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INFLUENCE OF Ga PARTIAL SUBSTITUTION IN TlIGaS; FOR Mn ON DIELECTRIC
PROPERTIES

S.N. MUSTAFAEVA, Sh.D. ALIZADE
Institute of Physics, Azerbaijan National Academy of Sciences
Baku AZ-1143, H.Javid av., 33

Frequency dependence of the dissipation factor tand, the permittivity ¢, and the ac conductivity o, across the layers in the frequency
range f = 5.10* + 3,5-107 Hz was studied in layered TIGa;.\Mn,S, single crystals (x = 0,01; 0,03). In the alternate electric fields, the ac
conductivity obeyed the 8 law at f = 5.10* + 3,5.10 Hz. It was established that the mechanism of the ac charge transport across the layers in
TIGa,,Mn,S, single crystals is hopping over localized states near the Fermi level. Estimations yielded the following values of the
parameters: the density of states at the Fermi level N; = 9,9-10" eV .cm™ for TIGaggsMng;S; and 8,1:10™ eVt.cm™ for TIGag o7Mng 65Ss;

the average time of charge carrier hopping between localized states z = 5,7-10°s; average hopping distance R = 77A for both crystals.

Introduction

TIGaS, single crystals are representatives of layered
wide-band semiconductors with high electric resistivity (p =~
10"°Ohm-cm at 300K) [1]. In [1] it is established by
experiments that at T < 200K in TIGaS; single crystals along
C-axis in dc electric field hopping conductivity with
alternating length of jump in localized states near the Fermi
level is taken place. In ac electric fields frequency dispersion
of dielectric coefficients of TIGaS, single crystals was
observed [2]. In [3] the influence of y-radiation on dielectric
permittivity and electric conductivity of TIGaS, crystals was
investigated at 10? + 10° Hz. The influence of intercalation of
TIGaS; with lithium ions on dielectric properties of obtained
crystals was studied in [4].

The aim of the present paper is to study the influence of
Ga partial substitution in TIGaS, for Mn on dielectric
properties of obtained crystals in alternate electric fields.

Sample preparation and experimental technique

Synthesis of TIGa;Mn,S, (x = 0,01; 0,03) produced in
quartz ampoules, evacuated to the pressure 10 Pa. Synthesis
of samples has been carried out at interaction of initial
elements (TI, Ga, Mn, S) of high purity degree. Technology
of growth of these single crystals has been worked out.
Synthesized samples and their single crystals were exposed to
roentgenphase analysis, which was carried out at
diffractometer DRON-3M in Cug, emission (Ni filter, 4, =
1,5418A). Diffractogramms were recorded continuously,
diffraction angles were determined by method of
measurement according peak of intensity. Errors of reflection
angles determination did not exceed 0,02°. X-ray analysis
showed that TIGa;.4Mn,S, single crystals are crystallized in
tetragonal structure with elementary cell parameters a =
7,2692A; ¢ = 29,8981A:; p, = 5,684g/cm® for x = 0,01 and a
=7,2658A; ¢ = 29,9392A; p, = 5,676g/cm? for x = 0,03.

Samples from TIGa;Mn,S, for measurements are
obtained by spalling along C-axis of the natural spall from
massive crystal and have a thickness (2.0+ 2.5)-102 cm.
TIGa; xMn,S, samples formed flat capacitors whose plane
was perpendicular to the crystalline C-axis. The capacitor
plate area was 6-10 + 8:10” cm® Ohmic contacts of samples
are made by Ag paste.

Measurements of the dielectric coefficients of TIGa.
xMn,S, single crystals were performed at fixed frequencies in
the range 5:10* + 3.5:10" Hz by the resonant method using a

TESLA BM 560 Q-meter. For electrical measurements, the
samples were placed in a specially constructed screened cell.
An ac electric field was applied across the natural layers of
TIGa; «Mn,S; single crystals. The amplitude of the applied
fields corresponded to the Ohmic region of the current-
voltage characteristics of TIGa;,Mn,S, samples. All
measurements were performed at T = 300K. The accuracy in
determining the resonance capacitance and the quality factor
Q = 1 Aanéd of the measuring circuit was limited by errors
related to the resolution of the device readings. The accuracy
of the capacitor graduation was +0.1pF. The reproducibility
of the resonance position was = 0.2pF in capacitance and +
(1.0 — 1.5) scale divisions in quality factor.

We measured the electric capacitance of TlGa;Mn,S,
samples in the frequency range 5-10* — 3,5-10"Hz. Using the
measured capacities of samples, we calculated the
permittivity ¢ at different frequencies.

Results and discussion

Fig.1 shows the experimental frequency dependences of
the dielectric permittivity for TIGa;,Mn,S, (x = 0; 0,01;
0,03). It is seen from Fig.1 that for TIGaS, single crystal
(curve 1) significant variation of ¢ was not observed at
studied interval of frequencies (¢ = 26 + 30). At Ga partial
substitution in TIGaS, for Mn ¢ of obtained samples
decreased with the rise of frequency from 5:10*to 3,5:10'Hz.
For example, ¢ of TIGa;.,Mn,S, single crystal decreased by 5
times for x = 0,01 and 2.5 times for x = 0,03.
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Fig.1. Frequency dispersion of the permittivity of TIGaS, (1);
TIGag 99Mng 01S, (2) and T1Gag 67Mng 035, (3) at T=300K.
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Observed in experiments monotonic decrease of ¢ with
rise of frequency (Fig.1, curves 2 and 3) is evidence of
relaxation dispersion.

Experimental frequency dependences of the dissipation
factor tand for TIGa;Mn,S, (x = 0,01; 0,03) were
characterized with presence of maximums (Table)

Table
tano values vs frequency for TIGa;.,Mn,S, single crystals
f, Hz tand -10*
x=0,01 x =0,03

5.10* 1052 2449

10° 1660 2750

2.10° 1602 3024

4.10° 1478 2130

8.10° 1427 3550
1,6-10° 1791 3058
3,2:10° 1252 1586
6-10° 1299 1695
1,210 1150 1519
1,810 1618 2180
2,410 1877 1938
3,0-10 1937 2335
3,5-107 1917 1438

The maximums on tand(f) — dependences also confirm
the fact of presence of relaxation losses.

Fig.2 shows the dependences of dielectric permittivity of
TIGa; «xMn,S, single crystals on their composition at various
frequencies of alternate electric field: 5-10* 10°% 3,2:10° and
3,0.10" Hz (curves 1-4). It is seen from Fig.2 that
introduction of Mn to TIGaS, crystals leads to significant
decrease of their dielectric permittivity at all pointed
frequencies.
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Fig.2. Dependence of the permittivity on composition of
TIGa;4Mn,S, single crystals at various frequencies of
alternate electric field f, Hz; 1 - 5:10% 2 — 10%;
3-3,2:10% 4-3.10".

Frequency dependence of ¢"” = etand for TIGa;,Mn,S,
crystals is given in Fig.3. As it is seen from Fig.3 Ga partial
substitution in TIGaS, crystals for Mn leads to modification
of dispersion curves ¢"(f). In TIGaS, the ¢"(f) curve has two
branches: a weakly descending one at f = 5:10* - 10°Hz and a
rising one at f >10°Hz. In TIGa;.,Mn,S, frequency
dependences of ¢” differ from ¢"(f) curve in TIGaS;; they

were characterized by significant descending up to 10°Hz,
after that ¢” values are practically independent on frequency.
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Fig.3. Frequency dependence of ¢” for TIGaS, (1);
TIGag 99Mng 1S, (2) and T1Gag 67MNg 0355 (3).

Fig.4 shows the experimentally measured frequency
dependence of the ac conductivity of TlGa;Mn,S, single
crystals at T = 300K. The ac conductivity o, of TIGaS, varies
as 1% in the frequency range 5-10* — 10°Hz (curve 1). At high
frequencies (f = 10° = 3-10"Hz) o, of TIGaS; obeyed the f* —
law. As it was shown in [5] the conductivity proportional to
is related to optical transitions in semiconductors and is
dominant at high frequencies.
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Fig.4. Frequency - dependent ac conductivities of
TIGa;.«Mn,S, single crystals at room temperature: curve
1-x=0;2-%x=0,01;3-x=0,03.

Dispersion curves oq(f) of TIGa; «Mn,S, samples (Fig.4,
curves 2 and 3) were characterized by °® — law at all
investigated frequencies. The g, ~ ® dependence indicates
that the mechanism of charge transport in TIGa;4Mn,S,
single crystals in the frequency range 5-10* — 3,5:-10'Hz is
hopping over localized states near the Fermi level. This
charge transport mechanism is characterized by the following
expression obtained in [6]:

3

4
aac(f):%-eszNéasf[an—fph} N

where e is the elementary charge, k is the Boltzmann
constant, Ng is the density of localized states near the Fermi
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level, a = 1/a is the localization length, o is the decay
parameter of the wave function of a localized charge carrier,
w ~ e, and vy, is the phonon frequency.

Using expression (1), we can calculate the density of
states at the Fermi level from the measured values of the
conductivity o,(f). Calculated values of Ng for TIGa; ,Mn,S,
(x = 0; 0,01; 0,03) single crystals were equal to 2,1-10';
9,9-10" and 8,1:10* eV.cm™, correspondingly (localization
radius chosen as 14A, in analogy with the GaS single crystal
[7], which is a double analog of TIGaS,).

The theory of ac hopping conductivity provides an
opportunity to determine the average time z of charge carrier
hopping from one localized state to another using the formula
[5]:

-1

=v,, exp(- 2Ra), @)
where R is the average hopping distance,

Re 2 pn Yo 3)
2a0  f
Calculated values of z and R for both TIGa; ,Mn,S; (x =
0,01; 0,03) single crystals were equal to 5,7-107ps and 77A,
correspondingly. For TIGaS,R = 103A [2].
Knowing N and R from [5]:

4r _4 AE
—R°N.-—=1 4
3 Fy (4)

we estimate scattering of trap states near the Fermi level: 4E

= 011ev for TIGayeMnypS; and 0,13eV  for
TIGag ¢7Mng 03S; single crystals.
By formula:
N, = N -AE 5)

we can determine the concentration of deep traps in TIGa;.
Mn,S,: Ny =10cm™ for both compositions x = 0,01 and
0,03.

Conclusions

Thus, the results of high-frequency dielectric
measurements on TIGa;,Mn,S, single crystals provided an
opportunity to determine the mechanisms of dielectric losses
and charge transport, and also to evaluate the density of states
at the Fermi level; the average time of charge carrier hopping
between localized states, average hopping distance, scattering
of trap states near the Fermi level; concentration of deep
traps.
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S.N. Mustafayeva, S.D. 9lizads
TIGaS,-DO Ga-UN QiSMON Mn-LA 9VOZ EDILMOSININ DIELEKTRIK XASSOLORINO TOSiRi

TIGaixMnxS2 (0 < x < 0,03) monokristallarinda = 5104 + 3,5 107Hs tezlik intervalinda dielektrik niifuzlugunun haqiqi (&) vo
xoyali (&¢”) toplananlar1 vo laylara perpendikulyar istiqgamotdo (o) kegiricilik Oyronilmigdir. TlGaixMnxS2 monokristalinda
relaksasiya dispersiyasinin moévcudlugu miioyyon edilmisdir. TIGaS> monokristalinda Ga ionlarinin qismen Mn ionlar: ilo avaz
edilmosi onun dielektrik niifuzlugunun azalmasina va dispersiya oyrilorinin &£”(f) modifikasiya olunmasina sobab olur. TIGa1.xMnxS2
monokristali {igiin dlgiilon tezlik intervalinda ac- kegiriciliyi ouc~ f08 qanunauygunluga tabe olur ki, bu da Fermi soviyyasinoe yaxin
hallarda lokallagmis yiikdastyicilarin sigrayisla harokst etmasinin xarakterik xiisusiyyatidir. Fermi soviyyasi otrafinda yerlason hallarin
sixlig1 (Nr), enerjisi (4E), sigrayislar arast moasafo vo orta sigrayis vaxti toyin edilmisdir.

C.H. Mycradaesa, III.I. Anuzane

BJIMSIHUE YACTUYHOTI' O 3BAMELIEHUS Ga HA Mn B TIGaS, HA JTU3JIEKTPUYECKHUE
CBOUCTBA

B crnoucteix moHokpucTammax T1Ga; Mn,S, (0 < x < 0,03) uccrnenoBana 4acTOTHAs TUCIIEPCHS TAHTCHCA YIyia JIHUAJICKTPUUCCKUX
noteps (tgd), aeicTBuTenbHOM (£) U MHUMOM (£7) COCTABIAIOMINX KOMIUICKCHOW JHAJICKTPUUYECKOH MPOHUIIAEMOCTH, dC - TPOBOAUMOCTH
(0,.) nonepex cioeB B obiacTu yactot f = 510%:3,510Tw. YcraHoBIeHO, 4TO B H3y4YeHHbIX MOHOKpucTauiax T1Ga; Mn,S, umeer mMecto
penakcalMonHas aucrepcus. YacTHdHOE 3aMelleHHe Trauiks B MOHOKpHCTamIax 11GaS, mapraniueM HOPUBOAWT K YMEHBLICHHIO HX
JHMDJICKTPUYECKON TPOHMUIAEMOCTH W MOIUGHIMPOBaHUIO TucrepcuoHHbIX KpuBbix &£’(f). Bo BceM H3ydeHHOM AMana3oHE 4acToT dc-
IIPOBOJUMOCTs MOHOKpHCTALIOB TlGa Mn,S, NMOguMHsNACE 3aKOHOMEPHOCTH O, ~f"%, XapakrepHOil I NpPBIKKOBOrO MeXaHH3MA
nepeHoca 3apsjaa 10 JIOKATM30BaHHBIM BOMM3M ypoBHs Depmu cocrosiausM. Ouenensl miotHocTs (Np) u pasbpoc (4E) cocrosiHumid,
JIeKAIUX B OKPECTHOCTH ypoBHs: DepMH, cpeHee BpeMst i PACCTOSHUE MPBDKKOB.

Received: 20.12.05
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(SnSe)1(GdSe)x(0,0<x<2,0) SISTEM BORK MOHLULLARININ RENTGENOQRAFIK
TODQIQI VO FIZiKi PARAMETRLORIN TORKIB ASILILIGI

M.S. MURQUZOVA, B.A. TAHIROV
AMEA Fizika Institutu
Azorbaycan, Baki, Az-1143, H. Cavid pr., 33

M.I. MURQUZOYV, S.S. ISMAYILOV, C.i. HUSEYNOV
Azorbaycan Doviot Pedaqoji Universiteti,
Baki, Az-1000,U.Hacibayov kiig,. 4

Diferensial termik, rentgen faza vo mikrobarkliyin tadqiqi 6yranilmasi yolu ils (SnSe)1-x(GdSe)x(0,0<x<2,0) bark mohlullar1 tadqiq
edilmisdir. Miioyyan olunmusdur ki, bu torkiblor SnSe birlosmosi asasinda galaym (Sn) gismon gadalinium (Gd) atomlariyla avoz
olunmasi ilo kristallagir. Otaq temperaturunda termo e.h.q. (@); elektrik kegiriciliyi (o); Xoll amsali (R,) vo yiikdasiyicilarin Xoll

ylrikliytnin (U,)
yarimkegiricidirlor.

Elm vo texnikanmn miixtalif sahalorinin siiratli inkisafi
genis spektrli fiziki xassoloro malik yeni perspektiv mate-
riallarin alinmasi va tadqiqina boyiik stimul yaradir. Na-
dir torpaq metallariin istiraki ilo olan bark mohlullar da
bu gobildondir. Ciinki bu metal atomlarinin 4f elektron
soviyyolorinin mévcudlugu va 4f-5d hallarinin yaxinlig
onlarin istiraki ilo alinan arinti va birlosmalori maraql tad-
giqat obyektino ¢evirir [1-3]. Miioyyan edilmisdir ki,
(SnSe)1x(GdSe)x sisteminin bark mohlullarindan bozi tor-
kiblorin Xoll amsalimin Rx; xiisusi milqavimetinin p vo
4p
Pe
T=285+310 K-do anomal doyismolor miisahido olun-

musdur. Bu doyismoalorin sobobini vo SnSe birlosmasinin
qurulusunda olan moxsusi defektlorlo baghiligi aydin deyil.

maqnit milqavimatinin temperatur asililiginda

torkib asililiglar1 tadqiq edilmigdir. Todqiq etdiyimiz niimunslor gismon kompensasiya olunmus p tip

ronilmasi va fiziki-kimyavi analizina, torkib - xasso arasin-
daki ganunauygunlugun askar edilmasins ehtiyac vardir.
Isdo (SnSe)ix-(GdSe)x sistem bork arintilorindon x=0,1;
0,25; 0,50; 1,00; 1,50 va 2,00 mol%-li torkibler sintez edil-
mis vo onlarin fiziki-kimyavi analizi, kinetik parametr-
lordan: termo e.h.q. - ¢, elektrik kegiriciliyi - o, Xoll amsa-
1 - R, vs yiikkdastyicilarin Xoll yirtkliyiiniin torkib asih-
hglart Syronilmisdir. Rentgen faza analizii DPOH-3 markali
rentgen difraktometrinds aparilmisdir. (SnSe)i-x-(GdSe)x
sistem orintilorinin ana madds olan SnSe-ds oldugu kimi
ortorombik sinqoniyada kristallasdigi tasdiq olunmus, uy-
gun qofos parametrlori hesablanmisdir. Differensial ter-
mik analiz al¢aq tezlikli NTR-73 markali pirometrds yeri-
no yetirilmisdir. Pirometrin sobasi 9°S/daq. siiratlo qiz-
dirilmigdir. Sintez edilmis arintilorin mikrobarkliyi PMT-3

Moshz ona goéra bu sistemin bark mohlullarinin genis kon- markali  metallografik  mikroskopla  aparilmigdur.
sentrasiya intervalinda todqiqina, kristallik qurulusun 6y-
Cadval 1
(SnSe)1x(GdSe)x (0,0<x<2) torkibli kristallarin difraktoqramlari (siialanma CuKaA=1,5418A filtr Ni, 35 kV, 10 mA)
x=0,5 x=1,0 x=2,0
Ne 6 | inten dper Ahesab 1] inten- dper Ahesas 0 inten- dy e Ahesab
sivlik sivlik sivlik
1 1 1
1| 6,87 10 6,4450 - 7,75 15 5,7166 | 5,7166 6,5 8 6,810 -
2| 7,76 13 5,7162 35,7083 9,30 14 4,7702 | 4,7351 7,70 17 5,7535 | 3,7259
3 | 8,50 7 5,2154 - 12,65 10 3,5201 | 3,4627 | 12,76 17 3,5154 | 3,7259
4 110,25 7 4,3322 4,3315 13,25 4 3,3634 - 13,35 7 3,3634 -
5 112,66 [ 13 3,5201 3,4586 14,07 17 3,1710 | 3,1927 | 14,00 10 3,1865 | 3,2042
6 113,25 7 3,3634 - 14,80 4 3,0178 | 3,0758 | 14,80 7 3,0178 | 2,9852
7 (14,00 13 3,1865 3,1994 15,66 100 2,8571 | 2,8571 | 15,65 100 2,8663 | 2,8630
8 [15,60 [ 100 2,8550 2,8548 19,00 20 2,3678 | 2,3850 | 19,00 21 2,3678 | 2,3918
9 117,90 6 2,5081 - 21,75 12 2,0704 | 2,0677 | 19,78 4 2,2791 | 2,2893
10 119,00 [ 20 2,3678 2,3649 22,24 10 2,0368 | 2,0327 | 21,65 10 2,0895 | 2,0992
11 ] 19,60 6 2,2981 2,2839 23,16 8 1,9600 | 1,9451 | 22,20 10 2,0102 | 2,0129
12 | 20,75 7 2,1759 2,1652 24,94 19 1,8282 | 1,8315 | 23,75 10 1,9140 | 1,9087
13 ] 21,85 9 2,0613 2,0567 26,08 8 1,7535 | 1,7536 | 24,98 17 1,8254 | 1,8248
14| 22,25 9 2,0359 2,0203 27,25 7 1,1702 - 26,00 8 1,7505 | 1,7479
1512376 | 11 1,9140 1,9035 28,35 4 1,6289 | 1,6239 | 27,30 7 1,6807 | 1,6829
16 (2490 14 1,8309 1,8227 29,00 4 1,5800 | 1,5802
17 126,00 7 1,7585 1,7658
18 | 26,35 6 1,7429 1,7426
19 | 27,30 6 1,6807 1,6791
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Cadval 2
SnSe-GdSe sistem arintilorinin fiziki-kimyovi parametrlori
Ne | Torkib mol% | Termiki | Xisusi ¢oki Mikro- Qofos parametrlori
qizma 103g/sm3 borkliyi,

SnSe | GdSe |effektlori | puin | Prow MPa a b c
1 100 0,0 880 6,18 - 480 4,46 4,19 11,57
2 99,6 0.4 880 6,20 | 6,40 500 4,73 4,33 11,42
3 99 1,0 875 6,21 6,42 570 4,735 4,34 11,42
4 98 2,0 790,875 | 6,22 | 6,41 590 4,736 | 4,35 11,45
5 97 3,0 760,870 | 6,23 | 6,42 650 4,738 4,37 11,47
6 96 4,0 725,865 | 6,24 | 6,43 720 4,74 4,38 11,51
7 95 5,0 715,850 [ 6,25 | 6,43 780 4,75 4,40 11,54

Nimunslorin sixligi piknometrik isulla 6l¢tilmiis va
rentgenoqrafik noticalor asasinda hesablanmisdir.

Nimunslorin fiziki parametrlorini 6lgmok iiclin onlar
handasi 6l¢iilari (3,0x5,0) 20 mm3 olan paralelepiped sok-
lindo hazirlanmisdir. Olgmolor kompensasiya iisulu ilo
aparilmisdir. Sabit UIP-1 vo B5-49 coroyan menboyindan,
gorginlik disglistinii 6lgmak ticiin B7-21 vo B7-30 markal
universal voltmetrdon, corayani 6lgmok ii¢lin $4313 mar-
kali, kombinasiyali cihazdan istifado olunmusdur. Niimu-
nolordon kecon corayanin qiymoti maksimum 2,0 mA,
niimuns boyunca olan temperatur qradiyenti iso AT=6+10
doraca toskil etmisdir. Xoll omsalini toyin edorken sabit
elektromaqnitdan istifade olunmusdur (H=11000Ers). Termo
e.h.q.-ni Slgorkon buraxilan xota ~2,4%, elektrik keciri-
ciliyini vo Xoll smsalini tayin edarkon iso 2,7% olmusdur.

(SnSe)1x-(GdSe)x sistem orintilorinin kompleks fiziki-
kimyovi analizinin naticolori 1-ci cadvelds verilmisdir.
Cadvaldon goriindityii kimi bark mohlullarda GdSe-nin
faizlo miqdar artiqca kristal gofasin elementar 6zayinin
parametrlorinin zsif artimi, orintinin orimo temperaturu-
nun iss azalmasi miisahids olunur.

Torkibda GdSe-nin 0,0+3,0 mol% intervalinda oldug-
da rentgenoqrammalardaki xatlerin stiriismasi SnSe osa-
sinda bork mohlullarin omoalo goldiyini gostorir. SnSe-2

GdSe-nin slavs olunmasi qofes parametrlorinin vo elemen-
tar 6zoyin hacminin artmasina sobab olur. Elementar 6za-
ya diigon atomlarin say1 isa doyismoz qalir. Elementar 6za-
yin misahide olunan genislonmasi Sn atomlarmin gismon
boyiik radiuslu Gd atomlart ilo avaz edilmasi ilo yaxsi
uzlasmast vo Veqard ganunun 6donilmasi SnSe asasinda
ovazetma tipli bark mohlullarin yarandigini sylomays im-
kan verir [4].

2-ci cadvaldo termik  qurma effektlorin, xiisusi
¢okilarin (piknometrik va rentgenoqrafik), mikrobarkliyin
vo qofss parametrlorinin torkib asililiglart verilmisdir.
Cadvaldon goriindiiyli kimi torkiblarin x{isusi ¢akilari bir o
godordo doyismomisdir. Lakin mikrobarkliyi iss Gd-un
miqdarmin artmasi ilo miitonasib artdigi miisahids
olunur. Qafas sabitlorinin doyigmosi iso onu gostarir ki,
alinan kristallar gismon deformasiya olunmus ortorombik
qurulusda kristallasir. Sokildo termo e.h.q.-a; elektrik
kegiriciliyi -o; Xoll amsalinin - Rx vo yiik dasiyicilarin
Xoll yurikliyiinin ~ torkib  asililiglar1  verilmisdir.
Qrafiklordon goriindityit kimi torkiblordo GdSe-nin
miqdar artigca o vo u - Xoll yuriikliyiniin giymatlori
miitonasib olaraq azalir. Xoll omsalinin (Rx) qiymati iso
artir. Termo e.h.q.(a) iso artmaq avazing, azalir.

1

S Kg./

- 16

- 12

e

02

Sokil 1. (SnSe)1x-(GdSe)x- sistem bork mohlullarinda: 1- termo e.h.q.- (av); 2- elektrik keciriciliyi (o); 3-Xoll amsalinin — (Rx);

4-Xoll yiiriikliiyii (U) terkib asililigr. T=300K.
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TOCRUBONIN MUZAKIROSI

Miioyyon olunmus (SnSe)ix-(GdSe)x sistem orintilori-
nin qurulus xiisusiyyatlori gdstorir ki, tadqiq etdiyimiz tor-
kiblor galay (Sn) atomlarinin gismen qadolinium (Gd)
atomlar ilo ovoz olunmagqla kristallasir. Bu avoz olunma
prosesi kristal qofasinds heterovalent izomorfizm ¢evril-
mosi ilo bas verdiyi ehtimal olunur. Bu halda elektroney-
tralligin pozulmasi {i¢iin eyni valentiyin comi saxlanilmaq-
la ionlar qrupu torofiden tonzimlonir [5,6]. izomorf avoz
olunma prinsipini va kigik radiuslu ionlarin polyarizslos-
masinin zaifliyini nazars alaraq gostarmak olar ki, (SnSe)1x-(GdSe)x
bork mohlullarinin heterovalent avozlonmosi valentliyin
kompensasiya olunmas: ilo, xiisusi halda kristal qofasi
6zaklarinds yiikdasiyicilarin miibadilasi hesabina bas verir
[6]. Basqa sozlo Gd3* miisbat ionlarinin giiclii polyarizo-
losmasi hesabina SnSe qurulusunda Sn2* (ion radiusu
7=1,024") Sn** (ion radiusu r=0,74A4°) ionuna ke¢moklo

tonzimloanir. Bu halda avazolunma qrup halinda olur, yani
2(Gd?**) ionlar1 (Sn2+, Sn**) ionlarini avez edir. Alinan tor-
kiblor gismon kompensasiya olunmus yarimkegirici mad-
dalor olmagqla barabar onlarda SnSe birlosmasine moxsus
ikiqat defektli qurulusunda ionlarin yenidon paylanmasi
ilo kristallasir [3,7].

Elektrik kegiriciliyin (o) vo Xoll amsalinin (Rx) terkib
asililiglart (sokil 1) bu gostarilonlori tosdiq edir.

Termo e.h.q.(@)-nin  a=f(x) torkib asililginda
misahido olunan ganunauygunlugdan konara ¢ixma isa
effektiv kiitlonin doyismasi vo hamds slava zonalarin ya-
ranmasi ilo bagli oldugu ehtimal olunur [8]. Ciinki torkib-
lords Gd - atomlarinin miqdarmin artmasi ilo kompensa-
siya prosesi getmokls, yiikdasiyicilarin konsentrasiyasi
azalmasina baxmayaraq a-nin qiymoti azalir. Bu iss zona
alt1 alava zonalarin yaranmasi il izah oluna bilar.

[1] A.P.Qursumov, B.B.Kuliev, A.M.Axmedov i dr. “Ne-
organigeskiye materiali, 1984, T.20. Ne7. s.1090-
1094. (Rusca)

M.S.Murquzova, M.I.Murquzov, S.S.Ismayilov. “Qa-

dolinium elementinin istirak1 ilo SnSe asasinda olan

bork mohlullarin qalvanomaqnit xasseleri. “Fizika,

2003, jild 9, Ne 1, soh.59-61.

3] M.LMurquzov, S.S.Ismayiov, R.F.Mammadova.
“(SnSe)1x(LnSe)x (Ln=La,Gd) sistem arintilorinin
bozi kinetik xassolori”. ADPU-nun 2000-ci ildoki
konfr. mat., s.64.

(2]
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[6] R.M.Mehra, R.Shyam, P.C.Mathyr. Magnetoresisten-
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1983. Vo0l.100, Ne2, p.81-109.

[71  A.P.Qursumov. “Fiziko-ximiceskaya i fiziceskaya
prirodi slojnix poluprovodnikovix materialov na
osnove monoselenida olova. Baku, 1991. (Rusca)

[8] B.M.Askerov. “Kinetigeskiy effekti v poluprovodni-
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M.C. Mypry3oa, M.1. Mypry3os, I11.C. Ucmaiisiios , 7K.1. I'yceiino, b.A. Taupos

PEHTTEHOIPA®UYECKOE UCCJIEJOBAHME U N3YYEHHUE 3ABUCUMOCTH OT COCTABA
®U3NYECKUX MAPAMETPOB CUCTEM (SnSe)i(GdSe)«(0,0<x<2,0) TBEPJIbIX PACTBOPOB

[4] B.F.Ormont. “Vvedeniye v fiziceskuyu ximiyu i kris-
talloximiyu poluprovodnikov. M. 1982, s.528.
(Rusca)

UccnenoBanbl  TBepibie  pacTBOpbl  (SNSe);4(GdSe)y(0,0sx<2,0) ¢

IIOMOLIBIO  aHaJIMU30B: [[I/I(I)(l)epeHL[I/IaJ'[LHO-TepMI/I‘{CCKOFO,

peHTreH(pa30BOro M MHKpOTBepAOCTH. OIpe/ieNieHo, YTO 3TH COCTaBbl Ha OCHOBE COCIMHEHUI SNSe KPHCTaIM3YIOTCSl YaCTUYHO 3aMEHOM
aroMoB ojoBa atomamu rajanuHuyma (Gd). HccnemoBaHbl 3aBHCHMOCTH OT cocTaBa TepMO 3.4.C.(@), a3nekrporpoBoaumoctu (o),
koaddunuenra Xomwra (Ry) u Xomnosckoit moasmwkaocTu (Uy) HOcHTenel 3apsia Npu KOMHATHOI TeMmepaType Ha 00pa3slnax 4acTHYHO

KOMIICHCUPOBAHHBIX MOJTYIIPOBOJAHUKOB [-THIIA.

