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�BOEA<F9?PA4O ;4C<E>4 

 

�4;A4K9A<9 @9FB8<K9E><I G>4;4A<= 

 

!4EFBSM<= E5BDA<> S6?S9FES @9FB8<K9E><@ CBEB5<9@ 8?S CDB6989A<S CD4>F<K9E><I 
;4ASF<= CB CDB7D4@@9 GK95AB= 8<EJ<C?<AO &9IA<K9E>4S @9I4A<>4 8?S EC9J<4?PABEF< 
23.02.07 &9IA<K9E>B9 B5E?G:<64A<9 < D9@BAF 86<74F9?9=, E<EF9@ < 47D974FB6 46FB@B5<?9= 

8A96AB= HBD@O B5GK9A<S. 
%5BDA<> EB89D:<F BC<E4A<9 ;484A<=  < CBDS8B> <I 6OCB?A9A<S. 
$45BK9= CDB7D4@@B= GK95AB= 8<EJ<C?<AO &9IA<K9E>4S @9I4A<>4 CD98GE@BFD9AB 6O-

CB?A9A<9 E?98GRM<I CD4>F<K9E><I ;4ASF<=: 
1.  «"CD989?9A<9 D46AB89=EF6GRM9= C?BE>B=  E<EF9@O EIB8SM9=ES E<?. "CD989?9A<9 
GE<?<= 6 EF9D:ASI H9D@O 4A4?<F<K9E><@ ECBEB5B@.» 

2. «$9L9A<9 ;484K A4 BCD989?9A<9 BCBDAOI D94>J<=». 
3. «"CD989?9A<9 BCBDAOI D94>J<= 6 54?BKAOI E<EF9@4I.». 
4. «"CD989?9A<9 BCBDAOI D94>J<= 6 CB8L<CA<>4I 64?4.». 
5. «"CD989?9A<9 >BBD8<A4F  J9AFD4 FS:9EF< C?BE><I E9K9A<=» 
6. «$9L9A<9 ;484K ><A9@4F<><.». 
7. «$9L9A<9 ;484K 8<A4@<><.». 
8. «$4EK9F 5DGE4 A4 CDBKABEFP CD< D4EFS:9A<< < E:4F<<. "CD989?9A<9 >BQHH<J<9AF4 
;4C4E4 CDBKABEF<.». 

9. «#D4>F<K9E><9 D4EK9FO A4 ED9; < E@SF<9». 
10. «"CD989?9A<9 7?46AOI J9AFD4?PAOI @B@9AFB6 <A9DJ<< EBEF46AOI E9K9A<=, <@9RM<I 
BEP E<@@9FD<<». 

11. «$4EK9F 64?4 A4 CDBKABEFP < :9EF>BEFP CD< >DGK9A<<. $4J<BA4?PAB9 D4ECB?B:9A<9 
>B?9E A4 64?G. �O5BD D4J<BA4?PAB7B E9K9A<S 64?4 CD< >DGK9A<<». 

12.  «#BEFDB9A<9 QCRD  CBC9D9KAOI E<? < <;7<54RM<I @B@9AFB6 8?S >BAEB?PAOI 54?B> < 
86GI BCBDAOI 54?B>». 

13. «$4EK9F 54?B> A4 CDBKABEFP CD< <;7<59, CB85BD E9K9A<S». 
14. «$4EK9F A4 CDBKABEFP CD< <;7<59, CB85BD E9K9A<S.  $4J<BA4?PAO9 HBD@O CBC9D9KAOI 
E9K9A<= 54?B> <; C?4EF<KAOI < IDGC><I @4F9D<4?B6. #BASF<9 B >4E4F9?PAOI A4CDS-
:9A<SI CD< <;7<59». 

15. «$4EK9F >DG7?B7B 5DGE4  A4 CDBKABEFP CD< EBK9F4A<<  <;7<54 E >DGK9A<9@ ». 
16. «$4EK9FO A4 GEFB=K<6BEFP E:4FOI EF9D:A9=.» 
17. «"CD989?9A<9 ><A9@4F<K9E><I < E<?B6OI I4D4>F9D<EF<> C9D984K» 
18. «$4EK9F A4 >BAF4>FAGR CDBKABEFP < <;7<5 6 J<?<A8D<K9E>B= CDS@B;G5B= C9D984K9». 
19. «�OCB?A9A<9 D4EK9F4  A4 CDBKABEFP K9D6SKAOI  C9D984K ». 
20. «�OCB?A9A<9 D4EK9F4 64?4 A4 CDBKABEFP < :9EF>BEFP». 
21. «#B85BD  CB8L<CA<>B6 >4K9A<S». 
22. «�OCB?A9A<9 D4EK9F4 LCBABKAOI EB98<A9A<= < L?<J96OI EB98<A9A<=.». 
23. «�OCB?A9A<9  D4EK9F4  E64DAOI  EB98<A9A<=». 
� D9;G?PF4F9 6OCB?A9A<S CD4>F<K9E><I ;484A<= (D45BF), B5GK4RM<=ES 8B?:9A 

G@9FP: 
CDB<;6B8<FP D4EK9FO A4 CDBKABEFP CD< D4EFS:9A<< < E:4F<<, ED9;9 < E@SF<<, >DGK9-

A<< < <;7<59; 
6O5<D4FP D4J<BA4?PAO9 HBD@O CBC9D9KAOI E9K9A<=; CDB<;6B8<FP D4EK9FO ;G5K4FOI 

< K9D6SKAOI C9D984K, C9D984K< «6<AF-74=>4», LCBABKAOI EB98<A9A<= A4 >BAF4>FAGR CDBK-
ABEFP; 

CDB<;6B8<FP CDB9>F<DB6BKAO= < CDB69DBKAO= D4EK9FO 64?B6; CDB<;6B8<FP CB85BD < 
D4EK9F CB8L<CA<>B6 >4K9A<S 
;A4FP: 

BEAB6AO9 CBASF<S < 4>E<B@O F9BD9F<K9E>B= @9I4A<><; 
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GE?B6<S D46AB69E<S E<EF9@O EIB8SM<IES E<? < E<EF9@O CDB<;6B?PAB D4ECB?B:9AAOI 
E<?; 

@9FB8<>< D9L9A<S ;484K CB F9BD9F<K9E>B= @9I4A<>9, EBCDBF<6?9A<R @4F9D<4?B6; 
@9FB8<>G CDB6989A<S CDBKABEFAOI D4EK9FB6 89F4?9= @4L<A; 
BEAB6O >BAEFDG<DB64A<S 89F4?9= < E5BDBKAOI 98<A<J. 
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�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<=. 
%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?<: 
a) D4EK9FO 6OCB?A9AO CD46<?PAB < 6 CB?AB@ B5N9@9; 
b) E89?4A 6O6B8 CB D9;G?PF4F4@ D45BFO; 
c) B5GK4RM<=ES @B:9F CBSEA<FP 6OCB?A9A<9 ?R5B7B QF4C4 D45BFO; 
d) BFK9F 6OCB?A9A 6 EBBF69FEF6<< E FD95B64A<S@< > 6OCB?A9A<R CD4>F<K9E>B7B ;484A<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: " "CD989?9A<9 GE<?<= 6 EF9D:ASI H9D@O 4A4?<F<K9E><@ ECBEB5B@.". 

Ц9?P ;4AOF<O: A4GK<FPES BCD989?SFP D46AB89=EF6GRMGR CB CD46<?G 79B@9FD<K9E>B7B E?B-
:9A<S < CDB69D>4 4A4?<F<K9E><@ ECBEB5B@. %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 «&9I-
A<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>FB-
DB6.  

6. '>4;O64RF FBK>G (<?< F9?B), D46AB69E<9 >BFBDB= (>BFBDB7B) D4EE@4FD<649FES. 
7. #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. 

8.  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). 

9. �O5<D4RF CB?B:9A<9 CDS@BG7B?PAB= E<EF9@O >BBD8<A4F. !4K4?B >BBD8<A4F EB6@9-
M4RF 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=. 

10. �4F9@ BCD989?SRF G7?O @9:8G D94>J<S@< < >BBD8<A4FAO@< BES@<, < G>4;O64RF <I A4 
K9DF9:9. 

11. %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 CD98-
CB?4749FES D4EFSAGFO@, FB 6 89=EF6<F9?PABEF< BA 5G89F E:4FO@, < A4B5BDBF. 

    12. %D46A<FP D9;G?PF4FO CBEFDB9A<S (CGA>F 3.7) < D4EK9F4 D46AB89=EF6GRM9= E<?O (CGA>F 
4.8)  
    13. %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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СB89D: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 
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19 20 30 30 30 40 180 30 -90 

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 

 

КBAFDB?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 №3 

CB F9@9 «#?BE>4S E<EF9@4 CDB<;6B?PAB D4ECB?B:9AAOI E<?». 
�4<@9AB64A<9: «$9L9A<9 ;484K A4 BCD989?9A<9 BCBDAOI D94>J<=». 
Ц9?P ;4AOF<O: !4GK<FES BCD989?SFP D94>J<< BCBD 54?><  E :9EF>B= ;489?>B=. 
�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. %BEF46<FP D4EK9FAGR EI9@G 54?><. 
4. �O5D4FP BE< >BBD8<A4F < J9AFDO @B@9AFB6. 
5. �4@9A<FP :9EF>GR ;489?>G  D94>J<S@<.  

6. %BEF46<FP GD46A9A<9 D46AB69E<S:  

7. �; GD46A9A<= D46AB69E<S A4=F< A9<;69EFAO9 D94>J<< BCBD. 

8. #DB69EF< CDB69D>G CD46<?PABEF< D9L9A<S, EBEF46<6 GD46A9A<S  

9. �4C<E4FP BF69FO.  
10. �O6B8. 

 

СB89D:4A<9 ;484A<O: "CD989?<FP D94>J<< BCBD 54?><E :9EF>B= ;489?>B=. %I9@G 6O5D4FP 6 
EBBF69FEF6<< E AB@9DB@ EFG89AF4 CB EC<E>G 6 :GDA4?9. 

 

#D<ASFP: ;    

 
1 2 3 
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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 
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28 29 30 

 

 

 

 

 

 

 

 

 

�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: «"CD989?9A<9 BCBDAOI D94>J<= 6 54?BKAOI E<EF9@4I». 
Ц9?P ;4AOF<O: !4GK<FES BCD989?SFP D94>J<< BCBD 54?><A4 86GI BCBD4I. 
 �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 D46-
AB89=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?9AAO9 
CB BES@ >BBD8<A4F. 
 

 

 

 

%BEF46<FP D4EK9FAGR EI9@G 54?><. 
4. �O5D4FP BE< >BBD8<A4F < J9AFDO @B@9AFB6. 

5. %BEF46<FP GD46A9A<9 D46AB69E<S:  

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

8. �4C<E4FP BF69FO.  
9. �O6B8. 

 

СB89D:4A<9 ;484A<O: "CD989?<FP D94>J<< BCBD 54?>< A4 86GI BCBD4I. %I9@G 6O5D4FP 6 EB-
BF69FEF6<< E AB@9DB@ EFG89AF4 CB EC<E>G 6 :GDA4?9. 

