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SURFACE ANALYSIS OF PHOTOVOLTAIC FILMS OF CuInS2 and CZTS 

 

KAZUKI WAKITA 

Chiba Institute of Technology, 2-17-1 Tsudanuma,  

Narashino, Chiba 275-0016, Japan 

kazuki.wakita@it-chiba.ac.jp 

 

Tip-enhanced Raman spectroscopy (TERS) is a type of near-fieled optical spectroscopy [1]. 

TERS uses a metal-coated tip that acts as a plasmonic antenna to enhance the Raman scattering 

from a nanometric sample. We can determine the spectrum of a small volume of sample in the close 

to the tip.  

In this work, we present surface analysis of CuInS2 and Cu2ZnSnS4 (CZTS) films using 

confocal spectroscopy and TERS. Figures 1 and 2 show imaging of Cu2S nanophases on CZTS 

films deposited by pulse laser deposition method. In this observation, we find the Cu2S phase is 

distinguished at a high resolution of approximately 10 nm. In conclusion, we successfully observed 

the phases on CZTS films with a high resolution on the nanoscale using TERS.  

 

 
Fig. 1 TERS mapping image between 450 and 

500 cm−1 showing Cu2S phases on the 

CZTS film.  

 

Fig. 2 TERS spectra at points of A − E in Fig. 1 

on CZTS film

 

 

[1] T. Yano, et al. Nat. Commum. 4, 2592 (2013) 
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IN TERNARY THALLIUM COMPOUNDS 
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KAZUKI WAKITAb and NAZIM MAMEDOVc 

a Graduate School of Engineering, Osaka Prefecture University,  

1-1 Gakuen-cho, Nakaku, Sakai, 599-8531, Japan  
b Chiba Institute of Technology,  
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c Institute of Physics, Azerbaijan National Academy of Sciences,  

H. Javid ave. 33, baku Az-1143, Azerbaijan 

shim@pe.osakafu-u.ac.jp 

 

Materials that reversibly change shape and/or size in response to light irradiation (light-

responsive materials) have been extensively studied for light-driven actuators in application [1]. In 

recent years, it was found that localized-deformation of the surface relief by light irradiation on 

inorganic ternary thallium compounds [2, 3]. This phenomenon is expected to make them promising 

materials for new light-controlled devices, such as motors, pumps, manipulators, and optical devises. 

In this study we would like to show the results of the characteristic evaluation for photo-induced 

deformation phenomena in layered ternary compounds.  

The experiments were performed on the sample-surface parallel and normal to the layer plane 

((001) and (100) plane) of single-bulk crystalline TlInS2. The CW-LD laser beam was irradiated on 

the sample surface as a pump beam. The quantitative evaluation of the surface relief changing was 

measured with a surface scanning laser confocal displacement meter. 

 

Fig.1 Surface profile of (001) plane in TlInS2 during light irradiation. 
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Figure 1 shows the surface profile of TlInS2 during the pump-beam irradiation. We can see the 

convex curve structure around the pump-beam spot due to the localized thermal expansion of the 

sample. The expansion of the center part is gradually increased with increasing pump power and 

reaching the size of micrometer order.  

 

ACKNOWLEDGMENT: This work was partially supported by JSPS KAKENHI Grant Number 

15K05993. 

 

[1] S. Kobatake, S. Takami, H. Muto, T. Ishikawa, M. Irie, Nature 446, 778 (2007) 

[2] N. Mamedov, K. Wakita, Y. Shim, K. Abe, N. Ogushi, Thin Solid Films 517, 1434 (2008) 

[3] Y. Shim, T. Asahi, K. Wakita, N.T. Mamedov, E.N. Alieva, N.A. Abdullaev, Tech. Phys. Lett. 

44, 643 (2018) 
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IBR-2 - PULSED SOURCE FOR NEUTRON SCATTERING RESEARCH AT JINR 

 

V.N. SHVETSOV  

Joint Institute for Nuclear Research, Dubna, Russia,  
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Joint Institute for Nuclear Research (JINR), which was established in 1956 by 12 countries, at 

present is a partnership of eighteen member-countries committed to the goal of collective 

performance of theoretical studies, building and operating of the world's leading facilities for research 

in condensed matter physics, nuclear physics and elementary particle physics. Participation of six 

associated member-countries in JINR activities is based on bilateral agreements signed on the 

governmental level. The  

The IBR-2 fast pulsed reactor is operated by the Frank Laboratory of Neutron Physics (FLNP), 

one of the seven JINR Laboratories. FLNP provides user access to the 15 modern neutron scattering 

instruments enabling high level research, based on neutron scattering techniques and complementary 

methods to investigate the structure, dynamics and microscopic properties of nanosystems and novel 

materials, which are of great importance for the development of nanotechnologies in the fields of 

electronics, pharmacology, medicine, chemistry, modern condensed matter physics and 

interdisciplinary sciences. 

Current status of the IBR-β rОКМЭor Кs аОХХ Кs ЭСО МoЦpХОб oП ТЭ’s spОМЭroЦОЭОrs аТХХ ЛО prОsОnЭОН. 
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THE ALICE EXPERIMENT AT CERN LARGE HADRON COLLIDER 

 

ALEXANDER S. VODOPYANOV 

Joint Institute of Nuclear Research 

  

TСО AδICE (A δКrРО Ion CoХХТНОr ОбpОrТЦОnЭ) КЭ CERσ ("ConsОТХ EЮropцОn poЮr ХК RОМСОrМСО 

σЮМХцКТrО" or EЮropОКn CoЮnМТХ Пor σЮМХОКr RОsОКrМС) Тs ХoМКЭОН on ЭСО ЭОrrТЭorв oП SаТЭгОrХКnН КnН 

France. Founded in 1954, the CERN laboratory sits astride the Franco-Swiss border near Geneva. It 

was one of Europe's first joint ventures and now has 22 member states. 

The ALICE Collaboration has built a dedicated detector to exploit the unique physics potential 

of nucleus-nucleus collisions at LHC (Large Hadron Collider) energies. The aim is to study the 

physics of strongly interacting matter at the highest energy densities reached so far in the laboratory. 

In such condition, an extreme phase of matter - called the quark-gluon plasma - is formed. Our 

universe is thought to have been in such a primordial state for the first few millionths of a second 

after the Big Bang. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://home.cern/about/member-states
https://home.cern/topics/large-hadron-collider
http://home.cern/about/physics/heavy-ions-and-quark-gluon-plasma
https://home.cern/about/physics/early-universe
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The Laboratory of Nuclear Reactions, founded by Academician G.N. Flerov in 1957, is one 

of the foremost world centers of low- and intermediate-energy heavy ion physics.  

The scientific activity of the Laboratory is concentrated on the synthesis and study of heavy 

and light exotic nuclei in reactions induced by beams of accelerated stable and radioactive 

isotopes, radiation effects and physical bases of nanotechnology, accelerator physics and technic. 

The basic experimental facilities of the Laboratory are the isochronous cyclotrons U400 and 

U 400M, equipped with high-efficiency ECR ion sources. 

The synthesis of heavy and the heaviest elements and the study of their nuclear and chemical 

properties are of highest priority in the basic research programme of FLNR. The scientists of the 

Laboratory managed to make a break-through in the synthesis of superheavy elements and in the 

understanding of the problem of their stability. Due to the achieved high efficiency of 

acceleration of the heavy ion beams and the considerable improvement of the experimental 

methods, isotopes the new elements 113 -118 were synthesized for the first time. The 

International Unions of pure and applied physics (IUPAP) and chemistry (IUPAC) recognized 

the priority of Dubna in the discovery of elements 114 – 118. The new elements 105, 114, 115 

КnН 115 аОrО nКЦОН “НЮЛnТЮЦ”, “ПХОroЯТЮЦ”, “ЦosМoЯТЮЦ”, КnН “oРКnОsson” as sign of 

recognition of the key role of the Flerov Laboratory of Nuclear Reactions in the outlining of the 

scientific strategy and synthesis of superheavy elements. 

In accordance with the development program, the first in the world Superheavy Element Factory 

is being built in the Laboratory on the basis of the new high current cyclotron DC280. The main task 

of the Factory is the synthesis of new chemical elements with atomic numbers 119 and higher, as 

well as a detailed study of the nuclear and chemical properties of previously discovered superheavy 

elements. 

Beams of the radioactive isotopes tritium, helium-6 and helium-8 are used to study the formation 

of exotic nuclear systems. Evidence has been found for the existence of the "di-neutron", resonance 

states of hydrogen-4 and hydrogen-5 have been studied. The modernized cyclotron U400M combined 

with the new fragment separator ACCULINNA-II will serve as the basic facilities for the studies of 

extremely neutron-rich and neutron-pure light nuclei. 

mailto:dmitriev@iinr.ru
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The research programme in the field of applied physics includes production and study of 

membrane materials, modification of materials by the irradiation with heavy ions and production of 

radioisotopes for medicine and ecology. The specialized Laboratory of nanonostructural 

investigations will provide the further progress in this direction. 
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TRENDS IN THE DEVELOPMENT OF DISTRIBUTED COMPUTING AND BIG DATA 

TECHNOLOGIES TO SUPPORT MEGA-SCIENCE PROJECTS  
 

KORENKOV VLADIMIR   

JINR, 141980, Dubna, Russia 

 

The experiments at the Large Hadron Collider (LHC) at CERN (Geneva, Switzerland) played a 

leading role in scientific research not only in elementary particle physics and nuclear physics, but 

also in the field of Big Data Analytics. Global distributed system for processing, storage and 

analyzing data WLCG (Worldwide LHC Computing GRID) brings together the resources of about 

180 computer centres in 50 countries, the total storage capacity is more than 1 Exabytes. Data 

processing and analysis is carried out using high-performance complexes (Grid), academic, national 

and commercial resources of cloud computing, supercomputers and other resources. JINR is actively 

involved in the integration of distributed heterogeneous resources and the development of Big data 

technologies to provide modern megaprojects in such high-intensity fields of science as high energy 

physics, astrophysics, bioinformatics and others. JINR is actively working on the construction of a 

unique NICA accelerator complex, which requires new approaches to the implementation of 

distributed infrastructure for processing and analysis of experimental data.  

The report provides an overview of major integrated infrastructures to support mega-projects and 

trends in their evolution. The report also presents the main results of the Laboratory of Information 

Technologies Joint Institute for Nuclear Research (JINR) in the development of distributed 

computing.  

The basis of the JINR computing infrastructure is Multifunctional Information and Computing 

Complex (MICC) of JINR, which currently has the following basic components:    

⎯ Engineering and network infrastructure  

⎯ the Central Information and Computing Complex (CICC) of JINR with home built up compute 

elements (CE) and mass storage elements (SE),  

⎯ the grid-center Tier-2 site for experiments at the Large Hadron Collider (LHC) and other virtual 

organizations (VOs) in the grid environment,  

⎯ the grid center Tier-1 for CMS experiment,  

⎯ the heterogeneous cluster "HвЛrТδIT" КnН sЮpОrМoЦpЮЭОr “GτVτRUσ” Пor pКrКХХОХ 

computing, 

⎯ the distributed cloud infrastructure of JINR Member States 

⎯ prototype of computer complex for the experiments at NICA;  
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The MICC JINR resources are used for the storage, processing, analysis and data modeling in 

the fields of particle physics, nuclear physics and physics of condensed matter. The grid center 

resources of the MICC JINR are part of the global grid infrastructure WLCG (Worldwide LHC 

Computing Grid), developed for the LHC experiments. 

A brief overview of the projects in the field of the development of distributed computations 

performed by LIT in Russia, CERN, the USA, China, JINR Member States. The analysis works on 

the integration of technology HPC, grid, cloud, BigData for large international projects. 
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WAVE AND VORTEX MOTIONS ON THE SURFACE OF  

A CLASSICAL AND QUANTUM LIQUID 

 

A.A. LEVCHENKO 

Institute of Solid State Physics RAS, 

Chernogolovka, Russia 

 

In this report, the results of experimental investigations of the interaction of nonlinear waves on 

the surface of water, liquid hydrogen and superfluid helium are presented. Three and four wave 

interactions lead to the formation of a turbulent distribution E (k) in the system of surface waves, in 

which direct and inverse flow of energy are observed. Two nonlinear waves propagating along the 

surface of a liquid at an angle to each other create vortex motion, the intensity of which is determined 

by the frequency and amplitude of waves. In the vortex system, the flow of energy from large scales 

to small ones is established - direct energy cascade E (k). The peculiarities associated with the 

influence of discreteness in the spectrum of surface oscillations on wave and vortex interactions are 

observed on turbulent distributions. 

This work was supported by the Russian Science Foundation, Grants No. 14-22-00259 and No. 

17-12-01525. 
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PROPERTIES OF NEAR SURFACE LAYERS OF IMPLANTED SEMICONDUCTORS 

 

M. KULIK1,2, H. M. PRГEАŁOCKI3, D. KOŁODВNSKA4,  

A.I. MADADZADA1,5
, T.V. PHUC1,6 and A. DROZDZIEL2 

1 Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, 

Joliot-Curie str. 6, Dubna, Moscow reg., Russia, 141980; 
2IЧsЭТЭЮЭО ШП PСвsТМs MКrТК CЮrТО SФłШНШаsФК UЧТЯОrsТЭв, LЮЛХТЧ, 

Sq. MКrТТ CЮrТО SФłШНШаsФТОУ 1, β0-031 Lublin, Poland; 
3 IЧsЭТЭЮЭО ШП EХОМЭrШЧ TОМСЧШХШРв, AЯ. LШЭЧТФяа, 32/46, 02-668 Warszawa, Poland; 

4Faculty of Chemistry, Maria Curie-SФłШНШаsФa University, Lublin Poland; 
5National Nuclear Research Center JSC, 370143, Baku, Azerbaijan 

6Institute of Physics, 10 Dao Tan, Ba Dinh, HaNoi, VietNam. 

mkulik@hektor.umcs.lublin.pl; 

 

The influence of ion irradiation on change of depth profiles distribution of atoms and chemical 

composition in the near-surface layers of semiconductors were studied using the Rutherford 

Backscattering Spectrometry (RBS) method [1] and X-ray photoelectron spectroscopy method [2]. 

The atoms on the implanted surface of samples in contact with air atoms and form native oxide layers. 

The thicknesses of these layers were determined on the basis of measurements carried out using the 

RBS and nuclear reaction analyze [2]. The description of the model used in typical study and 

approximation errors were presented on the basis of the investigation of the near surface layers the 

implanted GaAs with Xe+ and In+ ions. The optical properties of the near surface layers, ions 

irradiated semiconductors are very often examined by the Spectroscopic Ellipsometry [3]. This 

method is non-destructive and very sensitive and precise. The ellipsometric measurements make it 

possible to determine directly the formation of an amorphous layer in the near surface of irradiated 

semiconductors and changes in the dielectric function spectra near the critical point [4]. 

Changes in the shape and intensity of the dielectric spectra were observed in the spectra near the 

critical point [5]. These effects can be explained by the accumulation of radiation damage and the 

increase in amorphization. 

[1] M.Mayer “RBS – RЮЭСОrПorН BКМФsМКЭЭОrТnР SpОМЭroЦОЭrв”, εКб-Planck-Institut Fuer 

Plasmaphysik EURATOM Association Garching Geramny, 2003 

[2] J. T. Grant, “εОЭСoНs Пor qЮКnЭТЭКЭТЯО КnКХвsТs Тn БPS КnН AES” SЮrПКМО КnН InЭОrПКМО 
Analysis, 14, (1989) 271-283 

[3] J.R. Cameron, Elastic scattering of alfa-particles by oxygen, Phys. Rev. 90 (1953) 839 

[4] H. Fujiwara, Spectroscopic ellipsometry: principles and applications, Maruzen Co. Ltd. 

Tokyo, Japan 2003 

[5] P. Lautenschlager, M. Garriga, S. Logothetidis, and M. Cardona, “InЭОrЛКnН МrТЭТМКХ poТnЭs oП 
GКAs КnН ЭСОТr ЭОЦpОrКЭЮrО НОpОnНОnМО” PСвs. RОЯ. B 35, (1987) 9174 

http://www.jinr.ru/
mailto:mkulik@hektor.umcs.lublin.pl
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Grant%2C+J+T
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METAMORPHIC ORDERED InAsSb ALLOYS: A NEW PLATFORM FOR 

TOPOLOGICAL ELECTRONICS AND IR OPTOELECTRONICS 

 

SERGEY SUCHALKIN AND GREGORY BELENKY 

State University of New York at Stony Brook,  

Stony Brook, New York, 11794-2350, USA 

 

Recently proposed metamorphic InSbxAs1-x/InSbyAs1-y alloys with controllable composition 

ordering [1,2] manifest a new class of materials where the bandgap can be precisely engineered. 

While remaining viable candidates to compete with the state-of-the-art mercury-cadmium-telluride 

(MCT) compound materials in the field of infrared detection and imaging, the new low-bandgap 

InAsSb ordered alloys (OA) are a new platform for investigation of intriguing physical phenomena 

such as the quantum spin Hall effect and Majorana zero modes. The new materials can be the base 

for complex structures such as barrier heterostructures and superconductor-topological insulator 

proximity devices.  

We present experimental and theoretical analysis of carrier energy spectrum and band structure 

parameters of short period metamorphic InSbxAs1-x/InSbyAs1-y and InSb/InAsSb OA with different 

periods and layer thicknesses. It was shown that the SL bandgap can be varied in the range from 

120mev to zero values by only changing the ordering period. Further increase of the period leads to 

inversion of the valence and conduction bands. Magneto-optical experiments demonstrated that 

almost gapless superlattices are characterized by Dirac-like carrier dispersion. Fermi velocity in these 

systems can be controlled by varying the overlap between the electron and hole states [3,4]. The 

effects of dimensional quantization, tunneling and interface scattering on the OA energy spectrum 

will be discussed. 

 

[1] G. Belenky, D. Wang, Y. Lin, D. Donetsky, G. Kipshidze, L. Shterengas, D. Westerfeld, W. L. 

Sarney, S. P. Svensson, Applied Phyics Letters, 102, 111108 (2013) 

[2] G. Belenky, Y. Lin, L. Shterengas, D. Donetski, G. Kipshidze, Suchalkin, Electronic Letters, 51, 

917 (2015) 

[3] S.Suchalkin,  G.Belenky, M.Ermolaev, S.Moon, Y.Jiang, D. Graf, D. Smirnov, B. Laikhtman, L.  

Shterengas, G. Kipshidze, S. P. Svensson, W.L. Sarney, Nano Letters 18, 412 (2018) 

[4] M.Ermolaev, S.Suchalkin,  G.Belenky, S.Moon, Y.Jiang, D. Graf, D. Smirnov, B. Laikhtman, G. 

Kipshidze, S. P. Svensson, W.L. Sarney, submitted to Applied Physics Letters 
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E.V. CHULKOV 
Donostia International Physics Center (DIPC), Departamento dО FъsТМК НО 

Materiales UPV/EHU and CFM-MPC UPV/EHU, SКЧ SОЛКsЭТпЧ/DШЧШsЭТК, SpКТЧ; 
Saint Petersburg State University, St. Petersburg, Russian Federation; 

Tomsk State University, Tomsk, Russian Federation 

 

Topological insulators (TIs) are narrow–gap semiconductors characterized by the gapless Dirac-like surface 

state and protected by time-reversal (TR) symmetry. Two-dimensional TIs or quantum spin Hall insulators 

(QSHIs) are realized in thin film insulators and possess this state at the film edge where spin transport can be 

effectuated. Introduction of a magnetic field (external or internal) breaks TR symmetry and causes splitting of 

the topological surface state at the Dirac point thus making the surface insulating. These ferromagnetic TIs realize 

quantum anomalous Hall effect (QAHE) in two-dimensional systems. Internal magnetic field in TIs can be 

created in various ways, in particular, by introducing vacancies or carbon atoms [1], doping with 3d-transition 

metal atoms [2], displaying magnetic semiconductors or organic overlayers as well as bulk materials on the 

surface of three- or two-dimensional TIs [3-5]. Magnetic field effect on the TI surface state (SS) can be also 

realized due to extension of the TI SS into the magnetic overlayer [6-8]. Antiferromagnetic TIs can realize such 

intriguing effects as magnetoelectric effect [9] and axion insulator phase [10]. Here I present and discuss recent 

results of the study of nonmagnetic, ferro-, and antiferro-magnetic topological insulators and heterostructures. 

New method for engineering of heterostructures that results systematically in a big splitting of the Dirac 

cone is discussed and new perspectives for realizations of exotic topological phases are outlined.    

 

[1] S. Roy et al., Phys. Rev. Lett. 113 (2014) 116802 

[2] J. Henk et al., Phys. Rev. Lett. 109 (2012) 076801 

[3] V.N. Men'shov et al., Phys. Rev. B 88 (2013) 224401  

[4] M.M. Otrokov, E.V. Chulkov, and A. Arnau, (2015), Phys. Rev. B 92 (2015) 165309 

[5] S.V. Eremeev et al., (2013), Phys. Rev. B 88 (2013) 144430 

[6] T. Hirahara et al., Nano Letters, 17, 3493 (2017) 

[7] M.M. Otrokov et al., JETP Lett. 105, 297 (2017) 

[8] M.M. Otrokov et al., 2D Materials, 4, 025082 (2017). 

[9] R.S.K. Mong, A.M. Essin, and J.E. Moore,  Phys. Rev. B  81 (2010) 245209 

[10] J. Wang, B. Lian, and S.-C. Zhang,  Phys. Rev. B  93 (2016) 045115 
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MORE ON ALGEBRAIC PROPERTIES OF THE DISCRETE FOURIER TRANSFORM 

RAISING AND LOWERING OPERATORS 

 

NATIG M. ATAKISHIYEV 

Universidad Nacional Autonoma de Mexico 

Instituto de Matematicas, Unidad Cuernavaca 
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In the present work we discuss some additional findings concerning algebraic properties of the 

N-dimensional discrete Fourier transform (DFT) raising and lowering difference operators, recently 

introduced in [1, 2]. In particular, we argue that the most authentic symmetrical forms of 

discretization of the integral Fourier transform may be constructed as the discrete Fourier transforms 

based on the odd points N only, while in the discrete Fourier transforms on the even points N this 

symmetry is spontaneously broken. This heretofore undetected distinction between odd and even 

dimensions is shown to be intimately related with the newly revealed algebraic properties of the 

above-mentioned DFT raising and lowering operators and, of course, is very consistent with the well-

known formula for the multiplicities of the eigenvalues, associated with the N-dimensional discrete 

Fourier transform. 

 

 

[1] M.K. Atakishiyeva and N.M. Atakishiyev. On the raising and lowering difference operators for 

eigenvectors of the finite Fourier transform, Journal of Physics: Conference Series, 597, 

012012, 2015 

[2] M.K. Atakishiyeva and N.M. Atakishiyev. On algebraic properties of the discrete raising and 

lowering operators, associated with the N-dimensional discrete Fourier transform, Advances 

in Dynamical Systems and Applications, 11, No.2, pp. 81{92, 2016 
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IRON BASED SUPERCONDUCTORS:  

ELECTRONIC STRUCTURE, PHYSICAL PROPERTIES AND APPLICATIONS 

    

IMAN N. ASKERZADE 

Computer Engineering Department of Ankara University, Turkey  

Institute of Physics, Azerbaijan National Academy of Sciences 

 

The surprising discovery of superconductivity in layered Fe-based materials, with transition 

temperatures climbing as high as 55 K, has lead to thousands of publications on this subject over the 

past five years. While there is general consensus on the unconventional nature of the Cooper pairing 

state of these systems, several central questions remain - including the role of magnetism, the nature 

of chemical and structural tuning, and the resultant pairing symmetry - and the search for universal 

properties and principles continues. This is one of the main reasons that, after only five years, we 

have an extensive and reliable set of thermodynamic, transport, surface and spectroscopic data with 

which to analyze the general and universal properties of this new class of superconductors. Soon after 

the discovery of superconductivity in Fe-based compounds [1], they have been indicated as the new 

unconventional superconductors which could compete with high-Tc cuprates for application 

purposes. For Fe-based materials, several common features have been identified: in general, 

superconductivity appears upon chemical doping of an antiferromagnetic parent compound, with an 

optimal doping level which yields the largest transition temperature; the parent compound is an 

almost compensated semimetal, whose Fermi surface fulfills the nesting condition; the presence of 

Fe, which is used to be considered detrimental for superconductivity, may be a crucial ingredient 

therein, instead and finally spin fluctuation mediated pairing has been suggested [2]. Main peculiarity 

of superconductivity in Fe-based compounds is related with multiband character of state [3-5]. 

In this presentstion, we consider  review of physical properties of the Fe based superconductors. 

The two-band Ginzburg-Landau theory, generalized for the anisotropic effective mass in different 

bands, is used for the calculation of different physical quantities such as specific heat jump, angular 

effects of upper critical field, anisotropy parameter of critical magnetic fields, fluctuation 

conductivity and vortex lattice structure. The results of microscopical simulations for Fermi surface 

of Fe based compounds are taken into account during the calculations. It is shown that presented 

theory is in qualitative agreement with the experimental data. 

[1] Y. Kamihara, et al., J. Am. Chem. Soc. 130,3296(2008)  

[2] I.I. Mazin,et al., Phys. Rev. Lett. 101,057003(2008)  

[3] Z.A. Ren, Z.X. Zhao, Adv. Mater. 21,4584(2009) 

[4] I. Askerzade, Unconventional superconductors: anisotropy and multiband effects, Springer -

Verlag,177p. (2012) 

[5] I.R. Shein, A.L. Ivanovskii, Solid State Commun. 150,152(2010) 
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Multilayer systems such as SiO2/TiO2/Si and TiO2/SiO2/Si have important physical properties, 

including high dielectric constants, adjustable wide refractive index range, and electro-optic effects. 

They have been widely used in chemical sensors, in optics, microelectronics, and other fields. 

In this study, multilayer systems were subjected to surface irradiation with ions of noble gases, 

and the atomic and chemical compositions and optical properties of the near-surface regions were 

investigated.  

The surfaces of the samples SiO2/TiO2/Si, SiO2/TiO2/SiO2/Si and SiO2/TiO2/SiO2/TiO2/Si were 

implanted with Ne+ and Xe+ ions. Atomic concentrations and depth profiles of the elements were 

obtained on the basis of RBS measurements.  

It was found that transient layers were formed in the systems after ion implantation. Their atomic 

composition changed with the change of the energy and the mass of the implanted ions. Dielectric 

function spectra of the examined layers were determined in the energy range from 1 eV to 5 eV at 

room temperature. The measurements were made using the SE method. The dielectric function of the 

transient layers was determined using EMA approximation. The thickness of the layers determined 

by the SE method was in good agreement with the estimated values, obtained on the basis of 

measurements by RBS methods.  

XPS measurement results collected for the samples implanted with Xe ions showed that the near-

surface SiO concentration increases as ion energy decreases. These changes were not observed within 

the error limits for samples implanted with Ne ions. These differences can be explained and attributed 

to radiation damage, which depends on the mass of incoming ions. 
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MATERIALS AND NANOSTRUCTURES FOR PLASMONICS  

AT UV/VIS FREQUENCIES 
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Metallic nanoparticles (NPs) have the remarkable ability to localize light below the diffraction 

limit, and get high intensity local electromagnetic (EM) fields due to the collective oscillation of the 

conduction electrons, known as localized surface plasmon resonances (LSPRs). Because of the 

enormous impact of nanoantennas in biosensing applications, [1] in advanced miniaturized photonics 

such as plasmonic nanolasers, [2] or in quantum electrodynamics for strong light-matter interactions 

with emitting molecules, [3] it is necessary to investigate and design plasmonic nanostructures 

capable to work in the UV/VIS spectral range. Silver [4,5] and Aluminium [6] have recently shown 

to be two possible candidates to cover this spectral range.  

Here, we study the stability of Ag and Al upon exposure to indoor air demonstrating a completely 

different behavior. Ag undergoes tarnishing effect because of chemisorbed sulfur-based 

contaminants, that would preclude its use for plasmonic-based devices, due to a significant 

broadening and weakening of the LSPRs. Nevertheless, our study provides a straightforward and low-

cost solution to achieve stable Ag NPs by passivating them with a self-assembled monolayer of 

hexanethiols. Conversely, Al forms a few nm-thick stable oxide layer almost immediately on 

exposure to air, that preserves the nanoparticles from further degradation, ensuring long-term 

durability. Therefore, several practical applications for aluminum-based nanoantennas working at 

UV/VIS frequencies could be envisioned. Actually, we demonstrate a controllable and reliable 

fabrication process of Al bowtie dimers with challenging nanogaps down to 3 nm, by combining 

electron and helium ion beam lithography technologies. [6] Optical investigation of the proposed 
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ultra-narrow gap bowtie nanoantennas highlights the possibility to observe enhanced light scattering 

in the visible range, of particular interest for disruptive biosensing and nanophotonics applications. 

 

[1] I. Lieberman, et al. Plasmon-Resonance-Enhanced Absorption and Circular Dichroism. 

Angew. Chem. 2008, 120 (26), 4933–4935 

[2] A. Yang, et al. Real-Time Tunable Lasing from Plasmonic Nanocavity Arrays. Nat. Commun. 

2015, 6, 6939 

[3] F. Todisco, et al. Toward Cavity Quantum Electrodynamics with Hybrid Photon Gap-Plasmon 

States. ACS Nano 2016, 10 (12), 11360–11368 

[4] F. Todisco, et al. Exciton-Plasmon Coupling Enhancement via Metal Oxidation. ACS Nano 

2015, 9 (10), 9691–9699 

[5] M. Scuderi, et al. Nanoscale Study of the Tarnishing Process in Electron Beam Lithography-

Fabricated Silver Nanoparticles for Plasmonic Applications. J. Phys. Chem. C 2016, 120 (42), 

24314–24323 

[6] D. Simeone, et al. Tailoring Electromagnetic Hot Spots towards Visible Frequencies in Ultra-

Narrow Gap Al/Al2O3 Bowtie Nanoantennas. ACS Photonics 2018, DOI: 

10.1021/acsphotonics.8b00665 
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FOR MEDICAL APPLICATIONS  
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Connective tissue dysplasia is a multi-organ and multi-system pathology with progressive 

clinical course. The prevalence of this pathology in the population according to various authors varies 

from 26 to 80 %. Despite the considerable progress of clinical medicine in the diagnosis and treatment 

of this disease, its pathogenesis is still not fully installed. According to modern concepts the trace 

elements play an important role in the development and implementation of clinical manifestations of 

connective tissue dysplasia. In particular, the special role is given to magnesium ions. This fact comes 

from a physiological point of view that the main part of Mg2+ is concentrated in bone, tooth enamel 

and in tissues with high metabolic activity (brain, heart et al.). At the same time, there are no 

practically any data on the impact of other trace elements to the pathogenesis of connective tissue 

dysplasia inside the human organism. 

At present work X-band EPR study of blood serum samples collected from patients with back 

pain related to connective tissue dysplasia (n=17) and controls (volunteers of adult outpatient 

department, n=3) was carried out in the temperature range 5–80 K using the spectrometer Bruker 

EMX-300. EPR spectra gives the possibility for obtaining the quantitative information about such 

ions as Cu2+ in ceruloplasmin (Cp) and Fe3+ in transfferin.  

In all patients EPR serum blood spectra the high level of Cu2+ - Cp was revealed. It must be 

ОЦpСКsТгОН ЭСКЭ КХХ pКЭТОnЭ’s ЛХooН pКrКЦОЭОrs sЮМС Кs ЭСО rКЭО oП ЛХooН sОНТЦОnЭКЭТon, C-reactive 

protein, rheumatoid factor (all of them are the characteristics of inflammatory process in the body) 

were in the normal range. At the same time, it is now established that the concentration of Cp in the 

serum increased in acute and chronic inflammatory processes. The increased level of the Cp indicates 

tissue damage and infections as well. It should also be noted that in some cases were registered the 

changes in Cu2+ - Cp shape line. For such patients the changes in Cu2+ - Cp shape line were correlated 

with biochemical parameters as elevated levels of the type I collagen (b-cross-laps) in the serum and 

secretions of deoxypyridinoline in urine. We think that in the pathogenesis of connective tissue 

dysplasia the role of copper is undervalued and requires further research. The data obtained will 

certainly be of interest for medical applications.  

mailto:dina.khaibullina@mail.ru
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Ʉ ȼɈɉɊɈɋɍ ɈȻ ȺɇɈɆȺɅɂəɏ ɗɅȿɄɌɊɈɎɂɁɂɑȿɋɄɂɏ ɉȺɊȺɆȿɌɊɈȼ ȼ 

ɋɅɈɂɋɌɕɏ ɆɈɇɈɋȿɅȿɇɂȾȺɏ ɉɈɅɍɉɊɈȼɈȾɇɂɄɈȼɕɏ ɋɈȿȾɂɇȿɇɂɃ AIIIBVI 
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ȼ ɞɢɚɩɚɡɨɧɟ Ɍ≈ (77÷450) Ʉ ɢɫɫɥɟɞɨɜɚɧɚ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨ-

ɩɪɨɜɨɞɧɨɫɬɢ (ı), ɤɨɷɮɮɢɰɢɟɧɬɚ ɏɨɥɥɚ (RX) ɢ ɩɨɞɜɢɠɧɨɫɬɢ ɫɜɨɛɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ (ȝ) ɜ 

ɫɥɨɢɫɬɵɯ ɦɨɧɨɫɟɥɟɧɢɞɚɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ AIIIBVI (ɦɨɧɨɫɟɥɟɧɢɞɨɜ ɝɚɥɥɢɹ ɢ 

ɢɧɞɢɹ) ɫ ɪɚɡɥɢɱɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɢɫɯɨɠɞɟɧɢɟɦ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɩɨɧɢɠɟɧɢɟɦ 

ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ γ00 Ʉ ɞɨ 77 Ʉ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ ɡɧɚɱɟɧɢɟ RX ɩɨɱɬɢ ɧɟ ɦɟɧɹɸɬɫɹ, ɚ ɜɟ-

ɥɢɱɢɧɚ ı ɢ ȝ - ɫɢɥɶɧɨ ɭɦɟɧɶɲɚɸɬɫɹ. ɉɪɢɱɟɦ ɯɨɞ ɤɪɢɜɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ı(Ɍ) ɢ ȝ (Ɍ) ɩɪɢ ɷɬɨɦ 

ɩɨɱɬɢ ɫɨɜɩɚɞɚɟɬ. ȼ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ ɨɛɨɢɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɜ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ 

(ɩɪɢ Ɍ(200βγ0) Ʉ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ı
 
ɨɛɧɚɪɭɠɟɧ ɚɧɨɦɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢ-

ɦɨɫɬɢ ɩɨɞɜɢɠɧɨɫɬɢ ɫɜɨɛɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɨɬ ɢɫɯɨɞɧɨɝɨ (ɢɦɟɸɳɟɝɨ ɦɟɫɬɨ ɩɪɢ 77 Ʉ) 

ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɨɛɪɚɡɰɚ. ȼ ɱɚɫɬɧɨɫɬɢ, ȝ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɭɜɟ-

ɥɢɱɢɜɚɟɬɫɹ ɩɨ ɚɤɬɢɜɚɰɢɨɧɧɨɦɭ ɡɚɤɨɧɭ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɛɧɚɪɭɠɟɧɧɵɟ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ Ɍ (β00÷βγ0)Ʉ ɚɧɨɦɚɥɢɢ 

ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɨɞɜɢɠɧɨɫɬɢ ɫɜɨɛɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ 

ɜɵɫɨɤɨɨɦɧɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɧɟ ɦɨɝɭɬ ɨɛɴɹɫɧɹɬɶɫɹ ɥɢɲɶ ɜ 

ɪɚɦɤɚɯ ɬɟɨɪɢɢ ɨ ɩɨɞɜɢɠɧɨɫɬɢ ɜ ɤɜɚɡɢɭɩɨɪɹɞɨɱɟɧɧɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ. ȼ 

ɧɢɡɤɨɨɦɧɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ ɩɪɢ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɚ ɬɚɤɠɟ ɜɨ ɜɫɟɯ 

ɢɡɭɱɚɟɦɵɯ ɤɪɢɫɬɚɥɥɚɯ ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ - ɡɚɜɢɫɢɦɨɫɬɶ ȝ(Ɍ) ɩɨɞɱɢɧɹɟɬɫɹ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɧɚ ɤɜɚɡɢɭɩɨɪɹɞɨɱɟɧɧɵɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦ ɩɨɥɭɩɪɨɜɨɞɧɢ-

ɤɚɦ ɩɪɢ ɞɨɦɢɧɢɪɨɜɚɧɢɢ ɪɚɫɫɟɹɧɢɹ ɫɜɨɛɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɧɚ ɚɤɭɫɬɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɹɯ 

ɪɟɲɟɬɤɢ. ɇɚɛɥɸɞɚɟɦɵɟ ɚɧɨɦɚɥɢɢ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫɜɹɡɚɧɵ ɫ 

ɧɚɥɢɱɢɟɦ ɜ ɢɯ ɫɜɨɛɨɞɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɨɧɚɯ ɞɪɟɣɮɨɜɵɯ ɛɚɪɶɟɪɨɜ ɫ ɜɵɫɨɬɨɣ (Δİi) ɩɪɢ 77Ʉ 

ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɨɛɪɚɡɰɨɜ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɫɯɨɞɧɨɝɨ ɡɧɚɱɟɧɢɹ ı) ɤɪɢɫɬɚɥɥɨɜ ɫɟɥɟɧɢɞɚ ɝɚɥɥɢɹ 

ɢ ɢɧɞɢɹ з0.05÷0.15 ɷȼ ɢ з0.10÷0.β0 ɷȼ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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ɗɅȿɄɌɊɂɑȿɋɄɂȿ ɂ ȽȺɅɖȼȺɇɈɆȺȽɇɂɌɇɕȿ ɋȼɈɃɋɌȼȺ  

ɇȿɊȿɅȺɄɋɂɊɈȼȺɇɇɈɃ ȽȿɌȿɊɈɗɉɂɌȺɄɋɂȺɅɖɇɈɃ ɋɌɊɍɄɌɍɊɕ InAs1-xSbx 

 

ɇ.A. AȻȾɍɅɅȺȿȼ1, Ƚ.Ʌ. ȺɪьɮɜщɦɮɄɂɃ2, Ƚ. ɄɂɉɒɂȾɁȿ2, Ɉ.Ⱥ. ȺɅɂȿȼ1,  

ɏ.ȼ. ȺɅɂȽɍɅɂȿȼA1, Ʉ.Ɇ. ȾɀȺɎȺɊɅɂ1, Ʉ.ɒ. ɄȺɏɊȺɆȺɇɈȼ1,  

ɇ.T. MAɆȿȾɈȼ1, ȼ.ɇ. ɁȼȿɊȿȼ3 

1ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Aг-114γ Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 
2Stony Brook Unversty, Stony Brook, New York 11794, USA 

3ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɬɜёɪɞɨɝɨ ɬɟɥɚ ɊȺɇ, 14β4γβ, ɑɟɪɧɨɝɨɥɨɜɤɚ, Ɋɨɫɫɢɹ 
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ɇɟɪɟɥɚɤɫɢɪɨɜɚɧɧɵɟ ɫɥɨɢ ɬɜёɪɞɨɝɨ ɪɚɫɬɜɨɪɚ InAs1-xSbx (ɯ=0,4γ ɢ ɯ=0,γ8) ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɦɟɬɨɞɨɦ ɦɨɥɟɤɭɥɹɪɧɨ-ɥɭɱɟɜɨɣ ɷɩɢɬɚɤɫɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɪɚɞɢɟɧɬɧɵɯ ɛɭɮɟɪɨɜ GaInSb ɢ 

AlGaInSb [1]. ȼɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɩɨɥɭɱɟɧɧɵɯ ɬɨɧɤɢɯ ɩɥɟɧɨɤ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɫɨɤɨɪɚɡɪɟɲɚɸɳɟɣ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɞɢɮɪɚɤɰɢɢ ɢ ɦɢɤɪɨ-ɪɚɦɚɧɨɜɫɤɨɝɨ 

ɪɚɫɫɟɹɧɢɹ [2]. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 5-γ00Ʉ. 

ɂɡ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɵɹɜɥɟɧ ɚɤɬɢɜɚɰɢɨɧɧɵɣ ɯɚɪɚɤɬɟɪ 

ɡɚɜɢɫɢɦɨɫɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ InAs0,57Sb0,43, ɷɧɟɪɝɢɹ 

ɚɤɬɢɜɚɰɢɢ ɫɨɫɬɚɜɥɹɥɚ 1β0meV, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɞɚɧɧɵɦɢ ɨ ɲɢɪɢɧɟ ɡɚɩɪɟɳёɧɧɨɣ ɡɨɧɵ ɢɡ 

ɨɩɬɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ [1].  

Ƚɚɥɶɜɚɧɨɦɚɝɧɢɬɧɵɟ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 5Ʉ ɢ ɜ ɦɚɝɧɢɬɧɵɯ ɩɨɥɹɯ 

ɜɩɥɨɬɶ ɞɨ 8Ɍ. ɂɡ ɞɚɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɷɮɮɟɤɬɚ ɏɨɥɥɚ ɜɵɹɜɥɟɧ ɷɥɟɤɬɪɨɧɧɵɣ ɯɚɪɚɤɬɟɪ 

ɩɪɨɜɨɞɢɦɨɫɬɢ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɷɥɟɤɬɪɨɧɨɜ n=6·1016 cm-3 (ɞɥɹ InAs0,62Sb0,38) ɢ n=5·1016 cm-3 

(ɞɥɹ InAs0,57Sb0,43). Ʉɚɤ ɜɢɞɧɨ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɚɬɨɦɨɜ SЛ ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɤɬɪɨɧɨɜ 

ɜ ɬɜёɪɞɨɦ ɪɚɫɬɜɨɪɟ InAs1-ɯSbx ɭɦɟɧɶɲɚɟɬɫɹ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɦɚɝɧɢɬɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɵɹɜɢɥɢ ɛɨɥɶɲɨɟ ɩɨɥɨɠɢɬɟɥɶɧɨɟ 

ɦɚɝɧɢɬɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜ ɝɟɬɟɪɨɷɩɢɬɚɤɫɢɚɥɶɧɵɯ ɫɬɪɭɤɬɭɪɚɯ InAs1-xSbx (ɯ=0,4γ ɢ ɯ=0,38)μ ɩɪɢ 

ɜɟɥɢɱɢɧɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ B=7T ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɪɚɫɬɚɟɬ ɩɨɱɬɢ 1γ ɪɚɡ, ɬ.ɟ. Δ/=1β. ɗɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɫɨɤɨɣ ɩɨɞɜɢɠɧɨɫɬɢ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ – ɷɥɟɤɬɪɨɧɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ 

ɩɨɥɟɜɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɚɝɧɢɬɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɛɥɸɞɚɸɬɫɹ ɛɢɟɧɢɹ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ 

ɨɫɰɢɥɥɹɰɢɣ Шɭɛɧɢɤɨɜɚ-ɞɟ Ƚɚɡɚ. 

ɉɪɨɜɟɞɟɧ Ɏɭɪɶɟ-ɚɧɚɥɢɡ ɨɫɰɢɥɥɹɰɢɣ ɦɚɝɧɢɬɨɫɨɩɪɨɬɢɜɥɟɧɢɹ. Ɉɰɟɧɟɧɧɚɹ ɢɡ ɩɟɪɢɨɞɚ 

ɨɫɰɢɥɥɹɰɢɣ ɦɚɝɧɢɬɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɟɥɢɱɢɧɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɨɤɚɡɚɥɚɫɶ 

ɩɪɢɦɟɪɧɨ ɪɚɜɧɨɣ n=1017 cm-3, ɱɬɨ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɞɚɧɧɵɦɢ ɩɨ ɢɡɦɟɪɟɧɢɸ 

ɷɮɮɟɤɬɚ ɏɨɥɥɚ. 
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ US National Science Foundation (Grant No 

DMR116084γ) ɢ Ɏɨɧɞɚ Ɋɚɡɜɢɬɢɹ ɇɚɭɤɢ ɩɪɢ ɉɪɟɡɢɞɟɧɬɟ Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɨɣ ɪɟɫɩɭɛɥɢɤɢ (ɝɪɚɧɬ 

№ EİF/εQε/EХЦ-Tɟhsil-1-2016-1(26) )-71/16/1). 
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Ce2SnSe4 BİRLƏŞMƏSİNİN ELEKTRİK VƏ İSTİLİKKEÇİRİCİLİВİ 

 

V.Ə. ABDURAHMANOVA1, N.M. ABDULLAYEV1, H.M. ƏSKƏROV1, Ş.S. İSMAВİLOV2  

1. AMEA H.B.AЛНЮХХКвОЯ FТгТФК İЧsЭТЭЮЭЮ  
2. AMEA RКНТКsТвК PrШЛХОЦХərТ İЧsЭТЭЮЭЮ 

abdurrahman.vafa@gmail.com 

 

Ce2SnSe4 ЛТrХəşЦəsТnНə ОХОФЭrТФ Яə ТsЭТХТФ ФОхТrТМТХТвТnТ öХхüХЦüsНür. TəМrüЛəХər T=77-850 K 

ЭОЦpОrКЭЮr ТnЭОrЯКХınНК КpКrıХЦışНır. CО2SnSe4 ЛТrХəşЦəsТ SnSО-Ce2Se3 ФəsТвТnНə 1μ1 nТsЛəЭТnНə 

КХınır. εüəввən oХЮnЦЮşНЮr ФТ, CО2SnSe4 ЛТrХəşЦəsТ ФrТstalХКşНığı гКЦКn T=8β50C temperaturunda 

pКrхКХКnЦК ЛКş ЯОrТr. BЮnК Рörə sТnЭОгНən sonrК вОnТНən Эoг СКХınК РəЭТrТХЦТş Яə prОsХəЦə üsЮХЮ ТХə 

onЮn ФrТsЭКХı КХınЦışНır.   σüЦЮnənТn ПТгТФТ-kimвəЯТ КnКХТгТ ОНТХЦТşНТrμ rОnЭРОnПКгК КnКХТгТ, DTA, 

sıбХığı ЭəвТn ОНТХЦТşНТr. AХınКn nəЭТМəХər CО2SnSe4 monokristaХının ЭКЦ sЭОбТoЦОЭrТФ ЭərФТЛə ЮвğЮn 

oХНЮğЮ Цüəввən ОНТХЦТşНТr.  

εüəyyən oХЮnЦЮşНЮr ФТ ОХОФЭrТФ ФОхТrТciliyi 4 dəfə КгКХЦışНır (ıSnSe=14,0 Om-1sm-1), T=300-

4β0K ЭОЦpОrКЭЮr ТnЭОrЯКХınНК 1-ci akseptor səЯТввəsТnТn КФЭТЯХəşЦə ОnОrУТsТ 1 ≈0,βλ ОV ЭərЭТЛТnНəНТr 

Яə T-nin sonraФı КrЭıЦınНК НКСК НərТnНə вОrХəşЦТş β-МТ КФsОpЭor гoХКğının СəвəМКnХКnЦКsı СОsКЛınК 

ı-nın qТвЦəЭТ sürəЭХə КrЭır (2≈0,8 ОV) Яə ЦəбsЮsТ ФОхТrТМТХТФ oЛХКsЭınК вКбınХКşır (T>625). ı(T) 

КsıХıХığının КnКХТгТ РösЭərТr ФТ, CО2SnSe4 ЛТrХəşЦəsТnТn ЭОrЦТФ qКНКğКn oХЮnЦЮş гonКsının qТвЦəЭТ 

g≈0,88 ОV ЭərЭТЛТnНəНТr Яə ОХОФЭrТФ ФОхТrТМТХТвТnТn ЦОбКnТгЦТ ЛТr nöЯ гonКХКr КrКsı sıхrКвışХı 

ФОхТНХər СОsКЛınК ЛКş ЯОrТr.  δorОns əНəНТnТn δ0=2,4510-8 VtOm/K-2 qТвЦəЭТnНən ТsЭТПКНə ОЭЦəФХə 

ЦüбЭəХТП ЭОЦpОrКЭЮrХКr üхün ОХОФЭron ФОхТrТМТХТвТnТn (el) qТвЦəЭТ ЭəвТn oХЮnЦЮşНЮr.  

εüəввən oХЮnЦЮşНЮr ФТ,T=γ00K-Нə el üЦЮЦТ ТsЭТХТФФОхТrТciliyin 0,14% -nТ ЭəşФТХ ОНТr Яə 

ЭОЦpОrКЭЮrЮn КrЭЦКsı ТХə T≥6β0K-Нə el≈0,41% КrЭır. εüбЭəХТП ЭОЦperaturХКr üхün q =ό -el 

СОsКЛХКnЦış Яə Цüəввən oХЮnЮşНЮr ФТ, -nın qТвЦəti ЭОЦpОrКЭЮrЮn КrЭЦКsı ТХə ЭəНqТqКЭ КpКrНığıЦıг 

ЭОЦpОrКЭЮr ТnЭОrЯКХınНК T≤700K-ə qəНər ЦüЭənКsТЛ КгКХır.  CО2SnSe4 ФrТsЭКХınНК ПononХКrın əsКsən 

nöqЭəЯТ НОПОФЭХərНən səpТХЦəsТ üsЭünХüФ ЭəşФТХ ОНТr. T≥700K-Нə ЛТpoХвКr НТППЮгТвКnın ТnЭОnsТЯХəşЦəsТ 

СОsКЛınК ТsЭТХТФ ЦüqКЯТЦəЭТnТn бəЭЭТ КsıХıХığı qТsЦən poгЮХЮr Яə ЦКННənТn ТsЭТХТФФОхТrТМТХТвТ КrЭır.  
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ɊȺɁɊȺȻɈɌɄȺ ɌȿɏɇɈɅɈȽɂɂ ɂ ɄɈɆɆɍɌȺɐɂɂ ɈɏɅȺɀȾȺɘɓɂɏ 

ɌȿɊɆɈɗɅȿɆȿɇɌɈȼ ɇȺ ɈɋɇɈȼȿ ɏȺɅɖɄɈȽȿɇɂȾɈȼ ȼɂɋɆɍɌȺ ɂ ɋɍɊɖɆɕ 

 

Ⱥ.Ⱥ. ɆȺȽȿɊɊȺɆɈȼ, Ɏ.ɏ. ɆȺɆȿȾɈȼ, Ʉ.Ƚ. ɏȺɅɂɅɈȼȺ 

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɢɦ Ƚ.Ɇ. Ⱥɛɞɭɥɥɚɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ȼɚɤɭ 
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Ɋɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɣ ɨɫɚɠɞɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ 

ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɢɡɤɨɨɦɧɵɯ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɜ ɡɨɧɟ ɤɨɧɬɚɤɬɚ ɦɟɬɚɥɥɚ ɬɨɤɨɜɟɞɭɳɟɣ 

ɲɢɧɵ ɫ ɜɟɬɜɹɦɢ ɬɟɪɦɨɷɥɟɦɟɧɬɚ.  

Ɇɟɬɨɞ ɩɚɣɤɢ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɩɪɢ ɫɛɨɪɤɟ ɨɯɥɚɠɞɚɸɳɟɝɨ ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, 

ɫɩɨɫɨɛɫɬɜɭɟɬ ɚɤɬɢɜɢɡɚɰɢɢ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢɥɢ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɚ 

ɤɨɧɬɚɤɬɚɯ ɩɪɢɩɨɣ-ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɢ ɩɪɢɩɨɣ-ɦɟɬɚɥɥ. ȼ ɫɥɭɱɚɟ ɠɟ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɞɥɹ ɪɚɛɨɬɵ ɜ ɜɚɤɭɭɦɟ, ɩɪɨɜɨɞɢɬɫɹ ɟɝɨ ɨɛɟɡɝɚɠɢɜɚɧɢɟ ɩɨɞ ɨɬɤɚɱɤɨɣ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 4β0Ʉ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɰɟɫɫɵ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɩɪɢɩɨɹ ɜ ɨɛɥɚɫɬɹɯ ɤɨɧɬɚɤɬɚ ɤɚɤ ɫ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɦ, ɬɚɤ ɢ ɫ ɦɟɬɚɥɥɨɦ ɬɨɤɨɜɟɞɭɳɟɣ ɲɢɧɵ, 

ɪɟɡɤɨ ɚɤɬɢɜɢɡɢɪɭɸɬɫɹ. ɉɪɟɞɨɬɜɪɚɬɢɬɶ ɜɵɲɟɭɤɚɡɚɧɧɵɟ ɩɪɨɰɟɫɫɵ ɜɨɡɦɨɠɧɨ ɩɭɬɟɦ ɧɚɧɟɫɟɧɢɹ 

ɧɚ ɤɨɧɬɚɤɬɢɪɭɸɳɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɚɧɬɢɞɢɮɮɭɡɢɨɧɧɵɯ ɫɥɨёɜ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɫɦɚɱɢɜɚɬɶɫɹ 

ɢɡɜɟɫɬɧɵɦɢ ɩɪɢɩɨɹɦɢ. ȼ ɩɪɚɤɬɢɤɟ, ɧɚɧɟɫɟɧɢɟ ɚɧɬɢɞɢɮɮɭɡɢɨɧɧɵɯ ɫɥɨёɜ ɩɪɨɜɨɞɹɬ ɤɚɤ 

ɦɟɬɨɞɚɦɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɢɥɢ ɯɢɦɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢɹ, ɬɚɤ ɢ ɜɚɤɭɭɦɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ. 

Ʉɚɠɞɵɣ ɢɡ ɷɬɢɯ ɦɟɬɨɞɨɜ ɢɦɟɟɬ ɫɜɨɢ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɫɬɨɪɨɧɵ.  

ɉɨɜɵɲɟɧɢɟ ɬɨɥɳɢɧɵ ɚɧɬɢɞɢɮɮɭɡɢɨɧɧɨɝɨ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ ɜɨɡɦɨɠɧɨ ɩɭɬёɦ 

ɧɚɧɟɫɟɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɧɚ ɬɨɪɰɵ ɜɟɬɜɟɣ ɬɟɪɦɨɷɥɟɦɟɧɬɨɜ ɞɜɭɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɥɟɧɨɤ. ɉɪɢ 

ɬɚɤɨɦ ɩɨɞɯɨɞɟ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɜɨɣ ɩɥɟɧɤɢ, ɩɨɤɪɵɜɚɸɳɟɣ ɬɨɪɰɵ ɜɟɬɜɟɣ ɬɟɪɦɨɷɥɟɦɟɧɬɨɜ, ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɭɝɨɩɥɚɜɤɢɟ ɦɟɬɚɥɥɵ, ɧɚɩɪɢɦɟɪ ɯɪɨɦ, ɯɢɦɢɱɟɫɤɢ ɦɟɧɟɟ ɢɧɟɪɬɧɵɟ ɤ ɦɚɬɟɪɢɚɥɭ 

ɜɟɬɜɟɣ ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ 

ɧɚɞ ɨɯɥɚɞɢɬɟɥɟɦ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɜɬɨɪɨɝɨ ɩɨɤɪɵɬɢɹ - ɧɢɤɟɥɶ, ɤɨɬɨɪɵɣ ɯɨɪɨɲɨ ɫɦɚɱɢɜɚɟɬɫɹ 

ɢɡɜɟɫɬɧɵɦɢ ɩɪɢɩɨɹɦɢ. Ⱦɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɧɚɱɚɥɚ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɦɚɬɟɪɢɚɥɨɜ ɜɟɬɜɟɣ ɬɟɪɦɨɷɥɟɦɟɧɬɨɜ ɧɚ ɨɫɧɨɜɚɧɢɢ ɯɚɥɶɤɨɝɟɧɢɞɨɜ ɜɢɫɦɭɬɚ ɢ ɫɭɪɶɦɵ ɫ ɧɢɤɟɥɟɦ 

ɢ ɯɪɨɦɨɦ, ɦɟɬɨɞɨɦ ɞɢɮɮɟɪɢɧɰɢɚɥɶɧɨ-ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ (ȾɌȺ) ɩɪɨɜɟɞɟɧɚ ɡɚɩɢɫɶ 

ɧɚɝɪɟɜɚɧɢɹ ɫɦɟɫɟɣ ɩɨɪɨɲɤɨɜ «n» - Bi2 Te2,88 Se0,12    ɢ «ɪ» - Sb1,5 Bi0,5 Te3 ɫ ɩɨɪɨɲɤɚɦɢ ɧɢɤɟɥɹ 

ɢ ɯɪɨɦɚ.  

ɉɨ ɩɪɟɞɥɨɠɟɧɧɨɦɭ ɫɩɨɫɨɛɭ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɬɟɪɦɨɷɥɟɦɟɧɬɵ ɢɡ 

ɡɨɧɧɨ-ɧɚɩɪɚɜɥɟɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ «n» - Bi2 Te2,88 Se0,12    ɢ «ɪ» - Sb1,5 Bi0,5 Te3,    
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ɋɉȿɄɌɊ ɉɊɈɉɍɋɄȺɇɂə Bi2Se3<Se> 

 

ɋ.Ɋ. ȺɁɂɆɈȼȺ, ɂ. ɄȺɋɕɆɈȽɅɕ, ɇ.Ⱥ. ȺȻȾɍɅɅȺȿȼ,  

K.ɒ. ɄȺɏɊȺɆȺɇɈȼ, ɇ.Ɇ. ȺȻȾɍɅɅȺȿȼ 

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɢɦ Ƚ.Ɇ. Ⱥɛɞɭɥɥɚɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ȼɚɤɭ 

sevinc_azimova_82@mail.ru 

 

ȼ ɞɨɤɥɚɞɟ ɪɚɫɫɦɨɬɪɟɧɵ ɨɩɬɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɨɧɤɢɯ ɩɥɟɧɨɤ Bi2Se3  ɢ ɢɯ 

ɫɩɟɤɬɪɵ ɩɪɨɩɭɫɤɚɧɢɹ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɡɚɪɨɠɞɟɧɢɹ ɧɨɜɨɣ ɮɚɡɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɟɤ ɢɡ Ⱥ2
VB3

VI ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɝɨɦɨɝɟɧɧɵɦ ɨɛɪɚɡɨɜɚɧɢɟɦ ɹɜɥɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɞɟɮɟɤɬɵμ ɬɨɱɟɱɧɵɟ ɢ ɥɢɧɟɣɧɵɟ. 

ɉɨɜɟɪɯɧɨɫɬɢ ɞɚɠɟ ɢɞɟɚɥɶɧɵɯ ɤɪɢɫɬɚɥɥɨɜ, ɢɦɟɸɳɢɟ ɧɟɛɨɥɶɲɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ 

ɩɥɨɬɧɨɭɩɚɤɨɜɚɧɧɨɣ ɨɪɢɟɧɬɚɰɢɢ, ɹɜɥɹɸɬɫɹ ɫɬɭɩɟɧɱɚɬɵɦɢ, ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɜɚɤɚɧɫɢɹɦɢ, 

ɜɵɯɨɞɨɦ ɞɢɫɥɨɤɚɰɢɣ, ɦɟɠɡɟɪɟɧɧɵɦɢ ɝɪɚɧɢɰɚɦɢ ɢ ɧɚɧɨɨɫɬɪɨɜɤɚɦɢ. ɇɚɧɨɨɫɬɪɨɜɤɢ ɫɥɭɠɚɬ 

ɨɪɢɟɧɬɢɪɭɸɳɢɦɢ ɰɟɧɬɪɚɦɢ ɩɪɢ ɪɨɫɬɟ ɩɥɟɧɨɤ ɢ ɹɜɥɹɸɬɫɹ ɪɚɫɫɟɢɜɚɸɳɢɦɢ ɰɟɧɬɪɚɦɢ ɫɜɟɬɚ. 

ɉɨɜɟɪɯɧɨɫɬɶ ɜɧɨɫɢɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɜ ɦɟɯɚɧɢɡɦɵ ɪɨɫɬɚ ɡɚɪɨɞɵɲɟɣ. ɇɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɥɢɱɚɸɬ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɫɩɨɫɨɛɵ ɦɢɝɪɚɰɢɢ ɚɬɨɦɨɜ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 

ɷɧɟɪɝɢɢμ 

- ɬɪɟɯɦɟɪɧɚɹ ɢɥɢ ɨɛɴɟɦɧɚɹ ɞɢɮɮɭɡɢɹ ɚɬɨɦɨɜ ɢ ɬɪɟɯɦɟɪɧɵɣ ɨɬɜɨɞ ɬɟɩɥɚν 

- ɨɞɧɨɦɟɪɧɚɹ ɞɢɮɮɭɡɢɹ ɚɬɨɦɨɜ ɜɞɨɥɶ ɫɬɭɩɟɧɟɣ ɩɨɞɥɨɠɤɢ. 

 ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɥɭɱɚɥɢ ɧɚ ȺɋɆ ɦɚɪɤɢ ɂɋ-ȺFM. 

Ɋɟɧɬɝɟɧ - ɞɢɮɪɚɤɰɢɨɧɧɵɟ (ɊȾ) ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɭɫɬɚɧɨɜɤɟ ɦɚɪɤɢ Philips 

Panalytical.  ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɱɢɫɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɭɬɟɦ ɫɤɨɥɚ ɫɩɟɰɢɚɥɶɧɵɦɢ ɢɧɫɬɪɭɦɟɧɬɚɦɢ 

ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɜɞɨɥɶ ɛɚɡɢɫɧɨɣ ɩɥɨɫɤɨɫɬɢ (0001). Ⱦɥɹ ɜɫɟɯ ɥɟɝɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɨɦɢɦɨ 

ȺɋɆ - ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ (0001) Ⱥ2
VB3

VI ɜ γD ɦɚɫɲɬɚɛɟ ɢɫɫɥɟɞɨɜɚɧɵ ȺɋɆ - 

ɢɡɨɛɪɚɠɟɧɢɹ ɜ βD ɦɚɫɲɬɚɛɟ, ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɫ ɨɞɢɧɚɤɨɜɵɦɢ ɪɚɡɦɟɪɚɦɢ, 

ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɧɨɮɪɚɤɬɚɥɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ (0001) ɩɨ ɜɵɫɨɬɟ. 

ȼ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ Bi2Se3<Se> ɦɟɠɞɭ ɫɥɨɹɦɢ Ɍɟ(2)-Ɍɟ(1) ɩɨɥɭɱɟɧɵ ɧɚɧɨɨɫɬɪɨɜɤɢ, 

ɢɦɟɸɳɢɟ ɧɚɧɨɪɚɡɦɟɪɵ 5-β0ɧɦ ɢ ɜɥɢɹɸɳɢɟ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɭɫɤɚɧɢɹ ɜ ɞɥɢɧɧɨɜɨɥɧɨɜɨɣ 

ɨɛɥɚɫɬɢ Ȝ (750λ00ɧɦ). 
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3 FТгТФК BöХüЦü, SUPA, SЭrКЭСМХвНО UЧТЯОrsТЭОЭТ, GХКsРШа G4 0NG, BТrХəşЦТş KrКХХıq 
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İşНə РösЭərТХЦТşНТr ФТ, ЦКqnТЭ sТsЭОЦХərТ sürüşНürüХЦüş ТФТ ЦКqnОЭronНКn ТsЭТ-ПКНə ОЭЦəФХə 

ЦКqnОЭron ЭoгХКnНırıХЦКsı Яə ετCVD ЭОбnoХoРТвКХКrının ТnЭОqrКsТвКsı ЯКsТЭəsТ ТХə I-III-VI 

(CЮ(İnGК)(SОS) (CİGSS), III-V (GКAХAs , GКİnP Яə НТРərХərТ)  Яə  IV (GО, SТ) əsКsХı вüФsəФ 

ОППОФЭТЯХТвə ЦКХТФ хoбФКsФКНХı ФonsОnЭrКЭorХЮ Рünəş ОХОЦОnЭХərТnТn КХınЦКsı ЦüЦФünНür.  

εКqnТЭ sТsЭОЦХərТ sürüşНürüХЦüş ТФТ ЦКqnОЭronНКn ТsЭТПКНə ОЭЦəФХə ЦКqnОЭron ЭoгХКnНırıХЦКsı 

üsЮХЮ ТХə  qКНКğКn oХЦК oЛХКsЭının ЭəЛəqənТn qК-ХınХığının КrЭЦКsı ТsЭТqКЦəЭТnНə sКЛТЭ  Яə вК ЯКrТгon    

şəФТХНə КХınЦКsı ЦüЦФünХüвü I-III-VI nКгТФ ЭəЛəqəХərТnТn хoбФКsФКНХı, ЦürəФФəЛ sЭrЮФЭЮrХЮ Рünəş 

ОХОЦОnЭХərТnНə КФЭТЯ ЮНЮМЮ roХ oвnКЦКsı НКСК ЦəqsəНəЮвğЮnНЮr.   ετCVD ЭОбnoХoРТвКsı ЯКsТЭəsТ 

III-V ЛТrХəşЦəХərТnТn ТsЭənТХən ФonsОnЭrКsТвКвК ЦКХТФ ОpТЭКФsТКХ ЭəЛəqəХərТnТn КХınЦК-sı ЦüЦФünХüвü 

onЮn ЯКsТЭəsТ ТХə хoбФКsФКНХı sЭrЮФЭЮrХКrНК ФКsФКНХКr КrКsı ФoЦЦЮ-ЭКsТвК ОХОЦОnЭХərТnТn вКrКНıХЦКsı 

üхün ТsЭТПКНə ОНТХТr. III-V ЦКЭОrТКХХКrınК nТsЛəЭən I-III-VI ЦКЭОrТКХı СОsКЛınК КФЭТЯ ЭəЛəqəНə opЭТМ 

ЮНЦК əЦsКХının КrЭırıХЦКsı Яə бüsЮsТ ЦüqКЯТЦəЭТn КгКХЦКsı sКвəsТnНə Рünəş ОХОЦОnЭХərТnТn 

ОППОФЭТЯХТвТnТn бОвХТ КrЭЦКsınК, СəЦхТnТn Рünəş ОХОЦОnЭТnТn ЦКвК НəвərТnТn ФəsФТn şəФТХНə КşКğı 

НüşЦəsТnə РəЭТrТЛ хıбКrır. KonsОnЭrКЭor- foto-elektrТФ хОЯТrТМТ (FEк) МüЭünТn opЭТФ oбЮ Рünəşə  ТsЭТqК-

ЦəЭХənЦəХТНТr. BЮ гКЦКn ФonsОnЭrКsТвК ОЭЦənТn ЭərЭТЛТ 500-1000 Яə НКСК хoб oХКn гКЦКn ОХОЦОnЭ-

Рünəş МüЭünün qКrşıХıqХı ЮгХКşЦКsının СənНəsТ НəqТqХТвТ Яə РünəşТ  ТгХəЦənТn ЛЮМКq НəqТqХТвТ хoб 

вüФsəФ oХЮr. ƏСəЦТввəЭХТ НərəМəНə вüФsəФ ФonМОnЭrə ОНТХЦТş Рünəş şüКХКrı ТХə ТşХəвən FEк-nin 

ТsЭОСsКХının ТnФТşКП ОЭНТrТХЦəsТ ЛКşqК ЭТp хОЯТrТМТХərə nТsЛəЭən FİƏ-nın β-γ НəПəНən хoб oХЦКsı, Яə 

FEк-Т üхün ТşХənТХən вКrıЦФОхТrТМТ ЦКЭОrТКХХКrın ТsЭТПКНəsТnТn ФəsФТn НərəМəНə КşКğı sКХınЦКsı, ТşıqХı 

Рün ərгТnНə qЮrğЮnЮn СəЦТşə Рünəşə ЭərəП ТsЭТqКЦəЭХənЦəsТ СОsКЛınК НКСК НК хoб ОХОФЭrТФ ОnОrУТsТ 

ТsЭОСsКХ ОЭЦəsТНТr. 
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ɆɈɊɎɈɅɈȽɂə ɉɈȼȿɊɏɇɈɋɌɂ ɌɈɇɄɈɃ ɉɅȿɇɄɂ ɋu2ZnSnSe4, ɉɈɅɍɑȿɇɇɈɃ 

ɆȿɌɈȾɈɆ ɆȺȽɇȿɌɊɈɇɇɈȽɈ ɊȺɋɉɕɅȿɇɂə  
 

ɇ.ɇ. ȺȻȾɍɅɁȺȾȿ, Ⱦ.Ⱥ. ȺɏɆȿȾɈȼȺ, ɇ.ɇ. ɆɍɊɋȺɄɍɅɈȼ  
AMEA-ЧıЧ H.M AЛНЮХХКвОЯ КНıЧК Fizika Institutu 

nnmursakulov@physics.ab.az  

 

Ɇɟɬɨɞɨɦ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɧɚ ɫɬɟɤɥɹɧɧɨɣ ɩɨɞɥɨɠɤɟ 

ɜɵɪɚɳɟɧɵ ɬɨɧɤɨɩɥɟɧɨɱɧɵɟ ɫɬɪɭɤɬɭɪɵ Mo/ɋu2ZnSnSe4/CdS/Mo. ɂɫɫɥɟɞɨɜɚɧɵ ɩɨɜɟɪɯɧɨɫɬɧɵɣ 

ɪɟɥɶɟɮ ɢ ɧɚɧɨɫɬɪɭɤɬɭɪɚ ɩɥɟɧɨɤ ɋu2ZnSnSe4 (CZTSe). 

ɉɥɟɧɤɢ ɋu2ZnSnSe4 (CГTSО) ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɬɨɥɳɢɧɨɣ 50-150 nЦ. ɋɞɟɥɚɧɵ 

ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɦɨɪɮɨɥɨɝɢɢ ɩɥɟɧɨɤ, ɩɨɥɭɱɟɧɧɵɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɫɬɟɤɥɹɧɧɨɣ 

ɩɨɞɥɨɠɤɟ ɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɢɠɧɟɣ 

ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɬɨɧɤɨɣ ɩɥɟɧɤɢ ɢɡ 

ɦɨɥɢɛɞɟɧɚ.  ɂɡɜɟɫɬɧɨ, ɱɬɨ ɤɚɤ 

ɷɥɟɤɬɪɢɱɟɫɤɢɟ (ɧɚɩɪɢɦɟɪ, ɭɞɟɥɶɧɚɹ 

ɩɪɨɜɨɞɢɦɨɫɬɶ) ɢ ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

(ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɬɪɚɠɟɧɢɹ ɢ ɩɨɝɥɨɳɟɧɢɹ) 

CГTSО ɡɚɜɢɫɹɬ ɤɚɤ ɨɬ ɬɨɥɳɢɧɵ ɩɥɟɧɤɢ, 

ɬɚɤ ɢ ɨɬ ɩɨɜɟɞɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɢ ɫ 

ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɪɟɥɶɟɮɚ ɩɨɜɟɪɯɧɨɫɬɢ.  

ɐɟɥɶɸ ɞɚɧɧɨɣ   ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɜɵɹɜɥɟɧɢɟ ɚɤɬɢɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɧɚɧɨ ɨɛɴɟɤɬɨɜ 

ɦɟɬɨɞɨɦ ɚɬɨɦɧɨ–ɫɢɥɨɜɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. Ɋɚɫɫɦɨɬɪɟɧɵ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɧɚɧɨ ɨɫɬɪɨɜɤɢ ɩɥɟɧɨɤ 

CГTSО, ɩɨɥɭɱɟɧɧɵɯ ɤɚɤ ɧɚ ɫɬɟɤɥɹɧɧɵɯ ɩɨɞɥɨɠɤɚɯ, ɬɚɤ ɢ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɧɟɫɟɧɧɨɦ ɧɚ 

ɫɬɟɤɥɨ ɩɥɟɧɤɟ Mo. ɉɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɫɬɪɭɤɬɭɪɵμ ɚ) ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ CГTSО ɜɵɹɜɥɟɧɵ ɧɚɧɨ 

ɨɛɴɟɤɬɵ ɫ ɪɚɡɥɢɱɧɵɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɧɚɧɨ ɨɫɬɪɨɜɤɨɜ (HO) ɪɟɝɭɥɹɪɧɵɯ 

ɪɚɜɧɵɯ ɜɵɫɨɬ -  5-10 nmν ɛ) ɞɢɮɮɭɡɢɨɧɧɨɟ – ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɟ Hτ ɫ ɜɵɫɨɬɚɦɢ ɛɨɥɟɟ 15nm. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɢɮɮɭɡɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɜɢɞɟ ɤɨɚɥɟɫɰɟɧɰɢɢ ɩɪɢɜɨɞɹɬ ɤ ɫɛɥɢɠɟɧɢɸ 

ɨɬɞɟɥɶɧɵɯ ɦɚɥɵɯ ɧɚɧɨɱɚɫɬɢɰ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɤɨɧɬɚɤɬɨɜ ɦɟɠɞɭ ɧɢɦɢν ɦɨɝɭɬ 

ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɞɜɚ, ɬɪɢ ɢ ɛɨɥɟɟ HO. ȼɫɟ ɢɡɥɨɠɟɧɧɨɟ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ ɧɚ ɪɢɫɭɧɤɟ.  

Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɮɨɧɞɨɦ ɍɇɌɐ (ɩɪɨɟɤɬ № 6148).  
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ɍɋɅɈȼɂə ɊɈɋɌȺ ɉɈɅɇɈɋɌɖɘ ɈȾɇɈɊɈȾɇɕɏ ɆɈɇɈɄɊɂɋɌȺɅɅɈȼ  

ɉɊɂ ɆɈȾȿɅɂɊɈȼȺɇɂɂ ɊȺɋɉɊȿȾȿɅȿɇɂə ɉɊɂɆȿɋȿɃ Ga и Sb B  

ɆɈɇɈɄɊɂɋɌȺɅɅȺɏ Ge-Si, ȼɕɊȺɓȿɇɇɕɏ ɆȿɌɈȾɈɆ ȾȼɈɃɇɈɃ  

ɉɈȾɉɂɌɄɂ ɊȺɋɉɅȺȼȺ 

 

Ɂ.Ⱥ. ȺȽȺɆȺɅɂȿȼ, ɗ.Ɇ. ɂɋɅȺɆɁȺȾȿ, Ƚ.ɏ. ȺɀȾȺɊɈȼ 

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

zangi@physics.ab.az 

 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɜ ɩɮɚɧɧɨɜɫɤɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɪɟɲɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɡɚɞɚɱɢ ɩɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɪɢɦɟɫɟɣ Ga ɢ Sb ɜ ɨɞɧɨɪɨɞɧɵɯ ɩɨ ɫɨɫɬɚɜɭ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 

ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ Si-Ge, ɜɵɪɚɳɟɧɧɵɯ ɢɧɧɨɜɚɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ ɞɜɨɣɧɨɣ ɩɨɞɩɢɬɤɢ ɪɚɫɩɥɚɜɚ.  

ɐɟɥɶ ɪɚɛɨɬɵ: ɭɫɬɚɧɨɜɥɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɟɣ ɦɟɬɨɞɚ ɞɜɨɣɧɨɣ ɩɨɞɩɢɬɤɢ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ 

ɨɞɧɨɪɨɞɧɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɫɢɫɬɟɦɵ Ge-Si ɫ ɡɚɞɚɧɧɵɦ ɫɨɫɬɚɜɨɦ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ 

ɚɤɫɢɚɥɶɧɵɦ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɦ ɩɪɨɮɢɥɟɦ ɩɪɢɦɟɫɟɣ Ga ɢ Sb. 

