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ABSTRACT

In connection with the development of science and technology, the creation of portable electronic devices
and the development of convenient and safe sources of electrical energy for such devices are very important. The
application of triboelectric nanogenerators (TENGs) as such energy sources is of great interest [1]. It is important
to investigate the effect of increasing the contact areas of the materials used in TENGs on their output parameters.
In this study, electrical measurements of single-layer and triple-layer TENGs based on nylon and polyurethane
materials were performed and their effect on TENG performance was investigated. It has been determined that
the TENG with a three-layer origami structure created to increase the contact areas gives better results. The
current and voltage obtained from the single-layer TENG were 20 HA and 200V, respectively, and 50 pA and
290V, respectively, for the origami-structured TENG. The TENG prepared during the experiments was placed on
the sole of the shoe and tests were performed on it. A scheme consisting of 25 LEDs was built and the
illumination of such lamps was demonstrated during the experiment.

Keywords: triboelectric nanogenerator, polyurethane, nylon, dielectric material, thin films

PORTATIV ELEKTRONIK CIHAZLARIN ENERJi TOCHIZATINDA ORIQAMI STRUKTURLU
TRIBOELEKTRIK NANOGENERATORUN iSTIFADOSI

XULASO

Elm ve texnologiyanin inkisafi ilo bagli olaraq dasmabilan elektronik cihazlarin yaradilmasi, bels tip
cihazlar {i¢lin rahat ve tohliikesiz elektrik enerji menbalerinin inkisaf etdirilmasi ¢ox aktualdir. Bela enerji
manbayi kimi triboelektrik nanogeneratorlarin (TENG) tetbiqi boyiik maraq dogurur [1]. TENG-lards istifads
olunan materiallarin kontakt sahalarinin artirilmasinin onun ¢ixis parametrlarins tasirinin aragdirilmasi vacibdir.
Bu isda neylon ve poliuretean materiallar1 asasinda yaradilan birqath va ii¢qatlt TENG-lorin elektrik 6l¢gmalari
aparilmis vo onlarin TENG-in performansina tasiri arasdirilmisdir. Miiayyan olunmusdur ki, kontakt sahalarinin
artirilmast moagqsadi ilo yaradilan {i¢gqath ibarat oriqami strukturlu TENG daha yaxsi naticaler verir. Birqath
TENG-dan alds olunan carayan va gearginlik uygun olaraq 20 mkA ve 200V, origami strukturlu TENG fiigiin iss
uygun olaraq 50 mkA ve 290V olmusdur. Tacriibsler zamani hazirlanmis TENG ayaqqgabinin daban hissesina
yerlasdirilmis va tizerinds testlor hayata kegirilmisdir. 25 aded LED-dan ibarat sxem qurulmus va tacriibe zamani
bela lampalarin isiqalandirlmasi niimayis olunmusdur.

Acar sozlar: triboelektrik nanogenerator, poliuretan, neylon, dielektrik material, nazik sathlar

AEMOHCTPAIVISI TPMUBODAEKTPMUYECKOI'O HAHOT'EHEPATOPA C KOHCTPYKUIVSIMA
OPUTAMMU AASI IUTAHUS IIOPTATUBHBIX D AEKTPOHHBIX YCTPOVICTB

PE3IOME

B cBa3u ¢ pasBuTHeM HayKu M TeXHUKM 0OAbIIOe 3HaueHMe UMEIOT CO3AaHue MOPTaTUBHBIX DAEKTPOHHBIX
YCTPOJCTB U pa3paboTKa YAOOHBIX 1 0e30ITaCHBIX MCTOYHMKOB DAEKTPUIECKON DHEPTUN AAsd TaKUX YCTPOMCTB.
IIprMeHenne B KadecTBe TaKOTO WCTOYHMKA 9SHEPIUM TpuOODAEKTpuuecknx HaHoreHepaTopos (TOHI)
npeAcTaBaseT Ooapioi uHTepec [1]. Baxkno nccaeaoBath BAMAHME YBeAUYEHNS I1A0ITaAu KOHTaKTa MaTepualoB,
ncnoas3yemsix 8 TOHI, Ha mx BeIXOgHBIE TapaMeTprl. B 8ToM nccae0BaHmM OBLAY BBHIIIOAHEHDI DAEKTpIUIecKue
M3MepeHNsl OAHOCAOMHBIX U TpexcaoitHpix TOHI0B Ha OcHOBe HeLAOHOBBIX U MOAMYPeTaHOBLIX MaTepualoB U
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nccaeA0BaHO uX BAMsAHMe Ha XapakTepuctuku TOHIoB. Omnpegeaeno, uto ayumme pesyasratsl daet TOHI c
TPeXCAOIHOM CTPYKTYPOI OpUraMi, CO34aHHBII C LIeAbI0 YBeAMdeHNs I1A01ajeil KoHTakTa. TOK 1 HalpspKeHue,
roay4deHHsle 4451 ogHocaoHoro TOHI, cocraBasian 20 MkA 1 200 B cootercTsenHo, a A4 TOHI co ctpykTypoit
opuramMu — 50 MKA 1 290 B cootserctBenHo. Ilpurorosaenssiii 8 xoge skcnepumentos TOHI nomemaan Ha
II0AOLIBY 0OYBU 1 IIPOBOAMAN Ha HeM MCHIBITaHNA. bblaa ITocTpoeHa cxeMa, COCTOsINas U3 25 CBeTOAMOAOB, U B
X0Je DKCIepuMeHTa ObLA0 IIPOAEMOHCTPUPOBAHO CBeUeHNe TaKMX AaMIL.

Karouesble caoBa: TprOO9Ae€KTPUYECKUII HaHOTeHepaTop, MOANypeTaH, HellAOH, AMDAeKTPUIeCKUI MaTtepuaa,
TOHKIE TIA€HKI

1. Introduction

In modern times, the increasing demand for the use of portable electronic devices
(smartphones, video cameras, laptops, smartwatches, navigators, power banks, etc.) in
everyday life opens wide opportunities for people to use such devices conveniently, safely,
and efficiently [2-4]. The fact that such systems are very relevant today, in parallel, forms
new directions in providing them with electricity. Traditionally, the electric power supply is
carried out through batteries. However, the main problem is that the batteries do not have a
long life. Also, the environmental problems caused by such batteries after use have increased
the interest of researchers in safer and more convenient sources of energy.

In recent years, the triboelectric nanogenerator (TENG) has been proven to be a
promising way to collect energy efficiently and comfortably from the environment [1]. The
TENG is a versatile way to harvest energy from various sources in human daily life,
including human mechanical motions, water waves, and wind [2,3]. TENGs convert
mechanical energy into electricity by using contact electrification and electrostatics [4-6]. The
contact surface of one material is charged positively and that of the other material is charged
negatively when two materials contact and separate. And the induced charges stay on the
surface of materials as electrostatic charges when the two materials are non-conductive.
Electric current flows between them when they are connected to electrodes [17,18]. TENGs
have such a simple mechanism of operation compared to other energy harvesting systems
and can harvest electricity from all the mechanical energy sources. And triboelectricity is
generated theoretically when any two materials contact and separate. Thus, TENGs can be
produced very cheaply [8-12].

Triboelectric nanogenerators (TENGs) can play a large role in supplying power to
portable electronic devices [4,9]. The fact that triboelectric nanogenerators have a wide range
of applications leads to their rapid development and the creation of new types of structures
and TENG-based sensors. Sensors of this type facilitate the acquisition of information related
to the movement of people and the environment (pressure, temperature, humidity, wind
speed, etc.) in everyday life [8-10]. In addition, TENGs can conveniently and safely generate
electricity from mechanical and wind energy sources in military technology, camping life,
and research at various heights (mining, demarcation, mountaineering, etc.). Also, the use of
TENGsS in seaports and water technologies enables the continuous power supply of portable
devices due to the energy of water waves. The cost of the current obtained using triboelectric
nanogenerators is low [11]. Research works have been carried out to increase the output of
electricity TENGs. To increase the output parameters of triboelectric nanogenerators,
increasing the contact areas of triboelectric materials is the main priority direction. For this
purpose, it is considered appropriate to create and use origami structures using more layers
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[16]. Thus, with the increase in the number of layers, more contact leads to an increase in the
number of charge carriers formed on the surface of the materials. This, in turn, leads to an
increase in current and ultimately to an increase in the output power of the TENG [13,15].

This research work developed a three-layer origami structure TENG using nylon and
polyurethane films. Comparisons were made between electrical measurements of a single-
layer triboelectric nanogenerator and measurements of a three-layer TENG with an origami
structure. The obtained electrical measurements show that the TENG with the origami
structure gives better results. So, the voltage and current received in such systems are higher.
This leads to an increase in the output power of the triboelectric nanogenerator.

2. Experience and materials
2.1 Fabrication of triboelectric films

Nylon (nylon socks, nylon 100%) and polyurethane (PU) were used as triboelectric
materials. A nylon double-sided adhesive is attached to the pre-made aluminum foil. Then,
on the next day, 5x6 cm layers are cut and removed. In the same way, PU is applied to
aluminum foil by drop casting and dried at room temperature for a day. After drying, 5x6
cm sheets are cut and a triboelectric nanogenerator is created together with nylon. The
obtained triboelectric materials are shown in Figure 1a.

origami structure

Figure 1. a) description of nylon and PU materials b) description of TENG with origami structure
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Figure 2. a) carrying out tests on the triboelectric nanogenerator (separation mode) b) carrying out tests on the
triboelectric nanogenerator (contact mode) c) voltage graph of a single-layer triboelectric nanogenerator d)
voltage graph of a three-layer triboelectric nanogenerator e) voltage graph of a single-layer triboelectric
nanogenerator f) current graph of a single-layer triboelectric nanogenerator

2.2 Fabrication of triboelectric nanogenerator and measurement equipment

Nylon and PU are used as dielectric materials and aluminum foil as metal electrodes in
the manufacture of triboelectric nanogenerators. Nylon and PU are considered good
triboelectric pairs because of their distance from each other in the triboelectric series [14].
Samples of both materials measuring 5.5x6 cm are cut and glued to the pre-prepared Al foil
using double-sided glue. A schematic representation of the fabricated structure is shown in
Figure 1b.

Tests on a triboelectric nanogenerator based on PU and nylon materials were performed
using a digital multimeter (DMM6500 6-1 / 2 digit multimeter, Keithley). Temperature and
relative humidity during the analysis were 28 ° C, and 45%, respectively.
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Placement of the TENG on
the heel of the shoe

L

Figure 3. a) The process of placing the TENG on the heel of the shoe b) Assembling the circuit of 25 LEDs c)
Conducting tests on the TENG placed on the heel of the shoe (separation mode) d) Conducting tests on the TENG
placed on the heel of the shoe (contact mode)

3. Results and discussion

A triboelectric nanogenerator made of nylon and PU films, and Al foil as an electrode, is
placed in the heel part. Figure 2a and Figure 2b show the testing process. When conducting
electrical measurements on a single-layer triboelectric nanogenerator, it was determined that
the maximum voltage value for such a system was 200V, as shown in Figure 2c. As shown in
Figure 2d, when using the origami structure, the voltage value increased to 290 V. It is clear
from the graph shown in Figure 3e that the maximum value of the current of the single-layer
triboelectric nanogenerator was 20 pA. In the case of a triple origami structure, it is known
from the experiment that the maximum value of the current increases to 50 A, as shown in
Figure 2f. So, it is clear from all these graphs that the value of voltage and current increased
when using a triboelectric nanogenerator with an origami structure. This can be explained by
the fact that the number of surface charge carriers increases due to the increase in contact
areas in the case of a multilayer compared to a single-layer structure [16,17]. This, in turn,
leads to an increase in the price of electricity. Due to the increase in the number of charges of
the opposite sign collected on the surface, the number of free electrons generated at the
electrodes increases. This leads to an increase in the potential difference.

In order to investigate the application of the triboelectric nanogenerator, the prepared
origami TENG was placed on the heel part of the shoe insole as shown in Figure 3. Later, an
electric circuit was built, and a bridge rectifier was used. Using 25 LEDs, the circuit was
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assembled and tested on the front part of the shoe as shown in Figure 3b. After placing the
origami-structured TENG in the heel part of the shoe, the generation of electricity from the
TENG has been verified by turning on LEDs as a person walks in the shoe as shown in
Figures 3c and 3d. In Figures 3c and 3d, the LED lights are observed to blink. Thus, the
process of TENG generating electricity during human movement has been successfully
implemented. Figure 3 shows all these processes.

4. Conclusion

The presented work developed a triboelectric nanogenerator consisting of nylon and
polyurethane materials. The application of such systems in portable electronic devices as a
power source in the future shows great promise. During the experiments on the single-layer
triboelectric nanogenerator, 200 V and 20 uA were determined for the maximum values of
voltage and current, respectively. A triboelectric nanogenerator with a triple origami
structure increases the maximum voltage and current values, which are 290V and 50 pA,
respectively. This increase in voltage and current values can be explained by the increase in
contact areas in multilayer structures. The results again show that more contact areas can be
achieved by introducing origami structures, which ultimately leads to an increase in the
output power of the TENG. The use of origami structures has a positive effect on the output
performance of the triboelectric nanogenerator.
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EFFECT OF SOME ALKALINE SALTS ON THE RHEOLOGICAL
PROPERTIES OF AGAROSE GEL

E.A. MASIMOV, A.RIMAMALIYEV, A HASADOVA
Baku State University

aynurasadoval9@gmail.com

ABSTRACT

The effect of agarose concentration as well as of alkaline salts (NaCl, KCl and CaClz) on some rheological
properties, such as yield stress, lowest Newtonian viscosity, etc., was studied using a rotation viscometer.
Increasing the concentration of agarose leads to an increase in the values of mentioned quatities. Adding these
salts to the gel in small amounts (0.2%) significantly increases its viscosity. The salts also increase the value of the
yield strength, but to a different degree. NaCl almost does not change the yield strength, CaClz appreciably, and
KCI strongly increase this parameter. The temperature dependences of the lowest Newtonian viscosity are
considered and the activation energies of each composition are determined. A discussion of the results based on
current agarose gel models is given.

Key words: agarose, alkaline salts, rheological properties, Newtonian viscosity, yield stress
AQAROZA GELININ REOLOJi XASSOLORINO BOZi QOLOVI DUZLARIN TOSIRi
XULASO

Firlanma viskozimetrinden istifade etmakls agarozanin konsentrasiyasinin, elace do goalavi duzlarin (NaCl,
KClI va CaCl2) bazi reoloji parametrlars masalen, axma garginliyi, en asag1 Nyuton ozliiliiyl vs s., tesiri tadqiq
edilmisdir. Aqarozanin konsentrasiyasinin artmasi geyd olunan kemiyystlarin dayarlerinin artmasina sabab olur.
Bu duzlar gels az miqdarda (0,2%) eslave edilmasi onun ozliiliiylinii shemiyyatli deraceds artirir. Duzlar axma
gorginliyinin qiymotini de artirir, lakin farqli deracads. NaCl demak olar ki, axma gorginliyini deyismir, CaCl2
nazeragarpacaq deracads ve KCl bu parametri giiclii sokilde artirir. ©n asagi Nyuton ozliiliiyiiniin
temperaturdan asililiqlar1 nazarden kegirilir ve har bir tarkibin aktivlesms enerjilari miiayyen edilir. Cari aqaroza
geli modelina asaslanan naticalerin miizakirasi verilir.

Acar sozlar: aqaroza, galavi duzlar, reoloji xassalor, Nyuton 6zliiliiyi, siirlisma modulu

BAVSIHUE HEKOTOPBIX IIEAOYHBIX COAEV HA PEO1IOTMTYECKUE
CBOVICTBA ATAPO30BOTO I'EASI

PE3IOME

Bausanme KoHIleHTpalum araposel, a Takke Imeaounsix cozeit (NaCl, KCl u CaCl2) Ha HekoTopble
peoaormgecKue CBOMICTBa, TaKie Kak IIpeJea TeKydecTy, MUHMMaAbHas HBIOTOHOBCKas BA3KOCTh U Ap., M3ydaamn C
IIOMOIIBIO POTALIIOHHOTO BHMCKO3MMeETpa. YBeAudeHne KOHIIeHTpaI[UM araposbl MPUBOAUT K YBEAUIEHUIO
3HaUeHNUI yKa3aHHBIX IIOKa3aTeaell. /JobaBaeHme »Tux coaeit B reab B Heboapmmx Koamdectsax (0,2%)
3HAUNTEABHO yBeANduBaeT ero BA3kocTh. CoaM TakKe yBeANdMBalOT BeANINHY IIpejela TeKydecT, HO B APYTroi
creniernt. NaCl mourn He mamenser npegea texydectu, CaCl2 szamerno, a KCl cuabHO yBeamunmBaeT 3TOT
IToKa3aTeab. PaccMOTpeHBI TeMIlepaTypHBIE 3aBUCHMOCTM HM3IIIEl HBIOTOHOBCKON BA3KOCTU M OIIpejeleHBI
SHEPIUM aKTUBALIMU KakJ0ro cocrasa. JaHo oOCy>KJeHne pe3yAbTaToB, OCHOBAaHHBIX HA COBPEMEHHBIX MOJAEASIX
arapo3HOTO Tes.

Karouesbie caoBa: araposa, 1eA049HbIe COAM, PeO0AOTIeCKNe CBOJICTBA, HproToHOBCKasI BSIBKOCTH
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INTRODUCTION

Some polymer solutions and colloids transist into a gel state below some critical
temperature and at a certain concentration interval of polymer (or colloidal particles). The
main feature of gels is that they retain their shape (or lose their fluidity) under small
mechanical stresses. Gels, as a special state of matter, attract great scientific interest. This is
confirmed by modern monographs devoted to this subject [1-4]. Due to their unique
mechanical properties, gels are widely used in materials science, food technology,
biotechnology, cosmetology, etc. These include ceramic technology (manufacturing of thin
parts using a 3D printer), pharmacology (storage, prolongation of action and targeted
transport of drugs), organ engineering (replacement of some organs such as bones, teeth,
cartilage and soft tissue with appropriate biocompatible artificial organs) etc. [5,6].

Many famous scientific centers and research groups in the world are conducting
important research on the properties and practical applications of biopolymer gels because of
their biocompatibility with the human body. These works can be divided into two groups.

Works of purely research nature. For example, works [7-9] investigate the influence of
associates of different levels on the dynamic rheological properties of an agar gel. The works
[10, 11] experimentally investigated the dependences of storage and loss moduli of such
polysaccharide gels as rhamsan, wellan gum on temperature and concentration of the
polymer. A group of researchers from Yale University studied the effect of inorganic salts on
the viscoelastic properties of an alginate gel [12]. In [13] the effect of concentration and size of
air bubbles on the rheological properties of an agar gel was investigated. In [14], the kinetics
of the gel formation process was studied using the methods of dynamic light scattering and
shear oscillation rheology. In the work of Richtering et al [15], by using original
rheomechanical and rheooptical methods, it was possible to measure the rheological
properties and acquire valuable information about the microstructure of polysaccharide gels.
Another group [16] investigated the dependence of the rheological properties of agar gel on
the origin, molecular weight, and concentration of the agar. The change in the transmission
spectrum of agarose gel with increasing and decreasing of temperature gives us certain
information about the process of decomposition and formation of the gel network [17].

The following works can be noted as bright examples of purely applied research. A
biomaterial made on the basis of alginate hydrogel makes it possible to successfully replace
the damaged part of the heart in case of a massive infarction [18]. In recent years, "smart
hydrogels" based on polyelectrolytes can claim to be in the list of promising materials in
terms of developing artificial muscles [19, 20].

The use of the gel in solving a specific practical problem requires a certain selection of
its rheological parameters (elastic constants, strength, viscosity, etc.). And to purposefully
adjust the values of these parameters it is necessary to study the effect of various additives
(inorganic salts, micro- and nanoparticles, etc.) introduced into the gel medium on the
specified properties of the gel. In this work, the effect of temperature and some alkaline salts
(NaCl, KCl and CaClz) on the rheological properties (yield stress and structural viscosity) of
agarose hydrogel was studied using a rotation viscometer.
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EXPERIMENT

High-purity powdered agarose used in the experiment was purchased from the firm
HISPANAGAR and acquires. Agarose has a high gel-forming ability in aqueous medium.
According to our estimates, the critical concentration of agarose gel formation is 0.14 %.

