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ABOUT THE METHOD FOR SOLVING TWO- AND THREE-INDEX FUZZY
TRANSPORTATION PROBLEMS

The purpose of the article is to develop the method for solving two- and three-index
fuzzy transportation problems

The fuzzy models of transportation problems allow formalizing situation for the using
of fuzzy resources which should take into account in case of the uncertainty in the
determination of the volume of production and consumption. Additional information is
introduced in these models about the possible values of the needs in the form of fuzzy sets.
The corresponding membership functions can be viewed as a way to approximate an expert
display of available non-formalized his ideas about the real value of the parameter on the
basis of which the various possible values of each particular parameter values are assigned to
the membership functions.

Research methods is a mathematical modeling based on transport problem, solved on
a network, that consists of a finite humber of nodes and arcs between them, is a linear
programming problem (LPP), if the total cost of transport and restrictions on traffic volumes
are defined by linear functions

Scientific novelty of the research is to solve transportation problems with intermediate
points that reduce to solving two-index and three-index tasks are considered. The ways to
find the optimal solution of fuzzy transportation problem, in which resources are given in the
form of triangular fuzzy numbers.

Conclusions. Method of transformation in the system of constraints for the solving the
crisp and fuzzy transportation problems with intermediate points has been proposed. The
proposed method is illustrated by the example of real transportation problem.
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Introduction. The main essence of the transportation problem (TP), which is one
of the examples in mathematical programming problem:s, it is optimal distributing of
the «producers» similar products among a group of «consumers» with the defined
limits on the «supply» and «demand».

Description and study of transport-type tasks devoted a lot of scientific
publications (Voloshyn and Mashchenko, 2010). This works contain informative
formulations of different applied problems, which are reducing to transport
problem, and construct their mathematical models.

Transport problem, solved on a network, that consists of a finite number of nodes
and arcs between them, is a linear programming problem (LPP), if the total cost of
transport and restrictions on traffic volumes are defined by linear functions. A typical
problem is the transportation of products from m producers to n consumers.

Research results. The task is to determine the transport plan X;, i :1,_m, ] =1,_n,
in which demands of all consumers B;, j=1,_n, will be fully satisfied, the entire

volume production will be exported from the points of production A, i :].,_rn, and
total transportation costs are minimal (Yudin and Golshteyn, 1969). To do this, its

need to determine a set of values X = 0, i:l,_m, i :]71, that will satisfy such
conditions

n R

j=1

m L —

i=1

and they must make objective function

Z=226% )
=1 j=1

to reach a minimum value. Here g; — the volume of production in station A; i=1,m,

bj — consumption volume in station Bj, j :le, Cj — transport costs for delivery of

production unit from station A to station Bj, i=1m, | :J?L

Efficient algorithms for solving the transportation problem (3), (1), (2) were
created for problems, where the cost and consumption coefficients are known a
priori. However, in practice, quite often are analyzed such examples in which these
parameters may not be set accurately. For example, postage may be changed during
transportation. Requests for the volume of consumption cannot be determined due
to the nature of certain uncontrollable factors.
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On the way of detalization and clarifying the parameters of the model (1)—(3) is
used a description of the parameters with the help of fuzzy sets. Into the model is
introduced additional information in the form of membership functions of this fuzzy
sets. These functions can be viewed as a way to approximate an expert’'s non-
formalized notion about the real value of the parameter. The values of the
membership functions are weight coefficients, which experts attribute to the
different possible values of each particular parameter.

Definition 1. A fuzzy subset A of the universal set X is the set of pairs
sz{(u;(x),x)}, where pz(x): X —[01] is the mapping of the set X into the
unit interval [0,1] which is called the membership function of fuzzy set (Bablu and
Tapan, 2005).

The value of the membership function pz(x) for the item x e X'is called the
membership degree. Interpretation of the membership degree is a subjective
measure of how the element X e X corresponds to the concept, the meaning of

which is formalized by the fuzzy set A.

The usual sets A, ={Xe X ipz(x)= oc},oc €[0]1] are called the sets of o —
level (a — cuts) of a fuzzy set A.

