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Abstract
This paper considers an urgent issue related to increasing the efficiency of using solar inso-

lation on water-heating solar collectors (WSC). Analyzing the structural changes of the WSC, in 
order to increase the effective use of solar insolation, a method is proposed without changing 
the design of the WSC to solve this issue. The essence of the proposed tracker is to use it to 
orient the WSC to the position of the Sun, using solar panels.
Keywords: Orientation, position, Sun, solar collector, efficiency, solar insolation, 
automation, horizontal solar tracker

Introduction
Today, flat water heating solar collectors 

(WSC) are widely used in practice. The main 
advantages of solar heat collectors are: high 
process efficiency even in subzero tempera-
tures; ease of installation of the entire struc-
ture; anti-wind resistance of the collector; du-
ration of operation. However, the efficiency of 
using solar insolation remains much to be de-
sired. This is probably why many researchers 
and engineers working in this field, in order 
to increase the efficiency of using solar inso-
lation, are trying to change the very design of 
the WSC and the materials used in this design 
(Avezova N. R., Avezov R. R., Rustamov N. T., 
Vakhidov A., Suleymanov Sh. I., 2013; Ermu-

ratskij V. V., Postolatij V. M., Koptyuk E. P., 
2009; Ermuratskij V. V., 2009; Avezova N. R., 
2003). In this case, the cost of the thermal en-
ergy produced by WSC increases. It should be 
noted that the thermal and energy character-
istics of these solar installations, in addition to 
its design and the use of various metal mate-
rials, also depend on the degree of how to use 
Solar insolation. This is an urgent task that 
needs to be solved today. Interestingly, due to 
the tilt of the Earth’s axis, the Sun also moves 
46° north and south during the year. Thus, 
the same set of WSC installed at the midpoint 
between two local extremes will see the Sun 
moving 23° in both directions. Given this 
situation, the researchers began using solar 
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trackers at the WSC in order to increase the 
efficiency of using solar insolation in the pro-
duction of thermal energy. The results were 
not encouraging (URL: https://dzen.ru/a/
XmwFOKI43BdEorSK; URL: https://www.
youtube.com/watch?v=7qq8g38jwd7; Pulun-
gan A. B. et al. 2020; Brito M. C. et al. 2019). 
Due to the complexity of the tracker’s design, 
the cost of the generated thermal energy did 
not really satisfy the consumer. Despite this, 
everyone knows that the aim of increasing the 
use of solar insolation in the WSC system is 
becoming in demand today.

Interestingly, there are simpler methods 
to increase the efficiency of using solar in-
solation and the design of solar trackers on 
the WSC. In (Rustamov N. T., Kibishov A. T., 
Isroilov F. M., Ernazar K. E., 2023), a simple 
method for increasing the efficiency of us-
ing solar insolation at WSC is described. By 
changing the location of the absorbers on the 
aperture area of the WSC, it is possible to 
increase the efficiency of using solar insola-
tion in a solar installation. The first option is 
shown in (Fig. 1).

Figure 1. Different designs of the absorber arrangement 
on the aperture area of a flat solar collector

 FSC1 FSC2 FSC3

The first method (Fig.1) (Rustamov N. T., 
Kibishov A. T., Isroilov F. M., Ernazar K. E., 
2023): absorbers are positioned on the ap-
erture area of flat solar water heating collec-
tors according to the “golden section” prin-
ciple. Fig.1 shows such an arrangement of 
absorbers (FSC1 and FSC2) FSC3 is a classic 
arrangement of absorbers on the aperture 
area. The second method (fig. 2) Rustamov 
N., Kibishov A., Naci Genc, Shokhrukh Ba-
bakhan, Ernazar K. 2023). The absorbers 
are located on the aperture area of the par-

abolic concentrator according to the Fibo-
nacci number principle. At the same time, 
by changing the fractal dimension of the ab-
sorbers, it is possible to further increase the 
efficiency of using solar insolation (Rustam-
ov N. T., Mejrbekov A. T., Kibishov A. T., ot 
30.06.2023). The third method. If we design 
a uniaxial horizontal solar tracker that causes 
the movement of the FWSC as shown in (Fig. 
3), then it will also be possible to increase the 
use of solar insolation by a solar installation 
without changing the design of the WSC.

Figure 2. General view of the fractal water heating solar collector (FWSC) design
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As you know, the Sun travels 360° from 
east to west per day, but from the point of 
view of any fixed location, the visible part is 
180° maximum during the average period of 
half a day (more in summer, slightly less in 
spring and autumn and significantly less in 
winter). FWSC with a fixed orientation be-
tween the extreme points of dawn and sunset 
will move. approximately 75° in both direc-
tions and will lose more than 75% of energy 
in the morning and evening. The rotation of 
the FWSC to the east and west can help make 
up for these losses.

The aim of the work is to develop a 
horizontal solar tracker for a fractal water 

heating solar collector powered by a renew-
able energy source.

The solution method. By definition, a 
FWSC tracker is a system with rotary mech-
anisms that automatically deploys FWSC 
along the line of movement of the sun, as 
shown in Fig. 3. So more direct rays fall on 
their surface during the day, which increases 
the overall efficiency of using solar insolation 
by solar collectors. It is clear that the design 
of such a tracker should ensure a reduction in 
the cost of generated thermal energy. This is 
also one of the options for increasing the ef-
ficiency of using solar insolation, which does 
not require changing the design of the WSC.

Figure 3. Options for the orientation of the fractal water 
heating solar collector to the movement of the Sun

The tracker being developed should have 
the following functions: to be constantly point-
ed at the Sun, at best at a right angle. Tracking 
of the Sun, the FWSC should be carried out 
autonomously, i. e. without manual control. 
Remote control by connecting it to a horizon-
tal tracker will also provide an opportunity to 
expand functions. In this case, the axis of rota-
tion of the horizontal uniaxial tracker must be 
horizontal relative to the ground. To do this, 
the FWSC itself is attached to a rotating disk 
attached to a vertical axis.

