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RESEARCH OF WHEEL-RAIL WEAR DUE TO NON-SYMMETRICAL
LOADING OF A FLAT CAR

Purpose. The paper is aimed at determining the influence of non-symmetrical loading of a flat car on the magni-
tude of the wear factor of a wheel-rail pair when changing the operation parameters that occur in operation.
Methodology. The dynamic loading of the flat car, model 13-401 with typical three-piece bogies is studied using a
model of spatial oscillations of a five-car coupling with the help of mathematical and computer simulation. Theoret-
ical calculations are performed for the most dangerous sections of the railway track-small and medium radius curves
in the range of permissible speeds. Findings. The indicators of wear of the rolling stock wheels and the rails are
analysed on the example of flat cars in the presence of a longitudinal and transverse displacement of the load mass
centre relative to the car symmetry centre. To obtain information on the effect of permissible deviations
of the arrangement of cargo in the car on the magnitude of the dynamic loading of the wheel-rail contact, the authors
performed theoretical studies of the spatial variations of the rail carriage and its interaction with the track.
Originality. To determine the wear of the wheel-rail pair, the effect of displacement in two directions from the cen-
tral axis of symmetry of the load gravity centre was studied, taking into account the value of the travel speed along
the curved sections of the small and medium radius using a mathematical model of coupling of five freight cars.
Practical value. As a result of the theoretical studies carried out, the authors assessed such factors as wear factor,
directional force, and hunting of the wheel set of freight rolling stock in the event of load gravity centre displace-
ment when moving along curved sections of the railway track. To establish the possible cause of intensive wear of
the wheels and rails, the following parameters were analysed: lozenging of front bogie side frames; hunting of the
left side frame of the front bogie; mutual longitudinal movement of the side frame and axle box of the front wheel
set; mutual hunting of the left side frame of the bogie relative to the front wheel set.

Keywords: load; flat car; lozenging of bogie side frames; load gravity centre displacement; angle of wheel set
hunting; travel speed; wear factor

Introduction this issue has shown that increased wear of rails
and rolling stock can be caused by several reasons
associated with both the state of the carriage chas-
sis and the state of the rail track in curved sections
[5, 8, 9, 16].

The intensity of the wheel-rail wear is so far
one of the most serious problems of rail transport.
The analysis of publications and studies related to
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Wear of wheels and rails depends on physical
and mechanical processes occurring in the area of
their contact. The nature of these processes and
their intensity depend to a large extent on external
influences on the surface of the contact point, in
particular, on the interaction forces of the contact-
ing bodies and their relative displacements. There-
fore, one of the possible ways to solve the problem
of reducing the intensity of wear of the wheel
flanges and rail head side surfaces is to establish
conditions for reducing external impacts on the
contacting bodies, or reducing the dynamic loading
of the contact point. Of particular importance are
the reciprocal movements of the contacting bodies,
as the wear is associated with the work of friction
(pseudo-slipping forces) in the contact area. There-
fore, the solution to this problem is to minimize the
forces of interaction and mutual displacement of
the wheel-rail pair in the points of contact.

Determination of the wear index is connected
with the task of studying spatial oscillations and
the interaction of rail carriage and track. For solv-
ing this problem the Dnpro National University of
Railway Transport named after Academician V.
Lazaryan developed the mathematical models that
make it possible to determine the necessary values
of forces and displacements, and to obtain the wear
indicator as the resultant value [2-4, 12, 15]. With
these models, it is possible to obtain solutions for
various types of wheel-rail contact, to take into

account the rigidity of the structural elements and
the various deviations from the initial configura-
tion of the system, such as the misalignment of the
wheel set axles in the bogie, the difference in the
wheel radii of one wheel set, of different wheel
sets in a bogie and different bogies, rail gradient
and wheel profile of various types, change in the
cross gap of the wheel set and rail track, the
change of longitudinal and cross clearance between
the axle-boxes and side frames, the displacement
of the body mass center relative to the car sym-
metry, etc. [5, 13, 17-19, 20-22].

Purpose

The purpose of this study is to determine the in-
fluence of non-symmetrical loading of a flat car on
the magnitude of the wear factor of a wheel-rail
pair when changing the operation parameters.

