
(���$��0!"� ���!&%&�" �����!"�"$"�!"�" &$�!%#"$&� 

(���$��0!"� �"%'��$%&��!!"� �2���&!"� "�$��"��&��0!"� '+$����!�� 

�/%,��" "�$��"��!�3 

�$�'&%��� �"%'��$%&��!!/� '!���$%�&�& #'&�� %""�-�!�3 

%���$%��� �"����� &$�!%#"$&� � %&$"�&��0%&�� 

 

                     

 

 

 

 

 

 

 �&"��+�%��� $��" �!��*�� #" �/#"�!�!�2 
#$��&�+�%��) $��"& #" '+��!"� ��%*�#��!� "#* 14 

«&9IAB?B7<K9E>B9 B5BDG8B64A<9 A9HF974;B6B= BFD4E?<» 
 

  

 

�?S EC9J<4?PABEF< 

21.02.03  %BBDG:9A<9 < Q>EC?G4F4J<S 74;BA9HF9CDB6B8B6 < 
74;BA9HF9ID4A<?<M 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�D>GFE> 2023 
  

Электронный документ выгружен из ЕИС ФГБОУ ВО ИрГУПС и соответствует оригиналу

Подписант ФГБОУ ВО ИрГУПС Трофимов Ю.А.
00a73c5b7b623a969ccad43a81ab346d50 с 08.12.2022 14:32 по 02.03.2024 14:32 GMT+03:00
Подпись соответствует файлу документа



$�%% "&$�!": 
*<>?B6B= @9FB8<K9E>B= >B@<EE<9=  
EC9J<4?PABEF< 21.02.03  
%BBDG:9A<9 < Q>EC?G4F4J<S 74;BA9HF9CDB6B8B6  
< 74;BA9HF9ID4A<?<M 

#DBFB>B? № 9 
«31» @4S 2023 7. 
#D98E984F9?P * �: #B859?PE>4S �.!. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

$4;D45BFK<><: 

 

 

 

  

�.�. �?9J>4S 
 

 

 

 

 

 

 

CD9CB8464F9?P (��"' �" 
�D�'#% %�&<% 

 

 

 

 

 

 
 

 



 

1. �����!�� ......................................................................................................................... 5 

2. "%!"�!/� #"!3&�3 ............................................................................................... 5 

3. ����!�� ....................................................................................................................... 8 

4. $�%+�& "%!"�!"�"  ���%&$��0!"�" !�%"%� ...................................... 11 

5. $�%+�& #"�#"$!"�"  ���%&$��0!"�" !�%"%� .................................... 18 

6. #�$�%+�& )�$��&�$�%&�� "%!"�!"�" � #"�#"$!"�" !�%"%"� % 

�"�/ !� �3��'2 ����"%&0................................................................................. 19 

7. $�%%&�!"��� !�%"%!/) %&�!*�� #" &$�%%� ....................................... 23 

!�(&�#$"�"�� ............................................................................................................ 23 

8. $�%+�& !��"&"$/) &�)!��"-1�"!" �+�%��) ..................................... 32 

#"����&���� $��"&/ !�(&�#$"�"�!"�" .................................................... 32 

CD98CD<SF<S ...................................................................................................................... 32 

9. #$� �$ $�%+�&� ..................................................................................................... 34 

#$��"��!�� 1. )4D4>F9D<EF<>< FDG5 8?S A9HF9CDB6B8B6 < A9HF954; .................. 47 

#$��"��!�� 2. &9IA<K9E><9 I4D4>F9D<EF<>< A4EBEB6 E9D<< !  .......................... 48 

#$��"��!�� 3. %CD46BKAO9 84AAO9 CB A4EBE4@ F<C4 !  ..................................... 50 

#$��"��!�� 4. !4CBDO, EBBF69FEF6GRM<9 ?96B= < CD46B= 7D4A<J4@ D45BK9= 
B5?4EF<&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&...51 

#$��"��!�� 5. &9IA<K9E>4S I4D4>F9D<EF<>4 CB8CBDAOI A4EBEB6 
(B8ABEFGC9AK4FOI E D45BK<@ >B?9EB@ 86GEFBDBAA97B IB84) ........................................ 52



�����!�� 

 

� 8<EJ<C?<A9 «"5E?G:<64A<9 < Q>EC?G4F4J<S F9IAB?B7<K9E>B7B 
B5BDG8B64A<S» D4EE@4FD<649FES >B@C?9>E ED98EF6, @9FB8B6 < 
F9IAB?B7<= EFDB<F9?PEF64, Q>EC?G4F4J<< < D9@BAF4 B5N9>FB6 FD4AECBD- 
F4 < ID4A9A<S A9HF< < 74;4. #D< QFB@ A9B5IB8<@B D9L4FP 6BCDBEO D4;- 
D45BF>< < Q>EC?G4F4J<< Q>BAB@<K9E>< QHH9>F<6AOI < Q>B?B7<K9E>< 

59;BC4EAOI E<EF9@ FD4AECBDF4 < ID4A9A<S G7?96B8BDB8AB7B EODPS. 
�OCB?A9A<9 <A8<6<8G4?PAB7B ;484A<S CD98CB?4749F F9IAB?B7<K9- 

E><= D4EK9F @47<EFD4?PAB7B A9HF9CDB6B84 (BCD989?9A<9 FB?M<AO EF9A- 

>< A9HF9CDB6B84, 7<8D46?<K9E><= D4EK9F, CB85BD A4EBEAB-E<?B6B7B 
B5BDG8B64A<S, BCD989?9A<9 K<E?4 A4EBEAOI EF4AJ<= < D4EEF4AB6>4 <I 
CB FD4EE9 A9HF9CDB6B84), 4 F4>:9 D4EK9F CB>4;4F9?9= B5N9@B6 CDB<;6B8- 
EF64 < H<A4AEB6O9 CB>4;4F9?<. 

#D<?B:9A<S @9FB8<K9E>B7B DG>B6B8EF64 EB89D:4F 6ER A9B5IB8<- 
@GR 8?S 6OCB?A9A<S D4EK9FAB= D45BFO ECD46BKAGR <AHBD@4J<R, CD<- 

6989AO BEAB6AO9 CBASF<S, >4E4RM<9ES A9HF9CDB6B8B6, 4 F4>:9 CB?AO= 
CD<@9D D4EK9F4. �D4H<K9E>GR K4EFP ;484A<S A9B5IB8<@B 6OCB?ASFP 6 
7D4H<K9E>B@ D984>FBD9 <?< A4 @<??<@9FDB6>9. 

%FG89AF 6OCB?AS9F FBF 64D<4AF <A8<6<8G4?PAB7B ;484A<S, AB@9D 
>BFBDB7B EBBF69FEF6G9F CBE?98A<@ 86G@ J<HD4@ 97B ;4K9FAB= >A<:><. 

 

 

1. "%!"�!/� #"!3&�3 

 

 �!&# – �98B@EF69AAO9 ABD@O F9IAB?B7<K9E>B7B CDB9>F<DB64A<S. 
 �<8D46?<K9E><= G>?BA i – QFB 59;D4;@9DA4S 69?<K<A4, I4D4>F9- 

D<;GRM4S CBF9DR A4CBD4 A4 FD9A<9 A4 98<A<J9 8?<AO FDG5BCDB6B- 
84. 

 �B?B6A4S A4EBEA4S EF4AJ<S (�#%) – A4K4?PA4S A4EBEA4S EF4AJ<S 
A9HF9CDB6B84 E 9@>BEFPR, BEGM9EF6?SRM4S BC9D4J<< CB CD<ѐ@G 
A9HF< E A9HF9CDB@OE?B6OI CD98CD<SF<= 8?S 84?PA9=L9= FD4AE- 
CBDF<DB6>< @47<EFD4?PAB@G A9HF9CDB6B8G. 

 �<4@9FD FDG5O GE?B6AO= – GEF4AB6?9AAO= ABD@4F<64@< DS8 K<- 

E9?, >4:8B@G <; >BFBDOI EBBF69FEF6G9F H4>F<K9E><= 8<4@9FD FDG- 
5O; (A4CD<@9D, GE?B6AO= – 1200 @@, H4>F<K9E><= – 1220 @@). 

 �<A4@<K9E>4S 6S;>BEFP – E6B=EF6B :<8>BEF< <?< 74;4 B>4;O64FP 
EBCDBF<6?9A<9 C9D9@9M9A<R B8A<I 99 K4EF<J BFABE<F9?PAB 8DG- 
7<I. �?S I4D4>F9D<EF<>< QF<I E<? <ECB?P;G9FES >BQHH<J<9AF 8<- 
A4@<K9E>B= 6S;>BEF<. �4 98<A<JG 8<A4@<K9E>B= 6S;>BEF< CD<ASF 
C4E>4?P-E9>GA84 (#4·E), F. 9. 6S;>BEFP F4>B= :<8>BEF<, 6 >B- 



FBDB= A4 1 @2 CB69DIABEF< E?BS 89=EF6G9F E<?4, D46A4S B8AB@G 
APRFBAG, 9E?< E>BDBEFP @9:8G E?BS@< A4 D4EEFBSA<< 1 E@ <;@9AS- 
9FES A4 1 E@/E. �<8>BEFP E 6S;>BEFPR 1 #4·E BFABE<FES > K<E?G 6O- 

EB>B6S;><I. � A9HFSAB@ 89?9, F4> :9 >4> < 6 7<8DB79B?B7<< < DS89 
8DG7<I B5?4EF9= A4G>< < F9IA<><, 8?S G8B5EF64 CD<ASFB CB?P;B- 
64FPES 98<A<J9= 6S;>BEF< 6 1000 D4; @9APL9= – @#4·E. 

 �46<F4J<S – B5D4;B64A<9 6 :<8>BEF< CB?BEF9= (>46<F4J<BAAOI 
CG;ODP>B6, <?< >469DA), ;4CB?A9AAOI 74;B@, C4DB@ <?< <I E@9EPR. 
�46<F4J<S 6B;A<>49F 6 D9;G?PF4F9 @9EFAB7B CBA<:9A<S 846?9A<S 6 
:<8>BEF<. #9D9@9M4SEP E CBFB>B@ 6 B5?4EFP E 5B?99 6OEB><@ 846- 
?9A<9@ <?< 6B 6D9@S CB?GC9D<B84 E:4F<S, >46<F4J<BAAO= CG;OD9> 
;4I?BCO649FES, <;?GK4S CD< QFB@ G84DAGR 6B?AG. 

 �<A9@4F<K9E>4S 6S;>BEFP – BFABL9A<9 8<A4@<K9E>B= 6S;>BEF< > 
C?BFABEF< ED98O. 

 �GC<A7 – GK4EFB> ?<A9=AB= K4EF< A9HF9CDB6B84, CDB?B:9AAO= C4- 
D4??9?PAB BEAB6AB@G 8?S G69?<K9A<S CDBCGE>AB= ECBEB5ABEF<. 

  47<EFD4?PA4S A4EBEA4S EF4AJ<S ( !%) – >B@C?9>E F9IAB?B7<- 
K9E>B7B B5BDG8B64A<S, BEGM9EF6?SRM<= CB6OL9A<9 846?9A<S 6 
@47<EFD4?PAB@ FDG5BCDB6B89 E CB@BMPR @47<EFD4?PAOI A4EBEAOI 
47D974FB6. 

  47<EFD4?PAO= A9HF9CDB6B8 ( !#) <A:9A9DAB9 EBBDG:9A<9, 
EBEFBSM99 <; FDG5BCDB6B8B6 E 4D@4FGDB= < E6S;4AAOI E A<@< 
A9HF9C9D9>4K<64RM<I EF4AJ<=, ID4A<?<M, A9HF< < 8DG7<I F9IAB- 
?B7<K9E><I B5N9>FB6, B59EC9K<64RM<I CD<9@>G, FD4AECBDF<DB6>G, 
E84KG A9HF< CBFD95<F9?S@, <?< C9D964?>G A4 8DG7B= 6<8 FD4AECBD- 
F4. 

 !9HF9CDB6B8  EBBDG:9A<9 <; FDG5, EB98<A<F9?PAOI 89F4?9= < 
4D@4FGDO 8?S C9D9>4K>< A9HF< A4 D4EEFBSA<9. 

 !9HF9CDB6B8 BEAB6AB= (BEAB6A4S A<F>4)  B8ABA<FBKAO= 
A9HF9CDB6B8, EB98<ASRM<= 7B?B6AGR !#% < >BA9KAO= CGA>F @4- 
7<EFD4?PAB7B A9HF9CDB6B84. 

 !9HF9CDB6B8 @47<EFD4?PAO= <A:9A9DAB9 EBBDG:9A<9, EBEFBS- 
M99 <; CB8;9@AOI, CB86B8AOI, A4;9@AOI < A48;9@AOI FDG5BCDB6B- 
8B6 < E6S;4AAOI E A<@< A4EBEAOI EF4AJ<=, ID4A<?<M A9HF< < 8DG- 
7<I F9IAB?B7<K9E><I B5N9>FB6, B59EC9K<64RM99 FD4AECBDF<DB6>G, 
CD<9@>G, E84KG A9HF< CBFD95<F9?S@ <?< C9D964?>G A4 8DG7B= 6<8 
FD4AECBDF4. 

 !4CBD :<8>BEF< – ?<A9=A4S 69?<K<A4, 6OD4:4RM4S G89?PAGR 

(BFA9E9AAGR > 98<A<J9 69E4) QA9D7<R CBFB>4 :<8>BEF< 6 84AAB= 
FBK>9 (@). 

http://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7
http://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80
http://ru.wikipedia.org/wiki/%D0%A3%D0%B4%D0%B0%D1%80%D0%BD%D0%B0%D1%8F_%D0%B2%D0%BE%D0%BB%D0%BD%D0%B0


 !4EBE – GEFDB=EF6B (7<8D46?<K9E>4S @4L<A4) 8?S A4CBDAB7B C9D9- 
@9M9A<S :<8>BEF< 6 D9;G?PF4F9 EBB5M9A<S 9= 6A9LA9= QA9D7<< 

(CBF9AJ<4?PAB= < ><A9F<K9E>B=). 
 !9HF9C9D9>4K<64RM4S EF4AJ<S – >B@C?9>E EBBDG:9A<= < 

GEFDB=EF6 8?S CD<9@4 < C9D9>4K>< A9HF< A4EBEAO@< GEF4AB6>4@< 
CB @47<EFD4?PAB@G A9HF9CDB6B8G. 

 #B8CBDA4S A4EBEA4S – >B@C?9>E F9IAB?B7<K9E>B7B B5BDG8B64A<S, 
B59EC9K<64RM<= 59;>46<F4J<BAAGR D45BFG @47<EFD4?PAOI A4EBE- 
AOI 47D974FB6. 

 #DBCGE>A4S ECBEB5ABEFP – D4EKѐFAB9 >B?<K9EF6B A9HF<, >BFBDB9 
@B:9F CDBCGEF<FP A9HF9CDB6B8 6 98<A<JG 6D9@9A< CD< ;484AAOI 
C4D4@9FD4I A9HF<, E GK9FB@ GEF4AB6?9AAB7B B5BDG8B64A<S < A9EG- 
M9= ECBEB5ABEF< FDG5BCDB6B84. 

 $45BK4S FBK>4 E<EF9@O, EBEFBSM9= <; A9E>B?P><I A4EBEB6 < A9- 
E>B?P><I FDG5BCDB6B8B6 – FBK>4 C9D9E9K9A<S EG@@4DAB= Q-H 

I4D4>F9D<EF<>< 6E9I A4EBEB6 E EG@@4DAB= 

6E9I FDG5BCDB6B8B6. 
Q-H I4D4>F9D<EF<>B= 

 $4EIB8 (CB84K4) :<8>BEF< – B5N9@ :<8>BEF<, CDBF9>4RM9= K9D9; 
E9K9A<9 6 98<A<JG 6D9@9A< (@3

/c). 

 $BFBD – 6D4M4RM4SES 89F4?P @4L<AO, D4ECB?B:9AA4S 6AGFD< EF4- 
FBD4 (A9CB86<:A4S K4EFP @4L<AO DBFBDAB7B F<C4). 



