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THE GEOCHEMICAL AND GEOCHRONOLOGICAL PROPERTIES OF POST-
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Ozet

Bu calismada, Keban-Elazig-Tiirkiye bolgesindeki Ge¢ Kretase-Orta Eosen yaslhi Keban
Magmatik Kayaclari’nin petrografik, jeokimyasal ve jeokronolojik ozellikleri incelenmistir.
Inceleme alanindaki magmatik kayaclar siyenit porfir ve kuvars monzonitlerle temsil
edilmektedir. Petrografik olarak, holokristalen doku gosteren kayaclarin esas mineral
parajenezlerini K-feldispat (Mega-fenokristal) + plajiyoklas + amfibol + biyotit + kuvars
mineralleri olusturur. Ikincil mineral fazlar kalsit, serisit, klorit ve epidot mineralleri ile
temsil edilmektedir. Aksesuar mineral fazlar1 ise sfen, apatit, zirkon, granat, pirit, florit ve
opak minerallerinden olusmaktadir. Bazi analiz sonuglarina gére SiO2 (% 60.09 — 64.37),
Al203 (% 15.75 — 17.96), Fe203 (% 1.18 — 5.30), MgO (% 0.09 — 0.92) CaO (% 2.07 — 4.27),
Na20 (% 0.80 — 4.93), K20 (% 4.69 — 13.42),TiO2 (% 0.22 — 0.37), P20s (% 0.05 — 0.26),
Na,O+ K20 (% 8.22 — 14.22), Zr (200.9 — 665.4 ppm), Hf (4.6 — 18.4 ppm), Ta (1.5 — 2.7
ppm), Nb (24 — 56 ppm) degerleri arasinda degismektedir. Incelenen drnekler kondrite gore
normalize edilmis nadir toprak element desenlerine gore hafif nadir toprak elementleri
(HNTE) agir nadir toprak elementlerine (ANTE) gore daha fazla zenginlesme gosterirken,
ilksel mantoya gore normalize edilmis iz element desenlerine gore ise biiyiik iyon yarigapina
sahip elementler (BIYE), yiiksek alan enerjisine sahip elementlere (YAEE) gore daha fazla
zenginlesme gostermektedir. LA-ICPMS zirkon U-Pb yaslandirmasi gore kristalizasyon
yaslar1 46.1 £ 0.5, 76.3 £ 0.3, 76.36 + 0.34 ve 77.4 + 0.3 My. arasindadir (Geg Kretase-Orta
Eosen). incelenen kayaclar A-tipi granitoid alanlarina diismekte olup sosonitik karakterlidir.
Incelenen kayaclarin tektonik ortam diyagramlarinda post-collisional (g¢arpisma sonrasi
gelisen) bolgesine diismektedir. Arazi, petrografi, jeokimyasal ve jeokronoloji ¢alismalarina
gore Keban Magmatik Kayaclari’nin c¢arpisma sonrasi gelismis magmatizma niteliginde

oldugu diistliniilmektedir.
Anahtar Kelimeler: Carpisma sonras1t magmatizma, Geg¢ Kretase-Orta Eosen, Keban, Elaz1g.
Abstract

In this study, the petrographic, geochemical and geochronological characteristics of Late
Cretaceous-Middle Eocene Keban igneous rocks were examined in Keban-Elazig-Turkey.
Igneous rocks in the study area are represented by syenite porphyry and quartz monzonites.
Petro-graphically, the main mineral paragenesis of rocks showing holocrystalline texture are
K-feldspar (Mega-phenocrystalline) + plagioclase + amphibole + biotite + quartz minerals.
Secondary mineral phases are represented by calcite, sericite, chlorite and epidote minerals.
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Accessory mineral phases consist of sphene, apatite, zircon, garnet, pyrite, fluorite and
opaque minerals. According to some analysis results, SiO2 (60.09 — 64.37 wt.%), Al.Os
(15.75 — 17.96 wt.%), Fe2Os (1.18 — 5.30 wt.%), MgO (0.09 — 0.92 wt.%) CaO (2.07 — 4.27
wt.%), Na2,O (0.80 — 4.93 wt.%) , K20 (4.69 — 13.42 wt.%), TiO, (0.22 — 0.37 wt.%), P20s
(0.05 - 0.26 wt.%), Na.O + K>0 (8.22 — 14.22), Zr (200.9 — 665.4 ppm), Hf (4.6 — 18.4 ppm),
Ta (1.5 — 2.7 ppm), Nb (24 — 56 ppm) ranges between values. The chondrite normalized rare
earth element (REE) patterns display enrichment of light rare earth elements (LREE)
compared to the heavy rare earth elements (HREE). The primitive mantle normalized trace
element patterns indicate that the large ion lithophile elements (LILE) enriched compared to
the high field strength elements (HFSE). According to LA-ICPMS zircon U-Pb crystallization
ages ranges between 46.1 + 0.5, 76.3 + 0.3, 76.36 = 0.34 and 77.4 + 0.3 My. (Late
Cretaceous-Middle Eocene). In the tectonic environment diagrams the studied rocks fall into
the post-collisional fields (developing after collision).

These rocks fall into the A-type granitoid areas and are of shoshonitic character. It falls into
the post-collisional region (developed after collision) in the tectonic environment diagrams of
the rocks studied. According to the the field, petrography, geochemical and geochronological
studies are evaluated together, Keban Magmatic rocks are thought to have the characteristics
of post-collision developed magmatism.

Keywords: Post-collision magmatism, Late Cretaceous-Middle Eocene, Keban, Elazig.
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Figure 4: (a) Initial situation, (b) %50 differential and %50 collective morphing, (c) %50
differential and %25 collective morphing, (d) %25 differential and %50 collective morphing

3. RESULT AND DISCUSSION

With differential and collective morphing, the quadrotor mass does not change. Only
moments of inertia obtained from solid-body modeling change. Inertia moments are obtained
from the models drawn in the Solidworks program. In the table below, the inertia and mass
information of Figure 2 are given.
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Table 2: Differential and collective morphing moment of inertia change

State m(kg) Ix(kg*m?) ly(kg*m?) 1z(kg*m?)
Figure 2 (a) 0.60292 0.03595 0.03543 0.02027
Figure 2 (b) 0. 60292 0.03596 0.03564 0.02049
Figure 2 (c) 0. 60292 0.03527 0.03490 0.01906
Figure 2 (d) 0. 60292 0.03659 0.03622 0.02170

PID coefficients are considered constant in all cases of differential and collective morphing.
PID coefficients are given in Table 3.

Table 3: PID coefficients

State P | D

Differential and collective morphing 50 | 5| 50

Simulation results in Matlab / Simulink environment are given below.

(@)
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Figure 5: (a) Initial situation simulation, (b) %50 differential and %50 collective morphing
simulation, (c) %50 differential and %25 collective morphing simulation, (d) %25 differential
and %50 collective morphing simulation
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4. CONCLUSIONS

In this study, the effect of differential and collective morphing on quadrotor hover flight was
investigated. The dynamic model was created using the Newton-Euler approach. The
quadrotor model was drawn in the Solidworks program. Simulations were made using the
state space model approach in Matlab / Simulink environment with the parameters taken from
here. PID algorithm is used for quadrotor control.

According to the simulation results, differential and collective morphing did not affect the
quadrotor hover flight. The reason for this is that the value sent as input in the space model is
not affected by the moments of inertia. Differential and collective morphing does not affect
hover flight can be seen by examining the design performance criteria rise time, settling time
and overshoot values. Design performance criteria are given in Table 4.

Table 4: Differential and collective morphing design performance criteria

Initial %50 differential | %50 differential %25 differential
situation and %50 and %25 and %50 collective
collective collective morphing
morphing morphing
Rise Time 0.0187 0.0187 second 0.0187 second 0.0187 second
second
Settling 0.0667 0.0667 second 0.0667 second 0.0667 second
Time second
Overshoot 14.4% 14.4% 14.4% 14.4%
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Abstract

Four-rotor unmanned aerial vehicles (UAV) known as quadrotors are popular platforms in
recent years. They are used in many areas from military to civil use. While it is used in border
and port security in the military field, it is used in works such as search and rescue, hobby,
cinema, photography, firefighting and mapping in the civil field. These devices are preferred
because pilots eliminate the risk of life. In this article, the effect of collective and differential
morphing of unmanned aerial vehicle known as quadrotor on longitudinal flight is discussed.
Morphing is a developmental feature that has recently been used in unmanned aerial vehicles.
In this study, morphing quadrotor is done by lengthening and shortening the arm lengths.
Collective and differential morphing are studied separately. Along with morphing, quadrotor
modelling and control was also done. Although it is simple in structure, it has a complex
structure in terms of model and control. Newton-Euler method was used for the dynamic
model. Non-linear motion equations have been converted to linear state. The full quadrotor
model was drawn in the Solidworks program. Mass and inertia information was obtained from
this model. Simulation model was created by using state space model approach in Matlab /
Simulink environment. Proportional integral derivative (PID) algorithm was used as the
control structure. Collective and differential morphing has been tested in different
simulations. The results are given in comparison with the design performance criteria. In
scope, this study is one of the rare studies on morphing in the literature.

Keywords: quadorotor, quadcopter, morphing, uav, pid, control, state space model, uav.
1. INTRODUCTION

In the past two decades, unmanned aerial vehicles (UAV) have had a major impact on
aviation. As the name implies, unmanned aerial vehicles are powerful aircraft that do not
carry cabin crew and can be controlled remotely. Control of unmanned aerial vehicles is
carried out using a remote pilot or autonomous control systems. Unmanned aerial vehicles are
used in situations such as search and rescue, military operations and fire fighting in disaster
damaged areas. Therefore, it minimizes the risk of pilots' life in hazardous areas.

UAVs can be classified into many categories. The unmanned aerial vehicle to be covered in
this study will be the quadrotor that enters the rotary wing class. Quadrotor is the unmanned
aerial vehicle that can stay in the air with the lifting force produced by four rotors. Quadrotor
does not need any runway as it can vertical take-off and land(VTOL). In addition, the

May 15-17, 2020 WWW.ejonscongress.org



2020 EJONS X - INTERNATIONAL CONFERENCE ON MATHEMATICS - ENGINEERING - NATURAL & MEDICAL SCIENCES

Batumi, GEORGIA PROCEEDING BOOK

quadrotor has high maneuverability when compared to fixed-wing UAVSs. Therefore, it is
more advantageous to use it for special tasks.

In this article, collective and differential morphing situation will be discussed during the
longitudinal flight of a quadrotor. Morphing is the changes that occur in the quadrotor
geometry. Along with Morphing, the flight control system required for the quadrotor will also
be designed. In recent years, many studies have been done on quadrotor control and
morphing. K. Habib (2014) in [1] aimed a model for modelling and control. The difference
between the real altitude and the desired altitude was the error signal. The manoeuvres of the
unmanned aerial vehicle were achieved with differential equation and state space model. PID
control was used as a controller. But the model had a lack of high overshoot. Li et. al. (2011)
in [2] proposed a model that perceives the dynamic response of the unmanned aerial vehicle.
He used PID control for the position and orientation of the aircraft. Due to the incompatibility
between the PID control gains, the model was also unstable. C. Hintz et al. in [3] made a
quadrotor study with morphing feature. With this study, the quadrotor was working in narrow
spaces by changing its geometry. It was used in the cave and out of the reach of people. A.
Desbiez et al. in [4] worked on the quadrotor that changed the arm angles. With the signal
sent from the ground station to the quadrotor, he could change the angles from the center of
the quadrotor. T. Oktay and O. Kose [5-7] designed a quadrotor with collective morphing
feature both during longitudinal and vertical flight. This quadrotor provided morphing with
the lengthening and shortening of the arms. PID algorithm is used as control system.

2. MATERIAL AND METHODS

A quadrotor consists of four rotors and propellers as seen in Figure 1. Each rotor creates
rhythm force. If the sum of the four rotor thrust forces is greater than the weight of the
quadrotor, the quadrotor starts to rise from the ground.

Figure 6: Quadrotor
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The longitudinal flight to be covered in this study takes place on the quadrotor Y axis. In this
study, an X-type quadrotor is used. For longitudinal movement, the speed of the front rotors

should be reduced while the speed of the rear rotors should be increased. Figure 2 shows the

longitudinal movement.

f1

=t
)

Figure 7: Quadrotor longitudinal flight

2.1 Quadrotor Dynamic Model

Newton-Euler approach is used to create the quadrotor dynamic model. The following views
are valid for this approach[8, 9].

* Quadrotor structure is rigid and symmetrical,

* Propellers of quadrotor are rigid,

*Quadrotor thrust and drag force are proportional to the rotor speed square,
* Ground effect in the quadrotor is neglected.

Quadrotor has a non-linear structure as a dynamic structure. The non-linear structure has
twelve equations, including both longitudinal and lateral movements. These equations can be
divided into two parts and used separately for longitudinal and lateral motion. Non-linear
equations are converted to linear equations by various methods. The equations used for
longitudinal flight are given below.

X=u (@D
Z=Ww (2)
u=-geo6 (3)
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w=lt (4)
q:j—z (5)
0=gq (6)

Where, X, z and 6 are linear and angular positions. u, w and q are linear and angular velocity.
In order to apply the given equations within the model, an input value must be given to the
equations. The input value used for the longitudinal flight is given below.

T, = U3z = bl(QF — 0 — 0} + QF) (7)
Where | the distance between any rotor and the center of the quadrotor, b is the thrust factor,
Q is propeller speed.

2.2 State Space Model and Control System

State space model is the expression of a physical system in first order differential equations
with input, output and state variables in matrix form. Quadrotor state space model is
expressed by linear motion equations. In general, the state space model of a system is
indicated by the following expression.

x = Ax(t) + Bu(t)
y = Cx(t) + Du(t)

Where x(t) state vector, u(t) control or input vector, y(t) output vector, A system matrix, B
input matrix, C output matrix and D feed forward matrix.

In this case, the quadrotor forward flight state space model would be as shown below.

X1 0 0 1 0 0 07,x, |9 0]
z1 10 0 01 0 0 [Z] 0 0
al_foo 0 0 0 —gljuj |0 0 [ﬁ]
wl=lo o 0o 0 0o ol{w|"|Yy 10 T,
al fooo o0 0 0fld |0 A
ol oo 001 01" [ o ]
0 0 0 0 0 O07,x
o 0 0 0 0 of3]
oo 0 0 o0 0I|u|
Y=lo o o 0 0 oljw
lo 0 0 0O oJ[qJ
o000 o0 110
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The state space model represents the inertia moment in the input matrix. Inertia moment is a
diagonal matrix. This matrix is produced because the quadrotor's four arms are symmetrical
and aligned on the x and y axes. The inertia matrix is as shown below.

I, 0 0 8
I=|0 I, 0
0 0 I,

PID control is a continuous control law or procedure that combines proportional, integral, and
derivative basic control effects. The duration of the error is constantly present in the control
command in this control. PID control is generally known as the simplest controller. It
provides adequate, robust and appropriate control in many industrial application areas. For
PID controller design, parallel architecture has been used[10].

;Kp

Set-Point - : Scale 1 Output
3 Ki | Factor |
4 Sscell

Feed

Back
ol —

Figure 8: PID architecture

\ 4
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PID control is an audit effect that combines the advantages of the three main audit effects
within a single unit. Integral effect reduces the steady state error that may occur in the system
to zero. Derivative effect increases the response rate of the system.

2.3 Morphing System

The researchers realized that many years ago, birds changed their body geometries to perform
various manoeuvres during their flight. The process of changing this body geometry is called
morphing. Morphing is a developmental feature that has recently been used in unmanned
aerial vehicles. Morphing in unmanned aerial vehicles takes place in the form of changing
body geometry as in birds. There are two types of morphing available in the literature:

* Active morphing
* Passive morphing

If the quadrotor performs morphing during flight, it is called active morphing. If morphing is
done while the quadrotor is on the ground, it is called passive morphing. In this study, active
morphing will be discussed.
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The quadrotor lengthens or shortens all four arms simultaneously and in the same amount
during active morphing. Differential and collective morphing are discussed together in this
study. Arm lengths were taken into account while morphing was performed. For example, the
back arms perform 50% differential morphing while the forearms perform 50% collective
morphing. The figures below show differential and collective morphing.

(a) (b)

() (d)
Figure 9: (a) Initial situation, (b) %50 differential and %50 collective morphing, (c) %50
differential and %25 collective morphing, (d) %25 differential and %50 collective morphing
3. RESULT AND DISCUSSION

The quadrotor mass does not change in both collective and differential morphing. Since the
solid-body model changes in the morphing process, the moment of inertia changes. In the case
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of collective and differential morphing in Figure 4, when the mass is kept constant and
morphing is applied, the moment of inertia change is given in Table 1.

Table 5: Collective and differrential morphing moment of inertia change

State m(kg) Ix(kg*m?) ly(kg*m?) Iz(kg*m?)
Figure 4 (a) 0.60292 0.03595 0.03543 0.02027
Figure 4 (b) 0. 60292 0.03596 0.03564 0.02049
Figure 4 (c) 0. 60292 0.03527 0.03490 0.01906
Figure 4 (d) 0. 60292 0.03659 0.03622 0.02170

PID coefficients for longitudinal flight were chosen same values for both non-morphing and
morphing cases. These values are given below.

Table 6: PID coefficients

State P | D

Differential and collective morphing 50 | 0.3 1

Simulation results in Matlab / Simulink environment are given in Figures 5.

