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INTRODUCTION

Modern global trends to decentralize power consumers that are
associated with increasing cost of traditional fuel and manifested in the
increasing proportion of distributed electricity production from renewable
energy sources (RES), lead to complications planning regimes of electric
power systems (EPS) and their operational management [1-3]. In addition,
the combination of the mentioned above processes with economic power
engineering reform — implementation of bilateral agreements — virtually
prevent to organize the effective functioning of the EPS without improving
their information infrastructure with a gradual transition to the concept of
intellectual power networks (Smart Grid) [4-6].

State support for development of renewable energy stimulates
research on the design and operation of renewable energy to enhance
energy security and reduce the impact of energy on the environment.
However, the issue of transportation of electricity produced renewable
energy and functioning regional electricity networks (REN) in the new
operating conditions are often neglected in the design phase of renewables
and place of their accession to power networks (PN).

Lack of research about the design and operation of renewable energy
in modern conditions and their impact on modes of electric EM,
inconsistency of the specified main equipment to the needs of these
sources, lack of information about the typical decisions regarding remedies
and automate process electricity production of electricity prevents make
informed design decisions during their development, moreover, can’t
effectively exploit them [7-10]. Thus important is the development of
methodical, information and technical support of operation. Important
in this regard is the complexity and methodological unity in decision
making to improve the performance of renewable energy in their work
in electric networks.

In the design scheme of power delivery from the source to the end
user raises the need to harmonize their work with the system, of which
implemented the central power. That scheme should meet the requirements
of reliability for ensure stable power supply and connectivity to provide
RES as close to the center of power consumption that will ensure minimum
power losses at its transportation.
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Based on this, one can identify a number of important technical
aspects of the development of renewable energy in local electric systems,
which currently are not sufficiently investigated:

- research and analysis of regulations on the operation of renewable
energy sources in the local electric system based on the concept of Smart
Grid;

- analysis of the known methods of optimization of electrical
networks from renewable energy sources;

- development of methods for determining optimal installed capacity
and optimal placement of renewable energy sources in the local electrical
system using the integrated optimality criterion;

- development of optimization method daily modes of generating
renewable according to predictable schedule loads the local electrical
system (LES);

- development of mathematical models of optimum configuration
LES conditions and method and optimal control laws schemes issuing
power of renewable energy sources;

- development of optimization algorithms installed capacity of
renewables and places joining in the local electrical system;

- development of optimization algorithm to daily modes of RES
generation according to the predictable schedule loads of LES;

- development of optimal control algorithm of changing

configuration scheme for issuing renewable electricity by the criterion of
minimum power losses.
Thus, the actual task of optimization of RES in local electric systems solve
a problem of design — to determine the optimal installed capacity, and as
operational problem — to optimize the daily mode of generating RES and
circuits issuance of power electrical energy by local electric networks with
RES. This can increase the profitability of energy utilities and power
generating companies by improving performance -characteristics of
electrical equipment in LES. The aim of our work is to improve the
efficiency of renewable energy in electrical distribution networks by
improving the methods and means of optimizing transport electricity
produced.
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LEGEND

ACS  — automatic control system;
AUC  —automated control system;
CuU — condensing units;
DB — data base;
DES  — distributed energy sources;
e.f. — electromotive force;
EPS — electric power system;
ES — electric system;
HPP — hydraulic power plant;
LES — local electric system,;
LESR —local electric systems reconfiguration;
OIC — operative-information complex;
PL — power line;
PSPS  — pumped storage power station;
PN — power networks;
RE —renewable energy;
REN  —region electric network;
SH — small hydro;
SP — software package;
SPP — solar power plant (direct power conversion);
WF — wind farm.
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1 OPTIMIZATION PROBLEMS IN ELECTRIC NETWORKS
WITH RENEWABLE ENERGY

1.1 Problems of forming intellectual electric networks according
to Smart Grid concept

Current trends in world power generation industry development are
directed on electric networks modernization. Most of the world industrially
developed countries comprehend the necessity of increasing the power
efficiency in the context of global warming problems. So, they stimulate
development of alternative and renewable energy, as well as increase of
automatic optimization and control in electric networks, improvement of
relay protection facilities etc. [4].

Development of power generation industry set the problem of
gradual transition from traditional technologies that expect use of electric
networks centralized generating to basically new solution that is directed to
wide application of distributed energy sources and active networks able to
provide services on transfer, keeping and transformation of electrical
power. Active electric systems are able to adapt quickly to variable needs
of interested parties — owners, consumers, vendors. They are considered to
be the key element of infrastructure of the future “intellectual” power
systems. At present all the aspects of creating “intellectual” power systems
are viewed within the Smart Grid concept, the most known and popular
concept for electric networks modernization [5—6].

Such a concept is characterized by bilateral electrical energy and
information streams for creating automated, widely branched distribution
grid. Within it, information exchange goes on between communication
domains of generating, transfer, distribution and consumption of electric
power that are physically presented by systems of production automation
and control for each domain [11]. Besides bilateral electrical energy
streams and information exchange, this concept provides implementation of
current control, protection and functioning optimization of all interacting
elements. Those elements include powerful generators and renewable
energy sources that are connected with industrial consumers, energy-
storage units as well as end users using to main and distributed networks.

It is worth to accentuate that Smart Grid is not just new energy
technologies, but also modern information and communication
technologies for billing, e-commerce, access and administration control in
the networks of various scale, data modeling and storage, virtualization,

9
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computer safety, distributed information computing, collection, processing
and transfer real-time [22]. In fact, Smart Grid should be considered not as
a single technology, but as a complex approach and methods of creating
large-scale «intellectual» enterprises that function on base of new
technologic platform and provide a wide range of services with use of
information and power technologies.

Specialists think [23] that use of modern management technologies
together with wide use of new information and communication
technologies will give the possibility to support supply and demand in
“intellectual” power systems on the level of a single device. Smart Grid
will enable users to take part in power system functioning consciously, at
that using assets in power generation industry will improve, economic
efficiency will increase, as also quality of electric power and stability of
power systems against unendorsed external influence. Finally, transition to
“intellectual” power systems will push to development of new types of
production and services, and formation of new markets.

1.1.1 Principles of local electric systems with renewable energy
functioning in the Smart Grid concept

Principles of Smart Grid operation consist in integration and
automation of generation, transfer and consumption processes. In general
case Smart Grid technologies are understood as a set of software and
hardware tools that contribute increase of electric power transfer efficiency.
Efficiency is comprehended as:

e decentralization of functions generating and controlling electric
energy and information streams in a power system;

e reducing of expenses for arranging power transmission system;

e rapid elimination problem;

e possibility to transfer electric power and information in two
directions that is considered an important condition for the concept
of distributed power generation industry and use of renewable
energy.

Electric network based on Smart Grid concept unites two subsystems:

e clectric power transfer subsystem;

e information exchange subsystem.

So, besides conventional power lines, information connections that
join all participants of electric power market are introduced. Rough
membership of market participants and connection between them is shown
on fig. 1.1.

