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:>=AB@C:F8N, O2;ONBAO 2 B>G:5 � H0@=8@, 2 B>G:5 � 3;04:0O ?;>A:>ABL. 
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"?@545;8BL @50:F88 A2O759 2 B>G:0E �, �, %, 2K720==K5 7040==K<8 =03@C7:0<8. #@8 
>:>=G0B5;L=KE @0AG5B0E ?@8=OBL 4 = 0,2 <. 



�484A<9 CB D4;89?G «�<A9@4F<>4» 
 «�<A9@4F<K9E><= 4A4?<; C?BE>B7B @9I4A<;@4» 

 

#;>A:89 <5E0=87< A>AB>8B 87 AB5@6=59  1, 2, 3, 4 8 ?>;7C=0 Е, A>548=5==KE 4@C3 A 
4@C3>< 8 A =5?>4286=K<8 >?>@0<8 �1, �2  H0@=8@0<8; B>G:0 D =0E>48BAO 2 A5@548=5 
AB5@6=8 ��. �;8=K AB5@6=59 @02=K A>>B25BAB25==> 1l =0,6 <, 2l  =1,4 <, 3l  =1,6 <, 4l = 

0,8 <.  

 
 

 

#>;>65=85 <5E0=87<0 >?@545;O5BAO C3;0<8 α, ³, ´, φ, θ. �=0G5=8O MB8E C3;>2 8 
4@C38E 7040==KE 25;8G8= C:070=K 2 B01;8F5:  

 

�0@80=B 

'3;K, 3@04 

 

�0=> !09B8 

α ³ ´ φ θ 
ω1,  

1/A  
ε1, 

1/A2 
υ  

B>G5: 
ω  

725=0 
4 

B>G5: 
ε  

725=0 
1 30 60 60 60 120 0,5 1 B,D,E DE A,B AB 

2 60 30 60 30 150 1 0,5 B,D,E DE A,B AB 

 

"?@545;8BL 25;8G8=K, C:070==K5 2 B01;8F0E 2 AB>;1F0E «!09B8». 
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 5E0=8G5A:0O A8AB5<0 A>AB>8B 87 3@C7>2 1 8 2, ABC?5=G0B>3> H:820 3 A @048CA0<8 
ABC?5=59 R3 = 0,3 <, r3 = 0,1 < 8 @048CA>< 8=5@F88 >B=>A8B5;L=> >A8 2@0I5=8O ρ3 = 0,2 <, 
1;>:0 4  @048CA0 R4 = 0,2 < 8 :0B:0 (8;8 =5?>4286=>3> 1;>:0) 5 (@8A. 2). &5;> 5 AG8B0BL 
A?;>H=K< >4=>@>4=K< F8;8=4@><, 0 <0AAC 1;>:0 4 - @02=><5@=> @0A?@545;5==>9 ?> 
>1>4C. �>MDD8F85=B B@5=8O 3@C7>2 > ?;>A:>ABL f = 0,1. &5;0 A8AB5<K A>548=5=K 4@C3 A 
4@C3>< =5@0ABO68<K<8 =8BO<8, ?5@5:8=CBK<8 G5@57 1;>:8 8 =0<>B0==K<8 =0 H:82 3 

(8;8 =0 H:82 8 :0B>:); CG0AB:8 =8B59 ?0@0;;5;L=K A>>B25BAB2CNI8< ?;>A:>ABO<. � 
>4=><C 87 B5; ?@8:@5?;5=0 ?@C68=0 A :>MDD8F85=B>< 65AB:>AB8 E. 

#>4 459AB285< A8;K F = f(s), 7028AOI59 >B ?5@5<5I5=8O s B>G:8 55 ?@8;>65=8O, 
A8AB5<0 ?@8E>48B 2 42865=85 87 A>AB>O=8O ?>:>O; 45D>@<0F8O ?@C68=K 2 <><5=B =0G0;0 
42865=8O @02=0 =C;N. #@8 42865=88 =0 H:82 3 459AB2C5B ?>AB>O==K9 <><5=B � A8; 
A>?@>B82;5=8O (>B B@5=8O 2 ?>4H8?=8:0E). 

