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INTRODUCTION

As a result of design to create new and better
design machines that are different from their
counterparts and prototypes using new physical
phenomena and principles of their functioning, a
perfect base of antibacterial, progressive
embedded technologies, etc. For it is not enough to
create more sophisticated equipment, it is
optimized for a wide range of performance:
functionality, design and technological, operational
and economic.

Recently, computer design of process
equipment began to develop rapidly. This is due to
the following reasons.

1. First, the need to develop complex
technological equipment highly integrated
functional modules in it when the number of
functional elements (components) up to several
dozen in one machine.

2. Secondly, high economic efficiency methods
aided design of technological equipment, as
they design cost is a significant share of the
total cost of their production.

FORMULATION OF THE PROBLEM

It is obvious that solving this problem
developers face the need to analyze a large
number of options, and with increasing complexity
of the equipment being developed, the number of
variants dramatically increases. This situation has
been called "the tyranny of alternatives" and led to
delays of new technological systems for many
years.
This gave a powerful impetus for intensive
development of new technology design technology
systems using mathematical methods and
computer technology, integrated automation of

AHomauis:. NpedcmaesneHo ocobnueocmi mModesoeaH-
HS | cUHMe3y cmpyKmypu MeXxHOI02i4HUX KOMI/IeKCie
npu ix asmomamu308aHOMy MPoeKkmyeaHHi. B3aemolis
OCHOBHUX rpoyedyp CUCMEeMHO20 aHanidy i onmumisa-
UitiIHo20 cuHmMe3y peanizyemsCsi Ha CHO8i 8UKOPUCMaH-
HS npuHyunie cucmemHo20o nidxody. [MpedcmasnieHo
puHyunu peanizayii aemomamu308aHO20 POoeKmy-
8aHHS1 KOMITOHOBKU.

Knro4oei cnoea: kommnoHoska; cmpykmypa; CA[lIP;
CmpyKmypHa ornmumi3auis; KoHuenmyarsnsHe Mooerito-
BaHHS.

BCTYN

B pesynbTaTi nNpoekTyBaHHA CTBOPIOIOTLCA HOBI,
OinbLU 4OCKOHAM KOHCTPYKLiT MaLUWH, SKi BiAPi3HAIOTbCA
BiJ CBOIX @Hanoris i NPOTOTUMIB BUKOPUCTAHHAM HOBMX
Di3NYHMX A9BULL, | MTPUHLMMIB iX DYHKLIOHYBaHHS, GinbLu
AOCKOHAaroK KOMMOHEHTHO 6a30t0, NpOrpecuBHICTIO
3aknageHoi TexHonorii i T.n. [ns uboro HeaocTaTHbO
cTBOpMTM Binbll JockoHane obnagHaHHsA, Moro Lie

HeobXigHO ONTMMi3yBaTM MO  LUMPOKOMY  CMEKTPI
NOKa3HWKIB: dYHKUIOHaNbHMX, KOHCTPYKTOPCbKO-
TEXHOMOTYHUX,  eKChnyaTauilHNX i  EKOHOMIYHMX.
OcTtaHHim Yacom KoMn'toTepHe NPOEKTYBaHHS

TEXHONOriYyHoro obnagHaHHA noyano po3BuBaTUCSH

NPUCKOPEHO. Lle MOACHIOETBCS HACTYMHUMM NPUYUHAMM.
Mo-nepwe, HeoOXigHICTIO poO3pobkM CKMagHOro
TEXHOMOriYHoro obnagHaHHs 3 BUCOKUM CTYMNeHeM
iHTerpauii B HboMy (pyHKUiOHaNbHUX MoAayniB, Konu
KiNbKiCTb  OYHKUiOHANbHUX ernemMeHTiB (KOMMOHEH-
TiB) AocArae AekinbKOX AeCATKIB B OOHIN MaLLWHI.

2. Tlo-apyre, BUCOKOK EKOHOMIYHOK eEeKTUBHICTIO
MeToAiB aBTOMAaTM30BaHOro NPOEKTYBaHHS
TEXHONMOrYHOro 06nagHaHHSA, OCKINbKM Ans HUX
BapTICTb MPOEKTYBAHHSI CKMAOA€ 3HA4YHYy 4acTKy
3aranbHUX BUTPAT Ha X BUPOOHNLITBO.

NMOCTAHOBKA NMPOBJIEMU

OuyeBnOHO, WO NPU BUPILLEHHI LbOro 3aBAaHHS
PO3POOHUKM CTUKaKTbCH 3 HeoOXigHicTo
npoaxanisyBatu BenuKy KinbkicTb BapiaHTiB, Npyuyomy B
Mipy  3pOCTaHHS  CKMagHoCTi  obnagHaHHs, Lo
pO3pobNAETLCH, KiNbKICTb BapiaHTIB  kaTacTpogiyHO
3poctae. Lia cuTyauis oTpumana Hasea «TupaHii
anbTepHaTMB» i NMpuBena [0 3aTAryBaHHS CTBOPEHHS
HOBMX TEXHOMOFYHNX KOMIMIEKCIB Ha AOBri POKMU.

Bce ue gano NOTYXXHUI NOLITOBX ANst iIHTEHCUBHOIO
PO3BUTKY HOBOT TEeXHOorii NPOEKTYBaHHSI
TEXHONOTYHNX KOoMniekcis i3 3aCTOCYBaHHAM
MaTeMaTU4YHUX MeToAdiB | 3acobiB obuncntoBanbHOT
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design work that has replaced prototyping and full-
scale simulation of mathematical modeling using
multivariate techniques (combinatorial) design
and optimization.

MAIN TEXT OF ARTICLE
1. Approaches to designing technological

systems

Design of any technical object — is the creation,
transformation and presentation in accepted form
of image of its non-existent object. The image of
the object can be created in the human imagination
as a result of a creative process or generated by
some algorithms in the interaction between human
and computer.

Engineer-designer solves the problems of
different levels of complexity by creating
technological machines. If he works on the same
type of technological devices for which the special
design methods are designed, then he needs to
provide the parameters of the machines according
to the requirements, that are contained in the
specifications. The task is complicated if a new
technological machine is designed, that requires
creative usage of earlier experience. A part of work
should be performed without anything in the
process of designing of such machine, creating a
new construction.

Modern technological systems are complex
technical objects. Their design and operational
support is impossible without a systematic
approach. In this case the object is a system
design to the purpose of its creation. In turn,
purpose, seeking to achieve their specific functions
through them determines the composition and
structure of a complex technological system. At
present, the theory of computer design took shape
in relation to the process equipment designing
more functional levels that form the following
hierarchy:

« first level - a level of conceptual design, when
the transition from the question "What should
make technological system" to the question
"how should the projected operational system";

* second level - the level of functional design that
is functional and logical design, the result of
which is to structure future workflow process
equipment;

+ third level - the level of structural aided design,
in which the synthesis options for equipment

components (functional modules)  and
evaluated vapianty structure in their partial bust
previous npohnozuvannyam xapaktepystyk
components;

+ fourth level - the level of automated design
engineering.

Conceptual design in which targets are
selected and formulated the design, justified the
original data, the analysis of the product, which is
made on the projected production equipment. This
upper level TC-down design, often called Blueprint.
Conceptual design performed in the pre-research,
formulation TC, development of technical
proposals.