10
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Figure 1.2 — Main functions of separate Smart Grid domains related
to power generation due to renewable energy

Domain “Distributed generation” joins power stations, including RE
of various types that deliver electric power to distributed electric grids. Its
main job is to increase efficiency of electric power production by such
sources. Special complexities occur on the way of optimizing wind farms
and solar power plants as their modes are defined by stochastic influence of
the environment. At this it is almost impossible to store primary energy (as,
for example, in case of small HPP). The described domain relates to
information streams with domains of control, power market functioning
arrangement, and also with energy transportation domain. Information
connection with the last one is the most important as the transportation
domain functionally fulfills, together with other domains, data collection
and processing, equipment protection, operating optimization and other.

Information connections allow to take into consideration operational
specialties of different power stations that use RE, especially WF and SPP,
where the process of electric power production has a number of technical

12
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and organizational peculiarities. Information connections with the domain
«Market» allow to coordinate tasks of EPS with affirmed delivery volumes
of electric power by terms of bilateral contracts, power market conjunction,
correcting prices on electric power supplies and other system services.

1.1.2 Standardization of intellectual local power systems
functioning at their integration into systems of centralized power
supply

Today many world countries has a set of Smart Grid standards for
means of relay protection, control and monitoring of main and distributed
networks [24-32]. Among them special attention is paid to standards
related to connection of renewable energy sources of distributed generation
for parallel work with existing electric power systems. These standards are
technologically neutral and universal for all types of RE up to 10 MVA and
regulate technical specification to electric power systems with renewable
sources of generation. Standards include general requirements to RE at
normal and emergency modes, requirements to voltage quality indicators,
separate and parallel work with electric power system, requirements to
connection and synchronization of RE generators, as well as specifications
and requirements to design, production, assembling, putting into operation
and periodic tests.

There are about hundred standards that relate to Smart Grid. Among
them — IEC standards (“Standards for power quality” and “Flicker
Standards”), CSA standards (CAN3-C235-83, 107.1/UL1741, C22.2,
C.22.3, C22.1), IEEEP2030 standards and other. In complex with these
standards, principles of providing interoperability to power technologies,
information technologies with elements of power systems, automation of
end users and users loading devices are considered. The main standard that
regulates RE connection to parallel work is the standard of the Institute of
Electrical and Electronics Engineers (IEEE 1547) [33]. The current
standard sets up criteria and requirements for connecting RE with EPS.
System of IEEE 1547 standards includes a number of documents concerned
with different aspects of providing interaction and coherency between
distributed resources, integrated to the composition of power systems, and
consists of parts:

- IEEE 1547.1 — standard for the general procedure of accordance of
connecting RE to a power system.

- IEEE 1547.2 — provides detailed instructions of connection to
parallel work.

13
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- IEEE 15473 — requirements to information exchange, RE
monitoring and control.

- IEEE 1547.4 — requirements to equipment and its exploitation in
separate power systems with RE.

- IEEE 1547.5 — assigned to RE with the power higher than 10 MVA.

- IEEE 1547.6 — practical aspects of connecting RE to distributed
grids.

Nowadays the process of connecting to parallel work of RE to
Ukraine’s power systems does not have any clear branch regulatory guide
or standard. That is why growth of RE quantity leads to worsening of
technical problems regarding arrangement of their parallel work in power
system — providing consistency of operation, quality of electric power,
arranging dispatch control, including control of separating RE from power
system, synchronizing RE with power system.

Parallel work of RE in power grids is partially regulated by rules of
connecting electricity-generating equipment to power grids, approved by
regulation of National Energy and Utilities Regulatory Commission dated
by 14.12.2005 with changes and attachments dated by 20.09.2007 [34]. The
regulation includes just organizational moments of connecting electricity-
generating equipment destined for electric power production. So, technical
specifications of connecting RE to power systems are regulated by a
number of regulatory documents, all-Union State Standards and Ukraine
State Standards. With the aim to verify the possibility to use the experience
of foreign countries, it is sufficient to compare technical specifications of
IEEE 1547 standard, Germany standards [35], project of requirements of
connecting RE in Ukraine [36] and acting all-Union State Standard 13109-
97 «Quality standard for electric power in the systems of electricity supply
of general purpose» [37] that is basic for Ukraine’s energetics. Comparative
analysis of requirements to quality of electric power according to provided
regulatory documents is shown in table 1.1

Comparative analysis shows on appropriateness of solving a complex
of tasks on RE functioning optimization in local power systems considering
indicators of quality and loss of electric power with further conversion to a
single standard. This standard will regulate connection to parallel RE work
in Ukraine taking into account the strategy for developing power systems.
This will expand opportunities to use RE and users’ resources, as well as
allow to perform LES functioning optimization taking into consideration
improvement of interaction between all system’s subjects in real time.

14
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Table 1.1 — Comparative analysis of electric power quality indicators

Specifications according to regulatory document

Project
Indicator |EEE 1547 All-Union State of requirements Standards
Standard 13109-97 to connection in Germany
of RE in Ukraine
Allowable Frequency Frequency Frequency
Frequency | frequency deviationin should retain should retain
deviation | deviationin RE | synchronized between 49.6 between 47.5
should not systems of power | (allowablecritical | (allowable
exceed the supply should not | decrease of critical
valuefrom-0.2 | exceed = 0.2 GHz; | frequency) and decrease of
to +0.5GHz in | in separate systems | 50 GHz frequency)
synchronized of power supply (allowable normal | and 51.5 GHz
systems. deviation makes up | increase of (alowable
+ 1 GHz frequency). normal
increase of
frequency).
Harmonics Maximum Value of Value of Maximal
harmonics harmonic harmonic harmonic
component of component of component of component of
current makes | current isbetween | currentis current is
up 4 % for odd | 0,2 and 6 % of between 0.2 and | between
harmonics Unominal %. 6 % of Unomina | 0.058-0.04 %,
nZ 11. | %. for odd
harmonics
0.06-0.18 %
Voltage Voltage Normal Normal Voltage
fluctuation | fluctuationon | allowable voltage | alowable voltage | fluctuation
RE wiresin fluctuation is fluctuation is within power
normal working | £5 %. Allowable 15 %. Allowable | gridson RE
conditions critical one critical oneis wiresis not
should not is+10 %. +10 %. more than
exceed value 2 %.
from—12
to+10 %.

1.2 Comparative analysis of optimization tasks

for distributed power networkswith RE

A number of optimization tasks for distributed power networks with
RE is solved in engineering practice of different countries. They can be
divided into those solved on the stages of developing and exploitation

15
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(fig. 1.3). Optimization tasks like autonomous work, disposition of
commutation equipment and formation of communication network are
closely interrelated and almost cannot be solved in modern conditions [38].
RE autonomous work, considering conditional controllability and
instability of those energy source, is in fact impossible without a developed
communication network. Availability of the last one will allow to get
bilateral connection between RE and electric power consumers, according
to Smart Grid concept, and regulate modes of power consumption,
supporting autonomous work conditions.