Let choose as a universal set X a set of real numbers R',i.e. X = R'.

Definition 2. Fuzzy trapezoidal number of A is an ordered quadruple of numbers
(a, b, c, d), a<b<c<d, which determine membership function ug(x)of such
views (Dubois, 1987):

1. u/X(X)ZS,X e[ab); 2. uz(x)=1xebc]; (T1)
3 ()=

. X e(c,d];4. nz(x)=0,x e[a,d] .

If we set b=c, we get a fuzzy number, which is called a triangular fuzzy number
(a triplet).

Definition 3. Fuzzy triangular number of A is an ordered triple of numbers (a, b,
¢), a<b<c, which determine membership function p;(X) of such views (Dubois,

1987):
1. p;\(x)zg,XE[a,b]; 2. HA(X)Zg,XE[b,C]; 3. uz(x)=0,x¢[a.c]. (12)

Corresponding to traditional TP fuzzy transportation problem (FTP) can be
formally written as:

minz-335x,, @

i=1j=1

44



Lindposa nnatdopma: iHdopmaLiinHi TEXHOMOTiT B COLOKYNbTYpPHI cdepi 2018, Nel

with constraints

$5 -4, i-im
= (5)
Yx;=b, j=1n,

=1 (6)

E (7)

We will consider the transportation problem of fuzzy production and distribution
of resources, the volumes of which are defined by triangular fuzzy numbers,

3 =(a,a,a)i=1m, Bj =(b},b; b)), j=1n, where values of permissible
variations 0<a <a, a >0, i=1m, 0< b} <b, b]r >0, j:].,_n, determine the
marginal changes of resources in model (5)—(7). Transportation costs of output
delivery per unit Cij» i =1,_m, i =ZI?1, we will assume known in advance.

In this case, the transportation problem can be considered as a fuzzy linear
programming problem with resource constraints in the form of triangular fuzzy

m n
numbers, the objective function of which has the form Z =ZZC”- X = min, and
i=1j=1
the limitations — of the form (5)—(7). The solution to this FTP can be found on the
basis of the approach, proposed in (Zadeh, 1965).
Let Z, n Z,—the minimum and maximum value of the objective function Z at a

given fuzzy set of resources (at A=0 and A =1, respectively), L, = min(Z,,Z,),
U, = max( Z,,Z,). Taking into account these levels we can write the fuzzy problem

of determining the variables X”-ZO, i=1,_m, j=l,_n,which satisfying fuzzy

constraints

Z<5s,s=(L,L,U;), (8)

dx =&, i=1m, DX =b, j=Ln, DA =2} 9)
j=1 i=1 i=1 j=1

Membership functions of fuzzy sets of constraints (8), (9) can be written as:
for a first constraint (8)
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lv npu ZZQJXI] < L:I.l

i=1j=1

Ml[ii(‘ﬁjxijJ = [Ul_iicljxijJ/(Ul_ L), npu ngii‘%jxij <Uy,

i=1j=1 i=1j=1 i=1j=1

0, npu ZZQ,- X% 2 Uy,

i=1j=1

for the i constraint (9), i =l,_m,

n

O, npux; <a-a,

j=1

[“ Lzﬁ“"“&lJ/&" npud -8 <3 <3,
i Z&-J— - "
J n n
{aw‘—Z&,}/&ﬂ npud <D X <8 +a),
j=1

=1

n

1 npuZXijZai-i-air,

j=1

for the j constraint (9), | =]71,
m

0, npu inj < bj _bli ,
i=1

. [Z&j-bﬁb;]/b;, npub; —bj <D x; <b,
i=1 i=1
u?[Z&J - m m
(bj+bg—2>ng/b;, npulby <D % <bj +bf,
i=1 i=1

m

1, npuZXij >b; +bj.

i=1

Fuzzy values of resource in constraints (9) can be written as
3 =(a-1a 3,3 +ra )i=1m, b =(b,—Abj b b, +Ab]),j=1n. Then, based

on Bellman-Zadeh's definition of a fuzzy solution problem (8), (9) can be rewritten in
the form

max A (10)

with constraints

D%~ MU -L)2 L,

i=1j=1
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X -ha za-a, D +hal <a+a,

j=1 j=1

(11)
D% —Mbj 2 by —bj, D x; +2bj <bj +by,
i=1 i=1
D13 —a +1a )= (b ~bj +1b}),
i=1 j=1 (12)

m

D(a +a —ra )= (b, +b] — b)),
j=1

i=1
0<A<1, %20, i=1m, j=1n.