In the functional design of the enforcement of
the necessary functions - the main goal and the
basis of the development of TC. Attention with the
approach taken above all, functional quality TC.
This approach is widely used in the design of the

TEXHiKM, KOMMIEKCHOT aBToMaTun3aLii NpoekTHUX pobiT,
O [03BOMMMAO 3aMiHUTM MakeTyBaHHA | HaTypHe
MOLEMBAHHA  MaTeMaTU4HUM  MOOENIOBaHHSAM 3
BMKOPUCTaHHAM MeToAiB 6araToBapiaHTHOro
(KkoMbGiHaTOpHOro) NPoeKTyBaHHs i ONTMMi3aLlii.

OCHOBHUW TEKCT CTATTI

1. Niaxoaun po NpoeKkTyBaHHA TEXHOMOriYHUX
KOMMMEeKciB

MpoekTyBaHHA Oyab-IKOrO TEXHIYHOrO 06'ekTy — Le
CTBOPEHHSl, MNepeTBOPeHHs | NpeAcTaBfneHHs B
NPUIHATIN popMi 0Opasy UbOro LWe He iCHYK4Ooro
06'ekty. Obpa3 06'ekTy MOXe CTBOpKOBATUCA B YABI
NOOMHM B pe3ynbTaTti  TBOpYoro npouecy abo
reHepyBaTuCs BIiAMOBIAHO [0 [OEsKWX anroputMmis B
npoueci B3aemogii niognHm i EOM.

CTBOPIOKOYM  TEXHOMONYHI  MalUMHK,  iHXeHep-
NPOEKTYBanbHUK BUWPILLYE 3aBAAHHA PIi3HOrO piBHA
CKMagHOCTI. SAKWO BiH npaule Haa OOHOTUMHUMU
TEXHOMOTMYHMMM MPUCTPOSMKN, ANS SKUX PO3pobneHi
cneujanebHi METOAM MPOEKTYBaHHS, TO WOMY MOTPiOHO
3abe3neunT napameTpy MalvHK BIOMNOBIAHO OO0 TUX
BMMOT, SIKi MiICTATbCS B TEXHIYHOMY 3aBAaHHi. 3aBAaHHs!

YCKNagHIETLCS, AKLLO NPOEKTYETLCA HOBa
TEXHOMOriYyHa  MalluHa, LWo BMMarae TBOPYOro
BMKOPUCTAHHS paHille HakonuyeHoro pJocsigy. B

NpoLEeCi NPOEKTYBaHHA Takoi MaLUWHW YacTUHY poboTu
OOBOANTBCA BUKOHYBaTM Ha  «MOPOXHBOMY  MiCLLi»,
CTBOPHKOYN HOBY KOHCTPYKLIiO.

CyyacHi TexHONOriYHi KOMMIEKCUM € CKNagHUMu

TEXHIYHUMHU o6’ekTamum. Ix NPOEKTyBaHHSA i
ekcnnyaTauiiHe  CynpoBOMXEHHA Hemoxnunese 6e3s
cuctemHoro nigxogy. B ubomy Bunagky o6'ekt

NPOEKTYBaHHA BUCTYNae K CucTema CTOCOBHO MeTu

Noro CTBOpeHHS. B cBoto yepry meTa, Bumarawoum ans

CBOr0O [JOCATHEHHSI NEBHUX OYHKLiN, 0OyMOBMIOE Yepes

HUX CKNapg i CTPYKTYpYy TEXHOMOMYHOro KOMMMEKCy $K

cuctemn. B pganmi yac B Teopii  kKOMM'OTEPHOrO

NPOEKTYBaHHA CTOCOBHO TEXHOMOrMYHOro yCTaTKyBaHHS

odopmumnocs Kiflbka dYHKLiOHaNbHMX piBHIB

NPOEKTYBaHHS, L0 YTBOPIOKOTb HACTYMHY iEpapxito:

e [epwun piBeHb — LUe piBeHb KOHLUEenTyanbHOro
NPOEKTYBaHHSA, KONMW 34INCHIOETLCA nepexig Big nu-
TaHHSA «LWO MOBMHHA POBWUTM TEXHOMOriYHa cucTe-
Ma» OO0 MNWUTaHHA «SK MNOBMHHA (OYHKLiOHYBaTh
NpoeKToBaHa cucTemMay;

e [pYyrvn piBeHb — (YHKLiOHaNbHUA piBEHb NPOEKTY-
BaHHsi, TOOTO (OYHKLiOHANbHO-MOMYHE MPOEKTY-
BaHHs, pe3ynbTaToOM SKOr0 € OTPUMAHHSA CTPYKTYpwu
poboyoro npouecy ManbyTHbOro TEXHOSOMYHOro
obnagHaHHs;

e TpeTin piBeHb — piBEHb CTPYKTYPHOrO aBTOMAaTu30-
BAHOrO MPOEKTYBaHHA, MNPU SKOMY 3[iIACHIOETLCA
CYHTE3 BapiaHTiB o0bOnagHaHHA 3 KOMIMOHEHTIB
(dyHKUiOHaNbHMX MOAYNiB) i OLHIOTECA BapiaHTu
CTPYKTYpM npw ix YacTkoBomy nepebopi 3 nonepea-
HiIMW NPOrHO3YBaHHAM XapakTepPUCTUK KOMMNOHEHTIB;

e yeTBepTUA piBEHb - piBEHb aBTOMAaTM30BaHOro
KOHCTPYKTOPCBLKOrO NMPOEKTYBaHHS.
KoHuenTyanbHe MpPOEKTYBaHHA, Mpu  SKOMY

BuGUpatoTbcs i PopMynoTbLCA Ui NPOEKTYBaHHS,
06r'pyHTOBYIOTECA BUXIOHI OaHi, NPOBOAMTLCA aHanis
BUpObYy, SIKUN Mae BUIOTOBMATUCA Ha NPOEKTOBaHe
TexHonorivHe obnagHaHvHsA. Lle  BepxHii  piBeHb
cnagHoro npoekTyBaHHA TK, sikMiA 4acTo HasuBaloTb
KOHUenTyanbHUM  npoekTyBaHHAM.  KoHuenTyanbHe
NPOEKTYBaHHA BUKOHYIOTb B MPOLIECi MepeanpoeKTHNX
OocCnigXkeHb, opMyntoBaHHa T3, po3pobkM TexHIYHOT
nponoauii.
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TC for the manufacture of machine parts during
machining. This stage involves describing the
principles of action and the functioning of the TC.

Currently, the design theory took shape two
levels of functional design. These levels differ,
above all, the essence of tasks and honors
mathematics. At the first level are functional design
workflow structure TC (process or operation), and
the second - are the technological scheme.
Obviously, the second level is a transition to
structural design. For example, the first level
projected structure or process operations
implemented projected equipment. Solutions are
provided specified information and accuracy
characteristics with mathematical tools are widely
used numerical methods, statistical modeling. At
the second level of functional performance
provided pryzna—chennya technological equipment
based on knowledge idealized or approximate form
for internal spatial and functional relationships
between its functional components. This widely
used logical mathematics and numerical modeling
techniques and data conversion.

The best known method of functional design of
complex systems is a technique SADT (Structured
Analysis and Design Technique), which became
the basis of the international standard IEEE
1320.1-1998 IDEF 0 (Integrated Definition 0).

