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6. IlonydeHHOE 3HAUYEHHWE HANPSDKEHUS TOJICTABUTH
B ypaBHEHHE [IUIACTUYHOCTH G, —G, =1f-0,, OTKyza

HAWTH G,,.

7. Ha ocHoBe ypaBHeHHA (5) B 3aBUCHMOCTH OT pac-
CMaTpHUBaeMON TEXHOJIOTMUYECKOM OTnepaluu, yCIoBUil ee
MpOBEACHUA U I'PaAaHUYIHBIX yCﬂOBI/lﬁ OIpCACIIUTL MTOCTO-
SHHYIO UHTerpupoBaHus C.

8. Ha ocHOBe moJIy4eHHOTO ypaBHEHHS! YCTAaHOBHUTH
BEJIMYMHY TONEPEYHON CHIIBI B Npeeiax BbIAEIEHHOTO
CeKTopa.

9. AHAIIOTUYHO ONPEANTH TOMEPETHBIE CHITBI BO BCEX
BBIJICTICHHBIX CEKTOPaX 3arOTOBKH.

10. Haiitu pe3ynbTupyloliee 3HAUEHUE MONEPEYHOM
CHJIBI ITyTE€M BEKTOPHOTO CIIOXKEHHS CHII, IEHCTBYIOIINX
B Ka)XIOM BBIJEJICHHOM CETMEHTE, 110 BCEH MOBEPXHOCTU
3arOTOBKH.

BoiBoabI

1. [onTBepxneH (GakT BOSHUKHOBEHUS MOMIEPEUHBIX
CHJI TIPY BBIITOJTHEHUH TEXHOJOTWYECKUX OINEeparuid 00-
pabOTKM METAIIIOB AABICHHEM.

2. IIpeaioskeH crmocod TEOPETUIECKOTO OINpeaeTICHIS
MOTIEPEYHBIX CHIL.

3. INopTrBeprkaeH (GakT BIMAHMA MONEPEYHBIX CHII Ha
LITAMIIOBYIO OCHACTKy, CJEIOBAaTENbHO, M IPECCOBOE
obopynoBanue. BeiencrBue 3Toro mnornepeuHble CHIIBI
JIOJKHBI YYUTBIBATHECS MPU IIPOEKTUPOBAHUH U DKCILTya-
TaMu 000pyJ0BAaHMS M IITAMIIOBOI OCHACTKH.

4. TpennoxeHHbIH HOBBIH CIIOCOO OIpeneIeHus Hc-
CIIEyeMBIX CHJ MOXKET OBIThb HMCIHOJIB30BaH Ha CTaJNU
MIPOEKTUPOBAHUS 00OPYIOBAHHS M OCHACTKH B KauecTBE
YTOUHSIOIIETO K CYIIECTBYOIIHM.
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MECHATRONIC SYSTEM CONTROL PROPOSAL USING
MATHEMATICAL EXPRESSION OF RELIABILITY VERIFICATION METHOD

Submission is concerned to complete information system about quality, operation, automatic testing and new evaluating method of vehicle sub-
system. Presentation of statistic significant group of tracing commercial cars is used. Data about operational parameters were taken from this
group. Numeric analysis is realised on the base of automatic collection and systematic recording of commercial car operation. Proposed new in-
formation system about operation and trial process allows verification according to proposed method. Critical components verified in laboratory
conditions are detected by numeric analysis of reliability. Trial method is described and also numerically compared in three levels. Quality level
increasing not only for final product, but also related automatic test laboratory for cars is the result of these principles respecting.
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endency to ensure car’s high technical and op-

erational parameters, and consequently success-

ful realisation of any difficult technical system
and mechanism comes out from perfect knowledge of
operational conditions, knowledge of operation - techni-
cal characteristics and parameters of own system. This
fact conditions to increase requests for technical level of
measurement, actual time of measure results, precision
of measurement results, possibility of measurement re-
sults processing, level of measurement automation i.e.
measurement as method of objective quantification of
physical values, or about relation between two or higher
number of physical values. Analysis of achieved results
from solving and car security area in whole scale of con-
nectivity and relations confirms, that the role of labora-
tory verification is not replaceable in new quality man-

agement system. Complete access problematic to the test
questions in new quality management system, continu-
ally to car production concept is getting necessary and
logic part of car production process and, as analysis of
development trends in car industry shows, effect of solu-
tion in testing automation has objective need [8].

