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#BOEA<F9?PA4O ;4C<E>4 
 

!4;A4K9A<9 @9FB8<K9E><I G>4;4A<= 
 

     %5BDA<> CD4>F<K9E><I D45BF EBEF46?9A 6 EBBF69FEF6<< E (989D4?PAO@ 7BEG84DEF69A-
AO@ B5D4;B64F9?PAO@ EF4A84DFB@ CB CDB7D4@@4@ CB87BFB6>< EC9J<4?<EFB6 ED98A97B ;69-
A4 CB EC9J<4?PABEF<  21.02.03. %BBDG:9A<9 < Q>EC?G4F4J<S 74;BA9HF9CDB6B8B6 
< 74;BA9HF9ID4A<?<M  (54;B6B= CB87BFB6><). 
     'K95A4S 8<EJ<C?<A4 «&9IA<K9E>4S @9I4A<>4» GEF4A46?<649F 54;B6O9 ;A4A<S 8?S BE6B-
9A<S EC9J<4?PAOI 8<EJ<C?<A. 
     %FDG>FGD4 8<EJ<C?<AO  «&9IA<K9E>4S @9I4A<>4» CD98EF46?9A4 E?98GRM<@< D4;89?4-
@<: 

 F9BD9F<K9E>4S @9I4A<>4;  
 EBCDBF<6?9A<9 @4F9D<4?B6; 
 89F4?< @4L<A. 

� D9;G?PF4F9 BE6B9A<S GK95AB= 8<EJ<C?<AO EFG89AF 8B?:9A: 
C<5BL: 

 BCD989?SFP A4CDS:9A<S 6 >BAEFDG>J<BAAOI Q?9@9AF4I; 
 BCD989?SFP C9D984FBKAB9 BFABL9A<9; 
 CDB6B8<FP D4EK9F < CDB9>F<DB64FP 89F4?< < E5BDBKAO9 98<A<JO B5M97B A4;A4K9-

A<S; 
 CDB6B8<FP E5BDBKAB-D4;5BDBKAO9 D45BFO 6 EBBF69FEF6<< E I4D4>F9DB@ EB98<A9A<= 

89F4?9= < E5BDBKAOI 98<A<J; 
 CDB<;6B8<FP D4EK9FO A4 E:4F<9, ED9; < E@SF<9; 
 CDB<;6B8<FP D4EK9FO Q?9@9AFB6 >BAEFDG>J<= A4 CDBKABEFP, :9EF>BEFP < GEFB=K<-

6BEFP; 
 EB5<D4FP >BAEFDG>J<< <; 89F4?9= CB K9DF9:4@ < EI9@4@; 
 K<F4FP ><A9@4F<K9E><9 EI9@O. 

7=4BL: 
 6<8O 86<:9A<= < CD9B5D4;GRM<9 86<:9A<S @9I4A<;@O; 
 6<8O <;ABE4 < 89HBD@4J<= 89F4?9= < G;?B6; 
 6<8O C9D984K; <I GEFDB=EF6B, A4;A4K9A<9, CD9<@GM9EF64 < A98BEF4F><, GE?B6AO9 

B5B;A4K9A<S A4 EI9@4I; 
 ><A9@4F<>G @9I4A<;@B6, EB98<A9A<S 89F4?9= @4L<A, @9I4A<K9E><9 C9D984K<, 6<8O 

< GEFDB=EF6B C9D984K; 
 @9FB8<>G D4EK9F4 >BAEFDG>J<= A4 CDBKABEFP, :9EF>BEFP < GEFB=K<6BEFP CD< D4;-

?<KAOI 6<84I 89HBD@4J<<; 
 @9FB8<>G D4EK9F4 A4 E:4F<9, ED9; < E@SF<9; 
 A4;A4K9A<9 < >?4EE<H<>4J<R CB8L<CA<>B6; 
 I4D4>F9D EB98<A9A<S BEAB6AOI E5BDBKAOI 98<A<J < 89F4?9=; 
 BEAB6AO9 F<CO E@4;BKAOI GEFDB=EF6; 
 F<CO, A4;A4K9A<9, GEFDB=EF6B D98G>FBDB6; 
 FD9A<9, 97B 6<8O, DB?P FD9A<S 6 F9IA<>9; 
 GEFDB=EF6B < A4;A4K9A<9 <AEFDG@9AFB6 < >BAFDB?PAB-<;@9D<F9?PAOI CD<5BDB6, 

<ECB?P;G9@OI CD< F9IA<K9E>B@ B5E?G:<64A<< < D9@BAF9 B5BDG8B64A<S. 
 

(BD@<DG9@O9 >B@C9F9AJ<<: 
  

"�.01 �O5<D4FP ECBEB5O D9L9A<S ;484K CDBH9EE<BA4?PAB= 89SF9?PABEF< CD<@9A<F9?P-
AB > D4;?<KAO@ >BAF9>EF4@. 

"�.02 �ECB?P;B64FP EB6D9@9AAO9 ED98EF64 CB<E>4, 4A4?<;4 < <AF9DCD<F4J<< <AHBD@4-
J<< < <AHBD@4J<BAAB= 89SF9?PABEF<. 

"�.03 #?4A<DB64FP < D94?<;B6O64FP EB5EF69AAB9,  CDBH9EE<BA4?PAB9 < ?<KABEFAB9 D4;-
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6<F<9, CD98CD<A9@4F9?PE>GR 89SF9?PABEFP 6 CDBH9EE<BA4?PAB= EH9-
D9,<ECB?P;B64FP ;A4A<S CB H<A4AEB6B= 7D4@BFABEF< 6 D4;?<KAOI :<;A9AAOI E<FG-
4J<SI . 

"�04 1HH9>F<6AB 6;4<@B89=EF6B64FP < D45BF4FP 6 >B??9>F<69 < >B@4A89. 
"�05 "EGM9EF6?SFP GEFAGR < C<EP@9AAGR >B@@GA<>4J<R A4 7BEG84DEF69AAB@ S;O>9 

$BEE<=E>B= (989D4J<< E GK9FB@ BEB59AABEF9= EBJ<4?PAB7B < >G?PFGDAB7B >BAF9>-
EF4. 

"�.06 #DBS6?SFP 7D4:84AE>B-C4FD<BF<K9E>GR CB;<J<R, 89@BAEFD<DB64FP BEB;A4AAB9 
CB6989A<9 A4 BEAB69 FD48<J<BAAOI B5M9K9?B69K9E><I J9AABEF9= 6 FB@ K<E?9 E 
GK9FB@ 74D@BA<;4J<< @9:A4J<BA4?PAOI < @9:D9?<7<B;AOI BFABL9A<=, CD<@9-
ASFP EF4A84DFO 4AF<>BDDGCJ<BAAB7B CB6989A<S. 

 

CDBH9EE<BA4?PAO@< >B@C9F9AJ<S@<: 

#� 1.1  �OCB?ASFP EFDB<F9?PAO9 D45BFO CD< EBBDG:9A<<, D9>BAEFDG>J<< < D9@BAF9 
B5P9>FB6 FDG5BCDB6B8AB7B FD4AECBDF4, ID4A9A<S, D4ECD989?9A<S 74;4, A9HF<, 
A9HF9CDB8G>FB6. 

#� 1.5 "59EC9K<64FP 6OCB?A9A<S D45BF CB 6O6B8G <; Q>EC?G4F4J<< < 66B8G 6 Q>EC?G4F4-
J<R B5P9>FB6 FDG5BCDB6B8AB7B FD4AECBDF4, ID4A9A<S, D4ECD989?9A<S 74;4, A9HF<, 
A9HF9CDB8G>FB6. 

#� 2.1 "59EC9K<64FP CDB6989A<S F9IAB?B7<K9E>B7B CDBJ9EE4 FDG5BCDB6B8AB7B FD4AE-
CBDF4, ID4A9A<S, D4ECD989?9A<S 74;4, A9HF<, A9HF9CDB8G>FB6 

#� 2.5 "59EC9K<64FP CDB6989A<9 @9DBCD<SF<= CB CB6OL9A<R A489:ABEF< < QHH9>F<6-
ABEF<  Q>EC?G4F4J<< B5P9>FB6 FDG5BCDB6B8AB7B FD4AECBDF4, ID4A9A<S, D4ECD989-
?9A<S 74;4, A9HF<, A9HF9CDB8G>FB6 

 

'K95A4S 8<EJ<C?<A4 «&9IA<K9E>4S @9I4A<>4» 54;<DG9FES A4 ;A4A<SI < G@9A<SI, CB?GK9A-
AOI CD< <;GK9A<< H<;<>< < @4F9@4F<><, S6?S9FES 54;B6B= 8?S 8<EJ<C?<A CDBH9EE<BA4?P-
AB7B J<>?4.  
#DB7D4@@4 >GDE4 D4EEK<F4A4 A4 116 K4E4 GK95AOI < 54 K4EB6 CD4>F<K9E><I ;4ASF<=. % J9-
?PR 4>F<6<;4J<< CDBJ9EEB6 GE6B9A<S < ;4>D9C?9A<S ;A4A<= EFG89AFB6 > >4:8B= F9@9 
CD98?B:9AO 6BCDBEO 8?S E4@B>BAFDB?S. 
     �?S ?GKL97B GE6B9A<S @4F9D<4?4 D9>B@9A8G9FES E4@BEFBSF9?PAB D9L<FP A9E>B?P>B 
;484K CB F9@4@ 8<EJ<C?<AO. $9L9A<9 ;484K ECBEB5EF6G9F ?GKL9@G CBA<@4A<R < 
;4>D9C?9A<R F9BD9F<K9E><I ;A4A<=. �484A<S CD4>F<K9E><I D45BF :9?4F9?PAB 6OCB?ASFP 
A9CBED98EF69AAB CBE?9 <;GK9A<S EBBF69FEF6GRM9= F9@O, F4>4S CBE?98B64F9?PABEFP 5G89F 
ECBEB5EF6B64FP ?GKL9@G ;4>D9C?9A<R ;A4A<=. �4>?RK<F9?PAB= HBD@B= >BAFDB?S 
GE6B9A<S D4;89?4 S6?S9FES >BAFDB?PA4S D45BF4, 8<EJ<C?<AO - Q>;4@9A. 
 

 9FB8<K9E><9 D9>B@9A84J<< CB D9L9A<N ;484K 

1. �?46A4S J9?P D9L9A<S ;484K 3 HBD@<DB64FP ECBEB5ABEF< > E4@BEFBSF9?PAB@G @OL-
?9A<R < 4A4?<;G, > E4@BEFBSF9?PAB= F6BDK9E>B= D45BF9, HBD@<DB64FP CBA<@4A<9 H<;<K9-
E><I S6?9A<= < F9IA<K9E>B9 @OL?9A<9. 
2. $4;6<FP G@9A<9 < A46O><  CD<@9A9A<S F9BD9F<K9E><I ;A4A<= > D9L9A<R CD4>F<K9-
E><I 6BCDBEB6. 
3. �4>D9C<FP < G7?G5<FP ;A4A<S CB <;GK49@B@G CD98@9FG. 
4. $4;6<FP A46O>< D45BFO EB ECD46BKAB= < F9IA<K9E>B= ?<F9D4FGDB=. 
5. #D<B5D9EF< A46O>< BHBD@?9A<S F9IA<K9E><I D4EK9FB6. 
 

"5M<9 CD46<?4 6OCB?A9A<O CD4>F<K9E><I ;484A<= 

 

1. �4:8O= B5GK4RM<=ES CBE?9 6OCB?A9A<S ;484A<S 8B?:9A CD98EF46<FP BFK9F B CDB89-
?4AAB= D45BF9 E 4A4?<;B@ CB?GK9AAOI D9;G?PF4FB6 < 6O6B8B@. 

2. "FK9F B CDB89?4AAB= D45BF9 E?98G9F BHBD@<FP 6 F9FD48< 8?S CD4>F<K9E><I ;4ASF<=. 
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%B89D:4A<9 BFK9F4 G>4;4AB 6 BC<E4A<< 6OCB?A9A<S CD4>F<K9E>B7B ;484A<S. 
3. &45?<JO < D<EGA>< E?98G9F 6OCB?ASFP E CB@BMPR K9DF9:AOI <AEFDG@9AFB6. 
4. � D4EK9F4I B5S;4F9?PAB G>4;O64FP 5G>69AAO9 B5B;A4K9A<S 69?<K<A < 98<A<JO <;@9-

D9A<S. 
5. $4EK9F E?98G9F CDB6B8<FP E FBKABEFPR 8B 86GI ;A4K4M<I J<HD CBE?9 ;4CSFB=. 
6. �E?< B5GK4RM<=ES A9 6OCB?A<? CD4>F<K9E>B9 ;484A<9. &B BA @B:9F 6OCB?A<FP 97B 6B 

6A9GDBKAB9 6D9@S, EB7?4EB64AAB9 E CD9CB8464F9?9@. 
7. "J9A>G CB CD4>F<K9E>B@G ;4ASF<R B5GK4RM<=ES CB?GK49F E GK9FB@ EDB>4 6OCB?A9-

A<S D45BFO, 9E?<: 
 4)      D4EK9FO 6OCB?A9AO CD46<?PAB < 6 CB?AB@ B5N9@9; 
 5)      E89?4A 6O6B8 CB D9;G?PF4F4@ D45BFO; 
 6)      B5GK4RM<=ES @B:9F CBSEA<FP 6OCB?A9A<9 ?R5B7B QF4C4 D45BFO; 
 7)      BFK9F 6OCB?A9A 6 EBBF69FEF6<< E FD95B64A<S@< > 6OCB?A9A<R CD4>F<K9E>B7B ;484-
A<S. 
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#D4>F<K9E>B9 ;4AOF<9 №1 

CB F9@9  «#?BE>4S E<EF9@4 EIB8SM<IES E<?» 

!4<@9AB64A<9: " #?BE>4S E<EF9@4 EIB8SM<IES E<?. "CD989?9A<9 D46AB89=EF6GRM9=". 
Ц9?P ;4AOF<O: �4>D9C?9A<9 ;A4A<= < G@9A<= CB D4;89?G. %BCBEF46?9A<9 D9;G?PF4FB6. 
!9B5IB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 
1. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
2.  9FB8<K9E><9 G>4;4A<S CB 6OCB?A9A<R CD4>F<K9E><I ;4ASF<= CB 8<EJ<C?<A9 
«&9IA<K9E>4S @9I4A<>4». 
3. �<A9=>4, J69FAO9 EF9D:A<, FD4AECBDF<D, @<>DB>4?P>G?SFBD. 
#BDO8B> 6OCB?A9A<O ;484A<O: 
4. #B6FBD<FP F9@G «#?BE>4S E<EF9@4 EIB8SM<IES E<?». 
5. #B AB@9DG 6 :GDA4?9 6OC<E4FP <; F45?<JO 69?<K<AO < A4CD46?9A<S K9FODTI 69>-
FBDB6.  
6. "CD989?<FP D46AB89=EF6GRMGR E<?G 79B@9FD<K9E><@ ECBEB5B@: 

4)  6O5D4FP @4ELF45; 
5)  <;B5D4;<FP 69>FBDO 6 6O5D4AAB@ @4ELF459 E ;484AAO@ A4CD46?9A<9@; 
6)  E?B:<FP K9FOD9 69>FBD4, CB?P;GSEP CD46<?B@ 79B@9FD<K9E>B7B E?B:9A<S; 
7)  <;@9D<FP BFD9;B> �� < BCD989?<FP 69?<K<AG D46AB89=EF6GRM9=. 

4. "CD989?<FP D46AB89=EF6GRMGR 4A4?<F<K9E><@ ECBEB5B@: 
4)  BCD989?<FP CDB9>J<< >4:8B7B 69>FBD4 A4 BEP ); 

5)  BCD989?<FP 4?795D4<K9E>GR EG@@G CDB9>J<= 69>FBDB6 A4 BEP ) 

 ∑FI= Fx1+Fx2+Fx3+Fx4                                                    (1) 

6)  BCD989?<FP CDB9>J<< 69>FBDB6 A4 BEP Y; 

7)  BCD989?<FP 4?795D4<K9E>GR EG@@G CDB9>J<= 69>FBDB6 A4 BEP Y;  

∑Fy= Fy1+Fy2+Fy3+Fy4                                                              (2) 

8)  CB F9BD9@9 #<H47BD4 BCD989?<FP @B8G?P D46AB89=EF6GRM9= E<?O;  

F∑= :                                                                                   (3) 

9)  BCD989?<FP G7B? A4>?BA4 D46AB89=EF6GRM9= E<?O > BE< );                          =                                                                    (4) 

5. %D46A<FP D9;G?PF4FO CBEFDB9A<S (CGA>F 3.7) < D4EK9F4 D46AB89=EF6GRM9= E<?O (CGA>F 
4.8)  
6. %HBD@G?<DB64FP 6O6B8. 

 

"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
1. &9@4 ;4ASF<S; 
2. *9?P ;4ASF<S; 
3. �EIB8AO9 84AAO9 <; F45?<JO; 
4. �;B5D4:9A<9 C?BE>B= E<EF9@O EIB8SM<IES E<? 6 E<EF9@9 >BBD8<A4F ) < '. 
5. "CD989?9A<9 D46AB89=EF6GRM9= E<?O 7D4H<K9E><@ ECBEB5B@; 
6. "CD989?9A<9 D46AB89=EF6GRM9= E<?O 4A4?<F<K9E><@ ECBEB5B@; 
7. %D46A9A<9 D9;G?PF4FB6 CBEFDB9A<S < D4EK9FB6; 
8. �O6B8. 
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%B89D:4A<9 ;484A<O: #B AB@9DG 6 :GDA4?9 6OC<E4FP <; F45?<JO  <EIB8AO9 84AAO9 
C?BE>B= E<EF9@O EIB8SM<IES E<?, BCD989?<FP D46AB89=EF6GRMGR E<?G 84AAB= E<EF9@O. 

    

№ 

F1 

(!) 

α1 

(7D48) 

F2 

(!) 

α2 

(7D48) 

F3 

(!) 

α3 

(7D48) 

F4 

(!) 

