Journal of
Baku
Engineering
svemes UNIVErSity
Nombery L H Y S TCS
02 e e e

An International Journal

H

BAKU ENGINEERING UNIVERSITY

http://journal.beu.edu.az

|




Founder

Havar Mammadov

Editor-in-chief
Niftali Qocayev

Co-Editor

Razim Bayramov

Editorial advisory board

Azer Ahmedov (Baku State University, Azerbaijan)

Cahangir Huseynov (Azerbaijan, Azerbaijan Pedagogical
University)

Eldar Qocayev(Azerbaijan, Technical University )

Eldar Masimov (Azerbaijan, Baku State University)

Enver Nakhmedov (Baku Engineering University)

Eyyub Guliyev (Azerbaijan, National Academy of Sciences)
Farhad Rustamov (Azerbaijan, Institute of Physical Problems)

Gulnara Akhverdiyeva(Azerbaijan, Institute of Physical Problems)
Izzet Efendiyeva (Azerbaijan, Baku State University)

Larisa Ismayilova (Azerbaijan, Institute of Physical Problems)
Kerim Allakhverdiyev (Azerbaijan, National Aviation

Academy Of Azerbaijan)

Namiq Ahmedov (Azerbaijan, Institute of Physical Problems)
Sajida Abdulvahabova (Azerbaijan, Baku State University)

International Advisory board

Ahmed Abdinov (Azerbaijan, Baku State University)

Anar Rustamov (Germany, Hote Frankfurt University)

Ali Javan (USA, Massachusets Institute of Technology)

Adil R. Abduragimov (USA, University of California, Los Angeles)
Amrulla Mamedov (Turkey, BilkentUniversit)

Faig Mikailzade (Turkey, Gebze Technical University, Kocaeli)
Gulshen Agayeva(Azerbaijan, Institute of Physical Problems)
Irada Aliyeva (Azerbaijan, Baku State University)

Garib Murshudov (York Akademy, UK, London)

Hamed Sari-Sarraf (USA, Texas Technik University)

Eden Mamut (Romania, Black Sea Universiteties Network Center)
Elsen Veli Veliyev (Turkey, Kocaeli University)

Edil Eyvazov (Azerbaijan, Azerbaijan Pedagogical University)
Kamran T. Mahmudov (University of Lisbon, Porugal)

Kev Salihov (Tataristan, Kazan University)

Khalil Kilantér (Displays and Optical Technologies, Japan, Tokio)
Konstantin Voldemarovich Shaitan (Russia, Moskow State
University)

M.1gbal Choudhary (University of Karachi, Pakistan)

Natig M. Atakishiyev (Universidad National Antonoma de Mexico)
Nizami Gasanliy (Middle East Technical University, Turkey )
Oktai Gassumov (Azerbaijan National Academy of Sceince, Baku)

Oguz Gulseren (Bilkent University, Turkey)

Olgun Guven (Turkey, Hacettepe University)

Rasim Mamedov (Azerbaijan, Baku State University)

Rauf Jafarov (Azerbaijan, Institute of Physical Problems)
Sebahattin Tuzemen (Turkey, Ataturk University)

Sevim Akyuz (Turkey, Istanbul University)

S.V. Chernyshenko (Germany, Koblenz University)

Suleyman 1. Allakhverdiev (Russian, Akademy Science, Moscow)
Svetlana Demuhamedova (Azerbaijan, Institute of Physical
Problems)

Takhmasib Aliyev (METU, Ankara, Turkey)

Taleh Yusifov (University of California, USA, Los Angeles)
Tariel Ismayilov (Azerbaijan, Baku State University)

Tarlan Efendiyev (Belarus, National Academy of Science)
Toshi Nagata (Japan, National Institute for Natural Science)

V. Thavasi (Singapore, National University of Singapore)
Vanin A.F. (Russia, National Academy of Science)

Vagif Nasirov (Azerbaijan, Azerbaijan Pedagogical University)
Vladimir Pashenko (Russia, Moskow State University)

Veli Gusseynov (National Academy of Science, Baku, Azerbaijan )
Vladimir Gorbarchuk (Poland, Lyubel Polytechnic University)
Yusuf Sahin (Turkey, Ataturk University)

Executive Editors
Shafag Alizade

Assistant Editors

Ulker Agayeva
Lala Hajiyeva

Design
Ilham Aliyev

Contact address
Journal of Baku Engineering University
AZ0102, Khirdalan city, Hasan Aliyev str. 120, Absheron, Baku, Azerbaijan
Tel: 00 994 12 - 349 99 95 Fax: 00 994 12 349-99-90/91

e-mail: jr-phisics@beu.edu.az

web: http://journal.beu.edu.az
facebook: Journal Of Baku Engineering University

Copyright © Baku Engineering University

ISSN 2521-6368



ISSN 2521-6368

——
—
—

ENGINEERING UNIVERSITY

Journal of

Baku Engineering
University

PHYSICS

Baku - AZERBAIJAN




Journal of Baku Engineering University

PHYSICS
2021. Volume 5, Number 1

CONTENTS

INVESTIGATION OF THE EFFECT OF SURFACE STRUCTURES OF TRiBOELECTRIC

MATERIALS ON THE TRIBOELECTRIC NANOGENERATOR PERFORMANCE
Gulahmadov O.G.

RELAXATION PROCESSES IN SUPERLATTICES IN STRONG MAGNETIC
FIELDS DURING SCATTERING BY ROUGHNESS OF HETEROINTERFACES

Sophia R. Figarova, Mehdi M. Mahmudov

10

EFFECT OF LIGHT INTENSITY ON THE DIELECTRIC PARAMETERS OF Pd:Si/n-Si SHOTTKY

DIODE. ANALYSIS WITH THE USING OF ELECTRIC MODULE FORMALISM
L.M. Afandiyeva, CH.G. Akhundov

19

BOAHO-IIOANMMEPHBIE ABYX®A3HBIE CUCTEMbI U
ITEPCITEKTUBBI X ITPUMEHEHU ST

2.A. Macumos

25

INFLUENCE OF THE SEASHELL ON THE MECHANICAL AND ELECTRICAL
STRENGTH OF HIGH PRESSURE POLYETHYLENE

E.M. Gojayev, Sh.A. Zeynalov, K.].Gulmammadov, R.S. Ragimov, N.F. Memmedzade

RESEARCH OF THE RADIOTHERMOLUMINESCENCE SPECTRA OF
COMPOSITES PP + x vol.% Na* -MONTMORILLONIT

Gojaev Eldar Mekhraly, Mammadova Rasmiyya Latif, Akhmedova Arzu Musa

39

45

BAVISIHUE CMABHOTI'O DAEKTPUMYECKOI'O I1OA51 HA YAEABHOE
OB BEMHOE SAEKTPTYECKOE COITPOTUB/AEHUE
ANDAEKTPUYECKUE ITOTEPY KOMITO3UTOB IBAD+ x 06%TIInS2

A.H. Mupsoesa

51

VICCAEAOBAHMUE DAEKTPOITPOBOAHOCTU TPOVMHBIX COEAVHEHUN
TlInSe; U TiInTe; B CUABHBIX DAEKTPMYECKUX ITOASIX

Mamedosa I'.H.

56

®A30BBIN AHAAV3 Y UCCAEAOBAHUE CITEKTPA KOMBUHAIIMIOHHOT O
PACCESIHUSI CBETA B KOMITO3UTAX TUIIA IIDHIT+XOB% BlosSB1sTEs

A.M. Axrecxeposa

64




JOURNAL OF BAKU ENGINEERING UNIVERSITY - PHYSICS

2021. Volume 5, Number 1 Pages 3-9

UOT: 666.11.017
Pacs: 73.50.-h, 62.20. Qp, 61.41. +e, 68.37.-d, 68.35.Gy

INVESTIGATION OF THE EFFECT OF SURFACE STRUCTURES OF
TRIBOELECTRIC MATERIALS ON THE TRIiBOELECTRIC
NANOGENERATOR PERFORMANCE

GULAHMADOYV O.G.
Nanoscience Research Laboratory of the Center for Excellence in Research
Development and Innovation
Baku State University, Z.Khalilov str. 23, AZ-1148
Baku, Azerbaijan

ogulahmadov@bsu.edu.az

ABSTRACT

In modern times, with the development of science and technology, the creation of portable electronic
devices and the development of convenient and safe energy sources for them is a very important issue. The
application of triboelectric nanogenerators (TENG) as a source of energy in this area is also of great interest. It is
important to study the effect of surface structures of dielectric materials used in triboelectric nanogenerators on
its output parameters. The study examined how the dimensions of the wires on the surface of the nylon material
affect the performance of the triboelectric nanogenerator. It was found that as the diameters of the wires on the
surface of the nylon material decrease, the output parameters of TENG increase.

Keywords: triboelectric nanogenerator, polysiloxane, nylon, dielectric material, surface structure

TRIBOELEKTRIK MATERIALLARIN SOTHI STRUKTURLARININ TRiBOELEKTRIK
NANOGENERATORUN PERFORMASINA TOSIRININ ARASDIRILMASI

XULASO

Miiasir dovrdes elm va texnologiyanin inkisafi ils portativ elektronik cihazlarin yaradilmasi ve onlar iiclin
rahat ve tohliikasiz enerji menbalerinin inkisaf etdirilmesi ¢ox aktual masaladir. Belo enerji meanboayi kimi
triboelektrik nanogeneratorlarin  (TENG) bu saha des tetbiqi boyitk maraq dogurur. Triboelektrik
nanogeneratorlarda istifade olunan dielektrik materiallarin sothi strukturlarmin onun ¢ixis parametrlorine
tasirinin aragdirilmasi olduqca vacibdir. Tadqiq olunan isds neylon materialinin sathindas olan tellsrin 6l¢iilarinin
triboelektrik nanogeneratorun performansina necs tasir etdiyi arasdirilmigdir. Miisyyen olunmusdur ki, neylon
materiali sathinds olan tellarin diametrlori kigildikco TENG-in ¢ixis parametrlari artir.

Acar sozlar:triboelektrik nanogenerator, polisiloksan, neylon, dielektrik material, sathi struktur

NCCAEAOBAHME BAVSHUS TPUBODAEKTPMUYECKUX MATEPMA/10B HA CTPYKTYPY
ITOBEPXHOCTU TPMBODAEKTPMYECKNX HAHOI'EHEPATOPOB

PE3IOME

B coBpemenHOe BpeMs1, C pa3BUTHEM HayK! U TEXHUKIM, CO3JaHVe ITIOPTaTUBHBIX DA€KTPOHHBIX YCTPOVICTB 1
paspaboTKa A4 HMX YAOOHBIX U 0e30IIaCHBIX MCTOYHMKOB DHEPIMM SBAAETCA OYeHb Ba’XKHBIM BOIIPOCOM.
ITpumenenne TpubosaeKTpuYeckux HaHoreHeparopos (TOH) B xauecTse MCTOUHMKA SHEpPIMM B BTONM 004acTu
TakKe IpejcTaBAseT OOABIION MHTepec. BaskHO M3yunTh BAMSAHUE CTPYKTYPHI IIOBEPXHOCTU AVMDAEKTPUIECKIX
MaTepuaAoB, MICIIOAb3YEMBIX B TPMOODA€KTPIIECKMX HaHOTeHepaTOpax, Ha ero BRIXOAHBIe IIapaMeTphl. B mccae-
AOBaHIM U3y4aA0Ch, KaK pa3Mephl IIPOBOJOB Ha ITOBEPXHOCTY HEILA0HOBOTO MaTepuada BAMSIOT Ha IIPOU3BOAM-
TeABHOCTh TPMOODAEKTPIIECKOTO HaHOTeHepaTopa. Y CTaHOBAEHO, UYTO IT0 Mepe YMeHBIIEeHNs AaMeTpPOB ITPOBO-
AOK Ha IIOBepPXHOCT! HEJ10HOBOTO MaTepuasa BhIXOAHbIe mapamerpsl TOH yseanamsaloTcs.

Karogesble caoBa: TpuOO®AEKTPUYECKMIT HaHOT€HepaTop, IOAMCUAOKCAH, HeAOH, AUDAEKTPUYeCKUI
Marepuada, CTPyKTypa IHOBePXHOCTH.
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1. Introduction

In modern times, the creation of new types of miniature portable electronic devices and
sensors has become widespread. The fact that such systems can be used comfortably and safely
also raises the issue of their power supply. Triboelectric nanogenerators (TENG) are of great
interest as a power generation system. Such systems are an effective and safe system for
collecting electricity from the environment (mechanical movements of people, water waves,
wind, vibration, etc.) in everyday life. In addition to the power source, TENGs can also be used
as self-powered sensors with a variety of applications (in health monitoring, electronic skin
sensors, etc.)[1,2]. Triboelectric devices exhibit higher output performance than piezoelectric and
pyroelectric devices. Thus, the electrical energy obtained during the contact and separation of
triboelectric materials has the potential to cover the power supply of portable electronic devices
and sensors[3,4]. TENGs have a wide range of applications in various portable electronic devices,
with high output performance, simple and inexpensive manufacturing mechanism, sensitivity
and flexibility compared to other technologies[1].

Triboelectric nanogenerators reflect two physical processes: contact electrification and
electrostatic induction. During the contact of triboelectric materials due to mechanical impact,
static charge carriers are formed on the surfaces of materials in accordance with the phenomenon
of contact electrification. When a metal electrode is placed on the other side of such materials,
positively and negatively charged charge carriers are formed on the surface of the electrodes in
accordance with the electrostatic induction process, and current flows through the electrodes
based on the resulting potential difference. The surface load density of the triboelectric materials
used is a major factor influencing the performance of TENG. Thus, for a high-performance
triboelectric nanogenerator, the efficiency of surface loads generated during contact-
electrification and the efficient transmission of these loads during electrostatic induction are
important. Given this, we can say that a high-power triboelectric nanogenerator can be obtained
by selecting better triboelectric pairs during the design of the system and by designing the
surface structures of the dielectric materials used. The formation of surface charge carriers occurs
when materials interact with each other at the atomic level. The large number of such areas, ie
contact areas at the atomic level, leads to an increase in the number of surface charges. An
increase in surface load density can be achieved by using materials that are non-smooth
compared to smooth structures, ie materials with a certain shape of micro or nanostructures[5-7].

Figure 1 shows a schematic representation of a triboelectric nanogenerator and its
mathematical model. Given that a triboelectric nanogenerator is similar to a type of capacitor, its
output performance (voltage, current, surface load density, capacitance, etc.) can be expressed as
shown in Figure 1 (b). The potential difference across the electrodes when the triboelectric layers
are in contact and separated is expressed by the formula Voc (1), the voltage Voc in the open
circuit, the Isc short circuit current, the amount of triboelectric loads Qsc in the short circuit and
the effective dielectric thickness do (2). As shown in Figure 1a, the thickness of the dielectric
layers is denoted by di and d>, respectively, and the distance between them is denoted by x (t).
The expression (3) given in Figure 1b represents the surface load density o and the capacity C,
and the formula (4) represents the final capacity of the system. The surface area of triboelectric
layers and their thickness are denoted by S and d, respectively. From these expressions, it can be
concluded that in order to increase the output performance (voltage, current, output power, etc.)
of a troboelectric nanogenerator, it is important to increase its surface load density and reduce
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the thickness of dielectric materials, ie use relatively thinner layers. At the same time, the contact
and separation of materials at smaller distances has a positive effect on the performance of
TENG[1].
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Figure 1. a)Schematic description of the dielectric-dielectric interaction in TENGb)Mathematical expressions
of the parameters affecting the output performance of TENG

In the presented work, a triboelectric nanogenerator based on nylon and polysiloxane
materials was developed. In order to determine how the surface structures of the materials affect
the performance of the triboelectric nanogenerator, several TENg experiments were performed
on nylon and polysiloxane of different sizes, and their results were plotted. Thus, based on the
results obtained from the graphs, it was determined that as the size of the nylon wires with
microstructure decreases, the voltage and current values of TENG increase.

2. Experience and materials
2.1 Fabrication of materials

Nylon films (nylon socks, nylon 90% and other polymer 10%) consisting of polysiloxane and
wires of different diameters were used as triboelectric material in the study. For the preparation
of polysiloxane samples 12.50 g of polysiloxane is mixed with 1.3 g of cross-linking agent
(Organic tin catalyst) for 15 minutes. The well mixed polysiloxane is applied to the prepared
aluminum foil by drop casting. The prepared sample is dried at room temperature for 24 hours.
Both materials used are cheap and easy to obtain. Figure 2 shows microscopic images of nylon
films. It is clear from the microscopic images that the nylon films have a structure in the form of
interconnected wires, and their diameters are also shown in the figures. The diameter of such
wires is given by (1) below [12].

Diametr in microns = 11.89 x (denier / density in grams per milliliter)’2 (1)
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Figure 2. a) images of nylon films of wire of different diameters b) images
of nylon films taken by optical microscope

2.2 Fabrication of triboelectric nanogenerator

Nylon and polysiloxane are used as dielectric materials, and aluminum foil as metal
electrodes in the manufacture of triboelectric nanogenerators. Nylon and polysiloxane are
considered good triboelectric pairs because of their distance from each other in the triboelectric
series. Samples of both materials measuring 5.5x6 cm are cut and glued to the pre-prepared Al
foil using double-sided glue. Figure 3 shows all these processes.

2.3 Characterization

Surfaces of nylon films were observed with an optical microscope (Metallographic -
biological microscope CARL ZEISS AXIO LAB Al). Tests on a triboelectric nanogenerator based
on polysiloxane 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, 45%,respectively.

3. Results and discussion

Denier 10, 15 and 20 of nylon fabrics have been investigated as shown in Figure 2. We can
determine the dimensions of nylon wires using the expression (1). Thus, d =51 um for a 20 nylon
layer, d = 44 um for a 15 nylon layer, and d = 35 um for a 10 nylon layer. Figure 4 shows the
voltage and current graphs of TENG based on nylon films with wire diameters of 51 um, 44 um
and 35 um, respectively, and polysiloxane. The experiments were first performed for a case
where the dimensions of the nylon wires were d =51 um. It is also clear from the graphs that in
this case the maximum value of voltage was Voc = 63V. Figure 4b shows the current graph of
TENG based on nylon of the same diameter. From the graph, it can be said that the maximum
value of the current was Isc = 6.3 mkA. The following graphs describe the current and voltage
graphs of a triboelectric nanogenerator for cases where the sizes of nylon wires are reduced to d
=44 um and d = 35 um. As shown in Figure 4a, for the case d = 35 um, the maximum value of
voltage was Voc = 85V, and the maximum value of current was Isc = 8.5 mkA.lt is clear from
thegraphsthat



Investigation of the effect of Surface Structures of Triboelectric Materials on the Triboelectric Nanogenerator Performance

BN Silicone rubber

50 Aol
Double-sided tape

BN Nylon

0 Thick paper

Al

triboelectric pair | nogenerator

Figure 3. a) preparation of materials b) triboelectric pairs used c) triboelectric nanogenerator obtained

as the size decreases, the voltage and current value of the triboelectric nanogenerator increases.
Thus, in the case of d = 51 pum, the voltage and current values are Voc =63 V and Isc = 6.3 UA,
respectively, while in the case of d = 35 um, the voltage and current values of the triboelectric
nanogenerator increase by decreasing the size of the nylon wires to its maximum Voc=85 V. and
Isc = 8.5 mkA. From the graphs, it can be concluded that the reduction in the size of the wires
made of nylon materials has a positive effect on the performance of the triboelectric
nanogenerator. Thus, as the size decreases, its output parameters (voltage, current, output
power, etc.) increase and receive their maximum values. This is explained by the fact that the
reduction in the size of surface structures causes the materials to interact with each other at a
more atomic level. Considering that the interaction of materials at the atomic level is more in
non-smooth structures than in smooth structures [7]. At the same time, reducing the diameter of
nylon wires leads to an increase in the number of wires per unit area. This, in turn, leads to more
contact. Finally, an increase in the contact areas at the atomic level leads to an increase in the
number of static charges accumulated on the surface.
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Figure 4. a) voltage-time graphs of the triboelectric nanogenerator based on nylon films of different sizes
b) current-time graphs of the triboelectric nanogenerator

4. Conclusion

In the presented work, a triboelectric nanogenerator based on polysiloxane sheets with
nylon of different diameters was developed. In the study conducted to study the effect of the
dimensions of surface structures, the maximum value of voltage and current of TENG with a
diameter of nylon wires d = 51 um is Voc = 63 V and Isc = 6.3 pA, respectively. As the size
decreased, this value increased and for d = 35 um, the maximum voltage and current values of
TENG were Voc =85V and Isc = 8.5 HA. From all these results, it is clear once again that the small
size of the surface structures created on the materials has a positive effect on the performance of

TENG.
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RELAXATION PROCESSES IN SUPERLATTICES IN STRONG
MAGNETIC FIELDS DURING SCATTERING BY ROUGHNESS
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Baku State University
Z. Khalilov Street, 23, AZ1148, Baku, Azerbaijan
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ABSTRACT

In this paper, the relaxation time is calculated for the scattering of conduction electrons on the surface roughness
of a superlattice in a strong magnetic field. The probability of intrasubband and intersubband scattering is studied.
Conditions are determined for the contribution of intrasubband and intersubband transitions to scattering, which
depends on the degree of filling of the miniband and the period of the superlattice, as well as on the surface roughness.
It is shown that in superstrong magnetic fields, the intrasubband relaxation time decreases in comparison with the
intersubband one, i.e. intersubband scattering prevails.

Keywords: relaxation time, superlattice, intrasubband and intersubband scattering, density of states, roughness of
heterointerfaces.

PEAAKCAIIVIOHHBLIE ITPOLTECCHI B CBEPXPEIIETKAX B CM1/1bHBIX MATHUTHBIX
IIOSIX TIPU PACCESTHVN HA IIEPOXOBATOCTSIX TETEPOI'PAHNI]

AHHOTAIVIS

B paGore BBramcAsgeTCA BpeMs pedakcaly MPU paccesHuy 9AeKTPOHOB ITPOBOAVMMOCTH Ha IIIepOXOBATOCTSX
IIOBEPXHOCTH CBepXpelleTKe B CUABHOM MarHUTHOM I104e. VI3ydeHa BepOsSITHOCTh BHYTPUIIOA30HHOTO U MEXKIIOA30H-
Horo paccesHus. OnpeeaeHbl yCAOBMs BKAada B paccesiHye BHYTPUIIOA30HHBIX 11 MeKITOA30HHBIX IIepeXoA0B, KOTO-
pOe 3aBUCUT OT CTeleH! 3arl0AHeHs] MUHU30HbI U IIePrOJa CBePXPeIIeTKY, a TaKKe BeANUMHBI IIIepOXOBaTOCTell Io-
BepxHocTeli. [TokasaHo, 4TO B CBEpPXCUABHBIX MAarHUTHBIX 105X, BHyTPUIIOA30HHOE BpeMsl peAaKcallii yMeHbIIIaeTcst
II0 CPaBHEHNIO C MEKIIOA30HHBIM, T.€. IIPeBaANpyeT MeXKIIOA30HHOe paccesiHue.

KaroueBble ca0Ba: BpeMsi peJakcaliiiy, CBEPXpeEILNeTKa, BHYTPUIIOA30HHOE M MEXKIIOA30HHOe paccesHIe,

IL10THOCTb COCTOSIHITL, IIIEPOXOBATOCTIL IeTePOrPAHILI.
GUCLU MAQNIT SAHOSINDO IFRATQOFOSLORDO HETEROSORHOD
NAHAMARLIQLARINDAN SOPILMO ZAMANI RELAKSASiYA PROSESLORI
XULASO

fsdo giiclii maqnit sahasinds ifratqefeslords yiikdastyicilarm heterosarhad nahamarhglarindan sapilmesi zamani
relaksasiya miiddeti hesablanmsdir. Alt zonalar daxili ve altzonalararast sapilme ehtimali Syrenilmisdir. fratqefosin
minizonasinin dolma daracesinden ve periodundan, hemginin ssth nahamarhqglarmin qiymstinden asili olan
altzonalardaxili ve altzonalararas: kegidlarin sapilmaye hansi payin vermoa sorti toyin edilmisdir.Gosterilmisdir ki,
ifratgiiclii maqnit sahasindaaltzonalardaxili relaksasiya miiddsti altzonalararasi relaksasiya miiddati ilo miiqayisada
azalir, yoni altzonalararas sapilma tistiinliik togkil edir.

Acar sozlar: relaksasiya miiddati, ifratqafss, altzonalararasi ve altzonalardaxili sapilms, hal sixligi, heterosarhad
nahamarhglari.

1. Introduction

Particle scattering mechanisms are still the fundamental method for studying nanostructu-
res. This is due to the fact that electron-electron, electron-phonon and electron-ion scattering, as
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well as spin rotation, play a decisive role in transport phenomena. Among the most significant is
the Landau quantization, as well as the Rashba spin-orbit splitting in low-dimensional electron
systems. The broadening of the Landau levels leads to a limitation of the amplitude of the
Shubnikov-de Haas oscillations and determines the small-angle scattering of electrons [1]. In this
case, it is necessary to determine the role played by intrasubband and intersubband transitions.

At low temperatures, in structures with two-dimensional and quasi-two-dimensional
electron gas, surface roughness and ionized impurities are effective electron scattering centers.
However, it is necessary to take into account what contribution each of these mechanisms makes
to the scattering, taking into account both intraband and intersubband scattering. A strong,
quantizing magnetic field affects the process of relaxation of charge carriers in kinetic effects. The
relaxation process in a strong, quantizing magnetic field is so closely related to the kinematics of
the orbital motion of particles that the appearance of Larmor rotation significantly affects the
relaxation rate. In a strong magnetic field, which is parallel to the electric field (B// E), and the
strong field(Q7 >>1, where Qis the cyclotron frequency, 7 is the relaxation time), conditionis
satisfiedthe circulation of an electron in stationary orbitsK, =const on the Fermi surface is a
faster process than diffusion. In a strong magnetic field, diffusion becomes one-dimensional
across the Larmor orbits [2]. Therefore, when studying transport and optical phenomena in
superlattices in a strong magnetic field, it is necessary to take into account the influence of the
magnetic field on scattering.