(@)
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Figure 10: (a) Initial situation simulation, (b) %50 differential and %50 collective morphing
simulation, (c) %50 differential and %25 collective morphing simulation, (d) %25 differential
and %50 collective morphing simulation

4. CONCLUSIONS

In this study, the effect of both collective and differential morphing on longitudinal flight was
investigated. The quadrotor dynamic model was created using the Newton-Euler approach.
The model was drawn in the Solidworks program. Simulations were made in the Matlab /
Simulink environment with the parameters taken from the model. State space model approach
was used in simulations. The PID algorithm was used as the control system.

According to the simulation results, differential and collective morphing had an impact on
longitudinal flight. The reason for this effect is that the ly value, which is the moment of
inertia, is an entry into the state space model. This value changes in every morphing situation.
This was determined by examining the design performance criteria rise time, settling time and
overshoot values. Table 3 differential and collective morphing design performance criteria are
given.

Table 7: Differential and collective morphing design performance criteria

Initial situation

%50 differential and
%50 collective

%50 differential and
%25 collective

%25 differential and
%50 collective

Rise Time 0.0435 sec 0.0437 sec 0.0429 sec 0.0444 sec
Settling Time 0.462 sec 0.463 sec 0.459 sec 0.467 sec
Overshoot 13% 13.1% 13% 13.1%
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Bu calismada akimsiz kaplama prosesi ile ¢elik altlik malzeme iizerine biriktirilen Ni-B
alagim kaplamalarinin Ar gazi ortaminda 2 saat boyunca oda sicakligindaki ve farkli 1s1l islem
sicakliklarindaki (300°C, 400°C, 500°C) morfolojileri, faz yapilari, sertlikleri ve asinma
ozellikleri incelenmigstir. Ni-B alagim kaplamalarinin yiizey morfolojileri ve kesit goriintiileri
taramal1 elektron mikroskobu (SEM) goriintiilendi ve faz yapilart X-1s1n kirinimi (XRD) ile
analiz edildi. Isil islem Oncesi ve 1sil iglem sonrast kaplamalarin sertlik degerleri
nanoindentation sertlik cihaz ile hesaplandi. Asinma ve siirtiinme testleri kuru kayma asinma
yontemiyle oda sicakliginda (25°C), 300 metre boyunca, 5N normal yiik altinda, 25 mm/s
kayma hizinda gergeklestirildi. Kaplamalarin yilizey morfolojileri yogun ve homojen
karnabahar yapisinda oldugu gozlendi. Kaplamalar 1s1l islem Oncesi amorf yapida iken 1s1l
isleme tabi tutulduklarinda nikel tamamen kristalize oldu ve nikel borid (NizB ve Ni2B)
fazlar1 olustu. Isil islem sonrasi olusan bu fazlar nikel matrisin tane biiylimesini engelleyerek
kaplamanin sertligini arttirdi ve kaplama yiizeyinin asindirici ile temas alanimi azaltarak
asinma direncini gelistirdi. Asinma testlerinden sonra her bir kaplamanin asinma miktar1 ve
stirtlinme katsayis1 hesaplandi, aginma ylizey goriintiileri SEM ile incelendi ve asinma sonrasi
olusan aginma izlerinin elemental analizi enerji dagilim spektroskopisi (EDS) ile yapildi. Isil
islem sicakliginin 400°C’ye arttirilmasiyla kaplamanin sertlik degeri ve asinma direnci artt1.
Kaplamalarin aginma yiizeyleri genellikle abrasif asinma olusurken 500°C sicaklikta 1s1l iglem
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gormiis kaplamanin asinma ylizeyinde ayrica adhezif asimma olustu. Isil islem gormiis
kaplamanin asinma miktar1 ve siirtiinme katsayisi, 1s1l islem gormemis kaplamaya gore daha
diisik oldugu hesaplanmistir. 400°C 1s1l islem gormiis Ni-B kaplama, endiistriyel
uygulamalarda kullanilmakta olan sert krom kaplama ile karsilastirildiginda daha yiiksek
sertlik ve daha iyi asinma direnci gostermistir.

Anahtar Kelimeler: Ni-B kaplama, 1s1l islem, sertlik, aginma.
Abstract

In this study, the morphology, phase structures, hardness and wear properties of Ni-B alloy
coatings deposited on the steel substrate by electrodeposition process at room temperature and
different annealing temperatures (300°C, 400°C, 500°C) for 2 hour in Ar gas medium were
investigated. Surface morphologies and cross-sectional images of Ni-B alloy coatings were
monitored by scanning electron microscopy (SEM) and phase structures were analyzed by X-
ray diffraction (XRD). The hardness values of the coatings as-deposited and annealed were
calculated with the nanoindentation hardness device. Wear and friction tests were carried out
by dry sliding wear method at room temperature (25°C) for 300 meters, under 5N normal
load, at 25 mm/s sliding speed. It was observed that the surface morphologies of coatings
were dense and homogeneous cauliflower. When the coatings were in amorphous structure
as-deposited, annealed nickel completely crystallized and nickel borid (NisB and Ni2B)
phases occurred. Phases formed after heat treatment prevent the crystal growth and thus
increasing the hardness of the coating and improving the wear resistance by reducing the
contact area of the coating surface with the abrasive. After the wear tests, the wear rate and
friction coefficient of each coating were calculated, the surface images of the wear tracks
were examined by SEM, and the elemental analysis of the wear tracks was done by energy
dispersive spectroscopy (EDS). By increasing the anneal temperature to 400°C, the hardness
and wear resistance of the coating increased. Wear tracks of the coatings are generally
abrasive, while adhesive wear has also occurred on the wear track, which has been heat
treatment at 500°C. The wear rate and friction coefficient of the annealed coating were
calculated to be lower than that of the as-deposited coating. The 400°C heat treated Ni-B
coating showed higher hardness and better wear resistance compared to the hard chrome
coating used in industrial applications.

Keywords: Ni-B coating, heat treatment, hardness, wear.
1.  INTRODUCTION

In surface coating technology, electroless Ni based coatings is used as an alternative to hard
chrome coating due to its superior mechanical and tribological properties and homogeneously
distributed surface coating. Pure nickel, alloy and composite coatings have gained great
importance in the past few decades. Especially the electroless Ni-P and Ni-B alloyed coatings
are being investigated more for industrial applications (Sahoo P, 2011). Sodium borohydride,
which is used as a reducing agent in the electroless Ni-B coating process, improves the
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hardness and wear resistance of the material more than Ni-P coatings (Das S K, 2011). Due to
the mechanical properties of micro-structural problems, microstructure, phase transformation,
tribological properties and corrosion resistance of Ni-B coatings continue to be investigated.
The electroless Ni-B coating process takes place by reducing nickel ions to the substrate
material surface immersed in the bath solution containing reducing agent and metal ion salts
(Mallory, 1990). The heat treatment applied after the surface coating process improves the
morphology, phase structure, hardness and tribological properties of the material. While the
mechanical properties of the coating increase with heat treatment, the corrosion resistance
decreases (Vitry, 2012). Although the hardness and wear resistance of the substrate deposited
with Ni-B electroless coating increases, the heat treatment applied to the material affects the
development of the material strength (Krishnaveni, 2005). Generally, the hardness of the
material is equivalent to the hardness of the chrome plating at 400°C+50 heat treatment
temperature for about 1 hour under vacuum. The increase in material hardness is thought to be
nickel borides (NisB, Ni2B) formed after heat treatment. Ni-B coatings are heat treated at
different temperatures to increase the phase diversity in the crystal. It is stated that the boron
content is important in the formation of NizB and Ni>B crystal phases after heat treatment in
the studies of the coatings related to heat treatment. The agglomeration of NisB crystals when
the heat treatment temperature is over 500°C causes a decrease in material hardness (Dervos,
2004). It has also been reported that Ni>B phase decomposes while NisBz phase forms at high
temperature (Takahasi, 1980). The grain growth of the heat-treated coatings is low and
accordingly there is an increase in the hardness of the material. The microstructure, coating
thickness and oxide layer of the coating play an important role on the tribological behavior of
Ni-B coatings (Vitry, 2011). In the present industrial applications, it is thought that the
electroless Ni-B coatings will be a suitable surface deposition process to reduce the wear of
the mechanical parts at high temperatures and to extend their service life under severe
conditions. In this study, Ni-B electroless plating was deposited on the mild carbon steel
surface to improve the mechanical and tribological properties of the material by using
electroless coating technique. The surface hardness and wear resistance of the coating at room
temperature and different annealing temperatures (300°C, 400°C and 500°C) under argon
atmosphere for 2 hours were examined.

2. EXPERIMENTAL

Ni-B coatings deposited on 5mm in thickness and 40mm x 30mm sized mild steel substrate.
Electroless Ni-B coating bath composition and operating conditions are given in Table 1. The
samples were abraded from 400 to 1200 SiC sandpaper to remove the surface roughness of
the samples. Polished with 1um alumina to increase adhesion on the substrate. It was then
washed with ethanol in the ultrasonic bath for 5 min and dried with hot air. Finally, the
samples were immersed in a 1:3 ratio of HCI acid solution before being placed in the coating
bath, then washed with ethanol and distilled water. After the reaction in the coating solution
was completed, the samples were washed first with ethyl alcohol and then with distilled
water. The sample was then air dried.
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Table 8. Electroless Ni-B coating bath composition and operating conditions.

Chemical composition Concentration
NiCl2.6H20 20 g/L
NaBH4 1g/L

C2HsN2 90 mL/L
NaOH 90 g/L

Pb (NO3)2 0,015 g/L

Operating Conditions

Bath temperature 9242 °C
pH 14

Deposition time 60 min.
Agitating speed 400 rpm

After coating process, heat treatment of the deposited samples was performed at different
annealing temperatures (300°C, 400°C, 500°C) for 2 hour fixed annealing time in argon gas
medium. The surface morphologies and cross-sectional images of the coatings were analyzed
using JEOL 6060-LV scanning electron microscope (SEM). Crystal phases of the coatings as-
deposited and annealed were analyzed by X-ray diffraction (XRD) using the Rigaku D/MAX
2000 X-ray generator and filtered radiation of Cu-Ka (1.54059A°) in the 26 range from 20° to
80° mode at a scanning rate of 1°/min. Hardness was calculated with applying a maximum 50
mN load of indentation speed is kept constant 10 s by Anton Paar Nanoindentation tester:
NHT? with Berkovich-type diamond indenter. The hardness of the samples was measured 5
times from the cross-section and the averages of the measurements were taken. Tribological
tests were carried out against the Al2Os ball of 6mm diameter, with dry sliding wear at
25°C+2 room temperature, 4545 relative humidity environment by CSM Instruments TRB 18-
317 device. After the wear tests carried out at a sliding speed of 25cm/s under 5N load at 300
m sliding distance, the friction coefficients and wear rates of the samples were calculated, and
the wear traces of the samples were analyzed with SEM images.

3. RESULTS AND DISCUSSION

XRD patterns of Ni-B deposited samples annealed at room temperature, 300°C, 400°C and
500°C are shown in Figure 1. In the literature, crystal nickel formation and precipitation of
borides have been reported after heat treatment (Pal, 2011). While only amorphous Ni broad
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peak is observed at room temperature, sharp crystal phases (Ni, NisB, Ni2B) peaks are formed
after the heat treatment. The main sharp peak of the nickel corresponds to the plane (111),
while the short peaks indicate the planes (200) and (220). It also shows that there is no phase
transition in the coating as-deposited at room temperature. In the sample annealed at 300°C
for 2 hours, the crystalline NizB phases were formed together with the weak crystal Ni phase.
When the heat treatment temperature is increased to 400°C, it is seen that the peak density of
crystal NisB increases and the Ni2B peaks are formed. The formation of pure nickel crystal
and precipitation of nickel borides show that the transformation of Ni-B alloy at 400°C
(Malfatti, 2012). Also, the reduction of Ni (fcc) peak density could be explained by the
formation of a numerous of dense and narrow peaks corresponding to several reflections of
the NisB crystal phases (Vitry, 2009). When the heat treatment temperature is increased to
500°C, the peak density of nickel borid phases decreases and the peak density of the nickel
crystal increases (Sankara, 2004).
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Figure 1. XRD pattern of as-deposited and annealed (300°C, 400°C, 500°C) samples.

The surface morphologies and cross-sectional images of Ni-B electroless coatings that are
heat treated at different temperatures (300°C, 400°C and 500°C) are shown in Figure 2,
respectively. Ni-B electroless coatings were heat treated to increase the hardness and wear
resistance. Surface morphology of all Ni-B coatings are cauliflower-like. The cauliflower
structure is a morphology that occurs in electroless coatings, and it reduces the friction
coefficient of the coating due to its self-lubricating feature (Sahoo, 2011). When increasing
the annealing temperature to 400°C, it is seen that the coating surface is denser and
homogeneous. In addition, there is an increase in grain boundaries with the crystallization of
deposits (Celik, 2016).
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Figure 2. Surface morphology images of Ni-B electroless coatings annealed at different
temperatures (300°C, 400°C, 500°C), respectively.

Cross-sectional images of coatings annealed at different temperatures are given in Figure 3,
respectively. As seen in the figure, columnar growth occurred in the coating cross-section and
the coating thickness was measured ~20 pm. There is no separation in the adhesion of the
coating to the substrate, and cracks and pores are not observed. It is seen that the column
structure formed in the cross section of the coating annealed at 400°C is more intense and
compatible with the surface morphology (Kundu, 2014).
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Figure 3. Cross-section images of coatings annealed at different temperatures (300°C, 400°C,
500°C), respectively.

Figure 4 shows the effect of the annealing temperature of the deposits of Ni-B on the coating
hardness. By increasing the heat treatment temperature, the coating hardness first increased
and then decreased. The increase in coating hardness and elastic modulus given in Table 1 is
of great importance for the crystal nickel boride phases. It is seen that the hardness results and
XRD data are compatible. The hardness value of the sample annealed at 300°C was measured
as 840 HV. Increasing hardness to 1150 HV by increasing the heat treatment temperature to
400°C is related NizB and Ni>B precipitation of hard phases. Hard nickel borides particles are
formed by precipitate hardening (Krishnaveni, 2005). When the heat treatment temperature is
increased to 500°C, the decrease in coating hardness to 1030 HV was related to the increase
of nickel crystal density and the decrease of nickel borid phase density. The softening of the
coating at high temperatures is related to the reduction of NizB particles in the hardening sites
by conglomeration. Thus, the boron moves away from the alloy and the coating hardness
decreases with the soft nickel phase formed in the matrix (Nava, 2013). The precipitation
hardening that occurs with microstructural changes after heat treatment is compatible with the
literature (Balaraju, 2016).
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Figure 4. Hardness of as-deposited and annealed coatings.

SEM images of wear traces after dry sliding wear tests of samples treated at different
temperatures are given in Figure 5. Abrasive grooves in the abrasion trace of the annealed
coating at 300°C carry the material to the edge of the abrasion path and form cracks in the
abrasion trace. As seen in Figure 5b, the Ni-B coating annealed at 400°C preserves its
nodular cauliflower structure during the sliding wear. Nickel borides deposited on the wear
track prevent crack propagation over wear. As seen in the wear trace of the sample annealed
at 500°C (Figure 5c¢), the residues formed due to the rough surface caused the formation of
large cracks. In addition, grain coarsening and microstructural heterogeneities could lead to
increment of cracked areas on the wear surface and increased wear rate of the coating
(Balaraju, 2016). High magnification SEM pictures were taken from the regions marked with
red to examine the wear marks in detail.
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Figure 5. Wear traces images of annealed coatings at different temperatures
(300°C, 400°C, 500°C), respectively.

High magnification SEM micrographs of Ni-B coating wear marks annealed at 300°C, 400°C
and 500°C are given in Figure 6. Although phase transformations occur in the sample
annealed at 300°C, there are cracks on the wear surface due to the insufficient lubricating
borides. As seen in Figure 6b, the crushed columnar areas on the wear surface of the sample
annealed at 400°C function as load bearing areas, improving the wear resistance of the
coating. Columnar growth observed in cross-sectional view of the coating, nodular structure
and lubricant nickel borides on the coating surface have reduced the contact area with the
counter surface and improved wear resistance. The increased surface hardness with the
precipitation of nickel crystal and nickel borides formed with heat treatment increases the
plastic resistance of the coating (Krishnaveni, 2005). It is also seen that the load is carried by
the nodules and the deformation on the wear surface is minimal. Crushed nodules on the wear
surface explain the amount of wear and friction coefficient. The better mechanical properties
of the annealed coating at 400°C are explained by the fact that the crystal phases formed after
heat treatment prevent grain growth. In addition, crushing nodules on the wear surface shows
high plastic deformation throughout the sliding wear. As seen in Figure 6c, delamination type
abrasion with plates separation is observed in the wear trace of the sample annealed at 500°C.
Adhesive wear mechanism occurs due to the attractive forces formed between the Ni-B
coating and the counter surface. In addition, high shear stress on contact of the wear zone with
the hard-counter surface causes the formation of micro cracks. The rough surface formed by
the crack on the surface increasing the stress accumulation increases the friction coefficient of
the coating and causes material loss (Mukhopadhyay, 2018).
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Adhesion wear mechanism on the wear surface causes high material separation and wear
residues. Borid phases in the hardening areas at 500°C heat treatment was conglomeration and
their number decrease of hardening sites. As this causes grain coarsening and the coating to
soften, dislocation increases between the particles, thereby reducing the hardness and wear
resistance of the coating (Krishnaveni, 2005). The crack growth observed on the wear surface
of the sample annealed at 500°C is related to the reduction of plastic deformation and the
effect of residual particles (Balaraju, 2016). As the high temperature annealing applied to the
coating exceeded the yield strength of the coating, it caused serious adhesion and wear losses.
The relationship between the deposits formed after heat treatment and the tribological
behavior of the coating surface is specified in the literature (Sanakara Narayanan, 2004).

