Technological Complexes Ne1 (11), 2015

MODELING, OPTIMIZATION,
STRUCTURAL ANALYSIS AND
SYNTHESIS OF TECHNOLOGICAL
COMPLEXES

UDC 004.896 (075.8)

Palchevskyi B., DThSc., Prof.,
Honored Worker of Science and Technology of Ukraine

MOZAEIOBAHHA, ONTUMI3ALLIA,
CTPYKTYPHWUN AHANI3 | CUHTE3
TEXHOJNOIN4YHUX KOMIMJIEKCIB

Lutsk National Technical University / Ukraine

CONSTRUCTION PRINCIPLES OF INTEGRATED COMPUTER-AIDED
DESIGN SYSTEM OF TECHNOLOGICAL EQUIPMENT

MPUHLNIMN CTBOPEHHST KOMITIIEKCHOI CACTEMW ABTOMATU30BAHOIO
NPOEKTYBAHHS TEXHOJIONYHOIO YCTATKYBAHHA

Abstract: It is examined the main approaches to
CAD designing of technological equipment. It is
shown the features of automation of basic design
operations and observed principles of theirs
connecting in integrated CAD. Examples of the
automated implementation of project procedures
are given.

Keywords: designing, optimization, synthesis,
heuristic algorithm, search range, technological
equipment, work process.

PROBLEM STATEMENT

With the current "manual" design technology,
the errors are inevitable for which, one have to pay
for a long and expensive process of bringing
designed technological machine. Currently, almost
all design decisions, especially in the early stages,
are based on heuristic basis relying on designer’s
experience and intuition, without adequate
justification of decisions and selection of the best
option. It does not guarantee high quality projects
and requires development of effective human-
machine design procedures. Problems arising in
the early stages of the designing of technological
machines are associated with the solution of
semistructured tasks that hardly formalized and
therefore are hardly amenable to automation within
the existing automated design methodology. Thus,
the main defect of modern CAD system is a lack of
formalized human-machine methods of designing,
especially in the early stage and lack of system
transitions between different stages of designing.

MAIN ARTICLE
1. System approach in CAD

System approach is a study principle in which
considering the projected technical system, i.e.
technological equipment in a whole, but not its
separate subsystems. Human activity in designing
of such a technological system is targeted,
because it is seen as a means of achieving its
goals by ensuring a given operation. Functioning

AHomauyis: Po3ansHymo ocHoeHi nidxodu 0o cmeo-
peHHsi CATIP mexHormnozaiyHo2o obnadHaHHs. [Noka3aHo
ocobnusocmi aemomamu3sauii OCHOBHUX MPOEKMHUX
onepayili i po3ansHymo MnpuHyuUnu ix obeOHaHHs 8
komnnekcHy CArP. HasedeHno npuknadu asmoamu-
308aH020 BUKOHaHHS POEKMHUX rnpouedyp.

Knroyoei cnoea: npoekmysaHHsi,  onmumi3dayis,
CUHMe3, espucmuyHull aneopumm, obracme MOWYKY,
mexHosio2iyHe ycmamkysaHHsl, poboyuli npoyec.

NMOCTAHOBKA MNMPOBJIEMU

Mpu icHytouin "pyyHin" TexHonorii MpOoeKTyBaHHs,
HEeMWHYYi MOMUIIKK, 3a AKi AOBOAUTBLCH po3nnadvysaTuca
TpUBanMM i 4OPOrMM NPOLECOM AOBEAEHHSI CMPOEKTO-
BaHOI TEXHOSOrYHOI MaWWHU. B aaHui 4yac marixe BCi
NPOEKTHi pilleHHsi, 0COBNMBO Ha paHHiX cTagisx, npu-
NMalTbCA Ha eBPUCTUYHOI OCHOBI, MOKMagaluyncb Ha
OOCBIf i iHTYiLil0 po3pobHukiB, 6€3 gocTaTHBOro obrpy-
HTYBaHHS pilleHb i BUOOpY Halkpalloro BapiaHTy. Taka
CUTyalisi He rapaHTye BMCOKOI SIKOCTi NpoekTiB i BUMa-
raec po3pobkM eqeKTUBHUX NIOANHO-MALLUMHHUX MpPO-
eKTHUX npouenyp. 3aBAaHHs, WO BUHMKAIOTb Ha PaHHiX
CcTafiix NPOEKTYBaHHSA TEXHOMOrYHNX MaLUMH NOB'A3aHi
3 BUpILIEHHAM CcrnaboCTpyKTypOBaHMX 3aBAaHb, LIO Ba-
XKO bopManisyoTbCs, i TOMy CKnagHoO nigaarTbes
aBTOMaTtu3auii B pamkax iCcHyl4oi MeTtogonorii aBTo-
MaTU30BaHOro MPOEKTYBaHHSA. TakMM YMHOM, OCHOBHUI
Heponik cyyacHux CAIP - ue BigcyTHiCTb chopmani-
30BaHMX MIOAMHO-MAWMHHUX METOLIB MpPOEKTYBaHHS,
0COo6NMBO Ha paHHiX CTafdisax Ta BiACYTHICTb CUCTEMHUX
nepexoaiB MiX pi3HMMM eTanamu NPOeKTYBaHHS.

OCHOBHWUM TEKCT CTATTI
1. CuctemHu nigxip B ymoBax aBToMaTM30BaHOro
NPOEKTyBaHHSA

CucteMHun nigxig — ue npyHUMN OOCHigKEHHs, 3a
SIKOrO  pO3rNsgalTb MPOEKTOBAHY TEXHIYHY CUCTEMY,
TO6TO TexHonoriyHe obnagHaHHS, 3aranom, a He oKpeMi
noro nigcuctemn. [isanbHiCTb noOOUHW NpuM  Npo-
€KTYBaHHi Takoi TEXHOJOMYHOI CUCTEMWN Mae LinbOoBUIA
paKkTep, OCKiNlbkM BOHa po3rnsgaeTbes K 3acib gocar-
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is a process in the machine and its environment
that steadily implement fixed goal. If in technical
task the requirement is to ensure the manufacture
of products without human intervention, then it is
the process of designing the machine.
Technological automate (from gr. automates —
the one that acts by itself) is a technological
machine, that for a given program without the
personal commitment of the person performs all
functioning operations in obtaining processes,
transformation, transmission and usage of energy,
materials or information for getting the product.
Purpose - an abstract model of the required
technological equipment that enables to solve
technological  problems that arose. For
technological machines, this problem is formulated
as follows: to ensure the right quality of products
with a given productivity and the lowest cost on
given production conditions during machine
functioning.

The task of a system concept is optimization of
the whole system, but not an increasing of
efficiency of its constituent subsystems.

Elements are those parts of the system that
are seen as inseparable. Other parts of the system
are called subsystems.

The model structure of system describes the
subsystems and elements of which it is formed.

To ensure the functioning of a given
technological system also needed properly connect
the elements among themselves, i.e. to establish
specific links between elements - relation. The set
of necessary and sufficient, to achieve the goal,
relations between elements of the system is called
a system structure.

According to the system analysis of computer-
aided design system with complication of the
original task the following methods for automated
CAD can be used, that is:

sinformation-retrieval system, which is based
on the selection of ready information on the set of
input data that define the selection criteria. The
variant scheme of designing is realized by
selecting from a library the standard solutions of a
given structure and its partial modification to adapt
to new conditions of using. The system performs
the searching of similar cases in the database. The
algorithms of searching are based on a comparison
of characteristic parameters of the initial and
current technology solutions in the database.
Indicators of technical task are used as
parameters. The use of information retrieval
systems due to the fact that after the TOR for
designing technological machines often advisable
search in database (DB), which contains archive
projects, analogues that meet the task. If analog
fully meets the task, the necessity in design may
fall away;

evariant design, which is based on the usage
of different design procedures on basis of known or
newly designed heuristic methods, logical or
mathematical algorithms. Input information is TOD

HEHHs1 MeTK LWwnsxoM 3abesneveHHs i 3agaHoro dy-
HKUiOHYBaHHS. MYHKLiOHYBaHHA — LUe npouecu, Lo
BiAOyBalTbLCA B MaLUMHI Ta Ti HABKOMNULLHBOMY cepeno-
BULLi, AKi cTabinbHO peanidytoTb ikcoBaHy MeTy. AKLO
B TEXHIYHOMY 3aBAaHHi BUCyBaeTbCA BMMora 3abesane-
YNTU BUTOTOBNEHHS BUPOBGIB 6e3 yyacTi nognHn, To Mo-
Ba MAe Npo NPOEKTYBaHHS TEXHOMOrYHOro aBTomary.
TexHonoriyHMN aBTOMAT (Big rp. automates - Ton, Wo
caMm fi€) — ue TexHomnoriyHa MalluHa, WO 33 3a4aHok
nporpamoto 6e3 ocobucToi yyacTi NaUHN BUKOHYE BCi
onepauii (pyHKLIOHYBaHHS B npoLecax ofep)KaHHd, ne-
pPeTBOPEHHS, MNepedadi Ta BUKOPWUCTaAHHA  eHeprii,
maTtepianis abo iHdopmaLii Ana oTpMMaHHa BMPOOY.
MeTta — ue abctpaktHa mogenb 6axaHoro TexXHOMoriy-
Horo obnagHaHHsA, sike Oae 3Mory po3B’s3aTh TEXHO-
noriyHy npobrnemy, wWo BuHUKMA. ONa TEeXHOMOriYHUX
MalwuH us npobnema OpPMYNIOETLCA HACTYNMHUM YK-
HOM: 3a6e3neunTn nNpu OYHKLiOHYBaHHI MallMHU BUrO-
TOBMEHHS BUPOGIB NOTPiIOHOI AKOCTI i3 3agaHo Npoay-
KTUBHICTIO | HaMHWwk4ol0 cobiBapTicTio npu 3agaHuX
ymMoBax BUpOOHMLTBA.

