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EVALUATION OF LONGITUDINAL LOADING OF TANK TRAINS
DURING MOTION IN LONGITUDINAL CHANGES OF GRADIENT

Purpose. To research the tank train longitudinal loading during motion by track sections with changes of gradi-
ent. The trains of different length that consist of bogie tank wagons should be examined. Influence of cargo type on
longitudinal loading of train during motion in concave section of track should be evaluated. Methodology. The level
of the largest longitudinal forces was estimated by mathematical simulation. It was assumed that change of gradient
is formed by two grades with baffle platforms, length 50 meters, so that the algebraic difference of limiting grades
vary from 10 to 40 %o, pitch 10 %o. The initial speeds were 40, 60, 80, 100, 120 km/h. For evaluation of the longitu-
dinal loading the regulating braking and motion «by coasting» was considered. For evaluation of buffing loads the
entry to the concave gradient change of expanded train is considered, and in order to determine the quasi-static
forces the compressed train is considered. Findings. As a result of calculations the dependencies of maximal longi-
tudinal forces in the trains on the cargo type, the algebraic difference of the grades, the number of tank wagons, the
initial speed, motion modes, and initial gaps condition in the train were obtained. Originality. The longitudinal
loading of freight cars of different length formed by the similar bogie tank wagons with one locomotive was ob-
tained. The locomotive is placed in the train head during motion in concave track sections with various algebraic
difference of the grades «on coasting» and during the regulating braking mode. The obtained results can be used for
parameters standardization of profile elevation of the track. Practical value. The obtained results show that during
operation of tank trains on track sections of complex breakage the most dangerous is regulating braking of prelimi-
nary compressed trains during entering on concave parts of track. Level of the greatest buffing and quasi-static lon-
gitudinal forces is almost independent of cargo and slightly depends on the initial speed.

Keywords: longitudinal forces; mathematical simulation; changes of gradient; tank trains

Introduction Particular attention should be paid to the traffic
of freight trains consisting of tank cars on changes
of gradient that can lead to the origin of such longi-
tudinal forces, which can affect the safety of rail-
way traffic in general. As it is known, the maximal
longitudinal compressing forces appear at the en-
tering of extended tank train on concave part of
track and the maximal extending forces appear at
the entering of compressed tank train on convex
track profile [1, 6, 9].

With increasing masses and especially lengths of
trains the values of longitudinal forces affecting cars
and weights they transport, and their accelerations as
well acquire a considerable growth. These forces
reach their maximum values in cases of transient or
unstable modes of motion when, in general, multi-
mass considerably non-linear mechanic system
«train» transfers during short time intervals from one
state into another [1, 3, 6, 8,9, 11, 13].
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Purpose

As it is shown in the paper [1] you can analyze
only one of two tasks on the train movement in
concave and convex track sections, because the re-
sults of solving received in both cases are the
same, the only difference is sign (negative). The
same work shows that in statistically inhomogene-
ous train the maximum expected values of forces
exceed the corresponding values of forces in ho-
mogeneous train (with the same mass) no more
than on 20 %. That is why the entry of extended
homogeneous train on concave changes of gradient
is being analyzed below for estimation of buffing
loadings and the entry of compressed train — for
determination of quasi-static forces.

It is also interesting to analyze influence of
cargo types on longitudinal forces at motion by
changes of gradient during research of longitudinal
dynamic of tank trains.

Methodology

During estimation of longitudinal loading the
train that consists of 80 bogie tank wagons with
mass 84 t with one locomotive VL-8 in the head
was analyzed. Mass of tank wagon was chosen in
such manner, so that the volume of transported lig-
uid does not exceed the usable storage of tank
shell. During mathematical simulation it was as-
sumed that tank wagons were filled with diesel fuel
or carbamide-ammoniac blend (CAB) with density
accordingly p=0.85 t/m’ and p=131 t/m’.

