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«BF?<KAB» 

�BAEC9>F CB F9@9 6OCB?A9A 6 B5B;A4K9AAO= CD9CB8464F9?9@ EDB>. 
 

�BAEC9>F 6OCB?A9A B5GK4RM<@ES CB ;484AAB= F9@9 6 CB?AB@ B5N9@9 E 
EB5?R89A<9@ A9B5IB8<@B= CBE?98B64F9?PABEF<. "5GK4RM<=ES D45BF4? 
CB?ABEFPR E4@BEFBSF9?PAB; D4E>DO? F9@G CB?ABEFPR < BF69F<? A4 6E9 6BCDBEO 
CD9CB8464F9?S CB >BA>D9FAB= F9@9 >BAEC9>F4. �BAEC9>F BHBD@?9A 4>>GD4FAB, 6 
A4<5B?99 BCF<@4?PAB= 8?S H<>E4J<< D9;G?PF4FB6 HBD@9. 

«IBDBLB» 

�BAEC9>F CB F9@9 6OCB?A9A 6 B5B;A4K9AAO= CD9CB8464F9?9@ EDB>. 
 

�BAEC9>F 6OCB?A9A B5GK4RM<@ES CB ;484AAB= F9@9 6 CB?AB@ B5N9@9 E 
EB5?R89A<9@ A9B5IB8<@B= CBE?98B64F9?PABEF<. "5GK4RM<=ES D45BF4? 
CB?ABEFPR E4@BEFBSF9?PAB; D4E>DO? F9@G A9 CB?ABEFPR < BF69F<? A4 K4EFP 
6BCDBEB6 CD9CB8464F9?S CB >BA>D9FAB= F9@9 >BAEC9>F4. �BAEC9>F BHBD@?9A 
4>>GD4FAB, E A9;A4K<F9?PAO@< <ECD46?9A<S@<. 

«G8B6?9F6BD<F9?PAB» 

�BAEC9>F CB F9@9 6OCB?A9A 6 B5B;A4K9AAO= CD9CB8464F9?9@ EDB>. 
 

�BAEC9>F 6OCB?A9A B5GK4RM<@ES CB ;484AAB= F9@9 6 A9 CB?AB@ B5N9@9 E 
K4EF<KAO@ EB5?R89A<9@ A9B5IB8<@B= CBE?98B64F9?PABEF<. "5GK4RM<=ES 
D45BF4? CB?ABEFPR E4@BEFBSF9?PAB; D4E>DO? F9@G A9 CB?ABEFPR < BF69F<? A4 
K4EFP 6BCDBEB6 CD9CB8464F9?S CB >BA>D9FAB= F9@9 >BAEC9>F4. �BAEC9>F BHBD@?9A 
A9 4>>GD4FAB. 

«A9G8B6?9F6BD<F9?PAB» 

�BAEC9>F CB F9@9 A9 6OCB?A9A 6 B5B;A4K9AAO= CD9CB8464F9?9@ EDB>. 
 

�BAEC9>F 6OCB?A9A B5GK4RM<@ES A9 CB ;484AAB= F9@9 6 A9 CB?AB@ B5N9@9 59; 
EB5?R89A<S A9B5IB8<@B= CBE?98B64F9?PABEF<. "5GK4RM<=ES D45BF4? A9 
E4@BEFBSF9?PAB; A9 D4E>DO? F9@G < A9 BF69F<? A4 6BCDBEO CD9CB8464F9?S CB 
>BA>D9FAB= F9@9 >BAEC9>F4. �BAEC9>F BHBD@?9A A9 4>>GD4FAB. 
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(>4?4 BJ9A<64A<S �D<F9D<< BJ9A<64A<S 

«;4KF9AB» "5GK4RM<=ES 69DAB BF69F<? A4 70 % < 5B?99 F9EFB6OI ;484A<= CD< 
CDBIB:89A<< F9EF<DB64A<S 

«A9 ;4KF9AB» "5GK4RM<=ES 69DAB BF69F<? A4 69 % < @9A99 F9EFB6OI ;484A<= CD< 
CDBIB:89A<< F9EF<DB64A<S 

 

�BAFDB?PA4S D45BF4 
(>4?4 

BJ9A<64A<S 
�D<F9D<< BJ9A<64A<S 

«;4KF9AB» 
%FG89AF CB?ABEFPR < CD46<?PAB 6OCB?A<? ;484A<9 >BAFDB?PAB= D45BFO. #B>4;4? 
BF?<KAO9 ;A4A<S < G@9A<S 6 D4@>4I GE6B9AAB7B GK95AB7B @4F9D<4?4. �BAFDB?PA4S 
D45BF4  BHBD@?9A4 4>>GD4FAB < 6 EBBF69FEF6<< E CD98NS6?S9@O@< FD95B64A<S@<.  

