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1 �OD4;<F9 E>4?SDAB9 CDB<;6989A<9 
86GI 69>FBDB6 [A,B]= C K9D9; <I 
CDB9>J<<. 
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2 �4A 69>FBD a = i-j-k. 

!4=8<F9 E>4?SDAB9 CDB<;6989A<9 
69>FBD4 a < CDB9>J<< 69>FBD4 a A4 
>BBD8<A4FAGR C?BE>BEFP xz. 
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3 �4A 69>FBD a = (1;-1;-1). 

!4=8<F9 E>4?SDAB9 CDB<;6989A<9 
69>FBD4 a < CDB9>J<< 69>FBD4 a A4 
>BBD8<A4FAGR C?BE>BEFP yz. 
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�<A9@4F<>4 CBEFGC4F9?PAB7B 86<:9A<S 
1 �4F9D, 86<74SEP 6A<; CB D9>9, B5B7A4? 

C?BF 6 CGA>F9 �. +9D9; Ç = 60 @<A 
CBE?9 QFB7B BA CB69DAG? B5D4FAB < 
;4F9@ 6EFD9F<? C?BF A4 D4EEFBSA<< l = 
6,0 >@ A<:9 CGA>F4 �. !4=F< 
E>BDBEFP F9K9A<S, 9E?< CD< 86<:9A<< 

3 >@/K 



6 B5B<I A4CD46?9A<SI @BFBD >4F9D4 
D45BF4? B8<A4>B6B. 

2 �BD45?P 86<:9FES CB Q>64FBDG A4 
6BEFB> EB E>BDBEFPR v0 = 30 >@/K. % 
R7B-6BEFB>4 CB8 G7?B@ Ç = 60° > 
Q>64FBDG 8G9F 69F9D EB E>BDBEFPR v = 
15 >@/K. !4=F< E>BDBEFP v' 69FD4 
BFABE<F9?PAB >BD45?S < G7B? Ç' 
@9:8G Q>64FBDB@ < A4CD46?9A<9@ 
69FD4 6 E<EF9@9 BFEK9F4, E6S;4AAB= E 
>BD45?9@. 
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3 �64 C?B6J4 8B?:AO CBC4EFP <; FBK>< 
� A4 B8AB@ 59D97G D9>< 6 CDS@B 
CDBF<6BCB?B:AGR FBK>G � A4 8DG7B@ 
59D97G. �?S QFB7B B8<A <; A<I D9L<? 
C9D9C?OFP D9>G CB CDS@B= ��, 
8DG7B= :9 4 6E9 6D9@S 89D:4FP >GDE 
C9DC9A8<>G?SDAB > F9K9A<R, 4 
D4EEFBSA<9, A4 >BFBDB9 97B EA9E9F, 
CDB=F< C9L>B@ CB 59D97G EB 
E>BDBEFPR u. #D< >4>B@ ;A4K9A<< u 
B54 C?B6J4 8BEF<7AGF FBK>< � ;4 
B8<A4>B6B9 6D9@S, 9E?< E>BDBEFP 
F9K9A<S v0 = 2,0 >@/K < E>BDBEFP 
>4:8B7B C?B6J4 BFABE<F9?PAB 6B8O v' 
= 2,5 >@/K? 
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5 �5?<;< A9CB86<:AB7B S8D4 GD4A4 
CDB?9F49F 
CDBFBA CB FD49>FBD<< KLM, L - FBK>4 
CB6BDBF4. 
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4) F4A79AJ<4?PAB9 GE>BD9A<9; 
5) ABD@4?PAB9 GE>BD9A<9? 
�698<F9 AB@9D CD46<?PAB7B 
EBK9F4A<S BF69FB6.  

1. 84     84 
2. A9F    A9F 
3. 84     A9F 
4. A9F    84 

6 �BD45?P <89F EB E>BDBEFPR V @<@B 
@4S>4.  
+4=>4 ?9F<F ;4 >BD45?9@, BEF464SEP 
A4 B8<A4>B6B@ D4EEFBSA<< BF A97B. � 
>4>B= E<EF9@9 BFEK9F4 E>BDBEFP 
K4=>< D46A4 V? 
� E<EF9@9 BFEK9F4, E6S;4AAB= E ...  

1. >BD45?9@ 

2. @4S>B@ 

3. K4=>B= 
4. F4>4S E<EF9@4 BFEK9F4 A9 <;B5D4:9A4 
5. CD46<?PAO= BF69F A9 CD<6989A 
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1 �B?9EB 6D4M49FES 6B>DG7 

A9CB86<:AB= BE< F4>, KFB G7B? Ç 97B 
CB6BDBF4 ;46<E<F BF 6D9@9A< >4> Ç = 

0,7 @/E2 



at2, 789 4 = 0,20 D48/E2. !4=F< CB?AB9 
GE>BD9A<9 w FBK>< � A4 B5B89 >B?9E4 
6 @B@9AF t = 2,5 E, 9E?< ?<A9=A4S 
E>BpBEFP FBK>< � 6 QFBF @B@9AF v = 
0,65 @/E. 

2 %A4DS8 6O?9F9? EB E>BDBEFPR v = 320 
@/E, E89?46 6AGFD< EF6B?4 n = 2,0 
B5BDBF4. �?<A4 EF6B?4 l = 2,0 @. 
%K<F4S 86<:9A<9 EA4DS84 6 EF6B?9 
D46ABGE>BD9AAO@, A4=F< 97B G7?B6GR 
E>BDBEFP 6D4M9A<S 6B>DG7 BE< 6 
@B@9AF 6O?9F4. 
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CB869E4. 
"F?<KAO ?< BF AG?S 6 >D4=A9= FBK>9 
FD49>FBD<< @4SFA<>4: 
4) ABD@4?PAB9 GE>BD9A<9; 
5) F4A79AJ<4?PAB9 GE>BD9A<9? 
�698<F9 AB@9D 6O5D4AAB7B EBK9F4A<S 
BF69FB6.  

1. 84     A9F 
2. A9F    A9F 
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4. A9F    84 

4  4F9@4F<K9E><= @4SFA<> EB69DL49F 
>B?954A<S BFABE<F9?PAB FBK>< 
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CB8N9@9 @4SFA<>4: 
4) @B8G?P F4A79AJ<4?PAB7B 
GE>BD9A<S; 
5) @B8G?P ABD@4?PAB7B GE>BD9A<S? 
�698<F9 AB@9D 6O5D4AAB7B EBK9F4A<S 
BF69FB6. 

1. G69?<K<649FES       G69?<K<649FES 
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5. CD46<?PAO= BF69F A9 CD<6989A 
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6B>DG7 A9CB86<:AB= BE< E G7?B6O@ 
GE>BD9A<9@ β = at, 789 4 = 2,0*10-

2 D48/E3. +9D9; E>B?P>B 6D9@9A< CBE?9 
A4K4?4 6D4M9A<S 69>FBD CB?AB7B 
GE>BD9A<S CDB<;6B?PAB= FBK>< F9?4 
5G89F EBEF46?SFP G7B? α = 60° E 99 
69>FBDB@ E>BDBEF<? 
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�<A4@<>4 @4F9D<4?PAB= FBK>< 
1 � D46AB@9DAB 86<:GM9@ES 647BA9 

5DBE<?< @SK 6 C9D98ARR EF9A>G 
647BA4. "8<A4>B6O ?< 6 E<EF9@4I 
BFEK9F4, E6S;4AAOI E 647BAB@ < 
�9@?9=: 
 4) <@CG?PEO E<?O D94>J<<, 
89=EF6GRM9= A4 @SK EB EFBDBAO 
EF9A><; 
 5) ;A4K9A<S D45BF QFB= E<?O? 
�698<F9 AB@9D CB8IB8SM97B 
EBK9F4A<S BF69FB6. 

1. 84        84 

2. A9F       A9F 
3. 84        A9F 
4. A9F       84 

2 �AGFD< EA4DS84 G>D9C?9A 7DG; A4 
CDG:<A9. 

1. E:4F4      E:4F4 
2. D4EFSAGF4  D4EFSAGF4 



�4> 89HBD@<DB64A4 CDG:<A4: 
4) CD< 69DF<>4?PAB@ CB8N9@9 
EA4DS84; 
5) CD< ECGE>9 EA4DS84 6 FB@ :9 
CB?B:9A<<? 
%BCDBF<6?9A<9 6B;8GI4 CD< 
86<:9A<< EGM9EF69AAB 
�DG; A9 >B?95?9FES. 
�698<F9 AB@9D CB8IB8SM97B 
EBK9F4A<S BF69FB6. 

3. E:4F4      D4EFSAGF4 
4. D4EFSAGF4  E:4F4 

3 �BE@<K9E><= >BD45?P CBE?9  
6O>?RK9A<S D4>9FAOI 86<74F9?9= 

86<:9FES 69DF<>4?PAB 669DI, 
�BEF<749F 69DIA9= FBK>< FD49>FBD<< 
< ;4F9@ 86<:9FES 6A<;.  
!4 >4>B@ GK4EF>9 QFB=  FD49>FBD<< 
E<?4  846?9A<S >BE@BA46F4 A4 >D9E?B 
<@99F @4>E<@4?PAB9 ;A4K9A<9? 
%BCDBF<6?9A<9@ 6B;8GI4 CD9A95D9KP.  

1. CD< 86<:9A<< 669DI 
2. 6B 6D9@S 6E97B CB?9F4 E<?4 846?9A<S 
D46A4 AG?R 
3. CD< 86<:9A<< 6A<; 
4. 6B 6D9@S 6E97B CB?9F4 E<?4 846?9A<S 
B8<A4>B64 < A9 D46A4 AG?R 

5. 6 69DIA9= FBK>< FD49>FBD<< 

6. CD46<?PAO= BF69F A9 CD<6989A 

4 !95B?PLB9 F9?B CGEF<?< EA<;G 669DI 
CB A4>?BAAB= C?BE>BEF<, 
EBEF46?SRM9= G7B? α = 15° E 
7BD<;BAFB@. !4=F< >BQHH<J<9AF 
FD9A<S, 9E?< 6D9@S CB8N9@4 F9?4 
B>4;4?BEP 6 η = 2,0 D4;4 @9APL9 
6D9@9A< ECGE>4. 
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5 %4@B?9F 89?49F «@9DF6GR C9F?R» 
D48<GE4 R = 500 @ E CBEFBSAAB= 
E>BDBEFPR v = 360 >@/K. !4=F< 69E 
?9FK<>4 @4EEO m = 70 >7 6 A<:A9=, 
69DIA9= < ED98A9= FBK>4I C9F?<. 
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�4>BA EBID4A9A<S <@CG?PE4 
1 !9E>B?P>B F9? 5DBL9AO 

B8AB6D9@9AAB CB8 D4;?<KAO@< 
G7?4@< > 7BD<;BAFG 6 D4;?<KAOI 
A4CD46?9A<SI. 
%BID4AS9FES ?< 6B 6D9@S CB?ёF4: 
4) <@CG?PE E<EF9@O; 
5) CDB9>J<S <@CG?PE4 E<EF9@O A4 
>4>B9-?<5B A4CD46?9A<9. 
%BCDBF<6?9A<9@ 6B;8GI4 
CD9A95D97<F9. 
�698<F9 AB@9D CB8IB8SM97B 
EBK9F4A<S BF69FB6.  

