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THE NONLINEAR PROPERTIES OF OPTICAL FIBERS WITH STRUCTURED MEMBRANE

T.R. MEHDIYEV,

N.R. BABAYEVA

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

The calculative and experimental data for microstructured fibers, carried out on the base of quartz, layered materials of A;B¢ and

LiNbO; type are given.

The experimental and theoretical works in the area of
cable transmission of light energy had been begun in 60-ties
of XX century. The practical realization and introduction of
these works became possible from the moment of creation of
stable optical connection lines, the main role in which the
fiber-optical cables on the base quartz and glass, light sources
— optical quantum generators, optical parametric regenerator
amplifiers of optical signals, optical holographic diffractional
lattices, CCD-receiving matrixes, optoelectronic devices of
decoding were played. The maximally possible parameter
values, corresponding with theoretical estimations and
models, treated in refs of Kogelnik (1958), Kayzer (1974),
Rassel’s group (1996), Stegeman’s group (1986) and others
have been already achieved for the traditional direction of
technology development of optical cables in last decades. It is
need to note, that the list of single-mode optical fibers by
G652 is given in second number of “light-wave”, 2003
journal.

The high technology, simplicity and the main, wide
accessible materials for the carrying out — glass, quartz,
causes to MS (microstructured), and especially PhC
(photonocrystallic)-fibers, as the development analysis of this
direction shows. The optical fiber with record small damping
(0,151 db/km on wave length 1568 nm, losses on Rayleigh
scattering are 0,128 db/km, summary losses on the absorption
are 0,018 db/km, losses on perfect fibers are 0,004 db/km,
common losses aren’t than 0,16 db/km) has been created in
“Sumitomo” company. The fiber had been prepared with core
from pure quartz of high degree of homogeneity, surrounded
by two membranes from quartz, doped by fluorine. The
theoretical estimations show, that use of this fiber in
communication system allows us to increase the distance
between the transponders till 330km.

Usually, MS-fibers present themselves the quartz or
glass microstructure with periodical or aperiodic situated air
apertures. Such structure allows to rule the dispersion of
waveguide modes because of the nonlinear properties of
material membrane, changes of membrane structure, and also
localization value of electromagnetic radiation in their core,
connected as with radiation power, diffusive on the fiber, so
with difference of indexes of refraction of core and cladding
as the refs [1-8] show. The waveguide modes in such fibers
form because of the phenomena of internal reflectance on the
boundary between quartz or glass core and MS-membrane,
the effective index of refraction of which is lower, cladding
index of refraction because of the presence of air apertures,
and also interference of reflected and scattered waves [9-10]. |

n==

-
= core

The important result of periodicity of situation of air
apertures is the appearance of photon forbidden bands. The
ruling of degree of radiation localization in fiber core and
parts of radiation power, diffusive in it, is achieved because
of the change of gas concentration in membrane [11-13].

The calculative and  experimental data  for
microstructured fibers, carried out on the base of quartz,
layered materials of A;B¢ type, for example GaSe and
LiNDbO; are given in the given message.

The quartz MS-fibers were prepared on standard method,
by the way of drawing at high temperature from mold, taken
from hollow tubes. In the case of LiNbO; monocrystals the
aperture system with periodical structure was drifted on. The
crystal structure of Gas, GaSe, InSe crystals present itself the
consecution of loosely coupled layers; the gap between the
layers is 3-4A [14]. These layered materials are related to
photon crystals. Many investigations, for example refs [15-
17] are dedicated to the investigation of optical properties,
and also band structure. The LiNbOj is well known nonlinear
crystal [18-19].

Taking under the consideration, that interaction length in
mode of hard focusing is limited by length of stop mark
region, in case of Gaussian beam the values of specific
enlargement factor of efficiency of nonlinear-optical
processes in fiber, are defined by well known expression [20]

f
Iflef'f~ )‘-
W, o

, where « is loss factor (al>>1), | is fiber

I L
length; l¢ is effective interaction length; wy is radius of stop
mark of focused beam; A is radiation wave length; f and t are
indexes, taking under the consideration the conditions for

2 f
fiber and hard focusing, 1. ~ T Wo - lflte“ ~ ’1;7
A Il ma
is obtained, taking under the consideration the radiation
distribution between core and membrane fiber for factor of
waveguide efficiency increase of nonlinear process without
taking under the consideration of radius a of fiber core, and

|
o . P
also imaging I'leg in the | f|efff = de—Zexp(— 0z) form,
0

where 7 is radiation part, localized in core (al>>1). The
radiation part, localized in core of MS fiber was defined
according to [7,21], when after the simplifications it is
followed:
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vis waveguide parameter; Jis constant of mode distribution;
W is mode parameter in membrane; J,(U) is Bessel function of
genre one; K;(u) is modified Bessel function of genre two; U
is mode parameter in fiber core [28].

The dependence & on a, calculated on ratio data is given
on the fig.1. Let’s consider the limit cases of a and A ratio,
when v>>1 and v<<l. Choosing the expression for character
angle beam width from [21] and presenting the waveguide
parameter as the ratio of @ sliding critical angle to 6,
character angle beam width, we obtain the following formula
for case of Gaussian profile of radiation intensity by Wy
width:

0 ~24; 6 ~ A
ed ﬂncorea
It is seen from here, that waveguide parameter vV can be
considered in the capacity of the balance measure of
influence of diffraction effects and waveguide limit of light
beam because gradient of profile of refractive index. At v>>1
we have the case of big waveguide radiuses, for which the
diffraction effects are insignificant, and significant part of
radiation power is concentrated in core and is defined from |

— P U A [Ke(w) - K2 (w)]+ a8, [K2(w)+ K, (WK, (w)]):

2

lel—ufa expression. At v<<l the fiber radius is small,
v

diffraction plays the significant role and significant part of
radiation power spreads in fiber membrane. In this case:

vZ+2 4
n~ 1,261 w exp(— sz.

The given expressions for 77 are proved experimentally
and describe the & behavior. From the fig.1a it is followed,
that value of optimal radius of core of quartz fiber lies in
range 0,24-0,26 mcm, for GaSe — 0,015-0,025 mcm, for
LiNbOj; — 0,1-0,13 mcm. The maximum is achieved at radius
of fiber core, which is equal to 1,5 mem for weakly directing
quartz fibers with A parameter near 5-10° for A~Imcm. In
practices, maximal parameters are achieved for pulled and
MS-fibers with high factors of membrane filling by air [22,
23].

The refractive index of core is less, than refractive index
of membrane in hollow waveguides. That’s why, the
constants of mode distribution have imaginary components,
differing from zero and pass of light in these waveguides
accompanies by radiation losses. The attenuation coefficient
of radiation intensity is defined by the expression [24] for
EHmm hollow waveguide with Nggre near 1.

(umm jz A on’+l
o = = ,
27 a nz_]

Where n=ng, and from when it is followed, that
attenuation coefficient of main mode of hollow waveguide
with quartz membrane and internal radius 7 mcm for
A=lmem exceeds 6,5 cm'. Such fiber isn’t useable for
practical application. The loss decrease is decreased by the
creation of photon-crystal membrane. The decrease of optical
loss coefficient, relatively to losses in hollow waveguide with
entire membrane, in this case is characterized by the ratio of
logarithms of refractive indexes from wall of hollow
waveguide core and periodical structure. The increase of
layer number of periodical structure leads to the decrease of

loss factor %rec

o aexp(— p) Z‘Nd)’ where y is coupling
h

factor of direct and opposite waves in periodical structure; d

is modulation period of refractive index in membrane in

center of photon forbidden band.



THE NONLINEAR PROPERTIES OF OPTICAL FIBERS WITH STRUCTURED MEMBRANE

n 1 T T T 002 T T T T
E p
03 7 00016 |
06~ 1 owo012
2 o4r 1 s10™ |
02 91 410t
1 1 | ]
0
0 04 08 12 16 : %
a,mkm
n ! T T : g 0015
08 = 0012 -
06 - 0.009
b
04 7 0.006 -
021 = 0.003 -
0 | 1 1 1 0 1 ] 1 | | ] ! ]
0 o002 004 006 008 0.1 i) 001 002 003 004 005 006 007 008 009 0.1
a,mkm a,mkm
n 1 T T T g 015 T T T T T T T T T
02 = g12r
06 - - 009 -
(v
04 - 006 -
02 -1 003
0 1 ] | 1 0 L | 1 ] 1 1 ] 1 ]
0 002 0.16 024 032 04 0 004 002 012 016 02 024 028 032 036 04
&, mkm a,mkm

Fig.1. The dependence of factors of &waveguide increase of efficiency of nonlinear-optical processes and 7-part of
radiation, localized in the center, on a radius of fiber core, carried out from: a. quartz, A=1 mcm; b. GaSe, 4=0,2 mcm; c.

LiNbOs3, 4=0,8 mcm.

The influence estimation of waveguide losses in hollow
waveguide with entire or PhC-membrane, having the | length
for the stationary FCSc, in the neglect of effects of rating
depletion gives the following:

1) =1,0)exp(gl,l,, —al): I :ai[l—exp(—apl],
p

where g is coefficient of FCSc-amplification; |y is initial
intensity of rating signal; o, and o are loss factors on the
rating frequency and Stokes signal. The increase of Stokes
signal is carried out only at the condition glg > (for glg=0,3
cm” fig.2), in opposite case the waveguide losses lead to the
damping of Stokes signal. The value of Stokes signal linearly
depends on fiber length, if apl, al, glol <<1. In case gl>>1,
the waveguide modes lead to rating weakening and intensity
of Stokes signal exponentially decreases as | function. Taking
under the consideration the limits, we obtain the following

! for the optimal fiber length and maximal coefficient of FCSc-
amplification in hollow waveguide:

U ORI
a, a a, a, a,

I SRS
opt

In case gle>>as, o the maximal increase of integral
coefficient of FCSc-amplification in mode of hard focusing
has the form, obtained earlier.

The length of nonlinear-optical interaction limit is
limited by effects of group lateness, which lead to the
“scattering” of rating pulses and Stokes signal on character

length | — 3 , where v, and v are group velocities
w

-1
S

-1
‘Up -0
of rating and Stokes pulses, correspondingly, 7 is rating pulse
duration. The dispersion of group velocity leads to the
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2
smearing of short pulses on character length l, = % The

2
influence of tuning of group velocities and dispersion of
group velocity in waveguide mode FCSc can be decreased by
the way of the selection of waveguide and gas parameters |

LR

R S

with taking under the consideration the waveguide
component dispersion. It is need to note, that mode number
“k” in pure gas isn’t the propagation constant k=nw/C for the
own mode of hollow waveguide.

\)
AR, \\\

RN
\\‘\\\\\\“\\\\'\‘é;\

Fig.2. The dependence of FCS signal on fiber length 1 and loss coefficients on radiation frequency of rating and Stokes signal. The
duration of rating pulses is 100 fs, energy is 0,01-1 mcJ, 1=1,2,4,6 cm.

1
The last is defined by the expression K™ =(k* - héq)E,

where the value hp, is obtained from the characteristic
equation for own mode of waveguide. As the results show,
the carrying out of the condition glg=0,3cM™ can be achieved
for the molecular hydrogen or nitrogen. This point of view is
proved by results of ref [30]. The analysis of fig.3 shows, that
the entire compensation of material and waveguide
components of dispersion of group velocity can be achieved
for the hollow waveguide with internal radius 50 mem, filled
by molecular hydrogen, on wave length 530 nm. The wave
length for zero dispersion point can be obtained from the
expression for the propagation constants of waveguide mode

A Y(u,Y c
K, :UOZ(ZMJ (;] , where v, :E 1+

It is followed from here, that wave length of zero
dispersion point of group velocity can be reconstructed,
changing the internal radius of waveguide, or choosing the
type of waveguide mode, or choosing the gas and changing of
its pressure in waveguide.

The hydrogen distribution in interplane crystal spaces is
the peculiarity of GaSe, intercalated by hydrogen, as it was
mentioned in ref [29].

In case of photon crystal LiNbO;, the conclusions,
obtained for quartz fiber coincide with experiments, if the
change of refractive index doesn’t take place under the
influence of exciting radiation.

o o
n Jdal,

In last both cases intercalation process doesn’t present
big troubles technologically.

0&7

064t

08T

kg

niT

016t

0 02 04 06 08 I
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Fig.3. The spectral dependencies for the zero dispersion point
of group velocity in hollow quartz waveguide, filled by
molecular hydrogen. The internal radius of waveguide,
train width and canal radius are 50 mem, gas pressure is
0,5 arm, wave length is 530 mcm.
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ELECTROLUMINESCENCE OF LAYERED MONOCRYSTALS Of A3;Bs<RE>

A.S. ABDINOV, R.F. BABAEVA, A.T. BAGIROVA, R.M. RZAEV
Baku State University,
Az 1148, Z. Khalilov str., 23, Baku, Azerbaijan Republic

The brightness characteristics and spectral distribution of an electroluminescence, and also its dependence on the temperature, prehistory
and initial dark resistivity of a sample, on the frequency and duration of a pulse field in specially not alloyed and alloyed by rare-earth
elements as gadolinium, holmium and dysprosium with various percentage Np;»=10°+10"" at. %) in layered monocrystals of InSe and GaSe
are investigated at various temperatures (from 77 K) in a wide range of constant, sine wave and pulse electric fields of applied intensity. It is
established, that at 7<100K brightness of electroluminescence (B, does not depend almost on the temperature, and further with increasing of
T sharply decreases (exponentially). At 7=200K and 160K the luminescence absolutely disappears in crystals p-GaSe and n-InSe - there is a
temperature suppression of an electroluminescence. With increasing of Nyp brightness of a luminescence firstly (at Nge<10™ at. %) decreases
a little, and further increases (in crystals not alloyed specially). Thus non-monotone dependence B, on prehistory of a sample varies also. It is
established, that the structure of spectral distribution of B,does not depend almost on the Nge. With change Ngg brightness of separate strips of
radiation only varies. Change of the chemical nature of the entered impurity in investigated crystals does not influence an electroluminescence.

It is shown, that the most stable values of electroluminescent parameters are provided in crystals with Ngg 102+107" at. % .

It is supposed, that dependence of an electroluminescence on the doping level by rare-earth elements is caused by change of interlaminar
connections depending on the Ngg in investigated crystals.

The electroluminescence in layered crystals of A3;Bg is  type (unidirectional pulse and sinusoidal-variable) with
found out enough for a long time [1, 2]. However by present  intensity, the greater some E,. The value of £, under other
time some interesting its aspects (dependence of brightness  identical conditions depends on temperature (7), initial dark
on the temperature, initial dark resistivity and prehistory of  resistivity (o) and prehistory of a sample, and also on the
sample, and also dependence of radiation spectrum on the  doping level (Nke).
direction concerning a «C» axis of crystal) are not
investigated almost. Influence of alloying by rare-carth
elements (RE) as gadolinium (Gd), holmium (Ho) and
dysprozium (Dy) on an electroluminescence of crystals GaSe
and InSe which considerably changes their photoelectric and
photoluminescent properties [3—5] is not investigated also.

The present work is devoted to complex investigation of
the above-stated questions.

Investigated samples with thickness of 0.100<d<1.000
mm and cross-section size of (2+3)x(4+6)mm’ were cut off
from large monocrystals of InSe and GaSe, grown by a
method of slow cooling at a constant gradient of temperature 70 95 120 145 170 195 220
along ingot [6]. Current contacts have been created by
soldering metals as In, Ga, Sn, or drawing of silver paste in

14
12 |
10 F a)

B, .arb.units

o N M O
T
w

T.K

. . z212 -
open air on fresh-chipped surfaces of samples. Measurements g 1 b)
were carried out in the temperature range of (77<7<300K) e
under action of an electric voltage of various types & 87 —=1

8

(sinusoidal-variable and rectangular-impact) with a various 6
voltage, frequency and duration (up to 350V, 5-10*Hz 1 10 s 4+ —3
respectively. ~ The  spectral  distributions of an 2
electroluminescence and photoconductivity, dependence of 0
brightness of electroluminescence (5,) and photocurrent (Iyh) 70 90 110 130 150 170
on the temperature, the dark volt -ampere characteristic and
the volt - brightness characteristic of an electroluminescence,
and also dependence of brightness of an electroluminescence ) _
on frequency and duration of a stimulating electric voltage Fig. 1. Temperature dependence of brightness of an
were removed on the same sample under various conditions. electroluminescence in not alloyed specially (1), and
Samples with various percentage of entered impurity Nge=0; also alloyedﬁby RE (2, 3) CWS@S p‘Gan; (a) and n-InSe
10, 10%; 5:10% 10%; 5-10%; 10 10" at. % were used (0). Mg, at%: (@) 1-0;2- 107 3- 107 () 1 -0;

> 1Y o B 5 B - /0 . ) 2_10-4;3_10-1

It is established as a result of the measurements carried

out by us, that electroluminescence (EL) as in specialiy no} The value of E, increases with increasing of pyo and T and
alloyed, in alloyed by Gd, Ho and Dy with Np3;~107+10 with increasing of Agg- varies non-monotone. In particular,

at.% crystals p-GaSe and n-InSe is raised at rather low  {he value of E, with increasing of Nge firstly (at Ne<10at.%)
temperatures (7i<200K for 7i<160K for GaSe and InSe,  increases a little, and then (at 10*<Nge<10"at.%) decreasing
respectively) under action of an electric current of the various  .omes nearer to value having places in not alloyed specially
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low-ohmic crystals (~5-10* and 10°V/em at 77 K for p-GaSe
and n-InSe, accordingly). With increasing of Nze dependence
of parameters and characteristics of an electroluminescence
on pro and prehistory of a sample, firstly (Nge<10™ at.%)
amplifies a little, and brightness of luminescence (B)) - is
weakened concerning initial. Further (at 10'4<NRESIO'1at.%)
with increasing of Mg besides a degree of stability of
electroluminescent characteristics and the parameters,
appreciable image increases also B, The electroluminescent
radiation in crystals p-GaSe<RE> and n-InSe<RE> with
Meex102+10"at.% is characterized with the greatest
brightness, and also the highest degree of stability and
reproducibility of parameters and characteristics.

The electroluminescence with the least £, and the greatest
B, is observed at 77K in specially not alloyed crystals. With
the further increase of temperature firstly (at 7<100K)
brightness of a luminescence does not vary (fig. 1, curve 1),
and further exponentially decreases sharply and at 75200K
and 7=160K for p-GaSe and n-InSe accordingly there is a
temperature suppression of electroluminescent radiation.
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Fig.2. Spectral distribution of brightness of an
electroluminescence in crystals p-GaSe<RE> (a) and n-
InSe<RE> (b) at the various chemical nature of the

entered impurity Ngg, at.% :
1,2,3-10% 1',2", 3'- 10" RE: 1, 1'- Gd; 2,2" -Ho; 3, 3" - Dy.

In both groups of crystals at rather small Age with
increasing of temperature B, all over again (up to 100 K)
increases concerning having a place at 77K, and further a
little as well as in a case of specially not alloyed crystals
decreases exponentially (fig.2, curve 2).

It is established, that spectral distribution of brightness of
electroluminescent radiation in p-GaSe has more complex
structure, than in n-InSe. In particular, on EL spectrum of
crystals p-GaSe besides the bright basic, a number of weaker
maximums is observed also. Besides in both materials the EL
spectrum at excitation along layers almost on ~0.leV is
displaced aside longer waves concerning a spectrum
corresponding to a case of excitation to perpendicularly
natural layers. However at increase of Nge this displacement
gradually decreases and at 10710 at.% sometimes becomes
not appreciable. For both semiconductors the structure of
B/(4) curves does not depend almost on the doping. With
increasing of ANge only on EL spectrum of crystals p-GaSe
additional strips of radiation are shown by more clearer -
their contrast increases. It is necessary to note, that at all us

the considered conditions electroluminescent properties of
investigated crystals appeared dependent only from
percentage of the entered impurity, and their dependence on
the chemical nature of an impurity is not found out almost
(fig.2).

Also it is established, that as in crystals not alloyed
specially, in p-GaSe<RE> and n-InSe<RE> too dependence
of B,(U) has sedate, and dependence B,(I) - linear character.
The energy determined on the basic maximum of the
electroluminescence spectrum, allows telling, that process of
radiation thus is caused by recombination of injected no basic
current carriers through the slow r-centers of recombination
[71.

It is shown, that the range of temperature EL suppression
in samples investigated by us well coincides with a range of
temperature clearing own photoconductivity, and also with a
temperature  range of  supervision of  negative
photoconductivity and IR  clearing of intrinsic
photoconductivity. If at excitation modes of an
electroluminescence simultaneously to illuminate a sample
also with light, creating negative photoconductivity, or IR
clearing of intrinsic photoconductivity then EL radiations it is
not observed. With change MVgze though non-monotone, but
weak displacement of red border of EL nevertheless is
observed, that most likely, can is caused by influence of
doping on the energetic depth (&) of bedding of the r-centers.
These results too testify that the electroluminescence in
investigated crystals is directly caused by recombination of
no basic carriers of a current through the r-centers of slow
recombination.

100

1g, I'4, arb.units

370

(b)
Fig. 3. Temperature dependence of dark (1-3) and quasidark
(4-6) conductivity in crystals p-GaSe<RE> (a) and n-
InSe<RE> (b). N, at.%: 1,4-0;2,5-10% 3,6-10".
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The uniform positions of dependences of EL on the pro,  supposed, that at RE doping because of growth of number
prehistory of a sample, temperatures, and doping level is  covalent connections of RE ions taking place in the next
possible to explain in view of partial disorder of crystals layers, the general share ionic-covalent connections
GaSe and InSe [7]. Apparently, thus existing recombination — concerning weak molecular between natural layers [9]
barriers interfere the recombination of no basic carriers increases also. Therefore with increasing Mge the value of Ag.
through located in high-resistance inclusions of the slow r- and the found out displacement of spectral distribution
centers of recombination. decreases is weakened.

Within the framework of this model, dependence of an The thermostimulated conductivity measurement carried
electroluminescence on the RE doping level can speak out by us (fig.3) testify that entered RE impurity enter into
dependence of a degree of disorder of investigated samples  investigated crystals as levels of sticking for the basic carriers
on the Mge [3-5]. instead of as the r-centers of slow recombination. As to

As to displacement of spectral distribution B, aside longer ~ influence of these impurity on energetic depth of the r-
waves of a spectrum at excitation in a direction of natural ~ centers it is possible to assume, that it is appears by change of
layers, most likely, it is caused with presence of potential ~donor-acceptor interaction pairs that sometimes appears
barrier Ap.~0.1eV between next natural layers [8]. It is appreciable in investigated semiconductors.

[1] G.A.Ahundov.Optics and spectroscopy. 1965,18. pp.743.  [6] A.M.Guseinov, T.l.Sadykhov. In cll. "Electric properties

[2] G.A.Ahundov, A.Sh. Abdinov, N.M.Mehtiev, 4.G.Kya- of semiconductors and plasmas of the gas category ".
zim-zade. Optics and spectroscopy. 1975, 38, pp. 952. Baku. BSU. 1984, pp. 42.

[3] A.Sh.Abdinov,R.F.Babaeva, M.A.Dzhafarov, Yu.G.Nu- [7] A.Sh.Abdinov, V.E.Mamedov, E.Y.Salaev. Trans. of
rullaev, R.M.Rzaev. Inorganic materials. 1999, 34. pp. AHAS. Physical and mathematical cer. N. 4., 1981, pp.
271. 85.