The main structural unit of agarose is the agarobiose disaccharide, the chemical
structure of which is shown in Figure 1.

GHCHQDH 2
0 o~
o 0
OH o

Figure 1.

The agarose gels were prepared according to the following scheme. Agarose powder
was weighed in ADAM PW 124 scales (0.1 mg accuracy), added to bidiistilled water, and
kept for 24 h to swell the agarose. The mixture is then heated to 95 °C and the resulting
homogeneous solution is cooled to room temperature. Transition to the gel state is
accompanied by a loss of fluidity and transparensy of the solution.

The rotational viscometer [21] used in this experiment consists of two coaxial cylinders
with radii R, and R, . The rotation of the outer cylinder in relation to the inner one causes the

shear deformation. The value of

_dy R
"4t T R —Rry M

is taken as shear rate. ¢ is the angle of rotation of outer cylinder for time of t.

IIPUMHMMAETCI KaK CKOPOCTb CABUTQ, I'A€ - yTOA IIOBOPOTa BHEMIHETO NNAVIHAPA 3a BpeM:I t.

The mechanical stress is created by a discrete set of weights and is defined by the
expression

o="9 (2)
27R.h
Here R, is the radius of the inner cylinder, M is mass of the load, §is the free fall
acceleration.
RESULTS

The rotational viscometer allows to study the flow curve (dependence of shear rate on
mechanical stress), with the help of which some important rheological properties of the gel
can be determined: the yield stress, as well as plastic and structural viscosity. The
characteristic shape of the gel flow curve is shown in Fig. 1.
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Fig.1
Analysis of this curve shows that

1) gel flow has a threshold character, i.e. gel starts flowing after the stress exceeding

some critical value oqy;

2) the flow curve consists of two lines with different slopes: in the low-stress region the

line is described by the equation
o =ny,7+0, (3)
and by the equation in the high voltage region
O =17 +0 (4)
In this case the regularities are fulfilled.n,, > 7, u oy, >0y, .

In other words, in each region the gel behaves like a Bingham fluid with different

values of yield stress ¢, and plastic viscosity 77,, .

The quantity
o
n=—0)
/4

is called the apparent or structural viscosity.

The dependence of structural viscosity on stress carries certain information about the
structure of complex liquids. A similar dependence for 0.5% agarose gel is shown in Fig. 2.
As expected, the structural viscosity decreases with increasing tension and tends to a
constant value called the lowest Newtonian viscosity at high tension values.
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Fig.2

In the experiment we measured the effect of the concentration of agarose and inorganic
salts NaCl, KCl and CaCl: added in an amount of 0.2 % on the above rheological properties
of the agarose gel. The obtained results are shown in Table 1.

Table 1

Gel composition Oy, Pa Oy, Pa n,,, Pas
Agarose 0.2% 12 21 0.45
Agarose 0.5% 16 24 0.65
Agarose 1% 25 33 0.9
Agarose 0.5%+0.2%KCl 32 47 2.2
Agarose 0.5%+0.2%NaCl 14 17 2.7
Agarose 0.5%+0.2%CaCl2 23 32 5.8

As follows from the Table 1:
1) yield stresses and structural viscosity increase with increasing agarose concentration;

2) the addition of NaCl almost does not change the first yield stress o, but slightly
reduces the second yield stress o, and significantly increases the lowest Newtonian
viscosity 77, ;

3) the addition of KCl significantly increases the values of all of these values;

4) addition of CaCl: weakly increases the value of critical stresses and strongly (by an
order) increases the value of structural viscosity.
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The values of mentioned rheological quantities also change with temperature.
Temperature dependences of these quantities are shown in Figures 3 and 4, respectively. As
can be seen from Fig. 3, critical stresses decrease almost linearly with increasing temperature.
The lowest Newtonian viscosity also decreases with increasing temperature (Fig. 4). Plotting

of this dependence in logarithmic scale (dependence of /nm on T) gives the straight line

(Fig. 5) showing that the temperature dependence of the lowest Newtonian viscosity obeys
to Arrhenius law

0.8 *

0.4 * *

Least newtonian viscosity, Pa.s

0.2 1

0 T T T T T T T 1
0 10 20 30 40 50 60 70 80

temperature, C

Fig.4
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E,/RT
ne =10e™"" (6)
where E, is the activation energy of the viscous flow. R is the molar gas constant.

It is not difficult to determine the value of the activation energy E, from the slope of

this curve. The effect of selected additives on the value of the activation energy is shown in
Table 2. As can be seen from the table

Table 2
Cocras reast Ea, k4% MOAD
0,5% -11 arap 58
0,5% -11 arap +0,2%NaCl 67
0,5% -11 arap +0,2%KClI 41
0,5% -11 arap+0,2%CaClz 107

1) NaCl increases the value of the activation energy;
2) KCl decreases the activation energy;

3) CaClz sharply increases the value of this value;
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DISCUSSIONS

The observed experimental data can be explained on the basis of existing models. The
reason that makes the gel hard, i.e. its form preservation, is the existence of network that
covers its whole volume [1,3]. According to modern models the network of agarose gel
consists of individual associates of double helices and cross-links connecting these associates
[8,9,16]. Associations in agarose gel are clusters of bispirals connected by hydrogen bonds.
That's why, agarose gel belongs to thermoreversible physical gels, where bonds between
associates have a fluctuational nature (with a finite lifetime). Experiments on light scattering
[22], as well as atomic force microscopy [23] make it possible to estimate the average size of
these associates. It is of the order of 0.1-1 pm.

The fact that the flow curve consists of two straight lines is due to the fact that the gel
reacts differently to external mechanical action in the areas of low and high stress. The flow,
i.e. irreversible deformation of the gel requires destruction of the network by breaking bonds
between associates, which occurs above a certain threshold value (o) of the mechanical

stress applied to the gel. At even higher stresses exceeding o, large associates are crushed
into small ones and gel flow becomes easier. o,, and o, can be named critical stresses of

cross-links breakage and associates breakage respectively. They are found from the
intersection of lines marked in Fig. 1 with the o -axis .

The tending of viscosity to a constant value at high stresses (Fig. 2) shows that gel
associates are crushed to a certain minimum size and are not destroyed further. It is natural
to assume that the value of the lowest Newtonian viscosity is determined by the number and
average size of these associates after fragmentation.

The increase in first critical (yield) stress o, with increasing of the agarose

concentration (Table 1) shows that an increase in the number of polymeric molecules leads to
an increase in the number of cross-links between associates, and an increase in second critical
stress G, is associated with an increase in the average size of associates. Since the growth of

O, is relatively weak compared to ©;,, we can state that with the increase of agarose

concentration the number of associates mainly increases rather than their size.

Based on the presented model and the data in Table 2, it can be argued that the addition
of the sodium salt leads to an increase in the size of the associates. Potassium salt decreases
the size of associates but increases the number of cross-links between them. Calcium salt
sharply increases the number and size of associates, but also slightly increases the number of
bonds between them.

Thermal motion leads to a decrease in the stability of the associates and the bonds
between them, which is reflected in a decrease in critical stresses with increasing
temperature (Fig. 3).

Inorganic salts have the same effect on the values of the lowest Newtonian viscosity as
well as the activation energy of the viscous flow, showing that the values of these quantities
are related to the same interaction.
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CONCLUSION

The analysis of the results of the conducted work shows that there is a possibility of

purposeful control of the rheological properties of the agarose gel by changing its micro-
structure (the number and size of associates forming the gel) with the help of alkaline salts.
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PACIIVUPEHHBIN ITPUHLINITI OTHOCUTEABHOCTU B
IISITUMEPHOV TEOPUU
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bgaliyev@mail.ru
PE3IOME

IlokasaHo, 4TO IATHMMEpPHBIE Te0Ae3NuecKye YpaBHEHN U IIATHMEPHbIe TOXKAeCTBa PUdun MO3BOASIOT IO-
HOBOMY B3I/ASHYTh Ha HEKOTOPHIE ITpoOAeMBI COBpeMeHHOV PU3NKY, acTpopU3UKN U KocMoaoruu. B wactHocTy,
HIpUMeHeHNe MesITUMEePHBIX TeoAe31decKUX ypasHeHn 1 B (4+1) u (3+1+1) pacrreniaeHHBIX popMax, IT0AyIeHHBIX C
ITOMOIIFI0 MOHAaJAHOTO U AMAaJHOTO MeTOAOB, ITO3BOANAO BBeCTM HOBOe 3(PQeKTUBHOe 0OOOIIeHHOe ITOHATIEe
Macchl IIOKOsI ®AeMeHTapHOoI Jactunsl. IlocaeaHee mpuBOAUT K HOBBIM CBA3SIM MeXKAy OOIIell Teopyel OTHOCU-
TeAbLHOCT!U 1 KBaHTOBOM Teopuell 105, U Bce 9TO, BKAIOUas (4+1) paciiernaenne IsTUMEpPHBIX TOXAecTs Praan,
HPUBOAUT K Ay4YllleMy IIOHUMaHMIO IIpOOAeMbl MAaTHUTHOTO MOHOIIOAS ¥ CYIeCTBeHHOIO Pa3ANdNs B IIPOMCXOXK-
AeHNN ypaBHeHMII MakcBeada M MPUBOAUT K IIOPa3UTEABHBIM U HETPUBMAABHBIM CB3AM Mexxay Humu. Iloay-
JeHHble pe3yAbTaThl TaKKe JalOT HOBOe IIpeACTaBAeHNe O MeXaHI3Me pacllMpeHns deThipéxMepHol Beeaennoin
U €TO ITOCAeAYIOIIETO YCKOPEHNA.

Karouesble ca0Ba: MOHAAHBI I AVaAHBIN METOABL, KOHIe s 9(pPeKTUBHON 0OOOIIEHHOI MacChl IIOKOS;
CKaAsIpHOE TpaBUTAIIMOHHOE I10/€; IITUMEepHEIe Teoe3/decKiie YpaBHeHIIs; yCAOBIS IUANHAPUIECKON CUMMeT-
pun (DUAVMHAPUYHOCTH); IIATHMEpPHBIe ToXAecTBa Praun; ypasHeHNs1 MaKkcBea4a; MarHUTHBI MOHOIIOAB; TOIIO-
Aormdeckuit pasoBhIIi IIepexol BTOPOro poja B KOCMOAOTUIL.

BESOLCULU NOZORiYYODO GENISLONDIRILMIS NiSBIiLiK PRINSIPi
XULASO

Molumdur ki, besol¢iilii geodeziya tonliklari ve besdlciilii Ricci eyniliklori bize miiasir fizikanmn,
astrofizikanin ve kosmologiyanin bazi problemlarine yeni baxis bucagi yaratmaga imkan verir. Konkret olaraq
monad ve dyad tisullarinin komayi ils alinan (4+1) ve (3+1+1) boliinmiis formalarda begsolciilii geodeziya
tonliklarinin tatbiqi elementar zarraciyin siikunet kiitlasinin yeni, effektiv imumilsasdirilmis konsepsiyasin tatbiq
etmoays imkan verir. Bu, timumi nisbilik ve kvant sahe nezariyyaeleri arasinda yeni slagalara gatirib ¢ixarir ve
biitiin bunlar, o ctimladan begolgiilii Ricci eyniyyastlarinin (4+1) boliinmasi magnit monopolu probleminin daha
aydin anlamina gatirerak Maksvell tenliklorinin manseyini miisyyanlasdirir ve onlar arasinda son daraca ve
geyri-ananavi alagalar yaradir. 9lda edilon naticalar hamginin dérdoélgiilii kainatinin genislonmasi mexanizmi va
onun sonraki siiratlanmasi haqqinda yeni fikirler yaradir.

Acar sozlor: monad ve dyad {iisullary; effektiv {imumilssdirilmis siikunat kiitlasi konsepsiyasi; skalyar
qravitasiya sahasi; bes dlciilii geodeziya tonliklori; silindrik simmetriya (silindriklik) sartlari; bes 6lgiilii Ricci
eyniyyatlori; Maksvell tonliklori; maqnit monopolu; topoloji ikinci daracali kosmoloji faza kegidi

EXTENDED RELATIVITY PRINCIPLE IN FIVE-DIMENSIONAL THEORY
ABSTRACT

It is shown that the 5D geodetic equations and 5D Ricci identities give us a way to create a new viewpoint
on some problems of modern physics, astrophysics, and cosmology. Specifically, the application of the 5D
geodetic equations in (4+1) and (3+1+1) splintered forms obtained with the help of the monad and dyad methods
made it possible to introduce a new, effective generalized concept of the rest mass of the elementary particle. The
latter leads one to novel connections between the general relativity and quantum field theories, and all that,
including the (4+1) splitting of the 5D Ricci identities, brings about a better understanding of the magnetic
monopole problem and the vital difference in the origins of the Maxwell equations and gives rise to surprising
and non-trivial connections between them. The obtained results also provide new insight into the mechanism of
the 4D universe’s expansion and its following acceleration.

Manuscript receved 03.05.2022 67



B.I. Arues
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B oanoit m3 csomx paHHux pabor mo mAtuMepuio [1] smamenwutsiit Qusux Aym ge
Bbpoiias, mpoanaansuposas pasaudHbie oAxoAbl K obobmenuio OTO Ha gpyrme moas,
TOYHee TOBOpPsl Ha DAEKTPOMAarHUTHOe, cJdedaa yOeAUTEABHBINI BBIBO4 O TOM, YTO
ILITUMEPHBINT 10AX04, pas3Buteiii B pabore T. Kaayusr [2], raybke m HaMHOro
npearniodTuTeapHee, yeM 1noaxog I'. Beitas [3]. B wactHocTH, OH cymMea mokasaTh, 4TO OpuU
repexoge K KBaHTOBOM TeOpUM B IIATMMEPHOM II0AXOJe BO3HMKaeT TaKoe OOOOIeHue
IOHATNUSL MacChl IIOKOsA 3aps>KeHHON ITpOOHON dYacTMIIbl, KOTOpoe 34ech 3aMeHsAeTcsl Ha
HeKMI1 MHBapMaHT I caeayioniero Buja:

I= |m2+—2— (1)
161k
3aech mo, e 1 ko 0003HaYAIOT 3aTPaBOYHYIO MacCy IOKOsI 3apsI>KeHHO ITPOOHOI YaCTUIIbI
(B gaHHOM caAy4Yae 9AEKTPOHA), 3aps] DAEKTPOHA I HBIOTOHOBCKYIO I'PaBUTAIVIOHHYIO
noctossHHyl0. OH TakKe c4edal MHTEPEeCHBII UM MOXHO CKa3aThb IAyOOKO MpOBUAYECKUI
BBIBOJ, YTO pasrajdka IIPMUYMHBI TaKOro OOOOIIeHus MOXeT HpuBecTM B OyAyiieM K
OTKPBITUIO HOBBIX U BecbMa I1yOOKIX TaliH Haiel Beeaennoii.

B paborax [4-8] HaM ygaaoch coBceM ApPYIMM IYTEM, MCCAeAYysl ILATUMeEpPHOe
ypaBHeHIe reoAe3ndecKol, IoKa3aTh, UTO IIpu aHaause (4+1)-peaylipoBaHHBIX C HOMOIIIBIO
MOHagHOro u (4+1+1)-peayliMpOBaHHBIX C HOMOIILIO AMAAHOTO METOAOB 9TUX ypaBHEHMI
IITUMEPHBIX TeO0AEe3MYeCKMX C HaJAOKEHHBIMM Ha HUX €eCTeCTBeHHBIMM YCAOBMSAMU
IVAVHAPUYHOCTY OTHOCUTEABHO IISITOM KOOPAMHATBI II0AY4aeTcsl CAeAyIOIIMII pe3yAbTaT

= 0,1,2,3)

(3a€Ch MHAEKCHI LY

+5a
L= Do 5BES + 0% . (2)

ds Myc?

Taxkum 0Opas3oMm, y Hac BO3HMKaeT 0DOOIIeHNe BRIIIEYIIOMSIHYTOrO pesyabTata Aymu ae
bpoitas (I - my) ¢ pusnueckn 6oaee yeM 0OOCHOBAHHBIM €0 OOBSICHeHUEM U, KpOMe TOro,
gero HeT y /lyn ge bpoiias, ¢ camocoraacoBaHHBIM B UTOTe pe3yAbTaTOM KakK A4Sl cAydast
PacCMOTPEHHOTO HaMM BBHIIIENIPUBEAEHHOTO YpaBHEHUs TeOJe3MdecKoil (2), Tak U Aasd
BOAHOBOTO YpaBHEHIsI KBaHTOBOI T€OPUI:

mac?
hz

g PVEIVEY + 0*VEY + ¥ =0.(3)

Ora nATMMepHas 0OOOLIEHHas «peAATUBUCTCKas» Macca ITIOKOSI BecbMa HarlOMMHaeT
HaM I10 CBOeJI CTPYKType AOPeHLIeBCKYIO peaaTusBucTrckyio maccy m B CTO u umeer Bug [4-8]:

mo

V1-v2

mg 2 , n?e? @)

m= = my = = mO + 4k0(p2'

V1-12

3aecp 1iog il = dA/ds IOHMMaETCsT «CKOPOCTh» 3apsI>KEHHOI IIPOOHOI YacTULIBI BAOADb
ILITOM KOOPAMHATHL , a ¢ = ./—Gss . /lerko BuAeTs, 4TO MHBapuaHT I B popmyae Ayn ge
Bpoitas (1) siBAsleTcst YacTHBIM CAy4yaeM Halllell OOOOIIEHHOMN IIATMMEPHON «PeAsSTUBICTC-

KOJT» Macchl IOKost 10 B dopmyae (4) npun = 1 u ¢ = 2v/r [4-8].
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HeobxoamuMoCTDb BBeAeHMs TaKoi OOOOIIIEHHON MacChl ITOKOs My ITOATBEPKAAeTCs elé
U TeM Ba’XKHBIM (PAaKTOPOM, UTO TOABKO AUIIb B DTOM CAydae CTAHOBMUTCS BO3MOKHBIM
AaapHenniee (3 + 1+ 1)-paciieriaeHne ¢ IOMONIBIO  AMAaJHOIO MeTOJa ypaBHEHMs
reojesmdeckoit (2), KoTopoe Torja HpeACTaBMMO B CTaHAApPTHOM BlUJe KaK caAeAylomias
crucrema [4]:

+ .25 e — v/

P = (R = D) — BV o+ S 0t e, 9)
Dt Q — QoVv1 A~
d” S(E'=v*H ) —mF +2p*Dj + °J_” 3+t (6)

3aech 0000MIEHHAsT YeTHIPEXMEepHasT PeASTUBUCTCKAsI Macca M = My/V1 — V2, sazee 3-
CKOpPOCTb vt =dxt/dt, a CKOPOCTh BAOAB IIATON KOoopAuHaATtel V = dA/dt. OOOOMIEHHBIN
PeASTUBUCTCKUI 3-UMITyAbC P = V', 0OOBIIEHHBII «PeASTUBUCTCKUI» UMITYAbC, TO €CTh
UMITyAbC HPOOHONM YacTUIIBI IIPU ABVDKEHMM BAOAb 5-11 KOOpAMHATHI, P = MV = Myll, a
dt = c dt. B nunom >xe caydae 9Tu ypaBHeHU: cucTeMbl (5) 1 (6) y Hac CILA€TaroTCs TakK, YTO

ik, =123,

pacimyTaTb X CTAHOBUTCS ITPAKTMMYECKM HEBO3MO>KHO. ]/IH,Zl,eKCI)I

[Ipu ®TOM, Kak A€rkO BUAETh, CTAHOBUTCA TaKXKe OYEBUAHON CBA3b IIATUMEPUS CO
CKaAsSPHO-TeH30PHBIMM TeopusMU. /eICTBUTeABHO, KaK U B 9TUX TeOpusAX, Macca
3apsKeHHON ITPOOHOM YacTUIILI CTAHOBUTCS (PYHKIMEN CKaASPHOIO II0As @ Aa eI K TOMY
K€ CTaHOBUTCS SICHO, UTO HaM He TpeOyeTcst MUPUUeCcKUI CKaAspHBIiL 3apsiA, KOTOPBIN TaK U
He HailAeH A0 CUX IIOp, TaK KaK €ro po/b YCHEIIHO UIPaeT «II0 COBMECTUTEALCTBY»
DAEKTpUYECKUil 3apsaa. B oTom ¢akre, kak HaM gyMaeTcs], MPOsABASETCS HeKUIT IIPUCYIINIA
mygpon IIpupoae «llpunnun Dxonommm». Kpome toro, us cucremsl ypasHenuin (5) u (6)
cAeayeT, 4TO, KaK U B BBIILIEYIIOMHYTBIX HAMM CKaAsPHO-TeH30PHBIX Teopusx [9], ckaaspHas

4-craa obpaliiaeTcs B HyAb AAs 6e3MaccoBBIX YacTull, 64arogaps ¢pakropy V1 — v2.