1. 84     84 
2. A9F    A9F 
3. 84     A9F 
4. A9F    84 

2 !4 B;9D9 A9CB86<:AB EFB<F ?B8>4 
>BD@B= > 59D97G. +9?B69>, EFBSM<= 
A4 >BD@9, C9D9L9? A4 ABE ?B8><. �4> 
<;@9A<?BEP D4EEFBSA<9 @9:8G 
K9?B69>B@ < 59D97B@? 
%<?B= 6S;>BEF<, 89=EF6GRM9= A4 
?B8>G, CD9A95D97<F9.  

1. G69?<K<?BEP 

2. G@9APL<?BEP 
3. A9 <;@9A<?BEP 
4. BF69F ;46<E<F BF EBBFABL9A<S @4EE 
K9?B69>4 < ?B8>< 

3 �64 46FB@B5<?S E B8<A4>B6O@< 1. 0 



@4EE4@< m 86<:GFES EB E>BDBEFS@< V 

< 2V BFABE<F9?PAB ;9@?< 6 
CDBF<6BCB?B:AOI A4CD46?9A<SI. 
+9@G D469A <@CG?PE 6FBDB7B 
46FB@B5<?S 6 E<EF9@9 BFEK9F4, 
E6S;SAAB= E C9D6O@ 46FB@B5<?9@?  

2. mV 

3. 2•mV 

4. 3•mV 
5. 4•mV 

6. CD46<?PAO= BF69F A9 CD<6989A 

4 %A4DS8, CGM9AAO= 69DF<>4?PAB 
669DI, A4 6;?9F9 D4;BD64?ES A4 864 
BE>B?>4. �B;@B:AB ?<, KFB5O 
E>BDBEF< B5B<I BE>B?>B6 6 @B@9AF 
D4;DO64 5O?< A4CD46?9AO: 
  4) 68B?P CDS@B=, BF?<KAB= BF 
69DF<>4?<; 
  5) 69DF<>4?PAB 669DI? 
�698<F9 AB@9D CB8IB8SM97B 
EBK9F4A<S BF69FB6.  

1. 84     84 

2. A9F    A9F 
3. 84     A9F 
4. A9F    84 

5 +4EF<J4 EB69DL<?4 C9D9@9M9A<9 CB 
A9>BFBDB= FD49>FBD<< 6 C?BE>BEF< IG 
<; FBK>< 1 E D48<GE-69>FBDB@ r1 = i + 

2j 6 FBK>G 2 E D48<GE-69>FBDB@ r2 = 

2i43j. #D< QFB@ A4 A99 89=EF6B64?< 
A9>BFBDO9 E<?O, B8A4 <; >BFBDOI F = 
3i + 4j. !4=F< D45BFG, >BFBDGR 
EB69DL<?4 E<?4 F. �89EP r1, r2 < F 4 6 
%�. 
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$45BF4 < QA9D7<S 
1 �GA4 86<:9FES 6B>DG7 �9@?< CB 

>DG7B6B= BD5<F9. "F?<KAO ?< BF AG?S 
CBE?9 CDBIB:89A<S CB?B6<AO CGF<: 
 4) <;@9A9A<9 <@CG?PE4; 
 5) D45BF4 E<?O FS7BF9A<S? 
�698<F9 AB@9D CB8IB8SM97B 
EBK9F4A<S BF69FB6.  

1. 84        84 
2. A9F       A9F 
3. 84        A9F 
4. A9F       84 

2 #9D6BA4K4?PAB CB>B<6L4SES K4EF<J4, 
A4IB8SEP CB8 89=EF6<9@ E<?O 
F=1ex+2ey+3ez (!), C9D9@9EF<?4EP <; 
FBK>< (2, 4, 6) (@) 6 FBK>G (3, 6, 9) (@). 
!4=F< ><A9F<K9E>GR QA9D7<R T 
K4EF<JO 6 >BA9KAB= FBK>9. 

14 Д: 

3 �BD<;BAF4?PAB ?9FSM4S CG?S 
CDB5<649F 5DGEB>, ?9:4M<= A4 
7?48>B= 7BD<;BAF4?PAB= C?BE>BEF<. 
%BID4ASRFES ?< 6 E<EF9@9 "CG?S-
5DGEB>": 
 4) <@CG?PE; 
 5) @9I4A<K9E>4S QA9D7<S? 
�698<F9 AB@9D CB8IB8SM97B 
EBK9F4A<S BF69FB6.  

1. 84        84 
2. A9F       A9F 
3. 84        A9F 

4. A9F       84 

4 � >4>B@ <; CD<@9DB6 @9I4A<K9E>4S 
QA9D7<S F9? A9 <;@9AS9FES? 
 

 

1. Q?9>FDBA D4;7BAS9FES Q?9>FD<K9E><@ 
CB?9@ >BA89AE4FBD4 
2. 7D4A4F4 D4;DO649FES A4 BE>B?>< 
3. L4D, ?9F96L<= 7BD<;BAF4?PAB, CBC4849F 6 



F9?9:>G E C9E>B@,    A4IB8SMGRES A4 
7?48>B= 7BD<;BAF4?PAB= CB69DIABEF< 

4. L4D<>, CB869L9AAO= A4 A<F<, CBE?9 
6O6989A<S <; CB?B:9A<S D46AB69E<S 
6B;6D4M49FES A4;48 

5. CD46<?PAO= BF69F A9 CD<6989A 

5 #BF9AJ<4?PA4S QA9D7<S K4EF<JO 6 
A9>BFBDB@ E<?B6B@ CB?9 
BCD989?S9FES 6OD4:9A<9@ 
U=1,00x+2,00y2+3,00z3 (U 6 �:, 
>BBD8<A4FO 6 @). !4=F< D45BFG �, 
EB69DL49@GR A48 K4EF<J9= E<?4@< 
CB?S CD< C9D9IB89 <; FBK>< E 
>BBD8<A4F4@< (1,00; 1,00; 1,00) 6 
FBK>G E >BBD8<A4F4@< (2,00; 2,00; 
2,00). 
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1 ,4D<> @4EEO m C4849F 59; A4K4?PAB= 

E>BDBEF< E 6OEBFO h A48 
CB69DIABEFPR �9@?<. !4=F< @B8G?P 
CD<D4M9A<S 69>FBD4 @B@9AF4 
<@CG?PE4 L4D<>4 ;4 6D9@S C489A<S 
4 BFABE<F9?PAB FBK>< " E<EF9@O 
BFEK9F4, 86<:GM9=ES CBEFGC4F9?PAB 
EB E>BDBEFPR V 6 7BD<;BAF4?PAB@ 
A4CD46?9A<<. � @B@9AF A4K4?4 
C489A<S FBK>4 " EB6C484?4 E 
L4D<>B@. %BCDBF<6?9A<9 6B;8GI4 A9 
GK<FO64FP. 
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2 &BA><= B8ABDB8AO= EF9D:9AP 
8?<AB= l=50 E@ < @4EEB= m=400 7 
6D4M49FES E G7?B6O@ GE>BD9A<9@ ε=3 
D48/E2 B>B?B BE<, CDBIB8SM9= 
C9DC9A8<>G?SDAB EF9D:AR K9D9; 97B 
E9D98<AG. "CD989?<FP 6D4M4RM<= 
@B@9AF M. 
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3 !4 7BD<;BAF4?PAGR BEP A4E4:9AO 
@4IB6<> < ?97><= L><6 D48<GEB@ 
R=5 E@. !4 L><6 A4@BF4A LAGD, > 
>BFBDB@G CD<6S;4A 7DG; @4EEB= 
m=0,4 >7. "CGE>4SEP D46ABGE>BD9AAB, 
7DG; CDBL9? CGFP s=1,8 @ ;4 6D9@S t=3 
E. "CD989?<FP @B@9AF <A9DJ<< J 
@4IB6<>4.  4EEG L><64 EK<F4FP 
CD9A95D9:<@B @4?B=. 
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 B@9AF <A9DJ<< B8ABDB8AB7B F9?4 
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1. BF @B@9AF4 CD<?B:9AAOI > F9?G E<? CD< 
;484AAB= BE< 

2. BF 6O5BD4 BE< 

3. BF HBD@O F9?4 

4. BF @4EEO F9?4 

5. BF G7?B6B7B GE>BD9A<S 



 

2 �4C?S :<8>BEF< K, A4IB8SM4SES A4 
E9D98<A9 
CDB6B?B>< AB, (E@. D<E.) D46AB@9DAB 
D4EF9>?4EP CB CDB6B?B>9. 
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:<8>BEF< 
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2. G@9APL49FES,    G@9APL49FES 
3. G69?<K<649FES,  G@9APL49FES 
4. A9 <;@9AS9FES,  G69?<K<649FES 
5. G@9APL49FES,    A9 <;@9AS9FES 
6. A9 <;@9AS9FES,  G@9APL49FES 
7. G69?<K<649FES,  A9 <;@9AS9FES 

3 �4> <;@9A<FES @B@9AF <A9DJ<< 
E6<AJB6B7B J<?<A8D4 BFABE<F9?PAB 
97B BE<, 9E?< J<?<A8D EC?RM<FP 6 
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1. G69?<K<FES 

2. G@9APL<FES 
3. A9 <;@9A<FES 
4. 84AAOI 8?S BF69F4 A9 I64F49F  
 

4 "CD989?<FP @B@9AF <A9DJ<< J 
@4F9D<4?PAB= FBK>< @4EEB= m=0,3 >7 
BFABE<F9?PAB BE<, BFEFBSM9= BF FBK>< 
A4 r=20 E@. 

0,012 >7 @2 

5 "CD989?<FP @B@9AF <A9DJ<< J 
FBA>B7B B8ABDB8AB7B EF9D:AS 8?<AB= 
l=60 E@ < @4EEB= m=100 7 
BFABE<F9?PAB BE<, C9DC9A8<>G?SDAB= 
9@G < CDBIB8SM9= K9D9; FBK>G 
EF9D:AS, G84?9AAGR A4 a=20 E@ BF 
B8AB7B <; 97B >BAJB6. 
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�B?954A<S 
1 �DG;, CB869L9AAO= A4 CDG:<A9, 6 

EBEFBSA<< CB>BS 6 BFEGFEF6<< 

>B?954A<= D4EFS7<649F 9ё A4 x = 10 
E@. %K<F4S, KFB 6 A4K4?PAO= @B@9AF 
E>BDBEFP D46A4 AG?R, 4 E@9M9A<9 - 5 

E@, BCD989?<F9 GD46A9A<9 
;46<E<@BEF< E>BDBEF< >B?954A<= BF 
6D9@9A<. 

