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CONTEXT OF UNCERTAINTY

Object of research: methods of rational distribution of limited resource in a context of
uncertainty. It is assumed that the system consists of a set of independently functioning
elements, and effectiveness of these elements depends on the level of investment. The
complexity of solving the problem using traditional methods depends on and is determined by
the type of analytical description of production functions of the system elements. Significant
difficulties arise if parameters of production functions are uncertain quantities, specified, for
example, in terms of fuzzy mathematics. This circumstance emphasizes the relevance of
studying approaches to solving the set problem of resource distribution for the case when its
parameters are not clearly defined, and this circumstance also determines the goal of the work.
Problems arising from the goal consist in developing mathematical models and methods for
rational resource distribution for the main types of production functions with their parameters
being fuzzy numbers of (L-R) type. To solve these problems, a method is proposed that
transforms the original fuzzy problems into clear ones that can be solved using standard
constrained optimization technologies. An important result of the research consists in the fact
that the proposed method is universal, that is, it is applied in the same way to solve problems of
resource distribution in systems wherein production functions of the elements can be of arbitrary
nature.

Keywords: rational resource distribution; fuzzy parameters; fuzzy optimization; fuzzy

mathematics.

Introduction. The problem of rational distribution of a limited resource
belongs to the class of nonlinear mathematical programming problems [1].
Constructional features of such problems determine their belonging to
constrained optimization problems [2, 3]. Let us consider the specific problem
of distributing a one-dimensional resource in a multi-element production system
[4].

Let us introduce a vector x = (X1, X5, ..., X,), that determines the
distribution of the resource among the elements of the system, and a set of
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f](x]) = ajxf‘, j = 1,2, ...,n, one-parameter production functions of the system

elements.
Let us set the multiplicative production function of the system, which

determines the criterion for the efficiency of resource distribution
_TI N2 TN . n o yo)_ n ya
. F(x)= Hj:lajxj = szl((aj)l_[jzlxj )— aOHj=1XJ . (1)

Let us introduce a limitation on the amount of total resource consumed

2j=1xj =C. )

We are going to find the unknown vector X = (x4, x5, ..., X,,) by means of
using the method of Lagrange undetermined multipliers. Let us introduce the

Lagrange function
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We are going to find the unknown value A from the equation (2). Here we
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have the following



BicHuk HauyioHanbHO20 mexHiyHo20 yHieepcumemy "XI1I', 2024, Ne 1-2 (11-12)
ISSN 2079-0031 (Print) ISSN 2411-0558 (Online)

c

= —F— ©)

1

" T

A naoal_[ xjo.‘
j=1

By means of substituting (6) into (5), we receive the following

c n « C
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| | a ; n

napya x4 j=1
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The triviality of the resulting solution can be explained by the
multiplicativity of criterion (1) and the extreme simplicity of the production
function. Let us now obtain a solution to this problem by introducing another,
alternative option for constructing a criterion. Let it be as follows

F(x) = Z,—=1 £i(x) = Z,-=1 g, 7

Again, by means of using the method of Lagrange undetermined
multipliers, we obtain the following

b A) = Zj=1 g — A(zjzlxj ~0).

Next
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whence
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We are going to find the unknown factor (%)“_1 by means of using

1

restrictions (2):

1
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Hence

Then

j = m 1 n. 1 (8)
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Let it be, for example, as follows a = % Herewith we receive the
following
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Let us now solve this problem using a more informative analytical

representation of the production function of the system elements and an additive
criterion for its efficiency.

Let us introduce the following

a}_

filx) = ajx;xj .

Next

F(x) = Z fi(x) = Zj=1 ajxjfxf.

J

In this case the Lagrange function has the following form:
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Hence

Let us find the factor ()%™, by means of using (2) again.

1
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The resulting equation (being non-linear relative to 4) can be solved
numerically. Its simple analytical solution can be found in the special case when
a; = a,j = 1,2,...,n. Then relation (9) takes the following form:

1
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At the same time
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Let us reduce (10) to a form more convenient for calculation:

1 —_—
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n 1 - n 1
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j=1 j=1

which (in view a; = a,) coincides with (8).

