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Abstract—The necessity of using a synergistic effect in energy systems that include vertical axial wind

power plants is shown. The ways of achieving a synergistic effect at different levels of the system

hierarchy are considered: at the lower level, this is the construction of wind farms, consisting of a group

of vertical-axial rotors, located in a certain way in space, at the middle level, the inclusion of wind farms

in a hybrid energy system, which may additionally include: solar power plant, wave energy plant,

hydroelectric power plant, gas combustion plant, etc. at the upper level — synergies between energy

efficiency and renewable energy sources. For the problem solution of synergy effect achievement it is

proposed to use the Navier—Stokes differential equations solution for cluster of three wind-energy stations

with further optimization based on Genetic algorithm.

Index Term—Synergy; renewable energy; vertical axial wind turbines; hybrid power plants; energy

efficiency.
I. INTRODUCTION

Currently, much attention is paid to the
development of green energy, which is associated
with the widespread use of renewable energy
sources. The world community is faced with the task
of reducing greenhouse gas emissions by 50% in the
near future.

Wind power is expected to become one of the
main sources of clean renewable energy, which will
quickly eliminate energy from fossil fuels. In the
United States, for example, wind power is projected
to provide about 20% of electricity by 2030. As a
result, more and more wind farms are being
deployed, and further expansion and expansion of
these farms is a challenge as the land area required
will increase. The main goal of the current research
is in such a way as to increase the specific capacity
of a wind farm, that is, how much energy can be
produced per unit of usable land area.

Modern wind energy is based mainly on the use
of wind power plants (WPP) of two main types -
horizontal-axial (GO) propellers with a horizontal
axis of rotation and vertical-axial (VO) (or
orthogonal) with a vertical axis of rotation.

Comparisons of vertical-axis and horizontal-axis
propeller wind turbines found in the literature are
usually limited to mentioning the advantage of
vertical-axis wind turbines due to their main feature
— insensitivity to wind direction and, consequently,
the possibility of greatly simplifying the design.
Moreover, the greatest use of vertical-axial wind

turbines is projected in developing countries that do
not have modern technologies [1]. As a
substantiation of such forecast the constructive
simplicity of the vertical-axial wind turbines which
do not demand rotary devices and systems is put
forward [2] — [4].

Synergetics, a synergetic approach arose in the
development of the theory of complex systems. The
object of the study of synergetics are complex self-
organizing systems. Thus under self-organization the
irreversible process leading as a result of cooperative
action of subsystems to formation of more difficult
structures of all system is understood. The main
difference between self-organization and other
processes, such as growth processes, is a qualitative
change in the state in which the system is, and the
fact that this change occurs by leaps and bounds.

In the works [5]—[13] analyzed the
characteristics and features of synergetic systems:

o for synergetic systems is characterized by the
predominance of cooperative forms of interaction of
components both within the system and outside it;
self-organization is always associated with
cooperative  processes, collective  coordinated
behavior of parts of the system (it is due to such
behavior that new structures emerge);

o for the results of the functioning of the
synergetic system, and the ability to be endowed
with certain properties '"responsible" are not
individual components of the system, and their
collective interactions — consistency, synchronization,
coherence;
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e coincidence, the real situation is a constructive
beginning, the basis for the development process;
the process of self-organization appears due to the
interaction of chance and need and is always
associated with the transition from instability to
stability;

e synergetics is based on the principle that the
world evolves according to nonlinear laws;
nonlinearity in the broadest sense means the variety
of ways to choose from alternatives; the synergetic
system is characterized by nonlinearity of internal
dynamics, the ability to change its structure, while
maintaining integrity;

e synergetic system clearly defines energy
factors — the emergence of a powerful flow of
energy, and its exit from the system;

e the synergetic system is characterized by the
constructive nature of the contradictions that arise in
the process of interaction;

e in the synergetic system simultaneously
presented two trends — the desire to increase entropy
and to reduce it (negentropic tendency);

e the predominance of one of these trends
determines either the transition of the system to a
higher level of development, or the development of
the entropy of decline; self-organization is
manifested in the ability to resist entropy tendencies.

As you can see from the above, the
implementation of the synergistic effect can
significantly increase the efficiency of the energy
system.

