IHTENEKTYAJIbHUX CUCTEM NIATPUMAHHA

TEOPETUYHI TA NPUKNAOHI MPOBJIEMU
@r
NMPUAHATTA PILLEHb

UDC 519.925
DOI: 10.20535/SRIT.2308-8893.2020.2.07

FUZZY PORTFOLIO OPTIMIZATION PROBLEM UNDER
UNCERTAINTY CONDITIONS WITH APPLICATION
OF COMPUTATIONAL INTELLIGENCE METHODS

H. ZAYCHENKO, YU. ZAYCHENKO

Abstract. The problem of constructing an optimal securities portfolio under uncer-
tainty is considered along with the direct and dual problems of fuzzy portfolio opti-
mization. The modified fuzzy portfolio optimization problem is also suggested un-
der a constraint on portfolio volatility. In the dual problem, the portfolio structure is
determined, which provides the minimum risk level at the specified profitability
level. The use of forecasting share prices for the portfolio model was suggested to
support the validity of decisions on the portfolio structure and to reduce the risks.
The share price data for the portfolio optimization system are forecasted using Fuzzy
Group Method of Data Handling (FGMDH). The experimental studies of the sug-
gested fuzzy models were carried out, and a comparison with the Markowitz model
was performed on a stock market. As the result of this work, the foundations of the
theory of fuzzy portfolio optimization are built on the basis of the theory of fuzzy
sets and an effective forecasting method.

Keywords: fuzzy portfolio, modified fuzzy portfolio optimization model, forecast-
ing, share prices, fuzzy GMDH.

INTRODUCTION

The problem of investment in securities had arisen with appearance of the first
stock markets. Careful processing and accounting of investment risks have be-
come an integral and important part of the success of each company. However,
more and more companies have to make decisions under uncertainty, which may
lead to undesirable results. Particularly serious consequences may have the wrong
decisions at long-term investments. Therefore, early detection, adequate and the
most accurate assessment of risk is one of the crucial problems of modern invest-
ment analysis.

The beginning of modern investment theory was put in the article
H. Markowitz, “Portfolio Selection”, which was published in 1952. In this article
mathematical model of optimal portfolio of securities was first proposed. Methods
of constructing such portfolios under certain conditions are based on theoretical
and probabilistic formalization of the concept of profitability and risk. For many
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years the classical theory of Markowitz was the main theoretical tool for optimal
investment portfolio construction, after which most of the novel theories were
only modifications of the basic theory.

New approach in the problem of investment portfolio construction under un-
certainty is connected with fuzzy sets theory, created about half a century ago in
the fundamental work of Lotfi Zadeh [6]. By using fuzzy numbers in the forecast
share prices a decision-making person was not required to form probability esti-
mates.

The application of fuzzy sets technique enables to create a novel theory of
fuzzy portfolio optimization under uncertainty and risk deprived of drawbacks of
classical portfolio theory.

The main source of uncertainty is changing stock prices of securities at the
stock market as the decision on portfolio is based on current stock prices while
the implementation of portfolio is performed in future and portfolio profitability
depends on future prices which are unknown at the moment of decision making.
Therefore that to raise the reliability of decision concerning portfolio and cut
possible risk it s needed to forecast future prices of stocks. For this the applica-
tion of inductive modeling method, so-called Fuzzy Group Method of Data Han-
dling (FGMDH) seems to be very perspective.

The goals of this paper are to present and analyze the results in fuzzy portfo-
lio optimization theory, to consider and analyze so-called classic and new direct
problems of fuzzy portfolio optimization, to estimate the application of FGMDH
for stock prices forecasting and to carry out experimental investigations for esti-
mation of the efficiency of the elaborated theory.

DIRECT PROBLEM OF FUZZY PORTFOLIO OPTIMIZATION

Problem statement

Let us consider a share portfolio of N components and its expected behaviour at
time interval [0,7]. Each of a portfolio component i =1, N at the moment T is
characterized by its financial profitability r; (evaluated at a point T as a relative
increase in the price of the asset for this period) Assume the capital of the inves-
tor be equal 1. The problem of share portfolio optimization consists in a finding of
a vector of share prices distribution in a portfolio x = {x;} i =1, N maximizing the
expected income at the set risk level.