3aBAaHHA cucTeMHoro nigxogy — onTuMisauis Te-
XHOMOTiYHOI CUCTEMM B LiNIOMY, a He NiaBULLEHHST edbe-
KTUBHOCTI il CKnagoBuX NigcUCTEM.

EnemeHTamMn Ha3uBalTb Ti YaCTVHU CUCTEMW, LLO
po3rnagarTbCa AK HEMOAINbHI. IHWi YacTuHM cnctemu
Ha3unBaloTbCs NiAcucTeMamm.

Mopenb cknagy cucteMu onucye nigcuctemm wn
€reMeHTH, 3 AKUX i yTBOPEHO.

[na 3abe3neveHHAa 3agaHoOro  YHKLiOHYyBaHHSA
TEXHOMNOrYHOT cucTeMu noTpibHO LWe W npaBUslbHO
3’egHaTV eneMeHTn Mk coboto, TO6TO BCTAHOBUTU MiX
enemMeHTamuM neBHi 3B'A3kM — BigHoweHHA. Cyky-
MHICTb HeobXigHUX i AocTaTHIX ONA AOCATHEHHs MeTu
BiOHOWEHb MiX €erneMeHTamMM CUCTEMWU Ha3MBaETLCS
CTPYKTYpPOIO CUCTEMM.

BignosigHO OO cMCTEMHOro aHanisy aBTomMaTu3oBa-
HOr0 MPOEKTYBaHHA NPV  YCKMaOHEHHi  BMXiAHOro
3aBAaHHA MOXYTb BMKOPUCTOBYBATUCA Taki meToam
aBTOMaTu3auii NpoekTHNX pobiT [1]:

* MPOEKTYBaHHA Ha OCHOBIi iHdOopMaLiHO-NO-
LIYKOBUX CUCTEM, SIke 3aCHOBaHO Ha Bigbopi roToBoi
iHbopMaLUii No 3agaHuX BXiQHMX AaHUX, sIKi BU3HAYaOTb
KpuTepii Biabopy. BapiaHTHa cxema npoekTyBaHHsI pe-
anisyeTbcsa WnaxoMm Bubopy 3 6iGnioTekn TMNoBUX pi-
LWeHb 3a4aHol CTPYKTYpK Ta ii YacTKoBOi Moaudikauii 3
METOK aganTauii 4O HOBUX YMOB 3acTOCyBaHHA. Cu-
CTEMa 30iMCHI0E MOLUYK CXOXMX BUNAAKiB B 6asi AaHuX.
AnNropuMt™M nOLLUYKY 3aCHOBaHWN Ha MOPIBHAHHI Xapa-
KTEPUCTUYHUX NapaMeTpiB NOYATKOBOrO i HAaABHUX B 6a-
3i AaHUX TeXHONOTYHUX pilleHb. AK napameTpu BUKOPU-
CTOBYIOTbCS MOKa3HMKM TEXHIYHOro 3aBAaHHA. 3acTto-
CyBaHHS iH(OPMAaLiNHO-MOLLYKOBMX CUCTEM MOB’SI3aHO 3
TMM, WO MiCNsi OTPUMAHHS TEXHIYHOrO 3aBAaHHs Ha
NPOEKTYBaHHS TEXHONOrMYHOI MaLlUUHM YacTo AOUiNbHUA
nowyk B 6asi gaHux, sika MIiCTUTb apxiB MNPOEKTIB,
aHaroris, WO 3aJ0BOMbHAITb MOCTaBMeHe 3aBAaHHS.
AKWwo aHanor MOBHICTIO BigNOBI4ae 3aBOaHH, TO
HeoOXigHICTb Y NPOEKTYBaHHI MOXe BignacTu;

e BapiaHTHe (KOMNOHyBaribHe) NMPOEKTyBaHHS,
sike 6a3yeTbCs Ha BUKOPUCTAHHI Pi3HMX Npoueayp npo-
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of technological machine that has description of
input and output data of projected technological
machine. Using known methods of designing the
known technical solutions to obtain several
alternative design solutions for selecting the best of
them are put in the project. The composed scheme
of designing provides the object composing, i.e. the
synthesis of the elements of its structure by given
rules. Structural synthesis is the most difficult
design procedure for formalizing. In existing CAD
in most cases synthesis is performed by a human
and ECM is used for verification of the proposed
variants. Variability is provided by that in the
system, for example, that graphs AND / OR are
used, which is caused by the choice of OR type,
which is a generalization grade of functional
component of designed technological machines.

e searching design as a method of search
designing is oriented to synthesis of innovative
design solutions (method, device) with using an
existing design-and-engineering or design-and-
technological potential. These systems are based
on the knowledge available in metasystems. If you
have any problems during the designing of
technological machine through its layout of
elements on the given rules, the variant scheme of
designing starts to work. Integrated CAD should
unite local CAD that solves several local problems
related with each other, that is [1-3]:

o the problem of modeling and analysis of the
product structure to determine the sequence of its
formation;

o the problem of optimization synthesis of
technological operation structure and formation of
machine technological structure;

o the problem of optimization synthesis of
technology machine layout.

In the first method of information-retrieval
system the system searches similar cases in the
database. If the found analog does not fully meet
the task, it is necessary to use other methods of
design.

In the second method of designing - variant-
design is carried out by distinguishing variant from
the generalized structure that describes the class
of designed objects usually presented in the form
of AND-OR-graphs.

If the problem arises during designing of
technological machine through its layout of
elements on the set rules, the searching design
scheme starts to work. In the third method
(searching) of designing technological machine
becomes a complex task with a variable design
object (product — work process - the structure of
the machine). It can be divided into separate
simple tasks, to create subsystems of automated
design and combine these subsystems into an
integrated system-aided design - CAD. In the
synthesis algorithms there are blocks of formation
of the next variant of its evaluation and decision-
making. The selection of completed structures is
used when rating of intermediate variant is

€KTYBaHHsi Ha OCHOBI BiJOMMX ab0 HOBOCTBOPEHUX €B-
PUCTUYHUX METOAIB KOMOGIHAaTOpPWKK, NOriYHnx abo ma-
TemaTtuyHux anroputmis. BxigHoto iHdopMauiel €
TEXHIYHE 3aBAaHHS Ha NPOEKTYBAHHS TEeXHOMOriYHOT
MaLUVHW, WO MICTUTb ONUC ii BXIAHUX i BUXIAHUX OaHUX.
3a gonomoroto BiAOMUX METOAiB NPOEKTYBaHHA B Mpo-
€KT 3aKnagalTbCs BiAOMi TEXHIYHI pilleHHs 3 OTpUMA-
HHAM LUNSXOM KOMOIHYBaHHSA KifbKOX anbTepHaTMBHUX
NMPOEKTHMX pilleHb AN BMOOPY 3 HUX HaWKpaLyoro.
KomnoHyBaneHa cxema npoekTyBaHHA nepeabayae
3[0iACHEHHS KOMMOHYBaHHA 00’ekTy, TOGTO CMHTE3 NOoro
CTPYKTYpPVM 3 €NeMEHTIB 3a 3aJaHuMu npaBuriamu.
CTPYKTYPHUI CUHTE3 — HambinbLl Baxka Ansg dopmani-
3auii npoekTHa npoueaypa. B icHytounx CAIP B 6inb-
LIOCTi BUNAAKiB CUHTE3 BMKOHYETLCA MoauHot, a EOM
BMKOPUCTOBYETLCA ANs Bepudikalii MponoHOBaHNX Ba-
piaHTiB. BapiaHTHicTb 3abe3nevyeTbca TUM, WO B CU-
CTeMi BMKOPUCTOBYETbCS, Hanpuknag, rpacd I/ABO, B
SAKOMY MOXINMBICTb BUOOPY OOYMOBMIOETLCA 3B’A3Kamu
Tuny ABO, wWwo npegcTaensaTe co60K0 BapiaHTK peani-
3aLii KOXHOro Knacy yHKUiOHanbHUX KOMMOHEHT i3
cKragy NpoeKToBaHOI TEXHOMNOMYHOT MaLLNHW.

e MOLYKOBE NPOEKTYBaHHA SK METOA MPOEKTY-
BaHHA, CMPSMOBaHUA Ha CUHTE3 MPUMHLUUMOBO HOBUX
NMPOEKTHMX pilleHb (CNocib, NpUCTpiii) 3 BUKOPUCTaHHAM
iCHYHOYOrO MPOEKTHO-KOHCTPYKTOPCBLKOro abo NpoeKTHO-
TexHormnoriyHoro noteHuiany. Taki cuctemu 6asytoTbes
Ha 3HaHHAX, AKi € B MeTacuctemi. [Mpu BUHMKHEHHI
npo6nemu B xoAi NPOEKTYBaHHSA TEXHOSOMYHOT MaLUUHK
LUASXOM i KOMMOHYBaHHS 3 eNeMeHTIB No 3agaHux npa-
BMIax, NOYMHaE MpauloBaTu iHTerpoBaHa cxema npo-
eKkTyBaHHsi. IHTerpoBaHa CAIP nosuHHa oGeaHyBaTu
nokanbHi CAMP, Wo po3BsA3yl0Tb AeKinbka NoKanbHUX
3agad, noB’s3aHnx mixk coboto [1-3]:

O 3ajadva MOAenioBaHHA i aHanidy CTPYKTypu BU-
po0by Ans BU3HAYEHHS NOCNIOOBHOCTI NOr0 YTBOPEHHS;

o 3ajada OnTMMI3aLifnHOro CUHTE3y CTPYKTYpu Te-
XHOIMOrYHOI onepauii Ta OopMyBaHHS TEXHOMOTIYHOI
CTPYKTYPY MaLLUHK;

o 3ajaya ONTUMI3aLiiHOTO CUHTE3Y KOMMOHOBKM
TEXHOJOTMYHOT MaLLMHW.

