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V.Bulgakov, I.Holovach, M.Sviren, I.Kirov 
Theory of a root crop direct extraction from soil at vibrational digging up 

The new mathematical model which describes process of a beet root crop direct extraction from soil, 
realized under act of a vertical disturbing force and a tractive force which are transmitted a root crop from a 
vibrational digging out end-effector is developed. The system of the differential equations which solution has 
enabled to determine the law of a root crop movement during its direct vibrational extraction is received. 

 14.09.11 

 631.3.02: 004.358.001.891.57

. . , .- . , ., - . , . . , . .

-
. .

' ,

 – '

' ,

 – .
, ’ ,

. ’
 [1, 2, 3, 4 .].

’ ,
,

,0),,( zyxf   (1) 

, , ’ :

,0),,,( tzyxf   (2) 

.
___________ 
© . . , . . , 2011 



, , . 41, .

77

, , ’ ,
.

, , ,
 (1) ,

.
’ ,

’ . ,

.

, ,

’ ,  – 
’ , , .

,
’ ,  - 

.
,  – 

'  - ’ .
' '
. :

– , ’
, ,

; ,
 [3, 5 .];

– ’ ,
, ,

 ( ); 
–

,  – ),...,,( 21 n

,( 1q ),...,2 nqq ,
;

–

, ,  – 
 – ,

,
 – ;

– ’ -

, ,  –
, .

– ’ , .  [6], ,

i
i

i
i dq

q
f

dq ,    (3) 



, ,   41, .

78

0
1

dtadqadq ji
k

i
ijj , )...,3,2,1( ni   (4) 

ija ja ,
, ;

– ’ ,
iq i  – , jq – j – , ’

,
i j iq jq

:

0ji qq ; 0ji dpdp ; 0ji qq ; 0ji qq   (5) 
– ,

, ,, ,
;

’
 ( . 1.), ,O ,O O

, O , O
ZO . , '

OXYZ , OX XO1 , OZ
– . O ZO ,

 – ZOX ZO .

     

 – ;  – ; 332211 ,, tttt  – 
' ;

,,,, 1rur r  –  – O ' ,

 –  – 2O
.

 1 – '



, , . 41, .

79

OXYZ .
XYZO1 .

,  – O , r u
 – ' 1r

 – 2O :

.1 urr   (6) 

 (6) r
 – ,,1 rUr ,  – 

, ' ,

e .  – u
, :

,1 re Urr   (7) 

 ;rrrr UUu

rU  -  – ;

,, rr U  – .
 (7)  – 

1r ,
 , , 1 ,  – 1r ,

,
 – 1r .  – u

'
 ( ).  

,  (7) 
 – r :

rrrrrrrrreee UUUUUrr )()(1  , (8) 

:

.2)()(1 rrrrrrrreee UUUUrr  (9) 

 (9) 
1r , –

' , , ' ,  – 
, ,

' .
 (7) ’

 [4] 
;Xrq
;Ypr



, ,   41, .

80

Zqp   (10) 
 – ' ,

:

;))](([))](([)( XU
U
U

U
U

rU
U
U

U
U

qU
t

U

;))](([))](([)( YU
U
U

U
U

pU
U
U

U
U

rU
t

U

,))](([))](([)( ZU
U
U

U
U

qU
U
U

U
U

pU
t

U
(11)

;,, UUU )(),(),( U
t

U
U

t
U

U
t

U
 – 

, ’ ;

;
U
U

U
U

;
U
U

U
U

;
U
U

U
U

;
U
U

U
U

U
U

U
U

 – 

O ,O , O ,
O ,O ,O ;

rqp ,,;,,;,,  – ,
’ ;

ZYX ,,  – 
,

 [4]: 
;312111 ZaYaXaX

;322212 ZaYaXaY
,332313 ZaYaXaZ    (12) 

 – ;cossinsincoscos11a
;cossincoscossin21a

;sinsin31a
;coscossinsincos12a
;coscoscossinsin22a

;sincos32a
;sinsin13a

;sincos23a
,cos33a    (13) 

)3,2,1;3,2,1( jiaij  – ;

ZYX ,,  – 
,

’ ,
:



, , . 41, .

81

,
2

22
222 gtZYX   (14)  

tgZYX ,;,,  – ,
.