"?@545;8BL 7=0G5=85 8A:><>9 25;8G8=K 2 B>B <><5=B 2@5<5=8, :>340 ?5@5<5I5=85 
s AB0=5B @02=K< s = 0,2 <. �A:><0O 25;8G8=0 C:070=0 2 AB>;1F5 «!09B8» B01;8FK 
8AE>4=KE 40==KE, 345 >1>7=0G5=>: v1, v2, vE5 - A:>@>AB8 3@C7>2 1, 2 8 F5=B@0 <0AA B5;0 5 

A>>B25BAB25==>; ω3 8 ω4 - C3;>2K5 A:>@>AB8 B5; 3 8 4. 

�A5 :0B:8, 2:;NG0O 8 :0B:8, >1<>B0==K5 =8BO<8 (=0?@8<5@, :0B>: 5 =0 AE5<5 2), 
:0BOBAO ?> ?;>A:>ABO< 157 A:>;L65=8O. 



!0 2A5E @8AC=:0E =5 87>1@060BL 3@C7 2, 5A;8 m2 = 0; >AB0;L=K5 B5;0 4>;6=K 
87>1@060BLAO 8 B>340, :>340 8E <0AA0 @02=0 =C;N. 

 

 
 

 

�AE>4=K5 40==K5 
 

�0@80=B m1, 

:3 
m2, 

:3 
m3, 

:3 
m4, 

:3 
m5, 

:3 
E, 
!/< 

�, 
!·< 

F=f(s) !09B8 

0 0 5 0 4 4 300 1,8 80(5+6s) v2 

1 0 4 0 6 5 240 1,4 50(7+8s) ω4 
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� H0@=8@=>, 0 2 B>G:5 � ?@8:@5?;5=0 8;8 : =525A><><C AB5@6=N A H0@=8@0<8 =0 :>=F0E, 
8;8 : H0@=8@=>9 >?>@5 =0 :0B:0E. � B>G:5 % : @0<5 ?@82O70= B@>A, ?5@5:8=CBK9 G5@57 
1;>: 8 =5ACI89 =0 :>=F5 3@C7 25A>< $=20:!. !0 @0<C 459AB2CNB ?0@0 A8; A <><5=B>< 
 =80:!< 8 425 A8;K, 7=0G5=8O, =0?@02;5=8O 8 B>G:8 ?@8;>65=8O :>B>@KE C:070=K 2 
B01;. 1. 
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�040=85 �1. �8=5<0B8:0 B>G:8  
&>G:0 � 42865BAO 2 ?;>A:>AB8 xy (@8A.2, B@05:B>@8O B>G:8 =0 @8AC=:0E ?>:070=0 

CA;>2=>). �0:>= 42865=8O B>G:8 7040= C@02=5=8O<8: x f (t)  1 , y f (t)  2 , 345 E 8 C 
2K@065=K 2 A0=B8<5B@0E, t - 2 A5:C=40E. 

!09B8 C@02=5=85 B@05:B>@88 B>G:8; 4;O <><5=B0 2@5<5=8 t1 = 1 A, >?@545;8BL 
A:>@>ABL 8 CA:>@5=85 B>G:8, 0 B0:65 55 :0A0B5;L=>5 8 =>@<0;L=>5 CA:>@5=8O 8 @048CA 
:@8287=K 2 A>>B25BAB2CNI59 B>G:5 B@05:B>@88. �028A8<>ABL x f (t)  1 C:070=0 
=5?>A@54AB25==> =0 @8AC=:0E, 0 7028A8<>ABL y f (t)  2 40=0 2 B01;. 2. 
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&45лиF4 2 

�AE>4=K5 40==K5 
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CA;>28O 

y = f2 (t) !><5@ 
CA;>28O 

y  f2 (t) 
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�040=85 �1. #@8<5=5=85 B5>@5<K >1 87<5=5=88 :8=5B8G5A:>9 M=5@388 A8AB5<K 

 

