴ ϴ  
 ϴϻ  ϶ ϶ ϸ ϶;  ϶ϾϿ ϴϹ  ϴ ϺϹ ϼϹ ϿϹ϶ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ  Ϧϡ Ͽϼ ϹϽ  ϶ ϶ ϸ ϶ ϷϹ Ϲ ϴ ϴ, ϼϻ Ϲ Ϲ Ϲ 
ϵ Ͼ Ͻ « ϴϻ Ͼ Ͻ Ϲ Ϸ Ͽ ϼϾ». 

ϡϴ ϺϹ ϼϹ ϴϵϴ ϶ϴ ϼ  Ϸϴ ϴ ϶ Ͻ Ϸϴ ϼϾϼ ϶ ϵϼ ϴϹ  ϼϻ 
Ͽ ϶ϼ  ϽϾϼ  ϸϹϽ ϶ ϹϷ  ϻ ϴ Ϲ ϼ  ϴ ϺϹ ϼ  ϿϹ϶ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ ϶ Ͻ ϴ  ϵ Ͽ ϶ϿϹ Ϸ  ϿϹϾ ϴ ϼ Ϲ Ͼ Ͻ 
ϼ ϸ Ͼ ϼϹϽ ϼϿ ϶ Ϸ  ϴ ϴ Ϸ  ϵϿ Ͼϴ  Э . . ϼ Ϟϛ ϴ ϻϹ Ͽ  ϴ 

Ϲ ϖϡ. 
Ϥϴ ё   Э . . ϶ Ͽ Ϲ  ϶ ϶Ϲ ϶ϼϼ  Ϲ ϸϼϾ Ͻ, ϹϾ Ϲ ϸ ϶ϴ Ͻ 

Ϥ Ͼ ϶ ϸ ϼ ϼ ϧϾϴϻϴ ϼ ϼ.  
ϥ Ϲ ϴ ϻϴ Ϲ Ϲ ϼ  ϸϿ  ϹϸϹϿϹ ϼ  ϴ ϺϹ ϼ , ϵ Ͽ ϶ϿϹ Ϸ  

ϿϹϾ ϴ ϼ Ϲ Ͼ Ͻ ϼ ϸ Ͼ ϼϹϽ ϹϺϸ  ϵ Ͼϴ ϼ ϴ ϴ ϴ Ϲϸ ϴ϶ϿϹ ϴ 
ϴ ϼ ϾϹ 5.2.  

 
Ϥϼ Ͼ 5.2 – ϥ Ϲ ϴ ϻϴ Ϲ Ϲ ϼ  ϸϿ  ϹϸϹϿϹ ϼ   Э . . 

 
ϥ ϴ ϴ  ё Ͼ  ϴϻ  Ϲ ϼ ϷϹ Ϲ ϴ Ϸ  ϴ ϺϹ ϼ :  
 Σ = + + + = , + , + , + , = ,  /,                                                                                                                          (5.14) 

 
ϷϸϹ     = ,  /  – ё Ͼ  ϸ Ͻ ϴϻ  ϵ Ͼϼ ϡϡ ϴ ϴ ϴ 

ϴ ϻϹ Ͽ ; = ,  /  – ё Ͼ  ϸ Ͻ ϴϻ  ϵ Ͼϼ ϷϹ Ϲ ϴ ϴ ϴ ϻϹ Ͽ ;  = ,  /  – ё Ͼ  ϼ ϶ ϸϴ  Ϲ ϼ  Ͼ ϻϹ ϿϹ; = ,  /  – ё Ͼ  ϷϹ Ϲ ϴ Ϸ  Ͼ ϿϹϾ ϴ 15,75 Ͼϖ. 
ϡϴ ϺϹ ϼϹ ϿϹ϶ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ ϼ 

ϸ ϴϻ  ϻϴ Ͼϴ ϼ  ϴ Ϲ 500 Ͼϖ:  
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 Э . . = ∙ ∙ + Σ = , ∙ ∙ ,, + , =  ,           (5.15) 

 
ϷϸϹ   = ,  – Ͼ ϼ ϼϹ , ϼ ϶ϴ ϼϽ ϴ ϹϸϹϿϹ ϼϹ ϴ ϺϹ ϼ    

ϵ ϾϹ ϖϡ ϴ ϴ ϴ (ϸϿ  ϴ ϴ ϶  ϷϿ  ϻϴϻϹ Ͽё Ͻ 
ϹϽ ϴϿ ); = ,  /  – ё Ͼ  ϹϺϸ  ϵ Ͼϴ ϼ ϶ ϹϷ  ϼ 
ϼϻ ϹϷ  ϴ ϺϹ ϼ  ϸ Ͻ ϴϻ  ϴ ϴ ϴ;  

 – ϴ ϺϹ ϼϹ ϿϹ϶ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ϼ ϻϴ Ͼϴ ϼϼ ϴ ϻϹ Ͽ  ϴ 
Ϲ ϶ ϹϷ  ϴ ϺϹ ϼ  ϴ ϴ ϴ. ϣ ϼ ϼ ϴϹ  ϴ϶ :  

 = ∙  √ = ∙ √ = ,  .                                                               (5.16) 

 
ϥ ϴ Ͻ Ϲ Ͼ Ͻ Ͼ Ϲ ϼ 15,75 Ͼϖ:  
 = , ∙ ∙ ∙ Σ = , ∙ , ∙ ∙ , = ,  .                    (5.17) 
 
ϡϴ ϺϹ ϼϹ ϴϵϴ ϶ϴ ϼ  ϻϴ ϼ  ϹϸϹϿ Ϲ  ϼϻ ϶ ϴϺϹ ϼ :  
 ∙ ∙  Э . . = ,, ∙ ∙, / √ ∙ , / = ,  ,                                               (5.18) 

 
ϷϸϹ    = ,  – Ͼ ϼ ϼϹ  ϴϸёϺ ϼ;             = ,  – Ͼ ϼ ϼϹ  ϶ ϻ϶ ϴ ϴ;  

 – Ͼ ϼ ϼϹ  ϴ ϴ ϼϼ Ϧϡ. 
 ϼ ϹϹ  ϴ϶Ͼ  ϴϵϴ ϶ϴ ϼ   ϴ ϺϹ ϼ  ϿϹ϶ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ, ϹϷ Ͽϼ Ϲ  ϶ ϸϼϴ ϴϻ Ϲ  5 ϸ  20 ϖ.  
ϣ ϼ  ϿϹϸ ϼϹ ϴ϶Ͼϼ:   ϴ϶Ͼ Ͻ 10 ϖ ϸϹϽ ϶ Ϲ  ϴ ϼϷ ϴϿ  

϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 5,0  ϸϹϽ ϶ Ϲ ;   ϴ϶Ͼ Ͻ 20 ϖ ϼ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 
0,5  ϸϹϽ ϶ Ϲ  ϴ ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ ϼ 

ϴ ϶ ϵϼ   ϵ  ϴ϶ϴ ϼϽ - Ϲ  ϻϴ ϶ ϶.  
2. ϖ Ͻ Ϸϴ   ϹϴϷϼ Ϲ  ϴ Ϲ ϼϹ ϴ ϺϹ ϼ  Ϲ ϹϽ 

Ϸϴ ϼϾϼ ϶ ϹϽ ϴϿϼ ϼ ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ ϼ ϻϴ ϼ ϴϹ  ϸϾϴ 30% ϶ϼ Ͼ ϶ 
ϵ Ͼϼ ϴ ϴ   ϹϽ ϴϿϼ.  

ϘϿ  Ϸϴ ϴ  ϴ϶Ͼϴ  Ͼ ϼ ϼϹ  ϺϹ ϼ  ϹϷ Ͽϼ Ϲ              
 1 ϸ  3. 

Ϥϴ ϼϹ  ϹϽ ϴϿϼ ϷϹ Ϲ ϴ ϴ ϸ  Ϲ ϴ ϻϴ Ͼϴ ϼ  ϶ ϵ ϾϹ ϴ ϴ 
ϻϴ϶ϼ ϼ   :  

 = + .                                                                                                           (5.19) 

 
ϣ ϼ = ,  Ϸϴ   ϴϵ ϴϹ  ϹϿϹϾ ϼ϶  ϼ ϻϴ ϼ ϴϹ  30,3 % ϵ Ͼϼ 

ϴ ϴ   ϹϽ ϴϿϼ.  
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ϛϴ ϼ ϴ  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 0,5  ϸϹϽ ϶ Ϲ  ϴ ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  
ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ ϼ ϴ ϶ ϵϼ   ϵ  ϴ϶ϴ ϼϽ - Ϲ  
ϻϴ ϶ ϶.  

 
5.4.3      

 
1. ϧ ϴ϶Ͼϴ ϻϴ ϼ  > ϶ ϵϼ ϴϹ :  
 = , ∙  = , ∙ / =  .                                                                 (5.20) 

 
2. ϖ ϸ Ͽ Ϲ ϼϹ Ͼ ϶ Ϲ Ͼϴϻϴ Ͻ ϻϴ ϼ Ϲ ϴ ϷϹ Ϲ ϴ Ϲ Ϲϸ Ϲ  

϶ Ͻ Ϸϴ  >  ϴ϶Ͼ Ͻ , ∙ , Ϲϸ ϴϻ ϴ Ϲ Ͻ ϸϿ  ϴϵ  ϶ ϹϺϼ Ϲ 
Ͽ Ϸ  ϸϴ ϼϿϼ ϼ ϵ Ϲ ϴϷ ϻϾϼ.  > ϶϶ ϸϼ  ϶ ϴϵ  ϶ ϹϺϼ Ϲ Ͽ Ϸ  ϸϴ ϷϹ Ϲ ϴ ϴ.  

ϧ ϴ϶Ͼϴ > ϴ ϼ ϶ϴϹ :  
 = , ∙  = , ∙ / =  .                                                                  (5.21) 

 
ϧ ϴ϶Ͼϴ Ϸϴ ϴ Ͼϴ, Ͼ Ͽϼ ϹϷ  ϶ϼϹ Ͼϴ ϶ Ϲ ϼ ϷϹ Ϲ ϴ ϴ 

ϼ ϴ Ϲ 500 Ͼϖ ϼ ϼ ϴϹ  ϼ ϼ ϴϿ Ͻ ϼ ϴ϶ Ͻ , ∙ .  
ϛϴ ϼ ϴ  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 0,5  ϸϹϽ ϶ Ϲ  ϴ ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  

ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ.  
 
5.4.4      

       
 

ϛϴ ϼ ϴ Ϲϸ ϴϻ ϴ Ϲ ϴ ϸϿ  ϿϼϾ϶ϼϸϴ ϼϼ Ϲϸ ϼ  Ϲ ϹϷ ϻ Ͼ 
ϷϹ Ϲ ϴ ϴ Ͼϴ ϼ ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ϼ ϶ Ϲ ϼ  Ϲ ϼ Ϲ ϼ  

ϹϺϸ ϴϻ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼ  ϼ ϸ Ϸϼ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼ  ϶ ϴ  
ϷϹ Ϲ ϴ Ϲ.  

ϛϴ ϼ ϴ ϹϴϷϼ Ϲ  ϴ ϼ ϹϿ Ͻ Ͼ ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ∗ : 
 ∗ = ,                                                                                                             (5.22) 

 
ϷϸϹ      – Ͼ ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ ϶ Ϲ ϶ϼ Ͻ Ϲ ϼ ϷϹ Ϲ ϴ ϴ;  

 – ϼ ϴϿ Ͻ Ͼ ϷϹ Ϲ ϴ ϴ ϶ Ϲ ϶ϼ Ͻ Ϲ ϼ.  
Ϙ ϼ ϴ  ϸϿϼ ϹϿ  Ϲ ϼ Ϲ ϼ Ϸ  ϹϺϼ ϴ ϼ Ϲϼϻ Ϲ  

ϻ ϴ Ϲ ϼϼ Ͼϴ  ϴ ϴϾ Ϲ ϼϻ Ϲ  ϶ ϴϺϹ ϼϹ :  = ∗ ,                                                                                                         (5.23) 

 
ϷϸϹ     =  – ϴ ϴ Ϲ , ϻϴϸϴ Ͻ ϻϴ϶ ϸ -ϼϻϷ ϶ϼ ϹϿϹ .  

ϛϴ ϼ ϴ ϶ϾϿ ϴϹ  ϶ Ϲϵ  ϿϹϸ ϼϹ Ϸϴ :  
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1. ϥϼϷ ϴϿ Ͻ Ϸϴ  , ϴϵϴ ϶ϴ ϼϽ ϼ ϶ϹϿϼ Ϲ ϼϼ Ͼϴ  
϶ Ϲ ϻ ϴ Ϲ ϼ  ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ   Ϲϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 
(ϸϹϽ ϶ Ϲ  ϴ ϼϷ ϴϿ). 

ϣ ϼ ϴ ϴ϶Ͼϴ ϼϷ ϴϿ Ϸ  Ϸϴ ϴ: ∗ = , ;  = , ∙ . 
2. ϣ Ͼ ϶ Ͻ Ϸϴ   ϴϵϴ ϶ϴϹ  ϵϹϻ ϶ ϸϹ ϺϾϼ ϶ Ϲ Ϲ ϼ ϼ 

϶ϹϿϼ Ϲ ϼϼ ϻ ϴ Ϲ ϼ   ϶ Ϲ ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ  ϼ Ϲ ϶Ͽ Ϲ  Ͼ 
ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ. Ϧ Ͼ ϴϵϴ ϶ϴ ϼ  Ͼ ϶ Ϸ  Ϸϴ ϴ ϶ ϵϼ ϴϹ   

Ͽ ϶ϼ  ϵϹ Ϲ Ϲ ϼ  ϴϸёϺ Ϸ  Ͼϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϼ  =  .  
Ϧ Ϸϸϴ:  
 

∗ = √ = √ = , .                                                                                 (5.24) 

 
ϧ ϴ϶Ͼϴ ϴ϶ ϴ:  
 ∗ = ∗ = , , = , ,                                                                               (5.25) 

 
ϷϸϹ     = ,  – Ͼ ϼ ϼϹ  ϴϸёϺ ϼ.  

 
 = , ∙ .                                                                                         (5.26) 
 
ϣ ϼ  ϸ ϼ ϴ  ϸϿϼ ϹϿ  Ϲ ϹϷ ϻϾϼ ϺϹ  ϵ  ϹϸϹϿϹ ϴ  

Ϲ Ͽ ϶  ϸϹϽ ϶ϼ  Ͼϴ, ϴ϶ Ϸ  ∗ = , . 
 

 = , =  .           
 
3. Ϝ ϹϷ ϴϿ Ͻ Ϸϴ  ϴϵϴ ϶ϴϹ  ϼ ϸϹϿ  Ϲ ϼ Ϲ ϼ  

ϹϺϼ ϴ , ϶ Ϻϸϴ ϼ  Ͼϴ ϼ Ϲ ϹϷ ϻϾϼ   ϻϴ϶ϼ ϼ Ͻ  Ͼϴ  
϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ, ϹϸϹϿ Ϲ Ͻ ϴ϶ Ϲ ϼϹ :  

 = ∗ .                                                                                                             (5.27) 

 = = ∗ ∙ .                 
                                                 
Ϙ ϼ ϴ  ϸϿϼ ϹϿ  ϹϾϴ ϼ  Ͼ ϶ ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ 

϶ ϷϹ Ϲ ϴ Ϲ Ϲϸ ϴ϶ϿϹ ϴ ϶ ϴϵϿϼ Ϲ 5.3.  
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ϦϴϵϿϼ ϴ 5.3 – Ϙ ϼ ϴ  ϸϿϼ ϹϿ  ϹϾϴ ϼ  Ͼ ϶ ϵ ϴ Ͻ 
ϿϹϸ ϶ϴ ϹϿ ϼ ϶ ϷϹ Ϲ ϴ Ϲ  

Ϟ ϴ  Ϲ ϹϷ ϻϾϼ  
Ͼ  ϵ ϴ Ͻ 

ϿϹϸ ϶ϴ ϹϿ ϼ, /  

1,0 0,6 0,5 0,4 0,3 0,2 

ϘϿϼ ϹϿ  (c),  16 44 64 100 178 400 
 

ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϻϴ ϼ  ϵ ϴ Ͻ 
ϿϹϸ ϶ϴ ϹϿ ϼ  Ϲ ϼ Ϲ ϼ  Ϲ ϹϷ ϻ Ͼ ϼ ϶ Ϲ ϼ  

Ϲ ϼ Ϲ ϼ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ (I2) Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 5.3. 
 

  
Ϥϼ Ͼ 5.3 – ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϻϴ ϼ  ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ 

 Ϲ ϼ Ϲ ϼ  Ϲ ϹϷ ϻ Ͼ ϼ ϶ Ϲ ϼ  Ϲ ϼ Ϲ ϼ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ (I2) 
 

Ϝ ϸ  ϼϻ ϴ ϴϾ Ϲ ϼ ϼϾϼ ϴϵϴ ϶ϴ ϼ  ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϶ Ϲ  
ϴϵϴ ϶ϴ ϼ  ϼ : =  , =  . 

Ϝ ϹϷ ϴϿ Ͻ Ϸϴ  ϼ ϼ ϼ Ϲ  Ϲ  ϿϴϺϸϹ ϼ  ϴ ϴ ϷϹ Ϲ ϴ ϴ 
ϿϹ ϴ Ϲ ϼ  Ϲ ϹϷ ϻϾϼ  Ͼ Ϲ ϼϴϿ  ϻϴϾ . ϣ ϼ  

ϹϺ Ͼ ϶ Ϲ Ϲ ϼ, ϻϴ Ͼ Ͻ Ϲ ϹϷ Ϲ϶ ϷϹ Ϲ ϴ ϴ ϼϺϴϹ   ϴϾ ϼ ϴϿ  
ϸ ϼ Ͻ ϶ϹϿϼ ϼ  ϸ  0,135  Ͻ ϶ϹϿϼ ϼ , Ͽ ϶  ϴϻ ϶ϴϹ  ϶ Ϲ Ϲ Ϲ  

Ͽ Ϸ  ϿϴϺϸϹ ϼ  ( ) ϼ ϹϷ Ͽϼ Ϲ  ϶ ϸϼϴ ϴϻ Ϲ  10 ϸ  999 . ϱ  
ϴ ϴ Ϲ  ϶ ϴ϶Ͽ Ϲ  ϷϿϴ  Ͼϴϻϴ ϼ  ϻϴ϶ ϸϴ-ϼϻϷ ϶ϼ ϹϿ  ( =  ).  

4. Ϣ Ϸϴ  Ͼ ϶ Ͻ Ϲ Ͼϼ ( ) ϴϵϴ ϶ϴϹ   Ϲϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ 
϶ Ϲ Ϲ ϼ ϼ ϶ϹϿϼ Ϲ ϼϼ Ͼϴ  ϶ Ϲ ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ  Ϸϴ ϴ ϼ ϶Ͽ Ϲ  
ϻϴ ϼ Ͻ  ϶ Ϲ ϼ  Ϲ ϼ Ϲ ϼ  Ͼ Ͼϼ  ϻϴ Ͼϴ ϼϽ.  

Ϧ Ͼ ϴϵϴ ϶ϴ ϼ  Ϸϴ ϴ Ϲ Ͼϼ ϹϸϹϿ Ϲ  ϼϻ ϿϹϸ ϼ  Ͽ ϶ϼϽ: 
1) Ϝϻ Ͽ ϶ϼ  Ϲϸ ϶ ϴ Ϲ ϼ  Ϲ ϹϷ Ϲ϶ϴ ϴ ϼ ϹϾϴ ϼϼ Ͼϴ 

ϵ ϴ Ͻ ϿϹϸ ϶ϴ ϹϿ ϼ;  
2) Ϝϻ Ͽ ϶ϼ  ϵϹ Ϲ Ϲ ϼ  ϶ ϶ϼ ϹϿ ϼ ϼ ϸ϶ ϴϻ  

Ͼ Ͼ  ϻϴ Ͼϴ ϼϼ ϴ ϼ ϴ  ϖϡ ϵϿ Ͼϴ ϼ ϴ ϸ ϼ  ϖϟ;  

0

100

200

300

400

500

0 0,2 0,4 0,6 0,8 1

t,
 

I2/I
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3) Ϝϻ Ͽ ϶ϼ  ϷϿϴ ϶ϴ ϼ   ϶ ϶ϼ ϹϿ ϼ ϼ ϶ Ϲ Ϲ ϼ ϸϹϽ ϶ϼ   
ϻϴ ϼ ϴ ϼ ϖϟ.  

 ϣ  Ϲ ϶  Ͽ ϶ϼ : ϶ ϵ  Ͼϴ ϴϵϴ ϶ϴ ϼ  ϼϻ϶ ϸϼ   Ͼ ϼ϶ Ͻ 
ϹϸϹϿ Ͻ ϸϿϼ ϹϿ ϼ ϹϾϴ ϼ  Ϲ Ϲϻ ϷϹ Ϲ ϴ  Ͼ ϶ ϵ ϴ Ͻ 
ϿϹϸ ϶ϴ ϹϿ ϼ.  

ϣ  ϶  Ͽ ϶ϼ : ϵϹ Ϲ Ϲ ϼϹ ϶ ϶ϼ ϹϿ ϼ Ͼ ϶ ϹϺϸϹ ϼ  ϶ 
Ͼ Ϲ Ͽϼ ϼϽ 500 Ͼϖ ϼ ϾϿ Ϲ ϼϼ ϶ ϾϿ ϴ ϹϿϹϽ ϴ ϼ϶ Ͽ Ϻ  Ͼ Ϲ 
ϖϟ ϼ ϴϵ Ϲ ϶ Ϲ  ϷϹ Ϲ ϴ ϶.  

 

. .∗  = , ∙ ∙  ′′ + + ∗ ,                                                                      (5.28) 

 

ϷϸϹ     ∗ = ∙ = , ∙ = , ;  

 ′′ = ′′ ∙ ⁄ = , ∙ , =  – ϶Ϲ Ϲ Ϲ ϸ Ϲ 
ϼ϶ϿϹ ϼϹ ϷϹ Ϲ ϴ ϴ  ϸ Ͽ Ͻ ϼ, ϼ϶Ϲϸё Ϲ Ͼ ϶ Ͼ Ͻ Ϲ 

ϴ ϺϹ ϼ ;  = % ∙ = ∙ = ,  – ϼ϶ϿϹ ϼϹ ϴ ϴ ϴ ϶ 
ϼ ϹϿ  Ϲϸϼ ϼ ϴ .  
ϣ ϼ ϸ϶ ϴϻ  Ͼ Ͼ  ϻϴ Ͼϴ ϼϼ ϶ Ͼ Ϲ ϖϟ 500 Ͼϖ:  
 . .∗ , ⋅ ∙ + , + , = ,  . .         
 
Ϧ Ͼ ϴϵϴ ϶ϴ ϼ  ϻϴ ϼ  ϴ Ϲ ϷϹ Ϲ ϴ Ϸ  ϴ ϺϹ ϼ :  
 . . = . .∗ ∙ ∙ = , ∙ ∙ , = , .                                            (5.29) 

 
ϣ  Ϲ Ϲ  Ͽ ϶ϼ : Ͼ ϴϵϴ ϶ϴ ϼ  ϶ ϵϼ ϴϹ  ϼ ϸ  ϼϻ 

ϷϿϴ ϶ϴ ϼ   ϶ ϶ϼ ϹϿ ϼ  ϹϻϹ ϶ ϼ ϻϴ ϼ ϴ ϼ Ͽϼ ϼϼ.  
ϖ ϶ ϻϼ  ϶ϼϹ  Ϲ ϵ ϸϼ  ϸϴ  ϼ ϴ ϴ϶Ͼϴ ϴϵϴ ϶ϴ ϼ  

 ϶  Ͽ ϶ϼ : = , . 
Ϣ Ϲ Ͼϴ ϸϹϽ ϶ Ϲ   ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 7,5  ϴ ϾϿ Ϲ ϼϹ ϵϿ  

϶ ϾϿ ϴ ϹϿϹϽ 500 Ͼϖ ϼ ϶ ϾϿ ϴ ϹϿϹϽ Ϧϥϡ,  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 8,0  ϴ 
ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ ϼ Ϸϴ Ϲ ϼϹ ϿϹϽ. 

 
5.4.5      

 
ϛϴ ϼ ϴ Ϲϸ ϴϻ ϴ Ϲ ϴ ϸϿ  ϿϼϾ϶ϼϸϴ ϼϼ Ϲϸ ϼ  Ϲ ϹϷ ϻ Ͼ ϵ Ͼ 

ϴ ϴ. ϛϴ ϼ ϴ ϶ Ͽ Ϲ ϴ  ϻϴ϶ϼ ϼ Ͻ  Ͼϴ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ ϼ ϸϹ Ϻϼ  
ϿϹϸ ϼϹ Ͼ ϼ ϴϿ Ϲ Ϸϴ :  

1. ϥϼϷ ϴϿ Ͻ Ϸϴ , ϴϵϴ ϶ϴ ϼϽ  Ϲϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 
ϼ ϶ϹϿϼ Ϲ ϼϼ Ͼϴ ϶ Ϲ ϻ ϴ Ϲ ϼ  ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ  ϼ ϸϹϽ ϶ ϼϽ ϶ 
Ϲϸ Ϲϸϼ ϹϿ  ϼϷ ϴϿϼϻϴ ϼ .  
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ϧ ϴ϶Ͼϴ ϼϷ ϴϿ Ϸ  Ϸϴ ϴ:  
 = ∙ = , ∙, = , ∙ ,                                                                    (5.30) 

 
ϷϸϹ    = ,  – Ͼ ϼ ϼϹ  ϴϸёϺ ϼ;  = ,  – Ͼ ϼ ϼϹ  ϶ ϻ϶ ϴ ϴ.  

ϖ ϸϹ ϺϾϴ ϶ Ϲ Ϲ ϼ =  . 
2. ϣ Ͼ ϶ Ͻ Ϸϴ , ϴϵϴ ϶ϴ ϼϽ ϵϹϻ ϶ ϸϹ ϺϾϼ ϶ Ϲ Ϲ ϼ ϼ ϶ϹϿϼ Ϲ ϼϼ 

Ͼϴ ϶ Ϲ ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ  ϼ Ϲ ϶Ͽ ϼϽ Ͼ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ. 
ϧ ϴ϶Ͼϴ Ͼ ϶ Ϸ  Ϸϴ ϴ:  
 = , ∙, = , ∙ ,                                                                                  (5.31) 

 
3. Ϝ ϹϷ ϴϿ Ͻ Ϸϴ  ϴϵϴ ϶ϴϹ   ϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ.  
ϧ ϴ϶Ͼϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϹϸϹϿ Ϲ   ϼ ϹϷ ϴϿ Ͻ 

Ϲ ϹϷ ϻ Ͻ ϴ ϴϾ Ϲ ϼ ϼϾϹ ϵ Ͼϼ ϴ ϴ, ϼ϶Ϲϸё Ͻ ϶ ϴϵϿϼ Ϲ 5.4.  
 

ϦϴϵϿϼ ϴ 5.4 – ϧ ϴ϶Ͼϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ, ϹϸϹϿ Ϲ ϴ   ϼ ϹϷ ϴϿ Ͻ 
Ϲ ϹϷ ϻ Ͻ ϴ ϴϾ Ϲ ϼ ϼϾϹ ϵ Ͼϼ ϴ ϴ  

 
ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϻϴ ϼ   ϼ Ϲ ϼ  

Ϲ ϹϷ ϻ Ͼ Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 5.4.  
Ϝ ϹϷ ϴϿ Ͻ Ϸϴ  ϻϴ ϼ  Ϲ Ϲϻ ϾϿ ϴ ϼϽ Ϸϴ  ϸϹϽ ϶ Ϲ  ϴ 

ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ.  
ϧ ϴ϶Ͼϴ ϶ ϸϹ ϺϾϼ ϶ Ϲ Ϲ ϼ ϾϿ ϴ ϹϷ  Ϸϴ ϴ ϼ ϴ ϼ ϼ ϴϿ Ͻ 

ϼ ϴ϶ ϴ 0,01 .  
 
4. Ϣ Ϸϴ  Ͼ ϶ Ͻ Ϲ Ͼϼ, ϴϵϴ ϶ϴ ϼϽ  Ϲϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ 

϶ Ϲ Ϲ ϼ ϼ ϶ϹϿϼ Ϲ ϼϼ Ͼϴ ϶ Ϲ ϻ ϴ Ϲ ϼ  ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ .  
ϧ ϴ϶Ͼϴ Ϸϴ ϴ Ϲ Ͼϼ:  
 = , ∙, = , ∙ .                                                                               (5.32) 

 

Ϟ ϴ  
Ϲ ϹϷ ϻϾϼ, /  

1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 

ϘϿϼ ϹϿ  
Ϲ ϹϷ ϻϾϼ ( ) 3600 900 360 300 240 120 60 1 
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Ϥϼ Ͼ 5.4 – ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϻϴ ϼ   ϼ Ϲ ϼ  Ϲ ϹϷ ϻ Ͼ  

 
Ϧ Ͼ ϶ϴ  Ϲ Ͼϴ ϶ Ͽ Ϲ ϴ  Ͼ   ϼ ϼ ϴϿ  ϴ ϺϹ ϼ  <. 

ϡϴ ϺϹ ϼϹ ϴϵϴ ϶ϴ ϼ  ϼ  ϴ϶ :  
 = , ∙  ∙ = , ∙, ∙ , =  .                                                             (5.33) 

 
Ϣ Ϲ Ͼϴ ϸϹϽ ϶ Ϲ   ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 7,5  ϴ ϾϿ Ϲ ϼϹ ϵϿ  

϶ ϾϿ ϴ ϹϿϹϽ 500 Ͼϖ ϼ ϶ ϾϿ ϴ ϹϿϹϽ Ϧϥϡ,  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 8,0  ϴ 
ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ ϼ Ϸϴ Ϲ ϼϹ ϿϹϽ.  

 
5.4.6     

 
ϛϴ ϼ ϴ ϶ Ͽ Ϲ  ϴ ϶Ϲ ϸϼ ϴ ϼ  Ϸϴ ϶ ϼ ϸϾϿ ϴϹ  Ͼ 

ϼϻ Ϲ ϼ ϹϿ  ϴ ϴ ϴ  Ͼϴ ϶ ϹϽ ϴϿϼ ϷϹ Ϲ ϴ ϴ ϼ 
ϴ ϴ ϴ  ϴ ϺϹ ϼ  ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ.  

ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϴϵϴ ϶ϴ ϼ  ϻϴϸϴё  ϶ ϶ϼϸϹ Ͼ Ϸϴ, ϴ Ͽ ϺϹ Ϸ  ϶ I ϼ 
II  Ͼ϶ϴϸ ϴ ϴ   Ϲ Ϲ ϼϹ  ϶ III  ϼ IV Ͼ϶ϴϸ ϴ  Ͼ ϿϹϾ Ͻ Ͽ Ͼ ϼ 

ϼ϶ϿϹ ϼϽ.  
1. ϥ ϼ϶ϿϹ ϼϹ ϴϵϴ ϶ϴ ϼ  Ϲ ϶ Ͻ Ϲ ϼ ϶ ϵϼ ϴϹ   Ͽ ϶ϼ  

ϵϹ Ϲ Ϲ ϼ  ϸϹϽ ϶ϼ   ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ Ϲ ϵ ϿϹϹ 1 . ϧϾϴϻϴ ϴ  ϶ ϸϹ ϺϾϴ 
϶ Ϲ Ϲ ϼ ϼ ϼ ϴϹ   Ͽ ϶ϼ  ϷϿϴ ϶ϴ ϼ   Ϲ ϶ ϼ Ϲ ϼ ϻϴ ϼ  
Ͽϼ ϼϽ, ϸ ϼ   ϼ  ϗϱϥ.  

ϥ ϷϿϴ ϶ϴ ϼϹ ϼϻ϶ ϸϼ  ϸϿ  Ͽ ϶ϼϽ ϴϵ  ϴ ϼ ϴ  500 Ͼϖ ϗϱϥ 
ϸ Ϸ  ϵϿ Ͼϴ , ϼ϶Ϲϸё Ϲ Ͼ ϴ ϺϹ ϼ  220 Ͼϖ,  ϷϿϴ ϶ϴ ϼ   Ϲ ϶ Ͻ 

Ϲ  ϻϴ ϼ  ϖϟ 500 Ͼϖ ϖϼ ϼ Ͼ Ͻ ϗϱϥ – ϧ -Ϟ  ϺϹ  ϵ  ϼ :  
 = , ∙ + , ∙ ′ = , ∙ , + , ∙ , = ,  ,             (5.34) 
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ϷϸϹ     =  – Ͼ ϼ ϼϹ , ϼ ϶ϴ ϼϽ,  Ͽϼ ϼϼ ϴ ϴϿϿϹϿ ;  

 – ϼ϶ϿϹ ϼϹ ϴ ϴ ϴ, ϼ϶Ϲϸё Ϲ Ͼ ϴ ϺϹ ϼ   
500 Ͼϖ;  ′  - ϼ϶ϿϹ ϼϹ ϶ ϻϸ Ͻ Ͽϼ ϼϼ.  

 = %∙  = , ∙ = ,  .                                                                (5.35) 

 ′ = √ + = √ , + , = ,  .                                       (5.36) 
 
ϖ ϼ ϹϿ  Ϲϸϼ ϼ ϴ , ϼ϶Ϲϸё  Ͼ ϼ ϴϿ  ϴ ϴ Ϲ ϴ  

ϷϹ Ϲ ϴ ϴ:  
  . . , ∙ % ∙   + , ∙  ∙ ′ .                                                      (5.37) 

  . . , ∙ , ∙ + , ∙ ∙ , = , .       
 

 ϶ Ϲ ϶ϼ  Ϣ ϴ  ϴ϶ϼ :  
 =  . . ∙ = , ∙ , = ,  Ϣ ,                                                       (5.38) 
 

ϷϸϹ     =  = , = , .  

ϧ ϴ϶Ͼϴ ϵ ϸϹ  ϴ϶ ϴ:  
 

 = ∙ = , ∙ ,, = ,  Ϣ .                                                     (5.39) 

 
ϣ ϼ ϴ ϴ϶Ͼϴ: = ,  .  
2. Ϩ Ͼ ϼ  ∆  Ͽϼ ϴϹ  ϶ ϹϺϸϹ ϼϹ  Ͼϴ ϴ ϼϽ ϶ Ϲ Ϸ ϼ Ϲ Ϲ  

Ͼ ϼ ϼ ϹϿ Ϸ  ϼϻ Ϲ Ϲ ϼ  Ͽ Ϸ  ϼ϶ϿϹ ϼ . ϧ ϴ϶Ͼϴ Ͼ ϼϼ ∆ , ϶ ϶ ϻϼ  ϶ϼϹ  ϼ ϸ  ϸϴ , ϼ ϼ ϴϹ  ϼ ϸ  ϼϻ ϸϴ , 
ϴ ϼ ϴ  ϴ ϹϹ, ∆ = −  / .  

ϣ ϼ ϴ ϴ϶Ͼϴ ∆ =  / .  
ϣϹ ϶ϴ  Ϲ  ϸϹϽ ϶ Ϲ   ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 0,5  ϴ ϾϿ Ϲ ϼϹ 

ϵϿ  ϶ ϾϿ ϴ ϹϿϹϽ 500 Ͼϖ ϼ ϶ ϾϿ ϴ ϹϿϹϽ Ϧϥϡ,  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 1,0 
 ϴ ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ ϼ Ϸϴ Ϲ ϼϹ ϿϹϽ, ϴ ϶ ϵϼ  ϼ 
ϵ  ϴ϶ϴ ϼϽ - Ϲ  ϻϴ ϶ ϶.  

3. ϥ ϼ϶ϿϹ ϼϹ ϴϵϴ ϶ϴ ϼ  ϶ Ͻ Ϲ ϼ ϶ ϵϼ ϴϹ  ϼϻ Ͽ ϶ϼ  
ϽϾϼ  ϹϺϼ ϴ ϴϷ ϻϾϼ ϼ ϹϺϼ ϴ ϼ ϶Ͼϼ ϶ ϻϵ ϺϸϹ ϼ .  

ϥ ϼ϶ϿϹ ϼϹ ϴϷ ϻϾϼ ϶ ϴϿ  ϹϺϼ Ϲ:  
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=  √ ∙ = , ∙√ ∙ = ,  Ϣ .                                                           (5.40) 

 
ϷϸϹ      – ϼ ϴϿ Ͻ Ͼ ϴ ϴ.  

ϥ ϼ϶ϿϹ ϼϹ ϴϷ ϻϾϼ ϶  ϶ ϼ  Ϣ ϴ :  
  = ∙ = , ∙ /, / , = ,  Ϣ .                                          (5.41) 

 
ϘϿ  ϹϸϹϿϹ ϼ  ϼ϶ϿϹ ϼ  ϴϷ ϻϾϼ ϶ ϹϺϼ Ϲ ϼ ϶Ͼϼ 

϶ ϻϵ ϺϸϹ ϼ  ϷϹ Ϲ ϴ ϴ ϶ Ͽ Ϲ  ϴ ё  Ͼϴ ϴ ϴ ϼ ϸ϶ Ͻ  ϾϹ 
϶ ϻϵ ϺϸϹ ϼ  ∙ . .  ϼ ϴ ϺϹ ϼ  ϴ ϻϴϺϼ ϴ  ϴ ϴ , ∙   (ϵϹϻ ё ϴ 

ϴ Ϲ ϼ ): 
 = ∙𝐼 .𝐼 . . . − , = ∙ , − ,, = ,  . .,                                                               (5.42) 

 
ϷϸϹ     – ϼ Ϲ ϼ ϸ Ͼ ϼ϶ Ϲ ϼ϶ϿϹ ϼϹ ϷϹ Ϲ ϴ ϴ  ϸ Ͽ Ͻ 

ϼ; . . . .  – Ϲ ϼϹ ϼ ϴϿ  Ͼϴ ϴ Ͼ Ͼ  ϴ Ͽ Ϸ  ϸϴ. 
 ϥ Ϲ  ϴ Ϲ ϼ  ϴ ϼ  ϶ϹϿϼ ϼ ϴ Ͼϴ ϴ ϴ ϷϹ Ϲ ϴ ϴ ϶ ϹϺϼ Ϲ 

ϼ ϶Ͼϼ ϴ϶ϼ  , ∙ . 
ϥ ϶Ϲ ϶ Ϲ  ϼ϶ϿϹ ϼϹ ϴϷ ϻϾϼ ϶  ϹϺϼ Ϲ:  
 . = , ∙ = , ∙, = ,  . .                                                            (5.43) 

 cos . = c s 𝜑, ∙ = ,, ∙ , = , .                                                           (5.44) 

 
ϧϷ Ͽ ϴϷ ϻϾϼ ϶ ϹϺϼ Ϲ ϼ ϶Ͼϼ ϴ϶Ϲ : . = , °. 
ϥ ϼ϶ϿϹ ϼϹ ϴϷ ϻϾϼ ϶  ϶ ϼ  Ϣ ϴ :  
  . = . ∙ ∙ = , ∙ , ∙ /, / , = ,  Ϣ .                     (5.45) 

 
ϥ ϼ϶ϿϹ ϼϹ ϴϵϴ ϶ϴ ϼ  ϻϴ ϼ  ϼ :  
  . . = . = , , = ,  .Ϲ.                                                                    (5.46) 

 =  . . ∙ = , ∙ , = , Ϣ .                                                        (5.47) 
 
ϛ ϴ Ϲ ϼϹ ϴ϶Ͼϼ ϴ϶ϼ :  
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 = ∙ = , ∙ = ,  Ϣ .                                                       (5.48) 

 
ϣ ϼ ϴ ϴ϶Ͼϴ: = ,  .  
ϖϹϿϼ ϼ ϴ Ϲ Ϲ ϼ  ϴ ϴϾ Ϲ ϼ ϼϾϼ ϴϵϴ ϶ϴ ϼ   ϼ ϴϾ ϼ ϴϿ Ͻ 

϶ ϶ϼ ϹϿ ϼ ϴ϶Ͽ Ϲ  15%. ϧ ϴ϶Ͼϼ  ϼ϶ϿϹ ϼ  Ϲ Ϲ ϼ :  = ,  ;   = ,  . 
ϖ ϴ  Ϲ  ϸϹϽ ϶ Ϲ   ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 7,5  – ϴ ϾϿ Ϲ ϼϹ 

ϵϿ  ϶ ϾϿ ϴ ϹϿϹϽ 500 Ͼϖ ϼ ϶ ϾϿ ϴ ϹϿϹϽ Ϧϥϡ,  ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 8,0 
 ϴ ϾϿ Ϲ ϼϹ ϷϹ Ϲ ϴ ϴ ϼ Ϸϴ Ϲ ϼϹ ϿϹϽ ϗϗ ϼ ϖϗ.  

ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϴϵϴ ϶ϴ ϼ  ϸϼ ϴ ϼ Ͻ ϻϴ ϼ  Ϲϸ ϴ϶ϿϹ ϴ ϴ 
ϼ ϾϹ 5.5.  

 
Ϥϼ Ͼ 5.5 – ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϴϵϴ ϶ϴ ϼ  ϸϼ ϴ ϼ Ͻ ϻϴ ϼ  

 
5.4.7       

 
ϛϴ ϼ ϴ Ϲϸ ϴϻ ϴ Ϲ ϴ ϸϿ  ϿϼϾ϶ϼϸϴ ϼϼ Ϲϸ ϼ  Ϲ ϹϷ ϻ Ͼ ϵ Ͼ 
ϴ. ϛϴ ϼ ϴ ϶ Ͽ Ϲ ϴ  ϻϴ϶ϼ ϼ Ͻ  Ͼϴ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ. ϛϴ ϼ ϴ 

ϸϹ Ϻϼ  ϿϹϸ ϼϹ Ͼ ϼ ϴϿ Ϲ Ϸϴ :  
1. ϥϼϷ ϴϿ Ͻ Ϸϴ , ϴϵϴ ϶ϴ ϼϽ  Ϲϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ ϶ Ϲ Ϲ ϼ 

ϼ ϶ϹϿϼ Ϲ ϼϼ Ͼϴ ϶ Ϲ ϻ ϴ Ϲ ϼ  ϴϵϴ ϶ϴ ϼ  ϼ ϸϹϽ ϶ ϹϽ ϶ 
Ϲϸ Ϲϸϼ ϹϿ  ϼϷ ϴϿϼϻϴ ϼ . ϧ ϴ϶Ͼϴ ϼϷ ϴϿ Ϸ  Ϸϴ ϴ:  

  = ∙ . = , ∙ ., = , ∙ . .                                                   (5.49) 
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2. ϣ Ͼ ϶ Ͻ Ϸϴ , ϴϵϴ ϶ϴ ϼϽ ϵϹϻ ϶ ϸϹ ϺϾϼ ϶ Ϲ Ϲ ϼ ϼ ϶ϹϿϼ Ϲ ϼϼ 
Ͼϴ ϶ Ϲ ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ  ϼ Ϲ ϶Ͽ ϼϽ Ͼ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ. 