[ Task of optimization distributed power grids
| |
A A
Exploitation <::| Optimization criteria I:> Design
4 A A
Optimal RE parameters | | Minimum electric power | | Perspective plan for RE
control losses [39-40] development
- J -
4 A |
Optimal PN parameters || . . Detecting optimal
control Electric power quality [41] established RE power
| |
e ~ N
Consumption power control —{ Power supply stability [42] Selecting optimal place of
PPy Y RE connection
- J -
|
Optimal control of devices e
for reactive power Throughput | | Perspective plan for PN
compensation | [43-44] development
J
) | \ |
PN scheme optimization Rate of voltage recovery Reconstruction of PN with
L ) | [45-46] RE

Maximum power delivery
] [47] RE autonomous work

Disposition of commutation
equipment

Formation of
communication network

4 A 4
| Maximum revenue [48]

J

—| Minimum investments [49]

Figure 1.3 — Task of optimization of distributed power grids with RE
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Usually mentioned tasks are solved by decomposing to tasks of RE
functioning optimization and tasks of PN functioning. Depending on tasks
in place, each of them is solved using one of the optimally criterion, such
as: minimum power losses [39—40], power quality [41], power supply
stability [42], transfer capacity [43—44], rate of voltage recovery [45-46],
maximum of power realization [47], maximal financial returns [48],
minimal investments [49] etc. Overview of optimization tasks for
distributed power networks with RE is given in the attachment A.

When choosing optimally criterion and forming the appropriate
mathematical model, it is worth considering that at the same time with the
development of distributed generation, economic conditions of electric
power functioning as a branch also change, in particular, transition to a new
competitive model of wholesale power market — market of bilateral
contracts and compensative power market.

In case of power supply implementation by bilateral contracts with
involvement of RE, when the last delivers power to electric power grid,
necessity to coordinate their work with power system that supplies
centralized supply arises. This becomes mandatory when established power
of RE in PN makes up a significant part of its total load (for example, 20 %
and more). In this case, REN may and should be considered as a local
electric system (LES), where tasks of exploring static and dynamic RE
stability and other tasks typical for an electric system arise, besides the
mentioned ones [38].

Among complex of tasks that arise during the process of introducing
RE, it is reasonable to study and solve, first of all, those that influence
directly on scales and intensity of RE development, and those that at right
solving, together with “green tariffs”, will form a solid motivation for
investors and power supply countries regarding RE development in
Ukraine.

Such a task, in particular, is the task of getting maximum revenue
from RE exploitation for their development in condition of reducing
electric power losses and improving its quality in LEN, as well as
increasing stability of power supply [38]. At this, considering that electric
power from RE is transferred by LEN wires simultaneously with electric
power of other sources, it is necessary to distinguish the part that relates to
transit from RE from total power losses.
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1.3 Tasks of functioning optimization of renewable energy sources
in local electric systems

To research conditions of RE optimal functioning, optimization tasks
(see attachment A) inherent to exploitation of such electric power sources
in LES are analyzed. Basing on analysis, list of LES with RE functioning
optimization tasks was adapted to specifications of their operation in
Ukraine’s electric power system.

1. For optimization of RE functioning in normal operating modes of
electric power systems, problems of planning organization and operative
control of operating modes of such stations with the aim of getting
maximum revenue from their exploitation are extremely actual. So, for the
present time the most actual task, considering the specifics of providing
profitability of RE [50, 52], is the problem of optimizing daily modes (on
time interval [#; #]) of driven energy sources P;(?), i = 1,2...n (for example
SH) with consideration of modes of conditionally controllable sources for
providing maximum revenue from implementing their electric power in
conditions of multistage tariff of power market c(f) and technical
restrictions from the side of separate RE [53]:

! n
fc(t)ZB-(t)dt—)max . (1.1)

% i=1

2. In case of RE control in modes related to localization of abnormal
situations in a power system, it is reasonable to pass to solving the task of
RE mode optimization with the aim of decreasing the dependence of LES
with cumulative load P.q(2) from centralized power supply, i.e.
minimization of LES load to main supply center B () [50, 53]:

Iy

[ Rusc(t)dt — min (1.2)

ly

with consideration of balance restriction: P;qq(¢) + Z P(t)—B,q()=0.
i=1
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3. To provide LES stability in the periods of maximum (minimum)
consumption or limited carrying capacity of the centralized power supply
system, when varying of local generation parameters may lead to breaking
restrictions to ES mode parameters, optimization of RE modes is topical, as
the goal is to minimize deviations from established centralized graph of
cumulative generation at specified restrictions to primary power resources
and RE characteristics [50, 53]:

t n 2
I%LPRE@)—ZBU)] dt — min . (1.3)
i=1

lo

Here predictive information about meteorological parameters that is
provided by a proper AUC subsystem should be considered [5].

4. To provide RE profitability, especially topical are the problems of
planning organization and operative control of their operation modes with
the aim to get maximum revenue from electric power realization [50, 52].
RE functioning in local electric power system is subject to particular
control rules depending on situation. But applying calculus of variations
methods combined with criterial method allows to get generalized
optimality conditions for optimization tasks that differ just by value of
parameters [50, 83].

Complex of n controlled RE (on example of SH) and m conditionally
controlled wind farms (WF) and SPP is specified. The expected value of
their total active power makes up:

Myar(t) = Mwp{P(2)} + Mspp{P(1);. (1.4)

It is necessary to find modes of controlled sources (small hydro) P;(z)
on time interval [#); #] that would provide maximum revenue from
realization of electric power of all RE complex on electric power market:

tf c(t)[z P@)+Myp(t)—k,(t) APgg (t)}dt — max , (1.5)

t i=1
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where k_(¢) 1s weight factor determined by correlation of selling tarift for
RE c(¢) and cost of power losses for given distribution network 1y and
depends on conditions of electric power transfer contract;

APgg(t) — component of power losses in distribution power
networks specified by RE functioning.

In the quality of restrictions, daily flows on each SH are specified

t
W, — fQi(t)dt =0, as well as the balance of flows in cascades. It is also
o

necessary to consider inequality constraint on power of controlled RE
P™" < P(f)< P™*, and also on head H™" < H,(¢) < H™, herewith limit
values P;(t;) and P;(t;) are considered to be known.

In fact, optimization task for RE in LES functioning is reduced to
providing maximum electric power delivery by controlled sources,

independently on power networks and conditionally controlled RE work
modes [50]:

j2 c(t)k,, iPl- (t)dt > max (1.6)

t i=l1

where £, is the factor that considers revenue diminution for RE due to
compensation of losses to transporting electric power by networks.

Analysis of conditions of optimal functioning modes in local electric
power renewable sources showed that to reduce electric power losses and
improve its quality indicators it is reasonable passing to solving of complex
LES scheme optimization task, which provides for implementation of
efficient project solutions and introducing systems for operative
reconfigurations of RE connection schemes.

