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(t)fx 1ý , (t)fy 2ý , 345 E 8 G 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 (t)fx 1ý  C:070=0 =5?>A@54AB25==> =0 AE5<0E, 0 7028A8<>ABL 

(t)fy 2ý  40=0 2 B01;8F5 8AE>4=KE 40==KE. 
 

�AE>4=K5 40==K5 
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 5E0=87< A>AB>8B 87 ABC?5=G0BKE :>;5A 1-3, =0E>4OI8EAO 2 70F5?;5=88 8;8 
A2O70==KE @5<5==>9 ?5@540G59, 7C1G0B>9 @59:8 4 8 3@C70 5, ?@82O70==>3> : :>=FC 
=8B8, =0<>B0==>9 =0 >4=> 87 :>;5A. $048CAK ABC?5=59 :>;5A @02=K A>>B25BAB25==>: 
C :>;5A0 1  r1 = 4 A<, R1 = 6 A<; C :>;5A0 2  r2 = 8A<, R2 = 10 A<; C :>;5A0 3 r3 = 12 

A<, R3 = 18 A<. !0 >1>40E :>;5A @0A?>;>65=K B>G:8 �, � 8 %. 

� AB>;1F5 «�0=>» B01;8FK 8AE>4=KE 40==KE C:070= 70:>= 42865=8O 8;8 70:>= 

87<5=5=8O A:>@>AB8 254CI53> 725=0 <5E0=87<0, 345 (t)1ú  -  70:>= 2@0I5=8O :>;5A0 1, 

)(4 ts s - 70:>= 42865=88 @59:8 4, (t)Ë2  - 70:>= 87<5=5=8O C3;>2>9 A:>@>AB8 :>;5A0 2, 

(t)Ç5  - 70:>= 87<5=5=8O A:>@>AB8 3@C70 5 8 B. 4. (25745 ú  2K@065=> 2 @0480=0E, s - 2 
A0=B8<5B@0E, t - 2 A5:C=40E). #>;>68B5;L=>5 =0?@02;5=85 4;O ú  8 ÷  ?@>B82 E>40 

G0A>2>9 AB@5;:8, 4;O 4s , 5s  8 4Ç , 5Ç  - 2=87. 
"?@545;8BL 2 <><5=B 2@5<5=8 t = 2 A C:070==K5 2 B01;8F5 2 AB>;1F0E «!09B8» 

A?>@>AB8 (Ç  - ;8=59=K5, Ë  - C3;>2K5) 8 CA:>@5=8O ( 4  - ;8=59=K5, ·  - C3;>2K5) 

A>>B25BAB2CNI8E B>G5: 8;8 B5; ( 5Ç  - A:>@>ABL 3@C70 5 8 B. 4.). 
 

�AE>4=K5 40==K5  
�0@80=B �0=> !09B8 

A:>@>AB8 CA:>@5=8O 
0 

32

5 t2ts ýý  %� Ç;Ç  542 4;4;·  

1 
2

4 2t3ts ûý  �5 Ç;Ç  4%1 4;4;·  

2 
3t4t1 ûýú  24 Ë;Ç  53� 4;·;4  

3 
23

2 2tt ýýú  �� Ç;Ç  �24 4;·;4  

4 7t3t 23 ûýú  %� Ç;Ç  �35 4;·;4  

5 
32

5 3t5ts ýý  3� Ë;Ç  %24 4;·;4  

6 
23

5 tts ýý  2% Ë;Ç  �25 4;·;4  

7 
32

3 2t4t ýýú  �� Ç;Ç  4�1 4;4;·  

8 3t2t32 ýýú  3% Ë;Ç  51% 4;·;4  

9 2tt 41 ýýú  %� Ç;Ç  43� 4;·;4  
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#;>A:89 <5E0=87< A>AB>8B 87 AB5@6=59  1, 2, 3, 4 8 ?>;7C=0 � 8;8 � (AE5<K 0-7) 

8;8 87 AB5@6=59 1, 2, 3 8 ?>;7C=>2 � 8 � (AE5<K 8-9), 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  ³, ³, ´, Ç, ». �=0G5=8O MB8E C3;>2 8 
4@C38E 7040==KE 25;8G8= C:070=K 2 B01;8F5 8AE>4=KE 40==KE . 

