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

(989D4?PAB9 7BEG84DEF69AAB9 5R8:9FAB9 B5D4;B64F9?PAB9 GKD9:89A<9  
6OEL97B B5D4;B64A<S 

«�D>GFE><= 7BEG84DEF69AAO= GA<69DE<F9F CGF9= EBB5M9A<S» 
%<5<DE><= >B??98: FD4AECBDF4 < EFDB<F9?PEF64 

 

 

 

 

 

 

 �&"��+�%��� '����!�3  
#" �/#"�!�!�2 #$��&�+�%��) $��"& 

(BKAB= HBD@O B5GK9A<S) 
�!.03 1�"�"��3 !� �����!"�"$"�!"  &$�!%#"$&� 

8?S EC9J<4?PABEF<  
23.02.01 "D74A<;4J<S C9D96B;B> < GCD46?9A<9 A4 FD4AECBDF9 (CB 6<84@) 

547B64я CB87BFB6>4  
ED98A97B CDBф9EE8BA4?PAB7B B5D47B64A8я 

 

 

 

                                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�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



2 

 

 

 

 

 

 

 

 

 

 

 

$4;D45BFK<>: %GE?B64 �.�., CD9CB8464F9?P 6OEL9= >4F97BD<< %<5<DE><= >B??98: 
FD4AECBDF4 < EFDB<F9?PEF64 (��"' �" «�D>GFE><= 7BEG84DEF69AAO= GA<69DE<F9F 
CGF9= EBB5M9A<S» 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

$�%% "&$�!":                                                                    
*<>?B6B= @9FB8<K9E>B= 

�B@<EE<9= Q>B?B7<<, "�� < BID4AO FDG84 
#DBFB>B? № 9 
«23» @4S 2023 7. 
#D98E984F9?P * �: �4DB64 �. . 
 



3 

 

%"��$��!�� 

�6989A<9 .................................................................................................................................... 4 

#$��&�+�%��3 $��"&� № 1 (2 K4E4) .............................................................................. 5 

#$��&�+�%��3 $��"&� № 2 (4 K4E4) .............................................................................. 7 

#$��&�+�%��3 $��"&� № 3 (2 K4E4) ............................................................................ 10 

#$��&�+�%��3 $��"&� № 4 (4 K4E4) ............................................................................ 11 

3. �<F9D4FGD4. ......................................................................................................................... 15 

 

 

  



4 

 

�6989A<9 
 

!4EFBSM99 @9FB8<K9E>B9 CBEB5<9 CB 6OCB?A9A<R CD4>F<K9E><I D45BF 
EBEF46?9AB 6 EBBF69FEF6<< E (989D4?PAO@ 7BEG84DEF69AAO@ B5D4;B64F9?PAO@ 
EF4A84DFB@ 8?S %#". �4AAO9 D9>B@9A84J<< EB89D:4F A9B5IB8<@O= F9BD9F<K9E><= 
@4F9D<4? 8?S D45BFO.  9FB8<K9E>B9 CBEB5<9 CD98A4;A4K9AB 8?S EFG89AFB6 ED98A<I 
EC9J<4?PAOI GK95AOI ;46989A<= <;GK4RM<I 8<EJ<C?<AG �!.02 1>B?B7<S A4 
:9?9;AB8BDB:AB@ FD4AECBDF9. 

#D4>F<K9E><9 D45BFO 6OCB?ASRFES A4 HBD@4F9 �-4, BHBD@?SRFES 6 
EBBF69FEF6<< E B5M<@< FD95B64A<S@< > F9>EFB6O@ 8B>G@9AF4@: EBEFB<F <; D4EK9FB6 E 
A9B5IB8<@O@< B5BEAB64A<S@<, CBSEA9A<S@< CB CD<ASFO@ D9L9A<S@ < EEO?>4@< A4 
<ECB?P;B64AAO9 <EFBKA<><. 

*9?P @9FB8<K9E><I G>4;4A<=: 
- CB@BKP EFG89AF4@, ;4>D9C<FP CB?AO= >GDE F9BD9F<K9E>B7B B5GK9A<S CB 

8<EJ<C?<A9 CD98GE@BFD9AAB= B5D4;B64F9?PAB= CDB7D4@@B= < GK95AO@ C?4AB@; 
- CB87BFB6<FPES > ;4K9FG; 
- CB87BFB6>4 > E4@BEFBSF9?PAB@G D9L9A<R E?B:AOI ;484K. 
!4 CD4>F<K9E><9 ;4ASF<S GK95AO@ C?4AB@ BF6989AB 12 K4EB6. 
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#$��&�+�%��3 $��"&� № 1 (2 K4E4) 
 

&9@4: "CD989?9A<9 D4;@9D4 Q>B?B7B-Q>BAB@<K9E>B7B GM9D54 6 D9;G?PF4F9 
6O5DBEB6 ;47DS;ASRM<I 69M9EF6 6 4F@BEH9DG BF ?B>B@BF<6AB7B 89CB 
 

*9?P D45BFO: <;GK<FP @9FB8<>< D4EK9F4 C?4F9:9= ;4 ;47DS;A9A<9 4F@BEH9DO 
C9D986<:AO@< <EFBKA<>4@< < ?B>B@BF<6AO@ 89CB, 6OCB?A<FP I4D4>F9DAO= 8?S 
D94?PAOI GE?B6<= D45BFO CD98CD<SF<= :9?9;AB8BDB:AB7B FD4AECBDF4 D4EK9F 
C?4F9:9=. 

 

#BDS8B> 6OCB?A9A<S D45BFO 

 BCD989?<FP ABD@4F<6AO9 C?4F9:< ;4 ;47DS;A9A<9 4F@BEH9DO C9D986<:AO@< 
<EFBKA<>4@<; 

 BCD989?<FP C?4A<DG9@O9 C?4F9:< ;4 ;47DS;A9A<9 4F@BEH9DO; 
 BCD989?<FP 7B8B6O9 ABD@4F<6AO9 C?4F9:<; 
 CD<69EF< @9FB8<>< D4EK9F4 C?4F9:9= ;4 6O5DBEO 6D98AOI 69M9EF6; 
 E89?4FP 6O6B8 B D4;@9D4I C?4F9:9= ;4 ;47DS;A9A<9 4F@BEH9DO BF 
?B>B@BF<6AB7B 89CB. 

