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MEHHbBIE CKOPOCTHU TOYKM KOHTAaKTa — BIIOJIb LIUKJIOU-
TIAJTBHOTO TIPOQUIISI M BIOJIB ITPOMWIIS IIEBOYHOTO KO-
Jieca, TIpMYeM BEKTOPBI CKOPOCTeil JiexaT Ha ol1eit
KacareJbHOW B TOUKE CONMPSIKEHMSI, pa3IMYHbIE 10 MO-
IIyJTI0, a MX 3HAK 3aBUCUT OT (pa3bl paboyero LuKJa.
Hayuynas noBusHa. OrnipenesieHbl 3aKOHBI JBUXKEHUS
KOHTAKTHBIX TOYEK B 3aLIETUIEHWM TEPOTOPHOM Mapbl, 10-
CTOBEPHO YCTAHOBJIEH MEPEMEHHbIN CKOPOCTHOM pexkKuM
B 3alleruieHuU. B xone uccienoBaHuii moaydyeHa yHUBEp-
cajbHas (hopMyJsia CBI3U CKOPOCTEel mepeMelleHus To-
YeK IO KPUBOJIUHEMHON TPAaeKTOPUM U IKBUAUCTAHTE K
Hel, KOTopasl YYUThIBAeT KPUBU3HY TPAeKTOPUU. YCTa-
HOBJIEHO, YTO TIPY B3aMMOJIEVCTBUU BBIMYKJIOrO y4acTKa
SKBUIMCTAHTBI K IMKJIOUAATBHOU KPUBOM C COMpPSIKEH-
HOM 1LIEBKOM, MMEET MECTO TPEHME CKOJIBXECHMSI, a IIpU
00KaTKe BOTHYTOI'O yyacTka — TpeHue KaueHus. [1omy-
YeHbl (DYHKIIMU JMHEapu3aluu, KOTOPbIe TTO3BOJISIIOT
CTaOMJIM3UPOBATh IMEPEMEHHBIN CKOPOCTHOM PEXUM.
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Purpose. Implementation of the innovative draft system for automatic couplers of railway cars. Such a system is
alternative to an existing one, where energy of longitudinal loads are absorbed by draw gears, the main working ele-
ments of which are absorbing devices.

Methodology. The research presented used the modern methods of the car dynamics and the theory of vibrations
for designing a mathematical model to define accelerations in the supporting structure of the car body with viscous
materials, the theoretical and applied mechanics for modelling dynamic processes in a new draft system, designing in
modern engineering software applications for creating an adequate spatial virtual model of the supporting system of
an railway cars, finite elements for calculations of accelerations occurring in the supporting structure of railway cars
under longitudinal loading, and the F-test for the model adequacy. Generally, the algorithm of the research con-

© Fomin O.V.,, Lovska A. O., Plakhtii O.A., Nerubatskyi V. P., 2017

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2017, N2 6 89




FTEOTEXHIYHA | TIPHWYA MEXAHIKA, MAIWWHOBYYBAHHA

ducted included designing the mathematical model for the prospective supporting system of railway cars in order to
ground the parameters of the viscous material used. Then the computer simulation of maximum longitudinal working
loads was conducted for the new railway cars body. And the results obtained were analysed.

Findings. The comprehensive theoretical research has proved the hypothesis on efficient implementation of the
concept of the draft system for railway cars. Its full-scale implementation will provide substantial reduction of con-
struction and maintenance cost for freight cars. The models designed during the research are adequate and can be
used for further similar research and development work.

Originality. For the first time a new concept of the draft system of railway cars has been proposed and scientifi-
cally based. The longitudinal working loads are distributed to the centre sill, not to a separate absorbing device (by the
way, a rather expensive one); the centre sill is made of circular pipe where the draft arms are filled with viscous mate-
rial of damping characteristics. Mathematical and finite-element models were developed for defining accelerations in
the supporting structure of the car body, which considered viscous connection, and the adequacy of the models was
checked.

Practical value. The results of theoretical pre-design scientific substantiation of the proposed concept make it pos-
sible to proceed to the next design stages. Besides, such results will become the base for further dynamics and power
calculations of the supporting structure of car bodies while implementing the innovative trend proposed.

Keywords: railway transport, freight car, concept of the draft system, implementation of viscous materials, dynamic load

of the structure

Introduction. One of the key problems in rail trans-
port development is designing samples of rolling stock
with improved technical, economic and operational char-
acteristics.