To reduce the cost of the solar tracker, 
we will use solar photo panels to operate the 
engine. The rotating disc itself is put on a 
vertical axis attached to a non-moving disc. 
This type of horizontal solar tracker is most 
suitable for low latitude regions. The layout 
of the field for FWSC with horizontal uniax-
ial solar trackers is very flexible. The appro-

priate field can maximize the ratio of ener-
gy production to costs, and this depends on 
the local terrain and shading conditions, as 
well as on the time of day and the value of 
the energy produced. With this design of the 
horizontal solar tracker, reverse tracking is 
not required for the WSC. The FWSC are 
mounted on a rotating disk, and this disk 
will rotate around its axis to track the visible 
movement of the Sun during the day. Now 
the question arises how to rotate the disk 
where the FWSC is attached. To generate 
electricity for the rotating rotating disk en-
gine, we will use a solar photo panel. Figure 
4 shows such a horizontal solar tracker pow-
ered by renewable energy sources.

This system works as follows. In the 
morning, position c). When the sun’s rays fall 
on the FWSC9 and on the solar panel 7, the 
FWSC9 begins to generate thermal energy 
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and at the same time the solar photo panel 7 
will generate electrical energy.

Here 1,6 is a controller, 2 is a reversible 
asynchronous motor, 3 is an electric drive, 4 

is a rotating disk where the FWSC is attached, 
5 is a support disk holding the rotating disk, 
7,8 solar photo panels, FWSC9.

Figure 4. Uniaxial horizontal solar tracker for FWSC 
operating on an alternative energy source

 a) b) c)

The generated electrical energy is fed 
through the controller 1 to the reverse asyn-
chronous motor 2. The reverse asynchronous 
motor using an electric drive 3 begins to rotate 
the rotating disk 4. At this time, the second so-
lar photo panel 8 is in the shade, and does not 
generate electrical energy. Position b). Noon 
in this position, the first photo panel will be 
in the shade, the production of electrical en-
ergy is suspended. But the FWSC continues 
to generate thermal energy. The engine is not 
working. Position a). After lunch, the sun’s 

rays fall on the second photo panel 8, it begins 
to generate electrical energy. The generated 
electrical energy is supplied to the engine 2 
through the controller 6, the engine begins to 
rotate the disk 4 with the help of an electric 
drive 3. Thus, the FWSC9 will generate ther-
mal energy during this period of movement. 
At this time, the first photo panel 7 remains in 
the shade, i. e. the sun’s rays do not fall on this 
photo panel. When the movement of the Sun 
ends, the reversing engine returns the rotating 
disk 4 to its original position.

Figure 5. Daily solar insolation for Turkestan (1.03.2023)

These three designs were experimented 
with under the same external and internal con-
ditions. At the same time, the aperture areas 
of the WSC and the size of the absorbers were 

the same. But the structures of the absorber ar-
rangement were as shown in (Fig. 2 and 3).

Figure 5 shows the changes in solar inso-
lation when the experiments were conducted.
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From the graphs obtained as a result of 
the experiment, the efficiency of water-heat-
ing solar collectors shown in Figs.6 and 7, 
one can see the trend in the efficiency of us-
ing solar insolation depending on the loca-
tion of absorbers on the aperture area of so-
lar collectors.

Collectors where the absorbers are frac-
tally arranged according to the principle of 
the “golden section” of FSC1 and FSC2 use 
solar insolation more effectively compared 

to where the absorbers are located on the 
aperture area parallel to the FSC3. 6 and 7 
shows that when the collector structure has a 
shape as shown in Figure 2, the efficiency of 
using solar insolation by a solar installation 
will be more efficient compared to previous 
VSCs. Since in this case, the solar installa-
tion uses solar insolation multiple times to 
generate thermal energy. This installation is 
patented (Rustamov N. T., Mejrbekov A. T., 
Kibishov A. T., ot 30.06.2023).

Figure 6. Hourly efficiency of WSC with different absorber arrangements

Figure 7. Hourly WSC heat generation with different absorber arrangements
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The problem of increasing the use of solar 
insolation in water-heating solar collectors 
is strongly associated with a decrease in the 
cost of generated thermal energy. Analyzing 
the results of the experiment shown in Fig-
ures 6 and 7, we can say that when the WSC 
absorbers are located on the aperture area 
according to the “golden section” principle, if 
the WSC is flat and the absorbers are locat-
ed on the aperture area of the parabolic con-
centrator fractally according to the Fibonacci 
number principle, then the efficiency of using 
solar insolation increases. This can be seen 
from the values of the hourly efficiency of 
water heating solar collectors and the hourly 
heat generation by these solar collectors.

Conclusions
Summarizing the work, we can say the 

following:
1. Absorbers and their locations in solar 

collectors are one of the main design elements 
in the heat supply of solar installations, on 
which both energy and economic indicators 
of solar heat supply systems depend.

2. In flat solar collectors, the absorbers 
are located in a planar projection. In such 
structures, the reflected from the aperture 
area is not used to generate thermal energy.

3. When the aperture area is a parabolic 
plane and the absorbers are located in this 
plane fractally according to the Fibonacci 
number principle, then solar insolation can 
be used in multiples

4. The concept proposed in the work 
methods for increasing the efficiency of using 
solar insolation by changing the location of 
absorbers in the aperture area of water heat-
ing collectors is objective.

5. The results of the experiments have 
shown that changing the location of absorb-
ers on the aperture area can increase the effi-
ciency of the WSC.

6. The proposed method of increasing the 
efficiency of the FWSC using a horizontal so-
lar tracker is a fundamentally new approach 
not only to the design of a uniaxial horizontal 
solar tracker, but also to generate low-cost 
thermal thermal energy.
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Abastract
The paper considers issues related to the management of the efficient operation of distributed 

generation and microgrid. It is also proposed to control a distributed generation microgrid, where 
the generating device is a fleet of hybrid wind-solar energy devices, based on taking into account 
consumer demand and supply for the generated electric power. At the same time, it is said that 
such accounting is carried out using a virtual power plant. A rational scheme for integrating a 
microgrid into a distribution network is proposed. It has been established that when connecting 
a distributed generation micronet to a distribution network, one of the main tasks that must be 
solved for each hour of the billing period is the distribution of loads between generating capaci-
ties based on consumer demand and supply. An algorithm for solving this problem is proposed.
Keywords: Distributed generation, microgrid, demand, supply, control, DC bus, distribution 
network, consumer, algorithm

Introduction
Today, there is a trend in the development 

of the electric power industry in the world 
associated with an increase not only in the 
scale of electricity production at tradition-
al large power plants, but also in the share 
of distributed generation and micro grids 
based on renewable energy sources. The 
development of distributed generation and 
microgrid are modern concepts in the field 
of electrical engineering that play an import-
ant role in ensuring energy independence 
and sustainability of power supply systems. 
The main motivation for the development of 
distributed generation is to stabilize the op-

eration of the power system. The second mo-
tivation is to provide power for a balancing 
market. These advantages for the energy sys-
tem should also be a motivation for consum-
ers (Malkov A.). The motivation may be the 
desire to participate in these programs and 
provide load management (in particular, this 
is the shutdown of cooling/heating equip-
ment). Or – the desire to generate even more 
power (in particular, diesel generation). This 
system should work as a cycle, and some par-
ticipants should motivate others in this sys-
tem. These motivations for the development 
of distributed generation are the basis for the 
management of distributed generation and 
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the microgrid (Rustamov N. T., Babakhan 
Sh.A., Orysbaev S. A., 2020).