Methodology

Theoretical studies of the dynamic loading of
the wheel-rail contact during the movement of 13-
401 model flat car with typical bogies 18-100 in
the speed range 50+90 km/h in the small and
middle radius curves were performed using the
model of spatial oscillations of a five-car coupling
(Fig. 1) [2-4, 6, 10, 21].
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Fig. 1. Design diagram of the five-freight-car coupling

The flat car is considered as a mechanical sys-
tem (Fig. 2), which consists of 12 solids (load, car

frame, two bolsters, four bogie side frames, four
wheel sets).
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Fig. 2. Design diagram of the 4-axle flat car

In our research we studied the effect of the load
mass center shift on the flat car frame in the longi-
tudinal 4, and transverse directions A_, as well as

in both directions simultaneously. Preliminary the-
oretical studies have shown that in the presence of
a transverse or simultaneous transverse and longi-
tudinal displacement of the load mass center over
A4,=0.15 m there is a sharp decrease in the de-

railment coefficient and a high probability of roll-
ing stock derailment [21].

In order to determine the effect of only the load
mass centre displacement on the factor of wheel
and rail wear, the displacement in the transverse
and simultaneous transverse and longitudinal di-
rections is considered within the limits
4, ——-0.15+0.15 m and 4, —0; 0.15m. The

stationary movement of a five-freight-car coupling
in the right curve is studied. Consequently, the left
wheel of the first wheel set climbs the outer rail.
The carriage chassis, the wheel rolling surface and
the rail head profile are provided in a normal tech-
nical condition.

Findings

The graphs of variance of the studied parame-
ters during the movement in the curve sections of
the track R=600 and 350 m are shown in
Fig. 3-8. The displacement in the longitudinal di-
rection (Fig. 3, 4) is considered in the range from 0

to 4. =0.3 m. For a detailed analysis of the physi-

cal processes occurring during the sliding of the
wheel flange on the rail side face, it is necessary to
investigate the corresponding dependences of the
directional force and the striking angle of the
wheel set [5].

As can be seen from Fig. 3 (a, b), increase of
the longitudinal displacement of the load mass cen-
ter has almost no effect on the wear factor. This
indicator is significantly influenced by the travel
speed. In curves R =350 m, the wear factor F with
an increase in speed from 50 to 70 km/h decreases
by 2.7 times. The wear factor in the curves of the
small radius is greater than the corresponding val-
ues in the curves of the average radius by 16.8+6.7
times in the speed range 50+70km/h. This can be
explained by the higher levels of the directional
forces Y, (Fig. 3, c, d) and the hunting angles .,
(Fig. 3, e, f) in the curves R=350 m. At a speed
of 90 km/h, the index w,,, in case of increasing the
longitudinal displacement in the curve R=600 m
from 0 up to 0.3 m is significantly differs from the
speed interval 50 +80 km/h and exceeds the corre-
sponding values by an average of 29.5%. In addi-
tion, the hunting angles . in both curves have
a sign «—», that is, the wheel sets rotate in the track

plane against the direction of the curve in accord-
ance with the accepted rule of the signs (Fig. 2).
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Fig. 3. Graphs of dependence on load displacement
in the longitudinal direction:

a, b — wear factor; ¢, d — directional fo

rce acting from the rail side on the wheel;

e, f — hunting of the wheel set

The disadvantages of the three-piece bogie of
18-100 model include the possibility of side frames
lozenging under the action of the longitudinal
components of the frictional forces on the wheel-
rail contacts, which causes loss of the bogie frame
geometry and the appearance of distortions of the
wheel set axle therein. In addition, the design of

the side frame box opening and the axle box pre-
supposes the presence of longitudinal and trans-
verse gaps between the box housing lug and the
box opening guides, through which the nature of
their contact can also change. This phenomenon
negatively affects the dynamics of the car and, as
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a result, leads to intensive wear of the wheel flang-
es[1,7,9, 14, 23].

