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�OEBF4 A9DB6ABEF< D9?PE4 h=0.006м 

 4EE4 647BA4, m=25F 
!4K4?PAB9 BF>?BA9A<9 @4EEO, Z0=0.009м 

2. $4EEK<F4FP >BQHH<J<9AF >D<F<K9E>B7B ;4FGI4A<S. 
3. $4EEK<F4FP >BQHH<J<9AF BFABE<F9?PAB7B ;4FGI4A<S CD<  < 

,  

4. �OCB?A<FP D4EK9F >B?954A<= CB8CDO7<64A<S @4EEO 8?S D4;?<KAOI 
>BQHH<J<9AFB6 89@CH<DB64A<S. 
5. #BEFDB<FP 7D4H<> ;46<E<@BEF< z(t). 

6. #B 7D4H<>G E89?4FP 6O6B8 B 6?<SA<< 69?<K<AO 89@CH<DB64A<S A4 E6B5B8AO9 
>B?954A<S @B89?< 647BA4. 
 

%B5EF69AA4S K4EFBF4 A989@CH<DB64AAB= E<EF9@O: 

 
�BQHH<J<9AF >D<F<K9E>B7B ;4FGI4A<S: 
 

 
 

�BQHH<J<9AF BFABE<F9?PAB7B ;4FGI4A<S: 

01  кр  2.02

кр  8.03


Æ

m


êð 2 m Æ

n


êð


z t( ) Z0 e
ný  t cos  1 n

2
týø ù

t 0 0.05ü 1þþ

кр 1

кр  2.12 кр  5.13


Æ

m


êð 2 m Æ



 
�B?954A<S CB8CDO7<64A<S @4EEO 8?S D4;?<KAOI >BQHH<J<9AFB6 89@CH<DB64A<S: 

 

 
 

$0745; 2. 'AB>9G82>ABP 42865=8S ?>4286=>3> A>AB020 =0 ?@S<OE 8 :@82OE CG0AB:0E 
?CB8 

 

";A4>B@PF9EP E F9BD<9= < 6OCB?A<F9 E?98GRM<9 ;484A<S: 
1. +FB F4>B9 C9D9IB8AB= CDBJ9EE? 
2. �4>B= CDBJ9EE A4;O649FES GEF4AB6<6L9@ES <?< EF4J<BA4DAO@? 
3. "C<E4A<9 7D4H<>B6 >BQHH<J<9AF4 A4D4EF4A<S 4@C?<FG8 < >BQHH<J<9AF4 A4D4EF4A<S 
GE>BD9A<= 6 ;46<E<@BEF< BF BFABL9A<S K4EFBF. 

4. �<8O >B?954A<= >G;B64 6 C9D9IB8AB@ CDBJ9EE9. 
 

$0745; 3. #@>4>;P=O5 A8;O 2 C40@=>-BS3>2OE ?@81>@0E 

�040G0 1 
 

1. $4EEK<F4FP ;A4K9A<9 EB5EF69AAB= K4EFBFO A989@CH<DB64AAB= E<EF9@O 8?S E6B<I 
<EIB8AOI 84AAOI: 
�9EF>BEFP D9EEBDAB7B CB869L<64A<S, Ж=1100кН/м 

�OEBF4 A9DB6ABEF< D9?PE4 h=0.006м 

 4EE4 647BA4, m=48F 
!4K4?PAB9 BF>?BA9A<9 @4EEO, Z0=0.008м 

2. �OCB?A<FP D4EK9F �+) 8?S D4;?<KAOI >BQHH<J<9AFB6 BFABE<F9?PAB7B 
;4FGI4A<S: n=0.05, n=0.2 <  n=0.4. 

3. #BEFDB<FP 7D4H<> ;46<E<@BEF<  CD<  

4. #B 7D4H<>G E89?4FP 6O6B8 B 6?<SA<< 69?<K<AO EF9C9A< 89@CH<DB64A<S A4 
�+) >B?954A<S CB8CDO7<64A<S @B89?< 647BA4. 
 