Since, the volume of liquid underfill depends on its
density the level of liquid free surface from the top
inner surface of tank shell is located on distance
0.11 m for diesel fuel and on 1.17 m for car-
bamide-ammoniac blend [4, 8].

Solving the task of estimation of maximal lon-
gitudinal forces it was assumed that tank wagons
were equipped by air distributors with arbitrary no.
483 turned on medium mode and composition
brake shoes and the inter-car connections were
equipped by elastic-friction draft gear Sh-1-TM
[5,7].

For estimation of longitudinal loading of trains
the motion «by coasting» and regulating braking
by II stage were analyzed.

It was assumed that change of gradient is
formed by two grades with baffle platforms, length
50 meters so that the algebraic difference of limit-
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ing grades vary from 10 to 40 %o, pitch 10 %o. The
initial speeds of motion were V,, =40, 60, 80, 100,

120 km/h.

Estimation of longitudinal forces was made by
numerical integration of nonlinear differential
equations of train motion [8].

Findings

Below on the Figures 1 and 2 are illustrated the
dependencies of maximal buffing longitudinal
forces on values of grades difference during mo-
tion «by coasting» and during regulating braking
by II stage accordingly. The given graphs are ob-
tained during simulation of train movement with
initial speed ¥, =80 km/h.

maxS,kH Coasting
1000
643 641
500 Gzi{} — s = ——— L C7 8
0 Difference of grades, %
15 20 25 30 35 40 45
-500 =626
s 811
-1000 ) ==
-1500
——DF —a— CAB

Fig. 1. Dependence of maximal buffing longitudinal
forces on value of grade difference during motion
«by coasting»
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—_—— =
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1107 1330
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Fig. 2. Dependence of maximal buffing longitudinal
forces on value of grade difference during regulating
braking by II stage

On the presented Figures the full lines corre-
spond to the tanks filled with diesel fuel and the
dashed lines — to the tanks with CAB.

As we can see from the Figures 1 and 2 the
maximal buffing longitudinal forces grow with in-
crease of algebraic difference of grades and during
both the motion «by coasting» and during regulat-
ing braking by II stage. The level of maximal lon-
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gitudinal forces during for different types of cargo
(diesel fuel and carbamide-ammoniac blend) dif-
fered less by 10 %.

As a comparison, the similar motion modes
(«by coasting» and regulating braking by II stage)
for train consisting of 80 open cars during entering
on concave track section were simulated. The ini-

tial speed of motion was 80 km/h.

In the Table 1 are listed the maximal buffing
extending and compressing forces for analyzed
motion modes and different algebraic difference of
grades.

Table 1

Maximal values of buffing compressing and -extending forces (in kN) in trains consisting of tank wagons
and open cars for different algebraic difference of gradient changes during motion «by coasting»
and regulating braking by II stage with initial speed 80 km/h

Algebraic differ- Coasting Braking by II stage
ence of gradient Tank wagons Open cars Tank wagons o
changes, %o DF_| CAB P DF__ | CAB pen cats
20 553 | 565 90 820 767 90
—626 —659 -748 -1107 | -998 —1295
30 643 | 579 150 847 780 135
—839 =811 —897 —1242 | -1171 —1425
40 641 576.5 180 863 833 180
-1021 | 975 —-1035 —1421 | -1330 —-1515
As we can see from the results listed in the Ta-
ble 1, the level of maximal compressing forces in maxS.kH
train consisting of open cars is higher than similar 500 ] 4820 o A%
values in the train consisting of tank wagons only. 400 | 555 643 ¢ o
It should be noted that during freighting of S I ‘ Diffkrence of grades, %
-200 g5 20 25 30 35 40 45

cargo with higher density (CAB) the level of com-
pressing forces was somewhat lower.

It is caused by the fact that with the same mass
of car the level of underfill is different.

As was mentioned above the level of maximal
compressing forces depends on mass of stationary
liquid that is determined by density of transported
cargo [4, 6, 9].

