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Abstract — In paper the economic estimation of measures on
modernization of transformer base using the generalized
mathematical model is given. The particular mathematical
models for estimation of concrete measures have been received
from the generalized mathematical model. The total annual
discounted costs for transformer’s whole life cycle are offered as
the objective function and its optimum decision is the maximum
of profit from measure’s realization. This task is solved under the
conditions of deficit of the investments in the Latvian Power
Company. The comparison of economic estimations for different
technical measures on basis of the generalized mathematical
model are fulfilled.
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I. INTRODUCTION

The majority of energy companies stand in front of the fact
of mass transformers’ ageing. Similar situation is observed in
Latvian Energy Company «Latvenergo». Today on 129
substations of the Latvian power supply system with a voltage
110-330 kV 254 power transformers as the total power 6905
MVA work. Approximately half of transformers have
developed a normative resource. Service life 8 % on total
power transformers exceeds 40 years, 43 % have service life
25-40 years and only at 49 % of transformers term operation
of less than 25 years. Mass ageing of the maintained
equipment becomes hard problem for a power supply system
which demands the cardinal decision. To maintain normal and
reliable work of power transformers in power supply system it
is necessary to lead a number of actions among which the
most effective are:

e replacement of morally and physically out-of-date
transformers on new, meeting modern requirements;

e real service life’s prolongation of maintained power
transformers after diagnostics, elimination of defects,
modernization or major overhaul.

In conditions of market economy all technical measures
directed to renovation and modernization of -electrical
equipment may be established on technical and economic
accounts for rational use of money resources. Radical solution
for renewal of the transformer fleet could be replacing the
outdate equipment, but simultaneous replacement of a large
number of transformers would require a huge capital
investment. As the energy companies experience currently
funding shortage in adverse economic situation it is necessary
find the right balance between the transformer fleet renewal
and extending the transformers' physical resources beyond the
regulatory life-span for a part of the transformers. However,
the pace of equipment renovation shall not be slower than the
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rate of aging. In addition, the transformer fleet upgrade
measures should ensure maintained or risen capacity of the
transformers at substations, in order to guarantee reliability of
the power supply to consumers [1-3].

II. STRUCTURE OF THE TECHNICAL MEASURES SELECTION
METHODS

A developed method is divided into three main modules
each meant for a relevant solution. The main tasks of each
module are presented in Figure 1.

Module one is an analysis of the condition of the transformer
fleet facilities. Based on the data analysis of the energy
company engineering services and having regard to the short-,
medium- and long-term development plans, investment
amounts and available own funding, the amount of work and
deadlines for the integration of new facilities and
reconstruction of existing ones within the whole power system
or separate energy companies are developed. Integration of a
new power transformer or substation reconstruction makes a
large part of the work scope within transmission or
distribution network development plans. Within the first
module the set of technical measures E,, is formed.

Module two is an in-depth technical analysis of the measures
to be taken at specific objects. Analysis of equipment
technical condition is carried out based on the inspections,
scheduled maintenance, diagnostics and technical expert
survey.

According to the results of the analysis, depending on the
extent to which the technical requirements to the existing
facility are going to be met, and, based on the workload level,
the following alternative measures could be undertaken:
building a new substation, replacement of the existing
transformers with new ones or extension of the existing
transformers' life. Within the second module the set of
technical measures E, is formed. The set of possible technical
measures £, aimed at increasing operational reliability of a
transformer is represented in Figure 2.

Module three is economic evaluation of the possible technical
measures. In the third module, a set of technical measures is
formed from the separate prospective technical measures in
order to carry out their economic evaluation (See Figure 1).
For the evaluation modern economic analysis methods will be
applied. As a result of the evaluation selection of the technical
activities to be implemented and recommendations for the
energy companies will be made.

III. METHODS OF ECONOMIC ANALYSIS OF THE PROSPECTIVE
MEASURES

Figure 1 Unit 3 displays the main phases of the economic
analysis of the prospective technical measures. For
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implementation of these phases an economic analysis method
should be chosen.

