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Purpose. To develop intelligent information tech-
nology for processing visual information for the metals
state diagnostics. As against the already existing tech-
nologies it will allow diagnosing the state of metal by
all characteristics (chemical composition, structure,
properties).

Methodology. The methods of comparative study,
scientific abstraction and mathematical simulation have
been used in the study.

Findings. The basic stages of the intelligent infor-
mation technology have been described. The neural net-
works choice to solve the problem of automation metal-
lographic analysis at all its stages has been substantiated.
The neural networks results for metallographic images
recognition to determine quantitative information about
metal have been shown. The neural network results to
determine the metals properties by samples of steel of
different grades have been described.
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Originality. We have developed the intelligent in-
formation technology of visual information processing
for the metals state diagnostics based on the neural net-
works and the precedents theory. It can diagnose the
metals state by all its characteristics (chemical composi-
tion, structure, properties).

Practical value. Scientific results of the work al-
lowed us to develop the intelligent information technolo-
gy of the visual information processing for determination
of metals properties. The software which implements the
methods and the stages of the developed information
technology have been created.
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Purpose. To rise quality of products based on the proposed methods and models of processes control.

Methodology. The assessment of model quality has been carried out experimentally in a production environment.
The experiment has proved the effectiveness of the approaches and production quality of energy intensive products.

Findings. We have upgraded the process models with modules of adaptation and realization of adaptation functions
and system components testing to raise the operation quality of the object. We have suggested a new method of implemen-
tation of processes of quality control in compound systems. It is characterized by complexity which is close to quadratic.
Optimization of the decisions, based on minimization of the criteria proposed and subject restrictions, allows us to mini-
mize the number of defective products. Practical aspects of technological objects modeling have been investigated; the ef-
fectiveness of suggested approaches has been confirmed. Critical analysis of possible solutions has shown that we can con-
sider a modified analysis of the solutions synthesis aiming the product quality improvement retaining its cost and quantity.

Originality. Based on the substantial analysis of the solutions currently in use we have suggested new approaches to
the model optimization and development considering the indices and restrictions of the subject field in order to raise the
production quality at the facility under consideration.

Practical value. The practical aspects of technological objects have been studied. The effectiveness of the approach
suggested has been confirmed. The prospects for further research in the field of improvement of production facilities
have been considered. The study shows that the most important factor affecting the efficiency of the processing equip-
ment is reliability and its derivatives. In this regard, the factors maximizing the reliability are of particular interest for
models development and their practical application.
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Introduction. Process control in industrial automat-
ed systems is usually characterized by some important
aspects. Among them, in the first place, there are proper-
ties of industry performance effectiveness [1]:

- equipment utilization

K= 30,13t m

i=1 j=l =1 j=1
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where M — a number of part names in the set; N — a num-
ber of machine- tool operations for one part; f,, and

'[po — machine time and piece-operating time for an op-

eration respectively;
- shift utilization of equipment work

K == nCC /(nyon)7 (2)

su

where ngc— a number of worked machine-tool shifts in a

month; n,,,—a number of installed pieces of equipment;

'yo
D p—a number of working days in a month.

The determinant factors of mechanical engineering
equipment operating are indices of reliability. They are:
- mean time between failures

N
To= Xt /m’ €)
i=1

where N — a number of equipment pieces included to
industrial system; t; — time between failures for an hour

of I-equipment working; M — a number of equipment
failures from N machine- tools ;
- maintainability of equipment ready to work

Ky =T, (T, +K,T,) )

where Kp(u) =1 /k — index of professional suitability of

personnel, K = (0,1]; 7, — time for repairing a failure

r
( elimination of defects);
- index of repairability

where 7j — average time for |-equipment repairing.

Indices (1)—(5), as well as indices of effectiveness [1],
determine effectiveness of technological section opera-
tion.

As investigations have shown, the most important
factors which influence the effectiveness of technologi-
cal equipment are indices of reliability (2)—(5) and their
derivatives. In this connection, maximization of relia-
bility factors is of great interest for development of
models [2, 3].