%B5EF69AA4S K4EFBF4 A989@CH<DB64AAB= E<EF9@O: 

 
�+) BCD989?S9FES: 
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êð
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z t( ) Z0 e
ný  t cos  1 n

2
týø ù

t 0 0.05ü 1þþ
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
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


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ø
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ø
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ý

b ø ù 2 n



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�040G0 2 
 

1. $4EEK<F4FP ;A4K9A<9 EB5EF69AAB= K4EFBFO A989@CH<DB64AAB= E<EF9@O 8?S E6B<I 
<EIB8AOI 84AAOI: 
�9EF>BEFP D9EEBDAB7B CB869L<64A<S, Ж=8200кН/м 

�OEBF4 A9DB6ABEF< D9?PE4 h=0.008м 

 4EE4 647BA4, m=30F 
!4K4?PAB9 BF>?BA9A<9 @4EEO, Z0=0.01м 

2. �OCB?A<FP 4A4?<; 6?<SA<S A4 �+) 69?<K<AO :9EF>BEF< D9EEBDAB7B 
CB869L<64A<S @B89?<. �?S QFB7B D4EEK<F4FP: �1=0,2�; �2=0,8� < �3=�. 
3. $4EEK<F4FP FD< ;A4K9A<S EB5EF69AAB= K4EFBFO 8?S :9EF>BEF9= BCD989?9AAOI 6 
CD98O8GM9@ L479. 
4. �OCB?A<FP D4EK9F �+) 8?S D4;?<KAOI :9EF>BEF9= CD< n=0.1. 

5. #BEFDB<FP 7D4H<> ;46<E<@BEF<  CD<  

6. #B 7D4H<>G E89?4FP 6O6B8 B 6?<SA<< 69?<K<AO :9EF>BEF< D9EEBDAB7B 
CB869L<64A<S A4 �+) >B?954A<S CB8CDO7<64A<S @B89?< 647BA4. 
 

%B5EF69AA4S K4EFBF4 A989@CH<DB64AAB= E<EF9@O: 

 
�+) BCD989?S9FES: 
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

a ø ù 0

c ø ù 1
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ø
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ø
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ý

b ø ù 2 n





d ø ù 2 n







3.3 &8?>2O5 :>=B@>;P=O5 7040=8S 4;S ?@>2545=8S B5AB8@>20=8S 

 

�4A> F9EFB6OI ;484A<= CB 8<EJ<C?<A9 EB89D:<F F9EFB6O9 ;484A<S, D4ECD989?9AAO9 CB 
D4;89?4@ < F9@4@, E G>4;4A<9@ <I >B?<K9EF64 < F<C4. 

 

%FDG>FGD4 54A>4 F9EFB6OI ;484A<= CB 8<EJ<C?<A9  
«"EAB6O @9I4A<>< CB86<:AB7B EBEF464 2» 

 

$4;89? 8<EJ<C?<AO &9@4 D4;89?4 
�B?<K9EF6B 

F9EFB6OI ;484A<=, 
F<CO &� 

$4;89? 1. �B?954A<S CB86<:AB7B 
EBEF464.  9FB8O @B89?<DB64A<S 

�BAEFDG>F<6AO9 BEB59AABEF< B8<A4DAB7B < 
86B=AB7B D9EEBDAB7B CB869L<64A<S 

9– F<C "& 

9 – F<C �& 

�B?954A<S CB86<:AB7B EBEF464 E 86B=AO@ 
D9EEBDAO@ CB869L<64A<9@ 

9– F<C "& 

9 – F<C �& 

"J9A>4 8<A4@<K9E><I >4K9EF6 7DG;B6B7B 
CB86<:AB7B EBEF464 

10– F<C "& 

9 – F<C �& 

$4;89? 2. 'EFB=K<6BEFP 86<:9A<S 
CB86<:AB7B EBEF464 A4 CDS@OI < 
>D<6OI GK4EF>4I CGF< 

'EFB=K<6BEFP 86<:9A<S 647BA4 A4 CDS@OI < 
>D<6OI GK4EF>4I CGF<. 

10– F<C "& 

10 – F<C �& 

'EFB=K<6BEFP 647BAB6 6 CB9;89 CD< 89=EF6<< 
CDB8B?PAOI E<?. 

10– F<C "& 

10 – F<C �& 

'EFB=K<6BEFP 647BA4 CDBF<6 BCDB><8O64A<S CD< 
86<:9A<< CB >D<6O@. 

10– F<C "& 

10 – F<C �& 

$4;89? 3. #DB8B?PAO9 E<?O 6 G84DAB-

FS7B6OI CD<5BD4I 

"EAB6AO9  D9:<@O  86<:9A<S   CB9;84. 
�<A9@4F<K9E><9 BEB59AABEF< G84DAB-FS7B6OI 
CD<5BDB6. 

