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6 ;484A<< FD9I >BBD8<A4F >4> HGA>J<= 6D9@9A< 

+6 ;484A<< FD49>FBD<<, A4K4?4 BFEK9F4, CB?B:<F9?PAB7B A4CD46?9A<я BFEK9F4 < ;4>BA4 86<-
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:9A<я 
 

�>>@48=0B=O9 A?>A>1 7040=8я 42865=8я B>G:8 70:;RG05BAя: 
6 ;484A<< 69>FBD-HGA>J<< )(trr


=  

+6 ;484A<< >BBD8<A4F >4> HGA>J<= 6D9@9A< 

6 ;484A<< FD49>FBD<<, A4K4?4 BFEK9F4, CB?B:<F9?PAB7B A4CD46?9A<я BFEK9F4 < ;4>BA4 86<:9-
A<я 
 

�O1@0BP D>@<C;C 4;я =0E>645=8я :0A0B5;P=>3> CA:>@5=8я. 



2
v

 

2

2

dt

sd
 

+
dt

dv
 

dt

d
v


 

 

�O1@0BP D>@<C;C 4;я =0E>645=8я =>@<0;P=>3> CA:>@5=8я. 

+


2
v

 

2

2

dt

sd
 

dt

dv
 

dt

d
v


 

 

�2865=85 B>G:8 >?8AO205BAя C@02=5=8я<8: ( ) 13sin2 += tx ;  ( ) 13cos3 −= ty . &@05:-
B>@859 B>G:8 я2;я5BAя: 
CDя@4я 
C4D45B?4 
+Q??<CE 
7<C9D5B?4 
 

�2865=85 B>G:8 >?8AO205BAя C@02=5=8я<8: ( ) 13sin2
2 += tx ;  ( ) 13cos3

2 −= ty . &@0-
5:B>@859 B>G:8 я2;я5BAя: 
+CDя@4я 
-C4D45B?4 
-Q??<CE 
-7<C9D5B?4 
 

�2865=85 B>G:8 >?8AO205BAя C@02=5=8я<8: 12 += tx ;  13
2 −= ty . &@05:B>@859 B>G:8 

я2;я5BAя: 
CDя@4я 
+C4D45B?4 
Q??<CE 
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7<C9D5B?4 
 

�2865=85 B>G:8 =07O205BAя @02=><5@=O<, 5A;8: 
const=õ  
const=  

+ constv =  

consta =   

 

�2865=85 B>G:8 =07O205BAя @02=>?5@5<5==O<, 5A;8: 
const=õ  
const=  
constv =  

+ consta =   

 

�2865=85 B>G:8 =07O205BAя @02=>CA:>@5==O<, 5A;8: 
0/,

0
ü= avconstv  

0/,
0

ü=  avconsta  

0/,
0

þ= avconstv  

+ 0/,
0

þ=  avconsta   

 

�2865=85 B>G:8 =07O205BAя @02=>70<54;5==O<, 5A;8: 
0/,

0
ü= avconstv  

+ 0/,
0

ü=  avconsta  

0/,
0

þ= avconstv  

 

�8=8я, :>B>@CR >?8AO205B B>G:0 ?@8 A2>5< 42865=88, =07O205BAя: 
CDB=89AAO@ D4EEFBяA<9@ 

+FD49>FBD<9= 

8?<AB= 8G7< 
>D<6B= 
 

�040=O C@02=5=8я 42865=8я B>G:8 tx 3= , 
2

ty = . "?@545;8BP @0AAB>я=85 >B B>G:8 4> 
=0G0;0 :>>@48=0B 2 <><5=B 2@5<5=8 ct 2= . (c B>G=>ABPR 4> 0,01). 
+7,21 

24 

9,3 

6,22 

 

�0=> C@02=5=85 42865=8я B>G:8 ( )tx sin= . "?@545;8BP A:>@>AB8 B>G:8 2 1;8609H89 
?>A;5 =0G0;0 42865=8я <><5=B 2@5<5=8 t , :>340 :>>@48=0B0 <x 5,0= . 

