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69?<K<AG E@9M9A<S E<AGEB<8 9
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$4;ABEFP A4K4?PAOI H4; 86GI E<AGEB<84?PAOI 69?<K<A A4;O649FES   E86<7B@ H4; (D<E.7): 

   
!4K4?B@ C9D<B84 A4;O649FES @B@9AF 6D9@9A<, 6 >BFBDB@ E<AGEB<84?PA4S 69?<K<A4 

CDBIB8<F K9D9; AG?96B9 ;A4K9A<9, CBE?9 >BFBDB7B A4K<A49FES 9T CB?B:<F9?PAB9 ;A4K9A<9. 
!4K4?PA4S H4;4 α BFEK<FO649FES CB BE< t BF A4K4?4  
C9D<B84 E<AGEB<8O 8B A4K4?4 >BBD8<A4F. 
#D< α > 0 3 A4K4?B E<AGEB<8O E86<749FES 
6?96B BF A4K4?4 >BBD8<A4F 
#D< α <  0 – A4K4?B E<AGEB<8O E86<749FES 
6CD46B BF A4K4?4 >BBD8<A4F.  
 

 

�9=EF6GRM99 ;A4K9A<9 C9D9@9AAB7B FB>4 
D46AB F4>B@G CBEFBSAAB@G FB>G, >BFBDO= ;4 
6D9@S, D46AB9 B8AB@G C9D<B8G, 6O89?S9F A4 
D9;<EFBD9 B8<A4>B6B9 >B?<K9EF6B F9C?BFO E 

C9D9@9AAO@ FB>B@ 
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D<E.7 



%<AGEB<84, G >BFBDB= A4K4?B C9D<B84 
6B;A<>49F E?964 A4 7D4H<>9 D4APL9, K9@ G 
8DG7B= 3 EK<F49FES BC9D9:4RM9= CB H4;9; 4 
F4, G >BFBDB= CB;:9 3 BFEF4RM9= CB H4;9. 

 

 9FB8<K9E><9 G>4;4A<S > D9L9A<R ;484K< 3 

$4EK9F A9D4;69F6?9AAOI Q?9>FD<K9E><I J9C9= C9D9@9AAB7B FB>4 

&9BD9F<K9E><9 E6989A<S: "8ABH4;AO9 Q?9>FD<K9E><9 J9C<  C9D9@9AAB7B FB>4. 

'K4EF>< J9C<, 789 CDB<EIB8<F 6 BEAB6AB@ CD9B5D4;B64A<9 Q?9>FDB@47A<FAB= 
QA9D7<< 6 F9C?B6GR, B5?484RF EBCDBF<6?9A<9@, >BFBDB9 A4;O649FES 4>F<6AO@ 
EBCDBF<6?9A<9@ < B5B;A4K49FES 3 R4 

R4 - 69?<K<A4, I4D4>F9D<;GRM4S EBCDBF<6?9A<9 J9C< C9D9@9AAB@G 
FB>G: 
!4 F4>B@ GK4EF>9 6>?RK9AO D9;<EFBDO, ?4@CO A4>4?<64A<S, 
Q?9>FDBA47D964F9?PAO9 GEFDB=EF64, 4 F4>:9 H9DDB@47A<FAO9 
E9D89KA<>< D4;?<KAOI Q?9>FDBF9IA<K9E><I GEFDB=EF6  

'K4EF>< J9C<, 789 6OD4:9AO 6 BEAB6AB@ @47A<FAO9 CB?S, 
B5?484RF <A8G>F<6ABEFPR, >BFBDB9 A4;O649FES D94>F<6AO@ 
<A8G>F<6AO@ EBCDBF<6?9A<9@ < B5B;A4K49FES 3  χ
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GEFDB=EF6 (A4CD<@9D B5@BF>< CB?REB6 Q?9>FD<K9E><I @4L<A, B5@BF>< FD4AEHBD@4FBDB6). 
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"8ABH4;AO9 Q?9>FD<K9E><9 J9C<, 6>?RK4RM<9 6OL9C9D9K<E?9AAO9 C4D4@9FDO, 
A4;O64RFES J9CS@< E EBED98BFBK9AAO@< C4D4@9FD4@< < CB;6B?SRF <;GK<FP E6B=EF64 
BF89?PAOI GK4EF>B6 J9C<, B5?484RM<I E@9L4AAO@< EB98<A9A<S@<: 
�4>BA "@4 8?S J9C9= C9D9@9AAB7B FB>4 
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BF A4CDS:9A<S CB>4;O649FES CB K4EB6B= 
EFD9?>9: 

 *9C< C9D9@9AAB7B FB>4 E 9@>BEFAO@ EBCDBF<6?9A<9@ 
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!4 69>FBDAB= 8<47D4@@9 BC9D9:9A<9 I 
BFABE<F9?PAB U CB>4;O649FES CDBF<6 
K4EB6B= EFD9?><. 