 5E0=8G5A:0O A8AB5<0 A>AB>8B 87 3@C7>2 1 8 2, ABC?5=G0B>3> H:820 3 A @048CA0<8 

ABC?5=59 R3 = 0,3 <, r3 = 0,1 < 8 @048CA>< 8=5@F88 >B=>A8B5;L=> >A8 2@0I5=8O ρ3 = 0,2 <, 
1;>:0 4 @048CA0 R4 = 0,2 < 8 :0B:0 (8;8 =5?>4286=>3> 1;>:0) 5 (@8A. 3). &5;> 5 AG8B0BL 
A?;>H=K< >4=>@>4=K< F8;8=4@><, 0 <0AAC 1;>:0 4 - @02=><5@=> @0A?@545;5==>9 ?> 
>1>4C. �>MDD8F85=B B@5=8O 3@C7>2 > ?;>A:>ABL f = 0,1. &5;0 A8AB5<K A>548=5=K 4@C3 A 
4@C3>< =5@0ABO68<K<8 =8BO<8, ?5@5:8=CBK<8 G5@57 1;>:8 8 =0<>B0==K<8 =0 H:82 3 (8;8 
=0 H:82 8 :0B>:); CG0AB:8 =8B59 ?0@0;;5;L=K A>>B25BAB2CNI8< ?;>A:>ABO<. � >4=><C 87 
B5; ?@8:@5?;5=0 ?@C68=0 A :>MDD8F85=B>< 65AB:>AB8 E. 

#>4 459AB285< A8;K F = f(s), 7028AOI59 >B ?5@5<5I5=8O s B>G:8 55 ?@8;>65=8O, 
A8AB5<0 ?@8E>48B 2 42865=85 87 A>AB>O=8O ?>:>O; 45D>@<0F8O ?@C68=K 2 <><5=B =0G0;0 
42865=8O @02=0 =C;N. #@8 42865=88 =0 H:82 3 459AB2C5B ?>AB>O==K9 <><5=B � A8; 
A>?@>B82;5=8O (>B B@5=8O 2 ?>4H8?=8:0E). 
"?@545;8BL 7=0G5=85 8A:><>9 25;8G8=K 2 B>B <><5=B 2@5<5=8, :>340 ?5@5<5I5=85 s 

AB0=5B @02=K< s = 0,2 <. �A:><0O 25;8G8=0 C:070=0 2 AB>;1F5 «!09B8» B01;8FK 3, 345 
>1>7=0G5=>: v1, v2, vE5 - A:>@>AB8 3@C7>2 1, 2 8 F5=B@0 <0AA B5;0 5 A>>B25BAB25==>; ω3 8 ω4 - 

C3;>2K5 A:>@>AB8 B5; З 8 4. 
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1 

 
$8A.3. %E5<K : 7040=8N �1 

 

&45лиF4 3 
 

Но@9D 
GE?о6<я 

m1, 

>7 
m2, 

>7 
m3, 

>7 
m4, 

>7 
m5, 

>7 
с, 

Н/@ 

М, 
Н·@ 

F=f(s) На=F< 

0 0 5 0 4 4 300 1,8 80(5+6s) v2 

1 0 4 0 6 5 240 1,4 50(7+8s) ω4 

…… …… …… ….. ……. …… …… ….. ….. …….. 

 

�040=85 �2. "?@545;5=85 CA;>289 @02=>25A8O <5E0=8G5A:>9 A8AB5<K A ?><>ILN 

?@8=F8?0 2>7<>6=KE ?5@5<5I5=89 

 5E0=87<, @0A?>;>65==K9 2 3>@87>=B0;L=>9 ?;>A:>AB8, =0E>48BAO ?>4 459AB285< 
?@8;>65==KE A8; 2 @02=>25A88; ?>;>65=85 @02=>25A8O >?@545;O5BAO C3;0<8 α, ³, ´, φ, θ 
(@8A. 4, B01;. 4, 5). �;8=K AB5@6=59 <5E0=87<0 (:@82>H8?>2) @02=K: l1 = 0,4 <, l4 = 0,6 < 
(@07<5@K l2 8 l3 ?@>872>;L=K); B>G:0 Е =0E>48BAO 2 A5@548=5 A>>B25BAB2CNI53> AB5@6=O. 