[4] A.Sh.Abdinov, R.F.Babaeva, R.M.Rzaev, G.H.Eyvazova. [8] G.A.Ahundov,A.Sh.Abdinov,4.I".Kyazim-zade, N.M.Meh-
Problems of power. 2001, 1. pp. 66. tiev. Microelectronics. 4., 1975, pp. 465.

[5] A.Sh.Abdinov, R.F.Babayev. Applied physics. 2004, 5. [9] Z.S.Medvedeva. Chalcogenids elements of Ill subgroups
pp. 74. of periodic system. M. "Science". 1968. - 214 p.

9.S. Abdinov, R.F. Babayeva, A.T. Bagirova, R.M. Rzayev

LAYLI A3Be<NTE> MONOKRISTALLARINDA ELEKTROLUMINESSENSiYA

Qadolinium, holmium va disprozium tipli, nadir torpaq elementlari ile aggarlanmis indium va gallium selen monokristallarinda
elektroliminessensiya tadqiq edilmisdir. Miayyanlasdiriimisdir ki, T<100K oldugda stialanmanin parlaghigi (B, temperaturdan
asili deyil, sonra ise temperaturun artmasi ile eksponensial gqanunla azalir. T~200K ve 160K-de uygun olaraq p-GaSe Us n-
InSe kristallarinda elektroliminessensiyanin temperatur sonmasi bas verir. Ny7e-nin artmasi ile avvealce (NNTES‘IO'4 at. %
olduqda) isiglanmanin parlaghgi bir gader azalir, sonra isa artir. Nyre-nin deyismasi ile ayri-ayri sialanma zolaglarinin parlaghigi
da dayisir. Daxil edilon asqarin kimyavi tabistinin deyismasi ise ektroliminessensiyaya tosir gdstermir. Nnrex102:10™ at. %
olduqgda elektroliminessensiya parametrlari an stabil giymatlarini alir.

A.lLll. A6aunoB, P.®. BaGaeBa, A.T. baruposa, P.M. P3aeB

SJEKTPOJIOMUHECHEHIUA CJIOUCTBIX MOHOKPUCTAJLJIOB A;Bs<P32>

HccnenoBana 3IeKTPOTIOMHHECHEHIUS B JIETHPOBAHHBIX PEIKO3EMEIBHBIMH JJIEMEHTAMH THIIA TaJOJIHMHUS, TOJIBMUS M JHCIIPO3US,
KPHCTAUIAX MOHOCEJICHU/IA UHIWS W TajuIusi. YcTaHoBieHo, uTo mpu 7<100K spkocTh a5eKTpostoMrHeceHInH (/B,) IOUTH HE 3aBUCUT OT
TeMITepaTypsl, a naiee ¢ pocroM 7 ymensmaercs. [Ipu 7=200K u 160K B xpucTaniax ceixeHua HHANUS U TaJUIAS COOTBETCTBEHHO, CBEUCHUE
COBCEM HCYE3aeT - MPOMCXOAUT TEeMIIEpaTypHOe TylleHHue 3iekTpoiroMuHecueHmu. C pocToM Nps; spKocTh CBedeHHMs cHavana (Ipu
Np3p<10™ aT.%) HECKOJIbKO YMEHBIIAETCS, a Jajiee YBEIUYMBACTCS OTHOCHUTENBbHO HcXonHoro. C m3MeHeHHEeM Npj; MEHSETCS Takke
SIPKOCTh OT/ENbHBIX 110JI0C U3Iy4eHHs. VI3MEeHeHHe XUMHYECKOH NPUPO/Ibl BBEICHHONW IPUMECH Ha 3JIEKTPOJIIOMHHECLICHIIMIO B H3y4aeMbIX
kprcTantax He Bauset. [Ipu Np3=1072:107" at. % obecreunBaoTcs caMble CTaGHIBHEIC 3HAYCHHS YIEKTPOMIOMUHECICHTHEIX aPaMETPOB.

Received: 16.09.06
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KOH va NAOH-in DURU SULU MOHLULLARININ
DIELEKTRIK XASSOLORI

E.9. MBSIMOV, H.S. HOSBNOV, H.F. ABBASOV, B.G. PASAYEV
Baki Dévlst Universiteti,
Az 1148, Azarbaycan, Baki, Z. Xalilov kig, 23

KOH va NaOH-in sulu mahlulunun kigik konsentrasiyalar oblastinda dielektrik xassalari tadqiq edilmisdir. Alinan naticaler
gosterir ki, baxilan temperatur ve konsentrasiya intervalinda ham KOH, ham de NaOH suyun strukturuna dagidici tasir gostarir.
Koul-Koul diagramlarindan relaksasiya middatleri ve Skanavi modeli 8sasinda su klasterlarinin élgileri tayin edilmisdir.

Malumdur ki, bioloji obyektlorin funksional foaliyyati
onlarin ayrilmaz tarkib hissssi olan suyun termodinamik
halindan va ya strukturundan ¢ox ciddi sekilde asilidir.
Mahlulun strukturu haqqinda an informativ metodlardan
biri dielektrik dlgma (dielektrik spektroskopiya) metodu-
dur.

Bioloji obyektlarin, masalon, bioloji membranlarin,
toxumalarin ve s. dielektrik xassalerini tadqgiq etmakle
Svan [1] bu ndév maddalards, asasaen, 3 ndv dispersiya -
a, B, ydispersiyalar mugahide etmisdir.

o - dispersiya ionlarin diffuziyasi ile bagh olub, ion-
diffuziya ve ya ion-migrasiya polyarizasiyasi ile slage-
dardir [2]. Svarts o-dispersiyani bioloji obyektin
torkibindeki mahluldaki suspenziya hissaciklerina ikiqat
elektrik layl nazeriyyesini tetbiq etmakle izah etmisdir
[3]. Mahlulu elektrik sahasina gatirdikde suspenziya his-
saciklerindeki ionlarin  yerdayismeasi  polyarizasiya
yaradir vo saha goétirildikdan sonra ionlarin ilkin
suspenziyadaxili paylanmasi diffuziya yolu ile
relaksasiya muddatinda barpa olunur. « -dispersiya ¢ox
kigik tezliklorda (10+0° Hs) miisahids olunur.

B - dispersiya fiziki xassalari (kegiriciliyi ve dielektrik
nifuzlulugu) ferglenan iki mihitin serhaddinde misa-
hide edilan Maksvell-Vagner polyarizasiyasi ila baghdir
[2]. g - dispersiya 10°:10°Hs tezliklorde musahids edi-
lir. Hor iki « ile g - dispersiya dielektrik nifuzlulugunun
yliksak giymati ile (10°+10%) diger név dispersiyalardan
kaskin farglenir.

y - dispersiya bioloji obyektlarin tarkibindaki «bagh»
su molekullan ile slagadardir ve 10"+10°Hs tezliklorde
musahide edilir. 10°-10’Hs tezlik intervalinda bioloji
obyektlorde sabit dipol momentina malik béyuk zdlal
molekullarinin varligi ile slagadar daha bir dispersiya - 6
dispersiya mugahida olunur [4].

Kicik dipollarin orientasigla& ile bagl polyarizasiya
daha yuksak tezliklords (10°Hs) bas verir, elektronlarin
relaksasiyasi ise daha yiiksek tezliklorde - 10'’Hs-de
0zUnU biruzs verir. Her iki relaksasiya yuksak suratlidir:
kicik dipollarin relaksasiya muddasti nanosaniys, elek-
tronlarin relaksasiya middati pikosaniya tartibindadir.

isde K" ve Na” ionlarinin bioloji obyektlerin, konkret
olarag biomembranlarin fealiyystinde ¢ox bdyuk rol oy-
nadidini nazers alaraq [5] KOH va NaOH-in duru sulu
mahlulunun sas tezliklerinda dielektrik xassaleri tadqiq
edilmisdir.

Olgmaler, ssasen otaq temperaturunda (20-+30°S)
kérpud usulu ile xUsusi duzsldilmis yuvaciqda
aparilmisdir. Yuvaciq Uzarine qizil g¢ekilmis, arasina

11

tedqgiq olunan mahlul doldurulmus kéynakleri olan
mistavi kondensatordan ibarat olub, niimunanin elektrik
tutumunu (C) ve kegirijiliyini (o) 20+200000Hs tezlik
intervalinda 6lgmaya imkan verir.

NiUmunaya bir-birile parallel birlagdiriimis ideal
kondensator ve ideal rezistor sistemi kimi baxsaq ona
deyisen elektrik sahesi verdikde (E= E, g‘wt) sistem-

den axan cerayana sirf «kegiriciliky ve «induksiya»
cerayanlarinin comi kimi baxmagq olar:

j:js+ji:lE+d_D w
dt dt

:( jE:

1 dg Cdu .
__ 49 Y —=g¢,slokE
S dt Sdt dt
Mugayise gostarir ki, dielektrik nUfuzlulugu kompleks
kamiyyaetdir:

AE +

E _ .

1+l1lwor

dE

: &
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A+lwe,e, +

0

E=—-+te +——""2=¢'"-lg ©)
e, +lot

' & — &,
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I+t
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g"= o 4)
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&"(e")asiih@inin grafiki Koul-Koul diagramini verir.

Relaksasiya mexanizmlarinin sayi birden ¢ox oldugda
Koul-Koul tanliyi (2) asa@idaki kimi modifikasiya olunur:

£, —&,
1+ (iw7)"™

)

[e'e]

burada « - ¢ox mexanizmli relaksasiya muddatlerinin
paylanma amsal adlanir.

Bir relaksasiyall halda (3) ve (4) tenliklerinden wznu
aradan cixartmagla alinan g"(g") asiliiginin  grafiki

&, — €&

S 0

2

markazi &' oxu Uzarinds olan radiuslu yarm-
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cevra olur. Coxrelaksasiyall halda ise yarimgevranin
merkazi &' oxuna nazeren siiriisr.

1510° T
9]
5 | 00 © © N
110’ + o o]
o ©
. (o]
£
00 ©
510"
(8]
D
?‘ } } } } " }
0 5-10" 1-10° 1.5-10° 2:10° 25-10° 310°
4
0.1mol/l KOH

Seokil 1a. 0.1 mol/l KOH —in sulu mahlulu t¢iin Koul-Koul

diagrami.
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+
+
+
2.10° 1
+
4
++ +
3 +
LE X ] S ...*-
1107 Te® + .
+ L]
+
+ L]
: : : - t
T T
0 2000 4000 6000 8000 1 -104
v
0.1mol/l KOH
Sakil 1b. 0.1 mol/l KOH —in sulu mahlulunun dielektrik
nifuzlulugunun hagigi ve xayali hissalarinin
tezlik asilihgi
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Sokil 2a. KOH —in duru sulu mahlulu Gglin relaksasiya
muiddatinin KOH-In konsentrasiyasindan asililidi.

_t
I-e-~

0

P=¢,(e—¢,)E

Burada &;- statik dielektrik nifuzlugu, &, - optik die-
lektrik nifuzlugu, & - elektrik sabiti, ny- ionlarin kon-
sentrasiyasl, g- ionlarin yikl, d — potensial ¢gaparin eni,
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Sokil 2b. KOH —in duru sulu mahlulunda su klasterlsrinin
diametrinin KOH-in konsentrasiyasindan asililig.
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Sokil 3a. NaOH —in duru sulu mahlulu tgtin relaksasiya
muddatinin KOH-In konsentrasiyasindan

asihihg
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Sekil 3b. NaOH —in duru sulu msahlulunda su klasterleri-

nin diametrinin KOH-in konsentrasiyasindan
asilihg

K" ve Na“ ionlari ile aparilan tecriibaler gOsterir ki,
Koul-Koul diagramlarindan muiayyan olunan relaksasiya
muaddatlari har iki ion halinda ionlarin konsentrasiyasi
artdigca azalr (sakil 2a,3a). NUmuna kimi sakil 1-de
0.1mol/l KOH sulu mahlulu tgiin Koul-Koul diagrami (a)
va g'(v), &"(v) asiliiglarinin grafikleri (b) gosterilmisdir.

lonlarin diffuziyasi ile bagl polyarizasiyanin Skanavi
torefindan verilon modelinden istifade etmakloe, Koul-

Koul diagramindan uygun relaksatorun dlgulerini
giymatlendirmak olar [6]:

242 t
n.q-d —
D82 Eli-e- (7)
12KT

|
k- Bolsman sabiti, T - mutleq temperatur, E — elektrik

sahasinin intensivliyi, 7 - relaksasiya muddatidir.
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(7) disturunda d-ni relaksatorun o6lglsi gabul etsak
alariq:

42 3kTe, (&, —¢,) :g\/ékT Enbran ®
q nO q nO
& =% % -ys beraberdir.
max 2
(8) dusturunu KOH va NaOH-in duru sulu
mahluluna totbiq etmakle uygun Koul-Koul

diagramlarinin  kémayile mahluldaki su klasterlarinin
diametrlari  qgiymatlondirilmisdir. Su  klasterlarinin
diametrlinin  mahluldaki ionlarin konsentrasiyasindan
asililg qgrafikleri sekil 2b ve 3b-de gdstarilmigdir.
Goériindilyli kimi K ve Na® ionlarinin konsentrasiyasi
artdigca su klasterlori kicilir. Bu fakti K" ve Na* ionlari-
nin mahluldaki konsentrasiyasi artdiqca yeni-yeni su
molekullarinin klasterlarden qoparaq ionlarin hidrata-

siyasina calb olunmasi ile izah etmak olar. Yaxsi me-
lumdur ki, bioloji membranin daxilinde K ionlari
(0.140mol/l), xaricinde ise Na” ionlari (0.142mol/l) is-
tinlak tagkil edir [5]. Sakil 2b ile 3b-nin migayisasi gos-
torir ki, gosterilon konsentrasiyall mahlullarda su klas-
terlerinin olgilari NaOH mahlulunda KOH msahluluna
nisbaten ~1.5 dafa kigikdir. Demali, hiiceyronin daxilin-
daki su klasterlerinin Olgulari xaricindekindan boyukddr,
yani suyun termodinamik hali membranin daxilinde ve
xaricinda farqlidir. Bu farq hiiceyranin faaliyystina ciddi
tosir edir: gosterilon konsentrasiyada suyun hiceyronin
daxiline kegmasi hiiceyraden xarice ¢ixmasina nisbatan
asandir. Demali, suyun membrandan ke¢gma istigamati
K" ve Na* ionlarinin balansi ile miieyysn olunur. Onu da
geyd edak ki, bu balansdan, ham de membran poten-
siali ciddi sakilde asihdir. Digar maddslarin ds suyun
strukturuna ayrnliqda ve birga tasirini dyronmak isti-
gamatinda isler davam etdirilir.

[11 H.P. Schwan. “Electrical Properties of Tissue and
Cell Suspensions”. Advences in Biological and
Medical Physics; J.H. Lawrence, C.A.Tobias,
Acad Press: New York, 1957, vol.V, 147-209.

P.T. Oreskin. «Fizika poluprovodnikov i dielek-
trikov», 1977, Moskva «Vissaya skola». (Rusca).
G. Schwartr. “A theory of the low frequency
dispersion of colloid particles in electrolyte
solution”, J.Phys. Chem., 1962,66, 2636-2642.

[4] R.D. Stoy, K.R. Foster, H.P. Schwan. Dielectric

(2]
(3]

properties of mammalian tissues from 0,1 to 100
MHz ; a summay of resent data. “Phys Med.Biol.”,
1982, 27, 501-513.

G. Martinsen, S. Grimnes, H.P. Schwan.
“Interface phenomena and dielejtrij properties of
biological tissue”, Encyclopedia of Surface and
Colloid Science; 2002, by Marcel Dekker.

Q.i. Skanavi. Fizika dielektrikov. | ¢ast, 1949, qos.
izd. tex. teor. lit. Moskva-Leningrad.(Rusca).

(3]

[6]

J.A. Macumos, I'.I1l1. I'acanos, X.d. Aooacos, B.I'. [1amaes

JUASJIEKTPUYECKHUE CBOMCTBA PA3SBABJEHHOI'O BOJTHOI'O PACTBOPA NaOH u KOH

Boutn uccrnenoBansl quanekTpudeckue coiictBa BogHoro pactsopa NaOH u KOH npu ux Huskux KoHueHTpaunusx. IlomyueHHsle
pe3yabTaTthl nokaseiBaoT, 9To NaOH u KOH npu paccMOTpeHHBIX HHTEpBalaX TEMIIEpATyp U KOHLEHTPALUH pa3pymaT CTPYKTYPy BOJBL.
W3 pmarpamm Koyn-Koynst Obin ompezneneHsl BpeMeHa pellakcaluy U ObIIM OIEHEHBI pa3Mephl BOJHBIX KJIACTEPOB HAa OCHOBE MOMEIH

CkaHaBH.

E.A. Masimov, H.Sh. Hasanov, H.F. Abbasov, B.G. Pashayev

DIELECTRIC PROPERTIES OF WATER SOLUTION OF NaOH and KOH

The dielectric properties of water solution of NaOH and KOH were investigated at lower concentration. The obtained results show that
NaOH and KOH destroy the water structure in the considered temperature and concentrations. The relaxation times were found by Cole-Cole
diagrams and the dimensions of the water clasters were estimated on the base of Skanavi model.
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AMEA Fizika Institutu, Az. 1143, Baki, H. Cavid, 33.
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Baki Dovilat Universitet, Az. 1145, Z. Xolilov, 23.

F.M. MOMMODOV
AMEA kimya problemlori institutu, Az. 1143, H. Cavid,33

MnGazS4 monokristalinda miixtalif temperaturlarda VAX, o(T) vo TDC todqiq edilmigdir. Talolorin xarakteri miioyyon edilmis,

onlarin yerlosms dorinliyi vo konsetrasiyasi hesablanmisdir.

Maqnit va yarimkegirici xassalorini 6ziinds comlagdiran
va maqnit yarimkegiricilori adlanan AB2Xs(A-Mn, Fe,
Co, Ni; B-Ga, In; X-S, Se, Te) tipli birlosmolor geyri-adi
xisusiyyatlori sayssindo genis todqigatlarin obyektina
cevrilmisdir. [1-6]. Bu birlogsmalor onlar1 asasinda lazerlar,
is1q modulyatorlari, fotodetektorlar vo maqnit sahasinda
idare oluna bilon digor funksional qurgularin yaradilma-
sinda perspektivlidir. MnGasSs birlosmasinin miixtalif mo-
difikasiyalar1 mévcuddur: asagi temperaturlu a-MnGaS4
fazas1 kristal qofos parametrlori a=12,746, b=22,609,
c=6,3944 va faza qrupu C»/c, z=12 olan monoklin qofoso
kristallagir, yuxar1 temperaturlu f~-MnGasSs fazasi kristal
qofos parametrlori a=12,90, b=745, ¢=6,134 va faza qrupu
PnaZ, olan rombik qrupa kristallagir [1-2; 7-8]. Her iki fa-
zanin monokristali kimyavi kégiirma metodu ilo alinmis-
dir. Bundan basqga MnGaxS4 birlosmasinin MnGazSes qu-
rulusuna analoji olaraq qofas parametrlori a=5,46, ¢=10,504,
¢/a=1,92 olan 14 faza qrupuna kristallasan yeni fazasi alin-
mis va onun elektrik vo optik xassalori totqiq edilmisdir [9-10].

Bu igdo Bricmen metodu ils alinmig /~MnGazSs mono-
kristalinin Volt amper xarakteristikas1 (VAX), elektrik ke-
ciriciliyinin temperatur asililigs (o( 7)) va termostimullas-
mis depolyarizasiya coroyanlar1 (TDC) todqiq edilmisdir.
Olgmalori aparmagq iigiin kontakt kimi niimunanin sathina
¢okilmis indium- qalium orintisindan istifads edilmisdir.
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Sakil 1. MnGazS4 monokristalinda qaranliqgda miixtalif tem-
peraturlarda VAX:-T.: 1-293; 2-308; 3-323; 4-338;
5-353; 6-373.

Sakil 1-do MnGazS4 monokristalinin miixtalif tempera-
turlarda VAX- i verilmisdir. Buradan iki oblast askara
cixarilmisdir: 1) Om ganununa tabe olan oblast (I-U) va 2)
I-U*? oblast1. Asag gorginliklordo VAX-1n xotti oblastin-
da coroyanin gorginlikdon asililig1

_eun US
L

kimi olur [11]. Burada U- niimunays tatbiq olunan gorgin-
lik, n,- tarazligda olan yiikdasiyicilarin konsentrasiyasi, u-
yiidastyicilarin yiriikliyi, e- yilkdastyicilarin yiiki, L-kon-
taktlar arasinda mosafa, S-kontaktlarin sahasidir. Yiikda-
styicilarin konsentrasiyasi {igiin ~70"sm qiymoti tapilmus-
dir. Temperatur yiiksaldikco geyri- xatti oblasta kecid gor-
ginliyi azalir. Bu onu gostorir ki, MnGa2Ss monokristali
qiivvatli kompensasiya olunmus yarmmkegiricidir. /~U*?
oblastinda isa coroyanin kegmo mexanizminin injeksiya ilo
olagoadar olmasi forz olunar [11].
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Sokil 2. MnGaxS4 monokristali tigiin miixtolif sabit gorginlik-
lords elektrik kegiriciliyinin temperatur asihiligt: (U-
V): 1-40; 2-100; 3-180; 4-300.



MnGa,Ss MONOKRISTALININ ELEKTRIK XASSOLORI

Sokil 2- do miixtalif sabit gorginliklords elektrik kegiri-
ciliyinin temperaturdan asiliiq qrafiki verilmisdir. Diiz
xatlorin meyllori demok olar ki, bir-birinden o gader do
forglonmir. lgo~ 10°/T asilihq ayrisindon yiikdastyicilarin
aktivasiya enerjisi hesablanmisdir vo E=0,28+0,2 eV-a bo-
rabordir.

300 T.K 350 29 5 -1 31

10, K
T

Sakil 3. a) 300V polyarizasiya gorginliyinds TDC oyrisi. '
b) 300V polyarizasiya garginliyinde TDC carayan
pikinin baslangic hissasinin temperaturdan asililig1.

Sokil 3a- da MnGaxSs monokristali tg¢iin 300V
polyarizasiya gorginliyinde TDC oyrisi verilmisdir. TDC
spektrindo temperatur maksimumu 338K olan pik
miisahido edilmisdir. TDC oyrisinin tohlili {i¢iin yapisma
soviyyolorinin tipini bilmek lazimdir. Bunun igiin «o»

komiyyatindon istifado olunur vo «o» asagidaki ifadodon
tapilir:
o= T2 _TM
Tz _Tl
Burada T,,- TDC- nin maksimumuna uygun tempera-
turdur, 7, vo T,- TDC- nin maksimum intensivliyinin
yarisina uygun asagl vo yuxari temperaturlardir. TDC

maksimumunun formasmin tohlili géstorir ki, MnGasS4
monokristali iglin miisahds edilon maksimumda

2KT
528'1[1+ Mj

t
sorti 6donilir [12]. Bu sortin 6donilmasi siiratli yanisma
soviyyolarinin mévcudlugunu gostarir.

Soakil 3b- do MnGaxSs monokristali figiin TDC coroyan
pikinin baslangic hissasinin temperaturdan asililiq oyrisi
I~ 10°/T miqyasinda gostorilmisdir. Bu oyriden tololorin

aktivlosma enerjisi hesablanmisdir vo E=0,28 eV [1 3] .