Crushed caulifiower

Figure 6. High magnification SEM micrographs of annealed coatings at different
temperatures (300°C, 400°C, 500°C), respectively.

EDS spectra of the worn surfaces of Ni-B coatings that are heat treated at 300°C, 400°C and
500°C are shown in Figure 7. EDS analyzes were performed in yellow highlighted SEM wear
image areas. The high oxide peaks formed by EDS analysis of the wear surface of the sample
annealed at 400°C prove that there is a protective oxide layer on the wear surface. The
formation of the oxide layer observed in the crushed areas prevents the material loss of the
coating. As seen in Figure 7c, the sample is annealed at 500°C and it is confirmed by the low
oxygen percentage that the protective oxide layer that plays an important role in reducing the
friction and wear in EDS analysis. Also, the appearance of the aluminum peaks supports the
layer transferred from the counter surface to the wear surface by adhesion. In the EDS
analysis of the coatings annealed at 500°C, the percentage of aluminum is higher than the
other coatings, resulting in the formation of micro-cracks with strong adhesive strength and
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the spread of these cracks. Due to rough wear morphology, the formation of coarse graining
in the coating increases the ductility of the material and causes the oxide layer to break
(Mukhopadhyay, 2018).

~»-— v
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(@) | (b)

Figure 7. EDS spectra of coatings annealed at (a) 300°C, (b) 400°C, (c) 500°C, respectively.

The wear rates and friction coefficient values calculated after the wear tests of the heat-treated
samples are given in Figure 8. It was observed that Ni-B coatings initially increased friction
coefficients and then reached equilibrium. When the samples annealed at 300°C and 400°C
are compared, it is seen that the increase in heat treatment improves the wear resistance of the
coating. The friction coefficient of the coating annealed at 300°C has reached equilibrium
after 200 meters and is the highest compared to other samples. By increasing the heat
treatment temperature from 300°C to 400°C, there is a considerable reduction in the
coefficient of friction of the coating. Although the friction coefficient of the annealed coating
at 400°C reaches equilibrium after 50 meters, the presence of boron in the lubricant function
reduces wear. The columnar growth of the coating reduces the contact area with the counter
surface in wear tests. Also, columnar growth is to prevent adhesive wear by retaining
lubricant borides (Balaraju, 2016). Nickel boride precipitates formed in the heat-treated
coating significantly reduced the friction coefficient due to their high hardness and plastic
deformation (Kanta, 2009). Coarse grained structures formed in the sample annealed at 500°C
cause roughness on the coating surface and the friction coefficient of the coating increases.
Because of the high heat treatment temperature worsens the wear process, rough surface wear
and abrasion residues are formed. This causes the coefficient of friction to increase.
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Figure 8. Coefficient of frictions with sliding distance at different annealed coatings.

The wear rates calculated after the wear tests of the heat-treated samples are given in Figure
9. The low wear rate in the 400°C heat treated sample relates to the nickel particle size and
grain refinement described by the Orowan mechanism. However, by increasing the heat
treatment temperature to 500°C, wear rate increases. The deterioration in the coating
precipitated by heat treatment causes an increase in wear rate. Also, the increase in wear rate
is related to the microstructural change in high annealing temperatures (Balaraju, 2016). In
addition, grain coarsening caused by aggregation of boride phases in the sample annealed at
500°C increases the wear rate of the coating (Mukhopadhyay, 2018).
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Figure 9. The effect of heat treatment applied to coatings on the wear rate.

4.  CONCLUSION

Mechanical and tribological properties of samples with different annealed temperatures of Ni-
B alloy coating deposited on mild steel were investigated. The surface morphologies of the
coatings are typical nodular cauliflower-like structures. XRD results showed that the Ni-B
alloy coatings became crystalline after heat treatment. The most NisB peak formation in the
sample annealed at 400°C resulted in increased hardness and low wear in the coating. The
highest hardness value of Ni-B coating was obtained due to the formation of NizB and Ni.B
crystal phases in the 400°C annealed sample. Coating hardness decreased due to the
decomposition of the NisB crystal by increasing the annealing temperature. The increase in
the hardness of the heat-treated coating is directly related to the increase of the wear
resistance of the sample. Decrease in coating hardness was observed due to grain coarsening
by increasing the heat treatment temperature to 500°C. Tribological behaviors of Ni-B
coatings which were subjected to heat treatment at different temperatures were examined.
With the precipitation of nickel borid crystal phases formed after heat treatment, the hardness
of the Ni-B coating increased, and the wear resistance improved. The wear rate and friction
coefficient values calculated after dry sliding wear tests. The wear amount and friction
coefficient values were observed to be better at 400°C compared to other coatings. Grain
coarsening and deposits formed in the coating annealed at 500°C negatively affected the
tribological behavior of the material. In addition, the wear resistance of the coating has
weakened as the crack formations observed on the wear surface cause fatigue wear. It can be
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stated that the microstructure of the annealed coating at 400°C, the phase transformation and
the oxide layer formed on the wear surface provide the improvement of the mechanical and
tribological properties of the coating.
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CEMEMHOE BOCIIUTAHUE U IICUXOJIOTUsI
Cgeraana Jlymo6anze
Crynentka ['py3uHCKOro 001eCTBEHHOT0 HHCTUTYTA
AHHOTANUA

B craree paccMaTpuBaOTCs MPUYMHBI Pa3BoAa M MPOPHIAKTHIECKUE MEPHI 110 Pa3pelICHHIO
CEeMEWHBIX pa3BoioB. B KOHTeKcTe (HaKTOPOB paclaga CeMbH W TPEAJIOKCHHHA ObuIH

00BSBJICHBI l'IpO(i)I/IJ'IaKTI/I‘ICCKI/IC MCPBI 414 UCII0JIb30BaHUSA CEeMEHHOro pa3Boa.

KiaroueBble ciioBa: CEMBbs, IICUXOJIOTNYECKas IICUXO0JIOIus, CEMbA, IICUXOJIOTH, IICUXOJIOTH,
IICUXOJIOTH

May 15-17, 2020 WWW.ejonscongress.org



2020 EJONS X - INTERNATIONAL CONFERENCE ON MATHEMATICS - ENGINEERING - NATURAL & MEDICAL SCIENCES

Batumi, GEORGIA PROCEEDING BOOK

APAJIAC ECENITEPAIH KYBIK HIEHIIMI
I'yamupa TennioaeBa
KopkpIT ATa atbiHnarsl KpI3butopaa MEMIIEKETTIK YHUBEPCUTETI

AHaarna

By sxymbicTa anjgpiMeH ekiHmii perTi auddepeHnnanaplk TeHACYAIH TUTI aHBIKTAIAbl KOHE
O] KaHOHIBIK (opmana azasjapl, COIaH KEHiH TOJIKBIHIBIK TEHJACY YIIIH apajac ecer
alHBIMaNBLIAPIbI 06Jy oJiCiMEH, BapUATHUBTI UTEpAIMs OJICIMEH >XoHE AJIOMHAH BIIAbIpay
OIiCIMEH IIaMaMeH Ienriieii. bapibik ochl 9icTep HAKTHI MICHIIMIE aybICaThlH (QYHKITUIIAP
Ti30€TiH KamMTamachl3 eTemi. bapiblK jkarmainapna Oipjaed HOTHXKENep allbIHABL, Oipak
AJTOMHaH BIIBIPAY 9JIICI 6TE KapanaibIM )KOHE BIHFANIIBI OOJIJIBI.

Tyiinai Ce3nep: Koceimma Moamimaeme, Boma Kabeuimay, Capantel Capanray Ojici,
Bapuanusuieik Itepanus Opici, Onictemenik Kypannap Omuici, Opeker Llemnrimi
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AHAJIN3 YU CJIA BUMOJIEKYJISIPHBIX PEAKIIAN
I'yab6axop AJTUMIKOHOBA
TamKeHTCKUI TOCy1apCTBEHHbBIN TEXHUYECKUN YHUBEPCUTET
AHHOTANUA

B wuccnemoBanum mnpoOiema OMMONEKYISIPHOW peakIuu Moj Ha3BaHueM «bproccenby
pemaercss uuciaeHHo. Ilociae HEKOTOPOro ympoIIeHMs MOJIydaeTcsl HEeJMHEHHas cucreMa U3
JIBYX WM TPEX HEU3BECTHBIX MPOCTHIX NUD(epeHINalbHbIX YpaBHEHUN, KOTOpas 3aBUCUT
TOJILKO OT OJIHOro mnapameTpa (Hampumep,?). CTpykTypupoBaHHas 3anada Kommu Oblia
pellieHa MPEeNM3UOHHBIM METOJOM C HeNpepbiBHBIM maroM B Pynre-Kyrre uerBeproro
YPOBHsI. AHaTU3UPYIOTCA TPOOJIEMBbl EIUHUYHBIX TOYEK, YCTOWYMBOCTH U IOBOPOTA
TpaHUIbl, a TakkKe rpaduka TPACKTOPHA B MPOCTPAHCTBE W MPOCKIHMHA B IJIOCKOCTAX Ha
pa3IUYHbBIC 3HAYCHUS MapaMeTpoB. bproccenbekas mpodiiema, cs3anHas ¢ ['J[P, Taxke Obuta
peleHa.

KiroueBble cioBa: GI/IMOJIeKy.]'ISIpHaSI PCaKIus, 6pI—OCC€J’IHTOp, 0OBIYHAS CHCTEMA IT0JE3HBIX

HHCTPYMCHTOB, 3HAYHUMBIN IIHMKII, CcTaOUIILHOCTb.

May 15-17, 2020 WWW.ejonscongress.org



2020 EJONS X - INTERNATIONAL CONFERENCE ON MATHEMATICS - ENGINEERING - NATURAL & MEDICAL SCIENCES

Batumi, GEORGIA PROCEEDING BOOK

KOCBIMIIA BIJIIM OPTAJIBIKTAPBIHJIAFBI MOBWJIBJI TOCIJIAEY TOPTIBI
T. Annadeprenosa & U. FOcynosa
Cankr-IlerepOypr MEMIIEKETTIK YHUBEPCUTETI
AHaarna

OKymbIIapAbIH KO3KapacTapbl MEH OUTIMIH KaJbIITACTHIPYFa BIHTATAHIBIPY YLIIH MOOWIBII
OKBITYFa HAWBIHABIK - OYJI TEXHOJOTUSHBI OiLTiM Oepy OpTachlHA MHTETPALUSIIAY/IBIH KaHA
0arpIThl. MOOWIIB/II KYPBUIFBIIAPBI COTTI €HTI3y OKY/ABI KaKcapTyFa MYMKIHAIK Oepeni. by
TYPFbIIa JOCTYPJIl OKBITYIBIH KYILUTI jKaKTapbl MEH MOOWJIBJI OKBITYIBIH KYIUTI >KaKTapblH
OIpIKTIPETIH OKBITY OpPTAcChl MEPCIEKTUBAIIBI OAFbIT PETiHE KapacThIPbUIybl MYMKiH. Byi
KYKaTTBIH MakcaThl - Oy OKy OpTachIHBIH OUTIM aiyFa, OKYHarbl JKETICTIKTepI MEH
OKYIIBUTAPJIBIH KO3KapacTapblHAa oCEpiH aHBIKTAy YIIiH MYJIbTUMEIUSUIBIK apaslacyIblH OKY
OpTachblHa THIMJAI HWHTErpauusaceiH  3eprrey. Ocbl omebWeTke IOy JKacaraHza,
peleH3MsIIaHFaH JKYPHAIJBIH )KUbIPMa €Ki MaKaJIachl ajlJIbIH aja aHBIKTAJFaH KPUTEPHiAepre
colikec TaH a1l (MbICAJIBI, CAH/IBIK 3epTTEYJIEp/i KOJAaHa OThIPBII KYPIi3UIreH 3epTTeyIep,
MBICQJIbI, KBa3U-IKCHEPUMEHTTIK JKOHE HKCIEPUMEHTTIK 3epTTeyjep >kKoHe T.0., MbICalbl,
apanac 3epTTeyiep). oici, Keilc-cTaau KoHE T.C.C., COHBIH IIIIHIE JEpeKTepAl KHHAY
IpoLelypachbiHIaFbl CaHJBIK aCIeKTI KOoca ajfaH/a) JKOHE OChl MakajalapliaH oJjapjaH
CEHIMJ1 *OHE MaHBI3/Ibl aKMapaTThl ally YLIIH MYKHSIT TajlfaHbl3. AJIBIHFAH HOTHXKENEp
MOOWJIBAI TEXHOJIOTUSJIAPJBIH apajac OKbITY OpTachlHAa €Hyl CTYAEHTTEpHAIH OuIIMiH
JKarbIM/Ibl TYpAE WrepyiHe aWTapibIKTail ocep eTeTIHAINH KepceTell, JereHMeH
pelleH3UsIIaHFaH Makajiajap/ia oOJlapAblH OKyFa alTapibIKTall oCcepiH KOPCETHEHTIH
SMIMPHUKANBIK HOTHXKeNep a3. OKyIIbUIapAbIH KapbIM-KaTbIHACBIHA KATBICTHI, CTYACHTTEPAIH
mikipyiepi  OoMbIHIIA, CTYIAGHTTEpJiH apajackaH OimiM Oepy opTacklHAa MOOWIbII

TCXHOJIOTUAHBI aKaICMHUSJIBIK MaKCaTTap YIJ_IIH KOJIIaHyta bIHTAJIaH AbIPBIJIABI.

Tyiiin ce3gep: apanac OKbITY, YTKbIp OKBITY, OKY HOTHXKeJepi, aKaJeMMsJIBbIK YJrepim,

Ke3Kapac
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TOPYRAQTY'N SHOGU QASIETININ DEGRADATIONSON BOLZHAU 9DISTERI
TURALY

Arman Tolipov
Toshkent Davlat Politexnika Universiteti o'gituvchisi

Fizika va mexanika to'plamlari to'gnashuvlari to'plami va ularni ishlatishda ishlatiladigan
matraslar qora rangga aylantirilgan. Temengi qobilyatingizni tyynyn bolshayu uchin galdaliq
boymsha masstingiz jagdayyyn baqalaudy zheke raskalasynyn kurudy eken nosgasyn
qarastyrdy. Tabiri ylraldylyktys tabiri kyyden sudyn tolyk kanyru zhardayyna deyin esuinig
bolzhamdy kyyin belgileu kazhettiligi doleldendi zhane dsleldendi.Memlekettin Ush elshemdi
gradatsiyasy koldanylady, Foundation 30 zhane 60% ylraldylyktyn zhorarylauy kyydin olsiz
zhane ortasha ezgeruine soykes keledi. Lesstin salystyrmaly sheguinix fizikalyk kyyine zhane
belshekterdin melsherinin taraluynyn nakty fraktsiyalaryna toueldiligi, shegindilerdin
Kybylys retinde microaggregates kyrylymynyH zhane onyH tozuynyH erckshelikterimen
Bailanys rastaldy. Mikroagregat - ydyrauy qurlimik beriktik kysymyna zagyn satylarinda
zhredi.

To'ylangan so'zlar: bolzham, apatlik jarayoni
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OINEHKA MUHUMAJIBHOI'O PUCKA 11O MAKCBEJLTY
. boponenko
CTapILIMi Ipernoaasaresb, MHCTUTYT TpaHCcopTa U CBA3U
AHHOTANUA

CwmenieHre 1o JJIMHE BO3HUKAET, KOTJIa BEPOSTHOCTh BKJIIOYECHMS €AUHUIBI MOMYJISIUUA B
BEIOOPKY CBsI3aHA CO 3HAYCHHEM H3MepsieMol mepeMeHHou. Hampumep, orbop mpobd TkaHU
Kokca (1969). B aT0li cTaThe aH TeHE3UC pacnpeaesieHns MakcBeia CMeIIeHUs 10 JUTHHE.
OneHKr MUHUMAJIBHOTO PUCKa MO €ro IKajie ObUIH MOJIyYeHbI MPU KBaApaTe MOTPEIIHOCTH,
OpeIyNpeAUTeNbHON U ABYX ApYruX (GYHKIHUSX HOTEPh C MOMOIIbIO IEH3YPUPOBAHHOM
BeIOOpKH THMA II. OTHOCKTENBHAS 3(pPEeKTUBHOCTD ObLTA paccunTaHa IJIsi CPABHEHHS.

KiaroueBble cioBa: pacnpeneneHne MakcBemia ¢ OONBIION JIMHON, (QYHKIUS IOTEpS,

¢dynkuus pucka, oneakn MMSE, ¢dyHKums norepu KBajpaTa OmuO0oK
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LEGAL REGULATIONS OF INTERNATIONAL MARITIME SECTOR
Noorullah Beigi
Jawzjan University
Abstract

Undoubtedly, maritime transport is an important part of the world economy, given that 90%
of international shipping is by sea. It is an important activity for the transportation of
agricultural products, energy, manufactured goods and many other goods safely and securely
from around the world. Because maritime transport is connected to the computer system with
electronic advances and continues to operate through electronic communications, the creation
of secure cyber systems is an important requirement for the continued security of these
activities. In this paper, the effects of cyber threats on the maritime sector and the legal
regulations of international law in this area will be assessed in general.