In process of practical application of Markowitz model its drawbacks were
detected [2, 3]:

e The hypothesis about normality of profitability distributions usually isn’t
proved in practice.

o Stationarity of price processes is not always valid in practice.

o At last, the risk of stocks is considered as a covariance or its volatility,
therefore the decrease in profitability in relation to the expected value, and prof-
itability increase are estimated in this model absolutely equally, while for the
owner of securities these events are absolutely different.

These weaknesses of Markowitz theory caused necessity of development es-
sentially new approach for definition of an optimum investment portfolio.
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Let’s consider the main principles and ideas of a fuzzy method for portfolio
optimization [1, 2, 3, 4].

The risk of a portfolio is not its volatility (covariance), but possibility that
expected profitableness of a portfolio will appear below some pre-established
planned value .

Correlation of stock prices in a portfolio is not considered and not taken into
account.

Profitability of each security is not random, but fuzzy number. Similarly, re-
striction on extremely low level of profitability can be both usual scalar and fuzzy
number of any kind. Therefore, optimize a portfolio in such statement may mean,
in that specific case, the requirement to maximize expected profitability of a port-
folio in time moment 7 at the fixed risk level.

Profitability of a security on termination of ownership term is expected to be
equal » and lies in a certain range.

For i -th security let’s denote:

r; — the expected profitability of the i-th security;

r; — the lower border of profitability of the i-th security;

r,; — the upper border of of the i-th security;

r,=(n;,1;,1r;) — profitability of the i-th security is a triangular or Gaus-
sian fuzzy number.

Then profitability of a portfolio is equal:

N N N
r= rmin:inrli;r:inri;rmax:zxirﬁ » (1)
i=1 i=1 i=l1

where x; is the weight of 7 -th security in a portfolio ( its portion), for which the
following conditions holds

N
i=l
Critical level of profitability of a portfolio at the moment of 7" given by an

. * * % *
investor may be non-fuzzy or fuzzy number r =(x ,7 ,r,) as well.

Fuzzy-set portfolio optimization with triangular membership functions

To determine the structure of a portfolio which provides the maximum profitability
at the set risk level, it is required to solve the following problem [2, 3].

Find {X,,}={X}, for which r — max, under condition B(X)=const,
where 7 is a portfolio profitability, B is a desired risk, vector X satisfies (2).

In [2, 3] the following expression for risk B (x) was obtained for critical value »"

N *
1 . X ' 27T
= i=l _
|| D | T | P |-

in”iz - inrﬂ . . infi - inril
j ' i=1 i=1
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Taking into account also that profitability of a portfolio is equal to
N
zxrlnr_zxtn Tmax zx[rZi ’
i=1

where (;,7;,7,;) is the profitability of i-th security, we obtain the following op-

timization problem [2, 3]:

N
F =) x;i; - max; 4)
i=1
=const; )
LN. (6)

At a risk level variation 3 3 cases are possible: =0, =1 and 0 <B <1

Consider in detail the last case 0 <3 <1.

N N
. . . * — —
This case is possible when Y x;;;; <r <> x;7z or when » x7; <
i-1

i=1 i=1

*
r <

N
= me-z
i=1

Assume lerll <r'< Zx
i=1
to the following nonlinear programming problem [2-5]:
N
F =) x;i; - max. (7)
=1

.Then using (3) the problem (4)—(6) is reduced

Under conditions
N *
X1, —r
1 t=1
~ v Z,m =1 |Inf | |=B; (8)
szrﬁ Z Xili = = ZXI" Z Xitil
=l =1
N *
lerll <r; )
i=1
N *
lefl >ro; (10)
i=1
LN (11)

N
lezl, XIZO, izl,N.

i=

. Then the problem (9)—(11) is reduced to the fol-

N N
— *
Let Y x7 <r < Y xin,
i=1

lowing nonlinear programming problem [2-5]:

F=Y x;;; - max; (12)
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N *
S x> (14)
i=1
N *
X <r; 15)
i=1
N ~
inzl,xl-ZO, i=LLN. (16)
i=1

The penalty functions algorithm of minimization is suggested to find the so-
lution of problems (7)—(11) and (12)—(16). Assume both problems (7)—(11) and
(12)—-(16) be solvable. Then structure of a required optimumal portfolio will be

such vector X ={x;} i= I,_N being the solution of problems (7)—(11) or
(12)—(16) for which the criterion value will be greater.

Modified fuzzy portfolio optimization under constraint on volatility

Analysis of fuzzy portfolio optimization model (7)—(10) and previous experimen-
tal results [2—5] has shown that the constraint on risk in fuzzy portfolio model
doesn’t make real restriction of profitability and acts in the same way as criterion:
the less risk the greater is profitability.

