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RELATIONSHIP BETWEEN ROLLING AND SLIP RESISTANCE  
IN ROLLING BEARINGS 

Purpose. About one of the causes of slip rolling is known from the second half of the 19th century, it was be-
lieved that the slip resistance appears at the place of contact due to different speeds on the arc of contact. Only in the 
mid-20th century it was proved that this resistance is negligible in rolling resistance. However (for some unknown 
reason) it is ignored the fact that in practice in rolling bearings may rotate both the inner ring with a stationary outer 
one, and vice versa almost in equal relations. It is not taken into account the fact that the ball or roller in the rolling 
bearings runs the different distance along the roller path of the outer and inner bearing cages in one revolution. This 
fact is not taken into account in determining the calculated values for the friction coefficient of a rolling bearing 
reduced to the shaft. Therefore, the aim of this work is to determine the influence of path length on the track riding 
the outer and inner race of the bearing on the determination of the calculated value of the coefficient of friction of 
rolling bearings is given to the shaft. Methodology. The solution technique is based on the theory of plane motion 
of a rigid body, the theory of Hertzian contact deformation and the analytical dependencies for determination of co-
efficient of rolling friction. Findings. The obtained dependences on determination of rolling resistance of the balls 
or rollers along the bearing tracks of inner and outer bearing cages as well as path difference metering of the rolling 
on them allows to analytically obtain the rolling resistance and slipping for any size of bearings and different de-
vices of bearing units. It is also possible at the design stage of rolling nodes to handle not only the design but also 
the content of the node. Originality. Using the analytical dependences for determination of the rolling resistance of 
bodies at point and line contacts, and also account for the difference in the path of the rolling ball or roller on the 
outer and inner cages of the bearing one can more accurately find the rolling resistance in the bearings.  
Practical value. The obtained dependences allow designing the bearing units with minimal energy consumption. 

Keywords: bearing; slip; rolling; contact; voltage; resistance 

Introduction 

It is considered that ball and roller bearings can re-
place the slipping friction by rolling friction appearing 
during the rolling of balls or rollers on the inner and 
outer beating cage in the rotating pair [4, 10, 13]. 
However, for some unknown reason it is ignored the 
fact that in practice in rolling bearings may rotate both 
the inner ring with a stationary outer one, and vice 
versa almost in equal relations. 

The rolling resistances appearing at this have 
different values and during the rotation of outer 
ring the causes are analogous to the problem con-
sidered by the ancient Greek mathematician Heron 
[3] when moving two cylinders of different diame-
ters with a rigid connection. However, without 
having even the laws of friction and even more the 
laws of rolling his arguments have philosophical 
nature. 
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Without complete rejecting the influence of 
slipping friction on the resistance in the rolling 
bearings let us note that the first analytical depend-
ence on its definition obtained O. Reynolds [15]. 
However, his theory was wrong, because he be-
lieved that the reason of rolling resistance lies in 
the slipping in the contact place. If so (it was not 
doubted, because of sizable reputation of the au-
thor), the rolling bearings were also lubricated as 
the slipping bearings. Another reason Reynolds 
could not have imagined as yet there was no theory 
of Hertzian contact deformation. Only 90 years 
later, D. Tabor [16] showed by experiments that 
the role of slipping during rolling is small. The 
theoretical dependences for the determination of 
the rolling friction coefficient also belong to him. 
At the linear contact the rolling friction coefficient 
is 

 2
3

bk = α
π

, (1) 

at the point contact 

 3
16

k b= α , (2) 

where b  – is the half-width of the contact area ac-
cording to Hertz; α  – is the coefficient of hystere-
sis losses. 

Since the experimental determination of the co-
efficient α  requires considerable time and money, 
the works [1, 2, 6, 9] proposed the experimentally-
analytical dependence to determineα , which con-
tains only generally accepted dimensions and me-
chanical contacts. 

By analogy with (1) and (2) the formulas are 
obtained in the form 

 ( )0.225 exp 1,2k в r= ⋅ ⋅ − ;  

 ( )0.16 exp 0,2k b r= ⋅ ⋅ ,  

where r – is the radius of the rolling body in me-
ters. 

The unresolved parts of the problem should in-
clude solution of the two following problems. 

