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INTELLECTUAL MECHATRONIC SYSTEMS
WITH REMOTE COMPONENT INTERACTION:
STRUCTURE AND FUNCTIONS

GULAY 4.V.,ZAYTSEV V. M.
Belarusian National Technical University

Basic requirements to sensor and controlling tracts of mechatronic systems with the remote organization of object control
processes have been considered in the paper. A rational approach presupposes designing of the mentioned systems as multi-
channel technical complexes intended for parallel or quasi-parallel force-moment control of outlet mechanical links (motion
modules) by multiple coordinates of the required phase space. It has been shown that the use of digitizing principles and dis-
tributed data procession in mechatronic systems makes it possible to pass to the unified structure and typical set of software

and hardware functions of the aforesaid tracts.

The paper gives consideration to a structural and functional scheme of the mechatronic system which contains an intellec-
tual sensor device, a controlling center and an intellectual executive mechanism. The tasks that are linked with organization
of preliminary information procession and construction of the systematic interface for transfer of telemetric transactions
between controlled objects and the control center have been specified in the paper. Solution of a functionally full set of logi-
cally completed tasks is imposed to software and hardware tracts of the mechatronic system which is based on the above-

mentioned principles.
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The paper presents preliminary distribution of functions according to the system resources that is between an intellectual
sensor unit, a control center and an intellectual executive mechanism. One of the most important features is an informational
compatibility of the system components which is achieved owing to the use of unified transactions. The noise immune data
coding expands useful informational transaction volume to some actual volume. It has been shown that construction of tract
transfer and transaction reception in the intellectual mechatronic system on the basis of radio channels is considered as the
most complicated technical solution.

Keywords: intellectual mechatronic systems, components, structure, function.
Fig. 1. Tab. 1. Ref.: 9 titles.

HNHTEJVIEKTYAJIbBHBIE MEXATPOHHBIE CUCTEMbI
C TUCTAHIIMOHHBIM B3AUMOJENCTBUEM KOMIIOHEHTOB:
CTPYKTYPA U ®YHKIIMHN

Jlaypeam I'ocyoapcmeennoii npemuu BCCP, kano. mexu. nayx, ooy. I'VJIAH A. B.,
Kano. mexu. nHayx, ooy. 3SAMITEB B. M.

KBenopycckuii nayuonanvhblil mexHuvecKull yHugepcumem

E-mail: is@bntu.by

ITpoananu3upoBaHbl 6a30BbIe TPeOOBAHMS, NPEIBABIAEMbIE K CEHCOPHBIM U YIPABIISIONUMM TPAKTaM MEXaTPOHHBIX CHU-
CTEM C JUCTAHIMOHHOM OpraHM3aluel MpOIecCOB KOHTPOI U YIpaBiIeHHus: 00beKTaMH. PannoHa bHBIM MTOXOI0M SIBISIETCS
NIPOEKTHPOBAHUE YKAa3aHHBIX CHCTEM KaK MHOTOKAHAJIBHBIX TEXHHUECKUX KOMIUIEKCOB, PACCUNTAHHBIX HA TapajlIeNbHOe W
KBa3HIapauleIbHOE CUJIOMOMEHTHOE YIPABICHUE BBIXOAHBIMU MEXaHHYECKHMH 3BEHBbSIMH (MOIYIAMH JBHUXKEHHS) IO MHO-
JKECTBY KOOpAMHAT TpebyeMoro ¢azoBoro mpoctpancTsa. [lokasaHo, 4To MPUMEHEHNE B MEXATPOHHBIX CUCTEMAaX IMPHHIUIIOB
mudpoBU3aLMK U pacnpeelIeHHOH 00paboTKM JaHHBIX MO3BOJISET NepedTH K YHHGHUIMPOBAHHON CTPYKTYpe M THIOBOMY
HaOopy (YHKLMI annapaTHbIX U IPOrPAMMHBIX CPEICTB YKa3aHHBIX TPAKTOB.