«A9 ;4KF9AB» %FG89AF A9 CB?ABEFPR 6OCB?A<? ;484A<S >BAFDB?PAB= D45BFO, CD< QFB@ CDBS6<? 
A98BEF4FBKAO= GDB69AP ;A4A<= < G@9A<=. 

 

  



3 &<CB6O9 >BAFDB?PAO9 ;484A<S <?< <AO9 @4F9D<4?O, A9B5IB8<@O9 
8?S BJ9A>< ;A4A<=, G@9A<=, A46O>B6 < (<?<) BCOF4 89SF9?PABEF<, 

I4D4>F9D<;GRM<I QF4CO HBD@<DB64A<S >B@C9F9AJ<= 

6 CDBJ9EE9 BE6B9A<S B5D4;B64F9?PAB= CDB7D4@@O 
 

3.1 &<CB6O9 >BAFDB?PAO9 ;484A<S 8?S 6OCB?A9A<S ?45BD4FBDAOI D45BF 
 

1. �45BD4FBDA4S D45BF4.  
«�;@9D9A<9 4>F<6AB= @BMABEF< 6 FD9IH4;AOI J9CSI C9D9@9AAB7B FB>4» 
 

&9?P D45BFO: B;A4>B@<FPES E @9FB84@< <;@9D9A<S 4>F<6AB= @BMABEF< 6 J9CSI 
FDUIH4;AB7B FB>4 >4> E<@@9FD<KAB=, F4> < 6 D4;?<KAOI E?GK4SI A9E<@@9FD<KAB= A47DG;>< 
H4;. 

 

&9BD9F<G9E><9 E6989A<O 

 

 7AB69AA4S @BMABEFP FDUIH4;AB= E<EF9@O D46A4 EG@@9 @7AB69AAOI @BMABEF9= H4;: 
 
                                        

CCBBAA
IUIUIUP ûûý ,                              (6.1) 

789 CBA UUU ,,  3 @7AB69AAO9 ;A4K9A<S H4;AOI A4CDS:9A<=; 
  CBA III ,,  3 @7AB69AAO9 ;A4K9A<S H4;AOI FB>B6. 
� EBBF69FEF6<< E C9D6O@ ;4>BAB@ �<DI7BH4 @B:AB <E>?RK<FP B8<A <; FB>B6, >DB@9 

FB7B, ?<A9=AO9 A4CDS:9A<S @B:AB 6OD4;<FP K9D9; H4;AO9. 
-FB CB;6B?S9F C9D9C<E4FP 6OD4:9A<9 6.1 6 B8AB= <; FDUI HBD@: 
 

                                                 
BBCAAC IUIUP ûý ;   

                                                 CCBAAB IUIUP ûý ;
                                              

(6.2)
                            

                                                 CCABBA IUIUP ûý .

             
                             
#B?GK9AAO9 6OD4:9A<S ECD4698?<6O < CD< EB98<A9A<< A47DG;>< FD9G7B?PA<>B@. 
#9D9IB8S BF @7AB69AAOI ;A4K9A<= 69?<K<A > <I 89=EF6GRM<@ ;A4K9A<S@, 6OD4:9A<9 

(6.1) @B:AB ;4C<E4FP: 
 
                                  

1 2
cos cosAC A BC BP U I U Iú úý û ; 

                                  
43

coscos úú CCBAAB IUIUP ûý ;                           (6.3)                         
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coscos úú CCBAAB IUIUP ûý ,            
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-FBF @9FB8 (D<E. 6.1) CD<@9AS9FES 6 E?GK49 EB98<A9A<S A47DG;>< ;69;8B= E AG?96O@ 
CDB6B8B@, 9E?< E<EF9@4 E<@@9FD<KA4. � QFB@ E?GK49 <;@9DSRF @BMABEFP B8AB= H4;O. 
#B>4;4A<S CD<5BD4 AG:AB GFDB<FP. 
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4D<H@9F<K9E>4S EG@@4 CB>4;4A<= 64FF@9FDB6. 
 
