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METHODICAL APPROACHES TO DISTRIBUTION OF RESOURCES
OF AN ENERGY SUPPLYING COMPANY TO REDUCE OPERATIONAL LOSSES

Despite the large number of works by leading Ukrainian and foreign scientists to reduce operational losses in electricity trans-
mission, the expediency of further research is conditioned by the growing need for the allocation of investment resources between
technical and technological solutions so as to achieve the optimal solution to this multi-purpose problem.

Purpose. To develop and test a model of targeted programming for optimal allocation of investment resources of the energy
supply enterprise among different variants of technical and technological decisions on reducing operational losses in the transpor-

tation of electricity from its sources to consumers.

Methodology. The authors use the system and analytical method, the method of targeted programming, which makes it pos-
sible to distribute the investment resources of the energy supply enterprise.

Findings. As technical and technological solutions reflect the indicator of loss reduction, the authors propose to consider them
in more detail. A model of targeted programming of resource allocation among these solutions has been developed. Thus, the
proposed model of targeted programming provides the opportunity to make the most effective decisions by the management of
power supply enterprises in order to minimize operational losses during the supply of electricity to consumers.

Originality. A model of optimal allocation of investment resources between technical and technological decisions concerning
reduction of operational losses at power supply on the basis of the method of target programming is developed. This model allows
one to distribute investment resources in such a way so as to satisfy the selected optimization criteria and achieve the best result for

the energy supply company.

Practical value. The proposed model was implemented at ‘Prykarpattiaoblenerho’ PJSC energy supplying enterprise, and the
obtained results allow solving problems of reduction of electric energy losses during transportation.
Keywords: electric power, electric energy transportation, operational losses, power supply enterprises, technical and technological

solution, linear programming, target programming

Introduction. The operational losses of energy supply en-
terprises while transporting electricity from the generation
sources to its consumers is an important factor that affects the
final results of their activities; therefore, decision making to
reduce these losses is fundamental.

Reducing losses in electricity supply can be achieved
through organizational and managerial, administrative and
technological, technical and technological decisions. Organi-
zational and managerial decisions are connected with the
management improvement of electrical network modes and
electricity accounting, administrative and technological deci-
sions — with the automation of electrical network modes con-
trol and electric networks maintenance improvement, techni-
cal and technological decisions — with the improving the tech-
nical condition of the networks for reducing electricity losses.
These solutions can be combined into a system of alternative
decisions for choosing the most effective one at a specific time.
Taking into account the current technical condition of domes-
tic electricity grids, technical and technological decisions for
reducing operating losses during the electricity transportation
are the most efficient, and at the same time, the most costly
ones. Therefore, the managers of energy supply companies
need to distribute the limited investment and labor resources
allocated for updating the electricity grids, between specific
technical and technological decisions. Aforesaid actualizes to
develop recommendations for the enterprise resources alloca-
tion between technical and technological decisions by the
method of targeted programming.

Literature review. Despite the current technical state of do-
mestic electricity grids, technical and technological decisions
for reducing operating losses during the electricity transporta-
tion are the most efficient and costly. The leaders of energy
supply companies meet problem of distributing the limited
investment and labor resources for updating the electricity
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grids between specific technical and technological decisions.
The problem of reducing operational losses during electricity
transportation was undertaken by such scientists: Asta-
shev, D.S. [1], Bedretdinov, R.S. [1], Kisel, D.A. [1], Sosni-
na, E.N. [1], Kostetska, N.I. [2, 3], Levytska, 1.0. [4, 5],
Filippova, S.V. [6] and Yudin, M.A. [6]. The research works
by these scientists concerned issues of under-accumulating
electricity, the formation of losses norms and other aspects
concerning increasing the energy supply efficiency. At the
same time, the problem of investment resources distribution
between different technical and technological decisions, which
is a task of multi-purpose optimization, is not resolved.

Unsolved aspects of the problem. Despite a large number of
research studies by leading Ukrainian and foreign scientists
concerning reducing operational losses in the electricity trans-
portation, the expediency of further research is conditioned by
the growing need of distribution the investment resources be-
tween technical and technological solutions in order to achieve
solution of this problem.

The purpose of this article is to develop methodological
approaches and approbate them on the basis of target pro-
gramming models for optimal investment resources of energy
supplying enterprise distribution between different technical
and technological decisions concerning operational losses re-
duction during transportation of electric energy from its sourc-
es to consumers.