Keywords: Maritime, Cyber Hazards, Cyber Hazard Management
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LIMITATION OF ROTARY WING UNMANNED AERIAL VEHICLE PROPULSION
SYSTEM ENERGY USING ANFIS

ANFIS KULLANARAK DONER KANATLI INSANSIZ HAVA ARACI ITKI SISTEM
ENERJISININ SINIRLANDIRILMASI

Lec. Hiiseyin SAHIN
Ankara Yildirim Beyazit University, Meslek Yiiksekokulu, Ugak Teknolojisi
Dr. Mehmet KONAR
Erciyes University, Faculty Of Aeronautics And Astronautics, Aircraft Electric and Electronic
Assoc. Prof.Tugrul OKTAY
Erciyes University, Faculty Of Aeronautics And Astronautics, Aircraft Engineering
Abstract

Rotary wing unmanned aerial vehicles (UAVs) can perform many military and civilian duties
as a developing science in aviation. Today, most rotary wing unmanned aerial vehicles use
electric batteries as the primary energy source of the propulsion system. It reveals the security
weaknesses of the electric unmanned aerial vehicles due to their high energy needs. When
electrically powered devices consume more power than factory data, they can cause fire due
to excessive heat and leave permanent damage. To prevent damage to electrical components,
they must operate at permissible working forces and conditions. In this study, the aim is to
limit the electric power consumption of the electric rotary unmanned aerial vehicle in the
propulsion system and to operate the propulsion system safely, efficiently and effectively. For
this purpose, firstly, with the help of RCbenchmark’'s 1580 model dynamometer, propulsion
system tests were carried out with different combinations of propulsion systems of UAV.
Using the different ANFIS model, the thrust force prediction was made. In the created
models, the number of revolutions per minute of the brushless motor, the diameter of the
impeller, the pitch of the impeller and the current are determined as input parameters, and the
thrust force produced by the motor is determined as the output parameter. Model with 4 input
and 1 output parameter was created. The system required for the safe operation of the engine
was created by using the data obtained from the propulsion system test.

Keywords: UAV, Propulsion, ANFIS, Current Limitation.
Ozet

Doner kanath insansiz hava araglar1 havacilikta gelisen bir bilim dali olarak askeri ve sivil
bircok gorevi yerine getirebilmektedir. Giiniimiizde c¢ogu doner kanatli insansiz hava
araclarinda itki sisteminin temel enerji kaynagi olarak elektrik bataryalari kullanmaktadir.
Elektrikli insansiz hava araglarinin yiiksek enerji ihtiyaglar1 nedeni ile giivenlik zafiyetlerini
ortaya ¢ikarmaktadir. Elektrikle ¢alisan aletler fazla gii¢ harcadiklar1 zaman agir1 1s1 nedeni ile
yangin ortaya ¢ikartabildikleri gibi kalic1 hasarlar birakabilirler. Elektrikli malzemelerin hasar

May 15-17, 2020 WWW.ejonscongress.org



2020 EJONS X - INTERNATIONAL CONFERENCE ON MATHEMATICS - ENGINEERING - NATURAL & MEDICAL SCIENCES

Batumi, GEORGIA PROCEEDING BOOK

gormesini Onlemek ic¢in izin verilen calisma giiglerinde ve kosullarinda caligmalar
gerekmektedir. Bu calismada elektrikli doner kanatli insansiz hava aracini itki sistemindeki
elektrik gii¢ tiikketiminin sinirlandirilmas: yapilarak itki sisteminin giivenli, verimli ve etkili
calismasini amaglamaktadir. Bu amag icin oncelikle RCbenchmark firmasimin 1580 model
dinamometresi yardimi ile bir motorun degisik itki sistem kombinasyonlar: ile itki sistem
testleri gerceklestirilmistir. itki sistem testlerinden elde edilen veriler ANFIS modelleri
yardimiyla itki tahmini yapilmistir. Bu siiregte farkli bulanmik mantik modelleri
olusturulmustur. Olusturulan modellerde fir¢asiz motorun dakikadaki devir sayisi, pervane
capil, pervane hatvesi ve motorun c¢ektigi akim degerleri giris parametreleri olarak
belirlenmistir ve motorun iirettigi itki kuvveti ¢ikis parametresi olarak belirlenmistir. 4 giris 1
¢ikis parametresine sahip model olusturulmustur. itki sistem testinden elde edilen veriler
kullanilarak motorun gilivenli ¢alisabilmesi i¢in gerekli olan sistem olusturulmustur.

Anahtar Kelimeler: THA, Itki, ANFIS, Akim Kisitlama
1. INTRODUCTION

Rotary wings UAVs are automatic controlled or remote controlled aircraft that can fly from
everywhere with the help of upward propellers. Rotary wing UAVs can fulfill the
requirements of their applications in the military and civilian fields. The rotary wings UAVs
that have the ability to take off vertically require many tasks such as surveillance, search and
rescue, aerial imaging, and package delivery. Areas such as aviation, robotic, electronic,
hardware, and software contributed to the development of UAVs. Many rotary wing UAVs
use it as the main source of the electricity source for reasons such as fuel and maintenance
costs. [1-3]

According to their duties, unmanned aerial vehicles can be designed in different sizes. The
design of the propulsion system must be unique because of many different sizes of aircraft,
from mini to megaplanes. Many parameters should be taken into consideration while
designing the propulsion system. The optimization problem examined in this study is to find
the optimum combination of thrust system components to meet the safety requirements of
rotary wing aircraft powered by electric brushless DC (BLDC) motor. Typical electric UAVs
consist of four components: propeller, BLDC motor, electronic speed control (ESC) and
battery. Traditional designing of propulsion system is tried to be found by trial and error
method. [4-5]

The propulsion system is a critical and indispensable system for UAV. The thrust force which
is necessary to maintain a flight provides by propulsion system. The performance and utility
of the aircraft largely depends on the components used in the propulsion system. The
propulsion system, which is one of the most important stages while designing UAV,
determines many flight performance parameters such as the flight time, size and payload
capacity of the UAV. [6-7]
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One of the most common damages in rotary wing UAVs are electrical damages. These
damages bring important consequences, such as the engine, ESC or battery being burnt. If
these parts are not operated in accordance with the manufacturer's data, they may cause
permanent damage. [8-9]

Due to environmental factors such as increased fuel costs, carbon dioxide emissions and
noise, electric power systems have become popular. Along with the developments in electric
power sources, electric propulsion systems have been used more in practical applications in
UAVs. [10-11]

2. RESEARCH AND FINDINGS
2.1. Adaptive Neuro-Fuzzy Inference System (ANFIS)

The Adaptive Neuro-Fuzzy Inference System (ANFIS) technique was originally presented by
Jang in 1993.[12] ANFIS uses machine learning methods which are both Fuzzy Logic and
Anrtificial Neural Networks (ANN) together. ANFIS; apply the parameters of Fuzzy Inference
System (FIS) with ANN learning method. The advantages of using ANFIS;

o easy implement
. can use If-Then method

o fast and accurate learning

Layer-| Layer-2 Layer-3 Layer4 Layer5

< *
< v

Figure 1. Diagram of ANFIS

r// \l .
(% )7
=,

ANFIS consists of 5 layers. These are; blurring, operating rule, normalization, clarification
and collection.

Fuzzy inference method is a kind of artificial intelligence method. Fuzzy logic can used to
control complex and simple systems. Fuzzy logic can choose the solution of difficult and
complex system problems. Some of these application areas are; medicine, transport, robot
systems, artificial intelligence. [13]

Fuzzy logic basically allows defining values that fall between traditional evaluations such as
true-false, 1-0 or yes-no. It is an advanced version of the classical logic method. It can also be
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defined as very valuable logic. Fuzzy logic is a naturalization method of the machine or
system. Contrary to the classical logic, fuzzy logic not only contains 1 and 0, but also contains
values such as 0,5. In fuzzy logic, sharp transitions between values are prevented and the
system becomes smarter. [14-15]

The most basic concept of fuzzy systems are fuzzy sets. Similar to classical logic methods,
fuzzy logic systems, intersection, union and complements are performed. Fuzzy logic
methods may be a suitable method for complex processes when there is no simple
mathematical model, nonlinear problems and specialist information processing will be done.
However, if the traditional method gives a good result or there is a sufficient mathematical
model, fuzzy logic may not be able to create a feasible model. [16]

2.2. Experimental Study and Simulation

RCbenchmark 1580 model dynamometer was used to measure the thrust force in the
experimental phase of the study. Make a calibration before using this dynamometer for test
provides more accurate and precise results. RC benchmark 1580/1585 installation manual
written by Tyoto Robotics Company was used for the installation and calibration process.
Consumed electrical energy and produced thrust force were measured by using dynamometer.

Figure 2. Experimental study

With the help of the computer interface of the dynamometer used to measure the consumption
of electric power by the BLDC and the thrust produced by the system are recorded. Thus, the
performance parameters of the propulsion system for the UAV were examined. The
propulsion system test of the EMAX GT-2815 BLDC motor with 10x50, 11x45 and 11x80
propellers has been carried out. The signals required for the move of the BLDC were
produced by the 30A ESC unit by the computer interface.

6 signals were sent from the computer interface to the ESC unit between 1000us to 2000 us
for each propulsion system configuration and the test was repeated 3 times to give accurate
results. When excessive force is applied or speed increase (acceleration) on BLDC is consume
more electric power. Therefore it is waited for 2 seconds after each signal is sent and the
wrong current data is prevented.
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The propeller diameter (Pd), propeller pitch (Pp), the number of revolutions per minutes
(RPM) of the BLDC and the electric current value (A) were determined as the input
parameters of the fuzzy logic model. The thrust force created by the propulsion system is
determined as the output parameter of the model. The representation of the created model is
given in figure 3.

RPM —>
Pe —>
Py —>
A —>

ANFIS Model ST

Figure 3. System model structure

e Y
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Figure 4. Current-Thrust Force graphs of propellers

With the help of the dynamometer that measure the thrust force, 45 data sets out of 54 data
sets were used as training data and 9 data sets were used for test data. 3.8, 5.9 and 11.7
ampere current values of the 10x50 propeller, 7.98, 5.94 and 11.7 ampere current values of
the 11x45 propeller and 1.6, 13.49 and 4.58 ampere values of the 11x80 propeller were used
for testing.
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For this study, Minimum Square Error (MSE) was used to compare system performance. The
training and test data obtained in the simulation results are shown in the table. The low MSE
indicates that the model's true values. The results of the education and test data obtained in the
simulations of the different models are given in table 1. It is seen that the best model is in the

3-rule system with the lowest MSE. Percentage error values in the test data are given in figure
5.

Table 1. Performance comparison of different models

MSE
Kural Sayisi
Egitim Test
2 2.6881e+01 7.0887e-01
3 1.1384e+01 1.6476e+00
4 1.8006e-01 1.9660e+00

1
®

Percentage error (%)
© o o o o =
N w = o (=2} ~

o
X

1 2 3 4 5 6 7 8 9
test operation

Figure 5. Percentage error values of test operation data
3. RESULT

One of the most important phases of designing UAVs are the propulsion system design. The
designed propulsion system must meet all safety requirements. When designing the
propulsion system, the electrical power requirements of the system must be taken into. In this
study, propulsion system is designed by considering the electrical power consumption.
Thanks to the limiting electrical power consumption of the BLDC motor, the propulsion
system has been made safer. The thrust force produced by the power limitation system was
estimated by the fuzzy inference method.
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ANALYSIS AND EVALUATION STUDY OF SELF-COMPACTING CONCRETE
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Master student, Near East University, Department of Civil and Environmental Engineering
Abstract

Concrete is considered one of the most important elements in the construction sector and the
demand for its raw materials or the mixture that consists of it (sand, steel, and coarse
aggregate) is increasing with time and with the expansion of architecture in the current era, In
addition to huge quantities of waste and residue as a result of demolished construction
projects that may lead to environmental damage with drainage of environmental resources
from minerals and water And rocks etc. The depletion of natural resources may lead to
earthquakes and landslides. This problem has posed a challenge for researchers and work to
explore alternatives to reduce the use of environmental raw materials, Emiroglu et al., (2012)
and Gammel et al., (2011) did a test on concrete by replacing its original ingredient with some
other constituents and realized that there was an increase in the compressive strength of the
concrete. Researchers have discovered the self-compacting concrete SCC. This paper aims to
study and analyses the Self-Compacting Concrete, types of materials used in the SCC and
compare it with the normal concrete in different parts. In addition to analyzing the impact of
substitution SCC on preserving the environment and its resources by showing the advantages
and disadvantages of using the self-compacting concrete. The study of SCC consist many
types of tests which will give an overview about the performance of SCC. As a result of this
study it can be said that the SCC it has many advantages that reduce environmental risk and
conserve natural resources.

Keywords: Self-Compacting Concrete, Environment, Advantages and Normal Concrete.
1. INTRODUCTION

Concrete is a very important ingredient in the construction sector and it's constant
in demand (especially its constituents - sand, steel and coarse aggregate) could lead to land
degradation, depletion of natural minerals, lower ground water table and rock
disintegration which could cause natural disasters like earthquakes and landslides. These
problems have made researchers to dig deep into other means that could replace the original
ingredients. Emiroglu et al., (2012) and Gammel et al., (2011) did a test on concrete by
replacing its original ingredient with some other constituents and realized that there was an
increase in the compressive strength of the concrete. Concrete can be mixed in various
ways depending on its usage to give a desire workability, durability and mechanical work
rate. According to Duff Abrams (1923), he attested to the fact that the most importamt
factor in determining the strength of SCC concrete is the water/cement ratio (w/c). Meaning,
the concrete gets higher strength when the (w/c) is low and vice-versa. A low water/cement
ratio provides a cement with enhanced strength, lower permeability, resistance to
weathering and a better bonding agent between concrete and reinforcement, reduce
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shrinkage and cracking, decrease in both volumes change from wetting and drying. It is
also important to note that the strength of a concrete varies on a number of factors like
quality and quantity of the constituents and the curing environment. SCC mixture can be
gauged by the volume or weight - with the aim of a desired workability in mind. Strength
is one thing, but workability is another. Workability is the property of a freshly mixed SCC
that determines its working characteristics. This means that the easiest way to, mix, place,
and compact and finish the mixing id by considering the characteristics above. Some
factors that can affect workability in SCC includes cementing materials quality, concrete
consistency, water content, admixtures and a particular percentage of air.
Additionally, to achieve a good and desirable SCC mixture that is durable and
mechanically sound, there's a need for consolidation and curing. Consolidation is the
reinforcement of the concrete materials to avoid low compressive strength, by increasing
the density of the concrete and making it durable. Curing on the other hand is the ability to
maintain a required moisture, temperature and time to allow the concrete achieve a desired
or intended purpose.

2. SELF-COMPACTING CONCRETE
2.1. Fundamental guidelines for SCC Mixture

SCC was.first processed in Japan around 29 years back so as to accomplish strong concrete
structures. Starting now and into the foreseeable future, a few examinations have been
finished to realize a logical blend design for a slandered concrete, which is essentially
indistinguishable to ordinary cement. SC Concrete is portrayed so no supplemental inside
or outside vibration is required for the compression. It is packing itself alone because of its
own weight and remove the air molecules while spilling in the formwork. In structural
members with abnormal state of fortress it fills also absolutely all spaces and holes. SC
concrete streams like "nectar" and after setting it has a flat concrete level.
SCC incorporates of indistinguishable parts from vibrated standard concrete, which are
cement, grains, water, added substances and admixtures. In standard, the characteristics of
the fresh and hardened SC Concrete, which rely upon the mix design, ought not be unique
in relation to ordinary cement. One remarkable thing is the consistency. SC concrete must
have a slump stream sf of approx. sf > 65 cm. subsequent to pulling the stream concrete.
We should contemplate decrease of the water-powder-proportion w/p, constraint of the
course totals content Vg, and the utilization of superplasticizer.

2.2. Types of SCC

1.  The powder type SCC: is recognized by a lot of ash which is between 550 and 650
kg/m3. The paste goes about as a 'greasing up' coat that admissible distortion, which
carrying.the granules in a condition of cut off. This keep up the plastic consistency
and increases the segregation resistance. The.yield point. is set up by the joining
of additives
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2. Viscosity type SCC: has lower amount of powder, 350 to 450 kg/m3, a high
water/concrete  proportion and high water/powder proportion. VMAs (viscosity.
modifying.agent) work by modifying the concrete structure at a microscopic level, advancing
viscosity, yet avoiding stream. The.yield point. is commonly directed
by the expansion of additives

3.  Combination type.of SCC: joins elements from both powder SCC’s and VMA
SCC’s. The powder quantity varies in a range of 450 to 550 kg/m3.

2.3. Uses

o Bridges and on pre-cast sections.

o Raft construction and pile foundation.

o Highly stable and durable retaining wall.
o Repairs and renewal constructions.

2.4. Merits of SCC

The benefits that are obtained from the use of SCC cannot be overemphasized. It serves
the following purposes; a few are listed below:

o reduces employments

o improve building ability

e  join to reinforcing steel

o speed up project schedules

o stream in complex forms

o reduces voids in high reinforced areas
o excellent durability and strength

o permits easier pumping procedure

o excellent surface finishes

o rapid placement without vibration

o reduce noise level that results from mechanical vibrators
o it is recommended for deep sections

o makes a regular surface

2.5. Materials used in SC concrete

1.  Cement: ordinary Portland cement
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2. Aggregates: the size of the aggregates is not more than 20mm.the best choice of the
shape of aggregates are round or spherical.

The fine aggregates utilized in self-compacting concrete can be natural or artificial
aggregates with regular grade. The general use of fine aggregates is the aggregates
with less than 0.125mm (particle size)

3. Water: The quality of water is the same as in reinforced concrete and stressed concrete
construction.

4. Mineral admixtures:

It utilized shift dependent on the blend design and properties required. Distinctive
mineral admixtures are recorded beneath.

o Ground Granulated Blast Furnace Slag (GGBS): promote the flow characteristics
of SCC.

o Fly ash: The fine particles asset to fill the pores. This improves the quality and
durability of the SCC structures.

