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ɸʜʨʝʩ ʨʝʜʘʢʮʠʠ: 117321, ʈʌ, ʛ. ʄʦʩʢʚʘ, ʫʣ. ʇʨʦʬʩʦʶʟʥʘʷ, ʜ. 140.  

ʉʣʫʞʙʘ ʧʦʜʜʝʨʞʢʠ: 153008, ʈʌ, ʛ. ʀʚʘʥʦʚʦ, ʫʣ. ʃʝʞʥʝʚʩʢʘʷ, ʜ.55, 4 ɻ ʪʘʞ. 

ʊʝʣ.: +7 (910) 690-15-09. http://internationalconference.ru/   e-mail: admbestsite@yandex.ru    

ɾʫʨʥʘʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʦʡ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʩʚʷʟʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʩʩʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ (ʈʦʩʢʦʤʥʘʜʟʦʨ) ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʇʀ ˉ ʌʉ 77 - 60217   

 
ʀʟʜʘʝʪʩʷ ʩ 2014 ʛʦʜʘ. ɺʳʭʦʜʠʪ ʝʞʝʤʝʩʷʯʥʦ. 

ʉʜʘʥʦ ʚ ʥʘʙʦʨ: 22.10.2015. ʇʦʜʧʠʩʘʥʦ ʚ ʧʝʯʘʪʴ: 26.10.2015 
ʌʦʨʤʘʪ 70ʭ100/16. ɹʫʤʘʛʘ ʦʬʩʝʪʥʘʷ. ɻʘʨʥʠʪʫʨʘ çʊʘʡʤʩè. 

ʇʝʯʘʪʴ ʦʬʩʝʪʥʘʷ. 

ʋʩʣ. ʧʝʯ. ʣ. 4,71 
ʊʠʨʘʞ 1 000 ʵʢʟ. ɿʘʢʘʟ ˉ463 

ʊʀʇʆɻʈɸʌʀʗ 

ʆʆʆ çʇʨʝʩʉʪʦè. 153025, ʛ. ʀʚʘʥʦʚʦ, ʫʣ. ɼʟʝʨʞʠʥʩʢʦʛʦ, 39, ʦʬ.307 
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TECHNICAL  SCIENCE  

The application of an analytical method in kinematic analysis  

of planar multi -link mechanisms 

Gorshkov A.
1
, Primostka V.

2 
(Russian Federation) 

ʇʨʠʤʝʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ 

ʧʣʦʩʢʠʭ ʤʥʦʛʦʟʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ɻʦʨʰʢʦʚ ɸ. ɼ.
1
, ʇʨʠʤʦʩʪʢʘ ɺ. ɽ. 

2 
(ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ) 

Gorshkov A., Primostka V. (Russian Federation) The application of an analytical method in kinematic analysis of planar multi-link mechanisms / ɻʦʨʰʢʦʚ ɸ. ɼ., ʇʨʠʤʦʩʪʢʘ ɺ. ɽ. (ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ) ʇʨʠʤʝʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʣʦʩʢʠʭ ʤʥʦʛʦʟʚʝʥʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ 

1ɻʦʨʰʢʦʚ ɸʣʝʢʩʘʥʜʨ ɼʝʦʤʠʜʦʚʠʯ / Gorshkov Aleksandr - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ; 
2ʇʨʠʤʦʩʪʢʘ ɺʘʣʝʥʪʠʥʘ ɽʬʨʝʤʦʚʥʘ / Primostka Valentina - ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

ʢʘʬʝʜʨʘ ʦʙʱʝʠʥʞʝʥʝʨʥʳʭ ʜʠʩʮʠʧʣʠʥ, 

ʇʝʨʤʩʢʠʡ ʚʦʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʚʥʫʪʨʝʥʥʠʭ ʚʦʡʩʢ, ʛ. ʇʝʨʤʴ 

 

ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʚʝʢʪʦʨʥʳʭ 

ʫʨʘʚʥʝʥʠʡ [1]-[5], ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʨʘʩʯʝʪʘ 

ʩʢʦʨʦʩʪʝʡ ʠ ʫʩʢʦʨʝʥʠʡ ʧʣʦʩʢʦʛʦ ʤʥʦʛʦʟʚʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠ ʧʨʝʜʣʦʞʝʥʥʳʤ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

Abstract: this article proposes an analytical method for solving vector equations [1], [5], 

the use of which is illustrated on the example of calculation of standard deviation-rosta and 

acceleration of planar multilink mechanism. Conducted a comparison of the results 

obtained by analytical method and the analytical method. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʭʘʥʠʟʤ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʧʘʨʘ, ʩʢʦʨʦʩʪʴ, ʫʩʢʦʨʝʥʠʝ. 

Keywords: mechanism, kinematic pair, speed, acceleration. 
 

