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ROLLER RIG TESTING AT THE CZECH TECHNICAL UNIVERSITY

Purpose. Although the advancements in computer simulation technology have paved way to provide very reli-
able simulation results, track tests still play an essential role during the process of development and homologation of
any railway vehicle. On the other hand, track tests depend on weather conditions, are difficult to organize and are
not suitable for testing vehicles in critical situations. On a roller rig, the tested vehicle is longitudinally fixed and
a track is replaced by rotating rollers. Such device offer testing of railway vehicle running dynamics in safe and sta-
ble laboratory environment. The purpose of an article is to investigate and describe roller rig testing at the Czech
technical university in Prague (CTU). Methodology. In the paper it is shown the history of development of the
scaled CTU roller rig from the earlier stages until the current projects for which the CTU roller rig is utilized for.
The current design of the experimental bogie, roller rig, sensors instrumentation and types of experiments conducted
at the CTU roller rig are described in more detail. Findings. Although the differences in vehicle behaviour on
a track and a scaled model on a roller rig are not negligible, scaled roller rig experiments are found as a relatively
inexpensive way for verification and demonstration of computer simulations results. They are especially useful for
verification of multibody system simulations (MBS) of entirely new running gear concepts. Originality. The CTU
roller rig is currently used for the experiments with active controlled wheelset guidance. According to simulations
results published in many papers such systems offer, in principle, better performance compared to conventional pas-
sive vehicles. However, utilization and testing of active controlled wheelset guidance on vehicles is still rare. CTU
roller rig serves as a tool to verify computer simulations and demonstrate benefits of active wheelset guidance.
Practical value. Experiments conducted on the CTU roller rig confirm the possibility to significantly influence
railway vehicle running dynamics by actively controlled wheelset guidance. Such concept could be regarded as
a possible and likely approach for the design of future railway vehicles running gears.

Keywords: roller rig; active control; wheelset guidance; mechatronic bogie

Introduction the roller rig a tested vehicle is longitudinally fixed
and has no forward velocity, the creep conditions
in the wheel-roller contacts are very similar to the
creep conditions in wheel-rail contacts on a real
track.

The key advantages of railway vehicles labora-
tory roller rig testing are stable climatic conditions,
knowledge of the current state of the track and
elimination of safety risks and legislative problems
associated with the operation of prototypes in
a public railway network. Moreover, in contrast
with track tests, roller rigs offer also the advan-
tages of low cost, low spatial demands, a safe and
controlled laboratory environment, and ease of ac-
cess to components and the testing apparatus.

The first know utilization of a roller rig for the
investigation of the performance of steam locomo-
tives was in United Kingdom in 1904 [1]. How-

MBS simulations play an important role in the
development of rail vehicles with steadily increas-
ing significance. Although results of today’s MBS
simulation are very realistic, experimental verifica-
tion is still unavoidable. Track tests play an essen-
tial role in the process of new rolling stock ap-
proval. Nevertheless track tests are also very ex-
pensive, time consuming and difficult to organize.
Therefore, it is almost impossible to perform them
under a university environment. Moreover, the
track tests are not suitable for initial experiments
with completely new concepts of running gears,
because in that case it is hardly possible to fulfill
all safety requirements.

Roller rig testing of railway vehicles is based
on replacement of a track by rotating rollers with
a rail profile on their circumference. Although on
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ever, the most important era of roller rigs utiliza-
tion came together with the development of high-
speed vehicles. From the late fifties until the early
eighties last century, roller rigs in Japan, UK, Can-
ada, USA, Italy, France, Germany and Russia, later
in China, were built [2]. Once the early stages of
high speed vehicle development were successfully
finished, the demand for roller rig vehicle testing
significantly dropped. Because full-scale roller rigs
are rather costly facilities, most of them are out of
the operation now and advanced MBS simulations
often replace their role in the vehicle development
process.

Roller rigs designed for testing scaled models
of railway vehicles are called scaled or model roll-
er rigs. The main advantages of scaled roller rig
compared to the full scale ones are:

— Manufacturing of the scale rig and test vehi-
cle causes rather decreased expenses.

— Handling and maintenance are comparatively
easier.