One of the first is the problem related to the 
Reynolds mistake. Since the main reason of the 
rolling resistance is the slip, in the works [7, 10, 
14] the rolling friction coefficients of the roller 
along the outer and inner cages are taken as the 

equal and the tangential force from the reaction iP  
of the roller (Fig. 1, a) 

 ( )bi iF P k r= . (3) 

а

 
b

 
 Fig. 1. To the determination of tangential force 

during rotation of the inner cage [10] (a) and 
velocity  

of the points of the outer cage and the ball (b) 

The second problem to be solved is accounting 
which cage is the rotating one. In practice in roll-
ing bearings may rotate both the inner ring with  
a stationary outer one, and vice versa. The refer-
ence literature does not take into account this fact. 
For example, the efficiency coefficient of the 
groove pulley is given equal, although any cage 
can rotate, especially with fixed blocks. 

The peculiarity of the bearing functioning is 
that the balls (rollers) run different distances per 
revolution of inner or outer cage. 
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At the simplified diagram of the bearing the 
problem can be solved as follows. If the outer cage 
rotates with angular velocity ow  (Fig. 1, b), the 
velocity of the point 1 as the point belonging to the 
outer cage is 

  ( ) ( )o i b o b i2 2 2v r r w n r r= + = π + , (4) 

where the letters i, o, b – is belonging of the sizes 
and velocities to the inner, outer cages and the ball; 
n  – is the rotation frequency of both inner and 
outer cages. 

Naturally, the instantaneous velocity center of 
this cage will be located at the point 2 of the con-
tact with the ball. Assuming that the slippage be-
tween the outer cage and the ball is absent, then 

1 2V V= . 
The length of the roller track on the outer cage 

is o o2l r= π , and on the inner one is i i2l r= π  and 
the difference of distance will be ( )o o i2l r r∆ = π − . 
That is, at this distance the roller slipping on the 
inner cage will take place. 

In the case of inner cage rotation with the fixed 
outer cage, the difference l∆  suggests that on the 
outer cage the roller will pass a distance equal to 
the distance on the inner cage. 

Purpose 

The article is aimed to find analytically reduced 
coefficient of friction of the ball and roller bearings 
taking into account the different values of the roll-
ing friction coefficient on the outer and inner cages 
and take into account the difference in the rolling 
distance over them. 

Methodology 

The solution technique is based on the theory of 
plane motion of a rigid body, the theory of 
Hertzian contact deformation and the analytical 
dependencies for determination of coefficient of 
rolling friction. 

Findings 

1. Ball bearing (Fig. 1). 
The number of balls in the bearing [8] accord-

ing to the assembly condition 

 2.9 D dz
D d
+

=
−

. (5) 

The force acting on the most loaded ball 

 0
5QP
z

= . (6) 

Ball radius 

 ( )b 0.3r D d≈ − . (7) 

The radius of raceway of the bearing track 

 r b1,03r r= . (10) 

If the number of balls is 10z ≥  the load on 
bearing Q  (for example, at 10z = ) 

 ( )5 2 5 2
0 1 2cos 2cos 2Q P= + γ + γ ,  

where γ  – is the angle between the balls (here 
36γ = ° ). 
On that basis the load on the side balls is 

 5 2
1 0 cosP P= γ ; 5 2

2 0 cos 2P P= γ .  

The value of half-widths of the contact areas in 
the formulas (3) and (4) are determined using the 
expressions: 

 i i
3

b r i

11,397 1 1 1
Pb n
E

r r r

=
− −

,  

where in (i) – is the coefficient depending on the 
equation of contact ellipse 

 
b r b i

1 1 1 1A
r r r rB

⎛ ⎞ ⎛ ⎞
= − +⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

. 

In formulas (4)–(7) D – is the outer diameter of 
the bearing; d – is the inner diameter of the bear-
ing; ( )i b2r d r≈ +  – is the radius of the bearing 
track of the inner ring. With ib  for the most loaded 
ball one should substitute the value 0P , and for the 
lateral ball 1P  or 2P  depending on the number of 
balls. 

When the ball rolling on the outer ring 

 o o
3

b r o

11.397 1 1 1
Pb n
E

r r r

=
− −

,  
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where on  is determined as the function 

 
b r b o

1 1 1 1A
r r r rB

⎛ ⎞ ⎛ ⎞
= − −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

, 

where ( )o b2 3r d r≈ +  – is the radius of the bear-
ing track of the outer ring. 