10– F<C "& 

10 – F<C �& 

%<?B6O9 I4D4>F9D<EF<>< CB7?BM4RM<I 
4CC4D4FB6 A4 647BA4I E 46FBEJ9C>B=. &D95B64A<S 
> G84DAB-FS7B6O@ CD<5BD4@ 

10– F<C "& 

10 – F<C �& 

#BC9D9KA4S GEFB=K<6BEFP >G;B64 A4 D9EEBD4I 10– F<C "& 

10 – F<C �& 

�6FBD: 
 

$B:>B64 �.�. 

�FB7B 175: 

88 – F<C "& 

87 – F<C �& 

 

%FDG>FGD4 <FB7B6B7B F9EF4 CB 8<EJ<C?<A9  
«"EAB6O @9I4A<>< CB86<:AB7B EBEF464.2» 

 

$4;89? 8<EJ<C?<AO &9@4 D4;89?4 
�B?<K9EF6B 

F9EFB6OI ;484A<=, 
F<CO &� 

$4;89? 1. �B?954A<S CB86<:AB7B 
EBEF464.  9FB8O @B89?<DB64A<S 

�BAEFDG>F<6AO9 BEB59AABEF< B8<A4DAB7B < 
86B=AB7B D9EEBDAB7B CB869L<64A<S 

1 – F<C "& 

1 – F<C �& 



�B?954A<S CB86<:AB7B EBEF464 E 86B=AO@ 
D9EEBDAO@ CB869L<64A<9@ 

1 – F<C "& 

1 – F<C �& 

"J9A>4 8<A4@<K9E><I >4K9EF6 7DG;B6B7B 
CB86<:AB7B EBEF464 

1 – F<C "& 

1 – F<C �& 

$4;89? 2. 'EFB=K<6BEFP 86<:9A<S 
CB86<:AB7B EBEF464 A4 CDS@OI < 
>D<6OI GK4EF>4I CGF< 

'EFB=K<6BEFP 86<:9A<S 647BA4 A4 CDS@OI < 
>D<6OI GK4EF>4I CGF<. 

1 – F<C "& 

1 – F<C �& 

'EFB=K<6BEFP 647BAB6 6 CB9;89 CD< 89=EF6<< 
CDB8B?PAOI E<?. 

1 – F<C "& 

1 – F<C �& 

'EFB=K<6BEFP 647BA4 CDBF<6 BCDB><8O64A<S CD< 
86<:9A<< CB >D<6O@. 

1 – F<C "& 

1 – F<C �& 

$4;89? 3. #DB8B?PAO9 E<?O 6 G84DAB-

FS7B6OI CD<5BD4I 

"EAB6AO9  D9:<@O  86<:9A<S   CB9;84. 
�<A9@4F<K9E><9 BEB59AABEF< G84DAB-FS7B6OI 
CD<5BDB6. 

1 – F<C "& 

1 – F<C �& 

%<?B6O9 I4D4>F9D<EF<>< CB7?BM4RM<I 
4CC4D4FB6 A4 647BA4I E 46FBEJ9C>B=. &D95B64A<S 
> G84DAB-FS7B6O@ CD<5BD4@ 

1 – F<C "& 

1 – F<C �& 

#BC9D9KA4S GEFB=K<6BEFP >G;B64 A4 D9EEBD4I 1 – F<C "& 

1 – F<C �& 

�6FBD: 
 

$B:>B64 �.�. 

�FB7B 18: 

9 – F<C "& 

9 – F<C �& 

 

�&�, >D<F9D<< < L>4?4 BJ9A<64A<S, >B?<K9EF6B 6BCDBEB6 6 F9EFB6B@ ;484A<< 
EBBF69FEF6G9F ("% 8<EJ<C?<AO, 6OEF46?9AAB@G 6 Q?9>FDBAAB= <AHBD@4J<BAAB-
B5D4;B64F9?PAB= ED989 �45��& �D�'#%, 8BEFGCAB= B5GK4RM9@GES K9D9; 97B ?<KAO= 
>45<A9F. 

!<:9 CD<6989A B5D4;9J F<CB6B7B 64D<4AF4 <FB7B6B7B F9EF4, CD98GE@BFD9AAB7B D45BK9= 
CDB7D4@@B= 8<EJ<C?<AO. 