. Silica Fumes: increment the mechanical characteristics of the SCC structure.

o Stone Powder: The utilization of stone powder in SCC is utilized to improve the
powder content of the blend.

5. Chemical admixtures: New superplasticizers are utilized in SCC blend design. So as to
promote the frost and overflow resistance of the concrete structure, air entraining operators
are utilized. To control the setting time, retarders are utilized.

2.6. Properties of SCC

° Filling ability: the SCC concrete is subjected to the following test such as Droop
test (slump flow) and V-funnel to measure it filling ability and limit. This is attained
when there's a free flow of the mixture in filling the empty spaces in the structural
platform corresponding to its personal weight.

° Passing ability: the possibility of a SCC mixture can be measured or detected using
the following technique such as U-box, Fill box and J-ring procedures. The idea is
to check the limit of the mixture under its own very weight in relation to how it
flows into restricted spaces of material - e.g. steel bars

° Segregation resistance: The reduction of segregation or a total resistance is
attained when the filling and passing limit possess a homogenous structure
throughout the procedures of the usage.
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2.7. Test method
1. Slump flow test:

This test was established to elucidate the flow of the concrete horizontally without any
form of hindrance. This was first made use of in Japan in checking the effectiveness of a
deluged concrete. The procedure that would be used to decide the slump flow depends on
the strategic procedures. The radii of the concrete's circle are yardstick for gauging the
concrete's filling ability.

>  Tools:

o truncated cone template with diameters (200mm at the bottom ,100mm at the upper part
and with a height equal to 300mm)

o Base plate of a hardened, (area equal to 700mm square)
o Ladle
o Scale

o Stopwatch

Fig2: Slump flow and T50cm experience (Prof. Dr. Nabeel Al-Bayati, 2017)
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2.8. V funnel test (V funnel experience and V funnel at T 5 min):

The experience is made to measure stream capacity i.e. flowability of the concrete. Apart
from this, the outcome is impacted likewise by the solid qualities. High stream time can
moreover be connected with low deformability due to a high glue consistency, and with
high between particle grinding.

> Tools :

° V-channel

. Pail
° Shovel
. Ladle

o Stopwatch

. 12 liter of concrete

425

150

Fig 3: V- channel tool (Prof. Dr. Nabeel Al-Bayati, 2017)

Results:

This experience estimates the naivety of stream of concrete, as the flow time is less, the
flow capacity is more.10 secs is convenient flow time for SC concrete. Following 5 minutes
of settling, isolation of solid will demonstrate a less constant stream with an expansion in
stream time.

2.9. L Box Test on Self Compacting Concrete:

Generally, this experiment is very appropriate and utilizable for research and construction
usage - because it checks the filling and passing ability of SCC and resistance to
segregation can be externally distinguished.

> Tools
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o L box

o Stopwatch
. Ladle

. Shovel

. 14 liter of concrete

{a}

(b

Fig4: L box tool (Prof. Dr. Nabeel Al-Bayati, 2017)

Result:

If H2/H1 = 1, this simply implies that the concrete mixtures flow unrestricted like water;
meaning the mixture is flat. Therefore, this indicates the best stream of the concrete mixture
as the value obtained from the test is of near value to the ratio. Although, no tangible value
has been meet to fit the correct measurement, but a group of European Union (EU) expert
has given an approximated value to show when the concrete mixture is flowable - 0.8, T20
and T40 time.

2.10. U box experience:

A very good determining test is the one being tested here; although, it's very challenging
and might be very difficult to produce these things. It gives a decent immediate evaluation
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of filling capacity this is actually what the solid needs to do-altered by an unmeasured
prerequisite for passing capacity. The 35 mm hole between the areas of fortification might
be viewed as excessively close. The inquiry stays open of what filling stature under 30cm
IS as yet worthy.

» Tools

o Stopwatch
. Shovel

. Ladle

. 20 liter of concrete

Fig 5: U box tool (Prof. Dr. Nabeel Al-Bayati, 2017)

Results:
Concrete mixture flows as smoothly and steady as water here and when at rest it will be
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flat. The best stream and passing capacity of the solid, when the test value is close to the
filling height (H1-H2)

2.11. Fill box experience:

If the passing ability and resistance to segregation of the mixture is poor, it is bound to fail
in the construction it would be used for or perform below par even if it has a high filling
capability. Although, there's a challenge in accommodating the largeness of the device and
its eventual expansion, the quality SCC concrete provides is definitely unmatched.

» Tools

e  Fill box

. Ladle ,2 liter
o Scale

o Stopwatch

Fig6: fill box hollow and loaded with cement (Prof. Dr. Nabeel Al-Bayati, 2017)

Results:

On the off chance that the solid streams as uninhibitedly as water, at rest it will be flat, so
normal filling rate = 100%.the best self-compacting qualities of the solid, when the
experience value is close to 100%. Normal filling rate: normal filling rate F=
{(H1+H2)/2*H1} *100%
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Self-Compacting Concrete Normal Concrete
1 Compaction is experience as the concrete | Concrete is compacted by
flows on its own weight vibration machine
2 High workability Less workablility
3 Altering agents such as super plasticizers | Workability obtained
and VMA produce high workability through increased moisture
content
4 Visible binding increment in the SCC Very weak cement mixture
mixture with the usage of super
plasticizers
5 Percentage of water in the mixture is very | Percentage of water in the
low mixture is high
6 There's a very high proportion of cement | The fines content is less
and fine aggregate content in the mixture | than in SCC
7 Bleeding decreases due to the Lower Bleeding is high
water content
8 Segregation is very low as the increment | High level of segregation
in the proportion of the fine aggregate
provides a uniform mixture
9 Due to the increase in the addition of fine | High Viscosity
aggregate contents, there's reduced
viscosity
10 it give good and beautiful finish Normal finish
11 Great choice for thick reinforcement Conventional cement
works mixture are not advisable
for thick reinforcement
works as it
is not reliable due to its
inability to readily compact

Table.1 Difference between SC concrete and normal concrete.

3. CONCLUSION

Convincingly, we can undoubtedly say that the environment is feeling a great toll as result
of the constant extraction and utilization of natural aggregates for construction.
Inadvertently, the enormous amount of waste materials and rubbles as a result of
demolished construction projects and waste generated from several materials is serious
cause for concern and needs quick solution. Although, these wastes can be reused or
recycled in generating materials that could be used in the concrete production company;
which is where SCC comes in as the perfect replacement for conventional cement with

May 15-17, 2020

WWW.ejonscongress.org



2020 EJONS X - INTERNATIONAL CONFERENCE ON MATHEMATICS - ENGINEERING - NATURAL & MEDICAL SCIENCES

Batumi, GEORGIA PROCEEDING BOOK

numerous merits. Therefore, it is very necessary to stress the need for SCC in modern day
structures. More so, the rate at which SCC would serve a better purpose can't be attained
through the mixture; certain ratio of the aggregates has to be increased, but it is necessary
to take precautions so has to improve the overall performance of the SCC mixture.
Concurrently, there are several improvements been made to create a better standard for
SCC to create more durability and develop a better standard for future recommendations.
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Abstract

In the liquid close flow process the liquid is transferred from the point with the high pressure
to the point with low pressure. Such a property can be used to transfer the liquid between two
points with difference in the level. This study contains applications of this property to transfer
liquids. we can control the pressure value between the two points we want to transfer the
water between them using the (closed pressure tank) in the destination point. (closed pressure
tank) is a full tank connected with the close flow liquid system from the top at the destination
point with valve system in the bottom. according to the value of the level difference and the
density of the liquid we can set the valve to create the pressure difference inside the tank
causing liquid transition. The amount of liquid leaving the tank will be replaced by a new
amount via the upper system connection in the top of the tank. such a method can create an
infinite liquid transition between two points which can be very useful at the field of
Renewable Energy - Environmentally Friendly power stations and for the Industrial heat
dissipation purposes. The stiffness, dimensions , and design of the system elements(pipes,
tank, valve, connections, extra..) can be changed according to the liquid type and the
difference in the level. This study Analyse that system for the case of water liquid.

Keywords: water pump , pressure flow, pumping system, infinity flow.
1. INTRODUCTION

It is known that when it is required to transfer the water between two points with difference in
the level we should use a pumping system. The suitable pump type is supposedto be chosen
up to the system conditions. The dynamic Pumps specifically the Centrifugal Pumps are most
commonly used all over the world. The Positive Displacement Pumps specifically the Lobe
Pumps offer different characteristics like an excellent high efficiency. Generally most of the
pump types technique is to employ the dynamic energy to increase the pressure. To create this
dynamic energy we need to provide the system with required energy which is a cost. This
study presents a new liquid transition method without any need for dynamic force. In this
method no need to employ an external pressure provider that means we can get rit of the cost
of the energy spent by the pumping systems.
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Types of
Pumps

Positive
Displacement
Pumps

Dynamic
Pumps

Centrifugal Vertllcal Horlzg:mtal Submersible Diaphragm Peristaltic
Centrifugal Centrifugal Gear Pumps
Pumps Pumps Pumps Pumps
Pumps Pumps

Figure 1. types of the pumps

The pumping system is added to the bernoulli equation providing the required energy to start
the water transfer.

P+ Lpvi+pghi+ P,=Po+Lipvi+pghs+ fupg+ P

The pump pressure (Pp) is added to the left-hand side of the equation and the turbine pressure
(Pt) is added to the right. The left part of the equation represents the energy of the point where
we want the flow to start ,on the other hand the rightpart of the equation represents the
destination point energy. The purpose of thepump is to increase the energy of the left-hand
side. In this time the flow startingpoint energy will be bigger than the destination point
therefore the flow startsfrom the point with higher energy so pump use can be expressed as
addingexternal pressure (Pp) provider tocontrol the flow direction. The aim ofthis study is to
control the liquid pressure of one of the flow two points —inthe close flow system - which
willenable us to control the flow without adding an external pressure provider thusit is a new
liquid transimmition technik.

It is known that (P1) represents the pressure ofthe starting flow point with (h1) leveland (P2)
represents the pressure of the destination flow point with (h2) level. If weconsider the liquid
velocity to be a neglected value for both of the sides — asthe flow is happening between tanks
— also we remove the turbine and the pumpfrom the system ,the minor losses can be neglected
for now. The value ofliquid density and the magnitude of the acceleration due to gravity is
fixedfor both sides. The equation can be represented like this: :

P, + %./u'f +p.g.hy + P, = P> + %./).1'.;:’ + p.g.ha + fr.p.g + P,
From this equation it is clear that when this condition is met (P2<(P1- g* p *(h2-h1))) the
flow can occur. The control of (P2) vale enables to control the flow of the system.

2. CLOSED PRESSURE TANK SYSTEM

The required decrease in the pressure of the destination point can be created using the closed
pressure tank.
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2.1. CLOSED PRESSURE TANK SYSTEM DESCRIBTION

Thedestination point of the flow is going to be fixed to the closed pressure tankwhich can
create the gap in pressure values between the two points of the flow causing liquid transition.
The mechanism of the closedpressure tank employs the gravity to affect a high density metal
cylinderto decrease the pressure. The cylinderis fixed on a path at the vertical sides of the
cylinder tank. The path enablesthe cylinder to have free motion because of the gravity. At the
left top part of the tank there is one liquid entry.At the right there is one liquid exit. At the
left bottom part of the tank there is one liquidentry. At the right there is one liquid exit. The
tank works withtwo opposite operations. After the exit opening it is the regulation tank
andafter the regulation tank it is the turbine.

Entryl

hich densite metal cvlindag

Safaty antry valva Safety out valva

Entry2 o

regulation tank

Figure 2. closed pressure tank system

Turbinel %

Uizage outlet E

2.2. CLOSED PRESSURE TANK SYSTEM ACTION STEPS.

The first operation occurred when the cylinder started to move from the top of the tank to the
bottom of it. This movement happened because of the gravity causing a gap of theoretical
zero pressure in the top of the tank. There are two openings in the top of the tank, one of them
is entry and one of exit but there are two safety valves fixed on both of the openings. The
safety valve serves the purpose of the exit in the case of exit opening and the purpose of the
enter in the case of entry. Because of the decrease in the pressure as there is a safety valve on
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the exit opening, the water starts to enter the tank. After a particular period the cylinder
reaches the bottom of the tank, the water bottom reaches the exit opening ,thus the water
leaves the tank. After a particular period the tank is almost empty. The platform reverses the
top of the tank to the bottom then the same operation is repeated from the opposite part. The
exit openings provide the regulation tank with the liquid. For the rotation of the tank done by
the platform the required dynamic energy can be gained from a turbine being fixed after the
regulation tank. In this case all of the system elements are fixed higher than the destination
level to provide a sufficient height for the turbine to gain the required energy.

Figure 3. closed pressure tank operations cart.
3. CONCLUSION

The optimum value of the pressure for the destination point can be dived from the relationship
shown in the condition of the flow (P2=(P1- g* p *(h2-h1))). If we consider the pressure for
the starting point to be equal to the atmospheric pressure and the pressure at the close pressure
tank equal to zero theoretically then, P1- P2= A p= atmospheric pressure =g* p *(h2-hl).
The condition of the flow can be expressed as atmospheric pressure >g* p *(h2-h1) thus, It
is clear now that this method is not possible for high level differences as thevalue of the
multiplication of water density with magnitude ofthe acceleration due to gravity with the level
difference must be less than the atmospheric pressure.
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THE EFFECT OF CHANGE IN ANGLE BETWEEN ROTOR ARMS ON
TRAJECTORY TRACKING QUALITY OF APID CONTROLLED QUADCOPTER

PID KONTROLLU QUADCOPTER'IN YORUNGE iZLEME KALITESI UZERINE
ROTOR KOLLARI ARASINDAKI ACI DEGISIKLIGININ ETKIiS1

Ogr. Gor. Yiiksel ERASLAN*
Iskenderun Teknik Universitesi, Iskenderun Meslek Yiiksekokulu, Insansiz Hava Aract
Teknolojisi ve Operasyonlar1 Programi
Enes OZEN
Doktora Ogrencisi, Erciyes Universitesi, Fen Bilimleri Enstitiisii, Ugak Miihendisligi
Dog¢. Dr. Tugrul OKTAY
Erciyes Universitesi, Havacilik ve Uzay Bilimleri Fakiiltesi, U¢ak Miihendisligi Béliimii
Ozet

Quadcopter, gezinme ugusu ve yiiksek manevra kabiliyeti ile yapisi basit ancak kontrol
acisindan karmasik olan dort rotorlu insansiz hava araglaridir. Kesif, kurtarma, gézlem ve
kargo gibi bir¢ok askeri ve sivil uygulamada aktif rol alan bu hava araglarinin artan
popiilaritesi, bu alanda birgok farkli tasarimin gelistirilmesine yol agmistir. Ozellikle son
zamanlarda gecis geometrileri olan hava araglarinin hem deneysel, hem de sayisal hem de
analitik olarak birg¢ok disiplin tarafindan incelendigi goriilmektedir. Doniisiim geometrileri
olan quadcopterlerden, yikilan binalardaki kurtarma operasyonlari veya magara arastirma
caligmalarinda oldugu gibi ulasilmasi zor dar alanlardan yararlanabilir. Doniistimiin
etkinligini aktif ve pasif olarak iki sinifa ayirmak miimkiindiir. Aktif gecis, hava aracinin ugus
sirasinda seklini degistirme kabiliyeti olarak tanimlanir ve pasif gecis, ucustan dnce geometrik
sekli manuel olarak degistirme yetenegidir. Aktif ve pasif gegis, Ozellikle rotor kollarimin
uzunlugu ve dort rotorlu quadcopterin tizerindeki rotor kollar1 arasindaki agilar, hava aracinin
performansini artirmaya katkida bulunabilir. Rotor kolu uzunlugunun degistirilmesi ile hava
aracinin boyutlar1 simetrik veya asimetrik olarak biiyiitiilebilir veya kii¢iiltiilebilir ve rotor
kollar1 arasindaki acisinin degistirilmesi ile hava aracinin en boy orani degisebilir ve biiyiik
avantajlar olabilir. Cevre kosullarina uyum saglayarak elde edilir. Doniistiirme kabiliyeti ile
quadcopterlerin morfolojik olarak X, O, T sekilleri gibi farkli konfigiirasyonlara
doniistiiriilmesi miimkiindiir. Bu ¢alismada, bir PID (oransal-integral-tiirev) kontrolor ile
kontrol edilen X morfolojisi olan bir quadcopter iiretilmistir, rotor kollar1 arasindaki aginin
degismesine bagli olarak yoriinge izleme kalitesi degisikligi tartigilmigtir.