'  ( ,, )
,  [2]: 

,1
2

2

2

22

Rh
  (15) 

hR, ; ,,  – , '
,  ( rqp ,, )

 [4]: 

 ;cossinsinp
 ;sincossinq

,cosr  (16) 

,  (9), 
 (11) 

,O  ( ,, ) 
:

)]([))](([)2( 2

2

2

2

2

2

2

2

U
U

U
U

qU
U

U

U

U
q

U

U
U

U
U

t
U

t

U

;)])](([))](([)( 2

2

2

2

RQX
t

U
U
U

U
U

rU
U

U

U

U
r

t
U

;)])](([))](([)(

)]([))](([)2(

2

2

2

2

2

2

2

2

2

2

2

2

PRY
t

U
U
U

U
U

pU
U

U

U

U
p

t
U

U
U

U
U

rU
U

U

U

U
r

U

U
U

U
U

t
U

t

U

.))](([))](([)(

)]([))](([)2(

2

2

2

2

2

2

2

2

2

2

2

2

QPZ
t
U

U
U

U
U

qU
U

U

U

U
q

t
U

U
U

U
U

pU
U

U

U

U
p

U

U
U

U
U

t
U

t

U

 (17) 

RQP ,,  – 
O , 0  [4]: 



, ,   41, .

82

 .;sin; qctqRQP   (18) 

 ),,( ZYX
 (14) 

, OO ,,
 [4]: 

;312111 ZaYaXaX
;322212 ZaYaXaY

,332313 ZaYaXaZ   (19) 

ZYX ,,  – ,OXYZ .
S

 (17) :

,)(
2
1 222

imS    (20) 

im;,,  – 

O ,O ,O , ,  .2

'
( . 2). 

'  (11). 

.

 2 – '

' , ' c0.3 4.23
40

60 ,  0.25 ,
,  – ,

,  ( . 3, ).
118.0

,  " "
,  0.45 

, ,q r  – 
’ ; OXYZ , O  –

;
,O ,B ,C ,D ,K ,L M  – 

’
; R  – - ;

, ,c c  – 
'

; , ; , , t  – 
,. 1, 2 – 

' , 2U  – 



, , . 41, .

83

(  1 . 3, ). 04.1
 (  1 . 4, ).  – '

,  5.9 .

.  0.5 1c

 (  2 . 4, ),
.  2 1  25-

 4 .,
 (  1 . 4, 

).

                                                                                                                   

1 – , ; 2 – , 1 ; 3 – , .

 3 – 

                                                                                                                           

                                                                                    

 –  0.18 1 ;  – 0.5 1 ;  – 2.0 1

 4 – 

,
,

, ,
.

 – '



, ,   41, .

84

 (  1 . 5, ).
 (  1 . 5, ),

 0.5 1c  0.74 .
 0.29  (  3 . 5, ),

.  1 ( . 5, )

.

                                                                                                                                 

 –  3.0 1 ;

. –  0.5 1 .

 5 – 

,  6.0 1

,  – 
' .

 (  2 . 6, ),  - 
(  1, 2  3 . 6, , ),  10 .

 0.53  0.1 ,

                                                                                          

                                                                                                                                  

 – ; ,  – : 1 – , ; 2 – ,
1 ; 3 – ,

 6 – 



, , . 41, .

85

 (  1 . 6, )
,

.
,  9 .  0.049 .

(  3 . 6, ). (
).

1 – , 2 - .

 7 – 
,

'
,

 ( . 7). 
'

.
. '

,
’ ,

(11), ,
' ,

;
– ’ ,

' ,
 ( g )  ( t ) OXYZ ;

–  ( ,, ) 
,O ' ,

 (18)  (16); 
– ’  (11) 

 – ,
 – '

.

' :
– '  - 
,  – '

, .
–  – '  0.3 40

60 , 4.23 ' c0.3



, ,   41, .

86

 0.45  2 1  0.25 ,
' 0.3 c 21400 , ,

 25 .
-

, , ,

.  – !

1. . .  / . . . – .:" ",
1966. – 251 .

2. . . -
 / . . . – : ,1980. – 134 .

3. . .  / . . , . . . – .: , 1983. 
– . 2. – 640 .

4. . .  / . . . – .: , 1946. –  
654 .

5. .  / . . – .: , 1966. – .1. – 694 ; .2.. 
6. . ,  / . . – .:  – , 1959. 

– 386 .

. , .
-

,

.

V. Kravchuk, V. Davidjuk 
Analytical image of kinematics connection of cooperation of resiliently viscid elements of the 

mechanical system and component of it forward acceleration 

In the article the resulted is compatible system of equalizations of kinematics connection, use which the 
component of forward acceleration cooperation of elements of any mechanical system opens  possibility 
creation.
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