It leads to some bias in portfolio content, usually the portion of the most
profitable share takes the greatest value and practically doesn’t change with risk
variation. Therefore it was suggested to modify fuzzy portfolio model by intro-
ducing the constraint on portfolio volatility A, :

N
in(rﬂ —Ip)< Agiv;
i=1

where
Agiy = var, Ay, 1 (; —F;) min + (7, —F;)max .
Using this transformation we obtain two linear programing problems pre-
sented below:
N . N
a) for the case le-l’il <r <
i=1 i=
LP-problem takes the following form:
N

7= x;7, > max;
i=1

xi?i:
1
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giv»

N
DXy —r) <A
i-1

N

2XiT <1

1=

N ~ %
Xl 215

Agiy €[(ry —1) min + (7, — 77) max];

N N
b) for the case le-f”;-SI” <le-rl.2, we obtain the following
i=] i=1

LP-problem:
~ N ~
r =Y X;¥; > max;
i=1
N
DX (T —Tp) < Agiys
i=l
N
> *
DX 2T
i=1
N
~ *
Z‘xir; <r 9
i=l1
N _
le. =1, x,>0, i=1,N,
i=1
where

Agiy €[ (1 —F)min + (¥, — 7;) max].

If both these LP-problems are solvable then the structure optimal invest

portfolio x={x;} i =1,N will be determined for which the portfolio profitability
will be greater.

THE ANALYSIS AND COMPARISON OF THE RESULTS BY MARKOWITZ
AND FUZZY-SETS MODELS

For comparative analysis of investigated methods the following corporations
Apple INC, Cisco, Intel, Microsoft, Visa. were chosen whose shares are presented
in stock- exchange NYSE and used for Dow Jones index calculation. The infor-
mation about share prices of these corporations were taken from site
https://www.nyse.com. The data about share prices were taken in the period from
01.01.2018 to0 29.06.2018 year, in a whole the period of 125 days.
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The obtained data from NYSE contained the information about opening and
closing share prices of the chosen companies.

For fuzzy portfolio optimization the calculated profitability range (region)
and expected profitability value were previously calculated for each share. In
Markowitz model expected profitability of a share is calculated as a mean
m=M{r} and risk of an asset is considered as a dispersion of the profitability
value.

Using this data for all stocks the following indicators were calculated:
1) mean profitability, 2) left bound of profitability r,;,, 3) right bound 7,

4) profitabilty range ( volatility) A3zan and variance o”. These data are presented
in the table 1.

Table 1. Shares Profitability, volatility, and variance

N Company r , % i ¥, ax Agiv o’

1 APPLE INC 0,0735 -0,9585 0,8700 1,8285 1,6015
2 CISCO SYS INC 0,0932 -0,8681 0,9564 1,8245 1,7895
3 INTEL CORP 0,0643 -1,3545 1,1903 2,5348 2,8340
4 |MICROSOFT CORP| 0,1183 -0,9063 0,8227 1,7290 1,3972
5 VISA INC 0,1255 -0,8200 0,6976 1,5176 1,1478

Portfolio optimization for Markowitz model
Construct mathematical model of Markowitz using (7)—(11). Number of shares in
a portfolio equals to 5. Choose the initial risk level B=0,5. Then at each step

increasing risk by 0,5 consider and solve models for risk value from 0,5 to 4,5.
For its solution penalty functions method was applied and software kit in program
language C# was developed. The obtained results for risk values Be(0,5+4,5)

with step 0,5 are presented in the table 2.

Table 2. Portfolio constructed by Markowitz model for different risk levels

.E Shares
Risk '-§ = o o S~
A < @) & O S »no
1 0,5 0,0928 0,2491 0,1491 0,0745 0,0745 0,3745
2 1,0 0,0940 0,2529 0,1529 0,0767 0,0764 0,3764
3 1,5 0,0969 0,2581 0,1513 0,0833 0,0830 0,3830
4 2,0 0,0981 0,2643 0,1643 0,0908 0,0908 0,3908
5 2,5 0,0988 0,2635 0,1635 0,0862 0,0862 0,3862
6 3,0 0,1005 0,4296 0,0294 0,1125 0,0875 0,3875
7 3,5 0,1022 0,3852 0,0852 0,1137 0,0862 0,3862
8 4,0 0,1022 0,3852 0,0852 0,1137 0,0862 0,3862
9 4,5 0,1022 0,3852 0,0852 0,1137 0,0862 0,3862
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The corresponding dependence “profitablility/risk” for Markowitz model
based on this data is presented in the fig. 1.
F
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Fig. 1. Dependence profitability versus risk for optimal portfolio by Markowitz