 
 

ʈʠʩ. 1. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʝʭʘʥʠʟʤʘ 
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ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʇʨʠʤʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ: 

1716,0=ʆɸl  ʤ, 5895,0=GAl  ʤ, 8342,0=GBl  ʤ, 5179,0=BCl  ʤ, 54,0=BEl  ʤ, 

3013,0=EFl  ʤ, 
0

1 117,38=j , 01=e  ʩ
-2
, 41=w  ʩ

-1
. 

ʂʦʦʨʜʠʥʘʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʳ ʆ (0,0). 

ʂʦʦʨʜʠʥʘʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʳ F (0.8727,0). 

ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠ ʧʣʘʥ ʧʦʣʦʞʝʥʠʷ ʤʥʦʛʦʟʚʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʇʨʠʤʝʤ ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 01,0=lm  ʤ/ʤʤ. ʇʣʘʥ ʧʦʣʦʞʝʥʠʷ ʠ ʛʨʫʧʧʳ 

ɸʩʩʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 2. ʉʪʝʧʝʥʴ ʧʦʜʚʠʞʥʦʩʪʠ ʤʝʭʘʥʠʟʤʘ ʦʧʨʝʜʝʣʠʤ ʧʦ 

ʬʦʨʤʫʣʝ ʏʝʙʳʰʝʚʘ: 

101027323 45 =-Ö-Ö=--= ppnW , 

ʛʜʝ ʨ5=10 ï ʢʦʣʠʯʝʩʪʚʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ ʧʷʪʦʛʦ ʢʣʘʩʩʘ; 

ʧ=7 ï ʢʦʣʠʯʝʩʪʚʦ ʟʚʝʥʴʝʚ; 

ʨ4=0 ï ʢʦʣʠʯʝʩʪʚʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʩʘ. 

ɺʭʦʜʥʦʝ ʟʚʝʥʦ ï 1. 

ʌʦʨʤʫʣʘ ʩʪʨʦʝʥʠʷ ʤʝʭʘʥʠʟʤʘ: 
123 IIIIIII ­­­ . 

 

 
 

ʈʠʩ. 2. ʇʣʘʥ ʧʦʣʦʞʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʛʨʫʧʧʳ ʤʝʭʘʥʠʟʤʘ 
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ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ 

ʆʧʨʝʜʝʣʠʤ ʢʦʦʨʜʠʥʘʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ ʠ ʫʛʣʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʈʠʩ. 3, ʚ 

ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 
 

 
 

ʈʠʩ. 3. ɺʳʯʠʩʣʷʝʤʳʝ ʫʛʣʳ 
 

ʂʦʦʨʜʠʥʘʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʳ ɸ( )106,0;135,0()sin,cos All OAOA =ÖÖ jj . 

ʋʛʦʣ a237,13
2

sin
5895,0

1716,0
arcsin

2
sinarcsin2 =öö

÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
+=öö

÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
+= j

p
j

p
j

GA

OA

l

l
. 

ʋʛʦʣ ű3=ˊ/2-ű- ű2=38,664Ü. 

ʂʦʦʨʜʠʥʘʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʳ B( )344,0;191,0()cos,sin 22 Blll OGBGBG =-ÖÖ jj . 

( ) ( ) 394,0344,0191,0 222

2,1

2

1,1 =+=+= ɺɺʆɺ ʤ. 

ʋʛʦʣ 01,1

4 962,60arccos =öö
÷

õ
ææ
ç

å
=

OB

B
j ; ʫʛʦʣ 02,1

5 64,41arcsin =öö
÷

õ
ææ
ç

å
=

BCl

B
j . 

ʋʛʦʣ ű6= -́ ű4- ű5=77,398Ü. 

ʂʦʦʨʜʠʥʘʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʳ B= ( )0,578,00,
sin

sin

4

6 =öö
÷

õ
ææ
ç

å Ö

j

jBCl
. 

ʋʛʦʣ ɣ=ű5. 

ɺʳʯʠʩʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʳ ɽ: 

- ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʡ: 

( ) ( ) 137,0344,0191,054,0 2222

2,1

2

1,1

2

1 =--=--= BBlP BE . 

98,1
344,00

191,08725,0

2,12,1

1,11,1

1 -=
-

-
=

-

-
=

BF

BF
b  
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( ) ( ) 67,008725,03013,0 222

2,1

2

1,1

2

2 -=--=--= FFlP EF  

( )
173,1

)344,00(2

)67,0(137,0

2 2,12,1

21
1 -=

-

--
=

-

-
=

BF

PP
a  

( ) ( )( )
( )

649,0
98,11

98,1173,1191,0344,098,1

1
22

1

111,12,11
-=

-+

-Ö---Ö-
=

+

Ö--Ö
=

b

baBBb
pk

( ) ( )
( )

416,0
98,11

173,0344,073,1273,1

1

2
2

2

2

1

12,11

2

1
=

-+

-Ö-Ö--
=

+

-Ö-
=

b

PBaa
q  

- ʢʦʦʨʜʠʥʘʪʳ ʧʘʨʳ: 

( ) ( ) 725,0416,0649,0649,0
22

1,1 =--+--=-+-= qpkpkE ʤ. 