Let us now consider the problem of two-dimensional resource distribution
with one-parameter production functions of system elements. Let us introduce
the production function of the system elements

filx1,x2) = aljxfj + azjxgj; j=12,..,n (11)

F(x1,x7) = ij(xpxz) =
=1

]
n
]:

The restrictions on a two-dimensional resource have the following form:

n
Z. xlj = Cl’ (13)
j=1

n
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Let us find A;, by means of using (13)
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Repeating actions (15)-(18) for x;;, we obtain a similar result:

=——% ] = 1,2, e, N

x2j n 1’
j=1

Conclusions. A method for solving the problem of rational distribution of
a one-dimensional limited resource in the context of fuzzy initial data is
proposed and justified. The technology and computational scheme for
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implementing the method do not depend on the type of objective function of the
problem and on the nature of the membership functions of its fuzzy parameters.
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OnTumansHuii po3mofin o0MexeHOro pecypcy B ymoBax HeBu3HaueHocti / Packin JI.,
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OO0'ekT MOCHIIKEHHS: METOAHM pAIiOHAIBHOTO PO3MOITY OOMEKEHOrO pecypcy B yMOBax
HeBu3HaueHocTi. [lepenbadyaeTsesi, M0 CHCTEMa CKIAAa€Thesi 3 HAOOPY HE3aleHO (YHKIIOHYIOUHX
eJIEeMEHTIB, a e()CKTUBHICTh IMX CIEMEHTIB 3aJeXKUTh Bif PiBHs iHBecTHIii. CKIaAHICTh BUPIIICHHS
3am1a4l TpagULiHHUMH METOJAaMH 3alIeKUTh 1 BU3HAYAETHCS THIIOM AHATITUYHOTO OMHCY BUPOOHUYUX
(GyHKIIN eneMeHTIB cucTeMd. 3HaYHI TPYAHOILI BUHUKAIOTH, SIKIIO MapaMeTpH BUPOOHUUYHMX (YHKILIH €
HEBH3HAYCHUMY BeJIMYMHAMHY, 3aJaHUMH, HAIIPUKJIA], 3 TOYKH 30py HeuiTKoI MateMaTuku. L{s1 oOctaBrHa
MiIKPECIIOE aKTyaabHICTh BUBUCHHS ITiIX0/IiB IO BUPIIICHHS MOCTABICHOT 3a]1a4i PO3MOILTY pecypcy s
BUIIA/IKy, KOJIM HOT0 IapaMeTpH He € YiTKO BU3HAUCHHUMH, a TAaKOXK BH3Hadae MeTy po6oTu. [Ipobiemu,
II0 BUIUIMBAIOTH i3 IOCTAaBJICHOI METH, IOJATAIOTH Y pOo3poOIli MaTeMaTHYHHX MoJeneil i MeToniB
PaLioOHATBHOTO PO3MOJITY PECYpCiB UII OCHOBHUX THINIB BUPOOHMYMX (DYHKLIH, MapaMeTpaMu SIKHX €
HeuiTki yucna tumy (L-R). ns BupimeHHS nuX mpoOiieM 3ampOlIOHOBAHO METOJ, SIKHH IEepPETBOPIOE
BUXIJHI HEUiTKi 3a4adi B 3pO3yMiJI, SIKi MOXKHA PO3B’S3aTH 3a JOMOMOTOI0 CTAHAAPTHHX TEXHOJOTiH
onrtuMmizanii 3 00MeXeHHAMH. BaxXIMBUM pe3yabTaTOM JOCTIHKEHHS € Te, IO 3alIPOIIOHOBAaHUI METO]I €
YHiBEpCaJIbHUM, TOOTO 3aCTOCOBYETHCS OJJTHAKOBO JUIS BUPIIIEHHS 3314 PO3IOJITY PECypCiB y CHCTEMaX,
Jie BUpOOHMY1 yHKIIT elleMeHTIB MOXKYyTh MaTH OBUTbHHUH Xapakrtep. biomiorp.: 11 Ha3B.

KurouoBi ciioBa: parioHambHHAN PO3MOIIT 00MEKEHOTO pecypy; HEUiTKa MaTeMaTHKa; HEdiTKi
yucna tuny (L —R).
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Object of research: methods of rational distribution of limited resource in a context of uncertainty.
It is assumed that the system consists of a set of independently functioning elements, and effectiveness of
these elements depends on the level of investment. The complexity of solving the problem using traditional
methods depends on and is determined by the type of analytical description of production functions of the
system elements. Significant difficulties arise if parameters of production functions are uncertain
quantities, specified, for example, in terms of fuzzy mathematics. This circumstance emphasizes the
relevance of studying approaches to solving the set problem of resource distribution for the case when its
parameters are not clearly defined, and this circumstance also determines the goal of the work. Problems
arising from the goal consist in developing mathematical models and methods for rational resource
distribution for the main types of production functions with their parameters being fuzzy numbers of (L —
R) type. To solve these problems, a method is proposed that transforms the original fuzzy problems into
clear ones that can be solved using standard constrained optimization technologies. An important result of
the research consists in the fact that the proposed method is universal, that is, it is applied in the same way
to solve problems of resource distribution in systems wherein production functions of the elements can be
of arbitrary nature. Refs.: 11 titles.
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