Statement of the resear ch problem. The structure of
hybrid model of automated technological section [3] is
given in the form

Sp:gsw,a)eﬁ. 6)

As it has been noted in the work [3], symbol UJ in (6)
Q

determines some functionality in a set of relations
R (x,y) model component S, . Some properties of ef-

fectiveness are also determined from (1)—(5).

It is necessary to suggest approaches to optimiza-
tion and model development (6) on the basis of indices
(1)—(5) for raising effectiveness of the article quality.

Basic material. Hybrid model development in prac-
tical realizations. The most important aspect of the ra-
tional model utilization in industrial process control is to
take into account object indices, interferences and mini-
mization of influence made by reliability indices of sys-
tem component on the final product.

In the work [4], the structure of hybrid model sug-
gested with some simplifications, has a form (fig.1) and
realizes control in the form

N A~ A
T, =37 /N, (5) X>Y. Q)
i=1
X )
v v Y
R(x,y) » LDD »  Md&S » TOM
A A
\ 4
» UBK > IK

Fig. 1. Model structure containing : a great number of relations on the cartesian products of relational model of
data(MD); LDD — a logical device of design; UBK — a model of fuzzy base of knowledge; 1K — an interpreter
of knowledge; Md& S — the module of modification of data and knowledge; TOM — a technological object of

management

As substantial model analysis (fig.1) [3] has shown,
its modules realize control (7) not to the full extent under
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conditions of acting disturbances and great intensity of
system component failures.
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(O

Statement 1. If model S, =US,,w € Q, which re-
Q

alizes control X —Y, then additional putting into op-
eration the adaptation module according to reliability
criterion (MA) and the module of testing realization
and presentation of adaption processes (MT&A) al-
lows to raise the quality of manufactured articles.

Indeed, correctness of statement 1 is evident if we
take into account response of the system and model (6) to
interferences and factors reducing level of article defects
which is realized by module (MT&A) and formation of
VectorYA(M )-

So, the structure of a model (6) can be presented in

fig. 2.
Having marked modules MA and MT&A in the form

S =YU(SM > SMT) - ®)

We can present hybrid model development as a com-
position of particular models (6) and (8)

Spa = g(usa, USM, SMT), 0 ©)

Problems of composition unification in (9) are important
and topical and they demand further investigations. So the
problems of models synthesis and quality raising systems of
complex objects on the basis of reliability control of model
component [3, 5] are of great interest.

Synthesis of models on the basis of reliability indices
optimization for complex objects. The purpose of system
synthesis, with indices optimization factor on the basis of
cost indices C of their functioning minimization is de-
termined from the functional in the form

N * 10
SCp(Cy eC) PO 2P =trueyeN> (10)
n

where P(t)*— acceptable value of operational reliability.

X | Mma ’ | IT&R
A ~ A
| Y
A

R(x.y) » LDD >  Md&S »  TOM

i | 1

» K

| UBK

Fig. 2. Sructure of a new model, additionally including the modules: M4 — the module of adaptation on the criteri-
on of reliability; I T& R — the implementation of testing and reflection of adaptation processes module

Let us determine system reliability factors which
are mathematically analyzed in works [2,4]. The tech-
nological object of control (TOM), as an object of in-
vestigation, is characterized by the following parame-
ters:

- an object is a composition of instrument making
soft and hardware as well as articles of mechanical
engineering;

- sequential system is characterized by [4] the fact
that failure of at least one element leads to failure of the
whole system. Occasional time of sequences consisting
of independent elements is determined by

X=min(X,,X,,...X,); (11)
- processes are characterized by some distributed
probability of no failure operation [4];
- let us assume that random quantity X is exponential-
ly distributed while functioning of a section with parame-
terg and is determined in the form
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Pt)=1-e . t>0,a>0. (12)

Statement 2. If we assume as a parameter & the
quantity of failure intensity 4, then random quantity (12)
can be given in the form

p(t):1_e—ﬂt,tzo,ﬂ,>o, (13)

where parameter 1 in (13) determines Gaussian steep-
ness. Parameter 1 is determined on the basis of the ob-
ject functioning statistics.

Correctness of statement 2 directly results from the
nature of parameter 4 and reliability indices (10)—(11).

Remark 1. Distribution of time in technically sub-
stantiated cases can be given in the form of some alterna-
tives [5].