α4 

(7D48) 

1 40 150
 

40 60 60 0 20 210 

2 20 90 30 30 30 135 10 -45 

3 10 -90 30 210 40 -30 50 0 

4 25 45 40 -10 30 60 40 0 

5 20 -45 30 90 30 210 30 30 

6 10 150 20 -90 20 -30 10 225 

7 10 -45 10 180 50 60 40 -90 

8 40 0 20 -45 40 30 20 120 

9 50 0 50 135 50 45 20 180 

10 60 210 40 0 30 -45 50 135 

11 10 45 10 -45 20 135 30 0 

12 10 150 10 -90 20 210 15 135 

13 30 60 20 225 30 30 15 180 

14 60 135 50 -120 40 90 50 210 

15 20 -90 30 135 40 -30 10 30 

16 60 135 40 60 50 45 60 0 

17 20 180 40 -30 20 110 50 135 

18 30 150 20 135 30 120 40 180 

19 20 30 30 30 40 180 30 -90 
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20 20 150 40 0 30 135 10 60 

21 50 210 25 60 10 90 40 135 

22 40 -90 30 -30 20 -45 30 30 

23 50 180 60 -150 20 120 40 45 

24 40 -30 50 -60 60 135 20 180 

25 30 -90 40 135 50 -30 60 30 

26 20 150 25 210 40 90 20 -30 

27 20 135 30 30 40 0 40 -30 

28 30 210 40 120 40 -45 20 0 

29 30 -30 20 90 25 -30 20 135 

30 50 -90 25 -30 30 45 20 60 

31 20 0 30 120 40 60 50 270 

 

�BAFDB?PAO9 6BCDBEO: 
1. �4FP BCD989?9A<9 D46AB89=EF6GRM9= E<?O. 
2. � K9@ ;4>?RK49FES D46AB69E<9 C?BE>B= E<EF9@O EIB8SM<IES E<? 6 7D4H<K9E>B= < 4A4-
?<F<K9E>B= HBD@4I. 
3. "F K97B ;46<E<F ;A4> CDB9>J<< 69>FBD4 E<?O A4 BE< ) < '? 

4. �4> A4CD46?9A4 D46AB89=EF6GRM4S 6 E<?B6B@ @AB7BG7B?PA<>9? 
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#D4>F<K9E>B9 ;4AOF<9 №2 

CB F9@9  «#?BE>4S E<EF9@4 EIB8SM<IES E<?» 

!4<@9AB64A<9: « #?BE>4S E<EF9@4 EIB8SM<IES E<?. "CD989?9A<9 D94>J<= 6 E6S;SI 4A4-
?<F<K9E><@, 7D4H<K9E><@ < 7D4HB4A4?<F<K9E><@ ECBEB54@<» 

Ц9?P ;4AOF<O: �4>D9C?9A<9 F9BD9F<K9E><I ;A4A<=  
!9B5IB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 
1. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
2.  9FB8<K9E><9 G>4;4A<S CB 6OCB?A9A<R CD4>F<K9E><I ;4ASF<= CB 8<EJ<C?<A9 
«&9IA<K9E>4S @9I4A<>4». 
3. �<A9=>4, J69FAO9 EF9D:A<, FD4AECBDF<D, @<>DB>4?P>G?SFBD. 
#BDO8B> 6OCB?A9A<O ;484A<O: 

1. #B6FBD<FP F9@G «#?BE>4S E<EF9@4 EIB8SM<IES E<?». 
2. '>4;O64RF FBK>G (<?< F9?B), D46AB69E<9 >BFBDB= (>BFBDB7B) D4EE@4FD<649FES. 
3. #D<>?48O64RF > D4EE@4FD<649@B= FBK>9 (F9?G) ;484AAO9 (<;69EFAO9) E<?O. � ;484-

K4I B5OKAB ;484AAB= E<?B= S6?S9FES 7DG;, >BFBDO= A4CD46?9A 6A<; (> J9AFDG FS:9-
EF< ;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. 

4.  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?4-
749@ EF9D:9AP D4EFSAGFO@, F.9. D94>J<R A4CD46?S9@ BF D4EE@4FD<649@B= FBK>< (F9-
?4). 

5. �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=. 

6. �4F9@ BCD989?SRF G7?O @9:8G D94>J<S@< < >BBD8<A4FAO@< BES@<, < G>4;O64RF <I 
A4 K9DF9:9. 

7. %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;A4-
K49F, 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@, < A4B5B-
DBF. 

8.  $9L4RF ;484KG 7D4H<K9E><@  ECBEB5B@. !4 BEAB69 CB?GK9AAB= EI9@O E<?, 6 6O-
5D4AAB@ @4ELF459 EFDBSF ;4@>AGFO= E<?B6B= @AB7BG7B?PA<>, < BCD989?SRF A9<;-
69EFAO9 D94>J<<. 

9. #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@<, < CB8-
EK<F4FP CB7D9LABEFP. 

"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
1. &9@4 ;4ASF<S; 
2. *9?P ;4ASF<S; 
3. �EIB8AO9 84AAO9 <; F45?<JO; 
4. +9DF9:. 
5. $9L9A<9. 
6. �O6B8. 
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12 

 

1 2 3 

4 5 6 

7 8 9 

10 11 12 

13 14 15 
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#D4>F<K9E>B9 ;4AOF<9 №3 
CB F9@9 «#?BE>4S E<EF9@4 CDB<;6B?PAB D4ECB?B:9AAOI E<?». 
!4<@9AB64A<9: «#?BE>4S E<EF9@4 CDB<;6B?PAB D4ECB?B:9AAOI E<?. "CD989?9A<9 BCBD-
AOI D94>J<= 54?BKAOI E<EF9@». 
Ц9?P ;4AOF<O: '7?G5?9A<9 F9BD9F<K9E><I < CD4>F<K9E><I ;A4A<= 

!9B5IB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 
1. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
2. �<A9=>4, >4D4A84L, D9;<A>4. 
3. &D4AECBDF<D. 
4. �4?P>G?SFBD. 

#BDO8B> 6OCB?A9A<O ;484A<O: 
1. �;B5D4;<FP EI9@G 6 EBBF69FEF6<< E 64D<4AFB@. 
2. �4@9A<FP D4ECD989?9AAGR A47DG;>G 99 D46AB89=EF6GRM9= Q=q·l. #D<?B:<FP 
D46AB89=EF6GRMGR > 54?>9 6 J9AFD9 FS:9EF< EBBF69FEF6GRM97B CDS@BG7B?PA<>4. 
3. �4@9A<FP BCBDO <I D94>J<S@<. $94>J<R L4DA<DAB-CB86<:AB= BCBDO 
A4CD46<FP C9DC9A8<>G?SDAB > BCBDAB= CB69DIABEF<.  
 

 

 

$94>J<R L4DA<DAB-CB86<:AB= BCBDO D4;?B:<FP A4 869 EBEF46?SRM<9, A4CD46?9A-
AO9 CB BES@ >BBD8<A4F. 
 

 

 

 

4. %BEF46<FP D4EK9FAGR EI9@G 54?><. 
5. �O5D4FP BE< >BBD8<A4F < J9AFDO @B@9AFB6. 
6. %BEF46<FP GD46A9A<9 D46AB69E<S: ;0õ AM    ;0õ ВM    .0õ kEF  

7. �; GD46A9A<= D46AB69E<S A4=F< A9<;69EFAO9 D94>J<< BCBD. 
8. #DB69EF< CDB69D>G CD46<?PABEF< D9L9A<S, EBEF46<6 GD46A9A<S .0õ kCF  

9. �4C<E4FP BF69FO.  
10. �O6B8. 

 

%B89D:4A<9 ;484A<O: "CD989?<FP D94>J<< BCBD 54?>< A4 86GI BCBD4I. %I9@G 6O5D4FP 6 
EBBF69FEF6<< E AB@9DB@ EFG89AF4 CB EC<E>G 6 :GDA4?9. 

 

#D<ASFP: ;2
<

kH
q     kHP 4 ;   ;2 <kHM      

  

.2<a 
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1 2 3 

4 5 6 

7 8 9 

10 11 12 

13 14 15 
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16 17 18 

19 20 21 

22 23 24 

25 26 27 

28 29 30 
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#D4>F<K9E>B9 ;4AOF<9 №4 

CB F9@9 «#?BE>4S E<EF9@4 CDB<;6B?PAB D4ECB?B:9AAOI E<?». 
!4<@9AB64A<9: «#?BE>4S E<EF9@4 CDB<;6B?PAB D4ECB?B:9AAOI E<?. "CD989?9A<9 D94>-
J<= ;489?>< < @B@9AF4 ;4M9@?9A<S >BAEB?PAB= 54?><». 
Ц9?P ;4AOF<O: "FD45BF4FP < ;4>D9C<FP A46O>< < G@9A<S. 

!9B5IB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 
5. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
6. �<A9=>4, >4D4A84L, D9;<A>4. 
7. &D4AECBDF<D. 
8. �4?P>G?SFBD. 

#BDO8B> 6OCB?A9A<O ;484A<O: 
11. �;B5D4;<FP EI9@G 6 EBBF69FEF6<< E 64D<4AFB@. 
12. �4@9A<FP D4ECD989?9AAGR A47DG;>G 99 D46AB89=EF6GRM9= Q=q·l. #D<?B:<FP 
D46AB89=EF6GRMGR > 54?>9 6 J9AFD9 FS:9EF< EBBF69FEF6GRM97B CDS@BG7B?PA<>4. 
13. �4@9A<FP BCBDO <I D94>J<S@<.  
14. %BEF46<FP D4EK9FAGR EI9@G 54?><. 
15. �O5D4FP BE< >BBD8<A4F < J9AFDO @B@9AFB6. 
16. %BEF46<FP GD46A9A<9 D46AB69E<S: ;0õ AM   .0õ kCF     .0õ kEF  

17. �; GD46A9A<= D46AB69E<S A4=F< A9<;69EFAO9 D94>J<< BCBD. 
18. #DB69EF< CDB69D>G CD46<?PABEF< D9L9A<S, EBEF46<6 GD46A9A<S ;0õ ВM  

19. �4C<E4FP BF69FO.  
20. �O6B8. 

 

%B89D:4A<9 ;484A<O:  
"CD989?<FP D94>J<R < D94>F<6AO= @B@9AF >BAEB?PAB= 54?><.  
 

. 
�4D<4AF %I9@4 q, 

A/@ 

P1, 

! 

P2, 

! 

M, 

!∙@ 

α, 

7D48 

4, 
@ 

b, 

@ 

1 

 
 

1 4 12  

 

 

- 

30 2 4 

2 2 6 8 45 4 4 

3 3 8 6 60 3 6 

4 4 2 10 30 2 6 

5 1 10 2 60 4 6 

6 2 12 12 45 3 5 

7 3 14 8 90 2 5 

8 4 16 6 0 4 5 

9 

 

3 2  

 

 

- 

15 30 2 4 

10 4 8 20 45 4 4 

11 5 10 25 60 3 6 

12 6 12 30 30 2 6 

13 7 18 36 45 4 6 

14 8 20 40 60 3 5 

15 9 24 16 30 2 5 

16 10 30 22 0 4 5 

17 

 

1 2 12  

 

 

- 

30 2 4 

18 2 8 8 45 4 4 

19 3 10 6 60 3 6 

20 4 12 10 30 2 6 

21 5 18 2 45 4 6 

22 6 20 12 60 3 5 

23 7 24 8 90 2 5 
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24  8 30 6 0 4 5 

25 

 
 

1 2 12  

 

 

- 

30 2 4 

26 2 8 8 45 4 4 

27 3 10 6 60 3 6 

28 4 12 10 30 2 6 

29 5 18 2 45 4 6 

30 6 20 12 60 3 5 

31 7 24 8 90 2 5 

32 8 30 6 0 4 5 

 



18 

 

#D4>F<K9E>B9 ;4AOF<9 №5 
CB F9@9 «*9AFD FS:9EF<» 

!4<@9AB64A<9: «"CD989?9A<9 >BBD8<A4F J9AFD4 FS:9EF< E?B:AOI E9K9A<=». 
Ц9?P ;4AOF<O: ;4>D9C?9A<9 CB?GK9AAOI F9BD9F<K9E><I ;A4A<= < CD4>F<K9E><I G@9A<= 
!9B5IB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 

1. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
2.  9FB8<K9E><9 G>4;4A<S CB 6OCB?A9A<R CD4>F<K9E><I ;4ASF<= CB 8<EJ<C?<A9 
«&9IA<K9E>4S @9I4A<>4». 
3. �<A9=>4, >4D4A84L, @<>DB>4?P>G?SFBD. 

#BDO8B> 6OCB?A9A<O ;484A<O: 
1. #B6FBD<FP F9@G «*9AFD FS:9EF<». 
2. #B AB@9DG 6 :GDA4?9 6O5D4FP C?BE>GR H<7GDG < <EIB8AO9 84AAO9. 
3. �;B5D4;<FP H<7GDG < ;4>?RK<FP 99 6 E<EF9@G >BBD8<A4F. 
4. $4;5<FP E?B:AGR H<7GDG A4 CDBEFO9. 
5. "CD989?<FP J9AFD FS:9EF< >4:8B= CDBEFB= H<7GDO. 
6. "CD989?<FP C?BM48P < >BBD8<A4FO J9AFD4 FS:9EF< >4:8B= CDBEFB= H<7GDO. 
7. "CD989?<FP >BBD8<A4FO J9AFD4 FS:9EF< EBEF46AB= H<7GDO. 
8. %HBD@G?<DB64FP 6O6B8. 
%B89D:4A<9 ;484A<O. "CD989?<FP CB?B:9A<9 J9AFD4 FS:9EF< C?BE>B= H<7GDO, HBD@4 < 
D4;@9DO >BFBDB= 6 @<??<@9FD4I CB>4;4AO A4 D<EGA>4I. �4AAO9 E6B97B 64D<4AF4 6;SFP <; 
F45?<JO. 
"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
1. &9@4 D45BFO. 
2. *9?P D45BFO. 
3. �484A<9. 
4. $9L9A<9 ;484K. 
5. �O6B8 CB ;484K9 
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21 

 

 



22 

 

 



23 

 

 
 

 



24 
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#D4>F<K9E>B9 ;4AOF<9 №6 

CB F9@9 «#4D4@9FDO 86<:9A<S FBK><» 

!4<@9AB64A<9: «#4D4@9FDO 86<:9A<S FBK><». 
Ц9?P ;4AOF<O: ;4>D9C?9A<9 CB?GK9AAOI F9BD9F<K9E><I ;A4A<= < CD4>F<K9E><I G@9A<= 
EFG89AFB6: CDB69D>4 < >BDD9>F<DB6>4 F9>GM<I ;A4A<= 

!9B5IB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 
1. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
2. �<A9=>4, >4D4A84L, D9;<A>4. 
3.  <>DB>4?P>G?SFBD. 

#BDO8B> 6OCB?A9A<O ;484A<O: 
�?S 6OCB?A9A<S D45BFO A9B5IB8<@B ;A4FP: 
�<A9@4F<>4 3 D4;89? @9I4A<><, <;GK4RM<= C4D4@9FDO 86<:9A<S F9?4 59; GK9F4 

89=EF6GRM<I A4 A97B E<?. 
#4D4@9FDO 86<:9A<S FBK><: 
1. �4>BA 86<:9A<S 3 QFB ;46<E<@BEFP D4EEFBSA<S BF 6D9@9A< 

    (1) 

2. %>BDBEFP FBK>< 3 QFB 69>FBDA4S 69?<K<A4, I4D4>F9D<;GRM4S 5OEFDBFG C9D9@9M9-
A<S 
FBK>< (F9?4). %>BDBEFP 6E9784 A4CD46?9A4 CB >4E4F9?PAB= > FD49>FBD<< 86<:9A<S < 

BCD989?S9FES: 

    (2) 

3. 'E>BD9A<9 FBK>< 3 QFB 69>FBDA4S 69?<K<A4, I4D4>F9D<;GRM4S 5OEFDBFG <;@9A9A<S 

E>BDBEF< FBK>< (F9?4). 'E>BD9A<9 D4E>?48O649FES A4 869 C9DC9A8<>G?SDAOI 69?<K<AO: 
>4E4F9?PAB9 (F4A79AJ<4?PAB9) < ABD@4?PAB9 (J9AFDBEFD9@<F9?PAB9) GE>BD9A<S. 

�4E4F9?PAB9 GE>BD9A<9 A4CD46?9AB CB >4E4F9?PAB= > FD49>FBD<< 86<:9A<S, 
I4D4>F9D<;G9F <;@9A9A<9 69?<K<AO E>BDBEF< < BCD989?S9FES: 

    (3) 

!BD@4?PAB9 GE>BD9A<9 A4CD46?9AB CB D48<GEG > J9AFDG FD49>FBD<< 86<:9A<S, 
I4D4>F9D<;G9F <;@9A9A<9 A4CD46?9A<S E>BDBEF< < BCD989?S9FES: 

           (4) 

4. &D49>FBD<S 86<:9A<S 3 QFB 79B@9FD<K9E>B9 @9EFB CB?B:9A<= F9?4 6 >4:8O= @B-
@9AF 
6D9@9A<. 
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#D<@9D D9L9A<O ;484K: 
Пример 1: 
�6FB@B5<?P 86<:9FES CB >DG7?B@G 4DBKAB@G @BEFG D48<GE4 r=50 @ EB7?4EAB GD46A9-

A<R S=0,2t
3
-t

2
+0,6t  (S 3 [@], t 3 [E]). 

#BEFDB<FP 7D4H<>< C9D9@9M9A<S, E>BDBEF< < >4E4F9?PAB7B GE>BD9A<S 8?S C9D6OI 
CSF< E9>GA8 86<:9A<S. !4 BEAB64A<< 4A4?<;4 CBEFDB9AAOI 7D4H<>B6 G>4;4FP: GK4EF>< 
GE>BD9AAB7B < ;4@98?9AAB7B 86<:9A<S. "CD989?<FP CB?AB9 GE>BD9A<9 46FB@B5<?S 6 @B-
@9AF 6D9@9A< 2 E9>GA8O. 

�4AB: 
�4>BA 86<:9A<S 46FB@B5<?S S=0,2t

3
-t

2
+0,6t;  t=5 @<A.  