Results. For better understanding of the peculiarities of
impact on the operational losses reduction of energy supply
companies based on certain technical and technological solu-
tions, let us consider one of them. Currently 6.246 units of
complete transformer substations (KTS) 6-10/0.4 kV are oper-
ated in networks of the public joint-stock company “Prykar-
pattiaoblenerho”, 991 of them need to be reconstructed and
555 require full replacement [7]. Prolonged operation of KTS
6-10/0.4 kV, which have served their resources under the influ-
ence of external factors, leads to KTS panels aging and dam-
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age, their rust, which leads the power equipment failure,
breaks in electrical supply and lack of electricity. In addition,
the KTSs, which were built in the 60—70-s of the last century,
in many cases were executed in violation of the requirements
of PUE permissible dimensions, these inconsistencies are of-
ten recorded by representatives of the State Energy Inspection.
It has been established that at the KTS whose wear factor, ac-
cording to the assessment of the technical condition, is more
than 70 % unscheduled repairs are carried out, the cost of
which is an average of 3600 UAH /year per one KTS annually.
At the same time, each damage of KTS is accompanied by a
mean loss of 2.68 thousand kWh of electricity per year. Thus,
at the electricity cost of 1.68 UAH/kWh, losses from non-con-
sumption of electricity at the same time are 4502.4 UAH.

In addition, when deciding to replace worn-out KTSs with
their current modifications, one should take into account that
replacement of one KTS will allow the re-use of spare parts for
dismantling, in particular: automatic switches, lightning dis-
chargers, passage insulators, support insulators [8]. Assuming
that 50 % of dismantled elements will be suitable for re-using
and their wear will not exceed 50 %, the cost of spare parts
from replacing one KTS will be 2.960 UAH.

As we see from the example, the quality of the decision in
our case is estimated by the following criteria: 1) annual sav-
ings in electricity losses; 2) annual savings in repairs; 3) the
cost of materials returned from dismantling.

Then the choice of the best solution is a non-trivial task,
there is a problem: what should be understood under the opti-
mal solution? The fact is that it is not objectively known which
solution is better, if there are many criteria and they may also
be “conflicting”. In particular, it is unclear what solution is
best if we want to maximize all three of the above criteria at the
same time by deciding on the distribution of a certain amount
of investment resources allocated to replace the outdated or
physically worn out energy equipment. Therefore, it is neces-
sary to seek a compromise solution that takes into account the
importance of each target function. Thus, we arrive at the no-
tion of an effective (Pareto-optimal) solution [9]. The efficien-
cy property (in the extreme case, the weak efficiency) must
have any decision that claims to be called optimal. However,
with this approach, there is a problem of choosing a single so-
lution, since pareto-optimal solutions, as a rule, are many (of-
ten infinitely many). The problem of choosing one solution
from a pareto-optimal can be solved, for example, using the
target programming method. With this approach it is possible
to construct one solution, which is pareto-optimal. It should
be noted that target programming is not the only method of
finding one pareto-optimal solution. In particular, there is a
special theory of arbitration schemes, which also allows solv-
ing this problem [10]. In the case of a linear multi-criterion
problem, it makes sense to talk about extreme effective (pare-
to-optimal) solutions. The number of such solutions is limit-
ed, which greatly simplifies the problem of their choice. Let X'
be a set of admissible solutions in a given problem, and x € X —
a permissible decision. Let us suppose that every solution
x € Xis estimated by » criteria (n > 2).

There is a useful solving construction for multicriteria
problems — the concept of optimal Pareto or effective solution.
Let H{(x), x € Xbe a valid function, values of which are solu-

tion estimates x € X on i criteria, where i =1,n.

Then vector H(x) = [H,(x), ..., H(x), ..., H,(x)],x € Xisaset
of the solution estimates x € X for all criteria. Let us assume that
the advantage degree of the solution x € X grows with increasing
vector H component, that means that when the greater the val-

ue Hy(x) is, the better solution x on criteria i, / =1,n is. Solution
x* € Xis called pareto-optimal (Pareto optimal or effective), if
there is no other solution x € X, where H,(x) > H(x"),i=1,n.

In other words, if x* € Xis a pareto-optimal solution, there
is no other solution x € X, that can surpass x™ at least one of the
n criteria, and according to other criteria is not worse.

The concept advantage of an effective solution is that ef-
fective solutions exist in practically meaningful classes of
problems. The disadvantage of pareto-optimal solution is that
it cannot find the only one solution to the problem, you can
only get a number of effective solutions.