ϧ ϴ϶Ͼϴ Ͼ ϶ Ϸ  Ϸϴ ϴ:  
  = , ∙ ., = , ∙ . .                                                                    (5.50) 

 
3. Ϝ ϹϷ ϴϿ Ͻ Ϸϴ , ϴϵϴ ϶ϴ ϼϽ  ϻϴ϶ϼ ϼ Ͻ  Ͼϴ ϶ ϸϹ ϺϾ Ͻ 

϶ Ϲ Ϲ ϼ, ϻϴϸϴ Ͻ ϶ ϴϵϿϼ Ͻ Ϲ ( ϴϵϿϼ ϴ 5.5), ϼ ϸϹϽ ϶ ϹϽ ϴ 
ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ.  

 
ϦϴϵϿϼ ϴ 5.5 – ϣϹ ϹϷ ϻ ϴ  ϵ  ϵ Ͼϼ ϴ 

 
ϩϴ ϴ Ͼ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϻϴ ϼ   Ϲ Ϲϻ ϻϾϼ ϵ Ͼϼ 
ϴ Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 5.6.  
4. Ϣ Ϸϴ  Ͼ ϶ Ͻ Ϲ Ͼϼ, ϴϵϴ ϶ϴ ϼϽ  Ϲϻϴ϶ϼ ϼ Ͻ ϶ ϸϹ ϺϾ Ͻ 

϶ Ϲ Ϲ ϼ ϼ ϶ϹϿϼ Ϲ ϼϼ Ͼϴ ϶ Ϲ ϻ ϴ Ϲ ϼ  ϴ϶Ͼϼ ϴϵϴ ϶ϴ ϼ . ϧ ϴ϶Ͼϴ 
Ϸϴ ϴ Ϲ Ͼϼ:  

  = , ∙ ., = , ∙ . .                                                                  (5.51) 

 

 
 

Ϥϼ Ͼ 5.6 – ϩϴ ϴϾ Ϲ ϼ ϼϾϴ ϼ ϹϷ ϴϿ Ϸ  Ϸϴ ϴ ϻϴ ϼ   Ϲ ϹϷ ϻϾϼ ϵ Ͼϼ ϴ 
 

ϖ ϸϹ ϺϾϴ ϶ Ϲ Ϲ ϼ Ͼ ϶ Ͻ Ϲ Ͼϼ ϼ ϼ ϴϹ  3,0 . ϛϴ ϼ ϴ ϸϹϽ ϶ Ϲ  
ϴ ϾϿ Ϲ ϼϹ ϶ ϾϿ ϴ ϹϿ  ϷϹ Ϲ ϴ ϴ, Ϸϴ Ϲ ϼϹ ϿϹϽ.  
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Ϟ ϴ  
Ϲ ϹϷ ϻϾϼ, /  

1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 

ϘϿϼ ϹϿ  
Ϲ ϹϷ ϻϾϼ ( ) ϸϿϼ ϹϿ  210 150 120 90 72 45 20 
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5.5      –   
 

Ϝ ϸ  ϼϻ ϴ Ϲ ϴ ϴ϶ Ͼ, ϸϿ  ϻϴ ϼ  ϵϿ Ͼϴ ϷϹ Ϲ ϴ - ϴ ϴ  
Ϧ Ϸ Ͼ Ͻ ϗϱϥ Ϲϸ ϿϴϷϴϹ  ϴ ϶Ͼϴ ϶ Ϲ Ϲ  ϼϾ Ϲ  
Ϲ ϼ ϴϿ ϶ ϹϿϹϽ Ͻ ϻϴ ϼ  ϼ ϴ϶ ϴ ϼϾϼ ϼϽ Ͼ Ϸ  ϴ – 

ϼϻ϶ ϸ ϶Ϲ Ϸ  Ϲϸ ϼ ϼ  «ϱϞϤϔ». 
ϧ ϴ ϶Ͼϴ Ϣ Ϲ Ϲ ϶Ϲ Ϸ  ϼϾ Ϲ Ϸ  ϵ ϸ ϶ϴ ϼ  ϻ϶ Ͽϼ  

ϼϻϵϹϺϴ  ϶ ϻ Ϻ Ϸ  ϶ Ϲ ϴ ϹϿ ϶ϴ ϼϻ϶ Ϲ ϶ ϴϵ  ϵ ϸ ϶ϴ ϼ , ϴ ϴϾϺϹ 
Ϲ ϼ  ϻϴ ϴ .  

ϕϿϴϷ ϸϴ  ϵϿ Ͻ Ͼ Ͼ ϼϼ ϼ ϶  Ϲ ϼ ϴϿ ϶ ϼ ϸ Ͽ  
Ϸ ϴ  ϵϹ Ϲ Ϲ ϼ , ϼϾ Ϲ Ϲ ϻϴ ϼ  ϵϹ Ϲ ϼ϶ϴ  

϶ Ͼ  ϴϸϴ ϴ ϼ  Ͼ Ͼ Ͼ Ϲ Ͻ Ϲ ϶ϼ Ͻ Ϲ Ϲ ϴ ϼϼ ϶ ϻϴ϶ϼ ϼ ϼ  
ϵ Ϲ ϴ ϻϴ ϼ ϴϹ Ϸ  ϵ ϸ ϶ϴ ϼ  ϼ ϴϻϿϼ  ϹϺϼ ϶ ϹϷ  ϴϵ .  

 
5.6        

 
ϧ ϴ϶Ͼϼ ϻϴ ϼ  ϼ ϴ ϼ ϴ ϾϿ Ϲ ϼϽ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ ϴ  5.6-5.7 

϶Ϲ ϶Ϲ .  
 
ϦϴϵϿϼ ϴ 5.6 – ϧ ϴ϶Ͼϼ ϻϴ ϼ   

 

ϛϴ ϼ  ϧ ϴ϶Ͼϼ 
ϡϴϼ Ϲ ϶ϴ ϼϹ Ϣϵ ϻ ϴ Ϲ ϼϹ ϡϴϼ Ϲ ϶ϴ ϼϹ Ϣ ϼ ϹϿ Ϲ 

Ϲϸϼ ϼ  
Ϝ Ϲ ϶ϴ Ϲ 

Ϲϸϼ ϼ  
ϣ ϸ Ͽ ϴ  

ϸϼ Ϲ Ϲ ϼϴϿ ϴ  
ϻϴ ϼ ϴ 

∆  Ϧ Ͼ 
ϴϵϴ ϶ϴ ϼ ,  .  

, ∙  ,   

Ϟ ϼ ϼϹ  
ϺϹ ϼ ,  

  

,  − 

ϧ ϴ϶Ͼϴ 
ϴ ϴϿ Ϸ  

ϺϹ ϼ ,  
 

, ∙  ,   

Ϧ ϻ Ͻ Ͼ, 
 

, ∙  ,   

 ∙  ,   
ϛϴ ϼ ϴ  

ϻϴ Ͼϴ ϼϽ ϴ 
ϻϹ Ͽ  ϵ Ͼϼ 

ϴ ϴ 

   −   
  −   

 Ϟ ϼ ϼϹ  
ϺϹ ϼ ,  

,  − 

ϛϴ ϼ ϴ  
϶ Ϲ ϼ  

ϴ ϺϹ ϼ  

> 2 Ϲ    , ∙    

1 Ϲ    , ∙    

ϛϴ ϼ ϴ ϵ ϴ Ͻ 
ϿϹϸ ϶ϴ ϹϿ ϼ 

 Ϲ ϼ Ϲ ϼ  
Ϟϛ ϼ Ϲ ϹϷ ϻ Ͼ 

 ϥϢ  , ∙  ,   
ϣϢ  , ∙  ,   

ϢϦϥ I  , ∙  ,   
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ϣ ϸ ϿϺϹ ϼϹ ϴϵϿϼ  5.6 

 
ϦϴϵϿϼ ϴ 5.7 – Ϡϴ ϼ ϴ ϾϿ Ϲ ϼϽ ϻϴ ϼ  

ϛϴ ϼ  ϘϹϽ ϶ϼ  

ϡϴϼ Ϲ ϶ϴ ϼϹ Ϣϵ ϻ ϴ Ϲ ϼϹ 

Ϣ
ϾϿ

Ϲ
ϼϹ

 ϖ
/ϗ

 

ϗϴ
Ϲ

ϼϹ
 

ϿϹ
Ͻ 

Ϣ
ϴ

϶ 
ϵϼ

 ϼ
 

ϵ
 ϔ

Ϥϛ
 

ϣ
Ͼ 

ϣ
Ϛ

Ϧ 
ϗϗ

 

Ϣ
ϾϿ

Ϲ
ϼϹ

 ϖ
1 

ϼ 
ϖ2

-
50

0 
ϼ 

ϖ-
Ϧϥ

ϡ
 

ϣ
Ϲϸ

Ϲϸ
ϼ

ϹϿ
Ͻ 

ϼϷ
ϴϿ

 

Ϙϼ . ϛϴ ϼ ϴ 
ϸ Ͽ ϴ  

∆  + + + +   

ϛϛϗ 
 

      + 

 + + +    

  + + +    

ϛϣϡ > 

1 Ϲ   + +     

2 Ϲ   + +     

ϛϴ ϼ ϴ ϵ ϴ Ͻ 
ϿϹϸ ϶ϴ ϹϿ ϼ 

 Ϲ ϼ Ϲ ϼ  
Ͼ.ϻ. ϼ Ϲ ϹϷ ϻ Ͼ 

 

ϥϢ      + 

ϜϢ + +     

ϢϦϥ I      +  
 + +     

ϛϴ ϼ ϴ  
ϼ Ϲ ϼ  Ͼ.ϻ. ϼ 

Ϲ ϹϷ ϻ Ͼ 
 

ϥϢ      + 
ϜϢ + +     

ϢϦϥ 
     +  
 + +     

 
 

ϛϴ ϼ  ϧ ϴ϶Ͼϼ 
ϡϴϼ Ϲ ϶ϴ ϼϹ Ϣϵ ϻ ϴ Ϲ ϼϹ ϡϴϼ Ϲ ϶ϴ ϼϹ Ϣ ϼ ϹϿ Ϲ 

Ϲϸϼ ϼ  
Ϝ Ϲ ϶ϴ Ϲ 

Ϲϸϼ ϼ  
ϛϴ ϼ ϴ  

ϼ Ϲ ϼ  Ϟϛ ϼ 
Ϲ ϹϷ ϻ Ͼ  

 ϥϢ  , ∙  ,   
ϣϢ  , ∙  ,   

ϢϦϥ  , ∙  ,   
Ϙϼ ϴ ϼ ϴ  

ϻϴ ϼ ϴ 
< 1 Ϲ   0,091 ,     , ∙  ,   

2 Ϲ   0,35 ,     , ∙  ,   
ϛϴ ϼ ϴ ϴ  

Ϲ ϹϷ ϻϾϼ  
 ϥϢ   , ∙ .  ,   

ϣϢ   , ∙ .  ,   
ϢϦϥ   , ∙ .  ,   
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ϣ ϸ ϿϺϹ ϼϹ ϴϵϿϼ  5.7 
ϛϴ ϼ  ϘϹϽ ϶ϼ  

ϡϴϼ Ϲ ϶ϴ ϼϹ Ϣϵ ϻ ϴ Ϲ ϼϹ 

Ϣ
ϾϿ

Ϲ
ϼϹ

 ϖ
/ϗ

 

ϗϴ
Ϲ

ϼϹ
 

ϿϹ
Ͻ 

Ϣ
ϴ

϶ 
ϵϼ

 ϼ
 

ϵ
 ϔ

Ϥϛ
 

ϣ
Ͼ 

ϣ
Ϛ

Ϧ 
ϗϗ

 

Ϣ
ϾϿ

Ϲ
ϼϹ

 ϖ
1 

ϼ 
ϖ2

-
50

0 
ϼ 

ϖ-
Ϧϥ

ϡ
 

ϣ
Ϲϸ

Ϲϸ
ϼ

ϹϿ
Ͻ 

ϼϷ
ϴϿ

 

Ϙϛ < 

1 
Ϲ  

     +  

 + + +    
2 
Ϲ  

     +  
 + +     

ϛϴ ϼ ϴ ϴ  
Ϲ ϹϷ ϻϾϼ р 

ϥϢ      + 
ϜϢ + +     

Ϣ Ϲ Ͼϴ + +     
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6      
 

6.1     
 

1. ϖ ϻϴ϶ϼ ϼ ϼ  ϶  ϼ ϼ ϴ Ϸ ϴ ϶ϴ ϼϽ ϴϻ ϴ Ϲ  II  ϾϿϴ  ϗϦϥ 
϶ ϶Ϲ ϶ϼϼ  ϴϵϿϼ ϹϽ 1.1 [32]. ϖ ϴ , − , = ,  ; Ϸ  

϶ϴ ϼ  ϾϴϿ Ͻ.  
2. ϖ ϻϴ϶ϼ ϼ ϼ  ϴϻ ϴ Ϲ ϼ  ϼ Ͽ ϶ϼϽ Ͼ Ͽ ϴ ϴ ϼϼ ϴϻ ϴ Ϲ  I ϾϿϴ  

ϗϦϥ ϶ ϶Ϲ ϶ϼϼ  ϴϵϿϼ ϹϽ 1.2 [32]. ϧ ϴ ϶ϿϹ ϴ   ϗϱϥ 1148 
Ϡϖ . 

3. ϖ ϼϺ Ϲ  ϵ Ϲ Ϲ ϶ Ϲϻ Ͽ ϴ Ϲ ϶ ϻ Ϻ Ͻ ϴ϶ϴ ϼϼ Ϲ  Ͽ ϸϼ Ͼ Ϲ 
Ϸ  ϴϸϴ , 14744 ϹϿ ϶ϹϾϴ. ϖ ϶Ϲ ϶ϼϼ  ϴϵϿϼ ϹϽ 1.4 [32] ϴϻ ϴ Ϲ  I 

ϾϿϴ  ϗϦϥ. 
Ϝ Ϸ: ϴϻ ϴ Ϲ  I ϾϿϴ  ϗϦϥ.  
 
6.2      

 
6.2.1      

 
6.2.1.1    

 
Ϣ Ϲ Ͼϴ Ϸ Ϲϵ  Ϸ ϶ Ͻ Ͽ ϼ  ϶ ϼ ϿϹ ϴ  ϿϹ:  
 ∇ = ∇ + ℎ = , + , = , ,                                            (6.1) 
 

ϷϸϹ   ℎ  – Ϲ϶ Ϲ ϼϹ Ϸ Ϲϵ  Ϸ ϶ Ͻ Ͽ ϼ  ϴϸ ϴ ё  ϶ Ϲ  ϶ 
϶Ϲ Ϲ  ϵ Ϲ Ϲ.  

 ℎ = ℎ % + ∆ℎ + = , + , + , = , ,                                     (6.2) 
 

ϷϸϹ  ℎ % – ϶ ϴ ϴϾϴ ϴ ϶ Ͽ  ϴ ё Ͻ ϵϹ Ϲ Ϲ  1% ϴ Ͼ  
Ϸ ϶ Ͻ Ͽ ϼ ;  ∆ℎ  – ϶ ϴ ϶Ϲ ϶ Ϸ  ϴϷ ϴ;  

 – ϶ϹϿϼ ϼ ϴ ϻϴ ϴ ϴ, ϻϴ϶ϼ ϴ   ϾϿϴ ϴ ϺϹ ϼ  (ϸϿ  I ϾϿϴ ϴ =,  ).  
ϱϿϹ Ϲ  ϶Ϲ ϶  ϶ Ͽ  ϼ ϶ ϴ ϶Ϲ ϶ Ϸ  ϴϷ ϴ ϹϸϹϿϹ      

ϷϿϴ  [33]. 
ϖ ϴ ϶Ϲ ϶ Ϸ  ϴϷ ϴ ϴ ϼ ϴ ϴ  ϿϹ:  
 ∆ℎ = ∙ ∙∙ ∙ cos = , ∙ ∙, ∙ , = ,  ,                                (6.3) 
 

ϷϸϹ     = , ∙ −  – Ͼ ϼ ϼϹ , ϼ ϼ ϴϹ Ͻ  ϥϣ [33, ϼϿ ϺϹ ϼϹ ϕ]; =  /  – ϴ ё ϴ  Ͼ  ϶Ϲ ϴ ϴ ϶ Ϲ 10  ϴϸ ϶ Ϲ  ϶ ϸ ; =   – ϸϿϼ ϴ ϴϻϷ ϴ ϶ Ͽ ;  
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=  – Ϸ Ͽ ϹϺϸ  ϸ Ͽ Ͻ  ϶ ϸ ϴ ϼϿϼ ϴ ϼ ϴ ϴ϶ϿϹ ϼϹ  
϶Ϲ ϴ;  

 – Ͽ ϶ ϴ  ϴ ё ϴ  ϷϿ ϵϼ ϴ ϶ ϸ  ϶ ϶ ϸ ϴ ϼϿϼ Ϲ, ϶ Ͽ ϶ϼ  
Ͼ ϶ Ϸ  ϹϾ ϴ:  

 = ∇ −∇ = , − , = ,  .                                                                 (6.4) 

 
ϖ ϼ ϿϹ  ϵϹϻ ϴϻ Ϲ Ϲ Ͼ ϿϹϾ :  

 = , ∙ = , ,                                                                                                   (6.5) 

 = , ∙ = ,                                                                                            (6.6) 

 
ϷϸϹ    =  =  .  

Ϝϻ Ϸ ϴ ϼϾϴ [33, ϼϿ ϺϹ ϼϹ ϔ, ϼ . ϔ.1]  ϶Ϲ ϹϽ Ϸϼϵϴ ϹϽ Ͼ ϼ϶ Ͻ  
ϻ ϴ Ϲ ϼ   ϼ  ϹϸϹϿϹ  ϴ ϴ Ϲ :  

 

ϸϿ   = , :              ℎ = , ;              = , ; 
 

ϸϿ   = :             ℎ = , ;                = , . 
 

ϥ Ϲϸ ϼϽ Ϲ ϼ ϸ ϼ Ϲϸ  ϶ ϴ ϶ Ͽ  ϶Ϲ ϶Ϲ :  
 = , = , ∙ , = ,  .                                                                     (6.7) 

 ℎ = , = , ∙ , = ,  .                                                         (6.8) 

 
ϥ Ϲϸ  ϸϿϼ ϴ ϶ Ͽ :  

 = = , ∙ ,∙ , = ,  .                                                                          (6.9) 

 
ϣ ϶Ϲ Ϲ  Ͽ ϶ϼϹ > , , Ͽ ϶ϼϹ ϶ Ͽ Ϲ ,                   

ϴϾ ϾϴϾ , > , ∙ , = , .  
ϖ ϴ ϶ Ͽ  1% ϵϹ Ϲ Ϲ ϼ:  
 ℎ % = ℎ ∙ 𝑖 = , ∙ , = ,  ,                                                                 (6.10) 
 

ϷϸϹ     𝑖 – Ͼ ϼ ϼϹ , ϹϸϹϿ Ϲ Ͻ  Ϸ ϴ ϼϾ  [33, ϼϿ ϺϹ ϼϹ ϔ, ϼ . ϔ.2].  
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ϖ ϴ ϴϾϴ ϴ ϶ Ͽ  1% ϵϹ Ϲ Ϲ ϼ ϴ Ͼ  Ϸ ϶ Ͻ Ͽ ϼ  ϸϿ  
ϴϿ  ϸ ϸ ϼ  ϶ Ͽ  ϹϸϹϿϹ ϴ  ϿϹ:  
 ℎ % = ℎ % = ∗ , ∗ , ∗ , ∗ , = ,  ,        (6.11) 
 

ϷϸϹ     = , = ,  – Ͼ ϼ ϼϹ  Ϲ ϶ϴ ϼ ϼ ϼ ϴϹ ϼ Ͼ ϴ, 
ϼ ϼ ϴϹ Ϲ  ϥϣ [33, ϼϿ ϺϹ ϼϹ Ϙ, ϴϵϿ. Ϙ.1]; = ,  – Ͼ ϼ ϼϹ , ϼ ϼ ϴϹ Ͻ  [33, ϼϿ ϺϹ ϼϹ Ϙ, ϴϵϿ. Ϙ.2]; = ,  – Ͼ ϼ ϼϹ , ϼ ϼ ϴϹ Ͻ  Ϸ ϴ ϼϾϴ  [33, ϼϿ ϺϹ ϼϹ 

Ϙ, ϼ . Ϙ.1] ϶ ϻϴ϶ϼ ϼ ϼ  Ͽ Ϸ ϼ ϶ Ͽ  ℎ % = ,, = ,  ϴ ϷϿ ϵ Ͼ Ͻ 
϶ ϸϹ. 

ϣ ϼ ϼ ϴϹ  Ϲ Ͼ  Ϸ Ϲϵ  Ϸ ϶ Ͻ Ͽ ϼ  
 ∇ + ℎ = , + , = ,                                                   (6.12)   

 
ϣ Ϲ϶ Ϲ ϼϹ Ϸ Ϲϵ  Ϸ ϶ Ͻ Ͽ ϼ  ϴϸ ϡϣϧ ϴ϶ : 

 ℎ = ℎ % + ∆ℎ + = , + , + , = ,  .                            (6.13)   
 

6.2.2  ё   
 

ϖ ϶Ϲ ϶ϼϼ  ϾϿϴ  ϗϦϥ ϴϾ ϼ ϴϿ Ͻ ϴ Ϲ Ͻ ϴ ϸ ϸϿ  
϶ Ϸ  ϴ Ϲ Ϸ  Ͽ ϴ  – Q0.01%, ϸϿ  ϶Ϲ Ϸ  ϴ Ϲ Ϸ  Ͽ ϴ  -Q0.1%. 

ϣ  Ͼ ϼ϶ Ͻ ϶ ϻϼ ( ϼ Ͼ 1.2) ϹϸϹϿ Ϲ : 
 

ϼ ϴ ϸϹ 𝑸 .  = 5744 3/  Ϲ Ͼϴ ϧϡϕ 367,83 ; 
 

ϼ ϴ ϸϹ 𝑸 .  = 6462 3/  Ϲ Ͼϴ ϧϡϕ 367,99  
 
6.2.2.1      
 
ϡϴ  ϴ ϺϹ ϼϹ ϼ ϶  ϴ ё  Ͽ ϴϹ:  
 = ∇ − ∇ ( . ) = , − , = ,  .            (6.14) 
 
ϣϴ϶ ϸ Ͼ ϺϹ  ϵ  Ϲ  Ϲ Ϲϻ Ϸϼϸ ϴϷ ϹϷϴ , ϴϾ ϾϴϾ > 𝑖 .  
Ϥϴ ϸ Ϲ Ϲϻ ϸϼ  Ϸϼϸ ϴϷ ϹϷϴ  ϼ ϶  ϴ ё  Ͽ ϴϹ:  
 = [ ], ∙ −∆ℎ ∙ = . ∙ , − , ∙ , = ,  / .                          (6.15) 

 



  

 86 

ϥ ϷϿϴ  ϥϣ [34] Ͼ Ͽϼ Ϲ ϶  ϴϷ ϹϷϴ ϶, ϴ ϶ ϼ  ϶ ϾϹ 
ϴ ё  ϴ ϸ ϶ – , ϸ ϿϺ  ϵ  Ϲ ϵ ϿϹϹ −  ϼ ϼ ϿϹ Ϸϼϸ ϴϷ ϹϷϴ ϶ 

ϗϱϥ . 
ϥϿϹϸ ϶ϴ ϹϿ , = − = .  
 Э = ∙ = ∙ , =  / .                                                       (6.16) 
 
Ϥϴ ё Ͻ ϴ ϸ ϶ ϸ  Ϲ Ϲϻ ϶ ϸ Ͽϼ϶  Ͽ ϼ  ϸϿ  ϶ Ϸ  

ϴ ё Ϸ  Ͽ ϴ  ϴ϶Ͽ Ϲ : 
 = . − Э − ,                                                                       (6.17) 
 

ϷϸϹ     = + = ,  + ,  = ,  / ; . =  /  – ϴ ё Ͻ ϴϾ ϼ ϴϿ Ͻ ϴ ϸ ϸϿ  ϶ Ϸ  
ϴ ё Ϸ  Ͽ ϴ .  

 =  –   –  , =  ,  / .     
 
Ϭϼ ϼ ϴ ϶ ϸ Ͽϼ϶ Ϸ  ϴ:  
 = = ,,  = ,  ,                                                                                (6.18) 

 
ϷϸϹ      – ϸϹϿ Ͻ ϴ ϸ ϴ ϶ ϸ Ͽϼ϶Ϲ, ϴ϶ Ͻ:  

 = , ∙ = , ∙ , = ,  / .                                                       (6.19) 
 

ϧϸϹϿ Ͻ ϴ ϸ ϴ ϼ ϵϹ Ϲ:  
 = [ ℎ] ∙ ℎ = ∙ , = ,  / ,                                                            (6.20) 
 

ϷϸϹ    [ ℎ] - ϸ ϼ ϴ  Ͼ  ϴ ϼ ϵϹ Ϲ; ℎ = ,   – ϷϿ ϵϼ ϴ ϶ ϸ  ϶ ϼϺ Ϲ  ϵ Ϲ Ϲ, ϹϸϹϿ   Ͼ ϼ϶ Ͻ ∇ =    . 
Ϭϼ ϼ ϴ ϶ ϸ Ͽϼ϶ Ϸ  ϴ ϹϸϹϿ Ϲ   ϿϹ:  
 = ∙ = ∙ =  ,                                                                                 (6.21) 
 

ϷϸϹ  =   – ϴ ϸϴ ϴ  ϼ ϼ ϴ Ͽё ϴ, ϼ ϼ ϴϹ  ϶ ϶Ϲ ϶ϼϼ  
Ϲ ϼ Ϲ Ͼϼ  ϹϷϿϴ Ϲ  ϻϴ϶ ϸ ϶-ϼϻϷ ϶ϼ ϹϿϹϽ Ϸϼϸ Ϲ ϴ ϼ Ϲ Ͼ Ϸ  
ϵ ϸ ϶ϴ ϼ ;  =  – ϼ Ͽ  Ͽё ϶.  
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6.2.2.2      
 

ϣ  ϶ Ͻ ϿϹ ϴ ϸϴ ϸϿ  ϶ ϸ Ͽϼ϶ ϶ ϶ Ϲ  ϼ ϶ Ϲ ϸ  
ϿϹϸ ϶ϴ ϹϿ  ϼϵϿϼϺϹ ϼϽ ϹϸϹϿ  ϴ  ϴ Ϸ Ϲϵ Ϲ ϶ ϸ Ͽϼ϶ϴ, ϴ ϴϿϴ 

ϵϹϻ ё ϴ Ϻϴ ϼ  ϼ ϸ ϿϹ ϼ  , ϴ ϻϴ Ϲ   ё  Ϻϴ ϼ  ϼ ϸ ϿϹ ϼ  
:  
 = ( ∙ ∙√ ) / = ,, ∙ ∙ ∙√ ∙ . ⁄ = ,  ,                                      (6.22) 

 
ϷϸϹ    = ,  – Ͼ ϼ ϼϹ  ϴ ϸϴ ϻϴ϶ϼ ϼ    ϼϿ  ϶ ϸ Ͽϼ϶ϴ ϼ 

ϼ ϼ ϴϹ  ϶ ϻϴ϶ϼ ϼ ϼ  ϼ ϴ ϶ ϸ Ͽϼ϶ϴ ϴϾ ϼ Ϲ Ͼ Ϸ  ϼϿ  [35, 
ϴϻϸϹϿ 6-4].  

 = ( ∙ ∙𝜎∙ ∙√ ) / = ,, ∙ , ∙ ∙ ∙√ ∙ , ⁄ = ,  ,                         (6.23) 

 
ϷϸϹ     𝜎 =  – Ͼ ϼ ϼϹ  ϸ ϿϹ ϼ  [34, ϴϻϸϹϿ 6-3]; 

 – Ͼ ϼ ϼϹ  ϵ Ͼ ϶ Ϸ  Ϻϴ ϼ , ϻϴ϶ϼ ϼϽ  Ͽ ϶ϼϽ ϶ ϸϴ, ϹϸϹϿё  
 ϿϹ:  

 = − , ∙ + − ∙ ∙ = − , [ , + − , ] , = , ;          (6.24) 

 
 – ϼ ϼ ϴ Ͽё ϴ;  
 – ϼ Ͽ  Ͽё ϶; = ,  – Ͼ ϼ ϼϹ   ϵ Ͼ ϶  Ϲ϶;  = ,  – Ͼ ϼ ϼϹ , ϻϴ϶ϼ ϼϽ  ϴ Ͽ ϺϹ ϼ  ϵ Ͼϴ ϶ Ͽϴ Ϲ ϸϿ  

Ͽ Ͼ ϷϿ Ϸ  Ϲ ϴ ϼ .  
ϡϴ  ϴ Ϸ Ϲϵ Ϲ ϶ ϸ Ͽϼ϶ϴ ϵϹϻ ё ϴ Ͼ ϼ ϸ ϸϴ Ͼϴ Ͼ ϶ ϸ Ͽϼ϶ : 
 = − 𝛼∙ = ,  − , ∙ ,∙ , = ,  ,                                                    (6.25) 

 

ϷϸϹ     = ∇ − ∙ + − ∙ = ,, − , + − ∙ = ,  / ; =   – Ͽ ϼ ϴ ϵ Ͼϴ;  =   – ϼ ϼ ϴ ϶ ϸ Ͽϼ϶ Ϸ  ϴ  ё  ϸ Ͽ ϼ ϹϿ Ϸ  
Ͽё ϴ.  

Ϣ Ϲ Ͼϴ Ϸ Ϲϵ  ϶ ϸ Ͽϼ϶ϴ ϹϸϹϿ Ϲ   ϿϹ:  
 ∇ = ∇ − = , − ,  =  , ,                                            (6.26) 
 

ϷϸϹ    = ,   – ϴ ϸϴ Ͻ ϴ , ϵϿϼϺϴϽ ϼϽ Ͼ  (6.25) ϶ ϶Ϲ ϶ϼϼ  
Ϲ ϼ Ϲ Ͼϼ  ϹϷϿϴ Ϲ .  
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6.2.2.3    ё    

 
ϡϴ  ϴ ϺϹ ϼϹ ϼ ϶Ϲ  ϴ ё  Ͽ ϴϹ:  
 = ∇ − ∇ ( . ) = , − , = ,  .             (6.27) 
 
ϣϴ϶ ϸ Ͼ ϺϹ  ϵ  Ϲ  Ϲ Ϲϻ Ϸϼϸ ϴϷ ϹϷϴ , ϴϾ ϾϴϾ > 𝑖 .  
Ϥϴ ϸ Ϲ Ϲϻ ϸϼ  Ϸϼϸ ϴϷ ϹϷϴ  ϼ ϶Ϲ  ϴ ё  Ͽ ϴϹ:  
 = [ ], ∙ −∆ℎ ∙ = . ∙ , − , ∙ , = ,  / .                        (6.28) 

 Э = ∙ = ∙ , = ,  / .                                                    (6.29) 
 
Ϥϴ ё Ͻ ϴ ϸ ϶ ϸ  Ϲ Ϲϻ ϶ ϸ Ͽϼ϶  Ͽ ϼ  ϸϿ  ϶Ϲ Ϸ  

ϴ ё Ϸ  Ͽ ϴ  ϴ϶Ͽ Ϲ : 
 = . − Э − ,                                                                     (6.30)                
 

ϷϸϹ   . =  /  – ϴ ё Ͻ ϴϾ ϼ ϴϿ Ͻ ϴ ϸ ϸϿ  ϶Ϲ Ϸ  
ϴ ё Ϸ  Ͽ ϴ .  

 = − ,  –  ,  = ,  / .         
                                                                    
ϣ  ϶ Ͻ ϿϹ ϴ ϸϴ ϸϿ  ϶ ϸ Ͽϼ϶ ϶ ϶ Ϲ  ϼ ϶ Ϲ ϸ  

ϿϹϸ ϶ϴ ϹϿ  ϼϵϿϼϺϹ ϼϽ ϹϸϹϿ  ϴ  ϴ Ϸ Ϲϵ Ϲ ϶ ϸ Ͽϼ϶ϴ, ϴ ϴϿϴ 
ϵϹϻ ё ϴ Ϻϴ ϼ  ϼ ϸ ϿϹ ϼ  , ϴ ϻϴ Ϲ   ё  Ϻϴ ϼ  ϼ ϸ ϿϹ ϼ  

:  
 = ( ∙ ∙√ ) / = ,, ∙ ∙√ ∙ . ⁄ = ,  ,                                       (6.31) 

 = ( ∙ ∙𝜎∙ ∙√ ) / = ,   , ∙ , ∙ ∙√ ∙ . ⁄ =  ,  ,                         (6.32) 

 
ϷϸϹ      – Ͼ ϼ ϼϹ  ϵ Ͼ ϶ Ϸ  Ϻϴ ϼ , ϻϴ϶ϼ ϼϽ  Ͽ ϶ϼϽ ϶ ϸϴ, ϹϸϹϿё  

 ϿϹ:  
 = − , ∙ + − ∙ ∙ = − , [ , + − , ] , = , ;          (6.33) 

 =  – ϼ ϼ ϴ Ͽё ϴ;  =  – ϼ Ͽ  Ͽё ϶; 
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= ,  – Ͼ ϼ ϼϹ   ϵ Ͼ ϶  Ϲ϶;  = ,  – Ͼ ϼ ϼϹ , ϻϴ϶ϼ ϼϽ  ϴ Ͽ ϺϹ ϼ  ϵ Ͼϴ ϶ Ͽϴ Ϲ ϸϿ  
Ͽ Ͼ ϷϿ Ϸ  Ϲ ϴ ϼ .  

ϡϴ  ϴ Ϸ Ϲϵ Ϲ ϶ ϸ Ͽϼ϶ϴ ϵϹϻ ё ϴ Ͼ ϼ ϸ ϸϴ Ͼϴ Ͼ ϶ ϸ Ͽϼ϶ : 
 = − 𝛼∙ = , − , ∙ ,∗ , =  ,  ,                                                    (6.34) 

 

ϷϸϹ     = ∇ − ∙ + − ∙ = ,, − , + − ∗ = ,  / ; =   – Ͽ ϼ ϴ ϵ Ͼϴ;  =   – ϼ ϼ ϴ ϶ ϸ Ͽϼ϶ Ϸ  ϴ  ё  ϸ Ͽ ϼ ϹϿ Ϸ  
Ͽё ϴ.  

Ϥϴ ё ϴ  Ϲ Ͼϴ ϼ ϶ϴ Ϸ  ϶ :  
 ∇ = ∇ + = ,  +  ,  =  , .                                        (6.35) 
 
ϣ ϼ ϴ ϹϾ ϴ  Ϲ Ͼϴ ∇ = , .  
 
6.2.2.4      

 
ϘϿ  Ϲ ϼ  ϼϿ  ϶ ϸ Ͽϼ϶ Ͻ Ϸ ϴ ϼ ( ϼ Ͼ 6.2) ϼ Ͽ ϻ ϶ϴ ϴ 

ϴϵϿϼ ϴ 6-12 [35]. Ϟ ϸϼ ϴ  ϸϿ  Ϲ ϼ  ( ϴϵϿϼ ϴ 6.1) ϼϿ  Ͽ Ϲ  
  ϺϹ ϼ  ϸϴ  ϴϵϿϼ  ϴ ϻ ϴ Ϲ ϼϹ = ,  .  

ϥ ϺϹ ϼϹ ϶ ϸ Ͽϼ϶ Ͻ Ϸ ϴ ϼ  ϶Ϲ  ϶ ϸ ϵ  Ϲ Ϲ   ϸ ϷϹ, 
ϹϸϹϿё   ϴϵϿϼ Ϲ 6-14 [35]. 
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Ϥϼ Ͼ 6.2 – ϣ ϼϿ  ϔ 

 
ϦϴϵϿϼ ϴ 6.1 – Ϟ ϸϼ ϴ  ϸϿ  Ϲ ϼ  ϼϿ  

x y x y x y x y 
0 0,88 7 1,792 14 8,645 21 19,768 

0,7 0,252 7,7 2,247 14,7 9,583 21,7 21,091 
1,4 0,049 8,4 2,758 15,4 10,556 22,4 22,449 
2,1 0 9,1 3,325 16,1 13,258 23,1 23,835 
2,8 0,042 9,8 3,948 16,8 15,152 23,8 25,263 
3,5 0,189 10,5 4,627 17,5 13,72 24,5 26,726 
4,2 0,42 11,2 5,348 18,2 14,854 25,2 28,217 
4,9 0,7 11,9 6,111 18,9 16,023 25,9 29,743 
5,6 1,022 12,6 6,909 19,6 17,234 26,6 31,297 
6,3 1,386 13,3 7,756 20,3 18,48 27,3 32,886 

      28 34,566 
 

Ϣ Ϲ Ͼϴ ϶Ϲ ϴ ϵ Ͼϴ ϹϸϹϿϹ ϴ  ϿϹ:  
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∇ = ∇ + , = , + , ∙  = , .                                       (6.36) 
 
ϣ ϹϾ ϴ  Ϲ Ͼϴ Ϸ Ϲϵ  Ͽ ϼ  ϴ Ϸ  ϴ ϼ ϴ:  
 ∇ = [∇ , ∇ ] = ∇ = , .                                            (6.37) 
  
6.2.2.5 ё        

 
ϣ Ͽ ϴ  ϸϹϿ ϴ  Ϲ Ϸϼ  ϶ Ϲ Ϲ ϼϼ Ϲ Ϲϸ ϶ ϸ Ͽϼ϶ :  
 = ∇ − ∇ = , − , =  .                                           (6.38) 
 
Ϟ ϼ ϼ Ϲ Ͼϴ  ϷϿ ϵϼ ϴ Ͼϴ:  
 ℎ = √ 𝛼∙+∑ = √ , ∗ ,+ − ∗ ∗ , = ,  .                                     (6.39) 

 
ϥ Ϻё Ϲ ϷϿ ϵϼ  ϹϸϹϿϹ  ϿϹϸ ϼ  ϵ ϴϻ :  
 ℎ′ = 𝜑∙√ ∙ −ℎ′  ,                                                                                              (6.40) 

 

ϷϸϹ     = .+ ∙ − = ,+ − ∙ = ,  / ; 

 = ,  – Ͼ ϼ ϼϹ  Ͼ ϼ, ϻϴ϶ϼ ϼ   ϶  Ͽ ϼ .  
ϖ Ϲ ϶  ϼϵϿϼϺϹ ϼϼ ϻ ϴ Ϲ ϼϹ ℎ′  ϶ ϻ ϴ Ϲ ϴ ϹϿϹ ϼ  ϴ϶  Ͽ :  
 ℎ′ = ,, √ ∙ , ∙ − = ,  .  

 
ϖ  ϶  ϼϵϿϼϺϹ ϼϼ:  
 ℎ′ = 𝜑√ ( −ℎ′ ) = ,, √ ∙ , ∙ − , = ,  .  

 ℎ′′ = ℎ′ [√ + ∙ ℎ ℎ′⁄ − ] = , [√ + ,, − ] = ,  (6.41) 

 
ϦϴϾ ϾϴϾ ℎ′′ = ,  > ℎ = ,   – ϶ ϡϕ Ϸ ϴ Ͻ Ϻ Ͼ.  
Ϣ Ϸ ϴ Ͻ Ϻ Ͼ Ϲ ϸ ϼ , ϼ ϹϾ ϼ Ϲ  ϺϹ ϼϹ ϵ Ϲ ϶  

ϼ  ϻϴ ϿϹ Ϸ  ϺϾϴ. ϘϿ  Ϸ  Ϲ ϵ ϸϼ  ϻϸϴ  ϶ ϼϺ Ϲ  ϵ Ϲ Ϲ 
϶Ϲ ϶  ϷϿ ϵϼ  ϼϿϼ Ϸϴ ϼ  ϴ  ϼϻϵ Ͻ Ϲ Ϸϼϼ   

Ϸϴ ϼ ϹϿϹϽ Ϲ Ϸϼϼ. ϘϿ  Ͽ ϼ  ϴ ϾϴϿ  ϶ϴ ϼϼ ϶ Ͻ ϵ ϿϹϹ 40  
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Ϸϴ Ϲ ϼϹ Ϲ Ϸϼϼ ϵ ϴ ϶ϴϹ Ͻ ϶ ϸ  Ϲ ϶Ͽ  ϵ  ϶ ϵ ϸ  
ϵ Ϲ Ͻ ϼ. 

