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

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

'+$����!�� �/%,��"  "�$��"��!�3 

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

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

 
 

 

 

 

 

 

 

 

 

 

 �&"��+�%�"� $'�"�"�%&�" 

 #" �/#"�!�!�2 $�%+�&!"-�$�(�+�%��) $��"& 

GK95A4S 8<EJ<C?<A4   "#.02  &�)!�+�%��3   �)�!��� 

$4;89?  «&9BD9F<K9E>4S  @9I4A<>4» 

23.02.04 1�%#�'�&�*�3 � $� "!& #"�.� !"-&$�!%#"$&!/) 

%&$"�&��0!/) �"$"�!/)  �,�! � "�"$'�"��!�3 

547B64я CB87BFB6>4 ED98A97B CDBH9EE8BA4?ьAB7B B5D47B64A8я 

 

 

 

 

 

 

 

 

 

 

 

 

 

�$�'&%�  2022 
 

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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

�6FBD:   �.�.�84@B64,  CD9CB8464F9?P  (��"'  �"  �D�'#%  %�&<% 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



3 

                                                      !B89D:4A<9 
 

 

 EFD. 
  

#D98<E?B6<9 4 

 %FDG>FGD4 D4EK9FAB-7D4H<K9E>B= D45BFO 5 

 &<FG?PAO= ?<EF > $4EK9FAB-7D4H<K9E>B= 
D45BF9 7 

 $4EK9FAB-7D4H<K9E>4S D45BF4 №1 8 

 $4EK9FAB-7D4H<K9E>4S D45BF4 №2 21 

 $4EK9FAB-7D4H<K9E>4S D45BF4 №3 39 

 

 %F4?P CDB>4FA4S 54?>4 86GF46DB64S 52 

 %F4?P CDB>4FA4S L69??9D 53 

 %F4?P CDB>4FA4S G7?B64S D46ABCB?BKA4S 54 

 %F4?P CDB>4FA4S G7?B64S A9D46ABCB?BKA4S 56 

 %C<EB> ?<F9D4FGDO 58 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



4 

�D98<E?B6<9 
 

     #D98@9F «&9IA<K9E>4S @9I4A<>4» 6>?RK49F 6 E95S FD< D4;89?4: 8?S EFDB<F9?PAOI 
EC9J<4?PABEF9= – F9BD9F<K9E>4S @9I4A<>4, EBCDBF<6?9A<9 @4F9D<4?B6 < EF4F<>4 
EBBDG:9A<=; 
8?S @4L<ABEFDB<F9?PAOI EC9J<4?PABEF9= - F9BD9F<K9E>4S @9I4A<>4, EBCDBF<6?9A<9 
@4F9D<4?B6 < 89F4?< @4L<A. 
     !4;A4K9A<9 8<EJ<C?<AO – 84FP 5G8GM<@ F9IA<>4@ BEAB6AO9 E6989A<S B ;4>BA4I 
86<:9A<S < D46AB69E<S @4F9D<4?PAOI F9?, B @9FB84I D4EK9F4 Q?9@9AFB6 >BAEFDG>J<= A4 
CDBKABEFP, :9EF>BEFP < GEFB=K<6BEFP, B ECBEB54I B5D4;B64A<S D4;?<KAB7B 6<84 
79B@9FD<K9E>< A9<;@9AS9@OI E<EF9@ < @9FB84I <I D4EK9F4. �A4A<S, CB?GK9AAO9 CD< 
<;GK9A<< 84AAB7B CD98@9F4, S6?SRFES BEAB6B= 8?S BE6B9A<S E@9:AOI EC9J<4?PAOI 
8<EJ<C?<A. 
      �?S ;4>D9C?9A<S < >BAFDB?S ;A4A<= < G@9A<= EFG89AFB6 CB CD98@9FG «&9IA<K9E>4S 
@9I4A<>4» D9>B@9A8G9FES 6O8464FP  <A8<6<8G4?PAO9 8B@4LA<9 D4EK9FAB-7D4H<K9E><9 
D45BFO. 
     !4EFBSM99 CBEB5<9 EB89D:<F C9D9K9AP GK95AB= ?<F9D4FGDO, ;484A<S 8?S D4EK9FAB-
7D4H<K9E><I D45BF < @9FB8<K9E><9 G>4;4A<S CB <I 6OCB?A9A<R, 4 F4>:9 CD<@9DO 
D9L9A<S ;484K, 5?<;><I CB EB89D:4A<R > ;484K4@ D45BFO. 
     "5N9@ < EB89D:4A<9 ;484A<= 8?S D4EK9FAB-7D4H<K9E><I D45BF BCD989?9AO A4 
BEAB64A<< CD<@9DAB= F9@4F<>< F4><I D45BF, D9>B@9A8G9@OI 89=EF6GRM9= CDB7D4@@B=. 
     !B@9D 64D<4AF4 EBBF69FEF6G9F CBDS8>B6B@G AB@9DG EFG89AF4 6 >?4EEAB@ :GDA4?9. 
%DB> E84K< D45BFO A4;A4K49FES 6 EBBF69FEF6<< E >4?9A84DAB-F9@4F<K9E><@ C?4AB@ 
CD9CB8464F9?S. �E9 ;484A<S 6OCB?ASRFES A4 ?<EF4I HBD@4F4 �4 6 EBBF69FEF6<< EB 
EFDG>FGDB= D4EK9FAB-7D4H<K9E>B= D45BFO. 
     �E9 ;484A<S EBEF46?9AO 6  9:8GA4DB8AB= E<EF9@9 (%�) 98<A<J H<;<K9E><I 
69?<K<A. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

!FDG>FGD4 D4EK9FAB-7D4H<K9E>B= D45BFO. 
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- F<FG?PAO= ?<EF; 
- HBD@G?<DB6>4 ;484A<S < <EIB8AO9 84AAO9; 
- CBSEA<F9?PA4S ;4C<E>4; 
- D4EK9FA4S K4EFP; 
- 7D4H<K9E>4S K4EFP (7D4H<><, EI9@O, K9DF9:< < F.8.); 
- ?<F9D4FGD4; 
- 6O6B8O, CBSEA9A<S <ECB?A<F9?S; 
- ;4>?RK9A<9 CD9CB8464F9?S. 
 

КD<F9D<< BJ9A>< 6OCB?A9A<я EFG89AFB@ D4EK9FAB-7D4H<K9E><I D45BF. 
 
№ 

C/C 
"J9A<649@O9 G@9A<S  9FB8 BJ9A>< 

�D4A<KAO9 >D<F9D<< BJ9A>< 

BF?<KAB A9G8B6?9F6BD<F9?PAB 

1. "FABL9A<9 > D45BF9 

!45?R89A<9 
DG>B6B8<F9?S, 
CDBE@BFD 
@4F9D<4?B6. 

�E9 @4F9D<4?O 
CD98EF46?9AO 6 
G>4;4AAO= EDB>, A9 
FD95GRF 
8BCB?A<F9?PAB7B 
6D9@9A< A4 
;469DL9A<9 

� BF6989AAB9 8?S 
D45BFO 6D9@S A9 
G?B:<?ES 

2. 
%CBEB5ABEFP 6OCB?ASFP 
6OK<E?9A<S < CBEFDB9A<S QCRD. 

#DBE@BFD 
@4F9D<4?B6 

+9F>B 6OCB?AS9F 
6OK<E?9A<S < 
CBEFDB9A<S QCRD 

A9 ECBEB59A 
<ECB?P;B64FP 84:9 
CDBEF9=L<9 
4D<H@9F<K9E><9 
89=EF6<S 8?S 
CB?GK9A<S 
>BA>D9FAB7B 
D9;G?PF4F4. �B?PLB9 
K<E?B BL<5B> 6 
6OK<E?9A<SI, 6 
CBEFDB9A<< QCRD 
FD95G9FES 
8BE>BA4?PA4S 
CDB69D>4 
D9;G?PF4FB6. 

3. 
�ECB?P;B64A<9 6E97B 
8BEFGCAB7B B5BDG8B64A<S 

#DBE@BFD 
@4F9D<4?B6, 
F9IAB?B7<K9E><= 
>BAFDB?P 

�D4@BFAB D45BF49F 
E CD<5BD4@<, 
EB5?R849F 6E9 
CD46<?4 < CD<9@O 
D45BFO F9IA<>< 
59;BC4EABEF<. 
 B:9F <@9FP 
E6B5B8AO= 8BEFGC 
(> CD<5BD4@ 59; 
;489D:>< 
CD9CB8464F9?S). 

!9 ECBEB59A 59; 
CB@BM< 
CD9CB8464F9?S 
6OCB?ASFP BEAB6AO9 
BC9D4J<< E 
CD<5BD4@<. !9F 
F69D8OI ;A4A<= 
BEAB6AOI K4EF9= < 
CD46<? D45BFO. !9 
ECBEB59A BJ9A<FP 
DB?P < ;A4K9A<9 
B5BDG8B64A<S, 
<@9RM97BES 6 
D4ECBDS:9A<<. 

4. 

'@9A<9 <ECB?P;B64FP 
CB?GK9AAO9 D4A99 ;A4A<S < 
A46O>< 8?S D9L9A<S 
>BA>D9FAOI ;484K. 

!45?R89A<9 
DG>B6B8<F9?S. 
#DBE@BFD 
@4F9D<4?B6. 

�9; 
8BCB?A<F9?PAOI 
CBSEA9A<= 
(G>4;4A<=) 
<ECB?P;G9F A46O>< 
< G@9A<S, 
CB?GK9AAO9 CD< 
<;GK9A<< 
8<EJ<C?<A: 
« 4F9@4F<>4», 
«�A:9A9DA4S 
7D4H<>4» 

!9 ECBEB59A 
<ECB?P;B64FP ;A4A<S  
A9 <; B8AB7B D4;89?4 
CD< D9L9A<< ;484K 
D4;89?B6 E@9:AOI 
8<EJ<C?<A. 
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5. "HBD@?9A<9 D45BFO. #DBE@BFD 
@4F9D<4?B6. 

�E9 @4F9D<4?O, 
D4EK9FO, 
CBEFDB9A<S 
BHBD@?9AO 
EB7?4EAB CD<ASFO@ 
FD95B64A<S@ A4 
6OEB>B@ GDB6A9. 

$45BF4 BHBD@?9A4 6 
6OEL9= EF9C9A< 
A95D9:AB. 
�9@BAEFD<DG9@O9 
6OK<E?9A<S < 
CBEFDB9A<S CDBEFB 
A9 @B7GF CD<69EF< > 
8BCB?A<F9?PAO@ 
BL<5>4@. 

6. 

'@9A<9 BF69K4FP A4 6BCDBEO, 
CB?P;B64FPES 
CDBH9EE<BA4?PAB= < B5M9= 
?9>E<>B= CD< E84K9 BFK9FAB= 
D45BFO. 

%B59E98B64A<9. 

�D4@BFAB BF69K49F 
A4 CBEF46?9AAO9 
6BCDBEO, 
<ECB?P;GR 
CDBH9EE<BA4?PAGR 
?9>E<>G.  B:9F 
B5BEAB64FP E6BR 
FBK>G ;D9A<S CB 
CDB5?9@9. +9F>B 
6<8<F J9?P. 