According to transport experts in Ukraine and other
countries the coming years will witness increased vol-
ume of rail transportation. It explains the need to create
the rolling stock which will provide maximal effective-
ness and safe operation of railways. And the key role is
fulfilled by freight cars. Therefore, development and op-
eration of freight cars of the best performance character-
istics will become the ground of economic prosperity for
the rail transport in the world freight transportation
market. It is especially acute for Ukraine being a ma-
chine building country (over 10 machine building plants)
with a considerable domestic freight turnover and tran-
sit potential; though over two third of the rolling stock
being obsolete both morally and physically. However,
achieving the highest efficiency of freight cars with con-
ventional approaches without developing absolutely new
designs is an impossible task.

The experience in operating freight rolling stock in
European countries and Ukraine, according to trans-
port experts, indicates the absence of innovative knowl-
edge-based structures and technologies. Most of inno-
vative solutions are aimed at modernization of existing
projects (car trucks, car bodies, unloading and braking
systems, elastic and dissipative vibration control systems).
It is obvious that such a situation can have a detrimental
effect to the rail transport in its competition against other
transportation modes. A conventional modern car cannot
meet the requirements for the 21 century rolling stock.

Analysis of the recent research and unsolved aspects of
the problem. Features of the structure and the architec-
tural hierarchy of locomotive support systems and deci-
sion-making are considered in [1]. The description of
the dynamic knowledge base was carried out using pro-
duction model of knowledge representation.

With the aim of reducing the cost of manufacture
and operation of cars a known technical solution is used,
which consists in the manufacture of load-bearing struc-
tures made of circular tubes under the conditions of du-
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rability and operational reliability [2]. Obtaining the opti-
mal parameters of circular tubes proposed for use as
load-bearing elements for car bodies is carried out at the
reserve strength of typical structural elements. The results
of calculations on the strength of improved bearing struc-
tures for car bodies have shown the appropriateness of
the proposed solutions provided by the conditions of
strength.

Study of the dynamics of a railway car with an open
loading platform is given in [3]. The calculation was done
in the software MSC Adams.

Study of loading and durability of railway vehicle
method dynamics of systems of bodies is carried out
in [4]. The method is used in the study of dynamic re-
sponse and fatigue life of the frame of long-wheelbase
car-platform for transportation of containers.

The measures aimed at improvements in the sup-
porting structure of the open boxcar body in order to pro-
vide their reliable fixation on the desk of railway ferry is
given in [5]. The results of the body capacity calcula-
tions including their fixation on the desk in the proposed
construction points in the conditions of sea dusting have
confirmed the efficiency of the proposed solutions.

The investigation into dynamics of rail flatcars is
given in [6]. The calculation has been carried out in MSC
Adams software. The stability test against car rollover has
been made on a 250 m radius curve at different speeds.

The issue of assessing the accuracy of capacity in
railway networks for transportation of raw materials and
finished products of mining and metallurgical industry
is given in [7].

The results of the above-mentioned studies [1—7]
are a sufficient basis for solving the problem, which has
been posed for the first time and regards improvements
in freight cars. The aim of the improvements is to de-
crease the car dynamic load by implementing the new
draft system concept where longitudinal working loads
are carried by the centre sill, not by a separate device (by
the way, a rather expensive one); the centre sill is made
of a circular pipe where the draft arms are filled with vis-
cous material of damping characteristics.
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The objective of the study. The study reveals the pe-
culiarities and results of research into implementation of
the innovative draft system for automatic couplers of
open boxcars. Such a system is alternative to an existing
one, where energy of longitudinal loads are absorbed by
draw gears, the main working elements of which are ab-
sorbing devices. The concept of the new system is based
on the above-mentioned functions performed by the cen-
tre sill of an open boxcar, made of a circular tube the draft
arms of which are filled with viscous material of damp-
ing properties.

A description of the methodology of the study. The con-
cept proposed suggests replacing a modern draft gear
consisting of separate parts (absorbing devices, yokes,
follower blocks, etc.) in order to reduce construction and
maintenance cost of freight cars. The advantages men-
tioned are achieved due to higher effectiveness of the
centre sill of the freight cars, namely, its ability to absorb
tensile and compressive loads associated with impacts
during shunting operations and transition operational
modes. It is especially important in the conditions of high-
er train speeds, intensive shunting operations and for en-
suring safety.

General operational algorithm:

1. Theoretical estimation of dynamic load of the sup-
porting structure of the freight car body under longitu-
dinal loads during shunting impacts (the most extreme
operational conditions) using modern research methods
for investigation into the wagon dynamics and the theo-
ry of vibrations.