)

A3)

Gorindilyi kimi bu enerji soviyyasi o(7T)-don do
taptlmigdir. Bu onu gostorir ki, elektrik keciriciliyi vo

termostimullagsmis  depolyarizasiya  coroyanlar1  eyni
saviyya ilo baghdir.
Beloliklo, MnGazSs  monokristalinda  miixtolif

temperaturlarda VAX, o(T) vo TDC todqiq edilmisdir.
Tololorn xarakteri miioyyon edilmis, onlarin yerlosmo
dorinliyi vo konsentrasiyasi hesablanmisdir.
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H.H. Hudtues, O.b. Tarues, M.B. Mypanos, ®.M. Mamenos

SJEKTPUYECKHUE CBOMCTBA MOHOKPUCTAJIJIOB MnGa:zSs

VccneioBaHbl BOJIbTaMIIepHble XapaktepucTukun BAX, anekrpornpoBoaHocts o(7) M TOKH TEPMOCTHMYJIHPOBAHHOM ACMOJISPU3ALIHN
(TCH) mns xpucraiuioB MnGaaSs npu pa3nu4HbIX TeMmneparypax. HalineH xapaktep JIOByLIEK, OnpeeieHa MX IiTyOMHa 3ajeraHus u

KOHIICHTpAaIHsI.

N.N. Niftiyev, O.B. Tagiyev, M.B. Muradov, F.M. Mamedov

ELECTRICAL PROPERTIES Of MnGaxS4 SINGLE CRYSTALS

Volt-ampere characteristics VAC, electric conduction o(7) and thermostimulated depolarization (TSD) currents for MnGaxSs crystals at
different temperatures are investigated. Trap character is found and its occurrence depths and concentration are obtained.
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REAL QAZLARIN DROSSELLONMOSINO DAIR

C.Y. NAZIYEV
Azorbaycan Déviat Neft Akademiyast
370012, Baki, Azadhq pr., 20

Klauzius hal tonliyins tabe olan real qazin axmasi zamani adiabatik drossellonmays baxilib. Qazin kritik parametrlori, inversiya
temperaturu va inversiya oyrisinin maksimal parametrlori tayin edilib.

Qazlarin vo mayelorin drossellonmosi (azilmasi) masa-
losi termodinamikada xiisusi shamiyyat kasb edir. Texni-
kanin bir ¢ox sahalorinds drossellonmadan genis istifada
edilir: soyuducu masinlarda, kriogen qurgularinda, daxili
yanma mitharriklorinds, buxar ve qaz turbinlerinds, reak-
tiv mitharriklords, raket texnikasinda, gaz borularinda vai.a.

Bu, baximdan har bir real gazin drossellondikds 6ziinii
neco aparmasini hom nozori, hom do praktiki cohotdon 6y-
ronmok vacibdir.

Drossellonmo adiabatik vo dénmayan prosesdir [1-3].
Umumiyyatla, o zararli hadisadir. Ciinki axma zamani qaz
mexaniki miiqavimatdon ke¢ir. Lakin texnikada ondan
somorali istifads edirlor.

Drossellonms zamani ideal qazin temperaturu doyis-
mir. Amma real qaz drossellondikds o qiza da biler, soyu-
ya da bilor vo onun temperaturu sabit da qala bilor. Bu
gazin tobistindan va onun baslangic parametrlorindon asi-
Iidir.

Odabiyyatdan molumdur ki, Klauzius hal tanliyi bels-

dir [4]
a
-———= l(v-b)=RT,
{p T(U+C)2}(U )

burada p — qazin tozyiqi; T — temperaturu; o - xiisusi
hacmi; a,b, ¢ — tonliyin sabitloridir.

Tonlikdoan istifado etmok f¢lin onu asagidaki sakilda
yazmagq olverislidir

()

_ RT 3 a
v-b T@+c)*

p @

Maddenin kritik (béhran) halinin sartlerinden istifads
edorok Klauzius gazinin kritik parametrlorini (p,, v, T})

toyin edok.
j “0.
.

Kritik sorto gora
0 o’
ov J;
(2) tonliyindon 7'=const halinda birinci ve ikinci tore-
molori alaq

ov’

A3)

(@j __RT 2 W
ov J; (v=b)" T(v+c)

2
(a Ej __WT 6 _, -
ov” ). (v=b)y T(v+c)

(4) asililigini (5)-2 bolsak alariq ki,

16

v-b v+c ©
2 3
buradan
v, =3b+2c. (7)

Indi (4) baraberliyinden 7)-i tapaq

12 220, ~-b)?  8a
“ R +c)® 27R(b+c)’

8a 2a
T =)= ®
V27R(b+c) 3 \3R(b+c)

(2) tonliyinden p,-1 tapmaq olar
)

Onda

W | N

_ RT, a
v, —b T, (v +c)

Py

Molum 7 va y,-in qiymatlarini (7) vo (8) ifadslorindon
(9) tonliyina qoysaq alariq

a

18(b+c)2\/

P« (10)

2a
3R(b+c)

Indi, oksina, a, b va ¢ sabitlorini kritik parametrlorlo
ifads edak.
Komokgi diisturlardan istifads edok. Toyin eds bilarik ki,

TP = B —
KT 27(b+0)
(11)
T _8(b+0)
Pk R
(7), (11) va (12) asililiglarindan toyin etmok olar
3RT,
C=
8 Py

(12)

(13)

Oy,
_ RT,
4p, ’
27R*T.
a=——>%
64p,

b

_Uk

(14)

(15)
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Universal tonlik ii¢lin ¢ox vacib olan kritik sixilma am-  inversiyast deyilir, temperatur iso inversiya temperaturu

salin1 tapaq adlanir. Diaqramlarda inversiya oyrisi temperaturun
pv, 3b+2c 3 C dayismasinin sarhad oyrisi olur.
K= = = (15,a) Inversiya ayrisinin tonliyi (16) tonliyindan alinir.

RT, 8b+c) 8 8b+c)

] ov
Indi do Klauzius gazinin drossellonmasine baxaq. Axi- T[—j -v=0. (17)
nin termodinamikasindan molumdur ki, qaz drossellon- ot p

dikda onun temperaturu asagidaki qanunla doyisir Bozon inversiya oyrisinin tonliyi kimi identik tonlik g6-

v tartlar
T —| —-v 0 0
(aij pif L I Y (18)
dT = ——~*—dp, (16) ot ) " \ov),
P
Algaq tozyiglor iiglin (atmosfer tozyiqi otrafinda) in-
burada ¢, — qazin izobar istilik tutumudur, ¢,>0. versiya temperaturunu tapag.
(16) tonliyini tohlil edok. Drossellonmads homiss tozyiq (2) tenliyina belo forma verok
dusir, dp<0 olur. Demali, temperaturun keyfiyystco
doyismosi [T(Jv/dT),-v] komiyyatinin isaresindon asili pU=pb+RT- a(v-h) (19)

olacaq, ¢iinki ¢,>0. Kasrin surati manfi olsa d7>0, demali
drossellondikds qaz qizacaq; miisbat olsa d7'<0, yani qaz
soyuyacaq; ogor surat sifra borabor olsa d7=0, demoli p=const soklinde bu tonliyi differensiallayaq vo (17)
drossellonmodon sonra qazin temperaturu doyismoz.  ifadasinds nazers alaraq

Ucgiincii hali texnikada bilmok ¢ox vacibdir. Bu hala qazin

T(+c)*’

T(auj e RT*(v+c)’ +a(v— b)l(z) +c)— puT(v+c)’ +av(v-2b-c) 0
ot ), pT(v+c)’ —a(v—2b—c) '
(19) tenliyinden pv-nin qiymatyini burada yerins yazaq
ov — pbT(v+c)’ +3av” —4avb+auvc —2abc
T(_) _p-ZPOT*O) +3a ~0. 0)
aor ), pT(v+c)’ —a(v—2b-c)
Algaq tazyiqlor iiglin p=RT/v yazaq
T(auj Ly RTb(v+c)’ /v+3av’ —4avh+auvc—2abc
GIWN RT*(v+c¢)’/v—a(v—-2b—-c) o
_ —RT’b+3av’ /(v+c)’ —(4avb—avc +2abc)v/(v+c)’ 0
RT?-a(v—2b-c)v/(v+c)’ '

Kicik tozyiglords gobul edok ki, p—0, 1/v—0, onda .1.nversiya tonliyina (17) gora pT diaqgraminda inversiya
(21) ifadoesi sadalosor; eyni zamanda v/( v+c)?~I oldugun-  dyrisi temperatur azaldigca ovvel yuxart qalxir, sonra
dan maksimum noqtoni M kegarok azalmaga baslayir (sokil 1).

3 |
5 ~RT+3a 2 5 $
1% v+C
T —| -v= > ( ) =0,
oT . RT
M
3a , 3a dT>0 dT=0
-b~ RT 2 Tinv ~ R_b > (22)
3 dT <0
a
Tinv ~ % ~ 3’21Tk . ,
T

Sokil 7-7koordinatlarinda gostarilib, haradaki zvo ruygun
olaraq gotirilmis tozyiq vo temperaturdur.
Ogoar qazin hali ayri igorisindoki sahoys diisorss o dros-

17
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sellondikds soyuyar, ayridon xaricdoki sahays diigorso
0 quzar, ayri lizarina diisorss qazin temperaturu doyis-
moz. Belalikls, ayrinin tayini xiisusi shamiyyat kasb edir.

_ L a@b+o) (@j _R
P T+c)* \oT ),

Ikinci téramoni alaq (p=const)

_a(-2b—c) | (3 .| 2a(v=3b-2c) (
P T(v+c)’ oT? ) T(w+c)!

av
T(+c)

(19) tanliyindan birinci téramani alsaq (p=const)

(23) barabarliyini sadalosdirak. Qabul edok ki, p(0v/0T),=R. Onda (23)-don alariq

2a(u—2b—c)'(8_u

T’(v+c)’

Bu giymati (24) tenliyinds nozars alaq

_a(-2b-c)|(d%
P T orey ||at

(26) ifadesindon istifadoe etmok {iglin inversiyanin
tonliyindan olava sorti alaq. (17) tonliyindon 7" va p-ya gora
téramo alaq.

N av B ab 3)
T’(v+c) T*(w+c)*
2
a_‘)} {—2&2”_%‘?)](6_”) +—23a(”_b)2 =0. 4
aT), | T*(v+c) aT ), T(v+c)
—2a(v-h)
= 25
aij T’(v+c)’ 29
2
. 2a(v—-3b-2c) _(6_0] 0 6)
. T(w+c)* ar ),

| (18) tonliyinin birinci haddini (2) tenliyini v=const
sortinds differensialladiqda almaq olar

T( op j RT L@ o)
2 2 —_— = X
T al; +H T o _28_0 (@j =0 (27) oT v v-b T(U+C)2
oT oTop op ), \IT Ji, Onda
Inversiya oayrisinin maksimum sortino géro T ( ap j N U( aP j _ - RTb  a(3v+¢) _
[Gp) —0; demoli (821)} da sifir olacaq. Bunu (26) ar ), ov); (v-b)y> T(@+c)
T Jiny oT?
ifadasinda nozars alsaq ikinci hadd do sifir olacaq. Buradan
(17) tonliyindon inversiya sortino gora , 4a(9b +7¢) ,9b+7c
ov v (ov) - max =Ty :
ol 2l 122 Y demali 27Rb(b +c) 2b
or), T oT T?
Bellaiklo,
2a(v—3b-2c)
i =0 T = |%BrTC 4 (31)
T(v+c) max b k
olar.
Buradan Maksimal tozyiqi (20) tenliyindon almaq olar
Opar =30 +2¢= 0. (28) PbT(ve ) +a(3-4vb+ve-2be ) =0,
T,.. temperaturunu tapmaq ciin (18) tonliyindon
istifada edok. Tanliyin ikinci haddini (4) tenliyinden alaq a(3 v —40 D+v. C— 2bc)
pmax — max max max .
v — | =- >+ T (29)
oV )y (b-b) T+0) | Thax VO Uyu-un qgiymotlorini yerine yazsaq alariq
2
P :ﬂ(15b+l4c) __b = 7,1p, 1+E % . (32)
3b 2(9b +7c) b )V9b+7c

L,

max»®

T ux VO Ppuay-u bilorak z,,,.-u toyin etmok olar
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Poax Omax (150 +14C)(3b + 2C)

2o = (33)
RT .. 4(b+c)(9b+7c)
[11 V.A. Kirillin, V.V. Siev, A.E. Seyndlin. [3] S.O. Hiseynov, Y.M.Naziyev. Termodinamika
Texnigeskaya termodinamika. M.: Enerqiya. 1968. (axinin termodinamikasi). Baki. AzPi. 1981. 53 s.
472 s. (Rusca). [4] Obzori po teplofizigeskim svoystvam vessestv. M.:
[2] E.E. Spilrayn, P.M. Kesselman. Osnovi teorii IVTAN. 1986. Nel, 57, 127 s. (Rusca).

teplofizigeskix svoystv vessestv. M.: Enerqiya. 1977.
248 s. (Rusca).

Mok 51. HazueB
O IPOCCEJIMPOBAHUHU PEAJIBHBIX 'A30B

B crathe paccMOTpeHO ApOCCENMpOBaHHE pPEaNbHBIX Ta30B, MOMYMHSAIOMUXCS ypaBHeHMIO Kiaysmyca. OmpeneneHbl KPUTHUECKHE
IapaMeTpsl ra3a 1 MaKCHMaJIbHbIE ITapaMeTPhl KPHBOW HHBEPCUHL.

J.Y. Naziyev

ON THROTTLING OF REAL GASES

The throttling of real gases, submitted to Klauzius equation is considered in the given paper. The critical gas parameters and maximal
parameters of inversion curve are defined.

Received: 16.09.06
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CRITERION OF THE CONTROL OF EXPERIMENTAL DATA

E.M. FARHADZADEH, A.Z. MURADALIYEV, Y.Z. FARZALIYEV
Azerbaijan Scientific-Research and Design-Prospecting Institute of Energetic
Zardabi ave., 94

The cases are frequent, when at check of the assumption about expediency of classification of the experimental data to the given attribute
it appears, that the results application of the appropriate criteria are opposite. The method of an estimation of a mistake the second sort for
the data on duration of condition power block electrical station and method of comparison of a number of criteria is resulted.

There is enough often results of passive or active
experiment appear connected with a number of attributes
which versions can be submitted by a discrete number of
values. Display of these versions casually also does not
depend on the experimenter. The importance of attributes and
their versions at the best is clear at an intuitive level.
Classification of the data on the set versions of attributes
results in sharp decrease in number of the data of experiment
and is connected to an opportunity of fallacies and wrong
decisions. The method below is resulted, allowing to avoid
the specified mistakes. We shall enter some concepts. We
shall present the data of experiment as some set of results of
measurement of concrete parameter (P) and we shall
designate it through {P}y, where M - number of experiments.
But the data with preset values of versions of attributes we
shall present as sample and we shall designate through {P},
where m - number of the data of sample
y=Flxy

— = = = — =

Z=Fly)

Fig. 1. A graphic illustration of consecutive calculation of
statistics m for hypothesis H;.

In [1] the new criterion of the control of imposing
appearance of sample (if sample is representative an attribute
of classification of the data insignificant) 4y, describing the
maximal value of a divergence of sample and a data set and
its updating - factor of imposing appearance of sample Ky,
describing average quadratic value of a divergence of
distributions and A, describing average value of divergences
has been offered. Being analogues of Smirnov’s
nonparametric criterion Dy, [2], they had and the certain
advantages among discrete values of sizes of divergences that
reduced an interval between probabilities of adjacent values
of the possible divergences, an including significance value a.

Application of one of the criteria marked above demands
development of methodology of their automated comparison,
including development of methodology of an estimation of
distributions of the criteria Ay, Kj;, Acp and Dy, provided that
sample is not present. To distinguish distributions at
hypotheses Hy and H; we shall agree to represent them as
F (4n/Ho), F (Ki/Ho), F (4p/Ho) and F (Amn/Ho), F (Ka/Hy),
F(dp/Hy), F (AmolHy).

20

The graphic illustration of consecutive calculation of statistics
Ay, for hypothesis H; is resulted on fig. 1. for m=4 and M=10

It is accepted, that sample is {X;;}m, the random variables
supplementing sample up to set is {Xy i}n, and set of random
variables are {X; }w.

From fig. 1 it is evidently visible, that at calculation Ay,
for hypothesis H; biunique conformity between members of
variations lines of random variables of set {Xj}y and
members of variations lines Y;=F(Xj)y is broken. For
example, to the fifth member of lines {X;}y there corresponds
the seventh member of lines {Yj}y. Hence, property of
nonparametric (independence of criteria 4, , Ki; , 4, and
Dnn from type of distributions F(X) and F,(X)) at check of
hypothesis H; considered criteria lose). Change of the law of
distribution Fp(x) and Fu(x) is reflected in absolute size of
each criterion. However, at any distributions Fp(x) and Fn(x)
parity of each of N realizations of statistic A, Ky and A, and
Dy, remains constant, namely Dy >4y >K>Aq, Therefore
change Fy(x) and Fn(x) will not influence result of
comparison of these criteria.

On fig. 2 experimental dependences of distributions of the
statistics A, are resulted, allow us estimate character of
change of distributions F(A )= g(a,) depending on change

m and n. As follows from fig. 2 with increase in number of
random variables of sample (m) average value 4, and an
average quadratic deviation o(4y) will decrease (we compare
distributions 1 and 3 fig. 2).

PlAm)
1+ ammE
0,9 4
0,8 +
0,7 -
0,6
0,5 4
0,4
0,3 4
0,2 -
0,1 4

o

w

0,8

Fig. 2. Distribution of the greatest disorder of distributions
Fm(x) and Fy(x) at hypothesis H;(6=0,5) 1 - m =10;
n =200; 2 - m=10; n =20; 3 - m=50; n=200

0

Distributions of random variables samples with identical
m, taken of sets with differing number of random variables
(for example M;>>M,), will have various (4n)e, and o(An).
Than M is more, the (4y)c; more and o(4y) less. The increase
o(A4y) at reduction of M is caused by growing influence of
casual character of distribution Fy(7).

Method of comparison of the criteria. As it has been
marked above, the preference is given to theories of check of
statistical hypotheses to criterion for which at the fixed
mistake of the first sort, the mistake of the second sort is
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minimal. Hence, to compare criteria it is necessary to
compare dependencies f(S) = f[a(S)], where S - one of

considered (Am, Ki7, A;p and Dy, 1) statistic.

Thus it is necessary to take into account:

1. Discrete character of sizes of the greatest deviation S.
Addition « and g also is allowable only on condition & and S
that are determined for same value S with i=1, I, where [ -
number of identical digitizations of distributions F*(S/Hy)
and F*(S/H,).

The size Iy is defined:

- number distributions F*(S/Hp) and F*(S/H;) (accordingly r;
and Ip);

- a parity of boundary values of a confidential interval of
average values of statistics S. The overlapping of these
intervals is more, the more and I ;

The certain difficulties at construction A(S) = f[a(S)]
arise both at small, and at great values m and M. At small
values m and M, sizes r; and r; also are small, r, <<r, and

I, <<T,. At great value m and M, despite of essential

increase r, and r», the size I'2 remains enough small though
distinction between separate realizations S does not exceed

1%. The increase Iy without decrease in accuracy can be

achieved by a method of a rounding off of values of
realizations S up to the second significant figure.

2. Features of statistical modeling. One of the basic
difficulties at modeling estimations of optimum values of
criterion checking to representativenesses of the sample) CRS

A*

samples on result of calculation. Fluctuations of numerical

m.onm 1 decrease in influence of casual character modeled

*
values A m.onm

cause the certain probability of the erroneous
decision which, in particular, is more, than it is less number of
realizations of sample and depends on number of iterations a
little. Overcoming of this difficulty has been achieved as
application of some known methods, as a method of the general
random numbers together with a method of supplementing
random variables [3], and new approaches, in particular:

- applications of criterion of Kolmogorov for the control
of conformity programmed random numbers modeled sample

to the uniform law "Sorting" samples at a significance value
(0,3-0,4) not only reduces a mistake of the second sort, but
also carries out protective functions from imperfection of
program realizations samples and failures of the COMPUTER.

It is necessary to note, that the further increase in a
significance value (more 0,3+0,4) conducts to essential
reduction of number of discrete values A4, and absence of
identical values A, for distributions [1-F*(4./H,)] and F*(4,, /H,).

- climination of influence of the random variables
supplementing sample up to a data set;

- alignment of number of discrete values of distributions
[1_ F*(Am /HO)] and F*(Am /H)) by assignment by absent
discrete value zero frequency. Application of these methods
has allowed to provide high stability of the decision. The
control of objectivity of recommended methods was provided
with application of a method of the decision of a «return problen.

On fig. 3. experimental dependencies 3(S) = f[a(S)] , for

the values marked above m, M and 6 for criteria Ay, Kjz, Agp
and Dy, ,. Similar dependencies are received and for lines of
other values my, M and J. The analysis of these data has
allowed concluding:

- the least value f at 0<a<1 takes place for criterion Ay,

- values f# at 0<a <1 for criteria K7 and Ag, also are
practically equal and is essentially higher, than at criterion
Ap. In other words, distinction of distributions F,(P) and
Fm(P) also is defined not so much by average or average
quadratic value of deviations, how many the greatest divergence.

- the indirect method of an estimation of representativenesses
of sample (Smirmov’s criterion) concedes to a direct method
recommended authors, i.s. f(Dm)>f(4y) at 0< o <1.

a7, B(S)

0,6 14
W
i

05 %

0,4 -

034 3%

0,2 -

0.1 4

i aS)

0 S Emany r : :
0 0.1 02 03 0.4 05 06 0.7

Fig. 3. Curve changes of dependence A(S)=f[(S)] at m =10;
M=30 and 0=0,5 for criteria (S): 1- Kj7 1 Ap; 2—Dpp s 3 - A
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KPUTEPUI KOHTPO.ISI SKCIIEPUMEHTAJIBHBIX JJAHHBIX
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poza u METOo COIMOCTAaBJICHUSA KPUTCPUECB.

E.M. Forhadzads, A.Z. Muradaliyev, Y.Z. Forzaliyev
TOCRUBI VERILONLORIN YOXLANMASI KRiTERiYALARI
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kriteriyalarin totbigi naticalora ¢ox zaman oks olur. Bunun tiglin asagida ikinci név sohvlorin qiymatlondirilmasi vo kriteriyalarinin

milqayisoesi Uisullar1 gostorilir.
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ON ONE GENERALIZATION OF BOUGER - BEER LAW ON THE BASIS OF NEW
INVARIANT PARAMETER OF SOLAR SPECTRAL IRRADIATION.
APPLICATION FOR CALIBRATION OF GROUND SOLAR PHOTOMETERS

H.H. ASADOV, M.M. ALIYEV, E.S. ABBASZADEH
Azerbaijan National Aerospace Agency,
Azadlig ave., AZ-1033, Baku, Azerbaijan

In the given paper the possibility of introduction of invariant indexes of sun spectral radiation, obtained in the result of the
summarizing of Bouger-Beer law for the case of three-wave atmosphere measurements has been considered. It is shown, that
calibration of three-wave photometer on proposed invariant allows us to eliminate the influence of atmosphere parameter

changeability on wave length.