At the core of the target programming method for solving
multi-criteria tasks is the ordering of criteria or goals by de-
gree of importance. The initial problem is solved by succes-
sively solving a number of tasks with one target function in
such a way that solving a problem with a less important goal
cannot worsen the optimal value of the target function with a
higher priority. As a result, we get a satisfactory solution for
this problem. Target programming, as a rule, applies to linear
models. Its main difference from the task of linear program-
ming is that many goals are formalized not as target func-
tions, but as constraints in another more general model. For
this, the predicted quantitative values of the target functions
and the so-called “deviational variables” are introduced —
“insufficient” and “redundant”, that characterize the degree
of achievement of the goals set for this decision. The flexible
choice of values for “insufficient” and “redundant” variables
allows targeted programming to reach a compromise solu-
tion.

There are several targeted programming methods, includ-
ing weighting method and priority method [10]. In the weight-
ing coeflicients method, a single target function is formalized
as a weighted sum of output partial objective functions. The
disadvantage of this method is the subjectivity of assigning val-
ues to weight coefficients, although there are methods that re-
duce the size of the subjective factor in their choice, such as
the Fisher’s principle. In the priority method #n partial target
functions are ranked in order of importance, and then, alter-
nately, the tasks are solved separately with each target func-
tion, starting with the function that has the highest priority,
and ending with a function that has a minimum priority. In the
process of solving tasks, problem solution with a target func-
tion that has a lower priority cannot worsen the previously ob-
tained solutions that have a higher priority.

Based on above, it is possible to form three separate target
functions of the linear programming task regarding distribu-
tion of the investment resource amount of the energy supply
enterprise between technological solutions that provide reduc-
tion of electricity losses

D E;x X, - max; (1)
i=1
D R x X, - max; )
i1
> M,;x X, - max, (3)

i=1

where X; is the number of units of the i type equipment to be
replaced by a new one in order to reduce losses in the supply of
electricity to consumers, units; E; is annual saving of electric
power technological losses in case of the i type unit equip-
ment replacement, thousand UAH; R, is annual cost savings
for unscheduled repairs in case unit of the i type replacement,
thousand UAH; M, is the cost of materials returned from dis-
mantling the old equipment received by the enterprise in case
unit of the i type replacement, thousand UAH.

All these three target functions are subject to maximization
in case of abidance of the following restrictions

PxX <I,
i=1

tiXXl.ST; 4)
i=1

0<X,<N; i=ln,

1 1
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where P, is the cost of the i type unit replacement for a new
one, thousand UAH; ¢, is the complexity of the i type unit
replacement for a new one, man per hour; N; is the amount of
i" type equipment for the replacement, units; # is the number
of equipment types for replacement; / is the amount of invest-
ment resources for network modernization of the power sup-
ply enterprise for the planned period, thousand UAH; 7'is the
maximum possible working time fund of production person-
nel of the power supply enterprise in the planned period, man
per hour.

As was mentioned, in order to move from the linear pro-
gramming task to the target-programming task, it is necessary
to formalize each of our three target functions, as “soft” con-
straints for another more general model. To make it possible,
in the partial target functions it is needed to add variable de-
viations that characterize the degree of achievement of the
goals set for this solution. In target function (1) we need to add

two variable deviations d; and d;" . Parameter d; is a mea-

sure of failure to achieve the goal, and parameter d;” — is a
measure of exceeding this goal. We add similar variables into
the target functions (2, 3).

For a fixed index j, which corresponds to the number of
“soft” constraints or the number of partial targets in the target
programming model (in our case j = 3), one of the coefficients

d; or dj must be zero, since the target cannot be achieved or
exceeded at the same time.

Thus, the new target function of the target-programming
task is to minimize the overall deviation from our three goals
achievement

d; +d; +d; > min, (5)

provided adherence to the following “soft” (6) and “rigid” (7)
restrictions

D ExX,+d; —di =E, ;
i=1

zRixXi+d2_7d2+.:Rmax; (6)

i=1

S M x X, +d; —di =M

i=1

max?

iPl.xX,.SI;

i=1

itixXl. <T; (7)

im1
0<X,<N, i=Ln;
d7>0; di>0.

Maximum values of target functions in (6) E,y, Ryax and
M. are determined by the alternating solution of each of the
partial tasks of linear programming that are in compliance
with restrictions (4).

