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ȼȼȿȾȿɇɂȿ 
 

Ƚɢɞɪɨɷɧɟɪɝɟɬɢɤɚ - ɨɞɧɚ ɢɡ ɜɟɞɭɳɢɯ ɨɬɪɚɫɥɟɣ ɷɧɟɪɝɟɬɢɤɢ, ɜɚɠɧɨɣ ɞɥɹ 
ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɫɬɪɚɧɵ, ɬ. ɤ. ɝɟɧɟɪɚɰɢɹ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɧɟɪɝɢɢ 
ɨɫɭɳɟɫɬɜɥɹɟɬ ɷɧɟɪɝɨɟɦɤɢɟ ɩɪɟɞɩɪɢɹɬɢɹ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ Ƚɗɋ ɩɟɪɟɞ ɞɪɭɝɢɦɢ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦɢ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ ɭɜɟɥɢɱɢɜɚɬɶ ɨɛɴɟɦ ɜɵɪɚɛɨɬɤɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɥɹ ɩɨɤɪɵɬɢɹ ɩɢɤɨɜɵɯ ɧɚɝɪɭɡɨɤ, ɜ ɤɨɪɨɬɤɢɟ ɫɪɨɤɢ.  

ɋɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ Ƚɗɋ ɜɨ ɦɧɨɝɨ ɪɚɡ ɧɢɠɟ, ɱɟɦ ɧɚ 
ɚɬɨɦɧɵɯ ɢ ɬɟɩɥɨɜɵɯ ɫɬɚɧɰɢɹɯ. ɂɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ ɹɜɥɹɟɬɫɹ ɬɟɤɭɳɚɹ ɜɨɞɚ. ȼɨɞɚ 
ɹɜɥɹɟɬɫɹ ɜɨɡɨɛɧɨɜɥɹɟɦɵɦ ɪɟɫɭɪɫɨɦ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ. ȿɳɟ ɨɞɧɢɦ 
ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɢ ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɜ 
ɚɬɦɨɫɮɟɪɭ ɢ ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ɐɟɥɶɸ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ – ɹɜɥɹɟɬɫɹ ɩɪɨɪɚɛɨɬɤɚ ɨɫɧɨɜɧɵɯ ɷɬɚɩɨɜ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ Ƚɗɋ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɢ ɡɚɤɪɟɩɥɟɧɢɟɦ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɡɧɚɧɢɣ. 
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1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ 
 
1.1 Ʉɥɢɦɚɬ ɜ ɪɚɣɨɧɟ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɝɢɞɪɨɭɡɥɚ 

 
Ʉɥɢɦɚɬ ɪɟɫɩɭɛɥɢɤɢ ɋɚɯɚ (əɤɭɬɢɢ) ɫɭɛɚɪɤɬɢɱɟɫɤɢɣ, ɪɟɡɤɨ-

ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ. ȼɫɹ ɬɟɪɪɢɬɨɪɢɹ ɪɟɫɩɭɛɥɢɤɢ ɨɬɧɨɫɢɬɫɹ ɤ ɪɚɣɨɧɚɦ Ʉɪɚɣɧɟɝɨ 
ɋɟɜɟɪɚ. Ⱥɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɩɪɟɜɵɲɚɟɬ 100 °ɋ — ɨɬ 40 
°ɋ ɥɟɬɨɦ ɞɨ -60 °ɋ ɡɢɦɨɣ. Ⱦɥɹ ɥɟɬɧɟɝɨ ɫɟɡɨɧɚ ɯɚɪɚɤɬɟɪɧɵ ɱɚɫɬɵɟ ɜɬɨɪɠɟɧɢɹ 
ɯɨɥɨɞɧɵɯ ɦɚɫɫ ɜɨɡɞɭɯɚ ɫ ɫɟɜɟɪɚ ɫ ɦɚɥɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɢ ɛɨɥɶɲɨɣ 
ɩɪɨɡɪɚɱɧɨɫɬɶɸ. ɉɪɢ ɬɚɤɢɯ ɜɬɨɪɠɟɧɢɹɯ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɭɫɥɨɜɢɹɦɢ, 
ɛɥɚɝɨɩɪɢɹɬɧɵɦɢ ɞɥɹ ɡɚɫɬɨɹ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɩɪɢ ɹɫɧɨɣ ɩɨɝɨɞɟ ɜ ɨɬɞɟɥɶɧɵɟ 
ɝɨɞɵ ɩɨɱɬɢ ɩɨ ɜɫɟɣ ɬɟɪɪɢɬɨɪɢɢ ɪɟɫɩɭɛɥɢɤɢ ɜɨɡɦɨɠɧɵ ɦɟɫɬɚɦɢ ɡɚɦɨɪɨɡɤɢ ɜ 
ɬɟɱɟɧɢɟ ɥɟɬɚ, ɨɫɨɛɟɧɧɨ ɜ ɝɨɪɧɵɯ ɪɚɣɨɧɚɯ. Ɂɢɦɚ ɧɚ ɛɨɥɶɲɟɣ ɱɚɫɬɢ ɬɟɪɪɢɬɨɪɢɢ 
əɤɭɬɢɢ ɫɭɯɚɹ ɢ ɦɚɥɨɫɧɟɠɧɚɹ. 

 
1.2 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
 
Ɉɥёɤɦɚ – ɪɟɤɚ ɜ Ⱥɡɢɚɬɫɤɨɣ ɱɚɫɬɢ Ɋɨɫɫɢɢ, ɜ Ɂɚɛɚɣɤɚɥɶɫɤɨɦ ɤɪɚɟ, 

Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ, Ɋɟɫɩɭɛɥɢɤɟ ɋɚɯɚ (əɤɭɬɢɹ). Ⱦɥɢɧɚ ɪɟɤɢ 1436 ɤɦ, ɩɥɨɳɚɞɶ 
ɛɚɫɫɟɣɧɚ 210 ɬɵɫ. ɤɦ2. 

Ɋɟɤɚ Ɉɥёɤɦɚ ɛɟɪɟɬ ɧɚɱɚɥɨ ɧɚ ɜɵɫɨɬɟ 1200 ɦ. ɧɚ ɫɟɜɟɪɧɵɯ ɫɤɥɨɧɚɯ ɝ. 
Ʉɪɨɩɨɬɤɢɧɚ ɧɚ Ɇɭɪɨɣɫɤɨɦ ɯɪɟɛɬɟ ɜ Ɉɥɟɤɦɢɧɫɤɨɦ ɋɬɚɧɨɜɢɤɟ. Ɋɟɤɚ ɩɪɨɬɟɤɚɟɬ ɩɨ 
Ɉɥɟɤɦɢɧɫɤɨɦɭ ɇɚɝɨɪɶɸ ɢ Ɉɥɟɤɦɨ-ɑɚɪɫɤɨɦɭ ɩɥɨɫɤɨɝɨɪɶɸ ɜ ɝɥɭɛɨɤɨɣ ɢ ɭɡɤɨɣ 
ɞɨɥɢɧɟ. ɉɪɢ ɩɟɪɟɫɟɱɟɧɢɢ ɪɟɤɨɣ ɯɪɟɛɬɨɜ ɋɬɚɧɨɜɨɣ ɢ ɍɞɨɤɚɧ ɞɨɥɢɧɚ ɧɚɩɨɦɢɧɚɟɬ 
ɤɚɧɶɨɧ, ɜ ɤɨɬɨɪɨɦ ɫɤɨɪɨɫɬɢ ɬɟɱɟɧɢɹ ɦɨɝɭɬ ɞɨɫɬɢɝɚɬɶ 5,5 ɦ/ɫ. ɇɢɠɟ ɩɨ 
ɬɟɱɟɧɢɸ ɪɭɫɥɨ ɜɪɟɡɚɧɧɨɟ, ɢɡɜɢɥɢɫɬɨɟ ɢ ɩɨɪɨɠɢɫɬɨɟ. ɉɨɫɬɟɩɟɧɧɨ ɞɨɥɢɧɚ ɪɟɤɢ 
ɪɚɫɲɢɪɹɟɬɫɹ ɞɨ 2–3 ɤɦ, ɪɭɫɥɨ – ɞɨ 300–700 ɦ, ɫɤɨɪɨɫɬɢ ɭɦɟɧɶɲɚɸɬɫɹ ɞɨ 0,5–1,2 
ɦ/ɫ. ȼ ɞɨɥɢɧɟ ɮɨɪɦɢɪɭɸɬɫɹ ɩɨɣɦɟɧɧɵɟ ɦɚɫɫɢɜɵ, ɪɭɫɥɨ ɪɟɤɢ ɫɜɨɛɨɞɧɨ 
ɦɟɚɧɞɪɢɪɭɟɬ.. 

ȼ ɬɚɛɥɢɰɟ 1.1 ɩɪɢɜɟɞёɧ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ ɧɚɛɥɸɞɟɧɢɣ ɜ ɩɟɪɢɨɞ ɫ 1985 
ɩɨ 2009 ɝɨɞ.  
 
Ɍɚɛɥɢɰɚ 1.1 – Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɩɨ ɪɟɤɟ Ɉɥёɤɦɚ 

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

1960 39,3 25,1 22 33 971 764 486 2115 434 154 44 31 427 

1961 22,1 16,6 16,2 79 1461 1383 1788 1344 1035 343 128 52 639 

1962 32,5 28,1 24,5 218 1251 1344 551 2586 1723 408 111 51 694 

1963 29,9 19,9 18,4 298 1370 1566 961 593 484 300 91 50 482 

1964 32 22,3 20 103 869 2010 2220 1549 1273 375 148 70 724 

1965 37,3 27,8 24,6 403 2115 1866 849 1070 2495 735 150 79 821 

1966 26,3 19,5 18,6 160 1605 689 2115 1854 1024 300 107 55 664 

1967 21,4 16,2 14 213 639 738 2715 1054 851 352 77 40 561 

1968 25,9 19,1 18,2 66 2076 1035 1723 1680 730 270 69 37 646 

1969 32,1 24,4 21,5 119 1241 1618 753 1219 1086 516 134 65 569 

1970 48 25,9 24,8 305 926 1053 1330 2469 1670 569 179 101 725 

https://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1026/%D0%A0%D0%B5%D1%87%D0%BD%D0%B0%D1%8F_%D0%B4%D0%BE%D0%BB%D0%B8%D0%BD%D0%B0
https://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1029/%D0%A0%D1%83%D1%81%D0%BB%D0%BE
https://water-rf.ru/%D0%93%D0%BB%D0%BE%D1%81%D1%81%D0%B0%D1%80%D0%B8%D0%B9/1727/%D0%9C%D0%B5%D0%B0%D0%BD%D0%B4%D1%80%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.1 
1971 28,6 21,1 17,4 130 1370 1605 2076 856 1013 361 143 53 640 

1972 44,5 39,4 22,5 109 1488 1018 2900 1254 2036 529 140 87 806 

1973 47,6 31,6 25,4 365 1514 1058 1006 1153 2024 735 160 86 684 

1974 70,8 44,9 35,1 102 1396 793 719 2010 2455 564 135 105 702 

1975 38 22,9 19,2 200 2051 2391 904 728 689 291 87 64 624 

1976 44 40,8 34,5 154 994 833 1566 1089 1084 518 143 83 549 

1977 81,4 43,5 36,3 273 1131 1099 1618 4051 2651 790 209 150 1011 

1978 62,8 48 34,8 398 2259 1120 1344 1971 2115 673 154 100 857 

1979 29,5 17,4 17 319 824 798 1356 4051 1026 455 116 76 757 

1980 10,6 10,3 9,3 610 1971 2115 1383 1984 1288 524 146 48 842 

1981 26,6 16,1 11,8 410 1263 1460 5414 2091 1685 688 138 63 1106 

1982 14,6 7,8 7 54 2065 1024 1711 1669 719 259 58 26 635 

1983 20,9 13,1 10,3 107 1230 1606 741 1208 1075 505 123 53 558 

1984 36,8 14,6 13,5 294 915 1041 1319 2458 1659 558 168 89 714 

1985 17,4 9,9 6,1 118 1359 1594 2065 845 1001 350 131 42 628 

1986 33,3 18,1 11,3 98 1476 1006 2889 1243 2025 518 129 76 794 

1987 46,4 40,4 34,1 354 1700 1402 1170 1121 1030 824 249 94 672 

1988 59,5 33,6 23,9 91 1185 1181 708 1999 2444 553 124 93 708 

1989 35,5 21,4 18,3 30 968 760 483 2111 430 150 40 28 423 

1990 18,4 12,8 12,4 75 1458 1379 1784 1340 1031 339 124 48 635 

1991 28,8 24,4 20,8 214 1248 1340 1548 1582 1719 404 107 47 690 

1992 26,1 16,1 14,7 294 1266 1463 958 489 466 410 87 46 461 

1993 28,3 18,5 16,3 99 865 1006 2216 1745 1269 371 144 66 654 

1994 33,5 24 20,9 399 2111 1863 845 1066 2491 731 146 75 817 

1995 22,5 15,7 14,9 156 1601 685 2111 1850 1020 296 103 51 661 

1996 34,1 23,6 19,3 418 1270 1468 5421 2099 1693 695 145 70 1113 

1997 22,1 15,3 14,5 62 2073 1031 1719 1676 726 266 65 34 642 

1998 28,4 20,6 17,8 115 1238 1614 749 1215 1083 513 130 61 565 

1999 44,3 22,1 21 301 923 1049 1326 2465 1666 565 175 97 721 

2000 24,9 17,4 13,6 126 1366 1601 2073 853 1009 358 139 49 636 

2001 40,8 25,6 18,8 105 1484 1014 2896 1250 2033 525 136 83 801 

2002 43,9 27,9 21,6 361 1510 1054 1003 1149 2020 731 156 82 680 

2003 67 41,1 31,4 99 1093 989 1010 2006 2451 560 131 101 715 

2004 34,3 19,1 15,5 196 1348 2488 900 1374 685 288 83 60 624 

2005 30,3 27 20,8 150 1451 1100 1150 995 895 524 139 59 545 

2006 77 39,8 32,5 269 1628 1005 1614 3048 2648 986 205 146 975 

2007 59 44,3 31 394 2255 1116 1340 1968 2111 669 150 97 853 

2008 34,4 11,9 11,5 253 658 636 1083 3239 819 363 90 59 605 

2009 6,9 6,5 5,6 606 1968 2111 1379 1980 1284 520 143 44 838 

 
Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɨɣ ɫɜɹɡɢ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 1.2 ɢ ɧɚ ɪɢɫɭɧɤɚɯ 1.1 ɢ 1.2. 
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Ɍɚɛɥɢɰɚ 1.2 – Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɵɯ ɫɜɹɡɢ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 

Ʉɪɢɜɚɹ ɫɜɹɡɢ ɨɛɴɟɦɨɜ ɢ 
ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

Ʉɪɢɜɚɹ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
ɡɢɦɧɹɹ ɥɟɬɧɹɹ ݖʑʐ, ˏ ܸ, ˍˏଷ ݖʜʐ , ˏ ܳ, ˏଷ/ܿ ݖʜʐ, ˏ ܳ, ˏଷ/ܿ 

124,0 0 124 0 124 0 
134,1 0,7 125,5 250 125,2 250 
148,9 2 127,5 600 126,7 600 
163,1 4 129,5 1100 128,6 1100 
170,2 6 131 1800 130,5 1800 
174,0 8 132,3 2700 131,4 2700 
177,0 10 132,5 3520 131,8 3820 
179,0 12 765,00 1283 ɧ/ɞ ɧ/ɞ 

 

 
Ɋɢɫɭɧɨɤ 1.1 – Ʉɪɢɜɚɹ ɫɜɹɡɢ ɨɛɴёɦɨɜ ɢ ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

 

 
Ɋɢɫɭɧɨɤ 1.2 – Ʉɪɢɜɵɟ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
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Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ȼɏɄ ɢ ɩɨɬɟɪɢ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.3 
 

Ɍɚɛɥɢɰɚ 1.3 – Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ȼɏɄ ɢ ɩɨɬɟɪɢ ɜɨɞɵ ܳ, ɦ3/ɫ I II  III  IV V VI  VII VIII IX X XI  XII 
Ɍɪɟɛɨɜɚɧɢɹ ȼɏɄ 257 257 257 257 513 513 513 513 513 257 257 257 
ɉɨɬɪɟɛɥɟɧɢɟ ɢɡ 
ȼɨɞɨɯɪɚɧɢɥɢɳɚ 

- - - - - - - - - - - - 

Ɏɢɥɶɬɪɚɰɢɹ 3 3 3 3 3 3 3 3 3 3 3 3 
ɂɫɩɚɪɟɧɢɟ 0 0 0 0 2 3 4 2 2 0 0 0 

Ʌɶɞɨɨɛɪɚɡɨɜɚɧɢɟ 5 5 5 -15 -10 0 0 0 0 5 5 5 
 
  

1.3 ɂɧɠɟɧɟɪɧɨ – ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 
 
ȼ ɨɫɧɨɜɚɧɢɢ ɫɨɨɪɭɠɟɧɢɹ ɡɚɥɟɝɚɟɬ ɝɪɚɧɨɞɢɨɪɢɬ. ɒɢɪɢɧɚ ɩɨ ɫɬɜɨɪɭ 487 

ɦɟɬɪɨɜ. Ⱦɧɨ ɧɚɯɨɞɢɬɫɹ ɧɚ ɨɬɦɟɬɤɟ 124,0 ɦɟɬɪɚ. 
 
 1.4 Ⱦɚɧɧɵɟ ɩɨ ɷɧɟɪɝɨɫɢɫɬɟɦɟ 
 
 əɤɭɬɫɤɚɹ Ƚɗɋ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɚɛɨɬɵ ɜ ɫɨɫɬɚɜɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, 
ɜɯɨɞɹɳɢɯ ɜ ɨɩɟɪɚɰɢɨɧɧɭɸ ɡɨɧɭ Ɏɢɥɢɚɥɚ ɈȺɈ «ɋɈ ȿɗɋ» «Ɉɛɴɟɞɢɧɟɧɧɨɟ 
ɞɢɫɩɟɬɱɟɪɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɷɧɟɪɝɨɫɢɫɬɟɦɚɦɢ ȼɨɫɬɨɤɚ» (ɞɚɥɟɟ -  ɈȾɍ ȼɨɫɬɨɤɚ).  
ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ 
ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ, ɬɪɚɧɫɩɨɪɬɧɨɣ ɢ 
ɫɨɰɢɚɥɶɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ.  ɇɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɟɫɩɭɛɥɢɤɢ ɋɚɯɚ (əɤɭɬɢɹ) 
ɞɟɣɫɬɜɭɟɬ ȼɢɥɸɣɫɤɚɹ Ƚɗɋ (ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ 680 Ɇȼɬ. ɂɦɟɟɬɫɹ ɨɞɧɚ 
ɤɪɭɩɧɚɹ ɬɟɩɥɨɜɚɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ, əɤɭɬɫɤɚɹ ȽɊɗɋ (ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ 
544 Ɇȼɬ). ȼ ɨɩɟɪɚɰɢɨɧɧɨɣ ɡɨɧɟ əɤɭɬɫɤɨɝɨ ɊȾɍ ɧɚɯɨɞɹɬɫɹ ɨɛɴɟɤɬɵ ɝɟɧɟɪɚɰɢɢ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɶɸ 1425,3 Ɇȼɬ. ɇɚɢɛɨɥɟɟ ɤɪɭɩɧɵɦɢ ɢɡ 
ɧɢɯ ɹɜɥɹɸɬɫɹ ȼɢɥɸɣɫɤɚɹ Ƚɗɋ, əɤɭɬɫɤɚɹ ȽɊɗɋ. ȼ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɣ 
ɤɨɦɩɥɟɤɫ ɪɟɝɢɨɧɚ ɜɯɨɞɹɬ ɬɚɤɠɟ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ 110 
ɤȼ ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ 2592 ɤɦ ɢ 220 ɤȼ ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ 4044 ɤɦ. 
ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɨɩɟɪɚɰɢɨɧɧɨɣ ɡɨɧɟ əɤɭɬɫɤɨɝɨ ɊȾɍ ɜ 2019 ɝɨɞɭ 
ɫɨɫɬɚɜɢɥɚ 5,483 ɦɥɪɞ ɤȼɬ*ɱ, ɩɨɬɪɟɛɥɟɧɢɟ – 5,204 ɦɥɪɞ ɤȼɬ*ɱ.  
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2 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ 
 
2.1 ȼɵɛɨɪ ɪɚɫɱёɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 

ɩɪɢ ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɬɨɤɚ 
 
Ƚɢɞɪɨɝɪɚɮ-ɷɬɨ ɝɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɜɨ ɜɪɟɦɟɧɢ ɪɚɫɯɨɞɨɜ ɜɨɞɵ ɜ ɪɟɤɟ ɡɚ 

ɧɟɫɤɨɥɶɤɨ ɥɟɬ. 
ȼɵɛɨɪ ɪɚɫɱёɬɧɨɝɨ ɝɨɞɚ (P=50%) 
Ⱦɥɹ ɡɚɞɚɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɧɚ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 

ɨɬɫɭɬɫɬɜɭɟɬ ɤɨɧɤɪɟɬɧɵɣ ɝɨɞ. ɉɨ ɷɦɩɢɪɢɱɟɫɤɢɦ ɤɪɢɜɵɦ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɝɨɞɨɜɵɯ 
ɪɚɫɯɨɞɨɜ ɨɩɪɟɞɟɥɹɟɦ ɛɥɢɠɚɣɲɢɟ ɝɨɞɵ ɫɩɪɚɜɚ ɢ ɫɥɟɜɚ ɨɬ ɪɚɫɱёɬɧɨɣ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 50%: 1987 ɢ 2002 ɝɨɞɚ. ȼɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ 
ɩɨ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɸ. ȼ ɢɬɨɝɟ ɩɪɢɧɢɦɚɟɦ ɬɨɬ ɝɨɞ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɢɦɟɬɶ 
ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɛɥɢɠɟ ɤ ɟɞɢɧɢɰɟ, ɬ.ɟ. ɬɨɬ ɝɨɞ, ɤɨɬɨɪɵɣ ɬɪɟɛɭɟɬ 
ɦɟɧɶɲɭɸ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɪɚɫɯɨɞɨɜ. 

 
Ɍɚɛɥɢɰɚ 2.1 - Ɋɚɫɯɨɞɵ ɞɥɹ ɜɵɛɨɪɚ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 

Ɋɚɫɱɟɬɧɵɣ ɫɪɟɞɧɟɜɨɞɧɵɣ 
50% ɝɨɞ 

   

P% ɝɨɞ Qɫɪ ɝɨɞ Qɩɨɥɨɜɨɞ ɝɨɞ Qɦɟɠ 
49 2002 680 1995 1453 1969 130 
50  676  1451  129 
51 1987 672 1968 1449 1992 128 

 
Ⱦɥɹ 2002 ɝɨɞɚ: 
 ʙ˒ˑˎ ହ଴% = ொ˒ˑˎ ఱబ%ொ˒ˑˎ.మబబమˆ = ଵସହଵଵଷସ଻ = ͳ,Ͳͺ                                                               (2.1) 

 ʙˏˈˉ ହ଴% = ொˏˈˉ ఱబ%ொˏˈˉ.మబబమ ˆ = ଵଶଽଶ଴ଷ = Ͳ,͸Ͷ                                                               (2.2) 

 
Ⱦɥɹ 1987 ɝɨɞɚ: 
 ʙ˒ˑˎ ହ଴% = ொ˒ˑˎ ఱబ%ொ˒ˑˎ.భవఴళˆ = ଵସହଵଵଶ଼ହ = ͳ,ͳ͵                                                               (2.3) 

 ʙˏˈˉ ହ଴% = ொˏˈˉ ఱబ%ொˏˈˉ.భవఴళ ˆ = ଵଶଽଶଷହ = Ͳ,ͷͷ                                                               (2.4) 

 
ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɱёɬɧɨɝɨ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢɧɢɦɚɟɦ 2002ɝ. 
 
ȼɵɛɨɪ ɪɚɫɱёɬɧɨɝɨ ɝɨɞɚ (P=90%). ȼɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɥɹ 2005 ɝɨɞɚ. 
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ʙ˒ˑˎ.ଽ଴% = ʙ˒ˑˎ.భవళలˆʙ˒ˑˎ.మబబఱˆ = ଵଵଵଷଵଵଵ଼ = Ͳ,ͻͻ                                                               (2.5) 

 ʙˏˈˉ.ଽ଴% = ʙˏˈˉ.భవలఴˆʙˏˈˉ.మబబఱˆ = ଻ଶଵଷ଺ = Ͳ,͸Ͷ                                                               (2.6) 

 
ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢɧɢɦɚɟɦ 2005 ɝɨɞ. 

 
Ɍɚɛɥɢɰɚ 2.2 ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɟ ɪɚɫɯɨɞɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɥɟɬ. 

ɦɟɫ 1 2 3 4 5 6 7 8 9 10 11 12 ɫɪɟɞ 

Qiɩɪ50

% 

ɦ3/ɫ 
38 30 234 411 1256 1118 1163 1241 1804 568 270 60 683 

Qiɩɪ90

% 
ɦ3/ɫ 

30 27 221 401 891 1050 965 1026 1105 524 239 59 545 

 
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɫɬɪɨɢɦ ɝɢɞɪɨɝɪɚɮ (ɪɢɫɭɧɨɤ 2.1). Ɋɚɫɯɨɞɵ 

ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɧɟ ɞɨɥɠɧɵ ɩɪɟɜɵɲɚɬɶ ɪɚɫɯɨɞɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ. 
 

 

Ɋɢɫɭɧɨɤ 2.1 - Ƚɢɞɪɨɝɪɚɮ ɪɚɫɱɟɬɧɵɯ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɥɟɬ 

 

2.2 Ʉɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɪɚɫɯɨɞɨɜ 
 

ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɪɚɡɞɟɥɢɬɶ ɝɨɞɚ ɧɚ 2 ɨɫɧɨɜɧɵɯ ɩɟɪɢɨɞɚ: ɦɧɨɝɨɜɨɞɧɵɣ 
(ɩɨɥɨɜɨɞɶɟ) ɢ ɦɚɥɨɜɨɞɧɵɣ (ɦɟɠɟɧɶ). Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɤ ɩɟɪɢɨɞɭ ɩɨɥɨɜɨɞɶɹ 
ɨɬɧɨɫɹɬɫɹ ɦɟɫɹɰɵ, ɜ ɤɨɬɨɪɵɟ ɪɚɫɯɨɞɵ ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɧɵ ɫɪɟɞɧɟɝɨɞɨɜɨɦɭ 
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ɪɚɫɯɨɞɭ. Ɍɨɝɞɚ ɨɫɬɚɥɶɧɵɟ ɦɟɫɹɰɚ ɫɨɫɬɚɜɹɬ ɦɚɥɨɜɨɞɧɵɣ ɩɟɪɢɨɞ. Ⱦɥɹ ɜɫɟɯ ɥɟɬ 
ɡɚɞɚɧɧɨɝɨ ɪɹɞɚ ɩɪɢɧɢɦɚɟɦ ɨɞɢɧɚɤɨɜɵɟ ɦɟɫɹɰɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɩɟɪɢɨɞɭ ɦɟɠɟɧɢ 
ɢ ɩɨɥɨɜɨɞɶɹ (ɤ ɩɟɪɢɨɞɭ ɩɨɥɨɜɨɞɶɹ ɨɬɧɨɫɹɬɫɹ V, VI , VII , VIII , IX ɦɟɫɹɰɵ; ɤ 
ɩɟɪɢɨɞɭ ɦɟɠɟɧɢ ɨɬɧɨɫɹɬɫɹ IV, X, XI , XII , I, II , III  ɦɟɫɹɰɵ). 

Ɉɩɪɟɞɟɥɢɜ ɝɪɚɧɢɰɵ ɫɟɡɨɧɨɜ, ɞɥɹ ɜɫɟɯ ɥɟɬ ɪɹɞɚ ɜɵɱɢɫɥɹɟɦ ɫɪɟɞɧɢɟ ɪɚɫɯɨɞɵ 
ɡɚ ɝɨɞ, ɥɢɦɢɬɢɪɭɸɳɢɣ ɫɟɡɨɧ ɢ ɩɟɪɢɨɞ ɩɨɥɨɜɨɞɶɹ. Ɋɚɧɠɢɪɭɟɦ ɤɚɠɞɭɸ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɢ ɩɨ ɮɨɪɦɭɥɟ (2.7) ɜɵɱɢɫɥɹɟɦ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ. 

ሺ݉ሻ݌  = ௠௡+ଵ ∙ ͳͲͲ,                                                                                     (2.7) 

 

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

n=50 – ɨɛɳɟɟ ɱɢɫɥɨ ɱɥɟɧɨɜ ɪɹɞɚ. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɞɥɹ ɫɪɟɞɧɟɝɨɞɨɜɵɯ, ɫɪɟɞɧɟɩɨɥɨɜɨɞɧɵɯ ɢ 

ɫɪɟɞɧɟɦɟɠɟɧɧɵɯ ɪɚɫɯɨɞɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɬɚɛɥɢɰɚ Ȼ.1. 
Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɜɵɛɨɪɚ ɦɚɥɨɜɨɞɧɨɝɨ ɢ 

ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢɧɢɦɚɸɬɫɹ ɪɚɜɧɵɦɢ 90 ɢ 50% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɫɪɟɞɧɢɯ ɪɚɫɯɨɞɨɜ ɡɚ ɝɨɞ, 

ɩɨɥɨɜɨɞɶɟ ɢ ɦɟɠɟɧɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.2. 
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Ɋɢɫɭɧɨɤ 2.2 – ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 
 

2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɢɩɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
 
Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɨɥɟɡɧɨɝɨ ɨɛɴɟɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶɫɹ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɣ ɨɬɦɟɬɤɨɣ ɍɆɈ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. Ɋɟɡɭɥɶɬɚɬɨɦ ɫɪɚɛɨɬɤɢ 
ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɨɬɦɟɬɤɢ ɍɆɈ (ɦɢɧɢɦɚɥɶɧɨɣ ɨɬɦɟɬɤɢ 
ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ), ɤɨɬɨɪɚɹ ɪɚɜɧɚ 165,42 ɦ. Ɉɛɴɟɦɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɬɦɟɬɤɚɦ 
ɇɉɍ ɢ ɍɆɈ, ɧɚɯɨɞɹɬɫɹ ɩɨ ɤɪɢɜɨɣ ɫɜɹɡɢ ɨɛɴɟɦɨɜ ɢ ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 
(ɪɢɫɭɧɨɤ 1.1). ʜܸʞʢ = ͳʹ ˍˏଷ; ʢܸʛʝ = Ͷ,ͷͳ ˍˏଷ; 

 
Ɍɨɝɞɚ ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: 
 ʞܸʝʚʔʖʜ = ʜܸʞʢ − ʢܸʛʝ = ͳʹ − Ͷ,ͷͳ = ͹,Ͷͻ ˍˏଷ;                                       (2.8) 
 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɬɢɩ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɞɥɹ 

ɷɬɨɝɨ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɪɟɝɭɥɢɪɨɜɚɧɧɨɫɬɢ ɫɬɨɤɚ ɩɨ ɮɨɪɦɭɥɟ: 
ߚ  = ௏ʞʝʚʔʖʜௐ̅ ,                                                                                                   (2.9) 

 
ɝɞɟ ܹ̅ – ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ ɫɬɨɤ ɜ ɡɚɞɚɧɧɨɦ ɫɬɜɨɪɟ. 
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 ܹ̅ =  ܳˏːˑˆˑˎˈ˕̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ∙  (2.10)                                                                                       ,ݐ
  

ɝɞɟ ܳˏːˑˆˑˎˈ˕̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  – ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ ɪɚɫɯɨɞ ɢɡ ɩɪɢɥɨɠɟɧɢɹ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1; 
t – ɱɢɥɨ ɫɟɤɭɧɞ ɜ ɝɨɞɭ. 
 ܹ̅ =  ܳˏːˑˆˑˎˈ˕̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ∙ ݐ =  ͸ͻͺ ∙ ͵ͳͷ͵͸ͲͲͲ = ʹʹ,Ͳͳʹ ˍˏଷ; 

 
ߚ  = ௏ʞʝʚʔʖʜௐ̅ = ଻,ସଽଶଶ,଴ଵଶ = Ͳ,͵Ͷ. 

 
Ⱦɥɹ ɝɨɞɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ β ɞɨɥɠɧɨ ɛɵɬɶ ɜ 

ɩɪɟɞɟɥɚɯ β=0,1 – 0,35, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɞɚɧɧɨɟ ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. ɂɦɟɟɦ 
ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɝɨɞɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 
 

2.4 Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ 
ɬɪɟɛɨɜɚɧɢɣ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɵ 
 

Ƚɥɚɜɧɵɦ ɤɪɢɬɟɪɢɟɦ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ 
ɪɚɦɤɚɯ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɭɦ ɜɵɬɟɫɧɟɧɢɹ ɬɟɩɥɨɜɵɯ 
ɦɨɳɧɨɫɬɟɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ. 

Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɝɨɞɚ ɜɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɧɚ ɩɨɥɟɡɧɨɦ ɛɵɬɨɜɨɦ 
ɫɬɨɤɟ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɝɨɞɚ ɩɨ ɮɨɪɦɭɥɟ: 

 ʒܰЭʠ ˄˞˕ = ݇𝑁 ∙ ܳ˒ˑˎˈˊ ∙  (2.11)                                                                             ,ܪ
 

ɝɞɟ     ݇𝑁 − ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, ݇𝑁 = ͻ,Ͳʹ; 
ܪ  − ɩɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ; 
 ܳ˒ˑˎˈˊ − ɩɨɥɟɡɧɵɣ ɛɵɬɨɜɨɣ ɪɚɫɯɨɞ. 
 ɉɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ: 
ܪ  = ܼʑʐ − ܼʜʐ − ∆ℎ,                                                                                    (2.12) 

 
ɝɞɟ    ܼʑʐ −ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɬɦɟɬɤɟ ɇɉɍ, ɦ; 
 ܼʜʐ − ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɫɪɟɞɧɟɦɟɫɹɱɧɵɦ 
ɛɵɬɨɜɵɦ ɪɚɫɯɨɞɚɦ ɜɨɞɵ, ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɨ ɤɪɢɜɨɣ ɫɜɹɡɢ; 
 ∆ℎ − ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ. 
 Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɦɨɳɧɨɫɬɶ Ƚɗɋ ɫ ɭɱёɬɨɦ ɬɪɟɛɨɜɚɧɢɣ ȼɏɄ: 
 

 ʒܰЭʠ ˄˞˕ = ݇𝑁 ∙ ܳ˅˘ˍ ∙  (2.13)                                                                              ,ܪ
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ɝɞɟ    ܳ˅˘ˍ − ɪɚɫɯɨɞ ɜɨɞɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ, ˏ ଷ/˔. 
 Ɋɚɫɱɟɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɵ 2.8, 2.9. 
 
Ɍɚɛɥɢɰɚ 2.8 – Ɋɟɠɢɦ ɪɚɛɨɬɵ ɩɨ ɜɨɞɨɬɨɤɭ 

Ɇɟɫɹɰ 1 2 3 4 5 6 7 8 9 10 11 12 

z ȼȻ 179 179 179 179 179 179 179 179 179 179 179 179 

z ɇȻ 125,5 125,5 125,5 125,2 126,3 126,3 126,3 126,3 126,3 125,5 125,5 125,5 

H 53,1 53,1 53,1 53,4 52,3 52,3 52,3 52,3 52,3 53,1 53,1 53,1 

N ɛɵɬ 10 9 96 187 398 464 426 454 489 233 104 23 

 
Ɍɚɛɥɢɰɚ 2.9 – Ɋɟɠɢɦ ɪɚɛɨɬɵ ɩɨ ȼɏɄ 

Ɇɟɫɹɰ 1 2 3 4 5 6 7 8 9 10 11 12 
z ȼȻ 179 179 179 179 179 179 179 179 179 179 179 179 

z ɇȻ 
125,

5 
125,5 125,5 125,2 126,3 126,3 126,3 126,3 126,3 125,5 125,5 125,5 

H 53,1 53,1 53,1 53,4 52,3 52,3 52,3 52,3 52,3 53,1 53,1 53,1 
N ȼɏɄ 116 116 116 117 228 228 228 228 228 116 116 116 

N 
ȻɕɌ-N 

ȼɏɄ 
-106 -107 -20 71 170 236 198 226 261 117 -12 -93 

 
ɋɭɦɦɚɪɧɵɣ ɢɡɛɵɬɨɤ ɦɨɳɧɨɫɬɢ = 940 Ɇȼɬ. ɋɪɚɛɨɬɤɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 

ɧɚɱɢɧɚɟɬɫɹ ɫ ɧɨɹɛɪɹ. 
ɋɬɪɨɢɦ ɛɚɥɚɧɫ ɷɧɟɪɝɢɢ (ɪɢɫɭɧɨɤ 2.3). Ɉɬɦɟɱɚɟɦ N ɛɵɬ ɢ N ɜɯɤ. ɉɪɨɜɨɞɢɦ 

ɥɢɧɢɸ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɬɚɤ, ɱɬɨɛɵ ɨɛɪɚɡɨɜɚɜɲɢɟɫɹ ɩɭɫɬɨɬɵ ɛɵɥɢ 
ɪɚɜɧɵ ɢɡɛɵɬɤɭ ɦɨɳɧɨɫɬɢ. 

ɂɡ ɝɪɚɮɢɤɚ ɩɨɥɭɱɚɟɦ ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɟ ɦɨɳɧɨɫɬɢ  
Nɝɚɪ.ɹɧɜ=298 Ɇȼɬ     
Nɝɚɪ.ɮɟɜ=266 Ɇȼɬ 
Nɝɚɪ.ɦɚɪɬ=192 Ɇȼɬ 
Nɝɚɪ.ɧɨɹ=266 Ɇȼɬ 
Nɝɚɪ.ɞɟɤ=298 Ɇȼɬ. 
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 Ɋɢɫɭɧɨɤ 2.3 – Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɫ ɭɱɟɬɨɦ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɛɵɬɨɜɵɯ ɦɨɳɧɨɫɬɟɣ 
 

2.5 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ 
 
Ƚɥɚɜɧɚɹ ɡɚɞɚɱɚ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱёɬɨɜ – ɨɩɪɟɞɟɥɟɧɢɟ 

ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɯ ɦɨɳɧɨɫɬɟɣ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ, ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ 
ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ (ɨɬɦɟɬɤɢ ɍɆɈ), ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ. Ɍɚɤɠɟ 
ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɨɝɨ ɪɚɫɱёɬɚ ɩɪɨɢɫɯɨɞɢɬ ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ.   

Ɋɚɫɱёɬ ɧɚɱɢɧɚɟɦ ɫ ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɧɚɩɨɥɧɟɧɨ, ɬɨ ɟɫɬɶ, ɫ 
ɨɬɦɟɬɤɢ ɇɉɍ=179 ɦ.  

ɋɪɚɛɨɬɤɭ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɨɢɡɜɨɞɢɦ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ:  
1.Ɋɚɛɨɬɚ Ƚɗɋ ɫ ɦɨɳɧɨɫɬɹɦɢ, ɪɚɜɧɵɦɢ ɦɨɳɧɨɫɬɹɦ, ɩɪɢɧɹɬɵɦ ɜ 

ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ. 
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2.Ɋɚɛɨɬɚ Ƚɗɋ ɩɨ ɪɟɠɢɦɭ ɭɪɨɜɧɹ ɜ  ɪɚɫɱɟɬɧɨɦ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ.  
Ɂɚ ɤɨɧɟɱɧɵɣ ɜɚɪɢɚɧɬ ɩɪɢɧɢɦɚɟɦ ɬɨɬ ɫɩɨɫɨɛ ɜ ɤɨɬɨɪɨɦ ɛɨɥɶɲɟ 

ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  ɋɪɚɛɨɬɤɚ ɡɚ ɦɚɥɨɜɨɞɧɵɣ ɢ 
ɫɪɟɞɧɟɜɨɞɧɵɟ ɝɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɢ. (ɉɪɢɥɨɠɟɧɢɟ Ⱥ, ɬɚɛɥɢɰɚ 
Ⱥ.1,Ⱥ.2). 

Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ – ɧɚɩɨɥɧɟɧɢɹ ɡɚ ɦɚɥɨɜɨɞɧɵɣ ɢ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.4. 

 

 
Ɋɢɫɭɧɨɤ 2.4 – Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 

3.1 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
 

Ɋɟɠɢɦɧɨɟ ɩɨɥɟ – ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
Ƚɗɋ. ȼɟɪɯɧɟɣ ɝɪɚɧɢɰɟɣ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɹɜɥɹɟɬɫɹ ɧɚɩɨɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢ 
ɪɚɛɨɬɟ Ƚɗɋ ɫ ɜɨɞɨɯɪɚɧɢɥɢɳɟɦ, ɧɚɩɨɥɧɟɧɧɵɦ ɞɨ ɨɬɦɟɬɤɢ ɇɉɍ, ɧɢɠɧɟɣ - ɩɪɢ 
ɪɚɛɨɬɟ Ƚɗɋ ɫ ɜɨɞɨɯɪɚɧɢɥɢɳɟɦ, ɫɪɚɛɨɬɚɧɧɵɦ ɞɨ ɨɬɦɟɬɤɢ ɍɆɈ. ɉɨɫɬɪɨɟɧɢɟ ɷɬɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɭɪɚɜɧɟɧɢɸ: 
ʒЭʠሺܳʒЭʠሻܪ  = ∇ʑʐ − ʜʐሺܳʜʐሻݖ − ∆ℎ,       (3.1) 
  
ɝɞɟ ∇ʑʐ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ, ɞɥɹ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɵ ∇ʑʐ =∇ʜʞʢ = ͳ͹ͻ ˏ, ɞɥɹ ɥɢɧɢɢ ɪɚɫɱёɬɧɨɝɨ ɧɚɩɨɪɚ ∇ʑʐ = ∇ʑʐ˓ = ͳ͸͹,͹ ˏ,  ɞɥɹ 

ɧɢɠɧɟɣ ɝɪɚɧɢɰɵ ∇ʑʐ = ∇ʢʛʝ = ͳ͸ͷ,Ͷʹ ˏ; 
 ;ʜʐሺܳʜʐሻ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɇȻ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɯɨɞɚ ɜ ɇȻݖ 
 ∆ℎ –ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ. 

 
Ɉɝɪɚɧɢɱɟɧɢɟɦ ɫɥɟɜɚ ɧɚ ɪɟɠɢɦɧɨɦ ɩɨɥɟ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ 

ɜɨɞɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɡɚɞɚɧɧɵɦ ɨɝɪɚɧɢɱɟɧɢɟɦ ɩɨ ɭɫɥɨɜɢɹɦ ɫɚɧɢɬɚɪɧɨɝɨ ɩɨɩɭɫɤɚ: 
 ܳ௠𝑖௡ = ʹͷ͹ ˏଷ ˔⁄  .   

  
ɍɪɚɜɧɟɧɢɟ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
 ܳʒЭʠ = ˖ܰ˔˕݇𝑁 ∙  ʒЭʠ, (3.2)ܪ

  
ɝɞɟ ˖ܰ˔˕= 592 Ɇɜɬ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ȼɨɫɬɨɱɧɨɣ Ƚɗɋ; 
 ݇𝑁= 9,02 – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ; 
 .ʒЭʠ – ɧɚɩɨɪ ɧɚ Ƚɗɋ, ɤɨɬɨɪɵɣ ɜɵɛɢɪɚɟɬɫɹ ɩɪɨɢɡɜɨɥɶɧɨܪ 

 
ɍɪɚɜɧɟɧɢɟ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ: 

 ܳʒЭʠ = ܳʒЭʠ௠௔௫ ∙ ˓ܪʒЭʠܪ√ , (3.3) 

  
ɝɞɟ ܳʒЭʠ௠௔௫ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ Ƚɗɋ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ 

ɩɟɪɟɫɟɱɟɧɢɹ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ 
ɥɢɧɢɟɣ ɪɚɫɱёɬɧɨɝɨ ɧɚɩɨɪɚ; 
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 ɪɚɫɱёɬɧɵɣ ɩɨ ɦɨɳɧɨɫɬɢ ɧɚɩɨɪ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ – ˓ܪ 
ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ 
ɪɚɫɱёɬɧɨɝɨ ɧɚɩɨɪɚ. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ (Ɋɢɫɭɧɨɤ Ȼ.1). 
ɂɡ ɩɨɫɬɪɨɟɧɧɨɝɨ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɨɩɪɟɞɟɥɹɟɦ: 
– ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɧɚɩɨɪɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɇɉɍ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ: 
௠௔௫ܪ  = Ͷͻ,ͷ ˏ.  

 
– ɪɚɫɱёɬɧɵɣ ɧɚɩɨɪ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ 

ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ ɪɚɫɱёɬɧɨɝɨ ɧɚɩɨɪɚ: 
˓ܪ  = Ͷ͵,͹ ˏ.  