II. PROBLEM STATEMENT

Based on the available sources of renewable
energy, including wind, it is necessary to develop an
integrated approach to finding ways and their
implementation, ensuring the achievement of a
synergistic effect for a significant increase in the
energy efficiency of the hybrid power plant being
developed. To solve the problem, a methodology is
proposed

III. METHODOLOGY OF ACHIEVING A SYNERGISTIC
EFFECT USING VERTICAL-AXIAL WIND TURBINES

The methodology of achieving a synergistic
effect using vertical-axial WPP has a hierarchical
structure, which is shown in Fig. 1. This structure
has three levels of hierarchy: at the lower level, this
is the construction of wind farms, consisting of a
group of vertical-axial rotors, located in a certain
way in space, at the second level, the inclusion of
wind farms in a hybrid energy system, which may
additionally include: solar a power plant, an
installation using wave energy, a hydroelectric

power plant, an installation using the energy of gas
combustion, etc., at the third level, the synergy
between energy efficiency (EE) and renewable
energy sources (RES) Consider the lower level of
the hierarchy.

1rd level of synergy

Synergies between energy efficiency
and renewable energy sources

2rd level of synergy

Integration types

| Hybrid Hybrid Hybrid | |
I | system 1 system 2 system m
3rd level of synergy
o Clustering |
Cluster 1 Cluster 2 Cluster n

Fig. 1. The structure of the synergy methodology

IV. SYNERGISTIC EFFECT BASED ON THE
MUTUAL ARRANGEMENT OF VERTICAL-AXIAL
ROTORS OF ROTATION

Experiments [14] show that wind turbines with a
vertical rotor axis can interact synergistically to
increase overall energy production when placed in
close proximity. In order to simplify, we use a linear
model of executive bodies when simulating a large
vortex to test new configurations of wind turbines
with a vertical rotor axis of rotation, which use these
synergistic interactions. This model is described by
the Navier—Stokes differential equations. At the first
stage, clusters with three turbines each are designed,
remaining insensitive to the wind direction, and the
distance between the grouped turbines is optimized.
Then the wind turbines are tuned based on clusters,
rather than individual turbines. The simulation
results show that vertical-axis wind turbines have a
positive effect on each other if they are assembled
into well-designed clusters: such configurations
increase the power generation of one turbine by
about 10 percent [14]. In addition, cluster designs
can reduce the distance between turbines, which
results in an increase in the number of turbines in a
given area by about three times compared to
traditional configurations.

It has been shown that combining vertical axis
wind turbines into small groups has several
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advantages for electricity generation. [15]. The
global performance of the turbines is enhanced since
the downstream turbines benefit from the flow-
deflection effect and the resulting higher flow speed
caused by turbines located upstream. However,
depending on the direction of the wind relative to the
location of the turbines on the farm, compact
clustering can also have negative consequences
when one turbine is mainly in the track / shadow of
the upstream rotor.

If two turbines are grouped together, the range of
wind directions at which one of the turbines is in the
shade (partially or fully) of the other is 23, wherep =
tan '(2D/2L) (Fig. 2a), L being the turbine spacing

(centre to centre) in a cluster. We note that this is a
purely geometric consideration that does not account
for the expansion of the wake. On the other hand,
when the flow is approximately perpendicular to the
centre-to-centre axis, the higher induced speed in-
between the two turbines is not being exploited.

By introducing one additional turbine, the range
of wind directions where two turbines can directly
shadow each other is increased to 6 (Fig. 2b).
However, the third turbine can benefit from the
higher wind speed induced in-between the two
upstream turbines or the two downstream rotors can
benefit from the transverse flow deflection of the
upstream turbine (depending on wind direction).

©)

Fig. 2. Wind directions in which vertical-axis wind turbines are in the wake of an upstream rotor for two,
three and four turbines (y =)

This can lead to the generation of energy by the
three turbines in excess of the power of the three
distant, non-interacting ones (this improvement
depends on L/D, as shown below). As the number of
turbines in a cluster increases to more than three, the
flux benefits decrease and the range of wind
directions in which the turbines obscure each other
increases to n (n — 1) B,where n is the number of
turbines in the cluster (e.g., Fig. 2¢)

Having chosen an effective cluster design, we
now consider the design of trusses based on these
clusters. An important parameter in the design and
optimization of wind farms is the distance required
for wind speed and energy recovery after
turbines [14].

The triangular design provides the best use of
accelerated flow with minimal track shading.