It is obvious that this problem is a classic LP problems, for finding solutions of
which you can apply any variant of the simplex method.

To suppose, that there are points of production, intermediate points and points
of uniform product consumption. There are specified the maximum possible
volumes of production of the product in every point of production, the minimum
acceptable levels of consumption by each point of consumption, restrictions on the
volume of transportation of the product from each production point to each
intermediate point, restrictions on the volume of transportation of the product from
each intermediate point to each point of consumption. We need to find
transportation plan, which will ensure the effective functioning of the system and
satisfy points restrictions on possible produced, consumed and transmitted volumes
of uniform product.

Let set I as the set of production points, J as the set of intermediate points, K as

the set of consumption points, A, izilj, as the maximum volume of product
manufacturing by i point of production; B,, k=1,_K, as minimum acceptable
volume of the product, which must be delivered to the point of consumption k; C,]- ,
izilj, j=1,_J, as maximum volume of product, that can be delivered from the
point of production i to intermediate point j; Dy, j=]-,_J, k=1K , as maximum
volume of product, that can be delivered from an intermediate point j to
consumption point K; X, i =11, j=1J, k=LK, as volume of product, that will

be transported from the production point i through the intermediate point j to
consumption point k.

General mathematical model of transportation problem of uniform product is a
system of following restrictions

ZZ‘)ﬁijA,izlJ, (13)
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(volume of product manufacturing by production point must not exceed the
maximum possible volume);

I J o
DD X =B, k=1K, (14)
i=1j=1

(point of consumption must get the volume of product, which is not be below the
minimum amount);

K
injkfcijr i=1l, j=1J, (15)
k=1

(transporting volume of product from the point of production to an intermediate
point must not exceed the maximum allowable volume);

lejk - D]kl J :1!‘] ’ k:ll ’ (16)

i=1
(transporting volume of product from the intermediate point to the point of
consumption must not exceed the maximum allowable volume);

x>0, i=11, =13, k=1K, (17)

(natural restrictions on variables).
As the optimality criteria for determining the efficiency of functioning the
system, which may depend on various parameters of the sought-for traffic plan, can

be considered the cost parameters of the plan. Let set a,, i=11, as cost price of
manufacturing of unit of product by production point i; b, , k=1,_K, as selling price

of a unit of product to consumption point k; Cjj» i =1,_|, ] =l,_J, as cost of delivery
of unit of product from production point i to intermediate point j; djk, jzl,_J,

k=1,_K, as cost of delivery of unit of product from the intermediate point j to
consumption point k.
The problem of cost minimizing is a problem of determining of the plan of

transportation X;, i=11, ] =1,J, k=1,K , which satisfies constraints (13)-(17),
and make criteria
I J K )
2> (@& +¢; +dy )%, — min. (18)
i=1j=1k=1

to receive it’s optimum value.
The problem of income maximization is a problem of determining of the plan of

transportation Xy, i=3|j, j=1,_J, k=1,_K, which satisfies constraints (13)—(17),

and make criteria
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| J K
ZZEMJ« — Mmax. (19)

i=1j=1k=1

to receive it's optimum value.
The problem of profit maximization is a problem of determining of the plan of

transportation X, i=2|j, j =]j, k=1,_K, which satisfies constraints (13)—(17),

and make criteria

3 K
ZZZ(bk—a- —Cj —dj )X —> max . (20)

i=1j=1k=1

to receive it's optimum value.
As plan indexes we can consider indexes, which are based on preferences, which
are defined by controllable elements in system. Let points of consumption be the