It is necessary to concern about automation data
gathering about component operation mode in real con-
ditions. It is possible to define their reliability based on
gathered data about operating and component failure
accepting. It is possible to design device for test tracing
of components and test method after defining critical
elements.

This way to gather data about component operation,
as a difficult system is in accordance with science and
developing principles; by this we prevent un-controlled
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production of non-verified elements in industrial produc-
tion. Based on gathered data, it is possible to increase
component reliability and to reach higher level in
planned car production [1].

GEARBOX QUALITY PROBLEM

Current dynamic development of car industry, con-
tinuous increasing level of their technical parameters and
characteristics confirms continually whole process
speeding competition in the world.

Using the gearbox as a car decisive component is
limited also by complex access level to quality assur-
ance. Gearbox general function model and its accuracy
analysis is possible to realise based on present ways of
functional unit and devices accuracy. General accuracy
of function units is understood as quality of approach
function and operational dependencies, acted in mecha-
nisms to requested dependencies, for which these func-
tion units were constructed and are chosen [2].

From point view of gearbox utility, i.e. gearbox using
and ability, general criteria is its quality and its basic
intention, divided into:

— manipulation ability, if we evaluate it in aspect of
control and manipulation with gearbox within speed
striking,

— technologic ability, if gearbox is evaluated in as-
pect of use in car as mean of realisation of chosen drive
kind.

Problems with quality management

Today brings significant changes in product area, in
all industry forwarded countries. Understanding of
changes in quality is possible to characterise as a move-
ment from clearly technical soundness to integral prod-
uct quality. Product quality became significant criteria of
science and research effect and big productivity reserve
of common work.

This general definition of development in quality
field and objective need to continually increase quality in
application for cars, which reports to increasing require-
ments for high technical and operating parameters, re-
quires:

— to direct systematically all related actions, i.e. ar-
range questions of quality management to whole creating
process of gearbox

— to complex evaluate quality, which requires to use
quantitative evaluation

— to identify quality, i.e. to evaluate reached quality
level, which has basic importance to control whole creat-
ing process and innovation gearbox process

— to compare objective gearbox parameters with
comparable world level types directly by measuring of
chosen parameters, or indirectly by data from progres-
sive technical information.

Quality management is concerned as complex, if it is
expanded to all fields, which can have influence the final
gearbox quality, including user’s operation. This system,
which dominate today in all industry forwarded coun-
tries, leads to create conditions in flow pre-production,
production and after production activities by using ob-
jective methods for apply testing [6].

Analyse of reliability influence to profitability

and economic effect

Before analysis of gearbox reliability influence to
economic effect, it is important to realise basic ideas of
reliability theory and to check relation of coefficients
quantitative reliability to economic coefficient and effi-
ciency coefficient. Related basic ideas:

Quality of product is properties summary, expressing
ability to fulfil functions, for which it is dedicated. We
take into account also product economic coefficients, its
outfit by accessories, spare parts etc., as well as prem-
ises, which producer creates to provide services con-
nected to product use.

Reliability is general object attribute, reposing in
ability to fulfil requested functions with keeping of val-
ues for specified operational coefficients in specified
limits and in time according to technical conditions. Re-
liability is one of the most important groups of product
quality marks [7].

METROLOGICAL ASSURANCE

OF AUTOMATION TESTING

From point view of measuring accuracy technics for
test managing mechanism, it is necessary to look, that
measuring technical assurance is realised mostly on prin-
ciples of electrical measuring of non-electrical values
with appropriate automation measuring process level and
evaluating process. This concept of automatic measuring
systems creation is not secured very well in the metro-
logical way yet [3,4]. This field significantly documents
the current status, advance of technical practice before
readiness of metrological assurance. That is why it is
possible to define requirements needed to metrological
assurance at least of individual parts of automation
measuring system i.e. individual measuring strings used
in measuring and tests.

Measuring string structures

Measuring string — devices set intended to measur-
ing, transport and data processing about measured value
in general form represent sensor set, measures, measur-
ing instrument, converters, measuring channels, ana-
logue and numeric technical devices, computing devices,
sensors and registered devices attached to one function
unit in order to requested measuring, processing of data
about measured parameters. Measuring string block
schema is generally showed on fig. 1.