To take into account the influence of the bear-
ing size on the efficiency coefficient of the groove 
pulley and the resistance coefficient to the motion 
of the crane wheels let us consider two rolling 
bearing of one series, but with substantially differ-
ent sizes. 

1.1. The bearing no. 304: 20d =  mm, 52D =  , 
static load 7.94Q =  kN, average diameter 

( )av 2 36D D d= + =  mm, b 9,6d = mm, number 
of balls 7z =  at 1 360 7 51.4γ = = ° , i 14.8r = ; 

o 24.4r =  mm; r 4.944r =  mm. 
Half-width of the contact areas of the ball 

loaded by the force 0 3150P =  N: with the inner 
cage i0 0.23b = mm at i 0.38n = ; with the outer 
ring o0 0.3b = mm at o 0.42n = . Accordingly, 
loaded by the force 1 1740P =  N of the lateral 
balls: 1 0.155bb = mm; o1 0.202b = mm. The rolling 
resistance of the most loaded ball: on the inner ring 

i0 44.45W =  N with a coefficient of rolling friction 

o0 0.0434k = mm, on the outer ring o0 57.77W = N 
at o0 0,0564k = mm; two lateral balls on the inner 
ring i1 18.30W = N at i1 0.029k =  and o1 23.9W = N 
at o1 0.038k = mm. 

Let us find the work of forces of rolling friction 
per revolution of the inner and outer rings: 

− during rotation of the inner ring 

 ( )i i i0 i1 o0 o12 13.4А r W W W W= π + + + =  N/m 

– during rotation of the outer ring 

 ( ) ( )o o o0 o1 i i0 i12А r W W r W W⎡ ⎤= π + + + +⎣ ⎦  

( )( )0 1 o i2 2 58.24f P P r r+ π + − =  N/m 

The total work of the rolling friction forces of 
the balls on the inner and outer rings, excluding the 
sliding friction of balls rol 26.5А =  N/m, taking 
into account the slipping 

 rol sl 26.5 55.2 81.7А А А= + = + =  N/m, 

i.e. the half of the rolling resistance at 0.1f =  
(grease) accounts for slipping in this ball bearing 
during rotation of the outer ring. 

Using this bearing it is difficult to determine 
the coefficient values of motion resistance and the 
friction of bearing reduced to the trunnion, which 
are used for calculation of the resistances in the 
running gears of the cranes and groove pooleys 
because of the small value of Q. 

2. Bearing no. 312: 20d = mm, 130D =  mm, 
49.4Q =  kN, av 95D =  mm, b 21d = mm, 8z =  

pcs., 45γ = ° , i 40.5r =  mm; o 61.5r =  mm; 

r 10.815r =  mm. 
By analogy with the preceding bearing let us 

write: i0 0.413b =  m ( )i 0.39n = , o0 0.68b =  mm 
(at o 0.42n = ), 1 0.413bb =  mm; o1 0.51b =  mm, 

i0 264.8W =  N at i0 0.1036k =  mm, o0 326.3W =  N 
( )o0 0.128 mmk = ; i1 166.5W =  N (at i1 0.0775k =  
mm), o1 205.4W =  N (at o1 0.0956k =  mm). 

The work of forces of the rolling friction: at the 
rotation of the ring, N/m 

 ( )i i i0 i1 i0 i12 2 0.0405А r W W W W= π + + + = π ×  

( )264.8 166.5 326.3 205.4 244.9× + + + = ; (8) 

of the outer ring taking into account the slipping 
friction of the balls due to the different diameters 
of the inner and outer rings, N/m 

( ) ( )o o o0 o1 i i0 i12 2А r W W r W W f⎡ ⎤= π + + + + π ×⎣ ⎦  

( )( ) ( )0 1 o i2 2 0.0615 326.3 205.4P P r r× + − = π⎡ + +⎣  

( ) ( )0.0405 264.8 166.5 2 30 875 25 960f+ + ⎤ + π + ×⎦  

 ( )0.0615 0.0405 315.25 749.5× − = + =  

1064.75= . (9) 

In this bearing the slipping resistance 3 times 
exceeds the rolling resistance. 