At present, n algorithms on the basis of SS minimum
identification error criterion have been developed in
practical realization
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t
I =2 ali Ve (i) (14)

i=1

taking into account the necessity of elimination or modi-
fication of outdated information, the approach (14) is
modified as

t .
g =D eVe(b), (15)
i=1

where 0 <a <t - a discounting parameter of outdated
information.

As appears from [5], least-squares method (14)—(15)
in adaptive control systems raises a number of complica-
tions because of strong input correlation in calculating
inverse matrix which determines bad causality.

So the task of synthesis according to reliability crite-
ria results in practical directivity. Critical analysis of pos-
sible decisions has shown that the following analysis of
decision synthesis directed to raising production quality
with simultaneous conservation of cost and quantitative
indices can be considered. Then, as a quality criterion for
the task of object parameter synthesis, we can take func-
tional | , which determines no failure operation of the
given object with certain restrictions

I =min( X, X,,....X, )| P(x)e{P(k)};

P(t)>P(t);
ZN: Cn(CneC)meC,N>N". (16)

n=1

In some cases (16), it can also be presented in the
form (4), as

T, (T, +k,T,)—> max; (17)
P(1) e{ P(k)},P(t)> P(t) ;

N

Z Cn(CneC)meCN=N";
n=1

T<T

at multitude of restrictions (16).
Having alternatives {Alt),},v € N, in solution (16),

(17) we should take into consideration the search

(Alt}y =min {Alt,},yeN,Yc N > (I8)
F

as subset from Y < N of possible solutions.

The structure of the developed method which defines
the main cause-effect relations in its realization is pre-
sented in fig. 3.

Taking into consideration (16)—(18), we can formu-
late the stages of the realized method.

Stage 1. Determine the model structure and distribu-
tion function of probabilities for the system components
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Stage 2. Formulate a set of reliability indices for the
analyzed section component.

Stage 3. Determine the level (intensity) of defective
articles.

Stage 4. Determine the set of the system cost indices.

Stage 5. Set standards of the accepted values accord-

ing to criteria Cp> N and P(k).
Stage 6. For a case when — (CU’N , P(k))— false

is disturbed, we undertake testing and failures elimina-
tion procedures with their consequences, under possible
restrictions.

Stage 7. Repeat stages 1—6 until realization of criteria

(16)—(18) under restrictions as for time resourcesz <7 .

Stage 8. Stop.
START

*‘
Stage 1

v

Stage 2

'

Stage 3

v

Stage 4

v

Stage 5

Stage 7

v

Fig. 3. Sructure of the developed method: Sart —
Sarting up procedures of the method realization;
Sop — Sopping procedures of the method realiza-
tion; 1 —7 — method stages

As it follows from peculiarities of technological pro-
cess realization at a certain section, computational com-
plexity of processes realization is in many ways deter-
mined by a model on the basis of particular models by
Petri nets extensions [5]. Lower limit of computational
complexity O of the developed method (fig. 3) can be
presented as the second order polynomial

O=a,+ax+ax, (19)
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where &,,8,,8,
alized and improved on the basis of algorithm realization
taking into account processor parameters of computing fa-
cilities. Correctness (19) is confirmed by the experiment.

Practical realization. During the industrial process of
mechanical assembly production at highly automated en-
terprises, the final operations take considerable volume
of output, that is why the state of the appropriate instru-
ments and equipment is of great significance.

At present, industrial assembly sections of mechani-
cal engineering enterprises have a modern production
base which includes round grinding machines with NC of
foreign and home production fitted with active control
systems, giving an opportunity to exercise monitoring
and control of a technological process. The scheme of
industrial installation includes highly automated equip-
ment with inductive transducer and electronic measuring
system with —0.01; 0.1 um and error - <0.5%.