 

 ПDи@5D D5ш5Aия:  
 

�4?B6O= 6O5DBE BCD989?S9FES CB HBD@G?9: 
MF = qF*m*c*(1- η;/100), F/7, 

789 qF 3 ;B?PABEFP FBC?<64, % 

m 3 D4EIB8 FBC?<64 ;4 7B8, F/7 
c 3 59;D4;@9DAO= >BQHH<J<9AF, E = 0,0023 
η; 3 QHH9>F<6ABEFP ;B?BG?B6<F9?9=, % 

MF = 31*14,5* 0,0023*(1- 0/100) = 1,033826 F/7 

#B>4;4F9?P �A4K9A<S CB>4;4F9?9= 

�EFBKA<> 6O5DBE4, !, @ 14,0 

�EFBKA<> 6O5DBE4, D, @ 0,4 

&BC?<6B '7B?P #9KBDE>B7B 
54EE9=A4 

$4EIB8 FBC?<64 7BDA4 6 7B8, m, F/7 14,500 

�D9@S D45BFO 7BDA4 6 89AP, t, K4E 10 

�B?<K9EF6B D45BFO 7BDA4 6 7B8, n, 89AP 360 

qF 3 ;B?PABEFP FBC?<64, % 31 

1HH9>F<6ABEFP ;B?BG?B6<F9?9=, %, η; 0 

�BQHH<J<9AF, GK<FO64RM<= 8B?R CBF9D< F9C?BFO BF 
I<@<K9E>B= A9CB?ABFO E7BD4A<S FBC?<64, R, % 

1 

!<;L4S F9C?BF4 E7BD4A<S, QK , �:/>7 17,54 

#BF9D< F9C?4 BF @9I4A<K9E>B= A9CB?ABFO E7BD4A<S FBC?<64, q1, 

% 

7 

#BF9D< F9C?4 6E?98EF6<9 I<@<K9E>B= A9CB?ABFO E7BD4A<S 
FBC?<64, q2, % 

2 

�B?<K9EF6B 4;BFB6 B>E<8B6, 6O89?SRM97BES CD< E:<74A<< 
FBC?<64, g3, >7/F 

2,17 

%B89D:4A<9 E9DO 6 FBC?<69 A4 D45BKGR @4EEG, Sr, % 3,2 

�B?S 8<B>E<8B6 E9DO, E6S;O649@OI ?9FGK9= ;B?B=  0,1 
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 4>E<@4?PAB D4;B6O= 6O5DBE BCD989?S9FES CB HBD@G?9:  
GF =  F*106/(t *n*3600), 7/E 

789 n 3 >B?<K9EF6B 8A9= D45BFO 7BDA4 6 7B8; 
t 3 6D9@S D45BFO 7BDA4 6 89AP, 6 K4E 
GF = 1,033826*106/(10 *360*3600) = 0,079771 7/E  
 

">E<8O G7?9DB84 �4?B6O= 6O5DBE BCD989?S9FES CB HBD@G?9: 
 EB = %EB *m *(1-q1/100)* 10

-3, F/7 
(6)789 m 3 D4EIB8 FBC?<64 ;4 7B8, F/7 q13 CBF9D< F9C?BFO 6E?98EF6<9 @9I4A<K9E>B= 

A9CB?ABFO E7BD4A<S FBC?<64, % 

%EB 3 6OIB8 B>E<84 G7?9DB84 CD< E:<74A<< FBC?<64, >7/F 
%EB = q2 * R * QKi , >7/F, 

789 q1 3 CBF9D< F9C?BFO 6E?98EF6<9 I<@<K9E>B= A9CB?ABFO E7BD4A<S FBC?<64, % 

R 3 >BQHH<J<9AF, GK<FO64RM<= 8B?R CBF9D< F9C?BFO BF I<@<K9E>B= A9CB?ABFO 
E7BD4A<S FBC?<64, % 

QKi 3 A<;L4S F9C?BF4 E7BD4A<S A4FGD4?PAB7B FBC?<64,  �:/>7  
%EB = 2 *1 * 17,54 = 35,08 >7/F. 

 EB = 35,08 *14,5 *(1-7/100)* 10-3 = 0,473054 F/7. 
 

 4>E<@4?PAB D4;B6O= 6O5DBE BCD989?S9FES CB HBD@G?9: 
Gco = Mco*106/(t*n*3600), 7/E 

Gco = 0,4731*106/(10*360*3600) = 0,036501 7/E 
 

">E<8O 4;BF4 �4?B6O= 6O5DBE BCD989?S9FES CB HBD@G?9: 
MNO2 = g3 * m * 10-3, F/7, 

789 g3 3 >B?<K9EF6B 4;BFB6 B>E<8B6, 6O89?SRM97BES CD< E:<74A<< FBC?<64, >7/F 
m 3 D4EIB8 FBC?<64 ;4 7B8, F/7 

MNO2 = 2,17 * 14,5 * 10-3 = 0,031465 F/7 
 

 4>E<@4?PAB D4;B6O= 6O5DBE BCD989?S9FES CB HBD@G?9: 
GNO2 = MNO2 * 106/(t * n * 3600), 7/E 

GNO2 = 0,0315 * 106/(10 * 360 * 3600) = 0,002428 7/E 
 

% GK9FB@ FD4AEHBD@4J<< QF<I B>E<8B6 6 4F@BEH9DAB@ 6B;8GI9, EG@@4DAO9 B>E<8B6 
4;BF4 D4;89?SRFES A4 EBEF46?SRM<9 (E GK9FB@ D4;?<K<S 6 @B?9>G?SDAB= @4EE9 QF<I 
69M9EF6). 
MNO2 = 0,8* MNOI , F/7 
MNO2D4; = 0,8* MNOI , 7/E 
MNO2 = 0,8* 0,0315 =  0,025172  F/7   
MNO2D4; = 0,8* 0,0024  = 0,001942 7/E 
MNO2 = 0,13 * MNOI , F/7  
MNO2D4; = 0,13 * MNOI , 7/E 
MNO2 = 0,13* 0,0315 = 0,004090 F/7  
MNO2D4; = 0,13* 0,0024 = 0,000316 7/E 
 