#B>4;O649F A9;A4A<9 
CD98@9F4 CD< BF69F9 
A4 6BCDBEO, A<;><= 
<AF9??9>F, G;><= 
>DG7B;BD, 
B7D4A<K9AAO= 
E?B64DAO= ;4C4E. 
+9F>B 6OD4:9AA4S 
A9G69D9AABEFP 6 
BF69F4I < 89=EF6<SI. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

"<FG?PAO= ?<EF > D4EK9FAB-7D4H<K9E>B= D45BF 
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(���$��0!"� ���!&%&�" �����!"�"$"�!"�" &$�!%#"$&� 

 

(989D4?PAB9 7BEG84DEF69AAB9 5R8:9FAB9 B5D4;B64F9?PAB9 GKD9:89A<9  
6OEL97B CDBH9EE<BA4?PAB7B B5D4;B64A<S 

«�D>GFE><= 7BEG84DEF69AAO= GA<69DE<F9F CGF9= EBB5M9A<S» 
((��"' �#" �D�'#%) 

 

«%<5<DE><= >B??98: FD4AECBDF4 < EFDB<F9?PEF64» 
 

 

 

 

                                                                                    

                                                                                    

 

 

 

 

$4EK9FAB-7D4H<K9E>4S  D45BF4 №  
CB 8<EJ<C?<A9 «&9IA<K9E>4S @9I4A<>4» 

&9@4:         �4D<4AF № 

 

 

 

 

 

 

 

    �OCB?A<?                                                                     #DB69D<? 
    EFG89AF 7D.                                                                    CD9CB8464F9?P (.�.".   
    (.�.".                                                                           84F4, CB8C<EP 
   84F4, CB8C<EP 
 

 

 

 

 

 

 

 

�D>GFE> 
200N 

 

"9BD9F<K9E>4я @9I4A<>4. !F4F<>4. 
"9@4: �?BE>4я E<EF9@4 EIB8яM<IEя E<?. 

 4EK9FAB-7D4H<K9E>4я D45BF4 №1 
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40 

60 

90 

 

#BE?98B64F9?PABEFP 6OCB?A9A<S D9L9A<S 
 

 

1.  '>4;O64RF FBK>G (<?< F9?B), D46AB69E<9 >BFBDB= (>BFBDB7B) D4EE@4FD<649FES. 
 

2.  #D<>?48O64RF > D4EE@4FD<649@B= FBK>9 (F9?G) ;484AAO9 (<;69EFAO9) E<?O. 
� ;484K4I B5OKAB ;484AAB= E<?B= S6?S9FES 7DG;, >BFBDO= A4CD46?9A 6A<; (> J9AFDG 
FS:9EF< ;9@?<).     
#D< A4?<K<< 5?B>4 7DG; 89=EF6G9F A4 D4EE@4FD<649@GR FBK>G 68B?P A<F<. !4CD46?9A<9  
89=EF6<S QFB=   E<?O GEF4A46?<649FES <; K9DF9:4. 
 

3.  OE?9AAB BF5D4EO64RF E6S;<, <, CB?P;GSEP CD<AJ<CB@ BE6B5B:849@BEF< BF E6S;9=, 
;4@9ASRF <I 89=EF6<S D94>J<S@< E6S;9=, < CD<>?48O64RF <I > D4EE@4FD<649@B= FBK>9 
(F9?G). 
!4CD46?9A<9 D94>J<< EF9D:AS ;4D4A99 A9<;69EFAB, CBQFB@G CD98CB?4749@ EF9D:9AP 
D4EFSAGFO@, F.9.  
D94>J<R A4CD46?S9@ BF D4EE@4FD<649@B= FBK>< (F9?4). 
 

4. �O5<D4RF CB?B:9A<9 CDS@BG7B?PAB= E<EF9@O >BBD8<A4F. !4K4?B >BBD8<A4F EB6@9M4RF 
E FBK>B=, D46AB69E<9 >BFBDB= D4EE@4FD<649FES. "8AG <; BE9= (?R5GR) A4CD46?SRF F4>, 
KFB5O BA4 EB6C4?4 E A4CD46?9A<9@ B8AB= <; A9<;69EFAOI D94>J<=, 4 6FBDGR 
C9DC9A8<>G?SDAB C9D6B=. 
�4F9@ BCD989?SRF G7?O @9:8G D94>J<S@< < >BBD8<A4FAO@< BES@<, < G>4;O64RF <I A4 
K96DF9:9. 
 

5.  %BEF46?SRF GD46A9A<S CDB9>J<= E<?, EIB8SM<IES 6 D4EE@4FD<649@B= FBK>9, A4 BE< x < 
y. 

∑X =0 

∑Y =0 
$9L4RF E<EF9@G 86GI GD46A9A<= E 86G@S A9<;69EFAO@<. 
�A4> @<AGE 6 BF69F9 B;A4K49F, KFB A4CD46?9A<9 D94>J<< A4 K9DF9:9 5O?B 6O5D4AB A969DAB, 
F.9. 9E?<  
EF9D:9AP CD98CB?4749FES D4EFSAGFO@, FB 6 89=EF6<F9?PABEF< BA 5G89F E:4FO@, < A4B5BDBF. 
 

6.  $9L4RF ;484KG 7D4H<K9E><@  ECBEB5B@. 
!4 BEAB69 CB?GK9AAB= EI9@O E<?, 6 6O5D4AAB@ @4ELF459 EFDBSF ;4@>AGFO= E<?B6B= 
@AB7BG7B?PA<>, < BCD989?SRF A9<;69EFAO9 D94>J<<. 
 

7.  #BE?9 D9L9A<S CB?GK9AAO9 D9;G?PF4FO A9B5IB8<@B CDB69D<FP. �?S QFB7B AG:AB 
ED46A<FP 69?<K<AO, CB?GK9AAO9 4A4?<F<K9E><@ < 7D4H<K9E><@ ECBEB54@<, < CB8EK<F4FP 
CB7D9LABEFP. 

 

 

 

 

 

 

 

�D<@9D1. 
"CD989?<FP 69?<K<AG < A4CD46?9A<9 D94>J<= E6S;9= 8?S EI9@O, 
CD<6989AAB= A4 D<EGA>9, CB8 89=EF6<9@ 7DG;4 G = 30 kH. 
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 9L9A<9:  
 

1. �4@9A<@ F9?B FBK>B=, EB6C484RM9= E J9AFDB@ 97B FS:9EF<. "5B;A4K<@ 99 FBK>B= ". 
2. #D<?B:<@ > FBK>9 " 4>F<6AGR E<?G, >BFBDB= S6?S9FES 69E F9?4, < A4CD46<@ 99 6A<;. 
3.  OE?9AAB BF5DBE<@ E6S;< - C?BE>BEFP < A<FP. �4@9A<@ <I 89=EF6<9 A4 FBK>G " 
D94>J<S@< E6S;9=. $94>J<S 7?48>B= CB69DIABEF< (B5B;A4K<@ 99  N) CDBIB8<F 
C9DC9A8<>G?SDAB > C?BE>BEF< 6 FBK>9 �, 4 D94>J<S A<F< (B5B;A4K<@ 99 N) - CB A<F< BF 
FBK><. �<A<< 89=EF6<S D94>J<= < 69E4 F9?4 C9D9E9>4RFES 6 FBK>9 ", <;B5D4;<@ 
89=EF6GRM<9 E<?O 6 6<89 E<EF9@O EIB8SM<IES E<? A4 BF89?PAB@ K9DF9:9.  
 

 

 

 

 

 

 

 

 

 

 

 

 

4. �O59D9@ CB?B:9A<9 E<EF9@O >BBD8<A4F. !4K4?B >BBD8<A4F EB6@9EF<@ E FBK>B= ", 
BEP x EB6@9EF<@ E ?<A<9= 89=EF6<S D94>J<< N1, 4 BEP y A4CD46<@ C9DC9A8<>G?SDAB BE< 
x. "CD989?<@ G7?O @9:8G BES@< >BBD8<A4F < D94>J<S@< N1 < N2.  

5. %BEF46<@ EG@@G CDB9>J<= 6E9I E<? A4 >BBD8<A4FAO9 BE<: 
1) ∑ X = N1 + N2 cos60 - G cos40 = 0; 

2) ∑ Y = N2 cos30 - Gcos50 = 0 

$9L<@ E<EF9@G GD46A9A<=. �; 6FBDB7B GD46A9A<S A4IB8<@  

�; C9D6B7B GD46A9A<S A4IB8<@ 

 

 

 

 

�D<@9D 2. 
 

x 
y 

N1 

N2 

G 

30 60 

50 40 

22.27kH
0.866

0.64330

0
cos30

0
Gcos50

2
N 




.11.84kH0.766300.522.27
0

Gcos40
0

cos60
2

N
1

N 
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kH 1244.168
0.643

800

0
sin40

G

1
N 

kH 953.030.766*1244.168
0

cos40*1244.168
0

cos40
1

N
2

N 

kH 1244.168
1

N
0

sin40

0
sin40

1
N

4
N 




(9D@4 ABCD <;7BFB6?9A4 <; K9FOD9I L4DA<DAB EB98<A9AAOI @9:8G EB5B= EF9D:A9=. 
!4 BCBD9 H9D@4 ;4>D9C?9A4 CD< CB@BM< L4DA<DB6.  � L4DA<DG � CD<>D9C?9A 7DG;, 
@4EE4 >BFBDB7B <;69EFA4. 
 

 
 

 

 

 

 

 

 

 

 9L9A<9: 
     $9D@4 – EF9D:A964я >BAEFDG>J<я, EBEFBяM4я <; CDя@B?<A9=AOI EF9D:A9= E 
L4DA<D4@< A4 >BAJ4I. 
       #;9? - QFB @9EFB, 789 EIB8яFEя A9E>B?P>B EF9D:A9=. 
$9L49@ ;484KG @9FB8B@ 6OD9;4A<S G;?B6. %A4K4?4 AG@9DG9@ EF9D:A<. 
1. !4K<A49@ D4EE@4FD<64FP H9D@G E FB7B G;?4, 6 >BFBDB@ EIB8SFES A9 5B?99 86GI 
EF9D:A9= E A9<;69EFAO@< GE<?<S@<. �OD9;46 G;9?, A9B5IB8<@B ;4@9A<FP 89=EF6<9 
BF5DBL9AAB= K4EF< H9D@O GE<?<S@<, 89=EF6GRM<@< 68B?P EF9D:A9=, EK<F4S CD< QFB@, 
KFB 6E9 EF9D:A< D4EFSAGFO, 4 ;4F9@ EBEF46<FP GD46A9A<S D46AB69E<S. 
     �OD9:9@ G;9? �, ;4@9A<6 89=EF6<9 A4 G;9? BF5DBL9AAB= K4EF< H9D@O E<?4@< N1 < 
N2, A4CD46?9AAO@< 68B?P EF9D:A9= 1 < 2 BF G;?4 �, CD98CB?474S, KFB EF9D:A< 
D4EFSAGFO. $4ECB?B:<@ BE< >BBD8<A4F F4>, KFB5O BEP X EB6C4?4 E A4CD46?9A<9@ E<?O 

N2 . %BEF46<@ 864 GD46A9A<S D46AB69E<S: 

 

 

 

 

�; GD46A9A<S  (2) A4IB8<@ N1: 

 

�; GD46A9A<S (1) A4IB8<@  N2 

%F9D:9AP 1 D4EFSAGF, 4 EF9D:9AP 2 E:4F (F.>. ;A4K9A<9 D94>J<< CB?GK<?BEP E 
BFD<J4F9?PAO@ ;A4>B@). 
2. �OD9:9@ G;9? %, ;4@9A<6 89=EF6<9 A4 G;9? BF5DBL9AAB= K4EF< H9D@O E<?4@< 
N1=1244.168 kH, N3 < N4: CDB698S B8AG <; BE9= >BBD8<A4F K9D9; A9<;69EFAB9 GE<?<9, < 
EBEF46<@ GD46A9A<S D46AB69E<S: 

 

 

                                   ∑Xi=0  - N3 – N4cos40
0
 + N1cos40

0 
= 0 (3) 

                           Yi=0  – N4sin40
0
 – N1sin40

0
 = 0 (4) 

 

 

�; GD46A9A<S (4) A4IB8<@ N4  

 

3 

4 
1 

2 

800kH 

A 
B 

C D 

50
0
 

40
0
 

40
0
 

(2)      0G
0

sin40
1

N       0;
i

Y

(1)  0
2

N
0

cos40
1

N   0;
i

X





40
0
 

% 

# 
N1 

# 

N2 

G 

N1 

% 

# 

40
0
 

N4 

N3 

40
0
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N1 

5 

G 

c a 
N2 

kH 1906.065953.033953.033

0.766*1244.1680.766*1244.168)(
0

cos40
1

N
0

cos40
4

N
3

N





N4 

4 

N3 5 f 

N1 

 

 

 

�; GD46A9A<S (3) A4IB8<@ N3 

 

 

 

 

3. �D4H<K9E><= ECBEB5 D9L9A<S. 
�; FD9I E<?, 89=EF6GRM<I A4 G;9? �, <;69EFA4 E<?4 G CB @B8G?R < CB A4CD46?9A<R. 
�O5<D49@ @4ELF45 E<?, A4CD<@9D 100 >! 6 B8AB@ E4AF<@9FD9 (E<? 100 >!\E@) < EFDB<@ 
E<?B6B= FD9G7B?PA<> (E@BFD< D<E.  ). �; CDB<;6B?PAB= FBK>< 4  6 CD<ASFB@ @4ELF459 
BF>?48O649@ BFD9;B> 45, D46AO= E<?9 G = 800 >!. �; A4K4?4 < >BAJ4 BFD9;>4 45 

CDB6B8<@ CDS@O9, C4D4??9?PAO9  EF9D:AS@ 1 < 2, 8B <I C9D9E9K9A<S 6 FBK>9 E. 

