UDC 621.316 https://doi.org/10.29202/nvngu/2019-6/24

Kharkiv Petro Vasylenko National Technical University of Ag-
riculture, Kharkiv, Ukraine, e-mail: omiroshnyk@ukr.net

I. Trunova, Cand. Sc. (Tech.), Assoc. Prof.,
orcid.org/0000-0001-7510-4291,

O. Miroshnyk, Dr. Sc. (Tech.), Prof.,
orcid.org/0000-0001-8745-9903,

0. Savchenko, Cand. Sc. (Tech.), Assoc. Prof.,
orcid.org/0000-0002-6401-0852,

0. Moroz, Dr. Sc. (Tech.), Prof.,
orcid.org/0000-0002-8520-9211

THE PERFECTION OF MOTIVATIONAL MODEL FOR IMPROVEMENT
OF POWER SUPPLY QUALITY WITH USING THE ONE-WAY ANALYSIS
OF VARIANCE

Purpose. Perfection of motivational mathematical model for improvement of power supply quality with using of the one-way
Analysis of Variance for realization in system of automated management of the regulated company for power distribution.

Methodology. A one-way Analysis of Variance of the SAIDI data of reports of subdivisions of the regulated company for
power distribution for estimation of the importance of influence of these subdivisions on power supply continuity is applied.

Findings. We have the generalized and adjusted ratios, which allow determining the factor of stimulation of achievement of the
best results of activity on power supply continuousness with subdivisions of the regulated company for power distribution. The
incentive scheme for improving these subdivisions for power distribution is improved. Key indicators of power supply quality for
annual estimation of results of activity of subdivisions of regulated companies for power transfer and power supply are determined.

Originality. A motivational mathematical model of amelioration of power supply quality by generalization and accurate defini-
tion of formulas for calculation of the factor of stimulation of achievement of the best results of activity of subdivisions of the regu-
lated company is improved.

Practical value. The improvement of the motivational model of amelioration of power supply quality will allow using it more

effectively in the automated management system of the regulated company for power distribution.
Keywords: one-way variance analysis, motivational mathematical model, power supply quality

Introduction. The implementation of an incentive scheme
for maintaining or improving general continuity levels was one
of recommendations of the Council of European Electricity
Regulators (CEER) that were submitted in 5" benchmarking
report [1] in 2011.

Many European countries already have systems for regu-
lating the quality of power supply, which are based on the in-
teraction of three process participants: Regulator, Regulated
Company (RC) and Power Consumers.

As noted in the 6th benchmarking report CEER about the
quality of power and gas supply [2] systems for regulating the
power supply quality function based on:

- fixation of power supply continuity;

- maintenance and increase in the overall levels of power
supply continuity through investment decisions;

- compensation to Consumers for discrepancy of guaran-
teed minimum quality standards for power supply.

Also the review of use of incentives systems for the RC in
the European countries on the basis of key reliability metrics is
considered in [2].

Key reliability metrics are indicated in IEEE Std. 1366
Trial-Use Guide for Electric Power Distribution Reliability
Indices. First of all, this is a System Average Interruption Du-
ration Index (SAIDI).

A motivational model for RC distribution subdivisions is
also needed to improve the quality of power supply. It should
take into account the possible impact of the unit on the conti-
nuity of power supply, due to systemic shortcomings of the
distribution networks maintenance. It should also take into ac-
count other key metrics of service quality — voltage quality
(VQ) and commercial quality.

Literature review. As noted in [3] a system of quality man-
agement of power supply is implemented in Ukraine, using the
experience of many countries of the world.

Under the Law of Ukraine “On the market of electric en-
ergy” [4] Regulator — the National Commission which is car-
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rying out state Regulation in spheres of Power and Municipal
Services (NCRPMS), defines the parameters of power supply
quality with regard to a level of power supply continuity, of
commercial quality of services on transfer, distribution and
power supply, and also of VQ.

Regulator approves their rate; defines the order and the
rate of compensation to Consumers for discrepancy of guaran-
teed minimum quality standards for power supply.