1. v = cos 10t (@/E) 
2. v = sin 10t (@/E) 
3. v = 0.5 sin (10t – 3,14) (@/E) 
4. v = 0.5 cos 10t (@/E) 
5. CD46<?PAO= BF69F A9 CD<6989A 

2 #BK9@G C9D<B8 >B?954A<= 
@4F9@4F<K9E>B7B @4SFA<>4 CD< @4?OI 
G7?4I BF>?BA9A<S A9 ;46<E<F BF @4EEO 
@4SFA<>4? 
  

1. CBFB@G, KFB @4F9@4F<K9E><= @4SFA<> 
S6?S9FES @4F9D<4?PAB= FBK>B=, 
CB869L9AAB= A4 A9D4EFS:<@B= < 
A969EB@B= A<F< 

2. CBFB@G, KFB E<?4, 6B;6D4M4RM4S 
@4SFA<> 6 CB?B:9A<9 D46AB69E<S    
S6?S9FES >64;<GCDG7B= 

3. CBFB@G, KFB 6 84AAB@ E?GK49 
>64;<GCDG74S E<?4 CDBCBDJ<BA4?PA4 
@4EE9 

4. CBFB@G, KFB E<?4, 6B;6D4M4RM4S 
@4SFA<> 6 CB?B:9A<9 D46AB69E<S    
CDBCBDJ<BA4?PA4 sin {a}, 789 a - G7B? 
BF>?BA9A<S 
5. CD46<?PAO= BF69F A9 CD<6989A 

3  4F9@4F<K9E><= @4SFA<> ;4>D9C?9A 
A4 69DF<>4?PAB= @4EE<6AB= 8BE>9. 

1. @4SFA<> BFABE<F9?PAB 8BE>< 5G89F 6 
CB>B9, F.>. BA A4IB8<FES  6 EBEFBSA<< 



�BE>4 A4K<A49F E6B5B8AB C484FP 6 FBF 
@B@9AF, >B784 @4SFA<> CDBIB8<F 
K9D9;  CB?B:9A<9 D46AB69E<S. 
�4> 5G89F 86<74FPES @4SFA<> 
BFABE<F9?PAB 8BE><? 
  

A969EB@BEF< 

2. @4SFA<> ;4=@9F >D4=A99 69DIA99 
CB?B:9A<9, F.>. 8BE>4 86<:9FES 6A<;, 4 
@4SFA<> A969EB@ 

3. @4SFA<> CD<@9F 7BD<;BAF4?PAB9 
CB?B:9A<9, F.>. ><A9F<K9E>4S QA9D7<S  
C9D9=89F 6 CBF9AJ<4?PAGR 

4. @4SFA<> 5G89F 6D4M4FPES CB 
B>DG:ABEF<, F.>. A4IB8<FES 6 
A969EB@BEF< 

5. @4SFA<> 5G89F CDB8B?:4FP >B?954A<S 
6. CD46<?PAO= BF69F A9 CD<6989A 

4 #9D<B8B@ >B?954A<= A4;O649FES ... 
' H<;<K9E>B7B @4SFA<>4 FBK>G 
CB869E4 EB6@9EF<?< E J9AFDB@ @4EE.  
�4> 5G89F 69EF< E95S F4>B= 
H<;<K9E><= @4SFA<>? 
 

1. @4SFA<> 5G89F 6 A9GEFB=K<6B@ 
D46AB69E<< 

2. >B?954A<S @4SFA<>4 5G8GF 5OEFDB 
;4FGI4FP 
3. @4SFA<> 5G89F 6 GEFB=K<6B@ D46AB69E<< 

4. >B?954A<S @4SFA<>4 5G8GF EFDB7B 
74D@BA<K9E><@< 

5. F4>GR E<FG4J<R A96B;@B:AB 
BEGM9EF6<FP 
6. CD46<?PAO= BF69F A9 CD<6989A 

5 "CD989?<F9 J<>?<K9E>GR K4EFBFG 
E6B5B8AOI 69DF<>4?PAOI >B?954A<= 
7DG;4, <@9RM97B @4EEG m =1 >7, 9E?< 
>BQHH<J<9AFO GCDG7BEF< CDG:<A k 
=2 !/@. 
"F69F 84=F9 6 E<EF9@9 %�.  

sqrt(4/3) 

�B?AO 

1 �6G>B6O9 >B?954A<S, <@9RM<9 
K4EFBFG ¿=0,5 >�J < 4@C?<FG8G 
A=0,25 @@, D4ECDBEFD4ASRFES 6 
GCDG7B= ED989. �?<A4 6B?AO λ=70 E@. 
!4=F< E>BDBEFP v D4ECDBEFD4A9A<S 
6B?A 

350 @/E 

2 #?BE>4S ;6G>B64S 6B?A4 <@99F C9D<B8 
T=3 @E, 4@C?<FG8G A=0,2 @@ < 8?<AG 
6B?AO λ=1,2 @. �?S FBK9> ED98O, 
G84?9AAOI BF <EFBKA<>4 >B?954A<= A4 
D4EEFBSA<9 x=2 @, A4=F<: 
E@9M9A<9 À(x, t) 6 @B@9AF t=7 @E 

-0,1 @@ 

3 #D< >4>B= D4;ABEF< H4; (<; 
C9D9K<E?9AAOI A<:9) 6 D9;G?PF4F9 
E?B:9A<S 86GI 6;4<@AB 
C9DC9A8<>G?SDAOI >B?954A<= E 
B8<A4>B6O@< K4EFBF4@< CB?GK49FES 
?<A9=AB9 >B?954A<9? 

1. /4 

2. /2 

3. /3 

4.  
5. CD46<?PAO= BF69F A9 CD<6989A 

4 �6G>B64S 6B?A4 CDBIB8<F K9D9; 
4F@BEH9DG < 6EFD9K49F A4 E6B9@ CGF< 
B5?4EFP 5B?99 IB?B8AB7B 6B;8GI4. 
�4>B9 <; C9D9K<E?9AAOI S6?9A<= 
@B:9F CDB<;B=F< A4 7D4A<J9 

1. 6B?A4 BK9AP 5OEFDB ;4FGIA9F 
2. 6B?A4 K4EF<KAB BFD4;<FES E 
<;@9A9A<9@ H4;O 

3. 6B?A4 K4EF<KAB BFD4;<FES 59; <;@9A9A<S 
H4;O 



B5?4EF9=? 
 

4. 6B?A4 <;@9A<F E6BR K4EFBFG 
5. 6B?A4 CDB=89F K9D9; QFG B5?4EFP 59; 
BFD4:9A<S 
6. CD46<?PAO= BF69F A9 CD<6989A 

5 !45?R84F9?P, A4IB8SM<=ES A4 59D97G 
B;9D4, GEF4AB6<?, KFB C9D<B8 
>B?954A<= K4EF<J 6B8O D469A 1 E, 4 
D4EEFBSA<9 @9:8G E@9:AO@< 
7D95AS@< 6B?A 2 @. 
"CD989?<F9 E>BDBEFP 
D4ECDBEFD4A9A<S QF<I 6B?A. 
"F69F 84=F9 6 E<EF9@9 %�.  

2 

 

�4;4 >BAFDB?PAOI ;484A<= 8?S BJ9A>< 6OEB>B7B GDB6AS 
7 
C/
C 

(BD@G?<DB6>4 6BCDBE4 �4D<4AFO BF69FB6 

�<A9@4F<>4 CBEFGC4F9?PAB7B 86<:9A<S 
1 &BK>4 86<:9FES, ;4@98?SSEP, CB 

CDS@B= E GE>BD9A<9@, @B8G?P >BFBDB7B 
;46<E<F BF 99 E>BDBEF< v CB ;4>BAG w = 
4*sqrt(v), 789 4 4 CB?B:<F9?PA4S 
CBEFBSAA4S. � A4K4?PAO= @B@9AF 
E>BDBEFP FBK>< D46A4 v0. �4>B= CGFP 
BA4 CDB=89F 8B BEF4AB6><? 

2*sqrt (v0)/4 

2 ,4D<> A4K4? C484FP E AG?96B= 
A4K4?PAB= E>BDBEFPR A4 7?48>GR 
A4>?BAAGR C?BE>BEFP, EBEF46?SRMGR 
G7B? α E 7BD<;BAFB@. #DB?9F96 
D4EEFBSA<9 h, BA GCDG7B BFD4;<?ES BF 
C?BE>BEF<. !4 >4>B@ D4EEFBSA<< BF 
@9EF4 C489A<S L4D<> BFD4;<FES 6FBDB= 
D4;? 

8h sin(α) 

3 #GL>4 < J9?P A4IB8SFES A4 B8AB@ 
GDB6A9 A4 D4EEFBSA<< 5,10 >@ 8DG7 BF 
8DG74. +9D9; E>B?P>B 6D9@9A< EA4DS8 E 
A4K4?PAB= E>BDBEFPR 240 @/E 
8BEF<7A9F J9?< 6 BFEGFEF6<9 
EBCDBF<6?9A<S 6B;8GI4? 

25 c 

4 �4F9D, 86<74SEP 6A<; CB D9>9, B5B7A4? 
C?BF 6 CGA>F9 �. +9D9; 1 @<A CBE?9 
QFB7B, BA CB69DAG? B5D4FAB < ;4F9@ 
6EFD9F<? C?BF A4 D4EEFBSA<< 2 >@ A<:9 
CGA>F4 �. !4=8<F9 E>BDBEFP F9K9A<S, 
9E?< CD< 86<:9A<< 6 B5B<I 
A4CD46?9A<SI @BFBD >4F9D4 D45BF4? 
B8<A4>B6B. 
"F69F 84=F9 6 >@/K. 

60 >@/K 

5 �64 C?B6J4 8B?:AO CBC4EFP <; FBK>< � 
A4 B8AB@ 59D97G D9>< 6 CDS@B 
CDBF<6BCB?B:AGR FBK>G � A4 8DG7B@ 
59D97G. �?S QFB7B B8<A <; A<I D9L<? 

1/(2/sqrt(3)-1) 



C9D9C?OFP D9>G CB CDS@B= ��, 8DG7B= 
:9 - 6E9 6D9@S 89D:4FP >GDE 
C9DC9A8<>G?SDAB > F9K9A<R, 4 
D4EEFBSA<9, A4 >BFBDB9 97B EA9E9F, 
CDB=F< C9L>B@ CB 59D97G EB E>BDBEFPR 
U . #D< >4>B@ ;A4K9A<<  U B54  
C?B6J4 8BEF<7AGF FBK>< � ;4 
B8<A4>B6B9 6D9@S, 9E?< E>BDBEFP 
F9K9A<S v = 1 >@/K < E>BDBEFP >4:8B7B 
C?B6J4 BFABE<F9?PAB 6B8O v' =2 >@/K? 
"F69F 84=F9 6 >@/K. 