Kpowme TOr0, 3a6CH yMECTHO BBeA€HIE MacCOBOIO YIAa Yp, YTO MO3BOASET HAM 3aIlicaTh
¢popmyay (4) B KOMIIAKTHOM BUAe KaK (PYHKILIMIO HTOTO yraa:

n-e __ nifpg (7)

My = mgy chy,, rae sh y,, = N

MBbI TyT 4451 KPATKOCTH BBEAM ITOHSTIE IIITUMEPHOI «ILAaHKOBCKOVI MaCChI»: MMp; =
e/(2y/ko).

®opmyaa (4) A4 OOODIIEHHON MATUMEPHON «peA;ITMBMCTCKoﬁ» Macchl r’flo AaéT TaKxKe

BO3MO>KHOCTD ITpeACTaBUTD €€ Kak MOAyAb KOMTILA€KCHOM MaCCbI =4/ ffl OZ 3Aer

KOMILAEKCHasI Macca My, = my + i n-mp; /@ = Mgye "V , Tae tg, = shy,, a KOMILA€KCHO
COIpsDKEHHAS el BeANdnHa My, = Mg — i N Mp;/@. A yXX 9TO I03BOAsI€T HaM BBIABMHYTD
34ech IIpPeAIlOAOXKeHMe O BO3MOXKHOM CBsiA3M BBeA€HHON HaMlM Bblllle IIATUMEepPHON
«peASTUBICTCKON» MacChl IIOKOsI 7y C KBaHTOBBIMM CBOJVICTBAaMM MaTepuH. 3amucaB DTO
KOMILAeKCHOe 4IICA0 B OOIlleM BuJe B aareOpamdeckoil popme, MBI TOrda I10AydaeM, 4TO
Moz = (Mox, Moy), OTKyaa Aas OTOHA cAeAyeT, UTO OH sABASETCI B DTOM CMBbICAE
KOMILAeKCHOM HOAb-dacTuileit: My, = (0, 0). A HeMTPUHO Ke MBI ITI0AYIUM YacTUILy yKe C
BeIIleCTBeHHO Maccoil: My, = (Mg, 0), a A4 TUIIOTETNMYECKOTO TaxMOHa Macca OyAeT 4lcTo
MHHUMOIL: My, = (0,My;). Kpome TOro, HampammsaeTcsi MbICAb O TOM, 4YTO CaMoO
CyIIeCTBOBaHMe TaXMOHOB MOXKeT OBITh CBA3aHO C IITUMepueM Hairero Mupa.
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B.I. Arues

Jazaee MBI TI0Ay4aeM, YTO POEKIV HaIlero IATUMEPHOIO YpaBHEeHUs reoAe3mdecKon
Ha NPOCTPaHCTBEHHO-BPEMEHHYIO TUIIePIIOBePXHOCTh V, AaéT HaMm, KaK U yIIOMMHAAOCh
BBIIIIe, OOBIYHYIO YeTBIPEXMEPHYIO Ie0Ae3ndecKylo, mpasja ¢ 0OOOIIEHHBIM 4 — MMITyAbCOM

a
o y N Q@ -p Fg
p% = Myu®, HO 3aTO CO CTAaHAAPTHOI 4 - cuaoit Aopenna: fi* = C—;’ #P " 7 u, xpome TOTO, 4TO
BBI3BAHO IIOsBAEHIEM OOOOIIEHHOI «PeAsITUBUCTCKON» MAacChl IIOKOs, C eIllé OAHOI, yKe

CKaA;IpHOIZ rpaBI/ITaLU/IOHHOI?[ 4-c11A0¥ HOBOIO THIIA, KOTOPYIO MBI ITpejdlaraeM Ha3BaTh
QéPFag N

—m. OHa BOO6H.[€ I'OBOpﬂ OTpI/IL[aTeALHa I MO2KeEeT AaBaThb CBOM
0 0

BKJa/ B M3BecTHOe HaM 13 mogean A. @puamana pacmupenne Bceaennoit. B pesyabrarte

cuaoit Aukke [8]: fff =

ypaBHeHUe (2) IpuMeT CAeAYIOIINIA BUA;

. Dtu“

g —— = fi' + f5p- (8)

3aTreM MBI moay4aeM, 4TO IIpOEKOMs HallleTo ITSITUMEPHOIO ypaBHEHVIT reoAe3m4eckon

Ha IPOCTPaHCTBEHHO-BPEMEHHYIO TUIIepHOBepPXHOCTh V, AaéT HaM, KaK M YIOMMHAAOCh,
OOBIUHYIO YETHIPEXMEPHYIO TIeoAe3MdecKylo (2), mpaBga ¢ OOOOIIEHHBIM 4 — MMITyABCOM
p% = Myu®, HO B OTAMYME OT cuAabl /lOpeHIla DTa CMAa 3aBUCUT OT 3apsija KBaApaTUYHO U
II09TOMY HOCHUT 34eCh KyMYASTUBHBIN XapaKTep. BBray ®Toro ormetnm, 4ro HecMOTpsI Ha e€
MaAyIO BeAN4YNHYy, OHa MOXKeT OBITh BeCbMa 3HauMTeAbHOM B KOCMOAOTMYeCKMX MacIITadax 1
II09TOMY IIpeTeHA0BaTh Ha pOAb reHepaTopa BKAaja B TaK Ha3blBaeMble TEMHYIO MaTepUIO U
TEMHYIO DHEpIuIO. DTa c1Aa IpUCyIlla BOOOIIe FTOBOpsI BceM TeOPUAM C IlepeMeHHO Maccou
1okosl. B gaHHOM cayuae Takast c14a y HacC 3aBUCUT OT HOSIBUBIIETOCS B IISITVIMEPHOI TeOpUN
HOBOTO, Ha30BEéM ero 34eCh CKaAsSpHOIO IpaBUTallMOHHOrO 1noas ¢ . Ilosasasercs oHa u B
CKaAsSPHO-TEH30PHBIX TEOPUAX TpaBUTAllMM B IIEPBYIO ouepeab U3 HEOOXOAVMOCTU
cooTseTcTBOBaTh NpuHIuIy Maxa [9]. Kpome Toro, crpykrypa ¢popmyan (4) HAaBOAUT Hac Ha
MBICAD, YTO MICTUHHO ®AEKTPUYECKM HeITpaAbHbIe YaCTUIIBI YETBIPEXMEPHBI U OTANYAIOTCS
AUITh HaAM4YMEeM MAM OTCYTCTBMEM Macchl IIOKOs, KakK Hallpumep (OTOH M HelTpuHO. Bee
OcCTa/AbHbBIe YacTUIIbl BeceaenHo1, oOpasyioline B HallleM MUpe BUAUMYIO MaTepuio, a MOXeT
OBITH ¥ TEMHYIO TOXe, BKAIOYasl U DAEKTPUUYeCKU HeMTpaAbHble, SBASIOTCS, IIO-BUAVMOMY,
COCTaBHBIMM, TO €CThb cOAep>KaT B ceOe DAeKTPUYECKUI 3apsid SBHO UAM B CBSI3aHHOM BU/e,
KaK, CKa’keM, HeTPOH. DTO BhITeKaeT U3 BhIABMHYTOro Kak P. Auxe [9], Tak u Hamm [5] n
Ka>KyIIIerocsl eCTeCTBeHHBIM TpeOOBaHMs BBIIIOAHEHUS IPUHINMIIA 9SKBMUBAA€HTHOCTU He
TOABKO AASl TPaBUTALIMOHHOIO, HO TakKXe U AAsd BBeAEHHOIO HaMM BbIIIE HOBOTO
(pyHAaMeHTaABHOTO CKAaASIPHOTO IPAaBUTAIIVIOHHOTO II0AS (.

C momMoIIpIo 10Ay4eHHOTO HaMI OOOOIIeHNs ITOHATHS IIATYMEPHOI «peAsITUBUCTCKOM»
Macchl IIOKOsI 9acTUIII MOXKHO, KaK HaM AyMaeTcs, IOMBITAaThCA ITOAYYUTh PsJ HOBBIX U
BeCcbMa MHTepecHbIX caeactsuil. Hampumep, sHamenurtoe coorHomenne Aym ae bporias:
A =h/p cpasy pacmmpseT CBOM TI'PaHMIIBI, IIepeXO4s, HallpUMep, B A=h/p= 2\/k_0 “h -
@/e, n HamoaHseTcsl emé Ooaee raAyOOKMM CMBICAOM, a IOCKOABKY MMITyAbC CTaHOBUTCS
dyHKIMEN CcKaaspHOro 1oas @(t), agmabaTHyYeCcKM 3aBUCSIIETO OT KOCMOAOTMYECKOTO
BPeMEHH t, TO OTCI0Aa CAeayeT BhIBOJ, UTO y HaC IO Mepe 5BOAILN BeeaeHHOI 4AMHBI BOAH
U3AYyYalOIMX aTOMOB OyAyT MEHATbCA M STO MOrA0 Obl BHeCTM CBOM BKJad B
KOCMOAOTHYeCKOe KpacHoe cMenleHue [8] n 1ossoanth Doaee TOYHO OIIpeAeAUTh BO3pacT
Hawen Beceaennorn.
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XoTteaoch ObI TaKKe 400aBUTh, 4YTO U3A0KEHHBIe HAMM pe3yAbTaThl 4aAM BO3MOXKHOCTD
pacIIMpuUTh TOHATHE O TOPMO3HOM M3AYYEHUM U HOAYYUTh POPMYABI A4Sl BO3HMKAIOIITIX
TPEX BUAOB DTOTO M3AYYEHN: HA€KTPOMArHUTHOTO, CKaAsSPHOTO U CMEIaHHOTO [7].

B 3akarouenue xoreaoch OBl OTMETUTD, YTO ILATUMEPHBI IOAX0Z II03BOASET, KaK HaM
Ka’keTcsl, IPUOTKPBITh 3aBecy ellé U Haj IIpo04eMOll MarHUTHOTO MOHOIIOAs, KOTOPYIO B
1931 roay mocrasua Iloar Aupak [10]. B paborax [7,8] Ham yaaaoch mokasaTb, YTO B
HaCTosAIee BpeMs MBI JKMBEM B SIIOXY 9A€KTPOHOB, a ®IOXa MOHOIIOAEN CyllecTBOBaJa
AUIIb B CAMOJ HavyaAbHONM CTaAuM »BOAIOLMM BceseHHON 1 B HaIlly SIIOXY MX CKOpee BCero
yXXe HeT MAU OCTaA0Ch HeOOAbIIOe KOAMYECTBO PEeAMKTOBBIX B JaAbHUX 004aCTIX
Bceaennoii. Touka mepexoja MeXXAy STUMMU DIIOXaMM SBASETCS TOYKOM TaK Ha3bIBa@MOTO
TOIIOAOTMYECKOTO (pasoBOTO Ilepexoda 2-To poda BO BceaeHnnoil u mepesoiut eé B HeKMUii
aHaAOT CBePXTEKY4ero COCTOsHM:A, KOTOpOe, KaK HaM KaXeTcs, U HPUBOAUT K
Ha0AI04aeMOMY IIO BCIIBIIIKAM CBEPXHOBBIX TUIIA la yCKOpeHHOMy pacCIIMpeHMIO Halllen
Bceaennoi. Teomerpudeckm 3TO O3Ha4YaeT, 4YTO IATMMepHas Bceaenmnas craaa
UMAVMHAPUYECKON OTHOCUTEABHO IIATOM KoopamHatel. CaeloBaTeabHO, MBI MOXKEM
yTBep>KAaTh, 4TO NPUHIUI OTHOCUTeAbHOCTU yeThipéxmepHoit CTO Aanbepra DitHITelHA
MOXKeT OBITh pacIIMpeH B paMKaX ILITUMEPHON eAMHON Teopuu 1oas. boaee Toro, MoxkHO
IIOKa3aTh, YTO HTO paclIMpeHNe MMeeT MeCTO HPU KaXXAOM YBeANYeHU!U Ppa3MepPHOCTU
Haien ucxoaHon Beceaennoii.

Taxum obpa3oM, MBI Bc€ Doablile yOeskAaeMcsl BO BCE HOBBIX M HOBBIX BO3MOXKHOCTSIX
ILITUMEPHON TeOpUM IIOAs M MOKeM IloAarath, 4TO Ha STOM IIyTM HaM eIlé Ipuaercs
BCTPeTUTh, KaK U IIpejcKasbiBaa Beamkuii /ym ge bBpoiiap, HemMaa0 HOBBIX U BechbMa
BIIEUaTASIONINX pe3yabTaToB. IlocaegHue ®KcrepMMeHTBI IO ITOMCKY IISTOVM CUABI Ha
yckoputeae B baTaBum 4aioT HaM Ha 9TO HOBYIO HageXKAy.
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ABSTRACT

In this researching work has been investigated monocrystal InGaTe2 which gained by the method of
Bridgeman Stockbarger. This paper presents the different sized of imagines of crystal after synthesis and results
of researching photoconductivity of compound InGaTez based on this research it has determined the band
structure of this compound. Determination photoconductivity of this crystal under the action of 1st and 2nd
harmonic of neodymium laser radiation and the results of the investigation of an experimental study of
photoconductivity at wide range of temperatures and at different levels of optical excitation has been presented.
Photocurrent spectra of InGaTe:z crystal at laser excitation described by figure. The magnitude of band gap that
determined by other methods and by the photoconductivity had been compared. The values given from different
methods are approximately the same.

Keywords: monocrystal InGaTez, photoconductivity, tetragonal syngony, laser radiation, solid state physics,
Bricman-Stockbarger method

InGaTe: KRISTALININ SINTEZi VO FOTOKECIRICILiYi
XULASO

Bu isde Bridgeman Stockbarger metodu ilo alde yetisdirilmis InGaTe2 monokristali todqiq edilmisdir. Bu
sintez edilmis InGaTe2 kristalinin miixtalif Sl¢iilii niimunalarinden istifade etmakls fotokegiriciliyin tadqiqi
aparilmis, todqiqat asasinda bu birlosmenin zolaq qurulusu miisayysn edilmis ve naticelori isde 6z oksini
tapmisdir. isdo Neodim lazer siialanmasinin 1-ci vo 2-ci harmonikalari ils kristalin fotokegiriciliyinin toyini vo
genis temperatur diapazonunda, optik hayscanlanmanin miixtslif seviyyelarinda fotokegiriciliyin eksperimental
tadqgiqinin naticaleri teqdim edilmisdir. Lazer siialanmasi ilo hsyacanlanmanin naticesinds InGaTe:z kristalinin
fotocerayan spektrlori sokilde tesvir edilmisdir. Diger tisullarla ve fotokegiriciliklo miisyyen edilon zona
qurulusunun hesablanmasinin naticaleri miiqayise edilmisdir. Miixtslif tisullarla alinmis naticaler arasinda
uygunluq oldugu miisyyen edilmisdir.

Acar sozlar: InGaTe2 monokristali, fotokegiricilik, tetraqonal sinqoniya, lazer siialanmasi, bark cisim fizikasi,
Bricmen-Stokbarger iisulu.

CHHTE3 1 ®OTOIIPOBOAVMOCTD KPUCTAAAA InGaTe:
PE3IOME

B sannoi1 pabote gano pe3yabTaThl nccaeaosanms Kpucraada InGaTez, moaygennoro metosy bpuasxkmena-
Crokbaprepa. Vcroassyst obpasifsl pasHoro pasmepa kpucraada InGaTe: , nccaesoBano GpoTOIIpOBOAUMOCTD U
oIpeJeleHa 30HHAs CTPYKTypa ®TOro Kpucraada. Ha paborte aaHo ompedeaeHns PpOTOIPOBOAVMOCTH DTOTO
KpUcTaada TOJ AelictBueM 1-i1 m 2-i1 rapMoHM4eckoil usaydeHus: HeoammoBoro aasepa U pe3yAbTaThl
DKCTIePYMEHTaAbHOTO UCCAeAOBaHMs (POTOIIPOBOAUMOCTH B IIIMPOKOM Aualla3oHe TeMIlepaTyp IpU pa3ANIHBIX
YPOBHAX ONTHYECKOTO BO3OyXAeHms. I[loaydenme crekTpsl ¢oroTtoka Kpmcraada InGaTe: mpm aaseprOM
BO30Y>KA€HUM IIpeAcTaBAeHbl Ha PUCYHKe. BeAnumHBI IIMPUHBI 3allpelljeHHON 30HBI, IIOAYYeHHble APYIMMU
MeToJdaMM U B T.4. IO (POTOIPOBOAMMOCTU TakKKe AaHO AAHHON paboTe. 3HAaUeHNs, BEANIUHBI IIVPUHEI
3aIIpelleHHON 30HbI, II0Ay4eHHbIe pasHbIMI MeTOAaMU, IIPUMEePHO OAMHAKOBHI.

Kalouesbre caosa: monokpucraaa InGaTez, poTonpoBoguMOCTh, TeTparoHaAbHasl CUHIOHNS, Aa3epHOe
nsaydenue, pusnka TBepAOro Teaa, MeTog bpuasxmena- CrokGaprepa.
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Synthesis and Photoconductivity of Crystal in GaTe:

Introduction

Obtaining of new materials, a detailed study of their properties and functionality is
important for development of electronics, computing techniques, dielectric electronics, solid
state physics and other fields. Complex research of physical processes in new class
semiconductor compounds has practical importance which has attracted the attention of
researchers. Therefore chains and layered structures of a"g"cy types of compounds were
obtained based on the Tl atoms 3 and 1 valence in the TISe cage, their physical- chemical and
X-ray analyzes confirmed their existence. Studies have shown that these type compounds
have specific properties [1]. Anisotropy of chemical communication in these crystals causes
changeable in the optical, electrical, thermal, photoelectric properties of these compounds.
Because of these crystals have high sensitivity, memory-converting properties, they are
based on X-ray converters, photoconductors operating in visible and near-infrared regions,
high-sensitivity sensors and other components. Another feature of these compounds is that
their properties can be controlled by external factors. it seems that studying some samples of
A"B"c)' type compounds has revealed the possibility of their application in different areas.
Therefore, the study of such compounds has been extensively investigated, some properties
have been studied. Some of these compounds have a layered structure and others have a
chain crystal structure.

Based on the properties found in the optical and photoelectric properties of these
compounds, they are used in a wide range of applications from solar cells to nonlinear
technologies. One of these compounds is InGaTe2 with chained structure crystallize in a
tetragonal syngony [2,3]. Research data of this compound is less than other structural
analogues.

Single crystal of the InGaTe2 compound was grown by the Bricman-Stockbarger method.

The semiconductor properties of this compound are explained by the Muzer-Pearson
model. Band structure has been calculated by different methods. The results of these
calculations have been compared each other.

The temperature dependence of specific conductivity of this compound, the Holl and
thermal coefficients was studied, based on these determined the band gap, concentration and
conductivity of the carriers. This semiconductor compound has complex energy zone.

On the basis of the band structure calculated theoretical atomic coordinates and the
unit cell parameters of InGaTe:. Revealed that the theoretically calculated and
experimentally determined lattice parameters values are in good agreement. By authors of

0 0
[4] the lattice parameters were determined and given a=8.3945 A, c=6.8352 A. For the first
time on the different size of thin samples of this crystal we investigated the voltage-ampere
characteristic in static and dynamic modes at different temperatures [5].