2. Computer simulation of dynamic loads on the sup-
porting structure of the freight car body under the influ-
ence of longitudinal loads during shunting impacts with
the use of engineering software.

3. Theoretical model verification to provide the the-
oretical substantiation of necessity to create a prospec-
tive concept of the draft system of freight cars.

Presentation of the main research. The aim involved
reducing the consumption of materials supporting body
structure freight cars while ensuring strength and ro-
bustness optimization of their constituent elements and
the selected optimal parameters. Spatial models of im-
proved body structure freight cars with regard to mea-
sures for their improvement are shown in Fig. 1.

The calculation of the strength was produced by the
method of finite elements in the environment of the soft-
ware CosmosWorks. The calculations have allowed con-
cluding that the maximum equivalent stress in load-bear-
ing structures of improved bodies of railway carriages
does not exceed the allowable stress.

In order to reduce dynamic loads influencing the
supporting structure of the freight cars body the study
proposes to remove draft gears of automatic couplers
and transfer their function of absorbing energy associ-
ated with operational loads to the centre sill and upper
and lower coverings of side walls; they are proposed to
be made of circular pipes and filled with materials of damp-
ing and anticorrosion properties, that will allow a lower
material consumption for the car, an increased carrying
capacity and loading volume of the body, as well as a lon-
ger repair-free service life.
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Fig. 1. Computer models of rail cars, whose load-bearing
body components are made of pipes of circular cross-
section:

a — the car platform; b — open box car; ¢ — boxcar

In order to define dynamic loads influencing the car
body during shunting impacts, as the most intensive loads
on its supporting structure in operation, the mathemati-
cal model of G. Bogomaz was used. The model is designed
for defining accelerations being components of the dy-
namic loads on the flatcar loaded with container tankers
during shunting impacts. Therefore, it has been improved
for defining accelerations as components of the dynamic
loads on the car under longitudinal impact forces.
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where M, is the mass of the supporting structure of the
car; /. is the inertia moment of the car relative to the
longitudinal axis; S, is the value of the longitudinal im-
pact force upon the automatic coupler; m, is the body
mass; Iy is the inertia moment of the wheel set; 7 is the
radius of the half worn wheel; » is the number of the
body axes; / is the half of the bogie centre distance; Fry
is the absolute value of the dry friction force in the spring
group; k;, k, are the rigidities of springs in the spring
suspension of the car bodies; x., @, z. are the coordi-
nates corresponding to longitudinal, angular around the
lateral axis and vertical displacement of the car respec-
tively.

The solutions of the differential equations were found
in the MathCad software, where they were reduced to a
normal Cauchy-Euler equation, and then integrated with
the Runge-Kutta method.

The initial displacements and speeds were taken equal
to zero. The input parameters of the mathematical mod-
el are technical characteristics of the car body, parame-
ters of spring suspension, and also values of longitudinal
impact force upon the automatic coupler.

The 12-757 open boxcar was taken as an example with
its supporting structure made of circular pipes. The spring
suspension parameters considered in the calculations
were taken the same as for a standard bogie of the 18-100
model.

The longitudinal impact force influencing the verti-
cal surface of the rear draft lug of the coupler is taken equal
to 3.5 MN |[8].

The results of the research made it possible to conclude
that the acceleration influencing the supporting structure
of the car during shunting co-impacts is approximately
40 m/s? (Fig. 2, a).

In order to define accelerations influencing the sup-
porting structure of the car body with consideration of
circular pipes filled with elastomeric material of damp-
ing and anticorrosion properties, the mathematical mod-
el mentioned above is reduced

M{-X+M.-h-$o=S,—B-X;
I $o+My-h-%,—8 @p My h=
=1-Fpy (signA1 —signA2)+l(Cl —C2) ;

M. 7. =C+C,~Fp (signA1 —signAz),

where f3 is the viscous resistance coefficient of the mate-
rial inside the supporting structure elements of the car.

The investigations into accelerations influencing the
supporting structure of the car body with viscous mate-
rial inside its supporting elements made it possible to
conclude that efficiency of this solution can be achieved
at the viscous resistance coefficient values lower than
120 kN-s/m.