As we know, distributed generation dif-
fers from traditional centralized power gen-
eration systems in that energy production is 
carried out in the vicinity of consumption, 
and not at remote power plants. And micro-
grids, in turn, represent a distributed gener-
ation park that can operate independently or 
conjugately in a microgrip system that can 
interact with a centralized network (Chindy-
askin V. I., Grinko D. V., 2014).

The main task of modern electrical sys-
tems is the constant balancing of supply and 
demand, flexible network management and 
ensuring an optimal level of energy efficien-
cy. These problems also appear in distributed 
generation systems that provide electricity in 
the vicinity of the consumer. But here it should 
also be noted that connecting distributed gen-
eration, in order to transfer personal generated 
electric energy to a common distribution net-
work, creates an additional difficulty associat-

ed with a violation of the power balance in the 
common network. In this case, the dispatch-
ing and automatic control of the electric pow-
er system becomes more complicated. Such a 
situation may slow down the development of 
distributed generation and microgrid. All this 
requires the development of a new algorithmic 
model for controlling the distribution of loads 
between generating units of a distributed gen-
eration microgrid. The solution to this prob-
lem is considered to be in demand.

The aim of the work is to develop a con-
trol algorithm based on the control of supply 
and demand for electric power generated by 
a microgrid distributed network.

The solution method. A feature of the 
operation of any distributed generation sys-
tem is the single-stage production and con-
sumption of electric energy. This requires 
equality of energy generated by a distributed 
generation park combined into a micro grid 
(Rustamov N. T., Egamberdiev B. E., Meirbe-
kova O. D., Babakhan Sh., 2023).

Figure 1. The structure of the traditional energy system

Violation of this equality leads to a change 
in the parameters of the microgrid in voltage 
and frequency, and with large deviations – to 
a loss of dynamic stability and disruption of 

the normal functioning of the microgrid and 
disruption of consumer power supply (Obuk-
hov S. G., Plotnikov I. A., 2012).
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If we take into account the construction 
of modern electric power systems and net-
works, it will be understandable the problems 
that arise when connecting a distributed gen-
eration microgrid, where the generating unit 
is a wind-solar energy system.

As you know, the traditional power sys-
tem and networks are designed in the form 
of a layer. The top layer is called generation 
and transport. In this layer, large amounts of 
electricity are generated at power plants and 
transmitted to node substations. All power 
plants generating electric energy of this layer 
are interconnected, by banding high-voltage 
transmission lines. In this layer, the synchro-
nization of electricity generated at various 
power plants is carried out (Fig.1).

Further, through the node substations, 
the generated electricity is transported to the 
next layer of the power system. It is at these 
node substations that there are bridges that 
connect the upper layer of the power system 
with the next, lower layer. These bridges con-
sist of transformers. It should be noted that 
these processes are also managed by the dis-
patchers of the system operator.

The next 2 layer is a layer of high electrical 
energy. In this layer, the generation of active 
and reactive energy is regulated, changing 
the operating modes of the station’s genera-
tors. This layer is the main layer of the entire 
energy system. Then the layers go down. The 
next 3 layer is the average regional distribu-
tion layer or 110–220 kW network. Through 
bridges, electrical energy is transferred to 
separate looped power grids. There are even 
sources of electricity in this layer. These 
sources of energy can be small local thermal 
power plants, hydroelectric power plants, 
even distributed generation micro grids 
based on renewable energy sources.

They generate electricity for the third 
layer. In this case, an important condition is 
to push electrical energy from the top down, 
not from the bottom up. Because high-pow-
er electrical energy is generated on the upper 
layer. In this layer we see the looped islands 
of the network. These networks are called re-
gional distribution networks. Here, each is-
land has its own dispatch service, which man-
ages all the energy processes taking place on 
the island. This is where the ring layers end.

Figure 2. Of the distributed generation of the generating wind-
solar installation a and its electrical diagram

 а) b)

 

Now let’s look at the structure of a distrib-
uted generation micronetwork. We have cho-
sen a hybrid wind power plant developed by 
us for distributed generation based on wind 
and solar energy, shown in (Fig. 2).

The generating unit consists of a mast 1, so-
lar panels 2, magnetic blades 3, a generator 4, 

an induction coil 5, a rectifier 6, a controller 7, 
batteries 8, a switch 9, an inverter 10, a bypass 
15, an electric energy meter and a distribution 
network 1 hybrid wind power plant operates 
as follows (Fig.2). Under the influence of wind, 
the magnetic blades 3 generate an electric cur-
rent 13 using a generator 4, and create a mag-
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netic field around themselves, which, crossing 
the windings of the induction coil, generates 
an induction current 12. The current generat-
ed by the solar panels 14, the electric current 
from the generator 13 and the induction cur-
rent 9 are supplied to the rectifier 6.

The rectified current is transmitted 
through the controller 7 to the batteries 8 and 
through the switch 9 these currents are sent 
to the inverter 10. Electricity is supplied from 
the inverter 10 to consumers 11. Wind pow-
er installations with batteries and switching 

with the grid 15 Automatic reserve input (by-
pass) allows you to switch the power supply 
of the object in the absence of wind and full 
discharge of batteries to the distribution grid 
16 through the counter 17. The same circuit 
can be used vice versa as a backup power 
supply. In this case, the automatic input of 
the reserve switches you to the batteries of 
wind power plants when power is lost from 
the distribution grid.