— A lot of vehicle parameters can be changed
with tolerable effort.

However, there are also inconveniences and
disadvantages connected with scaling and applying
similarity laws [3, 4]. The design of a scaled model
always depends on scaling strategy [5] and the area
of investigated phenomena. It is not possible to
build a scaled model exactly representing all prop-
erties of a full scale vehicle.

Purpose

Due to the above mentioned scaling issues,
model roller rigs are rarely used for the verification
of behaviour of real vehicles. The use of a scaled
roller rig is usually focused on:

— Verification and validation of simulation
models [6].

— Investigation of fundamental railway vehi-
cles running behaviour [9].

— Development and testing of novel bogie de-
signs [7, 8, 10].

Although MBS simulations give reliable re-
sults, it is always necessary to identify model pa-
rameters by a comparison with the experimental
data. Scaled roller rig experiments are an advanta-
geous way for model parameters identification and
consequent demonstration of simulations results.

Typically, scaled roller rigs are not used for as-
sessing the performance of a particular vehicle, but

they play an important role in a development of
entirely new concepts of running gears and suspen-
sions and in verification of MBS simulations.

Methodology

The history of roller rig testing at the CTU be-
gan towards the end of eighties last century, when
the first single axis roller rig was built

(Fig. 1).

Fig. 1. The first scaled roller rig at the CTU

The scale of the first CTU roller rig was 1 to
3.5 and it remained unchanged until now. The rig
was built as an initial step of full scale roller rig
development. Because the project of the full scale
roller rig has never been started, the first scaled
roller rig became a basis for all future roller rig
testing at the CTU. The rig has been improved and
updated many times, where the design changes
were specifically performed mainly according to
the objectives of the projects in which the rig was
used. The first major modification came during the
first half of the 90’s, when the rig was completely
rebuilt to a 2-axle type configuration (Fig 2). The
experimental two-axle bogie had a wheelbase of
714 mm, track gauge of 410 mm and wheels di-
ameter 263 mm. This corresponds to a wheelbase
of 2500 mm and 920 mm wheel diameter for real
standard gauged vehicle [11, 12]. In the following
period the rig was not intensively used.

The new era of the CTU roller rig development
took place from 2005 together with the beginning
of experiments focused on the behaviour of the
wheelsets with independently rotating wheels
(IRW) and later with the experiments with active
wheelset guidance.
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Fig. 2. CTU roller rig after redesign
to 2 axle bogie stand

The main design changes were:

— Replacement of DC roller drives by 3-phase
asynchronous motors.

— Possibility to simulate a curved track.

— A system for measurement of wheel roller
contact forces.

— Actuated wheelset steering mechanism.

— Data acquisition system based on Matlab-
Simulink software.

The state of the CTU roller rig in the 2015 after
more than two decades of modifications is depicted
in Fig. 3. The rig is designed to carry out experi-
mentation with a roller revolution range up to
700 min™', corresponding to the full scale vehicle
speed of 230 kmh™. The CTU roller rig is not re-
stricted to perform experiments only for
a straight track, but it is capable also to simulate
negotiation of a curved track, or track consisting of
arbitrary number of straight, transition and con-
stant curvature sections.

The increasing demands on experiments carried
out and also the wear of the currently used test bo-
gie instilled motivation for the design of a new test
bogie which was designed, manufactured and put
into operation in 2015 [14].

Fig. 4 shows the CTU roller rig with the new
experimental bogie. This bogie does not corre-
spond to any specific bogie of a real vehicle. Its
design is based upon the goals of experimental re-
search. In order to achieve a high geometrical pre-
cision, most of the parts are made of aluminium by
CNC machining. In order to eliminate dry friction
and clearances, connections of mutually movable

components are realized by roller and linear roller
type bearings. The wheelsets can be quickly setup
to conventional or IRW type. Wheel profiles with
different taper grade in range from 1/40 to 1/5 are
available. The wheelsets are designed to accom-
modate individual wheel drives in the future.