The results of the research considering the viscous re-
sistance coefficient values of the material 120 kN -s/m
made it possible to conclude that the acceleration influ-
encing the supporting structure of the car during shunting
co-impacts is about 34 m/s? (Fig. 1, b), and lower by 10 %
than the values of accelerations achieved for a standard
loading scheme and exerted on the centre sill of the car.
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Fig. 2. The accelerations influencing the car during
shunting co-impacts:
a — for the standard scheme of carrying loads by the centre
sill of the car; b — for the scheme of carrying loads by the
centre sill filled with viscous material

It should be mentioned that the value of the accel-
eration obtained can be reduced by selecting the best pa-
rameters of viscous materials used in industry.

In order to implement the proposed scheme for car-
rying longitudinal loads by the centre sill of the car, struc-
tural changes in automatic coupling devices are suggest-
ed, namely, removal of draft gears, as well as follower blocks
and transfer their functions to less structurally complicated
elements (Fig. 3) that considerably reduce construction
and repair cost of such open boxcars.

The automatic coupler consists of CA-3 standard
frame / interacting with the intermediate adapter 2 con-
sisting of the front follower with a standard follower block
on. Through the rod the front follower of the adaptor is
connected with the piston with two throttle valves — in-
put and output. The viscous material is located to the right
and left of the piston. To create the pressure in the vis-
cous material when the piston moves during impact force
in centre sill 4, bottom 5 is provided. To limit the move-
ments of the adaptor during jerks and stretches the lim-
iter 6 is provided.

Considering the viscous materials as springs for lon-
gitudinal forces on the supporting structure of the car body
the automatic coupling device operates as follows (Fig. 4).
Through automatic coupler body 1 the loads are trans-
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b

Fig. 3. Structural peculiarities of the automatic coupling

device considering implementation of viscous materi-
als as springs for longitudinal forces on the supporting
structure of the car body:
a — the assembly with element separation; b — the assembly
(overview); 1 — body of the automatic coupler; 2 — adaptor;
3 — key; 4 — centre sill made of circular pipe; 5 — bottom;
6 — the limiter

526,

Fig. 4. The operation of the automatic coupling device
considering implementation of viscous materials as
springs for longitudinal forces to the supporting struc-
ture of a car body:

1— body of the automatic coupler;, 2 — follower block;
3 — piston; 4 — bottom; 5, 6 — throttle valves

ferred to the adaptor front follower 2 through the shark
end. Under the loads the adapter moves in longitudinal di-
rection and presses the viscous material located in the gap
between piston 3 and bottom 4. It provides the flow through
the throttle valve to the gap between the front follower of
the adapter and the piston. At the backspacing of the piston
the viscous material flows through the other throttle valve.
The energy generated dissipates in the environment. Thus
the work of the viscous material is similar to the work of a
hydraulic shock absorber (damper).

In order to improve the efficiency of the proposed
draft system of the car, it is necessary to provide the air-
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tightening (absence of possible outputs of the viscous
material out of the centre sill).

In order to theoretically check the obtained results of
mathematical modelling and investigations into accelera-
tion field distribution in the supporting structure of the
freight cars made of circular pipes, the spatial computer
model in SolidWorks software was designed with subse-
quent dynamics modelling in CosmosWorks software. The
accelerations were defined by the finite-element method.

The values of loads influencing the supporting struc-
ture of the open boxcar body for calculation mode I as
the most intensive mode for the body is given in Table.
It was taken into account that the total freight capacity
of the car was used. Black coal was used as the bulky freight
being the most frequently transported in Ukraine. In the
Table the sign* marks the pressure of the bulky load on
the lower part of the studs and the sign** marks the pres-
sure on the upper part of the studs.

The longitudinal impact force was applied to the ver-
tical surface of the front follower of the adaptor and the
opposite end was fixed for simulating the maximum pres-
sure on the supporting structure.

The model was also fixed in the areas of its support
on riding parts, namely, body centrals and crossbars.

In order to model the properties of the viscous mate-
rial the study uses the spring-damper link taken from the
fastening examples presented in the software, and in-
stalls it between the piston and the bottom. The coefficient
ofviscous resistance of the material wastaken 120 kNH-s/m
and the spring rigidity was taken equal to zero, because
the proposed scheme of carrying longitudinal loads does
not consider spring linkage.

The calculations have demonstrated that the shift of the
adaptor under a longitudinal impact force of 3.5-10°kN
and an impact force speed of 0.03 m/s is 875 mm.