Based on this distributed generation, we 
will design the microgrid shown in (Fig. 3).

Figure 3. A micro grid based on a distributed generation 
park powered by renewable energy sources

Figure 4 shows the connection of a dis-
tributed generation microgrid to a common 
distribution network (layer 3) via a private 
bus. At the same time, the equality of gener-
ated and consumed electricity in a distribut-
ed generation system is maintained contin-
uously in time (Rustamov N. T., Babakhan 
Sh.A., Kaharman Ə. K. 2023; J. Rocabert, 
A. Luna, F. Blaabjerg h gp. 2012; J. M. Guer-
rero, J. C. Vasquez, J. Matas h gp. 2011).

There are two possible ways to maintain 
the continuous equality of generated and 
consumed electricity in distributed genera-
tion micro grids powered by renewable en-
ergy sources. The first method consists in 
constant monitoring of electric energy con-

sumption and proper regulation of the pow-
er of the generated installations in order to 
constantly maintain equality between the 
two aforementioned capacities (J. M. Carras-
co, L. G. Franquelo, J. T. Bialasiewicz h gp. 
2006). The second method is to include a bat-
tery in the microgrid, which saves electricity 
with reduced consumption and, after conver-
sion, supplies it to the microgrid when a cer-
tain consumption level is exceeded (Nassim 
Rustamov, Shokhrukh Babakhan, Naci Genc, 
Adylkhan Kibishov, Oksana Meirbekov. 
2023; URL: http://www.alterenergy.info/
interesting-facts/123-the-distributedgener-
ation). This process is controlled by a virtual 
power plant.
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Figure 4. Connecting the microgrid of the distributed generation park 
to the general distribution network via a high-frequency bus

Currently, the Smart Grid concept is de-
veloping in the world, which involves the 
transition from generating electricity cen-
trally at large power plants and transferring 
it to consumers over distances of tens and 
hundreds of kilometers to generating it near 
consumers (farms, residential buildings, 
etc.) from renewable sources (wind, solar 
battery). A feature of alternative sources is 
the uneven and uncontrollable intensity of 
the energy flow over time, as a rule, which 
does not coincide with the intensity required 
by the consumer. A battery is used to coor-
dinate the generated and consumed energy 
flows.

There is an obvious need to control the 
energy flows between the wind generator, so-
lar battery, accumulator and consumer, en-
suring reliable and uninterrupted power con-
sumption, regardless of the state of external 
flows – wind and sun. Modern electronics are 
able to provide switching and conversion of 
electric power parameters, but an algorithm 
is needed to control it.

The object under study (Fig. 1) is a power 
consumer localized in space, connected elec-

trically through switches or converters (K1 ÷  
÷  K6) K7 – the key connects a micro-grid to a 
distribution network, a solar battery, a wind 
generator, an energy storage unit and a back-
up source, which can be a non-renewable 
energy source – a diesel generator or a cen-
tralized power line power transmission lines. 
Uw – is the wind speed, Is – is the intensity of 
the sun, Pc – is the power consumption of the 
electric meters, Pg – is the power generated 
by the microgrid

When operating a distributed generation 
system, the control device compares the en-
ergy flows from sources external to the con-
sumer with the power required by the con-
sumer. Depending on the values of these 
flows, the consumer is connected to one or 
another energy source.

Below (Fig. 6) is a block diagram imple-
menting the operation algorithm of the con-
trol device. The diagram shows: Rwg – power 
of the wind generator; Rbp – power of the so-
lar battery; Res – power of the energy storage 
unit; PC – load power Rd – power of the mi-
croset, Uw – wind speed, Is – solar radiation 
intensity.
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Figure 5. Microgrid management system from the distributed 
generation park ⇒ –energy, → – information and management

η. If there is no wind and sun, but the 
energy storage unit is charged sufficiently to 
provide the necessary power to the consumer 
(situation 1 in the block diagram), the con-
trol device gives the command to turn on K4, 
which supplies energy to the consumer from 
the energy storage unit. K4 is an autonomous 
inverter that converts the voltage of the en-
ergy storage unit into an alternating voltage 
of standard frequency. Rwg = 0, Rbp = 0, Rd = 0 
Res > PC in this case we denote by the letter n

η1. If there is no wind and the intensity of 
solar radiation is such that the solar battery 
cannot provide the power needed by the con-
sumer (situation 2 in the block diagram), the 
short circuit and K4 are switched on so that 
the consumer is powered by a solar battery 
and an energy storage unit. The K3 device 
ensures the operation of the solar battery 
at the maximum possible efficiency. Rwg = 0, 
Rbp < PC, Res > PC – Rbp in this case we denote 
by the letter n1

η2. If there is no sun and the wind speed 
is such that the wind generator cannot pro-
vide the power needed by the consumer (sit-
uation 3 in the block diagram), K1 and K4 are 
switched on so that the consumer is powered 
by the wind generator and the energy stor-
age unit. The K1 device converts the voltage 

of the wind generator to the value required 
by the consumer. Rwg < PC, Rbp = 0, Res > PC 
– Rwg in this case we denote by the letter n2

η3. If the wind speed and intensity of so-
lar radiation are such that the wind generator 
and solar battery individually cannot provide 
power to the consumer (situation 4 in the 
block diagram), the K1 and K3 devices work 
so that the latter is powered simultaneously 
from both sources. The rolled-up devices co-
ordinate the parallel operation of the source 
so that energy does not flow from one to the 
other. Rwg < PC, Rbp < PC, Rwg + Rbp > РC In this 
case, we denote the letter n3

η4. If the wind speed and intensity of so-
lar radiation are such that the wind generator 
and solar battery generate more power than 
the power of the consumer (situation 5 in the 
block diagram), the devices K1, K2, K3 and K5 
are switched on so as to provide energy to 
the consumer, and the excess energy goes to 
charge the energy storage unit. These devic-
es provide an energetically rational mode of 
generators and an energy storage unit. Rwg + 
+ Rbp > РC In this case, we denote the letter n4

η5. If the wind speed and solar radiation 
do not provide power to the consumer, and 
the energy storage unit is discharged (situ-
ation 6 in the block diagram), a command 
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is given to turn on the gas turbine engine 
into the K6 microgrid bus. Rwg = 0, Rbp = 0, 

Res =0 or < PC in this case we denote by the 
letter n5

Figure 6. Block diagram of the distributed generation control program

η6. If the wind speed and solar radiation 
provide the power output of the electrical 
energy needed by the consumer, and the en-
ergy storage unit is filled (situation 7 in the 
block diagram), the devices K 7 are turned on. 
Rwg > PC, Rbp > PC, Res > PC in this case we de-
note by the letter n6

η7. If the wind speed is high, in that case 
the wind generator will not work, but instead 
the gas turbine engine will be connected to 
the microgrid (situation 8 in the block dia-
gram), the device Ка is turned on. Rwg = 0, 

Rbp > PC, Res > PC in this case we denote the 
letter n7

When implementing the described algo-
rithm, it is necessary to combine the dynamic 
parameters of electric power generators with 
the operating period of the control device: if, 
for example, a decrease in the power of the 
solar battery occurs before the control device 
detects and compensates for it, the consumer 
will be de-energized or forced to reduce the 
power consumption.