Cash flow value changes in time and the value of same
amount of money may vary in different time periods. Inflation
and market condition are the factors that mainly affect the
money value through time.
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Fig. 1. Structure of methods for technical measures* selection.
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Fig.2. Technical measures aimed at increasing a transformer operational
reliability.

Therefore, the necessary economic calculations should be
made using the net present value method, meaning that all
costs should be reduced to the beginning of the calculation
period.

Project study methods differ from one country to another. In
Latvia, to evaluate feasibility of technical measures capitalized
cost method and the total discounted annual cost method are
commonly used. In this paper the total discounted annual cost
method is applied.

IV. THE GENERALIZED MODEL FOR ESTIMATION OF MEASURES

To ensure normal and safe operation of power
transformers the following measures might be taken:

* replacement of out-of-date transformers with new, meeting
modern requirements, ones;

* prolongation of actual physical
transformers based upon diagnostic
prevention, upgrade and repair.

In market economy, all the technical measures taken within an
energy system including improvement of a transformer's
operational reliability should be based on a thoroughly made
feasibility calculations to ensure rational use of funding. Such
calculations can be most effectively carried out with the help
of mathematical and technical and economic models, using
appropriate software. Technical and economic models (TEM)
aimed at ensuring qualitative assessment of feasibility of the
measures and quantitative assessment of an appropriate
objective function have been developed within this paper
based on the Net Present Value (NPV) of the transformer
operator's total discounted annual costs through the calculation
period (the equipment life cycle) [1,2]. When choosing the
appropriate technical measures all the equipment lifecycle
costs should be taken into account, because operating
expenses are often close to equal to the measure
implementation costs, or even exceed them. For all the
technical and economic models single approach is used, which
makes it possible to create a generalized technical and
economic model. For quantitative evaluation of the technical
measures intended to achieve the following objective function
has been developed on the basis of NPV,;:

resources of the
tests, defect

T T
NV = 2 o =G 77 %0 2 G G )Y - (D)
t=0 1+ d) t=1
where C is real total annual costs of  the

nT,t

transformer’s user of #th year (incomes and costs) for
implementation of measure 7; ¢ . is costs of measure »n during
n

the initial moment of calculation period T; d, is discount factor
(factor for reduction of costs of different years at the initial
moment); i; is discount rate.

Total annual costs of the operator of the transformer Cor, of

the #-th year for implementation of measure » in expression (1)
include several components:

- ()
Cn T,t Cn Kt +CnOp. Gt +Cn0p.v, t +CnR

in addition:
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where ¢ are capital costs deductions on capital \here j — current investment in implementation of a measure,

s

investments of measure g , including the market interest
n >

rate i (weighted average rate of return on capital); Cn Op.c.t are

constant operating depreciation, maintenance and repair
expenses including corresponding percentage deductions for

depreciation p,, and repair p,.; ¢ o are variable working
nOp.v,t

costs for compensation of losses of the electric power in the
transformer; 4P, ,;, AP, . are no-load and short-circuit losses of
the transformer; 7,- operating time of the transformer per year;
7 - time of the maximal losses;fr — planned factor of the
transformer workload; ' is the price of 1 kWh losses of the

electric power; 3" is the price of 1 kW capacities during the
maximal loading a power supply system; Cn R are loss related to

the electricity undelivered to the consumers; ¢ p are the

specific costs related to the electricity non-delivery to the
consumers; 4 is quantity of undelivered electricity per

year; z - probability of the transformer emergency downtime
(relative units); A is maximum transferable power through
the transformer per year. Weighted average rate of return on
capital i:
2 . K e
i=i, Ly ——k
K,+K K,+K,

kr

3)

where i, is power company own capital rate of return; i, is
rate of return on borrowed capital; K, is own capital, and K, is
borrowed capital.