It was shown in [3] that, at low temperatures, the mobility in heterostructures is largely
determined by the concentration of charged centers at the boundary and the size of the
roughness (average height and length). In the absence of a magnetic field, the relaxation time in
low-dimensional electron systems was studied in [4-8], while in a strong magnetic field, which
significantly affects the scattering of electrons, there are few such studies. A strong magnetic field
quantizes the motion of current carriers and affects these two scattering mechanisms.
Accounting for these scattering mechanisms and the influence of a magnetic field on them leads
to such phenomena as negative longitudinal magnetoresistance and magnetotransport
oscillations in low-dimensional orbit systems [9-16]. Therefore, it is necessary to take into account
what contribution each of the scattering mechanisms (intrasubband and intersubband)
contribute to the scattering. Of interest are the results of the theory and experiment obtained in
the study of the magnetic field dependence of the transpor coefficients of low-dimensional
electron systems. In particular, it has been established that in a strong longitudinal and
transverse magnetic field, a change of sign and oscillations of some transport coefficients, for
example, magnetoresistance, magnetothermoelectric power, differential conductivity, are
possible. Therefore, the precise determination of the scattering mechanism plays an important
role in comparing experimental results with theory. In this paper, we determine the relaxation
time for intrasubband and intersubband transition on surface roughness in superlattices in a
strong magnetic field and study the influence of the magnetic field on this scattering.

2. Energy spectrum, electrons wave function in superlattice in a strong magnetic field,
and a general expression for the relaxation time

In a strong magnetic field B, parallel to the superlattice axis z, Landau quantization takes
place in the layer plane, and taking into account the electron spin leads to the Zeeman splitting of
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the energy levels. In this case, the dispersion law of conduction electrons in the main (lower)
miniband of the superlattice in the approximation of weakly interacting quantum wells in a
magnetic field has the form:

e(N,k,,0)=(2N +1) 1B + g, (1—cos(ak,) + g "o, B, (1)

where N =01,2,... is the oscillator quantum number, Kk, is the wave vector component
parallel to the superlattice axis, o is the spin operator with eigenvalue +1/2, u=(m,/m,)u,,
My, M, are the mass of a free electron and its mass in the plane of the superlattice layer,
respectively, p, =eh/2myis the Bohr magneton, ¢° is the spin splitting factor,
1 5Oa

cos(ak,), m, is the longitudinal component of the effective mass, &, is the width of
1l

the superlattice miniband, a is the period of the superlattice.

To estimate the width of the superlattice miniband, we will use the formula [5]:

8E, /m E,
=— exp(sL 2
%o 7 \mU, p< ) @)

here L,U,, are the barrier width and height, m_,m,, are the effective masses in the quantum

2m\U,

hZ

well and in the barrier, S = , E,is the energy of electron.

The density of states of the energy spectrum (1) has the form:

95(6) =3¢ ﬂR) Z(Zeoez—ef)’”= Ssin(ak,), ()

2(”RB) a& N.o
herek, =k, (¢,N,o),&, = (N ,k,,0) — (2N +1) B — g"014B , R = (7/eB)"* is the magnetic
length. The density of states has a singularity at &, = 2¢,; if &, > 2¢,, the density of states does

not depend on the energy, and at a large value of g° the factor depends linearly on the magnetic
field.

When the condi’cionsi <&y <k,T and K,T < B, are fulfilled, we can introduce the
T

relaxation time [2], here 7, is the effective scattering time, corresponding to the motion of an

electron along the axis of the superlattice. These conditions imply weak scattering and a large
mean free path along the superlattice axis, which is necessary for the formation of a miniband.
The energy spectrum of superlattices is anisotropic, so it should be expected that the relaxation
time will also be anisotropic. For anisotropic scattering, the general expression for the

components of the inverse relaxation time tensor 7 is calculated by the formula [17]:
=3
7; K’

where W, is the probability of the transition of the conduction electron from K - state tok'-

K 7 )

1—£W
K;

state, k; are the components of the wave vector.
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It can be seen from formula (4) that when calculating the expressions for the components of
the inverse relaxation time tensor and determining their dependences on the wave vector
components K, it is necessary to use the explicit form of the transition probability W (k,K").

The scattering probability is calculated quantum mechanically using the well-known
formula:

W, = 27”‘< K|Hk >‘25(gk., —&), 5)

here H is the transition operator equal to:

2
H =i(ﬁ+gﬂj

2B ru(x,y,z), (6)
2m c

S
where§is the spin operator, p is the momentum operator,/:\ is the vector potential, the
calibration of which is chosen as A, =-By, A, = A, =0.

The real application of these formulae depends on which transition is being studied. In most
cases, we can restrict ourselves to the lowest order of the perturbation theory (Born

approximation) and then H coincide with the perturbation operator U responsible for the
transition. To calculate the matrix element, it is necessary to know the wave functions of the
conduction electron corresponding to the energy spectrum (1).

When calculating the matrix element of the perturbed Hamiltonian (5), the wave function
has the form:

P (F) = p(x—X%,)p(z)e" z, @)
where
oo el e
ky

hereH  is the Hermite polynomial N - order, x,=-

, due to quantization in a

n

magnetic field. ¢(z)is the wave function of an electron in a superlattice with the axis in the

direction z equal to

#(2) = \/VE D e“"¢(z~an), ©)

here

sin(zz/a), 0<z<a

$(2) :{

0, b<z<0 ’ (10)
nis the number of layers, a+b is the period of the superlattice,
a cosa, O<a<xl2
X = SZ b = g 0 2
e”’sina, 0<f<2r , (1)
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is the wave function associated with spin splitting in a magnetic field.

Taking into account formula (5) in (4), for the general expression of the inverse relaxation
time we have:

1:27”2< k’|U|k >? (1-cos9)d(e. —¢€,), (12)
T Kk’

z

where J the angle between the vectors K'and k, U is the scattering potential, < k'|U |k >is

the transition matrix element.

The specific dependence of the current density j,(B), electrical conductivity o,(B), and
other transport coefficients in a magnetic field is determined not only by the electron velocity Vv, ,
but also by the dependence of the relaxation time on the magnetic field 7,(B), which itself can

have a singular character. The specificity of superlatticeconcludes in the fact that, due to the law
of energy conservation, a particle with a wave vectorK, can be elastically scattered only into the

state - k,, and the dispersion law of electron £(K,) in superlatticeis non-quadratic.

Substituting formulas (6-9) into (12) and passing from summation to integration, for the
inverse relaxation time we obtain:

2
, (13)

U
q..—2

k;

o 2k 1 N-N’
2
O n 9(&e )RS { qlqu(E R3d. j exp(—R3q?)

1 g
herek, :—arccos(l——Fj, U is the Fourier component of the scattering potential, the
a &

N-N
factor [% Réqu is responsible for intersubband transitions.

At scattering electron on surface roughness for the scattering potential, we have:

TR A2 . [_ inzj

|U(qJ_)| = (m*)zae 4

(14)

where A is the average height of roughnesses, A - characteristic length of roughnesses.

Under the condition of strong quantization in a magnetic field, when calculating the matrix
element on the wave functions (8),which found from the solution of the Schrédinger equation, an

additional factor proportional to (% Réquexp(—%Réqij appears in the expression for the

relaxation time.

3. Relaxation time for scattering electron by heterointerface roughness

Scattering from surface roughnesses in low-dimensional electron systems is significant, and
low-temperature mobility is largely determined by the sizes of heterointerface roughnesses
(average height A and characteristic length A ). Spatial fluctuations of the heterointerface with
characteristic dimensions A and A contribute to carrier scattering. The surface topology is
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assumed to be Gaussian fluctuations with a certain period. The relaxation time is calculated in
the Born approximation. In the absence of a magnetic field, the relaxation time is determined in

[5]-

Substituting the expression for the scattering potential on surface roughness (14) into the
relaxation time formula (13) and integrating, we obtain the relaxation time when current carriers
scatter on roughness in a strong magnetic field:

at intersubband transitions

1 a’
—=AZ — |9(&r)p(&), (15)
T R
inter B
at intrasubband transitions
1 a ’
—=AZY — | 9(&p)0(&), 16)
Tintra RB
2¢ [ yé 2 2hiz®(AAY &
where =— exp(—y)dy, here & =K, A?, =——x 70
o(¢) ggw/gz_yz Xp(~y)dy, here & A, m—
Using the asymptotics of the integral (p(gg ), we have:
atintrasubbandtransitions
1 1_(a ) 2
— =27 | >5=- (17)
Tintra TO RB |(z A
This formula in the first Brillouin zone will have the form:
3
1 = 2 VA a‘_2 a_2 (18)
z-intra z-O RBZ A2
At intersubband transitions
1 _1. (8 1 (19)
2-inter TO R32 kzzA2
This formula in the first Brillouin zone will have the form:
2
1 1_.,a*) a®
— ==71 — | = (20)
Tinter TO RB A
4 2
where i = w .
7, ma

As follows from the formulas, the relaxation time decreases with increasing magnetic field
both 7 oc B~ - for the intrasubband and 7 oc B - for the intersubband.

The ratio of intrasubband to intersubband relaxation time upon scattering by surface
roughness is:
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2
Fintra _ 1(&) 72 (21)
T 2\ a

20 T T T T

inter

Tim'm f rfﬂ fer

Fig.1.Dependence of the ratio of the relaxation time during intrasubband transitions to the
relaxation time during intersubband transitions on the magnetic field:

a-Z=rnp-Z=rxl2.
This formula in the first Brillouin zone will have the form:

2 2
T 1(R A
—Tmtra = E[?B) Z 2 ? . (22)

inter

It can be seen from this relation that as the magnetic field increases, the ratio 7.,/ Ziner
decreases as B™'. In extremely strong magnetic fields (B > 27 /na/e), for a degenerate electron
gas Z=ak, = 2na7r2R§ , therefore, the intrasubband relaxation time decreases compared to the
intersubband one, as B, i.e. intersubband scattering prevails.

The contribution of one or another scattering mechanism will depend on the degree of
miniband filling and the superlattice period also of the surface roughness value. To determine

these dependencies a numerical calculation was made and graphs were plotted using the
computer algebra system - Mathcad.

It is found that depending on the degree of miniband filling the contribution to the
scattering of intrasubband and intersubband transitions changes. So from Fig.1 it follows that in

Tintra

magnetic fields B <3T at the ratio /2 >1, i.e. intersubband scattering prevails, and with an
Tinter
increase in the magnetic field at B > 3T , the ratio /™ can be either greater or less than unity,
T

inter

therefore, by changing the degree of minibandfilling one can change the contribution of the
intrasubband or intersubband mechanism to relaxation processes. It can be seen from Fig.2 that
at small surface roughness, intrasubband scattering prevails over intersubband scattering in the
entire range of magnetic fields, while at great roughness values at low magnetic fields,
intersubband scattering prevails, and with increasing magnetic field, intrasubband and
intersubband scattering become of the same order.
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2.0 T T T T

T;'mm / TJ:FII'{’J'

B T

Fig.2.Dependence of the ratio of the relaxation time during intrasubband transitions to the
relaxation time during intersubband transitions on the magnetic field:

a - at great surface roughness values, b -at small surface roughness values.
4. Conclusion

In this paper, we study the influence of intrasubband and intersubband transitions on the

relaxation time of superlattices with a cosine dispersion law upon scattering of current carriers

by heterointerface roughness in strong magnetic fields. It is shown that the reciprocal relaxation
time is proportional to the density of states, which essentially depends on the magnetic field, and
in extremely strong magnetic fields, the intrasubband relaxation time decreases compared to the
intersubband relaxation time, i.e. intersubband scattering prevails. It has been found that in fields
up to 3 T, in the case of scattering by surface roughness, the main contribution is made by
intersubband transitions. In extremely strong magnetic fields, the opposite effect takes place:
intersubband transitions prevail. The presence of intersubband transitions should lead to
oscillations of the longitudinal conductivity with different periods of the same order or smear the

oscillations.
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ABSTRACT

The dielectric parameters of the Pd2Si/n-Si Schottky diode were studied at room temperature and under
illumination with the light with different intensities (W=5-20mWt cm?2). Based on the measurement of the dependences
of the capacitance and conductivity on voltage, the dependences of the dielectric parameters (¢',&", tan d ) and series
resistance on the illumination intensity of small diodes (8x10-6 cm2), obtained by using such technological methods as
thermal spraying and photolithography, were calculated. The dielectric parameters were analyzed by the using the
method of the electrical module formalism. The dependences of the real ( M') and imaginary parts (M) of the complex
electrical module on voltage and intensity on lighting have been analyzed.

Key words: Schottky diodes, Pd2Si/n-Si, dielectric parameters, electrical module formalism, influence of the
illumination, series resistance

ISIQ INTENSIVLIYININ Pd:Si/n-Si SOTTKI DIODUNUN DIELEKTRIK PARAMETRLORINO TOSIRL
ELEKTRIK MODUL FORMALIZMIN TOTBIQI ILO ANALIZ

XULASO

Pd:Si/n-Si Sottki diodunun dielektrik parametrlari ag isigm miixtslif intensivliklorinde (W=5+20 mVt/sm?) otaq
temperaturunda tadqiq edilmisdir. Termik buxarlanma va fotolitoqrafiya texnoloji metodlarim tetbiq etmakls alman
kigik olciilii (8x10° sm?) diodlarin tutum ve kegiriciliyinin miixtelif intensivlikli isigm tesiri altinda gerginlikden
asihgimn Slgmoleri asasinda dielektrik parametrlor (¢', " tand) vo ardicil miiqavimat(R;)hesabalanmisdir. Dielektrik
parametrlorin analizinds elektrik modulunun formalizmi metodu tetbiq edilmisdir. Kompleks modulun real ( M') vo
xayali (M) hissalarinin garginlik ve intensivlikden asililiglar1 analiz edilmisdir.

Acar sozlor: Sottki diodlari, Pd2Si/n-Si, dielektrik parametrlar, elektrik modulun formalizmi, isigin tesiri, ardicil
miigavimsat
BAVSTHUE MHTEHCUBHOCTU OCBEHIEHUS HA AMDAEKTPUYECKUE ITAPAMETPHI AMMOAA
IMIOTTKUPD:SI/N-S.LAHAAN3 C IIPUMEHEHUEM ®OPMA/AN3MA SAEKTPUUYECKOI'O MOAY A51

PE3IOME

Avpaexrprdeckite rtapaMerpsl anosa Hlorrku PdaSi/n-Si Gbram 1ccaeoBaHbl Ipy KOMHATHOM TeMIlepatype 1
IIpU OCBEIIeHNY GeAbIM CBETOM C pa3ANIHON MHTeHCUBHOCTBIO (W=5+20MBT/cM?). Ha ocHOBe M3MepeHNst eMKOCTH 1
IIPOBOAVIMOCTY BBIMVC/AEHBI 3aBUICMMOCTI OT MHTEHCUBHOCTY OCBELIIEeHIIST ANDAEKTPIIECcKrX mapameTpos (g',e", tan o
)M II0CcAeA0BaTeABHOIO COIPOTMBAEHMS AMOAOB Maaoro pasMepa (8x10°cM?), 1oAyd4eHHBIX C HpMMeHeHMeM TaKMX
TEXHOAOTMYECK! METOAOB KaK TepMmdeckoe HampLieHue u ¢oroanrtorpadusl. Ilpu aHaamse AMDAEKTPUYECKIIX
ITapaMeTpoB OBLA IIpUMeHeH MeToJ (popMaam3Ma DAKTPHMUIECKOTO MOoAyAs. IlpoaHaamsmpoBaHBI 3aBVMCHMOCTI
peaasror(M') M MHMMOII Yacreit (M'') KOMIIZIEKCHOTO DAEKTPIMECKOTO MOAYASl OT HAIIPsKEHMST Y IHTEHCUBHOCTI
OCBeIIIeHILS.

Karouesnie caosa: anmoasr Iorrky, Pd2Si/n-Si, ansaexrpudeckne mapameTpsl, popMaan3M DAEKTPUIECKOTO
MOAyAsl, BAVSTHIE OCBeIlleH ], 110CAeJ0BaTeAbHOe COITPOTUBAEHIEe

1.Introduction
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The miniaturization of semiconductor devices requires the development of new
technologies for the creation and application of micro- and nanostructures. In this regard, the
creation, research and application of low-cost, multifunctional devices by the using of easy
technological methods are relevant.

Silicide/silicon-based Schottky diodes are widely used in electronics and optoelectronics due
to a number of advantages of metal silicides (thermal stability, low resistance) [1-3].On the other
hand, as a result of the formation of silicide filmon the semiconductor the interface shifted deep
into the semiconductor and thus the contact is protected from the environment. The
characteristics and reliability of the contacts structures with the using silicides depend on the
choice of metal silicide, the crystalline structure of the materials and the quality of the contact
surface.

The properties of metal silicide/silicon (ZrSi2, RhSi, PtSi, PdSi) contacts were first studied by
Pellegrini [4]. The metallic and electrical properties of the thin layer of Pd2Si in contact with n-Si
were first studied by Kircher [5]. Shepela [6], Wittmer et al. [7] investigated the resistance of the
Pd2Si layer on the Si wafer.In the real case, it is possible that as a result of the technological
process, uncontrollable characteristics appear and the properties of the diode change. On the
other hand, the small geometric dimensions of the contact structure and externalinfluences can
result in fluctuations in parameters. It is known that the value of incompatibility coefficient of the
crystal latticesparameters at the contact Pd2Si/n-Si (0.02) is smaller than the values of the
coefficient characterizing other silicide-silicon contacts.

The study of the dielectric properties of semiconductors in relation to the absorption of
visible light is defined as photoelectric phenomena. In this regard, the study of the dielectric
parameters of Schottky diodes based on silicide/silicon can provide information on a number of
properties required for the design of new electronic devices.

Based on the above, in the presented article, the effect of light intensity on the dielectric
parameters of small (8x10-6cm2) Pd2Si/n-Si Schottky diodes was studied by the method of
electrical modulus formalism.

2.Experimental procedures

Contact strukture was fabricated on the silicon (111) wafer with a thickness of 3.5 microns
and a special resistance of 0.7 Ohm c¢cm The surface of the semiconductor n-Si (111) plate was
covered with an oxide layer and a light-sensitive photoresist after 10 minutes of two-step
chemical cleaning [8].Then a 0.34-0.36 um thick SiO2 layer was created on the wafer. Windows
were opened to accommodate the diode and their quality was checked by the moisture
deposition method. Using planar technology and standard photolithography methods, a matrix
of 14 diodes was created as a result of a single technological process. Prior to precipitation of the
silicon layer the n-S (111) plate was annealed in a 6x10-5Torr vacuum at 573 K in the system
chamber for 5 min.Palladium was precipitated on silicon by thermal dusting. The choice of
method is due to the fact that the semiconductor surface is better protected than by using other
methods.

To obtain a homogeneous silicide layer, the plates were annealed outside the system
chamber in a special ampoule at 783K for 30 minutes in N2 and H2 gases. To clean the residual
palladium, the matrix with Pd2Si/n-Si diodes was washed in tsar vodka. As a omic contact was
chosed aluminum (Al), which is commonly used to create ohmic contacts. A thin layer of
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Ti1l0W90 amorphous alloy was placed between Pd2Si and Al as a diffusion barrier to exclude the
negative effects of Al, which has a high diffusion capacity [8,9].

In order to study the dielectric properties of the Pd2Si/n-Si Schottky diode, the C -V and G/
w-V characteristics of the diode were tested at room temperature (300K) with the help of HP
4192A LF impedance analyzer.Small sinusoidal test signal of 20 mVp—p (500 kHz) from the
external pulse generator is applied to the sample in order to meet the
requirement.Measurements were performed in the dark and under the influence of white light
with an intensity of 5, 10, 15, 20 mW / cm?.

3. Results and discussion

In a previously published article [10] was investigated capacitance and conductance ( C-V
and G/w-V) characteristics of Pd2Si/n-Si (111) Schottky diode at voltage from 0 Vto 5 Vwith
small ac signal 500 kHz (20 mVp-p) at room temperature in the dark and at different intensities
of illumination (5, 10, 15, 20 mW/cm2). With the purpose of investigation of the influence of the
illumination (intensities (5 + 20) mW/cm?2) on dielectric parameters of diodes the dependence
ofthe real and imaginary parts of the complex dielectric constant on voltage were studied.

In the presented paper on the basis of above results the dependence of real (¢'),imaginary
(e") parts of the dielectric constant and of dielectric lossesconstant tan d (c) of the Pd2Si/n-Si
Schottky diode on the light intensity at different voltages diode was studied (Fig. 1a, b and c). It
was found that in the dark £’and &"are practically independent of voltage, whereas when the
Pd2Si/n-Si diode is illuminated, the parameters increase depending on the voltage and intensity,
and reach a maximum value at 15mW/cm2.This dependence of the real and imaginary parts of
the dielectric constant is similar to the changes that occur when the frequency of the test signal
decreases.The increase in £'and &' (15mWt/cm?2) is associated with the accumulation of charges
between the dielectric and the electrode (electrode polarization or spatial charge region
polarization) [11].
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Fig.1 The dependence of real ' (a), imaginary & (b) parts and losses of dielectric constant tan d
(c) on light intensity at different voltages.

Complex impedance (Z *) and complex electrical modulus formalism (M *) have been used
by various authors for the analysis of dielectric materials for a more accurate study of conduction
mechanisms. Complex electrical module described by the expression.

M* = iwCyZ* (1)
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Here Co is the capacitance of the empty capacitor, w is the cyclic frequency, and i is the
imaginary unit.

Formalism is usually used to distinguish between surface and volume events. A number of
authors prefer the method of electrical modulus formalism in the analysis of dielectric properties
of devices [12]. Complex impedance or complex dielectric constant electrical modulus formalism
(e* = 1/p;+) is given as follows:

1 ! 8”

M ===M+jM"=——=+j )

& /2 4gll2 gl24gll2

The main advantage of the method of formalism of the electrical module is that the
polarization of the electrode is minimized. This method is widely used to determine the duration
of relaxation.In the presented article, on the basis of the real ( ¢") and imaginary (¢'") parts of the
dielectric constant of the Pd2Si/n-Si Schottky diode the depending of the real (M') and imaginary
(M"") parts of the moduleon the voltage and light intensity was calculated(Fig.2).
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Fig. 2.The dependence of real (M') and imaginary (M"') parts of electrical modulus on voltage.
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Fig. 3.The dependence of real (M') and imaginary (M"')) parts of electric module formalism on light
intensity at different voltages

The study [10] shows that at any illumination intensity &', ¢"’and tan d increase sharply at
1V and 0,5 V respectively.While in the dark parameterse’ande’’are practically independent of
voltage. The increase in tan d depending on the voltage in the dark is due to the energy losses
present at that frequency.In the presented article, it was found that depending on the light
intensity of these parameters, €', ¢"'and tan d have maximum values at intensities of 15 and 5
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mWt/cm?, respectively (Fig. 1 a, b, c). Thus, as the light intensity increases, the dielectric constant
and dielectric losses increase.

The increase of the imaginary (M"') part of the electrical modulus formalismin the darkness
indicates that the polarization is related to volume processes. At the same time, a gradual
decrease ofM" at different intensities of light, the absence of peak values indicates the uneven
distribution of the load in the space charge region and the possibility of polarization around the
electrode (Fig. 3).In recent years, a number of methods have been proposed to determine the
series resistance (Rs) of metal-semiconductor contacts, metal-dielectric-semiconductor (MDY)
and metal-oxide-semiconductor (MOY) structures [13]. In the method proposed by Nikolian and
Brews for the calculation of the real series resistance of metal-semiconductor and metal-
dielectric-semiconductor structures at high frequencies, Rs is described by the following
expression

Gma

R = Gt )

In the presented article, the series resistance of the Pd:Si/n-Si Shottki diode was calculated
according to the formula (3) based on the characteristics of C-V and G/w-V in the dark and at
different intensities of white light.
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Fig.4. The dependence of Pd:Si/n-Si Schottky diode resistance (Rs) on voltage (a) and light intensity (b)

The difference between the Rs-V dependence in the dark and under the influence of light is
clear from Figure 4 (a). At illumination, the Rs-V dependence is similar to the characteristic
obtained at different frequencies in scattered light [14]. At low voltages (0.3 + 0.5V), the value of
Rs obtained in the dark is close to the value observed when applying a high-frequency test
signal.As the intensity increases in the range of 5 + 20mW/cm?, the resistance decreases. When
the voltage value reaches (> 0.7V) in the dark, the resistance increases and reaches the series
resistance value,due to the rectification of the barrier and the transfer of electrons directly from
the bulk of the semiconductor.Due to the increase in light intensity, the resistance decreases at
voltages above 0.7V due to the emergence of new photo carriers in volume.

The obtained results can be applied to the development of new devices using photocurrent
in Schottky diodes in alternating electric fields.

4.Conclusions

In the presented article with the using of impedance method (20mV, 500kHz ) and white
light of different intensity (5 + 20mWt/cm2) the influence of illumination on dielektrik
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parameters (&', ¢"’and tan ) and series resistance (Rs) have been investigated. Electrical modulus
formalism has been applied to more accurately analyze dielectric parameters. It was found that

the increase in intensity is similar to the process of reducing the frequency of the test signal. The

dependence of all parameters on light intensity reveals that the electrodes play a blocking role as

a result of the formation of photocells.
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BOAHO-IIOAMMEPHBIE ABYX®A3HbBIE CUCTEMbI N1
ITEPCITIEKTUBBI X ITPUMEHEHSI
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B pabote msaaraeTcs odeHb BadKHasl NMpo0JeMa O PoAM M TePMOAMHAMITIECKOe COCTOSIHME BOABI U SKVBBIX
cHcTeMax U pa3pabOTaHHBIN A5 M3YIeHIs] HTOI IIP00.AeMBl MeTOA OCHOBaHHBIV Ha HEPOBHOMEPHOM pacIpejeleHnn
BelllecTBa BOAHO AByx(pasHBIX cucTeMax. J3ydeHsl pasandHble AByX¢asHble CIICTEMBI Ha OCHOBE TIOAMSTIAEHIANKOAD-
COAB-BOAA KOTOPbIE INMMPOKO MCITOAB3YIOTC A4 pa3AeAeHNs ¥ OYVMCTKU OM0A0TMIecKMX MaTepraaos (pparMeHTsI
KpOBH, KAETKM U Ap.) AAsd OTAEABHOIO NCCAeJOBaHMSA WX CBOVCTB. IlpmBeseHsl 3HaueHUs pasieAUTEeAHbIX
CITOCOBHOCTEN MCCAeAyeMBIX ABYX(asHOII cucTteM (n*).