Fuzzy portfolio optimization model

As it was stated previously for fuzzy portfolio with risk variation there are three

. . N N
different cases. Consider the case 0 < < 1 when Sy <1t < X7
i=l i=l

Let solve fuzzy portfolio problem for this case. The corresponding expres-
sion for risk B(X) is presented in (8). As critical value for risk take r* =0,08.

The following model is non-linear programing problem. For its solution pen-
alty functions method was applied. This problem was solved using developed
software kit in language C# for risk values PB:(0,1+0,9) with step 0,1 and the

results are presented in the table 3.

Table 3. Optimal portfolios for fuzzy model for different risk values

> Assets
-
. = @) 7)) =
N Risk e & 5 — A 80‘ LE)
= O m [
B = m o Hm oNe)
o - UE (@) [~ S) <
& & 7 Z O Sl 2]
< o S >

0,1 0,0983 0,2406 0,1343 0,0750 0,1375 0,3750
0,2 0,0973 0,2355 0,1355 0,0722 0,1361 0,3722
0,3 0,0959 0,2307 0,1307 0,0696 0,1348 0,3696
0,4 0,0945 0,2261 0,1261 0,0672 0,1336 0,3672
0,5 0,0932 0,2271 0,1217 0,0648 0,1324 0,3648
0,6 0,0904 0,2154 0,1154 0,0577 0,1288 0,3577
0,7 0,0893 0,2116 0,1116 0,0558 0,1279 0,3558
0,8 0,0882 0,2079 0,1079 0,0539 0,1269 0,3539
0,9 0,0872 0,2045 0,1045 0,0522 0,1261 0,3522

O|[0|QA| N[ N[ |W N —
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The corresponding dependence profitability/risk for fuzzy model is pre-
sented in the fig. 2.
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Fig. 2. Dependence “optimal profitability versus risk for fuzzy portfolio”

From this figure it follows that with risk value increase the profitability of
optimal fuzzy portfolio drops. Compare these results with Markowitz model (fig. 1).

Dependences of expected profitability on degree of the portfolio risk,
received by the above specified methods, are practically opposite. The reason of
such result is the different understanding of a portfolio risk. In the fuzzy-set
method the risk is understood as a situation when expected profitability of a
portfolio falls below the critical level r'set by an investor, so with decrease of
expected profitability risk of portfolio investments to be less than the critical
value, increases .

In Markowitz model the risk is considered as the degree of expected
profitability variability of a portfolio, in both cases of smaller and greater
profitability that contradicts the common sense. The various understanding of
portfolio risk level is also the reason of difference of a portfolio structure,
received by different methods.

The structures of an optimum portfolio which are obtained by both methods
for the same risk levels are also quite different.

New fuzzy portfolio optimization model with constraint on volatility

In this problem portfolio volatility was calculated as difference between maximal
and minimal profitability for all the shares. In order to implement this approach
the data of all shares prices in portfolio in the period since 01.02.2018 to 02.08. 2018
were taken and for all shares the mean profitability, low and upper bounds and
volatility were calculated. The obtained results are presented in the table 4.

Table 4. Shares profitability and volatility

N Company r , % 7 vin 7 ax A

1 APPLE INC 0,0373 -1,0950 0,9000 1,9550
2 CISCO SYS INC 0,3982 -1,1214 1,0653 2,1867
3 INTEL CORP 0,1865 -1,5118 1,4362 2,9481
4 MICROSOFT CORP 0,2428 -0,8635 0,7402 1,6037
5 VISA INC 0,1969 -1,0242 0,7914 1,8156
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From analysis of the results in the table 4 ift follows that the greatest mean
profitability have shares of CISCO SYS INC, and the least volatility is for shares
of MICROSOFT CORP.

After solution of the corresponding LP-problems optimal portfolio profitability
in dependence of volatility was determined which is presented in the table 5.