Let’s assume that each distributed gener-
ation under normal conditions will develop 
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about 3 kW/hour of energy, there are 4 dis-
tributed generation devices on the microset, 
we get a total of 12 kW/hour of electric ener-
gy per hour. Let’s say consumers require 10 
kW/hour of electrical energy, the lagging 2 
kW/hour of energy we will send to the energy 
storage unit, and if the energy storage unit is 
full, then we will send the rest of the energy to 
the distribution network.

Conclusions
Summarizing the work, the following 

conclusions can be drawn:
1. The use of distributed generation to 

generate electrical energy for the consumer 
is beneficial through a micro-network, where 
a distributed generation park is connected to 
a common DC bus.

2. In case of insufficient generation of 
electric energy at the request of the con-
sumer, the optimal provision for this re-

quest is to connect a backup energy source, 
a gas turbine engine and an energy storage 
unit.

3. For effective management of the micro-
grid, it is of great importance to use a virtual 
power plant (Smart Grid)

4. The proposed block diagram of the mi-
crogrid management program ensures the 
stability of the balance of consumer demand 
for power and electricity.

5. The control device for the implemen-
tation of the algorithm must have dynamic 
parameters corresponding to the parameters 
of the generators.

6. An indispensable condition of a dis-
tributed generation microgrid is that the 
amount of energy generated per year should 
not be less than the amount of energy re-
ceived by the consumer over the same pe-
riod.
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Abstract
The purpose of the study is to study the features of the clinical course, characteristics and 

response to treatment of rare histological forms of breast cancer.
Methods: The study included 102 patients with rare forms of breast cancer and a control 

group of 54 patients with invasive ductal cancer. Analysis of histological subtypes was per-
formed, as well as evaluation of clinical and pathological parameters. Statistical methods were 
used to compare survival and other key metrics between groups.

Results: The study revealed statistically significant differences in age, histological grade, 
tumor size, lymph node incidence and incidence of stage IV de novo between patients with 
rare histological forms of breast cancer and standard invasive ductal carcinoma. In addition, 
differences in response to therapy have been found among different subtypes of these rare forms

Conclusions: Rare histological forms of breast cancer exhibit unique clinicopathological 
features and disease behavior, which may influence treatment strategy and prognosis. The re-
sults highlight the importance of an individualized approach to the diagnosis and treatment of 
these patients, as well as the need for in-depth stratification to improve therapeutic outcomes 
and quality of life.
Keywords: breast cancer, rare histological forms, clinicopathological features, survival, 
individualized treatment

Introduction
Breast cancer (BC) occupies a leading po-

sition in terms of prevalence among cancer 
diseases in women around the world. The an-
nual morbidity and mortality caused by this 
disease highlight the urgency of continuing 

to study its characteristics and search for new 
approaches to treatment and prevention. ПIn 
addition to the generally recognized invasive 
ductal breast cancers, which constitute the 
majority of cases, there is a spectrum of rare 
histological subtypes, each characterized by 
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individual clinicopathological features and 
response to therapeutic interventions. These 
specific forms of breast cancer, which include 
adenoid cystic, apocrine, medullary, meta-
plastic, and other types, constitute a signifi-
cant percentage of breast cancer and require 
careful consideration to understand their im-
pact on prognosis and treatment strategies.

The traditional approach to the classifi-
cation and treatment of breast cancer often 
does not take into account the specifics of 
these rare forms, which can lead to subop-
timal treatment results. Understanding the 
unique characteristics of these subtypes is 
critical to developing targeted and effective 
therapeutic strategies.

The purpose of this article is to identify 
the features of the clinical course of rare his-
tological forms of breast cancer.

Materials and methods
The main group included 102 patients 

with breast cancer who were diagnosed with 
rare histological forms of breast cancer; the 
control group included 54 patients with inva-
sive ductal breast cancer. This study identified 
eight groups of histological subtypes of breast 
cancer, including adenoid cystic, apocrine, 
medullary, metaplastic, micropapillary, muci-
nous, papillary, and tubular breast cancer.

Data from the patients’ medical records 
were used to determine clinical and patho-
logical characteristics. Based on these data, 
an analysis was carried out of the distribu-
tion of patients by age, stage of cancer, tumor 
size, as well as the presence of metastases in 
the lymph nodes and hormonal status. Im-
munohistochemical staining was used to de-
termine the expression of estrogen receptor, 
progesterone receptor, and HER2/neu.

The study included a data collection sys-
tem including demographic information, 
medical history, clinical trial results, and 
follow-up events. Overall survival and dis-
ease-free survival were assessed using the 
Kaplan-Meier method, and statistical meth-
ods were used to compare survival between 
groups.

Descriptive statistics and student t-test 
were used to analyze statistical data to com-
pare means. Differences between categorical 
variables were assessed using the chi-square 
test or Fisher’s exact test when necessary due 

to small sample size. The significance level 
for all statistical tests was set at 0.05.

All procedures were in accordance with the 
ethical standards of the national research com-
mittee and with the Declaration of Helsinki 
and its later amendments or comparable ethi-
cal standards. Informed consent was obtained 
from patients to participate in the study.