Expected income can be calculated using the formula:

T
L=Y1B. BB T, + B B-(1=B)| ky, k, >
t=1

where / — total annual income from the sale of electricity and
power supply services; Pr— transformer active capacity; 7, —
maximum workload time per year; S —transmission tariff for
1kWh of electricity; fr — power system capacity maintenance
costs; k, - income ratio showing the proportion of the income
When income is introduced the event selection criterion is
changing for the target function. Now, the maximum total
discounted annual costs (max NPV, for the calculation period
is the criterion for selection of the optimal measure [5,6]. In
addition, assessment of the measures based on the payback
period criterion taking income into account is available. Be the
calculation results displayed in a chart or tabular form, the
year for which NPV, value is positive, is the year of payback
of the invested funding. Combining the costs and income in
one formula we obtain:

“
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moreover j =1, ..., m; k,, - factor describing a transformer's
operating expenses increase during operation; kg, - factor,
which describes the energy loss value increase under the
period of operation. Factor kg, is a time function kg, (t)= kg
(1+bf), where factor b factor is obtained by approximation of
statistical data and taking into account the energy loss value
increase during recent years and »=0,03; kg ,is initial costs of
the energy loss of the calculation period. Factor &, is a time
function too. It is obtained approximating statistical data and
taking into account the transformer operating expenses
increase due to aging and the growing risk of failure during
operation. Factor £,, is determined for two time intervals: for
the first interval, 0...25 years of operation is k., ()= 1+bt,
where b= 0,02; for the second interval, 25..40 years of
operation is £, (t)=at2+bt+c, where a=0.01, b=0,02, c=1,3.
The maximum total discounted costs (max NPV,) under the
calculation period are the optimum measure selection
criterion, regarding of the income from sales of production
(electricity), in case that these are not identical in all measures.

V. PARTICULAR MATHEMATICAL MODEL

Detailing of different components of objective function on
years of calculated period leads to the concretization of the
generalized mathematical model and to creation of particular
mathematical models for an estimation of various technical
measures. In work the particular mathematical models on the
basis of the generalized model to estimate some measures on
Fig.2 are created and approved. The components of the
particular mathematical models are given in Tab.1.

1. An estimation of competitive offers of the equipment
suppliers at purchase of new transformers for new objects
(NPVy).

The choice of an optimum variant of purchases and
deliveries of new power transformers is considered as a task of
a choice of the supplier of the equipment on competitive basis
(through tenders) among of some firms-suppliers or
manufacturers. It is necessary to note that the economic
estimation of offers of equipment’s suppliers is made only for
those variants which satisfy to all technical requirements to the
equipment.

Total capital investments K;x components in the initial
moment of the calculated period for the given measure can
include following components: cost of transformers K and
its transportation a manufacturer up to an installation site
K,,, the customs duties on production of the state-supplier
K, . cost of spare parts (for maintenance of operation within
5 years after purchase) K , possible cost of installation K;
and additional expenses Iéj ada (0N carrying out of reception
tests, etc.). Another components of NPV are given in Tab.1.
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An example of practical calculation for a target function NPV, for the
purchase of new 110 kV, 63 MVA transformers is shown in
Figure 4. Calculations are made according to (53) for the
measure n=1 taking into account the expected income. There
were four suppliers who participated in the tender. NPV,
calculations were made for each option offered by the
applicants and results were compared in a chart. The winner
was the first bidder's offer with NPV ;=max.

2. Replacement of maintained transformers which have
worked out normative resource, on new modern
transformers (NPV)).

Necessity of replacement of installed power transformers on
new with the improved characteristics (smaller loading and
losses of idling, smaller weight of steel, etc.) can be caused
physical or an obsolescence of the equipment, an emergency
exit out of operation and impossibility of restoration of a
working condition, discrepancy of rated power to loadings of
consumers, etc.

The given measure is considered as complex measure at the
choice of the supplier of power transformers through tenders
among firms - suppliers or manufacturers, the dismantling of
the maintained transformer, the installation new and the
further operation of the new transformer during normative
service life.