The procedure of compensation to Consumers through
discrepancy of the guaranteed standards of the commercial
quality has been in effect since 2016 according to NCRPMS
Resolution No. 1841 dated August 10, 2016. Today this proce-
dure is further developed by the Resolution of the NCRPMS
No. 375 dated June 12, 2018 [5]. This motivates the general RC
on the transmission, distribution and supply of power to im-
prove the service quality.

Regulator introduces Rate Asset Base Tariff Regulation
(RAB) in Ukraine. The RAB provides motivation of achieve-
ment of target parameters of continuous supply of qualitative
electric energy. These components have technical aspects.
Continuous supply and VQ depend on maintenance quality of
distributive networks equipment first of all.

As investigated by L. Bertling, R. Allan, and R. Eriksson in
[6], the service quality of power equipment for power supply
systems has a direct impact on the reliability indices of power
supply. The VQ depends to a large extent on the technical state
of distribution networks as well.

Recommendations on the methodology for evaluating the
results of work of divisions and individual specialists of the RC
to motivate the improvement of a power supply quality using
easy algorithms in an accessible interface, for example, in Mi-
crosoft Excel spreadsheets, or using automated control sys-
tems, were provided at the 3rd International IEEE Conference
From Intellectual Power and Power Systems by Mirosh-
nyk O.O., Savchenko O.A. and Trunova I. M. [7].

Unsolved aspects of the problem. The incentive schemes for
improving power supply quality based on one-way Analysis of
Variance (ANOVA) of database of SAIDI values from subdivi-
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sions of RC [3, 7] need improvement and development in the
direction of expanding the list of key indicators for the annual
evaluation of the specialists’ activity results in RC subdivisions
not only for distribution, but also for the transmission and
supply of power, taking into account the provisions and re-
quirements of the latest normative documents, in particular,
Regulation No.374 dated December 12, 2018 [8]. It is also
necessary to generalize and clarify the formulas of motivation-
al mathematical model for improvement of power supply qual-
ity provided by acceptance of a hypothesis that subdivision of
RC is the influencing factor on the SAIDI.

Purpose. The purpose of the work is to generalize and clar-
ify the formulas of motivational mathematical model for im-
provement of a power supply quality provided by acceptance of
a hypothesis that subdivision of RC is the factor influencing
the SAIDI.

It is to determine the list of key indicators for the annual
evaluation of the specialist’s activity results in subdivisions of
RC for distribution, transmission and supply of power. It will
contribute to the achievement of the strategic goal as improve-
ment of a quality of power supply.

Results. According to [8], quarterly, Ukraine’s RC reports
to NCRPMS according to No. 11-NCRPMS form about the
main indices of power supply continuity (SAIDI — System Av-
erage Interruption Duration Index, SAIFI - System Average
Interruption Frequency Index, ENS — Energy Not Supplied,
etc.), reports by No. 12-NCRPMS-distribution form and No.
12-NCRPMS-supply form (about commercial quality).

Annually, the RC reports to NCRPMS by No.
12-NCRPMS-transmission form (“Report on indices of com-
mercial service quality of power transmission”), No.
13-NCRPMS form “Report on reliability (continuity) indices
of power transmission” and No.14-NCRPMS form (“Report
on elimination of the reasons for unsatisfactory voltage quality
for complaints of consumers”).

Each RC has subdivisions RC,;, RC,, RC;, ..., RC,, that
provide their reporting data, and then form general reporting
to the Regulator for the above reporting forms.

If to consider, for example, RC for power distribution (it is
Distribution System Operator), then the reports of RC territo-
rial subdivisions (RC,, RC,, RC;, ..., RC,) allow analyzing the
database of service quality indices: data on performance of
guaranteed standards of service quality; reliability (continuity)
indices SAIDI, SAIFI, ENS, etc.

In order to identify the disadvantages of maintenance of
distribution networks, the analysis of SAIDI database enables
to appreciate the quickness of elimination of the equipment
failure, first of all. It is influenced by qualification and quan-
tity of the repair personnel, provision of spare parts and con-
sumables, etc.

The analysis of the SAIFI database enables to appreciate
the quality of previous service (quality of the analysis of tech-
nical condition of distributive networks, timeliness and com-
pleteness of maintenance, repair, rehabilitation, moderniza-
tions of distributive networks, etc.).