By forming the target function (5) we assumed that the
most important goal for the investigated enterprises is to mini-
mize the level of losses when electricity is supplied to consu-

mers. That is why to the target function the parameter d; is
added, which is a measure of failure to achieve the goal in or-

der to minimize its value. For similar reasons, d; is intro-
duced into the target function, since cost saving on unsched-
uled repairs is of a second priority. We assign the lowest prior-
ity to maximize the cost of recycled materials from old equip-
ment, because unlike the previous two, there are one-time re-
ceipts for an energy supply company, not annual ones. There-

fore, parameter dy is included into the target function, which

Table

Initial values of PJSC “Prykarpattiaoblenerho” investment resources targeted programming model parameters between technical
and technological solutions to provide operational cost decrease during electricity delivery [7]

Type of equipment to be Y@a.rly Y.early Dismantled Sm.gle equipment Sm.gle equipment Necessary

replaced to reduce loss rate electricity loss savings on materials cost (M) unit replacement | unit replacement | replacement
savings (E;) repair cost (R;) ! cost (P) complexity (#;) amount (N,)

Overhead power line 0.4 kV | 2.54 thousand | 2.74 thousand 8.14 thousand 450 thousand 390 4750 km
UAH/km UAH/km UAH/km UAH/km human-hour/km

Overhead power line 4.47 thousand | 2.50 thousand 11.30 thousand 400 thousand 1160 526 km

(10)6 kV UAH/km UAH/km UAH/km UAH/km human-hour/km

Complete transformer 4.50 thousand | 3.60 thousand 2.96 thousand 100 thousand 140 555 pcs.

substation 6—10/0.4 kV UAH/pc. UAH/pc. UAH/pc. UAH/pc. human-hour/pc.

Replacement of oil-switch 15.33 thousand | 3.40 thousand 1.30 thousand 165 thousand 485 296 pcs.

for vacuum 10 kV switches UAH/pc. UAH/pc. UAH/pc. UAH/pc. human-hour/pc.

Pole transformer substation | 3.35 thousand | 4.00 thousand 4.80 thousand 40 thousand 480 6 pcs.

40/10(6)/0.4 kV UAH/pc. UAH/pc. UAH/pc. UAH/pc. human-hour/pc.

Pole transformer substation | 2.51 thousand | 5.50 thousand 5.80 thousand 60 thousand 560 20 pcs.

63/10(6)/0.4 kV UAH/pc. UAH/pc. UAH/pc. UAH/pc. human-hour/pc.

Pole transformer substation | 2.28 thousand | 6.50 thousand 7.70 thousand 65 thousand 600 105 pcs.

100/10(6)/0.4 kV UAH/pc. UAH/pc. UAH/pc. UAH/pc. human-hour/pc.

Pole transformer substation | 3.76 thousand | 8.00 thousand 10.10 thousand 75 thousand 660 100 pcs.

160/10(6)/0.4 kV UAH/pc. UAH/pc. UAH/pc. UAH/pc. human-hour/pc.

Pole transformer substation | 8.60 thousand | 12.00 thousand 13.80 thousand 85 thousand 720 60 pcs.

250/10(6)/0.4 kV UAH/pc. UAH/pc. UAH/pc. UAH/pc. human-hour/pc.

Pole transformer substation | 9.00 thousand | 18.00 thousand 16.40 thousand 116 thousand 780 42 pcs.

400/10(6)/0.4 kV UAH/pc. UAH/pc. UAH/pc. UAH/pc. human-hour/pc.

Pole transformer substation | 10.24 thousand | 24.00 thousand 22.00 thousand 157 thousand 860 14 pcs.

630/10(6)/0.4 kV UAH/pc. UAH/pc. UAH/pc. UAH/pc.. human-hour/pc.

Total amount of allocated investments per year: /=204 410 thousand UAH.
The number of electricians, involved in electricity grid exploitation — 485 pers., which is equivalent to maximum possible working hours fund

T=2804 130 human-hours
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is a measure of exceeding this goal. Thus, this confirms that
the achievement of this goal is not the most important for us.

Based on “Prykarpattiaoblenerho” data, we form Table
with values for target programming of investment resources
distribution at this enterprise for the next year.

Formed on these data, the target-programming model is
best to solve with Excel editor, using the help of the “Search
Solution”. First, we calculate three separate linear functions of
each of the purposes for finding the right parts of the “soft”
restrictions (6).

As an example, Fig. 1 shows a model for maximizing sav-
ings from the reduction of technological energy losses gener-
ated by Excel. The value of this target function is 9562.84 thou-
sand UAH. Similarly, target functions for the following two
criteria are formed.