1.4 Research of methods for optimization renewable energy sources
functioning in local electric systems

1.4.1 Optimal reconfiguration of local electric system

As it happens that LES is loaded irregularly, it needs correction of
power flow that may be executed by proper grid reconfiguration.
Reconfiguration is the process of changing LES configuration by changing
the position of commutation devices, changing at the same time network

20

3amoBuTH U0 KHUry https://press.vntu.edu.ua/index.php/vntu/catalog/book/374
BuaasHUUTBO BiHHMLbKOro HaLiOHaNbHOIO TEXHIYHOrO yHiBepcUTeTy
https://press.vntu.edu.ua/index.php/vntu/catalog




LITERATURE

I.R. W. Wies, R. A.Johnson, J. Aspnes. DESIGN OF AN
ENERGY EFFICIENT STANDALONE DISTRIBUTED GENERATION
SYSTEM EMPLOYING RENEWABLE ENERGY SOURCES AND
SMART GRID TECHNOLOGY // Proceedings of IEEE Power & Energy
Society General Meeting. —2010. — P. 1-8.

2. Kyrylenko O. V., Trach I. V. The technical features of the power
systems functioning with integrating sources of distributed generation /
O. V. Kyrylenko, I.V.Trach // Pratsi instytutu elektrodynamiky NAN
Ukrainy. — 2009. — Issue 24. — P. 3—7. — ISSN 1727-9895.

3. Tuhai Yu. I Integration of renewable energy sources into
distributive  electric networks of rural regions / Yu.l Tubhai,
V. V. Kozyrskyi, O. V. Hai, V. M. Bodunov // Tekhnichna
elektrodynamika.— 2011.— Ne 5. — P. 63—-67.

4. Stognii B. S. Intellectual electrical networks of power systems and
their technological support / B. S. Stognii, O. V. Kyrylenko, S. P. Denysiuk
// Tech. electrodynamics.— 2010. — Ne 6. — P. 44-50.

5. NIST Releases Report on Smart Grid Development // National
Institute of Standards and Technology (USA) — Recognized Standards for
Inclusion In the Smart Grid Interoperability Standards Framework, Release
1.0 (emextpoHHuii pecypc). Pexum goctymy: http://collaborate.
nist.gov/twiki-sggrid/bin ~ /view/ SmartGridInterimRoadmap/  Interim
RoadmapFinal.

6. European Smart Grids Technology Platform // European
Commission. Directorate-General for Research Sustainable Energy System,
EUR 22040, 2006. — 44 p.

7. Sharat Ranjan. DECENTRALISED POWER GENERATION
AND DISTRIBUTION // Proceedings of the Himalayan Small
Hydropower Summit. — Dehradun, India. — 2006. — P. 147-155.

8. Taro Kondo, Jumpei Baba, Akihiko Yokoyama. VOLTAGE
CONTROL OF DISTRIBUTION NETWORK WITH A LARGE
PENETRATION OF PHOTOVOLTAIC GENERATIONS USING FACTS
DEVICES // IEEE Transactions on Power and Energy. — 2006. — Vol. 126.
— Ne 3. —P. 347-358.

9. B. Mahdad, K. Srairi and T. Bouktir. OPTIMAL
COORDINATION AND PENETRATION OF DISTRIBUTED
GENERATION WITH SHUNT FACTS USING GA/FUZZY RULES //
Journal of Electrical Engineering & Technology. —2009. — Vol. 4. — No 1. —
P. 1-12.

100

3amoBuTH U0 KHUry https://press.vntu.edu.ua/index.php/vntu/catalog/book/374
BuaasHUUTBO BiHHMLbKOro HaLiOHaNbHOIO TEXHIYHOrO yHiBepcUTeTy
https://press.vntu.edu.ua/index.php/vntu/catalog




10. H. Hatta, S.Uemura and H. Kobayashi. COOPERATIVE
CONTROL OF DISTRIBUTION SYSTEM WITH CUSTOMER
EQUIPMENTS TO REDUCE REVERSE POWER FLOW FROM
DISTRIBUTED GENERATION // Proceedings of IEEE Power&Energy
Society General Meeting. —2010. — P. 1-6.

11. Kulyk V. V. Optimal control of distributed power sources with
asynchronous generators with Smart Grid technology [Electronic resource]
/ V. V.Kulyk, T. Ye. Mahas, Yu.V. Malohulko // Naukovi pratsi VNTU.
Enerhetyka ta elektrotekhnika. — 2011. — Ne 4. — P. 1-6. Rezhym dostupu:
http://praci.vntu.edu.ua/article/view/1404/999. — ISSN 2307-5376.

12. Burykin O. B. Optimization of the local electrical systems mode
with renewable energy sources [Text] / O. B. Burykin, Yu.V. Malohulko //
Naukovi pratsi Donetskoho natsionalnoho tekhnichnoho universytetu.
Series «FElektrotekhnika ta elektrotekhnolohii». —2013. — Ne 2. S. 15 (338).
—P. 42-46. — ISSN 2074-2630.

13. Kulyk V. V. Optimization of active and reactive power flows in
power distribution systems by distributed generation [Text] / V. V. Kulyk,
O. B. Burykin, Yu. V. Malohulko // Visnyk Vinnytskoho politekhnichnoho
universytetu. Enerhetyka ta elektrotekhnika. — 2014. — Ne 1. — P. 90-93. —
ISSN: 1997-9274.

14. Rubanenko O. E. Improvement of mathematical support
computer systems of local electrical systems modes optimization with
renewable energy sources [Text] / O.E.Rubanenko, O. B. Burikin,
Yu.V. Malogulko // Scientific Bulletin of Chernivtsi University. Series
«Computer Systems and Components». — 2014. — No.2 (5). — P. 85-93. —
ISSN 2311-9276.

15. Lezhniuk P. D. Optimization of the distributed energy sources
operation in local electrical systems. [Text] / P.D. Lezhniuk, O. Ie.
Rubanenko, Yu.V.Malohulko // Visnyk Natsionalnoho tekhnichnoho
universytetu «Kharkivskyi politekhnichnyi instytut». — 2014. — Ne 60
(1102). — P. 68—77. — ISSN 2079-4525.

16. Kulyk V. V. Exploration of the efficiency of joint operation of
local electric networks with RES and centralized power supply systems
[Text] / V.V.Kulyk, O.B.Burykin, Yu.V.Malohulko // Visnyk
Natsionalnoho  tekhnichnoho  universytetu = Ukrainy  «Kyivskyi
politekhnichnyi instytut». Seriia «Hirnytstvo». Elektryfikatsiia ta
avtomatyzatsiia hirnychykh robit». — 2014. — S. 25. — P. 113-120.

17. Burykin O. B. Standardization of the local power systems
functioning at their integration into centralized power supply systems based
on the Smart Grid concept [Text] / O. B. Burykin, Yu. V. Tomashevskyi,

101

3amoBuTH U0 KHUry https://press.vntu.edu.ua/index.php/vntu/catalog/book/374
BuaasHUUTBO BiHHMLbKOro HaLiOHaNbHOIO TEXHIYHOrO yHiBepcUTeTy
https://press.vntu.edu.ua/index.php/vntu/catalog




Yu. V. Malohulko // Enerhetyka 1 elektryfikatsiia. — 2012. — No 12. —
P. 46—48. — ISSN 0424-9879.