�<B>E<8 E9DO �4?B6O= 6O5DBE BCD989?S9FES CB HBD@G?9:  
MSO2 = 0.02*m*Sr * (1 3 η  so2)* (1 3 η˝so2), F/7, 

789 Sr 3 EB89D:4A<9 E9DO 6 FBC?<69, % 

η  so2 3 8B?S 8<B>E<84 E9DO, E6S;4AAB7B ?9FGK9= ;B?B= FBC?<64  
η˝so2 3 8B?S 8<B>E<84 E9DO, G?46?<649@B7B 6 ;B?BG?B6<F9?9  

MSO2 = 0.02*14,5*3,2 * (1 3 0,1)*(1 3 0) = 0,835200 F/7 
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 4>E<@4?PAB D4;B6O= 6O5DBE BCD989?S9FES CB HBD@G?9: 
GSO2 = MSO2 * 106/(t * n * 3600), 7/E 

GNO2 = 0.8352 * 106/(10 * 360 * 3600) = 0.064444 7/E 
 

�BAFDB?PAO5 6BCDBEO 

1. +FB F4>B9 Q>B?B7B-Q>BAB@<K9E><= GM9D5? 
2. "J9A<F9 GM9D5 BF ?B>B@BF<6AB7B 89CB < ED46A<F9 97B E 69?<K<AB= GM9D54 A4 
8DG7<I CD98CD<SF<SI :9?9;AB8BDB:AB7B FD4AECBDF4. 

 

#$��&�+�%��3 $��"&� № 2 (4 K4E4) 
 

&9@4: $4EK9F D4;@9DB6 A9HF9?B6GL><, <ECB?P;G9@B= 6 >4K9EF69 C9D6B= EFGC9A< 
BK<EF>< 6B8O 6 B5BDBFAB= E<EF9@9 6B8BEA45:9A<S CDB@O6BKAB-CDBC4DBKAB= EF4AJ<<.  

 

*9?P D45BFO: BE6B<FP @9FB8O BJ9A>< Q>B?B7<K9E>B7B GM9D54 CGF9@ D4EK9F4 
C?4F9:9= ;4 ;47DS;A9A<9 6B8B9@B6 CD< E5BD9 EFBKAOI 6B8; B;A4>B@<FPES E CD<AJ<C4@< 
BK<EF>< EFBKAOI 6B8 < BEAB6AO@< CD<@9D4@< <I >BAEFDG>F<6AB= D94?<;4J<<; 
D4EEK<F4FP D4;@9D A9HF9?B6GL><, BCD989?<FP BEAB6AO9 I4D4>F9D<EF<>< 
6B8BEA45:9A<S CDB@O6BKAB-CDBC4DBKAB= EF4AJ<<, B;A4>B@<FPES E @9FB8B@ CB?GK9A<S 
>B@C?9>EAB= CDB<;6B8EF69AAB= 89SF9?PABEF< CD98CD<SF<S A4 6B8AO9 D9EGDEO. 

 

КD4F>89 F9BD9F8G9E>89 E6989A8я: 
#DB@O6BKAB-CDBC4DBKAO9 EF4AJ<< (##%) CD98A4;A4K9AO 8?S BK<EF>< < @B=>< 

A9HF959A;<AB6OI J<EF9DA. ##% D4;@9M9AO 6 ;BA4I @4EEB6B= CB7DG;>< < 6O7DG;>< 
A9HF9CDB8G>FB6 A4 EC9J<4?PAB BF6989AAOI F9DD<FBD<SI, <@9RM<I EBBF69FEF6GRM99 
CGF96B9 D4;6<F<9 < B5BDG8B64A<9 8?S @B=><. � DS89 E?GK496 ##% D4ECB?474RFES A4 
B8AB= F9DD<FBD<< E 647BAAO@ 89CB, EC9J<4?<;<DGRM<@ES A4 D9@BAF9 J<EF9DA 
(A4CD<@9D, ##%-5 EF. 2:A4S �%��). *<EF9DAO CB8 A9HF9CDB8G>FO 6;4<@B;4@9AS9@O 
8?S D4;?<KAOI, AB 5?<;><I CB EBEF46G CDB8G>FB6. !B E FBK>< ;D9A<S Q>BAB@<KABEF< 
@B=>G 9@>BEF< :9?4F9?PAB @4>E<@4?PAB EC9J<4?<;<DB64FP 8?S B8AB7B 7DG;4. 

 

 
$<EGAB> 1 �BD<;BAF4?PA4S A9HF9?B6GL>4 
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�BD<;BAF4?PA4S A9HF9?B6GL>4 CD98EF46?9A4 A4 $<EGA>9 1. %FBKA4S 6B84 
CB86B8<FES CB FDG5BCDB6B8G 6 < D4ECD989?S9FES 6 A9HF9?B6GL>9 CD< CB@BM< 
6B8BD4ECD989?<F9?PAB= FDG5O 3. �EC?O6L<9 A9HF9CDB8G>FO G84?SRFES M9?96O@< 
CB6BDBFAO@< FDG54@< 4, > >BFBDO@ BA< E7BASRFES E>D95>B6O@ FD4AECBDF9DB@ 1, 
E?G:4M<@ F4>:9 8?S E7D954A<S BE48>4 6 CD<S@B>, B5BDG8B64AAO= 7<8DBQ?964FBDB@ 
(A4EBEB@ EFDG=AB7B F<C4 8?S CB8N9@4 < C9D9@9M9A<S :<8>BEF9= CB FDG5BCDB6B8G) 2. 
$45BK4S 6B84 CB849FES > 7<8DBQ?964FBDG CB FDG5BCDB6B8G 8, 4 BE48B> G84?S9FES CB 
FDG5BCDB6B8G 7. "K<M9AA4S 6B84 BF6B8<FES <; A9HF9?B6GL>< CB FDG5BCDB6B8G 5.  