"?@545;8BL 25;8G8=K, C:070==K5 2 B01;8F0E 2 AB>;1F0E «!09B8».  
 

�AE>4=K5 40==K5 
!><5@ 
CA;>28O 

'3;K, 3@04 

 

�0=> !09B8 

³ 

 

³ ´ Ç » Ë1,  

1/A  
·1, 

1/A2 
Ç  

B>G5: 
Ë  

725=0 
4 

B>G5: 
·  

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

1 60 120 30 0 60 2 1 A,B,D AB A,B AB 

2 0 120 90 90 150 3 4 A,B,E AB A,B AB 

3 60 90 30 90 60 1 0,5 B,D,E DE A,B AB 

4 30 30 60 0 120 2 2 A,B,D AB A,B AB 

5 90 60 120 120 150 3 2 A,B,E AB A.B AB 

6 120 30 30 0 150 1 3 B,D,E DE A,B AB 

7 90 120 120 90 60 4 2 A,B.D AB A,B AB 

8 0 60 30 0 150 2 4 A,D,E DE A,B AB 

9 0 150 30 0 120 1 2 A,B,E AB A,B AB 
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#@O<>C3>;L=0O ?;0AB8=0 (AE5<K 0-4) 8;8 :@C3;0O ?;0AB8=0 @048CA0 R = 40 A< 
(AE5<K 5-9) 2@0I05BAO 2>:@C3 =5?>4286=>9 >A8 ?> 70:>=C (t)f1ýú , 7040==><C 2 
B01;8F5 8AE>4=KE 40==KE. #>;>68B5;L=>5 =0?@02;5=85 >BAG5B0 C3;0 ú  ?>:070=> ?0 
@8AC=:0E 4C3>2>9 AB@5;:>9. !0 AE5<0E 0-2 8 5-6 >AL 2@0I5=8O ?5@?5=48:C;O@=0 
?;>A:>AB8 ?;0AB8=K 8 ?@>E>48B G5@57 B>G:C � (?;0AB8=0 2@0I05BAO 2 A2>59 ?;>A:>AB8); 
=0 AE5<0E 3 ,4, 7, 8, 9 >AL 2@0I5=8O ��1  ;568B 2 ?;>A:>AB8 ?;0AB8=K  (?;0AB8=0 
2@0I05BAO 2 ?@>AB@0=AB25). 

#> ?;0AB8=5 24>;L ?@O<>9 BD  (AE5<K 0-4) 8;8 ?> >:@C6=>AB8 @048CA0 R  (AE5<K 5-
9) 42865BAO B>G:0 �; 70:>= 55 >B=>A8B5;L=>3> 42865=8O, B.5. 7028A8<>ABL (t)fAMs 2ýý  

(s 2K@065=> 2 A0=B8<5B@0E, t 3 2 A5:C=40E) 7040= 2 B01;8F5 >B45;L=> 4;O AE5< 0-9; B0< 65 
40=K @07<5@K b 8 l. !0 @8AC=:0E B>G:0 � ?>:070=0 2 ?>;>65=88, ?@8 :>B>@>< s = 

��>0 (?@8 s<0 B>G:0 � =0E>48BAO ?> 4@C3CN AB>@>=C >B B>G:8 �). 



!09B8 01A>;NB=CN A:>@>ABL 8 01A>;NB=>5 CA:>@5=85 B>G:8 �  2 <><5=B 
2@5<5=8 t1 = 1 A. 