1,1112,1 EbaE Ö-= =-1,173-(-1,98)Ā0,725=0,263 ʤ. 

ʋʛʦʣ a66,60
3013,0

263,0
arcsinarcsin

2,1
=ö
÷

õ
æ
ç

å
=öö
÷

õ
ææ
ç

å
=

EFl

E
d . 

ʋʛʦʣ a677,8
54,0

263,0344,0
arcsinarcsin

2,12,1
=ö
÷

õ
æ
ç

å -
=öö
÷

õ
ææ
ç

å -
=

BEl

EB
g  

ʉʪʨʫʢʪʫʨʥʘʷ ʛʨʫʧʧʘ 2-3 

ʇʣʘʥ ʧʦʣʦʞʝʥʠʷ, ʧʣʘʥ ʩʢʦʨʦʩʪʝʡ ʠ ʧʣʘʥ ʫʩʢʦʨʝʥʠʡ ʧʦʩʪʨʦʝʥʳ ʥʘ ʈʠʩ. 3. ɺ ʦʜʥʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʢʝ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʮʝʥʪʨʦʤ ʰʘʨʥʠʨʘ ɸ, ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ ʥʘʭʦʜʷʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ɸ1, ɸ2, ɸ3, ʢʦʪʦʨʳʝ 

ʧʝʨʝʤʝʱʘʶʪʩʷ ʩʦ ʟʚʝʥʴʷʤʠ 1, 2, 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʏʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ 

ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ɸ1 ʦʧʨʝʜʝʣʠʤ ʠʟ ʚʳʨʘʞʝʥʠʡ: 

6864,01716,041 =Ö=Ö= OAA lV w  ʤ/c 

7456,21716,0422

1 =Ö== OAɸ lʘ w  ʤ/c
2
 

ɺʝʢʪʦʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ ɸ3 ʠʤʝʝʪ ʚʠʜ: 

1313 AAAA VVV
ddd
+=           (1) 

ʅʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʚ ʠ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʝ 

ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 4. ʈʝʰʠʤ ʚʝʢʪʦʨʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 
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ʈʠʩ. 4. ʇʣʘʥʳ ʧʦʣʦʞʝʥʠʷ, ʩʢʦʨʦʩʪʝʡ ʠ ʫʩʢʦʨʝʥʠʡ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʡ ʛʨʫʧʧʳ 2-3 
 

ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ VA1: 

VA1x= VA1Ācos(ű- /́2)=0,686Ācos(38,117
0
-90

0
)=0,424, 

VA1y= VA1Āsin(ű- /́2)=0,686Ācos(38,117
0
-90

0
)=-0,54. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʠʤʝʝʪ ʚʠʜ: 

ö
ö

÷

õ

æ
æ

ç

å

-

-
=öö
÷

õ
ææ
ç

å
Ööö
÷

õ
ææ
ç

å

-

-

yA

xA

AA

A

V

V

V

V

1

1

13

3

22

22

cos)sin(

sin)cos(

jjp

jjp
 ʠʣʠ 

öö
÷

õ
ææ
ç

å-
=öö
÷

õ
ææ
ç

å
Ööö
÷

õ
ææ
ç

å-

54,0

424,0

973,0229,0

229,0973,0

13

3

AA

A

V

V
 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʜʘʝʪ VA3=0,536 ʤ/c, VA1A3=0,429 ʤ/c. 

ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 909,0
5895,0

536,03
3 ===

GA

A

l

V
w  1/c. 

ɺʝʢʪʦʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ɸ3 ʠʤʝʝʪ ʚʠʜ: 
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rkAA aaaa 323213

dddd
++=  ʠʣʠ .0323213 =+++- rkAA aaaa

dddd
 

ʋʯʠʪʳʚʘʷ, ʯʪʦ tAnAA aaʘ 333

ddd
+= , ʦʢʦʥʯʘʪʝʣʴʥʦ ʟʘʧʠʰʝʤ: 

.03232133 =+++-- rkAtAnA aaaaa
ddddd

 

ʈʝʰʠʤ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ɺʝʣʠʯʠʥʘ ʢʦʨʠʦʣʠʩʦʚʘ ʫʩʢʦʨʝʥʠʷ: 

780,0429,0909,022 13332 =ÖÖ=ÖÖ= AAk Va w  ʤ/c
2
, ʧʨʠ ʵʪʦʤ .32 ABʘk ^

d
 

ʋʛʦʣ ʚʝʢʪʦʨʘ ʩ ʦʩʴʶ ʍ 
22 jpa -Ö=ʢ . ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ kʘ32

d
ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ: 

759,0761,346cos78,0cos3232 =Ö=Ö= a
kkkx aa a  

179,0761,346sin78,0sin3232 -=Ö=Ö= a
kkky aa a  

ɺʝʢʪʦʨ ʥʦʨʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ɸ3 ʯʠʩʣʝʥʥʦ ʨʘʚʝʥ: 

487,05859,0909,0 22

33 =Ö=Ö= GAn lʘ w  ʤ/c
2
 

ʠ ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ɸG ʦʪ ɸ ʢ G. 