The database analysis of other indicators, for example,
ENS allows us to assess, in particular, how well the power sup-
ply system is designed in terms of the reliability for the most
powerful consumers.

However, first of all, analysis of data for each of the RC
subdivisions should identify whether RC subdivisions are in-
fluencing factors for this indices or not in order to create an
effective incentive scheme for improving the service quality.

For example, if RC subdivisions are not factors influencing
the SAIDI, then analysis allows determining RC subdivisions
with the largest or least SAIDI values, it does not depend on
the quality of maintenance of distribution networks by these
subdivisions. In this case the largest SAIDI values are caused
by influence, for example, abnormal weather conditions, etc.

If RC subdivisions are factors influencing the SAIDI, then
the RC(-s) with the largest SAIDI values is (are) subdivision (-s)

with poor quality of maintenance of distributive networks (as the
major factor of influence on power supply continuity) and sys-
temic shortcomings in the work. In this case, further in-depth
analysis of the reasons for this is necessary to develop measures
to improve the service quality and, accordingly, the reliability of
power supply. At the same time, it is desirable to use available
computer analysis tools, such as the one-way Analysis of Vari-
ance from the Microsoft Excel Analysis Package.

The ANOVA is a method of mathematical statistics that
allows one to find the significance of differences in mean val-
ues in the database. Unlike t-test, the ANOVA allows compar-
ing the mean values of more than two groups of data. Accord-
ing to David M. Diez, Christopher D. Barr, Mine Cetinkaya-
Rundel [9] the ANOVA is suited to a wide range of practical
problems. It is conceptually similar to multiple two-sample t-
tests, but results in less type I error.

Analysis of the possibility of using the ANOVA from the
Microsoft Excel Analysis Package to identify the RC subdivi-
sions for power distribution, which has systemic shortcomings
of the distribution networks maintenance has been done in [7].
The factor in the ANOVA is an independent variable that
should be categorical. The independent variable is RC subdi-
visions — RC, (n =1, ... m; m = 8 in this example). Influence of
factor RC, on a dependent metric variable is investigated.

The reasons of breaks in power supply of consumers are
quarterly analyzed according to the recommendations of regula-
tory service documents (for example, the standard
40.1.20.576:2005 [10]). Among them there can be defects of in-
stallation, defects of repair, changing properties of materials, un-
timely carrying out of service, etc. At the same time, a database of
the reasons of breaks in power supply of consumers is created as
well. A conclusion about which RC, has systemic shortcomings
of the networks service can be made on database of several re-
ports. However, the authenticity of these data is significantly in-
fluenced by the subjective factor (qualification of staff, which
evaluates the reasons for breaks in power supply, honesty, etc.).

In [7] it is proposed to use the reliability indices (SAIDI
and (or) SAIFI) to determine the significance of the influence
of a RC subdivision on the continuity of power supply. These
indices can be fixed and calculated automatically, creating a
database for reporting of power energy distribution RC (No.11-
NCRPMS form) and for its using in one-way ANOVA.

Since currently the Regulator sets target indices for SAIDI
for the continuity of power supply, the example with depen-
dent variable of the SAIDI was considered.

The target indices for the SAIDI are calculated based on
actual SAIDI values for three years. So, it is possible to recom-
mend the use of the one-way ANOVA for analysis of quarterly
RC subdivisions’ report database in the past three years.

However, in [7] a conditional example was considered with
SAIDI database out of quarterly RC subdivisions’ reports for
one year; the results of the one-way ANOVA for quarterly
SAIDI data of eight RC subdivisions are cited in Tables 1 and 2.

This is an example with acceptance of hypothesis that an
RC subdivision is the factor influencing the SAIDI.

Also, the results of one-way ANOVA showed that the dif-
ference in the data is significant (Tables 1, 2). Such a conclu-
sion was made, since the probability of taking the null hypoth-
esis is small (P-value is 0.0037, which is less than the signifi-
cance level) and according to check of Fisher’s statistics of
testifies: F> F,,; (4.22 >2.42).

The result is significant if F'>F,,,, since this indicates a sig-
nificant difference between the mean values in groups.

