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Koshevoy N. D., Sukhobrus E. A.
THE COMPARATIVE ANALYSIS OF OPTIMIZATION

METHODS OF MULTILEVEL MULTIFACTOR
EXPERIMENT PLANS

 method for finding the optimal or close to the optimum
implementation value of a multi-level multifactorial experiment
plan are proposed. To automate the search process using the
proposed method, the software was developed. A comparative
analysis of the developed software with multi-level program for
finding the optimal combinatorial plans of multifactor experiment,
which implements the generating permutations method with a
minimal number of adjacent elements transpositions are
implemented.

Key words: software, simplex method, speed.
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Kulik A. S., Pishchukhina O. A., Klochok A. Yu.
MODELS AND ALGORITHMS FOR FINDING ERRORS

WHILE SOLVING TASKS USING COMPUTER-ASSISTED
LEARNING

An algorithm for diagnosing errors in a computer training
program for solutions of the control system characteristic equation
using a numerical method is offered. Its feature is the formation of
a product knowledge base for searching errors and using
dichotomous tree in the process of diagnosis.
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Melnykova N. I.
MODELING OF EXPERT SYSTEM ASSIGNMENT

TREATMENT
Developed models expert system of treatment, that optimize

the assignment of treatment and providing efficiency convalescence
of patients.

Key words: model of expert system, optimization of the
process, medical systems.
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Sabo I. I., Tolok V. O.
MODELLING THE STAMP PROBLEM IN TWO-

DIMENSIONAL FORMULATION
In this paper we construct a solution of the two-dimensional

elasticity problem (plane deformation) about stamp action on an
elastic half-plane by using the symbolic method of Vlasov V. Z.
[1] and the exact solution of the harmonic equation for the half-
plane. The substitution of symbolic functions to appropriate
harmonic functions allows us to get the exact solution of this
problem.

Key words: symbolic method, stamp, half-plane, harmonic
equation, symbolic function, harmonic function, exact solution.
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Khomchenko A. N., Motailo A. P.
DISCRETE ANALOGUE OF THE POISSON INTEGRAL

FOR A BALL
The Dirichlet problem for the ball with discretely given

conditions on the boundary is solved in the work. Construction
from hexahedron and octahedron inscribed in a ball is used in the
role of computational template. A discrete analogue of the Poisson
integral formula in the form of a proportional stratified sampling is
obtained.

Key words: Dirichlet problem, ball, Poisson integral, pattern,
hexahedron, octahedron.
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Vysochyna O. S. Danich V. N., Parkhomenko V. P.
MANUFACTURING PROCESSES MODELING OF

INDUSTRIAL ENTERPRISES BY MEANS OF ARENA
SYSTEM SIMULATION

The article presents a manufacturing processes simulation
model of industrial car valves production enterprises. A description
of the model building and simulation results were considered.

Key words: Arena, discrete-event approach, simulation
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1

( ( )) ( ) ( )
h

GF GF GF T GF
k

k

w x k w x
.

 GRNFN -

, ( ), ( )x k y k

h,  on-line ,  ( ), ( )x k y k -
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GF
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min 2
max ( ( ))

1
i i

i
D x k r

h
(6)
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( ( ))GF x k . -
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, r
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1i 1
GFw ,

1,h i 1
GF
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.
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 (LS-SVM) [21], 

’ .

-  SVM -
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FS FS
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FS
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1 1
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EVOLVING NEURO-FUZZY SYSTEM COMBINED

LEARNING
In this work the evolving neuro-fuzzy system with kernel

activation function that contains fuzzy support vector machine,
normalized radial basis function neural network and general
regression neuro-fuzzy network as subsystems is proposed. This
network is tuned using both optimization and memory based
approaches and does not inclined to the «curse of dimensionality»,
is able to real time mode information processing by adapting its
parameters and structure to problem conditions.
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OPTIMAL STRATEGIES CONTINUUM FOR PROJECTING THE FOUR-
MOUNT CONSTRUCTION UNDER INTERVAL UNCERTAINTIES WITH

INCORRECTLY PRE-EVALUATED TWO LEFT AND ONE RIGHT
ENDPOINTS

There is investigated a two-person game model of optimizing cross-section squares of the
four-mount construction, where the model kernel is defined on the six-dimensional hyperpar-
allelepiped as the product of three closed intervals of unit-normed loads and of three closed
intervals of unit-normed cross-section squares. For the case of incorrectly pre-evaluated two
left and one right endpoints of those interval uncertainties there has been proved that the
projector may obtain an optimal strategies continuum. A criterion for singularizing that contin-
uum has been proposed.

Key words: optimizing cross-section squares, two-person game model, four-mount con-
struction, incorrect pre-evaluation.