Fig. 4. The new test bogie at the CTU roller rig

The bogie has no primary suspension and the
wheelsets can move only in the yaw direction to-
wards the bogie frame. Each wheelset is independ-
ently actuated by an active controlled mechanism
(Fig. 5). The actuator is a permanent magnet syn-
chronous servomotor M408S (item 1) with rated
torque 2.5 Nm. It can be controlled to the desired
magnitude of yaw torque acting on the wheelset, or
to a desired value of yaw angle between the wheel-
set and the bogie frame. The actuator torque is
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transmitted via the toothed belt (item 2) to a steer-
ing rod (item 3) and finally by two pairs of link-
ages (item 5) to the wheelset.

Fig. 5. Actuated wheelset steering mechanism

Findings

The CTU roller rig is utilized both for educa-
tion and research purposes. Regarding education,
the CTU roller rig serves not only to demonstrate
fundamentals of railway vehicles running dynam-
ics and to teach students measurement of various
physical quantities, but students are also involved
in the rig development. Many of its parts and sub-
systems were designed in lieu with student di-
ploma works.

With regards to research, the CTU roller rig is
utilized for projects focused on running dynamics
of both conventional and IRW wheelsets and could
be divided to the three main areas:

— Improvement of high speed stability.

— Improvement o curving behaviour.

— Improvement of guiding properties.

First two points relate mainly to the running
gears with conventional wheelsets, whereas the
third point concerns IRW. As an example two
types of experiments are shown.

Radial steering of conventional wheelsets. To
confirm roller rig capability for curved track simu-

lations and to test system for wheel roller contact
forces measurement, roller rig experiments focused
on radial steering of conventional wheelsets were
performed [13].

The simple control law was applied by setting
required yaw angle between wheelset and bogie
frame proportional to the radius of negotiated
curve. Experiments with varying curve radii and
varying yaw angles between wheelsets and bogie
frame were performed. Influence of the wheelset
yaw angle to the quasistatic mean value of lateral
component of the wheel rail force (Y-force) was
studied. Fig. 6 shows an example of Y-force time
development obtained by one test run.

Lateral force Y12
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Fig. 6. Curve passing test at the roller rig — measured
data y ... yaw angle of the wheelset towards
the bogie frame Y ... lateral component
of wheel roller contact force

In accordance with the CTU scaling strategy,
the parameters of a virtual bogie were calculated.
This virtual bogie is a full scale representation of
roller rig test bogie. The MBS software Simpack
was used to build a computer simulation model of
the virtual full scale bogie and perform simulations
of curve negotiation. The radius of the curve vas
150 m and the vehicle speed was set up to 35 km/h.
To obtain similar conditions as we are able to sim-
ulate on the roller rig, the lateral acceleration was
fully compensated by rail superelevation and the
friction coefficient set up to 0.3. Different respec-
tive wheelset steering angles were set up and the
mean value of Y-force on the outer wheel of the
leading axle was observed.

Fig. 7 compares Simpack simulation results
with the roller rig measurements. Considering the
differences in a vehicle behaviour on a roller rig
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and on a track and scaling issues, the experimental
and MBS model results show good agreement. The
results confirmed possibility of curved track ex-
periments on CTU roller rig and expected
Y-forces reduction by actuated wheelset steering.

* Roller rig experimental data

Influence of wheelset steering on Y forces
R150 m
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Fig. 7: Dependency of Y force mean values
on yaw angle of wheelsets

Hunting motion stabilization by active con-
trolled wheelset guidance. The concept of active
control is based on adding sensors,
a controller and actuators to the existing mechani-
cal system. Sensors observe the system and pro-
vide the information about its current state to the
controller. Based on sensors signals the controller
computes driving commands for the actuators
which then influence the system behaviour by ap-
plying corresponding forces or torques. It is gener-
ally agreed that by utilization of such system in
a vehicle suspension superior properties over a
conventional passive vehicle could be achieved.

Most of the experiments conducted at the CTU
roller rig over the last several years were focused
on utilization of active control in a primary suspen-
sion and wheelset guidance. Different control
goals, control strategies, controller complexities
and sensor instrumentations were tested. As an
example the implementation of the «Active yaw
dampingy is shown [16].

