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Summary: The opumal planming of expeniments
methodology by cost and time-consuming expenses has been
developed, Hardware and software have been proposed for its
implementation. The developed methodology bas been tested
in the investigation of & number of processes, devices and
systems,
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INTRODUCTION

The problem of obtaining mathematical
models  appears  in solving  problems  of
optimization and control of various objects, At
that, naturally, researchers aspire to develop these
experimental models at minimal cost and time
expenses. For this purpose, the optimal planning of
experiments  methodology by cost and  time-
consuming expenses has been worked out (2, 3, 9,
10, 15, 20].

MATERIALS AND RESEARCH RESULTS

The developed methodology includes a
complex of methods for experimental plans,
software @nd hardware optimization and their
implementation (fig. 1).

The complex of methods allows to
synthesize experiment plans that are optimal by
cost and ume-consuming expenses. Moreover, at
that the method of iterative optimal by cost and
time-consuming expenses experiment planning |1,

11-14, 17] is appropriate for objects with a number
of significant factors k < 4, the method of
sequential optimal by cost and time-consuming
expenses experiment planning [4, 5. 8, 16] - 1or
objects with the number of factors k> 4 and branch
and bound method [6. 21, 22] and the method of
successive approximations [7] should be used for
k> 3. Optimal by cost and tme-consuming
expenses experiment planning method [ 18] is used
to study dynamic objects. Which is 8 modification
of the iterative experiment planning for static
objects.

To implement the proposcd methods, a
complex of software systems have been developed.
which are granted certificates of registration of
product copyright at the State Depanmem of
Intellectual Property of Ukraine.

To implement the optimal plans on the
rescarch object which have been obtained by
software, hardware has been worked out, which i«
protected by patents of Ukraine.

Fig.2 shows the list of the developed
software and hardware for the synthesis und
implementation  of optimal by cost and i
consuming  expenses  experiment  plans The
following methods are used: analysis of the
permutations rows of the matrix of experiment
planning, random scarch [23]. branches and
bounds [24], successive approximation |19 25 o
optimize the experiment plans by the speciied
criteria.
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l Optimal experimental planning methodology
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Fig. 1. Methodology for optimal planning of experiments



IRINA KIRICHENKO, NICHOLAY KOSHEVOY. ELENA KOSTENKO. VICTORIA ROZHNOVA

Hardware and software for synthesis and implementation of optimal experiment plans

|

Complex of software systems

ngrfmme of search for multifactor
experiment  (MFE)  optimal  plans.
Certificate: Ne29920, Ned0321, Ne40322

Program of search for optimal plans of MFE
with given constraints. Certificate Ne20921

Program of search for optimal multi-level
combinatorial plans of MFE with given
constraints, Certificate: Ne3 1824, Ne36589

Program of scarch for optimal plans of
MFE by branch and bound method
| Koshevoy, Burleey, Kostenko 2010]

Program of scarch for optimal
multifactor combinatorial plans of MFE
by branch and bound method [Koshevoy,
Kostenko, Chuiko 2010}

Program of search for optimal plans of
MFE by branch and bound method with
the introduction of restrictions on
additional criteria [Koshevoy, Burlecy,
Kostenke 2010]

+_.
f,_.
-

Program of a two-parameter optimization of
composite plans by branch and bound
method [ Koshevoy, Kostenko,
Chuiko 2011]

Program of search for optimal multi-level
plans of MFE by method of successive

approximations [ Koshevoy, Chuiko,

Kostenko 2012]

|

Syslcms an_d devices for synthesis and
implementation of optimal experiment
plans

.

Automated systems for realization of MFE.
Patent: 49801, 60082, 68376, 68353,
67529

ks

Automated systems of parametric control.
Patent : S0104, 67060

Automated systems of scarching optimal
experiment plans. Patent: 67062, 68367

Weighing system. Patent 58098

Devices for determining the equvalence
of plans of MFE. Patent: 60537, 67311,
68370

+,.
+.
*.

W uel meter. Patent 58097

+.

Unit for the simulation of measurement of
angular deviation of plane control surface
by photoelectric sensor. Patent 57497

Device for simulation planng processes

A

Patent 59335

Fig. 2. Software and hardware of optimal expenment planning methodology
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Table. Results of investigating software on a number of real and simulated devices
Number of s Mo ek
Object of study Plan qf the fiokots K xod Optimization Gfun in cost
experiment ; method or time (times)
experiments N
1 2 3 - 5
Calibration process of hydrometers Complite
[Koshevoy, Kostenko, Zabolotny, factor - Il Analysis of
Pavlik, Tsehovskyy, Knish 2010] experiment i e permutations cost 1,14
(CFE)
Process of electroplating copper CFE Analysis of
plating of primed circuit boards pemutaﬁons cost 1,5
[Koshevoy, Kostenko, Zaboloty, K=4;N=16
Pavlik, Tsehovskyy, Knish, 2010] Random search cost 1,9
Process  of  measuring  the Fractional
metallization area of printed circuit factor Andiviis of
boards [Koshevoy, Kostenko, | experiment K=4; N=8 ermuytZtions cost 1.5
Zabolomy,  Pavlik,  Tsehovskyy, (FFE) P
Knish, 2010]
Production of semiconductor devices
[Koshevoy, Kostenko 2009]:
process of ultrasonic cutting of CFE K=3; N=8 Analysis of cost 1.6
- plates; permutations
w fusion crystal process; FFE K=4; N=¢8 Analysis of cost 1.4
= permutations
,: etching process Rotatable K=2:N=13 Analysis of cost 1,77
) central permutations
2 composite Branch and
= planning bound:
- RCCP :
< RCCP) algorithm 1; cost 2,54
i: algorithm 2 cost 3,06
5 Process of forming the body cutters FFE K=5; N=8 Analysis of cost 1.5
= [Koshevoy, Kostenko 2009] permutations
e Process of manufacture of the FFE K=4; N=§ Analysis of cost 2,21
sl reinforced parts [Koshevoy, permutations
~ Kostenko, Gordienko, Syroklyn
e 2011
Process of testing Plakett- K=7. N=8 Analysis of
electronic devices [Koshevoy, Berman permutations
Kostenko, Gordienko, Syroklyn
2011)
stage | cost 3,37
stage 2 cost 3,24
Work of the radar station operator Branch and
[Koshevoy, Kostenko 20107]; bound:
modes of operation; RCCP K=5: N=32 algorithm 1: time 3.8
algorithm 2 time 3.95
resistant performance FFE K=5:N=16 Analysis of time 1,64
, permutations
Random search time 7,40
p Work of the radioelectronic station RCCP K=5; N=32 Branch and
i operator  [Koshevoy,  Kostenko bound:
| 2010]
algorithm 1; time 1,67
algorithm 2 time 1,73
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Pavlik.. Tschovekyy, Knish 2010)