ʋʛʦʣ ʚʝʢʪʦʨʘ ʩ ʦʩʴʶ ʍ 
a761,762/ 23 =-= jpan . ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ nʘ3

d
ʥʘ ʦʩʠ 

ʢʦʦʨʜʠʥʘʪ: 

112,0761,76cos487,0cos 333 =Ö=Ö= a
nnnx aa a  

474,0761,76sin487,0sin 333 =Ö=Ö= a
nnny aa a  

ɺʝʢʪʦʨ ʢʘʩʘʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ɸ3 ta3

d
ʥʘʧʨʘʚʣʝʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ nʘ3

d
, 

ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝʠʟʚʝʩʪʥʦ, ʫʛʦʣ ʩ ʦʩʴʶ ʍ ʨʘʚʝʥ .329,1323

a-=-=ja tɸ  

ɺʝʢʪʦʨ ʥʦʨʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ɸ1 ʯʠʩʣʝʥʥʦ ʨʘʚʝʥ: 

746,21716,0422

11 =Ö=Ö= ʆAA lʘ w  ʤ/c
2
 

ʠ ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ɸʆ ʦʪ ɸ ʢ ʆ. 

ʋʛʦʣ ʚʝʢʪʦʨʘ ʩ ʦʩʴʶ ʍ 
a117,2181 =+= jpaA . ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ nʘ1

d
 ʥʘ ʦʩʠ 

ʢʦʦʨʜʠʥʘʪ: 

16,2117,218cos746,2cos 111 -=Ö=Ö= a
AAxA aa a  

695,1117,218sin746,2sin 111 -=Ö=Ö= a
AAyA aa a  

ɺʝʢʪʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ɸ 
ra32

d
ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ɸɺ ʦʪ ɸ ʢ ɺ, 

ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝʠʟʚʝʩʪʥʦ, ʫʛʦʣ ʩ ʦʩʴʶ ʍ ʨʘʚʝʥ .761,76
2

232

a=-= j
p

a r
 

ʉʫʤʤʘ ʧʨʦʝʢʮʠʡ ʚʝʢʪʦʨʦʚ ʥʘ ʦʩʴ ʍ: 

289,1759,0112,016,2Pr 3231 -=++-=++= kxnxXX aaa  

ʉʫʤʤʘ ʧʨʦʝʢʮʠʡ ʚʝʢʪʦʨʦʚ ʥʘ ʦʩʴ Y: 

399,1179,0474,0695,1Pr 3231 -=-+-=++= kYnYYY aaa  

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ: 

( ) ( )
( ) ( ) öö

÷

õ
ææ
ç

å

-

-
=öö
÷

õ
ææ
ç

å
Ööö
÷

õ
ææ
ç

å

Y

X

r

tA

rtA

rtA

a

a

Pr

Pr

cossin

sincos

32

3

323

323

aa

aa
 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ 934,93 =tAa  ʤ/c
2
, 657,132 =ra  ʤ/c

2
. 
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ʋʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ 584,13
3 ==

GA

tA

l

a
e  1/c

2
. 

ʋʩʢʦʨʝʥʠʝ 3Aa
d

 ʯʠʩʣʝʥʥʦ ʨʘʚʥʦ: 

( ) 054,1487,0934,0)( 222

3

2

33 =+=+= nAtAA aaa  ʤ/c
2
. 

ʋʛʦʣ ʩ ʦʩʴʶ ʍ .316,194239,13
054,1

934,0
arccos180)arccos( 2

3

3
3

aaa =-ö
÷

õ
æ
ç

å
+=-+= jpa

A

tA
ɸ

a

a  

ʉʪʨʫʢʪʫʨʥʘʷ ʛʨʫʧʧʘ 4-5 

ʇʣʘʥ ʧʦʣʦʞʝʥʠʷ, ʧʣʘʥ ʩʢʦʨʦʩʪʝʡ ʠ ʧʣʘʥ ʫʩʢʦʨʝʥʠʡ ʧʦʩʪʨʦʝʥʳ ʥʘ ʈʠʩ. 5. 
 

 
 



13 

 

 
 

ʈʠʩ. 5. ʇʣʘʥʳ ʧʦʣʦʞʝʥʠʷ, ʩʢʦʨʦʩʪʝʡ ʠ ʫʩʢʦʨʝʥʠʡ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʡ ʛʨʫʧʧʳ 4-5 
 

ʉʢʦʨʦʩʪʴ ʪʦʯʢʠ ɺ3 ʨʘʚʥʘ 758,08342,0909,033 =Ö=Ö= BGB lV w  ʤ/c. 

ɺʝʢʪʦʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ Vʉ ʠʤʝʝʪ ʚʠʜ: 

CBBC VVV
ddd
+= 3 . 