�?<A4 CDBFBKAB= K4EF< A9HF9?B6GL>< BCD989?S9FES CB HBD@G?9: 

, 

789 VA 3 E>BDBEFP 86<:9A<S 6B8O 6 A9HF9?B6GL>9; VA = 0,007&0,01 @/E; !A 3 
7?G5<A4 CDBFBKAB= K4EF< A9HF9?B6GL><, !A = 2 @; kB 3 CBCD46BKAO= >BQHH<J<9AF, 
GK<FO64RM<= 6<ID96O9 < EFDG=AO9 CD9B5D4;B64A<S 6E?98EF6<9 >BAEFDG>F<6AOI 
BEB59AABEF9= (8?S 7BD<;BAF4?PAOI A9HF9?B6GL9> kB = 0,5, 8?S D48<4?PAOI 3 0,45, 8?S 
69DF<>4?PAOI 3 0,35); uA 3 GE?B6A4S 7<8D46?<K9E>4S >DGCABEFP K4EF<J A9HF9CDB8G>FB6, 
CD<A<@49FES D46AB= 0,005 @/E; ωA - 69DF<>4?PA4S FGD5G?9AFA4S EBEF46?SRM4S, D46A4S 
0,05 E>BDBEF< 86<:9A<S 6B8O 6 A9HF9?B6GL>9 (ωA = 0,05×vA), @/E. 

,<D<A4 BF89?9A<S A9HF9?B6GL><: 

, 

789 Q 3 D4EIB8 EFBKAOI 6B8, @3/EGF; kA 3 >BQHH<J<9AF K4EB6B= A9D46AB@9DABEF< 
E5DBE4 EFBKAOI 6B8; kA = 1,5; nA 3 >B?<K9EF6B BF89?9A<= A9HF9?B6GL><. 

&D95G9@O= QHH9>F BK<EF>< EFBKAOI 6B8 BF A9HF9CDB8G>FB6 BCD989?S9FES CB 
HBD@G?9 

, 

789 %A1 3 >BAJ9AFD4J<S A9HF9CDB8G>FB6 6 6B89 8B A9HF9?B6GL><, @7/?; %A2 3 
>BAJ9AFD4J<S A9HF9CDB8G>FB6 6 B5BDBFAB= 6B89, @7/?. 

�B?<K9EF6B G?46?<649@OI A9HF9CDB8G>FB6, F/EGF><, BCD989?S9FES CB HBD@G?9 

, 

789 �A 3 CDBJ9AF EB89D:4A<S A9HF< 6 6B89; �A = 70 %; γA 3 B5N9@A4S @4EE4 
B56B8A9AAOI A9HF9CDB8G>FB6, gA = 0,95 F/@3

. '?46?<649@O9 A9HF9CDB8G>FO CB8?9:4F 
CB7DG;>9 6 J<EF9DAO < D94?<;4J<< 8?S <ECB?P;B64A<S 6 >BF9?PAOI 6 >4K9EF69 FBC?<64. 

&D95G9@O= QHH9>F BK<EF>< EFBKAOI 6B8 BF 6;69L9AAOI 69M9EF6 BCD989?S9FES 
CB HBD@G?9 

, @7/?; 
789 %C1 3 >BAJ9AFD4J<S 6;69L9AAOI 69M9EF6 6 6B89 8B A9HF9?B6GL><, %C2 3 

>BAJ9AFD4J<S 6;69L9AAOI 69M9EF6 6 B5BDBFAB= E<EF9@9, @7/?. 
"5N9@ ;489D:<649@OI 6 6<89 BE48>4 6;69L9AAOI 69M9EF6, @3/EGF><, 

BCD989?S9FES CB HBD@G?9 

, 

789 ρ 3 6?4:ABEFP BE48>4, r = 95 %; γC 3 B5N9@A4S @4EE4 BE48>4; gC = 2,65 F/@3
. 
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�OC46L<= 6 A9HF9?B6GL>4I < C9E>B?B6>4I BE48B> G84?S9FES 7<8DBQ?964FBD4@< 
?<5B A4 C9E>B6O9 C?BM48><, ?<5B 6 C9E>B6O9 5GA>9D4, 789 B59;6B:<649FES. #?BM48P 
C9E>B6B= C?BM48><, @2, BCD989?S9FES CB HBD@G?9: 

 
789 h7B8 3 7B8B64S A47DG;>4 C9E>4 A4 C9E>B6O9 C?BM48><; EB7?4EAB %!<#, h7B8 = 3 

@3/@2
 6 7B8; n 3 K<E?B C9E>B6OI C?BM48B> (A9 @9A99 86GI). 

 

&45?<J4 1. �EIB8AO9 84AAO9 
 

№ 64D<4AF4 N nA %A1, 
@7/? 

%A2, 
@7/? 

%C1, 
@7/? 

%C2, 
@7/? 

n 

1 182 2 1360 170 42 21 223 

2 184 2 1440 180 44 22 333 

3 186 2 1520 190 46 23 18 

4 220 3 1800 225 53 26,5 29 

 

ПBDя4B> 6OCB?A5Aия D45BFO 

1) �;GK<FP CD<AJ<C4@< D45BFO A9HF9?B6GL><. 
2) $4EEK<F4FP D4;@9D A9HF9?B6GL><; 
3) �4CB?A<FP F45?<JG 
4) "F@9F<FP A4;A4K9A<9 < @9EF4 D4;@9M9A<S CDB@O6BKAB-CDBC4DBKAOI EF4AJ<=. 
5) '>4;4FP BEAB6AO9 69M9EF64, ;47DS;ASRM<9 EFBKAO9 6B8O #%%, 4 F4>:9 3 
ECBEB5O <I BK<EF><. 

6) #D<69EF< D4EK9FAO9 HBD@G?O 8?S BCD989?9A<S BEAB6AOI I4D4>F9D<EF<> 
A9HF9?B6GL><, CDB69EF< D4EK9F 6 ;46<E<@BEF< BF CDB7D4@@O ##% < 8DG7<I 
<EIB8AOI 84AAOI CB E6B9@G 64D<4AFG. 