Accordingly, it is the opportunity to draw a conclusion that
in RC subdivisions with the greatest average SAIDI value for a
year, there is a poor quality of maintenance of distributive net-
works (as the major factor of influence on power supply conti-
nuity) and systemic shortcomings in the work.

Monitoring and expansionary action of achievement of
the best results of activity of companies divisions and workers
for improvement of power supply quality is used.
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Table 1 Table 3
One-way Anova (summary) Determination of the coefficient x; by rating
SUMMARY RC; Rank of RC; (1) SAIDI X,
Groups Count Sum Average Variance RCq 1 83 1.00
Rows 1 4 930 232 10 653 RCq 2 182 0.85
Rows 2 4 1261 315 16 679 RC, 3 232 0.70
RC;s 4 235 0.55
Rows 3 4 1059 265 5048
RGC; 5 265 0.40
Rows 4 4 1886 472 29 584 RC, 6 315 0.25
Rows 5 4 940 235 16 888 RC, 7 377 0.10
Rows 6 4 333 83 8140 RC, 8 472 0.00
Rows 7 4 1508 377 6669
Rows 8 4 730 182 14077
X, =1, r=1
X, =0, r=m
Table 2 , 3)
. . X.=(X,,-Y), r=2,.m-1)
Analysis of variance
Y =1/(m-1)
Source of Between Within . i .
Variance Groups Groups Total where Yis the step of reducing the share of the basic salary B
(it is used to calculate the annual premium).
S8 EcZhia 323213 2L However, the motivational model should also take into ac-
df 7 24 31 count possibility of applying penalties in the case where SAIDI
MS 56 778 13 467 - values are significantly higher than normal. The norm is the
F 4.22 _ _ target indicator, which is calculated and adjusted by the Regu-
lator to each RC for distributing power energy annually.
P-value 0.0037 — — . .
- In accordance, we offer condition (3) to present in such a
F crit 242 - - generalized form

This practice began to be introduced in the RC. For ex-
ample, the Distribution System Operator of DTEK, Dnipro
Power Networks applies Key Performance Indicators (KPI)
for the annual evaluation of the results of the activity of the
employees. It is an estimation system which helps distributive
companies to achieve the strategic purposes (in particular, im-
provement of power supply quality).

Usually, the system of money incentives for employees on the
basis of KPI is created. For example, annual bonus (4B) for man-
agement of PC; can be defined by using the following formula

k
AB, —X,-B-Z(KPIj-I’j)/IOO, (1)

Jj=1

where B is the base official salary; P;is specific weight of the jih
KPI; X; is the factor for PC; which defines which part of the
base official salary B is used for calculation of annual bonus
AB. Itisthe incentive factor for achieving the best performance
of the RC subdivisions for the transmission, distribution or
supply of power energy.

In the example, which was considered in [7], it was pro-
posed in case of acceptance of the hypothesis that an RC sub-
division is the factor influencing the SAIDI, to choose the
coefficient X; according to rank of PC; r (r = 1, ..., m) in the
rating (in this case X;= X,).

The highest rating has RC; with the least average SAIDI. For
the example, in question, RS¢ has the highest rating (Table 3).

Such conditions in Table 3 for choice X according to rank
of RC;in the rating are realized

X, =1, r=1
X, =0, r=m s 2)
X, =(X,,-0.15), r=(2,...,m-1)

where X, is the factor for PC;, which is determined by the rat-
ing of PC,.
The generalized conditions (2) in [7] are represented as

X =L, r=1

X, =K, r=m

X.=(X,,-Y), r=2,.m-1)|’ “)
Y =1/(m-1)

where L is the share of the basic salary B (it is used to calculate
the maximum annual bonus); K is the coefficient that deter-
mines the method of motivation to achieve better results of
performance (K > 0 — in the case where no penalties are ap-
plied; K< 0 — in the case where penalties are applied).

At that, the limit, when it is necessary to apply penalties,
can be determined in the RC, for example, on the basis of the
marginal value of the excess of the average SAIDI.

Another approach is definition of factor X; proportionally to
the SAIDI value. It is recommended in cases when it is impos-
sible to accept a hypothesis about PC; as a factor influencing the
SAIDI. If that is the case, then in [7] definition of factor X (in
this case X;= X,) is offered with realization of such conditions

X,=L, SAIDI, =SAIDI

SAIDI
X =|Xx ———r |

» =l m
D SAIDI,

p=1

pmin

p=Q2,..m)¢, (5)

where X, is the factor for PC;, which is determined proportion-
ally to the SAIDI.