The results of the calculations made it possible to set the
parameters of “soft” model constraints at the following level:
E, o = 9562.84 thousand UAH; R, = 6882.9 thousand UAH;
M. = 8845.92 thousand UAH.

The next step is to solve the target-programming model,
which is presented in Fig. 2.

According to the above inputs, in order to comply with all
constraints, investment and labor resources must be allocated
among the different types of equipment to be replaced in order
to reduce the energy supply enterprise losses, as follows: over-
head power line 0.4 kV — 0 km; overhead power line (10)6 kV —
180 km; complete transformer substation 6—10/0.4 kV —
555 pcs.; replacement of oil on vacuum switches 10 kV —
296 pcs. and the replacement of all seven types of power trans-
formers to the required extent.

With this investment resources distribution “Prykarpat-
tiaoblenerho” will achieve 24 295.44 thousand UAH savings
during a planned year and electricians’ workload will be
82.2 %.

At the beginning of the next planned periods the target
programing procedure concerning investment resources allo-
cation should be carried out by enterprise repeatedly, based on
new values of the input data of the model.

Single Single Consti-
Yearly | Estimated . Constituents |equipment Necessa-
L . Target |equipment . tuents of
. . electricity| equipment . . of unit repla- . |ry replace
Type of equipment underlying replacement to loss amount of fanction it investment | cement comple?u- ment
reduce loss rate savings | each kind comporents | replace- restrictions | com- k4 r.esirlc- amount
ment cost . tions
plexity
(E) &) EX) | P) | X)) ) | &%) | &)
Overhead power line 0.4 kV 2,54 0 0] 450 0| 390 0| 4750
Overhead power line (10)6 kV 447 180 804,6] 400 72000 1160 208800 526
Complete transformer substation 6-10/0.4 kV 4,5 555 2497,5| 100 55500) 140 77700] 555
Replacement olir for vacuum 10 kV switches 15,33 296 4537,68| 165 48840 485 143560, 296
Pole transformer substation 40/10(6)/0.4 kV 3,35 6 20,1 40 240| 480 2880 6
Pole transformer substation 63/10(6)/0.4 kV 2,51 20 50,2 60 1200 560 11200 20
Pole transformer substation 100/10(6)/0.4 kV 2,28 105 2394 65 6825 600 63000 105
Pole transformer substation 160/10(6)/0.4 kV 3,76 100 376 75 7500 660 66000 100
Pole transformer substation 250/10(6)/0.4 kV 8,6 60 516 85 5100 720 43200 60
Pole transformer substation 400/10(6)/0.4 kV 9 42 378 116 4872 780 32760 42
Pole transformer substation 630/10(6)/0.4 kV 10,24 14 143,36 157 2198 860 12040 14
The value of the target function| 9562,84 204275 661140
Restrictions 204410 804130

_Ta rget_function_1

. . Soft . Single
Yearly | Estimated Consti- Yearly Consti- . .| limitation S%ngle Consti- i
) 3 electricity| equipment menl.s (.]f savings Iuen.ls .Of L . P . tuents of | unit repla- tuents o.f replace
Type of equipment underlying replacement to loss amount of sn.ﬂ limita- on repair soﬂ limita-| materials for returned unit replaq investment| cement cnmple?n- ment
reduce loss rate savings | each kind tions on cost hm_ls on cost als cement restrictions|  com- ty r.estm:- amount
losses repair cost cost . tions
cost plexity
(E) X5 EX)| ®R) | RX) (M) MiX)) | (P) | BX) | @) | GXD) | D)
‘Overhead power line 0.4 kV 2,54 0 0] 2,74 0| 814 0| 450 0] 390 0| 4750
‘Overhead power line (10)6 kV 447 180 804,6 2,5 450 113 2034 400 72000 1160 208800 526
‘Complete transformer sub 6-10/0.4 kV 4,5 555 24975 3,6 1998 2,96 1642,8 100 55500 140 77700 555
Repl olir for vacuum 10 kV switches 15,33 296 4537,68 34 1006,4 1,3 384,8 165 48840 485 143560 296
Pole transformer substation 40/10(6)/0.4 kV 3,35 6 20,1 4 24 4,8 28, 40 240 480 2880 6
Pole transformer substation 63/10(6)/0.4 kV 2,51 20 50,2 5,5 110 5.8 116 60 1200) 560 11200 20
Pole transformer substation 100/10(6)/0.4 kV 2,28 105 239.4] 6,5 682,5 7,7 808,5 65 6825 600 63000 105
Pole transformer substation 160/10(6)/0.4 kV 3,76 100 376 8 800 10,1 1010 75 7500|660 66000 100
Pole transformer substation 250/10(6)/0.4 kV 8,6 60 516 12 720 13,8 828 85 5100) 720 43200 60
Pole transformer 400/10(6)/0.4 kV 9 42 378 18 756 16,4 688,8 116 4872 T80 32760 42
Pole transformer substation 630/10(6)/0.4 kV 10,24 14 143,36 24 336 22 308 157 2198 860 12040 14
Variable deviations d; 0,00 0| 0,00 0| 99622 996,22
Variable deviations d} 0,00 0| 0,00 0 0,00 0
The value of the target function| 0,00
9562,84 6882,90 8845,92 204275 661140
Restrictions| 9562,84 6882,90 8845,92 204410 804130
Achieved savings in losses and costs| 2429544 The level of loading of e}edrici.ans sgrvicing ﬂle‘ power grid,‘ % 82,2 =,