�<A9@4F<>4 6D4M4F9?PAB7B 86<:9A<S 
1 &69D8B9 F9?B 6D4M49FES, ;4@98?SSEP, 

6B>DG7 A9CB86<:AB= BE< E G7?B6O@ 
GE>BD9A<9@ β ∼ sqrt(ω), 789 ω 4 97B 
G7?B64S E>BDBEFP. !4=F< ED98ARR 
G7?B6GR E>BDBEFP F9?4 ;4 6D9@S, 6 
F9K9A<9 >BFBDB7B BAB 5G89F 6D4M4FPES, 
9E?< 6 A4K4?PAO= @B@9AF 97B G7?B64S 
E>BDBEFP 5O?4 D46A4 ω0. 

ω0/3 

2 &BK>4 � A4IB8<FES A4 B5B89 >B?9E4 
D48<GE4 R = 0,50 @, >BFBDB9 >4F<FES 59; 
E>B?P:9A<S CB 7BD<;BAF4?PAB= 
CB69DIABEF< EB E>BDBEFPR v = 1,00 @/E. 
!4=F<: CB?AO= CGFP s, CDBIB8<@O= 
FBK>B= � @9:8G 86G@S 
CBE?98B64F9?PAO@< @B@9AF4@< 99 
>4E4A<S CB69DIABEF<. 

4 @ 

3 �64 F69D8OI F9?4 6D4M4RFES 6B>DG7 
A9CB86<:AOI 6;4<@AB 
C9DC9A8<>G?SDAOI C9D9E9>4RM<IES 
BE9= E CBEFBSAAO@< G7?B6O@< 
E>BDBEFS@< ω1 = 3,0 D48/E < ω2 = 4,0 

D48/E. !4=F< G7?B6GR E>BDBEFP < 
G7?B6B9 GE>BD9A<9 B8AB7B F9?4 
BFABE<F9?PAB 8DG7B7B. 

5 D48/E, 12 D48/E2 

4 &69D8B9 F9?B 6D4M49FES E CBEFBSAAB= 
G7?B6B= E>BDBEFPR ω0 = 0,50 D48/E 
6B>DG7 7BD<;BAF4?PAB= BE< ��. � 
@B@9AF t = 0 BEP �� A4K4?< 
CB6BD4K<64FP 6B>DG7 69DF<>4?< E 
CBEFBSAAO@ G7?B6O@ GE>BD9A<9@ β0 = 

0,10 D48/E2. !4=F< G7?B6GR E>BDBEFP < 
G7?B6B9 GE>BD9A<9 F9?4 K9D9; t = 3,5 E. 

0,6 D48/E, 0,2 D48/E2 

5 &69D8B9 F9?B 6D4M49FES E G7?B6B= 
E>BDBEFPR ω = ati + bt2j, 789 a = 0,50 
D48/E2, b = 0,060 D48/E3, i < j 4 BDFO 
BE9= I < G. !4=F<: @B8G?< G7?B6B= 
E>BDBEF< < G7?B6B7B GE>BD9A<S 6 
@B@9AF t = 10,0 E 

7,8 D48/E, 1,3 D48/E2 

�<A4@<>4 @4F9D<4?PAB= FBK>< 

1 ЭEF4>484 A4 C9D9E9K9A<< G?<J <@99F 972 >7E 



D48<GE >D<6<;AO R=1000 @. � 69DIA9= 
K4EF< QEF4>48O 6 8BDB:AB9 CB>DOF<9 
6@BAF<DB64AO 84FK<><, 
D97<EFD<DGRM<9 E<?G 846?9A<S A4 
QEF4>48G. "F@9K4RM<= QFG E<?G 
CD<5BD CDB7D48G<DB64A 6 >7E (1 
>7E=9,81 !). �4>GR E<?G 846?9A<S F 
CB>4;O649F CD<5BD 6 @B@9AF, >B784 CB 
QEF4>489 CDB9;:49F EB E>BDBEFPR 
v=60,0 >@/K 46FB@B5<?P @4EEO m=1,000 
F? 

2 �BD<;BAF4?PAB D4ECB?B:9AAO= 8<E> 
6D4M49FES 6B>DG7 CDBIB8SM9= K9D9; 
97B J9AFD 69DF<>4?PAB= BE< E K4EFBFB= 
n=10,0 B5/@<A. !4 >4>B@ D4EEFBSA<< r 
BF J9AFD4 8<E>4 @B:9F G89D:4FPES 
?9:4M99 A4 8<E>9 A95B?PLB9 F9?B, 
9E?< >BQHH<J<9AF FD9A<S k=0,200? 

1,8 @ 

3 &9?B @4EEB= m=5 >7 5DBL9AB CB8 
G7?B@ α=30° > 7BD<;BAFG E A4K4?PAB= 
E>BDBEFPR v0=20 @/E. #D9A95D974S 
EBCDBF<6?9A<9@ 6B;8GI4, A4=F<: 
 <@CG?PE E<?O F, 89=EF6GRM9= A4 
F9?B, ;4 6D9@S 97B CB?9F4 

100 � E 

4 "CD989?<FP E<?G F 6;4<@AB7B 
CD<FS:9A<S 86GI EBCD<>4E4RM<IES 
:9?9;AOI L4DB6 8<4@9FDB@ d=20 E@ 
>4:8O=. 

1,8 @>� 

5 $48<GE �9@?< 6 n=3,66 D4;4 5B?PL9 
D48<GE4 �GAO; ED98ASS C?BFABEFP 
�9@?< 6 k=1,66 D4;4 5B?PL9 ED98A9= 
C?BFABEF< �GAO. "CD989?<FP 
GE>BD9A<9 E6B5B8AB7B C489A<S g� A4 
CB69DIABEF< �GAO, 9E?< A4 
CB69DIABEF< �9@?< GE>BD9A<9 
E6B5B8AB7B C489A<S g EK<F4FP 
<;69EFAO@. 

1,61 @/E2 

�4>BA EBID4A9A<S <@CG?PE4 
1 ,4D<> @4EEB= m=100 7 GC4? E 6OEBFO 

h=2,5 @ A4 7BD<;BAF4?PAGR C?<FG, 
@4EE4 >BFBDB= @AB7B 5B?PL9 @4EEO 
L4D<>4, < BFE>BK<? BF A99 669DI. 
%K<F4S G84D 45EB?RFAB GCDG7<@, 
BCD989?<FP <@CG?PE p, CB?GK9AAO= 
C?<FB=. 

1,4 � E 

2 *9CBK>4 @4EEO m = 1,00 >7 < 8?<AO l = 
1,40 @ 6<E<F A4 A<F<, >4E4SEP 
CB69DIABEF< EFB?4 E6B<@ A<:A<@ 
>BAJB@. #BE?9 C9D9:<74A<S A<F< 
J9CBK>4 GC4?4 A4 EFB?. !4=F< CB?AO= 
<@CG?PE, >BFBDO= BA4 C9D984?4 EFB?G. 

3,5 >7*@/E 

3 +4EF<J4 @4EEO 1,0 7, 86<746L4SES EB (1;2;-4); 4,6 @/E 



E>BDBEFPR v1 = 3,0i - 2,0j, <ECOF4?4 
45EB?RFAB A9GCDG7B9 EFB?>AB69A<9 E 
8DG7B= K4EF<J9=, @4EE4 >BFBDB= 2,0 7 < 
E>BDBEFP v2 = 4,0j - 6,0k. !4=F< 
E>BDBEFP B5D4;B646L9=ES K4EF<JO 4 

69>FBD v < 97B @B8G?P, 4 9E?< 
CDB9>J<< 69>FBDB6 v1 < v2 84AO 6 
E<EF9@9 %�. 

4 +4EF<J4 1 <ECOF4?4 45EB?RFAB 
GCDG7B9 EFB?>AB69A<9 E CB>B<6L9=ES 
K4EF<J9= 2. !4=F< BFABL9A<9 <I @4EE, 
9E?< EFB?>AB69A<9 ?B5B6B9 < K4EF<JO 
D4;?9F9?<EP 6 CDBF<6BCB?B:AOI 
A4CD46?9A<SI E B8<A4>B6O@< 
E>BDBEFS@< 

1/3 

5 ,4D, 86<746L<=ES CBEFGC4F9?PAB, 
<ECOF4? GCDG7B9 EBG84D9A<9 E 8DG7<@, 
CB>B<6L<@ES, L4DB@ FB= :9 @4EEO. 
#D< EBG84D9A<< G7B? @9:8G CDS@B=, 
CDBIB8SM9= K9D9; J9AFDO L4DB6, < 
A4CD46?9A<9@ C9D6BA4K4?PAB7B 
86<:9A<S A4?9F4RM97B L4D4 B>4;4?ES 
D46AO@ α = 45°. %K<F4S L4DO 
7?48><@<, A4=F< 8B?R η ><A9F<K9E>B= 
QA9D7<< A4?9F4RM97B L4D4, >BFBD4S 
C9D9L?4 6 CBF9AJ<4?PAGR QA9D7<R 6 
@B@9AF A4<5B?PL9= 89HBD@4J<<. 

0,25 

$45BF4 < QA9D7<S 
1 #B8 89=EF6<9@ CBEFBSAAB= E<?O F 

647BA9F>4 CDBL?4 CGFP s=5 @ < 
CD<B5D9?4 E>BDBEFP v=2 @/E. 
"CD989?<FP D45BFG � E<?O, 9E?< @4EE4 
m 647BA9F>< D46A4 400 >7 < 
>BQHH<J<9AF FD9A<S f=0,01. 

996 Д: 

2 �OK<E?<FP D45BFG A, EB69DL49@GR 
CD< D46ABGE>BD9AAB@ CB8N9@9 7DG;4 
@4EEB= m=100 >7 A4 6OEBFG h=4 @ ;4 
6D9@S t=2 E. 

4,72 >Д: 

3 !4=F< D45BFG � CB8N9@4 7DG;4 CB 
A4>?BAAB= C?BE>BEF< 8?<AB= l=2 @, 
9E?< @4EE4 m 7DG;4 D46A4 100 >7, G7B? 
A4>?BA4 Ç=30°, >BQHH<J<9AF FD9A<S 
f=0,1 < 7DG; 86<:9FES E GE>BD9A<9@ a=1 
@/E2. 

1,35 >Д: 

4 �OK<E?<FP D45BFG A, EB69DL49@GR A4 
CGF< s=12 @ D46AB@9DAB 6B;D4EF4RM9= 
E<?B=, 9E?< 6 A4K4?9 CGF< E<?4 F1=10 

!, 6 >BAJ9 CGF< F2=46 !. 