Effect of distance between turbines depending on
their diameter, L/D, was then tested to optimize a
single cluster in terms of overall power generated,
omni-directional  performance, and  wake-up
recovery distance required. By varying the turbine
stroke, the housing z L/D values of 3, 4 and 5 were
shown to generate the highest average cluster power.
Subsequently, further tests were carried out only at
these three time intervals, and the case with L/D =5

emerged as one with the highest average cluster
power in all wind directions: the power generated in
this case is about 10% higher than that generated by
the three insulated turbines. Furthermore, L/D = 5
causes the smallest change in the generated power
depending on the wind direction, and the trace return
distance with the flow is the shortest (since the
cluster is more “porous”). So this cluster design has
confirmed the use of the synergistic effect of a
vertical axis wind turbine to increase energy
generation and will generate a higher power density
(power generated per unit of land used) due to the
proximity of the rotors.

The performed analysis to determine the
topology of a cluster of vertical-axial wind turbines
and their geometric parameters is rather laborious
and costly, since it was implemented on
experimental installations. Therefore, in this paper, it
is proposed to use mathematical models of clusters
consisting of vertical-axis wind turbine (VAWT),
the dynamics of which is described by systems of
Novier—Stokes equations with additional elements
that take into account the effect of the vortex field of
one turbine on others. It is advisable to solve these
equations using the ANSYS software package.
Choosing the electric power generated by the cluster
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as a fitness function and using a two-level algorithm
as an optimization one, it is possible to find the
optimal number of VAWTs included in the cluster,
their geometric parameters and the distances
between them. This is especially important because
the mathematical model can take into account the
direction and speed of the wind, natural relief and
other environmental parameters.

The two-level optimization algorithm consists of
the following algorithms: hybrid genetic and
gradient ADAM algorithm [16]. At the first stage of
the optimization process, a hybrid genetic algorithm
is used, which makes it possible to “roughly”
determine the structure and parameters of the
VAWT. At the second stage, the ADAM algorithm
is used, which makes it possible to refine the
parameters found as a result of the first stage.

That is why VAWT was adopted for the
construction of large wind farms. The trusses, which
use this advanced cluster design and sufficient track
recovery distance between the 10D and 20D
clusters, were then compared to the aligned and
offset configurations for the prototypes for infinitely
large wind farms with different horizontal turbine
slopes: 5D, 10D and 20D. For selected very large
wind farms, the results show that the average power
factor of wind farms wusing two different
normalizations is much higher for shifted triangular
clusters than for wind farms with a regular
configuration. By using these average power factor
results and the simple cost of capital function for the
entire wind farm, as well as changing the ratio of
land costs to turbine costs, we have also shown that
the unfolded wind farm cluster design is optimal
(among those discussed here) in terms of cost per
unit of energy produced. Significant power increases
and lower capital costs can be achieved by
harnessing the ability of vertical axis wind turbines
to positively increase power generation from
adjacent turbines if properly tuned. Another
important aspect of the results is that in addition to
the interaction of turbines within the cluster, the
clusters themselves act synergistically, further
increasing energy production. One of the criteria for
the optimization of clusters and farms was
multidirectional. It is necessary to choose a
configuration with characteristics that are not
strongly dependent on the wind direction as this is
also the main advantage of individual vertical axis
wind turbines. However, if this criterion is
weakened, for example in locations with a
predominant wind direction, the optimal cluster
designs can be very different and can also exploit

this synergy between clusters with potentially higher
power densities.

According to the above methodology, the next
step is to incorporate wind farms into the hybrid
energy system.

There are several solutions of renewable energy
sources (RES) integration [17]:

e connecting spatially distributed generators;

e the use of additional and / or controlled
generators in hybrid configurations;

e application of requirements and flexible loads;

e implementation of energy storage;

e large size and power for hydrogen;

e use of the concept of "vehicle-power" - the
use of electric vehicles as a warehouse;

o forecasting of RES generation.

It should be noted that renewable energy sources,
which are components of a hybrid power plant,
complement each other during operation.

The first is the hybridization of energy sources
(e.g. solar wind, wind-water, etc.), and the second is
the use of the spatial distribution of power plants for
the smooth generation of electricity by given RES.
Both approaches are based on the complementary (to
a different extent) nature of renewable energy
sources.

Complementarity should be understood as the
ability to complement each other. Complementarity
can be seen in time, space and together in both areas.