In addition, the mutual longitudinal lozenging
of side frames are particularly harmful when mov-
ing along curved track sections, as they cause the
turns of the wheel sets in the track plane against
the direction of the curve. This, in turn, increases
the striking angles of the wheel flanges on the rails,
resulting in their mutual wear, since this reduces
the contact area of the flange with the rail side face

and, accordingly, increases the specific pressure on
it, which determines their wear.

To determine the probable cause of the intense
wear of the wheels and rails during the movement
in the curves R=600 m, let us consider the fol-
lowing parameters: lozenging of side frames of the
front bogie; hunting of the left side frame of the
front bogie; mutual longitudinal displacement of
side frame and axle box of the front wheel set; mu-
tual hunting of the bogie left side frame relative to
the front wheel set (Fig.4).
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Fig. 4. Graphs of dependence on load displacement in the longitudinal direction:
a — lozenging of side frames of the front bogie;
b — hunting of the left side frame of the front bogie;
¢ — mutual longitudinal displacement of side frame and axle box of the front wheel set;
d — mutual hunting of the bogie left side frame relative to the front wheel set

The results of theoretical studies in Fig. 4 show
that the lozenging of the side frames of the front
bogie X (Fig. 4, a) and the hunting of the left
side frame of the front bogie w (Fig. 4, b) at
a speed of 90 km/h are 5 times less than in the
range of 5080 km/h. The hunting angles y also
have the sign «—», that is, the left side frame of the

front bogie rotates in the track plane against the
direction of the curve. Significant increase in the
wheel set hunting angles . occurs due to signif-
icant mutual longitudinal displacements of the side
frame and the axle box of the front wheel set
Axg.,s (Fig. 4, c), as well as the hunting of the left

side frame of the bogie relative to the front wheel
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set through the shift of the boxes in the side frame
openings Awyg.,. (Fig. 4, d). There is almost no

dependence of the values of the indicators Ax
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Fig. 5. Graphs of dependence on load

and Ay
direction.

Transverse displacement of the load is consid-
ered in the range from 4, =-0.15 to 0.15 m (Fig.

on the load shift in the longitudinal

-Ws

5, 6) [11].
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displacement in the transverse direction:

a, b —wear factor; ¢, d — directional force acting from the rail side on the wheel; e, f — hunting of the wheel set

Fig. 5 shows the effect on the studied parame-
ters of the transverse displacement of the load mass
center 4, in the curves R=350 m and

R=600 m, respectively. With increased A4, the

wear factor F (Fig. 5, a) in the curve R=350 m
does not change so linearly, as in case of longitu-
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dinal displacement, but also decreases in case of
speed rise. In the curve R=600 m F decreases
due to the load relief of the climbing wheel. Excep-
tion from the general picture, as in the previous
case, is the speed of 90 km/h. The wear factor
curve F (Fig. 5, b) has extremes for 4, =0.1 m in
both directions from the axis of symmetry of the

flat car frame. In case of transverse displacement
of the load mass center, there are higher directed
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forces Y, (Fig. 5, ¢, d) and hunting angles .,
(Fig. 5, e, f) in the curves R=350 m. The wheel
set hunting v, at the speed of 90 km/h in the

curve R=600 m is also significantly different
from the speed range 50+80 km/h and is directed
in the track plane against the direction in both
curves.
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Fig. 6. Graphs of dependence on load displacement in the transverse direction:
a — lozenging of side frames of the front bogie;
b — hunting of the left side frame of the front bogie;
¢ — mutual longitudinal displacement of side frame and axle box of the front wheel set;
d — mutual hunting of the bogie left side frame relative to the front wheel set

Graphic dependencies in Fig. 6 show that the
front bogie side frame hunting X (Fig. 6, a) at

speed of 90 km/h are 7 times smaller than in the
range of 50+80km/h and 2 times smaller than at
equivalent value for longitudinal displacement.
Comparing Fig. 4, b and Fig. 6, b, we should note
that the presence of a transverse displacement of
the load mass center on the flat car leads to signifi-
cant changes in the nature of the hunting of the left

side frame of the front bogie y at a speed of
90 km/h. The hunting angles y (Fig. 6, b) also
have the «» sign. As for longitudinal displace-
ment, a significant increase in the wheel set hunt-
ing angles v, occurs due to significant mutual
longitudinal displacements of the side frame and
the axle box of the front wheel set Ax,. (Fig. 6,

c), as well as the hunting of the left side frame of
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the bogie relative to the front wheel set through the
shift of the boxes in the side frame openings

Ayg.. (Fig. 6, d). With the exception of the
speed of 90 km/h, the values of the indicators

transverse direction decrease in case of additional
loading of the non-climbing wheel.