Mpy nepwomy MeToadi NMPOEKTyBaHHA Ha OCHOBI
iHdpbopmaLiMHO-NOWYKOBMX CUCTEM cuctema 34in-
CHIOE MOLUYK CXOXMX BMNaakiB B 6asi gaHux. Akwo 3Ha-
MOeHUn aHanor He MOBHICTIO BignoBigae 3aBAaHHIO, TO
BMHMKAE HEOOXiOHICTb Yy BMKOPUCTaHHI iHWMX MEeTOAIB
NPOEKTYBaHHSI.

Mpu ApyroMy meToAi NpOeKkTyBaHHA BapiaHTHe Ko-
MMOHYyBaribHe NPOEKTYBaHHA 3iNCHIOETLCA BuUAiNe-
HHA BapiaHTy 3 y3aranbHEeHOI CTPYKTypM, WO Onucye
Knac npoekToBaHux 06'ekTiB 3a3Bmyan y surnagi I-AbO-
rpacdis. Anroputmizauis cuHTedy Ha ocHoBi |-ABO-
rpada Bumarae BBeAEHHS npaBwun BUOOpPY anbTepHa-
TMB B KOXHin ABO-BepLuvHi. YTPYAHEHHA Npy LbOMY
NoB'si3aHi 3 MOXNMBMMMW OOMEXEHHSIMU Ha CYMICHICTb
cnocobiB peanisauii o3Hak: Hanpwuknag, Cj + Cu = false,
WO o3Hayae 3abopoHy Ha OJHOYacCHE BKITHOYEHHS
enemeHTiB Ejji Ex B CTPyKTYpy cuctemu.

Mpu BUHMKHEHHI NpoGnemu B XOA4i NPOEKTYBaHHS Te-
XHOMOTYHOI MALUMHKU LWNSAXOM i KOMMOHYBaHHSA 3 ene-
MEHTIB MO 3adaHuWX npaBunax, NoyYMmHae npauioBaTh
CxemMa MOLIYKOBOro MpoekTyBaHHSA. [lpu TpeTboMmy
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complex, so the completed structures of objects
should be created in a unit of formation as, for
example, it can be made for the layout of the
technological machine. The set capacity of
possible variants can be so large that the whole
selection is impractical. In such cases, the
selection may be only partial, based on
approximate (heuristic) algorithms.

Another variant of implementation of structural
synthesis is carried out by increasing of a structure
adding design modules to some of the primary
structure with the rating of intermediate variants of
the structure. Generation of variants in this case is
directed, and the first variant that was generated
often becomes final. Therefore, algorithms of
increasing are faster compared with surmountable,
but less accurate.

On the other hand, the interconnection in a
CAD system except searching design, and also
information-retrieval and variant design (vertical
merging) will provide increasing degree of
automation and complexity of the design process.
This approach allows to create a class of
integrated CAD [2].

This integrated CAD system essentially
combines the benefits of designing on the basis of
researching information in the database of ready
technical solution that will satisfy the TOR
(Information-Retrieval CAD). In the absence of
results closer prototype is selected and on the
basis of expertise is modified to meet the
requirements of the TOR (variant CAD). In the
absence of result the synthesis product model and
its transformation into a machine work process
model is carried out, and this, the last — in the
model of the technological machine structure
(searching CAD).

2. Modeling features in the searching design

The most complex method of designing is
searching design, which includes procedures of
analysis and  synthesis, simulation and
optimization, choice-making etc. The main purpose
of the design is to create model of not yet existing
object by systematic purposeful activity, which will
ensure the functioning of the set. It is needed to
build system of models with which you can
compile, transmit and improve the results of such
activities.

The detailed design of technological machine
is a detailed model of which is formed by
sequential processing and converting the output

MeToZi (NOoLYKOBOMY) NPOEKTYBaHHSI TEXHOMOrYHOI Ma-
LWMHM CTae CKNagHow 3ajadvelo i3 3MiHHMM 06’eKTOM
NpoeKkTyBaHHA (BMPi6 — pobounin npouec — CTpyKTypa
MaLUUHK), TO i MOXHa pPo3GUTM Ha OKpeMi NPOCTiLLi 3a-
Jadi, CTBOpUTK NigCUCTEMM TX aBTOMaTM30BaHOMO Npo-
eKTyBaHHs i o6’egHaTh Ui nigcuctemu B iHTErposaHy
cucTemy aBToMaTusoBaHoro npoektysaHHa — CAlP. Y
anroputMax CHMHTE3y MOXHa BuAINMTM Gnoku dopmy-
BaHHA 4eproBOro BapiaHTy, NOro OUiHKM i yXBaneHHs pi-
weHHsA. MNepebip 3akiHYeHUX CTPYKTYp 3aCTOCOBYETLCH,
KOMW OUuiHKa NPOMDKHOrO BapiaHTy cknagHa, TOMy B
6roui ¢hopMyBaHHSI MOBMHHI CTBOPKOBATUCH 3aKiHYEHi
CTPYKTYpW 06'eKTiB, SK Ue, Hanpuknag, Moxe 6yTu 3po-
OneHo And KOMMOHOBKM TeXHOMOoriyHoi maiuuHu. [Mpu
LbOMY MOTYXXHICTb MHOXVHWU MOXIMBUX BapiaHTiB MOXe
OyTu HacTinbKu Benvka, Lo noBHUI nepebip cTae Hepo-
LinbHUM. Y Takux Bunagkax nepebip moxe 6yt Tinbku
YacTKOBUM, 3aCHOBaHWM Ha HabnwkeHux (eBpUCTUY-
HWX) anropuTmax.

IHWWIA BapiaHT peanisauii CTPYKTYpHOrO CUHTE3Y Mno-
nsrae B TOMy, IO 30iACHIOETLCS HAPOLLYYBaHHS CTPYKTY-
py LWINSXOM MOCMIAOBHOIO [0AaBaHHS KOHCTPYKTOPChb-
KMX MOAyniB A0 AesKOi NEPBUHHOI CTPYKTYPU 3 OLIHKOO
NPOMIKHUX BapiaHTiB CTPYKTypu. ['eHepauis BapiaHTiB B
LUbOMY BUMAAKy HarpaBrneHa, NpUYoMy MNepLUMi xe 3
BapiaHTiB, WO 3reHepyBanu, 4acTO CTae OCTaTOYHUM.
Tomy anropuTMy HapoLlyBaHHsi Ginbll LIBUAKOAOYI B
NOpPIBHSAHHI 3 NepebopHNMU, ane MeHLU TOYHI.

3 iHWwoi cTtopoHu, 06’egHaHHsA B ogHin CAIP okpim
CMCTEMM TMOLUYKOBOIO MPOEKTYBaHHS, TaKOX i CMCTEM
iHdbopMaLiHO-NOLLYKOBOro i BapiaHTHOrO MNPOEKTyBa-
HHSA (06’egHaHHS No BepTuKani) 3abesneunTb 36inbLue-
HHSl CTyneHs aBTomMaTtum3auii i KOMMIEeKCHOCTi npouecy
npoekTyBaHHA. Takui niaxig 4o3BONsiE CTBOPUTW Krnac
komnnekcHux CAIP [2].

Taka iHTerpoBaHa CAIIP no cyTi 06’egHye B cobi ne-
peBarn NpoekTyBaHHS Ha OCHOBI MOLUYKY iHpopmaLii B
6a3i JaHWX Npo roToBe TEXHIYHE PIlLEHHS, sIke 3a40BO-
NbHUTb TEXHIYHe 3aBAaHHS (iHopmauinHo-nowyKoBa
CAIP). MNpwn BiacyTHoOCTi pesynbTaTy BiabupaeTbcs
GnwKYMA NPOTOTWUN | HA OCHOBI EKCMEePTHOro A0CBigy
MOAMNMIKYETECS KOMBIHATOPHUMU MeToAaMK Ans 3a40-
BOMEHHA BUMOr TEXHIYHOro 3aBAaHHs (BapiaHTHa
CAIP). MNpu BigcyTHOCTI pes3ynbTaTy 3AiNCHIOETLCA
CVHTe3 mogeni BupoOy i il nepeTBOpeHHsA B MOAENb po-
60o4oro npouecy MaluvHW, a Lo, OCTaHHIO — B MoAenb
CTPYKTYpY TeXHONOr4YHOi MawimHu (nowykosa CAIP).

2. OcobnunBocCTi MoaentoBaHHA NPY MNOLLIYKOBOMY
NPOEeKTyBaHHi

Hanbinbl cknagHUM MeToa0M NPOEKTYBaHHS € Mo-
LUYKOBE TPOEKTYBaHHS, ske BKMHOYae npoueaypu
aHanisy i cMHTe3y, MogentoBaHHst i onNTuMmisaLii, Bubopy
piweHb Towo. OcHOBHa MeTa MPOEKTYBaHHS — CTBO-
PEHHS LUMSIXOM CUCTEMHOI LifiecnpsiMOBaHOi AisinbHOCTI
Moferni e He icHyto4oro ob’ekTy, skui 3abesneyunTb
3aaHuin xapaktep yHKUioOHyBaHHS. [nsi Luboro notpi6-
HO nobyayBaTu cucTeMy Mofenen, 3a JONOMOrol SKUX
MOXHa y3aranbHoBaTu, nepeaaBaTtu N yaooOCKOHaroBa-
TV pe3ynbTaTu Takoi AiAnbHOCTI.

Po6ounin NpoekT TEXHOMOrYHOI MaLlUWHM NpeacTaB-
nsie coboto i geTanbHy MOAErNb, sIka YTBOPHETLCS LLISA-
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common model, that is given the terms of
reference (TOR). For a task designing it is needed
to build system models that can help to detail, to
summarize and to transfer the project design step
by step. Many of these problems of designing
technical systems can be formalized well enough,
reduced to mathematical models that allow one to
put and solve optimization problems.