In this work has been presented the result of investigation of this compound and
photoconductivity with the effect of laser radiation. The measurements have been done in a
monocrystal InGaTe2 which was grown by the Bridgeman method. In this paper we report
the results of the investigation of an experimental study of photoconductivity in InGaTe:
crystal at wide range temperature and at different levels of optical excitation.
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Content

The tellurides of A"g"cy' complex compounds are the receivers of radiation. Thus, the

effect of radiation on the properties of such compounds is being investigated. Although
some properties of InGaTez that one of the samples of this type compounds has been
investigated, this crystal has not been completely studied. So, in this work experiment was
carried out on this crystal that synthesed by Bricman-Stockbarger method.

One of the main advantages of this method is the ability to grow perfectly structured
crystal. The essence of this method is that a crystal core is created inside the crystal and
crystallization is carried out in the temperature gradient field [6].

The purity of elements used in the synthesis of InGaTe2 compounds was checked.

The same conditions were created for all samples in the device used for synthesis.
The quartz ampoule used in the synthesis was initially washed with a mixture of HF
and distilled water. After dry cleaning elements dried in a special oven and the air of
the ampoule which filled with stoichiometric elements is removed to 0.0133 Pa.The
samples placed in a special oven at 1000 °C and kept at this temperature for 24 hours.
The mixture was kept at 973°C for another 24 hours to ensure the homogeneity of the
alloy. During synthesis the ampoule is frequently shaken to ensure good mixing of the
elements. Then the ampoule was transferred from the high temperature zone to the low
temperature zone at a rate of 1.33 mm/h, after storage for 8 hours cooled to room
temperature. In the next stage X-ray phase analysis of the crystal that formed in an
ampoule cooled to room temperature can be carried out.

The figure shows the unexpanded surface, 2, 4 and 10 times expanded images of a single
crystal InGaTe:

Fig. Unexpanded (a), 10 times -(b), 4 times -(c) and 2 times -(d )
expanded shown of crystal InGaTe:

During the determining photoconductivity in the experiment measurements was done
on the sizes of crystal sample 6x3x1 mm?3. The lighting happens in the direction parallel to the
crystallography axes “c” [7- 9].
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It has determined that InGaTe2 monocrystals had p-type conductivity. At a high level of
optical excitation, the pulse laser Nd: YAG with built-in generators of the second and third
harmonics for generating radiation with a wavelength of 1064, 532, 355 nm. Intensity of laser
radiation was changed by means of calibrated neutral filters. The photoconductivity of
compound InGaTe:2 was investigated in the temperature range 132-373 K and dependence
has been described in figure.

The character optic transition in InGaTe: is seen from dependence | (hy). Here ;- is the
photocurrent. In the |f% ~ hv in the long-wave edge experimental points fall on a same line. It

shows that there is indirect transfer of energy 1, 02 eV in this crystal (Fig. a).

By this method is quite justified determination width of the band structure of
semiconductors. Obtained values of band structure for InGaTe: by other methods and by this
method has been compared. It shows that they are approximately the same (Eg=1,38 eV-1,42
eV).

The absorption coefficient for indirect transition for equals
a~ (hv-E,+E )* (1)
Where « - absorption coefficient, hv - is the energy of quantum, E - the width of the

band structure, E_-is the energy of the phonon that participating in indirect optic transitions.

For semiconductors photoconductivity is determined by the following equation:
Ao =euaf,r (2)
Where, e- is the elementary charge, m -is the mobility of carriers, a- is the absorption

coefficient, [3- is the quantum access, Io-is light intensity, 7z - is the lifetime of nonequilibrium
carriers.
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Fig. Photocurrent spectra of InGaTe: crystals with
different temperatures
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At one photon absorption the absorption coefficient is independent of light intensity, so
Ao ~1,. But at two photon absorption is a’~1, that is why Ac~a’-Io ~. There is a square

dependence in Lux-Ampere characteristic of photoconduction in this sample. It shows that
under the effect of laser radiation in the crystal InGaTe: appearances two photon
photoconduction. By investigating the optical and photoelectric properties, the bandgap of
compound InGaTe: and the type of inter-zone transitions were determined. It has been
shown that this compound has p type conductivity.

Photocurrent range is wide range of energy from 1,2 eV to 2,6 eV and photosensitivity of
the crystals increases according to temperature increase.

Materials and methods

In this work has been presented investigation of crystal InGaTe2 which crystallizes in the
tetragonal syngony, space group symmetry Dy, having the unit cell with parameters

a=8,463 A; c = 6,981 A and chain-like structure. The surface of crystal that obtained by
Bridgeman method researched by atomic microscope. The microrelief of surface of InGaTe:
compound was studied with the Atomic Force Microscope using MD mode. X-ray phase
analysis of the compound was carried out on the DPOH-2 diffractometer, in CuK radiation
using a nickel filter. Experiments carried out in different condition and in a wide
temperature range. In experiments as contact has been used silver paste. Photoconductivity
of the crystal investigated by collinear source of light at stationary mode. At higher level of
optic excitation, the pulse laser Nd: YAG with built in generators of the second and third
harmonic intended for generation of radiation.

Conclusion

Synthesis process carried out in different high temperatures and conditions. After
synthesis can be done X-ray analysis of crystal. By X-ray phase analysis of InGaTe: found in
the InTe-GaTe system revealed that the compound is in a chain crystalline structure and
crystallized in tetragonal syngony. Experiments of determining photoconductivity were
carried out under the effect of laser radiation, on the sample of InGaTe: crystal at wide
temperature range. It has determined that in this crystal appearance indirect transition. In
photogeneration of nonequilibrium current carriers by laser radiation, the mechanism of one-
photon and two-photon absorption of quantum is detected.

It should be noted that when the InGaTe: crystal is excited by the second harmonic of
the neodymium laser, the energy of the quantum (w7 =2.34 eV) is much higher than the
width of the band gap (Es =1.42eV) and photoconductivity is in bipolar character.
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TERMIK BUXARLANMA USULU iLO ALINMIS GaSe NAZIiK
TOBOQOSININ STRUKTUR, MORFOLOJI VO VOLT-AMPER
XAREKTERISTIKASININ TODQIQi
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XULASO

Toqdim olunan isde termik buxarlanma tisulu ilo alinmis GaSe nazik tebagesinin alinma metodikasi,
strukturu, seth morfolojiyasai ve100-300 K temperatur intervalinda volt-amper xarakteristikast ( VAX )
verilmisdir. Miiayyen edilmisdir ki, temperaturun artmasi ilo niimunalarin VAX-da qgeyri xattilik azalir vo omik
oblast kicik gorginliklor oblastina dogru siiriisiir. Miisahide olunan omik hissoeden tutma moarkezlorinin
konsentrasiyasi vo Fermi seviyyesinin tarazliq halindan siirlismesi, yiiriiklik ve sarbest yiikdastyicilarm
konsentrasiyasi hesablanmisdir Alinmis tebagenin sath morfologiyasiniln ve rentgenostruktur analizlori asasinda
miiayyen edilmisdir ki, soyuq altliq tizerinds alinmis tebaqelor amorf qurulusa , 100-300 C intervalinda termik
domlanmis niimunlarda ise qisman kristallasma miisahide olunur.

Acar sozlar: GaSe nazik tabaqasi, Termik buxarlanma, VAX, yarimkegirici, atom -qiivve mikroskopu(AQM)

STUDY OF STRUCTURAL, MORPHOLOGICAL AND VOLT-AMPERE CHARACTERISTICS OF GaSe
THIN FILM OBTAINED BY THERMAL EVAPORATION METHOD

ABSTRACT

In the presented work, the obtaining methodology, structure, morphology and VAC at different
temperatures of GaSe thin film by thermal evaporation method are given. It was found that the Volt-Ampere-
characteristic (VAC) shifts towards the region of low voltages at different temperatures. From the observed ohmic
part, the concentration of capture centers and the shift of the Fermi level from the equilibrium state, the mobility
and the concentration of free charge carriers were calculated. The surface morphology and X-ray structural
analyzes of the obtained layer were performed. It was determined that the layers obtained on a cold substrate
have an amorphous structure, and the samples thermally annealed in the range of 25-300°C have a polycrystalline
structure.

Key words: GaSe thin film, thermal evaporation, VAC, semiconductor, atomic force microscope (AFM)

NCCAEAOBAHME CTPYKTYPHBIX, MOP®OAOTUYECKNX U BOAbT-AMITEPHBIX XAPAKTEPMCTHUK
GaSe TOHKOW ITAEHKY, TOAYYEHHON METOA0M TEPMUYECKOT'O

PE3IOME

B mpeacrasaenHol paboTe mpuBeAeHB METOAOAOTM ITOAY4YeHM:, CTPyKTypa, Mopdoaorua nu BAX mpu
Ppa3AnYHBIX TeMIIepaTypax TOHKOI 1aeHKu GaSe MeToa0M TepMmdeckoro ncnapenus. ObHapy>keHo, 910 BoabT-
amriepHas xapakTepucrtuka (BAX) cmeraercst B 004acTh HU3KUX HaNPsKEHUI IIPU Pa3AMIHBIX TeMIlepaTypax.
M3 mabaiogaemMoii OMIYECKOl 4YacTy, KOHIIEHTpaIus IIeHTPOB 3axBaTa M cMelleHue yposHs Pepmu oOT
PaBHOBECHOTO COCTOSIHUS, TOABVKHOCTh UM KOHIIEHTpalus CBOOOAHBIX HOCUTeAell 3apsja ObLAM pacCuMTaHBL
boian mposeaeHs! MOPQOAOTHYECKUIT M PEHTTEeHOCTPYKTYPHBIN aHaAWU3Bl ITOBEPXHOCTHM ITOAYYEHHOTO CAOSL.
YcTaHOBAEHO, YTO CA0M, TOAyJ4eHHbIe Ha XOAOAHOW ITOAAOXKKe, MMEeIOT aMOp(HYIO CTPYKTypy, a OOpasIibl,
TepMMYEeCKM OTOXK>KeHHBbIe B AnaniasoHe 25-300°C, MMeIoT ITOAMKPUCTAAANIECKYIO CTPYKTYPY.

KaroueBble caoBa: ToHkas mnaeHka GaSe, Tepmmdeckoe wucrapenne, BAX, M0OAynpoBOAHMK, aTOMHO-
cna0Bo¥1 MuKpockorr (ACM)
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GIRiS
Giinos enerjisinin elektrik enerjisino ¢evirmoak {i¢iin yarimkegirici asasinda hazirlanan

fotogeviricilordon istifade olunur. Belo fotogeviricilori hazirlamaq {iclin yarimkegirici
materiallar asagidaki tolablors cavab vermalidir:

* Yarimkecirici materialin qadagan olunmus zonas: Giinas spektrine uygun olmalidir
vo qadagan olunmus zona 1,4- 2.0 eV olmalidur.

* Yarimkecirici material yiiksok fotohassaslia malik olmalidir.
* Sarbest yiikdasiyicilarin konsentrasiyasi asag: ve yriikliiyii yiiksak olmalidir.
* Temperatura qars1 davamli olmalidr.

Bu sortlor esasinda hazirlanan fotogeviricilorin faydali is emsali 20-24% tagkil edir.
Fotogeviricilor asasen Si ve GaAs asainda hazirlanir. Har iki elementin fotohassaslig1 spektrin
uzundalga oblastina diisdiiyiinden onlarin fi.e. asagidir. Diger terafden monokristaldan
istifade edildiyinden onlar igtisadi cehatden semarsli deyil. Ona gore de nazik tebeagali
(amorf maddsalar — a-Si) istifads olunur. Bels materiallarin parmetrlori giiclii deqradasiyaya
ugradigindan praktki cohatdan slverisl deyil.

Yuxarida geyd olunanlarin tahlili gosterir ki, fotogeviricilarin effektivliyini artirmaq
moasadi ilo daha samarali, yoni parametrlori Giines spektrins uygun materiallarin alinmasi ve
onlar asasinda yeni sturukturlarin alinmasi ve xarakteristikaliin tedqiqi elmi vo praktiki
cohatden shamiyyst dasiyir.

Belo materiallardan biri do nazik tebaqeli GaSe monokristalidir.Bu kristalin qadagan
olunmus zonasa- 1.8-2.0 eV tagkil edir. Giinas spektrinds yiiksak fotohessashiga malikdir.
Almma tisulu praktiki cehatden alveriglidir.Vakuum postunda miisyyen texnoloji soraitds
amorf- GaSe nazik tebesi almir. Onu Se -miihitinde termik demladikden sonra
monokristallik tebage almaq miimkiindiir. Alinmis tebagalarin elektrik vo foto xassolori
genis temperatur intervalinad tedqiq edilir. Defektlorin kompensasiyasini idars etmoak iiglin
gamma siialarin tesiri ile emal olunur. Sonra uygun olaraq heterokecid hazirlanir.

TODQIQAT METODU

Ga-Se arintisi almagq ticiin temizlik daracasi yiiksak olan selen ve qalliumdan istifade
etmoklo homogen GaSe bark mahlulu sintez edilmisdir. Alinmis p-GaSe bark mahlul termik
buxarlanma tisulu ils, se¢ilmis optimal rejimda ve miixtalif temperaturlarda qizdirilmais sitall
16vhe tizerine ¢okdiiriilmiisdiir [1]. Glimiis kontakt ilo kristalin yaratdig1 kontaktin Volt-
Amper xarakteristukas: (VAX) miixtelif temperaturlarda tedqiq olunaraq kontaktin omik
xarakterli oldugu miisyyen edilmisdir.Nazik tebagelerin iist sathlorine vakuumda termik
buxarlandirma tisulu ile arasindaki masafe 2-3 mm olan giimiis kontaktlar ¢okilmisdir.
Hazirlanmis niimunalorin xiisusi miiqavimatlori 10%-10° Om-sm intervalinda dayismisdir.
Niimunslerin volt-amper xarakteristikast vo xiisusi elektrik kegiriciliyi sabit corayanda
Olctilmisdiir [2].

Alinmis tebagenin sath morfologiyast ve rentgenostruktur analizleri aparilmigdir.
Miisyyen edilmisdir ki, soyuq althq tizerinds alinmis tebageler amorf qurulusa , 25-300 C
intervalinda termik demlanmis niimunlar ise polikristallik qurulusa malikdir. Lakin sitall
tizorinde alinmis amorf qurulusa malik oldugundan onun sothinde miixtalif formali vo
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darinlikli potensial ¢lixiirlarin olmasi sebabindan bels sathe adsorbsiya olunan molekullarin
yliriiklii olmasini ve neticode miixtalif Ol¢iilii ve formali fazalarin yaranmasina serait
yaranir. 250-300 °C temperaturda tesirsiz qaz miihitinde 3-5 saat miiddstinds termik
demlenmis nazik tebaqgalerds iss periodik payalanan ¢okiik ve hamar relyev miisahide
olunur.

Alinmus strukturun elektrik vo fotoelektrik xassalarinag, o climladon VAX-na ionlasdiric
stialarin ve onun radiasiya siialarma qars: davamligi dyrenilir

TODQIQAT iSININ MUZAKIROSI VO ONUN NOTICOLORI
Sokil 1-do miixtalif rejimlords alinmis GaSe- tobagoasinin VAX- verilmisdir.

Sakil 1-den goriiniir ki, VAX-r1 T=300 K-da har 3 grafik iki hissaden — kvadratik ve
kaskin qalxma hissasinden ibarstdir. 1-3 ayilerinin miiqayisesi gostorir ki, althgm
temperaturu artdiqca GaSe — niimunasinda lokal kristallasma morkazi yaranir ve naticads
niiminadan kegon careyanin giymsati hem kvadratik hissede , hem de keskin galxma
oblastinda artir. 1-ayri- amorf hal niimunanin amorf halina uygundur ve sahas intensivliyinin
artmasi ilo coerayan eksponensial qanunla artir.

2 voa 3 ayrilerilerinin xarakterinden goriiniir ki, althgmn miixtelif temperaturlarda
qizdirilmas: zamani lokal kristallasma markezlori yarandigindan cerayanin qgiymati dayisir
va VAX- kigik gorginlik oblastina teraf siiriisiir. $akil 1-da 4-6 ayrilerinden goriiniir ki, 100 K-
temperaturunda nazik tebagalerin miiqavimatin artmasi sebabinden VAX-nin kvadratik ve
kaskin qalxma oblastirinin gerginliyin yiiksak qiymeatlari terafe siiriismasi bas verir. GaSe
tobagesinin VAX-1 lampertin injeksiya nazeriyyesi ssasinda tehlil edilmisdir. Miisyyan
edilmisdir ki, miixtalif temperatur ve elektrik sahalarinde VAX-nin geyri xotti olma sababi
monopolyar injeksiya ilo baghdir.

N
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Sakil 1. Miixtalif rejimlards alinmis GaSe nazik tabaqgalarin VAX-s1
Miisahide olunan omik hisseden tutma markazlerinin konsentrasiyast ve Fermi
soviyyasinin tarazliq halindan siiriigmasi, yiiriiklik ve sarbast yiikdagiyicilarin
konsentrasiyas1 hesablanmisdir. Belslikls, p-GaSe nazik tebagalarinds cersyanin ke¢ms
mexanizmina elektrik sahasinin va temperaturun tesiri arasdirilmis ve uygun nazari, o
ctimladan tacriibi naticalarla [3-5] miiqayisali arasdirmaya asasen miisyyen edilmisdir ki,
GaSe nazik tebagealerinda cerosyanin ke¢mo mexanizmi domlonma temperaturundan asili
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olaraq gismen doyisir. Termik demlonme zamani defektlorin nizamlanmasi naticasinda
qurilmis Ga- Se rabitalorin barpasi hesabina yaranan kristallasma moarkazlori tebagoalorde
yiikiin dasinma mexanizminda asas rol oynayir.

Alinmig tebagenin sath morfologiyasi(sekil 2) ve rentgenostruktur analizlari
aparilmigdir(sekil 3). Miiayyen edilmisdir ki, soyuq althq iizerinde alinmis tebagaler amorf
qurulusa , 25-300° C intervalinda termik demlonmis niimunlaer polikristallik qurulusa
malikdir. $okil 2.b-do gosterilon atom -qiivve mikroskopunda (AQM) aparilan GaSe
tobagasinin sath relyefinin mikroskopik tadqiqatlarindan alinan naticalar doe, kigik Olciilii
kristallasma markazinin oldugunu gostarir.

b
Sokil 2. a. Soyuq altliq ve b-termik demlenmis GaSe tabaqalarinin 2D ve 3D tasvirlari.

[6]-isindo gosterildiyi kimi maddalerin kristallik ve amorf hallarinda atomlarin yaxin
diiziiltis faktinin olmasi onlar arasinda keaskin serhaddin olmadigini demoays imkan verir.
Amorf maddalorde atomlarin uzaq diizliis faktinin olmas: ise, qadagan olunmus zonada
yiiksak sixliql lokal seviyyslarin yaranmsina sebab olur. Onlarin yaranma sababi iss icazali
zonanin kanarinin ayilmasidir[7].
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Sokil 3. a-ilkin vo b-termik demlanmis GaSe nazik tabagalarinin Rentgen analizi

Sokil 3. a-da ilkin niimuns, b- do ise 200 °C-do termik demlonmis GaSe nazik
tobagalarinin rentgen analizlari tasvir olunmusdur. Odasbiyyat aragsdirmalarinan ve alinmais
tocrtiibi naticalor asainda demoak olar ki, termik demlonma zamani defektlarin paylanmas:
naticasinda kigik Ol¢iilii kristalasma moarkazlori yaranir [8-10]. Qeyd olunan faktlar asasinda
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dembak olar ki, amorf GaSe nazik tobaqada Ga-Ga vo Se-Se, o climladan (Ga-Se) rabitslarinin
qurilmasi hesabina lokallasmis energetik saviyyaler yaranir. Bu saviyyarler 6ziinii defekt

toplusu kimi aparir. Yaranan defekt toplusu qeyri-stabil oldugundan dissosasiya edarak
yiiklii markozloara gevrilir (FO —F* + F) vo sistemo enerji verdikdes (qizdirildiqda) ise, qirilmis
rabitaler boyunca elektronlarin kegidi hesabmna sistem dayanaqli hala gslir. Bu zaman
yaranan defektin elektron konfiqurasiyasi doyisdiyinden materialin xassolori do dayisir.
Almmus tacriibi faktlar ssasmnda demok olar ki, soyuq atliq iizarinde alinmis GaSe nzik
tobagasinde miisahide olunan energetik saviyyslor Ga —atomunun qurilmis rabitenin

hesabina yaranir va termik demladikds iss, qisman barpa olunur.