#B?GK49@ ;4@>AGFO= E<?B6B= FD9G7B?PA<> 45E, 6 >BFBDB@ 69>FBD 45 = G, 69>FBD 6E = N1 

< 69>FBD E4 = N2. �;@9D<6 8?<AO EFBDBA 6E < E4 (E@) < G@AB:<6 A4 @4ELF45 100>!\E@, 
A4IB8<@ GE<?<S 6 EF9D:ASI 1 < 2: 
N1= 12,5E@ * E<? =1250 >!, N2 = 9,5E@*E<? =950 >!.  OE?9AAB C9D9A9ES, A4CD46?9A<9 
A4=89AAOI D94>J<= A4 EBBF69FEF6GRM<9 EF9D:A< >BAEFDG>J<<, 6<8<@, KFB E<?4 N1  

A4CD46?9A4 BF G;?4, 4 QFB ;A4K<F, KFB EF9D:9AP 1 D4EFSAGF; E<?4 N2 A4CD46?9A4 > G;?G <, 
E?98B64F9?PAB, EF9D:9AP 2 E:4F.  
 

 

 

                                                                                               N2 =4с , N1 =6с.    
 

 

 

 

 

    $4EE@4FD<649@ G;9? %. �; FD9I E<?, 89=EF6GRM<I A4 QFBF G;9?, <;69EFA4 E<?4 N1 CB 
@B8G?R < CB A4CD46?9A<R. �O5<D49@ @4ELF45, < EFDB<@ E<?B6B= @AB7BG7B?PA<> 
(FD9G7B?PA<>). �; CDB<;6B?PAB= FBK>< 9 6 CD<ASFB@ @4ELF459 BF>?48O649@ BFD9;B> 98, 

D46AO= E<?9 
 N1=1244.168 >!. �; A4K4?4 < >BAJ4 BFD9;>4 98 CDB6B8<@ CDS@O9, C4D4??9?PAO9 
EF9D:AS@ 3 < 4, 8B <I C9D9E9K9A<S 6 FBK>9 f. #B?GK49@ ;4@>AGFO= E<?B6B= FD9G7B?PA<> 
98f, 6 >BFBDB@ 69>FBD 
 98= N1,  69>FBD 9f=N3,  f8=N4. 

    �;@9D<6 8?<AO EFBDBA 9f < f8   (E@) < G@AB:<6 A4 @4ELF45, A4IB8<@ GE<?<S 6 
EF9D:AS 3 < 4. 

 

                                                                                           

                                                                                           N3=ef, N4=f4 

 

 

 

 

 

 

 

�D<@9D 3. 
"CD989?<FP GE<?<S 6 EF9D:ASI H9D@O 4A4?<F<K9E><@ < 7D4H<K9E><@ ECBEB54@<. 
%BEF46<FP E6B8AGR F45?<JG D9;G?PF4FB6 < 6OK<E?<FP CB7D9LABEFP. 
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G1=1000H 
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6 
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2 

3 60
0
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0
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B 

C 

G2=1500H 

G1 

G2 60
0
 

A 

N2 

N1 

50
0
 

G1 

40
0
 

Y 

X 

50
0
 

60
0
 

N1 

N2 

G2 

(2)        0
0

cos50
2

G
0

cos40
1

G
0

cos30
1

N          0
i

Y

(1) 0
0

cos40
2

G
0

cos50
1

G
0

cos60
1

N
2

N     0
i

X

 

 

H 1998
0.866

1730

0.866

0.643*15000.766*1000

1
N

;
0

cos30

0
cos50

2
G

0
cos40

1
G

1
N









H 4930.766*15000.643*10000.5*1998N

;cos40Gcos50Gcos60NN

2

0

2

0

1

0

12




(4)  0
0

cos50
2

N
4

N   0
i

Y

(3)  0
3

N
0

cos40
2

N  0
i

X

 

 

N3 

N2 

X 

Y 

N4 

50
0
 

 

 9L9A<9: 
 

 

 

 

 

 

 

 

 

1. $9L49@ ;484KG 4A4?<F<K9E><@ ECBEB5B@. 

      �BECB?P;G9@ES @9FB8B@ 6OD9;4A<S G;?B6. %A4K4?4 6OD9;49@ G;9? �,  F.>. 6 QFB@ G;?9 
EIB8<FES A9 5B?99 86GI EF9D:A9= E A9<;69EFAO@< GE<?<S@<. �4@9AS9@ 89=EF6<9 
BF5DBL9AAB= K4EF< A4 BEF46LGRES D94>J<S@<, A4CD46?9AAO@< 68B?P EF9D:A9= H9D@O. 
#D<>?48O649@ > 84AAB= FBK>9 ;484AAO9 E<?O G1 < G2.  

 

 

 

 

 

 

 

 

 

$4ECB?B:<@ BE< >BBD8<A4F F4>, KFB5O  B8A4 <; BE9= CDBIB8<?4 K9D9; B8AG <; 
A9<;69EFAOI 69?<K<A. %BEF46?S9@ GD46A9A<S D46AB69E<S: 

 

 

 

 

�; (2) A4IB8<@ A9<;69EFAB9 N1: 

 

 

 

 

 

 

�; GD46A9A<S (1) A4IB8<@ N2: 

 

 

 

�A4> @<AGE G>4;O649F A4 FB, KFB A4CD46?9A<9 E<?O N2 5O?B 6O5D4AB A969DAB, ;A4K<F, 
6FBDB= EF9D:9AP D45BF49F A4 E:4F<9. 

     $4EE@4FD<649@ G;9? �. �4@9AS9@ 89=EF6<9 BF5DBL9AAB= K4EF< A4 BEF46LGRES, 
E<?4@< N3 < N4, CDB6989@ BEP X K9D9; A9<;69EFAGR E<?G N3. 

%BEF46?S9@ GD46A9A<S D46AB69E<S 8?S C?BE>B= E<EF9@O EIB8SM<IES E<?: 
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H 377.640.766*493)(cos40NN
0

23 

H 316.990.643*493)(cos50NN
0

24 

N5 

N6 X 

N1 
70

0
 

60
0
 

N4 

Y 

(6)  0cos30Ncos70NN   0Y

(5)  0cos20Ncos60NN  0X

0

5

0

14i

0

1

0

56i








H 2924.87
0.342

0.342*1998316.99

cos70

cos70NN
N

0

0

14

5 







H 3338.560.939*19980.5*2924.87)(cos20Ncos60NN
0

1

0

56 

N2 

60
0
 

N1 

50
0
 

G2 

G1 
B 

O 
G1 

A 
G2 B A 

1 
G1 

O 

 

 

 

 

 

 

�; (3) GD46A9A<S A4IB8<@ N3: 

 

 

N4 A4IB8<@ <; GD46A9A<S (4): 
 

 

�A4> @<AGE G ;A4K9A<S N3 G>4;O649F, KFB A4 E4@B@ 89?9 EF9D:9AP 3 E:4F E<?B= 377.64 !, 
EBBF69FEF69AAB EF9D:9AP 4 5G89F D4EFSAGF E E<?B= D46AB= 316.99 ! 

      �OD9;49@ G;9? %. 
%BEF46?S9@ GD46A9A<S D46AB69E<S: 
 

 

 

 

 

 

 

 

!4IB8<@ GE<?<S 6 EF9D:ASI <I GD46A9A<= (5) < (6)  
 

 

�A4> @<AGE G ;A4K9A<S N5 CB>4;O649F, KFB A4 E4@B@ 89?9 EF9D:9AP 5 E:4F E<?B= 2924.87 !. 
%<?4 6 EF9D:A9 6 D46A4 3338.56 !, GE<?<9 CB?GK<?BEP EB ;A4>B@ C?RE, ;A4K<F, EF9D:9AP 6 
D4EFSAGF.  
 

�D4H<K9E><= ECBEB5. 
     $4EE@4FD<649@ G;9? А. &4> >4> QFBF G;9? A4IB8<FES 6 D46AB69E<<, FB @AB7BG7B?PA<> <; 
86GI ;484AAOI < 86GI <E>B@OI E<? 8B?:9A 5OFP ;4@>AGFO@. �O5<D49@ @4ELF45 E<? μE<? = 

1000 !/E@ <, 6O5D46 CDB<;6B?PAGR FBK>G ", A4KA9@ EFDB<FP ;4@>AGFO= @AB7BG7B?PA<> 
E<?. %A4K4?4 BF?B:<@ 6E9 <;69EFAO9 E<?O: G1 ( BFD9;B> "�=1E@.); G2 ( BFD9;B> ��=1,5E@). 
%<?O N1 <N2 A9<;69EFAO, AB <;69EFAO <I A4CD46?9A<S (A4CD46?9AO 68B?P EF9D:A9= 1< 2 ). 
#BQFB@G, ;A4S, KFB E<?B6B= @AB7BG7B?PA<> 8B?:9A 5OFP ;4@>AGF, <; FBK>< � CDB6B8<@ 
CDS@GR, C4D4??9?PAGR EF9D:AR 1, 4 <; FBK>< " - CDS@GR, C4D4??9?PAGR EF9D:AR 2. 
"5B;A4K<6 5G>6B= % FBK>G C9D9E9K9A<S QF<I CDS@OI < G>4;46 EFD9?>4@< A4CD46?9A<9 
<E>B@B= E<?O BF � > %, 4 A4CD46?9A<9 E<?O BF % > ", CB?GK<@ ;4@>AGFO= E<?B6B= 
@AB7BG7B?PA<> "��%". �;@9D<6 8?<AO BFD9;>B6 �% < %", CB?GK<@ �%=2E@, %"=0,5E@. 
% GK9FB@ @4ELF454 CBEFDB9A<S A4=89@: 

N1 = �!*μE<? = 2*1000 = 2000 � 

N2 = !�*μE<? = 0,5*1000 = 500 � 
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G2 
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G1 
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N3 

N2 
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N2 N2 
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3 D 
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A 

N2 
N4 

N3 

 

 

 

 

 

 

 

 

     "EF4?BEP 6OSEA<FP, D4EFSAGFO <?< E:4FO EF9D:A< 1 < 2. �?S QFB7B C9D9A9E9@ E<?O N1 < 
N2 <; @AB7BG7B?PA<>4 E<? > EBBF69FEF6GRM<@ EF9D:AS@, 6 D9;G?PF4F9 K97B A4=89@, KFB 
EF9D:9AP 1  D4EFSAGF, F.>. A4CD46?9A BF G;?4, 4 EF9D:9AP 2 E:4F (A4CD46?9A > G;?G). 

N1 = 2000 H; 

N2 = 500 H. 

#;9? �. 
 