 

"5D4;9J F<CB6B7B 64D<4AF4 <FB7B6B7B F9EF4,  
CD98GE@BFD9AAB7B D45BK9= CDB7D4@@B= 8<EJ<C?<AO 

 

1. "FABL9A<9 7BD<;BAF4?PAB= CBC9D9KAB= (5B>B6B=) E<?O, CD<?B:9AAB= > 7B?B6>9 D9?PE4, > 
6O;64AAB@G 9R BF>?BA9A<R 7B?B6>< BF CB?B:9A<S 6 A9A47DG:9AAB@ EBEFBSA<< 
<____________> :9EF>BEFP CGF< 

 

2 . �4>B= CDBJ9EE 86<:9A<S A4;O64RF GEF4AB6<6L<@ES, <?< EF4J<BA4DAO@:  

4) >B784 A4 647BA 89=EF6GRF >4> EB5EF69AAO9 CBEF9C9AAB ;4FGI4RM<9, F4> < 6OAG:89AAO9 
>B?954A<S; 
5) >B784 EB5EF69AAO9 >B?954A<S 647BA4 ;4FGIAGF, < BA 5G89F <ECOFO64FP FB?P>B 
6OAG:89AAO9 >B?954A<S; 
6) >B784 A4 647BA 89=EF6GRF FB?P>B EB5EF69AAO9 CBEF9C9AAB ;4FGI4RM<9 >B?954A<S; 
7) >B784 A4 647BA A9 89=EF6GRF A<>4><9 >B?954A<S. 
 

3. �4>B= CDBJ9EE 86<:9A<S A4;O64RF C9D9IB8AO@: 
4) >B784 A4 647BA 89=EF6GRF >4> EB5EF69AAO9 CBEF9C9AAB ;4FGI4RM<9, F4> < 6OAG:89AAO9 
>B?954A<S; 



5) >B784 EB5EF69AAO9 >B?954A<S 647BA4 ;4FGIAGF, < BA 5G89F <ECOFO64FP FB?P>B 
6OAG:89AAO9 >B?954A<S; 

6) >B784 A4 647BA 89=EF6GRF FB?P>B EB5EF69AAO9 CBEF9C9AAB ;4FGI4RM<9 >B?954A<S; 
7) >B784 A4 647BA A9 89=EF6GRF A<>4><9 >B?954A<S. 
 

4. �9?9;AB8BDB:AO= CGFP < CB86<:AB= EBEF46 CD98EF46?SRF EB5B=: 
4) 98<AGR @9I4A<K9E>GR E<EF9@G, 6 >BFBDB= BA< 6;4<@B89=EF6GRF, A4IB8SEP 6 ;46<E<@BEF< 
8DG7 BF 8DG74; 
5)  E<EF9@G <; H<;<K9E><I F9? < E6S;9= @9:8G A<@<; 
6)  H<;<K9E><= CDBJ9EE 6B;A<>AB69A<S E<?, @B@9AFB6, C9D9@9M9A<= EBEF46AOI Q?9@9AFB6 
647BA4 6E?98EF6<9 6;4<@B89=EF6<S 97B IB8B6OI K4EF9= < D9?PEB6B7B CGF<, 4 F4>:9 
?B>B@BF<6B6 < 647BAB6 6 86<:GM9@ES CB9;89; 
7)  I4D4>F9D<EF<><, BCD989?SRM<9 D94>J<R CGF< A4 8<A4@<K9E>B9 6B;89=EF6<9 >B?9E4. 
 

5. 'E?B6A4S 69?<K<A4, >BFBD4S CD98EF46?S9F EB5B= >BQHH<J<9AF CDBCBDJ<BA4?PABEF< 6 
D4EK9FAOI GD46A9A<SI, E6S;O64RM<I E>BDBEFP G84D4 >B?9E4 CB D9?PEG E @4>E<@4?PAB= E<?B= 
EBG84D9A<S QFB <________> @4EE4 CGF< 

 

6. % FBK>< ;D9A<S @9I4A<>< #% CD98EF46?S9F EB5B=: 
4) 98<AGR @9I4A<K9E>GR E<EF9@G, 6 >BFBDB= BA< 6;4<@B89=EF6GRF, A4IB8SEP 6 ;46<E<@BEF< 
8DG7 BF 8DG74; 
5)  E<EF9@G <; H<;<K9E><I F9? < E6S;9= @9:8G A<@<; 
6)  H<;<K9E><= CDBJ9EE 6B;A<>AB69A<S E<?, @B@9AFB6, C9D9@9M9A<= EBEF46AOI Q?9@9AFB6 
647BA4 6E?98EF6<9 6;4<@B89=EF6<S 97B IB8B6OI K4EF9= < D9?PEB6B7B CGF<, 4 F4>:9 
?B>B@BF<6B6 < 647BAB6 6 86<:GM9@ES CB9;89; 
7)  I4D4>F9D<EF<><, BCD989?SRM<9 D94>J<R CGF< A4 8<A4@<K9E>B9 6B;89=EF6<9 >B?9E4. 
 