KAIOUeBBIe C10Ba: BOAa, TAPOdOOHOCTE, padAeAnTeAbHas CIIOCOOHOCTh
WATER- POLYMER TWO-PHASE SYSTEMS AND PROSPECTS FOR THEIR APPLICATION

The paper presents a very important problem about the role and thermodynamic state of water and living
systems and developed to study this problem, a method based on the uneven distribution of matter in water-two-phase
systems. Various two-phase systems based on polyethylene glycol-salt-water were studied, which are widely used for
the separation and purification of biological materials (blood fragments, cells, etc.) for a separate study of their
properties. The values of separation abilities of the studied two-phase systems (n*) are given.

keywords: water, hydrophobicity, separating power
SU-POLIMER IKiFAZALI SISTEMLOR VO ONLARIN TOTBIiQ PERSPEKTIVLORI

Toqdim olunan isda su ve canli sistemlarin rolu ve termodinamik vaziyyati ile bagh ¢ox miihiim problem ortaya
goyulur va bu problemi dyranmak {igiin, su iki fazal sistemlards maddanin geyri-barabar paylanmasina asaslanan bir
metod islenib hazirlanmisdir. Bioloji materiallarin (qan fraqmentlari, hiiceyralor ve s.) xasselorinin ayrica tedqiqi,
ayrilmasi ve temizlenmessi {i¢lin genis istifads olunan polietilenglikol-duz-su asasili miixtalif ikifazal sistemler tadqiq
edilmisdir. Tadqiq olunan ikifazal sistemlarin ayirma qgabiliyyetinin qiymatlari (n*) verilmisdir.

Acar sozlar: su, hidrofoblug, ayirdetms qabiliyyati

[Iupoko M3BeCTHO, YTO K YMCAY OCHOBHBIX IPOOAeM OOIero MeauKo-OMOAOIM4ecKoro
3HaYeH!s OTHOCUTCS BOIPOC O COCTOSHMM U POAM BOABI B SKMBBIX cucTeMax. lVccaesosaHnme
COCTOSIHUSL I pOAU BOABI B OMOAOTMIECKMX CUCTeMax C MpVMeHeHIeM pa3ANIHbIX PU3IIecKIX
1 PUMKO-XMMUIECKIX MeToAoB, Takux Kak SIMP, OIIP, yapTpasByKoBasl CIEKTPOCKOIIVL,
CKaHMPYIOIIas KaAOpUMeTpus U T.A. IIO3BOAMAN BBIABUTH Psi4 OCOOEHHOCTeN B CTPYKType I
COCTOSIHMM BOABI B DTUX CUCTEMaX, CBUAETeABCTBYIOIINE O TOM, YTO KOAMYECTBO ee B Pas3HBIX
O110-00beKTax CyIeCTBEHHO pasAndalorcsa (0T oAHOro ImponeHTta moutu Ao 100%) m dto
CBOJICTBO BOABI OYeHb TECHO CBA3aHO C ITPOTEKAIONIUMM (PU3MOAOIMIECKMMI ITPOIiecCaMI.
CgpoiictBa BOABI OIpeaeasioT (GopMUpPOBaHMA OMOAOTMYIECKM aKTUBHBIX KOHQOpMaIuii
IIPUPOAHBIX COeAVIHEHUI, BAMAIOT Ha MMMYHOXMMIMJeCKNe ITpOIIeCChl, Ha B3alIMOJAEVICTBIe
IPUPOAHBIX COEAVIHEHMII C pellellTopaMl, AWUTaHAaMM, OMOoAOrMdecKMMM MeMOpaHamy, Ha
MPOTeKaHI!U Pa3ANIHBIX (pepMEeHTAaTMBHBIX PeakIinii, Ha TPaHCIOPT XMMMJIECKUX BeIlecTB B
opraHusMe rnocpeactsom Andg@ysum 1 ocmoca. Boga obecriednBaeT HOCTOSIHCTBO TeMIIepaTyphl
OpraHysMa, COXpPaHHOCTH KA€TOK U OPTaHOB OT BHEIIIHMX Pa3ANYIHbBIX BO3AeTICTBIAS.
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2.A. Macumos

B Hacrosimiee BpeMsi 04eBIAHO, UTO MpoOAeMa pOAM BOABI B SKMBBIX CI CTeMaX OXBaTbIBaeT
IMMPOKMII KPYT TEOPeTHMUeCcKUX M ITPaKTMIeCKMX BOIIPOCOB MOAEKYASPHON Onodpusuky,
MOAEKyAspHOI Oroxymuy, papMaKoAOTUM, MeAUILIVHEL ¥ O1I0TeXHOAOTUI.

CrHayasa OoTMeTNM, YTO HEOOBIYHO YyJecHble CBOMCTBa BOABI OOyCAaBAMBAIOTCA Pa3HOOO-
Pa3HBIMU CTPYKTYpaMM1, KOTOpble GOPMUPYIOTCA B Hell €O CcrelndpuuecKuMy B3atMOAeIICTBI-
SIMI MEXKAY ee MOAeKyAaMIL.

IIpucyTcrBus B BOAe VIOHHBIX ¥ HEMIOHHBIX HM3KOMOAEKYASPHBIX ¥ BLICOKOMOAEKYASPHBIX
A00aBOK, KaK M3BECTHO, M3MEHSIOIINX CTPYKTypy M TepMOAMHaMMYecKOe COCTOSIHME BOADI,
MO>KeT BO3/AelCTBOBaTh Ha O11010TMYecKye ITPOIIecchl.

B pesyabraTe MHOTOUMCAEHHBIX Mccaeaosanmit | 1-3] 6b110 Hakoraeno Goabrmmoe uncao
(pakTOB, CBMAETEALCTBYIOIIUX O BaXXHOCTU TePMOAMHAMIUYECKOTO COCTOSHUS BOABI AAs
IpOsIBAEHI B BOAHOI cpeje TaK HasbiBaeMoro ruapodooHoro a¢pdekra. B uacrHocTn, 6oabiioe
KOAMYECTBO  DKCIePMMEHTAaAbHBIX  JAHHBIX, OITYyOAMKOBAaHHBIX B  OMOPU3MYECKO U
(dapmMaKoa0TMIecKoil AuTepaType, CBUAETeAbCTBYeT O TOM, YTO MaKpOMOAEKYASpHbIe
KOMIIOHEHTBI OMOAOTMYeCKIX CHCTeM BAVSIOT Ha COCTOsIHME (CTPYKTYPY) BOABI B 9TUX CHCTEMaX,
KOTOpOe, B CBOIO OYepeAb, OKa3blBaeT BAVSHIE Ha MHTEHCUBHOCTb HPOsBAEHNS IUAPO¢pOOHOro
a¢Pekra, 1 KaK cAeACTBIe, Ha IpOollecchl (PYHKIMOHMPOBAHUSA U TPAHCIIOPTa BEeIlleCTB B SKMBBIX
OpraHmM3Max.

B cBs31 ¢ BBIIIEN3A0KEHHBIMHM, MCCAeAOBaHNe VI3MeHeHNs CTPYKTYPhl BOABI 110/, AeVICTBU-
€M pa3dAMYHbIX BHEIIHUX (PaKTOPOB IpeodpeTaeT 0cOOYyIO aKTyaabHOCTh. I1o oOpasHoMy Bhbipa-
>xeHmio Aaypeara HobGeaesckoit ITpemum Jxona bepnasa msyyeHne >XMBBIX OPTaHU3MOB PaB-
HOCHABHO U3YYEHUIO CTPYKTYPBI M TEPMOAMHAMMIYECKOIO COCTOSIHIS BOABI Ha pa3AMYHBIX MO-
A€KyASPHBIX OpTaHM3aITVsIX.

VckarounTeApHO BasKHBIE CBOJICTBA BOABI CBSI3aHbI C HADAIOaeMBbIMIU Ha OIIbITe, aHOMAaALS-
MI Ha TeMIIepaTypHBIX 3aBUCUMOCTSIX ee PU3NIecKnX 1 PU3MKO-XMMUIECKMX CBOMCTB. Takmx
aHOMAaANIA B CBOVICTBAX BOABI IO CPaBHEHMIO C APYTUMM JKUAKOCTAMI O4eHb MHOTO (cBbie 30).
HekoTtopsle 13 5Tux aHOMaAnii IIpeACTaBAeHbl Ha puc. 1.
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Pwuc. 2

Kak BMAHO M3 pUCYHKa Ha TeMIIEpPaTyPHBIX 3aBUCUMOCTSX TEIL10BOTO pPacIIVpeHyLs,
CKIJIMaeMOCTV, BSI3KOCTY, YAE€ABHON TEeIL10eMKOCTY, TIOTHOCTU VI CKOPOCTY PacIIpOCTPaHeHIL
3ByKa BOABI HaDAIOAaeTCsl DKCTpeMyMbl. Ecan cpaBHUTL TeMIlepaTypy IAaBA€HUs M KUTIeHVS
BOABI M OAM3KIX IO XMMIUYECKOMY COCTaBy K BOAe SKMAKOCTeN, TO KaK BUAHO, U3 PUC.2, ecan
MPOAOAKUTD KPUBYIO IIPOXOASIIYIO Yepe3 TOUK!U I1AaBA€HIsI M KUIIeHNS STUX KUAKOCTeN, TO,
AAsI TOYKU TLAaBA€HVS U KUTIEHUST BOABI Ha STUX KPUBBIX ITOAY4IMAY OBl He peaJbHble 3HaYeHILs],
-110°C 1 -60°C cOOTBETCTBEHHO.

B pesyapraTe aHaamsa pe3yAbTaTOB  MHOIOYMCAEHHBIX  9KCIIepUMeHTaAbHBIX
UCcCAeA0BaHMII CTaA0 M3BECTHO, YTO MeXAy MOJAeKylaMM BOAbl IOMMMO M3BECTHBIX BUAOB
B3alIMOJENCTBII 1IMeeT MecCTO crelyduyeckue B3alIMOAEVICTBII Has3blBaeMble BOAOPOAHOI
cBA3bIO0 (puc.3.), sHaueHys1 sHepruy (E~5+10kkaa/M021) KOTOPBIX HAXOAUTCS MEXAY 3HaUeHIIMU
DHEePIUII XMMIIECKOTO (KOBaJeHTHas, MoHHas 1 T.4. E=100+1500 kkaa/M041) 1 He XMMIIECKOTO
B3anMogeictsus (Ban-aep-Baaacosas, ancnepcnonnas, n T.4. E~0,01+1kkaa/moa).
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Pwuc. 3

OTMeTuM, YTO BTM CBA3M HOCAT KOOIepaTMBHBIN XapaKTep, TO ecTh OOpa3oBaHMe
BOAOPOAHOI CBS3U MeXAy ABYMsI MOJAEKy/AaMM BOABI COIIPOBOXKJaeTcsl oOpasoBaHMEM elle
HEeCKOABKIX 00/ee IPOYHBIX BOAOPOAHBIX CBA3€M DTUX MOJAEKYA C APYIMMM COCeAHUMU
MOJAeKyAaMU BOABL. /JpyrumMu caoBamy, OOABIIOe KOAMYECTBO MOAEKYA BOABI OObeAVHSACH,
IIOCpeACTBOM BOAOPOAHBIX CBsA3ell, 00pa3ylOT CTPYKTYpy, Ha3blBaeMas B Hay4HOI AUTepaType
KJAacTepaMl, KAaTpaTaMl, Had MOAeKyAsApHbIMM dacTuniamy u T.4. CaeayeT OTMETHUTh, YTO
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paspyllleHne STUX CTPYKTYp TakKe ITPOMCXOAUT KoomepaTusHO. Kaxgas Moaekyaa BOABI
oOpa3syeT MaKCMaAbHO C YeTBIpbMs COCeAHIMM MOAeKyAaMU BOAbI BOAOPOAHbIe cBs3M (puc.3.).
B TO Bpemsa kak cTpykTypa Abda IpejcTaBAseT CODON CILAOIIHYIO HPOCTPaHCTBEHHYIO CeTKY
00pa3oBaHHYIO IIOCPeACTBOM BOAOPOAHBIX CBsA3ell (puc4.), B BoAge 9TO CTPYKTypa 4acTUIHO
paspylleHa, M IIO MHEHMIO MHOIUX Yy4YeHBIX B BOA€ OAHOBPEMEHHO COCYIIeCTBYIOT
ABAOTIOAO0HAsI ¥ ILAOTHOYIIAaKOBaHHas, OOpa3oBaHHAs CBOOOAHBIMU MOJAEKyJAaMU BOABI,

cTpykTypa (puc. 4.).
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JBYXCTPYKTypHasi MOAeAb OOBSICHSIOITAs MHOTHe DKCIIepuMeHTaAbHble PaKThl B CBOICTBAX
BOABI, Gbl1a BHABIHYTA B cepeante 20-ro Beka Bepriazom u ®ayaepowm | 4| (puc. 6.) u passura B pa-
6otax Hemern u I1lepara | 5/ . TTo Muenmio Hemetu u ITlepara 110 SHepIisM 1 BHyTpeHHEMY CBO-
00AHOMY ABVKEHUIO (IIOABVDKHOCTI) MOAEKYABI BOABI MOXKHO pa3eAnTh Ha 5 Kaaccos (puc. 6.).

E + lap
0 ‘_." * ﬂEg
1 Y oag,

- 3

2 \ ME,
3 ' AR
4 '

0

Puc. 6

DHeprus MOAEKYyA BOABI, Y KOTOPBIX KOOPAVMHAIIMOHHOE YMCAO pPaBHO 4-OM (41cao
COCe/HIX MOJEKyA BOABl C KOTOPBIMM JaHHas MoJeKylda oOpas3yeT BOJOPOAHYIO CBA3b),
NpMHMMaeT MUHMMaAbHOe 3HadeHMe. Moaekya BOABL, Y KOTOPBIX KOOPAVMHAILIVIOHHBIE 4rcAa
pasnsbl 1, 2, 3, 4, npuHuMaloT 0o4ee HuU3Koe 3HadeHne sHepruii Ei, Bz, Es , coorcrBenno. Takum
00pa3oM, MOAEKYAbl BOABI paclpeAeAsioTcs IO BHepIusAM U IOABIDKHOCTM U IO
ABYXCTPYKTYPHOJ MOAeAM 3HadeHMs BeANdMH BDHepIuy, ILAOTHOCTM, BSHTPONMU U T.A.
IIPeBOCXOAAT 3HAUeHIs DTUX BeAMIMH AAsl AbAONOAOOHONM CTPYKTYPBI (Eiei<Esoss; Siea<Swoaa;
01e4<Qs042; Vaea<Usosa b 11 T.A.).

Ognako, HeCMOTpsl Ha TO, 4YTO C IIOMOUIBIO ABYXCTPYKTYPHOI MOAEAM HEBO3MOXKHO
OOBsACHUTb BCe OCOOEHHOCTM CBOMCTBA BOABI, TeM HM MeHee, OHa OKas3adach HauOoaee
I11a/0TBOPHOII, XOTsI MMEIOTCS MHOXKECTBO MO/JeAell € IIOMOIIIBIO KOTOPBIX MOKHO OObsSICHUTD
T€ WAU WVHBIE CBOVICTBa BOABI. CprKTypa uan TepMOAMHaAMIMYIECKOe COCTOSIHNE BOADBI
M3MEHAETCI KaK IIpUM M3MEHEHINNM TeMIIepaTypbl, TaK U IIPM BBEACHNV B BOAY Pa3AMIHBIX
HI3KOMOAEKYASPHBIX M BBICOKOMOJAEKYASPHBIX Belects 1 MoHOB. [log cTpykTypoit BoAbl 1
BOAHOII CpeAbl MBI IIOAPa3yMeBaeM COBOKYITHOCTh HeCKOABKMX (PaKTOPOB — 4lCAa, DHEPIUM,
ILA0THOCTh, OpMEeHTaIy (HallpaBA€HHOCTb) BOAOPOAHBIX CBSI3el M DHEPIUIO TeIrLA0BOIO
ABVDKEHIIST MOAEKYA. Mamenenue O4HOIo0 W3 DOSTUX IIapaMe€TpOB, O3Ha4YaeT N3MEHEHNE
CTPYKTYPBI, I COCTOSIHIIE BO,ZI,HOﬂ CpeAabl, ApyIrMin CA0BaMll, MI3BMEHEHIIE€ CTEIICHN ITPOIBACHII
ruapo¢odHoro apdexra, 1, BIIOCAeACTBUN M3MEHeHIs PacTBOPSIONIell CIIOCOOHOCTY BelllecTsa
BOAHOII cpeaoit. ITpu 9TOM cTpyKTypa cOCTOSIHIS BOABI OIIpeAeAsIeTcsl TOHKMM OalaHCOM Beex
B3aMIMOAEIICTBUI, ITIPOUCXOASAIINX MeXKAY BceMM KOMIIOHeHTaMI B BOAHOI cpege. Hapyienne
9TOro OaJaHca CONPOBOXKAAETCS M3MEHeHMeM CTPYKTYPhl BOAHONM CpeAbl U KaK CJAeJCTBUe,
BAVSIET Ha IIPpOTEKaHMM BCeX OMOAOTMYeCKIIX IIponeccoB B >KIMBOM OpraHn3Me. HO9TOMy
nccaea0BaHrsl BAVUSIHINAL Ppa3ANMIHBIX XMIMITIECKIVIX COG,ZI,I/IHGHI/HX Ha CTPYKTypy BOAbI, T.€. AAS
BBISICHEHILI UIX CTPYKTYPUPYIOIINIX U AVICTPYKTYPUIOIIVIX BOAY ,ZI,GI7[CT Bl U CICTEMU3aLINST DTUX
U3MeHeHMI1 IpejcTaBAseT OrpoMHbIN mHTepec. OaHOI U3 HamboAee BayKHBIX OCOOEHHOCTell
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CTPYKTYPBI BOABI SABASIETCSI HA0AI04aeMBblil Ha OIIbITe TaK Ha3bIBaeMblil «TMAPOPOOHEIN 3PPeKT»
3aKAIOyYaloyecs B TOM, 4TO IIpU BBeAeHUN B BOAY HEIIOAAPHBIX MAM COAep>KallleM B CBOeM
cocTaBe HETIOASPHBIX (PYHKIIMOHAABHBIX TPYIII BeIllecTBa BBITAAKMBAIOTCA BOAHOV CpPeAOli.
JAnTteabHOe BpeM:sl B Hay49HOI ANMTepaType He COBCeM YeTKO ITOHMMAANCh TaKue TePMUHBI KaK
«UApOoPpOOHEI 9PPeKT» rMAPOPOOHOCTD, TNAPOPUABHOCTD, IAPOPOOHOe B3aIMOAEIICTBIE U
T.A.

ITo coBpeMeHHBIM NpeACTaBAEHMAM «TUAPOPOOHOCTD» OIpeAeAseTcss CBOOOAHON DHepIu-
el B3auMo/ericTsusl ' mobca MoBepXHOCTM BelllecTBa MAM YacTHUIIBI C BOAOIA. <<FI/I,ZI,pOC1)I/IAI)HOCTI)»
ABASIETCsI OOpaTHON «IMAPOPOOHOCTI», T.€. BelllecTa 00Aajaromnye 0OABIION IMAPO(POOHOCTHIO
SABASAIOTC MeHee THAPOQIUABHBIMU 1 Ha000poT. CaeayeT OTMETHUTS, 9TO TIOHATI TAPOPOOHOCTD
U TUAPOPUABHOCTL, OTHOCUTCSI He TOABKO K OTAeAbHOM (paszaM, HO M MOKHO MX OTHECTM M K
OTAeABHBIM MOHaM, aToMaM M MoOJAeKyaaM. Bce 3apsikeHHbIe yacTMIIBI (MOHBI) U IIOASpHbIE
TPyIIIBl TAPOPUABHEI, 004a4al0T OOABIIUM CPOACTBOM K BOJe U 00JerdaroT pacTBOpeHue
BelllecTBa B BOAE, HeINOAspHbIe (pparMeHThl MOAEKY/ BelllecTBa YXYIIJAIOT pacTBOpPeHIUe UX B
BoJe. basanc mapodoOHBIX U THAPOPUABHBIX B3aMMOAENICTBUII DTNX TPYII, KOTOpBIe Kak
IIPaBIAO MMEIOTCS BO BeeX OM0A0TMYECKIX MOAEKYyAaX, OIlpeeAseT X PacCTBOPUMOCTD B BOJE.

Takum 0Opa3oM, XOpoIlIo pacTBOpuMasl B HEIOASPHBIX PACTBOPUTEASAX U I1AOXO pacTBO-
pUMBIe B BOJe BelllecTBa Ha3blBaloTCsA IMApo¢pooHbIMIL. IToTOMY, ecrecTBeHHO, YTO OTHOCUTEAD-
HOe CPOACTBO BellecTsa K BOJe, T.e. OTHOCUTeAbHas ITMAPOPOOHOCTDL BelllecTBa MOXKeT Xapak-
TepU30BaThCsl PA3HOCTBIO CBOOOAHBIX DHEPIUII IMIIOTETYECKOTO IepeHoca BelllecTBa 13 0ecko-
HEYHOCTM K BOJE M HeIOASPHOMY PacTBOPUTEAIO, APYTMMI CAOBaMM CBODOAHON SHepIueit
IlepeHoca BelllecTBa 13 BOABI B HEIIOASPHOe OKPY>KeHe.

Kak yxe Obl10 CKazaHO IpU BBeAEHMM HENOASPHBIX BeIeCTB B BOAHYIO Cpely OHU
OTTaAKMBAIOTCSL BTOM cpedoil IMApo¢dpoOHOro s¢deKra BLITOAKHYTbIE HEIOASPHbIE TPYIIIIBI
NpUOAVDKAIOTCA APYT K APYTY Ha O4eHb Maable PacCTOSIHIA, OHU B3alIMOAEVICTBYIOT MEXKAY
co0oI1, T.e. MMeeT MecTo TuApodoOHOe B3amMojericTsre. HeobxoanMo oTMeTHTh, 4TO BTHU
B3alIMOJEVICTBIS MeXKAYy HelIOASPHBIMI YacTUIJaMU B BOAHOI cpeje He SIBASIOTCS KaKUMM-TO
OCOOBIMM  B3aIMOAENICTBISIMM, @ B CYIIOCTU SBASAIOTC OOBIMHBIMUM Ban-aep-Baaacosbivn
B3aIMOAEVICTBISIMIL.

Huskass pacTBOpUMMOCTb HENOASIPHBIX BeIllecTs B Boge T.e. UX TIUAPOPOOHOCTH
00ycAaBAMBaETCsl YMEHBIIIeHNIeM SHTPOIINM CUCTeMBI IIPI pacTBOpeHNN. JeliCTBUTeABHO, €CAN
HPUHATH ABYXCTPYKTYPHYIO MOA€Ab BOABI, TO OUEBIAHO, YTO HETIOASIPHEIE (PparMeHTEHI BeIIecTsa
(MOA€KyABI) K ABAOIIOAO00HON CTPYKTYpe MPUOAMBATCS C OOABIIIEl BEPOSITHOCTBIO, IIOCKOABKY
TaKOl IIPOIIECC COINPOBOXKAAETCA BBIMIPHIINI DHEPIUMN. DTOT IIPOIIECC COMPOBOXKAAETCS
CoXpaHeHIeM CIABHOTO KOHTaKTa BOAa-BOJa, paspyllleHreM Oojee c1abOro KOHTaKTa MeXAy
HeIOASIPHBIMM  MOJ€KyJaMI BeIllecTBa M BO3HMKHOBEHEM HOBOTO, ODecIIeunBaroIero
BBIMTPBIIII SHEPIUM KOHTaKTa MeXAy MOJAeKyJdaMU AbJOIOAOOHOV BOABI ¥ HEIOASPHON
rpymsl. [Ipu npubarkennn HeIoAsIPHO TPYIIILI K ILI0THOYIIaKOBaHHOM BOAe He 00pa3yIoTcst
KOHTaKTHI, IIOCKO/ABKY 3aMeHa CILABHOTO KOHTaKTa BOAa-BoJa CA1a0bIM BOAa-HeIoAsIpHasl IpyIiia,
DHepreTHYecKy He BBITOAHA. I1osTOMy Ipy pacTBOpeHnN yIraeBog0pOA0B B BOAe HEIIOASPHBIN
YIA€BOA0POJ, Ay4llle pacTBOPsIeTCs B CTPYKTYPUPOBAHHOM BOJe, ellé Doaee CTPYKTypuUpy: e€.
IIpu ®TOM ®HTpOmmMs cucteMbl yMmeHbinaercs (AS<0), yBeamumsaeTcsi cBOOOAHAs DHePIus
cucrembl (AG>AH-TAS) m yxyallaeTcs pacTBOpPeHM:s YIAeBo4opoda. A ®TO IIPUBOAUT K
BbITaAKaBaHMIO HETIOASPHBIX BeIIeCTB BOAHOM cpeoi], T.e. K TuApodpodbHOMY dPdeKTy.
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ITpu pacTBOpeHNM BeIeCTB CoAP>KAIIUX U ITOASPHBIX ¥ HEITOASPHBIX TPYIII (MBLAO, OeA0K
U T.4) B BOJEe HENOASpHBIe I'PYIIIBl BHITAAKMBAIOTCA BOAOM, NMPUOAVDKAIOTCA APYI-APYyTy Ha
O4eHb Maable PacCTOAHUS U IPUTATUBAIOT Apyr-gpyra (ruapodoOHsni s¢dexr). Takum
oOpa3oM, 00pa3yloTcsl B BOAHOM cpee 00pas3yIOTCACTPYKTYPhI (MUTLIEAABI) C HAVMEHbIIVMMU
KOHTaKTaMI1 MOAEKY/ C MOAeKyAaMJ BOABL.

Caeayer 0cOOeHHO OTMETHUTh, UYTO HamOoOJAee SPKUM IIPOsBAEHNEM IUAPOPOOHOTO
B3alIMOJENCTBIUA sABASIETCSI TO, YTO IIpM DTOM BoJa eIé OO0Abllle CTPYKTypUPYeTcs, U
COOTBETCTBEHHO HaTVBHBIE CBOVICTBA OMOIIOAMMEpPOB elé Ooabllle cradmamsupyercs. Kak
clelyeT U3 BBIIIECKA3aHHOTO, IO BUAMMOMY, OJHa U3 MHOTOYMCAEHHBIX TUIIOTE3 O
BOZHIKHOBEHI! IT€PBIYHBIX KMBBIX OPTaHM3MOB Ha AHE MOpel 1 OKeaHOB CTaHOBUTCS Oo.ee
yOeAUTe ABHOIA.