Spatial complementarity - can be observed
between one or more types of energy sources. This
is a situation where energy resources complement
each other in a given region. A complement to the
shortage of one RES in region x is its availability in
region y. An example of spatial complementarity is
the effect of smoothing spatially dispersed wind
generators, the energy generation trends of which
show a decrease in the correlation coefficient with
increasing distance between facilities.

Temporary Complementarity - Can be observed
between two or more energy sources in the same
region. This is understood as a phenomenon in
which RES show periods of availability that
complement each other in the time domain. An
example is the annual patterns of wind and solar
energy availability in Europe, where the former is
plentiful in the fall / winter period and the latter in
the spring / summer period.

An example of building a hybrid power plant,
including a wind farm with a vertical rotor and a
solar power plant, implemented at the National
Aviation University under the leadership of the
author, is shown in Fig. 3.
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Fig. 3. Hybrid power plant

Space-time complementarity — (complementarity
in time and space) is considered for one or more
energy sources, the complementarity of which is
studied simultaneously in the temporal and spatial
realms.

In order to ensure the efficiency of the
functioning of the hybrid power plant, it is necessary
to assess the complementarity using statistical
indicators.

Correlation coefficients and indices are used as
such indicators. Correlation coefficients are the most
widely used measure of the relationship between two
random variables.

According to the above methodology, the next
step in the proposed methodology is the synergy
between energy efficiency and renewable energy
sources.

The synergy between EE and RE can be framed
in the following ways:

1) In developing the upper tier of synergies, the
focus should be on the ultimate goals, including
reducing greenhouse gas emissions, increasing
energy availability and enhancing energy security in
the most realistic ways.

Also, it should enable the realization of EE and
RE measures through proof of achievement, such as
carbon reduction certificates. This can be done in a
variety of ways, including via open markets for EE,
demand management, energy storage, carbon
storage, RE generation, use of energy-efficient
equipment and other solutions.

2) New policy thinking is required as policy
implementation progresses. This could include

processes to reduce complexity, and tools or analysis
to evaluate the effect of policies on the energy
system and achievement of end goals. The “Clean
energy for all Europeans” package [18] is an
example that combines governance, EE, RE and
electricity market design.

3) Technology innovation needs adaption to
policy formulation so that it can influence
energyrelated behaviour and consumption. An
example is energy service models that integrate
energyefficient equipment with smart meters or
renewable electricity and storage systems to create
an efficient building [19].

4) Sufficiency strategies begin with the
evaluation of everyday routines and lifestyles in
order to reconcile them with demands for
sustainability. The results influence fundamental
approaches to reduction, substitution and adaptation.
The framework conditions are structurally and
politically designed in such a way that EE becomes
more acceptable in everyday life.

There are potential losses at each stage of the
energy supply chain, from extraction to end use. So,
each stage has the potential to increase the EE of the
overall system. Renewables are capable of providing
more primary energy when overall energy demand is
lowered using EE measures. Renewables like wind,
solar and hydropower do not need thermal energy
conversion, so they are inherently more efficient.

Using distributed renewables could also reduce
losses in the transmission and distribution grid
because the production is on-site and is closer to the
consumption.

The synergy provided by EE and RE measures
vary from country to country. Based on the place of
implementation, the factors shown in the image
affect the potential synergy that the same measures
could achieve.

Energy efficiency and RE can create synergies in
different ways.

o Timing synergies. The energy-saving potential
of EE is significant in the short to medium term, but
EE solutions are not infinite. Therefore, renewables
are needed to supply energy in the short term and
also to expand opportunities in the long term.

o FEconomic synergy. According to most studies,
energy efficiency has the lowest levelized energy
cost compared to power generation technologies. In
addition, renewable energy technologies can
compete in cost with traditional power generation
technologies. Using both solutions at the same time
can reduce the overall cost of the power system.
Moreover, by creating investment and jobs in
various sectors, the pursuit of energy efficiency and
renewable energy can increase economic growth.
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o Geographic synergies. The potential for
implementing RE is dependent on the location,
while most EE solutions are not location-specific. In
locations with a lack of suitable RE resources, the
system could utilise more EE to compensate for this
shortage.

o Power system synergies. The effect of EE and
RE on grid load varies over time. For example, on a
hot summer day, EE could reduce the load and RE
technologies (e.g. PV power) could fulfil the
remaining load. Also, they could increase grid
reliability by diversifying the supply sources [20].