The task of search of the optimum decision in this case
essentially does not differ from the first considered task.
However, the total capital investment K,y should consider
additional components, such as expenses for dismantling K,
liquid cost K, of the installed transformer (about 10 % from

its initial cost), and installation of the new transformer.
Another components of NPV, are given in Tab. 1. If K, is
taken approximately equal to K, , then the total capital
investment K ;v = K,7x . In this case the objective function
NPV, is not different from NPV .

NPV1

1000,000
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600,000 /Xﬂ
400,000 M/M
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[E==Lpretendents =2 pretendents —&—3 pretendents —o—4 pretendents |

Fig.3. Practical implementation of calculations for measures n=1 and n=2.

Having analysed the results for four options of measures n=1

and n=2 we conclude:

- the highest NPV, through the whole period of calculation is
in the first option;

- the lowest NPV, is in the second option;

- the shortest payback period, which is six years, is in the first
option;

- the winner is the bidder who offered the first option.

TABLE 1

COMPONENTS COSTS AND EXPRESSIONS OF COMPONENTS FOR ALL PARTICULAR MATHEMATICAL MODELS

Cost components Components calculation formula
C10= K,=K, +K, +K + K.vp +K,+K,
. C,=K,, =K, -K, +K,

Initial costs C
C,=K,=K, +K, +K,,
C4O"C 70= K4TZ "K7T): = KrT + Kadd

Capital costs C, ., Coc,=i/100-K 5 n=1.7
CnOp.c,t :1/100 (pna +k nr,tp n r)K n TZ»

Constant operating costs C, ., ko, =140k, =1+bt'sk ok, =at” +bt' +c;
p3a "'p7a = O

2 /

C (APnnl.T’n,m+ﬂT.APnsc'T).ﬂn +

Variable operating costs C,,, nOpvnt T REL (Apn L+ BLAP, YC).'B !
kg =Lk, =Lk, k,p =1+bt'

Costs related to the electricity non-delivery to the . .

consumers CnR CnR - CR An - CR ln,dam An,max s n= 17

The following transformer life extension measures are
reviewed: replacement and upgrade of voltage regulation
devices and high-voltage bushings, recovery or replacement of

transformer oil, applying of diagnostic and monitoring
systems. For economic evaluation of these measures technical
and economic models of feasibility assessment (TEM) created
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for the specific measures on the basis of the generalized model
VTEM (3) are used. If the measures are intended to extend the
useful life of transformers, the appropriate objective function
calculation period begins from the end of the transformer's
regulatory term ¢,,,,, and this year is accepted as =t '=0. The
calculation period for the beyond-regulatory time (the
extension period) is ¢ 'yue = Tynorm = 15 — 20 (See Figure 4).

NPV
\
\
\
\

thom

t,years

Fig. 4. Assumption of a calculation period for different measures.

3. Economic evaluation of the measure involving
transformer overhaul repair (NPV5;).

Major overhaul of transformers allows removing the
revealed defects most full and qualitatively. At major overhaul
probably restoration or even replacement of isolation of
windings. Cost of major overhaul depends on volume of made
works and is within the limits of (40-70) % from cost of the
new transformer. The amount of works at major overhaul is
installed by the customer after detailed inspection of the
transformer and corrected after the survey of internal units.
The big influence on initial expenses is rendered with the
works spent with magnetic system and windings (repair or
replacement). Total capital investments K,y for the given
action can include following components in the initial moment
of the settlement period: cost of repair of the transformer K, ,
cost of it transportation a manufacturer and back up to an
installation site K, as major overhaul is usually made at a
factory. Another components of NPV; are given in Tab.1.

4. Economic evaluation of the measure involving
replacement of voltage regulation devices (NPV4).

Malfunctions of devices of regulation of a voltage under
loading (RVUL) are the reason approximately 30 % of
emergency switching-off of transformers. Thus, damage of
switching devices is fixed as a rule, on transformers with for
operating time more than 20 years. Half from these switching-
off is connected with refusals of drives of devices RVUL.
Other switching-off is connected with malfunctions of directly
switches of steps. Among the reasons of such infringements of
working capacity, basically, are noted: oxidation of contacts in
a zone of seldom included branches, burning contacts,
infringement of tightness of the built in switches. Replacement
or modernization of a drive of the switch is technically simple
measure and can be realized with small expenses, unlike full
replacement of unit of the switch of adjusting windings.
Another components of NPV, are given in Tab.1.