%I9@O 8?S D4EK9F4 < 84AAO9 E@BFD9FP 
#D<?B:9A<< 3. 
#D<@9D: 
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5. +4EFBFG 
6. #9D<B8 
7.  7AB69AAB9 ;A4K9A<9 FB>4 6 A4K4?PAO= @B@9AF 
6D9@9A< 

8. %86<7 CB H4;9 @9:8G ;484AAO@< FB>4@< 

9. #BEFDB<FP 7D4H<> FB>B6 < >DG7B6GR 8<47D4@@G 
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$4EK9F A9D4;69F6?9AAOI J9C9= C9D9@9AAB7B FB>4 

 

 

 

 

 

 

 

 

 

 

 

�4AB: 
XL = 9 "@ 

Ra1 = 5 "@ 

Х% = 15 "@ 

Ra2 = 3 "@ 

U= 200 � 

 

"CD989?<FP: 
1. Ź - B5M99 EBCDBF<6?9A<9 J9C<  
2. I - B5M<= FB> J9C< 

3. Eos φ - >BQHH<J<9AF @BMABEF< 

4. #489A<S A4CDS:9A<S A4 >4:8B@ EBCDBF<6?9A<< 

5. #BEFDB<FP 6 @4ELF459 69>FBDAGR 8<47D4@@G  
6. �>F<6AGR $, D94>F<6AGR Q, CB?AGR S @BMABEF< J9C< 
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5. #"%&$"�  69>FBDAGR 8<47D4@@G FB>4 < A4CDS:9A<= < 8B>4:9@ CD46<?PABEFP 

CDB<;6989AAOI D4EK9FB6 
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"#$����3�  CB?AGR @BMABEFP Q?9>FD<K9E>B= J9C<: 
 

 

 

�4AAO9 8?S D4EK9F4 E@BFD9FP 6 #D<?B:9A<< 3. 

 

 9FB8<K9E><9 G>4;4A<S > D9L9A<R  

#D4>F<K9E>4S D45BF4 №  4,5  $4EK9F FD9IH4;AOI Q?9>FD<K9E><I J9C9= 
C9D9@9AAB7B FB>4,  EB98<A9AAOI «;69;8B=» <  «FD9G7B?PA<>B@».  

 

&9BD9F<K9E><9 E6989A<S: 

� FD9IH4;AB= E<EF9@9 C9D9@9AAB7B FB>4 89=EF6GRF FD< 
Q8E B8<A4>B6B= K4EFBFO,  6;4<@AB E@9M9AAO9 CB H4;9 
A4 B8AG FD9FP (

1
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)C9D<B84.  

 

 

 

 

 

 

 

"5@BF>< 79A9D4FBD4 @B:AB EB98<A<FP 86G@S ECBEB54@<: 
«;69;8B=» < «FD9G7B?PA<>B@». 
 

%B98<A9A<9 B5@BFB> 79A9D4FBD4 «;69;8B=». 

#D< EB98<A9A<< B5@BFB> ;69;8B= >BAJO B5@BFB> X, 

', Z EB98<ASRFES 6 B8AG FBK>G N, A4;O649@GR AG?96B= 
FBK>B= <?< A9=FD4?PR 79A9D4FBD4.   
� K9FOD9ICDB6B8AB= E<EF9@9 > A9=FD4?< 
CD<EB98<AS9FES A9=FD4?PAO=, <?< AG?96B= CDB6B8. � 
A4K4?4@ B5@BFB> 79A9D4FBD4 CD<EB98<ASRFES FD< 
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?<A9=AOI CDB6B84.  
!4CDS:9A<S @9:8G A4K4?4@< < >BAJ4@< H4;, <?<, KFB FB :9, A4CDS:9A<S @9:8G >4:8O@ <; 
?<A9=AOI CDB6B8B6 < AG?96O@, A4;O64RFES H4;AO@< A4CDS:9A<S@ < B5B;A4K4RFES UA, B, 

Uc <?< 6 B5M9@ 6<89 UH 

 

!4CDS:9A<S @9:8G A4K4?4@< B5@BFB>, <?<, KFB FB :9, 
@9:8G ?<A9=AO@< CDB6B84@<, A4;O64RFES ?<A9=AO@< 
A4CDS:9A<S@< < B5B;A4K4RFES UAB, UBC, UCA  <?< 6 B5M9@ 
6<89 U?. 
"5OKAB 6E9 H4;O B5@BF>< 79A9D4FBD4 6OCB?ASRFES 

B8<A4>B6O@<, F4> KFB 89=EF6GRM<9 ;A4K9A<S Q8E 6 H4;4I 
D46AO, F. 9. �А=��=�% , AB E86<AGFO BFABE<F9?PAB 8DG7 
8DG74 A4 ےφ = 120°. !4 69>FBDAB= 8<47D4@@9 QFB 
CB>4;O649FES E?98GRM<@ B5D4;B@.  

 

&4>GR :9 8<47D4@@G <@9RF H4;AO9 A4CDS:9A<S 79A9D4FBD4 UA , UB , Uc. 

%BBFABL9A<9 @9:8G ?<A9=AO@< < H4;AO@< A4CDS:9A<S@< CD< EB98<A9A<< B5@BFB> 
79A9D4FBD4 «;69;8B=».  