 

#D<ASFP: ;    
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1 2 3 

4 5 6 

7 8 9 

10 11 12 
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13 14 15 

16 17 18 

19 20 21 

22 23 24 

25 26 27 



17 

 

28 29 30 

�D4>F<K9E>B9 ;4AOF<9 №5 
�4<@9AB64A<9: «"CD989?9A<9 BCBDAOI D94>J<= 6 CB8L<CA<>4I 64?4.» 
Ц9?P ;4AOF<O: !4GK<FES BCD989?SFP D94>J<< BCBD CB8L<CA<>B6. 
�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 D46-
AB89=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?9AAO9 
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:  

7. �; GD46A9A<= D46AB69E<S A4=F< A9<;69EFAO9 D94>J<< BCBD. 

8. #DB69EF< CDB69D>G CD46<?PABEF< D9L9A<S, EBEF46<6 GD46A9A<S  

9. �4C<E4FP BF69FO.  
10. �O6B8. 

�BE?98B64F9?PABEFP D9L9A<O ;484K<: 

1. �;B5D4;<FP A4 D<EGA>9 F9?B, D46AB69E<9 >BFBDB7B D4EE@4FD<649FES, E 89=EF6GR-
M<@< A4 A97B 4>F<6AO@< E<?4@< < D94>J<S@< BCBD < 6O5D4FP E<EF9@G BE9= >BBD-
8<A4F. 

2.�; GE?B6<S D46AB69E<S 64?4, <@9RM97B A9CB86<:AGR BEP, BCD989?<FP ;A4K9A<9 
E<?O F2, CBE?9 K97B 6OK<E?<FP ;A4K9A<9 E<?O Fr2. 

3.%BEF46<FP L9EFP GD46A9A<= D46AB69E<S. 
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4. $9L<FP GD46A9A<S < BCD989?<FP D94>J<< BCBD. 

5. #DB69D<FP CD46<?PABEFP D9L9A<S ;484K<. 

�484K4  3.  !4 64? (D<E. 3, a) :9EF>B A4E4:9AO L><6 1 < >B?9EB 2. "CD989?<FP E<?O 
F2, Fr2 = 0,4F2, 4 F4>:9 D94>J<< BCBD � < �, 9E?<  F1 = 100 !. 

$9L9A<91. �;B5D4:49@ 64? EB 6E9@< 89=EF6GRM<@< A4 A97B E<?4@<, 4 F4>:9 BE< 
>BBD8<A4F (D<E. 3,5). 

"CD989?S9@ F2 < Fr2. �; GE?B6<S D46AB69E<S 64?4, <@9RM97B A9CB86<:AGR BEP: 

∑Mz (Fi)=0; F1  

 

%BEF46?S9@ L9EFP GD46A9A<= D46AB69E<S: 

∑Mx(Fi)= 0;  ∑Mx= - RByAB + F2 AD = 0;                          (1) 

∑My (Fi) = 0 ; ∑My = 3F1  AC + Fr2 AD 3 RBx AB = 0 ;       (2) 

∑M x1(Fi) = 0; ∑M x1 = RAyAB 3 F2DB = 0;       (3) 

∑M y1(Fi) = 0; ∑My1 = RAx AB 3 3F1 CB 3 Fr2 DB =0;           (4) 

∑Xi = 0; ∑Xi = 3F1 +Fr2 3 RAx 3 RBx = 0;                                         (5) 

∑Yi = 0; ∑Yi = RAy 3 F2 + RBy = 0;                                                  (6) 

 

$9L49@ GD46A9A<S (1), (2), (3), (4) < BCD989?S9@ D94>J<< BCBD: 

 �; (1)RBy = =240 H; 

�; (2)RBx; 

�; (3) 

�; (4) 

#DB69DS9@ CD46<?PABEFP A4=89AAOI D94>J<= BCBD. �ECB?P;G9@ GD46A9A<9 (5): 

+ Fr2 3 RAx 3 RBx = 300+120-264-156=0, 

%?98B64F9?PAB, D94>J<< RAx <  RBxBCD989?9AO 69DAB. 

�ECB?P;G9@ GD46A9A<9 (6): 

∑Y1= RAy 3 F2 + RBy = 60 -300+240=0, 

∑Y1 = 0, E?98B64F9?PAB, D94>J<< RAy<RByBCD989?9AO  69DAB. 

СB89D:4A<9 ;484A<O: 
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!4 64? :9EF>B A4E4:9AO  L><6 < >B?9EB, A47DG:9AAO9, >4> CB>4;4AB A4 
D<EGA>9. "CD989?<FP E<?O F2,Fr2 =0.4 F2, 4 F4>:9 D94>J<< BCBD. %I9@G 
E6B97B 64D<4AF4 E@. A4 D<E., 84AAO9 6 F45?<J9 . 

                                                                                                          &45?<J4 

    № 64D<4AF4      №  EI9@O  F, ! 

01 1 1050 

02 2 660 

03 3 830 

04 4 1335 

05 5 1580 

06 6 1400 

07 7 1250 

08 8 1530 

09 9 1567 

10 10 1040 

11 1 750 

12 2 3320 

13 3 1480 

14 4 750 

15 5 3400 

16 6 600 

17 7 3830 

18 8 4100 

19 9 3420 

20 10 2880 

21 1 1500 

22 2 4540 

23 3 2950 

24 4 4180 

25 5 520 

26 6 595 

27 7 1870 

28 8 1140 

29 9 8340 

30 10 5820 
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�D4>F<K9E>B9 ;4AOF<9 №6 

CB F9@9 1.4 «*9AFD FS:9EF<» 
�4<@9AB64A<9: «"CD989?9A<9 >BBD8<A4F J9AFD4 FS:9EF< C?BE><I E9K9A<=». 
Ц9?P ;4AOF<O: !4GK<FPES BCD989?SFP >BBD8<A4FO J9AFD4 FS:9EF< E?B:AOI < EBEF46AOI H<-
7GD, ;4>D9C?9A<9 A46O>B6 CB BCD989?9A<R EF4F<K9E>B7B @B@9AF4 CDBEFOI < E?B:AOI H<7GD. 
�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. 
СB89D: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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�D4>F<K9E>B9 ;4AOF<9 №7 
CB F9@9 «�<A9@4F<>4» 
�4<@9AB64A<9:$9L9A<9 ;484K ><A9@4F<>< 

Ц9?P ;4AOF<O: ;4>D9C?9A<9 CB?GK9AAOI F9BD9F<K9E><I ;A4A<= < CD4>F<K9E><I G@9A<= EFG-
89AFB6: 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@9M9A<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<RS=0,2t
3
-t

2
+0,6 t(S3[@], t3 [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>BD9AAB-
7B < ;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<?SS=0,2 t

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)

'
=0,6t

2
-2t+0,6 

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

CD< v=0 0,6 t
2
-2t+0,6=0 BFER84  

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@9F-

DB6 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 

    (5) 

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

2
\R=(-1)

2
\50=0,02 @ \E2

;  

BFER84  
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@ \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<><: 

 

$<EGAB>  3 �D4H<> ;46<E<@BEF< S-t 

 

$<EGAB>  3 �D4H<> ;46<E<@BEF< v-t 

 

 

 

 

$<EGAB>  3 �D4H<> ;46<E<@BEF< a-t 

 

 

�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. 

 

В4D<4AFO ;484A<= 

З484A<9: �6FB@B5<?P 86<:9FES CB >DG7?B@G 4DBKAB@G @BEFG D48<GE4 r EB7?4EAB GD46-
A9A<RS=�t

3+�t
2+%t+D (S3[@], t3[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>BD9AAB-
7B < ;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. 

v 

r 



26 

 

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

А 
0,2 0,5 0,3 0,1 0,4 

В 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 

 

КBAFDB?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<:9-
A<S  <  CD<  D9L9A<< ;484K?  

3 �4>  BCD989?SRFES 69>FBDO E>BDBEF< <  GE>BD9A<S FBK><  CD<   69>FBDAB@   ECBEB-
59  ;484A<S  99 86<:9A<S? 

4 �4> CB 69?<K<A9  <  CB  A4CD46?9A<R  BCD989?SRFES 69>FBDO  E>BDBEF<  <  GE>BD9-
A<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  >4E4F9?PAB9 
GE>BD9A<9 FBK><? 

7 �4>  BCD989?S9FES  CB  69?<K<A9,  KFB  I4D4>F9D<;G9F  <  >4> A4CD46?9AB  ABD@4?P-
AB9  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? 
 

 

 

�D4>F<K9E>B9 ;4AOF<9 №8 

CB F9@9: «�<A4@<>4» 
�4<@9AB64A<9:$9L9A<9 ;484K 8<A4@<>< 

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. 
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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<B-

A4?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;GRFGD46AB69L9A-

AGR  
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<?. 
i379B@9FD<K9E>4S EG@@4 D94>J<= E6S;9= (BCBD) 
F<A- E<?4 <A9DJ<<, >BFBD4S BCD989?S9FES: 
 

 

�D<@9D D9L9A<O ;484K. 
Пример1. 

&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<SfFD=0,2. 

�4AB:m=60>7, 4=4@ôE, f=0,2 

"CD989?<FP: F 

 

 

 

 

 

4)       5) 

$<EGAB> 3 $4EK9FA4S EI9@4 

$9L9A<9: 

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



28 

 

 

F=ma, 

789 
 

Fy=R-Gcos30
0= 0,F.>.4y = 0 (F9?B 86<:9FES CB BE< I); 

R=Gcos30
0
= mgcos30

0
= 609,810,866=510(H); 

Fx=F- FFD- Gcos60
0
= ma; 

789 
F=fR=0,2510=102(H); 

a∑=ax=a;  

F=FFD+ Gcos60o+ma; 

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<AG = 0; 

i+i+F8==0 

F 3 FFD 3 F<AI 3 Gcos60
0
= 0; 

        F 3 FFD 3 max 3 mgcos60
0
 = 0; 

F= FFD+ ma+mgcos60
o
; 

a = ax= 4 @/E2
, 

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

        "F69F: F = 636,3 H 

 

Пример2. 

      �4AB: V=7,5@ôE, m=200>7, l=4@ 

"CD989?<FP D94>J<RA<F<. 

 

         4)       5) 

$<EGAB>  3 $4EK9FA4S EI9@4 

 $9L9A<9: 
1) % CD<@9A9A<9@ BEAB6AB7B ;4>BA4 8<A4@<>< (D<E  4). 
F=ma,789 
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F∑ = F∑y=R –G;R=F∑y+G; 

 

a∑= an=V
2
/r,789r =l; 

 

a∑ = 7,5
2
/4 = 14,06(@/E2

); 

 

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 – F8An = 0; 

 

R = G +F8An= 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. 
 