INVESTIGATION AREA

There are many uncertain factors in building mount
constructions, one of which is interval-valued potential load
on the construction pivots, pillars, bars or other mount

elements [1, 2]. If the potential load on the construction
with four mounts is unit-normed, then the unit-normed load
on the i-th mount ix  is enclosed within the closed interval

; 0; 1i ia b  by i ib a  for 1, 3i  [3, 4]. The nonzero

Romanuke V. V., 2012
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fourth unit-normed load is

4 1 2 31x x x x (1)

due to the unit-normalization. The problem is to take some
mounting square against that potential load, and this square
may be unit-normed also. Thus the i-th mount cross-section
square is iy , and due to analogous unit-normalization

; 0; 1i i iy a b  for 1, 3i  by

4 1 2 31y y y y . (2)

Obviously, that taking the unit-normed values shouldn’t
be arbitrary, but be optimal in the sense of minimizing the
potential load and mounting square relationship [3, 5, 6].

AVAILABLE  REFERENCES  ANALYSIS

There is a known model of optimizing the values 
3

1i i
y ,

stated as a convex game with the kernel [3, 7]

1 2 3 1 2 3, , , ; , ,T T x x x y y yX Y

2 2 2 1 2 3
1 1 2 2 3 3 2

1 2 3

1
max , , ,

1

x x x
x y x y x y

y y y
   (3)

on the hyperparallelepiped

of pure strategies

1 2 3x x xX

of the first player and of pure strategies

1 2 3y y yY

of the second. The first player personifies the natural factors,
which can’t be foreseen, and the second player personifies
the projector or the person responsible for projecting the
four-mount construction, being investigated. The optimal
strategy

* * *
* 1 2 3y y yY

of the projector, existing by the theorem on the second player
optimal strategies in the convex game [3, 8], is determined
from the four-parted equality

1 2 3
2 2* * * *

1 2 3

1

1

i

i

b a a a

y y y y

However, the given bounded intervals 
3

1
;i i i

a b

uncertainties may occur such that the equality (8) is not
true [9] within the parallelepiped (6). Then it is spoken about
incorrectness of left or right endpoints of those intervals. If
these endpoints were corrected (increased or decreased, as
needed) then the equality (8) would have been turned true
within the parallelepiped (6). But this is impossible, so pre-

evaluations 
3

1i i
a  and 

3
1i i

b  are held still.

WORK GOAL

Will find the projector optimal strategy (7) in supposition

that here are interval uncertainties 
3

1
;i i i

a b  with

incorrectly pre-evaluated two left and one right endpoints.
If they all were correct the components of the projector
optimal strategy (7) would have been [7]

*

1 2 3 1 2 31

i
i

b
y

b b b a a a
1, 3i .  (9)

But the endpoints pa , qa  and kb  by , , 1, 2, 3p q k

have occurred such that

1 2 3 1 2 31

p
p

b
a

b b b a a a
, (10)

1 2 3 1 2 31

q
q

b
a

b b b a a a
,  (11)

1 2 3 1 2 31

k
k

b
b

b b b a a a
. (12)

It means that

*

1 2 3 1 2 31

p
p

b
y

b b b a a a
, (13)

(4)

(5)

(6)

     (7)

(8)by 1, 3i .
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*

1 2 3 1 2 31

q
q

b
y

b b b a a a
,  (14)

*

1 2 3 1 2 31

k
k

b
y

b b b a a a
, (15)

and for finding the projector optimal strategy (7) there has
to be used the impossibility of the equality (8) within the
parallelepiped (6) up with the conditions (10)–(12). Clearly
that the conditions (10)–(12), meaning (13)–(15), also give
one of the four following inequalities, which breaks the
equality (8):

1 2 3
2 2

11

1

r

k r p q k

a a ab

b a a a b
 by ,r p q , (16)

,
(17)

  by  ,r p q ,
(18)

1 2 3
2 2

1 1

1

r

k rp q k

a a a b

b aa a b
  by  ,r p q . (19)

The inequalities (16)–(18) are united into the single
inequality

(20)

that is going to be the last pre-condition for finding the
projector optimal strategy (7).

THEOREM ON CONTINUUM OF PROJECTOR

OPTIMAL STRATEGIES (7) UNDER (10)–(12) BY (20)

Theorem. In the game with kernel (3) on the
hyperparallelepiped (4) by the conditions (10)–(12) and (20)
the components of the projector optimal strategy (7) are

* ;r r ry a b   by  ,r p q  (21)

at

(22)

or

max* ;r r ry a y   by  ,r p q (23)

at

1 2 31 1p q k kb b b b a a a  (24)

for

max max
1 2 31 1p q k ky y b b a a a , (25)

where

*
k ky b . (26)

In the case of the inequality

1 2 3
2

11

1k
p q k

a a a

b a a b
(27)

the projector has a continuum of its optimal strategies (7).
Proof. As the inequality (20), being the corollary of the

conditions (10)–(15), is true then the second player cannot

make its payoff less than 
1

kb
. This payoff value is the optimal

game value *
1

k

v
b

, which is reached at the right endpoint

of the k-th rib of the parallelepiped (6). If k ky b  then the
payoff is greater than *v , what is unacceptable for the
projector, so (26) is the single possible k -th component of
the projector optimal strategy (7). Going further, the
inequality (20) may be overstated as

