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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 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.

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.
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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

2b

k=—uo, 1
. 0]
at the point contact
3
k=—bau, 2
T )

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

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

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

k=0.225-6-exp(—1,2r); 3)

“

where 7 — 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

k=0.16-b-exp(0,2r),

equal and the tangential force from the reaction P
of the roller (Fig. 1, a)
Fi:B(k/’”b)- (5)
a
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 w, (Fig. 1, b), the

velocity of the point 1 as the point belonging to the
outer cage is

v, =(r +2r)w, =2mn(2K, +1,), Q)

where the letters i, 0, 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
n="n.

The length of the roller track on the outer cage
isl, =2nr,, and on the inner one is /, =2nx and

the difference of distance will be Al, =2n(r, —7;).

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 Al 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

D+d

z=2.9 .
D—-d

(7

The force acting on the most loaded ball

p=2. ®
z
Ball radius
rbZO.S(D—d). )]
The radius of raceway of the bearing track
r.=1,037, . (10)

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

Q=P (1+2cos”? y+2c0s" 2y), (1)
where y — is the angle between the balls (here
v =36°).

On that basis the load on the side balls is

Pl:POcoss/zy; Pz:POcos5/22y. (12)

The value of half-widths of the contact areas in
the formulas (5) and (6) are determined using the
expressions:

where 7, (i) — is the coefficient depending on the
equation of contact ellipse

A 1 1 1 1
===/ =+
B h % h L

In formulas (6)—(9) D — is the outer diameter of
the bearing; d — is the inner diameter of the bear-

ing; 1 =(d/2)+nr, — is the radius of the bearing
track of the inner ring. With b, for the most loaded
ball one should substitute the value £, and for the

lateral ball For P, depending on the number of

balls.
When the ball rolling on the outer ring

(14)
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where n, is determined as the function

where 7, ~(d/2)+3r, — 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: d =20 mm, D=52 ,
static load Q=794 kN, average diameter
D, =(D+d)/2=36 mm, d, =9,6mm, number
of balls z=7 at y,=360/7=514°, =148,
r, =244 mm; 7, =4.944 mm.

Half-width of the contact areas of the ball
loaded by the force F) =3150 N: with the inner
cage b,=023mm at n; =0.38; with the outer
ring b,=03mm at n,=042. Accordingly,
loaded by the force F =1740 N of the lateral
balls: b, =0.155mm; b,, =0.202mm. The rolling
resistance of the most loaded ball: on the inner ring
W,, =44.45 N with a coefficient of rolling friction
ky,, =0.0434 mm, on the outer ring W, =57.77TN
at k,, =0,0564 mm; two lateral balls on the inner
ring W, =18.30N at k; =0.029 and W, =239N
at k,; =0.038 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

A =21 (W + W, + W + W, )=13.4 N/m
— during rotation of the outer ring
Ay =2m 1, (Wog + Wy )+ 1, (Wog + W) |+
+27f (P +2F)(r, —1,) =58.24 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 A4 =26.5 N/m, taking

into account the slipping

A=A, + A, =265+552=81.7 N/m,

i.e. the half of the rolling resistance at f =0.1
(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.

1.2. Bearing no. 312: d=20mm, D=130
mm, 0=49.4 kN, D, =95 mm, d, =21mm,
z=8 pcs., y=45°, r=40.5 mm; 7, =61.5 mm;
r.=10.815 mm.

By analogy with the preceding bearing let us
write: b, =0.413 m (n,=0.39), by, =0.68 mm
(atn, =0.42), b, =0.413 mm; b, =0.51 mm,
W,=264.8 Nat k,=0.1036 mm, W, =3263 N

(ko =0.128mm); W, =166.5 N (atky =0.0775

mm), W, =205.4 N (at k,, =0.0956 mm).

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

A =275 (W + W, + Wy + W, ) = 210.0405 x

1

x(264.8+166.5+326.3+205.4)=244.9 ; (15)

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

4, =27c[r0(Woo + Wy )+ 1 (W +VVil):|+2an
x(PBy+2R)(r, —1)=2n[0.0615(326.3+205.4) +
+0.0405(264.8 +166.5) |+ 27/ (30 875+ 25 960)

x(0.0615-0.0405) =315.25+749.5=

=1064.75.  (16)

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

The values in the formulas (15) and (16) con-
sidering the coefficient that takes into account the
friction of flanges k; =1.2 (supporting cranes,
central drive, conical wheel rim)
Ay =k A4 =293.9 N/m; A, =k;A=1277.7 N/m.
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With two bearings no. 312 with a total static
load P =20 =98.8kN the movement of the crane

wheel with the diameter D, =400 mm along the
rail KR-70 with a radius of curvature R, =400
mm is possible [12].