5. Economic evaluation of the measure involving
upgrade of a transformer's high-voltage bushings (NPVs)
replacement or regenerations of oil (NPV;), installation of
system of monitoring (NPV5).
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Practically a third of failures of power transformers are
caused by damages of high-voltage bushings. These failures
can lead to heavy consequences: to damages of transformers,
explosions, fires, technical and functional refusals of the
equipment. New bushings can be installed on earlier released
types of transformers as they correspond to the not tight
bushings taken off from manufacture on the connecting sizes
and length of the bottom part. For this measure the estimation
on particular model (NPV;) with replacement or
modernization of high-voltage bushings was spent.

For the transformers with service life more than 15 years
are characteristic of a deposit which conducts to deterioration
of internal isolation of the transformer. To prevent this process
probably spending replacement of oil or its regeneration. It is
necessary to note that full replacement of oil gives more
palpable results, than regeneration of old oil. For this measure
the estimation on particular model (NPV;) with replacement of
oil was spent.

The condition of some transformers demands the
continuous control. The decision of this task will be helped by
installation of systems of continuous monitoring. On this
measure the estimation on particular model (NPV;) for two
various systems of monitoring with different quantity of
controllable parameters was spent.

For specified above measures on particular mathematical
models estimated calculations are lead. The offered methods
take place approbation in the Latvian Power Company
(Latvenergo).

Components of NPVs, NPV, and NPV are given in Tab.1.
Comparison of the calculation results for different technical
measures n=1-6 involving 110 kV 32 MVA transformer is
shown in Fig. 5.

NPV dazadiem tehniskiem pasakumiem.

800.00
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400.00

200.00

NPV (tikst. EUR)

-200.00

-400.00

-600.00
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59 _10g 159 50
——NPV6_10g —+—NPV6 155 —#— NPV3 15

‘ —+—NPV5_15g

Fig. 5. Comparison of different technical measures available for 110 kV 32
MVA transformers.

For the comparison calculations of the following objective
functions were used: NPV; — purchase of a new transformer,
NPV; - transformer overhaul, NPV, — upgrade of the voltage
regulation equipment, NPV; — replacement of high-voltage
bushings, NPV — recovery or replacement of insulation oil.

The comparison of different technical measures shows that ones
for prolongation of the transformer service life have short-term
economic effect at the beginning of the extended life of the
transformer, until it is replaced by a new one because later the
transformer price is going to increase due to inflation.
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VI. CONCLUSION [4] N.Breners, S.Guseva, N.Skobeleva. The analysis of measures on
modernization of the transformer equipment // Energétika un
elektrotehnika, Power and Electrical Engineering, 4. vol, Nr. 23, — Riga:

1. Comprehensive method for selection of the measures

aimed at improvement of the transformer fleet operational RTU, 2008, Latvia, p.74 -81
reliability was developed. The method includes technical  [5] E.Lakervi, E.J.Holmes. Elektricity distribution network design. 2 nd
and economic analysis of each measure. Edition. Peter Peregrinus, 1996, 325 p.

2. The developed generalized technical and mathematical [6] Z.Krisans, I. Oleinikova. Elektroenerggtisko uznémumu vadibas pamati.
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measures and the corresponding objective function makes
it possible to quantitatively evaluate NPV and efficiency Nikolay Breners received
of the respective measure. B. Sc.., Mg..Sc.Ing. degree at Riga
3. For evaluation of the technical measures total discounted ggggngflgcml‘:rsgz 9::?5312102? ;%‘[ij
annual costs through the whole life cycle should be used His r;:sea'rch'incflgl'lde %eliability of '
with the maximum NPV value as optimum criterion. electrotechnical equipments’ functioning
4. The developed method is applicable for evaluation of in Power Systems.
replacement and upgrade of various electrical equipment. Riga Technical University, Power Engineering
5. The offered method provides a means for a more rational
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Nikolajs Breners, Natalja Skobeleva. Matematiskie modeli spéka transformatoru modernizé$anas pasakumu ekonomiskai novértesanai. 5