V. CONCLUSIONS

The problem of achieving a synergetic effect in
the construction of energy systems based on the use
of renewable energy sources is considered. The use
of installations with a vertical axis of rotation of the
rotor is envisaged as a wind turbine. A methodology
for achieving a synergetic effect by solving the
problem at three levels is proposed. The proposed
approach can significantly increase the efficiency of
hybrid energy systems.

REFERENCES

[1] P. P. Bezrukikh, Using wind energy, Moscow: Kolos,
2008, pp. 9—15. [in Russian]

[2] Carves wind generators, Moscow, 2008, p. 1.
http://www.karvas.hl6.ru [in Russian]

[3] D. N Gorelov and Yu. N. Kuzmenko, "Experimental
estimation of the limiting power of a wind wheel with
a vertical axis of rotation," Thermophysics and
Aeromechanics, vol. 8, no. 2, pp. 329-334, 2001. [in
Russian]

[4] BritishWindEnergyAssociation, BWEA,
www.bwea.com. - GreatBritain, 2008, p. 1.

website

[5] L. N. Gorbunova, Research-oriented professional
development of teaching staff in the context of the
development of modern Russian  education:
dissertation Doctor of Pedagogical Sciences:
13.00.08. Moscow, 2010, 412 p. [in Russian]

[6] E. N. Knyazeva and S. P. Kurdyumov, "Synergetics
as a new worldview: dialogue with I. Prigozhin,"
Voprosy filosofii, no. 12, pp. 3-20, 1992. [in Russian]

[7] E. N. Knyazeva, Odyssey of Scientific Reason:
Synergetic Vision of Scientific Progress, Moscow:
IFRAN, 1995, 228 p. [in Russian]

[8] E. N. Knyazeva and S. P. Kurdyumov, Foundations
of Synergetics. Regimes with aggravation, self-

organization, tempomir, St. Petersburg: Aleteya,
2002, 414 p. [in Russian]

[9] L Prigogine, "Philosophy of Instability," Problems of
Philosophy, no. 6, pp. 45-57, 1991. [in Russian]

[10] A. 1. Prigogine, Methods of development of
organizations, Moscow: MCFER, 2003, 864 p.
(Supplement to the magazine "Consultant," 2003, no.
9) [in Russian]

[11] A. 1. Prigogine, Innovations: incentives and

obstacles (social problems of innovation), Moscow:
Politizdat, 1989, 271 p. [in Russian]

[12] I. Prigogine and 1. Stengers, Time, chaos, quantum,
trans. from English Moscow: Publishing group
"Progress", 1999, 268 p. [in Russian]

[13] G. Haken, Synergetics, ed. Yu. L. Klimontovich, S.
M. Osovets, Moscow: Mir, 1980, 404 p. [in Russian]

[14] S. H. Hezaveh, E. Bou-Zeid, M. W. Lohry, and L.
Martinelli, "Simulation and wake analysis of a single
vertical axis wind turbine," Wind Energy, 20:713—
730, 2016. https://doi.org/10.1002/we.2056

[15]J. O. Dabiri, "Potential order-of-magnitude
enhancement of wind farm power density via
counter-rotating vertical-axis wind turbine arrays," J
Renew  Sustain Energy, 3:43104. 2011.
https://doi.org/10.1063/1.3608170

[16] Michael Z. Zgurovsky, Victor M. Sineglazov, and
Olena 1. Chumachenko, Artificial Intelligence
Systems Based on Hybrid Neural Networks, Springer,
2020, 390 p.
https://link.springer.com/book/10.1007/978-3-030-
48453-8. Customer can  order it via
https://www.springer.com/gp/book/9783030484521

[17] J. Jurasz, F. A. Canales, A. Kies, and M. Guezgouz,
and A. Beluco, 4 review on the complementarity of
renewable energy sources: concept, metrics,
application and future research directions by, p. 34.
DOI: 10.1016/j.solener.2019.11.087
(or arXiv:1904.01667v1 [physics.soc-ph] for this
version)

[18] European Commission, Clean energy for all
Europeans package, 2019.
https://ec.europa.cu/energy/en/topics/energy-strategy-
and-energy-union/clean-energy-all-europeans

[19] IRENA, IEA and REN21, “Renewable energy
policies in in a time of transition”, IRENA, IEA and
REN21, Abu Dhabi, 2018.