Table 5. Dependence of mean portfolio profitability versus volatility

Shares
L& &) £ O
NI Ag | €3 = SZ | Zx | 2% g
Se - A wn E O z O <
~ > > T > Z O SO 2]
=] N — >
< =
1| 1,7 0,269 0,000 0,165 0,000 0,835 0,000
2 1,8 0,295 0,000 0,337 0,000 0,663 0,000
3 1,9 0,322 0,000 0,508 0,000 0,492 0,000
4 2,0 0,349 0,000 0.680 0,000 0.320 0,000
5 2,1 0,376 0,000 0,851 0,000 0,149 0,000
6 2,2 0,3982 0,000 1,000 0,000 0,000 0,000

Using these results the chart of portfolio profitability for optimal portfolio is
shown in the fig. 3.
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Fig. 3. Dependence of profitability versus volatility for optimal portfolio

From this chart it follows that with increase of volatility the mean profitability
nof fuzzy portfolio also grows. As we see this dependence well matches to
Markowitz portfolio model.

THE DUAL PORTFOLIO OPTIMIZATION PROBLEM

Fuzzy portfolio optimization

Now consider the portfolio optimization problem dual to the problem

(H-A1) [7].
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To minimize B(x) ; under conditions

7=

M=
=
~3|

\Y
~N
*

1
N
i=1
where expression for B(x) is given by (3)

Optimality Conditions for Dual Fuzzy Portfolio Problem

As it was proved in [8] function B(x) is convex therefore the dual portfolio prob-

lem (14)—(16) is a convex programming problem. Taking into account that con-
straints (16) are linear compose Lagrangian function:

L(x, 1) = B(x) + A0 = %xﬁ-) + u[i Xi 1} :
i=1

i=1

The optimality conditions by Kuhn—Tucker are such:

a—Lzm—kfl+u20, I<i<N;

ox;  Ox;
N N
oL _ ler,-i-r*SO,—L:Zx,—l:Oa
aj’ i=1 /J i=1
and conditions of complementary slackness

oL N *
—x; =0, 1<i<N,, a—Ll:l —infi-i-r =0, x; 20, A>0,
Ox; oA —

where A >0 and p are indefinite Lagrange multipliers.

This problem may be solved by standard methods of convex programming,
for example method of feasible directions or method of penalty functions.

THE APPLICATION OF FGMDH FOR STOCK PRICES FORECASTING IN
PORTFOLIO OPTIMIZATION PROBLEM

Consider the results of experimental investigations of the developed models and
methods of fuzzy portfolio optimization. The profitability of leading companies at
NYSE in the period from 03.09.2013 to 17.01.2014 were used as the input data in
experimental investigations. The companies included: Canon Inc. (CAJ), McDon-
ald's Corporation (MCD), PepsiCo, Inc. (PEP), The Procter & Gamble Company
(PG), SAP AG (SAP).

For forecasting it was suggested to use fuzzy GMDH method with triangular
membership functions, linear partial descriptions, training sample of 70%, fore-
casting for 1 step.

The fuzzy GMDH allows to construct forecasting model using experimental
data automatically without participation of an expert. Besides, it may work un-
der uncertainty conditions with fuzzy input data or data given as intervals [9].
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The next profitability values real and forecasted by fuzzy GMDH on 17.01.2014
were obtained (table 6):

Table 6. The profitability of shares on date 17.01.2014 (real and fore-
casted), %

Profitabilit
Companies Real Low Foregasted Upper D;ISIE; : t M;:fn]ilt : st
value bound value bound
CAJ -1,270 -1,484 -1,246 -1,008 2,2068 0,0295
MCD -0,105 -0,347 -0,118 0,111 2,5943 0,0091
PEP 0,206 0,001 0,242 0,483 3,0179 0,0177
PG 0,162 0,041 0,170 0,299 1,6251 0,0197
SAP 0,843 0,675 0,867 1,059 2,3065 0,0164

Thus, as the result of application of FGMDH the shares profitability values
were forecasted to the end of 20-th week (17.01.2014).

Let the critical profitability level be 0,7%. Varying the risk level we obtain
the following results at the end of 20-th week (17.01.2014) for triangular MF. The
results are presented in the table 7 and the dependence “optimal profitability
versus risk” is shown in the fig. 4.