 

�AE>4=K5 40==K5 
 

�0@80=B 
�;O 2A5E 
AE5< 

(t)f1ýú  

�;O AE5< 0 - 4 �;O AE5< 5 3 9 

 

b, A< 

 

(t)fAMs 2ýý  

 

l 

 

(t)fAMs 2ýý  

0 t)3(t3 ý  20 )t40(3t 2ý  R )tR(3t
6

Ã 32 ý  

1 6t)2(t2 ý  15 )t20(3t 42 ý  R )tR(2t
3

Ã 32 ý  

2 23 12t7t ý  20 30t)60(t2 ûý  R )tR(3t
2

Ã 2ý  

3 32 3tt ý  16 38)t70(2t 32 ýý  R )tR(3t
6

Ã 23 ý  

4 32 4t3t ý  20 )2t30(t 23 ý  R )2tR(t
3

Ã 34 ý  

5 t)3(t2 ý  24 323t)40(t3 ûý  R )2tR(t
2

Ã 2û  

6 24t6t ý  10 30)t50(t 32 ûý  R )2(
6

2
ttR û

ð
 

7 23t7t ý  20 )t10(4t 3ý  R )2tR(t
3

Ã 2ý  

8 11t3t 3 ý  10 20)t40(t 23 ûý  R )t(2t
2

Ã 2û  

9 32 2t5t ý  20 60)3t20(t 2 ûý  R )t(4t
3

Ã 3ý  
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�@C7 1 <0AA>9 m C:@5?;5= =0 ?@C68==>9 ?>425A:5 2 ;8DB5. �8DB 42865BAO 
25@B8:0;L=> ?> 70:>=C z = 0,5³1t

2 + ³2sin(Ët) + ³3cosn(Ët) (=5?>4286=0O >AL z 

=0?@02;5=0 ?> 25@B8:0;8 225@E; z 2K@065=> 2 <5B@0E, t - 2 A5:C=40E). !0 3@C7 459AB2C5B 
A8;0 A>?@>B82;5=8O A@54K R = ¼v, 345 v 4 A:>@>ABL 3@C70 ?> >B=>H5=8N : ;8DBC. 

!09B8 70:>= 42865=8O 3@C70 ?> >B=>H5=8N : ;8DBC, B. 5. E = f(t), 345 E A2O70=0 A 
:>@?CA>< ;8DB0.  

!0G0;> :>>@48=0B ?><5AB8BL 2 B>G:5, 345 =0E>48BAO ?@8:@5?;5==K9 : 3@C7C 
:>=5F ?@C68=K, :>340 ?@C68=0 =5 45D>@<8@>20=0. #@8 MB><, 2> 871560=85 >H81>: 2 
7=0:0E, =0?@028BL >AL E 2 AB>@>=C C4;8=5=8O ?@C68=K, 0 3@C7 87>1@078BL 2 
?>;>65=88, ?@8 :>B>@>< E>0, B.5. ?@C68=0 @0ABO=CB0. #@8 ?>4AG5B0E <>6=> ?@8=OBL 
g = 10 </A2.  0AA>9 ?@C68= 8 A>548=8B5;L=>9 ?;0=:8 2 ?@5=51@5GL. 

� B01;8F5 8AE>4=KE 40==KE >1>7=0G5=>: E1, c2, E3 - :>MDD8F85=BK 65AB:>AB8 
?@C68=, »0 - C4;8=5=85 ?@C68=K A M:2820;5=B=>9 65AB:>ABLN 2 =0G0;L=K9 <><5=B 
2@5<5=8 t = 0, v0 - =0G0;L=0O A:>@>ABL 3@C70 ?> >B=>H5=8N : ;8DBC (=0?@02;5=0 
25@B8:0;L=> 225@E). #@>G5@: 2 AB>;1F0E E1, c2, E3  >7=0G05B, GB> A>>B25BAB2CNI0O 
?@C68=0 >BACBAB2C5B 8 =0 G5@B565 87>1@060BLAO =5 4>;6=0. �A;8 ?@8 MB>< :>=5F 
>4=>9 87 >AB02H8EAO ?@C68= >:065BAO A2>1>4=K<, 53> A;54C5B ?@8:@5?8BL 2 
A>>B25BAB2CNI5< <5AB5 8;8 : 3@C7C 8;8 : ?>B>;:C (?>;C) ;8DB0; B> 65 A;54C5B 
A45;0BL, 5A;8 A2>1>4=K<8 >:06CBAO A>548=5==K5 ?;0=:>9  2 :>=FK >158E 
>AB02H8EAO ?@C68=. 'A;>285 ¼=0 >7=0G05B, GB> A8;0 A>?@>B82;5=8O R  >BACBAB2C5B. 