Value of stationary mass for diesel fuel is 44.93
tons and for CAB is 39.51 tons. That is why the
level of longitudinal loading for tank wagons with
carbamide-ammoniac blend was the lowest and for
the open cars (all cargo of which is considered as
the stationary one) — was the highest.

The moving part of liquid affects the level of
maximal extending forces that is why this value in
trains consisting of tank wagons exceeds the same
values for trains consisting of open cars.

The dependencies of maximal buffing longitu-
dinal forces for different modes of motion during
freighting of diesel fuel and carbamide-ammoniac
blend in tank wagons are illustrated on Figures 3
and 4.

626

- 839, 1
-1021
3
SYrY) Y

—&— Coasting —A—  Breaking

Fig. 3. Dependence of maximal buffing longitudinal
forces on value of grade difference during the diesel

fuel freighting
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Fig. 4. Dependence of maximal buffing longitudinal
forces on value of grade difference during the CAB
freighting
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On the foregoing Figures the dashed lines re-
sulted from the simulation of train motion «by
coasting» and the full lines from the regulating
braking simulation.

Solving task of regulating braking of initially
extended and compressed trains during entering on
the concave track section it was assumed that the
start of braking happens at the moment of train en-
tering on baffle platform with length 50 meters.

As expected, the longitudinal loading during
the regulating braking was considerably higher
than that during motion «by coasting»

The graphs of maximal buffing forces behavior
in the train consisting of tank wagons (during
freighting of CAB) depending on initial speed dur-
ing motion «by coasting» on concave track section
with different algebraic difference of gradient
changes are shown on Figures 5 and 6. The maxi-
mal buffing extending forces are shown on Figure 5
and the compressing forces — on Figure 6. On the
above mentioned graphs the lines 1 correspond to
the algebraic difference grades difference
Ai =10 %o, the lines 2 — Ai =20 %o, the lines 3 —
Ai =30 %o, the lines 4 — Ai =40 %eo.

max S.kH
1000

900
800 //
700

D
600 %
500 / !

400
300 ; ; : : : Vin/h
0 20 40 60 80 100 120 140
— 1-i=0.01 =———2-i=0.02 =———3-i=0.03 —4-i=0.04

Fig. 5. Dependence of maximal buffing extending
longitudinal forces on the initial speed during motion
«by coasting» and CAB freighting

V km/h
0 T T T T T T
200 20 40 60 80 100 120 140
-400
1
-600
2
-800 ™~
3
-1000 4
-1200 -max S kH
—1-1=0.0] o 2-i=0.02 —3-i=0.03 —4-i=0.04

Fig. 6. Dependence of maximal buffing compressing
longitudinal forces on the initial speed during motion
«by coasting» and CAB freighting
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As one can see from the Figures 5-6, as a rule,
the level of maximal buffing longitudinal forces
grows with the speed increasing. However in the
range of initial speed ¥, the maximal compressing

forces slightly decrease. It is caused by the fact that
the longitudinal loading forming in the trains con-
sisting of tanks depends on the moving liquid os-
cillation.

In case the liquid oscillations in two neighbor-
ing tank wagons are opposite in phase at the mo-
ment of maximal longitudinal forces occurring it
can lead to the slight decrease of the maximal buff-
ing force.

Dependencies of values of maximal buffing ex-
tending and buffing compressing forces on initial
speed of motion for different types of transported
cargo are shown on the Figures 7-8.

The above mentioned dependencies for the case
of train motion «by coasting» are shown on the
Figure 7, and the dependencies for the regulating
braking are shown on the Figure 8.

300 _maxS,kH

600 - — — 7 = — —a&— — — — A

400 -

200 A V km/h
0 ‘

-200 4 60 80 100 120

-400

-600 -

-800 — -

-1000 -

DF —a— CAB

Fig. 7. Dependence of maximal buffing longitudinal
forces on initial speed during motion «by coasting»
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Fig. 8. Dependence of maximal buffing longitudinal
forces on initial speed during regulating braking by
stage 11

Graphs shown on the Figures 7 and 8 are ob-
tained for motion of the trains consisting of 80 tank
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cars in the concave track section with algebraic dif-
ference of grades Ai =30 %o.