В4D<4AFO ;484A<= 

З484A<9:  �A8<6<8G4?PAO9 ;484A<S 8?S 6OCB?A9A<S CD4>F<K9E>B= D45BFO №9. 10 
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 №9 

CB F9@9 «$4EFS:9A<9 < E:4F<9». 
�4<@9AB64A<9: «$4EK9F 5DGE4 A4 CDBKABEFP CD< D4EFS:9A<< < E:4F<<. "CD989?9A<9 >BQH-
H<J<9AF4 ;4C4E4 CDBKABEF<.». 
Ц9?P ;4AOF<O: A4GK<FPES BCD989?SFP A4CDS:9A<S 6 CBC9D9KAOI E9K9A<SI Q?9@9AFB6 >BA-
EFDG>J<=, D45BF4RM<I A4 D4EFS:9A<9 < E:4F<9. "CD989?SFP 69?<K<AG 45EB?RFAB= CDB8B?P-
AB=  89HBD@4J<< EFGC9AK4FB7B 5DGE4. 
�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. #B AB@9DG 6 :GDA4?9 CB?GK<FP ;484A<9.  
2. �;B5D4;<FP EFGC9AK4FO= 5DGEE 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@9M9-
A<9. 
 

�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. 
 

 

В4D<4AFO ;484A<= 

З484A<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 

>� 

А1 

E@2 

А2 

E@2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

3 

4 

5 

6 

7 

8 

9 

10 

1 

2 

3 

4 

10 

12 

12 

15 

14 

13 

16 

14 

15 

18 

20 

12 

20 

18 

18 

20 

22 

21 

18 

19 

20 

21 

22 

23 

1,0 

0,8 

1,3 

1,4 

1,0 

1,6 

1,5 

2,0 

2,0 

1,6 

1,5 

1,2 

1,6 

2,1 

0,6 

2,0 

1,8 

1,6 

2,4 

2,1 

2,0 

2,1 

2,2 

1,9 
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13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

5 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

2 

4 

3 

6 

5 

7 

10 

14 

15 

13 

16 

14 

14 

16 

15 

12 

16 

12 

14 

15 

12 

14 

20 

12 

24 

20 

22 

21 

10 

16 

20 

24 

20 

25 

21 

23 

22 

19 

18 

23 

25 

21 

1,5 

1,6 

1,8 

2,0 

0,9 

1,1 

1,6 

1,5 

1,4 

1,8 

1,6 

1,5 

1,8 

2,0 

1,5 

1,7 

1,8 

1,9 

1,9 

2,0 

2,4 

2,5 

2,1 

2,0 

2,1 

2,0 

1,8 

2,0 

2,2 

2,1 

2,2 

2,6 

2,4 

2,1 

2,2 

2,7 
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КBAFDB?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 

140 120 

A1 
A2 

60 

F1 

F2 

130 130 

A1 
A2 

70 

F1 

F2 

110 130 

A1 
A2 

70 

F1 

F2 

160 120 

A1 
A2 

50 

F1 

F2 

150 100 

A1 
A2 

70 

F1 

F2 

110 130 

A1 
A2 

90 

F2 

110 130 

A1 
A2 

70 

F1 

F2 

100 150 

A1 
A2 

50 

F1 

F2 

130 120 

A1 
A2 

70 

F1 

F2 

110 130 

A1 
A2 

F1 
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�D4>F<K9E>B9 ;4AOF<9 №10 

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

2 &9FD48P 8?S CD4>F<K9E><I ;4ASF<=. 
3 �<A9=>4, >4D4A84L, D9;<A>4. 
4  <>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: 
5 &9@4 D45BFO. 
6 *9?P D45BFO. 
7 �484A<9. 
8 $9L9A<9 ;484K. 
9 �O6B8 CB ;484K9. 
 

КBAFDB?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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КBAFDB?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 №11 

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. 
 

СB89D:4A<9 ;484A<O: "CD989?<FP 7?46AO9 J9AFD4?PAO9 BE96O9 @B@9AFO <A9DJ<< 8?S 
EBEF46AB7B E9K9A<S. 
 

КBAFDB?PAO9 6BCDBEO < GCD4:A9A<O: 
1. � >4><I D4EKTF4I <ECB?P;GRFES BE96O9 @B@9AFO <A9DJ<<? 
2. �4> D4EEK<F4FP >BBD8<A4FO J9AFD4 FS:9EF<? 
3. +9@G D46AO @B@9AFO <A9DJ<< CDBEF9=L<I E9K9A<= CDS@BG7B?PA<>4, >DG74, >B?P-
J4? 
4. �4> D4EEK<F4FP @B@9AF <A9DJ<< BFABE<F9?PAB BE<, C4D4??9?PAB= 84AAB=? 
5. �4><9 BE< A4;O64RF 7?46AO@<? 
6. �?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 №12 

CB F9@9 «�DGK9A<9». 
�4<@9AB64A<9: «$4EK9F 64?4 A4 CDBKABEFP < :9EF>BEFP CD< >DGK9A<<. $4J<BA4?PAB9 D4E-
CB?B:9A<9 >B?9E A4 64?G. �O5BD D4J<BA4?PAB7B E9K9A<S 64?4 CD< >DGK9A<<.». 
Ц9?P ;4AOF<O: !4GK<FPES EFDB<FP QCRDO >DGFSM<I @B@9AFB6. "CD989?SFP 8<4@9FD 64?4 
<; GE?B6<S CDBKABEF< CD< >DGK9A<< < BCD989?SFP G7B? ;4>DGK<64A<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.  <>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<<: 

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

 
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@@ 

 
11. �O6B8. 
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�FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
10 &9@4 D45BFO. 
11 *9?P D45BFO. 
12 �484A<9. 
13 $9L9A<9 ;484K. 
14 �O6B8 CB ;484K9. 

В4D<4AFO ;484A<= 

З484A<9:"CD989?<FP 69?<K<AG >DGFSM<I @B@9AFB6 8?S >4:8B7B GK4EF>4, CBEFDB<FP QCRDG 
>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 
:GDA4?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 
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1 2 

3 4 

5 6 

7 8 

9 10 
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�D4>F<K9E>B9 ;4AOF<9 №13 

CB F9@9 «�;7<5» 
�4<@9AB64A<9: «#BEFDB9A<9 QCRD  CBC9D9KAOI E<? < <;7<54RM<I @B@9AFB6 8?S >BA-
EB?PAOI 54?B> ».  
Ц9?P ;4AOF<O:!4GK<FPES EFDB<FP QCRDO CBC9D9KAOI E<? < <;7<54RM<I @B@9AFB6 8?S 
>BAEB?PAOI 54?B> < 86GI BCBDAOI 54?B> 
�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. 
 

СB89D: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. 

�D<AOFP: ;    
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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 №14,15 

CB F9@9 «�;7<5» 
�4<@9AB64A<9: «$4EK9F 54?>< A4  CDBKABEFP CD< <;7<59, CB85BD E9K9A<S».  
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<?:  

 
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:  

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

;   <; 6OD4:9A<S; . 

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

 
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; 
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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. 
 

СB89D: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 
:GDA4?G. �?S D4EK9FB6 CD<ASFP: @4F9D<4? BE< 4 EF4?P 40, 8BCGE>49@B9 A4CDS:9A<9 A4 

<;7<5 . 
 

1 2 

3 4 

5 6 
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7 8 

9 10 

КBAFDB?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? 
 

 

 

 

 

ПDакт8чеEкое 7анят8е №16 

�4<@9AB64A<9: $4EK9F >DG7?B7B 5DGE4  A4 CDBKABEFP CD< EBK9F4A<<  <;7<54 E >DGK9A<9@. 
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Ц9?P ;4AOF<O:!4GK<FPES CBEFDB9A<R QCRD >DGFSM<I <  <;7<54RM<I @B@9AFB6  < CDB<;-
6B8<FP D4EK9FO A4 CDBKABEFP CD< <;7<59 E >DGK9A<9@. 
�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 CB8L<CA<>B6 E<?4@< D94>J<=. 
            4. "CD989?<FP 6D4M4RM<= @B@9AF. 

; 789 

 6D - 6D4M4RM<= @B@9AF, !•@ 

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

                5.  �OK<E?<FP A47DG;><, CD<?B:9AAO9 > 64?G: 

- B>DG:AO9 E<?O 

 

 

-D48<4?PAO9 E<?O Fr1=F1•tgñ. ñ- EF4A84DFAO= G7B? ;4J9C?9A<S ñ=20
0
, tg20

0
=0,364. 

Fr1=0,364•F1 

Fr2=0,364•F2 

6. "CD989?<FP D94>J<< BCBD BF D48<4?PAB7B GE<?<S 
7. "CD989?<FP D94>J<< BCBD BF B>DG:AB7B GE<?<S 
8. "CD989?<FP 6 I4D4>F9DAOI E9K9A<SI ;A4K9A<S <;7<54RM<I @B@9AFB6  x <   y. 

9. �OK<E?<FP CB?AO= <;7<54RM<= @B@9AF <BCD989?<FP 6 >4>B= FBK>9 E9K9A<9 S6?S-
9FES BC4EAO@. 
10. "CD989?<FP Q>6<64?9AFAO= @B@9AF 
 

�FK9F B CDB89?4AAB= D45BF9 8B?:9A EB89D:4FP: 
1. &9@4 ;4ASF<S; 
2. *9?P ;4ASF<S; 
3. �EIB8AO9 84AAO9 <; F45?<JO; 
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4. �;B5D4:9A<9 64?4 < E<?B= EI9@O; 
5. 1CRDO >DGFSM<I < <;7<54RM<I @B@9AFB6; 
 

 

 

СB89D:4A<9 ;484A<O: 

�?S EF4?PAB7B 64?4 CBEFBSAAB7B CBC9D9KAB7B E9K9A<S E 86G@S ;G5K4FO@< >B?9E4@<, C9D9-
84RM97B @BMABEFP P, >�F, CD< G7?B6B= E>BDBEF< ώ, D48/E. "CD989?<FP 69DF<>4?PAO9 < 7B-
D<;BAF4?PAO9 EBEF46?SRM<9 D94>J<< CB8L<CA<>B6, CBEFDB<FP QCRDG >DGFSM<I @B@9A-
FB6, CBEFDB<FP QCRDO <;7<54RM<I @B@9AFB6 6 69DF<>4?PAB= < 7BD<;BAF4?PAB= C?BE>B-
EFSI,. %I9@G E6B97B 64D<4AF4 E@. A4 D<E. < 6  F45?<J9. 

 

    №  64D<4AF4 №  EI9@O  (D<E.12) $, >�F ώ, D48 / E 

01 1 10 40 

02 2 15 35 

03 3 10 30 

04 4 12 24 

06 6 20 45 

07 7 25 30 

08 8 28 42 

09 9 12 38 

10 10 40 70 

11 1 20 50 

12 2 10 50 

13 3 15 45 

14 4 20 36 

15 5 6 24 

16 6 19 38 

17 7 22 28 

18 8 27 35 

19 9 23 18 

20 10 25 42 

21 1 12 48 

22 2 20 60 

23 3 25 40 

24 4 7 21 

25 5 3 15 

26 6 18 26 
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27 7 30 24 

28 8 24 28 

29 9 16 20 

30 10 35 40 

 

 

 

 

 

 

 

 

 

 

 

�D4>F<K9E>B9 ;4AOF<9 №17 

CB F9@9  «'EFB=K<6BEFP E:4FOI EF9D:A9=» 
�4<@9AB64A<9: «$4EK9FO A4 GEFB=K<6BEFP E:4FOI EF9D:A9=.» 
Ц9?P ;4AOF<O: A4GK<FPES CDB6B8<FPD4EK9FO A4 GEFB=K<6BEFP E:4FOI EF9D:A9= 

�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». 
�<A9=>4, J69FAO9 EF9D:A<, FD4AECBDF<D, @<>DB>4?P>G?SFBD. 
 