ɉɪɟɞɫɬɚɜɥɟɧɚ ɤɨɧɰɟɩɬɭɚɥɶɧɚɹ ɫɯɟɦɚ ɢ ɨɩɢɫɚɧ ɦɟɬɨɞ ɜɵɪɚɳɢɜɚɧɢɹ ɢ ɥɟɝɢɪɨɜɚɧɢɹ 

ɤɪɢɫɬɚɥɥɨɜ ɬɜeɪɞɵɯ ɪɚɫɬɜɨɪɨɜ Ge-Si ɩɭɬёɦ ɞɜɨɣɧɨɣ ɩɨɞɩɢɬɤɢ ɪɚɫɩɥɚɜɚ. ɋ ɦɨɦɟɧɬɚ ɧɚɱɚɥɚ 

ɪɨɫɬɚ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɢɡ ɪɚɫɩɥɚɜɚ Ge-Si<Ga, Sb> ɡɚɞɚɧɧɨɝɨ ɫɨɫɬɚɜɚ, ɜ ɧɟɝɨ ɨɞɧɨɜɪɟɦɟɧɧɨ 

ɜɜɨɞɹɬɫɹ ɫɬɟɪɠɧɢ ɢɡ ɱɢɫɬɨɝɨ Si ɢ Ge.  

ɉɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɩɨɞɛɨɪɟ ɫɨɨɬɧɨɲɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɩɨɞɩɢɬɤɢ 

ɪɚɫɩɥɚɜɚ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ (Ge ɢ Si) ɜ ɪɚɫɩɥɚɜɟ ɨɫɬɚeɬɫɹ ɩɨɫɬɨɹɧɧɨɣ.  

ɉɪɟɞɫɬɚɜɥɟɧɵ ɯɚɪɚɤɬɟɪɧɵɟ ɤɪɢɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɟɣ Ga ɢ Sb ɜɞɨɥɶ 

ɤɪɢɫɬɚɥɥɨɜ Ge0.75Si0.25, ɜɵɪɚɳɟɧɧɵɯ ɦɟɬɨɞɨɦ ɞɜɨɣɧɨɣ ɩɨɞɩɢɬɤɢ. Ɋɚɫɱɟɬɵ ɩɪɨɜɟɞɟɧɵ ɞɥɹ 5-ɬɢ 

ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɩɨɞɩɢɬɵɜɚɧɢɹ ɪɚɫɩɥɚɜɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɪɨɫɬ ɤɪɢɫɬɚɥɥɨɜ ɫ ɡɚɞɚɧɧɵɦ 

ɫɨɫɬɚɜɨɦ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. Ɉɫɨɛɨɝɨ ɜɧɢɦɚɧɢɹ ɡɚɫɥɭɠɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ 

ɩɨɥɧɨɫɬɶɸ ɨɞɧɨɪɨɞɧɵɯ ɤɪɢɫɬɚɥɥɨɜ ɬɜeɪɞɵɯ ɪɚɫɬɜɨɪɨɜ Ge1-ɯSiɯ ɤɚɤ ɩɨ ɫɨɫɬɚɜɭ ɨɫɧɨɜɧɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ, ɬɚɤ ɢ ɩɨ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɦɭ ɩɪɨɮɢɥɸ ɩɪɢɦɟɫɟɣ ɜ ɦɚɬɪɢɰɟ. 
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ɉɈȾȼɂɀɇɈɋɌɖ ɋȼɈȻɈȾɇɕɏ ɇɈɋɂɌȿɅȿɃ ɁȺɊəȾȺ ȼ ɄɊɂɋɌȺɅɅȺɏ 

Ge1-xSix (0≤x≤0.30), ɄɈɆɉɅȿɄɋɇɈ-ɅȿȽɂɊɈȼȺɇɇɕɏ ɉɊɂɆȿɋəɆɂ GК, SЛ и NТ 
 

Ɂ.Ⱥ. ȺȽȺɆȺɅɂȿȼ  
Ȼɚɤɢɧɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ  

zohrab@physics.ab.az 

 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 

ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɨɞɜɢɠɧɨɫɬɟɣ ɷɥɟɤɬɪɨɧɨɜ (
e ) ɢ ɞɵɪɨɤ (

h ) ɜ ɤɨɦɩɥɟɤɫɧɨ-ɥɟɝɢɪɨɜɚɧɧɵɯ 

ɤɪɢɫɬɚɥɥɚɯ GОξGК,SЛ,σТ> ɢ GО1-ɯ Siɯ ξGК,SЛ,σТ> (0ξб≤0.γ0)  ɫ ɭɱɟɬɨɦ ɞɜɭɤɪɚɬɧɨɝɨ 

ɚɤɰɟɩɬɨɪɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɪɢɦɟɫɢ ɧɢɤɟɥɹ ɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ɬɟɪɦɨɢɧɞɭɰɢɪɨɜɚɧɧɵɯ ɚɤɰɟɩɬɨɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ (ȺɄ) ɜ ɦɚɬɪɢɰɚɯ. 

ɐɟɥɶ ɪɚɛɨɬɵμ ɨɩɪɟɞɟɥɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ  ɡɚɜɢɫɢɦɨɫɬɟɣ 
e  ɢ 

h  ɜ 

ɤɨɦɩɥɟɤɫɧɨ-ɥɟɝɢɪɨɜɚɧɧɵɯ ɩɪɢɦɟɫɹɦɢ ξGК,SЛ,σТ> ɤɪɢɫɬɚɥɥɚɯ GО1-xSix (0≤б≤0.γ0) ɜ ɢɧɬɟɪɜɚɥɟ 

77-γ00Ʉ ɢ ɭɫɬɚɧɨɜɥɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɩɨɥɭɱɟɧɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɪɚɦɤɚɯ ɫɭɳɟɫɬɜɭɸɳɢɯ ɬɟɨɪɢɣ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɣ, ɫ ɭɱɟɬɨɦ ɫɩɟɤɬɪɚ ɨɫɧɨɜɧɵɯ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɨɫɬɨɹɧɢɣ ɭɤɚɡɚɧɧɵɯ ɩɪɢɦɟɫɟɣ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ȺɄ ɜ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɟ 

ɤɪɢɫɬɚɥɥɨɜ.    

ɉɨ ɞɚɧɧɵɦ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɏɨɥɥɚ ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ GО 

ɢ  ɤɨɦɩɥɟɤɫɧɨ-ɥɟɝɢɪɨɜɚɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ  GО1-ɯSiɯξGК, SЛ, σТ> (0ξб≤0.γ0) ɨɩɪɟɞɟɥɟɧɵ 

ɨɦɢɱɟɫɤɢɟ ɩɨɞɜɢɠɧɨɫɬɢ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ ɜ ɢɧɬɟɪɜɚɥɟ 77-γ00Ʉ. ɉɨɪɹɞɨɤ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɦɟɥɤɢɯ ɩɪɢɦɟɫɟɣ (GК, SЛ) ɜ ɦɚɬɪɢɰɟ ɫɨɫɬɚɜɥɹɥ з1016ɫɦ-3. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɚɧɧɵɟ ɩɨ 

ɩɨɞɜɢɠɧɨɫɬɢ ɫɜɨɛɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɤɪɢɫɬɚɥɥɚɯ GО1-ɯ Siɯ ξGК, SЛ, σТ>, ɩɨɫɥɟ 

ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɨɛɪɚɡɰɨɜ ɩɪɢ 1000-1050Ʉ, ɩɪɢɜɨɞɹɳɟɣ  ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ȺɄ,  ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɚɫɱёɬɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɪɚɦɤɚɯ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɬɟɨɪɢɣ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɣ, ɫ ɭɱёɬɨɦ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ  ɧɚ ɮɨɧɨɧɚɯ, ɛɟɫɩɨɪɹɞɤɚɯ 

ɫɩɥɚɜɚ ɢ ɢɨɧɢɡɢɪɨɜɚɧɧɵɯ ɩɪɢɦɟɫɧɵɯ ɰɟɧɬɪɚɯ. 
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KRAMERS-KRONIG ANALYSIS OF DIFFUSE REFLECTANCE SPECTRA OF 

Ni1-xZnxFe2O4 FERRITES 

 

Sh.A. AHMADOVA, A.A. SADIGOVA, Sh.N. ALIYEVA, T.R. MEHDIYEV 

G.M. Abdullayev Institute of Physics of NASA 

Azerbaijan AZ-1143, Baku, H. Javid ave., 131 

 

The results of the analysis of infrared spectra Ni1-xZnxFe2O4 ferrite are presented [1] by Kramers 

- Kronig. The spectra of n, k, i, r, Im(-1) are calculated. As is known, the process involves the 

addition of ions Zn to the structure of zinc-nickel ferrite in the form ሺ���ଶ+݁ܨଵ−�ଷ+ ሻ[ܰ�ଵ−�ଶ+ +ଵ+�ଷ݁ܨ ] ସܱ, 

where there is change in the zinc in the substrate to the coherent change of Fe in A- and B-sublattices 

and Ni in B. On the sublattice, the ion junctions are derived from the A sublattice of the subgroup of 

Ni octahedral voids, thereby forming the FeO6 complex. Precisely, this process is accompanied by 

changes in charge and spins distributions, and, consequently, with superfluous and double bonded 

interconnections of cation nickel and glue. It is shown that the observed spectra of spectra are 

reflected by the ferrite correlation with the Ni2+, Zn2 +, Fe2+ and Fe3+ concentrations in the different 

concentrations. 

This work was supported by the Science Development Foundation under The President of the 

Republic of Azerbaijan-Grant № EIF-BGM-3-BRFTF-2+/2017-15/04/1. 

 

[1] A.A. Sadigova, S.A. Ahmadova, Sh.N. Aliyeva, T.R. Mehdiyev, IR Diffuse Reflectance Spectra 

of Nanopowders of Ni1-xZnxFe2O4 Ferrites, AJP Fizika XXIV, 2018, s.26. 
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ɂɋɋɅȿȾɈȼȺɇɂȿ ɗɅȿɄɌɊɈɎɂɁɂɑȿɋɄɂɏ ɋȼɈɃɋɌȼ  

ɌȼȿɊȾɕɏ ɊȺɋɌȼɈɊɈȼ  ɋɂɋɌȿɆɕ TlInTe2-TlYbTe2 

 

Ⱥ.Ɇ. ȺɏɆȿȾɈȼȺ  
Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɍɧɢɜɟɪɫɢɬɟɬ 

arzu.70@bk.ru 

 

ȼ ɧɚɫɬɨɹɳɟɦ ɞɨɤɥɚɞɟ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɜɟɪɞɵɯ 

ɪɚɫɬɜɨɪɨɜ ɫɢɫɬɟɦɵ TlInTe2-TlYbTe2 ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɫɢɫɬɟɦɟ TlInTe2-TlYbTe2 ɫɭɳɟɫɬɜɭɟɬ ɨɛɥɚɫɬɶ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɞɨ 1β 

ɦɨɥɶ% TlInTe2 ɩɪɢ γ00K. Ɍɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ TlIn1-xYbxTe2, ɤɚɤ ɢ ɢɫɯɨɞɧɨɟ ɬɪɨɣɧɨɟ ɫɨɟɞɢɧɟɧɢɟ 

TlInTe2, ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɜ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɫɢɧɝɨɧɢɢ. ɋ ɰɟɥɶɸ ɜɵɹɫɧɟɧɢɹ ɜɥɢɹɧɢɹ ɪɟɞɤɨ 

ɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ ɜ ɪɟɲɟɬɤɟ TlInTe2, ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɬɟɩɥɨɜɨɟ 

ɪɚɫɲɢɪɟɧɢɟ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ TlIn1-xYbxTe2 ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 77-400K. ɉɨɤɚɡɚɧɨ, ɱɬɨ 

ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ TlInTe2 ɤ ɬɜɟɪɞɵɦ ɪɚɫɬɜɨɪɚɦ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. 

ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ, ɷɮɮɟɤɬ ɏɨɥɥɚ ɢ ɬɟɪɦɨ ɷ.ɞ.ɫ. ɢɡɦɟɪɹɥɢ ɩɪɢ γ00-1000 K.  

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɭɤɚɡɵɜɚɸɬ ɧɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣ ɯɚɪɚɤɬɟɪ ɩɪɨɜɨɞɢɦɨɫɬɢ 

ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ TlIn1-xYbxTe2 ɪ-ɬɢɩɚ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ 

ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɏɨɥɥɚ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɨɤɚɡɚɥɢɫɶ 

ɫɥɨɠɧɵɦɢ. Ɇɚɤɫɢɦɭɦɵ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚɛɥɸɞɚɥɢɫɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ з700, 715, 750 K, 

ɞɥɹ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ TlIn1-xYbxTe2, ɝɞɟ ɯ=0,01, 0,04, 0,0λ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋ ɞɚɥɶɧɟɣɲɢɦ 

ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ı ɭɦɟɧɶɲɚɟɬɫɹ, ɞɨɫɬɢɝɚɹ ɦɢɧɢɦɭɦɚ, ɫɧɨɜɚ ɪɟɡɤɨ ɪɚɫɬɟɬ. Ɍɚɤɨɟ 

ɩɨɜɟɞɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɚɯ TlIn1-xYbxTe2 ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ 

ɩɪɵɠɤɨɜɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɩɨ ɩɪɢɦɟɫɹɦ ɜ «ɯɜɨɫɬɟ» ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɭ ɞɧɚ ɡɨɧɵ 

ɩɪɨɜɨɞɢɦɨɫɬɢ.  

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɫɢɫɬɟɦɵ TlInTe2-

TlYbTe2 ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɨɛɥɚɫɬɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɪɢ ɱɚɫɬɢɱɧɨɦ ɡɚɦɟɳɟɧɢɢ ɚɬɨɦɨɜ ɢɧɞɢɹ 

ɚɬɨɦɚɦɢ ɢɬɬɟɪɛɢɹ ɲɢɪɢɧɚ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɭɦɟɧɶɲɚɟɬɫɹ ɩɨ ɡɚɤɨɧɭ ɚɞɞɢɬɢɜɧɨɫɬɢ. 
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NEUTRON DIFFRACTION STUDY OF As40Se60, As40Se30S30, As40Se30Te30 

CHALCOGENIDE GLASSES 

 

R. I. ALEKBEROVa, A. I. ISAYEVa, S. I. MEKHTIYEVAa, M. FÁBIÁNb,c 
aInstitute of Physics named after academician G.M. Abdullayev's of Azerbaijan National Academy 

of Sciences, G. Javid ave 131, AZ1143 Baku, Azerbaijan 
bCentre for Energy Research, P.O.B. 49, H-1525 Budapest, Hungary 

cWigner Research Centre for Physics, P.O.B. 49, H-1525 Budapest, Hungary 

Rahim-14@mail.ru 

        

The chalcogenide glassy semiconductors (CGS) are characterized by unique physical properties. 

Such materials are transparent in the visible and near IR region of the spectrum, have high 

photosensitivity and optical nonlinearity.  

In this work the partial, total and average coordination number of atoms and their neighbor 

distributions has been determined by the neutron diffraction method and application of the Reverse 

Monte Carlo modeling for experimental data in As40Se60, As40Se30S30 and As40Se30Te30 chalcogenide 

glasses. The total coordination number of the arsenic and chalcogen atoms is 3 and 2 for all 

compounds. The average coordination number is 2.4, i.e. the 8-N rule is performed and main 

structural element is AsSe3 type pyramids, where depending on the chemical composition is replaced 

by S or Te atoms. The proportion of homopolar bonds is significant in As40Se60, As40Se30S30 

compositions, but sharply decreases in As40Se30Te30. Neighbor distances between arsenic and 

sОХОnТЮЦ КЭoЦs Тn КХХ МoЦposТЭТons КrО ЭСО sКЦО аТЭСТn Оrrorμ β.γ5 й (SО-SО)ν β.45 й (As-As) and 

β.40 й (As-Se). The existence of the medium range order (MRO) is proved by the analysis of the 

total and partial pair structural factors and correlation functions in above mentioned compositions. 

The geometric dimensions of the MRO area, i.e. the quasiperiodic of density fluctuations in MRO 

area and size of nano-voids have determined within Elliott's void-based model. Change of the optical 

and energy parameters has established by analysis of the optical transmission spectra depending on 

the chemical composition. 
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ɌȿɊɆɈɈȻɊȺȻɈɌɄȺ ȺɆɈɊɎɇɕɏ ɉɅЁɇɈɄ TХIЧ1-xSnxS2, ɉɈɅɍɑȺȿɆɕɏ  

ȼ ɗɅȿɄɌɊɂɑȿɋɄɈɆ ɉɈɅȿ 

 

ɗ.ɒ. ȺɅȿɄɉȿɊɈȼ1, Ⱥ.Ɇ. ɇȺɁȺɊɈȼ2  
1 Ȼɚɤɢɧɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ  

AZ1148 Ⱥɡɟɪɛɚɣɞɠɚɧ, Ȼɚɤɭ ɭɥ. Ⱥɤɚɞ.Ɂ. ɏɚɥɢɥɨɜ-23 
2ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇȺ AZ 114γ Ⱥɡɟɪɛɚɣɞɠɚɧ Ȼɚɤɭ ɩɪ. Ƚ. Ⱦɠɚɜɢɞ-131 

alekperoveldar@mail.ru 

 

Ɋɚɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɟ ɥɟɝɢɪɨɜɚɧɢɹ ɚɬɨɦɨɜ ɨɥɨɜɚ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɜ ɭɤɚɡɚɧɧɨɦ 

ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ ɤɢɧɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɥɟɧɨɤ TlIn1-xSnxS2 (x=0.0β÷0.0λ), ɫɭɳɟɫɬɜɭɸɳɢɯ ɜ ɬɪёɯ ɦɨɞɢɮɢɤɚɰɢɹɯ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɚɦɨɪɮɧɵɯ ɩɥɟɧɨɤ TlIn1-ɯSnxS2 ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɜ ɫɥɟɞɭɸɳɢɯ 

ɩɪɟɞɟɥɚɯ γ8γ ÷ 455, γ58 ÷ 4β8 ɢ γ70 ÷ 4γ8 Ʉ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɨɧɨɤɥɢɧɧɨɣ, ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ 

ɢ ɪɨɦɛɢɱɟɫɤɨɣ ɫɢɧɝɨɧɢɹɦ. ɂɫɫɥɟɞɭɟɦɵɟ ɩɥɟɧɤɢ ɜ ɫɩɟɰɢɚɥɶɧɵɯ ɭɝɥɟɪɨɞɧɵɯ ɤɚɩɫɭɥɚɯ, ɛɵɥɢ 

ɡɚɳɢɳɟɧɵ ɨɬ ɨɤɢɫɥɟɧɢɹ ɢ ɪɟɢɫɩɚɪɟɧɢɹ ɩɪɢ ɩɟɪɟɧɨɫɟ ɢɯ ɜ ɤɨɥɨɧɧɭ ɷɥɟɤɬɪɨɧɨɝɪɚɮɚ. ɉɥёɧɤɢ 

ɨɫɚɠɞɚɥɢɫɶ ɧɚ ɩɨɞɥɨɠɤɭ KCl.  

ɂɡɭɱɟɧɚ ɤɢɧɟɬɢɤɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɚɦɨɪɮɧɵɯ ɩɥёɧɨɤ TlIn1-ɯSnxS2 ɞɥɹ ɬɪёɯ ɦɨɞɢɮɢɤɚɰɢɣ. 

ɉɨɥɭɱɟɧɵ ɢɡɨɬɟɪɦɢɱɟɫɤɢɟ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɷɥɟɤɬɪɨɧɨɝɪɚɦɦɵ ɢ ɩɪɨɜɟɞɟɧɚ ɢɯ ɢɧɬɟɪɩɪɟɬɚɰɢɹ. 

Ʉɪɢɫɬɚɥɥɢɡɭɸɳɢɟɫɹ ɩɥёɧɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɨɧɨɤɥɢɧɧɨɣ ɮɚɡɟ. ɉɪɨɜɟɞɟɧɵ ɢɡɦɟɪɟɧɢɹ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ, ɪɚɞɢɭɫɚ ɢ ɲɢɪɢɧɵ ɪɟɮɥɟɤɫɨɜ ɢ ɬ.ɞ. ɍɤɚɡɚɧɧɵɟ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɟɞɟɧɵ ɢ ɞɥɹ 

ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɢ ɪɨɦɛɢɱɟɫɤɨɣ ɫɢɧɝɨɧɢɣ ɢɫɫɥɟɞɭɟɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɉɨɫɬɪɨɟɧɧɵɟ ɢɡɨɬɟɪɦɵ 

ɞɥɹ ɬɪёɯ ɫɢɧɝɨɧɢɣ ɛɵɥɢ ɫɨɩɨɫɬɚɜɥɟɧɵ ɫ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɜɵɪɚɠɟɧɢɟɦ ɞɥɹ ɤɢɧɟɬɢɱɟɫɤɢɯ 

ɤɪɢɜɵɯ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ Vt = Vo[1 – exp(-ktm)]. ɍɫɬɚɧɨɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟ ɞɢɚɩɚɡɨɧɚ 

ɬɟɦɩɟɪɚɬɭɪ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɚɦɨɪɮɧɵɯ ɩɥɟɧɨɤ ɞɨ 700ɋ. ɗɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɜ ɨɬɥɢɱɢɟ ɨɬ 

ɩɪɢɦɟɫɢ, ɩɨɜɵɲɚɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɭ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɩɨɧɢɠɚɟɬ ɟё ɧɚ 10-15%. ȼɵɹɜɥɟɧɨ, ɱɬɨ 

ɜ ɩɪɨɰɟɫɫɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɢɦɟɟɬ ɦɟɫɬɨ ɬɪёɯɦɟɪɧɵɣ 

ɪɨɫɬ ɤɪɢɫɬɚɥɥɢɤɨɜ. ȼ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɩɥɟɧɤɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɩɨɫɥɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, 

ɩɚɪɚɦɟɬɪɵ ɪɟɲёɬɤɢ ɷɥɟɦɟɧɬɚɪɧɵɯ ɹɱɟɟɤ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɢɧɝɨɧɢɹɦ ɜ 

ɭɤɚɡɚɧɧɨɦ ɫɨɫɬɚɜɟ (ɩɪɢ ɯ=0.0β÷0.0λ) ɧɚ 5÷6%. ȼ ɢɫɫɥɟɞɭɟɦɵɯ ɩɥёɧɤɚɯ ɧɚɛɥɸɞɚɟɬɫɹ 

ɧɚɪɭɲɟɧɢɟ ɡɚɤɨɧɚ ȼɟɝɚɚɪɞɚ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɯ=0.05÷0.07, ɬ.ɟ. ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɢɣ ɫɤɚɱɨɤ ɜ 

ɩɚɪɚɦɟɬɪɚɯ ɪɟɲёɬɤɢ. ɉɪɢ ɥɟɝɢɪɨɜɚɧɢɢ ɜ ɩɨɫɬɨɹɧɧɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ TХInS2 ɫ ɩɪɢɦɟɫɶɸ 

Sn, ɨɛɧɚɪɭɠɢɜɚɟɦɨɟ ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɢ ɩɚɪɚɦɟɬɪɨɜ ɪɟɲёɬɤɢ ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ ɫɢɦɦɟɬɪɢɢ ɫ ɭɱɟɬɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɢ ɨɥɨɜɚ, ɢɯ 

ɢɨɧɧɵɯ ɪɚɞɢɭɫɨɜ, ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɱɢɫɟɥ, ɚɞɞɢɬɢɜɧɨɫɬɢ ɪɚɞɢɭɫɨɜ ɚɬɨɦɨɜ ɢ ɬ.ɞ. ɫɥɟɞɭɟɬ 

ɫɱɢɬɚɬɶ ɡɚɤɨɧɨɦɟɪɧɵɦ. 
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ɎɈɌɈȾɂɈȾɕ ɇȺ ɈɋɇɈȼȿ CdxHg1-xTe  

ɋ ȽɊȺȾɂȿɇɌɈɆ ɄɈɇɐȿɇɌɊȺɐɂɂ ɇɈɋɂɌȿɅȿɃ 

 

Ⱥ.Ⱥ. ȺɅɂȿȼ, ɇ.Ⱦ. ɂɋɆȺɃɅɈȼ, Ɋ.ɂ. ɆɍɏɌȺɊɈȼȺ, Ⱥ.Ⱥ. ɊȺȾɀȺȻɅɂ  
ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇA, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ  

altriple.az@gmail.com 

 

Ɏɨɬɨɞɢɨɞɵ ɧɚ ɨɫɧɨɜɟ CdxHg1-xTe ɹɜɥɹɸɬɫɹ ɜɚɠɧɟɣɲɢɦ ɷɥɟɦɟɧɬɨɦ ɢɧɮɪɚɤɪɚɫɧɨɣ ɬɟɯɧɢɤɢ 

ɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɚɩɩɚɪɚɬɭɪɟ ɝɪɚɠɞɚɧɫɤɨɝɨ ɢ ɫɩɟɰɢɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. Ɉɞɧɚɤɨ, 

ɞɟɮɟɤɬɵ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɟ ɩɪɨɰɟɫɫɵ ɢɨɧɧɨɝɨ ɬɪɚɜɥɟɧɢɹ ɢ ɥɟɝɢɪɨɜɚɧɢɹ, ɲɢɪɨɤɨ 

ɩɪɢɦɟɧɹɸɳɢɟɫɹ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɰɢɤɥɟ ɫɨɡɞɚɧɢɹ ɩɪɢɛɨɪɨɜ, ɩɪɢɜɨɞɹɬ ɤ ɪɨɫɬɭ ɬɨɤɨɜ ɭɬɟɱɤɢ 

ɢ ɹɜɥɹɸɬɫɹ ɩɪɢɱɢɧɨɣ ɭɯɭɞɲɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɮɨɬɨɩɪɢɟɦɧɢɤɨɜ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɧɚ ɨɫɧɨɜɟ 

ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ CdxHg1-xTe. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɨ ɧɟɨɞɧɨɪɨɞɧɨɟ ɥɟɝɢɪɨɜɚɧɢɟ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟɫɹ ɩɨɜɵɲɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɩɪɢɤɨɧɬɚɤɬɧɨɣ ɨɛɥɚɫɬɢ, ɫ ɰɟɥɶɸ 

ɭɦɟɧɶɲɟɧɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɝɟɧɟɪɚɰɢɢ ɜɨɤɪɭɝ ɨɦɢɱɟɫɤɨɝɨ ɤɨɧɬɚɤɬɚ. Ɉɞɧɚɤɨ, ɩɪɨɢɫɯɨɞɹɳɟɟ ɩɪɢ 

ɷɬɨɦ ɩɨɜɵɲɟɧɢɟ ɛɚɪɶɟɪɚ ɞɥɹ ɧɨɫɢɬɟɥɟɣ ɢɦɟɟɬ ɩɨɪɹɞɨɤ kɌ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ 

ɭɦɟɧɶɲɢɬɶ ɷɬɭ ɤɨɦɩɨɧɟɧɬɭ ɬɟɦɧɨɜɨɝɨ ɬɨɤɚ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɨɱɟɧɶ ɦɚɥɨ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ 

ɝɪɚɞɢɟɧɬɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɨɫɢɬɟɥɟɣ ɡɚ ɩɪɟɞɟɥɚɦɢ ɨɛɥɚɫɬɢ p-n ɩɟɪɟɯɨɞɚ ɧɚ ɩɚɪɚɦɟɬɪɵ 

ɜɚɠɧɟɣɲɟɝɨ ɤɥɚɫɫɚ ɂɄ-ɮɨɬɨɞɟɬɟɤɬɨɪɨɜ – ɮɨɬɨɞɢɨɞɨɜ ɧɚ ɨɫɧɨɜɟ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ CdxHg1-

xTe. Ⱥ ɦɟɠɞɭ ɬɟɦ ɢɡɜɟɫɬɧɨ, ɝɪɚɞɢɟɧɬɧɨɟ ɥɟɝɢɪɨɜɚɧɢɟ ɛɚɡɵ ɮɨɬɨɞɢɨɞɚ ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ 

ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɭɥɭɱɲɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɛɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɛɚɪɶɟɪɧɵɯ ɫɬɪɭɤɬɭɪ. 

ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɪɟɲɟɧɢɟɦ ɭɪɚɜɧɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜɵɪɚɠɟɧɢɹ ɞɥɹ 

ɬɟɦɧɨɝɨ ɢ ɮɨɬɨɬɨɤɨɜ ɞɥɹ ɮɨɬɨɞɢɨɞɚ ɫ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɦ ɝɪɚɞɢɟɧɬɨɦ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ, ɚ 

ɬɚɤɠɟ ɝɟɧɟɪɚɰɢɨɧɧɨ-ɪɟɤɨɦɛɢɧɚɰɢɨɧɧɨɝɨ ɢ ɬɭɧɧɟɥɶɧɵɯ ɬɨɤɨɜ, ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɟɦɤɨɫɬɢ ɜ ɩɪɢɦɟɧɟɧɢɢ ɤ ɭɡɤɨɡɨɧɧɵɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɦ ɬɢɩɚ CdxHg1-xTe. ɂɡ 

ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɜɵɪɚɠɟɧɢɣ ɜɢɞɧɨ, ɱɬɨ ɬɟɦɧɨɜɨɣ ɬɨɤ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɝɪɚɞɢɟɧɬɚ 

ɤɨɧɰɟɧɬɪɚɰɢɢ, ɤɨɬɨɪɵɣ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɜɥɢɹɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɝɟɧɟɪɚɰɢɨɧɧɨ-ɪɟɤɨɦɛɢɧɚɰɢɨɧɧɵɣ ɲɭɦ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɤɭɛɢɱɟɫɤɨɦɭ 

ɤɨɪɧɸ ɩɨɤɚɡɚɬɟɥɹ ɷɤɫɩɨɧɟɧɬɵ, ɚ ɪɨɫɬ ɬɭɧɧɟɥɶɧɵɯ ɬɨɤɨɜ ɧɢɜɟɥɢɪɭɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ 

ɞɢɮɮɭɡɢɨɧɧɨ-ɞɪɟɣɮɨɜɵɯ ɢ ɝɟɧɟɪɚɰɢɨɧɧɨ-ɪɟɤɨɦɛɢɧɚɰɢɨɧɧɵɯ ɬɨɤɨɜ, ɧɟɛɨɥɶɲɨɣ ɤɨɧɬɚɤɬɧɨɣ 

ɪɚɡɧɨɫɬɶɸ ɩɨɬɟɧɰɢɚɥɨɜ ɢ ɛɥɚɝɨɞɚɪɹ ɜɫɬɪɨɟɧɧɨɦɭ ɩɨɥɸ ɧɟ ɜɵɫɨɤɢɦɢ ɪɚɛɨɱɢɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ. 

ɂɡ ɪɚɫɱɟɬɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɬɟɦɧɨɜɨɝɨ ɢ ɮɨɬɨɬɨɤɨɜ ɫɥɟɞɭɟɬ, ɱɬɨ ɭɥɭɱɲɟɧɢɟ ɩɚɪɚɦɟɬɪɚ 

ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ ɫɤɨɪɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ.  

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ ɬɟɦɧɨɜɵɯ ɢ ɮɨɬɨɬɨɤɨɜ ɮɨɬɨɞɢɨɞɨɜ CdxHg1-xTe 

(ɯ=0,β-0,γ) ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɫɨɜɩɚɞɚɸɬ ɫ ɪɚɫɱɟɬɧɵɦɢ. 
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ɉȿɊȿɏɈȾɕ ȼȿɊȼȿə ȼ ɋɉȿɄɌɊȺɏ ɊȺɆȺɇ ɊȺɋɋȿəɇɂə  

ɇȺɇɈɉɅȿɇɈɄ (Ni-Zn) ɎȿɊɊɂɌɈȼ 

 

ɒ.ɇ. ȺɅɂȿȼȺ, ɂ.Ɏ. ɘɋɂȻɈȼȺ, Ɍ.Ɋ. ɆȿɏɌɂȿȼ  
ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇȺ,  

ɩɪ. Ƚ. Ⱦɠɚɜɢɞɚ 1γ1, AZ-114γ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 

Shahla-aliyeva22@rambler.ru 

 

ɋɩɟɤɬɪɵ Ɋɚɦɚɧ ɪɚɫɫɟɹɧɢɹ ɬɨɧɤɢɯ ɩɥɟɧɨɤ Ni1-xZnxFe2O4 ɫɨɞɟɪɠɚɬ ɞɜɟ ɝɪɭɩɩɵ ɦɚɤɫɢɦɭɦɨɜ. 

ɉɟɪɜɚɹ ɝɪɭɩɩɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵɦ ɤɨɥɟɛɚɧɢɹɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ [1]. 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɮɨɪɦɢɪɭɟɦɵɣ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɷɥɟɤɬɪɨɧɧɨɣ ɞɟɥɨɤɚɥɢɡɚɰɢɢ d-ɷɥɟɤɬɪɨɧɚ FО+2 ɢɨɧɚ ɧɚ ɞɜɚ ɛɥɢɠɚɣɲɢɯ FО+3 ɢɨɧɚ ɚɧɢɡɨɬɪɨɩɧɵɣ 

ɦɚɝɧɢɬɧɵɣ ɩɨɥɹɪɨɧ ɦɚɥɨɝɨ ɪɚɞɢɭɫɚ, ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɜɬɨɪɨɣ ɝɪɭɩɩɵ 

ɫɩɟɤɬɪɚɥɶɧɵɯ ɦɚɤɫɢɦɭɦɨɜ. ɂɡɦɟɧɟɧɢɟ ɬɨɥɳɢɧɵ ɬɨɧɤɨɣ ɩɥɟɧɤɢ ɜɞɨɥɶ ɜɨɥɧɵ ɡɚɪɹɞɨɜɨɣ 

ɩɥɨɬɧɨɫɬɢ, ɬɨ ɟɫɬɶ ɜ ɧɚɩɪɚɜɥɟɧɢɢ Д001Ж, ɫɨɜɦɟɫɬɧɨ ɫ ɨɪɛɢɬɚɥɶɧɵɦ ɭɩɨɪɹɞɨɱɟɧɢɟɦ ɩɪɢɜɨɞɢɬ ɤ 

„ɜɵɬɚɥɤɢɜɚɧɢɸ“ ɡɚɪɹɞɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɟɧɤɢ ɢ ɷɧɟɪɝɢɹ з0,11eV, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɢɥɶɧɨɦɭ 

ɦɚɤɫɢɦɭɦɭ ɜɬɨɪɨɣ ɝɪɭɩɩɵ Ɋɚɦɚɧ ɫɩɟɤɬɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɡɚɪɹɞɨɜɭɸ ɳɟɥɶ ɦɟɠɞɭ ɭɡɥɚɦɢ 

ɤɚɬɢɨɧɨɜ FО2+ ɢ FО3+ ɨɤɬɚɷɞɪɢɱɟɫɤɨɣ ɩɨɞɪɟɲɟɬɤɢ. ɇɚɛɥɸɞɚɟɦɨɟ ɢɡɦɟɧɟɧɢɟ ɲɢɪɢɧɵ ɡɚɪɹɞɨɜɨɣ 

ɳɟɥɢ ɜɨɡɧɢɤɚɟɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɬɪɚɝɨɧɚɥɶɧɨɝɨ ɹɧ-ɬɟɥɥɟɪɨɜɫɤɨɝɨ ɢɫɤɚɠɟɧɢɹ ɨɤɬɚɷɞɪɨɜ FО2+O6 

B-ɩɨɞɪɟɲɟɬɤɢ, ɫɧɢɦɚɸɳɟɝɨ ɜɵɪɨɠɞɟɧɢɟ Э2g-ɨɪɛɢɬɚɥɟɣ ɩɪɢ ɞɜɢɠɟɧɢɢ ɨɬ ɫɢɦɦɟɬɪɢɢ Ɉh ɤ 

ɫɢɦɦɟɬɪɢɢ D4h.  ɗɬɢ ɪɟɡɭɥɶɬɚɬɵ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɬɪɢɦɟɪɨɧɨɜɵɦ ɦɟɯɚɧɢɡɦɨɦ ɩɟɪɟɯɨɞɚ ȼɟɪɜɟɹ, 

ɤɨɬɨɪɵɣ ɩɨ ɫɭɳɟɫɬɜɭ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫɨɦ ɭɩɨɪɹɞɨɱɟɧɢɹ ɬɪɢɦɟɪɨɧɨɜ. ȼɟɥɢɱɢɧɚ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɳɟɥɢ ɪɚɜɧɚɹ 0.10λmɟV, ɨɩɪɟɞɟɥɟɧɧɚɹ ɢɡ ɫɩɟɤɬɪɨɜ Ɋɚɦɚɧ ɪɚɫɫɟɹɧɢɹ, 

ɫɨɝɥɚɫɭɟɬɫɹ ɩɨ ɜɟɥɢɱɢɧɟ ɫ ɧɚɣɞɟɧɧɨɣ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɨ ɦɚɥɨɭɝɥɨɜɨɦɭ ɪɚɫɫɟɹɧɢɸ ɧɟɣɬɪɨɧɨɜ, 

ɚ ɬɚɤɠɟ ɫ ɧɚɛɥɸɞɚɟɦɨɣ ɜ ɗɉɊ ɫɩɟɤɬɪɚɯ Ni1-xZnxFe2O4 ɮɟɪɪɢɬɨɜ ɪɚɡɧɵɯ ɫɨɫɬɚɜɨɜ ɫɩɢɧɨɜɨɣ 

ɩɟɪɟɨɪɢɟɧɬɚɰɢɢ, ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɦɚɝɧɢɬɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɧɟɤɨɥɥɢɧɟɚɪɧɨɣ ɦɚɝɧɢɬɧɨɣ 

ɫɬɪɭɤɬɭɪɵ, ɨɫɨɛɟɧɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɨɪɢɟɧɬɚɰɢɢ ɫɩɢɧɨɜ 

ɢɨɧɨɜ Fe3+, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɫɤɨɲɟɧɧɵɯ ɢ ɫɭɩɟɪɩɚɪɚɦɚɝɧɢɬɧɨɦ ɫɨɫɬɨɹɧɢɹɯ.  

 

ȻɅȺȽɈȾȺɊɇɈɋɌɖ: Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɏɨɧɞɚ Ɋɚɡɜɢɬɢɹ 

ɇɚɭɤɢ ɩɪɢ ɉɪɟɡɢɞɟɧɬɟ Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɨɣ Ɋɟɫɩɭɛɥɢɤɢ-Ƚɪɚɧɬ № EIF-BGM-3-BRFTF- 2+/ 2017-

15/04/1. 

 

[1] S. Aliyeva, S. Babayev, T. Mehdiyev, JRS 2018; 49 (2), 271 
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We present infrared (IR) spectrophotometry (R≃180) of three Herbig Ae/Be stars surrounded by 

possible protoplanetary disks: HD 150193, HD100546 and HD 179218. We construct a mid-IR 

spОМЭrКХ ОnОrРв НТsЭrТЛЮЭТons (SED) Пor ОКМС oЛУОМЭ Лв ЮsТnР 7.6−1γ.β \micron HIFOGS spectra, 2.4 

-- 45 \micron\ spectrophotometry from the {\it ISO} SWS, the 12, 25, 60, and 100 \micron\ 

photometric points from IRAS, and for HD 179218, photometric bolometric data points from the Mt. 

Lemmon Observing Facility. The SEDs are modeled by using an expanded version of the 

\citet{chigol97} two-layer, radiative and hydrostatic equilibrium, passive disk. This expanded version 

includes the emission from Mg-pure crystalline olivine (forsterite) grains in the disk surface layer. 

HD 150193 contains no crystals while HD 100546 and HD 179218 respectively show evidence of 

having crystalline silicates in the surface layers of their disks. We find that the inner region of 

HD100546 has a 37% higher crystalline-to-amorphoЮs sТХТМКЭО rКЭТo Тn ТЭs ТnnОr НТsФ rОРТon (≤5 AU) 

compared to the outer disk region, while the inner disk region of HD 179218 has a 84% higher 

crystalline-to-КЦorpСoЮs sТХТМКЭО rКЭТo Тn ТЭs ТnnОr НТsФ rОРТon (≤5 AU) МoЦpКrОН Эo ЭСО oЮЭОr rОРТon. 

HD 150193 is best-fit by a small disk (5׽ AU in radius) while HD 100546 and HD 179218 are best 

fit by larger disks (150׽ AU in radius). The results of spectral observations of the Herbig Ae/Be type 

star HD 179218 are presented. Two wave-like cycles of variability in the parameters of hydrogen 

ХТnОs Hα КnН Hȕ аТЭС К МСКrКМЭОrТsЭТМ ЭТЦО oП з 40 НКвs КrО rОЯОКХОН. TСО ПТrsЭ аКЯО oП ЯКrТКЭТons Тs 

deeper; the branches of decreasing and increasing the spectral parameters of the lines are more clearly 

expressed. At the timО oП ЭСО ПТrsЭ ЦТnТЦЮЦ, Тn ЭСО proПТХО oП ЭСО ОЦТssТon ХТnО Hα ЭСО КppОКrКnМО КnН 

disappearance of additional blue and red emission components are observed. At the same time, 

nКrroа КЛsorpЭТon МoЦponОnЭs аОrО НТsМoЯОrОН Тn ЭСО Hȕ ХТnО. SвnМСronoЮsХв аТЭС Эhis, a significant 

variation in the lines of He I, Si II, D NaI, [OI] was observed. In addition, the parameters of many 

spectral lines shows variations with smaller amplitude and with a characteristic time of 10-20 days. 

Possible mechanisms of the observed variability of the star are discussed. 
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ɗɅȿɄɌɊɈɇɇɕȿ ɂ ɎɂɁɂɄɈ-ɏɂɆɂɑȿɋɄɂȿ əȼɅȿɇɂə ȼ ɄɈɇɌȺɄɌȿ 

ɆȿɌȺɅɅ - Pb1-xMnxTe 

 

Ɍ.Ⱦ. ȺɅɂȿȼȺ1, ɇ.Ɇ. ȺɏɍɇȾɈȼȺ2 

1ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɢɦ. Ƚ.Ɇ. Ⱥɛɞɭɥɥɚɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 
2Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɍɧɢɜɟɪɫɢɬɟɬ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 

tunzalaaliyeva@ mail.ru 

  

 ɉɚɪɚɦɟɬɪɵ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢ ɫɜɨɣɫɬɜɚɦɢ ɤɨɧɬɚɤɬɚ ɦɟɬɚɥɥ-

ɩɨɥɭɩɪɨɜɨɞɧɢɤ, ɹɜɥɹɸɳɢɯɫɹ ɢɯ ɜɚɠɧɟɣɲɢɦɢ ɷɥɟɦɟɧɬɚɦɢ.     

Ɍɟɥɥɭɪɢɞ ɫɜɢɧɰɚ ɢ ɟɝɨ ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɬɢɩɚ PЛ1-xMnxTe ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ 

ɫɪɟɞɧɟɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɬɟɪɦɨɷɥɟɤɬɪɢɤɚɦɢ ɢ ɮɨɬɨɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɜ ɨɛɥɚɫɬɢ 

ɫɩɟɤɬɪɚ γ-5 ɦɤɦ. ɗɬɨ ɞɟɥɚɟɬ ɧɟɨɛɯɨɞɢɦɵɦ ɢɡɭɱɟɧɢɟ ɫɜɨɣɫɬɜ ɤɨɧɬɚɤɬɨɜ ɫɬɪɭɤɬɭɪ ɧɚ ɨɫɧɨɜɟ 

PЛTО ɢ PЛ1-xMnxTe. 

ɍɱɢɬɵɜɚɹ ɷɬɨ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɵ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɢ ɚɞɝɟɡɢɨɧɧɵɟ ɹɜɥɟɧɢɹ ɧɚ 

ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ PЛTО ɢ PЛ1-xMnxTe ɫ ɷɜɬɟɤɬɢɤɨɣ ɜ ɢɧɬɟɪɜɚɥɟ 77-γ00Ʉ. ȼɵɹɫɧɟɧɨ, ɱɬɨ ɞɥɹ ɜɫɟɯ 

ɫɨɫɬɚɜɨɜ  ɨɬɠɢɝ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɩɪɨɜɨɞɢɦɨɫɬɢ ɤɪɢɫɬɚɥɥɨɜ ɞɨ 100 ɪɚɡ, ɱɬɨ ɫɜɹɡɚɧɨ 

ɡɚɥɟɱɢɜɚɧɢɟɦ ɫɬɪɭɤɬɭɪɧɵɯ ɞɟɮɟɤɬɨɜ ɢ ɭɥɟɬɭɱɢɜɚɧɢɟɦ ɢɡɛɵɬɨɱɧɵɯ ɚɬɨɦɨɜ ɬɟɥɥɭɪɚ ɜ ɨɛɪɚɡɰɟ, 

ɩɪɢɜɨɞɹɳɢɯ ɤ ɪɨɫɬɭ ɩɨɞɜɢɠɧɨɫɬɢ ɢ ɭɦɟɧɶɲɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɨɫɢɬɟɥɟɣ ɬɨɤɚ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɬɟɪɦɢɱɟɫɤɢ ɨɛɪɚɛɨɬɚɧɧɵɟ ɫɬɪɭɤɬɭɪɵ PЛ1-xMnxTe - ɦɚɫ. % λ5In +4Ag+1Au) 

ɢɦɟɸɬ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɨɨɦɧɵɟ ɢ ɦɟɯɚɧɢɱɟɫɤɢ ɩɪɨɱɧɵɟ ɩɟɪɟɯɨɞɧɵɟ ɤɨɧɬɚɤɬɵ, ɢ ɩɪɨɬɟɤɚɧɢɟ 

ɬɨɤɚ ɜ ɷɬɨɦ ɤɨɧɬɚɤɬɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɟɯɚɧɢɡɦɭ ɩɨ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɲɭɧɬɚɦ. ɉɪɢ ɷɬɨɦ ɜ 

ɮɨɪɦɢɪɨɜɚɧɢɢ ɤɨɧɬɚɤɬɚ ɦɟɬɚɥɥ-ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɜ ɭɤɚɡɚɧɧɵɯ ɫɬɪɭɤɬɭɪɚɯ ɪɟɲɚɸɳɭɸ ɪɨɥɶ 

ɢɝɪɚɸɬ ɩɪɨɰɟɫɫɵ ɞɢɮɮɭɡɢɢ AР ɜ ɩɪɢɤɨɧɬɚɤɬɧɭɸ ɨɛɥɚɫɬɶ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 

ɲɭɧɬɨɜ ɡɚ ɫɱɟɬ ɨɫɚɠɞɟɧɢɹ ɚɬɨɦɨɜ In, AР, AЮ ɧɚ ɧɟɫɨɜɟɪɲɟɧɫɬɜɚɯ ɤɪɢɫɬɚɥɥɚ ɜ ɩɪɢɤɨɧɬɚɤɬɧɨɣ 

ɨɛɥɚɫɬɢ, ɡɚɤɨɪɚɱɢɜɚɸɳɢɯ ɫɥɨɣ ɨɛɴɟɦɧɨɝɨ ɡɚɪɹɞɚ. 
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ɆȿɏȺɇɂɁɆ ɉȿɊȿɇɈɋȺ ɗɅȿɄɌɊɂɑȿɋɄɈȽɈ ɁȺɊəȾȺ ɂ ɌȿɉɅɈɌɕ ȼ 

ɄɊɂɋɌȺɅɅȺɏ SnTe и Sn1-xMnxTe 

 

Ƚ.Ɂ. ȻȺȽɂȿȼȺ, Ƚ.Ⱦ. ȺȻȾɂɇɈȼȺ, ɇ.Ȼ. ɆɍɋɌȺɎȺȿȼ, Ⱦ.ɒ. ȺȻȾɂɇɈȼ 

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɢɦ. Ƚ.Ɇ. Ⱥɛɞɭɥɥɚɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 

bagieva-gjulandam@mail.ru 

 

ɉɨɥɭɱɟɧɵ ɦɨɧɨɤɪɢɫɬɚɥɥɵ SnTО ɢ Sn1-xMnxTe ɯ= 0,00β5ν 0,005ν 0,01ν 0,0βν 0,04) ɢ 

ɢɫɫɥɟɞɨɜɚɧɵ ɢɯ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ , ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɪɦɨɷɞɫ α ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ χ ɜ 

ɢɧɬɟɪɜɚɥɟ 77-γ00Ʉ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɫɜɟɞɟɧɢɣ ɨ ɦɟɯɚɧɢɡɦɟ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɪɹɞɚ 

ɢ ɬɟɩɥɨɬɵ. Ɉɩɵɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɧɟɨɬɨɠɠɟɧɧɵɯ ɢ ɨɬɨɠɠɟɧɧɵɯ ɩɪɢ 47γ, 57γ, 77γ Ʉ.  

ȼɵɹɫɧɟɧɨ, ɱɬɨ  ɧɟɨɬɨɠɠɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɭɦɟɧɶɲɚɸɬɫɹ. 

Ⱥɧɚɥɨɝɢɱɧɵɟ  (Ɍ) ɢɦɟɸɬ ɢ ɨɬɨɠɠɟɧɧɵɟ ɨɛɪɚɡɰɵ. ɋ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɠɢɝɚ  ɨɛɪɚɡɰɨɜ 

SnTe ɢ ɨɛɪɚɡɰɨɜ ɫ ɯ=0,00β5 ɧɟɫɤɨɥɶɤɨ ɪɚɫɬɟɬ, ɚ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɭɦɟɧɶɲɚɟɬɫɹν ɫ ɪɨɫɬɨɦ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɚɪɝɚɧɰɚ  ɩɚɞɚɟɬ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɪɦɨɷɞɫ SnTe, ɧɟɨɬɨɠɠɟɧɧɵɯ ɨɛɪɚɡɰɨɜ   ɫ 

ɯ=0,00β5 ɢ 0,005 ɢ ɨɬɨɠɠɟɧɧɨɝɨ ɩɪɢ 77γ Ʉ ɨɛɪɚɡɰɚ ɫ ɯ=0,04 ɢɦɟɸɬ ɦɢɧɢɦɭɦɵ ɩɪɢ з1λ0-β00Ʉ. 

ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɠɢɝɚ ɡɧɚɱɟɧɢɹ α ɨɛɪɚɡɰɨɜ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɩɚɞɚɟɬ. 

ɋ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɨɛɳɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ. 

Ʌɢɧɟɣɧɵɣ ɯɚɪɚɤɬɟɪ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɬɟɩɥɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɟɲɟɬɤɢ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɬɟɩɥɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɡɞɚɟɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ, ɡɚ ɫɱɟɬ ɮɨɧɨɧ-

ɮɨɧɨɧɧɨɝɨ ɪɚɫɫɟɹɧɢɹ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɚɬɨɦɨɜ Mn ɢ ɨɬɠɢɝɚ ɧɚ α,  ɤɪɢɫɬɚɥɥɨɜ SnTe, Sn1-

xMnxTe ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɨɛɴɹɫɧɹɸɬɫɹ ɧɚɥɢɱɢɟɦ ɜ ɩɨɞɪɟɲɟɬɤɟ ɨɥɨɜɚ ɜɚɤɚɧɫɢɣ ɢ ɦɨɞɟɥɶɸ 

ɞɜɭɯ ɜɚɥɟɧɬɧɵɯ ɡɨɧ. Ɍɟɩɥɨ ɜ ɷɬɢɯ ɤɪɢɫɬɚɥɥɚɯ ɩɟɪɟɧɨɫɢɬɫɹ ɤɚɤ ɤɨɥɟɛɚɧɢɹɦɢ ɪɟɲɟɬɤɢ, ɬɚɤ ɢ 

ɷɥɟɤɬɪɨɧɚɦɢ ɩɪɨɜɨɞɢɦɨɫɬɢ, ɚ ɜ ɬɟɩɥɨɜɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɡɧɚɱɢɬɟɥɶɧɭɸ ɪɨɥɶ ɢɝɪɚɸɬ ɞɟɮɟɤɬɵ, 

ɫɨɡɞɚɧɧɵɟ ɜɚɤɚɧɫɢɹɦɢ ɢ ɚɬɨɦɚɦɢ ɦɚɪɝɚɧɰɚ. 
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STRUCTURAL FEATURES OF MANGANESE CONTAINING TOPOLOGICAL 

INSULATORS ON THE BASIS OF Bi2Te3 

 

I.R. AMIRASLANOV, Z.S. ALIYEV, P.A. ASGEROVA, A.B. NURIYEVA 

National Academy of Science, Institute of Physics, Baku, Azerbaijan 

iamiraslan@gmail.com  

 

Bi2Te3 is one of the most promising torological insulators. The blocks of this layered structure 

consist of quintuples of Te-Bi-Te-Bi-Te. The Bi2Te3 compound is a convenient matrix for the 

incorporation of magnetic impurities. It is shown that when the manganese is inserted up to nine 

percent, the structure of Bi2Te3 type is preserved / 1 /. We examined the interactions of Mn-Bi-Te 

elements with melting, at higher manganese contents. A further increase in concentration leads to the 

formation of structural blocks consisting of seven atomic layers. The first such compound consisting 

of seven-layer blocks (septuple) is MnBi2Te4.  However, in the interval between Bi2Te3 and 

MnBi2Te4, several layered compounds with the general formula MnBi2Te4 • nBТ2Te3 (n = 1-4) are 

formed. It is not difficult to make sure that the number "n" corresponds to the number of quintuples 

located between the septuples. Among these compounds, the MnBi2Te4 structure has already been 

refined. For the values n = 1 and 2, namely, for MnBi4Te7 and MnBi6Te10 their structural analogues 

are known. However, the formation of compounds with the compositions MnBi8Te13 (n = 3) and 

MnBi10Te16 (n = 4) аКs ПТrsЭ ɪɝɨЯОН Лв Юs. IЭ sСoЮХН ЛО noЭОН ЭСКЭ ЭСО РroаЭС oП ТnНТЯТНЮКХ МrвsЭКХs 

of ternary phases of these compounds with dimensions of few millimeters for technologists is an 

impossible task. The main reason for this is the formation of a very stable MnTe phase at high 

temperatures. As a result of a long and painstaking work, we managed to isolate these phases in sizes 

of 1-3 mm. The figure shows the diffraction patterns from the cleaves of the selected crystals. In these 

pictures, reflexes like (00I) are visible, which allow us to determine the "c" parameters of these 

phases. The report will discuss the structural features of the above-mentioned crystals. 

 

Fig.1. The diffraction patterns of MnBi8Te13 and MnBi10Te16 
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ɋɂɋɌȿɆ FeS–PbS–M2S3 (M = Ga, In) 
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ɋ ɰɟɥɶɸ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɬɚɛɢɥɶɧɵɯ ɤɨɧɧɨɞ ɫɢɫɬɟɦɵ FeS–PbS– In2S3(Ga2S3) ɭɱɢɬɵɜɚɥɢ 

ɜɨɡɦɨɠɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɛɢɧɚɪɧɵɯ ɢ ɬɪɨɣɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɢɫɬɟɦɵ. ɇɚ ɨɫɧɨɜɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɝɪɚɧɢɱɧɵɦ ɪɚɡɪɟɡɚɦ FОS–PbS, FeS–In2S3 (Ga2S3), PbS–

In2S3(Ga2S3) ɢ ɪɟɡɭɥɶɬɚɬɚɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɜɵɱɢɫɥɟɧɵ ɢ ɩɨɫɬɪɨɟɧɵ 

ɢɡɨɬɟɪɦɢɱɟɫɤɢɟ ɫɟɱɟɧɢɹ ɜ ɫɢɫɬɟɦɚɯ FОS–PbS–In2S3(Ga2S3) ɩɪɢ βλ8 Ʉ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɲɢɪɢɧɚ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ NiGa2S4 ɢ FeGa2S4 

ɭɦɟɧɶɲɚɟɬɫɹ. Ɂɚɜɢɫɢɦɨɫɬɶ ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɞɥɹ ɢɡɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɦɨɠɧɨ 

ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ ( ) ( ) PEPE gg −= 0 . Ⱦɥɹ NiGa2S4 ɡɧɚɱɟɧɢɟ   ɫɨɫɬɚɜɥɹɥɨ -0.014 ɷȼ/Ƚɉɚ,  ɚ 

ɞɥɹ FeGa2S4 dPdEg / = -0.011 ɷȼ/Ƚɉɚ. 

Ⱥɩɪɨɛɢɪɨɜɚɧ ɫɩɨɫɨɛ ɪɚɫɱɟɬɚ ɫɬɚɧɞɚɪɬɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɦɚɝɧɢɬɧɵɯ ɮɚɡ. Ⱥɧɚɥɢɡɢɪɨɜɚɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɨɛɪɚɡɰɨɜ ɨɬ 

ɞɚɜɥɟɧɢɹ ɩɪɢ γ00 Ʉ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɞɚɜɥɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ 

ɲɢɪɢɧɚ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɭɦɟɧɶɲɚɟɬɫɹ. ɗɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɩɪɢɦɟɫɧɨɝɨ ɭɪɨɜɧɹ, 

ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɟ FО1.5Pb5.5In10S22 ɫɨɫɬɚɜɥɹɟɬ Et = 0.1λ ɷȼ. 

 

ȻɅȺȽɈȾȺɊɇɈɋɌɂ: ɂɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɩɨɞɞɟɪɠɚɧɵ ɎɊɇȺɊ (ɝɪɚɧɬ № EİF-BGM-3-BRFTF-

2+/2017-15/05/1), ɎɎɂ Ɋɟɫɩɭɛɥɢɤɢ Ȼɟɥɚɪɭɫɶ (ɩɪɨɟɤɬ Ɍ18Ⱥɡ-0βλ) ɢ (ɝɪɚɧɬ № 5 EİF-BGM-4-

RFTF-1/2017). 
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YоKSƏK TƏZYIQLƏRDƏ BaFe11.1In0.9O19 BIRLƏŞMƏSININ KRISTAL QURULUŞU 

 

S.H. CABAROV1, Ə.İ. MƏMMƏDOV1, R.Z. MEHDİВEVA1, A.V. TRUXANOV2, 

E.V. LUKİN3, R.E. HоSEВNOV1 

1AMEA, FТгТФК İЧsЭТЭЮЭЮ, ȺГ-114γ, BКФı, H.CКЯТН pr., 1γ1 
2MISIS, 119049, Moskva, Lenin pr., 4 

3BТrХəşЦТş NüЯə TəНqТqКЭХКrı İЧsЭТЭЮЭЮ,141980, DЮЛЧК, J.KürТ Фüх., 6 

 

εЮХЭТПОrroТФХər, ən хoб ЭəНqТq ОНТХən Яə РОnТş ЭəЭЛТq ТЦФКnХКrınК ЦКХТФ oХКn ЦКЭОrТКХХКrНКn 

ЛТrТНТr. BЮ бКssəХərə ЦКХТФ oХКn ЛТrХəşЦəХər СəЦ sОqnОЭoОХОФЭrТФ СəЦ Нə ПОrroЦКqnТЭ бКssəХərə ЦКХТФ 

oХНЮqХКrı üхün ЦüбЭəХТП хОЯТrТМТХərТn СКгırХКnЦКsınНК РОnТş ТsЭТПКНə oХЮnЮrХКr. BКFО12O19, PbFe12O19, 

SrFe12O19 Яə s. СОФsoПОrrТЭХərТ РОnТş ЭОЦОpОrКЭЮr ТnЭОrЯКХınНК ЦЮХЭТПОroТФ бКssəХərТ РösЭərə ЛТХən 

ЛТrХəşЦəХərНТrХər. Son гКЦКnХКrНК ЛЮ ЛТrХəşЦəХərТn əsКsınНК КХınЦış ЛərФ ЦəСХЮХХКrın qЮrЮХЮş Яə 

ЦКqnТЭ бКssəХərТ РОnТş ЭəНqТq ОНТХТr. AşКğı Яə вüФsəФ ЭОЦpОrКЭЮrХКrНК ФТПКвəЭ qəНər öвrənТХЦəsТnə 

ЛКбЦКвКrКq, вüФsəФ ЭəгвТqХərНə ЛЮ ЛТrХəşЦəХərТn qЮrЮХЮş бКssəХərТ öвrənТХЦəЦТşНТr. TəqНТЦ ОНТХən 

ТşНə, вüФsəФ ЭəгвТqХərНə BКFО11.1In0.9O19 ЛТrХəşЦəsТnТn ФrТsЭКХ qЮrЮХЮşЮ ЭəНqТq ОНТХЦТşНТr. 

TəНqТq ОНТХən BКFО11.1In0.9O19 ЛТrХəşЦəsТ вüФsəФ ЭəЦТгХТФ НərəМəsТnəЦКХТФ λλ.λ% FО2O3, 99.9% 

In2O3 Яə λλ.λ% BКCτ3 oФsТНХərТnНən sТnЭОг ОНТХЦТşНТr. QЮrЮХЮş ЭəНqТqКЭХКrı P = 0- 5.5 GPК ЭəгвТq 

ТnЭОrЯКХınНК, nОвЭron НТПrКФsТвК ЦОЭoНЮ ТХə IBR-2 reaktorunun 6-Мı ФКnКХınНК вОrХəşən Dσ-6 neytron 

НТПrКФЭoЦОЭrТnНə вОrТnə вОЭТrТХЦТşНТr (σОвЭron FТгТФКsı δКЛorКЭorТвКsı, BТrХəşЦТş σüЯə TəНqТqКЭХКrı 

İnsЭТЭЮЭЮ, DЮЛnК, RЮsТвК). Dσ-6 neytron НТПrКФЭoЦОЭrТ, вüФsəФ ЭəгвТqХərНə ЭəНqТqКЭХКr КpКrЦКğК 

ТЦФКn ЯОrТr. ВüФsəФ ЭəгвТqТn КХınЦКsı üхün sКpПТr гТnНКnХКrНКn ТsЭТПКНə oХЮnЮr ФТ, ЛЮ гТnНКnХКrın 

ФöЦəФХТвТ ТХə 10 GPК-К qəНər ЭəгвТq КХЦКq ЦüЦФünНür. TəгвТqТn qТвЦəЭТ, вКqЮЭЮn ХüЦТnОsОnsТвК 

бəЭХərТnə nəгərən 0.005 GPК НəqТqХТвТ ТХə ЭəвТn ОНТХЦТşНТr. TəгвТq qrКНТОnЭТ ЭəбЦТnən 10 %-dir. 

AХınЦış spОФЭrХər хoбФКnКХХı КnКХТгКЭorНК sКбХКnıХЦış Яə FЮХХProП proqrКЦı ЯКsТЭəsТХə RТЭЯОХН ЦОЭoНЮ 

ТХə КnКХТг oХЮnЦЮşНЮr. 

YüФsəФ ЭəгвТqХərНə nОвЭron НТПrКФsТвКsı ТХə КХınЦış spОФЭrХərə əsКsən P = 0-5.5 GPК ЭəгвТq 

ТnЭОrЯКХınНК BКFО11.1In0.9O19 СОФsКПОrrТЭТn ФrТsЭКХ qЮrЮХЮşЮ ЭəвТn ОНТХЦТşНТr. εəХЮЦ oХЦЮşНЮr ФТ, 

norЦКХ şərКТЭНə, oЭКq ЭОЦpОrКЭЮrЮnНК СОФsКqonКХ sТЦЦОЭrТвКвК Яə P63ЦЦМ ПəгК qrЮpХЮ ФrТsЭКХ 

qЮrЮХЮşК ЦКХТФНТr. QəПəs pКrКЦОЭrХərТμ a = b = 5.8λ1γ(β)й Яə c = βγ.1754(λ)й qТвЦəЭХərТnə 

ЮвğЮnНЮr. εüəввən ОНТХЦТşНТr ФТ, P = 5.5 GPК ЭəгвТqə qəНər qЮrЮХЮş Яə ЦКqnТЭ ПКгК ФОхТНТ ЦüşКСТНə 

ОНТХЦТr. BОrх-εЮrnКРКn ЭənХТвТ СəХХ ОНТХЦТş, СərЭərəПХТ sıбıХЦК ЦoНЮХЮ Яə qəПəs pКrКЦОЭrХərТnТn бəЭЭТ 

sıбıХЦК əЦsКХХКrı ЭəвТn ОНТХЦТşНТr.  
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PULSE SHAPE DISCRIMINATION OF GAMMA-RAYS AND FAST NEUTRONS WITH 

SILICON PHOTOMULTIPLIERS 

 

G.S. AHMADOVa,b, c, F.I. AHMADOVb,c, R.A. AKBAROVa,b,c,  D. BERIKOVa,e,  

M. HOLIKd, R. MAMMADOVc, S.M. NURUYEVa,b, A.Z. SADIGOVb,c,  

Z.Y. SADYGOVa,c, S.I. TYUTYUNNIKOVa, Yu.N. KOPATCHa 

aJoint Institute for Nuclear Research, Dubna, Russia 
bAzerbaijan National Academy of Sciences- AD and IRP, Baku, Azerbaijan. 

cNational Nuclear Research Centre of MCHT, Baku, Azerbaijan. 
dInstitute of Experimental and Applied Physics, CTU, Prague, Czech Republic 

eInstitute of Nuclear Physics of the National Nuclear Center of Kazakhstan,  

050032 Almaty, Kazakhstan 

*ahmadovgadir@gmail.com 

 

Silicon photomultipliers (SiPM) have received a great deal of interest recently for use in a wide 

variety of fields. The fast neutron detection ability of SiPMs when coupled to related scintillators is 

a characteristic of utmost importance for nuclear-related applications. This work presents the fast 

neutron detection performance of two different silicon photomultipliers from two manufacturers. Fist 

SiMP (MAPD-3NK) from Zecotek Photonics consists of deeply burned cells and have an active area 

of 3.7x3.7 mm2. The second one (MPPC-S12572-010P) from Hamamatsu, however, has surface cell 

structure and an active area of 3x3 mm2. Both SiMPs have the same pixel density of 10000 mm-2. 

Both SIPMs coupled to Stilbene (5*5*5 mm3) and p-terphenyl (5*5*5 mm3) plastic scintillators were 

tested using a PuBe neutron and a Ti-44 gamma source. Different digital n/g discrimination 

techniques were performed for the detectors and obtained results were compared. Results are also 

presented on Neutron/Gamma discrimination performance as a function of overvoltage for silicon 

photomultipliers, and the time response to scintillators is characterized for both SIPMs. Finally, the 

results indicate good fast neutron detection performance of the SiPMs and give a possibility to use 

these types of neutron detectors in fast neutron detection applications. 
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ɇɂɁɄɈɌȿɆɉȿɊȺɌɍɊɇɕȿ ɆȺȽɇɂɌɈɈɉɌɂɑȿɋɄɂȿ ɂɋɋɅȿȾɈȼȺɇɂə 

ɋȼəɁȺɇɇɕɏ ɗɄɋɂɌɈɇɈȼ ȼ TlGaS2 

 

ɋ.Ɂ. ȾɀȺɎȺɊɈȼȺ  
Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɍɧɢɜɟɪɫɢɬɟɬ (UNEC), 

ɝ. Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ,  
eɯiton_1992@mail.ru 

 

Ɋɟɡɭɥɶɬɚɬɚɦɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɩɟɤɬɪɨɜ ɦɚɝɧɢɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɜ 

ɪɚɡɥɢɱɧɵɯ ɝɟɨɦɟɬɪɢɹɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ TlGaS2, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɥɸɦɢɧɟɫɰɟɧɰɢɹ ɨɛɭɫɥɨɜɥɟɧɚ ɪɚɫɩɚɞɨɦ, ɫɜɹɡɚɧɧɵɦ ɫ ɫɨɛɫɬɜɟɧɧɵɦɢ ɞɟɮɟɤɬɚɦɢ ɷɥɟɤɬɪɨɧɧɨ-

ɞɵɪɨɱɧɵɯ ɩɚɪ ɜ TlGaS2. 

ȼ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɚɝɧɢɬɨɨɩɬɢɱɟɫɤɢɯ ɫɩɟɤɬɪɨɜ ɥɸɦɢɧɟɫɰɟɧɰɢɢ 

ɫɥɨɢɫɬɨɝɨ ɦɨɧɨɤɪɢɫɬɚɥɥɚ TlGaS2 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 1,8 ɢ 4,β Ʉ. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ 

ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ ɞɨ 70 ɤɷ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɧɚɛɥɸɞɚɟɦɵɟ ɥɢɧɢɢ ɥɸɦɢɧɟɫɰɟɧɰɢɢ ɫɜɹɡɚɧɵ 

ɫ ɪɟɡɨɧɚɧɫɧɨɣ ɚɧɧɢɝɢɥɹɰɢɟɣ ɫɜɹɡɚɧɧɵɯ ɷɤɫɢɬɨɧɨɜ. Ɂɧɚɱɢɬɟɥɶɧɨɟ ɫɭɠɟɧɢɟ ɥɢɧɢɣ 

ɥɸɦɢɧɟɫɰɟɧɰɢɣ ɩɪɢ 1,8 Ʉ (ɩɨɥɭɲɢɪɢɧɚ ɥɢɧɢɣ з 0,5 й) ɢ ɩɪɢɦɟɧɟɧɢɟ ɫɩɟɤɬɪɨɦɟɬɪɚ ɛɨɥɶɲɨɣ 

ɞɢɫɩɟɪɫɢɢ ɩɨɡɜɨɥɹɥɨ ɱɟɬɤɨ ɧɚɛɥɸɞɚɬɶ Ɂɟɟɦɚɧɨɜɫɤɨɟ ɪɚɫɳɟɩɥɟɧɢɟ ɥɢɧɢɣ ɥɸɦɢɧɟɫɰɟɧɰɢɢ. 

ɂɫɫɥɟɞɨɜɚɧɵ ɬɚɤɠɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɩɟɪɟɱɧɵɯ ɢ ɩɪɨɞɨɥɶɧɵɯ ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɧɚ 

ɥɢɧɢɢ ɥɸɦɢɧɟɫɰɟɧɰɢɢ ɤɪɢɫɬɚɥɥɚ  TlGaS2. Ɋɚɡɥɢɱɧɵɟ ɪɚɫɳɟɩɥɟɧɢɹ ɷɬɢɯ ɥɢɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɨɛɴɹɫɧɹɸɬɫɹ ɫɥɨɢɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ ɦɨɧɨɤɪɢɫɬɚɥɥɚ TlGaS2. 

ɇɚɛɥɸɞɚɟɦɵɟ ɫɦɟɳɟɧɢɹ ɥɢɧɢɣ ɥɸɦɢɧɟɫɰɟɧɰɢɢ ɜ ɫɬɨɪɨɧɭ ɛɨɥɶɲɢɯ ɷɧɟɪɝɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɟɫɦɟɳɟɧɧɵɯ ɥɢɧɢɣ ɩɪɢ 1,8 Ʉ ɨɛɴɹɫɧɹɟɬɫɹ ɞɢɚɦɚɝɧɢɬɧɵɦ ɫɞɜɢɝɨɦ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 

ɷɤɫɢɬɨɧɧɵɯ ɫɨɫɬɨɹɧɢɣ. 
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CROSS SECTIONS OF THE 66Zn(n, α)63Ni REACTION at 4.0, 5.0 and 6.0 MeV 

 

Yu. M. GLEDENOV1, I. CHUPRAKOV1,2, M.V. SEDYSHEVA1, E. SANSARBAYAR1,6, 

GUOHUI ZHANG3, ZHIMIN WANG3, XIAO FAN3, LUYU ZHANG3, HUAIYONG BAI3, 

JINXIANG CHEN3, L. KRUPA1,5, G. KHUUKHENKHUU6 

1Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research,  

Dubna, Russia 
2The Institute of Nuclear Physics, Almaty, Kazakhstan 

3State Key Laboratory of Nuclear Physics and Technology,  

Institute of Heavy Ion Physics, Peking University, Beijing, China 
4Flerov Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research, Dubna 

5Institute of Experimental and Applied Physics,  

Czech Technical University in Prague, Horska 3a/22, Prague 2, Czech Republic 
6Nuclear Research Centre, National University of Mongolia, Ulaanbaatar, Mongolia 

 

Cross sections of the 66Zn (n, α) 63Ni reaction were measured at En = 4.0, 5.0 and 6.0 MeV 

performed at the 4.5-MeV Van de Graaff Accelerator of Peking University, China. A double-section 

gridded ionization chamber was used to detect the alpha particles. The foil sample of enriched 66Zn 

was placed at the common cathode plate of the chamber. Monoenergetic neutrons were produced by 

a deuterium gas target through the 2H (d, n) 3He reaction. The neutron flux was monitored by a BF3 

long counter. Cross sections of the 238U (n, f) reaction were used as the standard to perform the (n, α) 

reaction measurement. Present results are compared with existing measurements, evaluations and 

TALYS-1.6 code calculations. 

 

[1] M. B. Chadwick, E. Dupont, E. Bauge, A. Blokhin, et al., Nuclear Data Sheets, 118, 1 (2014). 

[2] ENDF: Evaluated Nuclear Data File, database version of September 02, 2014, https://www-

nds.iaea.org/exfor/endf.htm 

[3] X. Zhang, Z. Chen, Y. Chen, J. Yuan, G. Tang, G. Zhang, J. Chen, Y. M. Gledenov, G. 

Khuukhenkhuu, and M. Sedysheva, Physical Review C 61, 054607 (2000). 

[4] Yu. M. Gledenov, M. V. Sedysheva, V. A. Stolupin, Guohui Zhang, Jinhua Han, Zhimin 

Wang, Xiao Fan, Xiang Liu, Jinxiang Chen, G. Khuukhenkhuu, and P. J. Szalanski, Physical 

Review C, 89, 064607 (2014). 

[5] J. F. Ziegler, SRIM-2013, http://www.srim.org/#SRIM 
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AГƏRBAВCANDA ВARIMMKEÇİRİCİLƏR FİİKASI ELMİ 

İSTİQAMƏTİNDƏ TƏDQİQATLARIN BAŞLANMASI 
 

CİLOVDARLI (ABBASOV) ABBAS ƏLİ OĞLU 

AгərЛКвМКЧ MEA-ЧıЧ FТгТФК İЧsЭТЭЮЭЮ AZ 114γ, BКФı, H. Cavid pr.,131. 

 darli@bk.ru 

 

AгərЛКвМКnНК ПТгТФК ОХЦТ üгrə ЭəМrüЛə ЭəНqТqКЭХКrınК 1λ1λ-Мü ТХНə AБC НöЯrünНə BDU-nun 

вКrКnЦКsı ТХə ЛКşХКnЦışНır. TəНqТqКЭХКr əsКsən nОПЭ Яə nОПЭ ЦəСsЮХХКrının ПТгТФТ бКssəХərТnТn ЭəвТn 

ОНТХЦəsТnə nОПЭ Яə ЦüбЭəХТП вОrКХЭı sərЯəЭХərТn ФəşПТввКЭı Яə ТsЭОСsКХı ФТЦТ ЦəsəХəХərТn СəХХТnə Сəsr 

olunurdu.  