M.S. Murguzova, M.I. Murguzov, Sh.S. Ismayilov, J.I. Guseynov, B.A. Tairov

ROENTGEN RESEARCH AND INVESTIGATION OF COMPOSITION DEPENDENCE OF PHYSICAL
PARAMETERS IN SOLID SOLUTIONS OF (SnSe)i(GdSe)x(0,0<x<2,0) SYSTEM

The research of (SnSe).,(GdSe),(0,0<x<2,0) solid solutions has been carried out by study of differentially thermal, roentgen-phase and
microhardness methods. It have been determined, that these compounds are crystallized due to replacing of Sn partially by Gd on the base
SnSe. The composition dependences of thermo-electromotive force (), electrical conductivity (o), Hall coefficient (R,) and Hall mobility of
charge carriers have been studied for room temperatures. The studied examples are the partially compensated semiconductors of p-type.

Received: 06.03.06
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THE OBTAINING AND INVESTIGATION OF PHOTOELECTRIC PROPERTIES OF
HETEROJUNCTION ON THE BASE InP — CdS STRUCTURES

A.Z. BADALOV, M.M. EFENDIYEV, L.S. MAHMUDOVA
Mingechaur Politechnical Institute
Mingechaur, Dilara Aliyeva , 21

The technology of epitaxial growth of the layers of CdS on the substrate of InP with the transversal layer p*InP and without one is

developed.

The electrical, photoelectrical properties of the obtained heterojunctions are investigated and also the influence of the

technological factors on pInP — nCdS heterostructure properties is studied.

The task of the widening of spectral range of the useable
sources and radiation-measuring instrument appears during
the development of the semiconductor electronics. As the
semiconductor compounds A'"'BY and the solid solutions on
their base can’t satisfy the demands of science and technique,
so the creation of the “hybrid” heterojunctions, where the
layer of A"'BY compound is used in the capacity of the one of
the components, and the layer of the A"B"' compound is used
in the capacity of the another one, is the one of the ways of
the task solving.

The heterojunctions InP-CdS’ present the special interest
between many different variants, as the compounds, used in
the given case, have the small disparity of lattice parameters

Aa _ 4, at 25°C, which practically doesn’t change with
a

the temperature increase.

Thus, the paper is dedicated to the treatment of the
technology of epitaxial growth of the layers of CdS on the
substrate of InP with the transversal layer p*InP, to the
investigation of the electrical, photoelectrical properties of
the obtained heterojunctions and also it will study the
influence of the technological factors on pInP — nCdS
heterostructure properties [1].

The growth from the gas phase with the help of the
transport reactions is the main method of the obtaining of the
monacrystalline films of CdS nowadays. We prefer the open
lubricating system in the equipment design, as the more
technological one in the comparison with the soldered
ampoule. The open system allows to rule more effectively by
the growth and doping processes of the film, and also to carry
out several consistent operations in the one installation.

Her main knots are:

1) The systems of purification, stabilization and measurement
of helium flow; 2) gas-distribution system with the source of
three-chlorine phosphate; 3) quartz reactor with the volume
Cd or S; 4) four-band resistance furnace with the system of
the regulation and temperature measurement.

The plates by the size 5x10x0.5mm® cut from InP
monocrystal on the plane (1 I I) with the exactness lower than 1°,
were used in the capacity of the substrates.

As it is known, the state of the surface of the
semiconductor substrate defines significantly the quality of
the produced devices, their longevity and durability. That’s
why the obtaining of the high-quality surfaces of the
semiconductor substrates, maximally perfect by the structure,
geometry, homogeneous by the chemical nature and purity, is
the especially important condition at the production
semiconductor heterostructures.

On the assumption of the above mentioned, the influence
of the composition of the isotopic chemical etchant, time and
etchant temperature on the substrate was considered by us. It
has established, that the best results are obtained in the case
of the use of the green etchant on the base of sulphuric acid,
hydrogene peroxide and water [1]. It significantly improves
the quality the initial polish surface of the substrates, oriented
in the planes (111) and (100) in optimal conditions at room
temperature at volume ratio H,SO4:H,0,:H,0=3:1:1.

The reactor with the sources of CdS, S or Cd and InP was
put into cool furnace and the expulsions were carried out by
the dosed helium flows, which were directed on the CdS
source and flowed around it, the furnace bands were heating
till given temperature and it was possible to carry out the
growth process.

The special attention was paid to the creation of the fluent
temperature gradient between furnace bands, that was the
solving factor of the prevention of the spontaneous
crystallization of CdS on the reactor walls. The temperature
gradient depended on the temperature difference in the bands,
but it was constant in all points of the furnace between bands
(as at AT=50°C the gradient was 3°C/cm). Before the grafting
the substrate was fixed in quartz holder and was put into cool
corner of the reactor.

After the finishing of the grafting the substrate slowly was
moved into cool corner of the reactor, cooled there and taken
together with the holder. On this step the experiment was
over, but the installation allowed us to carry out several
experiments consistently without furnace cooling.

The growth velocity was defined on the results of
substrate weighing before and after the experiment on the
half-microanalytical weights with delicacy 1-10°gr. The
estimation of the value of the grown layer CdS was carried

out on the formulae d = A_ms where p are densities, Am is
X

CdS layer mass, S is sample square. In order to consider the
decrease of the substrate weight because of the gas etchant,
the prior experiments, in which the carry-over of InP from the
substrate in the etchant conditions was investigated, were
carried out. Further, the obtained average value of carry-over
was summed to the all results.

It is established, that in the case of S excess in the gas
phase under stoichiometric composition of the morphology,
the surfaces of the CdS layer and crystalline structure change.
It is shown, that with the help of the type of crystalline
structure and morphology of epitaxial films of CdS it’s
possible to rule by the creation of the chalcogenide excess in
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the gas phase at the one and the same temperature of the
substrate.

Further, it is shown, that the possibility of the growth of
the transversal layer of InP P* -type on the interface of pInP-
nCdS heterojunction was foresaw in the device and the
corresponding technological mode was chosen with the aim
of the exclusion of the possibility of the erosion of surfaces of
InP substrates.

For the investigation of the influence of the back p-n-
homojunction on the pInP-nCdS properties  of
heterostructures, the technology was treated and nInP- pInP-
nCdS heterohomojunctions are prepared by thermal
evaporation in the vacuum of the epitaxial layer of CdS on
pInP-nCdS homojunction. Moreover, the new method of
obtaining of pInP-nCdS heterojunctions [2], which includes
CdS precipitation in the closed volume at T=140-160°C on
InP from the source, consisting its second half.

The roentgen-structural analysis showed that films have
cubical structure and pInP — nCdS heterojunctions, prepared
by the correspondence of the lattice parameters are close to
the “ideal” ones.

The microroentgen-spectral, roentgen-difractional
analysis and usual metallographical methods, which show,
that the obtaining of pInP — nCdS structure has the strong
heteroborder and mutual diffusion of the constituents is small
in the chosen technological mode, are used with the aim of
the study of the interface of the prepared heterojunctions, the
definition of the composition and character of the distribution
of main components in the epitaxial layers [2].

The typical volt-ampere characteristics of pInP — nCdS
heterojunction with the transversal layer in the dynamic mode
(T=300°K) is given on the fig.1. As it is seen from the fig.1
the investigated structure has the strongly expressed
straightening: the rectification factor achieves the value 10° at
u=1v.
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Fig.1. VAC of InP - CdS heterojunctions at T=300°K,
on the point J=2mA; U=0.5V.

The volt-ampere characteristics have been investigated in
the wide interval of the densities of the current and
temperatures (80-300°K). The straight branches of these
characteristics in the half-logariphmic scale are shown on the
fig. 2. As it is seen the rectilinear regions, proving the
exponential dependencies of the direct current on the voltage
are observed on the straight branches of VAC at the all
studied temperature range.

From the analysis of the tempo volt-ampere
characteristics of pInP — p*InP - nCdS structures with the
transversal layer, investigated in the wide interval of densities
of the current and temperatures (150-300K) is followed, that
the current passing through in the temperature range 150-
190K is explained by the method of the intraband tunneling
of the thermally excited carriers. The mechanism of current
passing through connects with the generation-recombination
processes in the region of the volume charge in the
temperature interval 240-300K and forward voltage

E<U <0.5v - The current passing through at the more

q
high voltages (U>0.5V) is defined by Zener tunneling of the
electrons from the valence band of the narrow-band material
InP in the conduction band of wide-band CdS [3].
The volt-ampere characteristics of pIlnP - nCdS
heterojunction at the different intensities of the lightening is
shown on the fig.2.

£

Fig.2. The volt-ampere characteristics of pInP - nCdS
heterojunction with transversal layer at the different
powers of the incident light:1 - 10MVt/lcm?

2- 25MVitem?; 3-70MVt/em?.

P

Fig.3. The dependence of open-circuit voltage U,, and
short-circuit photocurrent I, on the lightening.
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The dependences of the open-circuit voltage U, (1) and
short-circuit photocurrent density Js.. (2) on the power of the
fallen white light on the sample are shown on the fig.3. It is
shown, that short-circuit photocurrent density linearly
increase and the open-circuit voltage achieves the saturation
with the increase of the power of the incident light.

The investigation of the open-circuit voltage dependence
(U, on the temperature showed, that the voltage (U, in the
range 77+300K linearly decreases with the increase of the
temperature coefficient 2-10°V/grad.

The open-circuit voltage and short-circuit photocurrent
density for the best samples are U=750-780mV and
Js.=30+32mA/cm at the lightening of heterojunctions with
the transversal layer by the white light of the power
90mV/em?,

The value of the open-circuit voltage and short-circuit
photocurrent density are correspondingly equal to
740-770mV and 15-17mA/cm?® for pInP nCds
heterojunction without transversal layer at the lightening by
the light of the power 70mV/cm?.

It is shown, that the strongly slump of the quantum output
value in the short-wave region of the spectrum (1<0.55mkm)
is caused by the light absorption in the “thick” layer of CdS
(5 mem), the slow slump is observed at the decrease of the
photon energy of recombination losses and at the increase of
the scattering from the generation place of electron-hole till
interface.

The photoelectric properties of n — Cd - pInP — nInP
heterohomojunctions have also investigated.

The accumulation of the photocurrent sign and the
appearance of the strongly negative maximum at the photon
energy, which is equal to 1.35eV is characteristic for the
samples with nInP — pInP - nCdS heterohomojunction.
Moreover, the positive short-wave maximum saves (fig.4).
As it is seen, the strong junction from maximal positive value
till minimal negative value on the narrow region of the
spectrum is observed in spectral characteristics, and the
region of the sign change of short-circuit photocurrent is
linear in the dependence on the wave length of fallen
radiation. The analogical results have obtained for the
spectral dependence of the photo-electromotive force also.
The negative and positive maximums at photon energy 1,4eV
are caused by two different competitive mechanisms.
Whereas the negative maximum connects only with the
separation of electron-hole couples on plInP ninP
homojunction, the positive maximum is caused by the
accumulation in the conditional nCdS - pInP heterojunction.
For the confirmation of the above mentioned the experiment,
in which the spectral distribution of photocurrent of the
sample with p-n-homojunction after co-polishing of CdS of
main pInP - nCdS heterojunction was carried out. Moreover,
the positive short-wave maximum disappears and negative
maximum at 1,4 eV saves and doesn’t change the sign. The
analogical co-polishing on the samples without p-n

homojunction has led to the total disappearance of the
sensitivity.

/I
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Fig.4. The spectral distribution of Is, nInP - pInP - CdS
heterohomojunction.

The energy band diagram of pInP - nCdS prepared
heterojunctions with transversal layer on the interface and
without it has constructed on the base of the experimental
data. It is shown, that they describe Andersen midship, in
which breaches of conduction band AE. and valence band
AE, are equal to AE, =-0.12eV; AE, =1.26eV for the
structure with transversal layer and AE. =-0.06eV and AEg -
1.20eV for the structure without transversal layer and energy
“beam” is absent in the conduction band.

The main electrical and photoelectrical parameters (non-
ideality coefficient of VAC, short-circuit photocurrent
density, saturation current, surface recombination velocity,
quantum efficiency, transformation efficiency of solar energy
in electrical one) in pInP — p'InP - nCdS heterostructures
with transversal layer are better on 15-50% than in pInP -
nCdS heterostructures without transversal layer. It is shown,
that the improvement of the parameters of heterojunctions
with transversal layer is caused by the decrease of the density
of the recombination (defect) centers on the interface of pInP
- nCdS structure, and also by the increase of contact electric
field strength.

[1] A.Z. Badalov, I.A. Guseinov. Obrabotka poverkhnosti
podlojek fosfida indiya. Vsesoyuzniy seminar po
“Poluprovodnikovie strukturi s dielektricheskoy izo-
lyatsiey | integralnie skhemi na ikh osnove”, Svet-

lovodsk, 1983. (in Russian)
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[2] G.B. Abdullayev, T.D. Dzjafarov, I.A. Guseinov, A.Z.
Badalov, A.Sh. Mekhtiev. Sposob polucheniya clove
sulfide kadmiya. Avt. Svid. Ne862744.

T.L.Tanaley. Heterojunctions properties-In. Sinciconluetors
and Senimetals. New York-London Academic Press,
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A.Z. Badoalov, S.M. 9fandiyev, L.C. Mahmudova

InP — CdS STRUKTUR 9SASLI HETEROKI.EC_iDLBRiN ALINMASI VO ONLARIN FOTOELEKTRIK
XASSOLORININ ARASDIRILMASI

Fosfid indium althig1 iizerinde kegidli p*InP ve kegidsiz layli kadmiy sulfid laylarmnin epitaksial yetisdirilme texnologiyasi islenilmis-
dir. Alman heterokecidlorin elektrik vo fotoelektrik xtisusiyyotlori aragdirilmis, homginin texnoloji faktorlarin pInP — nCdS heterostruk-
turlarin xiisusiyyetlorine tosiri dyrenilmigdir.

A.3. Bapanos, III.M. Ddenanes, JI.C. MaxmynoBa

MNOJYYEHHUE T'ETEPOIIEPEXOJIOB HA OCHOBE InP - CdS CTPYKTYP U HCCIIENOBAHUE UX
OOTOIJIEKTPHUYECKHUX CBOUCTB

Pa3paboraHa TEeXHOJOTHWS AMUTAKCHAIBLHOTO BBIPALMBAHUS CJIOEB CyJIbQHIa KaaMus Ha MOUIOKKE (Gocdura MHAMS C MEpeXOTHBIM
coem pINP u 6e3 mepexosHoro cnost. MccrnenoBanbl sneKTpudeckue U (HOTOIIEKTPHUECKHE CBOHCTBA MOMYYEHHBIX [ETEPOIIEPEX0IoB, a
TaK)Ke M3y4EHO BIMSHUE TEXHOIOTHUECKHX (hakTopoB Ha cBoiicTBa pINP — nCdS retrepocTpykTyp.
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OPTICAL PROPERTIES OF Bi;Tes-Bi,Se; FILMS

S.I. MEHDIYEVA, N.Z. JALILOV, N.M. ABDULLAYEYV,
N.R. MEMMEDOV, M.I. VELIYEV, V.Z. ZEYNALOV

Institute of Physics of NAS of Azerbaijan
Baku, AZ-1143, H. Javid ave., 33

The spectrums of film samples Bi,Tes-Bi,Se; of p-type with Th impurity and n-type conductivity with Cl impurity have been
investigated by methods of optical reflection (in region 1+6,5eV) and transmission (in region 1-3,5 eV). The more intensive peaks, showing
on the existence of interband transitions, are observed in the dependence of reflectivity factor (R) on energy (E) of incident radiation.

The Bi,Tes-Bi,Se; is more effective electron
thermoelectric material of refrigeratoring thermoelements and
thermogenerators in temperature interval 200-550K. It gives
way to the set of medium-temperature materials higher 550K.
Firstly thermoelectric material on Bi,Tes-Bi,Se; base was
synthesized and investigated by S.Sinani [1]. The
composition 80% (mol.) Bi,Te;— 20% (mol.) Bi,Se; with the
width of prohibited band 0.27eV at room temperature has the
best thermoelectric properties [2].

The Bi,Tes;-Bi,Se; system creates the constant set of
solid solutions. This means, that Te atoms in any quantity
(from O till 100%) can be changed by their analogue -
selenium in Tei-Bi-Te-Bi-Te, chains, that is caused to the
technology flexibility, moreover firstly Se atoms are changed
by all Te;; atoms, and further Te; atoms. The Bi,Tes-Bi,Ses
(structure of 20%Bi,Tes) crystallizes in hexanal structure
with lattice parameters a= 4,296A and ¢=5,988A [3]. The

calculations of band structure of semiconductors of A}’ B}

type, and also the set of the experiments on the investigation
of optical properties show on the fact, that electron spectrum
in Bi,Te; has the three-dimensional character [3]. Moreover,
the meaning of effective electron mass of the given

composition achieves of maximal meaning m =12m,. The

relatively big value of prohibited band is the important factor
for the use of this material in thermoelements till the
temperatures 600-650K.

At the synthesis of poly-crystal samples the initial
components with doping additions are melted in quartz
ampoules at temperature 1000K [4]. At the doping by Cu, as
the long investigations have shown, the sample properties are
changing during the time [5].

The investigation of reflection and transmission
spectrums of Bi,Tes-Bi,Se; films of p- and n-type
conductivity, doped by Th and CI is the task of the given
paper.

The obtaining method of films Bi,Tes;-Bi,Se; was
considered in the ref [6]. )

The doped binary films by the width of 300A have been
obtained by us by cathode scattering on usual glass, on the
glass, covered by carbon film, on mica and NaCl. The films,
created on carbon, on the limit (100) of rack salt in range
200-400°C, textured or crystallized in plane (001) parallel to
the substrate.

Cl was the main doping addition. This impurity was
introduced with the aim of the change of conductivity type of
material and increase of its thermoelectric effectiveness.
Maximal value o’c are achieved at the doping of the
composition by the CI till 0,3% (mol.) in CdCl, form. In the
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given paper the investigation results on massive samples of
p- and n-types Bi,Te; at the normal light falling, directed
parallel and perpendicular to chip plane at 300K with the aim
of the comparison of the results of the given paper with the
results of ref [4], where different minimums of reflection
coefficients at 1,11eV, possibly corresponding to three
different effective masses are given.

(& qf?ﬁ" p-type

!
)] ! n‘.e_..‘ i

P B,
4 I \he

3 Ll
o PR
0 \"*‘\ s
\V'

Iz ‘*-‘2—1’,
4 1 3§ %

B’

Fig.1. The reflection spectrums of p-Bi,Te; monocrystals:
1 -along (c,), 2 — perpendicular to (c,), 3 —in the
direction 45°C to C axes.

The reflection spectrums in [4] were investigating on
massive samples Bi,Te; of p-type conductivity, containing
the impurity of terbium and n-type conductivity ones
containing the impurity of chlorine. In the dependence of
reflectivity factor (R) on energy of falling radiation, as p-, so
n-type conductivity along (c,) perpendicular (c,) and in the
direction 45° to the axes of C crystal at 1,1 and 1.45eV the
more intensive peaks are observed. The reflection spectrums
of film samples Bi,Tes;-Bi,Se; of p-type conductivity,
consisting terbium impurity and n-type conductivity,
consisting Cl impurity have been also investigated in the
paper. The intensive peaks are observed in the dependence of
reflectivity factor (R) of Bi,Tes-Bi,Se; films on radiation
energy for n-type conductivity (fig.2), at 1,1eV and 1.45eV.
The repeating splitting at 1,1eV and 1.45eV in Bi,Te;
spectrum the authors interpret as spin-orbital scattering of
valence band and conductivity band. The peaks are observed
for the n-type films at 3,8 eV. This fact corresponds with the
data of ref [4], showing on the existence in Bi,Tes-Bi,Se;
films in 0,2-1,8eV interval of strong interband transitions.

The dependence of reflection spectrum of film Bi,Tes-
Bi,Se; p-type conductivity, doped by Tb, and n-type
conductivity with Cl impurity on the wave length, are given
on the fig.2.

The texture was changed on the disorder oriented
polycrystal with increase of film width up to 3 mcm at
temperature higher, than 500K at the evaporation. The doped
polycrystal of film width 0,30; 0,35; 0,40mcm have been
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obtained by us. Thus, the weak and more intensive peaks,
which are connected with transfers in critic points of
Brillouin band were observed at the investigation of
reflection spectrums of Bi,Tes-Bi,Se; monocrystals as p-type
with Th impurities, so n-type with CdClI, impurity.
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Fig.2. The reflection spectrums of film polycrystal pBi;TesBi,Se;
with Tb impurity; n- Bi,Tes-BisSes with Cl impurity.

From the dependence of absorption coefficients (T) of
Bi,Tes-Bi,Se; films of p-and n-types of conductivity, given
on the figure 3 it is seen, that in the region 1 eV the films
Bi,Tes-Bi,Se; of p-type absorb the light energy on 16%, and
of n-type conductivity absorb on 10%. These films can be
used for the production of thermobatteries.

It is known, that at the production of film thermobatteries
the special coverings with big coefficients of transmission are
needed.

For the decrease of oxygen influence on the films at the
high temperatures in the process of its exploitation and also
in exclusion of electric shorting of thermoelectric branches at
the creation of manylayered compact batteries the following
demands are needed for such coverings: high electric density,
low heat conductivity, thermostability at the widths less, than
Imem. The polymer coverings, widely used in
microelectronics in the capacity of passivation and insulating

coverings, have high disruptive pressure (more than
10°/sm), specific resistance (more than 10"°Om-cm), low
specific heat conductivity (@=(3-4)10°Vt/cm K)) [7], high
density of elastic deformation, high chemical stability to the
different inorganic dissolvents. The polymer coverings are
profitable on the given properties, than inorganic dielectric
materials (CuO,, MgF,, etc.).

15 1\

o\
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Fig. 3. The transmission spectrums of film polycrysal p-BiTesBisSes
with Tb impurity; n- Bi,Tez-BizSe; with Cl impurity.

In the conclusion we can say, that the intensive peaks,
showing on the existence of interband transitions in the films
in the interval 0,2-1,8 eV are observed in dependence of
reflectivity factor (R) of p-Bi,Tes-Bi,Se; films on radiation
energy for p-type conductivity at 1,1 and 1.45 eV, for n-type
conductivity at 3,8 eV. The repeating splitting 1,1eV and
1.45eV in the spectrum are interpreted as spin-orbital
splitting of valence band and conductivity band. From the
dependence of absorption coefficients (T) of Bi,Tes;-Bi,Se;
films of p- and n-type conductivity it is seen, that in region
1eV the Bi,Tes-Bi,Se; films of p-type conductivity absorb the
light energy on 16%, and n-type conductivity ones absorb on
10%.
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Bi:Te:-Bi:Se;s TOBOQOLORININ OPTIiK XASSOLORI

Optik oksolma (1-6 eV intervalinda) vo buraxilma (1-3,5 eV intervalinda) metodu ilo Tb ilo asqarlanmis p-tip va Cl ilo
asqarlianmig n-tip BioTes-BixSes asasinda alinmig nazik tobagalor tadqiq olunmuslar. ©ksolma amsallarinin(R) diisan siialanmanin
enerjisindon (E) asili olaraq, 1,1 va 1,45 eV-do zonalararast kegidlorin movcudlugunu gostoron daha intensiv piklor miisahido
olunmusdur.

C.U. MextueBa, H.3. Ixxammuos, HM. Aoaynnaes, H.P. Memmenos, M.U. Bennes, B.3. 3eiinanon
ONTHUYECKUE CBOMCTBA TUIEHOK Bi,Tes-Bi,Se;

MeTtonamu OonNTHYECKOro oTpaxkeHus (B obnactu 1+6,53B) u npomyckanus (B obmactu 1-3,5 3B) ucciienoBasbl CreKTPbl MIEHOYHBIX
o6pasioB Bi,Tes-BiySes p-tuna ¢ nmpumecsto Th u n-tumna nposoaumocCTu ¢ npumeckio Cl. 3aBucumocts koadduirenta orpaxenus (R) or
SHEPTUHM MoJaoIIero nanyuenus (E) mokassiBaer, uto npu 3HadeHusx E pasHbix 1,19B u 1,455B HalGmromarorcs 6ojiee HHTEHCHBHBIC MTHKH,
yKa3bIBAIOIME Ha HAIMYHE MEK30HHBIX TIEPEXOJIOB.
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THE INFLUENCE OF y-RADIATION ON RELAXING PROPERTIES OF DOPED
VANADIUM CRYSTALS TIInS;

F.T. SALMANOV
Institute of Radiational Problem of NAS of Azerbaijan
AZ 1143, Baku c., H.Javid av., 31a

The influence of j~radiation on relaxing properties of TIInS,<V> compound has been studied. It has been established, that the Fogel-
Fulcher temperature T; shifts to the side of low temperatures in this compound, and Bernce temperature T4 shifts to the side of high
temperatures. In the result, the temperature interval of existence of relaxing state becomes wider on ~40K.

Our previous investigations [1-5] show, that doping of
TlInS, crystal by the some impurities leads to the strong
relaxation of dielectric receptivity in the region of
disproportionate phase. It has been established, the
appearance of nano-sized polar domains, leading to the fact,
that the state of dipole and ferroelectric glass precedes the
ordered phase. The doping atoms, leading to the appearance
of the relaxing state, create the capture levels in the forbidden
band of semiconductor ferroelectric TIInS,. The charge
carriers, settling these levels, are spatially limited and in as
the result the conductivity in this case is carried out by the
tunneling through the potential barriers. This was observed at
the investigation of the process of charge transfer in crystals
TlInS,, doped by atoms Fe, Mn, Cr, B, V, i.e. in these
crystals in region of disproportionate phase the non-activated,
temperature-independent hopping had been established.

In given paper the results of the investigations of the
influence of yradiation on relaxing properties of TlInS,<V>
compound, where V - 0,3 atm.% are presented.

TlInS,<V> monocrystals had been grown by the
modified  method of  Bridgmen-Stockberger.  The
measurements were carried out on the borders, cut
perpendicularly to polar axes. The borders had been polishing
and covering by the silver paste.

The dielectric constant £ was measured with the help of
the bridges of alternating current E7-8 (1 kHz) and E7-12 (1
MHz) in the temperature interval 150-250K. The velocity of
temperature scanning was 0,1 K/min. The radiation of the
samples (Co®®) was carried out at the room temperature. The
radiation dose was accumulated in the one and the same
sample and was 400 Mrad. The measurements &T) were
carried out after each radiation.

The temperature dependencies of dielectric constant &(T)
of TlInS,<V> crystal are given on the fig.1. The investigation
of frequency dispersion was carried out on two frequencies of
measured field. The shifting of degraded maximum &(T) in
TlInS,<V> crystal at the frequency increase was ~3K (fig.1,
curves 1-2). As we suppose, the condition of the appearance
of relaxing behavior in TIInS,<V> crystal is the coincidence
of the temperature of phase transition with temperature
region of heat filling of local centers. The relaxing properties
can be significantly changed by the introduction even the
insignificant impurity quantity, influence on charge state of
the compound [1,5]. Moreover, the temperature shift of
maximum of dielectric constant can achieve the several
degrees.

The important peculiarity of ferroelectrics with degraded
phase transition is the fact, that the dielectric constant in them
higher the T, temperature changes not on Curie-Weis law,
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but on law &' = A+ B(T —T,). The dependence £*(T)

for the compound TIInS,<V> is also given on the fig.1
(curves 3,4). It crosses the temperature axes at T=170K from
the side of the high-temperature phase. At this temperature
the phase transition from relaxing (nano-domain) state
macro-domain (ferroelectric) state is carried out. Also at the
temperature Ty4=212K (Berns temperature) the phase
transition from paraelectric into relaxing state is carried out.
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Fig. 1. The temperature dependence of dielectric constant &(T)
of TlInS,<V> crystal, measured on the frequencies:
1kHz (curve 1); 1 MHz (curve 2). Curve 3,4 —
temperature dependence £¥4(T) for TIInS,<V> (without
radiation).

The temperature dependencies of dielectric constant &(T)
at the radiation dose 400 Mrad is given on the fig.2. The
radiation doses up to 200Mrad weakly influence on the
dependence &(T), leading only to the decrease of maximum
value of investigated dependence. These radiation doses of -
radiation for these crystals are only slight ionizing radiation
and plays the role of activating factor for such processes as
the migration of point defects, impurities, domain borders
and transitions of metastable states into stable ones. By other
words, the radiation-stimulated senescence of the samples,
not leading to the temperature changes of phase transitions
and energetic spectrum of the crystal [7-8] is observed. At the
achievement of the expositional dose in 400 Mrad the radical
change of &T) dependency is observed. The strong
degradation of the &(T) curve in temperature interval T; -Ty
and its widening in as the high temperature region, so the low
one are observed (fig.2).
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Fig. 2. The temperature dependency of dielectric constant &(T)
of TlInS,<V> crystal, measured on the frequency 1kHz
(curve 1); 1 MHz (curve 2). Curve 3,4 — temperature
dependence £Y(T) for TlInS,<V> (radiation by the
dose 400 Mrad).

As it is known [8-9], the depredated character of &(T)
dependency is the necessary condition of the existence of
relaxing state. The enough condition is the fact that £*(T)
dependency changes on linear law. This dependence is
demonstrated by the fig.2. As it is seen from the figure, &
Y2(T) dependence crosses the temperature axes at the
T+=140K (fig.2, curve 3) and at T4=220K (fig.2, curve 4) in
radiated crystal with high-temperature and low-temperature
correspondingly, relatively to the temperature of maximum of
&(T) curve. In relaxing ferroelectrics, this temperature is that
one, at which the freezing of polar dipoles takes place and
crystal from the state of ferroelectric glass transforms into
ordered ferroelectric state. This temperature is also
characterized by the fact, that at this the temperature filling of
trap centers and localized charged impurities are neutral ones.