® N e ®
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PEQ-LIMON TURSUSUNUN NA DUZU-SU IKiFAZALI
SISTEMININ FAZALARININ FiZiKi-KIMYOVI
XASSOLORININ TODQIQI

SAHBAZOVA G.M,, OLIYEV E.Z.,MiRZBZADG A.V.,, TEYMUROVA J.Z.
Baki Dovlat Universiteti, Azarbaycan
shahbazova.gunel@mail.ru

XULASO

Toqdim olunan isde PEQ-limon tursusunun Na duzu-su ikifazali sisteminin fazalarinin fiziki-kimyevi
xassalari todqiq olunmusdur. Bunun iiglin ilk 6nce limon tursusunun natrium duzu moehlulunun struktur
xtisusiyyatlori arasdirilmis (6zlii axinin aktivlosma parametrlori, struktur temperaturu) ve ona PEQ-in tesirine
baxilmisdir. Daha sonra baxdigimiz mahlullar ikifazali sistem verdikden sonra onu fazalarmna ayirib, asagi ve
yuxari fazadaki mohlullarin kinematik ve dinamik ozliiliiklari, sixliqlar &lciilmiisdiir. Ozliiliiyiin temperatur
asililgindan istifade edarsk 6zlii axinin aktivlesme parametrlari (AG,, , AH, , AS,,), struktur temperaturu (Tsu)
toyin olunmusdur.

Acar sozlar: ikifazali sistemlor, polietilenglikol, limon tursusunun natrium duzu, ozliliik, aktivlesma
parametrlari

STUDY OF THE PHYSICAL-CHEMICAL PROPERTIES OF THE PHASES OF THE PEG-SODiUM
CITRATE-WATER TWO-PHASE SYSTEM

ABSTRACT

In the presented work, the physicochemical properties of the phases of the two-phase system PEG-sodium
citrate-water were studied. For this, first of all, the structural properties of sodium salt solution of citric acid were
investigated (viscous flow activation parameters, structural temperature) and the effect of PEG on it was
examined. Then, after the two-phase system was formed by the solutions we considered, it was separated into its
phases, and the kinematic and dynamic viscosities and densities of the solutions in the lower and upper phases
were measured. The activation parameters of the viscous flow (AG, , AH, , AS,,) and structure temperature (Tst)
were determined from the temperature dependence of viscosity.

Keywords: two-phase systems, polyethylene glycol, sodium salt of citric acid, viscosity, activation
parameters

VICCAEAOBAHUE ®V3NKO-XIMMUYECKIX CBOVICTB ®A3 ABYXDPA3HOV CICTEMBI I13T -
LOUTPAT HATPUSI-BOAA
PE3IOME

B mpeacrasaenHol paboTe mccaeioBaHbl GU3MKO-XUMIIecKne cBoiicTsa a3 aByxdasHoit cuctemsr I19I-
LIUTPAT HAaTpUsI-BOAa. A5 DTOTO IIPeXKAe BCEro ObLAM MCCAeA0BaHBI CTPYKTYPHBIE CBOJICTBA PacTBOpa HaTPUEBOIL
COAM AVIMOHHOJI KMCAOTBI ([lapaMeTphl aKTUBALMM BSA3KOTO TeUEHI:s, CTPYKTYpHasl TeMIlepaTypa) I pacCMOTPEHO
BAUsHIE Ha Hero . 3areM, Iocae oOpasoBaHus AByX(a3HONM CHUCTEMBI M3 PacCMOTPEHHBIX HaMM pacTBOPOB, ee
pasgeasan Ha ¢asbl U U3MEPSIAM KIMHEMATUYECKYIO U AVHAMUYECKYIO BSI3KOCTM M IIAOTHOCTYM PacTBOPOB B
HIDKHeNT u Bepxseil ¢asax. Ilo TemmepaTypHON 3aBMCHMOCTM BS3KOCTU OIIpeAeAsiAM aKTUBAlLIVIOHHBIE
apaMeTphl Baskoro teuenns (AG, , AH, , AS,,) u TemnepaTypy koHCTpyKiyn (Tst).

Karouesbie caosa: Z],Bqu)aSHI)Ie CUICTEMBI, ITIOAMDTUACHIAMKOAD, HaTpmeBas COAb AVIMOHHOI KMCAOTBHI,
BJIBKOCTD, aKTMBAILIVIOHHBIE IIapaMeTpPBhI.

Bioloji hissaciklar qarisiglarinin komponentlarinin har birinin ayriliqda tadqiq etmak
magsadi ile ayrilmasi ve temizlenmasi qarsisinda tibbi ve farmokoloji senayelsrin qoydugu
toloblor giin glindon artmaqdadir. Kimyavi maddalerin ayrilmasi ve temizlonmasi iiglin
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movcud olan ¢oxlu sayda metodlar bioloji maddslsrin temizlenmasi {iciin yaramur, bioloji
materiallar miixtalif faktorlarin tasiri naticesinds asanliqla 6z bioloji aktivliklerini itirirlar,
denaturasiyaya ugrayirlar. Ona gore da son zamanlar bioloji maddalarin temizlenmasi tigiin
“yumsaq” miihit tomin olunmagqla bir sira xiisusi metodlar islanib hazirlanmisdir, lakin bu
metodlar boyiik emak telab edir ve baha basa galir.

Albertson |11 bioloji materiallarin ayrilmasi ve tomizlenmasi {iciin sads, ucuz ve
samarsli metod-maddslerin ikifazali su-polimer sistemlarinds geyri-barabar paylanmasina
asaslanan metodu islayib hazirlanmisdir. Malumdur ki, kimyovi xassalori bir-birinden
forglenan iki polimerin va ya bir polimer va bazi elektrolitlorin sulu mahlullarmn
qarisiginin, komponentlerin  konsentrasiyasinin = miiyyen bir giymetinden bdytik
giymaotlarinds iki fazaya ayrilir. Bels ikifazali sistemin fazalarmin biri polimerin biri, digari
iso ikinci polimerls zongin olur. Fazalarda halledici sudur ve har iki fazanin asasimi toagkil
edir (~70+95%). Belo sistemo bioloji obyektlor (ziilallar, hiiceyralar, viruslar ve c.)
qarisig1 daxil edildikds, onlarm har bir novii sistemin bu ves ya diger fazasinda toplanirlar.
Biomateriallarin ~ ikifazali sistemds paylanmasi onlarin ferdi xiisusiyyatlarinden,
fazasmolagetiron komponentloarinin tebistinden ve konsentrasiyasindan, sistems edilon
alavalorin konsentrasiyasindan ve tobistinden asilidir.

Miiasir tesavviirlore gors sistemin fazalarda strukturuna ve termodinamik halina gora
forglonan iki su-polimer strukturu formalasir | 11. Bu iki fazalar bir birlerindon fiziki-
kimyavi xassalarine gore ve miixtalif paylanan hissaciklars harisliklerine gora farglanirlar.
hesan edirik ki, homogen-heterogen faza kegidinin bas verma ardicilligin izlasak, onlarin
ayriliqda bir sira fiziki-kimyevi xassalarini tadqiq etmak aktualdir.

Ozlii axinin aktivlosmoe parametrlori dedikds, baxilan sistemin 6zlii axinin aktivlagsma
parametrlorinin - Gibbs sarbast enerjisinin (AG,), entalpiyanin (AH,) vo entropiyanin
doayismasi (AS, ) basa diistiliir [2, s.32- 35] Ozl axinin aktivlesmo parametrlarinin (AG,,, AH,,
, AS, ) miixtalif xarici amillordon (temperatur, konsentrasiya vo s.) asililiglarinin tahlili,
mayeloards, o climladen mahlullarda yaranan struktur deyigsmslerinin tedqiqinds miihiim rol
oynayir [2, s.32-35]. Mayelarin 6zlii axinin aktivlesma parametrlari, miixtslif xarici amillarin
tosirilo mayelorde yaranan enerji ve struktur dayisikliklorini miiayyen etmays, sulu
mohlullarda hidrogen rabitelorinin omsale golmoasi ve qirilmasi haqqinda miiayyen
informasiya alde etmaye imkan verir [3, s.23], [4, s.7185], [5, 5.1457]. Ozlii axinin aktivlesma
Gibbs enerjisi (AG,)) verilmis tozyiq ve temperaturda 1 mol maye molekullarinin axin halina
ke¢masina sarf olunan enerjidir. Ozlii axinin aktivlasma entalpiyas1 (AH,, ) mahlulda yaranan
dayigsmaleri enerji baximindan xarakterize edir. Bels ki, AH, -mn giymsatinin boyiik olmasi
baxilan sistemin daha mohkem struktura malik olmasin gosterir. Ozlii axinin aktivlesme
entropiyasi (AS, ) iso mayeds movcud nizamliliq haqqinda qiymatli melumatlar verir.

Isds Ispaniyanin “Panreac” firmasinin istehsal etdiyi molekulyar ¢akisi Ma=6000 olan
PEQ ve limon tursusunun natrium duzundan istifade edilir. Biitiin tacriibalor kvars
plitelarinds ikiqat distills edilmis su ile aparilmigdir. PEQ-in ilkin mahlulunu (adsten 39%)
hazirlamagq {iciin miisyyen miqdarda polimer tarszids ¢ekilmis ve su hamaminda 100°C-da
qizdirilmaqgla 10-15 daqgige suda hall edilmisdir. Sterilizasiya etmak tiglin polimer mahlulu
isti halda siiziiliir vo 20 q gablarda soyuducuda saxlanilir. Limon tursusunun natrium
duzunun sulu moahlullar1 (adaton 37%) hazirlanmis ve sonra faizle ifade edilmisdir.
MBoshlulun 6zliiliiytinii 6lgmak tigtin SVM3000 Stabinger viskozimetrindan istifads etdik.
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Ikifazali sulu polimer sistemlarinin asas xarakteristikalarindan biri onun binodal
ayrisidir (hal diagrami). Tkifazali sulu polimer sistemlarinin binodali dedikda, Cpon Vo Cpoi2
asiiiginda birfazali oblastdan ikifazali oblasta kegan noqtslarin handasi yeri basa diisiiliir.
Sekil 1-da sxematik olaraq baxdigimiz PEQ-limon tursusunun Na duzu-su ikifazal
sisteminin tipik hal diaqrami verilmisdir.

35 y = -0.9721x + 24.608
30 °® y =-0.9717x + 26.558
[ ]
25 y =-0.9777x + 27.608
°
: =-0.9787x + 19.556
o 20 s v X
(=)
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o ) .
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Sokil. 1-PEQ-limon tursusunun natrium duzu-su ikifazali sisteminin hal diaqrami ve binodal ayrisi

Sakil 1-ds binodal eyrisinden asagidaki oblast birfazali-homogen oblast, yuxaridak:
oblast ise ikifazali-heterogen oblastdir. Basqa sozls, yuxar: oblastdan gotiiriilmiis istonilon
noqtonin koordinatlarina uygun sistem termodinamik tarazliq halina goaldikde iki fazaya
ayrilmis olacaq. Miiasir tosavviirlore gore sistemin fazalarda strukturuna ve termodinamik
halina gora ferqlenan iki su-polimer strukturu formalasir |1 |. Bu iki fazalar bir birlerinden
fiziki-kimyavi xasselorine gore ve miixtalif paylanan hissaciklers harisliklarine gore
forglenirler. hesan edirik ki, homogeny-heterogen faza kegidinin bas verms ardicilligini
izlasok, onlarin ayriliqda bir sira fiziki-kimyovi xassealorini todqiq etmak aktualdir.

Toqdim olunan isde PEQ-limon tursusunun Na duzu-su ikifazali sisteminin fazalarimin
ayriliqda fiziki-kimyevi xassalori tadqiq olunmusdur . Bunun ti¢iin hom heterogen oblastda,
ham de homogen oblastdan gotiirdiiytimiiz noqteys uygun mohlul hazirliyib, baxdigimiz
ikifazal sistemi fazalarina ayirib, asag1 ve yuxari fazadaki mehlullarin 6zliiliikleri, sixlhiglari,
sindirma amsaly, elektrikkegiriciliyi dl¢iilmiisdiir. Ozliiliiyiin temperatur asililgindan istifads
edarak 0zlii axinin aktivlosma parametrlari (AG,, , AH,, , AS,,), struktur temperaturu (Tst)
toyin olunmusdur.

Baxilan sistemlarin normal atmosfer tozyiqinde miixtalif temperaturlarda sixliginn,
dinamik , kinematik 6zliiliiyiiniin tecriibi qiymatleri cadval 1-2-ds, 6zIii axininin aktivlesma

parametrlarinin (AG; , AH: Vo AS; ) hesablanan qgiymeatlari cadval 3,4-ds gostarilmisdir.
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Cadval 1. PEQ-limon tursusunun Na duzu-su ikifazali sistemini fazalara ayirdiqdan sonra asag: fazadaki
mohlullarin dinamik, kinematik 6zliiliiklari, sixliqlar:

N t, C n, mPa*san v, mm?/s 0, q/sm?
1 25 4.3453 3.5603 1.2205
2 30 3.7592 3.0819 1.2198
3 35 3.2992 2.7176 1.2140
4 40 2.8371 2.3410 1.2119
5 45 2.5623 2.1271 1.2046
6 50 2.2908 1.8997 1.2059
7 55 2.0843 1.7331 1.2026

Cadval 2. PEQ-limon tursusunun Na duzu-su ikifazali sistemini fazalara ayirdiqdan sonra yuxar1 fazadaki
mohlullarin dinamik, kinematik 6zliiliiklari, sixliglar:

N t, C n,mPa*san v, mm?/s 0, q/sm?
1 25 149.72 137.22 1.0911
2 30 124.68 114.60 1.0880
3 35 102.37 94.561 1.0826
4 40 78.743 72.856 1,0808
5 45 73.925 68.670 1,0765
6 50 63.345 59.040 1.0729
7 55 53.642 50.200 1.0686

Cadval 3. PEQ-limon tursusunun Na duzu-su ikifazali sistemini fazalara ayirdiqdan sonra yuxar1 fazadaki

# # #
moahlullarin miixtalif temperaturlarda 6zlii axininin aktivlasma parametrlori (AGU , AH n Vo ASU )

T AG AH AS
298.15 1244197 72471.5 242.0706
303.15 1247741 72086.64 236.792
308.15 1245197 68809.54 222.2989
313.15 1223972 62915.66 199.9122
318.15 1243812 54654.66 170.789
323.15 1237213 44253.06 135.9428
328.15 1242414 31916.58 96.26217

Cadval 4. PEQ-limon tursusunun Na duzu-su ikifazali sistemini fazalara ayirdiqdan sonra asag1 fazadaki

# # #
mohlullarin miixtelif temperaturlarda 6zlii axininin aktivlesms parametrlari (A677 , AH n Vo AS?] )

T AG AH AS

298.15 367198.7 -9481.05 -32.7996
303.15 365639.9 -9482.02 -32.2783
308.15 365609.8 -9482.96 -31.7738
313.15 359130 -9483.86 -31.2854
318.15 354918.7 -9484.74 -30.8122
323.15 345750.2 -9485.59 -30.3535
328.15 356736.1 -9486.42 -29.9088

Cadvallerden goriindiiyii kimi, temperatur artdiqca 6zlii axinin aktivlesma entalpiyasi
va entropiyasi azalir. Baxdigimiz ikifazali sistemds yuxar: faza PEQ-Is zengin oldugundan,
hamin fazada 6zlii axinin entalpiyasi da boyiik olmalidir. Bu natico do tacriibade tesdiq
olunur.

86



PEQ-LIMON tursusunun NA duzu-su ikifazali sisteminin fazalarinin fiziki-kimyavi xassalorinin tadqiqi

Cadval 5-do Su-limon tursusunun Na duzu ve PEQ-su-limon tursusunun Na duzu
sistemlarinin ikifazali system vermadan, ikifazali verdikdan sonar sistemin yuxar1 ve asagi
fazalarindaki mahlullarin struktur temperaturu verilmisdir.

Cadval 5. Su-limon turgusunun Na duzu ve PEQ-su-limon tursusunun Na duzu (ikifazali vermadan, ikifazali
sistemin yuxar1 va asag1 fazalari) sisteminin struktur temperaturu

MBohlullar Tstr

Su-limon tursusunun Na duzu-PEQ (yuxar1-PEQ 177
¢ox olan faza)

Su-limon tursusunun Na duzu-PEQ (asagi-limon 211

tursusunun natrium duzu ¢ox olan) fazadaki mahlul

Su-limon tursusunun Na duzu 148
Su-limon tursusunun Na duzu-PEQ (ikifazali 160
vermir)

Struktur temperaturu bilavasite mayeds olan strukturlagdirici qarsihigh tesirlerla
alagodar parametrdir. Bu sebabdon do har hansi faktorlarin tasiri ilo mayenin (moahlulun)
strukturunun doyismosi struktur temperaturunun qiymsetini doyisdiracok. Belo ki, sulu
mohlulun struktur temperaturu temiz suyun struktur temperaturundan boyiikdiirss, suya
alave edilon madds suyu strukturlasdirir. 9gar sulu mahlulun struktur temperaturu temiz
suyun struktur temperaturundan kigikdirss, suya slave edilon madds suyun strukturunu
dagidur.

Tomiz suyun struktur temperaturu Ts«=146K oldugundan, deyo bilorik ki, limon
tursusunun Na duzu suya neytral tosir edir, lakin PEQ-in tesirilo bu sistem suyu
strukturlasdirir. PEQ-in suyu strukturlasdirdigi melumdur.ona goras ikifazali sistemin yuxar1
fazasinda PEQ ¢ox oldugundan struktur temperaturu da hemin fazada daha ¢oxdur.
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XULASO

Todqiqat isinde mayelorin sothi gorilms hadisasinin Nyuton ve Laplas mexanizmlari verilmisdir. Laplasin
statik modeli asasinda mayelordo sathi gerilmenin ve bununla bagli tezyigin yaranmasi izah edilmisdir.
Gostorilmisdir ki, bu models gors hissaciklararas: itelome qiivvesini sixilmayan mayenin biitiin hacminda tesir
gostoron daxili tezyiqgle ifado etmok olar. Mayelorin sathi gorilmasini xarakterize etmak maqsadi ilo riyazi
hesablamalar aparilmis ve ilkin sortlorden asilt olan model miisyyon edilmisdir. Kapilyarliq sarti {i¢iin Yung
modeli arasdirilmis ve baslangic sortlori miioyyen edilmisdir.

Agar sozlor: maye, sathi garilmo, kapilyarliq, Laplas modeli, Yunq modeli.
MEXAHU3MBI [IOBEPXHOCTHOT'O HATSIKEHUS JKUAKOCTEN
PE3IOME

B ®TOM MccaeaoBaHUM M3ydeHBI MeXaHM3MbI ITOBEPXHOCTHOTO HaTsDKeHMs Kuakocreii. Ilokasanbl mexa-
HI3MBI IIOBEPXHOCTHOIO HaTsKeHus HpioToHa 1 /lanaaca u 4aHO OOBsICHEHME STIX MEXaHI3MOB. Y CTAaHOBAEHO,
9TO CcTaTmMyecKas mMogeab /lamniaca MosKeT OBITH ITpUMeHeHa K (POPMUPOBaHUIO ITOBEPXHOCTHOTO HATSKEHUA U
CBA3aHHOTO C HUM JaBAeHus B XXuaxoctsx. [TokasaHo, 4To B paMKaX 9TOI MOAeAU C1Aa OTTaAKMBAaHUA MeXAy
JacTULIaMU MOKeT OBITh 3aMeHeHa BHYTPEHHNM JaBAeHleM, AeMICTBYIOIIMM Ha BeCh 0ObeM HeCKIIMaeMOIl JKIA-
Koctu. Aast XapaKTepUCTUKM TIOBEPXHOCTHOIO HaTSIKeHIs SKIAKOCTell ObLAM IIpOBeAeHbl MaTeMaTyecKue pacde-
THI U OTIpejeleHa MO/JeAb, 3aBUCAIas OT HadaAbHBIX ycaosuit. Viccaegosana mogean IOHTa 444 ycaA0BUS KannAa-
SIPHOCTU U OIIpeJeAeHbl HadaAbHblIe YCAOBISL.