Hpeme yeM HepeﬁTI/I K OIIMCaHMIO paspa60TaHHoro HaMl1 MeToJa KOAMYEeCTBEHHOI
OLI€HKI OTHOCUTEAbHOM I'I/I,Zl,pO(l)O6HOCTI/I BerieCcrBa OTMETVM ABa Ba’>KHbIX MOMEHTa.

I. MsBectHo, yTO OMoAOrMYecKkas: aKTMBHOCTb BeIlleCTBa, T.e. peakllyis OpraHMu3Ma Ha
IIPUCYTCTBIE DTOTO  BeIlleCTBa OIpejeaAseTcss TpeMs ¢akropamim: 1)  crepudeckmii,
IPOCTPAHCTBEHHBI  MAM TeoMeTpuJeckuil  (pakrop, T.e. COOTBETCTBUE pPa3MepoB U
KOHpOpMaIMii MOAEKyAbl BelllecTBa ¥ MOAEKyABbl MUIIeHN; 2) AOHOPHO-aKIIeITOPHOe
B3alIMOJEVICTBIIe MeXAy MOJeKyJdaMM BelllecTBa ¥ MUIIeHU; 3) HalpaBAeHHBbIVI TPaHCIOPT
BellleCTBa K MUIIIEH! 3aBUCSIINIL OT Pa3HOCTU OTHOCUTEABHBIX INAPOPOOHOCTEN BOAHOM Cpeabl
BelllecTsa (AeKapcTBa) ¥ MUIIeHM.

II. Taxcke M3BeCTHO, YTO POPMMPOBAHNE TPETUYHBIX U YETBEPTUYIHBIX CTPYKTYp OeAKOB 1
HYK/AEVHOBBIX KICAOT CyIIEeCTBEHHO 3aBUCUT OT ITAPO]POOHBIX B3aIMOAEVICTBUII B BOAHON
cpeae.

Kax 0110 oTMedeHO, OTHOCUTeAbHas TUAPOPOOHOCTD BelllecTBa OIpeeAsieTcss CBOOOAHOI
DHepIMell IlepeHoca ero M3 BOAHON CpeAbl B HEMOAAPHYIO cpely. SICHO, uTO Takas OlleHKa
OTHOCUTEABHON IMAPO(POOHOCTU 3aBUCUT KaK OT BHIOOpa 9KCIIEPMMEHTaAbHOTO MeTOAa, TaK U
OT TIIPUPOALI PacTBOPUTEAs AAsS MMUTALIMM HEIOASPHON cpeapl. IlosToMy, moayuyeHHble
pesyAbTaThl MOIYT He COBIajaTh C MCTUHHBIM 3HadeHueM Iuapo¢doOHOCTH OMOMOAEKyA B
opranusMe. Hecmorpss Ha 9TO, 40 IIOCAeaHero BpeMeHM OIpejeleHye OTHOCHUTeAbHON
ruAPoPOOHOCTY MPaKTUJIeCK! BCeX BeIeCTB OCHOBBIBAAMCh Ha OIpejeleHMM CBODOAHON
DHEPIMM IIepeHOca BeIecTsa 13 BOALI B BLIOPaHHBIN HEIOASPHBIA pacTBopuTedb. st 9TOro
OOBIYHO U3MEPSIOT AUDO CpaBHUTEABHYIO pacTBOPMMOCTD BelllecTBa B BOAHONM ¥ HeIOASPHON
cpedax, AnOO MCIOAb3yeT MeTO/J HepaBHOMEPHOIO paclpejeeHNs BelecTsa B AByX(pasHON
cucTeMax BOJa-HENOASPHBIN pacTBOPUTeAb, KOTOPBI MMeeT HeKOTOpoe MPeUMYIIeCTBO II0
CpaBHeHMIO ¢ ApyruMu MeTogamu. OAHaKO HEOOXOAMMO OTMETUTD, YTO 40 HeAaBHOIO BpeMeH!
MeTo/, pacrpejeleHns B BOAHBIX ABYX(Pa3HBIX CUCTeMax MCIIOAb30BaACsA AAs OIIpeseAeHINs
OTHOCUTeABHOM IMAPOPOOHOCTY HU3KOMOAEKYASPHBIX COe AVHeHNIA.

CpasauteanHo HegasHo 3acaasckuM b.IO. n MacumoppiM D. 6] Gr1a paspaboraH MeTo4,
OCHOBAaHHOM Ha ME€TOAe paclipedeaeHnsl BemecrBa B BOAHO-OPraHMYECKMX CHCTeMaX,
HOSBO/UIIOH.H/H?I KOAMYECTBEHHO OLIEHUTDL M3MEHEHINSI COCTOSHIS BOABI 1104 BAVISTHUIEM A1000ro
PacTBOPMMOTO B Heé BeIriecTsa, B TOM 4rCAe BEICOKOMOAEKYASAPHBIX COeAVHEHNIA.

Boano-aByx¢asHble cricreMbl 00pa3yioTCs IIPY CMeIBaHNY HeIIOASIPHOTO pacTBOPUTEAs] C
Bogo11 . [Tpu BBeseHNM B TakylO AByx(pa3HYIO cucTeMy OM(UABHOTO BeIllecTs OHa pacIipejes-
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eTcs MexXAy (pasaMy HepaBHOMEPHO U 9TO pacIpejeleHne XapakTepuayeTcs: KO9(pPUIeHToM
pacnpeeaeHis], orpejeAseMOro Kak OTHOIIIeHe KOHIIeHTpaIuii (BeCOBRIX) BelllecTsa B (hasax

C

cuctemnl | K = —2% | Beanunna xosg@duieHTa pacrpeseieHus: OIpeleAseTcsl B3alMO-
€H,0
2
AVICTBYIEM JaCTHII BeIIleCTBa cO cpeAoil a3 CUCTeMBI I MIHTeHCHBHOCTBIO TEIL10BOTO JABVKEHIS
(temmeparypoit). [Tpu cMermuBaHy BOAHBIX PacTBOPOB ITOAMMEPOB (A pacTBOpa IoAuMepa
U OpPraHNYecKOro WAUM HEeOPTraHMYEeCKOTO BAeKTPOAUTa) OTANYAIOIIVMICI XUMUYECKIMU
CBOIICTBaMI, TIpU OIIpejeAeHHON KOHIIeHTpaIyy KOMIIOHEHTOB, TakKe 0OpasyloTcs aAByxdas-
HBIE CYICTEMBI, Ha3bIBaeMBIMI BOAHO-TIOAVIMEPHBIMMU AByX(PasHBIMU cricTeMaMu (pic.7,8).

OKTaHOT

Bona

7

I | Pol.l1+Pol2+Bomal | I | Pol. + com +Bonal

I} Pol2+Pol. 1+Bomall | I com +Pol. + Bomall

Pwuc. 7

B Taxkmx crucremax B o0enx pasax IIpuUCyTCTBYIOT Bce KOMIIOHEHTHI 11 00e (pa3bl 0OOTOIIeHbI
Bogoit (80%+90%). Ognako, ogna (pasa cucrembl OOOraiieHa OAHMM IIOAMMEPOM, BTOpas
APYTUM IIOAUMEPOM (MAM COABIO).

PEQ (15.0%) +
+dekstran (0,7%) + BoIa (84.3%)

| dekstran (26,5%) +
+ PEQ (0,5%) +BOoma(73%)

Pwuc. 8

Kaxk caeAayeT U3 BbIIIECKa3aHHOIO, B AByXCl)aSHbIe cricreMa BOAa-HeHO/UIpHBII;I pacrBOpuTEAD
HaIIOMVHAaeT CIICTeMBI MeM6paHa — KaaTO4YHasA >KMAKOCTE, MeM6paHa — TKaHeBasl KINAKOCTD, a
rZI,ByX(l)ElSHbIe CIICTEMBI ITIOAVIMEP-BOAA CMICTEMBI KPOBb — TKaHEBasI JKMIAKOCTh, KPOBb — /H/IM(l)a n
APYIUMU CA0BaMU TaKyie rZI,ByX(l)aSHbIe CHCTEMBI MOI'YT OBITh IIPUMHATBI KaK X MOAEA.

B Takux CrCTeMax, Kak y>Ke Ob1210 VIIOMSHYTO, KOBCI)C])I/II_II/IGHT paciipeaeaenisl Beiecrsa

C
oKm (1)
Cro

paseH: K =
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YuursiBas MaaocTh dHepruy MeK¢asHOro nepexoga seriectBa (AGupu_joxr) OTHOCUTEABHO
DHepIMM TernaoBoro Apwokenms (KI) Moaekya BelllecTBa M M3 paBEeHCTBA XMMITIECKMX
ITOTEeHIIAaA0B KaXKA0To KOMIIOHeHTa B (pa3ax CyCTeMBbI MOKeM HaIllcaTh:

AG

K=eRT )

Orcroga

InK = —% 3)

u AG=-RT InK 4)

Kak caeayer u3s (4) aorapudm xosdpduiinenTa pacrpeseseHnsl Bellectsa B AByX(a3HBIX
CIICTeMaX XapaKTepu3yeT CBOOOAHYIO DHepIMIo Me>K(a3HOro IepeHoca BelllecTBa, T.e. CPOACTBa
BellleCcTBa K BOJe VLAY OTHOCUTEABHYIO TMAPOPOOHOCTh BellecTBa. /A DKCIepUMEeHTaAbHOTO
onpejeAeHNs 9TOM BeAMYMHBI OblAU pacIipeJeAeHbl TOMOAOTMYeCKUI Pl HaTPUEBLIX coAell
AVIHUTPO(EHNANPOBAHHBIX 0-aMMHOKICAOT (TabAnma 1) B AByx¢asHOI! crcTeMe BOga-OKTaHOL.
Bp1am mocTpoeHsl 3aBUCUMOCTh KOO PUINEHTa paclipejeAeHNs OT KOANMIecTBa MeTIA€HEeBBIX
TPYHII B yKa3aHHOM psigy (puc.9).

Tabamia 1l
No Berrects-Mapkepos XvimMyraeckni n Ned.
cocras KOA. MeT.
TPyt
1 AHO-ravm CH-COOH 0 0,36
2 AH®-asanmH CH-CH3-COOH 1 0,94
3 AH®-HOpBasuH CH-CH-CH2-CH3-COOH 3 2,57
4 AH®-HOpaeiH CH-CH2-CH.-CH>-CH3-COOH 4 3,73
5 AH®-aMmHOOKTaHOBAS KCAOTA CH-CH2-CH2-CH2-CH>-CH>-CH3-COOH 6 5,98
A
Lh K
1 —
C 3 6 N che
1=
Puc. 9
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Kaxk cleAyeT 13 pUCyHKa 9Ta 3aBMCIMOCTD OIIMIChIBACTCSI AVHEHBIM YyaBHEHIIEM

INK=C+E-n 5)

3aecs E u C nocTosiHHbIe, N — KOAMYECTBO MeTIAeHOBasl IPYIIII B BelliecTsax Mapkepa. V3 (5)
TIOAY4VIM:

kKTInK=RTC+RT -E-n (6)

Coraacno (4) moayunm:

AG{S o =—RTE-n-RTC (7)

Kak Buano u3 (7) napamerp E xapakTepnsyeT sHepPIiuiO IMIOTeTUIeCKOro IepeHoca OAHOM
METIAEHOBOM TPYIIIY 13 BOABI B OKTaHOA, a mapameTp C SHepruio r’mroTeTHIecKoro ImepeHoca
HeV3MeHIoNMecs TMAPO(pUABLHOIN IPYIIILI BellleCTBa MapKepoB 113 BOADI B HEITOASPHYIO Cpeay.

AGTE o =—RTE;  AGS (8)

H,0—oxm

AHaAM3 HayIHOI AUTepaTyphl IIOKA3hIBAET, YTO IPY IMPUCYTCTBUN COAell B BOAHOI ¢ase
ABYX(a3HOII CICTEMBI (13BECTHO, YTO COAU He MOTYT HAXOAMUTLCS B HETIOASPHOI (pase) 3HauUeHNe
koo PuIIeHTa paclipeJeJeHNs] paclpeAeAseMOro BelecTsa (ecan JaXke OHO He3apsDKeHO) U
snayeHns napamerpsl E um C msmemnsiorcs. Heckoapko mosxke YOepperirep 7] uccaeAyst
«CTPYKTYPHYIO TeMIlepaTypy», XapaKTepu3yIOIlylO BAVSHVE Pa3ANdHbIX HU3KOMOAEKYASPHbIX
COoeAMHEHMII Ha CTPYKTYypPY BOABI, OOHapy>KIA aHaAOIMIO MeXXAYy M3MEHEeHMAMM IapaMeTpoB
AG,E,C 1 msmeHeHneMm cTpyKTypoii TemniepaTypsl (To) Bogbl 1104 BAVSIHIEM pa3ANIHBIX COAEI U
TaKM 00pa3oM, OBLA0 YCTaHOBAEHO, UTO M3MEeHEHIIsI DHepIruy IIepeHoca BeIllecTsa, a TakKe ero
HeIIOASPHOTO U IIOASPHOTO KOMIIOHEHTOB M3 BOABI B OKTaHOA, CBs3aHBI C IM3MeHeHueM
CTPYKTYPBI BOABI 1104 BAVISIHVEM STVIX XMMMYECKUX COeAVIHeHUIA.

JaabHerime 1ccaeA0BaHIs paclipeeAeHIisl BellleCTB-MapKepoB B AByX(pa3HOI crcTeMe
BOJa-OKTaHOA IIOKa3aAu, 4YTO IIPUCYTCTBME IIOAVMEPOB Pa3AMYHOV KOHLIEHTpalUuu U
MOAEKYASIPHOM MacChl II0 pa3sHOMY M3MEHSAIOT CTPYKTypy Bogbl. Kak caeayer us3
BBIIIIEOIVICAHHBIX DKCIIEPUMEHTAaAbHBIX (PAaKTOB CPOACTBO BellleCTBa K BOAHON cpeje, T.e. €To
OTHOCHUTeAbHasl IMAPO(POOHOCTh 3aBUCUT OT XMMIYECKOIO COCTaBa 9TOIM BOAHOM CpeAbl.
CaeaoBaTeabHO, MOXKHO pacCMOTpPeTh CPOACTBa BOAHOM Cpe/bl pa3AMdHOIO COCTaBa K BeIlleCTBY
AU €TO pa3ANIHBIM (pparMeHTaMm.

B coorsercTBUM C HTUM 4451 KOAMIECTBEHHOI OIIeHKM OTHOCHUTEABHON IMApOdOOHOCTI
BOZHON Cpeabl B pa60Te|6| IIPeAAOKEHO MCIIOAb30BaTh PasHULy MEXAY CpOACTBaMU DTON
cpeapt K ruapododnHoit CH: rpymme, T.e. MeXay CBOOOAHON BDHeprueil IMIIOTeTHYEeCKOro
IlepeHoca MeTMAeHOBOM TPYIIIbl U3 BOAHOM Cpeabl B OKTaHOA M CBOOOJHAs BDHepIruein
TUIIOTETUYECKOrO IIePEeHOCa DTOM IPYIIIILI U3 YMCTOM BOABI B OKTAHOA.

M3 mpuHnmMma aAMTHMBHOCTM CBOOOAHBIX SHEPIMII CAeAyeT, YTO Pa3HOCTh MeXAY
cBoOOAHOI ®Heprueii mepeHoca oguoi CH: rpymmmsl m3 BOABI B OKTaHOA ¥ M3 pacTBOpa
roAyMepa B OKTaHOA paBHa CBOOOAHOI DHepIuu ruroreTrdeckoro nepeHoca CHe-rpymmer ms
YUCTON BOABI B pacTBOP IOAMMEpa, I, 9TO 5Ta BeANdrHa MOXKeT XapaKTepl30BaTh M3MeHeHe
CTPYKTYpBl BOABI IIO4 BAMSIHMEM TOIO WAL APYyroro IioAmMMepa, T.€. OTHOCUTEAbHYIO
ruApo¢doOHOCTh pacTBOpa IoAUMepa:

CH, _
Ag H,0—>H,O+non ~— AGHZO—>Okt. - AGHZOerm.—)mcm. (9)
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EcrectBeHHO, TO BeAnunHa, KOTOpas He MOXKeT ObITh OIlpejeleHa HeIllOCpeACTBEHHO I3
OIIBITA XapaKTepu3yeT pasHUILly B CPeACTBaX BOABI 11 BOAHOTO pacTBOpa K MeTUAEHOBO IPyIIIIe,
APYIMIMI CAOBaMI XapaKTepusyeT CTeIleHb M3eMeHeHMsI CTPYKTYPbhl UAM TePMOAVHAMUYECKOe
COCTOSIHISI BOABI IIOA AEVICTBMIEM IIOAVIMEPA.

OueBnaHO, YTO Ta BeAUUMHa OlpeJeAseT TaKXKe PasHUIy B CTEIeHN ITPOsBAEHI
ruapodobHoro apdexTa B BOAHOIN Cpee U B UICTOI BOJe.

CH
M3  BeIIIIECKa3aHHBIX caeayeTr, 4YTO 3Hade€HII BeANYIIHBI Ag 2 XapaKrepusyer

VHTEHCUBHOCTb B3aUMOJEVICTBUSI TIOAMMepa C BOAHBIM OKpyxenumem. Ecam, Ag“™'z <0,
HanpumMep aas pactsopa P1 B Boge mporiecc rmmnoTeTnyeckoro Iepexoga ruapogoonon CH
TPYTIIBI M3 BUABI B BOAHBIN pacTBop noanmMepa P1. sHepreTideckn BLITOAHO. DTO O3HaYaeT, 4To
1o/, AvsiHNeM 1noaumepa (P1) Boga crasa 6oaee rapodoOHOI 1an MeHee TMAPOPUABHON U
ruapodobEt addext ocaabaen. A ecau Ag Goavime nyas (Ag? >0, aas moaumepa P2)

IPOMCXOAUT OOPaTHBII, IIEPBOMY ITpOIIeccy.

AHaAN3 TOAYYeHHBI MPOLIeCC pa3pabOTaHHBIM METOAOM pPe3yAbTaTOB SKCIIePUMEeHTOB
1I0Ka3aa0, 4YTO BBeACHUM B BOAY BBICOKOMOJEKYASpPHbIe BeIecTBa, MUX MOAEKYABI,
B3alIMOJEVICTBY: C MOAEKYAaMU BOADIL, UBMEHSIOT CTPYKTYPYy U TEpPMOAVHAMMIYECKOe COCTOSIHIAS
BOABL, OAHU IIOAMIMEPBI CTPYKTYPUPYIOT (ruapo¢oOu3yioT) Apyrue pa3pylialoT CTPYKTypy
BOAbI (ruapoduansyior). Bce oTm mporeccel B cBOIO o4yepeAb, M3MEHSIOT MHTEHCHBHOCTD
IIposiBAeHNs TUAPO¢PoOHOTO 9ddPeKTa B BOAHOI cpeJe.

j:af k

201

L 4

3 & S 12 Cpol, %

Puc. 10

VccaeaoBanmst OTHOCUTEABHOM TMAPOPOOHOCTY BOAHBIX PacTBOPOB OOABIIIET0 KOAMYeCcTsa
(cpire  100) moamMMepoB IIOKa3ado, 4YTO AAs OOABIIMHCTBA PacTBOPOB OTHOCUTEABHOIN
rMApodOOHOCT 3aBUCUT OT KOHIIEHTpallyyl TIOAUMEPOB, IIPUIEM AAsl MaABIX KOHIIEHTpaLVIA

o . . . CH
9Ta 3aBUCMOCTDb HOCUT AVHEVHBIN XapaKTep, BBIIIE OIIpeAeA€HHDBbIN KOHLIEHTpaln Ag 2

HpUHIMaeT IOCTOsHHOe [5 (Ag CH )] 3HageHw1 (puc.10).

BasknbIM BBIBOAOM M3 ITOAYYEHHBIX DKCIIEPUMEHTAaAbHBIX Pe3yAbTaTOB SBASETCSA TO, 4TO
pasHuIa B ruapo@oOHBIX CBOICTBaX OMOA0TMYECKIX XKIUAKOCTell 1 TKaHell OpraHn3Ma CBsI3aHbl
C pasandueM CTPYKTYPhl U TEPMOAVHAMIYECKOTO COCTOSHMS MIX BOAHOTO OKPY>KeHIA.
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2.A. Macumos

OueBnaHO, UTO MeTO/ pacrpejeieHus B AByX(pa3HBIX CHCTeMax BOAa-OKTaHOA He MOXKeT
ObITh MOpUMeHeH AAs U3ydeHus: OMOAOTMYEeCKMX CHUCTeM, U3-3a AeMOHCTPUPYIOIIMM  MX
BAVAHMEM OKTaHoJa. OAHaKo, MOXKHO MHPeANIOAOXKUTh, 4TO BAMSAHME MaKpOMOJEKyA Ha
CTPYKTYpy ¥ TEePpMOAMHAMUIYECKOIO COCTOSHUSI BOABI CBA3aHO CO  B3alIMOAENICTBMEM
MaKpOMOA€KyA C OAVDKaMIIUM OKpY>KeHMeM, T.e. OTHOCUTeAbHas TIMAPOPOOHOCTM CaMMX
MOJA€KyA B BOAHOI cpege. AaAsd s[CHOCTM HeOOXOAMMO OTMETUTh, YTO OTHOCHUTEABHO
ruApo¢dOOHOCTh CaMIX MaKpOMOJAEKY4, OTAMYAeTCsl OT OTHOCUTeABHON IMAPOPOOHOCTU MX
BOAHBIX pacTBOPOB. VIsMeHeHMsI CTPYKTyphbl BOABI 1104 BAMSHMEM MaKpOMOAEKya, BCerja
COITPOBOXKAAETCSl M3MEHEeHMeM CPOACTBa BCETO pacTBOpa K MeTHAEHOBON TpyIlne, APYIMMU
CA0BaMI OTHOCHUTeAbHas TMAPOPOOHOCTL PacTBOPa, ABASETCS eT0 00BeMHOI XapaKTepUCTHUKOIA,
TOrJa Kak OTHOCUTeAbHas IUAPOPOOHOCTL MaKpPOMOAEKYA SBASETCS XapaKTepUCTUKON
VMHTEHCUBHOCTY B3alIMOAENCTBIs MaKpOMOJEKyA CO CBOMM OAVDKAMIIMM OKpY>KeHMeM. DTa

CPOACTBO BeIllecTBa K BOJE, T.e. €0 OTHOCUTeAbHas IMApodoOHOCTH (N ™) Kak M3BECTHO,
orpeJeAsercsa C IIOMOIIBIO MeToJa paclpejeleHMsl BellecTsa B AByX(pasHOI BOAHO-
noanMepHoit cucreme | 8 xaxk:

CHa _InK _RTInK
E RTE

(10)

3aece K — xoadpdurnmenT pacrpesesenns serecrsa B AByx¢pa3HOI BOAHO-TIOAVIMEPHOI
cucreme. RT INK - sHeprist Mesx¢asHOro repeHoca BelriecTsa (AU ee MOAEKYABI), B [IeA0M, a

H,

. N c
RTE ognHOVI MeTMAEHOBON TIpyIIbl, N - OTHOCUTeAbHas1 TMAPOPOOHOCTh MaKpOMOAEKYAbI

BbIpa’kK€HHasI OTHOCUTEABHON F]/I,Zl,pO(l)O6HOCTbIO OIIpeAeA€HHOIO KOANYeCTBa METNAE€HOBBIX
TpyIIIL

[ToAoXuTeAbHOE 3HaueHume 9Toro Tapamerpa (N'?) osHavaer, 9TO BeIECTBO
ruapodobHo 1 ero ruapodoGHOCTs pasHAa rHApododHOCTH NN -MeTMAeHOBBIX TPy,
oTpullaTeAbHble 3HaueHMs O3HAYalOT, YTO BEIeCTBO IMAPO(PUABHO M €ro IMAPOPUABLHOCTD
paBHa ¢ oBpaTHHIM 3HakaM rmapoduasHocTn N7 Mermaenoswix rpymm. Vccaeaosamust
OTHOCUTEABHBIX IUAPOPOOHOCTEN! OOABIIErO KOAMYECTBa ITOAMMEPOB (C MCIIOAL30BaHMEM
MeToJa pacIipeeleHnsl BelllecTsa B AByX(a3HON BOAHO-TIOAVIMEPHON CMCTeMe) M VX BOAHBIX
pacTBOpoB (MeTOAOM pacIipedeieHns! B ABYX(pa3HON CHCTeMe BOAa-OKTaHO.) I10Ka3alo, YTo
MeXAy STUMU ABYMs IlapaMeTpaMu {I_&(Ag e )J u (nCH2 )} CyIIeCTBYeT — CAeAyIOIiast

KOppeAsLIMOHHAas B3anMOCBs3b (puc 11)
5(ag® )= -6418—-052n°" (11)

TaxkuM 0oOpa3oM cylllecTBOBaHIe TaKOJ B3alIMOCBA3H, ITI03BOAsIeT OLIEHUTh OTHOCUTEABHYIO
ruApo¢dOOHOCTh BOAHOTO OKPY>KeHMsI OMOCTPYKTYp, KOTOPYIO OIpeAeAUTb C IIOMOIIIBIO
ABYX(pa3HOII CIICTEMBI BOAa-OKTaHOA He IpeACTaBAsIeTCsI BO3MOXKHBIM.
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S0 kal .
" mol CH, e
160 -
s
[
80~
L4
. -120 &
180 60 60 120 cH
@ n
-80
Puc. 11

AAs1 5TOTO C IOMOIIIBIO ABYX(pa3HOI BOAHO-TIOAVIMEPHOI! crcTeMBl (00e ¢pa3bl oOoraIreHb

N N N CH
MATKOM CpeJoil - BOAOM AAsl OMOOOBEKTOB) OIpeseAsdioT Iapamerp N7, jJaaple 13
KOppeAsLoHHOTO ypasHeHsl (10) HaxoAAT OTHOCUTEABHYIO TMAPOPOOHOCTh B BOAHON Cpeabl

o o CH
O110A0IMIeCKIIX SKMAKOCTEI M TKaHel [5 (Ag 2 )J

PaccMoTpuM  ®KCIIepMMEHTaAbHbIN 10AXO04, K KOAMYECTBeHHON OIleHKe OTHOCUTEABHOI
ruaApodoOHOCTI OMOAOTMIECKMX KMAKOCTeN 1 TKaHeil. CoraacHoO OOIIenpu3HaHHON TOYKe
3peHIs], paclpejeAeHs] XVMUYeCKIX BeIllecTB (®K30- 1M DHAOTeHHBIX) B KMBOM OpraHU3Me
MOXKHO paccMaTpuBaTh Kak MpOLecC PaBHOBECHOTO paciipejeleHNs] BellleCTs B MHOTO(a3HO
BOAHOI cucteme, (a3l KOTOPON XapaKTepU3YIOTCS Pa3ANIHBIMM TePMOAVHAMMIYIECKIIMU
XapakrepucTukamm. Pazamumsa B TepMOAMHAMMYECKOM  COCTOSIHMSL  BOABI B Pa3HBIX
011010TMYeCKIX SKMAKOCTAX U TKaHAX OpraHu3Ma.