The solar energy is the main source of energy for
biosphere of the Earth. It directly controls the atmospheric
and oceanic circulations and climate. The proper
understanding of this energy is essential for true assessment
of processes taken place in the system Earth — atmosphere.
Historically, prior the satellite measurements the total solar
energy calculated for average value of distance between the
Sun and the Earth was considered as “Solar Constant”. The
systematic ground measurements of variations of solar
constant are carried out during more than one hundred years,
on Program of Solar Constant of Smithsonian Astrophysical
Observatory [1]. At the basis of multi-number experimental
researches, including satellite measurements of “Solar
Constant”, at present time existing prevailing scientific
opinion states that only satellite measurements are really
capable to detect the variations of solar constant, linked with
magnetic activity of the Sun, for example, 11 years, 27 days
and other cycles of variation [2].

At the same time methods and equipment for ground
atmospheric measurements suffered great changes and
modifications. The world-wide network AERONET was
specially organized to carry out dynamic components of
atmosphere [3]. The possibility of obtaining components
extra-atmospheric data from satellites and synchronous data
from ground networks allows us to carry out direct
comparison of them to determine adequacy of ground
measurements of solar constant. Results of one of such
researches are described in [2] where comparison of
synchronous measurements is carried out. These data were
obtained from the instrument SOLSTICE installed in satellite
UARS and AERONET network photometers beginning from
January 1, 1998 till October 28, 1999.

As a result of held research it was revealed, that
measured by instrument SOLSTICE the variation of solar-

1

R, (A4,At)= 5

At present, there are many sources, where the data on
correlation dependence of optical depth of atmosphere
separately on time and wavelength of measurements are
given. For example, the results of atmospheric variability
research in UV band are given [6]. These results are obtained
on the basis of 19,568 measurements of direct solar
irradiation carried out in Riverside site and similar series of

(T)MJTMA‘JTE‘;(/1+AZ; t+At). T(/l;t)d (Ai)d (At),

spectral radiation, determined as standard deviation divided
to average value was equal to 0.12 % and 0.14 % in
wavelength 340 nm and 380 nm.

But variations of ground measurements in
aforementioned wavelengths were equal to 2,0 % and 1,8 %.
These values of variation are more than one order in
comparison with values of variation of solar irradiation
measured by help of satellite instruments SOLSTICE. On the
basis of aforesaid data it was concluded, that ground
measurements cannot be used for research of variability of
solar constant. Such a dubious conclusion is dangerous,
because it rejects any possibility of calibration of ground
photometer using solar irradiation. This conclusion is
justified by such a wrong suggestion, that variability of
atmosphere cannot be removed from results of ground
measurements. The purpose of this article is demonstration of
fallibility of such opinions on an example of recently
proposed three-wave lengths technology of atmospheric
measurements [4, 5].

As it was noted earlier, the accuracy of ground methods
of determination of the solar constant is mainly depends on
variability of atmosphere.

Further in this article we shall speak about UV band and
mentioning the variability of atmosphere or optical depth of
atmosphere we shall consider not temporal changes, but
changes on wavelength of measurements. It is well-known,
that one of major parameters of variability of random
processes is autocorrelation function. For example, the

changeability of function 7, = f (l,t), where 7 ,- optical
depth of atmosphere; A - wavelength; t- time parameter of

current measurements, can be characterized by following two
— measured autocorrelation function:

(M
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measurements, by number of 21,972 measurements carried
out in Mt. Wilson site.

The computed valued of correlation indices for all pairs
of wavelength are shown in Table 1[6]. It is shown, that
Riverside site is characterized with strong correlation
between results of measurements in all wavelengths. For the
Mt. Wilson site, the correlation indices are slightly weak.
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Table 1

Riverside 306 nm 312 nm 318 nm 326 nm 333 nm 368 nm
300 nm 0,99 0,97 0,93 0,94 0,92 0,92
306 nm 0,99 0,95 0,97 0,95 0,95
312 nm 0,97 0,99 0,97 0,97
318 nm 0,99 1,00 0,99
326 nm 1,00 0,99
333 nm 1,00

Mt. Wilson 306 nm 312 nm 318 nm 326 nm 333 nm 368 nm
300 nm 0,94 0,85 0,76 0,69 0,62 0,59
306 nm 0,92 0,85 0,82 0,77 0,74
312 nm 0,98 0,96 0,93 0,91
318 nm 0,98 0,96 0,95
326 nm 0,99 0,98
333 nm 1,00

Thus, the results of research described in [6] have
shown, that autocorrelation function (1) of optical depth of
atmosphere, calculated on wavelength,

R.(A4)= 1 jr(mm;t).r(z,t)d(M) 2)

B(T)

has a positive and higher values. Physically, it may be
explained by such a fact, that the optical depth of atmosphere
in UV band is mainly formed with aerosol and ozone, the
quantitative and qualitative parameters of which are not
changing during the short period of measurements.

It should be noted, that this phenomenon is rightful also
for atmospheric measurements on horizontal route. For
example as it is shown in [7], the higher correlation values
exist for results of measurements of optical depth of aerosol
in UV and visible bands carried out in on-earth layer of
atmosphere.

According to the method of Langly plots, each deviation
of measured value of solar constant is directly determined
with deviation of optical depth of atmosphere, if optical mass
is constant. From well-known formula of Bouger-Beer one
can obtain following equation, which is basis of Langly plot
method:

Inly=mzg +Inl, 3)

where | - «Solar constanty; M- optical mass; 7 - total

optical depth of atmosphere; | - the measured value of solar
spectral irradiation.

It is obvious, that upon condition of stability of solar
constant, M=CONSt, and stability of parameters of ground

photometer, each differed from zero measured value of

dinl, . , dry
—— is caused by differed from zero value

dA dA

The presence of strong correlation in values of 7y on

A leads to strong correlation of N1, on A, i.e. there is the
error of measurement of |0 , depending from A, which is

caused by variation of T . Therefore, the error of ground

23

measurements of |0 in comparison with the satellite

measurements has a systematic feature and depends on A .
But if we by modification of method of ground

measurements, can succeed to generalize the relevant form of

equation of Bouger-Beer, writing it in following form

P(1)=P(1,)-e """, 4

where P(|) - generalized parameter of solar-spectral

irradiation, measured at the level of the Earth; P(| 0) - the
generalized parameter of solar-spectral irradiation at the
external border of atmosphere; P(TZ) - the generalized

parameter of optical depth of atmosphere, meeting the
following conditions

dP (TZ ) _0 )

dA
P(zy )=0, (5b)

and consequently, following conditions

—d P (I ) =0 (6a)

da
dP(IO):O’ o)

dA

while any variation of |, due to variation of magnetic

activity of the Sun is lacking, we could, in principle, succeed
to carry out ground measurements of parameter of solar-
spectral radiation, where the obtained result would not
depend on variation of A .

It can be shown, that as a result of application of
recently proposed 3 wavelength technology of atmospheric
measurements, we can formulate the generalized parameters
P(z‘z),P(|) and P (| ), and in this case, the equation of

Bouger-Beer may be generalized in the form of (4).
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By the aim to form the generalized parameter of optical
depth of atmosphere and generalized parameter of solar
constant, we describe in brief the main provisions of method
of three-wave lengths measurements. Let us assume, that

there are wavelengths A,,4, and A,, where 4, <A, <A,

and we carry out following measurements

I (ﬁ“l) Io (/11 )'e_mlr(m
I (/12):|0(/12)_e—m17(%)
I (ﬂs) Io (/13 )'e_mlr(}g)

Now we should calculate generalized parameter P (l)

(7

as follows:

®)

Taking into account (7) and (8) we have following
generalized form of writing of Bouger-Beer law
7,{1(11)”(%)
x

A I(/Il)'l (/13)-8

1(4,)

Therefore, the generalized parameter of solar constant in
(9) may be written as

frua)] o

P(l)=

P(1,)= (10)
' (%)
The generalized parameter of optical depth of
atmosphere may be written as
P(T)zw—r(lz). (1)

Ve

From the equation (11) it is obvious, that if by proper
selection of 4,,4,,4, and ¥ we could ensure following

conditions
P(r)=0 (12a)
and
ap (T) =0 (12b)
dA

then the measured value of Z will be equal to generalized

A Io(/il)'lo(/ls)

(%)

solar constant’s parameter , which will not

depend on wavelength.

Therefore, equations (12a) and (12b) are conditions for
ensuring of accurate ground measurements of value of
generalized solar constant (10).

From conditions (12a) and (12b) we have

:T(ﬂl)"'r(ﬁ@)
(%)

As it is shown in [5] 2 variants of realization of equation
(13) are possible.

1) We should select y =2 ; Wavelengths A, and A, are

(13)

fixed; and wavelength A, should be chosen using following

T(ﬂ“l)_'_r(ﬂ?).
2

formula

r(4,)= (14)

2) The wavelengths A,,4,, 4, are fixed. The index ¥

should be chosen using equation (13).
In line with (12b) following condition should be met (if

x=2)
dP(z)=0

or
AP(r)=0

or

(15)

For example, it easily can be shown that in small interval
AA=A,+A;, upon linear approximation of dependence

T ZT(/l):k A, the conditions (14) and (15) easily may be
met.

Therefore, we may conclude that the invariant of spectral
solar radiation (10) exists and this invariant not depends on
wavelength.

Wavelengths A,,4,,4; may be chosen using conditions

(12a) and (12b).

The practical value of the proposed invariant is linked
with necessity initial calibration of ground measurement
systems on extra-atmospheric sources.

As it is noted in [6], the satellite means of measurements
are calibrated using stable UV irradiation of blue stellar.
Calibration of ground meters on Sun irradiation using
previous methods turned out impossible due to influence of
variability of atmosphere. In this situation the suggested
three-wavelengths invariant should be applied.

The single instrument to be chosen in this case should be
the previously suggested [4, 5] three-wavelengths meters, the
application of which will open the era in the theory and
practice of ground atmospheric measurements.

[1] D.V. Hoyt The Smithonian astrophysical observatory
solar constant program, Rev. Geophys. Space Phys., 17,
427-458, 1979.
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H.H. 9sadov, M.M. Sliyev, E.S. Abbaszada

GUNSSIN SPEKTRAL SUALANMASININ YENi INVARIANT PARAMETRI 9SASINDA BUGER-BER
QANUNUNUN BiR UMUMIL9SDIRILM3Si BAR3DAS.
YERUSTU GUNSS FOTOMETRLORININ KALIBRASIYASINDA TOTBIQi

Magalada gosterilmisdir ki, atmosfer dayisikliklari ilo alagadar olaraq yerusti 6lgma vasitalari ilo Glinag stialanmasinda olan
dayisikliklerin misahide edile bilmasinin geyri-mimkinliyl bareds gararlagmis elmi roya baxmayaraq, avvaller taklif edilmis Ug
dalda uzunluglu élgma metodu ve mdivafig qurgunun kalibrasiyasi Ugln Buger-Beer ganununun teklif edilmis mumilos-
dirilmasindan alinan Glinas spektral sialanmasinin yeni invarianti tetbiq edildiyi halda bu clir miisahidsler mimkinddr.

I'T. Acagos, M.M. Aaues, E.C. A6dac3ane

0 BO3MOKHOCTH KAJIMBPOBKH HABEMHBIX COJTHEYHBIX ®OTOMETPOB C IOMOIIBIO
HNHBAPUAHTHOI'O ITIOKA3ATEJISI COJIHEYHOMU CIIEKTPAJIBHOU PAJIMALIUNA

B nanHOI cTaTbe paccMOTpPEHA BO3MOKHOCTD BBEIEHHUSI MHBAPHAHTHOTO [10KA3aTelsl COJTHEUHON CHEKTPAIbHOM pagualiiy, MOy YeHHOU
B pe3yibrare 00o0mieHus 3akoHa Byrepa-bepa mis ciyuas TpexBoiaHOBBIX atMocdepHbIX n3mepeHuil. [lokazaHo, 4yTo KaqHOpOBKa Tpex-
BOJIHOBBIX ()OTOMETPOB MO MPEI0KEHHOMY WHBAPHUAHTY MO3BOJAET YCTPAHUTH BIMSHHE N3MEHIMBOCTH IapaMETPOB aTMOC(EPHI 1O JITHHE
BOJTHBL.

Received: 02.06.06
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THE TRANSMISSION OF LIGHT THROUGH A LOW-ABSORBING THIN COATING

R.A. KARAMALIYEV
Baku State University, AZ1148, Baku, Azerbaijan, Z. Khalilov str., 23

R.M. KASIMOV
Institute of Chemical problems of National Academy of Sciences,
AZ1143, Baku, Azerbaijan, H.Javid av., 29

The transmission of light waves through a low- absorbing dielectric thin coating on semi-infinite dielectric substrate is considered. It is
shown that in this system under certain conditions may be realized the effect of antireflection of light. Expressions for selective thin film
thickness and wavelengths in which occur non-reflective absorption and transmission of light have been obtained.

The theory of optical design of multilayers is quite
complex and tedious, and has been presented for some simple
cases [1-3]. For microwave region of spectrum the effect of
reflectionless  absorption in layered medium both
theoretically and experimentally was investigated in [4, 5].
This method of investigation was extended to include optical
wavelengths in [6].

In this paper, we have presented the approximative
method for calculating transmittance, reflectance and
absorptance of optical waves by low — absorbing dielectric
coating. We start by considering the reflection and
transmission of light in an absorbing dielectric film on semi-
infinite non-absorbing dielectric substrate. Incident light is
considered normally and plane polarized. In order to find
expressions for the reflectance and transmittance of a
dielectric film illuminated by a parallel beam of light at
wavelength A, we must consider the multiple reflections of
light at each surface of the film and perform a multiple beam
summation. Thus, reflected and transmitted complex
amplitudes are given by [2]

ﬁ €+ §e —2ikl
1+ ﬁge . €2kl ?
€]

where € = r;e'"1; £ = rzei"’z; I, 1, @, are complex
amplitudes, modules and phases of reflection coefficients, |

~ ﬁﬁze—ikl
- 14 ﬁ@e—zikl

B

1 (1 n)2 s
(1+n)2

L= (n nl) x )
(n+ 1) 7’

respectively, K is complex wave number. In these equations
the subscripts land 2 refer to the first and second surface of
the layer. The layer is assumed to be plane and parallel sided

of thickness | and complex refractive index I and is bounded
by semi-infinite layers of indices 1 and n:

The Fresnel coefficients of reflection and transmission
are

2€
n1 +1€
2

k of the wave

_B-n
Cf+n ﬁ_ g

In formula (1), propagation constant
traveling in the covering material is

2w . 2 .
=—1i((n—-ly)=—o>0-1 3)
K ﬂ( 7) — (=)

d

where A4 = ﬂ,/n

of the layer material, J is the extinction coefficient of the

Y=y / n, Nis the refractive index

material.

For the considered layered structures modules and
phases of reflection coefficients are given by the well-known
relations

2
Q= arCtg ZZ >
I-n“—y
“4)
2n
@, = arctg ;Z -
nl —-Nn X

Let introduce X = | / ﬂ.d .The expressions for energy reflectance and transmittance may be obtained from equation (1)

R? =

2 —
( N — rye 4™ ) +4nne ™™ cos? (27zx I 5 L2 ]

)

2
(1-rine™™ )" +4nne ™ cos? (27zx _pre ; 2 j
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T? =

(1-r)(1-r)e*™

(6)

2
(1 — e ) +4re ™™ cos? (27rx _hTh ; P2 j
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Fig.1. Absolute values of reflection R(X) and transmission T(x) coefficients .vs. thickness of the covering material in the two-layer
dielectric-dielectric structure: r;=0.2; r,=0.4; n=1.5; y=0.02.

Fig.1 represents dependence of reflection coefficient
amplitude R and transmission coefficient amplitude T on
absorbing layer thickness when the coating is low-absorbing.
One can see that these coefficients have damping oscillations.
Thus, a standing of extremes of curves R(l) are realized at
thickness of an absorbing layer of distinct from quantities of
R(l)
dependence which differ by character of changing of extrema
in increasing of thickness of the layer. The lower absorption
coefficient is the higher the number of minimum which takes
place without reflection.

It is well — known that in its simplest form (when
7 =0) anti- reflecting coating is homogeneous, its

multiple A, / 4 There are two regions in the

thickness is a quarter wavelength and its refractive index
equals the geometric mean of the indices of the two adjoining

media:
\V N

In this connection we shall introduce the suggestion that

n

Q)

the specified zero minimum of function R(|) is realized at

thickness of a layer of the substance a little differing from
quantities of multiple A, /4

27

2N -1
4

+A ®)

where N is ordinal number of the zeroth minimum of
function R(|); A s the quantity to be determined by

optical parameters of coating material.
Substituting equations (3) and (8) into equation (1), we
find

n
1n71_y[7z(2N—1)+¢2—¢1] ©)
FP_1f2N-1 ¢ -0 (10)
A n 4 4
A=(02—(01 (11
4

Equations (8)- (11) allow functional relation between

incident light wavelength ﬂ,, layer thicknees | and its
optical parameters 1 and ¥, for to arise reflectionlees

absorption in the coating.
According to dispersion theory of light the real and
imaginary parts of dielectric constant may be expressed as [2]

Yy

2)2
-

B 47zN0q2

m

2ny (12)

2
+7

2

(02

1
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where Ny is refractive index far from the resonance; g, m

are charge and mass of electron, N() is concentration, )/ is

damping coefficient, w is frequency. Resonance frequency
w, according to Lorentzs field in condensed matter may be

expressed by frequency ¢, and concentration
2 A N 0 q 2
y — ——————

m

wf = (13)

It is easy in the first approximation from (12) to have the
relation between N and ¥

| 7Noq’
My N,
Solution of equations (9) and (14) allows us to find
optical parameters of absorbing dielectric layer.
To determine the frequency which the effect of
reflectionless absorption takes place may be used next
equation

d= (15)

4 /4

= (16)
n-n, 2(o —w)

We have been presented basic expressions to solve the
problem of reflection and transmission in absorbing coating.
But in learn this problem by practice often we deal with low

absorbing layers ( 7 << n) when y <<n from

equations (4) may be obtained

2ny 2y

2
(n—nw) +(;(—d)2:d2 (14)
where |
n-1 n —n
1=——,h = P2 — 1 =
n+1 n, +n

nP-n*— 4> 1-n>—y,

5 an

From equations (9) and (17) in the first approximation
one can obtain the next relation

1 2n(n,—n’)

22N ) (n-D)(n+n) o

Combined solution of equations (4) and (18) allows us to
determine selective quantities of N and ¥ for low —

absorbing dielectric layer.
In Fig.2 the dependence of selective values of ¥ on N

calculated from equation (18) for low-absorbing dielectric
thin film applied on dielectric substrate is presented. There
also is given the dependence between } and N for

rhodamine layer with concentration of dye molecules
N, =6.10"cm". The crossing points of straight lines and

circle allow to find selective values of 1 and } . Then using
equations (16) and (8) we have calculated selective

wavelength /1” and thickness of coating |0, respectively.

The results of these calculations are given in Table. One can
see from Table the values of Nand } of coating for given |

N and appropriate values of ﬂo and | , for to realise the

effect of antireflection of light.
The energy absorbed in low — absorbing layer in the
reflectionless absorption may be expressed by
(nf —=n*)? +247(nf +n?)

(19)

Optical parameters Iy, N and ¥ in (19) are quantities

(1-n*)? +27%(1+n?)

W=l—n1 =

ﬂz

which satisfied condition of reflectionless absorption and
related in equation (9).

The reflection and transmission of light by absorbing
two-layer dielectric- dielectric structure is theoretically
considered. Expressions for selective layer thickness and
frequencies in which occur reflectionless absorption of light
in this system have been obtained. The conditions for to
realize anti-reflecting coatings in optical medium with
resonance type dispersion have been found.

Propagation of light in low-absorbing layered system has
been analyzed. The energy transmitted from low-absorbing
layer when  reflectionless absorption takes place was
calculated.

Table.

Selective values of incident radiation wavelength /1” , refraction index N, extinction coefficient y , thodamine layer thickness |0

applied on dielectric substrate. N is number of the minimum of curve R; W is absorbed energy in the rhodamine layer.
Refraction index of the dielectric substrate n = 4.

Low-frequency branch High-frequency branch
N N ¥ 20 . 1075 cm | - 1()75 cm w n X A 1075 cm | . 1()75 cm w
0 0 0
1 - - - - - - - - - -
21 1,84 | 0,05 5,96 2,54 0,24 1,67 | 0,11 5,35 2,28 0,46
31 1,83 | 0,03 6,10 4,34 0,26 1,67 | 0,07 5,19 3,68 0,46
4| 1,82 | 0,02 6,20 6,16 0,27 1,68 0,05 5,17 5,15 0,45
51 1,81 | 0,02 6,51 8,32 0,28 1,69 | 0,04 5,09 6,51 0,43
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Fig.2. Dependences of extinction coefficient y on refraction index N of the dielectric thin film:

a) applied on dielectric substrate (------- );
b) according to its resonance type dispersion in the range of optical wavelengths for rhodamine layer with concentration of

dye molecules ND =6.10cm (circle).

[1] L.M. Brehovskih. Waves in layered media, M., 1957 [5] R.M. Kasimov, M.A. Kalafi, E.R. Kasimov, etc. J.

(Russian). Technical physics. v.66, Ne5, 1996, pp. 167-171
[2] M. Born., E. Volf. Principles of optics, M., 1970. (Russian).
[3]1 A.Yariv., P.Yeh. Optical waves in crystals, M. 1987. [6] R.M. Kasimov., R.A. Karamaliyev., V.M. Salmanov (to
[4] R.M.Kasimov, M.A.Kalafi, Ch.O. Kajar, E.R. Kasimov. be published).

J. Engineening - physics, v. 71, 2, 1998, pp. 282-285 (Russian). [71 Juan I.Larruquert. J. Opt. Soc. Am. A 18, 2001,

pp. 2617 — 2627

R.9. Karamaliyev. R.M. Qasimov

iSIGIN Z3iF UDAN NAZiK ORTUKDSN KECMaSi

Yarmsonsuz dielektrik sethine g¢okilmis zeif udan nazik dielektrik Ortiikden isiq daldalarninin kegmasine baxilmisdir.
Gosterilmisdir ki, bu sistemds miiayyan sartler ddenildikds isigin aks olunmadan udulmasi hadisesi mimkindur. Isigin aks
olunmadan udulmasi ve kegmasinin bas vermasina uydun selektiv 6rtik galinliglari ve dalda uzunluglari tGigun ifadslar alinmigdir.