controllable elements of system. With each of the points of consumption k:].,_K
we will connect preference function A :R>R k:ﬁ, which determines the
preference of the consumer on the volume of consumed product. Note, that volume
of product, consumed by an element k = 1,K , defined as ZZXHK ,k=1K . In
i=1j=1
practice, consumers find it difficult to determine their preferences with respect to
each of possible volume of the product consumed by them. One way to specify such
preferences is a method of ranking intervals of corresponding volumes of product.
The formalization of such preferences is linked to the definition of the final inserted
sequence of intervals of corresponding volumes of product. Let each of consumers

sets p+1 inserted intervals [ By,Bg],! :ﬂ), k=1K . Inserting of intervals means
that the following conditions [ By ,B ] <[ Bg,1,Bi.11,1=0,p—1, k=1,K are true.
So interval [ By,B;,] is the most preferred to consumer k, k=1,_K, and interval

[ B,Bg] is less preferred, etc. Then preferences functions are defined as
piecewise constant functions of the following form:

0, if ue[Bg.Bgl,
o (u)=11, if 3l e{1,...,p}:ue[By.B;l,ue[ B, .B;,], (21)
p+1, ifug[Bg.Bl,

where U e R, k :].,_K . Then the problem of choosing the most preferred transporta-
tion plan is set as the following multi-criteria optimization problem: it is necessary to
determine the transportation plan X, i=11, j=1J, k=1K, which satisfies

constraints (13) — (17) and make criteria, which define consumer points preferences
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I J _
A (X 2 %) > min, k=LK~ (22)
i=1j=1
to receive it's optimum values.

If the set of consumers is ordered in terms of their priority in determining the
efficiency of system as a whole, in solving multi-criteria optimization problem (13)-
(17), (22) may be used lexicographical compromise scheme (Zimmermann, 1992). In
the case of equivalence of consumers as a compromise scheme for solving the
problem of multi-criteria optimization (13)—(17), (22) may be used maximin
convolution (Zimmermann, 1992).

In situations, where consumers can’t formalize a system of inserted intervals of
values of volumes of necessary product, we will use a fuzzy approach for specifying
the quantities of resources required.

Let sets [b,,c, ], kzl,_K, as the most preferred ranges of product volumes for
consumers Kk, kzl,_K. Permissible variation in required by consumers volumes of
product will be set as values a, <b, and ¢, <d,, k=1K, and quantities a,dy,

k=1,K, are, respectively, the smallest and largest values of necessary volumes of
resource. This allows to formalize values of requires in a form of trapezoidal fuzzy

numbers v, =(a,,b,,c..d,), kzl,_K. Assuming linear character of membership
functions Hvk(x): ~__, with form (T2), we obtain a fuzzy transportation

problem with intermediate points and constraints on volumes of resource
consumption in the form of inequalities with fuzzy right side

13 13 L
zzX‘Jk 2 \7k_ ’ zzxuk < \7k+’ K :11K ’ (23)

i=1j=1 i=1j=1

where V. =(a,,b.,b, ), ¥ =(c..¢.d, ), k=LK, — fuzzy triangular numbers, that
determine the minimum and maximum requirements of product.

The solution of obtained optimization problem of resource allocation, taking into
account any of criterion functions (18)—(20) and system of constraints (13), (23),
(15)—(17) can be obtained based of general approach, set out above.

The proposed above models of transport problems allow solving the problem of
distributing the limited capacities of data transmission channels between various
nodes of the Internet service provider's network. Suppose that there is a local
computer network of the enterprise (higher education institution) that provides
access to the Internet network for users. Access of users to the global network and
obtaining the necessary information is made by means of several communication
servers located on the territory of the information and computing center of the
enterprise and connected by high-speed external communication channels with
Internet providers. Server bandwidth levels lie within the bandwidth of the local
network (for example, 1GB per second). Let's assume that the needs of network
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subscribers are known in increasing the speed of obtaining a certain amount of
information. The wishes (preferences) of subscribers regarding possible volumes of
increase in capacity for transferring information from the provider to the user node
are specified. To implement the wishes, it is necessary to update the capacity of the
switching servers of the network by deploying new, more powerful computers or by
increasing the number of existing servers. In this case, the value of the total server
capacity, both in case of increasing the capacity of the existing computer fleet, and
in the case of increasing the number of servers is assumed to be the same.