Wheelset stabilization is commonly achieved
by linking two wheelsets to the bogie frame via
primary suspension. This stabilizes the wheelset
but also deteriorates the curving performance. The
demand of higher operating speeds usually requires
stiffer primary suspension, whereas improvement
in the curving performance requires primary sus-
pension softening and vice versa. Thus a design of
a railway vehicle running gear is always based on
tuning suspension parameters and the inevitable
compromising between curving performance and

high-speed stability. Applying the «Active yaw
damping» method, high speed stability can be
achieved without deterioration of curving perform-
ance by increasing a yaw stiffness of the primary
suspension. This method is based on introducing
controlled yaw torque acting between a wheelset
and a bogie frame. The torque value is proportional
to the lateral velocity of the wheelset.

The system of active yaw damping was imple-
mented as a functional test of the new experimental
bogie [15]. Lateral positions of wheelsets were
directly measured by contact position transducers,
the output signal of which is sent to the analogue
inputs of an I/O card installed in a standard PC.
Then the signals were filtered, differentiated, and
further processed to obtain wheelsets lateral veloci-
ties. All the signal processing is executed in a real
time using Matlab Simulink software and its real
time toolbox. The controller output is in the form
of two voltage signals proportional to required ac-
tuator torques. Those signals are in a sampling rate
of 200 Hz sent via analogue output of the I/O card
to the analogue inputs of inverters, which control
wheelset steering actuators.

Fig. 8 shows measured lateral positions of both
wheelsets during a roller rig test. It can be seen,
that once active yaw damping control is switched
on (from 15 to 66 s) both wheelsets run in the cen-
tre of a track, whereas without active control
wheelsets exhibit heavy hunting.

=]

Fig. 8. Time development of wheelsets’ lateral position

Originality and practical value

Active control employed throughout today’s
railway vehicles are mainly utilized in partial sub-
systems such as, drive control, wheel slide protec-
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tion, heating and ventilation, etc. The direct impact
of electronics and control systems on the vehicle
running dynamics is on railway vehicles in regular
operation limited to the vehicles with tilting body
and rare usage of semi-active dampers. In contrast
to this, for aircrafts or motorcars, the electronics
has fundamentally higher impact on basic func-
tional properties. Practically each of today’s mili-
tary or passenger aircraft are equipped with so
called «fly-by-wire» technology that fully controls
flight dynamics. Also motorcars are commonly
equipped with advanced drive-assistance electronic
systems. This technological lead can be attributed
to long-term operational life of railway vehicles in
comparison to motorcars or aircrafts. It can be as-
sumed that also on railway vehicles the utilization
of the electronics and control concepts will in-
crease with time. Further, the utilization of control
concepts that directly influence running dynamics
and interaction between the railway vehicle and the
track can be expected.

Thus, scaled roller rig experiments plays an
important role in the research of active control of
railway bogies conducted at the CTU.

Conclusions

The CTU roller rig and its experimental bogie
provide the possibility of laboratory tests featuring
most of the applicable actuation schemes at the
primary suspension and the wheelset guidance lev-
el. Besides standard displacement, acceleration,
torque and force sensors, the bogie is equipped
with measurement of forces between axleboxes
and the bogie frame. Furthermore, Y forces meas-
urement implemented on the rollers allows not on-
ly to study running dynamics of active controlled
railway bogie, but also to test its influence to the
magnitude of wheel-rail contact forces and conse-
quent wear of the wheels and rails.

Despite the increasing accuracy and reliability
of computer simulations, vehicle testing is still un-
avoidable part of the process of a vehicle develop-
ment and homologation. Long term experience at
the CTU shows that testing on
a scaled roller rig is an outstanding way to verify
computer simulations results without high costs.
Despite of the technical and legislative issues the
utilization of active controlled wheelset guidance is
regarded as a promising design solution for the
railway vehicles in the future. Research in this area

is certainly not finished and CTU indeed plans to
progress it further, where scaled-roller rig testing
will definitely play a vital role.
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CTEHAOBI KATKOBI BUIIPOBYBAHHS
B YECBKOMY TEXHIYHOMY YHIBEPCUTETI