 
– ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɩɨɪ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɧɚɩɨɪɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɍɆɈ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 
Ƚɗɋ: 
௠𝑖௡ܪ  = ͵ͷ,ͳ ˏ. 

 
 

3.2 ȼɵɛɨɪ ɫɢɫɬɟɦɵ ɢ ɤɨɥɢɱɟɫɬɜɚ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ  
 

ȼɵɛɨɪ ɫɢɫɬɟɦɵ ɢ ɬɢɩɚ ɬɭɪɛɢɧɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɜɟɥɢɱɢɧɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɧɚɩɨɪɚ, ɬɚɤ ɱɬɨɛɵ ɡɧɚɱɟɧɢɟ ܪ௠௔௫=49,5 ɦ ɛɵɥɨ ɛɥɢɡɤɨ ɤ ɩɪɟɞɟɥɶɧɨɦɭ ɧɚɩɨɪɭ ܪ˒˓ˈˇ ɜɵɛɪɚɧɧɨɝɨ ɬɢɩɚ, ɧɨ ɧɟ ɩɪɟɜɵɲɚɥɨ ɟɝɨ, ɬ.ɟ. ܪ௠௔௫ ൑  .ˇˈ˓˒ܪ

Ⱦɥɹ ɞɚɧɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ ɜɵɛɢɪɚɟɦ ɫɥɟɞɭɸɳɢɟ ɪɟɚɤɬɢɜɧɵɟ 
ɝɢɞɪɨɬɭɪɛɢɧɵ: 

- ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɚɹ ɉɅ-50-ȼ; 
- ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɚɹ ɞɢɚɝɨɧɚɥɶɧɚɹ ɉɅȾ50; 
ɋɨɫɬɚɜɢɦ ɬɚɛɥɢɰɭ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɟɣ ɞɚɧɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ (ɬɚɛɥ. 3.1): 
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Ɍɚɛɥɢɰɚ 3.1 – ɉɚɪɚɦɟɬɪɵ ɜɵɛɪɚɧɧɵɯ ɬɢɩɨɜ ɦɨɞɟɥɶɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ 

ɉɚɪɚɦɟɬɪ ɉɅ50-ȼ ɉɅȾ50-ȼ 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ 
ɝɢɞɪɨɬɭɪɛɢɧ 

,ɩɪɟɞܪ ɦ 50 50 

Ⱦɢɚɩɚɡɨɧ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ܪ௠𝑖௡ ⁄௠௔௫ܪ  0,5 0,5 

Ɉɩɬɢɦɚɥɶɧɚɹ 
ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ 

ɜɪɚɳɟɧɢɹ 
݊′ଵ ௢௣௧ , ɨɛ/ɦ 116 113 

Ɉɩɬɢɦɚɥɶɧɵɣ 
ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ 

ܳଵ ௢௣௧ , ɥ/ɫ 1000 1100 

Ɉɩɬɢɦɚɥɶɧɵɣ ɄɉȾ 
ɦɨɞɟɥɢ 

𝜂ɦ  ௢௣௧ 0,916 0,91 

ɉɪɢɜɟɞɟɧɧɵɣ 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ 

ܳ′ଵ௠௔௫ , ɥ/ɫ 1500 1650 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɤɚɜɢɬɚɰɢɢ 

𝜎 ሺܳଵ௠௔௫, ሻ 0,56 0,52 

ɉɪɢɜɟɞɟɧɧɵɣ ɞɢɚɦɟɬɪ 
ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ܦଵ ௠ , ɦ 0,46 0,35 

ɇɚɩɨɪ ɦɨɞɟɥɶɧɨɣ 
ɬɭɪɛɢɧɵ ܪɦɨɞ , ɦ 12 5 

Ɍɟɦɩɟɪɚɬɭɪɚ ݐɦɨɞ , ℃ 21 16 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɜɹɡɤɨɫɬɢ 

𝑣ɦɨɞ 
 

0,988 1,114 

 

 ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ ŋɬ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 

𝜂ʡ = ͳ − (ͳ − ŋሺ௣ଵሻ′ ൯ ∙ ൮ሺͳ − ሻߝ + ߝ ∙ √ቀ஽భ ʛ஽భ ቁଶ ∙ ுʛு˓ ∙ ቀ𝜈ʜ𝜈ʛቁଶభబ ),                  (3.4) 

 
ɝɞɟ ŋ(p1), D1ɦ, Нɦ – ɄɉȾ, ɞɢɚɦɟɬɪ ɢ ɧɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ;  
 D1, Hɪ – ɞɢɚɦɟɬɪ ɢ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ;  
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  νɧ, νɦ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɨɣ ɢ 
ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɞɥɹ 
ɧɚɬɭɪɧɵɯ ɢ ɦɨɞɟɥɶɧɵɯ ɭɫɥɨɜɢɣ tɧ ɢ tɦ; 

   ε-ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ (ε=0,75). 

ɉɪɢɧɢɦɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
ŋɝ.ɫɪ.=0,97 
  Ɇɨɳɧɨɫɬɶ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ: 
 
 ܰ′˃ = ͻ,ͺͳ ∙ ܳ′ூ ˓ ∙ ଵଶܦ ∙ ଵ˓,ହܪ ∙ 𝜂ʡ ∙ 𝜂ˆ ˔˓,                                                         (3.5) 

 
 ɝɞɟ   ܳሺ௣ଵሻ′ – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ;  

ŋɝ.ɫɪ − ɫɪɟɞɧɢɣ ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ (ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ 0,97). 
 ɑɢɫɥɨ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ Ƚɗɋ ɚɝɪɟɝɚɬɨɜ ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: 

˃′ݖ  = 𝑁˖˔˕𝑁′˃ ,                                                                                                       (3.6) 

 
ɝɞɟ    ܰ ˖˔˕ = 592 Ɇȼɬ – ɪɚɫɱɟɬɧɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ. 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ ɩɨɥɭɱɚɟɬɫɹ ɞɪɨɛɧɨɟ, ɱɬɨ ɬɪɟɛɭɟɬ ɨɤɪɭɝɥɟɧɢɹ 
ɟɝɨ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ. ɋɨɝɥɚɫɧɨ ɫɬɚɧɞɚɪɬɭ, ɨɤɪɭɝɥɹɟɦɨɟ ɱɢɫɥɨ ɞɨɥɠɧɨ ɛɵɬɶ 
ɤɪɚɬɧɨ 2 ɢɥɢ 3. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɭɫɥɨɜɢɸ ɫɨɛɥɸɞɚɟɬɫɹ ɫɢɦɦɟɬɪɢɹ ɫɯɟɦɵ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫɬɚɧɰɢɢ. 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ: 
 

 ݊ = ݊′ூ ˓ ∙ √ு˓∙∆஽భ ,                                                                                            (3.7)   

 
ɝɞɟ  ݊′ூ ˓ – ɩɪɢɜɟɞёɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɜ 
ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ (ɬɚɛɥɢɰɚ 3.1); ∆ - ɩɨɩɪɚɜɤɚ ɧɚ ɩɪɢɜɟɞёɧɧɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɦɨɞɟɥɢ 
ɤ ɧɚɬɭɪɟ, ɪɚɜɧɚɹ ɨɬɧɨɲɟɧɢɸ ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ ɤ ɄɉȾ ɦɨɞɟɥɢ ɪɚɫɱɟɬɧɨɣ 
ɬɨɱɤɟ. 

ɉɨ ɩɨɥɭɱɟɧɧɨɣ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɧɹɬɶ 
ɛɥɢɠɚɣɲɟɟ ɛɨɥɶɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. 

Ɍɟɩɟɪɶ ɞɥɹ ɤɚɠɞɨɝɨ ɜɵɛɪɚɧɧɨɝɨ ɞɢɚɦɟɬɪɚ ɧɟɨɛɯɨɞɢɦɨ ɧɚɧɟɫɬɢ ɥɢɧɢɢ 
ɩɪɢɜɟɞёɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɡɜɟɫɬɧɵɦ ɧɚɩɨɪɚɦ 
ɬɭɪɛɢɧɵ ܪ௠௔௫, ܪ˓ ɢ ܪ௠𝑖௡, ɤɨɬɨɪɵɟ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 

 ݊′ூ௠௔௫ = ௡˔∙஽భ√ு೘𝑖೙∙∆,                                                                                                    (3.8) 

 ݊′ூ˓ = ௡˔∙஽భ√ு˓∙∆,                                                                                                              (3.9) 
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 ݊′ூ௠𝑖௡ = ௡˔∙஽భ√ு೘𝑎𝑥∙∆,                                                                                                 (3.10) 

 
Ɋɚɫɫɱɢɬɚɟɦ ɩɪɨɢɡɜɟɞɟɧɢɟ ɩɪɢɜɟɞёɧɧɨɝɨ ɪɚɫɯɨɞɚ ɜ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɟ ɧɚ 

ɄɉȾ: 
 

           ܳ ′ூ ∙ 𝜂ʡ = 𝑁˃ଽ,଼ଵ∙஽భమ∙ுభ˓,ఱ∙𝜂ˆ ˔˓.                                                                                    (3.11) 

 
ɉɪɢ ɷɬɨɦ ɩɪɚɜɚɹ ɱɚɫɬɶ ɡɚɞɚёɬɫɹ ɩɚɪɚɦɟɬɪɚɦɢ ɜɵɛɪɚɧɧɨɣ ɬɭɪɛɢɧɵ ɢ 

ɩɨɷɬɨɦɭ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɩɨɷɬɨɦɭ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɢ, 
ɧɟɨɛɯɨɞɢɦɨ  ɧɚ ɥɢɧɢɢ ݊′ூ ˓ ɩɨɞɨɛɪɚɬɶ ɬɚɤɢɟ ܳ′ூ  ˋ 𝜂ʡ, ɱɬɨɛɵ ɢɯ ɩɪɨɢɡɜɟɞɟɧɢɟ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɨ ɪɚɜɟɧɫɬɜɭ.  

Ɉɩɪɟɞɟɥɢɜ ɪɚɫɱёɬɧɭɸ ɬɨɱɤɭ, ɫɞɟɥɚɟɦ ɩɟɪɟɪɚɫɱёɬ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɧɚ 
ɭɧɢɜɟɪɫɚɥɶɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɬɭɪɛɢɧɵ. 

ȼɟɪɯɧɹɹ ɢ ɧɢɠɧɹɹ ɝɪɚɧɢɰɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ – ɷɬɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɥɢɧɢɢ 
ɩɪɢɜɟɞёɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɢ 
ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɨɪɭ. 

Ʌɟɜɚɹ ɝɪɚɧɢɰɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ – ɥɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ 
ɪɚɫɯɨɞɭ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɫɱɢɬɚɬɶ ɜ ɤɨɨɪɞɢɧɚɬɵ ɭɧɢɜɟɪɫɚɥɶɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɞɜɭɯ ɡɧɚɱɟɧɢɣ ɧɚɩɨɪɚ Hmɚx ɢ Hmin ɩɨ ɮɨɪɦɭɥɟ:  

 ܳ′ூ = ொ೘𝑖೙஽భమ∙√ு∙∆,                                                                                                         (3.12) 

 
ɝɞɟ ܳ௠𝑖௡ – ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɫɬɚɧɰɢɸ. 

ɉɪɚɜɚɹ ɝɪɚɧɢɰɚ ɩɟɪɟɫɱɢɬɚɧɧɨɝɨ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɥɢɧɢɣ. 
ȼɟɪɯɧɹɹ ɥɢɧɢɹ ɩɪɨɜɨɞɢɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨ ɥɢɧɢɹɦ ɨɬɤɪɵɬɢɹ ɧɚɩɪɚɜɥɹɸɳɟɝɨ 
ɚɩɩɚɪɚɬɚ. ɇɢɠɧɹɹ ɥɢɧɢɹ ɫɬɪɨɹɬɫɹ ɩɨ ɞɜɭɦ ɬɨɱɤɚɦ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɨɣ – 
ɪɚɫɱёɬɧɚɹ ɬɨɱɤɚ, ɚ ɞɪɭɝɚɹ – ɬɨɱɤɚ, ɨɩɪɟɞɟɥёɧɧɚɹ ɩɨ ɮɨɪɦɭɥɟ (3.11), ɜ ɤɨɬɨɪɭɸ 
ɩɨɞɫɬɚɜɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɚɪɚɦɟɬɪɨɜ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 3.2 ɢ 3.3. 
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Ɍɚɛɥɢɰɚ 3.2 - Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɣ D1 ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ50-ȼ 

D1, ɦ 5,3 5,6 6 6,3 6,7 
ɬ 0,93 0,93 0,93 0,93 0,93 

N' ɚ, Ɇȼɬ 109 122 140 155 175 
Z' ɲɬ 5,42 4,85 4,22 3,83 3,38 

Z ɚ, ɲɬ 6 6 6 4 4 
N ɚ, Ɇȼɬ 98,7 98,7 98,7 148,0 148,0 

Δ' 1,037 1,038 1,038 1,039 1,039 
n'c, ɨɛ/ɦɢɧ 147,3 139,5 130,2 124,1 116,7 
n ɫ ɨɛ/ɦɢɧ 150 136,4 125 125 115,4 

n' min, 
ɨɛ/ɦɢɧ 131,8 126,6 124,2 130,4 

128,0 

n' ɪɚɫɱ, 
ɨɛ/ɦɢɧ 118,1 113,4 111,3 116,9 

114,7 

n' mɚx, 
ɨɛ/ɦɢɧ 111,0 106,6 104,6 109,8 

107,8 

Q· ɪɚɫ 1,28 1,14 1,00 1,36 
1,20 

Q· mɚx 1,06 0,95 0,83 1,13 
0,99 

 
 

 
Ɍɚɛɥɢɰɚ 3.3- Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɣ D1 ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ50-ȼ 

D1, ɦ 5,30 5,60 6,00 6,30 6,70 
ɬ 0,92 0,92 0,92 0,92 0,92 

N' ɚ, Ɇȼɬ 121 135 155 171 194 
Z' ɲɬ 4,90 4,38 3,82 3,46 3,06 

Z ɚ, ɲɬ 5 5 4 4 4 
N ɚ, Ɇȼɬ 118,40 118,40 148,00 148,00 148,0 

Δ' 1,06 1,06 1,06 1,06 1,07 
n'c, ɨɛ/ɦɢɧ 145,31 137,57 128,44 122,36 115,09 
n ɫ ɨɛ/ɦɢɧ 150,00 136,40 125,00 125,00 115,40 

n' min, 
ɨɛ/ɦɢɧ 130,15 125,02 122,71 128,81 

126,43 

n' ɪɚɫɱ, 
ɨɛ/ɦɢɧ 116,65 112,04 109,97 115,44 

113,3 

n' mɚx, 
ɨɛ/ɦɢɧ 109,60 105,27 103,33 108,47 

106,46 

Q· ɪɚɫ 1,53 1,37 1,50 1,36 
1,20 

Q· mɚx 1,27 1,14 1,24 1,13 
0,99 

 
ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɫɚɦɵɦ ɥɭɱɲɟ ɜɚɪɢɚɧɬɨɦ ɹɜɥɹɟɬɫɹ ɬɭɪɛɢɧɚ ɉɅ50-ȼ, 

ɢɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɟё ɪɚɛɨɱɚɹ ɡɨɧɚ ɧɚɯɨɞɢɬɶɫɹ ɜ ɨɩɬɢɦɚɥɶɧɨɣ ɡɨɧɟ. Ɍɨɱɤɚ 
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ɨɩɬɢɦɭɦɚ ɬɭɪɛɢɧɵ ɉɅȾ50-ȼ ɧɟ ɜɯɨɞɢɬ ɜ ɪɚɛɨɱɭɸ ɡɨɧɭ, ɩɨɷɬɨɦɭ ɜ 
ɞɚɥɶɧɟɣɲɟɦ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ. 

 
3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɝɥɭɛɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ 
 
Ɉɬɦɟɬɤɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɊɄ ɝɢɞɪɨɬɭɪɛɢɧɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɟё 

ɛɟɡɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ܼ˓.ˍ. = ܼː˄ሺܳː˄ሻ +  ௦                                                                          (3.13)ܪ
 

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

Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ HS ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ 
ɝɢɞɪɨɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱥɧɚɥɢɡ ɤɚɜɢɬɚɰɢɨɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɦɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ, ɬ.ɟ. 
ɬɪɟɛɭɸɳɢɦɢ ɧɚɢɛɨɥɶɲɟɝɨ ɡɚɝɥɭɛɥɟɧɢɹ ɹɜɥɹɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɬɪɢ ɪɟɠɢɦɚ: 

- ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ Hmɚx ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ; 

- ɞɥɹ ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɨɪɚ Hɪ ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ; 

- ɞɥɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ Hmin ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ. 

ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ܪ௦ = ܤ − ௓ː˄ሺொː˄ሻଽ଴଴ − 𝜎 ∙ ܪ − ௦ܪ∆ + ∆ܼ˘.˒ˎ                                             (3.14) 

 
ɝɞɟ ȼ - ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ (10,0 ɦ ɜɨɞ.ɫɬ); ∆ܪ௦ – ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɡɚɝɥɭɛɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɭɱɢɬɵɜɚɸɳɟɟ 
ɧɟɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ı ɩɪɢ ɦɨɞɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɹɯ, ɦɚɫɲɬɚɛɧɵɣ ɷɮɮɟɤɬ 
ɢ ɚɧɬɢɤɚɜɢɬɚɰɢɨɧɧɵɣ ɡɚɩɚɫ (1,5 ɦ); 

 - ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɞɥɹ ɪɚɫɱɟɬɧɵɯ ɭɫɥɨɜɢɣ;  

ɇ – ɧɚɩɨɪ ɬɭɪɛɢɧɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɭɪɨɜɧɟɦ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɢ Zɧɛ(Qɧɛ); 
Zɯ.ɩɥ. – ɪɚɡɧɨɫɬɶ ɜɵɫɨɬɧɵɯ ɨɬɦɟɬɨɤ ɞɜɭɯ ɯɚɪɚɤɬɟɪɧɵɯ ɩɥɨɫɤɨɫɬɟɣ 

ɦɨɞɟɥɶɧɨɣ ɢ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧ, ɞɥɹ ɨɫɟɜɵɯ ɜɟɪɬɢɤɚɥɶɧɵɯ ɉɅ-ɬɭɪɛɢɧ Zɯ.ɩɥ.=0. 
Ƚɢɞɪɨɬɭɪɛɢɧɚ ɉɅ-50-ȼ-600. 
ɉɪɢ ɇmɚx: 
௦ܪ  = ͳͲ,͵͵ − ଵଶହ,ଵଷଽ଴଴ − Ͳ,ʹͳ ∙ Ͷͻ,ͷ = −Ͳ,ʹ͵;                                              
 
ɉɪɢ Hɪ: 
௦ܪ  = ͳͲ,͵͵ − ଵଷଵ,ହଶଽ଴଴ − Ͳ,ʹͻ ∙ Ͷ͵,͹ = −ʹ,ͷʹ ˏ;                                          
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ɉɪɢ Hmin: 
௦ܪ  = ͳͲ,͵͵ − ଵଷଵ,ଶଽଽ଴଴ − Ͳ,ʹ͹ ∙ ͵ͷ,ͳ = Ͳ,͸͹ˏ;                                              
 
Ɋɚɫɫɱɢɬɚɧɧɵɟ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɜɯɨɞɹɬ ɜ ɞɨɩɭɫɬɢɦɵɟ ɩɪɟɞɟɥɵ. 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɨɬɦɟɬɤɭ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɩɪɢ ɤɚɠɞɨɣ ɢɡ 

ɜɵɱɢɫɥɟɧɧɵɯ ɜɵɫɨɬ ɨɬɫɚɫɵɜɚɧɢɹ. 
 Zʟʙଵ = ͳʹͷ,ͳ͵ − Ͳ,ʹ͵ = ͳʹͶ,ͻ                                                                   
 Zʟʙଶ = ͳ͵ͳ,ͷʹ − ʹ,ͷʹ = ͳʹͺ,ͻͻ                                                                 
 Zʟʙଷ = ͳ͵ͳ,ʹͻ + Ͳ,͸͹ = ͳ͵ͳ,ͻ͹                                                                 
 
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɛɵɥɚ ɜɵɛɪɚɧɚ ɦɢɧɢɦɚɥɶɧɚɹ ɨɬɦɟɬɤɚ 

ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ Zʟʙଵ = ͳʹͶ,ͻ. 
 

3.4 ȼɵɛɨɪ ɬɢɩɚ ɫɟɪɢɣɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ.  
 

Ƚɢɞɪɨɝɟɧɟɪɚɬɨɪ ɛɵɥ ɩɨɞɨɛɪɚɧ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɫɟɪɢɣɧɵɯ ɬɢɩɨɜ 
ɩɨ ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɟɝɨ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ 
ɜɪɚɳɟɧɢɹ.  

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
 ܵːˑˏ = 𝑁𝑎௖௢௦𝜑,                                                                                                   (3.15) 

                                                    
          ɝɞɟ cosφ  0,85. 
 ܵːˑˏ = ଽ଼,଻଴,଼ହ = ͳͳ͸,ͳ,Ɇȼ∙Ⱥ                                                                          

                                        

P=
଺଴଴଴௡೎ = ଺଴଴଴ଵଶହ = Ͷͺ.                                                                                     

         
Ƚɟɧɟɪɚɬɨɪ ɛɵɥ ɜɵɛɪɚɧ ɢɫɯɨɞɹ ɢɡ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 125 

ɨɛ/ɦɢɧ ɢ ɱɢɫɥɚ ɩɨɥɸɫɨɜ 48. ɉɪɢɧɢɦɚɟɦ ɝɟɧɟɪɚɬɨɪ: ɋȼ-1130/140-48Ɍɋ4 
(ɪɢɫɭɧɨɤ 3.4).   
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Ɍɚɛɥɢɰɚ 3.4 – Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ-1130/140-48Ɍɋ4 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ Sɧɨɦ Ɇȼ∙Ⱥ 117,7 
ɇɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ Ɋɧɨɦ Ɇȼɬ 100 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ cosφ ɨ.ɟ. 0,85 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ Uɧɨɦ ɤȼ 13,8 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ Iɧɨɦ ɤȺ 5,89 
ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ nɧɨɦ ɨɛ/ɦɢɧ 125 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ Xd ɨ.ɟ. 1,84 

ɉɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ X’d ɨ.ɟ. 0,33 
ɋɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ X”d ɨ.ɟ. 0,2 

ɂɫɩɨɥɧɟɧɢɟ Ɂɨɧɬɢɱɧɵɣ ɬɢɩ 
 

          
3.5 Ɋɚɫɱɟɬ ɩɨɞɲɢɩɧɢɤɚ ɢ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ 
 

3.5.1 Ɋɚɫɱɟɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ 
 
ȼɚɥ ɝɟɧɟɪɚɬɨɪɚ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɟɪɟɞɚɱɢ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɨɬ 

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

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɚɥɚ: 
 Dɜ

∗ ൒ ሺͷ,ͳ ∙ ୑ɤɪ[Ĳɞɨɩ]ሻ଴,ଷଷ                                                                                    (3.16)  

 
ɉɪɢɱɟɦ [Ĳɞɨɩ] = ͵Ͳ − ͵ͷ ɦɉȺ, ɚ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɨɩɪɟɞɟɥɹɟɬɫɹ: 
 Mɤɪ = Ͳ,ͲͲͻ͹Ͷ ∙ ୒୬ɫɢɧɯ

= Ͳ,ͲͲͻ͹Ͷ ∙ ଽ଼଻଴଴ଵଶହ = ͹,͸ͻ Ɇɉɚ                             (3.17) 

 Dɜ
∗ = ሺͷ,ͳ ∙ ଻,଺ଽ[ଷ଴]ሻ଴,ଷଷ = ͳ,Ͳͻ͵ ɦ  

 
Ɉɤɪɭɝɥɹɟɦ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɨ 1,1 ɦ. 
 
3.5.2 Ɋɚɫɱɟɬ ɩɨɞɲɢɩɧɢɤɚ 
 
ɇɚɩɪɚɜɥɹɸɳɢɣ ɩɨɞɲɢɩɧɢɤ ɬɭɪɛɢɧɵ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɨɫɩɪɢɹɬɢɹ 

ɪɚɞɢɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ. 
Ɋɚɞɢɚɥɶɧɚɹ ɫɢɥɚ ɧɚ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ: 
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 Rɪɚɞ = Ͳ,ͺ ∙ ୒୬ɫɢɧɯ∙ୈభ = Ͳ,ͺ ∙ ଽ଼଻଴଴ଵଶହ∙଺ = ͳͲͷ,͵ ɤɇ                                            (3.18) 

 
Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɩɨɞɲɢɩɧɢɤɨɦ dɩ, ɫ ɭɱɟɬɨɦ ɨɛɥɢɰɨɜɤɢ, ɩɪɢɧɢɦɚɟɬɫɹ 

ɧɚ 15 – 20 ɦɦ ɛɨɥɶɲɟ Dɜ. 
 dɩ = Dɜ + Ͳ,Ͳͳͷ = ͳ,ͳͳͷ ɦ                                                                       (3.19) 
 
Ⱦɥɹ ɤɨɥɶɰɟɜɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ: 
 

ɪɭɞ = ୖɪɚɞୢɩ∙୦ɩ
൑ [ɪɭɞ],                                                                                      (3.20) 

 

ɝɞɟ    [ɪɭɞ] = ʹͻ ∙ U, ɝɞɟ U =  π ∙ nɫɢɧɯ ∙ ୢɩଷ଴                                                           (3.21) 

 
hɩ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 3.5: 
 

Ɍɚɛɥɢɰɚ 3.5 – ȼɵɛɨɪ hɩ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɚɦɟɬɪɚ ɜɚɥɚ 

 

 ɪɭɞ = ଵ଴ହ,ଷଵ,ଵଵହ∙଴,ସ = ʹ͵͸,Ͳͷ ɤɉɚ                                                                       

 

 [ɪɭɞ] = ʹͻ ∙ ͳͷ = ͵Ͷʹ͵ ɤɉɚ                                                                       

 
ɪɭɞ ൑ [ɪɭɞ] ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
Ɉɩɪɟɞɟɥɹɬɫɹ ɭɫɢɥɢɟ ɧɚ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɣ ɫɟɝɦɟɧɬ: 
 Rଵ = ୖɪɚɞଵ+ଶ∙ୡ୭ୱα+ଶ∙ୡ୭ୱଶα

= ଵ଴ହ,ଷଵ+ଶ∙ୡ୭ୱସହ+ଶ∙ୡ୭ୱଽ଴ = ͻͳ,ʹ ɤɇ,                                 (3.22) 

 
ɝɞɟ    α – ɰɟɧɬɪɚɥɶɧɵɣ ɭɝɨɥ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɟɝɦɟɧɬɨɜ, ɪɚɜɧɵɣ: 
 

α = ଷ଺଴బZɫɟɝɦ
= ଷ଺଴బ଼ = Ͷͷ଴                                                                                 (3.23) 

 
Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɭɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɝɦɟɧɬ: 
             ɪɭɞ = Rɪɚɞlɫɟɝɦ ∙ hɩ

൑ [ɪɭɞ]                                                                                   ሺ͵.ʹͶሻ 
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            ɪɭɞ = ͳͲͷ,͵Ͳ,͵ͻ ∙ Ͳ,Ͷ = ͸͸ͺ,ʹ͵ ɤɉɚ 

 lɫɟɝɦ = Ͳ,ͻ ∙ π ∙ dɩZɫɟɝɦ
= Ͳ,ͻ ∙ ͵,ͳͶ ∙ ͳ,ͳͳͷͺ = Ͳ,͵ͻ ɦ                                 ሺ͵.ʹͷሻ 

            [ɪɭɞ] = ͷͲ ∙ U = ͷͲ ∙ ͳͷ = ͹ʹͻ ɤɉɚ                                                            ሺ͵.ʹ͸ሻ 

 
ɪɭɞ ൑ [ɪɭɞ], ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ ɨɛɨɢɯ ɩɨɞɲɢɩɧɢɤɨɜ. 

ɉɪɢɧɢɦɚɟɬɫɹ ɫɟɝɦɟɧɬɧɵɣ ɩɨɞɲɢɩɧɢɤ ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɨɧ ɛɨɥɟɟ ɬɟɯɧɨɥɨɝɢɱɧɵɣ, 
ɦɟɧɟɟ ɬɪɭɞɨɟɦɤɢɣ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢ ɭɞɨɛɧɵɣ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ ȽɗC. 

 
3.6 ȼɵɛɨɪ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 

ɪɟɝɭɥɹɬɨɪɚ 
 
Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɛɴɟɦɨɦ 

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

ɉɨ ɧɨɦɨɝɪɚɦɦɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɢɩ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɧɚɩɨɪɚ 
50 ɦ ɢ D1 - 6ɦ: Ɇɇɍ  12,5/1-40-12,5-2, 

 
 ɝɞɟ:12,5 - ɨɛɴɟɦ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɚ 
1 - ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɨɜ 
40 - ɫɨɫɭɞ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɧɚ ɞɚɜɥɟɧɢɟ 40ɤɝɫ/ɫɦ2 
12,5 - ɫɥɢɜɧɨɣ ɛɚɤ, ɜɦɟɫɬɢɬɟɥɶɧɨɫɬɶɸ 12,5ɦ3 
2 - ɤɨɥɢɱɟɫɬɜɨ ɧɚɫɨɫɨɜ. 
Ɍɚɤ ɤɚɤ ɬɭɪɛɢɧɚ ɨɬɧɨɫɢɬɫɹ ɤ ɫɢɫɬɟɦɟ ɉɅ ɬɭɪɛɢɧ, ɬɨ ɜɵɛɢɪɚɟɦ ɗȽɊɄ ɫ 

ɞɜɭɦɹ ɪɟɝɭɥɢɪɭɸɳɢɦɢ ɨɪɝɚɧɚɦɢ (ɤɨɦɛɢɧɚɬɨɪɨɦ): 
ɗȽɊɄ-2ɂ1-150-4 
ɗɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ ɫ ɤɨɦɛɢɧɚɬɨɪɨɦ. ɉɚɧɟɥɢ 

ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ ɬɢɩɭ ɭɫɢɥɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ 
ɨɫɧɨɜɧɨɦ ɤɚɧɚɥɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚ ɢɧɬɟɝɪɚɥɶɧɵɯ ɦɢɤɪɨɫɯɟɦɚɯ. Ⱦɢɚɦɟɬɪ 
ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ 150 ɦɦ. Ƚɢɞɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɤɨɥɨɧɤɚ 4-ɝɨ ɢɫɩɨɥɧɟɧɢɹ. 

 
 

3.7 ȼɵɛɨɪ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ 
 
ɉɪɢ ɭɫɬɚɧɨɜɤɟ ɪɟɚɤɬɢɜɧɵɯ ɬɭɪɛɢɧ ɲɢɪɢɧɚ ɡɞɚɧɢɹ Ƚɗɋ ɨɛɵɱɧɨ 

ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ: 
ȽЭСܤ  = ሺ͹,Ͳ − ͹,ͷሻ ∙ ଵܦ = ͹ ∙ ͸ = Ͷʹ ɦ                                               (3.27)  
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ȼɵɫɨɬɚ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ ɩɪɢɧɢɦɚɟɬɫɹ ɤɚɤ ɜɵɫɨɬɚ ɫɚɦɨɝɨ ɝɚɛɚɪɢɬɧɨɝɨ 

ɷɥɟɦɟɧɬɚ. Ⱦɥɹ ɉɅ ɬɭɪɛɢɧ ɷɬɨ ɪɨɬɨɪ.  
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4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 

4.1 ȼɵɛɨɪ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ Ƚɗɋ 
 

ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ 
ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɷɬɚɩɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ, ɬɚɤ ɤɚɤ ɨɬ ɷɬɨɝɨ 
ɡɚɜɢɫɢɬ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɟɟ ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɨɩɟɪɚɬɢɜɧɚɹ 
ɝɢɛɤɨɫɬɶ, ɭɞɨɛɫɬɜɨ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɜɨɡɦɨɠɧɨɫɬɶ 
ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɲɢɪɟɧɢɹ.  

ȼ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɪɟɫɩɭɛɥɢɤɢ əɤɭɬɢɹ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɨɫɧɨɜɧɨɦ ɩɨɞɫɬɚɧɰɢɢ 
220 ɤȼ, 110 ɤȼ, 330 ɤȼ. ɉɨ ɤɚɪɬɟ – ɫɯɟɦɟ ɪɚɡɦɟɳɟɧɢɹ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ 
ɩɨɞɫɬɚɧɰɢɣ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɛɥɢɠɚɣɲɟɣ ɹɜɥɹɟɬɫɹ ɉɋ «Ɉɥёɤɦɚ» 330 ɤȼ ɫ 
ɪɚɫɫɬɨɹɧɢɟɦ 50 ɤɦ. 

ɂɫɩɨɥɶɡɭɸɬɫɹ ɫɯɟɦɵ ɤɚɤ ɫ ɩɪɨɫɬɵɦɢ ɛɥɨɤɚɦɢ, ɜ ɤɨɬɨɪɵɯ ɤɚɠɞɨɦɭ 
ɝɟɧɟɪɚɬɨɪɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɜɵɲɚɸɳɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ, ɬɚɤ ɢ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ 
ɛɥɨɤɚɦɢ. ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɜɵɩɨɥɧɹɸɬɫɹ ɨɬɜɟɬɜɥɟɧɢɹ ɞɥɹ ɩɢɬɚɧɢɹ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. Ɍɢɩ ɫɯɟɦɵ ɡɚɜɢɫɢɬ ɨɬ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ. 

Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ ɞɜɟ ɫɯɟɦɵ: ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ ɢ 
ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 4.1. 

ɋɯɟɦɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ ɞɨɥɠɧɚ ɜɵɛɢɪɚɬɶɫɹ ɫ ɭɱɟɬɨɦ ɨɛɟɫɩɟɱɟɧɢɹ ɟё 
ɧɚɞɟɠɧɨɫɬɢ ɜ ɧɨɪɦɚɥɶɧɵɯ, ɪɟɦɨɧɬɧɵɯ ɢ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ. 

 

Ɋɢɫɭɧɨɤ 4.1 – ɋɯɟɦɚ ɫ ɨɞɢɧɨɱɧɵɦɢ ɢ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ 

ɂɫɯɨɞɹ ɢɡ ɋɌɈ [9], ɦɨɳɧɨɫɬɶ ɷɧɟɪɝɨɛɥɨɤɚ ɩɪɢɫɨɟɞɢɧɹɟɦɨɝɨ ɤ Ɋɍ 220 ɤȼ, 
ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 330 Ɇȼɬ. Ɍɚɤ ɤɚɤ ɧɚ ɫɬɚɧɰɢɢ ɚɝɪɟɝɚɬɵ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɶɸ 98,7 Ɇȼɬ, ɩɪɢɦɟɧɟɧɢɟ ɭɤɪɭɩɧɟɧɧɵɯ ɛɥɨɤɨɜ ɞɨɩɭɫɬɢɦɨ.  
 

4.2 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
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4.2.1 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦɢ 
ɛɥɨɤɚɦɢ 
 

ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɪɟɞɟɥɟɧɢɟ ɢɯ ɱɢɫɥɚ, ɬɢɩɚ ɢ 
ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ.  

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɛɥɨɤɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ ɜ 
ɫɟɬɶ ɩɨɜɵɲɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, ɩɨɞɤɥɸɱɟɧɧɨɣ 
ɧɚ ɨɬɜɟɬɜɥɟɧɢɢ ɨɬ ɝɟɧɟɪɚɬɨɪɚ ɬ.ɟ. ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ: 

 S˓˃˔˚ = ʟʒ ːˑˏ−ʟ˔.ː.ୡ୭ୱφʒ = ଵ଴଴−ଵ଴଴∙଴,଴ଵ଴,଼ହ = ͳͳ͸,ͷ ʛʑ ∙ ʏ ,                                      (4.1) 

 
ɝɞɟ     P̝ .ː. – ɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, Ɇȼɬ. 

ɉɨ ɤɚɬɚɥɨɝɭ ɈɈɈ "Ɍɪɚɧɫɢɧɠɢɧɢɪɢɧɝ" ɜɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɐ-
125000/330. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.1. 

 
Ɍɚɛɥɢɰɚ 4.1 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ 125000/330. Sːˑˏ, ɆȼȺ 

Uʜ, ɤȼ Uˍ, % ∆P̱ , ɤȼɬ ∆P̆ ˘, ɤȼɬ I˘,% Uʑʜ Uʜʜ 
125 347 13,8 11 380 125 0,55 

 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ʡ୫˃୶ ɢ 
ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ . 

 τ = ቀͲ,ͳʹͶ + ʡˏ˃˘ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ቀͲ,ͳʹͶ + ସ଴଴଴ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ʹͶͲͷ ˚/ˆˑˇ,      (4.2) 

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: 
 t˓˃˄ = ͺ͹͸Ͳ − Ɋ ∙ T˒ ˎ − ω ∙ T˅ ,                                  (4.3) 
 

ɝɞɟ    Ɋ=1 – ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ (ɬɟɤɭɳɢɯ, ɫɪɟɞɧɢɯ, ɤɚɩɢɬɚɥɶɧɵɯ), 1/ɝɨɞ;  
   T˒ ˎ =30– ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ, ɱ; 
   ω =0,025– ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ, 1/ɝɨɞ;     T˅ = ͸Ͳ – ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɱ; 
             t˓˃˄ = ͺ͹͸Ͳ − ͳ ∙ ͵Ͳ − Ͳ,Ͳʹͷ ∙ ͸Ͳ = ͺ͹ʹͻ ˚. 
 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆W˘˘ = nʡ ∙ ∆P̆ ˘ ∙ t˓˃˄ = ͳ ∙ Ͳ,ͳʹͷ ∙ ͺ͹ʹͻ = ͳͲͻͳ ʛʑ˕ ∙ ˚,                   (4.4) 
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ɝɞɟ    nʡ – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 

ɇɚɝɪɭɡɨɱɧɵɟ (ɩɟɪɟɦɟɧɧɵɟ) ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆Wː = ∆ʟˍ୬˕ ∙ ቀ ୗ˓˃˔˚ୗ˕ ːˑˏቁଶ ∙ τ = ଴,ଷ଼଴ଵ ∙ ቀଵଵ଺,ହଵଶହ ቁଶ ∙ ʹͶͲͷ = ͹ͻ͵ ʛʑ˕ ∙ ˚,            (4.5) 

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 ʗ˒ˑ˕ = ሺ∆W˘˘ + ∆Wːሻ ∙ T௠௔௫ ∙ γ଴,                                         (4.6) 
 

ɝɞɟ     ߛ଴ – ɫɬɨɢɦɨɫɬɶ ɨɞɧɨɝɨ ˍʑ˕ ∙ ˚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
 

          ʗ˒ˑ˕ሺଵሻ = ͳͲͻͳ ∙ Ͳ,ͲͲ͸ + ͹ͻ͵ ∙ Ͳ,ͲͲͻ = ͳ͵,͸ͺ͹ ɬɵɫ. ɪɭɛ./ɝɨɞ.  
 
Ⱦɥɹ ɲɟɫɬɢ ɛɥɨɤɨɜ: 
 ʗ˒ˑ˕ = ͸ ∙ ͳ͵,͸ͺ͹ = ͺʹ,ͳʹͶ ɬɵɫ. ɪɭɛ./ɝɨɞ.                                      

 

4.2.2 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦɵ ɫ 
ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ 
 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɛɥɨɤɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ ɜ 
ɫɟɬɶ ɩɨɜɵɲɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, ɩɨɞɤɥɸɱɟɧɧɨɣ 
ɧɚ ɨɬɜɟɬɜɥɟɧɢɢ ɨɬ ɝɟɧɟɪɚɬɨɪɚ ɬ.ɟ. ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ: 

 S˓˃˔˚ = ଶ∙ሺʟʒ ːˑˏ−ʟ˔.ː.ሻୡ୭ୱφʒ = ଶ∙ሺଵ଴଴−ଵ଴଴∙଴,଴ଵሻ଴,଼ହ = ʹ͵͵ ʛʑ ∙ ʏ .                             (4.7) 

 
ɝɞɟ P̝ .ː. – ɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, Ɇȼɬ. 

 
ɉɨ ɤɚɬɚɥɨɝɭ ɈɈɈ "Ɍɨɥɶɹɬɬɢɧɫɤɢɣ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ" ɜɵɛɢɪɚɟɦ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɐ-250000/330. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2. 
 

Ɍɚɛɥɢɰɚ 4.2 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ 250000/330 Sːˑˏ, 
ɆȼȺ 

Uʜ, ɤȼ Uˍ, % ∆P̱ , ɤȼɬ ∆P̆ ˘, ɤȼɬ I˘,% Uʑʜ Uʜʜ 

250 347 13,8 11 605 214 0,5 

 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ʡ୫˃୶ ɢ ɜɪɟɦɹ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ . 
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            τ = (Ͳ,ͳʹͶ + ʡ୫˃୶ͳͲସ )ଶ ∙ ͺ͹͸Ͳ = (Ͳ,ͳʹͶ + ͶͲͲͲͳͲସ )ଶ ∙ ͺ͹͸Ͳ = ʹͶͲͷ ˚ˆˑˇ.    ሺͶ.ͺሻ 

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: 
 t˓˃˄ = ͺ͹͸Ͳ − Ɋ ∙ T˒ ˎ − ω ∙ T˅ ,                                                  (4.9) 
            

ɝɞɟ     Ɋ = 1 – ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ (ɬɟɤɭɳɢɯ, ɫɪɟɞɧɢɯ, ɤɚɩɢɬɚɥɶɧɵɯ), 1/ɝɨɞ;  T˒ ˎ = 30 – ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ, ɱ; ω = 0,025 – ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ, 1/ɝɨɞ;  T˅ = ͸Ͳ – ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɱ; 

             t˓˃˄ = ͺ͹͸Ͳ − ͳ ∙ ͵Ͳ − Ͳ,Ͳʹͷ ∙ ͸Ͳ = ͺ͹ʹͻ ˚. 
 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆W˘˘ = nʡ ∙ ∆P̆ ˘ ∙ t˓˃˄ = ͳ ∙ Ͳ,ʹͳͶ ∙ ͺ͹ʹͻ = ͳͺ͸ͺ ʛʑ˕ ∙ ˚,       (4.10) 
            

ɝɞɟ nʡ – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
 
ɇɚɝɪɭɡɨɱɧɵɟ (ɩɟɪɟɦɟɧɧɵɟ) ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
            ∆Wː = ∆ʟˍn˕ ∙ ( S˓˃˔˚S˕ ːˑˏ)ଶ ∙ τ = Ͳ,͸Ͳͷͳ ∙ (ʹ͵͵ʹͷͲ)ଶ ∙ ʹͶͲͷ = ͳʹ͸͵ ʛʑ˕ ∙ ˚,      ሺͶ.ͳͳሻ 

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɲɟɫɬɢ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 ʗ˒ˑ˕ሺଵሻ = ሺ∆W˘˘ + ∆Wːሻ ∙ T୫˃୶ ∙ γ଴,                                      (4.12) 
                  

ɝɞɟ    γ଴ – ɫɬɨɢɦɨɫɬɶ ɨɞɧɨɝɨ ʛʑ˕ ∙ ˚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; 
 ʗ˒ˑ˕ሺଵሻ = ͳͺ͸ͺ ∙ Ͳ,ͲͲ͸ + ͳʹ͸͵ ∙ Ͳ,ͲͲͻ = ʹʹ,ͷ͹͸ ˕˞˔. ˓˖˄/ˆˑˇ. 
 
Ⱦɥɹ 6 ɛɥɨɤɨɜ: 
             ʗ˒ˑ˕ = ͸ ∙ ʹʹ,ͷ͹͸ = ͸͹,͹ʹͻ ˕˞˔. ˓˖˄/ˆˑˇ. 
 
4.2.3 ȼɵɛɨɪ ɫɢɧɯɪɨɧɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ 
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ɉɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɜɵɛɢɪɚɟɬɫɹ ɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɋȼ-1130/140-
48Ɍɋ4 ɩɪɨɢɡɜɨɞɫɬɜɚ ɈȺɈ "ɋɢɥɨɜɵɟ ɦɚɲɢɧɵ". ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.3 

 
Ɍɚɛɥɢɰɚ 4.3 - ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɚ  

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ  Uˆ ːˑˏ,ɤȼ cos φʒ,ɨ.ɟ. 𝜂 

ɂɧɞɭɤɬɢɜɧɵɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ Sˆ ːˑˏ , 

Ɇȼ·Ⱥ 
ʟˆ ːˑˏ , Ɇȼɬ x"ୢ  x′ୢ  xୢ 

117,7 100 13,8 0,85 97,7 0,21 0,26 0,91 

 
4.4 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɞɥɹ ɫɯɟɦ ɫ 

ɨɞɢɧɨɱɧɵɦ ɢ ɨɛɴɟɞɢɧɟɧɧɵɦ ɛɥɨɤɨɦ 
 

Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɯɟɦ ɜɵɛɢɪɚɟɦ ɨɞɢɧɚɤɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɬɚɤ ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ ɢ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɞɢɧɚɤɨɜɚ 
ɜ ɨɛɟɢɯ ɫɯɟɦɚɯ. 