BərФ МТsТЦХər ПТгТФКsınК КТН ТХФ ОХЦТ ЭəНqТqКЭ ЭəМrüЛəsТ 1λβ4-Мü ТХНə ОвnТ гКЦКnНК BКФı DöЯХəЭ 

UniversТЭОЭТnТn Яə AгərЛКвМКn PoХТЭОбnТФ İnsЭТЭЮЭЮnЮn ПТгТФК ФКПОНrКХКrınНК вКrКНıХЦış 

“EХОФЭroПТгТУК” ХКЛorКЭorТвКsınНК proП. S.σ. UsКЭıв Яə onЮn SТЦПОrКpoХНКn РəХЦТş ЭəХəЛəХərТ 

ЭərəПТnНən вОrТnə вОЭТrТХЦТşНТr. UnТЯОrsТЭОЭНə poХКНın ЦКqnТЭ бКssəsТnТn onЮn səЭС ЭəЛəqəsТnНən 

КsıХıХığı, PoХТЭОбnТФ İnsЭТЭЮЭНК Тsə КnoНЮ КХüЦТnТЮЦ oХКn НöЯrəНə ОХОФЭroХТг СКНТsəsТ ЭəНqТq ОНТХЦТş Яə 

ЦКrКqХı nəЭТМəХər КХınЦışНır. 

1932-МТ ТХНə SSRİ EA-nın ГКqКПqКгТвК FТХТКХının AгərЛКвМКn ŞöЛəsТnТn ЭərФТЛТnНə FТгТФК 

SОФЭorЮ вКrКНıХЦış Яə onЮn qКrşısınК ПТгТФК ЭəНqТqКЭХКrını əХКqəХənНТrЦəФ Яə ТnФТşКП ОЭНТrЦəФ ЯəгТПəsТ 

qвЮХЦЮşНЮr. FТгТФК SОФЭorЮnНК Цüəввən ТsЭТsnКХКr oХsК НК onЮn ОХЦТ вКrКНıМıХıq pХКnınНК əsКsən nОПЭ 

Яə nОПЭ ЦəСsЮХХКrının ЭəНqТqТnə КТН ЦöЯгЮХКr РОnТş вОr ЭЮЭЦЮşНЮr. 

AгərЛКвМКnНК вКrıЦФОхТrТМТХər ПТгТФКsı ОХЦТ ТsЭТqКЦəЭТnНə ЭəНqТqКЭХКrК 1λ54-Мü ТХНə, AгərЛКвМКn 

SSR EA-nın FТгТФК-RТвКгТввКЭ İnsЭТЭЮЭЮnНК КФКНОЦТФ H.ε.AЛНЮХКвОЯТn rəСЛərХТвТ ТХə 

ВКrıЦФОхТrТМТХər FТгТФКsı ХКЛorКЭorТвКsınНК sОХОn əsКsХı вКrıЦФОхТrТМТХərТn ЭəНqТqТ ТХə ЛКşХКnЦışНır. İХФ 

ЭəНqТqКЭХКrНК selen p-n ФОхТНХərТnТn ПТгТФТ бКssəХərТ, onХКrК radiaktiv, Rentgen Яə Рörünən Тşıq şüКХКrının 

ЭəsТrТ ЭəНqТq ОНТХЦТşНТr. εüəввən ОНТХЦТşНТr ki, bu şüКХКr sОХОn НüгХənНТrТМТsТnТn elektrik ФОхТrТМТХТвТnТn Яə 

termoelektrik СərəФəЭ qüЯЯəsТnТn ФəsФТn şəФТНə КrЭЦКsınК səЛəЛ oХЮr. BЮ nəЭТМəХər rОnЭРОn НoгТЦОЭrТ,  atom 

ОnОrУТsТnНən ОХОФЭrТФ ОnОrУТsТ ТsЭОСsКХ ОЭЦəФ üхün AЭoЦ ОХОФЭrТФ ЛКЭКrОвКsı Яə ПoЭoЦüqКЯТЦəЭХərТn 

вКrКНıХЦКsını ЦüЦФün ОЭЦТşНТr. 

ГКЦКn ФОхНТФМə FТгТФК-RТвКгТввКЭ İnsЭТЭЮЭЮnНК вКrıЦФОхТrТМТХər ПТгТФКsı üгrə ЭəНqТqКЭХКr РОnТşХənЦТş 

Яə ТnsЭТЭЮЭЮn əsКs ОХЦТ ТsЭТqКЦəЭТnə хОЯrТХЦТşНТr. 1λ60-Мı ТХХərНə КrЭıq İnsЭТЭЮЭЮn 1λ ХКЛorКЭorТвКsınНКn 5-i 

вКrıЦФОхТrТМТ ЦКННəХərТn, НКСК 6 ХКЛorКЭorТвК НК H.ε.AЛНЮХКвОЯХə rКгıХКşНırıХЦış ЦöЯгЮХКrın  ЭəНqТqТ 

ТХə ЦəşğЮХ oХЦЮşХКr. TəНqТqКЭХКrНКn КХınКn nəЭТМəХərТn ОХЦТ Яə ЭəЭЛТqТ МəСəЭНən ЛöвüФ əСəЦТввəЭ ФəsЛ 

ОЭЦəsТ вКХnıг İЭЭТПКq НОвТХ, НünвК КХТЦХərТnТn НТqqəЭТnə səЛəЛ oХЦЮşНЮr. 
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ɏȺɊȺɄɌȿɊɂɋɌɂɄɂ ɗɉɂɌȺɄɋɂȺɅɖɇɕɏ ɋɅɈȿȼ InSb, ȼɕɊȺɓȿɇɇɕɏ 

ɆȿɌɈȾɈɆ ɀɎɗ, Ⱥ ɌȺɄɀȿ p-n и p+-p  ɋɌɊɍɄɌɍɊ ɇȺ ɂɏ ɈɋɇɈȼȿ 

 

ɒ.Ɉ. ɗɆɂɇɈȼ 

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ  
shikhamirem@gmail.com  

 

ɉɪɟɞɫɬɚɜɥɟɧɵ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɨɰɟɧɤɢ ɨɩɬɢɦɚɥɶɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢɫɯɨɞɧɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ ɢɫɬɨɱɧɢɤɚ ɷɩɢɬɚɤɫɢɢ, ɩɨɞɥɨɠɤɢ InSb ɢ ɠɢɞɤɨɮɚɡɧɵɯ ɷɩɢɬɚɤɫɢɚɥɶɧɵɯ ɫɥɨɟɜ 

(ɗɋ) InSb, ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ p-n- ɩɟɪɟɯɨɞɚ ɧɚ ɢɯ ɨɫɧɨɜɟ ɞɥɹ ɂɄ-ɮɨɬɨɞɢɨɞɨɜ ɫ 

ɡɚɞɚɧɧɵɦ ɭɪɨɜɧɟɦ ɮɨɬɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɵɦɢ ɹɜɥɹɸɬɫɹ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɢ ɜ ɨɛɥɚɫɬɹɯ p-n-ɩɟɪɟɯɨɞɚμ 3151021 − cmn ɢ 317101 − cmp ɩɪɢ 77Ʉ, 

ɬɨɥɳɢɧɚ p-ɨɛɥɚɫɬɢ з1ȝm, ɚ n-ɨɛɥɚɫɬɢ -≥160 ȝm.ɍɫɬɚɧɨɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ 

ɩɨɞɜɢɠɧɨɫɬɢ ɞɵɪɨɤ ɜ ɗɋ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ (Cd) ɜ ɪɚɫɬɜɨɪɟ-ɪɚɫɩɥɚɜɟ In-

Sb. ɉɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɤɨɷɮɮɢɰɢɟɧɬɚ Ks ɫɟɝɪɟɝɚɰɢɢ Cd ɜ InSb ɩɪɢ ɀɎɗ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ Ks ɞɥɹ Cd ɜ ɗɋ p-InSb ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɢ (CL) ɜ 

ɪɚɫɬɜɨɪɟ In-Sb. Ks ɜ ɨɛɥɚɫɬɢ ɫɥɚɛɨɝɨ ɥɟɝɢɪɨɜɚɧɢɹ CL<1x1017 ɫɦ-3 ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɥɟɝɢɪɭɸɳɟɣ 

ɩɪɢɦɟɫɢ (Te ɢɥɢ Cd) ɩɨɞɥɨɠɤɢ InSb. ȼ ɨɛɥɚɫɬɢ CL≈1x1017 - 4x1018Мɦ-3 Ks з0.γ0, ɚ ɜ ɨɛɥɚɫɬɢ 

CL≈5x1018 -1x1019 Мɦ-3 Ks~0.25. Ɉɩɢɫɚɧɵ ɦɟɯɚɧɢɡɦɵ ɩɨɜɟɞɟɧɢɹ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ, ɚ ɬɚɤɠɟ 

ɪɚɫɫɟɹɧɢɹ ɞɵɪɨɤ ɜ ɷɩɢɬɚɤɫɢɚɥɶɧɵɯ ɫɥɨɹɯ. ȼ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɞɵɪɨɤ 1ɯ1016-1ɯ1019ɫɦ-3 ɜ 

ɫɥɨɹɯ ɞɟɣɫɬɜɭɟɬ ɫɦɟɲɚɧɧɵɣ ɦɟɯɚɧɢɡɦ ɪɚɫɫɟɹɧɢɹ ɧɚ ɚɤɭɫɬɢɱɟɫɤɢɯ ɮɨɧɨɧɚɯ ɢ ɢɨɧɚɯ ɩɪɢɦɟɫɢ. 

Ɉɩɢɫɚɧɚ ɦɟɬɨɞɢɤɚ ɢɡɝɨɬɨɜɥɟɧɢɹ p+-n-ɮɨɬɨɞɢɨɞɚ ɫ ɧɚɩɪɹɠɟɧɢɟɦ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ з1β0 mV. 

ɂɡɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ȼȺɏ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɮɨɬɨɬɨɤɚ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 

ɨɬ ɬɨɥɳɢɧɵ ɗɋ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ p+-p ɫɬɪɭɤɬɭɪ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɢɯ ɡɚɩɨɪɧɨɦ 

ɜɤɥɸɱɟɧɢɢ ɧɚɩɪɹɠɟɧɢɟ ɩɪɨɛɨɹ ɜ β0-γ0 ɪɚɡ ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢ ɩɪɹɦɨɦ ɜɤɥɸɱɟɧɢɢ. Ⱥɧɨɦɚɥɶɧɨ 

ɪɚɧɧɢɣ ɢɧɠɟɤɰɢɨɧɧɵɣ ɩɪɨɛɨɣ ɫɜɹɡɚɧ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɨɛɥɚɫɬɟɣ n-ɬɢɩɚ ɜ ɩɪɨɰɟɫɫɟ 

ɬɟɪɦɨɤɨɧɜɟɪɫɢɢ ɜ ɪ-ɩɨɞɥɨɠɤɟ ɩɪɢ ɟɟ ɩɟɪɟɝɪɟɜɟ ɜɨ ɜɪɟɦɹ ɷɩɢɬɚɤɫɢɢ. ȼȺɏ ɫɬɪɭɤɬɭɪɵ 

ɨɛɴɹɫɧɟɧɚ ɜ ɪɚɦɤɚɯ ɦɨɞɟɥɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɷɥɟɤɬɪɨɧɧɨ-ɞɵɪɨɱɧɨɣ ɩɥɚɡɦɵ ɩɪɢ ɞɜɨɣɧɨɣ 

ɢɧɠɟɤɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɢ ɞɵɪɨɤ ɜ ɤɪɢɫɬɚɥɥ ɢ ɷɮɮɟɤɬɚ ɲɧɭɪɨɜɚɧɢɹ ɩɥɚɡɦɵ. 
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ɎɈɌɈɉɊɂȿɆɇɂɄɂ ɂɄ-ɂɁɅɍɑȿɇɂə ɇȺ ɈɋɇɈȼȿ ȼȺɊɂɁɈɇɇɕɏ 

ɗɉɂɌȺɄɋɂȺɅɖɇɕɏ ɋɅɈȿȼ HgCdTe 

 

ɒ.Ɉ. ɗɆɂɇɈȼ  
ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ   

shikhamirem@gmail.com 

 

  ɉɪɟɞɫɬɚɜɥɟɧɨ ɨɩɢɫɚɧɢɟ ɢ ɦɟɬɨɞɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɬɨɩɪɢɟɦɧɢɤɨɜ ɂɄ ɢɡɥɭɱɟɧɢɹ ɧɚ 

ɨɫɧɨɜɟ ɜɚɪɢɡɨɧɧɵɯ ɷɩɢɬɚɤɫɢɚɥɶɧɵɯ ɫɬɪɭɤɬɭɪ (ɗɋ) ɢɡ HgCdTe, ɜɵɪɚɳɟɧɧɵɯ ɦɟɬɨɞɨɦ 

ɠɢɞɤɨɮɚɡɧɨɣ ɷɩɢɬɚɤɫɢɢ. Ⱥɪɯɢɬɟɤɬɭɪɚ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɩɪɢɧɰɢɩɵ ɞɟɣɫɬɜɢɹ ɷɬɢɯ ɭɫɬɪɨɣɫɬɜ ɢ 

ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɚɦɢ  ɨɫɧɨɜɚɧɵ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɚɪɢɡɨɧɧɨɝɨ ɩɪɨɮɢɥɹ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɚ ɷɩɢɬɚɤɫɢɚɥɶɧɵɯ ɫɥɨɟɜ HgCdTe ɩɨ ɢɯ ɬɨɥɳɢɧɟ, ɷɮɮɟɤɬɚ 

ɤɜɚɡɢɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɮɨɪɦɢɪɭɸɳɟɝɨɫɹ ɜ ɬɚɤɢɯ ɫɬɪɭɤɬɭɪɚɯ, ɧɚ ɢɞɟɧɬɢɱɧɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ 

ɪɟɲɟɬɨɤ ɩɨɞɥɨɠɤɢ ɢ ɗɋ, ɚ ɬɚɤɠɟ ɧɚ ɢɡɨɥɹɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜɚɯ ɩɨɞɥɨɠɤɢ CdZnTe. Ʉɨɧɫɬɪɭɤɰɢɹ 

ɮɨɬɨɩɪɢɟɦɧɨɣ ɉɁɂ ɦɚɬɪɢɰɵ (Ɋɢɫ1), ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ ɋdZnTe 

ɫɨɡɞɚɸɬɫɹ ɭɡɤɢɟ ɤɚɧɚɜɤɢ, ɜ ɤɨɬɨɪɵɯ ɦɟɬɨɞɨɦ ɀɎɗ ɜɵɪɚɳɢɜɚɸɬɫɹ ɫɥɨɢ HgCdTe, ɚ ɧɚɞ ɧɢɦɢ 

ɫɨɡɞɚɸɬɫɹ ɆȾɉ ɹɱɟɣɤɢ. 

ɂɄ-ɮɨɬɨɩɪɢɟɦɧɢɤ ɫ ɬɪɟɦɹ ɫɩɟɤɬɪɚɥɶɧɵɦɢ ɮɨɬɨɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɤɚɧɚɥɚɦɢ (Ɋɢɫ.β) ɫ 

ɞɢɫɤɪɟɬɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɜɞɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ ɷɩɢɬɚɤɫɢɚɥɶɧɨɝɨ ɫɥɨɹ 

ɢɫɩɨɥɧɟɧ ɜ ɜɢɞɟ ɉɁɋ ɢ ɨɫɧɨɜɚɧ ɧɚ ɮɨɬɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɜɚɪɢɡɨɧɧɵɯ ɷɩɢɬɚɤɫɢɚɥɶɧɵɯ ɫɥɨɹɯ, 

ɜɵɪɚɳɟɧɧɵɯ ɦɟɬɨɞɨɦ ɀɎɗ ɧɚ ɩɨɞɥɨɠɤɟ CdZnTe, ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɬɨɪɨɣ ɢɡɝɨɬɨɜɥɟɧɵ ɬɪɢ 

ɫɬɭɩɟɧɶɤɢ.   

 

               

 Ɋɢɫ 1. Ɇɚɬɪɢɱɧɵɣ ɉɁɂ ɮɨɬɨɩɪɢɟɦɧɢɤ   Ɋɢɫ.β. Ɍɪɟɯɤɚɧɚɥɶɧɵɣ ɂɄ- ɮɨɬɨɩɪɢɟɦɧɢɤ 
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ɈɋɈȻȿɇɇɈɋɌɂ ɗɅȿɄɌɊɈɏɂɆɂɑȿɋɄɈȽɈ ɋɂɇɌȿɁȺ ɉɈɊɂɋɌɕɏ ɋɌɊɍɄɌɍɊ 

ɇȺ ɈɋɇɈȼȿ ɇȺɇɈɋɌɊɍɄɌɍɊɂɊɈȼȺɇɇɈȽɈ ȺɇɈȾɇɈȽɈ ɈɄɋɂȾȺ 

ȺɅɘɆɂɇɂə ȾɅə ɋɈɅɇȿɑɇɕɏ əɑȿȿɄ 

 

ɒ.Ɉ. ɗɆɂɇɈȼ, ɏ.Ⱦ. ȾɀȺɅɂɅɈȼȺ, ɂ.ɋ. ȽȺɋȺɇɈȼ, ɇ.Ⱦ. ɂɋɆȺɂɅɈȼ, 

Ⱥ.Ⱥ. ɊȺȾɀȺȻɅɂ, Ⱦ.Ⱥ. ȽɍɅɂȿȼ, Ƚ.ɏ. ɆȺɆȿȾɈȼȺ, ɂ.ɂ. ȽɍɊȻȺɇɈȼ, Ⱥ.Ⱥ. ȺɅɂȿȼ 

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, 
AZ 114γ, ɉɪ. Ƚ. Ⱦɠɚɜɢɞɚ, 1γγ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 

shikhamirem@gmail.com 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɟɬɨɞɢɤ   ɩɨɥɭɱɟɧɢɹ 

ɩɨɪɢɫɬɨɣ ɦɚɬɪɢɰɵ ɢɡ ɚɧɨɞɧɨɝɨ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ (ȺɈȺ) ɢ ɢɡɭɱɟɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɟɟ 

ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɝɟɬɟɪɨɫɬɪɭɤɬɭɪ CdS/CdTe ɞɥɹ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɚɤɤɭɦɭɥɹɰɢɢ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ.  

Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ITO/ CdS/CНTО, ɜ ɤɨɬɨɪɨɣ CНS 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɪɬɢɤɚɥɶɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɧɚɧɨɫɬɨɥɛɢɤɢ, ɜɵɪɚɳɟɧɧɵɟ ɜ ɩɨɪɚɯ ȺɈȺ, 

ɚ ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ ɧɢɦɢ ɡɚɩɨɥɧɟɧɨ CdTe . 

ɉɪɨɜɟɞɟɧ ɪɹɞ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɢɤ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɥɨɟɜ ITO, 

ɚɥɸɦɢɧɢɹ, ȺɈȺ, ɚ ɬɚɤɠɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢɹ ɬɨɧɤɢɯ ɫɥɨɟɜ CdS, ɤɚɤ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɶ ITτ, ɬɚɤ ɢ ɜɨɜɧɭɬɪɶ ɩɨɪ ȺɈȺ.  

ɉɥɟɧɤɢ ITO ɢ ɚɥɸɦɢɧɢɹ ɧɚɧɨɫɢɥɢɫɶ ɧɚ ɫɬɟɤɥɹɧɧɵɟ ɩɥɚɫɬɢɧɵ ɦɟɬɨɞɨɦ ɪɟɚɤɬɢɜɧɨɝɨ 

ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɧɚ ɭɫɬɚɧɨɜɤɟ Г-550 Leybold-Heraouz 

.ɇɚɧɨɫɬɪɭɤɬɭɪɚ ȺɈȺ ɬɨɥɳɢɧɨɣ β00-400 ɧɦ ɩɨɥɭɱɚɥɚɫɶ ɚɧɨɞɧɵɦ ɨɤɢɫɥɟɧɢɟɦ Al  ɜ 4%-ɧɨɦ  

ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɳɚɜɟɥɟɜɨɣ ɤɢɫɥɨɬɵ ɩɪɢ 0-1°C ɜ ɞɜɭɯɷɥɟɤɬɪɨɞɧɨɣ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɹɱɟɣɤɟ. 

Ɉɫɚɠɞɟɧɢɟ CdS ɩɪɨɜɨɞɢɥɨɫɶ ɢɡ ɛɟɡɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ ɷɬɢɥɟɧɝɥɢɤɨɥɹ, ɫɨɞɟɪɠɚɳɟɝɨ 

0.βɆ CdCl2, 0.0βɆ S8, 0.1ɆNH4Cl ɩɪɢ Ɍ=1000C.  Ɏɨɪɦɢɪɨɜɚɧɢɟ   CdTe ɩɪɨɜɨɞɢɥɨɫɶ ɥɢɛɨ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɨɫɚɠɞɟɧɢɟɦ, ɥɢɛɨ ɦɟɬɨɞɨɦ "close-spaɫed sublimation''.  

ɂɫɫɥɟɞɨɜɚɥɢɫɶ ɦɨɪɮɨɥɨɝɢɹ ɩɨɜɟɪɯɧɨɫɬɢ, EDX, ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɢ ɞɢɮɪɚɤɬɨɝɪɚɦɦɚ 

ɬɨɧɤɢɯ ɩɥɟɧɨɤ CdS, ɧɚɧɟɫɟɧɧɵɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɨɫɚɠɞɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ITO.  

ȼɵɹɜɥɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɫɬɪɭɤɬɭɪɧɵɯ, ɨɩɬɢɱɟɫɤɢɯ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɬɪɭɤɬɭɪ.  

ɉɪɟɞɫɬɚɜɥɟɧɵ ɨɩɢɫɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɦɟɬɨɞ ɪɟɚɥɢɡɚɰɢɢ ɧɨɜɨɝɨ ɝɢɛɪɢɞɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, 

ɫɨɜɦɟɳɚɸɳɟɝɨ ɮɨɬɨɜɨɥɶɬɚɢɱɟɫɤɭɸ ɫɨɥɧɟɱɧɭɸ ɹɱɟɣɤɭ ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ 

ɝɟɬɟɪɨɩɟɪɟɯɨɞɚ CdS/CdTe ɢ ɫɭɩɟɪɤɨɧɞɟɧɫɚɬɨɪɚ ɧɚ ɨɫɧɨɜɟ NiO, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɨɛɳɟɣ ɩɪɨɡɪɚɱɧɨɣ ɫɬɟɤɥɹɧɧɨɣ ɩɨɞɥɨɠɤɢ, ɩɨɤɪɵɬɨɣ ITτ. 
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Agarose is one of two main constituents of agar and is generallyextracted from seaweed. Once 

the agar hasbeen processed, the agarose is in the form of a dry powder. It isthen dissolved in an 

aqueous solution >85◦C, causing the chainsto degrade [1,2]. The basic agarobiose repeat unit forms 

long chains with an average molecular mass of 120000 daltons , representing about 400 agarobiose 

units [4,5]. Our agarose (we use the agarose of CONDA company) forms as gel at 0.15% 

consentration. That is why for viscosity measurements and to determine intrinsinc viscosity we used 

the consentration of agarose – 0.01%, .025%, 0.05%, 0.07%, 0.09%. Viscosity is a measure of the 

resistance of a fluid which is being deformed by either shear stress or tensile stress.  

In this work intrinsic viscosity will be equal to [η]= 8.48 mL/g. From the graphyc we can see that 

after 0.07% consentration of agarose there occurs structuration. 

 

Figure 1. The dependence of reduced viscosity on the concentration 

 

Intrinsic viscosity creates an additional loss of energy as the macromolecules turn into a solution 

when the solution flows, as a result of interaction with water. It also shows itself in intrinsic viscosity 

(Eq.3). If the quality of temperature of solvent (A2) increase with increasing of temperature intrinsic 

viscosity increase too. 

[1] M. Andersson, Characterisation of Chromatography Media Aimed for Purification of 

Biomolecules, Uppsala Universitet, 2014 

[2] Y. Mu, A. Lyddiatt, A.W. Pacek, Manufacture by water/oil emulsification ofporous agarose 

beads:effect of processing conditions on mean particle size, distribution and mechanical 

properties, Chem. Eng. Process. ProcessIntensif. 44 (10) (2005) 1157–1166 

[3] C. Rochas, and M. Lahaye, (1989) Carbohydrate Polymers 10: 289-298. 

[4] A.W. Adamson, (1976) Physical Chemistry of Surfaces, John Wiley & Sons 
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Ca(AlxGa1-x)2S4:Eu2+ BƏRK MƏHLULLARININ LоMİNESSENSİВA БASSƏLƏRİ 

 

E.Q. ƏSƏDOV1, B.H. TAĞIВEV2, T.Ş. İBRAHİMOVA1, K.O. TAĞIВEV3 
1AгərЛКвМКЧ MТХХТ EХЦХər AФКНОЦТвКsı, FТгТФК İЧsЭТЭЮЭЮ 

2 MТХХТ AЯТКsТвК AФКНОЦТвКsı 
3 AгərЛКвМКЧ MТХХТ EХЦХər AФКНОЦТвКsı KКЭКХТг Яə qОвrТ-üгЯТ 

Kimya İЧsЭТЭЮЭЮ 

elsenesedeov@gmail.com 

 

 

σКНТr ЭorpКq ОХОЦОnЭХərТ ТХə КФЭТЯХəşНТrТХЦТş, üЦЮЦТ ПorЦЮХЮ II-III2-VI4 olan CaGa2S4 

ЛТrХəşЦəsТnТn ХüЦТnОssОnsТвК бКssəХərТ Лü Рünə ФТЦТ ФТПКвəЭ qəНər öвrənТХЦТşНТrД1Ж. εəХЮmdur ki, bu 

ЛТrХəşЦəХər вüФsəФ ОППОФЭТЯХТ ХüЦТnОssОnЭ ЦКЭОrТКХ ФТЦТ ТşıqХКnНırЦК ЭОбnoХoРТвКХКrınНК, ЛərФ МТsТЦ 

ОХОФЭronТФКsınНК, ЦüКsТr НöЯrНə ЛöвüФ ЭəХəЛКЭК ЦКХТФ Кğ Тşıq НТoНХКrının вКrКНıХЦКsınНК Яə.s 

sКСəХərНə ЮğЮrХК ЭəЭЛТq oХЮnЮrХКr. Son гКЦКnХКrНК ЛЮ ЭТp ЛТrХəşЦəХərə əХКЯə ФКЭТonЮn НКбТХ oХЮnЦКsı 

ТХə НКСК ОППОФЭТЯ ХüЦТnoПorХКrın КХınЦКsı КФЭЮКХНır. BЮ ТşНə CКGК2S4 ЛТrХəşЦəsТnНə GК ОХОЦnЭТnТn 

qТsЦən AХ ОХОЦОnЭТ ТХə əЯəг oХЮnЦКsınНКn КХınКn ЛərФ ЦəСХЮХХКrın ПoЭoХüЦТnОssОnsТвК(Fδ) Яə 

ЭОrЦoХüЦТnОssОnsТвК(Tδ) бКssəХərТ ЭəНqТq ОНТХЦТşНТr. Ca(AlxGa1-x)2S4:Eu2+ ЛərФ ЦəСХЮХХКrınНК AХ 

ОХОЦОnЭТnТn ЦТqНКrı КrЭНıqМК ПoЭoХüЦТnОssОnsТвК spОФЭrХərТ qısК НКХğКХКrК ЭərəП 44nЦ sürüşür. 

Temperatur 10-γ00K  ТnЭОrЯКХınНК НəвТşНТФНə Fδ spОФЭrХərТnНə ЦКФsТЦЮЦХКrın вОrТ ЭОЦpОraturdan 

КsıХı oХКrКq НəвТşЦТr ТnЭОqrКХ ТnЭОnsТЯХТвТn qТвЦəЭТnНə Тsə γ0% КгКХЦК ЦüşКСТНə oХЮnЮr. HəЦхТnТn  

Ca(AlxGa1-x)2S4:Eu2+ ЛərФ ЦəСХЮХХКrınНК бКrТМТ СəвКМКnХКnНırıМı ЦənЛənТn РüМ sıбХığının γ,5·102 – 

1,4·106 Vt/sm2 РОnТş ТnЭОrЯКХınНК Fδ-nın ОППОФЭТЯХТвТ Яə ФТnОЭФКsınК ЛКбıХЦışНır. Ca(AlxGa1-x)2S4:Eu2+ 

ЛərФ ЦəСХЮХХКrının qКНКğКn oХЮnЦЮş гonКsınНК ЦöЯМЮН oХКn ЭəХə səЯТввəХərТnТn ЭəвТn ОЭЦəФ üхün 

ЭОrЦoХüЦТnОssОnsТвК öХхЦəХərТ КpКrıХЦışНır. AХ ТonХКrı GК ТonХКrı ТХə əЯəг ОНТХНТФМə, Tδ spОФЭrХərТnНə 

əХКЯə ЭəХə səЯТввəХərТ вКrКnır ЛЮnЮ ФrТsЭКХın qıгНırıХЦКsı гКЦКnı ЭОrЦoХüЦТnОssОnsТвК (Tδ) 

əвrТХərТnНə вОnТ ЦКФsТЦЮЦХКrın вКrКnЦКsı ТХə ТгКС ОНТrТФ. TəХə səЯТввəХərТ ХüЦТnОssОnsТвКnın 

НКЯКЦХıХıq ЦüННəЭТnə ЦüСüЦ ЭəsТr ОЭНТвТnНən Tδ spОФЭrХərТnə ЮвğЮn ЭəХə НərТnХТФХərТ, tezlik faktoru 

Яə ЭəХəХərТn ЭЮЭЦК ФəsТвТnТ СОsКЛХКЦışıq. QОвН ОНəФ ФТ, ЭəХəХər ЭЮЭЦК ФəsТвТnТn qТвЦəЭХərТnə Рörə üх 

qrЮpК ЛöХünürХərμ МəгЛОНТМТ ЦərФəгХər(10-15 – 10-12sm2), nОвЭrКХ ЦərФəгХər(10-18–10-15sm2) Яə 

ТЭəХəвТМТ ЦərФəгХər(10-19–10-22sm2). HesКЛХКЦışıq ФТ, Ca(AlxGa1-x)2S4:Eu2+ ЛərФ ЦəСХЮХХКrının 

ЭəХəХərНə ЭЮЭЦК ФəsТвТ 10-18 – 10-17sm2 ТnЭОrЯКХınНК вОrХəşТrХər ФТ, ЛЮ НК nОвЭrКХ ЦərФəгХərə ЮвğЮn РəХТr.  

BЮ Тş AгərЛКвМКn RОspЮЛХТФКsının PrОгТНОnЭТ вКnınНК EХЦТn İnФТşКПı FonНЮnЮn ЦКХТввə вКrНıЦı 

ilə вОrТnə вОЭЭrТХЦТşНТr QrКnЭ №  EİF-BGM-3-BRFTF-2+/2017-15/01/1 

 

[1] A.N. Georgobiani, B.G. Tagiev, O.B. Tagiev, B.M. Izzatov. The photoluminescence of CaGa2S4 

and CaIn2S4 doped with rare-earth elements //Cryst.Res. Techn., 1996, 31, pp.849-852. 
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ɎɍɊɖȿ- ɂɄ ɋɉȿɄɌɊɕ ɈɌɊȺɀȿɇɂə ɂ ɈɉɌɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ  

γ-ɈȻɅɍɑȿɇɇɈȽɈ ɋɍɅɖɎɂȾȺ ȽȺɅɅɂə 

 

ɇ.ɇ. ȽȺȾɀɂȿȼȺ, Ɋ.ɋ. ɆȺȾȺɌɈȼ, Ɏ.Ƚ. ȺɋȺȾɈȼ  
ɂɧɫɬɢɬɭɬ ɪɚɞɢɚɰɢɨɧɧɵɯ ɩɪɨɛɥɟɦ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, 

AZ 114γ, Ȼɚɤɭ, ɭɥ. ȼɚɝɚɛɡɚɞɟ 9, Ⱥɡɟɪɛɚɣɞɠɚɧ 

nushaba6@mail.ru 

 

ɋɥɨɢɫɬɵɟ ɦɨɧɨɤɪɢɫɬɚɥɥɵ ɫɭɥɶɮɢɞɚ ɝɚɥɥɢɹ (GКS) ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ 

ɞɥɹ ɞɟɬɟɤɬɨɪɨɜ ɢɡɥɭɱɟɧɢɣ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ. ɇɚ ɢɯ ɨɫɧɨɜɟ ɢɡɝɨɬɨɜɥɹɸɬɫɹ  ɪɚɞɢɚɰɢɨɧɧɵɟ 

ɞɟɬɟɤɬɨɪɵ ɝɚɦɦɚ-ɤɜɚɧɬɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ .ɇɚɦɢ ɜɩɟɪɜɵɟ 

ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ  ɢ  ɚɧɚɥɢɡɢɪɨɜɚɥɢɫɶ ɪɚɞɢɚɰɢɨɧɧɵɟ ɷɮɮɟɤɬɵ ɢ ɪɚɞɢɚɰɢɨɧɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ 

ɫɬɪɭɤɬɭɪɵ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɝɚɦɦɚ-ɨɛɥɭɱɟɧɢɟɦ  ɜ ɷɬɢɯ ɤɪɢɫɬɚɥɥɚɯ ɦɟɬɨɞɚɦɢ ɤɨɥɟɛɚɬɟɥɶɧɨɣ 

(Ɏɭɪɶɟ- ɂɄ ɢ Ɏɭɪɶɟ-Ɋɚɦɚɧ) ɫɩɟɤɬɪɨɫɤɨɩɢɢ .ɗɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɚɠɧɵ ɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɨɫɨɛɵɣ 

ɢɧɬɟɪɟɫ  ɫ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɫɬɨɣɤɨɫɬɢ  ɦɚɬɟɪɢɚɥɨɜ ɜ ɭɫɥɨɜɢɹɯ 

ɜɨɡɞɟɣɫɬɜɢɹ ɢɨɧɢɡɢɪɭɸɳɢɯ ɢɡɥɭɱɟɧɢɣ.        

Ɇɨɧɨɤɪɢɫɬɚɥɥɵ GКS ɛɵɥɢ ɜɵɪɚɳɟɧɵ ɦɟɬɨɞɨɦ Ȼɪɢɞɠɦɟɧɚ. Ɏɭɪɶɟ- ɂɄ ɫɩɟɤɬɪɵ ɨɬɪɚɠɟɧɢɹ 

ɢ ɩɨɝɥɨɳɟɧɢɹ ɨɛɪɚɡɰɨɜ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ ɧɚ ɫɩɟɤɬɪɨɦɟɬɪɟ FTIR VКrТКn γ600 ɜ ɨɛɥɚɫɬɢ ɱɚɫɬɨɬ 

Ȟ= 400-100 ɫɦ-1 ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɵ 

ɨɫɨɛɟɧɧɨɫɬɢ Ɏɭɪɶɟ-ɂɄ ɫɩɟɤɬɪɨɜ ɨɬɪɚɠɟɧɢɹ Ȗ-ɨɛɥɭɱɟɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ GКS ɜ ɨɛɥɚɫɬɢ 

ɩɨɝɥɨɳɟɧɧɵɯ ɞɨɡ ɎȖ=γ0-β00 ɤɪɚɞ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɨɥɭɱɟɧɵ ɢ ɢɡɭɱɟɧɵ 

ɞɢɫɩɟɪɫɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɪɟɚɥɶɧɨɣ İ1 (Ȟ) =n2-k2 ɢ ɦɧɢɦɨɣ İ2 (Ȟ)=βnФ ɱɚɫɬɟɣ 

ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ, ɮɭɧɤɰɢɢ   IЦ İ-1(Ȟ)=İ1
2/(İ1

2 +İ2
2), ɚ ɬɚɤɠɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɩɨɝɥɨɳɟɧɢɹ n (Ȟ)  ɢ ɩɪɟɥɨɦɥɟɧɢɹ  Ф (Ȟ)   ɞɥɹ ɢɫɯɨɞɧɵɯ  ɢ Ȗ-ɨɛɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ  GКS.  

Ɋɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɜɥɢɹɧɢɟ Ȗ-ɤɜɚɧɬɨɜ ɧɚ ɨɩɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɷɬɢɯ ɤɪɢɫɬɚɥɥɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ, 

ɱɬɨ ɩɪɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɦɚɥɵɯ ɞɨɡɚɯ γ0≤ɎȖ≤100 ɤɪɚɞ ɤɪɢɫɬɚɥɥɵ ɫɭɥɶɮɢɞɚ ɝɚɥɥɢɹ ɹɜɥɹɸɬɫɹ 

ɪɚɞɢɚɰɢɨɧɧɨ-ɫɬɨɣɤɢɦɢ, ɚ ɩɪɢ ɞɨɡɚɯ ɎȖ≥100 Ʉɪɚɞ - ɧɟ ɪɚɞɢɚɰɢɨɧɧɨ-ɫɬɨɣɤɢɦɢ.        
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ɇɂɁɄɈɌȿɆɉȿɊȺɌɍɊɇȺə ɌȿɉɅɈȿɆɄɈɋɌɖ, ɌȿɆɉȿɊȺɌɍɊȺ ȾȿȻȺə, ɎȺɁɈȼɕɃ 

ɉȿɊȿɏɈȾ ɂ ɗɇɌɊɈɉɂə ȼ ɄɊɂɋɌȺɅɅȺɏ TlTe 

 

Ⱥ.Ɇ. ȺȻȾɍɅɅȺȿȼ, ɗ.Ɇ. ɄȿɊɂɆɈȼȺ, ɇ.Ɂ. ȽȺɋȺɇɈȼ, ɒ.Ⱦɠ. ȺɅɂɁȺȾȿ, 
ɋ.ɋ. ȺȻȾɂɇȻȿɄɈȼ, Ⱥ.Ʉ. ɁȺɆȺɇɈȼȺ 

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇɚɰɢɨɧɚɥɶɧɨɣ Ⱥɤɚɞɟɦɢɢ ɇɚɭɤ Ⱥɡɟɪɛɚɣɞɠɚɧɚ,  
Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ, AZ-114γ, ɩɪ. Ƚ. Ⱦɠɚɜɢɞɚ, 1γ1 

ngasanov@yandex.ru 

 

Ɍɟɩɥɨɟɦɤɨɫɬɶ TlTe ɢɫɫɥɟɞɨɜɚɧɚ ɜ ɢɧɬɟɪɜɚɥɟ β-γ00Ʉ ɧɚ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ 

ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɟ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 

TlTe ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ AIIIBVI. ɍɠɟ ɩɪɢ 

150K ܥ�ሺܶሻ ɞɨɫɬɢɝɚɟɬ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ܥ� = ͸ܴ = ͷͲ C୫୭୪∙୏, ɱɬɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɜɹɡɚɧɨ 

ɫ ɛɨɥɟɟ ɫɢɥɶɧɵɦ ɡɚɬɭɯɚɧɢɟɦ ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɱɟɦ ɜ ɞɪɭɝɢɯ ɫɨɟɞɢɧɟɧɢɹɯ 

ɯɚɥɶɤɨɝɟɧɢɞɨɜ ɬɚɥɥɢɹ. 

Ɂɚɜɢɫɢɦɨɫɬɶ ܥ�ሺܶሻ ɨɛɧɚɪɭɠɢɜɚɟɬ ɜ ɢɧɬɟɪɜɚɥɟ 160–180Ʉ ɚɧɨɦɚɥɢɸ, ɭɤɚɡɵɜɚɸɳɭɸ ɧɚ 

ɧɚɥɢɱɢɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɧɨɦɚɥɢɢ ɧɚɯɨɞɢɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

�ܶ ≈ ͳ͹ʹK. Ɉɩɪɟɞɟɥɟɧɵ ɢɡɦɟɧɟɧɢɹ ∆ܳ ቀͳͷ.9 ୎୫୭୪ቁ ɷɧɟɪɝɢɢ ɢ ∆ܵ ቀͲ.Ͳ9 ୎୫୭୪∙୏ቁ ɷɧɬɪɨɩɢɢ 

ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ. Ɇɚɥɚɹ ɜɟɥɢɱɢɧɚ 
Δௌோ =Ͳ.Ͳͳ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɷɬɨɬ ɩɟɪɟɯɨɞ ɨɬɧɨɫɢɬɫɹ ɤ ɩɟɪɟɯɨɞɚɦ ɬɢɩɚ ɫɦɟɳɟɧɢɹ. ɉɨɜɟɞɟɧɢɟ 

ɚɧɨɦɚɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜɛɥɢɡɢ �ܶ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɨɩɢɫɵɜɚɟɬɫɹ ɬɟɨɪɢɟɣ ɮɚɡɨɜɵɯ 

ɩɟɪɟɯɨɞɨɜ Ʌɚɧɞɚɭ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɬɟɩɥɨɟɦɤɨɫɬɢ ɨɩɪɟɞɟɥɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ Ⱦɟɛɚɹ �� ሺ≈ ͳͲ͹Kሻ. Ɋɚɫɫɱɢɬɚɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ ɷɧɬɪɨɩɢɢ. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɪɚɡɥɢɱɧɵɯ 

ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɩɨɞɯɨɞɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɨɩɢɫɚɧɢɹ ɪɟɲɟɬɨɱɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ. 
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ɈɉɌɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ɌȼȿɊȾɕɏ ɊȺɋɌȼɈɊɈȼ (TХGКSО2)ɯ(TlInS2)1-ɯ 

 

ɇ.Ɂ. ȽȺɋȺɇɈȼ, ɗ.Ɇ. ɄȿɊɂɆɈȼȺ, Ⱥ.ɂ. ȽȺɋȺɇɈȼ, Ʉ.Ɇ. ȽɍɋȿɃɇɈȼȺ 

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇɚɰɢɨɧɚɥɶɧɨɣ Ⱥɤɚɞɟɦɢɢ ɇɚɭɤ Ⱥɡɟɪɛɚɣɞɠɚɧɚ,  
Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ, AZ-114γ, ɩɪ. Ƚ. Ⱦɠɚɜɢɞɚ, 1γ1 

ngasanov@yandex.ru 

 

Ɉɛɪɚɡɰɵ ɞɥɹ ɢɡɭɱɟɧɢɹ ɫɩɟɤɬɪɨɜ ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɬɜɟɪɞɵɯ 

ɪɚɫɬɜɨɪɨɜ (TlGaSe2)ɯ(TlInS2)1-ɯ (ɯ=0ν 0,1ν 0,2; 0,4; 0,6; 0,8; 1) ɫɤɚɥɵɜɚɥɢɫɶ ɨɬ 

ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɥɢɬɤɚ ɢ ɢɦɟɥɢ ɮɨɪɦɭ ɬɨɧɤɢɯ ɩɥɚɫɬɢɧɨɤ ɫ ɬɨɥɳɢɧɨɣ 20÷100ɦɤɦ. ɋɜɟɬ 

ɧɚɩɪɚɜɥɹɥɫɹ ɧɚ ɨɛɪɚɡɰɵ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɫɥɨɹɦ (ɩɚɪɚɥɥɟɥɶɧɨ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɨɫɢ ɫ). 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɫɩɟɤɬɪɨɜ ɨɩɬɢɱɟɫɤɨɝɨ ɩɪɨɩɭɫɤɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ 

ɩɪɢ ɩɨɦɨɳɢ ɚɡɨɬɧɨɝɨ ɤɪɢɨɫɬɚɬɚ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɢɧɬɟɪɜɚɥɟ 

77γ00Ʉ (ɬɨɱɧɨɫɬɶ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɨɫɬɚɜɥɹɥɚ 0,5Ʉ). ȼ ɤɚɱɟɫɬɜɟ ɦɨɧɨɯɪɨɦɚɬɨɪɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 

ɆȾɊ-23, ɩɪɢɟɦɧɢɤɚ ɢɡɥɭɱɟɧɢɹ - Ɏɗɍ-100. Ɋɚɡɪɟɲɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ɛɵɥɨ ɧɟ ɯɭɠɟ βй. 

ɋɩɟɤɬɪɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ (αСȞ)2 ɨɬ ɷɧɟɪɝɢɢ ɮɨɬɨɧɚ ɢɦɟɸɬ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɟ 

ɩɪɹɦɨɥɢɧɟɣɧɵɟ ɭɱɚɫɬɤɢ, ɱɬɨ (ɤɚɤ ɢ ɪɟɧɬɝɟɧɨɜɫɤɢɟ ɞɚɧɧɵɟ) ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɪɚɜɧɨɜɟɫɧɨɫɬɢ 

ɜɵɪɚɳɟɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ. Шɢɪɢɧɭ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ Eg ɞɥɹ ɤɪɢɫɬɚɥɥɨɜ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ 

(TlGaSe2)ɯ(TlInS2)1-ɯ ɨɩɪɟɞɟɥɹɥɢ ɷɤɫɬɪɚɩɨɥɹɰɢɟɣ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ ɡɚɜɢɫɢɦɨɫɬɢ (αСȞ)2 

ɨɬ ɷɧɟɪɝɢɢ ɮɨɬɨɧɚ СȞ ɞɨ ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɨɫɶɸ ɚɛɫɰɢɫɫ. Ɋɚɫɫɱɢɬɚɧɵ ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɣ Eg ɞɥɹ ɜɫɟɯ 

ɢɡɭɱɟɧɧɵɯ ɫɨɫɬɚɜɨɜ (TlGaSe2)ɯ(TlInS2)1-ɯ. 

ɉɨɥɨɠɟɧɢɟ ɤɪɚɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ TlGaSe2 ɢ TlInS2 

ɜ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɚɯ (TХGКSО2)ɯ(TlInS2)1-ɯ. ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ TlGaSe2 ɜ 

ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɚɯ ɩɪɨɢɫɯɨɞɢɬ ɧɢɡɤɨɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɫɦɟɳɟɧɢɟ ɤɪɚɹ ɨɩɬɢɱɟɫɤɨɝɨ 

ɩɪɨɩɭɫɤɚɧɢɹ. ɉɪɢ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (150Ʉ) ɡɧɚɱɟɧɢɟ ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɧɚ γβ-1β7ɦɷȼ ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɢɡɜɟɫɬɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ 

ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɨɟɞɢɧɟɧɢɣ TХGКSО2 ɢ TХInS2. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɤɪɢɫɬɚɥɥɨɜ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ 

(TlGaSe2)ɯ(TlInS2)1-ɯ ɢɦɟɸɬ ɜɢɞ, ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɫɥɨɠɧɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɫ 

ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ Eg ɜɨɡɪɚɫɬɚɟɬ. 

Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ Eg ɞɥɹ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ (TХGКSО2)ɯ(TlInS2)1-ɯ ɩɪɢ 150 ɢ 

γ00K ɢɦɟɟɬ ɧɟɥɢɧɟɣɧɵɣ ɜɢɞ ɜ ɞɢɚɩɚɡɨɧɟ 0 ξ б ξ 1. 
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ГnSО ЦonoФrТsЭКХı AIIBVI вКrıЦФОхТrТМТ ЛТrХəşЦəХər qrЮpЮnК НКбТХНТr . QКг НКşıвıМıХКrı üsЮХЮ ТХə 

КХınЦışНır, ПəгК sТЦЦОЭrвК qrЮpЮ (4γЦ)-НТr.GОnТş qКНКğКn oХЦЮş гonКsı  ЯКr Яə ФТПКвəЭ qəНər 

öвrənТХЦТşНТr.ВКrıЦФОхТrТМТХər ОХОФЭronТФКsının МТСКг СКгırХКnЦКsı sОФЭorЮnНК ГnSО, РОnТş ЭəЭЛТqə 

ЦКХТФНТr. εəХЮЦНЮr ФТ, ГnSО –Нən opЭТФ МТСКгХКr, prТгЦКХКr, РüгРüХər СКгırХКnır. БüsЮsТ opЭТФ 

sТsЭОЦХərНə Яə Cτ2 ХКгОrХərТnНə spОФЭrТn Рörünən Яə ТnПrКqırЦıгı oЛХКsЭХКrınНК (0,55-ββЦФЦ) ТşХəвən 

МТСКгХКr СКгırХКnır. SТnq бКХФoqОn qrЮpЮnК ЦənsЮЛ ФrТsЭКХХКrНК, oЭКq ЭОЦpОrКЭЮrЮnНК, вüФsəФ ЭəгвТq 

КХЭınНК, ПКгК ФОхТНХərТ ЦüşКСТНə oХЮnЮr. AIIBVI ЭТpХТ ЛТrХəşЦəХərНə вüФsəФ ЭəгвТqХТ ПКгК ФОхТНХərТ, 

СəМЦТn Д1Ж Яə ОХОФЭrТФ ЦüqКЯТЦəЭТnТnДβ,γЖ НəвТşЦəsТ ТХə ЛКş ЯОrТr. 14GPК-НКn ЛöвüФ ЭəгвТqХərНə, 

SТnq бКФФoqОn ЛТrХəşЦəХərТ CsМХ ЭТpХТ qЮrЮХЮşК ФОхТr. σüЦЮnənТn oЭКq ЭОЦpОrКЭЮrЮНКФı бüsЮsТ 

ЦüqКЯТЦəЭТ ƍ=107 om.sm-НТr, sКrı rənРХТНТr, ТşığК СəssКsНır.EХОФЭrТФ СərəФəЭ qüЯЯəsТnТn ТşКrəsТnə 

Рörə ФОхТrТМТХТвТn n-ЭТp oХНЮğЮ Цüəввən oХЮnЦЮşНЮr. HКгırФı ТşНə вüФsəФ СТНrosЭКЭТФ ЭəгвТq КХЭınНК 

(0,λGPК) Яə oЭКq ЭОЦpОrКЭЮrЮnНК, ГnSО ЦonoФrТsЭКХının ЦüбЭəХТП ТsЭТqКЦəЭХərНə (010) –ƍ┴,  (001)-ƍ║ 

бüsЮsТ ЦüqКЯТЦəЭТnТn ЛКrТФ НəвТşЦəsТ öвrənТХЦТşНТr. σüЦЮnəХər pКrКХКpТpОН şəФТХТnНəНТr, qКХınХığı 

1ЦЦ, sКСəsТ βб4 ЦЦ2-НТr. KКnЭКФХКrın oЦТФ oХЦКsı üхün, РüЦüş pКsЭКНКn ТsЭТПКНə oХЮnЦЮşНЮr. 

нХхЦəХər ЛОrТХХЮЦ  ЛronгК ЦКЭОrТКХХКrınНКn СКгırХКnЦış вüФsəФ ЭəгвТq ФКЦОrКsınНК КpКrıХЦışНır Д4Ж. 

KristalНК КЭoЦХКr вКбınХКşКnНК qКНКğКn oХЮnЦЮş гonКnın ОnТ КrЭıЛ Яə вК КгКХК ЛТХər.DОЦəХТ ГnSО 

ЦonoФrТsЭКХının бüsЮsТ ЦüqКЯТЦəЭТnТn ЛКrТФ НəвТşЦəsТ 0,55GPК-К qəНər ЭəгвТqНə qКНКğКn oХЮnЦЮş 

гonКnın ОnТnТn Нüг гonК НəвТşЦəsТnə, 0,55GPК-НКn ЛöвüФ ЭəгвТqХərНə Тsə, хəp гonК НəвТşЦəsТnə 

ЮвğЮn РəХТr.  
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[2] G.A. Samara, H.G. Drickamer. J. Phys. Chem. Sol., 1962, 23. N5, 457 

[3] S. Minomika, G.A. Samara, H.G. Drikckamer. J. Appl. Phys. 33, N11, 3196 

[4] ȿ.ɋ.ɂɰɤɟɜɢɱ, Ⱥ.ɇ.ȼɨɪɨɧɨɜɫɤɢɣ, Ⱥ.Ɏ.Ƚɚɜɪɢɥɨɜ, ȼ.Ⱥ.ɋɭɯɨɩɚɪɨɜ ɉɌɗ, 1966, ɬ.6., ɫ.161.
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ȾȼɈɃɇɈȿ ɉɈɉȿɊȿɑɇɈȿ ɋɄɈɅɖɀȿɇɂȿ ȼ Bi2Te3 
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Ⱦɜɨɣɧɨɟ ɩɨɩɟɪɟɱɧɨɟ ɫɤɨɥɶɠɟɧɢɟ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɛɴɟɦɧɵɯ ɞɟɮɟɤɬɨɜ ɢ 

ɩɨɥɨɫ ɫɤɨɥɶɠɟɧɢɹ. ȼ ɫɥɨɢɫɬɵɯ ɤɪɢɫɬɚɥɥɚɯ ɬɢɩɚ Bi2Te3 ɨɫɧɨɜɧɨɣ ɩɥɨɫɤɨɫɬɶɸ ɫɤɨɥɶɠɟɧɢɹ 

ɹɜɥɹɟɬɫɹ (0001), ɩɥɨɫɤɨɫɬɶɸ ɩɨɩɟɪɟɱɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚɹ ɤ ɧɟɣ 

ɩɥɨɫɤɨɫɬɶ (1100). ɉɟɪɜɵɣ ɩɟɪɟɝɢɛ, ɞɜɢɝɚɹɫɶ ɜ ɩɥɨɫɤɨɫɬɢ (1100), ɦɨɠɟɬ ɫɨɜɟɪɲɢɬɶ ɩɨɩɟɪɟɱɧɨɟ 

ɫɤɨɥɶɠɟɧɢɟ, ɩɟɪɟɣɞɹ ɜ ɩɥɨɫɤɨɫɬɶ, ɩɚɪɚɥɥɟɥɶɧɭɸ ɨɫɧɨɜɧɨɣ ɩɥɨɫɤɨɫɬɢ (0001). Ɍɚɤɢɟ ɞɜɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɚɤɬɚ ɩɨɩɟɪɟɱɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ ɦɨɝɭɬ ɮɨɪɦɢɪɨɜɚɬɶɫɹ ɜ ɜɢɞɟ ɞɜɨɣɧɵɯ 

ɩɨɩɟɪɟɱɧɵɯ ɫɤɨɥɶɠɟɧɢɣ (Ⱦɉɋ). ɉɪɢɦɟɪɨɦ ɪɟɡɭɥɶɬɚɬɚ ɹɜɥɹɸɬɫɹ ɤɪɟɫɬɨɨɛɪɚɡɧɵɟ 

ɥɨɤɚɥɢɡɨɜɚɧɧɵɟ ɧɚɧɨ ɨɫɬɪɨɜɤɢ (ɇɈ), ɨɫɟɜɲɢɟ ɧɚ ɦɟɫɬɚɯ ɩɚɪɧɨɝɨ ɩɟɪɟɝɢɛɚ. Ɍɚɤɢɟ ɩɚɪɧɵɟ 

ɩɟɪɟɝɢɛɵ ɦɨɝɭɬ ɜɵɯɨɞɢɬɶ ɜ ɦɟɠɫɥɨɟɜɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɜ ɩɥɨɫɤɨɫɬɹɯ ɩɨɩɟɪɟɱɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ. 

ɉɟɪɟɯɨɞ ɱɚɫɬɢ ɞɢɫɥɨɤɚɰɢɣ ɢɡ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ (0001) Bi2Te3 ɜ ɞɪɭɝɭɸ ɬɚɤɭɸ ɠɟ ɩɚɪɚɥɥɟɥɶɧɭɸ 

ɩɥɨɫɤɨɫɬɶ ɩɪɢɜɨɞɢɬ ɤ Ⱦɉɋ, ɫ ɩɨɥɨɫɚɦɢ ɫɤɨɥɶɠɟɧɢɹ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɚɤɢɯ ɨɬɤɪɵɬɵɯ ɞɪɭɝ 

ɞɪɭɝɭ ɢ ɜɧɟɲɧɟɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɫɢɫɬɟɦ ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɜ ɧɢɯ ɫɭɳɟɫɬɜɟɧɧɨ-

ɧɟɪɚɜɧɨɜɟɫɧɵɯ, ɫ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɢ ɜɪɟɦɟɧɧɵɯ ɫɬɪɭɤɬɭɪ. 

ȼ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɪɚɡɜɢɬɢɹ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɜɫɥɟɞɫɬɜɢɟ ɞɟɣɫɬɜɢɹ ɦɟɯɚɧɢɡɦɚ Ⱦɉɋ, 

ɟɫɥɢ ɜɨɡɦɭɳɟɧɢɟ ɩɨɩɚɞɚɟɬ ɜ ɧɟɭɫɬɨɣɱɢɜɭɸ ɨɛɥɚɫɬɶ, ɬɨ ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ ɪɨɫɬ, ɩɨɫɥɟ ɱɟɝɨ ɜ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɞɜɟ ɩɨɥɨɫɵ ɫɞɜɢɝɚ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ 

ɨɩɢɫɵɜɚɟɬɫɹ ɪɟɲɟɧɢɟɦ ɬɢɩɚ ɛɟɝɭɳɟɣ ɜɨɥɧɵ. ȼɨɡɦɨɠɧɵ ɞɜɚ ɬɢɩɚ ɪɟɲɟɧɢɣ, ɡɚɜɢɫɹɳɢɯ ɨɬ 

ɜɟɥɢɱɢɧɵ ɩɪɢɥɨɠɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. ɉɪɢ ɦɚɥɵɯ ɧɚɩɪɹɠɟɧɢɹɯ ɩɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ 

ɩɪɨɢɫɯɨɞɢɬ ɜɨ ɮɪɨɧɬɟ ɩɨɥɨɫɵ ɫɞɜɢɝɚ, ɡɚ ɮɪɨɧɬɨɦ ɜɨɥɧɵ ɞɟɮɨɪɦɚɰɢɹ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ.   
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1 Institute of Physics, Kazan Federal University, 420008 Kazan, Russia  
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Palladium-iron alloy, Pd1-xFex, represents a unique class of ferromagnetic materials. A small, 

even less than 1 at.%, amount of iron atoms in palladium matrix induces ferromagnetism [1] at low 

temperatures.. 

In our study Pd1-xFex (x = 0.01-0.1) thin films of 20-60 nm were synthesized by three methods: 

molecular-beam epitaxy, magnetron sputtering and ion implantation. A comparison was made 

between the structural and magnetic properties of the resulting films. Depending on the method of 

synthesis, the properties of the resulting films vary greatly. 

The Program of Competitive Growth of Kazan Federal University supported by the Russian 

Government is gratefully acknowledged, as well as the partial support by RFBR projects No 18-32-

01041 and 16-02-01171-a. Synthesis and analysis of the films were carried out at the PCR Federal 

Center of Shared Facilities of KFU. 

 

[1] G.J. Nieuwenhuys  Adv. Phys. 24, 515 (1975). 
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SUPERLATTICE STRUCTURE YBaS4S7 NANO THICK FILMS 

 

E.Sh. HAJIYEV 

Institute of Physics of Acad.of Science of Azerbaijan, 

Baku, Azerbaijan 

hellase75@gmail.com 

 

The study of crystallization kinetics of amorphous thin layers of the structure of phases and thin 

epitaxial layers in the nanoparticles of the Yb - As - S system and the ternary of the given systems is 

one of the perspective directions of the limited size structures. These compounds are one of the most 

promising materials in the development of nanoelectronics because the use of these materials opens 

up new opportunities for the creation of semiconductor materials and devices on the basis of 

nanometer-scale structure elements.  

Films of YbAs4S7 compounds deposited on substrates from NaCl, KCl, NaBr, LiF, KJ at room 

temperature had an amorphous structure. The subsequent crystallization of films formed in an 

amorphous state leads to the formation of polycrystalline films with periods of the EH crystal lattices 

of rhombic syngonies.  

A different picture is observed on the electron diffraction patterns taken from samples obtained 

on NaCl and KCl substrates heated above 473 K. In addition to the main reflections characteristic of 

the known lattices YbAs4S7, new satellite diffraction reflections also appear on the electron 

diffraction patterns. In the temperature range of LiF substrates from 573 to 613 K, a mixture of 

polycrystalline samples with a mosaic single crystal is formed. With increasing temperature, the 

intensity of the lines of the diffraction field corresponding to the polycrystalline decreases, and the 

point reflexes indicative of the formation of monocrystalline blocks increase. Further increase in 

substrate temperatures to 633 K leads to the formation of a mosaic YbAs4S7 single crystal. Indication 

of all reflections of the electron diffraction pattern from YbAs4S7, including additional weak ones, is 

possТЛХО аТЭС ЭСО pКrКЦОЭОrs, К≈βК0 = β.γ8βν Л≈βЛo = β.8λ1ν М≈βМo = 0.806 nm. 

These relationships indicate that the new crystal lattice should be considered as a superstructure 

of the known lattice of YbAs4S7 nanothick films. 
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TRAP CHARACTERIZATION IN YTTRIA (Y2O3) BY THERMOLUMINESCENCE: 

 Tm–Tstop AND HEATING RATE METHODS APPLICATION 

 

NIZAMI HASANLIa,b , MEHMET ISIKc , SERDAR DELICEd  

 a Department of Physics, Middle East Technical University, Ankara, Turkey, 
bVirtual International Scientific Research Centre, Baku State University, Baku, Azerbaijan     

cDepartment of Electrical and Electronics Engineering, Atilim University, Ankara, Turkey 
dDepartment of Physics, Hitit University, Corum, Turkey 

 

Rare earth oxides are famous materials attracted much attention due to their unique physical and 

chemical properties. These compounds may be applicable for optoelectronics, luminescent and 

biomedical devices. Yttria is a rare earth oxide material becoming focus of interest in many research 

fields especially in LEDs and MOS transistor applications. In this study, thermoluminescence (TL) 

experiments for Y2O3 nКnopКrЭТМХОs КЭ МrвoРОnТМ ЭОЦpОrКЭЮrОs (10−β50 K) аОrО pОrПorЦОН аТЭС 

heating rates ascended from 0.4 to 0.8 K/s. TL spectrum detected for 0.4 K/s exhibited overlapping 

seven peaks centered at peak maximum temperatures of 19, 62, 91, 115, 162, 196 and 125 K. 

Experimental Tmax−Tstop method was applied to the TL spectra observed for different stopping 

temperatures (Tstop) to determine the number of peaks consisting in whole TL curve and to investigate 

the characteristics of related trapping levels. The analyses resulted in existence of one quasi-

continuously distributed trap and six discrete, single trapping centers within the forbidden gap. Initial 

rise method was utilized to calculate activation energies of revealed trap levels responsible for 

observed TL peaks. Activation energy of the distributed trap centers was found to increase from 18 

to 24 meV as a function of Tstop in the range of 10−16 K. Activation energies of six single trap centers 

were computed to be 49, 117, 315, 409, 651 and 740 meV. Heating rate dependencies of each TL 

peaks in the spectrum were also explored. The increase of heating rate leads to decrease of TL 

intensities and increase of peaks maximum temperatures. 

 

Figure. TL glow curves of Y2O3 nanoparticles with various heating rates. 
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The decrease of TL intensity with heating rate is the evidence of thermal quenching effect. 

Furthermore, structural characterizations of Y2O3 nanoparticles were accomplished using X-ray 

diffraction and scanning electron microscopy measurements. 

ACKNOWLEDGMENT  

This research was financially supported by Middle East Technical University (Ankara, Turkey) 

under the grant No. GAP-105-2018-2752.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



60 

ȼɅɂəɇɂȿ ɗɅȿɄɌɊɈɌȿɊɆɈɉɈɅəɊɂɁȺɐɂɂ ɇȺ ɋɌɊɍɄɌɍɊɕ 

ɇȺɇɈɄɈɆɉɈɁɂɐɂɃ ɇȺ ɈɋɇɈȼȿ ɉɗ+1%ɊbCrO4, ɉɗ+0,5% ɊbCrO4 

 

Ⱥ.ɋ. ȽɍɋȿɃɇɈȼȺ  
 ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, ɝ. Ȼɚɤɭ 

aem05@rambler.ru 

 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜɨ ɦɧɨɝɨɦ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɫɜɨɣɫɬɜɚɦɢ 

ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ, ɧɚɩɨɥɧɢɬɟɥɹ ɢ ɫɬɪɭɤɬɭɪɵ ɦɟɠɮɚɡɧɨɝɨ ɫɥɨɹ ɦɟɠɞɭ ɤɨɦɩɨɧɟɧɬɚɦɢ 

ɧɚɧɨɤɨɦɩɨɡɢɰɢɢ. ɉɨɫɤɨɥɶɤɭ ɧɚɧɨɤɨɦɩɨɡɢɰɢɹ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɨɣ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɞɜɭɯ 

ɨɬɥɢɱɚɸɳɢɯɫɹ ɩɨ ɫɜɨɢɦ ɤɨɦɩɥɟɤɫɧɵɦ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɫɢɫɬɟɦ, ɬɨ ɜ ɧɟɣ ɜɩɨɥɧɟ 

ɜɨɡɦɨɠɟɧ ɩɪɨɰɟɫɫ ɦɟɠɫɥɨɟɜɨɣ ɩɨɥɹɪɢɡɚɰɢɢ. ȼɟɪɨɹɬɧɨɫɬɶ ɪɚɡɜɢɬɢɹ ɷɬɢɯ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ 

ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɭɫɥɨɜɢɣ ɩɨɥɹɪɢɡɚɰɢɢ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɝɥɭɛɢɧɵ 

ɡɚɥɟɝɚɧɢɹ ɥɨɜɭɲɟɤ ɜ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɟ ɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ɩɨɥɢɦɟɪɚ ɢ ɧɚɩɨɥɧɢɬɟɥɹ. 

ɗɥɟɤɬɪɨɬɟɪɦɨɩɨɥɹɪɢɡɚɰɢɹ ɧɚɧɨɤɨɦɩɨɡɢɰɢɣ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɟɧɹɟɬ ɟɟ ɡɚɪɹɞɨɜɨɟ ɫɨɫɬɨɹɧɢɟ. 

ɇɚɤɨɩɥɟɧɢɟ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ɦɟɧɹɟɬ ɦɟɠɮɚɡɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɚ 

ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɢɡɦɟɧɟɧɢɸ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɤɨɦɩɨɡɢɰɢɣ Д1-3].  

ɂɫɫɥɟɞɨɜɚɧɵ ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ ɢ ɫɩɟɤɬɪɵ ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɧɚɧɨɤɨɦɩɨɡɢɰɢɣ ɧɚ 

ɨɫɧɨɜɟ ɉɉ ɧɚɩɨɥɧɢɬɟɥɹ ɆnɈ2, ɜ ɢɧɬɟɪɜɚɥɟ ɞɥɢɧ ɜɨɥɧ =250-1000ɧɦ. ɋɩɟɤɬɪɵ 

ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɢɡɦɟɪɹɥɢ ɧɚ ɫɩɟɤɬɪɨɮɥɸɨɪɢɦɟɬɪɟ Cary Eclipse. ɉɨɥɭɱɟɧɢɟ ɨɛɪɚɡɰɚ 

ɤɨɦɩɨɡɢɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ 

ɩɨɥɢɦɟɪɚ ɢ ɞɚɜɥɟɧɢɢ 15 Ɇɉɚ ɜ ɬɟɱɟɧɢɟ 3 ɦɢɧɭɬ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɯɥɚɠɞɟɧɢɟɦ ɩɨɞ ɞɚɜɥɟɧɢɟɦ 

ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ 

ɷɥɟɤɬɪɨɬɟɪɦɨɩɨɥɹɪɢɡɚɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍɩ=γ5γɄ ɜ ɬɟɱɟɧɢɟ ɨɞɧɨɝɨ ɱɚɫɚ Эn=1ɱɚɫ. 

ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɩɥɟɧɤɟ -106ȼɦ.  

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɨ ɷɥɟɤɬɪɨɬɟɪɦɨɩɨɥɹɪɢɡɚɰɢɢ ɩɪɢ ɞɥɢɧɚɯ γ60 γ74ɧɦ ɧɚɛɥɸɞɚɸɬɫɹ ɞɜɟ 

ɦɚɤɫɢɦɭɦɚ. ɉɨɫɥɟ ɷɥɟɤɬɪɨɬɟɪɦɨɩɨɥɹɪɢɡɚɰɢɢ ɬɨɠɟ ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ ɞɜɟ ɦɚɤɫɢɦɭɦɚ ɩɪɢ 

ɞɥɢɧɚɯ γ58 γ7γ,07ɧɦ. ɇɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɵɣ ɢɡ ɧɢɯ ɜɛɥɢɡɢ γ58ɧɦ, ɚ ɜɬɨɪɨɣ ɦɚɤɫɢɦɭɦ 

ɧɚɛɥɸɞɚɟɬɫɹ ɤɚɤ ɩɥɟɱɨ ɩɟɪɜɨɝɨ, ɪɚɫɩɨɥɨɠɟɧɧɨɟ ɜ ɨɛɥɚɫɬɢ γ7γ,07ɧɦ. ɋɩɟɤɬɪɵ 

ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɉɗ+ɊbCrO4 ɞɨ ɢ ɩɨɫɥɟ ɷɥɟɤɬɪɨɬɟɪɦɨɩɨɥɹɪɢɡɚɰɢɢ ɦɚɥɨ ɢɡɦɟɧɹɸɬɫɹ, ɚ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɪɟɡɤɨ ɫɧɢɠɚɸɬɫɹ. ȼɟɪɨɹɬɧɨ, ɧɚɛɥɸɞɚɟɦɚɹ ɜɵɫɨɤɚɹ 

ɫɬɚɛɢɥɶɧɨɫɬɶ ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɥɭɱɟɧɧɵɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɨɛɴɹɫɧɹɟɬɫɹ 

ɭɦɟɧɶɲɟɧɢɟɦ ɩɨɞɜɢɠɧɨɫɬɢ ɥɢɝɚɧɞɨɜ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɊbCrO4 ɢ ɜ 

ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɨɩɪɟɞɟɥɹɸɳɢɯ ɢɯ ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ.          

Ɍɚɤɠɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫɩɟɤɬɪɵ ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɡɚɜɢɫɹɬ ɨɬ ɨɛɴɟɦɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ 

ɧɚɩɨɥɧɢɬɟɥɹ ɢ ɭɫɥɨɜɢɣ ɷɥɟɤɬɪɨɬɟɪɦɨɩɨɥɹɪɢɡɚɰɢɢ. ɇɚɛɥɸɞɚɟɦɵɟ ɢɡɦɟɧɟɧɢɹ ɫɩɟɤɬɪɨɜ ɞɥɹ 
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ɧɚɧɨɤɨɦɩɨɡɢɰɢɣ ɫɜɹɡɚɧɵ ɫ ɢɡɦɟɧɟɧɢɟɦ ɧɚɞɦɨɥɟɤɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɦɟɪɨɜ, ɫɬɟɩɟɧɶɸ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɥɢɦɟɪɚ ɫ ɧɚɩɨɥɧɢɬɟɥɟɦ. 

 

[1] A.M. Magerramov, M.A. Ramazanov, F.V. Hajiyeva The effect of the electric-thermal 

polarization and discharge treatment on the charge state, strength, and photoluminescence 

properties of polypropylene and cadmium sulphide-based nanocompositions. J.. Surface 

Engineering and Applied Electrochemistry, 2010,volume 46, Issue 5, p. 501-504. 

[2] M.A. Ramazanov, A.S. Quseynova Influence of polarization processes on the charge states and 

dielectric properties of polyethylene-based compositions with low-molecular additions 

PE+PbCrO4 and PE+Cr Optoelectronics and Advanced Materials – Rapid Communications v. 

7, №. λ-10, 2013, p.78 

[3] M.A. Ramazanov, F.V. Hajiyeva, A.M. Maharramov, U.A. Hasanova Effect of corona 

discharge on the structure and photoluminescence properties of nanocomposites based on 

polypropylene (PP) and zirconium dioxide (ZrO2) nanoparticles J. Ferroelectrics Volume 507, 

Issue 1, p. 121-126, 2017. 
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ɄɊȺɃ ɈɉɌɂɑȿɋɄɈȽɈ ɉɈȽɅɈɓȿɇɂə ɆɈɇɈɄɊɂɋɌȺɅɅɈȼ TХGКSО2<Dy> 

 

 

Ʉ.Ɇ. ȽɍɋȿɃɇɈȼȺ, ɇ.Ɂ. ȽȺɋȺɇɈȼ, ɗ.Ɇ. ɄȿɊɂɆɈȼȺ  
ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇɚɰɢɨɧɚɥɶɧɨɣ Ⱥɤɚɞɟɦɢɢ ɇɚɭɤ Ⱥɡɟɪɛɚɣɞɠɚɧɚ,  

Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ, AZ-114γ, ɩɪ. Ƚ.Ⱦɠɚɜɢɞɚ, 1γ1 

kama.mag@rambler.ru 

 

ɉɪɢ ɩɨɦɨɳɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢ ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ 

ɧɚɦɢ ɤɪɢɫɬɚɥɥɨɜ TlGaSe2<Dy> ɩɨɤɚɡɚɧɨ, ɱɬɨ Dв ɡɚɦɟɳɚɟɬ Ga ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ. 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɦɟɬɨɞɨɦ Ȼɪɢɞɠɦɟɧɚ-ɋɬɨɤɛɚɪɝɟɪɚ ɛɵɥɢ ɜɵɪɚɳɟɧɵ ɢɡ ɪɚɫɩɥɚɜɚ 

ɦɨɧɨɤɪɢɫɬɚɥɥɵ ɫɥɨɢɫɬɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ TlGaSe2, ɜ ɤɨɬɨɪɵɯ ɚɬɨɦɵ GК 

ɡɚɦɟɳɚɸɬɫɹ ɚɬɨɦɚɦɢ Dв ɜ ɤɨɥɢɱɟɫɬɜɟ 1-β%. ɂɡɭɱɟɧɚ ɪɚɫɬɜɨɪɢɦɨɫɬɶ Dy ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ 

TlGaSe2. Ⱥɧɚɥɢɡ ɧɟɫɨɜɟɪɲɟɧɫɬɜ ɜ ɤɪɢɫɬɚɥɥɚɯ TlGaSe2<Dy> ɦɟɬɨɞɚɦɢ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ 

ɦɢɤɪɨɚɧɚɥɢɡɚ ɢ ɩɪɨɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɩɨɡɜɨɥɢɥ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, 

ɱɬɨ ɜ ɤɪɢɫɬɚɥɥɚɯ TХGКSО2 ɢɦɟɸɬɫɹ ɥɢɧɟɣɧɵɟ ɞɟɮɟɤɬɵ, ɜɞɨɥɶ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɫɟɝɪɟɝɚɰɢɹ 

ɩɪɢɦɟɫɢ. 

Ɉɛɪɚɡɰɵ ɞɥɹ ɫɧɹɬɢɹ ɫɩɟɤɬɪɨɜ ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɢɡɭɱɚɟɦɵɯ ɤɪɢɫɬɚɥɥɨɜ 

ɫɤɚɥɵɜɚɥɢɫɶ ɨɬ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɥɢɬɤɚ ɢ ɢɦɟɥɢ ɮɨɪɦɭ ɬɨɧɤɢɯ ɩɥɚɫɬɢɧɨɤ ɫ ɬɨɥɳɢɧɨɣ 

ɨɬ β0 ɞɨ 100ɦɤɦ. ɋɜɟɬ ɧɚɩɪɚɜɥɹɥɫɹ ɧɚ ɨɛɪɚɡɰɵ ɩɚɪɚɥɥɟɥɶɧɨ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɨɫɢ ɫ, ɬ.ɟ. 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɫɥɨɹɦ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɫɩɟɤɬɪɨɜ ɨɩɬɢɱɟɫɤɨɝɨ ɩɪɨɩɭɫɤɚɧɢɹ ɜ ɢɧɬɟɪɜɚɥɟ 

ɬɟɦɩɟɪɚɬɭɪ 77γ00Ʉ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɩɨɦɨɳɢ ɦɨɧɨɯɪɨɦɚɬɨɪɚ ɆȾɊ-βγ ɢ ɤɪɢɨɫɬɚɬɚ 

«ɍɌɊȿɄɋ». 