Meta. Xoua J0CArHEHHs B 00JIacTi TEXHOJIOTIT KOMIT'IOTEPHOTO MOJIEIIIOBAHHS JI03BOJISIIOTH OTPUMATH JIOCUTh
HaJidHI pe3yJbTaTH MOJEIIOBAaHHS, HATypHI BUIPOOYBaHHS [OCI T'PalOTh ICTOTHY POJb y TPOLECi PO3pOOKH
i ceprudikamii Oyab-sIKOro 3aJli3HUYHOI0 TPAHCHOPTHOTO 3aco0y. 3 iHIIOro OOKy, NUISIXOBI BUNPOOYBaHHS 3aje-
JKaTh BiJf IOTOJHUX YMOB, iX Ba)KKO OpraHi3yBaTH i BOHM HE MiIXOMATH U BUIPOOYBAaHHS TPAHCIOPTHUX 3aCO0IB
Yy KpUTHYHHMX cuTyauisx. Ha kaTkoBoMy cTeHAl BHUNPOOYBaJbHUI TpaHCIOPTHHH 3acid  (ikcyeTbes
B MO3I0BXHBOMY HANPSMKY, a 3aMiCTh 3aJi3HHYHOI KOJil BUKOPHUCTOBYIOTECS 00epToBi ponmku. Take mpucrocy-
BaHHS JIa€ MOKJIMBICTb NPOBECTH AWHAMIYHI BUIIPOOYBAaHHSA XOJOBUX XapPAKTEPUCTHK PEHKOBUX TPAHCIIOPTHHUX 3a-
co0iB y Oe3rneyHOMy Ta CTaOlIbHOMY J1a0OpaTOpHOMY CepefoBHII. MeTa CTaTTi: AOCIIIUTH Ta ONUCATH CTEHIOBI
KaTKOBI BUIPOOYBaHHS Ha KaTKOBOMY cTeHAl B Uecbkomy TexHiuHomy yHiBepcuteri (UTY) B IIpasi. Meroauka.
B crarri mokasana icTopis  pO3BUTKY MacimutaboBaHOro KkarkoBoro creHny UTY, mnounHaroun
3 paHHIX eTamiB 1 JJO MOTOYHUX MPOEKTIB, B SIKKX BUKOPHCTOBYEThCs KaTtkoBuil ctena UTY. JlokinanHo onucaHi ai-
1041 KOHCTPYKIii €KCIIEpUMEHTAILHOTO Bi3Ka, KATKOBOT'O CTEH/LY, JaTUYMKIB 1 IPUIIAJIiB, @ TAKOX THITIB EKCIIEPUMEH-
TiB, IO TIPOBOZATECA Ha KaTkoBoMy cTeHai UTY. Pe3yabTaTu. JloBeA€HO HEIOMYCTUMICTh HEXTYBaHHS BiIMiIHHOC-
TSAMH B TOBEIIHII TPaHCIIOPTHOIO 3aco0y Ha 3alli3HMYHIN KOJIiI Ta MaciTabOBaHOI MOJeli Ha KaTKOBOMY CTEHII.
MacmtaboBani BunpoOyBaHHS Ha KAaTKOBOMY CTEHII € BiTHOCHO HEIOPOTHUM CIOCOOOM Uil TepeBipKH
1 AeMOHCTpaLii pe3yabTaTiB KOMIT'IOTEPHOTO MOJICJIIOBAaHHS. BOHM 0CO0IMBO KOPHUCHI IS TIEPEBIPKH MOJIETIFOBaHHS
6aratomonynpauX cucteM (BMC) abcomroTHO HOBHX KOHILENIH X010Boi yacTuHH. HaykoBa HoBu3Ha. Jlocmimxke-
HO, 10 B JaHWH 4ac kaTkoBHH creH] y UTY BUKOPHUCTOBYETHCS Uit BUIIPOOYBaHb i3 aKTUBHUM KOHTPOJIbOBAaHUM
KEepyBaHHSIM KOJICHOI mapu. 3riJJHO 3 pe3yJbTaTaMh MOJIEIOBAHHS, OMyOJIIKOBAHUMU B 0arathoX poboTax, Taki
CHCTEMH IPOIIOHYIOTh, B PUHIMII, O1JIbII BUCOKY IPOAYKTHBHICTD y NOPIBHSHHI 31 3BUYaifHIMH ITAaCUBHUMH TpPaH-
copTHAMHU 3acobaMu. OHAK BUKOPUCTAHHA 1 TECTYBAHHS aKTHBHOTO KOHTPOJIOBAHOTO YIPABIIHHS KOJICHOI Tapu
Ha TPaHCIIOPTHHUX 3aco0ax i paHime pinko 3ycrpivanocs. Karkosuit creny UTY ciry>KUTh B SIKOCTI IHCTPYMEHTY IS
NepeBipKM KOMI'IOTEPHOTO MOJENIOBaHHS Ta JIEMOHCTpAlli MepeBar akTHBHOTO YHPABIIHHS KOJICHOT MapH.
IMpakTHyna 3HaynMicTh. BunpoOyBaHHs, npoBeneHi Ha kaTkoBoMy crenai UTY, miaTBepmaKyloTb MOXIUBICTH
ICTOTHO BIUTMBATH HA AWHAMIKY X0y 3aJi3HHYHOTO TPAHCIIOPTHOTO 3ac00y 3a ITOTIOMOTOI0 aKTHBHOTO KOHTPOJIBO-
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BaHOTO YIPaBIiHHSA KOJICHOI mapu. Taka KOHIEMIIis MOKe PO3TIIAAATUCS B SKOCTI MOKIIMBOTO 1 IMOBIPHOTO TiIXO-
Jly TIpH pOo3po01i X0A0BOi YaCTUHHM MalOyTHIX 3ali3HUYHUX TPAHCIIOPTHUX 3aCO0IB.
Kniouosi cro6a: KaTKOBUH CTEHIT; aKTHBHHAN KOHTPOJIB; YIIPABIIIHHS KOJIICHOI Mapw; MEXaTPOHHUH Bi30K
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CTEHAOBBIE KATKOBBIE UCIIBITAHUA
B YEHICKOM TEXHUYECKOM YHUBEPCUTETE