Application of terms of linguistic variables as a
membership function Kk (4)=u(x) in coordinates

— some indices, identification (19) is re-

“fuzzy argument — membership function value” (fig. 4)
allows to decide procedures of fuzzy inferencing on
UBK

Y =vX Au(xy), (20)

where V, A — operators, accordingly of maximum and
minimum in (20); X, Y, u(X,y)— values accordingly of

argument vector, sought after vector, fuzzy relation of
membership functions.

|u 4
1 e : e

- -_;-_p/l H
0

Very mall AV 3z fuzzy
small t

Fig. 4. Term of membership function k,(n) in coor-

dinates “fuzzy argument — membership function
value”

In the process, we proposed the term linguistic varia-
ble “large”, which can be represented as an analytical ap-
plication in the form of

kp (1) =1 = exp(-k(x-a)?),
where K — steepness of function, k > 0 ; a — displacement

of function a > Xx.

Here k — the elements of term tuning of a linguistic
variable (fig. 4)
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The terms of function in fig. 4 have experimental gra-
dation: “very small”, “small”, “AV”, “large”, “very large”.

Following the defect system can lead to heavy material
losses and affect cost C of the finished product. Application
of the developed method (fig. 3, stages 1—7) with solution of
optimization tasks (16)— (17) allows for a set of alternatives
(18) to reduce the time for exposure, localization and elimi-
nation of failure reasons, in linguistic terms of professional
suitability of medium-level repair personnel (fig. 4), to
7 <20 min., which is a satisfactory result.

Conclusions.

1. Substantial analysis of the given solutions and ap-
proaches to optimization and model development with indi-
ces and restrictions in the subject field for raising effective-
ness of the article quality at a given facility are presented.

2. Process models have gained the further develop-
ment. In contrast to existing models they include adapta-
tion modules and realization of adaptation functions and
system component testing, all which raises object func-
tioning quality.

3. A new method for realizing control processes over
article quality is suggested in compound systems. It is
characterized by complexity which is close to quadratic.

4. Practical aspects of technological objects realiza-
tion have been investigated; effectiveness of the suggest-
ed approaches has been confirmed.

5. Perspectives of further research into improving in-
dustrial facilities of the subject fields have been considered.
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Heab. I[loBbinieHne kadecTBa HM3JCIUNA MPOU3BOJ-
CTBa Ha OCHOBE HCIIONB30BAaHUS METOAOB M MOejei
YIPaBJICHUS NPOLIECCaMHU.

Metoauka. OueHka KadyecTBa MOJENHU OIpejelicHa
JKCHEPUMEHTANBHO B YCIOBHUSX NPOU3BOACTBA. JKCIIE-
PUMEHTOM MOATBEpXkKAeHa 3PPEKTUBHOCTH TOAXOAOB H
Ka4yeCcTBO BBIITYCKa YHEPro3aTPATHBIX MPOIYKTOB.

Pesyabratel. Ha ocHOBE comepkKaTeIbHOTO aHaNIM3a
CYIIECTBYIOIINX PEUICHUN TIPEIOKCHBI HOBBIEC ITOIXOJIBI
K ONTHMU3AIMN U Pa3BUTHIO MOJEIH C yYETOM IOKa3are-
Jied U OrpaHHyYeHHU MPEeAMETHOW 00JAaCTH A TOBBIIIE-
HUs 2P HEKTUBHOCTH KauecTBa U3/ICNUIA JaHHOTO OOBEKTa.
[Momyunnu ganpHeliee pa3BUTHE MOJIENH MIPOIECCOB, KO-
TOpBIE, B OTJIMYME OT CYHIECTBYIOIIMX, JOMOJIHUTEIBHO
BKJTIOYAIOT MOJYJM aJalTalid ¥ peann3anuy (QpyHKIud
a/IaNTaliy ¥ TECTUPOBAHMS KOMIIOHEHT CHCTEMBI, YTO T10-
BBIIIAET Ka4eCTBO (DYHKIMOHMpOBaHMSI 00bekToB. IIpen-
JIOKEH HOBBIA METOJI pean3alliy MIPOIIECCOB YIIPABICHU
Ka4eCTBOM H3/ICIHN B CIOXKHBIX CHCTEMaX, KOTOPHIN Xa-
PaKTepHU3yeTCs CIOXKHOCTBIO, OJIHM3KON K KBaIpaTUIHOM.
OnTumu3anus pelieHni Ha OCHOBE MHUHHUMH3ALUH TIpel-
JIOKEHHBIX KPUTEPUEB M OTPaHUYCHUI TpeIMETHON 00a-
CTH TIO3BOJISIET MUHUMM3HPOBATH KOJIWYECTBO OpaKoBaH-
HeIX m3aenuid. VccnemoBaHbl MPaKTHUYECKHE ACTIEKThI
peau3aniy MOJIETMPOBAHMS TEXHOIOTHYECKUX 00BEKTOB,
NoATBEepKIeHa 3(P(EKTUBHOCTh NPEUIOKEHHBIX TOIX0-
JoB. Kputuueckuil aHaM3 BO3MOXKHBIX PEUICHUH MMOKa-
3aJI, YTO MOXKET OBITh PACCMOTPEH MOAU(PUIMPOBAHHBIN
aHAJIM3 CUHTE3a PELICHUI, HallpaBICHHBIX HA MOBBILICHUE
Ka4ecTBa TPOAYKIMK TP OTHOBPEMCHHOM COXpPaHCHUH
[ICHOBBIX M KOJMMYECTBEHHBIX ITOKA3aTEIICH.