 
6.2.2.6        

 
ϘϿ  ϹϴϿϼϻϴ ϼϼ Ϸ  ϵϴ ϶ Ͼ Ϲ ϶ ϸ Ͽϼ϶ϴ ϴϼ϶ϴ  ϶ ϾϼϽ 
  Ͼ - ϴ Ͽϼ . ϥ , ϸ ϴ   Ͼϴ- ϴ Ͽϼ ϴ, ϿϹ ϴϹ  ϴ 

ϹϾ Ϲ ϴ ϼϹ  ϶ ϸ ϵ ϴ. ϖ Ϲ Ϲ ϴϸϹ ϼ  ϴ ϸ Ϲ ϵ ϴϻ Ϲ  ϴ 
ϴϻ ϶ϴ. Ϣ ϶ ϴ  ϻϴϸϴ ϴ ϹϾ ϼ ϶ϴ ϼ  – ϵϹ Ϲ ϼ  ϵ  ϼ ϴ 
ϴ ϼϹ, ϵϹϻ ϴ Ϲ ϸϿ  Ͻ ϼ϶ ϼ Ͽ ϼ  ϼ ϸ Ϸϼ  ϺϹ ϼϽ. 

ϖ ϴ  ϸ ϴ, ϸ  Ͼϴ: 
 = ℎ + − = , + , = ,                                                  (6.42) 
 
Ϣ Ϲ Ͼϴ Ͼϴ: 
 ∇ = ∇ + = , + , = ,                                       (6.43) 
 
ϥϾ Ϲ ϴϸϹ ϼϹ ( ϴ  ϶ ϸ  ϴ ϾϹ): 
 = ∇ − ∇ = , − , = ,                                   (6.44) 
 
ϥϾ  Ͼϴ ϶ ϸ  ϴ ϾϹ: 
 = ∙ √ ∙ ∙ = , ∙ √ ∙ , ∙ , = ,  /                            (6.45) 
 

ϷϸϹ     – Ͼ ϼ ϼϹ  Ͼ ϼ Ͼϴ, ϼ ϼ ϴϹ  ϴ϶  0,9 
ϖ ϴ Ͼϴ ϶ ϸ  ϴ ϾϹ: 
 ℎ = = ,, = ,                                                                                 (6.46) 

 

ϷϸϹ    = + − ∙ = ,∙ − ∙ = ,  /  

ϫϼ Ͽ  Ϩ ϸϴ: 
 = ∙ℎ = ,, ∙ , = ,                                                                        (6.47) 

 
ϘϴϿ  ϿϹ ϴ ϼ: 
 = ∙ ∙ ∙ 𝑖 ∙ + √ + − ∙ 𝜑 ∙ 𝑖 = , ∙ , ∙ , ∙𝑖 ∙ + √ + ,, − ∙ , ∙ 𝑖 = ,                                          (6.48) 
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ϗϸϹ = ∇ − ∇ = , − , = ,                                 (6.49) 
 
ϣ Ͽ Ϲ Ϲ ϴ ϼϹ ϿϹ ϴ ϼ Ϻ  ϼ ϴ  ϵϹϻ ϴ , .Ͼ. 

϶ Ͽ Ϲ  Ͽ ϶ϼϹ L > 0,4  
ϗϿ ϵϼ ϴ ϴϻ ϶ϴ: 
 = − ℎ                                                                                                    (6.50) 
 

ϗϸϹ t=(0,1+0,45∙ √ ∙ √ ∙ √ℎ ∙ ℎ = , + , ∙ √ , ∙ √ , ∙√ , ∙ , = ,                                                                                                  (6.51) 

 = , − , = ,   
 
ϪϹ  : 
 = +                                                                                                     (6.52) 

 

ϗϸϹ, = √ + ∙ ∙ , ∙ℎ ∙ + −ℎ∙ =√ + ∙ , ∙ , ∙ , ∙ + , − ,, ∙ = ,                                                             (6.53) 

 = , + ,, = ,    

 
ϘϿϼ ϴ Ϸ ϼϻ ϴϿ Ϸ  ϴ Ͼϴ  ϴϻ ϶ϴ ϶ϸ Ͽ  Ϲ Ϲ ϼ  ϴ ϴ϶ Ϲ ϼϹ 

ϴϻ Ϸ  Ͽϴ ϴ϶ ϴ: 
 = , ∙ ℎ + , ∙ = , ∙ , + , ∙ , = ,                      (6.54) 
 
ϣ  ϸ  ϴ ϴϻ ϶ϴ – ϼ Ϲ  ϴ϶ ϴ 2,5∙ ℎ  
 , ∙ , = ,                                                                         
 
6.2.3        

  
 

Ϣ ϹϸϹϿϹ ϼϹ Ϲ Ͼϼ ϪϢ ϼ Ͼ Ͽϼ Ϲ ϶ϴ ϶ ϸ Ͼ  ϺϹ ϼϽ.  
Ϙϼϴ Ϲ  ϶ ϸ ϶ Ͼ Ϸ  ϶Ϲ ϼ  = ,  .  
Ϣ Ϲ Ͼϴ Ϲ ϴ ϶ ϸ Ϸ  Ϲ Ϲ ϼ  ϶ ϸ ϶ Ͼϴ ϪϢ ϶ Ϲ ϿϾϴ 

ϷϴϿϹ Ϲϼ:  
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⁄ + ,  = , + , = ,  .  
 ∇ = ∇ + ℎ + , = , + , + , = ,  .                 (6.55) 
 
ϡϴ  ϴϸ Ϲ  ϶ ϸ Ϸ  Ϲ Ϲ ϼ  ϶ ϸ ϶ Ͼϴ:  
 = ∇ −∇ − ∇ = , − , − , = ,  .                     (6.56) 

 
Ϥϴ ϸ Ϲ Ϲϻ ϶Ϲ ϼϹ:  
 = √ = , ∙  , ∙ ∙ , ∙ , , = ,  / ,       (6.57) 
 

ϷϸϹ     = ,  – Ͼ ϼ ϼϹ  ϴ ϸϴ;  = = , ∙ , = ,   – Ͽ ϴϸ  ϶ ϸ ϶ Ͼ Ϸ  ϶Ϲ ϼ .  
Ϟ Ͽϼ Ϲ ϶  ϶ ϸ ϶ Ͼ  ϶Ϲ ϼϽ, Ϲ ϵ ϸϼ Ϲ ϸϿ  Ͼϴ 

ϴ ё Ϸ  ϴ ϸϴ:  
 = = ,, = , .                                                                                          (6.58) 

 
ϢϾ ϴ ϹϿ  ϼ  Ͼ Ͽϼ Ϲ ϶  ϶ ϸ ϶ Ͼ  ϶Ϲ ϼϽ ϸϿ  
Ͼϴ ϴ ё Ϸ  ϴ ϸϴ = . 

 
6.3    

 
6.3.1      

 
Ϧ Ϲ Ϸ Ͽ Ͻ ϼϿ  Ͽ ϼ , ϼ Ϲ ϼϽ ϼ ϼ ϴϿ  ϼ ϼ  ϼϻ , 

϶Ͽ Ϲ  ϵ ϿϹϹ Ͼ ϼ . ϱ  ϼϿ  ϸ ϿϺϹ  ϸ ϶ϿϹ ϶  ϸ϶  
Ͽ ϶ϼ :  

1. ϶ϼϹ ϴ Ϸϼ϶ϴ ϼ  ϴ ϺϹ ϼϽ ϶ Ͽ ϼ Ϲ 
2. Ͻ ϼ϶  ϹϹ ϼ϶ ϸ϶ϼϷϴ  ϶ϴ ϼ  
ϗ ϴ϶ϼ ϴ ϼ Ϲ ϵϹ Ϲ Ͽ ϼ  ϴ ϾϴϿ  ϶ϴ ϼϼ 

Ͼ ϼ , ϾϴϾ ϴ϶ϼϿ ,  ϶Ϲ ϼϾϴϿ Ͻ ϴ Ͻ Ϸ ϴ  ϼ ϵϹϻ 
ϸϴ Ϲ Ͻ Ͽϼ , .Ͼ. Ϲ ϴ  ϵ  ϾϴϿ Ϸ  ϶ϴ ϼ  ϸ ϴ  

϶ Ͼϴ . ϛϴϸϴ ϴ ϹϾ ϼ ϶ϴ ϼ  ϼ  ϶ , ϵ  ϼ ϻϴϸϴ Ͻ ϶ Ϲ 
ϺϹ ϼ  ϴϽ ϼ ϼ ϼ ϴϿ  ϼ ϼ  ϺϹ ϼ   ϶ϴ ϼ . ϡϴϼϵ ϿϹϹ 

Ͼ ϼ  ϶Ͽ Ϲ  Ϲ Ϸ Ͽ Ͻ ϼϿ  Ͽ ϼ , ϼ Ϲ ϼϽ ϼ ϼ ϴϿ  
ϼ ϼ  ϼϻ . 

ϖ ϴ Ͽ ϼ  ℎ ϴ϶ ϴ: 
 ℎ = ∇ − ∇ = , − , =  .   (6.59)   
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ϷϸϹ ∇ = ∇ − = ,                 (6.60)  
 

Ϝϻ Ͽ ϶ϼ  Ͻ ϼ϶ ϼ Ͽ ϼ  ϴ ϸ϶ϼϷ  ϶ϴ ϼ  ϼ ϼ ϴ 
ϸ ϶  ϶ ϸ Ͽϼ϶ Ͻ Ͽ ϼ  ϹϸϹϿϼ  ϼϻ ϶ ϴϺϹ ϼ : 

 = , ℎ = , ∙ = ,                                                                           (6.61)     
 
6.3.2      

 
Ϭ϶  ϴϼ϶ϴ  ϸϿ  ϵϹ Ϲ Ϲ ϼ  Ͽϼ ϼ Ͽ ϼ  ϼ 

Ϲ ϴ϶ Ϲ Ͻ ϹϹ ϴϸϾϹ ϼ Ϲ ϴ϶ Ϲ  ϴ ϹϸϹϿϹ ϼϼ Ϲ Ϲ ϴ   
Ϲ Ϲ ϼ  ϵϹ  ϴ ϼ϶ ϶. 

ϖ Ͽ ϼ Ϲ, ϶ ϻ϶ ϸϼ Ͻ ϴ ϾϴϿ  ϶ϴ ϼϼ, ϴϻ ϹϻϾϴ ϶ϴ ϼ ϴ ϹϾ ϼϼ 
ϼϻ϶ ϸϼ    ϵ Ͼ ϶. Ϭϼ ϼ ϴ ϹϾ ϼϼ ϴ϶Ͽ Ϲ : 

 
ϹϾ = + б = + =    (6.62)  

 
ϷϸϹ − ϿϹ  ϶ ϸ Ͽϼ϶ Ϸ  ϴ;  − Ͽ ϼ ϴ ϴϻ Ϲϻ Ϸ  ϵ Ͼϴ 

 
ϦϹ Ϲ ϴ Ϲ ϶  ϸϿ  Ͽ ϼ  ϴ ϾϴϿ  ϶ϴ ϼϼ ϼ ϼ ϴ  

ϼ ϼ Ͻ 1  ϴ ϴ ϼϼ 5   Ͽϼ Ϲ϶  Ϸ ϴ ϹϽ ϼ Ϸ Ϲϵ , ϴ ϶ ϼ ϹϿϴ 
Ͽ ϼ  0,3  

 
6.3.3   

 
ϡϴ ϶ ϸ Ͽϼ϶Ϲ ϴϼ϶ϴ  ϵ Ͼϼ ϸϿ  ϸϹϿϹ ϼ  ϶ ϸ Ͽϼ϶ Ϸ  ϴ ϴ 

ϿϹ  ϼ ϸϿ  ϴ ϶Ͼϼ ϻϴ ϶ ϶.  
ϗ Ͽ ϶ ϴ  ϴ  ϵ Ͼϴ ϼ ϹϹ  ϵ ϹϾϴϹ   ϶ Ͽϴ Ϲ. 
ϣ ϼ ϼ ϴ  ϵ Ͼϼ Ͼ ϷϿ Ͻ , ϼ ϼ ϴ ϼ ϸϿϼ ϴ ϴϻϴ ϸϿ  Ϲ Ϸ  

ϻϴ ϶ ϴ 0,5 , ϼ ϼ ϴ ϼ ϷϿ ϵϼ ϴ ϴϻϴ ϴϵ ϹϷ  ϻϴ ϶ ϴ ϼ ϼ ϴϹ  0,7 . 
Ϥϴ ϼϹ ϹϺϸ  ϻϴ ϶ ϴ ϼ ϼ ϼ ϴ  1 ,  ϹϿ  ϵϹ Ϲ Ϲ ϼ  

ϸ ϵ  Ͽ ϶ϼϽ ϸϿ  ϶ϹϸϹ ϼ  Ϲ  ϴϵ  ϴ ϴϵ Ϲ  ϻϴ ϶ Ϲ.  
 
6.3.4   
 
ϖϼ ϼ Ͼϴ  ϗϱϥ ϼ ϹϹ  Ϸ ϶  Ͽ ϼ  Ϻё ϴ   ϵϹ Ͻ 

Ͽ ϼ Ͻ, ϹϾ ϼ Ϲ ϴ  ϴ ϾϴϿ  ϶ϴ ϼϼ ϼ ϵϹ  Ͽ ϼ . ϡϴϻ ϴ Ϲ  
ϴϻϸϹϿ Ͻ Ͻ ϸϿϼ Ͻ 256 , Ͼ Ͻ ϵ ϸϹ  ϸϹϿ  ϶ ϸ Ͽϼ϶  ϻϸϴ ϼ  

ϗϱϥ. Ϣ ϶ Ϲ ϴϻ ϴ Ϲ ϼϹ Ϸ   – ϴϻϸϹϿϹ ϼϹ Ͼ ϶ ϶ ϸ Ͽϼ϶ϴ ϼ ϻϸϴ ϼ  
ϗϱϥ. 
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6.3.5      
 

ϖϸ Ͽ  ϴ Ͻ Ϸ ϴ ϼ Ͽ ϼ  Ϲϸ ϴ ϼ϶ϴ  Ͻ ϶  ϸ Ϲ ϴϺϴ ϶ 
϶ϼϸϹ ϶Ϲ ϼϾϴϿ  Ͼ϶ϴϺϼ , ϼ Ϲ ϼ  ϶ ϸ  ϶ ϸ Ͽ  ϷϴϿϹ Ϲ . Ϙϼϴ Ϲ  
Ͼ϶ϴϺϼ  ϼ ϼ ϴ  20 , ϴ ϼϹ ϹϺϸ  ϼ ϸ Ϲ  2 .  

Ϥϴ ϼϹ  ϴ Ͻ Ϸ ϴ ϼ Ͽ ϼ  ϸ  ϼ ϸ Ϲ ϴϺϴ , ϴ ϴϾϺϹ ϸ  
϶Ϲ ϶ Ͻ Ϸ ϴ ϼ ϸ Ͽ Ͻ ϷϴϿϹ Ϲϼ ϴϻ ϴ ϴ  ϼ ϵϿ ϸϹ ϼϼ Ͽ ϶ϼ : 

 a ·,   (6.63)   

 
ϷϸϹ     – Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ  ϶Ϲ ϶Ϲ ϼ ϺϹ ϼ , ϶ Ͽ ϴϹ 
ϗϦϥ I ϾϿϴ ϴ = , ; ,  – Ͼ ϼ ϼ Ϲ ϾϼϽ Ϲϸ ϼϽ Ϸ ϴϸϼϹ  ϴ ϴ ϸϿ  ϵϹ ϴ Ͽ ϼ , ϸϿ  
Ϸ ϴ϶ϼ ϴ ϼ  Ͽ ϼ  , = ; 

 – ϴ  ϴϸ ϴ ё  Ϲ Ϲ ϼϹ , ϹϸϹϿ Ϲ   ϿϹ: 
 = ∇ − ∇ . . = , − , = ,   (6.64)   

 
ϦϴϾϼ  ϵ ϴϻ  Ͽ ϶ϼϹ ϼ ϼ ϴϹ  ϶ϼϸ: 
 a , ∗ ,

  

 a ,   
 
ϡϴϻ ϴ ϴ  =  . 
 
6.3.6      

 
ϖ ϹϿϹ Ͽ ϼ  Ϲϸ Ϲ  ϸ Ͽ Ϲ ϼ Ϲ Ϲ Ϲ ϷϴϿϹ Ϲϼ.  
ϣ ϼ ϼ ϴϹ  ϸ϶Ϲ ϷϴϿϹ Ϲϼ ϴ Ϲ ϾϹ ∇=362,00 ϸϿ  Ͻ ϶ϴ Ϲ ϻϴ϶Ϲ  ϼ 

ϸ Ϲ ϴϺϴ 3,0 3,5   
ϥ ϶ Ϲ ϷϴϿϹ Ϲϼ ϴ Ϲ Ͼϴ  ∇=382,00, ∇=402,00, ∇=422,00 

Ϲϸ Ϲ Ϲ ϸϿ  ϵ ϴ ϼ ϶ ϸϴ ϶ ϸ , Ͼ Ͽ  ϼ  ϵϹ ϴ Ͽ ϼ  
ϼ Ͽ Ϲ ϼ  ϶ ϶, ϴϻ Ϲ Ϲ ϼ  ϞϜϔ ϼ ϴϻϿϼ Ϸ  ϸϴ Ͼ ϼϾϴ ϼϽ ϼ Ϲ  
ϴϻ Ϲ  2 2,5 . 

 
6.4     

 
ϕϹ ϴ  Ͽ ϼ ϴ ϹϾ ϼ Ϲ Ͻ ϗϱϥ ϼ ϹϹ  ϿϹϸ ϼϹ ϿϹ Ϲ : 
 ϵ Ͼϼ ϼ ϼ 
 ϶ ϸ ϵ Ϲ ϿϹ  
 ϸϹ ϴ ϼ Ϲ ϶  ϼ ϼ  Ͽ Ϲ ϼ  
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 ϶ ϵ ϸ  ϵ Ϲ ϴ   
 ϼ϶ ϼϿ ϴ ϼ ϴ  ϻϴ϶Ϲ ϴ 
 ϸ Ϲ ϴϺϼ ϶ ϹϿϹ Ͽ ϼ  ϼ ϶ϴ ϼ   

 
6.4.1    

 
Ϧ Ͽ ϼ ϴ Ϲ Ϲ ϴ ϼ Ͻ ϻϴ϶Ϲ : 
 = ∆ ∙. = , ∗ , = ,    (6.65)  

 
ϷϸϹ    – Ͼ ϼ ϼ Ϲ ϾϼϽ Ϸ ϴϸϼϹ  ϴ ϴ ϶ ϻϴ϶Ϲ Ϲ, Ϲϸ϶ϴ ϼ ϹϿ  ϶ ϵϼ ϴϹ  = ; 

 - Ͼ ϼ ϼϹ  ϴϸϹϺ ϼ  ϶Ϲ ϶Ϲ ϼ ϺϹ ϼ  ∆  – Ϲ ϼ ϴ ϴ ϴ ϻϴ϶Ϲ Ϲ, ϼ ϴϹ   ϿϹ: 
 ∆ = − = , − , = ,   (6.66)  

 
ϷϸϹ     – ϴ ϴ ϴ Ϲ . ϻϴ϶Ϲ Ϲ. ϥ ϷϿϴ  [6] ϼ ϼ ϴ : 

 = , = , · , = ,   (6.67)  
 

Ϥϴ ϼϹ  ϴ Ͻ Ϸ ϴ ϼ ϸ  ϼ Ϲ Ϲ Ͻ ϻϴ϶Ϲ : 
 = , ÷ , = , ÷ ,  (6.68)  

 
ϣ ϼ  ϻ ϴ Ϲ ϼϹ ϼϻ ϼ Ϲ ϶ϴϿϴ = ,   
ϗϿ ϵϼ ϴ Ϲ Ϲ ϴ ϼ Ͻ ϻϴ϶Ϲ : 
 h = , ∙ = , ∙ , =                                                              (6.69)  
 
6.4.2     

 
ϘϿ  ϶ ϸϴ ϼϿ ϹϽ ϶ ϸ  ϼ ϼϺϹ ϼ  ϼϿ ϴ ϼ Ϸ  ϸϴ϶ϿϹ ϼ  ϴ 
ϺϹ ϼϹ ϶ ϶ϴ ϼϼ ϺϹ ϼ  ϴϼ϶ϴ  ϸ Ϲ ϴϺϼ 
Ϙ Ϲ ϴϺ ϶ Ͽ  ϶ ϶ϼϸϹ ϶Ϲ ϼϾϴϿ  Ͼ϶ϴϺϼ  ϸϼϴ Ϲ  200 . 
ϡϴ  ϴ ϸ Ϲ ϴϺϹ ϼ ϼ ϴ : 
 = , = , · , = ,   (6.70)  

 
ϗϿ ϵϼ ϴ Ͼ϶ϴϺϼ : 
 h = , ∙ h = , ∙ =   (6.71)  
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Ϥϴ ϼϹ  ϼ Ϲ Ϲ Ͻ ϻϴ϶Ϲ  ϸ  ϼ ϸ Ϲ ϴϺϴ, ϼ  5 . 
 

6.4.3       
 

6.4.3.1      
 

ϣϿ ϴϸ  Ϲ Ϲ Ϸ  Ϲ Ϲ ϼ , ϴ ϴϾϺϹ Ͼϴ ϼϿ ϺϹ ϼ  
ϴ϶ ϸϹϽ ϶ ϼ  ϼϿ  ϼ  ϹϸϹϿ  ϶ Ϸ ϴ Ϲ AutoCAD: =,  ,  = ,  . 

ϖϹ  1 . . ϶ ϸ Ͽϼ϶ Ͻ ϴ ϼ Ͽ ϼ  ϹϸϹϿ Ϲ   ϿϹ:  
 = ∙ ∙ ∙+ = , ∙ ∙ , ∙ ,+ = ,  / ,                                       (6.72) 

 
ϷϸϹ     – Ͽ ϴϸ  Ϲ Ϲ Ϸ  Ϲ Ϲ ϼ  Ͽ ϼ ; 

– ϼ ϼ ϴ Ͽё ϴ; 
– Ͽ ϼ ϴ ϵ Ͼϴ;  – Ͽ  ϵϹ ϴ. 

ϖϹ  ϵ Ͼϴ ϼ Ͼ  ϹϷ  ϼϿ ϺϹ ϼ  ϹϸϹϿ  ϴ ϴϿ Ϸϼ  ϵ ϴϻ :   
 = ∙ ∙ ∙+ = , ∙ ∙ , ∙ ,+ = ,  / .                                            (6.73) 

 
ϖϹ  Ͽ Ͼ Ϸ  ϻϴ ϶ ϴ: 
  ≈ , ∙ √ ∙  ,                                                                                          (6.74) 
 

ϷϸϹ     - Ͽ ϴϸ  ϻϴ ϶ ϴ. 
  = − + , ∙ = − + , ∙ =  .              (6.75)             
 = , ∙ ∙ √ ∙ , =  .  
 

ϖϹ  ϻϴ ϶ ϴ ϼ϶ ϸϼ  Ͼ 1 . . ϸϿϼ  ϹϾ ϼϼ: 
 = + = + = ,  / .                                                                                 (6.76) 

 
6.4.3.2      

 
ϱ  Ϸϼϸ ϴ ϼ Ϲ Ͼ Ϸ  ϸϴ϶ϿϹ ϼ  ϴ ϶Ϲ ϶  ϼ ϼϻ ϶  Ϸ ϴ ϼ 

ϵϹ Ͻ Ͽ ϼ  ϼ Ϲ   ϴ϶ ϵϹϸ Ϲ Ϸ  Ϸ Ͽ Ϸ  
Ϲ Ϸ Ͽ ϼϾϴ. 

ϗ ϼϻ ϴϿ ϴ  ϴ϶Ͽ ϴ  ϼϿ  Ϸϼϸ ϴ ϼ Ϲ Ͼ Ϸ  ϸϴ϶ϿϹ ϼ  ϶ ϸ .  
ϥ   ϶Ϲ ϹϷ  ϵ Ϲ ϴ: 
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= ∙ ∙ℎ = ∙ , ∙ = ,  / ,                                                 (6.77) 

 
ϷϸϹ     ℎ = − = , − , =  . 

ϥ   ϼϺ ϹϷ  ϵ Ϲ ϴ: 
 = ∙ ∙ℎ = ∙ , ∙ = ,  / ,                                                    (6.78) 

 
ϷϸϹ    ℎ = ∇ 𝑖 − = , − , = ,  . 
 

6.4.3.3     
 

ϱ ϴ ϶ϻ϶Ϲ ϼ϶ϴ ϹϷ  ϸϴ϶ϿϹ ϼ  ϼ ϹϹ  ϶ϼϸ Ϸ Ͽ ϼϾϴ  ϶ Ͻ  
ϼ ϼ ϴϿ Ϸ  ϶  ϼϺ ϹϷ  ϵ Ϲ ϴ ϸ  ϸ ϶  ϺϹ ϼ : 

ϥϼϿϴ ϶ϻ϶Ϲ ϼ϶ϴ ϹϷ  ϸϴ϶ϿϹ ϼ  ϸϿ  ϶ Ϸ  Ͽ ϴ : 
 = ∙ ∙ = , ∙ ∙ , = ,  / ,                       (6.79) 
 

ϷϸϹ    = ,   – Ͽ ϴϸ   ϶ϻ϶Ϲ ϼ϶ϴ ϹϷ  ϸϴ϶ϿϹ ϼ , ϶ϾϿ ϴ  ϻ ϵ , 
ϹϸϹϿϹ ϴ   AutoCAD. 

 
6.4.3.4     

 
ϖ Ͼϴ Ϲ ϶Ϲ ϶ ϻϸϹϽ ϶ϼ  ϴ Ͽ ϼ  ϼ ϶ϴϹ  ϴ   

ϼϿ ϴ ϼ Ϸ  ϸϴ϶ϿϹ ϼ , ϸϹϽ ϶ ϹϷ  Ϲ Ϲϸ ϶Ϲ  ϴ ϸ ϶  
Ͽ ϼ :  

 = ∙ ∙ = , ∙ · , = ,  / ,                     (6.80) 
 

ϷϸϹ = ,   – Ͽ ϴϸ   ϼϿ ϴ ϼ Ϸ  ϸϴ϶ϿϹ ϼ , 
ϸϹϽ ϶ ϹϷ  ϴ ϸ ϶  Ͽ ϼ . 
 

6.4.3.5    
 

Ϙϴ϶ϿϹ ϼϹ ϴ ϶ ϴ ϶Ϲ ϼϾϴϿ  Ϸ ϴ : 
 = ∙ ℎ ∙ t − 𝜑 = , ∙ ∙ − = ,  / ,    (6.81) 

 
ϷϸϹ  = ,   Ͼϡ/ 3 – ϸϹϿ Ͻ ϶Ϲ  ϴ ϶ ϶  ϶ϻ϶Ϲ Ϲ  ϼϼ; ℎ  – Ͽ ϼ ϴ Ͽ  ϴ ϶, ϼ ϼ ϴϹ  ℎ =  ; = ° – Ϸ Ͽ ϶ Ϲ ϹϷ  Ϲ ϼ  ϴ ϶. 

Ϥϴ϶ ϸϹϽ ϶ ϴ  ϸϴ϶ϿϹ ϼ  ϴ ϶ ϴ 1 . .: 
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= ℎ ∙ = , · = ,  / .                                                                         (6.82) 

 
ϔϾ ϼ϶ Ϲ ϸϴ϶ϿϹ ϼϹ Ϸ ϴ ϶ϴ ϼ    ϖϕ: 
 ′ = ∙ ℎ ∙ − 𝜑 − · ∙ − 𝜑

 (6.83)  

 
ϷϸϹ = ° =    
 ′ = , ∙ ∙ − − · ∙ − = − ,   

 
ϖ ϾϹ ϴ ϾϴϺϸ Ͻ Ϸ ϴ ϼ Ϲ Ͽ  Ϸ ϴ Ͽ ϼ Ͻ ℎ  ϷϸϹ ϸϹϽ ϶  ϶Ϲ  

ϴ ϶ ϼ Ϸ ϴ, ϴϾ ϼ϶ Ϲ ϸϴ϶ϿϹ ϼϹ: 
  ′′ = ( ∙ ℎ + ∙ ℎ ) ∙ − 𝜑 − · ∙ − 𝜑

 (6.84)  

 
ϧϸϹϿ Ͻ ϶Ϲ  ϶ϻ϶Ϲ Ϲ Ϸ  Ϸ ϴ 
 = − − = − − , ∙ , = ,   (6.85)  

 

ϷϸϹ     – ϸϹϿ Ͻ ϶Ϲ  Ϸ ϴ ϶ϴ ϼ , =  ; 
 – ϼ  Ϸ  Ϸ ϴ, = , ; ℎ  – Ͽ ϼ ϴ Ͽ  Ϸ ϴ, ℎ =  ; 
 – Ϸ Ͽ ϶ Ϲ ϹϷ  Ϲ ϼ  Ϸ ϴ, = ° ; 

 – ϸϹϿ Ͻ ϶Ϲ  ϶ ϸ . 
 
ϦϴϾϼ  ϵ ϴϻ : 
 ′′ = , ∙ + , ∙ ∙ − − · ∙ − = − ,   

 
Ϥϴ϶ ϸϹϽ ϶ ϴ  ϴϾ ϼ϶ Ϸ  ϸϴ϶ϿϹ ϼ  Ϸ ϴ ϴ Ϸ Ͻ Ϲ : 
 = ′ + ′′ ℎ = − , − − , ∗  = − ,   (6.86)  

 
ϦϴϾ ϾϴϾ ϻ ϴ Ϲ ϼϹ ϴ϶ ϸϹϽ ϶ ϹϽ ϴϾ ϼ϶ Ϸ  ϸϴ϶ϿϹ ϼ  Ϸ ϴ 

ϼ ϴ ϹϿ ,  ϹϷ  Ϲ ϼ ϶ϴ  ϶ ϸϴϿ ϹϽ ϼ  ϴ ё ϴ . 
 
 
 



  

 101 

6.4.3.6    
 

Ϥϴ϶ ϸϹϽ ϶ ϴ  ϶ Ͽ ϶ Ϸ  ϸϴ϶ϿϹ ϼ  ϼ ϶  ϼ ϶Ϲ  
Ͽ ϴ  ϹϸϹϿϹ ϴ ё   ϿϹ ϔ.ϟ. Ϡ ϺϹ϶ϼ ϼ ϶ϴ: 

 = , ∙ ∙ ∙ ℎ % ̅ + ℎ .                                                                      (6.87) 

 = , · , · , ∙ ,, + , = ,  / ,  
 
ϷϸϹ    ℎ % – ϶ ϴ ϶ Ͽ  1%- Ͻ ϵϹ Ϲ Ϲ ϼ; ̅ – Ϲϸ  ϸϿϼ ϴ ϶ Ͽ .  

 ℎ = ∙ℎ %̅ = , ∗ ,    , = ,  .                                                                      (6.88) 

 
ϟϼ ϼ  ϸϹϽ ϶ϼ  ϴ϶ ϸϹϽ ϶ ϹϽ W  ϴ ϸϼ  ϼϺϹ ϼ ϹϿ  

϶  Ͼ  ϖϕ ϴ ϶ϹϿϼ ϼ :  
 = ̅ − ℎ % = ,∙ , − · , = ,  .                                                (6.89) 

 
6.4.4     

 
Ϣ Ϲ Ͼϴ ϵ ϹϽ ϼ Ͽ ϼ  ϼϻ϶ϹϸϹ ϴ ϶ Ϲ Ϲ ϼϼ ϴ ϶ Ϲ 

ϸ ϶  Ͽ ϼ .  
ϘϿ  ϸ ϵ ϶ϴ ϴ ё ϶ ϴ϶ϿϹ ϴ ϴϵϿϼ ϴ 6.4, ϶ Ͼ Ͻ ϻϴ Ϲ Ϲ  ϶ Ϲ 

ϴϷ ϻϾϼ, ϺϹ Ϲ ϴ ϶Ϲ ϶ ϼϽ Ͼ ϼ ϼϹ  ϴϸёϺ ϼ  
ϴϷ ϻϾϹ  [34]. ϖ ϼ϶Ϲϸё  Ͽϴ  ϼϻϷϼϵϴ ϼϽ Ϲ  ϼ ϹϿ  
Ϲ Ϲϸϼ  ϴ ё Ϸ  Ϲ Ϲ ϼ   ϴ ϶ Ͻ ϹϿϾϹ ϼ   ϻ ϴϾ  « Ͽ », 

ϼ϶ ϴ ϶ Ͻ ϹϿϾϼ –  ϻ ϴϾ  « ϼ »; ϴϿ Ϲ ϴ Ϸϼ϶ϴ ϼϹ ϼϿ  
ϼ ϴ ϺϹ ϼ   ϻ ϴϾ  « Ͽ », Ϻϼ ϴ ϼϹ –  ϻ ϴϾ  « ϼ ». Ϧ Ͼϼ 

ϼϿ ϺϹ ϼ  ϴ϶ ϸϹϽ ϶ ϼ  ϼϿ ϴ ϼ ϴ    Ϸ ϴ  
AutoCAD.  

 
ϦϴϵϿϼ ϴ 6.4 – Ϣ ϶ Ϲ ϴϷ ϻϾϼ ϴ Ͽ ϼ  

Ϣϵ ϻ ϴ Ϲ ϼϹ 
ϼϿ  

 ϡϴ ϴ϶ϿϹ ϼϹ 
ϼϿ  

ϥϼϿϴ,  ϣϿϹ ,  Ϡ Ϲ , 
 ∙  

Ϧ϶ 1,0  32182 27 868906 
Ϧ  1,0  44 1 -44 
Gϵ 0,95  12837 11,92 -145365 

G Ͽ 0,95  47116 9,18 -410901 
W϶ϻ϶ 1,0  1672 0 0 
W  1,0  9031 13,43 121281 
ϙ  1,2  7,48 2,81 25 
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ϣ ϸ ϿϺϹ ϼϹ ϴϵϿϼ  6.4 

 
Ϥϴ ё  Ͼ ϴϹ϶  ϴ ϺϹ ϼϽ ϶ Ϸ ϼϻ ϴϿ  Ϲ Ϲ ϼ  Ͽ ϼ  ( ϼ 

ϴ ё Ϲ ϴ 1 . . ϸϿϼ ) ϶ Ͽ Ϲ   Ͽϴ :  
ϸϿ  ϶Ϲ ϶ Ͻ Ϸ ϴ ϼ:  
 𝜎 = − + ∙∑ = − ,, + · , = − ,  / .                        (6.90) 

 𝜎 = 𝜎 ∙ − ∙ ∙ − .                                                                   (6.91) 
 𝜎 = − , ∙ − , ∙ = − ,  / ,  
 

ϷϸϹ     = ,  / – ϸϹϿ Ͻ ϶Ϲ  ϶ ϸ , = ∇ − ∇ = , − , = ,    – ϴ  ϴϸ 
ϴ ё  Ϲ Ϲ ϼϹ    ϶Ϲ ϹϷ  ϵ Ϲ ϴ; = t , ϷϸϹ  – Ϸ Ͽ ϹϺϸ  ϴ Ͻ Ϸ ϴ  ϼ ϶Ϲ ϼϾϴϿ . ϦϴϾ ϾϴϾ  

϶ ϸ Ͽϼ϶ Ͻ Ͽ ϼ  ϴ ϴ  Ϸ ϴ  ϶Ϲ ϼϾϴϿ ϴ,  tg = . 
 = ( ∙ + 𝜎 ) ∙ = .                                                                     (6.92) 
 𝜎 = 𝜎 ∙ + + ∙ ∙ .                                                                   (6.93) 
 𝜎 = − , ∗ + + , ∙ ∙ = − ,  / .  
 𝜎 = − ∙ = − , ∙ = − ,  / .                                          (6.94) 
 
ϘϿ  ϼϻ ϶ Ͻ Ϸ ϴ ϼ:  
 𝜎 = − − ∙∑ − ,, − · , = − ,  / .                      (6.95) 

 𝜎 = 𝜎 ∙ − ∙ ∙ − .                                                                     (6.96) 
 𝜎 = − , ∙ , − , ∙ , − , = − ,  / ,  
 

ϷϸϹ   = ∇ 𝑖 − ∇ = , − , = ,   - ϴ  ϴϸ ϴ ё  
Ϲ Ϲ ϼϹ    ϼϺ ϹϷ  ϵ Ϲ ϴ. 

  = , ,                                                                                                            

Ϣϵ ϻ ϴ Ϲ ϼϹ 
ϼϿ  

 ϡϴ ϴ϶ϿϹ ϼϹ 
ϼϿ  

ϥϼϿϴ,  ϣϿϹ ,  Ϡ Ϲ , 
 ∙  

W϶ Ͽ  1,0  51,65 78,61 4060 
qϻ 0,9  59 27,32 -1444 
- - Σ ↓↑ 10300 Σ  436614 
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ϷϸϹ     = ° – Ϸ Ͽ ϹϺϸ  ϼϻ ϶ Ͻ Ϸ ϴ  ϼ ϶Ϲ ϼϾϴϿ . 
 = −( ∙ + 𝜎 ) ∙ .                                                                             (6.97) 
 = − , ∙ , − ,  ∙ , = ,  / .  
 𝜎 = 𝜎 ∙ + + ∙ ∙ .                                                                       (6.98) 
            𝜎 = − , + , + , ∙ , ∙ , = − ,  / . 
 𝜎 = − ∙                                                                                              (6.99) 
            𝜎 = − , ∙ , = − ,  / , 
 

ϷϸϹ   𝜎 , 𝜎 , 𝜎 , 𝜎  – ϴϿ Ϲ ϴ ϺϹ ϼ   Ϸ ϼϻ ϴϿ  ϼ ϶Ϲ ϼϾϴϿ  
Ͽ ϴϸϾϴ , ϶Ϲ ϶Ϲ   ϶Ϲ ϶ Ͻ ϼ ϼϻ ϶ Ͻ Ϸ ϴ ϹϽ, Ͼϣϴ;  ,  – Ͼϴ ϴ ϹϿ Ϲ ϴ ϺϹ ϼ   Ϸ ϼϻ ϴϿ  ϼ ϶Ϲ ϼϾϴϿ  
Ͽ ϴϸϾϴ , ϶Ϲ ϶Ϲ   ϶Ϲ ϶ Ͻ ϼ ϼϻ ϶ Ͻ Ϸ ϴ ϹϽ, Ͼϣϴ; 𝜎 , 𝜎 , 𝜎 , 𝜎  – ϷϿϴ϶ Ϲ ϴ ϺϹ ϼ , ϶Ϲ ϶Ϲ   ϶Ϲ ϶ Ͻ ϼ ϼϻ ϶ Ͻ 

Ϸ ϴ ϹϽ, Ͼϣϴ; 
 – ϴ ϶Ϲ ϼϾϴϿ  ϼϿ, ϸϹϽ ϶ ϼ  ϴ Ͽ ϼ ; 
 – ϴ Ϲ ϶ ϶ Ϲ  ϼϿ, ϸϹϽ ϶ ϼ  ϴ Ͽ ϼ ; 

 – ϼ ϼ ϴ ϸ ϶  Ͽ ϼ . 
Ϥϴ ё  Ͼ ϴϹ϶  ϴ ϺϹ ϼϽ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 6.5.  
 

ϦϴϵϿϼ ϴ 6.5 – Ϟ ϴϹ϶ Ϲ ϴ ϺϹ ϼ , ϸϹϽ ϶ ϼϹ ϴ Ͽ ϼ   

 
6.4.5     ё   

 
ϣ ϶Ϲ Ͼϴ ϶ Ͽ Ϲ ϼ  Ͽ ϶ϼϽ, Ͽ Ϲ  ϴ ϺϹ ϼϽ ϸϿ  ϶ Ϸ  

Ϲ ϴ ϼ  ϴϷ ϻ Ͼ.  
1. ϖ  ϶ Ϲ  Ͼϴ  Ͽ ϼ :  
 ∙ ∙ |𝜎 | ∙ ,                                                                                 (6.100) 
 

ϷϸϹ      = ,  – Ͼ ϼ ϼϹ  ϴϸёϺ ϼ  ϶Ϲ ϶Ϲ ϼ; 
 = ,  – Ͼ ϼ ϼϹ  Ϲ ϴ ϼ  ϴϷ ϻ Ͼ [34, . 8.16]; 
 = ,  Ϡϣϴ – ϴ ё Ϲ ϼ϶ϿϹ ϼϹ ϵϹ ϴ Ϻϴ ϼ  

ϡϴ ϺϹ ϼϹ  ϡϴ ϴ  Ϸ ϴ  ϡϼϻ ϶ϴ  Ϸ ϴ  𝜎 , /  -1,82 -1631,53 𝜎 , /  -794,61 -1157,08 , /  0 1121,47 𝜎 , /  -1,82 -29,43 𝜎 , /  -794,61 -2416,56 
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 = ,  – Ͼ ϼ ϼϹ  Ͽ ϶ϼ  ϴϵ  [38, ϴϵϿϼ ϴ 6];  
 , ∙ , ∙ |− , | , ∙ , .   
 ,  / ,  / .  
 
2. Ϣ ϶ϼϹ ϴ Ϸϼ϶ϴ ϼ  ϴ ϺϹ ϼϽ ϴ ϶Ϲ ϶ Ͻ Ϸ ϴ ϼ Ͽ ϼ :  
 𝜎 < .                                                                                                            (6.101) 
 − ,  < .  
 
3. ϖ ϻ Ϲ ϶Ϲ ϶ Ͻ Ϸ ϴ ϼ Ͽ ϼ :  
 |𝜎 | , ∙ ∙ .                                                                                          (6.102) 
 ,  ,  . 
 
ϖ Ϲ Ͽ ϶ϼ , Ͼ Ϲ 3, ϶ Ͽ , ϺϹ ϼϹ ϸ ϶ϿϹ ϶ Ϲ  Ͽ ϶ϼ  

ϼ. 
 