Hean. XoTs q0CTHXEHHS B 00JIaCTH TEXHOJIOTHH KOMITBIOTEPHOTO MOJIEITMPOBAHMS MTO3BOJISIOT MOJYYHTh BECh-
Ma HaJCKHbIE pe3yJIbTaTbl MOJEIMPOBAHUSA, HAaTYpHBIE HCIBITaHUS 1O CUX MOP WUIPAKOT CYLIECTBEHHYIO POJb
B IpoIecce pa3pabOTKU U cepTUGUKAIMH JTF000TO KEJIE3HOJOPOKHOTO TpaHCIOpTHOTO cpeacTBa. C Apyroi cTopo-
HbI, IIyT€BbIE UCIBITAHUS 3aBUCAT OT IOTOJHBIX YCIOBUH, UX TPYJHO OPraHMU30BATh U OHU HE MOAXOIAT VISl UCIIBI-
TaHUsI TPAHCHIOPTHBIX CPEIACTB B KPUTHUUECKUX cUTyauusx. Ha KaTKOBOM CT€HJE UCHBITHIBAEMOE TPAHCIOPTHOE
CpencTBo (huKCHUpyeTcs B MPOJOIFHOM HAIIPABICHUH, a BMECTO KeJIE3HOJOPOKHOTO MyTH MCIOIB3YIOTCS Bpalaro-
myecs pojuky. Takoe mpucrocoOsieHne JaeT BO3MOKHOCTD IPOBECTH AMHAMUYECKHE MCIBITAHUS XOJIOBBIX XapaK-
TEPUCTHK PEJIbCOBBIX TPAHCIIOPTHBIX CPEACTB B 0€30MacHON M cTaOMIbHOM JabopaTopHoii cpene. Llenb craTtbu: uc-
CIIeJ0BaTh U OIMCATh CTEHIOBBIE KATKOBBIE MCIIBITAHHS Ha KATKOBOM CTEHJE B UEIICKOM TEXHHYECKOM YHUBEpPCHU-
tere (UTY) B Ilpare. MeToauka. B craThe moka3zaHa MCTOPHUS Pa3BUTHS MaCIITA0MPOBAHHOTO KaTKOBOTO CTEH/A
YTV, HauuHas ¢ paHHUX ITAlOB U J0 TEKYLUX IIPOEKTOB, B KOTOPBIX MCIONb3yeTcs KaTkoBbid creHy UTY. Ilox-
POOHO OIMCaHBI NEHCTBYIOMNE KOHCTPYKIIMHA YKCTICPUMEHTAIBHON TENE)KKH, KATKOBOTO CTEH/A, TaTINKOB H TIPH-
00pOB, a TaK)Ke TUIIOB KCIIEPUMEHTOB, IPOBOJUMBIX Ha KaTkoBoM creHze UTY. PesyabTartsl. JlokazaHa Hemomyc-
TUMOCTB TIPEHEOPEKEHUS PA3NINIUSIMHA B MMOBEICHAH TPAHCIIOPTHOTO CPENCTBA HA KEIE3HOJOPOKHOM ITyTH U Mac-
mradbupyeMol MOJIeNT Ha KaTKOBOM cTeHJie. MacutabupyeMble HCTIBITaHUS Ha KATKOBOM CTEHJE SIBIISIFOTCSI OTHO-