Full lines correspond to the variants when the
tank wagons transport diesel fuel and the dashed
lines when the tank wagons transport the car-
bamide-ammoniac blend.

According to the obtained results the values of
maximum longitudinal forces for analyzed modes
of motion insignificantly grow during the increase
of initial speed for analyzed types of cargo.

The dependencies of maximal values of longi-
tudinal forces on the train length are researched be-
low.

To do this, the motions of trains consisting of
60, 70, 80, and 100 tank cars, which transport ei-
ther the diesel fuel or carbamide-ammoniac blend
were simulated. Firstly the results of mathematical
simulation of train motion «by coasting» should be
analyzed.

As an example the above mentioned dependen-
cies received in case of entering compressed
(Fig. 9a and 9b) and extended (Fig. 11) trains «by
coasting» on the concave track sections with initial
speed 80 km/h were shown.

On the Figures 9 and 11 the lines 1 correspond
to the concave track section with algebraic differ-
ence of grades equal to 20 %o, lines 2...30 %o, lines
3...40 %o. Full lines are obtained for the case of
simulation of the CAB transportation in tank wag-
0 max S.kH

400

300

200

100

0 = < / ;
number of cars
50 60 70 80 90 100 110
2-KAC-i=0.03 1-KAC- i=0.02 3-KAC- i=0.04
— — 2-JIT-i=0.03 — — IT-i=0.02 — — 3]IT- i=0.04

ons and the dashed lines for diesel fuel (DF) trans-
portation.

As it is commonly known, that during entering
of preliminary compressed trains on the concave
profile track sections in the inter-car connections
appear the quasi-static forces. In case these forces
exceed the accepted value — 1000 kN, they can
lead to extrusion even of loaded car.

As example the oscillograms of longitudinal
forces in the inter-car connections during entering
«by coasting» of preliminary compressed train
consisting of 100 tank wagons, which are filled
with carbamide-ammoniac blend on the concave
track section with algebraic difference of grades
30 %o and initial speed 80 km/h are shown on the
Figure 10.

As we can see from the listed oscillograms, the
quasi-static forces in inter-car connections of the
analyzed train appear even during motion «by
coasting». These forces are close to the dangerous
values from the position of motion stability.

As an example the dependences of maximal
longitudinal forces on the number of tank wagons
in the train for different initial speeds during enter-
ing «by coasting» of preliminary extended trains
on concave track section with algebraic difference
of gradients equal to 30 %o are shown on the Fig-
ures 12 and 13.

b 50 60 70 80 90 100 110
200 I T T T umber of cars
=
-450 b
\\—;L\\ 1
=700 N %
950 —\\\\‘ 2
. <
1200 \\
. o
-1450max S,kH

2-KAC-i=0.03
— — 2-]IT-i=0.03

1-KAC-i=0.02
—4— 1-JIT-i=0.02

3-KAC-i=0.04
— 4— 3.JIT- i=0/04

Fig. 9. Dependence of maximal extending (a) and compressing (b) longitudinal forces on the number of tank wagons
during entering «by coasting» of preliminary compressed trains on the concave track section

As a result of the presented graphs, the level of
maximal longitudinal forces grows with increasing
of tank wagons number, insignificantly grows in
case of increasing of initial speed and significant
accepted below value from a perspective of tank
wagons durability.

Since during regulating braking the level of

maximal longitudinal forces is significantly higher
than during motion «by coasting» further we are
going to estimate the longitudinal loading of trains
with different length for the specified mode.
Dependencies of maximal compressing forces
on initial speed for different algebraic difference of
grades during regulating breaking by II stage on
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the concave track section of preliminary com-
pressed trains transporting the diesel fuel are
shown on the Figures 14-17.