As it is known [8], the existence of disordered
distribution of the charges in the crystal is the main cause,
leading to the degradation of phase transition. The increase of
degradation at the radiation by the dose 400 Mrad shows on
the fact that the dipole charge centers appear in crystal
volume at the radiation. On the given stage of the
investigation we can make the supposition about the nature of
these dipole centers. These can be the radiation defects,
created because of the energy of electron excitements, created

by the radiation. On our opinion, the most probable
mechanism of the creation of radiation defects in TlInS,<V>
compound is repeated ionization of boron impurity atom. The
created defect increases the energy levels in forbidden crystal
band, the heat filling of this level carries out at the more low
temperature, in the comparison with non-radiated compound,
i.e. the region of the existence of the ferroelectric glass
widens.

In the ref [11] the influence of jradiation on dielectric
constant of Rb,ZnCl, and Pb,ZnBr, crystals in the region of
the incommensurate-commensurable phase transition had
been investigated. It is shown, that the value of the peak of
dielectric constant for both crystals decreases, and their value
increases with the increase of the radiation dose. It is
established, that the temperature of phase transition for
Rb,ZnCl, decreases, and for Pb,ZnBr, it increases and
widens with the increase of the radiation dose. The defects of
ionizing type (charged defects), which appear in the result of
y-radiation, play in these processes the dominating role. The
degradation of the phase transition probably is carried out
because of the interaction of polar defects with spontaneous
polarization of initial crystal [12]. According to [13], the
decrease of the temperature of the phase transition with the
increase of radiation dose is caused by the decrease of the
concentration of ferroelectric active dipoles in crystal.

The influence of jradiation on dielectric and electric
properties of TIlInS, crystals in the region of
incommensurable-commensurable phase transition [14] had
been studied by us earlier and the possibility of the obtaining
of relaxing state in these compounds had been established. It
is shown, that the anion atom is charged positively and its
normal position in the nod, surrounded by cations, is unstable
at two (or more) divisible ionization. In the result of
electrostatic interaction with positively charged cations, such
positively charged anion is pushed into interstice, where
further is neutralized.

Analyzing the literature data and results of own
experiments we can say, that jy-radiation strongly influences
on relaxing state of TlInS,<V> compound and widens the
temperature interval of its existence. It is also shown, that
Fogel-Fulcher T; temperature shifts to low temperature region
and Berns Ty temperature shifts to the high temperature
region.
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THE INFLUENCE OF y-RADIATION ON RELAXING PROPERTIES OF DOPED VANADIUM CRYSTALS TIInS,

F.T. Salmanov

VANADIUM ATOMLARI iL® ASQARLANMIS TIInS; KRISTALLARININ RELAKSOR XASSOLORIND
~SUALARIN TOSIRI

ysualarinin TlInS,<V> birlagmasinin relaksor xasssalerine tasiri dyranilmisdir. Misyyan olunmusdur ki, Fogel-Fulger
temperaturu Tr temperaturun azalmasi istigamatile, Berns temperaturu T4 ise — temperaturun artmasi istigamatinds surusur.
Naticada relaksor halinin mévcud olma temperatur oblasti ~ 40K genislonir.

®.T. CaamanoB

BJMUSTHUE »OBJYYEHUS HA PEJJAKCOPHBIE CBOMICTBA JETMPOBAHHBIX BAHA/IMYM
KPUCTAJLJIOB TIInS,

N3yueHo BiusiHHE )-00JydYeHHs Ha peNaKCOpHbIe cBoiicTBa coemuueHust T1INS,<V>. YcraHOBNEHO, YTO B 3TOM COCAMHCHHH
temneparypa ®orens-Pymuepa T; cMemaercs B CTOPOHY HH3KHMX Temreparyp, a Temmeparypa bepHca Tq — B CTOPOHY BBICOKHX
TeMreparyp. B pesynbrare TemnepaTypHBIii HHTEpBaJl CyIIECTBOBAHHS PEIAKCOPHOTO COCTOSTHMUS pacmupsiercs Ha ~40K.
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(Bi2Tes)1x(TlInTez)x BORK MOHLULLARININ BOZi ISTILIKFiZiKi XASSOLORI

M.M. SEYIDOV, C.I. 9BILOV, Y.N. BABAYEYV
Naxc¢ivan Doviat Universiteti
Az7000 Azarbaycan Respublikasi Nax¢ivan soh., Universitet sohorciyi

(BixTes)1x(TlInTe2)x bark mohlul orintilorinds termo-e.h.q. omsalinin imumi istilikkecirmasinin, vo kristallik qgofas istilik-
milgavimatinin temperatur asililiglart todqiq edilmisdir. Onlarda elektron vo fononlarin sopilmo mexanizminin miirokkob oldugu
askar edilmisdir. Bu, bir torafdon kristallik qofasin slavs istilik milqavimatinin yaranmasi, digar torafdan iss istilikkecirmonin bipolyar
hissasinin giiclii tosiri ilo alagedardir. Miloyyon edilmisdir ki, (Bi2Tes)o.99(TIInTe2)o.01 torkibinde sepilmenin tabisti qeyri-miitshaorrikdir.

Bismut seskvitelluridi qiymatli termoelektrik material
oldugundan, onun ssasinda yeni torkeibli bark mohlullarin
alinmasi va xassslorinin todqiqi, onlarin elektron texnikasi
qurgularinda totbiq olunmasi miimkiinliylinii askar eds
bilor. Odobiyyatda BixTe; asasinda alinan va xassalori
tadqiq edilon ¢oxlu sayda bark mshlullar mévcuddur [1-
3], lakin (Bi2Tes)ix(AMBMC,)x tipli bork mohlullar
(burada, Al yvo B qallium yarimqrupu elementlori, C isa
halkogenlordir) torafimizdon ilk dofs olaraq alimib. Bu
maqalads (Bi2Tes)1-x(TlInTez2)x bork mshlullarinin (burada
x=0,01-vo  0,03) kinetik omsallarinin  temperatur
asihiliglarmin =~ Oyronilmesinin  naticalori  agiglanir.
Gostorilon bark mohlullar BixTes ilo TlinTex birlogmosi
arasindaki  fiziki-kimyovi  qarsiliqli  tesirin  tobioti
aragdirilarkon askar edilmisdir [4]. Tadqiq edilon bark
mohlullarin istilikfiziki xassalori [5]-de verilon metodlara
asason paralellopiped sokilli polikristallik niimunslords
Olctilmiigdiir. Orintilor ampula tsulu ilo bir zonali sobada
~1100K temperaturunda BixTes Vo TlinTez
komponentlorindan tadrici soyudulma texnologiyasi ilo
sintez edilmisdir. Tarazliq halina nail olmaq {i¢iin arintiler
~773K temperaturunda 280 saat miiddstindo termiki
emala moaruz edilmisdir.

Sokil  1-do (Bi2Tes3)ix(TlinTe2)x  bark  mohlul
orintilorinin termo-e.h.q. smsalinin  temperatur asililif
gostorilmisdir. Tadqiq edilon niimunslords termo-e.h.q.
omsalinin doyigmosi miirokkeb zona qurulmasina malik
olan yarimkegiricilords oldugu kimidir. Nazars alinsa ki,
Bi>Tes birlogsmasi belo yarimkegiricilordondir [6], 0 zaman |

a~f(T) asiiligini ganunauygun saymaq olar. Biitiin
temperatur intervalinda bark mohlulun har iki torkibinds
p-tip kegiricilik miisahids edilir.

(Biz2Tes)1x(TlInTe2)x bark mahlul srintilorinin iimumi
istilikkeciriciliyinin temperatur asililiglart 2-ci sokilde oks
olunub. Niimunolorin torkiblorinin yaxin olmasina
baxmayaraq, onlarda @um-nin temperatur asililiglar
banzar deyil. (Bi2Tes)o0.97(TlInTe2)o,03 torkibinds
biutovliikda, (BizTes)ooo(TlInTez)o01 torkibinds isa ~500K
temperaturuna qodor Uimumi istilikkecirmo meonfi tstli
ganuna osason doyigir. Lakin ~500K-don baslayaraq
(BiaTes)o.99(TlInTe2)o,01 torkibinin istilikkegiriciliyi artmaga
baslayir. Belo doyismonin aydinlasdirmaq mogsadils
orintilords  elektron vo fonon istilikkegiriciliyinin
giymotlori hesablanmig, onlarn &,,-ys olan tessirinin
doracasi  miioyyanlosdirilmisdir. Bu mogsadlo fonon
istilikkecirmasindon qofas istilik miiqavimatine kegirilorok
istiliyin daginma mexanizmi qismon aydinlagdirilmigdir.
Sakil 3-da (Bi2Tes)1x(TlInTe2)x bark mahlul niimunalarinin
gofas istilik miigavimoatinin (W,) temperaturdan asihilig
gostorilmisdir. Gorlindiytt kimi, (Bi2Tes)o,09(T1InTe2)o,01
torkibinde  ~400K-no  qgadar, (Bi2Te3)o.97(TlInTe2)o,03
torkibindo iso biitiin temperatur intervalinda istiliyin
dasinmasi ti¢fononlu mexanizm {izra bas verir. Bu zaman
istilik ~ miigavimotinin ~ doyismesi  fonon  istilik
milqavimatinin nazeri qiymatinin (qu) temperaturla

doyismasino uygun galir.
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Sokil 1. (Bi2Te3)1x(TlInTez)x bark moahlul arintilorinin termo-e.h.q. amsalinin temperatur asililigs.
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Sokil 2. (Bi2Tes)1x(TlInTe2)x bark mohlul arintilorinin timumi istilik-ke¢irmoasinin temperatur asililig1.

Lakin ~400K-dan baslayaraq ~700K temperaturuna qador
(Bi2Tes)o99(TlInTe2)o,01 torkibinde (~500K-do bir goador
zoiflomokle) olave istilik miiqavimoti (AW,) yaranir.
Goruniir, 400K-don yiitksok temperaturlarda {i¢fononlu
istilik dasinmasina sopilmonin optiki-akustik mexanizmi

olavo olunur. Miqdarca bu mexanizmin dayorini
AW=W i, — Wicrono,  Kimi giymatlondirmak olar. ~500-
550K  temperatur intervalindca  kristallik  qofas

milgavimatinin zoiflomasi miisahido olunur. Hesablamalar
gostormisdir ki, ~400-500K temperatur intervalinda
(BizTes)oo9(TlInTe2)o01  torkibinin istilikkecirmasi 7°7
ganunu Uzro doyisir. Bu amil elektron-fonon garsiligh
tosirino bir isaradir, yoni burada qofos istilikkegirmosi
fononlarin elektronlardan sopilmasi ilo mohdudlagir.
Molumdur ki, yiiksok temperaturlarda fononlarin istilik
milgapvimatinin artmasi bipolyar istilikkegirmasinin
meydana galmasi hesabina ola bilar [7].

Bu moasaloys aydinliq gotirmok iigin moalum sado

AE

2
diisturdan a8, ,— 2L,0T ( + 1} istifado  edorok
KT

(Biz2Tes)o99(TlInTe2)o,01  torkibi
giymatlori hesablanmisdir.

iciin  bu komiyyatin

I #or 16¢ Y
E 4,3 — im0A% T InTey =
:agx‘ 2 ~3monsTlTey _q.fﬁ@
= I
o T

L

Sokil 3. (Bi2Tes)1x(TlInTe2)x bork mohlul arintilorinin
kristallik qofos istilikmiigavimotinin temperatur
asililig1 va (Bi2Tes)o.99(TlInTe2)o,01 tarkibli orintids
bipolyar istilikkegirmonin temperaturla doyismasi.
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Sokil 4. (Bi2Tes)o.99(TlInTez2)o,01 tarkibli arintids Nernst-
Ettingsqauzen omsalinin UnH/c komiyystinden
asililigr.

Formulaya daxil olan gadagan zonasinin eninin
qiymoti gostorilon torkibin xiisusi elektrikkegiriciliyinin
temperatur asililigindan toyin edilmisdir vo o ~0,3 eV
doyarindadir. Sakil 3-doki 3 sayli oyri
(Bi2Tes)o0,99(TlInTe2)0,01 torkibinda bipolyar
istilikkegiriciliyinin  temperaturdan asililigini  gostorir.
Goriindiyts  kimi,  ~480-500K  temperaturundan
baslayaraq @, ,nin artmast miisahido olunur. Bu
sobabdon belo bir noticoys golmok olar ki, yiiksok

temperaturlarda kristallik qofss miigavimatinin  va
biutovlikda istilikke¢irmonin artmast bipolyar
istilikkegiriciliyinin hesabina olur.

(Bi2Tes)o99(TlInTe2)o,01  torkibindo  termo-  vo
galvanomaqnit  xassalorinin  Ol¢iilmasi  naticasindo,
elektron vo fononlarin sopilms mexanizminin tabioti
aydmlasdirilmigdir.  [8] adobiyyatinda gostorilir ki,

sopilmonin tobistinin miitaharrik vo ya geyri-miitoharrik
olmast daracesini 6lgiisiiz Nernst-Ettingsqauzen (g,) vo
Riga-Ledyuk (SH) omsallarinin maqnit sahasinin
gorginliyi vo yaxud Uy,H/c komiyyatinin (burada U, -

yiikdasiyicilarinin - Holl  yiiriiklityii, H-maqnit sahasi
gorginliyi,  c¢-iso  is1q  siirotidir)  asilihglarindan
miloyyonlosdirmok olar. [9] isine osason sopilma

miitohorrik tobiotlidirss onda &~UyH/c asihgl oyrisi
UyH/c=1 doyarindo maksimum qiymste malik olur. ©gor
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sopilma geyri-miitaharrikdirss o zaman U, H/c~1 vaziyyati
almir. Sokil 4-do (Bi2Tes)ooo(TlInTe2)o01 torkibi {iglin
Nernst-Ettingsqauzen amsalinin  U,H/c komiyyatindon
asithhign  gostorilmigdir. Goriindiiyit kimi, asilihigda &,

(1]

(2]

(3]

(4]

(5]

omsali UyH/c oxu boyunca vahiddon bdyiik giymotlors
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M.M. Seidov, Ch.l. Abilov, Y.N. Babaev

THE SOME THERMOPHYSICAL PROPERTIES OF SOLID SOLUTIONS (Bi2Tes)1-x(TlInTez)x

Temperature dependences of coefficients of termo-e.m.f, general heat conductivity and phonon heat resistance of alloys of
solid solutions (Bi2Tes)1x(TlInTe2)x are investigated. It is revealed complexity of the mechanism of electron and phonon
scattering in them, caused as with the advent of additional thermal resistance of a crystalline lattice as the influence of the
appreciable contribution of bipolar heat conductivity component. The inelastic character of scattering in compound
(Biz2Tes)o.99(TlInTez2)o.01.

M.M. Ceunpnos, Y.1. Aouaos, 5SI.H. ba6aes

HEKOTOPBIE TEILIO®U3UYECKHUE CBOMCTBA TBEP/IBIX PACTBOPOB (Bi:Tes)i-x(TlInTez)x

HccrenoBatbl TeMIIEpaTypHble 3aBHCHMOCTH KO3(D(QHUIIHEHTOB TEPMO-3.11.C., OOIIEH TEIIOMPOBOJHOCTH M PELICTOYHOTO
TEIUIOCOTIPOTHBIICHUS CIDIaBOB TBepAbIXx pacTBopoB (BixTes)ix(TlinTez)x. BriiBieHa clmoXHOCTP MEXaHH3Ma PACCESHHS
SIIEKTPOHOB ¥ (POHOHOB B HHX, O0YCJIOBJICHHOTO KaK MOSIBICHHEM JT00aBOYHOTO TEIUIOBOIO COMPOTHUBIICHHUS KPUCTAILTHIECKOM
PEIIeTKH, TaK M BJIMSHHEM OIIYTUMOrO BKJIAJa GHMIONSPHON COCTABILSIIONIEH TEIIONPOBOAHOCTH. YCTAHOBIIEH HEYNPYrHil
xapakrep paccesinus B cocrase (BiaTes)ooo(TlInTez)o,01.
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THE MASS DISTRIBUTION AND PROBLEM OF SUBSTANCE STRUCTURE

A.A. ABBASZADE*, Kh.A. GADGIYEVA*, E.Z. BABAYEV**
Azerbaijan National Air-Cosmic Agency*
Firm “Risk”**

The mass distribution principle, as the directional one for the studying of the substance structure and time-space has been suggested.
The physical meaning of the confirmations about the existence of zero mass for the substance particles has been considered. The meaning
about of the non-existence of zero masses for all substance states has been said.

The metaphysical conceptions in physics are the sources
of the development and stagnation. If we come back to the
old times, we will see that physical thought was operated by
the different ideas and categories in the relation to home
attributes and this or that quality, which was considered as
the main one, took place on each progress step. The
experimental physics doesn’t love this theme, and especially
metaphysics (physic philosophy), which on its opinion
doesn’t bring any definite practical profit, and demand the
enormous efforts. Doubly theoretical physics is related to it
with big interest. However, this interest often transfers into
frank disliking, because of the filling of fatal despair. From
this moment the errors from the one conception to another
one and vice versa are begun on eternally locked circle.

In the given paper we attempted to short the boundaries
for such errors, though we know, that relations, given to the
consideration, won’t have the significant influence on
practicing physics, at least in such form, we mean that these
formulas aren’t working. Moreover, we note, that we have
the doubt that given approach is the disputable.

Whet is the “first”: substance or the space? This eternal
question is enough sore point for the physics and philosophy
in all times, and nowadays it is also actual one. There are
always two points of view about the relation of space and
time to the substance in history of physics-philosophy. The
first from them we can call the substantial conception. In it
the space and time were treated as independent essences,
existing with the substance and independently from it.
Demokrit and Newton were agreed with this conception.
Accordingly, the relation between the space, time and
substance was introduced as the relation between three types
of independent substations. This was led to the conclusion
about the independence of properties of space and time on the
character of the material processes, flowing in them. Second
conception can be called the relational one. Its followers
understand the space and time not as the independent
essences, but as the systems of the relations, created by the
interacted material objects. Outside this interaction system
the space and time were presented as common forms of
coordination of material objects and their states.
Correspondingly, the dependence of the properties of the
space and time on the interaction character of material
systems was allowed. The relational approach is character for
the conception of space and time of Aristotel, Leybniza,
Halilei and Puankare.

On the assumption of the relativism positions, i.e.
accepting the primary substance as the reasons and the source
of space and time, accepting the mass as universal and
invariant substance metrics [1,2], we conclude: outside the
substance the space-time and metrics aren’t defined. As it is
seen from the expression: M#ReT=0 is the de-escalation, the
space and time are empty outside the substance, where M is

21

substance mass, the equality to zero we accept for the
substance absent, R substance metrics, T is time. The
substance mass distribution dictates and creates the metrics of
the space and space itself: AR=AMe*AT - substance
distribution in time creates the space.

Process: AT=AMe'AR of this redistribution gives the
physical meaning to the time conception and creates the last.

If we imagine the space substance as homogenous and
isotropic ones, i.e. absolutely homogeneous in all directions
and to put the observer into it, then he can’t define the
extension and time motion and each time moment won’t
differ from the previous one. But if the shift in substance
distribution to the side of nonhomogeneous takes place in the
one of these time moments in the result of medium
fluctuation, i.e. the mass distribution appears and
consequently, time moments will be different, thus if
substance redistribution (mass distribution) designates as AM,
then:

_M
AM
AM

T=20
M

The expressions (1) and (2) are substation relations,

)

@)

R= lim l:oo

If AM=0 then,
AM =0 AM

©)

and 4)
The formulas (3) and (4) are conditions of absolutely
homogeneous (isotropic) substance of the space (there is no
planets, Galaxies and other bodies in Universe).
For the modern picture of Universe at the condition, that
it is locked system:
If AM#0 and always AM<M, i.e. 0<AM<M, then:
R:£>l (5) and T:ﬂ<l (6)
AM M
The formulas (5) and (6) are the conditions of stationary
state of Universe in present (there are planets, black holes,
stars and Galaxies).
In the case, if Universe is the open system, then at the
condition: AM2>M,

M

R=—"<1 AM
AM

(7) and =—> ®)
M
The expressions (7) and (8) are accessible and can be
considered as condition point of Universe divarication.
In the case, if we take the local region of modern
Universe and consider it as open system (in the relation to

Universe), then if Am=m (i.e. either pressing of the substance

T 1
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into the point (into object) or the explosion takes place),
where m is substance mass of local region, and Am is
substance mass distribution of local region. Then

r=M=1 (9 ad t=2"=1
Am

(10)
Here r and t are metrics and time of local region.
The conditions (9) and (10) are conditions of the creation
of massive object or its existence.

R= lim - =0

If AM>m;
Am—o AM

then (12)

and

T= lim 2™ o
Am—o M

The expressions (9), (10), (11) and (12) are conditions of
region divarication (for example, explosion of supernova
(star)). For example, for the condition of black hole: T=oo,
R=0, that doesn’t disagree to the conclusions of common
theory of relativity in approximation.

The substance discontinuity is the one from the evident
properties of it. Nowadays, the science operates by two types
of substance: substances and fields, to which the vacuum can
be summed in the capacity of the third one on our opinion.
The discontinuity properties have been established for the
thirst two substance types (supposing the universality of this
substance quality), that allow to consider it profitable for the
vacuum also.

In the end of 19 century M. Plank [3] introduced the so-
called Plank mass mp=1,2-10"° GeV/s®>. Though, nowadays
Plank mass is considered as fundamental physic value,
characterizing the energetic scale of the superunity theory of
all interactions, including the gravitational and is accepted as
transfer mass, after which substance transfers in field state.

We propose, that for each type of the substance there is
its own transfer mass mp, after which the one substance type
transfers into another one.

For the relativist body the conception of gravitational
mass isn’t useable. There is no point to talk about
gravitational photon mass, if for the vertically fallen photon
this value is less in two times, than for the flying horizontally
one. The mass of the system of two photons, the E energy of
which is 2E, if they fly in opposite directions and it is equal

(12)

to zero if they fly in one direction. It is strange, that in spite
of the fact, that mass nonadditivity doesn’t lead to
disagreements; we had the situation, when the system from
two photons looses such qualitative characteristic as mass
one at the peer angles between two flying photons, at the one
direction. We suppose, that the confirmation: m=0 is
physically empty and has formal character.

Analyzing the above mentioned, as the confirmation of
official science [4], let’s give the following discussions. Each
massive object, whichever less mass it has, will have the
gravitational field. However, the modern conception about
graviton, as about elementary particle leads us to the
conclusion, that this field of the quite essential type, the
guantum of which doesn’t have common physical properties.
Let’s suggest, that quantum of gravitational field would have
the characteristics of common physical mass, then we close
to the opinion of some physics, according to which, if
graviton would have the mass, then it would create the
gravitational field.

From it it’s followed, that either graviton doesn’t have
the mass, or there is mass without gravitation (we understand
the mass only as the quantity of some substance in the given
case), but having other physical properties.

This transfer mass doesn’t have by own gravitational
field, but has other (another) physical properties, probably by
the primary field from which the other fields and substance
types are created at the change of m, value.

The set of authors say the thought, that the substance of
the gravitation field is the vacuum substance [5]. Such
approach makes the graviton the vacuum quantum and takes
the excess difficulty of the question. In the capacity of the
example, it is possible to suppose, that the main criterion of
the difference, for example, quantum of electromagnetic field
from the gravitational quantum is the qualitative
characteristic on mass.

Topological physics bases on the conception of
substance reflection in space and then the geometric
characteristics become the basis ones for the flux of the laws
and regularities. We have another question, how this or that
image forms. In order to answer on this question the applied
formulas with taking under the consideration of above
mentioned expressions (1) and (2) are needed.

[1] L.B. Okun. O pisme R.I. Khrapko Chto est massa?
Uspekhi fizicheskix nauk, T.170, Ne12, 2000 g.

[2] A.A. Abbaszade, G.Z. Babaev, X.A. Gadgieva. Edinaya
mera prosessov v prirode. Dokladi NAN Azerbaijana,
T.LIX, Ne1-2, 2003 g.

[3] 4. Eynshteyn. Sobranie nauchnix trudov, t.2, M.Nauka,
1975, 849s.

[4] M. Plank. izbrannie trudi. M. Nauka, 1975,-s.232

[5] JT. Akhmedli, 11 Feldman. Prostranstvo-Vremya.
Azerneshr, 1991g, 248 s.

A.A. Abbaszadd, X.A. Haciyeva, E.Z. Babayev

KUTLO PAYLANMASI VO MATERiYANIN QURULUSUNUN PROBLEMLORI

Bu moqalodo materiyanin strukturunu oyronmok magsadi ilo kiitlonin paylanmasi prinsipi toklif olunmusdur. Materiyanin
metrikasi nazordan kegirilmis vo onun zarraciklorinin kiitlasinin sifra borabar qiymst almasinin fiziki monasi arasdirilmisdir.

A.A. Aoobac3ane, X.A. I'ag:kuena, J.3. babcaes
PABHOMACCHOCTbDB U IPOBJIEMA CTPYKTYPbI MATEPUU

IIpennoskeH NPUHIKT Pa3HOMACCHOCTH, KaK HAMPABIISIONIMI UL H3y4YEeHHs CTPYKTYpBl MaTEPUH U IIPOCTPAHCTBA-BpeMeHH. PaccMoTper
(bu3udIecKHit CMBICT YTBEPXKICHUH 0 HAJTWYUK HYJIE€BOM Macchl I 4aCTHUIl MaTepuu. Beicka3aHO MHEHHE O HECYILIIECTBOBAHUU HYJIEBBIX Macc

IUTSL BCEX COCTOSIHUI MaTepHHU.
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EXACT EXPRESSION FOR THE THERMODYNAMICAL POTENTIAL OF A
PARABOLIC QUANTUM WIRE

R.G. AGHAYEVA
Institute of Physics of the National Academy of Sciences of Azerbaijan
AZ1143, Baku, H. Javid ave., 33

The exact formula is obtained for the thermodynamical potential of a parabolic quantum wire directed perpendicular to the impressed

magnetic field.

The purpose of the present paper is to receive the exact
formula for the thermodynamical potential of a parabolic
quantum wire (QW) which axis direct perpendicular to the
impressed magnetic field. Gazeau et. all [1] considered the
analogous problem for QW directed parallel to magnetic
field.

All the calculations in this paper are made in the basis of
coherent state [2], as the coherent-state method is the most
simple and convenient way of solving the problem. The
derivation of the thermodynamical potential ({2 ) is based on
residue series in the complex plane, like that in [1]. The
expression for ), derived in this paper, will be used in
future for calculation the exact formulae of different physical
values (for example, the thermoelectromotive force and the
magnetic moment).

Let us consider a quantum wire (QW) in uniform
stationary magnetic field. We choose the vector potential in

the form A = (0,xH ,0) which corresponds to the magnetic

field H , parallel to the Z axis. The QW is directed along the
Y axis and characterized by parabolic confinements in the

plane (X, z).
The Hamiltonian of the problem under consideration is

N :%[pf +(py + ma)cx)2 + pf]+%mw§(x2 + zz)
€3]

where X is the usual canonical coordinate, P, is its
conjugate momentum, @, :eH/mc is the cyclotron
frequency, C is the velocity of light in vacuum, m is
electron mass, € is the absolute value of its charge and @

characterizes the parabolic potential of the QW for electron in
conduction band.

Since N is independent of Y it is possible to replace

p, = Py everywhere. The Hamiltonian (1) can be now

written as
N=N, +N, +N;, )
where
N :i[p2+m2a}2(x—x )2] ©)
1 2m X 0
2 e
@ y
Xg=— —& | — 4
0 ( w J eH @
w® :a)c2 +a)§ (5)
1
Nz =%(pf+m2a)0222) (6)
2 2
, p
Ny=| | = 7
’ [a)j 2m 0

N; and X, are two independent harmonic oscillator

Hamiltonians. It is known [2], [3] that the Hamiltonian and
wave function for harmonic oscillator in the coherent- state
(CS) representation can be written in the form:

N, = ha)[ AA + ﬂ (8)

_ 1 ip
A =—e“*Vmolx-x, ]+ == 9
" an [ ol=xo) \/m_a)} ©

mo ) Ima ) (ae_iwt)z |a|2
|a> = (Ej exp —( Z—h(x =X )—ae_lwt} + 5 - 5 (10)
a1
NZ :ha)o(A;/ A}/ +Ej (11)
A = ie"”‘)t M,z + P, (12)

v \/E

ma,
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4 2 Ziwgt ) 2
_ ma)o _ a)o _ piogt j'e ’ _|7|
|7/>_( — j exp [ oy LT J +£—12 5 (13)

where & and y are the arbitrary complex numbers.
It is easy to check that ‘a> and ‘7> satisfies all necessary

requirements of the CS.
For example, in the case of ‘a> :

1) ‘a> is eigenstate of boson annihilation operator and

integral of motion A :

A;| a> = a| a> (14)
G, +
{uha—xl,Aa}zo (15)
[, A =1 (16)
2) |a> is known to comply with normalization condition
<a| a> =1 (17)

The wavefunctions |a> form a complete system, but
they are not orthogonal.
3) |a> can be created from the ground state |0> for which

A |0) = (18)

From the foregoing it transpires that one should present
the solution of the wave equation of the problem (2)

.. 0
ih— -\ =0
( at )"”

v =l Jk,)

where ‘ky> = eikyy, hky =p,.

Let us calculate the thermodynamical potential €2 for
the case under consideration. In Fermi- Dirac statistics € is
given by

(19)

in the form

(20)

Q= —%Tr In(1+ e‘ﬁ(‘\“f)) (21)

|
with B=1/kgT , T is temperature, Kg is the Boltzmann

L
TrM =—yde
27

J-d;/ J-d aa| 7|< ‘M|a|7>‘ >

24

contact, & is the chemical potential of the conductivity

electrons.
We consider the case of physical interest:

N-&>0 (22)
Let us prove that

mh+e \5] j

much as [1].

It is necessary for that to reduce the right hand members
to the left- hand side using the contour integration.