P.A. Kapamanues, P.M. KacumoB

HNPOXOXKIEHUE CBETA YEPE3 CJIABOIIOTJIOINAIOIMEE TOHKOE INIOKPBITUE

PaccmarpuBaeTcst IpOX0oXK/IEHHE CBETOBBIX BOJIH Yepe3 cl1aboNorIonaoliee TOHKOe IUIIEKTPUIECKOe OKPHITHE Ha IOJyO0eCKOHEUHOM
JUJIEKTpUYecKoil moanoxke. [Toka3zaHo, 4TO B 3TOW CHCTEME NpPH OMNPEJENCHHBIX YCIOBHSX BO3MOXEH 3(QdekT O6e30TpakaTeIbHOro
MOTJIONIeHNUS cBeTa. [10ydeHbl BRIpaKeHUS AT CENEKTUBHBIX 3HAUCHUH TOJIIMHBI TOHKOW IJICHKH U TMH BOJIH, IPH KOTOPBIX HPOUCXOIUT
0e30TpakaTeIbHOE MOTJIOLICHUE U IPOXOXKICHUE CBETA.
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THE NUCLEUS EXCITATION BY ELECTRON INELASTIC SCATTERING

M.M. MIRABUTALIBOV
Azerbaijan State Oil Academy, AZ-1010, Baku, Azadlig av., 20

It is supposed to describe the dipole resonance with the help of the shell model, and the quadrupole resonance — with the help of the
dynamic collective theory with the aim of the explanation of the simultaneous appearance of the giant dipole and quadrupole resonance in
nuclei at the inelastic electron scattering in experiment. Moreover, Tassi model is used for the oscillation of the surface of nucleus shell. The
matrix element of transition of excited nucleus is calculated in distorted-wave approximation. The form-factors of dipole and quadrupole
excitations had been calculated for °°Ni nucleus. The GDR and GQR energies and also deformation parameters at the proton and neutron

transition in nucleus are defined.

The inelastic electron scattering on the nuclei at the
different energies allows us to study comprehensively
angular, energetic, mass and other distribution of particles-
products, energy of final nucleus and canals of its decay. The
carried out analysis of these large body of data allows to
achieve the real information about nucleus construction.

In experimental works on the inelastic electron scattering
on the nuclei it is established, that the prominently expressed
maximums, which are called as giant dipole, quadrupole and
monopole resonances are observed in energetic and angular
dependencies of the cross-section of this process. Also
resonances of more high multipolarities are observed in some
nuclei [1].

The explanations of experiment data on the excitation
mainly of giant resonances were carried out in frameworks of
half-classis hydrodynamic and shell nuclear models. The join
development of both approaches allows us to describe not
only formation processes of giant multipole resonances at
inelastic electron scattering on nuclei, but the canals of the
decay of giant resonances in reactions with the emanation of
different particles.

After the appearance of giant resonances, the nucleus is
in the strongly excitated state, i.e. the nucleus heats. At the
taking away of the introduced excitation in evaporation form,
the nucleus emanates the separate nucleons and their |

T. =—4me’< f ZAZI_TZ
it = >
a=1

D(x,)p(x, )0 Tadx |i>

combinations. The nucleus with most probability emanates
the one nucleon, the nucleus with low probability emanates
two and more number nucleons and moreover, the process of
nucleus cooling is carried out.

The cross-sections of giant dipole and quadrupole
resonances for light and average nuclei are achieved by the
sum of emanated neutrons and protons.

The ratio of cross-sections of reactions with nucleon
emanations depends on structure of giant dipole resonance
(GDR) and giant quadrupole resonance (GQR), i.e. on width,
energetic state and resonance amplitude.

Thus, we can conclude, that detail definition of main
parameters of GDR and GQR (state, value and form) for
different nuclei allows us to do the right choice about decay
production of final nucleus.

That’s why we use the theory of distorted-wave high-
energetic approximation (DHEA), developed in [2] for the
inelastic electron scattering on nuclei with the aim of the
exact calculation of amplitude of process of inelastic electron
scattering on nuclei. The workings out this theory for real
type of charge densities show, that this theory works to a high
accuracy [3].

For the study of giant resonances the transition matrix
element is written in following form [2]:

(1

Here

R(X,)

D(x, )= —e)
(*a) Qs (X,)

2

For the calculation of (1) the nucleus will be considered
as the system, consisting on the nucleon and core. Moreover,
nucleon transition on the one from high-excitated states will
reveal the effective electric charge, taking under the
consideration the relative movement of nucleon with mass
my, charge (1-7;)/2 and radius-vector X; and the core with
mass My (A-1), charge Z-(1-7,)/2 and radius-vector X, where
radius is vector of the inertion center of nucleus is expressed
as Ro={X, +me(A—l)}/ A.

Further, expressed in (1) the coordinates of particles
through relative coordinate of particle-shell, we have the

possibility to write the transition matrix element in the form
of sum of matrix element of single-particle transition

30

T = —4ze? < fU D(x')p.. (x')f“""dx"i. >

(3)

and transition matrix element of nucleus core -
T = —47e” < f U D(x"p,., (x")ﬁiqxndx"‘i >
4)

/ —_
Where X'=gX, X =&X, here X=X, X, defines
the relative state of nucleon and core

-7, A-1

(C,‘,:

— 5
uac 2 A ( )

-effective charge of nucleon,
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(6)

- effective electric charge of nucleus core.
- At the calculation of (3) the wave functions of beginning
and final states of nucleons are expressed in the form

1 1
—u.. (X <Im, —m
2 nIJ( )n;ms I2

which are solutions of Schrédinger equation with oscillated
potential.

The Danos and Grainer dynamic collective theory

(DCT), joined with Tassi model [2], in which it is supposed,
that spherical core surface in excitated state deforms
vacillating with the aim of study of giant multipole
resonances in excited nucleus core. The elementary
excitations, appearing at the movement of protons relatively
neutrons, are carried out with the oscillation frequency of
surface of nucleus core.
In this theory the total proton (neutron) density are present in
the form of sum of equilibrium density and fluctuation
density, responsible for transitional part of density, which has
the form

ptr (X" t) Zaly (t)pﬂ,,u(xn)Yl,u(H") (8)
|
= (2e’k cos 0/2)
Where
'qX' 2
B(j, - jf>=‘jD<x'w Uy (xu;(xydx’| (13)
-is given single-particle transition probability, and
. 2
B(EA) =, [ DX)p, (DT Y, x| (14)
-is given transition probability of nucleus core.
Here
ho,
a; = (15)
Y\ 2c,
hw,=h < (16)
B/l

We obtain the following expressions for so-called

hardness parameter C; and mass parameter B, with the help
of DCT.
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Here &, is parameter, defining the form of distribution

of nucleon density on the surface of nucleus core.
The radial multipole transitional density 0, #(x”)(/l =0)

has the form [2].

\V/ xﬂiﬁ—ki
AN (i) !
Pi) = e gm= VA, o)
where kﬂ = 2540
VP, (X) =XV, (X py (X)) 2=0
=V .p (x") Ax1. (10)

The distribution of nucleon density in nucleus in
equilibrium state is chosen in Fermi function form:

sh ¢

X// — (0)
P = e oh e,

(11

where ¢ =1.05A"* (Fm).

The final expression for the cross-section of inelastic
electron scattering is expressed through the given transition
probabilities

B(EA

{B(J. f)+Z ( ) (12)
| )

C :81{]”—"“ dx” (17)

Py (X")
Here K is constant in mass Bete-Weizzekera formula.
my ZN 2
_ (0) " * "
A= Acﬂ e o P _va/l (X )Yao‘ dx (18)

The mechanisms of appearance of giant dipole and
quadrupole excitations are considered in “*Ni nucleus.

The subshells of different parity are in complex nuclei
inside the external shell, that’s why the transitions can be
between subshells inside the one shell and between subshells
of neighbour shells, i.e. the change of parity is need at the
single-particle dipole transition. That’s why in “°Ni nuclei, if
the final proton participates in single-particle transition, so
1 f% — 19 Y takes place, if final neutron participates, so

3P% - 2d%

The energy of single-particle level of harmonic oscillator
with spin-orbital interaction is defined with the help of
following known expression.

takes place.

? -2/3

= haz (2n+1+3/2)-20IsA (19)

nlj
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The oscillator parameter a is free at the calculation of

cross-section process.
The form-factors of dipole and quadrupole resonances in

hw,=141 MeV,

p-transition:  si®,=16.2 MeV,

deformation parameters o, = 0.19.
n-transition: ie, =20.1 MeV, fiw,= 10.3, ap = 0.16.

%Ni nucleus have been calculated for the electron scattering
with incident energy 200 MeV. Moreover, the nucleus
characteristics parameters at proton and neutron nucleus
transitions are defined correspondingly.

As it is seen, the values of energy of quadrupole
resonances, appearing in excited core, are less, than values of
energies of dipole resonances, obtained as in proton
transition, so in neutron one.

[3] M.M. Mirabutalibov. Yadernaya fizika, 67,2171

[1]1 V.V. Varlamov, B.S.Ishkhanov. EChAY 35,858 (2004).
(2004).

[2] M.M. Mirabutalibov. Vesti BGU ser. fiz-mat. nauk.
3,25 (2005).

M.M. MupadyTansi6oB
BO3BYXJEHUE SIIEP HEYTIPYT'UM PACCESIHUEM 2JIEKTPOHOB

C uenbio 00BSICHEHHS OTHOBPEMEHHOTO IOSIBIICHUS B OKCIIEPUMEHTE TUTAHTCKHUX JUIMOJIBHBIX M KBaJAPYIOJIBHBIX PE30HAHCOB B SAPaX,
IIPU HEYNPYrOM pacCesHHU 3NIEeKTPOHOB, TNpe/UlaracTcs AUMOJIbHBI PE30HAHC ONUCHIBATH C MOMOIIBIO 000J0YeYHON Mopjenu, a
KBaJpYyMOJIBHBI — IMHAMHYECKOH KOJUIEKTUBHOI Teopueil. Ilpu sToM mma xoneOaHMS MOBEPXHOCTH OCTOBA sApa MPUMEHSETCS MOJEb
Taccum. MaTpudHBIi 371€MEHT Imepexofa BO30YXKICHHOTO SApa BBUHUCICH B HCKKEHHO BOJIHOBOM mpuOmmkeHnn. DopM-GhaxkTops
THTAaHTCKOTO TUIMOJFHOTO M KBAJAPYHOJIBHOTO BO30YKACHUI OBUTH pacCUUTaHBI IS sApa ONi. Omnpenenenst sHeprun '[P u ['KP, a takxe
rapaMeTpsl JeopManuy IIpH IPOTOHHOM M HEHTPOHHOM Hepexosiax B sape.

M.M. Mirabutalibov
ELEKTRONLARIN QEYRI -ELASTIiKi SOPILMOSILO NUVOLORIN HOYOCANLASMASI
Tacriibada elektronlarin niiveden qeyri-elastiki sepilmesi zamani onlarda dipol ve kvadrupol neheng rezonanslarinin yaranmasinin
nozori izahi tobagali niive modeli vo dinamik kollektiv nezeriyye osasinda verilmisdir. Niive 6zeyinin sothinin rogsinin izahi ti¢iin Tassi

modelinden istifade olunmusdur. **Ni niivesinde yaranmis NDR ve NKR — n enerjisi, homginin hoyecanlasma zamani proton ve neytron
kecidlerinde deformasiya parametrlori toyin edilmisdir.
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THE HOPPING OF INTERCALATED Ag RELAXORS TIInS,<Ge>

R.M. SARDARLY, O.A. SAMEDOV, I.Sh. SADIKHOV, G.R. SAFAROVA, E.A. ZEYNALOVA
The Institute of Radiation Problems of NAS of Azerbaijan
AZ 1143, Baku, H.Javid av., 31a

The conductivity of intercalated layered relaxors-ferroelectrics TlInS,<Ge> has been investigated. The presence of hopping
has been established and parameters, characterizing the given mechanism have been defined.

There are many works in the literature, dedicated to the
study of intercalation influence on electric, photo-electric and
optical properties of layered crystals by A*B* and A’B*C®,
types [1-4]. Summing the different aspects of intercalation
influence on these properties we can conclude, that the
common trait of this influence is the possibility of managing
of parameters of these materials, in particular, electric and
ferroelectric properties, by the means of introduction of
foreign atoms in Van-der-Waals connections.

The TInS, compound is the crystal, in which the
temperature instabilities of crystal lattice are observed,
leading to the ferroelectric order. Nowadays, it is clearly
established, that these compounds of stochiometric
composition are improper ferroelectrics with disproportionate
phase.

Our previous investigations showed, that Ge doping of
TlInS, crystals leads to the appearance of the stable relaxing
state [5]. The intercalation of ferroelectric crystals
independently leads to the strong relaxation of dielectric
receptivity [6], which as in the first case coincides with
temperature region of existing of disproportionate phase.
Thus, the charge disorder inside the layer is the reason of
dielectric relaxation in the first case, and the charge disorder
between the layers in the second case. Both these factors
influence on ferroelectric order, leading to the fact, that the
state of ferroelectric glass precedes the order phase.

In the given paper the results of the investigation of
electroconductivity of non-intercalated and intercalated
relaxing ferroelectrics TlInS,<Ge> are presented.

The measurements of electroconductivity were carried
out at the constant current in two directions: parallel (o)) and
perpendicular (o) obliquely to c axes, as for the intercalated,
so for the non-intercalated compositions TlInS,<Ge> in
temperature interval 90+300K.
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Fig.1. The temperature dependence of conductivity *o(T) along
(1) and perpendicular (2) to layers for non-intercalated
relaxor ferroelectrics TlInS,<Ge>.

The changes of temperature dependence of electroconductivity
o(T) in Arrenius coordinates for the non-intercalated crystals
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TlInS,<Ge> (curve 1 is perpendicular to C axes, curve 2 is
parallel to C axes) are given on the fig.1. As it is seen from
the fig.1 (curve 1), the dependence 0”(103/7) in temperature
region 210-150K in direction (100) has the long exponential
region. Further temperature decrease till 150K leads to the g
decrease, and oj doesn’t depend on temperature below 150K.
The activation energy E,=0.08 eV was defined from curve
inclination.
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Fig.2. The conductivity of TlInS,<Ge> crystals in Mott’s
coordinates, along (1) and perpendicular to (2) layers.

The dependence Inojon T ' is shown on the fig.2 (curve 1).
As it is seen from the figure, the rectification of all
experimental points takes place on the given dependence, that
allows us to say about the fact, that the charge transfer along
the layers takes place in given temperature region in non-
intercalated crystal TlInS,<Ge> by the means of the hopping.
This transfer is carried out on the states, which lie in narrow
energy band near Fermi level [7], Ino~T"*. The curve
inclination Ingj on T was Ty=~1,6 10° K.

The density of localized states near Fermi level can be
obtained from the formula:

16
T, KA

Where K is Bolzman constant, a is localization radius.
The of state density value (nano-blast-furnace state) of
crystal is TlInS,<Ge> Ng~ 43107 evViem?.

The length of R jumps of charge carriers at the different
temperatures was defined from the formula:

R(T) :%a-TO”“T‘”“ ~1914,

and for the studied temperature interval average jump length
was 191A.
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The given value in 6,3 times exceeds the average distance
between localization centers of charge carriers (a=30A ). As
it was already mentioned, the conductivity of non-
intercalated monocrystals TlInS,<Ge> doesn’t depend on
temperature region 150-170K. This means, that non-activated
hopping takes place along the crystal layers.

The big value Np, obtained for the non-intercalated
crystals TlInS,<Ge>, shows on their similarity with strongly
disorder semiconductors. The existence of the defects caused
by the introduction of Ge impurity influences on the increase
of the degree of disorder, that explains the existence of the
high density of the states near Fermi level. By other words,
TlInS,<Ge> samples, treated by doping by Ge, present
themselves the disorder joint of the regions of short range
ordering. The high conductivity on the localized states in the
forbidden band caused by the existence of defect centers of
high concentrations N=3,44-10"%cm™.

The temperature dependence of the conductivity
TlInS,<Ge> along ¢ axis of relaxor had other character. The
high-temperature branch of o, dependence had exponential
character. The inclination of this dependence in temperature
interval 210+300K was E,=0,41eV. The activation energy of
conductivity constantly decreases and at 7<145K o, almost
didn’t depend on temperature below 210K.

The droningly decreasing TlInS,<Ge> conductivity with
temperature decrease connects with jumps of charge carriers
on the localized states near Fermi level. The o T
dependence of conductivity, reconstructed in coordinates, is
presented on the fig.2. (curve 2). The inclination of this
dependence was Ty=4,4-10'K. The N=1,6:10"7¢V"'cm™ has
been obtained for the density of localized states near Fermi
level, the jump distances of charge carriers have been defined
as 95,25A (table 1).

Thus, above temperature 210K the crystal conductivity is
band one. The phonons are absorbed in the temperature
region 150+300K at jumps of charge carriers from one
localized center on the other one. Finally, the moment comes,
when the conductivity stops to depend on temperature. In this
case jumps of charge carriers take place with of phonon
ejection. The non-activated hopping takes place below
temperature T<I50K.

The temperature dependence of the conductivity on the ¢
axis oj (curve 1) and perpendicular the layers o (curve 2) for
the intercalated compositions TlInS,<Ge> (a=30A ) is given
on the fig.3. From the figure it is seen, that the conductivity
of intercalated crystal TlInS,<Ge> is significantly higher,
than the initial TlInS,<Ge> in the direction of natural axis ¢
and perpendicular to it too. The increase of the
electroconductivity in ¢ direction at high intercalate
concentrations connects with the introduction into
semiconductor layer of TlInS, argentums. In this case the
covering of wave functions of introduced atoms,
accompanying with significant increase electroconductivity
of intercalated crystal, which begins to introduce the
significant contribution into crystal electroconductivity. The
existence of the conducting Ge film between the TIInS,
layers leads to the decrease of potential interlayer barrier, in
the result of which the movement of the carriers in the
direction of C axis of the crystal makes significantly easy.
That’s why the electroconductivity increases in € direction.

From the dependencies oT) in Arrenius o(1/T) (fig.1,
curves 1 and 2 ) and in Motts’ coordinates o(1/T)* (fig.2.
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curves 1 and 2) the density of localized states Ng; activation
energy E,; jump length R at different temperatures in
direction of axis and perpendicular to it (table 1) are defined.
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Fig.3. The temperature dependence of o(T) conductivity along
(1) and perpendicular (2) layers for intercalated Ag
relaxor ferroelectrics TlInS,<Ge>.

The small mobility is the peculiarity of jump mechanism,
as jumps of charge carriers are carried out on weak coverings
of tail parts of wave functions of nearest acceptor levels. The
speed devastation of charge carriers in the conduction band
takes place with temperature decrease, and this leads to the
fact, that the jumps of charge carriers on separate impurity
states without activation in allowed band begin to play the
biggest role.
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Fig.4. The conductivity of intercalated Ag crystals TIInS,<Ge>
in Mott’s coordinates, along (1) and perpendicular (2)

layers.
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Thus, the experimental results on the study of processes
of charge transfer in intercalated samples TlInS,<Ge> as
along, so perpendicular to C axis, allow to say that hopping
with variable of jump length, which becomes non-activated
one at further temperature decrease.

The investigation results of electrophysic parameters of
non-intercalated and intercalated compounds T1InS,<Ge> are
given in table 1.

As it is known, the layered crystals are anisotropic ones.
The anisotropy of electric properties of all layered
compounds connects firstly with the fact, that electrons can
freely move inside the layers, as covering between the layers
of wave functions is small because of Van-der-Waals
character of layer interaction. The layered compounds, in
which anisotropy is extremely strong and leads to almost
two-dimensional movement of electrons in crystal presented
biggest interest.



THE HOPPING OF INTERCALATED Ag RELAXORS TlInS,<Ge>

Table 1.
Electrophysical parameters
perpendicular to them.

of non-intercalated and intercalated compounds TIInS,<Ge> along the layers and

Eaa Nfa R’ D Nts Cm-3 AE’ TOs K
eV | ev'iem®
eV
Non-intercalated Along the layers 0,31 | 43-107 | 191 | 3.44.10'° | 008 | 1,6:10
compound Perpendicular to layers 041 | 1,6:10"7 | 2475 | 14410 | 0,09 | 44.10’
Intercalated compound Along the layers 0,27 | 4,7-10" | 9525 | 2,77-10"7 | 0,059 | 4,9-10°
Perpendicular to layers 0,29 | 3,6-10" 102 2,27-10" 0,063 | 6,4-10°

Thus, at the intercalation TlInS,<Ge> Ag atoms penetrate
into interlayer space and create “metallic” layers.
Accordingly, wave functions of introduced atoms also collid
that is accompanied by significant increase of

electroconductivity of intercalate layer, which begin to play
the significant role in electroconductivity. As result,
anisotropy of electroconductivity of TIInS,<Ge> crystal
decreases.

[11 K F.Tovstyuk. Poluprovodnikovoye materialovedeni-
ye. Kiyev, Naukova Dumka, 1984, 264 s. (in Russian).
[2] Z.D.Kovalyuk, P.1.Savitskiy, K.D.Tovstyuk. Neorqa-

nicheskiye materiali. t.28, Noe2, 1982, s.209. (in
Russian).

[3]1 L.V.Mintyyanskiy, 1.1.Grigorchak, Z.D.Kovalyuk,
S.V.Gavrilyuk. FTT. 1986, t.28, v.4, s.1263. (in
Russian).

[4] S.N.Mustafaeva, M.M.Asadov, V.A.Ramazanzade.

Neorqganicheskiye materiali, 1995, t.31, v.3, s.318. (in
Russian).

[5]
(6]

R.M.Sardarly, O.A.Samedov, I.Sh.Sadigov Inorganic
Materials, 2005, v.40, n.10, p.1163.

R.M.Sardarli, O.A.Samedov, 1.5.Sadigov, G.A.Zeyna-
lova, T.YuSardarli. Proceedings International
Conference “Fizika-2005”, Baku, Elm, 2005.
N.F.Mott, G.A.Devis. Elektronniye processi Vv
nekristallicheskix veshshestvax. Mir, M.: 1974, 472 s.
(in Russian).
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R.M. Sordarh, O.A. Somadov, i.S. Sadixov, G.R. Safarova, E.A. Zeynalova

Ag ILO INTERKALYASiYA OLUNMUS TIInS:<Ge> RELAKSORUNDA SICRAYISLI KECIRICILIK

Interkalyasiya olunmus layl TIlInS><Ge> relaksor-seqnetoelektrikinin kegiriciliyi todqiq olunmusdur. Sigrayish kegiricilik
miioyyon olunmus vs kegirici mexanizmini xarakterizo edon parametrlor toyin edilmisdir.

P.M. CapaapJsl, O.A. Camenos, U.II1. Caabixos, I''A. Cadaposa, I.A. 3eiinajioBa

MPBIZKKOBAS ITPOBOANMOCTb UHTEPKAJIUPOBAHHBIX Ag PEJTAKCOPOB TIInS,<Ge>

HccnenoBana MpoBOAMMOCTh WHTEPKATUPOBAHHBIX CIOUCTBIX PENAKCOPOB-cerHETORNeKTpHKOB TlInS,<Ge>. YcraHOBIEHO Hamuuue
MIPBLKKOBOM IPOBOJUMOCTH U OIIPEACICHBI IapaMeTPhl, XapaKTCPU3YIOLIUE JaHHBIH MEXaHU3M.
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THE INFLUENCE OF THE HEATING OF THE CHARGE CARRIES
ON PROPAGATION OF HIGH-FREQUENCY ELECTROMAGNETIC
WAVES IN ELECTRON TYPE SEMICONDUCTORS

Kh.A. HASANOV, V.A. GUSEINOV
Department of General and Theoretical Physics, Nakhchivan
State University, AZ 7000, Nakhchivan, Azerbaijan

The influence of the heating of the charge carries on propagation of electromagnetic waves of high frequency in non-degenerate electron
type semiconductors is considered. It is considered the case when the long wave phonons form “the thermal reservoir” in the lattice. The case
of normal skin effect is investigated. It is shown that the heating of the electrons leads to the considerable non-linear problem. The
dependence of the penetration depth of the wave on the amplitude of the incident wave is obtained in the mechanisms of the scattering of the

electrons both at the deformation potential and at the piezoelectric potential of the acoustical phonons.