It is set some processing environment of
functional modules in which the performance of
CAD is to achieve technical solution, set by
technical conditions of some initial situation, set by

TOR, through plan actionsF’O:{pi}, where

P, =1,..., N - the design procedure.

To set technical conditions in this processing
environment means to specify properties

¢; € Cyof functional modules ®M, € A, and

the relation between them I, € R,. The model of

processing environment of functional modules can
be represented as

XOM nocnifoBHOI 06pobkK i NepeTBOPEHHSI BUXIQHOI 3a-
ranbHOi Moaeni, WO 3agaHa TEeXHIYHMM 3aBOaHHSAM.
TobTo ANns uinecnpsiMoOBaHOIO MPOEKTyBaHHA MOTPIGHO
nobygyeatu cuctemy mogenew, 3a AOMNOMOroK SKMX
MOXHa noeTanHo AeTarnisyBaTtu, y3aranbHoBaTH i nepe-
JaBaTu NpPOEKTHi pileHHs. barato 3 uux 3agady npo-
€KTYBaHHSI TEeXHIYHMX CUCTEM MOXHa AocuTb Aobpe
dopmanisyBaTti, 3BeCTM A0 MaTemMaTU4HUX MoAenewn,
SKi 4al0Tb 3MOTy CTaBUTK 1 pO3B’A3yBaT ONTMMI3aLiviHi
3apaui.

Xal 3agaHo gesike BUMpoOHMYe cepepoBulle OyH-
KuioHanbHMX moaynis, B sikoMy aia CAIP nonsrae B
OOCSATHEHHI TEXHIYHOMO PilleHHS, 3a4aHOro TeXHIYHUMMU
ymoBaMu, 3 OesKOl BUXIQHOI cuTyalii, 3a4aHOo TeXHIK-

HMM 3aBOaHHAM, 3a JOMOMOrOH0 MIaHiB Ain Po = {pi }

pe P; =1,..., N - npoektHi npoueaypu.

3agatv TexHiYHi YMOBWM B TakoMmy BUPOGHWUYOMY
cepefoBULL — Le O03Ha4yae BKasaTW BACTUBOCTI

OM, € A, i

Cj € Co yHKUiOHanbLHUX MoAaynis

BiAHOLEHHA MK Humn I € Ro Mogenb Bupo6bHuyoro

cepegosuLla dYHKLIOHaNbHMX
npeacTaBUTK y BUrNaai

Moaynis MO>XXHa

I\/Io :<A01P0’C01Ro>v

and task of planning design procedures can be
formulated as follows: set TOR and technical
conditions should be built on executive procedures

P, € Po plan design Po, which being applied to

TOR, allows to achieve technical conditions.

In solving this issue the problems usually occur.
The searching design plan is complicated because
of the large-scale of search space. Thus, CAD
requires more general, in relation to the Mo model
of processing environment of functional modules.

The designing process of technological machine
provides functional design, on which a functional
model of work process in the machine is created,
and structural design, on which structure model of
the machine is created on its basis. Obviously, the
functional description is more general, since each
technical function can be realized in many variant
construction elements of the machine. And
conversely, each variant of machine design
element can implement only a single function — the
very one for which it was created. From this
reasoning it follows that a functional model is more
general than structural. This model describes
coarsely the properties of functional modules - only
their functional purpose.

Let C1 - set, obtained by coursing to the
functionality purpose of the properties of functional

modulest eCl, P1 - set of procedures of

constructing a technical solution,

A <A,; R, <R,. Then the simplified model

of production environment of functional modules
can be the following

simplified

a 3aBfaHHsl NnaHyBaHHA MPOEKTHUX Mpoueayp MOXHa
cchopmynoBaTM  TakMM  YMHOM:  3afaHi  TexHiuHe
3aBOaHHSA | TexHiYHi ymoBu, HeobxigHO mobyayBaTu 3

BMKOHaBYMX npouenyp pi S PO nnaH nNpoeKTyBaHHA

Po, skmi, Oygoydn 3acToCOBaHMM OO0 TEXHIYHOro
3aBAaHHS, A03BONSE AOCAITU TEXHIYHUX YMOB.

MNepen nogmHOK NpY pilLEHHI Liel 3agadi 3a3Bu4yan
BMHMKAKOTb Npobrema Toro, WO MOLUYK MfaHy NpoekTy-
BaHHSA YTPYAHEHWN i3-3a BEMWKOI PO3MIPHOCTI MPOCTOpY
nowyky. Omxe, CAMNP HeobxigHi 3aranbHiwi no BigHO-
weHHo o Mo mogeni BupoOHM4YOro cepegosuLla
dyHKUiOHaNbHUX MOAYNIB.

lMpouec NpoekTyBaHHA TEXHOMOrYHOI MalUMHKU ne-
penbavae pyHKUiOHaNbHE MNPOEKTYBaHHsS, Ha SKOMY
CTBOPKOETLCA PyHKLiOHaNbHa Moaens poboyoro npoue-
Cy B MalUVHIi, Ta CTPYKTYPHE MPOEKTYBAHHA, HA AKOMY
Ha OCHOBi po604yoro npouecy CTBOPKETLCS MOAENb
CTPYKTYypn MawmHu. O4veBMAHO, WO YHKLiOHANbHUNA
onuc € Ginbll 3aranbHUM, OCKINIbKM KOXHA TEexXHidHa
yHKUis Moxe 6yTn peanizoBaHa 6aratbma BapiaHTamu
KOHCTPYKUi/ eneMeHTIB MalUMHK. |, HaBnakn, KoXeH Ba-
piaHT KOHCTPYKLUiI enemMeHTy mMalluHW MoXe peanidyBa-
TW TiNbKN eaunHy YHKUiI0 — came Ty, Ans SKoi BiH OyB
CTBOpEHWN. 3 LUbOro MipKyBaHHS BUTIKaE, WO yHKLO-
HanbHa Mogenb € Oinblu 3aranbHOK HiXK CTPYKTYpHa.
Lis Mmogenb orpybneHo onncye BNacTMBOCTI (PyHKLiOHa-
NbHUX MOAYMIB — TifMbKM iX (pyHKUiOHaNbHe Mnpu3Haye-
HHSI.

Xa C1 — MHOXWHa, Lo OTPUMYETLCS OrpybrneHHAM
00  (pyHKUiOHaNbLHOrO MNPU3HAYeHHA BRacTUBOCTEN

OYHKLIOHanNbHMX Moaynis Cj eCl, P1 - mHOXuHa

npouenyp noGynoBU CNpOLLEHOrO TEXHIYHOMO PilleHHs,
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A <A, R <R, Togi
BUPOGHMYOrO CepefoBuLia (PYHKLOHANbHUX MOAYIIB
MOXHa NPeACTaBUTU Y BUMSA

cnpoLleHy Moaernb

M, :<A11P1 1C1’R1>’

and setting tactical task of design and its solution —
as a set of P1 = p1 ..., pin. When designing technical
equipment model M: meets the technological
scheme, in which reordering relation of FM and
their placement in the workspace are set.

Further coarsening of processing environment
model Mz represented as a generalization of

module functions @M, € A, to technological

transformation level of product, which properties
are characterized by the possibility of creating
structural and technological elements of the

productC; € C,, and relation I, € R, between
which their consistency and possibility of

combining in time and space are determined
between them

a MNOCTaHOBKY TaKTUYHOIO 3aBOaHHSA MPOEKTYBaHHA Ta
MOro pilleHHs — Y BUrNSAAI CyKynHocTi P1 = p1 ..., pin. Mpu
NpOeKTyBaHHi TexHonoriyHoro obnagHaHHA Mogens M1
BiAMNOBiAae TEXHOMOrYHI cXeMi, B SKi 3agaHo BigHO-
LWEHHS MOCNIigOBHOCTI  poaTawyBaHHs ®M Ta ix
po3MilLieHHsA B po6oyomy NpoCTOpi.

Mopanblie orpybneHHs mogeni BUpobHn4oro cepe-
posuwa Mz npenctaBnaeTbCcs 9K y3aranbHEHHSA

dyHkuin mogynie @M, € A, no pisHs TexHomoriYHNX

nepeTBopeHb BMPoOy, BNacTMBOCTI SKUX XapaKTepu-
3ylIOTbCA MOXIMBOCTAMW CTBOPEHHSA KOHCTPYKTUBHO-

TEXHOMOTMYHNX enemeHTiB BMpoby Cj € Cz, a BigHo-

weHHs I € R2 MK SKMMM BU3Ha4aloTb X Mochi-

OOBHICTb | MOXNUBICTb CyMILLEHHSA B Yaci i IpocTopi MiX
HUMM

M, :<A2’P2 ’C2’R2>-

Model of production environment Mz presents
technological transformation of productz, € A,,

whose properties Cj S C2 and relation

Ir. € R, =7 between which design, functional

and technological requirements precedence are
determined by. Obviously, due to the coarsening in
simplified model of production environment of
functional modules M1 become vague separate
functional modules and design procedures.
However, this simplification can significantly
reduce the space dimension of finding solutions.
Obviously M2 model is a close functional
description of the machine at describing level of
functioning of some hypothetical FM and their
connections that is a generalized description of the
work process in the technological environment.