2. ����!�� 

 

�OCB?A<F9 F9IAB?B7<K9E><= D4EK9F  !#, D4EK9F BEAB6AOI C4D4- 
@9FDB6 A9HFSAOI @47<EFD4?PAOI (F<C4 ! ) < CB8CBDAOI A4EBEB6, C9- 
D9EK9F <I I4D4>F9D<EF<> E 6B8O A4 6S;>GR A9HFP, BCD989?<F9 K<E?B 
A4EBEAOI EF4AJ<= (!%), D4EEF46PF9 !% 68B?P H<>E<DB64AAB= FD4EEO 

FDG5BCDB6B84 8?S GE?B6<= E6B97B 64D<4AF4, D4EEK<F4=F9 CB>4;4F9?< 
B5N9@B6 CDB<;6B8EF64, 4 F4>:9 H<A4AEB6O9 CB>4;4F9?<, I4D4>F9D<;GR- 

M<9 CDB<;6B8EF69AAB-IB;S=EF69AAGR 89SF9?PABEFP CD98CD<SF<S. 
%FG89AF 6OCB?AS9F FBF 64D<4AF ;484A<S, AB@9D >BFBDB7B EBBF69F- 

EF6G9F CBE?98A<@ 86G@ J<HD4@ 97B ;4K9FAB= >A<:><. �EIB8AO9 84AAO9 
8?S D4EK9F4 CD<6989AO 6 F45?<J9 3.1, 3.2, 3.3. 

 

&45?<J4 3.1 

�EIB8AO9 84AAO9 8?S F9IAB?B7<K9E>B7B D4EK9F4  !#*
 

 

№ 64D<- 

4AF4 
tC.A, 

C 

òEF = ò20, 

>7/@3
 

ýEF = ý20, 

@4∙с 

G7, 

@?A 
F/7B8 

L, >@ nQ ú, 

@ 

+<E?B 
!#% 

1 2 3 4 5 6 7 8 9 

01 - 5,0 720 50 0,7 450 1 450 > nAE 
02 - 4,5 725 55 1,0 500 1 500 > nAE 
03 - 4,0 730 60 1,5 550 1 550 > nAE 
04 - 3,5 735 65 2,0 600 1 600 > nAE 
05 - 3,0 740 70 2,5 650 2 650 > nAE 
06 - 2,5 745 75 3,0 700 2 700 > nAE 
07 - 2,0 750 80 3,5 750 2 750 > nAE 
08 - 1,5 755 85 4,0 800 2 800 > nAE 
09 - 1,0 760 90 5,0 850 2 850 > nAE 
10 10,5 875 205 70 2000 4 2000 < nAE 
11 0,0 770 100 7,0 950 2 950 < nAE 
12 0,5 775 105 8,0 1000 2 1000 < nAE 
13 1,0 780 110 10,0 1050 3 1050 < nAE 
14 1,5 785 115 11,0 1100 3 1100 < nAE 
15 2,0 790 120 12,0 1150 3 1150 < nAE 
16 2,5 795 125 14,0 1200 3 1200 < nAE 
17 3,0 800 130 16,0 1250 3 1250 < nAE 
18 3,5 805 135 18,0 1300 3 1300 < nAE 
19 4,0 810 140 20,0 1350 3 1350 < nAE 
20 4,5 815 145 22,0 1400 3 1400 > nAE 
21 5,0 820 150 24,0 1450 3 1450 > nAE 
22 5,5 825 155 26,0 1500 3 1500 > nAE 



#DB8B?:9A<9 F45?. 3.1 
 

23 6,0 830 160 30,0 1550 3 1550 > nAE 
24 6,5 835 165 32,0 1600 4 1600 > nAE 
25 7,0 840 170 34 1650 4 1650 > nAE 
26 7,5 845 175 36 1700 4 1700 < nAE 
27 8,0 850 180 42 1750 4 1750 < nAE 
28 8,5 855 185 46 1800 4 1800 > nAE 
29 9,0 860 190 50 1850 4 1850 > nAE 
30 9,5 865 195 55 1900 4 1900 < nAE 
31 10,0 870 200 60 1950 4 1950 > nAE 

 

*#D<@9K4A<9. tC.A, C – ED98A96;69L9AA4S F9@C9D4FGD4 C9D9>4K<649@B= 

CB  !# A9HF<; òEF, >7/@3 < ýEF, @#4∙E – EBBF69FEF69AAB C?BFABEFP < 8<A4@<- 
K9E>4S 6S;>BEFP A9HF< 6 EF4A84DFAOI GE?B6<SI (ABD@4?PAB@ 4F@BEH9DAB@ 

846?9A<< $EF = 0,1 #4 = 14F@ = 1>7/E@2 < F9@C9D4FGD9 tEF = 20 %); G7, @?A F 
A9HF< 6 7B8 – QFB C?4AB6B9 ;484A<9 A4 C9D9>4K>G <?< 7DG;BCBFB> 6 A9HF9CDB- 
6B89; L, >@ – CDBFS:ѐAABEFP  !# (79B@9FD<K9E>4S 8?<A4  !#); nQ – >B?<K9- 
EF6B Q>EC?G4F4J<BAAOI GK4EF>B6, A4 >BFBDO9 89?<FES FD4EE4  !#; ú= (ú> - 
úA), @ – D4;ABEFP 6OEBFAOI BF@9FB> >BA9KAB7B ú> (D9;9D6G4DO A9HF9C9D9D4- 
54FO64RM97B ;46B84 <?< A9HF9A4?<6AB7B F9D@<A4?4) < A4K4?PAB7B úA (7B?B6- 
A4S A9HF9C9D9>4K<64RM4S EF4AJ<S) CGA>FB6  !#. �A4> «> nAE» – CD< 6OCB?- 
A9A<< D4EK9F4 K<E?B A4EBEAOI EF4AJ<= B>DG7?<FP 6 5B?PLGR EFBDBAG; ;A4> 
«< nAE» – K<E?B A4EBEAOI EF4AJ<= B>DG7?<FP 6 5B?PLGR EFBDBAG. 

 

&45?<J4 3.2 

�EIB8AO9 84AAO9 8?S CBEFDB9A<S CDBH<?S FD4EEO A9HF9CDB6B84**
 

 

 
 

�4D<4AF          1 2 

$4EEFBSA<9 
l, >@ 

0 50 100 150 200 250 300 350 400 450 500 

"F@9F>4 zi, 
@ 

50,0 125,0 187,5 250,0 287,5 275,0 250,0 300,0 375,0 500,0 550,0 

            

�4D<4AF 3 4 5 6 7 8 9  11 12 13 

$4EEFBSA<9 
l, >@ 

550 600 650 700 750 800 850 900 950 1000 1050 

"F@9F>4 zi, 
@ 

600,0 650,0 700,0 750,0 800,0 850,0 900,0 950 1000 1050 600,0 



#DB8B?:9A<9 F45?. 3.2 
 
 

�4D<4AF 14 15 16 17 18 19 20 21 22 23 24 

$4EEFBSA<9 
l, >@ 

1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 

"F@9F>4 zi, 
@ 

1150,0 1200,0 1250,0 1300,0 1350,0 1400,0 1450,0 1500,0 1550,0 1600,0 1650,0 

            

�4D<4AF 25 26 27 28 29 30 31     

$4EEFBSA<9 
l, >@ 

1650 1700 1750 1800 1850 1900 1950     

"F@9F>4 zi, 
@ 

1700,0 1750,0 1800,0 1850 1900 1950 2000,0     

 
**#D<@9K4A<9. �?S CBEFDB9A<S CDBH<?S FD4EEO A9HF9CDB6B84 8?S >BA>D9F- 
AB7B 64D<4AF4 <ECB?P;G=F9 ;A4K9A<S D4EEFBSA<= l < BF@9FB> zi BF A4K4?4 
A9HF9CDB6B84 l=0 8B B5B;A4K9A<S EBBF69FEF6GRM97B 64D<4AF4. 

 

 
&45?<J4 3.3 

�EIB8AO9 84AAO9 8?S D4EK9F4 F9IA<>B-Q>BAB@<K9E><I CB>4;4F9?9=***
 

 
�4D<4AF &4D<H (&), DG5./100 

F·>@ 

#9D9>4K>4 A9HF< (#A), 
FOE. F 

1 7,45 15 450,9 

2 8,09 22 033,2 

3 9,42 20 560,4 

4 13,56 38 776,4 

5 10,99 29 655,2 

6 10,43 53 099,1 

7 11,98 18 444,3 

8 13,11 19 078,4 

9 11,07 35 099,5 

10 19,36 56 043,2 

11 24,76 32 006,0 

12 13,31 28 887,0 

13 7,45 34 788,9 

14 8,09 15 900,5 

15 9,42 17 885,4 

16 13,56 19 066,5 

17 10,99 22 877,4 

18 10,43 31 009,5 

19 11,98 23 568,4 

20 13,11 16 345,4 



#DB8B?:9A<9 F45?. 3.3 
 

�4D<4AF &4D<H (&), DG5./100 
F·>@ 

#9D9>4K>4 A9HF< (#A), 
FOE. F 

21 11,07 44 789,5 

22 19,36 40 344,3 

23 24,76 32 222,8 

24 13,31 19 076,5 

25 7,45 20 555,7 

26 8,09 34 789,0 

27 9,42 49 786,8 

28 13,56 18 678,6 

29 10,99 32 566,4 

30 10,43 67 899,5 

31 11,98 65 786,2 
 

***#D<@9K4A<9. �A4K9A<9 CDBFS:9AABEF< A9HF9CDB6B84 6;SFP <; F45? 3.1. 

 
 

3. $�%+�& "%!"�!"�"  ���%&$��0!"�" !�%"%� 

 

3.1. � EBBF69FEF6<< E ;484AAB= CDBCGE>AB= ECBEB5ABEFPR  !# G7 
CB F45?. 4.1 6O59D<F9 97B BD<9AF<DB6BKAO9 C4D4@9FDO: A4DG:AO= 8<4- 
@9FD DA < 8BCGEF<@B9 846?9A<9 $8BC, BCD989?S9@B9 <; GE?B6<= CDBKAB- 
EF< FDG5 < ;4CBDAB= 4D@4FGDO  !#. 

 

 
"D<9AF<DB6BKAO9 C4D4@9FDO  !# 

&45?<J4 4.1 

 
#DBCGE>A4S ECBEB5- 
ABEFP (7DG;BCBFB>) 

G7, @?A F/7B8 

�<4@9FD 
A4DG:AO= 

DA, @@ 

�BCGEF<@B9 846?9A<9 
$8BC ,  #4 

0,7 – 1,2 219 9,8 

1,1 – 1,8 273 8,3 

1,6 – 2,4 325 7,4 

2,2 – 3,4 377 6,4 

3,2 – 4,4 426 6,4 

4,0 – 9,0 530 6,3 

7,0 – 13,0 630 6,2 

11,0 - 19,0 720 6,1 

15,0 – 27,0 820 6,0 

23,0 – 50,0 1020 5,9 

41,0 – 78,0 1220 5,8 

3.2. $G>B6B8EF6GSEP 84AAO@< F45?. 
4.2 < 6O5D4AAO@< ;A4K9A<S@< DA < $8BC, 
BCD989?<F9 D4EK9FAGR FB?M<AG EF9A><,  

 

 

      



789 óD ýó6D – ABD@4F<6AB9 (CD989?PAB9) EBCDBF<6?9A<9 @9F4??4 FDG5O 

< E64DAOI EB98<A9A<= A4 D4;DO6 (6D9@9AAB9 EBCDBF<6?9A<9 A4 D4;DO6), 
 #4 (CD<A<@49FES CB F45?. #1.1 < #1.2 #D<?B:9A<S 1); 

KG.D.– >BQHH<J<9AF GE?B6<= D45BFO FDG5BCDB6B84, ;46<ESM<= EB7?4EAB 
%!<# 2.05.06 – 85*  47<EFD4?PAO9 FDG5BCDB6B8O BF >4F97BD<< FDG5B- 
CDB6B84 < 97B GK4EF>4 (CD<A<@49FES EFG89AFB@ E4@BEFBSF9?PAB, F45?. 
4.2). 

 

&45?<J4 4.2 

 
�4F97BD<S � I II III IV 

�BQHH<J<9AF 
GE?B6<=  D45BFO 

FDG5BCDB6B84 
KG.D. 

0,6 0,75 0,75 0,9 0,9 

#D<@9K4A<9. 
 8?S B5OKAB= ?<A9=AB= K4EF< CD< DG 700 @@, KG.D.= 0,9, 4 CD< CDB>?48>9 CB 

F9DD<FBD<< D4ECDBEFD4A9A<S 69KAB@9D;?OI 7DGAFB6  KG.D.= 0,75; 

 8?S BEB5B BF69FEF69AAOI GK4EF>B6 (C9D9IB8O K9D9; EG8BIB8AO9 D9>< E  DG  
1000 @@)  KG.D.= 0,6. 



 – >BQHH<J<9AF A48ѐ:ABEF< CB @4F9D<4?G, GK<FO64RM<= >4K9EF6B 
@4F9D<4?4 FDG5 E GKѐFB@ D94?PAB= F9IAB?B7<< <I <;7BFB6?9A<S, 8BCGE- 
>B6 A4 FB?M<AG EF9A><, EF9C9A< >BAFDB?S E64DAOI EB98<A9A<= (CD<A<- 

@49FES CB F45?. #1.1 < #1.2 #D<?B:9A<S 1); 

     – >BQHH<J<9AF A48ѐ:ABEF<, GK<FO64RM<= 6AGFD9AA99 846?9A<9 $ , 

8<4@9FD FDG5BCDB6B84 < 97B A4;A4K9A<9 (CD<A<@49FES CB F45?. 4.3). 

 

&45?<J4 4.3 

�BQHH<J<9AF A48ѐ:ABEF<      CB A4;A4K9A<R FDG5BCDB6B84 
 

'E?B6AO= 

8<4@9FD FDG- 
5BCDB6B84 

DG , @@ 

�4;BCDB6B8O !9HF9- < 

A9HF9CDB8G>FB- 
CDB6B8O 

$ 5,4 

 #4 
5,4 ü$ 7,4 

 #4 
7,4 ü$ 9,8 

 #4 

500 < @9A99 1 1 1 1 

600 - 1000 1 1 1,05 1 

1200 1,05 1,05 1,1 1,05 

1400 1,05 1,1 1,15 - 

 

3.3. "CD989?<F9 6AGFD9AA<= 8<4@9FD FDG5BCDB6B84      , @@: 
                  . (4.3) 

3.4. "CD989?<F9 C?BFABEFP C9D9>4K<649@B= A9HF< òt CD< ;484AAB= 
F9@C9D4FGD9 6 EBBF69FEF6<< E $� 153 – 39 – 019 – 37  9FB8<K9E><9 G>4- 
;4A<S CB BCD989?9A<R F9IAB?B7<K9E><I CBF9DP A9HF< A4 CD98CD<SF<SI 
A9HFSAOI >B@C4A<= $(, >7/@3

: 

               
 

 
&9@C9D4FGDA4S CBCD46>4 A4 C?BFABEFP A9HF< 

&45?<J4 4.4 

 

#?BFABEFP òEF, 
>7/@3

 

&9@C9D4FGDA. 
CBCD46>4 ÷, 
[>7/(@3∙%)] 

#?BFABEFP òEF, 
>7/@3

 

&9@C9D4FGDA. 
CBCD46>4 ÷, 
[>7/(@3∙%)] 

630,0 – 699,9 0,910 800,0 – 809,9 0,765 

700,0 – 709,9 0,897 810,0 – 819,9 0,752 

710,0 – 719,0 0,884 820,0 – 829,9 0,738 

720,0 – 729,9 0,870 830,0 – 839,9 0,725 

730,0 – 739,9 0,857 840,0 – 849,9 0,712 

740,0 – 749,9 0,844 850,0 – 859,9 0,699 



#DB8B?:9A<9 F45?. 4.4 

 

750,0 – 759,9 0,831 860,0 – 869,9 0,686 

760,0 – 769,9 0,818 870,0 – 879,9 0,673 

770,0 – 779,9 0,805 880,0 – 889,9 0,660 

780,0 – 789,9 0,792 890,0 – 899,9 0,647 

790,0 – 799,9 0,778   

 

3.5. "CD989?<F9 D4EK9FAO= K4EB6B=      (8?S 6O5BD4 @4D>< A4EBE4) < 

E9>GA8AO=     (8?S 7<8D46?<K9E>B7B D4EK9F4) D4EIB8O A9HF<, 
   789       – >BQHH<J<9AF, GK<FO64RM<= 6B;@B:ABEFP C9D9D4ECD989?9A<S 
CBFB>B6 6 CDBJ9EE9 Q>EC?G4F4J<< A9HF9CDB6B84: 

 1,07 – 8?S B8ABFDG5AOI (B8ABA<FBKAOI) A9HF9CDB6B8B6; 
 1,05 – 8?S C4D4??9?PAOI 86GIFDG5AOI (86GIA<FBKAOI) A9HF9CDB- 

6B8B6, B5D4;GRM<I 98<AGR E<EF9@G; 
 1,10 – 8?S A9HF9CDB@OE?B6OI @47<EFD4?9=. 
� A4L9@ E?GK49 CB?4749@ КC = 1,07 (B8ABA<FBKAO= A9HF9CDB6B8). 