Let us consider the propagation of high-frequency
electromagnetic waves in degenerate semiconductors having
one-type charge carriers (electrons) in the following model.
Let us suppose that the electron-phonon system are heated by
the field of the wave propagating in semiconductive crystal
and the subsystem of long wave phonons forms “the thermal
reservoir”. In this case in the boundary of the crystal the
energy got from the field are transferred to the medium at the
expense of the electron- phonon scattering. Let us accept that
the electron-electron scattering frequency is much less than
the electron-phonon scattering frequency. In this case
phonons are described by the Planck distribution of the
temperature T, and electrons are described by the Maxwell

distribution of the same temperature.
Besides, we accept than the characteristic length of field |

o)

37r% @ p

where @ is the frequency of the external electromagnetic
field, V(Tp) is the electron-phonon scattering frequency

when the phonons are not heated and @, =eH/mc is the

cyclotron frequency of the electrons, where C is the velocity
1

of light in the vacuum, @, = (4mne*/ m)é is the plasma

frequency of electrons, I'(z) is the Gamma-function,

F(HSJ N
:—Z(ﬂ] Te vﬁp)(1+2&j+ii&(l+
T @
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where . is the relative permittivity of the crystalline lattice.

From the comparison of the expressions (1) and (2) it is
visible that the electric conductivity depends on the strength
of the electric field considerably. This dependence leads to
the non-linearity.

2

£ D +|—Jw—;v(T ) Te :
@ Wr o " T,

change is much less than the linear size of the pattern in the
direction of the propagation of the wave. It enables to
consider the semiconductor in which the wave is propagated
as a half endless one. To be satisfied the normal skin effect
the characteristic length is to be much greater than the wave
length in the medium and the characteristic length is to be
much greater than the electron mean free path by transferring
energy and momentum. Let us consider the case when the
falling onto the semiconductor and propagating in it is
circular polarized. This condition provides the time
independence of the isotropic part of the distribution function
for the electrons in the kinetic equation. Within all these
conditions on the charge-drift velocity of the electrons found
from the kinetic equation we obtain the following expression
for the electric conductivity of high frequency:

_j,

l'is the electron temperature, T is the phonon temperature,

()

dr

E = \/gsom(a) — @, )/ € is the strength of the characteristic

field, t is the parameter characterizing the scattering
mechanism. When we have dealings with the high-frequency
waves @, /@w<<1 and the

electromagnetic waves

propagate in the direction of k”H "OZ, the Maxwell equation

is given by

E(2)=0, 3)

| Using [2], if we look for the solution of the equation (3)
as

E(z)=U(z)exp(i%j jn(z)dz, 4)

36



THE INFLUENCE OF THE HEATING OF THE CHARGE CARRIES ON PROPAGATION OF HIGH-FREQUENCY ...

we can obtain the equation |

4r(t+5j 5
dU(z) dn(z) 2 )(T, | o v(T,)
2n(z)— —+U(2) & e T & o ——U(@)=0, (5)

p

where N(Z) is refractive index of the medium. The [ the deformation potential of the acoustical oscillation of the

condition L, >> A refuses the transformation of the wave lattice, i. e. when t = +1,

energy to the Joule heat by absorbing in the small thickness

of the medium. Here A is the wave length of the L = Wr o Cn E 1
electromagnetic wave in the medium. It means that the E 4 | w V(T ) E
electromagnetic waves penetrate till the definite depth. In that P

case the coordinate dependence of the refractive index of the
medium can be neglected and the equation (5) can be easily

®)

and in the case of scattering by the piezoelectric potential

integrated t=-1
7 2
U@ =U, exp[—L—} © LW e o
e 2 o, ) v(T,)E,
Here
2 And now let us perform the numerical estimation. For
the strength E =10E, of the electric field, if we take into
3WJr  wen 1 e !
£ = > 5 (7)  consideration the parameters n, =4, m=0.56m,,
S+t w v(T,) E N
I —— 5 prrp 1+? n=2.5x10"cm of Ge and the field frequency

1 @ ~3.2x10""Hz in the formula (8), we obtain L_ ~1.3x102cm

) ) ) for the attenuation depth of the electromagnetic wave.
is the penetration depth of the electromagnetic wave. In a

strong electric field ( o> 1] when the electrons scatter by
1

[1] B.M. Askerov. Electron transport phenomena in gazovogo razriada (Hot electrons and strong
semiconductors, Singapore, World Scientific Publishing electromagnetic waves in the plasma of the
Company, 1994. semiconductors and gas discharge), Moscow, Nauka,

[2] F.G. Bass, Y.G. Gurevich. Goriachiie electroni i sil’nyie 1975.

elektromagnitnyie volny v plazme polurovodnikov i

X.A. Hasanov, V.A. Hiiseynov

ELEKTRON TiPLi YARIMKEGIRICILORD® YUKSOK TEZLIiKiLi ELEKTROMAQNIT DALGALARININ
YAYILMASINA YUKDASIYICILARIN QIZDIRILMASININ T3SIRI

isde elektron-fonon sisteminin gizmasinin elektron-kegiricilikli cirlasmamis yanmkegiricilorde yiiksok tezlikli elektromagnit
dalgalaninin yayilmasina tesirine baxiimigdir. Bu zaman gafesde uzundalgall fononlarin “istilik rezervuar” yaratdiglar nazare
alinmisdir. Normal skin-effekt arasdinlimisdir. Gostarilmisdir ki, elektronlarin qizdiriimasi nazara garpacaq qeyri-xattilik yaradir.
Elektronlarin ham akustik fononlarin deformasiya potensialindan, ham de pyezoelektrik potensialdan sepilme mexanizmlarinda
dalganin niifuzetma darinliyinin diigen dalganin amplitudundan asililiglari tapiimisdir.

X.A. T'acanos, B.A. I'yceiinoB

BJIMSIHUE HATPEBA HOCHUTEJIEA 3APSIJIA HA PACIIPOCTPAHEHUE BBICOKOYACTOTHBIX
SJIEKTPOMATI'HUTHBIX BOJIH B [TIOJYITPOBOJHUKAX 9JIEKTPOHHOI'O TUITA

B paboTte paccMOTpeHO BIMSHHE HarpeBa CHCTEMbI 3JIEKTPOH-(OHOH Ha PAacHpOCTPaHEHHE BBICOKOYACTOTHOH 3IIEKTPOMArHUTHOW
BOJIHBI B HEBBIPOXKICHHBIX 3JIEKTPOHHBIX MOIyHnpoBoAHUKaxX. [Ipu 3TOM, paccMOTpeH ciydail, KOTJa B peleTke JUIMHHOBOJIHOBBIE (POHOHBI
00pasyroT “reruoBoil pezepByap”. Mccmemyercst cimydaii HOpMabHOTO CKUH-3Qdekra. [lokazaHO, UTO pa3orpeB IJIEKTPOHOB MPUBOIHUT K
CYyILIECTBEHHO HEMMHEHHOII 3a1ayde.

Haiinena 3aBHCUMOCTP TITyOWHBI IPOHUKHOBEHHSI BOJHBI OT aMILTHTY IbI TAJAl0NIel BOJHBI B MEXaHU3MaX PAaCCEeSHUS JJICKTPOHOB Kak
Ha JTe()OpPMAIIMOHHOM NOTECHIUAJIE, TAK U Ha TIbE303JICKTPHYECKOM MTOTEHIINANIE aKyCTUISCKUX (DOHOHOB.
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THE SUPRAMOLECULAR STRUCTURES ON THE BASE OF A" BY'— Sb (NiSbh)
EUTECTIC SYSTEMS

K.Sh. KAGRAMANOV, S.Ssh. KAGRAMANOV
Scientific-industrial community ““Selen”” of National Academy of Sciences of Azerbaijan Republic,
Baku, Azerbaijan

E.D. MOROUDOR, M.G. PISHKIN
Stambul Technical University “Yildiz”” , technical department, Stambul, Turkey

The processes of crystallization and morphology peculiarities of microstructure A" BY! — Sb (NiSb) eutectic are evidence in favor of
supramolecular conception with taking into account of substructure interactions.

The anomalous structures are revealed on the obtained direct-oriented (PbTe - Sb) and (PbS - Sb) eutectics, and the regular plane-
fibrous structures are revealed on the (PbS - NiSb) and (PbTe - NiSb) eutectics.

The principle of the orientational and dimensional correspondence keeps in (PbS - NiSb) eutectic also as in the normal binary eutectic

systems, the plane (111) PbS accretes with plane (0001) NiSb.

The morphology analysis of (PbS - NiSb) eutectic showed the presence of the different defects of types: plate shifting, surfaces of
convergence, block (plate) inclinations and excess extra-plate. These defects are analogous to atom defects, obtaining in real one-phase

crystals.

The investigations showed that eutectics can be considered as the supramolecular layered ensembles.

Introduction

The eutectic is the special melt (solution), the
components of which restrictedly mix in solid and liquid (in
some temperature interval) states and spontaneously form
the thermodynamic equilibrium liophilic disperse system in
this interval. The given disperse system is characterized by
significant interphase interaction and salvation.

The main statements of eutectic theory have been
analyzed in the ref [1] and the view of the more significant
results, obtained at the investigation of eutectic melts of
inorganic substances, is given. The evidences in the favor of
supramolecular eutectic conception, taking into account the
interaction (“non-autonomous phases”) are presented. The
many direct experimental provements of “interacting phases”
conception exist.

The ability of the self-organizing supramolecular objects
to the molecular recognition is their main property. The
component recognition proposes the “complementarity”, i.e.,
the compatibility of ensemble participants (substratum and
receptor) — as geometrical one, so the level of the formation
of intermolecular connections [2].

The theoretic analysis proves the possibility of
suprastructure  self-organizing from the structures,
disproportionate in the one crystallographic direction. The
consideration of eutectic compositions, in the limit case
disproportionate on all three crystallographic directions, in
terms of supramolecular chemistry allows us to obtain the
answers on many questions and to escape the vaguenesses,
mentioned at the discussion of existing eutectic conceptions
[1]. The proposed supramolecular conception in eutectic
theory [1] doesn’t reject the classic conceptions. It duffers
from them only by the fact, that abstract thermodynamic
criterias, such as the surface energy or surface tension are
changed by real parameters of interacting substructures:
disproportion, hardness, interaction potential.

The given experimental data can be evidence in the proof
of supramolecular eutectic conception. The statement about
the fact, that interaction of these phases is need to consider in
the eutectic melt, consisting the autonomous phases A and B
is the base of this conception. The forming of the
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nonautonomous phases, similar to the supramolecular
ensembles is the result of such interaction. The conditions of
the formation of defect composite-nonautonomous phases
with changed lattice parameters can be created in the
dependence on the interaction potential,, disproportion of
crystal lattice of suprastructures A and B, their harshness and
extension, external mechanic influences. The special
properties of eutectic melts, the dependence of their
structures on the synthesis conditions (temperature, cooling
velocity, mechanical interactions) are defined by the quantity
of nonautonomous phase and the degree of it organization
[1].

Many works are dedicated to the investigation of the
morphology and crystallization peculiarities, physicoche-
mical properties of eutectics [1,3-9]. They reveal the
peculiarities in their microstructure. It was the base for the
eutectic classification. The classification, on which all
eutectics are divided on normal and anomalous ones, was
separated.

Normal eutectics have mainly plate or fibrous (rod)
microstructure. The definite crystallographic ratios, character
for the given melt, should exist in normal eutectic between
the phases. The anomalous eutectics form in only that case,
when eutectic phases can’t increase with the similar
velocities.

Eutectic crystallization “is carried out by the way of the
creation” and increase of colonies of two-phase formation,
the each of them forms on the base of one center [10-11].

On authors’ opinion the oriented crystallization, as in
eutectic, so at the artificial crystallization of the one crystal
on the substrate of another one, is possible only at the
condition, that both materials already naturally have some
geometric similar crystallographic atom complexes, well
mating with each other [5-6]. Authors of the refs [5-6, 12-13],
showing on the observance dimensional and oriented
correspondence between the phases in eutectic, draw an
analogy between atom interaction on the interphase boundary
in eutectic melt and this interaction, which is realized at the
artificial epitaxial growing of the one material on the
substrate of the another one. However, the results of X-ray
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and electron-microscopic investigations of eutectic set
showed that such analogy can’t be drawn. The electron-
microscopic investigations of directed-oriented eutectics
reveal the presence dislocation variance on the phase
boundaries, decreasing the coherent deformations, caused by
the convergence of phase lattices on the coupling boundary.
As the investigations showed, the dislocation density of the
variance on the interphase boundaries in eutectics is defined
by the value of the convergence of lattice parameters of
mating phases [3]. The dislocation forming in double-layer
film structures, obtained by epitaxial growing, is caused not
only by wvariance of crystal lattices, but mainly by
interdiffusion [14].

The results of X-ray investigation of the thin structure of
eutectic system Si - ZrSi, [14], obtained by the directed
crystallization, showed that in eutectic the dislocation density
of variance decreases exponentially into grain depth, and it is
maximal on the interphase surface in the difference from the
double-layer film structures, in which the dislocation density,
caused by interdiffusion, is maximal in the grain center and
decreases to the boundary side. As it was established in this
paper, the lattice of Si matrix is pressed, and lattice of ZrSi,
fibres is extended in the result of the variance of crystal
lattices in the direction, which is parallel to the increase axis
of Si - ZrSi, eutectic system. The given deformations are
elastic as shows the selective etching. The lattice inclinations
in the transverse direction are absent, that is the interest fact.
The above mentioned fact is the important step in the
statement of the fact that eutectic structures radically differ
from the structures of another crystals.

It can be supposed, that eutectic is the system, which is
characterized by the unite energy electron spectrum. The
results of the refs [13-15] are the some statements of this
supposition. So the authors of the ref [15], studying the
possible interphase interaction in SnTe - NiSb by the method
of nucleus-gamma resonance, have revealed, that Lorenz
curve of tin atoms in this eutectic is asymmetric in
comparison of one in SnTe, that is revealed in line
broadening to the side of the low velocities. This asymmetry
was explained by the authors [15] by the fact, that eutectic
spectrum presented itself the superposition of two spectrums
of different intensity. The spectrum of bigger intensity
corresponds to the tin atoms in SnTe, and the spectrum of
low intensity corresponds to tin atoms, situated on the
boundaries with NiSb phase.

The analysis of literature data allows us to make the
conclusion, that the some chemical interaction takes place in
eutectics on the interphase boundaries. However, the electron
structure of eutectics and reasons of its creation haven’t
clarified yet.

The given paper is dedicated to the study of the
peculiarities of morphology microstructure, physicochemical
properties of eutectic melts A" BY'— Sb (NiSb) with the aim
of the revealing of interphase interaction nature, proving in
the proof of the supramolecular conception.

Investigation technique

The eutectic melts of the following systems: PbS(PbTe)-
Sb, PbS(PbTe)-NiSb have been grown by Bridgman method
at the velocity v=3 mm/h and temperature gradient AT=100°C
between the heaters. The purity of the initial materials: Sb,
Pb, S, Te was not less, than 99,999%.
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The part of the microstructures on MIM-7 microscope,
on raster electron microscope (REM) JSM-50A with the
prefix for the local X-ray analysis and on electron microscope
JSM-2000 in the beams of the secondary electron mission
and in the beams of the transmission electrons, X-ray images
had been investigated in Te, S, Ni, Sb beams.

The diffractograms of PbS-NiSb eutectic are obtained on
DRON-2 installation. The photos are obtained at the beam
directions, parallel to the direction of the axes of crystal
growth and perpendicular to the surface plane of PbS and
NiSb in eutectic. The diffractograms of eutectic powder PbS-
NiSb were investigated for the comparison.

The lines of the characteristic X-ray radiation for the one
beforechand chosen element (permission method 1000-
2000 nm) are registered; white elements on the photos are
more hard. For example, regions PbTe on NiSb phone are
looked like white. The microstrictures of the anisotropic
eutectic PbTe-NiSb, obtained on REM give the possibility to
see the image of the investigated surface simultaneously as in
electron, so in X-ray beams. The images in electron and X-
ray beams are turned out interest not only by the fact, that
they have best permission in principle, than the ones,
obtained with the help of the metallographic microscope, but
by only the fact, that they give the possibility to observe the
boundary between the phases and to judge about the element
distribution along sample surface.

The result discussion

The regular ordered microstructures are character to the
eutectic melts (fig. 1-2). The high strength and superplasticity
of the eutectics say about the special structure of interphase
boundaries. All these peculiarities and many other properties
differ eutectics from the homogeneous melts and from the
mechanical ones and are evidence in the proof of the
supramolecular eutectic conception.

The previous investigations showed that the structure in
PbTe-NiSb systems is the one of the same type. Let’s
consider the crystallization in PbTe-NiSb and PbS-NiSb
systems for the distinctness. The PbTe-NiSb eutectic (fig.1
(b)) has the fiber structure and PbS-NiSb has the plate
structure (fig.2 (1-4)). The eutectics of (PbS-Sb) PbTe-Sb
systems can be related to the anomalous, limited bar ones
with the petalled structure of the rods and planes. The
investigated eutectic PbS-NiSb (fig.2) can be related to the
normal, i.e. to the “regular” ones on the form and phase
distribution. Each substructure grows with the one strictly
drawn crystallization front, clearly revealing the contact
surface of subblocks. The defined crystallographic ratios,
character for the given systems exist in the normal
microstructures, investigated by us, between the phases
which aren’t observed in anomalous eutectics.

The element distribution in PbTe-NiSb eutectic, obtained
by the local; X-ray analysis between two grains is given on
the fig.3. As it is seen from the fig.3 the distribution of Pb,
Te, Ni and Sb elements between the phases is clear; in the
inclusion region the signal falling from Pb and Te and the
increase of the signals from Ni and Sb take place. The
insignificant distribution of Ni and Sb in NiSb region is paid
attention. The results of the local X-ray analysis of the
directed-oriented eutectic of PbTe-NiSb system are given
here. According to them Ni and Sb, happen to the needles of
the dispersed phase, coincide with minimal content of Pb and
Te.
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a)

b)

Fig.1. Microstructure of transversal (a) and longitudinal (b) section of the directed-oriented PbTe-NiSb eutectic.

Fig.2. The photos of microstructure and local X-ray analysis of
longitudinal section of the oriented eutectic PbS-NiSb
(x300), obtained on JSM-50A: 1,2,3,4 — in Sotro mode;
5-8 are X-ray images in the characteristic beams
(5 —Ni, 6-Pb, 7-Sb, 8-S) towards with linear distribution
of Pb, S, Sb and Ni.

Fig.3. The figures of the local X-ray analysis of the transversal
section of the oriented eutectic PbTe - NiSb: a) — X-ray
images in characteristic Sb beams with linear
distribution (x14000); b) - the same in Ni beams towards
with Ni linear distribution (x14000); ¢) - the same in Pb
beams (x15000); d) - the same in Te beams towards
with Te linear distribution (x15000).

The images, obtained in characteristic beams of all four
atoms, show that as the matrix, so the inclusions present
themselves the suprastructures, consisting from the solid

|solutions. The data of local X-ray analysis is the total
agreement with the state diagram of PbTe-NiSb system [16].
The same pictures of Pb, S, Ni, Sb element distribution in
PbS-NiSb ecutectic are presented on the fig.2, (5-8). The
alternations of plates of the solid solutions on the base of the
lead sulphide and planes of solid solutions on the base of
nickel antimonide are clearly seen on the figure 2. Each phase
in the system, being the independent subblock, belongs to the
united eutectic supramolecular ensemble.

Let’s consider the mechanism of the establishment of the
oriented ratios in these systems (PbS-NiSb, PbTe-NiSb).

The length of the fibers in eutectic colony of PbTe-NiSb
system varies in the interval from 200 nm till 7000 nm at the
diameter 160-180 nm. The fibers have cigar-shaped form
with the thickening on the one end and needle-shaped bevel
on another one (fig. 1 (b)).

It can be said, that the obtaining of such eutectic
supramolecular ensembles with regular structure (fig.1 and
fig.2) is the enough complex technological task, which not
always can be realized even on the one and the same
composition on these or that reasons. Thus, the high
concentration of convergence defects (mentioned by circle
(A) fig.4) and terminations (mentioned by pointer (B), caused
by the fact, that phase orientation in this case doesn’t
coincide with more profit one, is visually seen on transversal
section of PbS-NiSb eutectic. The plates turn relatively each
other round growth axis on small angles, mating moreover
between each other by more successful form for the
realization of minimum of interphase energy. The PbS and
NiSb mate more successful in bend phase region; the plate
shifting relatively each other increases as far as the region
widening. The further widening in bend region leads to the
plate break with the formation of convergence surfaces
(fig.4). The convergence surfaces in energy meaning are
comfortable places for termination creations. Though all
details of creation and growth of plates of PbS and NiSb are
hard to imagine, the profitable orientation relatively to
neighbor plates, which endure the bend by the way of
formation of subboundaries with off-orientation, causes to
quick establishment of favorable crystallographic connections
in eutectic.

The PbS-NiSb plates are continuous and parallel in the
limits of small regions in eutectics. The excess plane of the
one phase is present on the one of the sides. This extra-plate
is analogous to atom extra-plane, connected with edge
dislocation like the edge of atom half-plane forms the line
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defect in space, which is called end substructure defect or
termination [10].

Fig.4. The longitudinal section of PbS-NiSb eutectic.

The convergence surfaces are connected with
terminations in plate eutectics. These convergence surfaces
are situated perpendicular to the plates. Besides the regions
with defects and the perfect regions, where the termination is
absent, are present.

Thus, the defect density is defined not by crystallization
conditions, but by crystallographic factor. The orientation,
favorable for the growth of perfect phases, appears in
creation process. The subblocks (PbS and NiSb plates) grow
perpendicular to crystallization front in conditions of
stationary growth, so that contact plane of plates necessarily
has the growth direction. As PbS-NiSb has the plate
structure, then the condition of regular accretion of phases is
the more obvious, and between accreting planes of lead
sulphide and nickel antimonide the orientation ratios should
are exist. It is naturally, that the disparities of mating lattices
on the period of crystal lattice and their mutual shifting
appear at the mating of eutectic phases. The morphology
analysis of subblocks of PbS-NiSb eutectic shows the
presence of defect set of termination type, plate shifts,
convergence surfaces and their contortions. The studied
morphology and carried out analogies show that the big
defect number of crystal structure can participate in the
forming of interphase boundaries of suprastructure eutectic
melts.

The order distribution of crystal directions in sample
space is well demonstrated with diffractograms, given on the
fig. 5 (a,b,c). The diffractograms are taken at the beam
directions, parallel (a) to direction of crystal growth and
perpendicular (b) to PbS and NiSb plates, and also in the case
of use of eutectic powder PbS-NiSb (¢). The obtained photos
show on the fact, that the orientation ratio between blocks of
eutectic melt, that can be caused by atom distribution along
planes (0001) in NiSb and (111) in PbS is present.

It is obvious, that especially this correspondence between
the structures of concerning verges is the reason of the
creation of layered eutectic suprastructure.