P&dgjos gados daudzu attistitu valstu energétiskas kompanijas ir aktuala probléma saistita ar transformatoru aprikojuma masveida novecoSanu. Si situacija
pazemina elektroenergijas patérétaju elektroapgades drosumu. Sis problémas radikalais atrisinajums, kas uzlabo transformatoru parka kopgju tehnisko stavokli, ir
morali un fiziski novecojusa aprikojuma aizstaSana pret jaunu ar miisdienas atbilstoSiem tehniskajiem raksturojumiem. Sis cel§ pieprasa realizacijai lielas
investicijas. FinanSu Iidzeklu deficita apstaklos daudzds energosistémas mekI& pan@mienus transformatoru reala kalpoSanas laika pagarindjumam virs
normativam. ST virziena energouznémumu tehniskaja politika prasa realizacijai relativi nelielas investicijas sakumu laika momenta, saglaba iesp&ju turpinat
transformatoru ekspluataciju un uz kadu laiku atlikt jautajuma par aprikojuma aizstasanu.

Transformatoru dzives ilguma pagarinajuma iesp&ja dibinajas uz spéka transformatora Ipatnibas: tas viens no energetiska aprikojuma pasiem uzticamakajiem un
ekonomiskajiem veidiem. Transformatoru ekspluatacijas pieredze attistitu valstu energosistemas apstiprina, ka reals dzives ilgums 30 % - 60% ekspluatéjamiem
transformatoriem parsniedz normativu. Bez tam, ekspluatacijas termina laika speku transformatori reali strada, ar slodzém zemak nominalajiem, kas lauj saglabat
aprikojuma labus tehniskos parametrus. Transformatoru ekspluatacijas ilguma pagarindgjumu virs normativajam terminam var nodro§inat péc modernizacijas
pasakumiem. Tehniski-ekonomisko pasakumu analize transformatoru modernizacijai un funkcioné$anas droSuma paaugstindjumam ir iesp&jams izpildit
piedavata visparinata matematiska modela bazé. Meérka funkcijai ir pienemtas summaras diskontétas izmaksas lietotajiem uz pasakuma realizaciju un
transformatora ekspluataciju nakama perioda ievérojot ienakumus no elektroenergijas realizacijas. Mérku funkcijas sastavdalu konkretizacija Jauj iegut atseviskas
merku funkcijas konkretiem pasakumiem.Tas Jauj novertét konkrétu pasakumu lietderigumu un efektivitati transformatoru aprikojuma funkciong$anas drosuma
paaugstinajumam.

Hukonaii Bpenep, Haranbsi CkobejeBa. MaremaTHyeckue MOJeJH /I SKOHOMHYECKOH OLEHKH MepONPHUATHH MO MOJEPHH3ALMHM CHJIOBBIX
TpaHcdopmMaTopoB.

B mocnenuue roapl npobieMa MaccoBOTrO CTapeHHst TpaHcHOopMaTOpPHOTro 0OOpyIOBAaHMS aKTyallbHA A MHOTHX JHEPreTHYCCKHX KOMIIAHHN Pa3BHTHIX CTPaH.
Crapenusi TpaHCOpMAaTOPHOrO OOOPYIOBAHHUS CHIDKAET HAJIEKHOCTH JJIEKTPOCHAOKEHHs MOTPEOHMTENCH AIIEKTPOIHEPrUd. PaJuKambHBIM pEIICHUEM IS
YIy4IIeHHs OOLIEro TEXHUYECKOT0 COCTOSHMS TPaHCHOPMATOPHOrO Mapka SIBISETCS 3aMEeHa MOPANbHO M (DM3HMYECKH YCTapeBIIEro 00OpYIOBaHHS HOBBIM C
COBPEMEHHBIMH TEXHUYECKHMH XapaKTEPUCTHKAMHU. DTOT MyTh TpeOyeT Iyl CBOSW pealM3aliy KPyNHbIX UHBECTULHMI. B ycnoBusx aepuunta GHUHAHCOBBIX
CpPEICTB BO MHOTHX YHEPrOCHCTEMaX BEAETCSI MOUCK BAPUAHTOB JUTS MPOJJICHHS PEATIbHOTO CPOKa CIy»KOBI TpaHC(HOPMATOPOB CBEPX HOPMATHBHOTO.