ʈʝʰʠʤ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ VB3 ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ ʨʘʚʥʳ: 

Vɺ3x= Vɺ3Ācos(-ű2)=0,758Ācos(-13,239
0
)=0,738, 

Vɺ3y= Vɺ3Āsin(-ű2)=0,758Ācos(-13,239
0
)=-0,174. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ: 

ö
ö

÷

õ

æ
æ

ç

å
=öö
÷

õ
ææ
ç

å
Ööö
÷

õ
ææ
ç

å

-

-

yB

xB

CB

C

V

V

V

V

3

3

cos)0sin(

sin)0cos(

yp

yp
 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʪʘʢʠʤ Vʉ=0,893 ʤ/c, Vʉɺ=0,232 ʤ/c. 

ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 448,0
5179,0

232,0
4 ===

CB

CB

l

V
w  1/c. 

ɺʝʢʪʦʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ɸ3 ʠʤʝʝʪ ʚʠʜ: 

CBtCBnɺʉ aaaa
dddd
++=  ʠʣʠ .0=+++- CBtCBnBC aaaa

dddd
 

ʈʝʰʠʤ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɼʘʥʥʳʝ ʦ ʚʝʢʪʦʨʘʭ, ʚʭʦʜʷʱʠʭ ʚ 

ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʩʚʝʜʝʤ ʚ ʪʘʙʣʠʮʫ 1. 
 

ʊʘʙʣʠʮʘ 1. ɺʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʚ ʫʩʢʦʨʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ ʘʉɺ 
 

ɺʝʢʪʦʨ ʅʘʧʨʘʚʣʝʥʠʝ ɺʝʣʠʯʠʥʘ 

(ʤ/c2) 

ʋʛʦʣ ʩ ʦʩʴʶ ʍ ʇʨʦʝʢʮʠʷ 

ʍ 

ʇʨʦʝʢʮʠʷ 

Y 

ɺʘ
d

 
ɺ ʩʪʦʨʦʥʫ 

3ɸʘ
d

 

1,491 

 

194,316Ü -1,445 -0,349 

ʉɺnʘ
d

 
ɺʜʦʣʴ ɺʉ 

ʦʪ ɺ ʢ ʉ 

0,104 a36,138=-yp  
-0,078 0,069 

ʉɺtʘ
d

 CBnCBt aa
dd
^  

ʥʝʠʟʚʝʩʪʥʘ 

a36,48

2/

=

=-= ypaCBt
 

ʥʝʠʟʚʝʩʪʥʘ ʥʝʠʟʚʝʩʪʥʘ 

Cʘ
d

 
ʆʪ ʉ ʢ F ʥʝʠʟʚʝʩʪʥʘ 

ɼʣʷ )( Cʘ
d
-  

a0=ɸʉa  

ʥʝʠʟʚʝʩʪʥʘ ʥʝʠʟʚʝʩʪʥʘ 
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ʉʫʤʤʘ ʧʨʦʝʢʮʠʡ ʚʝʢʪʦʨʦʚ ʥʘ ʦʩʴ ʍ: 

522,1079,0445,1Pr -=--=+= ʉɺnxɺXX aa  

ʉʫʤʤʘ ʧʨʦʝʢʮʠʡ ʚʝʢʪʦʨʦʚ ʥʘ ʦʩʴ Y: 

28,0069,0349,0Pr -=+-=+= CBnYBYY aa  

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ: 

( ) ( )
( ) ( ) öö

÷

õ
ææ
ç

å

-

-
=öö
÷

õ
ææ
ç

å
Ööö
÷

õ
ææ
ç

å

Y

X

C

CBt

ACCBt

ACCBt

a

a

Pr

Pr

cossin

sincos

aa

aa
 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ 096,1=CBta  ʤ/c
2
, 256,1=Ca  ʤ/c

2
. 

ʋʩʢʦʨʝʥʠʝ ʉɺa
d

 ʯʠʩʣʝʥʥʦ ʨʘʚʥʦ: 

( ) 01,1104,0096,1)( 2222 =+=+= ʉɺnʉɺtʉɺ aaa  ʤ/c
2
. 

ʉʪʨʫʢʪʫʨʥʘʷ ʛʨʫʧʧʘ 6-7 

ʇʣʘʥ ʧʦʣʦʞʝʥʠʷ, ʧʣʘʥ ʩʢʦʨʦʩʪʝʡ ʠ ʧʣʘʥ ʫʩʢʦʨʝʥʠʡ ʧʦʩʪʨʦʝʥʳ ʥʘ ʈʠʩ. 6, 7. 
 

 
 

ʈʠʩ. 6. ʇʣʘʥ ʧʦʣʦʞʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʛʨʫʧʧʳ 6-7 
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ʈʠʩ. 7. ʇʣʘʥʳ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʡ ʛʨʫʧʧʳ 6-7 
 

ɺʝʢʪʦʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ Vɽ ʠʤʝʝʪ ʚʠʜ: 

ɽBBɽ VVV
ddd
+= 3 . 