When solving this transportation problem for different number of servers and
17 user's connections the following results were obtained: when using 2 identical
communication servers with a total capacity of 3 Gb/s, the capacity of local
connections is 259, 159, 149, 166, 273, 115, 163, 274, 152, 148, 125, 144, 90, 365,
180, 89, 149 Mb / s, which coincided with the previous decisions. With the use of
3 communicators with a total capacity of 3 Gb/s, the capacity of local connections is
260, 148, 146, 190, 258, 114, 175, 266, 146, 195, 124, 143, 90, 335, 180, 89, 141
Mb/s (also coincided with previous decisions). With the increase in the maximum
values of the throughput of local connections to 280, 180, 170, 200, 290, 125, 190,
290, 170, 210, 135, 160, 100, 390, 195, 95, 165 Mb / s in case of using two
communication. Optimum speeds of local connections equal to 128, 161, 160, 124,
284, 124, 152, 287, 165, 208, 134, 158, 100, 378, 194, 94, 149 Mb/s were obtained
with the total throughput of 3 Gb/s, respectively, and in the case of using
3 communicators, the values of local connections 271, 146, 153, 65, 273, 123, 123,
284,162, 206, 131, 158, 97, 378, 192, 92, 146 Mb/s, respectively.

Conclusions. A wide class of applied problems of resource allocation belongs to
the class of multi-index problems. In this article is offered the method of solving of
two-index and three-index traditional and fuzzy transportation problems. This
method is used for case of fuzzy constraints of resources.

The fuzzy models of transportation problems allow to formalize situation for the
using of fuzzy resources which should take into account in case of the uncertainty in
the determination of the volume of production and consumption. In these models is
introduced additional information about the possible values of the needs in the form
of fuzzy sets. The corresponding membership functions can be viewed as a way to
approximate an expert display of available non-formalized his ideas about the real
value of the parameter on the basis of which the various possible values of each
particular parameter values are assigned to the membership functions. There are
used the triangular and trapezoidal fuzzy numbers.

51



Lindposa nnatdopma: iHdopmaLiinHi TEXHOMOTiT B COLOKYNbTYpPHI cdepi 2018, Nel

CMUCOK NOCUNAHb

bepesHes, B.A., 2004. O NOAMHOMMANBLHOM CAOKHOCTU OAHOW MOAMUKALUKM CUMMNEKC-
meTtoaa. MKypHana ewslyucaumenvHoli mamemMamuKku u mamemamudeckol ¢usuku, 44 (7),
c. 1244-1260.

bynasckuii, B.A., 3earuHa, P.A. n flkoBneea, M.A., 1977. YucneHHble memoOsl aAuHeliHo20
npozpammuposaHus. CrneyuansHele 3a0a4u. Mocksa: HayKa

BonowwuH, 0.®. Ta MauweHko C.0., 2010. Modeni ma memodu npuliHamms piweHs. Kuis:
KWiBCbKMI YHiBEpCUTET.

BopoHuH A.A., n MuwuH, C.I1., 2003. OnmumasnbHbie uepapxudyeckue cmpyKkmypeoi. MocKsa.
fonukos, A.1., n EsTtyweHko, tO.l., 2006. HaxoxaeHne HOPMaNbHOrO peleHna 3ajauun
JNIMHEMHOrO NPOrpammMmnpoBanHns. JUHaMuKa HeoOHOpPoOHbIx cucmem, 10, c. 104-117.
3altueHko, H0.1., 2006. JocnioxceHHa onepauili. Knis: Cnoso.

Mpunyuknin, M.X. n KaptomuH, A.l., 2003. MoTOKOBbIE aITOPUTMbI pacnpeneneHma pecypcos
B MepapxmMyeckmx cuctemax. MccnedosaHo 6 Poccuu, 39, c. 444-452.