PaccMoTpeHa cTpyKTypHO-(YHKIMOHAIbHAS CXeMa MEXaTPOHHOM CHCTEMBI, COAepIKalleil MHTeIUIEKTyalbHOEe CEHCOPHOE
YCTPOHCTBO, HEHTP YNPABICHUS W MHTEIUICKTYaJIbHBIN HCIOIHUTEIbHBIN Mexanu3M. CriennuIupoBaHbl 3a1a41, CBI3aHHbIE
C OpraHm3aIueil npeaABapuUTeIbHON 00padb0TKN HHPOPMAIHHK U TOCTPOSHUEM CHCTEMHOT0 HHTepdelica mepenadu TeneMeTpu-
YEeCKHMX TPAaH3aKIUil MeXITy KOHTPOIMPYEeMBIMU OOBEKTaMH U LIEHTPOM yTpaBieHus. Ha anmapaTHsie 1 MporpaMMHbIE Cpe-
CTBa TPAKTOB MEXaTPOHHOW CHCTEMBI, IIOCTPOCHHONW HAa OCHOBE YKA3aHHBIX HPHMHIMIIOB, BO3JIAraeTcsi pelIeHHe (yHKIMO-
HaJILHO TIOJTHOTO Ha0opa 3aBEpIICHHBIX B JOTMYECKOM OTHOLIEHHH 3a/ad.

IpencraBneno mpeaBapuTenbHOE paclpenesieHne YHKIUHA 10 pecypcaM CHCTEMBI — MEXKIy MHTEIIEKTYalbHBIM CEH-
COPHBIM YCTPOWCTBOM, LIEHTPOM YMPABIECHHUS U MHTEIUIEKTyalbHbIM HCIIOIHUTENBHBIM MeXaHu3MOM. OIMH M3 BaKHEHIINX
ToKazartesel — HHPOpPMaIOHHasT COBMECTUMOCTh COCTABHBIX YacTeil CHCTEMBI — JOCTHTAeTCs 33 CUET MPUMEHEHHs YHUDH-
OUPOBAaHHBIX TpaH3akIuil. [loMexoycToiunBOoe KOIMPOBaHUE NAHHBIX PACHIMPSET IIOJE3HBIH MH(POPMAIMOHHBEINH 00BeM
TpaH3aKLMK [0 HEKOTOpOoro (akruieckoro obbvema. ITokasaHo, 4to Hambosee CIOXKHBIM TEXHHYECKUM DELICHHEM SBISETCA
MIOCTPOEHHE B MHTEIUIEKTYaIbHOM MEXaTPOHHON CHCTEME TPAKTOB Mepeiadl U MpHeMa TPaH3aKLHUi Ha OCHOBE PaMOKaHANIOB.

KuroueBrblie ciioBa: HUHTCJUJICKTYAJIbHBIC MEXaTPOHHbIEC CUCTEMbI, KOMIIOHCHTHI, CTPYKTYpa, q)yHKHI/IFI.

WUn. 1. Tabn. 1. bubnuorp.: 9 Hass.

Combination of radio electronic equipment, al-
gorithms of digital procession of information and
software makes it possible to create multifuncti-
onal mechatronic systems having a high level of
combination of fulfilled functions. A rational ap-
proach includes design of the said systems as mul-
tichannel technical complexes intended for parallel
or quasi-parallel force-moment control of outlet
mechanical links (motion modules) by multiple
coordinates of the required phase space [1, 2].
Within the frameworks of this approach basic re-
quirements have been analyzed to sensor and con-
trolling tracts of mechatronic systems with remote
organization of transactions. A structural and func-
tional scheme of the mechatronic system has been
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considered, which contains an intellectual sensor
device, a controlling center and an intellectual
executive mechanism. The full functional set of
tasks has been provided to be resolved with the aid
of hardware and software of the intellectual
mechatronic system.