The atom interaction of eutectic superstructures is direct
physical reason, which causes the crystal accretions of these
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phases on the defined directions, more energetically
profitable ones and supplies the high stability of interphase

boundary.
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Fig.5. The diffractograms, taken on the beam directions, parallel
(a) to direction of crystal growth and perpendicular (b) to
plane of plate surfaces PbS and NiSb, and also
diffractogram of eutectic powder (PbS-NiSb) — (c).

The investigations of possible orientation ratios in
system eutectics by A'"VBY'-NiSb type, carried out on the
samples, directly grown eutectic of PbS-NiSb system
showed, that plane (111) PbS accretes with plane (0001)
NiSb in such way, that monatomic stibium layer is situated
under the monatomic sulfur layer on the interphase boundary
(fig.6). The lead chalcogenides and also SnTe have cubic
lattices by NaCl type, differing from each other by the
dimensions of elementary cell that is given in table. That’s
why the analogy to PbS-NiSb eutectic system it can be
supposed, that such deorientation correspondence should take
place between the phases in eutectics of PbSe(Te)-NiSb and
SnTe-NiSb systems, i.e. the monatomic Sb layer should be
situated under chalcogen monatomic layer in all eutectics of
systems by A"VBY-NiSb type.

The distances between the chalcogen atoms in direction
(111) (a'), (table) had been calculated on the base of such
supposition for semiconductor phases of all eutectics. The
distance between Sb and NiSb atoms coincides with a
parameter of elementary cell.

The circuit of interphase boundary of blocks eutectic of
PbS-NiSb system in plane, perpendicular to plane of phase
accreting, is given on the fig.6. The sulfur and stibium atoms
are striving for the interaction and development in eutectic of
high voltages. The crystal lattice of lead sulphide on
boundary is situated under the influence of compression
stress and crystal lattice of NiSb is situated under the
influence of tensile one. The difference of parameters of
phases of crystal lattices on coupling boundary (a’ and a) at
transfer from PbS to PbTe increases. As more this difference,
the more voltage should develop on interphase boundary and
the more influence should provide the creation of near
boundary interaction on the connection weakening between
atoms inside each ecutectic phases. This supposition is well
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evidenced by corresponding decrease of melting point of
eutectics in the set of PbS(Se,Te) — NiSb system (table).

Table
The phase parameters, constituting the eutectics of
systems by A" BY'— NiSb type

The'e'utectlc ToK a A o, A Aa, %
composition, mol %
46 PbS 1420 5,93 4,19 6,35
54 NiSb 3,94 3,94
68 PbSe 1170 6,147 4,44 12,7
32 NiSb 3,94 3,94
92 PbTe 1143 6,45 4,49 13,9
8 NiSb 3,94 3,94

Notion: A« is difference between ' in lead
chalcogenide and « in nickel antimonide.
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Fig.6. The circuit of atom situation on interphase boundary
(111) of PbS and (0001) of NiSb planes.

The microstructure regularity should reflect on the
course of periodic potential of all structure eutectic elements
in total, in particular: periodic potential of one lattice should
be changed by periodic potential of another lattice with some
constant period for given eutectic and it is bigger than
constant of lattice of each phase. The width of PbS plate is
~1800 nm, and NiSb is ~2500 nm have been considered on
results of microstructure investigation, in the result of which
the structure period of this eutectic is ~4300 nm (fig.1-4).

The supposition, that disparity compensation of
elementary cell parameters on the boundary of phase
couplings should be carried out not only by the way of the
formation of dislocation grids on this boundary, but by some
lattice stretching of one phase and pressing of another one,
that is proved experimentally in the ref [14]. The elastic
deformation of lattices is maximal one on the boundary and
exponentially decreases in phase depth. Along with it, the
connection weakening between atoms in near boundary
region inside the phases should cause the decrease of order in
the given region. That’s why potential periodicity inside
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supramolecular formations in eutectic in the relation to that,
which has the place in crystal of initial component, will
significantly change.

According to above mentioned data, at eutectic
crystallization of PbS-NiSb system, the (111) plane of one of
its phase (97 mol.% PbS+3 mol.% NiSb) accretes with (001)
of another phase (99 mol.% NiSb+1 mol.% PbS) in such
way, that monatomic stibium layer is situated under
monatomic sulfur layer (fig.6). In this connection the distance
between Pb and S atoms is 4,2A, between Sb atoms the
distance is 3,94A in direction, perpendicular to interphase
boundary without taking consideration of elastic lattice
deformation. These values of interatomic distances will be
saved only in crystal center of each phase at taking under the
consideration of the field of elastic deformation, about
character of which has been mentioned above. The crystal
lattice of solid solution on NiSb base will treat the tensile
stress, and crystal lattice of solid solution on PbS base will
treat compression stress (fig.7).

PB5-NLSD
Hi5h

oFb
®5h
* NL
*§

PbS

Fig.7. The circuit of possible strained PbS-NiSb eutectic in
plane, perpendicular to plane of phase accretion.

The supposed change of periodic potential in eutectic of
PbS-NiSb system in direction, perpendicular to plane of
phase accretion, where the parameters of elementary cells of
component phases with structure periods is shown on the
fig.8.

The morphology analysis of plate eutectic of PbS-NiSb
system allows to discuss the directed-oriented compositions
as the especial class of crystal layered supramolecular
systems.
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Fig.8. The schematic sketch of supposed change of periodic
potential in oriented eutectic suprastructure (PbS-NiSb)
in direction, perpendicular to accretion plane of
suprastructures (phases).

- i



THE SUPRAMOLECULAR STRUCTURES ON THE BASE OF A" BY'— Sp (NiSb) EUTECTIC SYSTEMS

The microstructure regularity, as we already described,  which the connection appears between the atoms of different
should be reflected in the course of periodic potential of blocks on the boundary, leading to the electron community,
whole eutectic crystal in whole, and in particular: periodic  and connection becomes weak inside the each subblock in
potential of one lattice should be changed by periodic frontier region, takes place in the comparison with initial
potential of another lattice with some period, constant for = components.
given eutectic and more bigger constant lattice of each phase. The oriented crystal eutectic melts can be considered as

The crystallization peculiarity and electron structure of  solid suprastructures, in which the periodic potential of phase
eutectic causes the firm interphase connection, which reveal alternation is marked on periodic potentials of crystal lattices
in such properties of eutectic melts as the high values of of each phase, that causes the unite energy structure for the
mechanical strength, plasticity, and also the microstructure electrons of whole crystal.

stability to long heat influences. The totality of investigated of supramolecular eutectic
compositions on A" BY' base gives the possibility of their
Conclusion use as contact materials at the production of different

The glassed eutectic is the supramolecular system, in  sublayers for thermoelements in systems: A" BY' eutectic-
which the redistribution of electron density, in the result of metal [17].
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K.S. Qahromanov, S.S. Qahramanov, E.D. Moroydor, M.Q. Piskin
A'VBY'-Sb (NiSb) EFTEKTIK SISTEMLORDO SUPRAMOLEKULYAR ANSAMBLLAR

Isdo AIVBVi-Sb (NiSb) eftektik niimunolords kristallizasiya proseslerini vo mikrostrukturlarin morfoloji xiisusiyyatlori dyronilib.
Belo naticays golmoak olur ki, eftektikalarin faza strukturu ve onlarm fiziki slagslori molekulyar suprastruktur konsepsiyasi ilo izah
etmok olar.

(PbTe-Sb) va (PbS-Sb) eftektikalarda anomal, (PbS-NiSb) va (PbTe-NiSb) normal layli suprastrukturlar almaq olur.

(PbS-NiSb) eftektik sistemindo (111) PbS miistavisi (0001) NiSb miistovisino paralel oriyentasiya ve olgii prinsiplorine malik
olurlar. Bu eftektikada yaranan atom defektlori real bircinsli kristallarda olan defektlors banzayirlor.

K.III. Kaxpamanos, C.III. Kaxpamanos, E.Jl. Mopoiigop, M.I". IInmxun

CYIIPAMOJIEKYJISIPHBIE CTPYKTYPbI HA OCHOBE 3BTEKTHUK CUCTEM A'YB"'- Sb (Ni Sb)

IIporecchl KPHCTATITH3ALNI H 0COOEHHOCTH MOP(OTOrHE MAKPOCTPYKTYpsI 9BTekTHK A" BY'- S b (NiSb) CBHICTEIBCTBYIOT B [OIB3Y
CYIIPaMOJIEKyYJIIPHOM KOHIIEIIINY C YIE€TOM B3aHUMOACHCTBHS CyOCTPyKTYp.

Ha mony4yeHHBIX HampaBlIeHHO — OPHEHTHPOBAaHHBIX 3BTeKTHKaX — (PbTe - Sb) u (PbS - Sb) BbIsBICHBI aHOMANBHBIE CTPYKTYPHL, @ B
sBrekTHKax (PbS - NiSb) u (PbTe - NiSb) - perynspHsle 1acCTHHIATO-BOJIOKHHUCTHIE.

B aBrexTnke (PbS - NiSb), Takxke kak ¥ B HOpMaJIBHBIX OMHAPHBIX 9BTEKTHYECKUX CHCTEMaX COOJIIONACTCS MPUHITUIT OPUCHTAIIOHHOTO
U pa3MepHOro cOOTBeTCTBHS: TIOcKOCcTh (111) PbS cpacraercs ¢ mmockoctsio (0001) NiSb;

Amnamu3 mopdosoruu 3BTekTUKH (PbS - NiSb) mokasanm Hamuuue pa3muuHBIX Je(PEKTOB THIA CIBHIOB IUIACTHH, MOBEPXHOCTCH
HECOBIA/ICHNUS, UCKPUBICHUH OJIOKOB (IUIACTMH) M W30BITOYHOW JKCTpa - IUIACTHUHBL. JTH Ie(eKThl aHAIOrMYHbI aTOMHBIM IedekTam,
00pasyromumMcs B peaabHbIX OJHO(A3HBIX KpUCTAIIAX.

HccnenoBanus MoKa3aind, 9YTO SBTEKTUKH MOXKHO PacCMaTPHUBATh KaK CyHNpaMOJIEKyJISIPHBIE CIOMCTHIC aHCAMOIIH.

Received: 20.06.06
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THE INVESTIGATION OF THE ELECTRON STRUCTURE OF THE (010) GeSe SURFACE
BY GREEN FUNCTION METHOD

Z.A. JAHANGIRLI
Azerbaijan Technic University,1024, Baku, H.Javid av., 25

The electron structure of (010) surface, limited by Ge atoms in the layered semiconductor GeSe has been considered on the base of
Green function theory in the basis of Linear Combination of Atom Orbitals (LCAO). The electron states in the forbidden band, resonances
and change of the density of energy states in crystal, connected with the defect have been discussed.

Introduction

The study of the electron structure of deep defect centers
plays the important role in the understanding of electric and
optic properties of semiconductors. It is shown, that the
electron properties of semiconductor devices are especially
sensitive to the character of the different defects and their
concentration. Last years, Green function method is the one
of the main methods of the defect studying with deep energy
level, electron structures of the point defects and
semiconductor surfaces.

The semiconductor compound GeSe is related to the
layered semiconductors by A*B® group [1-5]. The layered
structure of the crystals, caused by anisotropy in chemical
connections of atoms, from which the quazi-two-dimensional
crystal lattice is built, is the main their peculiarity. The unit
cell consists from the two layers, each layer includes two
molecules, where the atoms of the neighbor layers are
connected by weak Van-der-Waals forces between
themselves and as the result, some physical properties of
these crystals have two-dimensional character. In this work
the electron structure of (010) surface, limited by Ge atoms of
semiconductor compound GeSe is calculated by Green
function method.

The crystal structure [4], electron structure and optical
properties [6,7] of GeSe compound are well studied.

Green function method.

Green function method is well described in [8]. Here we
give the main equations of this method. Let’s Hy is effective
one-electron Hamiltonian of ideal crystal, U is defect
potential, and H=Hy+U is Hamiltonian of perturbed system.
Then, the one-particle Green operator of ideal crystal

GYE)= lim (E+ie-HY*
e—>0+

And Green operator of perturbed system
G(E) = lim (E+ie-H)?*

>0+

Are connected between each other by Dawson equation:
G=G"+GUG

The formal solution of this equation for G is:
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G=(1-GW)'G°

The energy levels of perturbed system correspond to
poles of G function. We obtain the following for the levels in
the forbidden band:

[1-G°(E) U] ¥ =0,

¥ is wave function of perturbed system. The connected
states correspond to determinant zero:

D(E)= Det|| 1- G°U || = 0.

The change of the density of electron states is defined by
the formula:

E)

Here,

S(E) = -tan™ [IMD(E)/ReD(E)]
Energy levels of connected states.

The LCAO, constructed from S- and p-orbitals was used
for the definition of band structure of ideal crystal and then
the same set was used for the calculation of localized states.
The values of resonance integrals were taken from [9].
Further, these data became better by the way of the picking
out of our results on the band structure with the previous
calculations and with experiment data on photoemission [10].

Fig. 1. Unit cell of GeSe-type compounds.

In calculations we took under consideration the contributions
of only first four neighbors. The unit cell of the compounds
by GeSe type is shown on the fig.1. Y axis is perpendicular to
the crystal layers. The two-dimensional cell for (010) surface
has one Ge atom and one Se atom in each layer. The



THE INVESTIGATION OF THE ELECTRON STRUCTURE OF THE (010) GeSe SURFACE BY GREEN FUNCTION METHOD

calculation results of projected band structure GeSe (PBS is
Enx projection of infinite crystal with k=(q, k,) for each q in
two-dimensional 3B) are shown on the fig.3. The projected
valency band consists from three groups in the
correspondence with photoemission spectrum [10]. The
lowest group, situated in energy interval —14-15 eV, is far
from others by wide energy gap and it comes from S-states
(Se 4s). The next group in 6-8 eV interval comes from 4s-
states of Ge and 4p-states of Se. The upper group of PBS
mainly comes from p-states of Se and in lesser extent comes
from p-states of Ge, at the same time the situation is vice

versa for the six lowest conduction bands.
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Fig.2. Projected bulk band structure and surface band structure
for the Ge- terminated (010) surface of GeSe

In GeSe crystal the two nearest neighbors of cation
(anion) situate on the one crimped plane, third nearest
neighbor situates on the next crimped plane (010), that’s why
it is enough to delete plane having the cation (anion) with
taking into consideration of interaction deposit of fourth
nearest neighbor for the creation of the free surface. The one
plane, having Se atoms, is deleted, the surface, limited by Ge
atoms, is created. The chinks and “pockets”, where it is need
to calculate the localized states is well seen on the fig.2. The
existence conditions of localized state ([8], (B1)]).

D(E) = Det|| G%m || =0,

Where indexes m and m’ run on the s- and p-orbitals of
the atom of deleted level. The surface band structure and
localized states are shown on the fig.2. The amplitudes of
wave functions, summed on S- and p-orbitals for the some
surface levels for first ten layers with the help of formula
([8], (28)]) are shown on the fig.3.

faE) =D, [IA™ El.

The presence of the surface leads to the appearance of
localized levels in forbidden band, and in permitted band the
density of energy states changes. The local state density, the
change of local state density, total change of state density on
the first seven layers for the surfaces, limited by Ge atoms,
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are shown on the fig.4. It is seen from the figure, that in
practices all surface states are strongly localized and in
practices after third layer the local state density becomes an
identical one with density of electron states of infinite crystal.
The common changes of local state density for each layer,
where the resonances, anti-resonances and localization of
wave function for each case are well seen, are shown on the
fig.4. As it is seen from the fig.2 the surface states near —14,5
eV and -7,5 eV, which are localized in the limits of two
layers and come from valency states, are present. Besides,
two surface states near s-states of Ge near —7 eV are present.
This shows that the character and energy situation of many
surface states depend on atom nature on the first level.
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Fig.3. Wave-function amplitudes summed over the s- and p-
orbitals as a function of the layer number for surface
states for the Ge- terminated (010) surface of GeSe

Ge-TERMINATED

OCAL DERSITY OF STATES Hu(q.E)

Fig. 4. (a)- Local densities of states at each of the first six layers for
the Ge- terminated (010) surface of GeSe at the
symmetry point X of the surface Brillouin zone

(b)- The changes in local density of states at each of the
first six layers

The orbital situation of amplitudes of wave functions, the
dependence of local densities of energy states on the level
numbers show, that surface state near —7 eV is localized in
the limits of three layers and is formed from s- and ¢opmyua-
orbitals. This well corresponds with the fact, that valency
band near —7 eV mainly comes from cation states. As it is
seen from the fig.2 in forbidden band the one almost
dispersion-free localized state takes place. We have been
integrated AN(E) in (0.5, 0.0) on projected valency band for
the occurrence investigation,
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E top

InEE=2[5(E,,)- 5(E,)].

Ebot

Where Epg and Eyqp are bottom and top of valency band.
We have been revealed, that the one state in conduction band
is chipped off in the forbidden band because of the presence
of the surface. This shows, that local state in forbidden band
comes from conduction band. The orbital situation of
amplitudes of wave functions of this state shows, that this
state mainly is p, - typed one with small s-typed impurity and
does as the connecting bridge between atoms of neighbor
layers and totally is localized in surface plane.

Conclusion.

The electron structure of (010) surface, limited by Ge
atoms in layered semiconductor GeSe has been considered on
the base of Green function theory in basis of Linear
Combination of Atom Orbitals. The calculation results show,
that the presence of the surface leads to the appearance of one
surface level in fundamental forbidden band. It is established,
that this level is totally localized in surface plane, is p, -typed
level with small s-typed impurity and connects atoms of
neighbor planes. Besides, the AN(E) -change of density of
electron states, inducted by defect, and also the resonances
and antiresonances, connected with surface presence, have
been calculated.
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Nuovo

Z.A. Cahangirli

QRIN FUNKSIYASI METODU iLO GeSe YARIMKECIRiCiSININ SOTH ELEKTRON STRUKTURUNUN
HESABLANMASI

Qrin funksiyasi nazariyyasi vasitasilo Atom Orbitallarinin Xotti Kombinasiyast bazisinds GeSe layl kristalinin Ge atomlar ils
mohdudlasan (010) sathinin elektron qurulusu tayin edilmisdir. Qadagan zolaginda yerlogon enerji soviyyasi, rezonanslar va defektin

tasirilo enerji saviyyoalori sixliginin dayismesi miizakirs olunmusdur.

3.A. IzkaxaHrupJu

PACUYET JIEKTPOHHOM CTPYKTYPbI IOBEPXHOCTH B GeSe METOIOM ®YHKIIUU I'PUHA

Ha ocHoBe Teopun ¢ynkimn ['puHa B 0a3znce JWHEHHOW KoMOMHAIMu aToMHBIX opoutaneit (JIKAO) paccmoTrpeHa snek-
TpoHHast cTpyktypa nosepxHoctu (010), orpanmuenHas atomamu Ge B cioucToM mnonynpoBogHuke GeSe. OOCYXICHBI 2JEKTPOHHBIS
COCTOsIHHA B 3anpemeHH01‘/'1 30HE, pP€30HAHCHI U U3MEHEHUE TNIOTHOCTU SHEPTETHUIECKUX COCTOSIHHH B KpucTaJuie, CBA3aHHBIE C ,He(beKTOM.

Received: 28.06.06

46



FiZzIKA

2006

CiLD XIl Ne3
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One dimensional reduction of WZNW is integrated in the case of A (SL(2,C) algebra.

1. The problem of constructing of the solutions of
integrable models and its dimensional reductions, the one
dimensional WZNW model in our case, in the explicit form
remains important for the present time. The interest arises
from the fact that almost all integrable models in one, two
and (1+2)-dimensions are symmetry reductions of SDYM or
they can be obtained from it by imposing the constraints on
Yang-Mills potentials [1-13].

This work is a direct continuation of [14-16], where the
exact solutions have been derived by discrete symmetry |

o'f of
+_
or* or

LA HLTLX, F]]=0
or
Here H, X * are generators of A1 (SL(2,C) algebra

[X*,X"]=H,[H,x*]=x2x"* @)

embedded to gauge algebra in the half-integer way.
The equation (1) has been reduced [16] to the following
form:

0 ,0q _ _
<~ (g =[aFa™. X "] 3)
ot ot
Equation (2) is one-dimensional WZNW (Wess-Zumino-
Novikov-Witten) equation [17-19].
We’ll deal with the presentation of the equation under
consideration in the form (1) and in the simplest case of

f taking values in the algebra A1 (SL(2,C): |

—[H,[H, f]]-2[X"

transformation method that allows generating new solutions
from the old ones in much more easier way than applying
methods from [11]. The Lax pair presentation of the model
under consideration is the first step in this program [16] that
we hope will give us a key to construct solutions for an
arbitrary semisimple algebra.

2. The one dimensional reduction of self duality equations
obtained in [11] is the equation for the element f , taking

values in the semisimple algebra,

X FII=20X7, X, f]+

(1

f=xX"+yH+zX", “4)

where generators H, X 8 satisfy the same commutational

relations (2).

Then the equation (1) can be rewritten for the components
of (4) as the system of three nonlinear one dimensional
second order equations, the general solution of which has to
be dependent on six constants.

The system of equations has the form:

X"+ X = 2xx' = 2%x> —=2x =0
y'+y =2yx'=2yx -2y =0
2"+27'+27'x—-2yz-22+4yy'=0

®)

Consider the first equation of the system (5) representing
it in a form:

(X' +2Xx+1) =2X(X' +2x+1)=0 or gln(x’+2x+l)=2x
T

Introducing new unknown function U = In(X'+ 2X +1)
we have:

u =2x; u"+u =2(xX"+2x+1)-2=2e"-2

Making again the change of variables: U; =U+2Twe
simplify last equation:
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u'+ul =2e" "

and after the substitution t=e"

dimensional Liuville equation

we come to one-

u, =2e"
Multiplying both sides of the last equation by l,'l1
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U, b, = 2u,e"

and integrating once, we have
U, =2ve" +k*,

where K is a constant.

The second integration gives the following:

i)

_lj
K rw

t-es fz e”‘+k2

_u
where W=ke 2.
Using all above introduced notation we have:

k2
© T sh?(kt +c)

t — e—r — e—lnR — R—l

= R%" , we eventually have the relation:

and using the relations and

e =e

u+2t

u k*
N R’sh*(kR™" +c)

Taking into account the relation

X=—U :le—u
2 2 dR

we derive the solution of the first equation of the system
under consideration:

x=—1+cth(kR" +c) (6)

Let’s rewrite the second equation of the system (5) in the
form:

y'+y =2(X'+2x+1)=2ye"

and introducing the same, as in first equation, variables
('[, u, ) , we have:

k2
"
y=2y sthz(kR‘l +c) o
d’y 1
=2 , 7
dr? yshzr @

where F=kR™' +c.

From the general theory of linear equations it follows that the
Wronskian of two solutions of the equation (7) is a constant,

that is if Y, and Y, are solutions of (7) then

y, Y
W(Y,,Y,) = det[y' f]=cl ®)

1 2

If one knows one partial solution of (7), sayingY,, then
second solution can be obtained via the following relation:

v, = ey, [(y,) dr+c,y, ©)

The equation (7) has the solution Y, = cthr . Substituting it
to (9) and making the corresponding integration, we come to
the general solution of equation (7):

y, = c.cthr +c,(rcthr 1),
or in terms of original variables:

y, =ceth(kR ™ +c¢)+c, (kR 'cth(kR ™' +¢)-1) (10)

Consider the homogeneous part of the first equation of the
system (5):

2"+7'+27'x-2yz-22=0

Rewriting it in a form

(2 —2) +2(z ~ 2)x+1)=0

or
i(Riz—zjz—z(xﬂ) LS > cth(kR ™" +c).
dR\ dR R R’

Here we used the expression for X from (6).
The first integration gives the equation:

rRY ;- c3sh2(kR’1 + c),
dR
the second one gives the required solution:
= C_f((l — gshz(le + c)} +¢,R

and the solution of the whole equation, whose
inhomogeneous part is defined by the known solution Yy of
the second equation of the system, is given by the following
expression:
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z =&(1—BS|’]2C} +Cc,R+
2k 2

2

As the solution of the system of three second order ordinary
differential equations depends on six arbitrary constants, this
solution is the general one.