Table 7. Parameters of the optimal portfolio with critical level #*=0,7%

Low bound Expected profitability | Upper bound Risk level
0,55133 0,74591 0,94049 0,2
0,53462 0,72954 0,92446 0,25
0,51544 0,71084 0,90624 0,3
0,51894 0,71431 0,90968 0,35

0,5045 0,70018 0,89587 0,4
0,50877 0,70425 0,89973 0,45
0,522 0,71731 0,91262 0,5
0,50197 0,69752 0,89308 0,55
0,46358 0,66014 0,8567 0,6

' N\
——
% -
L]
 — —
6 To—
5 === |Jpper bound
?é Expected profitableness
-8
Risk level Fooine
\

Fig. 4. Dependence of the expected portfolio profitability versus risk level for triangular MF
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As one can see in the fig. 4, the dependence profitability - risk has descend-
ing type, the greater is the risk the lesser is profitability which is opposite to clas-
sical probabilistic method. When the expected profitability decreases, the risk
Zrows.

The profitability of the real portfolio is 0,7056%.This value falls in calcu-
lated corridor of profitability for optimal portfolio [0,58944, 0,78264, 0,97584]
built with application of forecasting, indicating the high accuracy of the forecast
(see table 7).

Let’s consider the results obtained by solving the dual problem using trian-
gular MF. In this case, the investor sets the rate of return and the problem is to
minimize the risk.

The optimal portfolio is presented in table 8 and the dependence “critical
level of return- risk” is shown in the fig. 5.

Table 8. Parameters of the optimal portfolio (dual task)

Low bound pfo);'ﬂzclfiel(iity Upper bound Risk level Czifticeiil::te
0,58944 0,78264 0,97584 0,00025 0,6
0,59846 0,79141 0,98437 0,01468 0,65
0,61478 0,80735 0,99991 0,04973 0,7

0,6229 0,81531 1,00772 0,13347 0,75
0,63606 0,82822 1,02037 0,26399 0,8
0,64945 0,84181 1,03417 0,49937 0,85
0,63712 0,82933 1,02153 0,72631 0,86
0,63382 0,82612 1,01843 0,8333 0,87
0,62559 0,81805 1,01052 0,91214 0,88

e ™
—
- /
§ /
R
e
—
_/mﬁf criteria profitableness, %
\ J

Fig. 5. Dependence of the risk level on a given critical return 7*

From these results one can see that the curve “dependence risk — given criti-
cal level of profitability” has the ascending character, because with the growth of
the critical value of profitability »* the probability that the expected profitability
would be lower than a given critical value increases.
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CONCLUSION

The problem of optimization of the investment portfolio under uncertainty is con-
sidered in this paper. The fuzzy-set approach for solving the direct and dual port-
folio optimization problems was suggested and explored. The modified direct
portfolio problem with constraint on volatility was suggested and investigated
The results of solving the problems were presented. The optimal portfolios for the
five assets at NYSE stock market were constructed and analyzed.

The problem of stock prices forecasting for portfolio optimization was also
investigated. Inductive modelling method fuzzy GMDH was applied for stocks
prices forecasting at NYSE stock market in the problem of fuzzy portfolio
optimization. The application of fuzzy GMDH enables to decrease risk of the
wrong decisions concerning portfolio content.

After analysis of experiments it was detected that the dependence
“profitableness — risk” in the basic fuzzy model has descending type, the greater
risk the lesser is profitableness that is opposite to classical probabilistic
Markowitz model. In the modified fuzzy portfolio problem the dependence
“profitable volatility” has ascending type like Markowitz model.

The dependence “risk versus given critical level of return” has ascending
type, because with the growth of the critical level of profitability the probability
that the expected profitability appears to be lower than a given critical value increases.

As the main result of this research the fundamentals of theory of fuzzy
portfolio optimization under uncertainty have been developed free from
drawbacks of the classic portfolio theory.
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IPOBJEMA HEUYITKOI IOPT®EJBHOI ONTUMI3ALII B YMOBAX HEBU3HA-
YEHOCTI 3 BUKOPUCTAHHAM METOIIB OBUHUCJIIOBAJIBHOI'O IHTEJEKTY /
0O.10. 3aituenxo, FO.I1. 3aliuenko