!4=F<: v0 ,  4 t 0 ;  t  CD< v=0, 4 t=0; 4  CD< t=2 E.  
$9L9A<9: 

1)  !4=F< GD46A9A<S E>BDBEF<: 
v=dS \dt=(0,2t

3
-t

2
+0,6t)

'
=0,6 t

2
-2t+0,6 

CD<  t=0 @<A v0=0,6 @ \E;  
CD< v=0 0,6 t

2
-2t+0,6=0 BFER84 

3,02

3,03,0411
2,1 


t  

t1=3 E; t2=0,3 E.  
2) !4=F< GD46A9A<9 GE>BD9A<S 

4 t=dv \dt=(0,6 t
2
-2t+0,6)

'
=1,2 t-2 

4) CD< t=0 @<A 4 t= -2 @ \E2
;  

5) CD< 4 t=0 1,2 t-2=0 BFER84 t=1,7 E.  
3) �?S CBEFDB9A<S 7D4H<>B6 EBEF46<FP E6B8AGR F45?<JG K<E?9AAOI ;A4K9A<= C4D4-

@9FDB6 86<:9A<S 46FB@B5<?S (F45.) 
&45?<J4  3 $4EK9FAO9 84AAO9 

�A4K9A<S t; E 0 1 2 3 4 5 

S=0,2t3-t2+0,6t; @ 0 -0,2 -1,2 -1,8 -0,8 3 

v=0,6t2-2t+0,6; @\E 0,6 -0,8 -1 0 2,2 5,6 

4t=1,2t-2; @\E2 -2 -0,8 0,4 1,6 2,8 4 

4) "CD989?<FP CB?AB9 GE>BD9A<9 46FB@B5<?S 6 @B@9AF 6D9@9A< 2 E9>GA8O 

22

nt aaa      (5) 

4 t 2=0,4 @ \E2
;  4n 2=(v2)

2
\R=(-1)

2
\50=0,02 @ \E2

;  

BFER84  

4,002,04,0
22 a @ \E2

.  

"F69F: v0=0,6 @ \E;  v=0, t1=3 E, t2=0,3 E; 4 t=0, t=1,7 E; 42=0,4 @/E2
 

5) #B D9;G?PF4F4@ D4EK9F4 <; E6B8AB= F45?<JO EFDBSFES 7D4H<><: 
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$<EGAB>  3 �D4H<> ;46<E<@BEF< S-t 

 

$<EGAB>  3 �D4H<> ;46<E<@BEF< v-t 

 

 

 

 

$<EGAB>  3 �D4H<> ;46<E<@BEF< a-t 

 

 

0 -0,2 

-1,2 
-1,8 

-0,8 

3 

-3

-2

-1

0

1

2

3

4

S
, 
м

 

t, c 

7Dаф8к 7а68E8моEF8 S -v 

0,6 

-0,8 -1 

0 

2,2 

5,6 

-2

-1

0

1

2

3

4

5

6

v
, 
м

\E
 

t, c 

7Dаф8к 7а68E8моEF8 v-t 

-2 

-0,8 

0,4 

1,6 

2,8 

4 

-3
-2
-1
0
1
2
3
4
5

a
, 
м

\E
2 

t, c 

7Dаф8к 7а68E8моEF8 a-t 
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"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
1. &9@4 D45BFO. 
2. *9?P D45BFO. 
3. �484A<9. 
4. $9L9A<9 ;484K. 
5. �O6B8 CB ;484K9. 

 

�4D<4AFO ;484A<= 

�484A<9:  �6FB@B5<?P 86<:9FES CB >DG7?B@G 4DBKAB@G @BEFG D48<GE4 r EB7?4EAB 
GD46A9A<R S=�t

3+�t
2+%t+D (S 3 [@], t 3[E]).  

#BEFDB<FP 7D4H<>< C9D9@9M9A<S, E>BDBEF< < >4E4F9?PAB7B GE>BD9A<S 8?S C9D6OI 
CSF< E9>GA8 86<:9A<S. !4 BEAB64A<< 4A4?<;4 CBEFDB9AAOI 7D4H<>B6 G>4;4FP: GK4EF>< 
GE>BD9AAB7B < ;4@98?9AAB7B 86<:9A<S. "CD989?<FP CB?AB9 GE>BD9A<9 46FB@B5<?S 6 @B-
@9AF 6D9@9A< 869 E9>GA8O.  

�4AAO9 E6B97B 64D<4AF4 6;SFP <; F45?<JO. 

$<EGAB> 3 $4EK9FA4S EI9@4.&45?<J4  3 �4AAO9 > ;484K9 

� 
0,2 0,5 0,3 0,1 0,4 

� D 

C 3 -1 2 -4 5 

r  @  30 20 60 40 10 

№
 6
4D
<4
AF
4 
< 
;4
84
K<

 

01 02 03 04 05 -4 10 

06 07 08 09 10 2 12 

11 12 13 14 15 -8 14 

16 17 23 24 20 -6 16 

21 22 18 19 25 2 -5 

26 27 28 29 30 3 -1 

31 32 33 34 35 -1 8 

 

�BAFDB?PAO9 6BCDBEO: 
1 "5NSEA<FP 6OD4:9A<9 5 ;484FP  86<:9A<9 FBK>< 6? 

2 �4><9  ECBEB5O  ;484A<S  86<:9A<S  FBK><  <ECB?P;GRFES  CD< BC<E4A<<  86<-
:9A<S  <  CD<  D9L9A<< ;484K?  

v 

r 
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3 �4>  BCD989?SRFES 69>FBDO E>BDBEF< <  GE>BD9A<S FBK><  CD<   69>FBDAB@   ECB-
EB59  ;484A<S  99 86<:9A<S? 

4 �4> CB 69?<K<A9  <  CB  A4CD46?9A<R  BCD989?SRFES 69>FBDO  E>BDBEF<  <  GE>B-
D9A<S FBK><  CD< >BBD8<A4FAB@  ECBEB59  ;484A<S  86<:9A<S? 

5 +FB ;4849FES CD<  9EF9EF69AAB@ ECBEB59  ;484A<S  86<:9A<S FBK><? 
6 �4>  BCD989?S9FES CB 69?<K<A9, KFB  I4D4>F9D<;G9F  <  >4> A4CD46?9AB  >4E4-

F9?PAB9 GE>BD9A<9 FBK><? 

7 �4>  BCD989?S9FES  CB  69?<K<A9,  KFB  I4D4>F9D<;G9F  <  >4> A4CD46?9AB  ABD-
@4?PAB9  GE>BD9A<9  FBK><? 

8 �4>  BCD989?S9FES  CB  69?<K<A9 < A4CD46?9A<R CB?AB9 GE>BD9A<9 FBK><? 

9 �4> C9D9=F< BF >BBD8<A4FAB7B ECBEB54 ;484A<S 86<:9A<S > 9EF9EF69AAB@G? 
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#D4>F<K9E>B9 ;4AOF<9 №7 

CB F9@9 ««�6<:9A<9 F9?4 6B>DG7 A9CB86<:AB= BE<»». 
!4<@9AB64A<9: «"CD989?9A<9 BEAB6AOI ><A9@4F<K9E><I < 8<A4@<K9E><I I4D4>F9D<EF<> 
54D454AAB= ?9598><». 
Ц9?P ;4AOF<O: A4GK<FES <ECB?P;B64FP HBD@G?O CBEFGC4F9?PAB7B < 6D4M4F9?P-AB7B 86<-
:9A<S < BEAB6AB7B ;4>BA4 8<A4@<><. 

!9B5IB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 
4. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
5. �<A9=>4, >4D4A84L, D9;<A>4. 
6.  <>DB>4?P>G?SFBD. 

#BDO8B> 6OCB?A9A<O ;484A<O: 
#B AB@9DG 6 :GDA4?9 CB?GK<FP ;484A<9.  
#D< D9L9A<< ;484K A9B5IB8<@B GK<FO64FP, KFB 8?S CBEFGC4F9?PAB7B 86<:9A<S F9?4 CD<-
@9A<@O 6E9 HBD@G?O ><A9@4F<>< FBK><. 
#D< D9L9A<< ;484K< A9B5IB8<@B <ECB?P;B64FP E?98GRM<9 ;46<E<@BEF<: 

 

� E?GK49 D46AB@9DAB7B 86<:9A<S 89=EF6GRM4S A4 F9?B E<EF9@4 E<? S6?S9FES GD46AB69-
L9AAB=, 6 E?GK49 A9D46AB@9DAB7B 3 A9GD46AB69L9AAB=. 
 

84AAB@ E?GK49 CD<@9AS9FES @9FB8 ><A9FBEF4F<><: 8B546?S9FES > 84AAB= E<EF9@9 E<?4 
<A9DJ<<: 

F = - m·4 
< D4EE@4FD<649FES GE?B6AB9 D46AB69E<9 F9?4: 
 

 

1. "CD989?S9@ G7?B6O9 ><A9@4F<K9E><9 I4D4>F9D<EF<>< 86<:9A<S 54D454A4. 
2. "CD989?S9@ ?<A9=AO9 ><A9@4F<K9E><9 I4D4>F9D<EF<>< 86<:9A<S 54D454A4. 
3. $4EE@4FD<649@ D46AB69E<9 84AAB= E<EF9@O E<? EB7?4EAB CD<AJ<CG ><A9FBEF4F<>< 

4. "CD989?S9@ @BMABEFP A4 FDBE9 CB HBD@G?9 $ = F • ν 

5. % GK9FB@ �#� A4IB8<@ CBFD95?S9@GR @BMABEFP 

 

#D<@9D: 
 

#D< C9D9@9M9A<< 7DG;4 CD<@9AS9FES 54D454AA4S ?9598>4, CD<6B8 >BFBDO= EBEFB<F <; 
Q?9>FDB86<74F9?S, D98G>FBD4. �4D454A E?G:<F 8?S CD9B5D4;B64A<S 6D4M4F9?PAB7B 86<:9-
A<S 6 CBEFGC4F9?PAB9. �<4@9FD 54D454A4 d = 0,2@., 4 GD46A9A<9 6D4M9A<S  
Å = 30t +6t2. 
 �?S @B@9AF4 6D9@9A< t=0,5c BCD989?<FP 6E9 ><A9@4F<K9E><9 I4D4>F9D<EF<>< 86<:9A<S 
54D454A4, FBK>< A4 97B B5B89, 4 F4>:9 7DG;4. !4CD46?9A<9 86<:9A<S 7DG;4 669DI. "CD989-
?<FP @4EEG C9D9@9M49@B7B 7DG;4, 9E?< CBFD95?S9@4S @BMABEFP 86<74F9?S 6 QFBF @B@9AF 
6D9@9A< $=16.1>�F, �.#.�. = 0.75. 
 #D< D4EK9F9 GE>BD9A<9 E6B5B8AB7B C489A<S CD<ASFP D46AO@ 10@/E2. 
$9L9A<9: 
 

1. "CD989?S9@ G7?B6O9 ><A9@4F<K9E><9 I4D4>F9D<EF<>< 54D454A4: '7B? CB6BDBF4 54D454-
A4 ;4 6D9@S t = 0,5c 
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Å = 30 · 0,5 + 6 · 0.5 = 16.5D48 

 

G7?B64S E>BDBEFP 54D454A4 
 

ω = (Å) ' = (30t+ 6t2 ) ' = 30 + 12t = 30 + 12 · 0.5 = 36D48/E 

 

'7?B6B9 GE>BD9A<9 54D454A4 

 

= (ω) ' = (30 + 12t)' = 12D48/E2 

 

2. "CD989?S9@ ?<A9=AO9 ><A9@4F<K9E><9 I4D4>F9D<EF<>< A4 B5B89 54D454A4 $4EEFBSA<9, 
CDB=89AAB9 FBK>B=: 
 

S = Å R = 16.5 · 0.1 = 1.65 @ 

 

%>BDBEFP FBK>< 

 

V = ω · R = 36 · 0.1 = 3.6 @/E 
�4E4F9?PAB9 GE>BD9A<9 
 

aô  = · · R =12 · 0.1 = 1.2 @/E2
 

 

!BD@4?PAB9 GE>BD9A<9 
 

 

 

 

�<A9@4F<K9E><9 I4D4>F9D<EF<>< 86<:9A<S 7DG;4 D46AO EBBF69FEF-6GRM<@ I4D4>F9D<EF<-
>4@ ?R5B= FBK>< FS7B6B7B FDBE4, 4 ;A4K<F < FBK>9 �, ?9:4M9= A4 B5B89 54D454A4. 
 

3. !4 7DG; 89=EF6G9F E<EF9@4 E<?: E<?4 FS7< FDBE4 F, E<?4 FS:9EF< 7DG-;4 G=m·g. �4@9F<@, 
KFB 69>FBDO E<?O F 6E9784 A4CD46?9AO 6 EFBDBAG 54D4-54A4, 6 >4>GR 5O EFBDBAG A9 C9D9-
@9M4?ES 7DG;. %B7?4EAB CD<AJ<CG �4-?4@59D4 E<EF9@4 E<?, 89=EF6GRM<I A4 F9?B, 86<:G-
M99ES A9D46AB@9DAB, 5G89F EK<F4FPES GD46AB69L9AAB=, 9E?< > A9= CD<546<FP E<?G <A9D-
J<< 

 

F=m·a 
 

%BEF46<@ E<EF9@G GE?B6AB7B D46AB69E<S 8?S 7DG;4. 
 

Fy = 0  F-G-F< = F-m · g 3 m · a = 0  F=m (10+1.2) = 11.2m. 
 

 BMABEFP A4 FDBE9 S6?S9FES CB?9;AB= < CD< CBEFGC4F9?PAB@ 86<-:9A<< 6OK<E?S9FES CB 
HBD@G?9: P=F · U= 11.2 m · 3.6 = 40.3m 

 

�; HBD@G?O �.#.�.= $CB?/$;4FD.  $CB?. = $;4FD · �.#.�. 
 

 4EE4 7DG;4 m = $CB?./40.3 =(16.1· 0.75·1000)/40.3 = 300>7, 
 

789 1000 - C9D96B8AB= >BQHH<J<9AF >�F 6 �F. 
 

"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
1. &9@4 D45BFO. 
2. *9?P D45BFO. 
3. �484A<9. 
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4. $9L9A<9 ;484K. 
5. �O6B8 CB ;484K9. 
 

�484A<9. �9DF<>4?PAB9 C9D9@9M9A<9 7DG;4 @4EEB= m BEGM9EF6?S9FES ?9598>B=, EBEFBS-
M9= <; 86<74F9?S, D98G>FBD4 < 54D454A4. �484AB GCD46?9A<9 86<:9A<9@ 54D454A4. "CD989-
?<FP CBFD95?S9@GR @BMABEFP 86<74F9?S 6 @B@9AF 6D9@9A< t. 
 

№ 'D46A9A<9 !4CD46?9A<9 �<4@9FD  4EE4 �D9@S �.#.�. 
64D. 86<:9A<S  @ >7 E  

1 Å =15t + 5ț2 669DI 0.1 120 3 0.75 

2 Å =35ț + 3ț2 669DI 0.1 120 3 0.75 

3 Å =15ț +7ț2 669DI 0.1 200 3 0.75 

4 Å =29ț + 5ț2 6A<; 0.1 150 1 0.75 

5 Å =5ț + 0,7ț2 669DI 0.1 100 1 0.75 

6 Å =7ț - 0,9ț2 6A<; . 0.1 120 3 0.9 

7 Å =3ț +1,5ț2 669DI 0.2 140 2 0.88 

8 Å =9ț 3 1,1 ț2 669DI 0.2 110 2 0.88 

9 Å =19ț + 3ț2 6A<; 0.2 115 2 0.88 

10 Å =23ț -3ț2 6A<; 0.2 110 2 0.88 

11 Å =20ț + 8ț2 669DI 0.2 150 2 0.88 

12 Å =20ț - 4ț2 6A<; 0.2 120 2 0,78 

13 Å =10ț + 6ț2 6A<; 0.15 120 2 0.78 

14 Å =18ț - 2ț2 669DI 0.12 200 3 0.78 

15 Å =2ț + 0,6ț2 669DI 0.1 150 3 0.78 

16 Å =4ț - 0,8ț2 6A<; 0.14 100 2.5 0.78 

17 Å =2ț + 0,8ț2 6A<; 0.08 120 2 0.85 

18 Å =12ț  - 0,8ț2 669DI 0.02 140 3 0.85 

19 Å =12ț + 2ț2 669DI 0.1 110 4 0.85 

20 Å = 18ț - 2ț2 6A<; 0.1 115 3 0.85 

21 Å =10ț - 4ț2 6A<; 0.1 110 2 0.85 

22 Å =8ț  + 6ț2 669DI 0.2 150 2 0.85 

23 Å =9 ț  + 8ț2 669DI 0.2 120 3 0.78 

24 Å =11ț + 7ț2 669DI 0.2 120 3 0.78 

25 Å =12ț - 7ț2 6A<; 0.1 200 2 0.78 

26 Å =15ț  - 10ț2 6A<; 0.2 150 1 0.78 

27 Å =15ț + 10ț2 669DI 0.1 100 1 0.78 

28 Å =7ț + 4ț2 669DI 0.2 120 2 0.78 

29 Å =9ț - 8ț2 6A<; 0.2 440 2 0.78 

30 Å =8ț - 7ț2 6A<; 0.2 110 3 0.78 

31 Å = 15ț + 4ț2 669DI 0.1 115 2 0.78 

32 Å =10ț + 5ț2 669DI 0.2 110 3 0.78 

 

 

 

 

 

 

 

 

 

$<EGAB>  - %I9@4 ?95T8><: 1. �6<74F9?P 2. $98G>FBD 3. �4D454A 4. �DG; 
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�BAFDB?PAO9 6BCDBEO: 
 

1. �4=F9 BCD989?9A<9 E>BDBEF< FBK><. 
2. +FB A4;O649FES >4E4F9?PAO@ GE>BD9A<9@? 

3. +FB F4>B9 ABD@4?PAB9 GE>BD9A<9? 

4. (BD@G?4 D46AB@9DAB7B CDS@B?<A9=AB7B 86<:9A<S. 
5. %HBD@G?<DG=F9 6FBDB= ;4>BA 8<A4@<><. 
6. +FB F4>B9 @4EE4 F9?4? 