In accordance with the Jordan lemma we take an

—(il+1)(N-¢)p/2
dl
(il +1)cosh(a/2)

(23)

integration path at N — & > 0 lying in the lower halt- plane,

where the integrand under consideration has only simple
poles:

=1 =—i(2n +1), n=012,... (24)

Using residue theorems we get the right hand members
in the form

> (1)

n=0

n+1 1 fﬂ(f”l)(\ é‘) (25)

The application of the formula (1.511) from [4] to the
series (25) finishes our proof.

Taking into account the expression (23) we transform
formula (21) to the following form:

1+ e(i|+1)§ﬁ/2
- ol dl 26
ﬂ_-[oz(il +1)cosh(/2) Ik (29)
where 6(1) is the function
(1) =Tr e (/2 27)

Now we shall calculate G(I) in the basis of CS.

Substitute the expressions (2), (8), (11), (7) into equation
(27). For further calculation we adopt the following relations
according to equations (22)-(25) of [5]:

1) The trace of an arbitrary operator M equals

(28)
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where {a 7, ky} are the set of quantum numbers in the CS,
(1/z)d%a = (i 7)d(Rea)d(Ime) is the real element of the area
in the complex plane and (1/7)d?y = (/z)d(Rey)d(Imy).

2) the identity valid for boson operators

<o:|exp(;(A+ A‘)a = exp[— (1— e’ )a|2J
(29)
3) the Poisson integral in the form

Tdky exp(—bk§)= \/% Reb >0

(30)

=— (il +1)pnew, /2
A=y o
— X
@y

It is easy to check that Reb >0 and Re C > 0 writing
| =Rel +ilmland taken into account that Iml| < O for the

integration path lying in the lower half — plane.
Introducing the well-known function sha:(ea _e*a)/z

we finally get

L, o m

1
4h @, ﬂﬂ(il +l) Sh(%jsh[a’}(oJ .

2 W, 2

oll)=

(36)

D(1) = (il +1)** cosh(z/2)sh[(il +1)Bhe, /2]sh[(il +1)ro/2].

Now we shall calculate Q2 for the case& < 0. The

integral over | can be evaluated by using residue theorems at
the condition that the integrand function satisfies the Jordan
lemma. The latter is valid if the integration path at £ <0
lies in the lower half — plane. Observe that in the lower halt —
plane the integrand function has only simple poles the same
asin (24).

We now determine €2 by applying the residue theorems
to (37):

- N(I)
= (40)
Pl
1=I{M
Substituting (38) and (39) into (40) we find
Q= iQn (41)

n=1

4) and
jdzae‘c‘“‘z -7 ReC>0. (31)
C
In our case
h2 P 2
b= =01 (il +1 32
P
C=1-¢* (33)
and
at the integration over y (34)
at the integration over « (35)

[ The substitution of (34) -
following expression for Q)

(36) into (26) leads to the

~+00
Q= J' mdl 37)
=, D()
where
L )
N(I):——y m3 ﬁe(lh—l)éﬁ/Z (38)
8n \ nf° w,
(39)
! where |
L, | m o (-1)"e"”
Q, = 3 32
4n\ 2z8° @y n¥? shnpnew, /2]sh[npho/2]
(42)
Obraztsov [6] deduced a formula relating the

thermoelectromotive force (Q) in a quantizing magnetic field
to the entropy (S) of a semiconductor:

S
=—— (43)
eN
It is known that the average number of electrons (N) is
given by
Q
N = _[G_J (44)
oS Jry
and
S = _(mj (45)
T Jey

where V is the volume.
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Calculate Q stating from (41)-(45). As result we obtain:
D inpE - nhwﬂcoth(n hwﬁj _n@oh coth(n W] 3 Q,
kB n=1 2 2 2 2 2
Q= o = (46)
D nQ,
n=1

Put N =1 and @, = 0 in (46). Then we derive the well known result for the thermoelectromotive force of nondegenerate
electron gas [6]:

Q= —k—B(g+ hoch oty 19 P

o > 5 ps ] (47)

I wish to express my sincere thanks to Prof. Hashimzadeh F.M. for helpful discussion and support.

[1] J.P.Gazeau, P.Y.Hsiao, and A.Jellal. Phys. Rev. B 2002, [4] Gradshteyn I.S. and Ryzhik .M. Tables of Integrals,

65, p. 094427-1 — 094427-9. Sums, Series and Products. M., «Nauka». 1971.
[2] I.A. Malkin and V.I. Man’ko. Dynamic Symmetries and [5] R.G. Agayeva. Proceeding of Third International
Coherent State of Quantum System. M., «Nauka». 1979. Seminar «Group Theoretical Methods in Physics»,
[3] R.G. Agayeva. J. Phys. A: Math. Gen. 1980, 13, p. 1685- London, «Gordon and Breach», 1984, v.2, p. 213-222.
1699. [6] Yu.N.Obraztsov. FTT 1965, 7, p. 573-581.
R.Q. Agayeva

PARABOLIK KVANT MOFTiLiN TERMODINAMIK POTENSIALI UCUN DOQIQ iFADD

Istigamoti maqnit sahesino perpendikulyar olan parabolik kvant moftilin termodinamik potensiali ticiin dogiq ifado
alinmisdir.

P.I'. AraeBa

TOYHOE BBIPAKEHUE JIUISI TEPMOINHAMHYECKOI'O IOTEHIIUAJIA TAPABOJIMYECKOM
KBAHTOBOM IMTPOBOJIOKH

IMTonyyeHo To4YHOE BBIpaXKEHHE ISl TEPMOJMHAMHYECKOrO IOTCHIMANa MapaboJIMueckod KBAaHTOBOH IPOBOJIOKH, HAaIPaBJICHHOI
MIEPIIEHIUKYIISIPHO K MIPMIIOKEHHOMY MarHUTHOMY IIOJIIO.
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ON PION CORRECTION TO QUARK MASS IN NEXT-LEADING ORDER OF MEAN-
FIELD EXPANSION IN NJL MODEL

R.G. JAFAROV
Institute of Physics Problems, Baku State University
Z.Khalilov, str., 23, AZ 1148 Baku, Azerbaijan

The correction to quark mass are calculated in Nambu - Jona-Lasinio model with 4 — dimensional cutoff regularization and with dimen-
sional-analytical regularization in the next-to-leading order of mean-field expansion. The analytical calculations show that the pion correc-
tion to quark mass is equal to zero. Comparing the results in both regularization one can signify that the zero value of the pion correction to
quark mass is the regularization-independent fact of Nambu - Jona-Lasinio model.

1. Introduction

The chiral-symmetrical Nambu - Jona-Lasinio (NJL) model
[1] with the quark content [2] is one of the most successful
theoretical laboratories for investigation of the phenomenon
of the spontaneous breakdown of chiral symmetry and for
study of the light hadrons in the non-peturbative region [3,4].
The NJL model was intensively investigated also at finite
temperature and density [5] and with various external fields
[6].

The nonrenormalizability of the NJL model implies a
suitable choice of regularization. The most common regulari-
zations for NJL model traditionally entail a four-dimensional
cutoff (FDC) regularization [3,7,8] or three-dimensional
momentum cutoff regularization [3,4]. Other regularization
schemes are also used for NJL model [9].

Scalar meson contributions in the chiral quark condensate
in the framework of the dimensional-analytical regularization
(DAR) have been calculated in [10,11]. These contributions
for physical values of parameters were found to be significant
and should be taken into account in choice of the parameters
values. The improved fit of parameters has been carried out
in  SU,(2)xSUA(2) - NJL model.

In  [8] systematical comparison of the dimensional-
analytically regularized NJL model with the NJL model with
FDC regularization has been done. Apart from the corrections
to chiral condensate, the corrections to quark mass in both
regularizations were also calculated. The numerical calcula-
tions at two characteristic values of condensate showed that
the pion contributions to quark mass in both regularizations
are equal to zero. Also it was supposed in [8] that an absence
of the pion corrections to quark mass is a regularization-
independent fact of NJL model.

The present work, which essentially based on results of
[8], is devoted to analytical calculations of the pion correc-
tion to quark mass.

2. NJL model with dimensional-analytical regulari-
zation and with four-dimensional cutoff. Meson con-
tributions in chiral condense

The model under consideration contains up and down
quarks fields y(x), each with n colors. The SUy(2)x SUA(2) -

24ign,

L=y ioy +%[(v7!//)2 +(v7i75f“w)2] :

where 7“-are Pauli matrices normalized by tr(#7)=25"
For formulating of the mean-field expansion we use an itera-
tion scheme of the solution of Schwinger-Dyson equation
with the fermion bifocal source, which has been developed
in [12].

The unique connected Green’s function in the leading
mean-field approximation is a single-particle Green’s func-
tion (quark propagator):

s¥=(m-p)",

where the dynamical quark mass m is a solution of the

gap equation:

dg
m? —q?

1=-38ign, | (1)

where dg =d“*q/(27)".
The solution of the gap equation (1) in DAR and FDC
regularization leads to [8]:

M 2 1+¢
-] @
1
1=k, [l——log(1+ x)]. (3)
X
. gn_ A’ gn.m? A
respectively. Here, kK, = ——, k="Y—, X=—;.
Peciively Aoog? 27? m?

£ and A are regularizations parameters in DAR and in
FDC regularization correspondingly.

Meson contribution to chiral condensate can be calculated
in the next-to-leading term of the mean-field expansion.

Ratio of the first iteration condensate y® to leading-
approximation condensate 7% in the pion channel has the
form [8,10]:

m® —p°®+2pq

A.(a),

invariant Lagrangian of this model is:
jdﬁda(

* " 1-8ign,J

m? - p?)2[m? —(p-q)?]

27

(4)



R.G. JAFAROV

= MPp?
where J —jdpm
In (4) the pseudoscalar amplitude A is [10]:
ig
A = 5
To1+L ©)

p

where

pseudoscalar quark loop.

L, (p) =ig[ dqtrs”(p + q)ysS”(@)rs -

Making use of the gap equation (1) we obtain the following

form for amplitude A, in momentum  space:
L,(p)=ig [ ddtrs®(p+q)s"(a)
1
A = ©)
4n.p-lo(p7)
where
g
d ™

o )= 2 2 2 2
0= oo =)

| The calculation of the integral (7) in both regularizations

(in DAR and in FDC regularization) leads to:

DAR / 2\ _ i g . . p2
I, (p%) = (47[)2 EF[1+§, 1, 3/2; 4m2j' 8)
2
17 (p2)=—'|log(l+x) - F|1,13/2—P |-
0 (p ) (47Z_)2|:og( +X) 1+X ( 4m2(1+X) (9)
2 2 2 2 '
—— P f1rsr— P |+ P Fl115/2 P
6m-(1+ x) 4m°(1+x) ) 6m 4m

Here F(a, b; c; z) is the Gauss hypergeometric func-
tion.

equation (2) in both regularizations (at n=3) takes the follow-
ing forms:

The pseudoscalar amplitude A" according to the pole (APoe)ORR _ 1 _ 2igm? 10)
(p*=0) representations of the formulas (8) and (9) and the gap| 4 12p21%7(0) &H?
(Apole)FDc _ 1 —_j 4z (11)
. 12p?15°¢(0) X )2
3 logl+x)———|p
1+x
As a measure of quantum fluctuations of the chiral con- | Sm Do Do
densate in pion channel, it is used the first iteration conden- —= =p®(m?) -a®(m?), (14)

sate to the leading-approximation condensate in pole ap-
proximation of amplitude (10) in DAR [10]:

1
DAR
T =— (12)
8o
Using the pole approximation of amplitude (11) in calcu-
FDC

lation of the ratio r,~~ in Euclidean momentum space in

FDC regularization, we obtain for ratio of the first iteration
condensate to the leading approximation condensate:

log(1+ X)
S(Iog(l +x)— 11‘)()

FDC _

. =

T (13)

3. Pion correction to quark mass

In [8] it has been obtained the formula for the correction
to quark mass in next-to-leading approximation of the mean-
field expansion. We’ll use that formula having the following
form:

where a,(rl)and b,(zl) are the first order mass functions.
These functions are defined by the following equations:

dq ole
p’a?(p®) =-3| ———A"(q) (15
Imz —(p-0q)?
dq
b (p?) =r, 3| ———FA""(a) . (6
Imz —(p-0)?

Using in (15) and (16) the leading singularity approxi-
mation for (A% )™ (10) and (A" )™

(11) and calcu-
lating the integrals in DAR and FDC

regularization
(taking also into consideration (14)) we obtain for pion

corrections to quark mass the following expressions:

on

3
8s '

om,
m

DAR

(17)

V4
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log(1+ x)

S(Iog(l +X)— 1+XxJ

om,
m

. (18)

FDC
FDC
[

From (17) and (18) according to (12) and (13) it follows
that the pion contribution to quark mass is equal to zero. It
means that the zero value of the pion correction to quark
mass is independent from the regularization choice in NJL

model.
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G.

NiL MODELINDO ORTA SAHO PAYLANMASININ BAS HODDINDON SONRAKI HODDO PiONUN

KVARKIN KUTLOSINO DUZOLISLORINO DAIR

NIL modelinds orta sahe paylanmasinin bas haddinden sonraki hoddo dérdslgiilii kesmoa requlyarlasmasinda vo Slgiilii-analitik
requlyarlasmada kvarkin kiitlosino diizaliglor hesablanmigdir. Analitik hesablamalar gostorir ki, kvarkin kiitlesino pionun diizaliglori
sifira barabardir. Hor iki requlyarlasmadaki hesablagsmalarin miiqayisasi gostorir ki, kvarkin kiitlasina pionun diizalislorinin sifra bo-
raborliyi NIL modelinda requlyarlasma se¢iminden asili olmayan faktdur.

P.T'. Ixxadapos

K IIOITPABKAM IITMOHA B MACCY KBAPKA B CJIEAYIOIIEM 3A I''TABHBIM
HNOPAIKE PA3JIOKEHUS CPEJHEI'O ITOJISA B MOJAEJIN HUJI

Brraucnenst TIOIIpaBKHU B MacCy KBapkKa B MOJICIIN HUJI B peryiigpusaliii ¢ Y€TbIPCXMEPHBIM 06pe3aHHeM uB pa3MepHO-aHaﬂHTH‘{eCKOﬁ
peryjiipusaliui B CJICAYIOLIEM 3a I'NIaBHBIM IMOPAAKE PA3JIOKECHUA CPEAHETO 1MOJIA. AHanuTHYECKHE BEIYUCIICHUS IOKa3bIBAKOT, YTO ITHOHHBIC
IOIIpaBKMU B MAacCy KBapKa paBHbI HYJIIO. CpaBHeHI/Ie PEIYILTATOB BBIUHCIIEHUI B 00€HX peryjisipusanusax Ja€T BO3MOXKHOCTE YTBEPKIATh,
YTO paB€HCTBO HYJIIO MMHOHHOM TIOIIpaBKH B MacCCy KBapkKa sBJIACTCs (1)3.KTOM MOACIN HI/U-[, HC3aBHUCHUMBIM OT BI:I60pa peryiigapusaliuu.
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THE DIFFERENTIAL METHOD FOR DETERMINATION OF BASIC OPTICAL
PARAMETERS OF ATMOSPHERIC AEROSOL IN UV BAND

H.H. ASADOV, M.M. ALIYEV, E.S. ABBASZADEH
159, Azadlig ave. ANASA, Baku, AZ1106, Azerbaijan

In the article “The differential method for determination of basic optical parameters of atmospheric aerosol” the new approach to
calculation of optical depth and Junge index is proposed. This approach is based on proposed differential method and previously proposed

three-wavelength method of measurements in UV band.

It is well known, that the aerosol is one of main parts of
the Earth’s Atmosphere. The basic optical parameter of the
atmospheric aerosol is optical depth of aerosol and some
other parameters, including Junge index [1]. Also it is well-
known, that main and widely used method for determination
of aerosol optical depth is Langley method [2].

The essence of this method is that we should take
logarithm from both sides of equation of extinction of optical
irradiation in atmosphere and bring this equation to the linear
type, where slope of which will be equal to linear sum of
separate optical depths:

TZ:Taer+Toz+T +TRey’ @

mol

where 7,7, 7T are accordingly optical depths of

aer ' “oz?! “mol 'TRey

aerosol, total ozone, gas molecules and Reyleigh scattering.

In Langley method in order to calculate 7., we should

use known, computed, or measured outside of UV band
parameters ¢, , 7, and 7, for some fixed wavelengths.

Therefore problems related with direct measurements of
optical depth of aerosol in UV band leads to necessity to
carry out non-direct measurements and then to calculate the
optical depth using parameters determined outside of UV
band. Here we also should note that well — known
ozonometrical method of Dobson envisages in some cases
removal of aerosol error using two pair of wavelength
method for linear approximation of wavelength dependence
of aerosol optical depth, but this method doesn’t allow us to
carry out aerosol measurements removing influence of
atmospheric ozone.

As a result the Dobson method cannot be considered as
universal and accurate method for research of optical
parameters of components of the atmosphere in UV band.
Such a universal property is possessed according to our view
point by three-wavelength method of atmospheric
measurements in UV band that was described in [3].

In this article we shall describe the variant of application
of this method for determination of main optical parameters
of aerosol. First of all we should describe the differential
method that will be also used. As it is well known [1], the

optical depth of aerosol 7z, is determined by Ongstrem

formula

T,0r =C A%, 2

where C- parameter of Ongstrem; « - parameter related with
Junge index n as follows:

30

a=n-3.

Taking derivative of equation (2) on A we have following
equation

dr,
aer _ C i—(ml) 3
) 1 (3)
or
At
Aaer — Cl,(au) (4)
AL

The foregoing formula (4) is the basis of proposed
differential method. The formula (4) is the transcendental
equation in relation to parameter ¢, and this equation may be
solved using graphic method.

The essence of the graphic method includes plotting of set
of curves of function

Az-/h'a\er
AL

=f(a,4,7,) (5)

for given discrete values of A, for given continuous interval
0= Cfmin~Cfmax- ) ) )
The crossing points of above curves with the horizontal

. AT T
line y:ﬂ will give us needed values of a4, ..., a.

AL
This process of solution of equation (5) is illustrated
conditionally in fig. 1.
It is obvious, that solution of equation (5) envisage

T/i aer

AA

order to calculate this parameter we use abovementioned
three-wavelength method.

presence of estimate of differential parameter . In

fla.h, to) 4

Amp

44

/

662 saaas an

24}
Fig. 1. Schematic illustration of proposed method.
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Now we describe in brief the basics of this method and For further description of the method we use the Bouger —
the variant of its application for considered task. According  Beer formula, which in general may be written as
to three-wavelength method we should carry out
measurements in three—\{vavelength A1, Ao, A3 Where A1< A, < l=A4-w- So .10_l”‘x +TReym+TaermlJ’ 0
As. As a result we obtain parameters 11(4,); 1.(42) and 13(4s)
which accord to intensities of Solar irradiation at the Earth
level in appropriate wavelengths. Then we should calculate
following relative parameter Z

where Sy- the solar irradiation flux at the level of upper
border of the atmosphere; y - optical absorption of ozone; y -
optical mass of ozone; X - total content of ozone; 7., - optical

d depth of Reyleigh scattering; m - optical mass of Reyleigh

7= \/ I 1(21 ) |3 (13) ©) scattering; zner - Optical depth of aerosol; m; - optical mass of
- ' aerosol.

I 2 (}”2 ) Taking into considerations formulas (6) and (7) we have:

where d=2+4; A - parameter which is regulated by computer. |

Y TY A TRey iy TTRey A Taer iy t7aer A
d S..S | pux| A8 3—;%2 +m| YA TPV 3—rRey/12 +my| 1A _2FT 73 3—T'aer/12
d d d
01 03 ‘10 .

SOZ

7= 8)

In order to obtain the aerosol part of formula (8) we should regulate the parameter d in such order that meets following
equation

Toy T 704 TReyz T TRey s,
“X{—d T Tpy, |TM d ~Treys, | =0- ©
The indication of meeting of the condition (9) is to be |
carried out by auto correlation analysis of parameter Z. The AT m-+d /S .S
computer should regulate the value of d till achievement of byt 1 | 2% (149
maximal value of ratio of high frequency component of AA AL ”J/z-S02
parameter Z, to the low frequency part because the aerosol where
has most variability among other components of atmosphere.
After meeting the condition (9) the equation (8) will be AL = A+ "y (15)
transformed to following formula d 2l
d/g .§ —m[%raerhj Therefore, the considered combination of proposed
7="% "8 10 . (10)  differential method and three-wavelength method allows us
0 to obtain estimates of differential parameter 47:er | which

AL
is necessary for calculation of parameter « and parameter n
using formula (4).
Summarizing the foregoing we can formulate the

Then assuming linear type of dependence of function
Toer (;t) in narrow band A4, + 4, we have

d,Sm'Soa e . ) proposed method of calculation of atmospheric aerosol
7=———"10 “Vreras teerk/ (11)  optical parameters (optical depth and Junge index) as follows.
So 1. Carrying of three-waves measurements, in such regime,
where when ratio of high — frequency component of autocorrelation
function of parameter Z to low frequency part reaches its
Z'* _ Ta ery + z-aerﬂg (12) maximal value.
aerh s d ' 2. Calculation of differential parameter 4%mer on the
AL
From the equation (11) we obtain following formula basis of data, obtained during realization of item 1.
3. Carrying out of graphical solution of equation (5)
X m+d .S shown in fig. 1.
(rae,M —Taera ): In Y22 % (13) In conclusion we should stress out, that the proposed
? ? NZ-Sp, differential method in comparison with the Langley method

bases on results of direct measurements in UV band, which
conditions high authenticity of results obtained using this

Taking into consideration the linear dependence of
method.

Toer (/1) in the narrow band A, + A, we have
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H.H. 9sadov, M.M. 3Sliyev, E.S. Abbaszada

ATMOSFERDOKi AEROZOLUN 9SAS OPTIK PARAMETRLORININ
UB DIAPAZONDA T3YIiN EDILM3Si UGUN DIFFERENSIAL METOD

Qeyd edilmisdir ki, mévcud metodlar atmosferde aerozolun optik sixligini UB diapazonda deqiq tsyin etmays imkan
vermirlar. UB diapazonda atmosferdaki aerozolun optik sixligini tayin etmak Gg¢iin Angstrem ganununa va avvallar taklif edilmis

U¢ dalgal 6lgma metoduna asaslanan differensial metod taklif edilmigdir. Metod riyazi cehatden asaslandiriimig, onun tatbiqi
ardiciligi sarh edilmisdir.

X.I'. AcagoB, M.M. Aimes, J.C. Addac3ane

JIA®PEPEHIIUAJIBHBIIN METO/I 1151 OIPEJAEJEHUSA OCHOBHBIX OITHYECKHUX ITIAPAMETPOB
A3PO30JI51 ATMOC®EPHI B Y® TUAITA3OHE

OTMEYeHO, YTO CYLIECTBYIOIIHE METOABI HE IO3BOJIIOT TOYHO ONPEIENHTh ONTHUYECKYIO IUIOTHOCTh a’po3oisi armocdepsl B YO
nuanasoHe. [l onpeneeHus ONTUYeCKOH IIIOTHOCTH a3po30i1s atMocdepsl B Y® nuanasone npeaioxker qudpdepeHuaibHblii MeTo Ha

OCHOBE 3aKOHa AHICTpEMa M paHee NMpPEUIOKCHHOTO TPEXBOJIHOBOIO MeToja M3MepeHuil. [laHo MatemaTHueckoe 0OOCHOBaHHE METOJa,
HOSICHEHO MOCJIEI0BATEIbHOCTD €0 MIPUMEHEHHUS.
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THE CONDITIONS OF OBTAINING OF HOMOGENEOUS MULTI-COMPONENT
THERMOELECTRIC ALLOYS

F.K. ALESKEROV
Scientific-Production Association ““Selen” NASA
Baku-1143, F. Agayev, 14

The review of the articles on the heterogeneity of low-temperature materials on the base of chalcogenides of bismuth and stibium,
obtained by the different technological methods has been formed. The influence of the appearing samples at the doping of the heterogeneity
on the properties (micro- and macro-heterogeneity), obtained by the methods of powder metallurgy and vertically directed crystallization has
been established. The regions of eutectic and island structures have been found in heterogeneous alloys, created by the compounds Bi,Tes,

Sh,Te; and Sh,Ses.

Introduction

The treatment of high-effective thermo-electrics on the
base of multi-component systems of solid solutions (Bi-Te-
Se) <impurities> and (Sh-Te-Se-Bi) <impurities> leads to the
creation and wide distribution of thermo-electric generators
and refrigerators for the wide temperature interval. Nowadays
the question is open: how we should change the compositions
of solid solutions, in order to provide the high values of
thermoelectric efficacy (Z) in wide temperature regions (100-
700°K). Moreover, the material should have such
concentration of current carriers, in order the optimal
(including Zmax) values of thermoelectromotive force ()
and electroconductivity (o) are supplied for the given
temperature interval. That’s why the task of the Z increase
should be solved in the interconnection with the study of their
structures and compound homogeneity. From other side, the
knowing of component distribution allows to treat the
technology of the obtaining of thermoelectric alloys of high
quality.

First part of the given paper is dedicated to the short
analysis of known experiment results on heterogeneity of
alloys AYB!v, obtained by different methods of crystals of

solid solutions on the base Bi,Te; and Sbh,Tes. In the second
part of the paper the structures of the layers Te®-Tel" are
given and analyzed.

Bi,Tes, Bi,Tes-Sh,Tes, Sh,Tes-Sh,Ses-Bi,Te; are doped
by impurities, created the optimal concentrations of current
carriers.

First part

The heterogeneities in alloys obtained by the different

methods

As the irregular distribution of the composition, so the
possible creation of the strange phase at the synthesis (two-
phase creations by eutectic type) influence on the properties
of bismuth and stibium chalcogenides. The monograph [1], in
which the characteristics are considered, influencing on the
formation of micro- and macro-heterogeneous in growing
sample was the one of the earliest works: the longitudinal and
transversal layer heterogeneities, homogenization and
introduced additions.

Many refs had been published in the further years in this
direction, however, the wide review of authors [2], dedicated
to the homogeneity of solid solutions Biy.xSn Te;.,Se,
(x=0,01; y=0,06, 0,12), grown on the Chochralsky method
with the replenishment of liquid phase from the floating
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crucible demands the special attention. The authors revealed
the influence of tin atoms on the homogeneity distribution of
main components: in monocrystals Bi,Te; the tin increases
the compound heterogeneity; the fluctuation of Sb and Te
content increases on 0,3% in stibium telluride. The studying
of electrophysical properties of the system Bi,.,Sn,Tes.Se,
was the continuity of these investigations [3]. The methods of
micro-analysis of the surface levels have been changed. Thus,
the defects of crystalline structure and dislocation structure of
bismuth telluride and above mentioned solid solution have
been studied by the method of transmission electron
microscopy. The dislocations, situated in basis plane (0001)
are the dominant defect type in the given monocrystals, also
the presence of the defects of the packing and very small
dislocation loops is shown. As all investigated monocrystals
are pronounced semiconductors, so the observable defects
don’t influence the significant influence on their
electrophysical properties [3].

As a whole, heterogeneities and the structure unsoundness
of material structures on the base of Sh,Te; and Bi,Te;
influence on the obtaining of the optimal concentrations of
the electrons and holes. Many publications are dedicated to
these problems; some of them are [2,3,4-7]. At the
investigation of the structure of these materials, the
investigators [4-7] dispute in the relation to the presence of
these or that defects. The different frequency and the
composition of the initial materials, and also different
conditions of alloy synthesis take place. The heterogeneities
in them will be significantly differ because of the
peculiarities of the growing technology of crystals by the type
Sh,Tes, Bi,Tez and their solid solutions.

The influence of the obtaining technology on the

crystal heterogeneities (Bi-Te-Se) and (Sb-Bi-Te)

The micro-heterogeneities of the Bi,Tes-Sh,Te; (x=0,3;
0,6) system have been formed in [8] after the sample
synthesis from them, obtained by the methods of directed
crystallization from the alloy, pressing, storage extrusion,
investigated by roentgen-spectral analysis. The qualitative
analysis of the distribution curves of Se and Te
concentrations proves the data [1] and shows on the presence
in the solid solutions, obtained by the directed crystallization
and extrusion method, longitudinal layer heterogeneity. The
solid solutions, prepared by the methods of powder metal-
lurgy reveal the micro-heterogeneity, statistically distributed
on the volume (micro-heterogeneities exceed 150 mcm).
More homogeneous samples have been obtained by the
directed crystallization. Such samples are called by directed
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crystals (DC). The less homogeneous crystals are pressed
ones (here the sizes of heterogeneities change in the
dependence on the grain sizes, used in the powders). The
homogeneity of the extruded samples depends on the
homogeneity of the initial storages. However, the extrusion
process itself significantly homogenizes the material [2].
Bi-Sb-Te homogeneity. The more high homogeneity
Bigs2Shy4sTes is caused by the less temperature interval
between the lines of liquidus and solidus in the system

Bi,Tes-Sh,Te;, than in system Bi,Tes-Bi,Se; in the
comparison with Bi,Tes;,Se, [2]. The concentration
heterogeneity, observable in the extruded samples

Bigs,Shy4sTes doesn’t have the layer character, inherent in
BizTEg.XSCX.

Eutectic on Te base in the materials of n- and p-types

The eutectic containing the pure Te has been revealed by
the authors in the alloy Bi,Tes; Sex [8]. The quantity,
structure and composition of it are defined by the method of
sample obtaining. At the investigation of the layer surfaces of
the crystals by the composition (Big25Sbo75)2 (T€0,955€0,05)3
the eutectic had been revealed. It was situated between basis
planes of solid solutions [2]. This two-phase system consisted
on the pure Te and material disseminations of the
composition (Bi,Sb),(TeSe);, in which the ratio of the
concentrations Bi and Sb is close to 34:66mol.%. The solid
solution in eutectics is strongly enriched by Te. The
composition of the second phase, revealed in grown crystals
on Bridgmen method and doped by Te excesses (Bi;Tes)zs
(Sb,Te)7q (SbySe)s, is defined as 90%Te with small quantity
of Bi, Sb, Se, that corresponds with data [8].