+ ( ) A<V /72,26/cos ==   

( ) A<V /866,06/cos ==   

( ) A<V /57,13/cos ==   
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�0= 3@0D8: A:>@>AB8 ( )tfV =  ?@я<>;8=59=>3> 42865=8я B>G:8. 
"?@545;8BP CA:>@5=85 B>G:8 2 <><5=B 2@5<5=8 ct 12= . (c B>G=>ABPR 4> 0,1). 
+0,5 

1 

1,5 

 

&>G:0 42865BAя ?> ?@я<>9. �0= 3@0D8: CA:>@5=8я ( )tf4 = . 

"?@545;8BP A:>@>ABP B>G:8 2 <><5=B 2@5<5=8 ct 6= , 5A;8 ?@8 0
0
=t , 0

0
=v .  

+ A<vtv /35,0
0
=+=  

A<tv /35,0 ==  

A<vtv /925,0
0

2 =+=  

 

&>G:0 42865BAя ?> :@82>9 A> A:>@>ABPR ts 5,0= . "?@545;8BP 5ё :>>@48=0BC 2 <><5=B 

2@5<5=8 ct 10= , 5A;8 ?@8 
0

t  :>>@48=0B0 B>G:8 0
0
=s .  

+25 

5 

50 

 

�0=O =>@<0;P=>5 2
/5,2 A<4

n
=  8 :0A0B5;P=>5 2

/5,1 A<4 =  CA:>@5=8я B>G:8. "?@5-
45;8BP ?>;=>5 CA:>@5=85 B>G:8. 
+2,92 

4 

2 

5 

 

�2865=85 B25@4>3> B5;0, ?@8 :>B>@>< ;R10я ?@я<0я, A2я70==0я A QB8< B5;><, ?5@5<5-
I05BAя, >AB020яAP ?0@0;;5;P=>9 A2>5<C =0G0;P=><C =0?@02;5=8R, =07O205BAя: 
EH9D<K9E><@ 

C?BE>BC4D4??9?PAO@ 

6D4M4F9?PAO@ 

+ CBEFGC4F9?PAO@ 

 

�O1@0BP D>@<C;C 4;я =0E>645=8я G8A;>2>3> 7=0G5=8я C3;>2>3> CA:>@5=8я B5;0 2 40=-
=O9 <><5=B 2@5<5=8: 
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2

2

dt

sd
 

2

2

dt

d 
 

+
dt

d
 

dt

d
 

 

�48=8F59 87<5@5=8я C3;>2>3> CA:>@5=8я я2;я5BAя: 
A@48/  

+
2

/A@48  

@48 

A< /  

 

�2865=85 B25@4>3> B5;0 2>:@C3 =5?>4286=>9 >A8, ?@8 :>B>@>< :0:85-;81> 2 B>G:8, 
?@8=04;560I85 B5;C, >AB0RBAя 2 B5G5=85 2A53> 2@5<5=8 42865=8я =5?>4286=O<8 
=07O205BAя: 
EH9D<K9E><@ 

C?BE>BC4D4??9?PAO@ 

+ 6D4M4F9?PAO@ 

CBEFGC4F9?PAO@ 

 

�48=8F0 87<5@5=8я C3;>2>9 A:>@>AB8: 
+ A@48/  

2
/A@48  

@48 

A< /  

 

�@0I5=85 B5;0 =07O205BAя @02=><5@=O<, 5A;8: 
const=õ  

+ const=  
constv =  

consta =  

 

�@0I5=85 B5;0 =07O205BAя @02=>?5@5<5==O<, 5A;8: 
+ const=õ  

const=  
constv =  

consta =  

 