�BDO8B> 6OCB?A9A<O ;484A<O: 
     �484RFES 69?<K<AB= >BQHH<J<9AF4 CDB8B?PAB7B <;7<54  . � C9D6B@ CD<5?<:9A<< 97B 
@B:AB CD<ASFP D46AO@ =0,6&0,8. 

1. "CD989?SRF FD95G9@GR C?BM48P CBC9D9KAB7B E9K9A<S EFB=><  

789 F 3 J9AFD4?PAB E:<@4RM4S E<?4; R- D4EK9FAB9 EBCDBF<6?9A<9 @4F9D<4?4 E:4F<R, 
 #4 (E@. CD<?B:9A<9). 
     #B A4=89AAB= C?BM48< BCD989?SRF AB@9D CDBH<?S CB EBDF4@9AFG. �E?< E9K9A<9 EB-
EFB<F <; A9E>B?P><I CDBH<?9=, FB CD< D9L9A<< ;484K 84AAB= D45BFO CDBH<?< CDB>4F4 
E?98G9F CD<A<@4FP B8<A4>B6O@< CB C?BM48<. #D< D9L9A<< CD4>F<K9E><I ;484K D9>B@9A-
84J<< @B7GF 5OFP 8DG7<@<. 
.2.       #DB69DSRF GEFB=K<6BEFP CD<ASFB7B E9K9A<S 6 E?98GRM9@ CBDS8>9: 
4) BCD989?SRF D4EK9FAGR 8?<AG EF9D:AS l0=ýl, 789 l 3 79B@9FD<K9E>4S 8?<A4 EF9D:AS,ý- 

>BQHH<J<9AF CD<6989A<S 8?<AO (>BQHH<J<9AF ;489?><), >BFBDO= ;46<E<F BF ECBEB54 ;4-
>D9C?9A<S >BAJB6 EF9D:AS; 
5) BCD989?SRF @B@9AFO <A9DJ<< E9K9A<S Jx < Jy BFABE<F9?PAB 7?46AOI J9AFD4?PAOI BE9= 
x <y, >BFBDO9 EB6C484RF E BES@< E<@@9FD<< E9K9A<S.  B@9AFO <A9DJ<< CDBH<?9= CDB>4-
F4 BFABE<F9?PAB EB5EF69AAOI BE9= BCD989?SRFES CB F45?<J4@ �"%&B6; 
6) A4IB8SF D48<GEO <A9DJ<< E9K9A<S BFABE<F9?PAB BE9= x < y: 
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;    ; 

7)  BCD989?SRF 7<5>BEFP EF9D:AS:üx= l0/ ix;  üy= l0/ iy; 

8) CB A4<5B?PL9@G ;A4K9A<R ü 6 ;46<E<@BEF< BF @4F9D<4?4 EFB=>< BCD989?SRF >BQHH<-
J<9AF CDB8B?PAB7B <;7<54  (E@. CD<?B:9A<9); 

9) CB8EF46?SRF CB?GK9AAO9 ;A4K9A<S 6 HBD@G?G    . 

     �E?< QFB GE?B6<9 6OCB?AS9FES, FB GEFB=K<6BEFP EF9D:AS B59EC9K9A4, < A4B5BDBF. �E?< 
A9EGM4S ECBEB5ABEFP EF9D:AS A9 B59EC9K9A4, FB A9B5IB8<@B G69?<K<FP C?BM48P E9K9A<S, 
CD<AS6 5B?PL<= CDBH<?P, < 6OCB?A<FP CDB69D>G GEFB=K<6BEF< EF9D:AS. �E?< A98BA4CDS-
:9A<9 EBEF46?S9F 5B?99 5%, FB A9B5IB8<@B G@9APL<FP C?BM48P E9K9A<S, CD<AS6 @9APL<= 

#DBH<?P, 8B5<64SEP, KFB5O A98BA4CDS:9A<9 A9 CD96OL4?B 5%. 
 

СB89D:4A<9 ;484A<O:  �одо5D4тP EеGе=8е це=тD4лP=о E64то9 Eто9к8 по д4==O< E6ое7о 64D8-
4=т4. �4теD84лEто9к8– Eт4лP кл4EE4 ! 38/23 
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�D4>F<K9E>B9 ;4AOF<9 №18 

�9F4?< @4L<A. #9D984K<. 
�4<@9AB64A<9:"CD989?9A<9 ><A9@4F<K9E><I < E<?B6OI I4D4>F9D<EF<> C9D984K 
Ц9?P ;4AOF<O:!4GK<FPES BCD989?SFP ><A9@4F<K9E><9 < E<?B6O9 I4D4>F9D<EF<>< CD<6B-
8B6, EBEFBSM<I <; DS84 CBE?98B64F9?PAB EB98<A9AAOI C9D984K. 
�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. !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<. 

 

4. "CD989?<FP C9D984FBKAB7B K<E?B CD<6B84. 
u =u1·u2·(u3) 

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

n1=n86;    n2= ;     n3= ;    n4= ;    

n4= ; 

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

ωk=  

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

$1=$86 <?< $1=$86·ηCB8HP2= ·η1;     P3= ·η2;     

P4= ·η3 
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8. "CD989?<FP �.#.�. CD<6B84  

η=η ·ηC9D·ηC9D··· 
789 > 3 K<E?B C4D CB8L<CA<>B6. 
'FBKA<FP @BMABEFP 

P4= ·η 

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

&= (�@); 789 $-Вm;     ω-D48/E. 
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. 
 

СB89D: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: ηCB8H=0,99 - 8?S C4DO CB8L<CA<>B6; 
ηFC=0,95 3 8?S J9CAB= C9D984K<; 
ηDCʅ=0,96 3 8?S D9@9AAB= C9D984K<; 
η7G5=0,97 3 8?S ;G5K4FB= C9D984K<; 
ηGC=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 
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3 4 

5 6 

7 8 

9 10 

 

 

 

КBAFDB?PAO9 6BCDBEO 

1. #9D984FBKAB9 K<E?B. 
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<? 

 

�D4>F<K9E>B9 ;4AOF<9 №19 

�4<@9AB64A<9:  $4EK9F A4 >BAF4>FAGR CDBKABEFP < <;7<5 J<?<A8D<K9E>B= CDS@B;G5B= 
C9D984K<. 
Ц9?P ;4AOF<O:!4GK<FPES BCD989?SFP ><A9@4F<K9E><9 < E<?B6O9 I4D4>F9D<EF<>< J<?<A-
8D<K9E>B= CDS@B;G5B= C9D984K<, CDB6B8<FP 6O5BD @4F9D<4?B6 8?S C9D984K<. 
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�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. "CD989?S9@ C9D984FBKAB9 K<E?B , 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@: 

 

!�1 3F69D8BEFP CB �D<A9??R L9EF9DA<. 

4. "CD989?S9@ 8BCGE>49@B9 >BAF4>FAB9 A4CDS:9A<9 

 

SH=1,1 3FD95G9@O= ;4C4E CDBKABEF<. 

5. "CD989?S9@ CD989? 6OABE?<6BEF< A4 <;7<5 

 

6. "CD989?S9@ 8BCGE>49@B9 A4CDS:9A<9 <;7<54 
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SF=2 3 FD95G9@O= ;4C4E CDBKABEF< A4 <;7<5. 

7. "CD989?S9@ >DGFSM<= @B@9AF A4 5OEFDBIB8AB@ 64?G 

; !@ 

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

(CDS@B;G5O9 >B?9E4) 

(>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. 

">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 - 
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%?98G9F 1-= DS8 CD98CBK<F4FP 2-@G. 

9. "CD989?S9@ FD95G9@O= @B8G?P ;4J9C?9A<S: 
m=(0,010,02)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. 

(CDS@B;G5O9 >B?9E4) 

(>BEB;G5O9 >B?9E4) 

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

 

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

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

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

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

;   

- 8<4@9FDO A4K4?PAB= B>DG:ABEF< >B?9E4 

d2=mZ2 (CDS@B;G5O9 >B?9E4) 

 (>BEB;G5O9 >B?9E4) 

- 8<4@9FDO B>DG:ABEF9= 6OEFGCB6 < 6C48<A >B?9E4 

;   

- 6OEBF4 7B?B6>< < AB:>< ;G54 

;  

- CB?A4S 6OEBF4 ;G54 

 

- L<D<A4 >B?9E4 

 (CDS@B;G5O9 >B?9E4) 
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 (>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 

 

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

; ! 

- BCD989?S9@ D48<4?PAGR E<?G  

(CDS@B;G5O9 >B?9E4) 

ñ- G7B? ;4J9C?9A<S ñ=20
0
; tg20

0
=0,364 

 (>BEB;G5O9 >B?9E4) 

ò- G7B? A4>?BA4 ;G54 (80
-20

0
) 

"CD989?S9@ BE96GR E<?G 

(>BEB;G5O9 >B?9E4) 
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16. #DB6B8<@ ED46A<F9?PAGR BJ9A>G CDBKABEF< ;G5P96 L9EF9DA< < >B?9E4 A4 <;7<5 

 <  

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< 

 

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:BE96B9 
D4EEFBSA<9 BCD989?S9FES <; GE?B6<S >BAF4>FAB= CDBKABEF< < B>DG7?S9FES 6 5B?PLGR 
EFBDBAG, CBQFB@G CDB69D>4 A4 >BAF4>FAGR CDBKABEFP A9J9?9EBB5D4;A4. 
 

�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. 

 

СB89D:4A<9 ;484A<O: 

     $4EEK<F4FP CDS@B;G5GR C9D984KG B8ABEFGC9AK4FB7B J<?<A8D<K9E>B7B D98G>FBD4 
CD<6B84 >BA69=9D4, 6OCB?A<FP CDBKABEFAB= D4EK9F C9D984K< CB >BAF4>FAO@ A4CDS:9-
A<S@ < BCD989?<FP C4D4@9FDO Q?9@9AFB6 ;4J9C?9A<S. �EIB8AO9 84AAO9 A9B5IB8<@O9 
8?S D9L9A<S E6B97B 64D<4AF4 ;484K<, 6O5D4FP <; F45?<JO: 
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№ 64D8-
4=т4 

Ц8л8=дD8GеEк89 7у5G4тO9 DедуктоD 

�оI=оEтP =4 6едуIе< 64лу, 
 1, к�т 

Ч4Eтот4 6D4Iе=8я 6еду-
Iе7о 64л4, n1, <8=-1

 

Ч4Eтот4 6D4Iе=8я 6едо-
<о7о 64л4, n2, <8=-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 
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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 

 

 

 

 

 

 

 

�D4>F<K9E>B9 ;4AOF<9 №21 

�4<@9AB64A<9: «�OCB?A9A<9 D4EK9F4 64?4 A4 CDBKABEFP < :9EF>BEFP.». 
Ц9?P ;4AOF<O:!4GK<FPES CBEFDB9A<R QCRD >DGFSM<I <  <;7<54RM<I @B@9AFB6  < CDB<;-
6B8<FP CDB9>FAO= D4EK9F 64?4. 
�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 CB8L<CA<>B6 E<?4@< D94>J<=. 
            4. "CD989?<FP 6D4M4RM<= @B@9AF. 