Takoe HanpaBJIeHHE B TEXHUYECKON MOJIUTUKE YHEPTONPEANPHUATHI TpeOyeT OTHOCUTENBFHO HEOOJIbIINX HHBECTHUIMI B HAYAJIbHBIH MOMEHT BPEMEHH, TI03BOJISIET
MPOAOJDKHUTH IKCILTyaTALMIO YCTAHOBICHHBIX TPAHC(HOPMATOPOB U OTOABHUHYTH Ha HEKOTOPOE BPEMs pellieHHe BONPOCa O 3aMeHe 000pyI0BaHHMSL.

Bo03MOXXHOCTh NPOJUICHUS] CPOKa JKH3HU TPAHCHOPMATOPOB OCHOBBIBACTCS HA HANSKHOCTH M SKOHOMHYHOCTH JHEPreTHYecKoro obopypoBaHus. OmbIT
JKCIUTyaTallid TpaHC(HOPMATOPOB B IHEPrOCHCTEMaX Ppa3BUTBIX CTPAaH IOATBEPXKIACT, YTO peayibHbI Cpok ku3Hu 30 % - 60%  SKCIUTyaTHPYEMbIX
TpaHCOPMATOPOB MPEBBIIIAET HOPMATUBHBIA. Kpome TOro, B Te4eHHe CpoKa IKCIUTyaTallid CHIIOBbIE TPaHC(HOPMATOPBI PAOOTAIOT, KaK MPABUIIO, C PEATIbHBIMU
Harpy3KaMu HH)KE HOMHHAJIBHBIX, YTO [MO3BOJISICT COXPAHHUTh XOPOIINE TEXHHYECKUE MapaMeTpbl 000pyaoBanus. [IpojsieHie cpoka CiyKO0bl MOXKHO 00eCIICUHTh
MPOBEJCHUEM MEPONPUATHH 1O MOJEPHHM3ALMU TPAHCHOPMATOPHOrO 00OPYNOBaHMS. TEXHUKO-DKOHOMUYECKHH aHAIN3 MEPONPHATHH MO MOJAEPHHM3ALMU U
MOBBIIICHHIO HAJCKHOCTH (DYHKIMOHUPOBaHHs TPAHCPOPMATOPHOrO OOOPYJIOBAHUS, BO3MOXKHO BBIIIOJHUTh Ha 0a3e pa3paboTaHHONH 00O0OIICHHON
MaTeMaTHYecKoil Mojenu. B xauecTBe LeneBoil GpyHKIMM NPUHATHI CyMMapHbIE JUCKOHTHPOBAHHBIE 3aTPAThl MOJb30BATENS HA PEANU3ALUI0 MEPONPUATHS U
MOCJICAYIOUIMI TIEPUOI IKCIUTyaTal[Md TpaHC(opMaTopa ¢ y4eToM J0XO0Ja OT peald3aluy IepeaaBaeMoil 31eKTpodHepriur. KOHKpeTH3alust COCTaBIISIOIIMX
LeNIeBOi (DYHKIMU MO3BOJISIET MOJIYYUTh YAaCTHBIC LEJIeBble (YHKIMH AJS OTACNBHBIX MEPONPUSTHIH. DTO MO3BOJISET OLEHUTh 3((PEKTUBHOCTH KOHKPETHBIX
MEPOIPUATHII 1O MOBBILICHUIO HAJISKHOCTH (DYHKIIMOHUPOBaHMS TPAHC(HOPMATOPHOTO 0OOPYLOBAHHSI.
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