Ɋɚɫɫɱɢɬɚɧɵ ɡɧɚɱɟɧɢɹ ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ Eg ɞɥɹ ɜɫɟɯ ɢɡɭɱɟɧɧɵɯ ɫɨɫɬɚɜɨɜ ɩɪɢ 

ɩɨɦɨɳɢ ɷɤɫɬɪɚɩɨɥɹɰɢɢ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ ɡɚɜɢɫɢɦɨɫɬɢ (αСȞ)2 ɨɬ ɷɧɟɪɝɢɢ ɮɨɬɨɧɚ СȞ ɞɨ 

ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɨɫɶɸ ɚɛɫɰɢɫɫ. ɉɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ TХGКSО2<Dy> ɧɟ ɭɞɚɟɬɫɹ ɨɛɧɚɪɭɠɢɬɶ 

ɩɨɥɨɫɭ ɩɨɝɥɨɳɟɧɢɹ, ɫɜɹɡɚɧɧɭɸ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɷɤɫɢɬɨɧɚ ɜɛɥɢɡɢ ɩɪɹɦɨɝɨ ɤɪɚɹ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ НEg/НT ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 80-1β0Ʉ ɞɥɹ TХGКSО2 ɫɨɫɬɚɜɥɹɟɬ 

-γ·10-4 ɷȼ/Ʉ, ɚ ɞɥɹ TХGКSО2<Dy> ≈ -7·10-4 ɷȼ/Ʉ, ɬ.ɟ. ɨɬɥɢɱɚɟɬɫɹ ɛɨɥɟɟ ɱɟɦ ɜ β ɪɚɡɚ. ȼɟɥɢɱɢɧɚ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɝɥɨɳɟɧɢɹ ɜ TХGКSО2<Dy> ɡɚɦɟɬɧɨ ɜɵɲɟ, ɱɟɦ ɜ TХGКSО2. 

ȼ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 1β0-γ00Ʉ ɞɥɹ ɜɫɟɯ ɫɨɫɬɚɜɨɜ НEg/НT ≈ -β,1·10-4ɷȼ/Ʉ. 

Ʉɨɪɨɬɤɨɜɨɥɧɨɜɨɟ ɫɦɟɳɟɧɢɟ ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɭ TХGК0,99Dy0,01Se2 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

TlGaSe2 ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ λ0ɦɷȼ, ɤ ɩɪɢɦɟɪɭ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 80Ʉ ɞɥɹ TХGКSО2 Eg=β,1λβɷȼ, ɚ 

ɞɥɹ TХGК0,99Dy0,01Se2 – 2,β87ɷȼ, ɬ.ɟ. ɡɚɦɟɳɟɧɢɟ 1-β% ɚɬɨɦɨɜ ɝɚɥɥɢɹ ɚɬɨɦɚɦɢ ɪɟɞɤɨɡɟɦɟɥɶɧɨɝɨ 

ɷɥɟɦɟɧɬɚ ɞɢɫɩɪɨɡɢɹ ɡɚɦɟɬɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɲɢɪɢɧɭ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɦɨɧɨɤɪɢɫɬɚɥɥɚ TХGКSО2. 

Ɂɚɜɢɫɢɦɨɫɬɶ Eg ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ Dy ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɫɬɚɜɚɯ TХGКSО2<Dy> ɢɦɟɟɬ 

ɥɢɧɟɣɧɵɣ ɜɢɞ. 
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ɆȺȽɇɂɌɇɕȿ ɋȼɈɃɋɌȼȺ ɋɈȿȾɂɇȿɇɂɃ Ni0.25-xCuxFe0.75Cr2S4 (0≤х≤0.2) 

 

Ⱥ. ȺɏɆȿȾɈȼ, Ɇ. ȺɅȾɀȺɇɈȼ, Ɇ. ɇȺȾɀȺɎɁȺȾȿ, ɂ. ɂȻɊȺȽɂɆɈȼ, Ƚ. ɋɍɅɌȺɇɈȼ 

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇɚɰɢɨɧɚɥɶɧɨɣ Ⱥɤɚɞɟɦɢɢ ɇɚɭɤ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, 
ɩɪ. Ƚ. Ⱦɠɚɜɢɞɚ 1γ1, AГ114γ Ȼɚɤɭ 

 

ɐɟɥɶɸ ɞɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɤɚɬɢɨɧɧɨɝɨ ɡɚɦɟɳɟɧɢɹ ɦɟɞɢ  

(Cu)   ɧɚ  ɦɚɝɧɢɬɧɵɟ  ɫɜɨɣɫɬɜɚ   ɲɩɢɧɟɥɶɧɨɣ     ɫɢɫɬɟɦɵ  Ni0.25-xCuxFe0.75Cr2S4 (0≤ɯ≤0.β). 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɟ FeCr2S4 ɨɛɥɚɞɚɟɬ ɲɩɢɧɟɥɶɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɹɜɥɹɟɬɫɹ 

ɮɟɪɪɢɦɚɝɧɟɬɢɤɨɦ Д1Ж. ɉɪɨɜɟɞɟɧɧɵɟ ɢɡɦɟɪɟɧɢɹ ɩɨɥɟɜɨɣ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɭɞɟɥɶɧɨɣ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɣ Ni0.25-xCuxFe0.75Cr2S4 (0≤ɯ≤0.β) ɩɨɤɚɡɚɥɢ, ɱɬɨ 

ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ Tc ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɟɞɢ. 

 

 

[1] P. Gibart, J. Dormann, Y. Pellerin, Magnetic properties of FeCr2S4 and CoCr2S4, 

pСвs.sКЭ.soХ., Я.γ6, №1, p.187-194, 1969. 
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INFLUENCE OF FULLERENES ɋ60  ON OPERATING CHARACTERISTICS  

OF LIQUID CRYSTAL MBBA 

 

T.D. IBRAGIMOV, A.R. IMAMALIYEV, G.F. GANIZADE 

lnstitute of Physics of Azerbaijan National Academy of Sciences, 

H.Javid  av.13I, Baku,  AZ1143,  Azerbaijan 

tdibragimov @mail.ru 

 

In the present work the results of investigation of influence of fullerenes ɋ60 on the threshold 

voltages of Freederickzs and Carr-Helfrich effects and switching times of Carr-Helfrich effect in 

nematic liquid crystal 4-methoxybenzilidene – 4' – butylaniline (ɆBBA) with negative dielectric 

anisotropy are presented. At this case the concentration of fullerenes was equaled to 0.5 wt.%. 

It is shown that the clearing temperature, threshold voltages of both effects decreases in 

comparison with a pure liquid crystal. The threshold voltage of electrohydrodynamic instability at 

Хoа ПrОqЮОnМТОs КnН КХso МrТЭТМКХ ПrОqЮОnМв oП НТsКppОКrКnМО oП АТХХТКЦs’ НoЦКТns НОМrОКsО. 

Experimental results are explained by increasing of dielectric anisotropy, the bend elastic 

constant, and also suppression of ionic conductivity and rising of the number of the centers of 

turbulence at additive of fullerenes.   
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AГƏRBAВCAN ƏRAГİSİNDƏKİ NEFTLƏRİN BURAБMA SPEKTRLƏRİNİN 
ARAŞDIRILMASI 

 

 

A.Ə. SADİQOVA1, Ş.Ə. ƏHMƏDOVA1, F.R. BABAYEV2,  

Q.S. MARTINOVA2, T.R. MEHDİВEV1 

AгərЛКвМКЧ MТХХТ EХЦХər AФКНОЦТвКsıЧıЧ:  
1H.M. AЛНЮХХКвОЯ КНıЧК FТгТФК İЧsТЭЮЭЮ AГ-114γ, AгərЛКвМКЧ, BКФı,H. CКЯТН pr.1γ1 

2Geologiya və GОoПТгТФК İnsЭТЭЮЭЮ, AZ-1073, AzərЛКвМКn, BКФı, H. CКЯТН pr.11λ 

 

 

Neft - pКrКПТn, nКПЭК Яə КroЦКЭТФ СoЦoХoУТ sОrТвКвК КТН ЦüбЭəХТП ФКrЛoСТНroРОnХərТn ФoЦpХОФs 

qКrışığıНır. PКrКПТn Яə вК nКПЭК ФКrЛoСТНroРОnХərТnТn nОПЭНə üsЭünХüвünə əsКsХКnКrКq, onЮ pКrКПТn Яə 

вК nКПЭК ЭərФТЛХТ nОПЭ ФТЦТ ЭəsnТП ОЭЦəФ oХКr. QОвН ОНəФ ФТ, sonЮnМЮnЮn ЭərФТЛТnНə КroЦКЭТФ 

ФКrЛoСТНroРОnХər НКСК хoб üsЭünХüФ ЭəşФТХ ОНТr. σОПЭ pКrКПТnХərТn əsКs ПТгТФТ-ФТЦвəЯТ бüsЮsТввəЭХərТ 

ФrТsЭКХХКşЦК Яə вК ərТЦə ЭОЦpОrКЭЮrХКrının ЛКşХКnğıМ nöqЭəsТnНə onХКrın ПКгК хОЯrТХЦəХərТНТr. 

огЯТ Яə qОвrТ-üгЯТ ЛТrХəşЦəХərТn, o МüЦХəНən nОПЭ ЦənşəХТ sЭrЮФЭЮrХКrın  öвrənТХЦəsТ üхün 

ЦüбЭəХТП üsЮХХКr КrКsınНК ТnПrК-qırЦıгı spОФЭrosФopТвК üsЮХЮ (İQS) ЦüСüЦ вОr ЭЮЭЮr. TəНqТqКЭ  

ЛКбıЦınНКn İQS ЮnТЯОrsКХ ЦОЭoННЮr. σОПЭ Яə nОПЭ ЦəСsЮХХКrının öвrənТХЦəsТ İQ spОФЭrТnТn вКбın, orЭК 

Яə ЮгКq oЛХКsЭХКrınНК КpКrıХır. AгərЛКвМКn ərКгТsТnНə oХКn nОПЭХərНən АОsЭ AгərТ, EКsЭ AгərТ, CОnЭrКХ, 

DАG CrЮНО, CСТrКР1, АОsЭCСrКР Яə ŞКСНənТг nöЯХərТnТ КrКşНırЦКqХК, onХКrın poХвКrТгКsТвК Яə 

ЭОЦpОrКЭЮr КsıХıХğınК BrЮФОr ПТrЦКsının VОrЭОб 70V МТСКгı ТХə ЛКбıХЦışНır. τnХКrın ЛЮrКбЦК Яə 

ЮНЮХЦК spОФЭrХərТ ЭəНqТq ОНТХЦТşНТr. İQS üsЮХЮ ТХə nОПЭТn бКrКФЭОrТгə ОНТХЦəsТ üхün КşКğıНКФı ЮНЮХЦК 

oЛХКsЭХКrı ТsЭТПКНə ОНТХТrμ 720-730 sm-1 oХКn oЛХКsЭ ЦОЭТХОn qrЮpЮnЮn НОПorЦКsТвК oХЮnЦЮş rəqsХərə, 

1200-1300 sm-1 oЛХКsЭ Тsə вОХpТФЯКrТ Яə НКТrəЯТ rəqsХərə ЮвğЮnНЮr. 1375-1460 sm -1 oЛХКsЭınНК ЦОЭТХ 

Яə ЦОЭТХОn qrЮpХКrın sТЦЦОЭrТФ Яə КnЭТsТЦЦОЭrТФ НОПorЦКsТвК rəqsХərТnə ЮвğЮnНЮr. 

Bu Тş QrКnЭ №β1δR-AεEA  AгərЛКвМКn RОspЮЛХТФКsı DöЯХəЭ σОПЭ ŞТrФəЭТnТn “EХЦ FonНЮ”nЮn 

ЦКХТввə НəsЭəвТ ТХə СəвКЭК ФОхrТХЦТşНТr. 
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ɊȺɋɉɊȿȾȿɅȿɇɂȿ ɇɈɋɂɌȿɅȿɃ ɁȺɊəȾȺ ȼ p-n ɉȿɊȿɏɈȾȺɏ ɋ ɌɈɑɄɂ ɁɊȿɇɂə 

ɌȿɈɊɂɂ ɇȿɑȿɌɄɂɏ ɆɇɈɀȿɋɌȼ Ʌ.ɁȺȾȿ 

 

ɗ.Ⱥ. ɂɋȺȿȼȺ, Ⱥ.Ɇ. ȺɅɂȿȼȺ 

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇɚɰɢɨɧɚɥɶɧɨɣ Ⱥɤɚɞɟɦɢɢ ɇɚɭɤ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, 
Az-114γ, Ȼɚɤɭ, ɩɪɨɫɩɟɤɬ Ƚ. Ⱦɠɚɜɢɞɚ 1γ1, 

 elmira@physics.ab.az 

 

ȼ ɮɢɡɢɤɟ ɩɪɨɞɨɥɠɚɟɬɫɹ ɢɡɭɱɟɧɢɟ ɮɥɭɤɬɭɚɰɢɣ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɨɜɨɞɢɦɨɫɬɢ, 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɨɫɢɬɟɥɟɣ ɬɨɤɚ ɜ ɦɟɬɚɥɥɚɯ ɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ. ɂɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɪɚɡɧɨɝɥɚɫɢɹ 

ɦɟɠɞɭ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɨɠɢɞɚɟɦɵɦɢ ɢ ɩɨɥɭɱɟɧɧɵɦɢ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɦɨɝɭɬ 

ɞɨɫɬɢɝɚɬɶ ɞɚɠɟ γ0% ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɌɇɆ Ɂɚɞɟ ɜ ɷɬɨɣ ɩɪɨɛɥɟɦɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ. Ɍɚɤ, 0 ɢɡ 

ɢɧɬɟɪɜɚɥɚ Д0,1Ж ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ȝ ɜ ɌɇɆ ɦɨɝɥɨ ɛɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 

ɫɨɛɵɬɢɸ, ɱɬɨ ɮɥɭɤɬɭɚɰɢɣ ɧɟɬ, ɚ ɡɧɚɱɟɧɢɟ 1 – ɬɨɦɭ ɫɨɛɵɬɢɸ, ɱɬɨ ɢɦɟɸɬ ɦɟɫɬɨ ɮɥɭɤɬɭɚɰɢɢ 

ɬɨɥɶɤɨ ɨɞɧɨɝɨ ɫɨɪɬɚ.  ɇɨ ɪɟɚɥɶɧɵɟ ɮɥɭɤɬɭɚɰɢɢ ɝɟɧɟɪɢɪɭɸɬ ɛɟɫɤɨɧɟɱɧɨɟ ɦɧɨɠɟɫɬɜɨ ɧɟɱɟɬɤɢɯ 

ɫɨɛɵɬɢɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɨɫɧɚɳɟɧɵ ɜɫɟɦɢ ɡɧɚɱɟɧɢɹɦɢ ȝ.  

ȼɨ ɜɫɹɤɨɦ ɩɪɨɜɨɞɹɳɟɦ ɷɥɟɤɬɪɢɱɟɫɬɜɨ ɬɟɥɟ, ɜɫɥɟɞɫɬɜɢɟ ɯɚɨɬɢɱɟɫɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢɹ 

ɧɨɫɢɬɟɥɟɣ ɬɨɤɚ ɜɨɡɧɢɤɚɟɬ ɮɥɭɤɬɭɚɰɢɨɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɫɪɟɞɧɟɟ ɩɨ ɜɪɟɦɟɧɢ, ɤɨɬɨɪɨɝɨ ɪɚɜɧɨ 

0, ɚ ɫɪɟɞɧɢɣ ɤɜɚɞɪɚɬ ɧɚ ɟɞɢɧɢɰɭ ɩɨɥɨɫɵ ɱɚɫɬɨɬ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ ɇɚɣɤɜɢɫɬɚ. ɉɪɢ 

ɜɵɜɨɞɟ ɮɨɪɦɭɥɵ ɇɚɣɤɜɢɫɬɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɬɟɩɥɨɜɨɝɨ 

ɪɚɜɧɨɜɟɫɢɹ ɢ ɜ ɦɟɬɚɥɥɚɯ ɧɢɤɚɤɢɯ ɨɬɤɥɨɧɟɧɢɣ ɨɬ ɮɨɪɦɭɥɵ ɇɚɣɤɜɢɫɬɚ ɨɛɧɚɪɭɠɢɬɶ ɧɟ 

ɭɞɚɜɚɥɨɫɶ. ɇɨ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ ɜɟɥɢɱɢɧɚ ɮɥɭɤɬɭɚɰɢɨɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɦɟɠɞɭ ɤɨɧɰɚɦɢ 

ɤɪɢɫɬɚɥɥɚ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɬɨɤɚ ɱɟɪɟɡ ɧɟɝɨ ɦɨɠɟɬ ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɨɪɹɞɤɨɜ ɩɪɟɜɵɲɚɬɶ 

ɡɧɚɱɟɧɢɟ, ɞɚɜɚɟɦɨɟ ɮɨɪɦɭɥɨɣ ɇɚɣɤɜɢɫɬɚ. ɉɪɢɪɨɞɚ ɢ ɩɪɨɢɫɯɨɠɞɟɧɢɟ ɬɚɤɢɯ ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ 

ɲɭɦɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ, ɤɚɤ ɩɪɚɤɬɢɱɟɫɤɢɣ, ɬɚɤ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ. Ɉɧɢ ɦɨɝɭɬ ɩɪɟɞɫɬɚɜɥɹɬɶ 

ɫɨɛɨɣ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵɣ ɮɥɢɤɤɟɪ-ɲɭɦ. Ɍɟɩɥɨɜɨɣ ɢ ɞɪɨɛɨɜɨɣ ɲɭɦɵ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ 

ɩɨɞɞɚɸɬɫɹ ɢɡɭɱɟɧɢɸ ɢ ɧɚ ɫɟɝɨɞɧɹ ɫɭɳɟɫɬɜɭɸɬ ɬɟɨɪɢɢ, ɨɛɴɹɫɧɹɸɳɢɟ ɢɯ ɩɪɢɪɨɞɭ, ɚ ɜɨɬ 

ɮɥɢɤɤɟɪ-ɲɭɦ, ɧɚɛɥɸɞɚɟɦɵɣ ɩɪɚɤɬɢɱɟɫɤɢ ɜɨ ɜɫɟɯ ɹɜɥɟɧɢɹ ɩɪɢɪɨɞɵ, ɧɨ ɩɪɢ ɷɬɨɦ, ɹɜɥɹɹɫɶ 

ɚɧɨɦɚɥɶɧɵɦ, ɞɨ ɫɢɯ ɩɨɪ ɜɵɡɵɜɚɟɬ ɦɧɨɝɨ ɫɩɨɪɨɜ.  

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɮɥɢɤɤɟɪ-ɲɭɦ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜ ɥɸɛɵɯ ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ 

ɢ ɟɝɨ ɢɫɬɨɱɧɢɤɚɦɢ ɦɨɝɭɬ ɛɵɬɶ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɜ ɩɪɨɜɨɞɹɳɟɣ ɫɪɟɞɟ, ɝɟɧɟɪɚɰɢɹ ɢ 

ɪɟɤɨɦɛɢɧɚɰɢɹ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɬɪɚɧɡɢɫɬɨɪɚɯ ɢ ɬ.ɩ. ɨɞɧɢɦ ɢɡ ɬɚɤɢɯ ɬɪɚɧɡɢɫɬɨɪɨɜ ɹɜɥɹɟɬɫɹ 

ɩɨɥɟɜɨɣ ɬɪɚɧɡɢɫɬɨɪ, ɭɩɪɚɜɥɹɟɦɵɣ p-n ɩɟɪɟɯɨɞɨɦ. ȼ ɩɨɹɜɥɟɧɢɢ ɮɥɢɤɤɟɪ-ɲɭɦɚ ɜ ɷɬɢɯ 

ɬɪɚɧɡɢɫɬɨɪɚɯ ɪɨɥɶ p-n ɩɟɪɟɯɨɞɨɜ ɨɱɟɜɢɞɧɚ ɢ ɢɦɟɧɧɨ ɜ ɧɢɯ ɦɵ ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɌɇɆ Ɂɚɞɟ.  
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EЫ, AР VƏ GО AŞQARLARININ IЧSО MONOKRİSTALLARININ 

 RENTGEN-DOГİMETRİK БASSƏLƏRİNƏ TƏSİRİ 

 

E.M. KƏRİMOVA, A.Ə. İSMAВILOV 

AMEA FТгТФК İЧsЭТЭЮЭЮ, H. Javid pr. 131  

AгərЛКвМКЧ TОбЧТФТ UЧТЯОrsТЭОЭТ H. JКЯТН pr.25 

 

          TəМrüЛТ oХКrКq Цüəввən ОНТХЦТşНТr ФТ, КşqКrХКnЦКЦış InSО  ЦonoФrТsЭКХХКrınНКn ПərqХТ oХКrКq 

КşqКrХКnЦış ФrТsЭКХХКrın ПoЭoСəssКsХığı ФТхТФ НКХğКХı ЭərəПНən вЮЦЮşКq rОnЭРОn şüКХКnЦКsınК НoğrЮ 

ЮгКnır ФТ, ТnЭОqrКХ rОnЭРОn-СəssКsХıq əЦsКХı вüФsəФ qТвЦəЭХərə ЦКХТФ oХЮr. σəЭТМəНə onХКrın rentgen-

НoгТЦОЭrТФ бКrКФЭОrТsЭТФКХКrının вüФsəХНТХЦəsТnə səЛəЛ oХЮr. InSО  ЦonoФrТsЭКХХКrı əsКsınНК Рünəş 

ОnОrУТsТnТ ОППОФЭХТ хОЯТrТМТХər oХКn pОrspОФЭТЯХТ ЦКЭОrТКХХКr ФТЦТ qТвЦəЭХənНТrТХТr.  CəНЯəХНə InSe,  

InSe+Ag (0,1КЭ%), InSО+Er (0,1КЭ%) Яə  InSe+Ge (0,1КЭ%) ЭərФТЛХТ НОЭОФЭorХКrın ЛəгТ ПТгТФТ 

pКrКЦОЭrХərТ ЯОrТХЦТşНТr.                                                                                                                              

CəНЯəХ 

Detektorun 

ЭərФТЛТ 

Boruda 

РərРТnХТФ 
U,kV  

Ventil rejimində Fotodiod rejimində  

ɚ 

� = ∆JГ∆Г  A · dəqГ  

ɚ 

K = ∆୎୮U୬ ∆୮, A · dəqГ · B  

1 2 3 4 5 6 

InSe 

25 

30 

35 

40 

45 

50 

0,93 

0,83 

0,82 

0,78 

0,77 

0,76 

7,90+7,70.10-10 

6,32+4,67.10-10 

5,00+3,80.10-10 

4,02+5,48.10-10 

3,16+5,80.10-10 

3,48+3,93.10-10 

1,00 

1,00 

0,95 

0,93 

0,85 

0,80 

5,70+6,73.10-9 

4,95+5,16.10-9 

3,18+3,45.10-9 

2,75+1,98.10-9 

2,04+1,30.10-9 

1,82+1,20.10-9 

InSe+Ag 

(0,1at%) 

InSe+Er 

(0,1at%) 

 

25 

30 

35 

40 

45 

50 

1,06 

1,0 

1,05 

1,03 

0,9 

0,9 

0,6440·10-9+0,68γ8·10-9 

0,578λ·10-9 +0,4β74·10-8 

0,5477·10-9 +0,40β5·10-8 

0,5γβ6·10-9 +0,γ64β·10-8 

0,5β7γ·10-9 +0,γ64γ·10-8 

0,4λ65·10-9 +0,γ4γ0·10-8 

1,0 

0,98 

0,95 

0,94 

0,90 

0,89 

0,5·10-9+0,48·10-8 

0,43·10-8 +0,46·10-8 

0,42·10-8+0,44·10-8 

0,40·10-8 +0,38·10-7 

0,37·10-8 +0,35·10-7 

0,33·10-8 +0,30·10-7 

InSe+Ge 

(0,1at%) 

 

 

25 

30 

35 

40 

45 

50 

1,0 

0,96 

0,95 

0,84 

0,80 

0,80 

0,98·10-10+0,59·10-9 

0,5015·10-9+ 0,6065·10-8 

0,68γ8·10-9+0,γ5γ4·10-8 

0,4677·10-9+0,γγ78·10-8 

0,4448·10-9+0,γ1γ5·10-8 

0,4448·10-9+0,β8γ6·10-8 

1,0 

1,0 

1,0 

0,98 

0,88 

0,88 

0,8187·10-9+0,58β7·10-8 

0,5066·10-9+0,559λ·10-8 

0,4771·10-8+0,4λ65·10-8 

0,44λγ·10-8+0,β75β·10-8 

0,44λγ·10-8+0,β618·10-7 

0,44λ6·10-8+0,β618·10-7 
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ɎɈɌɈɊȿɁɂɋɌɈɊɕ ɇȺ ɈɋɇɈȼȿ ɪ-CdɯHg1-ɯTe ɋ ɅɈɄȺɅɖɇɕɆɂ 

ɉɊɂɉɈȼȿɊɏɇɈɋɌɇɕɆɂ n+ ɈȻɅȺɋɌəɆɂ 

 

ɇ.Ⱦ. ɂɋɆȺɃɅɈȼ, Ɋ.ɂ. ɆɍɏɌȺɊɈȼȺ, Ⱥ.Ⱥ. ɊȺȾɀȺȻɅɂ, ɒ.Ɉ. ɗɆɂɇɈȼ 
1 ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ⱥг-114γ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 

ismailovnamik@yahoo.com 

 

Ɉɞɧɨɣ ɢɡ ɜɚɠɧɵɯ ɨɛɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ ɨɯɥɚɠɞɚɟɦɵɯ ɂɄ-ɮɨɬɨɩɪɢɟɦɧɢɤɨɜ (Ɏɉ) ɹɜɥɹɟɬɫɹ 

ɪɟɝɢɫɬɪɚɰɢɹ ɷɤɫɬɪɟɦɚɥɶɧɨ ɫɥɚɛɨɝɨ ɢɡɥɭɱɟɧɢɹ ɩɪɢ ɨɱɟɧɶ ɧɢɡɤɨɦ ɮɨɧɨɜɨɦ ɢɡɥɭɱɟɧɢɢ ɜ ɫɪɟɞɧɟɦ 

(3−5 ɦɤɦ) ɢ ɞɚɥɶɧɟɦ (8−14 ɦɤɦ) ɂɄ-ɞɢɚɩɚɡɨɧɟ. Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɧɚɢɛɨɥɶɲɟɣ ɩɨɪɨɝɨɜɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɨɛɥɚɞɚɸɬ Ɏɉ ɧɚ ɨɫɧɨɜɟ CdɯHg1-ɯTe (ɄɊɌ), ɜ ɤɨɬɨɪɵɯ ɩɪɟɨɛɥɚɞɚɟɬ 

ɦɟɯɚɧɢɡɦ Ɉɠɟ-ɪɟɤɨɦɛɢɧɚɰɢɢ. ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ ɩɚɪɚɦɟɬɪɵ Ɏɉ ɦɨɝɭɬ ɛɵɬɶ 

ɞɨɫɬɢɝɧɭɬɵ ɧɚ ɫɥɚɛɨɥɟɝɢɪɨɜɚɧɧɨɦ ɄɊɌ ɪ-ɬɢɩɚ Д1Ж.  Ɉɞɧɚɤɨ, ɫɥɨɠɧɨɫɬɶ ɩɪɚɤɬɢɱɟɫɤɨɣ 

ɪɟɚɥɢɡɚɰɢɢ ɬɚɤɢɯ Ɏɉ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɥɭɱɟɧɢɢ ɨɞɧɨɪɨɞɧɨɝɨ ɫɥɚɛɨɥɟɝɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 

ɪ-ɬɢɩɚ, ɫɢɥɶɧɨɦ ɜɥɢɹɧɢɢ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɷɮɮɟɤɬɚ ɜɵɬɹɝɢɜɚɧɢɹ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ 

(ɗȼɇ) ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ Дβ, γЖ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɮɨɬɨɪɟɡɢɫɬɨɪ ɧɚ 

ɄɊɌ ɪ-ɬɢɩɚ ɫ ɫɨɫɬɚɜɨɦ x = 0.23−0.γ, ɜ ɤɨɬɨɪɨɦ ɭɫɬɪɚɧɟɧɵ ɭɤɚɡɚɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ.  

ȼ ɞɚɧɧɨɦ ɬɢɩɟ ɮɨɬɨɪɟɡɢɫɬɨɪɚ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɣ ɨɛɥɚɫɬɢ ɦɟɬɨɞɨɦ ɢɨɧɧɨɣ ɢɦɩɥɚɧɬɚɰɢɢ 

ɛɨɪɚ ɫɨɡɞɚɧɵ ɦɧɨɠɟɫɬɜɨ ɥɨɤɚɥɶɧɵɯ ɨɛɥɚɫɬɟɣ n+-ɬɢɩɚ ɩɪɨɜɨɞɢɦɨɫɬɢ ɫ ɪɚɡɦɟɪɚɦɢ Ⱥ << Ln, 

ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ  b < Ln (ɪɢɫ.1), ɡɞɟɫɶ Ln – ɞɢɮɮɭɡɢɨɧɧɚɹ ɞɥɢɧɚ ɷɥɟɤɬɪɨɧɨɜ . 

Ⱦɚɧɧɵɟ n+-ɨɛɥɚɫɬɢ ɹɜɥɹɸɬɫɹ ɩɨɬɟɧɰɢɚɥɶɧɵɦɢ ɹɦɚɦɢ ɞɥɹ ɷɥɟɤɬɪɨɧɨɜ. Ɍɚɤ ɤɚɤ b < Ln, ɬɨ 

ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɝɟɧɟɪɢɪɨɜɚɧɧɵɯ ɜ ɪ-ɨɛɴɟɦɟ ɮɨɬɨɪɟɡɢɫɬɨɪɚ ɷɥɟɤɬɪɨɧɨɜ ɛɭɞɟɬ 

ɞɢɮɮɭɧɞɢɪɨɜɚɬɶ ɤ ɝɪɚɧɢɰɟ ɪ-n ɩɟɪɟɯɨɞɚ ɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɟɝɨ  ɩɨɥɹ ɡɚɬɹɧɭɬɫɹ ɜ n-ɨɛɥɚɫɬɶ, ɢ 

ɛɭɞɭɬ ɭɞɟɪɠɢɜɚɬɶɫɹ ɬɚɦ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ τɟf ;  R0C0 (ɝɞɟ R0, C0 − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɟɦɤɨɫɬɶ ɪ-

n ɩɟɪɟɯɨɞɚ), ɤɨɬɨɪɨɟ ɩɪɢ ɫɥɚɛɨɦ ɮɨɧɟ ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɨɪɹɞɤɨɜ ɦɨɠɟɬ ɩɪɟɜɵɲɚɬɶ ɜɪɟɦɹ ɠɢɡɧɢ 

τ ɜ  ɨɛɵɱɧɵɯ ɮɨɬɨɪɟɡɢɫɬɨɪɚɯ. Ɍɚɤ ɤɚɤ ɩɪɢɥɨɠɟɧɧɨɟ ɤ ɨɛɪɚɡɰɭ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɨɱɟɧɶ ɫɥɚɛɨɟ 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɥɟɦ p-n ɩɟɪɟɯɨɞɚ, ɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɧɚɩɪɹɠɟɧɢɹ ɫɦɟɳɟɧɢɹ ɧɨɫɢɬɟɥɟɣ ɗȼɇ 

ɧɚɛɥɸɞɚɬɶɫɹ ɧɟ ɛɭɞɟɬ.  

 

Ɋɢɫ. 1 Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɮɨɬɨɪɟɡɢɫɬɨɪɚ 
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Ⱦɥɹ ɮɨɬɨɩɪɢɟɦɧɢɤɚ ɫ λɫ = 5 ɦɤɦ ɩɪɢ ɭɪɨɜɧɟ ɮɨɧɚ Ɏ=1015 ɮɨɬɨɧ/(ɫɦ2·ɫ), ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 

ɧɚɛɥɸɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟ ɮɨɬɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɛɨɥɟɟ ɱɟɦ ɜ 103 ɪɚɡ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɨɞɧɨɪɨɞɧɵɦ ɮɨɬɨɪɟɡɢɫɬɨɪɨɦ. 

                                                                           

[1] Antoni Rogalski // Infrared Physics & Technology. 2002. v.43. P.187-210 

[2] Ɏɨɬɨɩɪɢɟɦɧɢɤɢ ɜɢɞɢɦɨɝɨ ɢ ɂɄ-ɞɢɚɩɚɡɨɧɨɜ. ɉɨɞ ɪɟɞ. Ɋ.Ⱦɠ. Ʉɢɟɫɫɚ. Ɇ.μ Ɋɚɞɢɨ ɢ ɫɜɹɡɶ. 
1λ85. γβ8ɫ.  

[3] Risal Singh and Vardna Mittal // Defence Science Journal. 2003. v.53. no 31. p.281 
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Ɉ ɉɈȾȺȼɅȿɇɂɂ Ɉɀȿ-ɊȿɄɈɆȻɂɇȺɐɂɂ ȼ ɇȿɈɏɅȺɀȾȺȿɆɕɏ 

ɎɈɌɈɉɊɂȿɆɇɂɄȺɏ ɇȺ ɈɋɇɈȼȿ Cd ɯHg1-xTe 

 

ɇ.Ⱦ. ɂɋɆȺɃɅɈȼ 

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ⱥг-114γ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 

ismailovnamik@yahoo.com 

 

     Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɮɨɬɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɮɨɬɨɩɪɢɟɦɧɢɤɨɜ ɧɚ ɨɫɧɨɜɟ 

ɭɡɤɨɡɨɧɧɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ, ɬɪɟɛɭɟɬɫɹ ɢɯ ɨɯɥɚɠɞɟɧɢɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 77ɞɨ β00 Ʉ. 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɦɚɫɫɭ, ɝɚɛɚɪɢɬɵ ɢ ɫɬɨɢɦɨɫɬɶ ɜɫɟɣ 

ɚɩɩɚɪɚɬɭɪɵ. ɉɨɷɬɨɦɭ ɨɞɧɨɣ ɢɡ ɚɤɬɭɚɥɶɧɵɯ ɡɚɞɚɱ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɟɨɯɥɚɠɞɚɟɦɵɯ 

ɮɨɬɨɩɪɨɢɟɦɧɢɤɨɜ ɂɄ-ɞɢɚɩɚɡɨɧɚ ɫ ɜɵɫɨɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɮɨɬɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. Ɉɫɧɨɜɧɵɦ 

ɮɚɤɬɨɪɨɦ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɦ ɩɚɪɚɦɟɬɪɵ ɧɟɨɯɥɚɠɞɚɟɦɵɯ ɮɨɬɨɩɪɢɟɦɧɢɤɨɜ, ɹɜɥɹɟɬɫɹ Ɉɠɟ-

ɩɪɨɰɟɫɫɚɦɢ ɬɟɪɦɨɝɟɧɟɪɚɰɢɢ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. Ⱦɥɹ ɩɨɞɚɜɥɟɧɢɹ Ɉɠɟ-ɩɪɨɰɟɫɫɚ ɜ ɫɥɨɟ 

ɩɨɝɥɨɳɟɧɢɹ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɧɟɫɤɨɥɶɤɨ ɤɨɧɰɟɩɰɢɣ, ɬɚɤɢɟ ɤɚɤ ɧɟɪɚɜɧɨɜɟɫɧɵɣ ɪɟɠɢɦ 

ɷɤɫɬɪɚɤɰɢɢ ɢ ɷɤɫɤɥɸɡɢɢ ɜ ɮɨɬɨɞɢɨɞɚɯ Д1.βЖ ɢ ɦɟɬɨɞ ɨɩɬɢɦɢɡɚɰɢɢ ДγЖ ɩɚɪɚɦɟɬɪɨɜ ɜ 

ɮɨɬɨɪɟɡɢɫɬɨɪɚɯ. Ɉɞɧɚɤɨ, ɛɨɥɶɲɢɟ ɬɨɤɢ ɫɦɟɳɟɧɢɹ ɜ ɷɬɢɯ ɫɬɪɭɤɬɭɪɚɯ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɜɵɫɨɤɢɣ 

ɭɪɨɜɟɧɶ ɲɭɦɨɜ ɜɩɥɨɬɶ ɞɨ 10 ɆȽɰ Д4Ж.  

       ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧ ɧɨɜɵɣ ɩɨɞɯɨɞ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɵɫɨɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 

ɧɟɨɯɥɚɠɞɚɟɦɵɯ ɮɨɬɨɩɪɢɟɦɧɢɤɨɜ ɧɚ ɨɫɧɨɜɟ CdxHg1-xTe. Ɉɧ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ ɨɛɥɚɫɬɶ 

ɩɨɝɥɨɳɟɧɢɹ ɜɜɟɞɟɧɨ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ E, ɩɭɬɟɦ ɫɨɡɞɚɧɢɹ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɩɨ ɬɨɥɳɢɧɟ ɫɥɨɹ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɚɤɰɟɩɬɨɪɨɜ Na. ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ 

ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɥɟɦ ɭɜɟɥɢɱɢɜɚɟɬ ɜɪɟɦɹ ɠɢɡɧɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ, ɤɚɤ ɩɪɢɜɟɞɟɧɨ ɜ Д4Ж 

ɢ ɨɩɢɫɵɜɚɟɬɫɹ ɮɨɪɦɭɥɨɣν  

Ĳr = Ĳɨ·Обp(φr/kT),                                                               (1)  

ɡɞɟɫɶ τɨ‒ ɜɪɟɦɹ ɪɟɤɨɦɛɢɧɚɰɢɢ ɜ ɨɬɫɭɬɫɬɜɢɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɧɨɫɢɬɟɥɟɣ. 

Ɋɟɤɨɦɛɢɧɚɰɢɨɧɧɵɣ ɛɚɪɶɟɪ φr, ɫɜɹɡɚɧɧɵɣ ɫ ɝɪɚɞɢɟɧɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɢ Nɚ(ɯ), 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ  

φr=ɤɌ/q·ХЧ(p+/p-)                                                           (2)  

 p+ɢ p--ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɵɪɨɤ  ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɫɬɨɪɨɧɚɯ ɨɛɪɚɡɰɚ.  

 ɂɡ (1) ɢ (β) ɫɥɟɞɭɟɬ, ɱɬɨ  τr = τɨ( p
+/p-).      

     ȼ ɪɚɛɨɬɟ Д4Ж ɦɵ ɭɠɟ ɫɨɨɛɳɚɥɢ ɨ ɧɚɛɥɸɞɟɧɢɢ ɚɧɨɦɚɥɶɧɨ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ τr 

ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ ɪ+-ɪ˗ɪ–  ɫɬɪɭɤɬɭɪ ɢɡ Cdx Hg1-xTe (0.24≤x≤0.βλ) ɜ ɢɧɬɟɪɜɚɥɟ Ɍ=77-150 Ʉ.  

ɇɚɛɥɸɞɚɟɦɵɟ ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ τr=10-40 ɦɫ ɭɤɚɡɵɜɚɸɬ ɧɚ ɩɨɞɚɜɥɟɧɢɟɦ ɜɫɟɯ ɬɢɩɨɜ 

ɪɟɤɨɦɛɢɧɚɰɢɢ ɜɧɭɬɪɟɧɧɢɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɥɟɦ. ɉɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɷɬɢɯ 

ɫɬɪɭɤɬɭɪɚɯ, ɛɥɚɝɨɞɚɪɹ ɩɨɞɚɜɥɟɧɢɸ Ɉɠɟ-ɩɪɨɰɟɫɫɨɜ ɪɟɤɨɦɛɢɧɚɰɢɢ, ɧɚɛɥɸɞɚɸɬɫɹ ɜɪɟɦɟɧɚ 
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ɠɢɡɧɢ, ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɸɳɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢ ɪɚɫɱɟɬɧɵɟ ɜ 102 ɪɚɡ. ɇɚ ɢɯ ɨɫɧɨɜɟ 

ɪɟɚɥɢɡɨɜɚɧɵ ɧɟɨɯɥɚɠɞɚɟɦɵɟ ɂɄ- ɮɨɬɨɩɪɢɟɦɧɢɤɢ ɧɚ ɨɛɥɚɫɬɶ γ-5ɦɤɦ ɫ ɜɵɫɨɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. 

 

[1] T. Ashley, C.T. Elliot and A.T. Harker. Non-equilibrium mods of operation for infrared 

detectors. Infrared Phys.Vol.26, No.5, pp.303-315,1986. 

[2] T. Ashley, C.T. Elliot. Non-equilibrium devices for infrared detection.  Electron. Lett., 

1985,85, pp.451-452. 

[3] M. Kalafi, H. Tajalli, M.S. Akhondi, F. Kaziev. Realzation of uncooled photoconductor based 

on Cd xHg1-xTe  operating in 2-6 �m spectral range. Infr.Phys.&Technol.41(2000)293-297. 

[4] ɇ.Ⱦ. ɂɫɦɚɣɥɨɜ, Ⱥ.Ⱥ. Ɋɚɞɠɚɛɥɢ Ƚ.ɏ. Ɇɚɦɟɞɜɚ Ⱦɨɥɝɨɜɪɟɦɟɧɧɚɹ ɪɟɥɚɤɫɚɰɢɹ 
ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɩɪɨɰɟɫɫɵ ɪɟɤɨɦɛɢɧɚɰɢɢ ɜ P+-P-P ɫɬɪɭɤɬɭɪɚɯ CdɯHg1-ɯTe (x=0.24-

0.3). AгərЛ.εEA   БəЛərХərТ. Fizika-TОбnТФК Яə RТвКгТввКЭ ОХЦХərТ SОrТвКsı, МТХН БББVİ  
№5, .β018. ɫ.81-87 
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Over the last two and a half decades, the creation of composite materials with predetermined 

properties is one of the most important and intensively developing areas in modern materials science. 

The promising direction is the preparation of polyfunctional ceramic composites with electrical 

conductivity. One of the methods of manufacturing these materials is the modification of clay masses 

by carbon nanotubes (CNTs).  

In the paper, multi-walled carbon nanotubes (MWNTs) synthesized from cyclohexane by the 

aerosol-assisted chemical vapor deposition (AACVD) method and bentonite clays (BC) taken from 

the various Azerbaijani deposits (Atyaly and Gobu) were selected as the starting materials for the 

production of hybrid materials. Nanocarbon-ceramic composites were obtained by dispersing 

nanotubes (1, 2, 4, and 8 %) in a bentonite mass diluted in distilled water and then calcining at 1050 

0C under an inert atmosphere of argon for 2 hours. 

SEM analysis identified that the obtained carbon nanotubes are high-quality without non-tubular 

forms of carbon (soot, coke). The XRD method confirmed that the target composites are represented 

by two main and predominant phases – MWCNTs and BC. Examination of the thermal oxidation 

resistance using thermal TGA / DTA method revealed that the experimental samples of 

nanocomposites are characterized by their stability in the air environment up to temperature ranges 

of 580-640 0ɋ, Тn аСТМС ЭСО МКrЛon sФОХОЭon oП МКrbon nanotubulenes decomposes with the release of 

carbon oxides (CO, CO2). As a result of the investigations of electrical characteristics, it was found 

that the intercalation of MWCNTs into the composition of the ceramic matrix leads to the appearance 

of electrical conductivity, the maximum value of which is fixed for specimens with 8 wt % of the 

nanotubes. When studying the influence of the nature of bentonite minerals on the electrophysical 

properties of composite materials, it was found that composites based on the ceramic matrix from 

bentonite clay of the Gobu deposit possess the greatest specific electrical conductivity. Fabricated 

composites, which are a system based on bentonite minerals and multi-walled carbon nanotubes, are 

promising materials for the development on their basis of various heating elements, electrodes and 

other products for use in various fields.  
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EХОМЭroЦКРnОЭТМ “МooХТnР” КnН ХoМКХТгКЭТon oП ЦТМropКrЭТМХОs (Тn pКrЭТМЮХКr, КЭoЦs КnН 

molecules) under conditions of the high vacuum are very important for a number of directions of 

physics and technologies including quantum information [1], ultra-high-resolution spectroscopy 

[2,3], and optomechanics of such particles [4]. 

Recently I have proposed sufficiently simple methods for the slowdown and trapping of various 

microparticles (including atoms and molecules) by means of external electromagnetic fields which 

induce (for such particles) potential wells having fixed spatial distributions but deepening over time 

up to some limit [5,6]. It is assumed that considered particles are under conditions of the high vacuum 

and forces acting on these particles are not dissipative, that is they move without friction. Depending 

on whether the particles have electric (magnetic) moment, it is possible to use the controllable electric 

(magnetic) field or far-off-resonance laser radiation for inducing of corresponding potential wells for 

given particles. 

In the present work, I theoretically demonstrate possible applications of proposed methods for 

“МooХТnР” and localization of particles for a number of nonstationary electromagnetic potential wells 

with different fixed spatial configurations.  In particular, optomechanics of levitated particles by 

various far-off-resonance laser beams, amplifying over time (up to some limit), is analyzed. New 

schemes of traps and decelerators of polarizable particles, based on corresponding nonstationary 

gradient forces, are considered. 

Proposed “МooХТnР” КnН ЭrКppТnР ЦОЭСoНs ЦКв ЛО КppХТОН Тn НОПТnТЭО МКsОs КХso Пor КЭoЦs КnН 

molecules in the ground quantum state [5,6]. It is necessary to note, that existing methods for 

slowdown of atoms by means of resonance laser radiation are inefficient for molecules because of 

their relatively complex quantum level structure. At the same time, the slowdown mechanism of 

particles by nonresonance light beams demonstrated in the present work is applicable also for 

“МooХТnР” oП ОnsОЦЛХОs oП ЦoХОМЮХОs Тn ЭСО РroЮnН qЮКnЭЮЦ sЭКЭО.  

The proposed methods of slowdown and trapping of atoms and molecules are promising for 

applications in ultra-high-resolution spectroscopy, high-precision frequency standards and in 

quantum computing processes. Moreover, such methods may be effectively used in quantum 

engineering of various levitated microparticles in high vacuum due to the strong suppression of 

mailto:azizm57@rambler.ru
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mechanical dissipative effects under considered situations. This work is the continuation of research 

carried out by author in recent papers [5,6]. 
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Low dimensional materials composed of carbon and carbon nanomaterials are a remarkable class 

of materials with unique properties. Materials with a large surface area to volume ratio can be a good 

candidate in optoelectronics applications. The past decade has seen a rapid emergence in the use of 

nanomaterials for sensing applications including the development of high-sensitivity and high-

specificity optical biosensors. CNTs since their discovery have become important scientific objects 

of extensive research due to their remarkable physical properties and technological applications. 

Carbon nanotubes (CNTs) share the mechanical strength of graphene, but the electronic structure has 

many features not seen in graphene, such as the van Hove singularities arising from the one-

dimensional confinement, that lead to many interesting optical and electronic effects.  

In this work, we mainly analyzed the CNTs on sapphire substrate for performance next 

generation sensors.  The synthesis of CNTs on the c-plane sapphire substrate was performed by 

aerosol- chemical vapor deposition (A-CVD technique from SCIDRE) system with horizontal quartz 

reactor covered by movable electric furnace. The growth temperature was 850-1000oC.  

Two different methods have been used:   

1) The CNTs were synthesized by decomposition of cyclohexane (C6H12) and ferrocene 

(Fe(C5H5)2) solution in different concentration on pure sapphire 

2) The CNTs were grown on thin (10-20 nm thickness) Fe catalyzer deposited on sapphire 

substrate by E-beam evaporator. Pure cyclohexane was used as carbon source. 

Atomic Force Microscopy (AFM), Scanning Electron Microscopy (SEM) and Raman 

spectroscopy methods have been used to observe morphology and structure of CNTs.   
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ɉɈɅɇȺə ɉɊɈȼɈȾɂɆɈɋɌɖ ɄɊȿɆɇɂȿȼɕɏ ɆɂɄɊɈɉɂɄɋȿɅɖɇɕɏ  
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ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɛɥɚɝɨɞɚɪɹ ɧɨɜɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɜɨɡɦɨɠɧɨɫɬɹɦ ɲɢɪɨɤɨɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚɯɨɞɹɬ ɧɨɜɵɟ ɮɨɬɨɞɟɬɟɤɬɨɪɵ ɫ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɮɨɬɨɧɨɜ. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ 

ɦɢɤɪɨɩɢɤɫɟɥɶɧɵɟ ɥɚɜɢɧɧɵɟ ɮɨɬɨɞɢɨɞɵ (MAPD) ɢɦɟɸɬ ɜɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɨɝɨ 

ɭɦɧɨɠɟɧɢɹ (з105) ɩɪɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɮɨɬɨɧɨɜ β0-40%. Ʉɨɧɫɬɪɭɤɰɢɹ MAPD 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɚɬɪɢɰɭ ɢɡ n+ ɨɛɥɚɫɬɟɣ (ɩɢɤɫɟɥɟɣ) ɞɢɚɦɟɬɪɨɦ β-5ɦɤɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ 

ɝɥɭɛɢɧɟ, ɦɟɠɞɭ ɞɜɭɦɹ ɷɩɢɬɚɤɫɢɚɥɶɧɵɦɢ ɫɥɨɹɦɢ p - ɬɢɩɚ, ɜɵɩɨɥɧɟɧɧɵɯ ɧɚ ɩɨɞɥɨɠɤɟ n-Si. 

ɂɫɫɥɟɞɨɜɚɧɚ ɩɨɥɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɤɪɟɦɧɢɟɜɵɯ ɦɢɤɪɨɩɢɤɫɟɥɶɧɵɯ ɥɚɜɢɧɧɵɯ ɮɨɬɨɞɢɨɞɨɜ 

(MAPD) ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɦɚɥɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ ɫɢɝɧɚɥɚ ɪɚɡɥɢɱɧɨɣ ɱɚɫɬɨɬɵ (10кʒц ÷ ͳМʒц). 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ ɤ ɩɨɞɥɨɠɤɟ n-SТ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɧɚɛɥɸɞɚɟɬɫɹ 

ɭɦɟɧɶɲɟɧɢɟ ɛɚɪɶɟɪɧɨɣ ɟɦɤɨɫɬɢ (Uɨɛɪ=0÷ ͵ʑ) ɫ ɱɚɫɬɨɬɨɣ ɩɟɪɟɦɟɧɧɨɝɨ ɫɢɝɧɚɥɚ, ɱɬɨ ɫɜɹɡɚɧɨ 

ɩɨɹɜɥɟɧɢɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɟɠɞɭ ɞɜɭɦɹ ɷɩɢɬɚɤɫɢɚɥɶɧɵɦɢ ɫɥɨɹɦɢ p- ɬɢɩɚ 

ɩɪɢ ɨɛɟɞɧɟɧɢɢ ɥɚɜɢɧɧɨɝɨ ɮɨɬɨɞɢɨɞɚ. ȼɵɱɢɫɥɟɧɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɢɡɨɜɚɧɧɵɯ ɚɤɰɟɩɬɨɪɨɜ ɜ 

ɷɩɢɬɚɤɫɢɚɥɶɧɨɦ ɫɥɨɟ, ɚ ɬɚɤɠɟ ɲɢɪɢɧɚ ɨɛɴɟɦɧɨɝɨ ɡɚɪɹɞɚ n+-p ɩɟɪɟɯɨɞɚ. ɉɪɢ ɨɬɪɢɰɚɬɟɥɶɧɨɦ 

ɩɨɬɟɧɰɢɚɥɟ ɧɚ ɩɨɞɥɨɠɤɟ n –Si MAPD ɫɬɪɭɤɬɭɪɵ ɢɡɦɟɪɹɟɦɚɹ ɟɦɤɨɫɬɶ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ 

ɜɨɡɪɚɫɬɚɟɬ ɫ ɧɚɩɪɹɠɟɧɢɟɦ Uɩɪ ɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ Uɩɪ= Uɢɧɜ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ 

ɡɧɚɤɚ ɪɟɚɤɬɢɜɧɨɫɬɢ ɫ ɟɦɤɨɫɬɧɨɝɨ ɧɚ ɢɧɞɭɤɬɢɜɧɵɣ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɦɨɞɭɥɹɰɢɟɣ ɩɪɨɜɨɞɢɦɨɫɬɢ 

ɤɪɟɦɧɢɟɜɨɣ ɩɨɞɥɨɠɤɢ ɜɫɥɟɞɫɬɜɢɟ ɧɚɤɨɩɥɟɧɢɹ ɡɚɪɹɞɚ ɜ ɨɛɥɚɫɬɢ ɩɟɪɜɨɝɨ n+-p ɩɟɪɟɯɨɞɚ. 

ȼɟɥɢɱɢɧɚ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɟɦɤɨɫɬɢ, ɩɟɪɟɫɱɢɬɚɧɧɚɹ ɤ ɡɧɚɱɟɧɢɸ ɢɧɞɭɤɬɢɜɧɨɫɬɢ, ɫɨɫɬɚɜɥɹɟɬ 

50ɦȽɧ ɩɪɢ Uɩɪ= 0.65ȼ (f=100 ɤȽɰ), ɤɨɬɨɪɨɟ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɢɧɞɭɤɬɢɜɧɨɫɬɶ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ ɩɥɨɫɤɢɯ ɫɩɢɪɚɥɟɣ (15 ɦɤȽɧ), ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɢɧɬɟɝɪɚɥɶɧɵɯ ɦɢɤɪɨɫɯɟɦɚɯ. 

 

 

 

 



77 

INFLUENCE OF INTER-FACIAL PHASES ON THERMAL AND ELECTRICAL 

CONDUCTIVITY IN  GaSb-CrSb  EUTECTIC SYSTEM   

 

M.V. KAГİMOV, D.H. ARASLВ, İ.Kh. MAMMADOV*,  

R.N. RAHİMOV, A.Ə. KHALİLOVA 

Institute of Physics of the Azerbaijan National Academy of Sciences   

mobilkazimov@gmail.com  

 

Diluted magnetic semiconductor materials based on III-V compounds and 3d-metals eutectic 

composites, having a stable composition and properties, are promising materials for spintronic 

devices. GaSb-CrSb eutectic composite, where CrSb antiferromagnetic needles are distributed in 

GaSb matrix is of significant interest.     

 Different models were proposed in order to determine  composite physical parameters. In 

the present study, heat and electrical conductivity of the GaSb-CrSb eutectic composite was 

calculated based on the theory of effective ambient. It has been shown that in calculatin of the heat 

and electrical conductivity, the inter-phase zones should be taken into consideration.   

  The effective electrical conductivity in the direction of crystallization (σ‖) and perpendicular 

to it (σ⊥) was calulated by the following expressions: 

σ⊥ = ሺσଵ − σଶሻ ቆͳ − √ cͳ + cቇ + σଵ√ͳ + ccͳ + ቀσଶ σଵ ቁ √ͳ + cc − ͳ ,     σ‖ = σଵ ͳͳ + � +  σଶ �ͳ + � 

СОrО ı1 КnН ı2 are the electrical conductivity of the matrix and metal phase, c is the volume of 

metal needles in the total volume.       

The following formula is used for the effective thermal conductivity in parallel (K‖) and 

perpendicular (K⊥) to the metal needles:      K‖ = Kଶ + ሺͳ − cሻሺሺKଵ−Kଶሻ,   K⊥ = Kଶ + ଶ୏మሺଵ−cሻሺ୏భ−୏మሻଶ୏మ+cሺ୏భ−୏మሻ  , � = ��ே�ଵ−��ே�   , 
 here Ni is the density of the metal phase, Vi  is the volume of the metal needles. 
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ɅɘɆɂɇȿɋɐȿɇɐɂə ɄɊɂɋɌȺɅɅɈȼ EЮGК2S4:Er 
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ȼ ɤɪɢɫɬɚɥɥɟ EuGa2S4:Er (Er=1, 5, 7%) ɩɪɢ Ȝɜɨɡ=γγ7.1ɧɦ ɢ Ɍ=γ00Ʉ ɧɚɛɥɸɞɚɟɬɫɹ ɨɞɧɚ 

ɢɧɬɟɧɫɢɜɧɚɹ ɲɢɪɨɤɚɹ ɩɨɥɨɫɚ ɫ Ȝɦɚɯ=550ɧɦ, ɤɨɬɨɪɚɹ ɫɜɹɡɚɧɚ ɫ ɜɧɭɬɪɢɰɟɧɬɪɨɜɵɦ ɩɟɪɟɯɨɞɨɦ 

4f65d→4f7 ɢɨɧɚ Eu2+. ȼ ɢɧɬɟɪɜɚɥɟ 600-1600ɧɦ ɧɚɛɥɸɞɚɟɬɫɹ ɫɟɪɢɹ ɩɨɥɨɫ ɜ ɨɛɥɚɫɬɹɯ 650-700ɧɦ 

(4F9/2→4I15/2), 800-850ɧɦ (2ɇ11/2→4I13/2), 850-λ50ɧɦ (4S3/2→4I13/2) ɢ λ50-1000ɧɦ (4I11 /2→4I15/2), 

1500-1600ɧɦ (4I13/2→4I15/2). ɗɬɢ ɥɢɧɢɢ ɫɜɹɡɚɧɵ ɫ ɢɨɧɚɦɢ Er3+. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ 

Er3+ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɷɬɢɯ ɥɢɧɢɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɇɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 

ɦɚɤɫɢɦɚɥɶɧɚ ɩɪɢ 5% Er3+. ɉɪɢ Ȝɜɨɡ=λ76ɧɦ ɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɦɨɳɧɨɫɬɢ (10-1000 ɦȼɬ) 

ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɤɚɤ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ γ00Ʉ, ɬɚɤ ɢ ɩɪɢ 77Ʉ ɧɚɛɥɸɞɚɟɬɫɹ ɲɢɪɨɤɨɩɨɥɨɫɧɨɟ 

ɢɡɥɭɱɟɧɢɟ ɫ Ȝɦɚɯ=550ɧɦ ɢɨɧɨɜ Eu2+ ɢ ɦɟɧɟɟ ɢɧɬɟɧɫɢɜɧɵɟ ɥɢɧɢɢ ɢɡɥɭɱɟɧɢɹ ɢɨɧɨɜ Er 3+ ɫ 

Ȝɦɚɯ=665ɧɦ, ɬ.ɟ. ɢɦɟɟɬ ɦɟɫɬɨ ɚɧɬɢɫɬɨɤɫɨɜɚ ɥɸɦɢɧɟɫɰɟɧɰɢɹ. ȼ ɢɧɮɪɚɤɪɚɫɧɨɣ ɨɛɥɚɫɬɢ (1500-

1600ɧɦ) ɬɚɤɠɟ ɧɚɛɥɸɞɚɟɬɫɹ ɢɡɥɭɱɟɧɢɟ ɢɨɧɨɜ Er3+. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɨɳɧɨɫɬɢ ɧɚɤɚɱɤɢ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɦɚɤɫɢɦɭɦɚ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 

ɩɟɪɟɯɨɞɨɦ ɤ ɧɚɫɵɳɟɧɢɸ, ɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ ɫ Ȝɦɚɯ=1541ɧɦ ɢɨɧɚ Er3+ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 

ɥɢɧɟɣɧɨ ɫ ɪɨɫɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɤɚɱɤɢ. ɂɧɬɟɪɟɫɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɚɧɬɢɫɬɨɤɫɨɜɨɣ ɥɸɦɢɧɟɫɰɟɧɰɢɢ 

ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɢ 77Ʉ. Ɍɚɤ ɤɚɤ ɩɪɢ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ ɦɨɳɧɨɫɬɢ ɧɚɤɚɱɤɢ (10-150ɦȼɬ) ɜ 

ɨɛɥɚɫɬɢ 550ɧɦ ɦɵ ɧɚɛɥɸɞɚɟɦ ɬɨɥɶɤɨ ɭɡɤɨɩɨɥɨɫɧɨɟ ɢɡɥɭɱɟɧɢɹ ɢɨɧɚ Er3+. ɍɜɟɥɢɱɟɧɢɟ 

ɦɨɳɧɨɫɬɢ ɧɚɤɚɱɤɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɹɜɥɟɧɢɟɦ ɜ ɷɬɨɣ ɠɟ ɨɛɥɚɫɬɢ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ 

ɢɡɥɭɱɟɧɢɹ ɢɨɧɚ Eu2+. ɂɡ ɡɚɜɢɫɢɦɨɫɬɢ ɦɚɤɫɢɦɭɦɚ ɢɡɥɭɱɟɧɢɹ ɨɬ ɦɨɳɧɨɫɬɢ ɧɚɤɚɱɤɢ   

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɱɢɧɚɹ ɫ ɦɨɳɧɨɫɬɢ 555ɦȼɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ ɢɨɧɨɜ Er3+ 

ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ ɢɨɧɨɜ Eu2+ ɩɨɱɬɢ ɫ ɤɜɚɞɪɚɬɢɱɧɵɦ ɧɚɤɥɨɧɨɦ ɪɚɫɬɟɬ. 

ɉɪɟɞɥɚɝɚɟɦ, ɱɬɨ ɢɞɟɬ ɩɟɪɟɞɚɱɚ ɷɧɟɪɝɢɢ ɨɬ ɢɨɧɨɜ Er3+ ɤ ɢɨɧɚɦ Eu2+. 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɏɨɧɞɚ Ɋɚɡɜɢɬɢɹ ɇɚɭɤɢ ɩɪɢ 

ɉɪɟɡɢɞɟɧɬɟ Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɨɣ Ɋɟɫɩɭɛɥɢɤɢ-Ƚɪɚɧɬ № EİF-BGM-3-BRFTF-2+/2017-15/01/1 
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ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɜɩɟɪɜɵɟ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɜɨɥɧɨɜɨɝɨ ɫɩɟɤɬɪɚ ɦɨɥɟɤɭɥɵ 

ɬɪɟɬɢɱɧɨɝɨ ɛɭɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ  (ɋɇ3)3ɋτH. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɫɩɟɤɬɪɚ ɦɨɥɟɤɭɥɵ 

ɬɪɟɬɢɱɧɨɝɨ ɛɭɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ  (ɋɇ3)3ɋτH ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ 15.9-31.72 ȽȽɰ. 

Ɇɨɥɟɤɭɥɚ ɬɪɟɬɢɱɧɨɝɨ ɛɭɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ (ɋɇ3)3ɋτH ɹɜɥɹɟɬɫɹ ɦɨɥɟɤɭɥɨɣ ɬɢɩɚ 

ɚɫɢɦɦɟɬɪɢɱɧɨɝɨ ɜɨɥɱɤɚ (ɩɨɱɬɢ ɫɠɚɬɵɣ ɜɨɥɱɨɤ ɫ χ = 0.λ75). Ɉɧɚ ɫɨɞɟɪɠɢɬ ɬɪɟɯ ɦɟɬɢɥɶɧɵɯ, ɢ 

ɨɞɧɭ ɝɢɞɪɨɤɫɢɥɶɧɭɸ ɝɪɭɩɩɵ ɫ ɨɫɶɸ “ɚ” ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫɢɦɦɟɬɪɢɢ, ɜ ɤɨɬɨɪɨɣ 

ɧɚɯɨɞɹɬɫɹ ɞɢɩɨɥɶɧɵɟ ɦɨɦɟɧɬɵ ɦɨɥɟɤɭɥɵ ȝb   ɢ ȝɫ.  ɗɬɚ ɦɨɥɟɤɭɥɚ ɩɨɯɨɠɚ ɧɚ ɦɟɬɢɥɨɜɵɣ ɫɩɢɪɬ 

ɢ ɩɨɥɭɱɚɟɬɫɹ ɫ ɡɚɦɟɧɨɣ ɚɬɨɦɨɜ ɝɢɞɪɨɝɟɧɚ ɝɪɭɩɩɨɣ ɋɇ3 ɜ ɧɟɦ (ɦɟɬɢɥɨɜɨɦ ɫɩɢɪɬɟ). 

  ɉɪɟɠɞɟ ɱɟɦ, ɧɚɱɚɬɶ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɸ ɫɩɟɤɬɪɚ ɦɨɥɟɤɭɥɵ 

ɪɚɫɫɱɢɬɚɧɵ ɜɪɚɳɚɬɟɥɶɧɵɟ ɩɨɫɬɨɹɧɧɵɟ ɢ ɤɨɦɩɨɧɟɧɬɵ ɞɢɩɨɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɢɫɫɥɟɞɭɟɦɨɣ 

ɦɨɥɟɤɭɥɵ.  Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɫɩɟɤɬɪɚ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɜɪɚɳɚɬɟɥɶɧɵɦ ɝɚɦɢɥɶɬɨɧɢɚɧɨɦ 

ɍɨɬɫɨɧɚ Ⱥ- ɪɟɞɭɤɰɢɢ, ɜɤɥɸɱɚɸɳɢɦ ɤɜɚɪɬɢɱɧɵɟ ɢ ɫɟɤɫɬɢɱɧɵɟ ɰɟɧɬɪɨɛɟɠɧɵɟ ɬɟɪɦɵ. 

ɂɞɟɧɬɢɮɢɰɢɪɨɜɚɧɨ β4 ɜɪɚɳɚɬɟɥɶɧɵɯ ɩɟɪɟɯɨɞɨɜ. Ɉɩɪɟɞɟɥɟɧɵ ɰɟɧɬɪɨɛɟɠɧɵɟ ɩɨɫɬɨɹɧɧɵɟ ɢ 

ɡɧɚɱɢɬɟɥɶɧɨ ɭɬɨɱɧɟɧɵ ɜɪɚɳɚɬɟɥɶɧɵɟ ɩɨɫɬɨɹɧɧɵɟ ɢɫɫɥɟɞɭɟɦɨɣ ɦɨɥɟɤɭɥɵ. 

Ɉɩɪɟɞɟɥёɧɧɵɟ ɜɪɚɳɚɬɟɥɶɧɵɟ ɢ ɰɟɧɬɪɨɛɟɠɧɵɟ ɩɨɫɬɨɹɧɧɵɟ ɢɫɫɥɟɞɭɟɦɨɣ ɦɨɥɟɤɭɥɵ 

ɞɨɥɠɧɵ ɡɧɚɱɢɬɟɥɶɧɨ ɨɛɥɟɝɱɢɬɶ ɞɚɥɶɧɟɣɲɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɪɚɳɚɬɟɥɶɧɵɯ ɫɩɟɤɬɪɨɜ ɷɬɨɣ 

ɦɨɥɟɤɭɥɵ ɢ ɩɨɢɫɤɨɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɩɟɤɬɪɚɥɶɧɵɯ ɥɢɧɢɣ ɜ ɚɬɦɨɫɮɟɪɟ ɢ ɦɟɠɡɜɟɡɞɧɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ. 

Ɍɪɟɬɢɱɧɵɣ ɛɭɬɢɥɨɜɵɣ ɫɩɢɪɬ ɢɫɩɨɥɶɡɭɸɬ ɤɚɤμ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɪɨɞɭɤɬ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɢɡɨɛɭɬɢɥɟɧɚ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɱɢɫɬɨɬɵ ɢɡ ɝɚɡɨɜ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢν ɚɥɤɢɥɢɪɭɸɳɢɣ ɚɝɟɧɬν 

ɫɵɪɶɟ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɪɟɬ-ɛɭɬɢɥɝɢɞɪɨɩɟɪɨɤɫɢɞɚ ɢ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɦɭɫɤɭɫɚν ɪɚɫɬɜɨɪɢɬɟɥɶν 

ɚɧɬɢɫɟɩɬɢɤ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɫɩɟɤɬɪɚ ɷɬɨɣ ɦɨɥɟɤɭɥɵ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɭɸ ɡɚɞɚɱɭ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɏɨɧɞɚ Ɋɚɡɜɢɬɢɹ ɇɚɭɤɢ  ɩɪɢ ɉɪɟɡɢɞɟɧɬɟ 

Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɨɣ  Ɋɟɫɩɭɛɥɢɤɢ -Ƚɪɚɧɬ № EİF-BGM-3-BRFTF-2+/2017-15/03/1 
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Last decade, the room temperature ferromagnetism in wide-gap n-type oxide semiconductors, 

such as TiO2, ZnO, In2O3 etc., doped with 3d-ions has attracted considerable attention because of 

their potential applications in the spintronics. Spectroscopic studies have indicated that the 3d-dopant 

in oxide host can be found in two different states: either in neutral form as a dispersion of magnetic 

nanoclusters, or in oxidation state as substitutional ions in cation sites. In the last case, the physical 

origin of ferromagnetism in these 3d-ion diluted magnetic materials remains controversial.  

To shed more light on microscopic mechanism of the long-range magnetic coupling in 3d-metal 

ions diluted oxide semiconductors we studied the influence of oxygen vacancies (Vo) on magnetic 

properties of rutile (TiO2) doped with cobalt. First, magnetic semiconducting layers, CoxTi(1-x)O(2-), 

doped homogeneously with magnetic Co2+ ions have been obtained by implantation with 40 keV Co+ 

ions into (001)-oriented single crystalline substrates of TiO2. Then, we developed the original 

technique of the oxygen vacancies migration (or injection) under the applied DC electric field. Fast 

radiation-accelerated electro-migration of the oxygen vacancies into the selected region of the Co-

implanted TiO2 sample was observed. Besides, EDS element mapping in the sample plane have 

shown that there is no migration of Co dopant under DC electric field. At last, we studied in detail 

the influence of Vo density on the room-temperature magnetic hysteresis loops and thermo-magnetic 

curves of Co-implanted samples. It was found that the saturation magnetic moment in Co-doped rutile 

could be enhanced by 3-10 times in the region enriched with Vo, while it sharply diminishes in the 

region of sample depleted with Vo. Thus, our experiments give a strong indication for relevance of 

the Vo-mediated (so-called F-center) mechanism of ferromagnetism in the diluted magnetic oxide 

semiconductor CoxTi(1-x)O(2-). 

The work was supported by the program of Presidium of the Russian Academy of Sciences No.5 

"Electronic spin resonance, spin-dependent electron effects and spin technologies". 
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In this report, we review our activity on the development of ion-beam implantation for the 

production of gemstones or laser and sensor active materials. The implantation with 3d-ions into 

initially colorless crystals of oxide minerals (or their synthetic analogs) makes it possible to change 

efficiently the colorimetric and quantum-optic properties of rutile, corundum, quartz, beryl, olivine 

etc. The changing in color leads to the improvement of quality of these minerals and thus the value 

added. For examples, gems-like crystals: sky-blue sapphire, pale-pink ruby, citrine, light green 

emerald, golden beryl etc. had been produced in the result of the implantation with 40 keV ɋo+, Mn+, 

V+, Cr+ or Fe+ ions in the above colorless oxide minerals with subsequent high-temperature annealing. 

Diamonds colored in bright (fantasy) colors are of particular interest. The diamonds with fantasy 

color are of high commercial value. We have obtained the diamonds with fantasy yellow, amber-

yellow, brown and black colors by using the implantation with He+ (helium) ions in the natural stones 

(Yakutia) without subsequent thermal treatment. Ion-beam treatment of diamonds (brilliants) is 

characterized by highly predictable results, high rate production and ecologically purity.  

Thus, the results of our investigations show that ion-beam technology can be widely used for the 

creation of different color centers in transparent oxide matrices and diamond, as well for ennoblement 

of gemstone raw. 

Decree 220 of the Russian Government (Agreement No. 14.W03.31.0028 with the host 

organization ZPTI of FRC Kazan SC of RAS) supported this work. 
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**ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, AZ -1143, Ȼɚɤɭ, ɩɪ. Ƚ. Ⱦɠɚɜɢɞɚ, 1γ1 

***ADNSU, AZ-1007, Ȼɚɤɭ, ɩɪ. Ⱥɡɚɞɥɵɝ,β0 

almaz@physics.science.az 

   

ɂɫɫɥɟɞɨɜɚɧɵ ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɧɡɨɪɟɡɢɫɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ 

ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɤɨɦɩɨɡɢɬɚ InSЛ-MnSb ɢ InSЛ, ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɦɚɪɝɚɧɰɟɦ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 

ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ 5,6.1017÷1,6.1019 ɫɦ-3 ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ β50-400Ʉ ɢ ɞɟɮɨɪɦɚɰɢɣ   2.10-

3 ɨɬɧ.ɟɞ.  ɋɩɥɚɜɥɟɧɢɟɦ  ɧɟɨɛɯɨɞɢɦɵɯ ɜɟɫɨɜɵɯ ɩɪɨɰɟɧɬɨɜ  ɤɨɦɩɨɧɟɧɬ  ɜɟɪɬɢɤɚɥɶɧɵɦ ɦɟɬɨɞɨɦ  

Ȼɪɢɞɠɦɟɧɚ  ɫɨ ɫɤɨɪɨɫɬɶɸ  ɩɟɪɟɦɟɳɟɧɢɹ ɮɪɨɧɬɚ  ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 1ɦɦɦɢɧ ɩɨɥɭɱɟɧɚ  ɷɜɬɟɤɬɢɤɚ  

InSb-MnSb ɫ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦɢ  ɜɧɭɬɪɢ ɦɚɬɪɢɰɵ  InSb ɢɝɥɚɦɢ  ɞɥɢɧɨɣ  50÷100 ɦɤɦ, 

ɞɢɚɦɟɬɪɨɦ 1ɦɤɦ, ɩɥɨɬɧɨɫɬɶɸ 8,1.104 ɦɦ2. ɏɚɪɚɤɬɟɪɧɚɹ  ɨɫɨɛɟɧɧɨɫɬɶ  ɬɚɤɢɯ ɷɜɬɟɤɬɢɤ – ɧɚɥɢɱɢɟ  

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɜɤɥɸɱɟɧɢɣ  ɜ  ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ  ɦɚɬɪɢɰɟ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ  ɧɟɤɨɬɨɪɵɟ  

ɮɢɡɢɱɟɫɤɢɟ  ɨɫɨɛɟɧɧɨɫɬɢ  ɬɟɧɡɨɷɮɮɟɤɬɚ. ɇɚɛɥɸɞɚɟɦɵɟ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɟ ɧɟɫɢɦɦɟɬɪɢɱɧɨɫɬɶ 

ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɟɧɡɨɪɟɡɢɫɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ InSЛ-MnSb, ɪɚɡɥɢɱɢɟ   ɜ 

ɜɟɥɢɱɢɧɚɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɧɡɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ   ɪ- InSЛ ɞɨ 6.1018ɫɦ-3, ɚ ɬɚɤɠɟ ɫɦɟɧɚ ɡɧɚɤɚ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɧɡɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ  ɜ  ɨɛɪɚɡɰɚɯ  ɪ6.1018ɫɦ18 ɨɛɭɫɥɨɜɥɟɧɨ  

ɨɫɨɛɟɧɧɨɫɬɹɦɢ  ɫɬɪɭɤɬɭɪɵ  ɜɚɥɟɧɬɧɨɣ  ɡɨɧɵ   ɪ- InSЛ. Ɍɟɧɡɨɪɟɡɢɫɬɨɪɵ ɛɵɥɢ ɢɫɩɵɬɚɧɵ ɧɚ 

ɫɬɚɛɢɥɶɧɨɫɬɶ, ɰɢɤɥɢɱɧɨɫɬɶ ɢ ɫɬɚɪɟɧɢɟ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɜɟɥɢ ɤ ɫɨɡɞɚɧɢɸ ɨɪɢɝɢɧɚɥɶɧɵɯ 

ɬɟɧɡɨɪɟɡɢɫɬɨɪɨɜ ɫ ɥɢɧɟɣɧɵɦɢ, ɛɟɡɝɢɫɬɟɪɟɡɢɫɧɵɦɢ, ɬɟɪɦɨɫɬɚɛɢɥɶɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ 

ɬɟɧɡɨɞɚɬɱɢɤɨɜ ɫ ɬɟɪɦɨɤɨɦɩɟɧɫɢɪɨɜɚɧɧɨɣ ɬɟɧɡɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ. 
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Pyrochlore-structure compounds with the general composition of R2Ti2O7 where R is a rare-earth 

(RE) ion are intensely studied as the geometrically frustrated systems that at low temperatures reveal 

the unusual spin liquid and spin ice states. Explanation of the properties of these systems demands 

the information on the crystal field parameters. However, for concentrated compounds, the only 

available data is the energy structure of the ground RE-ion multiplet that is not enough for 

determination of all significant crystal field parameters. This difficulty can be overcome by studies 

of an isostructural diamagnetic crystalline system doped by RE-ions. 