7) "C<E4FP CD<AJ<C D45BFO < ;4D<EB64FP EI9@G A9HF9?B6GL>< E GK9FB@ ;484AAB7B 
>B?<K9EF64 BF89?9A<= < D4EEK<F4AAOI D4;@9DB6. 

8) '>4;4FP ECBEB5O ?<>6<84J<< 6EC?O6L<I 6 A9HF9?B6GL>9 A9HF9CDB8G>FB6 < 
6OC46L97B BE48>4. 

9) %89?4FP 6O6B8O. 
 
 ПD8@9 D D9 H 9 A 8я:  
 

№ 64D<4AF4 N nA %A1, 
@7/? 

%A2, 
@7/? 

%C1, 
@7/? 

%C2, 
@7/? 

n 

2 184 2 1360 170 42 21 2 

 

$4EEK<F49@ 

$CD = 0,2 @3 $@ = 8 @3 
N=184 

Q = (0,2 8)×184=1508,8 (@3/EGF) 
VA = 0,01 @/E; !A = 2 @; 
kB = 0,5, 

uA = 0,005 @/E; 
wA = 0,05×vA = 0,05*0,01= 0,5*10

-3@/E. 
Q = 294,4 @3/EGF; kA = 1,5; 



10 

 

nA = 2 

 

�A = 70 %; 

 

%A1 = 1360 @7/?; %A2 = 170 @7/?. 

 
1A = 87,5 % 

 

γA = 0,95 F/@3
;  

 
%C1 = 42 @7/?; %C2 = 21 @7/?. 

 

1# = 50% 

γC = 2,65 F/@3
. 

ρ = 95 %; 

0,24 @3/EGF 

h7B8 = 3 @3/@2 6 
7B8; n = 2. 

@2
 

 

К BA FDB?PA O9 6BCDBE O. 
1. % >4><@< 6<84@< A9HF9?B6GL9> @O CB;A4>B@<?<EP? 
2. "CD989?<F9 QHH9>F<6ABEFP D45BFO A9HF9?B6GL><. "F K97B BA4 ;46<E<F? 

 

#$��&�+�%��3 $��"&� № 3 (2 K4E4) 
 

&9@4: $4EK9F < B5BEAB64A<9 B5D4;B64A<S BFIB8B6 A4 CD98CD<SF<SI 
:9?9;AB8BDB:AB7B FD4AECBDF4 

 

*9?P D45BFO: B;A4>B@<FPES E CD<AJ<C4@< D45BFO @4?BBFIB8AOI, BFIB8AOI <?< 
59;BFIB8AOI CD98CD<SF<=, D4EEK<F4FP BFIB8O 

1. BCD989?<FP 6<8O BFIB8B6 A4 CD98CD<SF<SI :9?9;AB8BDB:AB7B FD4AECBDF4; 
2. CD<69EF< CD<@9D @9FB8B6 GF<?<;4J<< BFIB8B6; 
3. $4EEK<F4FP CDB<;6B8EF69AAO9 BFIB8O. 
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�4D<4AFO 

 1 2 3 4 5 6 7 8 9 10 

,F4F 
EBFDG8A<>B6 
CD98CD<SF<S, 
N, K9?. 

1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 

#?BM48P 
E>?484,S,@2

 

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 

"FIB8O EB 
E>?48E>B= 
C?BM48< ;4 7B8, 
n2, @

3
/1000 @2

 

5,5 5,5 6 6,5 7 7,5 8 8,5   

 

ПD8@9 DO D9 H 9 A 8я: 
%B7?4EAB «%4A<F4DAO@ CD46<?4@» ABD@4 A4>BC?9A<S F69D8OI 5OFB6OI BFIB8B6 

A4 1 D45BF4RM97B n = 0,22 @3/7B8. #?BFABEFP &�" =0,18 F/@3. � @4EEB6B@ 6OD4:9A<< 
>B?<K9EF6B BFIB8B6 EBEF46<F: 

F/7B8 
 GEBD B5D4;G9FES CD< G5BD>9 F9DD<FBD<< CD98CD<SF<S. �B?<K9EF6B B5D4;B64A<S 

BFIB8B6 BCD989?S9FES CB HBD@G?9: 

 
789 S 3 G5<D49@4S C?BM48P, @2;, F/7B8, 
n 3 ABD@4 B5D4;B64A<S E@9F4 E 1 @2

 C?BM48<, EBEF46?S9F 10 >7 6 7B8. 
 G = 1000 * 10 * 0,01 = 1000 F/7B8 
 

!BD@4F<6 B5D4;B64A<S BFIB8B6 GEF4A46?<649FES A4 BEAB69 84AAOI CD98CD<SF<S 
B ED98A97B8B6B@ D4EIB89 C<?B@4F9D<4?B6 V# @3, <ECB?P;G9@OI 8?S <;7BFB6?9A<S 
89D96SAAOI <;89?<=. �B?S B5D4;GRM<IES BFIB8B6 BF B5N9@4 EODPS d = 0,15. #?BFABEFP 
BFIB84 =0,5 F/@3.  4EE4 BFIB8B6 EBEF46<F, F/7B8. 

 
  = 5,5 * 0, 15 * 0.5 = 0,4125 F/7B8 
 

К BA FDB?PA O9 6BCDBE O 

1. �4=F9 BCD989?9A<9 CBASF<S@ BC4EAO9, CDB<;6B8EF69AAO9, FB>E<KAO9 
BFIB8O. 

2. "I4D4>F9D<;G=F9 @9FB8O GF<?<;4J<< BFIB8B6. 
 