Karouesvie caosa: xudiocmo, nosepxrocmuoe nHamsxenue, moderv Aanraca, moderv IOnza.
MECHANISMS OF SURFACE TENSION OF LiQUIDS
ABSTRACT

This study explored the mechanisms of surface tension in liquids. The mechanisms of Newton's and
Laplace's surface tension are shown and an explanation of these mechanisms is given. It has been established that
the static Laplace model can be applied to the formation of surface tension and associated pressure in liquids. It is
shown that, within this model, the repulsive force between

particles can be replaced by internal pressure acting on the entire volume of an incompressible fluid. To
characterize the surface tension of liquids, mathematical calculations were carried out and a model was
determined that depends on the initial conditions. The Young model for the capillarity condition is investigated
and the initial conditions are determined.

Key words: liquid, surface tension, Laplace model, Young model
Giris
Mayeloarda bas veran proseslarin todqiq edilmasi fizika vo texnikanin asas todqiqat isti-

gamatlarinden hesab olunur [1-3]. Mayeloarin bark cisimlor vo qazlarla oxsar xiisusiyyatlari-
nin olmasi onlarin araliq movqe tutmasi ils baghdir. Tacriibi olaraq miisyyen edilmisdir ki,
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arime prosesi zamanu bark cisimlards atomlar (ionlar) arasi rabitslerin yalniz 20+25%-i qurilir.
Buradan bels naticoys galmak olar ki, arimea zamani, miqdar baximindan, rabitaler o qadar
da ciddi doyisikliye maruz qalmir. Bu xiisusiyyetlor qaynama temperaturuna kimi biitiin
mayelar iiglin 6z giiciinii saxlayir. Qaynama prosesi zamani alinmis qaz hali iss maddalarin
xassolorini tamamile dayisir. Deyilonlor onu gostarir ki, mayelar bir ¢ox fiziki xassalari ilo
miivafiq bark fazalarin fiziki xasselorini 6ziinds dasiyir [4-7].

Mayelorin miixtalif fiziki vo kimyavi xassalori arasinda sathi gorilma xassalori xiisusi
yer tutur. Belo ki, sathi gorilma qiivvelarinin dyrenilmasi, ham mayelasrin sathinds bas veran
proseslari izah etmays, ham de basqa mayelarls qarsiliqli slagesi zamani bas veran proseslari
tadqiq etmaye imkan verir[8-10]. Ona gore deo mayelarin miixtalif sethi garilma
mexanizmloari aragdirilmis ve bu hadisealorin modellari gostorilmisdir.

Nyuton va Laplas mexanizmlari

Mayeloarda sathi gorilms hadisesini ve onunla bagh diger hadisalari izah etmak maqgsadi
il, tarixon miixtalif yanasmalardan, modellardan istifade olunmusdur. Ik elmi model statik,
yaxud molekulyar model adlanir. Bu model qaz tezyiginin yaranmasma dair Nyuton
tosovviirlerine asaslanir. Nyutona gore qaz tezyiginin yaranmasinin osas sebebi qaz
hissociklori arasinda statik itelomadir. Statik modelds hissaciklor arasinda itslome vo
cozbetma qiivvalarinin birgs tesiri eyni zamanda nazarden kegirilmir. ilk dafe Laplas statik
modeli mayelords sothi gorilme vo bununla bagli tozyiqin yaranmasina totbiq etmisdir.
Laplasa gore hissaciklararasi itslome qiivvasini sixil-mayan mayenin biitiin hacminds tasir
gostaran daxili tazyiqle ifads etmoak olar.

Deyilon yaxinlasma baximindan mayeds daxili tezyiqin yaranmasi nazardsn
kecirilmisdir. Daxili tozyiq mayedaxili ilismanin tarazlamasmi tomin edir ve onu sonsuz
Olctilii mayeni bir-birindon kifayst qoder boyiik masafods yerloson miistovi sathlo
mohdudlasan iki hissaye ayirmaqdan otrii lazim olan vahid satha diisen cozbetmsa (ilismo)
qiivvasi ile avez etmak olar. Bir-birindan I qalinligh tebags ils ayrilan iki yarimsonsuz maye
tobaqgasini nazardean kegirak ($akil 1).

Maye hissalarinin har birinds elementar hacm ayiragq.
0

Sakil 1. Laplas tezyiqgini hesablamas1 sxemi.

Asag1 miistavi sethden r qader masafada yerlagen birinci (yuxar1) maye cisimdaki ele-
mentar hacm (dx, dy, dr)-dir. Baglangic1 birinci elementar hacmdas yerlagan polyar koordinat
sisteminda ikinci heacm elementi s2sinf-ds-d6 -dg olar. Tutaq ki, bir-birinden s qgador
mosafada yerloason iki molekul arasinda qarsiligh tesir qlivvesi f(s)-dir. Bu qlivvenin tesir
sferasiin radiusunu 4 ils isars edok. Caziba tebiatli bu qilivve asagidaki sorti 6dayir:
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fs<d)<0; f(s=d)=0.(1)

Baxilan har iki hissode mayenin hacmini eyni vo sixligini p —a berabar gotiirsak, 1 vo 2
elementlori arasindaki qarsiligh tasir qiivvesinin saquli toplanani

fl=p-dx-dy-dr-p-s’sinf-ds-df-de-f(s) - cosd (2)
olar. Vahid satha diisan tam cozbetma qiivvoesi ise
F() = —p? fld dr frdszf(s)ds fon sinfcosfdl = —mp? fld dr frd ds(s? —12) f(s) (3)
Molekullararas qarsiliqh tesir potensialini U(s)-ls isars etsok,
d s/ g . d
U(s) = [, f(s")ds ,yamd—g =—f(s); U(s=d)=0vo
F(l) = np? fld dr frd dU(s)(s? —r?) = —2mp? fld dr frds ~u(s)ds (4)
kimi yaza bilorik. (4) ifadasini hisse-hisse inteqrallasagq,
FQ) = —2mp? [ r(r — Du(r)dr (5)
alarig.

Daxili Laplas tezyiqgi (K) iki miistovi soeth temasda olduqda onlarin vahid sathlari
arasindaki cozbetms qiivvasi oldugundan, onu asagidaki kimi yazmaq olar:

K =F(0)=—3p* [} U@ dr.(6)

Mayenin biitiin hacminda U(r) funksiyast manfi, yaxud sifira barabar oldugundan K
hamige miisbatdir.

Sethi goarilms, vahid serbast sath yaratmaq tiglin goriilen isi teyin etmok tigiin (5)
diisturundan istifads etmak lazim golir. Tomasda olan iki yarimsonsuz, miistovi sathli cismi
bir-birinden molekulyar tasir sferanin radiusundan boyiik masafoys ayirmagq tigiin goriilon
isi asagidak: kimi yazmagq olar:

H=["F(Ddl = —mp? [* lu(DydL . (7)

Molekulyar seviyyada tomasda olan cisimlari (hissalari) iki serbast sathe ayirmagq tiglin
lazim olan isi vahid serbast setha diisen seth enerjisinin iki misline barabarlasdirsak, sathi
gorilma amsal1

_ 1, 1 5 d
o=sH=-2p Jo TU@)dr (8)
olar.

(6) va (7) ifadalerindan goriindiiyii kimi Laplas modelinde mayenin daxili tezyiqi K
molekullararas: garsiligl tasir potensialinin inteqralina, vahid sath yaratmagq tigiin taleb
olunan is ise bu potensialin birinci momentine baraberdir. (8)-den goriindiiyli kimi sethi
gorilma ilk novbads molekullararas: qarsiligh tesir potensiali ilo [U(r)] toyin olunur. Lakin
mayenin sathi ve hacmi molekullar arasinda qarsiliqh tesirin tebisti farqlidir. Bagqa sozls,
o —nin tadqiginde hacmi potensialdan istifade etmok korrekt deyil. Bu magsadle
@ —mayenin har hansi ndqtesinde kogeziya enerjisinin sixligidindan istifade olunur:

¢ = g—g—dir. (6U —baxilan noqte markezinda olmagqgla segilon kicik 6V hacmine miivafiq

daxili enerjidir). Molekulyar model tigtin:
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2¢ = p? [U(r)dr -dir (9)
ifadasini yazmagq olar. Burada r —nazarden kegirilan ndqtedan olan masafedir. Laplas
tozyiqini (K), 2 ¢ komiyyotinin mayenin sothindoki (2¢s) vo hacminds gotiiriilmiis
noqtadaki (¢;) qgiymatlarinin farqi kimi yazmaq olar. Mayenin sathi tiglin (9) inteqrali d

radiuslu yarimsfera ilo moahdudlasdigindan, inteqrallama tam sfera boyunca aparila bilar:
¢, = 2¢5 oldugundan

bs — 201 = —; = 2mp? [ > U(r)dr = K (10)
yaza bilorik.

Indi iso R radiuslu maye damcisini nazarden kegirak. Bu halda ¢, avvalki qaydada
hesablanir. Lakin ¢g sathin ayriliyi tiztinden mshdud hacm oblastinda aparilmahdir. Ogor 7
vektoru il fiksa olunmus R vektoru arasindaki bucag 6 ils isars etsak, ¢ —i asagidaki kimi
yaza bilerik:

-1
b =mp? [y r2Uydr [ sing - do = mp? i r? (1 - L) U(rdr (11)
Onda dama daxilindaki tezyiq
2¢s — ¢y =K +7 = K + 2 (12)
K R
olar.

Ogor biz sferik damci avoezing, bas ayrilik radiuslar1 R; va R, olan qabariq sothli maye
damlasini nazardan kegirsak, daxili tozyiq ticlin:

2¢s = ¢ =K +o(Ry" +Ry") (13)
yazmagq olar.

Qabariq seth tiglin R miisbat oldugundan, K ve H kemiyyatlori ise hamise miisbat
oldugundan maye damcisinda daxili tozyiq miistovi maye sothi altindaki daxili tezyiqden
boyiik olar. Cokiik sathe malik damcr daxilinds ise tozyiq, oksine miistovi sathi altindaki
daxili tezyiqden kigikdir. Hadisenin formal sebebi R-in manfi olmasidir. Qeyd olunan
naticeler kapiliyarhiga dair Laplas nazeariyyesinin esasimi teskil edir. Dama daxilindski
tozyiqls (P,,) damcini shatslendiren qaz miihitinin tezyiqi (qaz tezyiqi P,) arasindaki farqi
ifads edan diistur Laplas tenliyi adlanir:

AP = By, — P, = 22 (14)
Burada R-damcinin radiusudur. Laplas tenliyini molekulyar qurulusdan asili olmayan
digar tisullarla da (termodinamik, statistik) miisyyenlagsdirmak olar.
Kapilyarliq hadisasi ii¢iin Yunq modeli

Yuxarida alman naticalari berk cisim-maye-qaz ti¢ fazali sistems tatbiq edak. Farz edak
ki, bark fazanin sixlig1 p, —dir. Molekullararas1 qarsiliqh tasir potensialin1 maye tictin U, ;,
bark cisim {iglin U, , il isare etsok, bir-birinden miisyyen godar masafads yerlagson maye
hissalarinin ayrilma sathinin vahid hissasina tesir edan qiivveni asagidaki kimi yazmagq olar:

d d
Fio(D) = 2mp1pyl [ 2 rUsp () dr — 2mpy py [, v2Uso(r)dr (15)
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Maye va bark cisimlari bir-birinden ayirmagq tigiin talob olunan is iss
d
Hy, = fo ¥ Fip(Ddl (16)

ifadesi ilo toyin olunacaq. Goriilon is, yeni yaranan maye-qaz (0.,4) vo bark-qaz (oj4)
sothlorine uygun soth enerjisinin comi ilo artir, dagidilmis (yox edilmis) maye-bark (o;,;)
sothinin miivafiq enerjisinin farqine barabardir:

Hi, = Oy + 052 — 0.5 (17)
Beloaliklo, maye-bork faza sorhadinds sathi gorilma amsal1 tiglin
H H
ons = (3 + () ~ tha (19
ifadesini yazmaq olar.
Hy,

Burada oy, = (%) VO Opq = (T) —dir. Umumilikda is

1 dij .
Hij = — 3 PiPj fo TrU;j(r)dr — dir. (19)

Ayrilan sathlerindan biri berk cisim seathi olduqda sathi gerilmanin arasdirilmasinda bir
sira gatinliklor yaranir.

Ucfazali kontakt serhadinds (17 vo 18)-0 miivafiq olaraq U1, U,, ve U;, olmagla iig
molekullararas1 qarsiliqh tesir potensialindan danismaq lazimdir. Sgar kontakt xatti bark
cismin sothi boyunca hoaroket etmirss, onda kontakt noqtesinde har ii¢ sothi gorilmolora
miivafiq qiivvelarin avazlayicisi sifir olmalidir. Ug fazal kontaktin sxematik tosviri sokil 2-do
verilmisdir.

Sak. 4.2. Ug fazanin birgs kontaktinda sathi gorilmenin yaranma sxemi.
Sakil .2-dan goriindiiyii kimi
Opq = Omp + Omqcosb . (20)
(20)-i ilk dafe Yungq terafindaen taklif edildiyindan o, Yunq tenliyi do adlanir.
K= ["”%‘;’””] = cos@. (21)

K ¢ox vaxt islatma emsali adlanir. Ovvslcadon {ii¢ molekulyar qarsiligh tasir
potensialinin qiymati ve tesir dairesi haqqinda malumatimiz olmadigindan 6y 4, G p, Omg
kemiyyoetlorinin giymati ve isaralerine mahdudiyyst qoymaq miimkiin deyil. Bu sababdean
K-nin giymat va isarasinin ixtiyari ola bilacayini do gozlemak olar. Lakin (21) yalniz K-min [-
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1, +1] intervalinda yerloson giymatlorinde helle malikdir. ©ger K = —1-dirss, (21)-den
Omb = Opgq + Omq alirig, yoni maye-bark maddes serhadinde sathi gerilma giymoatce bdyiik,
isaraca isa miisbat olur. Bu halda maye bark cisim sathini islatmir. (18)-den goriindiiyii kimi
son deyilan 1-2 qiivvesinin 1-1 ve 2-1 qiivvalarine nisbaten zsif olmasma uygundur. Oger
(—1 < K < 0)-dirse, onda 6 bucag: m ilo /2 arasinda yerlasir vo bu gisman islatmaya, yaxud
da islatmanin olmamasina uygun golir. Siise 16vha iizarine qoyulmus cive damlasi tigiin son
deyilen reallagir (6 ~ 140°). Ogor (0 < K < +1)-dirss, bork cismin sathi islanir vo 6 bucag:
m/2 ils 0 arasinda dayisir. Kenar bucagin 6 = 0 olmas1 K = 1-s uygun galir va bu halda bark
cismin sathi tam islanir, maye soth {izra sarbast yayilaraq nazik tebaqge yaradir.

Tam islanmaya misal olaraq ¢ox temiz siiss sathinde suyun yayilaraq molekulyar
tobagoayo

banzar nazik tebage yaratmasini gostormok olar. Bir daha geyd edak ki, tam islanma
maye molekullar1 arasi cozbetmadan cox-¢cox giiclii olmasma tovafiiq edir. Sathi gorilme
daxili tezyiq ve kenar bucagin bilinmesi kapilliyarligla bagl biitiin hadissleri anlamaga,
onlar1 tasvir etmaye imkan verir.

Son deyilone misal olaraq kapilliyar boruda mayenin seviyyasinin deayismasini
nazarden kegirak. Kigik radiuslu (~Imm) siiso borunu saquli istiqamatds genis qabda
yerlagon suya daxil

edoak.Borunun daxili divar1 iizre maye tebaqgasi kenar bucaq Yunq sorti 6denilone kimi
yuxar1 qalxacaq, neaticeds divarla toemas sethds (divara yaxin yerds) mayenin sathi ¢okiik
forma alacaq ($Sakil 3).

Sokil 3. Islatma halinda kapiliyar boruda mayenin saviyyosi

Laplas tazyiqinden, (14)-den goriindiiyii kimi, mayenin ¢okiik sathi altindaki tezyiq
miistovi sath altindaki tezyiqden kigikdir. Aydindir ki, bu tezyiqler forqi bilavasito divara
yaxin hissade mayenin divar boyunca saquli istiqamatds yuxariya dogru harakatine sebab
olacaq, yoni xiisusi halda, boru daxilinde mayenin saviyyasi genis qabdaki saviyyaden
yliksak olacaq. Deyilan qalxma boru daxilindeki maye siitununun hidrostatik tezyiqginin
daxili tezyiqler ferqine baraber olmasina qader davam edacak. Onda, gostormak olar ki,
boruda mayenin qalxma hiindiirliiyii (h) asagidak: diisturla teyin olunur:
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20mqcost

h = 2Ima% 22)

mpgR

burada m-molekulun kiitlesi, g-serbastdiismae tocili, R-borunun radiusudur. Goriindiiyii
kimi, qalxma hiindiirliiyti borunun radiusu ils ters miitenasibdir ve yalniz kenar bucaging <
% giymaotlarinds miisbatdir. (20) Yungq tenliyini nazars alsaq, deyo bilarik ki, kapiliyar boruda

mayenin qalxmasi ancaq (0. — 0pm.p) > 0 oldugda miimkiindiir. 9ger 6 > 0 va (4.22)-do
p —nu daha daqiq Ap = p,, — pgifadosi ilo ovoz etdikdos (22)-den aliriq:

2 _ 20mq _
a? = 270 = Rp (23)

(23) ifadesi gox vaxt Puasson diisturu da adlanir. (23) ifadasi ilo toyin olunan a
komiyyati kapiliyar-liq sabiti, yaxud da, mayenin kapiliyar uzunlugu adlanir. Su tigiin 0°C-
do a = 3,93mm —dir ve temperaturun artmasi ilo monoton olaraq azalir, b6hran noqtesinda
isa sifira bearaber olur. Kapiliyar uzunlugu kapiliyarliqla slagali olan bir cox hadisalerin,
masalan, asilan damcinin formasini, bark cisimls tomas sarhaddinds maye sothinin formasini
va s. tayin edir.

Su, 25C° temperaturda R = 0,25mm radiuslu boruda h = 5,87 sm hiindiirlitys qalxir.

Konar bucaq 6 = 0° oldugundan (22)-den o = ﬂv(%) = 72,02—5(erq/m2) alariq. Bu

m
kemiyyat tacriibs ila yaxs1 uzlasir. Mayelsrin sathi garilmasinin tacriibi tayinine dair aksar

metodlar kapiliyarliq hadisesine asaslanir. Lakin o —nin tacriibi tayininin diger metodlar1 da
movcuddur. Onlar arasinda lazer siialarmin sepilmasine osaslanaraq maye sathinds
kapiliyar damcilarin yayilma siirotinin Oyronilmasi xiisusi maraq kesb edir. Sixilmayan
ozliiltiksiiz maye sathinde yayilan A uzunluqlu dalganin faza stirsti (c) asagidak ifads ils
toyin olunur:

gt =g+ (mip)q2 =q [1 +@].(24)

Burada q = 27” dalga adadidir. Uzun dalgalar {iigiin (.24)-daki birinci hadd asas rol

oynayir vo miivafiq dalga qravitasiya dalgas1 adlanir. Qisa dalgalar iigiin ise ikinci hadd
halledicidir ve bu halda dalga kapiliyar dalga adlanir. Goriindiiyti kimi, son baxilan halda
da, kapiliyar uzunlugu a sothi hadisenin bas verma miqyasini, bir rejimdon digarine kegid
(qravitasiya dalgas:1 «>kapiliyar dalga) sortini serhadini toyin edir.