The simultaneous displacement of the mass
center along the axes X, Y is considered for 4,

Axgys and Ay, due to the load shift in the in the range from -0.15to 0.15 mand 4, =0.15 m
(Fig. 7) [11].
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Fig 7. Graphs of dependence on simultaneous load
displacement in the longitudinal and transverse direction:
a, b — wear factor; c, d — directional force acting from the rail side on the wheel;
e, f — hunting of the wheel set
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Fig. 7 shows the graphs of dependence of the
studied parameters on the magnitude of the load
mass centre displacement in the transverse direc-
tion 4, for the longitudinal displacement
A =0.15 m. As can be seen from the comparison
of the graphs given in Fig. 5 for 4. =0 and Fig. 7
for 4, =0.15 m, there are significant differences
in the indicators F and v, in the curve R=600
m at the speed of 90 km/h. The hunting angles v,
in both curves have a «» sign and are directed

Xsf, mm R=600m h=120mm
20 T—— ! 1

Ax=0.|15 m

-

8
[
4
2 e
0 AY’ m

0.1 0.15
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against the direction of the curve. Other studied
indicators remain almost the same both for the
transverse, and for simultaneous transverse and
longitudinal displacement of the load mass centre.

Analysing the dependences on Fig. 8 it is pos-
sible to conclude that the presence of simultaneous
longitudinal and transverse displacement of the
mass centre significantly affects the lozenging na-
ture of the front bogie side frames X (Fig. 8, a)
and the hunting of the left side frame of the front
bogie v (Fig. 8, b) at the speed of 90 km/h.

b
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0
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Fig. 8. Graphs of dependence on load displacement in the longitudinal and transverse direction:
a — lozenging of side frames of the front bogie;
b — hunting of the left side frame of the front bogie;
¢ — mutual longitudinal displacement of side frame and axle box of the front wheel set;
d — mutual hunting of the bogie left side frame relative to the front wheel set

In case of simultaneous longitudinal and trans-
verse displacement, a significant increase in the
wheel set hunting angles y,, also occurs due to

left side frame relative to the front wheel set
through the shift of the boxes in the side frame

openings Awg.,. (Fig. 8, d). Unlike indicators

significant longitudinal mutual displacements of
the side frame and the axle box of the front wheel
set Axg.,s (Fig. 8, ¢) and the hunting of the bogie

Ax, that are almost unchanged at simultaneous

sf-ws 1
longitudinal and transverse displacement, the val-
ues of the indicators Ay, are much lower.

f-ws
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The Rolling Stock Dynamic and Strength Re-
search Laboratory of DNURT conducted dynamic
(running) tests of the experimental train in order to
determine the dynamic load of the wheel-rail con-
tact and the indicators characterizing the wear of
the wheel set flanges and the rail side faces, for the
most likely operational deviations from nominal
ones in the dimensions of the carriage elements in
the range of speeds 30-70 km/h. There were tested
the freight flat cars of model 12-532 on three-piece
bogie of model 18-100, having different state of
carriage chassis, which to some extent could affect
the wear of wheels and rails. For conducting the
tests, there was formed an experimental train con-
sisting of a car-laboratory, testes flat cars and ChS-
2 electric locomotive. To obtain reliable infor-
mation on the effect of variations in the dimensions
of the chassis elements on the magnitude of the
dynamic loading of the wheel-rail contact, all stag-
es of the tests were performed on one section of the
joint track [8].