�@0I5=85 B5;0 =07O205BAя @02=>CA:>@5==O<, 5A;8: 
+ 0/, þ= õõ const  

0/, ü= õ const  

0/, ü= õõ const  

0/, þ= õ const  
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�@0I5=85 B5;0 =07O205BAя @02=>70<54;5==O<, 5A;8: 
0/, þ= õõ const  

0/, ü= õ const  

+ 0/, ü= õõ const  

0/, þ= õ const  

 

'3;>20я A:>@>ABP B5;0 87<5@я5BAя 2: 
+

1−A  
2−A  

A< /  
2

/A<  

 

'3;>2>5 CA:>@5=85 B5;0 87<5@я5BAя 2: 
1−A  

+
2−A  

A< /  
2

/A<  

 

+0AB>B0 2@0I5=8я B5;0 87<5@я5BAя 2: 
A@48/  

1−A  

+ <и=>5 /  

>5 . 

 

'3>; ?>2>@>B0 B5;0 87<5@я5BAя 2: 
>5  

@48 

7@48CA4х 

+ 7@48CA4х@48,  

 

'3;>20я A:>@>ABP <0E>28:0 87<5=я5BAя A>3;0A=> 70:>=C ( )2
6 tt −= . "?@545;8BP 

2@5<я 0þt  >AB0=>2:8 <0E>28:0. 
+6 

0 

5 

 

&5;> 2@0I05BAя 2>:@C3 =5?>4286=>9 >A8 A>3;0A=> 70:>=C 2
t= . "?@545;8BP A:>@>ABP 

B>G:8 B5;0 =0 @0AAB>я=88 <r 5,0=  >B >A8 2@0I5=8я 2 <><5=B 2@5<5=8, :>340 C3>; ?>-
2>@>B0 @4825= . 

+5 

12,5 

50 
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&25@4>5 B5;> 2@0I05BAя 2>:@C3 =5?>4286=>9 >A8 
1

��  ?> 70-
:>=C t740−=  (  – 2 @0480=0E, t – 2 A5:C=40E). � ?@><56CB>: 2@5<5=8 >B 0=t  4> 

1=t A B5;> 2@0I05BAя… 

D46ABGE>BD9AB 
GE>BD9AAB 
+ D46AB@9DAB 
;4@98?9AAB 

&5;> @048CA0 A<R 10=  2@0I05BAя 2>:@C3 >A8 ОХ ?> 70:>=C 
2

240 t+=  (  - 2 @0480=0E, t – 2 A5:C=40E). %:>@>ABP B>G:8  А ?@8 ct 2=  1C45B @02-
=0… 

AA< /32  

AA< /30  

+ AA< /80  

AA< /60  

 

 *% – QB>:  
 B5<?PAO= J9AFD E6я;< 

+ 7AB69AAO= J9AFD E>BDBEF9= 

 B@9AF4?PA4я J9AFD4?PA4я E>BDBEFP 
 7AB69AA4я J9AFDB59:A4я E>BDBEFP 
 

�2865=85 B25@4>3> B5;0, ?@8 :>B>@>< 2A5 53> B>G:8 ?5@5<5I0RBAя ?0@0;;5;P=> =5:>-
B>@>9 D8:A8@>20==>9 ?;>A:>AB8, =07O205BAя: 
EH9D<K9E><@ 

+C?BE>BC4D4??9?PAO@ 

6D4M4F9?PAO@ 

CBEFGC4F9?PAO@ 

 

&>G:0, CA:>@5=85 :>B>@>9 2 40==O9 <><5=B 2@5<5=8 @02=> 0 =07O205BAя: 
 *% 

+ *' 

 &% 

!*% 
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&>G:0, A:>@>ABP :>B>@>9 2 40==O9 <><5=B 2@5<5=8 @02=0 0, =07O205BAя: 
+ *% 

 *' 

 &% 

!*% 

 

&5>@5<0 > A;>65=88 CA:>@5=89 ?@8 ?;>A:>< 42865=88 8<55B 284: 