Structural unification of intellectual mecha-
tronic systems having the remote organization
of transactions. At preliminary stages of design-
ning the mechatronic systems a basic set of certain
structural and functional requirements is formed.
In accordance with technical standard and legal
acts in the field of technical regulation these
requirements specify the following aspects of sys-
tems construction:

13


mailto:is@bntu.by

3./'leKmp0HHble cucmemosl

« composition and types of control objects;

« quantity of control coordinates in the phase
space and the required laws (types of trajectories)
of motion modules travel;

« speed and precision features of processes of
changing the location of working bodies;

« allowed parameters of control persistence;

« remoteness of objects from the controlling
center, types, supposed quantity and specifications
of channels of exchange between telemetry and
telematics transactions;

e radio interface for transmission of transac-
tions between controlled objects and the control-
ling center for provision of their remote interaction
and required probability and time rates;

« parameters of the expected mechanical, cli-
matic, electromagnetic and other destabilizing
impacts of the functioning environment onto com-
ponents of systems and methods of provision of
functional control of components;

e necessity of system protection from non-
sanctioned access to its resources, from falsifica-
tions and information obtrusion.

In practice, a wide spectrum of heterogeneous
requirements can rather hardly be satisfied in case
of a “concatenated” approach to design of systems,
when “appropriate” components are selected and
they are mutually linked at the place of application
in accordance with the preset requirements. Pre-
sently, this approach prevails during construction
of complex mechatronic systems. However, the
seeming economy and natural character of the syn-
thesis process of a specific system mostly lead
to conservatism of relations in its structure, and
this is accompanied with essential technical com-
plications along with possible modification of
the system itself and its individual components.
It should also be pointed out that in this case when
the mechatronic system is created, extra problems
are caused by its functioning reorganization.

An alternative approach includes design of
mechatronic systems as the single whole on the
principles of digitizing and distributed data proces-
sion. These principles have been known for a ra-
ther long period, but they have acquired a new
technical sounding due to development of relative-
ly cheap highly productive microprocessors in
mass production and elaboration of practical appli-
cations of the theory of digital procession of sig-
nals [3-5]. Presently, objective technical, algo-
rithmic and economical conditions exist for transi-
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tion to the unified structure and a typical set of
hardware and software functions of mechatronic
systems. A possible structure option of the intellec-
tual mechatronic system of the aforesaid type is
shown in fig. 1.

|
Control transactions
transfer tract Prc = |pac||| = |BPc ||| = [omMm
— — —
N H
TsB > ----—>|RcB
IEM =
7 | 35
| EGE)
Prc pre | <=|aDc||| ==|BPscl|||==|°~
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RcB [«—--- - <« TsB
I | ISU

Telemetric transactions
transfer tract

Fig. 1. Structural and functional scheme
of the intellectual mechatronic system
with the remote organization of transactions

Control processes in the structure under con-
sideration are directed for provision of the requi-
red laws of travel of the output motion modu-
le (OMM). The control center (CC) includes a pro-
cessor (Prc) which is intended for consolidated
procession and accumulation of the systematic in-
formation, solution of preset functional tasks and
elaboration of controlling impacts, fulfillment of
control procedures for components, as well as, if
necessary, for keeping and archiving the functio-
ning protocols. Besides, a transmitting block (TsB)
is included to the control center for output of con-
trol transactions and a reception block (RcB) for
input of telemetric transactions. Additionally, the
control center may include an operator’s console
and a visualization data block.

Remote multiparameter control of the motion
module is implemented with the aid of control
transactions and the intellectual executive mecha-
nism (IEM). The executive mechanism provides
transformation of transactions with digital control
vectors to analog, discrete and impulse signals of
the required axis motion or to changes of the mo-
tion module state in the phase space. The executive
mechanism includes a reception block, a processor,
digital-to-analog, digital-discrete, digital-impulse
converters (DAC, DDC, DIC, respectively) and
a block of power converters (BPC). In this case the
processor provides digital implementation of con-
volutions of the control vector digital signals and
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impulse specifications corresponding to the re-
quired transfer functions which determine the mo-
tion module control dynamics. So, purposive
movement of the aforesaid module is provided in
the system along with control of its position and
state with the aid of the feedback tract.