336 Д: 

5 #B8 89=EF6<9@ CBEFBSAAB= E<?O F=400 
!, A4CD46?9AAB= 69DF<>4?PAB 669DI, 
7DG; @4EEB= m=20 >7 5O? CB8ASF A4 
6OEBFG h=15 @. �4>GR D45BFG � 

6 >Д: 



EB69DL<F E<?4 F? 
 B@9AF <@CG?PE4 

1 "8ABDB8AO= L4D @4EEO m < D48<GE4 R 
A4K<A49F E>4FO64FPES 59; E>B?P:9A<S 
CB A4>?BAAB= C?BE>BEF<, 
EBEF46?SRM9= G7B? a E 7BD<;BAFB@. 
!4=F< ;46<E<@BEFP BF 6D9@9A< 
@B@9AF4 <@CG?PE4 L4D4 BFABE<F9?PAB 
FBK>< >4E4A<S 6 A4K4?PAO= @B@9AF. 

mRgt*sin(a) 

2 %<?4 E >B@CBA9AF4@< (3, 4, 5) (!) 
CD<?B:9A4 > FBK>9 E >BBD8<A4F4@< (4, 
2, 3) (@). !4=F< @B@9AF E<?O 
Nz BFABE<F9?PAB BE< z. 

10 �@ 

3 +9?B69> EFB<F A4 E>4@P9 �G>B6E>B7B < 
?B6<F DG>B= @SK @4EEB= m=0,4 >7, 
?9FSM<= 6 7BD<;BAF4?PAB@ 
A4CD46?9A<< EB E>BDBEFPR v=20 @/E. 
&D49>FBD<S @SK4 CDBIB8<F A4 
D4EEFBSA<< r=0,8 @ BF 69DF<>4?PAB= 
BE< 6D4M9A<S E>4@P<. % >4>B= G7?B6B= 
E>BDBEFPR ω A4KA9F 6D4M4FPES E>4@PS 
�G>B6E>B7B E K9?B69>B@, CB=@46L<@ 
@SK, 9E?< EG@@4DAO= @B@9AF <A9DJ<< 
J K9?B69>4 < E>4@P< D469A 6 >7*@2? 

1,02 D48/E 

4 !4 >D4R 7BD<;BAF4?PAB= C?4FHBD@O, 
<@9RM9= HBD@G 8<E>4 D48<GEB@ R=2 
@, EFB<F K9?B69> @4EEB= m1=80 >7. 
 4EE4 m2 C?4FHBD@O D46A4 240 >7. 
#?4FHBD@4 @B:9F 6D4M4FPES 6B>DG7 
69DF<>4?PAB= BE<, CDBIB8SM9= K9D9; 
99 J9AFD. #D9A95D974S FD9A<9@, A4=F<, 
E >4>B= G7?B6B= E>BDBEFPR ω 5G89F 
6D4M4FPES C?4FHBD@4, 9E?< K9?B69> 
5G89F <8F< 68B?P 99 >D4S EB E>BDBEFPR 
v=2 @/E BFABE<F9?PAB C?4FHBD@O. 

0,4 D48/E 

5 � J9AFD9 E>4@P< �G>B6E>B7B EFB<F 
K9?B69> < 89D:<F 6 DG>4I EF9D:9AP 
8?<AB= l=2,4 @ < @4EEB= m=8 >7, 
D4ECB?B:9AAO= 69DF<>4?PAB CB BE< 
6D4M9A<S E>4@9=><. %>4@PS E 
K9?B69>B@ 6D4M49FES E K4EFBFB= n1=1 E-

1. % >4>B= K4EFBFB= n2 5G89F 6D4M4FPES 
E>4@PS E K9?B69>B@, 9E?< BA CB69DA9F 
EF9D:9AP 6 7BD<;BAF4?PAB9 
CB?B:9A<9? %G@@4DAO= @B@9AF 
<A9DJ<< J K9?B69>4 < E>4@P< D469A 6 
>7*@2. 

0,61 1/E 

�<A4@<>4 F6ёD8B7B F9?4 
1 !4 7?48>B= 7BD<;BAF4?PAB= CB69DIABEF< 
?9:<F B8ABDB8AO= EF9D:9AP @4EEO m = 
5,0 >7 < 8?<AO l = 90 E@. #B B8AB@G <; 
>BAJB6 EF9D:AS CDB<;69?< G84D 6 

9 � 



7BD<;BAF4?PAB@ A4CD46?9A<<, 
C9DC9A8<>G?SDAB@ > EF9D:AR, 6 
D9;G?PF4F9 >BFBDB7B EF9D:AR 5O? 
C9D984A <@CG?PE p = 3,0 !*E. !4=F< 
E<?G, E >BFBDB= B8A4 CB?B6<A4 EF9D:AS 
5G89F 89=EF6B64FP A4 8DG7GR 6 CDBJ9EE9 
86<:9A<S. 

2 !4 7?48>B= 7BD<;BAF4?PAB= C?BE>BEF< 
?9:4F A95B?PL4S L4=54 < FBA><= 
B8ABDB8AO= EF9D:9AP 8?<AO l, @4EE4 
>BFBDB7B 6 η D4; 5B?PL9 @4EEO L4=5O. 
,4=59 EBB5M<?< E>BDBEFP v 4 6 
7BD<;BAF4?PAB@ A4CD46?9A<< 
C9DC9A8<>G?SDAB > EF9D:AR, CBE?9 K97B 
BA4 <ECOF4?4 GCDG7B9 EBG84D9A<9 E 
>BAJB@ EF9D:AS. !4=F< E>BDBEFP L4=5O 
< G7?B6GR E>BDBEFP EF9D:AS CBE?9 
EFB?>AB69A<S. #D< >4>B@ ;A4K9A<< η 
E>BDBEFP L4=5O CBE?9 EFB?>AB69A<S 
5G89F D46A4 AG?R 

4 

3 �B?KB> @4EEO m = 0,50 >7, BEP >BFBDB7B 
A4>?BA9A4 CB8 G7?B@ ϑ = 30° > 
69DF<>4?<, CD9J9EE<DG9F CB8 89=EF6<9@ 
E<?O FS:9EF<.  B@9AF <A9DJ<< 6B?K>4 
BFABE<F9?PAB 97B BE< E<@@9FD<< I = 2,0 
7*@2 , G7?B64S E>BDBEFP 6D4M9A<S 
6B>DG7 QFB= BE< ω = 350 D48/E, 
D4EEFBSA<9 BF FBK>< BCBDO 8B J9AFD4 
<A9DJ<< 6B?K>4 l = 10 E@. !4=F< 
G7?B6GR E>BDBEFP CD9J9EE<< 6B?K>4 

0,7 D48/E 

4 �B>B@BF<6 CD<6B8<FES 6 86<:9A<9 
FGD5<AB=, BEP >BFBDB= C4D4??9?PA4 BES@ 
>B?9E. !4CD46?9A<9 6D4M9A<S FGD5<AO 
EB6C4849F E A4CD46?9A<9@ 6D4M9A<S 
>B?9E.  B@9AF <A9DJ<< DBFBD4 FGD5<AO 
BFABE<F9?PAB EB5EF69AAB= BE< I = 240 

>7*@2. !4=F< 8B546BKAGR E<?G 846?9A<S 
A4 D9?PEO, B5GE?B6?9AAGR 
7<DBE>BC<K9E><@< E<?4@<, >B784 
?B>B@BF<6 <89F CB ;4>DG7?9A<R D48<GE4 
R = 250 @ EB E>BDBEFPR v = 50 >@/K. 
$4EEFBSA<9 @9:8G D9?PE4@< l = 1,5 @. 
&GD5<A4 89?49F n = 1500 B5/@<A. 

1,4 >� 

5 &BA><= CDS@B= EF9D:9AP 8?<AB= l=1 @ 
CD<>D9C?9A > 7BD<;BAF4?PAB= BE<, 
CDBIB8SM9= K9D9; 97B >BA9J. %F9D:9AP 
BF>?BA<?< A4 G7B? Ç=60° BF CB?B:9A<S 
D46AB69E<S < BFCGEF<?<. "CD989?<FP 
?<A9=AGR E>BDBEFP v A<:A97B >BAJ4 
EF9D:AS 6 @B@9AF CDBIB:89A<S K9D9; 
CB?B:9A<9 D46AB69E<S. 

5,422 @/E 

�B?954A<S 



1 'D46A9A<9 >B?954A<= FBK>< <@99F 6<8 
x=A cos ω(t+Ç), 789 ω=Ã E-1, Ç=0,2 E. 
"CD989?<FP C9D<B8 T < A4K4?PAGR H4;G 
Ç >B?954A<=. 

2 E; 36B 

2 &BK>4 EB69DL49F >B?954A<S CB ;4>BAG 
x=A cos ωt, 789 A=5 E@; ω=2 E-1. 

"CD989?<FP GE>BD9A<9 |a| FBK>< 6 
@B@9AF 6D9@9A<, >B784 99 E>BDBEFP v=8 
E@/E. 

0,12 @/E2 

3 %F4?PA4S CB?BE>4 ;4:4F4 E B8AB7B >BAJ4 
< D4ECB?B:9A4 7BD<;BAF4?PAB. !4 
8DG7B@ >BAJ9 CB?BE>< ;4>D9C?SRF 7DG;, 
@4EE4 >BFBDB7B ;A4K<F9?PAB 5B?PL9 
@4EEO CB?BE><. #D< A4?<K<< 7DG;4 
CB?BE>4 <;7<549FES < A9 ;4:4FO= >BA9J 
99 BCGE>49FES A4&1 E@. % >4><@ 
GE>BD9A<9@ 86<:9FES >B?95?RM<=ES 
7DG; 6 @B@9AF, >B784 CB?BE>4 CB?ABEFPR 
D4ECDS@?S9FES? 
 

"F69F 84=F9 6 E<EF9@9 %�. 

9.81 

4 ,4D<> CB869L9A A4 8?<AAB= A<F<. 
"8<A D4; 97B CB8A<@4RF A4 1 @ CB 
69DF<>4?< 8B FBK>< CB869E4, 8DG7B= D4; 
97B BF>?BASRF, >4> @4SFA<>, A4 
A95B?PLB= G7B?. !4=8<F9 BFABL9A<9 
6D9@ёA 6B;6D4M9A<S L4D<>4 6 A4K4?PAB9 
CB?B:9A<9. 
"F69F 84=F9 6 E<EF9@9 %�. 

1.11 

5 &BK>4 EB69DL49F >B?954A<S CB ;4>BAG 
x=A sin ωt. � A9>BFBDO= @B@9AF 
6D9@9A< E@9M9A<9 x1 FBK>< B>4;4?BEP 
D46AO@ 5 E@. �B784 H4;4 >B?954A<= 
G69?<K<?4EP 686B9, E@9M9A<9 x2 EF4?B 
D46AO@ 8 E@. !4=F< 4@C?<FG8G A 
>B?954A<=. 