ʈʝʰʠʤ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ VB3 ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ ʨʘʚʥʳ: 

Vɺ3x= Vɺ3Ācos(-ű2)=0,758Ācos(-13,239
0
)=0,738, 

Vɺ3y= Vɺ3Āsin(-ű2)=0,758Ācos(-13,239
0
)=-0,174. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ: 

ö
ö

÷

õ

æ
æ

ç

å

-

-
=öö
÷

õ
ææ
ç

å
Ööö
÷

õ
ææ
ç

å

+-

+-

yB

xB

ɽ

ɽɺ

V

V

V

V

3

3

2/(cos)2/sin(

2/sin()2/cos(

dpygp

dpgp
 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʪʘʢʠʤ: Vɽɺ=0,621 ʤ/c, Vɽ=0,932 ʤ/c. 

ʋʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ 15,1
5179,0

232,0
6 ===

Bɽ

ɽB

l

V
w  1/c, 093,3

3013,0

932,0
7 ===

ɽF

ɽ

l

V
w  1/c. 

ɺʝʢʪʦʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ɸ3 ʠʤʝʝʪ ʚʠʜ: 

ɽBtɽBnɺɽ aaaa
dddd
++=  ʠʣʠ .0=+++- ɽBtɽBnBɽ aaaa

dddd
 

ɽFtɽFnFɽ aaaa
dddd
++=  ʠʣʠ =++ ɽBtɽBnB aaa

ddd
ɽFtɽFnFɽ aaaa
dddd
++= . 

-++ ɽBtɽBnB aaa
ddd

.0=-- ɽFtɽFnF aaa
ddd

 

ʈʝʰʠʤ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɼʘʥʥʳʝ ʦ ʚʝʢʪʦʨʘʭ, ʚʭʦʜʷʱʠʭ ʚ 

ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʩʚʝʜʝʤ ʚ ʪʘʙʣʠʮʫ 2. 
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ʊʘʙʣʠʮʘ 2. ɺʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʚ ʫʩʢʦʨʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ ʘɽ 
 

ɺʝʢʪʦʨ ʅʘʧʨʘʚʣʝʥʠʝ ɺʝʣʠʯʠʥʘ 

(ʤ/c2) 

ʋʛʦʣ ʩ ʦʩʴʶ ʍ ʇʨʦʝʢʮʠʷ 

ʍ 

ʇʨʦʝʢʮʠʷ 

Y 

Fʘ
d

 
- 0. 

 

- - - 

EFnʘ
d

 
ɺʜʦʣʴ EF 

ʦʪ E ʢ F 

2,883 a34,119=-dp  -1,413 2,513 

EFtʘ
d

 EFnEFt aa
dd
^  

ʥʝʠʟʚʝʩʪʥʘ 

a34,29

2/

=

=-= dpaEFt
 

ʥʝʠʟʚʝʩʪʥʘ ʥʝʠʟʚʝʩʪʥʘ 

ɺʘ
d

 
ʚ ʩʪʦʨʦʥʫ 

ʫʩʢʦʨʝʥʠʷ 

3ʘ
d

 

1,491 a316,194=ɺa  -1,445 -0,369 

Eɺnʘ
d

 
ɺʜʦʣʴ ɺE 

ʦʪ E ʢ ɺ 

0,714 a323,171=-gp  
-0,706 0,108 

Eɺtʘ
d

 EɺnEɺt aa
dd
^  

ʥʝʠʟʚʝʩʪʥʘ 

a323,261

2/3

=

=-= gpaEɺt
 
ʥʝʠʟʚʝʩʪʥʘ ʥʝʠʟʚʝʩʪʥʘ 

 

ʉʫʤʤʘ ʧʨʦʝʢʮʠʡ ʚʝʢʪʦʨʦʚ ʥʘ ʦʩʴ ʍ: 

563,3706,0413,1445,1Pr -=---=++= ɽBnxɽFnxɺXX aaa  

ʉʫʤʤʘ ʧʨʦʝʢʮʠʡ ʚʝʢʪʦʨʦʚ ʥʘ ʦʩʴ Y: 

252,2108,0513,2369,0Pr =++-=++= EBnYEFnYBYY aaa  

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ: 

( ) ( )
( ) ( ) öö

÷

õ
ææ
ç

å

-

-
=öö
÷

õ
ææ
ç

å
Ööö
÷

õ
ææ
ç

å

Y

X

EFt

EBt

EFtEBt

EFtEBt

a

a

Pr

Pr

cossin

sincos

aa

aa
 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ 708,4=EBta  ʤ/c
2
, 924,4=EFta  ʤ/c

2
. 