The example of definition of factor X; proportionally to the
SAIDI in Table 4 for L = 1 is presented.

Analysis of the data in Tables 3 and 4 shows that with equal
output data, the choice of factor Xi according to rank gives, as
a result, lower values of the X; factor compared to the values
that were calculated in proportion to the SAIDI. It happens
even in the case where no penalties are applied (K= 0).

We also suggest using the average SAIDI as one of the key
indicators of the performance of the management of the RC
subdivision for the power distribution.
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Table 4
Definition of factor x; proportionally to the SAIDI

RC, SAIDI, Xp
RC¢ 83 1.00
RCq 182 0.92
RC, 232 0.81
RC, 235 0.70
RC, 265 0.58
RC, 315 0.43
RC, 377 0.26
RC, 472 0.04
Table 5
The KPI matrix
Key Specific Factors for KPI KPIi,
indicator weight (P) | Norm | Target | Fact %
K1 0.8 320 300 377 85
K2 0.1 2.5 0 2 125
K3 0.05 4 0 4 100
K4 0.05 2 0 2 100
Coeflicient of effectiveness (> (KPI, - P 90

For example, Table 5 presents the results of calculating the
performance coefficient for RC;, where the first key indicator
(K1) is the SAIDI.

Other indicators are also used in the KPI matrix. For ex-
ample, in Table 5 (KPI matrix for calculating the efficiency
coefficient of the RC subdivisions for the power distribution),
the key indicators are given: K; — the mean SAIDI, min. (from
the database from the RC subdivisions for reporting by No.
11-NCRPMS form); K, — the percentage of services in the list
of guaranteed standards, the execution time of which exceeded
the established time limits, for example, the service delivery of
distribution point passport by Distribution system operator

within 10 business days from the date of receiving the corre-
sponding request of the consumer, % (the database from the
RC subdivisions for reporting by No.12-NCRPMS — distribu-
tion form); K; — the number of VQ complaints found to be
reasonable from the database from the RC subdivisions for
reporting by No.14-NCRPMS form, pcs.; Ky — the number of
VQ complaints that remained unresolved at the end of the re-
porting year from the database of the RC subdivisions for re-
porting by No.14-NCRPMS form, pcs.

The aim for K is the target indicators of the power supply
quality for the urban (rural) territory. They are set by the Regu-
lator (according to [11] for urban areas — 150 minutes, for rural
areas — 300 minutes). The RC should achieve target indicators
in the course of 8 years of stimulating regulation action.

The norm for K is the targets that are calculated for each
year and are approved by the NCRPMS regulations for each
RC (taking into account the average actual values of the SAIDI
of this RC for the last three reporting years).

Key indicators K,, K3, K, should aim to 0, and the norm
can be determined in the RC based on actual data and long-
term aims.

A conditional example is considered, since the number of
key performance indicators is usually much higher and takes
into account not only the indicators relating to the reliability of
power supply and VQ.

Consider an example of the proposed motivation mathe-
matical model for improving the quality of power supply. We
get by f (1) for PC, according to Tables 3—5:

- in case of acceptance of the hypothesis that an RC subdi-
vision is the factor influencing the SAIDI (as a result of the
one-way ANOVA)

90
AB;=0.1-B-—=0.09- B,
7 100 (6)

that is, the annual prize of the management staff of REM7 (di-
rector, deputy director and chief engineer) will be 9 % of the
basic salary;

- in case of not accepting the hypothesis that an RC subdi-
vision is the factor influencing the SAIDI (as a result of the
one-way ANOVA)

90
AB;=0.26-B-——=0.234- B,
7 100 ™)

Creating a database

NCRPMS form

for reporting by No. 11- ——

Creating a database
for reporting by No. 12-NCRPMS —
distribution form
and No. 14-NCRPMS form

|

’ Creating SAIDI database

|

’ ANOVA ‘

—4 Creating KPI database

—

RC subdivision is RC subdivision is
the factor influencing not the factor influencing
the SAIDI the SAIDI
| |
Calculation of X; Calculation of X;
according proportionally
to rank of PC; to the SAIDI

| |

Determination of efficiency of the PC subdivision with the appropriate stimulation

Fig. A scheme of stimulating PC subdivisions for the distribution of electricity energy for improvement of the power supply quality
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that is, the annual prize of the management staff of REM7 (di-
rector, deputy director and chief engineer) will be 23.4 % of
the basic salary.