К>@>B=?9@ aaaa ++=  

>B=?9@ vvv +=  

+

BA

n

BAAB
aaaa ++=  

BAAB
vvv +=  

 

&5>@5<0 > A;>65=88 A:>@>AB59 ?@8 ?;>A:>< 42865=88 8<55B 284: 

К>@>B=?9@ aaaa ++=  

>B=?9@ vvv +=  


BA

n

BAAB
aaaa ++=  

+ BAAB
vvv +=  

"?@545;8BP C3;>2CR A:>@>ABP :>;5A0 , 5A;8 B>G:0 � 8<55B A:>@>ABP 
A<vА /10= , @048CA :>;5A0 <r 2,0= . (c B>G=>ABPR 4> 0,1): 

+ A@48rv
A

/3,335,1/ ==  

A@48rv
A

/1005,0/ ==  

A@48rv
A

/50/ ==  

A@48rv
A

/15,0 ==  

 

�8A: @048CA0 c<R 50=  :0B8BAя ?> ?;>A:>AB8. "?@545;8BP @0AAB>я=85 2 <5B@0E >B 
35><5B@8G5A:>3> F5=B@0 48A:0 4> <3=>25==>3> F5=B@0 A:>@>AB59.  
+0,5 

1 

50 

100 

 

&01;8F04–�@8B5@88 >F5=:8 AD>@<8@>20==>AB8 :><?5B5=F89 

 
�B8 < A4<@9AB64-
A<9 <A8<>4FBD4 
8BEF<:9A<я >B@-

�D<F9D<< BJ9A<64A<я EHBD@<DB64AABEF< >B@C9F9A-
J<< 

(K4EF< >B@C9F9AJ<<) 
!4 54;B6B@ GDB6A9 !4 CB6OL9AAB@ GDB6A9 
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C9F9AJ<< (K4EF< 

>B@C9F9AJ<<) 
EBBF69FEF6G9F BJ9A>9 
«G8B6?9F6BD<F9?P-

AB»50-64%BF 
@4>E<@4?PAB7B  
54??4 

EBBF69FEF6G9F 
BJ9A>9 «IBDB-
LB»65-85%BF 
@4>E<@4?P-
AB7B 
54??4 

EBBF69FEF6G9F 
BJ9A>9 
«BF?<K-
AB»86-
100%BF 

@4>E<@4?PAB7B 
54??4 

 
 

"#�-1.4. 

#D98EF46?9A<9 54-
;B6OI 8?я CDBH9E-
E<BA4?PAB= EH9DO 

H<;<K9E><I CDBJ9E-
EB6 <  я6?9A<=
 6 6<89 @4F9-
@4F<K9E>B-
7B(<I)GD46A9A<я(=). 
"#�-1.6. 

$9L9A<9 <A:9A9D-
AOI ;484K E CB@B-
MPR @4F9@4F<K9-
E>B7B 4CC4D4F4 69>-
FBDAB= 4?795DO, 
4A4?<F<K9E>B= 79B-
@9FD<<. 
"#�-3.2. 

�O5BD @9FB84 <?< 

@9FB8<>< 
D9L9A<я ;484K CDB-
H9EE<BA4?PAB= 89я-
F9?PABEF< 
"#�-6.18. 

#D<@9A9A<9 F<CB-
6OI 4?7BD<F@B6 <E-
E?98B64A<я D46AB-
69E<я < 86<:9A<я 
@9I4A<K9E><I E<-
EF9@ CD< CDB9>F<-
DB64A<< B5N9>FB6 
EFDB<F9?PEF64 