Perucrpupyercst pasamanbiMu Metogamu (B gyactHoctu Metogamu SIMP, ACK u T.4.) V3
aHaA13a Hay4HON AUTepaTyphl MOKHO CAeAaTh 3aKAI04eHNe O TOM, 4TO CTPYKTypa U TepMOAU-
HaMMYECKOe COCTOSIHME BOADBI B KATKe (1AM TKaHM) B OOABIION CTeIIeHN OIlpeAeAsieTcsl MaKpo-
MOAEKYASPHBIM COCTaBOM KAETKM (TKaHM, OMOAOTMIECKO KUAKOCTU U €€ PU3MOAOTMIeCKIM
COCTOSTHIEM).

B kauecTBe xapaKTepMCTVKI TePMOAMHAMIUYECKOTO COCTOSIHIL (MAM CTPYKTYpPBI) BOAHO-
COA€BOVI Cpeabl MOXKHO JICIIOAb30BaTh BeAVUYMHY CBOOOAHON 9DHEPIUM IMUIIOTETIIECKOTO
IIlepeHoca MeTIAE€HOBOI TPYIIIIbI 13 BOAHON CpeAbl B PacTBOP MaKpOMOA€KyA B TOI Ke cpeje.
MoxHO mnpeariosaraTh, 4TO 9Ta XapaKTepPUCTMKa OTpakaeT BaskKHble AAs OMOAOTMYeCcKMX
(pyHKIIMIT OCOOEHHOCTM COCTOSIHMSI BOAHON CpeAbl B OMOCIICTeMe, ITOCKOABKY DT OCOO@HHOCTI
SIBHO BAVISIIOT Ha paclipejeleHNe XMMMIYecKIX BeIlecTs ¥ B MOAEABHBIX BOAHBIX ITOAVMEPHBIX
ABYX V1AV MHOTO(pa3HBIX CVICTEMAaX U B peaAbHBIX OMOAOTYECKIIX CHCTEMAX.

B cnay orpaHmyeHnii, Ipucymiux mpeAAosKeHHOMY MeTOAy DKCIIepUMeHTaAbHON OLIeHKU
00Cy>k4aeMOro IlapaMeTpa, ero BeAndrHa AAsl PeaAbHBIX OMOAOTMYECKMX CHCTeM He MOXKeT
ObITh  ompegeaeHa oKcHepyuMeHTaabHO. CylllecTBOBaHME — B3aIMOCBA3M  MeXAYy — DTUM

. CH, CH,
IapaMeTpoOM U OTHOCUTEABHON IMAPOPOOHOCTBIO MakKpomoaekya (Ag -n ypaBHeHIe
11), oAHaKO, OTKpHBIBaeT OIIpeseleHHbIe BOZMOXKHOCTI AASl OLIEHKM OTHOCUTEABHON TAPOPOO-
HOCTV OVI0AOTIIECKIIX CPeJ.

Metoa HepaBHOMEpPHOIO paclpejeleHNs BelllecTBa B BOAHO-IIOAMMEPHOM ABYx(asHO
cliCTeMe IIMPOKO IHPUMEHseTCsI B MeAULMHCKON, ¢apMaKOAOTMUeCcKoil ¥  MMIIeBOI
IIPOMBIIILAEHHOCTH A/ ceTlapaliyi (pasdaeAeHne) pa3ANMdHbIX OM0A0TMIeCKIX MaTeplaloB.
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2.A. Macumos

Caeayer oTMeTUTD, YTO pa3Anyne B TEPMOAMHAMMIYECKOM COCTOSTHUM BOAHOIN cpeabl ¢as
ABYX(pa3HOM CHCTeMBI, KOTOpBle IINMPOKO WCIOAB3YIOTCS AAsd Cellapaliy U OYMCTKU
Oroaormyeckux OOLEKTOB XapaKTepu3yeTcs pa3AeAUTeAbHON CIIOCOOHOCTBIO  ABYX(pa3HOI
CICTeMBl, KOTOpas OompeJeAseTcs IO pacrpejeleHNIO BellleCTB-MapKepoB (HaTpMeBhIX coJeil
AVHUTPO (PEeHMAMPOBAHHBIX aMMHOKNCAOT) B AByX(pa3HOI CHUCTeMe U3  3aBUCUMOCTU

8epx

C
INK —ng, TIpu INnK =0, te. npu K =——=1 caeayer, uto "* = —, n* - 510 runorern-
? E
HUJIC
geckas koamdectso CHo-rpynm 8 AH®, npu KoTopoM Belrectso B (pasax C1CTeMBbl paciipejest-
eTcs pasHOoMepHo. [Ipu TakoM pacripeseaeHun MpoMCXoAUTD TIOAHAs B3aMHas KOMIIeHCaIs
Bk2a408 B IN K (sHeprin nepexoaos) a¢pdexros nomHoI 1 ruapododHoit rmapatanyy, T.e. Cu E.

YaazeHue 3HaueHMe BeAMIUHBI 1 N* cootsercTByIomue, ycaoysto In k =0, k=1 sBasercs
KpUTEpIEM pa3AeAUTeABHON CIIOCOOHOCTU ABYX(a3HO CHCTEMBL.

OCHOBBIBasICh Ha BHIIIIEN3/105KEHHOM MBI OIIpeAeANAN pa3AeANTeAbHYIO CIIOCOOHOCTD (N™*)
pasAM4HBIX ABYX(a3HBIX CICTeM Yy KOTOPBIX pasHble (Pa3oo0pasyromye KOMIIOHEHTHI.
IToaydyeHHbre pe3yabTaThl ITpuBeAeHs! B Tabanie 2. Kak caeayeT u3 TaOANMIIBI 3HaYeHMsT N A5
PasAMYHBIX ABYX(pa3HBIX CHCTeM OTAMYAIOTCS ¥ OHM MCIOAB3YIOTCS B COOTBETCTBUI
IIoCTaBA€HHON KOHKPeTHOI 3ajaue ( "ToHkoe" 11 "rpyOoe” pasaeaeHue).

Tabauiia 2.

CHICTEM n*
I19I-CsHs07Nas-H20 9,3
+NaNOs (4,67 mol/l) 12,6
+ Na2COs5(3,76 mol/l) 13,5
+ Na2504(2,36 mol/l) 14,6
+Na2504(1,79 mol/l) 15,42
+KCl (5,5mol/l) 7,19
+KBr (3,53 mol/l) 6,98
+KJ(1,04mol/l) 10,6
+ K2504(0,47mol/1) 14,35
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ABSTRACT

In the paper given the results of a study of the mechanical and electrical strength of bio-composites based
polyethylene low density modified with seashell, LDPE + x vol.% Seashell, where x = 0; 3; 5; 7; 10; 15 depending on the
volumetric content of the bio-filler-seashell, on the electric field strength and on the magnitude of the mechanical
deformation.

Samples obtained by hot pressing. The polymer + shell mixture is heated to the polymer melting point; at the
same temperature, it is aged under pressure of 15 MPa for 15 minutes and cooled in an ice-water mixture.

It was revealed that for small values of the filler 3 vol.% Shell, the mechanical strength of the bio-composites
increases, when the content reaches its maximum value. The maximum value of the electric strength of the films of bio-
composites is achieved when 5 vol.% Shell are introduced into its composition. The increase in the electrical and
mechanical strengths of the LDPE film with the introduction of the optimal amount of additive can be explained on the
basis of changes in the physical structure of LDPE.

Key words: mechanical and electric strength, seashell, bio-composites, mechanical deformation, electric field
strength.

BAVISTHUE PAKYIIKN HA MEXAHUWYECKYIO U D1EKTPUYECKYIO ITPOYHOCTD
INOAMDTUAEHA BBICOKOI'O AABAEHMS

PE3bIOME

B crarbe npuBseseHsl pesyAbTaThl MCCAeAOBAHM MeXaHIUYEeCKON M DAeKTPIJIecKOl IMPOYHOCTY OMOKOMITO3UTOB
Ha OCHOBe IIOAMBTHAEHa HM3KOM ILAOTHOCTY, MOAUPUIIMPOBAHHOIO MOpckor psaKymikoii(P), [I9BA + x 06.% P, B
3aBUCUMOCTI OT OOBEMHOIO COAep>KaHIsI OVMOHAIIOAHUTEAS-MOPCKON PSIKYIIKY, HAIpPsKeHHOCTY DAEKTPUIECKOTO
ITOAST U1 BeAVIVIHBI MeXaHIJecKoit gepopMariuy, rae x = 0; 3; 5; 7; 10; 15.

O0pas1ibl T0AyYeHbl METOA0M TOpsuMM ITpeccosanyeM. CMech oAMMep+psKYyIKa HarpeBaioT 40 TeMIlepaTyphl
I1AaBAEHNSI TI0AMMEPa; IIPU TOM >Ke TeMIlepaType ero BhIAep>KMBAIOT 1104 AasaeHueM 15 Mlla B Teuenne 15 munyT u
OXAa>KAAIOT B A€ASTHOV BOJE.

BrisBaeHo, 4TO IpM MaAbIX CcOAep>KaHMAX HamoAHuTeAs 3 00.% P MexaHmdeckas ITPOYHOCTH OMOKOMIIO3MTOB
yBeANdMBaeTcsl, AOCTUIaeT MaKCHMaAbHOIO 3HaueHNsl. MakcuMaabHOe 3HaueHNe 5AeKTPUYECKOll IIPOYHOCTH I11€HOK
GIIOKOMIIO3UTOB AOCTMTAeTCs IIPpW BBeAEHUM B VX cOocTaB 5 00.% P. YBeaudeHme »AeKTPUYECKON U MeXaHITIECKO
rpoyHocTy naeHKy I19B/ mpy BBeAeHNMM OIITMMAABHOIO KOAMYecTsa J00aBKM MOKHO OOBACHUTH U3MEHEHUMU B
¢usrrgeckoit crpykrype ITOBA.

KaroueBble caoBa:mexaHmyeckast u DAEKTpUYecKas IIPOYHOCTh, MOPCKasl paKOBVHa, 6I/IOKOMHOSI/ITLI, MexXaHu-
qecKasa Aec])opMauwI, HaIIPsIPKEHHOCTD DAEKTPIUYIECKOIO IO,

BALIQQULAGININ ASAGI SIXLIQLI POLIETILENIN MEXANIKI VO
ELEKTRIK MOHKOMLIKLORINO TOSIRI

XULASO

Maqalads asag: sixligh polietilen (ASPE) asasinda baliq qulagi (BQ) ile modifikasiya olunmus, bio-kompozitlarin
ASPE + x hacm.% BQ (x = 0; 3; 5; 7; 10; 15) mexaniki ve elektrik mohkemliklari baliqqulagt doldurucusunun hacmi
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miqdarindan va elektrik sahasinin intensivliyinden ve mexaniki deformasiyanin giymatindan asili olaraq tedgiqinin
noaticaleri verilmisdir.

Niimunaler istipresloms tisulu ilo alinmigdir. Polimer -baliqqulag1 qarisigr avvelca polimerin arima ndqtesine
godar quzdirilir; bu temperaturda 15 MPa tozyiq altinda 15 deqige miiddstinde saxlanilir vo arimekde olan buz
vasitasile soyudulur.

Tadqiqatlar naticesinds miisyyan edilmisdir ki, doldurucunun 3 hacm.% BQ qiymatinde mexaniki mohkemlik
maksimal qiymsetini alir. Biokompozitlerin elektrik déztimliiliiklorinin maksimal giymaotleri ise terkibinds 5 hacm%BQ
olmast halinda miisahide edilir. Doldurucunun optimal qiymetinde ASPE - nin elektrik vo mexaniki
doziimliiliiklerinin artmast ASPE —nin fiziki qurulusunun dayismeasi ile izah oluna bilar.

Acar sozlar: mexaniki ve elektrik giicii, doniz qabigi, bio-kompozitlor, mexaniki deformasiya, elektrik sahasinin

INTRODUCTION

The use of polymeric materials provides the opportunity to create a fundamentally new
design and various types of products, helps to reduce their weight, operating and transportation
costs, improve quality, physical and mechanical properties and appearance. It should be noted
that the proportion of individual polymers among such materials is small. This is explained by
the fact that for specific purposes, as a rule, polymers with a new set of properties are needed
and it is preferable to solve this problem based on new materials with controlled properties. A
convincing achievement to solve such problems is the creation of ordered heat-resistant, frost-
resistant structural materials, as well as composite materials designed for use in harsh conditions
[1-5].

The need to have any material with a specific set of properties led to the fact that when
creating polymer compositions they were guided mainly by practical considerations [6-11].

For practical purposes, the most interesting is the determination of the electrical durability of
the service life of polymer insulating materials and the effect on them of various modifying
additives of various origins. Modifying additives leads to a change in many properties of
polymers. In this case, the modified polymers change the mechanical tensile, bending and
compression strengths of the respective elastic modulus, impact resistance, hardness, softening
temperature and thermal conductivity. Depending on the origin and content of the fillers, the
mechanical and electrical strengths of the composites can significantly change.[12-14]

We note that the introduction of additives into the polymer matrix has the following goals:
modification of physical, mechanical, electrical properties: to prevent destruction from exposure
to heat or ionizing radiation; material cost reduction; changes in color, transparency or other
optical properties and appearance, improvement of technological properties. Therefore, the use
of additives allows you to directionally adjust the properties of the final product. The effect of
mechanical stress and additives on the change in the electrophysical properties of composite
materials has been studied in many works[14,15]. However, the change in the electrophysical
properties of modified composite films in the presence of mechanical loading has not been
studied enough.

The experimental technique

Samples obtained by hot pressing. The polymer + shell mixture is heated to the polymer
melting point; at the same temperature, it is aged under pressure of 15 MPa for 15 minutes and
cooled in an ice-water mixture.
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Samples for testing the force dependence of mechanical durability and strength were cut out
of the film in the form of a double blade, the length of the working part 10 mm wide 3 mm.
Measurement of mechanical strength was carried out given in the work[15].The installation for
measuring mechanical durability should ensure the fulfillment of two basic requirements: the
effective tensile stress and temperature should not change during each test.

Measurement of the electrical durability of the composite film, the following electrode
design was used [16]. The test sample was made in a rectangular shape with dimensions of
40x50 mm. During the test, the sample was between the electrodes. Before the test, the thickness
of each sample was measured for 6-8 work places, after which the arithmetic mean value was
found.

RESULTS AND DISCUSSION

The electric strength of the LDPE + Shell film depending on the amount of additives was
determined on the basis of studying the kinetics of the development of electrical breakdown
according to the developed technique.

The obtained experimental results are shown in Figures. 1 and 2. The introduction of an
additive from a shell into the composition of LDPE leads to a significant change in its electrical
durability (Fig. 1). As follows from the experimental data, in the case under consideration, when
a certain amount of filler is introduced into the composition of LDPE, its electric strength
increases. The maximum increase is observed for a biocomposite with a volumetric filler content
of 7%. This means that by increasing the lifetime of the LDPE film with the introduction of the
additive, it is possible to determine the optimal conditions for the modification of the
electrophysical properties of LDPE to determine the effect of the composition of the added
additive on the change in the electric strength of the LDPE film. The data are shown in Fig. 3. It
can be seen that the introduction of a shell additive in LDPE also leads to a change in its electric
strength [16,17], as the electric field strength increases, it linearly supplies the logarithm of
electric durability, i.e. the well-known relation t = B exp (-BE) holds, where parameters B and 3
depend on the nature of the polymer and the test temperature. However, their numerical values
turn out to be different. For a clearer picture of the development of electrical failure in a modified
polymer, Fig.2 shows the dependence of the electric strength of the LDPE film on the weight
percent of this additive under other identical conditions (t = const, t = const). The dependence
Epr = £ (C) is constructed according to the data used for the graph (Fig.2). As can be seen from
Fig.4, the electric strength of the LDPE film reaches its maximum value when 5 vol% of a shell is
introduced into its composition. As follows from the obtained results, when the optimal content
of the proposed additive is introduced into the composition of LDPE, its electric strength
increases from 12:107 to 17-107V / m.

Indeed, as follows from the experimental data, the optimum content of additives of
biological origin in the composition of LDPE in the detected positive effect is only 5 vol.%
Seashell.

Changing the mechanical strength of polymer composites with fillers seashells, were shown
in Fig. 3. As follows from Fig. 5 at low contents of the shell (0-3 vol.%) in the composition of
LDPE, the mechanical strength increases reaching a maximum at an optimum filler content of 0-3
vol.% Shell, with a further increase in the volumetric amount of the filler monotonously
decreases.
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Thus, analyzing the experimental results, it can be assumed that the increase in the
electrophysical properties of the LDPE film with the introduction of the optimal amount of
additive used can be explained on the basis of changes in the physical structure of LDPE. At the
same time, due to physical structure formation, heterogeneity in the mutual arrangement of
macromolecules seems to decrease, as a result of which the conversion process and ionization
processes in them are significantly slowed down.

It is important to note that the equation

U, —7y0)
o)
expressing the temperature - time dependence of the mechanical strength of polymers
indicates that the destruction of polymers under the action of mechanical load is a kinetically
activation process that develops in time and is controlled by temperature and mechanical stress.
It indicates that, firstly, the time factor is a fundamental characteristic of polymer strength, and
secondly, the breakdown is nothing more than an activation process, the rate of which is
determined by the frequency of thermal fluctuations by the ratio of the average energy of
thermal motion and the value of the energy barrier reduced by the applied external mechanical
stress [18].

CONCLUSION

Investigations of the electrical durability and mechanical strength of bio-composites LDPE +
Shell have established the optimum values of seashell additives that correspond to their
maximum. It was shown that an increase in the strength of biocomposites is observed at a low
volumetric content of the bio-filler from the seashell.

N

Igt, s

E'10-7V/m

Figure. 1. Dependence of the electrical durability of LDPE biocomposites + xvol.% Seashell on the electric field strength.
1x=0;,2-x=3,3- x=5,4x=7,5-x=10; 6-x =15.
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E' 10-7 V/m

x vol.%

Figure. 2. Change in the electric strength of LDPE biocomposites + x vol.% Seashell from the volume content of the filler.

o, MPa

x vol.%

Figure. 3. The dependence of the mechanical strength of LDPE biocomposites + x vol.% Shell on the volumetric content of the filler.
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ABSTRACT

The paper presents the results of a study of the radiothermoluminescence spectra of composite materials
based on a PP matrix, filled with Na* -montmorillonite (Na* (MMT)) and irradiated with Co60 rays at an
irradiation dose rate of 50 kGy / h. The effective activation energies of the processes of PP + x vol% Na* (MMT)
composites have been determined by the RTL peak half width methods.

Keywords: Na* -montmorillonite, polypropylene, radiothermoluminescence spectra, composite materials.

KOMPOZITLORIN RADIOTERMOLUMINESSENSIYA SPEKTRALARININ
TODQIQI PP + x vol.% Na+ -MONTMORILLONIT

XULASO

Magqalads Na+ -montmorillonit (Na+ (MMT)) ils doldurulmus ve 50 kGy/saat stialanma dozas: il Co60
siialari ile siialanmis PP matrisi asasinda kompozit materiallarin radiotermoliiminesans spektrlarinin tadqiginin
naticalari taqdim olunur. PP + x hacm% Na+ (MMT) kompozitlarinin proseslarinin effektiv aktivlosma enerjilari
RTL pik yarim eni {isullar1 ilo miiayyen edilmisdir.

Acar sozlar: Na+ -montmorillonit, polipropilen, radiotermoliiminesans spektrlari, kompozit materiallar.

INTRODUCTION

To study molecular mobility and relaxation phenomena in polymer composites, along
with the methods of dielectric spectroscopy, the method of radio thermoluminescence (RTL)
is also widely used.

The most systematic studies of the phenomenon of radiothermoluminescence (RTL)
were carried out by the authors of [1-6]. The study of the processes of radiation modification
of polymeric materials and products is of particular interest to the electronic, cable and
electromechanical industries. Certain requirements are imposed on these materials, such as
radiation and heat resistance, low dielectric losses, etc. [7-8]. No less important is the issue of
radiation modification of composites based on polymers dispersed with fillers of various
origins. No less important is the problem of predicting the degree of radiation-induced
changes in the structure and properties of polymers.
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The RTL method is based on observing the thermoluminescence of the test substances
irradiated at low temperatures with fast electrons or gamma rays. This glow is associated
with the recombination of ions stabilized in the substance during its irradiation. A
characteristic feature of RTL is that the glow intensity increases sharply (passes through the
maxima) in those temperature intervals in which the movement of segments of molecules or
molecules as a whole begins. In particular, when irradiated crystals are heated, flashes are
observed at the moment of crystal lattice rearrangement and during melting. This feature of
RTL makes it possible to apply this method to study structural transitions in substances [9-
10].

The aim of this work is to study the effect of Na + -montmorillonite filler on the RTL
spectrum of composite materials based on propylene.

EXPERIMENTAL TECHNIQUE

The RTL method consists of three stages: irradiation of the sample under study at a low
temperature, subsequent gradual heating of the irradiated sample and simultaneous
registration of the glow.

The objects of research were compositions based on PP with a filler Na* montmorillonite.
Na* montmorillonite is a clay formed by weathering, lichens and fungi. Its crystals have a
grain size of less than 1-2 microns, and also, due to their complex structure, have negative
and positive charges, as a result of which this material can bind both cationic and anionic
substances. The non-ionic substance is often associated with montmorillonite through a side
valence. Montmorillonite has the property of binding in large quantities with its surface area
and the space between the crystal layers of various harmful substances.

Samples of composites in the form of a disk were obtained from a homogeneous mixture
of PP + x vol% Na* (MMT) powders with a particle size of up to 100 pm. Samples used for
RTL analysis were placed on the bottom of an 8 mm stainless dish, covered with a stainless
mesh to allow light to escape. Before irradiation, the samples in cups were evacuated in a
glass ampoule to a pressure of 0.0133 Pa and cooled to a temperature of 77 K by immersion
in a vessel with liquid nitrogen. The evacuation time t required to remove the gases
dissolved in the sample was determined depending on the thickness of the films by the
formula

d2

t=—
4k

where d is the thickness of the films, k is the diffusion coefficient of air in the polymer ~10-3
m2 / s [9]. Irradiation was carried out with 60Co y-radiation on an RKh-y-30 installation at a
temperature of 77 K, the radiation dose rate was 50 kGy / h. RTL spectra were recorded on a
TLG-69M device at a heating rate of 12 K / min in the temperature range from 77 to 500 K.
The sample luminescence is recorded in the range of 300-820 nm using an FEU-51
photomultiplier tube. The sample temperature was recorded with a copper-constantan
thermocouple. The effective activation energy Ea corresponding to the vy-process was
determined by the RTL peak half-width method; individual Ea values were compared with
the results obtained by the initial rate method. Calculations were made according to the
formula
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E +E 0,981, T 142T T
Ea - * where, E_ = - m + , E+ - _m -
2 T,-T_ T, -T,
Here Tm is the temperature of the maximum intensity on the RTL curve; T- and T + are the
temperatures of the low-temperature and high-temperature sides of the emission maximum at

the point where the intensity is equal to half the maximum; Is the Boltzmann constant.

The block diagram of the measuring setup is shown in Fig. 1. A distinctive feature of the
system shown in Fig. 1 is that one evacuated chamber (2) accommodates a TL excitation system
by an electric field (4, 12) and a luminescence registration system (5) and (6), as well as the
possibility of recording thermally stimulated currents (TST) through an amplifier (9) with
subsequent registration of current and photocurrent (8) on one recorder (10). With the help of a
motor (7), the film samples are alternately moved on a Teflon disk to the surface of a high-
voltage electrode (4) pre-cooled to 77K and, after excitation of the TL, the same disk rotates to
transfer the sample (1) under the photomultiplier to the surface of another electrode, where a
heating system with temperature registration with a copper-constantan thermocouple (11). Note
that on

In the given system, it is also possible to carry out the discharge treatment of the polymer,
with the electrodes a certain distance to ignite the discharges.

Samples for research were prepared in the following sequence: ground filler Na* (MMT) in
the form of a powder was mixed with a different volume percentage of polymer binder PP. Then
this powder mixture was pressed for 10 min under a pressure of 15 MPa, the pressing
temperature T, =430+5K. The obtained pressed samples had a diameter of 7 mm and a

thickness of 200 um. The samples were fixed inside metal cells, the cells were placed in glass
ampoules and evacuated at a pressure of 0.133 Pa in order to avoid the influence of oxygen
dissolved in the polymer on the emission curve. RTL measurements of the PP + Na* (MMT)
compositions were carried out using the measuring setup described in Fig. 1.

RTL curves were recorded with smooth heating of the sample at a rate of 10-12 deg / min in
the temperature range 77-400K (Fig. 2).

i—ﬂ— 12
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Fig. 1. Block diagram of RTL registration.
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EXPERIMENTAL RESULTS AND THEIR DISCUSSION

The results of studying the RTL spectra of PP + x vol% Na* (MMT) composites are
shown in Fig. 2. The studies were carried out in composites with fillers 0, 10, 20, 30, 40 vol%
Na* (MMT). As follows from Fig. 2, a bright maximum is observed on the curve of pure
propylene (x = 0) at a temperature of 150K, the spectral sensitivity range is 100-250K, on the
RTL curve of the PP + 20 vol% Na* (MMT) composite at a temperature of 108K, bright
maxima are observed, at temperatures of 170-225K, blurred highs. The spectral sensitivity
range corresponds to the temperature range 100-240K
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Fig 2. Radiothermoluminescence spectra of PP + x vol% Na* (MMT) composites,
where a-x = 0; b-x =10; ¢ -x = 20; d-x = 30; e-x = 40.