[20] B. Prindle, et al., "The twin pillars of sustainable
energy: Synergies between energy efficiency and
renewable energy technology and policy,"

American Council for an Energy-Efficient
Economy (ACEEE), Washington, DC.

Received March 02, 2021



46 ISSN 1990-5548 Electronics and Control Systems 2021. N 1(67): 40-46

Sineglazov Victor. orcid.org/0000-0002-3297-9060. Doctor of Engineering Science. Professor. Head of the Department.
Aviation Computer-Integrated Complexes Department, Faculty of Air Navigation Electronics and Telecommunications,
National Aviation University, Kyiv, Ukraine.

Education: Kyiv Polytechnic Institute, Kyiv, Ukraine, (1973).

Research area: Air Navigation, Air Traffic Control, Identification of Complex Systems, Wind/Solar power plant.
Publications: more than 660 papers.

E-mail: svm@nau.edu.ua

B. M. CunernazoB. CuHeprernunuii edexkT 3 BHUKOPHCTAHHSM BEPTHKAJIBHO-OCHOBHX BiTpPOeHepreTHYHHX
YCTAHOBOK

[TokazaHo HEOOXiAHICTh BUKOPUCTAHHS CHHEPTETUYHOTO e(eKTy B €HEPreTHYHUX CHCTEMaXx J0 CKIaAy SKHUX BXOMSATHh
BEPTUKAJILHO-OCHOBI BITPOGHEPIreTUYHI YCTAaHOBKU. PO3IIISIHYTO NUIAXM JOCATHEHHS CHHEPreTHYHOro e(eKTy Ha
PI3HUX PIBHSIX CHCTEMHOI iepapxii: Ha HIDKHBOMY piBHI II€é MOOYZOBa BITPOCTaHILIH, IO CKIAIAIOTBCA 3 TPYIH
BEPTUKAJIbHO-OCLOBUX POTOPIB, NEBHUM YWHOM pO3TAIOBAHMX Y MHPOCTOpPi, HA BEPXHbOMY PiBHI — BKIIIOUEHHS
BITPOCTAHIIM 10 CKiaxy riOpUaHOI €HepreTHYHOI CHCTEMH, JI0 CKJIany SIKOi JOJATKOBO MOXXYTh BXOIWMTH: COHSYHA
€HepreTUYHa YCTAHOBKA, YCTaHOBKA BHKOPHCTOBYE E€HEPTril0 XBWJIb, TiJPOEIEKTPOCTaHIis, YCTAHOBKA, IO
BUKOPDHCTOBYE €HEPril0 TOpiHHS Ta3y, TOIIO; Ha BEPXHBOMY pIiBHI — CHHEpTris MDK €Heproe)eKTUBHICTIO Ta
BiJTHOBJIIOBAILHUMHU JDKepenamu eHeprii. Jlns BupilieHHS 3aBAaHHS JIOCSTHEHHS CHHEPreTUYHOrO eQeKTy
MIPOITOHYETHhCST BUKOPUCTOBYBATH pO3B'si3aHHs piBHAHL Hab'e-CrTokca mjsi Kiactepa 3 TPhOX BITPOEHEPIeTHYHHX
CTaHIII# 3 MOAAIBIIOK ONTHUMIi3alli€0 HA OCHOBI T€HETHYHOT'O aITOPUTMY.

Karou4oBi ciioBa: cuHepreTuka; BiJHOBIIOBAIBHI JDKEepeaa €Heprii; BepTUKAJIbHO-OChOBI BITPOYCTaHOBKHM; TiOpuaHi
€HepreTUYHI YCTaHOBKH; €HEPreTH4YHa e()eKTHBHICTB.

Cunernazon Bikrop MuxaiinoBuy. orcid.org/0000-0002-3297-9060.

Jloxtop TexHiunux Hayk. [Ipodecop. 3aBigyBau kadeaporo.

Kadenpa aBiamiiHUX KOMIT IOTEPHO-IHTEIPOBAHUX KOMIUIEKCiB, @aKkyabTeT aepoHaBiraimii eJIeKTPOHIKH i
TeNeKoMyHikalii, HarionanpHuii aBiamiiinuid yHiBepcuter, KuiB, Ykpaina.

Ocgita: KuiBchkuii momiTexHivynuii incturyt, Kuis, Ykpaina, (1973).