N7  – K<E?B D45BK<I 8A9= FDG5BCDB6B84 6 7B8G, BCD989?S9FES 6 ;46<E<- 

@BEF< BF 8<4@9FD4 < 8?<AO FDG5BCDB6B84 (F45?. 4.5). 

 

&45?<J4 4.5 

!BD@4F<6A4S 7B8B64S CDB8B?:<F9?PABEFP (6 EGF>4I) D45BFO  !# 

 
#DBFS:9AABEFP L, >@ �<4@9FD A9HF9CDB6B84 DA, @@ 

 8B 820 (6>?RK<F9?PAB) E6OL9 820 

L 250 357 355 

250 üL 500 356 (355) 353 (351) 

500 üL 700 354 (352) 351 (349) 

L þ700 352 (350) 349 (345) 
 

3.6. $4EEK<F4=F9 E>BDBEFP C9D9>4K>< V  (@/E) CB HBD@G?9: 
V ý  

QE 
SCDBI 

ý
4QE 

π d 2 

; (4.7) 

6A 



 

789 S <  – EBBF69FEF69AAB C?BM48P CDBIB8AB7B E9K9A<S (6 @2
) < 

6AGFD9AA<= 8<4@9FD (6 @) FDG5BCDB6B84;      – E9>GA8AO= D4EIB8 A9HF<; 
= 3,14. 

3.7. � EBBF69FEF6<< E D4EKѐFAB= K4EB6B= CDBCGE>AB= ECBEB5ABEFPR 

      6O59D<F9 @4D>G BEAB6AB7B @47<EFD4?PAB7B A4EBE4 (! ) (#D<?B:9- 
A<9 2) A4EBEAOI EF4AJ<= F4>, KFB5O ;A4K9A<9        CBC4?B 6 D45BKGR B5- 
?4EFP        ;46B8E>B= A4CBDAB= (<?< Q-H )  I4D4>F9D<EF<>< 
A4EBE4, EASFB= A4 6B89 (tEF  = 20 %) (CBE>B?P>G 6 84AAB@ 8<4C4;BA9 ;4- 
@9FAB7B GIG8L9A<S >.C.8. A9 A45?R849FES, D<E. 4.1). 

�89EP     ,      – ?964S < CD464S 7D4A<JO D45BK9= ;BAO A4EBE4. 
�D4A<JO D45BK9= B5?4EF< A4 7D4H<>9 Н = F(Q) 6OK<E?SRFES CB 

HBD@G?4@: 
Q?  = 0,8 Q�. BCF ; QC =1,2 Q�. BCF  , (4.8) 

 

789  Q6 BCF  – CB84K4 6O5D4AAB7B F<C4 A4EBE4 6 BCF<@4?PAB@ D9:<@9, F.9. 
CD< @4>E<@4?PAB@ >.C.8. ø (D<E. 4.1). 

max 

"5M<9 F9IA<K9E><9 GE?B6<S A4 @47<EFD4?PAO9 A4EBEO !  BCD989- 
?SRFES �"%& 12124 – 87 «!4EBEO J9AFDB59:AO9 A9HFSAO9 8?S @47<- 

EFD4?PAOI FDG5BCDB6B8B6» [4], >BFBDO= D4ECDBEFD4AS9FES, >4> A4 BE- 
AB6AO9, F4> < A4 CB8CBDAO9 A4EBEO. �BEG84DEF69AAO= EF4A84DF BI64FO- 

649F 11 F<CB6 BEAB6AOI A4EBEB6, 4 E GK9FB@ E@9AAOI DBFBDB6 (D45BK<I 
>B?ѐE) – 20 F<CB6. 

!4EBEO 6 GCB@SAGFB@ �"%&9 D4ECB?B:9AO 6 CBDS8>9 6B;D4EF4A<S 
CB84K< BF 125 8B 12 500 @3/K. !4EBEB@ E E4@B= 5B?PL9= CB84K9= S6?S9F- 
ES A4EBE !  10000–210, @4D><DB6>4 >BFBDB7B D4EL<HDB6O649FES F4>: 
A4EBE @47<EFD4?PAO= E AB@<A4?PAB= CB84K9= (E BEAB6AO@ D45BK<@ 

>B?9EB@) QB.A = 10 000 @3/K < AB@<A4?PAO@ A4CBDB@ НB.A = 210 @. 
!4 C9D9>4K<64RM<I EF4AJ<SI BEAB6AO9 @47<EFD4?PAO9 A4EBEO EB- 

98<ASRF CBE?98B64F9?PAB, F4> KFB5O CD< B8AB= < FB= :9 CB84K9 A4CB- 
DO, EB;84649@O9 A4EBE4@< EG@@<DB64?<EP. 1FB CB;6B?S9F G69?<K<FP 
A4CBD A4 6OIB89 EF4AJ<<. 

 

 

 �?S A4EBEB6 DS84 BF !  125–550 8B !  360–460 EB98<ASRF CB- 
E?98B64F9?PAB, >4> CD46<?B, 864 A4EBE4 CD< B8AB@ D9;9D6AB@. 

 

 �?S A4EBEB6 E CB84K9= BF 500@3/K < 6OL9 EB98<ASRF CBE?98B64- 
F9?PAB FD< A4EBE4 CD< B8AB@ D9;9D6AB@. 

CDBI    



#B >BAEFDG>J<< BEAB6AO9 A4EBEO, 6IB8SM<9 6 �"%& 12124-87, 
CB8D4;89?SRFES A4 864 F<C4: E9>J<BAAO9 @AB7BEFGC9AK4FO9 (K<E?B 
EFGC9A9=, F.9. D45BK<I >B?9E, BF FDѐI 8B CSF<) E >B?ѐE4@< B8ABEFBDBAA9- 
7B 6IB84 (A4 CB84K< BF 125 8B 710 @3/K) < EC<D4?PAO9 B8ABEFGC9AK4- 
FO9 E 86GIEFBDBAA<@ 6IB8B@ :<8>BEF< 6 D45BK99 >B?9EB (A4 CB84K< BF 
1250 @3/K < 5B?99). #BE?98A<9 <@9RF E@9AAO9 >B?ѐE4 (DBFBDO) A4 CB84- 
K< 0,5∙QB.A; 0,7∙QB.A (KFB B59EC9K<649F Q>BAB@AGR D45BFG A4EBEB6 A4 C9D- 
6B= EF48<< BE6B9A<S FDG5BCDB6B84) < 1,25∙QB.A, 789 QB.A – CB84K4 A4EBE4 
E BEAB6AO@ >B?9EB@ CD< AB@<A4?PAB@ D9:<@9 C9D9>4K>< (84AAO= D9- 
:<@ G>4;O649FES 6 E4@B= @4D><DB6>9 A4EBE4 – !  QB.A – НB.A). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$<E. 4.1. (Q-H ) – I4D4>F9D<EF<>4 J9AFDB59:AB7B A4EBE4 
 
 

3.8. $4EEK<F4=F9 CB84KG A4EBE4 6 BCF<@4?PAB@ D9:<@9: 
Q6 BCF ýc16 /(2c26 ) , (4.9) 

CD< >BFBDB= @4>E<@4?PAO= >.C.8. A4 6B89 
2 

ø@. 6 max 
D469A 

ø@. 6max ýc06  c16Q6 BCF  E26Q6 BCF , 
789 c06 , c16 , E26 – >BQHH<J<9AFO, BCD989?S9@O9 CB F45?. 8. 

H 

H 
η 

H1 

H = F(Q) 

H2 

$45BK4S 

K4EFP η = f(Q) 
η max 

Q1=Q? Q� BCF Q2 = QCF 
#B84K4, @3/K 

!
4C
BD
, @

 



3.9. $4EEK<F4=F9 7D4A<JO D45BK9= B5?4EF< CB HBD@G?4@ (4.8). 

 

3.10. "CD989?<F9 4A4?<F<K9E>GR ;46<E<@BEFP A4CBD4, D4;6<649@B7B 
A4EBEB@ BF 97B CB84K< CB 86G@ FBK>4@ (Q1, H1) <  (Q2, H2): 

2 

 
789 Q1 ýQ? < 

H@ 6 ýh@ 6 b@ 6 Q 

Q2 ýQC ; 

, (4.10) 

h@ 6 < b@ 6  >BQHH<J<9AFO, >BFBDO9 D4EEK<FO64RFES A4 BEAB64A<< E<- 

EF9@O 86GI GD46A9A<= E 86G@S A9<;69EFAO@<: 
üH ýh b Q

2 
; 

ý 1 @ 6 @ 6   1 
2 

þH 2 ýh@ 6 b@ 6Q2 , 
 
 2 2 

üh ý
Н1Q2 H 2Q1 ;

 

ÿ @6 
ý




Q 
2 Q 

2
 



b@6 ý
 
 
 
 

Н 1 2 1 

Н 2

789 H 1  < H 2 A4CBDO, 6;SFO9 E ;46B8E>B= A4CBDAB= I4D4>F9D<EF<>< ! 

= F (Q) (#D<?B:9A<9 4). 

 

3.11. "J9A<F9 CD46<?PABEFP 6OK<E?9A<S >BQHH<J<9AFB6 CB HBD@G- 
?4@ (4.11) E CB@BMPR CB7D9LABEF<: 

 

δ ý 100 % , (4.12) 
 

>BFBD4S    A9     8B?:A4     CD96OL4FP     8BCGEF<@B=     (5     %),     789 
F (QB.A) ýh@ 6 b@ 6Q

2 
. &B784 A4CBD, D4;6<649@O= A4EBEB@ A4 6B89 6 

BCF<@4?PAB@ D9:<@9 5G89F D469A: 
H@ 6 BCFýh@6 b@6Q@ 6 BCF . (4.13) 

� EBBF69FEF6<< E !BD@4@< F9IAB?B7<K9E>B7B CDB9>F<DB64A<S @4- 
7<EFD4?PAOI A9HF9CDB6B8B6 (�!&# 2-86) @47<EFD4?PAO9 A9HF9CDB6B8O 

CDBFS:9AABEFPR 5B?99 600 89?SFES A4 Q>EC?G4F4J<BAAO9 GK4EF>< 8?<- 

AB= BF 400 8B 600 >@. %F4AJ<<, D4ECB?B:9AAO9 A4 7D4A<J4I F4><I 
GK4EF>B6, D45BF4RF E CB8>?RK9AAO@< D9;9D6G4D4@<. %G@@4DAO= CB- 
?9;AO= B5Nѐ@ D9;9D6G4DAOI C4D>B6 A9HF9CDB6B84 BD<9AF<DB6BKAB 
BCD989?S9FES E?98GRM<@ B5D4;B@ (98<A<J4 <;@9D9A<S – EGFBKAO= B5N- 
9@ C9D9>4K>< A9HF< CB FDG5BCDB6B8G): 

F (QB.A) HB.A 

HB.A 

B.A/ 

2 



 7B?B6A4S A4EBEA4S EF4AJ<S (�!%) . . . . . . . . . . . . . . . . . . . . 2 – 3; 

 !#% A4 7D4A<J9 Q>EC?G4F4J<BAAOI GK4EF>B6 . . . . . . . . . 0,3 – 0,5; 

 FB :9 CD< CDB6989A<< CD<ѐ@AB-E84FBKAOI BC9D4J<= (6 @9EF4I CB8- 
>4K>< A9HF< E 5?<;?9:4M<I @9EFBDB:89A<= <?< E5DBE4 A9HF< CB- 
CGFAO@ CBFD95<F9?S@) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 – 1,5. 

 

 

4. $А%Ч�& #"�#"$!"�"  А�И%&$А�Ь!"�" !А%"%А 

 

�?46AB= ;484K9= CB8CBDAB7B A4EBE4 S6?S9FES 6;SFP A9HFP <; D9- 
;9D6G4D4 < CB84FP 9ѐ A4 6IB8 BEAB6AB7B A4EBE4, C9D9>4K<64RM97B A9HFP 
(<?< A9HF9CDB8G>FO) CB FDG5BCDB6B8G. % CB@BMPR CB8CBDAOI A4EBEB6 
EB;849FES <;5OFBKAB9 846?9A<9 (CB8CBD) A4 6IB89 6 BEAB6AO9 A4EBEO 

EF4AJ<<, >BFBDB9 B59EC9K<649F <I 59E>46<F4J<BAAGR D45BFG, CBE>B?P>G 
D4;ABEF< 6OEBFAOI BF@9FB> BEF4FBKAB7B GDB6AS 6;?<64 A9HF< 6 D9;9D- 
6G4D9 (BE< CD<ѐ@B-D4;84FBKAB7B C4FDG5>4 D9;9D6G4D4) < BE< 6IB8AB7B 
C4FDG5>4 BEAB6AB7B A4EBE4 A9 I64F49F, KFB5O CD9B8B?9FP 8B6B?PAB ;A4- 
K<F9?PAO= >46<F4J<BAAO= ;4C4E CBE?98A97B, EBEF46?SRM<= (#D<?B:9- 
A<9 5) BF 20 @ (2,0 4F@) 8?S A4EBEB6 !  1250260 8B 87 @ (8,7 4F@) 8?S 
A4EBEB6 !  10000210. #B8CBDAO9 A4EBEO, CD<@9AS9@O9 8?S EB;84A<S 
F4>B7B 846?9A<S, FD95GRF 7BD4;8B @9APL<I ;A4K9A<= 846?9A<S A4 6IB89. 
!9B5IB8<@O= >46<F4J<BAAO= ;4C4E 8?S CB8CBDAOI A4EBEB6 A4IB8<FES 6 
CD989?4I BF 0,22 4F@ (2,2 @) 8B 0,5 4F@ (5 @) (#D<?B:9A<9 5) < @B:9F 
5OFP  B59EC9K9A  ;4  EKѐF  D4;A<JO  6OEBFAOI  BF@9FB>  GDB6AS  6;?<64 
«@9EFAB7B» BEF4F>4 6 D9;9D6G4D9 < BE< 6IB8AB7B C4FDG5>4 A4EBE4. 

!4CBDA4S I4D4>F9D<EF<>4 CB8CBDAOI A4EBEB6 6OD4:49FES GD46A9- 
A<9@: 

HC 6 = h.C 6 + aC 6 ∙ Q - bC 6 Q
2
, (5.1) 

>BQHH<J<9AFO >BFBDB7B h C 6, a C 6 < b C 6 CD<6989AO 6 #D<?B:9A<< 5. 

� BF?<K<9 BF BEAB6AOI @47<EFD4?PAOI A4EBEB6 A4 C9D9>4K<64RM<I 
EF4AJ<SI CB8CBDAO9 A4EBEO EB98<ASRF >4> CD46<?B C4D4??9?PAB 
(D4EIB8O A9HF< 6 A4EBE4I EG@@<DGRFES, 4 A4CBD, EB;84649@O= >4:8O@ 

A4EBEB@, BEF49FES B8A<@ < F9@ :9), 8?S FB7B KFB5O B59EC9K<F FD95G9- 
@O= CB8CBD CD< @9APL9= CB84K9 6 >4:8B@ <; BF89?PAB 6;SFOI A4EBEB6. 
�98P, >4> <;69EFAB, CD< C4D4??9?PAB@ EB98<A9A<< A4EBEB6 B5M<= 

CBFB> :<8>BEF< D4;89?S9FES A4 K4EF<, EBEF46?SRM<9 CB84K< QF<I 
A4EBEB6. #BQFB@G EFD9@SFES, KFB5O ?<5B CDB<;6B8<F9?PABEFP B8AB7B 
A4EBE4, ?<5B CDB<;6B8<F9?PABEFP A9E>B?P><I (86GI <?< FD9I) C4D4?- 
?9?PAB EB98<A9AAOI A4EBEB6 5O?4 D46A4 CDB<;6B8<F9?PABEF< (CB84K9) 
BEAB6AB7B @47<EFD4?PAB7B A4EBE4. !4<5B?99 D4ECDBEFD4AѐAA4S EI9@4 
EB98<A9A<S CB8CBDAOI A4EBEB6 – 864 D45BF4RM<I < B8<A D9;9D6- 
AO=. 