Remote multiparameter control of the current
position and the state of the output motion module
state in the feedback tract is carried out with the
aid of telemetric transactions and an intellectual
sensor unit (ISU). This unit implements processes
of preliminary digital procession of signals, which
define the current position and the state of the mo-
tion module, as well as their conversion to the con-
trol vector which is accompanied with a time sign.
A Dblock of primary sensor converters (sensors)
(BPSC) is introduced to the sensor unit, as well as
analog-to-digital, discrete-digital and impulse-digi-
tal converters (ADC, DDC, IDC, respectively),
a processor and a transmitting block.

With the aim of arranging the remote informa-
tional interaction wired channels, fiber-optic and
radio channels are used, and being so, the best
probabilistic and time specifications are obtain-
ned when two separate simplex channels are used.
The use of one simplex wired or radio channel in
the semi-duplex mode is allowed for control of
inertial objects (based on application of channel
separation in time and an access method with the
carrying frequency control [5, 6]).

Transfer of main processes of signals proces-
sion and other information to software and their
distribution by processors of the mechatronic sys-
tem makes it possible to build a unified highly sta-
ble structure which acquires the properties of adap-
tation to changes of the output motion module and
functioning modes, as well as possible modifica-
tions of types and functions of system components.
Standardization of digital interconnection interfa-
ces which at present is rather strictly observed by
developers and manufacturers of radio-electronic
equipment provides extra conditions for flexible
functional system conversions along with preserva-
tion of its general structure. Such a standardization
is achieved by means of selection of the required
composition of the aforesaid converters, a block of
sensitive components and respective modifications
of “soft components” — the programs for digital
procession of signals and data in processors.
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Distribution of a set of functions between
components of the intellectual mechatronic sys-
tem. Solution of the functionally full set of logi
cally completed tasks may be imposed on hardwa-
re and software of the mechatronic system tracts.
The following plan of their preliminary distribution
by resources of the system seems to be rational.

Intellectual sensor unit:

¢ digitization of analog, discrete and impulse
signals formed by sensitive components by taking
into account the a priori data on parameters of fre-
guency spectra of signals;

e provision of linearization, positioning, cali-
bration and metrological expertise of digital mea-
suring converters;

o primary digital procession of signals, including
digital filtration and required logical conversions;

e measuring information blocking along with
its “binding” to numbers of measuring channels in
a tract, formation of the controlling vector and its
representation in the telemetric transaction format;

o formation of a transaction imitation protec-
ting code with the use of a confidential parameter
for protection of the system from forgeries and
information intrusion [7];

e noise-immune transaction coding depending
on a priori data about statistical properties of radio
channels (the use of cyclic codes, Golay or Reed-
Solomon codes and others [8]);

e interleaving of transaction codes for protec-
tion from possible blocks (packs) of bit errors [8];

o transmission of telemetric transactions to the
control center.

Control center:

o reception of telemetric transactions from the
intellectual sensor unit to the control center and
reverse interleaving of transaction codes;

o withdrawal of the noise-immune code and
formal control of transaction correctness;

o formation of the transaction imitation protec-
tion code with the use of a confidential parameter
and check of authenticity;

e sensor information unpacking along with al-
location of numbers of channels, results of parame-
ters control and time marks in the atomic view;

¢ notional information procession, its accumu-
lation, if necessary — data visualization, generation
of controlling impacts on the output motion mo-
dule by phase space coordinates;
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e controlling information binding along with its
“binding” to control tract channels numbers, for-
mation of the control vector and its representation
in the telematics transaction format;

o formation of the transaction imitation protec-
tion code with the use of a confidential parameter
for motion module protection from forgeries and
information intrusion;

e noise-immune transaction coding and inter-
leaving of transaction codes;

o transfer of transactions to the intellectual
executive mechanism.