We tested three loaded gondola cars with the
following features in the carriage chassis dimen-
sions:

1)Gondola No. 1, which had 6 mm difference
of sideframe bases of one of the bogies (2 184.5
and 2 190.5 mm);

Fig. 10 shows the printouts of the recorded
changes of the longitudinal displacements of the
first wheel set axlebox mount relative to the side
frames and lozenging of the first bogie side frames

2)Gondola No. 2, which had 3 mm deviation in
the wheel diameters of one wheel set (926 and
923 mm);

3)Gondola No. 3, which had the minimum de-
viations in the dimensions of the carriage chassis
elements from the nominal and was taken as
a standard car.

During the dynamic testing on the experimental
gondola, the following values were recorded:
frame forces for wheel sets; dynamic increments of
the vertical forces acting on the wheel set boxes;
longitudinal and horizontal transverse displace-
ment of the boxes relative to the bogie side frames;
horizontal transverse acceleration of boxes; bolster
hunting angles relative to the body; the value of
lozenging of bogie side frames. During the tests,
we used the sensors of displacement and bogie side
frame lozenging.

Fig. 9, a shows the general view of one of the
axlebox mounts of the tested cars equipped with an
acceleration sensor and two small displacement
sensors, and Fig. 9, b shows the tested bogie of the
3rd standard car, with installed «in-line» camcord-
ers, a curve entry sensor, attached to the box cover,
small and large displacement sensors and an accel-
eration sensor.

6-b

Yyl
' [T SRR S

Fig. 9. Equipment of tested cars with measuring equipment:
a — axlebox mount of the tested car with an acceleration and small displacement sensors;
b — look of the tested standard car bogie;

of the first and third cars during the movement of
the tested train at a speed of 70 km/h. The output
value of the total longitudinal clearance of the box
in the box opening was 16 mm. The scale time
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(horizontally) is selected so that the graphs display
the records for the entire tested section. At the
printing time of 100 seconds, the graphics corre-
spond to approximately two kilometres, run by the
experimental train along the section, including

a

a straight line, a curve with 600 m radius, a short
line between curves, a curve with 290 m radius and
a straight line. From these records it is clear that
entering into the curve with 290 m radius has
a striking character.

’ A{(l L

d . H H e TL TTTIY TP TIrY |
e . :. fssii

25 50 70

t,c
c d
50 v : T R290m 40 : :
X sfl,m | AT i . i : i e X 3, mmf j
e | "“"&l"ﬁlmk' i o i gy l&,“f'f?'h“?'“\ ‘{FL RN ;
AP R i i i m fL e T
o T L A FR A R " ! : 4 ' N % i
e W{ ‘ W WW,._M i
230 R=600 m ¢ 1 : : : ol R=gi0 m T T R=200 m : : !
: 25 50 70 tc 25 50 70 tc

Fig. 10. Variances records:
a, b — longitudinal displacements of axle boxes of the first wheel set relative
to the first bogie side frame of the first and third cars respectively;
¢, d — lozenging of the first bogie side frames of the first and third cars respectively

The longitudinal displacement of the axle boxes
relative to the side frames (Fig. 10, a, ) is relative-
ly small, their double amplitude does not exceed
5 mm. Moving during the lozenging of the side
frames (Fig. 10, b, d) have rather large values, their
amplitude reaches 40 mm. The recordings of dis-
placements of the axlebox mounts and lozenging
of side frames show the displacements that corre-
spond to the break of the frictional forces during
the car negotiation into a curve with 290 m radius.
Based on the processing of the test results, it has
been established that the magnitude of the longitu-
dinal displacements of the axlebox mounts Ax

sf-ws
increase slightly with increasing velocity. The
largest values AX,, did not exceed 3-4 mm for the
first car, regardless of the radius of the curve.
For the second car during the movement in the

curve R=290 m the greatest values AX,, did not
exceed 2-3 mm, and in the curve R=600 m —
1-1.5 mm. For the third car, the values AX,, in the

curve R=290 m did not exceed 3.5 mm, and in
the curve R=600 m — 2-3 mm. For comparison:

the longitudinal displacement of the boxes relative
to the flat car side frames in the curve R=600 m
according to the results of the calculations was
0.5-2 mm, and lozenging of bogie side frames
17-22 mm in the velocity interval 50+80 km/h for
all variants of the load gravity center displacement.
Somewhat lower values of the parameters can be
explained by the larger truck-center spacing.
Taking into account the fact that the experi-
mental train for conducting dynamic (running)
tests was formed from the gondola cars of the
model 12-532, and the theoretical calculations are
given for the flat car of the model 13-401, we note
that the obtained results have a rather high coinci-
dence. The results of calculations, as well as the
data of experiments, indicate that the wear indica-
tors in these cases, in general, grow with increasing
speed. The value of wear indicators for other equal
conditions during the movement of cars in the
curve with 300 m radius is higher than during
movement in the curve with 600 m radius.
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Originality and practical value