ʋʩʢʦʨʝʥʠʝ Ea
d

 ʯʠʩʣʝʥʥʦ ʨʘʚʥʦ: 

( ) 706,5883,2924,4)( 2222 =+=+= EFnEFtE aaa  ʤ/c
2
. 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʨʘʚʥʝʥʠʝ ʠʟʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʨʝʰʝʥʠʷ ʚʝʢʪʦʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʘʩʯʝʪʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦʟʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 
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The application of an analytical method in power analysis  

of planar multi -link mechanisms 
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ʇʨʠʤʝʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚ ʩʠʣʦʚʦʤ ʘʥʘʣʠʟʝ  

ʧʣʦʩʢʠʭ ʤʥʦʛʦʟʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 
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1
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2 
(ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ) 

Gorshkov A., Primostka V. (Russian Federation) The application of an analytical method in power analysis of planar multi-link mechanisms / ɻʦʨʰʢʦʚ ɸ. ɼ., ʇʨʠʤʦʩʪʢʘ ɺ. ɽ. (ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ) ʇʨʠʤʝʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚ ʩʠʣʦʚʦʤ ʘʥʘʣʠʟʝ ʧʣʦʩʢʠʭ ʤʥʦʛʦʟʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

1ɻʦʨʰʢʦʚ ɸʣʝʢʩʘʥʜʨ ɼʝʦʤʠʜʦʚʠʯ / Gorshkov Aleksandr - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ; 
2ʇʨʠʤʦʩʪʢʘ ɺʘʣʝʥʪʠʥʘ ɽʬʨʝʤʦʚʥʘ / Primostka Valentina - ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

ʢʘʬʝʜʨʘ ʦʙʱʝʠʥʞʝʥʝʨʥʳʭ ʜʠʩʮʠʧʣʠʥ, 

ʇʝʨʤʩʢʠʡ ʚʦʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʚʥʫʪʨʝʥʥʠʭ ʚʦʡʩʢ, ʛ. ʇʝʨʤʴ 

 

ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʚʝʢʪʦʨʥʳʭ 

ʫʨʘʚʥʝʥʠʡ [1]-[5], ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʩʠʣʦʚʦʛʦ 

ʨʘʩʯʝʪʘ ʧʣʦʩʢʦʛʦ ʤʥʦʛʦʟʚʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠ ʧʨʝʜʣʦʞʝʥʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ. 

Abstract: this article proposes an analytical method for solving vector equations [1]-[5], 

the use of which is illustrated on the example of power calculation flat multilink mechanism. 

Conducted a comparison of the results obtained by analytical method and the analytical 

method. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʭʘʥʠʟʤ, ʩʠʣʦʚʦʡ ʨʘʩʯʝʪ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʧʘʨʘ, ʨʝʘʢʮʠʷ. 

Keywords: mechanism, force analysis, kinematic pair, the reaction. 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. 

ʇʨʠʤʝʤ ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 01,0=lm  ʤ/ʤʤ. ʇʣʘʥ ʧʦʣʦʞʝʥʠʷ ʠ ʛʨʫʧʧʳ 

ɸʩʩʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 1. 
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ʈʠʩ. 1. ʇʣʘʥ ʧʦʣʦʞʝʥʠʷ ʠ ʛʨʫʧʧʳ ɸʩʩʫʨʘ ʤʝʭʘʥʠʟʤʘ 
 

ʇʨʠʤʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ: 

1716,0=ʆɸl  ʤ, 5895,0=GAl  ʤ, 8342,0=GBl  ʤ, 5179,0=BCl  ʤ, 54,0=BEl  ʤ, 

3013,0=EFl  ʤ, 
0

1 117,38=j , 01=e  ʩ
-2
. 

ʂʦʦʨʜʠʥʘʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʳ ʆ (0,0). 

ʂʦʦʨʜʠʥʘʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʳ F (0.8727,0). 

ʊʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣ ʦʧʠʩʳʚʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ: 

.0739,0,1112,0,178,0,424,0 7646 ʤlʤlʤhʤh ESBSFF ====  

ʄʦʤʝʥʪʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʟʚʝʥʴʷ ʤʝʭʘʥʠʟʤʘ, ʨʘʚʥʳ ʄ3=45 ʅʤ, 
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ʄ7=23 ʅʤ. 

ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʟʚʝʥʴʷ ʤʝʭʘʥʠʟʤʘ, ʨʘʚʥʳ 

F2=200 H, F3=400 H, F4=300 H, F5=400 H, F6=500 H, F7=600 H. 

ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠ ʧʣʘʥ ʧʦʣʦʞʝʥʠʷ ʤʥʦʛʦʟʚʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʇʨʠʤʝʤ ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 01,0=lm  ʤ/ʤʤ. ʇʣʘʥ ʧʦʣʦʞʝʥʠʷ ʠ ʛʨʫʧʧʳ 

ɸʩʩʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 1. ʉʪʝʧʝʥʴ ʧʦʜʚʠʞʥʦʩʪʠ ʤʝʭʘʥʠʟʤʘ ʦʧʨʝʜʝʣʠʤ ʧʦ 

ʬʦʨʤʫʣʝ ʏʝʙʳʰʝʚʘ 

101027323 45 =-Ö-Ö=--= ppnW , 

ʛʜʝ ʨ5=10 ï ʢʦʣʠʯʝʩʪʚʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ ʧʷʪʦʛʦ ʢʣʘʩʩʘ; 

ʧ=7 ï ʢʦʣʠʯʝʩʪʚʦ ʟʚʝʥʴʝʚ; 

ʨ4=0 ï ʢʦʣʠʯʝʩʪʚʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʩʘ. 

