
9966 -- 33//22001100

© . 

 621.822.05

. 

 « » 

.

.

: , , , .

.
, 

, 

. 

,
, 

 [1,2]. 

, 

, 
. ,

, 
, 
 [1], , 

 [3]. 

, 
.

.

. ,
,
,

, 
, 

)(t . 
, 

. 
zr ,,  ( . 1), 

z . 

2c , 1c 0c ,
:

,cos
;
;

0

1

2

etgzrr
tgzrr
tgzrr

(1)

0r ; 1r
z =0; cos12 rr -
; – ;  – 

.

. 1.

 « » [3], 
:

z

r

0



33//22001100 9977

© . 

,211

1

222

2

2

2

22

2

2

rrrrzrr

r
p

rzrrt

rrrrr

r
z

r
r

r

,211

1

222

2

2

2

22

2

rrrrzrr

p
rrzrrt

r

r
zr

.01

;11

1

2

2

2

2

22

2

rzrr

rrzrr

z
p

zrrt

rzr

zzzz

z
z

zz
r

z

 (2)

 (2) 
:

;

21, zzz ) 
;

21, zzz ;

;
 ( )

. :

.,

,,,
)0(

0
)0(

0

)0(
0

)0(
0

)0(
0

PP

pp

tztz

trtrt  (3)

)0()0()0()0()0( ,,,, Pp zr  – 
.

, : 
,  

,
0z lz

. 
.

 1.
0r ,

r1 ,  

,)1(
r

)1()1( , z
)1(p )1(P .

 2.
tg0 lr

tg1 lr . 
)2()2()2( ,, zr

)2()1( Pèp
)2()1( Pèp .  1 

 2 

,  [4]:

),*1(*),*1(* )2()1()2()1(
rrrppp

),1(),1( *)2(*)1(*)2(*)1(
zzz

].1,0[),1( **)2(*)1( PPP  (4)
 1.  

,,,

,,

,,

0101

)1(*)1()1(
0

)1(

)1(
0

)1()1()1(

rrzrzrrr

pppwr

ru

z

r

.,,
2

**
2

2
0* ttttrp (5)

.~,

,,,~~

120

)1(*)1()1(*

rrzrz

PpPPpPr
        (6)

 (5)  (6),  (2) 
 (3) 

,
 (

2
0

2

1

~
,

r
O

r
O ):

r
uP

rtr
P )1(

)1(
2

)1(2)1()1(
Re,0

z
w

)1(
)1(

)1(
)1( ,

r
wu

z
P

r
w

t
w )1(

)1(
2

)1(2)1(
Re

z
www )1(

)1(
)1(

)1( ,

2

)1(2)1(
*

)1(2)1()1(

~,0 P
t

PB
z

w
r

u

.01
~~

1
2

)1(2

2

)1(2

2

)1(

z
PPP (7)

,0,0,~ 00
)1(

~
~

)1(
0

)1(
1 rrrr wPNu



9988 -- 33//22001100

© . 

,~, 3

2
0)1(

~
~ 1

krNPp r

,,sinsincos1
)1( eu r

,0,1 cos1
)1(

cos1
)1(

rr w

,/),(,/),( *
2

)1(*
10

)1(

0

ptpptp
r
lzz

,,0,0~
0

2

0

1)1(

~
~

)1(

2 r
z

r
zzNP

r

,,
~ 2

*

2
* )1(

Re
t

BB

,,, )0(
0

)1()0(
0

)1()0(
0

)1(
ttt uupp

., )0(
0

)1(0
0 PPww tt (8)

)0()0()0()0()0( ,,,, Pwup  – -
.

 (7) 
, 

, 
. 

:

r
u

t
M

)1(
)1(

)1(cos1

0

)1(
1 Re

cos1
1

,
)1(

)1(
)1(

)1( dr
z

w

r
wu

t
wM

)1(
)1(

)1(cos1

0

)1(
2 eR

cos1
1

,
)1(

)1(
)1(

)1( dr
z

www

~~
1

~
)1(

2

)1(2~

~

~

~

)1(
*

2

1

2

1

PPdr
t

PB

r

r

r

r

.1
2

)1(2

2
drP (9)

 (7) – (8) 
 (9) :

),,,(),,,( )1(
)1(

)1()1(
)1(

)1( trV
r

trUu

),(),(~),,(~ )1()1()1( htuUtww

),,(~ )1()1( tV

dtMpt
h

r ),(),,(~,
)( 0

)1(
1

)1()1()1(

,
~~

0
3

)(2
2

)(1 bazdcc
h

t

h

t

2
21)1()1( ~~),( rrtAP

.sin~
~

2
11~)( 11)1(* rrtA (10)

 (10)  (7)  (8)  (9),
:

),(12

)1(~2
),23

)1(3
~(~~

tt cc

),()( 2)1(
2

2
2

)1(2
hMahw

,0
~~ )1()1(u

),( 654
)1(*

*

4
*

)1(
)1(

A
t

AB

.)( 2

)1(2

21
)1(

2

)1(2

3

)1(

4
* )1( pAA

t
AB (11)

,),(~,0),1(
~

),(
~ )1(*)1(

)1()1(
NAtutt

,1),1(~,0),0(~,0),0( )1()1()1( tutwt

,0),1(~,1),1(~ )1()1( twt

,0~,
~

~
)1(

~
~

)1()1(
21 rr

PPp

);,2(),0( )1()1( tAtA

),,2(),,0( )1()1( tzptzp . (12)

,~
~

~
~

~
~

2
21

~

~
2

2

1

2

1

drr
d
d

r

r

;~
~

~~
~
1 2

21
~

~

2

2

1

drr
d
d

r

r

,~~~
~ 2

21
3

2

1

drr
r

r



33//22001100 9999

© . 