7. +FB <;GK49F 8<A4@<>4? 

8. %CBEB5O ;484A<S 86<:9A<S @4F9D<4?PAB= FBK><. 
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#D4>F<K9E>B9 ;4AOF<9 №8,9 

CB F9@9 «"EAB6AB= ;4>BA 8<A4@<>< < CD<AJ<C �4?4@59D4». 
!4<@9AB64A<9: «"EAB6AB= ;4>BA 8<A4@<>< < CD<AJ<C �4?4@59D4». 
Ц9?P ;4AOF<O: "FD45BF4FP A46O>< < G@9A<S 6 D9L9A<< ;484K. 
!9B5IB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 

1. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
2. �<A9=>4, >4D4A84L, D9;<A>4. 
3.  <>DB>4?P>G?SFBD. 
4.  

#BDO8B> 6OCB?A9A<O ;484A<O: 
1. #B?GK<FP 64D<4AF G CD9CB8464F9?S. 
2. �?S 6OCB?A9A<S D45BFO A9B5IB8<@B ;A4FP: 
"EAB6AB= ;4>BA 8<A4@<><:  
'E>BD9A<9, CD<B5D9F9AAB9 F9?B@ CB8 89=EF6<9@ A9>BFBDB= E<?O, CDBCBDJ<-

BA4?PAB 69?<K<A9 QFB= E<?O < A4CD46?9AB 6 FG :9 EFBDBAG. 

 

F=ma,     (1) 

789    :        
- D46AB89=EF6GRM4S E<?4, D46A4S EG@@9 >648D4FB6 CDB9>J<= D46AB89=EF6GRM9= 
A4 869 C9DC9A8<>G?SDAOI BE<;  

m 3 @4EE4 F9?4;  
a=      i- GE>BD9A<9, CD<B5D9F9AAB9 F9?B@ CB8 89=EF6<9@ A9E>B?P><I E<? 

(4>E<B@4 B A9;46<E<@BEF< 89=EF6<S E<?).  
 #D<AJ<C �4?4@59D4:  
�>F<6AO9 E<?O, D94>J<< E6S;9= (BCBD) < E<?4 <A9DJ<< B5D4;GRF GD46AB69-

L9AAGR  
E<EF9@G E<?, F.9. 9E?< > E<?4@, 89=EF6GRM<@ A4 F9?B, 86<:GM99ES E GE>BD9A<9@, 
8B546<FP E<?G <A9DJ<<, FB <I @B:AB CD98EF46<FP 6 D46AB69E<< 

 

           
      

i  + 
      

i  +
 F<A = 0               (2) 

 

789       i -79B@9FD<K9E>4S EG@@4 6A9LA<I E<?.       i 379B@9FD<K9E>4S EG@@4 D94>J<= E6S;9= (BCBD) 
F<A- E<?4 <A9DJ<<, >BFBD4S BCD989?S9FES: 
 

#D<@9D D9L9A<O ;484K. 
Пример 1.  

&9?B @4EEB= m=60 >7 C9D9@9M49FES CB A4>?BAAB= CB69DIABEF< E GE>BD9A<9@ 
a=4@/E E CB@BMPR E<?O F. "CD989?<FP E<?G FS7< F, 9E?< >BQHH<J<9AF FD9A<S 
fFD=0,2. 

�4AB:m=60>7, 4=4@ôE, f=0,2 

"CD989?<FP: F 
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4)       5) 

$<EGAB> 3 $4EK9FA4S EI9@4 

$9L9A<9:  

1) % CD<@9A9A<9@ BEAB6AB7B ;4>BA4 8<A4@<>< (D<E.4).  
 

F = ma,  

789     :        
F y = R - G  cos30

0
 = 0, F.>. 4y = 0 (F9?B 86<:9FES CB BE< I);  

R = G  cos30
0
 = mg  cos30

0
 = 60 9,81 0,866 = 510(H ); 

F x = F - FB@ - G  cos60
0
 = m a ; 

 789  
F= f  R = 0,2  510 = 102(H );  

a∑=ax=a;  

F = FB@ + G cos 60o + m  a; 

         F= 102 + 294,3 +240 = 636,3 (H) 

"F69F: F=636,3 ! 

2) % CD<@9A9A<9@ CD<AJ<C4 �4?4@59D4 (D<E. 6.1 5).  

4y = 0, E?98B64F9?PAB < F<A G = 0;  

                     i+      i+Fин=0 

 F 3 FFD 3 F<A I 3 Gcos60
0
 = 0;  

        F 3 FFD 3 max 3 mgcos60
0
 = 0; 

        F = FB@ + m  a + mg cos60
o 
;  

        a = ax = 4 @/E2
,  

        F=102 + 240 +294,3 = 636,3 (H).  

        "F69F: F = 636,3 H 

 

 

    Пример 2.  

      �4AB: V=7,5@ôE, m=200>7, l=4@ 

"CD989?<FP D94>J<R A<F<. 
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         4)       5) 

$<EGAB>  3 $4EK9FA4S EI9@4 

 $9L9A<9:  
1) % CD<@9A9A<9@ BEAB6AB7B ;4>BA4 8<A4@<>< (D<E  4).  
F = m a, 789  
 

F∑ = F∑y = R – G; R = F∑y + G;  

 

a∑ = an =V
2
/r, 789 r = l;  

 

a∑ = 7,5
2
/4 = 14,06 (</A2

);  

 

R =m a∑ + mg =m(a∑ +g) = 20(14,06 + 9,81) = 477,4 (H).  

 

2) % CD<@9A9A<9@ CD<AJ<C4 �4?4@59D4 (D<E. 5).  

R – G – F8=n = 0;  

 

R = G + F8=n = mg + man = m(g +V
2
/l);  

 

R = 20(9,81 + 7,5
2
/4) = 477,4 (H). 

 

"F69F: R = 477,4 !.  

 

"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
1. &9@4 D45BFO. 
2. *9?P D45BFO. 
3. �484A<9. 
4. $9L9A<9 ;484K. 
5. �O6B8 CB ;484K9. 
 

�4D<4AFO ;484A<= 

�484A<9:  �A8<6<8G4?PAO9 ;484A<S 8?S 6OCB?A9A<S CD4>F<K9E>B= D45BFO №8. 9 

CD<6989AO 6 F45?<J9. $45BF4 EBEFB<F <; 2-I ;484K. 
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"CD989?<FP C4D4@9FDO 86<:9A<S F9?4 E CD<@9A9A<9@ BEAB6AB7B ;4>BA4 8<-
A4@<>< < CD<AJ<C4 �4?4@59D4.  

&45?<J4 6.1 3 $4EK9FAO9 84AAO9 
№ 

64D. 
%I9@4 β° m, 

>7 
F,  

H 

a, 
@  E2 

fFD V, 

@/E 
l, 

@ 

1  20 20 800  

 

 

? 

0,2 - - 

2 25 30 90 0,18 - - 

3 40 70 1000 0,16 - - 

4 45 80 1200 0,2 - - 

5 50 90 1400 0,2 - - 

6 60 100 850 0,18 - - 

7 15 60 950 0,16 - - 

8 65 70 1100 0,2 - - 

9  15 80 600 1  

 

 

? 

- - 

10 35 90 500 3 - - 

11 45 100 700 4 - - 

12 60 50 820 2 - - 

13 35 40 920 6 - - 

14 40 45 750 3 - - 

15 25 55 630 5 - - 

16 55 65 970 7 - - 

17  - 20 800 - -  

 

 

? 

1,8 

18 - 30 900 - - 1,6 

19 - 70 1000 - - 1,5 

20 - 80 1200 - - 2 

21 - 90 1400 - - 2,5 

22 - 100 850 - - 3 

23 - 60 950 - - 3,5 

24 - 70 1100 - - 4 

25  - 80 900 - - 1,7  

 

 

? 

26 - 90 1100 - - 1,5 

27 - 100 1400 - - 1,6 

28 - 50 820 - - 1,8 

29 - 40 920 - - 2 

30 - 45 750 - - 2,2 

31 - 55 630 - - 2,6 

32 - 65 970 - - 3,2 
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#D4>F<K9E>B9 ;4AOF<9 №10 

CB F9@9 «"5M<9 F9BD9@O 8<A4@<><» 

!4<@9AB64A<9: «"5M<9 F9BD9@O 8<A4@<><».  

Ц9?P ;4AOF<O:  "FD45BF4FP < ;4>D9C<FP A46O>< < G@9A<S 

!9B5IB8<@O9 @4F9D<4?O: 

1. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
2. �<A9=>4, >4D4A84L, D9;<A>4  
3.  <>DB>4?P>G?SFBD. 

 

#BDO8B> 6OCB?A9A<O ;484A<O: 
1. #B AB@9DG 6 :GDA4?9 6OC<E4FP <; F45?<JO AB@9D4 ;484K. 

�?S 6OCB?A9A<S D45BFO A9B5IB8<@B ;A4FP: 
$45BF4 CBEFBSAAB= E<?O F A4 CDS@B?<A9=AB@ GK4EF>9 CGF< S BCD989?S9FES CB HBD@G?9 

 (A4CD46?9A<9  E<?O  EB6C4849F  E A4CD46?9A<9@ C9D9@9M9A<S);  
 BMABEFP 3 QFB D45BF4, EB69DLTAA4S 6 98<A<JG 6D9@9A<  
 

    (1) 

 

BF>G84 K4EFB CD<@9AS9@4S 8?S D4EKTF4 HBD@G?4 BCD989?9A<S @BMABEF<  
 

    (2) 

 

�#� 3 QFB BFABL9A<9 CB?9;AB= @BMABEF< >B 6E9= ;4FD4K9AAB=   

    (.3) 

#D< D9L9A<< A9>BFBDOI ;484K GK<FO64RFES E<?O FD9A<S E>B?P:9A<S, CD< BCD989?9A<< 
>BFBDOI E?98G9F ;A4FP, KFB 

    (4) 

789 Rn −E<?4 ABD@4?PAB7B 846?9A<S; f − >BQHH<J<9AF FD9A<S (CD<6989AAO= >BQHH<J<9AF 
EBCDBF<6?9A<S 86<:9A<R).  

"EAB6AO@< Q?9@9AF4@< 8<A4@<>< CD< D9L9A<< 3-= ;484K< S6?SRFES: F9BD9@4 B5 <;-
@9A9A<<  >B?<K9EF64 86<:9A<S,  F9BD9@4 B5 <;@9A9A<< ><A9F<K9E>B= QA9D7<< CD< CBEFG-
C4F9?PAB@ 86<:9A<< F9?4 < F9BD9@4 B5 <;@9A9A<< ><A9F<K9E>B= QA9D7<< CD< 6D4M4F9?P-
AB@ 86<:9A<< F6TD8B7B F9?4.  

�E?< FBK>4 @4EEB= m, A4IB8SEP CB8 89=EF6<9@ CBEFBSAAB= E<?O F 6 F9K9A<< tc , 86<-
749FES CDS@B?<A9=AB, FB F9BD9@4 B5 <;@9A9A<< >B?<K9EF64 86<:9A<S 6OD4:49FES HBD@G-
?B=   

   (5) 

789 mV-mV0 - 69?<K<A4 <;@9A9A<S CDB9>J<< >B?<K9EF64 86<:9A<S A4 BEP, EB6C484-
RMGR E A4CD46?9A<9@ 86<:9A<S; 

F t  - CDB9>J<S <@CG?PE4 E<?O A4 FG:9 BEP.  
�E?<, D4EE@4FD<64S 89=EF6<9 E<?O F A4 @4F9D<4?PAGR FBK>G @4EEB= m , GK<FO64FP 

A9CDB8B?:<F9?PABEFP 9T 89=EF6<S, 4 CDBFS:TAABEFP, FB 9EFP FB D4EEFBSA<9, A4 >BFBDB@ 
89=EF6G9F E<?4, FB CB?GK<@ F9BD9@G B5 <;@9A9A<< ><A9F<K9E>B= QA9D7<< FBK><  

       (6) 

789  
W 3 D45BF4 6E9I E<?, CD<?B:9AAOI > FBK>9; 

− ><A9F<K9E>4S QA9D7<S FBK>< 6 A4K4?9 < >BAJ9 89=EF6<S E<?.  
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�;@9A9A<9 ><A9F<K9E>B= QA9D7<< CD< 6D4M4F9?PAB@ 86<:9A<< F9?4 F4>:9 D46AB D4-
5BF9, AB CD< 6D4M9A<<. �89EP D45BF4 CDB<;6B8<FES A9 E<?B=, 4 @B@9AFB@ E<?O CD< CB6B-
DBF9 F6TD8B7B F9?4 A4 A9>BFBDO= G7B? ϕ , F.9. < FB784 ;4>BA <;@9A9A<S ><A9F<-
K9E>B= QA9D7<< F6TD8B7B F9?4 CD< 6D4M9A<<  

  (7) 

789  
Iz 4 @B@9AF <A9DJ<< F6TD8B7B F9?4 BFABE<F9?PAB BE< Z;  

 ω0 ,ω4 G7?B6O9 E>BDBEF< EBBF69FEF69AAB 6 A4K4?9 < >BAJ9 6D4M9A<S.  
 

#D< D9L9A<< ;484K D9>B@9A8G9FES F4>4S CBE?98B64F9?PABEFP:  
1 �O89?<FP FBK>G, 86<:9A<9 >BFBDB= D4EE@4FD<649FES 6 84AAB= ;484K9.  
2 �OSEA<FP, >4><9 4>F<6AO9 E<?O 89=EF6GRF A4 FBK>G, < <;B5D4;<FP <I A4 D<EGA-
>9. 
3 "E6B5B8<FP FBK>G BF E6S;9=, ;4@9A<6 <I D94>J<S@<.  
4 �O5D4FP D4ECB?B:9A<9 BE9= >BBD8<A4F <, CD<@9A<6 A9B5IB8<@O= ;4>BA <?< 
F9BD9@G, D9L<FP ;484KG. 
 

#D<@9D D9L9A<O ;484K<.  
 

�?S BEF4AB6>< CB9;84, 86<:GM97BES CB CDS@B?<A9=AB@G GK4EF>G CGF< EB E>BDBEFPR 
V=10@/E,  CDB<;6B8<FES  FBD@B:9A<9.  +9D9;  E>B?P>B  E9>GA8  BEF4AB6<FES CB9;8, 9E?< 
CD< FBD@B:9A<< D4;6<649FES CBEFBSAA4S E<?4 EBCDBF<6?9A<S, D46A4S 0,02 E<?O FS:9EF< 
CB9;84? �4>B= CGFP CB9;8 CDB=8TF 8B BEF4AB6><?  

$9L9A<9:  
#B9;8 EB69DL49F CBEFGC4F9?PAB9 86<:9A<9. $4EE@4FD<64S 97B >4> @4F9D<4?PAGR 

FBK>G   (D<E.7.1), 86<:GMGRES 6 A4CD46?9A<< BE< Ox ,G>4:9@ 89=EF6GRM<9 E<?O: G 3 

E<?4 FS:9EF< CB9;84, Rn 3 ABD@4?PA4S D94>J<S D9?PEB6, FF 3 E<?4 EBCDBF<6?9A<S, A4CD46-
?9AA4S CDBF<6BCB?B:AB 69>FBDG E>BDBEF<. %<?O G < Rn GD46AB69L<64RFES EB7?4EAB 4>-
E<B@9 89=EF6<S < CDBF<6B89=EF6<S. 

 
 

$<EGAB> 3 $4EK9FA4S EI9@4 

 
#B F9BD9@9 B5 <;@9A9A<< >B?<K9EF64 86<:9A<S @4F9D<4?PAB= FBK>< 6 CDB9>J<< A4 BEP Ox   

 
�?S BCD989?9A<S CDB=89AAB7B CGF< CB9;8B@ 8B 97B BEF4AB6>< 6BECB?P;G9@ES F9BD9@B= B5 
<;@9A9A<< ><A9F<K9E>B= QA9D7<<: 
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$45BF4 E<? FBD@B:9A<S BFD<J4F9?PA4  CBQFB@G 

 
< CGFP, CDB=89AAO= CB9;8B@: 

 
"F69F: S=225 @. 
 

"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
1. &9@4 ;4ASF<S; 
2. *9?P ;4ASF<S; 
3. �EIB8AO9 84AAO9 <; F45?<JO; 
4. �;B5D4:9A<9 EI9@ E CD<?B:9AAO@< E<?4@<; 

5. �O6B8. 
 

%B89D:4A<9 ;484A<O: �A8<6<8G4?PAO9 ;484A<S 8?S 6OCB?A9A<S CD4>F<K9E>B= D45BFO 
№10 CD<6989AO 6 F45?<J9. $45BF4 EBEFB<F <; 2-I ;484K. 
 

&45?<J4 3 $4EK9FAO9 84AAO9 
№ 64D<4AF4 �484K4  �BAFDB?PAO= 6BCDBE 

1 1 10 1 11 4 

2 2 11 2 12 5 

3 3 12 3 13 6 

4 4 13 4 14 11 

5 5 14 5 15 12 

6 6 15 6 1 13 

7 7 16 7 2 14 

8 8 17 8 3 15 

9 9 18 9 4 16 

10 10 19 10 5 8 

11 11 20 11 6 9 

12 12 21 12 7 10 

13 13 22 13 8 1 

14 14 23 14 9 2 

15 15 1 15 10 3 

16 16 2 16 11 4 

17 17 3 1 12 5 

18 18 4 2 13 6 

19 19 5 3 14 7 

20 20 6 4 15 8 

21 21 7 5 16 9 

22 22 8 6 1 10 

23 23 9 7 2 11 

24 1 16 8 3 12 

25 2 17 9 4 13 

26 3 18 10 5 14 

27 4 19 11 6 15 
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28 5 20 12 7 16 

29 6 21 13 8 1 

30 7 22 14 9 2 

31 8 23 15 10 3 

32 9 1 16 11 4 

 

�484K< 

1. �?S CB8NT@4 5000 @3 6B8O A4 6OEBFG 3 @ CBEF46?9A A4EBE E 86<74F9?9@ @BMABEFPR 2 
>�F. %>B?P>B 6D9@9A< CBFD95G9FES 8?S C9D9>4K>< 6B8O, 9E?< �#� A4EBE4 D469A 0,8?  