Table
The values of loads influencing the supporting structure
of the open boxcar body
Loads Values
Vertical static, kN 829.926
Pressure from bulky load, kPa
Side wall stud:
angular 7.083
the first from the arm 13.03
the second from the arm 11.895
the third from the arm 8.92
Front (end) wall stud:
angular 50.06*
44.98**
intermediate 100.12*
89.96**
middle 50.06*
44.98**

* — the pressure of the bulky load on the lower part of the
studs and the sign; ** — the pressure on the upper part of the studs
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The calculation results are given in Fig. 5. The research
conducted makes it possible to conclude that maximum
accelerations of the car body occur in the area from the
arm to the area where the centre sill interacts with the
bolster beam and are about 50 m/s? (=5g). In the area
between the bolster beam to the middle part of the cen-
tre sill the value of accelerations decreases and is about
30 m/s? (=3g).

The distribution of accelerations along the centre sill
of freight cars frame is given in Fig. 6.

Thus, maximum accelerations in the freight cars frame
with viscous materials under the impact force occur in
the zone from the frontal beam to the bolster beam, and
without viscous materials — in the central area of the
centre sill. It is conditioned by the fact that kinetic en-
ergy of the impact force is dampened by the draft system
and turns into the dissipative energy.

In order to test the adequacy of the designed model
the F-test has been applied.

2
F =M
)4 2’
Sr

where Sj , is the dispersion of adequacy; Sf is the dis-
persion of restorability.

The dispersion of adequacy can be defined by the for-
mula
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Fig. 5. The distribution of acceleration fields in fluencing
the supporting structure of the body of an open boxcar
considering implementation of viscous materials as
springs for longitudinal forces upon the centre sill:

a — top view; b — bottom view
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Fig. 6. The distribution of accelerations along the centre
sill of a freight car frame under the impact force on the
adapter:

a — the car platform; b — open box car; ¢ — boxcar

where y? is the calculated value obtained by modelling;
f;is the number of freeness levels.

Ji=N—gq,

where N is the number of tests in the planning matrix; g
is the number of equilibrium ratios.
The dispersion of restorability is defined by the formula

1 n
fzﬁggg,

where Sf is the dispersion in each line, where parallel
tests were conducted.
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It has been stated that the model under consideration
is a linear one and characterizes the change in the car
accelerations due to the longitudinal force exerted upon
the adaptor. Here, the number of freenessat N=5N =5
will be f; = 3.

While defining the adequacy of the model it has been
established that if the dispersion of restorability is S; =
1.95 and the dispersion of adequacy is Sf ;= 2.0, the
actual value of the F-test is F, = 1.03, which is lower than
the table value of the test, namely, F; = 5.41. Thus, at a
significance level of p = 0.05 the hypothesis about ade-
quacy of the model designed is not denied. The approx-
imation accuracy is 8.76 %.

During preliminary exploratory research the possible
variants have additionally been studied regarding filling
the lower and upper covering of walls of freight cars with
viscous materials, though at present such variants have
not provided a sufficient level of economic justification.

Conclusions and recommendations for further research.
The results of the research conducted have demonstrat-
ed that implementation of the proposed concept regard-
ing construction of the draft system for freight cars will
allow improving dynamic operational qualities of their
structure, promoting their preservation during shunting
impacts, and also reducing construction and operational
cost.

The proposed concept of the draft system for freight
cars makes it possible to reduce the maximum equiva-
lent stresses exerted on its supporting structure during
shunting impacts over 15 %. Besides, viscous material in
the structural elements of freight cars will allow reduc-
tion of their corrosion in operation. Among disadvantag-
es one should mention technological approaches in its
implementing for the supporting structure of a car.

Further development and implementation of the pro-
posed concept require investigations into peculiarities of
operating regimes (besides the extreme one considered),
as well as further bench and field tests.

According to the results of the study the application
for a patent has been submitted which also considers
other possible wagon structural variants with implemen-
tation of units filled with viscous material.
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Meta. BripoBaakeHHSI KOHLENTYaJIbHO HOBOI YII-
PSKHOT CUCTEMM aBTO3UEITiB 3ali3HUYHMX BaroHiB. Taka
CHUCTeMa € aJIbTePHATUBOIO JI0 iICHYIOUOI, e (DYHKIIIT i3
MOTJIMHAHHS €Heprii MO3I0BXHIX HaBaHTaXXEHb BUKO-
HYIOTbh YIPSIXKHI IPUCTPOI 3 OCHOBHUMM pOOOUMMU OP-
raHaM¥ — TTOTJIMHAIOYNMU allapaTaMH.