The values in the formulas (8) and (9) consider-
ing the coefficient that takes into account the fric-
tion of flanges f 1.2k =  (supporting cranes, central 
drive, conical wheel rim) if f i 293.9А k А= =  N/m; 

of f 1 277.7А k А= =  N/m. 
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With two bearings no. 312 with a total static 
load 2 98.8P Q= = kN the movement of the crane 
wheel with the diameter w 400D =  mm along the 
rail KR-70 with a radius of curvature r 400R =  
mm is possible [12]. 

Rolling resistance with this diameter ( 50D >  
mm) should be determined taking into account the 
hysteresis loss coefficient [2, 6, 7, 8] 

 0,20.16 kRk be= ,  

where kR  – in meters. 
Comparison of the formulas (4) and (8) shows 

that that for this class of problems the coefficient 
α  is quite accurately determined by the exponen-
tial. 

Half-width of the contact area with the circuit 
of contact «cylinders with mutually perpendicular 
axes» [11] is equal to 

  31,397 r p
b

k p

R RPb n
E R R

=
+

,  

where bn – is a coefficient depending on the ra-
tio k pR R  and equal to 0.8bn = ; at this 4.44b =  
mm, 0.74k =  mm with the value 0.6k =  recom-
mended in the work [8] for the diameters of 400 
mm, 500, 560 and 630 mm. 

Rolling resistance of the wheel 

 k
k

k

k PW
R

=   

is equal to 365.3 N and the work of the rolling fric-
tion force per revolution of the inner cage will be 

w 458.8A = N/m, and with accounting of the flange 
friction is wf 550.6A = N. 

Thus, the work of the friction forces per one 
revolution of the inner cage of the bearing will be 

if 2 293.9 550.6 1138.4A = ⋅ + = Nm, and during 
rotation of the outer bearing cage 

of 2 293.9 550.6 1138.4A = ⋅ + =  N/m, i.e. it is 
about 2.7 times more. 

On the basis of these data the motion resistance 
coefficient is c 0.0115b bw A P= = , and 

o 0.0314bow A P= = at the recommended value 
0,015w = with the rolling bearings and wheel di-

ameters from 200 to 400 mm [11]. 

The data obtained for the bearing no. 304 are 
used for determination of the efficiency coefficient 
of the running and stationary blocks with rotation 
of the inner (Fig. 2, a, b, c) and outer (conventional 
design) rings. 

а 

 
b 

 
 Fig. 2. Recommended supports of the blocks  

with the rotation of the inner ring of the bearings 

Based on the static carrying capacity of the one 
bearing 7.94Q = kN for the scheme «a» we will 
take maxS as equal to this value. The breaking ten-
sion of the rope will be taken as 

 t max 5.5 7.94 43.67kS n S= = ⋅ =  kN, 

the rope with diameter 9,7kd =  mm corresponds 
to this, diameter of the block 

b 9,7 25 242kD d e= = ⋅ =  mm. 
Effective work when rotating the block for one 

revolution 

 o b 7 940 0,242 6 045А QD= π = π ⋅ ⋅ = Nm. (Ao), b 

The work of friction forces in the bearing dur-
ing rotation of the inner ring 

 2i i 2 13.42 2 26.84А А= = ⋅ =  N/m. 

Efficiency coefficient of the block scheme «а» 

 
( ) ( )i

2i

1 1 0.995
1 1 26.84 6 045nА А

η = = =
+ +

.  

During rotation of the outer ring o 84.55A =  
N/m and 
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( )o

1 0.9779
1 136.48 6 045

η = =
+

,  

i.e. the difference in the efficiency coefficient of 
the block is 1.8%. 

At the scheme «b» (the running block) the 
value Q with the same bearings is 15.88 kN and 
the work of effective force per revolution will be 
the same value as in the previous scheme, the value 
of the efficiency coefficient will be the same. 

It should be noted that the recommended value 
of efficiency coefficient for the rolling bearing is 
0.97−0.98, which is close to the obtained 
value o 0.9956η = . 

In spite of slight difference in the values of ef-
ficiency coefficient when rotating the inner and 
outer ring of the bearings (1.8%), it should be 
noted that even at the five bearings, this difference 
is about 9.6%, which, obviously, should be taken 
into account when calculating and designing. 

Here, during the calculation of the friction 
works the work for the rope bend on the block is 
not taken into account. However, as shown in [12], 
a decrease in the rope contact angle of block does 
not lead to decrease in its efficiency coefficient, 
which is clearly associated with a decrease in pres-
sure on the balls, and naturally a decrease of fric-
tion forces in the same degree. 