It is possible to characterise measuring string indi-
vidual blocks in the way of functions by this description:

1. input block — is created by sensors set, which scan
required measured parameters, ensure data entrance to
measuring string.

2. block of converters — ensure data processing from
entrance block to suitable form for following processing,
mostly to the numeric form.

3. pre-processing block — is used to data pre-
processing (check, filtration etc.)

4. processing block — ensure data processing by
specified algorithm, it is composed with suitable com-
puting devices including particular software.

5. Output block — ensure data output in required
form. Printers, recorders, control panels etc belongs here.
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Following memory device, where it is possible to store
reached data for following processing.

MUX | P,

J\ OUTPUT
-l/ DEVICE

PNt

ASS o P |

DATA PREPROCESSING
DATA PROCESSING

J\ MEMORY
-l/ DEVICE

OT
I

¥

USER'S
REQUIREMENTS

Fig. 1: Measuring string block schema: S;...Ss - sensors; MUX —
measuring switchers, multiplexer; P;...P; — analog-numeric convent-
ers; ASS — analog exekuting system

Measuring string does not have to contain all in-
volved parts, it is possible to drop some of them, or to
expire some parts and to complete according to require-
ments of concrete application [9].

Follow component results in running

Numbers of several speed degree exploitations are
written in table 1. After mathematic counting of individual
speed strikes, coefficient of exploitation has been stated
for individual speed as well as for all gear system. To em-
phasize difference, measuring results of both modes are
drawn to one graph 1. This result proves arguments of
earlier car abrasion in city traffic. Values are concreted.
After measuring results summary, it is possible to express
also gear mechanism use in percents. Result is in graph 1.

Table. 1. Control mechanism and speed degrees of 5 speed
degrees gerbox use

Geared speed Number of gear use coefficient f;

degree n [%] [%]
1 97555 20,4 8,49

2 114100 23,8 12,44

3 154050 32,1 26,06

4 91300 19,1 36,70

5 18805 3.9 15,80
R 3350 0,7 0,47

TOTAL 479160 100,0 100,00

Graph 1 analysis provide following data perfect
overview and is used as a base for development design-
ers team.

TECHNICAL MEANS OF AUTOMATION

TEST SYSTEM

The role of technical devices is getting important
meaning in accordance with increasing technical level of
developed devices and with motoring research trends, as
well as with high requirements and method severity of
their testing and evaluation [5].

Technical assurance of car components measuring, i.e.
difficult devices must fulfil these limits and conditions:

— tests technical severity on moving car with big lack
of place to install measuring and testing equipments to
the car require to apply measure signal remote transmis-
sion on analogue or discrete signal level,

— it is necessary to measure mechanical values by
transformation of physical parameter to electrical signal,
i.e. with measuring method of no electrical values by
electrical way. It is necessary to correct signal from sen-
sor and store it so that it will be available for direct proc-
essing, or for analyse,

— test system must be able to automatic function, i.e.
automatic scanning of measured values, their processing,
storing and editing in suitable form for next using,

— in tests realisation, there must be connectivity be-
tween gear mechanism movement and measuring system
control, that means test system must be automatic and
connected to test cycle managing via control inputs of
gear mechanism.

40,00
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10,00
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Graph 1: Control mechanism total use

Technical assurance and realisation of automatic test
system has a lot of technical and methodical problems
according to previous one. [11] We can mention these
problems:

— accessories to follow and check of classic parame-
ters is completely available from serial produced devices
and measuring technical,

— accessories to follow mechanical (non-electrical)
values, which are critical in term of utility attributes,

Presented one is considered and, for technical assur-
ance testing of control mechanism field, these directions
and goals were specified:

— to propose automatic test technics for mechanical
values group,

— to propose automatic test system to follow-up func-
tionality and reliability of gear mechanism

— to apply and propose computing technic hardware
accessories for its connection to automatic test systems
and propose idea of related software

— to specify testing methodology
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Configuration of automatic test system devices

and their connection

As a result from present possibilities and the most
necessary needs, configuration for ATS, which is drawn
in fig. 2 was proposed.