Ⱦɨɥɹ ɦɨɳɧɨɫɬɢ, ɩɨɬɪɟɛɥɹɟɦɨɣ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɫɬɚɧɰɢɢ, ɫɨɫɬɚɜɥɹɟɬ 
(1-2) % ɨɬ Sʒ ːˑˏ: 

 S˔.ː. = ͸ ∙ Ͳ,Ͳͳ ∙ Pʒ ːˑˏୡ୭ୱφʒ = ͸ ∙ Ͳ,Ͳͳ ∙ ଵ଴଴଴,଼ହ = ͹,Ͳ͸ ʛʑ ∙ ʏ.                           (4.13) 

 
ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ: 
 

          Sʡ˔.ː. ൒ S˔.ː. 
 

ɉɨ ɤɚɬɚɥɨɝɭ ɡɚɜɨɞɚ «Ɍɪɚɧɫɧɚ» ɜɵɛɢɪɚɸɬɫɹ 3 ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɇɋ–
10000/35, ɫɬɨɢɦɨɫɬɶɸ ɤɚɠɞɵɣ 1589 ɬɵɫ. ɪɭɛ. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 4.4. 

 
Ɍɚɛɥɢɰɚ 4.4 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɇɋ–10000/35 Șо̥, ʺВ∙А 

Uʻ, кВ Uк, % UВʻ Uʻʻ 

10 36,75 6,3 8 

 

 

4.5 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ 
ɪɚɫɱёɬɚ 
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Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫɯɟɦɵ ɪɚɡɥɢɱɚɸɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɫɢɥɨɜɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɢ ɹɱɟɟɤ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ. ɉɨɷɬɨɦɭ 
ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɨɰɟɧɢɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ʙ = ݐ ∙ ʙʝʟʢ + n ∙ ʙʡ + m ∙ ʙʡ˔.ː.,            (4.14) 
 

ɝɞɟ     ʙʡ –ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ;  ʙʡ˔.ː.-ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; ʙʝʟʢ –ɫɬɨɢɦɨɫɬɶ ɹɱɟɣɤɢ ɈɊɍ;  n – ɱɢɫɥɨ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; m - ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 
t – ɱɢɫɥɨ ɹɱɟɟɤ ɈɊɍ 
 

ɋɬɨɢɦɨɫɬɶ ɨɞɧɨɣ ɹɱɟɣɤɢ ɄɊɍɗ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɧɮɥɹɰɢɢ: 
 
 ʙˍ˓˖ˠ = 4 ɦɥɧ.ɪɭɛ. 
 

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɨɦ ɩɨ ɮɨɪɦɭɥɟ:  
 
Ʉଵ = Ͷ ∙ ʹͷͲ + ͵ ∙ ͺ + ͹ ∙ ͳ,͹ = ͳͲ͵ͷ,ͻ ˏˎː. ˓˖˄.          

 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɨɤɚɦɢ ɩɨ ɮɨɪɦɭɥɟ: 
 

Ʉଶ = ʹ ∙ ͷͲͲ + ͵ ∙ ͺ + ͷ ∙ ͳ,͹ = ͳͲ͵ʹ,ͷ ˏˎː. ˓˖˄.  
 

ɇɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɣ ɢɡ ɜɚɪɢɚɧɬɨɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɬɪɟɛɭɟɬ 
ɧɚɢɦɟɧɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɩɨɥɧɵɯ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ: 

   ʖ୧ = ʔː ∙ ʙ୧ + ʗ୧,                                                         (4.15)

      
ɝɞɟ     ʔː = 0,15 – ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ  

 
ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ ɩɨ 
ɮɨɪɦɭɥɟ: 
 

Ɂଵ = Ͳ,ͳͷ ∙ ͳͲ͵ͷ,ͻ + ͺʹ,ͳʹͶ = ͳͷͷͶ͸͹ͳʹͶ ˕˞˔. ˓˖˄.                  
 
ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ ɩɨ 
ɮɨɪɦɭɥɟ: 
 

Ɂଶ = Ͳ,ͳͷ ∙ ͳͲ͵ʹ,ͷ + ͸͹,͹ʹͻ = ͳͷͶͻͶʹ͹ʹͻ ˕˞˔. ˓˖˄. 
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Ɋɚɫɫɱɢɬɚɟɦ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɜɚɪɢɚɧɬɚɦɢ:  
 ʟ = ʖଵ − ʖଶʖଵ ∙ ͳͲͲ%,                                                                                             ሺͶ.ͳ͸ሻ 

 ʟ = ͳͷͷͶ͸͹ͳʹͶ − ͳͷͶͻͶʹ͹ʹͻͳͷͷͶ͸͹ͳʹͶ ∙ ͳͲͲ% = Ͳ,͵͵%. 
 
ɂɡ ɪɚɫɱɟɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɞɚɧɧɵɟ ɜɚɪɢɚɧɬɵ ɨɬɥɢɱɚɸɬɫɹ ɦɟɧɶɲɟ ɱɟɦ ɧɚ 5% ɢ 

ɹɜɥɹɸɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɪɚɜɧɨɰɟɧɧɵɦɢ, ɨɤɨɧɱɚɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɜɚɪɢɚɧɬ ɫ 
ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ. 

ɉɨ ɧɚɞёɠɧɨɫɬɢ ɫɯɟɦɚ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɪɢɟɦɥɟɦɨɣ. 
ɋɨɝɥɚɫɧɨ ɋɌɈ ɊɭɫȽɢɞɪɨ [19] – «Ƚɥɚɜɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɞɨɥɠɧɚ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɧɵɯ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɛɨɬ ɧɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɢ Ɋɍ. ɋɯɟɦɚ ɞɨɥɠɧɚ ɛɵɬɶ 
ɧɚɝɥɹɞɧɨɣ ɢ ɨɛɟɫɩɟɱɢɜɚɬɶ ɭɞɨɛɫɬɜɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ». 
 

4.6 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ Ɋɍ ȼɇ ɢ ɦɚɪɤɢ 
ɩɪɨɜɨɞɨɜ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 
 

ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɧɚ Ɋɍ 330 ɤȼ: 
 S∑ = nˆ ∙ ሺPˆː−଴,଴ଵ∙Pˆːሻୡ୭ୱφʒ                                                       (4.17) 

 

 S∑ = ͸ ∙ ቀଵ଴଴−଴,଴ଵ∙ଵ଴଴଴,଼ହ ቁ = ͸ͻͻ ʛʑ ∙ ʏ. 
 
ɉɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɧɚ ɨɞɧɭ ɰɟɩɶ ɞɥɹ ȼɅ 330 ɤȼ: 
            Pː ˃˕. = ͵͸Ͳ ʛʑ˕;      ʙ = ͳ;      cosφ˔ = Ͳ,ͺͷ; 
 

Ƚɞɟ Ʉ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɧɚɬɭɪɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ Ʌɗɉ, ɩɪɢɧɢɦɚɟɦɵɣ 
ɪɚɜɧɵɦ 1, ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɦ ɧɚɩɪɹɠɟɧɢɢ 330 ɤȼ ɢ ɜɵɲɟ, 1,2 ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ 220 
ɤȼ, 1,4 ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ 110 ɤȼ.  ʟː˃˕ – ɧɚɬɭɪɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ȼɅ ɞɥɹ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 330 ɤȼ.  

 
ɑɢɫɥɨ ɥɢɧɢɣ 330 ɤȼ: 
 

          nˎ = P˖˔˕−P˔ːሺʙ∙Pː˃˕./ୡ୭ୱφ˔ሻ + ͳ = ଺ଽଽሺଵ∙ଷ଺଴/଴,଼ହሻ + ͳ = ʹ,͸ͷ                             (4.18) 

 
ɉɪɢɧɢɦɚɟɬɫɹ ɱɢɫɥɨ ȼɅ 330 ɤȼ ɪɚɜɧɵɦ nˎ = ͵. 
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I˓˃˄ = ୗ∑୬ˎ∙√ଷ∙୙ːˑˏ = ଺ଽଽଷ∙√ଷ∙ଷଷ଴ = Ͳ,Ͷͳ ˍʏ.                             (4.19) 

 
ɉɨ ɜɟɥɢɱɢɧɟ ɬɨɤɚ ɜɵɛɢɪɚɟɦ ɩɪɨɜɨɞ ɦɚɪɤɢ Ⱥɋ – 300/39. Ⱦɨɩɭɫɬɢɦɵɣ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɬɨɤ Iˇˑ˒ = ͸ͺͲ ʏ. 
ɉɪɨɜɟɪɤɚ ɩɪɨɜɨɞɚ ɩɨ ɧɚɝɪɟɜɭ: 
 

          I˒.˃˅ = ୗ∑ሺ୬ˎ−ଵሻ∙√ଷ∙୙ːˑˏ = ଺ଽଽଶ∙√ଷ∙ଷଷ଴ = Ͳ,͸ͳ ˍʏ.                             (4.20) 

 Iˇˑ˒ > I˒.˃˅, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɛɪɚɧɧɵɣ ɩɪɨɜɨɞ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ 
ɧɚɝɪɟɜɚ. 

 
ɉɚɪɚɦɟɬɪɵ ɩɪɨɜɨɞɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.5. 
 

Ɍɚɛɥɢɰɚ 4.5 - ɉɚɪɚɦɟɬɪɵ ɩɪɨɜɨɞɚ ɦɚɪɤɢ Ⱥɋ-300/39 
ɑɢɫɥɨ 

ɩɪɨɜɨɞɨɜ ɜ ɮɚɡɟ 
r0 Ɉɦ/ɤɦ x0 Ɉɦ/ɤɦ b0 ɋɦ/ɤɦ 

2 0,048 0,328 0,000341 
  

4.7 ȼɵɛɨɪ ɫɯɟɦɵ Ɋɍ ȼɇ 

 

ɑɢɫɥɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ Ɋɍ–330 ɤȼ: 6 (3 ȼɅɗɉ 330 ɤȼ, 3 ɛɥɨɤɚ). ɉɪɢ ɞɚɧɧɨɦ 
ɱɢɫɥɟ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɞɥɹ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ Ɋɍ ɜɵɛɢɪɚɟɦ ɜɚɪɢɚɧɬ ɫ 
ɞɜɭɦɹ ɪɚɛɨɱɢɦɢ ɢ ɨɛɯɨɞɧɨɣ ɫɢɫɬɟɦɨɣ ɲɢɧ. ȼɵɛɪɚɧɧɚɹ ɫɯɟɦɚ Ɋɍ – 330 ɤȼ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3. 

 
 

Ɋɢɫɭɧɨɤ 4.2  – ɋɯɟɦɚ Ɋɍ ȼɇ 330 ɤȼ: 2 ɋɒ ɫ Ɉɒȼ 
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4.8  Ɋɚɫɱɟɬ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
ɜ Ɋɍ ȼɇ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ «RȺSTR WIN 3» 
 

4.8.1 Ɋɚɫɱёɬ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 
Ɉɩɪɟɞɟɥɢɦ ɢɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ 

ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɨɣ ɰɟɩɢ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ. 
 
ɋɢɧɯɪɨɧɧɵɟ ɝɟɧɟɪɚɬɨɪɵ: 
ʒݔ  = ′′ௗݔ ∙ ௎ ːˑˏమௌ ːˑˏ = Ͳ,ʹͳ ∙ ଵଷ,଼మଵଵ଻,଻  = Ͳ,͵Ͷ ʝˏ                ሺͶ.ʹͳሻ 

 
Ɂɧɚɱɟɧɢɟ ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɣ ɗȾɋ ɝɟɧɟɪɚɬɨɪɨɜ: 
ʒܧ  = "∗ܧ ∙ ˄ܷ = ͳ,ͳ͵ ∙ ͳ͵,ͺ = ͳͷ,ͷͻͶ ˍʑ.          ሺͶ.ʹʹሻ 
 
ɂɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
ʡݔ  = ௎ʙ%∙௎ːˑˏమଵ଴଴∙ௌːˑˏ = ଵଵ∙ଷସ଻మଵ଴଴∙ଵଶହ = ͳͲͷ,ͻ͸ ʝˏ.          ሺͶ.ʹ͵ሻ 

 
ɋɢɫɬɟɦɚ: 
 xʠ = ୙ ːˑˏమୗ ˍˊ = ଷଷ଴మଵହ଴ = ͹ʹ͸ ʝˏ.                ሺͶ.ʹͶሻ 

 
Ʌɢɧɢɢ ɫɜɹɡɢ 330 ɤȼ ɫ ɷɧɟɪɝɨɫɢɫɬɟɦɨɣ: 
ʚݔ  = ˇ˖,଴ݔ ∙ ݈ = Ͳ,͵ʹͺ ∙ ͷͲ = ͳ͸,Ͷ ʝˏ.             ሺͶ.ʹͷሻ 
 
ɗȾɋ ɷɧɟɪɝɨɫɢɫɬɟɦɵ: 
 ʔʠ = ʔ∗ʠ ∙ ˄ܷଵ = ͳ,Ͳ ∙ ͵Ͷ͹ = ͵Ͷ͹ ˍʑ.          ሺͶ.ʹ͸ሻ 
 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɬɪɚɧɫɮɨɪɦɚɰɢɢ: 
 ݇ʡ = ௎ʜʜ௎ʑʜ = ଵଷ,଼ଷଷ଴ = Ͳ,ͲͶͳͺ.             ሺͶ.ʹ͹ሻ 

 

4.8.2 ȼɧɟɫɟɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ RɚstrWin3 
 



 

 

42 
 

ɇɚ ɪɢɫɭɧɤɚɯ 4.3, 4.4, 4.5 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢɡ ɬɚɛɥɢɰ 
ɩɪɨɝɪɚɦɦɵ «RɚstrWin3», ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ.  

 

 

Ɋɢɫɭɧɨɤ 4.3 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ 

 

 

Ɋɢɫɭɧɨɤ 4.4 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ 

 

 

Ɋɢɫɭɧɨɤ 4.5 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ 
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4.8.3 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɋɒ ɢ ɝɟɧɟɪɚɬɨɪɧɨɦ 
ɧɚɩɪɹɠɟɧɢɢ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ «RɚstrWin3» 
 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.6 
 
Ɍɚɛɥɢɰɚ 4.6 – Ɇɟɫɬɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɜ ɬɨɱɤɚɯ ɄɁ 

Ɍɢɩ ɄɁ ɉ1 Iɩ.଴ iɭ 
1ɮ 10 7,94 12,35 
3ɮ 10 5,3 8,245 
3ɮ 1                 52,95 82,37 

 

4.9 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɜ ɝɥɚɜɧɨɣ ɫɯɟɦɟ 

ȼ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɢ ɩɨɞɫɬɚɧɰɢɣ 
ɫɨɞɟɪɠɢɬɫɹ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɢ ɫɨɟɞɢɧɹɸɳɢɯ ɢɯ 
ɩɪɨɜɨɞɧɢɤɨɜ. ȼɵɛɨɪ ɢ ɪɚɫɱёɬ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɚɩɩɚɪɚɬɨɜ ɢ ɩɪɨɜɨɞɧɢɤɨɜ – 
ɜɚɠɧɟɣɲɢɣ ɷɬɚɩ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɥɸɛɨɣ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, ɨɬ ɤɨɬɨɪɨɝɨ ɜ 
ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɧɚɞёɠɧɨɫɬɶ ɟё ɪɚɛɨɬɵ. 

ɉɪɢ ɜɵɛɨɪɟ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɜɵɩɨɥɧɟɧɢɟ ɪɹɞɚ 
ɬɪɟɛɨɜɚɧɢɣ, ɜɵɬɟɤɚɸɳɢɯ ɢɡ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ. Ⱥɩɩɚɪɚɬɵ ɢ ɩɪɨɜɨɞɧɢɤɢ ɞɨɥɠɧɵ:  

1)  ɞɥɢɬɟɥɶɧɨ ɩɪɨɜɨɞɢɬɶ ɪɚɛɨɱɢɟ ɬɨɤɢ ɛɟɡ ɱɪɟɡɦɟɪɧɨɝɨ ɩɨɜɵɲɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ; 

2)  ɩɪɨɬɢɜɨɫɬɨɹɬɶ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦɭ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɦɭ ɢ ɬɟɩɥɨɜɨɦɭ 
ɞɟɣɫɬɜɢɸ ɬɨɤɨɜ ɄɁ; 

3)  ɜɵɞɟɪɠɢɜɚɬɶ ɦɟɯɚɧɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ, ɫɨɡɞɚɜɚɟɦɵɟ ɫɨɛɫɬɜɟɧɧɨɣ ɦɚɫɫɨɣ 
ɢ ɦɚɫɫɨɣ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦɢ ɚɩɩɚɪɚɬɨɜ, ɚ ɬɚɤɠɟ ɭɫɢɥɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɚɬɦɨɫɮɟɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ (ɜɟɬɟɪ, ɝɨɥɨɥёɞ). ɗɬɨ ɬɪɟɛɨɜɚɧɢɟ ɭɱɢɬɵɜɚɟɬɫɹ ɩɪɢ 
ɦɟɯɚɧɢɱɟɫɤɨɦ ɪɚɫɱёɬɟ Ʌɗɉ ɢ Ɋɍ; 

4)  ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ. 
 
4.9.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɬɨɤɨɜ ɪɚɛɨɱɟɝɨ ɢ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɨɜ 
 
ɉɪɢ ɜɵɛɨɪɟ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɜɵɩɨɥɧɟɧɢɟ 

ɬɪɟɛɨɜɚɧɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɚɩɩɚɪɚɬɨɜ ɢ ɩɪɨɜɨɞɧɢɤɨɜ.  
 

Ⱦɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɝɟɧɟɪɚɬɨɪɨɜ ɧɚɢɛɨɥɶɲɢɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɪɢ ɪɚɛɨɬɟ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɫɧɢɠɟɧɧɨɦ ɧɚ 5% ɧɚɩɪɹɠɟɧɢɢ: 

˘˃ˏ.˄˃˓,ʒܫ            = ͳ,Ͳͷ ⋅ ˏʒ,ːˑܫ = ͳ,Ͳͷ ∙ Ͷ,ͻʹ = ͷ,ͳ͹                                                  (4.28) 

 

Ɋɚɛɨɱɢɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
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          I˓˃˄ ୫˃୶ ሺʟʢʑʜሻ = ୗˆ,ːˑˏ√ଷ∙୙˕,ːˑˏ = ଵଵ଻,଻√ଷ∙ଷସ଻ = Ͳ,ͳͻ͸ ˍʏ,                                          (4.29) 

 
Ɋɚɛɨɱɢɣ ɬɨɤ ɜ ɥɢɧɢɣ ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ 330 ɤȼ: 
 I˓˃˄.௠௔௫ = ୗ∑ሺ୬ˎሻ∙√ଷ∙୙ːˑˏ = ଺ଽଽଷ∙√ଷ∙ଷଷ଴ = Ͳ,ͶͲ͹ ˍʏ,                                                  (4.30) 

 

Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɣ 
ɢɡ ɥɢɧɢɢ ɫɜɹɡɢ: 

 I˓˃˄.˖˕ˉ = ୗ∑ሺ୬ˎ−ଵሻ∙√ଷ∙୙ːˑˏ = ଺ଽଽଶ∙√ଷ∙ଷଷ଴ = Ͳ,͸ͳ ˍʏ.                                            (4.32) 

 

4.9.2 ȼɵɛɨɪ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ 
ɧɚɩɪɹɠɟɧɢɢ 13,8 ɤȼ 

 
Ɋɚɡɴɟɞɢɧɢɬɟɥɢ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɢ ɬɨɤɭ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ ɢ 

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

ɉɪɢ ɜɵɛɨɪɟ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 

 Uɧɨɦ ൒ Uɧɨɦ.ɫ.  
  Iɧɨɦ ൒ Iɪɚɛ,୫˃୶ .  
  Bɤ,ɧɨɪɦ ൒ Bɤ,ɪɚɫɱ.  

 
ɂɫɩɨɥɶɡɭɹ ɤɚɬɚɥɨɝ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɈȺɈ ȼɈ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» ɞɥɹ 

ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɟɦ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȽȽ–14 ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȼɊɁ–14/4000 ɍ3. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.7.  
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Ɍɚɛɥɢɰɚ 4.7 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ 
ȼȽȽ-20 

Ɋɚɡɴɟɞɢɧɢɬɟɥɶ 
ɊȼɊɁ-20/4000 ɍ3 U˔ˈ˕ˋ ːˑˏ = ͳ͵,ͺ ˍʑ Uːˑˏ = ʹͲ ɤȼ Uːˑˏ = ʹͲɤȼ Iʒ.˓˃˄ = ͷͳ͹Ͳ ʏ Iːˑˏ = ͸ͲͲͲ Ⱥ Iːˑˏ = ͸ͲͲͲ Ⱥ I୬଴ = ͷʹ,ͻͷ ɤȺ I˒˓.˔ˍ˅ = ͸͵ ɤȺ iˠˎ.˔˕ = ͳʹͷ ɤȺ ܫ୷ = ͺʹ,͵͹ ɤȺ i˒˓.˔ˍ˅ = ͳ͸ͳ ɤȺ I˕.˔˕ = ͳͲͲ ɤȺ 

 Iːˑˏ.ˑ˕ˍˎ = ͺͲ ɤȺ tˑ˕ˍˎ = ͵ ˔. ʑˍ.˓˃˔˚ = I୬଴ଶ ∙ (tˑ˕ˍ + t˓ˊ൯ = = ͷʹ,ͻͷ ଶ ∙ ሺͲ,Ͳͺ + Ͳ,Ͳͳሻ = = ʹͷʹ,͵͵ ˍʏଶ ∙ ˔ 

ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = 
 = ͸͵ଶ ∙ ͵ = ͳͳͻͲ͹ ˍʏଶ ∙ ˔ 

ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = = ͳ͸Ͳଶ ∙ ͵ = Ͷ͸ͺ͹ͷ ˍʏଶ ∙ ˔ 

 
ɉɪɨɜɟɪɤɚ ɧɚ ɚɩɟɪɢɨɞɢɱɟɫɤɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɜɵɤɥɸɱɚɬɟɥɹ ȼȽȽ–20: 
 i˃τ = √ʹ ∙ Iɩɨ ∙ ɟ− τ

Ɍɚ = √ʹ ∙ ͷʹ,ͻͷ ∙ ɟ− బ,బభబ,బయఱ = ͷ͸,ʹ͹ ɤȺ.                             (4.33) 
  i˃τ√ʹIɩɨ

∙ ͳͲͲ% = ͹ͷ% 

 
75% < ͺͲ% 
 

ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
4.8. 
 
Ɍɚɛɥɢɰɚ 4.8 – ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɪɢɛɨɪɚ 

Ɍɢɩ ɩɪɢɛɨɪɚ 
ɂɧɬɟɪɮɟɣɫ 

ɩɪɢɛɨɪɚ 
Ʉɥɚɫɫ 

ɬɨɱɧɨɫɬɢ 
ɉɨɬɪɟɛɥɹɟɦɚɹ 

ɦɨɳɧɨɫɬɶ (ȼ·Ⱥ) 
 ȼ ɰɟɩɢ ɫɬɚɬɨɪɚ: 

Ⱥɧɚɥɢɡɚɬɨɪ 
ɫɟɬɢ 

ȺɉɄɗ-1 RS485 0,5 8 

 ȼ ɰɟɩɢ ɪɨɬɨɪɚ: 
Ⱥɧɚɥɢɡɚɬɨɪ 

ɫɟɬɢ 
ȺɉɄɗ-1 RS485 0,5 8 

ɋɢɧɯɪɨɧɢɡɚɬɨɪ Ⱥɋ-Ɇ3 RS485 0,5 10 
  ∑ = 26 ȼ·Ⱥ 

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

ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɫɢɧɯɪɨɧɢɡɚɬɨɪ ɬɢɩɚ Ⱥɋ-Ɇ3. ɉɪɟɞɧɚɡɧɚɱɟɧ 
ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɦɟɬɨɞɨɦ ɬɨɱɧɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 
ɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɢɧɯɪɨɧɧɨɝɨ ɤɨɦɩɟɧɫɚɬɨɪɚ, 
ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɜɵɛɟɝɚ. Ⱥɋ-Ɇ3 ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɜ ɤɥɢɦɚɬɢɱɟɫɤɨɦ 
ɢɫɩɨɥɧɟɧɢɢ ɍ ɤɚɬɟɝɨɪɢɢ ɪɚɡɦɟɳɟɧɢɹ 4 ɩɨ ȽɈɋɌ 15150 (ɬɟɦɩɟɪɚɬɭɪɚ 
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ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɨɬ 1 ɞɨ 45°ɋ; ɜɟɪɯɧɟɟ ɩɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
55°ɋ; ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ 98 % ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 35°ɋ). Ⱥɋ-Ɇ3 
ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɚɬɦɨɫɮɟɪɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɝɪɭɩɩɟ ɉ ɩɨ 
ȽɈɋɌ 15150.  

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

ɉɪɢɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɤɨɧɬɪɨɥɢɪɭɟɬ ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɫɨɩɨɫɬɚɜɥɹɟɬ ɫ ɧɨɪɦɚɬɢɜɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ (ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ȽɈɋɌ 13109-97), ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɬɫɥɟɠɢɜɚɬɶ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɧɨɪɦɚɬɢɜɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ – ɩɪɟɞɨɬɜɪɚɳɚɬɶ ɚɜɚɪɢɣɧɵɟ ɫɢɬɭɚɰɢɢ ɢ 
ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɬɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɨɛɟɫɩɟɱɢɜ ɟɝɨ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ, ɧɚɞɟɠɧɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ. ɉɨɞɤɥɸɱɟɧɢɟ ɤ 
ɫɟɬɢ ɧɚɩɪɹɠɟɧɢɟɦ ɫɜɵɲɟ 0,4 ɤȼ ɩɪɨɢɡɜɨɞɢɬɫɹ ɱɟɪɟɡ ɢɡɦɟɪɢɬɟɥɶɧɵɣ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ. 

 
4.9.3 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 
ȼɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɒɅ–10–1. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 

«ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ». ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɒɅ-10-1 ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɜ ɬɚɛɥɢɰɟ 4.9. 
 
Ɍɚɛɥɢɰɚ 4.9 – ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɒɅ–10 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ < Uːˑˏ Uʒ = ͳ͵,ͺ ˍʑ Uːˑˏ = ʹͲ ˍʑ I˓˃˄ ୫ɚ୶ < Iːˑˏ Iʒ.˓˃˄ = ͷͳ͹Ͳ ʏ Iːˑˏ = ͸ͲͲͲ ʏ 
 
ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ-10. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 

«ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ». ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ-10 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.10. 
 
Ɍɚɛɥɢɰɚ 4.10– ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ Ɍɇ ɩɨ ɤɚɬɚɥɨɝɭ Uɫɟɬɢ < Uɧɨɦ UȽ = ͳ͵,ͺ ɤȼ Uɧɨɦ = ʹͲɤȼ 
 
Ⱦɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɰɟɩɢ 13,8 ɤȼ 

ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ – 10 ɍɏɅ1 ɮɢɪɦɵ ɈȺɈ 
«Ɋɚzɪɹɞ». 

 
4.9.4 ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɄɊɍɗ 

 
4.9.5 ȼɵɛɨɪ ɹɱɟɣɤɢ ɄɊɍɗ ɢ ɟё ɧɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ 
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ɉɨ ɢɦɟɸɳɢɦɫɹ ɞɚɧɧɵɦ ɞɥɹ ɄɊɍɗ 330 ɤȼ ɩɪɢɧɢɦɚɸɬɫɹ ɹɱɟɣɤɢ əɗȽ-330 

ɦɚɪɤɢ ȺɈ ȼɈ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ». Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɹɱɟɣɤɢ ɄɊɍɗ 330 ɤȼ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.11. 
 
Ɍɚɛɥɢɰɚ 4.11 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɹɱɟɣɤɢ ɄɊɍɗ 

Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

əɗȽ-330 Uɫɟɬɢ ɧɨɦ = ͵͵Ͳ ɤȼ Uɧɨɦ = ʹʹͲ ɤȼ Iɪɚɛ ୫ɚ୶ = ͶͲ͹ Ⱥ Iɧɨɦ = ͶͲͲͲ Ⱥ I୬଴ = ͹,ͻͶ ɤȺ I˒ = ͸͵ ɤȺ i୷ = ͳʹ,͵ͷ ˍʏ iˠˎ.˔˕ = ͳ͸Ͳ ˍʏ ʑˍ.˓˃˔˚ = I୬଴ଶ ∙ (tˑ˕ˍ + t˓ˊ൯ = = ͹,ͻͶଶ ∙ ሺͲ,Ͳ͵ + Ͳ,Ͳͳሻ = = ʹ,ͷʹ ˍʏଶ ∙ ˔ 

ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = = ͸͵ଶ ∙ ͵ = ͳͳͻͲ͹ ˍʏଶ ∙ ˔ 

 
ɄɊɍɗ ɫɟɪɢɢ əɗȽ-330 ɫ ɬɨɤɨɦ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 

ɩɨɞɫɬɚɧɰɢɢ: ɜɵɤɥɸɱɚɬɟɥɢ,  ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɫ ɡɚɡɟɦɥɢɬɟɥɟɦ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, Ɉɉɇ. ɄɊɍɗ ɹɜɥɹɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɵɦ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɦ 
ɭɫɬɪɨɣɫɬɜɨɦ ɫ ɦɧɨɠɟɫɬɜɨɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɜɤɥɸɱɚɹ ɤɨɦɩɚɤɬɧɨɫɬɶ, 
ɛɟɡɨɩɚɫɧɨɫɬɶ, ɜɵɫɨɤɭɸ ɧɚɞɟɠɧɨɫɬɶ, ɭɞɨɛɫɬɜɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɫɬɨɣɤɨɫɬɶ ɤ 
ɜɨɡɞɟɣɫɬɜɢɸ ɜɧɟɲɧɟɣ ɫɪɟɞɵ (ɬɚɛɥ.4.12.). 
 
Ɍɚɛɥɢɰɚ 4.12 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɬɨɤɚ 

ɉɚɪɚɦɟɬɪɵ ɜɵɤɥɸɱɚɬɟɥɹ ȼȽȽɄ-330 Iɨɬɤɥ 63 ɤȺ ݐɨɬɤɥ 0,055 ɫ 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 

330 
ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 

Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ 
Ⱦɥɹ ɭɱɟɬɚ 0,2S 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɣ 0,2S 
Ⱦɥɹ ɡɚɳɢɬɵ 10P 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ, Ⱥ 
Ʌɢɧɟɣɧɨɣ ɹɱɟɣɤɢ 4000 

ɋɛɨɪɧɵɯ ɲɢɧ 2000 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 

330 
 

4.9.6 ȼɵɛɨɪ ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ 
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Ȼɵɥɚ ɜɵɛɪɚɧɚ ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ ȺȾ-1200ɋ-Ɍ400 
ȽɪɚɧɞɆɨɬɨɪɫ ɦɨɳɧɨɫɬɶɸ 1500 ɤȼɚ. 
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5 Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 
ɋɢɥɨɜɨɟ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɩɨɞɫɬɚɧɰɢɣ ɢ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ ɞɨɥɠɧɨ ɛɵɬɶ ɡɚɳɢɳɟɧɨ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ 
ɧɟɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ 
ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢɥɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹɦɢ ɢ ɨɫɧɚɳɟɧɨ ɭɫɬɪɨɣɫɬɜɚɦɢ 
ɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɭɫɬɪɨɣɫɬɜɚɦɢ ɩɪɨɬɢɜɨɚɜɚɪɢɣɧɨɣ ɚɜɬɨɦɚɬɢɤɢ ɢ 
ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

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

 
5.1 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ ɫɨɝɥɚɫɧɨ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢɧɢɦɚɟɦ ɤ 

ɭɫɬɚɧɨɜɤɟ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɡɚɳɢɬ ɧɚ ɨɫɧɨɜɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ. 
ɇɚ ɝɥɚɜɧɨɦ ɝɟɧɟɪɚɬɨɪɟ ɋȼ-1130/140-48Ɍɋ4: 
 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɲɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ 

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

ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɝɟɧɟɪɚɬɨɪɚ; 

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

ɝɟɧɟɪɚɬɨɪɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ, ɤɨɧɬɪɨɥɶ ɞɥɢɬɟɥɶɧɨɫɬɢ 

ɮɨɪɫɢɪɨɜɤɢ ɜɨɡɛɭɠɞɟɧɢɹ; 
 ɍɫɬɪɨɣɫɬɜɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɬɤɚɡɚ ɜɵɤɥɸɱɚɬɟɥɹ (ɍɊɈȼ) ɝɟɧɟɪɚɬɨɪɚ; 
ɇɚ ɫɢɥɨɜɨɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɛɥɨɤɚ ɌȾɐ 125000/330: 
 Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
 ɍɫɬɪɨɣɫɬɜɨ ɜɵɛɨɪɚ ɩɨɜɪɟɠɞɟɧɧɨɣ ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 

ɨɯɜɚɬɵɜɚɸɳɟɟ ɨɛɦɨɬɤɭ ȼɇ (Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ); 

 Ɍɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 
ɧɚ ɡɟɦɥɸ ɜ ɫɟɬɢ 330 ɤȼ; 

 Ɋɟɡɟɪɜɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; 
 Ʉɨɧɬɪɨɥɶ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɭɫɤɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 

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

ɧɚɩɪɹɠɟɧɢɸ 
 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ 
 Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ 
ɇɚ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ 330 ɤȼ: 
- Ɉɫɧɨɜɧɵɟ ɡɚɳɢɬɵ: 
 ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɮɚɡɧɚɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɄɁ. 
- Ɋɟɡɟɪɜɧɵɟ ɡɚɳɢɬɵ: 
 3-ɯ ɫɬɭɩɟɧɱɚɬɚɹ ɞɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ; 
 ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɞɥɹ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɢ 

ɛɥɢɡɤɢɯ ɦɟɠɞɭɮɚɡɧɵɯ ɄɁ; 
 4-ɯ ɫɬɭɩɟɧɱɚɬɚɹ ɬɨɤɨɜɚɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ 

(ɌɇɁɇɉ); 
 ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɩɪɢ ɨɬɤɚɡɚɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 330 ɤȼ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɍɊɈȼ 330 ɤȼ. 
 
5.2 ɉɚɪɚɦɟɬɪɵ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ  
 

Ɍɚɛɥɢɰɚ 5.1 – ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 
Ɍɢɩ ɋȼ–1130/140-48Ɍɋ4 
Ɇɨɳɧɨɫɬɶ 
ɧɨɦɢɧɚɥɶɧɚɹ 

ɩɨɥɧɚɹ  117,7 ɆȼȺ 
ɚɤɬɢɜɧɚɹ 100 Ɇȼɬ 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 13,8 ɤȼ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ  cosφ 0,85 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 125 ɨɛ/ɦɢɧ 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ  4922 Ⱥ 
Ɍɨɤ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 1300 Ⱥ 
ɂɧɞɭɤɬɢɜɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨ 
ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ (ɨ.ɟ) 

ɫɢɧɯɪɨɧɧɨɟ Xd 0,91 
ɩɟɪɟɯɨɞɧɨɟ X’d 0,26 
ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ X”d 0,21 

 
Ɍɚɛɥɢɰɚ 5.2 – ɉɚɪɚɦɟɬɪɵ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

Ɍɢɩ ɌȾɐ 125000/330 

ɦɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ, ɆȼȺ 125 

ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ ȼɇ: 347; ɇɇ: 13,8. 

ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, % 11,0 

ɝɪɭɩɩɚ ɫɨɟɞɢɧɟɧɢɣ ∆/ܻ − ͳͳ 
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Ɍɚɛɥɢɰɚ 5.3 – ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
Ɍɢɩ ɌȾɇɋ-10000/35 

ɦɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ, ɤȼȺ 10000 

ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ ȼɇ: 36,75; ɇɇ: 6,3. 

ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ,% 8 

ɝɪɭɩɩɚ ɫɨɟɞɢɧɟɧɢɣ ∆/ܻ − ͳͳ 

 

5.3 Ɋɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ 
 
ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ: 
ˏːˑܫ  = ௉ː ˑˏ/௖௢௦𝜑√ଷ∙௎ːˑˏ = ଵ଴଴∙ଵ଴య/଴,଼ହ√ଷ∙ଵଷ,଼ = Ͷͻʹʹ ʏ                                                             (5.1) 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɧɢɡɲɟɣ 

ɫɬɨɪɨɧɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 
ːˑˏଶܫ  = ூːˑˏభ∙ʙ˔˘ʙ˕˕ = ସଽଶଶ∙ଵ଼଴଴଴/ହ = ͵,Ͳ͹ ʏ                                                                 (5.2) 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɧɚ ɜɵɫɲɟɦ ɧɚɩɪɹɠɟɧɢɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ: 
ːଵ˅ܫ  = ௌːˑˏ√ଷ∙௎ːˑˏ = ଵଵ଻,଻∙ଵ଴య√ଷ∙ଷସ଻ = ͳͻͷ,ͺʏ                                                              (5.3) 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 
ːଶ˅ܫ  = ଵଽହ,଼଺଴଴/ହ = ͳ,͸͵ ʏ                                                                                    (5.4) 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɜɨɡɛɭɠɞɟɧɢɹ:  
ː ୘୉ଵ˅ܫ  = ଼଴଴√ଷ∙ଵଷ,଼ = ͵͵,ͷͳ ʏ                                                                            (5.5) 

 
5.4 Ɉɩɢɫɚɧɢɟ ɡɚɳɢɬ ɢ ɪɚɫɱɟɬ ɢɯ ɭɫɬɚɜɨɤ 
 

5.4.1 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ (I∆G) 
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ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 
ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣሺܫʠʟ < Ͳ,ʹ ∙  ʜሻɡɚɳɢɬɨɣ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯܫ
ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ. 

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

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ:ܫʜʝʛ = Ͷͻʹʹ ʏ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ:𝜂ʡʡ = ͺͲͲͲ/ͷ ʏ. 
1) ɇɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɩɪɢ 

ɦɚɥɵɯ ɬɨɪɦɨɡɧɵɯ ɬɨɤɚɯ. ȼɟɥɢɱɢɧɚ ܫʠʟ.ʝ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ: 

ʜʐሺʜሻܫ              = ʙʝʓʜ ∙ 𝑖݂ ∙ ʜܫ = Ͳ,ͷ ∙ Ͳ,ͳ ∙  ʜ,                                                              ሺͷ.͸ሻܫ
 

ɝɞɟ     ʙʝʓʜ = Ͳ,ͷ - ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ;  𝑖݂ = Ͳ,ͳ - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. 
ɍɫɬɚɜɤɚ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
ʠʟ.଴ܫ               ൒ ʜܭ ∙ ʜʐሺʜሻܫ = ʹ ∙ Ͳ,ͷ ∙ Ͳ,ͳ ∙ ʜܫ = Ͳ,ͳ ∙  ʜ,                                            ሺͷ.͹ሻܫ
 

ɝɞɟ     ܭʜ = ʹ - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ: 
 
ʠʟ.ʝܫ  = Ͳ,ͳͷ ∙ .ʜܫ = Ͳ,ͳͷ ∙ ͵,Ͳ͹ = Ͳ,Ͷ͸ͷ ʏ                                                (5.8) 
 
2) Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ܭʡ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɤ 

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

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 
ɡɚɦɵɤɚɧɢɢ ɪɚɜɟɧ:  

ʜʐሺʙʖሻܫ               = ʙʏʞ ∙ 𝑖݂ ∙ ʙʝʓʜ ∙  ʛʏʙʠ,                                                                     ሺͷ.ͻሻܫ
 

ɝɞɟ     ʙʏʞ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ;  𝑖݂ = Ͳ,ͳ - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ; ʙʝʓʜ = Ͳ,ͷ - ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ (0,5-ɞɥɹ 
ɨɞɧɨɬɢɩɧɵɯ ɌɌ, 1,0 ɞɥɹ ɪɚɡɧɵɯ ɌɌ); ܫʛʏʙʠ - ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ 
ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ; ܫʛʏʙʠ = ′′ௗݔ′̂′ܧ ∙ ʜܫ = ͳ,ͳ͵Ͳ,ʹͳ ∙ Ͷͻʹʹ = ʹ͸Ͷͺͷ ʏ                                                    ሺͷ.ͳͲሻ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɪɚɜɟɧ ɩɨ: 
ʜʐሺʙʖሻܫ              = ʹ ∙ Ͳ,ͳ ∙ Ͳ,ͷ ∙ ͳ,ͳ͵Ͳ,ʹͳ ∙ Ͷͻʹʹ = ʹ͸Ͷͺ,ͷ ʏ                                                         
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
ʡܭ              > ʜʐሺʙʖሻܫ  ∙ ʡܫʜܭ ,                                                                                              ሺͷ.ͳͳሻ 

ʡܭ              > ʹ͸Ͷͺ,ͷ ∙ ʹʹ͸Ͷͺͷ , 
ʡܭ             > Ͳ,ʹ,  
 

ɝɞɟ     ܭʜ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ;  ܫʡ - ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܭʡ = Ͳ,͵. 
3) ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ (ɭɜɟɥɢɱɢɜɚɟɬ ɡɨɧɭ ɪɚɛɨɬɵ ɡɚɳɢɬɵ ɛɟɡ 

ɬɨɪɦɨɠɟɧɢɹ): 
 

ʜʡܫ  = ூ∗ʠʟʙʡ = ଴,ଵହ଴,ଷ = Ͳ,ͷ.                                                                                  ሺͷ.ͳʹሻ 

 
4) Ɍɨɪɦɨɡɧɨɣ ɬɨɤ ȼ ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɤɭ ɢɡɥɨɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɪɚɛɚɬɵɜɚɧɢɹ. ɉɪɢ ɜɵɛɨɪɟ ȼ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ: 
ܤ              ൒ ʠʟʙʡ∗ܫ = Ͳ,ͳͷͲ,͵ = Ͳ,ͷ.                                                                                     ሺͷ.ͳ͵ሻ 

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

ɜɵɩɨɥɧɹɟɬɫɹ). 
ɇɚ ɪɢɫɭɧɤɟ 5.1 ɩɪɢɜɟɞɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ. 
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Ɋɢɫɭɧɨɤ 5.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 
ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ 

 
Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ, ɨɫɬɚɧɨɜ 

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

 

5.4.2 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ (UN 
(UO)) 

 

Ɂɚɳɢɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 100% ɨɯɜɚɬ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ, 
ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɢɡɨɥɢɪɨɜɚɧɧɨɝɨ ɛɥɨɤɚ ɢ ɧɟ ɢɦɟɸɳɟɝɨ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ 
ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

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

ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ U0 ɢ ɡɚɳɢɳɚɟɬ 85% ɜɢɬɤɨɜ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ 
ɫɬɨɪɨɧɵ ɮɚɡɧɵɯ ɜɵɜɨɞɨɜ; U0 ɜɤɥɸɱɚɟɬɫɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 3U0 Ɍɇ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɨɜ ɝɟɧɟɪɚɬɨɪɚ, ɢɡɦɟɪɹɟɦɨɟ 
ɨɛɦɨɬɤɨɣ «ɪɚɡɨɦɤɧɭɬɵɣ ɬɪɟɭɝɨɥɶɧɢɤ». 

ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɨɫɧɨɜɧɨɣ ɝɚɪɦɨɧɢɤɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ 
ɭɫɥɨɜɢɹ ɨɬɫɬɪɨɣɤɢ ɨɬ ɞɟɣɫɬɜɭɸɳɟɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɫɧɨɜɧɨɣ ɱɚɫɬɨɬɵ ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ 
ɢɧɞɭɤɰɢɟɣ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ ሺܷʝ Эʚ.ʠʡ.ሻɩɪɢ ɄɁ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ȼɇ. 

Ɋɚɫɱɟɬ ܷʝ Эʚ.ʠʡ. ɜɵɩɨɥɧɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ 
Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ. 
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ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫɭɧɤɟ 5.2. 