Results
Significant differences were found in the 

clinicopathological characteristics of the pa-
tients between both groups. The average age 
of the patients was 60.99 and 64.24 years (P < 
0.01). Compared with invasive ductal breast 
cancer, rare histological forms of breast can-
cer had a lower histological grade (III–IV, 
22.5% vs. 35.3%, P < 0.01), smaller tumor size 
(>5 cm, 11. 7% vs. 13.72%, P < 0.01), high-
er incidence of node-negative disease (N0, 
80.39% vs. 70.6%, P < 0.01), and lower inci-
dence of stage IV de novo disease (M1, 0.98% 
vs 5.5%, P < 0.01), while the proportion of 
the TN subtype was significantly higher in pa-
tients with specific breast cancer (TN, 13.2% 
vs 9.8%, P < 0.01). In terms of therapeutic 
options, receipt of both systemic and local 
treatment was consistently lower in patients 
with rare histologic forms of breast cancer, 
including radiation therapy (46.1% vs. 56.9%, 
P < 0.01) and chemotherapy (24 .5% vs. 
41.1%, P < 0.01).

Regarding specific subtypes, patients 
with rare histological forms of breast cancer 
tended to be older than patients with inva-
sive breast cancer. The histological grade 
of IDC was significantly higher than that of 
medullary breast cancer (III–IV, 92.6% vs. 
36.2%, P < 0.01) and metaplastic breast can-
cer (III–IV, 80.4% vs. 35 .3%, P <0.01), while 
it was relatively lower than in adenoid cystic 
breast cancer (III–IV, 12.7% versus 37.2%, 
P < 0.01), mucinous breast cancer gland 
(III–IV, 3.9% vs. 34.3%, P < 0.01) and tu-
bular breast cancer. Breast cancer (III–IV, 
0.98% vs. 34.3%, P<0.01). Overall survival 
for rare histological forms of breast cancer 
and invasive breast cancer was 79.2 months 
(95% CI, 75.71–80.39 m) and 71.56 m (95% 
CI, 67.15–73.1 m) accordingly with a sta-
tistical difference (P = 0.05). There was het-
erogeneity among the identified histological 
subtypes of breast cancer (P < 0.05). Regard-
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ing the prognosis of molecular types, OS was 
significantly improved in specific breast can-
cers with HER2 subtypes (mOS71.15 m vs 
67.19 m, P = 0.01).

Comparison of treatment approaches and 
response to treatment of different histologi-
cal subtypes also revealed significant differ-
ences. Thus, patients with adenoid cystic and 
mucinous breast cancer more often received 
hormone therapy due to the high frequen-
cy of hormone-positive tumors (ER and PR 
positive status), which potentially improved 
prognostic indicators and overall survival.

Immunoprofile evaluation has shown 
that, in contrast to invasive ductal carcino-
ma, rare histological forms are often char-
acterized by higher lymphocyte infiltration, 
which may partly explain the more favorable 
prognosis of some forms, such as medullary 
breast cancer.

In addition, it was observed that re-
lapse-free survival (RFS) was significantly 
improved in patients with specific histolo-
gies, especially those with hormone-sensitive 

tumors. Factors such as HER2 status and 
triple negative status served as important 
predictors of treatment outcomes for various 
breast cancer subtypes.

From a clinical perspective, the data from 
our study highlight the need for an individu-
alized approach to the treatment of patients 
with rare histological forms of breast cancer, 
based on accurate diagnosis of tumor subtype 
and its molecular biological characteristics. An 
adapted treatment plan depending on the tu-
mor subtype can increase the effectiveness of 
therapy, improve the quality of life of patients 
and increase overall and relapse-free survival.

Conclusions
In summary, the present study revealed 

differences in the clinicopathological fea-
tures and treatment outcomes of invasive 
ductal breast cancer compared with rare his-
tological forms, providing valuable informa-
tion to further improve treatment protocols 
and increase clinician awareness of the need 
for in-depth patient stratification.
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Abstract
Sleeping is a fundamental aspect of our daily lives. Sleep deprivation, such as dyssomnia, 

parasomnias, or insomnia, can have far-reaching implications. The lack of sleep can be due to 
plenty of reasons. Setting an application to predict people’s potential risks of developing sleep 
disorders has become a pragmatic and intricate endeavor.

This paper discusses factors related to sleep disorders among adults using data from the Na-
tional Health Interview Survey (NHIS) in 2022. Sleep deprivation, like insomnia, adversely affects 
mental and physical well-being. This study uses logistic regression along with regularization and 
cross-validation to analyze the data, considering variables like sex, medication usage, trouble 
staying asleep, feeling well-rested, and hours of sleep. The model performance is shown with a 
confusion matrix and a ROC curve analysis. This study also examines the correlation between 
variables and features’ importance, highlighting variables like trouble staying asleep (SLPSTY_A) 
and feeling well-rested (SLPREST_A) as significant factors related to sleep disorders.

The conclusion is that variables such as sleep difficulties (SLPSTY_A) are significant, while 
waking up feeling well rested (SLPREST_A) is less critical. Overall, this article provides an 
overview of the research methods, findings, and factors related to adult sleep disorders.
Keywords: Sleep disorder, NHIS, machine learning, logistic regression, correlation, ROC

Introduction
Sleeping is a fundamental aspect of our 

daily lives. Two internal biological mecha-
nisms govern sleep: circadian rhythm and 
sleep-wake homeostasis. The circadian 
rhythm is regulated by the biological clock 
and influenced by external factors such as 
ambient light, which triggers the release of 

hormones to regulate wakefulness (www.
ninds.nih.gov/health-information/pub-
lic-education/brain-basics/brain-basics-un-
derstanding-sleep./2023). Sleep-wake ho-
meostasis is an alarm to signal the body when 
it is time to sleep and to determine the depth 
and intensity of sleep (URL: https://www.
cdc.gov/nchs/nhis/quest_doc.htm/2022). 
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Every living organism, human, animal, and 
even plant needs to sleep. Beyond its physical 
benefits, sleep also provides significant men-
tal advantages, reducing fatigue, increasing 
vitality, and aiding in healing.

Conversely, sleep deprivation, such as 
dyssomnia, parasomnias, or insomnia, can 
have far-reaching implications. These reper-
cussions will involuntarily exacerbate lots of 
apprehensions and conjectures. The lack of 
sleep can be due to plenty of reasons. For in-
stance, consistent hullabaloo, overwhelmed 
pressure, unhinged delusion, peevish tem-
per, paranoid personality, or pensive men-
tal health. Although there are some corre-
spondent remedies to assist individuals in 
recovering from sleep disorders, most of the 
treatments are still tentative, equivocal, and 
inconsistent due to a limited understanding 
of the patient’s unique circumstances. Set-
ting an application to predict people’s poten-
tial risks of developing sleep disorders has 
become a pragmatic and intricate endeavor.