Structural design in which the emerging
structure process equipment, their parts, which are
usually completed functional modules (components
and mechanisms) defined energy and information
links between them. Structural design is based on
the LC-functional modular principle. Method
functional and modular design based on the idea of
functional decomposition, where each module of
the technological system performs one stage of the
overall workflow. Placed mutually linked and all
functional components included in the TC. As a
result, emerging local and state the terms of
reference for the design of certain components of
the process equipment. At the same time optimize
their structure and parameters (perform structural
and parametric synthesis) in terms of providing the
best and efficient operation. This level of
component design. This process equipment design
as an object is represented as a layout scheme
that is sufficiently large set of interconnected
functional units completed - functional components
or modules. This functional communication
channels between the modules can be seen as
separate modules with the appropriate parameters.
Initial data when designing the circuit layout is
usually: type, parameters and characteristics of
individual functional modules (reliability, precision,
energy consumption, etc.); requirements for output
parameters and characteristics of technological
equipment (performance, cost, reliability).

The task of optimization in solving problems of
structural synthesis formulated in the form of
discrete mathematical programming problems:
extr F (X), X €D D={X|W(X)>0,Z(X)=0},

where F (X) - objective function that quantifies
the quality of project design;

W (X), Z (X) - vector-related functions
represented in the specifications, requirements and
restrictions;

D - discrete set of possible design solutions.

Mpu doyHKUiOHaNbLHOMY NpPoOEeKTyBaHHi 3abesne-
YeHHs1 BUKOHAHHSA HeobXiaHOI pyHKUIT - ronoBHa meTa i
ocHoBa po3pobku TK. [o yBarn npu uboMy nigxopi
nNpUMaloTbCs, NepL 3a Bce, PYHKLiOHanNbHi MOKa3HUKN
akocTi TK. Takui nigxig LWMPOKO BUKOPUCTOBYETHCHA B
npoekTyBaHHi TK AnNg BUroTOBNeHHs AeTanen MaluH
npy MexaHiuHin obpobui. Llen etan nos'A3aHun 3
onncoM NpuHUMNIB Aii i npouecis dyHKUioHyBaHHA TK.

B paHui yac B Teopii npoekTyBaHHA odopMunmncs
ABa yHKUiOHanbHi  piBHI npoekTyBaHHA. Lli  piBHi
PO3PIi3HAIOTLCHA, MepLU 3a BCe, CYTHICTIO BUpILLyBaHWX
3aBfaHb i BIOMIHHICTIO MaTemMaTudHMX anapartiB. Ha
nepwomy  piBHi  OYHKUIOHANbLHOMO  MPOEKTYBaHHS
OTPpUMYIOTb  CTPYKTYypy  poboyoro npouecy TK
(TexHomnoriyHoro npouecy abo onepadii), a Ha gpyromy -
OTPUMYIOTb TEXHOMOTIYHY cxemy.  O4veBuAHO, Lo
OpYyrMid  piBeHb € nepexigHuM [0  CTPYKTYpPHOro
NpoekTyBaHHa. Tak, Hanpuknag, Ha nepLoMy piBHi
NPOEKTYETLCA CTPYKTypa TEXHOMOriYHOro npouecy abo
onepauii, AKi peanisytoTbcs NPOEKTOBaHUM
obnagHaHHAM. 3abe3nevyloTbca 3afaHi iHOpMaUinHi
Ta TOYHOCTI XapaKTepuUCTUKM, MpU LbOMY LUMPOKO
3aCTOCOBYIOTbCA MaTemMaTUyHUM anapaTt YuceribHUX
METOAIB, CTaTUCTUYHE ModerntoBaHHA. Ha apyromy piBHi
3abe3neyvyeTbCca BMKOHAHHA (PyHKLiOHaNbHOro npuaHa-
YEHHS1 TEeXHOMOriYHMM o6nagHaHHAM Ha OCHOBI 3HaHb
HabnwxkeHoi abo igeanizoBaHoOi hopMU ANS BHYTPILLHIX
NPOCTOPOBUX | PYHKUiOHANbHUX 3B'A3KIB MK MOro
dyHKUiOHaNbHUMWN KOMNOHEeHTaMu. [py LbOMY LLMPOKO
BUKOPUCTOBYIOTbCS NOrfiYHa MartemMaTuka i uYmcenbHi
MeToaun MoAentoBaHHSA Ta NepPeTBOPEHHSA AaHUX.

HanGinbw BiAOMOK METOAMKOK (PYHKLIOHANbHOro
NPOEKTYBaHHA CKNagHux cucteM € metogmka SADT
(Structured Analysis and Design Technique), sika ctana
OCHOBOW MixHapogHoro ctaHgapty IEEE 1320.1-1998
IDEF 0 (Integrated Definition 0).

CTpyKTypHe NpoeKTyBaHHSA, Npu sikomy copmye-
TbCH CTPYKTypa TEXHONoriyHoro obnagHaHHs, Woro
CKMafoBUX YacCTWH, SKUMK 3a3Bu4an € PyHKUiOHanbHO
3aBepLUeHi Moayni (MexaHi3amu i By3nu), BU3Ha4aoTbCA
eHepreTuyHi Ta iHOpPMaLinHi  3B'A3KM MK  HUMMU.
CTpykTypHe npoektyBaHHa TK TrpyHTyeTbCs Ha
PYHKUiOHaNbLHO-MOAYMbHOMY npuHUMni. MeTtoa dyHk-
LliOHanNbHO-MOAYBHOIO MPOEKTYBAHHS 3aCHOBAHUIN Ha
inei yHKUioHanbHOI AekoMno3auii, Ae KOXeH MoAayrb
TEXHOMOrMYHOI CUCTEMM BUKOHYE OOWH 3 eTanis
3aranbHoro poboyoro npouecy. Po3amiwyoTecs i
B3aEMHO MOB'A3YI0TLCA BCi PYHKUIOHAMNbHI KOMMOHEHTH,
wo BxoasaTb B TK. B pesynbrtati dopmytotbes i
OOPMYIIOITLCA  NOKamnbHI  TEXHIYHI  3aBOaHHA Ha
NPOEKTYBaHHSA OKPEMMX CKNafOBMX YaCTUH TEXHOIOrY-
Horo obnagHaHHs. MNpu UbOMY OMTUMI3YHOTb iX CTPYK-
Typy Ta napameTpu (3AINCHIOITL CTPYKTYPHUI i napa-
METPUYHUIA CMHTE3) 3 TOYKM 30py 3abesneyeHHs
Havkpalwloro i edpekTnBHOro yHkUioHyBaHHSA. Lle
piBEHb KOMMOHEHTHOrO MPOEKTYBaHHSA. TyT TeXHOMOriy-
He obnagHaHHA AK 06'eKT NpOeKTyBaHHA NpeacTaBnse-
TbCA Yy BWUMMA4I KOMMOHYBanbHOK CXemu, TOOTO
CYKYMNHOCTI B3aEMONMOB'A3aHNX  OOCUTb  BENUKUX
(PYHKLiOHaNbHO 3aBepLUEHMX BNOKIB - dyHKUiOHANBHNX
KOMMoHeHT abo moaynis. Mpu upomy dyHKUiOHANbHI
KaHanu 3B'A3Ky MK MOAYNsMW MOXYTb pO3rnsgaTucs
K OKpeMi Moayni 3 BignoBigHMMKW nNapamMeTpamu.
BuxigHuMn gaHMMKM Npu NPOeKTyBaHHi KOMMNOHYBarb-
HOKO CXemMu 3as3Bu4am € Tun, napameTpu i
XapaKTepuUCTUKM OKpeMUX YHKUiOHanbHNUX Moaynis
(HagifHiCTb, TOYHICTb, €HeproBUTpaTHICTL | T.M.);
BUMOIMM [0 BUXIOHMX MapameTpiB | XapaKTepucTuk
TEXHOIOrYHOro obnagHaHHSA (NPOAYKTUBHICTB,
BapTiCTb, HAAINHICTb).
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Since the problem of structural synthesis
typically is NP-complete (or NP-hard), the exact
methods based on exhaustive search of solutions
to quite complex technological systems are not
implemented and should use methods reduced
busting. This can be tested by statistical Monte
Carlo. As a result, solution accepted values X at
the point with the best value of the objective
function F (X). As usual number of statistical tests
N many orders of magnitude less power set of
acceptable solutions, the time spent on solutions
are unacceptable for accurate solution in most
cases is not satisfactory.