 

Ɋɢɫɭɧɨɤ 5.2 - ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, 
ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
 ʠʒ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; ʠʡ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; ʠШ – ɟɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ; ʠ – ɟɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɫɨ ɫɬɨɪɨɧɵ ɬɪɚɫɧɮɨɪɦɚɬɨɪɚ; ʠ – ɟɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɫɨ ɫɬɨɪɨɧɵ ɝɟɧɟɪɚɬɨɪɚ. 
ɋɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
Σܥ             = ʡܥ + ʠʒ + ʠШ + ʠʑʒ = Ͳ,ͲͲ͹͵ + Ͳ,͸Ͷ + Ͳ,ͲͲͺ + Ͳ,͵ͷ == ͳ,ͲͲͷ ˏˍʣ˗˃ˊ˖,                                                                                                                        ሺͷ.ͳͶሻ 

           ܷʝ Эʚ.ʠʡ = ʙ ∙ ଴ܷ ∙ ʠʡሺߤ଴ሻʠʡሺߤ଴ሻ + ʠΣ ,                                                                        ሺͷ.ͳͷሻ 

 
ɝɞɟ ʙ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ଴ܷ ɩɨ ɨɛɦɨɬɤɟ 
ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ ɞɥɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɝɥɭɯɨɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ, ʙ = Ͳ,ͷ; ʠʡሺߤ଴ሻ – ɟɦɤɨɫɬɶ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɞɧɨɣ 
ɮɚɡɵ ɬɪɚɫɧɮɨɪɦɚɬɨɪɚ, ʠʡሺߤ଴ሻ = Ͳ,ͲͲͻ ˏˍʣ˗˃ˊ˖ ; ଴ܷ – ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ: 
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           ଴ܷ = ͳ͵ ∙ ܷʜʝʛ ʑʜ √͵ = ͳ͵⁄ ∙ ͵Ͷ͹√͵ = ͸͸,͹ͺ ˍʑ,                                                  ሺͷ.ͳ͸ሻ 

 
Ɍɨɝɞɚ ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 

ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ ɧɚ ɫɬɨɪɨɧɟ 330ɤȼ: 
            ܷʝ Эʚ.ʠʡ. = Ͳ,ͷ ∙ ͸͸͹ͺͲ ∙ Ͳ,ͲͲͻͲ,ͲͲͻ + ͳ,ͲͲͷ = ʹͻ͸,͵͸ ʑ,                                   ሺͷ.ͳ͹ሻ 

 ʟ˃˔˚ˈ˕ːˑˈ ˊ˃ː˚ˈːˋˈ ܷʝ Эʚ.ʠʡ. = ʹͻ͸,͵͸ ʑ 
 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
            ʠܷʟ ൒ ʙʜʙʑ ∙ ͵݊ʡʜ ∙ ଴ܷ Эʚ.ʠʡ,                                                                                      ሺͷ.ͳͺሻ 

            ʠܷʟ ൒ ͳ,ͷͲ,ͻͷ ∙ ͵ ∙ ʹͻ͸,͵͸͵͸,͹ͷ√͵ ∙ Ͳ,ͳ͵ , 
 ʠܷʟ ൒ Ͳ,͹͵ ʑ, 
 

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

ɉɪɢɧɢɦɚɟɦ ɫɥɟɞɭɸɳɢɟ ɭɫɬɚɜɤɢ: ଴ܷଵீ ɫ ɭɫɬɚɜɤɨɣ 5 ȼ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 
9,0ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ; ଴ܷଶீ ɫ ɭɫɬɚɜɤɨɣ 10 ȼ ɢ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5ɫ, 
ɤɨɬɨɪɚɹ ɞɟɣɫɬɜɭɟɬ ɧɚ ɪɚɡɝɪɭɡɤɭ ɚɝɪɟɝɚɬɚ; ଴ܷீ ɫ ɭɫɬɚɜɤɨɣ 15 ȼ ɢ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ 0,5ɫ  ɫ ɞɟɣɫɬɜɢɟɦ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ 
ɩɨɥɟɣ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɢ ɜɵɤɥɸɱɚɬɟɥɹ, ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɢ ɫɛɪɨɫ ɚɜɚɪɢɣɧɨ-
ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 

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

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

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɞɨ ɦɟɫɬɚ ɡɚɦɵɤɚɧɢɹ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ 
ɡɚɜɢɫɢɬ ɨɬ ܭʡ: 
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           ʤ = ͳʙʡ + ʹ.                                                                                                             ሺͷ.ͳͻሻ 

 
ɉɪɢ ܭʡ = ͳ,ʹ ɨɪɝɚɧ ଴ܷଷ ɪɚɛɨɬɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɢ ɡɚɳɢɳɚɟɬ 31,3 % ɨɛɦɨɬɤɢ 

ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 
Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 500 ɦɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 

ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ 
ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 

 
5.4.3 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ (U1>), (U2>) 
 

1) ɍɫɬɚɜɤɚ ɡɚɳɢɬɵ U2> ɜɵɛɢɪɚɟɬɫɹ: 
             ஼ܷʟଶ = ͳ,Ͷ ∙ ܷʜ݊ʡʜ = ͳ,Ͷ ∙ ͳ͵ͺͲͲͳ͵ͺͲͲ/ͳͲͲ = ͳͶͲ ʑ.                                                        ሺͷ.ʹͲሻ 

 
2) ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɡɚɳɢɬɟ ɧɚ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɭɫɦɨɬɪɟɧ 

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

U1> ɜɜɨɞɢɬɫɹ ɜ ɪɚɛɨɬɭ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɝɟɧɟɪɚɬɨɪɚ. 
ɍɫɬɚɜɤɚ U1> ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: 
            ஼ܷʟଵ = ͳ,ʹ ∙ ܷʜ݊ʡʜ = ͳ,ʹ ∙ ͳ͵ͺͲͲͳ͵ͺͲͲ/ͳͲͲ = ͳʹͲ ʑ.                                                         ሺͷ.ʹͳሻ 

 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɬɨɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɚ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ 

ɢ ɧɚ ɫɬɨɪɨɧɟ 330 ɤȼ ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ Ͳ,Ͳͻܫʜ. 
Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 

ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 

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

 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ 

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

Ɂɚɳɢɬɚ ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ܫ∗ଶ: 
ଶ∗ܫ              = ʜܫଶܫ ,                                                                                                               ሺͷ.ʹʹሻ 
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ɝɞɟ     ܫଶ– ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ,  ܫʜ– ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ. 

Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 
ɡɧɚɱɟɧɢɢ ɬɨɤɚ ܫଶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

ʓʝʞݐ         = ଶଶ∗ܫܣ ,                                                                                                          ሺͷ.ʹ͵ሻ 

 
ɝɞɟ     ܣ = ʹͲ – ɩɚɪɚɦɟɬɪ, ɡɚɞɚɧɧɵɣ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ. 

Ɂɚɳɢɬɚ ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 
1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ ሺܫଶʠʗʒʜሻ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶ 

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

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ:ܫ∗ଶʠʗʒʜ = Ͳ,Ͳ͹; 
ଶʠʗʒʜܫ              = Ͳ,Ͳ͹ ∙ ʜܫ = Ͳ,Ͳ͹ ∙ Ͷͻʹʹ = Ͳ,ʹͳ ʏ ሺͲ,Ͳ͹ ∙  ʜሻ.                                ሺͷ.ʹͶሻܫ
 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ ሺܫଶʞʢʠʙሻ ɫɪɚɛɚɬɵɜɚɟɬ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

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

ɉɪɢ ɷɬɨɦ: 
ଶ∗ܫ              = √ʏݐ = √ ʹͲ͸ͲͲ = Ͳ,ͳͺ.                                                                                  ሺͷ.ʹͷሻ 

 
ɍɫɬɚɜɤɚ ɪɚɜɧɚ: 
ଶʞʢʠʙ∗ܫ              = ଶʙʜ∗ܫ = Ͳ,ͳͺͳ,ͷ = Ͳ,ͳʹ,                                                                             ሺͷ.ʹ͸ሻ 

 
ɝɞɟ     ʙʜ = ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 

ଶʞʢʠʙܫ             = Ͳ,ͳʹ ∙ ʜܫ = Ͳ,Ͷ͸ ʏ ሺͲ,ͳʹ ∙  ʜሻ.                                                            ሺͷ.ʹ͹ሻܫ
 
ɉɪɢ ɷɬɨɦ ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ 

ɬɟɩɥɨɜɨɦɭ ɞɟɣɫɬɜɢɸ ɬɨɤɚ, ɪɚɜɧɨɝɨ ܫ∗ଶʞʢʠʙ = Ͳ,ͳʹ: 
ʓʝʞݐ  = ʏூమʞʢʠʙమ = ଶ଴଴,ଵଶమ ≈ ͳ͵ͺͺ ˔                                                                          ሺͷ.ʹͺሻ 
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3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɭɞɚɥɟɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɪɟɠɢɦɚɯ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɬɨɤɚɦɢ ɩɟɪɟɝɪɭɡɤɢ ܫଶ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɭɪɚɜɧɟɧɢɟɦ: 

 

ʠʟݐ  = ଶ଴ሺூ∗మሻమ ,                                                                                                             ሺͷ.ʹͻሻ 

 ʏʗʝ = ʹͲ = ଶଶ∗ܫ ∙  ʠʟ.                                                                                           ሺͷ.͵Ͳሻݐ
 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɜ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.4. 
 

Ɍɚɛɥɢɰɚ 5.4 - Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɩɨ 
ɬɨɤɭ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨ-

ɜɚɬɟɥɶɧɨɫɬɢ I2/Iɧ 
1,0 0,6 0,5 0,4 0,3 0,2 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ (ɫ) 20 55 80 125 220 500 

 

ɏɚɪɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.3. 

 

Ɋɢɫɭɧɨɤ 5.3 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 

ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) 
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ɂɫɯɨɞɹ ɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɜɪɟɦɹ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɦ: t ɦɢɧ. = 20 ɫ, t ɦɚɤɫ. = 600 ɫ. 

ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɢɦɢɬɢɪɭɟɬ ɩɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ 
ɩɨɫɥɟ ɭɫɬɪɚɧɟɧɢɹ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ. ɉɪɢ ɷɬɨɦ 
ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ, ɡɚ ɤɨɬɨɪɵɣ ɩɟɪɟɝɪɟɜ ɝɟɧɟɪɚɬɨɪɚ ɫɧɢɠɚɟɬɫɹ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨ 
ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ ɞɨ 0,135 ɨɬ ɷɬɨɣ ɜɟɥɢɱɢɧɵ, ɭɫɥɨɜɧɨ ɧɚɡɵɜɚɟɬɫɹ ɜɪɟɦɟɧɟɦ 
«ɩɨɥɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ» (Iɨɯɥ) ɢ ɪɟɝɭɥɢɪɭɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 10 ɞɨ 999 ɫ. ɗɬɨɬ 
ɩɚɪɚɦɟɬɪ ɜɵɫɬɚɜɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ɭɤɚɡɚɧɢɹɦ ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ (tɨɯɥ= 100ɫ). 

4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ  ሺܫଶʝʡʠሻ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɢ ɹɜɥɹɟɬɫɹ 
ɡɚɳɢɬɨɣ ɨɬ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ. 

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

ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; 
2. ɂɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ 

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

ɡɚɳɢɬɚɦɢ BJI. 
ɉɨ ɩɟɪɜɨɦɭ ɭɫɥɨɜɢɸ: ɜɵɛɨɪ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɤɪɢɜɨɣ 

ɩɪɟɞɟɥɶɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɱɟɪɟɡ ɝɟɧɟɪɚɬɨɪ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɉɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ: 
ɚ) ɩɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ ɜ ɤɨɧɰɟ 

ɥɢɧɢɣ 330 ɤȼ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɤɨɧɰɟ ȼɅ ɢ 
ɪɚɛɨɬɟ ɜɫɟɯ ɝɟɧɟɪɚɬɨɪɨɜ: 

′′ௗʑʜݔ  = ′′ௗݔ ቀ௎ʑʜ௎ʜʜቁଶ = Ͳ,ʹͳ ቀଷସ଻ଵଷ.଼ቁଶ = ͳ͵ʹ,͹͹                                                   (5.31) 

 
ɝɞɟ ݔௗʑʜ′′- ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɜɵɫɲɟɣ 
ɫɬɨɪɨɧɟ ɧɚɩɪɹɠɟɧɢɹ; 

ଶʑʜݔ  = ଶݔ ቀ௎ʑʜ௎ʜʜቁଶ = Ͳ,͵ ቀଷସ଻ଵଷ.଼ቁଶ = ͳͺͻ,͸ͺ                                                     (5.32) 

 
ɝɞɟ ݔଶʑʜ–ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɚɹ 
ɤ ɜɵɫɲɟɣ ɫɬɨɪɨɧɟ. 

∗ʡݔ   = ௎ʙ%ଵ଴଴ ∙ ௌʐௌːˑˏ = ଴,ଵଵଵ଴଴ ∙ ଵଶହଵଶହ = Ͳ,Ͳͳͳ                                                         (5.33) 

 
ɝɞɟ  ݔʡ∗ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. 
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∗.ଶʠ.ʖܫ            = ͳͳ,ͳ ሺݔௗʑʜ′′ + ଶʑʜݔ + ʹ ∙ ʡሻݔ = ͳͳ,ͳ ሺͳ͵ʹ,͹͹ + ͳͺͻ,͸ͻ + ʹ ∙ Ͳ,Ͳͳͳሻ == Ͳ,ͲͲʹ ˑ. ˈ. ,                                                                                                                   ሺͷ.͵Ͷሻ  
 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɧɚ ɫɬɨɪɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
∗.ଶʠ.ʖܫ  = ∗.ଶʠ.ʖܫ ∙ ʹ ∙ ௎ʑʜ௎ʜʜ = Ͳ,ͲͲʹ ∙ ʹ ∙ ଷସ଻ଵଷ.଼ = Ͳ,ͳͲͲͷ ˑ. ˈ.                              (5.35) 

 
ɉɨ ɬɪɟɬɶɟɦɭ ɭɫɥɨɜɢɸ: ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ 

ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫ ɪɟɡɟɪɜɧɵɦɢ ɡɚɳɢɬɚɦɢ ɥɢɧɢɢ. ȼ ɫɜɹɡɢ ɫ 
ɨɬɫɭɬɫɬɜɢɟɦ ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɜɬɨɪɨɦɭ 
ɭɫɥɨɜɢɸ. 

Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ȼ-330. 8,5 ɫ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 330 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ 9 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 

5.4.5 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤሺ𝑰૚ሻ 
 

Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ ɨɛɦɨɬɨɤ 
ɫɬɚɬɨɪɚ. Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɢ ɫɨɞɟɪɠɢɬ 
ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 

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

ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 
ʠʗʒʜܫ              = ʜܭ ∙ ʑܭʜܫ = ͳ,Ͳͷ ∙ ʜͲ,ͻͺܫ = ͳ,Ͳ͹ ∙  ʜ,                                                            ሺͷ.͵͸ሻܫ

 
ɝɞɟ     ܭʜ = ͳ,Ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ܭʑ = Ͳ,ͻͺ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 

ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ݐ = ͻ ˔. 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 

ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
ଵʞʢʠʙܫ              = ͳ,Ͳͺ ∙ ʜͲ,ͻͺܫ = ͳ,ͳ ∙  ʜ.                                                                               ሺͷ.͵͹ሻܫ

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. 
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ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 
ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.5: 

 

Ɍɚɛɥɢɰɚ 5.5 - ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 
ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 

Ʉɪɚɬɫɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ ܫ ⁄ʜܫ  

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

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ (ɫ) 3600 900 360 300 240 120 60 1 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ሺܫଵሻ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.4. 
 

 

Ɋɢɫɭɧɨɤ 5.4 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ 
ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ሺܫଵሻ 

 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɡɚɳɢɬɵ ɱɟɪɟɡ ɨɬɤɥɸɱɚɸɳɢɣ ɨɪɝɚɧ ɞɟɣɫɬɜɭɟɬ ɧɚ 

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

ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ 0,01 ɫ. 
4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ:  
ଵʝʡʠܫ              = ͳ,ʹ ∙ ʜʝʛͲ,ͻͺܫ = ͳ,ʹʹͶ ∙  ʜʝʛ,                                                                 ሺͷ.͵ͺሻܫ
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Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɭɫɤɨɦ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ʒܷ <. 

ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ: 
             ʠܷʟ = Ͳ,͸ͺ ∙ ܷʜʝʛܭʑ ∙ ݊ʡ = Ͳ,͸ͺ ∙ ͳ͵ͺͲͲͳ,Ͳ͵ ∙ ͳ͵ͺ = ͸͸,Ͳʹ ʑ.                                         ሺͷ.͵ͻሻ 

 
Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ 

ɜɵɤɥɸɱɚɬɟɥɟɣ 330 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

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

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

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɞɚɟɬɫɹ ɜ ɜɢɞɟ ɤɪɭɝɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ I ɢ 
II  ɤɜɚɞɪɚɧɬɟ ɫɨ ɫɦɟɳɟɧɢɟɦ ɜ III  ɢ IV  ɤɜɚɞɪɚɧɬ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɣ. 

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

ɋɨɝɥɚɫɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɧɚ ɲɢɧɚɯ 220 ɤȼ Ƚɗɋ 
ɨɞɧɨɝɨ ɛɥɨɤɚ. ܼ ଵ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ 330 ɤȼ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 

ɚ) ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɡɚɳɢɬ ɜɥ 330 ɤȼ əɤɭɬɫɤɚɹ Ƚɗɋ – 
ɉɋ «Ɉɥёɤɦɚ»: 

             ܼଵ ൑ Ͳ,ͺ ∙ ܼʡ + Ͳ,ͺܭʡ ∙ ܼଵʚ′ = Ͳ,ͺ ∙ ͳͲͷ,ͻ + Ͳ,ͷͅ ∙ ʹͻ,ͺ͵ = ͺͻ,ͷ ʝˏ,            ሺͷ.ͶͲሻ 

 
ɝɞɟ     ܭʡ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ, ɱɬɨ ɥɢɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵ; ܼʡ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɩɚɪɹɠɟɧɢɸ ɫɬɨɪɨɧɵ 
330 ɤȼ; 

             ܼʡ = Ͳ,ͳͳ ∙ ͵Ͷ͹ͳʹͷ ଶ = ͳͲͷ,ͻ ʝˏ. 
 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 

ɝɟɧɟɪɚɬɨɪɚ: 
             ܼଵ ˑ.ˈ. ൑ Ͳ,ͺ ∙ Ͳ,ͳͳ ∙ ͳʹͷͳʹͷ + Ͳ,ͷͅ ∙ ͳ͸Ͳ͵Ͷ͹ଶ ∙ ʹͻ,ͺ͵ = Ͳ,ͲͻͶ,                            
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 ܼଵɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ ɫɨɫɬɚɜɢɬ: 
             ܼଵ = ܼଵ ˑ.ˈ. ∙ ܼ˄ = Ͳ,ͲͻͶ ∙ ͳ,͸ͳ = Ͳ,ͳͷͳ ʝˏ,                                                  ሺͷ.Ͷͳሻ 
 

ɝɞɟ     ܼ˄ = ௎మ˄ௌʜʒ = ଵଷ.଼మଵଵ଻,଻ = ͳ,͸ͳ.                                                                        ሺͷ.Ͷʹሻ 

 
ɍɫɬɚɜɤɚ ɛɭɞɟɬ ɪɚɜɧɚ: 
             ܼଵ஼ଷ = ܼଵ ∙ ݊ʡ݊ʜ = Ͳ,ͳͷͳ ∙ ͺͲͲͲͷͳ͵,ͺͲ,ͳ = ͳ,͹ͷ ʝˏ.                                                   ሺͷ.Ͷ͵ሻ 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼଵ = ͳ,͹ͷ ʝˏ. 
2) Ɏɭɧɤɰɢɹ ∆ܼ ɨɬɥɢɱɚɟɬ ɩɨɜɪɟɠɞɟɧɢɟ ɨɬ ɤɚɱɚɧɢɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɩɨ 

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

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

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ = ௎ʜʝʛ√ଷ∙ூʜʏʒʟ = ଵଷ,଼∙ଵ଴య√ଷ∙ସଽଶଶ = ͳ,͸ʹ ʝˏ,                                                        ሺͷ.ͶͶሻ 

 
ɝɞɟ     ܫʜʏʒʟ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ, Ⱥ. 

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

 

ʣܫ             = ʹ ∙ .ʑ.ʤ.ʤܫʑ.ʜʝʛܫ − Ͳ,ͻͷݔௗ = ʹ ∙ ʹ − Ͳ,ͻͷͲ,ͻͳ = ͵,͵ͷ,                                               ሺͷ.Ͷͷሻ 

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

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

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 
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            ܼʜʏʒʟ.ʣ = Ͳ,ͻͷ ∙ ܷʜܫʣ = Ͳ,ͻͷ ∙ ͳ͵,͵ͷ = Ͳ,ʹͺ ˑ. ˈ. => Ͳ.ʹͻͶ,                                ሺͷ.Ͷ͸ሻ 

𝜑 ʜʏʒʟ.ʣݏ݋ܿ              = 𝜑ʜͲ,ͻͷݏ݋ܿ ∙ ʣܫ = Ͳ,ͺͷͲ,ͻͷ ∙ ͵,͵ͷ = Ͳ,ʹ͸͹,                                            ሺͷ.Ͷ͹ሻ 

 
ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ 𝜑ʜʏʒʟ.ʣ = ͸ͻ°. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 
             ܼ஼ ʖூூ = ܼʜʏʒʟ.ʣʙʜ = Ͳ,ʹͻͶͳ,ͳ = Ͳ,ʹ͸͹ ˑ. ˈ. ,                                                          ሺͷ.Ͷͺሻ 

             ܼ஼ ʖூூ = ܼூூ ˑ.ˈ. ∙ ܼʐ = Ͳ,ʹ͸͹ ∙ ͳ͵,ͺଶͳͳ͹,͹ = Ͳ,Ͷ͵ ʝˏ.                                            ሺͷ.Ͷͻሻ 

 
Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɫɨɫɬɚɜɢɬ: 
             ܼ஼ ʖூூ = ܼʠ.ʖ.ூூ ∙ ݊ʡ݊ʜ = Ͳ,Ͷ͵ ∙ ͺͲͲͲ/ͷͳ͵ͺͲͲ/ͳͲͲ = Ͷ,ͻͺ ʝˏ,                                           ሺͷ.ͷͲሻ 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼூூ = ͷ ʝˏ. 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹɩɨ ɨɫɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 12-20%. ɍɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɦɟɳɟɧɢɹ ܼ஼ʛଵ = Ͳ,ͳͷͳ ʝˏ, ܼ஼ʛଶ = Ͳ,Ͷ͵ ʝˏ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɫɬɪɨɟɧɚ ɨɬ ɧɚɢɛɨɥɶɲɟɣ 

ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ ɥɢɧɢɣ. 
ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 

ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 330 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 
ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ ȽȽ. 

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

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

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

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

.௉ ʠʗʒʜܫ              = ʙʜ ∙ ʑܭʜʝʛ.ʟܫ = ͳ,Ͳͷ ∙ ʜʝʛ.ʟͲ,ͻͺܫ = ͳ,Ͳ͹ ∙  ʜʝʛ.ʟ.                                   ሺͷ.ͷͳሻܫ

 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

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

.௉ ʞʢʠʙܫ              = ͳ,ʹ ∙ ʜʝʛ.ʟͲ,ͻͺܫ = ͳ,ͳ ∙  ʜʝʛ.ʟ.                                                                 ሺͷ.ͷʹሻܫ

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 

ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɡɚɞɚɧɧɨɣ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ, ɢ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
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Ɍɚɛɥɢɰɚ 5.6 – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
Ʉɪɚɬɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ ܫ ⁄ʜܫ  

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

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ (ɫ) ɞɥɢɬɟɥɶɧɨ 210 150 120 90 72 60 20 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ 

ɪɨɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.6. 
 

 

Ɋɢɫɭɧɨɤ 5.6 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 

 
4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 

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

.௉ ʞʢʠʙܫ              = ʹ,͵ͷ ∙ ʜʝʛ.ʟͲ,ͻͺܫ = ʹ,ͳͻ ∙  ʜʝʛ.ʟ.                                                        ሺͷ.ͷ͵ሻܫ

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

ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 
5.5 ȼɵɛɨɪ ɤɨɦɩɥɟɤɫɚ ɡɚɳɢɬ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
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ɂɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɚ ɭɫɬɚɜɨɤ, ɞɥɹ ɡɚɳɢɬɵ ɫɢɥɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɥɚɜɧɨɣ 
ɫɯɟɦɵ Ƚɗɋ ɢ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɫɨɜɪɟɦɟɧɧɵɯ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɬɟɪɦɢɧɚɥɨɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 
«ɗɄɊȺ». 

ɍɫɬɚɧɨɜɤɚ Ɉɬɟɱɟɫɬɜɟɧɧɨɝɨ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɡɜɨɥɢɬ 
ɢɡɛɟɠɚɬɶ ɜɨɡɦɨɠɧɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɜ ɪɚɛɨɬɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɭɦɟɧɶɲɢɬ 
ɡɚɬɪɚɬɵ. 

Ȼɥɚɝɨɞɚɪɹ ɛɥɨɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɰɢɮɪɨɜɵɯ ɬɟɪɦɢɧɚɥɨɜ ɢ ɦɨɞɭɥɶɧɨɦɭ 
ɩɪɨɝɪɚɦɦɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ, ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɟ ɡɚɳɢɬɵ ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɜɵɫɨɤɭɸ ɚɞɚɩɬɚɰɢɸ ɤ ɤɨɧɤɪɟɬɧɨɣ ɩɟɪɜɢɱɧɨɣ ɫɯɟɦɟ ɫɬɚɧɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɨɛɴɟɦɚ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɟɝɨ ɪɚɛɨɬɵ 

ɇɚɥɢɱɢɟ ɮɭɧɤɰɢɣ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɚɦɨɤɨɧɬɪɨɥɹ ɢ ɞɢɚɝɧɨɫɬɢɤɢ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɝɨɬɨɜɧɨɫɬɶ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɡɚɳɢɬ ɩɪɢ ɧɚɥɢɱɢɢ 
ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɪɚɛɚɬɵɜɚɧɢɸ, ɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɵɫɨɤɨɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ ɢ 
ɜɵɫɨɤɨɧɚɞɟɠɧɵɯ ɦɢɤɪɨɫɯɟɦ – ɩɨɜɵɲɟɧɧɭɸ ɧɚɞɟɠɧɨɫɬɶ ɚɩɩɚɪɚɬɧɨɣ ɱɚɫɬɢ 
ɡɚɳɢɬɵ. 
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5.6 Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 
 
ɍɫɬɚɜɤɢ ɡɚɳɢɬ ɩɪɟɞɫɬɚɜɥɟɧɵ  ɜ ɬɚɛɥɢɰɟ 5.7 
 

Ɍɚɛɥɢɰɚ 5.7 – ɍɫɬɚɜɤɢ ɡɚɳɢɬ 
Ɂɚɳɢɬɵ 

ɍɫɬɚɜɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢ
ɟ 

Ɉɛɨɡɧɚɱɟɧɢɟ ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ɉɬɧɨɫɢɬɟɥɶɧɵ

ɟ ɟɞɢɧɢɰɵ 
ɂɦɟɧɨɜɚɧɧɵɟ 

ɟɞɢɧɢɰɵ 

Ⱦɢɮ. ɡɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ ܩ∆ܫ 

Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ,ܫʠʟ.ʝ 

Ͳ,ͳͷ ∙  ʜ 0,465 Ⱥܫ

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ,ܭʡ Ͳ,͵ - 

ɍɫɬɚɜɤɚ 
ɧɚɱɚɥɶɧɨɝɨ 

ɬɨɪɦɨɠɟɧɢɹ, ܫʜʡ 
Ͳ,ͷ ∙  ʜ 1,535 Ⱥܫ

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ, ȼ ͳ,ͷ ∙  ʜ 4,6 Ⱥܫ

ɁɁȽ 
଴ܷ 

ଷ ଴ܷீݐ ଶ ଴ܷଶீ - 5 ȼݐ ଵ ଴ܷଵீ - 4,6 ȼݐ  - 10 ȼ 

଴ܷଷ 
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɨɪɦɨɠɟɧɢɹ,ܭʡ 
1,1 - 

Ɂɉɇ ܷ > 

2ɫɬɭɩɟɧɶ  ஼ܷʟଶ ͳ,Ͷ ∙ ܷʜ 140 ȼ 

1 ɫɬɭɩɟɧɶ  ஼ܷʟଵ ͳ,ʹ ∙ ܷʜ 120 ȼ 

Ɂɚɳɢɬɚ 
ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥ
ɶɧɨɫɬɢ ɨɬ 

ɧɟɫɢɦɦɟɬɪɢɱ
ɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 

 ଶܫ

ɋɈ ܫଶʠʗʒʜ Ͳ,Ͳ͹ ∙  ʜ 0,21 Ⱥܫ

ɉɈ ܫଶʞʢʠʙ Ͳ,ͳͷ ∙  ʜ 0,46 Ⱥܫ

ɈɌɋ I ܫଶʠ.ʖ. Ͳ,ͳ͹ͷ ∙  ʜ 0.27 Ⱥܫ

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵ

ɯ ɤ.ɡ. ɢ 
ɩɟɪɟɝɪɭɡɨɤ 

 ଵܫ

ɋɈ ܫʠʗʒʜ ͳ,Ͳ͹ ∙  ʜ 3,28 Ⱥܫ
ɉɈ ܫଵʞʢʠʙ ͳ,ͳ ∙  ʜ 3,37 Ⱥܫ

ɈɌɋ ܫଵʝʡʠ ͳ,Ͷ͵ ∙  ʜʝʛ 4,39 Ⱥܫ

ȾɁ ܼ < 
1 ɫɬɭɩɟɧɶ ܼூ 0,151 0,151 Ɉɦ 

2 ɫɬɭɩɟɧɶ ܼூூ 0,267 0,43 Ɉɦ 

Ɂɚɳɢɬɚ 
ɪɨɬɨɪɚ ɨɬ 

ɩɟɪɟɝɪɭɡɤɢ 
ܫ˓  

ɋɈ ܫ௉ ʠʗʒʜ. ͳ,Ͳ͹ ∙  ʜʝʛ.ʟ 3,913 Ⱥܫ
ɉɈ ܫ௉ ʞʢʠʙ. ͳ,ͳ ∙  ʜʝʛ.ʟ 4,023 Ⱥܫ

Ɉɬɫɟɱɤɚ ܫ௉ ʞʢʠʙ. ʹ,ͳͻ ∙  ʜʝʛ.ʟ 8,009 Ⱥܫ
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Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.8 
 

Ɍɚɛɥɢɰɚ 5.8 – Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 
Ⱦɟɣɫɬɜɢɟ 
 

 

 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ȼ/
Ƚ 

Ƚɚ
ɲ

ɟɧ
ɢɟ

 ɩ
ɨɥ

ɟɣ
 

Ɉ
ɫɬ

ɚɧ
ɨɜ

 ɬ
ɭɪ

ɛɢ
ɧɵ

 
ɢ 

ɫɛ
ɪɨ

ɫ 
Ⱥ

ɊɁ
 

ɉ
ɭɫ

ɤ 
ɉ

ɀ
Ɍ 

ȽȽ
 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ȼ-
22

0ɢ
 ȼ

-Ɍ
ɋɇ

 

Ɋɚ
ɡɝ

ɪɭ
ɡɤ

ɚ 
ɩɨ

 
ɦɨ

ɳ
ɧɨ

ɫɬ
ɢ 

ɉ
ɪɟ

ɞɭ
ɩɪ

ɟɞ
ɢɬ

ɟɥ
ɶɧ

ɵ
ɣ 

ɫɢ
ɝɧ

ɚɥ
 

Ɂɚɳɢɬɵ  

       

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 
Ⱦɢɮ. Ɂɚɳɢɬɚ 

ɩɪɨɞɨɥɶɧɚɹ ܩ∆ܫ + + + +    

ɁɁȽ ଴ܷ 

     + + + ଷݐ  +      ଶݐ +       ଵݐ

଴ܷ ݐ + + +     

Ɂɉɇ ܷ > 

1 ɫɬɭɩɟɧɶݐଵ + +      

2 ɫɬɭɩɟɧɶݐଶ + +      

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

 ଶܫ

ɋɈ       + 

ɂɈ + +      

ɈɌɋ I ݐଵ     +   ݐଶ + +      

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 
 ଵܫ

ɋɈ       + 
ɂɈ + +      

ɈɌɋ 
      + + ଶݐ   +     ଵݐ

ȾɁ ܼ < 

1 
ɫɬɭɩɟɧɶ 

     + + + ଶݐ   +     ଵݐ

2 
ɫɬɭɩɟɧɶ 

      + + ଶݐ   +     ଵݐ

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

 ˓ܫ

ɋɈ       + 
ɂɈ + +      

Ɉɬɫɟɱɤɚ + +      
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6 ɋɨɫɬɚɜ ɢ ɤɨɦɩɨɧɨɜɤɚ ɫɨɨɪɭɠɟɧɢɣ 
 
6.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɥɚɫɫɚ ɩɥɨɬɢɧɵ ɢ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ 

 
6.1.1 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɨɨɪɭɠɟɧɢɣ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ 
 
Ʉɥɚɫɫ ɨɫɧɨɜɧɵɯ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ 

ɜɵɫɨɬɵ (ɇ=55 ɦ) ɢ ɬɢɩɚ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɣ (ɫɤɚɥɶɧɨɟ ɨɫɧɨɜɚɧɢɟ – ɝɪɚɧɨɞɢɨɪɢɬ) 
[31], ɩɪɢɫɜɨɟɧ: II. 

Ʉɥɚɫɫ ɨɫɧɨɜɧɵɯ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ 
ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɢ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ [31]. ɉɨ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ (N=592 Ɇȼɬ), ɩɪɢɫɜɨɟɧ: II . 

Ʉɥɚɫɫ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɫɥɟɞɫɬɜɢɣ 
ɜɨɡɦɨɠɧɵɯ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɚɜɚɪɢɣ (ɱɢɫɥɨ ɥɸɞɟɣ ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɫɬɪɚɞɚɬɶ 
ɨɬ ɚɜɚɪɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ 10000 ɱɟɥɨɜɟɤ), ɩɪɢɫɜɨɟɧ: I. 

ȼ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ, ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɧɚɢɜɵɫɲɢɣ ɤɥɚɫɫ ɜɫɟɦɭ ɫɨɨɪɭɠɟɧɢɸ, ɜ 
ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɷɬɨ I ɤɥɚɫɫ. 

 
6.1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ 
 
Ɂɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɬɫɹ ɨɬɦɟɬɤɚ, ɜɵɱɢɫɥɟɧɧɚɹ ɩɨ 

ɮɨɪɦɭɥɟ: 
 ∇ʒʞ = ʜʞʢߘ + ℎଵ% + ˃, (6.1) 
 

ɝɞɟ ℎଵ%- ɜɵɫɨɬɚ ɜɨɥɧɵ ɪɚɫɱёɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 1%; ∆ℎ௦௘௧ - ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ 
ɧɚɝɨɧɚ; ܽ - ɜɟɥɢɱɢɧɚ ɡɚɩɚɫɚ, ɡɚɜɢɫɢɬ ɨɬ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ, ɢ ɫɨɫɬɚɜɥɹɟɬ ɧɟ 
ɦɟɧɟɟ: ɞɥɹ I ɤɥɚɫɫɚ – 0,8 ɦ. 

ɍɫɥɨɜɧɚɹ ɪɚɫɱɟɬɧɚɹ ɝɥɭɛɢɧɚ ɩɪɢ ɇɉɍ: 
 d = 𝛻ʜʞʢ−𝛻ʓʜʏଶ = ଵ଻−ଵଶସଶ = ʹ͹,ͷ ˏ.     (6.2) 

 
Ɉɩɪɟɞɟɥɢɦ ɜɵɫɨɬɭ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ. 
ȼɵɱɢɫɥɢɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ: 
 g ∙ tV = ͻ,ͺͳ ∙ ͸ ∙ ͵͸ͲͲͳ͸ = ͳ͵ʹͶͶ, 

 

 
(6.3) g ∙ LVଶ = ͻ,ͺͳ ∙ ͹ͷͲͲͳ͸ଶ = ʹͺ͹, (6.4) 

  

ɝɞɟ     t – ɩɟɪɢɨɞ ɪɚɡɜɢɬɢɹ ɜɨɥɧ ɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ, t = 6 ɱ. 
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Ⱦɚɥɟɟ ɩɨ ɝɪɚɮɢɤɭ [32] ɩɨ ɜɟɪɯɧɟɣ ɨɝɢɛɚɸɳɟɣ ɤɪɢɜɨɣ (ɞɥɹ ɝɥɭɛɨɤɨɜɨɞɧɨɣ 
ɡɨɧɵ ɫ ɝɥɭɛɢɧɨɣ d > Ͳ,ͷ ∙ ɉ̅ୢ) ɢ ɡɧɚɱɟɧɢɹɦ ୥∙୲୚   ɢ  ୥∙୐୚మ  ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɵ  ୥∙୦̅୚మ   

ɢ  ୥∙୘̅୚ . 

 ɂɫɩɨɥɶɡɭɹ ɦɟɧɶɲɢɟ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ, ɜɵɱɢɫɥɢɦ ɫɪɟɞɧɢɣ ɩɟɪɢɨɞ 
ɜɨɥɧɵ T̅ ɢ ɫɪɟɞɧɸɸ ɜɵɫɨɬɭ ɜɨɥɧɵ h̅. 

- Ɉɩɪɟɞɟɥɹɟɦɵɟ ɡɧɚɱɟɧɢɹ:   
 g ∙ hVଶ = Ͳ,Ͳʹͺ; 

 g ∙ hVଶ = Ͳ,Ͳͺʹ; 
 

 
 

g ∙ TV = ʹ,ͳ. 
 g ∙ TV = Ͷ,Ͳ͹. 

 

  
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɵɛɢɪɚɟɦ ɦɢɧɢɦɚɥɶɧɵɟ.  
Ɉɬɫɸɞɚ: 
 h = Ͳ,Ͳʹͺ ∙ Vଶg = Ͳ,Ͳʹͺ ∙ ͳ͸ଶͻ,ͺͳ = Ͳ,͹͵ ˏ; 

 

(6.5) 

T = ʹ,ͳ ∙ Vg = ʹ,ͳ ∙ ͳ͸ͻ,ͺͳ = ͵,Ͷ͵ ˔. (6.6) 

  
- ȼɵɱɢɫɥɢɦ ɫɪɟɞɧɸɸ ɞɥɢɧɭ ɜɨɥɧɵ: 
 ɉୢ = Tଶ ∙ gʹ ∙ π = ͻ,ͺͳ ∙ ͵,Ͷ͵ଶʹ ∙ ͵,ͳͶ = ͳͺ,͵͵ ˏ 

(6.7) 

 
ɉɪɨɜɟɪɹɟɦ ɭɫɥɨɜɢɟ: 
 d > Ͳ,ͷ ∙ ɉୢ;    
 ʹ͹,ͷ > ͻ,ͳ͸ ɬ.ɟ. ɭɫɥɨɜɢɟ ɝɥɭɛɨɤɨɜɨɞɧɨɫɬɢ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
ȼɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 
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 hଵ% = h̅ ∙ K୧, (6.8) 
 

ɝɞɟ    K୧ – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ [32], K୧ = ʹ,ͳ.  
ɉɨ ɮɨɪɦɭɥɟ (6.11): 
  hଵ% = Ͳ,͹͵ ∙ ʹ,ͳ = ͳ,ͷ͵ ˏ.   

 
Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɩɨ ɮɨɪɦɭɥɟ (6.1): 
 ∇ʒʐʞ = ͳ͹ͻ + ͳ,ͷ͵ + Ͳ,ͺ = ͳͺͳ,͵͵ ˏ,   
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɦ ∇ʒʐʞ = ͳͺͳ,͵͵ ˏ. 
 
6.2 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ 
 
6.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 

ɪɚɫɱёɬɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ. Ⱦɥɹ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ ɤɚɩɢɬɚɥɶɧɨɫɬɢ, ɬɚɤɢɦ 
ɪɚɫɯɨɞɨɦ ɹɜɥɹɟɬɫɹ ɪɚɫɯɨɞ 0,1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ, ɞɥɹ ɩɨɜɟɪɨɱɧɨɝɨ – 0,01% 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ. 

Ɋɚɫɱёɬɧɵɣ ɪɚɫɯɨɞ, ɫɛɪɚɫɵɜɚɟɦɵɣ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɩɪɢ ɇɉɍ: 
 ܳ˓ = ܳ௠௔௫.ˑ˔ː. − ܳʒЭʠ − ܸ˒ ˑˎݐ˔˓ = = ͵ͶͲͲ − ሺ͸ − ͳሻ · ͳͷ͵ − ͹,Ͷͻ ∙ ͳͲଽ͸ ∙ ͵Ͳ ∙ ʹͶ ∙ ͸Ͳ ∙ ͸Ͳ − ʹͳʹ = ͳͻͶͳ ˏଷ ˔⁄  

 

  
(6.12) 

ɝɞɟ ܳ௠௔௫ − ɦɚɤɫɢɦɚɥɶɧɵɣ ɨɫɧɨɜɧɨɣ ɪɚɫɯɨɞ 0,1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ,  ܸ˒ ˑˎ − ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ; ݐ˔˓ – ɜɪɟɦɹ ɫɪɚɛɨɬɤɢ (4 ɦɟɫɹɰɚ); ܳʒЭʠ − ɞɨɩɭɫɬɢɦɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ Ƚɗɋ. Ʉɨɥɢɱɟɫɬɜɨ 
ɚɝɪɟɝɚɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɪɨɩɭɫɤɟ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ (n-1) ɩɪɢ ɱɢɫɥɟ 
ɚɝɪɟɝɚɬɨɜ ɞɨ 6 ɜɤɥɸɱɢɬɟɥɶɧɨ [3], ܳʒʏ – ɪɚɫɯɨɞ ɱɟɪɟɡ 1 ɚɝɪɟɝɚɬ, 153 ˏ ଷ ˔⁄ . 

ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
 ʑ = ܳ˓.ˑ˔ː.ݍ˅ = ͳͻͶͳͶ͹,ͷ = ͶͲ,ͺ͹ ˏ, (6.13) 

ɝɞɟ  ݍ˅ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ: 
˅ݍ  = ͳ,ʹͷ ∙ ˓ݍ = ͳ,ʹͷ ∙ ͵ͺ,Ͳ = Ͷ͹,ͷ  ˏଶ ˔⁄ , (6.14) 
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ɝɞɟ     qɪ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ. 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ: 
˓ݍ  = [ℎߥ] ∙ ℎʜʐ = ͷ,Ͳ ∙ ͹,͸ = ͵ͺ,Ͳ ˏଶ ˔⁄ , (6.15) 

ɝɞɟ ℎʜʐ − ɝɥɭɛɢɧɚ ɜ ɇȻ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɨɫɧɨɜɧɨɦ ɪɚɫɯɨɞɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɝɪɚɮɢɤɭ Q= f(H),ɍɇȻ = 131,6 ɦ, ɬɨɝɞɚ  ℎʜʐ = ʢʜʐ − ∇ˇː˃ = ͳ͵ͳ,͸ − ͳʹͶ,Ͳ = ͹,͸ ˏ (6.16) 

ɝɞɟ [ߥℎ] − ɞɨɩɭɫɬɢɦɚɹ ɧɟɪɚɡɦɵɜɚɸɳɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ, ɪɚɜɧɚɹ 5,0 ɦ/ɫ. 

Ɉɩɪɟɞɟɥɢɦ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ. Ɂɚɞɚɞɢɦɫɹ ɫɬɚɧɞɚɪɬɧɨɣ 
ɲɢɪɢɧɨɣ ɩɪɨɥɟɬɚ ɨɬɜɟɪɫɬɢɹ b = 9 ɦ, ɬɨɝɞɚ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ: 

 ݊′ = ʑܾ = ͶͲ,ͺ͹ͻ = Ͷ,ͷͶ ≈ ͷ (6.17) 

ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ, ɤɨɬɨɪɭɸ ɛɭɞɟɦ ɜ ɞɚɥɶɧɟɣɲɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɪɚɜɧɚ: ʑ = ܾ ∙ ݊ = ͻ ∙ ͷ = Ͷͷ ˏ; (6.18) 

Ȼɵɤ ɩɪɢɦɟɦ ɪɚɡɪɟɡɧɵɦ, ɬɨɥɳɢɧɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɱɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ Ȼɟɪɟɡɢɧɫɤɨɝɨ ߜʐ = Ͳ,ʹͷ ∙ ܾ + ሺͲ,ͷ − ʹሻˏ = Ͳ,ʹͷ ∙ ͳ͸ + ͳ,͹ͷ = Ͷ ˏ. 
Ƚɨɥɨɜɧɚɹ ɱɚɫɬɶ ɛɵɤɚ ɢɦɟɟɬ ɨɛɬɟɤɚɟɦɭɸ ɮɨɪɦɭ ɞɥɹ ɭɥɭɱɲɟɧɧɨɝɨ ɨɛɬɟɤɚɧɢɹ. 

ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɫ ɭɱɟɬɨɦ ɪɚɡɦɟɪɨɜ ɛɵɤɨɜ ɜ ɩɥɚɧɟ: ʑʐ = ʑ + ሺ݊ − ͳሻ ∙ ʐߜ = Ͷͷ + ሺ͸ − ͳሻ ∙ Ͷ = ͸ͳ ˏ.           (6.19) 
 
6.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 
 
ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ ɪɚɫɯɨɞɚ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ, ɨɩɪɟɞɟɥɢɦ ɩɨɥɧɵɣ ɧɚɩɨɪ ɧɚ 

ɜɨɞɨɫɥɢɜɟ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɬ.ɟ. ɛɟɡ ɭɱёɬɚ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ 
ɜɨɞɨɫɥɢɜɚ: 

଴ଵܪ  = ሺ ܳ˓݉ ∗ ܤ ∙ √ʹ ∙ ݃ሻଶଷ = ( ͳͻͶͳͲ,Ͷͻ ∙ Ͷͷ ∙ √ʹ ∙ ͻ,ͺͳ)ଶ ଷ⁄ = ͹,͵Ͷˏ, (6.23) 

 
ɝɞɟ  ݉ - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɜɨɞɨɫɥɢɜɚ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɩɪɨɮɢɥɹ, ɩɪɢɧɢɦɚɟɦ 
ɜ ɞɢɩɥɨɦɧɨɦ ɩɪɨɟɤɬɟ ɨɱɟɪɬɚɧɢɟ ɜɨɞɨɫɥɢɜɧɨɣ ɫɬɟɧɤɢ Ʉɪɢɝɟɪɚ- Ɉɮɢɰɟɪɨɜɚ ɬɢɩɚ 
Ⱥ, m = 0,49 (ɫɦ. ɪɢɫ 6.1.); 
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Ɋɢɫɭɧɨɤ 6.1 – Ɉɱɟɪɬɚɧɢɟ ɜɨɞɨɫɥɢɜɧɨɣ ɫɬɟɧɤɢ Ʉɪɢɝɟɪɚ-Ɉɮɢɰɟɪɨɜɚ ɬɢɩ Ⱥ 

 
ȼɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɫ ɭɱёɬɨɦ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ, 

ɩɨɥɧɵɣ ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ: 
଴ଶܪ  = ሺ ܳ˓˃˔˚݉ ∙ ߝ ∙ 𝜎௡ ∙ ܤ ∙ √ʹ ∙ ݃ሻଶଷ = 

= ( ͳͻͶͳͲ,Ͷͻ ∙ ͳ ∙ Ͳ,ͻʹ͹ ∙ ͳ ∙ Ͷͷ ∙ √ʹ ∙ ͻ,ͺͳ)ଶ ଷ⁄ = ͹,͹ʹ ˏ. 
(6.24) 

 
ɝɞɟ     ߝ −ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ; 𝜎௡ −ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ, 𝜎௡ = ͳ;  

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɠɚɬɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
ߝ  = ͳ − Ͳ,ʹ ∙ ଴ଵܪ ∙ ܾߦ = ͳ − Ͳ,ʹ ∙ ͹,͵Ͷ ∙ Ͳ,Ͷͷͻ = Ͳ,ͻʹ͹, (6.25) 

 
ξ0 – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɵɤɚ ɜ ɩɥɚɧɟ ɢ ɨɬ ɮɨɪɦɵ 

ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɛɵɤɚ [33], ξ0=0,45. 
Ƚɟɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ 

ɩɨɬɨɤɚ ɤ ɜɨɞɨɫɥɢɜɭ V0: 
ܪ  = ଴ଶܪ − ߙ ∙  ଴ଶʹ݃ = ͹,͹ʹ − ͳ,ͳ ∙ Ͳ,ͷͺʹ ∙ ͻ,ͺͳ = ͹,͹Ͳ ˏ 

(6.26) 

 
ɝɞɟ  ଴ −ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɧɚ ɩɨɞɯɨɞɟ ɤ ɩɥɨɬɢɧɟ.  

ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɧɚ ɩɨɞɯɨɞɟ ɤ ɩɥɨɬɢɧɟ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɮɨɪɦɭɥɟ:  
 

 ଴ = ܳ˓ሺ∇ʜʞʢ − ∇ˇː˃ሻሺܤ + ሺ݊ − ͳሻߜʐሻ = = ͳͻͶͳሺͳ͹ͻ − ͳʹͶሻሺͶͷ + ሺͷ − ͳሻ ∙ Ͷሻ = Ͳ,ͷͺ  ˏ ˔⁄  

(6.27) 

 
ɝɞɟ  ߜʐ −ɬɨɥɳɢɧɚ ɛɵɤɚ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɩɪɢɧɹɬɚ ɪɚɧɟɟ.  

          α − ˍˑˠ˗˗ˋ˙ˋˈː˕ ʙˑ˓ˋˑˎˋ˔˃, ɜ ɪɚɫɱɟɬɚɯ ɩɪɢɧɢɦɚɟɦ  α = ͳ,ͳ. 
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Ɉɩɪɟɞɟɥɢɦ ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɨɪɚ, ɫɨɝɥɚɫɧɨ [36] ܪ˔˕ =ͺ,Ͳ ˏ. 
Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ: 
 ∇ʒʑ = ∇ʜʞʢ − ˕˔ܪ = ͳ͹ͻ,Ͳ − ͺ,Ͳ = ͳ͹ͳ,Ͳ ˏ. (6.28) 
 
Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɛɵɤɚ ɛɟɬɨɧɧɨɣ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɩɨ ɮɨɪɦɭɥɟ: 
ʒʐߘ  = ʒʑߘ + ͳ,͸ ∙ ˕˔ܪ = ͳ͹ͳ,Ͳ + ͳ,͸ ∙ ͺ,Ͳ = ͳͺ͵,ͺ ˏ. (6.29) 
 
ɋɪɚɜɧɢɜɚɹ ɫ ɨɬɦɟɬɤɨɣ 181,33 ɩɨɥɭɱɟɧɧɨɣ ɜ ɩɭɧɤɬɟ 6.3.1, ɩɪɢɦɢɧɚɟɦ 

ɢɬɨɝɨɜɭɸ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ 183,8 ɦɟɬɪɨɜ, ɬɚɤ ɤɚɤ ɨɧɚ ɛɨɥɶɲɟ. 
ȼ ɢɬɨɝɟ ɩɪɢɧɢɦɚɟɦ ɜɵɫɨɬɭ ɜɫɟɝɨ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ ɪɚɜɧɨɣ:   
 H˒ˎ = ∇ʒʐ − ∇˒ˑˇˑ˛˅˞ = ͳͺ͵,ͺ − ͳͳͶ,ͷ = ͸ͻ,͵ ˏ (6.30) 
 
6.2.3 ɉɪɨɜɟɪɤɚ ɧɚ ɩɪɨɩɭɫɤ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɩɨɜɟɪɨɱɧɨɦ 

ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ 
 
ɉɪɨɜɟɪɢɦ ɞɨɫɬɚɬɨɱɧɨɫɬɶ ɜɨɞɨɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɜɨɞɨɫɥɢɜɧɨɣ 

ɩɥɨɬɢɧɵ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɯɨɞ ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɹ, ɫɛɪɚɫɵɜɚɟɦɵɣ ɱɟɪɟɡ 
ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɩɪɢ Ɏɉɍ: 

 ܳ˓.˒ˑ˅ = ܳ˒ˑ˅.௠௔௫ − ܳʒЭʠ − ܸ˒ ˑˎݐ˔˓ = = ͵ͺʹͲ − ሺ͸ − ͳሻ · Ͷ͹ͻ − ͹,Ͷͻ ∙ ͳͲଽ͸ ∙ ͵Ͳ ∙ ʹͶ ∙ ͸Ͳ ∙ ͸Ͳ − ʹͳʹ = ʹ͵͸ͳ ˏଷ ˔⁄  

(6.31) 

 
ɝɞɟ  ܳ୫˃୶ ˒ˑ˅ˈ˓ - ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɱёɬɧɵɣ ɪɚɫɯɨɞ, ɫ ɭɱёɬɨɦ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɩɚɜɨɞɤɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɪɢ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 0,01% ɞɥɹ I ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɣ;  

Ɉɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚɞ ɝɪɟɛɧɟɦ ɜɨɞɨɫɥɢɜɚ ɩɪɢ ɩɪɨɩɭɫɤɟ ɩɨɜɟɪɨɱɧɨɝɨ 
ɪɚɫɯɨɞɚ: 

.˅଴ଵ˒ˑܪ          = ቆ ܳ˓.˒ˑ˅݉ ∙ ܤ ∙ √ʹ݃ቇଶ ଷ⁄ = ( ʹ͵͸ͳͲ,Ͷͻ ∙ Ͷͷ ∙ √ʹ ∙ ͻ,ͺͳ)ଶ ଷ⁄ = ͺ,͵͸ ˏ 
(6.32) 

 
ɉɨɥɧɵɣ ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ: 
.˅଴ଶ˒ˑܪ             = ( ܳ˓.˒ˑ˅݉˒ˑ˅ ∙ 𝜎˗ ∙ 𝜎˔ˉ ∙ 𝜎௡ ∙ ܤ ∙ √ʹ݃)ଶ ଷ⁄ = 

(6.33) 
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= ቆ ʹ͵͸ͳͲ,ͶͻͲ ∙ ͳ ∙ Ͳ,ͻͳ͸ ∙ ͳ ∙ Ͷͷ ∙ √ʹ ∙ ͻ,ͺͳቇʹ ͵⁄ = ͺ,ͺʹ ˏ, 
ߝ  = ͳ − Ͳ,ʹ ∙ ͺ,͵͸ ∙ Ͳ,Ͷͷͻ = Ͳ,ͻͳ͸ 

 

 
ɇɚɣɞɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɜɚɤɭɭɦɧɨɝɨ ɩɪɨɮɢɥɹ ɞɥɹ 

ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɹ. ɋɤɨɪɨɫɬɶ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ ɩɥɨɬɢɧɟ: 
 

଴ܸ ˒ˑ˅ = ܳ˓.˒ˑ˅ሺߘʣʞʢ − ʓʜʏሻߘ ∙ ܤ = = ʹ͵͸ͳሺͳͺͲ − ͳʹͶሻ ∙ ሺͶͷ + ሺͷ − ͳሻ ∙ Ͷሻ = Ͳ,͸ͻ ˏ ˔⁄  , 
(6.34) 

 
ɝɞɟ   ∇ʣʞʢ −ɨɬɦɟɬɤɚ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɩɨɞɩɨɪɧɨɝɨ ɭɪɨɜɧɹ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɬɦɟɬɤɭ Ɏɉɍ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 170 ɦ, ɤɨɬɨɪɚɹ ɜ 
ɞɚɥɶɧɟɣɲɟɦ ɭɬɨɱɧɢɬɫɹ. 

ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɪɢ ɩɪɨɩɭɫɤɟ 
ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ: 

˅ˑ˒ܪ            = ˅଴ଶ ˒ˑܪ − ߙ ∙  ଴ ˒ˑ˅ଶʹ݃ = ͺ,ͺʹ − ͳ,ͳ ∙ Ͳ,͸ͻଶʹ ∙ ͻ,ͺͳ = ͺ,ͺͲ ˏ. (6.35) 

 
Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɱёɬɧɭɸ ɨɬɦɟɬɤɭ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɭɪɨɜɧɹ: 
           ∇ʣʞʢ˓ = ∇ʒʑ + ˅ˑ˒ܪ = ͳ͹ͳ,Ͳ + ͺ,ͺͲ = ͳ͹ͻ,ͺͲ ˏ. (6.36) 
 
Ɋɚɫɱёɬɧɚɹ ɨɬɦɟɬɤɚ ߘʣʞʢ ɨɤɚɡɚɥɚɫɶ ɦɟɧɶɲɟ ɡɚɞɚɧɧɨɣ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɨɬɦɟɬɤɢ ∇ʣʞʢ ɪɚɜɧɨɣ 180,0 ɦɟɬɪɚɦ, ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 
ɜɨɞɨɫɥɢɜɚ. 

 
6.2.4 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 
 
ȼ ɬɚɛɥɢɰɭ 6.1 ɫɜɟɞɟɧɵ ɩɨɥɭɱɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɝɨɥɨɜɤɚ 

ɜɨɞɨɫɥɢɜɚ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɜɨɞɨɫɥɢɜɚ ɫ ɨɝɨɥɨɜɤɨɦ ɩɪɨɮɢɥɹ ɬɢɩɚ Ⱥ ɞɥɹ ɧɚɩɨɪɚ ܪ˔˕ = ͺ,Ͳ ˏ. ɉɪɨɮɢɥɶ ɨɝɨɥɨɜɤɚ ɩɥɨɬɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 6.2. 
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Ɍɚɛɥɢɰɚ 6.1 – Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɝɨɥɨɜɤɚ  
№ 

ɬɨɱɤɢ 
ɏ, ɦ Y, ɦ 

№ 
ɬɨɱɤɢ 

ɏ, ɦ Y, ɦ 
№ 

ɬɨɱɤɢ 
ɏ, ɦ Y, ɦ 

1 0 1,01 21 16,00 9,88 41 32,00 39,37 
2 0,80 0,29 22 16,80 10,95 42 32,80 41,17 
3 1,60 0,06 23 17,60 12,06 43 33,60 42,97 
4 2,40 0,00 24 18,40 13,22 44 34,40 44,76 
5 3,20 0,05 25 19,20 15,15 45 35,20 46,56 
6 4,00 0,22 26 20,00 15,68 46 36,00 48,35 
7 4,80 0,48 27 20,80 16,98 47 36,80 50,15 
8 5,60 0,80 28 21,60 18,31 48 37,60 51,95 
9 6,40 1,17 29 22,40 19,70 49 38,40 53,74 
10 7,20 1,58 30 23,20 20,88 50 39,20 55,54 
11 8,00 2,05 31 24,00 22,59 51 40,00 57,33 
12 8,80 2,57 32 24,80 24,10 52 40,80 59,13 
13 9,60 3,15 33 25,60 25,66 53 41,60 60,93 
14 10,40 3,80 34 26,40 27,24 54 42,40 62,72 
15 11,20 4,51 35 27,20 28,87 55 43,20 64,52 
16 12,00 5,29 36 28,00 30,54 56 44,00 66,31 
17 12,80 6,11 37 28,80 32,25 57 44,80 68,11 
18 13,60 6,98 38 29,60 33,99 58 45,60 69,91 
19 14,40 7,90 39 30,40 35,77 59 46,40 71,70 
20 15,20 8,86 40 31,20 37,58 60 47,20 73,50 
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Ɋɢɫɭɧɨɤ 6.2 – ɉɪɨɮɢɥɶ ɨɝɨɥɨɜɤɚ ɩɥɨɬɢɧɵ 

 
6.2.5 Ɋɚɫɱёɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ 
 
ɉɪɢ ɩɪɨɬɟɤɚɧɢɢ ɜɨɞɵ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ ɜɫɥɟɞɫɬɜɢɟ ɩɚɞɟɧɢɹ ɫɬɪɭɢ ɫɤɨɪɨɫɬɶ 

ɩɨɬɨɤɚ ɜɨɡɪɚɫɬɚɟɬ ɢ ɞɨɫɬɢɝɚɟɬ ɧɚɢɛɨɥɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚ 
ɜɨɞɨɫɥɢɜɨɦ ɜ ɬɚɤ ɧɚɡɵɜɚɟɦɨɦ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ C-C (ɪɢɫ. 6.3). Ƚɥɭɛɢɧɚ ɜ ɫɠɚɬɨɦ 
ɫɟɱɟɧɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɭɫɬɚɧɨɜɥɟɧɢɟ ɮɨɪɦɵ ɫɨɩɪɹɠɟɧɢɹ ɛɶɟɮɨɜ ɢ 
ɩɨɷɬɨɦɭ ɢɦɟɟɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱёɬɚ. 
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Ɋɢɫɭɧɨɤ 6.3 – Ɉɝɨɥɨɜɨɤ ɢ ɫɠɚɬɨɟ ɫɟɱɟɧɢɟ 

 
Ɉɩɪɟɞɟɥɹɟɦ ɤɪɢɬɢɱɟɫɤɭɸ ɝɥɭɛɢɧɭ: 
 ℎˍ˓ = √ ߙ ∙ ܳˑ˔ː.௠௔௫ଶ݃ ∙ ሺܤ + ሻଶయ˄ߜ∑ = √ ͳ,ͳ ∙ ͳͻͶͳଶͻ,ͺͳ ∙ ሺ͸ͳሻଶయ = Ͷ,ͺͶ ˏ. (6.37) 

 
Ɉɩɪɟɞɟɥɹɟɦ ɩɨɥɧɭɸ ɭɞɟɥɶɧɭɸ ɷɧɟɪɝɢɸ ɜ ɫɟɱɟɧɢɢ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
 ଴ܶ = ʜʞʢߘ − ʓʜʏߘ = ͳ͹ͻ − ͳʹͶ = ͷͷ ˏ. (6.38) 
 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɫɟɱɟɧɢɹ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ: 
 ξ బ் = బ்ℎˍ˓ = ହହସ,଼ସ = ͳͳ,͵͸ ˏ. (6.39) 

 
ɉɨ ɝɪɚɮɢɤɭ [33, ɪɢɫ. 9-55] ɨɩɪɟɞɟɥɹɟɦ ɝɥɭɛɢɧɭ ℎ௖  ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ ɢ 

ɝɥɭɛɢɧɭ ℎ௖̀̀  - ɜɬɨɪɨɣ ɫɨɩɪɹɠёɧɧɨɣ ɫɨ ɫɠɚɬɨɣ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ξ బ், 

ɨɩɪɟɞɟɥɹɸ ξ˔ = Ͳ,ʹͷ͸ ɢ ξ˔`` = ʹ,͹ͷ. 
Ɉɬɫɸɞɚ, ɫɨɩɪɹɠёɧɧɵɟ ɝɥɭɛɢɧɵ: 
 ℎ௖̀ = ξ௖ ∙ ℎˍ˓ = Ͳ,ʹͷ͸ ∙ Ͷ,ͺͶ = ͳ,ʹͶ ˏ,. (6.40) 
 ℎ௖̀̀ = ξ௖ `` ∙ ℎˍ˓ = ʹ,͹ͷ ∙ Ͷ,ͺͶ = ͳ͵,͵ʹ ˏ.  (6.41) 

 
Ƚɥɭɛɢɧɚ ɜ ɇȻ ɩɪɢ ܳ˓=3400 (ɦ3/ɫ), hɇȻ = 7,6 ɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɵɠɨɤ 

ɨɬɨɝɧɚɧɧɵɣ (hc
’’> hɇȻ). 

Ɉɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ ɡɚ ɩɥɨɬɢɧɨɣ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ, ɢ ɩɪɨɟɤɬɢɪɭɟɬɫɹ 
ɫɨɩɪɹɠɟɧɢɟ ɛɶɟɮɨɜ ɩɨ ɬɢɩɭ ɡɚɬɨɩɥɟɧɧɨɝɨ ɩɪɵɠɤɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ 
ɫɨɡɞɚɬɶ ɫ ɧɢɠɧɢɦ ɛɶɟɮɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɝɥɭɛɢɧɭ ɢɥɢ ɩɨɝɚɫɢɬɶ ɱɚɫɬɶ 
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ɢɡɛɵɬɨɱɧɨɣ ɷɧɟɪɝɢɢ ɫ ɩɨɦɨɳɶɸ ɝɚɫɢɬɟɥɟɣ ɷɧɟɪɝɢɢ. Ƚɚɲɟɧɢɟ ɷɧɟɪɝɢɢ ɜ ɧɢɠɧɟɦ 
ɛɶɟɮɟ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜɨɞɨɛɨɣɧɵɦ ɤɨɥɨɞɰɟɦ. 

 
6.2.6 Ɋɚɫɱёɬ ɜɨɞɨɛɨɣɧɨɝɨ ɤɨɥɨɞɰɚ 
 
ɐɟɥɶɸ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɝɥɭɛɢɧɵ ɤɨɥɨɞɰɚ ɢ ɟɝɨ ɞɥɢɧɵ. 
Ƚɥɭɛɢɧɚ ɜɨɞɨɛɨɣɧɨɝɨ ɤɨɥɨɞɰɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 

ɩɪɢɛɥɢɠɟɧɢɣ. Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɡɧɚɱɟɧɢɹɦɢ ɝɥɭɛɢɧ ɤɨɥɨɞɰɚ, ɨɩɪɟɞɟɥёɧɧɵɯ 
ɪɚɫɱɟɬɨɦ, ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 5-10 %. 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ, ɝɥɭɛɢɧɭ ɤɨɥɨɞɰɚ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ݀ = 𝜎 ∙ ℎ௖̀̀ − ሺℎː˄ + ܼ′ሻ, (6.42) 

  ܼ′  = ʹଶݍ ∙ ݃ ∙ ቆ ͳ𝜑ଶ ∙ ℎː˄ଶ − 𝜎ଶߙ ∙ ℎ௖"ଶቇ 
(6.43) 

ݍ   = ܳˑ˔ː.˓.ܤ + ˄ߜ∑ = ͳͻͶͳ͸ͳ = ͵ͳ,ͺ͵ ˏଶ/˔ 
(6.44) 

  ܼ′  = ͵ͳ,ͺ͵ଶʹ ∙ ͻ,ͺͳ ∙ ( ͳͲ,ͻʹଶ ∙ ͹,͸ଶ − ͳ,ͳͳ,ͳଶ ∙ ͳ͵,͵ʹଶ) = Ͳ,͹ͻ ˏ 
 

  
Ɍɨɝɞɚ, ɝɥɭɛɢɧɚ ɤɨɥɨɞɰɚ ɛɭɞɟɬ ɪɚɜɧɚ:  
  ݀ = ͳ,ͳ ∙ ͳ͵,͵ʹ − ሺ͹,͸ + Ͳ,͹ͻሻ = ͸,ʹ͸ ˏ.  

 
ɇɚɯɨɞɢɦ ɩɨɥɧɭɸ ɭɞɟɥɶɧɭɸ ɷɧɟɪɝɢɸ ɞɥɹ ɜɬɨɪɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ: 

଴ܧ  = ʜʞʢ − ʓʜʝ + ݀ = ͳ͹ͻ − ͳʹͶ + ͸,ʹ͸ = ͸ͳ,ʹ͸ ˏ (6.45) 
 
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɫɟɱɟɧɢɹ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ: 

 ξ బ் = ʔబℎˍ˓ = ଺ଵ,ଶ଺ସ,଼ସ = ͳʹ,͸ͷ ˏ. (6.46) 

 
ɉɨ ɝɪɚɮɢɤɭ [4, ɪɢɫ. 12.3 , ɫɬɪ. 171] ɨɩɪɟɞɟɥɹɸ ɝɥɭɛɢɧɭ ℎ௖  ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ 

ɢ ɝɥɭɛɢɧɭ ℎ௖̀̀  - ɜɬɨɪɨɣ ɫɨɩɪɹɠёɧɧɨɣ ɫɨ ɫɠɚɬɨɣ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ξ బ், 

ɨɩɪɟɞɟɥɹɟɦ ξ˔ = Ͳ,ʹͶ ɢ ξ బ் `` = ʹ,ͺͲ. 

Ɉɬɫɸɞɚ, ɫɨɩɪɹɠёɧɧɵɟ ɝɥɭɛɢɧɵ: 
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ℎ௖̀ = ξ௖ ∙ ℎˍ˓ = Ͳ,ʹͶ ∙ Ͷ,ͺͶ = ͳ,ͳ͸ ˏ, (6.47) 
  ℎ௖̀̀ = ξ௖ `` ∙ ℎˍ˓ = ʹ,ͺͲ ∙ Ͷ,ͺͶ = ͳ͵,ͷ͸ ˏ. (6.48) 

  ܼ′  = ͵ͳ,ͺ͵ଶʹ ∙ ͻ,ͺͳ ∙ ( ͳͲ,ͻʹଶ ∙ ͹,͸ଶ − ͳ,ͳͳ,ͳଶ ∙ ͳ͵,ͷ͸ଶ) = Ͳ,ͺͲ ˏ 
 

  ݀ = ͳ,ͳ ∙ ͳ͵,ͷ͸ − ሺ͹,͸ + Ͳ,ͺͲሻ = ͸,ͷͲ ˏ.  
 

Ɍɚɤ ɤɚɤ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɝɥɭɛɢɧɚ ɤɨɥɨɞɰɚ ɜ ɜɬɨɪɵɦ ɢ ɩɟɪɜɵɦ 
ɩɪɢɛɥɢɠɟɧɢɹɯ ɫɨɫɬɚɜɥɹɟɬ ɦɟɧɶɲɟ 5%, ɬɨ ɩɪɢɧɢɦɚɟɦ ݀ = ͸,ͷͲ ˏ. 

Ɉɬɦɟɬɤɚ ɩɨɥɚ ɜɨɞɨɛɨɹ: 
 ʞʑ = ʓʜʝ − ݀ = ͳʹͶ,ͲͲ − ͸,ͷͲ = ͳͳ͹,ͷͲ ˏ (6.49) 
 
Ⱦɥɢɧɚ ɜɨɞɨɛɨɹ ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɧɟɦ ɝɚɫɢɬɟɥɹ: 
 ݈˅ = ሺͲ,͹ͷ ÷ ͳ,Ͳሻ ∙ ݈˒˓ (6.50) 
  ݈˒˓ = ʹ,ͷ ∙ (ͳ,ͻ ∙ ℎ௖̀̀ − ℎ௖̀൯ = ʹ,ͷ ∙ ሺͳ,ͻ ∙ ͳ͵,ͷ͸ − ͳ,ͳ͸ሻ == ͸ͳ,ͷͲ ˏ 

(6.51) 

  ݈˅ = ሺͲ,͹ͷ ÷ ͳ,Ͳሻ ∙ ͸ͳ,ͷͲ = ͸Ͳ,ͲͲ ˏ  
 
6.2.7 ɉɪɨɩɭɫɤ ɪɚɫɯɨɞɨɜ ɱɟɪɟɡ ɝɥɭɛɢɧɧɵɟ ɜɨɞɨɫɛɪɨɫɵ 
 
Ⱦɨɧɧɵɟ ɨɬɜɟɪɫɬɢɹ ɜɨɞɨɫɛɪɨɫɧɨɣ ɩɥɨɬɢɧɵ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ, ɤɚɤ ɧɚ 

ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɞɥɹ ɩɪɨɩɭɫɤɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ, ɬɚɤ ɢ ɞɥɹ 
ɚɜɚɪɢɣɧɵɯ ɫɛɪɨɫɨɜ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ. 

Ƚɥɭɛɢɧɧɵɣ ɜɨɞɨɫɛɪɨɫ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 

 ܳ˓.˅. = ܸ˒ ˑˎ.˅ˇ˘˓.ݐ˔˓˃˄ = ͹,ͶͻͲͲͲͲͲͲ͸ ∙ ͵Ͳ ∙ ʹͶ ∙ ͸Ͳ ∙ ͸Ͳ + ʹͳʹ = ͸ͻ͵,͸ͳ ˏଷ/˔. (6.52) 

 
ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɢ ɧɟɡɚɬɨɩɥɟɧɧɨɦ ɜɵɯɨɞɧɨɦ ɨɬɜɟɪɫɬɢɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (6.53): 
 ܳ = ߤ ∙ 𝜔˅ˑ ∙ √ʹ ∙ ݃ ∙ ʜʑʝ, (6.53) 

 
ɝɞɟ      Q – ɪɚɫɯɨɞ, ɫɛɪɚɫɵɜɚɟɦɵɣ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ; 
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            ʜʑʝ – ɧɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɜɵɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ; 
            𝜔˅ˑ − ˒ˎˑ˜˃ˇ˟ ˅˞˘ˑˇːˑˆˑ ˑ˕˅ˈ˓˔˕ˋя. 

ɉɪɢɧɢɦɚɟɦ ɤɨɥɢɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ ɪɚɜɧɨɟ ɞɜɭɦ. Ɍɨɝɞɚ ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɞɧɨ 
ɜɨɞɨɩɪɨɩɭɫɤɧɨɟ ɨɬɜɟɪɫɬɢɟ: 

 ܳଵ ˑ˕˅ = ܳ˓.˅. ʹ = ͵Ͷ͸,ͺͳ ˏଷ/˔. (6.54) 

 
Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ʜʑʝ ɧɭɠɧɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɞɚɬɶɫɹ ɜɵɫɨɬɨɣ 

ɨɬɜɟɪɫɬɢɹ ɢ ɨɬɦɟɬɤɨɣ ɧɢɠɧɟɣ ɤɪɨɦɤɢ ɝɥɭɛɢɧɧɨɝɨ ɜɨɞɨɜɵɩɭɫɤɚ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɩɪɢɧɢɦɚɟɦ ɜɵɫɨɬɭ ɨɬɜɟɪɫɬɢɹ h=5,5 ɦ, ɨɬɦɟɬɤɭ ɞɨɧɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 124,0 ɦ. Ɍɨɝɞɚ 
ɨɬɦɟɬɤɚ ɧɚɞ ɰɟɧɬɪɨɦ ɜɵɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ: ∇ʥʑʝ = ͳʹͶ,Ͳ + ℎʹ = ͳʹ͸,Ͳ ˏ. (6.55) 

 
ɇɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɜɵɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ. 
 ʜʑʝ = ∇ʜʞʢ − ∇ʥʑʝ = ͳ͹ͻ,Ͳ − ͳʹ͸,Ͳ = ͷ͵,Ͳ  ˏ. (6.56) 
 
ɉɥɨɳɚɞɶ ɜɵɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɩɪɢ ɢɡɜɟɫɬɧɨɦ ɪɚɫɯɨɞɟ ɛɭɞɟɬ ɪɚɜɧɚ: 
 𝜔˅ˑ = ܳଵ ˑ˕˅ߤ ∙ √ʹ ∙ ݃ ∙ ʜʑʝ = ͵Ͷ͸,ͺͳͲ,ͺ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ͷ͵,Ͳ = ʹͻ,͸͵ ˏଶ. (6.57) 

 
Ɍɚɤ ɤɚɤ ɜɵɫɨɬɚ ɨɬɜɟɪɫɬɢɹ 5,5 ɦ, ɬɨɝɞɚ ɲɢɪɢɧɚ ɛɭɞɟɬ ɪɚɜɧɚ 
 ܾ = 𝜔˅ˑℎ = ʹͻ,͸͵ͷ,ͷ = ͷ,Ͷ ˏଶ. (6.58) 

 
Ɉɤɪɭɝɥɢɦ ɞɨ 5,5 ɦ. 
Ɍɨɝɞɚ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɨɬɜɟɪɫɬɢɹ ɨɤɨɧɱɚɬɟɥɶɧɨ ɛɭɞɟɬ ɪɚɜɧɚ 
 𝜔˅ˑ = ܾ ∙ ℎ = ͷ,ͷ ∙ ͷ,ͷ = ͵Ͳ,ʹͷ ˏଶ. (6.59) 
 

6.3 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
 

6.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 
 
ȼɨɞɨɛɨɣ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɝɚɲɟɧɢɹ ɷɧɟɪɝɢɢ ɩɨɬɨɤɚ, ɫɯɨɞɹɳɟɝɨ ɫ 

ɜɨɞɨɫɥɢɜɚ, ɢ ɭɫɬɪɚɢɜɚɟɬɫɹ ɜ ɜɢɞɟ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɩɥɢɬɵ. 
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Ɍɨɥɳɢɧɭ ɜɨɞɨɛɨɹ ɨɩɪɟɞɟɥɹɸɬ ɪɚɫɱɟɬɨɦ ɢɡ ɭɫɥɨɜɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɢɬɵ 
ɩɪɨɬɢɜ ɨɩɪɨɤɢɞɵɜɚɧɢɹ, ɫɞɜɢɝɚ ɢ ɜɫɩɥɵɬɢɹ. ɉɪɢɧɢɦɚɟɦ ɬɨɥɳɢɧɭ ɩɥɢɬɵ ɜɨɞɨɛɨɹ 
3 ɦ ɢ ɩɪɢɤɪɟɩɥɹɟɦ ɚɧɤɟɪɚɦɢ ɤ ɨɫɧɨɜɚɧɢɸ. 

 
6.3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 
 
Ɂɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɵɫɨɬɟ 

ɫɨɨɪɭɠɟɧɢɹ ɧɚɣɬɢ ɦɢɧɢɦɚɥɶɧɭɸ ɲɢɪɢɧɭ ɫɨɨɪɭɠɟɧɢɹ ɩɨ ɨɫɧɨɜɚɧɢɸ. ɇɚɢɛɨɥɟɟ 
ɷɤɨɧɨɦɢɱɧɵɦ ɹɜɥɹɟɬɫɹ ɬɪɟɭɝɨɥɶɧɵɣ ɩɪɨɮɢɥɶ ɩɥɨɬɢɧɵ, ɢɦɟɸɳɢɣ ɦɢɧɢɦɚɥɶɧɭɸ 
ɲɢɪɢɧɭ ɩɨɧɢɡɭ. 

ɇɨ ɩɪɢ ɫɜɨɟɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɷɬɨɬ ɩɪɨɮɢɥɶ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɞɜɭɦ 
ɭɫɥɨɜɢɹɦ: 
1) ɨɬɫɭɬɫɬɜɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɛɟɬɨɧɟ; 
2) ɭɫɬɨɣɱɢɜɨɫɬɶ ɬɟɥɚ ɩɥɨɬɢɧɵ ɩɪɨɬɢɜ ɫɞɜɢɝɚ ɩɨ ɨɫɧɨɜɚɧɢɸ. 

Ȼɟɬɨɧ ɫɥɚɛɨ ɫɨɩɪɨɬɢɜɥɹɟɬɫɹ ɪɚɫɬɹɠɟɧɢɸ, ɜ ɧɟɦ ɧɟɞɨɩɭɫɬɢɦɨ ɩɨɹɜɥɟɧɢɟ 
ɬɪɟɳɢɧ ɫ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɹɜɥɟɧɢɸ ɨɩɚɫɧɨɣ ɮɢɥɶɬɪɚɰɢɢ 
ɫɨ ɜɫɟɦɢ ɜɵɬɟɤɚɸɳɢɦɢ ɩɨɫɥɟɞɫɬɜɢɹɦɢ.  

Ƚɪɚɜɢɬɚɰɢɨɧɧɵɟ ɛɟɬɨɧɧɵɟ ɩɥɨɬɢɧɵ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ (ɝɪɚɧɢɬ) 
ɤɨɧɫɬɪɭɢɪɭɸɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɢ ɛɟɡ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɩɥɢɬɵ, ɬɚɤ ɤɚɤ ɧɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɤɚɥɶɧɨɝɨ ɨɫɧɨɜɚɧɢɹ 
ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚɹ. ɉɨ ɷɬɢɦ ɩɪɢɱɢɧɚɦ ɨɩɬɢɦɚɥɶɧɵɣ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɩɪɨɮɢɥɶ 
ɬɚɤɨɣ ɩɥɨɬɢɧɵ – ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɬɪɟɭɝɨɥɶɧɢɤ ɫ ɜɟɪɲɢɧɨɣ ɧɚ ɨɬɦɟɬɤɟ ɇɉɍ. 

Ɂɚɥɨɠɟɧɢɟ ɧɢɡɨɜɨɣ ɝɪɚɧɢ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ m=0,7. 
 ℎ = ∇ʜʞʢ − ∇˒ˑˇ = ͳ͹ͻ,Ͳ − ͳͳͶ,ͷ = ͸Ͷ,ͷͲ ˏ. (6.60) 
 
Ɉɬɦɟɬɤɭ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ɡɚɝɥɭɛɥɹɟɦ ɜ ɨɫɧɨɜɚɧɢɟ ɧɚ 3 ɦɟɬɪɚ: 
 ∇˒ˑˇ = ∇ˇː˃ − ݀ − ˅ݐ = ͳʹͶ,ͲͲ − ͸,ͷͲ − ͵,ͲͲ = ͳͳͶ,ͷ ˏ. (6.61) 

 
ɝɞɟ d – ɝɥɭɛɢɧɚ ɤɨɥɨɞɰɚ; tɜ – ɬɨɥɳɢɧɚ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ;  

 
Ɉɩɪɟɞɟɥɢɦ ɲɢɪɢɧɭ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ: 
௡ܤ  = Ͳ,͹ ∙ ℎ = Ͳ,͹ ∙ ͸Ͷ,ͷͲ = Ͷͷ,Ͳ ˏ (6.62) 
 
6.3.3 Ⱦɪɟɧɚɠ ɜ ɬɟɥɟ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
 
ȼɞɨɥɶ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɜɟɪɬɢɤɚɥɶɧɵɟ ɞɪɟɧɵ, ɤɨɬɨɪɵɟ 

ɢɦɟɸɬ ɜɵɯɨɞɵ ɜ ɩɪɨɞɨɥɶɧɵɟ ɝɚɥɟɪɟɢ. Ⱦɢɚɦɟɬɪ ɜɟɪɬɢɤɚɥɶɧɵɯ ɞɪɟɧɚɠɧɵɯ 
ɫɤɜɚɠɢɧ ɩɪɢɧɢɦɚɟɬɫɹ 15 ɫɦ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɞɪɟɧ 2 ɦ. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ܽˇ˓ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɢɧɢɦɚɬɶ ɧɟ ɦɟɧɟɟ ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ, ɤɨɬɨɪɨɟ ɪɚɜɧɨ 2 ɦ, ɢ ɩɪɢ 
ɫɨɛɥɸɞɟɧɢɢ ɫɥɟɞɭɸɳɟɝɨ ɭɫɥɨɜɢɹ: 
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 ܽˇ˓ ൒ ௠௔௫ܪ ∙ ௖௥.௠ܬ௡ߛ = ͷͷ ∙ ͳ,ʹͷʹͷ = ʹ,͹ͷ ˏ, (6.63) 

 
ɝɞɟ ߛ௡ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ, ɞɥɹ ɜɬɨɪɨɝɨ 
ɤɥɚɫɫɚ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1,25; ܬ௖௥.௠ – ɤɪɢɬɢɱɟɫɤɢɣ ɫɪɟɞɧɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ; ܪ௠௔௫ – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ: 

௠௔௫ܪ  = ∇ʜʞʢ − ∇ʓʜʝ = ͳͶ͹,Ͳ − ͳʹͶ,Ͳ = ͷͷ,Ͳ ˏ. (6.64) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ܽˇ˓ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 4,5 ɦ, ɱɬɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ ܽˇ˓ ൒ 2,75 ɦ. 
 
6.3.4 Ⱦɪɟɧɚɠɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɜ ɨɫɧɨɜɚɧɢɢ 
 
ɇɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɭɫɬɪɚɢɜɚɟɦ ɜɟɪɬɢɤɚɥɶɧɵɟ ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ ɡɚɜɟɫɭ 

ɢ ɞɪɟɧɚɠ. ɋɯɟɦɚ ɰɟɦɟɧɬɧɨɣ ɡɚɜɟɫɵ ɢ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 6.4. 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɰɟɦ. ɡɚɜɟɫɵ: 
 ݈ଵ = ሺͲ,Ͳͷ ÷ Ͳ,ͳሻ ∙ ܤ = Ͳ,ͳ ∙ Ͷͷ = Ͷ,ͷ ˏ, (6.65) 
  

ɝɞɟ ܤ - ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ.  

hзɚɜ

hɞɪ

l1 l2

dзɚɜ

 
Ɋɢɫɭɧɨɤ 6.4 – ɋɯɟɦɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɢ ɞɪɟɧɚɠɚ 

 
Ɋɚɫɫɬɨɹɧɢɟ ݈ଶ ɩɪɢɧɢɦɚɟɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨ, ݈ଶ = ͸ ˏ. 
Ƚɥɭɛɢɧɚ ɡɚɜɟɫɵ: 
           ℎˊ˃˅ = Ͳ,ͷ ∙ ܪ = Ͳ,ͷ ∙ ͷ͵,ͺ ≈ ʹ͸,ͻ ˏ. (6.66) 
 
ɉɪɢɧɢɦɚɸ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɟɦɟɧɬɚɰɢɨɧɧɵɦɢ ɫɤɜɚɠɢɧɚɦɢ 2 ɦɟɬɪɚ. 
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Ɍɨɥɳɢɧɚ ɡɚɜɟɫɵ: 
˅˃ˊߜ            = ˓ˍܬܪ∆ ∙  ௡ , (6.67)ߛ

 
 

ɝɞɟ ∆H = ሺʜʞʢ − ʢʜʐ˅˘ˍሻ · Ͳ,͸ = ሺͳ͹ͻ,ͲͲ − ͳʹͷ,ʹሻ · Ͳ,͸ = ͵ʹ,ʹͺ ˏ – ɩɨɬɟɪɢ 
ɧɚɩɨɪɚ ɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɟ; 
       Jˍ˓ = ͳͷ ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɞɥɹ ɡɚɜɟɫɵ;         γ୬ = ͳ,ʹͷ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 
˅˃ˊߜ            = ͵ʹ,ʹͺ ∙ ͳ,ʹͷ/ͳͷ = ʹ,͹ ˏ − ͳ ˓яˇ ˙. ˊ..  
 
Ƚɥɭɛɢɧɚ ɞɪɟɧɚɠɚ: 
           ℎˇ˓ = Ͳ,ͷ ∙ ℎˊ˃˅ = Ͳ,ͷ ∙ ʹ͸,ͻ ≈ ͳ͵,ͷ ˏ. (6.68) 
 
Ⱦɢɚɦɟɬɪ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɩɪɢɧɢɦɚɸ 0,2 ɦ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɧɢɦɢ 3 

ɦɟɬɪɚ. 
ɑɟɪɟɡ ɞɪɟɧɚɠɧɵɟ ɫɤɜɚɠɢɧɵ ɮɢɥɶɬɪɭɸɳɭɸɫɹ ɜɨɞɭ ɜɵɜɨɞɹɬ ɜ 

ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ ɢɥɢ ɞɪɟɧɚɠɧɭɸ ɝɚɥɟɪɟɸ, ɚ ɨɬɜɨɞ ɜɨɞɵ ɜ ɇȻ ɨɫɭɳɟɫɬɜɥɹɸɬ 
ɧɚɫɨɫɚɦɢ. 

 
6.3.5 Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɨɣ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɲɜɚɦɢ 
 
ȼɨ ɢɡɛɟɠɚɧɢɟ ɧɟɞɨɩɭɫɬɢɦɨ ɛɨɥɶɲɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɹɯ 

ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ, ɩɨɹɜɥɹɸɳɢɯɫɹ ɩɪɢ ɧɟɪɚɜɧɨɦɟɪɧɵɯ 
ɨɫɚɞɤɚɯ ɨɫɧɨɜɚɧɢɹ ɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɟɮɨɪɦɚɰɢɹɯ, ɩɥɨɬɢɧɭ ɞɟɥɹɬ ɧɚ ɫɟɤɰɢɢ 
ɫɤɜɨɡɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɨɫɚɞɨɱɧɵɦɢ ɲɜɚɦɢ. Ɋɚɡɪɟɡɤɭ ɩɥɨɬɢɧɵ ɩɪɨɢɡɜɨɞɹɬ 
ɱɚɳɟ ɩɨ ɛɵɤɚɦ, ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɧɟɪɚɜɧɨɦɟɪɧɵɯ ɨɫɚɞɨɤ ɫɦɟɠɧɵɯ ɛɵɤɨɜ, ɱɬɨ 
ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɡɚɤɥɢɧɢɜɚɧɢɸ ɡɚɬɜɨɪɚ. 

ɍɩɥɨɬɧɟɧɢɟ ɲɜɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɲɩɨɧɨɤ. 
ɉɥɨɬɢɧɚ ɪɚɡɪɟɡɚɟɬɫɹ ɩɨ ɞɥɢɧɟ ɩɨɫɬɨɹɧɧɵɦɢ ɲɜɚɦɢ ɧɚ ɨɬɞɟɥɶɧɵɟ ɫɟɤɰɢɢ. 
ɒɢɪɢɧɚ ɫɟɤɰɢɢ:  
 ܾ௖ = ܾ +  (6.69) ;˅ߜ
  

ɝɞɟ   ܾ௖ −ɲɢɪɢɧɚ ɫɟɤɰɢɢ ɫ ɭɱɟɬɨɦ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ,           ܾ −ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ ɜ ɫɜɟɬɭ,           ߜ˅ −ɬɨɥɳɢɧɚ ɛɵɤɚ ɫ ɭɱɟɬɨɦ ɪɚɡɪɟɡɤɢ ɫɤɜɨɡɧɵɦ ɩɪɨɞɨɥɶɧɵɦ 
ɲɜɨɦ. 

 

  ܾ௖ = ͻ + Ͷ = ͳ͵ ˏ.  
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ɉɪɢ ɲɢɪɢɧɟ ɨɫɧɨɜɚɧɢɹ B=45 ɦ, ɩɪɢɧɢɦɚɟɦ 2 ɫɬɨɥɛɚ ɲɢɪɢɧɨɣ 18 ɦ ɢ 17 ɦ. 