CxpeiiBep, A., 1991. Teopus nuHeliHo20 U UENOYUCAEHHO20 pPocPaMmMuposaHus. T. 2.
Mocksa: Mup.

lOanH, O.6. v TonbwTeliH, E.I'., 1969. JInHeHoe nporpammunposBaHme. Mockea: Hayka.

Bablu, J. and Tapan, K.R., 2005. Multi-Objective Fuzzy Linear Programming and Its Application
in Transportation Model. Tamsui Oxford Journal of Mathematical Sciences, 21 (2), pp. 243-
268.

Dubois, D., 1987.Linear programming with fuzzy data. In: Analysis of Fuzzy Information. Boca
Raton: CRC Press. Vol. 3. Applications in Engineering and Science, pp.241-263.

Zadeh, L.A., 1965. Fuzzy sets. Information and Control, 8, pp. 338-353.

Zimmermann, H.J., 1992. Fuzzy Set Theory and its application. Boston: Kluwer.

REFERENCES

Bereznev, B.A., 2004. O polinomialnoy slozhnosti odnoy modifikatsii simpleks-metoda
[On the polynomial complexity of a single modification of the simplex method]. Zhurnal
vyichislitelnoy matematiki i matematicheskoy fiziki, 44 (7), pp. 1244-1260.

Bulavskiy, V.A., Zvyagina, R.A. and Yakovleva M.A., 1977. Chislennyie metodyi lineynogo
programmirovaniya. Spetsialnyie zadachi [Numerical methods for linear programming.
Special tasks]. Moscow: Nauka

Voloshyn, O.F. and Mashchenko, S.0., 2010. Modeli ta metody pryiniattia rishen [Models that
methods accept solutions]. Kyiv: Kyiv University.

Voronin A.A. and Mishin, S.P., 2003. Optimalnyie ierarhicheskie strukturyi. [Optimal
hierarchical structures]. Moscow.

Golikov, A.l. and Evtushenko, Yu.G., 2006. Nahozhdenie normalnogo resheniya zadachi
lineynogo programmirovaniya [Finding a normal solution to a linear programming problem].
Dinamika neodnorodnyih sistem, 10, pp. 104-117.

Zaichenko, Yu.P., 2006. Doslidzhennia operatsii [Doslizhennya operations]. Kyiv: Word.
Prilutskiy, M.H. and Kartomin, A.G., 2003. Potokovyie algoritmyi raspredeleniya resursov v
ierarhicheskih sistemah [Streaming algorithms for the allocation of resources in hierarchical
systems]. Issledovano v Rossii, 39, pp. 444-452.

52



Lindposa nnatdopma: iHdopmaLiinHi TEXHOMOTiT B COLOKYNbTYpPHI cdepi 2018, Nel

Shreyver, A., 1991. Teoriya lineynogo i tselochislennogo programmirovaniya [Theory of linear
and integer programming]. Vol. 2. Moscow: World.

Yudin, D.B. and Golshteyn, E.G., 1969. Lineynoe programmirovanie [Linear programming].
Moscow: Science.

Bablu, J. and Tapan, K.R., 2005. Multi-Objective Fuzzy Linear Programming and Its Application
in Transportation Model. Tamsui Oxford Journal of Mathematical Sciences, 21 (2),
pp. 243-268.

Dubois, D., 1987. Linear programming with fuzzy data. In: Analysis of Fuzzy Information. Boca
Raton: CRC Press. Vol. 3. Applications in Engineering and Science, pp. 241-263.

Zadeh, L.A., 1965. Fuzzy sets. Information and Control, 8, pp. 338-353.

Zimmermann, H.J., 1992. Fuzzy Set Theory and its application. Boston: Kluwer.