In the process of research, we obtained the fol-
lowing scientific and practical results:

— Mathematical model of coupling of five
freight cars was used to study the effect of the
loading characteristics of the flat car on the value
of the wheel-rail pair wear factor;

— There are assessed such indicators as the
wear factor, the directional force, and hunting of
the wheel set of freight rolling stock in the event of
load gravity centre displacement when moving
along curved sections of the railway track;

— To establish the possible cause of intensive
wear of the wheels and rails, the following parame-
ters were analysed: lozenging of front bogie side
frames; hunting of the left side frame of the front
bogie; mutual longitudinal movement of the side
frame and axle box of the front wheel set; mutual
hunting of the left side frame of the bogie relative
to the front wheel set;

— The influence of speed on the mentioned in-
dicators is investigated.

Conclusions

Based on the analysis of theoretical studies
conducted on the example of a flat car, the follow-
ing conclusions can be drawn:

— Lozenging of bogie side frames of a flat car
in the range of speeds of 50-80 km/h does not af-
fect the factor of wear of wheels and rails both at
longitudinal and transverse displacement of the
load mass center;

— Longitudinal displacement of load on flat
cars does not cause an increase in the studied pa-
rameters;

— The most probable reason for the intensive
wear of wheels and rails under the same conditions
of motion is the temporary change in the running
characteristics of some carriages, namely, an in-
creased angle of climbing of individual wheels due
to the bogie rotation relative to the track or due to
the rotation of the wheel set axle due to the box
shift in the bogie side frame openings.
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JOCJIIKEHHS 3HOCY KOJIIC TA PEHOK 3A HECUMETPUYHOI'O
3ABAHTAKEHHS IIVTAT®OPMHA