And, finally, the source data for the designing
can also be presented in the form of system
(conceptual) model of product, performance over
which project analysis procedures will allow to
obtain the sequence description of elementary
operations of product manufacturing as a model of
sequence formation of product M3

Mopenb
AcTaBnsie

BUPOGHNYOrO
TEXHOSONYHi

cepeposvia Mz npe-
nepeTBOPEHHSA BMpOOy

T, € A2 BIICTUBOCTi SIKUX Cj € C2 i BigHOLWIEHHSA

rreR,=n mix skwmn BusHauaoTbCs  KOHCT-
PYKTOPCBbKMMM,  (PYHKUiOHANbHUMMN | TEXHOMOTMYHUMU
BMMOramu nepegyBaHHA. BoueBuab, 3aBOdku Bka-
3aHOMY OrpybreHHo B CrpoLLeHii Moaeni BUpobHUYoro
cepepoBua yHKUioHanbHUX MogyniB M1 cTatoTb
HEeBMPa3HMMU OKpeMi (DYHKLiOHamnbHI MOAYIi i MPOEKTHi
npouenypu. [poTe nogibHe CchNpoLLeHHs [J03BOnse
3HAaYHO MOHU3UTU  PO3MIPHICTb MPOCTOPY  MOLUYKY
piweHb. BoueBnab mopenb M2 npegctaBnsge coboto
HabNMMXKXEHUN PyHKUIOHANbHUIA ONUC MalUWHW Ha PiBHi
onucy dyHKUiIK oKkpemMux rinotetudHux M Ta ix
3B’A3kiB, TOOTO OnNuC y3aranbHEHOro poboyoro npouecy
B TEXHOSOrMYHOMY CEepefoBULL.

|, HakiHeUb, BUXIOQHI OaHi ONS NPOEKTYBaHHSA TaKoX
MOXyTb OyTW npeacTaBneHi B BUMMSAi  CUCTEMHON
(koHUEenTyanbHoi) Moaerni BUpoOy, BUKOHAHHA Hag, KO
NPOEKTHMUX npoueayp adanisy [o3BONMUTb OTpumaTh
Oonuc NOCNIAOBHOCTI eneMeHTapHUX onepawlii BUroTo-
BNEHHA BWpPOOY y BWUrMsAi Mogeni nocnigoBHOCTI
dopMyBaHHsi BUpoby Ms

Ms :<A31P3 ’C3’R3>-

In this case the sequence of design models will
be

B ubomMy BuNagky nocrigoBHICTb NPOEKTHUX MoAae-
neu Habepe BurNsgy

M;=>M, =M, =M,

and set of design procedures for solving the task of
designing is defined as

a Habip NpOeKTHMX Mpoueayp ANns po3B’sidaHHs 3apaui
NPOEKTYBaHHS BU3HAUUTLCS K

P.=P,UP,UPUPR,.
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Procedures of technical solutions output in
designing are distributed by the following stages:

1. Insertion of initial knowledge and data of
product type, which can be made on the projected
technological machine and the construction of its
concept model.

2. Construction preceding matrix based on the
usage of precedence production rules. The
sequencing of the formation of KTE product
selected through the application of computational
algorithm of processing precedence matrix that is
included in the CAD.

3. Structure formation of technological
operation using the rules of production and
computational algorithms, the formation of the
machine technological scheme of functional
modules.

4. Optimization design set of modules for
implementing the technological scheme based on
selected criteria by one of the optimization
algorithms that are part of the CAD.

3. CAD automate procedures of
technological equipment

There are some widely known procedures
(operations) that are targeted in any project P
activities: modeling, information transfer in time
and space, receiving new information. With
automated design the major advantage is
availability of many alternatives of design solutions.
Then in the design, there are two very important
steps:

1) creation of alternative sets from which one
have to choose;

2) to determine objectives for the achievement
of which the choice is made.

Thus we assume that the goals defined in such
detail that criteria for evaluation and comparison of
all alternatives already exist. But the problem is
that to find the best for the given conditions in the
output set, i.e. optimal alternative. That is, we
should know criterion for evaluating alternatives,
way of comparing options and finding the best of
them. So let's consider another project operation,
which necessarily included to the design process -
the choice of alternative from obtained at various
stages of design options of design solutions.

The decision-making is an action over
alternative sets due to which subset of selected
alternatives is received. It is possible to reduce the
alternative sets if there is a way to compare the
alternatives with each other and determine the
best. If each separate alternative can be evaluated
by a specific number (criterion value), then
alternative comparison comes down to a
comparison of appropriate numbers. The best
alternative x * - is the one in which the criterion
q(x) takes its largest (or smallest) value. To find the
best alternative is very difficult, because in
practice, to assess any option in one number is
usually unacceptable simplification. To consider
the alternatives fully it is needed to evaluate them

Mpouenypu BuBeAEHHsSI TEXHIYHUX pilleHb Npu Npo-
eKTyBaHHi po3nogineHi No HacTynHWX etTanax.

1. BBegeHHs MO4YaTKOBUX 3HaHb i AaHMX NpO BUA
BUPOBY, SKMA MOXE BUIrOTOBMAATUCS Ha MNPOEKTOBaHIN
TEXHOMOTIYHIA MaLLuHi i nobyaoBa MOro KoHUEeNTyanbHOT
mogaeni.

2. MNMobygoBa mMaTpuui nepedyBaHHA Ha OCHOBI
BMKOPUCTAHHS MpPOAYKUIMHUX NpaBwun  nepeayBaHHS.
BusHaueHHs nocnigoBHocTi yTBOpeHHss KTE BupoOy,
BMOpaHMX Ha OCHOBI 3acToCyBaHHS 064MCnioBanbHOrO
anroputMy 06pobku MaTpuui nepegyBaHHs,  LIO
BKMoueHun oo cknagy CAIP.

3. PopmyBaHHA CTPYKTYpU TEXHOMOrIYHOT onepauii 3
BMKOPUCTaHHAM MPOAYKLINHMX Npasun i ob4yncnioBans-
HUX anropuTMiB, POPMYBaHHSA TEXHONOrYHOI CXEMU Ma-
LUMHWY i3 PyHKUIOHANBHNX MOAYTIB.

4. OnTumisauia Habopy KOHCTPYKTOPCbKMX MOAYNIB
Ona  peanisaudil  TEXHOMOMYHOI CXEeMWM Ha OCHOBI
BMOpaHUX KpuTepiiB 3a [OMNOMOrOK  OAHOro i3
ONTUMI3aUiNHNX anropuTMiB, O BXOAATb OO cKnagy
CAIP.

3. ABTomaTu3auia npoueayp CAIP TexHonoriy-
HOro o6nagHaHHsA

BaranbHoBigOMMMMK € feski 3 npouenyp (onepadii),
Wwo BxoAaAaTb Yy Oyab-AKy UinenpsimMoBaHy MNPOEKTHY
fisnbHicTb P: MogentoBaHHA, nepeHeceHHs iHpopmauii
B Yaci Ta npocTopi, ogep)XaHHs HoBOI iHopmauii. Mpu
aBTOMaTM30BaHOMY MPOEKTYBaHHI OCHOBHOK NepeBa-
rol CTae HasiBHICTb 6araTtbox anbTepHaTVB NMPOEKTHUX
piweHb. ToAi Npy NPOEKTyBaHHI BUHWKaOTb ABa HaA3BU-
YarHO BAXXNMBI eTanu:

1) NOPOAXEHHS MHOXWHU anbTepHaTUB, 3 SKUX MO-
TpibHO BNBMpaTH;

2) BU3HAYEHHS Linen, 3apagun OOCSTHEHHS SKUX pPo-
6naTb BUGIp.

Mpn ubomy BBaXaTMMeMO, WO UiNi BU3HAYEHO Ha-
CTiNbKW OeTanbHO, WO BXEe iCHYITb KpUTepii OUiHKM 1
NOpiBHAHHA OyAb-gkvMx anbTepHatmB. Amne TyT npo-
6nema nonsirae B TOMy, 0O Y BUXiAHIA MHOXWHI 3HAATH
HalKkpalli ons 3agaHux ymoB, TOOTO onTumarbHi, anb-
TepHaTBKU. TOBTO Ham NOBUHEH ByTK BiJOMUIA KpUTEpI
OLiHKM anbTepHaTuB, CMOCIO MOPIBHAHHA BapiaHTiB i
BifLLUyKaHHS1 HaWKpaLLOro 3 HUX. TOMy pO3rMsiHEMO Luie
OfIHY NPOEKTHY onepaLito, sika 060B’A3KOBO BXOAUTL A0
npoLecy NpoeKkTyBaHHSA — BUOIp anbTepHaTuBK i3 OTpu-
MaHUX Ha Ppi3HUX eTanax MpoeKTyBaHHS BapiaHTiB
NMPOEKTHUX PilleHb.

YxBaneHHsA piweHHA — ue Aisg Hag MHOXWHOK arnb-
TepHaTuB, y pes3ynbTaTi SKOi OTPUMYIOTb NIAMHOXUHY
06paHux anbTepHaTvB. MoXHa 3MEHLUUTU MHOXUHY
anbTepHaTMB, AKWO € Crocib NOPIBHAHHS anbTepHaTuB
MiXX COOOK Ta BM3HAYEHHS] HaMKpalMX. FAKLWO KOXHY
OKpeMO B35TY anbTepHaTUBY MOXHa OUIHUTU KOH-
KPETHUM YUCITOM (3HAYEHHSAM KPUTEPItD), TO MOPIBHSAHHA
anbTepHaTMB 3BOAUTLCSA A0 MOPIBHSAHHA BiAMOBIOHUX iM
yncen. Hankpalwa anbtepHaTMBa x* — € Tako, 3a AKOi
Kputepii q(x) HabyBae cBoro Hawbinbworo (abo Han-
MEHLLIOro) 3Ha4veHHs. BigwykaTn Halikpalwly anbTepHa-
TMBY AYX€ CKNagHo, TOMY L0 Ha MpakTuli ouiHioBaTh
OyOb-SIKMIA  BapiaHT OOHWM YMCMOM — LUe 3a3Bu4van
HEMPUNHATHE chpolleHHs. LLo6 noBHilwe po3rnsHyTh
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not on one but on several criteria that qualitatively
differ.

Let's consider the most well-known solutions
ways for multicriterion problem.

1. The first way is to reduce the multicriterion
problem to a onecriterion. This means that you
must enter scalar function of a vector criterion

anbTepHaTMBW, NOTPIOHO OLHIOBATK iX HE 3a OOHUM, a
3a [eKinbkoMa KpUTEpPIMU, WO SKICHO PI3HATLCA MiXK
coboto.