5. #�$�%+�& )�$��&�$�%&�� "%!"�!"�" � #"�#"$!"�" 

!�%"%"� % �"�/ !� �3��'2 ����"%&0 

 

� >4F4?B74I CD<6989AO I4D4>F9D<EF<>< J9AFDB59:AOI A4EBEB6, 
EASFO9 A4 6B89 (ò6 = 1000 >7/@3

, ý6 = 1 @ #4E = 10
-3 #4E < þ6 = 1E %F = 

10
-2%F = 1 @@2/E = 10

-6 @2/E CD< tEF = 20 
º%). #D< FD4AECBDF<DB6>9 @4?B- 

6S;><I A9HF9= < A9HF9CDB8G>FB6 QF< I4D4>F9D<EF<>< <;@9A9A<= A9 CD9- 
F9DC964RF. "8A4>B E DBEFB@ 6S;>BEF< C9D9>4K<649@B= :<8>BEF< BA< 
GIG8L4RFES (EA<:4RFES). �E?98EF6<9 QFB7B, 6O5D46 @47<EFD4?PAO= < 
CB8CBDAO= A4EBEO, A9B5IB8<@B BJ9A<FP J9?9EBB5D4;ABEFP C9D9EKѐF4 
C4ECBDFAOI I4D4>F9D<EF<> BEAB6AOI < CB8CBDAOI A4EBEB6 (A4CBD4, CB- 
84K<, 8BCGEF<@B7B >46<F4J<BAAB7B ;4C4E4, >.C.8., @BMABEF<), CD<698ѐA- 
AOI ;46B8B@-<;7BFB6<F9?9@ 8?S 6B8O, 6 E?GK49 BF>?BA9A<S E6B=EF6 
FD4AECBDF<DG9@B= :<8>BEF< (òt, ýt < þt CD< t = tC.A) BF E6B=EF6 6B8O. 

#9D9EKѐF I4D4>F9D<EF<> A9B5IB8<@, 9E?< ><A9@4F<K9E>4S 6S;>BEFP 
FD4AECBDF<DG9@B= :<8>BEF< þt CD< ;484AAB= F9@C9D4FGD9 C9D9>4K>< t = 
tC.A CBC4849F A4 <AF9D64?: 

þC üþt þ8BC , (6.1) 

789 þC – >D<F<K9E>B9 ;A4K9A<9 6S;>BEF< (6 @2/E) C9D9>4K<649@B= :<8>B- 
EF<, CD< CD96OL9A<< >BFBDB= A9B5IB8<@ C9D9EKѐF A4CBD4  <  CB84K< 
! ; 
þ8BC – @4>E<@4?PAB 8BCGEF<@4S 6S;>BEFP :<8>BEF<, CD< >BFBDB= J9AFDB- 
59:AO= A4EBE 9Mѐ ECBEB59A 69EF< C9D9>4K>G 59; CD9864D<F9?PAB= CB8- 
7BFB6>< :<8>BEF< (A4CD<@9D, 59; CD9864D<F9?PAB7B 9ѐ CB8B7D964: 8?S 
J9AFDB59:AOI A9HFSAOI A4EBEB6 E9D<< !  þ8BC = 3%F = 310

-4  @2/E). 
�<A9@4F<K9E>4S 6S;>BEFP þt   A4IB8<FES CB HBD@G?9: 

þt =ýt /òt , (6.2) 

789 òt < ýt – EBBF69FEF69AAB C?BFABEFP (6 >7/@3
) < 8<A4@<K9E>4S 6S;>BEFP 

(6 #4E) C9D9>4K<649@B= :<8>BEF< CD< t = tC.A, >BFBD4S A4IB8<FES CB <;- 
69EFAB= HBD@G?9 $9=AB?P8E4-(<?BAB64: 

(tC.A tEF ) 

ýt ýýEF 9 , CD<  5 % tC.A 80 % , (6.3) 

789  – >BQHH<J<9AF >DGF<;AO 6<E>BEB7D4@@O (= 0,02 – 0,03, 789 
A<:A<= CD989? EBBF69FEF6G9F 6OEB><@ F9@C9D4FGD4@, 4 69DIA<= – A<;- 
><@, 6 A4L<I D4EKѐF4I CD<A<@49@ = 0,025). 

#D<@9K4A<9.  �E?<  CD<  D4EKѐF9  CB  HBD@G?9  (5.1)  þt B>4:9FES 
5B?PL9 8BCGEF<@B= þ8BC, FB E?98G9F CD<ASFP: 

þt = þ8BC < ýt = þt òt = þ8BC òt . 

5.1. "CD989?<F9 ><A9@4F<K9E>GR 6S;>BEFP  þt , <ECB?P;GS HBD@G?O 

(5.1) < (6.1). 



5.2. $4EEK<F4=F9  >D<F<K9E>B9  ;A4K9A<9  6S;>BEF<  C9D9>4K<649@B= 

ED98O þC. 
�?S 6OK<E?9A<S ;A4K9A<S þC    A9B5IB8<@B BCD989?<FP K<E?B $9=- 

AB?P8E4 6 A4EBE9 
ReC : 

ReA < ED46A<FP 97B E C9D9IB8AO@ K<E?B@ $9=AB?P8E4 
 

2 

ReA  ý > (6.4) 
þt 

789 D>  – A4DG:AO=  8<4@9FD D45BK97B >B?9E4 A4EBE4 (@) (#D<?B:9A<9 
3), n – K<E?B B5BDBFB6 (6 E-1

) D45BK97B >B?9E4 A4EBE4 (#D<?B:9A<9 2), þt 

– ><A9@4F<K9E>4S 6S;>BEFP C9D9>4K<649@B= :<8>BEF< (@2/E). 
#4D4@9FD ReA GK<FO649F 6?<SA<9 6S;>BEF< C9D9>4K<649@B= :<8>B- 

EF< A4 ;A4K9A<9 CBF9DP QA9D7<< A4 FD9A<9 6AGFD< E4@B7B A4EBE4. 
� D9;G?PF4F9 <EE?98B64A<= GEF46?9AB (D<E. 6.1): 

 

 
 

 

 

$<E. 6.1. �46<E<@BEF< >BQHH<J<9AFB6 C9D9EKѐF4 КН, КQ < KøBF 
K<E?4 $9=AB?P8E4 6 A4EBE9 ReA 

 

 #D< 69EP@4 5B?PL<I K<E?4I ReA ( ReA ReC þt þC) E<?4 FD9A<S 
C9D9EF49F ;46<E9FP BF K<E?4 ReC , 4 ;46<E<F FB?P>B BF CB84K< Q;  I4- 
D4>F9D<EF<>4  A4EBE4  A9  ;46<E<F  BF  6S;>BEF<  þt C9D9>4K<649@B= 

 n D 



:<8>BEF<, 4 ;46<E<F FB?P>B BF 8<4@9FD4 < G7?B6B= E>BDBEF< 6D4M9- 
A<S D45BK97B >B?9E4; 6 C9D9EKѐF9 (Q–H)-I4D4>F9D<EF<>< E 6B8O A4 
6S;>GR :<8>BEFP A9F A9B5IB8<@BEF< (>BQHH<J<9AFO h@ 6 , a@ 6 , b@ 6 

6 GD46A9A<SI (4.13), (5.1) A9 C9D9EK<FO64RFES, F4> >4> EBBF69F- 
EF6GRM<9 >BQHH<J<9AFO C9D9EKѐF4 КН < КQ D46AO 1 (D<E. 6.1). !B 
QFB A9 B;A4K49F, KFB F4> :9 A9 A48B C9D9EK<FO64FP >BQHH<J<9AFO 6 
GD46A9A<< ø@ 6 =  f @ 6 (Q). #BE>B?P>G, >4> QFB IBDBLB 6<8AB <; D<E. 
6.1 CD< ReA = ReC >BQHH<J<9AF C9D9EKѐF4 >.C.8. Кø EGM9EF69AAB 
BF?<K49FES BF 98<A<JO (Кø< 1). 

 �E?< ReA üReC (þt þþC) I4D4>F9D<EF<>< J9AFDB59:AB7B A47A9F4F9- 
?S, CBEFDB9AAO9 A4 6B89 (þ6 = 1E %F), BF?<K4RFES BF I4D4>F9D<EF<> 
A47A9F4F9?S, D45BF4RM97B A4 5B?99 6S;>B= :<8>BEF< (>BQHH<J<9A- 
FO 6 GD46A9A<SI (4.13), (5.1) C9D9EK<FO64RFES, F4> >4> КН < КQ ü1, 
D<E. 6.1). 

ReC ý3,16 10
5

 n0,305 
, (6.5) 

 

789 ns – >BQHH<J<9AF 5OEFDBIB8ABEF< A4EBE4 A4 D9:<@9 @4>E<- 

@4?PAB7B >.C.8., S6?SRM<=ES <A8<6<8G4?PAB= I4D4>F9D<EF<>B= 

A4EBE4: 
øQ6 
BCF 

n6 E ù0,5 , (6.6) 

60 øH 6 BCF n> ù0,75 

789 n – K<E?B B5BDBFB6 DBFBD4 (D45BK97B >B?9E4) A4EBE4, B5/@<A. (#D<- 
?B:9A<9 2); 

Q6 BCF , H6 BCF = h6– b6 Q6 BCF – CB84K4 (@
3/K) < A4CBD (@) A4EBE4 CD< D4- 

5BF9 A4 6B89 E @4>E<@4?PAO@ >.C.8. (;89EP 
HBD@G?9 4.9); 

Q6 BCF D4EEK<FO649FES CB 

n> , n6 E – EBBF69FEF69AAB K<E?B CBE?98B64F9?PAB GEF4AB6?9AAOI D45B- 
K<I >B?ѐE (EFGC9A9= A4EBE4) < EFBDBA 6E4EO64A<S D45BK97B >B?9E4; 
H6 BCF 
Q6 BCF 

n> – A4CBD, EB;84649@O= B8AB= EFGC9APR, 
n6 E – D4EIB8, CD<IB8SM<=ES A4 B8AG EFBDBAG D45BK97B >B?9E4. 

 

�D<F<K9E>B9 ;A4K9A<9 6S;>BEF< A9HF< þC, 6OL9 >BFBDB7B A9B5IB- 
8<@ C9D9EKѐF A4CBDAB= I4D4>F9D<EF<>< D4EEK<FO649FES CB HBD@G?9: 

2 

þC þnD> ReC . (6.7) 

s 

2 



5.3. #D< 6OCB?A9A<< GE?B6<S (6.7), FB 9EFP 6 E?GK49 ReA üReC , 6O- 

K<E?<F9  >BQHH<J<9AFO C9D9EKѐF4 A4CBD4  КН, CB84K<  KQ < >.C.8. Кø

A4EBE4 E 6B8O A4 6S;>GR A9HFP. �?S QFB7B <ECB?P;G=F9 E?98GRM<9 HBD- 
@G?O: 

 

KH  ý1 0,128lgøReC 

KQ ýK
1,5 

; 

ReA ù;ü
ÿ
ý
ÿ




(6.8) 

Kø ý1 aølg(Re7D ReA ), þ


789 Re7D – 7D4A<KAB9 K<E?B $9=AB?P8E4 (D<E. 6.1); 4ø– CBCD46BKAO= >B- 
QHH<J<9AF. 

�9?<K<AO 

 
Re7D <  4ø , F4> :9 >4> < Re#  S6?SRFES HGA>J<9= BF 

 
ns : 

Re7D 0,22410 ns 

4  1,33n-0,326
 

; (6.9) 

. (6.10) 

 

�A4S КН , KQ ,  Кø, @B:AB D4EEK<F4FP 69?<K<AO 4CCDB>E<@4J<BA- 
AOI >BQHH<J<9AFB6 CD< D45BF9 A4EBE4 A4 6OEB>B6S;>B= A9HF< (<A89>E 
«þ»)  h@þ , 4@þ, b@þ(hC þ , 4C þ, bC þ), c0þ , c1þ , c2þ K9D9; <;69EFAO9 >BQH- 

H<J<9AFO CD< D45BF9 A4EBE4 A4 6B89 (<A89>E «6»): 

h@þ ýKH h@ 6 ; 

a@þ ý4@ 6 KH 

KQ 
ý

a@ 6  
;
 

0,5 
H 

b@þ ýb@ 6  KH 
2 
Q 

b@ 6 
ý 

2
 

H 

 

; (6.11) 

 

c0þ ýKø c06 ; 
K 

c1þ


c2þ

ýc16  
ø


KQ 

Kø
ýc26  2

 
Q 

; (6.12) 

 
 

. 

5.4. "CD989?<F9 CB84KG A4EBE4 6 BCF<@4?PAB@ D9:<@9. 

K 

K 

H 

ø s 

K 

K 



 4>E<@4?PAO= >.C.8. A4 6OEB>B6S;>B= A9HF< 

CB84K9 BCD989?S9@B= CB HBD@G?9 (4.9). 

ø
max 
8BEF<749FES CD< 

Q 
BCF ýE1þ ø2 E2þù , 

CD< >BFBDB= >.C.8. < A4CBD A4EBE4 EBBF69FEF69AAB D46AO: 
2 

øþmax ýc0þ c1þ
QþBCF E2þ

2 
QþBCF ; (6.13) 

НýþBCF ýhýþ býþ QþBCF . 
5.5. �A4?B7<KAB C9D9EK<F4=F9 >BQHH<J<9AFO 6 A4CBDAB= I4D4>F9- 

D<EF<>9 HC 6 ýhC 6 bC 6 Q
2

 CB8CBDAB7B A4EBE4 CB HBD@G?4@ (6.1 – 6.13). 

5.6. �4CB?A<F9 F45?<JG. 
 

$9:<@ #B84K4, @3
/c !4CBD, @ >.C.8. 

 47<EFD4?PAO= A4EBE 
AB@<A4?PAO=    

BCF<@4?PAO= A4 6B89    

BCF<@4?PAO= A4 A9HF<    

#B8CBDAO= A4EBE 
AB@<A4?PAO=    

BCF<@4?PAO= A4 6B89    

BCF<@4?PAO= A4 A9HF<    

 

6. $�%%&�!"��� !�%"%!/) %&�!*�� #" &$�%%� 

!�(&�#$"�"�� 

 

$4;@9M9A<9 A4EBEAOI EF4AJ<= A4 FD4EE9 A9HF9CDB6B84 CDB<;6B- 
8<FES 7D4H<K9E>< A4 CDBH<?9 FD4EEO. �?S QFB7B A9B5IB8<@O E?98GR- 

M<9 84AAO9: 
1) 7<8D46?<K9E><= G>?BA i FDG5BCDB6B84; 
2) 7<8D46?<K9E><= G>?BA 8?S GK4EF>B6 E ?GC<A74@< (<?< 6EF46>4- 

@<), i? ( i6 ); 

3) A4CBDO,  D4;6<649@O9  BEAB6AO@<  A4EBE4@<  >4:8B=  A4EBEAB= 
EF4AJ<< HEF i ; 

4) 69?<K<AO CB8CBD4 A4 6IB89 6 BEAB6AO9  A4EBEO 7B?B6AB= < CDB- 
@9:GFBKAOI A4EBEAOI EF4AJ<= H 2 ; 

5) 69?<K<AO BEF4FBKAOI A4CBDB6 A4 6IB89 6 >BA9KAO9 CGA>FO Q>E- 
C?G4F4J<BAAOI GK4EF>B6 < A9HF9CDB6B84 6 J9?B@ H>C . 

 

7.1. "CD989?<F9 K<E?B A4EBEAOI EF4AJ<= 
$4EEK<F4=F9: 

þ

þ



 K<E?B $9=AB?P8E4  Re , I4D4>F9D<;GRM99 D9:<@ F9K9A<S :<8>BEF< 

CB FDG5BCDB6B8G: 
 

Re ý


2 

4Q 

π d6A þt ý 
4G 

π d6A ýt 

, (7.1) 

þt   (@ /c), ýt (@#4∙E)  EBBF69FEF69AAB ><A9@4F<K9E>4S < 8<A4@<K9E>4S 
6S;>BEFP A9HF9CDB8G>F4 CD< D4EK9FAB= F9@C9D4FGD9. 
 7D4A<KAO9 ;A4K9A<S Re : ReI , ReII : 

Re I ý10 
;
 

õ
ReII ý500 

,
 

õ

789 õý KQ
 

d6A 
 BFABE<F9?PA4S L9DBIB64FBEFP FDG5, 6OD4:9AA4S K9D9; 

Q>6<64?9AFAGR  L9DBIB64FBEFP 
FDG5BCDB6B84. 

KQ   (F45?.  7.1)  <  6AGFD9AA<=  8<4@9FD 

�4@<A4DAO= D9:<@ F9K9A<S :<8>BEF< EBID4AS9FES 8B  Re 2300 . 
�4@<A4DAB9 F9K9A<9 @B:9F D94?<;B64FPES 8?S 6OEB>B6S;><I A9HF9=, F9- 
K9A<9 >BFBDOI I4D4>F9D<;G9FES BFABE<F9?PAB A95B?PL<@< K<E?4@< 
$9=AB?P8E4. 