Rolling resistance with this diameter (D > 50

mm) should be determined taking into account the
hysteresis loss coefficient [2, 6, 7, 8]

k=0.16be"" | (17)

where R, —in meters.

Comparison of the formulas (6) and (15) shows
that that for this class of problems the coefficient
o 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

R R
b=1,397nb3£ £
ER +R,

where n,— is a coefficient depending on the ra-
tioR, /R, and equal to 1, =0.8; at this b=4.44

mm, k=0.74 mm with the value £ =0.6 recom-
mended in the work [8] for the diameters of 400
mm, 500, 560 and 630 mm.
Rolling resistance of the wheel
k, P

W, =2
k Rk

(18)

(19)

is equal to 365.3 N and the work of the rolling fric-
tion force per revolution of the inner cage will be
A, =458.8 N/m, and with accounting of the flange

friction is A,; =550.6 N.

Thus, the work of the friction forces per one
revolution of the inner cage of the bearing will be
A;=2-2939+550.6=11384Nm, and during
rotation of the outer bearing  cage
A;=2-2939+550.6=1138.4 N/m, ie. it is
about 2.7 times more.

On the basis of these data the motion resistance
coefficient is  w, =4, /P=00115, and

w, = A4, /P=0.0314at the recommended value

w=0,015with 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, @, b, ¢) and outer (conventional
design) rings.

a
§ loo| 3
o T o0 7T Q
+
9
b

s ld Bl
gj jz 0} O

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 O =7.94 kN for the scheme «a» we will
take S

max

as equal to this value. The breaking ten-
sion of the rope will be taken as

S, =S =5.5-7.94=43.67 kN,

max

the rope with diameter d, =9,7 mm corresponds
to this, diameter of the block
D, =d,e=9,7-25=242 mm.

Effective work when rotating the block for one
revolution

A, =n0OD, =7n-7940-0,242 =6 045 Nm. (A,), b
The work of friction forces in the bearing dur-

ing rotation of the inner ring

Ay = A2=13.42-2=26.84 N/m.

Efficiency coefficient of the block scheme «a»

1 1

N T (4, /4,) T 1+(26.84/6045)

=0.995 . (20)

During rotation of the outer ring A, =84.55
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N/m and

1
1+(136.48/6 045)

N =0.9779, (21

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 1is close to the obtained
valuen, =0.9956.

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
d =60 mm and Q=494 kN we obtain the mo-

ment on the trunnion M=1.27Qu%=1882u,

where p 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

A
u=2—°1,27Q and a one order less than its value
T

with the liquid lubricant.

2. Roller bearing. Let us consider the bearing of
the medium narrow series no. 2306 with the fol-
lowing dimensions: d=30mm, D=72 mm,
0=20.6 kN, the diameter roller

d,=0.25(D—-d)=10.5mm, the number of roll-

ersz=5(D+d)/(D—d)=12;y=30°, the radius
of the bearing track of the

d
i :%+7p =20.25 mm, and the same of the outer

inner ring

ring 7, =£+édp =30.75 mm.
2 2

The force acting on the most loaded roller [10]

Q 22)

o 1+2cos®y+2cos’ 2y’

on the lateral rollers

B =F,cosy, } 23)
P, = F,cos2y.

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:

b =152 |2 Ml

24
BE v, +7, @4
on the outer ring
b, =1.522 | L _Lelk (25)
o th

The rolling friction coefficient is determined
from the formula (1) witha=1 and will be
k; =0.0636 mm, k, =0.0876 mm accordingly.

The rolling resistance of the rollers: on the
outer cage is W, =343.7N, on the inner one is
W, =249.6 N.

The work of friction forces of the rolling and
slipping

On the inner and outer cages

A =2mr (W, +W,)=75.4 N/m;

A =27t(riWi +rOWO)+2nQ+(r0 —ri)z

(4]

=98.1+135.8=233.9 N/m

with the coefficient of friction rolling of the rollers
on the inner cage f =0.1.
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Coefficient of the motion resistance is:

—at the rolling of the inner cage
w, =W,/0=0.012;
—at the rolling of the outer cage

w, =W,/0=0.017 with the recommended value

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

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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CIHIBBITHOINEHHSA MI’K OITIOPOM KOYEHHIO TA KOB3AHHIO
B NIJHIUITHUKAX KOYEHHA