The streaks, having the eutectic structures are created in
two-phase region between crystals of solid solution (B,
Sh),Tes. The distribution heterogeneity of excess Te at the
band recrystallization of solid solution Bi; ¢Shg 4Te; was also
mentioned in [2]. The « change on the ingot and inversion of
its sign is explained by this. The authors [9] inform about
segregation of the doping impurity CdCl, in upper part of the
ingot (90 mol% BiTe; — 10 mol% Bi,Ses) and change of the
composition because of the significant evaporation of Te and
Se.

The monocrystals of solid solutions (Bi,Tez-Bi,Ses) and
(Sb,Tez-Bi,Teg), grown by Chochralsky method, are
characterized by the most homogeneity in the comparison
with other materials (obtained by other known methods) [2].
The Bi,Te,7Seq3 samples have the less homogeneity, if they
have been obtained by the methods of directed crystallization,
extrusion and powder metallurgy.

At the corresponding purity of the initial components the
composition of given crystals becomes the homogeneous one.
The monocrystalline sample, grown up from materials of
99,9999% purity, is the most homogeneous one. The thermo-
elements, produced from such alloys and also the
intercalationed crystals Bi,Te; are more perfect; they are used
in different scientific-technical aims [10-12].

Second part

Interlayer structure and electrophysical properties

Method of experiment

The monocrystals Bi,Tes, (Bi,Tes-Bi,Ses) u (SbyTes-
Bi,Tes-Sh,Ses) had been obtained by Bridgmen method [13]
and known method of vertically directed crystallization. In
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scientific investigations and industrial manufacturing the
growing up the multi-component crystals by Bridgmen
method has the set advantages [13]:

repeatability —and  homogeneity of ingots,
repeatability of the composition at the synthesis of multi-
component crystals and solid solutions, the saving of the
calculated components because of the system insularity, the
possibility of crystal obtaining with microstructural
characteristics and sizes of monocrystalline regions, which
are acceptable for the studying of the properties.

Ampoules by the internal diameter 8-20mm, produced
from the quartz glass, were washed firstly by nitric acid at the
temperature ~350°K during 0,5 hours, further, by the
distillated water many times. The degassing was carried out
either in the stove, or in the flame of oxygen bumer at the
continuous spooling.

The initial furnace was prepared from the components Te,
Se, Bi, Sb of pure 99,9999% (treated by needed purity). The
furnace components were weighted with the delicacy +-
0,005g, common mass of furnaces depends on the ampoule
size and was from 100 till 200g. The opened ampoule after
the preliminary heating at 400-600°K was put into upper low-
temperature part of heated stove, where the temperature is
lower on = 70°K, than liquidus temperature of furnace Ty, ,
by conic part, and was lifted with the velocity 5 mm/h. At the
sample obtaining by the method of directed crystallization the
velocities 10, 20 and 30 mm/h were used.

The perfectness and heterogeneity of crystal structures
were investigated by method of electron microscopy. The
investigations were carrying out on the electron microscope
JEM-35CX. The samples, cut from three parts of the crystal:
initial, middle and final, had been investigated. The surface
was obtained by the simple chipping on the planes before
investigation (0001).

The results and their discussion

The sample heterogeneities, obtained by methods of
Bridgmen and vertically directed crystallization had been
analyzed. The samples, obtained by Bridgmen method were
more perfect and in the middle region the regular distribution
of the components took place Sh, Bi, Te, Se. The significant
accumulations of the impurities were observed in the
interlayer space of the samples, obtained by directed
crystallization (we will call them, as it was mentioned -
(DC)). The nonmonotonic change of component
concentrations in crystallizing solid solutions P - (Sb,Te;70
mol% Sb,Ses5 mol% - Bi,Te25 mol%) < impurities> has
been established. The presence of two-phase region,
appearing at the achievement of Te concentration and having
the layered structure has been revealed by us. The streaks,
having two-phase eutectic structures are clearly seen in two-
phase region in the beginning of the ingot of samples by p-
type with the additions of Te superstoichiometry (ho more,
than 3% weigh.). This is proved by electron-microscopic
photos (fig.1). The analysis shows, that these planes are
eutectic ones Sh,Se;-Se (having the composition on state
diagram ShSe; 50 mol % - Se 50 mol %); they are situated on
basis plane (0001) and very negatively influence on
thermoelectromotive force. Thus, in the beginning of the
ingot the thermoelectromotive force has the value
o = +(130+160) ™V the

o]

in final has value

, and
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a=+(230_240)M. The middle part is more
CO

homogeneous one; the thermoelectromotive force oscillates

. - mcV

in limits  (195-205) at the value

o

5 =(1300-1100)Om™cm™. The electron-microscopic photo

(fig.2) of this compound by p-type of the surface of basis
plane shows the significant quantity of lamination steep Te"-
Te™ and its micro-crystal structure. Such dispersion along the
length of this plane (~10-12mm) practically doesn’t influence
on thermoelectric parameters. The analogical micro-
dispersion structures are observed in Bi,Tes <Cu, In> and
doped solid solution (Bi,Te;95 mol % - Bi,Sez5 mol %)
<CdCl,,Cu, In>.

Fig.1. The electron-macroscopic photo of two-phase eutectic
Sh,Ses-Se.

Fig.2. The electron-macroscopic photo of crystal of the system
(Sh2Tez 75 mol % - Bi,Te25 mol %)<3:0 weight Te>.

The electron-microscopic image of pure Bi,Tes< In, Cu is
given on the fig.3, and the island distribution of the impurity
in the solid solution by n-type (doped by Cu and In) is shown
on the fig.4. Such islands, situated on the surface of the plane
(0001) along the layers Te"-Te®™ in the middle part of ingots
doesn’t negatively influence on the electrophysical
parameters (DC). At this it is seemed, that electric resistance
of the islands changes the optimization conditions of
parameters of such multi-layered structures in the comparison
with earlier considered cases of the layers, having the normal
conductivity (o). The complex impurities (B, Cu, CdCl,, Te,
Sb, SbCly) at well their quantitative ratio, one play the donor
roles, other have acceptor functions, allowing to obtain the
needed concentrations of current carriers (including « and

5).
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Fig.3. The electron-macroscopic photo Bi,Tes, doped by
complex impurity In(0,05 weight%) u Cu(0,05 weight%).

" BEBBE306

Fig.4. The islands steps of Cu on basis plane (0001) of bismuth
telluride.

The investigations of the heterogeneities and elements
distributions on the length and cross-section of given
chalcogenides (DC) Sb and Bi (doped by impurities) were
carried out by us mainly for the definition of the
interconnection of conditions of obtaining and homogeneity.
Here, in small degree the influence of this or that impurity
heterogeneity on their thermoelectric parameters is reflected.
The unit point of view on model of the introduction
mechanism is absent and the complex character of
introduction of impurity atoms in crystalline lattice on the
base of which it could be possible to describe qualitatively
the observable experimental facts. The formation of island
structures in thin films and island layers Te"-Te®™ of the
crystals by type Bi,Tes and Sh,Te; causes the special interest
of many investigators. The theory, developed in [14] can be
accepted by us in the following explanations of island
structures, obtained by us in the interlayers. Such the kinetics
of phase impurity exfoliation in adsorbent layer on the
mechanism of increased diffusion in segregation process of
impurities from sample width had been investigated by
authors. It is shown, that in the case of gravitation between
the impurities they reveal the tendency to the formation in
adsorbent layer of surface structure [14]. The main
characteristics of these structures change with time by
nonmonotonic way.

Thus, in our case in “closed” interlayer space Te-Te®
the accumulation of the impurities is bigger, than in other
defect centers (vacancies from Te, in layers Te"-Bi and Te®-
Sb, grain limits, on external surface) takes place. In real
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crystals (especially in layered materials by type of bismuth
and stibium chalcogenide), consisting Se, tin, Cu, Ni, Fe, B,
the distribution on the ingot (on the length and cross-section)
is quite irregular. The one of the reason of this space
heterogeneity can be segregation processes, caused by
chemical interaction of impurities with atoms and matrix
(BizT@g'szSEg'szTEg) —Te, Se, Bi and Sh.

The eutectic phases Sh,Ses-Se (fig.1) and island layers
from Cu and In (fig.3 and 4) are observed in the investigated
by us electron-microscopic photos (fig.1-4). Rather on the
fig.3,4 in basis plane (0001) Bi,Te; the created islands are the
Cu layers. It is known, that Cu because of small ion radius
“settles” in interlayer space Te"’-Te more, than in layers
Te"-Bi u Te-Sb, creating the many layers and finally the
islands (fig.4).

The similar phenomena are observed at the formation of
film coverings created from the gas phase on massive
substrates. For example, in [14] the results of direct
observation of growing kinetics of island film Cu on the
carbonic are analyzed. The growing of the islands is
considered by them as multistage process, including in itself:
diffusion of atoms on the substrate (in layered structure
Bi,Te; — in Van der Waals crack) Te"-Te"), the transfer
through potential barrier on island bounder, diffusion on
island surface and joyance to the elementary capture centers
on the surface (the quintets Te®-Te!" are the surfaces in the
considered variant Bi,Tes).

In conclusion let’s consider the possible creations of
eutectic alloys in the systems Bi,Tes, Sh,Ses, Sh,Te; and in
their solid solutions. The task is the creation of eutectics
between the layers. Such layer had been revealed by us on
eutectic base Sh,Ses-Se in basis plane (fig.1) of the system
(Sb,Tes-Sh,Ses-Bi, Tes). This eutectic at the composition 50
at.% of Se melts at the temperature 820°K. In the conditions
of high pressures its melting point can be closer to the
melting point of solid solution (till 910°K) and this can be the
one from the possible reasons of the simultaneous growth
(DC) of solid solution and eutectic (having very low thermo-
electric parameters).

In this connection the thought about the undesirability of
the use of complex solid solutions, the one of the component
of which can be stibium selenide.

Conclusion

From all possible heterogeneities two heterogeneity in
solid solutions on the base of Bi and Sb chalcogenides have
been revealed. The one heterogeneity, connected with the
creation of eutectic streak from Sb,Ses;-Se negatively
influences on thermoelectric parameters of the alloy on the
beginning stages of growing (DC). The other heterogeneity
connects with the creation of island layers in basis plane
(0001) of layered crystal by type Bi:Tes. The growing
perspective of such multi-layered structures on the base of the
multi-component alloys doesn’t cause the doubts.
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BIRCINSLI COX KOMPONENTLiI TERMOELEKTRIK MATERIALLARIN ALINMASININ
TEXNOLOJi SORTLORI

Bismut vo antimonun xalkogenidlarinin asasinda yaradilmis metodlarda geyribircinsli termoelektrik materiallarinin elmi oadobiyyatda
verilon molumat gostorilir. Saquli yonslmis kristallizasiya vo toz metallurji metodu ilo alinmis nimunalorinin xassalorina tasir edon legiro
geyribircinslilik misyyan edilmisdir. Bi,Tes, Sh,Tes va Sh,Se; geyribircinsli orintilords eftektik va adali strukturlar tapiimisdir.

36



THE CONDITIONS OF OBTAINING OF HOMOGENEOUS MULTI-COMPONENT THERMOELECTRIC ALLOYS

@ K. AseckepoB

YCJOBHUSA NNOJYYEHUSA OAHOPOJHBIX MHOI'OKOMITIOHEHTHBIX TEPMOJ3JIEKTPUYECKHUX
CIIJTABOB

VCTaHOBICHO BIMSHHUE BO3HHKAIONUIMX MPH JICTHPOBAHMH MAaKpO- M MHKPOHEOTHOPOAHOCTEH Ha CBOWCTBa 0Opa3IOB, MOJIYYEHHBIX
METO/IaMH [TOPOIIKOBOI METAJTYPTrHU U BEPTHKAIBHOI HAPABICHHON KpUcTau3anuei. I3 IByX HCCiIeI0BaHHBIX HEOAHOPOAHOCTEH O/1HA
CBsI3aHa C BO3HHKHOBCHHEM CIJIOSi O3BTEKTHKH Sb,Se;-Se B cucreme (Sb,Tes-Sb,Ses-Bi,Tes), apyras cBsizaHa ¢ HEOZHOPOAHBIM
pacripe/ieieHieM oCTPOBKOBBIX npumeceii B Gasucroii miockocti Te-Tel cocucroro kpucramia Bi,Tes.
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MATRIX COMPOSITE SENSOR FOR MEASUREMENT MERE STREAM
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For detection and research obvious and latent heat stream in mere has been developed the extended high-resistance sensor made on spe-
cial matrix technology. Detector measures both temperature of surrounding sea water, and direction of a stream. Signals from the sensor,
amplified of the operational amplifier, by dint of the interface input into a computer for the further processing results of measurement and
archiving of the data. The software package of processing and archiving of results of measurement is created.

1. Introduction

Detection and research obvious and latent heat stream in
mere is an actual problem for studying the physical processes
proceeding at oceans and the seas. It is the important problem
for study and prediction of climate fluctuation for the Earth,
for the solution ecological and many other things of problems
of a national economy [1,2,3].

Stream at ocean can be watched on indirect indicators - to
variation of temperatures or transferred stream by ice, to sus-
pended matters, a phytoplankton (so-called tracers), fixed by
means of various sensors of remote sensing in visible and
thermal infrared ranges, or the sensor units directly contact-
ing to an aquatic environment. Passive tracers, such as a chlo-
rophyll or temperature, visualize stream in a field of tempera-
ture or colour of a sea on space films.

Possibilities of measuring by radar filming performances
of stream at ocean or sea were explored repeatedly. However,
systems used now are not suitable for such investigations as
do not ensure the vector measuring and do not allow receiv-
ing the space field pattern of rate.

On radar snapshots the surface developments established
by stream are recorded. In areas of interacting of stream there
can be fronts, bands of tide rings and choppy seas; these phe-
nomena are detected as a series of ghost lines or spots.

Borders of stream and the structures coupled to stream
(fronts, meanders, spurts, mushroom structures and vortexes)
are well visible in a field of temperature on snapshots in a
thermal infrared range.

Fronts and the frontal areas are the most interesting phe-
nomena at ocean. In the frontal areas intensive dynamic proc-
esses, specially there where there are aqueous masses the
greatest differences of the physicochemical properties.

In the World ocean major diversity of vortexes and vortex
motions is watched. Commonly ooze the frontal vortexes, the
vortexes of midocean arising owing to baroclinic instability;
the topographic vortexes coupled to a flow of aqueous
masses, and synoptic vortexes, generated atmospheric proc-
esses, for example, typhoons.

So-called mushroom stream are the vortex formations (or
structures) also, its were discovered in the beginning 80th as
a result of the analysis of space snapshots. Mushroom stream
is a combination of a narrow jet flow and a couple of vor-
texes of an opposite sign - dipoles because of what this vortex
structure likes a mushroom in a slit.

Thus, widescale researches only near-surface stream in
oceans and seas are carried out by methods of remote sensing
and aerospace filming.

The ultrasonic sounding method is one of widely used
methods of learning of surface and subsurface stream [4]. In
particular, at usage of this method, the cross flows of the het-
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erogeneous stream bears to fluctuations of an acoustic signal
transiting through it. These fluctuations are changed at a fre-
quency change of a signal in connection with a dimensional
change of a Frenel zone. Accordingly, these fluctuations of
signals on two different frequencies are coherent in a low-
frequency spectral range and incoherent in a high-frequency
diapason. Thus discontinuity of ocean will be small on
matching with a difference in across-sectional dimension of a
Frenel zone for various frequencies. Function of a coherence
of signals on various frequencies depends on a spatial distri-
bution of a stream. Therefore multifrequent sounding of
stream reconstructs of the profile space of a stream. However
with increasing of a logging depth the ultrasonic method re-
sults to greater errors.

Most precise measurements of a temperature field and a
profile of a stream can be carried out only contact methods
when the sensor is in an aquatic environment.

2. Experiments

There are two main problems at development of the sen-
sor contacting to an aquatic environment:

1)  If electrodes of the sensors measuring a heat stream
are isolated from water, pressure of water renders destroying
influence on the sensor measuring a heat stream.

2)  If electrodes of the sensor adjoin to water, the water
environment shunts electrodes and brings distortions in
physical value of electric parameters of the sensor.

In paper results of development and research of the sensor
on the basis of composite materials are given. The sensor is
intended for measuring simultaneously temperature fields and
the space a profile of the obvious and latent heat stream of an
aquatic environment (in three coordinates). Measuring can be
carried out both in near-surface areas, and on various depths
in an aquatic environment. Usage for this purpose of compos-
ite materials allows us extend a research range.

Development of new polymeric composite materials,
prediction and improving of their characteristics depends
from binding which one is the major component of composite
materials. In this connection recently the investigations in the
field of a polymeric materials technology in particular con-
ducting polymeric composite materials [5], were increasing.

The purpose of work is development of the sensor for si-
multaneous measuring a temperature field and the space a
profile of the obvious and latent heat stream of an aquatic
environment.

The material of the matrix (the belt shape) sensor unit-
exemplar consists of three components:
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1) Polymeric component of an exemplar, for collimating
to an exemplar of pliability, a technological Q-factor and
provision high resistive of the sensor unit;

1) A piezoelectric filling compound in the form of
slurry in the sensor unit (comminuted and mixed in a poly-
mer), for amplification of accumulation of charges on sur-
faces of a matrix and direction finding of a motion of an
aquatic environment;

2) thermo-filling - a semiconductor filling compound in

the form of magnetic character slurry for provision thermo-
sensitivity of an exemplar.

As a polymer it is possible to take polytetrafluoroethylene
(teflon-4) or polyethylene. On insulating properties teflon-4
belongs to best of known dielectrics. In table 1 basic charac-
teristics of teflon-4 and polyethylene are given.

Table 1
Resistivity, | Dielectric fac- Dielectric loss tgd Temperature | Ultimate | Relative elonga- | Density,
P, tor at f=IMHz | at f=1 MHz and t°=20°C | stability, °C tension, tion, % kg/m®
Ohm-m and t°=20°C MPa
S | 10%:0° 1,9+2,2 (2+2,5)-10°* 260+ +250 | 1530 250+300 2300
ey
T | 000 2,1+24 (3-5) -10* 70++90 | 10+15 300+750 | 910+970
k5]
>
-

Teflon-4 is more chemical persistent than noble metals
that allows to use it at manufacture of the isolation working
in corrosive environments. Teflon-4 is not combustible, is not
hydroscopic, is not wetted with water and other fluids. Poly-
ethylene is more technological, relative a low-cost and more
polarizable material. As the piezoelectric filling compound
we used PKR-8, PKR-3 or CTS-300 because a coefficient da;
is high. The piezoelectric modulus ds; characterizes a density
of charge formed on plates of an exemplar at action mechanic
exertion in a direction, previous polarization. For example,
CTS-300 has a density of charge ds3 = 280pC/N, £=100, t, =
330°C. For getting the sensor unit semiconductor heat-
sensitive and piezoelectric materials immix on special tech-
nique with powdered polystyrene before achievement of ho-
mogeneous mixture. Current-output electrodes in the form of
an elastic strip are superimposed in a uniform work cycle.
The got exemplar is enveloped by a clean polymeric material
for removal shunting in an aquatic environment (Fig.1).

(@) @)

Piezoelectric

Semiconduc-
tor

Fig. 1. Cross-section of a matrix sensor.

On fig 2 the operating principle of the matrix (belt) sensor
unit is displayed in one plain. Under action of a stream the
matrix detector is bended on angle Ap from a planar state.
Depending on direction of the stream Ap >0 or 49 <0, and

dependence as on amplitude | = f (Ag), and in a direction sign
(I) = sign (Ae) occurs. Therefore at measuring output current
I depending on a time t, | =F (t), we get the diagram dis-
played on Fig.3. The direction of current variation | displays
a streamline of current of an aquatic environment (on Fig.6
its are visible in the form of sharp plus (up) or subzero
(down) spikes). A degree of current | increase is proportional
to temperature T of an aquatic environment. Calibrating a
matrix sensor in standard basins with known streams and
temperatures it is possible to plot graphics | = f (Ag) in abso-
lute units.

a)Ap >0
NN —
b) Ap <0

\
N —

Fig 2. Operating principle of a matrix sensor in one plain.

For measuring the space of a profile of a stream in three
plains (coordinates) the modulus from three matrix sensors
had in three directions is agglomerated.

At occurrence of a stream in an aquatic environment the
elastic strip of the sensor unit bends in the same direction and
electrodes are polarized (a direction of polarization depends
on a direction of a bend). The occurred charges are read out
from electrodes, amplified by charge-sensitivity, converted
by an Analog-Digital Converter and move on an input of a
computer. The special program in a computer analyses the
signals entered from the modulus of sensor units, defines
temperature of an aquatic environment and a profile of a
stream of current and records in a data bank. In the subse-
guent these data are used for construction of a temperature
field and a stream of current in an aquatic environment.



A.A. BAYRAMOV, N.A. SAFAROV

right flow

/

I, current

/

left flow

»

t (time)

Fig.3. Variation of output current | fromatimet.

The function chart of a measuring system is given on fig.4.

matrix
detector

Power e
Amplifier ‘ DAC ‘
supple modpule

Fig.4 The function chart of a measuring system: DAC — Digital Analog Converter, PC - Personal Computer.

3. Conclusion physical value of electric parameters of the sensor.

With the purpose of the decision of these problems, has
been developed the extended high-resistance sensor made on
special matrix technology and measuring both temperature of
surrounding sea water, and direction of a stream. Signals
from the sensor, amplified of the operational amplifier, by
dint of the interface input into a computer for the further
processing results of measurement and archiving of the data.
The software package of processing and archiving of results
of measurement is created.

Detection and research obvious and latent heat stream in
mere is an actual problem for studying the physical processes
proceeding at oceans and the seas. There are two problems
for researchers:

1) |If electrodes of the sensors measuring a heat stream
are isolated from water, pressure of water renders destroying
influence on the sensor measuring a heat stream.

2) If electrodes of the sensor adjoin to water, the water
environment shunts electrodes and brings distortions in

[1] L. Gill. Dynamics of an aerosphere and ocean. M.: Mir, 1991. age of fluctuations of a multifrequent acoustic signal.

[2] J. Laythill. Waves in fluids. M.: Mir, 1981. Proc. Nij. Nov. Acoustic Sciences Session. NNSU,

[3] LeP.Blon, L. Maysek. Surges in ocean. M.: Mir, 1977. 2002, p.11.

[4] 1.B. Esipov, K.A. Naugolnih, .M. Fuks, M.V. Char- [5] V.E. Gul, L.V. Shenfil. Electroconductive polymeric
noski. Sounding of a profile of stream at ocean with us- composition. M.: Chemistry, 1984, p.240.

A.A. Bayramov, N.A. Safarov
SU SELININ OLGULM3Si UGUN MATRISA TiPLi KOMPOZIT DETEKTOR

Su miihitinds gériinen va gériinmayan suyun axmasinin agkar va todqiq edilmaosi {i¢iin xi{isusi matrisa texnologiyasindan istifado
olunmus yitksok miigavimatli elastik sensor islonilib hazirlanmigdir. Detektor eyni zamanda otraf doniz suyunun temperaturunu vo
aximin istiqamatini 6lgmays qadirdir. Sensordan golon siqnal giiclondirilir, sonraki emal vs arxivds saxlanilmaq {i¢iin interfeys vasito-
si ilo kompiitera daxil olunur. Olgii naticalorinin emah vo yaddasda saxlamaq tigiin proqram paketi islonib hazirlanmusdir.

A.A. Baiipamos, H.A. Cadapos
MATPHUYHbIA KOMIIO3UTHBIN JATUYMK JJIs1 USMEPEHUS BOJHOI'O IIOTOKA

Tlo crienuanbHOM MaTPUYHON TEXHOJIOTUH Pa3padOTaH U M3TOTOBJICH BEICOKOOMHBIH, 3JIACTUYHBIH JIETEKTOP VIS OIPEIeTICHHS BUIMMBIX
U HEsSIBHBIX T€YEHHI B BOJHON cpefe. J[eTeKTop OJHOBPEMEHHO U3MEPSIET TEMIIEPAaTypy U HalpaBieHue TedeHus: Boabl. CHTHAIBI OT JETEK-
TOpa YCUJIMBAIOTCS OICPALMOHHBIM YCHIIMTENIEM, IIOCPEICTBOM HHTEep(deiica MepefaroTcs B KOMIBIOTED Ul JalbHEHed o6paboTku pe-
3yJILTATOB U3MEPEHHI M apXUBalu JaHHbIX. CO3/IaH TaKeT IPOrPaMMHOI0 0OeciedeH s 1Jist 00pabOTKY U CO3/1aHusl OAHKa JAaHHBIX.
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CENTRIFUGAL DISTURBANCE IN SPECTRUM TRANS-CONFORMER OF THE
MOLECULE OF ETHYL ALCOHOL

Ch.0. KADJAR, S.A. MUSAYEV, A A. ABDULLAYEYV, S.B. KAZIMOVA
Institute of Physics of National Academy of Sciences,

H.Javid av., 33, Baku AZ-1143 Azerbaijan

In this paper the rotary, quart, sixth and oct- centrifugal constants of A-reduction of Hamiltonian of trans-conformer of ethyl alcohol
molecule in three axial representations have been established. The introduction in opposite spectroscopic task anew identified 33 rotary
transitions, situated in range of 24,0-498,0 GGs frequencies with high J(J=34) allow to decrease in three times mean-square inclination of
above mentioned constants and because of this their combinations have been calculated more precisely.

The investigation of micro-waved rotary spectrum of
ethanol molecule CH;CH,OH had been begun with
identification of Q-branches of its trans-conformer [1].
Further, its isotope replaced analogues had been investigated
in our country by
Ragimov and other [2-5], abroad — by Miliggen-Efinger [6],
Kulot [7], Kakar [8], Lovas [9] and by others. Further, many
serious works were dedicated to the investigation and|

Imanov, Kadjar,

Abdurakhmanov,

identification of submillimeter rotary transitions trans- and
gosh-conformers of this molecule [9-14,16-18]. Firstly on the
base of the result analysis, obtained in these refs in 1975 in
Sagittarius constellation (Sgr B2) the three rotary transitions
have been revealed: 6qs — 515 82265,46 MHz, 4.4 — 3g3
90117,51 MHz, 555 — 40, 104808,58 MHz [10]. After it, in
constellation Hot Cores G34,3+0,15 the rotary transitions of
this molecule had been revealed in big quantity [11, 12].

Table 1

The frequencies (MHz) of rotary transitions of molecule trans-ethanol

Centrifugal deposit
Transitions Vexp Av Quart- Sixth- Oct-
1 2 3 4 5 6

4 0 4 - 3 0 3 69521,200 -0,017 -1,952 0,085 0,086
6 4 2 - 7 3 5 60136,578 0,102 -27,418 0,088 -0,013
7 5 3 - 8 4 4 94895,800 -8,249 -60,011 8,526 8,185
8 4 4 - 9 3 7 24789,250 -0,081 -8,794 0,086 -0,026
8 5 3 - 9 4 6 77235,048 -0,056 -57,330 0,289 -0,064
10 1 o - 10 9 1 495876,700 0,113 -808,916 12,079 -2,559
10 1 1 - 10 9 2 495876,700 0,113 -808,916 12,079 -2,559
10 3 3 - 11 0 1 70336,001 -0,133 14,710 -0,069 0,009
N - 12 0 12 61775,903 -0,022 14,521 -0,122 0,015
12 ¢ 4 - 13 5 3 58889,529 0,008 -60,885 0,680 -0,383
14 53 - 13 4 9 62593,411 -0,079 -75,856 -0,082 0,069
16 4 1 - 15 5 1 50099,200 0,001 -118,431 0,044 0,291
16 4 13 - 17 1 16 64654,377 -0,050 140,553 -0,658 -0,017
17 4 - 18 1 17 52020,420 -0,172 138,707 -0,859 -0,016
18 1 17 - 17 2 16 297087,881 -0,099 -224,093 -0,220 -0,019
18 3 6 - 19 0 19 38769,436 0,096 -105,286 -1,538 0,054
19 4 % - 20 1 19 31772,729 -0,143 108,427 -1,426 -0,030
23 5 18 - 22 7 15 68134,250 -0,054 -322,684 0,212 3,768
23 5 1o - 24 2 2 43838,449 -0,212 543,686 -4,017 -0,986
24 5 o - 25 2 23 28697,089 -0,191 519,330 -4,562 -1,144
25 4 - 24 5 20 250150,722 -0,062 -1077,06 3,425 1,092
26 7 19 - 25 8 18 68657,454 0,021 -442 587 0,351 9,593
26, - 27 1 27 52171,970 0,015 -832,258 -8,196 -1,219
28 1 9 - 28 0 2 293453,889 -0,035 -656,144 -6,642 -0,832
28 5, - 28 1 27 253327,468 -0,010 -835,831 -6,377 -0,995
28 5, - 27 3 2 58778,250 -0,141 1154,863 3,762 0,876
29 5, - 28 3 % 492412557 -0,036 -844,304 -2,411 -0,193
30 1 3 - 29 0 2 493256,377 -0,055 -579,460 -0,812 0,649
30 o % - 29 1 2 493238,503 -0,046 -580,100 -0,810 0,647
31 6 - 31 5 % 244342,608 0,208 853,466 -15,218 -7,420
32 3 - 32 2 30 249604,873 0,139 -1518,16 -6,441 -1,480
33 2 - 33 1 33 350959,413 -0,028 -1028,97 -13,215 -2,811
34 4 3 - 34 0 4 362257,701 0,021 -1124,83 -14,910 -3,472

Here Av= vy Veale..
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Table 2
The rotary and centrifugal constants of CH;CH,OH molecule in three axial representations
Representation

Parameter I’ TH nr

X (MHz) 9350,676(1) 8135,488(1) 34891,765(4)

Y (MHz) 8135,234(1) 34891,788(3) 9350,927(1)

Z (MHz) 34891,783(4) 9350,410(3) 8134,994(1)

4y (xHz) 8,530(5) 118,83(6) 122,32(6)

Ay (kHz) -28,63(3) -359,78(19) -370,25(19)

Ay (kHz) 252,87(11) 252,98(12) 253,01(12)

& (kHz) 1,738(1) -56,86(3) 55,12(3)

& (kHz) 6,63(9) 120,30(5) -132,03(5)

H; (Hz) -0,011(9) 12,2(8) 12,4(8)

Hax (Hz) 0,90(21) -68,6(38) -70,7(39)

Hy; (Hz) -9,38(79) 97,4(49) 103,2(52)

Hk (Hz) 35,76(147) -41(1) -44,8(21)

h; (Hz) -0,002(2) -6,1(3) 6,16(39)

hy (Hz) 0,11(22) 27,3(14) -29,4(15)

hk (Hz) 58,8(65) -20,2(8) 22,8(9)

Ly (MHz) 0,003(5) -27,6(33) -28,1(33)
Lik (MHZ) 0,30(25) 128(22) 134(23)
Lk (MHz) -44,8(83) -161(43) -175(46)
Lyky(MHz) 47(23) 61(33) 71(37)
Lc(MHz) -69(16) -0,7(93) -2(10)
L.,(MHz) -0,0007(13) 13,8(16) -14(1)
I5c(MHz) -0,09(15) -49,2(93) 54(10)
ILx3(MHz) 15,3(71) 29(11) -35(13)

I (MHz) -582(145) -0,3(46) 1,1(55)

Table 3

The defined combinations of spectroscopic parameters of CH;CH,OH molecule in three

axial representations

Presentation
Parameter I" TH nr
A (MHz) 34891,8002 34891,7936 34891,7940
B (MHz) 9350,6482 9350,6480 9350,6480
C (MHz) 8135,2397 8135,2391 8135,2392
Taa (kH2) -232,7683 -232,5662 -232,5811
Thy (kKHZ) -12,0070 -12,0320 -12,0660
Tee (kHZ) -5,0533 -5,1073 -5,0838
T:1 (xHz) 3,0493 3,2764 3,2828
T, (xHz) -3,5553 -3,4630 -3,4510
D50 (HZ) 27,2705 24,4982 24,7425
Dyyp, (HZ) -0,0167 -0,0004 0,0942
D (HZ) -0,0062 0,0910 0,0177
@, (Hz) -19,4751 -25,5021 -25,4089
@, (Hz) -4,6031 -5,4553 -5,4198
@5 (Hz) 0,0211 0,0986 0,1075
@, (Hz) 0,0025 0,0820 0,1140
6, (MHz) -67,0808 -55,3147 -56,3899
6, (MHz) 0,0023 0,0026 0,0003
& (MHz) 0,0054 0,0062 0,0059
6y (MHz) -67,6859 -63,8631 -64,1170
6 (MHz) -0,0034 0,0145 0,0023
6s (MHz) -0,0175 -0,0556 -0,0609
& (MHz) -756,0766 -707,7655 -711,4906
& (MHz) 1,8591 4,0902 -7,4367
6 (MHz) -4,4117 10,6619 5,8051

In Lovas’s paper [9], the analytic review of all earlier
obtained investigation results of molecule trans-ethanol and
calculations of centimeter and millimeter spectrums of this
molecule, representing the astrophysical interest are given.