© €. B. IBOXiH
© B. O. HaBpoacbKuii
© [. B. AnaHaceHKo 18.05.2018

53



Lindposa nnatdopma: iHdopmaLiinHi TEXHOMOTiT B COLOKYNbTYpPHI cdepi 2018, Nel

YAK 519.85
DOI: 10.31866/2617-796x.1.2018.151300

leoxiH EsaeH,

00KMoOp hi3UKO-MamemMamuyHUX HayK, npogecop,

KuiscoKuli HauioHanbHuli yHisepcumem imeHi Tapaca LLles4eHkKa,
Kuis, YKkpaiHa

ivohin@univ.kiev.ua

http://orcid.org/0000-0002-5826-7408

HaepodcbKuii Bonodumup,

KaHOudam i3uKo-mamemamuyHuUX Hayk, doueHm,

KuiscbKuli HauioHanbHUl yHisepcumem Kyaemypu i mucmeuymes,
Kuis, YKkpaiHa

narvodskiy@ukr.net

http://orcid.org/0000-0001-8387-152X

AnaHaceHKo mumpo,

acnipaHm,

Kuiscbkuli HayioHanbHul yHisepcumem imeHi Tapaca LLlesueHka,
Kuis, YKkpaiHa

diminio7@gmail.com

http://orcid.org/0000-0002-0394-6593

NMPO METO/, PO3B’A3KY [IBO- TA TPbOX®A3HOI TPAHCNOPTHOI 3AAAUI

Meta pocnigyeHHA — po3pobKa MeTody pPO3B'A3aHHA 3afay HEYiTKOro TpaHChnopTy
3 A BOMA Ta TPU iHAEKCaMu

Hevitki mopeni TpaHCNOPTHMX 3afay A03BOAAIOTb (opmanizyBatM cuTyauilo ans
BMKOPUCTAHHA HEYITKUX PecypcCiB, AKi CN1ig BPaxoBYyBaTU B pa3i HEBM3HAYEHOCTI Y BU3HAUYEHHI
ob6cary BUPOOHMLLTBA Ta CNOMKMBAHHA. Y LMX MOAENAX BBOAUTbCA A0AATKOBA iHPopmMaLLis Npo
MOK/INBI 3HaUYEHHA NOTPeb y BUMNAA] HEUYITKMX MHOXMH. BianosigHi ¢dyHKLii npMHanexHocTi
MO)HA po3rnagatM AK cnocibé HabAMKeHHA eKcnepTHOro Bifo6paXKeHHA AOCTYMHMX
HedopManisoBaHMX MOro yaBeHb NPO peasibHe 3HAYEHHA NapaMeTpa, Ha OCHOBI AKOro anA
Pi3HMX OYHKLUiA NPUHANEXKHOCTI MNPU3HAYalOTbCA Pi3HI  MOMK/IMBI  3HAYEHHA KOXKHOIO
KOHKPETHOro 3Ha4YeHHA napameTpa.

MeToau pocnipyKeHHA — Le maTtemMmaTUyYHe MOAENOBaHHSA, 3aCHOBaHe Ha TPAHCNOPTHIN
33434i, BUPILEHIN y MepeXi, AKa CKNALAETbCA 3 KiHLLEBOro YMCAa BY3/iB Ta AYr MidXK HUMMU, Le
npobnema niHiiHOro nporpamysaHHa (LPP), sKwWwo 3aranbHa BapTiCTb TPaHCMOPTY Ta
obmerKeHHA Ha obcarn Tpadiky BU3HAYAETLCA NiHIMHUMU QYHKLIAMM

HaykoBa HOBM3HA A0CNIAKEHHA — Le BMPiWEHHA Npobaem TPaHCMopTy 3 NPOMIKHUMU
TOYKaMK, WO 3BOAATbCA [0 BUPIIEHHA [ABOX-iIHOEKCHUX Ta TPU-iHAEKCHUX 3aBAaHb.
HaBeaeHo wWAAXM MOLWYKY ONTUMAanbHOrO pilleHHA 3a4adi He4yiTKoi TpaHCcMmopTy, B AKin
[Al0TbCA PECYPCU Y BUMNAL TPUKYTHUX HEYITKUX Yncen.

BMUCHOBKM. 3anponoHOBAHO METO/ NEePETBOPEHHA CUCTEMU OBMENKEHDb A1A BUPILEHHSA
npobnem 3 YiTKMM Ta HeYiTKUM TPAHCMOPTOM 3 MPOMINKHUMM TOYKaMu. [pONOHOBaHWUM
cnocib intocTpyeTbea Ha NpuKAaai npobiemn peanbHOro TPAHCNOPTYBaAHHA.