18. Kulyk V. V. Optimal control of renewable electricity with Smart
Grid / V. V. Kulyk, O. B. Burykin, Yu. V. Malohulko // Renewable energy
of XXI century: XII international scientific and technical conference:
conference materials. — AR Crimea: Renewable energy institute of the
National academy of sciences in Ukraine, 2011.

19. Burykin O. B. Prospects for the integration of distributed energy
sources into the local power grid based on the Smart Grid concept /
O. B. Burykin, Yu. V. Malohulko // «Increased energy efficiency in
electrical appliances and systems». IV international scientific and technical
conference: conference materials. — Lutsk : RVV LNTU, 2012. — P. 37-40.

20. Burykin O. B. A method for reconciling the schedules for the
solar power stations generation and energy consumers in local electrical
systems / O.B. Burykin, Yu.V.Malohulko, O. V. Nikitorovych //
Renewable energy of XXI century: XV international scientific and
technical conference: conference materials. — Kyiv: Renewable energy
institute of the National academy of sciences in Ukraine, 2014. — P. 52-55.

21. Malohulko Iu.V. Efficiency of joint operation of local electric
networks with renewable energy sources / Yu.V. Malohulko // «Increased
energy efficiency in electrical appliances and systems». V international
scientific and technical conference: conference materials. — Lutsk: RVV
LNTU, 2014. — P. 146-149.

22. European  Smart  Grid, 2011 [Online].  Available:
http://www.smartgrids.eu/.

23. National Institute of Standards and Technology, Standards
Identified for Inclusion in the Smart Grid Interoperability Standards
Framework, Release 1.0, Sept. 2009, [Online]. Available:
http://www.nist.gov/smartgrid/standards.html.

24. M. Uslar, S. Rohjans, R. Bleiker, J. Gonzalez, M. Specht,
T.Suding and T.Weidelt. SURVEY OF SMART GRID
STANDARDIZATION STUDIES AND RECOMMENDATIONS //
Proceedings of 2010 Innovative Smart Grid Technologies Conf. Europe
(ISGT Europe), Gothenburg, Oct. 2010.

25. Electric Power Research Institute Tech. Rep. — THE SMART
GRID INTEROPERABILITY STANDARDS ROADMAP. — Aug. 2009,
[Online].  Available:ht  tp://collaborate.nist.gov/twikisggrid/pub/Smart
GridInterimRoadmap/InterimRoadmapFinal/Report to NISTI August10.pdf

26. Reed, G.F., Philip, P.A., Barchowsky, A., Lippert, C. J.,
Sparancino, A. — SAMPLE SURVEY OF SMART GRID APPROACHES

102

3amoBuTH U0 KHUry https://press.vntu.edu.ua/index.php/vntu/catalog/book/374
BuaasHUUTBO BiHHMLbKOro HaLiOHaNbHOIO TEXHIYHOrO yHiBepcUTeTy
https://press.vntu.edu.ua/index.php/vntu/catalog




AND TECHNOLOGY GAP ANALYSIS // Proceedings of 2010
Innovative Smart Grid Technologies Conf. Europe (ISGT Europe), pp. 1-8,
Gothenburg, Oct. 2010.

27.1IEC standard for Communication networks and systems for
power utility automation — Part 90-1: Use of IEC 61850 for the
communication between substations, IEC 61850-90-1, 1st ed., 2010.

28. IEC Standard for Instrument Transformers — Part 9: Digital
Interface for Instrument Transformers, IEC 61869-9, Part 13: Standalone
Merging Unit, IEC 61869-9. — 2012.

29. P. Schaub, J. Haywood, D. Ingram, A. Kenwrick, and G. Dusha,
«Test and evaluation of non-conventional instrument transformers and
sampled value process bus on Powerlink's transmission network», in
Proceedings of 2011 South East Asia Protection and Control Conference
(SEAPAC 2011), CIGRE, Doltone House, Sydney, NSW, 2011.

30. IEC standard for Industrial communication networks - High
availability automation networks - Part 3: Parallel Redundancy Protocol
(PRP) and High-availability Seamless Redundancy (HSR), IEC 62439-3
Ed.1.0, Feb. — 2010.

31. K. Martin, «Synchrophasor Standards Development — IEEE
C37.118 & IEC 61850», in Proceedings of the 44th Hawaii International
Conference on System Sciences, Hawaii. — 2011.

32. IEEE Approved Draft Standard Profile for Use of IEEE Std.
1588 Precision Time Protocol in Power System Applications, IEEE
C37.238, under construction. — 2011

33. IEEE standard for Interconnecting Distributed Resources with
Electric Power Systems, IEEE 1547. — 2003.

34. NERC Decree of 14.12.2005 Ne 1137 / Rules for connecting
electrical installations to electrical networks // (electronic resource). Access
mode: http://zakon5.rada.gov.ua/laws/show/z0042-06.

35. Technische Richtlinie Erzeugungsanlagenam
Mittelspannungsnetz.  Richtliniefur ~ Anschlussund Parallelbetriebvon
Erzeugungsanlagenam Mittelspannungsnetz. Ausgabe Juni 2008. BDEW.

36. Requirements for wind and solar photovoltaic power plants of
150 kW capacity for connection to external electrical networks. October
2011. Mercados, EMI.

37. State normative document 13109-97. Standards of quality of
electric energy in general power supply systems.

38. P. Lezhniuk Optimal control of distributed sources of energy in
the local electrical system / P.Lezhniuk, V.Kulyk, O.Kovalchuk //
Proceedings of the Institute of Electrodynamics of NAS of Ukraine.

103

3amoBuTH U0 KHUry https://press.vntu.edu.ua/index.php/vntu/catalog/book/374
BuaasHUUTBO BiHHMLbKOro HaLiOHaNbHOIO TEXHIYHOrO yHiBepcUTeTy
https://press.vntu.edu.ua/index.php/vntu/catalog




Collected works. Special Issue. Part 1. — 2011.—- P. 48-55. -
ISSN 1727-9895.

39. Walid El-Khattam, Kankar Bhattacharya, Yasser Hegazy and
M. M. A. Salama, «Optimal Investment Planning for Distributed
Generation in a Competitive Electricity Market», IEEE Transactions on
Power Systems, vol. 19, no. 3, pp. 1674-1684, August 2004. Analytical
Approaches for Optimal Placement of Distributed Generation Sources in
Power Systems.

40. Andrew Keane, Mark O’Malley «Optimal Allocation of
Embedded Generation on Distribution Networks», IEEE Transactions on
Power Systems, vol. 20, no. 3, pp. 1640-1646, August 2005.

41.N. S. Rau and Y.-H. Wan, Optimum location of resources in
distributed planning, IEEE Transactions on Power Systems, vol. 9, pp.
2014-2020, Nov. 1994.