Contral Maonitar Contral
system "l system | »| mechanism
Sensorial Sensorial
system system

System bus l l

Fig. 2. Block schema devices ASS

Individual measuring equipments and control devices
are connected to control system by system bus, which
fulfil requirements for adaptability of devices configura-
tion for individual measuring and testing tasks and for
eventual configuration expansion [10].

Automatic test system project

It is possible to create concrete project solution of
automated test system accepting results reached by now,
according to fig. 3.
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Fig. 3. Insertion ASS schema

As it comes out from gear mechanism test conditions,
flyer system, evolve controller and starting clutch con-
nection is not needed.

These parameters are necessary to take into account
in speed degree gear (related to handle gear arm). This is
test condition in laboratory conditions:

1) control power of default F,, = 50N

2) control power of gear F, = 70N

3) path length by default ;, = 30mm

4) path length by operation I = 55mm

5) time of default sp = 1sec

6) operate of gear sy = 1 sec

Pneumatic rollers S| and S, do speed gearing process.
Double acting pneumatic roller S; assure pre-selection of
speed degrees directly at gear arm and double acting
pneumatic roller S, assure speed degrees gearing.

Motive system acts description

Algorithm of charging whole gear control mecha-
nism is specified by pneumatic rollers synchronisation.
One trial cycle is in table 2. It result speed degrees gear
process-graph 2. This material is base for control system
programming.

Gear mechanism trial process depends on its used
level. The base of test is to repeat speed degree gear
process. From 1 speed degree to 5 speed degree and in-
side out from 5 speed degree to 1 speed degree. Concrete
algorithm of test pass includes methodology part.

Table. 2. Pneumatic rollers synchronisation

Number Description Roler | Roler
of step M S
ACCELERATION
M ODE
1 Roler /. defaul 1. speed degree v’
2 Roler 2. gear 1. speed degree v’
3 Roler 2. moves gearbox to neutral v
position
4 Roler 2. gear 2 speed v
5 Roler 2. moves gearbox to neutral v
osition
6 Roler 1. moves gearbox to neutral| v
position
7 Roler 2. gear 3 speed degree v
8 Roler 2. moves gearbox to neutral v
osition
Roler 2. gear 4 speed degree v’
10 Roler 2. moves gearbox to neutral v
position
11 Roler [. defaults 5 speed v’
12 Roler 2. gear 5 speed degree v’
DECELERATION
M ODE
13 Roler 2. moves gearbox to neutral v
osition
14 Roler 1. moves gearbox to neutral| v
osition
15 Roler 2. gear 4 speed degree v’
16 Roler 2. moves gearbox to neutral v
osition
17 Roler 2. gear 3 speed degree v’
18 Roler 2. moves gearbox to neutral v
position
19 Roler /. defaul 2 speed degree v’
20 Roler 2. gear 2 speed degree v
21 Roler 2. moves gearbox to neutral v
position
22 Roler 2. gear 1 speed degree v
23 Roler 2. moves gearbox to neutral v
osition
24 Roler I. moves gearbox to neutral| v
position
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Graph 2. Speed degrees gear procces

RELIABILITY TRIALS METHODICS

PROPOSE

Automated reliability verifying and gear mechanism
life cycle is the goal of test.

It is necessary to change dimensions, eventually con-
struction nodes of least reliable elements before test. Test
methodology is deduced from the way of speed degree
gearing during car running. Speed degrees gearing flow
is introduced in previous part. The flow repeats always
the same way with aspect to chosen speed degree.

It is necessary to assure handle control power, path
length of default and path length of speed degree gear.
Gear mechanism lines effort by power intensity, which is
prescript in tolerances during car running and followed
construction nodes, ensure fulfil these conditions.

Whole system is specified to follow up gear mecha-
nism in aspect of car reliability during car running. From
table 1 is deduced that in aspect of number speed degrees
gears the most used is 3 speed degree (32,1 %), and
(26,06 %) in short path. 4 speed degree is geared in
small number (19,1%), but it is geared on longer path
(36,70 %). It is not possible to follow this reality in one
aspect, because:

a) if we want to follow results in aspect of number of
gears, than it is in gear mechanism field

b) if we want to look and follow the parameters
change in aspect of gear length, than problem elements
are gear-wheel, winches and their installing in gear box.