Time spent on random search of points of X
can be substantially reduced if space is limited
busting small neighborhood of the current search
terms as used in methods of local search and
retrieval of prohibitions.

In the branch and bound method M solutions
set is divided into several subsets Mk (branching),
and instead through all the elements of these
subsets calculated lower limits L (Mk) minimized
objective function F (X) in a subset of Mk.
Reducing busting perhaps due to the fact that more
branching exposed to only that subset Mk, whose
lower limit was the lowest. To use the method must
have an algorithm for computing the lower limit. If
you use a particular simplification of (approximate
calculation of the lower limit, limiting returns, etc.),
the method is approximate and due to loss of
precision guarantees the appropriate amount of
time solutions.

In evolutionary computation using principles of
adaptation of living organisms to environmental
conditions during evolution.

Currently being studied and developed three
methods of evolution - genetic methods (Genetic
Algorithms - GA), methods of behavior "mob»
(Particles Swarm Optimization - PSO) and
methods of "ant colonies» (Ant Colony
Optimization - ACO).

Designing, also called technical design, solves
the problem of optimization of decisions on
structural and technological, economic and
operational indicators. At this stage, develop
technical design documentation required for
manufacturing and operation, designed functional
components manufacturing equipment, their
components and elements relative positions in
space taking into account technological,
mechanical, technological strength equipment. It
uses mathematical tools of decision theory,
directed graphs and Multicriteria approaches to
design.

These levels differ, above all, the essence of
tasks and as a consequent, difference
mathematical tools for modeling design solutions.

2. Even models in computer systems design
process

Structural and functional decomposition of the
system allows for various stages of design models
using various levels. In this level are the following
models used in computer systems design process.

To solve the problems of design must have the
knowledge of how different methods affect the
structural and functional organization of the
characteristics of functioning of technological
systems that solve problems of system analysis.

3aBOoaHHs  onTuMi3auii  npuM  BuUpiweHHI  3agad
CTPYKTYPHOro CMHTE3y (hopMymnioTbCa y BUrMAAi 3agaq
ONCKPETHOro MaTeMaTMYHOro NporpaMmyBaHHS:
extr F (X), X €D D={X|W(X)>0, Z (X) =0},
ae F (X) - uinboBa @yHKUiA, LWO KiNbKiCHO
XapaKkTepuaye SKiCTb MPOEKTHOrO PiLleHHS;

W (X), Z (X) - BekTop-dyHKLii, noB's3aHi 3
NpeacTaBreHNMN B TEXHIYHOMY 3aBAaHHi BUMOramu i
obmMeeHHsaMN;

D — pguckpeTHa MHOXMHA MOXIMBUX MNPOEKTHUX
pilleHb.

Ockinbkn 3aBOaHHS CTPYKTYPHOTO CUHTE3y, $K
npasuno, € NP-noBHMMK (abo NP-BaXKMMM), TO TOYHI
MEeTOAM, 3acHOBaHi Ha NOBHOMY nepebopi pilleHb, Ang
OOCTaTHbO CKMNagHMX TEXHOMOrMYHMX KOMIIEKCIB He
peani3oBylTbCA | MOTPIGHO BMKOPUCTOBYBaTM MeTOAU
ckopoyeHoro nepebopy. Lle MoXyTb B6yTn CTaTUCTUYHI
BUNpobyBaHHss 3a MeTogoM  MoHTe-Kapno. Ak
pe3ynbTaT PpilleHHs 3agadvi NpuUMaroTbCA 3HaYEeHHSA
napameTpia X B Touui 3 HaWKpawuMm 3HAYEHHAM
uinboBoi pyHkuii F (X). Ockinbku 3a3Buyan 4ucrno
cratuctuyHux BunpobyeaHb N Ha Garato nopsgkis
MEHLUEe MOTYXXHOCTi MHOXWHU AOMNYyCTUMMUX BapiaHTiB
BUPILLEHHSI, TO BUTPATK Yacy Ha PiLLEHHSA BUABNATLCA
HENPUUHATHUMK, 60 TOYHICTb pilleHHa B GinbLOCTi
BUNaAKiB BUABMSAETLCHA HE3a4O0BIMbHOM.

Butpatn 4acy Ha BunagkoBui nepebip Tovok X
MOXHa ICTOTHO CKOPOTWUTU, SIKWO OOMEXUTM MpocCTip
nepebopy Manum OKONOM MOTOYHOT TOYKM MOLUYKY, O i
BMKOPUCTOBYETLCA B METOOAX JIOKanbHOrO MOLUYKY i
noLuyky 3 3abopoHamu.

Y MeTogax Finok i MeX MHOXuMHa piweHb M
po3buBaeTbCa Ha pag NigMHOXUH MK (posranyxeHHs), i
3amicTb nepebopy BCiX €nemeHTiB UMX MigMHOXWUH
po3paxoBytoTbCsl HWXKHI Mexi L (Mk) MiHimizoBaHoi
LinboBoi dyHkuii F (X) B nigMHOXMHI Mk. CKOpoYeHHs
nepebopy MOXNMBO B 3B'A3Ky 3 TWUM, WO Aani
po3sranyXeHHs NigaaeTbca TinNbkM Te nigMHOXuHa MK, y
SIKOFO HWKHA Mexa BusiBUNacsa HaviMmeHwow. [ng
3aCTOCyBaHHA MeToA4y HeoOXigHO MaTu  anroputm
OBYMCIEHHA HWXKHIX MeX. FKLWO BUKOPUCTOBYBATU Te
YM iHWe CnpoLUeHHs 3agdadi (HabnvwkeHe o0G4YMCreHHS
HWXKHIX MeX, OOMEXEHHsI NMOBEPHEHb TOLLO), TO MeToA
cTae HabnwkeHUM | 3a paxyHOK BTpaTU TOYHOCTI
rapaHTye NPUNHATHI BUTPATK Yacy pilleHHS.

Y eBOMoLiHNX OBYUCMNEHHAX BUKOPUCTOBYHOTLCS
NpVHUMNX  aganTtadii XMBUX OpraHiamis Oo YyMOB
30BHILLHBOrO CepefoBULLIA B MPOLEC €BOMIOLLT.