�=0BP: 
"EAB6AO9 ><A9@4F<-
K9E><9 I4D4>F9D<EF<-
><, <@99F B5M99 CD98-
EF46?9A<9 B 6<84I 
86<:9A<я 

#B>4;O649F ;A4A<9 
B ><A9@4F<K9E><I 
I4D4>F9D<EF<> 
86<:9A<я, BCD989-
?9A<9 <I CD<
 E?B:AB@ 

86<:9A<< F69D8B7B 
F9?4 

%6B5B8AB BC9D<DG9F 
F9D@<A4@< < CBAяF<я-
@< CB F9@9 @B8G?я 

'<5BP: 
6 BEAB6AB@ 

BCD989?яFP ><A9@4F<-
K9E><9 I4D4>F9D<EF<-
>< 86<:9A<я F9-
?4 < E A9 
5B?PL<@ < ;4FDG8A9-
A<я@< D9L4FP ;484K< 

CD9E?B:AB@ 86<:9-
A<< F9?4 

E 8BEF4FBKAB 6O-
EB>B=  8B?9= E4-
@BEFBяF9?PABEF< 
BCD989?яFP   < 
BJ9A<64FP ><A9@4-
F<K9E><9 I4D4>F9-
D<EF<>< 86<:9-
A<я, 6  FB@ 

K<E?9 < E?B:AB7B 

ECBEB59A E  6OEB><@ 

GDB6A9@ 

E4@BEFBяF9?PABEF< 

4A4?<;<DB64FP CB?G-
K9AAO9 ><A9@4F<K9-
E><9 I4D4>F9D<EF<>< 

86<:9A<я, 6 FB@ K<E?9 
E?B:AB7B < BCD989-
?яFP 
<I ;A4K9A<я 

 �;045BP:  

"EAB6AO@< A46O>4@< 

BCD989?9A<я ><A9@4-
F<K9E><I I4D4>F9D<-
EF<>, CD< BF69F4I 8B-
CGE>49F @4?BEGM9-
EF69AAO9 CB7D9LAB-
EF<, <E>4:9A<я ?B7<-
K9E>B= CBE?98B64-
F9?PABEF< ,A9
 FBKAGR 

�D7G@9AF4J<R F9BD9-
F<K9E><I CB?B:9A<= 

<ECOFO649F ;4FDG8A9-
A<я  CD< BF69F4I
 A4 6BCDBEO 

CD9CB8464F9?я. 

!46O>4@< BCD989-
?9A<я ><A9@4F<K9-
E><I I4D4>F9D<EF<> 
CD<EGFEF6GRF A9-
5B?PL<9 CB7D9L-
ABEF<,  < 8B-
CGE>49F A9FBKABEF<
  CD< EB-
EF46?9A<<  < 4A4-
?<;9 8<HH9D9AJ<-
4?PAOI GD46A9A<= 

86<:9A<я @4F9D<-
4?PAB= FBK>< 6  A9-
<A9DJ<4?PAB= E<-
EF9@9 BFEK9F4 
<E>4:4RM<9  97B 
EB89D:4A<9. 

%6B5B8AB 6?4899F @4-
F9@4F<K9E><@ 4CC4D4-
FB@, 5OEFDB < 
7D4@BFAB D9L49F ;484-
K< CB 
BCD989?9A<R ><A9@4-
F<K9E><I I4D4>F9D<-
EF<>, CD46<?PAB < ?B-
7<K9E>< EFDB=AB <;?4-
749F GK95AO= @4F9D<-
4?. 
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 >4C;P 3. �8=0<8:0 
�0I8B0 $�$ (A>15A54>20=85) ?> <>4C;R 3  

В>?@>AO 4;я A>55A54>64=8я: 
1. �4>BAO �4?<?9я-!PRFBA4. "EAB6AB9 GD46A9A<9 8<A4@<><. 
2. �<HH9D9AJ<4?PAO9 GD46A9A<я 86<:9A<я @4F9D<4?PAB= FBK>< 6 <A9DJ<4?PAB= E<-
EF9@9 BFEK9F4. 

3. �<HH9D9AJ<4?PAO9 GD46A9A<я 86<:9A<я @4F9D<4?PAB= FBK>< 6 CDB9>J<яI 
A4 9EF9EF69AAO9 BE< >BBD8<A4F. 