42. Caisheng Wang, M. Hashem Nehrir «An Analytical Method for
DG Placements Considering Reliability Improvements», IEEE
Transactions on Power Systems, vol. 19, no. 4, pp. 2068-2076, November
2004.

43. Hamid Falaghi, Mahmood-Reza Haghifam «ACO Based
Algorithm for Distributed Generation Sources Allocation and Sizing in
Distribution Systems», PowerThech, pp. 555-560, 2007.

44. Victor H. Méndez Quezada, Juan Rivier Abbad,and Tomas
Gomez San Roméan «Assessment of Energy Distribution Losses for
Increasing Penetration of Distributed Generation», IEEE Transactions on
power systems, vol. 21, no. 2, pp.533-540, May 2006.

45. Seyed Mohammad Hossein Nabavi, Somayeh Hajforoosh,
Mohammad A. S. Masoum, «Placement and Sizing of Distributed
Generation Units for Congestion Management and Improvement of
Voltage Profile using Particle Swarm Optimization», IEEE, 2011.

46. Andrew Keane, Luis (Nando) F.Ochoa, Eknath Vittal, Chris
J. Dent, Gareth P. Harrison «Enhanced Utilization of Voltage Control
Resources With Distributed Generation» IEEE Transactions on Power
Systems, vol. 26, no. 1, pp. 252-260, February 2011.

47.Nikhil K. Ardeshna, Badrul H. Chowdhury, «Supporting
Islanded Microgrid Operations in the Presence of Intermittent Wind
Generation», IEEE, pp. 1-8, 2010.

48.C. L.T.Borges, and D.M.Falcao, Optimal distributed
generation allocation for reliability, losses, and voltage improvement,
International Journal of Power and Energy Systems, vol. 28,
no. 6, pp. 413—-420, July 2006.

104

3amoBuTH U0 KHUry https://press.vntu.edu.ua/index.php/vntu/catalog/book/374
BuaasHUUTBO BiHHMLbKOro HaLiOHaNbHOIO TEXHIYHOrO yHiBepcUTeTy
https://press.vntu.edu.ua/index.php/vntu/catalog




49. Y. Alinejad-Beromi, M. Sedighizadeh, M. Sadighi «A Particle
Swarm Optimization for Sitting and Sizing of Distributed Generation in
Distribution Network to Improve Voltage Profile and Reduce THD and
Losses».

50. Lezhniuk P. D. Optimization of the distributive electric networks
mode with distributed energy sources/ P. D. Lezhniuk, O. A. Kovalchuk,
V. V. Kulyk // Naukovi pratsi Donetskoho natsionalnoho tekhnichnoho
universytetu. Seriia «Elektrotekhnika 1 enerhetyka». — 2011. — S. 11 (186).
—P. 250-254. — ISSN 2074-2630.

51. Kozyrskyi V. V. Integration of renewable energy sources into
distributive electric networks in rural regions / V. V.Kozyrskyi,
Yu. [. Tuhai, V. M. Bodunov, O. V. Hai // Tekhnichna elektrodynamika. —
2011. —Ne 5. —P. 63-67. — ISSN 0204-3599.

52. Nikitorovych O. V. Automation of small hydroelectric power
stations and increase of their operation efficiency / Lezhniuk P. D.,
Nikitorovych O. V., Kulyk V. V.: mater. VIII Inter. conf. [Renewable
energy of XXI century], (Crimea, 17-21 September 2007). — Crimea.: NAN
Ukrainy, Renewable energy institute of the National academy of sciences
in Ukraine, 2007. — P. 202-205.

53. Lezhniuk P. D. Optimal control of scattered energy sources in the
local electrical system / P. D. Lezhniuk, V. V. Kulyk, O. A. Kovalchuk //
Pratsi Instytutu elektrodynamiky NAN Ukrainy. Zbirnyk naukovykh prats.
Spetsialnyi vypusk. Ch. 1. —2011.— P. 48-55. — ISSN 1727-9895.

54. J.Z. Zhu Optimal reconfiguration of electrical distribution
network / J. Z. Zhu / Optimization of power system operation // Institute of
Electrical and Electronics Engineers. — 2009. — pp. 503—-545.

55. Merlin and H. Back, «Search for minimum — Loss Operating
Spanning Tree Configuration in an Urban Power Distribution Systemy,
Proc. 5th Power System Computation Conference, Cambridge, 1975
Paper 1.2/6

56. D. Shirmohammadi and H.W. Hong, «Reconfiguration of
Electric Distribution Networks for Resistive Line Losses Reductiony», IEEE
Trans. PWRD, Vol. 4, No. 2, 1989, pp. 1492 — 1498.

57. C. H. Castro, J. B. Bunchand, and T. M. Topka, «Generalized
Algorithms for distribution feeder deployment and sectionalizing», IEEE
Transaction on Power Apparatus and Systems, Vol. 99. No. 2. March/April
1980, pp. 549-557.

58. C. H. Castro and A.L. M. Franca, «Automatic power distribution
reconfiguration algorithm including operating constraintsy. IFAC

105

3amoBuTH U0 KHUry https://press.vntu.edu.ua/index.php/vntu/catalog/book/374
BuaasHUUTBO BiHHMLbKOro HaLiOHaNbHOIO TEXHIYHOrO yHiBepcUTeTy
https://press.vntu.edu.ua/index.php/vntu/catalog




Symposium on Planning and Operation of Electric Energy Systems, Rio de
Janeiro 1985, pp. 181-86.

59.M.E.Baran and F.Wu, «Network Reconfiguration in
distribution systems for loss reduction and load balancing». IEEE
Transactions on Power Delivery, Vol. 4, No. 2, April 1989,
pp. 1401-1407.

60. C. C. Liu, S.J.Lee, and S.S. Venkata, «An expert system
operational aid for restoration and loss reduction of distribution systemsy,
IEEE Transaction on Power Systems, Vol. 3, No.2, May 1988,
pp. 619-626.

61.7Z. Zhu, X.F.Xiong, D.Hwang, and A. Sadjadpour, «A
comprehensive method for reconfiguration of electrical distribution
network», IEEE/PES 2007 General Meeting, Tampa, USA, June 24-28,
2007.

62.J. Z. Zhu, Application of Network Flow Techniques to Power
Systems. First Edition, WA : Tianya Press, Technology, Dec. 2005.

63. D. Shirmohammadi and H. W. Hong, «Reconfiguration of
Electric Distribution Networks for Resistive Line Losses Reduction», IEEE
Trans. PWRD, Vol. 4, No. 2, 1989, pp. 1492-1498.

64. S. K. Goswami, «A New Algorithm for the Reconfiguration of
Distribution Feeders for Loss Minimization», IEEE Trans. on Power
Delivery, Vol. 17, No. 3, July, 1992, pp. 1484-149.