Noatico

Mayelarin sathi garilmasi ii¢lin Nyuton ve Laplas mexanizmlari, kapilyarlq sorti tigiin
isos Yung modeli aragdirilmigdir. Bu mexanizmloerin islomasi {i¢lin baslangic sortler
gostorilmisdir. Maye va bark cisimlari bir-birinden ayirmagq tigiin goriilasi taleb olunan igin
hesablanmas1 ii¢lin analitik ifade alinmisdir. Maye-bark faza sorhoaddi ti¢lin miixtalif
parametrlor hesablanmis vo sathi gorilmanin analitik ifadesi miiayyen edilmisdir. Miiayyen
edilmisdir ki, Laplas modelinde mayenin daxili tozyiqi molekullararas:i qarsiligl tasir
potensialinin inteqralina, vahid sath yaratmagq tigiin talsb olunan is iss bu potensialin birinci
momentina barabardir.
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ABSTRACT

In the frequency range of 25-10° Hz at a temperature of 300 K, the frequency dependences of the real (¢'(v))
and imaginary (e"(v)) parts of the complex permittivity, as well as the impedance (Z') and (Z") solid solutions
(TlInSe2)1x(T1GaTez2)x (x=0; 0.1; 0.2). Dependences ¢"(¢') and Z"(Z') are plotted, diffraction patterns of the studied
solid solutions are obtained, images of the microstructure of the studied solid solutions are obtained by atomic

force microscopy. The features of the behavior of the impedance spectra of solid solutions are studied. The
variance of the obtained dependences is established, which corresponds to the distribution of relaxation times.

Key words: solid solutions, complex permittivity, atomic force microscopy.
(TlInSe2)1-(TlGaTe2)x (x=0; 0.1; 0.2) BORK MOHLULLARININ DIELEKTRIK XASSOLORI VO IMPEDANSI
XULASO

(TlInSe2)1x(T1GaTez)x (x=0; 0.1; 0.2) bark mahlullarin kompleks kegiriciliyin vo eloco do impedansin haqigi ve
xoyali hissalorinin tezlik asililiglart 300 K temperaturda 25-10° Hs tezlik intervalinda dyrenilmisdir. €"(¢') vo
Z"(Z") asthliqlarmin qrafiki ¢akilmis, difraksiya qanunauygunluglar1 ve atom qiivve mikroskopiyasi ile dyranilen
bark mohlullarin mikrostrukturunun tesvirlari almmigdir. Tadgiq olunan bark mahlullarin impedans
spektrlorinin davranig xiisusiyyaetlori Oyrenilmisdir. Relaksasiya vaxtlarinin paylanmasma uygun galen
asilihqlarin dispersiyalart miioyyon edilmisdir.

Acar sozlar: bark mahlullar, kompleks kegiricilik, atom qiivve mikroskopiyasi.

(T1InSe2)1(T1GaTe2)x (x=0; 0,1; 0,2) TBEPABIX PACTBOPOB AUDAEKTPYUUECKUE CBOVICTBA U

MMIIEAAHC
PE3IOME

MccaeaoBanpl yacTOTHBIE 3aBMICIMOCTY KOMIIAEKCHON IIPOBOAMMOCTHY, A€ICTBUTEABLHON 1 MHMMOI YacTel
TBepAbIX pactBopos (TlInSe2)i1(TlGaTez)x (x=0; 0,1; 0,2) mpu temnepatype 300 K B mnTepBase wacror 25-10° I'.
IToctpoensr rpaduxm 3sasucumoctent €'(e') m Z'"(Z'), moaydeHbl M300pa’keHNMSI MUKPOCTPYKTYPBL TBEPABIX
PacTBOPOB, M3YYEHHBIX MeTOJaMM AuPPaKTOrpaMMBl ¥ aTOMHO-CUAOBON MMKpockomnuu. JlccaeaoBaHsr
ITOBeJEHUYECKII€ XapaKTePVCTUKU CIEKTPOB HMIIeJaHCa WUCCAeAYeMBIX TBepABIX pacTBopoB. OrpejeseHbI
AVICITEPCIY 3aBUCUMOCTEN, COOTBETCTBYIOIINX PacipeAe1€HUIO BpeMeH peAaKCarlni.

Kaxouessbie caoBa: TBEpAbIEe paCTBOPbBI, KOMIIAEKCHAI IIPOBOAMOCTD, aTOMHO-CI1A0BasT MUKPOCKOIINIA.

1. Introduction

Crystals of the A’B3C®: family and solid solutions based on them attract the attention of
researchers due to the extremely anisotropic crystal structure, the instability of the crystal
lattice to external influences, these crystals are also promising objects in the manufacture of
photoelectric converters, strain gauges, X-ray and neutron radiation detectors [1-8].
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Increasing requirements for modern solid-state electronic devices make it necessary
to obtain and study materials with meta-properties, such as the quantum Hall effect, giant
magnetoresistance, giant dielectric relaxation, giant piezoelectric moduli, giant permittivity
and superconductivity in alternating electric fields, the ability to control the properties of
materials by changing the frequency of the field. In this case, the possibility of using
relaxation polarization processes associated with various types of disorder (translational,
compositional, positional, topological, nano-porous materials, etc.) and heterogeneity in the
properties of components or phases. Disordered materials are the most widespread systems
in nature and, as a rule, these are polar systems with a permanent dipole moment. This, in
turn, requires obtaining information about the processes of relaxation polarization, due to
which, in the main, the described physical properties of materials arise.

Studies of the processes of relaxation polarization, under conditions of high electrical
conductivity and in the absence of complete information about its behavior in the entire
frequency range in crystals in which features associated with the low dimensionality of the
system are observed, make such work relevant. Applied interest is due to the fact that
relaxation polarization can be used to create various devices with tunable capacitance and
electrical conductivity, to increase the sensitivity of solid-state elements to external
influences, and to control the characteristics of solid-state elements by changing the
frequency of electrical action.

This work is devoted to an experimental study of the electrical characteristics of solid
solution single crystals (TlInSe2)1-x(T1GaTe2)x, by measuring the total complex conductivity
and dielectric relaxation in an alternating electric field.

2. Experiment

Solid solutions of compositions (T1InSez)1x(T1GaTez)x were obtained by synthesis from
extremely pure chemical elements: T1 - 99.999%, In - 99.9999%, Se - 99.99%, Ga - 99.999%, Te -
99.99%. The synthesis was carried out in quartz ampoules evacuated to 10-° Pa by direct
fusion of the components taken in a stoichiometric amount corresponding to the composition
of the solid solution. The completion of the synthesis and the homogeneity of the obtained
composition, as well as its individuality, were controlled by the methods of differential
thermal and X-ray phase analyzes (DTA and XRF). The resulting ingots were ground into
powder and loaded into a quartz ampoule. After that, the ampoule was evacuated, sealed,
and placed in a vertical two-zone furnace with independent temperature control of the
installation zones for growing single crystals by the Bridgman method. In the setup, the
ampoule moved through the temperature gradient zone at a rate of 0.15 mm/h.

The obtained compositions of solid solutions were homogenized in the lower zone of
the furnace by cooling to 700 K, and then the switched off furnace was cooled to room
temperature.

Samples from single crystals of solid solutions (TlInSe2)1«(TlGaTez)x for measurements
were made in the form of flat capacitors. Silver paste was used as the plates. The capacitance
of the samples and the dielectric loss tangent were determined using an E7-25 immittance
meter.

Frequency dependences of the impedance modulus |Z| and phase shift angle ¢ between
current and voltage with a step change in frequency in the interval
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f =25-10° Hz at a measuring voltage amplitude of 1V. Then the spectra of the real Z'( f)
and imaginary Z"( f ) components of the impedance were calculated.

To assess the quality and obtain information about the structural features of the surface
of the samples of the solid solution, its morphology was studied using an atomic force
microscope (ACM). Electron microscopic images were obtained on a Solver Next scanning
probe microscope (SPM) in the semi-contact mode under atmospheric conditions at room
temperature.

The resulting image (Fig. 1) was characterized by a quasi-periodic wave relief with a
scatter in the heights and lateral dimensions of the formations along the base.

Fig.1. AFM - image in 3D scale of the surface of crystals of solid solutions (TlInSe2)1x(T1GaTez)x (x=0; 0.1; 0.2).

3. Results and discussion
Dielectric Research

More complete information about the nature of relaxation is obtained from an analysis
of the £"(¢') diagrams. If arcs of semicircles are observed on the diagram, then this indicates
the presence of two relaxation processes in different regions of the frequency spectrum. If a
straight line is observed on the diagram, located at an angle to the abscissa axis, then this
indicates a strong contribution of dc conductivity to the relaxation processes taking place in
the compound. In the case of detection of arcs of semicircles, the relaxation times of the
compounds under study can be determined as reciprocals of the frequencies at which the
maximum is observed in the &"(¢') diagram. The critical frequency at which the relaxation
process prevailing in the low-frequency range changes to another (high-frequency) one
corresponds to the point at which one arc of the semicircle passes into another.

As can be seen from the obtained frequency dependences of the real part of the complex
permittivity (Fig. 2), for all the studied samples of solid solutions (TlInSez):1-«(TlGaTez)x, with
a decrease in the frequency of the measured field ~200 Hz to 25 Hz, an increase in the value
of ¢'(f). In the frequency range greater than ~ 10° Hz, the real part of the complex
permittivity, both for the extreme components of the solution and for solid solutions, shows
a weak dependence on the frequency of the measured field.
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Fig.2. Frequency dependence of &', £" for solid solutions (T1InSe2)1x(T1GaTez)x, at 1-x=0; 2-x=0.1; 3-x=0.2.

As can be seen from Fig. 2 (b), for all compositions of solid solutions, there are no
features in the frequency dependences of the complex permittivity, i.e., in the entire
measured frequency range, no dielectric losses are observed.

The dielectric loss of the composition with x = 0.2, that is, with the maximum value of
substituting atoms bordering the solubility region, at the minimum frequency of the
measured field is " = 3000. With an increase in the frequency of the measured field to 10° Hz,
the dielectric loss decreases to the value £ = 100. With an increase in the frequency of the
measured field, for all compositions of the solid solution, the measured value of dielectric
losses remains practically unchanged.

The plotted dependences ¢'(f), "(f), €"(¢') are power functions of frequency, therefore,
the analysis of these parameters was carried out based on the positions of the Jonscher
theory [9] on low-frequency dispersion, according to which the absence of a maximum on
the dependence curve £"(f) can be interpreted in two ways.

1. Two independent parallel processes coexist in the system, one of which dominates at
high frequencies due to the normal dielectric response of the material, while the other, highly
dispersive, dominates at low frequencies.

2. On the processes of relaxation in the system, makes a significant contribution to the
conductivity at direct current.

In recent years, impedance spectroscopy has been widely used in experimental solid
state physics, in the study of compounds in which the electrical conductivity is characterized
by a significant contribution of ionic conductivity to the complex conductivity of the
material. Using this technique, it is possible to obtain information about the microstructure
of the material under study, to determine the contributions to the conductivity from grains
and grain boundaries in polycrystalline and composite materials, to establish the effect of
impurities on the electrical properties in impurity compounds. Experimentally, the work is
reduced to measurements in alternating electric field, frequency dependences of the real
(Z'(f)) and imaginary (Z"(f)) components of the complex impedance.

In previous works [2, 3, and 10], it was found that the ionic component makes a
significant contribution to the conductivity of TlInSe: and TlGaTe2 compounds above 300 K.
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The studies performed have shown that the ionic component of conductivity is associated
with jumps of monovalent thallium ions both along and across the chains (In*Sez ).

Figure 3 shows the dependences of the active and reactive parts of the impedance
(Z'(f) and Z"(f)) for samples of solid solutions (TlInSe2)1x(T1GaTe2)x (x=0; 0.1; 0, 2).
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Fig. 3. Spectral dependence of the active and reactive parts of the impedance of solid solutions (TlInSez2):-

x(TIGaTe2)x, where (a-x=0; b-x=0.1; c-x=0.2).

Silver paste is used as contacts. As can be seen from the figures of the given dependen-
ces, dispersion is detected for all solid solutions. As the frequency of the measuring field
increases, a monotonous decrease in the real part of the impedance is observed, and a feature
in the form of a peak is observed on the imaginary part

The impedance dispersion is characterized by the electrical relaxation time, it is
determined by the graphical-analytical method using the hodograph plotted the dependence
of the imaginary part of the impedance Z" on the real Z' (Fig. 4).

3

Z' x 106 (Ohm)
Fig.4. Hodograph of impedance Z"(Z') for solid solutions (T1InSe2)1x(T1GaTez2)x, where x=0; 0.1; 0.2.

As can be seen from Fig. 4, the hodograph of impedance has the form of a semicircle,
and the impedance spectrum is represented by one branch. In this case, the equivalent circuit
can be represented by a circuit with capacitance C and resistance R connected in parallel.

4. Conclusion

It follows from the presented results that the relaxation properties and impedance of
solid solutions based on thallium chalcogenides with simultaneous substitution of cations
and anions with the formation of solid solutions weakly depend on the composition of the
substitutional solid solution (TlInSe2)1x(TlGaTe2)x (x=0; 0, 1; 0.2).
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XULAS®

MBoagqals, qisa-perihelli kometlor sistemine mensub olan Kreutz kometlori arasinda komet ciitliiklorinin
axtarigina hoasr olunur. Giinagatrafi kometlorin an boyiik ailesi Kreutz qrupudur. ilk defe alman astronomu
Heinrich Kreutz giinagatrafi kometloarin bir qrupunda ortaq xiisussiyyatlorin oldugunu miisyyen etmisdir. Bizim
todqiqat isine Kreutz qrupuna maxsus 1670 komet calb olunmusdur. Onlarin periheli masafasi 0,0043 < q < 0,009
a.v. intervalinda doyisir. Tohlillor gostorir ki, qrup asasen komet ciitlitklorindan ibareatdir. Ciddi miiqayise ve
se¢imlorden sonra 510 ciitliik miioyyen edilmisdir. Bunlarin igarisinden iki név ciitlitkk ayririq. Birinci qrupda
fragmentlarin perihelidon ka¢ma anlar1 arasindaki miiddat 3 ilden azdir. Bels ciitliiklorin say1 292-dir. Perihelidon
kecma anlari eyni ilds olan ciitliiklarin say1 iss 75-dir. Ikinci nov komet ciitliiklorin perihelidon ke¢gma anlar iso 3
ilden 26 ilodokdir. Belo ciitliiklorin say1 218-dir. Onlarin eyni kometin miixtslif illorde miisahide olunmasi
noaticasinds amsalo goldiklarini taxmin eds bilarik.

Acar sozlar: Glinagatrafi kometlor, Kreutz ailasi, komet ciitliiklori, eynilosdirma

PAIRS OF COMETS IN THE KREUTZ GROUP
ABSTRACT

The article is devoted to the search for twin-comets among the Kreutz comets belonging to the system of
sungrazers. The largest family of sungrazers is the Kreutz group. For the first time, the German astronomer
Heinrich Kreutz identified the common characteristics of a group of sungrazer comets. 1670 comets belonging to
the Kreutz group were involved in our research. Their perihelion distance is varies in the interval 0.0043 < q <
0.009 a.u.. The analysis shows that the group consists mainly of twin-comets. After rigorous comparisons and
selections, 510 pairs were identified. Among them, we distinguish two types of twin-comets. In the first group,
the period between the moments of fragments passing through perihelion is less than 3 years. The number of
such twin-comets is 292. The number of couples whose perihelion dates are in the same year is 75. Second type of
comet pairs have perihelion periods from 3 to 26 years. The number of such couples is 218. We can guess that
they were formed as a result of observing the same comet in different years.

Key words: Sungrazers, the Kreutz sungrazers, twin comets, identification

Giris.

Glinasin yaxinhigingindan kegon kometlar - “sungrazer’ler boyiik bir kometin
parcalanmis fraqmentloriridir. Qisa-perihelli kometlor godim zamanlardan mealum olsada
asash sokilde XIX asrden tadqiq olunmaga baslanmisdir. Alman astronomu Henrix Kreutz
vo amerikali astronom Daniel Kirkwood miiayyen etdiler ki, giinagsatrafi kometlar forma vo
ol¢lice miixtalif olurlar. Bu qrupa mensub olan kometlsrin bazilari kifayst qader boyiik ve
parlaq olurlar. Hatta, onlar1 giindiiz gdyiinde miisahids etmak olur. Ilk bels komet 1680-ci
ilde miisahide olunmusdur ve ona “boyiik komet” adi verilmisdir. Komet Giinasin
sothinden 200 000 km (toxminan Yerlo Ay arasindaki masafenin yarisi) aralidan ke¢misdir ki,
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buda kifayet qodar ¢ox kigik masafadir [1]. Komet Giinoagatrafi (sungrazers) kometlarin ilk
niimayandoasi kimi elmi oadabiyyatlara daxil olmusdur. Zdenek Sekanina and Paul W.
Chodas 2007-ci ilda nagr etdirdikleri elmi-tadgiqat islerinds iss Kreitz kometlsrinin valideyin
kometi 1106-c1 ilde miisahids olunan X/1106 C1 kometi hesab edirlor. Bu komet Giinasin
yaxmligindan kegon zaman qravitasiya gorilimi naticesinde fraqmentlore parcalanmisdir.
Umumiyyotls, bdyiik ve parlaq “sungrazer”-larin miisahide olunmasi yeddi esirlik periodla
bas vermisdir. 1106-c1 ilde miisahida olunan komet 6ncs V asrds, ondan 6ncs ise b.e.a. 214-
cii ilde miisahids olunmasi ehtimal olunur. SOHO “sungrazer”larin orbit paylanmasi bunu
tosdiq edir ve boyiik “sungrazer”larin 2120-ci iladak galmalari prognozlasdirilir. X/1106 C1
kometi ilo C/1882 R1 ve (/1965 S1 kometlorinin timumi valideyni bir boyiik kometin
parcalanmis fraqmentloridir [2]. Els hallar olur ki, kometlar Giinage bir Giinas radiusu qadar
(0.00465 a.v.) yaxinlasa bilirler. Bu da onlarin giiclii istilikden buxarlanaraq mshv olmasi ile
natucalonir [3]. Kreutz kometlorin demok olar hamisi toersine hoarokeat edir, orbitlorinin
ekliptikaya meyl bucaqglar1 130°-150° intervalindadir. Meyl bucaqlar1 nshang planetlarin tosiri
ilo (osason Yupiterin) 30-40° aras1 dayise bilar. Giinas atrafinda dolanma periodlar1 500-1000
il togkil edir. 1843-cti il mart aymin 5-do miisahide olunan C/1843 D1 kometinin (tarixi
geydlards “boyiik mart kometi” adlandirilir) Giinas atrafinda dolanma periodu 513 il, meyl
bucag1 iso 144°35-dir. 1882-ci ilin sentyabr aymnda miisahide olunan (“boyiik sentyabr”
kometi) C/1882 R1-A kometinin Giinas atrafinda dolanma periodu 669 il, meyl bucag: 142°,
011-dir. 1963-cii ilin sentyabr ayinda miisahids olunan C/1963 R1 kometinin meyl bucag:
144°, 59, Giinas atrafinda dolanma periodu 870 ildir. Bu kometlorin afeli mosafalori 130-180
a.v. masafe intervalindadir. Biz bu kometlari tosadiifen sadalamadiq. Qeyd olunan kometlar
doayismoayan orbit elementlarine malik olduqglaria gore Kreutz sisteminin etibarh tizvlaridir.
Umumiyyatls Kreutz kometlarinin okseriyyatinin afeli masafolari daqiq toyin olunmamisdir.

1887-ci ilde C/1887 B1 kometi askar olundugdan sonra kegen asrin ortalarmnadek bdyiik
va parlaq kometlar miisahids olunmadi. 1960-70-ci illards iki bels komet peyda oldu. 1963-cii
ilds Pereyra C/1963 R1, 1965-ci ilda iso Ikeya-Seki C/1965 S1 kometi miisahids olunmusdur.
Ikeya-Seki kometinin diametri bir-nego km togkil edirdi ve son derace bdyiik parlaqhga
malik idi. Giinasden 0,0031 a.v.(466 000 km) masafe godar arali keg¢diyi zaman 3 hissaya
parcalanmisdir [4]. Pereyra vo ﬂ(eya-Seki kometlorin todqiqi Giinasatrafi kometlarin
Oyroanilmasinda baslica rol oynadi [5]. 1979-2011-ci illar arasinda Yerden kifayat qodar boyiik
Kreitz kometlari miisahide olunmamisdir. Peyklarin gévdslarins barkidilmis koronoqraflar
vasitasile 1979-1989-cu iller arasinda 19 zaif komet askar olunmusdur. Kreutz kometlarinin
todqigi 1995-ci ilden sonra genis viisat aldi. Giinas vo heliosferik teleskoplarin (SOHO,
Brueckner vo s.) istifadoya verilmoasinden sonra Kreutz sisteminoe mansub olan kometlarin
agkar olunmas: artdi. SOHO-nun govdasina berkidilmis koronoqraflar vasitesile ytizlorle
“sungreyzlar” agkar olundu. Olgiileri kicik olan kometlar Giinasin dagidici istiliyi tesiri
naticesinds tamamils buxarlanaraq mahv olurlar. Bu ciir kometlar kicik parlaqliq niimayis
etdirdiklarinden Yerden miisahids olunma imkanlar1 azdir.