HampsiMm HaykoBOi JIisUTBHOCTI: aepoHaBiralfis, yHpaBJIiHHS MOBITPSHHM pPYXOM, ileHTH(]IKallis CKIaJHUX CHCTEM,
BITPOEHEPTeTHYHI YCTaHOBKH.

Kinbkicts myOmikariii: 6inbiie 660 HayKOBUX POOIT.

E-mail: svm@nau.edu.ua

B. M. CunersiazoB. CuHepreTuueckuii 3)(pexT ¢ ncnoipb30BaHHeM BEPTHKAJIbHO-0CEBBIX BETPOIHEPTreTHYECKHX
YCTAHOBOK

[Tokazana HEOOXOIUMOCTD HCIIOIB30BaHUSI CHHEPTeTHIECKOro 3(h(heKTa B SHEPreTHUECKUX CHCTEMaX B COCTAaB KOTOPBIX
BXOJISIT BEPTUKAJIbHBIE OCEBBIE BETPOIHEPTeTHUECKUE YCTAHOBKU. PacCMOTpEHBI MyTH JOCTIKEHUSI CHHEPTeTUIEeCKOTro
s¢dekra Ha pa3HBIX YPOBHSIX CHCTEMHOW HEPapXHU: Ha HIXKHEM YPOBHE 3TO IMOCTPOCHUE BETPOCTAHIINMH, COCTOSIINX H3
TPYNIIBl BEPTHKAIBHO-OCEBBIX POTOPOB, ONpPENEeICHHBIM 00pa3oM pAaCIONOKEHHBIX B MPOCTPAaHCTBE, HA BEPXHEM
YPOBHE — BKJIIOYEHHE BETPOCTAHLMA B COCTaB THOPUAHOW DHEPreTUUECKOH CHCTEMBI, B COCTaB KOTOPOH
JIOTIOTHUTENBHO MOTYT BXOJIMTh: COJTHEYHAsl SJHEPreTHUECcKasl YCTAHOBKA, YCTAHOBKA HWCIIOJIB3YIOIAs YHEPTHIO BOJH,
THJIPORJIEKTPOCTAHIIMS, YCTAHOBKA, MCIONB3YIONasi SHEPTHI0 TOPEHHs Ta3a W Jp.; Ha BEPXHEM YPOBHE — CHHEPTHUs
MEeXIy PHeprod(p(eKTUBHOCTHIO U BO300HOBIISIEMBIMH HMCTOYHUKAMH SHEprud. [y peuieHus 3agaddl JOCTHIKEHUS
cHHepreTryeckoro 3¢ ¢eKTa npemiaraeTcs UCIONb30BaTh penieHue ypaBHeHui HaBbe—CToKca Ayl Kilactepa M3 Tpex
BETPOIHEPreTUUECKUX CTAHINH C TATIbHEHIIeH ONTUMHU3aIMel Ha OCHOBE T€HETHYECKOT 0 aIropuT™Ma.

KnaroueBble ciioBa: cHHEpreTHka; BO30OHOBIIIONIME WCTOYHHKU DHEPIHH; BEPTHKAJIbHO-OCEBBIE BETPOYCTAHOBKH;
THOpUTHBIE SHEPTEeTUYECKUE YCTAHOBKH; DHEpreTHueckast 3ppeKTHBHOCTb.

Cunernasos Buxrop MuxaiinoBuu. orcid.org/0000-0002-3297-9060.

Jloktop TexHmueckux Hayk. IIpodeccop. 3aBenyromuii kadempoii.

Kadenpa aBuHaIlMOHHBIX KOMITBIOTEPHO-UHTEIPUPOBAHHBIX KOMILICKCOB, DakylbTeT a’pOHABUTAIIUM SICKTPOHUKH U
TeJeKOMMYyHUKanuii, HarmoHnanpHbIN aBUallMOHHBIN yHUBepcuteT, Kues, Ykpauna.

Ob6pa3oBanue: KueBckuii moauTeXxHuIeckuii HHCTUTYT, Kues, YkpauHa, (1973).

HanpasieHue HaydHOW JEATEIBHOCTH: adpPOHABHTAIlWs, YIIPABICHHE BO3AYIIHBIM JBIDKCHHEM, HICHTADUKAISL
CJIOXKHBIX CHCTEM, BETPOIHEPTCTUICCKHE YCTAHOBKY.

Konuuectro my6nukaruii: 0onee 660 HaydHBIX padoT.

E-mail: svm@nau.edu.ua