65. D. Shirmohammadi and H.W. Hong, «Reconfiguration of
Electric Distribution Networks for Resistive Line Losses Reduction», IEEE
Trans. PWRD, Vol. 4, No. 2, 198» A New Algorithm for the
Reconfiguration of Distribution Feeders for Loss Minimization», IEEE
Trans. on Power Delivery, Vol. 17, No. 3, July, 1992, pp. 1484—149.

66. Mohammadi, M. T. Arab Yar, Faramarzi, M. «PSO algorithm for
sitting and sizing of distributed generation to improve voltage profile and
decreasing power losses». — Electrical Power Distribution Networks
(EPDC), 2012 p.p. 1-6.

67. Sharat Ranjan. DECENTRALISED POWER GENERATION
AND DISTRIBUTION // Proceedings of the Himalayan Small
Hydropower Summit. — Dehradun, India. — 2006. — P. 147-155.

68. Hordeiev, V.I. Adjustment of the maximum load of industrial
electrical networks [Tekst] / V. 1. Hordeiev. — Moskva : Enerhoatomyzdat,
1986. — 182 p.

69. Orlov, 1. N. Electrotechnical reference book: in 3 p. P. 3 in 2
books. B. 1. Production and distribution of electric energy [Text] /
L. N. Orlov. — M. : Enerhoatomyzdat, 1988. — 880 p.

106

3amoBuTH U0 KHUry https://press.vntu.edu.ua/index.php/vntu/catalog/book/374
BuaasHUUTBO BiHHMLbKOro HaLiOHaNbHOIO TEXHIYHOrO yHiBepcUTeTy
https://press.vntu.edu.ua/index.php/vntu/catalog




70. Kulyk V. V. Identification of the coefficient of the form of the
group load graph for determination of power losses in distribution networks
[Text] / V. V. Kulyk, D. S. Pyskliarov // Visnyk Pryazovskoho derzhavnoho
tekhnichnoho universytetu. — 2008. — S. Ne 18. — P. 92-95.

71. Hrytsiuk, I. V. Compensation of reactive power in a local
electrical system [Tekst] / P.D. Lezhniuk, V. V. Kulyk, 1. V. Hrytsiuk //
Visnyk Kharkivskoho natsionalnoho tekhnichnoho universytetu silskoho
hospodarstva im. Petra Vasylenka. —2011. — Ne 3. — P. 32-33.

72. Rotshtein, A. P. Intelligent technologies: fuzzy sets, genetic
algorithms, neural systems [Text] / A. P. Rotshtein. — Vynnytsa : Universum-
Vinnytsia, 1999. — 320 p.

73. Rotshtein, A. P. Fuzzy reliability of algorithmic processes [Text] /
A. P. Rotshtein, S. D. Shtovba. — Vynnytsa : Kontynent-PRYM. — 1997. —
141 p.

74. Besekerskyt V. A. Automatic control systems with micro-
computer / V. A. Besekerskyi, V. V. Izrantsev. — M. : Nauka, 1987. — 320 p.

75. Lezhniuk P. D. An estimation of interplay of electric networks of
power systems with transformer connections / P.D. Lezhniuk,
V. V. Kulyk, O. B. Burykin // Tekhnichna elektrodynamika: tematychnyi
vypusk: problemy suchasnoi elektrotekhniky, ch. 7. —2006. — P. 27-30.

76. Order of the Ministry of energy and coal Industry of Ukraine
of 21.06.2013 N 399 / About Methodical recommendations for
determination of technological losses of electric energy in transformers and
transmission  lines //  (electronic  resource). Access  mode:
http://www.leonorm.com/p/NL_ DOC/UA/201301/Nak399.htm.

77. Hnatiienko  H. M. Expert decision making technologies:
monograph / H. M. Hnatiienko, V. Ye. Snytiuk. — K. —2008. — 444 s.

78. Belov V. V. and oth. Graph Theory: A Textbook for universities.
— M. : ,,Vysshaia shkola». — 1976. — 392 p.

79. Demydenko E.Z. Linear and nonlinear regressions. — M. :
Finance and statistics. — 1981.

80. Ferster 3., Rents B. Methods of correlation and regression
analysis. — M. : Finance and statistics. — 1983.

81. Litnarovych R. M. Construction and research of a mathematical
model by sources of experimental data by regression analysis methods
[Text] / Litnarovych R. M. // Navchalnyi posibnyk. — Rivne. — 2011. — 70 p.

82. State normative document from 31.07.1996. — N 28. / On
approval of the rules for the use of electric energy // (electronic resource).
Access mode: http://zakon(.rada.gov.ua/laws/show/z0417-96.

107

3amoBuTH U0 KHUry https://press.vntu.edu.ua/index.php/vntu/catalog/book/374
BuaasHUUTBO BiHHMLbKOro HaLiOHaNbHOIO TEXHIYHOrO yHiBepcUTeTy
https://press.vntu.edu.ua/index.php/vntu/catalog




83. State normative document dated September 28. 2000. — No 1038.
/ Procedure for determining the payment for the transportation of electricity
of own production at the electricity supply at unregulated tariffs //
(electronic  resource).  Access mode:  http://www.uazakon.com.
documents/dates 61/pg_gegwxw.htm.

84. Lezhniuk P. D. Optimization of modes of electric networks with
small HPPs in the conditions of targeted power supply / P. D. Lezhniuk,
V. V. Kulyk, O. B. Burykin, O. A. Kovalchuk  // Tekhnichna
elektrodynamika. Tematychnyi vypusk: Problemy suchasnoi
elektrotekhniky. Ch. 3. —2010. — P. 31-34. — ISSN 0204-3599.

85. Stohnii B. Determination of transit power losses in fragmented
electrical networks of regional power supply companies / Stohnii B.,
Pavlovskyi V. // Energy policy of Ukraine. —2004. — Ne 5. — P. 26-31.

86. Lezhniuk P. D. Mutual influence of electric networks and systems
in the process of optimal control of their modes / P.D. Lezhniuk,
V. V. Kulyk, O.B. Burykin: Monohrafiia. — Vinnytsia : UNIVERSUM-
Vinnytsia, 2008. — 123 p.

87. Lezhniuk P. D. Analysis of the sensitivity of optimal solutions in
complex systems by the criterion method: monogr. / Lezhniuk P. D. —
Vinnytsia : UNIVERSUM—Vinnytsia, 2003. — 131 s.

88. Analysis of heterogeneities in electric power systems /
[O. N. Voitov, N. Y. Voropai, A. Z. Hamm and oht.]. — Novosybyrsk: Nauka,
1999. — 250 p.

89. Lezhniuk P. D. Estimation of sensitivity of power losses in
electric networks: monograph / P. D. Lezhniuk, V. A. Lesko. — Vinnitsa,
VNTU, 2010. - 120 p.

90. Rozenvasser  E. N. Sensitivity of  control  systems /
E. N. Rozenvasser, R. M. Yusupov. — M. : Nauka, 1981. — 464 p.

91. Donchev A. Optimal control systems: Perturbation perturbations
and sensitivity analysis / Donchev A. — M. : Myr, 1987. — 156 p.