6.4.6     

 
ϧ Ͻ ϼ϶  ϵϹ  Ͽ ϼ  ϴ Ϲ ϾϴϿ  ϶ϴ ϼ  ϹϸϹϿ Ϲ  

Ϲ ϹϽ ϵ  ϶ϴ ϼ , .Ϲ. ϹϷ  ϼ϶ϿϹ ϼϹ  ϸ϶ϼϷ  ϺϹ ϼ . 
ϣϿ ϼ  ϴ ϼ ϶ϴ  ϴ ϸ϶ϼϷ  Ϲ ϶  ϹϸϹϿ  ϼ  –  Ϲ Ϲ 

Ϲ ϹϽ ϵ ϼ.  
ϣ ϼ ϴ ϹϿ Ͻ Ϲ ϸ϶ϼϷϴ Ͽ ϼ ϴ ϵ ϸϹ  Ͻ ϼ϶ϴ, Ϲ Ͽϼ 

϶ Ͽ Ϲ  Ͽ ϶ϼϹ:  
 ∙∙ ,                                                                                                          (6.103) 

 
ϷϸϹ     = ,  – Ͼ ϼ ϼϹ  ϴϸёϺ ϼ  ϶Ϲ ϶Ϲ ϼ ϺϹ ϼ  [34]; = ,  – Ͼ ϼ ϼϹ  Ϲ ϴ ϼ  ϴϷ ϻ Ͼ [34]; = ,  – Ͼ ϼ ϼϹ  Ͽ ϶ϼϽ ϴϵ  [38]; 

 – ϴ ё Ϲ ϻ ϴ Ϲ ϼϹ ϵ ϵ ё Ͻ Ϲ ϹϽ ϵ ϼ ( ϼϿ , 
ϼ϶Ͽ ϹϽ  ϸ϶ϼϷ );  
 – ϸ϶ϼϷϴ ϴ  ϼϿϴ.  

 = (G + G + q − W − W ) ∙ + ∙ .                                     (6.104) 
 = , + , + , − , − ,  ∙ + ∙, = ,  .     



  

 105 

= − − W + W + .                                                                   (6.105) 
 = , − , − , + , + , = ,  .    
 , ∙ ,, ,  ∙ = , , .  
 
ϣ  ϶Ϲϸё  ϶Ϲ Ͼϴ  ϺϹ  ϶Ϲ Ϻϸϴ ,  ϶ ϵ ϴ Ͻ ϼϿ  

Ͽ ϼ  ϸ ϶ϿϹ ϶ Ϲ  Ͽ ϶ϼ  ϼ ϼ ϴϸёϺ ϼ ϼ ϶  
Ϲ ϴ ϼϼ ϴϷ ϻ Ͼ. ϛϴ ϴ   ϴϸёϺ ϼ Ͽ ϼ  ϵϹ Ϲ ϼ϶ϴϹ  Ϲё 
Ͻ ϼ϶ . 
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7  .  .    
 

7.1     
 

ϖϼ ϼ Ͼϴ  ϗϱϥ ϷϿϴ  ϹϾ , ϼ  Ͼ Ϲ ϶  ϾϿϴ   
Ͼϴ ϼ ϴϿ ϼ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ. ϖ ϶ ϻϼ  ϼ  ϸ Ͻ ϼϻ 
϶ϴϺ ϹϽ ϼ  ϻϴϸϴ  Ͼ Ͽ ϴ ϴ ϼ Ͻ Ͽ Ϻϵ  ϶Ͽ Ϲ  ϵϹ Ϲ Ϲ ϼϹ ϵϹϻ ϴ ϼ 
Ϸϼϸ Ϲ ϼ Ϲ Ͼ Ϸ  ϺϹ ϼ . 

ϖ ϶Ϲ ϶ϼϼ  ϹϸϹ ϴϿ  ϻϴϾ   21.07.1997 N 117-Ϩ3 ( Ϲϸ.  
08.12.2020) «Ϣ ϵϹϻ ϴ ϼ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ» ϵϹ Ϲ Ϲ ϼϹ 
ϵϹϻ ϴ ϼ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ Ϲ ϶Ͽ Ϲ  ϴ ϶ϴ ϼϼ 
ϿϹϸ ϼ  ϵ ϼ  Ϲϵ ϶ϴ ϼϽ: 

 ϵϹ Ϲ Ϲ ϼϹ ϸ ϼ Ϸ  ϶  ϼ Ͼϴ ϴ϶ϴ ϼϽ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  
ϺϹ ϼϽ; 
 Ϲϸ ϴ϶ϿϹ ϼϹ ϸϹϾϿϴ ϴ ϼϽ ϵϹϻ ϴ ϼ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  
ϺϹ ϼϽ; 
 Ϲ ϶ϿϹ ϼϹ ϹϸϹ ϴϿ Ϸ  Ϸ ϸϴ ϶Ϲ Ϸ  ϴϸϻ ϴ ϶ ϵϿϴ ϼ 

ϵϹϻ ϴ ϼ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ; 
 Ϲ Ϲ ϶  Ͼ Ͽ ϴ ϴ ϼϼ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ; 
 Ϲ ϶ϿϹ ϼϹ Ϲ   ϵϹ Ϲ Ϲ ϼ  ϵϹϻ ϴ ϼ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  
ϺϹ ϼϽ, ϶  ϼ ϿϹ ϴ ϶ϿϹ ϼϹ Ͼ ϼ Ϲ ϼϹ϶ ϼ  ϵϹϻ ϴ ϼ, ϴ Ϲ ϼϹ 

Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ Ϲ ϼ Ϲ Ͼϼ ϼ Ϲϸ ϶ϴ ϼ ϶ ϹϿ  Ϸ  
Ͼ Ͽ  ϻϴ ϼ  ϼϹ , ϵϹ Ϲ Ϲ ϼϹ Ϲ ϵ ϸϼ Ͻ Ͼ϶ϴϿϼ ϼϾϴ ϼϼ 
ϴϵ ϼϾ ϶, ϵ Ͽ Ϻϼ϶ϴ ϼ  Ϸϼϸ Ϲ ϼ Ϲ Ͼ Ϲ ϺϹ ϼϹ; 

 Ϲ ϵ ϸϼ  ϻϴϵϿϴϷ ϶ Ϲ Ϲ Ϸ  ϶ϹϸϹ ϼ  Ͼ ϿϹϾ ϴ 
Ϲ ϼ ϼϽ  ϴϾ ϼ ϴϿ  Ϲ Ϲ ϼ  ϼ Ͼϴ ϶ ϻ ϼϾ ϶Ϲ ϼ  
Ϲϻ϶ ϴϽ  ϼ ϴ ϼϽ ϴ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼ ; 

 ϶Ϲ ϶Ϲ  ϻϴ ϸϹϽ ϶ϼ  (ϵϹϻϸϹϽ ϶ϼϹ), Ͼ Ϲ ϶ϿϹϾϿϼ ϻϴ 
ϵ Ͻ ϼϺϹ ϼϹ ϵϹϻ ϴ ϼ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ ϼϺϹ ϸ ϼ Ϸ  

϶ . 
Ϣ ϶Ϲ ϶Ϲ  ϻϴ ϵϹ Ϲ Ϲ ϼϹ ϵϹϻ ϴ ϼ ϿϹϺϼ  ϴ ϵ ϶Ϲ ϼϾϹ 

Ϸϼϸ ϿϹϾ ϴ ϼϼ. Ϟ Ͽ  ϼ  ϶  ϺϹ ϼϽ ϖϼ ϼ Ͼ Ͻ 
ϗϱϥ Ϲ ϶Ͽ Ϲ  Ͼ Ͽ -ϼϻ Ϲ ϼ ϹϿ Ͻ ϴ ϴ ϴ Ͻ (ϞϜϔ). ϖ ϴ϶ 
Ͼ Ͽ ϴ ϴ ϼ Ϸ  Ϲ ϴϿϴ ϶ ϸϼ  Ϲ ϼϴϿ Ϲ ϸ ϴϻϸϹϿϹ ϼϹ, ϻϴϸϴ ϴ 

Ͼ Ϸ  ϻϴϾϿ ϴϹ  ϶ ϼϻ Ϲ Ϲ ϼϼ   ϞϜϔ Ͼ Ͽϼ Ϲ  
Ͼϴϻϴ ϹϿϹϽ, ϶ϼϻ ϴϿ Ͻ  ϼ Ϲ Ͼϴ ϵϹϻ ϴ ϼ ϗϦϥ ϴ ϶Ϲ ϴ ϴϿϼϻϴ 
Ͽ Ϲ  ϸϴ . 

Ϥϴϵ ϼϾϼ, ϶  ϼ ϿϹ Ͼ ϶ ϸϼ ϹϿϼ Ϸϴ ϼϻϴ ϼϽ, Ϲ ϶Ͽ ϼϹ 
Ϲ ϼ ϴϿ  ϸϹ ϹϿ , ϶ ϻϴ   ϹϾ ϼ ϶ϴ ϼϹ , 

ϼ ϹϿ ϶ , Ͼϴ ϼ ϴϿ  Ϲ , Ͼ Ͽ ϴ ϴ ϼϹϽ, ϹϾ Ͼ ϼϹϽ, 
Ͼ Ϲ ϶ϴ ϼϹϽ ϼ ϿϼϾ϶ϼϸϴ ϼϹϽ, ϴ ϴϾϺϹ Ϲ ϼ Ϲ Ͼϼ  ϵ Ͽ Ϻϼ϶ϴ ϼϹ , 
Ͼ Ͽ ϴ ϴ ϼ  Ͼ ϿϹ  ϼ ϹϾ ϼ  Ϲ  Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  

ϺϹ ϼϽ (ϸϴϿϹϹ - ϴϵ ϼϾϼ), ϶ ϹϿ  ϸ ϶Ϲ ϺϸϹ ϼ  ϻ ϴ ϼ  ϵ ϻϴ ϹϿ  
Ϲϵ ϶ϴ ϼϽ Ͼ ϵϹ Ϲ Ϲ ϼ  ϵϹϻ ϴ ϼ Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ ϵ ϻϴ  

Ϲ ϹϺϹ ϸ Ϸ  ϴϻϴ ϶  ϿϹ  ϸϼ  ϴ Ϲ ϴ ϼ   ϶ ϴ  ϵϹϻ ϴ ϼ 
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Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ. Ϟϴ ϹϷ ϼϼ ϴϾϼ  ϴϵ ϼϾ ϶ ϹϸϹϿ  
ϣ ϴ϶ϼ ϹϿ ϶  Ϥ ϼϽ Ͼ Ͻ ϨϹϸϹ ϴ ϼϼ. 

ϡϴ ϶ϴ ϼϼ ϶ Ϲ Ϲ Ϲ ϼ ϿϹ Ϸ  ϼ ϔϾ ϴ ϵ ϿϹϸ ϶ϴ ϼ  ϼ  ϗϦϥ 
ϴ϶Ͽ Ϲ  ϘϹϾϿϴ ϴ ϼ   ϵϹϻ ϴ ϼ, ϶ Ͼ Ͻ ϵ ϶ ϶ϴϹ  

ϵϹϻ ϴ  ϺϹ ϼϽ, ϼ  ϶Ϲ ϶ϼϹ Ͼ ϼ Ϲ ϼ  ϵϹϻ ϴ ϼ, ϹϾ , 
ϸϹϽ ϶ ϼ  ϴ  ϼ ϴ϶ϼϿϴ , ϴ ϴϾϺϹ ϹϸϹϿ Ϲ  ϴ ϴϾ Ϲ  ϼ ϴ ϴϵ  
϶ ϻ Ϻ  ϴ϶ϴ ϼϽ  ϼ ϴ ϼϽ ϼ ϹϾ Ϲ ϸϴ ϼϼ  ϼ  Ϲϸ ϶ ϴ Ϲ ϼ  ϼ 
ϿϼϾ϶ϼϸϴ ϼϼ. 

 
7.2    

 
ϗϱϥ ϸ ϿϺ  ϵ  ϵ ϸ ϶ϴ  ϼ Ϲ Ͻ Ϻϴ Ͻ ϵϹϻ ϴ ϼ, 

ϴ ϴ϶ϿϹ Ͻ ϴ Ϲϸ ϶ ϴ Ϲ ϼϹ ϶ ϻϸϹϽ ϶ϼ  ϴ Ͽ ϸϹϽ ϴ  ϴϾ ϶ 
Ϻϴ ϴ. ϨϹϸϹ ϴϿ Ͻ ϻϴϾ   22.07.2008 N 123-Ϩϛ ( Ϲϸ.  27.12.2018) 

"ϦϹ ϼ Ϲ ϾϼϽ ϹϷϿϴ Ϲ   Ϲϵ ϶ϴ ϼ  Ϻϴ Ͻ ϵϹϻ ϴ ϼ". 
ϖ Ϲ Ͽ Ϸϼ Ϲ Ͼ  Ϲ Ϲ Ϲ Ϸ ϼϻ϶ ϸ ϶ϴ ϼ Ͼ  ϼ Ͽ ϻ  

Ϸ ϼϹ, ϿϹϷϾ ϶ Ͽϴ Ϲ ϼϹ  ϼ ϶ϻ ϶ ϴ Ϲ ϶Ϲ Ϲ ϶ϴ, Ͼ Ͼ  ϶ 
Ϲ ϶  Ϲ Ϲϸ   ϶ Ϲ ϶ϼϸ  Ϸϴ ϼ Ϲ Ͼ Ϸ  Ͽϼ϶ϴ, ϵϼ Ϲ ϼ 

ϼϻ Ͽ ϼ Ϲ ϴ Ͽϴ, ϴϵ ϴ ϼϹ ϶ ϼ Ϲ ϴ  ϴϻϾϼ ϼ ϴ϶ϿϹ ϼ  ϵϼ  ϼ ϶ 
ϿϹϾ ϼ Ϲ Ͼϼ  ϴ Ͽ ϴ Ͽ Ϲ  ϴ ϴ ϴ ϴ , ϼ ϶ ϸ ϸ, ϼ Ͽ ϻ Ϲ Ͻ ϾϴϾ 

ϿϴϺϸϴ ϼϽ ϴϷϹ  ϶ ϷϹ Ϲ ϴ ϴ   ϶ ϸ ϸ  ϿϴϺϸϹ ϼϹ . ϣ ϼ Ϲ Ϲ ϼϹ 
ϼ  ϼ ϸ Ϸϼ  Ϸ ϼ  ϴ Ϲ ϼϴϿ ϶ ϸϹϿϴϹ  ϵ Ͽ ϼ ϶  ϼϻ϶ ϸ ϶Ϲ  

Ϲ Ϲ ϼϽ Ϲ ϷϹ ϼ Ϲ Ͼϼ  Ϲϸ ϼ ϼϽ Ϻϴ ϴ ϼ ϼ Ϲϵ Ϲ  
ϼ Ϲ Ϲ ϼ  Ϲ ϼϴϿ  Ϲ  ϼ ϵϿ ϸϹ ϼ  ϸϴ Ϲ ϼϴϿ  Ϲϵ ϶ϴ ϼϽ, 

ϵϹ Ϲ ϼ϶ϴ ϼ  Ϻϴ  ϵϹϻ ϴ  Ϲ ϷϹ ϼ Ϲ Ͼϼ  Ϲϸ ϼ ϼϽ. 
ϞϴϺϸ Ͻ ϵ ϹϾ  ϴ ϼϼ ϴ ϴϹ  ϼ Ϲ Ͻ Ϻϴ Ϲ ϼ  ϼ Ϻϴ Ͻ 

ϼϷ ϴϿϼϻϴ ϼϼ ϗϱϥ,   Ͼ Ͻ ϶ϹϸϹ  Ͻ Ͼ Ͽ  ϻϴ 
ϼ϶ Ϻϴ  ϼϹ  ϻϴ ϼ ϴϹ Ϸ  ϵ ϹϾ ϴ. ϥϼ Ϲ ϴ Ϻϴ Ϲ ϼ  

ϼ Ϻϴ Ͻ ϼϷ ϴϿϼϻϴ ϼϼ ϗϱϥ Ϲϸ ϴϻ ϴ Ϲ ϴ ϸϿ  ϵ ϴ ϺϹ ϼ , ϶Ϲ Ϲ ϼ  ϼ 
ϿϼϾ϶ϼϸϴ ϼϼ Ϻϴ ϴ ϷϹ Ϲ ϴ ϶ ϴ ϴ ϶, ϹϴϾ ϶, ϶ Ϲ Ϲ ϼ  
ϗϱϥ: ϾϴϵϹϿ  ϴ ϴ , ϾϴϵϹϿ  ϷϴϿϹ Ϲ , ϶ ϵϹ Ͻ Ͽ ϼ Ϲ, ϔϥϧ, 

Ϲ Ϲ ϼ  ϴ Ͽ ϻ Ͻ ϶ϴ ϼ ϴ ϴ ϴ Ͻ ϴ ϴϺ Ͻ Ͽ ϴϸϾϹ, ϴ ϴϾϺϹ 
ϵ ϴ ϺϹ ϼ  ϼ ϸϴ ϼ ϻ϶ Ͼ ϶ Ϸ  ϼϷ ϴϿϴ  Ϻϴ Ϲ ϶ Ϲ Ϲ ϼ  ϗϱϥ. Ϙϴ ϴ  
ϼ Ϲ ϴ ϼ ϹϷ ϼ Ϲ  ϶ ϴ϶ ϴ ϼ Ϸ  ϶  ϴ϶ϿϹ ϼ  ϾϴϾ ϸϹϿ ϴ  

ϸ ϼ Ϲ ϴ, ϶ Ͽ ϴ  ϶ Ϲ Ϲ ϵ ϸϼ Ϲ Ͼ ϼϼ Ͼ Ͽ  ϼ ϴ϶ϿϹ ϼ , ϼ 
϶ϾϿ ϴϹ  ϶ Ϲϵ  Ͼ ϿϹϾ  Ϲ ϼ Ϲ Ͼϼ  Ϲϸ ϶, ϻ϶ Ͽ ϼ  ϵϹ Ϲ ϼ  
Ͽ ϾϴϿ Ͻ ϼ Ϲ ϴϿϼϻ ϶ϴ Ͻ Ͼ Ͽ  Ϻϴ Ͻ ϵ ϴ ϶Ͼϼ ϴ ϵ ϹϾ Ϲ, 

ϼϹ ϼ϶ Ϻϴ Ϸ  ϵ ϸ ϶ϴ ϼ  ϼ ϻϴ Ͼ ϼ Ϲ  ϶ ϸ Ϸ  
Ϻϴ Ϲ ϼ  ϼϻ϶ ϸϼ  ϶ ϴ Ͼϴ  ϴ϶ ϴ ϼ Ϲ Ͼ Ϸ , ϸϼ ϴ ϼ Ϸ  ϼ 

Ϸ  ϴ϶ϿϹ ϼ . 
Ϣ ϶ Ϲ ϻϴϸϴ ϼ ϼ Ϲ : 
 Ϣ Ϲ ϴ ϼ϶ Ͻ ϼϹ , ϵ ϴϵ Ͼϴ ϼ ϴ ϼ϶ϼ ϶ϴ ϼϹ ϼ ϴ ϼϼ  

Ϻϴ  ϼϻ϶Ϲ ϴ ϹϿϹϽ ϼ Ͻ ϶ ϹϿϹϽ Ͻ ϻϴ ϼ  ϼ ϴ϶ ϴ ϼϾϼ; 
 Ϩ ϼ ϶ϴ ϼϹ ϼϷ ϴϿ ϶ ϼ ϴ϶Ͽ ϼ  Ͼ ϴ ϸ ϶ ϼ Ϲ  

ϴ϶ ϴ ϼ Ϲ Ͼ Ϸ  Ϻϴ Ϲ ϼ  (϶ϾϿ Ϲ ϼϹ ϴ ϶ Ϻϴ Ϲ ϼ , 
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Ͼ ϼϹ ϻϴϸ϶ϼϺϹϾ, ϴϵϴ ϶ϴ ϼϹ ϼ϶ ϸ ϶ Ϲ ϴ ϼϻ ϶) ϼ Ͻ ϶ 
ϴϻϿϼ Ϸ  ϴϻ ϴ Ϲ ϼ : ϶Ϲ ϼϿ ϼϼ, ϶Ϲ Ϲ ϼ  ϼ ϸ ϷϼϹ Ͻ ϶ϴ 

ϴ϶ ϴ ϼϾϼ; 
 ϖ ϸϴ ϴ Ͼ ϴ ϸ ϼ ϼϷ ϴϿ ϶ ϶ ϼ Ϲ  ϼϷ ϴϿϼϻϴ ϼϼ ( ϶Ϲ ϶ Ͻ ϼ 

ϻ϶ Ͼ ϶ Ͻ), ϴ ϴϾϺϹ ϶ Ͼ ϿϿϹ  Ͽ ϾϴϿ Ϸ  ϶ ; 
 ϣϹ Ϲϸϴ ϴ ϸϴ  Ϲ ϴ , ϶ Ϲ ϶Ϲ  ϵϴϻ  ϸϴ  ϔϥϧ Ϧϣ, ϴ ϼ  

Ϻϴ Ϲ ϼ  ϼ Ϻϴ Ͻ ϼϷ ϴϿϼϻϴ ϼϼ; 
 Ϟ Ͽ  ϻϴ ϴϵ ϵ  ϼ Ϲ  
ϥϼϿ ϶ Ϲ ϴ ϴ  ϦϘϪ 250000/500, ϴ ϗϱϥ ϶Ͽ  ϶ ϻ Ϻ ϼ 

ϵ ϹϾ ϴ ϼ ϶ ϻ ϼϾ ϶Ϲ ϼ  Ϻϴ ϴ, ϴϾ ϾϴϾ ϸϹ Ϻϴ  ϵ Ͽ Ϲ Ͼ Ͽϼ Ϲ ϶  ϴ -
ϴ Ϸ  ϴ Ͽϴ,  Ϲ ϼϹ ϼ  Ϲ ϶Ͽ Ϲ  ϴ϶ ϴ ϼ Ϲ Ͼϼ  

Ͼ   ϻϴ ϼ  ϴ ϴ ϴ. ϥ Ͻ ϹϿ   Ϲ ϼ Ϲ  ϴ ϴ ϴ 
ϴ ϵϹϻ ϴ  ϴ ϼϼ ϼ  Ͼ Ͽ Ϲ϶ Ϲ ϵ ϶ ϸ , ϴ Ͼ  

϶Ϲ ϼϾϴϿ  ϴ ϴ϶Ͽϼ϶ϴ  ϸ Ϲ Ϲ Ϲ ϼ ϹϿϼ.  
ϞϴϵϹϿ Ϲ ϺϹ ϼ  ϗϱϥ ϵ ϸ ϶ϴ  ϼ Ϲ ϴ ϼ ϴ϶ ϴ ϼ Ϲ Ͼ Ϸ  

Ϻϴ Ϲ ϼ , Ͼ Ϲ Ϲϸ ϴ϶Ͽ  ϵ Ͻ ϼ Ϲ  ϵ ϶ ϸ ϶,  
Ͼ  ϸϴϹ  ϶ ϸϴ Ͼ ϵ ϹϾ  Ϻϴ ϴ ϼ ϻϴ - Ͼ ϶ ϼ Ͻ ϶ϴ ϼ. 
ϞϴϺϸ Ͻ ϵ ϹϾ  ϴ ϴϹ  ϼ Ϲ Ͻ Ϻϴ Ϸ  ϵ ϴ ϺϹ ϼ  ϼ ϶Ϲ Ϲ ϼ ,  

, Ͼ Ͻ Ϲ ϶Ͽ Ϲ  ϵ ϴ ϺϹ ϼϹ Ϻϴ ϴ, ϴ ϴϾϺϹ 
ϴ϶ ϴ ϼ Ϲ ϾϼϽ Ͼ ϼ Ϲ  ϼ ϴ϶ ϴ ϼ Ϲ Ͼϴ  ϸϴ ϴ ϶ ϸ  ϴ ϴϷ Ϻϴ ϴ. 

ϘϿ  Ϲ Ϲ ϼ  ϼ Ͼ ϶, ϶ ϻϴ   Ϻϴ ϴ ϼ ϴ ϖϼ ϼ Ͼ Ͻ ϗϱϥ, ϵ ϸ  
Ϲϸ Ϲ  Ϲ ϼϴϿ Ϲ Ϲ   ϶ϹϸϹ ϼ  ϼ Ͼ ϴϺϹϽ Ϲ ϴϿϴ  

ϼ϶ Ϻϴ Ͻ ϵϹϻ ϴ ϼ ϶Ϲ ϶Ϲ ϼ  ϶Ϲ Ͼ Ͻ ϻ ϴ ϼϽ ϶ 
ϴ ϶ϿϹ Ϲ Ͼϼ ϶Ϲ Ͼϼ ϴ϶ϼϿ ϴϵ ϼϾ ϶ Ϲ ϷϹ ϼ Ϲ Ͼϼ  Ϲϸ ϼ ϼϽ. 

ϖ Ϲ ϴϵ ϼϾϼ ϗϱϥ ϸ ϿϺ  ϸϼ  ϸϷ ϶Ͼ   Ϻϴ Ͻ 
ϵϹϻ ϴ ϼ, Ͼ ϴ  ϶ϾϿ ϴϹ  ϶ Ϲϵ : 

 ϖ϶ ϸ Ͻ ϼ Ͼ ϴϺ  Ϻϴ Ͻ ϵϹϻ ϴ ϼ;  
 ϤϹϷ Ͽ Ϲ ϼ Ͼ ϴϺϼ ( Ϲ ϶ϼ Ͻ, Ϲ ϼ ϸϼ Ϲ ϾϼϹ, ϶ Ϲ Ͽϴ ϶ Ϲ 

ϼ ϹϿϹ϶ Ϲ),  ϶ ϴ  Ϻϴ Ͻ ϵϹϻ ϴ ϼ;  
 ϣ ϶ϹϸϹ ϼϹ ϼ϶ Ϻϴ  Ϲ ϼ ϶ Ͼ;  
 ϣ ϶ Ϲ ϼϹ ϻ ϴ ϼϽ  ϼ϶ Ϻϴ Ͻ ϻϴ ϼ Ϲ ϶ Ϲϵ  Ϲ ϴ ;  
 Ϝϻ Ϲ ϼϹ ϼ ϶Ϲ Ͼϴ ϻ ϴ ϼϽ ϴ϶ϼϿ Ϻϴ Ͻ ϵϹϻ ϴ ϼ ϼ .ϸ. 
ϥ Ϲ ϼϴϿ Ϲ Ϲ ϴ ϸϿ  Ͼ Ϲ ϼ  ϵ ϸ  ϴ Ͽ ϺϹ  ϶ ϴϼϵ ϿϹϹ 

ϵϹϻ ϴ  Ϲ ϴ  ϴ Ϲ ϼ ϼϼ Ϲ Ϸ ϵ ϹϾ ϴ. ϖ  ϶ Ϲ  Ϲ Ϲ ϼ , ϾϿϴϸϴ , 
ϻϸϴ ϼ  ϵ ϸ  ϴϻ Ϲ Ϲ  ϴϻϿϼ Ϲ Ϻϴ Ϲ ϸϴ ϼϾϼ. ϖ  ϶ Ϲ  Ϲ ϵ ϸϼ  

Ϲ ϴ  ϴ ϶ϿϹ  Ϸ Ϲ ϼ ϹϿϼ.  
ϘϿ  Ϲ ϼ  Ϻϴ ϶ ϴ ϷϹ Ϲ ϴ ϴ  ϼ ϴ ϥϖ-1139/140-52  200 

Ϡϖ  Ϲϸ Ϲ ϴ ϼ Ϲ ϴ ϴ϶ ϴ ϼ Ϲ Ͼ Ϸ  ϶ ϸ Ϸ  Ϻϴ Ϲ ϼ  (ϔϣϦ).  
ϡϴ ϾϴϺϸ  Ϲ ϷϹ ϼ Ϲ Ͼ  Ϲϸ ϼ ϼϼ ϸ ϿϺ ϴ ϵ  ϴϻ ϴϵ ϴ ϴ 

ϿϹϸ ϴ  ϸ Ͼ Ϲ ϴ ϼ   Ϻϴ Ͻ ϵϹϻ ϴ ϼ: 
 Ϣϵ ϴ  ϼ Ͼ ϼ   Ϲ ϴ  Ϻϴ Ͻ ϵϹϻ ϴ ϼ ϴ Ϲϸ ϼ ϼϼ. 
 Ϝ Ͼ ϼ   Ϻϴ Ͻ ϵϹϻ ϴ ϼ ϶ Ϲ ϴ , Ͽϴϵ ϴ ϼ , 

ϴ Ϲ Ͼϼ , ϾϿϴϸϴ  ϼ . . 
 Ϝ Ͼ ϼ   ϵ Ͽ Ϻϼ϶ϴ ϼ  ϴ ϶ Ͼ Ϻϴ Ϲ ϼ . 
 Ϝ Ͼ ϼ   ϵ Ͽ Ϻϼ϶ϴ ϼ  ϴ ϶ Ͼ Ϻϴ Ͻ ϼϷ ϴϿϼϻϴ ϼϼ. 
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ϖ ϹϿ  Ͼ ϴ Ϲ ϼ  ϶ Ϲ Ϲ ϼ ϼ ϵϹ Ϲ Ϲ ϼ  ϴ ϼ ϴϿ  ϸϹϽ ϶ϼϽ 
Ϲ ϴϿϴ Ϲϸ ϼ ϼ  ϼ ϶ ϻ ϼϾ ϶Ϲ ϼϼ Ϻϴ ϴ  ϾϴϺϸ  ϹϾ  

( Ϲ Ϲ ϼ ) ϾϴϵϹϿ  ϺϹ ϼϽ, ϷϹ Ϲ ϴ , ϴ ϴ  (ϵϿ , 
϶ ϻϼ, ϵ ϶Ϲ  Ϻϸ) ϴϻ ϴϵϴ ϶ϴ  Ϲ ϴ ϼ϶ Ϲ Ͼϴ Ͼϼ ϶  

ϸϹϽ ϶ϼϽ ϸϹϺ Ϸ  Ϲ ϴϿϴ. 
Ϣ Ϲ ϴ ϼ϶ Ϲ Ͼϴ Ͼϼ ϶Ϲ Ϻϸϴ  ϷϿϴ϶  Ϲ ϼ Ϲ Ͼϼ  

Ͼ ϶ ϸϼ ϹϿϹ  ϼ ϴ   ϴ ϴϿ ϼϾϴ Ϲ  ϿϹϾ ϴ ϼϼ ( ϴ ϴϿ ϼϾϴ 
Ϲ  Ϲ ϴ, ϵϿ Ͼϴ), ϸϹϺ Ϸ  ϸϼ Ϲ Ϲ ϴ ϸ ϴ ϼϼ, Ϲϸ ϼ ϼ  

ϿϹϾ Ϲ ϹϽ. ϣ ϼ Ϲ ϵ ϸϼ ϼ Ϲ ϴ ϼ϶ Ϲ Ͼϴ Ͼϼ ϷϿϴ ϶ ϶ϴ   
϶Ϲ ϶ ϼ  Ϲ ϼ ϼϴϿ  ϸϼ Ϲ Ϲ Ͼϼ  ϴ϶ϿϹ ϼϹ . 

Ϣ Ϲ ϴ ϼ϶ Ϲ Ͼϴ Ͼϼ ϸ ϿϺ   ϶ Ͽ ϴϹ: 
 Ϝϻ Ϲ Ϲ ϼ  ϼ ϼ ϼϴϿ  Ϲ  ϼϻ϶ ϸ ϶ϴ, ϼ Ϲ ϴ , 

ϴ ϼ Ϲ ϼϼ ϼϿϼ ϹϾ Ͼ ϼϼ Ϲϸ ϼ ϼ . 
 ϤϹϻ Ͽ ϴ ϶ ϸϹϽ ϶ϼϽ Ϲ ϴϿϴ ϼ Ϲ ϼϼ Ϻϴ ϴ ϼϿϼ ϿϹ 

϶ϹϸϹ ϼ  ϼ϶ Ϻϴ  Ϲ ϼ ϶ Ͼ. 
Ϣ Ϲ ϴ ϼ϶ Ϲ Ͼϴ Ͼϼ ϸϹϽ ϶ϼϽ Ϲ ϴϿϴ ϸ ϿϺ  Ϲ Ϲ ϶Ϲ Ϻϸϴ  ϼ 

Ϲ Ϲ ϷϿϴ϶ Ϸ  Ϲ ϼ Ϲ Ͼ Ϸ  Ͼ ϶ ϸϼ ϹϿ  ϼϿϼ Ͼ ϶ ϸϼ ϹϿ  ϶Ϲ ϶ ϹϷ  
Ϲ ϴ. 

 
7.3    

 
ϖ Ϲ ϴϵ ϼϾϼ ϖϼ ϼ Ͼ Ͻ ϗϱϥ, ϴ ϴϾϺϹ ϴϵ ϼϾϼ ϸ ϸ  

Ϸϴ ϼϻϴ ϼϽ, ϼ϶ϿϹϾϴϹ  ϸϿ  ϴϵ  ϴ Ϲ ϼ ϼϼ ϗϱϥ, ϸ ϿϺ  ϻ ϴ  ϼ 
϶ Ͽ  Ϲϵ ϶ϴ ϼ  ϴ ϹϷ  ϴ ϸϴ ϴ, ϴ ϴϾϺϹ ϶Ϲ ϶ ϼϹ 

Ϲϵ ϶ϴ ϼ  ϶ ϵϿϴ ϼ ϴ  ϸϴ ( ϴ϶ϼϿ ϵϹϻ ϴ ϼ). 
ϥ ϺϹ ϼ  ϼ ϵ ϸ ϶ϴ ϼϹ ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϸ ϿϺ  ϴ ϸϼ  ϶ 

Ϲ ϼ Ϲ Ͼϼ ϼ ϴ϶  ϼϼ, ϵϹ Ϲ ϼ϶ϴ Ϲ  ϵϹϻ ϴ Ϲ Ͽ ϶ϼ  ϸϴ. 
ϘϿ  ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϸ ϿϺ ϴ ϵ  ϴϻ ϴϵ ϴ ϴ Ϲ ϴ ϼ ϼ ϶ϴϾ ϴ ϼϼ 

ϴϵ ϼϾ ϶ ϼϻ ϻ  ϴ Ϲ -϶ ϻ Ϻ Ϸ  ϻϴ ϿϹ ϼ  ϼϿϼ ϵ Ϲ ϼ  Ϸ ϴ ϴ 
Ϲ Ͼϼ ϶ Ϲ ϴ Ϲ Ϸ  ϶  ϴϾ Ϸ  ϻϴ ϿϹ ϼ , Ͽϻ , ϵ Ϲ ϼ  ϼϿϼ ϶ 

Ϲ ϼϴϿ Ϲ ϵϹϻ ϴ Ϲ Ϲ Ϲ ϼ . 
ϣ ϸ ϴϻϸϹϿϹ ϼ  ϖϼ ϼ Ͼ Ͻ ϗϱϥ, ϶Ϲ ϶ ϼϹ ϵϹϻ ϴ Ϲ Ϲ Ϲ ϼ  

ϸ ϿϺ  ϵ  Ͼ ϿϹϾ ϶ϴ  ϼ ϴ ϼ, Ϸ ϶ ϼ Ͼ ϼ Ͽ ϻ ϶ϴ ϼ  
ϻϴ ϼ ϼ Ϲϸ ϶ϴ ϼ, ϼ Ϲ ϴ ϼ ϴ϶  Ͻ ϶ Ϻϼϻ Ϲ ϵϹ Ϲ Ϲ ϼ ; ϴ 
ϴϾϺϹ Ϲϸ ϶ϴ ϼ Ͼϴϻϴ ϼ  Ϲ ϶ Ͻ Ϲϸϼ ϼ Ͼ Ͻ ϼ ϶ ϶Ϲ ϶ϼϼ  

ϸϹϽ ϶ ϼ ϼ ϴ϶ϼϿϴ ϼ ϼ ϴ ϼ. ϣ ϼ  ϶ Ϲ Ϲ ϼ  ϸ ϿϺ  ϵ  
Ϲϸ Ϲ  ϴ Ϲ - Ϲ ϵ ϸϼ Ϲ ϻϴ ϴ  ϼ Ϲ϶ Ͻ ϶ ϸ , ϥϜϛ ϼ 

ϸ ϴ ϹϿ  Ϲ ϹϽ, ϶Ϲ ϶ ϹϹ ϵ Ͻ ϶  ϴ ϼ ϴ -ϵ ϶ ϼ 
Ͻ ϶ϴ ϼ ϼ ϸϼ ϴ ϼ ϼ Ϲϸ ϶ϴ ϼ ϶ ϻϼ. 
Ϟ ϴ ϼϼ ( Ϸϴ ϼϻϴ ϼϼ) ϗϱϥ Ϲ  ϶Ϲ ϶Ϲ  ϻϴ ϼϹ ϴ  

ϸϴ ϼ ϵϹϻ ϴ ϼ ϴ ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϼ ϸ ϿϺ  ϵϹ Ϲ ϼ  Ͼ Ͽ  
ϵϿ ϸϹ ϼ  Ϲϵ ϶ϴ ϼϽ ϴ ϹϷ  ϴ ϸϴ ϴ, Ϲϵ ϶ϴ ϼϽ ϼ Ͼ ϼϽ  

ϴ Ϲ ϸϴ, ϶ϹϸϹ ϼϹ  ϼ Ͼ ϴϺϹϽ ϼ Ϲ ϼ ϶ Ͼ ϸϿ  ϴϵ Ͼϼ ϴ϶ Ͼ ϶ 
 ϶ϴϾ ϴ ϼϼ ϴϵ ϼϾ ϶ ϶ Ͽ ϴϹ ϶ϿϹ ϼ  Ϸ ϻ  ϻϴ ϿϹ ϼ  ϼϿϼ ϵ Ϲ ϼ  

Ϸ ϴ,  ϼ Ϲ Ϲ ϼ  ϼ Ͽ ϻ ϶ϴ ϼ  ϴ϶  ϴ ϶ Ͼ 
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Ϻϼϻ Ϲ ϵϹ Ϲ Ϲ ϼ , ϵϹϻ ϴ  Ϲ Ϲ ϼϽ, ϵ  ϻϴ ϼ ϼ  ϴϵ ϼϾ ϶ ϶ 
Ͽ ϴϹ ϻϴ ϿϹ ϼ  Ϲ Ϲ ϼϽ ϻϸϴ ϼ  ϗϱϥ, ϴ ϴϾϺϹ ϴ϶ Ͼ ϶  ϻϴϾ ϼ  

϶  ϻϴ ϶ ϶ ϴ Ϸ Ϲϵ Ϲ Ͽ ϼ  ϼ ϸ϶Ϲ ϹϽ ϶ ϵϹϻ ϴ  (ϴ϶ϴ ϼϽ -
ϴ ϴ ϹϿ ) Ϲ Ϲ ϼ . 

ϣϹ ϴϿ ϶Ϲ ϶ ϼ  ϸ ϴϻϸϹϿϹ ϼϽ ϖϼ ϼ Ͼ Ͻ ϗϱϥ, ϸ ϿϺϹ  ϵ  
ϼϻ϶Ϲ Ϲ  ϼ ϻ ϴ  ϵ ϵ Ϲ Ϲ Ͼ ϿϹϾ ϶ϴ ϼ  ϴϵ ϼ  ϻ  ϼ ϵϹϻ ϴ  

Ϲ Ϲ ϼϽ Ͼϴϻϴ ϼ Ϲϸ ϶ϴ ϼ,  ϴϿϼ ϼϼ ϼ ϸϾϹ ϵ ϶ϿϹ ϼ  ϶ ϼ  
ϻϴ ϴ ϶ ϼ Ϲ϶ Ͻ ϶ ϸ  ϼ ϶ ϸ  ϸϿ  ϴ ϼ ϴ  Ϻϸ,  ϴϿϼ ϼϼ ϼ ϸϾϹ 

Ͽ ϻ ϶ϴ ϼ  ϶Ϲ ϶ ϼ ϼ ϴ ϼ ϴ -ϵ ϶ ϼ Ͻ ϶ϴ  ϼ 
ϸϼ ϴ ϼ ϼ Ϲϸ ϶ϴ ϼ ϶ ϻϼ. 

Ϟ ϴ ϼϼ ( Ϸϴ ϼϻϴ ϼϼ) ϗϱϥ ϸ ϿϺ  ϵϹ Ϲ ϼ϶ϴ  Ͼ Ͽ  ϼ 
ϼ Ϲ ϴ ϼ Ϲ ϾϼϹ ϶Ϲ Ͼϼ: 

 ϶Ϲ ϶ϼ  ϾϴϾ Ͼ ϼ ϼ ϹϷ , ϴϾ ϼ ϴ ϸ ϹϷ  ϶ Ϲ Ϲ 
ϼϿϼ ϶ ϹϻϹ ϶Ϲ ϵ ϸ ϶ϴ ϼ  ϼ ϺϹ ϼϽ ϗϱϥ Ϲϵ ϶ϴ ϼ  ϵϹϻ ϴ ϼ, 

 ϻ ϴ ϼϽ ϴϵ ϼϾϴ ϼ Ϲ  ϹϽ ϶ϴϾ ϴ ϼϼ, Ϲ  ϴϻ Ϲ Ϲ ϼ  
ϵϹϻ ϴ  Ϲ Ϲ ϼϽ, ϴ϶ Ͼ ϶ ϼ  ϼ Ͽ ϻ ϶ϴ ϼ  ϴ ϴϾ ϼϾϹ; 

 ϻ ϴ ϼϽ ϴϵ ϼϾϴ ϼ ϥϜϛ, Ϲϸ ϶ Ͼ ϿϿϹϾ ϼ϶ Ͻ ϻϴ ϼ  ϼ ϼ Ϲ  
ϴ϶  ϴ ϶ Ͼ Ϻϼϻ Ϲ ϵϹ Ϲ Ϲ ϼ , ϴ϶ Ͼ ϶ ϼ  ϼ Ϲ Ϲ ϼ   

ϴϻ ϴ Ϲ ϼ ; 
 ϵϿ ϸϹ ϼ  ϴϵ ϼϾϴ ϼ  ϢϼϕϦ, 
 ϴ϶ϼϿ ,  ϴϻ ϴ Ϲ ϼ , ϼ Ͽ ϻ ϶ϴ ϼϹ  ϴϵ ϼϾϴ ϼ 

Ϲϸ ϴ ϼ ϹϿ  ϼ ϵϿϹ ϼϽ, Ϲ ϸϹϺϸ  ϼ ϸ Ϸϼ  ϶ ϻϴ϶ϼ ϼ ϼ  
ϴ ϴϾ Ϲ ϴ ϶ Ͽ Ϲ  ϴϵ . 