Anahtar Kelimeler: Quadcopter, PID Denetleyicisi, Rotor Kollar1 Arast A¢1, Yoriinge
Izleme Kalitesi.
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Abstract

Quadcopters are unmanned aerial vehicles with four rotors, which are simple in structure but
complex in terms of control, with the ability of hovering flight and high maneuverability. The
increasing popularity of these aircraft, which take an active role in many military and civilian
applications such as reconnaissance, rescue, observation and cargo, have resulted in many
different designs to be developed in this field. Especially in recent times, it is seen that aircraft
with morphing geometries have been examined by many disciplines both experimentally,
numerically and analytically. Quadcopters with morphing geometries can benefit in narrow-
section areas that are difficult to reach, such as in rescue operations in collapsed buildings or
in cave research studies. It is possible to divide the morphing activity into two classes as
active and passive. Active morphing is defined as the ability of the aircraft to change shape
during flight, and passive morphing is the ability to manually change geometric shape before
flight. Active and passive morphing, especially on the length of the rotor arms and the angles
between the rotor arms on quadcopters with four rotors, can contribute to improve the
performance of the aircraft. With the change of the rotor arm length, the dimensions of the
aircraft can be enlarged or lessen symmetrically or asymmetrically, and with the change of the
angle of the angle between rotor arms, the aspect ratio of the aircraft can change and great
advantages can be achieved by adapting to the environmental conditions. With the morphing
ability, it is possible that the quadcopters can be transformed into different configurations
such as X, O, T shapes morphologically. In this study, a unique quadcopter with X
morphology controlled with a PID (proportional-integral-derivative) controller is produced,
the trajectory tracking quality change depending on the change of the angle between rotor
arms is discussed.

Keywords: Quadcopter, PID Controller, Angle between Rotor Arms, Trajectory Tracking
Quality.
1. INTRODUCTION

Unmanned aerial vehicles (UAV) are fixed wing or rotary wing systems. They are aircraft
operated autonomous or by commands transmitted from the ground control station. Tricopter,
quadcopter and hexacopters are the most popular rotary wing UAV’s. Unmanned aerial
vehicles have become a popular topic thanks to the development and accessibility of
electronics, software and material technology. Civilian and military use of these vehicles
exists due to meet various needs especially for outdoor scenarios, and some of indoor
applications such as cave, rescue in destroyed buildings, intervention in terrorist activities
(Debinez et al. 2017). These applications includes traveling among small cracks or gaps, often
in confined spaces, which causes very difficult, possibly crushing, situations for traditional
quadcopters (Falanga et al. 2018).

These vehicles can converted into compatible with indoor uses with image identification,
sensor fusion, and artificial intelligence applications (Bai et al. 2019). This can be done with
changing the shape of quadcopters, preventing collisions and providing shapes that are more
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appropriate. In four-rotor unmanned aerial vehicles, shaping is done by methods such as arm
extension-shortening or changing the angles between the arms (Wallace 2019). This can be
used as a morphing control element to change flight dynamics (Prisacariu et al. 2011). If
morphing is done before the flight of the quadrotor, it is called as passive morphing and if it
occurs during flight, this type is called as active morphing (Oktay and Sal 2016).In another
similar system, they are morphing wings that mimic the wings of birds (Di Luca et al. 2017).

In this study, a X configuration quadcopter design, mathematical modeling and flight
simulation were performed and the results were compared. These studies were prepared by
examining the previous studies. O. Kose and T. Oktay designed an asynchronous morphing
design for the yaw movement of the quadrotors. In their studies (Kose and Oktay 2019), they
developed the quadrotor dynamic modeling in Matlab/Simulink environment using the state
space model. O. Kose and T. Oktay designed a quadrotor for their longitudinal, lateral and
hover flight. In their study (Kose and Oktay 2019), they derived the quadrotor dynamics with
the Newton-Euler method and worked on linear modeling. The authors, who made their
simulations in the Matlab / Simulink environment, used separate PID controllers for the
quadrotor longitudinal, lateral and hovering flight. They also included atmospheric turbulence
in their simulations for all quadrotor flights. O. Kose and T. Oktay designed an asynchronous
morphing design for the quadrotors (Kose and Oktay 2019). The authors drew quadrotor
morphing and non-morphing states as a full model in Solidworks program. In the drawn
models, they obtained the quadrotor inertia parameters in cases with and without morphing by
using solid body dynamics. On the other hand, inertial parameters stated that the state space
model approach varies as an input matrix element. They made simulations for longitudinal
and lateral flight using varying inertial parameters and PID control algorithm. They have
demonstrated that, morphing for the longitudinal flight at the same morphing rate does not
affect the flight, but that morphing for the lateral flight affects the flight with the design
performance criteria and graphics. The actively morphing aircraft X1 (unfolded) and X2
(folded) can fly in two different configurations. General information is given about the
dynamics of quadcopter. Geometry was calculated separately for X1 and X2 configurations.
In the next section, the force, torque and torque equations on the aircraft are generated. In the
next section, the created equations are simulated in Matlab / Simulink environment by
considering the loads of the aircraft under different values, and the results are compared. In
the last chapter, general thoughts about the results and preliminary values and roadmap is
created for the next studies.
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Figure 1. Morph Quadcopter
2. QUADCOPTER FEATURES

Quadcopter that can change the angle of intersection of the arms are connected with a scissor
at center. Intersection angle named differently in other studies. Like these; adjustable angle
quadcopters (Falanga et al. 2018), bisector angle (Debinez et al. 2017), scissor-joint angle
(Debinez et al. 2017), intersection angle (Bai et al. 2019) is preferred in this study. Two rotors
are placed on the arm ends. The rotor drives the propeller, resulting in forces and moments.
The turning directions of the propellers are placed according to the wing edge and body
configuration. X configuration are generally preferred for quadcopters. X configuration was
preferred in this study. X cofigurations are more stable and maneuvrability is significantly
higher than others.

X X

M1<> M3 M1
M3
T o
M4
MZQ

M2 M4

Figure 2. Quadcopter + and X Configurations

Propeller and rotors are placed as 1-2-3-4; propeller 1 and 2 rotate in the opposite direction of

clockwise (CCW), while propeller 3 and 4 rotate in the direction of clockwise (CW). In this
way, the torques that occur are reset, tail rotors such as helicopters are not needed to balance
the vertical axis.

The Quadrotor consists of a flight controller for controlling the engine and propellers, external
power regulator, receiver that transmits commands and transmits it to the controller, battery
that supplies power to the system, and the body that carries all of them. Quadcopter features
are given in table 1.
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Table 1. Quadcopter Features

Type of Aircraft Multi-Rotor
Mtow 1000 gr

Wide X1 - X2 575 mm — 370 mm
Length X1 — X2 575 mm — 685 mm
Morphing time 0.5sn

Propeller 10X4

BLDC 1000 Kv

Flight Controller PixHawk 1

The balance and control of the quadcopter during flight is more difficult than fixed wing
aircraft. The system is unstable because lift and thrust are produced by the propellers. Flight
controllers regulate rpm of the rotors according to the commands received, ensuring that the
desired orientations are based on the user's commands or autonomous flying.

Input r—¢ Controller |»—;——- DC Motors j——————= Propellers
B ; — :

Battery ——t—
Performance Thrust
_ Vector |
Disturbances
[. { !
Position, Velocity,
Drone | |

i Acceleration, - Diiikinlc
Attitude, Altitude { i

Figure 3. Flight Control Scheme
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Figure 4. X1 Configuration X2 Configuration
Table 2. Quadcopter X1 ve X2 Configurations Geometry
Symbol | Description Value (X1) Value (X2) Unit
ya Intersection Angle 90 40 degree
m Mass of Quadcopter 1 1 Kg
| Arm Length 0.45 0.45 m
Ix X Length 0.35 0.455 m
ly Y Length 0.35 0.185 m
Ix Moment of Inertia of X axis 0.01 0.002 Kgm?
ly Moment of Inertia of Y axis 0.01 0.017 Kgm?
I, Moment of Inertia of Z axis 0.02 0.019 Kgm?
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Differences between the geometric measurements between the X1 (unfolded) configuration
and the X2 (folded) configuration and the moments of inertia were shown in table 2.
According to the angular momentum formulation, the decrease in inertia causes the torque
force required for rolling to decrease. This affects the aircraft's stability. Therefore, the system
Is suitable for use in closed environments, where the effects of wind and other external forces
are minimal. This was also examined in the Matlab/Simulink environment. Behavior
satisboured.

3. QUADCOPTER DYNAMICS

Quadcopter dynamic calculations are need to examine the mathematical model of the aircraft
switching between two different configurations and to examine what different loads the
changing system adapts to different configurations. Two axis sets are used to determine the
movements of the aircraft. The system has 6 degrees of freedom and 12 states.

- Quadcopter position with respect fixed axis (X, Y, z)
- Linear velocities with respect body axis (u, v, w)

- Angular rates of the body axis (p, q, r)

- Euler angles (9, 0, )

In order to study the motion of our drone in Space we need to predict its translational and
rotational motion in 3D ( X,y,z). According to the 2nd law of Newton, the sum of external
forces applied to an object of mass m is equal to its mass multiplied by its acceleration:

F=ma 1)
Similar rules apply to rotational movements such as:
M= la (2)

For quadcopter's movements in space; roll, pitch, yaw and altitude. The rolling movement
around the longitudinal axis (X) is produced by the Mx moment. The pitching movement
around the lateral axis (Y) is produced by My moment and the yaw movement around the
vertical axis (Z) is produced by the Mz moment.

3.1. Linear Dynamic Motion

Acceleration is derived from the variant of the [u, v, w] linear velocity components on the
body axis set.

Linear Velocity of Quadcopter;
X u
%lyl: SIU] V= [UVW]T (3)
Z w

Linear Acceleration of the Quadcopter;
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F=mZv =>
dt

u F
v 4)
w

3.2.  Angular Dynamic Motion

Euler angles achieve an angular velocity from derivative. Angular velocity of the quadcopter;

?

a p
o 9=[ql ; o=[par]” (5)
Q@ r
Angular acceleration of the Quadcopter;
p
d . M
M= 20 = [q] = (6)
r

The force and moment generated by the propulsion of propellers on the quadcopter creates
linear and angular movements. The force produced by the propellers is eqn.(1) is achieved by
the square of the angular speed of the rotors and the coefficient of the thrust .

Fi=bwi ;i=4 (7)

The moment produced by the propellers is egn. (2) is achieved by the square of the angular
speed of the rotors and the d-moment coefficient.

Mi=dwi® ; i=4 (8)
Since the quadcopter has 4 rotors, the total push generated creates the lifting force.
Thrust: Ui = b(01%+ 02°+ 03>+ m4?) 9)

The rpm differences of the rotors create moments that cause rotation on the axes on the body.
These perform rolling, pitching and yaw movements.

Roll: Uz = bIV2(-01%+ 022+ 03> 04?) (10)
Pitch: Us = bIA/2(w1%- 0%+ 03?- 04?) (11)

The moments created by the propellers ensure that the aircraft remains constant around the z-
axis. The opposite direction of the propellers eliminated the need for a stabilizing tail rotor
like in helicopters. The moment produced by the propellers is obtained by the square of the
angular velocity and the constant of momentum. Force and moment constants are obtained
from propeller theory.

Yaw: Us=d (01>~ 022~ 03°- 04%) (12)

The relationship between the rotation speeds of the propellers and the forces and torques and
dynamic movements are shown in equations (9), (10), (11) and (12). These are shown in
matrix form, equation (13) is also shown.
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b b bir.
AN A
U, V2 VZ 2 VZ ||w3 (13)
Us w b b b |w§|
U Z vz vz 2|
“ldg d -d -d Loz ]

4.  SIMULATION

Quadcopter modeling was implemented in the Matlab-Simulink program. Before this study
was done, the necessary formulations were created to run in the background. These; motor,
battery, propeller, thrust, torque, dynamic motion equations and their relations.

The preferred engine in this study is 1000 kV and this is the RPMxV unit. It is the
relationship between voltage value and motor performance. This equation;

RPM=-2.6931*V/3+1000*V (14)
The egn.(15) used for propulsion;
Thrust = Cy*p*n?*D* (15)
Cr = propolsion coefficient of the propeller
p = denstiy of air
n =rpm of propeller
D = diameter of propeller.
The relationship of Ct with the rpm of the propeller;
Ci=2*10"*RPM3-4*1011*RPM?+3*10"*RPM+0.1013 (16)
The relationship between the torque values obtained by the rotation of the propellers and rpm;
Torque=4*10"**RPM3+8*1012*RPM?+3*10°*RPM a7

The relationship between torque and current; Torque = KT * I. In this case, the equation that
gives the relation of the current with the number of turns;

1=1000%(4*10 1*+RPM3+8x10 12xRPM?+3x10°«RPM) (18)

In the Matlab / Simulink program, considering the flow chart in fig. (4), the control scheme
was designed based on the determined mathematical equations. The results of the
compilations and configuration adjustments, data and graphics obtained from the program
were compared.
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Figure 6. Quadcopter PID Flight Control Diagram
5. CONCLUSION

The geometric results of the quadcopter configuration changes examined together with the
environment modelling. In addition, the short passage of the 650mm minimum width aircraft
in the X1 configuration was provided.

Figure 7. X1 Configuration Flight Simulation Modeling

A short transition was provided in the X2 configuration from the narrower second area, which
has a width of 450 mm. The transition between the configurations and the geometric and
dynamic load differences caused by this transition were realized with minimum effects thanks
to the flight control system.
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Figure 8. X2 Flight Simulation Modelling

The trial platform prepared and the experiences gained will enable military and civilian
applications to be carried out more efficiently, and can be used as a guide in similar
transformation and certification studies in civil transportation.
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MEJUIINHCKOE CTPAXOBAHUE B YKPAUHE U TYPIIUMU:
CPABHUMTEJIbBHAS XAPAKTEPUCTUKA

A. B. Kupuuenko
Kananaar 3KOHOMHUYeCKHX HayK, JOLEeHT

AHHOTanusA. B craTbe NpoaHAIM3UPOBAHO OIIBIT YKPAMHCKOIO U TYPELIKOTO MEIULIUHCKOIO
CTpaxoBaHHsi M MX ocoOeHHOocTH. C ydeToM Typemkoro ombita B chepe MeAUIUHCKOTO
CTpaxoBaHHs OOOCHOBAaHO HEOOXOIUMOCTh BHEJIPEHUs O0A3aTEIBHOIO MEAULUHCKOrO

CTpaxoBaHMs B YKpauHe.

KaroueBble cioBa: MCOAUIOHNHCKOC CTPaxXOBAHUC, ,I[O6p0BOJ'ILHO€ MCIHUIMHCKOC CTPpaxXOBaHUC,
00s13aTeNIbHOE MCIUIIMHCKOC CTPAaxOBaHHUC.

HeobxoauMocTh peOpMUpOBaHHS CHCTEMBI 37pAaBOOXpPAHCHHS YKpaWHbl HE BBI3BIBACT
COMHEHWsI, BEeJ[b 110 TIOKA3aTEeNI0 PacX0JIOB Ha 3/[paBOOXPaHEHHE Ha OJHOTO YEJOBEKa Halle
rocymapctBo 3anumaer 89 mecro B wMmupe (cpeam 184 crpaH), a To mOKazaTelo
POJOIDKUTENRHOCTH )u3HH - 108 mecro [1].

YKpauHCcKas cucTemMa 3paBOOXpaHeHHs] (PUHAHCUPYETCs OorpaHuMYeHo Ha ypoBHe 3,3-3,8%
BBII, xoTs 3aKk0HOIaTE€ILCTBOM OMPE/IEICHO, YTO AOKHO ObITh He MeHee 5% BBII, npaBna
u 5% - 3170 Mu3epHast cymMma. [l cpaBHEHUS: B CpeHEM rocyaapcTBa-ujieHsl Opranusanuu
IKOHOMHUYECKOTO coTpyaHudyectBa u pa3Butus (OECD) Tpatsat Ha cdepy 37apaBOOXpaHECHHUS
9% BBII. be3oroBopoYHBIM JIUIAEPOM IO dTOMY Tokazarento sisisroTest CILA - 17,2% BBII,
nanee cnenyer LlBedimapus - 12,4% wu I'epmanns - 11,3%. Camble HU3KHE Cpeau CTpaH
OECD pacxonsr Ha 31mpaBooxpanenue B cootHomennn kK BBII y Typuun - 4,3%. Crour
orMeTuTh, uto gaxe 4,3% BBII B Typuum - 3T0 3HauuTeNpHO OOJbIIE YKPAWHCKUX
xenanHbix 5%. [Tockonbky BBII y Hac pasusie [2].

CornacHo 0XXHMJIaHUSIM OOIIEMHUPOBON 00BEM PacXoI0B HA 3/IpaBOOXpaHEHUE OylIeT pacTu U
nanpiie. [IporHossl mpenckasplBalOT JANbHEHIIHNI POCT pacxoloB Ha 5,4% exerogHo B
teuenue 2017-2022 rr., ¢ 7,7 tpwumonoB nosuapo CIIA o 10,1 TpuimuoHOB A0J1apoB
CIIA [7].

Jnst YKpauHbl Takue pacxoabl Ha METUIIMHY HENOCHIIBHBIC, IIOATOMY HMEHHO MEIUITTHCKOE
CTPaxOBaHME - OTO €IWHCTBEHHBIN MYTh BHIXOJA 3APABOOXPAHEHUS YKpPAaWHBI U3 TIIyOOKOTO
HPKOHOMUYECKOTO U COIMaIbHOro Kpu3uca [3, c. 86]. Ceronnsa B Ykpaune 6osnee 90% mnroaeid,
KOTOpbIE HE UMEIOT MEIUIIMHCKOIO CTPaxOBaHMs, TO €CTh MEPCIEKTUBbI PAa3BUTHUS CHCTEMBI
MEAWIIMHCKOTO CTPAaXxOBaHUs B YKpawHe BEIHKH, MOCKOJIbKY MOTEHIIHANBHBIX MOTpeOuTeneit
CTpaxoBbIX yciuyr MHoro [5, ¢. 111].

Lleab uccaenoBaHusi — uccienoBaTh MPoOJIEMbl U TEHISHIMHU Pa3BUTUS YKPAWHCKOTO U

TYPEIKOro MEJUIMUHCKOI'O CTpaxOBaHUA.