In our work, we report on the results of studies of the Y2Ti2O7 single crystals doped with Er3+ 

ions by electron paramagnetic resonance and site-selective laser spectroscopy. We find that the 

majority of the impurity Er3+ ions substitute for Y3+ in the regular lattice site. Principal values of the 

g-factor were found from the EPR spectra: g|| = 2.29 and g⊥ = 6.80. 

Site-selective laser spectroscopy has revealed three types of the impurity Er3+-ion centers that 

dominate in the luminescence spectra. One of these centers was assigned to the Er3+ ions in the Y3+ 

regular site. Other two possess a defect nearby, most probably, the oxygen or titanium vacancy. The 

luminescence intensity of the dominant Er3+ ion center is low because the transitions involved in 

excitation and relaxation processes are strongly electric- and magnetic-dipole forbidden. Energy 

patterns of the ground and excited multiplets of Er3+ impurity centers were defined. 
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AГƏRBAВCAN ƏRAГISİNDƏKİ NEFTLƏRİN BURAБMA 

SPEKTRLƏRİNİN ARAŞDIRILMASI 

 

A.Ə. SADİQOVA, Ş.Ə. ƏHMƏDOVA, T.R. MEHDİВEV 

AгərЛКвМКЧ MТХХТ EХЦХər AФКНОЦТвКsıЧıЧ H.M.AЛНЮХХКвОЯ КНıЧК FТгТФК İЧsТЭЮЭЮ                 
AZ-114γ, AгərЛКвМКЧ, BКФı,H. CКЯТН pr.1γ1 

 

AгərЛКвМКn ərКгТsТnНə oХКn nОПЭХərНən АОsЭ AгərТ, EКsЭ AгərТ, CОnЭrКХ, DАG CrЮНО, 

CСТrКР1,АОsЭ CСrКР Яə ŞКСНənТг nöЯХərТnТ КrКşНırЦКqХК, onХКrın poХвКrТгКsТвК Яə ЭОЦpОrКЭЮr 

КsıХıХğınК BrЮФОr ПТrЦКsının VОrЭОб 70V МТСКгı ТХə ЛКбıХıЛ. HəЦТn nОПЭХərТ  γ50C-Нən  800C-ə qəНər 10 

ПərqТ ТХə qıгНırКrКq pКrКПТnТn əЦəХə РəХЦəsТnТ ЦüşКСТНə ОЭЦТşТФ. εüəввən oХЮnЦЮşНЮr ФТ, spОФЭrТn 

6000-10 sm-1 ЭОгХТФ ТnЭОrЯКХınНК pКrКПТnТn КФЭТЯ oХНЮğЮ КrКХıq 1500-400 sm-1-dir.  

Analiz 850 0C temperaturunda  Perkin Elmer Series II CHNS/O AnaХвsОr β400 qЮrğЮsЮnНК 
КpКrıХЦışНır. σüЦЮnə 1.5-β q  ФüЭХəsТnНə РöЭürüХür. KКrЛon Яə СТНroРОnТn ОХОЦОnЭ КnКХТгТ nəЭТМəНə 
ФКrЛon НТoФsТН Яə sЮвЮn qКХЦКsı ТХə nОПЭ ЦəСsЮХЮnЮn orqКnТФ ФüЭХəsТnТn oФsТРОn ЦüСТЭТnНə ЭКЦКЦТХə 
вКnНırıХЦКsınК əsКsХКnır. 
 C,% H,% N,% S,% 

West Chiraq Oil 78,66 11,37 3,08 0,82 

Central Oil 78,11 11,95 3,21 0,77 

DWG Crude Oil 85,66 12,23 2,95 0,74 

West Azeri Oil 87,93 12,72 3,09 0,81 

Chirag Oil 90,39 13,04 2,74 0,84 

East Azeri Oil 72,41 10,48 2,51 0,63 

σОПЭ НТРər вКnКМКq ЦКННəХərНən  78-79.5% - 86.7 %-К КrКХığınНК НəвТşən ФКrЛonЮn  вüФsəФ 

ЦТqНКrı ТХə ПərqХənТr. TəЛТТ qКгХКrНК ФКrЛonЮn ЦТqНКrı 4β%-78%  КrКХığınНК НəвТşТr. HТНroРОnТn 

nОПЭНə ЦТqНКrı 11.0-14.5 % ЭəşФТХ ОНТr. BОХəХТФХə, ФКrЛon Яə СТНroРОnТn  nОПЭНə üЦЮЦТ ЦТqНКrı `88-

98 % ЭəşФТХ ОНТr. σТЭroРОnТn  nОПЭНə  ЦТqНКrı nКНТr СКХХКrНК  1-2.7 % -ı ФОхТr. σОПЭ  вКЭКqХКrının 

НərТnХТвТnТn КrЭЦКsı ТХə ЛЮ ЦТqНКr КгКХır.  AгoЭ ЛТrХəşЦəХərТ nОПЭТn  вüФsəФ qКвnКr ПrКФsТвКХКrınНК, 

бüsЮsən Нə Кğır qКХıqХКrınНК,  ЦəsФЮnХКşır. AНəЭən nТЭroРОn ЭərФТЛХТ ЛТrХəşЦəХər  ТФТ qrЮpК ЛöХünürμ 

nТЭroРОn  qəХəЯТХər Яə nОвЭrКХ nТЭroРОn  ЛТrХəşЦəХər. TəqНТЦ oХЮnЦЮş nüЦЮnəХərНə  nТЭroРОnТn ЦТqНКrı 

2.5%-Нən γ.β%-К  qəНər  ЭəşФТХ ОНТr. .KüФürНün nОПЭНə  ЦТqНКrı 0.1-7.0 % oХК ЛТХər. BЮ rəqəЦ 14 %-

К qəНər МКЭК ЛТХər. 
Oil A200 A230 A255 Cab,% Can, % Cef,  % Cmaddə/Cməhlul üЦЮЦТ 

aromatik 

tərtkib, %  

West Azeri  4.068 3.145 1.427 5.795851 3.823333 4.028729 0.11 13.64791 

Central  3.8053 2.9747 1.2801 5.770603 3.808645 3.765306 0.1052 13.34455 

DWG Crude  3.7747 3.7245 2.2362 5.988805 4.977228 7.281874 0.097037 18.24791 

West Chiraq  3.1306 3.0155 1.644 4.764921 3.870141 5.033575 0.102692 13.66864 

Bu iş Qrant №β1LR-AMEA Azərbaycan Respublikası Dövlət Neft Şirkətinin “Elm Fondu”nun 

maliyyə dəstəyi ilə həyata keхrilmişdir 
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An interest to the studies of nanomagnetic materials is driven by their high value for both 

fundamental science and technology applications. Magnetic resonance has been proven as one of the 

most effective methods to probe various properties of magnetic materials, such as the local symmetry 

of dopants, the magnetic anisotropies, exchange interaction energies, damping parameters, crystal 

electric field, etc. 

In this work electron magnetic resonance studies of magnetic nanomaterials produced by ion-

beam implantation of magnetic 3d-ions into TiO2 and ZnO oxide single crystals are presented. The 

results of both Electron Paramagnetic Resonance (EPR) studies of diluted ions in the single crystal 

host material and FerroMagnetic Resonance (FMR) studies of ferromagnetic layer formed by high 

fluence implantation of 3d-ions in the single crystal substrate are presented. 

Our investigations demonstrate that magnetic resonance is very effective technique to study the 

local structural and magnetic properties of 3d-ion implanted oxides. EPR signals of Mn4+, Cr3+, Fe3+, 

Co2+, and other paramagnetic ions have been observed in single crystal TiO2 (ZnO) substrates 

implanted and/or subsequently annealed at high temperatures. It has been shown that post-annealing 

procedure favours the 3d-ions to enter substitutionally into Ti4+ (Zn2+) lattice positions of the host 

crystal structure. The room-temperature anisotropic ferromagnetism in the non-annealed oxides, 

implanted with transition metals (Co, Fe, and others) have been also observed. We have also shown 

that the anisotropic ferromagnetism in the as-implanted TiO2, ZnO thin films/plates is mainly related 

to the formation of metal magnetic nanoparticles in the implanted layer. 
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Research Council of Turkey (TUBİTAK) ЭСroЮРС ЭСО ProУОМЭ σo. 115F47β. 
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1. In the de Sitter world, the elementary Wigner systems are identified by a spin and a parameter 

whose flat limit is a function of spin and mass, with different signs of energy. But, unlike the 

Minkowski world, we can not exclude negative energies from consideration.  

2. It is shown that after contraction of unitary irreducible representations of the de Sitter group 

SO (4,1), К НТrОМЭ sЮЦ oП ЮnТЭКrв ТrrОНЮМТЛХО rОprОsОnЭКЭТons oП ЭСО PoТnМКrц РroЮp аТЭС 

different signs of the rest mass is obtained. 

3. Elementary systems on a cosmological scale can be in states with positive and negative 

energies. Elementary systems in a state with positive energy behave like a gravitating mass, 

and in a negative energy state as an anti-gravity mass. 

4. Mysterious "dark matter" and "dark energy" consist of such elementary systems. 

5. "Dark matter" and "dark energy" are the first manifestations of quantum properties on the 

scale of the universe. Until now, quantum phenomena have been encountered in the micro-

world, and also as macroscopic quantum effects in the theory of condensed matter. 

6. "Dark matter" and "dark energy" are carriers of information about the first moments of the 

universe after the Big Bang. 

7. Considering the given phenomena of dark matter and dark energy in the general case of 

EТnsЭОТn’s spКМОs Тs К НТППТМЮХЭ ЭКsФ ЛОМКЮsО ЭoНКв ЭСОrО Тs no qЮКnЭЮЦ ЭСОorв oП РrКЯТЭв. TСО 

solution of this problem in general for the gravitational field requires not only new physical 

concepts but also new mathematics. 
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ɆȿɀɁɈɇɇɈȿ ɉɈȽɅɈɓȿɇɂȿ ȼ ɄȼȺɇɌɈȼɈɃ ɌɈɑɄȿ ȼ ɎɈɊɆȿ 

ɗɅɅɂɉɋɈɂȾɇɈȽɈ ȼɊȺɓȿɇɂə 

 

Ƚ.Ȼ. ɂȻɊȺȽɂɆɈȼ, Ȼ.Ƚ. ɂȻɊȺȽɂɆɈȼ 

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ȼɚɤɭ 

 

Ⱦɨɫɬɢɠɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɲɢɪɨɤɢɟ 

ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ ɩɢɪɚɦɢɞɚɥɶɧɵɯ, ɫɮɟɪɢɱɟɫɤɢɯ, ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ, 

ɩɚɪɚɛɨɥɢɱɟɫɤɢɯ, ɷɥɥɢɩɫɨɢɞɚɥɶɧɵɯ ɢ ɞɪɭɝɢɯ ɤɜɚɧɬɨɜɵɯ ɬɨɱɟɤ (ɄɌ) ɪɚɡɥɢɱɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 

ɮɨɪɦ ɢ ɪɚɡɦɟɪɨɜ. ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɄɌ, ɛɥɚɝɨɞɚɪɹ ɩɨɥɧɨɣ ɤɜɚɧɬɨɜɚɧɧɨɫɬɢ ɫɩɟɤɬɪɚ 

ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɧɢɯ, ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɧɚɧɨɪɚɡɦɟɪɧɵɦɢ ɫɬɪɭɤɬɭɪɚɦɢ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɬɟɨɪɟɬɢɱɟɫɤɢ ɪɚɫɫɱɢɬɚɧɨ ɦɟɠɡɨɧɧɨɟ ɩɨɝɥɨɳɟɧɢɟ ɜ ɷɥɥɢɩɫɨɢɞɚɥɶɧɵɯ 

ɄɌ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɨɞɧɨɷɥɟɤɬɪɨɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɜ ɷɥɥɢɩɫɨɢɞɚɥɶɧɵɯ ɄɌ ɜ ɪɚɞɢɚɥɶɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɬɟɧɰɢɚɥ ɤɨɧɮɚɣɧɦɟɧɬɚ ɜ ɜɢɞɟ ɞɜɭɦɟɪɧɨɣ ɨɫɰɢɥɹɬɨɪɧɨɣ 

ɫɮɟɪɢɱɟɫɤɨɣ ɹɦɵ, ɚ z ɧɚɩɪɚɜɥɟɧɢɢ ɨɞɧɨɦɟɪɧɨɝɨ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɨɫɰɢɥɥɹɬɨɪɚ 
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ɝɞɟ  m -ɷɮɮɟɤɬɢɜɧɚɹ ɦɚɫɫɚ ɷɥɟɤɬɪɨɧɚ, 1 ɢ 2  - ɯɚɪɚɤɬɟɪɧɵɟ ɱɚɫɬɨɬɵ ɭɞɟɪɠɢɜɚɸɳɚɹ 

ɩɨɬɟɧɰɢɚɥ ɷɥɥɢɩɫɨɢɞɚɥɶɧɵɯ  ɄɌ ɜ ɪɚɞɢɚɥɶɧɨɦ ɢ z ɧɚɩɪɚɜɥɟɧɢɹɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 0R , 0R

- ɪɚɞɢɭɫ ɷɥɥɢɩɫɨɢɞɚɥɶɧɵɯ  ɄɌ ɜ ɪɚɞɢɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ.  Ȼɵɥɚ ɩɨɥɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɪɨɝɚ 

ɩɨɝɥɨɳɟɧɢɹ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɄɌ.  ɉɨɥɭɱɟɧɚ ɩɪɚɜɢɥɚ ɨɬɛɨɪɚ ɞɥɹ ɩɟɪɟɯɨɞɨɜ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ ɫ 

ɪɚɡɥɢɱɧɵɦɢ ɤɜɚɧɬɨɜɵɦɢ ɱɢɫɥɚɦɢ. 
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ɉɈȽɅɈɓȿɇɂȿ ɋȼȿɌȺ ȼ ɄȼȺɇɌɈȼɈɆ ɋɍɀȿɇɂɂ ȼ ɉɊɈȾɈɅɖɇɈɆ 

ɆȺȽɇɂɌɇɈɆ ɉɈɅȿ 

 

Ƚ.Ȼ. ɂȻɊȺȽɂɆɈȼ, Ɋ.Ɂ. ɂȻȺȿȼȺ 

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ȼɚɤɭ 

 

ɋɨɜɪɟɦɟɧɧɵɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɡɜɨɥɹɸɬ ɫɨɡɞɚɜɚɬɶ ɷɤɡɨɬɢɱɟɫɤɢɟ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɫɬɪɭɤɬɭɪɵ, ɬɚɤɢɟ ɤɚɤ ɤɜɚɧɬɨɜɵɟ ɰɢɥɢɧɞɪɵ, ɞɢɫɤɢ, ɤɨɥɶɰɚ, ɫɮɟɪɢɱɟɫɤɢɟ 

ɨɛɨɥɨɱɤɢ, ɩɨɜɟɪɯɧɨɫɬɢ ɩɫɟɜɞɨɫɮɟɪɵ, ɦɢɤɪɨɫɭɠɟɧɢɹ. ɂɡɦɟɧɟɧɢɟ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɨɜ 

ɧɚɧɨɫɬɪɭɤɬɭɪɵ ɫɭɳɟɫɬɜɟɧɧɨ ɫɤɚɡɵɜɚɸɬɫɹ ɧɚ ɫɩɟɤɬɪɚɥɶɧɵɯ ɫɜɨɣɫɬɜɚɯ. ɂɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɧɚɧɨɫɬɪɭɤɬɭɪ ɧɚ ɨɩɬɢɱɟɫɤɢɟ ɢ 

ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɜɨɣɫɬɜɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɚɤɬɭɚɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɧɚɧɨɷɥɟɤɬɪɨɧɢɤɢ.  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɤɜɚɧɬɨɜɨɦ ɫɭɠɟɧɢɢ 

(Ʉɋ) ɜ ɩɪɨɞɨɥɶɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ. ȼ   ɤɚɱɟɫɬɜɟ   ɦɨɞɟɥɢ   ɩɨɬɟɧɰɢɚɥɚ   ɤɨɧɮɚɣɧɦɟɧɬɚ   Ʉɋ, 

ɜɵɛɢɪɚɟɬɫɹ ɩɨɬɟɧɰɢɚɥ «ɦɹɝɤɨɣ ɫɬɟɧɤɢ»: 

 

( ) ( ) 2/,, 2222

0

22

0 zyxmzyxV z −+=  

 

ɝɞɟ m – ɷɮɮɟɤɬɢɜɧɚɹ ɦɚɫɫɚ ɷɥɟɤɬɪɨɧɚν z – ɤɨɨɪɞɢɧɚɬɚ ɜɞɨɥɶ ɨɫɢ Ʉɋν 

ɱɚɫɬɨɬɚ z - ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɣ ɞɥɢɧɨɣ Ʉɋ  ( )2

zz Lm =  : −0 ɯɚɪɚɤɬɟɪɧɚɹ 

ɱɚɫɬɨɬɚ ɞɜɭɦɟɪɧɨɝɨ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɨɫɰɢɥɥɹɬɨɪɚ, ɩɨɬɟɧɰɢɚɥɨɦ ɤɨɬɨɪɨɝɨ ɦɨɞɟɥɢɪɭɟɬɫɹ 

ɩɨɬɟɧɰɢɚɥ Ʉɋ ɜ ɩɥɨɫɤɨɫɬɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɨɫɢ Ʉɋ. ȼɟɤɬɨɪɧɵɣ ɩɨɬɟɧɰɢɚɥ ɨɞɧɨɪɨɞɧɨɝɨ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ A, ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɜɞɨɥɶ ɨɫɢ Ʉɋ.  

ɂɡɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɝɥɨɳɟɧɢɹ ɫɜɟɬɚ ɜ Ʉɋ ɨɬ ɜɟɥɢɱɢɧɵ ɜɧɟɲɧɟɝɨ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. Ɋɚɫɫɦɨɬɪɟɧ ɩɪɟɞɟɥɶɧɵɣ ɩɟɪɟɯɨɞ «ɦɢɤɪɨɫɭɠɟɧɢɟ→ɤɜɚɧɬɨɜɚɹ ɩɪɨɜɨɥɨɤɚ». 
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TEMPERATURE DEPENDENCE OF PHOTOLUMINESCENCE OF ZnIn2Se4 
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 АଶʑଶଷСସ6  group compounds attract attention of researchers due to their potential application in 

optical devices. ZnIn2Se4 is a typical member of this group. Electrical and optical properties for the 

first time have been studied in [1]. For energy gaps following values were obtained: Edir=1,82 eV and 

Eind=1,74 eV. In [2] photoluminescence of ZnIn2Se4 СКЯО ЛООn ТnЯОsЭТРКЭОН Тn ЭСО rКnРО 55÷β00Ʉ. 

Authors explained the wide emission band at 1,22 eV by energy level located in the band gap due to 

the anion I associated with VZn or antistructural defect of AB type. Optical transmittance of ZnIn2Se4 

(R3m, Z=4,5) in the range 160-293K we studied in [3]. Optical band gap at 293K determined as 1,72 

eV. Absorption band at 850 nm is present in spectrum.   

ZnIn2Se4 crystals were synthesized by direct fusion of stoichiometric quantities of highly pure 

components Zn, In and Se in vacuum (up to 10-4 mm Hg) sealed quartz tubes. 

In the given work results of investigation of photoluminescence ZnIn2Se4 in a wide temperature 

range from 10Ʉ up to 300 K are presented. As the excitation source Nd:YAG lazer with the 

wavelength Ȝex=532 nm and the second harmonic on wavelength Ȝex=400 nm of the titan-sapphire 

femtosecond MaiTai laser of the company Spectra-Physics were used. In PL spectrum for the first 

time the emission band at 725 nm (1,71 eV) with a short-wave shoulder at 690 nm (1,8 ɷȼ) and less 

intensive infra-red wide band with a maximum at 886 nm (1,39 eV) is observed. Intensity of the 

emission bands is increases with temperature decrease and below 200K infra-red band becomes more 

intensively. Below 20K intra-red band is broaden in connection with merge with newly appearing 

band at ~790 nm. Emission peaks energies (1,78 eV and 1,43 eV at 20K) shift towards lower energies 

when temperature inМrОКsО. In ЭСО ХТnОКr rКnРО (β0÷100K) ЭСО sСТПЭ Тs НE/НT≈ -0,7 meV/K. Emission 

band with maximum at 1,71 eV at 300K is due to interband transition that coordinates with the optical 

absorption data [1]. The second infra-red band with maximum at 1,39 eV is connected with natural 

structural defects which bring to the presence of recombination centers. On the base of this 

experiment results the scheme of the energy levels is constructed. 

This work was suppoted by the grant (РrКnЭ № EİF-BGM-3-BRFTF-2+/2017-15/02/1) from 

Science Development Foundation under the President of Azerbaijan Republic. 
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ɄɈɆȻɂɇȺɐɂɈɇɇɈȿ ɊȺɋɋȿəɇɂȿ ɋȼȿɌȺ ɂ ɗɅɅɂɉɋɈɆȿɌɊɂɑȿɋɄɂȿ 

ɂɋɋɅȿȾɈȼȺɇɂə ɉɈɅɂɗɌɂɅȿɇȺ, ɇȺɉɈɅɇȿɇɇɈȽɈ  
ɇȺɇɈɄɊɂɋɌȺɅɅɂɌȺɆɂ Bi2Ɍɟ3 

 

Ⱥ.ɘ. ȽȺɆɁȺȿȼȺ1, ɗ.Ƚ. ȺɅɂɁȺȾȿ2, Ƚ.ɏ. ȺɀȾȺɊɈȼ2, ɂ.Ⱥ. ɆȺɆȿȾɈȼȺ2, 

ɇ.Ɍ. ɆȺɆȿȾɈȼ2, ɇ.Ⱥ. ȺȻȾɍɅɅȺȿȼ2, Ɂ.ɂ. ȻȺȾȺɅɈȼȺ2, Ʉ.ɒ. ɄȺɏɊȺɆȺɇɈȼ2 
1Ƚɹɧɞɠɢɧɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ, AZβ00γ, Ƚɹɧɞɠɚ, Ⱥɡɟɪɛɚɣɞɠɚɧ            

2ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ȼɚɤɭ 114γ, ɩɪ. Ⱦɠɚɜɢɞɚ 1γ1, Ⱥɡɟɪɛɚɣɞɠɚɧ                    

alizadeelv@gmail.com 

 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɫɨɟɞɢɧɟɧɢɹ ɬɢɩɚ Bi2Te3 ɢ ɬɜёɪɞɵɟ ɪɚɫɬɜɨɪɵ ɧɚ ɢɯ ɨɫɧɨɜɟ ɧɚɲɥɢ 

ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. Ⱦɥɹ ɛɨɥɟɟ ɲɢɪɨɤɨɝɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɵɲɟɧɢɟ ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɱɬɨ ɨɛɵɱɧɨ 

ɞɨɫɬɢɝɚɟɬɫɹ ɥɟɝɢɪɨɜɚɧɢɟɦ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢɥɢ ɩɨɞɛɨɪɨɦ ɨɩɪɟɞɟɥёɧɧɵɯ ɫɨɫɬɚɜɨɜ ɬɜёɪɞɵɯ 

ɪɚɫɬɜɨɪɨɜ. Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ Д1Ж ɭɤɚɡɵɜɚɸɬ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ 

ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɢɡɤɨɪɚɡɦɟɪɧɵɯ 

ɫɬɪɭɤɬɭɪ (ɬɨɧɤɢɟ ɩɥёɧɤɢ, ɧɚɧɨɧɢɬɢ, ɧɚɧɨɤɪɢɫɬɚɥɥɵ ɢ ɬ.ɩ.) ɧɚ ɨɫɧɨɜɟ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ.  

ɇɚɧɨɤɨɦɩɨɡɢɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɭɬёɦ ɬɟɪɦɢɱɟɫɤɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɩɨɥɢɷɬɢɥɟɧɚ ɧɢɡɤɨɣ 

ɩɥɨɬɧɨɫɬɢ (LDPE - Low Density Polyethylene) ɢ ɦɨɧɨɤɪɢɫɬɚɥɥɵ Bi2Te3 ɜ ɩɨɪɨɲɤɨɨɛɪɚɡɧɨɦ 

ɫɨɫɬɨɹɧɢɢ ɫ ɜɟɫɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 5%, 10%, β0%, γ0%, 40%, 50%, 60% ɢ 70%. Ɋɚɡɦɟɪɵ 

ɧɚɧɨɤɪɢɫɬɚɥɥɢɬɨɜ Bi2Te3 ɧɟ ɩɪɟɜɵɲɚɥɢ 50 ɧɦ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɤɨɦɛɢɧɚɰɢɨɧɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɫɜɟɬɚ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɬɪɟɯɦɟɪɧɨɦ 

ɤɨɧɮɨɤɚɥɶɧɨɦ ɪɚɦɚɧɨɜɫɤɨɦ ɦɢɤɪɨɫɩɟɤɬɪɨɦɟɬɪɟ Nanofinder 30 (Tokyo Instr.), ɞɥɢɧɚ ɜɨɥɧɵ 

ɜɨɡɛɭɠɞɟɧɢɹ  = 5γβ ɧɦ. ɉɪɢёɦɧɢɤɨɦ ɢɡɥɭɱɟɧɢɹ ɫɥɭɠɢɥɚ ɨɯɥɚɠɞɚɟɦɚɹ CCD-ɤɚɦɟɪɚ (−70◦C), 

ɪɚɛɨɬɚɸɳɚɹ ɜ ɪɟɠɢɦɟ ɫɱɟɬɚ ɮɨɬɨɧɨɜ. ȼ ɝɟɨɦɟɬɪɢɢ ɨɛɪɚɬɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɞɥɹ ɜɫɟɯ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɚɩɨɥɧɢɬɟɥɹ Bi2Te3 ɨɬɱёɬɥɢɜɨ ɧɚɛɥɸɞɚɸɬɫɹ ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ Bi2Te3 ɬɪɢ       ɄɊ-

ɚɤɬɢɜɧɵɟ ɦɨɞɵ ДβЖμ ɧɚ ɱɚɫɬɨɬɟ 6β ɫɦ-1 (A1g
1), ɧɚ ɱɚɫɬɨɬɟ 10β,5 ɫɦ-1 (Eg

2) ɢ ɧɚ ɱɚɫɬɨɬɟ 1γ4 ɫɦ-1 

(A1g
2). ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɨɥɧɢɬɟɥɹ Bi2Te3 ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɦɚɧɨɜɫɤɢɯ ɦɨɞ 

ɜɨɡɪɚɫɬɚɟɬ.    

ɗɥɥɢɩɫɨɦɟɬɪɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɷɥɥɢɩɫɨɦɟɬɪɟ ɨɩɬɢɱɟɫɤɨɝɨ ɞɢɚɩɚɡɨɧɚ     

M-β000 DI (J.A. АШШХХКЦ CШ, IЧМ.). ɋɩɟɤɬɪɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɥɢɩɫɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 

Δ ɢ Ψ ɫɧɢɦɚɥɚɫɶ ɜ ɞɢɚɩɚɡɨɧɟ ɷɧɟɪɝɢɣ ɮɨɬɨɧɨɜ 1-6 ɷȼ ɫ ɲɚɝɨɦ 50 ɦɷȼ ɩɪɢ ɭɝɥɚɯ ɩɚɞɟɧɢɹ ɜ 

ɞɢɚɩɨɡɨɧɟ 60° -75°. Ɇɟɬɨɞɚɦɢ ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɨɣ ɷɥɥɢɩɫɨɦɟɬɪɢɢ ɨɛɧɚɪɭɠɟɧɨ ɨɬɤɥɨɧɟɧɢɟ 

ɧɨɦɢɧɚɥɶɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɚɧɨɱɚɫɬɢɰ Bi2Te3 ɨɬ ɢɯ ɪɟɚɥɶɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɚɧɨɤɨɦɩɨɡɢɬɟ. 

ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɤɥɚɫɬɟɪɢɡɚɰɢɟɣ ɜ ɨɛɪɚɡɰɚɯ, ɢ ɧɟɞɨɫɬɚɸɳɚɹ ɱɚɫɬɶ ɧɚɧɨɤɪɢɫɬɚɥɢɬɨɜ ɫɤɚɩɥɢɜɚɟɬɫɹ 

ɜ ɤɥɚɫɬɟɪɚɯ. ȼɫɥɟɞɫɬɜɢɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɩɪɟɞɥɨɠɟɧɵ ɪɚɡɥɢɱɧɵɟ 
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ɦɧɨɝɨɫɥɨɣɧɵɟ ɦɨɞɟɥɢ. ɉɪɨɜɟɞɟɧɵ ɜɵɱɢɫɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɷɮɮɟɤɬɢɜɧɨɣ ɫɪɟɞɵ 

(Effective Medium Approximation, EMA) ɩɪɢɛɥɢɠɟɧɢɟɦ Ȼɪɭɝɝɟɦɚɧɚ ДγЖ, ɩɨɥɭɱɟɧɚ ɞɢɫɩɟɪɫɢɹ 

ɦɧɢɦɨɣ ɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɱɚɫɬɟɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɨɛɴɹɫɧɟɧɚ 

ɩɪɢɪɨɞɚ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɜ ɧɚɧɨɤɨɦɩɨɡɢɬɚɯ, ɩɭɬёɦ ɢɡɭɱɟɧɢɹ ɞɟɩɨɥɹɪɢɡɭɸɳɢɯ ɫɜɨɣɫɬɜ 

ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ. ɂɡ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɞɟɩɨɥɹɪɢɡɚɰɢɢ ɨɰɟɧɟɧ ɫɪɟɞɧɢɣ 

ɪɚɡɦɟɪ ɦɢɤɪɨɤɥɚɫɬɟɪɨɜ, ɤɨɬɨɪɵɣ ɨɤɚɡɚɥɫɹ ɪɚɜɧɵɦ ɩɪɢɦɟɪɧɨ β50 ɧɦ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɏɨɧɞɚ Ɋɚɡɜɢɬɢɹ ɇɚɭɤɢ ɩɪɢ ɉɪɟɡɢɞɟɧɬɟ 

Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɨɣ ɪɟɫɩɭɛɥɢɤɢ (ɝɪɚɧɬɵ № EİF-BGM-3-BRFTF-2+/2017-15/0β/1 ɢ № 

EİF/εQε/EХЦ-Tɟhsil-1-2016-1(26) )-71/16/1). 

[1] L.D. Hicks, M.S. Dresselhaus. Phys. Rev. B, 47, 12727 (1993)  

[2] W. Richter, H. Kohler, C.R. Becker. Phys. Stat. Sol. (b), 84, 619 (1977)  

[3] D. Stroud.  Superlattices and Microstructures, 23, 567 (1998) 
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DIELECTRIC PROPERTIES OF (TlGaS2)0.98 (AgGaS2)0.02 THIN FILMS 

 

KEMAL ULUTAŞ1, ŞAHIN ВAKUT1, DENIГ BOГOĞLU1, SOLMAZ MUSTAFAEVA2, 

ELMIRA KERIMOVA2, S.G. JAFAROVA2, DENIГ DEĞER1 

1Istanbul University, Science Faculty, Physics Department,  

Vezneciler, Istanbul, Turkey 
2 Institute of Physics, Azerbaijan National Academy of Sciences  

Department of Physical, Mathematical and Technical Sciences  

Baku, Azerbaijan 

 

(TlGaS2)0.98 (AgGaS2)0.02 thin film sample was deposited on glass substrate by thermal 

evaporation at 10-5 Torr high vacuum. The thickness of the sample was determined as 100 nm. Their 

dielectric properties have been investigated in the frequency range 0.1 Hz-2 M Hz and within the 

temperature range 293-373K. The dielectric constant and dielectric loss factor of the samples were 

found to decrease with increasing frequency and increase with temperature in the given intervals.  It 

is observed that two polarization regions were determined in the structure. First of these mechanisms 

which correspond to the dipolar polarization with long chain was observed at angular frequencies 

between 0.1 – 102 rad/s. The second mechanism which was attributed to the dipolar polarization with 

small branches was observed at angular frequencies between 105– 107 rad/s. The obtained results  

were interpreted depending on the structure. 
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ɇȿɃɌɊɈɇɈȽɊȺɎɂɑȿɋɄɂȿ ɂɋɋɅȿȾɈȼȺɇɂə ɆɂɄɊɈɋɌɊɍɄɌɍɊɕ 

ɎɍɇɄɐɂɈɇȺɅɖɇɕɏ ɆȺɌȿɊɂȺɅɈȼ ɇȺ ɈɋɇɈȼȿ ɀȿɅȿɁȺ 

 

Ȼ. ɆɍɏȺɆȿɌɍɅɕ  
Ʉɚɡɚɯɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɚɥɶ-Ɏɚɪɚɛɢ, Ⱥɥɦɚɬɵ 

ɂɧɫɬɢɬɭɬ ɹɞɟɪɧɨɣ ɮɢɡɢɤɢ ɆɗɊɄ, Ⱥɥɦɚɬɵ 

Ɉɛɴɟɞɢɧɟɧɧɵɣ ɢɧɫɬɢɬɭɬ ɹɞɟɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, Ⱦɭɛɧɚ 

bagdaulet_m@mail.ru 

 

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɟ ɩɨɞɪɨɛɧɨ ɨɩɢɫɵɜɚɟɬɫɹ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɞɢɫɩɟɪɫɢɨɧɧɨ-ɭɩɪɨɱɧɟɧɧɵɯ ɫɬɚɥɟɣ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 

ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɠɟɥɟɡɚ. Ɉɫɧɨɜɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɦɟɬɨɞɨɦ ɹɜɥɹɥɚɫɶ ɞɢɮɪɚɤɰɢɹ 

ɧɟɣɬɪɨɧɨɜ, ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɤɨɬɨɪɨɣ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɢɮɪɚɤɬɨɦɟɬɪɵ ɫ ɨɱɟɧɶ ɜɵɫɨɤɨɣ 

ɪɚɡɪɟɲɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɩɨɫɤɨɥɶɤɭ ɜɟɥɢɱɢɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɷɮɮɟɤɬɨɜ ɜɫɟɝɞɚ ɛɵɥɚ 

ɧɟɛɨɥɶɲɨɣ. 

ɇɟɣɬɪɨɧɧɵɟ ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɟɞɟɧɵ ɫ ɬɪɟɦɹ ɬɢɩɚɦɢ ɞɢɫɩɟɪɫɢɨɧɧɨ-

ɭɩɪɨɱɧɟɧɧɵɯ ɚɭɫɬɟɧɢɬɧɵɯ ɫɬɚɥɟɣ ɏ16ɇ15ɆγɌ1, ɇβ6ɏ5Ɍγ ɢ 40ɏ4Ƚ18Ɏβ, ɚɤɬɢɜɧɨ 

ɢɫɩɨɥɶɡɭɸɳɢɯɫɹ ɜ ɪɟɚɤɬɨɪɨɫɬɪɨɟɧɢɢ. ɍɩɪɨɱɧɹɸɳɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɞɥɹ ɧɢɯ ɛɵɥɢ σТ3TТ (ɞɥɹ 

ɩɟɪɜɵɯ ɞɜɭɯ) ɢ VC (ɞɥɹ ɬɪɟɬɶɟɣ). ɋɬɚɥɢ ɩɨɞɜɟɪɝɚɥɢɫɶ ɞɟɣɫɬɜɢɸ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ (ɞɨ 

700°ɋ) ɜ ɬɟɱɟɧɢɟ ɪɚɡɥɢɱɧɨɝɨ ɜɪɟɦɟɧɢ (ɞɨ 1β ɱɚɫɨɜ). 

ȼɧɚɱɚɥɟ ɛɵɥ ɩɪɨɜɟɞɟɧ ɰɢɤɥ ɧɚɝɪɟɜɚ (ɞɨ λ00°ɋ) ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɞɨ β0°ɋ) ɫɨ 

ɫɤɨɪɨɫɬɶɸ ɨɤɨɥɨ ±β ɝɪɚɞ/ɦɢɧ ɫ ɢɫɯɨɞɧɵɦ (ɩɨɫɥɟ ɥɢɬɶɹ) ɨɛɪɚɡɰɨɦ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɤɚɠɞɭɸ 

ɦɢɧɭɬɭ ɢɡɦɟɪɹɥɢɫɶ ɫɩɟɤɬɪɵ ɜ ɪɟɠɢɦɟ ɫɪɟɞɧɟɝɨ ɪɚɡɪɟɲɟɧɢɹ. ɗɬɚ ɩɪɨɰɟɞɭɪɚ ɡɚɧɢɦɚɥɚ ɨɤɨɥɨ 15 

ɱɚɫɨɜ, ɢ ɩɪɢɜɨɞɢɥɚ ɤ ɞɢɮɮɭɡɢɨɧɧɨɦɭ ɨɬɠɢɝɭ ɨɛɪɚɡɰɚ, ɬ.ɟ. ɝɨɦɨɝɟɧɢɡɚɰɢɢ ɫɨɫɬɚɜɚ ɢ 

ɩɪɢɛɥɢɠɟɧɢɸ ɤ ɪɚɜɧɨɜɟɫɧɨɦɭ ɫɨɫɬɨɹɧɢɸ. 
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ВARIMKEÇİRİCİLƏRDƏ KRİTİK NнQTƏLƏRİN  MоБTƏLİF HALLARI оÇоN 

KOMPLEKS DİELEKTRİK FUNKSIВASININ SPEKTRAL ASILILIQLARININ 

MоQAВİSƏSİ 

 

M. H. HоSEВNƏLİВEV  
AMEA NКбхıЯКЧ BöХЦəsi TəЛТТ EСЭТвКЭХКr İЧsЭТЭЮЭЮ 

mamedhuss@mail.ru    

 

εəqКХəНə вКrТЦФОхТrТМТХərНə ФrТЭТФ nöqЭəХərТn ЦüбЭəХТП СКХХКrТ üхün ФoЦpХОФs НТОХОФЭrТФ 

ПЮnФsТвКsТnТn ОnОrУТНən КsТХТХТq əвrТХərТnТn ЦüqКвТsəХТ ЭəСХТХТ ЯОrТХЦТşНТr. TəСХТХ ”GrКpСТМКХКnКХТsвs“ 

proqrКЦı ЯКsТЭəsТХə ФrТЭТФ nöqЭəХərТ бКrКФЭОrТгə ОНən m -pКrКЦОЭrТnТn НörН qТвЦəЭТ  üхün вОrТnə 

вОЭТrТХЦТşdir. 

EХХТpsoЦОЭrТФ öХхЦəХərНən nəЭТМə oХКrКq  ФoЦpХОФs НТОХОФЭrТФ ПЮnФsТвКsının 1 СəqТqТ Яə 2 

бəвКХТ СТssəХərТnТn ОnОrУТНən КsıХıХıq qrКПТФХərТ КХınır. BЮ ПЮnФsТвК СəЦ Нə 700-Нən хoб nöqЭənТn  

КsıХıХığı şəФХТnНə rəqəЦsКХ oХКrКq ФoorНТnКЭХКrХК ЯОrТХЦТş oХЮr Яə onК Рörə Нə ЛЮ КsıХıХığı Savitski-

Golayalqoritmlərindən, SA alqoritmlərindən istifadə ОЭЦТşХər. 

Bildiyimiz kimi ФoЦpХОФs НТОХОФЭrТФ ПЮnФsТвКsı üхün nəzəri analitik ifadənin ikinci tərtib 

Эörəməsi  harada ki, AmmA )1(1 −−=  və 
22)( +−= E . Burada A-amplituda, E- kritik 

nöqЭə,  - РОnТşХənmə,   -isə ОФsТЭon ПКгК ЛЮМКğıНır. 2

1

2 /)(  dd  və 
2

2

2 /)(  dd  əyriləri fittinqə 

cəlb olunarkən ən вКбşı ПТЭЭТnР СКХı A, E,   və   -parametrlərindən əlavə həm də m  sabitinin ala 

biləcəвТ НörН qТвЦətdən ЛТrТnТn sОхТХЦəsi ilə Цüəyyən olunur. Fittinq apararkən bu sabitlərdən hər 

СКnsı ЛТrТnТn sОхТХЦəsi həmin sabitin digər üх sКЛТЭХə ЦüqКвТsədə ОФspОrТЦОnЭКХ КsıХıХıqХК НКСК хoб 

üsЭ-üsЭə НüşЦəsi, yəni fittinq xəЭКsının НКСК ФТхТФ oХЦКsı ТХə Цüəyyən olunur ki, bu xəta 

”GrКpСТМКХКnКХТsвs“ proqrКЦınНК RMSE РösЭəricisi ilə qiymətləndirilir. 

m -Тn ЦüбЭəХТП qТвЦəЭХərТüхün КpКrıХКn ПТЭЭТnqХərin  bir-birlərindən nə qədər xəta ilə 

fərqlənmələrinəКвНınХıq РətirməФ üхün бüsЮsТ oХКrКq 0=m  qiyməЭТ üхün Эəxminən 100%-lifittinqi 

ЦüЦФün oХКn ОФspОrТЦОnЭКХ 2

1

2 /)(  dd  və 
2

2

2 /)(  dd  əyriləri qЮrЮХЦЮş Яə həЦТn КsıХıХıqХКrın

m -Тn НТРər qТвЦəЭХərТ ТХə ПТЭЭТnqТ КpКrıХКrКq КХınКn RMSE бəЭКХКrı Цüəввən ОНТХЦТşНТr, fittinqlər  -

nınЮвğЮn oХКrКq /4, /2, 3/4 Яə  qiymətlərində КХınЦışНır. 
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SmxSn1-xSe2 SİSTEM KRİSTALLARININ ELEKTRİK KEÇİRİCİLİВİNƏ  

γ -ŞUALARININ TƏSİRİ 

 

V.Ə. ABDURAHMANOVA, N.M. ABDULLAВEV, Ş.S. İSMAВILOV 

AMEA FТгТФК İЧsЭТЭЮЭЮ 

AMEA RКНТКsТвК PrШЛХОЦХərТ İЧsЭТЭЮЭЮ 

 

δКnЭКnoТН ЦОЭКХХКrının ТşЭТrКФı ТХə oХКn ЭОrЦoОХОФЭrТФ ЦКЭОrТКХХКrın ЭəНqТqТnНə Яə onХКrın ФТnОЭТФ 

pКrКЦОЭrХərТnə Ȗ-şüКХКrının ЭəsТrТnТ öвrənЦəФНə ЦəqsəНμ ЦКЭОrТКХХКrın НОППОФЭХТ qЮrЮХЮşК ЦКХТФ 

ЦКННəХərТn ФТnОЭТФ бКssəХərТnТn НəвТşЦəsТnə ЭəsТrТnТ; rКНТКsТвКвК, rüЭЮЛəЭə qКrşı НКЯКЦХıХığını 

öвrənТХЦəsТ Яə prКФЭТФ əСəЦТввəЭ ФəsЛ ОНən ЭərФТЛХərТ КrКşНırЦКqНır. δКnЭКnoТН ЦОЭКХХКrının ТşЭТrКФı 

ТХə oХКn вКrıЦФОхТrТМТ ЦКЭОrТКХХКr РösЭərТХən бКrТМТ ЭəsТrХərə qКrşı хoб НКЯКЦХıНırХКr Д1Ж. BЮ səЛəЛНən, 

ХКnЭКnoТН ЦОЭКХХКrınНКn oХКn sКЦКrТЮЦ ОХОЦОnЭТnТn ТşЭТrКФı ТХə oХКn SЦxSn1-xSe2 termoelektrik 

ЭərФТЛХərТnТn ФТnОЭТФ pКrКЦОЭrХəТnə rКНТКsТвКnın ЭəsТrТ öвrənТХЦТş Яə ТşНə ОХОФЭrТФ ФОхТrТМТХТвə КТН 

КХınКn nəЭТМəХərТn qısК бüХКsısТ ЯОrТХЦТşНТr. SmxSn1-xSe2 ФrТsЭКХХКrın ПТгТФТ-ФТЦвəЯТ КnКХТгТ Яə ЛəгТ 

ФТnОЭТФ pКrКЦОЭrХərТ ДβЖ ЦüəХХТПХərТ ЭərəПТnНən öвrənТХЦТşНТr. εüəввən oХЮnЦЮşНЮr ФТ, SЦ ЦОЭКХı 

SmxSn1-xSe2 ərТnЭТХərТnНə 0.4КЭ%-Т qəНər ЛərФ ЦəСХЮХ вКrКНır. DТРər ЭərəПНən, ЛərФ ЦəСХЮХ oЛХКsЭınНК, 

ЭərФТЛХərНə SЦ ОХОЦОnЭТnТn ЦТqНКrınНКn КsıХı oХКrКq (з0,14КЭ%SЦ) ФОхТrТМТХТФ ЭТpТ p-Нən n-ə НəвТşТr. 

εКННəХərТn ОХОФЭrТФ ФОхТrТМТХТвТnə Ȗ-şüКХКrının ЭəsТrТnТ öвrənЦəФ ЦəqsəНТ ТХəμ p=4,1·1017 Яə 

n=7,8·1017
 Sm

-3 ФonsОnЭrКsТвКХı nüЦЮnəХərТ prОsХəЦə üsЮХЮ ТХə КХınЦış ДβЖ Яə onХКrın Сər ЛТrТ üх СТssəвə 

ЛöХünЦüşНürμ ЛЮnХКrНКn ЛТrТν 1pA Яə 1nA termik emala (Tt.e=6730C Яə Э=7β sККЭ), НТРər ТФТnМТsТ Тsə 

ОвnТ şərКТЭНə ОвnТ гonКНКν εRБȖ-25 izotoplu 60Co ЦənЛəвТnНən ЮНЮХЦЮş НoгК DȖ=20 kQr (E=0,31 

εОЯ) ЭərЭТЛТnНən (βPb Яə βnb) olmaqla 2-ci Яə 3-Мü nüЦЮnəХər Тsə ЮНЮХЦЮş НoгК DȖ=35 kQr (E=0,54 

εОЯ) ЭərЭТЛТnНə (γpv Яə γnv) oХЦЮşНЮr. TəМrüЛəХərНən КХınКn nəЭТМəХər КşКğıНКФı ФТЦТ oХЦЮşНЮrμ Hər 

ТФТμ p Яə n ЭТp nüЦЮnəХərНə, ЭОrЦТФ ОЦКХНКn sonrК ОХОФЭrТФ ФОхТrТМТХТвТμ p-ЭТp nüЦЮnəНə 18%, n-ЭТpНə 

Тsə 14% КrЭЦışНır. β0 ФQr şвКХКnЦКвК ЦərЮг qКХЦış nüЦЮnəХər üхün Тsə ЮвğЮn oХКrКqμ p-ЭТp Тsə хoб 

гəТП КгКХЦК (зγ%) КгКХЦК ЦüşКСТНə oХЮnЦЮşНЮr. AnКХoУТ oХКrКq D=γ5 ФQr ЮНЮХЦКвК ЦərЮг qКХЦış, 

3-Мü nüЦЮnəХərНəμ p-ЭТp nüЦЮnəНə ββ% КrЭıЦ ЦüşКСТНə oХЮnЮrν n-ЭТp nüЦЮnəНə 16% КгКХır. BЮrКНКn 

РörünНüвü ФТЦТ Ȗ-şЮКХКnЦКвК ЦərЮг qКХЦış nüЦЮnəХərТn ОХОФЭrТФ ФОхТrТМТХТвТnНə ЭəМrüЛə бəЭКsı 

НКбТХТnНə ФəsФТn НəвТşЦəХər ЦüşКСТНə oХЮnЮr. Radiasiya şЮКХКnЦКsınК ЦərЮг qКХЦış SЦxSn1-xSe2 

ФrТsЭКХХКrını Ȗ-ФЯКnЭХКrı ТХə şЮКХКnНırНıqНК вКrКnКn КФsОpЭor ЭТpХТ rКНТКsТвК НОfОФЭХərТnТn ЭəЛТəЭТ ОвnТНТr 

Яə n-ЭТpХТ nüЦЮnəНə КФsОpЭor ЭТpХТ nöqЭəЯТ rКНТКsТвК НОfОФЭХərТ ТХə вüФНКşıвıМıХКrın ФoЦpОЦsТвКsı 

РОЭНТвТnНən nüЦЮnəХərТn ОХОФЭrТФ ФОхТrТМТХТвТ КгКХırν p-ЭТp nüЦЮnəХərНə Тsə, əФsТnə КrЭır. 

[1] «Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɯɚɥɶɤɨɝɟɧɢɞɨɜ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ» ɂɡɞ. «ɇɚɭɤɚ» Ʌ. 1λ7γ, 
βλ0ɫ. 

[2] Ⱥ.ɉ. Ƚɭɪɲɢɦɨɜ «Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɚɹ ɩɪɢɪɨɞɚ ɫɥɨɠɧɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɧɚ ɨɫɧɨɜɟ ɦɨɧɨɫɟɥɟɧɢɞɚ ɨɥɨɜɚ» Ȼɚɤɭ. 1λλ1, 181ɫ.  
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ɇȿɃɌɊɈɇɇɕȿ ɂɋɋɅȿȾɈȼȺɇɂə ɋɌɊɍɄɌɍɊɇɕɏ ɆȿɏȺɇɂɁɆɈȼ 

ɎɈɊɆɂɊɈȼȺɇɂə ɈɉɌɂɑȿɋɄɂɏ ɋȼɈɃɋɌȼ ȼ ɄɈɆɉɈɁɂɌɇɕɏ ɋɌȿɄɅəɇɇɕɏ 
ɆȺɌȿɊɂȺɅȺɏ 

 

ɋ.ȿ. ɄɂɑȺɇɈȼ1, Ⱦ.ɉ. ɄɈɁɅȿɇɄɈ1, Ƚ.ɉ. ɒȿȼɑȿɇɄɈ2, ȼ.ɋ. ȽɍɊɂɇ2,  

Ƚ.ȿ. ɊȺɑɄɈȼɋɄȺə3, Ȼ.ɇ. ɋȺȼȿɇɄɈ1 

1Ɉɛɴɟɞɢɧɟɧɧɵɣ ɢɧɫɬɢɬɭɬ ɹɞɟɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, Ⱦɭɛɧɚ, Ɋɨɫɫɢɹ 

2ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ ȻȽɍ, 
Ɇɢɧɫɤ, Ȼɟɥɚɪɭɫɶ 

3 Ȼɟɥɨɪɭɫɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɇɢɧɫɤ, Ȼɟɥɚɪɭɫɶ 

 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɨɩɬɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɫɬɟɤɥɹɧɧɵɯ ɦɚɬɪɢɰ ɫ ɞɨɩɢɪɨɜɚɧɧɵɦɢ ɜ 
ɧɢɯ ɩɟɪɟɯɨɞɧɵɦɢ ɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɜɵɡɵɜɚɸɬ ɧɚɭɱɧɵɣ ɢɧɬɟɪɟɫ ɜ ɫɜɹɡɢ ɫ ɢɯ 
ɜɨɡɦɨɠɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɟɥɟɤɬɢɜɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɮɢɥɶɬɪɨɜ ɞɥɹ ɥɚɡɟɪɧɨɣ 
ɬɟɯɧɢɤɢ ɫ ɜɵɫɨɤɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ. 

Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɨɩɢɪɨɜɚɧɧɵɯ ɫɢɥɢɤɚɬɧɵɯ 
ɫɬɟɤɨɥ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɯɚɪɚɤɬɟɪɨɦ ɥɨɤɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ 
ɨɤɫɢɞɧɵɯ ɧɚɧɨɤɥɚɫɬɟɪɨɜ ɢ ɦɟɯɚɧɢɡɦɚɦɢ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɫɬɟɤɥɹɧɧɨɣ ɦɚɬɪɢɰɟ. ȼɨɡɦɨɠɧɨɫɬɢ 
ɭɩɪɚɜɥɟɧɢɟ ɨɩɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɫɬɟɤɨɥ, ɚ ɬɚɤɠɟ ɫɨɡɞɚɧɢɟ ɫɨɜɟɪɲɟɧɧɨ ɧɨɜɵɯ ɫɬɟɤɥɹɧɧɵɯ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɩɪɟɞɟɥɹɸɬ ɜɫɟɫɬɨɪɨɧɧɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɯ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ.  

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɞɨɤɥɚɞɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɩɬɢɱɟɫɤɢɯ ɧɚɧɨɱɚɫɬɢɰ ɜ ɫɬɟɤɥɹɧɧɨɣ ɦɚɬɪɢɰɟ ɦɟɬɨɞɨɦ ɦɚɥɨɭɝɥɨɜɨɝɨ 
ɪɚɫɫɟɹɧɢɹ ɧɟɣɬɪɨɧɨɜ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɫ ɩɨɦɨɳɶɸ ɷɬɨɝɨ ɦɟɬɨɞɚ ɜɵɩɨɥɧɟɧɵ ɧɚ ɫɩɟɤɬɪɨɦɟɬɪɟ 
ɘɆɈ ɧɚ ɢɦɩɭɥɶɫɧɨɦ ɜɵɫɨɤɨɩɨɬɨɱɧɨɦ ɪɟɚɤɬɨɪɟ ɂȻɊ-β ɜ ɝ. Ⱦɭɛɧɚ, Ɋɨɫɫɢɹ. ɉɨɥɭɱɟɧɧɵɟ 
ɫɬɪɭɤɬɭɪɧɵɟ ɞɚɧɧɵɟ ɩɨɡɜɨɥɢɥɢ ɩɨɥɭɱɚɬɶ ɭɧɢɤɚɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɬɪɭɤɬɭɪɟ ɢ ɦɨɪɮɨɥɨɝɢɢ 
ɨɤɫɢɞɧɵɯ ɧɚɧɨɤɥɚɫɬɟɪɨɜ ɜ ɫɬɟɤɥɹɧɧɨɣ ɦɚɬɪɢɰɟ, ɚ ɬɚɤɠɟ ɨ ɫɬɪɭɤɬɭɪɧɨɣ ɷɜɨɥɸɰɢɢ ɷɬɢɯ 
ɧɚɧɨɤɥɚɫɬɟɪɨɜ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɯ ɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ.    
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ɗɅȿɄɌɊɈɇɈȽɊȺɆɆɕ ɈɌ ɇȺɇɈɉɅȿɇɈɄ ɆɈɇɈɄɊɂɋɌȺɅɅɈȼ ɋ 

ȽȿɄɋȺȽɈɇȺɅɖɇɈɃ ɄɊɂɋɌȺɅɅɂɑȿɋɄɈɃ ɊȿɒȿɌɄɈɃ, 
ȼɊȺɓȺɘɓɂɏɋə ȼɈɄɊɍȽ ɋɅɍɑȺɃɇɕɏ ɈɋȿɃ. 

 

Ɇ.Ƚ. ɄəɁɍɆɈȼ 

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, 
AZ1143, ɝ.Ȼɚɤɭ, ɩɪ.Ƚ.Ⱦɠɚɜɢɞɚ,γγ 

elmira@physics.ab.az, el_max63@yahoo.com 

      

Ɋɚɡɜɢɬɢɟ ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ ɚɤɬɭɚɥɢɡɢɪɨɜɚɥɨ ɪɚɡɪɚɛɨɬɤɭ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɜɪɚɳɟɧɢɹ ɢ 

ɢɡɭɱɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɤɚɤ ɢɫɤɭɫɫɬɜɟɧɧɵɦɢ ɡɚɤɨɧɨɦɟɪɧɵɦɢ ɜɪɚɳɟɧɢɹɦɢ, ɬɚɤ ɢ ɟɫɬɟɫɬɜɟɧɧɵɦɢ, 

ɬ.ɟ. ɢɫɤɪɢɜɥɟɧɧɵɦɢ ɜɨɤɪɭɝ ɫɥɭɱɚɣɧɵɯ ɨɫɟɣ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɜɪɚɳɟɧɢɢ 

ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɧɚɧɨɩɥɟɧɤɢ ɫ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɫɢɧɝɨɧɢɟɣ ɜɨɤɪɭɝ ɥɸɛɵɯ ɨɫɟɣ, ɜ 

ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ ( ,− ) ɧɚ ɷɥɟɤɬɪɨɧɨɝɪɚɦɦɚɯ ɧɚɛɥɸɞɚɸɬɫɹ ɭɡɥɨɜɵɟ ɤɪɢɜɵɟ (ɝɢɩɟɪɛɨɥɵ ɢ 

ɞɪ.), ɜɟɪɲɢɧɵ ɤɨɬɨɪɵɯ ɦɨɝɥɢ ɧɟ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ Rhk0. ɇɚ ɤɚɠɞɨɣ ɤɪɢɜɨɣ, ɢɡɦɟɪɹɹ 

ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɷɥɟɤɬɪɨɧɨɝɪɚɦɦ, ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ Rhk0 (h,k=const.). Ɂɧɚɹ 

Rhk0 ɢ Rhkl, ɦɨɠɧɨ ɩɨ ɬɟɨɪɟɦɟ ɉɢɮɚɝɨɪɚ ɥɟɝɤɨ ɨɩɪɟɞɟɥɢɬɶ ɜɫɟ ɩɚɪɚɦɟɬɪɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 

ɪɟɲɟɬɤɢ.  Rhk0 (h,k=const.) ɹɜɥɹɟɬɫɹ ɨɛɳɢɦ ɤɚɬɟɬɨɦ ɬɪɟɭɝɨɥɶɧɢɤɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɜ 

ɦɚɫɲɬɚɛɟ 1/L ɨɬɞɟɥɶɧɨɦɭ ɭɡɥɨɜɨɦɭ ɪɹɞɭ hk ɜ ɨɛɪɚɬɧɨɣ ɪɟɲɟɬɤɟ (ɈɊ), ɚ ɪɚɫɫɬɨɹɧɢɹ Rhk l /L  

(h,k=const., l-ɦɟɧɹɟɬɫɹ) – ɝɢɩɨɬɟɧɭɡɚɦɢ ɷɬɢɯ ɬɪɟɭɝɨɥɶɧɢɤɨɜ. ɇɚ ɪɢɫ.1. ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɯɟɦɵ 

ɜɪɚɳɟɧɢɹ ɢ ɪɟɝɢɫɬɪɚɰɢɢ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɈɊ ɧɚ ɩɥɨɫɤɨɫɬɢ ɗɜɚɥɶɞɚ. ɉɨɥɭɱɟɧɵ ɢ 

ɪɚɫɲɢɮɪɨɜɚɧɵ ɷɥɟɤɬɪɨɧɨɝɪɚɦɦɵ ɨɬ ɬɪɟɯɩɚɤɟɬɧɨɝɨ ɪɨɦɛɨɷɞɪɢɱɟɫɤɨɝɨ (γR) ɩɨɥɢɬɢɩɚ 

CНİnGКS4, ɢɫɤɪɢɜɥɟɧɧɨɝɨ ɜɨɤɪɭɝ ɨɫɢ ɚ* ɨɛɪɚɬɧɨɣ ɪɟɲɟɬɤɢ.  

 
Ɋɢɫ.1. ɋɯɟɦɚ ɜɪɚɳɟɧɢɹ ɢ ɪɟɝɢɫɬɪɚɰɢɢ ɧɚ ɉɗ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɈɊ. Ⱦɥɹ ɩɪɨɫɬɨɬɵ, ɧɚ ɪɢɫɭɧɤɟ 

ɩɪɨɩɭɳɟɧɵ ɩɪɨɰɟɞɭɪɵ ɭɦɧɨɠɟɧɢɹ ɤɚɠɞɨɝɨ R ɢ ɩɪ.R ɧɚ 1/L . 
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MICROSTRUCTURE AND PERPENDICULAR MAGNETIC ANISOTROPY OF THIN 

IRON FILMS FORMED BY ION-BEAM ASSISTED DEPOSITION 

 

N.M. LYADOV1, F.G. VAGIZOV 2, I.R. VAKHITOV 2, A.I. GUMAROV,                           

Sh.Z. IBRAGIMOV, D.M. KUZINA, I.A. FAIZRAKHMANOV,  

R.I. KHAIBULLIN, V.A. SHUSTOV  

1) Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS, Kazan, Russia 
2) Kazan Federal University, Kazan, Russia 

420029 Kazan, Sibirsky Trakt 10/7, Russia 

 nik061287@mail.ru 

 

At present, magnetic films with perpendicular magnetic anisotropy (PMA) are of great interest for 

magnetic recording industry and spintronics. The magnitude and mechanism of the appearance of 

PεA КrО НОЭОrЦТnОН Лв ПТХЦ’s ЦТМrosЭrЮМЭЮrО НОpОnНТnР on ЭСО ЦОЭСoН oП proНЮМЭТon. In oЮr аorФ, 

thin films of iron (isotope 57Fe) with thickness of about 100 nm have been deposited on silicon or 

silica substrates by ion beam assisted deposition (IBAD) technique. The influence of the type of 

substrate and the deposition rate of film on their microstructure, the magnetic phase composition and 

PMA value were studied by scanning electron microscopy, X-ray diffraction, Mossbauer 

spectroscopy, vibrational magnetometry, and differential thermomagnetic analysis. It was established 

that phase composition and magnetic properties of films depend substantially on the rate of their 

deposition, and, in fact, do not depend on the type of substrate. The strong PMA was observed in iron 

films formed at low (2-3 nm/min) and medium (~10 nm/min) deposition rates only. The 

microstructure of these films are characterized by the presence in them of nanocrystalline grains (with 

sizes 5-10 nЦ) oП α-Fe phase, as well significant fraction of amorphous iron phase and nonmagnetic 

oxide phase of FeO (up to 20 %). Moreover, significant positive deformation (about 3%) of crystal 

laЭЭТМО oП α-Fe grains was observed. At a high deposition rate (20 nm/min) the PMA is not observed, 

and the percentage of FeO less than 1%. The effect of deposition rate on the crystallinity, phase 

composition and PMA in thin iron films we associate with the features of the IBAD process. 

Lyadov N.M. is grateful to the RFBR (Project No. 18-32-00203) for the financial support of these 

studies. 
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INFRARED LUMINESCENCE OF Dy- DOPED CdIn2S4 SINGLE CRYSTALS 

 

Z. KADIROĞLU, I.G. NASIBOV, J.T. GUSEYNOV, M.A. ALIEV, I. KASUMOĞLU  
Institute of Physics ANAS,  

G. Javid ave.33, Az1143, Baku, Azerbaijan 

zafark@mail.ru 

 

The CdIn2S4 is an attractive material with a potential capability for applications in 

photoconductors, solar cell and light emitting diodes. 

This report presents the results of research of Dy atoms effect on photoluminescence spectra in 

CdIn2S4. For CdIn2S4 compound synthesis there have been used initial components elements with an 

atomic ratio Cd:In:S=1:2:4.015, in an evacuated quartz tube. The single crystals were obtained by 

crystallization of the melt by directional solidification with a constant gradient along the melt. 

Ȝ=365 nm line from a 1000 W high pressure mercury discharge lamp was used as the excitation 

source. The steady-state photoluminescence measurements were carried out at the facility, gathered 

on the base of the monochromator MDR-23. Photoluminescence spectra were measured of the pure 

(undoped) samples CdIn2S4 and Dy-doped CdIn2S4 crystals (the molar concentration of the Dy was 

2.10-3) Тn ЭСО rКnРО oП ОnОrРв 1.β5÷γ.00 ОV КЭ 100 K КnН γ00 K.  

In the case of undoped crystals single broad emission band with a maximum at 1.67eV and the 

Эаo sЭrЮМЭЮrОs КЭ ОnОrРТОs 1.7λ÷1.85 ОV КnН 1.λ0÷1.λ4 ОV аКs oЛsОrЯОН КЭ 100 K. Photoluminescence 

intensity with the rise of temperature decreases. When the sample temperature is raised to 300 K 

ЦКбТЦЮЦ КЭ 1.67 ОV НoОs noЭ МСКnРО ТЭs posТЭТon. TСО sЭrЮМЭЮrО oП ЭСО ОnОrРв КЭ 1.7λ÷1.85ОV КppОКrs 

as a radiation maximum. Structure КЭ 1.λ÷1.λ4 ОV СКs noЭ ЛООn oЛsОrЯОН. IЭ Тs sСoаn ЭСКЭ ЭСО 

introduction of   Dy leads to the formation of long-wavelength emission bands of the luminescence 

spectrum. In Dy-doped CdIn2S4   samples revealed a single broad band with a maximum emission at 

1.51 eV at 100 K and 1.57 eV at 300 K. Experiments show that the Dy is good activator for amplifying 

radiation output which decreases weakly with increasing temperature from 100 K to 300 K.  

To explain radiation mechanism of the CdIn2S4 one can attract recombination model taking into 

account the position in the spectrum, shape and half-аТНЭС oП ЭСО (≈100nЦ) НОЭОМЭОН ОЦТssТon ЛКnНsμ 

radiation occurs when free electrons are captured by holes in the local centers.  

We analyzed our results and data reported in literature have proposed model for the 

recombination mechanism and scheme of levels localized in the band-gap of CdIn2S4. Some 

assumptions about the nature of deep centers in CdIn2S4    are made.  
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CɂɅɈȼɕȿ ɄɈɇɋɌȺɇɌɕ ɆȿɀȺɌɈɆɇɕɏ ɋȼəɁȿɃ  

ȼ ɋɈȿȾɂɇȿɇɂəɏ ࡭૛࡮૛૜࡯૝� (ɩɪ.ɝɪ. �૝૛) 

 

Ɍ.Ƚ. ɄȿɊɂɆɈȼȺ, ɂ.Ⱥ. ɆȺɆȿȾɈȼȺ, ɂ.Ƚ. ɇȺɋɂȻɈȼ, Ɂ.ɂ. ȻȺȾȺɅɈȼȺ, 
ɏ.K. ɒɂɊȺɅɂȿȼȺ, ɇ.Ⱥ. ȺȻȾɍɅɅȺȿȼ, ɇ.Ɍ. ɆȺɆȿȾɈȼ 

ɂɧɫɬɢɬɭɬ  Ɏɢɡɢɤɢ ɇȺɇ  Ⱥɡɟɪɛɚɣɞɠɚɧɚ, 
Ȼɚɤɭ 114γ,  ɩɪ. Ƚ.Ⱦɠɚɜɢɞɚ, 1γ1, Ⱥɡɟɪɛɚɣɞɠɚɧ 

taira-kerimova@mail.ru, irada_mamedova@yahoo.com 

 

ɋɨɟɞɢɧɟɧɢɹ ܣଶܤଶଷܥସ6 ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɫɜɨɣɫɬɜ (ɞɜɭɥɭɱɟɩɪɟɥɨɦɥɟɧɢɟ, ɹɪɤɚɹ 

ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɹ, ɮɨɬɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɢ ɞɪ.), ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɢɧɬɟɪɟɫ ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɦ ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɢ. ɉɨɷɬɨɦɭ ɜɫɟɫɬɨɪɨɧɧɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ. Ɉɫɨɛɨɟ ɦɟɫɬɨ 

ɩɪɢɧɚɞɥɟɠɢɬ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɡɨɧɧɚɹ ɫɬɪɭɤɬɭɪɚ, 

ɤɨɥɟɛɚɬɟɥɶɧɵɟ ɫɩɟɤɬɪɵ, ɞɢɧɚɦɢɤɚ ɪɟɲɟɬɤɢ ɢ ɞɪ.), ɩɨɫɤɨɥɶɤɭ ɷɬɢ ɞɚɧɧɵɟ ɜɚɠɧɵ ɩɪɢ 

ɨɛɴɹɫɧɟɧɢɢ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɞɢɧɚɦɢɤɢ ɪɟɲɟɬɤɢ CdGa2Te4 ɢ 

ZnGa2Se4. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɛɫɭɠɞɚɸɬɫɹ ɫɨɜɦɟɫɬɧɨ ɫ ɞɚɧɧɵɦɢ ɞɥɹ CdGa2Se4, CdGa2S4. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɞɢɧɚɦɢɤɢ ɪɟɲɟɬɤɢ CdGa2Te4 ɢ ZnGa2Se4 ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɨɞɟɥɶ ɫɢɥɨɜɵɯ 

ɩɨɫɬɨɹɧɧɵɯ Д1Ж ɩɪɢɦɟɧɟɧɧɚɹ ɪɚɧɟɟ ɧɚɦɢ ɞɥɹ CdGa2S4 ɢ CdGa2Se4 ДβЖ. ȼ ɞɢɧɚɦɢɱɟɫɤɭɸ 

ɦɚɬɪɢɰɭ ɛɵɥɢ ɜɜɟɞɟɧɵ ɫɟɦɶ ɫɢɥɨɜɵɯ ɤɨɧɫɬɚɧɬ, ɭɱɢɬɵɜɚɸɳɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɚɤ ɛɥɢɠɚɣɲɢɯ 

ɫɨɫɟɞɟɣ, ɬɚɤ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɬɨɦɨɜ ɚɧɢɨɧɧɨɣ ɩɨɞɪɟɲɟɬɤɢ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɢɥɨɜɵɯ 

ɤɨɧɫɬɚɧɬ ɦɟɠɚɬɨɦɧɵɯ ɫɜɹɡɟɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. ȼɢɞɧɨ, ɱɬɨ ɜ ɫɨɟɞɢɧɟɧɢɹɯ Ⱥ2ȼ3
2ɋ6

4 

ɡɧɚɱɟɧɢɹ ɫɢɥɨɜɵɯ ɤɨɧɫɬɚɧɬ f1(A
II- ɋVI) ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɸɬ ɡɧɚɱɟɧɢɹ ɫɢɥɨɜɵɯ ɤɨɧɫɬɚɧɬ 

ɦɟɠɚɬɨɦɧɨɣ ɫɜɹɡɢ f2(ȼIII
—ɋVI). ɉɨɫɥɟɞɧɟɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɩɪɢɪɨɞɚ ɯɢɦɢɱɟɫɤɨɣ 

ɫɜɹɡɢ ɜ ɤɚɞɦɢɟɜɵɯ ɬɟɬɪɚɷɞɪɚɯ ɛɨɥɟɟ ɤɨɜɚɥɟɧɬɧɚɹ, ɱɟɦ ɜ ɝɚɥɥɢɟɜɵɯ. ɉɨɫɥɟɞɧɟɟ ɫɨɝɥɚɫɭɟɬɫɹ ɫ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ДγЖ. 

 

Ɍɚɛɥɢɰɚ 1. Ɂɧɚɱɟɧɢɹ ɫɢɥɨɜɵɯ ɤɨɧɫɬɚɧɬ ɦɟɠɚɬɨɦɧɵɯ ɫɜɹɡɟɣ ɜ ɋdGa2S4, CdGa2Se4,  CdGa2Te4, 

ZnGa2Se4  ɜ ɟɞ. 104 ɞɢɧ/cɦ2 

 

 

 

 

 

 

 

 

 

 

ɋɢɥɨɜɵɟ 
ɤɨɧɫɬɚɧɬɵ 

ɋdGa2Te4 

(ɞɚɧ.ɪɚɛ.) 
 

ZnGa2Se4 

(ɞɚɧ.ɪɚɛ.) 
CdGa2Se4 

  [2] 

CdGa2S4 

 [2] 

f1 (A
II-CVI) 13.71 9,23 13.9 14.28 

f2(ȼШ
1 –ɋVI) 7.89 4,05 6.38 6.28 

f3 ( ȼ2
III-ɋVI)   5.61 4,01 7,89 7.89 

f4  (ȺII-ȼIII
1)   -1.68 -0,08 -10.6 -0.6 

f5  (ȺII-ȼIII
2) 2.99 0,38 1.68 3.0 

f6(ȼIII
1-ȼIII

2) 1.87 3,92 1.03 3.0 

f7(ɋVI– ɋVI) 1.77 1,29 1.37 0.74 
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ɂɋɋɅȿȾɈȼȺɇɂȿ ɋɂɋɌȿɆɕ Ag2SnS3-AgSbS2 

 

ɒ.Ƚ. ɆȺɆȿȾɈȼ, Ɋ.Ⱦ. ɄɍɊȻȺɇɈȼȺ, Ɏ.Ɇ. ɆȺɆȿȾɈȼȺ  
ɂɧɫɬɢɬɭɬ Ʉɚɬɚɥɢɡɚ ɢ ɇɟɨɪɝɚɧɢɱɟɫɤɚɹ ɯɢɦɢɢ ɢɦ. ɚɤɚɞɟɦɢɤɚ Ɇ.Ɏ.ɇɚɝɢɟɜɚ  

ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ɋɟɫɩɭɛɥɢɤɚ Ⱥɡɟɪɛɚɣɞɠɚɧ,  
AZ114γ Ȼɚɤɭ, ɩɪ. Ƚ.Ⱦɠɚɜɢɞɚ,11γ 

msharafat@list.ru 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɧɨɜɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ ɯɚɥɶɤɨɫɬɚɧɧɚɬɵ 

ɫɟɪɟɛɪɚ Д1,βЖ, ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ ɪɚɡɜɢɬɢɹ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ. ɋɨɟɞɢɧɟɧɢɟ 

Ag2SnS3 ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɤɨɧɝɪɭɷɧɬɧɵɦ ɩɥɚɜɥɟɧɢɟɦ ɩɪɢ λγ6Ʉ, ɨɬɧɨɫɢɬɫɹ ɤ ɦɨɧɨɤɥɢɧɧɨɣ 

ɫɢɧɝɨɧɢɢμ ɩɪ.ɝ, Pna21 ɚ=6.β7 й, b =5.7λγ й, ɫ=1γ.71λ й,  ȕ=93.270[3]. AgSbS2 ɨɬɧɨɫɢɬɫɹ ɤ 

ɦɨɧɨɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɚ=1β.861 й, b =4.40λ й, ɫ=1γ.β8β й, ȕ=λ8.β10 [4]. 