B paHunin 4ac BuBYaOTLCHA | PO3BMBAKOTLCHA TPU
rpynu €BOMIOLINHMX MEeTOAIB - reHeTuyHi metoam (Ge-
netic Algorithms - GA), MeToan NoBeAiHKM «HATOBMYy»
(Particles Swarm Optimization - PSO) i meToam
«konoHii mypax» (Ant Colony Optimization - ACO).

KoHcTpyroBaHHS, 3BaHe  TaKOX  TeXHiYHUM
NPOEKTYBaHHAM,  BUWPIlIYE  3aBAaHHA  OMTUMI3aLii
NPUAHATUX PillEHb MO KOHCTPYKTUBHO-TEXHOMOMYHUM,
E€KOHOMIYHUM | eKkcnnyaTauiiHuMm nokasHukamu. Ha
LbOMY eTani MNPOEKTYBaHHS pO3poOnsAlTb TEXHIYHY
OOKyMeHTauito, HeobxigHy Ans BWIOTOBMEHHA Ta
ekcnnyaTtauii, NPOEKTYIOTbCSA dyHKUiOHaMNbHi
KOMMOHEHTN TEXHOSOrYHOro obnagHaHHs, X BYy3nu i
eneMeHTW, B3aeMHe po3TallyBaHHA B MpocTopi 3
ypaxyBaHHAM TEXHOSIOMYHUX, MeXaHiYHUX, MiLHOCTI
TEXHOMOriYHoro obnagHaHHs. TyT BUKOPUCTOBYETHCS
MaTemMaTU4HUIA anapaT Teopii NPUAHATTS  pilleHb,
cnpsiMoBaHUX rpadoiB, a TakoX OaraTtokpuTepianbHi
NiAXOAM A0 KOHCTPYHOBaHHS.

Lli piBHi po3pisHAOTLCA, nepll 3a BCe, CYTHICTIO
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These systems analysis tasks are solved using
appropriate models that ensure the correctness
and accuracy of the results and, ultimately, quality
system design can be divided into groups:

» conceptual model (Eng. Conceptual model) -

a model that represented the set of concepts and
relationships between them that determine the
semantic structure of the subject area or a specific
object. In other words, conceptual (substantial)
model - is an abstract model that defines the
structure of the simulated system, the properties of
its elements and causal relationships inherent in
the system and essential for achieving the goal of
modeling.

» functional system model describes a set of
executable system functions.

* structural model characterizes the
morphology of the system (its structure) -
storage subsystems their relationship.

* behavioral model describes the information
processes (dynamics of operation), it featured
categories such as system status, event,
transition from one state to another, the
conditions of the transition, the sequence of
events made binding for a time.

* analytical models are subjected to strict
calculation, allowing for analytical results or

explicity or numerically using numerical
analysis methods;

* model subjected approximate analytical
calculation with acceptable accuracy for

engineering applications, and results can be

obtained either explicity or as boundaries

(upper and lower);

* models that require the use of statistical
calculation methods, including those based on
simulation
Modeling is used at all stages of designing as

during the conduction of the procedure of
optimization synthesis of workflow and at the
procedure of optimization synthesis of the structure
of the technological equipment. The modeling
allows to solve the main problem of the designing —
to determine the relationship between the structure
of the designed object and characteristics of its
efficiency.

The procedures of analysis, synthesis and
modeling in the design process are closely linked,
forming metaprocedures that are aimed at creating
an acceptable or optimal project decision.

BUpILLYBaHMX 3aBAaHb i, K
BiAMIHHICTIO MaTeMaTU4HUX
MOZAENNOBaHHS NPOEKTHUX PilLeHb.

BUMMMBae  3Biacw,
anaparis ans

2. PiBHi Mopene#d npu  KOMM'HOTEPHOMY
NpoeKTyBaHHi TEXHONOriYHMX KOMMNIEeKCiB

CTpyKTypHO-DYyHKLiOHaNbHa OEKOMMNO3NLIst CUCTEM
Jos3Bonsie  Ha pi3HMX  eTanmax  MPOEKTYyBaHHsI
BMKOpPUCTOBYBaTW MoOAenNi pisHuX piBHiB. [py LbOMy
MOXXHa BUAINNUTY TakKi piBHi moaenen, wo
BUKOPUCTOBYIOTBCSI MPU KOMIMIOTEPHOMY NPOEKTYBaHHi
TEXHOMOTYHMX KOMMIEKCIB.

[ns BupilleHHA 3aBOaHb MPOEKTYBaHHSA HEeOOXigHO
MaTW Yy CBOEMY pO3MOPSMKEHHI 3HaHHA MNpo Te, §K
BMMMBAKTb Pi3Hi CMNOCOOM CTPYKTYpHO-(PYHKLIOHANBHOI
opraHisauii Ha  XxapakTepucTukn  OYHKLiOHyBaHHSA
TEXHOIOrYHOI cucTemMu, To6TO BMpillyBaTM 3aBAaHHA
cucTemHoro aHanisy. Lli 3aBgaHHA cuctemHoro aHanisy
BUPILLYIOTBCS 32 JOMOMOrO0 BiAMNOBIAHMX Mogenewn, Wo
3abe3neyvyoTb KOPEKTHICTb | AOCTOBIPHICTb pe3ynbTaTiB
i, B KIHLUEBOMY paxyHKy, sIKiCHE MPOEKTYBaHHSA CUCTEM,
MO>Ha po34inunTK Ha rpynu:

e KoOHUenTyanbHa mogenb (aHrn. Conceptual model)

- Ue Mofenb, Wo NpeacTaBneHa MHOXWHOK MOHATb

i 3B'A3KIB MK HUMMW, SKi BM3HAYalOTb CMUCIIOBY

CTPYKTYpy npeaMeTHoi obnacTti abo ii KOHKPETHOro

o6'exTa. [HWWMMKM  cnoBamu,  KOHUenTyanbHa

(3micToBHa) Mogenb - Ue abcTpakTHa mMoAensb, ska

BM3HA4Ya€ CTPYKTypy MOAENbOBaHOI  CUCTEMMW,

BNacTUBOCTI i enemeHTiB i NPUYNHHO-HAaCNIOKOBI

3B'A3KW, BNACTMBI CUCTEMI i CYTTEBI ANA AOCATHEHHS

MEeTW MOAENOBaHHS.

e (byHKUiOHaNbLHa MoAenb  CUCTEMU

CYKYMHICTb BUKOHYBaHMX CUCTEMOIO (DYHKLLiNA.
e CTPYKTYpHa Mopfenb Xapakrtepusye Mopdororito

cuctemn (ii nobypoma) - cknag nigcuctem, X

onucye

B32EMO3B'A3KY.
e noBefiHKoBa Mopgenb OnNUCye iHopMaLiviHi
npouecu  (OUHaMiKy  PyHKUiOHyBaHHS), B  Hii

irypytoTb Taki KaTeropii, Sk CTaH cucTemu, nofis,
nepexig 3 0QHOro CTaHy B iHLWWWA, YMOBM nepexoay,
NOCTiAOBHICTb MOAiN, 34INCHIETLCA NPUB'A3Ka 00
yacy.