| 2 3 “ 5
Machines service with numerical
program control [Koshevoy,
Kostenko 2010
modes of operstion; RCCP K=5; N=32 Branch and
bound:
algorithm 1; time 1,36
algorithm 2 time 1.38
productivity of the plant site CFE K=4;N=16 | Analysis of time 1,17
permutations
Random search time 1,00
Process of deep plasma-chemical CFE K=3:N=§ Branch and cost 1.28
etching [Koshevoy, Burleey, bound
Kostenko 2010} Tyw=150 min
The process of producing porous Orthogonal K=4; N=25 Branch and Cost 5,47
materials (Koshevoy, Chuiko, central bound Time 733
Kostenko 2011) composite
planning
(OCCP)
The process of preparation of mince CFE K=2; N4 Analysis of Cost 2,57
[Koshevoy, Kostenko, Rozhnova permutations
2010]
The process of making popcomn FFE K=5; N=18 Successive Cost 3,36
[Koshevoy, Dergachev, Burleev, approximation
Kostenko, 2011) Analysis of Cost 1,37
permutations
Random search Cost 2,26
Contactless gauges of direct currents CFE K=2; N=4 Analysis of Cost
[Koshevoy, Kostenko, Zabolotny , permutations
Pavlik , Tsehovskyy , Knish 2010}
voltage of 9 V: 1,33
voltage of 5V 1,34
Eddy current gauges dielectric CFE K=4; N=16 Analysis of Cost 1,8)
coatings [Koshevoy, Kestenko, permutations
Zabolomy, Paviik, Tsehovskyy, Knish,
2010
Random search Cost 2.01
Iterative Cost 1,78
planning
Device for monitoring the quality of CFE K=4; N=16 Analysis of Cost 1.2
dielectric permutations
matenals [Koshevoy, Random search Cost 1.0
Kostenko, Zabolotny , Pavlik , Iterative Cost 2,13
placod
Tsehovskyy , Kaish 2010] Branch and Cost 144
bound
Photoelectric transducers of an CFE K=3;N=8 Analysis of Cost 1.3
displacements: placement of optica permutations
fibers  [Koshevoy, Burleev O.L.
Kostenko, 2010];
z output parameters [Koshevoy OCcCp K=3;:N=15 Branch and Cost 1,67
X Kostenko, Zaboloty, Pavlik] bound
U Tsehovskyy, Knish 2010])
S | Moisture meters of bulk materiald CFE K=3; N=§ Analysis of Cost 4,65
{3 [Koshevoy,  Kostenko, Zabolotny permutations
a
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1 2 3 4 S
CFE K=4; N=16 Analysis of Cost 1,5
permutations
Random search Cost 2,48
Semiconductor therm Addition to K=4;N=15 Analysis of Cost 1,99
[Kaoshevoy Kostenko, 2009] RCCP permutations
Random search Cost 2,31
RCCP K=4:N=31 Branch and Cost 3,05
bound:
algorithm 1;
algorithm 2 Cost4.19
Weighing system [Koshevoy, CFE K=3; N~8 Anslysis  of | Cost 1,61
Kostenko, Zabolotny, Paviik., permutations
Tsehovskyy. Knish 2010)
System for determining fuel CFE K=2; N=4 Analysis of | Cost 1,2-1.3
consumption of internal combustion permutations
engine [Koshevoy, Kostenko,
Zabolotny, Pavlik.. Tsehovskyy,
Kmsh 2010]
Ship power plant unit CFE K=3:N=8 Analysis of Cost 1,3
[Koshevoy,Kostenko 2009] permutations
Complex of techmical systems Branch and
[Koshevoy, Kostenko, 2010]: bound:
mamntenance; RCCP K=4; N=31 algonithm |; Time 1,5
algorithm 2 Time 1,53
shutdown system FFE K=3,N=16 Analysis of Time 1,35
permutations
Random search Time 285
Tracking system "Koshevoy, CFE K=3: N=§ Analysis of Cost 3,78
Kostenko 2009] permutations

The developed methodology has been tested
in the studying of a number of technological
processes, devices and systems. In all the cascs,
while study the said objects cost and time-
consuming expenses benefit has been gained
compared with the initial plans of the experiment
(tablc).

CONCLUSIONS

1. A methodology by the optimal cost and
time-consuming expenses of experiment planning
has been developed, which improves the efficiency
of experimental studies aimed at modeling and
optimization of real objects.

2. Software and hardware have been
developed that cnable to effective by use the

developed methodology of optimal planning
experiments.

3. The efficiency and effectivencss of the
proposed methodology have been proved by
testing it on a number of technological processes,
devices and systems,
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