Test commerce car measuring results are base to pro-
pose the test method about control mechanism use in
aspect of number of individual speed gear. Graphl de-
ducing from table 1 shows the ratio of gear mechanism
use. This ratio must be keep during test and gear mecha-
nism test in number, what is used and record in tables.
Proposed ratio method seems to be the most suitable.

Ratio method

Ratio method comes from distribution of percentage
ratio elements use of gear mechanism during speed de-
grees gearing. Values of use from table 1 are the base of
distribution. Maximum level is reached when each com-
ponent of gear mechanism will be running by distribu-
tion in table one during follow-up. Mathematic interpre-
tation of number of gear z, in one level and trial process
is:

1 n n n n n
z,=—X ani+zn2i+zn3[+zn4[+2n5i >
u i=1 i=1 i=1 i=1 i=1

where: n;—ns — number of gear in u-level

u — dividing level of max. number of gear

z1~2zs; — number of gear of individual speed degrees

n — maximum number of speed degrees gear of re-
lated speed

Example: if we want to follow-up gear mechanism
element reliability in speed degree 5, then number of
individual speed degrees gears will be:

n;=97555/5=19511 times

ny =114100/ 5 = 22820 time

n3 =154050 /5 = 30810 time

ny=91300 /5 = 18260 time

ns=18805/5=13761 time

Ratio method data are in graph 3.
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©
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QL 123240 02. level
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40000 30810 %‘;;é
20000 19511 22520 18260 3761
. E
1 2 3 4 5

speed degree [-]
Graph 3. Testing according to ratio method by 5 levels

Use coefficient estimate exactness or gear mecha-
nism element reliability is higher, when dividing level is
higher. It is important to know, same number of gears
ratio in every level is kept in ratio method.

We can see on graph 3, that there is an area in the
bottom, which is showing ratio number of gears of speed
degrees of one level. Level 5 has 5 times smaller number
of gears in same ratio as a basic level. It is possible to fill
this area by trial in 2 ways:

1) vertical classification

2) horizontal classification

Vertical classification

The level of test according to vertical classification is
divided in sequence according to speed percentage use. It
means, that control program give command to gear speed
degree 5 and then 4, 1, 2, and 3 as the last one. It is be-
cause all gear mechanism elements would be follow-up
from the speed degree which use is the smallest.

We have the biggest chance, that we verify biggest
number of gear mechanism elements. We can see logical
flow of gear mechanism test in graph.

Mathematic total number of gear z,y in vertical clas-
sification, is expressed by relation:

ns ny n 1, ny
Zap SUX| D2+ D R DA D B D |,
= = =

J=1 J=1
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where: n;—ns5 — number of gear in u-level

u — dividing level of max. number of gear

z1~zs; — number of gear of individual speed degrees

Vertical classification is risky, because rest parts of
gear mechanism will stay untested for example by test-
ing 4 speed degree by failure.

This negative solves trial according horizontal classi-
fication.

180000 -
160000 +
140000 +
120000 +
100000

80000 -+

60000 +
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20000

19511 18260
il
0

1 2 3 4 5
speed degree [-]

total number of gears [-]

Graph 4. Level of test according to vertical classification

Horizontal classification

The test of gear mechanism elements by horizontal
classification is equable according to graph 5. All speed
degrees gearing are in phase one. After that, control sys-
tem gives command to test control mechanism from 4
speed degree. Test till 3 speed degree is done the same
way. It is gear separately from neutral position. We can
mathematically interpret the number of gears Z,y by
horizontal classification test like this:

ns ny m n

ny
A D EAED INED AP IENED LN
= i = = =

=

where: n;—ns — number of gear in u-level

u — dividing level of max. number of gear

z1~zs; — number of gear of individual speed degrees

Cycle is repeating after one level of test is finished
according to proposed method.

Slovak technical norms do not contain gear mecha-
nism test method of car. That’s why a space is given to
this part, which will be needed to improve according to
reached knowledge by test realisation.

CONCLUSION

The base for evaluation, formulate and parameters
assurance of technical level, running quality and car reli-
ability or its components, is knowledge of their technical
and running parameters and running conditions. It is
important knowing in operating mode, dynamic stress,
the way of operating and use during running.