The effects of sleep deprivation on N2-P3 
component event-related potential waveforms 
associated with working memory were inves-
tigated through event-related potential (ERP) 
analysis (URL: https://www.cdc.gov/nchs/
nhis/quest_doc.htm/2022). Sixteen healthy 
college students participated in working mem-
ory tasks and had their EEG data recorded be-
fore and after post-traumatic stress disorder. 
The study focused on the N2 and P3 parts of 
ERP related to working memory processes. 
The research emphasizes the adverse effects of 
sleep deprivation on working memory.

In particular, to fulfill this task, we 
pre-processed the dataset, built a logistic re-
gression model, and tuned its hyper-param-
eters to find the most optimal parameters 
with superior predictive performance. Then 
the model was validated using different tech-
niques and the coefficients were used to find 
the most important variables contributing to 
sleep disorder.

Method
1 Data
The data used in this study is from the 

2022 National Health Interview Survey 
(NHIS), a population-based survey estab-
lished by the CDC to monitor the prevalence 
of the population health condition in the 
United States and evaluate the effects of ill-
ness on individuals (Effect of Sleep Depriva-
tion on the Working Memory-Related N2-P3 
Components of the Event-Related Potential 
Waveform). The survey includes family com-
position, tobacco use, alcohol, and drug us-
age, as well as other dietary behaviors and 
physical activity questions. The data is col-
lected by a face-to-face survey of random 
household adults by asking demographic and 
related questions.

The dependent variable is coded as ‘SLP-
FLL_A,’ indicating how often the interviewee 
has trouble falling asleep in the past 30 days. 
We recorded the variable into a binary variable 
by categorizing those who have difficulty fall-
ing asleep as positive samples and the others 
as negative samples. The list of independent 
variables used in this study is shown below.

Table 1. List of independent variables used in this study

Name Description Response

SEX_A The person’s sex at birth 1: Male 2: Female

SLPMED_A The frequency that people take any medication to 
help them fall asleep or stay asleep. Include both 
prescribed and over-the-counter medications.

1: Adults that are 18 and 
above

SLPSTY_A The frequency people have trouble staying asleep 1: Adults that are 18 and 
above

SLPREST_A The frequency people wake up feeling well-rested 1: Adults that are 18 and 
above

SLPHOURS_A On average, the hours of sleep people get in a 24-
hour period

1: Adults that are 18 and 
above
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2 Statistical Method
2.1 Pre-processing
As most machine learning algorithms 

cannot deal with missing values, all the data 
points with lost entries or invalid responses 
to the dependent variable are excluded from 
training and testing.

One of the first steps of preprocessing is 
the feature standardization. The goal is to 
transform different variables into similar 
scales so that the machine learning model can 
treat them equally during the training process. 
In the formula shown below, avg(x) is the 
variable’s mean value, and std(x) is the vari-
able’s standard deviation. Then each value x � of 
the feature is replaced by yi  calculated as:

y
x avg x

std xi �
� � �

� �
�.

Finally, the dataset is split into the train 
and test sets: the train set (70%) is to help the 
model learn and the test dataset (30%) is for 
model performance evaluation and validation.

2.2 Logistic Regression
Logistic regression model was used to fit 

the current data and to predict future data. It’s 
widely used in different fields, including ma-
chine learning, statistics, and social sciences.

The logistic regression model can be ex-
pressed with the formula:

ln
y

y
w w x w xm m1 0 1 1�

�

�
�

�

�
� � � ���

In the logistic regression, each feature xi 
has its specific weight wi, where w0 is the in-

tercept while w1 through wm are the coeffi-
cients of the independent variables.

Our task is to find a set of parameters 
0 , , mw w…  such that the loss function

l y u y u, | |�� � � � 2
2

is minimized.
In addition, elastic-net regularization was 

applied to constrain model complexity and 
prevent the model from over-fitting with an 
L-1 ratio being 0.5. The optimal regulariza-
tion strength is found through grid search and 
5-fold cross-validation. Cross-validation is a 
statistical technique utilized to measure the 
performance of machine learning models. It 
is frequently employed in practical machine 
learning to assess and pick a suitable model 
for a specific task. This is due to its simplic-
ity in comprehension and implementation, 
leading to skill evaluations (Brownlee, Jason. 
2020). The Holdout method represents the 
most straightforward form of cross-valida-
tion. The dataset is divided into two sets: the 
training and test sets. Function approximators 
only construct functions from the training set. 
Subsequently, the task of the function approx-
imator is to predict the output value for the 
data in the test set. The errors it generates are 
aggregated as described earlier, resulting in 
the mean absolute error for the test set. This 
metric is then used to evaluate the perfor-
mance of the model (Brownlee, Jason. 2020). 
Meanwhile, as the distribution of the negative 
and positive classes is approximately equal, 
we gave the positive class the same weight as 
the negative class in the training process.

Figure 1. Percentage of the negative class and positive class in the data set
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2.3 Model Validation
A confusion matrix is a table that vi-

sualizes the performance of an algorithm. 

Figure 2 is an example of the confusion ma-
trix.

Figure 2. Confusion matrix example

A receiver operating characteristic curve, 
or ROC curve, is a plot that visualizes a binary 
classifier’s predicting power. A sample ROC 

plot is shown in Figure 3. Area Under Curve 
(AUC) can find the area under the ROC curve 
which can make model comparison easier.

Figure 3. A sample ROC plot

Results
3.1 Chorogram
Figure 4 is a chorogram that visualizes the 

correlation coefficients between variables. 
The dependent variable SLPFLL_A has a 
0.34 positive correlation with the indepen-
dent variable SLPSTY_A. It means insomnia 

is relatively incredibly related to having trou-
ble staying asleep. The dependent variable 
SLPREST_A has a – 0.38 negative correla-
tion with the dependent variable SLPSTY_A. 
It means waking up feeling well-rested or not 
is oppositely related to having trouble stay-
ing asleep.
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Figure 4. Correlation among variables

3.2 Confusion matrix and ROC curve
Figure 5 is the confusion matrix of the 

trained logistic regression model. As shown 

in Figure 5, we can see that the logistic re-
gression model has a relatively high (89.4%) 
true positive rate.