�BQHH<J<9AF 7<8D46?<K9E>B7B  FD9A<S  λ  6  QFB@ E?GK49 
;46<E<F FB?P>B BF  Re < D4EEK<FO649FES CB HBD@G?9 %FB>E4: 

λý
64 

. 
Re 

 

&45?<J4 7.1 

1>6<64?9AFA4S L9DBIB64FBEFP FDG5 (84AAO9 �.�. �?PFLG?S) 
 

�<8 FDG5O %BEFBSA<9 FDG5O KQ , @@ * 

�9ELB6AO9 EF4?P- 
AO9 

!B6O9 K<EFO9 0,01 0,02 
 

 

0,014 

%64DAO9 EF4?PAO9 #BE?9 A9E>B?P><I ?9F 
Q>EC?G4F4J<< 

0,15 0,3 
 

 

0, 2 

&B :9 !B6O9 K<EFO9 0,03 0,12 
 

 

0,5 

&B :9 % A9;A4K<F9?PAB= 

>BDDB;<9= CBE?9 
BK<EF>< 

0,1 0, 2 
 

 

0,15 



#DB8B?:9A<9 F45?. 7.1 
 

&B :9 '@9D9AAB ;4D:46?9A- 
AO9 

0,3 0,7 
 

 

0,5 

&B :9 %F4DO9 ;4D:46?9AAO9 0,8 1,5 
 

 

1 
&B :9 %<?PAB ;4D:46?9AAO9 

<?< E 5B?PL<@< BF?B- 
:9A<S@< 

2 4 
 

 

3 

* #D<@9K4A<9. � ;A4@9A4F9?9 G>4;4AO ED98A<9 ;A4K9A<S Q>6<64- 
?9AFAB= L9DBIB64FBEF< 

 

 

#D< FGD5G?9AFAB@ D9:<@9 F9K9A<S ( Re þ2300 ) D4;?<K4RF FD< ;B- 
AO FD9A<S: 

788D46;8G9E:8 7;48:8E FDG5 
0,3164 

2320 üRe üReI , 
λý

Re0,25 

(HBD@G?4 �?4;<GE4); 

7>=G E<9H4==>7> FD9=8я 

Re  üRe üRe   , üý0,11
öõ
ø

68 ö0,25 
÷

Re ø


(HBD@G?4 �?PFLG?S); 

7>=G :648D4F8G=>7> FD9=8я 

Re þRe II , λý0,11
4 õ; 

789 L 8?<A4 FDG5BCDB6B84, @;  g GE>BD9A<9 E6B5B8AB7B C489A<S, g 

= 9,81 @/E2
; V  E>BDBEFP F9K9A<S A9HF<, @/E (HBD@G?4 4.7). 

�DB@9 FB7B, 6 CBF9D< A4CBD4 A4 FD9A<9 6IB8SF CBF9D< A4 @9EFAOI EB- 
CDBF<6?9A<SI (;486<:><, CB6BDBFO, EG:9A<S < F.C.), S6?SRM<9ES A9;A4- 
K<F9?PAO@< < CD<A<@49@O9 D46AO@< 1&2 % BF CBF9DP A4 FD9A<9.  

I II ÷



789 z D4;ABEFP 79B89;<K9E><I BF@9FB> >BAJ4 < A4K4?4 FDG5BCDB6B84; 
       BEF4FBKAO= A4CBD  6 >BAJ9 GK4EF>4, A9B5IB8<@O= 8?S ;4>4K>< 

A9HF< 6 D9;9D6G4DO. 

!4 EF4AJ<SI, D4ECB?B:9AAOI A4 7D4A<J9 Q>EC?G4F4J<BAAOI GK4EF- 
>B6, 6@9EF<@BEFP D9;9D6G4DAB7B C4D>4 8B?:A4 EBEF46?SFP 0,3 & 0,5 EG- 
FBKAB= CDBCGE>AB= ECBEB5ABEF< FDG5BCDB6B84, CBQFB@G A4CBD     5G- 
89F <ECB?P;B64A     D4;. 

                  

 k  K<E?B BEAB6AOI A4EBEB6, k ý3 ;      6AGFD<EF4AJ<BAAO9 CBF9- 
D< A4CBD4,                          @ CB �!&# 286; 

 
 

 
6B84 

7.2. �OCB?A<F9 D4EEF4AB6>G A4EBEAOI EF4AJ<= CB FD4EE9 A9HF9CDB- 

 

$4EK9FAB9 K<E?B A4EBEAOI EF4AJ<= , >4> CD46<?B, CB?GK49FES 
8DB5AO@ < @B:9F 5OFP B>DG7?9AB >4> 6 EFBDBAG 5B?PL97B K<E?4     , F4> 
< 6 EFBDBAG @9APL97B.        

$4EEF4AB6>4 C9D9>4K<64RM<I EF4AJ<= 6OCB?AS9FES 7D4H<K9E>< A4 
E:4FB@ CDBH<?9 FD4EEO, CBEFDB9AAB@ 6 7D4H<K9E>B@ D984>FBD9 <?< A4 
@<??<@9FDB6>9. �4AAO9 8?S CBEFDB9A<S CDBH<?S FD4EEO A9HF9CDB6B84 
8?S >4:8B7B 64D<4AF4 CD<6989AO 6 F45?<J9 3.2. 

 

   

   



 

 
EB. 

$4EEK<F4=F9 AB6O= 8<4@9FD DBFBD4 . 
'>4:<F9 A4 E>B?P>B CDBJ9AFB6 A9B5IB8<@B B5D9;4FP D45BK99 >B?9- 

 

% J9?PR <;59:4A<S EA<:9A<S >.C.8. A4EBEB6 B5FBK>4 A9 8B?:A4 
CD96OL4FP 10 %. 

�OCB?A<F9 D4EEF4AB6>G A4EBEAOI EF4AJ<= CB FD4EE9 A9HF9CDB6B84, 
E B>DG7?9A<9@ K<E?4 EF4AJ<= 6 5B?PLGR EFBDBAG. 

!4CD<@9D, 6 D45BF9 A4IB8SFES FD< C9D9>4K<64RM<9 EF4AJ<<, B5B- 
DG8B64AAO9 B8ABF<CAO@< @47<EFD4?PAO@< A4EBE4@< < EB;84RM<9 B8<- 
A4>B6O9 A4CBDO HEF1 = HEF2 = HEF3 = . !4 �#% GEF4AB6?9AO CB8CBDAO9 
A4EBEO, EB;84RM<9 CB8CBD HC = . � >BAJ9 FDG5BCDB6B84 (Q>EC?G4- 
F4J<BAAB7B GK4EF>4) B59EC9K<649FES BEF4FBKAO= A4CBD H>C   (D<E. 7.1). 

 
c 

 

  
 

 

 

 

$<E. 7.1. #D<@9D D4EEF4AB6>< C9D9>4K<64RM<I EF4AJ<= CB FD4EE9 
A9HF9CDB6B84 CBEFBSAAB7B 8<4@9FD4     

H>C 

HC 

HC 

HC 

H’ 
H’ EF3 

EF2 

H’ 

B 

B1 

z> 

H>C 
EF1 

N 
A 

zA 

M 

l1 l2 

Lp=L 

l3 

&D9G7B?PA<> 7<8D46?<K9E>B7B G>?BA4 abc 

i 

1,02·i·l 

a l b 

 

   



#BEFDB=F9 FD9G7B?PA<> 7<8D46?<K9E>B7B G>?BA4 abc (E GK9FB@ 

A48546>< A4 @9EFAO9 EBCDBF<6?9A<S) 6 CD<ASFOI @4ELF454I E:4FB7B 
CDBH<?S FD4EEO. 

�; A4K4?PAB= FBK>< FD4EEO 69DF<>4?PAB 669DI 6 @4ELF459 6OEBF 
BF>?48O649FES A4CBD H

’
EF1, D4;6<649@O= BEAB6AO@< A4EBE4@< C9D6B= 

EF4AJ<<, 8B546?S9@ 69?<K<AG CB8CBD4 HC. 
 9EFB CB?B:9A<S A4 FD4EE9 6FBDB= C9D9>4K<64RM9= EF4AJ<< BCD9- 

89?S9FES E CB@BMPR BFD9;>4, CDB6989AAB7B <; 69DL<AO A4CBD4 HEF1 C4- 
D4??9?PAB ?<A<< 7<8D46?<K9E>B7B G>?BA4 8B C9D9E9K9A<S E CDBH<?9@. 
$4ECB?B:9A<R 6FBDB= C9D9>4K<64RM9= EF4AJ<< 5G89F EBBF69FEF6B64FP 
FBK>4 M A4 CDBH<?9 FD4EEO. 

�?S CBE?98A9= A4EBEAB= EF4AJ<< <; FBK>< N CB 69DF<>4?< 6 @4E- 
LF459 BF?B:<F9 EG@@G A4CBD4 CBE?98A9= EF4AJ<< H

’
EF3 < D4;ABEF< HC – 

H>C. �<A<S 7<8D46?<K9E>B7B G>?BA4, CDB6989AA4S <; BF@9F>< HC – H>C 
8B?:A4 EB6C484FP E >BA9KAB= BF@9F>B= z> A9HF9CDB6B84. 

 

>:DG7;9=89 G8E;4 EF4=F89 6 EF>D>=G G<9=ьH9=8я 

� 84AAB@ E?GK49 8?S >B@C9AE4J<< A98BEF4RM97B A4CBD4 CDB>?4- 
8O64RF ?GC<A7. !9B5IB8<@B D4ECD989?<FP B5MGR 8?<AG ?GC<A7B6 CB 
C9D97BA4@ @9:8G EF4AJ<S@<. �GC<A7 @B:AB CD<@9A<FP 6 ?R5B@ @9EF9 
D4EK9FAB= 8?<AO FD4EEO. !4<5B?99 J9?9EBB5D4;AB D4;@9M4FP 6 >BAJ9 
C9D97BA4 @9:8G A4EBEAO@< EF4AJ<S@<. #D< QFB@ D4EEK<FO649FES 8?<A4 
?GC<A74: 

l ýHEF (nAE 
'' AE   , (7.10) 

? 

789 D4EK9FAO= >BQHH<J<9AF: 
ý

ù

i(1) 

 
1 

5m ù2m 

 

 

 

, (7.11) 

ú öd ö2m ú
ú1 ÷÷

?  
÷÷ ú



CD<: 

ú ød6A ø ú
û û

?4@<A4DAB@ F9K9A<< = 0,5; 

FGD5G?9AFAB@ F9K9A<< 
6 ;BA9 7<8D46?<K9E>< 7?48><I FDG5 = 0,296; 
6 ;BA9 E@9L4AAB7B FD9A<S = 0,272; 

6 ;BA9 >648D4F<KAB7B FD9A<S = 0,25; 

m >BQHH<J<9AF �9=59A;BA4 (F45?. 7.2); 

 n ) 



 
�9?<K<AO >BQHH<J<9AFB6 �9=59A;BA4 

&45?<J4 7.2 

 

$9:<@ F9K9A<S m A1 , E2/@ 

�4@<A4DAO= 1 64 4,15 

&GD5G?9AFAO=: 
;BA4 �?4;<GE4 
;BA4 E@9L4AAB7B FD9A<S 
;BA4 >648D4F<KAB7B FD9A<S 

 

0,25 
0,123 

0 

 

0,3164 

100,127 lg e0,627 

λ 

 

0,0246 

0,0802 A1 

0,0827 λ 

 

< 7<8D46?<K9E><= G>?BA A4 GK4EF>9 E ?GC<A7B@, >BFBDO= BCD989?S- 
9FES K9D9; 7<8D46?<K9E><= G>?BA < 8<4@9FD BEAB6AB= «A<F><» FDG5B- 
CDB6B84: 

 

i? ý
ù

i 

5m ù2m 
ýi . (7.12) 

ú öd ö2m ú
ú1 ÷÷

?  
÷÷ ú

ú ød6A ø ú
û û




$4EE@BFD<@ BEB59AABEF< D4EEF4AB6>< !#% CB FD4EE9 A9HF9CDB6B84 

8?S <EIB8AOI 84AAOI, D4EE@BFD9AAOI 6OL9. 
�BCB?A<F9?PAB EFDB<FES 7<8D46?<K9E><= FD9G7B?PA<> abd. �7B 7<- 

CBF9AG;4 bd BCD989?S9F CB?B:9A<9 ?<A<< 7<8D46?<K9E>B7B G>?BA4 A4 
GK4EF>9 E ?GC<A7B@ i? (D<E. 7.2). 

�; A4K4?PAB= FBK>< FD4EEO 69DF<>4?PAB 669DI 6 @4ELF459 6OEBF 
BF>?48O649FES A4CBD HEF1, D4;6<649@O= BEAB6AO@< A4EBE4@< C9D6B= 
EF4AJ<< < 69?<K<AG CB8CBD4 HC. #DB6989@ ?<A<< 7<8D46?<K9E><I G>?B- 
AB6 <; >BAJB6 EBBF69FEF6GRM<I BFD9;>B6 8B C9D9E9K9A<S E CDBH<?9@ 
FD4EEO. "F?B:<F9 6 @4ELF459 6 FBK>9 X 69?<K<AG CB8CBD4 HC < <; CB?G- 
K9AAB= FBK>< CDB698<F9 ?<A<R 7<8D46?<K9E>B7B G>?BA4 i? . &BK>4 C9D9- 
E9K9A<S QFB= ?<A<< E ?<A<9= 7<8D46?<K9E>B7B G>?BA4 i 84EF 8?<AG ?G- 
C<A74 l?1. 

�A4?B7<KAO9 CBEFDB9A<S 6OCB?ASRFES 8?S D4;@9M9A<S BEF4?PAOI 
?GC<A7B6 < EF4AJ<=. %G@@4 8?<A BFD9;>B6 l?1, l?2 < l?3 8B?:A4 D46ASFPES 
D4EK9FAB= 8?<A9 ?GC<A74 l?, A4=89AAB= <; 6OD4:9A<S (7.10). 



 

 
 

$<E. 7.2. $4EEF4AB6>4 C9D9>4K<64RM<I EF4AJ<= < ?GC<A7B6 CB FD4EE9 
A9HF9CDB6B84 

 

 

7.3. #BEFDB9A<9 7D4H<>4 EB6@9EFAB= D45BFO A9HF9CDB6B84 < 6E9I 
!#%. �D4H<K9E>B9 BCD989?9A<9 D45BK9= FBK>< E<EF9@O 

 

�?S  CBEFDB9A<S  EB6@9M9AAB=  I4D4>F9D<EF<>< A9HF9CDB6B84  < 
A4EBEAOI EF4AJ<= CDB698<F9 D4EK9FO, D9;G?PF4FO E698<F9 6 F45?<JG 7.3. 



&45?<J4 7.3 

�4AAO9 8?S CBEFDB9A<S EB6@9M9AAB= I4D4>F9D<EF<>< 
A9HF9CDB6B84 < !#% 
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$<E. 7.3. #D<@9D EB6@9M9AAB= I4D4>F9D<EF<>< A9HF9CDB6B84 < A4EBE- 
AOI EF4AJ<=: CDB9>FA4S CDB<;6B8<F9?PABEFP Q = 1066 @3/K, >B?<K9EF6B 
A4EBEAOI EF4AJ<= – CSFP, >B?<K9EF6B A4EBEB6, D45BF4RM<I A4 EF4AJ<< 

 FD< 



%B6@9M9AA4S I4D4>F9D<EF<>4 A9HF9CDB6B84 < A4EBEAOI EF4AJ<= 

CB;6B?S9F BCD989?<FP CD< >4>B@ >B?<K9EF69 D45BF4RM<I A4EBEB6 B59E- 
C9K<649FES CDB9>FA4S CDB<;6B8<F9?PABEFP A9HF9CDB6B84. 

�; D<E. 7.3 @B:AB 6<89FP, KFB CDB9>FA4S CDB<;6B8<F9?PABEFP 
A9HF9CDB6B84 8?S 84AAB7B CD<@9D4 B59EC9K<649FES CD< D45BF9 A4 EF4A- 

J<SI FD<A48J4F< A4EBEB6. 
#D< D4ECD989?9A<< >B?<K9EF64 A4EBEB6 E?98G9F <@9FP 6 6<8G, 

KFB 5B?PL99 <I K<E?B 8B?:AB 5OFP GEF4AB6?9AB A4 !#%, D4ECB?B- 
:9AAOI 6 A4K4?9 FDG5BCDB6B84, < @9APL99 – 6 97B >BAJ9. 

 

7. $�%+�& !��"&"$/) &�)!��"-1�"!" �+�%��) 

#"����&���� $��"&/ !�(&�#$"�"�!"�" 

#$��#$�3&�3 

 

%<EF9@4 F9IA<>B-Q>BAB@<K9E><I CB>4;4F9?9= D45BFO CD98CD<SF<S 
CB;6B?S9F BI4D4>F9D<;B64FP 97B CDB<;6B8EF69AAB-IB;S=EF69AAGR 89S- 
F9?PABEFP. 