7. �?S D4EK9FB6 G84D4 >B?9E4 CB D9?PEG A9B5IB8<@B D4EE@BFD9FP 79B@9FD<K9E>GR < 
<___________> D4EK9FAO9 EI9@O 

 

8. !4 >4>B@ D4EEFBSA<< BF 6AGFD9AA9= 7D4A< >B?9E4 A4IB8<FES >DG7 >4F4A<S? <___________> 

@@ (BF69F ;4C<E4FP J<HDB=) 

9. $9EEBDAB9 CB869L<64A<9 EBEFB<F <; GCDG7<I Q?9@9AFB6, 6B;6D4M4RM<I GEFDB=EF6 < 
<_______________> 

 

10. �4>B= I4D4>F9D <@9RF EB5EF69AAO9 >B?954A<S? <__________>  

 

11. !4<5B?PL<9 >B?954A<S >G;B64 A4 D9EEBD4I (D9;BA4AE) 6B;A<>4RF CD< BFABL9A<< 
EB5EF69AAOI >B?954A<= > 6OAG:89AAO@ D46AO@ <_____> (BF69F ;4C<E4FP J<HDB=) 
 

12. �; K97B EBEFB<F GCDG7B-6S;>4S E6S;P? 
4) <; GCDG7<I Q?9@9AFB6, >BFBDO9 8BCB?A9AO 7<8D46?<K9E><@< 89@CH9D4@<, B5?484RM<@< 
(6S;>BEFAO@ <?<  7<8DB8<A4@<K9E><@) A9GCDG7<@ EBCDBF<6?9A<9@; 
5)  -FB E<EF9@O, 6 >BFBDOI GCDG7BEFP B59EC9K<649FES 6<AFB6O@< CDG:<A4@<, 4 A9GCDG7B9 
EBCDBF<6?9A<9 EB;849FES ;4 EK9F FD9A<S 6 EC9J<4?PAB= >?<AB6B= E<EF9@9; 
6)  CDG:<A; 
7)  HD<>J<BAAOI 74E<F9?9= >B?954A<=. 
 

13. �; K97B EBEFB<F GCDG7B-HD<>J<BAA4S E6S;P? 
4) <; GCDG7<I Q?9@9AFB6, >BFBDO9 8BCB?A9AO 7<8D46?<K9E><@< 89@CH9D4@<, B5?484RM<@< 
(6S;>BEFAO@ <?<  7<8DB8<A4@<K9E><@) A9GCDG7<@ EBCDBF<6?9A<9@; 



5) QFB E<EF9@O, 6 >BFBDOI GCDG7BEFP B59EC9K<649FES 6<AFB6O@< CDG:<A4@<, 4 A9GCDG7B9 
EBCDBF<6?9A<9 EB;849FES ;4 EK9F FD9A<S 6 EC9J<4?PAB= >?<AB6B= E<EF9@9; 
6)  CDG:<A; 
7)  HD<>J<BAAOI 74E<F9?9= >B?954A<=. 
 

14.  �4><9 E<?O 6B;A<>4RF 6 69DIA9@ EFDB9A<< CGF<, CB8 6B;89=EF6<9@ >B?9E #%? 
4)  E<?O GCDG7BEF<, <A9DJ<< < FD9A<S; 
5)  J9AFDB59:AO9 E<?O; 
6)  E<?4 846?9A<S 69FD4; 
7)  E<?O FD9A<S. 

 

15.  �4>GR D4;ABEFP 8<4@9FDB6 CB69DIABEF9= >4F4A<S 8B?:AO <@9FP >B?9E4, G>D9C?9AAO9 A4 
B8AB= BE< - A9 5B?99 <__________> @@  
 

16. �4> A4;O64RFES @9EF4 A4 BE<, CD98A4;A4K9AAO9 8?S EA<:9A<S >BAJ9AFD4J<< A4CDS:9A<= 
6 @9EF4I <;@9A9A<S 8<4@9FDB6. 
<_________________> 

 

17. 'EF4AB6<F9 EBBF69FEF6<9: 
$9?PEO CB889D:<64RF D9?PEO < D4ECD989?SRF 846?9A<9 BF A<I A4 

69DIARR K4EFP 54??4EFAB7B E?BS;  
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