 

 

 

 

 

 

 

 

 

 

 

 

     ';9? A4IB8<FES 6 D46AB69E<<, CBQFB@G @AB7BG7B?PA<> (FD9G7B?PA<>) <; F9I E<? - B8AB= 
<;69EFAB= N2 < 86GI <E>B@OI 8B?:9A 5OFP ;4@>AGFO@.    �O5<D49@    @4ELF45    <EIB8S <; 
<;69EFAB=  E<?O μE<? = 100 !/E@. �O5<D49@ CDB<;6B?PAGR FBK>G " A4K<A49@ EFDB<FP 
;4@>AGFO= FD9G7B?PA<> E<?. %A4K4?4 BF?B:<@ <;69EFAGR E<?G N2 (BFD9;B> "�=5E@). %<?O 
N3 <N4 A9<;69EFAO, AB <;69EFAO <I A4CD46?9A<S (A4CD46?9AO 68B?P EF9D:A9= 3 < 4). �A4S, 
KFB E<?B6B= @AB7BG7B?PA<> 8B?:9A 5OFP ;4@>AGF, <; FBK>< � CDB6B8<@ ?<A<R 
C4D4??9?PAGR EF9D:AR 3, 4 <; FBK>< " CDS@GR C4D4??9?PAGR EF9D:AR 4. "5B;A4K<@ 
FBK>G C9D9E9K9A<S QF<I ?<A<= 5G>6B= D < G>4:9@ A4CD46?9A<9 <E>B@OI E<? (N3 BF � > D, 
4 N4 BF D > ").�;@9DS9@ 8?<AO BFD9;>B6  AD < DO, CB?GK<@   AD=3,7 E@,   CO=3,2 E@. % 
GK9FB@ @4ELF454 CBEFDB9A<S A4=89@: N3= AD*μE<?=370 �, N4=DO* μE<?= 320 �. 

�OSEAS9@, D4EFSAGFO <?< E:4FO EF9D:A< 3 < 4. �?S QFB7B C9D9A9E9@ E<?O N3 < N4 <; 
@AB7BG7B?PA<>4 E<? > EBBF69FEF6GRM<@ EF9D:AS@, 6 D9;G?PF4F9 K97B A4=89@, KFB EF9D:9AP 
3 E:4F, 4 EF9D:9AP 4 D4EFSAGF. N3= -370 �,  N4=320 �. 
 

 

 

 

 

 

 

#;9? !. 
&4> >4> G;9? % A4IB8<FES 6 D46AB69E<<, FB @AB7BG7B?PA<>  <; 8GI <;69EFAOI N1 < N4 < 86GI 
A9<;69EFAOI N5 < N6 E<? 8B?:9A 5OFP ;4@>AGF. #D<@9@ @4ELF45 E<? E<?= 400 H/E@ <, 
6O5D46 CDB<;6B?PAGR FBK>G �, A4KA9@ EFDB<FP ;4@>AGFO= @AB7BG7B?PA<> E<?. 
"F>?48O649@ <;69EFAO9 E<?O N1 (BFD9;B> ��=5E@), N4 (BFD9;B> �%=0,8E@). �; FBK>< % 
CDB6B8<@ ?<A<R C4D4??9?PAGR 5 EF9D:AR, 4 <; FBK>< � CDB6B8<@ CDS@GR C4D4??9?PAGR 

N3 

N4 

N2 
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%100*

граф.
N
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N

граф.
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
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N1 A 

B 

N4 
C 
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N1 
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N5 

N6 

N4 

N1 

EF9D:AR 6. "5B;A4K<@ FBK>G C9D9E9K9A<S QF<I 86GI ?<A<= 5G>6B= D, < G>4:9@ EFD9?>4@< 
A4CD46?9A<9 E<?O N5 BF % > D, 4 A4CD46?9A<9 E<?O N6 BF D > �. �;@9D<@ 8?<AO BFD9;>B6 
CD < D�, CB?GK<@ CD=7,3 E@., D�=8,3 E@. % GK9FB@ @4ELF454 CBEFDB9A<S A4=89@: 

N5=CD*E<?=7,3*400=2920 �, 
N6=DA*E<?=8,3*400=3320 �. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    �OSEA<@, D4EFSAGFO EF9D:A< <?< E:4FO. �?S QFB7B C9D9A9E9@ E<?O N5 < N6 <; 
@AB7BG7B?PA<>4 E<? > EBBF69FEF6GRM<@ EF9D:AS@, 6 D9;G?PF4F9 K97B GEF4AB6<@, KFB 
EF9D:9AP 5 E:4F, 4 EF9D:9AP 6 D4EFSAGF. 

N5= - 2920 �, N6= 3320 H. 

%BEF46?S9@ E6B8AGR F45?<JG D9;G?PF4FB6: 
 

#E<?<я 6 
EF9D:AяI 

N1,  

� 

N2,    

� 

N3,       

� 

N4 

, � 

N5, 

� 

N6, 

� 

�A4?<F<K9E><=  1998 - 493 -377,64 316,99 -2924,87 3338,56 

�D4H<K9E><= 2000 - 500 - 370 320 - 2920 3320 

#B7D9LABEFP % 0,1 1,4 2,06 0.94 0,16 0,56 

 

 

#B7D9LABEFP 6OK<E?<FP @B:AB E CB@BMPR HBD@G?O: 
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
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1,4100%*
500

493500

N

NN

δ
2граф

2аналит2граф 







 

 

 

 

     &4><@ B5D4;B@, A4IB8SF CB7D9LABEF< ·3, ·4, ·5, ·6. #B7D9LABEFP A9 8B?:A4 CD96OL4FP 
7%. �E?< CB7D9LABEFP 5B?99 7%, FB A48B <E>4FP BL<5>G, ?<5B 6 4A4?<F<K9E>B@, ?<5B 6 
7D4H<K9E>B@ ECBEB59 D9L9A<S. 

 

 

 

 

З484A<9 > D4EK9FAB-7D4H<K9E>B= D45BF9 №1: 
     "CD989?<FP GE<?<S 6 EF9D:ASI H9D@O 4A4?<F<K9E><@ < 7D4H<K9E><@ ECBEB54@<. 
�484A<9 6O5D4FP EB7?4EAB E6B97B 64D<4AF4. 
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"9BD9F<K9E>4я @9I4A<>4. !F4F<>4 

"9@4: �?BE>4я E<EF9@4 CDB<;6B?PAB D4ECB?B:9AAOI E<? 
 4EK9FAB-7D4H<K9E>4я D45BF4 №2 

 
#BE?98B64F9?PABEFP D9L9A<S. 

 

 

1. "E6B5B:84RFES BF BCBD < ;4@9ASRF <I 89=EF6<9 A4 54?>G BCBDAO@< D94>J<S@<. � 
L4DA<DAB-A9CB86<:AB= BCBD9 6 B5M9@ E?GK49 89=EF6<S A47DG;>< 6B;A<>4RF 869 
D94>J<< : 7BD<;BAF4?PA4S !� < 69DF<>4?PA4S VA. � L4DA<DAB-CB86<:AB= BCBD9 CD< 
?R5B= A47DG;>9 6B;A<>49F B8A4 D94>J<S –CB A4CD46?9A<R BCBDAB7B EF9D:AS VB, FB 
9EFP D94>J<S C9DC9A8<>G?SDA4 BCBDAB= C?BE>BEF<. 

2. "CD989?SRF C?9KB E<?O, A9 C9DC9A8<>G?SDAB= BE< 54?><. #?9KB E<?O BCD989?S9FES 
BFABE<F9?PAB B59<I BCBD. �?S QFB7B <; >4:8B= FBK>< BCBDO BCGE>4RF A4 E<?G <?< 
?<A<R 99 89=EF6<S C9DC9A8<>G?SDO – BA< S6?SRFES C?9K4@< E<?O BFABE<F9?PAB 
?96B= < CD46B= BCBDO. $4EE@4FD<64S CDS@BG7B?PAO= FD9G7B?PA<>, B5D4;B64AAO= 
BEPR 54?><, ?<A<9= 89=EF6<S E<?O < C9DC9A8<>G?SDB@, A4IB8SF 69?<K<AG >4:8B7B 
C?9K4. 

3. %BEF46?SRF GD46A9A<S D46AB69E<S: 
0 AM  

0 BM  

0X  

$9L4S GD46A9A<S, A4IB8SF A9<;69EFAO9 D94>J<< VA, !�, VB. 

4. �OCB?ASRF CDB69D>G D9L9A<S CB GD46A9A<R  
0Y  

 

 

З484K4 1. 
 

�9EF>B ;4M9@?9AA4S 54?>4 �� A47DG:9A4 E<?B= F = 4 >!, >4> CB>4;4AB A4 D<EGA>9. 
"CD989?<FP D94>J<< ;489?><, 9E?< ³ = 300

 . 
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$9ш9A89 

     "E6B5B8<@ 54?>G �� BF E6S;< < ;4@9A<@ 9T 89=EF6<9 A4 54?>G E<?4@< D94>J<< RAy   < 
RAX  < @B@9AFB@  � (D<E. (5)). $4ECB?B:<6 BE< >BBD8<A4F, >4> CB>4;4AB A4 D<E. (5), 8?S 
GD46AB69L9AAB= E<EF9@O E<? < @B@9AF4 EBEF46<@ FD< GD46A9A<S. 

ΣM� = 0 ; 

ΣYi = 0 ; 

Σ) ί = 0 

ΣM� = M�  + F∙ AC = 0 ; 789 �% = �� sin30
0 

MA = - F ∙ AB sin30
0
 = - 4∙ 0,8 ∙ 0,5 = - 1,6 >H@ 

∑Yi = RAy – F cos60
0
 = 0 

RAy = Fcos60
0
 = 4∙ 0,5 = 2>! 

∑Xi = RAX – F cos30
0
 = 0 

RAX = Fcos30
0
 = 4∙ 0,866 = 3,46 >! 

     �?S CDB69D>< CD46<?PABEF< D9L9A<S EBEF46<@ GD46A9A<9 @B@9AFB6 BFABE<F9?PAB 
FBK>< �. 
ΣM� =0; 

 ΣM� =  �+RAy ∙ 0,8 =0 
- 1,6 + 2 ∙ 0,8 = - 1,6 = 1,6 = 0 ; 0=0 

�484K4 D9L9A4 CD46<?PAB. 
 

 

З484K4 2. 
 

!4 7BD<;BAF4?PAGR 54?>G ��, ?96O= >BA9J >BFBDB= <@99F L4DA<DAB-A9CB86<:AGR 
BCBDG, 4 CD46O= – L4DA<DAB-CB86<:AGR, 6 FBK>4I % < � CBEF46?9AO 864 7DG;4 F1= 10 

>! < F2 = 20 >! (D<E.,(4))/  
"CD989?<FP D94>J<< BCBD 54?><. 
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$9ш9A89. 
     $4EE@BFD<@ D46AB69E<9 54?>< ��, A4 >BFBDGR 6 FBK>4I % < D 89=EF6GRF 869 
69DF<>4?PAO9 A47DG;>< F1 < F2 (D<E.(5)). "E6B5B:849@ 54?>G BF E6S;9= < ;4@9A<@ <I 
89=EF6<9 D94>J<S@<. � @9EF9 L4DA<DAB-A9CB86<:AB= BCBDO � 6B;A<>49F D94>J<S RAy < 
RAX, 4 6 @9EF9 L4DA<DAB-CB86<:AB= BCBDO � 6B;A<>49F 69DF<>4?PA4S D94>J<S RB.  

%BEF46<@ E<EF9@G GD46A9A<= D46AB69E<S, D4ECB?B:<6 C9D9E9K9A<9 BE9= >BBD8<A4F 6 
FBK>9 �, 4 BEP ) A4CD46?S9@ 68B?P CDB8B?PAB= BE< 54?><. 
#D<A<@49@ 8?S B8AB7B GD46A9A<S ;4 J9AFD @B@9AFB6 FBK>G �, 4 8?S 8DG7B7B – FBK>G �. 
'E?B6<9 D46AB69E<S: 

ΣM� = 0; 

ΣM� = 0; 

Σ) ί = 0 

ΣM� = F1 ∙ AC + F2 ∙ AD – RB ∙ AB = 0 

RB = >�
AB

ADFACF
16

5

5,32011021 





 

ΣM� = - F2 ∙ DB – F1 ∙ CB + RAy ∙ AB = 0 

RAy = >�
AB

CDFDBF
14

5

4105,12012 





 

Σ) ί = RAX =0 ; RAX = 0 

     #DB69D<@ CD46<?PABEFP D9L9A<S, EBEF46<6 GD46A9A<9 CDB9>J<= E<? A4 
69DF<>4?PAGR BEP y . 