Further, Pearson and others identified 450 transitions with

high J > 33 [13], situated mainly in submillimeter region of
wave lengths.

42



CENTRIFUGAL DISTURBANCE IN SPECTRUM TRANS-CONFORMER OF THE MOLECULE OF ETHYL ALCOHOL

43



CENTRIFUGAL DISTURBANCE IN SPECTRUM TRANS-CONFORMER OF THE MOLECULE OF ETHYL ALCOHOL

In Musayev's paper [14] 56 rotary transitions of this
molecule, situated in 25,0-496,0 GHz range of wave length.
The introduction in opposite spectroscopic task the new
identified frequencies allow firstly to define the oct-
spectroscopic constants, and also to define the rotary, quart
and sixth spectroscopic constants of this molecule. Besides,
in this paper the defined combinations of rotary and
centrifugal constants (with the introduction of oct- terms)
[15] in three axial representations [16,17] are calculated.

At the solution of opposite spectroscopic task the Vatson
Hamiltonian of A-reduction was used [19-21]. Because of the
strong centrifugal ethanol spectrum distortion further in
solution of opposite spectroscopic task the oct- terms of
centrifugal distortion had been introduced, that gave the
possibility to identify 33 transitions, relating to millimeter
and submillimeter region of wave lengths.

626 rotary transitions, 92 of which rotary transitions,
identified in ref [9], 450 rotary transitions, identified in ref
[13], 51 millimeter and submillimeter transitions, identified
in ref [14] and 33 rotary transitions, identified by us, 20 from
which relate to millimeter and 13 relate to submillimeter

range of wave lengths, have been introduced into opposite
spectroscopic problem. The rotary and centrifugal constants
till decimal terms of rotary Hamiltonian in three axial
representations are obtained.

The introduction in opposite spectroscopic task of anew
identified 33 rotary transitions, situated in range of 24,0-
498,0 GHz frequency with high J(J=34) allow to decrease in
three times the mean-square inclination of above-mentioned
constants and because of it their defined combinations had
been calculated more precisely.

The frequencies of rotary transitions, identified by us,
and also the centrifugal deposits of separately quart, sixth and
oct- terms of these transitions are given in the table 1. The
rotary and centrifugal constants of CH3CH,OH molecule in
three axial representations are given in table 2. The defined
combinations of spectroscopic constants of molecule trans-
conformer of ethyl alcohol, defined on the base of the
constants given on the base of table 2, are given in the table3.

The rotary and centrifugal constants, obtained at the
solution of the opposite spectroscopic task and their
correlation matrix in representation 11" are given in the tble 4.
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ETIiL SPiRTi MOLEKULUNUN TRANS - KONFORMERININ SPEKTRINDO
MORKOZOQACMA HOYOCANLANMASI

Etil spirti molekulunun trans — konformerinin firlanma homiltoniyanin kvartik, sekstik vo oktik spektral sabitlori toyin
olunmusgdur. Bu molekulun misalinda, ilk dofs olaraq, reduksiya olunmus firlanma homiltaniyanin J=34 giymotlorinds oktik spektral

sabitlorinin toyin olunan kombinasiyas: hesablanmisdir.
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Y.0. Kagxap, C.A. Mycaes, A.A. Adayanaes, C.b. Kazumosa

HEHTPOBEKHOE BOSMYIIEHHUE B CIIEKTPE TPAHC-KOH®OPMEPA MOJIEKYJIbBI
9TUJIOBOT'O CIIMPTA

B 3710i1 paboTe yTOYHEHBI BpallaTeIbHbIC, KBAPTUYHbIC, CEKCTUYHBIC M OKTHYHBIC LCHTPOOCKHBIC MOCTOSIHHBIC TaMHJIbTOHHAHA A —
PEeAYKUHHM  TpaHC-KOH(OpMepa MOJEKyJbl STHIOBOIO CIHPTA B TPEX OCEBHIX MPEACTaBICHHsX. BKiroueHne B 0OpaTHYIO CIIEKTPOCKO-
MUYECKYI0 3a/ady 3aHOBO HACHTU(HIMpOBaHHbICe 33 BpallaTelbHBIX Mepexoja, Momagammux B auana3on dactor 24,0-498,0 I'Tu c

Beicokumu J (J=34), mo3Boamio B cpeaHeM B 3 pa3a YMCHBIIUTh CPEIHEKBAAPATUYHOE OTKIOHEHHE BBIIICYKA3aHHBIX ITOCTOSHHBIX W,
Onmaromaps 3ToMy, 0oJiee TOYHO BEIYUCIHUTD MX ONpeAeIsIieMble KOMOWHALIUH.
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THE CONSTRUCTION PECULIARITIES OF LAYERED ORGANIC-INORGANIC
SUPRASTRUCTURAL ANSAMBLE

S.Sh. GAKHRAMANOV
SPS ““Selen”” of National Academy of AR,
F. Agayev, 14, Baku, Azerbaijan

The modern positions on the directed designing of supramolecular systems have been considered on the bases:

- Layered misfit compounds,

- clathrates and silicates with frame structures,

- layered hydroxides,

- layered structures with variable size of structural planes,

- layered compounds with variable size of structural cavities with “guests” of different size in

“master” lattice,
- matrix crystals.

It is shown that the sizes and forms of matrix molecules and “guest” (cluster) molecules play the important role in the organization of
the regularities of suprastructure layered misfit compounds, clathrate compounds and silicates with frame structures, different intercalated

layered compounds and hydroxides.

It is established, that nonvalency chalcogen-chalcogen interactions play the special role in the creation of the supramolecular

chalcogenide clusters.

Introduction

The supramolecular physico-chemistry is the scientific
direction in the center of attraction of which are the creation
processes from the separate molecules of complex systems,
connected in a single whole by the means of the
intermolecular interactions. These interactions keep the
fragments together — the electrostatic forces, hydrogen
connection, Van der Waals forces in a whole are significantly
weaker, than covalent connections in the molecule itself. For
the increase of the durability of connections, the big enough
joining “blocks” are used in them. The developed system of
the connections because of the big surface of the contact is
created. The ability to the molecular recognition is the main
property of self-organizing supramolecular objects. The
component recognition supposes the “complementary”, - the
mutual accordance of ensemble participants (substrate and
receptor) as the geometric, so on the level of the creation of
intermolecular connections [1]. The author of the given paper
[1] pointed the different scientific disciplines as the objects of
supramolecular chemistry, especially emphasized the set of
the objects of inorganic and organic chemistry.

In the paper [1] it is emphasized, that intercalates,
clathrates and structures of the type “master-guest” exist only
in solid state. These structures aren’t discrete supramolecules,
and are referred to the solid supramolecular ensembles. The
ensembles of the “guests” in “longitudinal” structures of the
“master” and discrete supramolecules are emphasized. The
“longitudinal structures are the one-, two- or three-
dimensional continuous or the half-continuous crystal
creations with ion or covalent connection character.
Nowadays, the circle of these objects (and common
definitions and conceptions to them) is drawn approximately.
However, the some classification of objects of
supramolecular inorganic chemistry is present. The
intercalates with “guests” of different size in “master” degree,
clathrates, silicates with frame structures, complex
phosphates of molybdenum and vanadium are referred to
them [2]. Here [2] the discussion of the objects of inorganic
supramolecular chemistry is limited by the compounds by the
type “guest-master”. They give the possibility of the studying
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of the ensembles, in which the “guest” molecules create the
strong connections with longitudinal structures. These
structures influence on the geometrical and typological
correspondence of the components (complementary), and
also on the peculiarities of their self-organizing. The studying
of the given objects and also multiphase and other complex
layered objects can give the information about the new
mechanisms of their creation.

Fig.1. The substructures MX (Q-layer) and TX, (H-layer) with
disproportionate lattice parameters (aq and ay;) [6].

The principle of geometric and typological
complementary can be broken at the creation of the inorganic
supramolecular ensembles. In the paper [2] the (as the
systems “guest-master”) layered intercalates (for example, in
layered dichalcogenide matrix, graphite, clays) are especially
emphasized. In them the layers in “master” lattice are
connected because of Van der Waalse interactions; the layers
are shifted at the “guest” coming, and the change of interlayer
distance is the sign of the intercalate creation [3]. The value
of this change depends on the “guest” sizes and can be in 3-5
times greater, than the initial crystallographical parameter of
“master” lattice. However, the limit intercalate stoichiometry
is caused not only by the ration of “guest” sizes and holes in
“master” lattice. This intercalate stoichiometry AaMX, (A-
metal, MX, layered dichalcogenide matrix) is defined by the
conditions of the filling of conduction band by the A donor
electrons (i.e. by electron stabilization of whole AaMX,
structure), that is shown in papers [4-5]. The geometrical
facts go on the second plane — it is proved by small sizes of
M atoms in AaMX; systems, the absence of the changes of
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interlayer distances, small limit value a and dependence of
the value a on valence A and M states (see fig.1 and 2).

Fig.2. The scheme image of monolayer (a) and bilayer ()
misfit structures [6].

So-called “matrix crystals” — supramolecular ensembles
— synthetic opal with holes of the definite sizes, created the
regular cubic sublattice are known. The quasi-lattice with
enormously big parameters is formed at the filling of the
holes (for example by the selenium — “guest”). The geometric
disproportion of sublattices is compensated by the
deformation of one from them (“guest™).

Another example of the disproportion of “guest” and
“master is the variety of intercalates in layered
dichalcogenide matrix — misfit compounds. They can be
referred to the objects of supramolecular chemistry. These
compounds present themselves the suprastructures, consisting
from the structural elements, disproportionate in one
crystallographical direction. It is need also to consider the
peculiarities of structure self-organization of misfit layered
compounds — synthetic chalcogenides with general formula
(MX)14x (TX2)m (M-Sn, Pb, Bi, Sb, Ln; T-Ti, V, Nb, T,, Cr; X-
S, Se; x=0,08-0,28; m=1=1,2) (fig.2).

The properties of misfit compounds should be defined
significantly by the power competition, responsible for the
saving of the hardness of disproportionate substructures
(layered dichalcogenide matrix TX,, from the one side and
cubic structure of MK-c “guest” — from the another one, and
strengths, connecting them in united suprastructure. At the
same ratios of the given strengths the additive scheme of
compound property estimation doesn’t work. The
disproportion leads to the defect creation, and also to the
fragmentation of one of sublattices, influencing on compound
properties [6].

The further consideration of the given problem is
connected with nano-chemistry objects.

The nano-chemistry shows, that classic equations of
chemistry kinetics aren’t applicable at particle nano-sizes.
The excess energy of surface atoms, the part of which is big
in the relation to the inside atoms, significantly influences on
the temperature of phase transfers in nano-particles. If their
sizes are comparable for example with delocalization radius
of charge carriers, the nonlinear electric phenomena appear.
The appearance of new original methods of nano-particle
creation is connected with this.

The region of nano-chemistry, which has the aim to
create the closed or half-closed nano-and micro-reactors, is
wide. For example, the polymers are created, in which the
monodisperse empty spheres occupy 75% of volume. The

diameter of these spheres can be regulated, beginning from |

the nano-sizes (10 nm), finishing by (1000 nm). The
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molecular constructions are created (by type “vaz”), able to
“catch” of “guest” molecules and release them. The
molecular traps - karseplexes are synthesized. All these
structures are related to the class of molecular containers,
which are able to catch the given molecules and release them
at the change of conditions [7-9] (fig.3).

The nano-chemistry creates the own objects — nano-
particles, nano-reactors, nano-containers from the one side,
and from the other one — uses the advantages of nano-
particles, their special and flexibly variable properties for the
own needs. Thus, two key conceptions are already defined —
nano-particle and  nano-reactor. The  nano-particle
characterizes the size parameter. The nano-reactor defines the
nano-particle function. For example, Fe cluster almost totally
loses its special properties and approximates to the metallic
iron at the atom number in cluster n=15. At n>15 it stays as
the cluster in size meaning, but it loses qualities of “nano-
reactor”, in which the qualities become the size function.

The nano-holes in different porous materials can be
calculated by nano-reactors till the state, when their structure
and properties of reacting system depend on the size of holes.
When these dependences disappear, the nano-holes become
only nano-sized, in which caught particles behave as they
would be in unlimited volume [7]. However, very often the
separation of conceptions nano-particle and nano-reactor is
impossible. Nevertheless, these conceptions are needed for
the recognition of two sides of sized effect — as the pure
scaled space and as the physico-chemical phenomena, when
properties “guest-atoms” depend on the size (very important
sides in nano-chemistry).

And now few words about nano-reactors. The “empty”
tube silicon fibers — one-dimensional nano-reactors have been
created. The quazi-two-dimensional nano-reactors — hard
graphite-like planes, connected by flexible-chain bridges
from carbonic chains have been synthesized. The distances
between graphite-like planes in such reactors can be varied
[10]. The opposite and continuous pressing — the widening of
interplane space is achieved because of the stimulating of
conformational transfers in moaumerunenossix chains — from
rolled in nod of conformation (planes are maximally
approached) till longitudinal chain (planes are maximally
shifted).

The descriptions of principally new organization of
chemical substance on the level, when at the creation of
different materials from the components the leading meaning
has not their reacting ability, and correspondence of sizes and
forms of molecules — “guests” — to the frame holes,
constructed by other molecules, - “masters” (or to hole of
another, more big molecule — master) are paid attention. Such
principle of compound creation allows us to join the
coordinationally-saturated molecules, not including into
chemical interaction with each other, in submolecules, and
submolecular crystalline phases, thermodynamically more
stable, than impurity of initial components [11]. The clarity in
above mentioned phenomena is put by interactions, with the
creation of izostructural cluster compounds. The main
conceptions of clathrate chemistry gave the beginning the
real searches of submolecular creations. The investigations of
clathrate compounds [12-14] helped to understand, why at
total absence of valence chemical connections between
molecules of initial components they are able to join in
thermodynamically stable phase.
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Fig.3. The nano-structure classification [19].

D.Len [1] emphasized the important role of invalency
interactions in formation of similar compounds; the new
conception “supramolecular chemistry”, which he has
defined as “chemistry outside the molecule”, “chemistry of
molecular ensembles and intermolecular connections” has
been introduced by him.

The opening of clathrato-creating complexes of metals
had been enriched the science of materials by many new
objects. The revealing of supermolecular compounds allows
to reveal one more thermodynamically profit mechanism of
germ creation of new phase.

Thus, the necessity of the consideration of organization
of chemical substance in the correspondence with sizes and
forms of “guest” and “master” molecules of matrix has been
became [15-19]. This is demonstrated on the fig.3.

The world of layered structures is rich; the methods of
their creation and use are diverged. The community of
layered systems is revealed in inorganic and organic world —
in world of all nature systems. All this says about the unity of
the mechanism of cleavage nature creation. Let’s consider the
one more example of the creation of layered structures.
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Layered structures with variable size of structural
holes

Such structures can be used in the capacity of two-
dimensional nano-reactors. In these compounds the layers are
connected between each other by Van der Waalse forces.
Moreover, it is easy to change the size pf interlayer space.
The layered structure increases the diffusion of diverge
compounds in interlayer space and thus, eases the chemical
modification of layered compounds.

In this relation the works, dedicated to the synthesis of
nano-composites with the use of layered matrixes are interest.
The compounds with negatively charged layers and cations in
interlayer space — allumosilicates are widely used. However,
such materials have the set of disadvantages, prohibited to the
studying of formation mechanism of nano-structures in
layered matrix.

Thus, the goal of the present paper is the review, analysis
and revealing of common regularities in layered structures
with elements “guests” in organic and inorganic
suprastructures such as: clathrate compounds, eutectics,
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misfit compounds and other layered systems with intercalates
of different sizes in master lattice.

Layered double hydroxides

The layered double hydroxides (LDH) of the
n—

composition M/t M* (OH), [X7 -mH,0]  (x-

anion) are the more widely-spread two-dimensional nano-
reactors. The compounds with M**=Mg?*, Zn?*, Fe?*, Co?**,
Ni%*, Cu®*, Cd**, Sn?* and M*"=AP*, Fe**, Cr¥*, Mn*", Ga*",
In®*, Bi*" are present. As a rule, the radiuses of cations M**
and M**, participating in formation of layered structure,
shouldn’t differ more, than in 1,5 times. Practically any anion
or anion complex can be in the capacity of the anion X". LDH
structure presents itself the system of positively charged

hydroxide layers [M/*,M¥*(OH),]* and

situating in interlayer space [20]. Structure of layered double
hydroxides is presented on the fig.4.

anions,

Fig.4. The scheme image of the structure of layered double
hydroxides [7].

Besides anions in interlayer space the labile aqua
molecules are present often. Given structure is stable because
of the electrostatic interaction between positively charged
hydroxide layers and interlayer anions, bringing the negative
charge [20].

The anion situation in interlayer space can be diverged.
As a rule, anions are situated in interlayer space thus, that in
order to minimize its size.

LDH have the set of unique properties, important for the
directed synthesis of nano-materials. The one of such
properties is the stability of layered structure LDH in wide
range of change of the sizes of cations and anions. Thus,
samples LDH Mg-Al have been obtained, containing the
different anions with sizes from 0,3 till 5 nm in interlayer
space.

Thermal decomposition of LDH carries out with saving
of layered structure that allows us to carry out the chemical
reactions with the participation of anions of interlayer space
at the high temperatures without the matrix decomposition
[20]. Many functional properties of materials on the base of
LDH connect with especial properties of intercalated anions
in them.

The given properties open the wide possibilities for the
chemical design of nano-composite materials on the base of
layered double hydroxides.
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The existence of hard hydroxide layers in LDH structure,
limiting the interlayer space, creates the conditions for the
synthesis of nano-systems, similar with conditions of their
synthesis in nano-reactors. In [20] the composite obtaining,
consisting from the nano-particles of CdS in interlayer space
of LDH, is described. At thermolysis of Cu-consisting LDH
at 400°C the creation of spherical particles of cuprum, by the
size 2-5 nm (in interlayer space of matrix) and 5-8 nm (on
surface) take place. At thermolysis of Ni-consisting LDH the
spherical particles of Ni by diameter ~5 nm with very narrow
particle distribution on sizes are formed. The increase of
thermolysis temperature till 800°C leads to the increase of
particle sizes till 15 nm with simultaneous distribution
widening. And at thermolysis of Co-consisting LDH at 400-
800°C the large (~100 nm) metal particles in form of discs,
the size and morphology of which practically don’t depend
on thermolysis temperature, are created.

Thus, the use of nano-reactors opens the possibility for
the design of functional nano-materials with given
physicochemical parameters. Moreover, the solid-state matrix
allows to avoid the aggregation of nanopartricles and defend
them from external influences. The semiconductor layered
materials by type: GaSe, Bi,Tes, SB,Tes, InSe and others can
be such solid-state matrixes. Thus, the given examples prove
the advisability of use of layered structures in the capacity of
two-dimensional nano-reactors.

The consideration of design principles of
supramolecular compounds with the use of organic
cucurbituril

Such work was made by authors of papers [9,21-22] on
organic  macro-cycle  cavidants cucurbit[n]uril,

[CsHsN,O,], (n=5-10). The existence of hydrophobic

intermolecular hole equally with polarized carbonyl groups of
portals of cucurbiturils causes the high specificity of the
creation of compounds by the type “guest-master”, is shown
by them. The possibility of cucurbiturils to be in the capacity
of the synthetic containers, in which the biomolecular
reactions between specially chosen “guests” carry out with
high regio- and stereoselectivity, has been considered [9].

The introduction of gas molecules, metal ions, organic
molecules into hole leads to the creation of stable
compounds, having the unusual structure and interest
properties. In review of paper [9] the synthesis and structure
of supramolecular materials, obtained with the use of macro-
cycle cavidants, having the trivial name as cucurbiturils, are
considered.

The compounds of cucurbit[6]uril by type ‘“guest-
master”

The cucurbituril  of  CsgH3zsN,4O1,  composition
(cucurbit[6]uril (5)), constructed from six glycoluril
fragments, connected by methylene groups has been studied
more well.

The existence of enough hard intramolecular hole causes
the possibility of cucurbit[6]uril (5) the introduction of small
guest molecules.
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The creation of the compounds has been proved by
crystallographicly, and also by different physicochemical
methods [9]. The cucurbit[6]uril (5) creates the stable
compounds of the introduction with amines and diamines,
alkyl and benzylammonium ions, dye molecules.

The supramolecular compounds of cucurbit[6]uril
with cluster aguacomplexes of metals

The use of volume fragments, not having its geometry,
able to create the developed system of intermolecular
connections because of the big contact surface, is the
important condition of directed constructing of nano-sized
complexes or supramolecular compounds. The cluster
aquacomplexes of molybdenum and tungsten are suitable
enough large molecular constructing blocks for the creation
of supramolecular compounds with cucurbit[6]uril (5) [9].

The given compounds have chain structure, in which the
supramolecules of structure type “barrel” with two coverings
are connected between each other because of the short ( in the
comparison with sum of Van der Waalse radiuses, which is
equal to 3,9A of nonvalency interactions Se.....Se (3,59-
3,72R). The hole cucurbit[6]uril in the compound
{[\Nsse4(Hzo)6C|3Iz(PyHCC36H36N24012)}CI3'18H20 has
the pyridine cation.

The interactions of chalcogen-chalcogen between
neighbour clusters, which are character for three-nucleus of
chalcogenide clusters of transfer metals [9].

Chalcogen-chalcogen interaction between neighbour
cluster fragments MY, of supramolecular compounds is
similar to interactions between chalcogen atom layers in
layered dichalcogenide transfer metals MY,(Y=S,Se) [23].

The comparison of the structures of chain
supramolecular compounds

{[Wosse4(H20)8C|]2(C36H36N24012)}CI6 '16H20 and
{[WoaHgses(H20)14C|4](C36H36N24012)}C|4 '14H20 (3]
shows that they relate to each other as matrix and intercalate
from the construction point of view: mercury atom is
introduced between chalcogenide clusters MsY,4 practically
don’t change the main parameters of supramolecules. Thus,
as the authors of paper [9] conclude, the chemistry of
supramolecular compounds of chalcogenide clusters is
connected with chemistry of layered compounds more close,
than it would be expected. In both cases the nonvalency
interactions chalcogen-chalcogen play the important role in
the structure creation.

Conclusion

The considered review and analysis of cucurbiturils
clathrates, layered dichalcogenides allow us to consider the
organic and inorganic systems in the capacity of the
molecular constructing fragments for the directed
construction of nano-sized ordered layered supramolecular
compounds. In hole of one frame the introduction of different
“guests” and also clusters leads to the interaction between
them and it becomes the motive force of creation of
supramolecular compound. It is established, that in chemistry
the nonvalency interaction chalcogenide-chalcogenide play
important role in structure creation.

The peculiarities of synthesis of functional nano-
composites on the base zero-, one- and two-dimensional
solid-state nano-reactors, connected with formation of holes
(zeolites, pores of mezoporous matrixes) or with interlayer
holes of layered compounds. With the help of the
intercalation method of dichalcogenides and metals, it is easy
to create the layered crystals, using the longitudinal structural
blocks TX, and introduced reagents in solution at T=300°K.
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S.S. Qohramanov

LAYLI QEYRi-ORQANIK VO ORQANIK SUPRASTRUKTUR ANSAMBLLARININ QURULUSUNUN
XUSUSIYYOTLORI

Asagidaki supramolekulyar sistemlorinin istigamotlondirilmis qurulusunun miiasir osasnamasi verilir:

-Layll misfit birlogsmolorin, klatratlarinin karkas strukturlu silikatlarin, layll hidrooksidlorin, layli struktur 6l¢lst dayison
struktur mustavilorinin, layll birlosmalorin 6l¢ust dayison struktur araliglarin muxtslif 6IgUll “qonaqlarinin”, “qabul edon gofosds”,
matrisli kristallar.

Gostorilir ki, suprastruktur layli misfit birlogsmolorinin, klatratlarin, karkas strukturlu silikatlarin, miixtolif interkalyasiya
olunmus layll birlosmolorinin, hidrooksidlerin qanunauygun toskil olunmasinda osas rolu matris molekullarin vo “qonaglar”
molekullarinin (klasterlorin) 6lgllori vo formatlari toskil edir.

Toyin olunur ki, halkogenid supromolekulyar klasterlorin omolo golmasinds ssas rolu halkogen-halkogen geyri-valent
slagalondirmslor oynayir.

C.III. KaxpamaHoB

OCOBEHHOCTH KOHCTPYUPOBAHUS CJIOUCTBIX OPTAHO-HEOPTAHUYECKHUX
CYIIPACTPYKTYPHBIX AHCAMBJIEU

PaccMOTpeHBI COBpEMEHHBIE MOJIOKEHHS IO HAIIPAaBICHHOMY KOHCTPYHPOBAaHHIO CYyTIPAaMOJICKYJISIPHBIX CHCTEM Ha OCHOBE:
- CIIOHUCTBIX MUC(UTHBIX COCIMHEHUH,

- KJIaTPaTOB M CHJIMKATOB C KAPKACHBIMH CTPYKTypaMHu,

- CIOHUCTBIX THJIPOOKCHUJIOB,

- CIOHUCTBIX CTPYKTYP C IEPEMEHHBIM Pa3MEpPOM CTPYKTYPHBIX ILIOCKOCTEH,

- CJIOMCTBIX COCIMHCHUI C MEPEeMEHHBIM pPa3MEPOM CTPYKTYPHBIX IMOJIOCTEH € “TOCTAMH” pa3lUYHOrO pasMepa B pEIICTKE
“xo3stmHa”,

- MaTpUYHBIX KPHCTAJLIOB.

ITokasaHo, YTO B OpraHMW3aLUU 3aKOHOMEPHOCTEH CyNpacTPYKTYPHBIX CIOUCTBIX MUC()UTHBIX COCIMHEHUH, KIaTPATOB U CHIUKATOB C
KapKacHbIMH CTPYKTYypaMHM, PasiIM4HbIX MHTEPKAIHMPOBAHHBIX CIOUCTBIX COCAWHEHHH, M'MAPOOKCHIOB IJIABHYIO POJb MIPAIOT pa3sMephbl U
(bopMBI MOJIEKYJT MATPHUIL ¥ MOJIEKYJI (K1acTepoB) “rocreii”.

VYcraHoBieHO, 4TO B 00pa30BaHHM CYNPaMOJICKYJSIPHBIX XaJbKOTCHHUIHBIX KIACTEPOB OCOOYIO pOIb HIPAr0T HEBaJECHTHBIC
B3aUMOJICHCTBUS XaIbKOT€H-XaJIbKOTEH.
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__ VAHID TEXNOLOJi SORAITDO ALINMIS p, n-TiP .
KECIRICILIY® MALIK Pb;.Mn,Te(Se) EPITAKSIAL TOBOQOLORI

H.R. NURIYEV, R.M. SADIQOV, S.S. FORZOLIYEV, M.B. HACIYEV
AMEA Fizika Institutu,
Azorbaycan, Baki, Az-1143, H. Cavid pr., 33

Toqgdim olunan isdo molekulyar dsstodon kondensasiya metodu ilo BaF» (111) althiqlart {izorinds PbixMnxTe(Se) (x=0,01)
epitaksial tobagalorinin bdylims xiisusiyyatlori tadqiq olunmusdur. Slave Te(Se) monbayinin temperaturunu tonzimlomoklo vahid
texnoloji soraitdo tolob olunan elektrofiziki parametrli (uup(77K)=(2,5+3)-104 sm?/V:s; (n,p77x)=5-1016+1-1017 sm-3), yiitksok kristal

mitkemmolliya (W#,=90+100") va p,

n-tip kegiriciliyo malik PbixMnxTe(Se) (x=0,01) epitaksial tobagalorinin alinma texnologiyasi

islonib hazirlanmigdir. Mioyyen edilmisdir ki, kegiriciliyin inversiyasi slave Te(Se) monbayinin temperaturunun 420 K-don yuxari

giymatlorinds bas verir.