 

#$��&�+�%��3 $��"&� № 4 (4 K4E4) 
 

&9@4: %BEF46?9A<9 Q>B?B7<K9E>B7B C4ECBDF4 CD98CD<SF<S :9?9;AB8BDB:AB7B 
FD4AECBDF4 

 

*9?P D45BFO: CB?GK9A<9 A46O>B6 D45BFO CB EBEF46?9A<R CDB<;6B8EF69AAB= 
Q>B?B7<K9E>B= 8B>G@9AF4J<< 
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КD4F>89 F9BD9F8G9E>89 E6989A8я:  
1>B?B7<K9E><= C4ECBDF CDB@OL?9AAB7B CD98CD<SF<S 4 ABD@4F<6AB- 

F9IA<K9E><= 8B>G@9AF, 6>?RK4RM<= 84AAO9 CB <ECB?P;B64A<R CD98CD<SF<9@ 
CD<DB8AOI D9EGDEB6 < BCD989?9A<9 6?<SA<S CDB<;6B8EF64 A4 B>DG:4RMGR ED98G. 

1>B?B7<K9E><= C4ECBDF CD98CD<SF<S 6 ;46<E<@BEF< BF >BA>D9FAB7B 
CDB<;6B8EF64 8B?:9A EB89D:4FP >B@C?9>E BEAB6AOI 6;4<@BG6S;4AAOI FD95B64A<= < 
E<EF9@G CB>4;4F9?9=, B59EC9K<64RM<I EB5?R89A<9 CD<DB8BBID4AAOI ABD@ < CD46<? 
IB;S=EF69AAB= 89SF9?PABEF< < D4J<BA4?PAB7B <ECB?P;B64A<S 4F@BEH9DO, 7<8DBEH9DO, 
?<FBEH9DO, D4EF<F9?PABEF< < :<6BFAB7B @<D4. 

1>B?B7<K9E><= C4ECBDF D4;D454FO649FES CD98CD<SF<9@ ;4 EK9F 97B ED98EF6 < 
GF69D:849FES DG>B6B8<F9?9@ CD98CD<SF<S CB EB7?4EB64A<R E @9EFAO@< BD74A4@< 
6?4EF< < F9DD<FBD<4?PAO@ BD74AB@ �BE>B@CD<DB8O $(, 789 BA < D97<EFD<DG9FES. 

"EAB6B= 8?S D4;D45BF>< Q>B?B7<K9E>B7B C4ECBDF4 S6?SRFES EB7?4EB64AAO9 < 
GF69D:89AAO9 BEAB6AO9 CB>4;4F9?< CDB<;6B8EF64, CDB9>FO D4EK9FB6 CD989?PAB 
8BCGEF<@OI 6O5DBEB6 (#��), ABD@O CD989?PAB 8BCGEF<@OI E5DBEB6 (#�%), 
D4;D9L9A<9 A4 CD<DB8BCB?P;B64A<9, C4ECBDF4 74;B- < 6B8BBK<EFAOI EBBDG:9A<= < 
GEF4AB6B> CB GF<?<;4J<< < <ECB?P;B64A<R BFIB8B6, 84AAO9 7BEG84DEF69AAB= 
EF4F<EF<K9E>B= BFK9FABEF<, <A69AF4D<;4J<< <EFBKA<>B6 1>B?B7<K9E><= C4ECBDF 8?S 
89=EF6GRM<I < CDB9>F<DG9@OI CD98CD<SF<= EBEF46?S9FES B8<A D4; < 8BCB?AS9FES 
(>BDD9>F<DG9FES) CD< <;@9A9A<< F9IAB?B7<< CDB<;6B8EF64, 6 F9K9A<9 @9ESJ4 EB 8AS 
<;@9A9A<=. 

 

ПBDя8B> 6OCB?A9A8я D45BFO 

1) �;GK<FP �"%& 17.0.0.04-90 < <;GK<FP EFDG>FGDG Q>B?B7<K9E>B7B C4ECBDF4 
CD98CD<SF<S. 

2) %BEF46<FP Q>B?B7<K9E><= C4ECBDF CDB@OL?9AAB7B CD98CD<SF<S 
(CD98CD<SF<9 CB 6O5BDG EFG89AF4). 

3) %BEF46<FP BFK9F. 
 

ПD8@9DO D9H9A8я  
1. )4D4>F9D<EF<>4 A4<5B?99 D4ECDBEFD4A9AAOI ;47DS;A<F9?9= B>DG:4RM9= 

CD<DB8AB= ED98O A4 B5N9>F4I :9?9;AB8BDB:AB7B FD4AECBDF4: 5<B?B7<K9E><9 
;47DS;A<F9?<; E<AF9F<K9E><9 CB69DIABEFAB-4>F<6AO9 69M9EF64; FS:9?O9 @9F4??O 
(DFGFP, E6<A9J); 

%<AF9F<K9E><9 CB69DIABEFAB-4>F<6AO9 69M9EF64. 
�9F9D79AFO (%#��) BFABESFES > B5L<DAB= 7DGCC9 69M9EF6, CBA<:4RM<I 

CB69DIABEFAB9 A4FS:9A<9 6B8O. "A< 6IB8SF 6 EBEF46 E<AF9F<K9E><I @BRM<I ED98EF6 
(% %), L<DB>B CD<@9AS9@OI 6 5OFG < CDB@OL?9AABEF<. �@9EF9 EB EFBKAO@< 6B84@< 
%#�� CBC484RF 6 @4F9D<>B6O9 6B8O < @BDE>GR ED98G. 

!4<5B?99 D4ECDBEFD4A9AAO@< ED98< %#�� S6?SRFES 4A<BA4>F<6AO9 69M9EF64. 
!4 <I 8B?R CD<IB8<FES 5B?99 50% 6E9I CDB<;6B8<@OI 6 @<D9 %#��. #D<EGFEF6<9 
%#�� 6 EFBKAOI 6B84I CDB@OL?9AABEF< E6S;4AB E <ECB?P;B64A<9@ <I 6 F4><I 
CDBJ9EE4I, >4> H?BF4J<BAAB9 B5B74M9A<9 DG8, D4;89?9A<9 CDB8G>FB6 I<@<K9E><I 
F9IAB?B7<=, CB?GK9A<9 CB?<@9DB6, G?GKL9A<9 GE?B6<= 5GD9A<S A9HFSAOI < 74;B6OI 
E>64:<A, 5BDP54 E >BDDB;<9= B5BDG8B64A<S. � E9?PE>B@ IB;S=EF69 %#�� CD<@9AS9FES 6 
EBEF469 C9EF<J<8B6. &S:9?O9 @9F4??O. 