 &4D<H A4 FD4AECBDF<DB6>G A9HF< 
�4 GE?G7< CB FD4AECBDF<DB6>9 A9HF< E A9HF98B5O64RM<I CD98CD<- 

SF<= 6;<@49FES C?4F4 CB F4D<H4@, GEF4A46?<649@O@ 7BEG84DEF69AAO@ 

BD74AB@ D97G?<DB64A<S 9EF9EF69AAOI @BABCB?<= – (989D4?PAB= E?G:- 

5B= CB F4D<H4@ ((%& $BEE<<). 
&(F4D<H) = &6(F4D<HA4S 6ODGK>4) / �(7DG;BB5BDBF). 

#D< QFB@ F4D<H GEF4A46?<649FES ;4 98<A<JG FD4AECBDFAB= D45BFO, 
FB 9EFP ;4 100 F∙>@. %D98A<= F4D<H CB $BEE<< (6 E<EF9@9 "�" «�� 

«&D4AEA9HFP») CB EBEFBSA<R A4 01.01.2011 7. EBEF46?S9F: 
& = 38,5741 DG5./ 100 F∙>@. 

 &4D<HA4S 6ODGK>4 
&4D<HA4S 6ODGK>4 (&6) – EG@@4 89A9:AOI ED98EF6, CB?GK9AAOI 

CD98CD<SF<9@ ;4 B>4;4AAO9 GE?G7< CB FD4AECBDF<DB6>9 A9HF<. &4D<H- 

A4S 6ODGK>4 BCD989?S9FES >4> CDB<;6989A<9 B5N9@4 FB64DAB= CDB8G>- 
J<< A4 EFB<@BEFP 99 D94?<;4J<<. 

 %959EFB<@BEFP C9D9>4K>< 
«#B?B:9A<9@ B5 BCD989?9A<< F4D<HB6 A4 GE?G7< CB FD4AECBDF<- 

DB6>9 A9HF< CB @47<EFD4?PAO@ FDG5BCDB6B84@», GF69D:89AAO@ (%& 

$BEE<<, GEF4AB6?9AB, KFB D4EK9FA4S 69?<K<A4 F4D<H4 8B?:A4 B59EC9- 
K<FP CB>DOF<9 Q>BAB@<K9E>< B5BEAB64AAOI ;4FD4F < B5D4;B64A<9 CD<- 

5O?< 6 8BEF4FBKAB@ D4;@9D9. 1FBF D4;@9D EBEF46?S9F 15 %. &4><@ B5D4- 
;B@, ABD@4 CD<5O?< (<?< D9AF459?PABEFP) 6 F4D<H9 ;4 GE?G7< CB FD4AE- 
CBDF<DB6>9 A9HF< EBEF46?S9F 15%, 4 G89?PA4S E959EFB<@BEFP – 85 %. 



 
$4EK9FAO9 HBD@G?O 

&45?<J4 8.1. 

 
№ C/C !4<@9AB64A<9 

CB>4;4F9?S 
�8. <;@. 'E?. B5B;A. $4EK9FA4S HBD@G- 

?4 
1 2 3 4 5 

1. #B>4;4F9?< B5N9@B6 CDB<;6B8EF64 
1.1. #9D9>4K>4 A9HF< FOE. F #A 
1.2. "5N9@ FD4AECBDFAB= 

D45BFO 

@?A F · >@ "F "F = #A /#, 
789 # CDBFS:9A- 

ABEFP FDG5BCDB6B- 
84, >@ 

1.3. &4D<HA4S 6ODGK>4 @?A DG5. &6 &� = "&·&, 
789 & F4D<H A4 
C9D9>4K>G, 
DG5./100 F·>@ 

2. Ф<A4AEB6O9 CB>4;4F9?< 

2.1. �4FD4FO A4 C9D9>4K>G 
A9HF< 

@?A DG5. �C 

2.2. %959EFB<@BEFP C9D9- 
>4K>< 1 F A9HF< 

DG5./F %CA %CA = �C / #A 

2.3. %959EFB<@BEFP 98<A<- 

JO FD4AECBDFAB= D45B- 
FO 

DG5./F·>@ %F %F = �C / "F 

2.4. #D<5O?P BF D94?<;4- 
J<< 

@?A DG5. #D #$ = &� �# 

2.5 +<EF4S CD<5O?P @?A DG5. #K #K  ý#D !, 
789  #D  –  CD<5O?P 
BF D94?<;4J<< 
(A4?B7BB5?4749@4S 
CD<5O?P), DG5.; 
! – D4EIB8O CB 
A4?B7G A4 CD<5O?P 
(E    01.01.2009    7. 
EF46>4 A4?B74 A4 
CD<5O?P EBEF46?S- 
9F 20 % BF A4?B7B- 
B5?4749@B= CD<- 

5O?<), DG5. 
 

 З4FD4FO A4 C9D9>4K>G 
"5M4S EG@@4 ;4FD4F A4 C9D9>4K>G A9HF<: 

�C ýQ L %G8, 
789 Q – B5N9@ C9D9>4K>< A9HF< CB @47<EFD4?PAB@G A9HF9CDB6B8G, F; 



L – CDBFS:9AABEFP GK4EF>4 @47<EFD4?PAB7B A9HF9CDB6B84, >@; 
Q ∙ L – FD4AECBDFA4S D45BF4 (7DG;BB5BDBF) F·>@; 
%G8   –  G89?PA4S  E959EFB<@BEFP,  FB  9EFP  E959EFB<@BEFP  C9D9>4K><  1 F 
A9HF< A4 100 >@, 6 DG5. ;4 98<A<JG FD4AECBDFAB= D45BFO (100 F·>@). 

 #D<5O?P BF D94?<;4J<< 
#D<5O?P (G5OFB>) BF D94?<;4J<< (#D) – QFB H<A4AEB6O= D9;G?PF4F, 

CB?GK9AAO= CD98CD<SF<9@ BF BEAB6AB= 89SF9?PABEF<; D469A D4;A<J9 
@9:8G F4D<HAB= 6ODGK>B= < ;4FD4F4@< A4 FD4AECBDF<DB6>G A9HF< CB 
@47<EFD4?PAO@ FDG5BCDB6B84@. 

 Ч<EF4S CD<5O?P 
#BE?9 GC?4FO A4?B74 A4 CD<5O?P < 8DG7<I C?4F9:9= 6 5R8:9F 

BEF46L4SES K4EFP CD<5O?< – K<EF4S CD<5O?P (#K) BEF49FES 6 D4ECBDS:9- 
A<< CD98CD<SF<S < <ECB?P;G9FES <@ E4@BEFBSF9?PAB. 

 

8. #$И �$ $А%Ч�&А 

 

�4AAO9 8?S F9IAB?B7<K9E>B7B D4EK9F4 @47<EFD4?PAB7B A9HF9CDB6B84 
 

№ 64D<- 
4AF4 

tC.A, 

C 

òEF = ò20, 

>7/@3
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L, >@ nQ ú, 
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�4AAO9 8?S D4EK9F4 F9IA<>B-Q>BAB@<K9E><I CB>4;4F9?9= D45BFO A9HF9- 
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FOE. F 
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9.1. $4EK9F BEAB6AB7B @47<EFD4?PAB7B A4EBE4 
 

9.1.1. � EBBF69FEF6<< E ;484AAB= CDBCGE>AB= ECBEB5ABEFPR   !# 

G7  6O59D9@ 97B BD<9AF<DB6BKAO9 C4D4@9FDO. 
 

 
"D<9AF<DB6BKAO9 C4D4@9FDO  !# 

&45?<J4 9.1.1 

 

#DBCGE>A4S 
ECBEB5ABEFP 
(7DG;BCBFB>) 
G7, @?A F/7B8 

�<4@9FD 
A4DG:AO= 

DA, @@ 

�BCGEF<@B9 846- 
?9A<9 

$8BC ,  #4 

4,0 – 9,0 530 6,3 
 

9.1.2. "CD989?<@ D4EK9FAGR FB?M<AG EF9A>< FDG5BCDB6B84  ô (E 
B>DG7?9A<9@ 8B AB@<A4?PAB= FB?M<AO EF9A>< 6 5B?PLGR EFBDBAG): 

 

#D<A<@49@ 8?S D4EK9F4 
КA.@1 = 1,4; �! = 1. 

KG.D.  = 0,9 8?S III >4F97BD<< FDG5BCDB6B84; 

$4EKѐFAB9 (8BCGEF<@B9) EBCDBF<6?9A<9 EF4?< A4 D4;DO6,  #4: 
û  K G.D. 
D  ýóD 

К 
 

A.@1 КA 
= [510·0,9]/[1,4·1] = 327,9  #4. 

 

K 

ôý 
! D 

 $8BC DA  
= [1,1·6,3·530]/[2·(327,9+1,1·6,3)] = 10,97 @@. 

2([óD ] K 

! D 

 $8BC ) 

#D<A<@49@ ô=11 @. 
 

9.1.3. "CD989?<@ 6AGFD9AA<= 8<4@9FD FDG5BCDB6B84 
d6A ýDA 2 ô = 530 2·11 = 508 @@. 

 

9.1.4. "CD989?<@ C?BFABEFP C9D9>4K<649@B= A9HF< 
 

 
&9@C9D4FGDA4S CBCD46>4 A4 C?BFABEFP A9HF< 

&45?<J4 9.1.2 

 

#?BFABEFP òEF, :7/<3
 &9@C9D4FGDA4S CBCD46>4 ÷, ö k7 ö÷ ÷

ø<3 O  % ø
760,0 – 769,9 0,818 



òt  ýòEF ÷(tC.A t EF ) =765 – 0,818·(0,5 20) = 781,77 >7/@ . 

 

9.1.5. "CD989?<@ D4EK9FAO= K4EB6B= QG 

A9HF<: 
< E9>GA8AO= QE D4EIB8O 

Q ýG7 10 КC 

K = [6,0·109·1,07]/[352·24·781,77] = 972,1 @3/K; 
N7 24 òt 

#D<A<@49@ 

8B6. 
КC = 1,07 – 8?S B8ABFDG5AOI (B8ABA<FBKAOI) A9HF9CDB6B- 

 

&45?<J4 9.1.3 

!BD@4F<6A4S 7B8B64S CDB8B?:<F9?PABEFP (6 EGF>4I) D45BFO  !# 

#DBFS:9AABEFP L, 
>@ 

�<4@9FD A9HF9CDB6B84 DH, @@ 

8B 820 (6>?RK<F9?PAB) E6OL9 820 

L þ700 352 (350) 349 (345) 
 

QE = QK/3600 = 972,1/3600 = 0,270 @3/E. 
 

9.1.6. %>BDBEFP C9D9>4K>< V : 

V ý  
QE 

SCDBI 
ý 

QE 

6A   / 4 
ý

4QC 

d6A 

= [4·0,270]/[3,141·0,5082
] = 1,33  @/E. 

 

9.1.7. � EBBF69FEF6<< E D4EKѐFAB= K4EB6B= CDBCGE>AB= ECBEB5AB- 
EFPR QG 6O59D9@ @4D>G BEAB6AB7B @47<EFD4?PAB7B A4EBE4 (! ). 

 

&45?<J4 9.1.4 

&9IA<K9E><9 I4D4>F9D<EF<>< A4EBEB6 E9D<< !  
 

 

&<CB- 
D4;- 
@9D 

A4EBE4 

!B@<A4?PAO= D9:<@ A4 6B89 Ч<E?B 
EFGC9A9= 

( D45BK<I 
>B?ѐE), n> 

#B84K4 
QO.H, 
@3/K 

!4CBD 
!".!, 
@ 

+4EFBF4 
6D4M9A<S, 
n, B5/@<A 

�BCGEF. 
>46<F4J. 
;4C4E 

h8BC. !, @ 

�#� 

øBA ,% 

 BMBEFP 
CD<6B84 
(Q?/86<7.) 
N".!, >�F 

!4EBEO EC<D4?PAO9 B8ABEFGC9AK4FO9 E 86GIEFBDBAA<@ CB86B8B@ :<8>BEF< > D45B- 
K9@G >B?9EG n �% = 2 

!  1250- 

260* 

1259 260 3 000 20 80 1250 1 

9 

2 

3 

d 
2 



9.1.8. $4EEK<F49@ CB84KG A4EBE4 6 BCF<@4?PAB@ D9:<@9: 
Q@6 BCF ýc16 /(2c26 )= [10,36 ·10-4]/[2·(44,35·10-8

)] = 1168 @3/K, CD< 
>BFBDB= @4>E<@4?PAO= >.C.8. A4 6B89 D469A: 

2 -2 

ø@. 6max ýc06  c16Q@ 6 BCF E26Q@ 6 BCF =20,29·10 +10,36· 
·10-4·116844,35·10-8·11682 

= 0,81. 
 

9.1.9. "CD989?<@ 7D4A<JO D45BK9= B5?4EF< 
Q = 0,8 Q@ 6 BCF = 0,8·1168 = 934,4 @3/K; 

3 

QC =1,2 Q@ 6 BCF  = 1,2 ·1168 = 1401,6 @ /K. 
 

9.1.10. "CD989?<@ 4A4?<F<K9E>GR ;46<E<@BEFP A4CBD4, D4;6<649@B- 
7B A4EBEB@ BF 97B CB84K< CB 86G@ FBK>4@ (Q1, H1) <  (Q2, H2): 

H@ 6 ýh@ 6 b@ 6 Q
2

 = 318,8 (3,85·10-5
 ·12502

) = 258,64 @, 
789 h@ 6 = [285·1401,62 243·934,42

]/[1401,6
2 934,4

2
] = 318,8 @; 

b@ 6 = [285243]/[1401,6
2 934,4

2
] = 3,85·10-5   K2/@5

. 

!4CBD, D4;6<649@O= A4EBEB@ A4 6B89 6 BCF<@4?PAB@ D9:<@9: 
H@ 6 BCF ýh@6  b@6Q@ 6 

2 
BCF = 318,8 (3,85·10-5

 ·11682
) = 266,28 @. 

 

9.1.11. "J9A<@ CD46<?PABEFP 6OK<E?9A<S >BQHH<J<9AFB6 
 

ôý 100 % = │[378,95371,32]/[371,32]│·100 % = 3 % ≤ 
 

5 %. 
 

9.2. $4EK9F CB8CBDAB7B @47<EFD4?PAB7B A4EBE4 
 

�O5<D49@ CB8CBDAO= A4EBE !#� 600-60. 

 

9.2.1. "CD989?<@ CB84KG CB8CBDAB7B A4EBE4 6 BCF<@4?PAB@ D9:<@9 
QC BCF ýc16 /(2c26 )= [24·10-4]/[2·(209·10-8

)] = 574,2 @3/K. 
 

9.2.2. "CD989?<@ @4>E<@4?PAO= >.C.8. A4 6B89 
2 -2 -4 

ø@. 6max ýc06  c16QC 6 BCF E26QC 6 BCF = 9,15·10 + 24·10 ·574,2 
209·10-8·574,22 

= 0,78. 

 

9.2.3. !4CBDA4S I4D4>F9D<EF<>4 CB8CBDAOI A4EBEB6 6 BCF<@4?PAB@ 

D9:<@9 

F (QB.A) HB.A 

HB.A 

? 



HC 6 BCF = h.C 6 + aC 6 ∙ Q - bC 6 Q
2 
= 75,3 + 0·574,2 45·10-6·574,22 

=60,46 @. 

9.2.4. "CD989?<@ 4A4?<F<K9E>GR ;46<E<@BEFP A4CBD4, D4;6<649@B7B 
A4EBEB@ BF 97B CB84K< 
HC 6 = h C 6 + aC 6 ∙ Q - bC 6 Q

2 
= 75,3 + 0·600 45·10-6·6002 

= 59,1 @. 
 

9.3. #9D9EK9F I4D4>F9D<EF<> BEAB6AB7B < CB8CBDAB7B A4EBEB6 E 6B8O 

A4 6S;>GR :<8>BEFP 
 

"EAB6AB= @47<EFD4?PAO= A4EBE 
 

9.3.1. "CD989?<@ ><A9@4F<K9E>GR 6S;>BEFP A9HF< 
þt =ýt /òt = 0,159/781,77 = 2,03·10-4 @2/E = 2,03 %F, 
789 ýt ýýEF 9 (tC.A tEF ) = 95 ·10 -3· 2,7 [0,025·(0,520)] =158,6·10-3

 #4·E. 
9.3.2. $4EEK<F49@ >D<F<K9E>B9 ;A4K9A<9 6S;>BEF< C9D9>4K<649@B= 

ED98O þC. 
n D2

 
  > 2 -4 

ReA  ý = [3000·0,44 ]/[60·2,03·10 
t 

] = 47684, 

ReC ý3,16 10
5

 n0,305 = 3,16·105·52,1 -0,305 = 94613, øQ n ù0,5 789  n    6 BCF  6 E = 

ns ý3,65 
60 øH 

 

6 BCF n ù0,75 

3,65· [(3000·[1168/2]0,5)/(60·[371,32/1]0,75
)]=52,1. 