Ɉɦɨɧɨɥɢɱɢɜɚɧɢɟ ɩɪɨɮɢɥɹ ɩɥɨɬɢɧɵ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɛɟɬɨɧɢɪɨɜɚɧɢɟɦ 
ɡɚɦɵɤɚɸɳɢɯ ɛɥɨɤɨɜ ɲɢɪɢɧɨɣ 1,5 ɦ. 

 
6.3.6 Ȼɵɤɢ 
 
Ɉɝɨɥɨɜɨɤ ɛɵɤɚ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɥɭɤɪɭɝɥɵɦ ɞɥɹ ɥɭɱɲɟɝɨ ɨɛɬɟɤɚɧɢɹ 

ɩɨɬɨɤɨɦ. Ɍɨɥɳɢɧɭ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ ɩɪɢɧɢɦɚɟɦ 4 ɦ (ɩɭɧɤɬ 2.1.1). Ɇɢɧɢɦɚɥɶɧɚɹ 
ɬɨɥɳɢɧɚ ɦɟɠɞɭ ɩɚɡɚɦɢ 0,8 ɦ. ɒɢɪɢɧɚ ɛɵɤɚ ɩɨ ɝɪɟɛɧɸ 18 ɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɩɪɨɟɡɞɚ ɬɪɚɧɫɩɨɪɬɚ ɢ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɩɨɞɴɟɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ. 

 
6.3.7 ɍɫɬɨɢ 
 
Ɋɚɡɥɢɱɚɸɬ ɭɫɬɨɢ ɫɨɩɪɹɝɚɸɳɢɟ, ɭɫɬɪɚɢɜɚɟɦɵɟ ɞɥɹ ɫɨɩɪɹɠɟɧɢɹ 

ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɫ ɝɪɭɧɬɨɜɨɣ ɢɥɢ ɛɟɪɟɝɨɦ, ɢ ɪɚɡɞɟɥɶɧɵɟ, ɤɨɬɨɪɵɟ ɨɬɞɟɥɹɸɬ 
ɜɨɞɨɫɥɢɜ ɨɬ ɝɥɭɯɨɣ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɢɥɢ ɡɞɚɧɢɹ Ƚɗɋ. 

ɉɪɢɦɟɧɢɦ 1 ɪɚɡɞɟɥɶɧɵɣ ɭɫɬɨɣ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɨɬ 
ɡɞɚɧɢɹ Ƚɗɋ. 

 
6.3.8 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 
 
ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ 

ɝɚɥɟɪɟɢ. ɉɨ ɜɵɫɨɬɟ ɩɥɨɬɢɧɵ ɝɚɥɟɪɟɢ ɪɚɫɩɨɥɚɝɚɟɦ ɱɟɪɟɡ 15 ɦ, ɨɞɧɭ ɢɡ ɩɪɨɞɨɥɶɧɵɯ 
ɝɚɥɟɪɟɣ ɫɥɟɞɭɟɬ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɫɚɦɨɬɟɱɧɨɝɨ ɨɬɜɨɞɚ ɜɨɞɵ ɢɡ ɜɫɟɣ ɜɵɲɟɥɟɠɚɳɟɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ. 

Ɋɚɡɦɟɪɵ ɝɚɥɟɪɟɣ, ɭɫɬɪɚɢɜɚɟɦɵɯ ɞɥɹ ɰɟɦɟɧɬɚɰɢɢ ɨɫɧɨɜɚɧɢɹ ɢ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɲɜɨɜ ɩɥɨɬɢɧɵ, ɫɨɡɞɚɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 
ɞɪɟɧɚɠɚ, ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɦɢɧɢɦɚɥɶɧɵɦɢ, ɧɨ ɩɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ 
ɩɪɨɜɨɡ ɢ ɪɚɛɨɬɭ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɢɦɟɦ ɲɢɪɢɧɨɣ – 3 ɦ, ɜɵɫɨɬɨɣ – 3,5 ɦ. Ƚɚɥɟɪɟɢ 
ɧɚɯɨɞɹɬɫɹ ɧɚ ɨɬɦɟɬɤɟ: 116,50 ɦ. 

Ƚɚɥɟɪɟɢ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɟ ɞɥɹ ɫɛɨɪɚ ɢ ɨɬɜɨɞɚ ɜɨɞɵ, ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ 
ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ ɢ ɭɩɥɨɬɧɟɧɢɹ ɲɜɨɜ, ɪɚɡɦɟɳɟɧɢɹ ɄɂȺ ɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ 
ɤɨɦɦɭɧɢɤɚɰɢɣ ɧɚɡɧɚɱɚɟɦ ɲɢɪɢɧɨɣ – 2,5 ɦ, ɜɵɫɨɬɨɣ – 2,5 ɦ. ɋɦɨɬɪɨɜɵɟ ɝɚɥɟɪɟɢ 
ɧɚɯɨɞɹɬɫɹ ɧɚ ɨɬɦɟɬɤɚɯ: 129,5 ɦ; 144,5 ɦ; 1159,5 ɦ. 

 
6.3.9 Ɋɢɫɛɟɪɦɚ 
 
Ɋɢɫɛɟɪɦɚ – ɭɱɚɫɬɨɤ ɡɚ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɨɣ, ɭɤɪɟɩɥёɧɧɵɣ ɛɟɬɨɧɧɵɦɢ 

ɩɥɢɬɚɦɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɭɫɩɨɤɨɟɧɢɹ ɢ ɪɚɫɫɟɹɧɢɹ ɩɨɬɨɤɚ. ȼɵɩɨɥɧɹɟɬɫɹ ɜ 
ɜɢɞɟ ɤɪɟɩɥɟɧɢɹ ɢɡ ɛɟɬɨɧɧɵɯ ɩɥɢɬ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɲɚɯɦɚɬɧɨɦ ɩɨɪɹɞɤɟ.  

Ⱦɥɢɧɚ ɭɱɚɫɬɤɚ ɫ ɩɥɢɬɚɦɢ ɪɢɫɛɟɪɦ: 
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˓ܮ = Ͳ,Ͷ݊ ∙ ℎ௖̀̀ = Ͳ,ͶͲ,ͳ ∙ ͳ͵,ͷ͸ = ͷͶ,ʹͶ ˏ. (6.70) 

 
Ʉɨɥɢɱɟɫɬɜɨ ɩɥɢɬ ɪɢɫɛɟɪɦɵ ɩɨ ɞɥɢɧɟ: 
N=Lɪ/12=54,24/12=4,52, ɩɪɢɧɢɦɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɩɥɢɬ - 5. 
ɒɢɪɢɧɚ ɪɢɫɛɟɪɦɵ ɪɚɜɧɚ ɲɢɪɢɧɟ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ. 
Ɍɨɥɳɢɧɚ ɩɥɢɬ ɪɢɫɛɟɪɦɵ: ɞɥɹ ɩɟɪɜɨɝɨ ɪɹɞɚ ɬɨɥɳɢɧɚ ɩɥɢɬ ɩɪɢɧɢɦɚɟɬɫɹ 

ɪɚɜɧɨɣ ɩɨɥɨɜɢɧɟ ɬɨɥɳɢɧɵ ɩɥɢɬɵ ɜɨɞɨɛɨɹ – 3,0 ɦ, ɞɥɹ ɜɬɨɪɨɝɨ ɢ ɬɪɟɬɶɟɝɨ – 2,0 ɦ, 
ɞɥɹ ɱɟɬɜɟɪɬɨɝɨ ɢ ɩɹɬɨɝɨ – 1,5 ɦ.  

6.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 
 
Ɋɚɫɱёɬɵ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 

ɜɵɩɨɥɧɹɸɬ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ. ȼ ɫɨɫɬɚɜ ɨɫɧɨɜɧɨɝɨ 
ɫɨɱɟɬɚɧɢɹ ɜɯɨɞɹɬ ɧɚɝɪɭɡɤɢ ɩɨɫɬɨɹɧɧɵɟ, ɜɪɟɦɟɧɧɵɟ, ɞɥɢɬɟɥɶɧɵɟ ɢ 
ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɟ. ɇɚɝɪɭɡɤɢ ɢ ɜɨɡɞɟɣɫɬɜɢɹ ɞɨɥɠɧɵ ɩɪɢɧɢɦɚɬɶɫɹ ɜ ɧɚɢɛɨɥɟɟ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ, ɧɨ ɜɨɡɦɨɠɧɵɯ ɫɨɱɟɬɚɧɢɹɯ. 

 
6.4.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ 
 
ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɨɩɪɟɞɟɥɟɧɚ ɜ ɩɪɨɝɪɚɦɦɟ ȺutoCɚd. ܵ˒ˎ = ͳ͹͹ͺ,Ͷͻ ˏଶ.  ܵ˄ = ʹͳʹͲ,͸Ͳ ˏଶ.  
ȼɟɫ ɨɞɧɨɝɨ ɩɨɝɨɧɧɨɝɨ ɦɟɬɪɚ ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ:  
ˎ˒ܩ  = ܵ˒ˎ ∙ ܾ ∙ ݃ ∙ ܾ˄ߩ + ˄ߜ = ͳ͹͹ͺ,Ͷͻ ∙ ͻ ∙ ͻ,ͺͳ ∙ ʹͶͲͲͻ + Ͷ = ʹͺͻͺͺ,ͺͶ ˍʜˏ. (6.71) 

 
ɉɥɟɱɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɟɱɟɧɢɹ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɫɟɪɟɞɢɧɭ ɩɨɞɨɲɜɵ, 

ɜɵɱɢɫɥɟɧɧɨɟ ɜ ɉɄ «ȺutoCȺD» – 7,22 ɦ. 
ȼɟɫ ɛɵɤɚ ɢ ɬɨɱɤɭ ɟɝɨ ɩɪɢɥɨɠɟɧɢɹ ɨɩɪɟɞɟɥɸ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ: 
˄ܩ  = ܵ˄ ∙ ˄ߜ ∙ ˄ߩ ∙ ܾ݃ + ˄ߜ = ʹͳʹͲ,͸ ∙ Ͷ ∙ ʹͶͲͲ ∙ ͻ,ͺͳͻ + Ͷ = ͳͷ͵͸ʹ,ʹͺ ˍʜˏ. (6.72) 

ɉɥɟɱɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɟɱɟɧɢɹ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɫɟɪɟɞɢɧɭ 
ɩɨɞɨɲɜɵ, ɜɵɱɢɫɥɟɧɧɨɟ ɜ ɉɄ «ȺutoCȺD» – 9,31 ɦ. 

 

ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ: 
 ܳˊ ≈ Ͳ,Ͳͷͷ ∙ ݂√݂ ∙ ݃ , (6.73) 

 
ɝɞɟ ݂ - ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ:  
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 ݂ = ሺߘʣʞʢ − ʒʑߘ + Ͳ,ͷሻ ∙ ܾ = = ሺͳͺͲ − ͳ͹ͳ + Ͳ,ͷሻ ∙ ͻ = ͺͷ,ͷ ˏଶ. (6.74) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 
   ܳˊ = Ͳ,Ͳͷͷ ∙ ͺͷ,ͷ ∙ √ͺͷ,ͷ ∙ ͻ,ͺͳ = Ͷʹ͸,ͷ͸  ˍʜ. 
 

 

ȼɟɫ ɡɚɬɜɨɪɚ ɩɪɢɜɨɞɢɬɫɹ ɤ 1 ɩ.ɦ: 
   ܳˊ˓ ˃˔˚ = ܳˊܾ + ˄ߜ = Ͷʹ͸,ͷ͸ͻ + Ͷ = ͵ʹ,ͺͳ ˍʜˏ. (6.75) 

 
6.4.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 
 
Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ: 
- ɫ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɇɉɍ: 
 ܶ˅ = ௪ߩ ∙ ݃ ∙ ʹ˅ଶܪ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͸Ͷ,ͷͲଶʹ = ʹͲͶͲ͸,Ͳ͵ ˍʜ/ˏ , (6.76) 

 
ɝɞɟ ܪ˅ = ʜʞʢߘ − ʞʝʓߘ = ͳ͹ͻ,Ͳ − ͳͳͶ,ͷ = ͸Ͷ,ͷͲ ˏ.  

 
- ɫ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɇɉɍ: 
   ܶː = ௪ߩ ∙ ݃ ∙ ʹଶːܪ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͳͲ,͹Ͳଶʹ = ͷ͸ͳ,ͷ͹ ˍʜ/ˏ , (6.77) 

 
ɝɞɟ ܪː = − ʢʜʐߘ ʞʝʓߘ = ͳʹͷ,ʹ − ͳͳͶ,ͷ = ͳͲ,͹Ͳ ˏ.   

 
ȼɟɪɬɢɤɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɫɨ 

ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
           ଷܹ = ܵ ∙ ߛ˅ = ͷ͵,Ͷ͹ ∙ ͻ,ͺͳ = ͷʹͶ,ͷͶ ˍʜ/ˏ; (6.78) 

  
ɝɞɟ S − ɩɥɨɳɚɞɶ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ 
ɞɚɜɥɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɵ 
ȺutoCȺD.  

 
6.4.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɢ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ 

ɞɚɜɥɟɧɢɹ 
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Ɏɢɥɶɬɪɚɰɢɹ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ [35], ɫɯɟɦɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6.5. 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɢ: 
ɇɚɩɨɪ ɧɚ ɫɨɨɪɭɠɟɧɢɢ: 
ௗܪ  = ∇ʜʞʢ − ∇ʢʜʐ = ͳ͹ͻ,Ͳ − ͳʹͷ,ʹ = ͷ͵,ͺ ˏ. (6.79) 
 
Ⱦɥɹ ɩɥɨɬɢɧ I ɤɥɚɫɫɚ ɫ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɨɣ ɢ ɞɪɟɧɚɠɨɦ: 
 ு𝑎ೞு೏ = Ͳ,ͶͲ, (6.80) 

 
 ு೏ೝு೏ = Ͳ,ʹͲ, 

 

 
(6.81) 

௔௦ܪ = Ͳ,Ͷ ∙ ௗܪ = Ͳ,Ͷ ∙ ͷ͵,ͺ = ʹͳ,ͷʹ ˏ, 
 

ௗ௥ܪ  = Ͳ,ʹ ∙ ௗܪ = Ͳ,ʹ ∙ ͷ͵,ͺ = ͳͲ,͹͸ ˏ, 
 

 

Hu

Ht

Hd

ȼȻ

НȻ

Hd

Ht

Has Hdr

 
 

Ɋɢɫɭɧɨɤ 6.5 – Ɏɢɥɶɬɪɚɰɢɹ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ 
 
ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ: 
 ˗ܹ = ௪ߩ ∙ ݃ ∙ ܵˠ˒̠, (6.82) 

 ˗ܹ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͷ͸ͳ,ͷ͹ = ͶͶ͵͵,͵Ͷ ˍʜˏ,  
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ɗɩɸɪɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɜɢɞɟ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɨɬ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɨ ɩɨɞɨɲɜɵ ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɥɭɱɚɟ ɢ ɨɬ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɨ ɩɨɞɨɲɜɵ ɞɥɹ ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɹ. 

Ɉɪɞɢɧɚɬɵ ɷɩɸɪ ɨɩɪɟɞɟɥɢɦ, ɤɚɤ: 
 ˓˅ˊ˅ = ௪ߩ ∙ ݃ ∙ ሺ∇ʢʜʐ௠𝑖௡ − ∇˒ˑˇሻ= ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ሺͳʹͷ,ʹ − ͳͳͶ,ͷሻ = ͳͲͶ,ͻ͹ ˍʜ, (6.83) 

 
ɋɢɥɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɪɚɜɧɚ ɩɥɨɳɚɞɢ ɷɩɸɪɵ ɜɡɜɟɲɢɜɚɸɳɟɝɨ 

ɞɚɜɥɟɧɢɹ ɞɥɹ ɞɚɧɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ. 
 ܹ˅ ˊ˅ = ௪ߩ ∙ ݃ ∙ ܵˠ˒˅́ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ Ͷͺͳ,ͷͲ = Ͷ͹ʹ͵,ͷʹ ˍʜˏ, (6.84) 

 
 

6.4.4 Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ 
 
Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɝɪɚɧɶ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ: 
ː݌  = ːߛ ∙ ℎː ∙ t˃nଶ ቀͶͷ − 𝜑ːʹቁ = = ͳͲ ∙ ͸ ∙ t˃nଶ (Ͷͷ − ʹͲʹ) = ʹͻ,Ͷ ˍʜˏଶ  

 

(6.85) 

ɝɞɟ  ːߛ = ͳͲ  ɤɇ/ɦ3 – ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ; 
hɧ– ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ, ɩɪɢɧɢɦɚɟɦɚɹ ɨɬ ɭɪɨɜɧɹ ɞɧɚ, 
 ℎː = ∇ˊ˃ˋˎ − ∇ˇː˃ = ͳ͵Ͳ − ͳʹͶ = ͸ ˏ, 

 
 

ɝɞɟ 𝜑ː = ʹͲ° – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ.  
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɧɚ 1 ɩ.ɦ: 
ːܧ  = ℎː ∙ ʹː݌ = ͸ ∙ ʹͻ,Ͷʹ = ͺͺ,ʹ ˍʜˏ

 
(6.86) 

 
Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ȼȻ ɨɩɪɟɞɟɥɹɸɬ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
ȼ ɬɨɱɤɟ ɧɚ ɝɪɚɧɢɰɟ ɫɥɨɹ ɧɚɧɨɫɨɜ ɢ ɜɟɪɯɧɟɝɨ ɫɥɨɹ ɝɪɭɧɬɚ ɛɨɤɨɜɨɟ ɞɚɜɥɟɧɢɟ 

ɝɪɭɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɜɚɠɞɵ, ɫɱɢɬɚɹ ɷɬɭ ɬɨɱɤɭ ɩɪɢɧɚɞɥɟɠɚɳɟɣ ɫɥɨɸ ɧɚɧɨɫɨɜ, ɚ 
ɡɚɬɟɦ ɫɥɨɸ ɝɪɭɧɬɚ, ɩɨɝɪɭɠɟɧɧɨɦɭ ɜɟɫɨɦ ɧɚɧɨɫɨɜ. 
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          ʟ′ˆ˓ = ːߛ˅ˊ˅ ∙ ℎː ∙ ଶ݃ݐ ቀͶͷ − 𝜑ˆ˓ʹ ቁ = ͳͲ ∙ ͸ ∙ ଶ݃ݐ (Ͷͷ − Ͷͷʹ)= ͳͲ,ʹͺ ˍʜ/ˏଶ 

(6.87) 

  
ɝɞɟ 𝜑ˆ˓ = Ͷͷ°.  

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

ɧɚɧɨɫɨɜ ɢ ɝɪɭɧɬɚ 
           ʟ′′ˆ˓ = (ːߛ˅ˊ˅ ∙ ℎː + ߛ̂ ˓˅́ ˅ ∙ ℎˆ˓൯ ∙ ଶ݃ݐ ቀͶͷ − 𝜑ˆ˓ʹ ቁ= ሺͳͲ ∙ ͸ + ͳ͸,ͳ ∙ ͻ,ͷሻ ∙ ଶ݃ݐ (Ͷͷ − Ͷͷʹ) = ͵͸,ͷͲ ˍʜ/ˏଶ 

(6.88) 

 
ɍɞɟɥɶɧɵɣ ɜɟɫ ɜɡɜɟɲɟɧɧɨɝɨ ɝɪɭɧɬɚ 
ߛ̂          ˓˅́ ˅ = ߛ̂ ˓ − ሺͳ − ݊଴ሻߛ௪ = ʹ͵,ͷ − ሺͳ − Ͳ,ʹͷሻ ∙ ͻ,ͺͳ == ͳ͸,ͳ ˍʜ/ˏଷ; (6.89) 

  

ɝɞɟ    ̂ߛ ˓ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ, ̂ߛ ˓ = ʹ͵,ͷ ˍʜˏయ ; ݊଴ – ɩɨɪɢɫɬɨɫɬɶ ɭɫɥɨɜɢɹɯ ɟɫɬɟɫɬɜɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ ɝɪɭɧɬɚ, ݊ ଴ = Ͳ,ʹͷ; ℎˆ˓ – ɬɨɥɳɢɧɚ ɫɥɨɹ ɝɪɭɧɬɚ, ℎˆ˓ = ͻ,ͷ ˏ; 𝜑ˆ˓ – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɝɪɭɧɬɚ, 𝜑ˆ˓ = Ͷͷ° ; ˅ߛ  – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ. 
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɫɢɥɚ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ 1 ɩ.ɦ. 
˃ܧ           = ሺʟ′ˆ˓ + ʟ′′ˆ˓ሻʹ ∙ ℎˆ˓ = ͳͲ,ʹͺ + ͵͸,ͷͲʹ ∙ ͻ,ͷ == ʹʹʹ,ʹͲ ˍʜ/ˏ 

(6.90) 

 
6.4.5 ȼɨɥɧɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɨɫɧɨɜɧɨɦ ɢ ɩɨɜɟɪɨɱɧɨɦ 

ɫɥɭɱɚɹɯ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɭɩɪɨɳɟɧɧɨ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ʌ. Ɇɨɠɟɜɢɬɢɧɨɜɚ. 
Ⱦɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ: 
 ℎ૙ = ߨ ∙ ℎଵ%ଶ̅ߣ = ͵,ͳͶ ∙ ͳ,ͷ͵ଶͳͺ,͵͵ = Ͳ,ͶͲ ˏ 

(6.91) 

  ܹ˅ ˑˎː = ͳʹ ∙ ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͳ,ͷ͵ ∙ (ͳͺ,͵͵͵,ͳͶ + Ͳ,ͶͲ ʹ )  =   Ͷͷ,ͶͶ ˍʜˏ
 

(6.92) 
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ɉɥɟɱɨ ɫɢɥɵ W˅ˑˎːɨɬɧɨɫɢɬɟɥɶɧɨ ɭɪɨɜɧɹ ɩɨɤɨɹ ɇɉɍ:  
௖ݕ  = ߨߣʹ̅ − ͵ͅ ℎଵ% = ͳͺ,͵͵͸,ʹͺ − ͵ͅ ∙ ͳ,ͷ͵ = ʹ,͵ ˏ. (6.93) 

 

6.5 Ɋɚɫɱёɬ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 
Ɋɚɫɱёɬ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɦɟɬɨɞɭ 

ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɩɟɪɜɨɣ ɝɪɭɩɩɵ (ɩɨ ɧɟɩɪɢɝɨɞɧɨɫɬɢ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ). 
Ɋɚɫɱёɬ ɩɥɨɬɢɧɵ ɛɭɞɟɦ ɜɟɫɬɢ ɛɟɡ ɭɱёɬɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. Ⱦɥɹ ɨɰɟɧɤɢ 
ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɜɜɨɞɹɬɫɹ ɤɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ. ȼɫɟ ɧɚɩɪɹɠɟɧɢɹ ɫɱɢɬɚɟɦ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɩɨɞɨɲɜɵ. ɂɫɯɨɞɹ ɢɡ ɩɪɚɤɬɢɱɟɫɤɢɯ 
ɫɨɨɛɪɚɠɟɧɢɣ, ɜ ɪɚɫɱёɬɟ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɦ ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɫɨ ɡɧɚɤɨɦ 
«–», ɪɚɫɬɹɝɢɜɚɸɳɢɟ – ɫɨ ɡɧɚɤɨɦ «+»  

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱёɬɚ ɫɨɫɬɚɜɢɦ ɬɚɛɥɢɰɭ 6.2, ɜ ɤɨɬɨɪɭɸ ɜɧɟɫɟɦ ɜɫɟ 
ɧɚɝɪɭɡɤɢ, ɭɦɧɨɠɟɧɧɵɟ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ [34]. 
 
Ɍɚɛɥɢɰɚ 6.2 – Ɉɫɧɨɜɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɥɨɬɢɧɭ 

ɇɚɝɪɭɡɤɚ ߛ௙ ɇɚɩɪɚɜɥɟɧɢɟ 
ɫɢɥɵ 

Ɉɫɧɨɜɧɨɣ ɫɥɭɱɚɣ 

ɋɢɥɚ, ɤɇ ɉɥɟɱɨ, ɦ 
Ɇɨɦɟɧɬ, 

ɤɇɦ 
Ɍɜ 1,00  20406,03 21,50 438729,56 

Ɍɧ 1,00  561,57 -3,57 -2002,95 
W3 1,00 Ļ 524,54 11,21 5880,10 
Gɛ 0,95 Ļ 14594,16 -9,31 -135871,68 

Gɩɥ 0,95 Ļ 27539,40 -7,22 -198834,45 

Wɜɡɜ 1,00  4723,52 0,00 0,00 
Wɮ 1,00  4433,34 18,65 82681,70 
Qɡ 0,9 Ļ 29,53 -18,71 -552,53 1,20 ˃ܧ  266,64 3,17 844,34 ܹ˅ ˑˎː 1,00  45,44 62,16 2824,60 ܧː 1,20  105,84 5,00 529,20 
F ← ĺ 20262,37 

N Ļ 33264,15 
Ɇ Σ 194227,92 

 
Ɋɚɫɱёɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ 

ɫɟɱɟɧɢɢ ɩɥɨɬɢɧɵ (ɩɪɢ ɪɚɫɱɟɬɟ ɧɚ 1 ɩɨɝɨɧɧɵɣ ɦɟɬɪ ɞɥɢɧɵ) ɜɵɩɨɥɧɹɟɦ ɩɨ 
ɮɨɪɦɭɥɚɦ: 

1) Ⱦɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
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𝜎௨௬ = − ܾܰ + ͸ ∙ ∑ ଶܾܯ = − ͵͵ʹ͸Ͷ,ͳͷͶͷ,Ͳ + ͸ ∙ ͳͻͶʹʹ͹,ͻʹͶͷ,Ͳଶ == −ͳ͸͵,͹ͳ ˍʜ/ˏଶ, (6.94) 

 
ɝɞɟ     ܰ – ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; ܯ – ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; ܾ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 

 𝜎௫௨ = 𝜎௬௨ ∙ ݉௨ଶ − ௪ߛ ∙ ௗ௨ܪ ∙ ሺͳ − ݉௨ଶሻ = −ͻ,ͺͳ ∙ ͸Ͷ,ͷ= −͸͵ʹ,͹ͷ ˍʜˏଶ ,   (6.95) 

 
ɝɞɟ     ߛ௪ = ͻ,ͺͳ ɤН/ɦ3 – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ, 

ௗ௨ܪ  = ∇ʜʞʢ − ∇ʞʝʓ = ͸Ͷ,ͷ ˏ – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ 
ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ; ݉௨ = t˃n  ଵ – ɭɝɨɥ ɦɟɠɞɭ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɢ ɜɟɪɬɢɤɚɥɶɸ. Ɍɚɤߙ ଵ, ɝɞɟߙ
ɤɚɤ ɭ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɧɚɩɨɪɧɚɹ ɝɪɚɧɶ ɜɟɪɬɢɤɚɥɶɧɚ, ɬɨ t˃n ଵߙ = Ͳ. 

 𝜏௫௬௨ = ௪ߛ) ∙ ௗ௨ܪ + 𝜎௬௨൯ ∙ ݉௨ = Ͳ (6.96) 

  𝜎ଵ௨ = 𝜎௬௨ ∙ ሺͳ + ݉௨ଶሻ + ௪ߛ ∙ ௗ௨ܪ ∙ ݉௨ଶ = −ͳ͸͵,͹ͳ ˍʜ/ˏଶ; (6.97) 
  𝜎ଷ௨ = ௪ߛ− ∙ ௗ௨ܪ = −ͻ,ͺͳ ∙ ͸Ͷ,ͷ = −͸͵ʹ,͹ͷ ˍʜ/ˏଶ. (6.98) 

 
2) Ⱦɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 𝜎௬௧ = − ܾܰ − ͸ ∙ ∑ ଶܾܯ = − ͵͵ʹ͸Ͷ,ͳͷͶͷ,Ͳ − ͸ ∙ ͳͻͶʹʹ͹,ͻʹͶͷ,Ͳଶ == −ͳ͵ͳͶ,͸ͻ ˍʜ/ˏଶ, (6.99) 

  𝜎௫௧ = 𝜎௬௧ ∙ ݉௧ଶ − ௪ߛ ∙ ௗ௧ܪ ∙ ሺͳ − ݉௧ଶሻ= −ͳ͵ͳͶ,͸ͻ ∙ Ͳ,͹ଶ − ͻ,ͺͳ ∙ ͳͲ,͹ ∙ ሺͳ − Ͳ,͹ଶሻ= −͸ͻ͹,͹͵ ˍʜ/ˏଶ , (6.100) 

 
ɝɞɟ    ݉௧ = t˃n ௗ௧ܪ  .ଶ – ɭɝɨɥ ɦɟɠɞɭ ɧɢɡɨɜɨɣ ɝɪɚɧɶɸ ɢ ɜɟɪɬɢɤɚɥɶɸߙ ଶ, ɝɞɟߙ = ∇ʢʜʐሺܳʜʞʢሻ − ∇ʞʝʓ = ͳͲ,͹ ˏ – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ ɫɟɱɟɧɢɟɦ 
ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ; 

 𝜏௫௬௧ = ௪ߛ)− ∙ ௧ௗܪ + 𝜎௧௬൯ ∙ ݉௧ = −ሺͻ,ͺͳ ∙ ͳͲ,͹ − ͳ͵ͳͶ,͸ͻሻ ∙∙ Ͳ,͹ = ͺͶ͸,ͺͳ ˍʜ/ˏଶ, 

(6.101) 

  𝜎ଷ௧ = 𝜎௬௧ ∙ ሺͳ + ݉௧ଶሻ + ௪ߛ ∙ ௧ௗܪ ∙ ݉௧ଶ = (6.102) 



 

 

95 
 

= −ͳ͵ͳͶ,͸ͻ ∙ ሺͳ + Ͳ,͹ଶሻ + ͻ,ͺͳ ∙ ͳͲ,͹ ∙ Ͳ,͹ଶ == −ͳͻͲ͹,Ͷ͸ ˍʜ/ˏଶ; 
  𝜎ଵ௧ = ௪ߛ− ∙ ௗ௧ܪ = −ͻ,ͺͳ ∙ ͳͲ,͹ = −ͳͲͶ,ͻ͹ ˍʜ/ˏଶ (6.103) 

 
Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɜɫɟ ɪɚɫɱёɬɵ ɫɜɟɞёɦ ɜ ɬɚɛɥɢɰɭ 6.3. 

 
Ɍɚɛɥɢɰɚ 6.3 - ɇɚɩɪɹɠɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɩɥɨɬɢɧɟ 

Ƚɪɚɧɶ ɇɚɩɪɹɠɟɧɢɟ Ɂɧɚɱɟɧɢɟ, ɤɉɚ 

ȼɟɪɯɨɜɚɹ 

𝜎௨௬ -163,71 𝜎௫௨ -632,75 𝜏௫௬௨  0 𝜎ଵ௨ -163,71 𝜎ଷ௨ -632,75 

ɇɢɡɨɜɚɹ 

𝜎௬௧ -1314,69 𝜎௫௧ -697,73 𝜏௫௬௧  846,81 𝜎ଵ௧ -104,97 𝜎ଷ௧ -1907,46 
 
ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɫɨɨɪɭɠɟɧɢɟ ɧɚ ɩɪɨɱɧɨɫɬɶ, ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ 
ɫɥɟɞɭɸɳɢɟ ɤɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ: 

1. ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 
௡ߛ   ∙ ௟௖ߛ ∙ |𝜎ଷ| ൑ ௖ௗߛ ∙ ܴ௕ , (6.104) 

 
ɝɞɟ  ߛ௡ = ͳ,ʹͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ;  ߛ௟௖ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱёɬɧɨɝɨ ɫɥɭɱɚɹ ߛ௟௖ = ͳ; 

௖ௗߛ ௖ௗ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹߛ  = Ͳ,ͻ; ܴ௕ − ɪɚɫɱёɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɧɚ ɫɠɚɬɢɟ, ɢɫɯɨɞɹ ɢɡ ɤɥɚɫɫɚ ɛɟɬɨɧɚ 
ȼ =10, ɩɪɢɧɢɦɚɟɦ ܴ௕ = ͹ͷͲͲˍʜ/ˏଶ. 

 ͳ,ʹͷ ∙ ͳ ∙ |−ͳͻͲ͹,Ͷ͸| ൑ ͹ͷͲͲ ∙ Ͳ,ͻ  
 ʹ͵ͺͶ,͵ʹ ˍʜ/ˏଶ < ͸͹ͷͲ ˍʜ/ˏଶ 
 
ɍɫɥɨɜɢɟ ɨɛɳɟɣ ɩɪɨɱɧɨɫɬɢ ɜɵɩɨɥɧɹɟɬɫɹ. 
2. ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 

ɧɚɩɪɹɠɟɧɢɣ: 
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 𝜎′௬ < Ͳ ,             (6.105) 

  −ͳ͸͵,͹ͳ ˍʜ/ˏଶ < Ͳ –  ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ.  

 
3. ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ: 
 |𝜎௬௨| ൒ Ͳ,ʹͷ ∙ ௪ߛ ∙  ௗ௨,     (6.106)ܪ

  ͳ͸͵,͹ͳ ˍʜ/ˏଶ ൒ Ͳ,ʹͷ ∙ ͳͲ ∙ ͸Ͷ,ͷ ˍʜ/ˏଶ  

  ͳ͸͵,͹ͳ ˍʜ/ˏଶ ൒ ͳ͸ͳ,ʹͷ ˍʜ/ˏଶ  

 
ȼɫɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɹɸɬɫɹ, ɫɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦɢ 

ɩɪɨɱɧɨɫɬɢ. 
 

6.6 Ɋɚɫɱёɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ 
 
ɍɫɬɨɣɱɢɜɨɫɬɶ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɨɫɧɨɜɚɧɢɹ, ɬɨ ɟɫɬɶ ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɫɞɜɢɝɭ ɫɨɨɪɭɠɟɧɢɹ. ɉɥɨɬɢɧɵ 
ɪɚɫɫɱɢɬɵɜɚɸɬ ɧɚ ɫɞɜɢɝ ɩɨ ɩɟɪɜɨɦɭ ɩɪɟɞɟɥɶɧɨɦɭ ɫɨɫɬɨɹɧɢɸ – ɩɨ ɩɨɬɟɪɟ ɧɟɫɭɳɟɣ 
ɫɩɨɫɨɛɧɨɫɬɢ. 

ɉɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɮɨɪɦɟ ɫɞɜɢɝɚ ɩɥɨɬɢɧɚ ɛɭɞɟɬ ɭɫɬɨɣɱɢɜɚ, ɟɫɥɢ 
ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ: 

 ܴ ∙ ܨ௖ߛ ∙ ௟௖ߛ ൒ ௡ߛ , (6.107) 

  R = (G˒ˎ + Gʐ − W˅ˊ˅ − W˗ + Qˊ൯ ∙ t˃n φ + c ∙ ω = = ሺʹ͹ͷ͵ͻ,ͶͲ + ͳͶͷͻͶ,ͳ͸ − Ͷ͹ʹ͵,ͷʹ − ͶͶ͵͵,͵Ͷ + ʹͻ,ͷ͵ሻ ∙∙ Ͳ,͹ + ͳͲͲ ∙ Ͷͷ,Ͳ = ʹ͹͹ͺͶ,ͻͲ ˍʜ/ˏ , (6.108) 

 
ɝɞɟ     t˃nφ = Ͳ,͹ – ɜɧɭɬɪɟɧɧɟɟ ɬɪɟɧɢɟ ɞɥɹ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ (ɨɫɚɞɨɱɧɵɣ ɝɪɭɧɬ 
- ɢɡɜɟɫɬɧɹɤ); c = ͳͲͲ ˍʜ/ˏଶ– ɫɰɟɩɥɟɧɢɟ ɞɥɹ ɫɤɚɥɵ; ω = B˒ ∙ ͳ = Ͷͷ,Ͳ ˏଶ – ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ ɩɥɨɳɚɞɢ ɩɨɞɨɲɜɵ 
ɩɥɨɬɢɧɵ, ɩɪɢ ɪɚɫɱёɬɟ ɧɚ 1 ɩɨɝɨɧɧɵɣ ɦɟɬɪ. 

 F = T˅ − Tː + W˅ˑˎː + Eː = ʹͲͶͲ͸,Ͳ͵ − ͷ͸ͳ,ͷ͹ ++Ͷͷ,ͶͶ + ͳͲͷ,ͺͶ = ʹͲʹ͸ʹ,͵͹ ˍʜ/ˏ. 
(6.109) 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɥɨɜɢɟ ɧɚ ɫɞɜɢɝ: 
 ʹ͹͹ͺͶ,ͻͲ ∙ Ͳ,ͻͷʹͲʹ͸ʹ,͵͹ ∙ ͳ,Ͳ ൒ ͳ,ʹͷ , 

 

 

ͳ,͵Ͳ ൒ ͳ,ʹͷ. 
 

 

ɋɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɭɫɬɨɣɱɢɜɨɫɬɢ. 
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7 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɨɯɪɚɧɚ ɬɪɭɞɚ, ɬɟɯɧɢɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ, 
ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɩɪɢɪɨɞɵ 

 
7.1 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 
 
Ɉɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɫɥɭɠɛɵ ɷɤɫɩɥɭɚɬɚɰɢɢ əɤɭɬɫɤɨɣ Ƚɗɋ ɹɜɥɹɟɬɫɹ 

ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. ɉɨɫɥɟɞɫɬɜɢɹ ɚɜɚɪɢɣ 
ɧɚ Ƚɗɋ (ɩɪɨɪɵɜ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ) ɦɨɝɭɬ ɛɵɬɶ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢɦɢ ɞɥɹ ɜɫɟɝɨ 
ɪɟɝɢɨɧɚ. ɉɨɷɬɨɦɭ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɟɣ 
ɨɛɳɟɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. Ⱦɟɹɬɟɥɶɧɨɫɬɶ ɫɥɭɠɛɵ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ 
ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ əɤɭɬɫɤɨɣ ȽɌɋ ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɨɥɨɠɟɧɢɹɦɢ 
ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɝɥɚɦɟɧɬɨɜ, ɡɚɤɨɧɨɜ, ɫɬɚɧɞɚɪɬɨɜ, ɦɟɫɬɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢ 
ɞɨɥɠɧɨɫɬɧɵɯ ɢɧɫɬɪɭɤɰɢɣ. Ɉɫɧɨɜɧɵɦ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ 
«Ɉ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ». Ɍɪɟɛɨɜɚɧɢɟɦ ɡɚɤɨɧɚ «Ɉ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ» ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜɥɟɧɢɟ Ⱦɟɤɥɚɪɚɰɢɢ ɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ, 
ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɥɨɠɟɧɢɟɦ, ɭɬɜɟɪɠɞɟɧɧɵɦ ɉɪɚɜɢɬɟɥɶɫɬɜɨɦ ɊɎ. Ⱦɚɧɧɨɟ 
ɉɨɥɨɠɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬ ɫɨɞɟɪɠɚɧɢɟ, ɩɨɪɹɞɨɤ ɫɨɫɬɚɜɥɟɧɢɹ Ⱦɟɤɥɚɪɚɰɢɢ ɨ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ. Ɉɫɭɳɟɫɬɜɥɟɧɢɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɷɤɫɩɟɪɬɢɡɵ ɹɜɥɹɟɬɫɹ 
ɨɛɹɡɚɬɟɥɶɧɵɦ ɞɥɹ ȽɌɋ ɩɪɢ ɢɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɣ, ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɜɜɨɞɟ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɸ, ɷɤɫɩɥɭɚɬɚɰɢɢ, ɜɵɜɨɞɟ ɢɡ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ ɬɚɤɠɟ ɩɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɤɚɩɢɬɚɥɶɧɨɦ ɪɟɦɨɧɬɟ, ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɢɥɢ ɤɨɧɫɟɪɜɚɰɢɢ. 

Ɉɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɥɟɠɢɬ ɧɚ ɫɨɛɫɬɜɟɧɧɢɤɟ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ əɤɭɬɫɤɨɣ 
Ƚɗɋ ɨɫɧɚɳɚɟɦ ɤɨɧɬɪɨɥɶɧɨ–ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɨɣ ɞɥɹ ɨɬɫɥɟɠɢɜɚɧɢɹ 
ɧɚɩɪɹɠɟɧɧɨ–ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɢ ɜɟɪɬɢɤɚɥɶɧɵɯ 
ɩɟɪɟɦɟɳɟɧɢɣ, ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɪɟɠɢɦɚ, ɫɟɣɫɦɨɤɨɧɬɪɨɥɹ. ȼɜɨɞɢɦ ɜ ɫɨɫɬɚɜ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɫɩɟɰɢɚɥɶɧɨɟ ɩɨɞɪɚɡɞɟɥɟɧɢɟ, ɡɚɞɚɱɚ ɤɨɬɨɪɨɝɨ – 
ɢɡɦɟɪɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɄɂȺ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɜɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ ɢ 
ɨɰɟɧɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɜɟɥɢɱɢɧ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ 
ɩɨɤɚɡɚɬɟɥɟɣ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɏɟɞɟɪɚɥɶɧɵɦ ɡɚɤɨɧɨɦ ɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ ɫɨɛɫɬɜɟɧɧɢɤ 
ȽɌɋ ɪɚɡɪɚɛɚɬɵɜɚɟɬ ɞɟɤɥɚɪɚɰɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ 
ɞɨɤɭɦɟɧɬɨɦ, ɫɨɞɟɪɠɚɳɢɦ ɫɜɟɞɟɧɢɹ ɨ ɫɨɨɬɜɟɬɫɬɜɢɢ ȽɌɋ ɤɪɢɬɟɪɢɹɦ 
ɛɟɡɨɩɚɫɧɨɫɬɢ. 

 
7.2 Ɉɯɪɚɧɚ ɬɪɭɞɚ 
 
ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɪɟɤɨɧɫɬɪɭɤɰɢɹ, ɪɟɦɨɧɬ ɢ ɨɪɝɚɧɢɡɚɰɢɹ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɧɟɪɝɨɫɧɚɛɠɚɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ, ɬɟɪɪɢɬɨɪɢɹ ɢ ɚɤɜɚɬɨɪɢɹ, ɝɞɟ ɨɧɢ 
ɪɚɡɦɟɳɚɸɬɫɹ, ɚ ɬɚɤɠɟ ɨɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɫɪɟɞɫɬɜɚ 
ɦɟɯɚɧɢɡɚɰɢɢ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɞɟɣɫɬɜɭɸɳɢɦ ɇɨɪɦɚɦ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɝɢɞɪɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ 
ɝɢɞɪɨɚɤɤɭɦɭɥɢɪɭɸɳɢɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, Ɍɪɭɞɨɜɨɝɨ ɤɨɞɟɤɫɚ, ɋɚɧɢɬɚɪɧɵɦ 
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ɩɪɚɜɢɥɚɦ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɫɚɧɢɬɚɪɧɨ-
ɝɢɝɢɟɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ, 
Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɫɬɚɧɞɚɪɬɚɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ, ɉɪɚɜɢɥɚɦ ɬɟɯɧɢɱɟɫɤɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɢ ɫɟɬɟɣ, ɉɪɚɜɢɥɚɦ ɭɫɬɪɨɣɫɬɜɚ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, Ɍɟɯɧɢɱɟɫɤɨɦɭ ɪɟɝɥɚɦɟɧɬɭ ɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ 
ɉɪɚɜɢɥɚɦ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɊɎ ɢ ɢɧɵɦ ɞɟɣɫɬɜɭɸɳɢɦ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɢ ɨɬɪɚɫɥɟɜɵɦ ɧɨɪɦɚɬɢɜɧɵɦ ɢ ɩɪɚɜɨɜɵɦ ɚɤɬɚɦ. 

Ɉɬɫɬɭɩɥɟɧɢɹ ɨɬ ɬɪɟɛɨɜɚɧɢɣ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɪɚɜɢɥ ɤɚɤ ɩɪɢ 
ɨɛɫɥɭɠɢɜɚɧɢɢ ɞɟɣɫɬɜɭɸɳɟɝɨ, ɬɚɤ ɢ ɜɧɨɜɶ ɜɜɨɞɢɦɨɝɨ ɢɥɢ ɪɟɤɨɧɫɬɪɭɢɪɭɟɦɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟ ɞɨɩɭɫɤɚɸɬɫɹ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɜɜɟɞɟɧɢɹ ɧɨɜɵɯ ɧɨɪɦɚɬɢɜɧɵɯ 
ɚɤɬɨɜ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ. 

Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ ɬɪɭɞɚ, ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɣ Ƚɗɋ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɛɟɡɨɩɚɫɧɵɯ 
ɭɫɥɨɜɢɣ ɬɪɭɞɚ, ɨɛɭɱɟɧɢɟ ɩɟɪɫɨɧɚɥɚ ɛɟɡɨɩɚɫɧɵɦ ɩɪɢɟɦɚɦ ɪɚɛɨɬ, ɩɪɢɟɦɚɦ 
ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ ɩɨɦɨɳɢ ɩɪɢ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɹɯ, ɜɵɹɜɥɟɧɢɟ ɢ ɭɫɬɪɚɧɟɧɢɟ 
ɩɪɢɱɢɧ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɬɪɚɜɦɚɬɢɡɦɚ, ɩɨɜɵɲɟɧɢɟ ɤɭɥɶɬɭɪɵ ɩɪɨɢɡɜɨɞɫɬɜɚ, 
ɪɚɡɪɚɛɨɬɤɚ ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɫɚɧɢɬɚɪɧɨ-
ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɩɪɟɞɭɩɪɟɠɞɟɧɢɸ ɢ ɫɧɢɠɟɧɢɸ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɬɪɚɜɦɚɬɢɡɦɚ ɢ ɡɚɛɨɥɟɜɚɟɦɨɫɬɢ. 

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

ɉɪɢɤɚɡɨɦ ɪɭɤɨɜɨɞɢɬɟɥɹ Ƚɗɋ ɞɨɥɠɧɨ ɛɵɬɶ ɧɚɡɧɚɱɟɧɨ ɥɢɰɨ, ɨɬɜɟɬɫɬɜɟɧɧɵɟ 
ɡɚ ɨɪɝɚɧɢɡɚɰɢɸ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɚɛɨɬɵ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɟ ɜɧɭɬɪɟɧɧɢɣ ɧɚɞɡɨɪ ɡɚ 
ɫɨɫɬɨɹɧɢɟɦ ɨɯɪɚɧɵ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

ɇɚɞɡɨɪ ɡɚ ɫɨɛɥɸɞɟɧɢɟɦ ɩɪɚɜɢɥ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, ɬɟɯɧɢɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ  
ɩɟɪɫɨɧɚɥɨɦ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɨɫɭɳɟɫɬɜɥɹɸɬ: ɋɈɌ ɢ ɉɄ, ɭɩɨɥɧɨɦɨɱɟɧɧɵɟ 
ɩɨ ɈɌ, ɚ ɬɚɤɠɟ ɨɪɝɚɧɵ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɜɥɚɫɬɢ, ɭɩɨɥɧɨɦɨɱɟɧɧɵɟ ɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɛɥɚɫɬɹɯ ɞɟɹɬɟɥɶɧɨɫɬɢ. 

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

ɇɚ Ƚɗɋ ɞɨɥɠɟɧ ɛɵɬɶ ɨɪɝɚɧɢɡɨɜɚɧ ɤɚɛɢɧɟɬ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, ɹɜɥɹɸɳɢɣɫɹ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɦ ɢ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɢɦ ɰɟɧɬɪɨɦ ɩɨ ɪɚɛɨɬɟ ɫ ɩɟɪɫɨɧɚɥɨɦ.  

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

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

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

Ɉɪɝɚɧɢɡɚɰɢɨɧɧɵɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɪɚɛɨɬ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɹɜɥɹɸɬɫɹ:  

– ɨɮɨɪɦɥɟɧɢɟ ɧɚɪɹɞɚ, ɪɚɫɩɨɪɹɠɟɧɢɹ ɢɥɢ ɩɟɪɟɱɧɹ ɪɚɛɨɬ, ɜɵɩɨɥɧɹɟɦɵɯ ɜ 
ɩɨɪɹɞɤɟ ɬɟɤɭɳɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ;  

– ɜɵɞɚɱɚ ɪɚɡɪɟɲɟɧɢɹ ɧɚ ɩɨɞɝɨɬɨɜɤɭ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ ɢ ɧɚ ɞɨɩɭɫɤ ɤ ɪɚɛɨɬɟ; 
 – ɞɨɩɭɫɤ ɤ ɪɚɛɨɬɟ;  
– ɧɚɞɡɨɪ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ;  
– ɨɮɨɪɦɥɟɧɢɟ ɩɟɪɟɪɵɜɚ ɜ ɪɚɛɨɬɟ, ɩɟɪɟɜɨɞɚ ɧɚ ɞɪɭɝɨɟ ɦɟɫɬɨ, ɨɤɨɧɱɚɧɢɹ 

ɪɚɛɨɬɵ. 
ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ, ɪɟɦɨɧɬɭ, 

ɧɚɥɚɞɤɟ ɢ ɢɫɩɵɬɚɧɢɹɦ ɝɢɞɪɨɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ȽɌɋ ɢ ȽɌɋ Ƚɗɋ ɞɨɥɠɧɵ 
ɜɵɩɨɥɧɹɬɶɫɹ ɬɪɟɛɨɜɚɧɢɹ ɞɟɣɫɬɜɭɸɳɢɯ ɨɛɳɢɯ ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɥɹ ɷɬɨɣ 
ɨɛɥɚɫɬɢ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɋɬɚɧɞɚɪɬɚ, ɫɬɚɧɞɚɪɬɨɜ ɨɪɝɚɧɢɡɚɰɢɢ (ɢɧɫɬɪɭɤɰɢɣ) 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. 

ȼ ɬɟɯɧɢɱɟɫɤɭɸ ɞɨɤɭɦɟɧɬɚɰɢɸ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɬɟɯɧɢɱɟɫɤɨɦɭ 
ɨɛɫɥɭɠɢɜɚɧɢɸ ɨɫɧɨɜɧɨɝɨ ɝɢɞɪɨɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ, ɜɤɥɸɱɚɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ; ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ȽɌɋ; ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ ȽɌɋ; ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ 
ɧɚɩɨɪɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ; ɩɨ ɨɛɫɥɭɠɢɜɚɧɢɸ 
ɦɟɯɚɧɢɡɦɨɜ ɡɚɬɜɨɪɨɜ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ; ɩɨ ɪɚɫɱɢɫɬɤɟ ɜɨɞɧɵɯ 
ɨɛɴɟɤɬɨɜ ɢ ɫɨɨɪɭɠɟɧɢɣ ɨɬ ɫɨɪɚ; ɩɨ ɩɪɨɩɭɫɤɭ ɩɨɥɨɜɨɞɧɵɯ ɢ ɩɚɜɨɞɤɨɜɵɯ ɪɚɫɯɨɞɨɜ 
ɜɨɞɵ ɱɟɪɟɡ ɫɨɨɪɭɠɟɧɢɹ; ɩɨ ɨɩɨɪɨɠɧɟɧɢɸ ɢ ɧɚɩɨɥɧɟɧɢɸ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ 
ɛɶɟɮɚ; ɩɨ ɪɚɫɱɢɫɬɤɟ ɜɨɞɨɯɪɚɧɢɥɢɳ ɨɬ ɧɚɧɨɫɨɜ; ɧɚ ɜɫɟɯ ɨɛɴɟɤɬɚɯ Ƚɗɋ, 
ɜɵɩɨɥɧɹɟɦɵɯ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ; ɧɚ ɨɛɴɟɤɬɚɯ Ƚɗɋ, ɜɵɩɨɥɧɹɟɦɵɯ ɩɨɞ ɜɨɞɨɣ 
(ɜɨɞɨɥɚɡɧɵɟ ɪɚɛɨɬɵ); ɩɨ ɨɛɫɥɭɠɢɜɚɧɢɸ ɢɧɵɯ ɨɛɴɟɤɬɨɜ Ƚɗɋ, ɞɨɥɠɧɵ ɛɵɬɶ 
ɜɤɥɸɱɟɧɵ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɛɟɡɨɩɚɫɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɪɚɛɨɬ ɢ ɨɯɪɚɧɟ ɬɪɭɞɚ. 

ɇɚ Ƚɗɋ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɞɨɜɟɞɟɧɵ ɞɨ ɫɜɟɞɟɧɢɹ ɜɫɟɝɨ 
ɩɟɪɫɨɧɚɥɚ ɛɟɡɨɩɚɫɧɵɟ ɦɚɪɲɪɭɬɵ ɫɥɟɞɨɜɚɧɢɹ ɩɨ ɬɟɪɪɢɬɨɪɢɢ ɤ ɦɟɫɬɭ ɪɚɛɨɬɵ, 
ɨɩɟɪɚɬɢɜɧɵɟ ɩɥɚɧɵ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɢ ɷɜɚɤɭɚɰɢɢ ɥɸɞɟɣ ɧɚ ɫɥɭɱɚɣ ɩɨɠɚɪɚ ɢɥɢ 
ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ. 
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Ɍɪɟɛɨɜɚɧɢɹ ɤ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɢɡɥɨɠɟɧɵ 
ɜ ɩɪɚɜɢɥɚɯ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɭɬɜɟɪɠɞɟɧɧɵɯ Ɇɑɋ Ɋɨɫɫɢɢ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɟ 
ɫɨɫɬɨɹɧɢɟ Ƚɗɋ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ ɪɭɤɨɜɨɞɢɬɟɥɹ ɫɬɚɧɰɢɢ ɢɥɢ ɞɪɭɝɨɟ ɥɢɰɨ, 
ɧɚɡɧɚɱɟɧɧɨɟ ɩɪɢɤɚɡɨɦ. 

 Ƚɗɋ ɞɨɥɠɧɵ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧɵ ɭɫɬɚɧɨɜɤɚɦɢ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ ɢ 
ɫɢɫɬɟɦɨɣ ɨɩɨɜɟɳɟɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ ɷɜɚɤɭɚɰɢɟɣ ɥɸɞɟɣ. 

Ɋɭɤɨɜɨɞɢɬɟɥɶ Ƚɗɋ ɨɛɹɡɚɧ: 
– ɨɪɝɚɧɢɡɨɜɚɬɶ ɢɡɭɱɟɧɢɟ ɢ ɜɵɩɨɥɧɟɧɢɟ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 

ɜɫɟɦɢ ɪɚɛɨɬɧɢɤɚɦɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ; 
 – ɨɛɟɫɩɟɱɢɬɶ ɪɚɡɪɚɛɨɬɤɭ ɢ ɜɵɩɨɥɧɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ 

ɩɨɜɵɲɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 
 – ɭɫɬɚɧɨɜɢɬɶ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɣ ɪɟɠɢɦ ɧɚ ɬɟɪɪɢɬɨɪɢɢ, ɜ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɹɯ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɢɯ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ; 

 – ɭɫɬɚɧɨɜɢɬɶ ɩɨɪɹɞɨɤ ɪɟɝɭɥɹɪɧɨɣ ɩɪɨɜɟɪɤɢ ɫɨɫɬɨɹɧɢɹ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ Ƚɗɋ; 

 – ɧɚɡɧɚɱɢɬɶ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɥɢɰ ɡɚ ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɨ ɤɚɠɞɨɦɭ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦɭ ɭɱɚɫɬɤɭ ɢ ɩɨɦɟɳɟɧɢɸ; 

 – ɨ ɤɚɠɞɨɦ ɩɨɠɚɪɟ ɫɨɨɛɳɚɬɶ ɜ ɦɟɫɬɧɵɟ ɨɪɝɚɧɵ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, 
ɧɚɡɧɚɱɚɬɶ ɤɨɦɢɫɫɢɸ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢɱɢɧ ɩɨɠɚɪɚ ɢ ɪɚɡɪɚɛɨɬɤɢ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɢ ɬ.ɞ. 

Ɉɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɬɞɟɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɨɦɟɳɟɧɢɣ (ɫɨɨɪɭɠɟɧɢɣ) ɢ ɪɚɡɦɟɳɟɧɧɵɯ ɜ ɧɢɯ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɭɫɬɪɨɣɫɬɜ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɫɬɪɭɤɬɭɪɧɵɯ 
ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɢɥɢ ɧɚ ɫɩɟɰɢɚɥɶɧɨ ɧɚɡɧɚɱɟɧɧɵɯ ɞɨɥɠɧɨɫɬɧɵɯ ɥɢɰ.  

Ɋɭɤɨɜɨɞɢɬɟɥɢ ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ ɩɨɠɚɪɧɭɸ 
ɛɟɡɨɩɚɫɧɨɫɬɶ, ɨɛɹɡɚɧɵ: 

– ɨɛɟɫɩɟɱɢɬɶ ɧɚ ɫɜɨɢɯ ɭɱɚɫɬɤɚɯ ɫɨɛɥɸɞɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɢ ɜɵɩɨɥɧɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ, ɩɨɜɵɲɚɸɳɢɯ 
ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ; 

 – ɨɛɟɫɩɟɱɢɬɶ ɢɫɩɪɚɜɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɟɦɟɞɥɟɧɧɨ 
ɩɪɢɧɢɦɚɬɶ ɦɟɪɵ ɤ ɭɫɬɪɚɧɟɧɢɸ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ 
ɩɨɠɚɪɭ;  

– ɨɪɝɚɧɢɡɨɜɚɬɶ ɩɨɠɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɭɸ ɩɨɞɝɨɬɨɜɤɭ ɩɨɞɱɢɧɟɧɧɨɝɨ 
ɩɟɪɫɨɧɚɥɚ ɢ ɬɪɟɛɨɜɚɬɶ ɨɬ ɧɟɝɨ ɫɨɛɥɸɞɟɧɢɹ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɢ 
ɜɵɩɨɥɧɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

 – ɨɛɟɫɩɟɱɢɬɶ ɤɨɧɬɪɨɥɶ ɡɚ ɜɵɩɨɥɧɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɩɟɪɫɨɧɚɥɨɦ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɢ 
ɩɨɞɪɹɞɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ;  

– ɭɫɬɚɧɨɜɢɬɶ ɩɨɪɹɞɨɤ ɢ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɫɨɞɟɪɠɚɧɢɟ ɜ ɢɫɩɪɚɜɧɨɦ 
ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɬɨɹɧɧɨɣ ɝɨɬɨɜɧɨɫɬɢ ɤ ɞɟɣɫɬɜɢɸ ɢɦɟɸɳɢɯɫɹ ɧɚ ɭɱɚɫɬɤɟ ɫɪɟɞɫɬɜ 
ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ. 
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ȼ ɨɛɹɡɚɧɧɨɫɬɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɜɯɨɞɢɬ: ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ 
ɩɨɠɚɪɚ, ɚɜɚɪɢɢ ɢɥɢ ɞɪɭɝɢɯ ɨɩɚɫɧɵɯ ɮɚɤɬɨɪɨɜ, ɭɝɪɨɠɚɸɳɢɯ ɩɟɪɫɨɧɚɥɭ ɢ 
ɧɚɪɭɲɚɸɳɢɯ ɪɟɠɢɦ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɢɧɹɬɶ ɦɟɪɵ ɤ ɧɟɦɟɞɥɟɧɧɨɦɭ 
ɜɵɡɨɜɭ ɩɨɠɚɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ, ɢɡɜɟɫɬɢɬɶ ɪɭɤɨɜɨɞɫɬɜɨ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, 
ɨɛɟɫɬɨɱɢɬɶ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɜ ɡɨɧɟ ɩɨɠɚɪɚ, ɜɵɞɚɬɶ ɩɢɫɶɦɟɧɧɵɣ ɞɨɩɭɫɤ ɞɥɹ 
ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ, ɨɪɝɚɧɢɡɨɜɚɬɶ ɟɝɨ ɬɭɲɟɧɢɟ ɢ ɷɜɚɤɭɚɰɢɸ ɩɟɪɫɨɧɚɥɚ (ɩɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ), ɚ ɬɚɤɠɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬ.ɞ. 

 Ʉɚɠɞɵɣ ɪɚɛɨɬɚɸɳɢɣ ɧɚ Ƚɗɋ ɨɛɹɡɚɧ ɡɧɚɬɶ ɢ ɫɨɛɥɸɞɚɬɶ ɭɫɬɚɧɨɜɥɟɧɧɵɟ 
ɬɪɟɛɨɜɚɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ, ɜ ɞɪɭɝɢɯ ɩɨɦɟɳɟɧɢɹɯ ɢ ɧɚ 
ɬɟɪɪɢɬɨɪɢɢ, ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɨɠɚɪɚ ɧɟɦɟɞɥɟɧɧɨ ɫɨɨɛɳɢɬɶ ɜɵɲɟɫɬɨɹɳɟɦɭ 
ɪɭɤɨɜɨɞɢɬɟɥɸ ɢɥɢ ɨɩɟɪɚɬɢɜɧɨɦɭ ɩɟɪɫɨɧɚɥɭ ɨ ɦɟɫɬɟ ɩɨɠɚɪɚ, ɩɪɢɧɹɬɶ ɜɨɡɦɨɠɧɵɟ 
ɦɟɪɵ ɤ ɫɩɚɫɟɧɢɸ ɥɸɞɟɣ, ɢɦɭɳɟɫɬɜɚ ɢ ɩɪɢɫɬɭɩɢɬɶ ɤ ɥɢɤɜɢɞɚɰɢɢ ɩɨɠɚɪɚ 
ɢɦɟɸɳɢɦɢɫɹ ɫɪɟɞɫɬɜɚɦɢ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɦɟɪ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

ɉɨɞɝɨɬɨɜɤɚ ɂɌɊ, ɪɚɛɨɱɢɯ ɢ ɫɥɭɠɚɳɢɯ əɤɭɬɫɤɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɨ 
ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɨɫɧɨɜɧɵɯ ɩɨɥɨɠɟɧɢɣ:  

˗ ɜɜɨɞɧɵɣ ɢɧɫɬɪɭɤɬɚɠ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ;  
˗ ɩɪɨɜɨɞɢɦɵɟ ɜ ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɹɯ ɪɟɝɭɥɹɪɧɵɟ ɢɧɫɬɪɭɤɬɚɠɢ, ɩɨ 

ɜɨɩɪɨɫɚɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ;  
˗ ɡɚɧɹɬɢɹ ɩɨ ɩɨɠɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɨɦɭ ɦɢɧɢɦɭɦɭ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɤɚɬɟɝɨɪɢɣ ɩɟɪɫɨɧɚɥɚ; 
 ˗ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɬɪɟɧɢɪɨɜɨɤ;  
˗ ɩɨɜɵɲɟɧɢɟ ɤɜɚɥɢɮɢɤɚɰɢɢ ɜ ɭɱɟɛɧɵɯ ɰɟɧɬɪɚɯ, ɚ ɬɚɤɠɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 

ɫɟɦɢɧɚɪɨɜ ɢ ɰɟɥɟɜɵɯ ɤɨɧɮɟɪɟɧɰɢɣ ɩɨ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɡɚɳɢɬɟ; 
 ˗ ɢɡɭɱɟɧɢɟ ɢ ɩɪɨɜɟɪɤɚ ɡɧɚɧɢɣ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ.  
ɉɪɨɜɟɪɤɚ ɡɧɚɧɢɣ ɢ ɢɧɫɬɪɭɤɰɢɣ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɤɨɧɤɪɟɬɧɵɟ 

ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɪɚɛɨɬɟ ɫ ɩɟɪɫɨɧɚɥɨɦ ɨɩɪɟɞɟɥɹɸɬɫɹ "ɉɪɚɜɢɥɚɦɢ ɨɪɝɚɧɢɡɚɰɢɢ 
ɪɚɛɨɬɵ ɫ ɩɟɪɫɨɧɚɥɨɦ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɢ ɜ ɭɱɪɟɠɞɟɧɢɹɯ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ". 

ȼɫɟ ɥɢɰɚ, ɩɨɫɬɭɩɚɸɳɢɟ ɪɚɛɨɬɚɬɶ ɧɚ əɤɭɬɫɤɭɸ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɸ, ɥɢɛɨ 
ɩɪɢɧɹɬɵɟ ɧɚ ɜɪɟɦɟɧɧɭɸ ɪɚɛɨɬɭ, ɭɱɚɳɢɟɫɹ ɢ ɫɬɭɞɟɧɬɵ, ɩɪɨɯɨɞɹɳɢɟ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ ɩɪɚɤɬɢɤɭ, ɞɨɥɠɧɵ ɩɪɨɣɬɢ ɜɜɨɞɧɵɣ ɢɧɫɬɪɭɤɬɚɠ ɩɨ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ.  

ɇɚ ɝɟɧɟɪɚɬɨɪɚɯ Ƚɗɋ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɡɚɳɢɬɵ, ɤɨɬɨɪɵɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫ 
ɞɟɣɫɬɜɢɟɦ ɨɬ ɡɚɳɢɬ ɨɬ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɪɟɠɞɟɧɢɣ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɫɢɝɧɚɥɢɡɢɪɭɸɬ 
ɨ ɧɚɥɢɱɢɢ ɜɨɡɝɨɪɚɧɢɹ. ɉɨɠɚɪɨɬɭɲɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɪɭɱɧɭɸ. ȼ ɤɚɱɟɫɬɜɟ 
ɨɝɧɟɝɚɫɹɳɟɝɨ ɜɟɳɟɫɬɜɚ ɩɪɢɦɟɧɹɟɬɫɹ ɪɚɫɩɵɥɟɧɧɚɹ ɜɨɞɚ. ȼɛɥɢɡɢ ɥɨɛɨɜɵɯ ɱɚɫɬɟɣ 
ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɪɚɡɦɟɳɚɸɬ ɞɪɟɧɱɟɪɧɵɟ ɤɨɥɶɰɟɜɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ, ɜ ɤɨɬɨɪɵɯ 
ɜɵɩɨɥɧɟɧɵ ɨɬɜɟɪɫɬɢɹ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦɢ ɧɚɫɚɞɤɚɦɢ - ɞɪɟɧɱɟɪɚɦɢ - ɨɫɶ ɤɨɬɨɪɵɯ 
ɧɚɩɪɚɜɥɟɧɚ ɜ ɫɬɨɪɨɧɭ ɨɛɦɨɬɤɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɥɨɠɧɨɦ ɫɪɚɛɚɬɵɜɚɧɢɢ 
ɡɚɳɢɬɵ ɢɥɢ ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ ɩɨɞɚɱɟ ɜɨɞɵ ɩɪɨɢɫɯɨɞɢɬ ɢɡɥɢɲɧɟɟ ɭɜɥɚɠɧɟɧɢɟ 
ɢɡɨɥɹɰɢɢ, ɩɨɷɬɨɦɭ ɬɪɟɛɭɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚɹ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɬɢɯ 
ɭɫɬɪɨɣɫɬɜ. 
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Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚ Ƚɗɋ ɹɜɥɹɸɬɫɹ ɜɨɡɦɨɠɧɵɦɢ ɨɛɴɟɤɬɚɦɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɩɨɠɚɪɚ, ɬɚɤ ɤɚɤ ɫɨɞɟɪɠɚɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ, 
ɩɨɷɬɨɦɭ ɬɭɲɟɧɢɟ ɢɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫ ɩɭɫɤɨɦ ɨɬ ɡɚɳɢɬ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɩɨ ɩɟɪɢɦɟɬɪɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɛɟɡɨɩɚɫɧɨɦ 
ɪɚɫɫɬɨɹɧɢɢ ɦɨɧɬɢɪɭɸɬɫɹ ɤɨɥɶɰɟɜɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ, ɧɚ ɤɨɬɨɪɵɯ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɪɟɧɱɟɪɧɵɟ ɨɪɨɫɢɬɟɥɢ. 

 
7.4 Ɉɯɪɚɧɚ ɩɪɢɪɨɞɵ 
 
7.4.1 Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ 
 
Ƚɢɞɪɨɬɟɯɧɢɱɟɫɤɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɪɟɲɚɹ ɪɚɡɥɢɱɧɵɟ ɩɪɨɛɥɟɦɵ ɭɱɚɫɬɧɢɤɨɜ 

ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɩɪɢɜɨɞɢɬ ɤ ɧɟɠɟɥɚɬɟɥɶɧɵɦ ɷɮɮɟɤɬɚɦ ɞɥɹ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɱɟɥɨɜɟɤɚ, ɤɨɬɨɪɵɟ ɧɟɪɟɞɤɨ ɫɬɚɧɨɜɹɬɫɹ ɩɪɢɱɢɧɨɣ 
ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɫɩɨɫɨɛɧɵɯ ɧɚɧɨɫɢɬɶ  
ɦɚɬɟɪɢɚɥɶɧɵɟ, ɷɤɨɧɨɦɢɱɟɫɤɢɟ, ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɢ ɫɨɰɢɚɥɶɧɵɟ ɭɳɟɪɛɵ. 
ɗɤɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɬɧɨɫɢɬɫɹ ɤ ɰɟɧɬɪɚɥɶɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ.  

Ɍɟɧɞɟɧɰɢɹ ɤ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɦɭ ɢ ɛɟɡɨɩɚɫɧɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɬɪɟɛɭɟɬ ɪɟɲɟɧɢɹ ɪɹɞɚ ɡɚɞɚɱ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ Ƚɗɋ ɫ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. Ⱦɥɹ əɤɭɬɫɤɨɣ Ƚɗɋ ɩɪɨɜɨɞɢɦ ɚɧɚɥɢɡ ɮɟɞɟɪɚɥɶɧɵɯ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɯ ɡɚɤɨɧɨɞɚɬɟɥɶɧɵɯ ɢ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɬɪɟɛɨɜɚɧɢɣ 
ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɩɪɚɜɚ, ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɯ ɨɯɪɚɧɭ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɧɚ ɫɬɚɞɢɹɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɫɨɨɪɭɠɟɧɢɣ. 

ɉɪɚɜɨɜɨɣ ɨɫɧɨɜɨɣ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɩɪɢɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ əɤɭɬɫɤɨɣ Ƚɗɋ ɧɚ ɪɟɤɟ Ʉɭɪɟɣɤɚ 
ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɧɨɪɦɚɬɢɜɵ: 

  Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ ɨɬ 10 ɹɧɜɚɪɹ 2002 ɝ. N 7–ɎɁ (ɪɟɞ. ɨɬ 29.12.2015) «Ɉɛ 
ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ»;  

  Ɏɟɞɟɪɚɥɶɧɵɣ Ɂɚɤɨɧ ɨɬ 24 ɚɩɪɟɥɹ 1995 ɝɨɞɚ N 52– ɎɁ (ɪɟɞ. ɨɬ 13.07.2015) 
«Ɉ ɠɢɜɨɬɧɨɦ ɦɢɪɟ»;  

 ȼɨɞɧɵɣ ɤɨɞɟɤɫ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 03 ɢɸɧɹ 2006 N 74-ɎɁ (ɪɟɞ. ɨɬ 
28.11.2015 ɫ ɢɡɦ. ɢ ɞɨɩ., ɜɫɬɭɩ. ȼ ɫɢɥɭ ɫ 01.01.2016); 

  Ʌɟɫɧɨɣ ɤɨɞɟɤɫ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 4 ɞɟɤɚɛɪɹ 2006 № 200–ɎɁ (ɪɟɞ. 
ɨɬ 01.05.2016); 

 Ɂɟɦɟɥɶɧɵɣ ɤɨɞɟɤɫ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 25 ɨɤɬɹɛɪɹ 2001 ɝɨɞɚ        N 
136–ɎɁ (ɪɟɞ. ɨɬ 23.05.2016); 

  Ⱦɪɭɝɢɟ ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ ɊɎ. 
 Ʉ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɦ ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɡɚɞɚɱɚɦ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, 

ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ əɤɭɬɫɤɨɣ Ƚɗɋ ɨɬɧɨɫɹɬɫɹ:  
 ɫɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɫɜɹɡɚɧɧɵɟ ɫ ɷɬɢɦ ɬɪɚɧɫɮɨɪɦɚɰɢɹ 

ɥɚɧɞɲɚɮɬɨɜ, ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɢ ɩɪ.; 
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  ɩɨɞɝɨɬɨɜɤɚ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɜ ɬɨɦ ɱɢɫɥɟ, ɫɜɨɞɤɚ ɥɟɫɚ ɢ ɫɚɧɚɰɢɹ 
ɬɟɪɪɢɬɨɪɢɢ; 

  ɫɛɪɨɫɵ Ƚɗɋ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɫɜɹɡɚɧɧɵɟ ɫ ɷɬɢ ɢɡɦɟɧɟɧɢɹ, 
ɝɢɞɪɨɥɨɝɢɱɟɫɤɨɝɨ, ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢ ɥɟɞɨɜɨɝɨ ɪɟɠɢɦɚ ɪɟɤɢ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ 
ɝɢɞɪɨɭɡɥɚ;  

 ɜɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ ɧɚ ɷɬɚɩɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ;  

 ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɭɩɪɚɜɥɟɧɢɟ ɨɬɯɨɞɚɦɢ ɧɚ ɫɬɚɞɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ;  

 ɩɟɪɟɫɟɥɟɧɢɟ ɧɚɫɟɥɟɧɢɹ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ. 
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8   Ɉɛɴёɦɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɪɚɫɯɨɞɵ ɜ ɩɟɪɢɨɞ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

8.1 Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
Ɍɚɛɥɢɰɚ 8.1 – Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ȿɞɢɧɢɰɚ 

ɢɡɦɟɪɟɧɢɹ 

Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2021 2022 2023 2024 2025 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ɇȼɬ 592 592 592 592 592 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɑɚɫɵ 4000 4000 4000 4000 4000 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɇȼɬ⋅ɱ 2392000 2392000 2392000 2392000 2392000 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 

% 1 1 1 1 1 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 

Ɇȼɬ⋅ɱ 23920 23920 23920 23920 23920 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

Ɇȼɬ⋅ɱ 2368080 2368080 2368080 2368080 2368080 

Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɪɭɛ/ Ɇȼɬ⋅ɱ 1042 1077 1110 1143 1175 

ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɦɥɧ.ɪɭɛ. 

2467,54 2550,42 2628,57 2706,72 2782,49 
ɇȾɋ ɤ ɜɵɪɭɱɤɟ ɦɥɧ.ɪɭɛ 

411,26 425,07 438,09 451,12 463,75 
 
ɋɨɝɥɚɫɧɨ ɬɚɛɥɢɰɟ 8.1, ɪɨɫɬ ɜɵɪɭɱɤɢ ɡɚ ɢɫɫɥɟɞɭɟɦɵɣ ɩɟɪɢɨɞ ɩɪɨɢɡɨɲёɥ ɡɚ 

ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɬɚɪɢɮɚ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȿɞɢɧɵɦɢ 
ɫɰɟɧɚɪɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ», ɩɪɢ ɷɬɨɦ ɨɛɴɟɦɵ ɪɟɚɥɢɡɚɰɢɢ ɧɟ 
ɢɡɦɟɧɢɥɢɫɶ. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (ɨɩɥɚɬɚ ɬɪɭɞɚ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɬɪɚɬɵ, 
ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ) ɩɨ Ƚɗɋ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ, ɬɚɛɥɢɰɚ 8.2. 

8.2  Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ 

ɩɪɟɞɩɪɢɹɬɢɹ, ɬɚɤ ɤɚɤ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɟɥɢɱɢɧɭ ɡɚɬɪɚɬ, ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɟɞɢɧɢɰɭ 
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ɩɪɨɞɭɤɰɢɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɫɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɚɫɯɨɞɨɜ, 
ɨɤɚɡɵɜɚɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɢ ɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ. 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 
- ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 
- ɪɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ; 
- ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
- ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ; 
- ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ; 
- ɧɚɥɨɝ ɧɚ ɜɨɞɭ. 
 

Ɍɚɛɥɢɰɚ 8.2 – ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɝɢɞɪɨɭɡɥɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɋɬɚɜɤɚ, 

ɬɵɫ.ɪɭɛ/Ɇɜɬ 

 ɋɭɦɦɚ, 

ɦɥɧ.ɪɭɛ. 

Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ 
ɬɪɭɞɚ 

255,2 82,68 

ɉɪɨɱɢɟ 274 88,77 

ɂɬɨɝɨ ɩɨ Ƚɗɋ  171,15 

Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɯ ɫɬɨɢɦɨɫɬɢ, ɭɞɟɥɶɧɵɟ ɡɧɚɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ 
ɪɟɦɨɧɬ ɜ %, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.3. 

Ɍɚɛɥɢɰɟ 8.3 – ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ 

ɗɬɚɩ ɩɪɨɟɤɬɚ ȼɟɥɢɱɢɧɚ % 

Ɉɬ 1 ɞɨ 5 ɥɟɬ 0,04 

Ɉɬ 6 ɞɨ 15 ɥɟɬ 0,06 

Ɉɬ 16 ɞɨ 25 ɥɟɬ 0,08 

ɋɜɵɲɟ 25 0,1 

 
Ɋɚɫɫɱɢɬɵɜɚɸɬɫɹ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɢ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ 

ɩɨ ɝɢɞɪɨɭɡɥɭ ɢɫɯɨɞɹ ɢɡ ɫɬɚɜɨɤ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɟɞɢɧɵɦ ɫɰɟɧɚɪɧɵɦ ɭɫɥɨɜɢɹɦ 
ɊɭɫȽɢɞɪɨ, ɪɟɡɭɥɶɬɚɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 8.4 ɢ 8.5. 
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Ɍɚɛɥɢɰɚ 8.4 – Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ 
 ɋɭɦɦɚ, 

ɦɥɧ.ɪɭɛ. 

ɈȺɈ «ɋɈ – ȿɗɋ» 135,38ɬɵɫ.ɪɭɛ/Ɇɜɬ 53,42 
ɇɉ ȺɌɋ (ɚɞɦɢɧɢɫɬɪɚɬɨɪ 

ɬɨɪɝɨɜɨɣ ɫɢɫɬɟɦɵ) 0.001097ɬɵɫ.ɪɭɛ/Ɇɜɬ*ɱ 3,74 

ɐɎɊ (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ 
ɪɚɫɱɟɬɨɜ) 0.000318ɬɵɫ.ɪɭɛ/Ɇɜɬ*ɱ 1,08 

ɂɬɨɝɨ  58,25 

 

Ɍɚɛɥɢɰɚ 8.5 – Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2021  2022 2023 2024 2025 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ. 127,88 369,5 606,16 643,38 643,87 

Ɋɚɫɯɨɞɵ ɧɚ 
ɫɬɪɚɯɨɜɚɧɢɟ, ɦɥɧ.ɪɭɛ. 14,17 38,42 59,34 62,28 62,28 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ. 6753,51 8268,95 5437,14 4657,58 4657,58 

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ, ɦɥɧ.ɪɭɛ. 

16,9 44,38 64,31 60,36 52,64 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ 

ɤɨɦɩɚɧɢɣ, ɦɥɧ.ɪɭɛ. 
58,25 87,37 87,37 87,37 87,37 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɦɥɧ.ɪɭɛ. 14,73 24,14 24,55 24,55 24,55 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 6985,48 8832,78 6278,9 5535,54 5528,3 

 

Ɂɧɚɱɢɬɟɥɶɧɵɣ ɪɨɫɬɭ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɢɫɫɥɟɞɭɟɦɵɣ ɩɟɪɢɨɞ 
ɨɛɴɹɫɧɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ. Ɍɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ ɪɨɫɬ 
ɪɚɫɯɨɞɨɜ ɧɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɢ ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ 
ɤɨɦɩɚɧɢɣ. 

Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ (ɪɢɫɭɧɨɤ 8.1). 
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Ɋɢɫɭɧɨɤ 8.1– ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ, % 

Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɫɩɢɫɵɜɚɟɬɫɹ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɩɨɷɬɨɦɭ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ ɛɭɞɭɬ ɡɚɬɪɚɬɵ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɢ 
ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ. ɇɚɢɦɟɧɶɲɢɟ ɡɚɬɪɚɬɵ – ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ ɢ ɧɚɥɨɝ ɧɚ ɜɨɞɭ, ɬɚɤ ɤɚɤ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɧɟɪɝɢɢ ɢ 
ɦɨɳɧɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɟɩɟɧɧɨ, ɫ ɭɫɬɚɧɨɜɤɨɣ ɩɟɪɜɨɝɨ ɚɝɪɟɝɚɬɚ ɢ 
ɩɨɞɤɥɸɱɟɧɢɟɦ ɤ ɩɨɬɪɟɛɢɬɟɥɸ. 

8.3  ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɩɨɫɥɟ 

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

ɍɱɬɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɥɨɝɢ: 
 ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ – 20%; 
 ɇȾɋ – 20%; 
 ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ – 34%; 
 ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ – 2,2%  
 ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɧɚ  1 ɬɵɫ. ɤȼɬ.ɱ – 4,8 ɪɭɛ. 

ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɶɝɨɬ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 8.6. 

 
 

 

 

А̥о̬т̛̚а̶̛о̦̦ые отч̛̭ле̛̦́

Ра̵̭оды ̦а ̭т̬а̵о̏а̛̦е

Эк̭плуата̶̛о̦̦ые ̚ат̬аты

Ра̵̭оды ̦а ̬е̥о̦т 
п̬о̛̏̚од̭т̏е̦̦ы̵ ̴ о̦до̏

Ра̵̭оды ̦а у̭лу̛̐ 
̬е̐ул̛̬у̀щ̵̛ ко̥па̛̦̜

ʻало̐ ̦а ̏оду
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Ɍɚɛɥɢɰɚ 8.6– ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2031  2032 2033 2034 2035 

ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 869,6 801,57 900,82 939,26 969,38 

ɇȾɋ, ɦɥɧ.ɪɭɛ. 195,56 109,09 1370,03 1398,73 1428,22 

ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ, 

ɦɥɧ.ɪɭɛ. 51,3 51,3 51,3 51,3 51,3 

ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ɦɥɧ.ɪɭɛ. 457,95 1024,07 916,04 906,35 897,03 

ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 1574,43 1876,95 1868,17 1897,02 1917,72 

Ɉɫɧɨɜɧɵɦ ɫɨɫɬɚɜɥɹɸɳɢɦ ɧɚɥɨɝɨɜɵɯ ɪɚɫɯɨɞɨɜ ɹɜɥɹɟɬɫɹ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ 
ɬɚɤ ɤɚɤ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫɬɚɧɰɢɢ ɪɚɫɬɟɬ. Ɍɚɤɠɟ ɪɨɫɬ ɪɚɫɯɨɞɨɜ ɫɜɹɡɚɧ ɫ 
ɧɚɥɨɝɨɦ ɧɚ ɞɨɛɚɜɨɱɧɭɸ ɫɬɨɢɦɨɫɬɶ. 

8.4 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 
ɦɨɳɧɨɫɬɢ 

ɉɪɢɛɵɥɶ ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ ɮɢɧɚɧɫɨɜ ɪɟɡɭɥɶɬɚɬɨɦ ɨɬ ɩɪɨɞɚɠɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɝɟɧɟɪɢɪɭɸɳɟɣ ɤɨɦɩɚɧɢɢ ɢ ɜ ɨɛɳɟɦ ɜɢɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɧɢɰɭ 
ɦɟɠɞɭ ɰɟɧɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɟё ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ.  

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

ɇɚɢɦɟɧɨɜɚɧɢɟ 

Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2021  2022 2023 2024 2025 

ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɧ.ɪɭɛ. 3053,41 4734,49 4878,45 5032,44 5172,02 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ.ɪɭɛ. 316,67 558,29 794,96 832,18 832,67 

EBITDA (ȼɚɥɨɜɚɹ ɩɪɢɛɵɥɶ), 

ɦɥɧ.ɪɭɛ. 3037,04 4709,94 4853,89 5007,88 5147,47 

EBIT(ɩɪɢɛɵɥɶ ɨɬ 

ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), ɦɥɧ.ɪɭɛ. 2689,30 4070,94 3941,01 4065,02 4128,29 

ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ 

ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 504,97 814,05 788,2 813,05 843,65 

NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ), 

ɦɥɧ.ɪɭɛ. 2184,33 3256,21 3152,81 3252,02 3374,63 

ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ,% 20,00 20,00 20,00 20,00 20,00 

 

 

Ɋɢɫɭɧɨɤ 8.2 – ɑɢɫɬɚɹ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 
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ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ (ɪɢɫɭɧɨɤ 8.2) ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ 
ɩɪɨɟɤɬ ɜɨ 2 ɤɜɚɪɬɚɥɟ 2020 ɝɨɞɚ ɧɚɱɢɧɚɟɬ ɩɨɥɭɱɚɬɶ ɩɪɢɛɵɥɶ ɢ ɫɬɚɧɨɜɢɬɫɹ 
ɷɤɨɧɨɦɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɵɦ. 

 

Ɋɢɫɭɧɨɤ 8.3 – Ƚɪɚɮɢɤ ɫ ɭɤɚɡɚɧɢɟɦ ɝɨɞɨɜ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

ȼ ɩɟɪɢɨɞ ɫ 2020 ɩɨ 1 ɤɜɚɪɬɚɥ 2021 ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɤɭɩɤɚ ɢ ɭɫɬɚɧɨɜɤɚ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɟɪɜɨɝɨ ɚɝɪɟɝɚɬɚ. ɂɡ ɪɢɫɭɧɤɚ 2.1 ɜɢɞɧɨ, ɱɬɨ 
ɩɨɫɥɟ ɡɚɩɭɫɤɚ ɩɟɪɜɨɝɨ ɚɝɪɟɝɚɬɚ ɧɚɱɢɧɚɟɬɫɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ ɫɬɚɧɰɢɹ ɩɨɥɭɱɚɟɬ ɩɪɢɛɵɥɶ. ɋɬɚɧɰɢɹ ɧɚɱɢɧɚɟɬ ɨɤɭɩɚɬɶɫɹ ɜ 2031 ɝɨɞɭ 
ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɧɰɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 

8.5 Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 
 

8.5.1 Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɐɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱёɬɚ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ 

ɪɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.8. 
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Ɍɚɛɥɢɰɚ 8.8 - ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ «əɤɭɬɫɤɨɣ Ƚɗɋ ɧɚ 
ɪɟɤɟ Ɉɥёɤɦɚ» 

ɇɚɢɦɟɧɨɜɚɧɢɟ 2020 

ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 11,6 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ - DPB, ɦɟɫ 427 

ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ.ɪɭɛ 1124,82 

ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI 1,08 

ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ - IRR, % 12,08 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥ.ɷɧɟɪɝɢɢ, ɪɭɛ/Ʉɜɬ⋅ɱ 0,043 

 
8.5.2 Ȼɸɞɠɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɉɨɤɚɡɚɬɟɥɢ ɛɸɞɠɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɩɪɨɟɤɬɚ ɧɚ ɞɨɯɨɞɧɭɸ ɱɚɫɬɶ ɮɟɞɟɪɚɥɶɧɨɝɨ ɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ. Ⱦɨɯɨɞɧɚɹ 
ɱɚɫɬɶ ɛɸɞɠɟɬɨɜ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ ɮɨɪɦɢɪɭɟɬɫɹ ɡɚ ɫɱɟɬ ɧɚɥɨɝɨɜɵɯ 
ɩɨɫɬɭɩɥɟɧɢɣ ɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 8.9. 

  
Ɍɚɛɥɢɰɚ 8.9-ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 2021 2022 2023 2024 2025 
ȼ ɮɟɞɟɪɚɥɶɧɵɣ 

ɛɸɞɠɟɬ, 
ɦɥɧ.Ɋɭɛɥɟɣ 

639,8 1073,85 1557,96 1827,12 1897,72 

ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ 
ɛɸɞɠɟɬ, 

ɦɥɧ.Ɋɭɛɥɟɣ 
22,44 64,75 115,75 113,89 100,05 

ɂɬɨɝɨ ɧɚɥɨɝɨɜɵɯ 
ɩɨɫɬɭɩɥɟɧɢɣ, 
ɦɥɧ.Ɋɭɛɥɟɣ 

662,25 1138,6 1637,72 1941,01 1997,77 

 
8.6 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

 

Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ – ɷɬɨ ɨɫɧɨɜɧɨɣ ɦɟɬɨɞ 
ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɢɫɤɨɜ ɥɸɛɨɝɨ ɩɪɨɟɤɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ 
ɤɥɸɱɟɜɵɯ ɩɚɪɚɦɟɬɪɨɜ. Ɋɢɫɤɢ - ɷɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɟɩɪɟɞɜɢɞɟɧɧɵɯ 
ɮɢɧɚɧɫɨɜɵɯ ɩɨɬɟɪɶ ɜ ɫɢɬɭɚɰɢɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɭɫɥɨɜɢɣ ɢɧɜɟɫɬɢɪɨɜɚɧɢɹ. 

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

1) ɋɬɚɜɤɢ ɧɚɥɨɝɨɜ 
2) ɐɟɧɚ ɫɛɵɬɚ 
3) ɋɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 
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Ɋɢɫɭɧɨɤ 8.4 – ɂɡɦɟɧɟɧɢɟ ɢɧɞɟɤɫɚ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ 

ɧɚɥɨɝɨɜ 

Ɇɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ 
ɭɦɟɧɶɲɚɟɬɫɹ ɜɟɥɢɱɢɧɚ PI. 