Mera. IIpo oaHy 3 MPUYMH KOB3aHHS MPH KOUYEHHI BiIOMO 3 ApYyroi MoJoBUHU XIX CTONITTS, TOMI BBaXKAIOCH,
1110 OIIp KOB3aHHIO 3 SIBJISETHCS B MICILII KOHTAKTy BHACJIJIOK PI3HHUX IIBUAKOCTEH Ha Ay3i KOHTaKTy. Jlume B cepe-
JHI XX cTONITTS OYJIO I0BEAEHO, L0 el OIip CKJIajae He3HAuHy BEJIMYHHY ONopy KoueHH!o. [IpoTe (3 HeBinomoi
MIPUYMHN) HE BPaXOBYETHCS Ta OOCTaBHHA, 1110 B MIAIIMIHAKAX KOYCHHS HA MPAKTUIIl Maike B PIBHUX BiIHOCHHAX
MOJKe 00epTaThCs K BHYTPINIHE KUTBIE IPH HEPYXOMOMY 30BHIIIHEOMY, TaK i HaBmaku. [Ipu oMy He BpaxoByBa-
Jacsi Ta 00CTaBHHA, IO KyJIbKAa a00 POJHK Y IMiJIIAITHAKAX KOYCHHS 3a OJMH 00OPOT MPOXOIWThH Pi3HUHN NUISIX 110
JIOPKIII KaTaHHS 30BHINTHBOI Ta BHYTPIIIHBOI 000¥M miammmnauka. [[s o0cTaBrHA He BpaXxOBY€EThCS U IPU BH3HA-
YeHHI PO3PaxyHKOBOI BEIIMIMHM KOEQIIli€HTa TEPTS IiIMIUITHUKIB KOUYEHHS, MPUBEACHOTO JI0 Baixy. TOMYy METOIO
poOOTH € HEOOXiTHICTh BCTAHOBJICHHS BILIMBY JOBXKWHHU NMUIAXY IO JOPKI KaTaHHS 30BHIIMIHBOI 1 BHYTPIIIHBOT
000MM MIIIIMIHUKA Ha BU3HAYEHHS PO3PAXyYHKOBOI BEIMYMHHU Koe(dilieHTa TEpTs MiJIIHIHUKIB KOUEHHS, IIPHBE-
JIeHoro 10 Bainy. MeTtoauka. B 0CHOBI METOUKH PIllIEHHS — TEOPisl IJIOCKOTO PyXy TBEPJOTO Tijia, TEOPis KOHTaK-
THUX aedopmarii ['epua Ta aHANITHYHI 3AJI€KHOCTI JJIs BU3HAYCHHS Koe(illieHTa TepTs KOucHHs. Pe3yabraTu.
OTpuMaHi 3aJIE)KHOCTI 10 BU3HAYCHHIO OMOPY KOYEHHIO KyJHOK a00 POJHKIB OIrOBMMH JOPIKKaMH BHYTPIIIHBOI Ta
30BHILIHBOT 000#M, a TaK0X OOJIK Pi3HULI NUISXY KOYEHHS 110 HUX J03BOJISIE aHAJITUYHO OTPHUMATH OIIp KOYEHHS
Ta KOB3aHHS ISl OyAb-sIKOTO PO3MIpy MiJIIMITHKUKIB 1 PI3HUX HPUCTPOIB MiIMIMITHUKOBUX BY3JiB. TakoK MOXIMBO
Ha cTafii MPOEKTYBAaHHS BY3JiB KOYCHHS ONEPYBaTH HE TUTBKM KOHCTPYKINEKO, ale W MaTepiaiaMd By3Ja.
HaykoBa HOBH3HA. 32 JIOTIOMOI'OI0 aHANITUYHUX 3aJIC)KHOCTEH Il BUHAYEHHS OMOPY KOYCHHIO TiJl IPH TOYKOBO-
My 1 JIHIHHOMY KOHTAaKTaX, a TaKoX OOJIKY PI3HHUIIl MUIAXY MPH KOYCHHI KyIbKA a00 pOJIMKA IO 30BHIIIHIM
1 BHyTpimHIA o00o0WMax MiOIIMITHAKA MOXHA OIIBII TOYHO 3HAHTH OIOpY KOYEHHS B IIiIIMITHAKAX.
[pakrnyna 3HaunMicTs. OTpUMaHi 3aJ€KHOCTI TO3BOJATH MPOEKTYBATH MIAIIUITHUKOBI BY3JIH 3 MiHIMAJIEHOIO
€HEePrOEMHICTIO.