; 789 

 6D - 6D4M4RM<= @B@9AF, !•@ 

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

                5.  �OK<E?<FP A47DG;><, CD<?B:9AAO9 > 64?G: 

- B>DG:AO9 E<?O 



71 

 

 

 

-D48<4?PAO9 E<?O Fr1=F1•tgñ. ñ- EF4A84DFAO= G7B? ;4J9C?9A<S ñ=20
0
, tg20

0
=0,364. 

Fr1=0,364•F1 

Fr2=0,364•F2 

1. "CD989?<FP D94>J<< BCBD BF D48<4?PAB7B GE<?<S 
2. "CD989?<FP D94>J<< BCBD BF B>DG:AB7B GE<?<S 
3. "CD989?<FP 6 I4D4>F9DAOI E9K9A<SI ;A4K9A<S <;7<54RM<I @B@9AFB6  x <   y. 

4. �OK<E?<FP CB?AO= <;7<54RM<= @B@9AF <BCD989?<FP 6 >4>B= FBK>9 E9K9A<9 S6?S9F-
ES BC4EAO@. 

5. "CD989?<FP Q>6<64?9AFAO= @B@9AF 
 

    6.    1CRDO >DGFSM<I < <;7<54RM<I @B@9AFB6; 

    7.    "CD989?9A<9 Q>6<64?9AFAB7B @B@9AF4  8?S BC4EAB7B E9K9A<S;  

 

     8.   "CD989?<FP FD95G9@O= BE96B= @B@9AF EBCDBF<6?9A<S: 

 

5.  #B85BD CBC9D9KAB7B E9K9A<S 64?4; "CD989?<FP 8<4@9FD 64?4. 
�?S EC?BLAB7B >DG7?B7B E9K9A<S 

 

 

 

6.  �O6B8.#B?GK9AAB9 ;A4K9A<9 8<4@9FD4 64?4 B>DG7?<FP 8B 5?<:4=L97B K9FAB7B 
(<?< B>4AK<64RM97BES A4 CSFP) K<E?4. 
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�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 64?4 < E<?B= EI9@O; 
5. #BEFDB9A<9 QCRD >DGFSM97B @B@9AF4 < <;7<54RM<I @B@9AFB6. 
6. #DB9>FAO= D4EK9F 64?4. 
7. �O6B8 
 

СB89D:4A<9 ;484A<O: 

�?S EF4?PAB7B 64?4 CBEFBSAAB7B CBC9D9KAB7B E9K9A<S E 86G@S ;G5K4FO@< >B?9E4@<, C9D9-
84RM97B @BMABEFP P, >�F, CD< G7?B6B= E>BDBEF< ώ, D48/E. "CD989?<FP 69DF<>4?PAO9 < 7B-
D<;BAF4?PAO9 EBEF46?SRM<9 D94>J<< CB8L<CA<>B6, CBEFDB<FP QCRDG >DGFSM<I @B@9A-
FB6, CBEFDB<FP QCRDO <;7<54RM<I @B@9AFB6 6 69DF<>4?PAB= < 7BD<;BAF4?PAB= C?BE>B-
EFSI, �OCB?A<FP CB85BD E9K9A<S 64?4. �4? 6OCB?A9A <; EF4?< E 

=160��4%I9@G E6B97B 64D<4AF4 E@. A4 D<E. < 6  F45?<J9. 

    №  64D<4AF4 №  EI9@O  (D<E.12) $, >�F ώ, D48 / E 

01 1 15 38 

02 2 25 45 

03 3 20 30 

04 4 32 54 

06 6 40 65 

07 7 35 70 

08 8 38 52 

09 9 22 38 

10 10 60 80 

11 1 46 84 

12 2 48 70 

13 3 46 75 

14 4 34 76 

15 5 26 54 

16 6 59 98 

17 7 28 56 

18 8 47 65 

19 9 53 78 

20 10 25 52 

21 1 62 98 
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22 2 30 60 

23 3 27 40 

24 4 17 41 

25 5 23 75 

26 6 18 36 

27 7 40 84 

28 8 24 58 

29 9 36 80 

30 10 26 46 
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�D4>F<K9E>B9 ;4AOF<9 №23 

 

�4<@9AB64A<9: «�OCB?A9A<9 D4EK9F4 LCBABKAOI EB98<A9A<= < L?<J96OI EB98<A9A<=.». 
Ц9?P ;4AOF<O:!4GK<FPES 6OCB?ASFP  D4EK9FOLCBABKAOI < L?<J96OI EB98<A9A<=. 

�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. #B 8<4@9FDG 64?4 d BCD989?<FP D4;@9DO CBC9D9KAB7B E9K9A<S LCBAB> <?< D4;@9DO < 
K<E?B ;G5P96 L?<J96B7B EB98<A9A<S. 

4.  �BCGE>49@B9 A4CDS:9A<9 E@яF8я [ó%�] BCD989?S9FES CD989?B@ F9>GK9EF< óT< ;46<E<F 
BF 6<84 CD<?B:9AAB= A47DG;>< < I4D4>F9D<EF<> @4F9D<4?B6 >BAF4>F<DGRM<I 89F4?9=. 
�A4K9A<9 [ó%�] 6O5<D49FES 6 D4EK9F9 A4 A4<@9A99 CDBKAO= @4F9D<4? <I F9I, KFB 
A4IB8SFES 6 >BAF4>F9. 

5.  &B784  
6. [ó%�] = ó& / s,     (6.1) 

7.  

8. 789ó&- CD989? F9>GK9EF<,  #4; s- >BQHH<J<9AF ;4C4E4. 
9. #D< A9D969DE<6AB= A47DG;>9, @4?B <;@9ASRM9=ES CB 69?<K<A9, CD<A<@4RF >BQHH<J<-
9AF ;4C4E4 s =1,9... 2,3 , 4 CD< K4EFOI CGE>4I < BEF4AB6>4I - s =2,9... 3,5; CD< D969D-
E<6AB= A47DG;>9 >BQHH<J<9AF ;4C4E4 CB6OL4RF A4 30 %. 

10. �BCGE>49@O9 A4CDS:9A<S A4 ED9; 8?S LCBAB> B5OKAB CD<A<@4RF [ô%$]  = 60& 100 
 #4 (@9APL99 ;A4K9A<9 CD<A<@4RF CD< 8<A4@<K9E><I A47DG;>4I). 

11. �?S L?<J96OI EB98<A9A<=  H4>F<K9E><9 A4CDS:9A<S E<?PAB ;46<ESF BF >BBD8<A4FO 
D4EE@4FD<649@B= FBK>< A4 L?<J9 < CBQFB@G BA< B>4;O64RFES ;A4K<F9?PAB 5B?PL9 
ED98A<I. 1FB B5EFBSF9?PEF6B @B:AB GK9EFP, 9E?< G@9APL4FP 8BCGE>49@O9 A4CDS:9A<S, 
G69?<K<64S CD< QFB@ >BQHH<J<9AFO ;4C4E4. #D< EF4F<K9E>B= A47DG;>9 8BCGE>49@O9 
A4CDS:9A<S E@SF<S @B:AB CD<A<@4FP [ó%�] = 80& 120  #4 CD< F69D8BEF< CB69DIAB-
EF< L?<J96 HB f 350 < [ó%�] = 120& 200  #4 CD< F69D8BEF< CB69DIABEF< L?<J96 
HB> 350. � E?GK49 CB86<:AB7B EB98<A9A<S 8BCGE>49@O9 A4CDS:9A<S  G@9APL4RF 6 
864 D4;4. 

12.  #DB69D<FP CDBKABEFP Q?9@9AFB6 EB98<A9A<S 6 EBBF69FEF6<< E 6<84@< D4;DGL9A<S. 
13. #D<;@4F<K9E><9 LCBA>< <@9RF CDS@BG7B?PAB9 E9K9A<9. %F4A84DF CD98GE@4FD<649F 
8?S >4:8B7B 8<4@9FD4 64?4 BCD989?9AAO9 D4;@9DO CBC9D9KAB7B E9K9A<S LCBA><. #B-
QFB@G CD< CDB9>FAOI D4EK9F4I D4;@9DO b < h CD<A<@4RF <; F45?<JO �4 < BCD989?SRF 
D4EK9FAGR 8?<AG   l$ LCBA><  

14. l$ .     (6.2) 
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15. �?<AG LCBA><l = l$+ b 6O5<D4RF <; EF4A84DFAB7B DS84 (F45?<J4 �4). �?<AG EFGC<JO 
l%& A4;A4K4RF A4 8...10 @@ 5B?PL9 8?<AO LCBA><. �E?< CB D9;G?PF4F4@ D4EK9F4 LCB-
ABKAB7B EB98<A9A<S CB?GK4RF 8?<AG EFGC<JO l%& g 1,5d, FB 6@9EFB LCBABKAB7B J9?9-
EBB5D4;A99 CD<@9A<FP L?<J96B9 EB98<A9A<9 <?< EB98<A9A<9 E A4FS7B@. 

16. #D<K<AB= D4;DGL9A<S LCBABKAB7B EB98<A9A<S, CB@<@B ABD@4?PAOI C?4EF<K9E><I 
89HBD@4J<=, @B:9F 5OFP C?4EF<K9E><= E86<7 (ED9;), 6O;64AAO= A4<5B?PL<@< >4E4-
F9?PAO@< A4CDS:9A<S@<. 

17. � FB784 LCBA>< CDB69DSRF A4 ED9; 

.    

 

18. "8A4>B 9E?< D4;@9DO CBC9D9KAB7B E9K9A<S LCBA>< 6 ;46<E<@BEF< BF 8<4@9FD4 64?4 
6O5<D4RFES <; ABD@4?PAB7B DS84, FB 6OCB?ASFP F4>B= D4EK9F A9F A9B5IB8<@BEF<, F4> 
>4> GE?B6<9 CDBKABEF< A4 ED9; 6OCB?AS9FES 46FB@4F<K9E><. 
%97@9AFAO9 LCBA><. $4;@9DO E97@9AFAOI LCBAB>  D9>B@9A8G9FES 6O5<D4FP 6 EB-
BF69FEF6<< E 84AAO@< F45?<JO �5 . $4EK9F E97@9AFAOI LCBAB> CDB6B8<FES 6 HBD-
@9 CDB69DBKAB7B < 6OCB?AS9FES CB FB= :9 @9FB8<>9 < CB F9@ :9 HBD@G?4@, KFB < 
D4EK9F A4 EBCDBF<6?9A<9 E@SF<R 8?S CD<;@4F<K9E><I LCBABKAOI EB98<A9A<=. 