PosrnsgHemo Hanbinbl Bigomi cnocobu po3s’ssy-
BaHHA GaraTokpuTepianbHUX 3agau.

1. Mepwwnii cnoci6 nondrae B ToMy, Wo6 3BecTu
baraTokputepianbHy 3agady 4o ogHOKpuTepiansHoi. Lie
O3Ha4ae, WO nOTpibHO BBECTUM ckansipHy QYHKLUiO
BEKTOPHOIO KpUTEPIto

q(x) = a0 (), G, (X), 65 (X),-.., &, (X)]-

Complex criterion allows to organize alternative
by the values of the function q(x), highlighting the
best. A function q(s) depends on how we imagine
the contribution of each criterion in the complex
criterion. For getting a complex criterion is
commonly used additive or multiplicative functions:

1-q(x) =H[1-ﬂqu

Coefficients Si ensure, firstly, no dimension
frequency criterion and, secondly, the execution of

conditionﬂ <1. cCoefficients «; and p,
|

reflect the relative contribution of partial criteria in

supercriterion.

2. Another way of multicriterion choice, which
can be fully formalized, lies in the rejection of
isolating a single "best" alternative and keeping
agreements that advantage of one alternative
before the other one can be given only when first
criteria is better than the second one. If the
advantage of at least one criterion does not match
with advantage of another, then adopted
alternatives form set of Pareto, and the choice
ends.

3. The choice can be described by another in
more common way - through language binary
relations. Its larger, in comparison with criterion
language, universality is based on consideration of
the fact that in reality is often difficult or impossible
to assess alternative taken separately; but when
viewing it in isolation way not in pair with another
option, you can specify which one is better.

Thus, the basic assumptions of languages
binary relations are the following:

» separate alternative is not measured, that is
criteria function is not carried out;

« for each pair of alternatives (x, y) once you
may find out, that one of them dominates the other
or they are equal;

* relation of benefit in any pair of alternatives
does not depend on the other alternatives offered
for selection.

Binary relation R on a set X is a subset of
ordered pairs (x, y). It is conveniently to use the

KomnnekcHun kputepin dae 3mory BrnopsiakyBaTu
anbTepHaTMBY 3a 3HaYeHHAMMU YHKLIT q(X), BUOINUBLLK
TUM camuM Hamnkpalwly. Burnsag dyHkuii gq(x) sanexuTs
BiA TOro, K M1 ysiBNsieMo cobi BHECOK KOXHOro KpuTe-
pito B KOMMMEKCHWUI KpUTEpin. [na oTpyMaHHa Komnne-
KCHOrO KpuWTepilo 3a3Buyail BUKOPUCTOBYIOTb agUTMBHI
YN MYNbTUNNIKATUBHI PYHKUT:

KoediuieHTn Si 3abeanevytoTb, no-nepiue, 6e3pos-
MipHICTb YaCTUHHOrO KpUTEpito i, NO-Apyre, BUKOHAHHA

b,

Koedivienn ¢, T1a f,

yMOBU i

BigoGpaxaloTb BiHOCHWUA BHECOK YaCTUHHUX KpUTepiiB
y CynepKpuTepin.

2. IHwmin cnoci6 6GaratokputepianeHoro Bubopy,
AKMA MOXXHa MOBHICTIO phopmanidyBaTtui, nongarae y Bia-
MOBIi BiJ BWMOKPEMIIEHHS €OMHOI «HAMKpaLLOl» anbTep-
HaTMBU Ta OOTPUMYBAHHI yroau npo Te, WO nepesary
OfHIA anbTepHaTuBi nepen ApPYyrol MoOXHa BiogaBaTu
TiNbKM TOAi, KOMW neplla 3a BCiMa KpuTepisMu Kpalua,
HiXX gpyra. Akuwo X nepesara xo4ya 6 3a ogHWM KpuTe-
pieM He 36iraeTbCs 3 NepeBarolo 3a iHWWM, TO MPUAHATI
anbTepHaTMBM YTBOPKOWTL MHOXMUHY [lapeTto, i Ha
LboMy BMBIp 3aKiHYyETHCS.

3. Bubip moxHa onucyBaTu TakoX iHWMM, 3aranbHi-
MM cnocobom - 3a [ONOMOrOKd MOBM GiHapHUX
BiaHoweHb. [i Ginbla MOPIBHAHO 3 KpWUTepianbHOW
MOBOI 3aranbHiCTb I'PYHTYETbCS Ha BpaxyBaHHi TOrO,
IO B pearbHOCTi 4acTo BaXXKO YN HEMOXIMBO OLIHUTU
OKpeMo B3ATy anbTepHaTUBY; OAHAK SIKLWO po3rnsiaaTtu
ii He okpemo, a B Mapi 3 iHWOW anbTepHaTUBOI, TO
MOXHa 3a3Ha4nTH, sika 3 HUX KpaLla.

OTXe, OCHOBHI NpunNyLLeHHs MoBM BiHapHMX BigHO-
LIeHb Taki:

* OKpeMy anbTepHaTUBY HE OLiHIOTb, TOOTO He
BBOAATb KpuTepianbHy dyHKLIIO;

* ONs1 KOXHOT Napu anbTepHaTuB (X, ¥) AKOCb MOXHa
BMSBMTW, WO OOHa 3 HMX NepeBaxae iHWy abo BOHU
PiBHOLIHHI;

* BiJHOLLUEHHS nepeBarn BcepeauHi Oyab-sikoi napu
anbTepHaTMB He 3anexwuTb Bi4 iHWWX anbTepHaTuB,
NpPOMOHOBaHMX AN BUOopy.

BiHapHe BigHOWEeHHA R Ha MHOXWHI X O3Ha4alTb
SIK NeBHY NiAMHOXWHY BriopsigkoBaHux nap (X,y). 3py4Ho
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notation x Ry, if x is in R relation with y, not with
XRy. The set of all pairs {(x, y¥): X, y is X} is called
complete (universal) binary relation.

To set a relation means on one way or another
to mention all pairs (X, y), for which the ratio R is
made. They can be set using a matrix or graph. In
the case of finite sets it is very convenient to find
the best alternatives through graph advantages,
which arrows are directed towards a less preferred
alternative.

3.1. Instances of automation procedure of
preceding binary relation
To determine the sequences of forming the
elements of product we use procedure of
preceding binary relations. The input source is
information about product design — individual detail
- in its structural model (Fig. 1, Table 1).
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BMKOPUCTOBYBaTW NO3HAYEHHA X R y, aKwo x nepebyBae
y BigHOWeHHI R 3 y, a He To XRy. MHoXuMHa Bcix nap
{(x,y): X,y € X} Ha3aMBaeTbC NOBHUM (YHiBepcanbHUM)
6iHapHUM BiOHOLIEHHSM.

3agaTy BiOHOWEHHA — LUe 3Ha4YuUTb TUM YW iHLUUM
cnocoboM 3asHauiTM BCi nmapu  (X,y), ONA  SKuX
BUKOHYETLCS BigHOWeEHHA R.Ix MoxHa 3agaTu 3a gono-
MOroto maTpuui abdo rpada. Y pasi CKiH4EHHUX MHOXWH
OYXKEe 3pYy4yHO 3HaxXOAMTWU HaMWKpalli anbTepHaTuBu 3a
A0onoMoroto rpada nepesar, CTPIfkKM SIKOro CNpsMOBaHi
B Bik MeHL nepeBaXxxHOT anbTepHaTUBM.

3.1. MNpuknag aBToMmaTK3adii npoueaypu 6iHap-
HOro BifHOLUEHHS NepeAyBaHHA
[na BM3HAYeHHS NOCNIAOBHOCTI hopMyBaHHA ene-
MEHTIB BMpoby BMKOpPWUCTAEMO npoueaypy biHapHuX Big-
HOLUEHb NepefyBaHHA. BXigHMM o)Xepenom CnyxwuThb iH-
dopmauis Npo KOHCTPYKLito BUpoby — okpemoi aeTtani —
y BUMMAAi NOro CTpyKTypHOi mogeni (puc. 1, Tabn. 1).
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Fig.1 — Swivel pad; material: cast iron of brand SCH18; 1.8 mm allowance on all surfaces / Onopa nosopomHa; mamepian:
cipuli yasyH mapku CY18; npunyck 1,8 MM Ha 8cix No8epxHAX

The resulting initial document is the sequence
creation of its elements. Models of products in
modern systems are geometric, while for design
automation is reasonable to create a conceptual
model. Conceptual model of parts based on the
notion of design and technological elements
(DTE).

On sequence of creation of product and
formation of its quality parameters affect the
functional, design and technological limitations that
allow to distinguish three groups of precedence
relation [3]:

« functional relations of precedence, that are
imposed by the conditions of product functioning;

 designing relations of precedence, that are
imposed by the conditions of spatial arrangement
of details and some parts of surfaces in product

PesynbTylouum BUXIOHUM [OOKYMEHTOM € nocChi-
OOBHICTb CTBOPEHHS 1Moro enemeHTiB. Mogeni BupoGis
B Cy4YaCHMX CUCTEMax € reoMeTpu4HMMU, TOAI AK Ans
aBTomMaTm3aii NpoeKkTyBaHHA AOLUiINbHO CTBOPUTU MO-
Aenb KoHuentyanbHy. KoHuenTyanbHa mogens Aetani
TPYHTYETLCS HA MOHSTTI KOHCTPYKTOPCBbKO-TEXHOMOriY-
Horo enemeHTy (KTE).