ɋɩɥɚɜɵ Ag2SnS3-AgSbS2 ɫɢɧɬɟɡɢɪɨɜɚɥɢɫɶ ɢɡ ɥɢɝɚɬɭɪ ɚɦɩɭɥɶɧɵɦ ɦɟɬɨɞɨɦ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ 

ɩɟɱɢ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1140Ʉ ɜ ɬɟɱɟɧɢɢ 4 ɱɚɫɨɜ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ ɢ 

ɦɟɞɥɟɧɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ. Ɉɬɠɢɝ ɩɪɨɜɨɞɢɥɫɹ ɜ ɜɚɤɭɭɦɢɪɨɜɚɧɧɵɯ ɤɜɚɪɰɟɜɵɯ ɚɦɩɭɥɚɯ ɩɪɢ 500-

700Ʉ ɜ ɬɟɱɟɧɢɢ γ00 ɱɚɫ, ɫ ɞɚɥɶɧɟɣɲɟɣ ɡɚɤɚɥɤɨɣ ɜ ɯɨɥɨɞɧɨɣ ɜɨɞɟ.  Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ 

ɫɢɧɬɟɡɢɪɨɜɚɧɵ 1β ɫɩɥɚɜɨɜ. ɂɫɫɥɟɞɨɜɚɧɢɹ Ag2SnS3-AgSbS2 ɩɪɨɜɨɞɢɥɢɫɶ ɦɟɬɨɞɚɦɢ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɬɟɪɦɢɱɟɫɤɨɝɨ (ȾɌȺ), ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ (ɊɎȺ), ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɨɝɨ (ɆɋȺ) 

ɚɧɚɥɢɡɨɜ, ɢɡɦɟɪɟɧɢɟɦ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ. ɉɨɫɬɪɨɟɧ ɪɚɡɪɟɡ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ, 

ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɤɜɚɡɢɛɢɧɚɪɧɵɦ ɫɟɱɟɧɢɟɦ ɤɜɚɡɢɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ Ag2S-SnS2-Sb2S3 ɢ 

ɨɬɧɨɫɢɬɫɹ ɤ ɷɜɬɟɤɬɢɱɟɫɤɨɦɭ ɬɢɩɭ. ȼ ɫɢɫɬɟɦɟ Ag2SnS3-AgSbS2 ɧɚɛɥɸɞɟɧɵ ɞɜɟ ɢɡɨɬɟɪɦɢɱɟɫɤɢɟ 

ɥɢɧɢɢ (65γɄ ɢ 700Ʉ). ɂɡɨɬɟɪɦɢɱɟɫɤɚɹ ɥɢɧɢɹ 700Ʉ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɦɩɟɪɚɬɭɪɟ ɷɜɬɟɤɬɢɤɢ, 

ɨɬɜɟɱɚɸɳɟɣ ɫɨɫɬɚɜɭ γ0 ɦɨɥ% Ag2SnS3. ɂɡɨɬɟɪɦɢɱɟɫɤɚɹ ɥɢɧɢɹ 65γɄ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ 

ɩɨɥɢɦɨɪɮɧɨɦɭ ɩɪɟɜɪɚɳɟɧɢɸ AgSbS2. ɋɢɧɬɟɡɢɪɨɜɚɧɵ ɫɩɥɚɜɵ ɫ λ8,λ5,λγ,λ1.λ0 ɦɨɥɶ%. 

ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɋɩɥɚɜɵ ɨɬɠɢɝɚɥɢɫɶ ɜ ɬɟɱɟɧɢɟ γ50 ɱɚɫ ɩɪɢ 650Ʉ ɢ 450Ʉ ɢ ɡɚɬɟɦ 

ɡɚɤɚɥɹɥɢɫɶ. ɂɡɭɱɟɧɢɟɦ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɨɜ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɝɪɚɧɢɰɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ, 

ɤɨɬɨɪɚɹ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɥɹ Ag2SnS3 ɫɨɫɬɚɜɥɹɟɬ 7ɦɨɥ% AgSbS2, ɚ ɩɪɢ 700Ʉ 

ɞɨɯɨɞɹɬ ɞɨ 15 ɦɨɥ%. ɋ ɭɦɟɧɶɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɝɪɚɧɢɰɚ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɭɠɚɟɬɫɹ ɢ ɩɪɢ 

γ00Ʉ ɫɨɫɬɚɜɥɹɟɬ 10 ɦɨɥ% Ag2SnS3.  
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AgGaS2-PbGa2S4 SİSTEMİNİN TƏDQİQİ 
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 εüКsТr Рünəş ОnОrРОЭТФКsının ən КФЭЮКХ proЛХОЦХərТnНən ЛТrТ КsКn КХınКn, ОФoХoУТ ЭəЦТг, ən 

əsКsı Тşə Рünəş şüКsını ОХОФЭrТФ Яə НТРər ОnОrУТ nöЯХərТnə МОЯТrЦəФ üхün ОППОФЭТЯ ПoЭoСəssКs 

ЦКЭОrТКХХКrın КХınЦКsınНКn ТЛКrəЭНТr. BЮ nöqЭОвТ nəгərНən бКХФopТrТЭ qЮrЮХЮşХЮ AРGКS2, PЛİnS2, 

CЮİnS2 Яə s. ЛТrХəşЦəХər əsКsınНК вОnТ ЦürəФФəЛ qЮrЮХЮşХЮ ПoЭoСəssКs ЦКЭОrТКХХКrın КбЭКrışı хoб önəЦ 

ФəsЛ ОНТr.  

TəqНТЦ oХЮnКn ТşТn ЦəqsəНТ AР2S-Ga2S3-PЛS ФЯКгТüхХü sТsЭОЦТnТn AРGКS2-PbGa2S4 ФəsТвТ üгrə 

öвrənТХЦəsТ  Яə КХınКn НəвТşən ЭərФТЛХТ ПКгКХКrın ЭəНqТqТnНən ТЛКrəЭНТr. ƏrТnЭТХərТn sТnЭОгТ вüФsəФ 

ЭəЦТгХТвə ЦКХТФ AР,GК,PЛ Яə ФüФürННən КХınЦış ЛТnКr ФoЦponОnЭХərНən (AР2S, Ga2S3, PЛS) ТsЭТПКНə 

ОЭЦəФХə СКЯКsı qoЯЮХЦЮş ФЯКrs КЦpЮХКНК 800-10000C ЭОЦpОrКЭЮrНК КpКrıХЦışНır. β sККЭ ЦüНəЭЭТnНə 

ərТnЭТХər ərТЦə ЭОЦpОrКЭЮrЮnНКn вЮбКrıНК sКбХКnıХНıqНКn sonrК ЭəНrТМən 8000C-ə qəНər soвЮНЮХЦЮş 

Яə ЛЮ rОУТЦНə 10 Рün ЦüННəЭТnНə СoЦoРОnХəşНТrТХНТФНən sonrК ПТгТФТ-ФТЦвəЯТ КnКХТг ЦОЭoНХКrı ТХə 

ЭəНqТq oХЮnЦЮşНЮr. TОrЦТФТ КnКХТг σTR-71 ЦКrФКХı КşКğı ЭОгХТФХТ ЭОrЦonТгКЦХКвıМı МТСКгınНК 

(xromel-КХвüЦОХ ЭОrЦoМüЭünНən, ОЭКХon oХКrКq AХ2O3 – Нən ТsЭТПКНə oХЮnЦЮşНЮr, qıгЦК sürəЭТ 100/Нəq 

oХЦЮşНЮr.), rОnЭРОnПКг КnКХТгТ Dβ PСКsОr НТПrКФЭoЦОЭrТnНə (CЮKα şüКХКnЦК, σТ-ПТХЭrТ), ЦТФroqЮrЮХЮş 

КnКХТгТ εİε-7 ЦТФrosФopЮnНК КpКrıХЦış, ərТnЭТХərТn ЦТФroЛərФХТвТ Тsə PεT-γ МТСКгınНК ЭəвТn 

oХЮnЦЮşНЮr. 

ВЮбКrıНК РösЭərТХən ПТгТФТ-ФТЦвəЯТ КnКХТг ЦОЭoНХКrının nəЭТМəХərТnə əsКsən qЮrЮХЦЮş AРGКS2-

PbGa2S4 sТsЭОЦТnТn ПКгК НТКqrКЦı şəФТХНə РösЭərТХЦТşНТr.  

AgGaS2 ЛТrХəşЦəsТ QorвЮnoЯКвК  Рörə 1β5γK-Нə,  ТşТnТn ЦüəХХТПТnə Рörə Тsə 1β68K-Нə ФonqrЮОnЭ 

ərТвТr. BТгТЦ ЭəНqТqКЭХКrın nəЭТМəХərТ Рörə 1β66 K ЭəşФТХ ОНТr.  AРGКS2 бКХФopТrТЭ ЭТpТnНə (ПəгК qrЮpЮ 

I4βН) ФrТsЭКХХКşır, ОХОЦОnЭКr qəПəsТn pКrКЦОЭrХərТ К=0,574, М=1,0β6 nЦ Яə вК К=0,5754, М= 1,0βλλnЦ, 

pТФnoЦОЭrТФ sıбХığı p=4,60q/sЦ3 oХЮЛ, qКНКğКn oХЮnЦЮş гonКsının ОnТ ΔE=2,75 eV olan p-tipli 

вКrıЦФОхТrТМТНТr. PЛGК2S4 ЛТrХəşЦəsТ 116γK-Нə ФonqrЮОnЭ ərТвТr Яə orЭoroЦЛТФ sТnqonТвКНК 

ФrТsЭКХХКşır.  

QЮrЮХЦЮş T-б НТКqrКЦınНКn РörünНüвü ФТЦТ, AРGКS2-PbGa2S4  ФəsТвТ AР2S-Ga2S-PbS 

ФЯКгТüхХü sТsЭОЦТnТn ФЯКгТЛТnКr ФəsТвТ oХЮЛ, ОЯЭОФЭТФ ЭТpХТНТr. EЯЭОФЭТФ nöqЭənТn ФoorНТnКnЭХКrı 

КşКğıНКФı ФТЦТНТrμ ЭərФТЛ – 45 mol% AgGaS2, ərТЦə ЭОЦpОrКЭЮrЮ 1100K. SТsЭОЦТn ХТФЯТНЮsЮ AРGКS2 

Яə PЛGК2S4 ЛТrХəşЦəХərТ əsКsınНК КХınКn α Яə ȕ ЛərФ ЦəСХЮХХКrın ТХФТn ФrТsЭКХХКşЦК əвrТХərТnНən 

ТЛКrəЭНТr. 

mailto:msharafat@mail.ru


104 

AgGaS2-PbGa2S4  sisЭОЦТ ФoЦponОnЭХər əsКsınНК ЦəСНЮН oХЦК sКСəХərТnТn əЦəХə РəХЦəsТ ТХə 

бКrКФЭОrТгə oХЮnЮr. εТФroqЮrЮХЮş КnКХТгТnТn nəЭТМəХərТnə Рörə AРGКS2 əsКsınНК  8 ЦoХ%, PЛGК2S4  

əsКsınНК Тsə 18 ЦoХ % НəвТşən ЭərФТЛХТ ПКгК əЦəХə РəХТrμ α- ЛərФ ЦəСХЮХХКr rОnЭРОn qЮrЮХЮş analizinin 

nəЭТМəХərТnə Рörə ЭОЭrКqonКХ sТnqonТвКНК ФrТsЭКХХКşırμ К=0,5754÷0,604β, М=1,0β6÷1,0γ4 nЦ, 

Н=4,60÷4,75 q/sЦ3. 

PbGa2S4 əsКsınНК əЦəХə РəХən ȕ- ЛərФ ЦəСХЮХХКr orЭoroЦЛТФ sТnqonТвКНК ФrТsЭКХХКşırμ 

К=β,044÷β,07β, Л= β,064÷β,0λ0, М=1,β0λ÷1,ββ4 nЦ, П.Н. FННβ, г=γβ, p=4,λ4÷4,80 q/sЦ3. 

GörünНüвü ФТЦТ, ЛərФ ЦəСХЮХНК AР+ ТonХКrının qКЭıХığı КrЭНıqМК ȕ- ЛərФ ЦəСХЮХХКrın ОХОЦОnЭКr 

qəПəsТnТn pКrКЦОЭrХərТ СəХХoХЦК ТnЭОrЯКХınНК бəЭЭТ oХКrКq НəвТşТr. BЮ ȕ- ЛərФ ЦəСХЮХХКrın əЯəгoХЮnЦК 

ЭТpХТ oХНЮğЮnЮ РösЭərТr. BЮnК əsКs Тsə AР+Яə PЛ2+ -nın Тon rКНТЮsХКrının rAg
+=1,1γй, rPb

2+= 1,1βй 

вКбınХığıНır. 

IХФТn ЭəНqТqКЭХКrın nəЭТМəХərТnə Рörə СəЦ α, СəЦ Нə ȕ-ЛərФ ЦəСХЮХХКr РОnТş qКНКğКn oХЮnЦЮş 

zonaya  malik ρ-ЭТpХТ вКrıЦФОхТrТМТХər oХЮЛ, вüФsəФ ХüЦТnТsОnsТвК Яə ПoЭoСəssКsХıqХК бКrКФЭОrТгə 

olunurlar. 
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FeS-FePbGa4S8-FeGa2S4 ALT SİSTEMİNİN TƏDQİQİ  
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εəХЮЦНЮr ФТ, НəЦТrТn FОGК2S4 Яə FОGК2S5 ЭərФТЛХТ üхХü sЮХПТН ЛТrХəşЦəХərТ СОвгОnЛОrq 

КnЭТПОrroЦКqnОnТФХərТ ФТЦТ ЭəНqТqКЭхıХКrı ЦКrКqХКnНırır. BЮ ЛТrХəşЦəХərНə КnЭТПОrroЦКqnТЭТгЦТn 

səЛəЛТ onХКrın ФrТsЭКХ qЮrХЮşХКrının бüsЮsТввəЭХərТ ТХə ТгКС oХЮnЮr. Hər ТФТ ЛТrХəşЦənТn qЮrЮХЮşЮ 

nöЯЛəХəşən ЭОЭrКОНr Яə oФЭКОНrХərТn ХКвХКrınНКn ТЛКrəЭ oХЮЛ, qКХТЮЦ ТonХКrı ЭОЭrКОНrХərНə, НəЦТr ТonХКrı 

Тsə oФЭКОНrХərНə вОrХəşТr. 

FeGaS4 ЛТrХəşЦəsТ ГnAХ2S4 qЮrЮХЮş ЭТpТnНə roЦЛТФ sТnqonТвКНК (К=1,β89, b=0,751, c=0,609nm) 

ФrТsЭКХХКşır, 1145 0Ϲ-Нə ФonqrЮОnЭ ərТвТr. FОS-GКβSγ sТsЭОЦТnНə əЦəХə РəХən FОβGКβS5 ЛТrХəşЦəsТ 

Тsə 770 0Ϲ pОrТЭОФЭТФ rОКФsТвК ТХə əЦəХə РəХТr. FОPЛGК4S8 ЛТrХəşЦəsТ FОGК2S4-PbGa2S4 sisteminin 

ЭəНqТqТ гКЦКnı əЦəХə РəХНТвТ Яə 1β40K-Нə ərТНТвТ Цüəввən ОНТХЦТşНТr. FОS-Ga2S3-PЛS ФЯКгТüхХü 

sТsЭОЦТnТn ЭrТКnqЮХвКsТвКsı КpКrıХЦış Яə onЮn КХЭı КХЭ sТsЭОЦə ЛöХünНüвü Цüəввən ОНТХЦТşНТr. 

TəНqТqКЭ ТşТnТn ЦəqsəНТ FОS-FeGa2S4-FePbGa4S8 КХЭ sТsЭОЦТnТn ЭəНqТqТ Яə КХınКn НəвТşən ЭərФТЛХТ 

ПКгКХКrın бКssəХərТnТn öвrənТХЦəsТnНən ТЛКrəЭНТr. AХЭ sТsЭОЦТ FОGК2S4-FePbGa4S8, Fe2Ga2S5-

FePbGa4S8 Яə FОS-FePbGa4S8 ФəsТФХərТ üгrə öвrənТХЦТş, onХКrın ПКгК НТКqrКЦХКrı Яə FОS-FePbGa4S8-

FeGa2S4 sТsЭОЦТnТn ХТФЯТНЮs səЭСТnТn proвОФsТвКsı qЮrЮХЦЮşНЮr. 

FeGa2S4-FePbGa4S8 ФəsТвТ ФЯКгТЛТnКr oХЮЛ, ОЯЭОФЭТФ ЭТpХТНТr.EЯЭОФЭТФ nöqЭənТn ФoorНТnКЭХКrı 

50mol%FeGa2S4 Яə T=1075K. FОGК2S4 əsКsınНК 400K-Нə СəХХoХЦК 5ЦoХ.% ЭəşФТХ ОНТr. BЮ ЛərФ 

ЦəСХЮХХКr roЦЛТФ sТnqonТвКНК ФТrТsЭКХХКşır Яə ТФТnМТ ФoЦpТnОnЭТn ЦТqНКrı КrЭНıqМК qКnЮnКЮвğЮn 

olarКq КrЭırμ К=1,β8λ÷1,βλ4, Л=0,751÷0,78β, М=0,60λ÷0,618 nЦ.FО2Ga2S5 ЛТrХəşЦəsТ 770-Нə 

pКrхКХКnЦКqХК ərТНТвТnНən FО2Ga2S5-PbFeGa4S8 ФəsТвТ qТsЦən ФЯКгТЛТnКrНır. BОХə ФТ, РösЭərТХən 

ЦКвО, ПКгКnın  ЭərФТЛТ ərТnЭТХərТn ФrТsЭКХХКşЦКsı prosОsТnНə вОrТnТ НəвТşТrХər 

KəsТвТn ЛüЭün ərТnЭТХərТ üхХü pОrТЭОФЭТФК ЭОЦpОrКЭЮrЮnНК ФrТsЭКХХКşırХКr. BОХə ФТ, 

Ц+FОS↔FО2Ga2S5+FePbGa4S8 НörНПКгКХı pОrТЭОФЭТФ rОКФsТвКsı nəЭТМəsТnНə ЛКşХКnğıх FОS Яə ЦКвО 

ЭКЦКЦТХə sərП oХЮnЮr. τnК Рörə Нə 6500C-НəФТ soХТНЮs бəЭЭТnНən КşКğıНК ЛТг вКХКnıг ТФТ ПКгК-Fe2Ga2S5 

Яə FОPЛGК4S8 ЦüşКСТНə ОНТrТФ. KəsТвТn ХТФЯТНЮsЮ ФoЦpТnОnЭХərТn (FОS Яə FОPЛGК4S8) ТХФТn 

ФrТsЭКХХКşЦКsınК ЦüЯКПТq oХКn ТФТ ЛЮНКqНКn AA1 Яə CA1 ТЛКrəЭНТr. C1A1 Нüг бəЭЭТ Яə A1P əвrТsТ ТФТХТ 

FeS+FePbGa4S8 ОЯЭОЭТФКsının КвrıХЦКsınК, A1P-əвrТsТ Тsə 0-40mol.% PbFeGa4S8 ТnЭОrЯКХınНК 

ərТnЭТХərНə ЦüşКСТНə oХЮnКn üхХü pОrТЭОФЭТФ rОКФsТвКвК ЦüЯКПТq РəХТr. 

FeS-FePbGa4S8 ФəsТвТ ФЯКгТЛТnКr oХЮЛ, evtetik tiplidir. EЯЭОЭТФ nöqЭənТn ФoorНТnКЭХКrıμ 

50ЦoХ.%FОS Яə T=λ000C FePbGa4S8 əsКsınНК 5ЦoХ%-ə qəНər ЛərФ ЦəСХЮХ əЦəХə РəХТr. α-FОS↔ȕ-

FОS↔į-FОS ПКгК ФОхТНТ 550K Яə γ50K-Нə ЦüşКСТНə oХЮnЮr. ȕ-FОS↔į-FОS ПКгК ФОхТНТ вКХnıг 0-
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60mol.%. FePbGa4S8 ТnЭОrЯКХınНК ЛКş ЯОrТr. FОS əsКsınНК prКФЭТФТ oХКrКq СəХХoХЦК sКСəsТ Цüəввən 

ОНТХЦəЦТşНТr. 

ВЮбКrıНК РösЭərТХən ФəsТФХərТn öвrənТХЦəsТ, СəЦхТnТn FОS-Ga2S3 Яə PЛS-Ga2S3 sТsЭОЦХərТ 

СКqqınНК əНəЛТввКЭ ЦəХЮЦКЭХКrının КnКХТгТ nəЭТМəsТnНə FОS-Ga2S3-PЛS ФЯКгТüхХü sТsЭОЦТ FОS-

FePbGa4S8-FeGa2S4 КХЭ sТsЭОЦТnТn ХТФЯТНЮs səЭСТnТn proвОФsТвКsı qЮrЮХЦЮşНЮr  

AХЭ sТsЭОЦТn ХТФЯТНЮs səЭСТ 4 ПКгКnın ТХФТn ФrТsЭКХХКşЦК sКСəХərТnНən ТЛКrəЭ oХЮЛ, ən ЛöвüФ 

ФrТsЭКХХКşЦК sКСəsТ НörНХü FОPЛGК4S8 ЛТrХəşЦəsТnТ, ən ФТхТФ ФrТsЭКХХКşЦК sКСəsТ Тsə ТnФonqrЮОnЭ ərТвən 

Fe2Ga2S5 ЛТrХəşЦəsТnə КТННТr. BüЭün non Яə ЦonoЯКrТКnЭ ЭКrКгХıqХКrın бКrКФЭОrТ Яə ФoorНТnКЭХКrı 

Цüəввən ОНТХЦТşНТr.  
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ɄɈɆȻɂɇȺɐɂɈɇɇɈȿ ɊȺɋɋȿəɇɂȿ ɂ ɈɉɌɂɑȿɋɄɈȿ ɉɈȽɅɈɓȿɇɂȿ ɋȼȿɌȺ ȼ 

ɏȺɅɖɄɈȽȿɇɂȾɇɕɏ ɋɌȿɄɅɈɈȻɊȺɁɇɕɏ ɉɈɅɍɉɊɈȼɈȾɇɂɄȺɏ  
ɋɂɋɌȿɆɕ AЬ-Ge-Se 

 

Ⱥ.ɂ. ɂɋȺȿȼ, ɋ.ɂ. ɆȿɏɌɂȿȼȺ, ɏ.ɂ. ɆȺɆȿȾɈȼȺ, Ɋ.ɂ. ȺɅȿɄȻȿɊɈȼ,  

ɋ.ɋ. ȻȺȻȺȿȼ, ɇ.ɇ. ɗɆɂɇɈȼȺ  
ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ,  

ȺZ-114γ, Ȼɚɤɭ, ɩɪ. Ƚ. Ⱦɠɚɜɢɞɚ, 1γ1 

physics.humay@mail.ru 

 

ɂɫɫɥɟɞɨɜɚɧɵ ɫɩɟɤɬɪɵ ɤɨɦɛɢɧɚɰɢɨɧɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɢ ɩɪɨɩɭɫɤɚɧɢɟ ɫɜɟɬɚ, ɚ ɬɚɤɠɟ ɢɡɦɟɪɟɧɚ 

ɩɥɨɬɧɨɫɬɶ ɏɋɉ ɫɢɫɬɟɦɵ As-Ge-Se (Ge6As8Se86, Ge8.33As16.67Se75, Ge20As10Se70, Ge12.5As25Se62.5, 

Ge18.2As18.2Se63.6, Ge28As17Se55). ɇɚ ɫɩɟɤɬɪɟ ɫɨɫɬɚɜɚ As8Ge6Se86 ɧɚɛɥɸɞɟɧɨ ɲɢɪɨɤɚɹ ɩɨɥɨɫɚ, 

ɨɯɜɚɬɵɜɚɸɳɚɹ ɢɧɬɟɪɜɚɥ ɱɚɫɬɨɬɵ 1λ8 ÷ β85 ɫɦ-1 ɫ ɯɚɪɚɤɬɟɪɧɵɦɢ ɱɚɫɬɨɬɚɦɢ β18, ββ0, βγ0,βγ6, 

β5β ɫɦ-1, ɩɥɟɱɨɦ ɩɪɢ ɢɧɬɟɪɜɚɥɟ β65  ÷  β85ɫɦ-1 ɢ ɩɨɥɨɫɚ ɩɪɢ 178 ÷1λ8 ɫɦ-1. ɋ ɪɨɫɬɨɦ 

ɫɨɞɟɪɠɚɧɢɹ As ɢ GО ɩɟɪɜɚɹ ɩɨɥɨɫɚ ɨɫɥɚɛɥɹɟɬɫɹ, ɚ ɜɬɨɪɚɹ ɭɫɢɥɢɜɚɟɬɫɹ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ 

ɢɡɦɟɧɟɧɢɹɯ, ɩɪɨɢɫɯɨɞɹɳɢɯ, ɤɚɤ ɜ ɜɢɞɚɯ ɫɜɹɡɢ, ɬɚɤ ɢ ɜ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɚɯ.   Ɇɚɤɫɢɦɭɦ (~ 

1λ5 ɫɦ-1), ɧɚɛɥɸɞɚɟɦɵɣ ɭ ɜɫɟɯ ɤɪɢɜɵɯ (ɨɫɨɛɟɧɧɨ ɹɪɤɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɫɩɟɤɬɪɟ ɫɨɫɬɚɜɨɜ β-6), 

ɩɪɢɩɢɫɵɜɚɟɬɫɹ ɤɨɥɟɛɚɧɢɸ ɫɜɹɡɢ GО-SО ɜ ɬɟɬɪɚɷɞɪɚɯ GОSО4. 

 ɂɫɫɥɟɞɨɜɚɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɨɩɪɟɞɟɥɟɧɚ ɨɩɬɢɱɟɫɤɚɹ 

ɲɢɪɢɧɚ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɢ ɩɨɤɚɡɚɧɨ ɱɬɨ, ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɚɯ ɷɥɟɤɬɪɨɧɧɵɟ 

ɩɟɪɟɯɨɞɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɤ ɧɟɩɪɹɦɵɦ ɪɚɡɪɟɲɟɧɧɵɦ ɩɟɪɟɯɨɞɚɦ.   

ɉɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤ ɢ ɡɚɜɢɫɢɦɨɫɬɢ ɨɩɬɢɱɟɫɤɨɣ ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ (Eg), 

ɤɨɝɟɡɢɨɧɧɨɣ ɷɧɟɪɝɢɢ, ɫɪɟɞɧɟɝɨ  ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɹ ɫɜɹɡɢ, ɩɥɨɬɧɨɫɬɢ ɭɩɚɤɨɜɤɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ 

ɛɥɢɠɧɟɝɨ ɩɨɪɹɞɤɚ, ɜ ɱɚɫɬɧɨɫɬɢ, ɨɬ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɱɢɫɥɚ (Z) ɢ ɨɬ  

ɩɚɪɚɦɟɬɪɚ (R), ɨɩɪɟɞɟɥɹɟɦɨɝɨ, ɨɬɧɨɲɟɧɢɟɦ ɱɢɫɥɚ ɤɨɜɚɥɟɧɬɧɨɣ ɫɜɹɡɢ ɚɬɨɦɨɜ ɯɚɥɶɤɨɝɟɧɚ ɤ 

ɱɢɫɥɭ ɜɨɡɦɨɠɧɨɣ ɤɨɜɚɥɟɧɬɧɨɣ ɫɜɹɡɢ ɧɟɯɚɥɶɤɨɝɟɧɧɵɯ ɚɬɨɦɨɜ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɛɴɹɫɧɟɧɵ ɜ ɪɚɦɤɚɯ ɦɨɞɟɥɢ ɯɢɦɢɱɟɫɤɨɝɨ ɭɩɨɪɹɞɨɱɟɧɢɹ ɢ 

ɢɡɦɟɧɟɧɢɹɦɢ, ɩɪɨɢɫɯɨɞɹɳɢɦɢ ɜ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɞɟɮɟɤɬɧɵɯ ɫɨɫɬɨɹɧɢɣ ɜ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɟ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ Z ɢ R. 
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SYNTHESIS AND PHOTOLUMINESCENT PROPERTIES OF IODINATED MULTI 

WALLED CARBON NANOTUBES 

 

S.H. ABDULLAYEVA1,2, S.A. MAMMADOVA1, A.B. HUSEYNOV2, A.O. ISRAFILOV2 

1. Institute of  Physics named after G. M. Abdullayev, Azerbaijan National Academy of  Sciences, 

Baku, Azerbaijan 
2. Research and Development Center for High Technologies (Ministry of Transport, Communication 

and High Technologies of  Azerbaijan Republic) 

samiras416@gmail.com 

 

This paper reports synthesis and photoluminescent properties of iodinated multi-walled carbon 

nanotubes (I-MWCNTs). MWCNTs were synthesized by aerosol - assisted chemical vapor deposition 

method (A-CVD) at 9000 C and functionalized by crystalline iodine atoms under increased pressure 

(approximately20 ׾ bar) in a sealed quartz ampoule at 400 °C Пor γ СoЮrs. X- Ray Diffraction (XRD), 

EDX analysis and Raman spectroscopy proved the presence of iodine atoms in I-MWCNTs. After 

functionalization, C-I bonds were formed over the CNTs surface, due to the interaction of large 

amount of iodine atoms (30% wt). The increase of the D/G ratio implies that more sp2-hybridized 

carbons are converted to sp3 - hybridized carbons after the introduction of iodine atoms. These bonds 

can form structure defects of carbon nanotubes which can play the role of radiative emission sites in 

I- MWCNTs. Photoluminescence experiments were carried out with the 325 nm laser excitation of 

samples in the 300-700 nm region. The excitation with 325 nm wavelength, takes place mainly in 

some defects on the MWCNTs surface due to the C-I bonds after iodination. I-MWCNTs have a wide 

emission spectrum with two emission peaks (430nm, 520nm). For the first time the intensity of these 

peaks was highly increased due to effective iodination of carbon nanotubes by our group. 
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HİPOTETİK HEKSAQONAL KRİSTALLİK QURULUŞLU  

İЧTО KRİSTALININ TƏГВİQ ALTINDA DAВANIQLIĞI 

 

B.H. MEHDİВEV 

AгərЛКвМКЧ MТХХТ EХЦХər AФКНОЦТвКsı, H.M. AЛНЮХХКвОЯ КНıЧК FТгТФК İЧsЭТЭЮЭЮ, 
AГ 114γ, BКФı şəСərТ, H.CКЯТН pr. 1γ1 

bachschi@yahoo.de 

 

İnНТЮЦЮn СКХФoРТnОНХərТ üЦЮЦТвəЭХə ЛТr nОхə ФrТsЭКХХТФ qЮrЮХЮş, o МüЦХəНən tetraqonal, 

roЦЛoОНrТФ, ФЮЛТФ, orЭoroЦЛТФ, ЦonoФХТnТФ Яə СОФsКqonКХ qЮrЮХЮş nüЦКвТş ОЭНТrТrХər. InTО 

ФrТsЭКХının Тsə КНТ şərКТЭНə вКХnıг ЭОЭrКqonКХ qЮrЮХЮşК ЦКХТФ oХЦКsı ЦəХЮЦНЮr. δКФТn əНəЛТввКЭНК Д1Ж 

ЦüəХХТПХər ЛОХə ЛТr ПərгТввə ТrəХТ sürüЛХər ФТ, InTО СОФsКqonКХ qЮrЮХЮşНК oХК ЛТХər. İХФТn prТnsТpХərНən 

КpКrıХКЦış СОsКЛХКЦКХКrХК ЦüəХХТПХər Д1Ж РösЭərЦТşХər ФТ, InTО ФrТsЭКХının ЭКЦ ОnОrУТsТ СОФsКqonКХ 

ПКгКНК ЭОЭrКqonКХ ПКгКsınНКФınНКn МüгТ КrЭıqНır Яə ЛОХəХТФХə ЦОЭКsЭКЛТХ СОФsКqonКХ ПКгК (ȕ-InTe) 

prТnsТpМə ЦüЦФünНür. BТгТЦ üхün ЦКrКqХı oХКn ЛТr sЮКХı, СКnsı şərКТЭНə СОФsКqonКХ InTО ЭОЭrКqonКХ 

InTe –НКn НКСК НКвКnıqХıНır, МКЯКЛХКЦКq üМün ЛЮ ТşНə ЛТr Нə КrКşНırЦК КpКrЦışıq Яə Сər ТФТ ФrТsЭКХХТФ 

qЮrЮХЮş üхün ОnЭКХpТвКnı СОsКЛХКЦışıq.  

HəЦТn СОsКЛХКЦКХКr РösЭərТr ФТ, sıПır ЭОЦpОrКЭЮr Яə ЭəгвТqТn (-4,+4) GPК qТвЦəЭХərТ КrКsınНК 

СОФsКqonКХ qЮrЮХЮş НКСК НКвКnıqХıНır. 

 

ŞəФ. 1. -InTО Яə ЭОЭrКqonКХ InTО üхün ОnЭКХpТвКХКrın ЭəгвТqНən КsıХıХığı. 

 

[1] V. ГШХвШЦТ, N. D. DrЮЦЦШЧН, КЧН V. I. FКХ'ФШ, PСвs. RОЯ. B 8λ, β05416 (β014) 
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ȼɅɂəɇɂȿ γ-ɂɁɅɍɑȿɇɂə ɇȺ ɗɉɊ ɋɉȿɄɌɊɕ ɌȼȿɊȾɕɏ ɊȺɋɌȼɈɊɈȼ  

Cd1-xMn(Fe)xTe 

 

Ɇ.Ⱥ. ɆȿɏɊȺȻɈȼȺ1, ɂ.Ɋ. ɇɍɊɂȿȼ2,  Ɍ.ɂ. ɄȿɊɂɆɈȼȺ1,  
Ɋ.Ⱦ. ɄȺɋɕɆɈȼ1, Ⱥ.Ⱥ. ȺȻȾɍɅɅȺȿȼȺ3  

1ɂɧɫɬɢɬɭɬ Ɋɚɞɢɚɰɢɨɧɧɵɯ ɉɪɨɛɥɟɦ ɇȺɇȺ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 
2ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɢɦ. ɚɤɚɞɟɦɢɤɚ Ƚ.Ɇ.Ⱥɛɞɭɥɥɚɟɜɚ ɇȺɇȺ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 

3Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɢɣ Ɍɟɯɧɢɱɟɫɤɢɣ ɍɧɢɜɟɪɫɢɬɟɬ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 

kerimova-tuba@rambler.ru 

 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ Ȗ-ɢɡɥɭɱɟɧɢɹ ɧɚ ɗɉɊ ɫɩɟɤɬɪɵ ɬɜɟɪɞɵɯ 

ɪɚɫɬɜɨɪɨɜ  Cd1-xMn(Fe)xTe.  ɋ ɷɬɨɣ ɰɟɥɶɸ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ               Cd1-

xMnxTe (ɯ=0,1) ɢ  Cd1-xFexTe (x=0,03). Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɗɉɊ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɯɨɞɧɵɯ ɨɛɪɚɡɰɨɜ. 

ȼɵɹɜɥɟɧɨ, ɱɬɨ ɜ ɗɉɊ ɫɩɟɤɬɪɟ Cd1-xMnxTe  (ɯ=0,1) ɩɨɥɭɱɟɧɧɵɣ ɫɢɝɧɚɥ ɹɜɥɹɟɬɫɹ ɫɭɩɟɪɩɨɡɢɰɢɟɣ 

ɞɜɭɯ ɥɢɧɢɣ (ɪɢɫ.1,ɚ). g- ɮɚɤɬɨɪ ɩɟɪɜɨɣ ɲɢɪɨɤɨɣ ɥɢɧɢɢ ɫɨɫɬɚɜɥɹɟɬ g=2.007, ɲɢɪɢɧɚ 

ɫɩɟɤɬɪɚɥɶɧɨɣ ɥɢɧɢɢ ΔH=227.3Ƚɫ. ȼɬɨɪɨɣ ɫɩɟɤɬɪ ɹɜɥɹɟɬɫɹ ɲɟɫɬɢɥɢɧɟɣɧɨɣ ɫɟɤɫɬɟɬɧɨɣ ɥɢɧɢɟɣ, 

ɤɨɬɨɪɚɹ ɨɛɪɚɡɭɟɬɫɹ ɜ ɚɬɨɦɟ Mn2+  ɨɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɹɞɪɚ (I=5/2) cɨ 

ɫɩɢɧɨɦ ɷɥɟɤɬɪɨɧɚ (S=½), ɱɢɫɥɨ ɷɬɢɯ ɥɢɧɢɣ n=2I+1=6. g-ɮɚɤɬɨɪ ɥɢɧɢɢ ɫɨɫɬɚɜɥɹɟɬ g=2.007, 

ɩɨɫɬɨɹɧɧɚɹ ɫɭɩɟɪɫɜɟɪɯɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ A≈65.5Ƚɫ, ɚ ɲɢɪɢɧɚ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɥɢɧɢɣ 

ɫɭɩɟɪɫɜɟɪɯɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ ΔH=22.1Ƚɫ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɪɢɱɢɧɨɣ ɨɛɪɚɡɨɜɚɧɢɹ 

ɨɛɵɱɧɨɝɨ ɫɩɟɤɬɪɚ ɫɨ ɫɜɟɪɯɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɹɜɥɹɟɬɫɹ ɦɚɥɨɟ ɤɨɥɢɱɟɫɬɜɨ Mn ɜ ɫɨɫɬɚɜɟ 

ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ. 

Ⱦɚɥɟɟ ɨɛɪɚɡɰɵ ɨɛɥɭɱɚɥɢɫɶ Ȗ-ɤɜɚɧɬɚɦɢ ɩɪɢ ɞɨɡɚɯ D≤605.6ɤȽɪ ɜ  ɢɫɬɨɱɧɢɤɟ  60ɋɨ  (ɷɧɟɪɝɢɟɣ 

ȿ=1.17Ɇɷȼ ɢ  ȿ=1.γγɆɷȼ). ɉɪɢ ɦɚɥɵɯ ɞɨɡɚɯ ɨɛɥɭɱɟɧɢɹ ɫɭɳɟɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɗɉɊ 

ɫɩɟɤɬɪɚɯ ɧɟ ɧɚɛɥɸɞɚɸɬɫɹ, ɚ ɩɪɢ ɞɨɡɟ ɨɛɥɭɱɟɧɢɹ D=605.6ɤȽɪ ɜ  Cd1-xMnxTe (ɯ=0.1) 

ɧɚɛɥɸɞɚɸɬɫɹ ɢɡɦɟɧɟɧɢɹ ɜ ɩɚɪɚɦɟɬɪɚɯμ g-ɮɚɤɬɨɪ ɫɨɫɬɚɜɢɥ g=2.0088, ɩɨɫɬɨɹɧɧɚɹ 

ɫɭɩɟɪɫɜɟɪɯɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ A≈64.4Ƚɫ, ɲɢɪɢɧɚ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɥɢɧɢɣ ɫɭɩɟɪɫɜɟɪɯɬɨɧɤɨɣ 

ɫɬɪɭɤɬɭɪɵ ΔH≈22.1Ƚɫ, ɚ ɲɢɪɢɧɚ ɲɢɪɨɤɨɝɨ ɫɢɝɧɚɥɚ ΔH≈90Ƚɫ (ɪɢɫ.1,b). 

 

Ɋɢɫ.1.ɗɉɊ ɫɩɟɤɬɪɵ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ Cd1-xMnxTe ɯ=0,1ɚ) D=0, b) D=605.6ɤȽɪ 
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Ⱦɥɹ ɨɛɪɚɡɰɨɜ Cd1-xFexTe ɫ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ Fe 0.0035ɯ<0.03 ɜ ɫɩɟɤɬɪɚɯ ɗɉɊ ɧɟ 

ɧɚɛɥɸɞɚɸɬɫɹ ɥɢɧɢɢ ɩɨɝɥɨɳɟɧɢɹ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɫ ɬɟɦ, ɱɬɨ ɜ ɷɬɨɣ 

ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ, ɢɨɧɵ Fe ɢɦɟɸɬ ɡɚɪɹɞɨɜɨɟ ɫɨɫɬɨɹɧɢɟ β+, ɤɨɬɨɪɵɟ ɧɟ ɹɜɥɹɸɬɫɹ 

ɩɚɪɚɦɚɝɧɢɬɧɵɦɢ. ɉɪɢ ɯ =0.0γ ɧɚɛɥɸɞɚɟɬɫɹ ɲɢɪɨɤɚɹ ɥɢɧɢɹ ɫ g2.0,  ɲɢɪɢɧɚ ɥɢɧɢɢ ΔH  300-

γβ5Ƚɫ, ɧɚ ɤɨɬɨɪɭɸ ɧɚɤɥɚɞɵɜɚɸɬɫɹ ɲɟɫɬɶ ɭɡɤɢɯ ɥɢɧɢɣ ɫ ΔH25-γ0Ƚɫ. ȼ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ ɩɨɥɟɣ 

ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɫɢɦɦɟɬɪɢɱɧɚɹ ɥɢɧɢɹ ɫ  g=γ.λ. ɇɚɥɢɱɢɟ ɧɟɫɢɦɦɟɬɪɢɱɧɨɣ ɥɢɧɢɢ ɜ ɗɉɊ ɫɩɟɤɬɪɟ  

ɨɛɪɚɡɰɨɜ ɋd1-xFexTe, x=0.03 ɫɜɹɡɚɧɵ ɫ ɮɟɪɪɨɦɚɝɧɢɬɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɠɟɥɟɡɚ Fe3+.  ɉɨɥɭɱɟɧɧɵɟ 

ɪɟɡɭɥɶɬɚɬɵ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ 

ɉɪɢ ɨɛɥɭɱɟɧɢɢ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ Cd1-xFexTe (ɯ=0.0γ) ɩɪɢ ɞɨɡɚɯ D≤605.6ɤȽɪ 

ɫɭɳɟɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɗɉɊ ɫɩɟɤɬɪɚɯ ɧɟ ɧɚɛɥɸɞɚɸɬɫɹ. 
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ɋɌɊɍɄɌɍɊȺ ɗɉɂɌȺɄɋɂȺɅɖɇɕɏ ɉɅȿɇɈɄ Cd1-xMn(Fe)xSe ɂ ȼɅɂəɇɂȿ  

ȽȺɆɆȺ ɂɁɅɍɑȿɇɂə ɇȺ ɂɏ ɈɉɌɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ 

 

Ɇ.Ⱥ. ɆȿɏɊȺȻɈȼȺ1, ɂ.Ɋ. ɇɍɊɂȿȼ2,  ɇ.Ƚ. ȽȺɋȺɇɈȼ3, ɗ.ɂ. ɆɂɊɁɈȿȼ2,                              
Ɂ.ɂ. ɋɍɅȿɃɆȺɇɈȼ2, ɇ.ɂ. ȽɍɋȿɃɇɈȼ1, ɋ.ɋ. ɎȺɊɁȺɅɂȿȼ2, ɇ.ȼ. ɎȺɊȺȾɀȿȼ2 

1ɂɧɫɬɢɬɭɬ Ɋɚɞɢɚɰɢɨɧɧɵɯ ɉɪɨɛɥɟɦ ɇȺɇȺ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧɚ 
2ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɢɦ. ɚɤɚɞɟɦɢɤɚ Ƚ.Ɇ.Ⱥɛɞɭɥɥɚɟɜɚ ɇȺɇȺ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

3Ȼɚɤɢɧɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

m.mehrabova@science.az 

 

ɗɩɢɬɚɤɫɢɚɥɶɧɵɟ ɩɥɟɧɤɢ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɩɨɥɭɦɚɝɧɢɬɧɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ (ɉɆɉ) Cd1-

xMn(Fe)xSe, ɫɨɱɟɬɚɸɳɢɟ ɜ ɫɟɛɟ ɦɚɝɧɢɬɧɵɟ ɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɫɜɨɣɫɬɜɚ, ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ 

ɫɬɚɥɢ ɨɛɴɟɤɬɨɦ ɢɧɬɟɧɫɢɜɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɗɬɢ ɦɚɬɟɪɢɚɥɵ ɧɚɲɥɢ ɫɜɨɟ ɭɫɩɟɲɧɨɟ ɩɪɢɦɟɧɟɧɢɟ 

ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ. ɇɚɞɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɥɭɱɟɧɢɸ ɬɨɧɤɢɯ ɩɥɟɧɨɤ 

ɭɤɚɡɚɧɧɵɯ ɉɆɉ ɢ ɢɫɫɥɟɞɨɜɚɧɢɸ ɢɯ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɫɜɹɳɟɧɨ ɪɹɞ ɪɚɛɨɬ, ɧɨ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɷɬɢɯ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɢɡɭɱɟɧɚ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɪɚɞɢɚɰɢɨɧɧɨɫɬɨɣɤɢɯ ɢ ɪɚɞɢɚɰɢɨɧɧɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɨɷɬɨɦɭ, ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ 

Ȗ-ɢɡɥɭɱɟɧɢɹ ɧɚ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɷɩɢɬɚɤɫɢɚɥɶɧɵɯ ɩɥɟɧɨɤ Cd1-xMn(Fe)xSe ɹɜɥɹɟɬɫɹ 

ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ CdSe ɢ Cd1-xMn(Fe) xSe (ɯ=0.0γ)  

ɢ ɦɟɬɨɞɨɦ ɤɨɧɞɟɧɫɚɰɢɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɭɱɤɨɜ ɩɨɥɭɱɟɧɵ ɢɯ ɬɨɧɤɢɟ ɩɥɟɧɤɢ ɧɚ ɫɬɟɤɥɹɧɧɵɯ ɢ 

ɫɥɸɞɹɧɵɯ ɩɨɞɥɨɠɤɚɯ ɜ ɜɚɤɭɭɦɟ 10-4ɉК ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɞɥɨɠɤɢ Ɍɩ=γ00Ʉ ɢ Ɍɩ=670Ʉ ɫ 

ɤɨɦɩɟɧɫɚɰɢɟɣ ɢ ɛɟɡ ɤɨɦɩɟɧɫɚɰɢɢ ɩɚɪɨɜ Sɟ ɜ ɩɪɨɰɟɫɫɟ ɪɨɫɬɚ.  

ɋɬɪɭɤɬɭɪɵ ɩɥɟɧɨɤ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɪɟɧɬɝɟɧɨɞɢɮɪɚɤɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ 

ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɭɫɬɚɧɨɜɤɟ BrЮФОr БRD D8 AНЯКnМО. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɧɚ 

ɫɬɟɤɥɹɧɧɵɯ ɩɨɞɥɨɠɤɚɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɞɥɨɠɤɢ Ɍɩ=γ00Ʉ ɩɨɥɭɱɟɧɧɵɟ ɩɥɟɧɤɢ ɢɦɟɸɬ 

ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɜ ɫɦɟɫɢ ɫ ɚɦɨɪɮɧɨɣ ɮɚɡɨɣ. ɍɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɨɞɥɨɠɤɢ (Ɍɩ≥470Ʉ) ɩɪɢɜɨɞɢɬ ɤ ɩɨɥɭɱɟɧɢɸ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɩɥɟɧɨɤ ɫ ɤɭɛɢɱɟɫɤɨɣ 

ɫɬɪɭɤɬɭɪɨɣ (ɚ=6,05й). ȼɵɲɟ Ɍɩ>670Ʉ ɧɚɱɢɧɚɟɬɫɹ ɷɩɢɬɚɤɫɢɚɥɶɧɵɣ ɪɨɫɬ. 

Ɇɨɪɮɨɥɨɝɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɷɩɢɬɚɤɫɢɚɥɶɧɵɯ ɩɥɟɧɨɤ Cd1-xMn(Fe)xSe (ɯ=0.0γ) ɩɨɥɭɱɟɧɧɵɯ 

ɛɟɡ ɤɨɦɩɟɧɫɚɰɢɢ ɢ ɩɨɫɥɟ ɤɨɦɩɟɧɫɚɰɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɩɚɪɨɜ Se ɜ ɩɪɨɰɟɫɫɟ ɪɨɫɬɚ 

ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɷɥɟɤɬɪɨɧɧɨɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɧɚ ɫɤɚɧɢɪɭɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ 

ɦɢɤɪɨɫɤɨɩɟ (CКrХ ГОТss SТРЦК VP). ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɤɨɦɩɟɧɫɢɪɭɸɳɟɝɨ ɢɫɬɨɱɧɢɤɚ ɩɚɪɨɜ Se, ɱɟɪɧɵɟ ɫɤɨɩɥɟɧɢɹ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɜɫɥɟɞɫɬɜɢɟ 

ɱɚɫɬɢɱɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɢɫɩɚɪɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɩɪɨɰɟɫɫɟ ɪɨɫɬɚ ɢɫɱɟɡɚɸɬ. 
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Ȼɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɫɩɟɤɬɪɵ ɩɨɝɥɨɳɟɧɢɹ ɢ ɩɪɨɩɭɫɤɚɧɢɹ ɬɨɧɤɢɯ ɩɥɟɧɨɤ Cd1-xMnxSe 

(ɯ=0.0γ), ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ UV-Visible SPECORD 210 PLUS ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 

Ɍɩ=γ00Ʉ ɢ Ɍɩ=67γɄ ɧɚ ɩɨɞɥɨɠɤɚɯ ɫɥɸɞɵ ɢ ɫɬɟɤɥɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ Ɍɩ=γ00Ʉ ɩɪɨɩɭɫɤɚɧɢɟ 

Cd1-xMnxSe (б=0.0γ) ɧɚ ɫɥɸɞɹɧɵɯ ɩɨɞɥɨɠɤɚɯ ɛɨɥɶɲɟ, ɱɟɦ ɧɚ ɫɬɟɤɥɹɧɧɵɯ. Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ 

ɲɢɪɢɧɚ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɞɥɹ Cd1-xMnxSe (ɯ=0.0γ) ɫɨɫɬɚɜɥɹɟɬ EР=1.7βɷȼ, ɚ ɞɥɹ CНSО 

EР=1.74ɷȼ. ɗɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɫ ɜɧɟɞɪɟɧɢɟɦ ɚɬɨɦɨɜ εn ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ, ɚ 

ɬɚɤɠɟ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ εn ɜ ɫɨɫɬɚɜɟ Cd1-xMnxSe ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɲɢɪɢɧɵ 

ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ. ɉɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɧɚɲɢɦɢ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ, ɚ ɬɚɤɠɟ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ. 

ɂɡɭɱɟɧɨ ɜɥɢɹɧɢɟ Ȗ- ɤɜɚɧɬɨɜ ɧɚ ɫɩɟɤɬɪɵ ɩɪɨɩɭɫɤɚɧɢɹ ɢ ɩɨɝɥɨɳɟɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ 

ɷɩɢɬɚɤɫɢɚɥɶɧɵɯ ɩɥɟɧɨɤ ɉɆɉ Cd1-xMnxSe (ɯ=0.0γ), ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɫɬɟɤɥɹɧɧɵɯ ɩɨɞɥɨɠɤɚɯ ɩɪɢ 

Ɍɩ=67γK.  ȼɵɹɜɥɟɧɨ, ɱɬɨ ɨɛɥɭɱɟɧɢɟ Ȗ-ɤɜɚɧɬɚɦɢ ɩɪɢ ɞɨɡɚɯ DȖ≤γ50Qr ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɹɦ 

ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ, ɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɨɩɬɢɱɟɫɤɨɟ ɩɪɨɩɭɫɤɚɧɢɟ. 
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SEВSMİK SENSORLAR ƏSASINDA MоHAFİГƏ DETEKTORLARININ 

HAZIRLANMASI 

 

A.H. MƏMMƏDLI1, S.S. SоLEВMANOV1, N.Y. SоLEВMANOVA1, T.E. ƏГIГLI2 
1AMEA İşХər İНКrəsТ.BКФı,AгərЛКвМКЧ 

2AMEA RКНТКsТвК PrШЛХОЦХərТ İЧsЭТЭЮЭЮ 

arzu_memmedli_92@mail.ru  

 

TəqНТЦ ОНТХən ТşНə бüsЮsТ əСəЦТввəЭ ФəsЛ ОНən ərКгТХərТn, НöЯХəЭ sərСəНТnТn qorЮnЦКsınК Яə 

nəгКrəЭТnТ СəвКЭК ФОхТrЦəвə ТЦФКn ЯОrən вОnТ PОrТЦОЭr εüСКПТгə SТsЭОЦХərТnТn  (PεS) ТХФТn ЯКrТКnЭı 

СКгırХКnЦışНır. BЮ ЦəqsəНХə PεS-ХərТn əsКsını ЭəşФТХ ОНən ОХОЦОnЭХər Цüəввən ОНТХЦТş Яə onХКrın 

pКrКЦОЭrХərТ ЭəНqТq ОНТХЦТşНТrμ εİC5β0λ sЭКЛТХТгКЭorЮ, sТqnКХ РüМХənНТrМТ, AD654βS РüМХənНТrТМТsТ, 

ATMEGA88P mikrokontroХХОr хТpТ Яə qТНКХКnНırМı δТ-Тon (γ.7V) ЛКЭКrОвКsınНКn ТsЭТПКНə ОНТХЦТşНТr. 

PОrТЦОЭr ЦüСКПТгə sТsЭОЦХərТ (PεS) sОвsЦТФ qОвНОНТМТХər əsКsınНК СКгırХКnЦışНır.  

PMS-nТn ОХОФЭron ЛХoФХКrının  вığıХЦКsı гКЦКnı ProЭОЮs 8 ProПОssТonКХ Яə AХЭТЮЦ DТsКРnОr 

proqram pКФОЭТnНən ТsЭТПКНə ОНТХЦТşНТr. EХОЦОnЭ СТssəХərТnТn sОхТХЦəsТ гКЦКnı МərəвКn sərПТввКЭının 

ЦТnТЦЮЦК ОnНТrТХЦəsТnə бüsЮsТ НТqqəЭ ЯОrТХЦТşНТr. DöЯrənТn ТХФТn ЯКrТКnЭı СКгırХКnНıqНКn sonrК ПКвХ 

ARES proqrКЦınК öЭürüХür Яə ФonЭКФЭ СТssəХərТnТn вОrТ ЦüəввənХəşНТrТХТr. PХКЭКХКrın СКгırХКnЦКsı Яə 

ФəsТЦ prosОsТ üхün “δPKF ХКsОr & ОХОМЭronТМs” qЮrğЮsЮnНКn ТsЭТПКНə ОНТХЦТşНТr. BЮ qЮrğЮ AХЦКnТвК 

ТsЭОСsКХıНır Яə СКХ-СКгırНК  ЭəМrüЛəХərТn КpКrıХЦКsı ЦəqsəНТХə ОХОФЭron pХКЭКХКrın СКгırХКnЦКsınНК хoб 

РОnТş ТsЭТПКНə ОНТХТr. 
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GdxSn1-xSe2 KRİSTALLARINDA ELEKTRİK MоQAVİMƏTİNİN TEMPERATUR 

ASILILIĞININ ANOMAL DƏВİŞMƏSİ 

 

M.S. MURQUZOVA     

AMEA FТгТФК İЧsЭТЭЮЭЮ  
AгərЛКвМКЧ, BКФı, Ⱥг-1143, H.Cavid pr. 131 

 

IsНə GНxSn1-xSe2 sТsЭОЦ ЛərФ ЦəСХЮХХКrТn ОХОФЭТrТФ ЦЮqКЯТЦəЭХərТnТn ЭəМrüЛəНən КХınЦış 

qТвЦəЭХərТnТn qısК КnКХТгТ ЯОrТХЦТşНТr. TəМrüЛəХərТ КpКrЦКq üхün КşКğıНКФı ФТЦТ ЭərФТЛХər sОхТХЦТşНТrμ 

1) б=0,005ν β) 0,05ν γ) 0,10ν  4) 0,15ν 5) 0,β КЭ % GН.  TərФТЛХər sТnЭОгНən sonrК, вОnТНən Эoг СКХınК 

sКХınЦış Яə prОsХəЦə üsЮХЮ ТХə, öХхüХərТ Д( γб6) β0ЦЦЖ oХКn ПorЦКвК sКХınЦışНır. PrОsХəЦə ТФТ 

ЦərСəХəНə КpКrıХЦışНırμ 1-МТ ЦərСəХəНə P=7,5 Эon/sЦ2  ЭəгвТq КХЭınНК 5 НəqТqə sКбХКnıХЦışНır. BЮnНКn 

sonrК ТsЭТ prОsХəЦə T=γλ00C üsЮХЮ ТХə P=5,4 Эon/sЦ2 ЭəгТq КХЭınНК 5 НəqТqə sКбХКnıХНıqНКn sonrК, 

nüЦЮnəХərНə СoЦoРОnХТФ вКrКЭЦКq üхün вОnТНən КЦpЮХКХКrК qoвЮХЦЮş ЯКФЮЮЦ вКrКНıХЦış Яə üПТqТ 

ЯəгТввəЭНə qıгНırıМı ТхərТsТnə вОrХəşНТrТХЦТşНТr. T=6β00C ЭОЦpОrКЭЮrЮnНК Э=1β0  sККЭ sКбХКnıХЦışНır. 

BЮnНКn sonrК nüЦЮnəХərТn rОnЭРОn ПКгК КnКХТгТ (RFA) НТППОrОnsТКХ ЭОrЦТФ КnКХТгТ  (DTA) ОНТХЦТş Яə 

sЭОбТoЦОЭrТФ  ЭərФТЛХərə ЮвРЮn oХНЮРЮ Цüəввən ОНТХЦТşНТr. σüЦЮnəХərТn ЦüqКЯТЦəЭХərТ T=77-420 

K-ЭОЦpОrКЭЮr ТnЭОrЯКХınНК oХхüХЦüşНür. TəМrüЛəНən КХınКn qТвЦəЭХər əsКsınНК qrКПТФХərТ qЮrЮХЦЮş Яə 

КnКХТг ОНТХЦТşНТr. εüəввən oХЮnЦЮşНЮr ФТ, σγ(б3=0,10 КЭ % GН) Яə σ5 (б5=0,15 КЭ %) sКвХı 

nüЦЮnəХərТn (T) КsıХıХıРınНК T= 85-λ8K ЭОЦpОrКЭЮrЮnНК  ОХОФЭrТФ ЦüqКЯТЦəЭТnТn  qТвЦəЭТ КnoЦКХ 

НəвТşТr. BКşqК soгХə -nЮn qТвЦəЭТ T ТnЭОrЯКХınНК КrЭır Яə T-nТn sonrКФı КrЭıЦınНК, вОnТНən 

вКrıЦФОхТrТМТ  ФrТsЭКХХКrК ЦəбsЮs qКnЮnКЮвРЮnХЮqХК, гəТП ОФsponОnsТКХ КгКХЦК ЦüşКСТНə oХЮnЮr. 

εəХЮЦНЮr ФТ, GН ЦОЭКХı КşКğı ЭОЦpОrКЭЮrХКrНК ЦКqnТЭ бКssəХТНТr Яə ЦКqnТЭ ЦoЦОnЭТ ЭəбЦТnən λ,5B-

К ЛərКЛərНТr. кoб ОСЭТЦКХ ФТ, T=85-λ8K ЭОЦОrКЭЮr ТnЭОrЯКХında  -nЮn КnoЦКХ НəвТşЦəsТ poХвКrТгə 

oХЮnЦЮş ЦКqnТЭ ЦərФəгХərТnТn  вКrКnЦКsı СОsКЛınК вüФНКşıвıМıХКr ЛЮ ЦərФəгХərНə əХКЯə səpТХТr. BЮ 

Тsə ОХОФЭrТФ ФОхТrТМТХТвТnТn КгКХЦКsınК, ЛКşqК soгХə ЦЮqКЯТЦəЭТnТn КrЭЦКsınК səЛəЛ oХЮr.  
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ROLE OF SULPHUR IN THE AEROSOL ASSISTED CVD GROWTH  

OF SINGLE WALL CNTs 

 

N.N. MUSAYEVA1,2, R.F. HASANOV1,2, S.S. BABAYEV1 
1Institute of Physics, ANAS, 131, H. Javid ave., Baku, Azerbaijan 

2R&D Center for High Technologies MCHT, 2, Inshaatchilar ave. Baku, Azerbaijan 

nmusayeva@physics.ab.az  

 

Single-walled carbon nanotubes (SWCNTs) have exceptional electrical and unique optical 

properties, rendering their use in various application fields, especially in transparent conducting films 

(TCFs). The fabrication methods of SWCNTs play a big role in their obtaining and controlling their 

diameters and structures. 

For several years Sulphur has been known as a good promoter for the growth of carbon fibers in 

the metal-catalyzed chemical vapor deposition systems. In the present paper single-wall carbon 

nanotubes (SWCNTs) were synthesized by means of the Aerosol CVD method. A little amount of 

pure Sulphur powder was mixed with ferrocene, which is used as a catalyzer, and the high frequency 

(800 kHz) transducer transformed the solution (ferrocene/sulphur/x-lene) to the aerosol. The growth 

processes were carried out at 850- 9500C in the horizontal reactor at the atmospheric pressure.  

The morphology of the samples was observed by the SEM and Raman spectroscopy with 532 

nm laser being used to analyze the diameter distribution of the obtained SWCNTs.  The presence of 

SWCNTs with the diameters of 0.8-1 nm in the samples has been determined.  
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ɈɋɈȻȿɇɇɈɋɌɂ ɊɈɋɌȺ ɂ ɆɈɊɎɈɅɈȽɂə ɉɈȼȿɊɏɇɈɋɌɂ  

ɗɉɂɌȺɄɋɂȺɅɖɇɕɏ ɉɅȿɇɈɄ ɉɆɉ ɏȺɅɖɄɈȽȿɇɂȾɈȼ Ⱥ2 B6 

 

ɂ.Ɋ. ɇɍɊɂȿȼ  

Institute of Physics, ANAS, 131, H. Javid ave., Baku, Azerbaijan 

 

ɉɨɫɥɟɞɧɢɟ ɝɨɞɵ ɩɨɥɭɦɚɝɧɢɬɧɵɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ (ɉɆɉ) ɯɚɥɶɤɨɝɟɧɢɞɨɜ Ⱥ2ȼ6 ɩɪɢɜɥɟɤɚɸɬ 

ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ. ɇɚ ɨɫɧɨɜɟ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫɨɡɞɚɧɵ ɩɪɢɛɨɪɵ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɜ 

ɬɨɦ ɱɢɫɥɟ ɫɨɥɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ, ɪɚɞɢɚɰɢɨɧɧɵɟ ɞɟɬɟɤɬɨɪɵ. Ɉɝɪɨɦɧɵɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɢɣ 

ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɡɭɱɟɧɢɟ ɢɯ ɷɩɢɬɚɤɫɢɚɥɶɧɵɯ ɩɥɟɧɨɤ. ɉɪɢɛɨɪɵ, ɫɨɡɞɚɧɧɵɟ ɧɚ ɨɫɧɨɜɟ 

ɷɩɢɬɚɤɫɢɚɥɶɧɵɯ ɩɥɟɧɨɤ ɨɬɥɢɱɚɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɨɬɨɣ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɜɵɫɨɤɢɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ. ɇɚ ɩɚɪɚɦɟɬɪɵ ɩɪɢɛɨɪɨɜ ɫɢɥɶɧɨ ɜɥɢɹɸɬ ɫɬɪɭɤɬɭɪɧɨɟ ɫɨɜɟɪɲɟɧɫɬɜɨ ɢ 

ɦɨɪɮɨɥɨɝɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɨɤ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɬɪɟɛɭɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɷɩɢɬɚɤɫɢɚɥɶɧɵɯ ɩɥɟɧɨɤ 

ɫ ɜɵɫɨɤɢɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦ ɫɨɜɟɪɲɟɧɫɬɜɨɦ ɢ ɱɢɫɬɨɣ, ɝɥɚɞɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɛɟɡ ɜɤɥɸɱɟɧɢɹ 

ɜɬɨɪɨɣ ɮɚɡɵ.  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɫɨɛɟɧɧɨɫɬɢ ɪɨɫɬɚ ɢ 

ɦɨɪɮɨɥɨɝɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɷɩɢɬɚɤɫɢɚɥɶɧɵɯ ɩɥɟɧɨɤ ɩɨɥɭɦɚɝɧɢɬɧɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ (ɉɆɉ) 

Cdı-xMn(Fe)xTe(Se) ɫɨɫɬɚɜɨɜ (ɯ=0,01-0,15), ɜɵɪɚɳɟɧɧɵɯ ɧɚ ɫɬɟɤɥɹɧɧɵɯ ɢ 

ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ, ɫɥɸɞɹɧɵɯ ɩɨɞɥɨɠɤɚɯ ɦɟɬɨɞɨɦ ɤɨɧɞɟɧɫɚɰɢɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɭɱɤɨɜ ɜ 

ɜɚɤɭɭɦɟ 10-4ɉɚ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɫɨɜɟɪɳɟɧɧɵɯ ɩɥɟɧɨɤ ɫ ɱɢɫɬɨɣ ɝɥɚɞɤɨɣ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɛɟɡ ɜɤɥɸɱɟɧɢɹ ɜɬɨɪɨɣ ɮɚɡɵ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 

ɤɨɦɩɟɧɫɢɪɭɸɳɢɟ ɢɫɬɨɱɧɢɤɢ ɯɚɥɶɤɨɝɟɧɨɜ (Se,Te). ɋɬɪɭɤɬɭɪɚ ɩɥɟɧɨɤ ɢɫɫɥɟɞɨɜɚɥɚɫɶ 

ɪɟɧɬɝɟɧɞɢɮɪɚɤɰɢɨɧɧɵɦ (BrЮФОr БRD D8 AНЯКnМО), ɦɨɪɮɨɥɨɝɢɹ ɩɨɜɟɪɯɧɨɫɬɢ 

ɷɥɟɤɬɪɨɧɧɨɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɦ (TСО CКrХ ГОТss SТРЦК VP SМКnnТnР EХОФЭron) ɦɟɬɨɞɚɦɢ. 

Ɉɩɪɟɞɟɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɫɨɜɟɪɲɟɧɧɵɯ ɷɩɢɬɚɤɫɢɚɥɶɧɵɯ 

ɩɥɟɧɨɤ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɥɟɧɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɫɬɟɤɥɹɧɧɵɯ ɩɨɞɥɨɠɤɚɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

Ɍɉ=γ00Ʉ ɢɦɟɸɬ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɜ ɫɦɟɫɢ ɫ ɚɦɨɪɮɧɨɣ ɮɚɡɨɣ. ɍɜɟɥɢɱɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɥɨɠɤɢ (Ɍɩ≥470Ʉ) ɩɪɢɜɨɞɢɬ ɤ ɩɨɥɭɱɟɧɢɸ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɩɥɟɧɨɤ ɫ 

ɤɭɛɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɬɢɩɚ ɫɮɚɥɟɪɢɬɚ. ɉɥɟɧɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ 

ɫɥɸɞɹɧɵɯ ɩɨɞɥɨɠɤɚɯ ɩɪɢ Ɍɩ=γ00Ʉ ɢɦɟɸɬ ɬɨɥɶɤɨ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪ. ɉɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ Ɍɩ≥670Ʉ ɧɚ ɨɛɨɢɯ ɩɨɞɥɨɠɤɚɯ ɩɨɥɭɱɚɸɬɫɹ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɷɩɢɬɚɤɫɢɚɥɶɧɵɟ 

ɩɥɟɧɤɢ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɨɫɬɚ Д111Ж. ɗɥɟɤɬɪɨɧɧɨɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, 

ɱɬɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɨɤ ɧɚɛɥɸɞɚɸɬɫɹ ɱɟɪɧɵɟ ɫɤɨɩɥɟɧɢɹ, ɹɜɥɹɸɳɢɟɫɹ ɩɪɨɞɭɤɬɚɦɢ 

ɨɤɢɫɥɟɧɢɹ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɜ ɩɪɨɰɟɫɫɟ ɪɨɫɬɚ, ɤɨɬɨɪɵɟ ɢɫɱɟɡɚɸɬ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɨɦɩɟɧɫɢɪɭɸɳɟɝɨ ɢɫɬɨɱɧɢɤɚ ɯɚɥɶɤɨɝɟɧɨɜ (Se,Ɍɟ).  



118 

MICROSTRUCTURAL, MACROSCOPIC LENGTH AND LATTICE PARAMETERS 

CHANGES IN GAMMA-IRRADIATED BORON CARBIDE  
 

M.N. MİRГAВEV1,2, Kh.F. MAMMADOV2, R.N. MEHDİВEVA2 
1Joint Institute for Nuclear Research,141980, Dubna, Russia 

2Institute of Radiation Problems, ANAS, AZ1143, Baku, Azerbaijan 

matlab@jinr.ru  

 

HТРС pОrПorЦКnМО МОrКЦТМ ТnsЮХКЭor КnН аТnНoа ЦКЭОrТКХs КrО rОqЮТrОН Эo МonsЭrЮМЭ ПorЭСМoЦТnР 

ЭСОrЦo-nЮМХОКr rОКМЭors. εТбЭЮrОs oП Лoron КnН МКrЛon МoЦpoЮnНs аОrО СОКЭОН КЭ КpproбТЦКЭОХв 

β000°C. TСО rОКМЭТon proНЮМЭs СКЯО ЛООn sЭЮНТОН Лв Б-rКв НТППrКМЭТon КnН Лв НОnsТЭв КnН ОХОМЭrТМКХ 

ЦОКsЮrОЦОnЭs. A Лoron-МКrЛТНО СКs ЛООn СТРС ЦОХЭТnР ЭОЦpОrКЭЮrО, ОбМОpЭТonКХХв РooН СКrНnОss КnН 

СТРС ЦОМСКnТМКХ propОrЭТОs. Boron МКrЛТНО B4C Тs аТНОХв ЮsОН Кs К nОЮЭron КЛsorЛОr Тn nЮМХОКr 

ЭОМСnoХoРв. εosЭ oП ЭСО КПЭОr КnН ЛОПorО СОКЯв Тons ТrrКНТКЭТon ОбКЦТnКЭТons СКЯО sСoаn ЭСКЭ ЭСО 

sЭrЮМЭЮrО oП ЭСО ЦКЭОrТКХ rОЦКТns МrвsЭКХХТnО, Тn spТЭО oП ЯОrв СТРС КЭoЦТМ НТspХКМОЦОnЭ rКЭОs. TСО 

ОбpОrТЦОnЭКХХв ТnЯОsЭТРКЭОН ЭКrРОЭ ЦКЭОrТКХ аКs Лoron-МКrЛТНО. For ЭСТs rОsОКrМС аКs sОХОМЭОН ЭСО 

Лoron МКrЛТНО poаНОr, аТЭС НОnsТЭв 1.8 Р/МЦγ, КnН К pЮrТЭв oП λλ.λ % (US RОsОКrМС σКnoЦКЭОrТКХs, 

InМ., TБ, USA). UnНОr sЭКЭТsЭТМКХ МonНТЭТons аОrО ТrrКНТКЭОН аТЭС 60Co soЮrМО Лв РКЦЦК rКвs КЭ НosО 

rКЭО D = 0.β7 Gв/sОМ λ.7, 48.5, λ7, 145.5 ɢ 1λ4 ФGв. TСО ЭСОorОЭТМКХ МКХМЮХКЭОН ЯКХЮОs oП ЭСО КЛsorЛОН 

НosО oП НosТЦОЭrТМ (ПОrrosЮХПКЭО, МвМХoСОбКnО) sвsЭОЦs ЛКsОН on ЭСО ОХОМЭron НОnsТЭв, Тs Тn РooН 

КРrООЦОnЭ аТЭС ЭСО ОбpОrТЦОnЭКХ НКЭК. In ЭСО КnКХвsТs oП ОбpОrТЦОnЭs РТЯТnР ЭСО МonМОnЭrКЭТon НОПОМЭs 

ЛОПorО КnН КПЭОr РКЦЦК ТrrКНТКЭТon КnН rОКХ ЯoХЮЦО V КnН ЭСО ЯoХЮЦО VШ oП ЭСО ТsoЛКrТМ pОrПОМЭ МrвsЭКХ 

Кs НОПТnОН Тn V б КnН ЭСО ХКЭЭТМО МonsЭКnЭ Кб ЭСКЭ rОsЮХЭ ПroЦ Б-rКв НТППrКМЭТon ОбpОrТЦОnЭs. FЮrЭСОrЦorО 

Эаo nОа МoОППТМТОnЭs ЭСО Б-rКв ЭСОrЦКХ ОбpКnsТon МoОППТМТОnЭs ȕб, МoЦprОssТЛТХТЭв Фб, аТХХ ОЦОrРО. 

TСО ЯoХЮЦО V КnН VШ МonnОМЭОН Лв Оq. 

T
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 Тs ЯoХЮЦО υП pОr НОПОМЭ.  

TСО pСКsО КnКХвsТs аКs pОrПorЦОН Лв БRD ЮsТnР К D8ADVAσCE Б-rКв НТППrКМЭoЦОЭОr 

(BrЮФОr). SМКnnТnР EХОМЭron εТМrosМopО, ГEISS, ΣIGεA VP) EDS МoЦponОnЭ аКs ЮsОН Эo pОrПorЦ 

ЭСО sЮrПКМО ЦorpСoХoРв КnН ЦТМroМТrМЮХКr КnКХвsТs. TСО КnКХвsТs аКs ЦОКsЮrОН КЭ ЭСО γ00 K sЭКnНКrН 

rooЦ ЭОЦpОrКЭЮrО. TСО Оrror oП НОЭОrЦТnКЭТon НТН noЭ ОбМООН 1% КЭ γ00 K. SМКnnТnР EХОМЭron 

εТМrosМopв (SEε) КnН Б-rКв НТППrКМЭТon СКЯО ЛООn pОrПorЦОН. TСО SEε ТnЯОsЭТРКЭТons sСoа ЭСКЭ 

ЭСО ЦКЭОrТКХ rОЦКТns МrвsЭКХХТnО Юp Эo К 145.5 ФGв. TСО Б-RКв НТППrКМЭТon КnКХвsТs sСoа К СТРС 

sЭrЮМЭЮrКХ НТsorНОr КЭ СТРС РКЦЦК ТrrКНТКЭТon НosО КnН МКХМЮХКЭОН ХКЭЭТМО pКrКЦОЭОrs КnН ЯoХЮЦО Пor 

pОrПОМЭ КnН ТrrКНТКЭТon МrвsЭКХ Тn ЭСО РКЦЦК ТrrКНТКЭТon НosО rКnРТnР ПroЦ λ.7 ФGв Эo 1λ4 ФGв. 