Intellectual executive mechanism:

e reception of telemetric transactions from the
control center to the executive mechanism and re-
verse interleaving of transaction codes;

o withdrawal of the noise-immune code and
formal control of transaction correctness;

o formation of the transaction imitation protec-
tion code with the use of a confidential parameter
and check of authenticity;

e controlling information unpacking along with
allocation of numbers of channels, controlling pa-
rameters and time marks in the atomic view;

e controlling information procession and its
distribution by channels preset in a transaction;

e physical reproduction of analog, discrete and
impulse signals and impact on the required acces-
sories of the output motion module with the aid of
corresponding power converters.

Tasks of the intellectual mechatronic system
may be expanded due to introduction of software
implemented adjustment functions and changes of
system parameters, testing and periodic control
of equipment. Informational compatibility of sys-
tem components is achieved owing to application
of unified transactions. A possible logical structure
of telemetric and telematic transactions is shown
in tabl. 1.

Table 1
Logical structure of telemetric and telematic transactions

Systematic identifier . Current
. Transaction .
of telemetric tvpe transaction
(telematic) tract yP number

Channel number Parameter type | Binary time code
Binary parameter code
Channel number

Binary parameter code

Parameter type | Binary time code

Imitation protecting code
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When 16-digit processors are used, identifying
information representation in the service heading
of the transaction may in principle be limited with
three logical fields, and it may have the total length
of 32 bits. In case of introduction of extra attri-
butes, including the address fields for operation in
the network mode, the heading may be expanded
up to 64 bits. Usually, 32 bits are enough for loca-
tion of the transaction imitating protection code.
Representation of information about one parame-
ter in a transaction can be provided with the aid
of three logical fields having the total length of
48 bits. When the total useful informational vo-
lume of information is equal to nyy = 1040 bits,
the mechatronic system is capable of controlling
by 20 coordinates of the phase space, what com-
plies with the contemporary requirements [1, 2].

The noise-immune coding expands the useful
informational volume of n;; transaction to some
actual volume n. Block codes for correction of er-
rors are usually shown as triplets (n, k, d), whe-
rein n is the actual volume of the code combination
of a single block; k is the number of informational
bits in the code combination of a block; d is the
minimum Hamming distance between various
cody combinations. The repetition factor of errors t
to be corrected by means of a code shall be deter-
mined by the ratio (d — 1)/2. In case of the speed of
errors P, in channels of transactions transmission
and reception tracts selection of the noise-immune
coding is the most important task of the systematic
interface design.

In case of the symmetric channel model the fol-
lowing criterion ratio must be provided from each
transaction block:

(1= Per)" + CoPerr(1 = Perr)"™ + Co’Per”(1 = Per))™™ +
+...t Cntperrt(l - Perr)n_t > (Pauth)llelr

wherein P,y is the required authenticity of transfer of
telemetric and telematic transactions (usually at
the level of 0.990-0.999); Ry = Syp(nindk) — quanti-
ty of informational blocks with the account of noi-
se-immune coding a s a part of transactions. The ac-
tual volume of the transaction is determined by the
ratio Ny = NRy;, and the actual volume of the transac-
tion informational block after its noise-immune co-
ding is set by the product n = K(eq, Wherein Qyq is the
factor of noise-immune code redundancy.

As a matter of fact, rational solution of the non-
linear multi-parameter task should be found, and
an option of the noise-immune coding should be
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selected, which will, if possible, maximize the vo-
lume k in case of observance of the criterion corre-
lation. For example, the (24; 12; 7)-expanded
Golay code provides detection and correction
by 3 errors in an informational block consisting
of 12 bits with the redundancy factor Qg = 2.
However, in case of this code redundancy factor
for noise-immune transfer of 1040 transaction
bits with authenticity 0.99 the actual transfer of
87 blocks will be required with the total volume
of 2080 bits with authenticity of transfer of every
block not below 0.9999. Construction of a more
preferable cyclic (63; 45; 7)-code is possible which
also provides detection and correction up to
3 errors, but the informational block of such a code
consists of 45 bits with the redundancy factor Qe =
= 1.4. In this case for the noise-immune transfer
of 1040 transaction bits with authenticity 0.99 the
actual transfer of 24 blocks will be required with
the total volume of 1512 bits with authentic trans-
fer of every block not below 0.9996.