It should also be noted that the diameter of the 
worn-in rolling bearing sleeve equal to the inner 
diameter of the rolling bearing no. 312 with 

60d =  mm and 49.4Q =  kN we obtain the mo-

ment on the trunnion 1.27 1882
2

M Q α
= µ = µ , 

where µ is a coefficient of sliding friction. 
With the known work of the frictional forces 

during rotation of the outer ring in one revolution 
the required value of the coefficient is 

o 1,27
2
A Qµ =
π

 and a one order less than its value 

with the liquid lubricant. 
2. Roller bearing. Let us consider the bearing of 

the medium narrow series no. 2306 with the fol-
lowing dimensions: 30d = mm, 72D =  mm, 

20.6Q =  kN, the diameter roller 
( )r 0.25 10.5d D d= − = mm, the number of roll-

ers ( ) ( )5 12z D d D d= + − = ; 30γ = ° , the radius 
of the bearing track of the inner ring 

p
i 20.25

2 2
ddr = + =  mm, and the same of the outer 

ring o p
3 30.75

2 2
dr d= + = mm. 

The force acting on the most loaded roller [10] 

 0 2 21 2cos 2cos 2
QP =

+ γ + γ
,  

on the lateral rollers 

 1 0

2 0

cos ,
cos2 .

P P
P P
= γ ⎫

⎬= γ ⎭
  

The works [5, 6] proved that if the load is ap-
plied to a group of bodies according to the cosine 
law, to determine the resistance to their rolling the 
entire load can be applied to a single body, i.e. the 
rolling resistance of all five rollers on the inner 
ring at the linear contact is determined using the 
expression: 

 i r
i

i r
1.522 r rQb

BE r r
=

+
;  

on the outer ring 

 o r
o

o r
1.522

r rQb
BE r r

=
+

.  

The rolling friction coefficient is determined 
from the formula (1) with 1α =  and will be 

i 0.0636k =  mm, o 0.0876k = mm accordingly. 
The rolling resistance of the rollers: on the 

outer cage is o 343.7W = N, on the inner one is 

i 249.6W =  N. 
The work of friction forces of the rolling and 

slipping 
On the inner and outer cages 

 ( )i i i o2 75.4А r W W= π + =  N/m; 

( ) ( )o i i o o o i2 2А rW r W Q r r= π + + π + − =  

98.1 135.8 233.9= + =  N/m 

with the coefficient of friction rolling of the rollers 
on the inner cage 0.1f = . 

Coefficient of the motion resistance is: 
– at the rolling of the inner cage 

i i 0.012w W Q= = ; 
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– at the rolling of the outer cage 
o o 0.017w W Q= =  with the recommended value 

[12] for the wheels with diameter up to 700 mm 
0.020w = . 

Originality and practical value 

Analytical dependences for determining the re-
duced coefficient of friction for steel wheels and 
pulleys efficiency coefficient of the groove pulleys 
were obtained. 

These formulas make it possible for the de-
signer to operate not only the design, but also the 
materials of units at the design stage of rolling 
units. 

Conclusions 

Analysis of the obtained formulas and calcula-
tion results makes it possible to make the following 
conclusions and recommendations: 

– because of the different diameters of the 
bearing tracks of the inner and outer rings of the 
rolling bearings and, consequently, because of the 
different path of the balls or rollers during rotation 
of the outer ring (with fixed inner one) occurs balls 
or rollers slipping on the inner ring; 

– value of sliding friction in rolling bearings is 
approximately 50% from the total in ball bearings 
and about 30% in roller bearings (as a result of 
different diameter of balls and rollers); conse-
quently, the efficiency coefficient of the groove 
pulley decreases by about 2%, and the resistance 
coefficient of the crane wheels by about 15%; 

– when constructing the rolling units of rolling 
bearings the preference should be given to the rota-
tion of the inner cage, especially for machines with 
their serial connection (railway trains, belt convey-
ors, etc.). 
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СПІВВІДНОШЕННЯ МІЖ ОПОРОМ КОЧЕННЮ ТА КОВЗАННЮ  
В ПІДШИПНИКАХ КОЧЕННЯ 