ɺʭʦʜʥʦʝ ʟʚʝʥʦ ï 1. 

ʌʦʨʤʫʣʘ ʩʪʨʦʝʥʠʷ ʤʝʭʘʥʠʟʤʘ: 123 IIIIIII ­­­ . 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ 

ʆʧʨʝʜʝʣʠʤ ʢʦʦʨʜʠʥʘʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨ ʠ ʫʛʣʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʈʠʩ. 2, ʚ 

ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 
 

 
 

ʈʠʩ. 2. ɺʳʯʠʩʣʷʝʤʳʝ ʫʛʣʳ 
 

ʂʦʦʨʜʠʥʘʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʳ ɸ( )106,0;135,0()sin,cos All OAOA =ÖÖ jj . 

ʋʛʦʣ a237,13
2

sin
5895,0

1716,0
arcsin

2
sinarcsin2 =öö
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õ
æ
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å
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÷

õ
ææ
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å
ö
÷

õ
æ
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å
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p
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p
j

GA
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l

l . 

ʋʛʦʣ ű3= /́2-ű- ű2=38,664Ü. 

ʂʦʦʨʜʠʥʘʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʳ B( )344,0;191,0()cos,sin 22 Blll OGBGBG =-ÖÖ jj . 

( ) ( ) 394,0344,0191,0 222

2,1

2

1,1 =+=+= ɺɺʆɺ ʤ. 

ʋʛʦʣ 01,1

4 962,60arccos =öö
÷

õ
ææ
ç

å
=

OB

B
j ; ʫʛʦʣ 02,1

5 64,41arcsin =öö
÷

õ
ææ
ç

å
=

BCl

B
j . 
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ʋʛʦʣ ű6= -́ ű4- ű5=77,398Ü. 

ʂʦʦʨʜʠʥʘʪʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʳ B= ( )0,578,00,
sin

sin

4

6 =öö
÷

õ
ææ
ç

å Ö

j

jBCl
. 

ʋʛʦʣ ɣ=ű5. 

ɺʳʯʠʩʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʳ ɽ: 

- ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʡ 

( ) ( ) 137,0344,0191,054,0 2222

2,1

2

1,1

2

1 =--=--= BBlP BE
. 

98,1
344,00

191,08725,0

2,12,1

1,11,1

1 -=
-

-
=

-

-
=

BF

BF
b  

( ) ( ) 67,008725,03013,0 222

2,1

2

1,1

2

2 -=--=--= FFlP EF
 

( )
173,1

)344,00(2

)67,0(137,0

2 2,12,1

21
1 -=

-

--
=

-

-
=

BF

PP
a  

( ) ( )( )
( )

649,0
98,11

98,1173,1191,0344,098,1

1
22

1

111,12,11
-=

-+

-Ö---Ö-
=

+

Ö--Ö
=

b

baBBb
pk  

( ) ( )
( )

416,0
98,11

173,0344,073,1273,1

1

2
2

2

2

1

12,11

2

1
=

-+

-Ö-Ö--
=

+

-Ö-
=

b

PBaa
q  

- ʢʦʦʨʜʠʥʘʪʳ ʧʘʨʳ ɽ 

( ) ( ) 725,0416,0649,0649,0
22

1,1 =--+--=-+-= qpkpkE ʤ. 

1,1112,1 EbaE Ö-= =-1,173-(-1,98)Ā0,725=0,263 ʤ. 

ʋʛʦʣ a66,60
3013,0

263,0
arcsinarcsin

2,1
=ö
÷

õ
æ
ç

å
=öö
÷

õ
ææ
ç

å
=

EFl

E
d . 

ʋʛʦʣ a677,8
54,0

263,0344,0
arcsinarcsin

2,12,1
=ö
÷

õ
æ
ç

å -
=öö
÷

õ
ææ
ç

å -
=

BEl

EB
g  

ʉʪʨʫʢʪʫʨʥʘʷ ʛʨʫʧʧʘ 6-7 

ʇʣʘʥ ʧʦʣʦʞʝʥʠʷ ʥʘ ʈʠʩ. 3. ʋʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʤʦʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ɽ 

ʜʣʷ ʟʚʝʥʘ 6 

03666 =Ö-ÖÖ BEtlF lFhF m , .070777 =+Ö-Ö MlFlF EFtES  

ʀʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʦʧʨʝʜʝʣʠʤ: 
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ʈʠʩ. 4. ʇʣʘʥʳ ʧʦʣʦʞʝʥʠʷ ʠ ʩʠʣ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʡʛʨʫʧʧʳ 6-7 








































