Quality requirements are increasing also require-
ments to function models laboratory testing, their parts,
prototypes and their new components. This comes out of
facts.

Practise in foreign countries showed, and it should be
advise for us, that it is profitable to apply car problem
parts to development and research. This submission is
specified to increase quality level not only of final prod-
uct, but also to developing time by car automation test
and its technical accessories.
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Graph 5. Level of test according to horizontal classification
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YcoBepiieHCTBOBaHHE YIPABJIeHHSI MEXaTPOHHBIMH CHCTEMAaMH € IPHMEHEeHHeM MAaTeMaTHYeCKOI0 aNnapaTa Teopuu
NPOBEPKH HAEKHOCTH

B cmamve onucana co30annas uHGopMayuonas CUucmema, cooepircaujds OaHnvle no Kawecmay, QYHKYUOHUpo8anuio, AsmomMamusupo8aHHbiM
UCNBIMAHUAM U HOBOMY MemOoOy OYeHKU MpaHcnopmuoli noocucmemsi. Cucmema npomecmuposana Ha CMamucmu4ecku 8adcHol epynne Kommep-
YeCKUX 2py306uKos. B oanHom ciyuae Oblia UCNONb308aAHA UHGOPMAYUs 00 IKCIIYAMAYUOHHBIX NAPAMEmMpax npeocmasumeineti Mo cpynnoi.
Yucnennviil ananu3s @oinoIHeH HA OCHOBE ABMOMAMUUPOBAHHO20 COOPA U CUCMEMAMUYECKOU 3anUc UHGOPMayuu o pabome KOMMEPUECKUX epy-
306uK08. [Ipednodcennas Ho8aAsL UHPOPMAYUOHHASL CUCEMA OAHHBIX NO (DYHKYUOHUPOBAHUIO U UCHBIMAHUAM NO360J5em NPOo8epsmb HA0eHCHOCMb
6 coomeemcmeuu ¢ pazpabomanHol MemoouKoll. Jfemanu Mauu, Haxo0swuecs 8 KpUMmuieckoM COCMOosIHUU, BbISIGIEHHbIE 8 IADOPAMOPHBIX YCIO-
BUSIX, PACNO3ZHAIOMCA YUCTEHHLIM AHATU30M Hadexcnocmu. Onucana mMemoouKa UCnbImanull U ee YUcieHnoe Mooenuposane Ha mpex ypOGHsIX.
Pesynomamom pabomel A615emcsi He MOAbKO NOBbIUEHUE KAYeCmed 20MOo6oL NPOOYKYUU, HO U CO30AHHAS ABMOMAMU3UPOBAHHAS UCHbIMAMENbHAS

nabopamopusi 015 A8MomMoouIel.

KiawueBble cioBa: JTaHHBIC HSMCDCHI/Iﬁ, aBTOMaTHU3alnus I/ICHBIT&HI/II‘/’I, HOBasA METOI0JIOTH.
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A. I1. Ky3HenoB, KaHAUIAT TEXHUYECKUX HAYK, JOLEHT, VXKeBCKUI roCcyJapCTBEHHbIN TEXHUYECKUH YHUBEPCUTET

umenn M. T. KanamnaukoBa

K. U. 3aMaTHH, KaHAUIAT TEXHUIECKUX HayK, V)kKeBCKUil rocyJapCTBEHHBIH TEXHMYECKHI YHUBEPCUTET

nmenn M. T. KanamaukoBa

YCOBEPIIEHCTBOBAHHAS MOJEJIb CHHTE3A BAPUAHTOB
TEXHOJIO'HYECKOI'O OBECIHHEYEHUA CTPYKTYP-CTPATEI'NU
MNPOU3BOJACTBEHHbBIX CUCTEM MAIINHOCTPOEHUA

Pacawampu@aemc;z ycosepuiencmeosanHas Modenb cunmesa 8ApPpUAHMO6 MEXHONI02UYECKO20 obecneuenus cmpmeyp—cmpameemZ npoussod—
CMEBEHHbIX cucmem MautuHoCmpoeHusl. Paspa60maHHaﬂ MOOeb Modcem Oblmb UCNONIb308AHA npu Moz)epnua’auuu npOuSSO()Cm6€HHbZ)C cucmem,

a maxoice npu cmene HOMEHKIANYPHOU MOOeTU NPeOnPUAIUS.