 

ReA üReC (47684 < 94613), (þt þþC), E?98B64F9?PAB, I4D4>F9D<EF<>< J9A- 
FDB59:AB7B A47A9F4F9?S, CBEFDB9AAO9 A4 6B89, BF?<K4RFES BF I4D4>F9- 
D<EF<> A47A9F4F9?S, D45BF4RM97B A4 5B?99 6S;>B= :<8>BEF<, F.9. >BQH- 

H<J<9AFO 6 GD46A9A<<: 
 
 

C9D9EK<FO64RFES. 

H@ 6 BCF ýh@6  b@6Q@ 6 
2 

BCF 

�D<F<K9E>B9 ;A4K9A<9 6S;>BEF< A9HF< þC, 6OL9 >BFBDB7B A9B5IB- 
8<@ C9D9EKѐF A4CBDAB= I4D4>F9D<EF<>< D4EEK<FO649FES CB HBD@G?9: 

2 

þC þnD> ReC = [3000·0,442]/[ 60·94613]=1,02·10-4 @2/E = 1,02 %F. 
 

9.3.3. "CD989?<@ >BQHH<J<9AFO C9D9EK9F4 A4CBD4  КН, CB84K< 
KQ  < >.C.8. КøA4EBE4 E 6B8O A4 6S;>GR A9HFP: 

þ

s 

> 



КН =10,1281·lg[94613/47684] = 0,962; 
1,5 

KQ = 0,962 =0,943; 

Кø= 10,37·lg[102214/47684] = 0,877, 
5 0,384 5 0,384 

789 Re7D 0,22410 ns 
-0,326 

= 0,224·10 ·52,1 = 102214, 

4ø1,33ns = 1,33·52,1-0,326 
= 0,37. 

 

9.3.4. "CD989?<@ 4CCDB>E<@4J<BAAO9 >BQHH<J<9AFO CD< D45BF9 
A4EBE4 A4 6OEB>B6S;>B= A9HF<: 
h@þ ýKH h@ 6 = 0,962·318,8 = 306,68; 

a@þ ý4@ 6 KH 

KQ 
ý

a@ 6 
0,5 
H 

= 0; 

b@þ ýb@ 6  KH 
2 
Q 

b@ 6 

ý 
2
 

H 

 

= [3,85·10 -5]/[0,962
2
] = 4,16·10 -5; 

c0þ ýKø c06 = 0,877·20,29·10-2 
= 17,8·10-2

; 
K 

c1þ ýc16 
Q 

= 10,36·10-4·[0,877/0,943] = 9,63·10-4
; 

K 
-8 2 -8 c2þ ýc26  2

 
Q 

= 44,35·10 ·[0,877/0,943 ] = 43,75·10  . 

Н@þBCF 
0. 

ýhýþ býþ Q
2 

= 306,684,16·10 
BCF 

-6·12502
 = 241,58 @ CD< 4@ 6 = 

 

9.3.5. "CD989?<@ CB84KG BEAB6AB7B A4EBE4 6 BCF<@4?PAB@ D9:<@9 
CD< D45BF9 A4 6OEB>B6S;>B= A9HF<: 
Q@ v BCF ýc16 /(2c26 )= [9,63·10-4]/[2·(43,75·10-8

)] = 1100,5 @3/K. 

9.3.6. "CD989?<@ @4>E<@4?PAO= >.C.8. BEAB6AB7B A4EBE4 CD< D45BF9 
A4 6OEB>B6S;>B= A9HF<: 
@ þmax ýc0þ c1þ  Q@þBCF E2þ

 
Q

2
 
@þBCF = 17,8·10-2 

+ 9,63·10-
 

4·1100,5 43,75·10-8·1100,52 
= 0,708. 

 

9.3.7. !4CBDA4S I4D4>F9D<EF<>4 6 BCF<@4?PAB@ D9:<@9: 
НýþBCF ýhýþ býþQ

2 = 306,68(4,16·10 -5·1100,52
) = 256,2 @. 

K 

K 

K 

ø

K 

K 

þ

þBCF 

ø

ø



#B8CBDAO= A4EBE 
 

9.3.8. "CD989?<@ ><A9@4F<K9E>GR 6S;>BEFP A9HF< 
þt =ýt /òt = 0,159/781,77 = 2,03·10-4 @2/E = 2,03 %F, 
789 ýt ýýEF 9 (tC.A tEF ) = 95 ·10 -3· 2,7 [0,025·(0,520)] =158,6·10-3

 #4·E. 
 

9.3.9. $4EEK<F49@ >D<F<K9E>B9 ;A4K9A<9 6S;>BEF< C9D9>4K<649@B= 

ED98O þC. 
n D2

 
  > 2 -4 

ReA  ý = [1485·0,445 ]/[60·2,03·10 
t 

] = 24143, 

ReC ý3,16 10
5

 n0,305 = 3,16·105·70,6-0,305 
= 86258, øQ n ù0,5 789  n    6 BCF  6 E = 

ns ý3,65 
60 øH 

 

6 BCF n ù0,75 

3,65· [(1485·[574,2/2]0,5)/(60·[60,46/1]0,75
)]=70,6. 

 

ReA üReC (44000 < 83480), (þt þþC), E?98B64F9?PAB, I4D4>F9D<EF<>< J9A- 
FDB59:AB7B A47A9F4F9?S, CBEFDB9AAO9 A4 6B89, BF?<K4RFES BF I4D4>F9- 
D<EF<> A47A9F4F9?S, D45BF4RM97B A4 5B?99 6S;>B= :<8>BEF<, FB 9EFP 
>BQHH<J<9AFO 6 GD46A9A<<: 

 
C9D9EK<FO64RFES. 

HC 6 ýhC 6 bC 6 Q
2

 

�D<F<K9E>B9 ;A4K9A<9 6S;>BEF< A9HF< þC, 6OL9 >BFBDB7B A9B5IB- 
8<@ C9D9EKѐF A4CBDAB= I4D4>F9D<EF<>< D4EEK<FO649FES CB HBD@G?9: 

2 

þC þnD> ReC = [1485·0,4452
]/[ 60·86258]=0,57·10-4 @2/E = 0,57 %F. 

 

9.3.10. "CD989?<@ >BQHH<J<9AFO C9D9EK9F4 A4CBD4  КН, CB84K< 
KQ  < >.C.8. КøA4EBE4 E 6B8O A4 6S;>GR A9HFP: 

 

КН =10,1281·lg[86258/22278] = 0,924; 
1,5 

KQ = 0,924 =0,888; 

Кø= 10,332·lg[114865/22278] = 0,764, 
5 0,384 5 0,384 

789 Re7D 0,22410 ns 
-0,326 

= 0,224·10 ·70,6 = 114865, 

4ø1,33ns = 1,33·70,6-0,326 
= 0,332. 

þ

s 

> 



9.3.11. "CD989?<@ >BQHH<J<9AFO CD< D45BF9 A4EBE4 A4 
6OEB>B6S;>B= A9HF<: 
h C þ= 0,924·75,3 = 69,58; 

a C þ= 0; 

b C þ= 45·10-6 ·[0,924]/[0,8882
] = 52,73·10-6

; 

c0þ ýKø c06 = 0,764·9,15·10-2 
= 6,99·10-2

; 
K 

c1þ ýc16 
Q 

= 24·10-4·[0,764/0,888] = 20,65·10-4
; 

c2þ
Kø

ýc26  2
 

Q 

 

= 209·10 
 
-8·[0,764/0,8882

] = 202,5·10 
 
-8. 

H C þ= h C þb C þ·Q2 
= 69,5852,73·10-6·6002 

= 50,61 @ CD< 4@ 6 = 0. 

 

9.3.12. "CD989?<@ CB84KG BEAB6AB7B A4EBE4 6 BCF<@4?PAB@ D9:<@9 
CD< D45BF9 A4 6OEB>B6S;>B= A9HF<: 
QCþBCF ýc16 /(2c26 )= [20,65·10-4]/[2·(202,5·10-8

)] = 509,9 @3/K. 
 

9.3.13. "CD989?<@ @4>E<@4?PAO= >.C.8. BEAB6AB7B A4EBE4 CD< D45B- 
F9 A4 6OEB>B6S;>B= A9HF<: 
η C þmax = 6,99·10-2 

+ 20,65·10-4·509,9 202,5·10-8·509,92 
= 0,59. 

9.3.14. !4CBDA4S I4D4>F9D<EF<>4 6 BCF<@4?PAB@ D9:<@9: 
H C þBCF = 69,5852,7·10-6·509,92 

= 55,88 @. 

&45?<J4 9.1.4 

 
$9:<@ #B84K4, @3/E !4CBD, < >.C.8. 

 47<EFD4?PAO= A4EBE 
AB@<A4?PAO= 1250 260 0,8 

BCF<@4?PAO= A4 
6B89 1168 266,28 0,81 

BCF<@4?PAO= A4 
A9HF< 1100,5 256,2 0,708 

#B8CBDAO= A4EBE 
AB@<A4?PAO= 600 60 0,77 

BCF<@4?PAO= A4 
6B89 574,2 60,46 0,78 

BCF<@4?PAO= A4 
A9HF< 509,9 55,88 0,59 

�9=EF6<F9?PAO= A4CBD B8AB7B A4EBE4: 
 

 

K 

K 

ø



&45?<J4 9.1.5 

�4AAO9 8?S CBEFDB9A<S 7D4H<>4 EB6@9EFAB= D45BFO !#% <  !# 

 
Q, 

@3/K 
)4D4>F9D<EF<>4 
FDG5BCDB6B84 

 

     

 

 )4D4>F9D<EF<>4 A9HF9C9D9>4K<64RM<I EF4AJ<= 
                     CD< >B?<K9EF69 BEAB6AOI A4EBEB6      A4 6E9I EF4AJ<SI 

28 29 30 31 32 

400 2398,4 8523,0 8823,0 9123,0 9423 9723,1 

600 3884,4 8268,9 8560,6 8852,3 9144,0 9435,7 

800 5798,1 7913,2 8193,3 8473,3 8753,4 9033,5 

1000 8109,4 7455,9 7721,0 7986,1 8251,2 8516,3 

1200 10800,4 6897,0 7143,8 7390,6 7637,4 7884,1 

1400 13842,3 6236,5 6461,6 6686,8 6911,9 7137,1 



 

 
 

 

$<E. 9.1. %B6@9M9AA4S I4D4>F9D<EF<>4 A9HF9CDB6B84 < 

A4EBEAOI EF4AJ<= 
 

#D< >B?<K9EF69 D45BF4RM<I A4EBEB6                CDB<;6B- 
8<F9?PABEFP A9HF9CDB6B84 EBEF46?S9F EBBF69FEF69AAB 954, 976, 991, 

1010, 1028 @3/K. #D< QFB@ CDB9>FA4S CDB<;6B8<F9?PABEFP A9HF9CDB6B84 
B59EC9K<649FES CD< D45BF9 A4 EF4AJ<SI 29 A4EBEB6. �O59D9@ E?98GR- 
MGR EI9@G 6>?RK9A<S A4EBEB6 A4 A4EBEAOI EF4AJ<SI: 3–3–3–3–3–3–3– 
3–3–2. 

�OCB?A<@ D4EEF4AB6>G A4EBEAOI EF4AJ<= CB FD4EE9 A9HF9CDB6B84, 
E B>DG7?9A<9@ K<E?4 EF4AJ<= 6 5B?PLGR EFBDBAG. 



 

 

 



&45?<J4 9.1.6 

$4EK9FAO9 ;A4K9A<S 6OEBFAOI BF@9FB> !#% < 8?<A ?<A9=AOI 
GK4EF>B6 A9HF9CDB6B84 

 

!9HF9C9D9>4K<64RM4S 
EF4AJ<S 

�OEBFA4S 
BF@9F>4 zi, @ 

$4EEFBSA<9 BF 
A4K4?4 A9HF9- 
CDB6B84, >@ 

�?<A4 ?<A9=- 
AB7B GK4EF>4 

li, >@ 
�!#%-1 50,0 0 80,0 

!#%-2 175,0 80,0 85,0 

!#%-3 250,0 165,0 90,0 

!#%-4 287,5 255,0 95,0 

!#%-5 300,0 350,0 75,0 

!#%-6 425,0 425,0 75,0 

!#%-7 587,5 500,0 100,0 

!#%-8 600,0 600 80,0 

!#%-9 712,5 680 75,0 

!#%-10 837,5 755,0 85,0 

!#%-11 887,5 840,0 60,0 

�# 950,0 900 - 
 

 

9.6. $4EK9F A9>BFBDOI F9IA<>B-Q>BAB@<K9E><I CB>4;4F9?9= D45BFO 

A9HF9CDB6B8AB7B CD98CD<SF<S 
 

№ C/C !4<@9AB64A<9 
CB>4;4F9?S 

�8. <;@. $4EEK<F4AAB9 
;A4K9A<9 

1. "5N9@ FD4AECBDF- 
AB= D45BFO 

@?A F·>@ 45 190,4 

2. &4D<HA4S 6ODGK>4 @?A DG5. 3366,7 

3. %959EFB<@BEFP 
98<A<JO FD4AE- 
CBDFAB= D45BFO 

DG5./F·>@ 6,3 

4. �4FD4FO A4 C9D9- 
>4K>G A9HF< 

@?A DG5. 2847,0 

5. %959EFB<@BEFP C9- 
D9>4K>< 1 F A9HF< 

DG5./F 56,7 

6. #D<5O?P BF D94?<- 
;4J<< 

@?A DG5. 519,7 



#$��"��!��  1.  )4D4>F9D<EF<><  FDG5  8?S  A9HF9CDB6B8B6  < 

A9HF954; 
 

&45?<J4 #1.1 
 
$45BK99 
846?9A<9, 
 #4 

!4DG:AO= 

8<4@9FD, 
@@ 

!B@<A4?PA4S 
FB?M<A4 EF9A- 

><, @@ 

)4D4>F9D<EF<>< @4F9D<- 
4?4 FDG5 

�BQHH<J<9AF 
A489:ABEF< 

CB @4F9D<4- 
?G, K1 

#BEF46M<> 
FDG5, №№ 

F9IA<K9E><I 
GE?B6<= 

 4D>4 
EF4?< 

ó6D , 
 #4 

óF , 
 #4 

5,4&7,4 1220 10; 11; 12; 13; 

14; 15; 16 

08��2 510 350 1,4 +&�, &'-14- 

3$-03-94 

10; 11; 12; 13; 

14; 15; 16 

09��2 550 380 

5,4&7,4 1220 10; 11; 12; 13; 

14; 15; 16 

12�%� 510 350 1,4 +&�, &'-14- 

3$-04-94 

10; 11; 12; 13; 

14; 15; 16 

12�%� 550 380 

6,3 1020 12,5; 12,9; 15,5; 

16 

13�1%-' 540 390 1,47 +&�, &'-14- 

3-1698-90 

6,3 1020 11,4 13�1%-' 540 390 1,34 ! &�, &'- 

14-3-1424-86 

6,3 
5,4 

5,4 

1020 
1020 

1020 

11; 11,5; 12 
9,5; 10; 10,5 

8; 8,5; 9 

17�1% 
17�1% 

�60 

510 
510 

588 

363 
363 

441 

1,4 �&�, &'1104- 
138100-357- 

02-96 

5,4&7,5 820 8; 9; 10; 11; 12 13�2�( 530 363 1,47 +&�, &'-14- 
25-86 

5,4&7,5 820 8,5; 9,2; 10,6; 

11,4 

17�% 510 353 1,47 +&�, &'-14- 

3-1270-84 

5,4&7,4 820 9; 10; 11; 12; 
13; 14 

12�%� 510 350 1,4 +&�, &'-14- 

3P-04-94 

7,4 720 7,3; 8,7; 10,8; 

12; 14; 16; 20 

K60 589 461 1,34 � �, &'-14- 

3$-01-93 

5,4&7,4 720 8; 9; 10; 11; 12; 
13; 14 

08��2 510 350 1,4 +&�, &'-14- 

3P-03-94 

5,4&7,4 720 7,5; 8,1; 9,3; 10; 