Ha nocninoBHicTb cTBOpeHHs BUpoby Ta dopmMyBa-
HHSi MOro napameTpiB AKOCTI BMMAMBalOTb (PYHKLiOHa-
NbHi, KOHCTPYKTOPCBKI Ta TEXHONOTYHI OOMEXEHHS, L0
003BONSE BUAINUTM TpW rpynu BigHOLWEHb nepenysa-
HHs1, a came [3]:
yHKUiOHanbHi  B8IOHOWEHHS rnepedy8aHHs, Lo
HaknagarTbCa YMOBaMU (PYHKLIOHYBaHHS BMPOOY;

* KOHCMPYKMOPChbKi 8I0HOWEHHST nepedysaHHsl, WO
HaknajalTbCs yMOBaMu MNPOCTOPOBOro po3Tallysa-
HHAM [JeTane’ Ta OKPeMUX MOBEPXOHb B KOHCTPYKLi
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design; BMpPOOY;

« technological relations of precedence, that * MexHosnoeiYHi B8iIOHOWEHHSI repedysaHHs, Lo
are imposed by the conditions of product HaknagalTbCa YMOBaMn BUrOTOBIIEHHS BUPOOY.
manufacturing.

Table 1
Dimensions of swivel pad, mm / Posmipu onopu nosopomnoi, mm
Marking Surface characterization / Relation with the base surface / 3s’a3ok i3 6a3oBoto Plan of
surfaces XapakTepucTuka NoBEPXOHb noBepxHe surface
DTE/ Geometric Unprocessed / processing
MosHa- n?l?m n:Em accuracy, Processed / O6pobneHoto HeobpobneHoto /

YeHHS /R /T mm / dimensional cometrical / dimensional cometrical / Mnan
Mosepxokie MKI\:’ MKN; FeomeTpuHa / rgomeT NYHUIA / rgomeT MNYHUI 0BpoBiu
KTE TOYHICTb, MM PO3MipHUIA P PO3MipHUIA P NMOBEPXHi
1 6.3 | 1000 Hy, 120.5 roughing /
YopHOBa
2 3.2 | 1200 H,, 1440.6 roughing /
YopHOBa
3 6.3 | 600 951506 roughing /
YopHoBa
roughing
4K 25 | 200 51622 finishing /
YyopHoBa

YNCTOBA
5 32 | 700 12525103 roughing /
YopHOBa
6 3.2 | 200 5,282 roughing /
YopHoBa
roughing
7K 25 | 200 4560004 finishing /
YyopHoBa
Alignment yucToBa
tolerances roughing
0.05 mm/ 106 finishing /
8 6.3 600 Honyck 915 YopHoOBa
CniBBICHOCTI yncToBa
0.05 mm 2—40..16 roughing
9K 32 | 160 1530201 finishing /

10 6.3 | 300 2-517+03 roughing /

YopHOBa
Parallelism
01405 tolerances 0.1 .
11 6.3 400 113—>8201*°“‘ mm / Jonycku rzléguzlga/
napanernbHOCTi P
0.1 Mmm
roughing /
12 3.2 600 H2 79,6 4OpHOBA
13 6.3 | 400 12-519%02 roughing /
YopHOBa
Parallelism
tolerances 0.1 rouahing /
14 6.3 | 1600 1748 | mm/ Oonycku gnhing
. YopHoBa
napanesnbHoCTi
0.1 Mmm

In the most general case, drawing of details
includes several kinds of dimensions that link DTE
at various stages of processing in detail:

* H dimensions link raw DTE and their surfaces
(workpiece size);

* P dimensions link DTE and surface of one
phase of processing, for example, prefinished,;
coordination dimensions of relation link
surfaces of raw DTE with prefinished DTE surfaces
and those in turn - with finished DTE surfaces.

To automate the process of determining the
order of execution DTE was created PreMat
program, which automates the process of analysis
of preceding binary relations between DTE (Fig. 3).

B Haibinbl 3aransHOMY BMNAOKy KpecreHHs fe-
Tani BKMoYae Aekinbka BUAiB po3mipis, WO 3B'A3Yy-
toTb KTE Ha pi3Hux eTanax obpobku B getani:

* po3mipu H, Wwo 3B'A3ytoTb HeobpobneHi KTE i ix
NOBEPXHi (PO3Mipy 3aroTOBKW);

« po3mipn P, wo 3B'asytoTb KTE i noBepxHi ogHoro
eTany obpobku, Hanpuknag, o6pobneHi Ha4opHO;

* KOOpOMHAUNHI po3Mipu 3B's3Ky, WO 3B'A3Yy0Tb
noBepxHi HeobpobneHux KTE 3 noBepxHsAMU o6Gpobre-
Hux HadopHo KTE, a Ti, B CBOO Yepry, — 3 NOBEPXHAMM
06pobneHnx HaumcTo E.

[Ons aBTOomMaTtm3auii npouecy BU3HAYeHHA Jda-
HOro nopsiaky BukoHaHHA KTE 6yna cTBopeHa
nporpama PreMat, ska go3Bonse aBTomaTusyBaTtu
npouenypy aHanisy 6iHapHuMXx BigHOWEHbL Nepeny-
BaHHA Mix KTE (puc. 3).

14
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Surfaces to be processed / [NoBepxHi, siki Tpeba 06pobuTn
Work Finished

surfaces / Rouah outline / mt||§ e/ Processing stages /

MoBepxHi 4 ough outiine qou ine /. ETanu o6pobku

28rOTOBOK OPHOBUIA KOHTYP NCTOBUI

KOHTYpP
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Fig. 2 — Preceding binary relations between swivel pad surfaces (see fig.1) / biHapHi 8idHOWeHHS nepedy8aHHs MiX
108EPXHAMU OrIopuU Mo8opomHoi (dus. puc. 1)
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Fig. 3 — Preceding binary relations matrix with steps of preceding I-V (see.fig.3: E1-E3 = H1-H3; E4-E9 = M1-M5) / Mampuus
biHapHux 8i0HOWeHb nepedysaHHs 3i cmyrneHsmu nepedyeaHHs I-V (Ous.puc.3: E1-E3=H1-H3; E4-E9=M1-M5)

Reflection of formation DTE swivel pad Bino6paxeHHs nopsgky dopmyBaHHa KTE
(operations or conversions) is shown in a graph ornopu MNOBOPOTHOI (BMKOHAHHA onepauin abo
form of processing sequence (Fig. 4). nepexofiB) nmokasaHo y BUrnagi y surnagi rpada

nocnigoBHocTi 06pobku (puc. 4).

Fig. 4 — Reflection of processing sequence of swivel pad (left to right) / BidobpaxxeHHs nopsidky 06pobKu ornopu no8opomHoi
(3niea Harpaso)

15




Technological Complexes Ne1 (11), 2015

3.2. The automated process of structure
synthesis of technology equipment through the
usage of "AND-OR graph"

Aggregation operation, i.e. combining of some
elements in a single unit is opposite to
decomposition. In the most general form -
aggregation can be defined as establishing
relations on a given set of elements. Due to
considerable freedom of choice in that, what
consider as an element, how plurality of elements is
formed and what ratio is set on this set, arise a very
large quantitatively and diverse qualitatively set of
aggregation results. The most important form of
aggregation on the synthesis is the formation of
structures. During synthesis creates a structure of
future technological machine.

This graph includes nodes that correspond of
necessarily included elements, and nodes
containing alternative element. For the optimization
synthesis should be used certain quality indicators
in the formation of graph. In such ambiguous graph
the computer selects requirements that correspond
to each element and forms the technical description
of the system.

A method is given for technical systems that
have lots of modifications, but on a physical
process, that is realized, a little differ among
themselves. As we see, processing lines and

multistage machines refer to such technical
systems.
When building the "and-or" tree technical

system should be divided into functional elements -
the functional modules (FM). FM types form the
nodes of the first level of hierarchy with connections
of "and" type. They define the main design features
of the technological machine. For each functional
element in a first level determine the essential
features that are represent in the node-forms of a
second level, with "or" type relations that describe
alternatives:

1. spatial relations - the type of mutual position
of FM to each other (close, above, below, inside,
etc.);

2. functional relations - movable, unmovable
with the possibility of linear or circular movement
etc.

3. options of geometry
parameter correlation of elements;

4. the other features of design elements - the
principle of action, used energy, manufacturing
technology etc.

If some elements are detailed not enough, then
node of the third level is made for them, where FM
features elaborate.

Assessment of options based on the calculation
of indices and-nodes using node indices of the
second level (elements and features that are united
by and-node. In this case, such calculation options
are possible:

In developed software [4] searching of technical
solution starts with narrowing of deleting search
area of and-or- tree choiceless nodes (they are

form, material,
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3.2. ABTOMaTu3oBaHa npoueaypa CUHTe3y CTpy-
KTYPUW TeXHOJOri4YHOro o6nagHaHHA Ha OCHOBI
BUKopucTaHHA rpada «I-ABO»

Onepalia arperyBaHHs, TO6TO 06’eQHaHHA OeKinb-
KOX enemeHTiB y eguHe Luine, npoTunexHa A0 OeKo-
MMo3uuii. Y HamsaranbHilloOMYy BUMMAAI agpeaysaHHs
MOXHa 03Ha4YuUmMu SIK yCmaHO8/IeHHS 8iOHOWEeHb Ha 3a-
0aHili MHOXUHI ernneMeHmie. YHacnigok 3Ha4yHoi cBobo-
av Bnbopy B TOMy, LLIO came po3rnsagaTtn K eNeMeHT,
AK YTBOPEHO MHOXWHY €rieMeHTIB i AKi BiAHOLIEHHSA
BCTAHOBMEHO Ha Ui MHOXWHI, BUHWKaE AyXe Benuka
KifIbKICHO M pi3HOMaHITHa AKICHO MHOXWHA pe3ynbTaTiB
arperyBaHHs. Hanaxnusiwwa Ha etani cuHTedy opma
arperyBaHHa — YTBOpPEHHS CTPyKTyp. i yac cuHTesy
CTBOPIOETLCA CTPYKTypa ManbyTHbOI TEXHOMOrYHOI
MaLUVHW.