e aHaniTU4HI mogeni, nigaatTbes TOYHOMY
po3paxyHKy, LIO [O3BOMSE OTpMMaTW pesynbTatv
abo aHaniTM4yHo B ABHOMY BMrNsAi, abo uncenbHoO 3
BMKOPUCTAHHSM YMCENbHNX METOAIB aHaniay;

e MoZeni, nmigaalTbca HabNWXKeHoOMY aHaniTMYHOMY
po3paxyHKy 3 TMPUUAHATHOK  ANd  iHXEHepHUX
3acToCyBaHb  TOYHICTIO, MpUYOMY  pesynbTaTu
MOXyTb ByTn oTpnmaHi abo B sBHOMY BuUrnsgi, abo y
BUrMsiAi KOPOOHIB (BEPXHBOT | HUXKHBOI);

e Mozeni, o BMMararTb 3aCTOCYyBaHHSA
CTaTUCTUYHNX METOZAIB PO3paxyHKy, B TOMY 4uCrii
TUX, WO 3aCHOBaHMX Ha iMiTaUinHOMY MOLEOBaHHI.
MopgentoBaHHA BUKOPUCTOBYETLCA Ha BCIX eTanax

NPOeKTyBaHHA §K MpW  MpOBEeAeHHi  npoueaypu

ONTMMI3aUiHOro cuHTe3y poboyoro npolecy, Tak i npu

npoueaypi  ONTUMI3aUiMHOrO  CUMHTE3y  CTPYKTypu

TEXHOMOriYHOro ycrtatkyBaHHA. Came MoentoBaHHs

[OO03BONISE PO3B’'A3aTN OCHOBHY 3aayy MPOEKTYBaHHSA —

BU3HAYUTU 3aMNEXHICTb MiDK CTPYKTYPOIO NMPOEKTOBAHOrO

00’eKTy i xapakTepucTmkamm Noro eeKTMBHOCTI.
Mpouenypu aHanisy, CUHTE3y i MoAEenioBaHHs B

npoLeci MNpPOEKTyBaHHA TiCHO 3B'sI3aHi Mk coboto,
yTBOpIOKOYM  MeTanpouenypu, WO HanpaeneHi Ha

CTBOPEHHS NPUAHATHOTO abo onTUMarnbHOro

NPOEKTHOrO PiLLIEHHS.
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Table 1
PiBHi Mogenen npu KOMN’IOTEPHOMY NPOEKTYBaHHi TEXHOMNOriYHMX KOMMIIEKCiB
ETanu npoekTyBaHHSA
Pigni monenei KoHuenTyanbsHun OyHKLjiOHaNbHUMA CTPYKTYpHMIA KOHCTPYKTOPCLKMI
KoHuenTtyanbHi +
PyHKLiOHaNbHO —
NOTiYHi i noBeiHKOBI
DyHKLiOHaNbHO- +
CTPYKTYPHi i
E€BPUCTUYHI
CTaTUCTUYHI i A
iMmiTauinHi
AHaniTU4Hi +
Pe3ynsmamu TexHi4yHa Po6ouuli npouec i KomnoHoeka Po6o4ulii npoekm
npono3uyis mexHoJio2i4Ha cxema

So at automated functional and logic design
involved to a greater extent in developing principles
of building structures in the future workflow process
equipment (process, operation or transition), with
the widely used statistical modeling, logical
mathematics and numerical modeling.

Different procedures, stages and levels of the
designing are integrated in modern CAD in order to
achieve a goal of designing, which provides a
continuous cycle of designing, from the stage of
preparation of technical task and development of
technical proposal to the creation of working and
technical projects. Not only routine tasks are
automated, but also heuristic and creative, such as
the procedures of search designing, structural
synthesis and optimization.

At the level of aided design technological
scheme of placement machines develop functional
modules in the workspace, which is widely used 3-
D modeling along with numerical methods for
optimization placement problem.

In automated design Component layout
process equipment designed to build a model
structure design machines with specific examples
of functional modules available in the database. It
uses mathematical tools of decision theory,
directed graphs and Multicriteria approaches to
design.

Finally, the automated design design design
involved the design and design documentation.

3. 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 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

Tak Ha piBHIi aBTOMaTM30BaHOrO (YHKLiOHaNbHO-
NOriYHOro MPOEKTYBaHHA 3aMarTbCcA B GinbLiin Mipi
po3po6Ko NpuHUMMIB NOOyAOBU CTPYKTYpu poboyoro
npouecy B ManbyTHbOMY TEXHOMOMYHOMY OOnagHaHHi
(TexHomnoriyHMiA npouec, onepauis abo nepexia), npu
LuboMy LLUIMPOKO 3aCTOCOBYIOTbCS CTaTUCTUYHE
MOZENBaHHS, NMoriyHa maTemaTtuvka i YncenbHi meToam
MOLEIOBaHHS.

[Ona pocArHeHHs MeTW MNPOEKTYBaHHS B CyYaCHUX
CAlP iHTerpytoTbCcsa pi3Hi npouenypw, etanu i piBHi
NPOEeKTyBaHHSA, WO 3abesnevye GesnepepBHUN KPi3HUNI
UMKIT NPOEKTYBaHHS, MOYMHa4YM 3 eTany nigrotoBku
TEXHIYHOro  3aBOaHHA |  BUPOOMEHHsT  TEeXHIYHOI
npono3uudii i KiH4ar4M CTBOpPEHHSAM pobo4yoro i
TeXHIYHOro npoekTiB. ABTOMaTU3ylOTbCA He nuwe
PYTWHHI, ane i eBpUCTWYHI | TBOPYI 3aBOaHHS, 30Kpema,
npoueaypu NoLIYKOBOr0 KOHCTPYHOBaHHSA, CTPYKTYPHOrO
CUHTE3y i onTuMi3auii.

Ha piBHi  aBTOMaTM30BaHOrO  MPOEKTYyBaHHSA
TEXHONOrYHOT cxemu MaLUnHK po3pobnsaoTb
pPO3MiLLEHHST (PYHKUiOHanNbHUX Moaynie B poboyomy
npocTopi, Ans YOro LUMPOKO BUKOPWUCTOBYHOTbL 3-D
MOZEMOBaHHA MOPSiA, 3  YWCENMbHUMW  MeTodamu
onTuMmi3adii Ana 3agadi po3MiLLEeHHS.

B aBTOMaTtn3oBaHOMY KOMMOHEHTHOMY MpPOEKTY-
BaHHi  KOMMOHYBAHHS TEXHOMOrYHOro obragHaHHSA
po3pobnsaTbes nobyaosa modeni CTPYKTYpU MaLunH 3
KOHKPETHUX KOHCTPYKTMBHMX 3paskiB (pyHKUiOHaNbHMX
MoayniB, HasiBHMX B 6a3i AaHux. TyT BUKOPUCTOBYHOTLCS
MaTteMaTu4Hi anapaTtm Teopii MNPUUAHATTS  pilleHb,
cnpsiMoBaHUX rpadpiB, a Takox OGaraTtokpuTepianbHi
nigxoam 0O KOHCTPYHOBAHHS.

HapewrTi, B aBTOMaTN30BaHOMY KOHCTPYKTOPCBKOMY
NPOEKTYBaHHi 3anmaroTbcs KOHCTPYKTOPCLKMM
NPOEKTYBaHHAM i 0DOpMIIEHHI pOBOYOI LOKYMEHTALLi.