8,3 E@ 

�B?AO 

1 !4=8<F9 A4<@9APLGR EB5EF69AAGR 
K4EFBFG >B?954A<= 6B;8GLAB7B EFB?54 6 
;4>DOFB= E B5B<I >BAJB6 FDG59 8?<AB= 1 

@, 9E?< E>BDBEFP 
;6G>4 6 6B;8GI9 EBEF46?S9F 2 @/E. 
"F69F 84=F9 6 E<EF9@9 %�. 

1 

2 !48 J<?<A8D<K9E><@ EBEG8B@ 6OEBFB= 3 

@ ;6GK<F >4@9DFBA, <@9RM<= 

EB5EF69AAGR K4EFBFG >B?954A<= 1 �J. � 
EBEG8 @98?9AAB A4?<64RF 6B8G. #D< 
>4>B@ A4<@9APL9@ CB?B:9A<< GDB6AS 
6B8O 6 EBEG89 ;6GK4A<9 >4@9DFBA4 
;A4K<F9?PAB GE<?<649FES, 9E?< E>BDBEFP 
;6G>4 6 6B;8GI9 4 @/E? "F69F 84=F9 6 
E<EF9@9 %�. 

2 



3 !4 >4>B= A4<@9APL9= 7?G5<A9 B;9D4 6 
A9@ @B7GF "D4E>4K4FPES" 
H<;<B?B7<K9E>< BC4EAO9 
<AHD4;6G>B6O9 >B?954A<S E K4EFBFB= 1 

�J, 9E?< E>BDBEFP ;6G>4 6 6B89 
EBEF46?S9F 4 @/E? 
"F69F 84=F9 6 E<EF9@9 %�. 

1 

4 �6<:GM<=ES CB D9>9 F9C?BIB8 849F 
E6<EFB>, K4EFBF4 >BFBDB7B 2 �J. 
%FBSM<= A4 59D97G A45?R84F9?P 
6BECD<A<@49F ;6G> E6<EF>4 >4> 
>B?954A<S E K4EFBFB= 1 �J. % >4>B= 
E>BDBEFPR 86<:9FES F9C?BIB8, 9E?< 
E>BDBEFP ;6G>4 2 @/E? 
"F69F 84=F9 6 E<EF9@9 %�. 

1 

5 "F <EFBKA<>4 >B?954A<= 
D4ECDBEFD4AS9FES 6B?A4 68B?P CDS@B= 
?<A<<. �@C?<FG84 � >B?954A<= D46A4 10 
E@. �4> 69?<>B E@9M9A<9 FBK><, 
G84?9AAB= BF <EFBKA<>4 A4 x=3/4 λ, 6 
@B@9AF, >B784 BF A4K4?4 >B?954A<= 
CDBL?B 6D9@S t=0,9 T? 

0,059 @ 

 



�BCDBEO > Q>;4@9AG 
1.  9I4A<K9E>B9 86<:9A<9. 
2. %<EF9@4 BFEK9F4. 
3.  4F9D<4?PA4S FBK>4. 
4. "C<E4A<9 86<:9A<S 6 >BBD8<A4FAB= < 69>FBDAB= HBD@4I. 
5. #9D9@9M9A<S. 
6. %>BDBEFP. 
7. 'E>BD9A<9. 
8. %F9C9A< E6B5B8O F69D8B7B F9?4. 
9. #BEFGC4F9?PAB9 86<:9A<9. 
10. �D4M4F9?PAB9 86<:9A<9. 
11. �9>FBD G7?B6B= E>BDBEF<. 
12. �9>FBD Q?9@9AF4DAB7B G7?B6B7B C9D9@9M9A<S. 
13. '7?B6B9 GE>BD9A<9. 
14.  7AB69AA4S BEP 6D4M9A<S. 
15. %<?4 < 6;4<@B89=EF6<9. 
16. %F4F<K9E>B9 < 8<A4@<K9E>B9 CDBS6?9A<9 E<?. 
17. �;@9D9A<9 E<?. 
18. #9D6O= < 6FBDB= ;4>BAO !PRFBA4. 
19.  4EE4 >4> @9D4 <A9DFABEF<. 
20. �4>BA A9;46<E<@BEF< 89=EF6<S E<?. 
21. &D9F<= ;4>BA !PRFBA4. 
22. �A9DJ<4?PAO9 E<EF9@O BFEK9F4 < CD<AJ<C BFABE<F9?PABEF<. 
23. #D9B5D4;B64A<S �4?<?9S. 
24. %?B:9A<9 E>BDBEF9=. 
25. %<EF9@4 @4F9D<4?PAOI FBK9>. 
26. �@CG?PE E<EF9@O @4F9D<4?PAOI FBK9>. 
27.  B@9AF <@CG?PE4 @4F9D<4?PAB= FBK><. 
28.  B@9AF <@CG?PE4 E<EF9@O @4F9D<4?PAOI FBK9>. 
29. %<?4, 89=EF6GRM4S A4 E<EF9@G @4F9D<4?PAOI FBK9>. 
30. 'D46A9A<9 86<:9A<S E<EF9@O @4F9D<4?PAOI FBK9>. 
31. +4EF<KAB ;4@>AGFO9 E<EF9@O. 
32. *9AFD @4EE. 
33. 'D46A9A<9 @B@9AFB6 8?S E<EF9@O @4F9D<4?PAOI FBK9>. 
34. $94>F<6AB9 86<:9A<9. 
35. !9D9?SF<6<EFE>B9 GD46A9A<9 86<:9A<S. 
36. (BD@G?4 *<B?>B6E>B7B. 
37. %FGC9AK4F4S D4>9F4. 
38. )4D4>F9D<EF<K9E>4S E>BDBEFP. 
39. ЭA9D7<S < D45BF4. 
40.  9I4A<K9E>4S D45BF4. 
41. �<A9F<K9E>4S QA9D7<S. 
42. &9BD9@4 �ёA<74. 
43. #BF9AJ<4?PA4S QA9D7<S. 
44. %6S;P @9:8G CBF9AJ<4?PAB= QA9D7<9= < E<?B=. 
45. �4>BA <;@9A9A<S @9I4A<K9E>B= QA9D7<<. 
46. "CD989?9A<9 CBASF<S EFB?>AB69A<S. 
47. �;B5D4:9A<9 CDBJ9EEB6 EFB?>AB69A<S CD< CB@BM< 8<47D4@@. 
48. �4>BAO EBID4A9A<S CD< EFB?>AB69A<SI. 
49. 'CDG7<9 < A9GCDG7<9 EFB?>AB69A<S. 
50. %<EF9@4 J9AFD4 @4EE. 
51.  B@9AF E<?O. 



52.  B@9AF <@CG?PE4. 
53. �4>BA EBID4A9A<S @B@9AF4 <@CG?PE4. 
54.  B@9AF <A9DJ<<. 
55. 'D46A9A<9 @B@9AF4 <@CG?PE4 8?S 6D4M9A<S F9?4 6B>DG7 A9CB86<:AB= BE<. 
56. �<A9F<K9E>4S QA9D7<S 6D4M4RM97BES F9?4. 
57. �OK<E?9A<9 @B@9AFB6 <A9DJ<<. 
58. &9BD9@4 �R=79AE4-,F9=A9D4. 
59. �6<:9A<9 F69D8B7B F9?4, ;4>D9C?9AAB7B 6 FBK>9. 
60. %6B5B8AO9 BE<. 
61. 'EFB=K<6BEFP 86<:9A<S BFABE<F9?PAB E6B5B8AB= BE<. 
62. !GF4J<S. 
63. �<DBE>BCO. 
64. #D9J9EE<S 7<DBE>BC4. 
65. �<DBE>BC<K9E><9 E<?O. 
66. #BASF<9 B F9A;BD9 <A9DJ<<. 
67. �?46AO9 BE< F9A;BD4 <A9DJ<<, 7?46AO9 @B@9AFO <A9DJ<< < <I H<;<K9E><= E@OE?. 
68. �4D@BA<K9E><9 >B?954A<S. 
69. %<?4 < QA9D7<S CD< 74D@BA<K9E><I >B?954A<SI. 
70. #DBEF9=L<9 @9I4A<K9E><9 >B?954F9?PAO9 E<EF9@O. 
71. %B5EF69AAO9 >B?954A<S. 
72. ЭA9D7<S >B?954A<=. 
73. �4FGI4A<9 >B?954A<=. 
74. �B74D<H@<K9E><= 89>D9@9AF ;4FGI4A<S. 
75. %?GK4= 5B?PLB7B FD9A<S. 
76. �9>FBDA4S 8<47D4@@4. 
77. �OAG:89AAO9 >B?954A<S. 
78. $9;BA4AE. 
79. �@C?<FG8AB-K4EFBFA4S I4D4>F9D<EF<>4. 
80. �B5DBFABEFP. 
81. �4K9EF69AAB9 BC<E4A<9 89=EF6<S A4 E<EF9@G C9D<B8<K9E>B=, AB A9 74D@BA<K9E>B= < 
A9C9D<B8<K9E>B= E<?O. 
82. �6FB>B?954A<S < C4D4@9FD<K9E><9 >B?954A<S. 
83. $9?4>E4J<BAAO9 >B?954A<S. 
84. %?B:9A<9 74D@BA<K9E><I >B?954A<=. 
85. #9D9IB8AO= D9:<@ >B?954A<=. 
86. %<EF9@O EB @AB7<@< EF9C9AS@< E6B5B8O. 
87. %6S;4AAO9 E<EF9@O. 
88. !BD@4?PAO9 >B?954A<S. 
89. �B?954A<S E6S;4AAOI E<EF9@. 
90. �4D@BA<K9E><= 4A4?<; E?B:AOI >B?954A<=. 
91. #D98EF46?9A<9 74D@BA<K9E><I >B?954A<= 6 >B@C?9>EAB= HBD@9. 
92. #DB8B?PAO9 < CBC9D9KAO9 6B?AO. 
93. �@C?<FG84, H4;4, E>BDBEFP D4ECDBEFD4A9A<S 6B?AO. 
94. 'D46A9A<9 6B?AO < 6B?AB6B9 GD46A9A<9. 
95. (4;B64S E>BDBEFP GCDG7<I 6B?A. 
96. �AF9DH9D9AJ<S < 8<HD4>J<S 6B?A. 
97. %FBSK<9 6B?AO. 
98. ЭHH9>F �BC?9D4. 