4. �69 BEAB6AO9 ;484K< 8<A4@<>< @4F9D<4?PAB= FBK><. 
5. #Dя@B?<A9=AO9 >B?954A<я @4F9D<4?PAB= FBK><. "EAB6AO9 F<CO >B?954-
A<=. �?4EE<H<>4J<я E<?. 

6. �<HH9D9AJ<4?PAB9 GD46A9A<9 CDя@B?<A9=AOI >B?954A<= @4F9D<4?PAB= FBK><. 
�@C?<FG84, C9D<B8, K4EFBF4 < H4;4 >B?954A<=. $9;BA4AE. 

7. �<HH9D9AJ<4?PAO9 GD46A9A<я 86<:9A<я @4F9D<4?PAB= FBK>< 6 A9<A9DJ<4?PAB= 
E<EF9@9 BFEK9F4. #9D9ABEA4я < >BD<B?<EB64 E<?O <A9DJ<<. 

8.  9I4A<K9E>4я E<EF9@4.  4EE4 E<EF9@O. *9AFD @4EE E<EF9@O < 97B >BBD8<A4FO. 

9.  B@9AF <A9DJ<< F69D8B7B F9?4 BFABE<F9?PAB C?BE>BEF<, BE< < CB?RE4. $48<GE 
<A9DJ<<. 

10. &9BD9@4 B 86<:9A<< J9AFD4 @4EE @9I4A<K9E>B= E<EF9@O. �4>BA EBID4A9A<я J9AFD4 
@4EE. 

11. �B?<K9EF6B 86<:9A<я FBK>< < E<EF9@O. &9BD9@O B5 <;@9A9A<< >B?<K9EF64 86<:9-
A<я FBK>< < @9I4A<K9E>B= E<EF9@O. 

12. &9BD9@4 B5 <;@9A9A<< ><A9F<K9E>B7B @B@9AF4 @9I4A<K9E>B= E<EF9-
@O (BFABE<F9?PAB J9AFD4, BE<, J9AFD4 @4EE). 

13. �<A9F<K9E><= @B@9AF 6D4M4RM97BEя F69D8B7B F9?4 BFABE<F9?PAB BE< 6D4M9-
A<я. �<HH9D9AJ<4?PAB9 GD46A9A<9 6D4M9A<я F69D8B7B F9?4 6B>DG7 A9CB86<:AB= 
BE<. 

14. 1?9@9AF4DA4я D45BF4 E<?O. $45BF4 E<?O Fя:9EF<, E<?O GCDG7BEF<, E<?O Fя7BF9A<я. 
$45BF4 E<?, CD<?B:9AAOI > F69D8B@G F9?G, 6D4M4RM9@GEя 6B>DG7 A9CB86<:AB= 
BE<. 

15. �OK<E?9A<9 ><A9F<K9E>B= QA9D7<< F69D8B7B F9?4 6 D4;?<KAOI E?GK4яI 97B 86<:9-
A<я. 

16. &9BD9@4 B5 <;@9A9A<< ><A9F<K9E>B= QA9D7<< @4F9D<4?PAB= FBK>< < @9I4A<K9E>B= 
E<EF9@O. 

17. #BF9AJ<4?PA4я QA9D7<я. �4>BA EBID4A9A<я @9I4A<K9E>B= QA9D7<<. 

18. +<E?B EF9C9A9= E6B5B8O. �?4EE<H<>4J<я E6я;9=. �B;@B:AO9 C9D9@9M9A<я E<EF9-
@O. 

19. #D<AJ<C 6B;@B:AOI C9D9@9M9A<=. #D<AJ<C 6B;@B:AOI @BMABEF9=. 
20. #D<AJ<C �4?4@59D4 8?я @4F9D<4?PAB= FBK>< < @9I4A<K9E>B= E<EF9@O. �?46AO= 
69>FBD < 7?46AO= @B@9AF E<? <A9DJ<<. 
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