C 1enpio onpeneneHus meaecoo0pa3HOCTH BHEAPESHUSI MEIUITMHCKOTO CTPaXOBaHMsI, a TAKXKe

OMpCACIICHUA, KaKkoil MMEHHO BH ]I MGI[PII.[HHCKOfI CUCTCMBI NPCANOYNUTAIOT YKpPAWHIIBI, ObLTH
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MPOBEJCHBl HCCIECAOBAHUSA, pE3yJIbTaThl KOTOPBIX IMOKa3ajiM, YTO MPAKTUYECKH BCE
OTIPOILIEHHBIE UMEIOT MPEICTABICHUE O IPEUMYILECTBAX MEIULIMHCKOTO CTPAXOBAHUS, U3 HUX
12% mnpeanoYnuTaroT COBPEMEHHYIO MEIUIIMHCKYIO CHUCTEMY, 0053aTelbHOE COIUAIBHOE
MEIMIIMHCKOE CcTpaxoBaHUe - 24%, CMEIIaHHBIA BHUJ METUIMHCKOW cucteMbl - 43%
onpoIeHHbIX. JIFoaHU, KOTOphIE HE UMEIOT MHTEpeca K BUIY MEIUIIMHCKON cucteMbl - 21%.
Hrak, MOXHO cHenaTh BBIBOJ, YTO OOJBIIMHCTBO JIIOJE€H XOTAT BHUACTH B YKpauHe
CMEIIaHHBIN BUA MEIUIUMHCKONU cucteMbl [5, ¢. 110-111]. CpaBHuTENbHAS XapaKTEPUCTHKA

YKPpauHCKOI'0O M TYpCHKOI'O0O MEAUIMHCKOI'O CTpaXOBaHHUA U HUX 0COOEHHOCTEH IIpUBCICHA B

Ta0JIuLIE.

Tabauna. CpaBHUTENbHAS XapaKTEPUCTUKA YKPAUHCKOTO U TYPELIKOIO0 MEAUIIMHCKOTO

CTpaxOBaHUS*
[lokazarenn YkpauHa Typuus
duHaHCHpOBaHNE
3npaBoxpaHeHus, % 3,5 4.3

BBII

ITpaBo rpaxnan Ha
MEIUIMHCKYIO TIOMOIIb

49-5 crathst KoHCcTHTYIIMU YKpanHbI

60-s crares Korcrurymn Typrmn

Cpennsist
MIPOJIOJKUTEIHLHOCTh 71,8 75
JKH3HHA 66,7 72,7
My>K41HBI 76,7 77,5
JKeHmHe!
Paborozgareins PaGoTHuK Bcero | PaGoromarenn PaGotuuk | Bcero
B3HOCEI Ha coLMaILHOE 22 0 22 22,5 15 37,5
ctpaxoBanue %, Bcero
B T.4. Ha
o0s3aTeIbHOE - - - 75 5 12,5
MeIHUIMHCKOE
CTpaxoBaHHE
O06s13aTenpHOE [IpakTueckoe BBeEHUE C 1 auBaps 2012 r. crana neicTBOBaThH
MEIUIMHCKOE 00513aTEILHOT0 MEIUIIMHCKOTO cucTeMa 00s13aTeIbHOTO CTPaXOBaHHUS,
CTpaxoBaHUe CTpaxoBaHMA Hadanoch | stHBaps 2018 KOTOpasi 1aeT BO3MO>KHOCTb
T. Ha OCHOBE yTBEP KJIEHHOM 0eCILIaTHOTO JICYCHHS BO BCEX
MEIUIUHCKON pedhOpPMBI. rOCy/apCTBEHHBIX OOJILHUIAX, &
TaK)Ke MPEIOCTABIISIET CKUIKY HA
00CTy)KUBaHUE B YACTHBIX KIIMHHUKAX.
JloGpoBonbHOE J1oOpoBOIBHOE METUITUHCKOE JlaeT BO3MOXHOCTH OOCITYKHBATHCS HE
MEIUIIMHCKOE CTpaxOBaHHE Pa3BUBACTCS MEJICHHO BO BCeX KIIMHMKaX. becraTHbie
CTpaxoBaHHE (110 TOCIIeTHAM TaHHBIM, TOJBKO OKOJIO | MEIMUIIUHCKHE YCIYTH MPEIOCTaBISIOT

6% yKpauHIEB HMEIOT
COOTBETCTBYIOIINE MOJIKCH). Yaine
BCET0 MEIUINHCKYIO CTPAXOBKY JUIS
CBOMX paOOTHUKOB 0(OPMIISIIOT
KOMITaHWH, TAKUM 00pa3oM
obecrieurBasi IIsl HUX [MOKPBITHE
pacxoznoB Ha sieueHue. [Tpu
0o OpMIIEHHH CTPAXOBAHUs MPEAJIAraloT
Ppas3iiMyHbIC MAKEeThl MEUIIMHCKUX
ycayr. Yarue Bcero B HUX BXOJIHT:
OIUIaTa JIEKApCTB; IUIAHOBAs U
9KCTPEHHAsl CTallMOHAPHAs TIOMOILb;
HEOTJIOXKHAsI IOMOIIb; 00CIY)KUBAHHUE B

TOJIBKO YUPEkKACHUS,
COTPYAHUYAOIIUE C CTPAXOBOM
kommnanueil. OOBIYHO Takue
CTPaxXOBKHU HE MOKPBIBAIOT
JOATOCPOYHOE JICUEHUE OT
XPOHHYECKHX, ICHXOJIOTHIECKUX,
BEHEepHUUECKHX 3a0oneBanuil. Takxke
HE MpeyCMOTPEeHa IOMOIIh B
CITydasiX, BRIXOSIINX 32 PaMKH
CTpaxoBbIX cOOBITHH. Takum oOpazom,
3a JeYeHUE TPaBM, IOJYyUECHHBIX B
pe3yabTaTe MUTUHIOB, BOGHHBIX
JICUCTBUH U IPYTUX MOT00HBIX
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MOJIMKJIMHUKAX; CTOMAaTOJIOTUS COOBITHH, IPUIETCS TIIATUTD
(maHOBas M HKCTPEHHas). CaMOCTOSATEIIBHO.

*[ToctpoeHo aBTopoM Ha ocHoBe [2; 4; 8; 9; 10; 11; 12].

B Vkpaune B 2018 r. HOBas Monens (UHAHCHPOBAHUS 3ApPABOOXPAHCHHS BBEACHA Ha
NEPBUYHOM 3BEHE MEAMIMHCKOW MOMOIIH, TAe paboTaloT ceMeiiHble Bpauu, TEepareBThI,
neauarpel. Ha BBICHIMX YpPOBHSIX — BTOPUYHOH (CHEHUAIM3UPOBAHHOM) M TPETUYHOM

(BBICOKOCITCIMAIM3UPOBAHHOM) OHA BBOJAUTKCS mocTeneHHo K 2020 r.

Jlns BBEZIGHUSI HOBOM CHCTEMBbl (PMHAHCHPOBAHUS 3/paBOOXpaHEHMs co3nana HarmonansHas
ciyx6a 3mo0poBbsi  Ykpaunbsl (HC3VY), koropas mnepeuucnser O0OJUKETHbIE CpEACTBa
MEIUIUHCKUM yupexaeHussM u BpadamM-OOIlam 3a oka3aHue MEAMLMHCKONW IOMOIIU
HaceneHuto. HC3VY 3akimouaeTr cornameHus co BCEMU MEIULMHCKUMH YUPEXKICHUSMU U
TrapaHTUPyET q)HHaHCI/IpOBaHI/IC B COOTBETCTBUU C KOJIMYCCTBOM IMALIMUCHTOB, KOTOPBIM B 3THUX
3aBCACHUAX 6y,[[€T OKa3aHa MCIUIMHCKas ITOMOIIb. CDI/IHaHCI/IpOBaHI/Ie OCYHICCTBJIACTCA Ha

YCJIOBUSX TPEIBAPUTEIILHOM oruath [1].

[Tpoananu3upoBaB TypeUKHl OMBIT MEAUIIMHCKOTO CTPAXOBaHUS CTOUT OTMETUTH, 4TO C 1
auBapss 2012 r. B Typuum crama aeicTBOBaTh cucTeMa O00S3aT€IBLHOTO METUIIMHCKOTO
CTpPaxoBaHMs, KOTOpas paclpoCTpaHsAETCS HE TOJIBKO Ha TpaXkJaaH CTpaHbl, HO WU Ha
WHOCTpPAHIIEB, KOTOpbIe MpoxkuBalOT B Typruu Oonbine roga. OHa OblIa CO3/1aHa, YTOOBI
YCTPaHUTh OECMOPSIOK B CHUCTEME 3IpaBOOXPAHEHUS M JaTh OTHOCUTEIHHO CBOOOJIHBIN

AOCTYII K MCIUIIUHCKUM YCJIyIraM BCEM JIOASAM.

CucreMa 0053aTeJIBHOTO MCIUIHUHCKOI'0 CTpaxOBaHHUA 3aTParuBacT HC TOJIBKO MECAUIUHCKYIO
cq)epy, HO U COLIMAJIBHYIO, TaK KaK MCIHUIIMHCKAA CTPaxXOBKa TAKKE IMOKPBIBACT BCC PACXObI
CBA3aHHBIC C TpaBMaMMU KOTOPBIC MOXHO IIOJYYUTH Ha IMPOU3BOIACTBC. CaMpli
paCHPOCTpaHCHHHﬁ BUJ MEIMIMHCKOMN CTpaxOBKU B TypI_II/II/I — ToCyaapCTBCHHas
(O6$I33.TCJ'IBHOG MCIUIIMHCKOC CTanOBaHI/Ie). I[aHHBIfI BUJ CTPAaXOBKH HAa€T BO3MOXKXHOCTb
OecruiaTHOrO JIEUEHUsS BO BCEX roCcyaapCTBCHHBIX 6OJ'II)HI/IIIaX, a TaKXKE MPEAOCTaBIACT

CKHAKY Ha O6CJ'Iy>KI/IBaHI/Ie B YaCTHHBIX KJIMHUKAX.

Kpome MenuuumHCKHX yChayr, TOCyIapCTBEHHas cTpaxoBka B TypIuu mIperycMaTpUBacT
Pa3IUYHOIO poJa BBHILJIATHI: MO BBIXOJAY Ha MEHCHIO0, MHBAIUIHOCTH, Oe3paboTuisl. Kpome
rOCY/IapCTBEHHOTO CTPaxOBaHUsl PaclpOCTPAaHEH €II€ OJWH BHJ CTPAaXOBKM — YaCTHBIN
(10OpoBONIEHOE MEAUIIMHCKOE cTpaxoBaHue). IlocieqHuii BUI CTPaxOBKH Ja€T BO3MOXKHOCTh
00CITy’)KUBaThCsl HE BO BCEX KIIMHHUKaX. becriaTHble MeAMIIMHCKUE YCIYTH OKa3bIBAIOT TOJIBKO
YUPEKACHUS, COTPYAHHUYAIOIIME CO CTpaxoBod kommaHued. Cucrema o0053aTENBHOTO
CTpaxOBaHMsI OIUIAYMBAET BCE BUJIbI MEAUIIMHCKUX YCIYT B TOCYIAapPCTBEHHBIX OOJBHUIAX, U
JaeT IMpaBO Ha CKUJIKU B HEKOTOPBIX YACTHBIX YyupexaeHusx. CrenoBaTenbHO, JaHHAs
CTpaxoBKa MOKPOET U AOJITOCPOYHOE JEUEHHE OT XPOHUYECKUX 3a00JI€BaHUM, U PACXO/bl HA

JICKApCTBA, BBINIMCAHHBIC BPA4OM.
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Jlo6poBOIbHOE MEAMLIMHCKOE CTPaXxOBaHME OOBIYHO HE MOKPHIBAET JOJTOCPOYHOE JICUEHHE
OT XPOHMUYECKHUX, ICUXOJOTMUECKUX, BEHEpUUYEeCKUX 3a0oaeBaHui. Taxke He mpeaycMOoTpeHa
MIOMOIIIb B CIIy4asiX, BEIXOJSIINX 32 PAMKU CTPAaXOBBIX COOBITHIA. Takum 0Opa3om, 3a jJeyeHue
TpaBM, IOJYYCHHBIX B PE3yJIbTaTe€ MHUTHUHIOB, BOCHHBIX JEHCTBUH W JPYrux MOAOOHBIX

COOBITUH, TPUAETCS IUIATUTH CAMOCTOSITEIIBHO.

Hu yactHOe, HUM TrOCyJapCTBEHHOE CTPaxOBaHHWE HE MOKPHIBAECT IMOJHOCTHIO PAcXoJlbl Ha
MeATNpenaparhbl, HO UX MOXHO IPUOOPECTH CO 3HAUUTEIHHONU CKUIKOM, €CIM OHHU BBIIHCAHbI
BpauoM M €CTh B HaJIW4MM peuent. [Ipu Hanuuum rocynapcTBEHHON CTPaxOBKH IPUIIETCS
orTatuTh Jinib 20% HavambHON cTouMocTH JiekapeTs [11].

HNwmeromascs B YKkpauHe cUCTEMA 3APABOOXPAHEHUS HYXKIAETCSI B CPOYHOM BBIIOJIHEHUH
nporecca peGopMHpOBaHUS. YUUTHIBAsl TOJOXKHUTCIBHBIA TYPEUKHH OIBIT BHEAPCHUS
00513aTeILHOTO MEUIIMHCKOTO CTPAXOBaHUs HY>KHO MOJATOTOBUTH KaK 3aKOHOIaTEIbHYIO, TaK
¥ MaTepHaJbHYyI 0a3y, COTIIacOBaTh BCE MEXAaHMU3MBI, YTOOBI B JTAJIbHEHIIIEM HE JIOCTHYb €Il
XyJILIEro COCTOSHMS, YYECTh BCE MPEUMYILIECTBA M PHUCKH, TaKXke CO034arb EIuHBII
roCy/IapCTBEHHBIA OaHK MEIUIIMHCKOTO CTPAaXOBaHHUA, KOTOPBIM OyleT akKyMyJlIHpOBaTh BCE
MOCTYIJICHUS U PACHOPSKATHCS UMH.

OO6meo0s3aTenbHOE  MEAMIIMHCKOE CTpaxoBaHUE OyIeT CIOCOOCTBOBATh YBEIWYCHHIO
(MHAHCOBBIX MOCTYIICHUI B OTPACIIb 3APAaBOOXPAHCHUS U ONTHMH3AINN UX HCIIOJIb30BAHHUS;
00eCIeYeHHI0  KA4YeCTBEHHOH  MEIWIMHCKOH  TIOMOIIM  KaXJIOMY  TpaXKJIaHUHY;
(DUHAHCUPOBAHUIO MEIUIIMHCKUX YUPESKICHUH B COOTBETCTBUU C OOBEMOM U KadeCTBOM
MPEIOCTABIIIEMbIX HMH YCIYT, 9TO OyIeT CIoCcOOCTBOBAThH IMOBBINICHUIO OIUIATHI TPYAA;
obOecrieueHnI0 (MHAHCOBOW HE3aBUCUMOCTH MEIUIIMHCKUX VYUPEKIEHUHN; TMepexoay K
KOHTPAaKTHBIM YCIIOBUSIM B CHUCTEME 3/PAaBOOXPAHEHUS; YCHUJICHHIO KOHKYPEHIIMH MEXITY
TOCYIapCTBEHHBIMU U YACTHBIMH JICUEOHBIMU YUPEXKICHUSMHU; NajbHEHIIEeMy pa3BUTHUIO
J0OPOBOJILHOTO MEAUITMHCKOTO cTpaxoBanus [5, ¢. 113; 10, c. 1143].
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BHOJIOTUSIBIK KOCITAJIAPIBI KOJIJAHBII MOT'YPT JIAMBIHIAY 9ICI
Hcaes I'.U., bocranosa A.M., blabipsic b.A.
K.A Scaym atbigarsl XanblKapaiblK Ka3aK-TYpiK YHHBEpCcUTETI, TypKicTaH K.
AHHOTANUA

Byn Makanana MorypTThiH apanackad KyIbTypaiapblH maiijananran kesae S. Thermophilus
xoHe L.delbruecrii —miH KBIIIKBUT TY3Yy KbULIAMJABIFBI 0acka IITaMManapra KaparaHaa
JKOFapbl €KEH1 aHBIKTANAbl. JKyMbIC HOTHDKECIHAE Oyl €Ki MHUKpPOOPraHU3MIEPAiH
apachIHJIaFbl OalIaHBICTBIH OACThI HETI3T1 BaJIMHA KYJbTypachiH jkacay L.delbruecrii, Oipak
KYpaMbIHBIH ©3repyiHe OaillaHBICTBI KbUI OOWBIHA CYTTe Oacka aMHUHKBIIIKBUIIAPBIHBIH
KETKITIKCI3 eKeH/TIrT OalKaII bl

Kinrrik ce3gep: Horyprt, S. Thermophilus, L.delbruecrii, mramm, Oudumodakrepus,
ACCOIMATUBTIK ©Cy, TpPaMM CaJMaKThl, aHadpOOTHI, TeTepPOPEPMEHTATUBTI, KHUMBLICHI3,
CIIOpPAchI3 TasgKIIaIap.