On the Figures 14-17 the lines 1 correspond to

algebraic difference of grades Ai =10 %o, lines 2 —
Ai =20 %o, lines 3— Ai =30 %o, lines 4 — Ai =40 %o.
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Fig. 10. Oscillograms of longitudinal forces in 36™, 37" 38" 53™ 54™ and 55™ sections of preliminary compressed
train consisting of 100 tank wagons, which are filled with carbamide-ammoniac blend during motion «by coasting»
in the concave track section with algebraic difference of grade difference 30 %o and initial speed 80 km/h
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Fig. 11. Dependence of maximal longitudinal forces on
the number of tank wagons during entering «by coast-
ing» of extended trains on concave track section

From the presented Figures it can be concluded
that maximal values of compressing longitudinal
forces practically don’t change when the initial
speed increases and grow up when the algebraic
difference of grades increase.

As can be seen from the Figure 15, the maximal
values of compressing longitudinal forces in train
that consists of 80 tank wagons are very close to
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the limiting value — 1000 kN.

Dependencies of maximal compressing quasi-
static longitudinal forces on number of tank wag-
ons during regulating braking of preliminary com-
pressed trains on concave track section are shown
on the Figure 16 and 17.

Ai=30 %o
max S,kH
1000 32
750 e —
500 e ——
25(5) Number of]cars
-25030 60 70 80 90 T00 110
-500
_750,N 1
-1000
41250 Bk
——1-CAB-60 km/h —— 2-CAB-80km/h —— 3-CAB-100km/h

Fig. 12. Dependence of maximal longitudinal forces on
the number of tank wagons during entering «by coast-
ing» of extended trains transporting CAB on the con-

cave track section for different initial speeds
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Fig. 13. Dependence of maximal buffing longitudinal
forces on number of tank wagons during entering
«by coasting» of extended trains transporting diesel fuel
on concave track section for different initial speeds
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Fig. 14. Dependence of maximal longitudinal forces on
the speed for different values of algebraic difference
of grades during regulating braking of preliminary
compressed trains consisting of 60 tank wagons on con-
cave track section
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Fig. 15. Dependence of maximal longitudinal forces on
motion speed for different values of algebraic difference
of grades during regulating braking of preliminary
compressed trains consisting of 80 tank wagons
on the concave track section
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Fig. 16. Dependence of maximal longitudinal forces on
number of tank wagons for different values of algebraic
difference of grades during regulating braking of pre-
liminary compressed trains with initial speed 60 km/h
on concave track section
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Fig. 17. Dependence of maximal longitudinal forces on
number of tank wagons for different values of algebraic
difference of grades during regulating braking of pre-
liminary compressed trains with initial speed 80 km/h
on concave track section

Using the obtained dependencies (Figures 16,
17) the level of maximal quasi-static compressing
longitudinal forces should not exceed the accept-
able value, according to the car stability conditions
of extrusion (for loaded freight cars this force
equals 1000 kN [2]). On the basis of the above
mentioned, it can be concluded that during motion
in the compound track sections (with grade differ-
ence Ai=30 %o or more) one can make up the
train with locomotive in the head using no more
than 95 tank cars.

Originality and practical value

The paper researched the longitudinal loading
of freight cars of different length formed by identi-
cal four-axial tank cars with one locomotive in the
head during motion in the track section with differ-
ent algebraic difference of the grades «by coast-
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ing» and in the mode of regulating braking. The
obtained results can be used during parameter stan-
dardization of the longitudinal profile of the track.

Conclusions

Results show that if it is necessary to operate
the train in the compound track sections the most
dangerous is the regulating breaking of the pre-
liminary compressed trains during entering the
concave profile sections. In the trains consisting of
more than 90 tank wagons during motion in con-
cave track section with algebraic difference of
grades more than 30 %o these forces can reach the
dangerous values from the point of car extrusion.

The values of obtained forces exceed the simi-
lar values of quasi-static longitudinal forces in
train consisting of open cars only.