ϡϴ ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϸ ϿϺϹ  ϵ  ϵ ϸ ϶ϴ  Ͼϴϵϼ Ϲ  ϼϿϼ Ϸ Ͽ Ͼ ϴ  
ϸϴ ϼ ϵϹϻ ϴ ϼ  ϸϼϸϴϾ ϼ Ϲ Ͼϼ ϼ ϼ ϼϿϿ ϴ ϼ϶ ϼ ϴ Ϲ ϼϴϿϴ ϼ  

Ϲ ϴ ϼϾϹ ϴ  ϸϴ ϼ ϵϹϻ ϴ Ϸ  ϼϻ϶ ϸ ϶ϴ ϴϵ . 
ϣϹ ϴϿ, ϼ ϼ ϴϹ Ͻ ϴ ϴϵ   ϵ Ͽ Ϻϼ϶ϴ ϼ  Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  
ϺϹ ϼϽ, Ϸϼϸ Ϲ ϴ ϼ Ϲ Ͼ Ϸ  ϼ ϿϹϾ Ϲ ϼ Ϲ Ͼ Ϸ  ϵ ϸ ϶ϴ ϼ , ϸ ϿϺϹ  

Ͻ ϼ Ϲϸ϶ϴ ϼ ϹϿ Ͻ Ϲϸϼ ϼ ϾϼϽ  ϼ ϶ ϸϴϿ ϹϽ Ϲ  ϸϼ  ϹϷ  
Ϲ ϼ ϸϼ Ϲ Ͼϼ ϶ Ͼϼ, ϴ ϶ϿϹ Ϲ ϹϸϹ ϴϿ  Ϲϸϼ ϼ Ͼϼ  ϶Ϲϸ ϶  

Ϥ ϼϼ. ϡϹ ϴϻ Ϲ ϴϹ  ϸ Ͼϴ  Ͼ ϵ Ͽ Ϻϼ϶ϴ ϼ  ϺϹ ϼϽ ϼ ϵ ϸ ϶ϴ ϼ  
ϗϱϥ ϴϵ ϼϾ ϶, Ϲ Ϲϸ ϼ  Ϲϸϼ ϼ ϾϼϹ . 

ϱϿϹϾ ϴ ϶Ͼϼ ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϵ ϸ  ϴ ϸϼ  ϶ Ϲ ϼ Ϲ Ͼϼ 
ϼ ϴ϶  ϼϼ, ϵϹ Ϲ ϼ϶ϴ Ϲ  ϵϹϻ ϴ Ϲ Ͽ ϶ϼ  ϸϴ, ϼ ϵ ϸ  
Ͼ ϿϹϾ ϶ϴ  ϼ ϴ ϼ, Ϸ ϶ ϼ Ͼ ϼ Ͽ ϻ ϶ϴ ϼ  ϻϴ ϼ ϼ 
Ϲϸ ϶ϴ ϼ, ϴ ϴϾϺϹ Ϲϸ ϶ϴ ϼ Ͼϴϻϴ ϼ  Ϲ ϶ Ͻ Ϲϸϼ ϼ Ͼ Ͻ ϼ ϶ 

϶Ϲ ϶ϼϼ  ϸϹϽ ϶ ϼ ϼ ϴ϶ϼϿϴ ϼ ϼ ϴ ϼ. 
Ϣ Ϸϴ ϼϻϴ ϼ ϼ Ϲ ϼ ϼ ϼ, ϵϹ Ϲ ϼ϶ϴ ϼ ϼ ϵϹϻ ϴ  ϴϵ  ϶ 
ϿϹϾ ϴ ϶Ͼϴ  Ϸϼϸ ϿϹϾ ϴ ϼϽ, ϶Ͽ : 

1) ϿϹ ϼϹ ϴϵ  ϴ ϸ , ϴ ϺϹ ϼϹ  ϼϿϼ Ϲ Ϲ Ϲ  ϴϵ , 
϶ Ͽ Ϲ  ϶ ϸϾϹ ϹϾ ϹϽ Ͼ Ͽ ϴ ϴ ϼϼ; 

2) ϸ Ͼ Ͼ ϴϵ Ϲ; 
3) ϴϸϻ  ϶  ϶ Ϲ  ϴϵ ; 
4) ϿϹ ϼϹ Ϲ Ϲ ϶ϴ ϶ ϴϵ Ϲ, Ϲ Ϲ϶ ϸϴ ϴ ϸ Ϸ Ϲ Ϲ , Ͼ ϴ ϼ  

ϴϵ . 
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ϡϴ ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϵ ϸ  ϴϻ ϴϵ ϴ  ϼ ϸ ϶ϹϸϹ  ϸ  ϶ϹϸϹ ϼ  ϶ ϹϷ  
Ϲ ϴϿϴ ϵϹϻ ϴ Ϲ ϴ  ϿϹϸ ϶ϴ ϼ   Ϲ ϼ ϼϼ Ͼ Ϲ  ϴϵ , 

Ϲ ϴ ϼ϶ Ϲ Ͽϴ  Ϻϴ Ϲ ϼ  ϼ ϶ϴϾ ϴ ϼϼ Ͽ ϸϹϽ ϴ Ͽ ϴϽ Ϻϴ ϴ ϼϿϼ 
ϴ϶ϴ ϼϽ Ͻ ϼ ϴ ϼϼ. 

 ϡϹ ϸ ϾϴϹ  ϴ ϺϸϹ ϼϹ ϴ Ϲ ϼ ϼϼ ϼ ϶ ϼϻ϶ ϸ ϶Ϲ  
Ϲ Ϲ ϼ  Ϸϴ ϼϻϴ ϼϼ ϗϱϥ Ͽϼ , Ϲ ϼ Ϲ ϼ  Ϲ ϼ  Ͼ ϵ Ͽ Ϻϼ϶ϴ ϼ  

ϴ Ͽ ϺϹ Ϸ  ϶ ϼ  ϵ ϸ ϶ϴ ϼ , ϵϹϻ ϶ Ϻϸϴ ϼ . 
Ϥϴϵ ϼϹ ϼ Ͼ ϼϼ  ϴ Ϲ ϸϴ ϵ ϸ  ϴϻ ϴϵ ϴ  ϸϿ  ϶ Ϲ  

ϸ ϴϻϸϹϿϹ ϼϼ. 
 

7.4         
 .       

 
7.4.1       

 
ϖϼ ϼ ϾϼϽ Ϸϼϸ ϻϹϿ ϴ Ͽ ϺϹ  ϶ Ϝ Ͼ Ͼ Ͻ ϵϿϴ ϼ ϴ ϹϾϹ ϖϼ ϼ  ϶ 

156 Ͼ  ϶ Ϲ  Ϲ Ϲ ϼ   Ϸ ϸϴ ϕ ϸϴϽϵ .   
Ϝ Ͼ .ϖϼ ϼ  ϴ ϸϼ  ϶ ϶ Ͻ ϥϼϵϼ ϼ ϴ϶ Ͻ ϼ Ͼ ϟϹ , 

ϵ ϴϻ Ϲ  Ͽϼ ϼϹ  ϖϼ ϼ Ͼϴ ϴ ϼ ϫϼ . ϘϿϼ ϴ ϹϾϼ – 1837 Ͼ . ϖ ϶ Ϲ 
ϹϾ ϼ Ϲ Ͻ ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϶ ϸ ϵ ϴ  Ͽ ϴϸ  Ϲϸ ϴ϶Ͽ Ϲ  ϵ Ͻ 

Ϸ  Ϲ , ϶ ϴ Ϸ  ϸ ϼϷϴϹ  ϸ  1500 . ϣϿ ϴϸ  ϶ ϸ ϵ Ϸ  
ϵϴ ϹϽ ϴ ϴ϶Ͽ Ϲ  67 Ͼ ². Ϭϼ ϼ ϴ ϹϾϼ ϸ  500 , ϷϿ ϵϼ ϴ ϸ  18 . 

ϣϼ ϴ ϼϹ ϹϾϼ Ϲϼ Ϲ ϶Ϲ  ϸ ϺϸϹ϶ Ϲ. ϘϿ  ϖϼ ϼ ϴ ϴ ϴϾ Ϲ  
ϴ Ϲ Ͽ ϶ ϸ Ϲ (  ϴ   Ͼ ϵ ). ϡϴϼϵ ϿϹϹ Ϸ ϶ ϸ Ͻ Ϲ  ϼ , ϴ 
 ϴ ϴ ϸ  ϴ ϹϿ  ϶ ϸ  ϹϾϼ ϹϻϾ  Ϲ ϴϹ . ϛϴ Ϲ ϻϴϹ  ϶ ϴ ϴϿϹ 

ϵ , ϶ Ͼ ϶ϴϹ  ϶  2 – Ͻ ϸϹϾϴϸϹ ϴ . ϖ ϴϹ ϴ ϼ ϴϹ  ϶ Ϲ ϴ . ϖ Ϲ ϻϴ϶ϼ ϼ  
 ϴ ϿϹ ϼ  Ϲ Ͽ Ϸ  Ϲϻ ϴ, ϴ  ϹϺϹϷ ϸ  ϵ ϶ϴϹ  ϴϻ Ͻ, ϾϴϾ  Ͼϴ , ϴϾ 

ϼ  ϸ ϿϺϼ ϹϿ ϼ. ϡϴ ϴ ϾϹ ϶ Ϲ ϹϿϴ ϞϴϿϴϾϴ  ϹϾϴ ϴ  Ϲ Ϲ Ϲ ϻϴϹ  
ϴ 100 – 120 ϸ ϹϽ. ϫϴ  ϵ ϴϻ  ϴϿϹϸϼ. ϥ Ϲϸ Ϲ Ϸ ϿϹ ϼϽ ϴ ϸ 

϶ϻ϶Ϲ Ϲ  ϴ ϶ 55 ϾϷ/  ϼ Ϲϸ ϹϽ ϼ ϶ ϸ  30 – 50 Ϸ/Ͽ. 
ϤϹϻϾϴ  Ͼ ϼ Ϲ ϴϿ  ϾϿϼ ϴ ϴ ϶ ϻϴ ϴ  Ͻ ϼ϶  ϴ Ͽ ϺϹ ϼϹ  

϶ ϹϷϼ Ϲ ϥϼϵϼ Ͼ Ϸ  ϴ ϼ ϼϾϿ ϴ ϶ ϻϼ ϼϽ Ϲ ϼ ϸ. ϥ ϼ  ϶ ϻϴ  
ϻ ϴ ϼ ϹϿ Ϲ Ͼ ϴ  Ϲ Ϲ ϴ  ё Ͽ Ϸ  ϼ Ͽ ϸ Ϸ  Ϲϻ ϶. ϥ Ϲϸ  
Ϲ Ϲ ϴ ϴ ϶ϴ  –26…–31 ϥ; ϼ Ͽ  – +17…+21 ϥ. ϥ ϶ Ϲ ϾϿϼ ϴ ϼ Ϲ ϾϼϹ 

Ͽ ϶ϼ  ϵ ϶  ϶ Ϲ Ϲ  ϴ ϴ Ϲ ϼ  Ϸ ϿϹ ϹϽ Ϲ ϻϿ . 
ϡϹ ϼ Ϲ Ϲ ϶ ϸ  ϴ  ϶ ϹϾ  ϖϼ ϼ  ϵ ϻ Ͻ ϶Ϲ Ϸ  

ϻ ϴ Ϲ ϼ , ϶ Ϲϻ Ͽ ϴ Ϲ ϹϷ , ϶ ϶ ϸ  ϵ ϹϾ Ϲ Ͼ Ϲ ϴ ϼ  ϴ ϼ , ϼ ϼ ϶, 
ϴ ϶, ϴ ϴϾϺϹ Ϲ Ϲ ϸ Ͼ ϶ Ϲ϶ ϴϹ  ϹϸϹϿ Ͻ ϶Ϲ . 
Ϥϴ ϼ ϹϿ  ϶ ϹϸϹϿϴ  ϵϴ ϹϽ ϴ ϹϾϼ ϖϼ ϼ  ϶ ϶  ϼϻ ϶ Ͻ  

ϸ – , ϹϿϼ, ϾϹϸ . ϗ Ϲ ϿϹ ϴ Ϲ  ϹϸϾ Ͻ ϴ ϼ ϹϿ  ϶ ϶ϼϸϹ 
Ͼ ϴ ϼϾ ϶ ϼ ϶  ϷϹϿϹ ,  Ϲ Ϲ ϸ ϼ  ϹϾϼ ϶ Ϸ Ϲ ϴϽ  

ϴϻ ϵ ϴϻϹ . Ϥ Ͽ  ϖϼ ϼ ϴ ϵ ϴϻ Ϲ  ϶ Ϲϻϴ Ϲ ϼϻϿ ϼ   ϼϵ ϹϺ ϼ 
϶ϴ ϼ. 
ϡϴ Ϲ ϼ ϼϼ ϼ ϹϹ  Ϲ Ͼ Ͽ Ͼ  ϴ Ϲ  Ϸ ϸϴ ϶  ϵ ϹϾ ϶, 

Ϻϼ϶ : 
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 ϻϹ  Ϣ ; 
 Ͽ ϼ  ϵϴ ϴ ϴ ϹϺ Ϸ  Ϟϴϸϴ Ͼ Ϸ ; 
 ϵ Ͽ  ϕϴ Ϸ ϻϼ ϾϼϽ. 
ϖ ϴϽ Ϲ Ͽ ϴϸϾϼ ϼ ϹϿ ϶ϴ ϖϼ ϼ Ͼ Ϸ  ϗϧ ϴ ϸ  ϼ, 

Ͽϼ ϴϽ ϼϾϼ, ϸϼ Ϲ ϴ Ϲ ϼ , ϶ ϸ Ͽϼ ϴ ϶Ϲ, Ϸ ϼϵ -϶ Ϲ  Ͽϼ  
Ϲϵ Ͽ ϴ  ϴ  Ͽ , ϼϻ ϴ ϴ ϴ  ϶  ϶ Ϲ  Ϸ ϵ ϴϻϼϼ ϶ ϼ  Ͼ ϴ . 

Ϥϴϻ ϵ ϴϻϼϹ Ϻϼ϶ Ϸ  ϼ ϴ Ϻ  Ϲ Ϲϸϴ  Ϸ ϼ ϿϹ ϼ ϶ϼϸϴ ϼ: ϵ, 
ϼ , ϺϹ Ͼ Ͼ Ͽ , ϿϹϾ ϼ ϴ ϼ . 

Ϛϼ϶ Ϲ ϖϼ ϼ Ͼ Ϸ  ϼ ϸ Ϸ  ϻϴ ϶Ϲϸ ϼϾϴ Ϲϸ ϴ϶ϿϹ  220 ϶ϼϸϴ ϼ 
ϼ , 23 – ϵ, 3 – ϻϹ ϶ ϸ , 1 – Ϲ Ͼϴ ϼ , 35 – ϿϹϾ ϼ ϴ ϼ . 

ϥ Ϲϸϼ ϴ Ͼ  ϵ  Ͽ , Ͼϴϵϴ Ϸϴ, Ϲ϶Ϲ Ͻ ϿϹ . Ϝϻ Ͽϼ ϶ϴ Ͻ 
Ͽ ϼϹϽ ϶ ϻϴ ϶Ϲϸ ϼϾϹ ϵϼ ϴϹ  ϹϺ Ͻ ϵϴ ϴ . 
Ϧϼ ϼ  Ϲϸ ϴ϶ϼ ϹϿϹ  Ϲ Ͻ ϴ  ϶Ͽ Ϲ  ϵ ϸ Ͼ. ϖ ϶ ϸ Ϲ ϴ  

ϻϴ ϶Ϲϸ ϼϾϴ ϶ ϸ  ϿϹϸ ϼϹ ϶ϼϸ  ϵ: Ͼ , Ͼϴ, ϹϿ ϸ , ϶ϴϿϹϾ, ϿϹ Ͼ, 
ϿϹϸ ϶ϼ ϾϼϽ ϼϷ. ϕ Ϸϴ ϶  Ͽϼ ϴϹ  ϼ ϴ ϴ ϻϴ ϶Ϲϸ ϼϾϴ. ϦϴϾ, 
ϻϸϹ  ϵ  ϼ Ͻ ϶Ϲ Ͼ, ϵ Ͼ ϶Ϲ ϴ  Ϲ Ϲ϶ϼ ϴ, Ϲ Ͼϴ-϶Ϲ ϼ Ͼϴ, 
ϵ ϸϴ ϴ  ϼ ϸϿϼ ϶ ϴ  Ϲ ϼ, Ϲϵϼ ϴ  ϶ϴ, Ͼ -Ϻ Ͽϴ , 
ϸ ϵ ϶ ϼϾ, ϿϹ Ͻ Ͼ ϹϾ, ϵ Ͼ ϶Ϲ ϴ  Ͼ Ͼ Ͼϴ, Ͽ ϶ϹϽ- ϶ϼ , Ϲϸ Ϸ Ͽ ϶ϴ  
϶ Ͼϴ. 

ϣ ϴϾ ϼ Ϲ Ͼϼ  ϶ ϹϽ Ϲ ϼ ϼϼ ϶ ϶ Ͼ Ϸ  ϵϼ ϴϹ  Ϲ ϴ Ͻ 
Ͼ, ϶ϾϿ Ϲ Ͻ ϶ Ϟ ϴ  Ͼ ϼϷ  ϤϨ. Ϝϻ ϼ  ϻϴ ϶Ϲϸ ϼϾϴ ϶ Ϟ ϴ  Ͼ ϼϷ  

ϤϨ ϶ϾϿ Ϲ : ё Ͻ ϴϼ , ϵϹ Ͼ , Ͽϴ  – ϵϹϿ ϶ , Ͼ Ͽ – ϴ ϴ , Ͼ ϴ, 
ϼϿϼ , Ϻ ϴ϶Ͽ  – Ͼ ϴ ϴ϶Ͼϴ. Ϝϻ ϵ ϻϴ ϶Ϲϸ ϼϾϴ Ϸ ϿϹ  – ϸϴ϶ϴ ϴ  ϻϴ Ϲ Ϲ  ϶ 

Ϟ ϴ  Ͼ ϼϷ  Ϥ ϼϼ. ϣ , ϴ ϼ ϴ   Ϲ ϶ Ϸ  Ϸ ϸϴ ϼ ϹϿ ϶ϴ, ϼ ϴ 
ϺϹ ϼϼ ϶ ϹϷ  Ϲ ϼ ϸϴ Ͼ Ͽ ϴ ϴ ϼϼ Ϲ ϵ ϸϼ  ϶ ϸϼ  ϼ ϼ Ϸ 

ϼ ϿϹ ϼ Ͼ ϴ Ͼ ϼϺ  ϼ ϹϸϾϼ  ϶ϼϸ ϶ ϸϿ  ϴϻ ϴϵ Ͼϼ Ϲ ϼ ϼϽ  
ϼ ϼ ϼϻϴ ϼϼ ϶ ϻϸϹϽ ϶ϼ  ϵ ϹϾ ϶ ϖϼ ϼ Ͼ Ϸ  Ϸϼϸ ϻϿϴ ϴ Ͼ ϴ Ͼ ϼϺ Ϲ ϼ 
ϹϸϾϼϹ ϶ϼϸ  Ϻϼ϶ , ϴ ϴϾϺϹ ϹϸϹϿϼ  Ϲ ϼ ϼ   Ͼ Ϲ ϴ ϼϼ 

Ϲ ϵϴ ϼ  ϶ϼϸϴ   ϼ ϹϿ ϶ϴ Ϸϼϸ ϻϿϴ.  
ϖ ϻϸϹϽ ϶ϼϹ ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϴ Ͼ Ϻϴ  Ϲϸ  ϵ ϸϹ  Ͼϴϻ ϶ϴ  ϶ 

Ϲ ϼ ϸ ϼ ϹϿ ϶ϴ ϼ ϶ Ϲ ϼ ϸ ϸϴϿ ϹϽ ϹϽ Ͼ Ͽ ϴ ϴ ϼϼ ϴ ϼϼ. 
 
7.4.2        

   
 

ϣ ϼ ϼ ϹϿ ϶Ϲ ϖϼ ϼ Ͼ Ϸ  ϗϧ ϶ Ͽ  ϿϹϸ ϼϹ ϶ϼϸ  ϴϵ : 
 ϶ Ϲ Ͼϴ Ϸ ϴ ϼ ϾϿϴϸϼ ϶ϴ ϼϹ ϹϷ  ϶ ϿϹϻ  ϴ  ϵ ё ϶ 

200 000 3; 
 ϸϷ ϶Ͼϴ Ͽ ϴϸϾϼ Ͼ ϼ ϹϿ ϶  ϼ ϹϹ ϵ Ͻ ϶ ; 
 ϴ ϼ Ͼϴ  ϸϹ Ϲ϶ Ϲ϶, Ͼ ϴ ϼϾ ϶ ϼ Ͽϴ ϼ ϶Ͼϴ Ϲ ϼ ϼϼ ϸϿ  

ϼ ϹϿ ϶ϴ ϵ ϹϾ ϶; 
 ϶ ϻ϶ϹϸϹ ϼϹ ϼ ϿϹϸ ϼϽ ϸϹ ϴϺ ϶ Ϲ Ϲ  ϻϸϴ ϼϽ ϼ 
ϺϹ ϼϽ; 
 ϼ ϹϿ ϶  ϶  ϺϹ ϼϽ; 
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 ϼ ϹϿ ϶  ϹϿϾϴ Ͼ Ͽ ϴ ϼ ϹϷ  Ϲ ϴϿϴ ϶ ϴ϶ 
Ͼ Ϸ  ϶ ϸϼ  8 ϵ ϹϺϼ ϼϽ, 1 Ͽ ϶ϴ , 1 ϴϸ ϼ ϼ ϴ ϼ϶ Ϲ ϻϸϴ ϼϹ.  

ϖ Ϲ ϼ ϸ ϼ ϹϿ ϶ϴ Ϲϸ Ϲ  Ϲ ϼ ϼ   ϸϷ ϶ϾϹ Ͽ Ϻϴ 
϶ ϸ ϴ ϼϿϼ ϴ, ϴ ϴϾϺϹ Ϲ ϼ ϼ   ϼ ϼ ϼϻϴ ϼϼ ϶ ϻϸϹϽ ϶ϼ  ϴ 
Ͼ Ϻϴ  Ϲϸ  Ϲ Ϲϸ ϶Ϲ   ϼ ϹϿ ϶ϴ.  

ϖ ϻϸϹϽ ϶ϼϹ ϴ Ͼ Ϻϴ  Ϲϸ  ϶ Ϲ ϼ ϸ ϼ ϹϿ ϶ϴ: 
 ϻϸϴ ϼϹ ϶ ϸ ϴ ϼϿϼ ϴ, ϴ ϴ ϼ  Ͽϴ ϸ ϴ ϶, 

ϾϿϼ ϴ ϼ Ϲ ϾϼϹ ϼϻ Ϲ Ϲ ϼ ;  
 ϸϷ ϶Ͼϴ Ͽ Ϻϴ ϶ ϸ ϴ ϼϿϼ ϴ, ϶  ϼ ϿϹ ϶ ϸϾϴ ϿϹ ϴ ϼ ϴ ϴ ϼ  

Ϲ ϼ ϼϼ;  
 ϶ ϵ  ϻϴϷ ϻ ϼ  ϶Ϲ Ϲ ϶ ϶ ϴ Ϲ  ϴ ϴ Ϲ ϼ ϹϿ ϶ϴ;  
 ϵ ϴϻ ϶ϴ ϼϹ ϼ ϵ ϴ Ϲ ϼϹ  ϸϴ ϼ; 
 ϴ ϼ ϼ ϼ Ͼϼ ϸϿ  ϴ ϹϿϹ ϼ  ϼ Ϲ ϴϿϴ, ϶ ϻϴ Ϲ  

ϼϹ  Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ ϼ ϸϾ  ϼ ϹϿ ϶ϴ ϼ 
Ͼ Ͽ ϴ ϴ ϼϼ ϗϱϥ;  

ϥ ϻϸϴ ϼϹ ϶ ϸ ϴ ϼϿϼ ϴ ϵ ϸϹ  ϶ Ϻϸϴ  ϿϹϸ ϼ ϼ 
Ϲ ϴ ϼ: 
1. Ϩ ϼ ϶ϴ ϼϹ ϶  Ϲ ϶ ϶ ϸ Ϸ , ϿϹϸ ϶ Ϸ  ϼ Ϲ ϼ Ϲ Ͼ Ϸ  

ϹϺϼ ϶;  
2. Ϝϻ Ϲ Ϲ ϼϹ Ϲ ϶ Ϲ Ϲ ϴ ϼ Ϲϸϼ Ϲ ϴ ϼϼ ϴ ϶;  
3. Ϩ ϼ ϶ϴ ϼϹ ϶ Ϸ  Ϸϼϸ ϼ ϼ Ϲ Ͼ Ϸ  ϹϺϼ ϴ ϼ ϼϻ Ϲ Ϲ ϼϹ 

Ͼϴ Ϲ ϶ϴ ϶ ϸ  ϖϼ ϼ  ϶ ϼϺ Ϲ  ϵ Ϲ Ϲ ϖϼ ϼ Ͼ Ϸ  Ϸϼϸ ϻϿϴ; 
4. Ϩ ϼ ϶ϴ ϼϹ ϶ Ϸ  Ϸϼϸ ϵϼ Ͽ Ϸϼ Ϲ Ͼ Ϸ  ϹϺϼ ϴ ϼ ϼϻ Ϲ Ϲ ϼ  

ϵϼ Ͽ Ϸϼ Ϲ Ͼ Ͻ ϸ Ͼ ϼ϶ ϼ ϶ ϸ Ϲ ϴ ϶ ϶ ϻϼ  Ϲ ,  Ϲ Ͻ ϼ  
Ͼ ϼ Ϲ  ϼϻ Ϲ ϼ  ϴ ϻϹ Ͻ. 

ϥ϶ ϸ ϴ϶ϼϿ ϥϣ 104.13330.2016 "Ϝ ϺϹ Ϲ ϴ  ϻϴ ϼ ϴ Ϲ ϼ ϼϼ  
ϻϴ ϿϹ ϼ  ϼ ϸ ϿϹ ϼ " ϔϾ ϴϿϼϻϼ ϶ϴ ϴ  ϹϸϴϾ ϼ  ϥϡϼϣ 2.06.15-85 ( ϶. 

ϼϾϴϻ  Ϡϼ ϼ Ϲ ϶ϴ ϼ ϹϿ ϶ϴ ϼ ϺϼϿϼ -Ͼ ϴϿ Ϸ  ϻ Ͻ ϶ϴ ϤϨ 
 16 ϸϹϾϴϵ  2016 Ϸ. N 964/ ) 

ϛϴ ϼ ϴ  ϻϴ ϿϹ ϼ  ϼ ϸ ϿϹ ϼ  Ϲ ϺϸϹ ϼϽ ϿϹϻ  
ϼ Ͼ ϴϹ  ϼ Ϸ  ϶ ϴϵ Ͼ ϸ ϿϺ ϴ ϵϹ Ϲ ϼ϶ϴ :  

 ϴ  Ϲϸ  ϼ ϼ ϸ  Ͽϴ ϸ ϴ ϶;  
 ϵϹϻ ϴ Ϲ ϶ϹϸϹ ϼϹ Ͼ  ϼ ϸϻϹ  ϴϻ ϴϵ Ͼ 

Ϲ ϺϸϹ ϼϽ ϿϹϻ  ϼ Ͼ ϴϹ , ϶  ϼ ϿϹ Ϲ ϸ  ϴ Ϲ ϼϴϿ ϶;  
 ϼ ϾϿ Ϲ ϼϹ ϶ ϻ Ϻ ϼ Ϲ ϷϹ Ϸ  ϻϴ ϿϹ ϼ  ϼ ϸ ϿϹ ϼ  

Ϲ ϼ ϼϽ ϶ Ϲϻ Ͽ ϴ Ϲ ϴϻ ϴϵ Ͼϼ Ϲ ϺϸϹ ϼϽ ϿϹϻ  ϼ Ͼ ϴϹ . 
ϣ ϹϾ  ϼ ϺϹ Ϲ Ͻ ϻϴ ϼ  ϸ ϿϺϹ  ϵϹ Ϲ ϼ϶ϴ :  
 ϴϸϹϺ  ϻϴ ϼ  ϺϹ ϼϽ, ϼ  ϵϹ Ϲ Ϲϵ Ͻ  

Ͼ Ͽ ϴ ϴ ϼ  ϼ ϴϼ Ϲ ϼ  Ͼ Ͽ ϴ ϴ ϼ  ϻϴ ϴ ϴ ;  
 ϶ ϻ Ϻ  ϶ϹϸϹ ϼ  ϼ Ϲ ϴ ϼ Ϲ Ͼϼ  ϴϵϿ ϸϹ ϼϽ ϻϴ ϴϵ Ͻ ϼ 

Ϲ ϼ Ϲ Ͼϼ  ϼϹ  ϺϹ ϼϽ ϼ ϵ ϸ ϶ϴ ϼ ;  
 ϼ ϴϿ Ϲ ϹϺϼ  Ͼ Ͽ ϴ ϴ ϼϼ ϶ ϸ ϵ , ϶ ϸ Ͼ  

ϼ ϶ ϸ ϻϴϵ  ϺϹ ϼϽ;  
 ϴϾ ϼ ϴϿ Ϲ ϼ Ͽ ϻ ϶ϴ ϼϹ Ϲ  ϼ ϹϿ  ϴ Ϲ ϼϴϿ ϶ ϼ 

ϼ ϸ  Ϲ ϶. 
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ϣ ϼ ϹϾ ϼ ϶ϴ ϼϼ Ϲ ϼ ϼϽ  ϼ ϺϹ Ϲ Ͻ ϻϴ ϼ Ϲ ϴ ϹϿϹ  
Ͼ ϶, ϴϸϴ ϼ  ϶ ϻ  ϻϴ ϿϹ ϼ , ϸ ϿϹ ϼ , ϵϹ ϹϷ ϵ Ϲ ϼ , 

ϸ ϿϺ  ϵ  Ϲϸ Ϲ : 
 Ϲ ϼ Ϲ ϾϼϹ Ϲ ϼ ϼ , ϼ ϾϿ ϴ ϼϹ ϻϴ ϿϹ ϼϹ ϼ ϸ ϿϹ ϼϹ 

ϴ϶Ͽ Ϲ  ϴ ϹϿϹ  Ͼ ϶, Ϲϸ ϼ ϼϽ, ϻϸϴ ϼϽ ϼ ϺϹ ϼϽ, 
ϵϹ Ϲ ϼ϶ϴ ϼϹ ϴϿ Ϲ Ͽ ϶ϼ  ϸϴ ϼ ϵ ϴ ϴ ϹϿϹ ϼ ; 

 Ϲ ϼ Ϲ ϾϼϹ Ϲ ϼ ϼ   ϸ Ϲ ϼ ϶ϴ ϼ  Ϲ Ϲ ϶Ϲ Ϸ  
϶Ϲ Ϸ  Ͼϴ  ϵ ϶Ϲ Ͻ Ϲ ϼ ϼϼ ϼ ϺϹ Ϲ Ͻ ϻϴ ϼ ; 

ϖ ϻϸϹϽ ϶ϼϹ ϴ Ͼ Ϻϴ  Ϲϸ  ϶ Ϲ ϼ ϸ ϼ ϹϿ ϶ϴ ϵ ϸϹ  ϶ ϻϴ  
 ϴϵ Ͻ ϴ϶ ϴ ϴ, ϶ϹϸϹ ϼϹ  ϴϻϿϼ  ϶ϼϸ ϶ ϼ ϹϿ  ϴϵ . 

 
7.4.3       

 
ϣ ϹϾ  ϵ ϴ  ϼ ϵ ϻ Ͻ ϶Ϲ  Ϲ ϼ ϼϽ ϶ ϶Ϲ ϶ϼϼ 

 ϨϹϸϹ ϴϿ  ϻϴϾ   20.12.2004 № 166-Ϩϛ ϸ ϿϺϹ  ϵ  ϴϻ ϴϵ ϴ  ϴ 
϶Ϲ ϵ ϶ ϸ -ϵϼ Ͽ Ϸϼ Ϲ Ͼ Ϸ  ϵ ϶ϴ ϼ  ϼ ϵ ϻ Ͻ ϶Ϲ Ͻ 

ϴ ϴϾ Ϲ ϼ ϼϾϼ ϶ ϸ Ͼϴ. 
ϣ ϹϾ  ϵ ϴ  ϼ ϵ ϻ Ͻ ϶Ϲ  Ϲ ϼ ϼϽ ϸ ϿϺϹ  

ϸϹ Ϻϴ :  
 ϵ ϻ Ͻ ϶Ϲ  Ϲ Ͼ  ϴ Ͼϴ ϹϾϼ ϶ ϻ Ϲ ϵ ϸ ϹϷ  

϶ ϸ ϴ ϼϿϼ ϴ ϼ ϴ ϴ Ͼϴ  ϹϷ  ϶Ͽϼ ϼ  ϶ ϼϺ Ϲ  ϵ Ϲ Ϲ ( ϴ϶ ϼ ϼ ϴ , 
ϵϹ ϼ ϵϼ Ͽ Ϸϼϼ ϵ, ϴ Ͽ ϺϹ ϼϹ Ϲ Ϲ ϼϿϼ , ϴϽ ϶ ϴϷ Ͽϴ ϼ 

ϻϼ ϶Ͼϼ, Ͽ ϶ Ϲ ϻϴ ϴ , ϵ ϸ Ͼ ϼ϶ , Ͽ ϵϼ ϹϿ Ͼ Ϲ 
ϵ Ͽ ϶ ϶ );  

 ϴ Ϲ  ϶ ϻ Ϻ Ϸ  Ϲ ϵϴ ϵ  ϻ Ͻ ϶   ϻϸϴ ϼ  
϶ ϸ ϴ ϼϿϼ ϴ;  

 ϶ ϵ  ϶ϼϸ ϶ ϵ ϸϿ  ϼ ϶ϴ ϼ  Ͽ ϶  ϴϸ, ϼ ϸ  ϼϻ 
ϼ ϸ  ϵϹ ϹϽ ϵ ϸ ϹϷ  ϶ ϸ ϴ ϼϿϼ ϴ ϼ ϹϷ  Ͼ ϼ;  

 Ϲ ϼ ϼ   ϵϹ Ϲ Ϲ ϼ  Ϲ Ϲ ϶Ϲ Ϸ  ϶ ϼϻ϶ ϸ ϶ϴ 
Ϲ  Ͽ ϶  ϵ ϶ ϶ ϸ ϴ ϼϿϼ Ϲ;  

 Ͼϴ ϼ ϴϿ Ϲ ϻϴ ϴ  ϼ Ͼ ϼ Ϲ Ͼ  ϹϾ ϼ϶  
ϵ ϻ Ͻ ϶Ϲ  Ϲ ϼ ϼϽ. 

ϖ Ͼ ϿϹϾ  Ϲ ϼ ϼϽ  ϴ ϼ ϴ Ͻ ϸϷ ϶ϾϹ Ϲ ϼ ϼϼ 
ϻϴ ϿϹ ϼ  ϶ ϶Ϲ ϶ϼϼ  ϶ ϶Ϲ ϶ϼϼ  ϨϹϸϹ ϴϿ  ϻϴϾ   30.03.99 
№ 52-Ϩϛ ϼ ϴ ϼ ϴ ϼ ϴ϶ϼϿϴ ϼ ϹϾ ϼ ϶ϴ ϼ , ϼ ϹϿ ϶ϴ ϼ 
Ͼ Ͽ ϴ ϴ ϼϼ ϶ ϸ ϴ ϼϿϼ  ϸ ϿϺ  ϶ ϸϼ :  

 ϴ ϼ ϴ ϴ  ϼ Ͼϴ Ϲ ϼ ϼϽ ϴ ϹϿϹ  Ͼ ϶, Ϲϸ ϼ ϼϽ, 
ϻϸϴ ϼϽ ϼ ϺϹ ϼϽ, ϸϿϹϺϴ ϼ  ϶ , ϴ ϴϾϺϹ Ϲ  ϴ ϼ϶ Ϸ  
ϻϴϷ ϻ Ϲ ϼ ;  

 ϼ Ͼϴ  ϸ Ϲ϶Ϲ Ͻ ϼ Ͼ ϴ ϼϾ ϶ Ͻ ϴ ϼ ϹϿ ϼ;  
 Ϲ ϼ ϼ  ϶ Ϲ ϴ  ϻϴ Ϲ ϼϽ;  
 ϸϷ ϶Ͼϴ ϼϵ ϹϺ  ϴ Ͼ ϶ ϶ ϸ ϴ ϼϿϼ  Ͼ Ͽ  ϴ ϹϿϹ  

Ͼ ϶ – ϴ ϼ ϴ  ϻ . 
ϥ ϻϸϴ ϼϹ ϶ ϸ ϴ ϼϿϼ  ϸ ϿϺ  ϶ϾϿ ϴ  ϶ Ϲϵ  ϿϹϸ ϼϹ ϴϸϼϼ:  
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 Ϲϸ ϹϾ Ϲ ϴϵ Ͼϼ (϶ϾϿ ϴ  ϴϻ ϴϵ Ͼ  ϵ ϶ϴ ϼ  
ϼ ϶Ϲ ϼ ϼϽ ϼ Ϲϸ϶ϴ ϼ ϹϿ  ϴ Ϲ ϼϴϿ ϶ ϢϖϢϥ);  

 ϼ ϼϹ Ϲ Ϲ ϼ   ϶ ϵ Ϲ ϶ ϴ ϗϱϥ;  
 ϼ ϼϹ Ϲ Ϲ ϼ   ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ ϼ ϹϿ ϶ϴ ϗϱϥ, ϶  

ϼ ϿϹ ϸϷ ϶ϾϹ ϶ ϸ ϴ ϼϿϼ ϴ;  
 ϴϻ ϴϵ Ͼϴ ϹϾ Ͻ ϸ Ͼ Ϲ ϴ ϼϼ;  
 ϴϻ ϴϵ Ͼϴ ϴϵ ϹϽ ϸ Ͼ Ϲ ϴ ϼϼ;  
 ϼ ϼϹ Ϲ Ϲ ϼ   ϴ ϴϿϹ ϼ ϹϿ ϶ϴ ϶ ϸ ϴ ϼϿϼ ϴ;  
 ϼ ϹϿ ϶  ϶ ϸ ϴ ϼϿϼ ϴ ( ϸϷ ϶Ͼϴ Ͽ Ϻϴ ϶ ϸ ϴ ϼϿϼ ϴ);  
 ϼ ϼϹ Ϲ Ϲ ϼ   Ϸ ϶ ϼ ϶ ϸ ϴ ϼϿϼ ϴ Ͼ ϴ Ͽ Ϲ ϼ ; 
 ϴ Ͽ Ϲ ϼϹ ϶ ϸ ϴ ϼϿϼ ϴ;  
 ϶ Ϲ Ϲ ϴ  Ͼ Ͽ ϴ ϴ ϼ  ϶ ϸ ϴ ϼϿϼ ϴ ( ϴ ϴϿ  ϼ ϶ϴ ϼ  

Ͼ ϼ Ϲ  ϶ ϸ ϴ ϼϿϼ ϴ);  
 ϶϶ ϸ ϶ ϸ ϴ ϼϿϼ ϴ ϶ Ͼ Ͽ ϴ ϴ ϼ  ( ϼ ϶ϴ ϼϹ 

϶ ϸ ϴ ϼϿϼ Ͻ Ͼ ϼ Ϲ ). 
Ϣ ϶ Ϲ Ϲ ϼ ϼ   ϴ Ϲ Ͼ Ϻϴ ϹϽ Ϲϸ  ϶ ϸϴ Ͻ Ϲ ϼ ϸ:

 1 Ϣ Ϸϴ ϼϻϴ ϼ Ϲ        
 1.1 Ϥϴϻ ϴϵ Ͼϴ ϼ ϶Ϲ ϺϸϹ ϼϹ ϹϾ ϶ ϴ ϼ϶ ϶ ϹϸϹϿ -
ϸ ϼ  ϶ ϵ ϶ ϶ ϴ Ϲ Ͻ ϶ ϻϸ  (ϣϘϖ) ;    
 1.2 Ϥϴϻ ϴϵ Ͼϴ ϼ ϶Ϲ ϺϸϹ ϼϹ ϹϾ ϶ ϴ ϼ϶ ϶ ϵ ϴϻ ϶ϴ ϼ  

ϸ ϶ ϼ Ͽϼ ϼ ϶ ϴ ϼ  ϴϻ Ϲ Ϲ ϼϹ (ϣϡϢϢϟϤ);     
 1.3 Ϥϴϻ ϴϵ Ͼϴ, ϷϿϴ ϶ϴ ϼϹ ϼ ϶Ϲ ϺϸϹ ϼϹ ϴ ϼ϶ ϶ ϸ ϼ  
ϵ ϶ (ϡϘϥ) ϶Ϲ Ϲ ϶ ϼ ϼϾ Ϸϴ ϼϻ ϶ ϶ ϶ ϸ Ϲ ϵ ϹϾ ;   

 1.4 ϣ Ͽ Ϲ ϼϹ ϴϻ Ϲ Ϲ ϼϽ ϴ ϶ ϵ  ϻϴϷ ϻ ϼ  ϶Ϲ Ϲ ϶ ϶ 
ϴ Ϲ Ͻ ϶ ϻϸ ;          
 1.5 ϣ Ͽ Ϲ ϼϹ ϴϻ Ϲ Ϲ ϼϽ ϴ ϵ  ϻϴϷ ϻ ϼ  ϶Ϲ Ϲ ϶ ϶ ϶ ϸ Ϲ 
ϵ ϹϾ ;   

1.6 Ϣ ϿϹ ϼϹ ϤϹ Ϲ ϼ   Ϲϸ ϴ϶ϿϹ ϼϼ ϶ ϸ Ϸ  ϵ ϹϾ ϴ ϶ 
Ͽ ϻ ϶ϴ ϼϹ ϶ ϹϿ  ϵ ϴ  ϼϿϼ ϸ Ϲ ϴϺ  ϶ ϸ;    

 1.7 Ϥϴ Ϲ  ϼ ϶ Ϲ϶ Ϲ Ϲ Ϲ ϶ Ϲ Ϲ ϼϹ Ͽϴ  ϻϴ ϹϷϴ ϼ϶ Ϲ ϶ ϻϸϹϽ ϶ϼϹ 
ϴ Ͼ Ϻϴ  Ϲϸ ;         

1.8 Ϣ Ϸϴ ϼϻϴ ϼ  ϼ ϶ϹϸϹ ϼϹ ϼϻ϶ ϸ ϶Ϲ Ϸ  Ͼ Ͽ Ϸϼ Ϲ Ͼ Ϸ  
Ͼ Ͽ   

2 ϥϴ ϼ ϴ - Ϲ ϼ Ϲ ϾϼϹ       
 2.1 ϤϴϻϸϹϿ Ϲ ϴϾ ϿϹ ϼϹ ϴ  ϸ ϶  ϶ϼϸϴ  ϸ ϶ ϼ ϾϿϴ ϴ  

ϴ ϼ;            
2.2 Ϥϴϻ Ϲ Ϲ ϼϹ ϸ ϶ ϴ Ϲ ϼϴϿϼϻϼ ϶ϴ  ϼ ϵ ϸ ϶ϴ  ϶ 

϶Ϲ ϶ϼϼ  Ϲϵ ϶ϴ ϼ ϼ ϻϴϾ ϸϴ ϹϿ ϶ϴ ϿϼϷ ϴ  ;   
 2.3 ϣϹ Ϲϸϴ ϴ ϴ ϼ Ͽ ϻ ϶ϴ ϼϹ Ͽ ϴ Ϲ  ϼ ϶Ϲ  Ϲ ϴϿϿ ϶, 

ϸ ϶ ϾϴϵϹϿ Ͻ ϸ Ͼ ϼϼ;        
 2.4 ϣϹ Ϲϸϴ ϴ ϴϵ ϴ  ϴ ϹϿ ϴ ϵϹϻ϶ ϹϺϼ϶ϴ ϼϹ 

Ϲ ϼϴϿϼϻϼ ϶ϴ Ͻ Ϸϴ ϼϻϴ ϼϼ;        
 2.5 ϧ Ϲ  ϵ ϴϻ ϶ϴ ϼ , ϼ Ͽ ϻ ϶ϴ ϼ , Ϲ Ϲϸϴ ϼ ϸ ϶  ϹϷϼ ϴ ϼϹϽ 
϶ Ϻ ϴϿϴ ;           
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2.6 Ϣ Ϸϴ ϼϻϴ ϼ  Ͼ Ͽ  ϻϴ ϵϿ ϸϹ ϼϹ  ϴ ϶ϿϹ   ϴ ϼ϶ ϶ 
ϣϘϖ  

2.7 Ϣ Ϸϴ ϼϻϴ ϼ  ϼ Ϲ ϶ϿϹ ϼϹ Ͼ Ͽ  Ͼϴ Ϲ ϶ϴ  , 
ϸ Ϲ ϴϺ  ϼ ϼ ϸ  ϶Ϲ  ϶ ϸ;      

2.8 ϥ ϵϿ ϸϹ ϼϹ ϹϺϼ ϴ ϻ Ͻ ϶ ϶ϴ ϼ  ϶ ϶ ϸ ϴ Ͻ ϻ Ϲ;  
 2.9 ϣϹ Ϲϸϴ ϴ ϻ Ͻ ϶Ϲ  ϵ ϶   ϶ ϸ Ϲ ϼϴϿϼϻϼ ϶ϴ Ͻ 

Ϸϴ ϼϻϴ ϼϼ ϴ ϵϹϻ϶ ϹϺϼ϶ϴ ϼϹ;      
2.10 Ϣ Ϸϴ ϼϻϴ ϼ  Ͼ ϴ϶ ϴ ϴ ϶ Ϲ ϼϴϿ - ϵ ϸ ϶ϴ  

Ϲ ϴ , ϼ Ϲ ϼ  ϶Ϲ ϸ Ϲ Ͼ ϼϹ. 
 