&B784 

.   (6.4) 

 

19. #DB69D>4 EB98<A9A<S A4 ED9; BEGM9EF6?S9FES CB HBD@G?9 (6.3), CD<A<@4S CD< QFB@   l$ 

= l. 

20. ,F<HFB6O9 EB98<A9A<S. 

�<4@9FD dШ  <  D4EK9FAGR 8?<AG LF<HF4 (J<?<A8D<K9E>B= LCBA><)  l$  6 C9D6B@ CD<-
5?<:9A<< CD<A<@4RF CB EBBFABL9A<S@ 6 ;46<E<@BEF< BF 8<4@9FD4 64?4 d : 

  dШ  (0,13& 0,16) d ;   l$ (3& 4) dH   (6.5) 

< GFBKASRF CB �"%& (F45?<J4 �8). 

21. - LF<HF D4ECB?B:9A C4D4??9?PAB BE< 6D4M9A<S(D<EGAB> 6.8) EB98<A9A<9 CD< QFB@ 
B59EC9K<649F C9D984KG @B@9AF4 6D4M9A<S T.  

22. #D< A47DG:9A<< 6A9LA<@ @B@9AFB@ 6 CDB8B?PAB@ E9K9A<< LF<HF4 CBS6?SRFES >4E4-
F9?PAO9 A4CDS:9A<S, >BFBDO9 A9 @B7GF CD96OL4FP CD989?4 F9>GK9EF< CD< E86<79. 

23. 'E?B6<9 CDBKABEF< A4 EBCDBF<6?9A<9 ED9;G 8?S BE96B7B LF<HFB6B7B EB98<A9A<S @B:-
AB ;4C<E4FP >4> 
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.   (6.6) 

24. 'E?B6<9 BFEGFEF6<S A4 CB69DIABEF< >BAF4>F4 C?4EF<K9E><I 89HBD@4J<= (E@SF<S), 6O-
;64AAOI ABD@4?PAO@< A4CDS:9A<S@<, ;4C<EO649FES 6 6<89 (E@. HBD@G?G (4.29)  

 

   (6.7) 

 

25. #B G>4;4AAO@ HBD@G?4@ @B:AB BCD989?<FP 8?<AG LCBA><, ;4846L<EP 99 8<4@9FDB@, 
<?< ;4846L<EP 99 8?<AB=, A4=F< 8<4@9FD LCBA><. 

- LF<HF GEF4AB6?9A 6 D48<4?PAB@ A4CD46?9A<< (D<EGAB> 6.2). 

26. �89EP >4:84S CB69DIABEFP ED9;4 CD98EF46?S9F EB5B= >DG7. �4> G:9 5O?B E>4;4AB 
6OL9, 6 @B@9AF ED9;4 A4 QF<I CB69DIABEFSI 89=EF6GRF >4E4F9?PAO9 A4CDS:9A<S, 
D46AO9 CD989?G F9>GK9EF< CD< E86<79. &B784 GE?B6<9 CDBKABEF< A4 EBCDBF<6?9A<9 
ED9;G <@99F 6<8 

,     (6.8) 

789  i - K<E?B CB69DIABEF9= ED9;4. 

27. ,?<J96O9 EB98<A9A<S. 

%@SF<9 < <;ABE D45BK<I CB69DIABEF9= ;G5P96 E6S;4AO E B8A<@ < F9@ :9 C4D4@9FDB@ 3 
A4CDS:9A<9@ E@SF<S ó%� . 1FB CB;6B?S9F D4EE@4FD<64FP ó%� >4> B5B5M9AAO= 
>D<F9D<= D4EK9F4  < A4 E@SF<9 < A4 <;ABE, CD<A<@4S CD< QFB@ [ó%� ] A4 BEAB69 BCOF4 
Q>EC?G4F4J<< CB8B5AOI >BAEFDG>J<=. &4>B= D4EK9F 5G89F A4;O64FPES GCDBM9AAO@ 
D4EK9FB@ CB B5B5M9AAB@G >D<F9D<R. 

#D< CDB9>F<DB6BKAB@ D4EK9F9 L?<J96OI EB98<A9A<= CBE?9 6O5BD4 D4;@9DB6 E9K9A<S 
;G5P96 CB EF4A84DFG (F45?<JO �6 < �7) BCD989?SRF 8?<AG ;G5P96 l<; GE?B6<S CDBKAB-
EF< CB A4CDS:9A<S@ E@SF<S (E@. HBD@G?G 4.30 [1, E.140]) 

  ,     (6.9) 
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789  K�  –  >BQHH<J<9AF A9D46AB@9DABEF< D4ECD989?9A<S A47DG;>< @9:8G ;G5PS@< (;4-
6<E<F BF FBKABEF< <;7BFB6?9A<S < GE?B6<= D45BFO), K� = 1,1& 1,5. 

28. �9B@9FD<K9E><9 D4;@9DO L?<J4 6OK<E?SRF 6 ;46<E<@BEF< BF L?<J96B7B EB98<A9A<S. 
&4> 8?S CDS@B5BKAOI L?<J96 

,    ;    (6.10) 

8?S Q6B?P69AFAOI 

   

  dm = m·z ,         h = m.     (6.11) 

29. �E?< CB?GK49FES, KFB l>1,5·d, FB <;@9ASRF D4;@9DO, F9D@BB5D45BF>G <?< CD<A<@4RF 
8DG7B= 6<8 EB98<A9A<S. 

�?<AG EFGC<JO CD<A<@4RF l%&  = l + 4... 6@@ < 5B?99 6 ;46<E<@BEF< BF >BAEFDG>J<< EB-
98<A9A<S. 

СB89D:4A<9 ;484A<O: 

З484K4 1. �G5K4FB9 >B?9EB, D4EEK<F4AAB9 8?S C9D984K< B>DG:AB7B GE<?<S Ft , EB-
98<A9AB E 64?B@ 8<4@9FDB@ d CD< CB@BM< CD<;@4F<K9E>B= LCBA>< (D<EGAB> 6.1). "CD9-
89?<FP A9B5IB8<@GR 8?<AG LCBA><, 9E?< 8<4@9FD 89?<F9?PAB= B>DG:ABEF< D 1 , @4F9D<4? 
L9EF9DA< < 64?4 - %F4?P 40), @4F9D<4? LCBA>< - EF4?P %F 6 (F45?<J4 6.1). 

 

Т45л8ц4 6.1 



78 

 

 �4D84=тO 

1 2 3 4 5 6 7 8 9 10 

Ft, к� 4 6 8 10 4,5 5,5 6,0 8,0 10,0 12,0 

d, << 30 40 30 40 50 60 40 50 50 60 

D1,<< 150 160 175 190 200 220 210 250 280 300 

 

 

Задача 2. Ц8л8=дD8GеEк4я HеEтеD=я 74кDепле=4 =4 64лу пD8 по<оI8 ц8л8=дD8GеEко7о Hт8фт4 
(D8Eу=ок 6.2). �Dо6еD8тP Hт8фт =4 EDе7, еEл8 <о<е=т, пеDед464е<O9 HеEтеD=е9 Т (т45л8ц4 6.2). 
�4теD84л Hт8фт4 - Eт4лP !т 6. 

Т45л8ц4 6.2 

 Варианты 

1 2 3 4 5 6 7 8 9 10 

Т, �·< 60 65 80 90 100 85 80 70 75 95 

d, << 18 22 24 26 28 30 32 34 36 38 

 

Задача 3. �одо5D4тP по �О!Ту =епод686=ое Hл8це6ое Eоед8=е=8е HеEтеD=8 E 64ло< 
(D8Eу=ок 6.3) 8 пDо6еD8тP ее =4 пDоG=оEтP. Д84<етD 64л4 d 8 <о<е=т Т, пеDед464е<O9 64ло<, 
пD86еде=O 6 т45л8це 6.3.  
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Т45л8ц4 6.3 

 Варианты 

1 2 3 4 5 6 7 8 9 10 

Т, �·< 200 220 250 230 260 240 320 300 360 400 

d, << 32 36 34 38 40 45 56 48 52 60 

 

�484K4 4. #B8B5D4FP < CDB69D<FP E97@9AFAO9 LCBA><, E CB@BMPR >BFBDOI C9D9849FES 
B>DG:AB9 GE<?<9 Ft A4 L><69 8<4@9FDB@ D, 9E?< A4DG:AO= 8<4@9FD 64?4 d(D<EGAB> 6.4, F45?<J4 
6.4).  

&45?<J4 6.4 

 Варианты 

1 2 3 4 5 6 7 8 9 10 

d, << 32 38 30 25 20 28 30 30 25 38 

Ft, к� 1,0 1,25 1,5 1,75 2,0 2,25 2,5 2,75 3,0 3,2 

D, << 450 400 300 200 100 150 200 250 150 200 
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З484K4 5. �FG?BKA4S @GHF4, EB98<ASRM4S 864 64?4 8<4@9FD4@< d, C9D9849F >DGFSM<= @B-
@9AF T (F45?<J4 6.5) E CB@BMPR CD<;@4F<K9E><I LCBAB> (D<EGAB> 6.5). �; GE?B6<S D46AB-
CDBKABEF< 64?4 < LCBA>< BCD989?<FP D4;@9DO CBE?98A9=. �4? <;7BF46?<649FES <; EF4?< 
%F 5 

Т45л8ц4 6.5 

 Варианты 

1 2 3 4 5 6 7 8 9 10 

Т, �·< 200 300 350 400 480 520 600 700 800 900 

d, << 30 36 38 42 45 50 52 58 50 60 

 

 

 

 

 

�484K4 6. �?B> L9EF9D9A >BDB5>< C9D984K CBE4:9A A4 L?<J96B= 64? E 

AB@<A4?PAO@< D4;@9D4@<  (D<EGAB> 6.6).  4F9D<4? D45BK<I CB69DIABEF9= - 
%F4?P 45, C9D984649@O= >DGFSM<= @B@9AF & (F45?<J4 6.6). �OCB?A<FP CDB69DBKAO= 
D4EK9F 8?S L?<J96B7B EB98<A9A<S. 

 

&45?<J4 6.6 

 Варианты 

1 2 3 4 5 6 7 8 9 10 

Т, � < 480 520 560 600 640 680 720 760 800 840 
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zôdôD 

6 ô 

28 ô 

34 

8 ô 

32 ô 

38 

8 ô 

36 ô 

42 

8 ô 

42 ô 

48 

8 ô 

46 ô 

54 

8 ô 

56 ô 

65 

8 ô 

62 ô 

72 

10 ô 

72 ô 

82 

10 ô 

82 ô 

92 

10 ô 

92 ô 

102 

 

�484K4 7. #B8B5D4FP CB �"%& E97@9AFAO9 LCBA>< (D<EGAB> 6.7) 8?S 7<?P;B6B= 
@GHFO < CDB69D<FP 99 A4 CDBKABEFP. �<4@9FD 64?4 d < @B@9AF, C9D984649@O= 64?B@ &, 
CD<6989AO 6 F45?<J9 6.7.  4F9D<4? LCBA>< - %F4?P 45, EFGC<JO >B?9E4 3 KG7GA %+ 18. 