CHUTETIFHO HEIOPOTHM CIIOCOOOM JUI MPOBEPKH U NEMOHCTPAIMH PEe3yIbTaTOB KOMIBIOTEPHOTO MOJCITHPOBAHUS.
OHM 0COOEHHO IOJIE3HBI JJIsi IPOBEPKH MOJEIUPOBAaHUS MHOTOMOIYNBHBIX cucteM (MMC) coBepliieHHO HOBBIX
KOoHLenuuil xonoBoil yactu. Hayuynasi HoBu3Ha. Jloka3aHo, 4TO B HacTosIee BpeMs KaTKoBblil creng UTY ucnosb-
3yeTcs s UCTIBITAaHUM ¢ aKTUBHBIM KOHTPOJIUPYEMbIM yIIpaBlieHHEeM KoJIE€cHOM maphl. CorjacHo pesynbTaTaM Mo-
JIENIMPOBAHMSI, OITyOJIMKOBAaHHBIM BO MHOTHX paboTax, TaKWe CHCTEMBI IPENJIaraioT, B MpUHIHIE, 0oJiee BRICOKYIO
MIPOM3BOINTEIBHOCTh MO CPABHEHHIO C OOBIYHBIMH ITACCHBHBIMH TPAHCIOPTHBIMH cpencTBaMu. OJTHAKO MCIIOJIB30-
BaHHWE M TECTUPOBAHUE AKTHMBHOI'O KOHTPOJMPYEMOIO YIPABIIEHHUS KOJECHOW Hapbl Ha TPAHCHOPTHBIX CPEACTBAX
Ho-npexHeMy penko Bcrpeuaercs. KarkoBeid crenn UTY cioykuT B KauecTBe WHCTPYMEHTa MAJISI NPOBEPKH
KOMITBIOTEPHOI'O MOJEJIMPOBAaHUS W JAEMOHCTPAalUU NPEUMYIIECTB AKTUBHOIO YIPABIEHUS KOJECHOW Mapsbl.
IIpakTHYeckasi 3HAYUMOCTB. VcnibiTaHus, MpOBeIeHHbIE HA KaTKOBOM cTeHAe UTY, moaTBepk1at0T BO3MOXKHOCTh
CYILIECTBEHHO BJIMSATh Ha IMHAMHUKY XOJa KEJIE3HOAOPOXKHOTO TPAHCIOPTHOI'O CPEIACTBA C MOMOLIBIO AKTUBHOI'O
KOHTPOJIMPYEMOTr0 yIpaBIeHUs KOJIECHOM mapbl. Takas KOHLENIMA MOXKET pacCMaTpUBAThCS B KaueCTBE BO3MOXK-
HOTO W BEPOATHOTO MOIXOJA TPH pa3padOTKe XOMOBOH UYACTH OYIyMIHUX >KEJIe3HOJOPOXKHBIX TPAaHCIIOPTHBIX
CPENCTB.

Kniouesvie cnosa: kaTKOBBII CTEH]T; aKTUBHBIM KOHTPOJIb; YIPaBICHUE KOJIECHOM Mapbl; MEXaTPOHHAS TEJIEXKKA
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