ΣY ί  = 0; 

ΣY ί  = RAY – F1 – F2 + RB = 0 

     #B8EF46?SS 6 QFB GD46A9A<9 K<E?B6O9 ;A4K9A<S, CB?GK49@ FB:89EF6B, 
14-10-20+16=0; 

0=0 

;A4K<F ;484K4 D9L9A4 CD46<?PAB. 
"F69F: D94>J<< BCBD: RAy = 14>! < RB= 16 >! 

 

З484K4 3. 
 

     �BD<;BAF4?PA4S 54?>4 <@99F 6 FBK>9 � L4DA<DAB-CB86<:AGR BCBDG, C?BE>BEFP 
>BFBDB= A4>?BA9A4 > 7BD<;BAFG CB8 G7?B@ ³ = 240

 (D<E.(4)), 4 6 FBK>9 � – L4DA<DAB-
A9CB86<:AGR BCBDG. �4?>4 A47DG:9A4 6 FBK>4I % < D 86G@S EBED98BFBK9AAO@< E<?4@< 
F1 = 24 >! < F2= 30 >!. "CD989?<FP D94>J<< BCBD. 
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$9ш9A89: 
     "E6B5B:849@ 54?>G �� BF E6S;9=, <I 89=EF6<9 A4 54?>G ;4@9AS9@ E<?4@< D94>J<=. 
$94>J<S CB86<:AB7B L4DA<D4 RA A4CD46?9A4 A9 C4D4??9?PAB 69DF<>4?PAO@ A47DG;>4@, 
4 CB8 G7?B@ ³ > 69DF<>4?< – C9DC9A8<>G?SDAB > BCBDAB= CB69DIABEF< L4DA<D4 
(D<E.(5)). $94>J<R A9CB86<:AB7B L4DA<D4 (F. �) ;4@9AS9@ 86G@S EBEF46?SRM<@< RBI < 
RBy . 

$4ECB?B:<6 BE< ) < Y, >4> CB>4;4AB A4 D<E.(5), EBEF46?S9@ GD46A9A<9 D46AB69E<S: 
ΣM� = 0; 

ΣYi = 0; 

Σ) ί = 0 

ΣM� = F1 ∙ AC + F2 ∙AD – RBy ∙ AB = 0 

RBy = >�
AB

ADFACF
28

6

43022421 





 

∑Yi = RA cos³ – F1 – F2 + RBy = 0 

RA = >�
RFF By

7,28
24cos

283024

cos
0

21 






 

ΣXi = - RBX + RA sin³ = 0 
RBX = RA sin³ = 28,7 ∙ sin 24

0
 = 12, 1 >! 

     #DB69D>G D9L9A<S CDB<;6B8<@ CD< CB@BM< GD46A9A<S @B@9AFB6 BFABE<F9?PAB 
FBK>< %. 

Σ % = 0; 

Σ % = RA ∙ CE + F2 ∙ CD – RBy ∙ CB = 0 

28,7∙ 2 ∙ cos³ + 30 ∙ 2 – 28 ∙ 4 = 112 – 112 = 0; 

0 = 0 

�484K4 D9L9A4 CD46<?PAB. 
"F69F: D94>J<< BCBD: RA = 28,7 >!; R�y = 28 >!; RBX = 12,1 >! 

 

 

З484K4 4. 
 

!4 >BAEB?PAGR 54?>G, <@9RMGR 6 FBK>9 � L4DA<DAB-A9CB86<:AGR, 4 6 FBK>9 � 
L4DA<DAB-CB86<:AGR BCBDG, 89=EF6GRF 869 A47DG;>< (D<E.(4)): 6 FBK>9 D – 
EBED98BFBK9AA4S A47DG;>4 F = 8 >!, 4 A4 GK4EF>9 %� – D46AB@9DAB D4ECD989?9AA4S 
A47DG;>4 <AF9AE<6ABEFPR q= 2 >!/@. "CD989?<FP D94>J<< BCBD. 
$9ш9A89: 
 � QFB= ;484K9, >DB@9 EBED98BFBK9AAB= E<?O F1 , A4 GK4EF>9 %� 89=EF6G9F D46AB@9DAB 
D4ECD989?9AA4S A47DG;>4, <AF9AE<6ABEFP >BFBDB= q . #B?A4S 69?<K<A4 QFB= A47DG;>< (9T 
D46AB89=EF6GRM4S) D46A4 Fq < CD<?B:9A4 6 FBK>9 " CBE9D98<A9 GK4EF>4 %� (D<E.(5)), F. 

9. %" = "� = 
2

%В
 

$94>J<S RD CB86<:AB7B L4DA<D4 A4CD46?9A4 69DF<>4?PAB (C9DC9A8<>G?SDAB > BCBDAB= 
CB69DIABEF<). $94>J<S RA A9CB86<:AB7B L4DA<D4 A4CD46?9A4 69DF<>4?PAB. &4><@ 
B5D4;B@, A4 54?>G 89=EF6G9F E<EF9@4 C4D4??9?PAOI E<? (E@. D<E.(5)). 
     %BEF46<@ 864 GD46A9A<S @B@9AFB6 BFABE<F9?PAB FBK9> � < �: 

ΣM� = 0; 

ΣM� = 0 

ΣM� = F ∙ AO – RB ∙ AB + F ∙ AD = 0 

RB = >�
AB

ADFAOF
75,14

4

5,585,232






 

ΣMB = F ∙ BD – Fγ ∙ OB + RA ∙ AB = 0 
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R A = >�
AB

BDFOBF
75,0

4

5,185,132






  

     "FD<J4F9?PAB9 ;A4K9A<9 D94>J<< RA B;A4K49F, KFB BA4 A4CD46?9A4 6A<;, 4 A9 669DI, 
>4> CB>4;4AB A4 D<E.(5), CBFB@G KFB @B@9AF E<?O F BFABE<F9?PAB BCBDO � 5B?PL9, K9@ 

@B@9AF D46AB@9DAB D4ECD989?9AAB= A47DG;><. 
�?S CDB69D>< D9L9A<S <ECB?P;G9@ GD46A9A<9 CDB9>J<= A4 BEP Y. 

ΣYi = 0; 

ΣYi = RA – Fγ + RB – F = 0 

- 0,75-2∙3+14,75-8=-14,75+14,75=0; 

0=0 

     &4><@ B5D4;B@, D94>J<< A4=89AO 69DAB, < D94>J<S L4DA<D4 � D46A4 RA = 0,75 >! < 
A4CD46?9A4 69DF<>4?PAB 6A<;; D94>J<S L4DA<D4 � D46A4 RB = 14,25 >! < A4CD46?9A4 
69DF<>4?PAB 669DI. 
 

 

 

З484K4 5.�BAEB?PA4S 54?>4 ��, :9EF>B ;489?4AA4S G ?96B7B >BAJ4, A47DG:9A4, >4> 
CB>4;4AB A4 D<E.(4). "CD989?<FP D94>J<< ;489?>< < D94>F<6AO= @B@9AF.  
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$9ш9A89.  
!4 54?>G 89=EF6GRF FD< A47DG;><: 6 FBK>9 % @B@9AF, 89=EF6GRM<= CB IB8G K4EB6B= 
EFD9?><, A4 GK4EF>9 %� – D46AB@9DAB D4ECD989?9AA4S A47DG;>4, >BFBDGR ;4@9A<@ 
EBED98BFBK9AAB= E<?B= Fq CD<?B:9AAB= > FBK>9 "  

%" = "� = @%В
2

2
 , 

6 FBK>9 D CD<?B:9A4 EBED98BFBK9AA4S E<?4 F CB8 G7?B@ > CDB8B?PAB= BE< 54?>< 600
. 

$46AB69E<9 54?>< B59EC9K<649FES :9EF>B= ;489?>B= G FBK>< �. 
     "E6B5B8<6 54?>G BF E6S;<, ;4@9A<@ 9T 89=EF6<9 E<?B= – D94>J<9= E6S;< < 
D94>F<6AO@ @B@9AFB@  �. !B F4> >4> D94>J<R RA ;489?>< ED4;G BCD989?<FP A9?P;S, 
;4@9A<@ RA 9T EBEF46?SRM<@< RAX < RAy EB6@9EF<6 <I E BES@< I < G (E@. D<E.(5)). 
%BEF46<@ GD46A9A<S D46AB69E<S – GD46A9A<9 @B@9AFB6 BFABE<F9?PAB FBK>< � 
GD46A9A<S CDB9>J<= A4 BE< I < G. 

ΣM� = 0; 

ΣYi = 0; 

Σ) ί = 0 

ΣM� = MA + M + Fγ ∙ AO – F ∙ AD sin60
0
 = 0 

MA = - M – Fγ ∙ AO = F ∙ AD sin60
0
 = - 50 – 10 ∙ 4 ∙ 3 + 40 ∙ 4 ∙ 0,866 = - 31,44 >!/@ 

ΣYi = RAy – Fγ + F cos300
 = 0 

RAy = Fγ - F cos30
0
 = 10 ∙ 4 – 40 ∙ 0,866 = 5,36 >!. 

Σ) ί = RA) + F cos60
0
 = 0 

RA) = - F cos60
0
 =  – 40 ∙ 0,5 = -20 >!. 

 

#DB69D>4: ΣM� = 0 

ΣM� = - Fγ ∙ 2 + F ∙ 1 ∙ sin60
0 

+   +  � + RAy ∙ 5 = 0 
-10 ∙ 4 ∙ 2 + 40 ∙ 0,866 + 50 – 31,44 + 5,36 ∙ 5=111,44 – 111,44 = 0; 

0=0 

 

 

З484K4 6. 
 

"CD989?<FP BCBDAO9 D94>J<< D4@O, <;B5D4:9AAB= A4 D<EGA>9. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$9ш9A89: 
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"E6B5B:849@, @OE?9AAB, D4@G BF E6S;9=, <I 89=EF6<9 A4 D4@G ;4@9AS9@ E<?4@< 
D94>J<=. $94>J<S A9CB86<:AB7B L4DA<D4 6OD4:49@ 7BD<;BAF4?PAB= < 69DF<>4?PAB= 
EBEF46?SRM<@< RAy < RAI. $94>J<S CB86<:AB7B L4DA<D4 R�I C9DC9A8<>G?SDA4 BCBDAB= 
CB69DIABEF<. 
%BEF46<@ GD46A9A<S D46AB69E<S. 

ΣM� = 0 ; 

Σ)i = 0 ; 

Σ � = 0. 

ΣM� = g ∙ 6 ∙ 3 + M +F1 ∙ 3 – RBX ∙ 3 + F2 ∙ 6 = 0 

RBI = >�FF�
33,60

3

6336 21 


 

Σ)i = R�I  +γ ∙ 6 - RBI = 0  

R�I = R�I - γ ∙ 6 = 60,33-12=48,33 >! 

ΣM� = - F1 ∙ 3 + M + RAy ∙ 6 – RAI ∙ 3 = 0 

RAy = >�RMF AX 25
6

333,4825310

6

331 





 

#DB69D>4: Σ'i = 0 

Σ'i = RAy - F1 – F2 = 0 

25-10-15=0; 

0=0 

�484K4 D9L9A4 CD46<?PAB. 
 

 

З484K4 7. 
 