2. &D4AECBDFTD CB8A<@49F 7DG; @4EEB= 200 >7 ;4 6D9@S, D46AB9 B8AB= E9>GA89. �?<A4 
?9AFO FD4AECBDFTD4 3 @, 4 G7B? A4>?BA4 α=300. �#� FD4AECBDFTD4 EBEF46?S9F 85%. "CD989?<FP 
@BMABEFP, D4;6<649@GR  Q?9>FDB86<74F9?9@ FD4AECBDFTD4.  

3. &BK<?PAO= >4@9AP 8<4@9FDB@ d = 0,5 @ 89?49F 120 B5/@<A. "5D454FO649@4S 89F4?P 
CD<:<@49FES > >4@AR E E<?B= F=10 H. �4>4S @BMABEFP ;4FD4K<649FES A4 L?<HB6>G, 9E?< >BQH-
H<J<9AF FD9A<S >4@AS B 89F4?P f = 0,2.  

4. "CD989?<FP D45BFG E<?O FD9A<S E>B?P:9A<S CD< FBD@B:9A<< 6D4M4RM97BES 8<E>4 
8<4@9FDB@  d= 200 @@, E89?46L97B 8B BEF4AB6>< 864 B5BDBF4, 9E?< FBD@B;A4S >B?B8>4 CD<:<@4-
9FES > 8<E>G E E<?B= F=400H. �BQHH<J<9AF FD9A<S E>B?P:9A<S FBD@B;AB= >B?B8>< CB 8<E>G f = 
0,35.  

5. %>BDBEFP E4@B?TF4 CD< BFDO69 BF 6;?TFAB= CB?BEO 8B?:A4 5OFP 360 >@/K. "CD989-
?<FP @<A<@4?PAGR 8?<AG 6;?TFAB= CB?BEO, A9B5IB8<@GR 8?S FB7B, KFB5O ?TFK<> CD< D4;7BA9 
<ECOFO64? C9D97DG;>G, A9 CD96OL4RMGR 97B GFDB9AAO= 69E. �6<:9A<9 EK<F4FP D46ABGE>BD9A-
AO@.  

6. �9DFB?TF, @4EE4 >BFBDB7B E 7DG;B@ 6 F, ;4 2,5 @<A. A45D4? 6OEBFG 2250 @. "CD989?<FP 
@BMABEFP 86<74F9?S 69DFB?TF4.  

7. &D4AECBDFTD CB8A<@49F 7DG; @4EEB= 200 >7 ;4 6D9@S, D46AB9 B8AB= E9>GA89.  
8. �?<A4 ?9AFO FD4AECBDFTD4 3 @, 4 G7B? A4>?BA4 α=300. �#� FD4AECBDFTD4 EBEF46?S9F 

85%.  "CD989?<FP  @BMABEFP,  D4;6<649@GR  Q?9>FDB86<74F9?9@ FD4AECBDFTD4.  
9. #B9;8 <89F EB E>BDBEFPR 36 >@/K.  BMABEFP F9C?B6B;4 300 >�F. %<?4 FD9A<S EBEF46-

?S9F 0,005 69E4 CB9;84. "CD989?<FP 69E 6E97B EBEF464.  
10. �?S  CB8NT@4 5000 @3 6B8O A4 6OEBFG 3 @ CBEF46?9A A4EBE E 86<74F9?9@ @BMABEFPR 2 

>�F. %>B?P>B 6D9@9A< CBFD95G9FES 8?S C9D9>4K>< 6B8O, 9E?< �#� A4EBE4 D469A 0,8?  
11. �<A4@B@9FD, GEF4AB6?9AAO= @9:8G F9C?BIB8B@ < 54D:9=, CB>4;O649F E<?G FS7< 30 

>!, E>BDBEFP 5G>E<DB6>< 18 >@/K, @BMABEFP 86<74F9?S 550 >�F. "CD989?<FP E<?G EBCDBF<6?9A<S 
6B8O >BDCGEG 5G>E<D4, 9E?< �#� E<?B6B= GEF4AB6>< < 6<AF4 D469A 0,4.  

12. &D4AECBDFTD CB8A<@49F 7DG; @4EEB= 200 >7 A4 46FB@4L<AG ;4 6D9@S t=1 c. �?<A4 ?9A-
FO FD4AECBDFTD4 3 @, 4 G7B? A4>?BA4 α=300. �BQHH<J<9AF CB?9;AB7B 89=EF6<S FD4AECBDFTD4 
η=85%. "CD989?<FP @BMABEFP, D4;6<649@GR 97B Q?9>FDB86<74F9?9@.  

13. &D4AECBDFTD CB8A<@49F  7DG; @4EEB= 200 >7 A4 46FB@4L<AG ;4 6D9@S t=1 c. �?<A4 ?9A-
FO FD4AECBDFTD4 3 @, 4 G7B? A4>?BA4 α=300. �BQHH<J<9AF CB?9;AB7B 89=EF6<S FD4AECBDFTD4 
η=85%. "CD989?<FP @BMABEFP, D4;6<649@GR 97B Q?9>FDB86<74F9?9@.  

14. &BK<?PAO= >4@9AP 8<4@9FDB@ d = 0,5 @ 89?49F 120 B5/@<A. "5D454FO649@4S 89F4?P 
CD<:<@49FES > >4@AR E E<?B= F=10 H. �4>4S @BMABEFP ;4FD4K<649FES A4 L?<HB6>G, 9E?< >BQH-
H<J<9AF FD9A<S >4@AS B 89F4?P f = 0,2.  

15. "CD989?<FP D45BFG E<?O FD9A<S E>B?P:9A<S CD< FBD@B:9A<< 6D4M4RM97BES 8<E>4 
8<4@9FDB@  d= 200 @@, E89?46L97B 8B BEF4AB6>< 864 B5BDBF4, 9E?< FBD@B;A4S >B?B8>4 CD<:<@4-
9FES >  8<E>G  E  E<?B= F= 400H. �BQHH<J<9AF FD9A<S E>B?P:9A<S FBD@B;AB= >B?B8>< CB 8<E>G f 
= 0,35.  

16. �B?9EB ;G5K4FB= C9D984K<, C9D984RM9= @BMABEFP  $=12>�F,  6D4M49FES  E G7?B6B= 
E>BDBEFPR ω=20 D48/E. "CD989?<FP B>DG:AGR E<?G, 89=EF6GRMGR A4 ;G5 >B?9E4, 9E?< 8<4@9FD 
>B?9E4 d=360 @@. 

17.  4IB6<> 6D4M49FES 6@9EF9 E 7BD<;BAF4?PAO@ 64?B@, J4CHO (GK4EF><, BC<D4RM<9ES 
A4 CB8L<CA<><) >BFBDB7B <@9RF 8<4@9FD d=100@@. !47DG;>4 A4 >4:8O= <; 86GI CB8L<CA<>B6  
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F=4 >!. #D<6989AAO= >BQHH<J<9AF FD9A<S E>B?P:9A<S 6 CB8L<CA<>4I f=0,05. "CD989?<FP D45B-
FG, ;4FD4K<649@GR A4 CD9B8B?9A<9 FD9A<S ;4 864 B5BDBF4 @4IB6<>4.  

18. !4K46 86<74FPES <; EBEFBSA<S CB>BS, 46FB@B5<?P D4;6<? E>BDBEFP 40>@/K ;4 6D9@S 7 E. 
"CD989?<FP 69?<K<AG E<?O FS7<, EK<F4S 9T CBEFBSAAB=, 9E?< E<?4 EBCDBF<6?9A<S 86<:9A<R  EB-
EF46?S9F 0,1 BF  69E4  46FB@B5<?S,  4 @4EE4  46FB@B5<?S 1200 >7.  

19. �6FB@B5<?P 86<74?ES 6A<; CB G>?BAG E G7?B@ α=15B, BEGM9EF6<? Q>EFD9AAB9 FBD@B-
:9A<9, < CDB=8S CGFP 55 @ BEF4AB6<?ES. %<?4 EBCDBF<6?9A<S 86<:9A<R EBEF46?S9F 0,5 BF 69E4 
46FB@B5<?S. "CD989?<FP, E >4>B= E>BDBEFPR 86<74?ES 46FB@B5<?P 6 A4K4?9 FBD@B:9A<S.  

20. �6FB@B5<?P 86<74?ES 6A<; CB G>?BAG E G7?B@ α=15B, BEGM9EF6<? Q>EFD9AAB9 FBD@B-
:9A<9, < CDB=8S CGFP 90 @ BEF4AB6<?ES. %<?4 EBCDBF<6?9A<S  86<:9A<R EBEF46?S9F 0,5 BF 69E4 
46FB@B5<?S. "CD989?<FP, E >4>B= E>BDBEFPR 86<74?ES 46FB@B5<?P 6 A4K4?9 FBD@B:9A<S.  

21. #D< D9;>B@ FBD@B:9A<< >B?TE4 46FB@B5<?S ;4>?<A<?<EP < BA K9D9; 6 E BEF4AB6<?ES. 
%  >4>B= E>BDBEFPR 86<74?ES 46FB@B5<?P 6 A4K4?9 FBD@B:9A<S, 9E?< >BQHH<J<9AF FD9A<S @9:8G 
CB69DIABEFPR 8BDB7< @ >B?9E4@< 46FB@B5<?S f=0,6? #B69DIABEFP 7BD<;BAF4?PA4S.  

22. &S74K D4;6<64? @BMABEFP 120 >�F, FSA9F E4A< 669DI CB G>?BAG, G7B? >BFBDB7B 10BEB 
E>BDBEFPR v=10 >@/K, @4EE4 E4A9= E 7DG;B@ m=16 F. "CD989?<FP >BQHH<J<9AF FD9A<S  @9:8G E4-
AS@< <  CB?BFAB@  8BDB7<. �4>GR  D45BFG EB69DL49F FS74K A4 B8AB@ ><?B@9FD9 CGF<?  

23. �6FB@B5<?P 86<74?ES 6A<; CB G>?BAG, G7B? >BFBDB7B α=10B, EB E>BDBEFPR 75 >@/K. �B-
8<F9?P A4K<A49F Q>EFD9AAB FBD@B;<FP, BF>?RK<6 86<74F9?P. "CD989?<FP 6D9@S 86<:9A<S 46FB@B-
5<?S 8B CB?AB= BEF4AB6>< < 97B FBD@B;AB= CGFP, 9E?< >BQHH<J<9AF FD9A<S ;4FBD@B:9AAOI >B?9E 
B 8BDB7G 0,3.  
 

 

�BAFDB?PAO9 6BCDBEO 

1 �4> BCD989?S9FES D45BF4 CBEFBSAAB= E<?O A4 CDS@B?<A9=AB@ CGF<?  
2 +FB A4;O649FES @BMABEFPR < >4>B6O 9T 98<A<JO <;@9D9A<S?  
3 �E?< A4  F9?B 89=EF6GRF A9E>B?P>B  E<?,  FB  >4><@ B5D4;B@ @B:AB A4=F< <I  
4 B5MGR D45BFG?  
5 +9@G D46A4 D45BF4 E<?O FS:9EF<? �46<E<F ?< BA4 BF 6<84 FD49>FBD<<?  
6 +FB A4;O649FES 6D4M4RM<@ @B@9AFB@?  9I4A<K9E><@ �#�?  
7 �4> 6OD4:49FES ;46<E<@BEFP @9:8G 6D4M4RM<@ @B@9AFB@ < G7?B6B= E>BDBEFPR 

CD< ;484AAB= @BMABEF<?  
8 �4> BCD989?S9FES ><A9F<K9E>4S QA9D7<S F9?4 CD< 6D4M4F9?PAB@ 86<:9A<<?  
9 �4>B6O 98<A<JO <;@9D9A<S ><A9F<K9E>B= QA9D7<<?  
10 �?S K97B 66989AB QFB CBASF<9 >BQHH<J<9AF4 CB?9;AB7B 89=EF6<S? 

  



44 

 

#D4>F<K9E>B9 ;4AOF<9 №11 

CB F9@9 «$4EFS:9A<9 < E:4F<9». 
!4<@9AB64A<9: «$4EK9F A4 CDBKABEFP EF9D:AS CD< D4EFS:9A<< (E:4F<<)». 
Ц9?P ;4AOF<O ;4>D9C<FP A46O>< D4EK9F4 A4 CDBKABEFP CD< D4EFS:9A<<, (E:4F<<). 
!9B5IB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 

7. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
8. �<A9=>4, >4D4A84L, D9;<A>4. 
9.  <>DB>4?P>G?SFBD. 

#BDO8B> 6OCB?A9A<O ;484A<O: 
1. #B AB@9DG 6 :GDA4?9 CB?GK<FP ;484A<9.  
2. �;B5D4;<FP EFGC9AK4FO= 5DGE E 6A9LA9= A47DG;>B=. 
3. $4;5<FP 5DGE A4 GK4EF><, AG@9D4J<S 3 EB E6B5B8AB7B >BAJ4 5DGE4. 
4. "CD989?<FP E CB@BMPR @9FB84 E9K9A<= 69?<K<AG 6AGFD9AA9= CDB8B?PAB= E<?O A4 >4:-
8B@ GK4EF>9. #B CB?GK9AAO@ 69?<K<A4@ CBEFDB<FP QCRDG 6AGFD9AA<I ABD@4?PAOI E<?. 
5. "CD989?<FP A4 >4:8B@ GK4EF>9 ABD@4?PAB9 A4CDS:9A<9. #BEFDB<FP QCRDG A4CDS:9A<=. 
6. #B HBD@G?9 �G>4 BCD989?<FP C9D9@9M9A<9 >4:8B7B GK4EF>4 5DGE4 < EG@@4DAB9 C9D9-
@9M9A<9. 
"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
6. &9@4 D45BFO. 
7. *9?P D45BFO. 
8. �484A<9. 
9. $9L9A<9 ;484K. 
10. �O6B8 CB ;484K9. 
 

 

�4D<4AFO ;484A<= 

�484A<9:  �6GIEFGC9AK4FO= EF4?PAB= 5DGE, 8?<AO EFGC9A9= >BFBDB7B G>4;4AO A4 EI9@4I, 
A47DG:9A E<?4@< F1 <  F2. #BEFDB<FP QCRDO CDB8B?PAOI E<? < ABD@4?PAOI A4CDS:9A<= 
CB 8?<A9 5DGE4. "CD989?<FP G8?<A9A<9 (G>BDBK9A<9) 5DGE4, CD<AS6 � = 2·105  #4. !B@9D 
EI9@O, K<E?B6O9 ;A4K9A<S E<? < C?BM489= 8?S E6B97B 64D<4AF4 6O5D4FP CB F45?<J9.  

 

№ 64D<-
4AF4 

№  
EI9@O 

 

F1 

>! 

F2 

>! 

�1 

E@2 

�2 

E@2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

3 

4 

5 

6 

7 

8 

9 

10 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

6 

7 

8 

10 

12 

12 

15 

14 

13 

16 

14 

15 

18 

20 

12 

10 

14 

15 

13 

16 

14 

14 

16 

15 

20 

18 

18 

20 

22 

21 

18 

19 

20 

21 

22 

23 

24 

20 

22 

21 

10 

16 

20 

24 

20 

1,0 

0,8 

1,3 

1,4 

1,0 

1,6 

1,5 

2,0 

2,0 

1,6 

1,5 

1,2 

1,5 

1,6 

1,8 

2,0 

0,9 

1,1 

1,6 

1,5 

1,4 

1,6 

2,1 

0,6 

2,0 

1,8 

1,6 

2,4 

2,1 

2,0 

2,1 

2,2 

1,9 

1,9 

2,0 

2,4 

2,5 

2,1 

2,0 

2,1 

2,0 

1,8 
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22 

23 

24 

25 

26 

27 

28 

29 

30 

9 

10 

1 

2 

4 

3 

6 

5 

7 

12 

16 

12 

14 

15 

12 

14 

20 

12 

25 

21 

23 

22 

19 

18 

23 

25 

21 

1,8 

1,6 

1,5 

1,8 

2,0 

1,5 

1,7 

1,8 

1,9 

2,0 

2,2 

2,1 

2,2 

2,6 

2,4 

2,1 

2,2 

2,7 
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�BAFDB?PAO9 6BCDBEO: 
1. �4FP BCD989?9A<9 89HBD@4J<< D4EFS:9A<S. 
2. �4>B= 6AGFD9AA<= E<?B6B= H4>FBD 6B;A<>49F CD< D4EFS:9A<<. 
3. �4FP BCD989?9A<9 ABD@4?PAB7B A4CDS:9A<S. 
4. �4FP BCD989?9A<9 8BCGE>49@B7B A4CDS:9A<S. 
5. %HBD@G?<DG=F9 GE?B6<9 CDBKABEF< 8?S 89HBD@4J<< D4EFS:9A<S (E:4F<S). 

  

1 

 

2 

 
3 

 

4 

 
5 

 

6 

  
7 

 

8 

 
9 

 

10 

 

70 

F1 

F2 

110 130 

A1 
A2 

50 

F1 

F2 

130 120 

A1 
A2 

70 

F1 

F2 

100 150 

A1 
A2 

90 

F2 

110 130 

A1 
A2 

70 

F1 

F2 

110 130 

A1 
A2 

50 

F1 

F2 

150 100 

A1 
A2 

70 

F1 

F2 

160 120 

A1 
A2 

70 

F1 

F2 

110 130 

A1 
A2 

60 

F1 

F2 

130 130 

A1 
A2 

70 

F1 

F2 

140 120 

A1 
A2 

F1 
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#D4>F<K9E>B9 ;4AOF<9 №12 

CB F9@9 «#D4>F<K9E><9 D4EK9FO A4 ED9; < E@SF<9». 
!4<@9AB64A<9: $4EK9FO A4 ED9; < E@SF<9 
Ц9?P ;4AOF<O: "FD45BF4FP < ;4>D9C<FP A46O>< < G@9A<S. 
!9B5IB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 

10. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
11. �<A9=>4, >4D4A84L, D9;<A>4. 
12.  <>DB>4?P>G?SFBD. 