Metomuka. [Tpu mpoBeneHHI TOCTiKEeHHSI BAKOPUC-
TaHi cydyacHi METOW: IMHAMiKH1 BaroHiB i Teopii KOIu-
BaHb MPU PO3pOOJIEHHI MaTeMaTUYHOT MOJEJi AJIs1 BU-
3HAYEeHHS MPUCKOPEHb Y HECYYiii KOHCTPYKIIil Ky30Ba
BaroHa 3 ypaxyBaHHSIM HasIBHOCTI B’SI3KOTO 3B’SI3Ky B
Hill; TEOPETUYHOI Ta MPUKIIAAHOI MEXaHIKY IJISI MOJIe-
JIIOBAHHS MPOLIECIB AUHAMIKY B HOBIM YIIPSIKHIN cuc-
TeMi; KOHCTPYIOBAaHHS B CyJYaCHUX iH;KEHEPHUX po3pa-
XYHKOBUX MpPOrpaMHMX KOMILIeKCax JJIs CTBOPEHHS
aIeKBaTHOI MTPOCTOPOBOI BipTyaJIbHOI MOJIEJIi HOBOI He-
Cydoi CHUCTeMU HamMiBBaroHiB; CKiHUEHUX €JIEMEHTIB
IIJISI TIPOBEEHHST PO3PaxyHKiB MPUCKOPEHb, 1110 BUHM-
KaloTh y HECYUilt KOHCTPYKIIil Ky30Ba HaIliBBaroHy Npu
IIii MOB3IOBXKHLOTO HaBaHTaXXeHHsI; Kputepiit Dimepa
JIJIS1 TIepeBipKM aieKBaTHOCTI PO3p00JIeHOI MOfieTi. Y3a-
TaJIbHCHO aJITOPUTM IIPOBEICHUX JTOCHIIKCHb BKITIOUAB
CTBOPEHHS MaTeMaTUYHO1 MOJIeJli TIepCIeKTUBHOI He-
Cy4oi CUCTEMM HaMiBBaroHiB Jj1s1 OOIpyHTYBaHHS Mapa-
METPiB YIPOBaIKyBAaHOTO B’s13Koro Marepiany. Iiciasa
YOro 3/iliCHIOBAIOCSI KOMIT I0TepHE pO3paxyHKOBE MO-
TIEJTIOBAHHS TIPOIIECIB CIIPUIHSTTS MaKCUMAaJIbHUX I10-
3IIOBXHIX eKCIUTyaTallifHNX HaBaHTaXXeHb HOBUM KY-
30BOM HaltiBBarony. Jlaji mpoBoauBCsI aHaJi3 OTpUMa-
HUX PO3PaXyHKOBUX JaHUX.

Pe3ynbTatu. Y pe3ynbTati IpOBEAEHOTO KOMIUIEKCY
TEOPETUIHMX TOCITIIKEHb ITiITBEPIKEeHA TiIT0Te3a OO0
e(eKTUBHOCTI BIPOBAIKEHHS 3alIPONTIOHOBAHOIO KOH-
LENTY YIPSIKHOI CUCTEMU 3aJTi3HUYHKX BaroHis. Moro
HaTypHa peaizallisi J03BOJUTb CYTTEBO 3HU3UTHU COOi-
BapTiCThb BUTOTOBJICHHSI Ta €KCILTyaTallii BAHTAaXKHUX Ba-
roHiB. Po3po0JieHi y xoli JoCiIKeHb MOIEi € aleK-
BaTHUMMU, 1X JOLIJIbHO BUKOPUCTOBYBATH Y BiITIOBITHUX
MOJAJbIINX HAYKOBO-IOCiIHUX 1 1OCTiAHO-KOHCTPYK-
TOPCBKUX POOOTaX.
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HaykoBa HoBH3HA. YTIepIle 3aIIpOTIOHOBAHO i Hay-
KOBO OOT'PYHTOBAHO HOBUI KOHIIETIT YIIPSDKHOI CUCTE-
MU 3ai3HUYHUX BaroHiB, A€ (PYHKIIl 3 IOIIMHAHHS
MO3J0BXHIX eKCIUlyaTallitHUX HaBaHTaXXeHb 3aMiCTb
OKPEMOTO MOTJIMHANIBHOTO ITPUCTPOIO (Y TOMY YMCJTi BU-
COKOBApTICHOTIO ariapaTa) BUKOHY€E XpeOToBa OajIka 11LIsi -
XOM BUKOHaHHS ii i3 Kpyrjoi TpyOu i3 3alIOBHEHUMU
KOHCOJIbHUMHM YaCTMHAMU B’SI3KMM MaTepiaioM i3 IeMII-
(yrounmu BractTuBocTsIMU. Po3pobiieHi MaTeMaTUuHi i
CKiHYEHO-€JIEMEHTHI MOJEJIi 11T BUBHAUYCHHS TIPUCKO-
PEHb y HECYYMX KOHCTPYKIIisIX Ky30BiB BaroHiB 3 ypa-
XyBaHHSIM HasIBHOCTI B’SI3KOT'0 3B’SI3KY B HUX, Ta MEPEBi-
peHa iX aieKBaTHICTb.