As for the level of maximal buffing compress-
ing forces in trains consisting of open cars is
higher than that in the same trains consisting of
tank wagons. Oscillations of the moving part of
liquid reduce the maximal level of compressing
forces and provide extending longitudinal forces.

Level of the greatest buffing and quasi-static
longitudinal forces is almost independent from the
transported cargo and insignificantly depends on
the initial speed and grows with the increase of al-
gebraic differences of grades.

As expected the longitudinal loading in case of
regulating braking was higher than that in case of
motion «by coastingy.
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PYXOMMUI CKJIAJI 3AJII3HULIB I TSTA TIOI3/1IB

OLIHKA MMOJOBXHbOI HABAHTAKEHOCTI HAJIMUBHUX MOI3/11IB
MPU PYCI NIEPEJIOMAMM MOJOBXXHBOI'O MPO®LIIO KOJIII

Mera. [locmiguTu TMOAOBXHIO HABAHTAXKEHICTh HAJNMBHHUX MOI3MIiB MPH PyCi MO NUISHKAX HUIAXY JTaMaHOTO
npodirro. Po3ristHyTH 03K Pi3HOT TOBXKWHM, IO CKIATAIOTHECSA 3 YOTHPHUBICHUX HUCTepH. OIIHUTH BIUTUB THITY
BaHTaXYy, [0 NEPEBO3UTHCSA, HA MOJOBXKHIO HABAaHTAXEHICTh MOi3y MPH WOTO pyci IO YBIFHYTIH IUISHII HUIAXY.
Metoauka. PiBeHp HalOUTHIINX TMOAOBXKHIX 3YCHJIb OIIHIOBABCS 32 JOMOMOTOI0 MaTeMaTHYHOTO MOJCITIOBAHHS.
[lepenbauanocs, mo mepeaoM Ipodiso YTBOPSHUH TBOMA YXIIAMH 3 PO3IUTIOBATPHAM MaWIaHYHMKOM JTOBXHUHOIO
50 MeTpiB TakMM UYMHOM, IO anreOpaiyHa pi3HUL KepiBHUX YXWIiB 3MiHioBajack Bia 10 1o 40 %o 3 Kpokom
10 %o. TTouaTkoBi MIBUAKOCTI pyxy mpuiimaniucs piBaumu 40, 60, 80, 100, 120 km/ros. [{yis OMiHKK MOIOBXKHBOT Ha-
BaHTa)XEHOCTI PO3TJISIIANIUCS PErYJIIOBANIBHI rajbMyBaHH 1 pyX «Ha BUOiranHi». /list OI[IHKM yapHUX HABaHTAXKEHb
posrisaaBcst B'i3]] Ha yBIrHYTY IUISSHKY PO3TSTHYTOTO OJHOPIZHOTO MO137a, a Ul BU3HAYECHHS KBa3iCTAaTHYHUX CHII
— crucnoro. PesyasTaTn. Y pesynbrari po3paxyHKiB OyjaM OTpHMaHi 3aJIeKHOCTI HAHOUIBIINX MOJOBXKHIX CHII B
Noi3aax BiJ THUIA BaHTaXYy, IO IIEPEBO3UTHCS, aNreOpaiuHOi Pi3HULI yXMIIiB, KUIBKOCTI BaroHiB-IIUCTEPH, OYATKO-
BOI IIBHIKOCTI PyXY, PeXXHMIB pyXy, IOYaTKOBOTO CTaHy 3a30piB y moi3mi. HaykoBa moBu3Ha. [locmimkeHo mo-
JTOBXKHIO HABaHTaXXCHICTh BAHTAXXHHUX TOi3/iB PI3HOI JOBKUHH, C(HOPMOBAHUX 3 OJHAKOBUX YOTHPHUBICHUX BATOHIB-
IUCTEPH 3 OAHUM JIOKOMOTHBOM, PO3TAIIOBAaHUM B TOJIOBI IIPH PyCi MO YBITHYTHM IUISHKAX KOJIi 3 pi3HOIO anreo-
palduHOO PI3HUIIEIO MOXWITIB Ha «BHOITY» 1 PeKUMI PETYIIOBAIIFHOTO TanbMyBaHHA. OTpUMaHi pe3yiIbTaTH MOXKYTh
OyTH BHKOpPHCTaHI IPH HOPMYBaHHI MapaMeTpiB MO3A0BXKHBOTO npodinro komii. [IpakTuyna 3HayuMicts. OTpu-
MaHi pe3yJIbTaTh NOKa3ylTh, 110 IPH HEOOXI1IHOCTI BOAIHHS HAJMBHUX MOI3/IB MO AUISHKAX KOJII CKJIaIHOTO Ipo-
(o HalOLIBI HeOe3NeYHUM BHSBUIIOCH PETYJIIOBaJIbHE rallbMyBaHHS MONEPEAHbO CTUCHYTHUX HOI3/IB NpHU B'T31i
Ha JIUISTHKY YBIrHyTOro npodimo. PiBeHp HAHOUTBIIMX yJapHUX 1 KBa3iCTATUYHHUX IOJOBXKHIX CHJI NMPAKTUYHO HE
3aJIEXKHUTH BiJl BAHTAXY, IO IEPEBO3UTHCS, 1 TPOXH 3aJI€KUTH BiJl TI0YATKOBOT IIBUIKOCTI PYXY.