Hayunasi noBu3Ha. Ha ocHOBe comepkaTeIbHOTO
aHaJlN3a CYIIECTBYIOUINX PEIICHUH MPEAIOKEHBI MOIXO0-
IIBI K OITUMU3AIAH ¥ PA3BUTHIO MOAETH C yYETOM ITOKa-
3areNel M OrpaHWYCHUH MPeIMETHON 00IaCcTH A IeTei
NoBbIIIeHUsT A(PPEKTUBHOCTH KadecTBa M3IENHid pac-
CMaTpHUBaeMOro 00beKTa.

IMpakTHyeckas 3HaunMocTb. lccnenoBaHsl mpakTu-
YeCKHe acIeKThl peasM3allii TEXHOJIOTHYECKHX OOBEKTOB,
noaTBepkaeHa A(P(EKTUBHOCTh BBIOPAHHBIX TOAXOJIOB.
PaccMoTpeHBI TIepCIIeKTHBBI JaTbHEHUIINX UCCIICIOBAHIN B
00JIacTH yCOBEPIICHCTBOBAHMS MPON3BOICTBEHHBIX 00BEK-
TOB TIpeAMETHBIX obOiactell. Kak mokasamm nccneoBanms,
CaMbIM BaYKHBIM YCIIOBHEM, BIMSIONMM Ha 3()(EKTUBHOCTD
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TEXHOJIOTHIECKOTO 00OpYHOBaHMS, SIBISIFOTCS ITOKA3aTeln
HaJIe)KHOCTH U UX MPOU3BOHBIC. B CBS3M ¢ 7TUM MakCUMHU-
3aIUsl YCIIOBUI HAISKHOCTH MPEACTABIIACT OCOOCHHBIN HH-
TepeC B YaCTH Pa3BUTHS MOJIENIEH U UX MPAKTUYECKOTO MC-
TTOJTb30BaHUSL.

KiawueBble ciaoBa: modenv Kkauecmea, npoyecc,
ynpaeieHue, npou3so0Ccmeo, ONMUMU3AYUst

Mera. IligBumenHs SKOCTI BUPOOIB BHPOOHHMIITBA
Ha OCHOBI BHKOPHCTaHHS METOMIB Ta MOJEJCH ympas-
JIHHS IPOIecCaMu

Metoauka. O1iHKa SKOCTI MOZEl BH3HAYEHA €KC-
NepUMEHTAJIbHO B YMOBaX BHUpoOHMUTBA. Excrnepumen-
TOM MiATBEPPKEHA ¢PEKTUBHICTh IIAXO/IB Ta AKICTh BHU-
IIyCKY €HEepro3aTpaTHUX BUPOOiB.