Мета. Про одну з причин ковзання при коченні відомо з другої половини XIX століття, тоді вважалося, 
що опір ковзанню з’являється в місці контакту внаслідок різних швидкостей на дузі контакту. Лише в сере-
дині XX століття було доведено, що цей опір складає незначну величину опору коченню. Проте (з невідомої 
причини) не враховується та обставина, що в підшипниках кочення на практиці майже в рівних відносинах 
може обертатися як внутрішнє кільце при нерухомому зовнішньому, так і навпаки. При цьому не враховува-
лася та обставина, що кулька або ролик у підшипниках кочення за один оборот проходить різний шлях по 
доріжці катання зовнішньої та внутрішньої обойм підшипника. Ця обставина не враховується й при визна-
ченні розрахункової величини коефіцієнта тертя підшипників кочення, приведеного до валу. Тому метою 
роботи є необхідність встановлення впливу довжини шляху по доріжці катання зовнішньої і внутрішньої 
обойм підшипника на визначення розрахункової величини коефіцієнта тертя підшипників кочення, приве-
деного до валу. Методика. В основі методики рішення − теорія плоского руху твердого тіла, теорія контак-
тних деформацій Герца та аналітичні залежності для визначення коефіцієнта тертя кочення. Результати. 
Отримані залежності по визначенню опору коченню кульок або роликів біговими доріжками внутрішньої та 
зовнішньої обойм, а також облік різниці шляху кочення по них дозволяє аналітично отримати опір кочення 
та ковзання для будь-якого розміру підшипників і різних пристроїв підшипникових вузлів. Також можливо 
на стадії проектування вузлів кочення оперувати не тільки конструкцією, але й матеріалами вузла.  
Наукова новизна. За допомогою аналітичних залежностей для визначення опору коченню тіл при точково-
му і лінійному контактах, а також обліку різниці шляху при коченні кульки або ролика по зовнішній  
і внутрішній обоймах підшипника можна більш точно знайти опору кочення в підшипниках.  
Практична значимість. Отримані залежності дозволять проектувати підшипникові вузли з мінімальною 
енергоємністю. 

Ключові слова: підшипник; ковзання; кочення; контакт; напруга; опір 
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СООТНОШЕНИЕ МЕЖДУ СОПРОТИВЛЕНИЯМИ КАЧЕНИЮ  
И СКОЛЬЖЕНИЮ В ПОДШИПНИКАХ КАЧЕНИЯ 

Цель. Об одной из причин скольжения при качении известно со второй половины XIX века, тогда счита-
лось, что сопротивление скольжению появляется в месте контакта вследствие разных скоростей на дуге кон-
такта. Только в середине XX столетия было доказано, что это сопротивление составляет незначительную 
величину в сопротивлении качению. Однако (по неизвестной причине) не учитывается то обстоятельство, 
что в подшипниках качения на практике почти в равных отношениях может вращаться как внутреннее коль-
цо при неподвижном наружном, так и наоборот. При этом не учитывалось обстоятельство, что шарик или 
ролик в подшипниках качения за один оборот проходит разный путь по дорожке катания наружной  
и внутренней обойм подшипника. Это обстоятельство не учитывается и при определении расчетной величи-
ны коэффициента трения подшипников качения, приведенного к валу. Поэтому целью работы является ус-
тановление влияния длины пути по дорожке катания наружной и внутренней обойм подшипника на опреде-
ление расчетной величины коэффициента трения подшипников качения, приведенного к валу. Методика.  
В основе методики решения − теория плоского движения твердого тела, теория контактных деформаций 
Герца и аналитические зависимости для определения коэффициента трения качения. Результаты. Получен-
ные зависимости по определению сопротивления качению шариков или роликов по беговым дорожкам 
внутренней и наружной обойм, а также учет разности пути качения по ним позволяют аналитически полу-
чить сопротивление качению и скольжению для любого размера подшипников и различных устройств под-
шипниковых узлов. Также возможно на стадии проектирования узлов качения оперировать не только конст-
рукцией, но и материалами узла. Научная новизна. С помощью аналитических зависимостей для определе-
ния сопротивления качению тел при точечном и линейном контактах, а также учета разности пути при каче-
нии шарика или ролика по внешней и внутренней обоймам подшипника можно более точно найти 
сопротивления качению в подшипниках. Практическая значимость. Полученные зависимости позволят 
проектировать подшипниковые узлы с минимальной энергоемкостью. 

Ключевые слова: подшипник; скольжение; качение; контакт; напряжение; сопротивление 
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