3. Oco6nuBocCTi MoaentoBaHHA NpuU
NOLWYKOBOMY NPOEKTYBaHHi

Hanbinblw cknagHMM METO4OM MPOEKTYBaHHSA € Mo-
LUYKOBE MNPOEKTYBaHHs, siKe BKIMOYae npoueaypu
aHanisy i CMHTe3y, MoAentoBaHHS i onTumisauii, Bubopy
piweHb Towo. OCHOBHa MeTa MPOEKTYBaHHSA — CTBO-
PEHHS LUNAXOM CUCTEMHOI LiNecnpsMoBaHoi OisifbHOCTI
Moferni e He icHyt4doro ob’ekTy, sikui 3abesneyvnTb
3aaHui xapaktep pyHKUioHyBaHHS. [ns Lboro noTpid-
HO noGyayBaTu cucTeMy Mofenen, 3a AONOMOroK SKMUX
MOXHa y3aranbHioBaTu, nepefaBatu 1 yoocKoHanoBa-
TV pe3ynbTaTy Takoi AiAnbHOCTI.

Po6ounin npoekT TEXHOMOrYHOI MaLLUWMHU NPeacTaB-
nsie coboto ii AeTanbHy MoAenb, Sika YTBOPHETLCA LUNS-
XOM MoCHiA0BHOI 06pOo6KM i NepeTBOPEHHS BUXIQHOI 3a-
ranbHOi Mofeni, Wo 3ajaHa TEexXHIYHVWM 3aBAaHHAM.

10
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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 actionsPOZ{pi}, where
Pi

1...,N - the design procedure.

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

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

the relation between them [ € Ro- The model of

processing environment of functional modules can
be represented as

Mo :<A0’

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

P; € Py 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 technical

As A

of production environment of functional modules
can be the following

a simplified solution,

R, < R,. Then the simplified model

To6To ANns uinecnpsMoBaHOro NpPOEKTyBaHHS MOTPIOHO
nobygyeatu cuctemy mogenen, 3a AOMOMOroK SKUX
MOXHa noeTanHo AeTanidyBaTtu, y3aranbHioBaTu i nepe-
JaBaTn MpPOEeKTHi piweHHa. barato 3 umx 3agad npo-
€KTYBaHHsi TEXHIYHMX CUCTEM MOXHa AocuTb [obpe
dopmanisyBaTti, 3BeCTM OO MaTteMaTU4yHUX MoAenen,
SKi JaloTb 3MOry CTaBUTU N PO3B’A3YBAaTN ONTUMI3ALLiViHI
3apaui.

Xan 3apgaHo pesike BMPOOHWYe cepeposulie yH-
KuioHanbHUX Moaynis, B sikomy ais CAINP nonsrae B
OOCSAMHEHHI TeXHIYHOro pilleHHs, 3a4aHoro TeXHIYHUMU
ymoBaMu, 3 AesKoi BUXIOHOT cuTyauii, 3a4aHol0 TeXHIK-

HMM 3aBJaHHAM, 3a AOMOMOrO0 MiaHiB Aain Po = {pi},

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

3ajatu TexHiYHi YMOBM B TakoMy BMPOGHWYOMY
cepeaoBuLLi Lue osHa4yae BKas3aTM BNAacTUBOCTI

OM, € A, i

Cj € Co dyHKUiOHanNbLHUX MoAayniB

BiAHOLEHHS MK Humn I € Ro- Mogenb BupobHM4oro

cepegosuLla dyHKUiOHanbHUX  MoayniB MOXHa
npeacTaBUTK y BUrNAi
P,.Co.Ry),

a 3aBAaHHA MnaHyBaHHSA MPOEKTHUX Mpoueayp MOXHa
cdhopMynioBaT  TakMM  YMHOM:  3afaHi  TexHivHe
3aBOaHHSA | TEXHIYHI ymoBM, HeobxigHO mobyayBaTu 3

BMKOHaBYMX npouenyp pi (S PO nrnaH NpoeKTyBaHHA

Po, skuiA, ©Oyaoyy4n 3acTocoBaHUM [0 TEXHIYHOro
3aBAaHHS, A03BONSAE AOCAITU TEXHIYHUX YMOB.

Mepen niogMHOK NPU pillEeHHI i€l 3agadi 3a3Bmyan
BMHMKAKOTb Npobrema Toro, WO MOLUYK MiaHy NpoekTy-
BaHHSA YTPYAHEHWI i3-3a BEMWKOI PO3MIPHOCTI MPOCTOPY
nowyky. Omke, CAlP HeobxigHi 3aranbHiwi no BigHO-
weHHo o Mo mogeni BupoOHM4YOro cepegosuLia
dyHKUiOHaNbHUX MOAYTiB.

Mpouec NpoeKkTyBaHHA TEXHOSOrMYHOI MalUUHWU ne-
penbadae  pyHKUiOHaNbHE NPOEKTYBaHHsl, Ha SKOMY
CTBOPHETLCA (PYHKLiOHaNbHa MoAenb poboyoro npove-
Cy B MallUVHi, Ta CTPYKTYPHE NPOEKTYBaHHA, Ha AKOMY
Ha OCHOBi pobo4yoro mnpouecy CTBOPHETBCS MOAEnNb
CTPYKTYpU MawnHu. O4eBMAHO, WO YHKLIOHANBHUNA
onuc € Ginbll 3aranbHUM, OCKINbKM KOXHAa TeXHi4Ha
dyHKUiA moxe ByTn peanizoBaHa baratbmMa BapiaHTamu
KOHCTPYKLi eneMeHTiB MalUuHW. |, HaBnakn, KoXeH Ba-
piaHT KOHCTPYKLUIT enemMeHTy MalluMHU MoXe peanidyBa-
TW TiNbKN eaunHy YHKUiIO — came Ty, Ans SKoi BiH 6yB
CTBOPEHMIN. 3 LbOro MipKyBaHHsI BUTIKae, WO OYyHKUIO-
HanbHa Mogenb € Oinbll 3aranbHOK HiXX CTPYKTYpHa.
Lis mogenb orpybrneHo onncye BNacTMBOCTI (DYHKLiOHa-
NbHUX MOAYNIB — TiNbKW iX (pyHKUiOHaNbHe npuaHade-
HHS1.

Xan C1 — MHOXMHa, L0 OTPUMYETLCSI OrpybneHHsiM
00  YHKLIOHanNbLHOro nNpuU3Ha4YeHHs BMacTUBOCTEN
yHKUiOHaNbHNX MOAyniB CJ- € Cl, P1 - MHOXuHa

npoueayp nNoOyaoBU CNPOLLEHOr0 TEXHIYHOIO PilleHHS,
A <A, R<R,.
BMpOGHMYOro cepepoBua (YHKLIOHANbHUX MOAyniB
MOXHa NpeacTaBuUTU Yy BUMMASI

Toai  cnpoweHy  Moaenb

M, :<A11P1 1C1’R1>’

and setting tactical task of design and its solution —
as a set of P1 = p1 ..., pin. When designing technical

a MOCTaHOBKY TaKTUYHOIO 3aBOaHHA MPOEKTYBaHHsS Ta
MOro pilleHHs — y BUrMAAi CyKynHocTi P1 = p1 ..., pin. Mpu

11
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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

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

combining in time and space are determined
between them

NPOEKTYBaHHI TEXHOMOrYHOrO obnagHaHHa moaens Mi
BiAMNOBiAAe TEXHOMOrIYHI CXeMi, B SKill 3agaHO BigHO-
LWEeHHA NOCMIAOBHOCTI  podtawyBaHHa M Ta  ix
po3miLleHHst B poboYoMy NpoCTopi.