IIpakTiyna 3HaunmicTb. Pe3yibTaTu TEOPETUYHOTO
MEePeaIPOSeKTHOIO HAyKOBOIO OOI'PYHTYBAaHHSI 3aIlpoO-
TIOHOBAHOTO KOHIIEINTY TO3BOJISIOTH MEPEHTH J0 Ha-
CTYIHUX CTaJiil ioro mpoekTyBaHHs. TakoxX Taki pe-
3yJIbTaTU CTAaHYTh OCHOBOIO MPU MOJAIbIINX TMHAMIY-
HUX i MILIHICHUX pO3paXyHKax HeCYYMX KOHCTPYKLiit
Ky30BiB BaroHiB y paMKax peaJjisallil 3alIpornoHOBaHO-
ro iHHOBALiTHOTO HAIPSIMY.

KmiouoBi coBa: 3a1izHuunuii mpancnopm, 6aHmanic-
HUIL 8A20H, KOHUENM YIPAICHOI cucmeMU, 8NPOBAONCCHHS
8’s3Kux mamepianie, OUHAMIMHA HABAHMANICEHICMb KOH-
CMpYKUyii

Leas. BHeapeHne KOHLIENTYyalbHO HOBOM YIPSIKHOM
CHUCTEMbI aBTOCLIETIOK XKEJIE3HOAOPOXKHbBIX BAaroHOB. Ta-
Kasl CUCTEMA SIBJISIETCS AJIbTEPHATUBOM K CYIIECTBYIO-
1L, Tae hYHKIIMH 10 MOIOIIEHUIO SHEPTUM ITPOI0JIb-
HBIX HArPY30K BBITTOJIHSIIOT YIPSIKHBIE YCTPOMCTBA C OC-
HOBHBIMM pabOUYMMU OpraHaMu — TOIJIOIAIOIIMMMU arl-
naparamu.

Metoauka. [Ipu npoBeaeHUM UCCIEAOBAHUS UC-
MO0JIb30BaHbl COBPEMEHHBIE METO/IbI: AMHAMUKM Baro-
HOB U TEOpUU KoJebaHUU pu pa3pabOTKe MaTeMaTu-
YeCcKON MoeNIn JIS ONpee/IeHUs YCKOPEHUId B HECy-
1Iefi KOHCTPYKLIMK Ky30Ba BaroHa ¢ y4yeTOM HaJIM4us
BSI3KOI CBSI3U B HEU; TEOPETUYECKON M MPUKIIAAHOU
MEXaHUKM 111 MOJIEJIMPOBAHUS TTPOLIECCOB AMHAMUKU
B HOBOM YIIPSIKHOM CUCTEME; KOHCTPYUPOBAHUS B CO-
BPEMEHHBIX MHXXEHEPHBIX PACUETHBIX MPOTPAMMHbBIX
KOMILIEKCAX JIJIsI CO3MaHMS aIcKBATHBIX TPOCTPAHCTBEH-
HBIX BUPTYaJbHBIX MOJEE HOBBIX HECYLIMX CUCTEM
BaroHOB; KOHEYHbIX 3JIEMEHTOB JJISI IPOBEAEHUSI pac-
YETOB YCKOPEHUI, KOTOPbIE BO3HUKAIOT B HECYILIMX KOH-
CTPYKLIMSX KY30BOB BAarOHOB MpPU I€MCTBUU MPOIOSb-
HOI Harpy3Ku; KpuTtepuii Guiiiepa a1 TpOBepKU aaeK-
BaTHOCTHU pa3paboTaHHBIX Mopeeil. OO0OIEeHHO aj-
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TOPUTM TIPOBEICHHBIX UCCIIETOBAHUI BKITIOYAJT CO3/1a-
HME MaTeMaTUYeCKUX MOJIEJIe MepCIIeKTUBHBIX HECy-
IIMX CUCTEM BaroHOB Iyisi 0OOCHOBaHUSI MapaMeTpoB
BHe/IpsieMOoro Bsi3koro MaTtepuaia. [locne yero ocymiect-
BJISJIOCh KOMITBIOTEPHOE PAacYeTHOE MOJEIMPOBAHUE
MPOLIECCOB BOCTPUSITUSI MAKCUMAJIbHBIX MPOAOTbHBIX
SKCILTyaTallMOHHBIX HArpy30K HOBBIMU Ky30BaMU Ba-
TOHOB. Jlajiee MpOBOIUJICS aHAIU3 MTOTYYEHHBIX pacyeT-
HBIX TaHHBIX.