As you can see, the practical application of the proposed
motivation mathematical model can stimulate the PC to im-
prove the quality of power supply. At the same time, if a subdi-
vision of the PC is an influential factor for the quality of power
supply, then the stimulation is more significant.

The proposed motivational mathematical model based on
the one-way dispersion analysis is used in the improved scheme
of stimulating of PC subdivisions for the distribution of elec-
tricity energy to improvement of the quality of power supply, is
shown in Figure, where the ANOVA is an abbreviation created
by the words Analysis Of Variance (dispersion analysis).

Data of reporting forms of PC subdivisions can be used as
key indicators in the scheme of stimulation of RC subdivisions
for distribution of power energy to improve the power supply
quality (as one of the components of achieving the best perfor-
mance), for example:

- No. 11-NCRPMS form (reliability indices: SAIDI,
SAIFI, ENS etc.; completeness index, correctness index and
accuracy index of reporting data);

- No. 12-NCRPMS-distribution form (percentage of ser-
vices in the list of guaranteed standards, the execution time of
which exceeded the established time; index of completeness of
registration of services, etc.);

- No. 14-NCRPMS form (the number of complaints
about VQ, acknowledged to be justified, pcs, the number of
complaints about VQ, remaining unsolved at the end of the
reporting year, etc.).

In order to achieve the strategic aim of improving the qual-
ity of power supply, in the RC for the transmission of electricity
energy, the following key indicators that are included in the da-
tabase for completing of No. 13-NCRPMS form can be used:

- ENS (Energy Not Supplied for users of the transmission
system);

- AIT (Average Interruption Time).

In turn, the RC for the supply of power energy can use as a
key indicator of the effectiveness of subdivisions performance
indicators included in the database to fill No. 12-NCRPMS-
supply form of reporting, in particular, the percentage of ser-
vices in the list of guaranteed standards, the execution time of
which exceeded the established time frame.

Conclusions.

1. The motivational mathematical model for improving the
power supply quality is perfected by generalizing and clarifying
the formulas to determine the incentive factor for achieving
the best performance of the RC subdivisions for distribution of
power supply X, by subdivision rating (in case of acceptance of
the hypothesis that an RC subdivision is the factor influencing
the SAIDI as a result of the one-way ANOVA).

2. The list of key indicators for the annual evaluation of the
specialist’s activity results in subdivisions of RC for distribu-
tion of power energy renewed taking into account the require-
ments of the latest regulatory documents.

3. The proposed motivational mathematical model for im-
proving the power supply quality can be used in the incentive
scheme for achievement of the best performance of the PC
subdivisions for the power energy distribution in full or in part.

Only results of the one-way ANOVA of database can be
used to determine the incentive factor for achieving the best
performance of the RC subdivisions for distribution of power
supply X;. Or only the SAIDI can be used as KPI without ap-
plication of the ANOVA.

4. The improved incentive scheme on the basis of the given
mathematical model for maintaining or improving power sup-
ply quality can be realized both in the accessible interface, for
example, Microsoft Excel, and in the automated control sys-
tem of the distributive company.

5. The list of key indicators for the annual evaluation of the
specialist’s activity results in subdivisions of RC for transmis-

sion and supply of electricity energy is determined, which will
contribute to the achievement of the strategic aim of improv-
ing the quality of power supply.