Т45лиц4 6.7 

 Варианты 

1 2 3 4 5 6 7 8 9 10 

Т, � < 40 60 80 100 45 55 60 80 100 120 

d, << 16 18 20 22 25 28 30 32 36 38 

 

�484K4 8. �G5K4FB9 >B?9EB ;4>D9C?9AB A4 64?G d CD< CB@BM< J<?<A8D<K9E>B= 
LCBA>< (LF<HF4) 8<4@9FDB@ dШ  < 8?<AB= lШ (D<EGAB> 6.8). #D< C9D97DG;>9 C9D984K< 
LCBA>4 B>4;4?4EP ED9;4AAB=. "CD989?<FP B>DG:AB9 GE<?<9 A4 >B?9E9 8<4@9FDB@ D1, CD< 
>BFBDB@ CDB<;BL9? ED9;.  

 

&45?<J4 6.8 

 Варианты 

1 2 3 4 5 6 7 8 9 10 
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d, << 50 60 60 90 55 35 40 70 80 75 

dШ, << 8 8 10 12 8 6 6 10 12 10 

D1, << 200 250 300 350 400 450 350 400 450 500 

lШ, << 25 30 40 36 30 20 25 40 40 30 

 

�484K4 9. !4 6OIB8AB= 64? D98G>FBD4 E D4;@9D4@< d  < l (D<EGAB> 6.9, F45?<J4 6.9) 
A4E4:9A4 ;69;8BK>4 DB?<>B6B= J9C<. #B8B5D4FP < CDB69D<FP A4 CDBKABEFP L?<J96B9 
(Q6B?P69AFAB9) EB98<A9A<9. �D4M4RM<= @B@9AF A4 64?G &. @4F9D<4? 64?4 < ;69;8BK>< 3 
EF4?P 45. 

 

&45?<J4 6.9 

 Варианты 

1 2 3 4 5 6 7 8 9 10 

d,<< 25 30 40 50 45 35 20 55 60 65 

l, << 50 50 30 40 30 40 40 50 50 30 

Т, �·< 500 600 700 800 900 800 700 900 800 950 

 



83 

 

�484K4 10. "CD989?<FP CD989?PAO= 6D4M4RM<= @B@9AF, >BFBDO= @B:9F C9D984FP 
CD<;@4F<K9E>4S LCBA>4 8?<AB=   l  GEF4AB6?9AA4S A4 64?G 8<4@9FDB@  d  (D<EGAB> 6.10, 
F45?<J4 6.10). ,CBA>4 <;7BFB6?9A4 - %F4?P 45.  4F9D<4? 64?4 - %F4?P 40.  

 

Т45л8ц4 6.10 

 Варианты 

1 2 3 4 5 6 7 8 9 10 

d, << 25 30 35 40 45 50 55 60 70 75 

l, << 32 45 63 70 70 80 100 110 110 125 
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�D4>F<K9E>B9 ;4AOF<9 №23 

�4<@9AB64A<9: «�OCB?A9A<9  D4EK9F4  E64DAOI  EB98<A9A<=». 
Ц9?P ;4AOF<O:!4GK<FPES 6OCB?ASFP  D4EK9FO  E64DAOI  EB98<A9A<=. 

�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?<J 

            3. �O5<D4RF ECBEB5 E64D>< (DGKA4S Q?9>FDB8G7B64S, 46FB@4F<K9E>4S < F.8.) <?< 
A4;A4K4RF EB7?4EAB ;484A<R. 

4.  #D<A<@4RF (<?< A4;A4K4RF EB7?4EAB ;484A<R) F<C Q?9>FDB84 < @4F9D<4?, E64-
D<649@OI 89F4?9=. �?S 8G7B6B= E64D>< CD<@9ASRF Q?9>FDB8O E D4;?<KAB= B5@4;>B=, <?< 
CB>DOF<9@, B59EC9K<64RM<@ GEFB=K<6B9 7BD9A<9 8G7< < ;4M<FG @4F9D<4?4 L64 BF 6D98-
AB7B 6B;89=EF6<S B>DG:4RM9= ED98O. �?S E64D>< >BAEFDG>J<BAAOI EF4?9= CD<@9ASRF 
Q?9>FDB8O: 142, 142�, 146, 146�, 150, 150� < 8D. +<E?B CBE?9 5G>6O 1, G@AB:9AAB9 A4 
10, B5B;A4K49F @<A<@4?PAB9 ;A4K9A<9 6D9@9AAB7B EBCDBF<6?9A<S @9F4??4 L64, <;@9DS9-
@B7B 6  #4. �G>64 � B5B;A4K49F CB6OL9AAB9 >4K9EF6B Q?9>FDB84, B59EC9K<64RM99 CB?G-
K9A<9 5B?99 6OEB><I C?4EF<K9E><I E6B=EF6 @9F4??4 L64. 

         5.  "CD989?SRF 8BCGE>49@O9 A4CDS:9A<S 8?S BEAB6AB7B @4F9D<4?4 < @4F9D<4?4 
E64DAB7B L64.  

�BCGE>49@O9 A4CDS:9A<S D4EFS:9A<S BEAB6AB7B @9F4??4 

óР] = óТ/ [s],      (3.1) 

789ó&- CD989? F9>GK9EF< BEAB6AB7B @9F4??4 (F45?<J4 �1); [s] 3 8BCGE>49@O= >BQH-
H<J<9AF ;4C4E4 CDBKABEF< ([s] = 1,2... 1,8 8?S A<;>BG7?9DB8<EFOI < [s] = 1,5... 2,2 8?S A<;-
>B?97<DB64AAOI EF4?9=) - 5B?PL99 ;A4K9A<9 CD< 7DG5OI D4EK9F4I; 9E?< D4;DGL9A<9 EB-
CDS:9AB E FS:9?O@< CBE?98EF6<S@<, FB ;A4K9A<9 [s] CB6OL4RF 6 1,5... 2 D4;4. 

 �BCGE>49@O9 A4CDS:9A<S 8?S E64DAOI L6B6 óò] CD< EF4F<K9E>B= A47DG;>9 ;484RF 
6 8B?SI BF 8BCGE>49@B7B A4CDS:9A<S   ó$] A4 D4EFS:9A<9 BEAB6AB7B @9F4??4  (F45?<J4 
3.11) 

 

&45?<J4 3.11 

�<8 F9IAB?B7<K9E>B7B CDBJ9EE4 
E64D>< 

�BCGE>49@O9 A4CDS:9A<S 6 L64I CD< 

D4EFS:9A<< 
óò$] 

E:4F<< 

[óò%�] 

ED9;9 

[ôò] 

�6FB@4F<K9E>4S CB8 H?REB@, DGK-
A4S Q?9>FDB84@< 142� < 150�, 
>BAF4>FA4S EFO>B64S 

 

 

ó$] 

 

 

ó$] 

 

 

0,65·ó$] 
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$GKA4S 8G7B64S Q?9>FDB84@< 142 < 
150, 74;B64S E64D>4  

 

 

0,9·ó$] 

 

 

ó$] 

 

 

0,6·ó$] 

� E?GK49 9E?< E64D<64NF 89F4?< E D4;?<KAO@< @9I4A<K9E><@< E6B=EF64@<, FB 
D4EK9F 8BCGE>49@OI A4CDO:9A<= 6989FEO 8?O @4F9D<4?4, B5?484NM97B 
A4<@9APL<@ ;A4K9A<9@ CD989?4 F9>GK9EF<. 
6. %BEF46?SRF D4EK9FAGR EI9@G EB98<A9A<S, CD<698S 9T > EI9@4@, <;?B:9AAO@ 6 
>BAEC9>F9 ?9>J<=  

�A9LA<9 E<?O, 89=EF6GRM<9 A4 EB98<A9A<9, E?98G9F C9D9A9EF< 6 J9AFD FS:9EF< 
E64DAB7B L64 6 EBBF69FEF6<< E CD46<?4@< F9BD9F<K9E>B= @9I4A<><, CD< QFB@ E<?O, 
89=EF6GRM<9 CB8 G7?B@ > C?BE>BEF< E64DAOI L6B6, A9B5IB8<@B D4;?B:<FP A4 
C9DC9A8<>G?SDAO9 EBEF46?SRM<9 (D<EGAB> 3.11). 

#D< C9D9ABE9 E<?O F1 C4D4??9?PAB E959 CBS6?S9FES 
8BCB?A<F9?PAB @B@9AF C4DO E<? D46AO= 

 

  M = F1l . 

 

#D< C9D9ABE9 E<?O F2 68B?P ?<A<< 89=EF6<S 
A<>4><I 8BCB?A<F9?PAOI E<? < @B@9AFB6 A9 
6B;A<>49F. 
� ;484K9 8 GE<?<9 BF >4A4F4 CD<?B:9AB > 54D454AG 
A9E<@@9FD<KAB CB BFABL9A<R > EFB=>4@, CBQFB@G 
< E<?O 89=EF6GRM<9 A4 E64DAO9 L6O (R1< R2) 

5G8GF D4;?<KAO. �?S <I BCD989?9A<S E?98G9F 
EBEF46<FP GD46A9A<S D46AB69E<S 
BFABE<F9?PAB BCBD 1  < 2  3 EFB9> (D<EGAB> 
3.12) 

 

 

 

� ;484K9 10 E?98G9F <; GE?B6<S D46AB69E<S >B?9E4 BFABE<F9?PAB BE< 6D4M9A<S  
 

 

 

BCD989?<FP GE<?<S Fi , 6O;O64RM<9 ED9; L6B6 A4 EBBF69FEF6GRM<I 8<4@9FD4I Di . 

#D<@9DO D4EK9FAOI EI9@ 8?S ;484K 1, 2, 3, 4, 6, 7,9 CB>4;4AO A4 D<EGA>9 3.13. 
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7. !4;A4K4RF >4F9F L64. � 5B?PL<AEF69 E?GK496 k = min, 789 min - @9APL4S <; FB?M<A 
E64D<649@OI 89F4?9=. #B GE?B6<S@ F9IAB?B7<< kó 3 @@, 9E?< minó 3 @@.  4>E<@4?PA4S 
69?<K<A4 >4F9F4 A9 B7D4A<K<649FES, B8A4>B L6O E k>20 @@ <ECB?P;GRFES D98>B. 
8. "CD989?SRF 89=EF6GRM<9 A4CDS:9A<S BF89?PAB 8?S >4:8B7B E<?B6B7B H4>FBD4 
(E<?O, @B@9AF4). %>?48O64S A4CDS:9A<S, GK<FO64RF <I A4CD46?9A<9 (9E?< A4CD46?9A<9 
69>FBDB6 EB6C4849F, FB <I E>?48O64RF 4?795D4<K9E><, 9E?< 69>FBDO C9DC9A8<>G?SDAO, 
FB <I E>?48O64RF 79B@9FD<K9E><). 
9. #D< CDB9>F<DB64A<< E64DAOI L6B6 B5OKAB <; GE?B6<S CDBKABEF< BCD989?SRF <I 
8?<AG. #D<A<@4S CD< QFB@, KFB 8?<A4 H?4A7B6OI L6B6 B5OKAB A9 5B?PL9 50k, ?B5B6O9 
L6O @B7GF <@9FP ?R5GR 8?<AG.  <A<@4?PA4S8?<A4 G7?B6B7B L64 lmin EBEF46?S9F 30 
@@, KFB C9D9>DO649F 89H9>FO E64DAOI L6B6 3 A9CDB64D 6 A4K4?9 < >D4F9D 6 >BAJ9. 