Takuin rpad BKNOYae BEPLUMHK, LIO BiAMOBIgaOTb
000B’sI3KOBO BKITIIOYEHUM €MeMeHTaM, i BEPLUMHU, LIO
MIiCTATb anbTepHaTWBHI BapiaHTy enemeHTy. [Ana npo-
BEAEHHA ONTUMI3aLiNHOro CMHTE3y HeobXigHO BMKOPU-
cTaTu Npu YTBOPEHHI rpada MeBHi NMOKa3HWUKN AKOCTI.
Komm'ioTep BMOMpae B TakoMy [BO3Ha4YHOMY rpadi
BMMOrM, LWO BiONOBIAATb KOXHOMY €neMeHTy, i
OpMYy€E ONUC TEXHIYHOT CUCTEMU.

MeTon HapaeTbcsa ONSA TEXHIYHUX CUCTEM, SKi Ma-
oTb 6arato mogudpikauin, ogHak no isn4HOMy Mpo-
Lecy, Lo B HUX peani3yeTbCs, Maro Bigpi3HATLCA MK
cob6o1o0. Ak 6a4nMo A0 TakUX TEXHIYHUX CUCTEM BiOHO-
CATbCS TEXHOMOTiYHI NiHii | 6araTono3unuivHi MaWnHN.

Mpu nobynosi gepeBa «i-abo» TEXHIYUHY cucTemy
cnig  posginuTnm  Ha  QyHKUIOHanbHi  enemMeHTn —
dyHkuioHansHi mogyni (PM). Tunn OM yTBOpPHOOTL
BEPLUMHM MNEPLUOro PiBHA iepapxiyHOro Aepesa, LWO
MaloTb 3B'A3KM BuAY «i». BOHW BU3HayaloTb FOMOBHI
KOHCTPYKTMBHI O3HaKu TEXHOMOriyHoi MawwuHu. [Ons
KOXXHOTO (QYHKLIOHaNbHOrO €neMeHTY MEepLUOro PiBHS
BM3Ha4aloTb CYTTEBI O3HAKM, ki 300paxatoTe B BUrNAai
BEPLUUH APYroro piBHA, sIki MatoTb 3B’A3kU BUAY «aboy,
SIKi ONUCYIOTb anbTEPHATUBK:

1. npocTopoBMX 3B’AA3KIB — BMA B3aEMHOrO po3Ta-
wyBaHHss ®M BigHOCHO OAMH ofHoro (NMopsia, 3BEpXy,
3HU3y, BCEpeauHi ToLo);

2. yHKUiOHaNbHMX 3B’A3KIB — PyXOMO, HEPYXOMO,
3 MOXNUBICTIO NIHIMHOIO YM KPYroBOro nepeMilleHHsI
TOLLO;

3. BapiaHTM reomMeTpu4HOi opmu,
CMiBBIQHOLLEHHS NapamMeTpiB ENeMEHTIB;

4. iHWi 0cobrnmBOCTi KOHCTPYKTMBHOIO BWMKOHAHHSA
eneMeHTiB — NpuHUMN Aii, BUKOPUCTOBYBaHa eHepris,
TEeXHONOriA BUrOTOBMNEHHS TOLLO.

Akwo pesiki eneMeHTM HedocTaTHbO AeTanbHO
OMUCaHi, TO AN HUX CTBOPHOKOTH BEPLUMHU TPETbOro
piBHS, Ae AeTani3yoTb 03HakM OM.

OujiHka BapiaHTiB 6a3yeTbcs Ha 0BG4YMCREHHI noka-
3HUKIB /-BEpLUMH 3a [OOMOMOrOK MOKa3HMWKIB BepLUMH
Apyroro piBHs (enemeHTiB i 03Hak, LWo o6’egHaHi i-Bep-
WwuHoto. Mpu UubOMy MOXNUBI Taki BapiaHTu obuucne-
HHS:

B pospobneHin nporpami [4] nowyk TexXHiYHOro
PilLEHHSI MOYMHAETLCS 3BY)XEHHSIM obnacTi noLiyky
BMOaneHHsM i3 j-abo-gepeBa Ge3anbTepHaTUBHMX
BEPLWWUH (BOHW BXOAATb B TEXHIYHE pilUEHHs aBTo-

marepiany,
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included in the technical solution automatically) and
nodes that do not meet TOD. Then acceptable
solutions are chosen on shortened and-or-tree.

Then all nodes of and-or-tree in order from the
last to the root are reviewed. Then the index
options with TOD date and among themselves are
compared. The algorithm works on the principle of
full sorting of possible (defined by compatibility
tables) combinations of elements and their
features.

CONCLUSIONS

Improvement of computer-aided design system
for improving design decisions has three ways:

1. Optimization synthesis of technical solution is
focused on the full automation of well-formalized
problems. Optimization reveals considerable
reserves of improvement through the new
perspectives of developing principle schemes and
structure of technological equipment.

2. Creating a knowledge base and expert
systems which acquire experience of experts and,
indeed, eventually replace experts. Intellectual
property of expert systems can be realized thanks
to the received from the person (expert) knowledge
in a particular subject area in the form of facts
(objective knowledge) and heuristic methods
(empirical rules), which bring database and
knowledge base into machine.

3. Development of human-machine systems of
choice of the best technical solutions when the
main emphasis on the part of the person who
makes a decision, are on trying to formalize the
selection task of independent comparison and
evaluation, using ECM of different alternatives.
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MaTWYHO) | BEpLUUH, SIKi He Bi4NOBiAATb TEXHIYHOMY
3aBgaHHi0. [loTiM  Ha BKOpoyeHOMy j-abo-AepeBi
BMOUpaloTb AONYCTUMI PiLLEHHS.

[ani nepernsgatoTe BCi BepwuHu i-abo-aepeBa B
nopsaky BiA KiHUeBMX A0 KopeHto. lMicna uporo nopis-
HIOIOTb MOKa3HWKW BapiaHTiB 3 JaHWMUK TEXHIYHOro 3a-
BAAHHSA i Mk coboto. ANropuTm npautoe nNo NpUHUMNY
NOBHOro nepebvpaHHa MOXNMBUX (BU3HAYeHUX Tabnu-
UMM CYMiCHOCTI) KOMOiHaU,in eneMeHTIB i iX 03HaK.

BUCHOBKU

MoxHa BUAINUTM TP LWINAXM BLOCKOHANEHHS CU-
CTEM aBTOMAaTU30BaHOro NPOEKTYBAHHA ANsi NoKpalle-
HHS1 NPOEKTHUX pPilleHb:

1. ONTUMI3auiiHUIA CUHTE3 TEXHIYHOro pilLIEHHS,
OpiEHTOBaHMN Ha MOBHY aBToOMaTu3auito pobpe
dopmanisoBaHmx 3agad. OnTumisauia po3kpusae 3Ha-
YHi pe3epBuM NOMIMNWEHHS 32 PaxyHOK NMPUHLMMNOBO HO-
BMX MEPCMNEKTUB PO3BUTKY NMPUHLUMMNOBUX CXEM i CTpy-
KTYpPW TEXHOMOriYHOro obnagHaHHS.

2. CTBOpeHHs1 6a3 3HaHb i eKCNepTHMUX CUCTEM, SKi
HarpoMazxXyloTb [OCBIA eKCnepTiB i, BMacHe Kaxyuiu,
3rogoM 3aMiHATb CaMuX eKkcrnepTiB. IHTenekTyanbHi
BNACTUBOCTI €KCMEPTHUX CMCTEM MOXHa peanidyBaTtu
3aBASKN HAsIBHOCTI OTPMMaHUX Bif, NtoauHu (ekcnepTa)
3HaHb Yy MEeBHi nNpegmeTHIn obnacTi y cdopmi dakTiB
(MpeaMeTHOro 3HaHHs) 1 eBPUCTUYHUX METOAIB (emni-
PUYHKX NpaBun), siki BBOAATb Y MaLUMHHY 6a3y AaHuX i
0a3y 3HaHb.

3. Po3BUTOK NOOMHO-MALLUMHHUX CUCTEM BUOOPY
Kpawmx TEeXHIYHMX pilleHb, KON OCHOBHUIA aKLEHT
3pobneHo Ha y4acTb camoi ocobu, sika npurimae pille-
HHs, y cnpobax dopmanisyBaTn 3agayy Bubopy, y
CaMOCTINHOMY MOPIBHSAHHI 1 OLiHIOBaHHI 32 AOMNOMOro0
EOM pi3Hux anbTepHaTumB.

BIBNIOrPA®IYHI MOCUNTAHHA

[1]. Outpux A. MNpoekTMpoBaHWe M KOHCTPyMpOBaHME.
CuctemHbin noaxoa / A. Outpux. — Mup, 1981. — 456
c.

[2]. KomechnukoB A.B. Metogonorms u TexHonorus
pelleHnss CrnOXHbIX 3agady MeTogamu  PyHKUM-
OHanbHbIX TMOPUAHBLIX WHTENNEKTyanbHbIX cucTem /
A.B. Konechuko, W.A. Knmpukos. - M.: UM PAH,
2007. - 387 c.

[3]. ManbyeBcbkn B.0. IHopmaLiiHi TexHonorii npo-
€KTYBaHHs1 TeXHOMOoriYHoro ycratkyBaHHa / B5.0O. Manb-
yeBcbkuii. — Nyubk: PBB Jlyubkoro HTY, 2012. - 572 c.
[4]. NanbyeBcbkuin B.0., Po3pobka cuctemn aBTomaTu-
30BaHOro ONTUMI3aUiHOrO CUHTE3Y CTPYKTYPWU TEXHiu-
HUX OO’EKTIB LUNSAXOM BMKOPUCTaHHS AepeB «i-abo» /
B.0O. ManbyeBcbkuin, O.A. Benukuin // TexHonorivHi
Komnnekcu, Haykosun xypHan. — Jlyubk: BWAaBHULTBO
Jlyubkoro HTY, 2011, Ne2(4). — C. 23-29.