Mera. Y HaykoBili poOOTi MOTPiOHO MPOBECTH BH3HAYCHHS BIUIMBY HECHMETPHUYHOTO 3aBAaHTa)KCHHS BaroHa-
wiaTGopMu Ha BeIMIHHY (paKTOopa 3HOCY MapH «KOJeco-peiKa» B pasi 3MiHM IapaMeTpiB, IO MalOTh Miclie B €Kc-
mwryaramii. MeTonuka. JlnHaMidHy HaBaHTa)KCHICTh BaroHa-tutatgopmu moaeni 13—401 3 THIIoBHUMH TPphOXEIeMEH-
THUMH Bi3KaMHU JOCIHIIKEHO 3 BUKOPUCTAHHSIM MOJIEII MMPOCTOPOBUX KOJHMBAHb 34EIy 3 IT'SITH BArOHIB 3a JIOTIOMO-
TOI0 MaTeMaTHYHOTO i KOMI IOTEPHOTO MOJICIIIOBaHHS. TeOpeTHYHI pO3paxyHKH BUKOHAHO AJIS HAlO1IbI HeOe3me-
YHHX JUISHOK 3ai3HHYHOI KOJIII-KPUBUX MaJIOTO i CEpeHBOTO pajiyca B iIHTEpBali HOMyCTUMHUX INBUIAKOCTEH py-
xy. PesyabtaTn. [IpoaHanizoBaHO NOKa3HUKH 3HOCY KOJIC PYXOMOIO CKJIaAy W peilok Ha NpHKIagl BaroHiB-
aT(opM 3a HasIBHOCTI ITO3/I0BKHBOTO i MOMEPEYHOro 3MIIEHHS [IEHTPa Mac BaHTaXy BIJIHOCHO LIEHTpa CUMETpil
BaroHa. /lyist otpumanHs iHGopMaLil Mpo BIUIMB JOMYCTUMUX BIIXHJICHb PO3TALIYBaHHS BaHTa)Ky y BaroHi Ha BEJIH-
YMHY JWHAMIYHOI HaBaHT)XKEHOCTI KOHTAKTY «KOJIECO-pEiiKa» BUKOHAHO TEOPETHYHI JOCIIDKEHHS MPOCTOPOBHX
KOJINBaHb PEHKOBOIO CKiMaky Ta WOro B3aemoil 3 kosiero. HaykoBa HoBW3HA. [l BU3HAUCHHS 3HOCY MapH
«KOJIeCO-peHiKa» TOCIIHKEHO BIUIMB 3MIIICHHS Y JBOX HAIPSIMKaX BiJl LEHTPAIBbHOI OCi CUMETpii IIeHTpa Mac BaH-
TaXy 3 OTVISLy Ha BEMMYUHY IIBUAKOCTI PyXy IO KPHUBHX IUIIHKAX KOJII MaJoro i cepeqHbOro pajiyca i3 3acTocy-
BaHHSAM MaTeMaTHYHOI MOJIEI 34ely 3 I’ATH BaHT&XHHUX BaroHiB. [IpakTuyHa 3HauYMMicTh. Y pe3ynbTaTi npoBe-
JICHNX TEOPETUYHUX JIOCHIPKCHb OLIHEHO TaKi MOKa3HUKH, K (haKTop 3HOCY, HaNpsiMiIeHa CHila W BHJISTHHS KOJIICHOT
Iapy BaHTAXKHOTO PYXOMOTO CKJIaIy B pa3i 3MIllIEHHS LEHTPa Mac BaHTAXY i/l 4ac pyXy N0 KPUBOJIHIHHHUX JIiISH-
Kax 3aJi3HAYHOT KOJii. J{1s BCTaHOBIICHHS WMOBIpHOI MPHYMHH IHTEHCHBHOTO 3HOCY KOJIIC i pEHOK MpoaHati30BaHO
napamMeTpu: 3a0iraHHs OOKOBHX paM IMEPEAHBOTO Bi3Ka; BUIISIHHS JIiBOI OOKOBOI paMu IMEPEAHBOTO Bi3Ka, B3aEMHE
MIO3/IOBXKHE TIepeMillleHHs1 O0KOBOT pamMu it OyKCOBOTo By3ja MepeiHbOi KOJIICHOT Iapy; B3a€MHE BUIISIHHS JIiBOi 00-
KOBOI pamMH Bi3Ka BiJTHOCHO NEPEAHBOI KOJICHOT MapH.

Kniouosi cnosa: BanTax; BaroH-atgopma; 3adiranHs OOKOBHX paM Bi3Ka, 3MILLIGHHS LEHTPa TSOHKIHHS BaHTa-
)KY; KyT BUISIHHS KOJIICHOT MIapH; MIBUAKICTH pyXY; (pakTop 3HOCY
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PYXOMMI1 CKJIAJL I TATA TIOI3/11B