Kntouosi cnoBa: npobnema TpaHCNOPTYBaHHA, HEYITKI pecypcu, GyHKLiA MPUHANEKHOCTI,
TpudasHbl HeYiTKi uncna, onTumisauis.
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O METOAE PELLEHUA ABYX- U TPEX®A3HON TPAHCNOPTHOM 3AAAYMU

Lienblo uccnepoBaHua ABaseTcA pa3paboTka MeToaa peLleHus AByX- U TPEXMHAEKCHbIX
3a/a4 HeYyeTKoro nepeHoca

HeyeTkMe MoZeNM TPAHCMOPTHLIX MPo6aemM MO3BONAIOT (OPMaNM30BaTb CUTYaLMIO 415
MCMO/Ib30BaHNA HEYETKUX PECYPCOB, KOTOPbIE AOMXKHbI YUUTHIBATHCA B C/ly4ae HeoNpeaeneHHOCTU
B onpegeneHun obbema NpPoM3BOACTBA M NOTpebneHna. B 3TMX Mopaensx BBOAMTCA
[ONONHUTEIbHAA WHQPOPMALMA O BO3MOMKHbLIX 3HAYEHWUAX MNOTPEOHOCTENM B BUAE HEYETKMX
MHoxecTB. CooTtBeTcTBylOWME OYHKUMM MPUHALNENRHOCTU MOMKHO PaccMaTpuBaTh Kak Crnocob
annpoKCMMMPOBaTb  JKCMEPTHoe  OTobparKeHne  JOCTYNHbIX  HedbopMann30BaHHbIX  ero
NpeacTaBNeHUit O peanbHOM 3HAYEHUWM MAPaMeTPa, Ha OCHOBE KOTOPOrO  Pas/nyHble
DYHKLMOHANbHbIE 3HAYEHMA KaXKA0ro 3Ha4YeHNsA NapameTpa NPUCBamMBatoTCA GYHKUMAM YEHCTBa.

MeTtoabl MUCCNeAoBaHUMA — 3TO  MaTemaTU4ecKoe MOAE/IMPOBAHWE, OCHOBAHHOE Ha
TPAHCMOPTHOM Npobneme, peLaeMoi B CETU, COCTOALLLEN M3 KOHEYHOTO YMCNA Y3/10B U Ayr MEXAY
HAMW, ABNAETCA 3aJayeil /MHelHoro nporpammupoBaHus (LPP), ecan obuwasa croMmocTb
TPaHCNopTa 1 orpaHNYeHnA Ha 06bembl TPadUKa onpeseneHHbIX TMHENHbIMU GYHKUMAMM

HayuyHas HOBM3Ha MUcCNeA0BaHUA — peLleHMe TPAHCMOPTHBIX NPo6aem € MPOMEKYTOUHbIMU
TOYKaMM, KOTOpPble CBOOATCA K PELUEHUIO ABYXMHAEKCHBIX M TPEXMHAEKCHbIX 3aaad. MpusoaATca
CNocobbl HaxOXAEHWA ONTUMAJIbHOMO pPeLleHWA 334auYM HEeYeTKOro MepeHoca, B KOTOPOM
npeAcTaBNEeHbl PECYPCbI B BUAE TPEYIO/IbHbIX HEYETKMX YMCeN.

BbiBoAbl. MpepnoxkeH metos npeobpasoBaHUA CUCTEMbI OFPAaHUYEHUN ANA pelleHus
YETKUX M HEYETKUX 33434 MepeHoca C MPOMENKYTOYHbIMM TouKamu. Mpepnaraemblit MeToz,
WUNNOCTPUPYETCA NPUMEPOM PeasbHOM TPAHCMOPTHOM Npobaemsl.

KntoueBble cnosa: npobnema TpaHCNOPTUPOBKM, HEYETKUE pecypcbl, GYHKLMA
NpUHagNEeXHOCTH, TpexdasHble HeYeTKMe Yncna, ONTUMMU3aLMS.
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