#BDO8B> 6OCB?A9A<O ;484A<O: 
1. #B AB@9DG 6 :GDA4?9 CB?GK<FP ;484A<9.  
2. �OCB?A<FP D4EK9F. 
"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
11. &9@4 D45BFO. 
12. *9?P D45BFO. 
13. �484A<9. 
14. $9L9A<9 ;484K. 
15. �O6B8 CB ;484K9. 
 

�BAFDB?PAO9 6BCDBEO: 
1. �4=F9 BCD989?9A<9 89HBD@4J<S@ ED9;4 < E@SF<S.  
2. +FB F4>B9 D4EK9FAB9 EBCDBF<6?9A<9 A4 ED9; < E@SF<9?  
3. �4>B6O GE?B6<S CDBKABEF< CD< D4EK9F9 A4 ED9; < E@SF<9?  
4. #DB69D<FP CDBKABEFP ;4>?9CBKAB7B EB98<A9A<S A4 ED9; < E@SF<9, 9E?< F = 60 >!;  
[Äc] = 100  #4; ó= 240  #4; d = 20 @@: z = 3 E@ 
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�BAFDB?PAO9 6BCDBEO: 
1. �4><9 @9I4A<K9E><9 A4CDS:9A<S 6B;A<>4RF CD< ED9;9? 

2. �4><9 @9I4A<K9E><9 A4CDS:9A<S 6B;A<>4RF CD< E@SF<<? 

3. 'E?B6<9 CDBKABEF< CD< ED9;9. 
4. 'E?B6<9 CDBKABEF< CD< E@SF<<. 
5. #D< >4>B@ GE?B6<< 6B;A<>49F 89HBD@4J<S ED9;4?  
6. +FB F4>B9 89HBD@4J<S E@SF<S? 
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#D4>F<K9E>B9 ;4AOF<9 №13, 14 

CB F9@9 «�9B@9FD<K9E><9 I4D4>F9D<EF<><». 
!4<@9AB64A<9: «"CD989?9A<9 7?46AOI J9AFD4?PAOI @B@9AFB6 <A9DJ<< EBEF46AOI E9K9-
A<=» 

Ц9?P ;4AOF<O: !4GK<FPES CB?P;B64FPES F45?<J4@<, BCD989?SFP 7?46AO9 J9AFD4?PAO9 BE9-
6O9 @B@9AFO <A9DJ<<. 
!9B5IB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 
1. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
2. �<A9=>4, >4D4A84L, D9;<A>4. 
3.  <>DB>4?P>G?SFBD. 
#BDO8B> 6OCB?A9A<O ;484A<O: 
1. �OC<E4FP <; F45?<J EBDF4@9AF4 6 EBBF69FEF6<< E �"%&B@ 79B@9FD<K9E><9 I4D4>F9-
D<EF<>< CDB>4FAOI CDBH<?9=. 
2. �O5D4FP E<EF9@G 6ECB@B74F9?PAOI BE9=. 
3. "CD989?<FP >BBD8<A4FO J9AFD4 FS:9EF< CDBEFOI E9K9A<=. 
4. "CD989?<FP >BBD8<A4FO J9AFD4 FS:9EF< EBEF46AB7B E9K9A<S < CB?B:9A<9 J9A-
FD4?PAOI BE9=. 
5. �OK<E?<FP @B@9AFO <A9DJ<< CDBEFOI E9K9A<= BFABE<F9?PAB J9AFD4?PAOI BE9=. 
6. �OK<E?<FP @B@9AF <A9DJ<< EBEF46AB7B E9K9A<S. 
7. �OK<E?<FP J9AFDB59:AO= @B@9AF <A9DJ<< E9K9A<S BFABE<F9?PAB J9AFD4?PAOI 
BE9=. 
8. "CD989?<FP G7B? A4>?BA4 7?46AOI J9AFD4?PAOI BE9= > J9AFD4?PAO@ BES@. 
9. �OK<E?<FP 7?46AO9 J9AFD4?PAO9 @B@9AFO <A9DJ<< E9K9A<S. �?S CDB69D>< CD4-
6<?PABEF< BCD989?9A<S   <ECB?P;B64FP D469AEF6B  . 
10. �OK9DF<FP E9K9A<9 6 @4ELF459 1:2 E G>4;4A<9@ 6E9I D4;@9DB6 < 6E9I BE9=. 
"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 

1. &9@4 ;4ASF<S; 
2. *9?P ;4ASF<S; 
3. �EIB8AO9 84AAO9 <; F45?<JO; 
4. $4EK9FO. 
8. �O6B8. 
 

%B89D:4A<9 ;484A<O: "CD989?<FP 7?46AO9 J9AFD4?PAO9 BE96O9 @B@9AFO <A9DJ<< 8?S 
EBEF46AB7B E9K9A<S. 
 

�BAFDB?PAO9 6BCDBEO < GCD4:A9A<O: 
1. � >4><I D4EKTF4I <ECB?P;GRFES BE96O9 @B@9AFO <A9DJ<<? 

1. �4> D4EEK<F4FP >BBD8<A4FO J9AFD4 FS:9EF<? 

2. +9@G D46AO @B@9AFO <A9DJ<< CDBEF9=L<I E9K9A<= CDS@BG7B?PA<>4, >DG74, >B?P-
J4? 
3. �4> D4EEK<F4FP @B@9AF <A9DJ<< BFABE<F9?PAB BE<, C4D4??9?PAB= 84AAB=? 

4. �4><9 BE< A4;O64RF 7?46AO@<? 

5. �?S >4><I E9K9A<= @B:AB 59; 6OK<E?9A<= GEF4AB6<FP CB?B:9A<9 7?46AOI J9A-
FD4?PAOI BE9=? 
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#D4>F<K9E>B9 ;4AOF<9 №15 

CB F9@9 «�DGK9A<9». 
!4<@9AB64A<9: «#BEFDB9A<9 QCRD >DGFSM<I @B@9AFB6. $4EK9F A4 CDBKABEFP CD< >DGK9-
A<<». 
Ц9?P ;4AOF<O: ;4>D9C?9A<9 CB?GK9AAOI F9BD9F<K9E><I ;A4A<= < CD4>F<K9E><I G@9A<=. 
!9B5IB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 

5. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
6. �<A9=>4, >4D4A84L, D9;<A>4. 
7.  <>DB>4?P>G?SFBD. 

#BDO8B> 6OCB?A9A<O ;484A<O: 
1. �;B5D4;<FP D4EK9FAGR EI9@G. 
2. $4;5<FP 64? A4 GK4EF>< < CDBAG@9DB64FP <I. 
3. "CD989?<FP @BMABEFP A4 >B?9E4I. 

4. "CD989?<FP 6D4M4RM<9 @B@9AFO A4 >B?9E4I:  6D=
 
!@, 

789 $ 3 @BMABEFP A4 >B?9E9 (�m), ω 3 G7?B64S E>BDBEFP (D48/E) 
5. "CD989?<FP >DGFSM<9 @B@9AFO A4 >4:8B@ GK4EF>9 3  k. 
6. #BEFDB<FP QCRDG >DGFSM<I @B@9AFB6 3 Mk. 

7. �; GE?B6<S CDBKABEF< CD< >DGK9A<<: 

 ôô ó
p

k
kmaE

W

M

 
BCD989?<FP FD95G9@O= CBC9D9KAO= @B@9AF EBCDBF<6?9A<S 8?S >4:8B7B GK4EF>4: 

pW  ô
К�


 

8. "CD989?<FP 8<4@9FD 64?4 8?S >4:8B7B GK4EF>4:                      :       :    
 

">DG7?<FP CB?GK9AAB9 ;A4K9A<9 8B EF4A84DFAOI. 
9. "CD989?<FP CB?SDAO9 @B@9AFO <A9DJ<< E9K9A<= 8?S >4:8B7B GK4EF>4: 
JD=0,1d4(@@) 
10. "CD989?<FP G7?O ;4>DGK<64A<S >4:8B7B GK4EF>4, CD<AS6  8?<AO GK4EF>B6 B8<A4>B-
6O@< < D46AO@<  =300@@ 

p

k

JG

M










0
180

 
11. �O6B8. 

"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
6. &9@4 D45BFO. 
7. *9?P D45BFO. 
8. �484A<9. 
9. $9L9A<9 ;484K. 
10. �O6B8 CB ;484K9. 

�4D<4AFO ;484A<= 

�484A<9:  "CD989?<FP 69?<K<AG >DGFSM<I @B@9AFB6 8?S >4:8B7B GK4EF>4, CBEFDB<FP QCR-
DG >DGFSM<I @B@9AFB6, BCD989?<FP 8<4@9FD 64?4 A4 >4:8B@ GK4EF>9, BCD989?<FP G7B? ;4-
>DGK<64A<S >4:8B7B GK4EF>4. #D<ASFP @BMABEFP A4 >B?9E4I: 
$2=0,5$1;   $3=0,3$1   $4=0,2$.1 

%I9@G < <EIB8AO9 84AAO9 6O5D4FP 6 EBBF69FEF6<< E AB@9DB@ EFG89AF4 CB EC<E>G 6 :GD-
A4?9.�?S 6E9I 64D<4AFB6 CD<A<@4FP:[ ]=25 #4;     G=8·104 #4 
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�4D<4AF $1>�F ωD48
/E № EI9@O 

1, 11, 21. 30 20 1 

2, 12, 22. 22 30 2 

3, 13, 23. 15 10 3 

4, 14, 24. 18 40 4 

5, 15, 25. 10 30 5 

6, 16, 26. 25 35 6 

7, 17, 27. 35 40 7 

8, 18, 28. 24 15 8 

9, 19, 29. 50 100 9 

10, 20, 30. 11 24 10 

1 2 

3 4 

5 6 

7 8 
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9 10 

 

�BAFDB?PAO9 6BCDBEO: 

1. !4C<E4FP < CBSEA<FP GE?B6<9 CDBKABEF< CD< >DGK9A<<. 
2. !4K9DF<FP QCRDO >4E4F9?PAOI A4CDS:9A<= 8?S >B?PJ96B7B < >DG7?B7B E9K9A<S 

3. �4><9 A4CDS:9A<S  6B;A<>4RF CD< >DGK9A<<. 

4. �B E>B?P>B D4; @B:AB G69?<K<FP A47DG;>G A4 5DGE CD< >DGK9A<<, 9E?< 8<4@9FD 
5DGE4 G69?<K<FP 6 2 D4;4. 
5. #BK9@G 5DGE >B?PJ96B7B E9K9A<S Q>BAB@<K9E>< QHH9>F<6A99 CD<@9ASFP CD< >DG-
K9A<<? 
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#D4>F<K9E>B9 ;4AOF<9 №16, 17 
CB F9@9 «�;7<5» 

!4<@9AB64A<9: «#BEFDB9A<9 QCRD CBC9D9KAOI E<? < <;7<54RM<I @B@9AFB6».  

Ц9?P ;4AOF<O:  CDB69D>4 < >BDD9>F<DB6>4 F9>GM<I ;A4A<=. 

!9B5IB8<@O9 @4F9D<4?O: 

1. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
2.  9FB8<K9E><9 G>4;4A<S CB 6OCB?A9A<R CD4>F<K9E><I ;4ASF<= CB 8<EJ<C?<A9 «&9IA<-
K9E>4S @9I4A<>4». 
3.  <>DB>4?P>G?SFBD < >4AJ9?SDE><9 CD<A48?9:ABEF<. 

 

#BDO8B> 6OCB?A9A<O ;484A<O: 
1. #B6FBD<FP F9@G «�;7<5». 
2. #B AB@9DG 6 :GDA4?9 6OC<E4FP <; F45?<JO 69?<K<AO < EI9@G 54?><. 
3. "CD989?<FP BCBDAO9 D94>J<< <; GD46A9A<= D46AB69E<S EF4F<><. 
4. #BEFDB<FP QCRDO CBC9D9KAOI E<? QG < <;7<54RM<I @B@9AFB6  I. 

5. �; GE?B6<S CDBKABEF< BCD989?<FP 69?<K<AG BE96B7B @B@9AF4 EBCDBF<6?9A<S 8?S BC4E-
AB7B E9K9A<S, CD<AS6 [Ã]= 160  #4. 
6. #B8B5D4FP CB F45?<J9 86GF46DB6B9 E9K9A<9 54?><. 
7. #B8B5D4FP CDS@BG7B?PAB9 E9K9A<9 54?>< E EBBFABL9A<9@ EFBDBA:  h = 2b. 

8. %HBD@G?<DB64FP 6O6B8. 
 

"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
1. &9@4 ;4ASF<S; 
2. *9?P ;4ASF<S; 
3. �EIB8AO9 84AAO9 <; F45?<JO; 
4. �;B5D4:9A<9 54?>< < E<?B= EI9@O; 
5. 1CRDO CBC9D9KAOI E<? < <;7<54RM<I @B@9AFB6; 
6. "CD989?9A<9 BE96B7B @B@9AF4 EBCDBF<6?9A<S 8?S BC4EAB7B E9K9A<S; 
7. #B85BD CBC9D9KAOI E9K9A<=; 
8. �O6B8. 
 

%B89D:4A<9 ;484A<O: 8?S ;484AAB= 54?>< CB8B5D4FP <; GE?B6<S CDBKABEF< A4 <;7<5 D4;-
@9DO CBC9D9KAB7B 86GF46DB6B7B < CDS@BG7B?PAB7B E9K9A<S, CD<AS6 EBBFABL9A<9 EFBDBA 
h=2b. %K<F4FP  [ó=160  #4. �4AAO9 8?S E6B97B 64D<4AF4 6O5D4FP <; F45?<JO. 
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P=3 к� 
q=3 к�/м 

M=4 к�м 

1 м 1 м 1 м 

q=2 к�/м 

2 м 2 м 

1 

P=1 к� 

M=2 к�м 

0,5 м 1 м 

q=2 к�/м 

2 м 2 м 

2 

   

M=3 к�м 

q=2 к�/м 

P =2 к� 

2 м 4 м 

q=4 к�/м 

1 м 1 м 

3 

M=8 к�м 
P=2 к� 

1 м 2 м 

q=2 к�/м 

1 м 2 м 

4 

M=2 к�м 

M=4 к�м 

P =1 к� 

1 м 1 м 

q=1 к�/м 

1 м 1 м 

5 

M=4 к�м P =2 к� 

 

M=4 к�м 

4 м 2 м 

q=2 к�/м 

1 м 1 м 

6 

P=2 к� 

P=2 к� 

q=2 к�/м M=4 к�м 

2 м 2 м 2 м 

q=2 к�/м 

0,5 м 0,5 м 

7 

q 

Р=2 к� 

M=12 к�м 

4 м 2 м 

q=3 к�/м 

1,5 м 

8 

M=3 к�м 

Р=1 к� 

�1=2 к�м 

P =2 к� 

2 м 2 м 

q=1 к�/м 

4 м 4 м 

9 

M2=2 к�м 

2 м 

P=2 к� 

2 м 2 м 

q=2 к�/м 

2 м 2 м 

10 
M=4 к�м 

q=1 к�/м 
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P =4 к� 

1 м 1 м 

q=1 к�/м 

2 м 2 м 

11 

M=6 к�м 
P =6 к� 

1 м 

 
M=20 к�м 

1 м 1 м 

q=2 к�/м 

2 м 2 м 

12 

P=4 к� 

q=5 к�/м 

2q 

M=6 к�м 

2 м 2 м 

q=4 к�/м 

2 м 2 м 

13 

Р=2 к� 

Р=1 к� 

2 м 

3 м 

14 

M=6 к�м 

Р =6 к� 

2 м 2 м 

Р=1 к� 

q=2 к�/м 

2 м 

q=4 к�/м 
P =4 к� 

2 м 1 м 

q=1 к�/м 

2 м 2 м 

15 

M=4 к�м 

P=9 к� 

2 м 2 м 

q=4 к�/м 

1 м 2 м 

16 

M=2 к�м 
q=2 к�/м 

P =1 к� 

1 м 1 м 

q=1 к�/м 

3 м 

17 

M=2 к�м 

1 м 

q=1 к�/м 

 

M=2 к�м 

2 м 1 м 

q=1 к�/м 

2 м 1 м 

18 

P=2 к� 

q=2 к�/м 
P=1 к� 
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M=3 к�м 

1 м 1 м 

q=3 к�/м 

1 м 1 м 

19 

Р=2 к� 

1 м 

Р=2 к� 

2 м 

3 м 

20 

M=2 к�м 

Р =2 к� 

1 м 

Р=1 к� 

q=2 к�/м 

q=2 к�/м P =1 к� 

1 м 1 м 

q=2 к�/м 

2 м 

21 

M2=2 к�м 

1 м 

M1=2 к�м 

P=3 к� 

2 м 2 м 

q=2 к�/м 

1 м 2 м 

22 
M=6 к�м 

q=2 к�/м 

2 м 

P=3 к� 

P =1 к� 

1 м 

q=2 к�/м 

1 м 

23 

M  =2 к�м 

2 м 

q=1 к�/м 

P =1 к� 

1 м 1 м 

 

M=4 к�м 

2 м 1 м 

1 м 0,6 м 

24 

q=1 к�/м 
P=1 к� 

P=4 к� 

1 м 

M  =2 к�м 

2 м 3 м 

q=4 к�/м 

0,8 м 0,8 м 

25 

Р=1 к� 

�=4 к�м 

q=2 к�/м 
M=3 к�м 

1 м 

26 

M =2 к�м 

Р =3 к� 

2 м 

q=1 к�/м 

q=4 к�/м 

0,5 м 1 м 

q=0,8 к�/м 

1 м 1 м 

q=1 к�/м 

27 
M=2 к�м 

1 м 

Р=2 к� 

1 м 1 м 1 м 

1 м 1 м 

q=2 к�/м 

2 м 

28 

1 м 

P1=1 к� 

1 м 

P2=2 к� �=2 к�м 

�=3 к�м 
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1 м 

29 

q=2 к�/м 

M=1 к�м 

�=8 к�м 

1 м 1 м 

Р=4 к� 

30 

M =4 к�м 

2 м 

q=2 к�/м 

1 м 1 м 
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#D4>F<K9E>B9 ;4AOF<9 №18 

CB F9@9 «�;7<5» 
!4<@9AB64A<9: «$4EK9F 54?>< A4  CDBKABEFP CD< <;7<59».  
Ц9?P ;4AOF<O:  !4GK<FPES CBEFDB9A<R QCRD <;7<54RM<I @B@9AFB6 < CBC9D9KAOI E<? < 
CDB<;6B8<FP D4EK9FO A4 CDBKABEFP CD< <;7<59. 
!9B5IB8<@O9 @4F9D<4?O: 

1. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
2.  9FB8<K9E><9 G>4;4A<S CB 6OCB?A9A<R CD4>F<K9E><I ;4ASF<= CB 8<EJ<C?<A9 «&9IA<-
K9E>4S @9I4A<>4». 
3.  <>DB>4?P>G?SFBD < >4AJ9?SDE><9 CD<A48?9:ABEF<. 