Pe3yabpraTn. Ha OCHOBI 3MiCTOBHOTO aHaNi3y iCHYIO-
YMX PIlICHb 3alPOIIOHOBAHI HOBI IiJIXOJIH JIO ONTHMIi3aIii
Ta PO3BUTKY MOJIEJi 3 ypaxyBaHHSAM IIOKa3HHUKIB 1 0OMe-
JKCHBb TIPEJIMETHOI 00MacTi Iy mijiel MmiABUIICHHS edek-
TUBHOCTI SIKOCTI BHPOOiB qaHoro o0'ekry. OTprMany mo-
JIATBIITNIA PO3BUTOK MOJIEINI MPOIIECIB, 110, Ha BiIMIHY BiJ
ICHYIOUMX, JONATKOBO BKITIOYAIOTh MOMYI aJamnTarii ta
peamizamii GyHKIINH amanTamii i TeCTyBaHHS KOMIIOHEHT
CHCTEMH, IO MiJBHIIYE SKICTh (PYHKIIOHYBaHHS 00'€KTIB.
3anponoHOBaHMI HOBWI METOJ peanizailii MpoleciB
YIIPaBIIIHHS SIKICTIO BUPOOIB y CKJIAJHUX CHUCTEMaX, IO
XapaKTepHU3YEThCs CKIAIHICTIO, OJM3BKOIO 10 KBaJpaTHy-
Hoi. OnTuMizanisi pilleHb Ha OCHOBI MiHIMi3allii mpormo-
HOBaHUX KPUTEPIiiB i 0OMEeXeHb MpenMeTHOI obnacTi Jo-
3BOJISIE MIHIMI3yBaTu KUIBKICTh OpakoBaHHMX BHpOOIB.
JocmimKkeHi MPaKTUYHI aCIIeKTH pealtizariii MO/ICTIOBaHHS
TEXHOJIOTIYHUX OO'€KTIB, TMiATBep/KEeHAa e(eKTHBHICTH
MIPOTIOHOBAHMX MiAX0AiB. KpUTHYHHN aHAai3 MOXIHBUX
PpilIeHb MMOKa3aB, MO MOXe OyTH pO3TIIHYTHIA MOIU(IKO-
BaHW aHaJi3 CHHTE3y pIlICHb, CIIPSIMOBAHUX Ha IIi/IBU-
LIEHHS SKOCTI MPOAYKIIi IMPU OJHOYACHOMY 30epeKeHHI
BapTICHHX 1 KUIbKICHUX TTOKA3HHKIB.

HaykoBa HoBu3Ha. Ha OCHOBI 3MICTOBHOrO aHaiizy
ICHYIOUHX pIIlICHb 3alPONOHOBaHI HOBI MIIXOAU JIO ONTH-
Mi3alii Ta pO3BUTKY MOJEINI 3 ypaxyBaHHAM ITOKa3HHKIB Ta
MeXI1 MpeAMeTHOI 00nacTi Iyl Liied MmiIBUIICHHS edek-
THBHOCTI SIKOCTI BUPOOiB 00’€KTa, 110 PO3IJIAIAETHCA.

[pakTuuna 3HAYNMicTh. JloCTiDKEH]  TpaKTHYHI
aCIeKTH peajizamii TeXHOJOTiYHUX 00 €KTIB, MiaTBEp-
JUKeHa e(eKTHUBHICTh OOpaHWX MiAXoniB. Po3risHyTi
MEPCIIEKTUBH TOJAIBIIHNX JOCIIDKeHb B 00JacTi BIOC-
KOHAJICHHSI BUPOOHMYUX 00'€KTiB MPEeIMETHIUX 00IacTei.
SIK mmokazany JOCIIDKeHH, HAlBaXTHBIIINM YHHHUKOM,
10 BIUIMBA€ Ha €PEKTHBHICTh TEXHOJOTIYHOTO YCTATKY-
BaHHS, € TOKa3HUKH HAMIHHOCTI Ta iX MOXifgHi. Y 3B'I3KY
3 MM MaKCHUMI3allisl YAHHHUKIB HAJAIHHOCTI MPEJCTaBIIsIE
OCOOJIMBHI 1HTEpeC y CeHCi pPO3BHTKY Mojenen 1 ix
MIPaKTHYHOTO 3aCTOCYBaHHSI.

Karouosi ciioBa: modens sikocmi, npoyec, ynpaeiin-
H5l, BUPOOHUYMEBO, ONMUMIZAYIS

Pexomenoosano 0o nybnixayii 0oxm. mexH. HayK

B.O. ®Dinamosum. Jlama naoxoodicenus pyKonucy
22.08.13.
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