Spektrin infraqirmizi diapazonunun intensiv Oyronil-
mosi, darzolagl yarimkegirici materiallar asasinda opto-
elektron cihazlarin hazirlanmasini vacib bir masels kimi
garsiya qoyur. Bu materiallar igorisinds AIVBV! tipli birlas-
molor vo onlarin asasindaki bork mohlullar xiisusi yer tu-
tur [1].

AIVBV tipli yarmkegiricilor qrupuna daxil olan PbixMnxTe(Se)
bork mohlullar1 spektrin 3+5 mkm dalga uzunlugunda
isloyan cihazlarin hazirlanmasinda istifads olunmagq {igiin
boyiik perspektivo malikdir. Bels ki, bu bark mohlullarda
Mn ionlarinin olmasi onlarda yarimmaqnit yarimkegirici-
loro maxsus yeni xassalorin mévcudlugunu iize ¢ixarir vo
onlarin ssasinda texnikada genis totbiq olunan, magqnitlo
idare olunan diodlarin hazirlanmasma bdyilkk imkanlar
yaradir [2].

1980-ci ildon baslayaraq yarimmagqnit xassali belo bark
mohlullarin massiv monokristallart alinmis vo onlarn fi-
ziki xassolori genis tadqiq olunmusdur [3-5]. Gostorilon
bork mohlullarin epitaksial tobagalerinin alinmasi vo onla-
rin osasinda yuxarida adi ¢akilon diodlarin hazirlanmasi
boyiik shomiyyst kosb edir. Bu iso Pbi.xMnxTe(Se) bark
mohlullarinin  yiiksok kristal miikommaolliys, p, n-tip

a)

kegiriciliyo vo tolob olunan elektrofiziki parametrlors
malik epitaksial tobagolorinin alinmasi masslosini qarsiya
qoyur.

Togdim olunan isds 104 Pa vakuumda molekulyar
dostodon kondensasiya metodu ilo BaF» (111) althqlar:
tizarinda PbixMnxTe(Se) (x=0,01) epitaksial tobagalorinin
boyiims xiisusiyyatlori todqiq olunmusdur. Altliq gismin-
do BaF2 mionokristallarinin toze dogranmis (111) laylar,
monba kimi isa sintez olunmus Pbi«MnxTe(Se) (x=0,01)
bork mohlullar istifads olunmusdur. Alinmis tobagslorin
kristal mukommalliyi elektronoqrafiya, elektronmikrosko-
piya, rentgendifraktometriya metodlar ilo tadqiq edilmis-
dir. Gostorilmisdir ki, daha yiiksok kristal mitkommalliys
vo elektrofiziki parametrlors malik epitaksial tobagslori
kompensaedici alava Te(Se) monbayindon istifads etmokls
almaq olar. Aparilmis tadqgiqatlar naticasindo malum ol-
musdur ki, althgin temperaturunun 7,,=663+673 K, kon-
densasyia siiratinin »,=8+10A/s qiymotlorinds qalinhg1
0,5+1 mkm vo kristal mitkommaolliyi W:,=90+100" olan n-
tip kegiriciliyo malik epitaksial tobagolor almaq miimkiin-
dir (Sak. 1.a, b).
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Sok. 1. PbixMnxSe (x=0,01) epitaksial tobaqasinin elektronoqramu (a), rentgendifraksiya oyrisi (b).

Elektronmikroskopiya todqigatlart gostorir ki, alinmis
epitaksial tobagalorin sathinds qara lakolor miisahids olu-
nur (Sok.2.a). 9dabiyyatdan malum oldugu kimi bu lako-
lar, torkibdos olan artiq qurgusun atomlarmin oksidlosmosi
noticasindo amalo galir [6-7]. Alinmis epitaksial tobagolor-
do yiikdasiyicilarin yiiriiklityiiniin - qiymoti asagi olur.
Gostorilon qara lokoleri aradan goétiirmak ve uygun olaraq
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epitaksial tobogalords yiikdasiyicilarin yiriiklityiinii artir-
maq iigiin béyiima prosesinds kompensoedici alava Te(Se)
monbayindon istifads edilmisdir. Bununla da qara lokalari
yox etmok, uygun olaraq alimmis tobaqolorin kristal mii-
kommolliyini vo yiikdasiyicillarin yuriikliyiinii artirmaq
miimkiin olmusdur.
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Sok.2. PbixMnxTe (x=0,01) epitaksial tobagosinin sothinin eletronmikroskopiya sokillori:
a-Te manbayindan istifads etmadikda; »-Te monbaiyndan istifads etdikds.

Epitaksial tobagalorin  boyiims miuddstinds slave
Te(Se) monboayinin temperaturu 370+460 K intervalinda
doyisir. Kompensoedici Te(Se) monbayinin temperaturu-
nun 430 K-dok artmasi ilo bu lokolor tamamils aradan
gotlirtiliir vo alinmis epitaksial tobagolor parlaq, hamar
sotho malik olur (Sok. 2.5). Olavo Te(Se) monbayinin tem-
peraturunun 420 K-don sonraki artimi naticasinds tabaqe-
lords kegiricilik tipinin inversiyasi bas verir, n-tip kegiri-
cilik p-tipla avoz olunur (Sak.3.). Bu fakt boylimo prose-
sindo tez ugan komponentlorin bos gqalan yerlorinin
AIVBVI birlosmalori ii¢lin akseptor rolunu oynayan Te(Se)
atomlar ilo doldurulmasi ilo izah olunur. Alinmis tobo-
golords yikdastyicilarn yiiriikliyii ,un,p(77K)=(2,5+3)‘104 sm?/ Vs,
konsentrasiyasi iso (1n,p,7x)=5-1016+1-1017 sm3 qiymatini
alir. Belolikls, vakuumu pozmadan vahid texnoloji sora-
itds, n, p-tip kegiriciliys vo yiiksok kristal mitkommaolliys
malik PbixMnxTe(Se) (x=0,01) epitaksial tobagalori alin-
misdir. Yiiksok kristal mitkommeolliys, n, p-tip kegiriciliya
malik PbixMnxTe(Se) (x=0,01) epitaksial tobagalorinin
vahid texnoloji soraitds alinmasi onlarin osasinla yaradil-
mis p—n kegidlorin, aktiv elementlorin haessasligini asagi
sala bilacok proseslorin tosirinin garsisini alir vo yiiksok
fotoelektrik parametrloro malik, spektrin infraqirmizi
oblastinda isloyan fotogabuledicilards istifads olunmasina
genis imkanlar yaradir.
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Sok.3. PbixMnxTe(Se) (x=0,01) epitaksial tobagalerindo yiik-
dastyicilarin konsentrasiyasinin kompensaedici alavo
Te(Se) monbayinin temperaturundan astliligi.

[11  A.V.Matveenko, Yu.V.Medvedev, N.N.Bergenko.
Zarubejnanaya elektronnaya texnika, 11,1982,
54.(Rus dilinds).
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I.R. Nuriyev, R.M. Sadigov, S.S. Farzaliyev, M.B. Hadjlyev

Pb.«Mn,Te(Se) EPITAXIAL FILMS WITH p, n-TYPE CONDUCTIVITY
RECEIVED IN A UNIFORM WORK CYCLELE

In this work peculiarities of the growth of Pb,,Mn,Te(Se) epitaxial films, grown on BaF, (111) substrate by the molecular beam
condensation method are investigated. By regulation of the temperature of additional source of Te(Se) in a single technological cycle the
technology for obtaining structural-perfect films of Pby,Mn,Te (Se) (x=0,01) with various n and p-type conductivity and fixed parameters
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(o (TTK)=(2,5+3)-10" cm?/V's; (n,p77x)=5-10"°+1-10"" cm™®) has been developed. Is established, at the temperatures of additional source
Te(Se) higher than 420 K an inversion of conductivity takes place.

N.P. Hypues, P.M. Caapiros, C.C. ®ap3aaues, M.b. I'agikuen

SIIUTAKCUAJIBHBIE IVIEHKH Pb,.,Mn,Te(Se) p, n-TUIIA IIPOBOJUMOCTH,
IHOJIYYEHHBIE B EJMHOM TEXHOJIOT'HMYECKOM IUKJIE

B Hacrosimeii pabore HMCCIEMYIOTCSs OCOOEHHOCTH poOCTa SHHMTaKCHalbHBIX IuieHOK Pby,Mn,Te(Se) (x=0,01), BbIpameHHbIX Ha
nomwioxkkax BaF, (111) mMerogoM KOHIEHCAIMHM MOJICKYJSPHBIX ITy4YKOB. PeryIupOoBaHHEM TEMIIEPATypbl IOMOJIHUTEILHOTO HCTOYHHKA
napoB Te(Se) B eqMHOM TEXHOJOTHYECKOM IIMKIIEC pa3paboTaHa TEXHOJIOTHs moiydeHus mieHok Pby,Mn,Te(Se) (x=0,01) p u n-tumos
MPOBOANMOCTH C 3aJIaHHBIMH 3JIEKTPO(H3UUCCKHUMHE TTapaMeTpaMu (,un,p(77K):(2,5+3)-104 eM?/B-c; (n,p77¢)=5-10°+1.10Y cm™®) u BbIcOKHM
kpuctamndeckuM cosepuienctsoM (Wi, =90+100"). VcraHoBieHO, YTO TP TEMIIEPATYPE JONOJHUTEIBHOIO HCTOUHKKA napoB Te(Se) Boitie
420K npoucxoquT HHBEPCHUsI IPOBOJHUMOCTH.
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THE HALFTONING OF ELECTROSTATIC LATENT IMAGE OF Se
ELECTROPHOTOGRAPHIC LAYERS BY THE SCANNING OF THE FOCUSED
LASER BEAM

N.I.

IBRAGIMOV, V.G. AGAYEV

Institute of Physics of NAS of Azerbaijan
Baku, Az-1143, H. Javid av., 33

It is established, that scanning (step[1200mcm) of selenium EPh layers by the focused (Z[1100mcm) laser beam with 1=0,354 and
0,514 mem and radiation density W=10+10° Vt/cm? provides the halftoning of the latent electrostatic image because of: Se evaporation till
the substrate (W10° Vt/em?); melting of the amorphous layer and shunting sublayer of trigonal Se (W=25+10% Vt/cm?); change of
photoelectric properties of amorphous Se under the beam influence (W 010 Vt/cm?).

The electric field of the latent image is created by the
charges, situated on the external surface of the
electrographical (EPh) layer and charges of the opposite sign,
induced in the conducting layer substrate. The field, created
by these charges, corresponds to the condenser field, the
distances between the facings of which is equal to the width
of the photosemiconductor, coated on the layer. The
configuration of electric field under the latent electrostatic
image plays the important role at its appearance. As rule, the
big electric contrast on image bou7ndaries is caused by the
dispersion field (fig.1). The field lines of latent image should
be behind the boundaries of photosemiconductor layer, in
other case the toner (developer) particles, charged negatively,
won’t gravitate to the layer. The field lines lock mainly
through EPh layer inside the total locked image regions.
That’s why the toner particles are evaporated on the edges of
total regions. This is the meaning of the “edge effect”, that’s
why the dispersion field plays so important role near the
edges of latent image.
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Fig.1. The configuration of electrostatic field of latent
image under the exhibited EPh layer on the narrow and
wide regions of original nigrescence.
— layer of amorphous Se;
2 — shunting sublayer of trigonal Se;
3 — conducting substrate.

By the methods of conformal transformations it was
showed, that the biggest resistance of dispersion field took

place near the edge of condenser facing
o = E//2(1+cosp), Where is the conversion

coefﬂment [1]. Even near the obtuse facing edge (¢ 0174°)
that corresponds to the edge of latent image, the field
resistance is higher on the order, than in the distant regions
from the edge. The last plays the important role in the
creation of the “edge effect”. Thus the “edge effect” is caused
by the nonhomogeneous of electric field of the latent image
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and dispersion field is significantly bigger near the element
edges, than in central region.

The existence of the “edge effect” makes the obtaining
of the image from the original, having the big parts of total
nigrescence and moreover the gray-level, impossible. In this
case only narrow regions of the image (texts and schemes)
are well revealed.

There are three methods of the elimination of “edge
effect”; the method of revealing electrode, the method of the
halftoning of electrostatic image and method, based on the
use of the metallized carrier [2-4]. The first and third methods
lead to the complication of the apparatus, that’s why the
halftoning of the electrostatic image is considered the perfect
one. It includes the image transformation with the continuous
optical density of the nigrescence in the system of the points
or the lines, the one of which is the independent image region
in the correspondence of the electric field resistance.

The halftoning can be carried out by mechanical, optical
and electrical method. For the mechanical halftoning the
strokes (grooves) by the depth and width 0100 mcm, are
coated on the polished surface of the substrate by the steel
needle. At the coating on such substrate of the
photosemiconductor, all irregularities are revealed on the EPh
layer surface with all consequences. However, such raster is
ineffective, i.e. the its meaning is the different width of EPh
layer, the enough width of which is difficult to carry out.

The optical halftoning of latent image is the precip of the
electrified (in corona discharge) EPh layer through optically
total raster. The original image is exposed on the layer after
raster precip. As the optical raster can be prepared
photographically with big permissive ability, the raster grid
won’t be almost seen on the revealed image. However, the
method of optical halftoning is low-yield, i.e. the raster is the
temporary on the EPh layer surface.

The electric halftoning leads to the electrization of EPh
layer (by corona discharge) through grid-screen, situated near
the layer surface. Moreover, the irregular charge distribution
appears the biggest densities of which take place in grid
intervals, i.e. the temporary raster forms.

There are methods of physical halftoning [5,6], based on
the creation of constant raster by the change of physical
properties of definite regions of Eph layer. Thus, the separate
rotational regions with low resistance are formed by ion
doping way in high-ohmic photosemiconductor. The
complexity of the method is the difficultness of the creation
of narrow ion beams.
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In the present paper the method of halftoning of latent
image in EPh layer with the help of the focused
(20100 mcm) laser beam with photon energy CAE, (the
width of forbidden band of photosemiconductor) is
considered. EPh layer was established on the holder with
microsupply, which provided its rotational-progressive
(spiral) transference with step (1200 mem. The focused laser
beam is directed on the layer surface (1=0,354 and 0,514
mcm) and thus the scanning was carried out. The time of
beam activity was given by the rotation speed of EPh layer
and varied in enough wide limits, that allows to change the
radiation density W from 10 till 103 Vt/cm? (without taking
under the consideration of the reflection).

As it is known [7], at the Se coating on the oxidized
aluminum substrate, the so-called shunting sublayer from
trigonal Se (O1mcm), which provides the photosensitivity of
EPh layer in the red spectrum region forms under this

substrate. In the coating process the layer of amorphous Se,
|

by the width in several decades of microns is already formed
under it. Thus, selenium EPh layer presents by itself the
sandwich: the conducting substrate (with oxide layer),
shunting sublayer from trigonal Se and thin layer of
amorphous Se (fig.1.). For the raster creation, such
multilayered structure is treated by the shoot by the laser
beam.

The scanning results are the following ones. At W10°
Vt/cm? the output (evaporation) of Se till the substrate with
the creation of delicate lines with crater-similar edges by the
width 00130 mcm was observed (fig.2.a). This circumstance
leads to the formation of the structure of EPh layer, at which
the regions with and without photosemiconductor layer by
the width 00200 and 0130 mcm are regularly rotated
correspondingly, i.e. the constant raster is created.
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Fig.2. The scanning of selenium EPh layer by focused laser beam (4=0,354 and 0,514 mcm) with the different radiation density W:

a—W=10%Vit/cm?, Se evaporation till the substrate;

b — W=25 + 10% Vt/cm?, the melting of shunting sublayer of trigonal Se till the substrate;
¢ — W <10 Vit/cm?, the increase of the width of shunting layer of trigonal Se in the result of the crystallization of the amorphous

main layer.

At W 025 = 10% Vt/cm? the melting of Se layer under the
beam till the substrate takes place, i.e. the sublayer of
shunting trigonal Se is melting. Because of the speed cooling
the shunting sublayer on these regions can’t be in time in
order to form, that decreases the photosensitivity. And the
melting process of the upper amorphous layer itself, naturally
changes the electric properties (it doesn’t mean in what
direction) and creates the character roughness (the shine is
cone away). The regular rotation of the melted and initial
regions by the beam creates the constant raster (fig.2b).

At W 010 Vt/cm? the crystallization of amorphous layer
is observed. The crystallization takes place not immediately,

l'and it has the cryptic period. It’s important, that after
influence by the laser beam, the photoelectric characteristics
of these regions are significantly changed: the conductivity of
amorphous Se increases, the time of dark slump of potential
strongly decreases (EPh layer hasn’t the charge). The regular
rotation of such regions creates the constant raster. (fig.2.c).
The attempt of raster creation by beam scanning of the
infrared laser (1 =1,06 and 10,6 mcm) of significant power
wasn’t successful (W O 10* Vt/cm?) — Se is limpid in this
spectrum region. The irregular evaporation of Se because of
the local substrate heating was observed.
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SELEN ELEKTROFOTOQRAFIK LAYLARINDA GiZLi ELEKTROSTATIK TOSVIRIN RASTRLANMASI

Miieyyen olunmusdur ki, selen EF laylarinm 1=0,354 ve 0,514 mkm, siialanma sixlig1 W=10+10° W/sm? olan fokuslanmis
(0100 mkm) lazer siias1 ilo skanire edilmesi (addim 0200 mkm): selenin althgacan buxarlanmas: (W O 10° W/sm?); amorf
tobeqenin ve suntlayici triqonal selen alttobeqesinin erimesi (W O 25 + 10> W/sm?); siianm (% 0 10 W/sm?) tesiri altinda
amorf selenin (kristallasma) fotoelektrik xassolorinin deyismasi hesabina gizli elektrostatik tosvirin rastrlanmasini tomin edir.

H.H. Uoparumos, B.I'. Araes

PACTPUPOBAHHME CKPBITOI'O 3JIEKTPOCTATUYECKOI'O U30BPAKEHUA CEJTEHOBbBIX
BJEKTPO®OTOI PA®UUYECKHUX CJOEB CKAHUPOBAHUEM
COOKYCHUPOBAHHBIM JIYUOM JIAZEPA

Vcranoineno, uro ckanuposanue (urar 0 200 mxm) cenenoBbix D@ cnoés chokycupoBanubsim (J 100 Mrm) nazepHbIM TydoMm ¢ A =
0,354 u 0,514 MkM 1 mioTHOCTRIO m3myderns W = 10 + 10° Br/cm® obecrieunBacT pacTpHpOBAHHE CKPBITOTO SIEKTPOCTATHIECKOTO
H300paXKeHHs 3a CUéT BhImapuBaHms ceena 10 momtoxku (W O 10° Br/cm?), omraBienus aMopHOro CI0s ¥ IIYHTHPYIOLIETO OACTION
tpuronansuoro cemena (W O 25 + 10? Br/cm?), a Takke 3a cueT M3MEHEHHs (OTOIIEKTPHUCCKUX CBOHCTB aMOP(HOIO CeleHa IO
Bo3zeitcTBreM yua (W O 10 Br/em?).

Received: 22.12.05
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THE INFLUENCE OF OLIGONAPHTHOQUINONE ON SOME SUPERCONDUCTING
PROPERTIES OF ERBIUM CERAMICS ErBa,Cuz07.g

Yu.A.\VIDADI, F.V. ALIYEVA, M.A. NIZAMETDINOVA
Institute of Physics, Azerbaijan National Academy of Sciences
Azerbaijan, Baku, Az-1143, H. Javid av., 33

For samples of ceramics ErBa,Cus0O,_5 processed in the melt of oligonaphthoquinone the increase of temperature of superconductive
transition at 1.5 K and the increase of critical current on 30% at constant speed of attenuation in superconductive ring is registered

The information about influence of organic compound on
the properties of high-temperature superconductors in
literature are very few, the studying of this question has the
scientific and practical meaning. The big interest presents the
studying of the influence of oligonaphthoquinone on the
properties of high-temperature superconducting ceramics
ErBa,Cuz0;.5. As it is known, the powders of high-
temperature super semiconductors are mainly the powders
with bad pressing. These powders are obtained by the
methods of ceramic technology and they are the polydisperse
ones with particle sizes 10-50 mem. The universal means of
the powder pressing improvement is their plasticization by
organic additions. Besides it, the interaction of organic
addition with structural superconductor elements can give the
additional information about electron processes in the system.
The obtaining of superconducting ceramics was carried out
with the use of Er,0;, CuO, BaO. The synthesis procedure
was carried out on the following technological schemes,
given on the fig.1.
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Fig.1. The temperature-time graphic of the samples.

1. The mixture of the powders of initial compound
components, well deteriorated and mixed in needed
proportion, is annealed on the air at the temperature 800°C
during 12 hours. After cooling till room temperature the
future superconductor is pressed and formed the needed form.
Further it is annealed during 6 hours in oxygen atmosphere
and slowly cooled.

2. The scheme of glass-ceramic obtaining, including the
low-temperature annealing at 400-500 (with aim of increase
of germ number in glass) and at 600-700°C (with aim of
finishing of glass crystallization till the synthesis beginning
of superconducting phase). The synthesis atmosphere is
oxygen. The obtained results show, that the carrying out of
the thermoworkings in oxygen atmosphere in temperature
interval 800-850°C leads to the saving of the significant
quantity of residual glass in the sample and to the slow
development of synthesis process of superconducting phase.

The microstructure investigation showed, that in the
dependence on the initial state the ceramic has the fine-
dyspersated structure and often has large contributions of
amorphic phase. In the result the samples with density
45g/cm® has been obtained. By the roentgen-graphical
investigation and measurement of magnetic susceptibility on
the alternating current it was established, that samples of
ErBa,Cus0,.3 composition have 85% of superconducting
phase, width and beginning of superconducting transition 2K
and 92K, correspondingly.

From the tablets of superconducting ceramics by diameter
14mm and width 2 mm, the core by diameter 4 mm was cut.
The residuary ring core after cutting was used for the
measurement of the critical current on the known method.
The temperature of superconducting transfer of initial and
treated samples was measured with the help of the
registration of real part of magnetic susceptibility y in
alternating magnetic field with the frequency 40 Hz.

The oligonaphthoquinone was heated till the melt
obtaining. After it, the samples were put into melt and were
held near the hour with the following drying on the air at the
room temperature. Thus, the pore infill of the sample by the
thin layer of the oligonaphthoquinone took place. In this case
many granules and amount of intergranule intervals are
covered by thin layer of oligomer. The sample treatment in
the melt leads to the linear increase of critic parameters of
superconducting ceramics. The increase of the temperature T,
on 1,5K of superconducting transition and increase critic
current on 30% at the constant speed of current damping in
the ring has been fixed.

The flushing of the oligomer from the sample in the melt,
by the way of its holding in pure chloroform leads to the
almost total reconstruction of previous values of critic
parameters and T, which is temperature of superconducting
transition decreases on the value AT.=1.5K, that is seen from
the fig.2.

]
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Fig.2. The temperature dependence of real part of magnetic
susceptibility.
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If till the treatment the full current, captured by
superconductor  ring  was  28A,  then  after
oligonaphthoquinone adsorption it increases till 3.35A. The
dependencies of damping speed of superconducting current in
the ring till and before its treatment by oligonaphthoquinone
are given on the fig.3.
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Fig.3. The damping of superconducting current in the ring:
o - till treatment by the oligonaphthoquinone
x — after the treatment by oligonaphthoquinone.

It is seen, that firstly, experiment points in logariphmic
scale during 600 seconds, with satisfactory delicacy in

logariphmic coordinated lay on the direct line. This allows to
estimate the activation energy of pinning whirlwinds, which
till our case was 0.22eV. Secondly, the experiment points,
obtained  till  and  before ring  treatment in
oligonaphthoquinone melt, are well laid on the one line, that
evidences about the independence of relaxation velocity of
superconducting current on the treatment in the ring.

The total understanding of this phenomena is still absent.
In the case of the high-temperature superconducting
ceramics, presenting by itself the system of superconducting
grains, connected by the system of Josefson contacts,
influence mechanism can be more significantly complex.

The increase of critic current in ceramics connects with
the improvement of the properties of intergranule contacts,
i.e. the oligonaphthoquinone probably, either creates the
additional current conducting bridges, or improves the
currentconducting properties already existed contacts. At the
same time the increase of the temperature of the
superconducting transfer, probably is connected with
influence of oligonaphthoquinone adsorption on the ceramic
grains. That’s why it can be proposed, that reason of revealed
phenomenon in  given paper connected  with
oligonaphthoquinone adsorption from the melt on the surface
of superconducting sample has the more complex character.

[1]
(2]

B.M. Hoffman et al. J.Amer.Chem.Soc., 1967, v.89,
N1, p. 27-30.

M.A. Bezborodov. Glass-ceramics materials, Minsk,
Nauka i Texnika, 1982, ¢.255.

[3] A. Takeoka, M. Hasunuma et.al. Jap.J. Appl. Phys.,
1988, v.27, N 12, p.2260-2264.
[4] N.C.Belousov, L.L. Makarshin, B.H. Parmon. SFXG,

1991

Yu. A. Vidadi, F. V. 9liyeva, M.9. Nizamatdinova
OLIQONAFTOXINONUN ErBa,Cu;0,.s KERAMIKASININ B9Zi IFRATKECIRICi XASSOLORINS TOSIRI

Rentgenografik tadgigatlar ve magnit qavrayiciiginin dlgliimasi vasitesiyle gosterilmisdir ki, ErBa,CuzO7.s keramikasinin
oligonaftoxinon arintisinde emali ifratkegirici kegidin béhrani temperaturunu 1.5K yiiksalmasina va bdhran carayaninin 30%

artmasina gatirir.

10. A. Bupanu, ®@. B. Anuesa, M.A. Huzamerannona

BJUSIHUE OJIUTOHA®TOXHHOHA HA HEKOTOPBIE CBEPXITPOBOJAIIUE CBOVCTBA SPBUEBOM
ErBa,Cu;0;.3 KEPAMUKHA

Ionyuens! cBepxnpoBosinue kepamuku ErBayCusOz.g ¢ ucnonszosanuem oxucios Er,Oz, CuO, BaO. Penrrenorpapudyeckum
HCCJIE0BAaHNEM U M3MEPEHUEM MarHUTHOH BOCIIPMUMYHMBOCTH YCTaHOBIICHO, U4TO 00pa3ibl comepxat 85% cBepxupoBozsiueii ¢assl ¢
TeMIepatypoii ceepxmpoBosinero nepexoga 92K. TTokazano, uto 06paboTka IpOHEBBIX KEPAMUK B OJIUTOHA(QTOXMHOHHOM pacIliaBe
MPUBOJAUT K YBEITHMUYCHHUIO KPUTHIECKOI TeMIepaTypbl cBepxmpoBosinero nepexona Ha 1.5K u kpurndeckoro Toka Ha 30%.
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THE INFLUENCE OF THE RADIATION BY ELECTRONS ON ELECTROPHYSICAL AND
OPTICAL PROPERTIES OF THIN MONOCRYSTAL FILMS Pb;.xMnxTe

Sh.M. ABBASOV, G.T. AGAVERDIYEVA, T.l. KERIMOVA
The Institute of Radiational Problem of NAS of Azerbaijan Republic

I.R. NURIYEV, R.M. SADIKHOV
Institute of Physics, 4zerbaijan National Academy of Sciences
Azerbaijan, Baku, Az-1143, H. Javid pr., 33

In the given paper the influence of electron radiation on electrophysical and optical properties of Pb; ,Mn,Te (x=0.04) epitaxial films,
obtained by condensation method of molecular beams on BaF, substrates (l11).
It is established, that the samples become more photo-sensitive after radiation.

These materials present the big scientific interest and
attract the investigators’ attention because of the wide use of
narrow-band semiconductors AVBY' in optoelectronic
devices. They are used at the production of different devices
of infrared technique [1]. The set of the methods for the
obtaining of homogeneous epitaxial films of perfect structure
of these materials with given thickness, composition and
concentration of charge carrier has been treated [2].

The insignificant quantity of refs, dedicated to obtaining,
investigation and application of epitaxial films PbS;,Se,
PbSe; «Te, takes place. However, we don’t have the works,
which are dedicated to the influence of the radiation by
electrons on electro-physic properties of thin films Pb,,Mn,Te.

The crystal structure and physical properties of the films
mainly are defined by substrate’s parameters. It is desirable
the maximal coincidence of lattice parameters, coefficients of
thermal expansion of substrate and evaporated film. The use
of monocrystal planes of the given compounds or solid
solutions in the capacity of substrates allow to achieve the
total coincidence of all parameters. From the other side, the
epitaxial films and structures obtained on isolated dielectric
substrates present big practical interest.

In the given paper the growth peculiarities of epitaxial
films Pby,Mn,Te (x=0.04), grown on new-chipped border of
BaF, (111) and on polished planes (100) by method of
condensation of molecular beams, are considered. The choice
of BaF, in the capacity of the substrate is caused by the fact,
that it has cubic structure of CaF, type with parameter of
elementary cell 6,-19A, it is gauzy in spectral range 3+12
mcm, it is dielectric and has well mechanic density and
chemically inert.

The epitaxial films Pb;,Mn,Te on BaF, substrates,
obtained by the method of molecular-beam epitaxy [3,4] are
also investigated. The film width was near 0.5+1mcm.

The measurements were treated on the structures, created
by two silver contacts, obtained by the evaporation in
vacuum. The width of actuation length was 0.5-1.5cm at the
gap value from 16 till 64 mcm. The variable air-gap and
ohmic structure conductivities can be measured on the
standard scheme.

The epitaxial films are grown by the methods of
condensation of molecular beams in the vacuum 10* Pa. The
source of molecular beams were alloys Pb;,Mn,Te (x=0,04),
before synthesized by corresponding chemical composition.