 

�AE>4=K5 40==K5 

�0@80=B 

m
, :
3 

E 1
, !
/<

 

E 2
, !
/<

 

E 3
, !
/<

 

³ 1
, 

</
A2

 

³ 2
, <

 

³ 3
, <

 

Ë
, 1
/A

 

¼,
 

!
·A
/<

 

» 0
, <

 

v
0
, <
/A

 

0 1,2 300 - 200 0 0 0,2 18 0 0,1 2 

1 0,6 250 400 - 0 0,3 0 12 0 0 3 

2 1,4 - 250 150 g 0 0 - 6 0,15 2,5 

3 1,2 280 - 220 2g 0 0 - 8 0,2 3 

4 1,6 320 240 - 0 0 0,4 20 0 0 2,6 

5 0,8 - 300 180 0 0,25 0 16 0 0,18 2,4 

6 1 240 - 160 0 0 0,3 14 0 0,12 1,8 

7 1,8 - 360 240 0 0,4 0 10 0 0,16 1,2 

8 0,4 270 150 - 1,5g 0 0 0 12 0 2,2 

9 2 400 - 200 0 0 0,25 24 0 0,14 2,5 
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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 Ã3 = 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==>; Ë3 8 Ë4 - 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) Ë4 

2 6 0 0 4 6 320 0,8 60(4+5s) vc5 

3 5 0 4 0 5 200 1,2 50(5+4s) v1 

4 0 6 0 5 4 280 0,8 40(8+9s) Ë4 

5 8 0 6 0 6 300 1,5 60(8+5s) Ë3 

6 0 4 0 6 4 200 1,6 60(6+6s) vc5 

7 5 0 0 4 6 320 1,4 50(5+6s) v1 

8 0 6 5 0 4 280 1,6 60(6+7s) v2 

9 4 0 0 6 5 240 1,5 50(9+2s) vc5 
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�CD989?9A<9 GE?B6<= D46AB69E<S @9I4A<K9E>B= E<EF9@O E CB@BMPR CD<AJ<C4 
6B;@B:AOI C9D9@9M9A<= 

 

 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 ³, ³, ´, Ç, ». 

�;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 � =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 = E», 

345 E - :>MDD8F85=B 65AB:>AB8 ?@C68=K, » - 55 45D>@<0F8O. �@><5 B>3>, =0 AE5<0E 0 
8 1 =0 ?>;7C= D 459AB2C5B A8;0 Q , 0 =0 :@82>H8? O1A - ?0@0 A8; A <><5=B>< �; =0 
AE5<0E 2-9  =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 » ?@C68=K, 8 C:070BL, 
@0ABO=CB0 ?@C68=0 8;8 A60B0. �=0G5=8O 2A5E 7040==KE 25;8G8= ?@82545=K 2 
B01;8F0E 8AE>4=KE 40==KE, 345 Q 2K@065=> 2 =LNB>=0E, 0 �, M1, M2. - 2 
=LNB>=><5B@0E. 

 

�AE>4=K5 40==K5 : AE5<0< 0 3 4 

 

�0@80=B '3;K, 3@04 E, 

!/A< 

4;O AE5< 0-4 

³ ³ ´ Ç » M1 M2 

0 0 60 90 0 120 160 360 180 

1 90 120 120 90 150 120 280 260 

2 60 60 60 90 30 100 240 300 

3 120 30 30 90 150 110 260 280 

4 0 150 30 0 60 130 300 240 

5 30 120 30 0 60 140 320 220 

6 30 120 120 0 60 150 340 200 

7 60 150 30 90 30 140 310 210 

8 90 120 90 90 60 100 280 240 

9 0 150 90 0 120 90 220 320 
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