Figure 5. Confusion matrix
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Figure 6 displays the ROC curve for the 
trained logistic regression model. It can be 
concluded that the model has results much 

better than random guessing (the diagonal 
in the ROC curve), and the AUROC score is 
0.75.

Figure 6. The ROC curve for the logistic regression model

Figure 7. Feature importance

3.3 Feature Importance
On the feature importance graph (figure 

7), SLPSTY_A has the biggest feature impor-
tance of 0.5. On the other hand, SLPREST_A 
shows minor feature importance of approxi-
mately –0.3.

Discussion
This paper discusses factors related to 

sleep disorders among adults using data 
from the National Health Interview Sur-
vey (NHIS) in 2022. Sleep deprivation, 
like insomnia, adversely affects mental and 
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physical well-being. The study uses logis-
tic regression to analyze the data, consid-
ering variables like sex, medication usage, 
trouble staying asleep, feeling well-rested, 
and hours of sleep. Logistic regression is 
applied with regularization and cross-vali-
dation. The results include a confusion ma-
trix and ROC curve analysis. It shows the 
model’s performance regarding true pos-
itives, false positives, and true negatives. 
The ROC curve indicates the model’s ability 
to discriminate between cases and non-cas-
es. The study also examines the correlation 

between variables and features’ importance, 
highlighting variables like trouble staying 
asleep (SLPSTY_A) and feeling well-rested 
(SLPREST_A) as significant factors related 
to sleep disorders.

The study concluded by discussing the 
importance of features, emphasizing that 
variables such as sleep difficulties (SLP-
STY_A) are significant, while waking up feel-
ing well rested (SLPREST_A) is less critical. 
Overall, this article provides an overview of 
the research methods, findings, and factors 
related to adult sleep disorders.
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Abstract
The problems that arose when assessing the efficiency of the development processes and new 

technological measures are especially relevant in offshore fields. Therefore, great attention is 
currently paid to the methods that can analyze the processes occuring in the formation systems 
by indirect processing of possible data of discharges, fields, horizons, etc. of individual wells.
Keywords: process, field, development, wells, dynamics, volume, liquid, oil

Introduction
Most of the deposits, which are in the 

depleted stage of development, have 98% 
or more diluted, as well as a small initial 
oil saturation, are characterized by great 
inhomogeneity. High-permeability zones 
and fields differ from low-permeability de-
posits by 100 times or more. This leads to 
variable compression of the compression 
process, rapid dilution and less extraction 
of resources.

Thickeners, sediments and other chemi-
cal reagents are used to extract residual re-
sources in 80% watered deposits. To increase 
oil recovery and compression ratio, as well as 
to cover the layer by watering, various chem-

ical reagents are used. In most cases, increas-
ing the coverage ratio as dilution increases 
reduces inhomogeneity, because it does not 
actively form an oil well but does not lead to 
significant oil production.

If oil is displaced from certain fields, the 
hydrophilic can dissipate in a porous medi-
um without forming a stable oil shaft.

In the example of the Qum-dəniz field, 
it can be seen that in order to significantly 
increase the oil extraction ratio in the de-
pleted stage of developing 100% watered 
deposits, methods that increase the oil 
compression ratio, such as the coverage 
rate with water injection, should be applied 
(Figure 1).

https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://ppublishing.org
https://doi.org/10.29013/EJTNS-24-2-29-32


The European Journal of Technical 
and Natural Sciences 2024, No 2

STUDYİNG THE FEATURES OF THE PROCESS30

Section 4. Technical in general

Figure 1. Watering percentage of the “Qum-dəniz” field by horizons

Saturated effective thicknesses, deter-
mined as a result of interpretation of ma-
terials from complex geophysical research 
materials carried out in drilled wells after 
calculating reserves and included in the re-
port, fluctuate in the following interval.: oil 
saturated: 2,8 (VIL) – 28,0 m (IXm) and gas 
saturated 5,0 (VIup) – 37,5 (VIIIup).

The porosity coefficients of productive 
horizons and layers were determined based 
on the results of data obtained as a result of 
laboratory studies of rock samples and in-

terpretation of mining geophysical materials 
from wells.

After determining the amount of associ-
ated water in the pores of the collectors, this 
amount was subtracted from the unit to deter-
mine the oil and gas saturation coefficient for 
productive horizons. The associated amount 
of water was determined by calculation and 
centrifuge methods, considering the porosity 
(0,18–0,22), permeability, carbonate and clay 
coefficients of the reservoir rocks.

Figure 2. Dynamics of initial and current formation pressures
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The density and volume coefficient of 
oil under standard conditions was studied 
based on the results of laboratory studies on 
oil samples taken from 74 wells located in 
different parts of the structure on the pro-

ductive horizon and layer groups (РД 153–
39.0–110–01. Methodical guidelines for 
geological and industrial analysis of devel-
opment of oil and gas oil fields).

Figure 3. The dynamics of technological indicators of development
a)

b)

c)
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The values of the density (0,798–0,874), 
of oil under standard conditions, the volume 
coefficient (1,290–1,440) of oil and the cor-
responding calculation coefficients for hori-
zons and formations, as well as the amount of 
gas dissolved in oil, were determined based 
on the data of laboratory studies of oil sam-
ples taken from wells in the first days of the 
field’s operation.

When studying the content of gas dis-
solved in oil based on thermodynamic stud-
ies of gas samples taken from wells, it was 
found that the content of gas is mainly meth-
ane (up to 96%).

The measurement of the initial and cur-
rent layer pressures in the sand and sea de-
posit was also performed based on the hydro-

dynamic analysis of the wells. The dynamics 
are shown in figure 2.

The dynamics of the technological indica-
tors of the development by years is given in 
figure 3.

Due to the reduction of formation pres-
sure in the field and the activity of the con-
tour area, a part of the water has moved to 
the boundaries of the oil part of the field. In 
the following years, the deposit was influ-
enced by water, the collected “mobile” water 
(∑Qw) decreased in absolute quantity with-
in the deposit during the last 15–20 years 
(Figure 4). This indicates that the volume 
of water inside the deposit is not enough, 
that is, the field development system is ir-
rational.

Figure 4. Change in accumulated oil production and “mobile” water by field
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