The additional compensating source of the steams Te in
growth process was used with the aim of the obtaining of the
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films with more perfect structure and needed values of
electro-physic parameters. The investigations show, that
epitaxial growth takes place at substrate temperature
T,=473+523K. The films with more perfect structure
(W2=90+100), width 0,5+1 mcm are obtained at the
condensation velocities 8+9A/sec and T,=613+653 K.

The initial samples were obtained at the room temperature
on linear accelerator of electrons ELA-6 (E=5MeV,
dd/dt~10%cm?sec?,  ®<7.10"cm?.  The  temperature
dependencies of specific resistance of each sample p were
measured before and after radiation (fig.1).

Py Ohm-sm

0° |

2 4 6 8 10 12 14

1000/T, K

Fig.1. The temperature dependences of specific resistance,

radiated by electrons (®=5-10""cm?),
1 - the sample before radiation;
2 — the sample after radiation.

It is established, that all investigated samples have firstly
slow decrease, and after slow increase of specific resistance p
at temperature 77K at radiation by electrons. Moreover, the
more significant changes are character for the samples with
lowest initial electron concentration.

The character of the dependencies p (1/T) of samples with
high initial concentration of electrons after radiation doesn’t
change. The activative region, connected with own ionization
of charge carrier appears in temperature region, which are
close to the room one.
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Fig.2. The spectrum of photoconductivity of films Pb;.,Mn,Te
(x=0,04) (x=0,04), fixed at temperature 77K
1 - the sample before radiation;
2 — the sample after radiation.

At the same time the experimental data, obtained [5,6] at
the investigation of crystals of p-type don’t allow to predict
with accuracy the change character of melts’ parameters of n-
type at the radiation: in the dependence on the ratio of
generation velocities of defects of donor and acceptor
character, the radiation of crystals of n-type can lead as to the
conversion of p-n-type (dNg/d@<dN,/d®) , so to the increase
of electron concentration in conduction band till the
stabilization of Fermi level on energetic level of defects of
donor type (dNg/d@>dN,/d®). Besides, the question about

energetic position of radiation level of donor type and
character of reconstruction of energetic spectrum of radiated
melts at the variation of the content of tin in the melts isn’t
clear.

That’s why the investigation of deep radiation by
electrons on electrophysic properties of unalloyed
monocrystals Pb;,Mn,Te (x=0,04) with the aim of the
definition of parameters of energetic spectrum of charge
carriers for these materials, clearness of the change character
of their properties and in particular, the possibility of the
achievement of limit material characteristics in the result of
the radiation was the common task of the given paper.

On the base of the treated mode the high-ohmic epitaxial
films Pb;,Mn,Te of n- and p-type conductivity with n,
P(7T7K)=4-10"+1.5-10"°cm® concentration and mobility of
charge carriers u (77K)=2.5+3-10*cm?V-sec have been
obtained. The films with different types of conductivity were
obtained by the temperature change of main Pb;,Mn,Te and
compensating source Te. It is established, that at the above
mentioned conditions the epitaxial films are photosensitive at
the temperature of liquid nitrogen (77K) (fig.2).

As it is seen from the picture the maximum of spectrum
of photoconductivity of Pb,.,Mn,Te films (x=0,04) is shifted
to the side of more short waves in the comparison of the
similar spectrums for other compositions of given solid
solutions (0<x<0,04) given in the ref [7], that is explained by
the increase of the width of prohibited band with increase of
manganese quantity in investigated samples. From the fig.2 it
is seen, that the samples were become more sensitive after the
radiation.

[1] F.F. Sizov. Foreign electronic technique, 24, 1977,
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S.M. Abbasov, H.R. Nuriyev, G.T. Agaverdiyeva, R.M. Sadiqov, T.i. Karimova

Pb,., Mn, Te 9SASLI NAZiK TOBOQONIN ELEKTROFIzZiKi VO OPTIK XASSOLORINS ELEKTRON
SUALARININ TOSIRI

Bu isde molekulyar kondensasiya Usulu ilo BaF altliq tGizarinds alinmis Pb1.x Mnx Te (x= 0,04) nazik tebagalarinin elektro-
fiziki ve optik xassalerina elektron sualanmasinin tasiri tadqiq edilmisdir. Miayyan olunmusdur ki, sualanmadan sonra nimuna-

larin optik hassaslidi artir.

II.M. A66acos, U.P. Hypues, I'.'T. AraBepaueBa, P.M. CagpixoB, T.U. Kepumona

BJIMSIHUE OBJTYYEHUS SJIEKTPOHAMHU HA SJIEKTPOOU3IUYECKHUE K ONTHYECKHUE
CBOUCTBA TOHKNX MOHOKPUCTAJIJIMYECKHUX IVIEHOK Pb;« Mn,Te

B Hacrosimelt paboTe HCCIENOBaHO BIMSHHE OOJIydYCHHs OJICKTPOHAMH Ha JICKTPO(QU3MYECKHE M ONTHYECKHE CBOMCTBA
SMUTHAKCHAIHBIX TIEHOK Phyy Mny Te (x= 0,04) moiay4eHHBIX METOAOM KOHICHCAUH MOJICKYJISIPHBIX ITy4KOB Ha moutoxkax BaF, (UUU).
Y cTaHOBIICHO, YTO TIOCIIE 00IyYeHUsI 00pa3Ibl CTAHOBATCS 00Jee (OTOTYBCTBUTECITHBIMH.
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VALIDITY AND SAFETY OF BANK OF STATISTICAL DATA
OF THE PASSIVE PHYSICAL EXPERIMENT

A.Z. MURADALIYEV,Y. Z FARZALIYEV
ASRI of Power and Power Design,
Baku, Zardabi ave., 94

The methods of protection retrospective given are considered about reliability and efficiency Power Station Blocks as from full or partial
destruction database, so and undeliberate mistake. In base of the system of the checking are found methods, using surplus information,

logical methods, recommended matrix method

One of the basic directions to increase of efficiency of
the automated information systems analysis and control of
reliability of the equipment and devices of electro power
systems is the increase of validity of the retrospective data.
The information support of the personnel at the decision of
operational tasks connected to a problem of reliability of the
equipment should be objective. The infringement of
objectivity of results of the analysis and control of reliability
occurs as a result of complete or partial destruction of a
database, and as a result of inadvertent mistakes.

In [1] was shown that the complete or partial destruction
of a database occurs in case of submission of inadvertent,
casual teams from the keyboard, fluctuation of a voltage in a
network and failures in the COMPUTER. The prevention of
destruction of a database, maintenance of its safety is
achieved by creation of the duplicate of objects of a database
with the closed access, automatic control of their integrity
and restoration at failure. The special procedures of
systematic updating of the duplicate objects of a database are
developed. It is necessary to consider inadvertent mistakes at
input of the information in a database not only possible, but
also inevitable. The visual monitoring system of reliability at
all efficiency is not capable to prevent all inadvertent
mistakes and furthermore to protect a database deliberate
distortions.

The description of technical methods of protection
retrospective data on reliability and efficiency Power Station
Blocks from possible mistakes is resulted below.

The data include: monthly importance of manufacture of
the electric power (W), specific charge of fuel (b), charge of
the electric power in system of own needs (W), date both
time of a beginning and end of non-working condition, kind
of switching-off, type of a condition, type of the damage
equipment, type of unit of the damage equipment, character
of damage [2].

Let's remind, that as against system methods of the
protection which is carried out within the framework of
accepted DBASE (in our case, accepted, PARADOX), the
technical methods should be developed and to be based on
the account of interrelation of the separate data.

1. Control of mistakes at entering given about the
basic productively parameters of power blocks.

The protection of these data is carried out by a method of
input of the superfluous information, what the data on the
basic production parameters Power Blocks are. It is obvious,
that these parameters can be calculated on production
parameters Power Blocks. Just in this sense it is considered
superfluous. After input of this block of the data the
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automated monitoring system and elimination of mistakes
carries out:

- the control of reliability of the data about
manufacture of the electric power by a method of the control
sums under the formula:

<10°° @)

‘ 1—§n:w, W,
i=1

where n - number PB; W; - manufacture of the electric power
i - st PB; W - manufacture of the electric power on POWER
BLOCKS as a whole.

The accounts will be carried out with accuracy 0,1%,
practically sufficient for the subsequent analysis of these
data. If a condition is carried out, the control is transferred to
the subsequent stage of the control. Otherwise system
requests about an opportunity of correction of the statistical
data. The user, by checking up conformity entered statistical
given and data in the initial document, can correct a mistake.

If by the reason of input was the mistake in the initial
document and the time for the analysis of these data is
necessary for the User, he presses the appropriate key, the
attribute of unauthenticated of the data is entered and the
control is transferred to data input about non-working
condition, having a place, power block;

- the control of reliability of the data about the specific
charge of fuel and charge of the electric power in system of
own needs will be carried out accordingly under the
formulas:

)

b, — Zn:bW W,|<05

<10°° 3)

1- ZWCHI/WCHZ

where b; - specific charge of fuel i - in PB; b - specific charge
of fuel on Power Station Blocks; Wy, i - charge of the electric
power in system of own needs i- in PB; Wsc;, - charge of the
electric power of system of own needs Power Station Blocks

The algorithm of the control and elimination of mistakes
of the data about bi and Wg¢, i with i = 1, n is similar to the
considered above algorithm for W; with i =1,n.

2. Control of reliability at data input about date both
time of a beginning and end of a condition and its
duration.

The algorithm includes consecutive input and control of
reliability: dates (day, month, year) beginning j- st of a
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condition i- st PB - 7' ; dates of the end j- st of a condition

Ij'

i-inpB - TX

i.j; time (hour, mines.) beginning j- st of a

t"

condition i- in PB - 1;;;

time (hour, mines.) end j- st of a

condition i- st PB - t

i j » duration j- st of a condition i- st PB -

Ti 1.
|
The control of reliability of a beginning of a condition
will be carried out by logic methods by a way:
comparison to the moment of the end previous (m;)

of a condition i- st PB - (T,). It is obvious, that

Tiﬁfl < Ti”j . A case, when the data about are absent however

Ti’fjfl is possible. For example, PB in one of the previous

periods was deduced in emergency repair (in a reserve, or in
scheduled repair), which was completed in current (in one of
subsequent) accounting periods. On this marked comparison

the check of presence of date precedes T’ il,(j—l . If the items of

information about 7’ iI,{j—l for any reason are absent, the User

is notified on it and the opportunity of entering is requested
TK

i,j-1-
monitor j-1 a condition i- st PB of the appropriate accounting

If the answer positive (Y), on the screen of the

period is allocated, is entered T i{(j_l and further control is

. K S -
transferred to repeated input Ti’j . If PB still is in a condition
of emergency repair (reserve or scheduled repair), or item of
information about Tfj_l are absent, the User is notified on

inadmissibility of data input about a technical condition it PB
and opportunity of data input about the HARDWARE of the

K
following PB. If there are items of Ti j—1 information about,

the condition is checked T, ; <T;"F.

- comparison 7', to dates started (T yandend (T))

accounting period.
It is obvious, that the beginning of each of i=1,m of

condition should be satisfied to conditions TIJ >T! and
T <T;.

parities exclude an opportunity of mistakes in months and
years and limit a mistake in days of a date started of a
condition. Feature of the control of date of the end of a

It is uneasy to notice, that the entered control

condition (Ti[’(j_l) is the opportunity of its absence and

registration in the subsequent accounting periods.

The algorithm of the control of reliability of date of the
end of a condition is reduced to the following to procedure:

- checks conformity to conditions Tifjf zTifJ? (block 3)
TIJ ZTH and Tllf STK

On analogue with the control Ti’j. the entered control

parities exclude an opportunity of mistakes in months and
years of date and limit size of a possible mistake in days of
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date of the end of a condition. After input of time of a
beginning of a condition the automatic control checks:

-t” ; <23 not excess of number of hours (block 2);

uac, |

-t <59 not excess of number of minutes (block 3);

mund,j —
K H . .

- t- -1 < ti j not excess of time of the end of a previous

60 +t”

Mun.i, j

condition, where tH =t?

uac,i, j
K H
TI i1 —Ti’ i
The control of reliability of time of the end a condition

practically is similar to the control ti’fj , with that difference,

provided that

that this information at the uncompleted condition will be
absent. The control thus is transferred to the block of the

control of presence of the data Ti’Kj . If the data about Ti’Kj

are absent, the User is warned about inadmissibility of data

input t/ the data are automatically erased also control is

| j !
transferred on a route to the block of data input about a kind
of switching-off.

As was perfectly above, the entered control parities allow
definitely to prevent mistakes of data, input and as a matter of
fact concern to a method using “internal reserves” of the data.
The possible mistakes of the data describing year and month
of occurrence and the termination of condition and partially -
of the item of information on day and hour of month of year
are completely eliminated. To ensure reliable protection of
these data, the superfluous information on duration of a
condition (in hours) is entered. A condition of the control is
not the excess of unit of a difference of the duration, entered

into a computer memory, of a condition T and settlement

size 7 ,OJ . The size rfj is calculated as a difference of the
calendar moments of time of the end and beginning of a
condition. And if this condition is not carried out, the
management is transferred to algorithm of liquidation of a

mistake, the principle of which action was considered earlier.

3. Experience of application of the automated
monitoring system of reliability.

The monitoring system of reliability of the initial data was
test on a database, which earlier repeatedly was used at the
decision of many operational tasks [2]. As was marked [1],
the mistakes of the data came to light and during the analysis
of reliability power blocks. Thus, not only the concrete
mistakes were corrected, but all statistical material was
analyzed.

The opportunity of reception of erroneous results of the
analysis required the labor-consuming visual control of
reliability of the data, and the experience of work has learned
more skeptically concerns to the first accounts and to the
recommendations, following from these accounts. Therefore,
the application of the monitoring system of the data has not
revealed serious mistakes. However number of discrepancies
was found out. They were caused, as by mistakes in primary
carriers of the information, and at input of the information in
the COMPUTER. Is noticed, that the mistakes most
frequently arise in numbers containing many of marks
(“manufacture of the electric power”, date started and end of
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condition, charge of the electric power in system of own
needs). The application of qualifiers of the textual
information has allowed essentially to lower probability of
mistakes, which were shown now in an inadvertent choice of
adjacent codes. Not less probable the mistakes in carriers of
the initial data improved have refused at the visual control or
arisen at formalization and entering of the data in the special
tables.

At entering the initial data and automated control of their
reliability the deliberate attempts were automatically warned
to deform the information, and the registration of admitted
mistakes has allowed to open the basic reasons of their
occurrence and to accept the appropriate measures. Essential
result has appeared also protection of integrity of a database
[1], which earlier repeatedly was broke and required
significant efforts for the restoration.

Conclusions:

1. The system of automatic protection of the
information, entered in THE COMPUTER, about reliability
and efficiency Power Station Blocks is developed. In a basis
of the monitoring system there are methods using the
superfluous information, logic methods recommended matrix
method. The matrixes of interrelation of versions of attributes
essentially simplify algorithm of the control of occurrence of
possible mistakes.

2. The practical approbation of the automated system
of protection of integrity, safety and faultlessness of a
database testifies to its high efficiency.

[1] E.M. Farhadzadeh, A.Z. Muradaliyev, Y.Z. Farzaliyev
A problem of safety of a databank about reliability of
Power Station Blocks. A problem of power, t 1, 2006.

[2] E.M. Farhadzadeh, T.Kh. Safarova, A.Z. Muradaliyev,

T. K. Rafiyeva, Y.Z.Farzaliyev. The automated system of
the analysis of individual reliability and efficiency Power
Station Blocks. M.: electrical stations, * 11, 2005.

A.Z. Muradbliyev, Y.Z. Forzaliyev

PASSIV FiZiKi EKSPERIMENTIN STATISTIK VERILONLORI BANKININ DURUSTLUYU VO
TOHLUKOSIZLIYI

DRES-in enerji bloklarinin etibarlig1 va somaraliliyinin baza verilonlorinin tam vas ya gismon dagilmasindan, ham ds verilonlords
tosadiifi sohvlordon miihafizo iisullarina baxilmigdir. Nozarast sistemi asasinda olave informasiyadan istifads edon tisullar, montiqi

tisullar, toklif olunan matris iisulu tapilir.

A.3. Mypapnaaues, 10.3. ®ap3annes

JOCTOBEPHOCTDB U BE3OITACHOCTb BAHKA CTATUCTHYECKHUX JAHHBIX
IMACCUBHOTI'O ®U3NYECKOI'O OKCIIEPUMEHTA

PaccmoTpensl MeToIbI 3anUTHL 0a3bl JaHHBIX O HAIEKHOCTH M 3QdeKTuBHOCTH 3HeprodiokoB 'POC kak OT MOTHOTO WM YaCTHYHOTO
ee pa3pylIeHHus, TaKk M HeNpeIHaAMEPEeHHBIX OmMMOOK. B ocHOBe cHCTEMBI KOHTPOJISI HAXOXATCS METOABI, MCHOJB3YIOMHNE H30BITOYHYIO
nH(pOPMAIHIO, JTOTUYECKHE METO/bI, PEKOMEHTyEeMBbIi MaTPUIHBIH METOL.
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The influence of semiconductor properties of the base on luminescence damping kinetics “Fys the neodymium level in the crystals

y —La,S;, sulphide, oxisulphide and sulphide-oxide glasses has been investigated.

The three-valency neodymium ion is the most spread
activator of solid-state laser mediums [1]. This is connected
with the its following peculiarities:

1) relatively intensive bands in visible region;

2) four-level generation scheme;

3) the generation wave length (A=1,06 u 1,35 mcm
[2])which is comfortable for many practical
applications;
the possibility to easy enough rule by the laser
radiation as on the spectrum (harmony generation on
nonlinear crystals), so in time (cavity damping).

The electron configuration of thrice-free ionized
neodymium atom is 4f. The electron number is odd one and
J values are half-integral ones. The position of gravity centers
of Nd** levels with definite J is close in different matrixes the
same as all other three-valency rare-earth ions have. This is
connected with weak interaction of 4f electrons with crystal
field, in the comparison with spin-orbital one, as 4f
membrane has been died and well screened by external
membranes 5s and 5p. The electron transitions between
membrane therms 4f" are forbidden in the absence of the
disturbing field. The influence of electric field of forbidden
medium is partly taken and powers of oscillators of optical
transitions have the order 10”. The interaction with crystal
field is revealed also in Stark structure of spectrums,
consisting from narrow discrete lines, which are obliged to
transitions between Stark components of different therms.
The number of Stark components is defined by J value and
local symmetry of impurity center.

The metastable level 4F3,2 is the upper laser level of

4)

. 4 4 .
neodymium, and “l,,,, or “l;;,, is lower level. In many
laser crystals the degeneration taking down on the electric
. . 4 4 4 4 4

field is full. The “l,,, 15,5, 113/, 115/, and “F;,, levels

are separated on 56,78 and 2Stark components
correspondingly. Each Stark component stays doubly
degenerate on magnetic field, i.e. is the Cramer's doublet.

The main generation transition connects the 4|:3,2 and

4 . 4 . 1
l,,,, levels. The final laser level “I,,, lies on 2000 cm

higher, than the main one, that causes the four-level
generation scheme and laser work at the room temperature. In
many laser mediums with neodymium, the relaxation speed
from absorption bands into metastable state is the big enough
one, anyway not less, than 10° cm™ [3]. The bigger relaxation
speed is proved by the many-phone non-radiation transitions
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in the result of the electron-phonon interaction. Thus, at the
excitation of neodymium, the absorption bands are caused by
the transitions on the superincumbent (in the comparison with

4F3,2) levels, the absorbed energy minus the Stokes losses

makes the occupancy the metastable state. Moreover, any
replenishment of excited state, the velocity of which is equal
to relaxation speed of metastable state is absent, thus that
coming and going processes from metastable state are
significantly separated in time and aren’t cover the each
other. The given conditions, as a rule, are carried out in
known dielectric laser crystals and glasses, activated by Nd**.
The situation was another one in semiconductor single
crystals y —La, , Nd,, S, and sulphide glasses, investigated

by us. The experimental facts are:

Firstly, the non-exponentiality is observed at the
activator low concentrations in crystals y —La, , Nd, S, at

the excitation by the light, the wave length of which is
1=0,53 mcm on the initial region of decomposition curves of

metasdtable level *F,,, of neodymium.

Secondly, the neodymium deceleration takes place at
the excitation of the samples y —La, , Nd,,S, by the light,

the wave length of which is 1=0,53 mcm on the far stages of
the decomposition of metastable level *F,, of neodymium.

4F3,2 of
neodymium in y —La,S, and sulphide glasses have strongly

expressed maximums.
Firstly let’s discuss the first two experimental facts. The
crystal lattice y —La,S, is characterized by big quantity of

structural vacancies, chaotically distributed (~10%cm™), that
leads to the quasi-amorphous lattice structure. Nowadays, it
is established, that in many amorphous semiconductors, the
electron states near band edges are localized, moreover, the
continuous state density N(E) can take place, i.e. all states are
localized in some energy interval. However, the some energy
E., separating the localized and non-localized states, exists.
From the defect crystal structure y—La,S, the quazi-
continuous distribution of traps, the density maximum of
which is situated on the depth 0,1-0,2 eV from conduction
band bottom, takes place. In forbidden band of single crystals
y —La,S,, the levels with energies 1,3 and 2,6 eV below the

bottom of the conduction band are revealed [4]. These levels
in [4] are designated as level | and level Il correspondingly.

Thirdly, the time evolutions of population
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In single crystals » —La,S, the photoluminescence band

with maximum in region 1,6-1,7 eV is observed.

The luminescence spectrum at the excitation by the light,
the wave length of which is 0,53 mcm, is presented on the
fig.1. The spectrum consists from the one wide band.

I/l

q

1.0

0.5

1.4 1.6

Fig.1. The luminescence spectrum of , _ La,S, crystal at the

excitation by the light with wave length 1=0,53 mcm
(T=330K).
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1,0

05

1 1 1 1
£, ev

Fig.2. The luminescence excitation spectrum of
- La,s, crystal (T=300K).

The excitation spectrum of luminescence of non-doped
crystal y —La,S, is given on the fig.2. It consists from wide
non-elementary band, being the superposition at less of three
excitation bands: the band situated in region 460-470 nm
(2,6-2,7 eV), the band with maximum ~430 nm (~2,9 eV) and
the band, situated in region 390-400 nm (3,1-3,2 eV), caused
by the own excitation. The half-width of excitation spectrum
is 0,5-0,8 eV. It is need to note, that the own luminescence
y —La,S, is well excited by the light with wave length

A=0,53 mcm. Vice versa, the wideband radiation isn’t
observed at the crystal excitation y —La,S, by the light with

wave length 1=0,6 mcm.
For the explanation of the luminescence in single crystals
v —La,S, the next model is suggested. The luminescence in

single crystals y —La,S, is caused by the recombination of
donor-acceptor couples, differing not only by the distance
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between donor and acceptor, but by the energy of donor
ionization. In the capacity of donor, the quasi-continuous set
of traps near conduction band takes place, and the center,
causing the appearance of level Il with big cross-section of
capture for holes is the acceptor. The luminescence excitation
is carried out firstly, at the direct neglecting of electrons from
valency band on level Il (this transition corresponds to the
energy 2,8-2,9 eV). Moreover, the luminescence excitation is
carried out at the electron transition from Il level into
conduction band and at the followed their capture by the
quazi-continuously distributed traps (transition from energies
2,6-2,7 eV). And finally, the luminescence is excited at the
creation of electron-hole couples by the light from the region
of own absorption y»—La,S,. The big half-width of

spectrum is explained by the existence of quasi-continuous
distribution of donors near bottom of conduction band. The
damping velocity of own luminescence decreases with time —
on far stages of decomposition it becomes the significantly
less, than the decomposition velocity of excited state of

neodymium “F, , . It is character, that the own luminescence

of matrix is significantly damps at the introduction of
neodymium ions, moreover, the modulation of wideband
matrix radiation Nd** and also the decrease of intensity of
wideband radiation there, where Nd** doesn’t observe, is
observed. The decomposition law of excited state of
neodymium at the excitation of the sample with radiation
A=0,53 mcm on far stages of decomposition is identical to
damping law by own damped luminescence (fig.3). This is
suggest the idea to fact, that the superposition of neodymium
and matrix radiations takes place at the excitation of activated
crystal by the radiation with 4=0,53 mcm in region of
neodymium luminescence. However, the coincidence of the
laws of damping of own luminescence and neodymium
luminescence can be then, when the energy transformation
from the traps to the impurity centers of neodymium takes
place, if the velocity of this transformation is less, than the
decomposition velocity of excited neodymium state [5]. That
fact, that luminescence isn’t observed, for example, in region
0,99mc, where neodymium doesn’t radiate, and
decomposition Kinetics of excited state of neodymium,
measured in region ~0,9 mcm (transition “*F,,—‘l,,),

coincides with decomposition energy, measured in region
~1,06 mem (transition*F,,,—"1,,,), evidences about second

mechanism of decomposition retardation of excited state of
neodymium at the excitation by the radiation with 4=0,53
mcm. Thus, the revealed first experimental fact is caused by
the slow energy transition from the traps to neodymium ions.
At the temperature increase the increase of decomposition
velocity is observed, and at temperature decrease is vice
versa. This is connected with fact that “retardation” of
luminescence on transition “F,,,—*l, disappears with

temperature increase, in the result of the increase of release
rate of electrons, captured by traps.

The quantum output of luminescence from metastable
state “F,,, Nd®* in crystal y—La,S, —0,9%Nd >, at the
excitation by the light with wave length 1=0,812 mcm
approaches to the unit [6], i.e. the measured life time sz,
corresponds to radiational one 7. Thus, the decomposition of

. 4 . .
excited state " F5,, of Nd** level carries out on exponential
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law and decomposition curves at the excitation of any level,
situating higher, than 4F3,2 of Nd** level should be direct
ones. The other picture is observed. The decomposition
curves of metastable state of neodymium 4F3,2 are not

direct ones at the excitation by the light with wave length
A=0,53 mem (fig.3, curve a), not only in final, but in initial
region.

1,

10 -

100 200

t[mcs]

Fig.3. The decomposition curves of metastable state “F3 12

Nd** in crystal 7 — La,S, -0,9%Nd’" at the excitation

by the short impulse of the light 4=0,53 mcm (a),
A=0,6 mcm (b).

At the density
(4=0,53 mcm), the formula of decomposition curve * F;,, of

neodymium level didn’t change. This evidences about the
fact, that cooperative phenomena doesn’t cause the
observable anomaly. The exponential potential is observed at
the light excitation with wave length 4=0,6 mcm,
corresponding to  “*I,,,—"G,,,+'G,,, transition. The

observable anomaly was explained by the following way. The
Nd** ions are excited and electrons are taken from the 11 level
to the quasi-continuous trap levels simultaneously, at crystal
7 —La,S, — Nd*" excitation by the light, the wave length of

increase of excited radiation

which is 1=0,53 mcm. In excited neodymium ions, the

energy is transformed to the metastable state 4F3 1o+ The
transition (1,41

mcm or ~0,88 eV) of neodymium ions is transformed to the
electrons in valency band. This energy is enough for the
electron neglecting from the valency band on Il level.

energy, corresponding to the *‘F,,—"l,,,

. . . 4
Moreover, Nd** ions are in low excited states 1,5, . Thus,

4 . .
F;,, level is carried out.

Because of this reason, the non-exponentiality is observed on
initial stage of decomposition Kkinetics. The electron
neglecting from the valency band on Il level can only
increase the life time of excited electrons in conduction band.
Thus, in the difference from the wide-known dielectric
matrixes, the conduction electrons interact with valency 4f-
electrons in semiconductors.

Let’s consider the third experimental fact. The
observation of luminescence becoming flushed Nd** on
‘F,,—"l, transitions in y —La,S, and sulphide glasses is
the consequence of slow occupancy of upper laser level. In
7 —La,S,—Nd* crystal and sulphide glasses at the light

the energy transition from

excitation with 4=0,53 mcm, the transition possibilities from
absorption bands in metastable state were significantly less
(10°+10° sec™), that in significant degree is caused by the
relatively short spectrums of own oscillations of given bases.
The luminescence coming flushed on “F, ,—*l, transitions

wasn’t observed in oxo-sulphide and sulphide-oxide glasses
at Stokes excitation. The comparison of the spectrums of
combination light scattering of » —La,S, crystal and oxo-

sulphide and sulphide-oxide glass is revealed, that the more
high-frequency oscillations are present in glass, than in
crystal [7]. Besides, as the spectrum of combination
scattering of glassy material reflects the distribution of
density spectrums and its oscillation states that it is clear, that
the density maximum is on the oscillation frequencies with
high energy [8]. It is clear, that these obstacles in significant
degree define the big velocity of non-reflecting relaxation
energy from the excitation levels and its more effective
accumulation on upper laser level Nd** in oxo-sulphide and
sulphide-oxide glasses in the comparison with the crystal
y—La,S;.
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7 —La,S; KRISTALLARINDA SULFID, OKSOSULFID V& SULFIDOOKSID $USOLORIND® MATERIALIN

YARIMKEGIRICi XASSOLORININ NEODIMIN 4F3,2 SOViYYSSINDON LYUMINESSENSIYANIN SONM®
KINETIKASINA TOSIRI

¥y — La283 kristallarinda, sulfid, oksosulfid ve sulfidooksid stigelerinde materialin yarimkegirici xassalarinin neodimin *F,

saviyyasindan lyuminessensiyanin sénmsa kinetikasina tasiri tadqiq edilmisdir.
A.A.MamenoB

BJUSAHUE MMOJYIPOBOJHUKOBBIX CBOMCTB OCHOBBI HA KHHETHUKY 3ATYXAHUS
JIOMUHECHEHIIMA YPOBHA 4 F;,, HEOJUMA B KPUCTAJUIAX y — La283 , CYJIbOUJHBIX,
OKCOCYJIb®UJIHBIX U CYJIbO®PUJOOKCHUJIHbBIX CTEKJIIAX

HccaenoBano BimsHUE TIOJTYITPOBOTHUKOBBIX CBOMCTB OCHOBBI Ha KAHETUKY 3aTyXaHHuA JIIOMUHECHECHIHUU YPOBHA 4 F3/2 HEoOOAMMA B

Kpucrajiax — La S , CYJIAbPUAHBIX, OKCOCYJIb(PUIHBIX U CYJIb(PUIOOKCHUIHBIX CTCKIIaX.
2%3
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