Kniouegi cnosa: mo3M0BXKHI 3yCHIIIsT; MaTeMaTHYHE MOJIEIIIOBAHHS; TIEPEIOMH ITOJIOBXHBOTO MTPOQIIII0; HAJIHBHI
noizau
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" IIpopekrop o Hayumoit paGote, J{HEIPONETPOBCKHUiT HAIMOHATBHBI YHHBEPCHTET KENC3HONOPOIKHOTO TPAHCIIOPTA HMEHH
akanemuka B. Jlazapsna, yn. JlazapsHa, 2, Jlnenpomnetposck, 49010, Ykpauna, ten./dakc. +38 (056) 793 19 03,
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2 TIpOeKTHO-KOHCTPYKTOPCKOE TEXHOIOTHYECKOe GI0PO [0 aBTOMATH3ALMH CHCTEM YIPABICHHS HA JKEIE3HOIOPOKHOM
TpaHcnopte YKpauHsl, nep. Kanununa, 4, JInenponerposck, 49010, Ykpanna

OIIEHKA MPOJOJIbHON HATPYKEHHOCTHU HAJIMBHBIX
HOE310B ITPU IBUKEHHUMU 110 ITEPEJIOMAM HHPOAOJBHOI'O
HPOPUJIA ITYTHU

Hens. Mccnenosars NpoLOJbHYH HAarpy>KEHHOCTh HAJIMBHBIX II0€3/10B IIPU JBMKEHUU IO y4acTKaM IIyTH JIO-
MaHoro npoduisi. PaccMoTpeTs noe3aa pa3aMyHOM JUTMHBL, COCTOSIIUE U3 YETHIPEXOCHBIX nUCTepH. OLEHNTH BIHA-
HHE THUIIa IEPEeBO3UMOT0 I'py3a Ha NPOJOJIBbHYIO HAarpy>KEHHOCTh T10€3/1a TIPH JIBM)KEHHUH 110€3/1a 110 BOTHYTOMY y4a-
cTKy nmyTH. MeToanka. YpoBeHb HanOOJBIINX MPOAOJIEHBIX CHJI OLIEHUBAJICS C TOMOIBI0O MaTEMaTHIECKOT0 MOJIe-
nupoBanus. [Ipenmonaraiock, 4To nepenom NpodmiIss oOpa3oBaH ABYMs YKIOHAMHU C Pa3JeIUTENbHOM IUIOIaIKoi
JUHOK 50 MeTpoB TakuM 00pa3oM, 4To anreOpanyeckas pasHOCTb PYKOBOMSINUX YKJIOHOB BapbUpOBAlach OT
10 1o 40 %o c marom 10 %o. HauanmpHble cKOpocTH ABIKEHUS NpuHUMaUch paBHeIMH 40, 60, 80, 100, 120 xm/4.
Jlnst OLleHKH NPOAOJIBHON HarpyXEHHOCTH PacCMaTPHBAIUCH PETYJIMPOBOYHBIC TOPMOXKCHUS U IBH)KEHUS «HA BBI-
Oerey. I OLIEHKH yOapHBIX HArpy30K paccMaTpUBAeTCs BbE3] Ha BOTHYTHI MEPEIOM PacTSHYTOTO OJHOPOAHOTO