KP Ilpe3nnentiniyg Ka3akcTaHn XajakblHa apHaJIFaH JKOJAAYBIH/A, aybUl IIAPYallblIbIFbIHIAFbI
MbIHA Macelsenepre TOKTalbl ©TKeH. Herisri MIHAETiMI3 — aybul IIapyalllbUIbIFbIHBIH
OHIMJILTIK JACHTeHIH KOTepy, KepiH TO3YBIHBIH aJIJbIH ally, eNiMI3/iH Cy koHe 0acka TaOuru
pecypcTapblH MaiifanaHy TUIMAUITIH apTThIPy, COHBIMEH KaTap €CKIpreH arpapiblK
TEXHOJIOTUSUIAP/IBIH KOJIAaHBITYBIHA, arpapiiblK FRUIBIMHBIH KEHXKEJNEeN JaMyblHa TOCKAybUI
KOIO, COHJIali-aK ycaK Iapya KO)KaJIbIKTapbIHBIH OBITHIPAaHKBUIBIFBIH €HCEpPY MacesesiepiH
KyHeni Typae menry. Anfa KOWbUIFaH MIHAETTEP/IH ayKbIMbIHAA aybll LIapyalllbUIbIFbIHBIH
OapibIK cajajapblHa camajibl Tajljay >KYprizil, OpKeHAeYy KaKeT OoJaThiH OaFbITTapIbl
allkpiHAayFa MiHAETTi. bBykin ngyHue ky3iHAeri okefen JgamMu  OacraraH,  aybll
IapyallbUIBIFIHAAFBl OHIMAEPAIH KaHa PBIHOTHI — 3KOJOTMSJIBIK Ta3a eHIMAEp alyaa e3
ylecimizai  Kocy. EcKipreH —arpoTexXHONOTHsIapAbl  aJIMacThIpyAbl JKOHE  KOFaphl

TEXHOJIOTUSUIIBIK arpOeHEpKacill Kypy/ bl KapacThIpybl KaxkeT [1].

Kazipri ke3ne OudumobakTepusaapablH opTYpii HopcenepaeH anbiaFad 30 Typsl IITamMMBbI
TEHECTIPIITeH — afaMIap/Ian, )KaHyapiap MeH KyCcTap/aH, aFbIH CyJap/iaH aJlbIHFaH, OJap/IbIH
immHgeri antayel amamiapaad anesiaFaH  Bifidobacterium adolescentis, breve, bifidum,
infantis, lactis xoHe longum OakTepusimapsl  (QepMEHTTENreH CYT  ©HJIpiciHae
«OMOTPOAYKTHIIAPY JKacayra KolJaHblIanbl. AgamHan anbiHFaH Bifidobacterium animalis
aj1aM KacyIaiapblHAa HBIK TYpaJbl, COHIBIKTaH KaHJai OakTepus TypiepiH Horypr xacayra
KOJIJTAaHATBIHBIH Oy oni jae Oosica TepeHipeKk 3epTTeynepal Kaxer ereni. bakrepusiapabiy

cUNaTTaMajJapbIHBIH TEHECTIPLTYl TOMEH/IE KOPCETIIreH:

- TpaMM calMakThl, aHa’poOThl, TeTepodepMEHTATHBTI, KHMBUICHI3, CIIOPACHI3
tagkmanap, kenxemaepi 0,5-1,3x1,5-8 Mxwm;
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- Oy OoudumobakTepusIapAbIH KIETKalIaphl aHadpOOTHl OpTaja TPUIITHKA3IBI-(OUTOH
aIIBITKBUIBI OPTAChIH/Ia OCKEH, 63i1HE TOH (hopMachkl MEH KYPBUIBIMBI 0ap (KbICKA JKOHE Y3bIH,

Y3bIH JKOHE JKIHIIIKEe, OipHeIIe KHCHIKTAp/IaH XKoHEe CUPEK TapMaKTaJFaH);

- TEeNTUAOTIMKAH KaOBIpFachl-Oys1 YHBIMIarel OakTepHsuiap ojap TypiepiHe Kapaid
opTypii Oonazapl, KypHaedai MOJIEKYIANbIK Ti30€KTeH Typaasl N —aleTUIMypamIbl KBIIIKbLT
oHe N-alleTHIITTIOKO3aMUH €Keyl Ke3eKTecin opHamacanasl, KemipcymapiaslH op Typdi
TOCUIMEH TeHectipineni. EH skakcel ¢depmeHT ke31 Oosbinm ¢pykTo3za -6 — docdar
dochokeronaza (F6ODODK) «OudumomyHnT» aeren armnen Oenrumi. byn depment Typaepmai
TEHECTIpY YIIIH KOJIIaHbUIa/bI, Oipak OapJiblK ITamMmaiapibl Oipaelt mMesepie TEHECTipe
anMaiiael. [TIOKO3aHBIH €Ki MOJICKYJIachl, €Ki MOJIeKyJa JIaKTaT MEeH 3 MOJIeKysa ameraT

TY3ei;

- TaHMH MEH IUTO3UH KypambiHmarbel mosiekynanap (I'+1[) AHK-na 54-67 mons %

OOJIBIII TOIITACABI:
- KkerrereH OuQUIOreH Il 3aTTap OOMIBIH 6cyiHe keMek Oepeni [2].

budunobdakTepusutapablH TasKIIagapbl KeOiHece KUCHIK OOJIBIN Kejeai, OacTapbl HUTIN, asK
KakTapbl )kyanaay 6omnanbl. Keitbip ke3nepae xacymianap y3bIH jkoHE KbICKa OOJIBII, op TYpal
kesemie Oonassl, xacymanap V-Y HeMece X Topizaec 0omanbl, Oy TypaepaiH OapibIFbl 1a
©CKEH OpPTaHbIH KypaMblHa OailnanbicThl. Komnaiichl3 opTaja skacyia ¢popMaiapbl 3repin kaH
—KarblHAa >KalbLIbI KeTemi. Keiine amMuH KbIIKBUIIAPHIH KYWFaHHAH >KaCyIIaHBIH ©cCy
TYpiepi Oy3bplUIaThIHbI aHbIKTaNFaH. OCbIHIal JKaFiaiapMeH KOKKa TOpi3Jil yKacyllalapablH
B.bifidum Typi oprara HaTpuil XJOpUIbIH KyliFaHHaH KeiiH yKkcan keTtkeH. B.longum - ete
y3bIH, XiHilIKe Oosazpl, B.breve- eH »iHilIke >koHE €H KbicKa (OudurobdakTepusiiapabiH

apachIHIaFbl) OOJIBIT CaHAAIbI.

HorypTThIH alIBITKBICHIH- €Ki MEKPOOPraHH3MHIH acCOIHMAIMACHIH CUMOMO3 eI aTaFaH, ol
OaiinaHbIC KeNTEreH 3epTTeysepae ka3buirad. byHnail OipikkeH kariaiia op opranusm Oip-
OipiHe maiimansl 3at mbrapansl. S.thermophilus sxone L.delbruecrii cyrre opkaiickichl Oenek
KYJIbTypa 00JTyblHA OalIaHBICTBI «CUMOMO3) aThIH ©3T€PTINl «aCCOLIMATUBTIK OCY» el aTaraH

THIMJI1 TOPI3L.

rorypTTLIH apanackaH KyJIbTypalapblH maiinananrad ke3ne S. Thermophilus xone
L.delbruecrii —miH KbIIIKBLT TY3y JKbULIaMIBIFBI Oacka IITaMMallapFa KaparaH/a >KOFaphbl.
JKymbic HOTHXKECIHE KaparaHJa, Oyl eKi MUKPOOPTaHU3MIEP/IiH apachbiHAaFbl OaillaHbICTHIH
0acTel HEri3ri BajJMHA KyJIbTypachlH jkacay L.delbruecrii, 6ipaKk KypaMbIHBIH ©3repyiHe
OallTaHbICTBI KbUT OOWBIHA CyTTe Oacka aMHHKBIIIKBUIIAPBIHBIH JKETKUTIKCI3 eKEHJIT

Oalikaiamsl.

AcconuaTuBTIK ©Cy TEOpHsCchl Oy >kyMmbicTa 3eprrenai skone L.delbruecrii  Tapmarbt
bulgaricus, S. thermophilus perreiiai, HOTHXKECIHAE TIHUIMH JKOHE TIIUCTHIAWH TY3€.ll, COUTIM
MBIHAJIall KOPBITBIH/IBI MIBIFAP/IBIK: €H KAKETTICI TIUCTHANH €KeH, BalluH emec. bipak rmuiuH

MEH TJIMCTHIMHHIH ocepi 0acka aMMHKBIIIKbUITApbIHA Kaparanjga TeMmeH Oonuel. Kopeita
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KelnreHae autapMbi3. EpireH a3oTel )KOK MalChI3 CYTTEH jkacainrad opTaga S. Thermophilus-
JIIH ©CyiH TeXei i, 6acka aMUHKBIIIKbLUIIAPBIHBIH 6CcyiHe cebemni 60maapl. Onap HOrypTThIH
AIBITKBICBIHAAFEl  aKYBI3ABl  BUABIPATHIN  kibepemi. OnHmaili  MHUKpOOpraHU3MIEpPre

TOMEHJICTIIep JKaTaIbl:
-IIENTUATED, KYpPaMbIH/Ia JTH3UHI 6ap;
-TPUTNIENTHATEP, KYPaMbIHa TUCTHINH, METHOHUH JKOHE TTTyTaMUH KBIIIKBUIIAPBI 0ap;
-Ka3euH THJIPOJIN3aThI;
-MarHuiiii Kocy.

S. thermophilus-gin GenceHALTIriHIH apTybl JCHIIMHMEH XOHE H3O0JCHIIMHMEH KOCBLIFaH
ke3ne 30 xone 45°C 6omnnpl. JlakroOamniniy OeICeHAUTITIHIH KOTepillyl CTPENTOKOKKTapFa
KAl JKaraai skacaiael, cebenmri OonatbiH L.delbruecrii - bulgaricus-min Tapmarbl. By
KYMBICTa OIpIKKEH KYJIbTHBHPIICY XKacayAblH KapcChl JKaKTapbl na Kapainasl. OmaH MbplHAmal
KOPBITBIH/IBI JKAaCAJJIBI: a) aHadPOOTHIK KaFmaiina Oenriciz ¢akrop cebdermri 6onambl; B) Oy
dakTop KYMBIpCKAa KBIMIKBIIBI 0O0NMybl MyMKiH. bymapman 0acka, ockl aBTOpiap CYTTi
KBI3JIBIPBINT OHJETeH YaKbITTa OPTYPIi TYpJEpHAiH ocepl OONaThIHBIH, KApPKBIHABI TYpIe
BICBITBUIFAH CYTTE TEK 3aTThIH ©31 cebemii OONaThIHBIH Admnennesni. bipak, Horyprt skacay
YIIIH BICHITBUIFAH cyTKe ceOeni ¢akrtopaapabiy S. thermophilus-gen mbIFaThIHBIH
MoubiHAaiapl.  L.delbruecrii, bulgaricus TapmarbiHBIH =~ KeiOip mTamMmaapsl — CYTTI
JMaKbUIIAHABIPFaH yakeITTa, BICHITRIN 100°C 15 MuH. eHjaereH Ke3ae jKacylanapIblH
y3apaTbIHbIH, ajl MeMOpaHaHbl 005y, OJI KacyIlaJap/IblH 911 JKacalMaraHblH KepceTTi. bipak
Oy cuskTel Mopgosorusislk e3repictep cyrri 100°C temmneparypajga BICBITHIII 15 MHHYT
ycTaraH yakpITTa Oaiikanmansl. CoHbIMeH Oipre cyrtreri Hatpuih ¢opmuatsr L.delbruecrii-

bulgaricus TapMaFbIHBIH TPOTEOTUTUKAIBIK OSICEHALTITIH apTThIpyFa cebernn 60ast [3].

Horypr kypamsiagarst CO; MOYEBHHAHBIH THAPOJIH3i HOTIDKECIHIE Maiiga Gomaibl, XKoHe
OHBIH MaHbI3bl KOHIYKTOMETPHUSUIBIK oficneH emmeHeni, an CO2 mapruanbabl KbICHIMBI
apKbUIbl HOTYpPT KYpaMbIHJAFbl MHKPOOPTaHU3MIEP/IH ©OMIPIIEHIINH aHbIKTayFa OoJajbl.
Haxune xacamran CO2 memmepi ambiTy TemneparypackiHna 42°C sxone 1mu/100 m
amIbITKbI canFad yakbITTa 450 Mxi1. Bonnbl, Oyl eHIMHIH OpraHOJENTHKAIBIK KOPCETKIIITEPIH
kepceteni. by sxymeicta Oipinmi pet, CO2 xkoHe HaTpuil ruapokapOoHatsl S. thermophilus —
JiH ecyiHe cebemnii OO0JIbIN, MUKPOOPTaHU3MAEPAIH METa0OIM3MAIK (YHKIUSIIapbIHA dcep
ereni. bynaH mIBIFaTBIH KOPBITBIHABI HOTYPTTHIH amlyblHa cebemiri 0oiaThlH (akTopiap
L.delbruecrii-  bulgaricus  Tapmarel ~ KOpPEKTIK  3aTTapMeH  KaMmTamachl3  eTeji
(amuHKbIIKbUTAApMeH) S. Thermophilus, keliHrici jakToOalWIUIaHBIH ©CYiHE JKaraal

JKacauIbl.

HorypTTarbl MHUKpPOOPTaHU3MIEPAIH 6OCyiHE DSJIEKTPOMArHUTTI alMaK HEMECEe >KOFapFbI

KabaTTarel MUKPOOPTaHU3MJIEP/II ©CIipyTe apHAJIFaH JKaFai ocep eTe/l.

CYT KBIIIKBUIBIHBIH ~ aIIybl CYT KBIIKBUIABl — OaKTepUsIIapabIH bepMeHTTEpIMEH

KOMIPTEKTEp/IiH aHa’pOoOTHl TMPOLECIHIH BIABIPAYBl, CYT KBIMIKBUABIH JKoHE Oacka mJa
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OHIMJEPIiH Naiiga OoJybIMEH Ty3iiemi. by mpolecke KaTtbicaThiH OaKTepUsIIapAblH TYpiHE
0allTaHBICTHI AIYJBIH COHFBI OHIMI op TypJi Oomanbl. Meicanra, TOMODEPMEHTATUBTI CYT

KbIIIKBUIBIHBIH alllybIHAH CYT KAHTbI TCK CYT KbIIIKbLJIBIH FaHa bIAbIpaTabl.

I'erepodepmenTaTHBTI amryaa cyT KbIIIKBUIBIHAH 06JIeK 0acka eHiMIep Ae Ty3ijaemi (YIIKbIII

KBIIIKBLIAAP, CIIHPT, razaap, d3pupiep).

l'oModepMeHTaTUBTI alTyabIH KO3ABIPFBIMIEI OOJBIT MBIHA MUKPOOPTaHU3M CaHAJaJbl:
Streptococcus lactis-comakma map topizai, auamerpi 0,5-1,0 MKM, KynbTypaaa KOC-KOCTaH

(IMTUTOKOKKTAp) HeMece KbICKa Ti30€KTi (CTPENTOKOKKTAp), 6T CUpEK Oip-Oip/ieH Ke3aece .

Streptococcus cremoris-»kacymianapbl Y3bIHBIPAK Ti30ekTi Oosbin opHanackaH; Lactobacillus,
bulgaricus — ipi TasKma Topi3ai KO3FaJMalThIH, TpaM OH, JKEKEe jKacyllla HeMece KbhICKala

Ti30€eK TYpiHIE OpHAIACA/IbI.

I/IOI‘ypTTafbl 6aKTepuoq)ar KOoCIacChbl opTajJJapblHBIH MOp(l)O.]'IOl"l/IﬂCBI

Bacobl KylipbIrsl
Muxkpo KyiipbIk
Onmemi | Y3bIHABIFBI(HM) (n=)
OpraHusmaep KypbLibicbl . YIIBI
(am) X quameTpi (HM)
I'excaroHayibasl 50-60 217-239%x4,8 - 2
MHororpas bl 40-60 220-420x%8 + 2
M
HOTOTPARIBL 1 49,50 130-224x8-9 + 14
HEMeCe
Oxrasap 60-65 236-290%10 + 3
S. thermophilis HC 48-70 | 213-265x11-12 + 59
MHororpas bl 57 234%9,5 + 50
N3omeTpusiiibik 45-65 220-245xHC + 120
I"ekcoronaabab 65 230-260xHC + 24
N3omeTpusiibik
I'excaroHans sl 56-62 205-215xCH + 1
L delbruecrii | Mrororpanst ) g 116-160x8-9 : 7
[OIBHIa HEMeCe OKTadp
bulgaricus HC 50-59,4 | 175-198x5-6,6 ] 3
I'excaronanbabl 48 159xHC - 1
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Mukpoopranu3maep KOMETiMEeH aJbIHAThIH a3bIK TaMaK OHIMEPIHIH CIIEKTpl ©Te YIKEeH. by
— aIlIbITy HOTHOXKECIHAE aJbIHATBHIH OHIMJIEP-HOrypT, HaH, ipiMIIiK, cy30e, maparn, chipa T.0.
OCBI YaKbITKa JIeHiH TaMaK eHEPKaCiOiHIe OMOTEeXHOIOTHsI OYPBIHFBI UTEPUITEeH MpoIecCcTeP Il
KETUIIIPY MakcaThlHAa FaHa KOJIJAHBLICA, Ka3ipri Ke3eHAe OHIMIII MTaMMallapabl KaKeTTi
Kardalnapra — maiijanaHy — YIIIH =~ TEHETHUKAIBIK  3€pTTeyiep  JKYpri3ilm,  ambITy

TCXHOJIOTUACBIHBIH, KaHa QﬂiCTepi Al BIJIBIIT OTBIp.
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