7.4.4 ,     

 
ϖ Ϲ ϼ ϸ ϼ ϹϿ ϶ϴ ϵ ϸϹ  ϶ Ͽ  ϵ Ͽ Ͻ ϵ ё  ϼ ϹϿ -

ϴϺ  ϴϵ , ϿϹϸ ϶ϴ ϹϿ , ϵ ϸϹ  ϵ ϴϻ ϶ ϶ϴ  ϵ Ͽ Ϲ Ͼ Ͽϼ Ϲ ϶  
ϸ ϶, ϶  ϼ ϿϹ:  

1. ϟ  ϵϹ  ϼϻϸϹϿϼϽ, ϸ  ϵϹ ϴ ϶ Ͼ Ͼ ϶ Ͻ Ϲ (Ͼ ϸ ϸ ϶ 
 ϨϞϞϢ – 2014 Ϸ. 82220101215 ( Ϲϸ.  16.08.2016)):  

 = ∙ % ∙ , ,                                                                                                 (7.1) 

 
ϷϸϹ     – ϵ ё  ϵϹ  ϴϵ ,   ; 

 – ϸϹϿ Ͻ ϴ ϼ϶ ϵ ϴϻ ϶ϴ ϼ , % = , % ; 
 – Ͽ  ϵϹ ϴ, /  = ,  / . 

 = ∙ ,% ∙ , =  . 

 
2. ϟ  ϼ ϸ , ϸϹ Ϻϴ ϼϹ ϹϻϴϷ ϻ ё Ϲ ё Ϲ Ϲ ϴϿϿ  ϶ ϶ϼϸϹ 

ϼϻϸϹϿϼϽ, Ͼ Ͼ ϶, Ϲ ϼ ϶ϴ Ϲ (Ͼ ϸ ϸ ϶  ϨϞϞϢ – 2014 Ϸ. 46101001205 
( Ϲϸ.  16.08.2016)):  

 = ∙ % ∙ , ,                                                                                                 (7.2) 

 
ϷϸϹ     – Ͼ Ͽϼ Ϲ ϶  ϴ ϴ ,   ; 

 – ϸϹϿ Ͻ ϴ ϼ϶ ϵ ϴϻ ϶ϴ ϼ , % = , % ; 
 – ϸϹϿ Ͻ ϶Ϲ  ϴ ϴ , /  = ,  / . 

 = ∙ ,% ∙ , = ,  .  

 
ϦϴϾϼ  ϵ ϴϻ , ϶ Ϲϻ Ͽ ϴ Ϲ ϼ ϹϿ ϶ϴ ϵ ϸϹ  ϵ ϴϻ ϶ϴ  31675  

Ͽ ϴ ϵϹ  ϼϻϸϹϿϼϽ ( ϸ  ϵϹ ϴ ϶ Ͼ Ͼ ϶ Ͻ Ϲ) ϼ 2  ϸ ϶ 
ё  Ϲ ϴϿϿ ϶ ϶ ϶ϼϸϹ ϼϻϸϹϿϼϽ, Ͼ Ͼ ϶. Ϣ ϸ  ϵϹ ϴ ϸ ϿϺ  ϵ  ϶ ϶ϹϻϹ  
ϴ ϻϴ Ϲ ϼϹ ϴ Ϲ ϼϴϿϼϻϼ ϶ϴ Ͻ ϿϼϷ . Ϣ ϸ  ё Ϸ  Ϲ ϴϿϿϴ 

ϸ ϿϺ  ϵ  Ϲ Ϲϸϴ  Ϲ ϼϴϿϼϻϼ ϶ϴ Ͻ Ϸϴ ϼϻϴ ϼϼ, ϼ Ϲ ϹϽ Ͽϼ Ϲ ϻϼ  
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ϴ ϻϴϷ ϶Ͼ  Ͽ ϴ ё  Ϲ ϴϿϿ ϶ ϶ ϹϿ  ϸϴϿ ϹϽ ϹϽ Ϲ Ϲ Ͽϴ϶Ͼϼ, ϴϾ ϾϴϾ 
ё Ͻ Ϲ ϴϿϿ ϶Ͽ Ϲ  ϶ ϼ  Ϲ .  

 
7.4.5        

   
 
ϖ Ϲ ϼ ϸ Ͼ Ͽ ϴ ϴ ϼϼ ϖϼ ϼ Ͼ Ϸ  ϗϧ ϶ ϻϸϹϽ ϶ϼϹ ϴ Ͼ Ϻϴ  

Ϲϸ  ϵ ϸϹ  Ͼϴϻ ϶ϴ : 
1) ϥϵ   (ϸ Ϲ ϴϺ , ϸ ϺϸϹ϶  ϼ ϴϿ ) ϶ ϸ; 
2) ϖ ϵ ϴ ϼ ϶ ϴ Ϲ  : Ϲ ϼ ϸϼ Ϲ Ͼ Ϸ  ϵ ϶ϴ ϼ  ϸϼϻϹϿ - 

ϷϹ Ϲ ϴ ϶, ϶ϴ  ϼ Ͼ ϴ  ϴϵ , ϶ ϸϼ  ϶ Ϲ ϼ ϸ ϹϾ ϼ  ϼ 
Ͼϴ ϼ ϴϿ  Ϲ ϶; 

3) Ϣϵ ϴϻ ϶ϴ ϼϹ  ϸ ϶ ϼ Ͼ Ͽ ϴ ϴ ϼϼ, Ϲ ϵ Ͽ Ϻϼ϶ϴ ϼϼ ϼ 
ϹϾ ϼ  Ͼϴ ϼ ϴϿ  Ϲ ϴ  ϵ ϸ ϶ϴ ϼ , ϼϻ϶ ϸ ϶Ϲ  ϻϸϴ ϼϽ ϼ 

ϺϹ ϼϽ; 
4) ϡϴ Ϲϸ  ϵϼ ϴ ϼ  ϴ ϹϿϹ ϼ  ϵϿϼϻϿϹϺϴ ϼ  ϴ ϹϿϹ  Ͼ ϶, 

϶ ϻϴ Ϲ  Ϲ  ϼ ϹϿ ϶ϴ ϼ Ͼ Ͽ ϴ ϴ ϼϼ ϗϱϥ ϼ ϼϹ  
Ϸϼϸ Ϲ ϼ Ϲ Ͼϼ  ϺϹ ϼϽ. 

ϘϿ  ϵϹ Ϲ Ϲ ϼ  ϴϿ Ͻ ϴϵ  ϗϱϥ Ϲϵ Ϲ  ϼ Ϲ Ϲ ϼϹ 
ϵϼ Ϸ  ϴ Ͽϴ, ϴ ϴ Ϸ , Ϸϼϸ ϴ϶Ͽϼ Ϲ Ͼ Ϸ , ϼ ϸ ϼϴϿ Ϸ , ϼ 

Ͼ Ϲ Ϸ  ϴ ϹϿ,  ϺϹ  ϼ϶ ϸϼ  Ͼ ϴϸϴ ϼ  Ϲ Ϲ ϸ Ͼ ϶ ϶ 
϶Ϲ Ϲ ϶ ϸ . Ϟ Ϲ Ϸ , ϸϿ  ϵϹ Ϲ Ϲ ϼ  ϵ ϶Ϲ  Ϻϸ 
Ϲϸ ϼ ϼ  Ϲϵ Ϲ  ϹϵϿϹ ϼϹ ϹϸϹϿё Ϸ  ϵ ё ϴ ϶ ϸ . 

ϛϴ ϴ ϿϹ Ϲ Ͼϼ ϗϱϥ ϸ ϿϺ  ϴ  ϴ Ϲ ϼϴϿ Ϲ 
ϴ Ͽ ϼ ϼ ϹϿ Ϲ ϴ ϶Ͼϼ. ϖ ϴ϶ϴ ϼϽ Ͻ ϼ ϴ ϼϼ ( Ϻϴ  ϴ Ͽ ϴϸϼ 
ϴ ϴ ϴ) Ͼϼ ϶ ϸ   Ϻϴ Ϲ ϼ  ϼ ϴ Ͽϴ ϵϼ ϴ  ϶ 
Ϲ ϼϴϿ Ϲ ё Ͼ ϼ – ϶ ϵϴϾϼ ϴ϶ϴ ϼϽ Ϸ  Ͽϼ϶ϴ ϴ Ͽϴ. 

Ϟ Ͼϴ ϹϷ ϼϼ ϼϻ϶ ϸ ϶Ϲ  Ͼ ϶, Ϲ Ϲϵ ϼ  ϼ Ͼϼ 
( ϴ ϼ϶ – ϼ Ϲ ϶ ϸ ), Ϲ Ϲ  ϶ ϸ , ϼϸ ϼϹ ϴ ϿϴϺϸϹ ϼϹ 
ϵ ϸ ϶ϴ ϼ , ϼ Ϲ ϶ ϸ   Ϻϴ Ϲ ϼ  ϾϴϵϹϿ  Ϲ Ϲ ϼϽ. ϱ ϼ 

϶ ϸ  Ϲ ϻϴϷ ϻ  ϶ Ϲ Ϲ ϼ Ͽ ϻ ϶ϴ ϼ  ϼ ϶ ϸ  ϶ ϼϺ ϼϽ ϵ Ϲ  ϵϹϻ 
ϼ Ͼϼ. 

ϖ Ϲ ϼ ϸ Ͼ Ͽ ϴ ϴ ϼϼ ϗϱϥ ϶ ϼ Ϲ ϼ ϼ ϼ  ϴ Ϲ 
Ͼ Ϻϴ ϹϽ Ϲϸ  ϶Ͽ : 

1. ϤϹϷ Ͽϼ ϶ϴ ϼϹ ϶ ϸ  ϹϺϼ  ϶ ϸ Ͼϴ; 
2. Ϣ ϼ Ͼϴ ϶ ϸ , ϵ ϴ ϶ϴϹ Ͻ ϶ ϶ ϸ Ϲ ϵ ϹϾ ; 
3. ϢϵϹ Ϲ Ϲ ϼϹ Ͽ ϶ϼ  Ϲ ϴϸϴ ϼ  ϴ ϹϿ ϼ ϸ Ϸϼ  ϻϴϷ ϻ ϼ  

϶Ϲ Ϲ ϶ ϶ ϶ ϸ Ͻ ϵ ϹϾ ; 
4. ϣ ϼ ϶ϹϸϹ ϼϼ Ϲ ϶ ϸ ϿϺ  ϵϹ Ϲ ϼ϶ϴ  Ϲ ϴϸϴ ϼϹ 

ϻϴϷ ϻ ϼ  ϶Ϲ Ϲ ϶ ϶ ϶ ϸ Ϲ ϵ ϹϾ . 
ϥ ϷϿϴ  ϥϣ  2.1.4.1110-02 «ϛ  ϴ ϼ ϴ Ͻ ϴ  ϼ ϼϾ ϶ 

϶ ϸ ϴϵϺϹ ϼ  ϼ Ϲ϶ Ϸ  ϴϻ ϴ Ϲ ϼ » Ϲϵ Ϲ  ϶ Ͽ Ϲ ϼϹ Ϲ ϼ ϼϽ  
Ϲ ϸ Ϲ ϼ  Ͼϴ Ϲ ϶ϴ ϶ ϸ  ϹϾϼ ϖϼ ϼ   ϵ ϶ ϖϼ ϼ Ͼ Ͻ ϗϱϥ ϼϺϹ  
Ϲ Ϲ ϼ  ϹϾϼ.  
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ϤϹϺϼ  ϼ Ͽ ϻ ϶ϴ ϼ  ϻ  ϴ ϼ ϴ Ͻ ϴ  ϼ ϼϾ ϶ (ϛϥϢ) ϼ Ϲ϶ Ϸ  
϶ ϸ ϴϵϺϹ ϼ  Ϸ ϸϴ ϕ ϸϴϽϵ , ϶ ϹϸϹϿϴ  Ͽ ϴϸ Ͼ ϵ ϹϾ ϶ ϖϼ ϼ Ͼ Ͻ 
ϗϱϥ ϹϷϿϴ Ϲ ϼ Ϲ  Ϲϵ ϶ϴ ϼ ϼ ϥϴ ϣϼϡ 2.1.4.1110-02 : 

 ϶ Ϲ ϶  Ϲ ϛϥϢ Ϲ ϸ ϾϴϹ  Ͼ Ͽ ϵ   ϶ ϸ, ϶  
ϼ ϿϹ  ϶ ϸ ϶ ϸ Ϸ  ϴ ϴ; 

 ϶ ϶ϿϹ ϼϹ ϵ ϹϾ ϶ ϻϴϷ ϻ ϼ  ϼ ϼϾ ϶ ϶ ϸ ϴϵϺϹ ϼ ,  
ϴϻ ϴϵ Ͼ Ͻ Ͼ Ͼ Ϲ  ϶ ϸ ϴ  Ϲ ϼ ϼϽ , ϵϹ Ϲ Ϲ  ϼ ϼϾ  
ϼ ϴ ϼ ϶ϴ ϼ , ϸ ϸ ϼ Ϸϴ ϼϻϴ ϼ ϼ ϼ ϷϿϴ ϶ϴ   Ϲ  

Ϸ ϸϴ ϶Ϲ Ϸ  ϴ ϼ ϴ - ϼϸϹ ϼ Ͽ Ϸϼ Ϲ Ͼ Ϸ  ϴϸϻ ϴ.  
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8 -    
 

8.1 ё        
 

 
8.1.1  ё    

 
ϣ ϹϾ ϼ ϶ϴ ϼϹ ϗϱϥ Ϲϸ ϿϴϷϴϹ  ϶ Ͽ Ϲ ϼϹ ϹϸϹϿϹ  ϴ ϶, 

ϴ ϼ ϴ   ϻϹ Ͽ  ϴϵ  ϼ ϻϴϾϴ ϼ϶ϴ  ϴ ϶Ͼ Ͻ ϵ ϸ ϶ϴ ϼ , ϼ ϴ  
Ͼ ё  Ͼϴϻϴ  ϶ ϾϴϿϹ ϸϴ  Ϸ ϴ ϼϾϹ. ϥ ϴ϶ϿϹ Ͻ Ϸ ϴ ϼϾ ϻ϶ Ͽ Ϲ  

ϹϸϹϿϼ   ϵ ё ϶ ϹϴϿϼϻϴ ϼϼ ϿϹϾ Ϲ Ϸϼϼ ϶ Ϲ ϶ Ϲ Ϸ ϸ  
Ͼ Ͽ ϴ ϴ ϼϼ ( ϴϵϿϼ ϴ 8.1). 

 
ϦϴϵϿϼ ϴ 8.1 – Ϣ Ϲ Ͼϴ ϵ ё ϶ ϹϴϿϼϻϴ ϼϼ ϿϹϾ Ϲ Ϸϼϼ ϶ Ϲ ϶ Ϲ Ϸ ϸ  
Ͼ Ͽ ϴ ϴ ϼϼ  

ϡϴϼ Ϲ ϶ϴ ϼϹ Ͼϴϻϴ ϹϿ  
ϙϸϼ ϼ ϴ 

ϼϻ Ϲ Ϲ ϼ  
ϗ ϸ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ 

2025 2026 2027 2028 2029 
ϧ ϴ ϶ϿϹ ϴ   Ϡϖ  1148 1148 1148 1148 1148 

ϫϼ Ͽ  ϴ ϶ ϼ Ͽ ϻ ϶ϴ ϼ  
ϴ ϶ϿϹ Ͻ ϼ 

ϫϴ  4364 4364 4364 4364 4364 

ϖ ϴϵ Ͼϴ ϿϹϾ Ϲ Ϸϼϼ ϻϴ 
Ϸ ϸ 

Ϡϖ ·  5010046 5010046 5010046 5010046 5010046 

Ϥϴ ϸ ϿϹϾ Ϲ Ϸϼϼ ϴ 
ϵ ϶Ϲ Ϲ Ϻϸ  

% 0,5 0,5 0,5 0,5 0,5 

Ϥϴ ϸ ϿϹϾ Ϲ Ϸϼϼ ϴ 
ϵ ϶Ϲ Ϲ Ϻϸ  ϻϴ Ϸ ϸ 

Ϡϖ ·  25050,2 25050,2 25050,2 25050,2 25050,2 

Ϣϵ Ϲ  ϹϴϿϼϻϴ ϼϼ 
ϿϹϾ Ϲ Ϸϼϼ ϻϴ Ϸ ϸ 

Ϡϖ ·  4984996 4984996 4984996 4984996 4984996 

Ϧϴ ϼ  ϴ ϿϹϾ Ϲ Ϸϼ  ϵ/ Ϡϖ ·  1175,0 1206,0 1235,0 1262,0 1289,0 
ϖ Ͼϴ  ϹϴϿϼϻϴ ϼϼ 

ϿϹϾ Ϲ Ϸϼϼ ϻϴ Ϸ ϸ 
Ͽ . ϵ. 5857,4 6011,9 6156,5 6291,1 6425,7 

ϡϘϥ Ͼ ϶ ϾϹ Ͽ . ϵ 976,2 1002,0 1026,1 1048,5 1070,9 
 

Ϝ ϸ  ϼϻ ϴϵϿϼ , Ϻ  ϸϹϿϴ  ϶ ϶ ϸ,  ϶ Ϸ ϸ  ϼ ϹϿ ϶ϴ 
ϹϾ ϴ  2025  2029 Ϸ ϸ  ϴϵϿ ϸϴϹ  ϶ϹϿϼ Ϲ ϼϹ ϴ ϼ ϶ ϴ 

ϿϹϾ Ϲ Ϸϼ , ϼ ϸ  ϼϻ ϹϷ  ϴϵϿ ϸϴϹ   ϶ Ͼϼ. 
 

8.1.2     
 
Ϩ ϼ ϶ϴ ϼϹ ϹϾ ϼ  ϴ ϸ ϶ ϶ Ͽ Ϲ  ϴ ϶ϴ ϼϼ «ϣϔϢ 

«Ϥ ϗϼϸ »  16.01.2017 №9 - «ϙϸϼ Ϲ Ϲ ϴ Ϲ Ͽ ϶ϼ  ϣϔϢ «Ϥ ϗϼϸ » 
ϴ 2017-2042 ϷϷ.  Ϲ  ϹϴϿϼϻ ϶ϴ Ͻ ϿϹϾ Ϲ Ϸϼϼ. 

ϙϸϼ Ϲ Ϲ ϴ Ϲ Ͽ ϶ϼ  Ϲϸ ϴϻ ϴ Ϲ  ϸϿ  ϼ ϼϾϴ ϼϼ ϼ ϸ Ͻ 
ϼ ϴ ϼϼ ϶ ϹϿ  ϵϹ Ϲ Ϲ ϼ  Ϲϸϼ Ϸ  ϸ ϸϴ ϼ ϼ ϶ϴ ϼϼ 

Ϸ ϻ  ϸ Ͼ Ϲ ϶ ϴ Ϲϸ Ϲ Ͻ ϼ ϸ ϿϷ Ͻ Ϸ ϼϻ  
Ͽϴ ϼ ϶ϴ ϼ  ϶ Ϲ ϼ Ͼ ϼ ϸ ϴϻϸϹϿϹ ϼ ϼ ϣϔϢ «Ϥ ϗϼϸ », 
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ϸ Ϲ ϼ ϼ ϼ ϻϴ϶ϼ ϼ ϼ ϵ Ϲ ϶ϴ ϼ ϣϔϢ «Ϥ ϗϼϸ », ϸ Ϲ ϼ ϼ ϼ 
ϻϴ϶ϼ ϼ ϼ ϵ Ϲ ϶ϴ ϼ ϘϛϢ ϣϔϢ «Ϥ ϗϼϸ ». 

ϙϸϼ Ϲ Ϲ ϴ Ϲ Ͽ ϶ϼ  Ϲϸ ϴ϶Ͽ  ϵ Ͻ Ϲ Ϲ Ϲ  ϴϼϵ ϿϹϹ 
ϻ ϴ ϼ  Ͼϴϻϴ ϹϿϹϽ, ϴ ϴϾϺϹ Ͽ ϶ϼϽ ϼ ϸ Ϲ ϼϽ, Ϲ ϵ ϸϼ  ϸϿ  

ϸϷ ϶Ͼϼ ϴ Ϲ ϶ ϶ ϴ Ͼϴ  ϼ ϶ϴ ϼ  Ϸ ϻ  ϸ Ͼ Ϲ ϶ ϴ 
Ϲϸ Ϲ  ϼ ϸ ϿϷ  Ϲ ϹϾ ϼ϶ , ϶ϾϿ ϴ  ϶ϹϸϹ ϼϹ ϴ Ϲ ϴ 

ϴ ϴ Ϲ ϶ Ͼ ϼ Ϲ Ͼ Ͻ ϹϾ ϼ϶ ϼ ϼ ϶Ϲ ϼ ϼ  ϹϾ ϶. 
ϛϴ ϴ , Ϲ ϵ ϸϼ Ϲ ϸϿ  ϻϸϴ ϼ  ϸ Ͼ ϼϼ, ϴϻ ϶ϴ  ϹϾ ϼ ϼ 

ϴ ϸϴ ϼ,  ϸϹ ϹϺ Ϲ Ϲϸ ϶ϴ, Ϲ ϵ ϸϼ Ϲ ϸϿ  Ϸϴ ϼϻϴ ϼϼ 
ϼϻ϶ ϸ ϶Ϲ Ϸ  Ϲ ϴ ϼ ϻϸϴ ϼ  ϸ Ͼ ϼϼ, ϴϵ  ϼϿϼ Ͽ Ϸ. 

ϥϹϵϹ ϼ  ϸ Ͼ ϼϼ Ϲ Ϲϸ ϶Ϲ  ϻϴ϶ϼ ϼ   ϹϾ ϼ  ϴ ϸ ϶ 
Ϲϸ ϼ ϼ , ϴϾ ϾϴϾ ϴ ϴϾ Ϲ ϼϻ Ϲ  ϶ϹϿϼ ϼ  ϻϴ ϴ , ϼ ϸ ϼ  ϴ Ϲϸϼ ϼ  
ϸ Ͼ ϼϼ. Ϣ Ϲ϶ϼϸ ,  ϶ Ϲ ϴϾ , ϶Ͽϼ ϼϹ ϴ ϼ ϶ϴ ϼϹ ϴ ϸ ϶, 

Ͼϴϻ ϶ϴ  Ϲ Ϲϸ ϶Ϲ Ϲ ϶Ͽϼ ϼϹ ϼ ϴ ϹϵϹ ϼ  ϸ Ͼ ϼϼ. 
ϦϹϾ ϼϹ ϴ ϸ   Ϸϼϸ ϻϿ  ϶ϾϿ ϴ  ϶ Ϲϵ : 
- ϴ ϼϻϴ ϼ Ϲ ϼ ϿϹ ϼ ; 
- ϴ ϸ   ϴ ϶ϴ ϼ  ϼ Ϲ ϶ϴ; 
- Ͼ Ͽ ϴ ϴ ϼ Ϲ ϴ ϸ ; 
- ϴ ϸ  ϴ Ϲ  ϼϻ϶ ϸ ϶Ϲ  ϸ ϶;  
- ϴ ϸ  ϴ Ͽ Ϸϼ ϹϷ Ͽϼ ϼ  Ϸϴ ϼϻϴ ϼϽ; 
- ϴϿ Ϸ ϴ ϶ ϸ . 
ϔ ϼϻϴ ϼ Ϲ ϼ ϿϹ ϼ  ϹϸϹϿ   ϾϴϺϸ  ϶ϼϸ  ϴϾ ϼ϶ϴ, ϶ 

϶Ϲ ϶ϼϼ  ϴ ϼ ϴ Ͻ Ͻ ϴ ϼϻϴ ϼϼ. 
Ϥϴ ϸ   ϴ ϶ϴ ϼ  ϼ Ϲ ϶ϴ ϼ ϼ ϴ  ϶ ϴϻ Ϲ Ϲ (   

϶ ϴ ϶ϼ ϹϿ Ͻ ϼ ϼ ϼ Ϲ ϶ϴ ϵ ϹϾ ϶ ϶  Ϲϸ ϶ ϼ ϵ ϹϾ ϶ 
Ϲϻϴ϶Ϲ Ϲ Ϸ  ϼ ϹϿ ϶ϴ, ϹϸϹϿϹ Ͻ ϸϿ  ϹϿϹϽ ϴ ϶ϴ ϼ ,  Ϲ  

ϼ ϴ ϵϴϿϴ ϶ Ͻ ϼ ϼ ϶  Ϲϸ ϶  Ϲϻϴ϶Ϲ Ϲ Ϸ  
ϼ ϹϿ ϶ϴ ϻϴ ϼ ϹϾ ϼϽ Ϲ ϼ ϸ  ϸϴ  ϿϹϸ ϹϷ  ϹϸϹϿϹ ϼ  

϶ ϴ ϶ϼ ϹϿ Ͻ ϼ ϼ): 0,08%. 
ϱϾ Ͽ ϴ ϴ ϼ Ϲ ϴ ϸ  ( Ͽϴ ϴ ϸϴ, ϼϻ϶ ϸ ϶Ϲ Ϲ ϻϴ ϴ , 

ϼϹ ϴ ϸ )  ϗϱϥ ϹϸϹϿ  ϶ ϴ Ϲ Ϲ ϴ 1 Ϡϖ  ϴ ϶ϿϹ Ͻ 
ϼ. 

ϱϾ Ͽ ϴ ϴ ϼ Ϲ ϴ ϸ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 8.2. 
 

ϦϴϵϿϼ ϴ 8.2 – ϱϾ Ͽ ϴ ϴ ϼ Ϲ ϴ ϸ  Ϸϼϸ ϻϿϴ  

 
Ϣ ϼ ϿϹ ϼ  ϴ Ϲ  ϶  ϼϻ϶ ϸ ϶Ϲ  ϸ ϶ ϹϸϹϿ  

ϼ ϸ  ϼϻ ϶ϹϿϼ ϼ  ϼ  ϼ ϼ, ϸϹϿ Ϲ ϻ ϴ Ϲ ϼ  ϴ ϸ ϶ ϴ Ϲ  ϶ 
Ϲ ϴ  Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 8.3.  
 
 

ϡϴϼ Ϲ ϶ϴ ϼϹ  ϥ ϴ϶Ͼϴ, . ϵ./Ϡϖ  ϥ ϴ, Ͽ . ϵ. 
Ϥϴ ϸ  ϴ Ͽϴ  ϸϴ 255,2 292,980 

ϣ ϼϹ 274,0 314,563 
Ϝ Ϸ   ϗϱϥ  607,543 
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ϦϴϵϿϼ ϴ 8.3 – ϧϸϹϿ Ϲ ϻ ϴ Ϲ ϼ  ϴ ϸ ϶ ϴ Ϲ   
ϱ ϴ  Ϻϼϻ Ϲ Ϸ  ϼϾϿϴ ϹϾ ϴ (ϿϹ ) 

 1 ϸ  5  6 ϸ  15  16 ϸ  25 ϶ Ϲ 25 
0,02 0,027 0,035 0,04 

 
Ϥϴ ϼ ϶ϴ  Ͽ Ϸϼ ϹϷ Ͽϼ ϼ  Ϸϴ ϼϻϴ ϼϽ ϼ ϸ  ϼϻ ϴ϶ Ͼ ϶ 

϶Ϲ ϶ϼϼ Ϲϸϼ  Ϲ ϴ  Ͽ ϶ϼ  ϣϔϢ «Ϥ ϗϼϸ », Ϲϻ Ͽ ϴ  
Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 8.4.  

 
ϦϴϵϿϼ ϴ 8.4 – Ϥϴ ϸ  ϴ Ͽ Ϸϼ ϹϷ Ͽϼ ϼ  Ϸϴ ϼϻϴ ϼϽ  

 
ϡϴϿ Ϸ ϴ ϶ ϸ  ϶ ϴ ё Ϲ ϴ 1 . ∙  ϶ ϶Ϲ ϶ϼϼ  ϡϴϿ Ϸ ϶  

Ͼ ϸϹϾ  ϤϨ (ϙϥϧ ϣϔϢ «Ϥ ϗϼϸ ») ϸϿ  ϹϾϼ ϣ ϸϾϴ Ϲ ϴ  Ϧ Ϸ Ͼϴ 
ϴ϶Ͽ Ϲ  4,8 ϵ.  

ϦϹϾ ϼϹ ϻϴ ϴ   Ϸϼϸ ϻϿ  ϶ Ϲ ϶ Ϲ Ϸ ϸ  Ͼ Ͽ ϴ ϴ ϼϼ ϼ϶ϹϸϹ  ϶ 
ϴϵϿϼ Ϲ 8.5. 

 
ϦϴϵϿϼ ϴ 8.5 – ϦϹϾ ϼϹ ϻϴ ϴ   Ϸϼϸ ϻϿ  ϶ Ϲ ϶ Ϲ Ϸ ϸ  Ͼ Ͽ ϴ ϴ ϼϼ 

ϡϴϼ Ϲ ϶ϴ ϼϹ 
ϗ ϸ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ 

2025 2026 2027 2028 2029 
ϔ ϼϻϴ ϼ Ϲ ϼ ϿϹ ϼ , Ͽ . ϵ. 133,96 167,42 170,69 170,69 170,69 

Ϥϴ ϸ  ϴ ϴ ϶ϴ ϼϹ, Ͽ . ϵ. 91,07 98,75 97,48 95,51 93,54 
ϱϾ Ͽ ϴ ϴ ϼ Ϲ ϻϴ ϴ , Ͽ . ϵ. 607,5 607,5 607,5 607,5 607,5 
Ϥϴ ϸ  ϴ Ϲ  ϼϻ϶ ϸ ϶Ϲ  

ϸ ϶, Ͽ . ϵ. 1,58 2,31 2,53 2,49 2,44 

Ϥϴ ϸ  ϴ Ͽ Ϸϼ ϹϷ Ͽϼ ϼ  
Ͼ ϴ ϼϽ, Ͽ . ϵ. 120,01 120,01 120,01 120,01 120,01 

ϡϴϿ Ϸ ϴ ϶ ϸ , Ͽ . ϵ. 47,61 47,61 47,61 47,61 47,61 
Ϝ Ϸ , Ͽ . ϵ. 1001,78 1043,65 1045,87 1043,85 1041,84 

 
Ϝϻ ϴϵϿϼ  ϹϾ ϼ  ϻϴ ϴ  ϿϹϸ Ϲ  , ϼ  ϻ ϴ Ϲ ϼ  ϴϿ Ϸϴ 

ϴ ϶ ϸ , ϴ ϸ ϶ ϴ Ϲ , ϴ ϸ ϶ ϹϷ Ͽϼ ϼ  Ͼ ϴ ϼϽ ϴϵϿ ϸϴϹ  
 ϸϹ ϹϺ  ϻϴ ϴ . 

ϘϿ  ϵ Ͽ ϹϽ ϴϷϿ ϸ ϼ ϹϾ ϼϹ ϻϴ ϴ   Ϸϼϸ ϻϿ  Ϲϸ ϴ϶ϿϹ  ϶ 
϶ϼϸϹ ϸϼϴϷ ϴ  ( ϼ Ͼ 8.1).  
  

ϡϴϼ Ϲ ϶ϴ ϼϹ  ϥ ϴ϶Ͼϴ ϥ ϴ, Ͽ . ϵ. 
ϢϔϢ «ϥϢ – ϙϱϥ» 135,38 . ϵ/Ϡ϶  64,625 

ϡϣ ϔϦϥ (ϴϸ ϼ ϼ ϴ  
Ϸ ϶ Ͻ ϼ Ϲ ) 0,001097 . ϵ/Ϡ϶ ·  3,992 

ϪϨϤ ( Ϲ  ϼ ϴ ϶  
ϴ ё ϶) 0,000318 . ϵ/Ϡ϶ ·  1,389 

Ϝ Ϸ   70,005 
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Ϥϼ Ͼ 8.1 – ϥ Ͼ ϴ ϹϾ ϼ  ϻϴ ϴ   Ϸϼϸ ϻϿ , % 

 
ϖ Ͼ Ϲ ϹϾ ϼ  ϻϴ ϴ  ϴϼϵ Ͽ ϴ  ϸ Ͽ  Ϲϸ ϶ ϼ ϸϼ  ϴ 

Ͼ Ͽ ϴ ϴ ϼ Ϲ ϻϴ ϴ  ϷϹ Ϲ ϼ ϹϷ  ϵ ϹϾ ϴ,  ϶ Ϲϸ Ϲ  ϴ϶Ͽ Ϲ  
40-50%  ϴ  ϼϻϸϹ ϺϹϾ ϸϿ  ϗϱϥ Ϲϸ ϹϽ ϼ. Ϣ ϶ ϼ 

ϴ϶Ͽ ϼ ϼ Ͼ Ͽ ϴ ϴ ϼ  ϴ ϸ ϶ ϶Ͽ :  
 ϛϴ ϴϵ ϴ  Ͽϴ ϴ Ͼ Ͽ ϴ ϴ ϼ Ϸ  Ϲ ϴϿϴ  ϴ ϼ ϿϹ ϼ ϼ;  
 Ϥϴ ϸ   ϹϾ Ϲ  Ϲ  ϺϹ ϼϽ ϼ ϵ ϸ ϶ϴ ϼ ;  
 Ϣϵ Ϲ ϴ ϼ Ϲ ϼ ϼϹ ϴ ϸ  — ϴ ϿϹ ϼϹ Ϲ Ϲ ϼϽ, 

ϸϹ Ϻϴ ϼϹ ϴ ϴ, ϴ ϴ , Ͼ ϴ ϸϼ ϶Ͼϼ ϼ . ϸ.;  
 Ϙ Ͽ ϼ ϹϿ Ϲ ϴ ϸ  ϴ ϵ ϵ   Ϸ Ͻ, ϴ ϴ ϼ ϼ . . 

 
8.1.3   

 
ϡϴϿ Ϸ ϶ Ϲ ϴ ϸ  Ϲϸ ϴ϶Ͽ  ϵ Ͻ Ͼ ϸϹ ϹϺ  Ϲϸ ϶ ϿϹ 

ϻϴ϶Ϲ Ϲ ϼ  ϼ ϹϿ ϶ϴ ϗϱϥ. ϛ ϴ ϼ ϹϿ ϴ  ϴ  ϼ Ͽ Ϲ  ϶ ϹϷϼ ϴϿ Ͻ 
ϵ ϸϺϹ  ϶ ϶Ϲ ϶ϼϼ  ϡϴϿ Ϸ ϶  Ϟ ϸϹϾ  ϤϨ.  

ϧ Ϲ  ϿϹϸ ϼϹ ϴϿ Ϸϼ: 
 ϡϴϿ Ϸ ϴ ϼϵ Ͽ  – 20%; 
 ϡϘϥ – 20%; 
 ϖϻ  ϶ ϼϴϿ Ϲ ϸ  – 34%; 
 ϡϴϿ Ϸ ϴ ϼ Ϲ ϶  – 2,2%  
 ϡϴϿ Ϸ ϴ ϶ ϸ  ϴ 1 . ∙  – 4,8 ϵ. 

ϣ Ϲϸ ϿϴϷϴϹ Ϲ ϴϿ Ϸ ϶ Ϲ ϴ ϸ  ϼ ϶ϼϼ Ͽ Ϸ  ϻϴ ϼ ϿϹϸ Ϲ Ͻ 
Ϲ ϼ ϸ ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ 8.6. ϥ Ͼ ϴ ϴϿ Ϸ ϶ Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 8.2.  

 
 

22,44%

18,08%

46,27%

0,47% 9,14%

3,63% ϔ ϼϻϴ ϼ Ϲ 
ϼ ϿϹ ϼ

Ϥϴ ϸ  ϴ 
ϴ ϶ϴ ϼϹ

ϱϾ Ͽ ϴ ϴ ϼ Ϲ 
ϻϴ ϴ

Ϥϴ ϸ  ϴ Ϲ  
ϼϻ϶ ϸ ϶Ϲ  
ϸ ϶

Ϥϴ ϸ  ϴ Ͽ Ϸϼ 
ϹϷ Ͽϼ ϼ  

Ͼ ϴ ϼϽ
ϡϴϿ Ϸ ϴ ϶ ϸ
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ϦϴϵϿϼ ϴ 8.6 – ϡϴϿ Ϸ ϶ Ϲ ϴ ϸ   

 
ϡϴϼϵ Ͽ , ϼ ϶  ϴ  ϴϿ Ϸ ϶ ϻϴ ϼ ϴ  ϴϿ Ϸ ϴ ϼϵ Ͽ  ϼ ϡϘϥ. 

ϱ  ϶ ϻϴ    ϶ ϴϵ Ͼϼ ϿϹϾ Ϲ Ϸϼϼ. 
 
8.2        

 
 

ϣ ϼϵ Ͽ  – Ͽ Ϻϼ ϹϿ ϴ  ϴϻ ϼ ϴ ϹϺϸ  ϴ ϼ ϸ ϸϴ ϼ ϼ 
ϻϴ ϴ ϴ ϼ ϴ ϼϻ϶ ϸ ϶  ϼϿϼ ϼ ϵ Ϲ Ϲ ϼϹ, ϴ Ϲ ϼϹ, ϴ ϼ ϶Ͼ , ϵ  

ϼ  ϶ϴ ϶ ϼ Ͽ Ϸ. 
Ϣ ϶ Ͻ Ͻ ϴϺϹ ϼ  ϹϾ ϼ϶ ϼ ϼϻ϶ ϸ ϶Ϲ Ͻ 

ϸϹ ϹϿ ϼ ϖϼ ϼ Ͼ Ͻ ϗϱϥ  ϼϻ϶ ϸ ϶  ϿϹϾ Ϲ Ϸϼϼ ϶Ͽ Ϲ  «Ϣ Ϲ  
 ϼϵ Ͽϼ ϼ ϵ Ͼϴ ». ϖ Ϲ Ϲ ϹϸϹϿ  ϿϹϸ ϼϹ Ͼϴϻϴ ϹϿϼ: ϶ϴϿ ϶ϴ  

ϼϵ Ͽ , ϴϿ Ϸ ϵϿϴϷϴϹ ϴ  ϼϵ Ͽ , ϴϻ Ϲ  ϶ Ͽϴ   ϴϿ Ϸ  ϴ ϼϵ Ͽ , 
ϼ ϴ  ϼϵ Ͽ . ϗ ϸ ϶ϴ  ϼϵ Ͽ  Ϲ ϶  ϿϹ  Ͼ Ͽ ϴ ϴ ϼϼ Ϲϸ ϴ϶ϿϹ ϴ ϶ 
ϴϵϿϼ Ϲ 8.7. 