 

#BDO8B> 6OCB?A9A<O ;484A<O: 
1. �;B5D4;<FP D4EK9FAGR EI9@G. 
2. �OC<E4FP <EIB8AO9 84AAO9 <; F45?<JO. 
3. �4@9A<FP 89=EF6<9 BCBD A4 54?>G E<?4@< D94>J<=. 
4. %BEF46<FP GD46A9A<9 D46AB69E<S 8?S C?BE>B= E<EF9@O C4D4??9?PAOI E<?:  
õ  ;0�A

   õ  .0�В
 

5. !4=F< <; GD46A9A<= D46AB69E<S A9<;69EFAO9 E<?O D94>J<=. 
6. "CD989?<FP CBC9D9KAGR E<?G 6 >4:8B@ <; I4D4>F9DAOI E9K9A<=, >4> EG@@G 
6A9LA<I E<?, CD<?B:9AAOI CB B8AG EFBDBAG BF E9K9A<S. 
7. #BEFDB<FP QCRDG CBC9D9KAOI E<?. 
8. "CD989?<FP 69?<K<AG <;7<54RM97B @B@9AF4 8?S >4:8B7B I4D4>F9DAB7B E9K9A<S, 
>4> EG@@G @B@9AFB6 6A9LA<I E<?, CD<?B:9AAOI CB B8AG EFBDBAG BF E9K9A<S, BFAB-
E<F9?PAB J9AFD4 FS:9EF< QFB7B E9K9A<S. 
9. #BEFDB<FP QCRDG <;7<54RM<I @B@9AFB6. 
10. �O5D4FP A4<5B?99 A47DG:9AAB9 E9K9A<9, 789 Mu=max. 
11. �4C<E4FP GD46A9A<9 GE?B6<S CDBKABEF< CD< <;7<59:  

 .8
E

8maE
W

�8maE óó ó
 

12. !4=F< FD95G9@GR 69?<K<AG BE96B7B EBCDBF<6?9A<S E9K9A<S: 

 8Х
�8maE

W
ó


;   <; 6OD4:9A<S; 

3
3

1,0
32

d
d

WХ 


. 

13. "CD989?<FP 8<4@9FD A4<5B?99 A47DG:9AAB7B CBC9D9KAB7B E9K9A<S BE<:  

33 10
32

Х
Х

W
W

d 
  

14. ">DG7?<FP 8<4@9FD 8B 5?<:4=L97B EF4A84DFAB7B ;A4K9A<S <; DS84 R40 CB F45-
?<JO 2 
15. �O6B8 

"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
1. &9@4 ;4ASF<S; 
2. *9?P ;4ASF<S; 

3. �EIB8AO9 84AAO9 <; F45?<JO; 
4. �;B5D4:9A<9 54?>< < E<?B= EI9@O; 
5. 1CRDO CBC9D9KAOI E<? < <;7<54RM<I @B@9AFB6; 
6. "CD989?9A<9 BE96B7B @B@9AF4 EBCDBF<6?9A<S 8?S BC4EAB7B E9K9A<S; 
7. #B85BD CBC9D9KAOI E9K9A<=; 
8. �O6B8. 
 

%B89D:4A<9 ;484A<O: �?S ;484AAB= D4EK9FAB= EI9@O BE< BCD989?<FP D94>J<< BCBD, CB-
EFDB<FP QCRDO CBC9D9KAOI E<? < <;7<54RM<I @B@9AFB6, CB8B5D4FP 8<4@9FD BE< <; GE?B-
6<S CDBKABEF< CD< <;7<59. !B@9D 64D<4AF4 CD<ASFP EB7?4EAB AB@9DG EFG89AF4 6 EC<E>9 CB 
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:GDA4?G. �?S D4EK9FB6 CD<ASFP: @4F9D<4? BE< 4 EF4?P 40, 8BCGE>49@B9 A4CDS:9A<9 A4 
<;7<5   ��48 100ó . 

 

1 2 

3 4 

5 6 

 

 

7 8 

9 10 
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�BAFDB?PAO9 6BCDBEO 

1. �4><9 6AGFD9AA<9 E<?B6O9 H4>FBDO 6B;A<>4RF 6 CBC9D9KAOI E9K9A<SI 5DGE4 CD< 97B 
CDS@B@ CBC9D9KAB@ <;7<59?  
2. �4> E?98G9F A47DG;<FP 5DGE, KFB5O CB?GK<FP: 4) K<EFO= <;7<5; 5) CBC9D9KAO= CDS@B= 
<;7<5?  
 3. +FB A4;O649FES CBC9D9KAB= E<?B= 6 CBC9D9KAB@ E9K9A<< 5DGE4 < K9@G BA4 K<E?9AAB 
D46A4?  
4. +FB F4>B9 QCRD4 CBC9D9KAOI E< >4> BA4 EFDB<FES? 
 5. +FB A4;O649FES <;7<54RM<@ @B@9AFB@  6 CBC9D9KAB@ E9K9A<< 5DGE4 < K9@G BA D469A?  
6. %HBD@G?<DG=F9 CD46<?B ;A4>B6 8?S CBC9D9KAOI E<? < <;7<54RM<I @B@9AFB6.  
7. �4><@< 8<HH9D9AJ<4?PAO@< ;46<E<@BEFS@< E6S;4AO @9:8G EB5B= <;7<54RM<= @B-
@9AF, CBC9D9KA4S E<?4, <AF9AE<6ABEFP D46AB@9DAB D4ECD989?9AAB= A47DG;><?  
8. �4><9 6<8O D4EK9FB6 @B:AB CDB<;6B8<FP <; GE?B6<S CDBKABEF< CD< <;7<59?  
9.�4><9 HBD@O CBC9D9KAOI E9K9A<= D4J<BA4?PAO 8?S 54?B> <; C?4EF<KAOI @4F9D<4?B6? 
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#D4>F<K9E>B9 ;4AOF<9 №19 

CB F9@9 «%?B:AB9 EBCDBF<6?9A<9». 
!4<@9AB64A<9: «�OCB?A9A<9  CDB9>FAB7B < CDB69DBKAB7B D4EKTFB6 64?4». 

Ц9?P ;4AOF<O: ;4>D9C?9A<9 CB?GK9AAOI F9BD9F<K9E><I ;A4A<= < CD4>F<K9E><I G@9A<= 
EFG89AFB6: CDB69D>4 < >BDD9>F<DB6>4 F9>GM<I ;A4A<= 

!9B5IB8<@O9 @4F9D<4?O < B5BDG8B64A<9: 
8. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
9. �<A9=>4, >4D4A84L, D9;<A>4. 
10.  <>DB>4?P>G?SFBD. 

#BDO8B> 6OCB?A9A<O ;484A<O: 
1. �;B5D4;<FP 64? A4 D<EGA>9 E CD<?B:9AAO@< 6A9LA<@< A47DG;>4@<. 
2. +9D9; BEP B8AB7B <; CB8L<CA<>B6 CDB69EF< BE< >BBD8<A4F x, y, z, BEP z A4CD46?9A4 
CB CDB8B?PAB= BE< 64?4.  
#D<69EF< 89=EF6GRM<9 A4 64? A47DG;>< > 97B CDB8B?PAB= BE<. 
"E6B5B8<FP 64? BF BCBD, ;4@9A<6 <I 89=EF6<9 D94>J<S@< 6 69DF<>4?PAB= < 7BD<-
;BAF4?PAB= C?BE>BEFSI. 

3. #B ;484AAB= @BMABEF< $ < G7?B6B= E>BDBEF< ω BCD989?<FP 6D4M4RM<9 @B@9AFO, 
89=EF6GRM<9 A4 64?. 


 

M 6@  ; 789 

 6D - 6D4M4RM<= @B@9AF, !•@ 

$ 3 @BMABEFP, �F 
Ω 3 G7?B64S E>BDBEFP, D48/E 

4. �OK<E?<FP A47DG;>< F1 < F2; Fr1 < Fr2, CD<?B:9AAO9 > 64?G. 
 6D=F•r, 789 

 6D 3 6D4M4RM<= @B@9AF, !•@ 

F 3 A47DG;>4, 89=EF6GRM4S A4 64?, ! 

r- D48<GE ;G5K4FB7B >B?9E4, @ 

5. �; GE?B6<S D46AB69E<S 64?4, <@9RM97B A9CB86<:AGR BEP, EBEF46<FP K9FOD9 GD46-
A9A<S D46AB69E<S: 

õ  0X�  õ  0iX  

õ  0Y�  õ  0iY  

$9L<FP GD46A9A<S < BCD989?<FP D94>J<< BCBD. 
6. #DB69D<FP CD46<?PABEFP BCD989?9A<S D94>J<=. �?S CDB69D>< A9B5IB8<@B CDB69EF< 
8BCB?A<F9?PAO9 BE< x < z 

õ  0X�  õ  0Y�  

#B8EF46<6 ;A4K9A<S, 8B?:AO CB?GK<FP FB:89EF6B 0=0. �A4K<F D94>J<< BCBD BCD9-
89?9AO 69DAB. 

7. #B?P;GSEP @9FB8B@ E9K9A<= 6OK<E?<FP CB GK4EF>4@ >DGFSM<9 @B@9AFO CB 8?<A9 
64?4. #BEFDB<FP QCRDG >DGFSM<I @B@9AFB6  z. 

8. "CD989?<FP 6 I4D4>F9DAOI E9K9A<SI ;A4K9A<S <;7<54RM<I @B@9AFB6  I 6 69DF<-
>4?PAB= C?BE>BEF< < CBEFDB<FP QCRDG <;7<54RM<I @B@9AFB6  I. 

9. "CD989?<FP 6 I4D4>F9DAOI E9K9A<SI ;A4K9A<S <;7<54RM<I @B@9AFB6  Y 6 7BD<-
;BAF4?PAB= C?BE>BEF< < CBEFDB<FP QCRDG <;7<54RM<I @B@9AFB6  Y. 

10. "CD989?<FP A4<5B?PL99 ;A4K9A<9 Q>6<64?9AFAB7B @B@9AF4: 
222

max zxyMк6 MMMM   

11. #D<AS6 ÃQ>6=[Ã], BCD989?<FP FD95G9@O= BE96B= @B@9AF EBCDBF<6?9A<S: 

 ó
max.Mк6

x

M
W   
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12. "CD989?<FP 8<4@9FD 64?4. 
�?S EC?BLAB7B >DG7?B7B E9K9A<S 

3
3

1,0
32

d
d

Wx 


 

   
33

1,0

32
max

óó
Mк6Mк6 MM

d   

#B?GK9AAB9 ;A4K9A<9 8<4@9FD4 64?4 B>DG7?<FP 8B 5?<:4=L97B K9FAB7B (<?< B>4A-
K<64RM97BES A4 CSFP) K<E?4. 

"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
11. &9@4 D45BFO. 
12. *9?P D45BFO. 
13. �484A<9. 
14. $9L9A<9 ;484K. 
15. �O6B8 CB ;484K9. 

�4D<4AFO ;484A<= 

�484A<9:    �?S EF4?PAB7B 64?4 CBEFBSAAB7B CBC9D9KAB7B E9K9A<S E 86G@S ;G5K4FO@< >B-
?9E4@< FD95G9FES BCD989?<FP 8<4@9FD 64?4 CB FD9FP9= F9BD<< CDBKABEF<, 9E?< 8BCGE>49-
@B9 A4CDS:9A<9 8?S 64?4 [ó]=160  #4. 
     

;484AAB7B 64D<4AF4. 
 

64D<4AF !B@9D 
EI9@O 

$1 >6F 
ω 

D48/c 

 

64D<4AF !B@9D 
EI9@O 

$1 >6F 
ω 

D48/c 

 

1. 

 

 

1 

 

 

8 

 

36 

 

16. 

 

1 

 

10 

 

40 

2. 

 

 

2 

 

12 

 

40 

 

17. 

 

2 

 

22 

 

24 

3. 

 

 

3 

 

10 

 

30 

 

18. 

 

3 

 

20 

 

80 

4. 

 

 

4 

 

6 

 

36 

 

19. 

 

4 

 

5 

 

40 

5. 

 

 

5 

 

5 

 

18 

 

20. 

 

5 

 

24 

 

30 

6. 

 

 

6 

 

21 

 

15 

 

21. 

 

6 

 

18 

 

26 

7. 

 

 

7 

 

30 

 

24 

 

22. 

 

7 

 

25 

 

30 

8. 

 

 

8 

 

16 

 

40 

 

23. 

 

8 

 

30 

 

50 

9. 

 

 

9 

 

26 

 

25 

 

 

24. 

 

9 

 

16 

 

20 

10. 

 

 

10 

 

40 

 

70 

 

25. 

 

10 

 

30 

 

50 

11. 

 

 

1 

 

20 

 

50 

 

26. 

 

6 

 

15 

 

18 

12. 

 

 

2 

 

9 

 

36 

 

27. 

 

7 

 

22 

 

28 

13. 

 

 

3 

 

15 

 

45 

 

28. 

 

8 

 

27 

 

35 
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14. 

 

 

4 

 

7 

 

35 

 

29. 

 

9 

 

6 

 

48 

15. 

 
5 12 52 30. 10 32 38 
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#D4>F<K9E>B9 ;4AOF<9 №20 

�9F4?< @4L<A. #9D984K<. 
!4<@9AB64A<9: "CD989?9A<9 ><A9@4F<K9E><I < E<?B6OI I4D4>F9D<EF<> C9D984K 
Ц9?P ;4AOF<O:  "FD45BF4FP < ;4>D9C<FP A46O>< < G@9A<S 
!9B5IB8<@O9 @4F9D<4?O: 
1. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
2.  <>DB>4?P>G?SFBD < >4AJ9?SDE><9 CD<A48?9:ABEF<. 
 

#BDO8B> 6OCB?A9A<O ;484A<O: 
1. !4K9DF<FP EI9@G CD<6B84 6 EBBF69FEF6<< E 64D<4AFB@. 
2. #DBAG@9DB64FP 64?O. 
3. "CD989?<FP C9D984FBKAB9 BFABL9A<9 >4:8B= EFGC9A<. 

÷÷
ø

ö
÷÷
ø

ö
÷÷
ø

ö
÷÷
ø

ö
÷÷
ø

ö
÷÷
ø

ö


5

6

3

4

1

2

1

2

Z

Z

Z

Z

Z

Z

D

D8
i

 

4. "CD989?<FP C9D984FBKAB7B K<E?B CD<6B84. 
u = u 1· u 2·( u3) 

5. "CD989?<FP K4EFBFG 6D4M9A<S 64?B6. 

n1=n46;    n2= 1

1

u

n

;     n3= 2

2

u

n

;    n4= 3

3

u

n

;    n4= u

n1

; 

6. "CD989?<FP K4EFBFG 6D4M9A<S 64?B6. 

ωk=
)/(

30
A@44n

k


 

7. "CD989?<FP @BMABEF< A4 64?B6. 

 1= 46 <?<  1= 46·η?>4H   P2= 1

1

8
P

·η1;     P3= 2

2

8
P

·η2;     P4= 3

3

8
P

·η3 

8. "CD989?<FP �.#.�. CD<6B84  

η=η
k

?>4H ·η?5@·η?5@··· 
789 к 3 K<E?B C4D CB8L<CA<>B6. 
'FBKA<FP @BMABEFP 

P4= 8
P46 ·η 

9. "CD989?<FP 6D4M4RM<9 @B@9AFO A4 64?4I 

Т=
k

k
P


(�<); 789  -Вm;     ω-@44/A. 

10. �O6B8. 
 

"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
1. &9@4 ;4ASF<S; 
2. *9?P ;4ASF<S; 
3. �EIB8AO9 84AAO9 <; F45?<JO; 
4. $4EK9FO. 
8. �O6B8. 
 

%B89D:4A<9 ;484A<O: �?S CD<6B84 @4L<AO, EBEFBSM97B <; @9I4A<K9E><I C9D984K BCD9-
89?<FP G7?B6O9 E>BDBEF< < K4EFBFO 6D4M9A<S A4 64?4I, @BMABEF< < 6D4M4RM<9 @B@9AFO 
A4 64?4I E GK9FB@ >.C.8., C9D984FBKAO9 K<E?4 6E9I EFGC9A9= < CD<6B84, >.C.8. CD<6B84. 
#D<ASFP: η?>4H=0,99 - 8?S C4DO CB8L<CA<>B6; 
                ηF?=0,95 3 8?S J9CAB= C9D984K<; 
                η@?ʅ=0,96 3 8?S D9@9AAB= C9D984K<; 
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                η7C5=0,97 3 8?S ;G5K4FB= C9D984K<; 
                ηG?=0,77-0,85 3 8?S K9D6SKAB= C9D984K<. 
%I9@G 6O5D4FP 6 EBBF69FEF6<< E AB@9DB@ EFG89AF4 CB EC<E>G 6 :GDA4?9. 
 