Masalanin qoyulusu va tadqiqat metodu.

Kreutz kometlarinin say1 1700-a ¢atmisdir. Qrupun statistik tohlili hayata kegirilmisdir.
Todgiqatlar gosterir ki, qrup asasen komet ciitliiklorindon ibaretdir. Ciitliiklarin amsalo
golmasinda iki sebab ola biler: 1. boyiik kometin parcalanmasi, 2. eyni kometin miixtalif
illarde miisahids olunmasi. Ogar fragmentlarin fikss edildiyi anlar — periheliden kegmsa
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tarixlari bir neg¢a il forqlenirss, onda onlar nisbsten daha iri niivenin bu yaxin zamanlarda
parcalanmasimdan amsalo golmislor. Ogar perihelidon ke¢ma anlar1 arasinda miiddst daha
boyiikdiirss, masalan 5 ilden ¢oxdursa onda onlar eyni kometin Giinaga toraf tokrar-tokrar
qayidislar1 hesab olunur. Kometlarin parcalanmasinda Giinasin tesirleri il yanasi komet
niivesinin intensiv meteorid selinden keg¢on zaman parcalanmas: irali siiriiliir [6]. Bizim
todiqat isine 1670 Kreutz kometlari colb olunmusdur. Oda istisna edilmir ki, bir ¢ox hallarda
miisahidagi eyni bir kometi miixtolif zamanlarda forqli kometlor kimi qeyd edir. Az-az
miisahidalar sebabinden orbitin daqiq toyin edilmasi miimkiin olmur. Bu hallarda orbitin
eksentrisiteti 1-0 barabar gobul olunur, kometlarin identifikasiyast daqiq aparila bilmir.
Burada komayimize statistik tohlillar golos bilor. Bels tohlillarin vasitasilo Kreutz qrupunda
yaxin zamanlarda parcalanmis kometlari miiayyen etmok olar. Statistik tahlillari orbitin asas
dord elementi iizerinden aparmisiq — periheli masafasi, perihelinin arqumenti, qalxan
ditylintin uzunlugu ve orbitin meyli. Burada periheli mosafasi 0,0044 < q < 0,0065 a.v.,
perihelinin arqumenti 40°31 < w < 94%61, qalxan diiyiiniin uzunlugu 0°41 < Q <357°,80,
orbitin meyli 138°69 < i< 147,38 intervalinda dayisir. Sistemin orbit elementlarinin orta
qiymeatlari asagidaki kimidir: gorta=0.0052; worta = 80°.68 ; Qorta = 355°.74; ic=144°.15.

Qeyd etdiyimiz kimi, komet niivelarinin tokrar-tokrar boliinmesi Kreutz qrupunun
icorisinde komet ciitliiklorinin amals galmasine sebab olur. Ona goérade miialliflor komet
ciitliiklorinin axtarilmasina cahd edirler vo axtariglar parcalanma prosesi barade daha atrafl
moalumat veraceyine limid edirlor. Kreutz qrupuna daxil olan her bir komet iiglin ©;
komiyyati asagidaki ifada ile hesablanir.

©; = sinX(w- wj)+ sin%(Q- Qj)+ sin?(i- 1) (1)

burada i 1-den 1670-doak dayisir. Qeyd etmak lazimdir ki, (1) ifadesi sarti ve miivaqqati
xarakter dasiyir. Meteor astronomiyasinda istifads edilon Sautuorta ve Hokins kriteriyasini e
kamiyyetinin miioayyan olunmamasi sobabindan statistik tohlilimizdas istifads eds bilmirik.
Bundan slave, ©j cominden istifads edarak, Omin-in dayeri miiayyen edilir. Bu ciir hesablama
avvalcaden miisyyan edilmis miisyyan bir gorti temin etmslidir. Biz onu els sec¢dik ki,
0,0008-i ke¢masin. Bu, hatta miimkiin diapazon uzunlugunun ©; (1,1) faizinden de azdur.
Sonraki marhalada ciitliiklorin periheli masafalari miiqayise olunmusdur.

Belo ciddi miigayise ve seg¢imlorden sonra 510 ciitlilk miisayyen etdik. Bunlarin
icorisinden iki nov ciitliik ayrilir. Birinci qrupda fragmentlorin perihelidon ke¢ma anlar:
arasindaki miiddat 3 ilden azdir. Bels ciitliiklerin say1 292-diir. Periheliden ke¢ms anlar1 eyni
ilde olan ciitliiklarin say1 ise 75-dir. Bu qrupdan 20 ciit kometin siyahisi cadvel 1-ds
verilmisdir.
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Cadveal 1. Par¢alanma naticosinde amals galmasi ehtimal olunan Kreutz ciitliiklori.

Ne | Komera q i Q (node) ® (peri) &)

1. C/2005 M10 0.0051 145.00 346.00 66.05 0,0002
C/2005 X9 0.0049 144.99 344.26 66.07

2. | C/2005 E6 0.0048 144.09 359.69 78.80 0,0002
C/2005 L7 0.0046 144.13 358.74 78.82

3. C/2009 K10 0.0050 144.28 357.49 77.61 0,0005
C/2009 L6 0.0055 144.29 357.39 77.66

4. C/2007 U5 0.0050 146.63 356.78 82.12 0
C/2007 U9 0.0050 146.59 356.28 82.07

5. | C/2008 S8 0.0049 143.91 359.10 78.38 0,0002
C/2008 W8 0.0051 143.96 358.32 78.34

6. C/2005 S10 0.0052 144.09 359.92 76.62 0,0003
C/2005 F1 0.0055 144.16 359.66 76.58

7. | C/2003 U6 0.0050 144.48 9.07 87.14 0,0001
C/2003 T10 0.0049 144.53 9.01 87.17

8. | C/2001 M5 0.0052 143.84 5.25 84.16 0,0002
C/2001 Y2 0.0054 143.80 5.16 84.14

9 C/2000 L1 0.0053 144.03 12.66 89.94 0,0001
C/2000 M2 0.0052 144.01 12.65 90.04

10 | C/2005 P4 0.0048 143.97 1.47 81.35 0
C/2005 Q7 0.0048 143.97 1.38 81.40

11 | C/2000 H2 0.0055 144.17 2.94 82.11 0,0004
C/2000 B5 0.0054 144.21 2.86 82.17

12 | C/2003 K10 0.0050 144.20 3.91 82.94 0
C/2003 L5 0.0050 144.23 3.81 82.97

13 | C/2008 U2 0.0051 143.77 359.41 77.96 0,0002
C/2008 G4 0.0049 143.66 359.06 78.00

14 | C/2005 L7 0.0046 144.13 358.74 78.82 0,0003
C/2005 Y9 0.0043 144.25 358.88 78.82

15 | C/2007 N6 0.0053 144.43 357.31 77.01 0,0004
C/2007 T8 0.0049 144.44 359.12 77.13

16 | C/2008 W8 0.0051 143.96 358.32 78.34 0,00038
C/2008 N2 0.00481 144.125 357.388 76.962

17 | C/2003 M5 0.0070 139.29 340.42 64.34 0,0003
C/2003 O5 0.0067 139.42 339.90 64.35

18 | C/2006 J4 0.0050 144.47 5.85 84.69 0
C/2006 V2 0.0050 144.58 5.89 84.76

19 | C/2003 T7 0.0050 144.54 9.18 8743 0,0001
C/2003 Q2 0.0049 144.57 9.12 87.31

20 | C/2006 B3 0.0052 144.43 358.51 77.76 0,0004
C/2006 T4 0.0051 144.52 357.64 77.65

Tohlillor gostarir ki, kometlarin orbit parametrlarindaki forqler (©j) nazars alinmayacaq
daracads kigikdir. Bu ferqin maksimum qiymati 0,0005-dir, bazi ciitlords iss ©j —nin qiymati
sifira barabardir. Ona gore burada tesadiiflorin olmasi istisna edilir. Kometlarin
nomrealonmasi onlarin periheliden ke¢gmo tarixlori ile bagh olduguna gore fragmentlarin
yaxin vaxtlarda bas veran parcalanma zamani amoale goalmasini sOylomak olar. Sonraki
tohlillor zamar ikinci név komet ciitliiklori miiayyon edilmisdir. Bu ciitliiklarin periheliden
ke¢mo anlar1 3 ildon 26 iladokdir. Belo ciitliiklorin say1 218-dir. Onlarin eyni kometin
miixtalif illarde miisahide olunmasi neticesinde emsals goaldiklarini sdyleys bilarik. Bu
ciitlitkklorden 10-nu cadval 2-ds verilmisdir. ©j-nin qiymati 0,0002-dan kigikdir.
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Kreutz qrupunda komet ciitliiklari

Cadval 2. Eyni kometlarin amals gatirdiklari ciitliiklar.

Ne | Komera q i Q (node) ® (peri) O

1. C/1998 G5 0.0050 144.40 359.89 78.29 0,0001
C/2007 Q9 0.0051 144.40 359.06 78.34

2. | C/1997 V6 0.0054 144.37 356.55 77.78 0,0002
C/2006 B3 0.0052 144.43 358.51 77.76

3. C/1999 M2 0.0049 144.33 6.91 85.74 0,0001
C/2005 N7 0.0048 144.42 6.93 85.72

4. C/1997 G6 0.0050 144.27 358.15 79.54 0,0001
C/2007 T9 0.0049 144.17 358.46 79.49

5. | C/1999 C2 0.0068 144.16 354.19 7241 0.0002
C/2005 D3 0.0070 144.22 355.24 72.28

6. C/1999 L1 0.0053 143.91 1.10 80.66 0.0002
C/2007 K8 0.0051 143.86 1.23 80.55

7. | C/1996 D1 0.0069 143.70 353.75 71.66 0,0001
C/2006 J1 0.0070 143.58 348.56 71.81

8. | C/2002V3 0.0051 144.48 9.49 87.03 0
C/2007 V9 0.0051 144.36 9.61 87.15

9 C/2003 Y6 0.0048 144.60 8.49 86.84 0
C/2007 N7 0.0048 144.60 8.43 86.84

10 | C/1996 S3 0.0059 143.90 357.32 75.07 0,0001
C/2004 O2 0.0058 143.76 354.61 75.24

Natica.

ciitliiklorin iki yolla yaranmasim asas gotiire bilarik: agar fraqmentlarin geydes alindig:
tarixlor bir-birinden 3 il ve daha az farqlenirso bdyiik kometin bir ne¢o fragmento
parcalanmasini sdylays bilarik; agar fragmentlarin qeyds alindig: tarix 3 il ve daha coxdursa
eyni kometin miixtalif vaxtlarda miisahide olunmasini geyd eds bilerik. ki nov ciitliiklor
arasinda kaskin serhad yoxdur. Biitovliikde Kreutz qrupunu tegkil eden fragmentlar qisa
dovre malik boyiik bir kometin parcalaridir. Valideyn hesab olunan bu kometin nahang

planetlardan birins maxsus oldugu ehtimal olunur.
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Tohlillor onu gostorir ki, Kreutz qrupu komet ciitliiklorindon ibaratdir. Komet
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YAZI VO NO9SR QAYDALARI

“Journal of Baku Engineering University” Fizika- oavvallor nasr olunmamus orijinal osorlori vo miiollifin
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Magqalads UOT va PACS kodlar1 gostorilmalidir.

Mogqalos asagidakilardan ibarat olmalidir:

Giris,

Tadqiqat metodu

Tadgiqgat isinin miizakirasi vo onun naticolori,

Istinad adebiyyati rus dilinds oldugu halda orjinal dili métorzs igarisinds gdstoarmoekle yalmz Latin olifbast
ilo verilmolidir.

Sakil, rasm, grafik vo cadvallar ¢apda diizgiin, aydin ¢ixacaq vaziyyatds va moatn igarisindo olmalidir. Sakil,
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magqalonin, maruzanin va ya tezisin ad1 gostarilmalidir.

a)
b)

c)

Niimunolar:

Mbqals: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomeric
and dimeric complexes of carnosine with zinc, Journal of structural Chemistry, Vol.51, No.5, p.824-832, 2010
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Prentice Hall, 2002
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Baki, 01-03 Noyabr, 2007, ss 384-391

Maonbolar 9 punto yazi tipi boyiikliiyiinde olmalidir.

10.

11.
12.

Sohifo ol¢iilori: tistdon 2.8 sm, altdan 2.8 sm, soldan 2.5 sm va sagdan 2.5 sm olmalidir. Matn 11 punto yaz: tipi
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kendi aragtirma alanin-da yazilmis derleme makaleleri kabul etmektedir.

Makaleler ingilizce kabul edilir.

Makaleler Microsoft Word yazi programinda, (journal@beu.edu.az) adresine gonderilmelidir. Génderilen
makalelerde sunlar dikkate alinmalidir:

Makalenin bagligi, yazarin adi, soyadi,

Is yeri,

E-posta adresi,

Ozet ve anahtar kelimeler.

Ozet 100-150 kelime arasinda olup 9 font biiyiikliigiinde, makalenin yazildig: dilde ve yukarida belirtilen iki
dilde olmalidir. Makalenin her {i¢ dilde yazilmis dzeti birbirinin ayni1 olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildigi dilde verilmekle en az {i¢ s6zciikten olugmalidir.

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugmalidir:

Giris,

Arastirma yontemi

Aragtirma

Tartigma ve sonuglar,

Istinat Edebiyati Rusca oldugu halde orjinal dili parantez icerisinde gdstermekle yalniz Latin alfabesi ile ve-
rilmelidir.

Sekil, Resim, Grafik ve Tablolar baskida diizgiin ¢ikacak nitelikte ve metin igerisinde olmalidir. Sekil, Re-
sim ve grafiklerin yazilar1 onlarin alt kisimda yer almalidir. Tablolarda ise baslik, tablonun iist kisminda
bulunmalidir.

Kullanilan kaynaklar, metin dahilinde késeli parantez igerisinde numaralandirilmali, ayn1 sirayla metin so-
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b)
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Ornekler:

Makale: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and Electronic Structure of Monomerik
and Dimeric Conapeetes of Carnosine Uith Zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832, 2010
Kitap: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition, Prentice
Hall, p.386-398, 2002

Kongre: Sadychov F.S., Aydin C., Ahmedov A.I. Appligation of Information-Communication Technologies
in Science and education. 11 International Conference. “Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391
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11.

12.
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likte Palatino Linotype fontu ile ve tek aralikta yazilmalidir. Paragraflar arasinda 6 puntoluk yazi mesa-
fesinde olmalidir.
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ITPABUJIA JIA ABTOPOB

«Journal of Baku Engineering University» - ®u3uka my0IUKyeT OpUTHHAIbHBIC, HAYYHBIC CTATHU U3 00NACTH
HCCIICZIOBaHIUSI ABTOPA U PaHEe HE OMyOINKOBAHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJINICKOM SI3BIKE.

PykomuicH TOIKHBI OBITh HaOpaHs! coryiacHo porpammbel Microsoft Word u oTripaBiieHs! Ha 37IEKTPOHHBIH
anpec (Journal@beu.edu.az). OtmpasisemMble CTaThH AOJKHBI YIUTHIBATH CIICAYIOIIKE TPABHIIA:

HazBanue ctatbu, uMs U paMUIKs aBTOPOB
Mecto paboThI

DICKTPOHHBIN a/ipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3ariaBue CTaThH IIHUIIETCS JIJIA KaXKJI0M aHHOTAaIMU 3arjaBHBIMU 6yKBaMI/I, JKUPHBIMU 6yKBaMI/I U pacrioJjiara-
€TCA TI0 LEHTPY. 3arnaBue u AHHOTAIlMH JOJI?KHBI OBITH TMPEACTABJICHBI HA TPEX SA3BIKAX.

AHHOTAIM, HAIICAaHHAS HA S3bIKE TPEACTaBICHHON CTaThH, NOJKHA coaepkaTh 100-150 cmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpefcTaBisSiOTCs aHHOTAIMK HA BYX JAPYTHX BBINIC YKa3aHHBIX S3bIKAX,
MEPEBOJT KOTOPHIX COOTBETCTBYET COACPIKAHUIO OpUruHaia. KirroueBbie ¢0Ba JOKHBI OBITh MPEICTABICHBI
mocyie KaXKI0i aHHOTAIMK Ha ero S3bIKE U COAEPIKaTh He MEHEe 3-X CIIOB.

B crarbe momxub! ObTh yKa3anbl kol UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCICOBAHUS H BBIBOIIOB.

Ecmu ccrmmarorcs Ha paboTy Ha pycCcKOM sI3BIKE, TOTJAa OPWUTWHANBHBIA S3BIK YKa3hIBacTCsA B CKOOKax, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM ai(aBUTE.

PuCyHKH, KapTHHKH, TpaGUKH ¥ TAOIHMIBI JOJDKHBI ObITH YETKO BBIMOJIHEHBI M Pa3MEIeHbI BHYTPH CTATHH.
INoamucu K pUCyHKaM pa3MEIaloTCsl MO PUCYHKOM, KapTHHKON miu rpadukom. Haseanue TaOIMIIbI MUIIETCS
HaJ TaOJIULEH.

CChUIKH Ha HCTOYHHKH JAI0TCA B TEKCTE IU(POH B KBAIPATHBIX CKOOKAX U PACIIONAraloTcs B KOHIIE CTaThH
B TIOPSIZIKE IUTHPOBAHMUS B TeKCTe. ECITM Ha OJIMH M TOT K€ HCTOYHMK CCBUTAKOTCS JiBa M OoJiee pas, HeoOXo-
JIMMO YKa3aTh COOTBETCTBYIOIIYIO CTPAHHILY, COXPaHAS MOPSAKOBHIM HOMep nuTupoBanus. Hanpumep: [7,
crp.15]. bubmuorpaduueckoe OMMUCaHKUE CCHIITAEMOM JTUTEPATYPHI TOJKHO OBITH POBEIEHO C YUETOM THIIA
UCTOYHKKA (MOHOTpadust, yIeOHHK, HAydHas CTaThs U 1p.). [IpH CCHUTKE HA HAYYHYIO CTaThIO, MaTEPHAIIbI CHM-
No3uyMa, KOH(PEPEHIINH WK IPYTHX 3HAYNMBIX HAYYHBIX MEPOIPHATHH TOJKHBI OBITH YKa3aHbl Ha3BaHUE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

Cmampwsa: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M. Spatial and electronic structure of monomeric
and dimeric complexes of carnosine with zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832,
2010

Knueza: Christie on Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Kongpepenuua: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies

in Science and education. Il International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, s5.384-391

Crmcok IMTHPOBaHHOH JIMTEpaTyphl HabupaeTcs mpudTom 9 punto.

10.

11.
12.

Pa3mepbl crpaHunbl: cBepxy 2.8 oM, cHu3y 2.8 cM, creBa 2.5 u cripaBa 2.5. Tekcr nedaraercs wpudrom Pala-
tino Linotype, pasmep mwpudra 11 punto, uHTepBan-oanHapHbii. [laparpadsl T0KHBI OBITH pa3leicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaly 6 punto.

[TonHb1i 00beM OPUTHHAIBLHOM CTaThH, KaK IPaBHIIO, HE JOJDKEH MPEeBHIIIaTh 15 cTpaHuil.

IIpencraBienue cTaThbu K NEYaTH NPOU3BOJUTCS B HUXKE YKA3aHHOM IMOPAJKE:

Kaxnast cTathst mochlIaeTcss HE MEHEe IBYM dKCIIepTaMm.

CraThs MOCHUTACTCS aBTOPY IS yUeTa 3aMedaHuil SKCTIEPTOB.

CraTps, TIOCNE TOTO, KaK aBTOP yd4es 3aME4YaHHs KCIEPTOB, PEIAKIIMOHHON KOJJIETHell KypHama MOXET
OBITh PEKOMEH/IOBaHA K MICYATH.
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