&S:9?O9 @9F4??O (DFGFP, E6<A9J, >48@<=, J<A>, @98P, @OLPS>,) BFABESFES > 
K<E?G D4ECDBEFD4A9AAOI < 69EP@4 FB>E<KAOI ;47DS;ASRM<I 69M9EF6. "A< L<DB>B 
CD<@9ASRFES 6 D4;?<KAOI CDB@OL?9AAOI CDB<;6B8EF64I, CBQFB@G, A9E@BFDS A4 
BK<EFAO9 @9DBCD<SF<S, EB89D:4A<9 EB98<A9A<S FS:9?OI @9F4??B6 6 CDB@OL?9AAOI 
EFBKAOI 6B84I 8B6B?PAB 6OEB>B9. �B?PL<9 @4EEO QF<I EB98<A9A<= CBEFGC4RF 6 B>94A 
K9D9; 4F@BEH9DG. �?S @BDE><I 5<BJ9AB;B6 A4<5B?99 BC4EAO DFGFP, E6<A9J < >48@<=. 
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$FGFP C9D9ABE<FES 6 B>94A E @4F9D<>B6O@ EFB>B@ < K9D9; 4F@BEH9DG. ">B?B CB?B6<AO 
7B8B6B7B CDB@OL?9AAB7B CDB<;6B8EF64 QFB7B @9F4??4 D4;?<KAO@< CGFS@< CBC4849F 6 
B>94A. �4D4:9A<9 @BD9CDB8G>FB6 A9B8AB>D4FAB CD<6B8<?B > DFGFAB@G BFD46?9A<R 
CD<5D9:AB7B A4E9?9A<S. %6<A9J - F<C<KAO= D4EE9SAAO= Q?9@9AF, EB89D:4M<=ES 6B 
6E9I >B@CBA9AF4I B>DG:4RM9= ED98O: 6 7BDAOI CBDB84I, CBK64I, CD<DB8AOI 6B84I, 
4F@BEH9D9, :<6OI BD74A<;@4I. !4>BA9J, E6<A9J 4>F<6AB D4EE9<649FES 6 B>DG:4RMGR 
ED98G 6 CDBJ9EE9 IB;S=EF69AAB= 89SF9?PABEF< K9?B69>4. 1FB 6O5DBEO E 
CDB@OL?9AAO@< < 5OFB6O@< EFB>4@<, E 8O@B@ < CO?PR CDB@OL?9AAOI 
CD98CD<SF<=, E 6OI?BCAO@< 74;4@< 86<74F9?9= 6AGFD9AA97B E7BD4A<S.  <7D4J<BAAO= 
CBFB> E6<AJ4 E >BAF<A9AF4 6 B>94A <89F A9 FB?P>B E D9KAO@< EFB>4@<, AB < K9D9; 
4F@BEH9DG. 

2 )4D4>F9D<EF<>4 A4<5B?99 D4ECDBEFD4A9AAOI ;47DS;A<F9?9= B>DG:4RM9= 
CD<DB8AB= ED98O A4 B5N9>F4I :9?9;AB8BDB:AB7B FD4AECBDF4: LG@, 6<5D4J<S; 
D48<B4>F<6AB9, Q?9>FDB@47A<FAB9 <;?GK9A<S; F9C?B6B9 ;47DS;A9A<9. 

$48<B4>F<6AB9 ;47DS;A9A<9 < ;8BDB6P9 K9?B69>4. 
$48<4J<S CB E4@B= E6B9= CD<DB89 6D98A4 8?S :<;A<.  4?O9 8B;O B5?GK9A<S 

@B7GF «;4CGEF<FP» A9 8B >BAJ4 9M9 GEF4AB6?9AAGR J9CP EB5OF<=, CD<6B8SMGR > D4>G 
<?< > 79A9F<K9E><@ CB6D9:89A<S@. #D< 5B?PL<I 8B;4I D48<4J<S @B:9F D4;DGL4FP 
>?9F><, CB6D9:84FP F>4A< BD74AB6 < S6<FPES CD<K<AB= E>BDB= 7<59?< BD74A<;@4. 

�R5B= 6<8 <BA<;<DGRM<I <;?GK9A<= 6O;O649F 5<B?B7<K9E><9 <;@9A9A<S 6 
BD74A<;@9 >4> CD< 6A9LA9@ (<EFBKA<> A4IB8<FES 6A9 BD74A<;@4), F4> < CD< 6AGFD9AA9@ 
B5?GK9A<< (D48<B4>F<6AO9 69M9EF64, F.9. K4EF<JO, CBC484RF 6AGFDP BD74A<;@4 E 
C<M9=, K9D9; BD74AO 8OI4A<S). 

#D< 8B;9 8B 0,25 �D 6<8<@OI A4DGL9A<= A9F, AB G:9 CD< 4 3 5 �D E@9DF9?PAO9 
E?GK4< EBEF46?SRF 50% BF B5M97B K<E?4 CBEFD4846L<I, 4 CD< 6 �D < 5B?99 - 100% 

CBEFD4846L<I. (�89EP: �D 3 7D9=). 
"EAB6AB= @9I4A<;@ 89=EF6<S E6S;4A E CDBJ9EE4@< <BA<;4J<< 4FB@B6 < @B?9>G? 

:<6B= @4F9D<<, 6 K4EFABEF< @B?9>G? 6B8O, EB89D:4M<IES 6 >?9F>4I. "A<-FB >4> D4; < 
CB869D74RFES <AF9AE<6AB@G D4;DGL9A<R. 

�O;64AAO9 <;@9A9A<S @B7GF 5OFP B5D4F<@O@< <?< A9B5D4F<@O@< < CDBF9>4FP 6 
IDBA<K9E>B= HBD@9 ?GK96B= 5B?9;A<. 