Pesyabratel. B pesynbraTe mpoBeeHHOTO KOMILIEK-
Ca TEOPETUYECKUX WCCIEAOBAHUI MOATBEPXIAEHA THU-
note3a 06 3¢ GHeKTUBHOCTU BHEAPEHUSI MTPEATOKEHHO-
TO KOHIIETITA YIIPSIKHOW CUCTEMBI KeJIE3HOMTOPOKHBIX
BaroHoB. Ero HaTypHasi peanusaius Mo3BOJIUT CyIlie-
CTBEHHO CHU3UTh CEOECTOMMOCTb U3TOTOBJICHUS U 9KC-
TJTyaTaluy Tpy30BbIX BAaroHOB. Pa3pabotaHHbie B X0/1e
WCCIIEIOBAHUI MOJIEJN SIBJISIIOTCST aleKBaTHBIMU, WX 11e-
JIecooOpa3HO UCIOJIb30BaTh B COOTBETCTBYIOLIMX 1aJTh-
HEWIINX HAyYHO-MCCIIEN0BATEIbCKUX U UCCIIENOBATEb-
CKO-KOHCTPYKTOPCKHUX padoTax.

Hayunas HoBu3Ha. BriepBble NpeaioXeH U HAydHO
000CHOBAaH HOBBIM KOHIIENIT YIPSDKHOU CUCTEMBI XKe-
JIE3HOJAOPOKHBIX BATOHOB, re (PYHKIIMU MO MOMJIOLIe-
HUIO TIPOJIOJIbHBIX OKCILTyaTallMOHHBIX HAarpy30K BMe-
CTO OT/IEJIHHOTO TOTJIOIIAIOIIETO YCTPOUCTRA (B TOM YHC-
Jie BBICOKOCTOMMOCTHOTO arrapara) BhITOTHSIET Xpeo-
TOBast OajKa MyTeM M3TOTOBJICHUS €€ U3 KPYIJIOW Tpy-
OBl C 3aMTOJIHEHHBIMU KOHCOJIbHBIMU YaCTSIMU BSI3KUM
MaTepuralioM ¢ 1eMITpUpyIOIINMU cBoiicTBaMu. Pa3pa-
0oTaHbl MaTeMaTUYECKUE U KOHEYHO-3JIEMEHTHbBIE MO-
JIEIW 17151 OTPEAC/IEHNUsT YCKOPEHUI B HECYIIMX KOH-
CTPYKIIMSIX KY30BOB BArOHOB C YYETOM HaJIM4Usl BSI3KOM
CBSI3U B HUX, U IIPOBEPEHA UX aIeKBATHOCTb.

IIpakTryeckas 3HAYUMOCTb. Pe3ybTaThl TEOpeTUYE-
CKOTO MPeINnpOeKTHOTO HAyYHOT0 0O0CHOBAHUS NP -
JIOXKEHHOTO KOHIIETITA TIO3BOJISTIOT MEePENTH K CIIEIyI0-
MM 3TaraM ero MpOoeKTUpoBaHUsI. Takke Takue pe-
3yJIbTAThl CTAHYT OCHOBOU TPY JAIbHEUIIINX TMHAMU-
YECKUX U MMPOYHOCTHBIX pacyeTax HECYIUX KOHCTPYK-
LI Ky30BOB BaroHOB B paMKax peaiu3aluy Mpejio-
JKEHHOTO MHHOBALIMOHHOTO HAMPaBJIEHMUSI.

KitoueBble ciioBa: sicene3Ho00podicHbiil mpancnopm,
2pY30601i 8A20H, KOHUENm YNPSJICHOL cucmembl, 6Heope-
HUe 8A3KUX MAmMepuanog, OUHAMUHECKas HAePyICeHHOCHb
KOHCMpYKuyuu
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