"CD989?<FP BCBDAO9 D94>J<< D4@O, <;B5D4:9AAB= A4 D<EGA>9. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$9ш9A89: 
"E6B5B:849@, @OE?9AAB, D4@G BF E6S;9=, <I 89=EF6<9 A4 D4@G ;4@9AS9@ E<?4@< 
D94>J<=. $94>J<S A9CB86<:AB7B L4DA<D4 6OD4:49@ 7BD<;BAF4?PAB= < 69DF<>4?PAB= 
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EBEF46?SRM<@< RAI < RAy. $94>J<S CB86<:AB7B L4DA<D4 RBI C9DC9A8<>G?SDA4 BCBDAB= 
CB69DIABEF<. %BEF46<@ GD46A9A<S D46AB69E<S: 

ΣM� = 0 ; 

Σ)% = 0 ; 

Σ � = 0. 

ΣM� = 044422 12  MRqFF B  

RB = >�MqFF
6

4

1644228212

4

4422 12 





 

Σ)% = 0424246 12  BAX RqFFMR   

RAI = >�RqFFM B 4
6

462422841216

6

42424 12 





 

 

Σ � = 024224 1  AXAy RRMFq  

RAy= >�RMFq AX 2
4

241628242

4

2224 1 





 

#DB69D>4:  
ΣYi = 0 ; 

Σ) ί = 0 

ΣYi = RAy – F1 + RB = 0;   2-8+6=0; 

0=0 

Σ) ί = RAX + F2 – q ∙ 4 = 0;     -4+12-2∙4=0; 
0=0 
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З484A<9 > D4EK9FAB-7D4H<K9E>B= D45BF9 №2: 
"CD989?<FP BCBDAO9 D94>J<< CDBEFOI 54?B> < D4@O. �4AAO9 6O5D4FP EB7?4EAB E6B97B 
64D<4AF4. 



29 

 



30 

 

 



31 
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34 

 



35 

 



36 

 



37 
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"9BD9F<K9E>4я @9I4A<>4. !F4F<>4. 
"9@4: &9AFD Fя:9EF< 

 4EK9FAB-7D4H<K9E>4я D45BF4 №3 

 

#BE?98B64F9?PABEFP D9L9A<S ;484K<. 
 

1. $4;5<64RF E9K9A<9 A4 CDBEFO9 H<7GDO. &4><@< H<7GD4@< S6?SRFES EF4A84DFAO9 
CDBH<?< CDB>4FAB= EF4?<, <?< CDBEFO9 79B@9FD<K9E><9 H<7GDO. #DBEFO9 H<7GDO, 
B5D4;GRM<9 E9K9A<9, B5B;A4K4RF J<HD4@< 1, 2, 3, .., n. 

2. #B?P;GSEP F45?<J4@< �"%&B6, G>4;O64RF J9AFDO FS:9EF< >4:8B7B CDBH<?S 
(H<7GDO) < B5B;A4K4RF <I %1, %2, %3, &, %n.  

3. �O5<D4RF E<EF9@G >BBD8<A4FAOI BE9=. � ;484K4I 8?S E4@BEFBSF9?PAB= D45BFO 6E9 
E9K9A<S <@9RF B8AG BEP E<@@9FD<<, CBQFB@G D9>B@9A8G9FES B8AG <; >BBD8<A4FAOI 
BE9= EB6@9M4FP E A9=. �FBDGR BEP >BBD8<A4F A4CD46?SRF C9DC9A8<>G?SDAB > 
C9D6B= F4>, KFB5O BA4 C9D9E9>?4 J9AFDO FS:9EF< B8AB= <?< 5B?PL97B K<E?4 H<7GD. 
#D< QFB@ A4K4?B >BBD8<A4F @B:9F EB6C4EFP E J9AFDB@ FS:9EF< B8AB= <; H<7GD <?< 
A9 EB6C4EFP E A<@. �FBDGR BEP @B:AB A4CD46<FP F4>, KFB5O BA4 CDBL?4 K9D9; 
A<:ARR (>D4=ARR) FBK>G E9K9A<S. � C9D6B@ E?GK49 6OK<E?9A<S B>4:GFES 5B?99 
CDBEFO@<. 

4. �OC<EO64RF HBD@G?O 8?S BCD989?9A<S >BBD8<A4F J9AFD4 FS:9EF< E9K9A<S: 

n

nn

c
AAAA

yAyAyAyA
y





...

...

321

332211  

n

nn

c
AAAA

xAxAxAxA
x





...

....

321

332211  

     #B?P;GSEP F45?<J4@< �"%&B6, BCD989?SRF C?BM48< CDBH<?9= CDB>4FAB= EF4?< 
�1, �2, �3, &, �n, >BBD8<A4FO J9AFDB6 FS:9EF< <I x1, x2, &, xn, < y1, y2, 

&ynBFABE<F9?PAB 6O5D4AAOI BE9= >BBD8<A4F. �B?<K9EF6B E?4749@OI 6 K<E?<F9?9 < 
;A4@9A4F9?9 HBD@G? ;46<E<F BF K<E?4 CDBH<?9=, <; >BFBDOI EBEFB<F E9K9A<9. 
#B?GK9AAO9 69?<K<AO CB8EF46?S9@ 6 HBD@G?G < A4IB8<@ xc < yc. %?98G9F CB@A<FP, 
KFB 9E?< >BBD8<A4FA4S BEP I EB6@9M9A4 E BEPR E<@@9FD<<, FB GE=0, 4 9E?< BEP G 
EB6@9M9A4 E BEPR E<@@9FD<<, FB IE=0. 

5. G>4;O64RF CB?B:9A<9 J9AFD4 FS:9EF< A4 D<EGA>9, CD<89D:<64SEP BCD989?9AAB7B 
@4ELF454, < CB>4;O64RF D4EEFBSA<9 BF J9AFD4 FS:9EF< 8B >BBD8<A4FAOI BE9=. 
     �?S CDB69D>< D9L9A<S @B:AB <;@9A<FP CB?B:9A<9 >BBD8<A4FAOI BE9= (<?< 
B8AB= BE<) < A4=F< >BBD8<A4FO J9AFD4 FS:9EF< BFABE<F9?PAB AB6OI BE9=. 
#B?B:9A<9 J9AFD4 FS:9EF< A9 ;46<E<F BF FB7B, >4> 6O5D4A4 E<EF9@4 >BBD8<A4FAOI 
BE9=. 
 

�484K4. 
"CD989?<FP >BBD8<A4FO J9AFD4 FS:9EF< E9K9A<S, CB>4;4AAB7B A4 D<EGA>9. %9K9A<9 
EBEFB<F <; 86GI G7B?>B6 56I4 < L69??9D4 №18. CDB69D<FP CD46<?PABEFP 
BCD989?9A<S CB?B:9A<S J9AFD4 FS:9EF<. '>4;4FP CB?B:9A<9 97B A4 E9K9A<<. 
 

 

 

 

 

 

 

 

 

y

x

1 2

3

%1

%2

%1

y

x

1 2

3

%1 %2

%1

%
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$9L9A<9: 
1. $4;B5P9@ E9K9A<9 A4 CDBH<?< CDB>4F4. "AB EBEFB<F <; 86GI G7B?>B6 56I4 < 
L69??9D4 №18. "5B;A4K<@ <I 1, 2, 3. 

2. CB?P;GSEP F45?<J4@< �"%&4, G>4:9@ J9AFDO FS:9EF< >4:8B7B CDBH<?S < 
B5B;A4K<@ <I %1, %2, %3. 

3. �O59D9@ E<EF9@G >BBD8<A4FAOI BE9=. "EP G EB6@9EF< E BEPR E<@@9FD<<, 4 BEP I 
CDB6989@ K9D9; J9AFDO FS:9EF< G7B?>B6. 

4. BCD989?<@ >BBD8<A4FO J9AFD4 FS:9EF< 6E97B E9K9A<S. &4> >4> BEP G EB6C4849F E 
BEPR E<@@9FD<<, FB BA4 CDBIB8<F K9D9; J9AFD FS:9EF< E9K9A<S, CBQFB@G IE=0. 

�BBD8<A4FG GE A4IB8<@ CB HBD@G?9 

321

332211

AAA

yAyAyA
yc 


  

     #B?P;GSEP F45?<J4@< �"%&B6, BCD989?<@ C?BM48< >4:8B7B CDBH<?S < 
>BBD8<A4FO J9AFDB6 <I FS:9EF<: 
�1=4,38 E@2, G1=0, �2=4,38 E@2, G2=0, 

�3=20,7 E@2, G3=  ш6G7
zz 00 1,52+1,94=3,46 E@. 

     �BBD8<A4FO G1 < G2 D46AO AG?R, F4> >4> BEP I CDBIB8<F K9D9; J9AFDO FS:9EF< 
G7B?>B6. 
     &4> >4> �1=�2< G1=G2, FB HBD@G?4 8?S BCD989?9A<S GE CD<@9F 6<8 

31

3311

2

2

AA

yAyA
yc 


  

     #B8EF46<@ CB?GK9AAO9 ;A4K9A<S 6 HBD@G?G 8?S BCD989?9A<S GE: 

E@yc 43,2
46,29

62,71

7,2038,42

46,37,20038,42





  

5. '>4:9@ J9AFD FS:9EF< E9K9A<S A4 D<EGA>9 < B5B;A4K<@ 97B 5G>6B= %. #B>4:9@ 
D4EEFBSA<9 BF BE< I 8B FBK>< %. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

    �OCB?A<@ CDB69D>G. �?S QFB7B BEP I CDB6989@ CB A<:A9@G >D4R C9D4 G7B?>4 (E@ 
D<EGAB>). "EP G BEF46<@, >4> 6 C9D6B@ D9L9A<<. &B784:  

IE=0; 
321

332211

AAA

yAyAyA
yc 


 . 

     #?BM48< CDBH<?9= BEF4RFES F4><@< :9, 4 >BBD8<A4FO J9AFDB6 FS:9EF< G7B?>4 < 
L69??9D4 <;@9ASFES. �OC<L9@ <I: 
�1= �2=4,38 E@2; G1=G2= E@zb

G7
G7 08,452,16,50  ;  

�2=4,38 E@2; G3= E@zb
ш6

G7 54,794,16,50   

y

x

1 2

3

%1 %2

%3

%
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     "CD989?S9@ >BBD8<A4FG J9AFD4 FS:9EF<  

E@yc 51,6
7,2038,42

54,77,2008,438,42





  

     #B A4=89AAO@ >BBD8<A4F4@ IE < GE A4A9E9@ A4 D<EGAB> FBK>G %. !4=89AAB9 
86G@S ECBEB54@< CB?B:9A<9 J9AFD4 FS:9EF<, A4IB8<FES 6 B8AB= < FB= :9 FBK>9. 
#DB69D<@ QFB. $4;A<J4 @9:8G >BBD8<A4F4@< GE, A4=89AAO@< CD< 1-@ < 2-@ 
D9L9A<SI, EBEF46?S9F 6,51-2,43=4,08E@, F.9. D46A4 D4EEFBSA<R @9:8G BES@< I CD< 
C9D6B@ < 6FBDB@ D9L9A<<: 5,6-1,52=4,08E@. 
 

"F69F: GE=2,43E@, 9E?< BEP CDBIB8<F K9D9; J9AFDO FS:9EF< G7B?>B6, <?< GE=6,51 E@, 

9E?< BEP I CDBIB8<F CB A<:A9@G  >D4R C9D4 G7B?>4. 
 

�484K4. 
     "CD989?<FP CB?B:9A<9 J9AFD4 FS:9EF< C?BE>B= H<7GDO. $4;@9DO G>4;4AO 6 
E4AF<@9FD4I. 
 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 $9L9A<9:  
     �4AA4S H<7GD4 E<@@9FD<KA4 BFABE<F9?PAB BE< G <, E?98B64F9?PAB, J9AFD FS:9EF< 
H<7GDO ?9:<F A4 QFB= BE<. &D95G9FES A4=F< 69?<K<AG BD8<A4FO J9AFD4 FS:9EF< BF 
6ECB@B74F9?PAB= BE< I1, >BFBDGR CDB6B8< K9D9; A<:A99 BEAB64A<9 H<7GDO. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

     �BCB?A<@ 69DIARR K4EFP H<7GDO 8B CDS@BG7B?PA<>4, 4 ;4F9@ D4;B5P9@ 6ER 
H<7GDG A4 K9FOD9 Q?9@9AF4DAO9 H<7GDO: CDS@BG7B?PA<> D4;@9D4@< 8I6 E@, >648D4F 
D4;@9D4@< 2I2 E@ < 864 FD9G7B?PA<>4. 