(28)

or

, (29)

where it has been root-extracted due to positiveness of the
fourth unit-normed cross-section square. So, the projector

should select such *
py  and *

qy  that the inequality

(30)

would turn true. The inequality (30) is overstated as the
condition

(31)

for selecting the components *
py  and *

qy . Then if (22) is true

then (31) is true * ;r r ry a b  by ,r p q  and therefore

the r-th component of the projector optimal strategy (7) is

(21). Otherwise, if (24) is true then (31) is true for such *
py

and *
qy  that their sum is not greater than the right side of

(31). So, the r-th component is selected as (23) for (25). The
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continuum of projector optimal strategies with the inequality

(27) is subsequent to that *
r ry a  at ,r p q  for the case

with (22) and either max
p py a  or max

q qy a  for the case

with (24). The theorem has been proved.
It remains only to constate that in the case of the equality

1 2 3
2

11

1k
p q k

a a a

b a a b
 (32)

the projector does not have more than the single optimal

strategy (7) as here its components are *
r ry a  by ,r p q

and, undoubtedly, (26).
Consider an example of applying the proved theorem.

Let

1 0, 24a , 1 0, 26b , 2 0,26a ,

2 0, 29b , 3 0,1a , 3 0, 2b . (33)

Having calculated the values (9), here (10)–(12) are true:

1

1 2 3 1 2 31

b

b b b a a a

10, 23961 0, 24a ,  (34)

2

1 2 3 1 2 31

b

b b b a a a

20,2531 0,26a ,  (35)

3

1 2 3 1 2 31

b

b b b a a a

30,2101 0, 2b . (36)

Also the inequality (17) is true, that is (20) is the pre-
condition for finding the projector optimal strategy (7). So,
as

1 2 0,55 0,5172b b

3 3 1 2 31 1b b a a a (37)

is true, that is the condition (24) is true, then here the projector
optimal strategy (7) components are (23) for (25) and (26):

max*
1 10,24;y y ,

max*
2 20, 26;y y , *

3 0,2y ,  (38)

where

max max
1 2 0,8 0, 2 2y y .  (39)

CONCLUSION AND WORKING FURTHER

PERSPECTIVE

The disclosed continuum of the projector optimal
strategy (7) under strictness in the inequality sign must not
delude an explorer or a real constructor, because the summed
unit-normed cross-section squares are fixed at unit, and it

may select *
py  and *

qy  whatever, just satisfying (21) or (23)

with (25). Nevertheless, this selection could have been

rational due to some criterion with respect to *
py , *

qy ,

* * *
4 1 p q ky y y b .  One of suchlike cr iter ions is

equalization of values *
py , *

qy , *
4y , that is solving the problem

* * * ** *
4 4

* * * * * *; ; 4 4

min max , , , , ,
p p q q

p q p q

a b a b q p p q

y y y yy y

y y y y y y
 (40)

or

max max

* * * ** *
4 4

* * * * * *
; ; 4 4

min max , , , , ,
p p q q

p q p q

a y a y q p p q

y y y yy y

y y y y y y . (41)

In perspective, there should be worked the situation with
the inequality (19), which seems to be more complicated in
finding the projector optimal strategy (7).
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.
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. , -
.

 « », -
 MAPE (mean absolute

Tin,° t, ° , % sens res y, / insol PLC 

16 5,43 69 1 2 1799 0,22 1,68 

15,5 4,55 38 0,5 3 935 0,11 1,94 

17 1,87 70 0 3 530 0,17 3,27 

20 1,48 47 1 2 641 0,32 4,65 

19,5 2,24 50 0,5 3 688 0,34 4,39 

18,5 1,4 60 1 3 450 0,27 3,99 

 1. -

percentage error)  7 %. 
-
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(X) f
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:
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f X
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 ( ); res – -

. 2. -
 Equo

,

(2)



106

;  – 
, / ; insol – 

; (a0 a1 a2 a3 a4 a5 a6 a7)  (b1 b2
b3 b4 b5 b6 b7)  – .

, -
T

in
 < 21°C ( f

1
(X)) : a

0
 = 416,73;

a
1
 = –56,03; a

2
 = 7,51; a

3
 = –1,88; a

4
 = 69,62; a

5
 = 38,52;

a
6
 = 0,04; a

7
 = –360,02; b

1
 = –5,40; b

2
 = –6,90; b

3
 = –0,46;

b
4
 = –4,25; b

5
 = –0,19; b
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Tkachenko R., Mashevska M.
NEURO-FUZZY SYSTEM FOR AUTOMATION

SYNTHESIS OF MATHEMATICAL MODELS FOR
EVALUATING AN INDEX OF LEVEL OF BIOCOMFORT

The process of creating the mathematical model by the neuro-
fuzzy modeling is described. The stages of construction of the
fuzzy model to evaluating the level of biocomfort of habitation are
considered.
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