Construction of transactions transfer and recep-
tion tracts in the mechatronic system on the basis
of radio channels is the most complicated technical
solution. Radio channels have rather high speeds
of errors with the values P, = 0.0100-0.0005,
whereas wired and fiber-optic channels have
speeds of errors Pg, = 0.000100-0.000001 and
even lower values. Radio channels of the ultra
short wave range in the permitted frequency bands
(146-174 and 380-470 MHz) provide the nominal
speed of digital information with the use of the
guadrature QPSK-modulation on the level of
9600 bits/s [6, 9, 10]. The estimated time of trans-
fer of transactions constituting 0.2166 and 0.1575 s,
respectively, for the considered coding options
essentially determines signal delay and system lag.

Practical construction of mechatronic system
with the unified structure and distributed infor-
mation procession is mostly related to establish-
ment of software for the control center processors,
the intellectual sensor module on the basis of the
methods and regularities of the automatic control.
Design of intellectual mechatronic systems also
requires rational construction of the systematic
interface which essentially influences probabilistic
and time properties of the established units.

CONCLUSIONS

When intellectual mechatronic systems are
formed, a basic set of certain structural and func-
tional requirements is formed, which specify main
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aspects of construction of these systems. Their de-
signing as the single whole on the principles of
digitizing and the distributed data procession is
a rather productive approach to establishment of
intellectual mechatronic systems. Solution of a
functionally full set of logically completed tasks
is imposed to software and hardware tracts of the
mechatronic system based on the aforesaid princi-
ples. This work shows preliminary distribution of
functions by the system resources — between the
intellectual sensor unit, the control center and the
intellectual executive mechanism. One of the most
important features includes informational compati-
bility of system components which is achieve
owing to the use of unified transactions. The noise
immune data coding expands the useful informa-
tional transaction volume to some actual volume.
It has been shown that construction of transactions
transfer and reception tracts in the mechatronic
system on the basis of radio channels is the most
complicated technical solution.
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COBEPHIEHCTBOBAHHUE 3KCHEPTHOI'O AHAJIU3A
JOPOKHO-TPAHCITIOPTHBIX TPOUCIHECTBUH
C NIOMOIIBIO KOMIIBIOTEPHBIX TPOTPAMM MOJEJIUPOBAHUSA

Kanouoamuvl mexu. nayk, ooyenmol A3EMll!A C. A., IT'AJIYIIIKO B. H.,
oou. CKHPKOBCKHH C. B.