X1

Y

0
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      !4A9E9@ A4 G>4;4AAO9 H<7GDO <I J9AFDO FS:9EF< EBBF69FEF69AAB %1, %2, %3. 

BCD989?<@ C?BM48< QF<I Q?9@9AF4DAOI H<7GD < <I BD8<A4FO J9AFDB6 FS:9EF<: 
�1=8•6=48 E@2, G1=5 E@, 
�2=2•2=4 E@2, G2=1 E@, 

�3=
2

1 •2•3=3E@2, G3=7 E@. 

     "CD989?S9@ BD8<A4FG J9AFD4 FS:9EF< E9K9A<S ;484AAB= H<7GDO: 

321

332211

2

2

AAA

yAyAyA
yc 


  

E@
AAA

yAyAyA
yc 4,4

32448

73214548

2

2

321

332211 











 

     #B 6OK<E?9AAB= BD8<A4F9 GE=4,4 E@ A4ABE<@ A4 D<EGAB> CB?B:9A<9 J9AFD4 
FS:9EF< < BEP I. 
 

 

З484A<9 8?я D4EK9FAB-7D4H<K9E>B= D45BFO №3: 
     "CD989?<FP >BBD8<A4FO J9AFD4 FS:9EF< E9K9A<S CB 84AAO@ E6B97B 64D<4AF4. 
#B>4;4FP CB?B:9A<9 J9AFD4 FS:9EF< A4 E9K9A<<. +9DF9: 6OCB?A<FP 6 @4ELF459, A4 
@<??<@9FDB6B= 5G@479 E B5S;4F9?PAO@ EB5?R89A<9@ 6E9I D4;@9DB6. 
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 !F4?P CDB>4FA4я – 54?>< 86GF46DB6O9 
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                                                                         h – 6OEBF4 54?>< 

                                             G>?BA A9              b – L<D<A4 CB?><                                                                                                                 
                               d             5B?99 12%          t – ED98ASS FB?M<A4 CB?>< 

h                                                                        J - @B@9AF <A9DJ<< 
                                    x                                   W – @B@9AF EBCDBF<6?9A<S 
                                b-d                                    S – EF4F<K9E><= @B@9AF EBCD4F<6?9A<S  
                                  4                                      i – D48<GE <A9DJ<< 
                                                                         d - FB?M<A4 EF9A>< 
                                   

                                 t 

                     b 

 
№ 
CD-
?S 

 4EE4 
1@ 
8?<AO 
CDB>4F4 

$4;@9DO #?BM48P 
E9K9A<S 

%CD46BKAO9 69?<K<AO 8?S BE9= 

h b d T x-x y-y 

Jx Wx ix Sx Jy Wy iy 

>7 @@ E@2
 E@4 E@3 E@ E@3 E@4 E@3 E@ 

10 9,46 100 55 4,5 7,2 12,0 198 39,7 4,06 23,0 17,9 6,49 1,22 

12 11,5 120 64 4,8 7,3 14,7 350 58,4 4,88 33,7 27,9 8,72 1,38 

14 13,7 140 73 4,9 7,5 17,4 572 81,7 5,73 46,8 41,9 11,5 1,55 

16 15,9 160 81 5.0 7,8 20,2 873 109 6,57 62,3 58,6 14,5 1,70 

18 18,4 180 90 5,1 8,1 23,4 1290 143 7,42 81,4 82,4 18,4 1,88 

184 19,9 180 100 5,1 8,3 25,4 1430 159 7,51 89,8 114 22,8 2,12 

20 21,0 200 100 5,2 8,4 26,8 1840 184 8,28 104 115 23,1 2,08 

204 22,7 200 110 5,2 8,6 28,9 2030 203 8,37 114 155 28,2 2,32 

22 24,0 220 110 5,4 8,7 30,6 2550 232 9,13 131 157 28,6 2,27 

224 25,8 220 120 5.4 8,9 32,8 2790 254 9,22 143 206 34,3 2,50 

24 27,3 240 115 5.6 9,5 34,8 3460 289 9,97 163 198 34,5 2,37 

244 29,4 240 125 5.6 9,8 37,5 3800 317 10,1 178 260 41,6 2,63 

27 31,5 270 125 6,0 9,8 40,2 5010 371 11,2 210 260 41,5 2,54 

274 33,9 270 135 6,0 10,2 43,2 5500 407 11,3 229 337 50,0 2,80 

30 36,5 300 135 6,5 10,2 46,5 7080 472 12,3 268 337 49,9 2,69 

304 39,2 300 145 6,5 10,7 49,9 7780 518 12,5 292 436 60,1 2,95 

33 42,2 330 140 7,0 11,2 53,8 9840 597 13,5 339 419 59,9 2,79 

36 48,6 360 145 7,5 12,3 61,9 13380 743 14,7 423 516 71,1 2,89 

40 57,0 400 155 8,3 13,0 72,6 19062 953 16,2 545 667 86,4 3,03 

45 66,5 450 160 9,0 14,2 84,7 27696 1231 18,1 708 808 101 3,09 

50 78,5 500 170 10,0 15,2 100 39727 1589 19,9 919 1043 123 3,23 

55 92,6 550 180 11,0 16,5 118 55962 2035 21,8 1181 1356 151 3,39 

60 108 600 190 12,0 17,8 130 70806 2560 23,6 1491 1725 182 3,54 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                 Z0    y                                                  

                                                                                          !F4?P CDB>4FA4я L69??9DO 
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                                           t                                                     

h - 6OEBF4 L69??9D4;                                                                                                             
                                                b-d                                       b-L<D<A4 CB?><;      
                       d                        2                                         d- FB?M<A4 EF9A><; 
                                                                                             t- ED98ASS FB?M<A4 CB?><;    
              h                               x                                            J- @B@9AF <A9DJ<<; 
                                                                                            W- @B@9AF EBCDBF<6?9A<S;    
                                               !9 5B?99                               i- D48<GE <A9DJ<<;  
                                                         5B?99 10%                  S- EF4F<K9E><= @B@9AF CB?GE9K9A<S; 
                                                                                         z0 – D4EEFBSA<9 BF BE< G-G 8B A4DG:A9=  

7D4A< EF9A><; 
                                   b 

                                                               

                                                                                                  

№ 
CD-
?S 

 4EE4 
1 @ 
8?<AO 
CDB>4
F4 

D4;@9DO 

 

S 

E9K9A<
S 

%CD46BKAO9 69?<K<AO 8?S BE9= 

h b d t x-x y-y Z0 

Jx Wx ix Sx Jy Wy iy 

 >7 @@ E@2
 E@4

 E@3
 E@ E@3

 E@4
 E@3

 E@ E@ 
5 4,84 50 32 4,4 7,0 6,16 22,8 9,10 1,92 5,59 5,61 2,75 0,954 1,16 

6,.5 5,90 65 36 4,4 7,2 7,51 48,6 15,0 2,54 9,00 8,70 3,68 1,08 1,24 

8 7,.05 80 40 4,5 7,4 8,98 89,4 22,4 3,16 13,3 12,8 4,75 1,19 1,31 

10 8,59 100 46 4,5 7,6 10,9 174 34,8 3,99 20,4 20,4 6,46 1,37 1,44 

12 10,4 120 52 4,8 7,8 13,3 304 50,6 4,78 29,6 31,2 8,52 1,53 1,54 

14 12,3 140 58 4,9 8,1 15,6 491 70,2 5,60 40,8 45,4 11,0 1,70 1,67 

144 13,.3 140 62 4,9 8,7 17,0 545 77,8 5,66 45,1 57,5 13,3 1,84 !,87 

16 14,2 160 64 5,0 8,4 18,1 747 93,4 6,42 54,1 63,3 13,8 1,87 1,80 

164 15,3 160 68 5,0 9,0 19,5 823 103 6,49 59,4 78,8 16,4 2,01 2,00 

18 16,3 180 70 5,1 8,7 20,7 1090 121 7,24 69,8 86,0 17,0 2,04 1,94 

184 17,4 180 74 5,1 9,3 22,2 1190 132 7,32 76,1 105 20,0 2,18 2,13 

20 18,4 200 76 5,2 9,0 23,4 1520 152 8,07 87,8 113 20,5 2,20 2,07 

204 19,8 200 80 5,2 9,7 25,2 1670 167 8,15 95,9 139 24,2 2,35 2,28 

22 21,0 220 82 5,4 9,5 26,7 2110 192 8,89 110 151 25,1 2,37 2,21 

224 22,6 220 87 5,4 10,2 28,8 2330 212 8,99 121 187 30,0 2,55 2,46 

24 24,0 240 90 5,6 10,0 30,6 2900 242 9,73 139 208 31,6 2,60 2,42 

244 25,8 240 95 5,6 10,7 32,9 3180 265 9,84 151 254 37,2 2,78 2,67 

27 27,7 270 95 6,0 10,5 35,2 4160 308 10,9 178 262 37,3 2,73 2,47 

30 31,8 300 100 6,5 11,0 40,5 5810 387 12,0 224 327 43,6 2,84 2,52 

33 36,5 330 105 7,0 11,7 46,5 7980 484 13,1 281 410 51,8 2,97 2,59 

36 41,9 360 110 7,5 12,6 53,4 10820 601 14,2 350 513 61,7 3,10 2,68 

40 48,3 400 115 8,0 13,5 61,5 15220 761 15,7 444 642 73,4 3,23 2,73 

 

 

 

 

 

 

 

 

 

 

 

 

                   d 

                                                                                              !F4?P CDB>4FA4я G7?B64я 
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                                                                                               D46ABCB?BKA4я 

 

                                                                                               b- L<D<A4 CB?><; 
                y0                                                                                                       d- FB?M<A4 CB?><;       
                                                                                               J- @B@9AF <A9DJ<<; 
                                                      x0                                      i- D48<GE <A9DJ<<;  
          b                                                                                  z0 – D4EEFBSA<9 BF J9AFD4 FS:9EF<      
                                                                 x                                  8B CB?>< ; 
                                                            Z0                    

                                                                            

                                                                     d              

                                                                            x1                   

                                        b                                                        

 

 

 
№  
CD-?S 

D4;@9DO S 

CDBH<
?S 

 4EE4 1 
@ 

8?<AO 
CDB>4F4 

%CD46BKAO9 69?<K<AO 8?S BE9= 

b d x-x x0 x0 y0- y0 x1-x1 z0+d 

Jx ix Jx0 

max 

ix0 max Jy0 

min 

iy0   

min Jx1 

@@ E@2
 >7 E@4

 E@ E@4
 E@ E@4

 E@ E@4
 E@ 

2 20 3 

4 

1,13 

1,46 

0,89 

1,15 

0,40 

0,50 

0,59 

0,58 

0,63 

0,78 

0,75 

0,73 

0,17 

0,22 

0,39 

0,38 

0,81 

1,09 

0,60 

0,64 

2,5 25 3 

4 

1,43 

1,86 

1,12 

1,46 

0,81 

1,03 

0,75 

0,74 

1,29 

1,62 

0,95 

0,93 

0,34 

0,44 

0,49 

0,48 

1,57 

2,11 

0,73 

0,76 

2,8 28 3 1,62 1,27 1,16 0,85 1,84 1,07 0,48 0,55 2,20 0,80 

3,2 32 3 

4 

1,86 

2,43 

1,46 

1,91 

1,77 

2,26 

0,97 

0,96 

2,80 

3,58 

1,23 

1,21 

0,74 

0,94 

0,63 

0,62 

3,26 

4,39 

0,89 

0,94 

3,6 36 3 

4 

2,10 

2,75 

1,65 

2,16 

2,59 

3,29 

1,10 

1,09 

4,06 

5,21 

1,39 

1,.38 

1,06 

1,36 

0,71 

0,70 

4,64 

6,24 

0,99 

1,04 

4 40 3 

4 

2,.35 

3,08 

1,85 

2,42 

3,55 

4,58 

1,23 

1,22 

5,63 

7,26 

1,55 

1,59 

1,47 

1,90 

0,79 

0,78 

6,35 

8,53 

1,09 

1,13 

         