On the RTL curve of the composite with 30 vol% Na* (MMT) filler, a bright maximum is
observed at 125 K; for this composite, the second diffuse maximum is observed at a
temperature of 190 K, and the spectral sensitivity region corresponds to the temperature
range of 90-170 K. Bright maximum on the RTL curve with 40 vol% Na* (MMT) is observed
at a temperature of 106K, an insignificant diffuse maximum at 190K, and the spectral
sensitivity range corresponds to a temperature range of 90-120 K. Intensity of RTL radiation
of PP + x vol% Na* (MMT) composites at a relatively low filler content (0- 10 vol% Na*
(MMT)) practically remains constant, and with an increase in the volumetric content of the
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filler to 20 vol% Na* (MMT) it sharply increases, however, with a further increase in the filler
content it remains constant. It can be seen from the results obtained that for pure PP (Fig. 2a)
the characteristic y-relaxation peak at 150 K with an increase in the filler content to 10 vol%
Na* (MMT) shifts to the region of low temperatures (108 K). When the amount of filler in the
composite is 20 vol%, the peak moves by 4K to the low temperature region. With a further
increase in the filler content to 30 vol% Na* (MMT), the maximum on the RTL curve shifts to
the region of higher temperatures of 125K. For a composite with a filler of 40 vol% Na*
(MMT), a bright peak is observed at a lower temperature of 106 K. In addition, an increase in
the glow intensity of the composites is observed. For the PP / Na* (MMT) compositions, the
corresponding luminescence peaks, as can be seen from Fig. 2, coincide with the PP
luminescence region corresponding to the gamma relaxation processes of the polymer in the
temperature range 100-200 K. Moreover, with an increase in the volumetric content of the
filler to 20 vol%, a sharp increase in the intensity of RTL luminescence is observed in the
composites; this increase in intensity remains constant for composites of 30 and 40 vol% Na*
(MMT).

Certain values of the activation energy show that with an increase in the volumetric
content of the filler to 10 vol%, the activation energy of the composite increases sharply;
however, with a further increase in the filler to 20 vol%, the activation energy decreases
strongly and the value of the activation energy remains unchanged for composites with
fillers 30 and 40 vol% Na* (MMT) Fig.3.

3500
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0
0 5 10 15 20 25 30 35 40 45
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Fig.3. The dependence of the activation energy of composites PP+ x vol% Na*-MMT on the volume content of filler.

CONCLUSION

It was found that the radiation modification of the luminescent properties of PP / Na*
(MMT) composites is caused by changes in the supramolecular structure, as well as by
processes occurring at the interface of the polymer matrix with the Na + montmorillonite
filler.
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CyMranTckuii TocyAapCcTBeHHBIN yHuBepcuTeT, . Cymrant

aide-mirzeyeva@mail.ru

AHHOTAI VIS

B npeacrapaennoir paboTte 1340KeHbl pe3yAbTaThl UCCAEAOBAHMA BANSHIS CUABHOIO DAEKTPUYECKOTO 104 Ha
yAeAbHOe DAEKTpIYeCcKOe CONPOTHBAEHUE W YIABl AUDAEKTPUYECKMX IIOTeph IMOAMBMHMAUACHPTOPUAHBIX
KOMITO3UTOB, MOAUGDUIIMPOBAHHBIX ITOAYIIPOBOAHMKOBBIMI coeAviHeHVsMM TlInSz. VccaeaosaHus mpoBoAMANCH B
koMIo3nTax, codepKarux IIBA® + x 06. % TIInS: (x = 0; 1; 3; 5; 7) B unTepBase teMieparyp 290-450K. PesyapraTer
VCCAeA0BaHMSA TI0Ka3aAl, Y4TO C yBeANdeHVreM OOBeMHOTOCOAep KaHIUs MTOAYIIPOBOAHMKOBOTO coeAvHeHys TIInS: B
KOMIIO3MTaX 3HAYeHNsI YAeABHOTO OOBEMHOIO DAEKTPUIECKOTO COIIPOTMBAEHIS M TaHIeHCa yraa AUDAEKTPUIeCcKIX
IIOTepb KOMIIO3UTOB YMeHbIIaIoTCA. CpaBHUTEABHBIN aHAAN3 Pe3yAbTaToB ITOKasad, uTo 3aBycumoctu ov(T) n tgd(T)
COTAacyIOTCSI APYT C APYIOM.

Karouesrnle caoBa: yaeapHoe 06beMHOe DaekTprrdeckoe cortporusaenne, [IBAD+ TlInS:, saexTpraecknit paspsia,
IIOAVMMepHbIe MaTepUabl.

INFLUENCE OF A STRONG ELECTRIC FIELD ON SPECIFIC-VOLUME ELECTRIC
RESISTANCE AND DIELECTRIC LOSS OF PVDF+x %TIInS: COMPOSITES

ANNOTATION

The results of the study of the effect of a strong electric field on the specific electrical resistance and dielectric loss
angles of polyvinylidene fluoride composites modified with TlInS: semiconductor compounds are presented in this
work. The studies were conducted in composites containing PVDF + x vol% TIInS: (x = 0; 1; 3; 5; 7) in the temperature
range 290-450K. The results of the study showed that as the volume percentage of the TIInS2 semiconductor compound
in the composites increases, the value of the specific volume electrical resistance and the tangent of the dielectric loss
angles of the composites decrease. A comparative analysis of the results showed that the dependences v (T) and tgd (T)
are consistent with each other.

Key words: specific-volume electric resistance, PVDF+TIInS;, electric discharge, polymeric materials.

PVDF+X HOCM% T1InS:KOMPOZITLORININ HOCMI ELEKTRIK MUQAVIMOTLORINO VO
DIELEKTRIK iTKi BUCAQLARININ TANGENSINO QUVVOTLI ELEKTRIK SAHOSININ TOSIRI

XULASO

Taqdim olunan isde TlInS2 yarimkegirici birlosmasi ilo modifikasiya olunmus polivinilidenfliiorid kompozitlerinin
hacmi maxsusi elektrik miiqavimatlorine ve dielektrik itki bucaqlarina qiivvetli elektrik sahosinin tasirinin tedqiqinin
naticleri verilmisdir. Todgigatlar 290-450K temperatur intervalinda PVDF + x hacm%TIInS: (x=0; 1; 3; 5; 7) torkibli
kompozitlords aparilmisdir. Tadqiqatlarin naticaleri gdstermisdir ki, kompozitlerin tekibinds TIInS: yarimkegirici
birlesmasinin hacmi faizi artdiqca mexsusi hacmi elektrik miiqavimeti ve kompozitlerin dielektrik itki bucaglarmmn
tangensinin qiymati azalir. Alinmis naticelerin miiqayisali tehlili gostermisdir ki, py (T)ve tgd(T) asililiglart bir — biri ile
uzlasir.

Acar sozlar: xiisusi hacmli elektrik miiqavimati, PVDF+ TlInS, elektrik bosalmasi, polimer materiallar

BBEAEHUE

MSBGCTHO, 49TO IIOAVMMEpPHBbIE MaTe€praabl IIPM MCIIOAB30BaHMNM B Ka4deCTBE pPa3ANIHBIX
U3AeAUN B 3aBUCUMOCTM OT Ha3HaYeHUs IIOABEPraroTCiI pasAMIHbIM BHEIITHVIM BO3A€VICTBUSIM,
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TaKMM KaK DAEKTpUYIECKNE pa3psabl, TEILA0Ta MOHM3UPYIOIIAsa M3Ay4eHne " T.4., IIpU STOM
IIPpOMCXOASIT M3MEeHEeHVII Ppa3ammIHbIX Cl)I/ISI/IKO-XI/IMI/I‘IECKI/IX, 9A€KTpOC1)I/I3I/I‘IeCKI/IX n
IIPOYHOCTHBIX CBOVICTB. DT M3MEHEHU S O6y€AOBA€HbI, B OCHOBHOM, CTPYKTYPHO -XMMIYECKVIMI
3MEHEHIIIMIL B pe3yAabTaTe ITPpOLIeCCOB ACCTPYKLINMV CIIMBaHIIL M OKMCAEHV ITOAVIMEPHBIX
uer[eﬁ. Kaxk npaBnAO, O IIPOTEKAaHMM YKa3aHHBIX ITPOLIECCOB CBMAETEABLCTBYIOT IIOSIBA€HIIE B
CTPYKTypax MCCA€AYEMBIX ITOAVMIMEPOB Kap6OHI/I]H)HLIX TUAPOKCUABHBIX U 9(1)I/IpHI)IX I'pyIIIL.
Hpo6AeMa CTapeHms u CTa6I/I/H/IBaI_H/H/I OAMMEPOB COCTABASIET prngIﬂ pa3aea moAMMEPHOTO
MaTtepmaaoBejgeHIsl —HaykKn O CO34aHMNM  IIOAVIMEPHBIX MaTepnadoB, COXpaHeHN U’
peryanpoBaHmm Nx q)MSI/I‘IeCKI/IX CBOVICTB.

Crapenne — 9T0 yXyallleHIe CO BpeMeHeM (PU3IIeCcKIX CBOVICTB TI0AMMEepPHBIX MaTepualoB
BCACACTBME ACCTPYKTYPHBIX mpoueccos. IlosToMy mnpegoTspallieHyie uAM IOAABACHIE
ACCTPYKTYPHBIX ITPOLIECCOB IIPM Pa3AeAbHOM MAM OAHOBPEMEHHOM BO3AEVICTBUM Pa3ANIHBIX
(paKkTOPOB: CMABHOTO DAEKTPUIECKOTO 11045, TeMIIepaTyphl, pa3psA0B, MeXaHITIeCKOM HaIrpys3Ki,
PeSKUX M3Ay4eHUI U T.A., TEM CaMbIM yXyallleHue (pu3NJIecKX CBOVICTB II0AMMepHbIXMaTepua-
/0B ¥ KOMIIO3UIIVI Ha X OCHOBE SIBASIETCSI aKTyaAbHOM KaK C Hay4HOI, TaK U C IIPaKTUIeCKOI
TOUKM 3peHus [1-6]. B cBsA3M ¢ BbIlIe- M3A05KeHHBIM B HACTOsIIIeN paboTe 134araloTcs pe3yAbTaThl
UCCAeAOBaHNS BAUSHUSA CUABHOTO DAEKTPUYECKOIo I04s Ha yAeAbHOe 00beMHOeCOIpOTHBAe-
HIeU AUDAEKTpIIecKye IIOTepYKOMIIO3UIIMOHHBIX MaTepnaaos [IBAD + x 06.%T1InS: .

METOAUKA DKCITEPVIMEHTA

DaexTpuyeckoe CTapeHMe KOMIIO3UTOB OCYIIEeCTBASETCS B HeCMMMETPUYHOM sJelike C
AUDASKTpUUYECKM OaphepoM M3 CTeKJa. Slueiika mHpejcTaBAseT CUCTEMY MeTaAANYecKyX
DAEKTPOAOB, MeXXAy KOTOPBIMU IOMeIllalach MccaedyeMasl KOMIIO3UTHas IA€HKa. B xauecrtse
HIDKHETO 94eKTpoja Oblaa B3sTa Idadkas ILAacTMHKA U3 HepsKaBelolllell cTaau pa3Mepamu
130x180M (I1OBEpXHOCTL IAACTMHKM C OAHON CTOPOHBI Oblaa HuKeaAupoaHa).JIcrbiTyemast
IOAMMEpHasl I1eHKa 40 U IIocJe IpeABapUTeAbHON BBITSDKKM, COIAacHO MEeTOAMKe, ILAOTHO
HaTAIMBaJAach Ha BTy IAACTUHKY, U CAy>XKIJda B KauyecTBe 3a3€MAEHHOIO vaeKTpoga. Harsarusa-
HIIe TLAEHKM ITPOU3BOANAOCEH C IIOMOIILIO HeDOABIINX TPY30B, He BBI3HIBAIOIIX MeXaHIJeCKON
Aedopmarunu oOpasiia. BepXHuM 91€KTpOAOM SYeNiKU CAY>KUT MeTaAAU3MPOBaHHas C BHEIIIHel
ITOBEPXHOCTBLIO CTeKAsHHasI MAacTuHKa. /a5 Toro, yToObl co34aTh BO3AYIIHBIN 3a30p IOCTOSH-
HOJ TOAIIMHBI MeXAY BePXHUM 9A€KTPOAOM M IIOAVMEPHOI ILAEHKOI I10 KpasM IIOMeIaalch
CTeKASHHbIEe ITpOKAaaKy ToamyHou 1,5MM. Koraa crapenne naéHkm IponsBoguaoch B aTMOC-
(pepHBIX ycA0BUIX, AYeiiKa HAXOA1Aach B BO3Ayxe. Bbicokoe HampsKeHre IIPOMBIILAeHHON Yac-
TOTBI II0AABAAOCh K DAeKTpoaM sderiku oT anmapara AVIVI-70.Tanrenc yraa AusaeKTpUIecKmx
roreps (tgd) U HAEKTPOEMKOCTh MCCAeAyeMBIX 0Opa3lioB U3MepsiAy C IIOMOIIIBIO MOCTa Iiepe-
MeHHOro Toka P-589mpu uacrore 1xl'h B mnHTepBase temmepatyp 300-450K 1o metoguike,
onmcaHHOI1 B pabote [7]. Vatepsaant namepennit emxoctu 0,001n®-100 Mx®P 110 TaHreHCy yraa
noteps cocraBasao 10°-0,5. ITuranmne Mocra ocyiecTsasercs OT ceTu IIepeMeHHOTO ToKa IIpu
Hanpspkenun 220B u gacrore 50l VIsmMepureabHBIMI DA€KTpOJaMU B HEM SIBASLAVCH OTIIO-
AVpOBaHHbIe AaTyHHbIe Avicki. Temmiepatypy oOpasiia M3MepsiAM € IIOMOIILIO TepMOIIap Meab-
KOHCTaHTaH C TOYHOCTBIO +1°C. s M3MepeHMsI yAeABHOTO OOBLEMHOIO CONPOTUBAEHMS (py)
1crioab3oBaau TepaoMmeTp E6-13A. VicnipiTaHns1 ITpoBOASATCA Ha ILAOCKMX 0oOpasiiax. Topriosble
IIOBEPXHOCTU OOpasIioB AOAXKHBI OBITh CTPOTO IMapaAleAbHBI APYT APYTY M He MMeTh CAeAOB
MeXaHM4YecKol 00pabOTKM, TpeIluH, PaKOBUH, CKAaJOK, BMSTHUH, llapallyiH, IIOCTOPOHHMX
BKAIOUEHMIT 1 Apyrux gedekros. Jas Kak4o0ro mccaelyeMOro Marepuada MCIOAb3YIOTCA He

52



BAusitue curbH0z0 IAeKIMpUeckozo noAs Ha YydeabHoe 00beMHoe 3AeKmpuUeckoe conpomusaente u dusrexmpuveckue nomepu Komnosumos Isdg+ x 00%TlnS:

MeHee Tpex 00pas1os. OOpas1ibl Iiepes UCIIbITaHeM JOAXKHBI ObITh BblAep>KaHbl B TedeHue 24
gaca ripu Temmneparype 20+2°C 1 OTHOCHUTEABHON BAQKHOCTU 65+5%. /A5 AydIllero KOHTaKTa
9AEKTPOAOB C OOpasljaMM NCIIOAb30BaAu aAloMyHuesyio ¢oaery Toamunoi 0,005Mmm,
umeronyio popmy obpaslia, KOTOPOI ITOKphIBaeTcs oOpaser]. PoAbry IpUTHPAIOT K OOpasIjaM C
IIOMOIIBIO  XMMMYECKM YMCTOTO  KOHAEHCATOPHOIO Ba3eaAnHa. YJeAbHOe OOLeMHoe
COIIPOTUBAEHIME PacCUUTHIBAIOT 110 popMyae

DZ
pv = XﬁRV/

rAeRy usmepsiemble comporusaenys, Om, Do=(dat ds)/2, raeda amamerp usmepureanpHOro
9AEKTpoAa, M, ds-BHYTpeHHHUII AMaMeTp 5AeKTpoda, ¢M, b- Toammua oOpasija, cM.3a
OKOHUaTe/AbHBIII pe3yAbTaT IIPUHUMAIOT CpeJHNe apudpMeTHJecKye 3Ha4eHNsIQv, I10AydeHHbIe
IIpU TpexX U3MepPeHILsIX.

PE3YAbTATBI I UX OBCYKAEHUE.

1
Paccmotpum 3aBucumocts lgp, = f (F)AA;I raeHok [1BA® n nx mogudpmkanmm 40 1 rmocae

1 .
DAeKTpudeckoro crapenms. Ha puc.l mpeacrasaena sasucumocts lgp, = f (F) A4Sl TIAEHKU

I[IBA® u ee moandukamym. Ha pucl (kpusast 1) - yaeabHOe CONpPOTMBAEHME MCXOAHOTO
oOpaslja C IIOBBIIIEHVEM TeMIlepaTypbl MOHOTOHHO yMmeHbInaeTcs. Ilocae Beegenmsa TIInS,
3HageHne ovita€énku I1BJAdymenspiaercss BO BCEM 1CCA€40BaHHOM TeMIIepaTypPHOM MHTepBaje
(puc.1). Ilocae BOBAEICTBUS DAEKTPUMYECKMX Pa3psajoB B BO3Ayxe TeMIlepaTrypHas
3aBucMocTb lgp, (T)peTeprieBaeT — CyllecTBeHHBIEM3MEHeHNs (PUC.2) COOTBETCTBEHHO, a
VMIMEHHO,yMeHbIIIeH/te  yAeAbHOTO OOBLeMHOTO COINpPOTUMBAEHNSI OOpaslioB ITPOXOAUT uepes3
MakcuMyM B uHTepBase Temreparyp 20°C+80°C. Tak kak TeMmepaTypHOe IIOAOXKEHUe BTOro
Makc/MyMa COOTBETCTBYeT IIOAOXKEHHUIO HOBOM 004acT AMDAEKTPUYIECKMX IIOTepb,
HOSIBASIIOIIENICSL TIocAe AeVICTBMS pa3psiA0B B BO3Ayxe. BeposATHO, ®TO BBI3BAHO TeM, 4TO
BCAeACTBME TOTO, YTO OOpa3oBaBIIecs IPpY paspsAax B BO3AyXe XUMIIeCK) aKT/BHbIe BelllecTsa
(030H,0KMCABI a30Ta), B3aMMOACVICTBYSI C MAKPOMO/AEKYAaMM, BBI3HIBAIOT ITOABACHNE PsIAAHOBBIX
HU3KOMOAEKYASPHBIX TPYII ¥ COeAVIHEHMIL: KeTOHOB, aAbAETVAOB, KICAOT, IIepeKuceli,
crmpToB, 9¢pupos u T.4.CoraacHo [7, 8] o1u rpynmsl MoryT AndgPyHApoBaTh B 0O1IeM o0pasiie
U TeM CaMbIM CIIOCOOCTBOBaTh YBeANYEHNIO DAeKTPOIIPOBOAHOCTY ITOAMMEepPHBIXMaTepHaA0B.

16

15

LU L ]

11

10

25 27 28 21 3.3 3.5 37
1000/T K-1

Puc.1.TemnepaTypHas 3aBIICHMOCTD YA€ABHOTO 00BeMHOTO DAeKTpirdeckoro conpotusaenus ITBAD +TlnS:a0
9AEKTPUIeCKOro crapenus, rae- 1-x=0, 2-x=1, 3-x=3; 4=x=5; 5-x=7.
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M3 cpasHennsa xpusbix 2 u 4 (puc.l) BugHO, uyTO 3HadeHMe MoaudumposanHoro [1BAD
IocAe BO3JEVICTBMS DACKTPUYECKMX pPa3psJ0B BO BCeM MCCA€A0BAaHHOM TeMIIepaTypHOM
uHTepBase Ooapite. Kpomeroro, ns puc.2 BUAHO, YTO IIPU AEVICTBYE DAEKTPUYECKIX Pa3ps40B
ovy MoauduiuposanHoro 11BA® ymeHblaeTcss He3HaUUTEABHO, B TO BpeMs Kak, y IIBA® Ge3
A00aBKM YMeHbIIIaeTCs Ha ABa IOpsiAKa.

25 2.7 28 3.1 3.3 35 3.7
1000/T K1

Purc.2.TemniepaTypHast 3aBICHMOCTD YA€ABHOTO OOBEMHOTO CONTpOoTUBAeHIs AA51 11A8HeK [TBA®P +TlInS: mocae
BO3AEMCTBIS DAEKTPUIECKUX pa3psA0B B Bo3ayxe Npy Ua=7KB, ta=5y, rae- 1-x=0, 2-x=1, 3-x=3; 4=x=5; 5-x=7.

0.040 0.040
3
0.035 0.035
ﬂ) i ﬁ) 3
0.030 0.030 4
2 1
0.025 0.025 2
bgll bgn /
< 0020 < 0020
0.015 0.015
0.010 0.010
0.005 0.005
0 0
290 310 330 350 370 390 410 430 290 310 330 350 370 390 410 430
TK T.K

Puc.3. TemiiepatypHas 3aBUCHMOCTb AuDAeKTprdecknx noteps IIBAD u ero moandukarnuit 40 (a) u rocae (6) mmog,
AeVICTBIEM DAeKTPUUECKUX pa3psiA0B B Bozayxe 11pu, Ua=7KB, te=by, 1ae- 1-x=0, 2-x=1, 3-x=3; 4=x=5; 5-x=7.

Ha pnc.3 nokasana temmneparypHasi 3aBMCHMMOCTb ANDAKTpudecknx roreps IIBA® n ero
MoAUpUKAIINIA A0 U ITOCAe T104 AeICTBIeM DAeKTprdecKux pasps4os. Kak BuaHo ns puc. 3ajas
[IBAD® + x 00%TlInS: KOMIIO3MTOB B MCCA€AOBAaHHOM TeMIIEpaTypHOM UHTepBale tgd
MOHOTOHHO yBeAN4MBaeTcs. YBeAndeHUe HaOAIOAaeTcsl UM C  yBeAUyeHNeM OOBbeMHOIO
cogepkannsa Hanoanuteas. Hatgd(T) zaBucumoctyt Kakmx-A100O OTKAMKOB He OOHapy>KeHO.
ITocae crapenns naeHok IIBA® + x 06%T1InS: B TemniepatypHoi1 3aBucumoctn tgd obpasyercst
HOBasi 004acTb IOTepb, KOTOpasl CBs3aHa C IIOsIBA€HMEM B JaHHBIX IIOAMMepax
KICAOPOAOCOACP>XKAIMX TPYHII C HU3KON TemIeparypon paspymenus. Ilpu narpese
00pas1ioBtgdyMeHbIIaeTcs, BCAeACTBIe Jero, B ooaactu Temneparyp 365-370K tgdy obpasiios
IIBA®+x00. %TIInS: mocae crapeHms mmpakTudeckycosmnadaer ¢ tgdy oOpaslioB 40 CTapeHIsI.
Bcaeacrsue saexkrprmueckux paspsigoBHa TeMIIepaTypPHOM 3aBUCHMOCTH tgOIIOsIBASIETCS HOBas
004acTh AMDAEKTPUYECKUX IIOTepb, OAHAKO, KaK caeayeT 13 puc. 30y MoAMQUIMPOBaHHBIX
oOpaslioB IIocAe CTapeHMsl HpU OAHMX UM TexX>Ke YCAOBMAX M3MeHeHUe AUDAeKTPUIecKIUX
CBOVICTBIAEHTUYHBIE, OAHAKO, BeAdIHa tgdB HOBOII 001acTy IOTepPhb CYII[eCTBeHHO OTANYAeTCs.
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ITpu sTOM 9dPekT 400aBKU MPOABASETC B 3aMeaeHun Iporecca okucaenus IIBAD B sone
paspsA0B, TaK KaK OCHOBHBIE IIOTEPU B MCCAAOBAHHBIX KOMIIO3UTax B IIEPBYIO Odepeb
BBI3bIBAETCS peaakcaliyiell KapOOHIABHBIX TPYIIL B TeMmepaTypHbIX 3aBUCHMOCTSIXtZO I1A€HOK
IIBA® u 1x MoanQuKaImm rmocie 51eKTpruIeckoro CTapeHIs B Bo3ayxe HabAI0AaIOTCs TaKye JKe
M3MEeHeHIs KaK ITocde AeVICTBUSI pas3psiA0B: IIOSIBASETCA HOBas 004acTb AUDAEKTPUIECKIX
IIOTeph B MaKCUMyMe AUIIOABHO-CeTMeHTaAbHBIX IToTeph, B IIBAD m ero mMoamduxammsix
MIPONCXOAUT IIporiecc okucaenms. OaHako, npu Beedgennn B coctas [IBAD go6asku u3 TlInS:
I10CA€ DAEKTPUYIECKOTO CTapeHNsl MI3MEHEeHMs IIPOMCXOAAT He3HAYMTEAbHO.
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PE3bIOME

B pabote 113105KeHbI pe3yAbTaThl ICCAEA0BAHNS DAEKTPOIIPOBOAHOCTY TPOIHBIX coeavHennii TlInSe, u TlinTe,
B CHUABHBIX DAEKTPUYECKUX IIOASIX, B MMIIyAbCHOM PeXNME B 3aBMCHMOCTM OT TEMIIEpPATyphl U HAIIPSIKEHHOCTU
DAEKTPUUIECKOTO 1015, B TeMItepatypHoM nuTepsase 77-300K mpu Hanpspxennocrsix 115xB/m, 150 kB/m, 180 xB/m, 230
KB/M. OnpeeseHbI M3MeHeHVIs SHEPIUY aKTUBALIMN HOCUTeAET 110/, BAVISIHIEM DAEKTPUYECKOro I10As. BrIsaseHo, uTo ¢
yBeANYeHNeM HaIIPSDKEHHOCTI DAEKTPUYECKOTO II0AsI DHEpIuM aKTHBAIMM HOCUTEAEN TOKAa YMEHbIAeTCsl B 000uX
coeauHeHMsIX. I1o TeMIIpaTypHOII 3aBUCHMOCTH YAEABHOM IPOBOAVIMOCTY IIPY Pa3AMYHBIX TeMIIepaTypax I10Ka3aaa,
9TO C yBeAMYEHIEM TeMIIEPATYPBI IIPOMCXOANUT YBEANIEHIS DAEKTPOIIPOBOAHOCTI. OIpeseAeHbl DHePIVsl aKTUBALINI
HOCHUTeA€ell TOKa B 3aBUCHMOCTY OT HaIIPsDKEHHOCTI DAEKTPIYECKOTO II0AS U DAEKTPOHHAs YacTh AUDAEKTPIIECKON
IIPOHMIIAEMOCTH YKa3aHHBIX (a3. YCTaHOBAEHBI 3aKOHOMEPHOCTM M3MEHEHMs IIapaMeTpOB B 3aBUCHMOCTH OT
TeMIIepaTyp5l U HAIIPSDKEHHOCTY BHEIITHETO DAEKTPIIECKOrO IOAsL.