Benopycckuii 2ocyoapcmeennulii ynusepcumem mpancnopma

E-mail: s-azemsha@yandex.by

CylIecTBYOIIIEe METOAUKA NMPOBEICHUS aBTOTEXHUYIECKOW SKCIIEPTH3HI MPEIIONIaraloT BEIOOP HEKOTOPBIX MapaMeTpoB
Ha OCHOBE MHTYWULIMU U OMbITa dKcHepra. Takxke NMpU ONpeNesieHUH 3aMeUIEHUs] HE YYUTHIBAIOTCS MapKa TPaHCIOPTHOIO
CPEJIICTBA U CTENEHb €r0 3arpy3Ku, JOPOXKHbIE yCIOBHs. B mporecce aHanu3a ycTaHOBIEHO, UTO NPUMEHEHHUE CIIELUAIbHOTO
[IPOrPaMMHOTO 00ECIIeUeHHUs MO3BOISIET 3HAYUTEIBHO HOBBICUTH 3 (PEKTHBHOCTD BBIIOIHIEMBIX paboT 110 PELICHHIO TOCTaB-
JICHHBIX 33124, YCKOPSIET MPOIECC PacueToOB, B KAYCCTBCHHOM ILJIAHE YMEHBIIACT BEPOSTHOCTH OMMHOOK apU(PMETHUECKOTO
XapakTepa U J1aeT BO3MOKHOCTb BH3YyaJIM3allMd PEe3yJIbTAaTOB IPOMU3BEIEHHOIO HCCIEIOBaHMS. Y CTAaHOBJIEHBI BO3MOKHOCTU
HCTIOJIE30BaHUS PA3IMYHBIX MOJICINICH Ul TUHAMIYECKOTO MOJICIHPOBAHMS JIBHIKCHHS U CTOJIKHOBCHUI aBTOMOOWIICH (B BH-
Jie TpexMepHoit Moaenu). [Ipu 3ToM yuuThIBatOTCS 0COOCHHOCTH TEXHUYECKOTO COCTOSIHUS aBTOMOOMIIEH U 3arpy3KH, COCTO-
SIHHE TIOBEPXHOCTH JJOPOIKHOTO TOKPBITHS, @ TAKXKE AUHAMHIECKOr0 0TOOpakeHUs1 peKoHCTpyupoBanHoro mexanusma J[TTI B
AKCOHOMETPUYECKOHN MPOEKIHHU, CO3JJaHHE BUICOPOJIUKOB C PACHOJIOKEHHEM KaMephbl B IIPOM3BOJILHOM TOUYKE MPOCTPAHCTBA!
Ha JIopore, 0004rHE, BO3BBIIICHHH, TBIDKYIIEMCS TPAHCIIOPTHOM CPENICTBE, BOAUTEIHLCKOM MECTE B TPAHCIIOPTHOM CPEJICTBE.

BeinosiHeHb! aHaaM3 BO3MOKHOCTEH MPOrpaMM MOJEIHMPOBAHUS TOPOKHO-TPAHCIOPTHBIX MPOMCIIECTBUNA, CTATUCTUYE-
CKMH aHaJIM3 3HAYMMOCTH OTIMYMN MEXAY pe3yJibTaTaMHU MOZEIMPOBAaHUS MIPU NOMOILHU pa3auuHbIX nporpamm. IlpuBeneHst
HMCXOJHBIE JJAaHHBIE U PE3yJIbTaThl pacyeTa CKOPOCTH JBMXKEHHUSI TPAHCIIOPTHOTO CPEJCTBA MO JJIUHE Ciiefja TOPMOKEHHUsI, MO-
JMy4eHHBIE ¢ MOMOIIbI0 mporpamM skcnpecc-ananmu3a JATII (kmaccuueckuii moaxox) u PC-Crash (yuuTeIBaroTcsi JOMOTHHU-
TeNbHBIE BIUAIONINE (HaKTOpPhI). B Xo/e uccnenoBanus pe3yabTaTOB MOJCITUPOBAHUS PUMEHSIEMOTO IIPOrPaMMHOT0 obectie-
YEHMsl BBISABJICH PsJ] HEJOCTATKOB, IOJUISKAIIMX J0pabOTKEe B aHAIM3UPYEMBIX HMPOrPaMMHBIX MpoaykTax. Ha ocHoBaHMK
NPOBEACHHOTO aHAJIM3a UCMONb30BaHus nporpamm MoaeiaupoBanus A TII npemyioxkeHo k mpakTuyeckoi paboTe MpUBIeKaTh
OTBETCTBEHHBIC M KOHTpoHpytomue opranbl (I"AN, skcriepTHBIE YUpeKACHUs, CTPaXxOBble KOMIIAHHUH) JUIS TIOBBIICHHUS 00b-
€KTUBHOCTHU PE3YJIbTAaTOB 3aKJIIOUEHHH.

KiioueBble cj10Ba: 10pOKHO-TPAHCIIOPTHBIE IPOUCIIECTBHUS, SKCIICPTHBINA aHAIN3, KOMIBIOTEPHAS IPOrpaMMa MOJIEIIH-
pOBaHHMSI.

Wn. 3. Tabmn. 1. bubmmorp.: 11 nass.
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