4,5 

 

45 

3 

4 

5 

2,65 

3,48 

4,29 

2,08 

2,73 

3,37 

5,13 

6,63 

8,03 

1,39 

1,38 

1,37 

8,13 

10,5 

12,7 

1,75 

1,74 

1,72 

2,12 

2,74 

3,33 

0,89 

0,89 

0,88 

9,04 

12,1 

15,3 

1,21 

1,26 

1,30 

 

5 

 

50 

3 

4 

5 

2,96 

3,89 

4,80 

2,32 

3,05 

3,77 

7,11 

9,21 

11,2 

1,55 

1,54 

1,53 

11,3 

14,6 

17,8 

1,95 

1,94 

1,92 

2,95 

3,80 

4,63 

1,00 

0,99 

0,98 

20,4 

16,6 

20,9 

1,33 

1,38 

1,.42 

5,6 56 4 

5 

4,38 

5,41 

3,44 

4,25 

13,1 

16,0 

1,73 

1,72 

20,8 

25,4 

2,18 

2,16 

5,41 

6,59 

1,11 

1,10 

23,3 

29,2 

1,52 

1,57 

 

6,3 

 

63 

4 

5 

6 

4,96 

6,13 

7,28 

3,90 

4,81 

5,72 

18,9 

23,1 

27,1 

1,95 

1,94 

1,93 

29,9 

36,6 

42,9 

2,45 

2,44 

2,43 

7,81 

9,52 

11,2 

1,25 

1,25 

1,24 

33,1 

41,5 

50,0 

1,69 

1,74 

1,78 

 

7 

 

70 

4,5 

5 

6 

6,20 

6,86 

8,15 

4,87 

5,38 

6,.39 

29,0 

31,9 

37,6 

2,16 

2,16 

2,15 

46,0 

50,7 

59,6 

2,72 

2,72 

2,71 

12,0 

13,2 

15,5 

1,39 

1,39 

1,38 

51,0 

56,7 

68,.4 

1,.88 

1,90 

1,94 

 

 

7,5 

 

 

75 

5 

6 

7 

8 

9 

7,39 

8,78 

10,1 

11,5 

12,8 

5,80 

6,89 

7,96 

9,02 

10,1 

39,5 

46,6 

53,3 

59,8 

66,1 

2,31 

2,30 

2,29 

2,28 

2,27 

62,6 

73,9 

84,6 

94,9 

105 

2,91 

2,90 

2,89 

2,87 

2,86 

16,4 

19,3 

22,1 

24,8 

27,5 

1,49 

1,48 

1,48 

1,47 

1,46 

69,6 

83,9 

98,3 

113 

127 

2,02 

2,06 

2,10 

2,15 

2,18 

 

8 

 

80 

5,5 

6 

7 

8 

8,.63 

9,38 

10,8 

12,3 

6,78 

7,36 

8,51 

9,65 

52,7 

57,0 

65,3 

73,4 

2,47 

2,47 

2,45 

2,44 

83,6 

90,4 

104 

116 

3,11 

3,11 

3,09 

3,08 

21,8 

23,8 

27,0 

30,3 

1,59 

1,58 

1,58 

1,57 

93,2 

102 

119 

137 

2,17 

2,19 

2,23 

2,27 

 

9 

 

90 

6 

7 

8 

9 

10,6 

12,3 

13,9 

15,6 

8,33 

9,64 

10,9 

12,2 

82,1 

94,3 

106 

118 

2,78 

2,77 

2,76 

2,75 

130 

150 

168 

186 

3,50 

3,49 

3,48 

3,46 

34,0 

38,9 

43,8 

48,6 

1,79 

1,78 

1,77 

1,77 

145 

169 

194 

219 

2,43 

2,47 

2,.51 

2,55 
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10 

 

 

 

100 

6,5 

7 

8 

10 

12 

14 

16 

12,8 

13,8 

15,6 

19,2 

22,8 

26,3 

29,7 

10,1 

10,8 

12,2 

15,1 

17,9 

20,6 

23,3 

122 

131 

147 

179 

209 

237 

264 

3,09 

3,08 

3,07 

3,05 

3,03 

3,00 

2,98 

193 

207 

233 

284 

331 

375 

416 

3,88 

3,88 

3,87 

3,84 

3,81 

3,78 

3,74 

50,7 

54,2 

60,9 

74,1 

86,9 

99,3 

112 

1,99 

1,98 

1,98 

1,96 

1,95 

1,94 

1,94 

214 

231 

265 

333 

402 

472 

542 

2,68 

2,71 

2,75 

2,83 

2,91 

2,99 

3,06 

11 110 7 

8 

15,2 

17,2 

11,9 

13,5 

176 

198 

3,40 

3,39 

279 

315 

4,29 

4,28 

72,7 

81,8 

2,19 

2,18 

308 

353 

2,96 

3,00 

 

 

12,5 

 

 

125 

8 

9 

10 

12 

14 

16 

19,7 

22,0 

24,3 

28,9 

33,4 

37,8 

15,.5 

17,.3 

19,1 

22,7 

26,2 

29,6 

294 

327 

360 

422 

482 

539 

3,87 

3,86 

3,85 

3,82 

3,.80 

3,78 

467 

520 

571 

670 

764 

853 

4,87 

4,86 

4,84 

4,82 

4,78 

4,75 

122 

135 

149 

174 

200 

224 

2,49 

2,48 

2,47 

2,46 

2,45 

2,44 

516 

582 

649 

782 

916 

1051 

3,36 

3,40 

3,45 

3,53 

3,61 

3,68 

14 140 9 

10 

12 

24,7 

27,3 

32,5 

19,4 

21,5 

25,5 

466 

512 

602 

4,34 

4,33 

4,31 

739 

814 

957 

5,.47 

5,46 

5,43 

192 

211 

248 

2,.79 

2,78 

2,.76 

818 

911 

1097 

3,78 

3,.82 

3,90 
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          Y1                                                                                         

                         d                                                                                             !F4?P CDB>4FA4я G7?B64я A9D46ABCB?BKA4я 

                                                                                                        B – L<D<A4 5B?PL9= CB?>< 

                     X0                                                                                b – L<D<A4 @9APL9= CB?>< 

           u                                                                                            d – FB?M<A4 CB?>< 

   B                                                                                                   J – @B@9AF <A9DJ<< 

                                 X1                                                                    i – D48<GE <A9DJ<< 
                                                                                                         X0-Y0 – D4EEFBSA<S BF J9AFD4 FS:9EF< 8B CB?B> 
                                      Y0           

                                              d 

                                                 X1 

                             b  

 

 
№ CD-
?S 

D4;@9DO #?BM48P 
CDBH<?S 

 4EE4 1 @ 
8?<AO 
CDB>4F4 

%CD46BKAO9 69?<K<AO 8?S BE9= 

B b d x-x y-y x1-x1 y1-y1 u-u 

Jx ix Jy iy Jx1 $4EEFBSA
<9 BF 
J9AFD4 
FS:9EF< 

y0 

Jy1 min $4EEFBS
A<9 BF 
J9AFD4 
FS:9EF
< x0 

Ju min Iu min '7B?  
A4>?BA4 
BE<  tg 

@@ %@2 >7 %@4 E@ %@4 E@ %@4 E@ %@4 E@ %@4 E@ 

5,6/3,6 56 36 4 

5 

3,58 

4,41 

2,81 

3,46 

11,4 

13,8 

1,78 

1,77 

3,70 

4,48 

1,02 

1,01 

23,2 

29,2 

1,82 

1,86 

6,25 

7,91 

0,84 

0,88 

2,19 

2,66 

0,78 

0,78 

0,406 

0,404 

6,3/3,6 63 40 4 

5 

6 

8 

4,04 

4,98 

5,90 

7,68 

3,17 

3,91 

4,63 

6,03 

16,3 

19,9 

23,3 

29,6 

2,01 

2,00 

1,99 

1,96 

5,16 

6,26 

7,28 

9,15 

1,13 

1,12 

1,11 

1,09 

33,0 

41,4 

49,9 

66,9 

2,03 

2,08 

2,12 

2,20 

8,51 

10,8 

13,1 

17,9 

0,91 

0,95 

0,99 

1,07 

3,07 

3,73 

4,36 

5,58 

0,87 

0,86 

0,86 

0,85 

0,397 

0,396 

0,393 

0,386 

7/4,5 70 45 5 5,59 4,39 27,8 2,23 9,05 1,27 56,7 2,28 15,2 1,05 5,34 0,98 0,406 

7,5/5 75 50 5 

6 

8 

6,11 

7,25 

9,47 

4,79 

5,69 

7,43 

34,8 

40,9 

52,4 

2,39 

2,38 

2,35 

12,5 

14,6 

18,5 

1,43 

1,42 

1,40 

69,7 

83,9 

112 

2,39 

2,44 

2,52 

20,8 

25,2 

34,2 

1,17 

1,21 

1,29 

7,24 

8,48 

10,9 

1,09 

1,08 

1,07 

0,436 

0,435 

0,403 

8/5 80 50 5 

6 

6,36 

7,55 

4,99 

5,92 

41,6 

49,0 

2,56 

2,55 

12,7 

14,8 

1,41 

1,40 

84,6 

102 

2,6 

2,65 

20,8 

25,2 

1,13 

1,17 

7,58 

8,88 

1,09 

1,08 

0,378 

0,386 

9/5,6 90 56 5,5 

6 

8 

7,86 

8,54 

11,18 

6,17 

6,70 

8,77 

65,3 

70,6 

90,9 

2,88 

2,88 

2,85 

19,7 

21,2 

27,1 

1,58 

1,58 

1,56 

132 

145 

194 

2,92 

2,95 

3,04 

32,2 

35,2 

47,8 

1,26 

1,28 

1,36 

11,8 

12,7 

16,3 

1,22 

1,22 

1,21 

0,384 

0,384 

0,380 
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10/6,3 100 63 6 

7 

8 

10 

9,59 

11,1 

12,6 

15,5 

7,53 

8,70 

9,87 

12,1 

98,3 

113 

127 

154 

3,2 

3,19 

3,18 

3,15 

30,6 

35,0 

39,2 

47,1 

1,79 

1,78 

1,77 

1,75 

198 

232 

266 

333 

3,23 

3,28 

3,32 

3,40 

49,9 

58,7 

67,6 

85,8 

1,42 

1,46 

1,50 

1,58 

18,2 

20,8 

23,4 

28,3 

1,38 

1,37 

1,36 

1,35 

0,393 

0,392 

0,391 

0,387 

11/7 110 70 6,5 

8 

11,4 

13,9 

8,98 

10,9 

142 

172 

3,53 

3,51 

45,6 

54,6 

2 

1,98 

286 

353 

3,55 

3,61 

74,3 

92,3 

1,58 

1,64 

26,9 

32,3 

1,53 

1,52 

0,402 

0,400 

12,5/8 125 80 7 

8 

10 

12 

14,1 

16,0 

19,7 

23,4 

11 

12,5 

15,5 

18,3 

227 

256 

312 

365 

4,01 

4 

3,98 

3,95 

73,7 

83,0 

100 

117 

2,29 

2,28 

2,26 

2,24 

452 

518 

649 

781 

4,01 

4,05 

4,14 

4,22 

119 

137 

173 

210 

1,8 

1,84 

1,92 

2 

43,4 

48,8 

59,3 

69,5 

1,76 

1,75 

1,74 

1,72 

0,407 

0,406 

0,404 

0,400 

14/9 140 90 8 

10 

18,0 

22,2 

14,1 

17,5 

364 

444 

4,49 

4,47 

120 

146 

2,58 

2,56 

727 

911 

4,49 

4,58 

194 

245 

2,03 

2,12 

70,3 

85,5 

1,98 

1,96 

0,411 

0,409 
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