Target_function_TP

Fig. 2. Excel-based model of target programming for minimizing energy supplying enterprise loss during electricity transfer
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Conclusions. Based on changes taking place in the energy
sector [9, 10], the problem of reducing operational losses
while transporting electricity has not lost its relevance, but on
the contrary has taken one of the main tasks of ensuring fi-
nancial stability of energy supply companies. Theoretical
principles and practical recommendations for choosing a bet-
ter solution to reduce operational losses of power supply en-
terprises become very important. The solutions choice is pro-
posed to be implemented from the system of alternative solu-
tions (organizational and managerial, administrative and
technological, technical and technological decisions) by
comparing their efficiency at the given time for the energy
supply enterprise.

Since technical and technological solutions mostly de-
pict the loss reduction rate, the authors suggested looking
further into it, as well as target function model for resource
distribution between these solutions was proposed. There-
fore, the proposed target-programming model will provide
the possibility to obtain the most effective solutions for en-
ergy supplying enterprises in terms of operational cost mini-
mization during the energy delivery process to the end cus-
tomers.

However, this model refers only to reasoning technical and
technological solutions for operational cost decreasing during
electricity transportation, thus the further research refers to
development and approbation optimization models for orga-
nization and technical management solutions.
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MeToauyHi miaxoaM 10 po3noaiIy pecypcis
€HEepPronocTayajbHOr0 MiANpPUEMCTBA
HI0/I0 3MEHIIEHHSI OonepamiiHuX BTPaT

H. I Yyxpaii, O. 3. Copouak, I. B. boxouko

HauionaneHuii  yHiBepcuteT ,,JIbBiBCbKa moOJiTeXHiKa®,
M. JIbBiB, YKpaiHa, e-mail: chuhraj@polynet.lviv.ua

HesBaxarouu Ha 3HAUHY KiJbKiCThb Mpalb MPOBITHUX
YKPATHChKUX i 3apyOizKHUX YUSHHUX 11010 3MEHILIEHHS OIepa-
LiHUX BTpaT MpU NepeaaBaHHi eJIeKTPOeHepPril, TOLITbHICTb
MONAJBIIOTO AOCTIIKEHHSI OOYMOBJIOETHCS 3POCTAIOUYOI0
MoTpedOoI0 PO3MOILTY iIHBECTULIIMTHUX PECYPCIB MiX TEXHIKO-
TEXHOJIOTIYHUMM PIillIECHHSIMM TaK, 1100 JOCSTTU ONTUMAJIb-
HOTO BUPpIILIEHHS 1€l 0araTo1ijIboBOI TPOOIEeMU.

Mera. Po3poGiieHHs1 Ta ampobOalliss Moaedi LiJboBOro
TPOTPaMyBaHHS ISl ONTUMAIBEHOTO PO3MOITY iHBECTULIi i~
HUMX PeCcypcCiB eHepronocTadyajbHOTO MiAMPUEMCTBA MiX pi3-
HUMM BapiaHTaMM TEXHIKO-TeXHOJOTIYHUX PpillleHb 1010
3MEHUIEHHsI OMepauiiHUX BTpaT MpPU TPAHCHOPTYBaHHI
€JIEKTPOEHEPTil Bill IxKepeJ ii reHepaliii 10 CrioXuBayiB.