DОЭОrЦТnОН ТnМrОКsОs ЭСО ХКЭЭТМО pКrКЦОЭОrs 1.γ1 % КnН ТnМrОКsОs КЦorpСТsКЭТon oП ЛoЭС β.γ0 %. 
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Ɇɨɧɨɤɪɢɫɬɚɥɥɵ TХInSО2, ɤɪɢɫɬɚɥɥɢɡɭɸɳɢɟɫɹ ɜ ɫɥɨɢɫɬɨ-ɰɟɩɨɱɟɱɧɨɣ ɫɬɪɭɤɬɭɪɟ, ɹɜɥɹɸɬɫɹ 

ɨɛɴɟɤɬɨɦ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɹɬ ɨɬ ɬɢɩɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɜɟɞɟɧɧɵɯ 

ɩɪɢɦɟɫɟɣ. Ɍɚɤ, ɥɟɝɢɪɨɜɚɧɢɟ ɢ ɢɧɬɟɪɤɚɥɢɪɨɜɚɧɢɟ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ TХInSО2 ɪɚɡɥɢɱɧɵɦɢ 

ɦɟɬɚɥɥɚɦɢ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɲɚɬɶ ɢɯ ɮɨɬɨ- ɢ ɪɟɧɬɝɟɧɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ 

ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɜɥɢɹɧɢɹ ɫɭɪɶɦɵ (0.5 ɦɨɥ.% SЛ) ɧɚ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɧɚ ɨɫɧɨɜɟ TХInSО2. Ⱦɢɷɥɟɤɬɪɢɱɟɫɤɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɵ TХInSО2ξ SЛ > ɢɡɦɟɪɟɧɵ ɪɟɡɨɧɚɧɫɧɵɦ ɦɟɬɨɞɨɦ. Ⱦɢɚɩɚɡɨɧ ɱɚɫɬɨɬ ɩɟɪɟɦɟɧɧɨɝɨ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɫɨɫɬɚɜɥɹɥ 5·104–γ.5·107 Ƚɰ. ȼ TХInSО2ξ SЛ >  ɢɡɭɱɟɧɚ ɱɚɫɬɨɬɧɚɹ ɞɢɫɩɟɪɫɢɹ 

ɬɚɧɝɟɧɫɚ ɭɝɥɚ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɬɟɪɶ (tgį), ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ (İˈ) ɢ ɦɧɢɦɨɣ (İ″) ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɤɨɦɩɥɟɤɫɧɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ   ɩɪɨɧɢɰɚɟɦɨɫɬɢ   ɢ   ac-ɩɪɨɜɨɞɢɦɨɫɬɢ  (ıac)    ɩɨɩɟɪɟɤ    ɰɟɩɟɣ. 

Ʌɟɝɢɪɨɜɚɧɢɟ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ TХInSО2 ɫɭɪɶɦɨɣ ɩɪɢɜɨɞɢɥɨ ɤ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɸ 

ɞɢɫɩɟɪɫɢɨɧɧɵɯ ɤɪɢɜɵɯ tgį(f) , İˈ(f),  İ″(f) ɢ ıac(f). ȼɨ ɜɫɟɣ ɢɡɭɱɟɧɧɨɣ ɨɛɥɚɫɬɢ ɱɚɫɬɨɬ ɜ 

TlInSe2ξSЛ >  ɢɦɟɥɢ ɦɟɫɬɨ ɩɨɬɟɪɢ ɧɚ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ. ɉɪɢ ɷɬɨɦ ɜɜɟɞɟɧɢɟ ɫɭɪɶɦɵ ɜ TХInSО2 

ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟɦ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɢ ɫɭɳɟɫɬɜɟɧɧɵɦ 

ɭɦɟɧɶɲɟɧɢɟɦ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɬɚɧɝɟɧɫɚ ɭɝɥɚ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɬɟɪɶ. ɉɪɢ ɜɵɫɨɤɢɯ ɱɚɫɬɨɬɚɯ 

ac-ɩɪɨɜɨɞɢɦɨɫɬɶ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ TХInSО2ξSЛ >  ɩɨɞɱɢɧɹɥɚɫɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ıac ~ f 0.8, 

ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɩɪɵɠɤɨɜɨɝɨ ɦɟɯɚɧɢɡɦɚ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɩɨ ɥɨɤɚɥɢɡɨɜɚɧɧɵɦ ɜɛɥɢɡɢ ɭɪɨɜɧɹ 

Ɏɟɪɦɢ ɫɨɫɬɨɹɧɢɹɦ. Ɉɰɟɧɟɧɵ ɩɥɨɬɧɨɫɬɶ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɡɛɪɨɫ ɫɨɫɬɨɹɧɢɣ, ɥɟɠɚɳɢɯ ɜ 

ɨɤɪɟɫɬɧɨɫɬɢ ɭɪɨɜɧɹ Ɏɟɪɦɢ, ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɢ ɪɚɫɫɬɨɹɧɢɟ ɩɪɵɠɤɨɜ.  
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ȾɂɗɅȿɄɌɊɂɑȿɋɄɂȿ ɏȺɊȺɄɌȿɊɂɋɌɂɄɂ ɆɈɇɈɄɊɂɋɌȺɅɅȺ CdGa2S4 ȼ 

ɉȿɊȿɆȿɇɇɕɏ ɗɅȿɄɌɊɂɑȿɋɄɂɏ ɉɈɅəɏ ɊȺȾɂɈɑȺɋɌɈɌɇɈȽɈ ȾɂȺɉȺɁɈɇȺ 
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Ɇɨɧɨɤɪɢɫɬɚɥɥɵ CНGК2S4 ɨɛɥɚɞɚɸɬ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ ɩɪɚɤɬɢɱɟɫɤɢ ɜɚɠɧɵɯ ɮɢɡɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɬɚɤɢɯ ɤɚɤ ɜɵɫɨɤɚɹ ɮɨɬɨ-ɢ ɪɟɧɬɝɟɧɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ. ɗɬɢ ɤɪɢɫɬɚɥɥɵ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɢɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ, ɨɞɧɚɤɨ, ɜ ɥɢɬɟɪɚɬɭɪɟ ɨɬɫɭɬɫɬɜɭɸɬ 

ɫɜɟɞɟɧɢɹ ɨɛ ɢɯ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ. ɂɡɭɱɟɧɢɟ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɤɪɢɫɬɚɥɥɨɜ ɧɚ ɩɟɪɟɦɟɧɧɨɦ ɬɨɤɟ ɞɚɟɬ ɢɧɮɨɪɦɚɰɢɸ ɨ 

ɦɟɯɚɧɢɡɦɟ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ, ɨ ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɫɨɫɬɨɹɧɢɹɯ ɜ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɟ, ɚ 

ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɩɪɢɪɨɞɭ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɬɟɪɶ, ɱɬɨ ɢ ɹɜɢɥɨɫɶ ɰɟɥɶɸ ɧɚɫɬɨɹɳɟɣ 

ɪɚɛɨɬɵ.  

Ɇɟɬɨɞɨɦ ɯɢɦɢɱɟɫɤɢɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɪɟɚɤɰɢɣ ɛɵɥɢ ɜɵɪɚɳɟɧɵ ɦɨɧɨɤɪɢɫɬɚɥɥɵ CdGa2S4 ɢ 

ɢɡɭɱɟɧɵ ɢɯ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. ȼ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ CdGa2S4 ɢɡɭɱɟɧɵ ɱɚɫɬɨɬɧɵɟ 

ɡɚɜɢɫɢɦɨɫɬɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ   ɢ ɦɧɢɦɨɣ ɫɨɫɬɚɜɥɹɸɳɢɯ ɤɨɦɩɥɟɤɫɧɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ   

ɩɪɨɧɢɰɚɟɦɨɫɬɢ, ɬɚɧɝɟɧɫɚ ɭɝɥɚ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɬɟɪɶ   ɢ   ac-ɩɪɨɜɨɞɢɦɨɫɬɢ (ıac) ɜ   ɨɛɥɚɫɬɢ     

ɱɚɫɬɨɬ    f = 5  104–3.5  107 Ƚɰ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ   f = 5  104–3  106 Ƚɰ ɜ 

CdGa2S4 ɢɦɟɸɬ ɦɟɫɬɨ ɪɟɥɚɤɫɚɰɢɨɧɧɵɟ ɩɨɬɟɪɢ, ɫɦɟɧɹɸɳɢɟɫɹ ɩɪɢ f ≥ γ  106 Ƚɰ ɩɨɬɟɪɹɦɢ 

ɫɤɜɨɡɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ.   ȼ ɨɛɥɚɫɬɢ     ɱɚɫɬɨɬ    f = 5  104–3.5  107 Ƚɰ ac-ɩɪɨɜɨɞɢɦɨɫɬɶ 

ɦɨɧɨɤɪɢɫɬɚɥɥɚ CdGa2S4 ɩɨɞɱɢɧɹɥɚɫɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ıac ~ f 0.8, ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɩɪɵɠɤɨɜɨɝɨ 

ɦɟɯɚɧɢɡɦɚ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɩɨ ɥɨɤɚɥɢɡɨɜɚɧɧɵɦ ɜɛɥɢɡɢ ɭɪɨɜɧɹ Ɏɟɪɦɢ ɫɨɫɬɨɹɧɢɹɦ. Ɉɰɟɧɟɧɵ 

ɩɥɨɬɧɨɫɬɶ (NF) ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɡɛɪɨɫ (∆E) ɷɬɢɯ ɫɨɫɬɨɹɧɢɣ NF = 3.3  1018 ɷȼ–1·cɦ–3, ∆E = 

γ0 ɦɷȼ, ɫɪɟɞɧɟɟ ɜɪɟɦɹ (Ĳ) ɢ ɪɚɫɫɬɨɹɧɢɟ (R) ɩɪɵɠɤɨɜ Ĳ = 5.7  10–8 ɫ ɢ R = 170 й. 
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AlGaN/GaN heterostructures are of high research and industrial interest for the production of 

high electron mobility transistors utilizing the two-dimensional electron gas (2DEG) induced at the 

interface due to polarization effects. Critical AlGaN thickness is an important practical parameter 

which is under the study in this work. 

Ultrathin layers of AlGaN (between 2-12 nm thick) are grown on top of GaN in order to study 

2DEG formation. The structures are prepared using the metal organic chemical vapour deposition 

method. Combining X-ray photoelectron spectroscopy and Rutherford backscattering, it is found that 

the Al contents is gradually increasing between 4-10 at.%, while Ga contents decreases from 44 to 

35 at.% with thicknesses increase from 2 to 12 nm; N concentration is nearly constant, 50-55 at.%. 

Kelvin probe force microscopy is used to study variations of surface potential depending on AlGaN 

layer thickness. Pure GaN samples show homogeneous potential distribution across the surface. 

Overall, the contact potential difference rises from pure GaN to AlGaN/GaN following the theoretical 

estimates for these compound semiconductors. Growth of thin (ca. 2 and 4 nm) layers of AlGaN leads 

to a mosaic-like potential distribution indicating that 2DEG is formed at the interface but it is not 

continuous because of the low layer thickness and poor stoichiometry. Homogeneity of the surface 

potential maps increases for 7-8 nm thick layers allowing to conclude about critical thickness of 

AlGaN for 2DEG, which is in agreement with previous estimates (6 nm). Thus, the work brings 

important insights into the 2DEG formation at AlGaN/GaN interfaces. 
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      The ternary compound TlInS2 belongs to the class of ܥ���ܤ ���ܣଶ�� - type semiconductors and have 

recently attracted remarkable scientific and technological interest due to its layered structure as well 

as its unique physical and chemical properties. However, layered semiconductor materials of ܥ���ܤ ���ܣଶ�� - family are not only more difficult to grow but also difficult to integrate optoelectronic 

devices fabricated on base these compound to modern electronics. For semiconductor materials, the 

incorporation of dopants is essential, which could facilitate the development of functional devices 

with extensive applications by adjusting their electronic and optical characteristics. Rare earth doped ܥ���ܤ ���ܣଶ�� - semiconductors have led to great interest in these materials due to their potential use in 

electronics. Of particular interest are Er – ions which it is excellent luminescent centers.  

In this work, we prepared the Er - doped TlInS2 layered crystal using modified Bridgman method. 

The Er - doped TlInS2 high quality monocrystal demonstrates significantly optical and electrical 

properties, which may expand the new direction for the application of ܥ���ܤ ���ܣଶ�� - layer material.  

We have studied the temperature dependence of dielectric constant, dark and photo – current, 

thermally stimulated and thermally stimulated depolarization current as well as pyrocurrent. The 

chemical composition by EDX method, surface morphology, crystal structure, chemical state and 

optical luminescent properties of the Er - doped TlInS2 were investigated also.  

We have investigated the energy level of the trap states in Er - doped TlInS2 semiconductor by using 

photo - induced current transient spectroscopy (PICTS) method. Different impurity centers are 

resolved and identified. Analyses of the experimental data were performed in order to determine the 

characteristic parameters of the Er – dopant and intrinsic defects. The energies and capturing cross 

section of deep traps were obtained by using the heating rate method. Energy level of the erbium 

related impurity was determined from thermally activated current spectroscopy and from PICTS 

method is compared. The agreement is acceptable. Possible positions of erbium deep level traps at 

high - symmetry sites of Er - doped TlInS2 semiconductor ares discussed. The nature of various 

anomalies in the temperature behavior of various physical properties of Er - doped TlInS2 

semiconductor related to Er defect deep levels is detected and discussed. 
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Experimental measurements of electronic properties of TlInS2 + Er detected that weakly doped 

TlInS2 semiconductor exhibits properties typical for highly compensated semiconductors. The main 

native impurity and defect levels which determine the compensation of the material are taken into 

account, namely: intrinsic shallow donors and deep level acceptors, and the deep Er - acceptor level. 
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Multiferroic materials, in which the interaction between ferroelectric and ferromagnetic 

substances produces a magnetoelectric effect, have been under great interest in recent decades due to 

their various physical properties and wide application potential in the next generation of 

multifunctional electronic devices [1]. It has been obtained that strong magnetoelectric effect via 

strain mediated interactions could be realized in the composites consisting of magnetostrictive and 

piezoelectric substances [2]. In recent years it has been suggested that an ion implantation is a very 

useful and effective technique for preparation of nanoparticulate multiferroic composite structures on 

the base of various ferroelectric crystals [3]. In this work we report the results of investigations of the 

succession of the incommensurate and commensurate ferroelectric phase transitions in TlInS2 and 

TlGaSe2 crystals and the study of the influence of external magnetic field on these structural 

transformations.  The samples were prepared by implantation with 40 keV Co+ and Fe+ ions into 

single crystalline plates of TlInS2 and TlGaSe2 КЭ ЭСО ПХЮОnМТОs ЛОЭаООn 0.5×1017 КnН 1.5×1017 

ion/cm2 КnН аТЭС Тon МЮrrОnЭ НОnsТЭв oП 8 µA/МЦ2. The implantation was carried out at room 

temperature and residual vacuum of 10-5 Torr by using the ion-beam accelerator ILU-3 (Kazan 

Physical-Technical Institute of RAS). The temperature dependences of the dielectric susceptibility of 

the samples were measured. It has been revealed that the formation of metal nanoparticulate 

composite layer in the near-surface irradiated region in a result of high-fluency ion implantation 

brings to considerable shifts of well-known successive structural phase transition points and increase 

of the temperature hysteresis of the dielectric susceptibility. The application of the magnetic field in 

the direction perpendicular to implanted surface resulted to reverse shifts of the phase transition 

points. The observed peculiarities are considered as magnetoelectric effects, which appeared in a 

result of magnetoelectric lock-in interaction between domains of ferroelectric and ferromagnetic 

substances of the composite structure. 

[1] N.A. Spaldin, M. Fiebig, Science 309, 391 (2005) 

[2] M. Fiebig, J. Phys. D: Appl. Phys. 38, R123 (2005). 

[3] S. Kazan, F.A. Mikailzade, A.G. Sale, M.Maksutoglu, M. Acikgoz, R.I. Khaibullin, N.I. Khalitov, 

Ju. I. Gatiiatova, and V. F. Valeev, Phys. Rev. B, 82, 054402 (2010).  
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In this work the optical absorption characteristics of TlGaSe2 layered bulk semiconductor in the 

visible part of the spectrum are presented and discussed. The transmission spectra of TlGaSe2 were 

recorded at normal light incidence on mirror surface of samples in the wavelength range of 400 – 900 

nm in the temperature range of 19 to 300 K. The optical band gap was determined from the 

extrapolation of the linear region of the square of the absorption curve. As a result, layered 

semiconductor TlGaSe2 is interpreted as a direct band gap semiconductor with a band - gap ~ 2.04 - 

2.14 eV at 300 K. Nevertheless, other electronic inter - band transitions can occur on the optical 

transmission spectrum of TlGaSe2. In many earlier experimental studies, this contribution in the 

absorption coefficient near the fundamental optical edge of TlGaSe2 was attributed to indirect allowed 

inter - band transitions. We find that optical absorption edge of TlGaSe2 is characterized by the 

presence of an Urbach - like tail and a high - energy Tauc absorption region. The Tauc slope and Tauc 

energy gap were extracted from the absorption coefficient data by using Tauc - procedure. Findings 

reveals that amorphized structure of TlGaSe2 which is prominent in near conduction/valance band 

energy states, cannot be ignored for the understanding of the optical transition mechanisms in of this 

semiconductor. We also discuss the nature of the electron transitions forming fundamental optical 

absorption edge of TlGaSe2. We use the first - principles calculation based on density - functional 

theory (DFT) to study the energy gap and extended states in undoped TlGaSe2 layered semiconductor. 

The main purpose of this work is to study the effect of compositional and structural defects on density 

of state (DOS) tailing in this semiconductor material and compare their changes with the finding of 

the optical measurements.  

By calculation of the band structure it is shown that vacancies may introduce defect levels inside 

the electronic band gap of TlGaSe2. These vacancies introduced defect levels and can alter the optical 

properties of TlGaSe2 strongly, causing the deviations from the properties of conventional direct band 

– gap semiconductors.  
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 Studies of TlInS2 layered compound are of interest both from the fundamental and applied 

viewpoints since this material exhibits semiconducting and ferroelectric properties simultaneously. 

Doping of relevant element in TlInS2 can tailor its intrinsic physical properties, such as 

photoluminescent, photoelectric and electronic properties which can extend its application prospects. 

On the other hand, rare earths have special electron - shell structure. Rare earth ions can become the 

better luminescence center based on its special 4f - electron transition at difference energy levels. 

Hence, rare earth doping of TlInS2 layered semiconductor has become one interest for display 

applications involving ultraviolet, visible, and infrared light emission. For example, Terbium (Tb) is 

an important dopant for green emission that the major emission band is near 544 nm. From this point 

of view, Tb - doped TlInS2 can be expected to be applicable to micro - and nano – optoelectronics.  

In the present work, we investigate the photoelectrical and electronic properties of defect 

containing in Tb - doped - TlInS2. The aim of this work is first to identify various native and dopant 

defects and impurities in the structure of material under investigation by using photo - induced current 

transient spectroscopy (PICTS) method and thermally stimulated current (TSC) spectroscopy, and 

then to understand the effect of defects on the electronic properties Tb - doped - TlInS2.  

Terbium doped TlInS2 layered semiconductor was prepared by the modified Bridgman method. 

The elemental analysis carried out using energy dispersive X - ray (EDX) spectra confirms the 

incorporation of Tb ions in TlInS2 structure.  

Different impurity centers are resolved and identified. Analyses of the experimental data were 

performed in order to determine the characteristic parameters of the Tb – dopant and intrinsic defects. 

Energy level of the erbium related impurity was determined from thermally activated current 

spectroscopy and from PICTS method is compared. The agreement is acceptable. The nature of 

various anomalies in the temperature behavior of various physical properties of Tb - doped TlInS2 

semiconductor related to Tb defect deep levels is detected and discussed. 
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Ag8GeTe6 üхХü ЛТrХəşЦəsТ poХТЦorП хОЯrТХЦəХərТ Яə  ОХОЦОnЭКr öгəФНə КЭoЦХКrın sКвının хoбХЮğЮ 

səЛəЛТnНən ЛТr sırК qОвrТ КНТ бКssəХər ФəsЛ ОНТrμ ТsЭТХТФФОхТrТМТХТвТ КşКğı oХЮr, ФТхТФ ОnОrУТ гoХКğınК 

malik olЮr, T≥500K ЭОЦpОrКЭЮrХКrНК Тon ФОхТrТМТХТвТ РösЭərТr Яə СəЦхТnТn pОrspОФЭТЯХТ ЭОrЦoОХОФЭrТФ 

ЦКЭОrТКХ ФТЦТ бКrКФЭОrТгə oХЮnЮr. Ag8GeTe6 ЛТrХəşЦəsТ əsКsınНК ЛərФ ЦəСХЮХ КХЦКqХК ПКгК ФОхТНХərТn 

ЭОЦpОrКЭЮrЮnЮ, onЮn pКrКЦОЭrХərТnТ НəвТşЦəФ Яə вК ЭənгТЦХəЦəФ ЦüЦФünНür. ВüФsəФ СəХХОНТМТХТФ, 

НТППЮгТвК ОЭЦə qКЛТХТввəЭТnə ЦКХТФ εn НКбТХ ОЭЦəФХə вКrКНıХКn ЛərФ ЦəСХЮХХКrНК sЭrЮФЭЮrЮ Яə 

бКssəХərТ НəвТşЦəФ ЦüЦФünНür. AР8Ge1-xMnxTe6 ЛərФ ЦəСХЮХХКrı sТnЭОг ОЭЦəФ üхün б=0, 0.01, 0.0β, 

0.05, 0.1, 0.β ЭərФТЛХТ nüЦЮnəХər 1β00K ЭОЦpОrКЭЮrНК ərТНТХЦТş, Яə oЭКq ЭОЦpОrКЭЮrЮnКНəФ ЭəНrТМən 

soвЮНЮХЦЮşНЮr. εКННəХərТn СoЦoРОnХəşЦəsТ üхün  48 sККЭ ЦüННəЭТnНə, 500Ʉ ЭОЦpОrКЭЮrНК ЭКЛı 

КХınЦışНır. σüЦЮnələrdə rentgen-ПКгК КnКХТгТ КpКrıХЦış, DSC - НТПОrОnsТКХ НКrКвıМı ФКХorТЦОЭrНə 

istilik selinin dəвТşЦə sürəti təНqТq oХЮnЦЮşНЮr. σüЦЮnələrdən КХınЦış rОnЭРОn şüКХКrın НТПrКФsТвК 

refleksləri bir-birinə ТНОnЭТФ oХЦЮşНЮr. QОвН ОЭЦəФ ХКгıЦНır ФТ, εn КЭoЦХКrın ЦТqНКrı КrЭНıqМК 

reflekslər ФТхТФ ЛЮМКqХКrК ЭərəП sürüşür (ЦüsЭəvilər КrКsı Цəsafənin qiymətlərТ КгКХır), ЛКşqК söгХə Mn 

КЭoЦХКrı qəfəsТn sıбıХЦКsınК Рətirir. 

100-λ00K ЭОЦpОrКЭЮr ЛöХüЦünНə КpКrıХЦış DSC ЭəНqТqКЭХКrı РösЭərТr ФТ, б=0.05 ЭərФТЛ üхün 

18βK, ββ7.8K,  β45K,  γγλ.6K,  6β6K ЭОЦpОrКЭЮrХКrНК, б=0.1 ЭərФТЛНə ββ7,6K  β48K  6β7K 

temperaturХКrНК , б=0.β ЭərФТЛНə Тsə  ββ4.β , γ48.8, β44,8, γγ1.6, 4β1.λ ЭОЦpОrКЭЮrХКrНК ОnНoЭОrЦТФ 

ФОхТНХər ЛКş ЯОrТr.  Hər ЛТr ПКгК ФОхТНТnНə ОnНoЭОrЦТФ хОЯrТХЦənТn ОnЭКХpТвКsı Цüəввən oХЮnЮЛ. İsЭТХТФ 

sОХТnТn НəвТşЦə sürəЭТnə Рörə  Квrı-Квrı ПКгКХКrНК ТsЭТХТФ ЭЮЭЮЦЮn ЭОЦpОrКЭЮr КsıХıХığı, Яə onК ЮвğЮn 

oХКrКq ОnЭropТвК, ОnЭКХpТвКnın ЭОЦpОrКЭЮr КsıХıХıqХКrı СОsКЛХКnıЛ. 
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ɗɅȿɄɌɊȿɌɇɕɃ ɗɎɎȿɄɌ ȼ ɄɈɆɉɈɁɂɌȺɏ ɇȺ ɈɋɇɈȼȿ 

ɌȿɊɆɈɉɅȺɋɌɂɑȿɋɄɂɏ ɉɈɅɂɆȿɊɈȼ ɂ ɋȿȽɇȿɌɈɉɖȿɁɈɄȿɊȺɆɂɄ 
ɋȿɆȿɃɋɌȼȺ ɐɂɊɄɈɇȺɌȺ-ɌɂɌȺɇȺɌȺ ɋȼɂɇɐȺ 

 

Ɇ.Ⱥ. ɄɍɊȻȺɇɈȼ, Ȼ.Ƚ. ɏɍȾȺəɊɈȼ, ɂ.ɋ. ɊȺɆȺɁȺɇɈȼȺ, Ƚ.ɏ. ȽɍɋȿɃɇɈȼȺ, 

Ⱥ.Ɏ. ɇɍɊȺɅɂȿȼ, Ɉ.Ⱥ. ȺɅɂȿȼ, Ɏ.ɇ. ɌȺɌȺɊȾȺɊ, Ⱥ.Ɏ. ȽɈɑɍȿȼȺ 

AMEA FТгТФК İЧsЭТЭЮЭЮ, BКФı, AгərЛКвМКЧ 

  

ɋɨɜɪɟɦɟɧɧɚɹ ɬɟɨɪɢɹ ɷɥɟɤɬɪɟɬɧɨɝɨ ɷɮɮɟɤɬɚ ɢɫɯɨɞɢɬ ɢɡ ɬɨɝɨ, ɱɬɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɨɥɶɲɢɯ 

ɜɪɟɦɟɧ ɪɟɥɚɤɫɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜɧɭɬɪɢ ɞɢɷɥɟɤɬɪɢɤɚ ɞɜɭɯ ɪɚɡɧɵɯ ɬɢɩɨɜ 

ɡɚɪɹɞɨɜμ ɝɟɬɟɪɨ- ɢ ɝɨɦɨɡɚɪɹɞɨɜ. ɉɨɷɬɨɦɭ ɮɨɪɦɢɪɨɜɚɧɢɟ ɷɬɢɯ ɞɜɭɯ ɜɢɞɨɜ ɡɚɪɹɞɨɜ ɜɧɭɬɪɢ 

ɷɥɟɤɬɪɟɬɚ ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɵɦ ɜɨɩɪɨɫɨɦ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɢ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ 

ɷɥɟɤɬɪɟɬɨɜ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɫɨɡɞɚɧɢɟ ɤɨɦɩɨɡɢɬɧɵɯ ɷɥɟɤɬɪɟɬɨɜ ɧɚ 

ɨɫɧɨɜɟ ɩɨɥɢɦɟɪɨɜ (ɦɚɬɪɢɰɚ) ɢ ɫɟɝɧɟɬɨɩɶɟɡɨɤɟɪɚɦɢɤ ɪɚɡɥɢɱɧɵɯ ɫɬɪɭɤɬɭɪ. ɐɟɥɶɸ ɪɚɛɨɬɵ 

ɹɜɥɹɟɬɫɹ ɜɵɹɜɥɟɧɢɟ ɧɟɤɨɬɨɪɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɟɬɧɨɝɨ ɷɮɮɟɤɬɚ ɜ 

ɤɨɦɩɨɡɢɬɟ ɩɨɥɢɦɟɪ-ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɚɹ ɤɟɪɚɦɢɤɚ. 

Ʉɨɦɩɨɡɢɬɧɵɣ ɷɥɟɤɬɪɟɬɧɵɣ ɷɥɟɦɟɧɬ ɩɨɥɭɱɟɧ ɦɟɬɨɞɨɦ ɝɨɪɹɱɟɝɨ ɩɪɟɫɫɨɜɚɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ 

ɩɨɥɢɦɟɪɧɨɣ ɮɚɡɵ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɨɥɢɨɥɟɮɢɧɵ (ɩɨɥɢɷɬɢɥɟɧ, ɩɨɥɢɩɪɨɩɢɥɟɧ) ɢ 

ɮɬɨɪɫɨɞɟɪɠɚɳɢɣ ɩɨɥɢɦɟɪ ɩɨɥɢɜɢɧɢɥɢɞɟɧɮɬɨɪɢɞ (ɉȼȾɎ). ȼ ɤɚɱɟɫɬɜɟ ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɮɚɡɵ ɜɵɛɪɚɧɵ ɩɶɟɡɨɷɥɟɤɬɪɢɤɢ ɫɟɦɟɣɫɬɜɚ ɰɢɪɤɨɧɚɬɚ-ɬɢɬɚɧɚɬɚ-ɫɜɢɧɰɚ (ɐɌɋ) ɪɚɡɥɢɱɧɵɯ 

ɫɬɪɭɤɬɭɪμ ɪɨɦɛɨɷɞɪɢɱɟɫɤɚɹ Re, ɬɟɬɪɚɝɨɧɚɥɶɧɚɹ Ɍ ɢ ɫɦɟɲɚɧɧɚɹ Re+Ɍ. 

ɉɪɢɦɟɧɹɟɦɵɟ ɜ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɹ ɞɜɭɯ- ɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ 

ɫɟɝɧɟɬɨɩɶɟɡɨɷɥɟɤɬɪɢɤɢ ɧɚ ɨɫɧɨɜɟ ɐɌɋ ɢɦɟɥɢ ɪɨɦɛɨɷɞɪɢɱɟɫɤɭɸ (Ɋɟ), ɬɟɬɪɚɝɨɧɚɥɶɧɭɸ (Ɍ) ɢ 

ɫɦɟɲɚɧɧɭɸ ɫɬɪɭɤɬɭɪɭ (Ɋɟ+Ɍ). ɗɥɟɤɬɪɟɬɧɵɟ ɫɜɨɣɫɬɜɚ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɞɢɷɥɟɤɬɪɢɤɨɜ ɧɚ 

ɨɫɧɨɜɟ ɩɨɥɢɦɟɪɨɜ ɩɨɥɢɨɥɟɮɢɧɨɜɨɝɨ ɪɹɞɚ ɢ ɫɟɝɧɟɬɨɩɶɟɡɨɤɟɪɚɦɢɤ ɐɌɋ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɛɴɟɦɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɧɚɩɨɥɧɢɬɟɥɹ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɧɚɩɪɹɠɟɧɧɨɫɬɢ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɩɨɥɹɪɢɡɚɰɢɢ.  

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɦɟɠɮɚɡɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, 

ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ɢ ɜɪɟɦɟɧɢ 

ɪɟɥɚɤɫɚɰɢɢ ɝɪɚɧɢɱɧɨɝɨ ɡɚɪɹɞɚ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɤɨɦɩɨɡɢɬɧɵɯ 

ɷɥɟɤɬɪɟɬɨɜ ɢ ɷɥɟɤɬɪɟɬɧɨɣ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɚɥɚ (Uɷɥ) ɢ ɩɶɟɡɨɦɨɞɭɥɹ dij. 
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ВЮбКrıЭОЦpОrКЭЮrХЮ ТПrКЭФОхТrТМТ ФЮprКЭХКrın sЭrЮФЭЮrЮnК КnКХoУТ oХКn НəЦТr oФsТpnОФЭТНХərНə 

ТПrКЭФОхТrТМТХТвТn ФəşП oХЮnЦКsı НəЦТr əsКsХı вЮбКrıЭОЦpОrКЭЮrХЮ ТПrКЭФОхТrТМТХərТn öвrənТХЦəsТnə oХКn 

ЦКrКğı НКСК НК КrЭırЦışНır. TəНqТqКЭХКr РösЭərЦТşНТr ФТ, хoб sКНə qЮrЮХЮşХЮ НəЦТr СКХФoРОnТН 

ЛТrХəşЦəХərТnНə Нə ТПrКЭФОхТrТМТ СКХК ФОхТН ЛКş ЯОrТr. оЦЮЦТ СКХНК FОБ ФТЦТ вКгıХКn ТПrКЭФОхТrТМТ 

СКХФoРОn  ЛТrХəşЦəХərТnНən ЛТrТ Нə  FОSО-dir. FeX-Тn ФrТsЭКХ qЮrЮХЮşЮ НТРər ТПrКЭФОхТrТМТ  НəЦТr 

birХəşЦəХərТnНən НКСК sКНə oХНЮğЮnК Рörə ЛЮ ЭərФТЛХərТn ЭəНqТqТ НКСК хoб ЦКrКq ФəsЛ ОНТr. TəНqТq 

oХЮnКn FОSО nüЦЮnəsТnТn rОnЭРОn КnКХТгТ EVA Яə TτPAS proqrКЦХКrı ТХə ТşХəвən, BrЮФОr ПТrЦКsının 

D8-БRD ADVAσCE НТПrКФЭroЦОЭrТ ТХə КpКrıХЦışНır. GösЭərТХЦТşНТr ФТ, ЛЮ ЭərФТЛ PЛτ ЭТpХТ ЭОЭrКqonКХ 

sЭrЮФЭЮrНК ФrТsЭКХХКşır Яə qəПəs pКrКЦОЭrХərТ ɚ=γ.77βA°ν ɫ=5.51γA°-dir. 

BЮ ТşНə СəЦхТnТn FОSО ТПrКЭФОхТrТМТsТnТn бüsЮsТ ЦüqКЯТЦəЭТnТn ЭОЦpОrКЭЮr КsıХıХığı ЭəНqТq ОНТХЦТş 

Яə ПКгК ФОхТНТ oЛХКsЭınНК ПХЮФЭЮКsТвК ФОхТrТМТХТвТ ЭəНqТq ОНТХЦТşНТr.  

TəМrüЛТ nəЭТМəХərə əsКsən GТnгЛЮrq-δКnНКЮ nəгərТввəsТnə əsКsınНК СОsКЛХКЦКХКr КpКrıХЦış Яə 

2D-3D krossover temperaturu (Tcr=1γ.7K), ХКвХКrКrКsı qКrşıХıqХı ЭəsТr pКrКЦОЭrТ (J=0,16) Яə 

ФoСОrОnЭХТФ ЮгЮnХЮğЮ (ȟ0=1,λ8й)  qТвЦəЭХənНТrТХЦТşНТr. 
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(AgSbSe2)0.95(PbTe)0.05 - İN TERMOELEKTRİK БASSƏLƏRİ 
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AgSbSe2 üхqКЭ ЛТrХəşЦəsТ orЭК ЭОЦpОrКЭЮr oЛХКsЭınНК ТşХəвən pОrspektiv p-tip termoelektrik 

ЦКЭОrТКХНır. PrКФЭТФКНК ТsЭТПКНə üхün НКСК əХЯОrТşХТ ЭərФТЛХərТn ЭКpıХЦКsı ЦəqsəНТ ТХə  AРSЛSО2 

ЛТrХəşЦəsТnТn ЭəНqТqТnНə sЭОбТoЦОЭrТвКНКn ФənКrК хıбЦК Яə КşqКrХКnЦК РОnТş ЭəЭЛТq ОНТХТr. p-tip 

(AgSbSe2)0.95(PbTe)0.05 ЛərФ ЦəСХЮХ ФrТsЭКХı вКЯКş soвЮЭЦКq üsЮХЮ ТХə sТnЭОг ОНТХЦТşНТr. TəНqТq 

oХЮnЦЮş (AРSЛSО2)0.95(PbTe)0.05 nüЦЮnənТn rОnЭРОn qЮrЮХЮş КnКХТгТ BRUCKER-D2 PHASER 

НТПrКФЭoЦОЭrТ ЯКsТЭəsТХə КpКrıХЦışНır Яə qəПəs sКЛТЭТnТn ɚ=5.78600й, ПəгК qrЮpЮ FЦ-γЦ ЮвğЮn oХКn 

səЭСə ЦərФəгХəşЦТş ФЮЛТФ qəПəsə ЦКХТФ oХЦКsı РösЭərТХЦТşНТr. EХОФЭrТФФОхТrЦə, ЭОrЦo О.С.q. Яə 

ТsЭТХТФФОхТrЦə əЦsКХХКrı 80-5β0K ЭОЦpОrКЭЮr ТnЭОrЯКХınНК ЭəНqТq oХЮnЦЮş Яə КХınЦış nəЭТМəХər 

ЯОrТХЦТş ТşНə ЭəqНТЦ oХЮnЦЮşНЮr. EХОФЭrТФФОхТrЦə əЦsКХının ЭОЦpОrКЭЮr КsıХıХığınНК maksimum 

(450K), termo e.h.q.-nТn ЭОЦpОrКЭЮr КsıХıХığınНК Тsə ЦКФsТЦЮЦ (γ50K) Яə ЦТnТЦЮЦ (450K) ЦüşКСТНə 

ОНТХЦТşНТr. TəНqТq oХЮnЦЮş nüЦЮnəНə, СəЦхТnТn ЭОrЦoОХОФЭrТФ ОППОФЭТЯХТвТ Нə qТвЦəЭХənНТrТХЦТşНТr. 

TОrЦoОХОФЭrТФ ОППОФЭТЯХТвТnТn ЭОЦpОrКЭЮrНКn КsıХı oХКrКq КrЭЦКsı Яə 500K-Нə ЦКФsТЦЮЦ Г=0,β.10-

3K-1 qТвЦəЭə ЦКХТФ oХНЮğЮ РösЭərТХЦТşНТr. 
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REFINEMENT THE CRYSTAL STRUCTURE OF THE Ga1-xIn1+xS3 
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The compounds of the Ga2S3-In2S3 system are well studied and the number of triple crystalline 

phases and polytypes grown with the general formula Ga1-xIn1+xS3 is greater than ten. Most of them 

are characterized by a layered structure. Also, with the exception of one orthorhombic phase, all the 

others are belonging to rhombohedral or hexagonal crystal class. This phase was obtained by the 

chemical transport reaction from the pre-synthesized Ga1-ɯIn1+ɯS3 (0.β5≤б≤0.50). TСО Эransporting 

agent was I2. The crystal structure of orthorhombic GaInS3 is presented in [1]. This structure is 

formed from articulated tetrahedral and octahedral fragments, with a ratio of 1: 1. Crystals of 

orthorhombic GaInS3 intercalated with organic molecules [2]. The thermal decomposition of the 

obtained intercalates proceeds in two stages, which raised doubts about the stoichiometry of the 

composition. Obviously, octahedral positions can be populated only with indium atoms. However, 

tetrahedral positions can be inhabited not only by Ga atoms, but also by In atoms. Therefore, we have 

refined the crystal structure of Ga1-xIn1+xS3. The refinement was carried out by the method of Rietveld 

on the basis of powder diffraction data. As a result, it was established that the crystals of the 

orthorhombic phase are characterized by the composition Ga0.8In1.2S3. 

By high-temperature X-ray diffraction, we also studied the temperature dependence of the 

deintercalation of the mentioned in above intercalates Ga0.8In1.2S3 ∙ 4-AP.  

 

[1] ɂ.Ɋ. Ⱥɦɢɪɚɫɥɚɧɨɜ, Ƚ.Ƚ. Ƚɭɫɟɣɧɨɜ, Ⱥ.ɋ. Ʉɭɥɢɟɜ, ɏ.ɋ. Ɇɚɦɟɞɨɜ Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ  
ɪɨɦɛɢɱɟɫɤɨɝɨ GaInS3. // Ʉɪɫɬɚɥɥɨɝɪɚɮɢɹ, 1λ87, ɬ. γβ, №1, ɫ. β4γ-244. 

[ 2 ]  ɂ.Ɋ. Ⱥɦɢɪɚɫɥɚɧɨɜ, ɘ.Ƚ. Ⱥɫɚɞɨɜ, Ⱥ.Ⱥ. Ɇɭɫɚɟɜ, Ȼ.Ƚ. Ɍɚɝɢɟɜ, Ƚ.Ɇ. ɇɢɮɬɢɟɜ,ɑ.Ɉ. Ɇɚɦɟɞɹɪɨɜ 

Ɋɟɧɬɝɟɧɨɝɪɚɱɟɫɤɨɟ ɢ ɨɩɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɧɬɟɪɤɚɥɢɪɨɜɚɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ InGaS3. // 

ɇɟɨɪɝ. ɦɚɬɟɪ., 1λλ0, ɬ. β6, №8, ɫ. 1614.  
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In the present work X-ray fluorescence microscopy (XRFM) in combination with X-ray 

diffractometry (XRD), atomic force microscopy (AFM) and Fourier -Transform Infrared (FT-IR) 

spectroscopy is used to characterize the films of High Density Polyethylene (HDPE) with different 

thickness (10, 50, 100, 200 µЦ) and content (2,3,4,6,10 vol.%) of InP/Ge particles with the size of 

<1 ȝm.   The distribution of the active components in the polymer matrix, surface morphology of the 

material as a function of InP/Ge content are determined. The HDPE films with dispersed InP and Ge 

particles as the fillers obtained by the method of mechanical grinding (Planetary Ball Mill PM 200, 

Retsch, Germany) were prepared by hot pressing under a pressure of 10 MPa and at a temperature of 

T=140oC of a homogeneous mixture of fillers with polymer matrix.  The surface morphology and 

content of InP and Ge in various local zones of the polymer matrix for these films were determined 

by AFM and XRFM methods, respectively. The maps of the distribution of elements in a composite 

by scanning its surface with a spot of a beam 10 ȝm and 100 ȝm in diameter were constructed as a 

function of concentration of InP and Ge in the samples. The uniformity of the filler distribution in the 

films was controlled also by the FT-IR absorption spectra. The phase composition of inorganic fillers 

was determined from the X-ray diffraction (XRD) patterns.  The dielectric and optical properties of 

materials depending on the content (up to 10 vol.%) of the inorganic fillers - indium phosphide and 

germanium in the films were studied. 

The results of these studies are used to optimize preparation technology and required properties 

of these films. 
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The avalanche photodiodes, also called silicon photomultipliers (SiPMs) have great potential 

applications in field of nuclear-physics, medical and communications. They are able to quickly and 

effectively register weak light current and singlО pСoЭons. HoаОЯОr, НЮО Эo СТРС МoОППТМТОnЭs (≈106) 

of avalanche amplification of signal the optical crosstalk and after pulsing effects are manifested 

which significantly increase the noises.  

Within the framework of this work, a new avalanche photodetector has been developed and 

experimentally implemented, where is possible to solve the above-mentioned problems, namely, to 

significantly reduce the likelihood of optical crosstalk and after pulses. The basic idea underlying the 

new SiPM is the reduction in avalanche amplification in pixels and use of an individual amplifying 

element for each pixel to obtain a sufficiently high gain. Such an individual amplifying element is a 

micro transistor which is connected to pixel. The n-p-n type micro transistor can be formed directly 

over a small portion of the p-type pixel area made on a n-type conductivity substrate. For example, a 

micro transistor can occupy not more than 1% of the area of a micro pixel, which means a minimal 

decrease in the sensitive area. 
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ВüФsəФ sıбХıqХı poХТОЭТХОn (ВSPE) sТnЭОЭТФ poХТЦОrХər ТхərТsТnНə ən вКбşı НТОХОФЭrТФНТr. кoб МüгТ 

nəЦ Яə rüЭЮЛəЭ ФОхТrТМТХТвТnə ЦКХТФ oХНЮğЮ üхün onЮn ОХОФЭroТгoХвКsТвК бКssəХərТ ЮгЮn ЦüННəЭ sЮНК 

sКбХКnНıqНКn sonrК НК НəвТşЦТr. ВSPE-nТn ОХОФЭroПТгТФТ бКssəХərТ СərЭərəПХТ КrКşНırıХЦışНır. HəЦхТnТn 

əНəЛТввКЭНК ВSPE-nТn ОХОФЭrОЭ sЭКЛТХХТвТ Яə ОХОФЭrТФ КФЭТЯ qüsЮrХКrın pКrКЦОЭrХərТ СКqqınНК РОnТş 

ЦəХЮЦКЭ ЯОrТХЦТşНТr.  

Kompozit material olaraq YSPE-вə НКбТХ ОНТХЦТş qОвrТ-üгЯü əХКЯə ФТЦТ ТsЭТПКНə oХЮnКn σК+ 

ЦonЭТЦorТХХonТЭ ЭərФТЛХТ nКnoРТХ (σG) РöЭürüХЦüşНür. σG ЭəЛəqəХТ qЮrЮХЮşК ЦКХТФ, qКХınХığı 1 nЦ, 

ЮгЮnЮnК öХхüХərТ 50-150 nЦ oХКn РТХ ЦТnОrКХХКrının üЦЮЦТ КНıНır. İsЭТПКНə ОНТХЦТş σG ТХə КХınКn 

ВSPE nКnoФoЦpoгТЭХərТn ОХОФЭrТФ ЦöСФəЦХТвТnНə КrЭıЦ РöгХəЦəФ ЦənКsıг oХКrНı, хünФТ σG orЭК 

ФОхТrТМТ (ρ=104 τЦ·Ц) ЦТnОrКХХКr sТnПТnə КТННТr.  

ВSPE Яə onЮn əsКsınНК КХınЦış nКnoФoЦpoгТЭХərНən КХınКn ЦəЦЮХКЭХКr ТsЭТПКНə oХЮnКrКq гКЦКn 

ФОхНТФМə ФöСnəХЦəвə ЛКşХКвırХКr, вКşКЦК ЦüННəЭТ КгКХır. KöСnəХЦə ЮгЮn ТХХər хəФНТвТ üхün 

ФöСnəХЦənТ ХКЛorКЭorТвК şərКТЭТnНə Нə КpКrК ЛТХərТФ. TəНqТq ОЭНТвТЦТг ЛЮ ТşНə НОsЭКЛТХХəşНТrТМТ 

(НКğıНıМı) КЦТХ oХКrКq ОХОФЭrТФ ЛoşКХЦКsınНКn, sЭКЛТХХəşНТrТМТ КЦТХ oХКrКq Тsə orТОnЭКsТвКНКn ТsЭТПКНə 

ОНТХЦТşНТr. BЮ nüЦЮnəХərТ ОХОФЭrТФ ЛoşКХЦКsının Яə orТОnЭКsТвКnın ЭəsТrТnə ЦərЮг qoвЦКqХК ЛКş ЯОrən 

НəвТşТФХТФХər ЦüqКвТsəХТ şəФТХНə öвrənТХЦТşНТr.  

EХОФЭrТФ ЛoşКХЦКsının ЭəsТr ОЭНТвТ Кг ЯКбЭХКrНК (β-γ) sККЭНК Сər ТФТ nüЦЮnənТn Оlektrik 

ЦöСФəЦХТвТ (E) КrЭır Яə ФöСnəХЦənТn ЦüННəЭТ КrЭНıqМК КгКХЦК РöгХənТХТr. σКnoФoЦpoгТЭ 

nüЦЮnəХərНə σG ОХОФЭrТФ ЛoşКХЦКsının ЭəsТrТ гКЦКnı КЭoЦХКrКrКsı rКЛТЭəХərТn qırıХЦКsının, 

ЦТФroЛoşХЮqХКr Яə ЦТФroхКЭХКqХКrın əЦəХə РəХЦəsТnТn qКrşısını КХЦКqХК oФsТНХəşЦə гКЦКnı ФКrЛonТХ 

qrЮpХКrın вКrКnЦКsını ənРəХХəвТr.  

SЭКЛТХХəşНТrТМТ КЦТХ ФТЦТ ТsЭТПКНə oХЮnКn orТОnЭКsТвКnın ЭəsТrТnТn ЭəМrüЛТ nəЭТМəХərТ РösЭərТr ФТ, 

orТОnЭКsТвК НərəМəsТ КrЭНıqМК E-nТn КrЭЦКsı Сər ТФТ nüЦЮnə üхün ПərqХТНТr 

YSPE-вə əХКЯə ОНТХən σG СТssəМТФХərТnТn СəМЦТ КrЭНıqМК nКnoФoЦpoгТЭХərТn ОХОФЭrТФ ЦöСФəЦХТвТ 

КгКХır. EХОФЭrТФ ЛoşКХЦКsının ЭəsТr ЦüННəЭТnНən КsıХı oХКrКq nКnoФoЦpoгТЭХərНə E-nТn КгКХЦК sürəЭТ 

YSPE-вə nТsЛəЭən КгНır. τrТОnЭКsТвК НərəМəsТnНən КsıХı oХКrКq Сər ТФТ nüЦЮnənТn E-si artЦışНır Яə 

saf YSPE-Нə КrЭЦК sürəЭТ nКnoФoЦpoгТЭə nТsЛəЭən хoбНЮr. σG sЭКЛТХХəşНТrТМТ КЦТХХərə nТsЛəЭən 

НОsЭrЮФЭТЯ prosОsХərНə НКСК КФЭТЯ roХ oвnКвır.  
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The ternary iron sulphides KFeS2 and TlFeS2 consisting chains of edge-sharing FeS4  tetrahedra 

have been investigated by means of magnetic susceptibility, specific heat, and ESR measurements. 

The single crystals exhibit collinear antiferromagnetic (AFM) order with strongly reduced moments 

below 252K and 196K, respectively. For KFeS2 compound the small anomaly in C(T) and the 

corresponding low value of entropy at TN indicate a significant spin reduction and the existence of 

AFM fluctuations even far above TN. The specific heat measurements of TlFeS2 do not show any 

anomaly at TN [1]. The high temperature susceptibility data of KFeS2 and TlFeS2 suggest a one-

dimensional metallic character along the chains. 

 

[1] M. Aldzhanov, N. Guseinov, G. Sultanov, and M. Nadzafzade, Phys. Status Solidi B 159, 

K107 (1990). 
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Hydration is the process of attaching water molecules to the ions introduced into it, atoms, 

molecules. The process of hydration in the general case characterizes practically all the structural 

and energetic changes that occur in the solution. The degree of hydration is characterized by the 

number of hydration (h) and the thickness of the hydrate shell of the solute particles. There are 

many methods for determining the number of hydration based on the different properties of the 

solution. The obtained values of the number of hydration, determined by different methods, do not 

usually coincide. A simple and convenient method of determining the number of hydration based on 

determining the concentration dependence of the refractive index of the solution was proposed [1, 

2]. The sum of the hydration numbers of the ions K + and Br- was calculated using the formula 

given in [1, 2], which turned out to be equal to hK ++ hBr- = 24.2. Further, the effects of polyethylene 

glycol (PEG-6000) on the sum of the hydration numbers for the K + and Br- ions were studied. The 

introduction of the polymer in the solution is reduced by the number of hydration of the ions, which 

apparently is due to the role of the oxygen atom of PEG, competing with ions, in interaction with 

water molecules. 

 

[1] ɗ.Ⱥ. Ɇɚɫɢɦɨɜ, ɏ.Ɏ. Ⱥɛɛɚɫɨɜ Journal of Qafqaz University N23, 2008, ɫɬɪ.59. 

[2] E.A.Masimov and H.F.Abbasov, Russian Journal of Physical Chemistry A, 2012, Vol. 86, No. 

3, pp. 399–401.  

[3] E.A.Masimov and H.F.Abbasov, in Proceedings of the Conference on Chemical 

Thermodynamics, June 20 – July 6, 2007, p. 3S239.  
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ȽɈɅɈȼɇȺə ɈɊȽȺɇɂɁȺɐɂə ɉɈ ɎɂɁɂɄȿ Se и Te ȼ ɋɋɋɊ 

 

ɇ.Ȼ. ɋɈɅɌȺɇɈȼȺ  
ɂɧɫɬɢɬɭɬ  ɮɢɡɢɤɢ ɇȺɇȺ 

ɉɪ. Ƚ. Ⱦɠɚɜɢɞɚ 1γ1, AГ-114γ, Ȼɚɤɭ , Ⱥɡɟɪɛɚɣɞɠɚɧ 

Physics_nas@rambler.ru 

 

ȼɬɨɪɚɹ ɩɨɥɨɜɢɧɚ ɏɏ ɜ. Ɍɟɯɧɢɱɟɫɤɢɣ ɩɪɨɝɪɟɫɫ, ɲɢɪɨɤɚɹ ɩɪɢɦɟɧɹɟɦɨɫɬɶ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ. 

Ɂɚɪɭɛɟɠɧɵɟ ɭɱɟɧɵɟ ɞɚɥɟɤɨ ɨɩɟɪɟɠɚɥɢ ɫɨɜɟɬɫɤɭɸ ɧɚɭɤɭ. ȼ 1λ55ɝ. ɜ ɂɧɫɬɢɬɭɬɟ ɮɢɡɢɤɢ ɢ 

ɦɚɬɟɦɚɬɢɤɢ Ⱥɇ Ⱥɡ. ɋɋɊ ɞɟɹɬɟɥɶɧɨɫɬɶ ɞɨɤ. ɮɢɡ.-ɦɚɬ. ɧɚɭɤ, ɱɥɟɧ-ɤɨɪɪ. Ⱥɇ Ⱥɡ. ɋɋɊ 

Ƚ.Ȼ.Ⱥɛɞɭɥɥɚɟɜɚ ɛɵɥɚ ɚɤɬɢɜɧɨɣ. ȼ ɝɨɞɨɜɨɦ ɩɥɚɧɟ ɭɠɟ ɩɨɹɜɢɥɚɫɶ ɉɪɨɛɥɟɦɚ «ɉɨɥɭɩɪɨɜɨɞɧɢɤɢ 

ɢ ɢɯ ɬɟɯɧɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ» ɩɨɞ ɟɝɨ ɪɭɤɨɜɨɞɫɬɜɨɦ. Ƚ.Ȼ.Ⱥɛɞɭɥɥɚɟɜ ɛɵɥ ɨɞɧɢɦ ɢɡ ɬɟɯ, ɤɬɨ 

ɹɫɧɨ ɜɢɞɟɥ ɚɤɬɭɚɥɶɧɨɫɬɶ ɩɪɨɛɥɟɦɵ. ȿɝɨ ɧɚɭɱɧɚɹ ɢɧɬɭɢɰɢɹ ɩɨɦɨɝɥɚ ɭɥɨɜɢɬɶ ɩɭɥɶɫ ɜɪɟɦɟɧɢ. ȼ 

Ɉɬɞɟɥɟ ɮɢɡɢɤɢ ɨɫɧɨɜɧɵɦɢ ɩɪɨɛɥɟɦɚɦɢ ɛɵɥɢ ɮɢɡɢɤɚ ɧɟɮɬɢ ɢ ɮɢɡɢɤɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ. 

ɉɟɪɜɨɟ ɦɟɫɬɨ ɭɠɟ ɡɚɧɹɥɚ ɮɢɡɢɤɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ. ȼ 1λ57 ɝ. Ƚ.Ȼ.Ⱥɛɞɭɥɥɚɟɜ ɧɚɡɧɚɱɟɧ  

ɞɢɪɟɤɬɨɪɨɦ ɂɧɫɬɢɬɭɬɚ ɮɢɡɢɤɢ ɢ ɦɚɬɟɦɚɬɢɤɢ Ⱥɇ Ⱥɡ. ɋɋɊ. Ɂɚ ɤɨɪɨɬɤɢɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ 

ɂɧɫɬɢɬɭɬ, ɛɥɚɝɨɞɚɪɹ ɪɚɛɨɬɚɦ Ƚ.Ȼ.Ⱥɛɞɭɥɥɚɟɜɚ ɢ ɟɝɨ ɭɱɟɧɢɤɨɜ ɩɨ ɩɨɥɭɱɟɧɢɸ ɤɪɢɫɬɚɥɥɨɜ SО, TО, 

ɢɯ ɫɥɨɠɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɤɨɦɩɥɟɤɫɧɨɦɭ ɢɡɭɱɟɧɢɸ ɢɯ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɫɨɡɞɚɧɢɸ ɧɨɜɵɯ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɩɪɢɨɛɪɟɥ ɚɜɬɨɪɢɬɟɬ ɨɞɧɨɝɨ ɢɡ ɜɟɞɭɳɢɯ ɧɚɭɱɧɵɯ 

ɰɟɧɬɪɨɜ ɋɨɜɟɬɫɤɨɝɨ ɋɨɸɡɚ. ȼ 1λ57 ɝ. ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɢ ɦɚɬɟɦɚɬɢɤɢ Ⱥɇ Ⱥɡ. ɋɋɊ ɭɬɜɟɪɠɞɟɧ 

ɝɨɥɨɜɧɨɣ ɨɪɝɚɧɢɡɚɰɢɟɣ ɜ ɋɋɋɊ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ «Ɏɢɡɢɤɚ ɢ ɬɟɯɧɢɤɚ 

ɩɪɢɛɨɪɨɜ ɧɚ ɨɫɧɨɜɟ Se». Ɋɚɛɨɬɵ ɲɥɢ ɚɤɬɢɜɧɨ. ȼ 1λ6λ ɝ. ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ Ⱥɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

ɛɵɥ ɩɨɜɬɨɪɧɨ ɭɬɜɟɪɠɞɟɧ ɝɨɥɨɜɧɵɦ ɜ ɋɋɋɊ ɩɨ ɬɟɦɟ «Ɏɢɡɢɤɚ ɫɟɥɟɧɚ ɢ ɬɟɥɥɭɪɚ. Ɍɟɯɧɢɤɚ ɢ 

ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɟ ɧɚ ɢɯ ɨɫɧɨɜɟ». ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ Ⱥɇ Ⱥɡ. ɋɋɊ ɜ ɦɢɪɨɜɨɣ ɧɚɭɤɟ ɛɵɥ ɩɪɢɡɧɚɧ 

ɜɟɞɭɳɢɦ ɧɚɭɱɧɵɦ ɭɱɪɟɠɞɟɧɢɟɦ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ GaSe ɢ SО. Ɂɚɫɥɭɝ ɢ 

ɩɨɛɟɞ ɛɵɥɨ ɞɨɫɬɚɬɨɱɧɨ. ȼɨ ɜɫɟɯ ɷɬɢɯ ɩɨɛɟɞɚɯ ɹɫɧɨ ɜɢɞɧɚ ɧɚɭɱɧɚɹ ɢ ɨɪɝɚɧɢɡɚɬɨɪɫɤɚɹ 

ɞɟɹɬɟɥɶɧɨɫɬɶ ɚɤɚɞɟɦɢɤɚ Ƚ.Ȼ.Ⱥɛɞɭɥɥɚɟɜɚ. 
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ULTRA-THIN PDFE ALLOYS AND HETEROSTRUCTURES FOR CRYO-SPINTRONICS  

 

L.R. TAGIROV1,2), I.V. YANILKIN2), I.R. VAKHITOV2), A.I. GUMAROV2),  

A. ESMAEILI2), R.V. KADIROĞLU 2), M.N. ALIYEV3), R.I. KHAIBULLIN 1) 

1) E.K. Zavoisky Physical-Technical Institute, FRC of RAS, Kazan, Russia  
2) Institute of Physics, Kazan Federal University, Kazan, Russia 

3) Baku State University, Z. Khalilov 23, AZ-1148 Baku, Azerbaijan, 

Sibirsky trakt 10/7, 420029 Kazan, Russia 

ltagirov@mail.ru 

Dilute palladium-iron (PdFe) alloys attract considerable interest because of their potential 

application in superconducting spintronics [1]. We studied growth conditions, structural and magnetic 

properties of nanoscale thickness films and heterostructures based on Pd1-xFex alloy with iron 

concentration in the range of x=1−10 at.%. 

Molecular beam epitaxy (MBE) technique of the PCR Federal Center of Shared Facilities of KFU 

was used to synthesize either 20-50 nm thick epitaxial Pd1-xFex alloy films, or pure epitaxial Pd films 

for subsequent ion-beam implantation by Fe utilizing ILU-3 ion-beam accelerator (KPhTI of RAS). 

For MgO/VN/Pd1-xFex ultra-thin superconductor-ferromagnet heterostructures the epitaxial vanadium 

nitride layer was synthesized using ultra-high vacuum magnetron sputtering technique (MST). The 

crystallinity and epitaxial growth conditions were verified applying in-situ LEED (low-energy 

electron diffraction) and XRD methods, the static magnetic properties were measured by Quantum 

Design PPMS-9 setup. The special attention was paid to Ferromagnetic Resonance (FMR) as an 

extremely sensitive and accurate technique to measure components of magnetic anisotropy of the 

studied systems. We found conditions for managing the magnetic switching properties of Pd1-xFex 

films.  

In summary, we succeeded in growth and characterization of ultra-thin epitaxial Pd1-xFex films 

with controllable magnetic properties. This work was supported by RSF project No 18-12-00459.  

 

[1] J. Linder, J.W.A. Robinson, Superconducting spintronics, Nature Phys. 11, 307 (2015). 
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ɗɅȿɄɌɊɈɉɊɈȼɈȾɇɈɋɌɖ ɆɈɇɈɄɊɂɋɌȺɅɅɈȼ ɌȼȿɊȾɕɏ ɊȺɋɌȼɈɊɈȼ GКSОxTe1-x 

ȼ ɋɂɅɖɇɕɏ ɗɅȿɄɌɊɂɑȿɋɄɂɏ ɉɈɅəɏ ɋ ɍɑȿɌɈɆ ɗɄɊȺɇɂɊɈȼȺɇɂə 

 

Ⱥ.Ɇ. ɉȺɒȺȿȼ1, Ȼ.Ƚ. ɌȺȽɂȿȼ1,2, Ɉ.Ȼ. ɌȺȽɂȿȼ 2,3, Ɋ.Ɏ. ɆȿɏɌɂȿȼ4, ɂ.Ɂ. ɋȺȾɕɏɈȼ1 

1 ɇɚɰɢɨɧɚɥɶɧɚɹ ɚɤɚɞɟɦɢɹ ɚɜɢɚɰɢɢ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 
2 ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 

3 Ɏɢɥɢɚɥ Ɇɨɫɤɨɜɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ,  
Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 

4 Ȼɚɤɢɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 

bahadur34@mail.ru 

 

ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ  ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɮɮɟɤɬɚ ɉɭɥɚ-Ɏɪɟɧɤɟɥɹ (ɗɉɎ)  ɫ ɭɱɟɬɨɦ 

ɷɤɪɚɧɢɪɨɜɚɧɢɹ, ɜ ɫɥɨɢɫɬɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɚɯ  GКSe, GaTe ɢ ɜ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɚɯ ɧɚ ɢɯ ɨɫɧɨɜɟ ɜ 

ɫɢɥɶɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɥɹɯ ɞɨ 105 V/cm ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ (10γ÷β50Ʉ). ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
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 ɢ ɜɟɥɢɱɢɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ E, (ɝɞɟ  ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɜ ɫɢɥɶɧɵɯ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ, ɚ (0) ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɜ ɨɛɥɚɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɡɚɤɨɧɚ Ɉɦɚ). ɉɪɢ ɪɚɡɧɵɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ (10γ÷β50Ʉ) ɨɩɪɟɞɟɥɟɧɵ ɧɚɤɥɨɧɵ ɷɬɢɯ ɩɪɹɦɵɯ ɧɚ ɨɫɧɨɜɚɧɢɢ ɨɰɟɧɤɢ 

ɤɨɧɰɟɧɬɪɚɰɢɢ n(0)=(γ·1013 - 5·1015) cm-3 ɧɨɫɢɬɟɥɟɣ ɬɨɤɚ ɜ ɨɦɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɬɜɟɪɞɵɯ  ɪɚɫɬɜɨɪɨɜ ɫɥɨɢɫɬɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ GaSexTe1-x (x=1.00; 0.95; 

0.90; 0.80; 0.70; 0.30; 0.20; 0.10; 0).  
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ɈɉɌɂɑȿɋɄɂȿ ɉɈɋɌɈəɇɇɕȿ Щ-AРCЮS  ɉɊɂ ɊȺɁɇɕɏ ɍȽɅȺɏ ɉȺȾȿɇɂə ɋȼȿɌȺ 

 

Ƚ.ɋ. ȽȺȾɀɂȿȼȺ, ɏ.Ⱦ. ȾɀȺɅɂɅɈȼȺ, Ʌ.ɇ. ȺɅɂȿȼȺ,  

Ɏ.Ⱥ. ɄȺɁɕɆɈȼȺ, Ɍ.ɒ. ɂȻɊȺȽɂɆɈȼȺ  
ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

gulcahanhaciyeva@gmail.com 

 

ȼɩɟɪɜɵɟ ɬɪɨɣɧɨɟ ɫɨɟɞɢɧɟɧɢɟ p-AРCЮS ɩɨɥɭɱɟɧɨ ɤɚɬɢɨɧɧɵɦ ɡɚɦɟɳɟɧɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ ɜ 

ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɟ AР2S-Cu2S ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɟɪɢɬɟɤɬɢɤɢ λ0γ Ʉ Д1Ж. ɂɡ ɯɨɥɥɨɜɫɤɢɯ 

ɢɡɦɟɪɟɧɢɣ ɧɚɣɞɟɧɵ ɤɨɧɰɟɧɬɪɚɰɢɹ (γ∙1016ɫɦ-3), ɩɨɞɜɢɠɧɨɫɬɶ (0,75∙102ɫɦ2ȼ-1ɫ-1) ɧɨɫɢɬɟɥɟɣ 

ɡɚɪɹɞɚ, ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ (γ,6∙102Ɉɦ-1ɫɦ-1) ɫɨɟɞɢɧɟɧɢɹ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɫɩɟɤɬɪɵ 

ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ ɨɬ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɨɧɤɢɯ ɩɥёɧɨɤ ɬɨɥɳɢɧɨɣ 0,γ-0,4 ɦɤɦ, ɩɨɥɭɱɟɧɧɵɯ 

ɬɟɪɦɢɱɟɫɤɢɦ ɧɚɩɵɥɟɧɢɟɦ p-AРCЮS  ɜ ɜɚɤɭɭɦɟ з10-5ɦɦ.ɪɬ.ɫɬ. ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ σКCХ ɢ 

ɨɩɬɢɱɟɫɤɨɟ ɫɬɟɤɥɨ. Ɋɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɢɣ ɢ ɷɥɟɤɬɪɨɧɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡɵ ɩɨɞɬɜɟɪɞɢɥɢ 

ɢɞɟɧɬɢɱɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɩɥёɧɨɤ ɫ ɢɫɯɨɞɧɨɣ ɲɢɯɬɨɣ. ɋɩɟɤɬɪɵ ɨɬɪɚɠɟɧɢɹ R(Ȝ) ɢ ɩɪɨɩɭɫɤɚɧɢɹ 

Ɍ(Ȝ) ɫɧɢɦɚɥɢɫɶ ɩɪɢ ɪɚɡɧɵɯ ɭɝɥɚɯ ɩɚɞɟɧɢɹ ɫɜɟɬɚ (00; 200;550) ɧɚ ɫɩɟɤɬɪɨɦɟɬɪɚɯ “SpОМorН” ɢ 

“ɂɄɋ” ɜ ɢɧɮɪɚɤɪɚɫɧɨɣ (ɂɄ) ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ β,5-β5 ɦɤɦ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɋɩɟɤɬɪɵ 

ɩɨɝɥɨɳɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɩɨ ɧɨɦɨɝɪɚɦɦɟ ДβЖ. 

ɋɩɟɤɬɪ ɩɨɝɥɨɳɟɧɢɹ, ɩɨɫɬɪɨɟɧɧɵɣ ɩɪɢ ɪɚɡɧɵɯ ɭɝɥɚɯ ɩɚɞɟɧɢɹ ɫɜɟɬɚ (00; 200;550) ɞɥɹ ɨɞɧɨɣ 

ɢɡ ɩɥёɧɨɤ p-AgCuS, ɢɦɟɟɬ ɨɫɨɛɟɧɧɨɫɬɶ ɜ ɜɢɞɟ ɱɟɪɟɞɭɸɳɢɯɫɹ ɦɚɤɫɢɦɭɦɨɜ ɢ ɦɢɧɢɦɭɦɨɜ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɛɥɸɞɚɟɦɵɟ ɩɢɤɢ ɨɛɭɫɥɨɜɥɟɧɵ ɩɨɝɥɨɳɟɧɢɟɦ ɫɜɟɬɚ ɪɟɲёɬɤɨɣ, ɤɨɬɨɪɨɟ 

ɧɚɤɥɚɞɵɜɚɟɬɫɹ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɫɜɨɛɨɞɧɵɦɢ ɧɨɫɢɬɟɥɹɦɢ ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɟɪɟɯɨɞɚɦɢ ɞɵɪɨɤ 

ɦɟɠɞɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ  ɩɨɞɡɨɧɚɦɢ  ɜɚɥɟɧɬɧɨɣ ɡɨɧɵ.  

ȼ ɬɚɛɥɢɰɟ ɩɪɢɜɟɞɟɧɵ ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɫɩɟɤɬɪɚɦ R(Ȝ) ɢ Ɍ(Ȝ) ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɨɩɬɢɱɟɫɤɢɟ 

ɩɨɫɬɨɹɧɧɵɟμ ɩɨɤɚɡɚɬɟɥɢ ɩɪɟɥɨɦɥɟɧɢɹ (n) ɢ ɩɨɝɥɨɳɟɧɢɹ (Ф), ɨɩɢɫɵɜɚɸɳɢɟ ɩɨɜɟɞɟɧɢɟ ɩɥɨɫɤɨɣ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ ɜ ɬɜёɪɞɨɦ ɬɟɥɟ, ɚ ɬɚɤɠɟ ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɢ ɦɧɢɦɚɹ ɱɚɫɬɢ 

ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ (İ1ɢ İ2), ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ ɩɨɜɟɞɟɧɢɟ ɜɟɳɟɫɬɜɚ ɜ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ ɩɨɥɟ, ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɷɥɟɤɬɪɨɧɧɵɟ ɩɨɬɟɪɢ (-İЦε-1(ω))   

Ɍɚɛɥɢɰɚ 

ɍɝɨɥ ɩɚɞɟɧɢɹ ɉɚɪɚɦɟɬɪɵ 

İ1 İ2 n k -IЦε-1 

ɧɨɪɦɚɥɶɧɵɣ 11,16 4,31 3,4 0,63 0,03 

200 8,26 5,16 3 0,86 0,076 

550 5,19 5,79 2,55 1,14 0,096 

 

[1] Ɇ.ɂ.Ⱥɝɚɟɜ, ɒ.Ɇ. Ⱥɥɟɫɤɟɪɨɜɚ, Ɇ.ɂ. Ɂɚɪɝɚɪɨɜɚ Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɢɫɬɟɦ 

Ag2S-Cu2S, Ag2Sɟ-Cu2Sɟ. ȾȺɇ Ⱥɡɟɪɛ. ɋɋɊ, №5, β0 (1λ71) 
[2] A. Kahan, H.G.Upson Report on Determination of the Optical Absorption Coefficient. Project 

5621. Cambridge Research laboratory, office of Aerospace Research, US (1971) 
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ABOUT ORIGIN OF FERROMAGNETISM IN RUTILE (TiO2)  

IMPLANTED WITH VANADIUM IONS 

 

I.R. VAKHITOV1), A.A. SHEMUKHIN2), N.M. LYADOV3) V.F. VALEEV3),  

B.Z. RAMEEV3), L.R. TAGIROV1,3,4), R.I. KHAIBULLIN3) 

1) Institute of Physics, Kazan Federal University, Kazan, Russia 
2) Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow, Russia 

3) Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of Russian Academy of 

Sciences, Kazan, Russia  
4) Institute of Applied Research, Tatarstan Academy of Sciences, Kazan, Russia 

* 420111 Kazan, Kremlevskaya str. 16a, Russia,  

iskvakhitov@gmail.com, 

 

Accelerated to 40 keV vanadium ions were implanted into single crystalline plates of rutile 

(TiO2) аТЭС ЭСО НosО oП 1.5×1017 ions/cm2 to synthesize diluted oxide magnetic semiconductor. 

Magnetic (VSM) measurements have shown that vanadium-implanted TiO2 reveal ferromagnetic 

response at room temperature. The subsequent high-temperature annealing of the samples in air, as 

well ion implantation with inert gas (argon) into rutile at the same dose, had been done to explore the 

contribution of radiation defects to magnetic properties of vanadium-implanted TiO2. 

The source and origin of ferromagnetism in vanadium-implanted TiO2 samples were investigated 

by using structural methods: SEM, RBS in random/channeling modes, and XPS with depth profiling. 

In a result, vanadium implant was found in different valence states: in neutral form as a dispersion of 

magnetic nanoparticles in surface layer or in oxidation state (3+, 4+ or 5+) as the isolated ions of 

vanadium in interstitial or substitutional positions of rutile lattice. The observed ferromagnetism is 

refereed to paramagnetic V3+,4+ ions which diffused into a bulk of rutile. These paramagnetic ions are 

linked into a ferromagnetic cluster by the indirect exchange via electron trapped by nearer point 

defects (oxygen vacancies). The oxygen vacancies were hilled during annealing in air atmosphere 

that leads to suppression of the ferromagnetic response in vanadium-implanted rutile after the 

annealing. 

TСТs аorФ аКs ПЮnНОН Лв RFBR РrКnЭ (№18-32-01039-mol_a) and implemented utilizing 

equipment of the PCR Federal Center of Shared Facilities of KFU. 
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Poly(3-hexylthiophene) (P3HT) BASED ORGANIC FIELD - EFFECT TRANSISTOR: 

FABRICATION, ELECTRONIC CHARACTERIZATIONS AND DEVICE SIMULATION  

 

DILEK TAŞKIN GAГIOĞLU1, MAHARRAM Z. ZARBALIYEV2,4, FATIH DUMLUDAĞ3, 

SAVAŞ BERBER1, AND MIRHASAN Yu. SEYIDOV1, 4 

1Department of Physics, Gebze Technical University, 41400 Gebze, Kocaeli, Turkey 
2Department of Physics, Harran University, 63300 Urfa, Turkey, 

3Department of Physics, Marmara University, 34722 Istanbul, Turkey 
4Institute of Physics Azerbaijan National Academy of Sciences, AZ - 1143 Baku, Azerbaijan 

 

The fabrication and performance of poly (3 – hexylthiophene) (P3HT) based organic field - effect 

transistor (OFET) with bottom - contact top - gate configuration using Thermoplastic Polyurethane 

(TPU) as gate dielectrics, Gold (Au) and/or Silver (Ag) as source - drain electrodes are deposited.  

The electro - spinning coating technique in air, under ambient conditions, was carried out to 

obtain the TPU polymer thin film organic gate insulator. TPU solution for electro - pinning solutions 

were prepared. Different electro - spinning processing time (1, 2, 3, 4, 5, and 6 h) were used for each 

solution to fabricate TPU organic gate insulator with different thicknesses. Finally, the TPU insulator 

ХКвОr аКs НrТОН КЭ 1γ0 °C Пor 10 ЦТn.  

Electronic properties of P3HT - based OFETs have been carried out by I – V measurements and 

the effect of TPU gate insulator thickness on the electrical performance of fabricated devices has been 

investigated. Values measured with respect to charge transport between source and drain are obtained.  

Additionally, we present results of ab initio calculation for energies of the highest occupied 

molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) of P3HT organic 

material. HOMO and LUMO energy diagram of P3HT molecular conductor was used for an analysis 

of charge transfer physical mechanism and experimental results.  