Karouesnie caosa: coegunenus TlinSe, mu TlInTe,, cuabHOe DAeKTpUYECKOe I10Ae, SHEPIUI aKTUBaLUN,
9AEKTPOHHAas YacTh ANDAKTPUYECKO IIPOHUIIaeMOCT.

TlInSe, VO TlInTe, UCQAT BIRLOSMOLORININ GUCLU ELEKTRIK SAHOLORINDO
ELEKTRIK KECIRICILIYININ OYRONILMOSI

XULASO

Toqdim olunan isde TlInSe, ve TlInTe, {ligqat birlosmelorinin elektrik kegiriciliklorinin qiivvetli elektrik
sahasinden, impuls rejiminde temperaturdan va elektrik sahasinin intensivliyinden asili olaraq tedqiginin naticeleri
verilmigdir. Tadqiqatlar 77-300K temperatur intervalinda ve 115kV/m, 150 kV/m, 180 kV/m, 230kV/m saha
intensivliklorinde aparilmisdir. Qiivvetli elektrik sahssinin tesiri ilo asqarlarn yiikdastyiclarinin  aktivlesma
enerjilorinin saha intensivliyinden asili olaraq deyismasi ve tadqiq olunan kristalalrda dielektrik nefuzlugunun elektron
toplananinin dayismesi teyin edilmisdir. Har iki birlosmada elektrik kegiriciliyinin temperaturdan ve xarici elektrik
sahasinin intensivliyinden asili oalraq deyisme qanunauygunluglart miisyyen olunmusdur.

Acar sozlar: TlInSe, vo TlInTe, birlosmalari, giiclii elektrik sahasi, aktivlosma enerjilari, dielektrik niifuzlugunun
elektron toplanam

INVESTIGATION OF THE ELECTRICAL CONDUCTIVITY OF TERNARY
COMPOUNDS TlInSe, AND TlinTe, IN STRONG ELECTRIC FIELDS

ABSTRACT

The paper presents the results of a study of the electrical conductivity of triple compounds and in strong electric
fields, in a pulsed mode, depending on temperature and electric field strength, in the temperature range of 77-300K at
intensities of 115 kV/m, 150 kV/m, 180 kV/m, 230 kV / m. Changes in the activation energy of carriers under the
influence of an electric field are determined. It was found that with an increase in the electric field strength, the
activation energy of current carriers decreases in both compounds. According to the temperature dependence of the
specific conductivity at different temperatures, it showed that with increasing temperature, an increase in electrical
conductivity occurs. The activation energy of current carriers as a function of the electric field strength and the
electronic part of the permittivity of these phases are determined. Regularities of parameter change depending on
temperature and external electric field intensity are established.

Keywords: compounds and, strong electric field, activation energies, electronic part of permittivity.
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Vccaedosanue arexkmponposodrnocmu mpoiinvix coedurenuti TlInSe, U TUnTe, 6 curbHbIX IAeKIMPUHECKUX HOASX

BBeaenmue

Kak nsBecrno, 6uHapHoe coeaunenus TlSe oranyaeTcs: KpallHUMM CHGLU/ICl)I/FIeCKI/IMI/I 0co-
OeHHOCTAMM 1 caMM T10 ceOe IpeAcTaBAsieT O0ABIIION HayYHbII MHTepeC: MeTaAANdecKie aTOMbI
TaAAUs IIPOSABAsSA OAHO- VM TPeXBaA€HTHOE COCTOsHNE B pelleTKe, IIPUHUMAIOT U ABa Pa3HBIX
KpHUcTaaaorpapuyeckux IMoAOKeHIs ¢ OKTavApudeckuMy KoopauHanysmu. Pemmerku TlSe o0-
pasyercs U3 AByX CaMOCTOATEAHNX CTPYKTYPHBIX €AVHULY: 113 BOCbMUBEPIIMHHIKA C KOBaA€HT-

[*3 — Se. Takum

HOVI CBS3BIO MEXAY Tt —Se n TeTpadApa C KOBAaJAEHTHOV CBA3BIO MexXAay T
obpasomM, coeaunenust TlInSe, u TlInTe,, Ipy HaAWMYMY UX U3OCTPYKTYPHOCTU OTANYAIOTCS
TOABKO COOTBETCTBYIOIIMIMIL aHIOHHBIMI paaukaiamu [T1*Se,]™ u [T1*Te,]™ [1,2]. PeaabHOCTD
CyIIIeCTBOBaHMS ¥ ITPOSBAEHNS IOAYIIPOBOAHMKOBBIX OcODeHHOcTel coeauHeHuit TlinSe, u
TlInTe, ipeacTaBAseTCs €CTECTBEHHON C TOYKM 3PEHIs DAeKTPOHHON AOCTPOMKM COOTBETCTBY-
IOIIMX BHEIIHMX O0OAOYEeK COCTaBASIIOIINX KOMIIOHeHT. Hanpumep, aas TlnSe, n TlinTe,
Iapbl aTOMOB XaAbKOTe€Ha MOTYT AOCTpamnBaThCs A0 HEMTPaAbHOIO KPUIITOHA 4s?4p°® 11 KCceHOHa

58%5p° COOTBETCTBEHHO 3a CYET 6p! DAEKTPOHOB TaAANs U 58°5p! DA€KTPOHOB MHAV [3].

B aurepatype [4-19] umeroTcs MHOTOUMCAHHbIE HaydHbIe paOOThI, IIOCBSIIEHHbIe (PU3MKO —
XUMIYECKOMY, pPeHTTeHorpa(puueckoMy aHaAM30B  MCCAeAOBAHMIO  DAEKTPO(PUINYECKIX,
TEIA0BbIX, ONTHYECKNX U (POTODAEKTPUIECKIX CBOVICTB TPOITHBIX coeavHenuit tnna Al B CYT,
OaHako, gaHHBIE IIO MCCACAOBAHMIO HAKTPOIPOBOAHOCTU B CUABHBIX DACKTPUUECKUX IOASX
coeaunenuii TlInSe, u TlInT e, OTCyTCTBYIOT.

B cBere BhIIe M310KEHHOIO, ILEeABIO HaCTOsAIIEN pPaOOTHl SBASETCS UCCACAOBAHNS
DAEKTPOIPOBOAHOCTY TPOMHBIX coeauHenuit TlInSe, u TlInTe, B CMABHBIX DAEKTPUIECKIIX
TIOASIX.

MeTtoauka 9KcriepMMeHTa

Kaxk M3BECTHO, IIpM MCCAEAOBAHIIIX 9(1)Cl)eKTa CIIABHOTO 9DAEKTPUYECKOro IIOAS B
II0AYIIPOBOJAHIMIKAaxX BO n30eraHnum Harpesa 06pa3u03 B OOABIIMHCTBE cAydaeB U3MeEPEHII
IIPOBOAATCA B MMITYABCHOM PEXUME. MMHYABCHI)IIZ PEXUM CO34a€T BO3SMO>KHOCTD ITOAYYNTDH
3HAYMTEAbHYIO MOIITHOCTDb T€HEPMPYEMBIX VIMITYAbCOB B COTHV UM TBICIYN pa3d ITPEBOCXOASITYIO
MOIITHOCTb MCTOYHVKOB ITOCTOSHHOIO HaIIPsIDKEHVI. DTO MO3BOASIET B CUABHBIX DAEKTPUIECKIX
IIOASIX M1CCA€A0BaTh ITPOBOAMMOCTD HU3KOOMHBIX ITIOAYITPOBOAHNKOB.

CAeAyeT OTMETUTD, YTO IIPMMEHEHNE VMMIIYAbCHOIO pe’XIMa IMeeT 00/bBIIOe 3HAYEHEe
TakoKe IIpM 3MepeHNN DA€KTPOIIPOBOAHOCTU ITIOAYIIPOBOAHIMKOB B caabpIX IIOASIX, TaK KakK IIpn
DTOM MCKAKOYAETCA ITOASIPU3aliVisL 06pa3u013 U1 KOHTaKTHO€ COIIpOTMBAEHNE.

B saBucmmocTu OT BeAMYMHBI yA€ABHOTO COIPOTUBAEHMS IIOAYIPOBOAHMKA C IIeABIO
MCKAIOUeHMS TeILA0BbIX D((PEeKTOB, CBsA3aHHBIX C HArpeBOM OOpaslia TOKOM, HeOOXOAMMO MMeTh
BO3MO>KHOCTb BapMalyy IlapaMeTpoB UMITyabca (popMa, 4acToTa CAeJOBaHIs, AAUTeALHOCTD,

JpponT).

DAEKTPOIIPOBOAHOCTh MCCAeAOBAHHBIX HAMM CIIAABOB B 3aBMCUMMOCTU OT HaIPsKEHHOCTH
DAEKTPUYECKOIO 1104 u3Mepsdach B mHreppase 77-300 K. VIsmepenmss mposogmanuch B
CIIelMaAbHO CKOHCTPYMPOBAaHHOM —JepsKaTele, pa3MeIlleHHOM B CTeKASHHOM IIpuOope,
KOTOPBI HAXOAMACS B TEPMOCTaTUPYIOIIeM yCTPOICTBe [3].

Ilepemeriennem mpubopa B cocyde /pioapa AOCTUIaANCh pas3Hble TeMIlepaTyphl OT
KOMHATHOJ A0 TeMIlepaTyphl K1nAkoro asora. OAHOKpaTHOe CHSATHE 3aBUCHUMOCTU 9HAeKTPOII-
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POBOAHOCTM O0Pa3loB OT HaIPSKEeHHOCTU DAeKTpudeckoro moas sanmmaao 300-600c a
Temrieparypa B Tedenun 1800cek IIpakTMyecku He MeHsaach ¢ TOo4HOCThIO 40 0.5, K. Ilpn
riomony 3-4 MpoOOK 13 IIeHOoIAacTa yAaeTcsl oaAepKaTh TeMIlepaTypy oOpasiia IOCTOSHHONM
B TeUeHMe Jaca.

Temmneparypa oOpasHa n3Mepsiaach MeAb- KOHCTaHTaHOBOI TepmMortapoii. Criait TepMoria-
PBl HEIOCPeACTBeHHO IIpIDKMMaAcs K oOpasiy. Tepmo-».4.c. TepMoIlapbl M3MepPsAUCH
norenomerpom tumna IT1-63.

YaureiBas TO, 9TO BHAEKTPOIIPOBOAHOCTD MCCAEAYEMBIX (1)613 PE3KO yBEANMINBAECTCI I10A-
BAVISIHV/IEM BUAVMMOIO CBETa, 06pa3ub1 TIIaTeAbHO SKpaHMPOBAAVICh.

Onenka MOrpemiHocTell M3MepeHuil ITpoBOAMAach Ha OCHOBaHMM — OOIIIEeM3BECTHO
Teopumonmook. CymMmapHasi IIOTPeIHOCTh He Ipesbiiada +10%.

AA}I HaHeCeHVI DACKTPMIECKNX KOHTAaKTOB ITPUIMEHSIACS METOA, TTalKI.

BOABTaMHepHLIe XapaKTepUCTUKN CO34aHHBIX KOHTAKTOB, B A¥Valla3OHE JICIIOAb30BaHHBIX
TOKOB, ObLAM AVIHEVIHBIMM, YTO CBUAETEABCTBOBAAO 00 OMUYHOCTY KOHTAKTOB.

BbI60p AANTE AbHOCTI AEIZCTBI/I;I IIPsIMOYTOABHOIO MMITY/AbCa HAITPSDKEHNST Ha o6pa3eu
O6YCAaB/H/IBaETC}I BEANYMHON HaITpsI>KEHHOCTU DAEKTPIIECKOIO 110421, YA4€AbHbIM
COIIPpOTMBAEHIIEM 06pa3ua U XapaKTepUCTUKaMI MaTeprada, II1I0THOCTBIO U TeII10€MKOCTbIO.

HpaKTI/I‘leCKOQ OTCYTCTBME HarpeBsa o6pa3ua TOKOM ITPOBEP:A0Ch CAeAYIOIIIM 06pa30M.

IIpy mocTosIHHOM YacToTe CAeAOBaHUs AAUTEABHOCTh MMITyAbCOB yBeAMYMBAAACh A0 TeX
TIOp I10Ka He HaulHaAa U3MEHAThCS DAeKTPOIIPOBOAHOCTD. 3aTesl M3MePeHIs IIPOBOANANICEH ITPU
AAUTEABHOCTSX 3HAYUTEABHO MeHbIle, 4eM ONpejeleHHas TaKuM O0pa3oM KpUTUYeCKas.
Momnokpucraaaer coeaunenuit TlInSe, u TlInTe, BbopamnBaauch 110 METOAUKE OIVICAHHON B
paborte [20].

PesyabTaThl 1 X 00CyXaeHVe

DaexrporipoogHocth  TlInTe2 B CHMABHBIX  MMITyABCHBIX — 9DAEKTPUYECKMX  ITOASX
rccaeaoBaaach B uHTeppaae temreparyp 77-300 K. Vismepennst mpoBogMANCh KaK BAOAb, TaK U
Horepek caoep. PaccrosHmne Mexay ®4aeKTpoJaMy BappupoBaaock B mpegeaax (0.5-2)-10° m.
OMIYHOCTL KOHTAKTOB IIPOBEPSLAM 10 BOAbTaMIIEPHOI XapaKTePUCTHKE.

Ha pwuc.l. npeacraBaensr crekrpsl 3asucumoctu 1go=f(E'?) aaa oOpasuos TlInTe: mpm
pasAndHBIX TemIlepatypax. Kak BMAHO 13 pucyHKa, HakaoH 3asucumoctu lgo=f(E'?) npmu
nioHyoKeHnu Temrieparypsl ot 300 40 77 K yBeanmauBaeTcs.

B mmpoxoM uHTepBase Temiieparyp U I04ell HaOAIO4aeTcsl DKCIIOHEHIMAABHBI POCT
9AEKTPOIPOBOAHOCTY B 3aBUCMMOCTM OT HAIIPsSDKEHHOCTU 9DAeKTpudeckoro moas. Haxkaon
lgo=f(E'2) npu nonmkennu temnepatypsl oT 300 20 77 K yBearanpaeTcs B XOpOIIeM COTrAachm C

dopmyaon f = (1/ kKT Neg / 4reg , Tae e — 3apsi DAEKTPOHa, K, - OCTOsiHHAsA boapiimana, T -

abcoAI0THA TeMIieparypa, &€ - AUDAEKTpMYECKasd IIPOHUIIaeMOCTb, &0 — DAEKTpUYIeCcKast
ITOCTOsIHHAI.

Ha puc. 2. mpeacrasaena saBucumocts koagpuiiuenrta [3 ot temnepatypsl 44s1 TlInTez. Bo
BCeM TeMIlepaTypHOM VMHTepBale AMHEIHO pacTeT ¢ yMeHbIleHneM TeMinepatypsl (3 ~T1).
IToacTaBasas SKCIIepyIMeHTaAbHO HallAeHHbIe 3Ha4eH 3
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Puc.1. 3aBucumocts saekTporiposoHocTy TIInTe2 oT HaNPsKEHHOCTY DAEKTPIIecKOTO
roas nipu reMneparypax 115 (1), 150(2), 180 (3) 1 230 K (4).
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Puc.2. TemmiepatypHast saBucuMocTs kKospdurnmenta 3 441 TlInTex.

B IPpUBEAEHHYIO (POPMyAy, MBI OIIpeAeANAN 3Ha4eH!s DAeKTPOHHON JacTi AUDAEKTPUIECKON
nponuiiaemoctu A5 TlInTex.

TemmneparypHas 3aBUCHMMOCTb ®AEKTPOIIPOBOJHOCTU MCCA@AOBaHA IIPU  Pa3ANMIHBIX
paekTpmyeckux mnoasx. Kak BumaHo us 3sasucumocty 1go=f(10°/T) (pmc. 3) BeamumHa
9AEKTPOIIPOBOAHOCTM  IIPM  JAHHOM TeMIlepaType C POCTOM 9AeKTPUYECKOro — I10As
yBeAUunBaeTcs, IpudeM HakAOH mHpaAMBIX 1go=f(10°T) ymeHpmmTCs C yBeAudeHUeM
HaIPSKEHHOCTY DAeKTPUYECKOTO 0.

DTOT HAKAOH XapaKTepU3yeT DHEPINIO aKTBal HOCUTEeAe! TOKa B CMABHBIX DAeKTpnIec-
KX TIOASX. J3aBUCUMOCTH DHeprmy akxkTmsalym HOCHTeAel ToKa OT HaIIpsPKEHHOCTU
DACKTPUYIECKOIO I10As1 II0OKa3aHa Ha pI/IC4 M3menenue DHEPIuM akKImBaliin B 3aBUCIMOCTU OT
DAEKTPUIECKOTIO ITOASI COTAACyeTCsI C Teopmeﬁ q)peHKe/m, coraaCHoO KOTOpOﬂ IIpu TEPMODAEKT-
pOHHOI?I VMOHM3allI DHEPITVLI aKTMBalUN AVIHEVIHO YMEHBIIAETCA C POCTOM HAIIPSIP)KEHHOCTN
I1I0AT:

v
AE :AEgl —2e+eE/ ¢ :AEg —AEnN
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rae AEg -pHeprus akTuBallUy B OTCYTCTBUE DAEKTpUYecKoro 1oas, AE- msmeHeHme sHepruu
aKTMBALIMY 110/, BAVISTHUEM DAEKTPUYECKOTO MOAs.

VccaepoBanme  9aeKTponpoBoAHOCTM — MOHOKpucraaaos  TlInTe:  mokasaao,  uTO
IIPOBOAMMOCTb B HaIlpaBAeHUM, IePIeHAVIKYASIPHOM K CAOSM TeTpasApoB (O, ) HaMHOIO
MEHBIIle, YeM B HaIlpaBAeHUN, IapaldeAbHOM CA0sM ( O11), YTO HAaXOAUTCSA B KOCBEHHOM
coraacum C pacCy>kKAeHUsMU O 30HHOM CTpyKType M xummdeckmx cpassax B TlInTe: [21]. Kax
BUAHO U3 PUC. 4. OTHOIIIeHNUe Ol /0, C POCTOM HaIPsIKeHHOCTU DAeKTPUYECKOTO IT0AsS M C
YMeHbIIIeHIeM TeMIIepaTyphl yBeANdMBaeTcsl. DTO CBUAETEAbCTBYET O TOM, €CAU BAOAb CAOEB,
KaK OTMeYaZ0Ch BBIIIE, paccesHye HOCUTeAell IPOMCXOAUT B OCHOBHOM Ha aKyCTUYeCKMX

Cl)OHOHaX, TO B IIEPIIECHAVIKYAAPHOM HaAIIpaBA€HIN Ha4lMHAE€T UT'paTb pOAab " ,ZI,pyFOI?I MeXaHV3M
paccesHIsI AN Apyroe MexaHrsM IepeHoca HOCUTeAeN TOKa.

IToayyeHHbIe pe3yAbTaThl MOXKHO MHTEpPIIpeTHpoBaTh ¢ osuy teopyun Ppenkeas-Ilyaa,
KOTOpasl AaeT OCHOBaHMe II0AaraTh, YTO PAcCMOTPEHHBIE 3aBUCUMOCTU DAEKTPOIPOBOAHOCTH,
sHeprun aktusauyy AE n xospunmenta 3

Iga . Caa/m

1.75

2 4 6 8 10
1047, K1

PI/IC.3. TeMHepaTypHaﬂ 3aBUICVIMOCTD BAGKTPOHPOBOAHOCTI/I THHTEZ HpI/I SHAQUYEeHIIX HaHpSI)KeHHOCTI/IZ
2500 (1), 5600 (2), 10000 (3), 15600 B/n (4).
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Puc.4. 3aBucumMOCTb DHEPrUM akTUBALUK HOCUTeAs1 ToKa (a) nlg(o11/ O | ) (6) or

HaITPsDKEHHOCTH DAeKTPUYecKoro 1oas oopasijos TlnTes.
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OT HaIPsDKEHHOCTU DAEKTPMYECKOTO MO0AsS M TeMIlepaTyphl B CMABHBIX DAEKTPUYECKMX ITOASIX
00yCAOBA€HBI yBeAUYeHNeM KOHLeHTparuu Hocuteaeil Toka B TlInTe: 3a cuer aericTBus
MeXaHI3Ma TepMO®AeKTpoHHO moHmsanuy. CoraacHo wuccaegosaHmio »¢pdexr Xoaaa,
9AeKTPOIIPOBOJHOCTM B CAa0BIX IIOASX, ITOABVKHOCTh HOCKUTeA€) TOKa C yMeHbIIeHueM
TeMIlepaTypbl BO3pacTaeT, YTO TakKe IOATBeP KAaeT U3A0KeHHbIe pacCy>KAEeHI.

AHa/0TUHO TIIpeAbIAYIIIEMY HCCAeAOBaHa 9AeKTporpoBogHocts TlInSe: B mHTeppase
temneparyp (77-300) K B cABHBIX 9A€KTPpUYECKIUX HOAX.
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Pric. 5. TemnepatypHast 3aBUCHMOCTB DAeKTporrposoAHocTy TlInSex:
(@) lgo |, mpu 35:10° (1), 20-10° (2), 9-10° (3), 3-10° B/m (4).
(6) Igon, ipm 3 -10° (1), 9-10° (2), 20-10° B/m (3).

Kax BuaHO 13 puc. 5 HaKAOH 3aBUCHMOCTEN ¢ POCTOM HANPSDKEHHOCTU HAEKTPUYECKOIO
1104 TaK, Kak 1 Aas TlinTe2 ymensItaercs.

3aBUCUMOCTD DHepImM aktmBanum OT E IIpeacraBl€Ha Ha pI/IC6 BI/IAHO, 49TO DHEPITI

aKTUBAIMM AVHEHO yMeHbIIaeTcs ¢ poctoM + E, T.e. M3MeHeHMe »1eKTpOIIPOBOAHOCTH B
TlInSe2Kak B c1a0bIX, TaK ¥ CUABHBIX IIOASX HOCUT TaKoli ke xapakTep Kak TlInTez.

0.32 1012, AE, T
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o
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\IE B2.M-12

Puic.6 3aBucumocts sHepruy aktusarnym TlinSe2 or V E B HAIIPaBAEHNM ITePIIEHAVKYASPHOM CAOSIM.

B 1O >Xe BpeMms, Kak BMAHO M3 INPUBEJEHHBIX AAQHHBIX IIMPUHBI 3allpellleHHbIX 30H
coeaunenuii TlInSe: u TlInTe2 cymjecTseHHO paszanyalorcsa. DTO OTAMYME MOXKeT HaliTu
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OObsICHeHNe B paMKax KOH(pUIypalMOHHOM Mogean. VIzsecHo uto, popmMupoBsaHme 1 CBOJICTBa
coeauHeHMI XaAbKoreHop ¢ »aeMeHtamu III B moarpymmel ompegeasiorcst tunamm Spé -
KOHQUTYpalMii M30AMPOBAHHLIX aTOMOB KOMIIOHEHTOB, CIIOCOOHOCTBIO S-9A€KTPOHOB K
repexogaM Ha p- COCTOsHIS, a TakKe BO3MOKHOCTAMM OOpa3OBaHMS PV B3aIMOAENICTBUN C
aTOMaMI Xa/AbKOT€HOB CTaOMABHBIX DA€KTPOHHBIX KOH(PUIYpaITyii.

Bsanmogaericrsue atomos Il B moarpymmst T1, In ¢ XaabkoreHaMu OCyIIIeCTBASIETCS 3a CUET
6p' ®AEKTPOHOB TaAAUs U 552 5p' AeKTPOHOB MHAVLL.

BepositTHOCTE 00pa3zoBaHmsl CTaOMABHBIX KOHPUIYpaLuii (s?p°) mpu repexoe OT ceAeHnAa K
TeAAYPUAY YMEHbBIIAETCA. B DTON CBs3M CTeneHb MOHHOCTY XMMMWYECKON CBA3M YMEHbIIAeTCs,
T.€.yMeHbBIIIAIOTCs CTaTHUYecKye Beca s*p® KOHPUIYpaImii U IPOMCXOAUT yMeHbIIIeHe IV PUHbI
3ariperjeHHO 30HbL.