�D<@9DO Q>;4@9A4J<BAAOI ;484A<= 

 

7 
C/C (BD@G?<DB6>4 6BCDBE4 �4D<4AFO BF69FB6 

1 �BD45?P <89F EB E>BDBEFPR V @<@B 
@4S>4.  
+4=>4 ?9F<F ;4 >BD45?9@, BEF464SEP A4 
B8<A4>B6B@ D4EEFBSA<< BF A97B. � >4>B= 
E<EF9@9 BFEK9F4 E>BDBEFP K4=>< D46A4 V? 
� E<EF9@9 BFEK9F4, E6S;4AAB= E ...  

1. >BD45?9@ 

2. @4S>B@ 

3. K4=>B= 
4. F4>4S E<EF9@4 BFEK9F4 A9 
<;B5D4:9A4 
5. CD46<?PAO= BF69F A9 CD<6989A 

2 &69D8B9 F9?B A4K<A49F 6D4M4FPES 6B>DG7 
A9CB86<:AB= BE< E G7?B6O@ GE>BD9A<9@ 
β = at, 789 4 = 2,0*10-2 D48/E3. +9D9; 
E>B?P>B 6D9@9A< CBE?9 A4K4?4 6D4M9A<S 
69>FBD CB?AB7B GE>BD9A<S CDB<;6B?PAB= 
FBK>< F9?4 5G89F EBEF46?SFP G7B? α = 60° 
E 99 69>FBDB@ E>BDBEF<? 

7 E 

3 !95B?PLB9 F9?B CGEF<?< EA<;G 669DI CB 
A4>?BAAB= C?BE>BEF<, EBEF46?SRM9= 
G7B? α = 15° E 7BD<;BAFB@. !4=F< 
>BQHH<J<9AF FD9A<S, 9E?< 6D9@S 
CB8N9@4 F9?4 B>4;4?BEP 6 η = 2,0 D4;4 
@9APL9 6D9@9A< ECGE>4. 

0,16 

4 #9D6BA4K4?PAB CB>B<6L4SES K4EF<J4, 
A4IB8SEP CB8 89=EF6<9@ E<?O 
F=1ex+2ey+3ez (!), C9D9@9EF<?4EP <; 
FBK>< (2, 4, 6) (@) 6 FBK>G (3, 6, 9) (@). 
!4=F< ><A9F<K9E>GR QA9D7<R T K4EF<JO 
6 >BA9KAB= FBK>9. 

14 Д: 

5 � >4>B@ <; CD<@9DB6 @9I4A<K9E>4S 
QA9D7<S F9? A9 <;@9AS9FES? 
 

 

1. Q?9>FDBA D4;7BAS9FES 
Q?9>FD<K9E><@ CB?9@ >BA89AE4FBD4 
2. 7D4A4F4 D4;DO649FES A4 BE>B?>< 

3. L4D, ?9F96L<= 7BD<;BAF4?PAB, 
CBC4849F 6 F9?9:>G E C9E>B@,    
A4IB8SMGRES A4 7?48>B= 
7BD<;BAF4?PAB= CB69DIABEF< 

4. L4D<>, CB869L9AAO= A4 A<F<, 
CBE?9 6O6989A<S <; CB?B:9A<S 
D46AB69E<S 6B;6D4M49FES A4;48 
5. CD46<?PAO= BF69F A9 CD<6989A 

6 &BA><= B8ABDB8AO= EF9D:9AP 8?<AB= 
l=50 E@ < @4EEB= m=400 7 6D4M49FES E 
G7?B6O@ GE>BD9A<9@ ε=3 D48/E2 B>B?B 
BE<, CDBIB8SM9= C9DC9A8<>G?SDAB 
EF9D:AR K9D9; 97B E9D98<AG. "CD989?<FP 
6D4M4RM<= @B@9AF M. 

0,052 �@ 

7 �4> <;@9A<FES @B@9AF <A9DJ<< 
E6<AJB6B7B J<?<A8D4 BFABE<F9?PAB 97B 
BE<, 9E?< J<?<A8D EC?RM<FP 6 8<E>? 
 

1. G69?<K<FES 

2. G@9APL<FES 
3. A9 <;@9A<FES 
4. 84AAOI 8?S BF69F4 A9 I64F49F  
 

 



 

8 "CD989?<FP @B@9AF <A9DJ<< J FBA>B7B 
B8ABDB8AB7B EF9D:AS 8?<AB= l=60 E@ < 
@4EEB= m=100 7 BFABE<F9?PAB BE<, 
C9DC9A8<>G?SDAB= 9@G < CDBIB8SM9= 
K9D9; FBK>G EF9D:AS, G84?9AAGR A4 a=20 
E@ BF B8AB7B <; 97B >BAJB6. 

0,004 >7 @2 

9 #BK9@G C9D<B8 >B?954A<= 
@4F9@4F<K9E>B7B @4SFA<>4 CD< @4?OI 
G7?4I BF>?BA9A<S A9 ;46<E<F BF @4EEO 
@4SFA<>4? 
  

1. CBFB@G, KFB @4F9@4F<K9E><= 
@4SFA<> S6?S9FES @4F9D<4?PAB= 
FBK>B=, CB869L9AAB= A4 
A9D4EFS:<@B= < A969EB@B= A<F< 

2. CBFB@G, KFB E<?4, 6B;6D4M4RM4S 
@4SFA<> 6 CB?B:9A<9 D46AB69E<S    
S6?S9FES >64;<GCDG7B= 

3. CBFB@G, KFB 6 84AAB@ E?GK49 
>64;<GCDG74S E<?4 
CDBCBDJ<BA4?PA4 @4EE9 

4. CBFB@G, KFB E<?4, 6B;6D4M4RM4S 
@4SFA<> 6 CB?B:9A<9 D46AB69E<S    
CDBCBDJ<BA4?PA4 sin {a}, 789 a - G7B? 
BF>?BA9A<S 
5. CD46<?PAO= BF69F A9 CD<6989A 

10 �6G>B6O9 >B?954A<S, <@9RM<9 K4EFBFG 
¿=0,5 >�J < 4@C?<FG8G A=0,25 @@, 
D4ECDBEFD4ASRFES 6 GCDG7B= ED989. 
�?<A4 6B?AO λ=70 E@. !4=F< E>BDBEFP v 
D4ECDBEFD4A9A<S 6B?A 

350 @/E 

 



ПD<?B:9A<9 2 

 

Т<CB6O9 >BAFDB?PAO9 6BCDBEO 8?я CDB@9:GFBGAB= аFF9EFаF<< 

1.  9I4A<K9E>B9 86<:9A<9. 
2. %<EF9@4 BFEK9F4. 
3.  4F9D<4?PA4S FBK>4. 
4. "C<E4A<9 86<:9A<S 6 >BBD8<A4FAB= < 69>FBDAB= HBD@4I. 
5. #9D9@9M9A<S. 
6. %>BDBEFP. 
7. 'E>BD9A<9. 
8. %F9C9A< E6B5B8O F69D8B7B F9?4. 
9. #BEFGC4F9?PAB9 86<:9A<9. 
10. �D4M4F9?PAB9 86<:9A<9. 
11. �9>FBD G7?B6B= E>BDBEF<. 
12. �9>FBD Q?9@9AF4DAB7B G7?B6B7B C9D9@9M9A<S. 
13. '7?B6B9 GE>BD9A<9. 
14.  7AB69AA4S BEP 6D4M9A<S. 
15. %<?4 < 6;4<@B89=EF6<9. 
16. %F4F<K9E>B9 < 8<A4@<K9E>B9 CDBS6?9A<9 E<?. 
17. �;@9D9A<9 E<?. 
18. #9D6O= < 6FBDB= ;4>BAO !PRFBA4. 
19.  4EE4 >4> @9D4 <A9DFABEF<. 
20. �4>BA A9;46<E<@BEF< 89=EF6<S E<?. 
21. &D9F<= ;4>BA !PRFBA4. 
22. �A9DJ<4?PAO9 E<EF9@O BFEK9F4 < CD<AJ<C BFABE<F9?PABEF<. 
23. #D9B5D4;B64A<S �4?<?9S. 
24. %?B:9A<9 E>BDBEF9=. 
25. %<EF9@4 @4F9D<4?PAOI FBK9>. 
26. �@CG?PE E<EF9@O @4F9D<4?PAOI FBK9>. 
27.  B@9AF <@CG?PE4 @4F9D<4?PAB= FBK><. 
28.  B@9AF <@CG?PE4 E<EF9@O @4F9D<4?PAOI FBK9>. 
29. %<?4, 89=EF6GRM4S A4 E<EF9@G @4F9D<4?PAOI FBK9>. 
30. 'D46A9A<9 86<:9A<S E<EF9@O @4F9D<4?PAOI FBK9>. 
31. +4EF<KAB ;4@>AGFO9 E<EF9@O. 
32. *9AFD @4EE. 
33. 'D46A9A<9 @B@9AFB6 8?S E<EF9@O @4F9D<4?PAOI FBK9>. 
34. $94>F<6AB9 86<:9A<9. 
35. !9D9?SF<6<EFE>B9 GD46A9A<9 86<:9A<S. 
36. (BD@G?4 *<B?>B6E>B7B. 
37. %FGC9AK4F4S D4>9F4. 
38. )4D4>F9D<EF<K9E>4S E>BDBEFP. 
39. ЭA9D7<S < D45BF4. 
40.  9I4A<K9E>4S D45BF4. 
41. �<A9F<K9E>4S QA9D7<S. 
42. &9BD9@4 �ёA<74. 
43. #BF9AJ<4?PA4S QA9D7<S. 
44. %6S;P @9:8G CBF9AJ<4?PAB= QA9D7<9= < E<?B=. 
45. �4>BA <;@9A9A<S @9I4A<K9E>B= QA9D7<<. 
46. "CD989?9A<9 CBASF<S EFB?>AB69A<S. 
47. �;B5D4:9A<9 CDBJ9EEB6 EFB?>AB69A<S CD< CB@BM< 8<47D4@@. 
48. �4>BAO EBID4A9A<S CD< EFB?>AB69A<SI. 
49. 'CDG7<9 < A9GCDG7<9 EFB?>AB69A<S. 