 
ϦϴϵϿϼ ϴ 8.7 – ϗ ϸ ϶ϴ  ϼϵ Ͽ  ϶ Ϲ ϶ Ϲ Ϸ ϸ  Ͼ Ͽ ϴ ϴ ϼϼ  

 
ϫϼ ϴ  ϼϵ Ͽ   ϹϾ , ϵϹϻ Ͼϴ Ͼ ϶, ϴ ϼ ϴϹ   2031 Ϸ ϸϴ 

ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ. Ϙϼ ϴ ϼϾϴ ϼ Ͻ ϼϵ Ͽϼ Ϲϸ ϴ϶ϿϹ ϴ ϴ ϼ ϾϹ 8.2. 
 

ϡϴϼ Ϲ ϶ϴ ϼϹ  ϗ ϸ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ 
2025 2026 2027 2028 2029 

ϡϴϿ Ϸ ϴ ϼϵ Ͽ , Ͽ . ϵ. 1936,4 2129,8 2370,6 2409,2 2098,2 
ϡϘϥ, Ͽ . ϵ. 1210,1 1969,6 2103,6 2153,1 2199,1 

ϖϻ  ϶ ϼϴϿ Ϲ ϸ , 
Ͽ . ϵ. 27,1 27,1 27,1 27,1 27,1 

ϡϴϿ Ϸ ϴ ϼ Ϲ ϶ , Ͽ . ϵ. 167,17 187,52 187,09 183,34 179,58 
Ϝ Ϸ , Ͽ . ϵ. 3340,8 4314,0 4688,4 4772,8 4504,0 

ϡϴϼ Ϲ ϶ϴ ϼϹ ϗ ϸ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ 
2025 2026 2027 2028 2029 

ϖ Ͼϴ ( Ϲ ), Ͽ . ϵ. 10029,6 10292,3 10538,3 10786,4 11014,5 
ϦϹϾ ϼϹ ϴ ϸ , Ͽ . ϵ. 1001,8 1043,6 1045,9 1043,8 1041,8 
EBITDA (϶ϴϿ ϶ϴ  ϼϵ Ͽ ), 

Ͽ . ϵ. 9027,8 9248,6 9492,5 9742,6 9972,6 

EBIT ( ϼϵ Ͽ   
ϴϿ Ϸ ϵϿ ϺϹ ϼ ), Ͽ . ϵ. 150,5 154,1 158,2 162,4 166,2 

ϥϾ ϹϾ ϼ ϶ϴ Ͻ ϴϿ Ϸ ϴ 
ϼϵ Ͽ , Ͽ . ϵ. 8877,3 9094,5 9334,3 9580,2 9806,4 

NOPAT ( ϼ ϴ  ϼϵ Ͽ ), 
Ͽ . ϵ. 20 20 20 20 20 

ϥ ϴ϶Ͼϴ ϴϿ Ϸϴ ϴ ϼϵ Ͽ , % 2025 2026 2027 2028 2029 
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Ϥϼ Ͼ 8.2 – ϫϼ ϴ  ϼϵ Ͽ , Ͽ . ϵ. 

 
ϖ ϶ ϻϼ   Ϲ  ϴ ϿϹϾ Ϲ Ϸϼ  ϼ  ϶ ϶Ϲ ϶ϼϼ  

Ϲϸϼ ϼ Ϲ ϴ ϼ Ͽ ϶ϼ ϼ ϣϔϢ «Ϥ ϗϼϸ » ϶ Ϸ ϻϼ Ϲ  Ϲ ϼ ϸϹ 
ϴϵϿ ϸϴϹ    ϼ Ͻ ϼϵ Ͽϼ. ϣ ϶ϴϿ  Ϸ ϴ ϼϾϴ ( ϼ Ͼ 8.2) 
ϵ Ͽ ϶ϿϹ  ϻϴ ϴ ϴ ϼ ϴ ϼ ϵ Ϲ Ϲ ϼϹ ϼ ϴϺ ϵ ϸ ϶ϴ ϼ , ϴ ϴϾϺϹ 

϶ ϻ϶ϹϸϹ ϼϹ Ͽ ϼ . 
 
8.3      ё   

  
 

ϡϴ ϼ ϾϹ ϖ.1 Ϲϸ ϴ϶ϿϹ  Ϸ ϴ ϼϾ Cash-Flow  Ͼϴϻϴ ϼϹ  ϴ ϶ 
ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ. Ϥϼ Ͼ ϖ.1 Ϲϸ ϴ϶ϿϹ  ϶ ϼϿ ϺϹ ϼϼ ϖ.  

Ϝϻ ϸϴ Ϸ  Ϸ ϴ ϼϾϴ ϿϹϸ Ϲ ,  ϿϹ ϶϶ ϸϴ ϶ ϹϷ  ϵ ϸ ϶ϴ ϼ  ϶ ϴϵ  
ϼϵ Ͽ  ϴ ϴϿϴ ϹϻϾ  ϶ ϴ  ϼ ϶ ϹϺ ϾϹ 2027-2028 Ϸ ϸϴ ϴ  ϹϾ  

Ͼ ϼϿ . ϖ ϼ ϴ ϹϿ Ͻ ϴ ϼ Ϸ ϴ ϼϾϴ ϶ϼϸ ,  Ͼϴ Ϲ ё ϼ 1 ϗϔ Ϲ ϶϶ёϿ  
϶ ϴϵ , ϼ Ϲ  ϵ Ͼϼ, , Ͼ Ϸϸϴ ϶϶ ϸϼ  1 ϗϔ  ϵ Ͼ ϶ ϻϴ ϹϸϿ Ϲ .. 

 
8.4    

 
ϗϿϴ϶ Ͻ ϹϿ  Ϲ Ͼϼ ϼ ϶Ϲ ϼ ϼ Ϸ  ϹϾ ϴ ϶Ͽ Ϲ  ϹϸϹϿϹ ϼϹ 

ϹϿϹ ϵ ϴϻ ϼ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ,  ё  Ͽ ϶ϼϽ ϛϴϾϴϻ ϼϾϴ (ϣ ϼϿ ϺϹ ϼϹ 
Ͼ ϼϾϴϻ  ϣϔϢ «Ϥ ϗϼϸ »  16.01.2017 № 9 – «ϙϸϼ Ϲ Ϲ ϴ Ϲ Ͽ ϶ϼ  
ϣϔϢ «Ϥ ϗϼϸ » ϴ 2017-2042 ϷϷ.»).  
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8.4.1 ,   
 

ϪϹϿ  Ϲ Ͼϼ ϶Ͽ Ϲ  ϹϸϹϿϹ ϼϹ Ͼϴϻϴ ϹϿϹϽ ϹϾ ϼ϶ ϼ ϹϾ ϴ, 
Ͼ ϴϾϼ  Ͼϴϻϴ ϹϿ  :  

 ϼ Ͻ, ϸϼ Ͼ ϼ ϶ϴ Ͻ ϸ ϸ; 
 ϼ ϸϹϾ  ϼϵ Ͽ ϼ;  
 Ͼ Ͼ ϴϹ ϼ ϼ .ϸ. 
Ϥϴ ё  Ͼϴϻϴ ϹϿϹϽ ϹϾ ϼ϶ ϼ ϹϾ ϴ ϶ Ͽ Ϲ  ϶ ϶Ϲ ϶ϼϼ :  
ϴ) «ϠϹ ϸϼ Ϲ Ͼϼ ϼ ϹϾ Ϲ ϸϴ ϼ ϼ  Ϲ ϾϹ ϹϾ ϼ϶ ϼ ϼ 

ϴϻ ϴϵ ϾϹ ϼ ϶Ϲ ϼ ϼ  ϹϾ ϶ ϼ ϵϼϻ Ϲ - Ͽϴ ϶ ϶ ϿϹϾ Ϲ ϷϹ ϼϾϹ», 
϶Ϲ Ϻϸё  ϼϾϴϻ  ϢϔϢ ϤϔϢ «ϙϱϥ Ϥ ϼϼ»  07.02.2000 Ϸ. № 54 ϴ 

϶ϴ ϼϼ ϛϴϾϿ Ϲ ϼ  ϗϿϴ϶Ϸ Ͼ Ϲ ϼϻ  Ϥ ϼϼ  26.05.1999 Ϸ. №2 4-16-1/20-
113; 

ϵ) «ϠϹ ϸϼ Ϲ Ͼϼ ϼ ϹϾ Ϲ ϸϴ ϼ ϼ  Ϲ ϾϹ ϹϾ ϼ϶ ϼ ϼ 
ϴϻ ϴϵ ϾϹ ϼ ϶Ϲ ϼ ϼ  ϹϾ ϶ ϼ ϵϼϻ Ϲ - Ͽϴ ϶ ϶ ϿϹϾ Ϲ ϷϹ ϼϾϹ ϴ 
ϴϸϼϼ ϹϸϦϱϢ ϼ ϦϱϢ», Ϡ Ͼ϶ϴ, 2008 Ϸ., ϶Ϲ Ϻϸё ϼ ϤϔϢ «ϙϱϥ Ϥ ϼϼ» 
 31.03.2008 Ϸ. № 155 ϼ ϗϿϴ϶Ϸ Ͼ Ϲ ϼϻ Ͻ Ϥ ϼϼ  26.05.1999 Ϸ. №24-16-

1/20-113; 
϶) ϣ ϼϿ ϺϹ ϼϹ Ͼ ϼϾϴϻ  ϣϔϢ «Ϥ ϗϼϸ »  16.01.2017 №9 – «ϙϸϼ Ϲ 

Ϲ ϴ Ϲ Ͽ ϶ϼ  ϣϔϢ «Ϥ ϗϼϸ » ϴ 2017-2042 ϷϷ.». 
Ϥϴ ё  ϶ϹϸϹ   ϼ Ͽ ϻ ϶ϴ ϼϹ  Ͽϼ Ϲ ϻϼ Ͻ ϶Ϲ ϼϼ Ϸ ϴ Ϸ  

ϸ Ͼ ϴ ProjectExpert, ϼ  ExpertSysytems.  
ϘϿ  Ϲ Ͼϼ ϹϾ ϼ϶ ϼ ϼ ϶Ϲ ϼ ϼ Ϸ  ϹϾ ϴ ϼ  ϿϹϸ ϼϹ 

Ϲϸ ϿϾϼ:  
1. ϣϹ ϼ ϸ Ϸ ϻϼ ϶ϴ ϼ  ϸϿ  Ϧ Ϸ Ͼ Ͻ ϗϱϥ ϴ϶Ͽ Ϲ  30 ϿϹ , ϶ 

϶Ϲ ϶ϼϼ  Ͼ  Ͽ Ϻϵ  ϶ Ϸ  ϵ ϸ ϶ϴ ϼ .  
2. Ϝ Ͽ ϻ Ϲ ϴ  ϼ Ϲ ϾϹ ϹϾ ϼ϶ ϼ ϼ ϴ ϼ  ϴϺϴϹ  

Ͼ ϼ Ϲ Ͼ  ϼ ϴ ϼ , Ͽ Ϻϼ϶  ϴ 1 Ͼ϶. 2021 Ϸ ϸϴ.  
3. ϣ Ϲϸ ϿϴϷϴϹ ,  ϶ Ϲ Ϲ ϼϹ Ϸ ϻ Ϸ  Ϲ ϼ ϸϴ Ϲ ϵ ϸϹ  

ϼ ϸϼ  ϷϿ ϵϴϿ  ϼϻ Ϲ Ϲ ϼϽ ϶ Ͼ ϼ Ϲ Ͼ Ͻ ϼ ϴ ϼϼ, Ϲ ϶ ϼ  
ϴ϶ϼϿ ϼ ϻϴϾ ϶.  

 
8.4.2    

 
ϪϹϿ  ϶ϹϸϹ ϼ  ϴ ё ϴ Ͼ Ϲ Ϲ Ͼ Ͻ ϹϾ ϼ϶ ϼ ϹϾ ϴ ϶Ͽ Ϲ  

ϴ ё  Ͼϴϻϴ ϹϿϹϽ, Ͼ Ϲ Ϲϸ ϴ϶ϿϹ  ϶ ϴϵϿϼ Ϲ 8.8. 
 

ϦϴϵϿϼ ϴ 8.8 – ϣ Ͼϴϻϴ ϹϿϼ ϹϾ ϼ϶ ϼ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ «Ϧ Ϸ Ͼϴ  ϗϱϥ 
ϴ ϹϾϹ ϣ ϸϾϴ Ϲ ϴ  Ϧ Ϸ Ͼϴ» 

ϡϴϼ Ϲ ϶ϴ ϼϹ  ϛ ϴ Ϲ ϼϹ 
ϥ ϴ϶Ͼϴ ϸϼ Ͼ ϼ ϶ϴ ϼ , % 11,6 

ϣϹ ϼ ϸ Ͼ ϴϹ ϼ – PB, Ϲ . 89 
ϫϼ Ͻ ϼ϶Ϲϸё Ͻ ϸ ϸ – NPV, Ͽ . ϵ. 37239,0 

Ϝ ϸϹϾ  ϼϵ Ͽ ϼ – PI, ϵ. 1,36 
ϖ Ϲ  ϴ Ϲ ϴϵϹϿ ϼ – IRR, % 29,28 
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ϣ ϸ ϿϺϹ ϼϹ ϴϵϿϼ  8.8 

 
Ϙϴ Ͻ ϹϾ  ϶Ͽ Ϲ  ϼϵ Ͽ , .Ͼ. ϼ ϸϹϾ  ϼϵ Ͽ ϼ ϴ϶Ϲ  

1,36; ϴϾϺϹ Ͼϴϻϴ ϹϿ  ϼ Ϸ  ϼ϶ϹϸϹ Ϸ  ϸ ϸϴ – NPV>0,  Ϸ ϶ ϼ   
ϼ϶ϿϹϾϴ ϹϿ ϼ ϹϾ ϴ ϸϿ  ϼ ϶Ϲ ϼ ϶ϴ ϼ . 

ϗϼϸ ϿϹϾ ϴ ϼϼ ϶Ͽ  ϴ ϼ Ͼϴ ϼ ϴϿ Ϲ Ͼϼ ϼ ϼ ϼϾϴ ϼ 
ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ, ϼ  Ͼ Ͼ ϴϹ ϼ ϸ ϸϼ  ϸ  15 ϿϹ . Ϥϴ Ϲ  ϸϿ  

ϸϴ Ϸ  ϹϾ ϴ ϾϴϻϴϿϼ,   ϺϹ  Ͼ ϼ , ϼ ϶ϴ  ϴ϶Ͼ  
ϸϼ Ͼ ϼ ϶ϴ ϼ  Ϲ Ϲϻ 89 Ϲ Ϲ϶ ϼϿϼ 7,5 ϿϹ ,  Ϲ Ϸ , ϼ ϶ϴ  ϹϷ  

 ϶ 1148 Ϡϖ . 
 
8.4.3   

 
ϣ Ͼϴϻϴ ϹϿϼ ϵ ϸϺϹ Ͻ ϹϾ ϼ϶ ϼ ϴϺϴ  ϶Ͽϼ ϼϹ Ϲϻ Ͽ ϴ ϶ 

ϹϾ ϴ ϴ ϸ ϸ  ϴ  ϹϸϹ ϴϿ Ϸ  ϼ ϹϷϼ ϴϿ Ϸ  ϵ ϸϺϹ ϴ. Ϙ ϸ ϴ  
ϴ  ϵ ϸϺϹ ϶ ϴϻϿϼ  ϶ ϹϽ ϼ Ϲ  ϻϴ ё  ϴϿ Ϸ ϶  

ϿϹ ϼϽ, ϶ϹϿϼ ϼ ϴ Ͼ  Ͼϴϻϴ ϴ ϶ ϴϵϿϼ Ϲ 8.9.  
 

ϦϴϵϿϼ ϴ 8.9 – ϣ Ϲϸ ϿϴϷϴϹ Ϲ ϴϿ Ϸ ϶ Ϲ ϿϹ ϼ  ϶ ϹϸϹ ϴϿ Ͻ ϼ 
ϹϷϼ ϴϿ Ͻ ϵ ϸϺϹ   

 
ϖ ϹϸϹ ϴϿ Ͻ ϵ ϸϺϹ  ϴ  ϴϿ Ϸϼ: ϡϘϥ, ϴϿ Ϸϼ ϴ ϼϵ Ͽ , 

϶ ϸ Ͻ ϴϿ Ϸ, ϶ϻ  ϶  ϶ Ϲϵ ϸϺϹ Ϲ ϸ ,  ϴ϶Ͽ Ϲ  ϼ 90%  
϶ Ϲ  ϴϿ Ϸ ϶  ϿϹ ϼϽ. ϖ ϹϷϼ ϴϿ Ͻ – ϴϿ Ϸ ϴ ϼ Ϲ ϶ .  

 
8.5   

 
ϔ ϴϿϼϻ ϵϹϻ ϵ ϼ ϶ ϸϼ  Ͼ ϼ Ͼ  Ͼϼ ϵϹϻ ϵ ϼ ϶ ϴϻ Ϲ 

Ϲ ϼ ϸ  Ϻϼϻ ϼ ϹϾ ϴ ( ϼ Ͼ 8.3). 
 

 

ϡϴϼ Ϲ ϶ϴ ϼϹ  ϛ ϴ Ϲ ϼϹ 
ϥϹϵϹ ϼ  ϿϹϾ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ, ϵ./  ∙  0,13 

ϧϸϹϿ Ϲ Ͼϴ ϼ ϴϿ ϶Ͽ ϺϹ ϼ , ϵ./   123179 

ϡϴϼ Ϲ ϶ϴ ϼϹ ϗ ϸ ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ 
2025 2026 2027 2028 2029 

ϖ ϹϸϹ ϴϿ Ͻ ϵ ϸϺϹ , 
Ͽ . ϵ. 3221,2 4174,1 4548,9 4637,1 4372,1 

ϖ ϹϷϼ ϴϿ Ͻ ϵ ϸϺϹ , 
Ͽ . ϵ. 167,2 187,5 187,1 183,3 179,6 

Ϝ Ϸ  ϴϿ Ϸ ϶  
ϿϹ ϼϽ, Ͽ . ϵ. 3388,4 4361,6 4736,0 4820,4 4551,6 
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Ϥϼ Ͼ 8.3 - ϗ ϴ ϼϾ ϼϻ Ϲ Ϲ ϼ  Ͼϼ ϵϹϻ ϵ ϼ ϶  ϶ Ϲ Ϲ ϼ 

 
ϡϴ ϸϴ  Ϸ ϴ ϼϾϹ Ϻ  ϶ϼϸϹ  ϸϼ ϴ ϼϾ  ϹϾ ϴ. Ϧ Ͼϴ 

ϵϹϻ ϵ ϼ ϸ  2031 Ϸ ϸϴ ϴ Ϲ  ϼ ϶ ϹϷϸϴ ϴ ё ,  ϶ ϻϴ   
϶ϿϹ ϼϹ  ϼϻ϶ ϸ ϶Ϲ  ϻϴ ϴ . ϥ 2032 ϼϸϹ  Ͽϴ϶ Ϲ ϼϺϹ ϼϹ Ͼϼ 

ϵϹϻ ϵ ϼ, ϶ ϶ϼϸ  Ϸ ,  ϴ Ϲ  Ϲ ϴ ϴ ϿϹϾ Ϲ Ϸϼ  ϼ , ϴ 
ϻϴ ϴ  Ϲ Ϲ . ϖ Ͼ Ϲ ϹϾ ϴ ϼϸё  ϹϻϾϼϽ ϴϸ, ϴϾ ϾϴϾ ϹϾ  
ϴ ϼ ϴ  ϸ  2051 Ϸ ϸϴ. 

ϡϴ ϼ ϾϹ 8.4 ϶ϼϸ ,  ϸϿ  Ͼ ϴϹ ϼ ϗϱϥ Ϲ ϵ ϸϼ  ϶ ϴϵ ϴ  
ϵ Ϲ  ϸ Ͼ ϼϼ ϴ϶ Ͻ Ϲ Ϲ Ϲ Ϲ ϼ  ϹϽ, ϸϿ  Ϸ  ϵ  ϸ ϼ  ϶ ϹϷ  

϶  Ͼ ϴϹ ϼ. 
 

 



  

 128 

 
Ϥϼ Ͼ 8.4 - Ϧ Ͼϴ ϵϹϻ ϵ ϼ ϴ 2031 Ϸ ϸ  

 
ϡϴ ϼ ϾϹ 8.5 Ϲϸ ϴ϶ϿϹ  ϴϵϿϼ  ϵϹϻ ϵ ϼ 2022-2032 Ϸ ϸ ϶. 

 

 
Ϥϼ Ͼ 8.5 – ϕϹϻ ϵ  ϶ 2022-2032 Ϸ ϸ  

 
ϧ ϹϾ ϴ ϸ ϴ  ϼϽ (ϸϿ  ϗϱϥ) ϻϴ ϴ  ϼ ϴ ϶ Ͻ Ͻ ϼ϶ ϼ 
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(96-97%). ϱ  ϻ ϴ ϴϹ ,  Ͼ Ͽ  1/10 ϶ ϹϽ ϶ Ͼϼ ϸϼ  ϴ Ͼ ϼϹ 
ϴ ϸ ϶ ϴ ϼϻ϶ ϸ ϶ . ϥ ϼϺϹ ϼϹ ϻϴ ϴ , ϶ ϵϹ ϼ , 

ϵ ϶ Ϲ   ϻϴ ϴ ϴ ϼ ϴ ϶ Ͻ ϼ. 
ϛ ϴ Ϲ ϼϹ Ϲ ϴ ϼ Ϸ  ϴϷϴ (1,28-1,37) Ͼϴϻ ϶ϴϹ  ϴ ,  

϶ϹϿϼ Ϲ ϼϹ ϶ Ͼϼ  ϹϴϿϼϻϴ ϼϼ ϸ Ͼ ϼϼ, ϴ ϼ Ϲ , ϶ Ϸ ϶ ϸ Ͻ 
Ϲ ϼ ϸ ϺϹ  Ϲ Ϲϻ  ϶Ͽϼ  ϴ ϼϵ Ͽ   ϹϾ . Ϣϸ ϴϾ ,  ϺϹ  
ϴϵ ϴ  ϼ ϶ ϵ ϴ   ϶ Ͽ ϴϹ ϸϿ  ϴϿ ϶ ϸ Ϸ  Ϸ ϸϴ. 

Ϟ ϼ ϼϹ  ϶ϾϿϴϸϴ ϴ Ͼ ϼϹ, Ͼϴϻ ϶ϴϹ , ϾϴϾϴ  ϸ Ͽ  ϶ ϵ Ϲ Ϲ ϸϴϺ 
ϺϹ  ϵ  ϼ Ͽ ϻ ϶ϴ ϴ ϸϿ  Ͼ ϼ   ϼϻϸϹ ϺϹϾ ϼ ϼ ϶ϴ ϼ  
ϼϵ Ͽϼ ϼ ϸϿ  ϹϾ ϴ ϴ ϴ϶Ͽ Ϲ  100%. ϱ  ϻ ϴ ϼ ,  ϹϾ  ϵϹ  
Ͼ ϶ϴ  ϵ ϶Ϲ Ϲ ϻϴ ϴ  ϴ ϼϻ϶ ϸ ϶ . 
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9    FACTS    
 

9.1   
 
Ϙ  90 % ϶ ϹϽ ϹϷ Ͽϼ Ϲ Ͻ ϹϴϾ ϼ϶ Ͻ ϼ ϶ ϶ Ϲ Ϲ  ϱϱϥ 

ϼ ϸϼ  ϴ ϸ Ͽ  ϷϹ Ϲ ϴ ϶ ϿϹϾ ϴ ϼϽ. ϡϴ Ͻ ϶Ϲ ϶ ϸϹ 
Ͼ ϼ Ϲ Ͼϼ ϴϻ϶ϼ  ϴ ϴ  ϙ϶  (Ϩ ϴ ϼ , Ϝ ϴϿϼ  ϼ ϸ .) ϻϸϴ  
Ϲ ϴϿϼϻ ϶ϴ Ϲ ϼ Ϲ  ϴ϶ ϴ ϼ Ϲ Ͼ Ϸ  ϶ ϼ Ϸ  ϹϷ Ͽϼ ϶ϴ ϼ  
ϴ ϺϹ ϼ  ϶ ϴ ϴϵϴ  ϴ ϼ ϴϿ  Ϲ Ϸ ϼ Ϲ .  

ϣ ϼ Ϲ ϶ ϼ  Ϲ ϴ  ϼ ϴ ϼ  ϵ ϶Ϲ  Ϻϸ ϿϹϾ ϴ ϼϽ 
Ϲ ϵ ϸϼ  ϸϸϹ Ϻϴ ϼ  ϴ ϺϹ ϼ  ϴ ϼ ϴ  ϥϡ ϶ ϴ ϼ϶  ϹϸϹϿϴ  
Ϸ ϴ ϼ ϼ϶ϴϹ  ϸ ϼ Ͻ ϸϼϴ ϴϻ  ϼϻ Ϲ Ϲ ϼ  ϴ ϺϹ ϼ  ϴ ϶ ϶ ϸϴ  

ϷϹ Ϲ ϴ ϶. Ϣϸϼ  ϼϻ ϶ ϻ Ϻ  ϵ ϶ ϴ ϼ Ϲ ϼ  ϸϼϴ ϴϻ ϴ 
ϹϷ Ͽϼ ϶ϴ ϼ  ϴ ϺϹ ϼ  ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ ϼ ϵ ϿϹϹ Ͽ Ϸ  

ϼ Ͽ ϻ ϶ϴ ϼ  ϹϷ  ϴ ϿϴϷϴϹ Ͻ ϹϴϾ ϼ϶ Ͻ ϼ ϼ  ϶ ϸϾϿ Ϲ ϼϼ 
Ͼ ϼ ϴ  ϥϡ Ϲ Ϸ ϵϿ Ͼϴ ϴ ϼ Ϲ Ͼ Ϸ  ϿϹϾ ϴϷ ϼ Ϸ  Ͼ Ϲ ϴ ϴ 
ϹϴϾ ϼ϶ Ͻ ϼ, ϵ ϴϻ ϶ϴ Ϸ  ϴ϶Ͽ Ϲ  ϼ ϼ  ϹϴϾ  ϼ 

ϸϾϿ Ϲ Ͻ Ͼ Ϲ  ϴ ϴϿϿϹϿ  ϵϴ ϴ ϹϹϽ ϴ ϼ Ϲ Ͼϼ  Ͼ ϸϹ ϴ ϶. 
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9.2        
  

 
 ϡϴ ϼ ϾϹ 9.1 Ϲϸ ϴ϶ϿϹ ϴ ϼ ϼ ϼϴϿ ϴ  Ϲ ϴ ϸϾϿ Ϲ ϼ  ϥϱϠϞ 

Ͼ ϼ ϴ  ϥϡ Ϲ Ϸ ϵϿ Ͼϴ. 
 

 
Ϥϼ Ͼ 9.1 – ϣ ϼ ϼ ϼϴϿ ϴ  Ϲ ϴ ϸϾϿ Ϲ ϼ  ϥϱϠϞ Ͼ ϼ ϴ  ϥϡ Ϲ Ϸ ϵϿ Ͼϴ:  

Ϧ – ϶ ϴ ϼϽ ϴ ϴ , ϖ – ϶ ϾϿ ϴ ϹϿ , ϗ – ϷϹ Ϲ ϴ , ϔϤϖ – ϴ϶ ϴ ϼ Ϲ ϾϼϽ 
ϹϷ Ͽ  ϶ ϻϵ ϺϸϹ ϼ  ϷϹ Ϲ ϴ ϴ, Ϧϥϡ – ϴ ϴ  ϵ ϶Ϲ  Ϻϸ Ϲ Ϸ ϵϿ Ͼϴ, 

ϦϦ – ϴ ϴ  Ͼϴ, ϥϱϠϞ – ϴ ϼ Ϲ ϾϼϽ ϿϹϾ ϴϷ ϼ Ͻ Ͼ Ϲ ϴ  ϹϴϾ ϼ϶ Ͻ 
ϼ, ϧϬϤ – ϴ϶Ͽ Ϲ Ͻ ϼ ϼϽ ϹϴϾ , ϕϥϞ – ϵϴ ϴ Ϲ  ϴ ϼ Ϲ Ͼϼ  

Ͼ ϸϹ ϴ ϶, S  – Ͽ ϴ   ϴϷ ϻϾϼ ϵ ϶Ϲ  Ϻϸ Ϲ Ϸ ϵϿ Ͼϴ,  
ϥϧ ϥϱϠϞ – ϼ Ϲ ϴ ϴ϶ϿϹ ϼ  ϥϱϠϞ, ϕϧ ϧϬϤ – ϵϿ Ͼ ϴ϶ϿϹ ϼ  ϧϬϤ, S – ϴ , 

Ϩϣ – ϼϻ Ϲ ϼ ϹϿ Ͻ Ͼ ϼ ϴϿ Ͻ Ϲ ϵ ϴϻ ϶ϴ ϹϿ , UϷ ϻϴϸ – ϴ϶Ͼϴ ϴ ϺϹ ϼ  
ϷϹ Ϲ ϴ ϴ 

 
ϥϼ Ϲ ϴ ϴ϶ϿϹ ϼ  ϾϴϺϸ Ϸ  ϥϱϠϞ ϸϹ Ϻϼ  ϵϿ Ͼ ϴ϶ϿϹ ϼ  (ϕϧ) 

ϧϬϤ, ϴ  (S) ϼ ϼϻ Ϲ ϼ ϹϿ Ͻ Ͼ ϼ ϴϿ Ͻ Ϲ ϵ ϴϻ ϶ϴ ϹϿ  (Ϩϣ). 
ϥϼϷ ϴϿ ϻϴϸϴ ϼ  ϴ϶Ͼϼ  ϴ ϺϹ ϼ  (Uϗ ϛϔϘ) ϴϹ  ϸ ϶ Ϲ Ϲ  ϴ ϶ ϸ 
ϔϤϖ ϷϹ Ϲ ϴ ϴ ϼ ϴ ϶Ϲ ϶ ϼϽ ϶ ϸ ϴ ϴ S. ϡϴ ϶ Ͻ ϶ ϸ ϵϿ Ͼϴ 
S ϴϹ  ϼϷ ϴϿ Ͼ ϹϾ ϼϼ  ϶ ϸϴ Ϩϣ, ϼ ϴϿ Ͻ Ͼ  ϴϷ ϻϾϼ 
Ϧϥϡ. Ϩ Ͼ ϼ ϴϿ Ͻ Ϲ ϵ ϴϻ ϶ϴ ϹϿ  Ͽ Ϻϼ  ϸϿ  ϷϿϴ ϶ϴ ϼ , ϻϴϸϴ ϹϷ  ϼ 
Ͼ ϹϾ ϼ ϹϷ  ϼϷ ϴϿ ϶ ϴ ϶ ϸϴ  ϵϿ Ͼϴ S  ϴϻ Ϲ ϼ, ϶ϹϿϼ ϼ Ϲ ϼ ϻ ϴϾ . 
ϤϹϻ Ͽ ϼ ϼϽ ϼϷ ϴϿ  ϶ ϸϴ ϵϿ Ͼϴ S ϴϹ  ϴ ϶ ϸ ϕϧ ϧϬϤ ϼ 
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ϹϸϹϿ Ϲ  ϶ϹϿϼ ϼ  Ͼϴ ϸ ϴϷ ϼ ϼ϶ϴ ϼ  ϶ ϹϴϾ Ϲ, ϴ, ϿϹϸ ϶ϴ ϹϿ , ϼ ϹϷ  
ϴϵ ϹϷ  Ͼϴ. ϣ ϼ ϶ϹϿϼ Ϲ ϼϼ ϴ϶Ͼϼ Uϗ ϛϔϘ ϸ ϸϹϽ ϶ϼϹ  ϔϤϖ ϶ ϻ ϴ ϴϹ  
ϴ ϺϹ ϼϹ ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ ϼ ϸ ϶ Ϲ Ϲ  ϶ϹϿϼ ϼ϶ϴϹ  ϴϵ ϼϽ Ͼ 

ϧϬϤ. ϖ Ϲϻ Ͽ ϴ Ϲ, ϻϸϴϹ  ϸ Ͽ ϼ ϹϿ ϴ  ϹϴϾ ϼ϶ ϴ  ϴϷ ϻϾϴ ϴ ϼ ϴ  ϥϡ 
Ϲ Ϸ ϵϿ Ͼϴ ϼ ϸ Ͽ ϼ ϹϿ Ϲ ϴϸϹ ϼϹ ϴ ϺϹ ϼ  ϶ Ϧϥϡ. ϖ Ͽ ϴϹ 
Ϲ Ϲ ϼ  ϴ϶Ͼϼ ϼ ϸϼ  Ϲ , ϵ ϴ Ͻ ϼ ϴ  ϶ Ϲ. ϦϴϾϼ  

ϵ  ϹϴϿϼϻ Ϲ  ϴϾ ϴϻ ϶ϴϹ Ϲ ϶ Ϲ Ϲ ϹϷ Ͽϼ ϶ϴ ϼϹ ϴ ϺϹ ϼ  ϴ 
ϼ ϴ  ϥϡ Ϲ Ϸ ϵϿ Ͼϴ 

ϧ϶ϹϿϼ Ϲ ϼϹ ϼϿϼ Ϲ Ϲ ϼϹ Ͼϴ Ϧϥϡ ϵϿ Ͼ Ϩϣ ϼ Ϲ  
Ͼ ϹϾ ϼ ϼϽ ϼϷ ϴϿ, ϴ ϼϽ ϴ ϶Ϲ ϶ ϼϽ ϶ ϸ ϵϿ Ͼϴ S, 
Ͼ Ͻ ϶ ϻ ϶ϴϹ  ϶Ϲ ϶Ϲ  Ϲ Ϲ ϼϹ ϼϿϼ ϶ϹϿϼ Ϲ ϼϹ ϴϵ ϹϷ  Ͼϴ 
ϧϬϤ. ϦϴϾϼ  Ϲ  ϹϴϿϼϻ Ϲ  ϶ Ϲ ϴ  Ͼ ϹϾ ϼ  ϴ ϺϹ ϼ  ϴ ϼ ϴ  ϥϡ 

Ϲ Ϸ ϵϿ Ͼϴ  ϶ϹϿϼ ϼ Ϲ Ͼϴ ϴϷ ϻϾϼ. ϣ ϼ ϸ ϶ Ϲ Ϲ  ϼϻ Ϲ Ϲ ϼϼ Ͼϴ 
ϴϷ ϻϾϼ ϥϡ ϼ ϴ϶Ͼϼ Uϗ ϛϔϘ ϼϷ ϴϿ ϻϴϸϴ ϼ  ϴ϶Ͼϼ ϼ ϼϷ ϴϿ  Ϩϣ ϵϿϴϷ ϸϴ  
ϴϿϼ ϼ  ϵϿ Ͼϴ S ϸϹϽ ϶  ϶ Ϲ , Ͼ Ϲ ϼ  ϸ Ϸ ϸ Ϸϴ. 

 
9.3       

         
 

ϤϹϴϿϼϻϴ ϼ  ϼ ϴ Ϸ  ϵϴ ϹϷ Ͽϼ ϶ϴ ϼ  ϴ ϺϹ ϼ  ϴ ϼ ϴ  ϥϡ 
Ϲϵ Ϲ  ϹϸϹϿϹ Ϸ  ϻϴ ϴ ϴ ϼ Ϧϥϡ. ϘϿ  Ͽ Ϸ  ϼ Ͽ ϻ ϶ϴ ϼ  

ϸϼϴ ϴϻ ϴ ϹϷ Ͽϼ ϶ϴ ϼ  ϼ ϧϬϤ ϶ ϴ϶Ϲ ϥϱϠϞ ϼ Ϲϸ ϹϺϸϹ ϼ  
Ϲ ϹϷ ϻϾϼ Ϧϥϡ ϸ ϿϺ  ϶ Ͽ  Ͽ ϶ϼ : 

 = + − √ − .                                                          (9.1) 

 
ϼ Ͽ  ϶϶ϹϸϹ  ϶ ϴϵ  ϧϬϤ 

 = − √ − .                                                                       (9.2) 

 
ϼ Ͽ  ϶ ϶ϹϸϹ  ϧϬϤ 

ϛϸϹ   
Qϥϡ – ϼ ϴϿ ϴ  ϹϴϾ ϼ϶ ϴ   ϴ Ͻ ϴϷ ϻϾϼ ϥϡ, 

϶ϾϿ ϴ  ϸ Ͽ ϼ ϹϿ  ϴϷ ϻϾ , ϻϸϴ϶ϴϹ  ϥϱϠϞ,  
Pϡ ϼ Qϡ – ϼ ϴϿ Ϲ ϴϾ ϼ϶ ϴ  ϼ ϹϴϾ ϼ϶ ϴ  ϼ Ϲ Ͽ Ϸϼ Ϲ Ͼ Ͻ 

ϴϷ ϻϾϼ ϥϡ Ϲ Ϸ ϵϿ Ͼϴ,  
QϧϬϤ, QϕϥϞ, SϦϥϡ – ϼ ϴϿ Ϲ ϼ ϧϬϤ, ϕϥϞ ϼ Ϧϥϡ, 

϶Ϲ ϶Ϲ .  
Ϝϻ Ͽ ϶ϼϽ ϿϹϸ Ϲ ,  ϼ ϴϿ ϴ   ϧϬϤ ϶ ϴ϶Ϲ ϥϱϠϞ 

ϸ ϿϺ  ϵ  Ϲ ϵ ϿϹϹ 
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√ −                                                                                            (9.3) 

 
ϴ ϼ ϴϿ ϴ   ϕϥϞ ϼ  = + ,                                                                                           (9.4) 
 
ϘϿ  Ͽ Ϸ  ϼ Ͽ ϻ ϶ϴ ϼ  ϸϼϴ ϴϻ ϴ ϹϷ Ͽϼ ϶ϴ ϼ  ϧϬϤ ϶ Ϲ Ϲ 

϶ ϼ Ϸ  ϹϷ Ͽϼ ϶ϴ ϼ  ϹϵϿ Ϲ ϴ  ϼ   ϸ ϿϺ ϴ ϼϻ Ϲ  ϶ 
ϸϼϴ ϴϻ Ϲ  ϼ ϴϿ Ͻ (QϧϬϤ) ϸ  ϼ Ͽ Ϸ  ϸϴ. ϥ ϸ Ϸ Ͻ 

, ϶ ϴ ϴ ϼ϶ϴϹ Ͻ Ϲ Ϲ ϴ϶ϿϹ ϼ  ϧϬϤ ( ϼ Ͼ 9.1) ϹϷ  ϴϵ ϼϽ 
Ͼ ϼ ϴϿϹ  Uϗ ϛϔϘ ϴ ϶ ϸϹ ϔϤϖ ϷϹ Ϲ ϴ ϴ 

 = √ + [ 𝑄𝑄 (𝛼 − )] + 𝑄𝑄 (𝛼 − ).                                                           (9.5) 

 
Ϝϻ ϶ ϴϺϹ ϼ  ϶ϼϸ ,  ϴ ϺϹ ϼϹ ϴ ϼ ϴ  ϥϡ Ϲ Ϸ ϵϿ Ͼϴ ϻϴ϶ϼ ϼ  

ϾϴϾ  ϴ ϺϹ ϼ  ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ, ϴϾ ϼ  Ϲ ϼ  ϼ ϴϿ  
ϹϽ ϧϬϤ ϼ Ϧϥϡ (QϧϬϤ /SϦϥϡ). 