The ANOVA can be used to determine the RC subdivi-
sions for the electrical energy transmission or power supply
which influence the indicators of power supply quality.
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XapKiBCbKUI HalliOHAIbHUN TEXHIYHWI YHiBEpCUTET CiJib-
cbKkoro rocnonapctsa iMeHi Iletpa Bacunenka, m. Xapkis,
YkpaiHa, e-mail: omiroshnyk@ukr.net

Meta. YaocKoHaJleHHsST MOTHMBALiIMHOI MaTeMaTUYHOI
MOJIeJTi TTOKpAaIleHHSI STKOCTi €JIEKTPOTIOCTaYaHHS 3 BAKOPHC-
TaHHSM OTHOMAKTOPHOTO MUCIIEPCIMHOTO aHai3y ISl pea-
Jli3alii B CUCTeMi aBTOMaTU30BaHOTO KEPYBaHHS PEryJjiboBa-
HOIO KOMITaHI€10 3 PO3MOIITY €JIeKTPUYHOI €Heprii.

Metoauka. BukopucTtoByeTbcsl ONHO(MAKTOPHUI IUC-
nepciiiHuit aHai3 6a3u gaHux ingexkciB SAIDI 3i 3BiTiB min-
PO3/IiJIiB PeryboBaHOI KOMIIaHil 3 PO3IMOALTY eJeKTPUUHOL
eHeprii 1J1g OLiHIOBAaHHS 3HAYUMOCTI BIUIMBY LIMX MiIpO3/1i-
JIiB Ha 0€3MepepBHICTb eJIEKTPOITOCTaYaHHSI.

Pesymbrat. OTpriMaHi y3arajbHeHi Ta YTOYHEHi po3pa-
XYHKOBI CITiBBiIHOILIEHHSI, 1110 JO3BOJISIIOTh BU3HAYUTHU Koei-
LIEHT CTUMYJTIOBAHHS IOCSATHEHHSI KPALLMX pe3yJIbTaTIB JislIb-
HOCTI i3 3a0e3revyeHHs1 06e3MepepBHOCTI €eKTPOIOCTaYaHHS
MiIpo3aijlaMy peryJibOBaHOI KOMITaHil 3 PO3ITOIiIY eJIeKTpUd-
HOI eHepril. Y10cKoHajeHa cxeMa CTUMYJIIOBaHHST LIX ITiApo3-
JIJTiB 10 TTIOKPAILEHHS SIKOCTI eJiIeKTporiocTayaHHs. BuzHaueHi
KJTIOYOBI TTOKA3HUKU SIKOCTi eJIeKTPOTIOCTaYaHHsI JUTSI TIIOPiv-
HOI OLIIHKM Pe3yJIbTaTiB AisSZIbHOCTI MiAPO3/iJIiB peryibOBaHUX
KOMIIaHil 3 nepenadi il mocTayaHHS eJIEKTPUYHOI €Heprii.

HaykoBa HoBHM3HA. Y 1OCKOHAaJIeHA MOTHBAalliliHa MaTeMa-
TUYHA MOJeNIb TIOKPAIEHHS SIKOCTi eJIeKTPOIOCTauaHHSI
LLIJISIXOM y3arajJbHEHHS Ta yTOUHEHHSI BUPa3iB U1 BU3HAYCH -
HST KOe(illiEHTy CTUMYJIIOBAaHHSI JOCSATHEHHS KpalluX pe-
3yJIbTATIB MisSJILHOCTI MiAPO3IiJIOM peryJiboBaHOI KOMITaHii.

IIpakTHyHa 3HAYUMICTh. YIOCKOHAJIEHHS MOTUBALIHHOL
MaTeMaTUYHOI MOJeJi MOKpalleHHs SIKOCTi eJIeKTpOIocTa-
YaHHSI JTI03BOJINTH e(DeKTUBHIIIe BUKOPUCTOBYBATH ii B aBTO-
MaTH30BaHili CUCTeMi KepyBaHHS PeryJibOBaHOIO KOMITaHI€IO
3 pO3IIOiTY eIEKTPUYHOI EHEePTii.