AHoTanisi. Po3riaHyTo mpobiemMy moOynoBH ONTUMAIBHOTO MOPTQENs 3 IIHHUX
manepiB B yMOBaxX HEBH3HAYEHOCTI, a TAKOXK MPsAMY Ta ABOICTY 3aadi MOPTQHETbHOT
onTHMi3anii. 3aIPOIIOHOBAHO HOBY IOCTAHOBKY 3aiadi HEWIiTKOI ONTHUMI3alii mopT-
(henst 32 OOMEXKEHb HA BOJIATHIIBHICTB. Y JIBOICTIlf 3amadi BU3HAYAETHCS CTPYKTYpa
noprdes, ska 3ade3neuye MiHIMyM PHU3UKY 32 OOMEXeHb Ha 3aJaHHi PiBEHb JO-
ximHOCTI. JI71s1 MiZIBUIIICHHS] OOTPYHTOBAHOCTI PIllICHB IIOJI0 CTPYKTYPH MOPTdEst Ta
3MEHIICHHS PH3MKY 3allpONOHOBAHO BUKOPHCTAHHS IPOTHO3YBAaHHS IiH aKIik
B Mozeni moprdens. Jani 3a miHaMH akuiil MPOrHO3YIOTHCS 3 BUKOPUCTAHPHSIM He-
gitkoro MI'VA. IlpoBeneHO eKCHEpHMEHTATbHI JOCTIIKEHPHS 3alpONIOHOBAHUX
HEYITKUX MOJIeNIeil Ta MOPiBHAHHSA 3 MOAEIUTI0 MapKoBiTIa HA PUHKY WiHHHX Mare-
piB. Y pe3ynbTari poOOTH CTBOPEHO OCHOBH Teopii HewiTkoi mopTdensHol onTuMi-
3anii Ha 6a3i Teopii HEUITKUX MHOXKHH Ta METOY IPOTHO3yBaHHS.

KurouoBi cioBa: HeuiTkuii noprdesb, MoaupikoBaHa MOJETb HEUITKOI MOPTheb-
HOi ONTHMI3alii, MPOTHO3YBaHHS WiH aKmii, HewiTkuit MI'VA.

IIPOBJEMA HEYETKON MNOPT®EJBHON OINTUMH3AIIMM B YCJOBHIAX
HEOINNPEAEJEHHOCTU C MPUMEHEHUEM METOJAOB BBIYUCJIUTEJBHOI'O
HUHTEJUIEKTA / E.}O. 3aituenko, FO.I1. 3aituenko

AHHoOTanus. PaccMoTpeHBl mpobieMa MOCTPOEHHS ONTHMANBHOTO HOpTdens u3
HEHHBIX OyMar B yCJIOBHSX HEONPEIEICHHOCTH, a TaKXKe MpsMast M JBOHCTBEHHAs
3aJa4y HedeTKOU mopTdenabHoi onTuMu3anui. [Ipennokena HOBas IIOCTaHOBKA 3a-
Jlauy HEYETKOH ONTHMHU3AIUH IOPT(HEIIst ¢ OrpaHUYCHUEM Ha BOJATHIEHOCTH MOPT-
(ens. B nBolicTBeHHOH 3a/1a4e onpenenseTcs CTpyKTypa noprdens, KoTopas obec-
NeYynBaeT MUHHUMYM PUCKA IPH 3aJaHHOM ypOBHE JOXOIHOCTH. J[isi obecneueHus
000CHOBAaHHOCTH NMPUHUMAEMBIX PEIICHHUH MO CTPYKType MOPT(ENs U yMEHbIICHHs
PHCKa NPEJIOKEHO MCIIOIb30BaTh IPOTHO3MPOBAHHUE LIEH aKLUil B MOJENH nopTde-
151, JlaHHBIE 0 LIEHAM aKIUH JUIS CHCTEMBI MOPT(ENbHON ONTUMU3aINH IPOTHO3H-
pytoTcst ¢ ucnonb3oBaHueM HeueTkoro MI'YA. IlpoBeneHbl sKCHEpUMEHTAIbHBIE
HCCIICIOBAHUs TPEUIOKEHHBIX HEUETKUX MOJAEIECH U CpaBHEHUE C MoAenbo Map-
KOBHTIIA Ha PHIHKE IIEHHBIX Oymar. B pesyibrare paGoThI IOCTPOSHEI OCHOBEHI TEO-
pHUH HEYeTKOW NOPTQENbHOI ONTUMU3AINY Ha OCHOBE TEOPHU HEYETKHX MHOXECTB
1 5 GEeKTHBHOTO METO/Ja IIPOrHO3UPOBAHHUS

KnroueBble cioBa: HeueTkuil moptdens, MoguGUINPOBAHHAS MOJETb HEUETKOH
HOPTQETHHON ONTUMHU3ALNH, IPOTHO3UPOBAHNE IIeH aKIuii, HedeTknid MI'VA.
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