!0 ?>;7C= � <5E0=87<0 459AB2C5B A8;0 C?@C3>AB8 ?@C68=K F; G8A;5==> F = Eλ, 345 E - 

:>MDD8F85=B 65AB:>AB8 ?@C68=K, λ - 55 45D>@<0F8O. �@><5 B>3>, =0 AE5<0E 0 8 1 @8A. 
4 =0 ?>;7C= D 459AB2C5B A8;0 Q , 0 =0 :@82>H8? O1A - ?0@0 A8; A <><5=B>< �; =0 AE5<0E 
2 3 9 @8A. 4 =0 :@82>H8?K �1� 8 �2D 459AB2CNB ?0@K A8; A <><5=B0<8 M1 8 M2. 

"?@545;8BL, G5<C @02=0 ?@8 @02=>25A88 45D>@<0F8O λ ?@C68=K, 8 C:070BL, 
@0ABO=CB0 ?@C68=0 8;8 A60B0. 
0 1 



&&& &&&. 
6 7 

$8A.4. %E5<K : 7040=8N �2 
&45лиF4 4 

�AE>4=K5 40==K5 : AE5<0< 0 3 4 =0 @8A. 4 
 

Но@9D 
GE?о6<я 

У7?ы, 7Dа8 
с, Н/E@ 

8?я Eх9@ 0-4 

α ³ ´ φ θ M1 M2 

0 0 60 90 0 120 160 360 180 

1 90 120 120 90 150 120 280 260 

……. ……. …… ….. ….. ……. …….. …….. ……… 

 

 

&45лиF4 5 

�AE>4=K5 40==K5 : AE5<0< 5 3 9 =0 @8A.4 
 

Но@9D 
GE?о6<я 

У7?ы, 7Dа8 
с, Н/E@ 

8?я Eх9@ 5-9 

α ³ ´ φ θ M Q 

0 90 120 150 90 30 110 220 280 

1 30 60 30 0 120 120 200 300 

2 30 120 150 0 60 130 180 320 

-…… ……. …… ……. ……. …….. ………. …….. ....... 
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$07=>C@>2=52K5 7040G8 2K;>65=K 2 M;5:B@>==>9 8=D>@<0F8>==>->1@07>20B5;L=>9 
A@545 �01��& �@�'#%, 4>ABC?=>9 >1CG0NI5<CAO G5@57 53> ;8G=K9 :018=5B. 

!865 ?@82545= >1@075F @07=>C@>2=52>9 7040G8 ?> B5<5, ?@54CA<>B@5==>9 @01>G59 
?@>3@0<<>9 48AF8?;8=K. 
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&5<0: «#@54<5B 8 7040G8 AB0B8:8. #@5>1@07>20=8O A8AB5< A8;» 

 

1. "?@545;8BL @50:F88 >?>@ B25@4>3> B5;0 
 



 

 

 

3.4 &<CB6O9 >BAFDB?PAO9 ;484A<S 8?S CDB6989A<S F9EF<DB64A<S 

 

(>=4 B5AB>2KE 7040=89 ?> 48AF8?;8=5 A>45@68B B5AB>2K5 7040=8O, @0A?@545;5==K5 
?> @0745;0< 8 B5<0<, A C:070=85< 8E :>;8G5AB20 8 B8?0. 

 

%B@C:BC@0 D>=40 B5AB>2KE 7040=89 ?> 48AF8?;8=5  
>G=0O D>@<0 >1CG5=8O 3 2 A5<5AB@,  

70>G=0O D>@<0 >1CG5=8O 3 2 :C@A 78<=OO A5AA8O 
 

�=48:0B>@ 4>AB865=8O 
:><?5B5=F88  

&5<0 
2 A>>B25BAB288 A $#� 

)0@0:B5@8AB8:0 
&� 

�=48:0B>@ 
4>AB865=8O 
:><?5B5=F88  

"#�-4.3. "?@545;O5B A8;K 
@50:F89, 459AB2CNI8E =0 B5;>, 
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