Kniouosi crosa: miAMKITHAK, KOB3aHHS; KOYEHHS; KOHTAKT; HAIIPYTa; OIip
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COOTHOIIEHHUE MEXAY COITPOTUBJIEHUAMU KAYEHUIO
N CKOJIB’KEHUIO B ITOAIIMUITHUKAX KAYEHUA

Hean. O6 0HOI U3 MPUYHMH CKOJBLKECHUS IPU KAYSHUH H3BECTHO CO BTOPOW mojioBHHBI XIX Beka, TOrna cuuTa-
JIOCh, YTO COTMPOTHUBIIEHUE CKOJIbKEHUIO MOSIBIISIETCS B MECTE€ KOHTAKTa BCJIEJICTBUE PA3HBIX CKOPOCTEN Ha Ayre KOH-
takta. Tonpko B cepenuHe XX cTONeTHS OBLTO JOKa3aHO, YTO ATO COMPOTHBIIEHHE COCTABISET HE3HAYUTEIHHYIO
BEJIMYMHY B COIPOTHBIICHNH KadeHHI0. OHAKO (10 HEM3BECTHOW MPHYMHE) HE YUYUTBIBAETCS TO OOCTOSATEIHCTBO,
YTO B MOJIIAITHAKAX KaYeHHUS Ha MMPAKTHKE ITOYTH B PAaBHBIX OTHOIICHHUSIX MOXET BpallaThcs KaK BHYTpEHHEE KOJb-
[0 TP HETIOABIDKHOM Hapy>KHOM, Tak U Hao00poT. Ilpu 3TOM HE yUHTHIBaIOCH OOCTOSTENBCTBO, YTO MIAPHUK HIIH
POJHMK B MOAMIMITHUKAX KadeHHWS 3a OOUH OOOPOT MPOXOTUT pa3HBId MyTh IO MOPOKKE KaTaHHS HAPYKHOH
1 BHYTPEHHEH 000iM MOAMINITHAKA. DTO 0OCTOATENBCTBO HE YUUTHIBACTCS M IPH ONPEICICHUN PACUCTHON BEIHIH-
HbI K03 duUITMeHTa TPeHUS TOANIUITHAKOB KaueHsl, IPUBEACHHOIO K Baiy. [103TOMY 11€1bt0 padOoThI SBISICTCS YC-
TaHOBJICHHUE BJIMSIHUS JUTMHBI ITyTH TIO TOPOXKKE KaTaHUs HAPY)KHOW M BHYTPEHHEH 00OWM MOJIIMITHIKA HA OTpeIe-
JICHHE PACUYCTHOW BEIUYMHBI KOAPQPUIIMEHTa TPSHUS MOIIIAITHIUKOB KaueHUs, IPUBEICHHOTO K Baiy. MeToauka.
B ocHOBe MeTONWKH pelIeHus — TeOpHUs IUIOCKOTO ABIDKCHHS TBEPAOTO TeNa, TEOPHsS KOHTAKTHBIX AedopMariuii
Ilepua u aHAUTHYECKUE 3aBUCHMOCTH JUIS OTIpEACICHUS KO uIreHTa TpeHus kaueHus. Pe3yabTaThl. [loryden-
HBIC 3aBHCHMOCTH TI0 OIPEJICICHUIO COMPOTUBIICHUS KAaYCHUIO MIAPUKOB WU POJIMKOB MO OCTOBBIM JOPOXKKAM
BHYTpPEHHEH W Hapy>XKHON 000iiM, a TakKe ydeT Pa3sHOCTH IMyTH KadeHHs M0 HUM IO3BOJIAIOT aHAJTHTHYCCKU TIONTY-
YUTH CONPOTHBIICHUE KAUECHHUIO U CKOJIBXCHHUIO M JTF000TO pasMepa MOAIMINITHUKOB U Pa3IHIHBIX YCTPOWCTB MO~
IIAITHAKOBBIX y3710B. Takke BO3MOKHO HA CTaINU IIPOCKTUPOBAHUS Y3JI0B KaUCHHUS OTIEPHPOBATH HE TOJEKO KOHCT-
pyknmeit, Ho 1 MaTepuanamu y3ina. Hayunasi HoBuzHa. C MOMOIIBIO aHATUTHYECKIX 3aBUCUMOCTEH JUIS OTIpeiene-
HUS CONPOTHUBIICHHUS KaYSHUIO TEI MIPH TOYSYHOM U JIMHEHHOM KOHTAaKTaX, a TAaKXKe ydeTa pa3HOCTH IIyTH IPH Kade-
HUM TIapUKa WIA POJMKAa 10 BHEIIHEH M BHYTpPeHHEH 000iMaM NOANIMITHUKAa MOXHO Oojiee TOYHO HAWTH
COTPOTHBJICHUsI KaueHUI0 B moAmunHukax. IlpakTudyeckass 3HaYMMOCTb. [lonyueHHbIE 3aBHCHUMOCTH MO3BOJISIT
MIPOEKTUPOBATH MOAIIUITHUKOBBIE Y3JIbl C MUHUMAIILHOM SHEPTOEMKOCTHIO.

Knrouesvie cnosa: MOAIUITHUK; CKOJIBKEHUE; KAUSHNE; KOHTAKT; HAMIPSKEHUE; COIPOTUBIICHUE
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