The gate - voltage (�ீ ) dependence of the source - drain current – the source - gate voltage (ܫ�ௌ −�ௌீ) characteristics of P3HT based OFET are analyzed. The effect of TPU gate dielectric layer 

thickness, type of metal contact in a bottom – gate and work function of metal electrodes in top - 

contact configuration on the performance of fabricated OFET devices, and charge carrier mobility 

(�), threshold voltage (��ℎ), on - off ratio (ܫைே/ܫைிி) and their comparative analysis is received. 
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ɈɉɌɂɆȺɅɖɇɕȿ ɈɉȿɊȺɐɂɈɇɇɕȿ ɉȺɊȺɆȿɌɊɕ ȾɅə ɉɈɅɍɑȿɇɂə 

ɆɈɇɈɄɊɂɋɌȺɅɅɈȼ ɋɈȿȾɂɇȿɇɂɃ ɌɂɉȺ ȺIII-ȼV ɋ ɁȺȾȺɇɇɕɆ 
ɄɈɇɐȿɇɌɊȺɐɂɈɇɇɕɆ ɉɊɈɎɂɅȿɆ ɆȿɌɈȾɈɆ ɁɈɇɇɈɃ ɉɅȺȼɄɂ 

 

Ɂ.Ɇ. ɁȺɏɊȺȻȿɄɈȼȺ, Ⱥ.ɂ. ȺɅȿɄɉȿɊɈȼ, ȼ.Ʉ. ɄəɁɂɆɈȼȺ, 

Ƚ.ɏ. ȺɀȾȺɊɈȼ  
ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ  

E-mail: zangi@physics.ab.az  

 

ȼ ɲɢɪɨɤɨɦ ɪɹɞɭ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɬɜёɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɨɫɨɛɨɝɨ 

ɢɧɬɟɪɟɫɚ ɡɚɫɥɭɠɢɜɚɸɬ ɦɨɧɨɤɪɢɫɬɚɥɥɵ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ 

ɬɢɩɚ ȺIII-ȼV. Ʉɪɢɫɬɚɥɥɵ ɷɬɨɣ ɫɢɫɬɟɦɵ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɯɧɢɤɟ ɢ 

ɪɟɲɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɡɚɞɚɱ ɩɨ ɜɵɪɚɳɢɜɚɧɢɸ ɷɬɢɯ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɫ ɡɚɞɚɧɧɵɦ 

ɚɤɫɢɚɥɶɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ ɜɞɨɥɶ ɪɚɫɬɭɳɟɝɨ ɫɥɢɬɤɚ ɞɨɫɬɚɬɨɱɧɨ ɚɤɬɭɚɥɶɧɨ ɧɚ 

ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɜ ɩɮɚɧɧɨɜɫɤɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɪɟɲɟɧɚ ɡɚɞɚɱɚ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɜɞɨɥɶ ɤɪɢɫɬɚɥɥɨɜ ɬɜёɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɫɨɟɞɢɧɟɧɢɣ ɬɢɩɚ ȺIII-ȼV, 

ɜɵɪɚɳɟɧɧɵɯ ɦɟɬɨɞɨɦ ɡɨɧɧɨɣ ɩɥɚɜɤɢ. ɋ ɭɱёɬɨɦ ɫɥɨɠɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɫɟɝɪɟɝɚɰɢɢ ɜɬɨɪɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɫ ɫɨɫɬɚɜɨɦ ɪɚɫɩɥɚɜɚ, ɪɚɫɫɱɢɬɚɧ ɪɹɞ ɚɤɫɢɚɥɶɧɵɯ 

ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ ɩɪɨɮɢɥɟɣ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɤɪɢɫɬɚɥɥɚɯ ɷɬɨɝɨ ɬɢɩɚ. ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 

ɭɩɪɚɜɥɟɧɢɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ ɜ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɤɪɢɫɬɚɥɥɚɯ ɩɭɬёɦ ɢɡɦɟɧɟɧɢɹ ɞɥɢɧɵ ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɡɨɧɵ. Ⱥɧɚɥɢɡ 

ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɪɟɞɟɥɹɟɬ ɨɩɬɢɦɚɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ 

ɜɵɪɚɳɢɜɚɧɢɹ ɤɪɢɫɬɚɥɥɨɜ ɬɜёɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɫɨɟɞɢɧɟɧɢɣ ɬɢɩɚ ȺIII-ȼV c ɫ ɡɚɞɚɧɧɵɦ 

ɨɞɧɨɪɨɞɧɵɦ ɢ ɩɟɪɟɦɟɧɧɵɦ ɫɨɫɬɚɜɚɦɢ ɜɞɨɥɶ ɦɚɬɪɢɰɵ.    
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ɄɈɆɉɖɘɌȿɊɇɈȿ ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɄɈɇɐȿɇɌɊȺɐɂɈɇɇɕɏ ɉɊɈɎɂɅȿɃ 

ɉɊɂɆȿɋȿɃ ȺɅɘɆɂɇɂə ɂ ɂɇȾɂə ȼ ɆɈɇɈɄɊɂɋɌȺɅɅȺɏ ȽȿɊɆȺɇɂɃ-

ɄɊȿɆɇɂɃ, ȼɕɊȺɓȿɇɇɕɏ ɆȿɌɈȾɈɆ ȾȼɈɃɇɈɃ ɉɈȾɉɂɌɄɂ ɊȺɋɉɅȺȼȺ 

 

Ɂ.Ɇ. ɁȺɏɊȺȻȿɄɈȼȺ, ȼ.Ʉ. ɄəɁɂɆɈȼȺ, Ⱥ.ɂ. ȺɅȿɄɉȿɊɈȼ, Ƚ.ɏ. ȺɀȾȺɊɈȼ  
ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 

zangi@physics.ab.az 

 

Ɋɚɛɨɬɚ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɩɪɢɛɨɪɨɜ, ɥɟɠɚɳɢɯ ɜ ɨɫɧɨɜɟ ɫɨɜɪɟɦɟɧɧɨɣ ɦɢɤɪɨ- ɢ 

ɨɩɬɨɷɥɟɤɬɪɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜ ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɜɧɟɞɪёɧɧɵɦɢ ɜ ɤɪɢɫɬɚɥɥ ɩɪɢɦɟɫɹɦɢ. ɗɬɨ ɨɩɪɟɞɟɥɹɟɬ ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ 

ɤɨɧɬɪɨɥɢɪɭɟɦɨɟ ɥɟɝɢɪɨɜɚɧɢɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɪɟɲɟɧɚ ɨɞɧɨɦɟɪɧɚɹ ɡɚɞɚɱɚ ɩɨ ɚɤɫɢɚɥɶɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɪɢɦɟɫɟɣ 

Al ɢ In ɜ ɨɞɧɨɪɨɞɧɵɯ, ɩɨ ɫɨɫɬɚɜɭ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɤɪɢɫɬɚɥɥɚɯ ɬɜёɪɞɵɯ ɪɚɫɬɜɨɪɨɜ Ge-

Si, ɜɵɪɚɳɟɧɧɵɯ ɦɟɬɨɞɨɦ ɞɜɨɣɧɨɣ ɩɨɞɩɢɬɤɢ ɪɚɫɩɥɚɜɚ. Ɍɟɨɪɟɬɢɱɟɫɤɭɸ ɡɚɞɚɱɭ ɚɤɫɢɚɥɶɧɨɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɟɣ ɪɟɲɚɥɢ ɜ ɩɮɚɧɧɨɜɫɤɨɦ ɩɪɢɛɥɢɠɟɧɢɢ.  Ɋɟɡɭɥɶɬɚɬɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 

ɪɚɫɱёɬɨɜ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɦ 

ɩɪɨɮɢɥɟɦ ɩɪɢɦɟɫɟɣ ɜ ɤɪɢɫɬɚɥɥɚɯ Ge-Si ɡɚɞɚɧɧɨɝɨ ɫɨɫɬɚɜɚ, ɩɭɬёɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɢɡɦɟɧɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɣ ɫɤɨɪɨɫɬɟɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɩɨɞɩɢɬɵɜɚɧɢɹ ɪɚɫɩɥɚɜɚ ɝɟɪɦɚɧɢɟɜɵɦ ɢ 

ɤɪɟɦɧɢɟɜɵɦ ɫɬɟɪɠɧɹɦɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɦɟɬɨɞ ɞɜɨɣɧɨɣ ɩɨɞɩɢɬɤɢ ɪɚɫɩɥɚɜɚ ɞɚёɬ ɭɧɢɤɚɥɶɧɭɸ 

ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɪɚɳɢɜɚɧɢɹ ɩɨɥɧɨɫɬɶɸ ɨɞɧɨɪɨɞɧɵɯ ɤɪɢɫɬɚɥɥɨɜ Ge-Si< Al; In >, ɤɚɤ ɩɨ ɫɨɫɬɚɜɭ 

ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɬɚɤ ɢ ɩɨ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɦɭ ɩɪɨɮɢɥɸ ɩɪɢɦɟɫɟɣ. 
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ɆɈɊɎɈɅɈȽɂə ɉɈȼȿɊɏɇɈɋɌɂ ɌɈɇɄɈɃ ɉɅȿɇɄɂ ɋu2ZnSnSe4, ɉɈɅɍɑȿɇɇɈɃ 

ɆȿɌɈȾɈɆ ɆȺȽɇȿɌɊɈɇɇɈȽɈ ɊȺɋɉɕɅȿɇɂə  
 

ɇ.ɇ. ȺȻȾɍɅɁȺȾȿ, ɂ.Ⱥ. ȺɅɂȿȼ, Ⱦ.Ⱥ. ȺɏɆȿȾɈȼȺ, 
ɋ.ɒ. ɄȺɏɊȺɆȺɇɈȼ, ɇ.ɇ. ɆɍɊɋȺɄɍɅɈȼ  

ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

nnmursakulov@physics.ab.az  

 

Ɇɟɬɨɞɨɦ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɧɚ ɫɬɟɤɥɹɧɧɨɣ  ɩɨɞɥɨɠɤɟ 

ɜɵɪɚɳɟɧɵ ɬɨɧɤɨɩɥɟɧɨɱɧɵɟ ɫɬɪɭɤɬɭɪɵ Mo/ɋu2ZnSnSe4/CdS/Mo. ɂɫɫɥɟɞɨɜɚɧɵ ɩɨɜɟɪɯɧɨɫɬɧɵɣ  

ɪɟɥɶɟɮ ɢ ɧɚɧɨɫɬɪɭɤɬɭɪɚ ɩɥɟɧɨɤ ɋu2ZnSnSe4 (CГTSО). ɉɥɟɧɤɢ ɋu2ZnSnSe4 (CГTSО) ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɬɨɥɳɢɧɨɣ 50-150 nm.  

 

ɋɞɟɥɚɧɵ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɦɨɪɮɨɥɨɝɢɢ ɩɥɟɧɨɤ, ɩɨɥɭɱɟɧɧɵɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ 

ɫɬɟɤɥɹɧɧɨɣ ɩɨɞɥɨɠɤɟ ɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɢɠɧɟɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɬɨɧɤɨɣ ɩɥɟɧɤɢ ɢɡ ɦɨɥɢɛɞɟɧɚ.  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɤɚɤ ɷɥɟɤɬɪɢɱɟɫɤɢɟ (ɧɚɩɪɢɦɟɪ, ɭɞɟɥɶɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ) ɢ ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

(ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɬɪɚɠɟɧɢɹ ɢ ɩɨɝɥɨɳɟɧɢɹ) CГTSО ɡɚɜɢɫɹɬ ɤɚɤ ɨɬ ɬɨɥɳɢɧɵ ɩɥɟɧɤɢ, ɬɚɤ ɢ ɨɬ 

ɩɨɜɟɞɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɢ ɫ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɪɟɥɶɟɮɚ ɩɨɜɟɪɯɧɨɫɬɢ.  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɜɵɹɜɥɟɧɢɟ ɚɤɬɢɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɧɚɧɨ ɨɛɴɟɤɬɨɜ 

ɦɟɬɨɞɨɦ ɚɬɨɦɧɨ–ɫɢɥɨɜɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. Ɋɚɫɫɦɨɬɪɟɧɵ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɧɚɧɨ ɨɫɬɪɨɜɤɢ ɩɥɟɧɨɤ 

CГTSО, ɩɨɥɭɱɟɧɧɵɯ ɤɚɤ ɧɚ ɫɬɟɤɥɹɧɧɵɯ ɩɨɞɥɨɠɤɚɯ, ɬɚɤ ɢ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɧɟɫɟɧɧɨɦ ɧɚ 

ɫɬɟɤɥɨ ɩɥɟɧɤɟ Mo. ɉɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɫɬɪɭɤɬɭɪɵμ ɚ) ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ CГTSО ɜɵɹɜɥɟɧɵ 

ɧɚɧɨɨɛɴɟɤɬɵ ɫ ɪɚɡɥɢɱɧɵɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɧɚɧɨ ɨɫɬɪɨɜɤɨɜ (HO) 

ɪɟɝɭɥɹɪɧɵɯ ɪɚɜɧɵɯ ɜɵɫɨɬ - 5-10 nmν ɛ) ɞɢɮɮɭɡɢɨɧɧɵɟ – ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɟ HO ɫ ɜɵɫɨɬɚɦɢ 

ɛɨɥɟɟ 15nm. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɢɮɮɭɡɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɜɢɞɟ ɤɨɚɥɟɫɰɟɧɰɢɢ ɩɪɢɜɨɞɹɬ ɤ 

ɫɛɥɢɠɟɧɢɸ ɨɬɞɟɥɶɧɵɯ ɦɚɥɵɯ ɧɚɧɨɱɚɫɬɢɰ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɤɨɧɬɚɤɬɨɜ ɦɟɠɞɭ ɧɢɦɢν ɦɨɝɭɬ 

ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɞɜɚ, ɬɪɢ ɢ ɛɨɥɟɟ HO. ȼɫɟ ɢɡɥɨɠɟɧɧɨɟ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ ɧɚ ɪɢɫɭɧɤɟ.  

Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɢɜɚɥɚɫɶ ɮɨɧɞɨɦ ɍɇɌɐ (ɩɪɨɟɤɬ № 6148).  
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ȼɅɂəɇɂȿ ɈȻɓȿɃ ȼəɁɄɈɋɌɂ ɀɂȾɄɈɋɌȿɃ ɇȺ ȺɆɉɅɂɌɍȾɕ  

ɈɉɌɈ-ȺɄɍɋɌɂɑȿɋɄɈɃ ȼɈɅɇɕ 

 

Ɇ.Ⱥ. ɆɍɋȺȿȼ, Ƚ.Ɍ. ȽȺɋȺɇɈȼ, Ⱥ.ɇ. ȾɀȺɎȺɊɈȼȺ,  
ɇ.ɇ. ȽȺɒɂɆɈȼȺ, Ⱥ.ɇ. ɁȿɃɇȺɅɈȼ  

Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ ɇɟɮɬɢ ɢ ɉɪɨɦɵɲɥɟɧɧɨɫɬɢ, 
Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ,  aymin@mail.ru 

         

ɉɪɢɦɟɧɹɹ ɫɩɟɤɬɪɚɥɶɧɵɣ ɦɟɬɨɞ ɫ ɩɪɢɜɥɟɱɟɧɢɟɦ ɦɟɬɨɞɚ ɩɟɪɟɞɚɬɨɱɧɵɯ ɮɭɧɤɰɢɣ 

ɬɟɨɪɟɬɢɱɟɫɤɢ ɢɫɫɥɟɞɨɜɚɧɵ ɜɥɢɹɧɢɟ ɨɛɳɟɣ ɜɹɡɤɨɫɬɢ (ɫɭɦɦɚ ɫɞɜɢɝɨɜɨɣ ɢ ɨɛɴɟɦɧɨɣ ɜɹɡɤɨɫɬɢ) 

ɠɢɞɤɨɫɬɢ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɮɪɨɧɬɚ ɨɩɬɨ-ɚɤɭɫɬɢɱɟɫɤɨɣ ɜɨɥɧɵ ɢ ɧɚ ɚɦɩɥɢɬɭɞɵ ɚɤɭɫɬɢɱɟɫɤɨɝɨ 

ɞɚɜɥɟɧɢɹ.  

       ɉɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɠɢɞɤɨɫɬɶ ɜɨɡɛɭɠɞɟɧɢɟ ɚɤɭɫɬɢɱɟɫɤɨɣ 

ɜɨɥɧɵ ɜɨɡɦɨɠɧɨ ɡɚ ɫɱɟɬ ɪɚɡɥɢɱɧɵɯ ɦɟɯɚɧɢɡɦɨɜ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɬɟɪɦɨ-ɨɩɬɢɱɟɫɤɨɝɨ 

ɜɨɡɛɭɠɞɟɧɢɹ ɚɤɭɫɬɢɱɟɫɤɢɯ ɜɨɥɧ ɜ ɠɢɞɤɨɫɬɹɯ ɜ Д1Ж ɩɪɢɦɟɧɹɹ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɢɦɩɭɥɶɫɚ 

ɩɨɥɭɱɟɧɨ ɫɥɟɞɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ                        

                                       Z
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ɝɞɟ 
3

4
+=b  ɨɛɳɚɹ ɜɹɡɤɨɫɬɶ, ɬ.ɟ. ɫɭɦɦɚ ɫɞɜɢɝɨɜɨɣ ɢ ɨɛɴɟɦɧɨɣ ɜɹɡɤɨɫɬɟɣ. 

       Ɉɩɬɨ-ɚɤɭɫɬɢɱɟɫɤɚɹ ɜɨɥɧɚ, ɜɨɡɧɢɤɚɸɳɚɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɥɚɡɟɪɧɵɯ ɥɭɱɟɣ ɫ 

ɠɢɞɤɨɫɬɶɸ, ɩɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɜ ɠɢɞɤɨɣ ɫɪɟɞɟ ɧɟɫɟɬ ɫ ɫɨɛɨɣ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɬɪɭɤɬɭɪɟ ɢ 

ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɫɪɟɞɵ. ɉɪɢɦɟɧɹɹ ɦɟɬɨɞ ɩɟɪɟɞɚɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ 

ɜɥɢɹɧɢɟ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɠɢɞɤɨɫɬɢ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɨɩɬɨ-

ɚɤɭɫɬɢɱɟɫɤɨɣ ɜɨɥɧɵ. Ⱦɚɧɧɚɹ ɡɚɞɚɱɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɫɜɨɞɢɬɫɹ ɤ ɪɟɲɟɧɢɸ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ 

ɭɪɚɜɧɟɧɢɹ (1) ɩɪɢ ɧɭɥɟɜɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (1) ɩɪɢɦɟɧɹɟɬɫɹ 

ɫɩɟɤɬɪɚɥɶɧɵɣ ɦɟɬɨɞ. 

[1] ȼ.ɗ.Ƚɭɫɟɜ, Ⱥ.Ⱥ. Ʉɚɪɚɛɭɬɨɜ. Ʌɚɡɟɪɧɚɹ ɨɩɬɨɚɤɭɫɬɢɤɚ. Ɇɨɫɤɜɚ. ɂɡɞ-ɜɨ «ɇɚɭɤɚ». 1λλ1.ɋ.γ04.  
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ɈȻ ɈȾɇɈɆ ɆȿɌɈȾȿ ɊȺɋɑȿɌȺ ɆȺȽɇɂɌɇɕɏ ɗɅȿɆȿɇɌɈȼ ɋ ɍɑȿɌɈɆ ɉȿɌɅɂ 

ȽɂɋɌȿɊȿɁɂɋȺ 

 

ɇ.ə. ɆȺɆȿȾɈȼ, Ⱥ.ɇ. ȾɀȺɎȺɊɈȼȺ, Ɇ.Ⱥ. ȾɀȺɎȺɊɈȼȺ  
Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ ɇɟɮɬɢ ɢ ɉɪɨɦɵɲɥɟɧɧɨɫɬɢ, 

Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ,  
 mr.nuraddin47@mail.ru 

 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɭɟɬɫɹ ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɜɨɡɧɢɤɚɸɳɢɣ ɜ ɧɟɥɢɧɟɣɧɵɯ 

ɮɟɪɪɨɦɚɝɧɢɬɧɵɯ ɫɪɟɞɚɯ. ɉɪɢ ɷɬɨɦ ɡɚɞɚɱɚ ɫɜɨɞɢɬɫɹ ɤ ɪɟɲɟɧɢɸ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ ɛɟɡ ɧɚɱɚɥɶɧɵɯ 

ɭɫɥɨɜɢɣ. ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɪɚɫɱɟɬɚ ɦɚɝɧɢɬɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫ ɭɱɟɬɨɦ ɩɟɬɥɢ ɝɢɫɬɟɪɟɡɢɫɚ 

ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ ɫ ɦɚɝɧɢɬɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɩɪɢɧɰɢɩ 

ɞɟɣɫɬɜɢɹ ɤɨɬɨɪɵɯ ɨɫɧɨɜɚɧ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɟɥɢɧɟɣɧɨɫɬɢ ɜ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɦɚɝɧɢɬɧɨɝɨ 

ɷɥɟɦɟɧɬɚ.  

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɧɟɥɢɧɟɣɧɵɯ ɮɟɪɪɨɦɚɝɧɢɬɧɵɯ ɫɪɟɞɚɯ ɫ 

ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɵɦ ɩɨɥɟɦ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɲɟɧɢɹ ɫɥɟɞɭɸɳɟɣ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ ɛɟɡ 

ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ 
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Ɂɚɜɢɫɢɦɨɫɬɶ (β) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɟɦɟɣɫɬɜɨ ɫɬɚɬɢɱɟɫɤɢɯ ɩɟɬɟɥɶ ɝɢɫɬɟɪɟɡɢɫɚ ɫ 

ɪɚɡɥɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ 

(γ) ɩɨɥɭɱɚɸɬɫɹ ɩɭɬɟɦ ɫɨɜɦɟɫɬɧɨɝɨ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ ɢ ɭɪɚɜɧɟɧɢɹ ɩɨɥɹ. 

ɂɡ-ɡɚ ɫɥɨɠɧɨɫɬɢ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɩɪɢɯɨɞɢɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɱɢɫɥɟɧɧɵɣ ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ. ɇɨ ɩɪɢ ɷɬɨɦ ɜɨɡɧɢɤɚɟɬ 

ɬɪɭɞɧɨɫɬɶ, ɫɜɹɡɚɧɧɚɹ ɫ ɬɟɦ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɶ )(xHH
mm

=  ɧɟɢɡɜɟɫɬɧɚ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɬɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ ɜ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɤɪɚɟɜɚɹ ɡɚɞɚɱɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɨɫɧɨɜɧɨɣ ɤɪɢɜɨɣ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ, ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɜɵɪɚɠɟɧɢɟ )(xH
m

Ɍɟɦ ɫɚɦɵɦ ɧɚɯɨɞɢɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ )(HfB = ɩɪɢ ɥɸɛɵɯ ɡɧɚɱɟɧɢɹɯ ɩɟɪɟɦɟɧɧɨɣ   ,−x . ȼ 

ɞɚɥɶɧɟɣɲɟɦ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ (1), (β), (γ) ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɦɟɬɨɞɨɦ ɩɪɨɝɨɧɤɢ.  
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ɇȺɇɈɑȺɋɌɂɐɕ ȼ ɂɆɉɍɅɖɋɇɕɏ ɆȺȽɇɂɌɇɕɏ ɉɈɅəɏ – ɂɁɆȿɊɂɌȿɅɖɇɕȿ 

ɆȿɌɈȾɂɄɂ ɂ ɗɄɋɉȿɊɂɆȿɇɌ 

 

Ⱦ.Ⱥ. ȻȺɅȺȿȼ, Ⱥ.Ⱥ. ɄɊȺɋɂɄɈȼ, Ⱥ.Ⱥ. ȻȺɅȺȿȼ, Ⱥ.Ⱥ. ȾɍȻɊɈȼɋɄɂɃ, ɋ.ɂ. ɉɈɉɄɈȼ  

ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɢɦ. Ʌ. ȼ. Ʉɢɪɟɧɫɤɨɝɨ ɋɈ ɊȺɇ, 
– Ɉɛɨɫɨɛɥɟɧɧɨɟ ɩɨɞɪɚɡɞɟɥɟɧɢɟ Ɏɂɐ Ʉɇɐ ɋɈ ɊȺɇ, 

6600γ6, Ɋɨɫɫɢɹ, Ʉɪɚɫɧɨɹɪɫɤ 

 

ɂɦɩɭɥɶɫɧɵɟ ɦɚɝɧɢɬɧɵɟ ɩɨɥɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɥɚɛɨɪɚɬɨɪɢɹɯ 

Ɇɢɪɚ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɜɧɢɦɚɧɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɫɨɫɪɟɞɨɬɨɱɟɧɨ ɧɚ ɞɨɫɬɢɠɟɧɢɢ 

ɧɚɢɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɱɟɦ ɧɚ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɦɟɬɨɞɢɤɚɯ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɢɦɩɭɥɶɫɧɵɯ ɦɚɝɧɢɬɧɵɯ ɩɨɥɹɯ. Ɉɞɧɚɤɨ, ɧɟɫɤɨɥɶɤɨ ɚɥɶɬɟɪɧɚɬɢɜɧɨɟ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɦɩɭɥɶɫɧɵɯ ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɧɢɡɤɨɣ ɱɚɫɬɨɬɵ ɨɬɤɪɵɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɧɚɛɥɸɞɚɬɶ ɷɮɮɟɤɬɵ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Д1,βЖ. 

ɍɫɬɚɧɨɜɤɚ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɜ ɢɦɩɭɥɶɫɧɵɯ ɦɚɝɧɢɬɧɵɯ ɩɨɥɹɯ, ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɚɹ ɜ 

ɂɧɫɬɢɬɭɬɟ ɮɢɡɢɤɢ ɢɦ. Ʌ. ȼ. Ʉɢɪɟɧɫɤɨɝɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ 

ɢ ɦɚɝɧɢɬɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɦɚɝɧɢɬɧɵɯ ɩɨɥɹɯ ɞɨ 45 Ɍ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ ɢ 

ɚɦɩɥɢɬɭɞɵ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. 

ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɚ ɞɢɧɚɦɢɤɚ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɧɚɧɨɱɚɫɬɢɰ О-Fe2O3 ɫɨ ɫɪɟɞɧɢɦ 

ɪɚɡɦɟɪɨɦ ɩɨɪɹɞɤɚ λ ɧɦ. ɂɡ ɫɪɚɜɧɟɧɢɹ ɩɟɬɟɥɶ ɝɢɫɬɟɪɟɡɢɫɚ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɯ ɜ 

ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɜ ɢɦɩɭɥɶɫɧɵɯ ɦɚɝɧɢɬɧɵɯ ɩɨɥɹɯ ɚɦɩɥɢɬɭɞɚɦɢ ɞɨ β0 Ɍ ɢ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɹɦɢ ɨɬ 8 ɞɨ γβ ɦɫ ɩɨɥɭɱɟɧɨ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɚɹ ɤɨɷɪɰɢɬɢɜɧɚɹ ɫɢɥɚ 

ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɢɡɦɟɧɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɧɚɪɚɫɬɚɧɢɹ ɜɧɟɲɧɟɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. 

 

Ɋɢɫɭɧɨɤ. ȼɪɟɦɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɢɦɩɭɥɶɫɧɵɯ ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɪɚɡɥɢɱɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ. 
ɇɚɤɥɨɧ ɥɢɧɢɣ ɩɨɤɚɡɵɜɚɟɬ ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 
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Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɨɛɴɹɫɧɟɧɢɟ ɷɬɨɝɨ ɩɨɜɟɞɟɧɢɹ ɪɚɫɫɦɨɬɪɟɧɨ ɜ ɪɚɛɨɬɟ ДγЖ. ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ 

ɦɨɞɟɥɢ ɩɪɢɧɢɦɚɸɬɫɹ ɜɨ ɜɧɢɦɚɧɢɟ ɫɭɩɟɪɩɚɪɚɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɜɚ ɢ ɦɚɝɧɢɬɧɚɹ ɚɧɢɡɨɬɪɨɩɢɹ 

ɧɚɧɨɱɚɫɬɢɰ, ɚ ɬɚɤɠɟ ɜɥɢɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɜɤɥɚɞɚ, ɤɨɬɨɪɵɣ ɨɤɚɡɵɜɚɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ 

ɜɥɢɹɧɢɟ ɧɚ ɱɚɫɬɢɰɚɯ ɫ ɪɚɡɦɟɪɚɦɢ β5-50 ɧɦ ɢ ɫɬɚɧɨɜɢɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ, ɩɪɢ ɪɚɡɦɟɪɟ ɱɚɫɬɢɰ 

ɦɟɧɶɲɟ 10 ɧɦ.  

ȼ ɩɪɨɜɟɞɟɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɭɫɬɚɧɨɜɥɟɧɨ ɡɧɚɱɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɚɧɢɡɨɬɪɨɩɢɢ 

ɧɚɧɨɞɢɫɩɟɪɫɧɨɝɨ О-Fe2O3, ɚ ɬɚɤɠɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɢɠɟ γ00 Ʉ ɜɤɥɚɞ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɚɧɢɡɨɬɪɨɩɢɢ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

 

[1] D.A. Balaev, I.S. Poperechny, A.A. Krasikov et al. Phys. solid state, 59-8, 1547-1552, 2017 

[2] D.A. Balaev, I.S. Poperechny, A.A. Krasikov et al. Phys. solid state, 59-10, 1940-1946, 2017 

[3] D.A. Balaev, I.S. Poperechny, A.A. Krasikov et al. J. Appl. Phys. 117, 063908, 2015 
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DIELECTRIC RELAXATION BEHAVIOR OF TlSe THIN FILMS 
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In this work, TlSe thin films of different thicknesses were deposited between Aluminum (Al) 

electrodes on glass substrates by thermal evaporation technique under 10-3 Torr.  The ac 

measurements of the samples were made were in the frequency range 10-1 Hz -105 Hz and in 

temperatures from 213 to 393 K with increments of 10 K. TlSe thicknesses of the films range between 

30-320 nm. The dielectric constant and dielectric loss factor of samples were found to decrease with 

increasing frequency and increase with temperature in the given intervals.  The different polarization 

mechanims were observed. The relaxation times were related with the polarization mechanims by 

using Cole-Cole equation. It was observed that relaxation times decreases with increasing 

temperature.  
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ɂɋɉɈɅɖɁɈȼȺɇɂȿ əȾȿɊɇɈ-ɎɂɁɂɑȿɋɄɂɏ ɆȿɌɈȾɈȼ ȾɅə ȺɇȺɅɂɁȺ 
ɈɌɏɈȾɈȼ ȽɈɊɇɈɈȻɈȽȺɌɂɌȿɅɖɇɈɃ ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ 
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Ɍɟɦɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɹɞɟɪɧɨ-ɮɢɡɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɞɥɹ ɚɧɚɥɢɡɚ ɨɬɯɨɞɨɜ ɝɨɪɧɨ-

ɨɛɨɝɚɬɢɬɟɥɶɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɨɤɚɡɚɧɚ ɧɚ ɩɪɢɦɟɪɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɫɨɫɬɚɜɚ ɫɭɯɨɣ 

ɱɚɫɬɢ (ɩɥɹɠɧɨɣ ɡɨɧɵ) ɍɧɚɥɶɫɤɨɝɨ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ Ɇɢɡɭɪɫɤɨɣ ɨɛɨɝɚɬɢɬɟɥɶɧɨɣ ɮɚɛɪɢɤɢ, 

ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ Ⱥɥɚɝɢɪɫɤɨɝɨ ɪɚɣɨɧɚ, Ɋɟɫɩɭɛɥɢɤɚ ɋɟɜɟɪɧɚɹ Ɉɫɟɬɢɹ-

Ⱥɥɚɧɢɹ, ɜ ɞɨɥɢɧɟ ɪ. Ⱥɪɞɨɧ. ɉɥɹɠɧɚɹ ɡɨɧɚ ɡɚɧɢɦɚɟɬ ɨɤɨɥɨ 40% ɨɬ ɩɥɨɳɚɞɢ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ. 

Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɨɩɪɟɞɟɥɟɧɢɹ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɜ Ɉɛɴɟɞɢɧёɧɧɨɦ ɢɧɫɬɢɬɭɬɟ ɹɞɟɪɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ (Ɉɂəɂ) ɝ. Ⱦɭɛɧɚ Ɇɨɫɤɨɜɫɤɨɣ ɨɛɥɚɫɬɢ. Ⱦɥɹ ɦɧɨɝɨɷɥɟɦɟɧɬɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 

ɫɨɫɬɚɜɚ ɨɛɪɚɡɰɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɵɣ (ɊɎȺ) ɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ 

ɧɟɣɬɪɨɧɧɨɚɤɬɢɜɚɰɢɨɧɧɵɣ ɚɧɚɥɢɡ (ɂɇȺȺ), ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɞɚɧɧɵɟ ɩɨ ɫɨɞɟɪɠɚɧɢɸ γλ 

ɷɥɟɦɟɧɬɨɜ ɜ ɫɨɫɬɚɜɟ ɯɜɨɫɬɨɜ. ɋɨɞɟɪɠɚɧɢɟ CК, TТ, Cr, εn, CЮ, SЛ ɜ ɯɜɨɫɬɚɯ ɨɩɪɟɞɟɥɹɥɢ ɞɜɭɦɹ 

ɦɟɬɨɞɚɦɢ. ɉɨɥɭɱɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɊɎȺ ɢ ɂɇȺȺ ɪɟɡɭɥɶɬɚɬɵ ɜ ɩɪɟɞɟɥɚɯ ɨɲɢɛɨɤ 

ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɜɩɚɞɚɸɬ. ɍɧɚɥɶɫɤɨɟ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɟɨɯɢɦɢɱɟɫɤɭɸ 

ɚɧɨɦɚɥɢɸ ɫ ɫɨɞɟɪɠɚɧɢɟɦ Гn, As, S, CЮ, SЛ, SО, AР, In, PЛ, CН ɩɪɟɜɵɲɚɸɳɢɦ ɤɥɚɪɤɨɜɵɟ ɛɨɥɟɟ 

ɱɟɦ ɜ ɫɨɬɧɢ ɢ ɬɵɫɹɱɢ ɪɚɡ. ɋɨɫɬɚɜ ɯɜɨɫɬɨɜ ɜ ɪɚɡɧɵɯ ɱɚɫɬɹɯ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ ɡɧɚɱɢɬɟɥɶɧɨ 

ɪɚɡɥɢɱɚɟɬɫɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɩɨɥɟɡɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. Ɂɧɚɱɢɬɟɥɶɧɨɟ 

ɜɚɪɶɢɪɨɜɚɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɪɹɞɚ ɷɥɟɦɟɧɬɨɜ ɜ ɪɚɡɧɵɯ ɬɨɱɤɚɯ ɨɩɪɨɛɨɜɚɧɢɹ ɜɟɪɨɹɬɧɨ ɫɜɹɡɚɧɨ ɫ 

ɪɚɡɧɵɦ ɭɞɚɥɟɧɢɟɦ ɨɬ ɡɟɪɤɚɥɚ ɜɨɞɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɮɥɨɬɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ 

ɩɪɨɢɫɯɨɞɢɬ ɨɛɨɝɚɳɟɧɢɟ ɜɟɪɯɧɢɯ 10 ɫɦ ɫɭɯɨɣ ɱɚɫɬɢ ɩɥɹɠɧɨɣ ɡɨɧɵ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɜɵɫɨɤɨɬɨɤɫɢɱɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ (Гn, As, CЮ, SЛ, σТ, PЛ), ɱɬɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɩɚɫɧɨɫɬɶ ɞɥɹ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɡɞɨɪɨɜɶɹ ɧɚɫɟɥɟɧɢɹ. ɉɪɢɫɭɬɫɬɜɢɟ ɜ ɫɨɫɬɚɜɟ ɯɜɨɫɬɨɜ ɩɨɥɟɡɧɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ Ɇɢɡɭɪɫɤɨɣ ɨɛɨɝɚɬɢɬɟɥɶɧɨɣ 

ɮɚɛɪɢɤɢ, ɫɤɥɚɞɢɪɭɟɦɵɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɍɧɚɥɶɫɤɨɝɨ ɯɜɨɫɬɨɯɪɚɧɢɥɢɳɚ ɤɚɤ ɢɫɬɨɱɧɢɤ ɩɨɥɟɡɧɵɯ 

ɢɫɤɨɩɚɟɦɵɯ. 
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Strong-light matter interactions at the nanometer scale are increasingly important for modern 

nanophotonic and emerging optical quantum technologies with ngeenered nanostructures. Strategy 

of interdisciplinary materials research of fundamental problems in nanoscale many-body light-matter 

interactions by the high spectral-resolution inelastic electronic light scattering spectroscopy in an 

extensive range of the chemical types and the carrier density from 1011 to 1018 cm-3 of the doping and 

background impurities in a wide bandgap semiconductors having technological relevance will be 

addressed. The experimental spectra observed together with the lattice excitations of the phonons 

demonstrate significant role of the influence of the electron– δτ(Γ)-phonon interactions together with 

manifestation of the pure electronic excitations between the discrete quantized hydrogen atom-like 

[1s(T2) → βp±]-, and [1s 3/2(Γ8) → βs 3/2(Γ8)] electronic transitions. Characterizations of strain fields 

(attractive for optomechanical systems), compositional fluctuation, defects, chemical type and 

concentrations of impurities, mobility and concentration of free carriers, net acceptors (donor) and 

etc., were performed. New physical phenomena for advancing in an all-optical non-destructive and 

ultra-sensitive characterization techniques of semiconductor materials and nanostructures useful for 

simultaneous determination their crystalline and electron transport properties for optoelectronic 

device structures will be presented. Unique properties of interaction between light and matter can be 

controlled more efficiently by structuring quantum-size  materials at a length scale shorter than the 

wavelength of interest. The crystalline semiconductor nc-Si/SiO2 quantum dots, due to their unique 

physical and chemical properties, i.e., high quantum yield and possible wavelength tuning in a wide 

visible spectral range, are especially attractive for nanophotonic as nanosensors. The color center in 

crystals like nitrogen-vacancy (NV) center in diamond has emerged also as a very versatile solid-

state system for quantum information technology. The main characteristics that make it exclusive are 

its paramagnetic ground state, intense luminescence, extremely long spin coherence times, coupling 

to nearby nuclear spins. In addition to these quantum photonic applications, NV centers in diamond 

have been studied also as biosensors for cellular and neural activities. New physical phenomena for 

advancing in an all-optical non-destructive and ultra-sensitive characterization techniques of 

semiconductor materials and nanostructures useful for simultaneous determination their crystalline 

and electron transport properties for optoelectronic device structures will be presented. The results 

mailto:bairamov@mail.ioffe.ru
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obtained provide key insights for improvements of design, control and optimization of electronic 

states of novel impurity systems and host materials properties for device micro- and nanostructures 

to impactful quantum technologies.   
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ɌȿɊɆɈȾɂɇȺɆɂɑȿɋɄɂɃ ȺɇȺɅɂɁ ɋɂɋɌȿɆɕ As2S3–As2Se3–InSe 

  

Ɇ.Ɇ. ȺɋȺȾɈȼ, ɋ. ɆȺȽȺɆɆȿȾɊȺȽɂɆɈȼȺ, ɂ.ɂ. ȺɅɂȿȼ,  

Ɉ.Ɇ. ȺɅɂȿȼ  
ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɇȺɇȺ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ  

mirasadov@gmail.com 

 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟɫɢɣ ɜ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦɚɯ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɮɚɡ 

ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɪɟɚɤɰɢɹɯ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɭɞɭɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɥɭɱɟɧɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɞɥɹ ɜɫɟɯ 

ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɪɟɚɤɰɢɹɯ ɫɨɟɞɢɧɟɧɢɣ ɫɢɫɬɟɦɵ As2S3–As2Se3–InSe. ȼ ɱɚɫɬɧɨɫɬɢ, ɪɚɫɫɱɢɬɚɧɵ 

ɜɵɯɨɞɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɤɨɧɫɬɚɧɬɵμ ɷɧɬɚɥɶɩɢɹ ∆ܪଶଽ଼଴ , ɷɧɟɪɝɢɹ Ƚɢɛɛɫɚ ∆ܩଶଽ଼଴ , ɷɧɬɪɨɩɢɹ ܵଶଽ଼଴  ɨɛɪɚɡɨɜɚɧɢɹ ɫɨɟɞɢɧɟɧɢɣ. ɍɪɚɜɧɟɧɢɹ  ∆ܩଶଽ଼଴ = ݂ሺܶሻ  ɞɥɹ ɨɛɧɚɪɭɠɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 

ɫɢɫɬɟɦɵ As2S3–As2Se3–InSe ɚɧɚɥɢɡɢɪɨɜɚɧɵ ɫ ɭɱɟɬɨɦ ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ, ɫɨɫɬɚɜɥɟɧɧɵɯ 

ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ܥ� = ݂ሺܶሻ ɢ ɞɚɧɧɵɯ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. Ⱥɧɚɥɢɡɢɪɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɜɡɚɢɦɧɵɯ ɪɟɚɤɰɢɣ ɢ 

ɭɫɬɚɧɨɜɥɟɧɵ ɤɨɧɧɨɞɵ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɟ. 

ȼɵɱɢɫɥɟɧɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɤɨɧɫɬɚɧɬɵ ɫɨɟɞɢɧɟɧɢɣ ɫɢɫɬɟɦɵ As2S3–As2Se3–InSe 

ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ. 

 

ɋɨɟɞɢɧɟɧɢɟ −∆ܪଶଽ଼଴ , 

ɤȾɠ/ɦɨɥɶ 

ଶଽ଼଴ܩ∆− , 
ɤȾɠ/ɦɨɥɶ 

ܵଶଽ଼଴ , 

Ⱦɠ/(ɦɨɥɶ K) 

�ܶ, K 

 

As2S3 

As2Se3 

InSe 

InAs2Se4 

In3As2Se6 

InAs2S3Se 

In3As2S3Se3 

InAs2SSe3 

In6As4S3Se9 

InAs2S2Se2 

158.99 

  86.10 

117.99 

204.90 

440.06 

276.98 

512.96 

228.59 

952.96 

252.78 

157.98 

88.40 

113.20 

201.60 

428.30 

271.96 

499.92 

225.57 

928.21 

248.77 

163.59 

194.55 

83.89 

278.44 

446.22 

247.48 

415.26 

839.37 

861.48 

1051.84 

593 

630 

903 

1048 

1083 

  643 

1018 

1053 

1093 

  615 
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ɌȿɊɆɈȾɂɇȺɆɂɑȿɋɄɂɃ ɊȺɋɑȿɌ ɂ ɈɉɊȿȾȿɅȿɇɂȿ ɂɁɈɌȿɊɆɂɑȿɋɄɈȽɈ 

ɋȿɑȿɇɂə As2S3–As2Se3–InSe 

  

Ɋ.ɋ. ɆȺȽȺɆɆȿȾɊȺȽɂɆɈȼȺ, ɂ.ɂ. ȺɅɂȿȼ, Ɉ.Ɇ. ȺɅɂȿȼ, Ɇ.Ɇ. ȺɋȺȾɈȼ 

ɂɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɇȺɇȺ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ  
mirasadov@gmail.com 

 

ɉɨɢɫɤ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɢɦɢ ɨɩɬɢɱɟɫɤɢɦɢ ɢ ɥɸɦɢɧɟɫɰɟɧɬɧɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ, ɢɦɟɟɬ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɢ ɢɡɭɱɟɧɢɟ ɫɢɫɬɟɦɵ As2S3–As2Se3–InSe ɹɜɥɹɟɬɫɹ 

ɚɤɬɭɚɥɶɧɵɦ.  

Ɉɩɵɬɧɵɦ ɩɭɬɟɦ ɨɛɧɚɪɭɠɟɧɵ ɬɪɨɣɧɵɟ ɫɨɟɞɢɧɟɧɢɹ InAs2SSe3 (Ɇ1), In6As4S3Se9 (Ɇ2), 

InAs2S2Se2 (Ɇ3), ɤɨɬɨɪɵɟ   ɩɥɚɜɹɬɫɹ ɤɨɧɝɪɭɷɧɬɧɨ ɢ ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɜ ɬɪɢɚɧɝɭɥɹɰɢɢ 

ɫɢɫɬɟɦɵ As2S3–As2Se3–InSe.  

ɇɚ ɨɫɧɨɜɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɢ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɩɪɨɜɟɞɟɧɚ ɬɪɢɚɧɝɭɥɹɰɢɹ 

ɫɢɫɬɟɦɵ As2S3–As2Se3–InSe (ɪɢɫɭɧɨɤ).  

 

 

Ɋɢɫɭɧɨɤ. ɂɡɨɬɟɪɦɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ ɫɢɫɬɟɦɵ As2S3–As2Se3–InSe ɩɪɢ 298 Ʉ. 1 – As2S3–As2Se3–
InAs2S3Se; 2 – As2Se3–InAs2S3Se–InAs2S2Se2; 3 – As2Se3–InAs2S2Se2–InAs2SSe3; 4 – As2Se3–InAs2SSe3–
InAs2Se4; 5 – InAs2SSe3–InAs2S2Se2–In3As2S3Se3; 6 – InAs2S2Se2–InAs2S3Se–In3As2S3Se3; 7 – InAs2SSe3–
In3As2S3Se3–InAs2Se4; 8 – InAs2Sɟ4–In3As2S3Se3–In6As4S3Se9; 9 – InAs2Se4–In6As4S3Se9–In3As2Sɟ6; 10 – 

In3As2Sɟ6–InSe–In6As4S3Se9; 11 – In6As4S3Se9–InSe–In3As2S3Se3.  

 

ɋ ɭɱɚɫɬɢɟɦ ɱɟɬɜɟɪɧɵɯ ɮɚɡ InAs2SSe3 (Ɇ1), In6As4S3Se9 (Ɇ2) ɢ InAs2S2Se2 (Ɇ3)   ɜ ɨɛɥɚɫɬɢ 

ɨɛɨɝɚɳɟɧɧɨɣ As2Se3 ɢ InSe ɨɰɟɧɟɧɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɨɛɪɚɡɰɨɜ.  
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RESPONSE OF SILVER CHALCOGALLATES TO X-RAYS 
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2Institute of Physics, ANAS, Baku, Azerbaijan. E-mail: solmust@gmail.com 

3Institute of Physics and Technology of RAS, Moscow, Russia 
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The aim of this study was to obtain optically homogeneous based AgGaS2 single crystals with 

high X-ray sensitivity. Single crystals were grown by the Bridgman-Stockbarger technique and also 

using the method of chemical transport reactions (CTR). Built the dependences of the X-ray 

sensitivity coefficient on the X-ray dose for an AgGaS2 single crystal at T  = 300 K and U = 60 V. It 

can be seen that the X-ray sensitivity of AgGaS2 ЯКrТОН ПroЦ 1.γ × 10–11 Эo 1.4 × 10–10 (A min)/(V 

R). It was found that the X-ray sensitivity coefficient of AgGaS2 increased with increasing radiation 

dose. The value of K increased fairly rapidly at aV  = 25 keV. At higher values of effective hardness 

of X-ray radiation, the ( )EK dependence flattened; the X-ray sensitivity depended only weakly on E  

at aV = 50 keV. Similar patterns were observed in the case of the dose dependence of X-ray 

conductivity coefficient K of AgGaS2. 

Single crystals of AgGaSe2 grown by CTR method in comparison with AgGaS2 and AgGaS2xSe2-

2x had the highest X-ray sensitivity. At an effective radiation hardness of 30 keV and a dose rate of 

E =10 R / min the coefficient of roentgen sensitivity K = 5.4 × 10–13 (A min)/(V R) for AgGaS2 and 

K =  15 × 10–13 (A min)/(V R) for AgGaSe2. The coefficient of X-ray conductivity AgGaSe2 varies 

within 1.2–8.5 min/R an effective radiation hardness of aV = 25–50 keV and a dose rate of E  = 0.75–

31.3 R / min. It was found that the X-ray sensitivity coefficient of AgGaS2xSe2-2x increased with 

increasing radiation dose. The value of K increased fairly rapidly at aV  = 25 keV. 
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Ɉ ɌȿɉɅɈȼɈɆ ɂɁɅɍɑȿɇɂɂ  ɘɉɂɌȿɊȺ  ɂ   ɋȺɌɍɊɇȺ 

 

Ⱥ.Ⱥ. ȺɌȺɂ 1, ɗ.Ɋ. ɘɁȻȺɒȿȼ 2 

1 ɒɚɦɚɯɢɧɫɤɚɹ Ⱥɫɬɪɨɮɢɡɢɱɟɫɤɚɹ Ɉɛɫɟɪɜɚɬɨɪɢɹ ɢɦ. ɇ. Ɍɭɫɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, 
Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 

2 ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ȼɚɤɭ, Ⱥɡɟɪɛɚɣɞɠɚɧ 

atai51@mail.ru 

 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɭɫɩɟɯɢ ɜ ɢɡɭɱɟɧɢɢ ɮɢɡɢɤɢ ɧɢɡɤɨɪɚɡɦɟɪɧɵɯ ɫɬɪɭɤɬɭɪ, ɬɨɩɨɥɨɝɢɱɟɫɤɢɯ 

ɩɟɪɟɯɨɞɨɜ ɦɟɬɚɥɥ-ɞɢɷɥɟɤɬɪɢɤ, ɚ ɬɚɤɠɟ ɫɨɡɞɚɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɢɣ, ɝɞɟ ɜɨɡɦɨɠɧɨ 

ɩɨɥɭɱɟɧɢɟ ɨɝɪɨɦɧɵɯ ɞɚɜɥɟɧɢɣ (700׽ GPa – ɫɬɚɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ) ɢ (ɛɨɥɟɟ 1 ɌPК – 

ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ) ɜɨɡɨɛɧɨɜɢɥɢ ɢɧɬɟɪɟɫ ɤ ɢɡɭɱɟɧɢɸ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, 

ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɧɟɞɪɚɯ ɝɢɝɚɧɬɫɤɢɯ ɩɥɚɧɟɬ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɩɪɢɪɨɞɧɵɦɢ ɥɚɛɨɪɚɬɨɪɢɹɦɢ 

ɞɥɹ ɢɡɭɱɟɧɢɹ ɭɧɢɤɚɥɶɧɵɯ ɹɜɥɟɧɢɣ. Ɍɚɤ, ɜ ɧɟɞɪɚɯ ɩɥɚɧɟɬ-ɝɢɝɚɧɬɨɜ, ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ 

(ɞɚɜɥɟɧɢɟ 8-40 Ɇɛɚɪ, ɬɟɦɩɟɪɚɬɭɪɚ з10000 Ʉ) ɜɟɳɟɫɬɜɨ (ɜ ɨɫɧɨɜɧɨɦ ɜɨɞɨɪɨɞ) ɧɚɯɨɞɢɬɫɹ ɜ 

ɠɢɞɤɨɦ ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɥɭɛɢɧɵ ɡɚɥɟɝɚɧɢɹ (ɨɬ ɜɟɪɯɧɢɯ ɫɥɨɟɜ 

ɚɬɦɨɫɮɟɪɵ ɞɨ ɫɤɚɥɢɫɬɵɯ ɩɨɪɨɞ ɹɞɪɚ), ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɹɜɥɹɟɬ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ 

(ɦɨɥɟɤɭɥɹɪɧɵɣ ɜɨɞɨɪɨɞ, ɜ ɜɢɞɟ ɝɚɡɚ, ɠɢɞɤɨɫɬɢ ɢ ɬɜɟɪɞɨɝɨ ɫɨɫɬɨɹɧɢɹ), ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ 

(ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ «ɫɟɪɵɣ» ɜɨɞɨɪɨɞ ɜ ɠɢɞɤɨɦ ɚɬɨɦɚɪɧɨɦ ɫɨɫɬɨɹɧɢɢ) ɢ ɦɟɬɚɥɥɢɱɟɫɤɢɟ 

(ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɠɢɞɤɢɣ ɜɨɞɨɪɨɞ ɜ ɠɢɞɤɨɦ ɚɬɨɦɚɪɧɨɦ ɫɨɫɬɨɹɧɢɢ) ɫɜɨɣɫɬɜɚ, ɚ ɬɚɤɠɟ, 

ɜɨɡɦɨɠɧɨ, ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɟ ɫɜɨɣɫɬɜɚ.  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɥɚɧɟɬɵ-ɝɢɝɚɧɬɵ ɢɡɥɭɱɚɸɬ ɛɨɥɶɲɟ ɬɟɩɥɚ, ɱɟɦ ɩɨɥɭɱɚɸɬ ɨɬ ɋɨɥɧɰɚ. ȼ 

ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɩɪɟɞɥɨɠɟɧɵ ɪɹɞ ɦɟɯɚɧɢɡɦɨɜ ɞɥɹ ɨɛɴɹɫɧɟɧɢɹ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɢɫɬɨɱɧɢɤɚ 

ɷɬɨɣ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɢɫɯɨɞɹ ɢɡ ɧɟɤɨɬɨɪɵɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɚɫɱёɬɨɜ, 

ɩɪɟɞɥɚɝɚɟɬɫɹ ɞɪɭɝɨɣ ɜɨɡɦɨɠɧɵɣ ɦɟɯɚɧɢɡɦ ɨɛɪɚɡɨɜɚɧɢɹ ɬɟɩɥɚ ɜ ɧɟɞɪɚɯ ɘɩɢɬɟɪɚ ɢ ɋɚɬɭɪɧɚ, ɚ 

ɢɦɟɧɧɨ ɦɟɯɚɧɢɡɦ ɤɨɧɜɟɪɫɢɢ ɷɧɟɪɝɢɢ ɩɪɢ ɩɪɟɜɪɚɳɟɧɢɢ ɨɪɬɨɜɨɞɨɪɨɞɚ ɜ ɩɚɪɚ-ɜɨɞɨɪɨɞ.  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɟɜɪɚɳɟɧɢɟ ɨ-ɇ2 ɜ ɪ-ɇ2 ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɚ (з1400Ⱦɠ/ɦɨɥ), 

ɧɨ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɛɟɡ ɭɱɚɫɬɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ.  ȼ ɠɢɞɤɨɣ ɮɚɡɟ ɨɪɬɨ-ɩɚɪɚ ɤɨɧɜɟɪɫɢɹ ɇ2 ɦɨɠɟɬ 

ɩɪɨɢɫɯɨɞɢɬɶ ɫ ɡɚɦɟɬɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɧɚɥɢɱɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 

ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɨɬɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɛɵɥɨ ɨɠɢɞɚɬɶ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɚɦɨɩɪɨɢɡ-

ɜɨɥɶɧɨɝɨ ɭɫɬɚɧɨɜɥɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɢɡɦɟɧɟɧɢɟ 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɬɟɩɥɨɜɵɯ ɫɜɨɣɫɬɜ ɇ2 ɫɨ ɜɪɟɦɟɧɟɦ ɢ ɛɟɡɭɫɥɨɜɧɨ ɷɬɨ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ 

ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɫɭɳɧɨɫɬɢ ɦɟɯɚɧɢɡɦɚ ɜɵɞɟɥɟɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɜ ɩɥɚɧɟɬɚɯ-ɝɢɝɚɧɬɚɯ. 

Ɍɚɤɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɱɭɜɫɬɜɢɬɟɥɶɧɚ ɟɳё ɤ ɨɛɢɥɢɸ ɜɨɞɨɪɨɞɚ, ɨɬɧɨɲɟɧɢɸ ɨɪɬɨ- / ɩɚɪɚ-ɜɨɞɨɪɨɞɚ, 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɟ, ɚ ɬɚɤɠɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨɮɢɥɹ ɬɟɦɩɟɪɚɬɭɪ, ɞɚɜɥɟɧɢɣ ɜ ɚɬɦɨɫɮɟɪɚɯ 

ɩɥɚɧɟɬ. 
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ȼ ɩɨɥɹɪɧɵɯ ɠɢɞɤɨɫɬɹɯ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɪɟɥɚɤɫɚɰɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɦɢɤɪɨɜɨɥɧɨɜɨɦ 

ɞɢɚɩɚɡɨɧɟ, ɤɨɬɨɪɚɹ ɨɯɜɚɬɵɜɚɟɬ ɫɩɟɤɬɪ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ ɞɥɢɧɨɣ ɨɬ γ0 ɫɦ ɞɨ 1 ɦɦ 

Д1Ж. ɂɡɭɱɟɧɢɟ ɞɚɧɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ 

ɫɜɨɣɫɬɜ. ɂɧɬɟɪɟɫ ɤ ɢɫɫɥɟɞɭɟɦɵɦ ɠɢɞɤɨɫɬɹɦ ɨɛɴɹɫɧɹɟɬɫɹ ɢɯ ɫɪɚɜɧɢɬɟɥɶɧɨ ɩɪɨɫɬɵɦ 

ɫɬɪɨɟɧɢɟɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɭɳɟɫɬɜɭɸɳɢɟ ɬɟɨɪɢɢ ɞɥɹ ɚɧɚɥɢɡɚ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɯɥɨɪɛɟɧɡɨɥɟ, ɣɨɞɛɟɧɡɨɥɟ ɢ ɛɪɨɦɛɟɧɡɨɥɟ 

ɫɭɳɟɫɬɜɭɟɬ ɧɟɛɨɥɶɲɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɪɟɦɟɧ ɪɟɥɚɤɫɚɰɢɢ, ɤɨɬɨɪɨɟ  ɭɦɟɧɶɲɚɟɬɫɹ ɫ 

ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ДβЖ. Ɍɚɤɠɟ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɹ ɷɬɢɯ ɠɟ ɫɨɟɞɢɧɟɧɢɣ ɧɚɥɢɱɢɟ 

ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɜɪɟɦɟɧɢ ɪɟɥɚɤɫɚɰɢɢ. ɉɪɢ ɷɬɨɦ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɣ ɩɪɟɞɟɥ  İ∞ ɞɢɚɝɪɚɦɦɵ Ʉɨɭɥ 

– Ʉɨɭɥɚ ɨɤɚɡɵɜɚɟɬɫɹ  ɛɨɥɶɲɟ, ɱɟɦ ɤɜɚɞɪɚɬ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ n2, ɢɡɦɟɪɟɧɧɨɝɨ ɜ 

ɢɧɮɪɚɤɪɚɫɧɨɦ ɞɢɚɩɚɡɨɧɟ. ɗɬɨɬ ɮɚɤɬ ɫɜɹɡɚɧ ɫ ɜɟɪɨɹɬɧɵɦ ɫɭɳɟɫɬɜɨɜɚɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 

ɨɛɥɚɫɬɢ ɩɨɝɥɨɳɟɧɢɹ ɪɟɡɨɧɚɧɫɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɜ ɫɭɛɦɢɥɥɢɦɟɬɪɨɜɨɦ ɞɢɚɩɚɡɨɧɟ, ɱɬɨ 

ɩɪɨɹɜɥɹɟɬɫɹ ɭɠɟ ɩɪɢ ɞɥɢɧɚɯ ɜɨɥɧ ɨɬ 7 ɞɨ γ ɦɦ.   

ɂɡɦɟɪɟɧɵ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɪɨɧɢɰɚɟɦɨɫɬɢ İ' ɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɨɬɟɪɢ  İ" ɞɜɨɣɧɵɯ 

ɫɢɫɬɟɦ  ɯɥɨɪɛɟɧɡɨɥ – ɛɟɧɡɨɥ (ɋ6ɇ5Cl – ɋ6ɇ6), ɯɥɨɪɛɟɧɡɨɥ – ɧ – ɝɟɤɫɚɧ (ɋ6ɇ5Cl – ɧ – ɋ6ɇ14), 

ɛɪɨɦɛɟɧɡɨɥ – ɛɟɧɡɨɥ (ɋ6ɇ5Br – ɋ6ɇ6),  ɛɪɨɦɛɟɧɡɨɥ – ɧ – ɝɟɤɫɚɧ (ɋ6ɇ5Br– ɧ – ɋ6ɇ14), ɣɨɞɛɟɧɡɨɥ 

– ɛɟɧɡɨɥ (ɋ6ɇ5J – ɋ6ɇ6),  ɣɨɞɛɟɧɡɨɥ – ɧ – ɝɟɤɫɚɧ (ɋ6ɇ5J – ɧ – C6H14) ɩɪɢ ɞɥɢɧɚɯ ɜɨɥɧ Ȝ = γ,β6 

ɫɦ (β0°ɋ) ɢ Ȝ = 1β,80 ɫɦ (β0°÷ –100° ɋ) ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɩɨɥɹɪɧɵɯ ɦɨɥɟɤɭɥ. Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥɚ ɢɡɦɟɪɟɧɚ ɪɚɜɧɨɜɟɫɧɚɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ 

İ0 ɬɟɯ ɠɟ ɫɢɫɬɟɦ ɧɚ ɱɚɫɬɨɬɟ 1 Ɇɝɰ ɩɪɢ β0°ɋ. Ⱦɚɧɧɵɟ ɩɪɢ Ȝ=1β,80 ɫɦ ɩɨɥɭɱɟɧɵ ɩɨ ɦɟɬɨɞɭ, 

ɨɩɢɫɚɧɧɨɦɭ ɜ ДγЖ, ɩɪɢ Ȝ = γ,β6 ɫɦ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ Д4Ж. 
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Layered compounds of GaSe and InSe are some of the well-researched and promising materials 

for optoelectronics. The crystalline structures of these phases were deciphered in the fifties of the last 

century. However, this cannot be said of the crystal structure of Ga0.5In0.5Se and possible solid 

solutions based on the above-noted binary compounds. Those who have several articles are very 

scanty, and in some cases contradict each other. There is a need for a more detailed study of the 

regions of solid solutions. As is known, the crystal structures of GaSe and InSe contain intermetallic 

Ga-Ga and In-In "dumbbells", respectively. One of the tasks is to refine the nature of the interactions 

between Ga and In atoms in GaxIn1-xSe solid solutions. Are Ga-In "dumbbells" formed? We obtained 

compounds GaxIn1-xSО, аСОrО б ЯКrТОs Тn ЭСО ТnЭОrЯКХ 0≤б≤1, Тn ТnМrОЦОnЭs oП 0,1. TСО ПТРЮrО sСows 

the diffraction patterns of all the ingots produced. 

 

Fig.1.   The diffraction peak (004), obtained from ingots of GaɯIn1-xSe. 

 

As can be seen, the diffraction pattern obtained is rather complicated and contains some 

unexpected moments. For example, in the graph of the ingot, characterized by the composition 

Ga0.7In0.3Se, a third peak appears clearly and etc. The report will discuss issues arising from the 

obtained X-ray and Raman experiments. 
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Cu1.80-xГЧTО MONOKRİSTALLARININ ALINMASI VƏ RENTGENOQRAFİK TƏDQİQİ 
(x=0.025, 0.050, 0.075, 0.10 at.% ) 

 

H.B. QASIMOV, R.M. RZAYEV  

AгərЛКвМКЧ DöЯХəЭ İqЭТsКН UЧТЯОrsТЭОЭТ, BКФı, AгərЛКвМКЧ 

 

TəqНТЦ oХЮnКn ТşНə CЮ1.80-xZnTe sisteminin (x=0.025, 0.050, 0.075, 0.10 at.%) 

ЦonoФrТsЭКХХКrının КХınЦКsınК, CЮ1.80Te kristal qЮrЮХЮşНК əЯəгОНən ТгoЯКХОnЭ ЦОЭКХ КЭoЦХКrının (Гn2+)  

ФonsОnЭrКsТвКsının КrЭıЦının (вənТ, б-Тn qТвЦəЭТnТn КrЭıЦının) ФrТsЭКХ qəПəs pКrКЦОЭrХərТnə Яə ПКгК 

ФОхТН ЭОЦpОrКЭЮrЮnК ЭəsТrТnə ЛКбıХЦışНır. CЮ2TО ЛТrХəşЦəsТ oЭКq ЭОЦpОrКЭЮrЮnНК К0 =4.β46 й, 

c=7.289 й, F.qr.D6h
1-P66/ЦЦЦ, Г=β pКrКЦОЭrХТ СОФsКqonКХ qЮrЮХЮşНК ФrТsЭКХХКşır. CЮ2TО ЛТrХəşЦəsТ 

8β0 K ЭОЦpОrКЭЮrНКn вüФsəФ ЭОЦpОrКЭЮrНК ЦОЭКsЭКЛТХНТr Яə ПКгК ФОхТНТnə ЦərЮг qКХır. CЮ1.95Te-ZnTe 

sТsЭОЦТnТn СКХ НТКqrКЦı əsКsən 1γ11 K ЭОЦpОrКЭЮrНК ГnTО ЛТrХəşЦəsТnТn Cu1.95Te-НК СəХХoХЦК ПКТгТ 

51 mol.%, Cu1.95Te-Юn Тsə ГnTО ЛТrХəşЦəsТnНə СəХoХЦК ПКТгТ γ ЦoХ.% ЭəşФТХ ОНТr. BЮ Тsə CЮ2Te 

ЛТrХəşЦəsТ əsКsınНК CЮ2-xГnTО ЛərФ ЦəСХЮХХКrının вКrКnЦКsınК Яə ТoЯКХОnЭ ЦОЭКХ КЭoЦХКrnın РОnТş 

НТКpКгonНК qКrşıХıqХı əЯəг oХЮnЦКsınК Тmkan verir. Cu1.80-xГnTО ЦonoФrТsЭКХХКrının (б=0.0β5, 0.050 

,0.075, 0.10 КЭ.%) КХınЦКsı Яə ЭəНqТqТ ЦəqsəНТ ТХə вüФsəФ ЭəЦТгХТвə ЦКХТФ CЮ, Гn, TО ФТЦвəЯТ 

ОХОЦОnЭХərТ sЭОбТoЦОЭrТФ nТsЛəЭНə хəФТХərəФ ФЯКrs КЦpЮХКвК НoХНЮrЮХЦЮş Яə 10-2 Pa vakuum 

вКrКНıХКrКq sТnЭОг ОНТХЦТşНТr. SТnЭОг ОНТХЦТş nüЦЮnəХərТn ЦonoФrТsЭКХХКrı BrТНМЦКn üsЮХЮ ТХə 

КХınЦışНır. AХınЦış CЮ1.80-x ГnTО ЦonoФrТsЭКХ nüЦЮnəХərТn ЛТrПКгКХıХıРının öвrənТХЦəsТ ЦəqsəНТХə 

nüЦЮnəХər Эoг СКХınК sКХınЦış Яə rОnЭРОnПКгК КnКХТгТ КpКrıХЦışНır. σəЭТМəНə Цüəввən ОНТХЦТşНТr ФТ, 

КХınЦış nüЦЮnəХər ЛТrМТnsХТНТr Яə oЭКq ЭОЦpОrКЭЮrЮnНК К=8.γ7й, М=β1.60й pКrКЦОЭrХТ СОФsКqonКХ 

qЮrЮХЮşНК ФrТsЭКХХКşır (К=βК0 , c= 3a0 ). εüşКСТНə oХЮnКn НТПrКФsТвК бəЭХərТnТn СКЦısı Цüəввən ОНТХЦТş 

pКrКЦОЭrХər əsКsınНК ЛТrqТвЦəЭХТ oХКrКq ТnНОФsХənТr. Б-Тn qТвЦəЭТnТn КrЭЦКsı ТХə НТПrКФsТвК бəЭХərТnТn 

Яə ФrТsЭКХ qəПəsНəФТ ЦoХОФЮХХКrın sКвınНК НəвТşТФХТФ ЦüşКСТНə oХЮnЦЮr, ХКФТn НТПrКФsТвК бəЭХərТnТn 

ЛəгТХərТnТn ТnЭОnsТЯХТФХərТnНə НəвТşТФХТФ ЦüşКСТНə oХЮnЮr. BЮ Тsə CЮ1.80TО ФrТsЭКХ qЮrЮХЮşНК Тzovalent 

əЯəгoХЮnЦК гКЦКnı ЛərФ ЦəСХЮХЮn вКrКnЦКsını РösЭərТr. εüəввən ОНТХЦТşНТr ФТ, Б-Тn qТвЦəЭТnТn 

КrЭЦКsı ТХə ФrТsЭКХ qəПəs pКrКЦОЭrХərТ КrЭır. KrТsЭКХ qəПəs pКrКЦОЭrХərТnТn ЛЮ КrЭıЦını, CЮ1.80Te kristal 

qЮrЮХЮşНК əЯəг ОНən Гn2+ (0.8γй) Яə əЯəг oХЮnКn izovalent Cu2+ (0.80й) ЦОЭКХ ТonХКrının Тon 

rКНТЮsХКrının ПərqХТ oХЦКsı ТХə əХКqəХənНТrТХТr. QКrşıХıqХı əЯəгoХЮnЦК гКЦКnı Тon rКНТЮsХКrının ПərqТ 

γ.75 % ЭəşФТХ ОНТr ФТ, ЛЮ НК V.ε.QoХНşЦТН ТгoЦorПТгЦ şərЭТ СəННТnНəНТr -15%. KrТsЭКХ qəПəs 

pКrКЦОЭrХərТnТn Б-dən КsıХıХıРı бəЭЭТ бКrКФЭОrХТНТr. CЮ1.80TО ФrТsЭКХı üхün Цüəввən ОНТХЦТş 

СОФsКqonКХ↔ФЮЛ ПКгК ФОхТН ЭОЦpОrКЭЮrЮ 77γ K ДβЖ, CЮ1.80TО ФrТsЭКХ qЮrЮХЮşНК əЯəгОНən ЦОЭКХ 

КЭoЦХКrının ФonsОnЭrКsТвКsı КrЭНıqМК ПКгК ФОхТН ЭОЦpОrКЭЮrЮ КrЭır Яə ЛЮ ФОхТН ЦonoФrТsЭКХ-

monokristal tip xarakterlidir. Cu1.80-xГnTО ФrТsЭКХХКrının вüФsəФ ЭОЦpОrКЭЮr ФЮЛ ФrТsЭКХ qəПəs 

pКrКЦОЭrХərТ Б-Тn qТвЦəЭТnТn КrЭЦКsı ТХə КrЭır Яə ЛЮ КrЭıЦ бəЭЭТ бКrКФЭОrХТНТr.  
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ɌȿɉɅɈɉɊɈȼɈȾɇɈɋɌɖ ɇȺɇɈɋɌɊɍɄɌɍɊɂɊɈȼȺɇɇɕɏ ɗɄɋɌɊɍȾɂɊɈȼȺɇɇɕɏ  

ɈȻɊȺɁɐɈȼ ɌȼȿɊȾɈȽɈ ɊȺɋɌȼɈɊȺ Bi0,5Sb1,5Te3 

 

Ȼ.ɒ. ȻȺɊɏȺɅɈȼ 1, Ɇ.Ɇ. ɌȺȽɂȿȼ 1,2, Ƚ.Ɂ. ȻȺȽɂȿȼȺ 1,  
Ɋ.ɘ. ȺɅɂȿȼ 1, Ʉ.ɂ. ɆȺȽȿɊɊȺɆɈȼȺ 1 

1ɂɧɫɬɢɬɭɬ Ɏɢɡɢɤɢ ɢɦ. Ƚ.Ɇ. Ⱥɛɞɭɥɥɚɟɜɚ ɇȺɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ, Ȼɚɤɭ 
2Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɍɧɢɜɟɪɫɢɬɟɬ, Ȼɚɤɭ 
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ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɜɥɢɹɧɢɹ ɪɚɡɦɟɪɨɜ ɡɟɪɟɧ ɧɚ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɷɤɫɬɪɭɞɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ 

Bi0,5Sb1,5Te3. Ɉɛɪɚɡɰɵ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɩɨɪɨɲɤɨɜ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɪɚɡɦɟɪɚɦɢ 

ɡɟɪɟɧ 1β, 1λ, 40 ɢ 50 ɧɦ, ɩɨɥɭɱɟɧɧɵɯ ɢɡɦɟɥɶɱɟɧɢɟɦ ɜ ɩɥɚɧɟɬɚɪɧɨɣ ɲɚɪɨɜɨɣ ɦɟɥɶɧɢɰɟ ɦɚɪɤɢ 

ȺȽɈ-βɍ.  

ȼɵɹɜɥɟɧɨ, ɱɬɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɦɟɪɨɜ ɡɟɪɟɧ 

ɢɫɯɨɞɧɨɝɨ ɩɨɪɨɲɤɚ, ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɛɪɚɡɰɨɜ - ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɡɦɟɪɨɜ ɡɟɪɧɚ 

ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ    ɭɦɟɧɶɲɚɸɬɫɹ.  

Ⱦɥɹ ɜɵɹɫɧɟɧɢɹ ɜɥɢɹɧɢɹ ɧɚ ɦɟɯɚɧɢɡɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɪɚɡɦɟɪɚ 

ɡɟɪɟɧ ɧɚɦɢ ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɪɟɲɟɬɨɱɧɵɟ p  ɢ ɷɥɟɤɬɪɨɧɧɵɟ e  ɫɨɫɬɚɜɥɹɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɨɰɟɧɟɧɵ ɢɯ ɜɤɥɚɞɵ ɜ ɨɛɳɭɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɣ 

ɩɨɤɚɡɚɥɢ, ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 90-γ00 Ʉ ɞɨɥɹ 

ɷɥɟɤɬɪɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ e  ɧɟ ɩɪɟɜɵɲɚɟɬ 1 % ɨɬ ɨɛɳɟɣ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɜ ɩɨɥɶɡɭ ɬɨɝɨ, ɱɬɨ  ɫɧɢɠɟɧɢɟ ɨɛɳɟɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɡɦɟɪɨɜ ɡɟɪɟɧ ɫɜɹɡɚɧɨ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɪɟɲɟɬɨɱɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɉɪɢ 

ɷɬɨɦ, ɱɟɦ ɦɟɧɶɲɟ ɪɚɡɦɟɪɵ ɤɪɢɫɬɚɥɥɢɬɨɜ (ɡɟɪɟɧ), ɬɟɦ ɛɨɥɶɲɟ ɜɟɪɨɹɬɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɮɨɧɨɧɨɜ 

ɧɚ ɞɟɮɟɤɬɚɯ ɢ ɧɚ ɝɪɚɧɢɰɚɯ, ɢ ɬɟɦ ɦɟɧɶɲɟ ɡɧɚɱɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. 
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PULSE SHAPE DISCRIMINATION OF GAMMA-RAYS AND FAST NEUTRONS WITH 

SILICON PHOTOMULTIPLIERS 
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Silicon photomultipliers (SiPM) have received a great deal of interest recently for use in a wide 

variety of fields. The fast neutron detection ability of SiPMs when coupled to related scintillators is 

a characteristic of utmost importance for nuclear-related applications. This work presents the fast 

neutron detection performance of two different silicon photomultipliers from two manufacturers. Fist 

SiMP (MAPD-3NK) from Zecotek Photonics consists of deeply burned cells and have an active area 

of 3.7x3.7 mm2. The second one (MPPC-S12572-010P) from Hamamatsu, however, has surface cell 

structure and an active area of 3x3 mm2. Both SiMPs have the same pixel density of 10000 mm-2. 

Both SIPMs coupled to Stilbene (5*5*5 mm3) and p-terphenyl (5*5*5 mm3) plastic scintillators were 

tested using a PuBe neutron and a Ti-44 gamma source. Different digital n/g discrimination 

techniques were performed for the detectors and obtained results were compared. Results are also 

presented on Neutron/Gamma discrimination performance as a function of overvoltage for silicon 

photomultipliers, and the time response to scintillators is characterized for both SIPMs. Finally, the 

results indicate good fast neutron detection performance of the SiPMs and give a possibility to use 

these types of neutron detectors in fast neutron detection applications. 
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