 
9.4        

 
ϡϴ ϼ ϾϹ 9.2 Ͼϴϻϴ  ϴ ϴϾ Ϲ  ϼϻ Ϲ Ϲ ϼ  ϴ ϺϹ ϼ  ϴ ϼ ϴ  ϥϡ 

Ϲ Ϸ ϵϿ Ͼϴ  100 Ϡϖ , ϴ Ϲ Ϸ  Ϧϥϡ ϼ ϴϿ Ͻ  
16 Ϡϖϔ, ϼ ϹϷ Ͽϼ ϶ϴ ϼϼ ϴ ϺϹ ϼϹ ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ ϶ ϸϼϴ ϴϻ Ϲ. 
ϛϸϹ  Ϻ  ϶ϼϸϹ ,  ϼ ϹϿ Ϲ ϴ ϺϹ ϼϹ ϴ ϼ ϴ  ϥϡ Ϲ Ϸ ϵϿ Ͼϴ 
ϼϻ Ϲ Ϲ  ϼ Ͽϼ ϹϽ   ϼϻ Ϲ Ϲ ϼϹ  ϴ ϺϹ ϼ  ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ. 
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Ϥϼ Ͼ 9.2 – ϩϴ ϴϾ Ϲ  ϴϵϼϿϼϻϴ ϼϼ ϴ ϺϹ ϼ  ϴ ϼ ϴ  ϥϡ Ϲ Ϸ ϵϿ Ͼϴ:  
U  max ϼ U  min – ϴϾ ϼ ϴϿ - ϼ ϼ ϼ ϴϿ  ϸ ϼ Ϲ ϾϿ Ϲ ϼ  ϴ ϺϹ ϼ  ϴ 

ϼ ϴ  ϥϡ, 
1 – Q  / S =1,687, 
2 – Q  / S =1,562, 
3 – Q  / S =1,250, 
4 – Q  / S =0,937, 
5 – Q  / S =0,625, 
6 – Q  / S =0,312 

 
ϥ Ϲ Ϲ  ϴϵϼϿϼϻϴ ϼϼ ϴ ϺϹ ϼ  ϴ ϼ ϴ  ϥϡ Ϲ Ϸ ϵϿ Ͼϴ 

ϴ ϴϾ Ϲ ϼϻ Ϲ  ϴϾϿ  Ͼ ϼ϶  1–6, Ͼ Ͻ ϹϸϹϿ Ϲ  Ϲ ϼϹ  
ϹϽ ϧϬϤ ϼ Ϧϥϡ. ϣ ϼ QϧϬϤ/SϦϥϡ>0,937 ϴ ϺϹ ϼϹ ϴ ϼ ϴ  ϥϡ 

Ϲ Ϸ ϵϿ Ͼϴ Ϲ ϶ ϸϼ  ϻϴ ϼ ϶ϴ Ϲ ϹϸϹϿ  ϼ ϶  ϶ Ϲ  ϼ  
ϸϼϴ ϴϻ Ϲ ϼϻ Ϲ Ϲ ϼ  ϴ ϺϹ ϼ  ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ. ϣ ϼ QϧϬϤ/SϦϥϡ <0,937 
ϸϿ  ϸϸϹ Ϻϴ ϼ  ϴ ϺϹ ϼ  ϴ ϼ ϴ  ϥϡ ϶ ϴ ϼ϶  ϹϸϹϿϴ  Ϲ ϵ ϸϼ  

Ϲ ϼ  ϸ ϼ Ͻ ϸϼϴ ϴϻ  ϼϻ Ϲ Ϲ ϼ  ϴ ϺϹ ϼ  ϴ ϶ ϶ ϸϴ  ϷϹ Ϲ ϴ ϴ, 
.Ϲ. Ϲ ϴϹ  ϹϷ Ͽϼ ϶ ϴ  ϵ  Ϲ Ϸ ϵϿ Ͼϴ ϶ ϼ Ϲ Ϲ 
Ϲ ϴϿϼϻ ϶ϴ Ϸ  ϶ ϼ Ϸ  ϹϷ Ͽϼ ϶ϴ ϼ  ϴ ϺϹ ϼ  ϶ Ϲ Ϸ ϼ Ϲ Ϲ. 

ϦϴϾϼ  ϵ ϴϻ ,  Ϲ  (9.3) ϼ ϴϿ   ϧϬϤ ϹϿϹ ϵ ϴϻ  
϶ ϵϼ ϴ  ϶ ϸϼϴ ϴϻ Ϲ 

 √ −                                                                                            (9.6) 

  
Ϟ Ͽϼ Ϲ ϶Ϲ  Ϲ Ϲ  ϴϵϼϿϼϻϴ ϼϼ ϴ ϺϹ ϼ  ϴ ϼ ϴ  ϥϡ 

Ϲ Ϸ ϵϿ Ͼϴ ϺϹ  ϴ ϴϾ Ϲ ϼϻ ϶ϴ  Ͼ ϼ ϼϹ  Ͼ Ͻ Ͼϴϻ ϶ϴϹ ,  

0,9

0,92

0,94

0,96

0,98

1

1,02

1,04

1,06

1,08

0,9 0,92 0,94 0,96 0,98 1 1,02 1,04 1,06 1,08 1,1

U  max 

U  min 

5 

2 

3 

4 

6 

1 

UϷ/UϷ  

U /U   
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ϼ ϼϻ Ϲ Ϲ ϼϼ ϴ϶Ͼϼ ϴ ϶ ϸϹ ϔϤϖ ϷϹ Ϲ ϴ ϴ ϸϼϴ ϴϻ  ϼϻ Ϲ Ϲ ϼ  
ϴ ϺϹ ϼ  ϴ ϼ ϴ  ϥϡ Ϲ Ϸ ϵϿ Ͼϴ Ϲ  Ϲ Ϲ, Ϲ  Ϲ Ϲ ϶ϹϿϼ ϼ ϴ Ϟ1. 

 = 𝛼 𝑎 −𝛼 𝑖𝛼 𝑎 −𝛼 𝑖                                                                                                    (9.7) 

 
9.5        

       
 

ϘϿ  ϼ϶ϹϸϹ  ϶ ϴϵϿϼ Ϲ ϴϷ ϻ Ͼ ϥϡ ϼ ϼ ϴϿ  ϹϽ 
ϴϵ ϼ  Ϧϥϡ, ϼ Ϲ Ϲ  ϶ Ϲ Ϸ ϵϿ Ͼϴ   63–500 Ϡϖ , ϵϿϴ ϼ 

ϸ ϼ  ϶ ϶Ϲ ϶ϼϼ  (9.6) ϼ ϴϿ  ϹϽ ϧϬϤ ϶ ϴ϶Ϲ 
ϥϱϠϞ Ͼϴϻϴ  ϴ ϼ ϾϹ 9.3ϴ.  

ϥ Ϲ  ϶ ϹϼϻϿ ϺϹ Ϸ  ϺϹ  ϵ  ϹϸϿ ϺϹ ϴ ϿϹϸ ϴ  
Ϲϸ ϴ ϶ ϵ ϴ ϼ ϴϿ Ͻ ϼ ϧϬϤ ϶ ϴ϶Ϲ ϥϱϠϞ ϸϿ  ϥϡ 

Ϲ Ϸ ϵϿ Ͼϴ ϶ Ͼ Ͼ Ϲ  Ͽ ϴϹ.  
1) ϘϿ  ϼ ϴϿ Ͻ ϼ Ϧϥϡ Ϲ Ϸ ϵϿ Ͼϴ ϴ ϼ ϾϹ 9.3ϴ 

϶ ϵ ϴ  ϶Ϲ ϶  ϵϿϴ  ϸ ϼ  ϻ ϴ Ϲ ϼϽ QϧϬϤ.  
2) ϖ Ͻ ϵϿϴ ϼ ( ϼ Ͼ 9.3ϵ) Ϲϻ Ͼ (ab) ϶Ϲ ϼϾϴϿ Ͻ Ͽϼ ϼϼ Ϥϡ, 

϶Ϲ ϶ ϹϽ ϼ ϴϿ Ͻ ϴϾ ϼ϶ Ͻ ϼ ϥϡ Ϲ Ϸ ϵϿ Ͼϴ, ϹϸϹϿ Ϲ  
ϸ ϼ Ͻ ϸϼϴ ϴϻ  ϻ ϴ Ϲ ϼϽ ϼ ϴϿ Ͻ ϼ ϧϬϤ ϶ ϸϴ  
Ͼ Ͼ Ϲ  Ͽ ϴϹ. ϡϴ ϹϻϾϹ (ab) ϿϹϸ Ϲ  ϶ ϵ ϴ  Ͼ  ( ), ϶Ϲ ϶  
ϼϿϼ Ͼ ϴ  ϼ ϴϿ Ͻ ϼ ϧϬϤ (cd) ϼϻ ϸϴ ϿϹ  
϶ ϾϴϹ  ϴ ϴ ϴ ϶.  

3) ϡ ϼ ϴϿ ϴ   ϕϥϞ ϶ ϴ϶Ϲ ϥϱϠϞ ϹϸϹϿ Ϲ   
ϿϹ (9.4), ϴ Ϲ Ϲ  ϴϵϼϿϼϻϴ ϼϼ ϴ ϺϹ ϼ  ϴ ϼ ϴ  ϥϡ Ϲ Ϸ ϵϿ Ͼϴ, 

Ͼ  ϵ ϸϹ  ϵϹ Ϲ ϼ϶ϴ  ϶ ϵ ϴ Ͻ ϴϾϼ  ϵ ϴϻ  ϧϬϤ, ϹϸϹϿ Ϲ   
ϻϴ϶ϼ ϼ ϼ Ϟ1 = (QϧϬϤ ϡϢϠ / SϦϥϡ), Ϲϸ ϴ϶ϿϹ Ͻ ϴ ϼ ϾϹ 9.2. 
 
ϦϴϵϿϼ ϴ 9.1 – Ϙϼϴ ϴϻ  ϴϷ ϻϾϼ ϥϡ ϼ ϼ ϴϿ Ϲ ϼ Ϧϥϡ 

Ϲ Ϸ ϵϿ Ͼ ϶ 

ϡ ϼ ϴϿ ϴ  
 

ϷϹ Ϲ ϴ ϴ, Ϡϖ  

ϡ ϼ ϴϿ ϴ  
 ϴϵ ϹϷ  

ϴ ϴ ϴ 
ϵ ϶Ϲ  Ϻϸ, 

Ϡϖϔ 

Ϡ  Ϲ Ͽ Ϸϼ Ϲ Ͼ Ͻ ϴϷ ϻϾϼ ϵ ϶Ϲ  Ϻϸ Ϡϖ  
ϦϱϪ 

Ϧ϶Ϲ ϸ Ϲ 
Ͽϼ϶  

ϗϴϻ – ϴϻ  
Ϧ϶Ϲ ϸ Ϲ 

Ͽϼ϶  
ϗϴϻ – ϴϻ  

63 
6,3 

5,0–8,8 3,1–4,4 3,8–5,0 1,9–3,1 
10,0 

110 
10,0 

8,8–15,4 5,5–7,7 6,6–8,8 3,3–5,5 16,0 
25,0 

160 
16,0 

12,8– 22,4 8,0–11,2 9,6–12,8 4,8–8,0 25,0 
32,0 

220 
25,0 

17,6–30,0 11,0–15,4 13,2–17,6 6,6–11,0 
32,0 

330 
25,0 

20,0–30,0 16,0–22,6 19,2–25,6 9,6–16,0 
32,0 

500 32,0 30,0–60,0 29,0–35,0 30,0–40,0 15,0–25,0 
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Ϥϼ Ͼ 9.3 – ϴ) ϢϵϿϴ ϼ ϸ ϼ  ϼ ϴϿ  ϹϽ ϧϬϤ ϶ ϴ϶Ϲ ϥϱϠϞ: 
1 – SϦϥϡ = 6,3 Ϡϖ.ϔ; 2 – SϦϥϡ = 10,0 Ϡϖ.ϔ; 3 – SϦϥϡ = 16,0 Ϡϖ.ϔ; 4 – SϦϥϡ = 25,0 Ϡϖ.ϔ;  

5 – SϦϥϡ = 32,0 Ϡϖ.ϔ; 6 – SϦϥϡ = 40,0 Ϡϖ.ϔ; 7 – SϦϥϡ = 60,0 Ϡϖ.ϔ; ϵ) Ϟ ϶ ϵ  ϼ ϴϿ Ͻ 
ϼ ϧϬϤ 

 
 

9.6   FACTS      
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ϣ ϼ Ϲ Ϲ ϼϹ Ϲ Ͽ ϷϼϽ FACTS ϴ ϗϱϥ Ϲ ϵ ϸϼ  ϶ ϶ Ϲ Ϲ Ͻ 
Ϲ ϷϹ ϼϾϹ,  ϶ϹϿϼ Ϲ ϼϹ ϸϼϴ ϴϻ ϴ ϹϷ Ͽϼ ϶ϴ ϼ  ϴ ϺϹ ϼ , ϶Ͽϼ ϴ  ϴ 
ϴϵϼϿ  ϴ ϺϹ ϼ  ϶ ϿϹϾ ϼ Ϲ Ͼϼ  Ϲ  ϼ ϵ ϶Ϲ  Ϻϸϴ  ϴ Ͻ 
ϴ ϼϼ, Ϲ Ϲ ϼϹ Ϲ  ϹϴϾ ϼ϶ Ͻ ϼ,  ϵ ϶ Ϲ  
Ϲ Ϲ ϼ  Ϲ  ϿϹϾ Ϲ Ϸϼϼ ϼ Ϲ  ϴ ϺϹ ϼ  ϶ ϿϹϾ ϼ Ϲ Ͼϼ  

Ϲ . 
ϡϴ ϼ ϾϹ 9.4 Ϲϸ ϴ϶ϿϹ ϴ Ϲ ϴ ϥϡ  ϼ Ϲ Ϲ ϼϹ  STATCOM 

ϸϹϿϼ ϶ϴ ϴ  ϶ Ϸ ϴ Ϲ MATLAB. 
 

F1 F2

1 СШ

2 СШ

F3

 
Ϥϼ Ͼ 9.4 – ϥ Ϲ ϴ ϵ ϶Ϲ  Ϻϸ  ϼ Ϲ Ϲ ϼϹ  STATCOM 

 
ϡϴ ϼ ϾϹ 9.5 Ϲϸ ϴ϶ϿϹ ϴ ϴ Ϲ ϴ ϼ Ϲ Ͼϴ  ϸϹϿ  STATCOM ϶ ϼ Ϲ Ϲ 

ϵ ϶Ϲ  Ϻϸ ϗϱϥ. ϥ  ϸϴ Ͻ ϴ Ϲ ϴ ϼ Ϲ Ͼ Ͻ ϸϹϿϼ ϼ ϸϼ  
ϴϵ ϴ STATCOM.  
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Ϥϼ Ͼ 9.5 – ϤϹϴϿϼϻϴ ϼ  ϴ Ϲ ϴ ϼ Ϲ Ͼ Ͻ ϸϹϿϼ STATCOM ϶ ϼ Ϲ Ϲ ϵ ϶Ϲ  Ϻϸ 

ϗϱϥ 
 

ϡϴ ϼ ϾϹ 9.6 Ϲϸ ϴ϶ϿϹ  Ϸ ϴ ϼϾ ϼϻ Ϲ Ϲ ϼ  ϸϹϽ ϶ ϹϷ  ϴ ϺϹ ϼ  
ϴ ϼ ϴ  ϵ ϶Ϲ  Ϻϸ ϵϹϻ STATCOM. Ϝϻ ϹϷ  ϶ϼϸ ,  ϴ ϺϹ ϼϹ 
Ϲ ϴϵϼϿ ,  ϺϹ  ϶Ͽϼ  ϴ ϴϵ ϵ  ϵ ϶Ϲ  Ϻϸ. 

 

 
Ϥϼ Ͼ 9.6 – ϗ ϴ ϼϾ ϼϻ Ϲ Ϲ ϼ  ϸϹϽ ϶ ϹϷ  ϴ ϺϹ ϼ  ϴ ϼ ϴ  ϵ ϶Ϲ  Ϻϸ ϵϹϻ 

STATCOM 
 

ϡϴ ϼ ϾϹ 9.7 Ϲϸ ϴ϶ϿϹ  Ϸ ϴ ϼϾ ϼϻ Ϲ Ϲ ϼ  Ϸ ϶Ϲ Ϸ  ϴ ϺϹ ϼ  ϴ 
ϼ ϴ  ϵ ϶Ϲ  Ϻϸ  ϼ Ϲ Ϲ ϼϹ  STATCOM. ϱ  Ϸ ϴ ϼϾ Ͼϴϻ ϶ϴϹ , 

 Ϲ Ͽ Ϸϼ  STATCOM ϶ Ϲ Ϲ ϼϼ ϶ ϹϷ  ϶ Ϲ Ϲ ϼ ϸϸϹ Ϻϼ϶ϴϹ  ϴ ϺϹ ϼϹ 
ϹϸϹϿё Ϸ  ϻ ϴ Ϲ ϼϹ,  ϼ϶ ϸϼ  Ͼ ϵϹ Ϲ Ϲϵ Ͻ Ͻ ϴϵ Ϲ ϵ ϶Ϲ  

Ϻϸ. 
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Ϥϼ Ͼ 9.7 – ϗ ϴ ϼϾ ϼϻ Ϲ Ϲ ϼ  Ϸ ϶Ϲ Ϸ  ϴ ϺϹ ϼ  ϴ ϼ ϴ  ϵ ϶Ϲ  

Ϻϸ  ϼ Ϲ Ϲ ϼϹ  STATCOM 
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ϖ ϸϴ Ͻ ϴϵ Ϲ ϵ Ͽϼ ϴ ϼ ϴ  ϼ ϹϸϹϿϹ  ϶ Ϲ ϴ ϴ Ϲ  ϼ 
ϿϹ Ϲ  ϖϼ ϼ Ͼ Ϸ  Ϸϼϸ ϻϿϴ ϴ ϹϾϹ ϖϼ ϼ , ϶Ͽ ϼ  ϺϹ ϼϹ  Ι 

ϾϿϴ ϴ. 
ϖ ϸϹ ϶ ϸ - Ϲ ϷϹ ϼ Ϲ Ͼϼ  ϴ Ϲ ϶ ϵ Ͽϴ ϹϸϹϿϹ ϴ ϴ ϶ϿϹ ϴ  

, ϴ϶ ϴ  1148 Ϡϖ  ϼ Ϲϸ Ϲ Ϸ ϿϹ  ϶ ϴϵ Ͼϴ 5,01 Ͽ ϸ. Ͼϖ ∙ . 
ϥϿϹϸ ϼ  ϴ  ϴϵ  ϵ Ͽ ϶ ϵ  ϶ Ϸ  ϼ ϶ Ϸϴ ϹϿ Ϸ  

ϵ ϸ ϶ϴ ϼ , ϶ ϸϹ Ͼ Ϸ  ϵ Ͽ  ϹϸϹϿϹ  ϼ Ͽ  ϼ ϼ  Ϸϼϸ ϴϷ ϹϷϴ ϶ 
ϿϹϾ ϴ ϼϼ. ϘϿ  Ϸ  ϵ Ͽϴ Ϲ ϴ ϵϿϴ  ϸ ϼ  ϹϺϼ ϶ ϴϵ  

ϗϱϥ ( ϹϺϼ Ϲ ϿϹ  ϴ  ϼ ϴ ϸ ), ϴ Ͼ Ͻ ϹϸϹϿϹ  ϿϹϸ ϼϹ 
ϴ : 

 ϴϾ ϼ ϴϿ Ͻ – 77,03 ;  
 ϴ Ϲ Ͻ – 65,00 ; 
 ϼ ϼ ϴϿ Ͻ – 52,37 ; 
ϣ ϼ ϶ ϵ Ϲ ϵϼ  ϴ ϴ ϼ϶ϴϿ  ϸϼ  ϶ϴ ϼϴ : ϣϟϘ90-ϖ45. ϖ 

Ϲϻ Ͽ ϴ Ϲ ϴ Ϲ ϶ ϵ Ͽ ϶ ϵ ϴ  ϼ ϴϿ Ͻ ϶ϴ ϼϴ   Ϲ  
Ϸϼϸ ϵϼ ϴ ϼ ϣϟϘ90-ϖ45-630. ϣ  ϴ϶  ϸϴ  ϸϿ  ϸϴ Ͻ ϵϼ  
 ϼ Ͻ ϴ Ͻ ϶ ϴ Ϲ ϼ  115,4 ϵ/ ϼ  ϸ ϵ ϴ  Ϲ ϼϽ Ͻ 

Ϸϼϸ ϷϹ Ϲ ϴ  ϥϖ-1139/140-52  ϼ ϴϿ Ͻ ϴϾ ϼ϶ Ͻ  200 Ϡϖ . 
ϛϴ Ϲ  ϵ Ͽϴ ϶ ϵ ϴ ϴ Ͼ ϴ  Ϲ ϴ ϗϱϥ  ϸϼ ϼ ϵϿ Ͼϴ ϼ ϼ 

ϼ ϴ Ϲ ϴ ϴ ϹϸϹϿϼ ϹϿ Ϸ  Ͻ ϶ϴ ϴ 10 ϼ Ϲϸϼ Ϲ ϼϽ (6 
ϸϼ  ϵϿ Ͼϴ, 3 ϸ ϼϹ ϶ ϻϸ Ϲ Ͽϼ ϼϼ ϼ 1 Ͽ ϺϹϵ Ͻ)  Ϲ Ͻ 3/2. 

ϣ  ϴ϶  ϸϴ  ϼ Ͼϴ ϴϿ Ϸϴ  ϵ Ͽ  ϶ ϵ ϴ  ϿϹϸ ϹϹ ϶ Ͼ ϶ Ͽ Ϲ 
ϵ ϸ ϶ϴ ϼϹ: ϵϿ Ϲ ϴ ϴ  ϦϘϪ 250000/500, ϴ ϴ  
ϵ ϶Ϲ  Ϻϸ Ϧϥϛ–6300/15,75, ϸϿ  ϖϟϱϣ – ϴϿϹϴϿ ϼ Ϲ϶ Ϲ ϶ ϸϴ 

ϴ Ͼϼ ϔϥ 500/64. 
ϘϴϿϹϹ ϵ Ͽ ϴ Ϲ  ϵ ϻϴ ϹϿ Ͻ Ϲ Ϲ Ϲ  Ͻ ϶ ϹϿϹϽ Ͻ ϻϴ ϼ  

ϼ ϴ϶ ϴ ϼϾϼ ϶ ϶Ϲ ϶ϼϼ  ϣϧϱ. 
Ϟ ϶Ͼϴ Ϸϼϸ ϻϿϴ ϵ Ͽϴ ϼ ϴ Ͽ ϶ Ͻ  ϶ ϸ ϵ ϴ ϼ 

϶ Ϲ Ϲ Ϸ  ϼ ϴ. ϖ ϴ϶ ϺϹ ϼ  ϶ ϸ : 
 ϿϹ϶ ϵϹ ϹϺ ϴ  Ϸ ϶ϴ  Ͽ ϼ ϴ; 
 ϿϹ϶ ϵϹ ϹϺ ϴ  ϵϹ ϴ  Ͽ ϼ ϴ; 
 ϻϸϴ ϼϹ ϗϱϥ;  
 ϶ ϸ Ͽϼ϶ ϴ  ϵϹ ϴ  Ͽ ϼ ϴ;  
 ϴ϶ ϵϹ ϹϺ ϴ  ϷϿ ϴ  ϵϹ ϴ  Ͽ ϼ ϴ. 
Ϥϴ Ϲ  Ϲ  ϹϸϹϿϹ  Ϸϴϵϴ ϼ Ϲ ϴϻ Ϲ  ϼ ϴ ϴϾ Ϲ Ϲ Ϲ Ͼϼ 

Ͽ ϼ : 
 Ϲ Ͼϴ ϸ ϶  ϶ ϸ Ͽϼ϶ Ͻ Ͽ ϼ  – 359,00; 
 ϼ Ͽ  ϶ ϸ Ͼ  ϶Ϲ ϼϽ – 4; 
 ϼ ϼ ϴ ϶ ϸ Ͼ  ϶Ϲ ϼϽ – 18 ; 
 Ϲ Ͼϴ Ϸ Ϲϵ  Ͽ ϼ  – 445,50;  
 ϼ ϼ ϴ Ϸ Ϲϵ  – 20 . 
ϘϿ  Ϸϴ Ϲ ϼ  Ͼϼ Ϲ ϼ Ϲ Ͼ Ͻ Ϲ Ϸϼϼ ϶ ϸ Ϸ  Ͼϴ, ϾϴϹ Ϸ  Ϲ Ϲϻ 

϶ ϸ Ͽϼ϶  Ͽ ϼ , ϼ Ϲ Ϲ  ϵ ϶ ϵ ϸ  ϵ Ϲ Ͻ ϼ. 
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ϕϹ ϴ  Ͽ ϼ ϴ ϴϻϸϹϿ Ϲ   ϸϿϼ Ϲ ϼ Ϲ Ϲ ϴ ϼ ϶ϴ ϼ 
ϴ ϸϹϿ Ϲ ϹϾ ϼϼ, ϸϿ  ϵϹ Ϲ Ϲ ϼ  Ͽϼ ϼ ϵϹ ϴ ϹϾ ϼϽ Ͽ ϼ  

ϼ Ϲ Ϲ ϴ Ͻ ϸϹ ϴ ϼϼ ϶ ϴϻϿϼ  ϴ  ϹϿϴ Ͽ ϼ  ϼ ϼ 
Ϲ ϴ϶ Ϲ  ϴϸϾϴ  ϶ϴ ϼ . 

ϦϴϾϺϹ ϶  ϴϻϸϹϿϹ ϼϻ϶ϹϸϹ ϴ Ϲ Ͼϴ ϼ ϼ Ͻ ϼ϶ ϼ 
Ͽ ϼ  ϼ ϶  ϴϷ ϻϾϴ . ϖ Ϲϻ Ͽ ϴ Ϲ ϴ Ϲ ϶ Ͼ ϼ ϼϹ  
ϴϸϹϺ ϼ ϺϹ ϼ  ϴ϶Ͽ Ϲ  1,65 ϸϿ  ϶  ϴϷ ϻ Ͼ ( ϴ ϼ϶ Ϲ 

ϻ ϴ Ϲ ϼϹ ϸϿ  ϺϹ ϼϽ Ι ϾϿϴ ϴ – 1,25). ϦϴϾϼ  ϵ ϴϻ , Ͽ ϼ ϴ ϖϼ ϼ Ͼ Ϸ  
Ϸϼϸ ϻϿϴ ϶Ϲ ϶ Ϲ  ϶ Ϲ  Ϲϵ ϶ϴ ϼ  ϴϸϹϺ ϼ ϼ ϸ Ϸϼ  Ϲϵ ϶ϴ ϼ  

Ϲϸ Ϲ ϼ ϥϡϼϣ. 
ϖ ϶Ϲ ϶ϼϼ  ϸϹϽ ϶ ϼ  ϻϴϾ ϸϴ ϹϿ ϶  ϴ Ϲ  

Ϲ ϼ ϼ   ϴ Ϲ Ͼ Ϻϴ ϹϽ Ϲϸ , ϴ Ϲ ϸϴ ϼ Ϻϴ Ͻ 
ϵϹϻ ϴ ϼ. 

ϣ  Ϲ ϼϾ - Ͼ ϼ Ϲ Ͼϼ  ϴ Ϲ ϴ  ϵ Ͽϼ Ͽ Ϲ  ϿϹϸ ϼϹ 
Ͼϴϻϴ ϹϿϼ: 

 Ͼ Ͼ ϴϹ ϼ – 89 Ϲ Ϲ϶; 
 ϹϵϹ ϼ  ϿϹϾ Ϲ Ϸϼϼ – 0,13 ϵ./Ͼϖ ∙ ; 
 ϸϹϿ Ϲ Ͼϴ ϼ ϴϿ ϶Ͽ ϺϹ ϼ  – 123179 ϵ./Ͼϖ .  
ϦϴϾϼ  ϵ ϴϻ  ϼ ϹϿ ϶  ϖϼ ϼ Ͼ Ϸ  Ϸϼϸ ϻϿϴ ϶ ϴ ϹϹ ϶ Ϲ  

϶Ͽ Ϲ  ϴϾ ϴϿ  ϼ ϶ Ϸ ϸ   Ͼϼ ϻ Ϲ ϼ  Ϲ ϼϾ - Ͼ ϼ Ϲ Ͼϼ  
Ͼϴϻϴ ϹϿϹϽ. 
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ϣ ϸ ϿϺϹ ϼϹ ϼϿ ϺϹ ϼ  ϔ 
 

ϦϴϵϿϼ ϴ ϔ.1 – ϥ ϴϵ Ͼϴ– ϴ Ͽ Ϲ ϼϹ ϶ ϸ ϴ ϼϿϼ ϴ ϶ ϴϿ ϶ ϸ  Ϸ ϸ   Ϲ ϶  ϶ϴ ϼϴ  Ϸϴ ϴ ϼ ϶ϴ Ͻ ϼ 

 
 
 
 
 

ϠϹ  
, /  

, /  

, /  

, /  

, /  

. , /  
, /  

Э , /  
, /  

. , /  

, /  

− ,  ,  ,  ,  Э , 
 

, 
  ∆      

XI 457 0 8 12 0 437 318 755 500 0 763 18,32 0,82 17,49 440,00 438,82 439,41 364,37 74,25 493 ϖϩϞ 

XII 318 0 8 12 0 298 295 593 500 0 601 17,49 0,76 16,73 438,82 437,59 438,21 363,76 73,65 385 385 

I 232 0 8 12 0 212 394 606 500 0 614 16,73 1,02 15,70 437,59 435,71 436,65 363,81 72,05 385 385 

II  201 0 8 12 0 181 771 952 500 0 960 15,70 2,00 13,71 435,71 431,42 433,57 365,08 67,70 565 ϖϩϞ 

III 193 0 8 12 0 173 319 492 500 0 500 13,71 0,83 12,88 431,42 429,49 430,45 363,37 66,30 288 ϖϩϞ 

IV 325 0 8 12 0 305 187 492 500 0 500 12,88 0,48 12,39 429,49 428,35 428,92 363,37 64,76 282 ϖϩϞ 

V 1393 15 8 -12 29 1353 -740 613 650 0 650 12,39 
-

1,92 
14,31 428,35 432,79 430,57 363,45 66,33 375 ϖϩϞ 

VI  1686 18 8 -18 35 1643 -1036 607 650 0 650 14,31 
-

2,69 
17,00 432,79 438,04 435,42 363,45 71,18 403 ϖϩϞ 

VII 1349 14 8 -54 28 1353 -739 614 650 0 650 17,00 
-

1,92 
18,91 438,04 440,76 439,40 363,45 75,16 425 ϖϩϞ 

VIII 1115 12 8 0 22 1073 -453 620 650 0 650 18,91 
-

1,17 
20,09 440,76 442,07 441,42 363,45 77,18 436 ϖϩϞ 

IX 1049 11 8 0 22 1008 -388 620 650 0 650 20,09 
-

1,01 
21,09 442,07 443,08 442,58 363,45 78,34 443 ϖϩϞ 

X 1055 11 8 0 22 1014 -394 620 650 0 650 21,09 
-

1,02 
22,11 443,08 444,09 443,59 363,45 79,35 449 ϖϩϞ 
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ϣ ϸ ϿϺϹ ϼϹ ϼϿ ϺϹ ϼ  ϔ 
 
ϦϴϵϿϼ ϴ ϔ.2 – ϥ ϴϵ Ͼϴ– ϴ Ͽ Ϲ ϼϹ ϶ ϸ ϴ ϼϿϼ ϴ ϶ ϴϿ ϶ ϸ  Ϸ ϸ   Ͼ ϴ ϹϿ  ϶ϴ ϼϴ  Ϸϴ ϴ ϼ ϶ϴ Ͻ 

ϼ  

 
 
 
 

Ϡ
Ϲ

 , /  

, /  

, /  

, /  

, /  

. , /  
, /  

Э , /  
, /  

. , /  

, /  

− ,  ,  ,  ,  Э , 
 

, 
  ∆      

XI 457 0 8 12 0 437 318 755 500 0 763 18,32 0,82 17,49 440,00 438,82 439,41 364,37 74,25 493 493 

XII 318 0 8 12 0 298 971 1269 500 0 1277 17,49 2,52 14,97 438,82 434,23 436,52 366,19 69,55 773 773 

I 232 0 8 12 0 212 1184 1396 500 0 1404 14,97 3,07 11,90 434,23 427,19 430,71 366,63 63,29 773 773 

II  201 0 8 12 0 181 771 952 500 0 960 11,90 2,00 9,91 427,19 422,69 424,94 365,08 59,07 493 493 

III 193 0 8 12 0 173 319 492 500 0 500 9,91 0,83 9,08 422,69 420,99 421,84 363,37 57,68 251 ϖϩϞ 

IV 325 0 8 12 0 305 187 492 500 0 500 9,08 0,48 8,60 420,99 420,03 420,51 363,37 56,35 245 ϖϩϞ 

V 1393 15 8 -12 29 1353 -740 613 650 0 650 8,60 
-

1,92 
10,51 420,03 424,01 422,02 363,45 57,78 327 ϖϩϞ 

VI  1686 18 8 -18 35 1643 -1036 607 650 0 650 10,51 
-

2,69 
13,20 424,01 430,24 427,12 363,45 62,88 356 ϖϩϞ 

VII 1349 14 8 -54 28 1353 -739 614 650 0 650 13,20 
-

1,92 
15,11 430,24 434,52 432,38 363,45 68,14 385 ϖϩϞ 

VIII 1115 12 8 0 22 1073 -453 620 650 0 650 15,11 
-

1,17 
16,29 434,52 436,81 435,67 363,45 71,43 404 ϖϩϞ 

IX 1049 11 8 0 22 1008 -388 620 650 0 650 16,29 
-

1,01 
17,29 436,81 438,52 437,67 363,45 73,43 415 ϖϩϞ 

X 1055 11 8 0 22 1014 -394 620 650 0 650 17,29 
-

1,02 
18,32 438,52 440,00 439,26 363,45 75,02 424 ϖϩϞ 
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ϣ ϸ ϿϺϹ ϼϹ ϼϿ ϺϹ ϼ  ϔ 
 

 
Ϥϼ Ͼ ϔ.2 – ϥ Ͻ Ϸ ϴ ϼϾ ϴϷ ϻϾϼ ϶ϴ , ϶ Ϲ ё Ͻ  ϜϞϡ 
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ϣ ϸ ϿϺϹ ϼϹ ϼϿ ϺϹ ϼ  ϔ 
 

 
Ϥϼ Ͼ ϔ.3 – ϥ Ͻ Ϸ ϴ ϼϾ ϴϷ ϻϾϼ ϼ , ϶ Ϲ ё Ͻ  ϜϞϡ 
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ϣ ϸ ϿϺϹ ϼϹ ϼϿ ϺϹ ϼ  ϔ 
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ϣ ϸ ϿϺϹ ϼϹ ϼϿ ϺϹ ϼ  ϔ  
 

ϦϴϵϿϼ ϴ ϔ.3 – ϤϹϺϼ  ϴϵ  ϹϾ ϼ Ϲ Ͻ ϗϱϥ ϶ Ϲϸ Ϲ϶ ϸ  Ϸ ϸ    

 
ϢϾ ϴ ϼϹ ϴϵϿϼ  ϔ.3 

 

ϠϹ  
, /  

, /  
, /  

, /  
, /  

. , /  
, /  

Э , /  
, /  

. , /  
, /  

XI 519 0 8 12 0 499 255 754 500 0 762 
XII 415 0 8 12 0 395 863 1258 500 0 1266 
I 256 0 8 12 0 236 1133 1369 500 0 1377 
II  211 0 8 12 0 191 736 927 500 0 935 
III 210 0 8 12 0 190 602 792 500 0 800 
IV 350 0 8 12 0 330 162 492 500 0 500 
V 1544 15 8 -12 29 1504 -1040 464 500 0 501 
VI  2289 18 8 -18 35 2246 -1639 607 650 0 650 
VII 1722 14 8 -54 28 1726 -1072 654 650 0 690 
VIII 1556 12 8 0 22 1514 0 1514 650 0 1544 
IX 1465 11 8 0 22 1424 0 1424 650 0 1454 
X 1247 11 8 0 22 1206 0 1206 650 0 1236 

ϠϹ  
− ,  ,  ,  ,  Э ,  

 
,  
 

Э,  .  ∙   ∆      

XI 18,32 0,66 17,65 440,00 439,07 439,53 364,37 74,38 493 493 0,36 
XII 17,65 2,24 15,42 439,07 435,14 437,11 366,15 70,17 773 773 0,56 
I 15,42 2,94 12,48 435,14 428,55 431,84 366,54 64,52 773 773 0,56 
II  12,48 1,91 10,57 428,55 424,14 426,34 364,99 60,56 493 493 0,35 
III 10,57 1,56 9,01 424,14 420,85 422,50 364,50 57,20 398 398 0,29 
IV 9,01 0,42 8,59 420,85 420,03 420,44 363,37 56,28 245 245 0,18 
V 8,59 -2,70 11,29 420,03 425,76 422,89 362,96 59,14 258 258 0,19 
VI  11,29 -4,25 15,54 425,76 435,38 430,57 363,45 66,33 375 375 0,27 
VII 15,54 -2,78 18,32 435,38 440,00 437,69 363,57 73,33 440 440 0,32 
VIII 18,32 0,00 18,32 440,00 440,00 440,00 366,04 73,17 983 983 0,71 
IX 18,32 0,00 18,32 440,00 440,00 440,00 365,79 73,42 929 929 0,67 
X 18,32 0,00 18,32 440,00 440,00 440,00 365,18 74,03 796 796 0,57 
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ϣ ϸ ϿϺϹ ϼϹ ϼϿ ϺϹ ϼ  ϔ  
 
ϦϴϵϿϼ ϴ ϔ.4 – ϤϹϺϼ  ϴϵ  ϹϾ ϼ Ϲ Ͻ ϗϱϥ ϶ Ϲϸ Ϲ϶ ϸ  Ϸ ϸ   Ϲ Ͼϴ   

 
ϢϾ ϴ ϼϹ ϴϵϿϼ  ϔ.4 

 

ϠϹ  
, /  

, /  
, /  

, /  
, /  

. , /  
, /  

Э , /  
, /  

. , /  
, /  

XI 519 0 8 12 0 499 318 817 500 0 825 
XII 415 0 8 12 0 395 971 1366 500 0 1374 
I 256 0 8 12 0 236 1184 1420 500 0 1428 
II  211 0 8 12 0 191 613 804 500 0 812 
III 210 0 8 12 0 190 392 582 500 0 590 
IV 350 0 8 12 0 330 272 602 500 0 610 
V 1544 15 8 -12 29 1504 -891 613 650 0 650 
VI  2289 18 8 -18 35 2246 -1639 607 650 0 650 
VII 1722 14 8 -54 28 1726 -1112 614 650 0 650 
VIII 1556 12 8 0 22 1514 -108 1406 650 0 1436 
IX 1465 11 8 0 22 1424 0 1424 650 0 1454 
X 1247 11 8 0 22 1206 0 1206 650 0 1236 

ϠϹ  
− ,  ,  ,  ,  Э ,  

 
,  
 

Э,  .  ∙   ∆      

XI 18,32 0,82 17,49 440,00 438,82 439,41 364,59 74,03 531 493 0,38 
XII 17,49 2,52 14,97 438,82 434,23 436,52 366,53 69,21 827 773 0,60 
I 14,97 3,07 11,90 434,23 427,19 430,71 366,71 63,21 785 773 0,57 
II  11,90 1,59 10,32 427,19 423,57 425,38 364,55 60,04 424 493 0,31 
III 10,32 1,02 9,30 423,57 421,43 422,50 363,72 57,99 298 298 0,21 
IV 9,30 0,71 8,60 421,43 420,03 420,73 363,80 56,15 298 298 0,21 
V 8,60 -2,31 10,90 420,03 424,88 422,46 363,45 58,22 329 329 0,24 
VI  10,90 -4,25 15,15 424,88 434,60 429,74 363,45 65,50 370 370 0,27 
VII 15,15 -2,88 18,04 434,60 439,62 437,11 363,45 72,87 412 412 0,30 
VIII 18,04 -0,28 18,32 439,62 440,00 439,81 365,74 73,28 915 915 0,66 
IX 18,32 0,00 18,32 440,00 440,00 440,00 365,79 73,42 929 929 0,67 
X 18,32 0,00 18,32 440,00 440,00 440,00 365,18 74,03 796 796 0,57 
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ϢϾ ϴ ϼϹ ϼϿ ϺϹ ϼ  ϔ  
 

 
Ϥϼ Ͼ ϔ.5 – ϤϹϺϼ Ϲ ϿϹ  ё  ϻϴϸϴ  Ϸ ϴ ϼ Ϲ ϼϽ  ϴ ϸ , ϼ ϼ Ͼ Ͻ ϵ ϼ  
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H
,

Q, 3/

Hmax

Hmin

H

Ϸ .  . ϼ 

Ϸ .  Ͼ. ϵ.

Ϸ .  ϴ . Ͼ  

ϡϣϧ = 440,00  

ϧϠϢ = 420,03  

Qmin = 250 3/  

ϡmax = 77,05  

ϡmin = 52,37  

ϡ  = 65  



 155 

  
 

    

 
Ϥϼ Ͼ ϕ.1 – Ϥϴϵ ϴ  ϻ ϴ Ϸϼϸ ϵϼ  ϣϟϘ90-ϖ45-560 
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Ϥϼ Ͼ ϕ.2 – Ϥϴϵ ϴ  ϻ ϴ Ϸϼϸ ϵϼ  ϣϟϘ90-ϖ45-600 
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Ϥϼ Ͼ ϕ.3 – Ϥϴϵ ϴ  ϻ ϴ Ϸϼϸ ϵϼ  ϣϟϘ90-ϖ45-630 
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Ϥϼ Ͼ ϕ.4 – Ϥϴϵ ϴ  ϻ ϴ Ϸϼϸ ϵϼ  ϣϟϘ90-ϖ45-710 
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Ϥϼ Ͼ ϕ.5 – Ϥϴϵ ϴ  ϻ ϴ Ϸϼϸ ϵϼ  ϣϟϘ90-ϖ45-750 
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Ϥϼ Ͼ ϕ.6 – Ϥϴϵ ϴ  ϻ ϴ Ϸϼϸ ϵϼ  ϣϟϘ90-ϖ45-800
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Ϥϼ Ͼ ϕ.7 – ϣ ϴ  ϴ  Ϸϼϸ ϵϼ  ϣϟϘ90-ϖ45 
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Ϥϼ Ͼ ϕ.8 – ϣϿϴ  ϼ ϴϿ Ͻ Ͼϴ Ϲ  
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-   

  
Ϥϼ Ͼ ϖ.1 – ϧϾ ё Ϲ ϴ  ϹϴϿϼϻϴ ϼϼ ϹϾ ϴ 
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Ϥϼ Ͼ ϗ.1 – ϡϴϷ ϻϾϼ, ϸϹϽ ϶ ϼϹ ϼ ϶  Ϲ ϴ ϼϼ ϴϷ ϻ Ͼ ϼ ϶ ϻϸϹϽ ϶ϼ 
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    “ – ” 
 

 
Ϥϼ Ͼ Ϙ.1 – ϡϴ ϺϹ ϼϹ ϶ Ͼ ϴϾ  Ϲ Ϲ ϼϼ “ ϶ϴ ϼϹ–ϵϹ ” 