З484K4 1. #DB69D<FP CDBKABEFP E64DAB7B EB98<A9A<S (D<EGAB> 3.1). %B98<A9A<9 
6OCB?A9AB 86G@S G7?B6O@< L64@< E >4F9FB@  k . %B98<A9A<9 A47DG:9AB E<?B= F(F45?<J4 
3.1).  4F9D<4? 89F4?9= -  EF4?P %F 3. %64D>4 DGKA4S. 
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З484K4 2. #DB69D<FP CDBKABEFP E64DAB7B EB98<A9A<S, >D9CSM97B BCBDAO= L69??9D, 
<@9RM<= AB@9D CDBH<?S №, > EF4?PAB= C?<F9 (D<EGAB> 3.2, F45?<J4 3.2).  4F9D<4? 
89F4?9= 3 EF4?P %F 3. %64D>4 46FB@4F<K9E>4S. 
&45?<J4 3.2 
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З484K4 3. #DB69D<FP CDBKABEFP E64DAB7B EB98<A9A<S, 9E?< A4 >BAJ9 >?9@@B6B7B 
DOK474, 8?<AB= l < FB?M<AB=  (D<EGAB> 3.3, F45?<J4 3.3) CD<?B:9A4 E<?4 F.  4F9D<4? 
DOK474 - %F4?P 10.  $4;@9D DOK474 G @9EF4 E64D>< 4.  %64D>4 DGKA4S. 
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З484K4 4. $4EEK<F4FP E64DAB9 EB98<A9A<9 3 8?<AG L64  l(D<EGAB> 3.4), >D9CSM99 EFB=>< 
A9CB86<:AB7B 5?B>4 >  C?<F9. %64D>4 46FB@4F<K9E>4S.  4F9D<4? E64D<649@OI 89F4?9= - 
EF4?P  %F 5. &B?M<A4 EFB9>   (F45?<J4 3.4). 
 

&45?<J4 3.4 
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З484K4 5. #DB69D<FP CDBKABEFP E64DAB7B EB98<A9A<S >D9C?9A<S FDG5O > A9CB86<:AB= 
C?<F9  А (D<EGAB> 3.5) CGF9@ B564D>< CB >BAFGDG E64DAO@ L6B@ E >4F9FB@ k, 9E?< 
A4DG:AO= 8<4@9FD FDG5O D, FB?M<A4 EF9A><  (F45?<J4 3.5).  4F9D<4? FDG5O -EF4?P %F 
3. %64D>4 46FB@4F<K9E>4S Q?9>FDB84@< 150�.  
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З484K4 6. $4EEK<F4FP E64DAB9 EB98<A9A<9 <; E9DP7<, 5?B>4 < L69??9D4 (D<EGAB> 3.6). !4 
5?B> 89=EF6G9F E<?4 F, FB?M<A4 EF9A>< E9DP7<  (F45?<J4 3.6).  4F9D<4? E64D<649@OI 
89F4?9=  - %F4?P 10. %64D>4 DGKA4S. 
&45?<J4 3.6 
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З484K4 7. #DB69D<FP CDBKABEFP E64DAB7B EB98<A9A<S ?<EF4 FB?M<AB=  E G7B?>B@ 
(D<EGAB> 3.7), 9E?< A4 >BAJ9 l DOK474 CD<?B:9A4 E<?4 F (F45?<J4 3.7).  4F9D<4? DOK474 
- EF4?P %F 5. %64D>4 DGKA4S Q?9>FDB84@< 150. 
 

&45?<J4 3.7 
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З484K4 8. $4EEK<F4FP E64DAB9 EB98<A9A<9 EFB=>< DGKAB= ?9598>< E C?<FB= (D<EGAB> 



91 

 

3.8). %<?4 A4FS:9A<S >4A4F4 A4CD46?9A4 CB8 G7?B@ ñ. #B?B:9A<9 >4A4F4 CB 8?<A9 
54D454A4 CD<ASFP A4<5B?99 FS:9?O@. $4EEFBSA<9 @9:8G EFB=>4@< l, 6OEBF4 BE< 
54D454A4 h. �D4=A99 CB?B:9A<9 >4A4F4 BF EFB=>< a (F45?<J4 3.8).  4F9D<4? 89F4?9= 3  
%F4?P15. %64D>4 DGKA4S. 
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З484K4 9. $4EEK<F4FP E64DAB9 EB98<A9A<9 >DBALF9=A4 E C?<FB= (D<EGAB> 3.9). 
%B98<A9A<9 6OCB?A9AB G7?B6O@< L64@< E >4F9FB@  k . %B98<A9A<9 A47DG:9AB E<?B= 
F(F45?<J4 3.9).  4F9D<4? 89F4?9= -EF4?P  %F  4. %64D>4 DGKA4S.  
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 �4D<4AFO 

1 2 3 4 5 6 7 8 9 10 

F, >! 10 35 40 45 50 20 35 30 25 50 

l, @@ 
24

0 

35

0 

30

0 

50

0 

40

0 

35

0 

28

0 

25

0 

36

0 

46

0 

, @@ 5 7 8 

1?9>
FDB-
8O 

142� Э50 Э42 



92 

 

 

 

З484K4 10. $4EEK<F4FP E64DAO9 L6O, EB98<ASRM<9 ;G5K4FO= 69A9J >B?9E4 E 97B 8<E>B@ 
< 8<E> EB EFGC<J9= (D<EGAB> 3.10). #9D984649@4S ;G5K4FO@ >B?9EB@ @BMABEFP P, 

G7?B64S E>BDBEFP  < 97B 8<4@9FDO D < d CD<6989AO 6 F45?<J9 3.10 . %B98<A9A<9 
6OCB?A9AB 86G@S G7?B6O@< L64@< E >4F9F4@<  k1 < k2.  4F9D<4? B5B84 < EFGC<JO 3 
%F4?P 40, @4F9D<4? 8<E>4 EF4?P %F 3. %64D>4 DGKA4S, Q?9>FDB84@< 142. 
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УK95AB-@9FB8<K9E>B9 B59EC9K9A<9 < <AHBD@4J<BAAB9 B59EC9K9A<9: 
�EAB6AO9 <EFBKA<><: 

1. �D>GL4, �.�. &9IA<K9E>4S @9I4A<>4. &9BD9F<K9E>4S @9I4A<>4 < EBCDBF<6?9A<9 @4-
F9D<4?B6 [&9>EF]: GK95A<> 8?S %#"  /  �.�. �D>GL4 3  .: �OEL4S L>B?4, 2005. 3 
352E. - (%D98A99 CDBH9EE<BA4?PAB9 B5D4;B64A<9). 

2. �9D9<A4, �.�. &9IA<K9E>4S @9I4A<>4 [&9>EF]: GK95A<> 8?S %#" / �.�. �9D9<A4, 
 . .  �D4EAB6 3  .:  �>489@<S, 2010. 3 288E. (%D98A99 CDBH9EE<BA4?PAB9  B5D4;B-
64A<9). 

3. �<AB>GDB6, �.�. %5BDA<> ;484K CB EBCDBF<6?9A<R @4F9D<4?B6 [&9>EF]: GK95AB9 
CBEB5<9 8?S GK4M<IES @4L<ABEFDB<F9?PAOI EC9J<4?PABEF9= F9IA<>G@B6/ 
�.�.�<AB>GDB6 3  .:  �OEL4S L>B?4, 1990. 3383E. (%D98A99 CDBH9EE<BA4?PAB9 B5-
D4;B64A<9). 
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4. $B@4AB6, .3. %5BDA<> ;484K CB 89F4?S@ @4L<A [&9>EF]: GK95AB9 CBEB5<9 8?S GK4-
M<IES F9IA<>G@B6 /  .3.$B@4AB6, �.�.�AEF4AF<AB6, !.�.#B>DB6E><=.�.�.3  .: 
 4L<BEFDB9A<9, 1984. 3 240E. (%D98A99 CDBH9EE<BA4?PAB9 B5D4;B64A<9). 

5. (4=A,�. . %5BDA<> ;484K CB F9BD9F<K9E>B= @9I4A<>9 [&9>EF]: GK95AB9 CBEB5<9 8?S  
F9IA<>G@B6 / �. .(4=A,  .: �OEL4S L>B?4, 1987. 3 256 E.  

6. 1D898<, �.�. &9BD9F<K9E>4S @9I4A<>4. %BCDBF<6?9A<9 @4F9D<4?B6 [&9>EF]: GK95AB9 
CBEB5<9 8?S %#" / �.�. 1D898<, !.�. 1D898< 3  .:  �>489@<S, 2010. 3320E. (%D98-
A99 CDBH9EE<BA4?PAB9 B5D4;B64A<9). 

 

ДBCB?A<F9?PAO9 <EFBKA<><:  
1. "?BH<AE>4S, �.#. &9IA<K9E>4S @9I4A<>4 [&9>EF]: GK95AB9 CBEB5<9 / �.#. "?BH<A-
E>4S. 3  .: (BDG@: �AH4-  - 2007. 3 346 E. (#DBH9EE<BA4?PAB9 B5D4;B64A<9). 

2. �B?BF<A, %.�. &9BD9F<K9E>4S @9I4A<>4 [&9>EF]: GK95A<> 8?S %#" /  %.�. �B?BF<A 3 
 .: �>489@<S, 2010. 3 256E. - (%D98A99 CDBH9EE<BA4?PAB9 B5D4;B64A<9). 

3. �9D9<A4, �.�. "EAB6O F9IA<K9E>B= @9I4A<>< [&9>EF]: GK95AB9 CBEB5<9 8?S %#"/ 
�.�. �9D9<A4 -  .: �>489@<S, 2009. 3 80 EFD. 

 

INTERNET-D9EGDEO. 

1. (989D4?PAO= E4=F B5D4;B64A<S - http://www.edu.ru.  

2. &9BD9F<K9E>4S @9I4A<>4 -  http://www.twirpx.com/files/machinery/termech/ 

3. &9IA<K9E>4S @9I4A<>4 - http://technical-mechanics.narod.ru/ 

4. &9IA<K9E>4S @9I4A<>4 - http://mehanikamopk.narod.ru/dm/main.html 

5. &9IA<K9E>4S @9I4A<>4 - http://www.twirpx.com/files/machinery/ptm   

6. %BCDBF<6?9A<9 @4F9D<4?B6 -  http://www.twirpx.com/files/machinery/sopmat/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