92. Designing of power supply systems of agroindustrial complex.
Book 1. The modern concept: the manual. Kudriakov Aleksandr
Heorhievich, Sazykin Vasilii Heorhievich. — Scientific magazine «Kontsep,
3 okt. 2014. — 248 p.

93. Voevodin V. V. Matrytsy y vychyslenyya / V. V. Voevodin,
Yu. A. Kuznetsov.— M. : Nauka, 1984.— 320 p.

94. Mokin B. I. Automatic regulators in electrical networks /
B. I. Mokin, Yu. F. Vyhovskyi. — K. : Tekhnyka, 1985. — 104 p.

95. Rozenvasser E.N., Yusupov R.M. Sensitivity of control
systems. — M. : Nauka, 1981. — 464 p.

108

3amoBuTH U0 KHUry https://press.vntu.edu.ua/index.php/vntu/catalog/book/374
BuaasHUUTBO BiHHMLbKOro HaLiOHaNbHOIO TEXHIYHOrO yHiBepcUTeTy
https://press.vntu.edu.ua/index.php/vntu/catalog




96. Lezhniuk P. D., Kravtsov K. 1., Vydmysh V. A. Analysis of
sensitivity of mathematical models and distribution of tolerances on
parameters by criterial method // Problems of creation of new machines and
technologies.. (Nauchnye trudy Kremenchuhskoho hosudarstvennoho
polytekhnycheskoho instituta). — 2000. — Ne 1(8) — P. 304-307.

97. Lezhniuk P. D., Ostraia N. V. The solution of the inverse
problem of sensitivity and the distribution of tolerances on parameters by
the criterial method // Visnyk Cherkaskoho derzhavnoho tekhnolohichnoho
universytetu. — 2005. — Ne 3. — P. 34-36.

98. Methods for optimizing the modes of power systems /
V. M. Hornshtein, B. P. Myroshnychenko, A. V. Ponomarev and oth. — M.
: Enerhoizdat, 1981. — 336 p.

99. Tykhonov A. N., Arsenin V. Ya. Methods for solving ill-posed
problems. — M. : Nauka, 1986. — 288 s.

100. Lezhniuk P. D., Obolonskyi D. I., Al-Omari Zakariia, Kravtsov
K. I. Aproximacies implicitly virazhenih criterias optimality of electricity
systems by positom // Visnyk Vinnytskoho politekhn. in-tu. — 1994. — Ne 4.
—P. 35-37.

101. Petro Lezhniuk, Eugene Didichenko, Konstantin Kravtsov.
Optimal control of power flows in electric power systems using theory of
similarity // Proceedings of the 5" International Conference on
«Development and application systems» (DAS — 2000). — Suceava,
Romania: «kMUSATINII», 2000. — P. 10-15.

102. Vorotnytskyi V. Ye., Lezhniuk P. D., Serova 1. A. Methodology
and program for assessing the effectiveness of the on-load tap-changer and
ARPN in closed electrical networks // Electrical stations. — 1992. — No 1. —
P. 60-66.

103. Astakhov Yu.N., Lezhniuk P.D. Application of the criterial
method in the electric power industry. — Kyiv: UMK VO. — 1989. — 137 p.
J. Conejo, J. M. Arroyo, N. Alguacil, and A. L. Guijarro, «Transmission
loss allocation: a comparison of different practical algorithms», Power
Systems, IEEE Trans. Power Syst., vol. 17, P. 571-576, Aug. 2002.

104. S. M. Nedilko A system of indicators and criteria for
formalizing the processes of ensuring the functional stability of air traffic
control systems. Information technology management. — P. 102—105

105. State normative document 34.48.151-003 (Electronic resource).
Access mode: http://eom.com.ua/index.php?action=downloads;sa=view;
down=2298.

109

3amoBuTH U0 KHUry https://press.vntu.edu.ua/index.php/vntu/catalog/book/374
BuaasHUUTBO BiHHMLbKOro HaLiOHaNbHOIO TEXHIYHOrO yHiBepcUTeTy
https://press.vntu.edu.ua/index.php/vntu/catalog




Hayxose suoanns

Bypukin Onexcanap bopucosuu
Jlexxkniok Ilerpo lem’siHoOBUY
Kyauk Bosogumup Bosoaumuposuy
Pyb6anenko Osexcanap €Bresinosuy
Manoryaxo FOuais BosrogumupiBaa

OIITUMIBALIA OYHKINIOHYBAHHA
JIOKAJIBHUX EJEKTPUYHUX CUCTEM
3 BIIIHOBJIIOBAHUMU J)KEPEJIAMUA EHEPI'TI

(aHTT1HCHKOI0 MOBOIO)
Monorpadis

Penaxrop C. MamnimeBcbka
Opurinan-maket nigrotosneHo 0. Manorymnko

[Tinmmcano go apyky 12.01.2018 p.
®opmar 29,7x42Y,. Tlanip opceTHuil.
I'apnitypa Times New Roman.
Ywm. ap. apk. 7,16. 3am Ne B2018-01.
Haxman 300 (1-# 3amyck 1-75) mip.

BiHHHUIIBKUIT HAllIOHABHUN TEXHIYHUHN YHIBEPCUTET,
IPBII BHTY,
k. 114,. THK BHTY,

XmenapHuIbKe moce, 95, M. Binaung, 21021.
Ten. (0432) 65-18-06.
press.vntu.edu.ua;
email: kivc.vntu@gmail.com.

CBigouTBo cy0’€KTa BUJABHUYOI CIIPaBH
cepisg IAK Ne 3516 Big 01.07.2009 p.

Binnpykosano @OII bapanosceka T. I1.
21021, m. Bignawur, Byin. [lopuka, 7.
CBigouTBo cy0’€KTa BUJABHUYOI CIIPaBU
cepis IK Ne 4377 Bin 31.07.2012 p.

3amoBuTH U0 KHUry https://press.vntu.edu.ua/index.php/vntu/catalog/book/374
BuaasHUUTBO BiHHMLbKOro HaLiOHaNbHOIO TEXHIYHOrO yHiBepcUTeTy
https://press.vntu.edu.ua/index.php/vntu/catalog





 
 
    
   HistoryItem_V1
   StickOnPages
        
     Source: File: D:\MONOGRAPHY\2018\Колонтитул\Замовити цю книгу 7.pdf
     Source: Range: all pages
     Target: Range: all pages
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 0.00 points
     Scale: 100.00%
     Rotate: 0°
      

        
     D:20180705113707
      

        
     BC
     1
     1
     1
     1
     1
     0
     D:\MONOGRAPHY\2018\Колонтитул\Замовити цю книгу 7.pdf
     1145
     329
     1
    
     AllDoc
     R0
     1.0000
     Fixed
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     0.0000
     0.0000
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0k
     Quite Imposing Plus 4
     1
      

        
     b6dde572-3bb8-4e64-bbeb-ec17b99c67ae
      

   1
  

 HistoryList_V1
 qi2base