 

 

 

 

 

 

 

 

 

�; 69>FBDAB= 8<47D4@@O 6<8AB, KFB 69>FBD ?<A9=AB7B 
A4CDS:9A<S CD< EB98<A9A<< B5@BFB> 79A9D4FBD4 
«;69;8B=» 5B?PL9 69>FBD4 H4;AB7B A4CDS:9A<S 4 3 :  

 

 

 

 

 

 

%B98<A9A<9 B5@BFB> 79A9D4FBD4 «FD9G7B?PA<>B@». 

#D< EB98<A9A<< B5@BFB> FD9IH4;AB7B 79A9D4FBD4 
FD9G7B?PA<>B@ >BA9J C9D6B= B5@BF>< X EB98<AS9FES E 
A4K4?B@ 6FBDB= B5@BF>< �, >BA9J 6FBDB= B5@BF>< Y 

EB98<AS9FES E A4K4?B@ FD9FP9= B5@BF>< % < >BA9J 
FD9FP9= B5@BF>< Z E A4K4?B@ C9D6B= А. &D< ?<A9=AOI 
CDB6B84, <8GM<I > CD<9@A<>4@ QA9D7<<, CD<EB98<ASRFES 
> A4K4?4@ H4; А, � < %. 

 

ВектоD л8не9но7о напDO6ен8O Dа6ен Dа7ноEт8 
6ектоDо6 Eоот6етEт6уNщ8E Dа7ныE напDO6ен89. 
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%B98<A9A<9 79A9D4FBD4 < CD<9@A<>4 QA9D7<< «;69;8B=». 
CD< F4>B@ EB98<A9A<< E<EF9@4 @B:9F 5OFP  

1. +9FOD9ICDB6B8AB= 3 <ECB?P;G9FES CD< BE69F<F9?PAB= A47DG;>9 
2. &D9ICDB6B8AB= 3 <ECB?P;G9FES CD< E<?B6B= A47DG;>9 (F.9. CD< CB8>?RK9A<< 
Q?9>FDB86<74F9?9=) 

 

+9FOD9ICDB6B8A4S E<EF9@4 FD9IH4;AB7B FB>4.  

�E?< H4;AO9 B5@BF>< 79A9D4FBD4 <?< CBFD95<F9?S EB98<A<FP F4>, KFB5O >BAJO B5@BFB> 
5O?< EB98<A9AO 6 B8AG B5MGR FBK>G, 4 A4K4?4 B5@BFB> CD<EB98<A9AO > ?<A9=AO@ 
CDB6B84@, FB F4>B9 EB98<A9A<9 A4;O649FES EB98<A9A<9@ ;69;8B= < B5B;A4K49FES GE?B6AO@ 
;A4>B@ Y. !4 D<EGA>9 B5@BF>< 79A9D4FBD4 < CBFD95<F9?S EB98<A9AO ;69;8B=. &BK><, 6 
>BFBDOI EB98<A9AO >BAJO H4;AOI B5@BFB> 79A9D4FBD4 <?< CBFD95<F9?S, A4;O64RFES 
EBBF69FEF69AAB AG?96O@< FBK>4@< 79A9D4FBD4 (0) < CBFD95<F9?S (0').  

"59 FBK>< 0 < 0' EB98<A9AO CDB6B8B@, >BFBDO= A4;O649FES AG?96O@, <?< A9=FD4?PAO@ 
CDB6B8B@. "EF4?PAO9 FD< CDB6B84 FD9IH4;AB= E<EF9@O, <8GM<9 BF 79A9D4FBD4 > 
CBFD95<F9?R, A4;O64RFES ?<A9=AO@< CDB6B84@<. &4><@ B5D4;B@, 79A9D4FBD EB98<A9A E 
CBFD95<F9?9@ K9FODP@S CDB6B84@<. #BQFB@G QF4 E<EF9@4 A4;O649FES K9FOD9ICDB6B8AB= 
E<EF9@B= FD9IH4;AB7B FB>4. 
 

 

 

 

 

 

 

 

 

 

 

 

 

&B>, CDBF9>4RM<= CB H4;AB= B5@BF>9 79A9D4FBD4 <?< CBFD95<F9?S, A4;O649FES H4;AO@ 
FB>B@ < B5B;A4K49FES 6 B5M9@ 6<89 IH. &B>, CDBF9>4RM<= CB ?<A9=AB@G CDB6B8G, 

 



A4;O649FES ?<A9=AO@ FB>B@ < B5B;A4K49FES 6 B5M9@ 6<89 I?. #B AG?96B@G CDB6B8G 

CDBF9>49F FB>, D46AO= 79B@9FD<K9E>B= EG@@9 FD9I FB>B6:    %�А ý


0 . 

#D< EB98<A9A<< ;69;8B= ?<A9=AO= FB> D469A H4;AB@G FB>G    H? ý  

!4CDS:9A<S, <;@9D9AAO9 @9:8G A4K4?4@< H4; 79A9D4FBD4 (<?< CBFD95<F9?S) < AG?96B= 
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