NCCIEAOBAHUE N3HOCA KOJIEC U PEJIBCOB ITPH
HECUMMETPUYHOMH 3ATPY3KE IVIAT®OPMbI

Hens. B maygHOW paboTe HYKHO TPOBECTH OIpEACTICHHE BIMSHUSA HECHMMETPUYHON 3arpy3Kd BaroHa-
wiaTGopMbl Ha BEIHUIHHY (PaKTOpa M3HOCA MAPhl «KOJIECO—PENbC» MPU M3MEHEHUH MapaMeTpOB, MMEIOIINX MECTO
B oKcIDTyaTannd. Meroauka. J[MHAMAYECKYI0 Harpy>KeHHOCTh BaroHa-tuiaTgopmsl Momenu 13—401 ¢ TumoBsIMEI
TPEX3IEMEHTHBIMHI TEJIS)KKaMH HCCIEI0OBAaHO C MCIIOJIB30BAHIEM MOJIENN NPOCTPAaHCTBEHHBIX KoJeOaHuil cuena u3
IISTH BarOHOB C MOMOLIBIO MAaTEMATUYECKOTO M KOMIBIOTEPHOTO MOJAENUPOBaHHs. TeopeTndecKne pacyeThl BBIIOI-
HEHBI JUIs1 HanOoJIee OMACHBIX YYaCTKOB JKEIE€3HOJOPOKHOTO IyTH-KPUBBIX MAJIOTO M CPEIHETO pajiyca B MHTEPBa-
Jie JOMYCTUMBIX cKopocTell aBikeHus. Pe3yabTarhl. [IpoaHnanu3upoBaHbl IOKa3aTeNId U3HOCA KOJIEC MOJBUKHOIO
COCTaBa U PENIbCOB HA NPUMEPE BaroHOB-IUIAT(GOPM IIPY HAJIMYUH MTPOIOIBHOTO M MOMEPEYHOr0 CMEIIEHHs LIEHTpa
Macc rpy3a OTHOCHTENIBHO LIEHTpa CHMMETpUH BaroHa. J{is momydenus nadopManuy o BIUSHAU AOIMYCTUMBIX OT-
KJIOHEHHUH pacloNoKeHus Ipy3a B BarOHe Ha BEJIMYMHY AMHAMMYECKON HarpyKEHHOCTH KOHTAKTa «KOJECO—PEIbCH»
BBINOJIHEHBI TEOPETUYECKHE UCCIICTOBAaHUS IPOCTPAHCTBEHHBIX KOJIeOaHHH PeTbCOBOTO 3KUMAXa U €ro B3auMOAeH-
cTBUs ¢ Konee. Hayunast HoBH3HA. J[11s onpeieNieHnst H3HOCa Maphbl «KOJIECO-PEIIbC» UCCIEI0BAHO BIUSHHUE CMe-
HICHUS B IByX HAIpaBICHUSAX OT UEHTPAIbHON OCH CUMMETPHHU LIEHTPA TSHKECTH IPy3a ¢ y4E€TOM BEIMYUHBI CKOPO-
CTH IBHKEHHS MO KPHUBBIX y4acTKax IyTH MaJoOro M CPEAHEro pajuyca ¢ MIPUMEHEHHEM MAaTEMAaTH4eCKOW MOIEIN
Clena U3 MATH TPy30BbIX BaroHOB. IIpakTndeckasi 3Ha4YMMOCThb. B pe3ynbpTare NpoBEJEHHBIX TEOPETUIECKHX HC-
CJICZIOBAaHUH OIICHEHBI TAKUE TTOKA3aTelH, KaKk (pakTop M3HOCA, HANPABJICHHAs CHJIAa M BIWISIHUE KOJIECHOM Mapsl Ipy-
30BOr0 MOABIXKHOTO COCTaBa B CIIydae CMELIEHHs LEHTPA TKECTHU Ipy3a NMPU ABWKEHHH MO KPHUBOJIMHENHBIM
ydacTKaM JKEJIE3HOAOPOKHOI'0 MYyTH. 21.]151 YCTaHOBJICHUA BO3MOXKHOM NpUYMHBI MHTCHCHBHOTI'O H3HOCA KOJIEC
U PEJbCOB MPOAHAIM3UPOBAHBI TapaMeTphl: 3a0eranre OOKOBBIX paM MEpeaHel TENIeKKH; BIISTHHE J1eBOW OOKOBOM
paMbl IepeHel TeNeKKH; B3aMMHOE IPOAOIbHOE IepeMelleHHe OOKOBON paMbl M OYKCOBOTO y37a IepefHeH Ko-
JIECHOM Mapbl; B3aMMHOE BUJISIHUE JIEBOW OOKOBOM paMBbl TEJIEKKU OTHOCUTENIBHO IepeiHel KOJIECHON Haphl.

Kniouesvie cnosa: rpy3; BaroH-1atdopma; 3a0eranue G0KOBBIX PaM TEJICIKKH; CMEIIEHHUE LIEHTPa TKECTH IPy-
3a; YroJl BWISIHUS KOJIECHOH Naphl; CKOPOCTH JIBIKEHHUS; (pakTop n3Hoca
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