1 2 

3 4 

5 6 

7 8 

9 10 

�BAFDB?PAO9 6BCDBEO 

1. #9D984FBKAB9 K<E?B. 
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2. �4> BCD989?S9FES C9D984FBKAB9 K<E?B < �#� 8?S @AB7BEFGC9AK4FB= C9D984K<? 
3. �4>B64 E6S;P @9:8G 6D4M4RM<@< @B@9AF4@< A4 698GM9@ < 698B@B@ 64?4I C9D984-
K<? 
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#D4>F<K9E>B9 ;4AOF<9 №21 

�9F4?< @4L<A. #9D984K<. 
!4<@9AB64A<9: D4EK9F ;G5K4FB= C9D984K< 

Ц9?P ;4AOF<O:  "FD45BF4FP < ;4>D9C<FP A46O>< < G@9A<S 
!9B5IB8<@O9 @4F9D<4?O: 
1. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
2.  <>DB>4?P>G?SFBD < >4AJ9?SDE><9 CD<A48?9:ABEF<. 
 

#BDO8B> 6OCB?A9A<O ;484A<O: 

1. "CD989?S9@ C9D984FBKAB9 K<E?B 
2

1

n

n
u  , B>DG7?S9@ 8B EF4A84DFAB7B. 

!B@<A4?PAO9 C9D984FBKAO9 K<E?4 J<?<A8D<K9E><I D98G>FBDB6 B5M97B A4;A4K9A<S EB-
7?4EAB %& %1� 221-83, CD<K9@ C9D6O= DS8 CD98CBKF<F9?PA99 6FBDB7B. 
 

1-= DS8 1,0 1,25 1,6 2,0 2,5 3,15 4,0 5,0 6,3 

2-= DS8 1,4 1,8 2,24 2,8 3,55 4,5 5,6 - - 

2. �O5<D49@ @4F9D<4?. 
�?S <;7BFB6?9A<S L9EF9DA< < >B?9E4 C9D6B= 7DGCCO, QFB >B?9E4 E F69D8BEFPR 
!ó350!�, ;G5PS >BFBDOI IBDBLB CD<D454FO64RFES, D9>B@9A8G9FES <;7BF46?<64FP <; 
ED98A9 <?< 6OEB>B G7?9DB8<EFOI >BAEFDG>J<BAAOI EF4?9= CB869D:9AAOI G?GKL9A<R. 
3. "CD989?S9@ CD989? 6OABE?<6BEF< CB >BAF4>FAO@ A4CDS:9A<S@: 

7010
 �ВHó  

!�1 3F69D8BEFP CB �D<A9??R L9EF9DA<. 
4. "CD989?S9@ 8BCGE>49@B9 >BAF4>FAB9 A4CDS:9A<9 

 
H

�
�

S

0ó
ó   

SH=1,1 3FD95G9@O= ;4C4E CDBKABEF<. 
5. "CD989?S9@ CD989? 6OABE?<6BEF< A4 <;7<5 

10 8,1 �ВF ó  

6. "CD989?S9@ 8BCGE>49@B9 A4CDS:9A<9 <;7<54 

 
F

F

F
S

0ó
ó   

SF=2 3 FD95G9@O= ;4C4E CDBKABEF< A4 <;7<5. 
7. "CD989?S9@ >DGFSM<= @B@9AF A4 5OEFDBIB8AB@ 64?G 

1

1
1 

P
T  ; !@  

8. "CD989?S9@ FD95G9@B9 @9:BE96B9 D4EEFBSA<9 <; GE?B6<S >BAF4>FAB= CDBKABEF< 

ø ù
 

3
2

114950
Hba

HB

u

kT
ua

ó
÷÷

÷
 (CDS@B;G5O9 >B?9E4) 

ø ù
 

3
2

114300
Hba

HB

u

kT
ua

ó
÷÷

÷
 (>BEB;G5O9 >B?9E4) 

 

u- C9D984FBKAB9 BFABL9A<9 
&1->DGFSM<= @B@9AF A4 5OEFDBIB8AB@ 64?G, !@ 

k!� 3 >BQHH<J<9AF A9D46AB@9DABEF< A47DG;><  k!�=1,02 

ba >BQHH<J<9AF 8?<AO ;G54 (8?S CDS@B;G5OI >B?9E ba=0,3; 8?S >BEB;G5OI >B?9E 
ba=0,4) 

ó!- 8BCGE>49@B9 >BAF4>FAB9 A4CDS:9A<9. 
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">DG7?S9@ a 8B EF4A84DFAB7B ;A4K9A<S CB %& %1� 229-75 

 

 

 

  9:BE96B9 D4EEFBSA<9 a, @@ 

1DS8 40 50 63 80 100 125 - 160 - 200 

2DS8 - - - - - - 140 - 180 - 

1DS8 - 250 - 315 - 400 - 500 - 630 

2DS8 225 - 280 - 355 - 450 - 560 - 

%?98G9F 1-= DS8 CD98CBK<F4FP 2-@G. 
9. "CD989?S9@ FD95G9@O= @B8G?P ;4J9C?9A<S: 

m=(0,01ø0,02) a 

">DG7?S9@ 8B EF4A84DFAB7B ;A4K9A<S CB %& %1� 310-76 

 B8G?<, @@ 

1 DS8 2DS8 1DS8 2DS8 
1 

1,25 

1,5 

2 

2,5 

3 

1,125 

1,375 

1,75 

2,25 

2,75 

3,5 

4 

5 

6 

8 

10 

12 

4,5 

5,5 

7 

9 

11 

14 

#D< A4;A4K9A<< @B8G?9= 1-= DS8 E?98G9F CD98CBK<F4FP 2-@G. 
10. "CD989?S9@ EG@@4DAB9 K<E?B ;G5P96. 

m

a
Z 2

õ (CDS@B;G5O9 >B?9E4) 

m

a
Z

ò cos2
õ (>BEB;G5O9 >B?9E4) 

11. "CD989?S9@ K<E?B ;G5P96 6 L9EF9DA9: 

1
1 
 õ

u

Z
Z  

12. BCD989?S9@ K<E?B ;G5P96 >B?9E4: 
Z2=Zõ-Z1 

13. "CD989?S9@ D4;@9DO >B?9E: 
- 8<4@9FD A4K4?PAB= B>DG:ABEF< L9EF9DA< 

d1=mZ1 (CDS@B;G5O9 >B?9E4) 

òcos

1
1

mZ
d  (>BEB;G5O9 >B?9E4) 

-8<4@9FDO B>DG:ABEF9= 6OEFGCB6 < 6C48<A L9EF9DA< 

mdd a 211
 ;  mdd f 5,211

  

- 8<4@9FDO A4K4?PAB= B>DG:ABEF< >B?9E4 
d2=mZ2 (CDS@B;G5O9 >B?9E4) 

òcos

2
2

mZ
d   (>BEB;G5O9 >B?9E4) 

- 8<4@9FDO B>DG:ABEF9= 6OEFGCB6 < 6C48<A >B?9E4 
mdda 222  ;  mdd f 5,222   

- 6OEBF4 7B?B6>< < AB:>< ;G54 
mha  ; mh f 25,1  

- CB?A4S 6OEBF4 ;G54 
mh 25,2  

- L<D<A4 >B?9E4 
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 aab ba 3,02  ÷  (CDS@B;G5O9 >B?9E4) 

 aab ba 4,02  ÷  (>BEB;G5O9 >B?9E4) 
ba- >BQHH<J<9AF 8?<AO ;G54. 
     �?S >B@C9AE4J<< A9FBKABEF9= @BAF4:4 8?<AO ;G54 L9EF9DA< CD<A<@4RFES A9E>B?P>B 
5B?PL9 8?<AO ;G54 >B?9E4 

b1=b2+5 

14. 'FBKAS9@ @9:BE96B9 D4EEFBSA<9 

2

21 dd
a


  

15.  "CD989?S9@ E<?O 6 ;4J9C?9A<<  
- BCD989?S9@ B>DG:AGR E<?G 

1

1
1

10002

d

T
Ft

÷
 ; ! 

- BCD989?S9@ D48<4?PAGR E<?G  
ñtgFF tr ÷ 11 (CDS@B;G5O9 >B?9E4) 

ñ- G7B? ;4J9C?9A<S ñ=20
0
; tg20

0
=0,364 

ò
ñ

cos

tg
FF tr   (>BEB;G5O9 >B?9E4) 

ò- G7B? A4>?BA4 ;G54 (80
-20

0
) 

"CD989?S9@ BE96GR E<?G 
òtgFF ta ÷ (>BEB;G5O9 >B?9E4) 

16. #DB6B8<@ ED46A<F9?PAGR BJ9A>G CDBKABEF< ;G5P96 L9EF9DA< < >B?9E4 A4 <;7<5 
 

1F

F


ó

 < 
 

2F

F


ó

 

789 F1 < F2- >BQHH<J<9AFO HBD@O ;G54 6 ;46<E<@BEF< BF >B?<K9EF64 ;G5P96 
Z 17 20 25 30 40 50 60 < 5B?99 
F 4,26 4,09 3,9 3,8 3,7 3,66 3,62 3,6 

     &4> >4> @9APL99 BFABL9A<9 CB?GK<?BEP G L9EF9DA<, FB < CDB69D>G A9B5IB8<@B 69-
EF< 8?S L9EF9DA<. 
17. !4CDS:9A<9 <;7<54 6 ;G5PSI L9EF9DA< 

 F

FFtF

F
bm

kkF
v ó


ó ò ó

÷ 2

11

 

F1- >BQHH<J<9AF HBD@O ;G54 
Ft1-B>DG:A4S E<?4, ! 

kFv=1,4 3 >BQHH<J<9AF 8<A4@<KABEF< 

kFò=1,4 3 >BQHH<J<9AF A9D46AB@9DABEF< A47DG;>< 

m 3 @B8G?P ;4J9C?9A<S 
b2 3 L<D<A4 >B?9E4, @@ 

óF - 8BCGE>49@B9 A4CDS:9A<9 <;7<54. 
�E?< óF<óF FB ;G5PS L9EF9DA< GE?B6<R CDBKABEF< A4 <;7<5 G8B6?9F6BDSRF.  9:BE9-
6B9 D4EEFBSA<9 BCD989?S9FES <; GE?B6<S >BAF4>FAB= CDBKABEF< < B>DG7?S9FES 6 5B?P-
LGR EFBDBAG, CBQFB@G CDB69D>4 A4 >BAF4>FAGR CDBKABEFP A9J9?9EBB5D4;A4. 

"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
1. &9@4 D45BFO. 
2. *9?P D45BFO. 
3. �484A<9. 
4. $9L9A<9 ;484K. 
5. �O6B8 CB ;484K9. 

�4D<4AFO ;484A<= 
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�484A<9     $4EEK<F4FP CDS@B;G5GR C9D984KG B8ABEFGC9AK4FB7B J<?<A8D<K9E>B7B D9-
8G>FBD4 CD<6B84 >BA69=9D4, 6OCB?A<FP CDBKABEFAB= D4EK9F C9D984K< CB >BAF4>FAO@ 
A4CDS:9A<S@ < BCD989?<FP C4D4@9FDO Q?9@9AFB6 ;4J9C?9A<S. �EIB8AO9 84AAO9 A9B5-
IB8<@O9 8?S D9L9A<S E6B97B 64D<4AF4 ;484K<, 6O5D4FP <; F45?<JO: 

 

№ 64D<-
4AF4 

*<?<A8D<K9E><= ;G5K4FO= D98G>FBD 
 BMABEFP A4 698GM9@ 64-

?G, $1, >�F 
+4EFBF4 6D4M9A<S 69-
8GM97B 64?4, n1, @<A-1

 

+4EFBF4 6D4M9A<S 69-
8B@B7B 64?4, n2, @<A-1= 

1 0,8 930 310 

2 0,8 930 232 

3 1,0 950 380 

4 1,0 930 465 

5 1,1 930 330 

6 1,5 1420 284 

7 1,5 950 238 

8 1,5 930 600 

9 1,7 1420 226 

10 1,7 930 640 

11 2,2 720 228 

12 2,2 950 235 

13 2,2 1420 290 

14 2,8 930 330 

15 2,8 950 258 

16 2,8 1420 226 

17 3,0 720 28 

18 3,0 960 480 

19 3,0 1420 286 

20 4,0 730 330 

21 4,0 960 342 

22 4,0 1450 460 

23 4,5 950 526 

24 5,5 725 580 

25 5,5 730 456 

26 5, 950 676 

27 5,5 1450 580 

28 7,0 980 544 

29 7,0 1440 515 

30 7,5 970 606 

31 7,5 1460 462 

32 10 980 398 

33 10 1460 580 
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#D4>F<K9E>B9 ;4AOF<9 №22 

�9F4?< @4L<A. $9@9AAO9 C9D984K<. 

!4<@9AB64A<9: $4EK9F D9@9AAOI C9D984K. 
Ц9?P ;4AOF<O:  �4>D9C<FP F9BD9F<K9E><9 ;A4A<S CD4>F<K9E><@< D4EK9F4@<. !4GK<FPES 
CB?P;B64FPES F45?<J4@<. !4GK<FPES D45BF4FP E 7D4H<>4@<. 
!9B5IB8<@O9 @4F9D<4?O: 
1. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
2.  <>DB>4?P>G?SFBD < >4AJ9?SDE><9 CD<A48?9:ABEF<. 
 

#BDO8B> 6OCB?A9A<O ;484A<O: 
1. ";A4>B@<FPES E F9BD9F<K9E><@ B5BEAB64A<9@. 
2. $4EEK<F4FP >?<ABD9@9AAGR C9D984KG EB7?4EAB E6B97B 64D<4AF4. 

"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
1. &9@4 D45BFO. 
2. *9?P D45BFO. 
3. �484A<9. 
4. %I9@4 C9D984K<. 
5. �O6B8 B CDB89?4AAB= D45BF9. 

�BAFDB?PAO9 6BCDBEO 

1. +FB A4;O649FES D9@9AAB= C9D984K9=? 
2. !4;B6<F9 FD95B64A<S, CD98NS6?S9@O9 > D9@AR. 
3. �4=F9 BCD989?9A<9 @9:BE96B7B D4EEFBSA<S. �4> BAB <;@9DS9FES? 
4. !98BEF4F>< D9@TAAB= C9D984K<. 
5. �BEFB<AEF64 D9@9AAB= C9D984K<. 
6. +FB F4>B9 8B?7B69KABEFP D9@AS? 
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#D4>F<K9E>B9 ;4AOF<9 №23 

�9F4?< @4L<A. #9D984K4 6<AF-74=>4. 
!4<@9AB64A<9: #9D984K4 6<AF-74=>4. �;GK9A<9 >BAEFDG>J<= C9D984K E FD9A<9@ E>B?P:9-
A<S < FD9A<9@ >4K9A<S. 
Ц9?P ;4AOF<O:  #D<B5D9EF< A46O>< D45BFO E F9IA<K9E>B= ?<F9D4FGDB=. 
!9B5IB8<@O9 @4F9D<4?O: 
1. &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
2.  <>DB>4?P>G?SFBD < >4AJ9?SDE><9 CD<A48?9:ABEF<. 
 

#BDO8B> 6OCB?A9A<O ;484A<O: 
1. #DBK<F4FP < ;4>BAEC9>F<DB64FP 7?46G  �<AFB6O9 @9I4A<;@O EFD.187 3 191. 

2. "F69F<FP A4 6BCDBEO. 
"FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 

1. &9@4 D45BFO. 
2. *9?P D45BFO. 
3. �484A<9. 
4. �BAEC9>F. 
5. "F69FO A4 >BAFDB?PAO9 6BCDBEO. 

�BAFDB?PAO9 6BCDBEO 

1. !4;A4K9A<9, B5?4EFP CD<@9A9A<S < >?4EE<H<>4J<S  C9D984K 6<AF 3 74=>4. 
2. #D9<@GM9EF64 < A98BEF4F><. 
3. �D<F9D<< D45BFBECBEB5ABEF< C9D984K 6<AF 3 74=>4. 
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'K95AB-@9FB8<K9E>B9 < <AHBD@4J<BAAB9 B59EC9K9A<9 
 

"EAB6A4S ?<F9D4FGD4: 
1.&9IA<K9E>4O @9I4A<>4 : GK95AB9 CBEB5<9 / �.-. �46<EFB6E><=. 4  

 BE>64 : �!($�- , 2021. 4 376 E. 4 (%D98A99 CDBH9EE<BA4?PAB9 B5D4;B64A<9 
 

2.&9IA<K9E>4O @9I4A<>4 : GK95A<> / �.�. %4HBAB64, &... �DFNIB6E>4O,  
�.�. �D@4>B6. 3  BE>64 : �!($�- , 2022. 4 320 E. 4 (%D98A99  
CDBH9EE<BA4?PAB9 B5D4;B64A<9).  
 

3.&9IA<K9E>4O @9I4A<>4. �GDEB6B9 CDB9>F<DB64A<9 : GK95AB9 CBEB5<9 /  
�.!. �4I4D96, �.�. �B5D<J><=, %.(. �B?P64>, �.�. !9E6<F. 4  

2-9 <;8., EF9D. 4  BE>64 : �!($�- , 2021. 4 236 E. 4 (%D98A99 CDBH9EE<BA4?PAB9  
B5D4;B64A<9 
 

4.&9IA<K9E>4O @9I4A<>4. %5BDA<> F9EFB6OI ;484A<= : GK95AB9 CBEB5<9 / �.#. "?B-
H<AE>4O. 4 2-9 <;8., <ECD. < 8BC. 4  BE>64 : �!($�- , 2023. 4 132 E. 4 (%D98A99 
CDBH9EE<BA4?PAB9 B5D4;B64A<9 
 

�BCB?A<F9?PA4S ?<F9D4FGD4: 
 

1. &9IA<K9E>4O @9I4A<>4 : GK95A<> /  .�. �G>POAB6, �. . �G>POAB6. 4  

 BE>64 : �!($�-  , 2022. 4 486 E. 4 (�OEL99 B5D4;B64A<9: %C9J<4- 
?<F9F). 4 DOI 10.12737/1078230. 

. 

1?9>FDBAAO9 D9EGDEO: 
1.&9IA<K9E>4S @9I4A<>4. (BD@4 8BEFGC4: http://technical-mechanics.narod.ru 

 

�?S E4@BEFBSF9?PAB= CB87BFB6><: 
  

1.  9FB8<K9E><9 G>4;4A<S 8?S 6OCB?A9A<S E4@BEFBSF9?PAOI D45BF. 
2.  9FB8<K9E><9 G>4;4A<S 8?S 6OCB?A9A<S CD4>F<K9E><I D45BF 