MeTtoauka. ABTOpaMu 3aCTOCOBaHi CUCTEMHUI Ta aHaJIi-
TAYHUN METOM, METOJ IIbOBOTO TIPOrpaMyBaHHSI, IO TA€
MOXJIUBICTb PO3IMOAUIMTY iHBECTUILIIHI pecypcu eHepro-
MOCTaYaJIbHOTO MiATPUEMCTBA.

Pesyabratn. OCKiJIbKM TEXHiKO-TEXHOJIOTiUHiI pillIEeHHSI
BiOOpaXaroTh MOKAa3HUK 3MEHIIEHHS BTPAT, aBTOpaMU 3a-
MPOIMOHOBAHO PO3IMJISIHYTH 1X JeTalibHille. Po3pobieHa mo-
Jleb LUIBOBOTO TMPOTPaMyBaHHS PO3MOIULY PECYPCiB Mix
LIMMU pillieHHSIMU. TakuM YMHOM, 3alpONOHOBaHAa MOJEJb
LIIThbOBOTO TPOTpaMyBaHHS 3a0e3levuyBaTuMe MOXIIUBICTh
MPUNHATTS HAKOUIbII e(PeKTUBHUX pillleHb KEePiBHULITBOM
€HEeprorocTavyajbHUX MiANPUEMCTB 1100 MiHiMi3alii ome-
palliifHUX BTpAT i/l Yac MOCTayaHHsI eJIeKTPOEHEPril CIoXu-
Bavyam.

HaykoBa noBusHa. Po3poOsieHa Mojesib ONTUMaJIbHOTO
PpO3MNOIiIY iIHBECTULIIHHUX PECYpPCiB MixK TEXHIKO-TEXHOJIOTI4-
HUMU PillIEeHHSIMU 11010 3MEHILEHHS ONepalliifHuX BTpat Mnpu
MOCTaYaHHi eJeKTpoeHeprii. JlaHa Moaenb 103BOJISIE PO3ITO/Ii-
JINTU iHBECTULIIHI pecypcu TaKUM YMHOM, 11100 3a/10BiJIbHU -
TH OOpaHi KpuTepii onTUMmisalii il TOCATHYTU HaMKpalloro
Ppe3yJabTatTy JJisi eHepronocTayajlbHOTrO MiAMPUEMCTBA.

IIpakTHyHa 3HAYMMICTB. 3aMpPOIIOHOBaHA MOJEJb 3aIpo-
BaJp)keHA Ha eHepromnocTtayaipbHoMy minnpuemctsi [TAT
,IIprkapnarTsio0jeHepro“, a oTpuMaHi pe3yjabTaTH AalOTh
3MOTY PO3B’sI3aTH MTPOOJIEMU 3HIKEHHSI BTPAT €JIeKTPOeHEP-
ril mpyu TpaHCMOPTYBaHHI.

KuniouoBi ciioBa: esexmpoenepeis, mpancnopmyeanHs enex-
mpoenepeii, onepayitini gmpamu, eHepeonocma4anvHe nionpu-
E€MCMB0, MEeXHIKO-MexHoN0IUHe DilleHH:, AiHiliHe Npocpamy-
BaHHS, YiNb0GE NPOPAMYBAHHS

MeTonudyeckre moaxoabl K pacnpeeieHHI0
PecypcoB SHEProcHA0KAIOIEero mpeanpusITHs
N0 YMEHbIIEHHIO ONEePAIMOHHBIX MOTEPh

H. U. Yyxpaii, O. 3. Copouax, U. B. boxorko

HauuvoHanbHbil yHUBepCcUTET ,,JIbBOBCKasi MOJIUTEXHUKA®,
r. JIbBoB, YKpanHa, e-mail: chuhraj@polynet.lviv.ua