KiawueBble cioBa: TIPOMBINUIEHHASA CUCTEMA, BapHUAHTBI CprKTyp-CTpaTCFPII\/'I, MOJECJIb CHHTE3A.

AIIMHOCTPOUTENBHOE TPEINPUATHE, OCYIIe-
CTBIISIIONICE XO3IHCTBEHHYIO ESTEIHHOCTD
B YCJIOBUSAX PBIHOYHOM KOHKYpPEHIMH, CTpe-
MUTCA MHUHUMU3ZUPOBATL 3aTparbl Ha IMPOU3BOJACTBO,
a TaKkke MaKCHMHU3UPOBaTh CBOIO IpuObUIL. BMmecte
C TeM, MO JaHHBIM acconuanuy «CTaHKOMHCTPYMEHT»,
MapK MexaHooOpaOaThIBAIOIET0 00OpYJOBaHMS, CO-
CTOSIIIMI TPEUMYIIECTBEHHO W3 OTEYECTBEHHBIX CTaH-
KOB, 32 TOCJIEAHNE 15 NeT mpakTHIecK:u He OOHOBISIICA,
COKpaTwicsS Ha | MJIH €IWHUII U COCTaBISET CETOTHS
OKOJIO TOJyTOpa MMWUIHOHa enuHHI. bomee 70 % cra-
HOYHOTO TIapKa JKCIUTyaTtupyercs cBbime 15-20 et
Y HAXOJUTCA Ha TPaHU MOJHOTO (PU3MYECKOTO H3HOCA,
a Gonpias gacTh u3 6onee yem 300 npennpustuii Poccun
HYXKJIAeTCs B MOJICPHU3AIMHU U auBepcudukarmu [ 1, 2].
[To MHEHHIO POCCHIICKHX U 3apYOEKHBIX SKCIEPTOB,
m00asi MOJIEpHU3ALMSI MAITMHOCTPOUTEIILHBIX MTPEATPH-
SITHH NTOJDKHA codeTath B cebe 3ddekTuBHYO 3aMeHy
CTaporo 0OOpYZOBaHHSI C BHEIPEHHUEM COBPEMEHHBIX

MPUHIOXIOB U MOAXOJ0B B OPraHU3aLUH M YIPaBICHUU
npousBoncTBOM [1, 2]. OmHako pemieHne 3TOH MHOTO-
KpPUTEpUAIIbHOM 3a/1aud HEBO3MOXKHO 0€3 HCII0JIb30Ba-
HUst 9 (PEKTUBHBIX AITOPUTMOB OLEHKH W TOA00pa HO-
BBIX 3JIEMEHTOB CTPYKTYP-CTPaTeruil MpPOU3BOJCTBEH-
HBIX CHCTEM, a TaKXKe I10JIpa3yMeBaeT HCIOJIb30BaHNE
COBPEMEHHBIX aBTOMAaTH3UPOBAHHBIX CHCTEM IOAJEPK-
KU TIPUHATHS PEIICHUH.

OCHOBOW IJIs1 YCOBEPIICHCTBOBAHHONW MOJICIIH CHH-
Te3a BapPUAHTOB TEXHOJOTUYECKOTO 00ECIeUCHUS CTPYK-
Typ-cTpareruii mpou3BoacTBeHHBIX cucteM (I1C) mammm-
HOCTpOCHHsI sBJsieTcss 06a30Bas MOJENb BHIOOpA TEXHO-
JIOTHYECKOro 06opymoBaHuA [3], HE YUUTHIBAIOIIAS PSIT
MOTpeOHOCTeH NPEANPUSITHH, TAKMX KaK YacTHYHAs MO-
J€pHU3ALHUS IPOU3BOICTB.

[Ipeanaraemast Mozenp MOCTPOEHA HAa OCHOBE KOM-
OMHATOPHOTO aJrOPUTMa CHHTE3a TEXHOJIOTHYECKOTO
obecrieueHHs CTPYKTYP-CTpaTeruii IPOU3BOJCTBEHHBIX
cucrem (IIC) MammHOCTPOEHHSI M SIBISIETCS COCTABHOM
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