KmouoBi ciioBa: odnogaxmopruii ducnepciiinuii ananis, mo-
MUBAUIIHA MAMEMAMUYHA MOOeAb, AKICIb, eAeKMPONOCAYAHHS

YcoBepiieHCTBOBAHHE MOTHBALIMOHHOMH MOJIEH
YIyYIIEeHHsI KAYeCTBA 3JIEKTPOCHAOKEHHS
¢ MCHOJIb30BAHMEM OIHO(AKTOPHOrO
JUCTIEPCHOHHOTO AHAJM3A
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Ileab. YcoBepllleHCTBOBaHWE MOTHMBAIIMOHHOM MaTeMma-
TUYECKOI MOJIENTH YIyJIIEHUST KaueCTBa JeKTPOCHAOKEHUS
C UCITIOJIb30BaHUEM OTHOMAKTOPHOTO TUCIIEPCUOHHOTO aHa-
JM3a UIS peaju3alliid B CUCTEME aBTOMAaTU3MPOBAHHOTO
VIpaBJIeHUs PEryJIMpyeMoil KOMIaHUM TI0 pacIpeneacHUo
3JIEKTPUUYECKON SHEPTUU.

Metomuka. VMcronb3dyercs omHO(GaKTOPHBINA TUCTIEPCH-
OHHBII aHau3 6a3bl JaHHbIX MHIEeKCcoB SAIDI u3 oryeToB
MOAPA3ICIICHUI PETYIUPYEMO KOMITAHUU T10 pacrpemnese-
HUIO DJICKTPUUECKOMN SHEPTUH JUTS OLICHKH 3HAYUMOCTH BJIH -
SIHUSI 3TUX TOApa3le/ieHUl Ha HENpepbIBHOCTb 2JIEKTPO-
CHaOXeHMUsI.

Pesyabrarel. [lonyuyeHbl 00OOIIEHHBIE UM YTOYHEHHbBIC
pacyeTHbIE COOTHOILIEHUSI, KOTOPHIE ITO3BOJISIIOT ONPEAC/ITh
KO3(DGOUIMEHT CTUMYJIMPOBAHUS TOCTVKEHUS JYYIIMX pe-
3yJIBTATOB ACSATEIBHOCTH IO 00ECIIEYeHUIO O€CTIPEPHIBHOCTH
9JIEKTPOCHAOXKEHUSI TTOIpa3aeIeHUIMHU PETYIUPYEeMOil KOM-
IMAaHWUU TI0 pacIpelie]ICHUIO 3JICKTPUIECKON dHEepruu. Yco-
BEpIIEHCTBOBaHA CXeMa CTUMYJIMPOBAHMS 3TUX MOApa3nese-
HUI K YJIyYIICHUIO KauyecTBa 3JIeKTpocHa0XeHus. Ompene-
JIEHBI KJTIOYEBBIC MOKa3aTeJId KayecTBa 3JCKTPOCHAOXKEHUS
IIJIST €XKEeTOMHOM OLIEHKM Pe3yJIbTaTOB ACSTETbHOCTH TTOIpa3-
NIeJICHUI peryupyeMbIX KOMITAHUI 10 Tiepenadye v MOCTaBKe
SJICKTPUYECKOI SHEPTUM.

Hayynas HoBH3HA. YCOBEpIIEHCTBOBaHa MaTeMaTHye-
CKasi MOZIeJIb YJIyUllleHUsT KaueCcTBa 3JICKTPOCHAOXKEHUS ITy-
TeM OO0OOIIEHUSI U YTOUYHEHHUsI DOpMya s ompeneseHus
KOo3(hUIIMEeHTa CTUMYIMPOBAHUS JOCTVKEHMS JTYUIIINX pPe-
3yJIbTATOB JESTEJIbHOCTU TOJpa3ae/eHus peryaupyemMon
KOMITaHUU.

IIpakTHyecKkas 3HAYUMOCTb. Y COBEPIIICHCTBOBAHUE MO-
TUBAIlMOHHON MOMENM YIYYIICHUS KauyecTBa BJICKTPO-
CHaOXeHMsl Mo3BOJUT 3G GhEeKTUBHEE MCIOJb30BaTh €€ B
aBTOMATU3MPOBAHHOM CHCTEME YMpaBJIeHUS peryaupye-
MO KOMITaHHMEW IO pacHpeneeHUI0 3IeKTPUYECKOMN
SHEPIUU.

KiioueBsbie ciioBa: odnoghakmopHbiii ducnepcuoHHblil ana-
AU3, MOMUBAYUUOHHAS Mamemamu4eckds Mooeab, Kavyecmeo
aneKkmpocHabdIcerHue
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