50. %<EF9@4 J9AFD4 @4EE. 
51.  B@9AF E<?O. 
52.  B@9AF <@CG?PE4. 
53. �4>BA EBID4A9A<S @B@9AF4 <@CG?PE4. 
54.  B@9AF <A9DJ<<. 
55. 'D46A9A<9 @B@9AF4 <@CG?PE4 8?S 6D4M9A<S F9?4 6B>DG7 A9CB86<:AB= BE<. 
56. �<A9F<K9E>4S QA9D7<S 6D4M4RM97BES F9?4. 
57. �OK<E?9A<9 @B@9AFB6 <A9DJ<<. 
58. &9BD9@4 �R=79AE4-,F9=A9D4. 
59. �6<:9A<9 F69D8B7B F9?4, ;4>D9C?9AAB7B 6 FBK>9. 
60. %6B5B8AO9 BE<. 
61. 'EFB=K<6BEFP 86<:9A<S BFABE<F9?PAB E6B5B8AB= BE<. 
62. !GF4J<S. 
63. �<DBE>BCO. 
64. #D9J9EE<S 7<DBE>BC4. 
65. �<DBE>BC<K9E><9 E<?O. 
66. #BASF<9 B F9A;BD9 <A9DJ<<. 
67. �?46AO9 BE< F9A;BD4 <A9DJ<<, 7?46AO9 @B@9AFO <A9DJ<< < <I H<;<K9E><= E@OE?. 
68. �4D@BA<K9E><9 >B?954A<S. 
69. %<?4 < QA9D7<S CD< 74D@BA<K9E><I >B?954A<SI. 
70. #DBEF9=L<9 @9I4A<K9E><9 >B?954F9?PAO9 E<EF9@O. 
71. %B5EF69AAO9 >B?954A<S. 
72. ЭA9D7<S >B?954A<=. 
73. �4FGI4A<9 >B?954A<=. 
74. �B74D<H@<K9E><= 89>D9@9AF ;4FGI4A<S. 
75. %?GK4= 5B?PLB7B FD9A<S. 
76. �9>FBDA4S 8<47D4@@4. 
77. �OAG:89AAO9 >B?954A<S. 
78. $9;BA4AE. 
79. А@C?<FG8AB-K4EFBFA4S I4D4>F9D<EF<>4. 
80. �B5DBFABEFP. 
81. �4K9EF69AAB9 BC<E4A<9 89=EF6<S A4 E<EF9@G C9D<B8<K9E>B=, AB A9 74D@BA<K9E>B= < 
A9C9D<B8<K9E>B= E<?O. 
82. А6FB>B?954A<S < C4D4@9FD<K9E><9 >B?954A<S. 
83. $9?4>E4J<BAAO9 >B?954A<S. 
84. %?B:9A<9 74D@BA<K9E><I >B?954A<=. 
85. #9D9IB8AO= D9:<@ >B?954A<=. 
86. %<EF9@O EB @AB7<@< EF9C9AS@< E6B5B8O. 
87. %6S;4AAO9 E<EF9@O. 
88. !BD@4?PAO9 >B?954A<S. 
89. �B?954A<S E6S;4AAOI E<EF9@. 
90. �4D@BA<K9E><= 4A4?<; E?B:AOI >B?954A<=. 
91. #D98EF46?9A<9 74D@BA<K9E><I >B?954A<= 6 >B@C?9>EAB= HBD@9. 
92. #DB8B?PAO9 < CBC9D9KAO9 6B?AO. 
93. А@C?<FG84, H4;4, E>BDBEFP D4ECDBEFD4A9A<S 6B?AO. 
94. 'D46A9A<9 6B?AO < 6B?AB6B9 GD46A9A<9. 
95. (4;B64S E>BDBEFP GCDG7<I 6B?A. 
96. �AF9DH9D9AJ<S < 8<HD4>J<S 6B?A. 
97. %FBSK<9 6B?AO. 
98. ЭHH9>F �BC?9D4. 
 



Т<CB6O9 >BAFDB?PAO9 ;а8аA<я 8?я CDB@9:GFBGAB= аFF9EFаF<< 

№ 
C/C 

(BD@G?<DB6>4 6BCDBE4 �4D<4AFO BF69FB6 

1 �BD45?P <89F EB E>BDBEFPR V @<@B 
@4S>4.  
+4=>4 ?9F<F ;4 >BD45?9@, BEF464SEP A4 
B8<A4>B6B@ D4EEFBSA<< BF A97B. � >4>B= 
E<EF9@9 BFEK9F4 E>BDBEFP K4=>< D46A4 V? 
� E<EF9@9 BFEK9F4, E6S;4AAB= E ...  

1. >BD45?9@ 

2. @ая>B@ 

3. K4=>B= 
4. F4>4S E<EF9@4 BFEK9F4 A9 
<;B5D4:9A4 
5. CD46<?PAO= BF69F A9 CD<6989A 

2 &69D8B9 F9?B A4K<A49F 6D4M4FPES 6B>DG7 
A9CB86<:AB= BE< E G7?B6O@ GE>BD9A<9@ 
β = at, 789 4 = 2,0*10-2 D48/E3. +9D9; 
E>B?P>B 6D9@9A< CBE?9 A4K4?4 6D4M9A<S 
69>FBD CB?AB7B GE>BD9A<S CDB<;6B?PAB= 
FBK>< F9?4 5G89F EBEF46?SFP G7B? α = 60° 
E 99 69>FBDB@ E>BDBEF<? 

7 E 

3 !95B?PLB9 F9?B CGEF<?< EA<;G 669DI CB 
A4>?BAAB= C?BE>BEF<, EBEF46?SRM9= 
G7B? α = 15° E 7BD<;BAFB@. !4=F< 
>BQHH<J<9AF FD9A<S, 9E?< 6D9@S 
CB8N9@4 F9?4 B>4;4?BEP 6 η = 2,0 D4;4 
@9APL9 6D9@9A< ECGE>4. 

0,16 

4 #9D6BA4K4?PAB CB>B<6L4SES K4EF<J4, 
A4IB8SEP CB8 89=EF6<9@ E<?O 
F=1ex+2ey+3ez (!), C9D9@9EF<?4EP <; 
FBK>< (2, 4, 6) (@) 6 FBK>G (3, 6, 9) (@). 
!4=F< ><A9F<K9E>GR QA9D7<R T K4EF<JO 
6 >BA9KAB= FBK>9. 

14 Д: 

5 � >4>B@ <; CD<@9DB6 @9I4A<K9E>4S 
QA9D7<S F9? A9 <;@9AS9FES? 
 

 

1. Q?9>FDBA D4;7BAS9FES 
Q?9>FD<K9E><@ CB?9@ >BA89AE4FBD4 
2. 7D4A4F4 D4;DO649FES A4 BE>B?>< 

3. L4D, ?9F96L<= 7BD<;BAF4?PAB, 
CBC4849F 6 F9?9:>G E C9E>B@,    
A4IB8SMGRES A4 7?48>B= 
7BD<;BAF4?PAB= CB69DIABEF< 

4. HаD<>, CB869H9AAO= Aа A<F<, 
CBE?9 6O6989A<я <; CB?B:9A<я 
Dа6AB69E<я 6B;6DаIа9FEя Aа;а8 

5. CD46<?PAO= BF69F A9 CD<6989A 

6 &BA><= B8ABDB8AO= EF9D:9AP 8?<AB= 
l=50 E@ < @4EEB= m=400 7 6D4M49FES E 
G7?B6O@ GE>BD9A<9@ ε=3 D48/E2 B>B?B 
BE<, CDBIB8SM9= C9DC9A8<>G?SDAB 
EF9D:AR K9D9; 97B E9D98<AG. "CD989?<FP 
6D4M4RM<= @B@9AF M. 

0,052 Н@ 

7 �4> <;@9A<FES @B@9AF <A9DJ<< 
E6<AJB6B7B J<?<A8D4 BFABE<F9?PAB 97B 
BE<, 9E?< J<?<A8D EC?RM<FP 6 8<E>? 
 

1. G69?<G<FEя 

2. G@9APL<FES 
3. A9 <;@9A<FES 
4. 84AAOI 8?S BF69F4 A9 I64F49F  
 

 

 



8 "CD989?<FP @B@9AF <A9DJ<< J FBA>B7B 
B8ABDB8AB7B EF9D:AS 8?<AB= l=60 E@ < 
@4EEB= m=100 7 BFABE<F9?PAB BE<, 
C9DC9A8<>G?SDAB= 9@G < CDBIB8SM9= 
K9D9; FBK>G EF9D:AS, G84?9AAGR A4 a=20 
E@ BF B8AB7B <; 97B >BAJB6. 

0,004 >7 @2 

9 #BK9@G C9D<B8 >B?954A<= 
@4F9@4F<K9E>B7B @4SFA<>4 CD< @4?OI 
G7?4I BF>?BA9A<S A9 ;46<E<F BF @4EEO 
@4SFA<>4? 
  

1. CBFB@G, KFB @4F9@4F<K9E><= 
@4SFA<> S6?S9FES @4F9D<4?PAB= 
FBK>B=, CB869L9AAB= A4 
A9D4EFS:<@B= < A969EB@B= A<F< 

2. CBFB@G, KFB E<?4, 6B;6D4M4RM4S 
@4SFA<> 6 CB?B:9A<9 D46AB69E<S    
S6?S9FES >64;<GCDG7B= 

3. CBFB@G, GFB 6 8аAAB@ E?GGа9 
>6а;<GCDG7ая E<?а 
CDBCBDF<BAа?PAа @аEE9 

4. CBFB@G, KFB E<?4, 6B;6D4M4RM4S 
@4SFA<> 6 CB?B:9A<9 D46AB69E<S    
CDBCBDJ<BA4?PA4 sin {a}, 789 a - G7B? 
BF>?BA9A<S 
5. CD46<?PAO= BF69F A9 CD<6989A 

10 �6G>B6O9 >B?954A<S, <@9RM<9 K4EFBFG 
ν=0,5 >�J < 4@C?<FG8G A=0,25 @@, 
D4ECDBEFD4ASRFES 6 GCDG7B= ED989. 
�?<A4 6B?AO λ=70 E@. !4=F< E>BDBEFP v 
D4ECDBEFD4A9A<S 6B?A 

350 @/E 

 



03.03.02 (878:4, =4?@46;9==>ABP (?@>D8;P) «(878:4»,  �� ?> 88AF8?;8=9 «М9E4=8:4», 2024 

7>8 =45>@4, >G=4я D>@<4 >5CG9=8я 

 
 

 
ПDBD9>FBD CB Gч95AB= D45BF9 GF69D:89AB 21.02.24 А.А. С4?4@4FB6 

Уч9AO@ EB69FB@ H<;<ч9E>B7B H4>G?PF9F4 

ПDBFB>B? ;4E984A<O № 08 BF 25.01.2024 

 

 

ПD98E984F9?P Уч9AB7B EB69F4 

H<;<ч9E>B7B H4>G?PF9F4 EB7?4EB64AB М.А. З47D95<A 

 

 

З4A984=89< :4D98@O >5щ99 8 B9>@9B8G9A:>9 D878:8 

 
ПDBFB>B? ;4E984A<O № 05 BF 18.01.2024 

 

З4698GNщ<= >4H98DB= EB7?4EB64AB А.Е. М4=9D 

 

А6FBDO (EBEF46<F9?<)  А.Е. М4=9D 

  А.А. Э59?P 

 

!B@C:BC@4 @45>G99 ?@>7@4<<O A>>B69BAB6C9B ?@8:47C @9:B>@4 (���' �� «Ч9;�'» >B «13» 
4?@9;я 2021 7. № 247-1 