HecmoTpst Ha 3HaUMTETbHOE KOJIMUYECTBO PAOOT BEAYIIINX
YKPaHCKUX U 3apYOEKHBIX YIEHBIX 110 YMEHBILICHUIO OIle-
PALIMOHHBIX TTOTEPh MPU TIepenade 3JICKTPOIHEPTHH, Lielie-
CO00pPa3HOCTh HalbHEMIIEr0 MCCAEIOBAHUSI OMPENeIsIeTCs
BO3pacTalolleil MOTPEOHOCTHIO pacIipeeIeHNs] MHBeCTULIN -
OHHBIX PECYPCOB MEXKIY TEXHUKO-TEXHOJIOTMYECKUMMU Peliie-
HUSIMU TakK, YTOOBI JOCTMYD ONTUMAJIBHOTO PELICHMST 3TOM
MHOTOLIEJIEBOM TTPOOJIEMBI.
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ens. Pa3paborka u anpodaiysi MoJaen 11eJeBOro mpo-
rPaMMUPOBAHUS [JIsI ONTUMAJIbHOIO pacipeneacHus NHBe-
CTULIMOHHBIX PECYPCOB SHEPrOCHAOXKAIOLIETO TPEIPUITHUS
MEXIY pa3Iu4YHbIMM BapUaHTAMM TEXHUKO-TEXHOJIOIMYE-
CKHUX PpELICHWI TT0 YMEHbBIIEHUIO OINEepPaLIMOHHBIX IOTEPh
MPU TPAHCIIOPTUPOBKE 3JIEKTPOIHEPTUU OT UCTOYHUKOB €€
TreHepalny K TOTPEOUTEIISIM.

MeToauka. ABTOpaMM MMPUMEHEHbBI CUCTEMHBbI 1 aHAJIM -
TUYECKUI METO, METOI LIEJICBOTO TIPOrPaMMUPOBAHMS, YTO
MO3BOJISIET PACIIPEASIUTh MHBECTULIMOHHBIE PECYPChI DHEP-
TOCHAOXKAIOIIIETo MPEANPUSATHS.

Pesyabrarnl. [1T0CKOIBKY TEXHUKO-TEXHOJOTMYECKHUE Pe-
IIEHUST OTPaXKarOT MTOKAa3aTeJIb YMEHBILIEHUST TIOTEPh, aBTOpa-
MU MPeIJIOXKEHO pacCMOTpeTh UX MnoapodHee. PazpaboraHa
MOJIEJIb 1IeJIEBOTO MPOrpaMMMPOBAHUS pacIipeleeHUus pe-
CYPCOB MEXIY 3TUMM pellleHusIMU. Takum odpa3oM, Ipes-
JIOXKEHHAast MOJIEJIb LIEJICBOTO ITPOrpaMMMPOBaHUS 00ecITeun-
BAaeT BO3MOXHOCTb MPUHATUS Haubosiee 3(h(HEKTUBHBIX pe-
LIEHUI PYKOBOACTBOM SHEPrOCHAOXKAIOIIMX IPEIIIPUATII
MO0 MUHMMU3ALMKU OINEPallMOHHBIX TOTePb MPU TOCTaBKE
2JIEKTPOSHEPT U IIOTPEOUTEIISIM.

Hayunasa noBusna. PaspaboraHa Mozieb ONTUMAaIbHOTO
pacripefiefieH!sT UTHBECTUIIMOHHBIX PECYpCOB MEXKIY TeXHU-
KO-TEXHOJIOTMYECKUMU PEUIEHUSIMU MO YMEHBLIEHUIO OIle-
PaIMOHHBIX TTOTEPh TIPU TIOCTABKe JIEKTPOIHEpTUn. JJaHHast
MOJIeJIb TTO3BOJISIET PAaCIpeNeUTh UHBECTULIMOHHBIE Pecyp-
CBhI TAKUM 00pa30M, YTOOBI YIOBIETBOPUTD BEIOPAHHBIE KPU-
TEPUU ONTUMM3ALMHU U TOCTUYb HAWTYYLIEero pe3yabTara st
SHEProcHaOXKAIOMIeTo MPEATPUSITHS.

IIpakTuyeckas 3HaunmMocTb. [1perioxkeHHast MoziesIb BHE-
IpeHa Ha 3HeprocHabOxatomeM npennpustuu [TAO ,,[1pu-
KapraTbeo0IoHepro”, a NoayyeHHbIE Pe3yIbTaThl O3BOJISI-
IOT PElIUTh MPOOIEeMBbl CHUXKEHUS TTOTEPh JIEKTPOIHEPTUN
MPpU TPAHCIIOPTUPOBKE.

KimoueBbie cioBa: aiexmposnepeus, mpaHcnopmuposKa
2AeKmposHepeul, OnepayuoHHble nomepu, sHepeocHabdIcaoujee
npeonpusimue, MeXHUKO-MeXHOA02UMECKoe peuleHue, AUHeliHoe
npocpamMmuposanue, yeaegoe npocpammuposanue

Pexomendosano do nybaikayii 0okm. eKoH. HAYK
0. I. Kapum. Jlama naoxodxcenns pykonucy 21.10.18.
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