11; 12 

17�% 510 353 1,47 +&�, &'-14- 

3-1270-84 

5,4&7,4 630 8; 9; 10; 11; 12 12�2% 490 343 1,4 )&�, &'-322- 
8-10-95 

5,4&7,4 530 8; 9; 10 13�% 510 353 1,34 )&�, &'-322- 

8-10-95 

7,4 530 7; 7,5; 8; 9; 10 17�% 510 353 1,47 +&�, &'-14- 

3-1270-84 

7,4 530 7,1; 8,8; 10; 12; 

14; 16 

- 529 392 1,34 � �, &'-14- 

3$-01-93 

5,4&7,4 530 7; 8; 9; 10; 11; 
12; 13; 14 

8��2 510 350 1,4 +&�, &'-14- 

3P-03-94 

5,4&7,4 530 7; 8; 9; 10; 11; 

12; 13; 14 

12�%� 510 350 1,4 +&�, &'-14- 
3P-04-94 

 

#D<@9K4A<9. +&� – +9?S5<AE><= FDG5AO= ;46B8; ! &� – !B6B@BE>B6E><= FDG5- 
AO= ;46B8; �&� – �B?:E><= FDG5AO= ;46B8; )&� – )4DJO;E><= FDG5AO= ;46B8; � � 
– �O>EGAE><= @9F4??GD7<K9E><= ;46B8 



&45?<J4 #1.2 
&DG5O E64DAO9 8?S @47<EFD4?PAOI 74;BA9HF9CDB6B8B6 (�"%& 20295-85) 

 

 
!4DG:AO= 

8<4@9FD, @@ 

 
!B@<A4?PA4S FB?M<A4 

EF9A><, @@ 

)4D4>F9D<EF<>< @4F9- 
D<4?4 FDG5 

�BQHH<J<9AF 
A489:ABEF< 

CB @4F9D<4?G, 
K1 

 4D>4 
EF4?< 

ó6D , 
 #4 

óF , 
 #4 

159 4; 4,5; 5; 5,5 K34 340 210 1,47 

168 4; 4,5; 5; 5,5; 6; 7 K38 380 240 

219 4; 4,5; 5; 5,5; 6; 7; 8 K42 420 250 

273 4; 4,5; 5; 5,5; 6; 7; 8 K50 500 350 

325 
4; 4,5; 5; 5,5; 6; 7; 8; 

9 
K52 520 360 

351 
4; 4,5; 5; 5,5; 6; 7; 8; 

9; 10 
K55 650 380 

377 
4,5; 5; 5,5; 6; 7; 8; 9; 

10 
–//– –//– –//– 

426 5; 5,5; 6; 7; 8; 9; 10 –//– –//– –//– 
 
 

#$��"��!�� 2. &9IA<K9E><9 I4D4>F9D<EF<>< A4EBEB6 E9D<< !  
 

 

&<CBD4;- 
@9D A4EBE4 

!B@<A4?PAO= D9:<@ A4 6B89 +<E?B 
EFGC9A9= 

( D45BK<I 
>B?ѐE), n> 

#B84K4 
QB.A, 

@3/K 

!4CBD 
НB.A,  
@ 

+4EFBF4 
6D4M9A<S, 
n, B5/@<A 

�BCGEF. 
>46<F4J. 
;4C4E 

h8BC. Н, @ 

>.C.8. 

øîí,% 
 BMBEFP 
CD<6B84 
(Q?/86<7.) 
NB.A, >�F 

1 2 3 4 5 6 7 8 

!4EBEO E9>J<BAAO9 @AB7BEFGC9AK4FO9, E D45BK<@< >B?9E4@< 

B8ABEFBDBAA97B 6IB84 n �% = 1 

!  125-550* 125 550 3 000 4,0 72 400 5 

!  180-500* 180 500 3 000 4,0 72 400 5 

!  250-475* 250 475 3 000 4,0 75 500 5 

!  360-460* 360 460 3 000 4,5 78 630 3 

!  500-300* 500 300 3 000 4,5 80 500 3 

!  710-280* 710 280 3 000 6,0 80 800 3 



#DB8B?:9A<9 
 

#$��"��!�� 2. &9IA<K9E><9 I4D4>F9D<EF<>< A4EBEB6 E9D<< !  

 

!4EBEO EC<D4?PAO9 B8ABEFGC9AK4FO9 E 86GIEFBDBAA<@ CB86B8B@ :<8>BEF< > D45BK9@G 
>B?9EG n �% = 2 

!  1250-260* 

E DBFBDB@ 1QO.H 

EB E@9AAO@ DB- 
FBDB@ A4 CB84KG 
0,7QO.H 

< A4 CB84KG 
1,25 QO.H 

 

1259 

 

 

875 

 

1562,5 

 

260 

 

 

* * 

 

* * 

 

3 000 
 

20 

 

 

16 

 

30 

 

80 
 

1250 

 

 

1250 

 

1600 

 

1 

!  1800-240* 1800 240 3 000 25 83 1600 1 

!   2500-230*  E 
DBFBDB@1,0 QO.H 

-  0,7 QO.H 

-  0,5 QO.H 

-  1,25 QO.H 

 

2500 

1750 

1250 

3125 

 

230 

* * 

* * 

* * 

 

3 000 
 

32 

30 

- 

3

8 

 

86 
 

2000 

2000 

2000 

2500 

 

1 

!  3600-230* E 
DBFBDB@1,0 QO.H 

-  0,7 QO.H 

-  0,5 QO.H 

-  1,25 QO.H 

 

3600 

2520 

1800 

4500 

 

230 

* * 

* * 

* * 

 

3 000 
 

40 

35 

- 

4

5 

 

87 
 

2500 

2500 

2500 

3150 

 

1 

!  5000-210* E 
DBFBDB@1,0 QO.H 

-  0,7 QO.H 

-  0,5 QO.H 

 

5000 

3500 

2500 

 

210 

* * 

* * 

 

3 000 
 

42 

- 

- 

 

88 
 

3150 

3150 

3150 

 

1 

!  7000-210* E 
DBFBDB@ 1,0 QO.H 

- 0,7 QO.H 

- 0,5 QO.H 

- 1,25 QO.H 

 

7000 

4900 

3500 

8750 

 

210 

* * 

* * 

* * 

 

3 000 
 

52 

45 

- 

- 

 

89 
 

5000 

5000 

4000 

6300 

 

1 

!  10000-210* E 
DBFBDB@ 1,0 QO.H 

- 0,7 QO.H 

- 0,5 QO.H 

- 1,25 QO.H 

 

10000 

7000 

5000 

12500 

 

210 

* * 

* * 

* * 

 

3 000 
 

65 

52 

- 

8

7 

 

89 

 

 

87 

 

6300 

6300 

5000 

8000 

 

1 

 

*) !4EBEO CDBL?OI ?9F 6OCGE>4. 
**) $4EEK<F4FP CB A4CBDAB= I4D4>F9D<EF<>9 A4EBE4 E4@BEFBSF9?PAB. 



#$��"��!�� 3. %CD46BKAO9 84AAO9 CB A4EBE4@ F<C4 !  
 

 

&<CBD4;@9D 
A4EBE4 

�BQHH<J<9AFO 6 HBD@G?9 
(4.9) 

#4D4@9FDO A4EBE4, @@ 

10
2∙ E06 10

-4∙ E16, 
K/@3

 

10
-8∙ E26, 
K2/@6

 

�<4@9FD C4FDG5- 
>4 (GE?B6AO= 

CDBIB8) 

�<4@9FD 
D45BK97B 
>B?9E4, D> 

,<D<A4 
?BC4FB> 
D45BK97B 
>B?9E4 6IB8AB- 

7B D6I 
6OIB8AB7B 

D6OI 

1 2 3 4 5 6 7 8 

!4EBEO E9>J<BAAO9 @AB7BEFGC9AK4FO9 
!  125-550* 3,45 94 -3021 200 135 260* 16 

!  180-500* 3,05 81 -2448 200 135 272* 16 

!  250-475* 2,29 51 -871 250 190 300* 16 

!  360-460* 7,61 38 -505 300 190 300* 24 

!  500-300* 6,00 33 -352 300 235 300* 28 

!  710-280* -0,33 27 -213 300 235 315* - 

!4EBEO EC<D4?PAO9 B8ABEFGC9AK4FO9 
!  1250-260* 

DBFBD 1,0 QO.H 

– 0,7 QO.H 

!  1250-260 

DBFBD 1,25QO.H 

 

20,29 

17,14 

 

34,10 

 

10,36 

11,91 

 

6,27 

 

-44,35 

-52,68 

 

-21,7 

 

353 

353 

 

353 

 

353 

353 

 

353 

 

440* 

418* 

 

450 

 

26 

26 

!  1800-240* 

DBFBD 1,0QO.H 

 

3,86 
 

9,51 
 

-28,57 
 

512 
 

380 
 

440* 

 

!   2500  -  
230* 

DBFBD   1,0 QO.H 

- 0,7 QO.H 

- 0,5 QO.H 

!  2500 - 230 

DBFBD   1,25 Q

 

6,86 

4,96 

5,66 

 

18,8 

 

7,11 

7,94 

9,73 

 

4,03 

 

-15,63 

-19,81 

-29,87 

 

-6,2 

 

512 

512 

512 

 

512 

 

380 

380 

380 

 

380 

 

430* 

495* 

425* 

 

450 

 

36,2 

38 

26 

!  3600 - 230* 

DBFBD 1,0 QO.H 

- 0,7 QO.H 

- 0,5 QO.H 

!  2500 - 230 

DBFBD 1,25 QO.H 

 

7,05 

4,29 

7,55 

 

15,1 

 

5,30 

6,32 

7,62 

 

4,0 

 

-8,64 

-12,28 

-19,52 

 

- 4,57 

 

512 

512 

512 

 

512 

 

380 

380 

380 

 

380 

 

450* 

450* 

450* 

 

470 

 

41 

43 

29 

!  5000 - 210* 

DBFBD 1,0 QO.H 

- 0,7 QO.H 

- 0,5 QO.H 

 

10,57 

22,61 

33,57 

 

3,42 

3,66 

2,89 

 

- 3,74 

- 5,33 

- 4,02 

 

610 

610 

610 

 

610 

610 

610 

 

450* 

470* 

430* 

 

70 

72 

70 



#DB8B?:9A<9 
 

#$��"��!�� 3. %CD46BKAO9 84AAO9 CB A4EBE4@ F<C4 !  

 

!  7000 - 210* 

DBFBD 1,0 QO.H 

- 0,7 QO.H 

- 0,5 QO.H 

!  7000 - 210 

DBFBD  1,25 QO.H 

 

0,46 

3,14 

0,16 

 

2,25 

 

2,58 

3,14 

4,11 

 

2,0 

 

- 1.85 

- 3,11 

- 4,93 

 

01,23 

 

610 

610 

610 

 

610 

 

610 

610 

610 

 

610 

 

475* 

475* 

467* 

 

490 

 

61 

49 

52 

!  10000-210* E 
DBFBDB@ 1,0 QO.H 

- 0,7 QO.H 

- 0,5 QO.H 

- 1,25 QO.H 

 

5,66 

5,55 

1,00 

17,0 

 

1,84 

2,35 

3,08 

1,47 

 

-1,02 

-1,70 

-2,86 

-0,76 

 

610 

610 

610 

610 

 

800 

800 

800 

800 

 

495* 

505* 

475* 

530* 

 

66 

57 

58 

*) - A4EBEO CDBL?OI ?9F 6OCGE>4 
 

#$��"��!�� 4. !4CBDO !1 = F(Q1) < H2 =F(Q2), EBBF69FEF6GR- 

M<9 ?96B= < CD46B= 7D4A<J4@ D45BK9= B5?4EF< (Q –H) – I4D4>F9- 
D<EF<>< A4EBEB6  

 

&<CBD4;@9D A4EB- 
E4 

�<4@9FD D45BK97B 
>B?9E4 D>, << 

!4CBDO (6 <), EBBF6. CB84K4@ Q1 < Q2 

Н1 = F(Q1) H2 =F(Q2) 

1 2 3 4 

!4EBEO E9>J<BAAO9 
!  125-550* 260* 539 414 

!  180-500* 272* 559 469 

!  250-475* 300* 472 405 

!  360-460* 300* 498 423 

!  500-300* 300* 347 272 

!  710-280* 315 335 263 

!4EBEO EC<D4?PAO9 
!  1250-260* DB-  

440* 
 

285 
 

243 FBD 1,0 QO.H 

– 0,7 QO.H 418* 254 218 

!  1250-260    

DBFBD 1,25QO.H 450 307 282 

!  1800-240* 

$BFBD 1,0QO.H 

 

440* 
 

267 
 

278 

!  2500-230*  

430* 
 

257 
 

217 DBFBD 1,0 QO.H 

- 0,7 QO.H 405* 228 205 

- 0,5 QO.H 425* 220 186 

!  2500-230  270  

DBFBD   1,25 QO.H 450 144 



#DB8B?:9A<9 
 

#$��"��!�� 4. !4CBDO !1 = F(Q1) < H2 =F(Q2), EBBF69FEF6G- 
RM<9 ?96B= < CD46B= 7D4A<J4@ D45BK9= B5?4EF< (Q –H) – I4D4>- 
F9D<EF<>< A4EBEB6  

 

!  3600-230* 

DBFBD 1,0 QO.H 

- 0,7 QO.H 

- 0,5 QO.H 

!  2500-230 

DBFBD 1,25 QO.H 

 

450* 

450* 

450* 

 

470 

 

281 

239 

241 

 

253 

 

226 

201 

201 

 

215 

!  5000-210* 

DBFBD 1,0 QO.H 

- 0,7 QO.H 

- 0,5 QO.H 

 

450* 

470* 

439* 

 

190 

244 

58 

 

143 

194 

25 

!  7000-210* 

DBFBD 1,0 QO.H 

- 0,7 QO.H 

- 0,5 QO.H 

!  7000-210 

DBFBD 1,25 QO.H 

 

475* 

475* 

467* 

 

490 

 

241 

231 

207 

 

263 

 

168 

202 

161 

 

187 

!  10000-210* 

DBFBD 1,0 QO.H 

- 0,7 QO.H 

- 0,5 QO.H 

- 1,25 QO.H 

 

495* 

505* 

475* 

530* 

 

225 

247 

230 

314 

 

195 

153 

183 

235 

*) !4EBEO CDBL?OI ?9F 6OCGE>4. 



 

 

#$И�"��!И� 5. Т9хAич9E>4я х4D4>F9DиEFи>4 CB8CBDAых A4EBEB6 (B8ABEFGC9Aч4Fых E D45Bчи@ 

>B?9EB@ 86GEFBDBAA97B хB84) 

5
3

 



 

 
 

 
 

#DB8B?:9A<9 

 

� ИЛ����И� 5. Т9хAич9E>4я х4D4>F9DиEFи>4 CB8CBDAых A4EBEB6 (B8ABEFGC9Aч4Fых E D45Bчи@ 

>B?9EB@ 86GEFBDBAA97B хB84) 

5
4
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2. �>E9?PD48 1.�. $4EK9F FDG5BCDB6B8B6 / 1.�. �>E9?PD48, �.#. �?P- <A. 
– �.:  4L<ABEFDB9A<9, 2017. – 240 E. 

3. �45<A �. �. &<CB6O9 D4EK9FO CD< EBBDG:9A<< FDG5BCDB6B8B6: 
GK95AB9 CBEB5<9 8?S 6G;B6 CB EC9J<4?PABEF< «%BBDG:9A<9 74;BA9- 
HF9CDB6B8B6, 74;BID4A<?<M < A9HF954;» / �. �. �45<A, �. �. �O>B6, 
�.3. �B?BIB6. –  .: !98D4, 2016. – 176 E. 

4. �"%& 3900-85* «!9HFP < A9HF9CDB8G>FO.  9FB8O BCD989?9A<S 
C?BFABEF<». 

5. �"%& 12124-87 «!4EBEO J9AFDB59:AO9 A9HFSAO9 8?S @47<EFD4?P- 
AOI FDG5BCDB6B8B6». 

6.  9FB8<>4 D4EKѐF4 A4CBDAOI I4D4>F9D<EF<> < C9D9EKѐF4 C4D4@9FDB6 
J9AFDB59:AOI A4EBEB6 @47<EFD4?PAOI A9HF9CDB6B8B6 CD< <;@9A9- 
A<< K4EFBFO 6D4M9A<S < 6S;>BEF< C9D9>4K<649@B= :<8>BEF<: $�39–
30–990–84. –'H4 – �� «&D4AEA9HFP», 2016. 

7.  9FB8<>4 D4EKѐF4 BEAB6AOI H<;<K9E><I C4D4@9FDB6 74;BA4EOM9A- 

AB= A9HF< 8?S BCD989?9A<S I4D4>F9D<EF<> J9AFDB59:AOI A4EBEB6: 
$�39–30–1092–84. – 'H4, 2017. – 43 E. 

 

 