BriBoasbr:

NccaeaoBanmsaMu 9AeKTPOIPOBOAHOCT B CUABHBIX DA€KTPUUYECKMX MOASX BBLIBAEHO, UTO
M3MeHeHVe DHepIMM akTuBaluy M KodpduiimeHTta (3 OT TeMmIlepaTypbl HaIpsKeHHOCTHU
9AEKTPMYECKOIO I10As OOYyCAOBAEHBI yBeAUYeHNeM KOHIIeHTpalliM HOCUTeAsl TOKa B
coeaunenwsix T'lInSe, u TlInTe, 3a cdeT AeVICTBUS TEPMODACKTPOHHONM VIOHM3aLI
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PE3BIOME

MeTtogamu ropstaero mpeccopanms Obiay 1moAydeHsr KomrosuTsl IITDHIT+X 06% BiosSbisTes. buia mpoussesen
peHTreHO(a3OBBII aHaAM3 KOMIIO3UTOB, Ha OCHOBE pPeHTTeHOTrpapIIecKoro aHaAm3a OIpeJeAeHbl  CTeTleHb
KPUCTaAAM3alUI U BBIIBAEHO, UTO C yBeAdeHreM OOBeMHOTO COAep>KaHIsI HalIOAHUTEAS CTelleHb KpUCTaAAM3aliin
yBearayBaerca. C IIOMOIIBIO aTOMHO — CHJAOBOIO MMKPOCKOIIA MCCA€A0BaAMCh MIUKpopeabed IIOBEPXHOCTH
IIOAy4eHHBIX KOMITO3MTOB, a TakKe 1CCAe40BaAVCh CIIeKTPhl KOMOMHAIIVIOHHOTO PaccerBaHMAMCXOAHBIX COeAVHEeHNUI
u xoMmroautos [TOHIT+X06%Bios SbisTes, raex= 15 u 20. IsMeHeHNs1 ClIEKTPOB KOMOMHAIIIOHHOTO pacCceMBaHIs ObLAU
IIpoBeJeHBI Ha (POHKOKaABHOM paMaHOBCKOM MuKpockore NanoFinder30. B xayecTBe MCTOYHMKOM BO3OYKAEHU
ncroas3osaacst Aazep Nd:YAG ¢ BBIXOAHOI AAMHOI BOAHBI U3Ay4eHrs 532HM 1 MaKCMIMAABHON MOIITHOCTBIO 10mW.
Brrsasaeno, uto B criekTpax Sbz Tes; Bi2Tes 1 KOMOMHAIIMOHHOTO paccesiHIsI AOMOAHUTEABHO IMOSIBASIOTC TPU APKO
BBIPaKeHHBIX MaKcuMyMa. VIHTeHCMBHOCTM STUX MaKCUMYMOB C1a00 3aBUCUAT OT cogep>KaHMsl TI0AYIIPOBOAHIKOBOIO
COeAVIHEeHISI.

Karouesbie ca0Ba — MyKpopeabed IMOBepXHOCTH, KOMOMHAIIOHHOe paccessHe cBeTa KoMriosuTsl [TIDHIT+X06%
BiosSbisTes

FAZA ANALIZi VO iSIGIN KOMBINASION SOPILMO SPEKTRIiNIN
ASPE+XHOCM%BIosSB1sTE: TiP KOMPOZITLORDO TODQIQi

XULASO

ASPE+x hacm%Bi 0.5 Sb 1.5 Te 3 kompozitlari isti presloms tisulu ilo alinmigdir. Kompozitlorin rentgenofaza
analizi aparilib, analiz asasinda niimunalerin kristallasma daracelori miisyyen edilmisdir ki, doldurucunun hacmi
miqdarimnin artmast ils kristallasma deraceleri da artir. Atom qiivvet mikroskopundan istifade etmokls, kompozitlarin
sathlerinin mikrorelyefinin tadqiqi aparilmis, hamginin ilkin birlasmelarin ve kompozitlerin ASPE+xhacm% Bi 0,5 Sb
1,5 Te 3 (x =15 vo 20) Raman sapilma spektrlari tadqiq edilmisdir. Raman spektrlarinds Nanofinder 30 fonkokal Raman
mikroskopunda aparilmisdir. Hayacanlandirict menbayi kimi ¢ixis dalgast uzunlugu 532 nm ve maksimum giicii 10
mVt olan Nd:YAG lazerindan istifads edilmisdir. Malum olmusdur ki, Sb 2 Te 3 va Bi 2 Te 3 birlagsmalarindanfarli
olaraq onlarin asasmnda alinmis kompozitlorin Raman spektrlarinds slave 3 maksimum miisahids edilir.

Acar sozlar: sathlarin mikrorelyefi, isigin kombinasion sapilmasi ASPE+x hacm %Bi 0.5 Sb 1.5 Te 3 kompozitlari

PHASE ANALYSIS AND INVESTIGATION OF THE RAMAN SCATTERING
SPECTRUM IN LDPE+XVOL%BIosSB1sTEs COMPOSITES

ABSTRACT

LDPE + x vol% BiosSbisTescomposites were obtained by hot pressing methods. An X-ray phase analysis of the
composites was performed, the degree of crystallization was determined on the basis of X-ray analysis, and it was
found that with an increase in the volume content of the filler, the degree of crystallization increases. Using an atomic
force microscope, the microrelief of the surface of the obtained composites was studied, as well as the Raman scattering
spectra of the initial compounds and composites LDPE + x vol% BiosSbisTes, where x = 15 and 20. Changes in the
Raman spectra were carried out on a phoncocal Raman microscope NanoFinder30. An Nd:YAG laser with an output
wavelength of 532 nm and a maximum power of 10 mW was used as the excitation source. It was found that in the
spectra of Sb2Tes; Bi2Tes and Raman scattering additionally appear three pronounced maxima. The intensity of these
maxima weakly depends on the content of the semiconductor compound.

Keywords — surface microrelief, Raman scattering of light LDPE + x vol% BiosSb1sTes composites
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Dasoeviii aHaAU3 1 UCCAL0BaAHUE CHEKMPA KOMOUHAYUOHH020 pacceanust ceema 6 komnosumax muna IIDHII+XOB% BlosSB15TE3

BBeaenmue

Kak nspectno, coeaunenns Bi2Tes n TBepabiepacTBOPBI Ha ¥IX OCHOBE HAIlAM IIPAKTIYECKOe
IpUIMeHeHIeB KadyecTBe TepMODAeKTPIYeCcKX MaTepuaaos. Jas 00aeelpoKoro 1CI10Ab30Ba-
HIL51 HEOOXOAVIMO TTOBBIIIIEHVIE TEPMODAEKTPIUIECKOi D(PPEeKTUBHOCTH, YTO OOBIYHO JOCTUTAETCS
AeTrpoBaHMeM DTUX COeAVHEHNI 1A IT0AO0POM OIIpeeAeHHBIX COCTaBOB TBEePABIX PacTBOPOB.
Teopernueckuepacyetsl [1] HOKa3pIBAIOT, UTO 3HAYUTEABHOIO YBeAMYEHMATEPMODACKT PIIECKON
9(PPEeKTMBHOCTMI MOXXHO JAOCTUYDL MCIIOAB30BaHMEM HMBKOPa3MEPHBIX CTPYKTYp (TOHKIeE
I1LA€HKM, HaHOHUTY, HaHOKPUCTaAAbl M T. II.) Ha OCHOBe DTUX coeauHeHMil. VI3 pesyabraToB
TeopeTmdecKnx [3] m SKcrepMMeHTaabHbIX [4,5] mMccaeaoBaHMII cAeAyeT, 4TO 3HAYMTEeAbHOTO
TOBBIIIIEHNsI HTOTO MapaMeTpa MOXKHO AOCTMYDL B HU3KOpPa3MEPHBIX CTPYKTypaX, I10AyJeHHBIX
U3 DTUX MaTepualoB pa3ANUHBIMM CIIOCODaMI: HaIlpUMep, B CBepXpellleTKaXTBepAbIX
pactBopos Bi:Tes—Sb2Tes [3,4], B yabTparoHKmxmaeHkax Bi:Tes m Bi2Ses, BbIpallleHHBIX Ha
noaaoxkax GaAs MeTOAOM MOAEKYASAPHO-AY4eBOI sSHuTakcum [6], BraeHkax Bi:Ses Ha
KPeMHIEBBIX IT0A410KKaX, ITOAy4eHHBIX MeTOAOM TepMUYeCKOTO OCa’KAEHMS M3 XUMMIYIECKOTO
pactsopa (polyol method) [7], a Taxke B yAbTpaTOHKMXCAOUCTHIX Yennyrikax Bi2Tes [8], moayuen-
HBIX 113 0OBbeMHOIO MOHOKpHCTaA4a MeXaHJeCcKM OTCAarBaHNeM I10A00HOII0AyYeHUIO rpade-
Ha 13 rpadura.Kpome Toro, B mocaesHee Bpems MHTepec K BBIIIIEYKa3aHHBIM MaTepuajlam
YCUANACA B CBSI3M C TeM, UTO coeAuHeHuArpynnsl AVBY! mpmumcasior K TOHOAOTMYeCKUM
U30AATOpaM. DTO — CpaBHUTEABLHO HeAaBHO OTKPBITBIIHOBBIN KAacC MaTepuaaoB, IPOsBASIO-
IIUX AMDAEKTPUIeCKIecBOoiCTBa B 0ObeMe, B KOTOPBIX, O4HaKO HOCUTeAN 3apsAaMOryT CBOOOA-
HO IlepeMeniaTbcs y nopepxHoctu [9-12]. C yd4eToMm BhIIEN3A0KEHHOIO Halllell LeAbIO SBAs-
A0Ch TIOAydeHre KOMIIO3MIVIOHHBIX MaTepraloB Ha ocHose I19B/, moanduiinposanHoro
TBEpABIM pacTBopoM BiosSbisTes, mccaeaoBaHMs KOMOMHAIIMOHHOTO paccesiHUsA CBeTa B
xoMmrIo3uTax BiosSbisTes rae, x=15; 20.

2.MeToayika 9KcriepuMeHTa

Aas noaydenns noanMepHoro komnosuta ITOHIT+X06% Bios Sbis Tes B cooTBeTcTBUI CO
crexuoMeTpuen mopomok noanmepa (II9HII) nmepememusaiT ¢ IOPOLIKOM ITOAYIIPOBOAHN-
KOBOTO MaTepuaja. 3aTeM 13 CMeCH IIpeccyioT naeHky toamyHon 100 Mkm npu Temmeparype
I1aBAeHMs IToAMMepHOI MaTpuiisl U aasaenyn 10+15 MIla mexay aatomMuumesoii (GpOABIOIL.
3rorosaennsie 00pasiibl ¢ (pPOABION OBICTPO OXAAXKAAIOT B BoAe U (POALTY yAaasioT. V3secTHO,
4TO MeTOJ, TIOpsJero IIpeccoBaHMs sBAseTcs Ooaee DPQPEKTUBHBIM A4 (POPMUPOBAHI
DecrIopMCThIX HaIIOAHEHHBIX ¥ BBICOKOHAIIOAHEHHBIX KOMIIO3UIIMOHHBIX MaTepraaos. CrieKTpsl
koMmOuHaIonHoro paccesnus (KP) cpera mposoguanch Ha TpexMepHOM KOH(POKaAbHOM
pomanosckoM mukpocriekrpomerpe Nanofinder 30 (Tokyo Instr.), 4amHa BoAHBI BO3OY>KAeHIL
A =532 um. Paguyc cedenns1, magaoniero Ha HaHO KOMIIO3UT Aa3ePHOTIO Ay4a, Obla paBeH 4 MKM.
VlccaeaoBanmst IpOBOAMANICH B TeOMETPUMOOPATHOTO paccestHust. IIpueMHMKOM m3aydeHus
cayxnaa oxaaxgaemas CCD-kamepa (-70°C), paboraromias BpekuMe cdeTa (POTOHOB. Bce
U3MepeHMs CAeAaHbl MpUBpeMeHy 9Kcrosuiuy 20c 1 MOIIHOCTU BO30Y>KAAIOIIeron3Ayde s
10 MBT. TounocTs onrpeaeaeHns II0AOKeHNs CIIeKTpaAbHON AuHIY Oblaa He Xyxe 0.5 cm™.

PE3YABTATDBI 1 X OBCY X AEHVST

Beran mposeaeHbl peHTTreHO(a30BbIN aHaAN3 TTOAYYeHHBIX KOMIIO3UTOB (puc.1). Brrisaeno,
4TO C yBeAudeHUeM OOLeMHOIO COAep>KaHIM: HallOAHMUTeAsl MHTeHCUBHOCTUM MaKCUMYyMOB
yBeAUUYMBAETCs C yBeAMdeHIeM CTelleH) KPUCTaAANIHOCTI.
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Puc.2. ViccaeaoBannst Myukpopeaseda rosepxHoctyt IIDHIT+X06% Bios Sbis Tes (raex= 15 (a) 1 20 (6))
koMmmno3nuTos b 2D, 3D Macmrabax 1 Ux rucTorpaMma.

Kak wmsBectHo, B 9aeMeHTapHbple sueiiky BizTes SboTes cogepxarcs 5 aToMoB n
COOTBETCTBEHHO CyIIleCTByeT 15 peIeTOYHbIX KOAeDaTeAbHBIX MO/ B IIeHTpe 30HBI bproaansHa
(q@=0)Tpm M3 KOTOpBIX aKkycTmyeckme u 12 ontmyeckume Mogpl. 12 onTmyeckue Moy,
XapaKTepU3yIOTCs CMMeTpUeNt 2Eg + ZAig +2E, +2A,,, xaxaas n3 Moz, E, u A, asaxam
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1 2
BBIpOKJeHa [13] mokazaHo, 4TO IMpyU KOMOMHAIIMAX Eg n Eg CMeIleHNe aTOMOB IPOVICXOAAT

1 p2
MePIIEHAVKYASIPHO ocu € — ocu cummetpunt. 3-20 IopsiAKa, T.e. ILAOCKOCTY CA0€B, a IIPI Aig , Aig
CMelIeHye aTOMOB ITPOVICXOAST COOTBETCTBEHHO OCH C, T.€. IIEPIIEHAVIKY ASIPHO ILAOCKOCTY CA0EB
(pmc. 3).
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Puc.4. CriekTpbl KOMOMHALIVIOHHOTO PaCCesTHIS CBeTa B KOMIIO3MTaX
TIDHIT+1506%Bios Sb1sTes (a) vt [TOHI1+2000%Bios SbisTes (0)

Ha puc. 4. mpuBeeHsI pe3yAbTaThl UCCAEAOBAHIS CIIEKTPOB KOMOMHAIIVIOHHOTO PacCesTHILT
Ha kommosnurax [I9BA+1506%BiosSbisTesu  ITOBA+2000%BiosSbisTes. M3  puc2a B
MICCA€AOBAaHHBIX KOMIIO3MTaX HabDAIAAIOTCS TPY aKTUBHBIX POMAHOBCKIX MO/, P YacTtoTax 62

1
1
em( Ay ). C yBeandennem oGBHEMHOTO COACPYKAHNS HATIOAHUTEAS! ITPOUCXOAUTE yBeAUdeHue
2 p242
YMCAO CIIEKTPOB PAaMaHOBCKMX MOJ. DTH MaKCUMYMBI COOTBETCTBYIOT Ay E 9, moaax aas

Bi2Tes nabaroaarorcs rpu yacrorax 61,5 cm?, 134 em™, 102,5 cm? aas Sb2Tes mpu yacrorax 69cm-1,
160cm, 112cm! Ha KoMmiosuTe ¢ HartoaHuTeaeM IT9BA+15 06%BiesSbisTes mpu 66 cm™, 109 cm,
120,5cm?, 140,5em? n 160 cm?, B komrmio3ute ¢ HamoaHurteaem I[1DBA+20 006%Bios Sb 15Tes
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MaKCHUMYyMBI HaOA104a10Tcs py yactoTax 65,5cm, 109 em?, 120em?, 139,5cm™ 1 159 cm, anaans
Pe3yAbTaToB CIIEKTPOB KOMOMHAIIVIOHHOTO pacceMBaHII ITOKa3bIBaeT, UYTO B MCCAE€AOBAaHHBIX
KOMITIO3UTOB AOIIOAHUTEABHO HabAI0AaeTcs 3 sSIPKO BhIpaskeHHBIX MakcuMyMma. C yBeanyeHuem
00BEMHOIO COAep>KaHMsI CYIIeCTBeHHBIX M3MeHEeHMII CIieKTpaX KOMOMHAIIVIOHHOTO pacCesHIs
He HaOaogaioTcst. OaHaKO 1104, BAMSHIEM HaIOAHUTEAs IIOSIBASIOTCS AOIIOAHNUTEAbHBIE
MaKCUMYyMBI. VIHTeHCMBHOCTM STIX MaKCHMYMOB He 3HaUMTEeABHO YBeAIMBAETCs COAep>KaHIs
HaIlOAHUTeAsd. DTU pe3yAbTaThl CBUAETEALCTBYeT O TOM, UTO B BTUX MaTepuajax (pasoBble
rlepexoAbl He HaDAIOAAIOTCS.

3akaroueHne

BI)I}IBAEHO, 4ToO C yBeANM4eHleM 00BEMHOTO COA€ep>KaHILI HallOAHUTEAS! KpUCTaAANIHOCTD
KOMIIO3UTOB  yBEANINBAECTCS. B CIIEKTpax KOM6I/IHaI_U/IOHHOFO paccesiHrsT - IOSABASIIOTCSI
AOIIOAHITEeAbHbIE TPU MaKCIMYyMa.
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INSTRUCTIONS FOR AUTHORS

"The Baku Engineering University Journal-Physics" accepts original unpublished articles and reviews in the
research field of the author.

Articles are accepted in English.

File format should be compatible with Microsoft Word and must be sent to the electronic mail
(Journal@beu.edu.az) of the Journal. The submitted article should follow the following format:

Article title, author's name and surname

The name of workplace

Mail address

Abstract and key words

The title of the article should be in each of the three languages of the abstract and should be centred on the
page and in bold capitals before each summary.

The abstract should be written in 9 point type size, between 100 and 150 words. The abstract should be written
in the language of the text and in two more languages given above. The abstracts of the article written in each
of the three languages should correspond to one another. The keywords should be written in two more
languages besides the language of the article and should be at least three words.

. UDC and PACS index should be used in the article.

The article must consist of the followings:

Introduction

Research method and research

Discussion of research method and its results

In case the reference is in Russian it must be given in the Latin alphabet with the original language shown in
brackets.

Figures, pictures, graphics and tables must be of publishing quality and inside the text. Figures, pictures
and graphics should be captioned underneath, tables should be captioned above.

References should be given in square brackets in the text and listed according to the order inside the text at
the end of the article. In order to cite the same reference twice or more, the appropriate pages should be
given while keeping the numerical order. For example: [7, p.15].

Information about each of the given references should be full, clear and accurate. The bibliographic description
of the reference should be cited according to its type (monograph, textbook, scientific research paper and etc.)
While citing to scientific research articles, materials of symposiums, conferences and other popular scientific
events, the name of the article, lecture or paper should be given.

a)

b)

10.

11.
12.

Samples:
Article: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomerrik

and dimeric conapeetes of carnosine Uith zinc, Journal of structural Chemistry, VVol.51, No.5, p.824-832,
2010

Book: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, p.386-398, 2002

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

References should be in 9-point type size.

The margins sizes of the page: - Top 2.8 cm. bottom 2.8 cm. left 2.5 cm, right 2.5 cm. The article main text
should be written in Palatino Linotype 11 point type size single-spaced. Paragraph spacing should be 6 point.

The maximum number of pages for an article should not exceed 15 pages

The decision to publish a given article is made through the following procedures:

The article is sent to at least to experts.

The article is sent back to the author to make amendments upon the recommendations of referees.

After author makes amendments upon the recommendations of referees the article can be sent for the
publication by the Editorial Board of the journal.



YAZI VO NO9SR QAYDALARI

“Journal of Baku Engineering University” Fizika- oavvallor nasr olunmamus orijinal osorlori vo miiollifin
tadqiqat sahasi iizra yazilmis icmal maqalslari gabul edir.

Maqalalor Ingilis dilinds gobul edilir.

Yazilar Microsoft Word yazi programinda, (journal@beu.edu.az) iinvanina géndorilmslidir. Gondarilon
mogqalolords asagidakilara nozors alinmalidir:

Mogqalonin bagligi, miisllifin adi, soyadi,

s yeri,

Elektron tinvani,

Xiilaso vo agar sozlor.

Mogqalads bashq hor xiilasadan avval ortada, qara vo boyiik horflo xiilasolorin yazildigi hor i¢ dildo
olmalidir.

Xiilasa 100-150 s6z araliginda olmagqla, 9 punto yazi tipi boyiikliiytindo, moqalenin yazildig1 dilde vo bundan
olavo yuxarida gostarilon iki dildo olmalidir. Magalonin har {i¢ dildo yazilmug xiilasasi bir-birinin eyni olmalidir.
Agar sozlor uygun xiilasalorin sonunda onun yazildig: dilds verilmokls an azi1 ii¢ s6zden ibarat olmalidir.

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 mdterze icorisinde gdstarmokls yalniz Latin slifbasi
ilo verilmolidir.

Sakil, rasm, grafik vo cadvallar ¢apda diizgiin, aydin ¢ixacaq vaziyyatds va moatn igarisindo olmalidir. Sakil,
rosm va grafiklorin yazilari onlarm altinda yazilmalidir. Cadvasllards basliq cadvalin iistiinds yazilmalidir.

Manbalar motn igarisinde kvadrat moéterize daxilindo géstorilmoklo mogqalonin sonunda motn daxilindoki
stra ilo diiziilmolidir. Eyni manbays iki vo daha cox istinad edildikds ovvalki sira say1 saxlanmaqla miivafiq
sohifolor gostarilmolidir. Masalon: [7,soh.15].

BOdobiyyat siyahisinda verilon her bir istinad haqqinda malumat tam vo deqiq olmalidir. Istinad olunan monbanin
bibliografik tesviri onun ndviindon (monoqrafiya, dorslik, elmi moqalo v s.) asili olaraq verilmolidir. EImi mo-
qalslora, simpozium, konfrans, vo diger niifuzlu elmi todbirlorin materiallarina va ya tezislorine istinad edarkon
magqalonin, maruzanin va ya tezisin ad1 gostarilmalidir.

a)
b)

c)

Niimunolar:

Mbaqals: 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

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

Konfrans: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information-Communication Technologies in
Science and education. II International Conference. ”Higher Twist Effects In Photon- Proton Collisions”,
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
boyiiklityiinds, Palatino Linotype yazi tipi ilo ve tok simvol araliginda yazilmalidir. Paraqraflar arasinda 6
punto yazi tipi araliginda mosafs olmalidir.

Orijinal tadqiqat asarlorinin tam motni bir qayda olaraq 15 sshifodon artiq olmamalidir.

Mogqalonin nosra toqdimi asagidaki qaydada aparilir:
Hor mogqallo on az1 iki eksperto gondorilir.
Ekspertlorin tovsiyalorini nazors almaq ii¢iin moqalo miollifo géndorilir.

Mogqals, ekspertlorin tonqidi qeydlori miisllif torafindon nozere alindiqdan sonra Jurnalin Redaksiya Heyati
torofindon ¢apa toqdim oluna bilor.
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8.

YAZIM KURALLARI

“Journal of Baku Engineering University-Physics" Onceler yayimlanmamis orijinal ¢aligmalar1 ve yazarin
kendi aragtirma alanin-da yazilmis derleme makaleleri kabul etmektedir.

Makaleler ingilizce kabul edilir.

Makaleler Microsoft Word yazi programinda, (journal@beu.edu.az) adresine gonderilmelidir. Gonderilen
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 ii¢ dilde yazilmis 6zeti birbirinin ayni 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-
nunda gosterilmelidir. Aym kaynaklara tekrar bagvuruldugunda sira muhafaza edilmelidir. Ornegin: [7,seh.15].

Referans verilen her bir kaynagin kiinyesi tam ve kesin olmalidir. Referans gosterilen kaynagin tiirii de eserin tl-
riine (monografi, derslik, ilmi makale vs.) uygun olarak verilmelidir. Ilmi makalelere, sempozyum, ve konferanslara
miiracaat ederken makalenin, bildirinin veya bildiri 6zetlerinin ad1 da gésterilmelidir.

a)
b)

c)

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

Kaynaklarin biiytikliigii 9 punto olmalidir.

9.

10.
11.

12.

13.

Sayfa olculeri; tist: 2.8 cm, alt: 2.8 ¢cm, sol: 2.5 cm, sag: 2.5 cm seklinde olmalidir. Metin 11 punto biiyiik-
lukte Palatino Linotype fontu ile ve tek aralikta yazilmalidir. Paragraflar arasinda 6 puntoluk yazi mesa-
fesinde olmalidir.

Orijinal arastirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

Makaleler dergi editér kurulunun karari ile yayimlanir. Editorler makaleyi diizeltme igin yazara geri gonde-
rilebilir.

Makalenin yayina sunusu asagidaki sekilde yapilir:

Her makale en az iki uzmana gonderilir.

Uzmanlarin tavsiyelerini dikkate almak i¢in makale yazara gonderilir.

Makale, uzmanlarin elestirel notlar1 yazar tarafindan dikkate alindiktan sonra Derginin Yayin Kurulu tarafindan
yayina sunulabilir.

Azerbaycan disindan gonderilen ve yayimlanacak olan makaleler i¢in,(derginin kendilerine gonderilmesi za-
mani posta karsiligi) 30 ABD Dolar1 veya kargiligi TL, T.C. Ziraat Bankasi/Uskiidar-istanbul 0403 0050 5917
No’lu hesaba yatirilmali ve makbuzu iiniversitemize fakslanmalidir.
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ITPABUJIA JIA ABTOPOB

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

Cratbu TIPUHUMAIOTCS Ha AHTJINCKOM SI3BIKE.

PykomuicH TOIKHBI OBITh HaOpaHs! coryiacHo porpammbel Microsoft Word u oTripaBiieHs! Ha 37IEKTPOHHBIH
anpec (Journal@beu.edu.az). OtmpasiseMble CTaThH J0JKHBI YIUTHIBATH CIICAYIOLIHME TPABHIA;

HazBanue ctatbu, uMs U paMUIIHs 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,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEPIKaHMIO OpUruHaia. KitoueBble cioBa JOJKHBL ObITh MPEACTABIEHBI
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 HCCIeJOBAHUS H BEIBOIOB.

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 pa3MEIIaloTCsl MO PUCYHKOM, KapTHHKON Wi rpadukom. Ha3Banue TaOIMIbI MHIIETCS
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 jK€ MCTOYHHK CCHUTAIOTCS JIBa U Oojiee pas, He00X0-
JIMMO YKa3aTh COOTBETCTBYIOIIYIO CTPAHHILY, COXPaHAS MOPSAKOBHIM HOMep nuTupoBanus. Hanpumep: [7,
crp.15]. bubmuorpaduueckoe OMMUCaHKUE CCHIITAEMOM JTUTEPATYPHI TOJKHO OBITH POBEIEHO C YUETOM THIIA
UCTOYHMKA (MOHOTpadust, yIeOHHK, HAydHas CTaThs U 1p.). [IpH CCBUTKE 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

CHycoK IMTHPOBAHHOM JIUTEpaTyphl 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 TOKHEL OBITh pa3/ielcHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 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 JKCIIEpTaM.

CraThs MOCHUTACTCS aBTOPY IS yUeTa 3aMeUaHuil SKCTIEPTOB.

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


mailto:journal@qu.edu.az

	Qapaq_Fizika_BMU_SON_2021_1.pdf
	Page 1