 

 

Ɋɢɫɭɧɨɤ 8.5 – PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ 

ɍɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ ɜɟɞɟɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɜɟɥɢɱɢɧɵ PI. 
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Ɋɢɫɭɧɨɤ 8.6 – ɂɧɞɟɤɫ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ 

ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɜɟɥɢɱɢɧɚ PI, ɫɜɹɡɶ 
ɦɟɠɞɭ ɩɚɪɚɦɟɬɪɚɦɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ 

ɂɫɯɨɞɹ ɢɡ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ 
ɪɢɫɤ ɞɥɹ ɩɪɨɟɤɬɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɡɦɟɧɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ:  

1) ɍɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ  
2) ɍɦɟɧɶɲɟɧɢɟ ɰɟɧɵ ɫɛɵɬɚ ɩɪɨɞɭɤɰɢɢ 
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9 ɉɪɢɦɟɧɟɧɢɟ ɷɥɟɤɬɪɨɰɢɥɢɧɞɪɨɜ ɜ ɭɩɪɚɜɥɟɧɢɢ ɨɛɨɪɭɞɨɜɚɧɢɟɦ Ƚɗɋ 
 
ɉɪɢɦɟɧɟɧɢɟ ɝɢɞɪɚɜɥɢɤɢ ɫɨɩɪɹɠɟɧɨ ɫɨ ɦɧɨɠɟɫɬɜɨɦ ɫɥɨɠɧɨɫɬɟɣ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɱɢɫɬɨɬɨɣ ɦɚɫɥɚ, ɛɟɡɨɬɤɚɡɧɨɣ ɪɚɛɨɬɨɣ ɧɚɫɨɫɨɜ ɢ ɮɢɥɶɬɪɨɜ, 
ɩɪɨɮɟɫɫɢɨɧɚɥɢɡɦɨɦ ɢ ɫɜɨɟɜɪɟɦɟɧɧɨɫɬɶɸ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɧɟ ɝɨɜɨɪɹ ɨ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɧɟɫɬɢ ɜɟɫɶɦɚ ɫɭɳɟɫɬɜɟɧɧɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɪɚɫɯɨɞɵ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɪɟɝɥɚɦɟɧɬɧɵɦɢ ɪɚɛɨɬɚɦɢ. ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɡɜɨɥɢɥɢ 
ɪɚɡɪɚɛɨɬɚɬɶ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɥɢɧɟɣɧɵɟ ɫɟɪɜɨɩɪɢɜɨɞɵ-ɷɥɟɤɬɪɨɰɢɥɢɧɞɪɵ, 
ɤɨɬɨɪɵɟ ɢɫɤɥɸɱɚɸɬ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɜɵɲɟ ɪɢɫɤɢ, ɫɩɨɫɨɛɧɵ ɩɨɥɧɨɫɬɶɸ ɡɚɦɟɧɢɬɶ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ. ɗɥɟɤɬɪɨɰɢɥɢɧɞɪɵ 
(ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɰɢɥɢɧɞɪɵ) – ɷɬɨ ɛɵɫɬɪɵɟ ɢ ɦɨɳɧɵɟ ɲɬɨɤɨɜɵɟ ɚɤɬɭɚɬɨɪɵ 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɩɪɢɜɨɞɢɬɶ ɜ ɞɜɢɠɟɧɢɟ ɦɟɯɚɧɢɡɦ. ȼ ɨɛɳɟɦ, ɨɧɢ ɪɚɛɨɬɚɸɬ ɬɚɤ 
ɠɟ, ɤɚɤ ɢ ɨɛɵɱɧɵɟ ɥɢɧɟɣɧɵɟ ɚɤɬɭɚɬɨɪɵ, ɧɨ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɜɵɫɨɤɢɯ ɧɚɝɪɭɡɨɤ 
ɢ ɫɥɭɱɚɟɜ, ɤɨɝɞɚ ɬɪɟɛɭɟɬɫɹ ɫɥɨɠɧɨɟ ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɟ ɥɢɧɟɣɧɨɟ 
ɩɟɪɟɦɟɳɟɧɢɟ. Ȼɨɥɶɲɭɸ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɷɥɟɤɬɪɨɰɢɥɢɧɞɪɚɦ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɩɪɢɦɟɧɟɧɢɟ ɜ ɧɢɯ ɦɨɳɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ – ɲɚɪɢɤɨɜɢɧɬɨɜɨɣ (ɒȼɉ, 
ɪɢɫɭɧɨɤ 9.1) ɢɥɢ ɪɨɥɢɤɨɜɢɧɬɨɜɨɣ (Ɋȼɉ, ɪɢɫɭɧɨɤ 9.2), ɚ ɬɚɤɠɟ ɩɪɨɱɧɚɹ ɭɫɢɥɟɧɧɚɹ 
ɤɨɧɫɬɪɭɤɰɢɹ ɤɨɪɩɭɫɚ. ɗɥɟɤɬɪɨɰɢɥɢɧɞɪɵ ɫ ɒȼɉ ɤ ɬɨɦɭ ɠɟ ɨɱɟɧɶ ɛɵɫɬɪɵ, ɚ ɫ 
Ɋȼɉ – ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɪɟɰɢɡɢɨɧɧɨɟ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ. 

 
 
 
 
 
 
 
 
 
 

 
Ɋɢɫɭɧɨɤ 9.1 – ɒɚɪɢɤɨ ɜɢɧɬɨɜɚɹ ɩɚɪɚ 
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Ɋɢɫɭɧɨɤ 9.2 – Ɋɨɥɢɤɨ ɜɢɧɬɨɜɚɹ ɩɚɪɚ 

 
 
9.1 Ɉɛɨɪɭɞɨɜɚɧɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ 
 
Ƚɗɋ ɹɜɥɹɟɬɫɹ ɬɪɚɞɢɰɢɨɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ʌɸɛɚɹ 

ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ, ɩɪɨɢɡɜɨɞɹɳɚɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, ɬɚɤ ɠɟ ɩɨɬɪɟɛɥɹɟɬ ɟɟ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ ɩɨ ɧɚɡɧɚɱɟɧɢɸ 
ɞɟɥɢɬɫɹ ɧɚ ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɟ ɢ ɚɝɪɟɝɚɬɧɵɟ. Ʉ ɨɛɳɟɫɬɚɧɰɢɨɧɧɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ 
ɨɬɧɨɫɹɬɫɹ: ɧɚɫɨɫɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɧɚɫɨɫɵ ɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɩɨɞɴɟɦɧɵɟ ɦɟɯɚɧɢɡɦɵ ɡɚɬɜɨɪɨɜ ɩɥɨɬɢɧɵ. Ʉ ɚɝɪɟɝɚɬɧɵɦ 
ɦɟɯɚɧɢɡɦɚɦ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɨɬɧɨɫɹɬɫɹ: ɦɚɫɥɹɧɵɟ ɧɚɫɨɫɵ, ɤɨɦɩɪɟɫɫɨɪɵ, 
ɧɚɫɨɫɵ ɜɨɞɹɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ. ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɦɟɯɚɧɢɡɦɨɜ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɤɨɥɟɛɥɟɬɫɹ ɨɬ ɟɞɢɧɢɰɵ ɞɨ ɫɨɬɟɧ 
ɤɢɥɨɜɚɬɬ.  

ɇɚɢɛɨɥɟɟ ɦɨɳɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɹɜɥɹɸɬɫɹ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɪɢɜɨɞɵ ɫ ɝɢɞɪɨɰɢɥɢɧɞɪɚɦɢ, ɧɚɫɨɫɵ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɧɚɫɨɫɵ ɨɬɤɚɱɤɢ ɜɨɞɵ ɢɡ ɨɬɫɚɫɵɜɚɸɳɢɯ ɬɪɭɛ, ɧɚɫɨɫɵ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɩɨɞɴɟɦɧɵɟ ɦɟɯɚɧɢɡɦɵ. ɋɚɦɨɣ ɝɥɚɜɧɨɣ ɞɟɬɚɥɶɸ 
ɧɟɤɨɬɨɪɵɯ ɦɟɯɚɧɢɡɦɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɹɜɥɹɟɬɫɹ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ.  

 
9.2 ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɰɢɥɢɧɞɪɚ 
 
ɉɪɢ ɪɚɛɨɬɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ ɜ ɨɬɥɢɱɢɟ ɨɬ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 

ɩɪɢɜɨɞɨɜ ɩɨɬɪɟɛɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɩɪɢ ɞɜɢɠɟɧɢɢ, ɱɬɨ 
ɞɟɥɚɟɬ ɟɝɨ ɨɫɨɛɟɧɧɨ ɷɤɨɧɨɦɢɱɧɵɦ. ȼ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɢɜɨɞɚɯ ɞɜɢɝɚɬɟɥɶ 
ɪɚɛɨɬɚɟɬ ɬɨɥɶɤɨ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɲɬɨɤɚ. ȼ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɩɪɢɜɨɞɚɯ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜɪɚɳɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɞɜɢɝɚɬɟɥɹ ɜ ɜɨɡɜɪɚɬɧɨ-
ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɟɯɚɧɢɡɦɚ. Ⱦɥɹ ɪɚɛɨɬɵ ɩɪɢɜɨɞɚ 
ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɥɸɛɨɝɨ ɬɢɩɚ – ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ ɢ ɞɪ. 
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 ȼ ɨɫɧɨɜɟ ɭɫɬɪɨɣɫɬɜɚ - ɫɢɧɯɪɨɧɧɵɣ ɫɟɪɜɨɦɨɬɨɪ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ 
ɢ ɜɫɬɪɨɟɧɧɵɦ ɞɚɬɱɢɤɨɦ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɫɨɡɞɚɜɚɟɦɨɟ 
ɨɛɦɨɬɤɚɦɢ ɫɬɚɬɨɪɚ, ɜɪɚɳɚɟɬ ɪɨɬɨɪ ɫɟɪɜɨɦɨɬɨɪɚ – ɩɨɥɵɣ ɰɢɥɢɧɞɪ ɫ ɜɧɭɬɪɟɧɧɟɣ 
ɪɟɡɶɛɨɣ, ɜɧɭɬɪɢ ɤɨɬɨɪɨɝɨ ɩɨ ɪɟɡɶɛɟ ɥɢɧɟɣɧɨ ɞɜɢɠɟɬɫɹ ɝɚɣɤɚ ɫ ɛɨɥɶɲɢɦ 
ɤɨɥɢɱɟɫɬɜɨɦ ɪɨɥɢɤɨɜ. ɇɚ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɨɬɨɪɚ ɧɚɞɟɠɧɨ ɡɚɤɪɟɩɥɟɧɵ 
ɪɹɞɵ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ, ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɟɬ ɜɟɥɢɱɢɧɭ 
ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɫɢɥɢɟ ɥɢɧɟɣɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ. 
ɂɧɜɟɪɬɢɪɨɜɚɧɧɚɹ ɪɨɥɢɤɨ-ɜɢɧɬɨɜɚɹ ɩɟɪɟɞɚɱɚ ɩɪɟɨɛɪɚɡɭɟɬ ɜɪɚɳɟɧɢɟ ɪɨɬɨɪɚ 
ɫɟɪɜɨɦɨɬɨɪɚ ɜ ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɲɬɨɤɚ. ɇɚ ɪɢɫɭɧɤɟ 9.3 ɩɪɟɞɫɬɚɜɥɟɧ 
ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ. 

 
Ɋɢɫɭɧɨɤ 9.3 – ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 

 
Ɉɫɧɨɜɧɵɦɢ ɞɟɬɚɥɹɦɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɰɢɥɢɧɞɪɚ ɹɜɥɹɸɬɫɹ: ɤɨɪɩɭɫ ɦɭɮɬɵ ɢ 

ɩɨɞɲɢɩɧɢɤɨɜ, ɞɜɢɝɚɬɟɥɶ, ɲɚɪɢɤɨɜɚɹ ɜɢɧɬɨɜɚɹ, ɲɬɨɤ, ɫɨɟɞɢɧɢɬɟɥɶɧɵɟ ɦɭɮɬɵ, 
ɞɟɦɩɮɟɪɵ, ɤɨɥɶɰɚ ɫɤɨɥɶɠɟɧɢɹ. ɍɫɬɪɨɣɫɬɜɨ ɷɥɟɤɬɪɨɰɢɥɢɧɞɪɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 9.4. 



 

 

118 
 

 
 

Ɋɢɫɭɧɨɤ 9.4 – ɍɫɬɪɨɣɫɬɜɨ ɷɥɟɤɬɪɨɰɢɥɢɧɞɪɚ 
 
Ɉɛɳɢɣ ɜɢɞ ɷɥɟɤɬɪɨɰɢɥɢɧɞɪɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɇȺ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 

9.5. 

 
Ɋɢɫɭɧɨɤ 9.5 – Ɉɛɳɢɣ ɜɢɞ ɷɥɟɤɬɪɨɰɢɥɢɧɞɪɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɇȺ 

 
Ⱦɜɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɫɨɟɞɢɧɟɧɵ ɫ  ɩɪɢɜɨɞɧɵɦ ɜɚɥɨɦ ɱɟɪɟɡ ɨɛɴɟɞɢɧɟɧɧɵɣ 

ɪɟɞɭɤɬɨɪ, ɤɨɬɨɪɵɣ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɟ ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɸ ɫɭɦɦɢɪɨɜɚɧɢɹ 
ɦɨɦɟɧɬɨɜ, ɚ  ɬɨɥɶɤɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɟɪɟɞɚɱɭ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɨɬ ɤɚɠɞɨɝɨ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɤ  ɩɪɢɜɨɞɧɨɦɭ ɜɚɥɭ. Ʉɚɠɞɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɭɩɪɚɜɥɹɟɬɫɹ 
ɫɜɨɢɦ ɱɚɫɬɨɬɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɫ ɜɟɤɬɨɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ, 
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ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɧɟɨɛɯɨɞɢɦɭɸ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɤɨɪɨɫɬɶ 
ɩɟɪɟɦɟɳɟɧɢɹ ɲɬɨɤɚ ɷɥɟɤɬɪɨɰɢɥɢɧɞɪɚ. ɗɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɨɫɧɚɳɟɧɵ ɞɢɫɤɨɜɵɦɢ 
ɬɨɪɦɨɡɚɦɢ ɫ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɪɢɜɨɞɨɦ, ɷɧɤɨɞɟɪɨɦ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɭɝɥɨɜɨɝɨ 
ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ, ɬɟɪɦɨɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɢɫɤɪɟɬɧɵɦ ɫɢɝɧɚɥɢɡɚɬɨɪɨɦ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ. 

 
9.3 ɉɪɢɦɟɧɟɧɢɟ ɷɥɟɤɬɪɨɰɢɥɢɧɞɪɨɜ ɜ ɭɩɪɚɜɥɟɧɢɢ ɨɛɨɪɭɞɨɜɚɧɢɟɦ Ƚɗɋ 
 
Ⱦɨɜɨɥɶɧɨ ɱɚɫɬɨ ɧɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɚɫɥɨ ɜ 

ɭɩɪɚɜɥɟɧɢɢ ɨɛɨɪɭɞɨɜɚɧɢɟɦ. Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɥɨɩɚɫɬɹɦɢ ɊɄ, ɥɨɩɚɬɤɚɦɢ ɇȺ, 
ɡɚɬɜɨɪɚɦɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɝɢɞɪɨɰɢɥɢɧɞɪɵ. ȼɨ ɜɪɟɦɹ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɭɩɥɨɬɧɢɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɢɡɧɚɲɢɜɚɸɬɫɹ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɦɚɫɥɨ ɩɨɩɚɞɚɟɬ ɜ ɜɨɞɭ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɫɨɩɪɨɜɨɠɞɚɹ ɡɚɝɪɹɡɧɟɧɢɹ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɉɪɨɢɡɜɨɞɫɬɜɨ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɥɟɤɬɪɨɰɢɥɢɧɞɪɨɜ ɚɤɬɢɜɧɨ 
ɪɚɡɜɢɜɚɟɬɫɹ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢɯ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ (ɞɨ 250 ɤɇ) ɢ ɯɨɞ 
ɲɬɨɤɚ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 1500 ɦɦ/ɫ. ɍɞɟɥɶɧɚɹ 
ɦɨɳɧɨɫɬɶ, ɨɬɧɟɫɟɧɧɚɹ ɤ ɜɟɫɭ, ɪɚɡɥɢɱɧɵɯ ɫɢɫɬɟɦ ɩɪɢɜɨɞɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɚɛɫɨɥɸɬɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 9.6. 

ɗɥɟɤɬɪɨɰɢɥɢɧɞɪɵ ɨɛɥɚɞɚɸɬ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɢɦ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ 
ɩɟɪɟɞ ɝɢɞɪɨɰɢɥɢɧɞɪɚɦɢ: 

1) Ⱦɟɲɟɜɢɡɧɚ ɷɧɟɪɝɢɢ. 
2) ȼɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ ɪɚɛɨɬɵ. 
3) ɉɪɨɫɬɨɬɚ ɤɨɧɫɬɪɭɤɰɢɢ. 
4) ȼɨɡɦɨɠɧɨɫɬɶ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɤɨɪɨɫɬɢ ɪɚɛɨɬɵ. 
5) Ɍɨɱɧɨɟ ɪɚɡɦɟɳɟɧɢɟ ɢ ɩɥɚɜɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɞɥɢɧɵ ɲɬɨɤɚ. 
6) ȼɵɫɨɤɨɟ ɡɧɚɱɟɧɢɟ ɄɉȾ. 
7) ɇɟɫɥɨɠɧɨɫɬɶ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɛɨɥɶɲɨɣ ɜɵɛɨɪ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ɭɫɬɪɨɣɫɬɜ, ɤɨɧɬɪɨɥɢɪɭɸɳɢɯ ɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɞɚɬɱɢɤɨɜ. 
8) ɗɤɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. 
9) ɍɫɬɨɣɱɢɜɨɫɬɶ ɤ ɤɪɢɬɢɱɟɫɤɢɦ ɭɪɨɜɧɹɦ ɬɟɦɩɟɪɚɬɭɪɵ. 
10) Ȼɟɫɲɭɦɧɨɫɬɶ ɪɚɛɨɬɵ. 
11) Ɇɢɧɢɦɚɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ (ɪɚɡ ɜ 5 

ɥɟɬ, ɜ ɬɟɱɟɧɢɢ 1-2 ɱɚɫɨɜ) 
12) ɋɢɫɬɟɦɚ ɪɟɡɟɪɜɧɨɝɨ ɩɢɬɚɧɢɹ: ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɰɢɥɢɧɞɪ ɛɟɡ ɩɢɬɚɧɢɹ 

ɫɩɨɫɨɛɟɧ ɪɚɛɨɬɚɬɶ  ɜ ɬɟɱɟɧɢɢ ɱɚɫɚ. 
 

Ɍɚɤ ɠɟ ɷɥɟɤɬɪɨɰɢɥɢɧɞɪɵ ɨɛɥɚɞɚɸɬ ɧɟɤɨɬɨɪɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ: 
1) Ɉɝɪɚɧɢɱɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɚɛɨɬɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɢɥɢɧɞɪɨɜ ɜ ɡɨɧɚɯ ɫ 

ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɩɨɠɚɪɨɨɩɚɫɧɨɫɬɢ ɢ ɜɡɪɵɜɨɨɩɚɫɧɨɫɬɢ. 
2) ȼɵɫɨɤɚɹ ɧɚɱɚɥɶɧɚɹ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
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Ɋɢɫɭɧɨɤ 9.6 – ɍɞɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɨɬɧɟɫɟɧɧɚɹ ɤ ɜɟɫɭ, ɪɚɡɥɢɱɧɵɯ ɫɢɫɬɟɦ 

ɩɪɢɜɨɞɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɚɛɫɨɥɸɬɧɨɣ ɦɨɳɧɨɫɬɢ (ɩ – ɩɧɟɜɦɨɩɪɢɜɨɞ, ɝ – 
ɝɢɞɪɨɩɪɢɜɨɞ, ɷ – ɷɥɟɤɬɪɨɩɪɢɜɨɞ) 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɢɥɢɧɞɪɨɜ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɟɦ Ƚɗɋ 
ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ. ɋ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɰɟɧɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɰɢɥɢɧɞɪɨɜ ɜ ɬɪɢ ɪɚɡɚ ɞɨɪɨɠɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦɢ, ɧɨ ɷɬɚ ɰɟɧɚ 
ɨɩɪɚɜɞɵɜɚɟɬɫɹ ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɡɚɬɪɚɬ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɢ ɭɫɬɚɧɨɜɤɭ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. ɋ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɰɢɥɢɧɞɪɚɦ ɧɟɬ 
ɪɚɜɧɵɯ, ɫɪɟɞɢ ɦɟɯɚɧɢɱɟɫɤɢɯ. ȼ ɫɮɟɪɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɩɨɠɚɪɨɛɟɡɨɩɚɫɧɨɫɬɢ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɷɥɟɤɬɪɨɰɢɥɢɧɞɪɵ ɡɚɧɢɦɚɸɬ ɥɢɞɢɪɭɸɳɢɟ ɩɨɡɢɰɢɢ.  

Ɍɚɤ ɜ 2019 ɝɨɞɭ ɧɚ Ȼɟɥɨɪɟɱɟɧɫɤɨɣ Ƚɗɋ «ɉȺɈ Ʌɭɤɨɣɥ» ɛɵɥɚ ɩɪɨɢɡɜɟɞɟɧɚ 
ɦɨɞɟɪɧɢɡɚɰɢɹ ɩɪɢɜɨɞɚ ɇȺ 1 ɢ 3 ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ. ɉɨɫɥɟ ɱɟɝɨ ɩɨɜɵɫɢɥɫɹ ɩɨɥɟɡɧɵɣ 
ɨɬɩɭɫɤ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɨɝɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɢ ɫɧɢɡɢɥɫɹ ɭɪɨɜɟɧɶ ɜɵɛɪɨɫɚ CO2-
ɷɤɜɢɜɚɥɟɧɬɚ ɧɚ 130 ɬɵɫ. ɬɨɧɧ. 

ȼ 2016 ɝɨɞɭ ɧɚ Ʉɨɧɞɨɩɨɥɨɠɫɤɨɣ Ƚɗɋ «ɈȺɈ ɌȽɄ-1» ɜ ɪɚɦɤɚɯ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɜ ɤɚɱɟɫɬɜɟ ɫɟɪɜɦɨɬɨɪɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɇȺ ɬɭɪɛɢɧɵ ɩɪɢɦɟɧɟɧ 
ɷɥɟɤɬɪɨɰɢɥɢɧɞɪ, ɱɬɨ ɬɚɤ ɠɟ ɭɦɟɧɶɲɢɥɨ ɜɪɟɞ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ ɢ ɩɨɜɵɫɢɥɨ ɫɪɨɤ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɚɧɰɢɢ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɷɥɟɤɬɪɨɰɢɥɢɧɞɪɨɜ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɜɨɞɨɜ ɝɥɚɜɧɵɯ 
ɡɨɥɨɬɧɢɤɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬ ɬɪɟɛɨɜɚɧɢɟ ɤ ɤɚɱɟɫɬɜɭ ɦɚɫɥɚ, ɤɨɬɨɪɨɟ ɜɚɠɧɨ ɞɥɹ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɟɣ, ɷɬɨ ɩɪɢɜɟɞɟɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɟɠɟɝɨɞɧɵɯ ɡɚɬɪɚɬ 
ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɩɨɜɵɫɢɬ ɧɚɞɟɠɧɨɫɬɶ ɫɢɫɬɟɦɵ. ɗɥɟɤɬɪɨɰɢɥɢɧɞɪɵ ɜ ɤɚɱɟɫɬɜɟ 
ɩɪɢɜɨɞɚ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɨɡɜɨɥɢɬ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɞɢɧɚɦɢɤɭ 
ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ, ɟɫɥɢ ɠɟ ɭɫɬɚɧɨɜɢɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɜɦɟɫɬɨ ɝɥɚɜɧɨɝɨ 
ɫɟɪɜɨɦɨɬɨɪɚ, ɬɨ ɨɬ ɝɢɞɪɚɜɥɢɤɢ ɦɨɠɧɨ ɨɬɤɚɡɚɬɶɫɹ. ɇɚ ɪɢɫɭɧɤɟ 9.7 ɢɡɨɛɪɚɠɟɧɚ 
ɤɨɥɨɧɤɚ ɭɩɪɚɜɥɟɧɢɹ ɉɅ ɬɭɪɛɢɧɵ ɞɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ (ɫɥɟɜɚ) ɢ ɩɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɝɥɚɜɧɵɦɢ ɡɨɥɨɬɧɢɤɚɦɢ. 
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Ɋɢɫɭɧɨɤ 9.7 – Ʉɨɥɨɧɤɚ ɭɩɪɚɜɥɟɧɢɹ ɉɅ ɬɭɪɛɢɧɨɣ 
 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɰɢɥɢɧɞɪɵ ɧɟ 

ɭɫɬɭɩɚɸɬ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɜ ɤɚɱɟɫɬɜɟ ɢɫɩɨɥɧɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɋȺɍ. ɇɚ əɤɭɬɫɤɨɣ 
Ƚɗɋ ɛɭɞɟɬ ɜɜɟɞɟɧɚ ɭɧɢɤɚɥɶɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɚɦɢ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɷɥɟɤɬɪɨɰɢɥɢɧɞɪɨɜ ɫ ɪɟɡɟɪɜɢɪɨɜɚɧɧɵɦɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɦɢ ɜ 
ɤɚɱɟɫɬɜɟ ɫɢɥɨɜɨɝɨ ɩɪɢɜɨɞɚ ɇȺ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɝɚɪɚɧɬɢɢ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɨ ɜɫɟɯ ɲɬɚɬɧɵɯ ɢ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 
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ɁȺɄɅɘɑȿɇɂȿ 
 

ȼ ɯɨɞɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɜɵɛɪɚɧɨ ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɧɨɟ 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ əɤɭɬɫɤɨɣ Ƚɗɋ, ɹɜɥɹɸɳɟɟɫɹ ɫɨɨɪɭɠɟɧɢɟɦ I 
ɤɥɚɫɫɚ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ Ɋɟɫɩɭɛɥɢɤɟ ɋɚɯɚ, əɤɭɬɢɹ. Ɍɚɤ ɤɚɤ ɜ ɞɚɧɧɨɦ ɪɟɝɢɨɧɟ 
ɢɦɟɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ ɢ ɝɨɪɧɨ – ɞɨɛɵɜɚɸɳɢɯ 
ɩɪɨɢɡɜɨɞɫɬɜ. ɇɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɛɵɥ ɜɵɛɪɚɧ ɫɬɜɨɪ 
ɪɚɫɩɨɥɚɝɚɸɳɢɣɫɹ ɧɚ ɪɟɤɟ Ɉɥёɤɦɚ, ɜ 50 ɤɢɥɨɦɟɬɪɚɯ ɨɬ ɝɨɪɨɞɚ Ɉɥɟɤɦɢɧɫɤɚ.  

ȼ ɩɪɨɰɟɫɫɟ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɪɚɫɫɱɢɬɚɧɚ ɢ ɭɫɬɚɧɨɜɥɟɧɚ 
ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ ɪɚɜɧɚɹ 592 Ɇȼɬ ɢ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɪɚɜɧɚɹ 2347 
ɦɥɧ. ɤȼɬ*ɱ.  

Ⱦɥɹ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ ɢɯ 
ɬɢɩɚ ɛɵɥɨ ɩɨɫɬɪɨɟɧɨ ɪɟɠɢɦɧɨɟ ɩɨɥɟ, ɩɨ ɤɨɬɨɪɨɦɭ ɨɩɪɟɞɟɥɢɥɢ ɫɥɟɞɭɸɳɢɟ 
ɩɚɪɚɦɟɬɪɵ ɧɚɩɨɪɨɜ: 

Ɇɚɤɫɢɦɚɥɶɧɵɣ (Hmax) – 49,5 ɦ; 
Ɋɚɫɱɟɬɧɵɣ (Hɪ) – 43,7 ɦ; 
Ɇɢɧɢɦɚɥɶɧɵɣ (Hmin) – 35.1 ɦ. 
Ⱦɥɹ ɬɭɪɛɢɧ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ ɉɅ50-ȼ ɢ ɉɅȾ50-ȼ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɛɵɥɚ ɜɵɛɪɚɧɚ ɬɭɪɛɢɧɚ ɉɅ50-ȼ-600 ɫ ɭɫɬɚɧɨɜɤɨɣ 6 
ɚɝɪɟɝɚɬɨɜ. Ⱦɥɹ ɞɚɧɧɨɣ ɬɭɪɛɢɧɵ ɬɚɤ ɠɟ ɛɵɥ ɩɨɞɨɛɪɚɧ ɫɟɪɢɣɧɵɣ ɬɢɩ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ-1130/140-48Ɍɋ4 ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ 100 
Ɇȼɬ, ɚ ɬɚɤ ɠɟ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɞɟɬɚɥɟɣ ɝɢɞɪɨɬɭɪɛɢɧɵ (ɜɚɥɚ ɢ 
ɩɨɞɲɢɩɧɢɤɚ), ɛɵɥɢ ɩɨɞɨɛɪɚɧɵ: 

Ɇɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ (Ɇɇɍ 12,5/1-40-12,5-2);  
ɗɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ (ɗȽɊɄ-2ɂ1-150-4). 
ɇɚ ɨɫɧɨɜɟ ɪɚɫɱёɬɚ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɝɨ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ Ɋɍ, 

ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨ ɜɵɞɚɱɟ ɦɨɳɧɨɫɬɢ ɱɟɪɟɡ 3 ɥɢɧɢɢ ɧɚ ɧɚɩɪɹɠɟɧɢɢ 330 ɤȼ. 
ɉɨ ɢɦɟɸɳɢɦɫɹ ɞɚɧɧɵɦ ɞɥɹ ɄɊɍɗ 330 ɤȼ ɩɪɢɧɢɦɚɸɬɫɹ ɹɱɟɣɤɢ əɗȽ-330 

ɦɚɪɤɢ ȺɈ ȼɈ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ».  ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɢ ɤɚɬɚɥɨɝɚɦ ɛɵɥɨ 
ɜɵɛɪɚɧɨ ɫɥɟɞɭɸɳɟɟ ɜɵɫɨɤɨɜɨɥɶɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: ɛɥɨɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɌȾɐ – 125000/330, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɌȾɇɋ–10000/35.  

Ⱦɥɹ ɜɵɛɨɪɚ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɚɩɩɚɪɚɬɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɛɵɥ ɩɪɨɢɡɜɟɞёɧ 
ɪɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɤɚɯ, ɩɪɢ ɩɨɦɨɳɢ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ RastrWin. 

ȼɫё ɨɛɨɪɭɞɨɜɚɧɢɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɪɚɧɨ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ɉɨɫɥɟ ɜɵɛɨɪɚ ɨɫɧɨɜɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɫɦɨɬɪɟɧ 
ɨɛɹɡɚɬɟɥɶɧɵɣ ɩɟɪɟɱɟɧɶ ɭɫɬɪɨɣɫɬɜ ɊɁɢȺ. Ȼɵɥɚ ɩɪɢɧɹɬɚ ɩɪɢɩɥɨɬɢɧɧɚɹ 
ɤɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ. ȼɨɞɨɫɥɢɜɧɚɹ ɩɥɨɬɢɧɚ ɛɟɬɨɧɧɚɹ. 

ȼ ɫɨɫɬɚɜ ɤɨɦɩɨɧɨɜɤɢ ɝɢɞɪɨɭɡɥɚ ɜɯɨɞɹɬ:  
– ɫɬɚɧɰɢɨɧɧɚɹ ɱɚɫɬɶ ɩɥɨɬɢɧɵ ɞɥɢɧɨɣ 152 ɦ; 
– ɥɟɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɞɥɢɧɨɣ 109 ɦ; 
– ɩɪɢɩɥɨɬɢɧɧɨɟ ɡɞɚɧɢɟ Ƚɗɋ; 
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– ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɞɥɢɧɨɣ 125 ɦ. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɪɚɫɫɦɨɬɪɟɧɵ 

ɦɟɪɨɩɪɢɹɬɢɹ ɨɪɝɚɧɢɡɚɰɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ Ƚɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ (ȽɌɋ). 
Ɍɚɤɠɟ ɛɵɥɢ ɩɟɪɟɱɢɫɥɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɩɟɪɢɨɞ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɚɧɰɢɢ. 

ɉɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɪɚɫɱɟɬɚɦ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: 
          – ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ – 14 ɥɟɬ ɢ 3 ɦɟɫɹɰɚ;  

– ɫɟɛɟɫɬɨɢɦɨɫɬɶ – 0,043 ɪɭɛ/ɤȼɬ·ɱ; 
– ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ – 99082 ɪɭɛ./ɤȼɬ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ əɤɭɬɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɧɚ ɪɟɤɟ Ɉɥёɤɦɚ ɜ 

ɹɜɥɹɟɬɫɹ ɨɛɨɫɧɨɜɚɧɧɵɦ ɢ ɚɤɬɭɚɥɶɧɵɦ. 
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Q ɛɵɬ 
ɩɨɥɟɡɧ 

Q ɮ 
Q 

ɜɨɞ-
ɳɚ 

Q 
ɝɷɫ 

Q 
ɯɨɥ.ɫ 

Q 
ȼɏɄ 

Q ɇȻ 
V 

ɧɚɱ 
∆V 

V 
ɤɨɧɟɱ 

Z ɧɚɱ 
Z 

ɤɨɧɟɱ 
Z 

ɫɪɟɞ 
Z ɇȻ H N ɝɷɫ N ɝɚɪ 

11 231 3 388 619 0 257 622 12,00 1,01 10,99 179,00 178,22 178,61 127,61 50,60 266 266 

12 51 3 672 723 0 257 726 10,99 1,74 9,25 178,22 175,93 177,08 128,11 48,57 298 298 

1 22,3 3 744 766,3 0 257 769 9,25 1,93 7,32 175,93 172,93 174,43 128,30 45,73 298 298 

2 19 3 723 742 0 257 745 7,32 1,87 5,45 172,93 168,73 170,83 128,19 42,24 266 266 

3 213 3 363 576 0 257 579 5,45 0,94 4,51 168,73 165,42 167,08 127,39 39,29 192 192 

4 413 3 -159 254 0 257 257 4,51 -0,41 4,92 165,42 167,01 166,22 125,23 40,59 88 ɩɨ ɜɯɤ 

5 896 3 -386 510 0 513 513 4,92 -1,00 5,92 167,01 170,02 168,52 126,34 41,78 181 ɩɨ ɜɯɤ 

6 1044 3 -534 510 0 513 513 5,92 -1,38 7,31 170,02 172,90 171,46 126,34 44,72 194 ɩɨ ɜɯɤ 

7 958 3 -448 510 0 513 513 7,31 -1,16 8,47 172,90 174,77 173,83 126,34 47,09 204 ɩɨ ɜɯɤ 

8 1021 3 -511 510 0 513 513 8,47 -1,32 9,79 174,77 176,70 175,73 126,34 48,99 212 ɩɨ ɜɯɤ 

9 1100 3 -590 510 0 513 513 9,79 -1,53 11,32 176,70 178,55 177,62 126,34 50,88 221 ɩɨ ɜɯɤ 

10 516 3 -262 254 0 257 257 11,32 -0,68 12,00 178,55 179,00 178,77 125,54 52,83 114 ɩɨ ɜɯɤ 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɍɚɛɥɢɰɚ Ⱥ.2 - ɋɪɚɛɨɬɤɚ əɤɭɬɫɤɨɣ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 

t 
(ɦɟɫ) 

Q ɛɵɬ 
ɩɨɥɟɡɧ 

Q ɮ 
Q 

ɜɨɞ-
ɳɚ 

Q ɝɷɫ 
Q 

ɯɨɥ.ɫ 
Q 

ȼɏɄ 
Q 

ɇȻ 
V ɧɚɱ ∆V 

V 
ɤɨɧɟɱ 

Z ɧɚɱ 
Z 

ɤɨɧɟɱ 
Z 

ɫɪɟɞ 
Z ɇȻ H 

N 
ɝɷɫ 

N ɝɚɪ 
ɷ 

ɦɟɫɹɰ 

11 270 3 348 618 0 257 621 12,00 0,90 11,10 179,00 178,33 178,67 127,61 50,66 266 266 192 

12 60 3 660 720 0 257 723 11,10 1,71 9,39 178,33 176,13 177,23 128,09 48,73 298 298 222 

1 38 3 725 763 0 257 766 9,39 1,88 7,51 176,13 173,24 174,68 128,29 46,00 298 298 222 

2 30 3 703 733 0 257 736 7,51 1,82 5,69 173,24 169,40 171,32 128,15 42,77 266 266 179 

3 234 3 454 688 0 257 691 5,69 1,18 4,51 169,40 165,42 167,41 127,95 39,07 228 192 170 

4 411 3 -190 221 0 257 257 4,51 -0,49 5,00 165,42 167,30 166,36 125,08 40,88 77 ɩɨ ɜɯɤ 55 

5 1256 3 -536 720 0 513 723 5,00 -1,39 6,39 167,30 171,12 169,21 127,20 41,61 255 ɩɨ ɜɯɤ 189 

6 1118 3 -472 646 0 513 649 6,39 -1,22 7,61 171,12 173,42 172,27 126,90 44,97 247 ɩɨ ɜɯɤ 178 

7 1163 3 -362 801 0 513 804 7,61 -0,94 8,55 173,42 174,90 174,16 127,51 46,25 315 ɩɨ ɜɯɤ 234 

8 1241 3 -490 751 0 513 754 8,55 -1,27 9,82 174,90 176,74 175,82 127,32 48,10 307 ɩɨ ɜɯɤ 228 

9 1804 3 -760 844 0 513 847 9,82 -1,97 11,79 176,74 178,90 177,82 127,68 49,74 357 ɩɨ ɜɯɤ 257 

10 568 3 -80 688 0 257 691 11,79 -0,21 12,00 178,90 179,00 178,95 127,95 50,61 296 ɩɨ ɜɯɤ 220 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 

Ɋɢɫɭɧɨɤ Ȼ.1 – Ɋɟɠɢɦɧɨɟ ɩɨɥɟ əɤɭɬɫɤɨɣ Ƚɗɋ 



 

 

ɋɚɹɧɨɝɨɪɫɤ; ɑɟɪɟɦɭɲɤɢ 2020 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɋȺəɇɈ-ɒɍɒȿɇɋɄɂɃ ɎɂɅɂȺɅ 

ɢɧɫɬɢɬɭɬ 

 
Ʉɚɮɟɞɪɚ ɝɢɞɪɨɷɧɟɪɝɟɬɢɤɢ, ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ  

ɫɢɫɬɟɦ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ 
 
 

 

ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
_____    Ⱥ. Ⱥ. Ⱥɱɢɬɚɟɜ 
 ɩɨɞɩɢɫɶ            
«___»___________ 2020 ɝ. 
 

 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
 

13.03.02 - ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ 
ɤɨɞ - ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

 
ɉɊɈȿɄɌɂɊɈȼȺɇɂȿ əɄɍɌɋɄɈɃ Ƚɗɋ ɇȺ ɊȿɄȿ ɈɅЁɄɆȺ. 
ɉɊɂɆȿɇȿɇɂȿ ɗɅȿɄɌɊɈɐɂɅɂɇȾɊɈȼ ȼ ɍɉɊȺȼɅȿɇɂɂ 

ɈȻɈɊɍȾɈȼȺɇɂȿɆ Ƚɗɋ 
ɬɟɦɚ 

 
 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ________ __________ Ⱥ. ȼ. Ȼɭɤɚɬɨɜ 
  ɩɨɞɩɢɫɶ, ɞɚɬɚ               ɞɨɥɠɧɨɫɬɶ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ȼɵɩɭɫɤɧɢɤ ________  Ʉ. ɋ. ɒɚɥɚɯɢɧ 
 ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 



 

 






	СОКРАЩЁННЫЙ ПАСПОРТ ЯКУТСКОЙ ГЭС
	ВВЕДЕНИЕ
	1 Общие сведения
	1.1 Климат в районе проектируемого гидроузла
	1.2 Гидрологические данные
	1.3 Инженерно – геологические условия
	1.4 Данные по энергосистеме
	2 Гидрологические расчёты
	2.1 Выбор расчётных гидрографов маловодного и средневодного года при заданной обеспеченности стока
	2.2 Кривые обеспеченности расходов
	2.3 Определение типа регулирования
	3 Основное и вспомогательное оборудование
	3.1 Построение режимного поля
	3.2 Выбор системы и количества гидроагрегатов
	4 Электрическая часть
	4.1 Выбор структурной схемы ГЭС
	4.2 Выбор повышающих трансформаторов
	4.2.1 Выбор повышающих трансформаторов для схемы с одиночными блоками
	4.2.2 Выбор повышающих трансформаторов для схемы с укрупненным блоком
	4.2.3 Выбор синхронных генераторов
	4.4 Выбор трансформаторов собственных нужд для схем с одиночным и объединенным блоком
	4.5 Выбор главной схемы на основании технико-экономического расчёта
	4.6 Выбор количества отходящих воздушных линий РУ ВН и марки проводов воздушных линий
	4.8  Расчет токов трехфазного и однофазного короткого замыкания в РУ ВН в программном комплексе «RАSTR WIN 3»
	4.8.2 Внесение исходных данных в программный комплекс RаstrWin3
	4.8.3 Расчет токов короткого замыкания на СШ и генераторном напряжении в программном комплексе «RаstrWin3»

	4.9.2 Выбор электротехнического оборудования на генераторном напряжении 13,8 кВ
	4.9.3 Выбор трансформаторов тока и напряжения
	4.9.4 Выбор параметров КРУЭ
	4.9.5 Выбор ячейки КРУЭ и её номинальные параметры
	5 Релейная защита и автоматика

	5.1 Перечень защит основного оборудования
	5.2 Параметры защищаемого оборудования
	5.4 Описание защит и расчет их уставок
	5.4.1 Продольная дифференциальная защита генератора (I∆G)
	5.4.2 Защита от замыканий на землю обмотки статора генератора (Un (Uo))
	5.4.3 Защита от повышения напряжения (U1>), (U2>)
	5.4.4 Защита обратной последовательности от несимметричных перегрузок и внешних несимметричных коротких замыканий (I2)
	5.4.5 Защита от симметричных перегрузок,(𝑰-𝟏.)
	5.4.6 Дистанционная защита генератора ,,𝒁-𝟏.<., ,,𝒁-𝟐.<.
	5.4.7 Защита от перегрузки обмотки ротора

	5.5 Выбор комплекса защит блока генератор-трансформатор
	5.6 Таблица уставок и матрица отключений защит

	6.1 Определение класса плотины и отметки гребня плотины
	6.1.1 Проектирование сооружений напорного фронта
	6.2 Гидравлические расчёты

	6.3 Конструирование бетонной плотины
	6.3.1 Определение ширины подошвы плотины
	6.3.2 Определение ширины подошвы плотины
	6.3.3 Дренаж в теле бетонной плотины
	6.3.4 Дренажные устройства в основании
	6.3.5 Разрезка бетонной водосливной плотины швами
	6.3.6 Быки
	6.3.7 Устои
	6.3.8 Галереи в теле плотины
	6.3.9 Рисберма

	6.4 Определение основных нагрузок на плотину
	6.4.1 Вес сооружения
	6.4.2 Сила гидростатического давления воды
	6.4.3 Равнодействующая взвешивающего и фильтрационного давления
	6.4.4 Давление наносов
	6.4.5 Волновое воздействие

	6.5 Расчёт прочности плотины
	6.6 Расчёт устойчивости плотины
	7 Пожарная безопасность, охрана труда, техника безопасности, мероприятия по охране природы
	7.1 Безопасность гидротехнических сооружений
	7.2 Охрана труда
	7.3 Пожарная безопасность
	7.4 Охрана природы
	7.4.1 Общие положения


	8   Объёмы производства электроэнергии и расходы в период эксплуатации
	8.1 Оценка объёмов реализации электроэнергии
	8.2  Текущие расходы по гидроузлу
	8.3  Налоговые расходы
	8.4 Оценка суммы прибыли от реализации электроэнергии и мощности
	8.5 Оценка инвестиционного проекта
	8.5.1 Коммерческая эффективность
	8.5.2 Бюджетная эффективность
	8.6 Анализ чувствительности
	9 Применение электроцилиндров в управлении оборудованием ГЭС
	9.1 Оборудование собственных нужд ГЭС
	9.2 Принцип работы электроцилиндра
	9.3 Применение электроцилиндров в управлении оборудованием ГЭС
	ЗАКЛЮЧЕНИЕ
	СПИСОК ИСПОЛЬЗОВАННЫХ ИСТОЧНИКОВ
	ПРИЛОЖЕНИЕ А
	Водно-энергетические расчеты
	ПРИЛОЖЕНИЕ Б
	Выбор основного и вспомогательного оборудования