noesJa, a Uil ONpeeNieHNs KBa3UCTaTHUeCKUX CHII — cxkaToro. PesysabTaThl. B pesynbsrare pacueToB ObUIH MOMTY-
YEeHBI 3aBUCUMOCTH HaHOOJIBIINX MPOJOJBHBIX CHII B ITOE3/1aX OT THIIA EPEBO3UMOI0 Ipy3a, ajaredpanyeckon pas-
HOCTU YKJIOHOB, KOJIMYCCTBA BArOHOB-LIUCTEPH, HaJaJbHOM CKOPOCTH ABWKCHUA, PCIKUMOB ABUIKCHHNA, HAYAJIbHOT'O
cocTosHHA 3a30poB B noesne. Hayunas HoBu3Ha. MccinenoBaHa npoJosibHas Harpy:KEHHOCTh I'PY30BBIX I10€37I0B
pa3HoO# AMHMHBI, CHOPMUPOBAHHBIX M3 OJMHAKOBBIX YETHIPEXOCHBIX BarOHOB-LMCTEPH C OJHUM JIOKOMOTHBOM, pac-

IMOJIOKCHHBIM B T'OJIOBE IIPH JABUKCHUU 1O BOTHYTBIM YYaCTKaM IIYTHU C Da3J'IPI‘-IHOI>i anre6pa1/1qec1<0ﬁ PAa3HOCTHIO YK-
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PYXOMMUI CKJIAJI 3AJII3HULIB I TSTA TIOI3/1IB

JIOHOB Ha «BBIOETe» U PEXKUME PEryJIMPOBOYHOIO TOpMOKEHHs. [losryueHHbIe pe3ysIbTaThl MOTYT OBITh HCIIOJIB30Ba-
HBI IPY HOPMHUPOBAHUU TTAPaMETPOB Hpo/iosibHOTO npoduis mytu. [IpakTuyeckas 3HaunmMocTb. [lonyueHHbIe pe-
3yJIbTAThl IOKAa3bIBAIOT, YTO ITPHU HeO6XOZLI/IMOCTl/l BOXACHUA HAJIMBHBIX MMOC3/10B IO Y4aCTKaM IYTH CJIOKHOTO IPO-
¢bust HarboITee OMACHBIM OKA3aJI0Ch PETYIHPOBOYHOE TOPMOKCHUE MPEABAPUTEIFHO CKATHIX MOC30B MPH BHE3/E
HA y4aCTKH BOTHYTOrO mpoduiis. YPOBeHb HAUOOJBIINX YAAPHBIX M KBA3UCTATHYECKUX MPOJIOJIBHBIX CHI MPAKTH-
YECKHU HE 3aBHCHUT OT IMEPEBO3MMOI0 IPpy3a U HE3HAYUTEIBLHO 3aBHCUT OT HAYAJIbHOU CKOPOCTH JBHIKCHUSI.

Kniouesvie crnosa: NpoJ0NbHBIE YCUIINS;, MATEMATUYECKOE MOJICIIUPOBAHKE; MEPETIOMBI MIPOIOIBHOTO MPOQUIIs;
HAITMBHBIC TI0€3/1a
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