Mopanblue orpybneHHs mogeni BUpobHu4oro cepe-
posuwa Mz npeactaBnsAeTbCca  AK  y3araribHEHHS

dyHKUIin moayniB dM K € Az,qo PiBHA TEXHOSOMYHUX

nepeTBopeHb BMPOOY, BNacTMBOCTI SIKUX XapakTepu-
3yl0TbCA  MOXIIMBOCTSIMU CTBOPEHHS  KOHCTPYKTUBHO-

TEXHOMOTMYHNX enemeHTiB BMpoby Cj € Cz, a BigHoO-

weHHa I € R2 MK SKUMM BU3Ha4aloTb X Mocni-

[OOBHICTb | MOXIUBICTb CYMILLEHHS B Yaci i NpocTopi Mix
HUMK

Mz :<A2’P2 7C2’R2>-

Model of production environment Mz presents
technological transformation of product7z, € A2

whose  properties c;eC,and relation

I, € 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
acraensie

BUPOGHNYOrO
TEXHOMOrIYHI

cepedoBuwia M2 npe-
NepeTBOPeHHs  BUPOBY

(S A2 BIICTUBOCTI SKUX Cj € C2 i BigHOLWIEHHS

I’mER2=7Z MiXK  SKMMW  BU3HAYalOTbCHA  KOHCT-

PYKTOPCbKMMW,  (DYHKLOHANBbHUMW | TEXHOMOMYHUMM
BMMOraMu nepegyBaHHs. BodeBugb, 3aBAsku BKa-
3aHOMy OrpybneHHIo B CrpOLLEHi moaerni BUPOBHNYOoro
cepegoBua yHKUiOHaNbHUX MoayniB M1 cTaiTb
HEeBUPa3HUMK OKpeMi PyHKLioHanNbHi Moayni i MPOeKTHi
npoueaypu. [lpoTe nopibHe chpoLweHHa [03BonNsiE
3HAYHO MOHU3WUTU  PO3MIPHICTb MPOCTOPY  MOLUYKY
piweHb. BoueBnab mMopenbs Mz npeacrtaBnsie coboto
HabnvxeHnn PyHKUiOHaNbHWI ONUC MaLUMHU Ha PiBHi
onucy yHKUin okpemux rinoteTudHnx M Ta ix
3B’A3kiB, TOGTO onnc y3aranbHeHoro po6oyoro npouecy
B TEXHOMNOr4YHOMY cepeaoBuLLi.

|, HakiHeUub, BUXiOQHI AaHi ANA NPOEKTYBaHHA TakoX
MOXyTb OyTW npencTaBneHi B BUMMAQI CUCTEMHOI
(koHUEeNnTyanbHOI) Moaerni BUpoby, BUKOHAHHSI HaJ, SKO
NPOEKTHMX Mpouenyp aHanisy Ao3BONuUTb OTpuMaTh
ONUC MNOCNIAOBHOCTI eneMeHTapHMX onepaudin BUroTo-
BNEHHA BUpPOOYy y BWUrmsai mogerni nocnigoBHOCTI
cdopmyBaHHs BUpoby Ms

M, :<A%7Ps ’CS’R3>'

In this case the sequence of design models wiill
be

B ubomy BMnNagky NOCMIQOBHICTb MPOEKTHUX Moae-
nen Habepe Burnsay

M, =M, =M, =M,

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

a Habip nNpoeKTHMX npoueayp ANS po3B’s3aHHS 3agadi
NPOEKTYBaHHSA BU3HAUNTBLCS 5K

P,=P,UP,UPUPR,.

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

Mpouenypu BMBEOEHHS TEXHIYHUX pilleHb Npu Npo-
€KTyBaHHi po3nogifneHi No HacTynHUX eTanax.

1. BBegeHHs no4aTkoBWMX 3HaAHb i AaHWX MNpoO BUA
BMpOOyY, SKMN MOXe BWIOTOBMATMCA Ha MNPOEKTOBaHI
TEXHOMOTIYHIN MaLLuHi i NoOyaoBa NOro KOHUEeNTyanbHOI
Moaeni.

2. MobynoBa wmaTtpuui nepegyBaHHs Ha OCHOBI
BUKOPWUCTAHHA NPOAYKUINHUX MpaBun nepeayBaHHS.
BusHauyeHHs1 nocnigoBHocTi yTBOpeHHst KTE BupoOy,
BMOpaHUX Ha OCHOBi 3aCTOCyBaHHSI 0BYMCMOBarbHOIO
anroputMy 06pobku  MaTpuui nepefyBaHHs, WO
BKIo4YeHun o cknagy CAIMP.

3. dopMyBaHHSs CTPYKTYPY TEXHOSONYHOI onepadii 3
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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.

CONCLUSIONS

1. The prototype of the hybrid CAD is designed on
the basis of presented software and algorithms
of formation of technological operation
structure, technological scheme and a machine
layout.

2. This software product is designed for
automated designing of technological machine
layout with the rules of layout that are
determined on the basis of expert information,
which includes the blocks of productive rules
for selecting of sequence manufacturing of
design and technological elements of a
product, the flowsheet of machine formation,
the rules of construction layout and special

block of transformation  which  uses
transformation rules of primary structures in
new forms.
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BMKOPUCTaHHAM NPOAYKLINHMX NpaBun i obuucnioBanb-
HUX anropuTMmiB, OPMYBaHHS TEXHOMNOIYHOI CXeMmn Ma-
LUWHK i3 pyHKLIOHANbHNX MOAYTIB.

4. OnTuMmizauis Habopy KOHCTPYKTOPCBKMX MOAYniB
Ons  peanisauii  TEXHONOMYHOI CXEMW Ha OCHOBI
BUOpaHMX KpuUTepiiB 3a [OOMNOMOrOK  OAHOro i3
ONTUMI3aLUiNHUX anropuTMiB, WO BXOA4ATb A0 cKnagy
CAIP.

BUCHOBKU

1. OnTuMI3auiiHUA  CUMHTE3  TEXHIYHOro  pilLIeHHs,
OpieHTOBaHM Ha MOBHY aBToMaTM3auilo [obpe
dopmanizoBaHnx 3agay Ha OCHOBI BiAMOBIgHUX
mofenen. OnTumisauis po3KpMBae 3Ha4Hi pesepsu
nomninweHHs 3a paxyHOK MPUHLUMMOBO  HOBUX
NepcrnekTMB  PO3BUTKY  MPUHLUMMOBUX CXeM i
CTPYKTYPW TEXHOIOTYHOro 06ragHaHHs.

2. P03BUTOK NIOAMHO-MALLUMHHUX CUCTEM  Bubopy
KpaLLmMX TEXHIYHUX pilleHb, KON OCHOBHWUIN akUEHT
3pobreHo Ha yyacTb camoi ocobu, sika npunmae
pileHHs, y cnpobax hopmanisysatun 3agadvy subopy
0O piBHA Mopgenen, y CamoCTiiHOMY MOPIBHAHHI 1
OLiHIOBaHHi 3a [10NOMOro EOM pi3HNX
anbTepHaTuB.
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