;~~
2
11~ 1

~

~

1
4

2

1

drr
r

r

,~~
2
11~

~
2

1~

11
2

2

5 drr
d
d

r

r

.~
~

2
11~

~
~
1 11

~

6

2

1

drr
d
d

r

r
.

 (11) – (12) 
. 

:

),(
2

)(
2

~

,)1(
~~

,
~~),

~~

2
2)1(

22
2

)1(

2
2
1)1(

0

)1(
)1(2(

2
2

)1(

hMahw

c

duc

,),(
)(

~

)(

~

0

)1(
1

0
3

)(2
2

)(1)1( dzMbazd
cc

p
h

t

h

t

1

0
2

)1(

2

)1()1(

12)1(
1

~1)()(~
Re

2
1

6

~

12

~
),(

h
hu

h
h

dt
dc

h
ctM

)1(

2
)1(

)1()1( ~~1~1
h
h

hh

.
~~1 )1(

22

)1(2

2 d
h
h

h
h

h
 (13)

,)(
)1(

4
*

654
*
0

)1(* AetA
t

B

.,12186~ )1(*
0

)1(*)1()1(
1 constAANc

),()1( tA ),()1(
2 tM

. -

, )(2 tc
:

.0),(
~~ 2

0

)1(
1

2

0
3
2

2
1 dtMdcc

hh
 (14)

,  1 .
 2 .  

(5) 0r tg0 lr 1r

1 .r ltg )2()2()2()2()2( ,,~,~,~ pwu )2(P
,  (13)  (14).

. 
 1 

:

0

2

0
2

2
0

01
)1( ,sin dzdp

r
rrRy

,1~1~

00

)1(

22

)1(2
2

1
2
0

)1( dzd
hh

rrM z

0

2

0

1)1( ,0
r
z

r
z

zN . (15)

 2:

0

2

0
2

3
01)2( ,sin)tg)(tg( dzdplrlrR y

2
1

2
0

)2( )()( ltgrltgrM z

,1~1~

00

)2(

22

)2(2
dzd

hh

lr
z,

lr
zzN

tgtg
0

0

2

0

12 .  (16)

, 
:

].1,0[),1(

),1(

**)2(*)1(

*)2(*)1(

MMM

RRR

zzz

yyy   (17)

-
, 

:
)2()1( *)2(*)1( , ANAN ,
-
-

1r ;tg1 lr

/  – , 
;

)1(
2

)1(
1 ,MM  – -

;
)1(*B  – 

;
0

1

0

2
r
z

r
z  – 

;  –
.

 ( . 2) 
:



110000 -- 33//22001100

© . 

*
01 prr

Ry

1,4
1,2

1
0,8

0,6

0,4

0,2

) 10  102  103 104 t

2
1

2
0 rr

M

80

60

40

20

) 10  102  103 104 t

. 2.  ( ) 
 ( ) 

, :

p’ – ;
P’ – ;  –

; r0 – ; r1 – 
 ( z=0); r2– r1 – 

; r’, , z’ – ;

 – ; )1(
yR  – -

; )1(
zM  – 

 1; )2()2( , zy MR  – 

 2; zr ,,  – 
; k – ;  – 

.

1. 

, 
.

;sin1,0/;10;2,0 ***)1( )1()1(
tBAN

;2/1;1;2,0,2,0 **
0

* )1(
A

.
6
1,3;

2
1,32

;
6
1,6;

2
1,61

0

1

0

20

0

1

0

20

0

1

0

20

0

1

0

20

r
z

r
z

r
z

r
z

r
z

r
z

r
z

r
z

2.  (
)  ,

 60°, 
,  1/6.

.  (
) 

.

1. . 
 / .

, .  // . –
2005,  8. – . 46–50.

2. . -
: . ... .

. : 05.23.16 / 
. — ., 2001. — 20 .

3. . 
 / . ,

. , .  // . –  3.
– 2006. – . 5-16.

4. 
: 7.010104

», – : , 2002. – 120 .

 27.08.2009 .

. 

 « » 

. 
  .

: , , , .

1
2

1

2

— - ;
- - - - - 

— - ;
- - - - - 



33//22001100 110011

© . , . , . , . , . 

MATHEMATICAL MODELLING OF HYDRODYNAMIC LUBRICATION OF COLLAPSIBLE TAPERED
BEARING WITH POROUS LAYER ON ITS FUNCTIONAL SURFACE

S.I. Zaderiyenko

On the basis of navier-stokes non-stationary non-linear equations for cases of «thin layer» and darcy equation using the
structural supposition principle the method of hydrodynamic calculation of collapsible tapered bearing reference nodes of
armament and military materiel has been developed. the estimate of the taper and length angle of porous component on the basic
performance characteristics of the bearing has been made.

Keywords: armament and military materiel, hydrodynamic lubrication, tapered bearing, porous layer.
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