� Q>EC?G4F4J<BAAOI GE?B6<SI CD<@9ASRF 86GI- < FD9IH4;AO9 64FF@9FDO, 

CD98EF46?SRM<9 EB5B= EBK9F4A<9 6 B8AB@ CD<5BD9 86GI <?< FD9I B8ABH4;AOI 
<;@9D<F9?PAOI Q?9@9AFB6, <@9RM<I B5MGR CB86<:AGR K4EFP, A4 >BFBDGR 89=EF6G9F 
EG@@4DAO= 6D4M4RM<= @B@9AF 6E9I Q?9@9AFB6. 
$9;G?PF4FO <;@9D9A<= E69EF< 6 F45?. 6.3. 

&45?<F4 6.3 

$9;G?PF4FO <;@9D9A<= @9FB8B@ FDUI 64FF@9FDB6 

(4;AO9 FB><, @� 
�<A9=AO9 

A4CDS:9A<S, � 

(4;AO9 
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3.2 &<CB6O9 >BAFDB?PAO9 ;484A<S 8?S >BAFDB?PAB= D45BFO 

 

�484K4 1. �;@9D9A<9 FB>4 C9D9@9AAB7B A9E<AGEB<84?PAB7B FB>4 
 

1. � J9CP A9E<AGEB<84?PAB7B FB>4 6>?RK9AO: 4@C9D@9FD @47A<FBQ?9>FD<K9E>B= 
E<EF9@O < 4@C9D@9FD Q?9>FDB8<A4@<K9E>B= E<EF9@O. �@C9D@9FDO <@9RF B8<A4>B6O9 
AB@<A4?PAO9 FB>< =I = 5 � < L>4?O E B8<A4>B6O@ AB@<A4?PAO@ K<E?B@ 89?9A<= 4A = 100 

89?. 
!4K9DF<F9 EI9@G J9C< < BCD989?<F9, A4 >4>B9 K<E?B 89?9A<= L>4?O BF>?BA<FES 

EFD9?>4:  
4) @47A<FBQ?9>FD<K9E>B7B 4@C9D@9FD4;  
5) Q?9>FDB8<A4@<K9E>B7B 4@C9D@9FD4, 9E?< 6 J9C< CDBIB8<F FB>: 
 

3
(3 ).ö ö öý û ñ0 1m 3mi I +I Sin t I Sin t  

 

#BEFDB=F9 6 @4ELF459 6 B8A<I BESI >BBD8<A4F 7D4H<>< ;484AAB7B FB>4 i = f(t)  ;4 6D9@S 
B8AB7B C9D<B84 BEAB6AB= 74D@BA<>< FB>4. 

�A4K9A<S 0I , 1mI , 3mI  < ö3  8?S BF89?PAOI 64D<4AFB6 ;484AO 6 F45?. 2.1. 
2. � J9CP A9E<AGEB<84?PAB7B FB>4 6>?RK9AO: 4@C9D@9FD Q?9>FDB8<A4@<K9E>B= E<EF9@O 

< 4@C9D@9FD 89F9>FBDAB= (6OCDS@<F9?PAB=) E<EF9@O. �@C9D@9FDO <@9RF B8<A4>B6O9 
AB@<A4?PAO9 FB>< I = 5 � < L>4?O E B8<A4>B6O@ AB@<A4?PAO@ K<E?B@ 89?9A<= A³ =100 

89?.  
!4 >4>B9 K<E?B 89?9A<= L>4?O BF>?BA<FES EFD9?>4:  
4) Q?9>FDB8<A4@<K9E>B7B 4@C9D@9FD4;  
5) 89F9>FBDAB7B 4@C9D@9FD4, 9E?< 6 J9C< CDBIB8<F FB>: 
 

3
t ( ).ö ö öý û ñ1m 3mi I Sin I Sin 3 t  

 

�A4K9A<S 1mI , 3mI  < 
3
ö  8?S BF89?PAOI 64D<4AFB6 ;484AO 6 F45?. 2.1. 

 

 

&45?<F4 2.1 



'<E?B6O9 ;A4K9A<S 8?S ;484K< 1 

!4<@9AB64A<9 
69?<K<A 
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