&4>, 6 D4=BA4I, CB869D7L<IES D48<B4>F<6AB@G ;47DS;A9A<R 6 D9;G?PF4F9 
&9C?B6B9 ;47DS;A9A<9 CB69DIABEF< 6B8B9@B6 < CD<5D9:AOI @BDE><I 4>64FBD<=, 
6B;A<>49F 6 D9;G?PF4F9 E5DBE4 A47D9FOI EFBKAOI 6B8 Q?9>FDBEF4AJ<S@< < A9>BFBDO@< 
CDB@OL?9AAO@< CDB<;6B8EF64@<. %5DBE A47D9FOI 6B8 6B @AB7<I E?GK4SI 
B5GE?46?<649F CB6OL9A<9 F9@C9D4FGDO 6B8O 6 6B8B9@4I A4 6-8 7D48GEB6 *9?PE<S. 
$4EF6BD<@BEFP ><E?BDB84 G@9APL49FES, 4 CBFD95?9A<9 97B 6B;D4EF49F, CBE>B?P>G E 
DBEFB@ F9@C9D4FGDO GE<?<649FES 4>F<6ABEFP 4QDB5AOI 54>F9D<=, D4;?474RM<I 
BD74A<K9E>B9 69M9EF6B. 

3.�B8BCB?P;B64A<9 < 6B8BCBFD95?9A<9. �EFBKA<>< ;47DS;A9A<S 6B8O A4 
B5N9>F4I :9?9;AB8BDB:AB7B FD4AECBDF4. !BD@<DB64A<9 >4K9EF64 6B8O 6 6B8B9@4I. 

�9?9;AB8BDB:AO= FD4AECBDF S6?S9FES >DGCAO@ CBFD95<F9?9@ CD9EAB= 6B8O. 
%FBKAO9 6B8O CD98CD<SF<= :9?9;AB8BDB:AB7B FD4AECBDF4 89?SFES A4 
CDB<;6B8EF69AAO9, IB;S=EF69AAB-5OFB6O9 < CB69DIABEFAO9. 

"5N9@ < EBEF46 CDB<;6B8EF69AAOI EFB>B6 ;46<E<F BF F<C4 F9IAB?B7<K9E>B7B 
CDBJ9EE4 CD98CD<SF<S 

)4D4>F9D<EF<>4 EFBKAOI 6B8 CD98CD<SF<= :9?9;AB8BDB:AB7B FD4AECBDF4 
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)4D4>F9D<EF<>4 EFBKAOI 6B8 CD98CD<SF<= :9?9;AB8BDB:AB7B FD4AECBDF4 
!4<@9AB64A<9 
CD98CD<SF<S 

$4EIB8 
EFB>B6, 
@3/EGF 

�EFBKA<>< B5D4;B6A<S 
;47DS;A9AAOI EFB>B6 

�47DS;ASRM<9 
69M9EF64 

t, 

°% 

D! 

�47BAAB9 89CB 
�47BAB-
D9@BAFAO= ;46B8 

503500 

10031000 

 OFP9 E@BFDB6OI 
>4A46; 
@B9KAO9 @4L<AO 8?S 
A4DG:AB= B5@O6>< 
CB86<:AB7B EBEF464, 
D4@ F9?9:9>, 89F4?9=  
 B9KAO9 64AAO 8?S 
B5@O6>< >B?9EAOI C4D, 
89F4?9= 46FBEJ9C><, 
46FBFBD@B;B6, CDB@O6>< 
BFBC<F9?PAOI E<EF9@ 
647BAB6  
�4?P64A<K9E><9 64AAO 

#DB@O6>4 
4>>G@G?SFBDAOI 
54F4D9= 

�;69L9AAO9 
@<A9D4?PAO9 < 
BD74A<K9E><9 
69M9EF64 (C9EB>, 
A474D, @9F4??O, 
A9HF9CDB8G>FO, 
:<DO)  <A9D4?PAO9 
D4EF6BD<@O9 69M9EF64 
(M9?BK<, ><E?BFO, 
EB?< FS:9?OI 
@9F4??B6) 
"D74A<K9E><9 
D4EF6BD<@O9 69M9EF64 
(A9HF9CDB8G>FO, 
4@<AO, CB69DIABEFAB-
4>F<6AO9 69M9EF64 
%B?< FS:9?OI 
@9F4??B6, ><E?BFO 
�<E?BFO, M9?BK<, 
EB?< FS:9?OI 
@9F4??B6

10312 739 

�B>B@BF<6AB9 
89CB 

10031000  B9KAO9 64AAO 8?S 
B5@O6>< >B?9EAOI C4D, 
89F4?9= 86<74F9?S 

�;69L9AAO9 
@<A9D4?PAO9 < BD74A< 
K9E><9 69M9EF64, 
M9?BK<, #�� 

10312 739 

�B>B@BF<6BD9@B
AFAO= ;46B8 

30032000  B9KAO9 @4L<AO 8?S 
A4DG:AB= < 6AGFD9AA9= 
B5@O6>< CB86<:AB7B 
EBEF464 
 OFP9 E@BFDB6OI >4A46 
CBE?9 B>D4EBKAOI D45BF 
< G5BD>< J9I4  
#DB@O6>4 
4>>G@G?SFBDB6 

�;69L9AAO9 
@<A9D4?PAO9 < 
BD74A<- K9E><9 
69M9EF64, #��, 
><E?BFO, M9?BK<, 
BD74A<K9E><9 
D4EF6BD<F9?< 
"D74A<K9E><9 
69M9EF64, 6;69L9AAO9 
69M9EF64 �<E?BFO, 
M9?BK<, EB?< FS:9?OI 
@9F4??B6

  

#DB@O6BKAB- 
CDBC4DBKA4S 
EF4AJ<S 

50031000  B9KAO9 @4L<AO 8?S 
A4DG:AB= < 6AGFD9AA9= 
CDB@O6>< J<EF9DA. 

�;69L9AAO9 69M9EF64 
(A474D, C9EB>, 
EB98<A9A<S :9?9 ;4); 
BD74A<K9E><9 
69M9EF64 (CD989?PAO9, 
A9CD989?PAO9 
G7?96B8BDB8O, 
H9AB?O, 
F9FD4QF<?E6<A9J < F.8. 
�E97B 120 
A4<@9AB64A<=); 
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