(1]

# SRR+ )+ 26,Cth(KkR- + ) e (Rt(KR™ +)-1)

Comparison of the solutions obtained with that ones
obtained by means of Riemann-Hilbert problem is the subject
of further publications.
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On the base of the investigations of all independent galvanomagnetic coefficients in semiconductor melts Bi;Sb, at 77-300K, the

kinetic parameters of all types of charge carriers have been defined.

It is established, that new hole ellipsoids in the comparison with hole and electron ones in basis plane are less elliptic, than in binary and

bisector planes.

The galvanomagnetic effects are easily measured already
at fields of order of oersted parts because of very high
mobility of charge carriers in Bi;Sby. That’s why in refs [1,
2], dedicated to the investigations of electron properties of
these materials, the galvanomagnetic phenomenon were used
for the development of the presentations about the character
of their energetic spectrum. In the result of set theoretic [3,4]
and experiment [5,6,7,8] refs the main characters of
reconstruction of band structure of energetic spectrum in Bi;.
«Sby at X composition change in X<30 at.% region had been
revealed. In some region Bi; Sby composition has the
semiconductor properties. This region at T=4,2K longs from
x<0.06 at.% till 0.25 at.%, and at T=77K 0.07<x<0.20; this
region disappears totally at T>180 with temperature growth.

The band structure changes with the composition change
so strongly, that melts, the compositions of which differ on
lat.%, it is need to consider as significantly different
materials with different parameters, peculiar to them, so as
effective mass, relaxation time of impulse and energy, the
distribution of charge carriers on energetic data.
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Fig.1. The scheme of reconstruction of energetic spectrum of
bismuth-stibium melts at increase of stibium
concentration.

From the reconstruction scheme of energetic spectrum of
charge carriers of melt Bi; Sby on stibium [9] concentration
of semiconductor melts of 0.15<x<0.22 composition,
presented on the fig.1., it is followed, that minimal energetic
chink is defined by La and X terms. However, La deposit of
electrons in galvanomagnetic effects is so big in unalloyed
melts, that it is difficult to study the structures of valency
band. That’s why, it is possible to obtain the information
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about structure of valency band of X Brillouin, situating in
formula, picking up the stibium content from the above
mentioned interval and concentration of doped acceptor
impurity of tin. The different parameters Bi;Sb, were
measured on the base of galvanomagnetic measurements at
the temperature of liquid nitrogen [10, 11].

The new hole band, the extremum of which is in 2. point,
begins to play at further increase of stibium content.

Thus, in given ref the measurements of all independent
galvanomagnetic coefficients at temperatures T=77-300K
were carried out for the revealing of actuality of all these
bands in transfers phenomenon and establishment of the form
of isoenergetic surfaces in Bi;_Sb, melts with stibium content
higher, than 15 at.%.

It is need to note, that above mentioned coefficients
correspond to conditions of weak magnetic field. For the
obtaining of such values the dependence of corresponding
galvanomagnetic coefficient on the field is always taken.
Moreover, the condition of weak magnetic field, i.e. the
independence of coefficients Ry and pym on field, was
checked. In many cases, however, the conditions of weak
magnetic field are carried out at its tensity of order of one
oersted and even, its parts because of very high values of
mobility components and that’s why it is need to take its
value, obtained by extrapolation of the dependence to the
zero field for the value of galvanomagnetic coefficient in
weak field. The limit of weak magnetic field is different for
different coefficients, and its change allows us to follow
qualitatively for the change of energetic spectrum of charge
carriers.

107 On-en/3*

Pt

1 . N
540 Iy

H: 3

Fig.2. The dependence of magnetoresistance coefficient
P11,22 ON H2 for Bio’ongo’zo melt at 77K.
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The  field dependences of  coefficient  of
MarHeTOCONpPOTUBIEHUE Of P11 27 ON H? for Big0sSbg 20 melt at
77K are shown on the fig.2.

The temperature dependencies of two components of
specific resistance of Bi;,Sby melts with different stibium
content are shown on the figures 3 and 4.
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Fig.3. The temperature dependence of specific resistance
P11:A--Big0,Sbyo g
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Fig.4. The temperature dependence of specific resistance
P33t A"Bio.9zsb0.ox
® B1.0,84Sb0A16
X -Bl_o,é;oSboAzo
+ -Bip755bg.2s

Bi.o,xzsbms
O Bij 78Sbg.22

It is need to note, we can’t judge about the value of
width of forbidden band in Bi;,Sb, melts on the
dependencies by type Ino ~ f(1/T), i.e. not only the width
itself changes with temperature, but the participation in
transfer of different actual extremums.

The temperature dependencies of components of Hall
coefficient Ry3; and Rp; for melts with 0,16%at are presented
on the following figures 5 and 6.

As it is seen from the figures, both components of Hall
coefficient for Bi;Sby melts of all investigated compositions
significantly decrease with temperature. Such decrease
evidences about concentration growth of current carriers.
However, the conductivity of Bi;,Sby melts in investigated
temperature interval and changes of Hall coefficient can be
connected with the change of ratio of mobility of electrons
and holes. That’s why the temperature change of
components of Hall coefficients can’t be quantitatively
characterize the concentration change of charge carriers
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without calculations according to model of energetic
spectrum. The carried out calculations will be in the next.
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Fig.5. The temperature dependence of Hall R;j coefficients for
Big 34Sbg 16 melt (separate points Rjj at 77K for melt
Big52Sbo.15)-

13

Rypy. entfhin
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Fig.6. The temperature dependence of Hall R;j coefficients for
Big 80Sbg 20 melt (separate points Rjj at 77K for melt
Big75Sbo 22).

The temperature change of magnetoresistance pi; 2,
P33, P and  pszq1 and pszzz for BipSby melts with
different stibium content are shown on the following figures
7,8.9.

The change character of all components
magnetoresistance with temperature stays constant.

It should be evidenced qualitatively about the saving of
relations of mobility of electrons and holes. Indeed, the
magnetoresistance is depended as on participation of different
types of carriers in transfer phenomenon, so on ratios of
components and their motilities in different crystallographic
directions at participation of many-valley band structure. At
the same time, if we propose, that ratios between components
of mobility of separate groups of charge carriers don’t change
with temperature, the extremums of valency band and
conduction band for transfer phenomena stay the same, and
also the ratios of mobility of charge carriers don’t change, so
change dependencies with temperature of all components of
magnetoresistance should be strongly similar.

of
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Fig.7. The temperature dependence of magnetoresistance
coefficient pjjy of Big 34Sby 16 melt (separate points pjjq at
77K for Big 75Sbg 2, melt) o- pr122, X -pr111, @ psanrs
+-pi1as D - Pz

|

T ¥
Fig.8. The temperature dependence of
magnetoresistance coefficient p;j of

Big.50Sbo.20 Melt, 0 - p1122, X ~p1111,@) 33115+ P11.33 5
D - Pz

The components of Hall coefficients will be changed
analogically to this. This gives the foundation on qualitative
conclusion about weak change of all mentioned parameters in
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semiconductor melts Bi;Sb, in interval 77-300K. The more
detail data have been obtained on the base of quantitative
calculations, which will be given further.
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Fig.9. The temperature dependence of magnetoresistance
coefficient pjj of Big75Sbg 25 melt (separate points g
at 77K for Big g,Sbo.1s melt ) 0- p1122, X ~p11.11 ) -P33.01,
+- o133 D - pazas

The ratios between components of tensors of
galvanomagnetic coefficients of electron and hole mobilities,
and also their concentrations, defined by model of energetic
spectrum [12] were used for the quantitative interpretation of
experimental results of galvanomagnetic properties Bi;_Sby
above mentioned. Such interpretation allows from the one
side in the agreement of experimental and calculated values
to judge about rightness of choice of energetic spectrum
model and from another one to judge about change character
of spectrum parameter, i.e. the component of tensor mobility
is characterized by corresponding components of tensor
effective mass with taking under consideration anisotropy of
relaxation time or supposition of its anisotropy. From the
above mentioned it is followed, that the model, presenting
Fermi surface of electrons in three ellipsoids of common
type, easily inclined relatively trigonal axis and transferring
into each other at the turn on 120°C round this axis and
situating in L in 3B point, was accepted by us for the
interpretation of galvanomagnetic properties of BijSby
(0.15<x<0.25) melts. The Fermi surface of holes is presented
by three or six ellipsoids of common type, inclined relatively
trigonal axis and situated in . and H 3B points.

Thus, for the actual phenomena of the phenomenon of
transfer of carriers of all these bands and establishment of
form of isoenergetic melt Bi;,Sb, (x=0,14-0,25)surface,
measurements of all independent coefficients at temperatures
T=77-300K were carried out.



ABOUT STRUCTURE OF VALENCY BAND IN SEMICONDUCTOR MELTS Biy.Sb

The values of experimental and calculated values of
galvanomagnetic coefficients for Bi; Sb, melts with stibium
content 0.16+0.25 at.% at temperature 77K are given in table
1. As it is seen from the table, for all melt compositions the
experimental and calculated values are in good state. The
calculation was in such set of components of mobilites and
concentrations, which supplied the best agreement of
experimental and calculated values (table 2). As it is seen
from the table 2 in the ration of hole components 2. is equal

to w/11=0,05, v5/11=0,5 in all investigated melt compositions
Bi;Sby (x=0.16, 0.25).

It is need to note, that analogical calculations were
carried out in the refs [14,15].
In the ref [16] on the base of investigations of dispersion of
electromagnetic magnetoplasma waves and galvanomagnetic
effects it is established, that for L-electrons the ratios of
mobility components is 6/14=0,0001, x5/14=0,7 and for L-
holes one is w/11=0,009, 15/11,=0,7.

Table 1

The values of experimentally obtained and calculated galvanomagnetic coefficients in melts
Bi]_bex at T=77K wlla P33 WEre measured with delicacy 3%, P123, p231-5%, P11,22 -10%, P11,11
and p3z311-15%, p11.33 and p33.33-20%; dimension is ajj —Q.em™).

At% o11 033 0231 0123
Sb 107 10° 107 10°®
016 exp. 5,15 5,70 200 0,68
cale. 4,87 6,10 2,06 0,60
018 exp. 6,25 7,80 2,20 0,58
calc. 6,03 7,70 2,26 0,59
020 exp. 7,40 9,10 1,82 0,53
calc. 7,10 8,90 1,90 0,53
022 exp. 7,94 9,60 1,28 0,34
calc. 7,53 9,38 1,38 0,31
025 exp. 8,10 10,20 0,69 0,21
calc 7,27 9,10 0,86 0,19
at,% 011,33 033,11 011,11 011,22 033,33
Sb 10" 10" 101 10" 10"
016 exp. 34,00 10,70 5,84 14,20 19,30
cale. 39,00 14,30 5,10 15,6 20,00
018 exp. 17,50 10,30 3,55 11,1 10,50
cale. 23,81 11,90 421 12,8 12,00
020 exp. 11,00 7,50 2,62 7,85 8,00
cale. 23,17 7,20 2,60 7,85 7,00
022 exp. 8,60 2,90 1,74 4,30 5,72
calc. 10,60 3,50 1,26 3,83 7,23
025 exp. 5,30 1,16 1,01 1,97 2,23
cale 435 1,47 0,53 1,60 2,98
Table 2
The kinetic parameters of charge carriers for Bi;_,Sb, melts at T=77K.
At % 016 018 020 022 025
Sb
Poc 50 4%40° 4910 4%’ 4%
9. 16° 16 16 16 16
I8 9.00 7.15 5.20 3.44 2.32
(%) (5) (5) (5) (%)
W2 8.10 6.43 6.48 3.09 2.09
(3) 3) 3) 3) (3)
W3 6.30 5.00 3.64 241 1.62
(%) %) ) %) (5)
\2 3.00 1.80 1.3 9.10 5.80
(%) %) ©) C)) 4)
Vs 1.50 0.9 0.65 4.55 2.90
4 C)) 4) 3) (3)
V3 1.50 0.9 0.65 4.55 2.90
(5) (5) ) 4) “4)
A%
V2
V3
N, 495 8,21 1,33 2,10 3,04
(16) (16) (17) 17) (17)
N, 4,95 8,21 1,33 2,10 3,04
(16) (16) (17) (17) a7
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where N, Ny are concentrations of charge carriers measured  ellipsoids of common type and holes, in form of three

in cm™. ellipsoids, situating in 2. in 3B point is shown.
4 and 1 are tensor components of electron and hole 2. It is established, that new hole ellipsoids in the
mobilities correspondingly, measured in cm?V-'s™, comparison with easy hole and electron ellipsoids are less

We can make the following conclusions on obtained elliptic ones in basis plane, than in binary and bisector planes.
results:

1. The possibility of quantitative interpretation of
galvanomagnetic effects in Bi;4Sby (0,16<x<0,25) melts on
base of model of Fermi electrons in the form of three
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B.A. Tahirov, A.H. Rahimov, S.Z. Damirova
YARIMKECIRICI Bi;.,Sh, BORK MOHLULARININ VALENT ZONASININ QURULUSU HAQQINDA
Yarimkegirici Bi;_,Sb, mahlularinin T=77-300K temperatur intervalinda geyri-asili qalvanomaqnit omsallarmin tatqiqi
osasinda biitiin nov yiikdastyicilarin kinetik parametrlori toyin edilmisdir.
Miioyyonlogdirilmisdir ki, yeni desik ellipsoidlori yiingiil desik vo elektron ellipsoidlori ilo miiqayisads bazis miistovisindo
binar va bissektris miistovilarina nisboton daha kigik elliptikliys malikdir.
b.A.Taupos, A.I'.Parumos, C.3. lamupoBa
O CTPYKTYPE BAJIEHTHOM 30HbI B TOJIYIIPOBOJHUKOBBIX CILJIABAX Bi;.,Shy
Ha ocHOBe wmcclieoBaHHM BCEX HE3aBHCHUMBIX TaJIbBAHOMATHUTHBIX KOI()(GHUIMEHTOB B MOJYMPOBOJAHUKOBBIX CILIABAX
Bi,xSby mpu 77-300K ompeneneHsl KWHETHYECKHE TTapaMeTPBI BCEX COPTOB HOCHUTENEH 3apsa.
VYCTaHOBJIEHO, YTO HOBBIC [BIPOYHBIC OSJUIMIICOMABI [0 CPAaBHEHHIO C JIETKUMU JIBIPOYHBIMUA W DIIEKTPOHHBIMU

OJIITMIICOMIaMH B 0a3MCHOM IJIOCKOCTH MEHEee OJUTMIITAYHBI, YEM B 6I/IHapHBIX n 6HCC€KTpI/ICHI)IX IIJIOCKOCTSX.
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In the paper the parameters of elementary cells of melts of TlInC;]I - InGaC;]I (C-Se, Te) systems are defined by the radiographic

investigations.

The carrying out of the corresponding analysis it is need
for the obtaining of the necessary information about nature of
chemical connections between atoms as the elementary
compounds, so the complex phases. In the connection with
this fact, the crystal-structure investigations are the one of the
important question of crystal chemistry. These investigations
create the experimental base of crystal chemistry.

As it is known, the complex of physical properties of
solid bodies is defined by chemical composition and spatial
location its constituent atoms. The character of electron
interaction between them though is defined by the position of
constituent atoms; however, the clear conception is created in
the limits of the one and the same concrete crystal structure.
Thus, the solution of the one of concrete problems of physics
and chemistry of semiconductors mainly is defined by the
accurate definition of concrete bonds of physical peculiarities
of semiconductors with chemical composition, crystal
structure and bond nature. However, nowadays, the
investigations of new complex semiconductors are carried out
one-sidedly, often limited by the revealing and studying of
their physical properties. The necessary attention doesn’t pay
to the study of the construction of crystal lattice structure. In
spite of the fundamental meaning of crystal structure, it has
been deciphered widely enough only for few complex
semiconductors.

The state diagrams of TlInC;/l - InGaC;/l systems have

been constructed in [1,2] by the methods of differentially-
thermal and microstructural analysis and it is revealed, that

new compositions TlIn ZGaC;/I are created in these systems

and wide solubility regions on the base of initial compounds
are observed. However, the roentgen-phase analysis of these
melts wasn’t carried out.

In this connection in present paper the melts of the

TlInC ;’I - InGaC;/I systems are treated by roentgen-graphic

investigations.

The powder had been prepared previously for the
obtaining of roentgenograms of each InTl Ga,C,
composition. The notations of electronic reflections were
carried out on CuK, ( /1% =1,54178E ), DRON-2

difractometer of radiation with nickel filter at the similar
modes. In the measurements of reflection angles the mistake
didn’t exceed the value 6=+0,02°.

The bar-diagram of the melts of TlInSe,-InGaSe, system
is given on the fig.1. As it is seen from the figure the some
tendency to the increase of the intensity of corresponding
reflexes is observed in the solubility regions at the partial
replacement of thallium atoms by Ga atoms in T1lInSe, lattice.

The increase of the intensity of the lines in the given
system probably is connected with the fact, that Ga atoms
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have the big tendency to hybrid bond sp® creation in contrast
to thallium atoms that is caused to the decrease of metallic
part of chemical connection between the composing atoms. In
this case the shifting of maximum of electron density to the
skeletons of Se atoms at the partial replacement of thallium
atoms by Ga atoms in TlInSe,, i.e. the possibility of fitting out
of external electron membrane of Se atoms till the stable
configuration s°p® increases. In this connection the bond
ionicity of chemical bond between the atoms of given melts
increases.

The roentgenograms of InTl, sGaysSe, composition and
solid solutions on its base significantly differ from the
roentgenograms of initial compositions of TlInSe,, InGaSe,
and solid solutions on their base that proves the creation of
the new quadrantal phase TlIn,GaSe; in TlInSe,-InGaSe,
system.
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Fig.1. The bar-diagram of the melts of TlInSe,-InGaSe,
system.

The indicating results of obtained roentgenograms
showed, that the investigated melts of InTl;.,Ga,C, systems
are crystallized in tetragonal syngony.
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The results of roentgenographical investigation of the
melts of InTl; ,Ga,Se, systems are given in table 1.
In fig.2 the dependence of lattice parameters of the melts

InTl, «Ga,Se, on composition is presented.
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Fig.2. The dependence of parameters of elementary cells of the
melts of InTl;_,Ga,Se, system on composition.

As it is followed from the fig.2 the parameters of
elementary cells “a” and “c” orderly decrease at the partial
replacement of thallium atoms by Ga atoms. The change of
cell parameters is explained by the difference of interacting
atom radiuses. The parameters of elementary cells of new
phase TlIn,GaSe, and solid solutions on its base significantly
differ from lattice parameters of initial compounds and solid
solutions on their base. This proves about the creation of new
quadrantal phase in the given system. The change of lattice
parameters in solubility regions takes place on the additivity
law and essential inclinations from Vegard law doesn’t
observed in the investigated concentration interval.

As it was shown in [2] in TlInTe,-InGaTe, system the
big region of solubility is observed. That’s why the lattice
parameters of obtained solid solutions had been defined by us
with the aim of the provement state diagram of this system.
The experimental data, necessary for the definition of lattice
parameters were based on difractograms. It is revealed the
lattice parameters decrease to the side of InGaTe, compound
in region 55-100 mol.% InGaTe,. Such order change of
lattice parameters is typically through the solubility region.
Exactly, lattice parameters are increased from InGaTe, and
TlInTe, compounds (fig.3).

The lattice parameters in region 52-70 mol.% InGaTe,
strongly differ from the regions 0-20 mol.% InGaTe, and
55-100 mol.% InGaTe,. Probably, in this region the solid
solutions are created on the base of new phase. The decrease
of parameter lattice on additivity law is the reason of the
replacement of thallium atoms by small Ga atoms in the
plane of structure base.

Fig.3. The dependence of lattice parameters on the
composition of melts of InTl,_,Ga,Te, system.

The results of roentgenogaphic investigations of the
melts TlInTe,-InGaTe, are given in the table 2.

As we already mentioned, the melts InGaTe, with
TlInTe, also as compounds InGaTe, and TlInTe, are
crystallized in tetragonal lattice. That’s why the
superstructure lines don’t appear on difractograms in
solubility region. The absence of superstructure lines proves
that all investigated melts of solid solutions in order and
disorder states also as compounds InGaTe, and TlInTe,
crystallize in the same syngony.

The lines, character for the TIGaTe, compound appear in
solubility region on the base of TlnTe, (0-20 mol.%)
T1GaTe, and continue to appear till the melt Tly;InGag;Te,.
The additional lines for the melts, consisting 60,55,50 mol/%
TlInTe, appear in solubility region on the base of new phase.
These results give us the foundation to prove in the rightness
of state diagram of TlInTe,-InGaTe, system.

The new compounds TlIn,GaSes (Tes) revealed in
TlInTe,-InGaTe, systems are carried out by roentgen phase
investigations.

The experimental necessary material for the calculation
of TlIn,GaSe, and TlIn,GaTe, lattice parameters was consist
from crystallograms also. On the base of the carried out
investigation it is revealed that these phases crystallize in
tetragonal syngony and have the following periods of
elementary cells a=6,46A; c=6,85A correspondingly.

Thus, compounds TIln,GaSe, and TlIn,GaTe,
crystallize in tetragonal syngony as well as initial ones. But
lattice parameters significantly differ from the parameters of
double and triple analogues of TISe. Probably, this is
connected with the new reconstruction of component atoms.

[11 E-M. Godjaev, Sh.M. Guseynov, M.M. Dadashev.
Diagramma sostoyaniya sistemi TlInSe>-InGaSes.
Fizicheskaya ximiya, 1974, t.48, Nel0, 5.2615-2618.
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[2] E.-M. Godjaev, M.G. Gamidov. Fiziko-khimicheskie i
rentgenograficheskie issledovaniya sistemi TlInTe»-
InGaTe:. Fizicheskaya ximiya, 1975, t.49, Ne9, 5.2458-
2460.
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TIINC})' — InGaC}" ORINTILOR SISTEMiININ RENTGENOQRAFiK TODQIQi

Rentgenoqrafik todgigatlar yolu ilo TlInC;/I —InGaC;/I arintilor sisteminin elementar 6zoklorinin  parametrlori toyin
olunmusdur.

9.A. Anaaxsipon

PEHTTEHOT PA®OUYECKHUE UCCIEJOBAHUS CILTABOB CUCTEM TlInC}' - InGaC}'

\l Vi
PentrenorpaguueckuMu UCCIE0BAHUAMHU ONPE/IEIEHBI NIAPAMETPBI JJIEMEHTAPHBIX sueek cuiasos cuctem TlInC, ™ — InGaC, .
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SAMARIUM NADIR TORPAQ ELEMENTI iLO ASQARLANMIS Se-As SUSOVARI
HALKOGENID YARIMKECIRICI SISTEMININ OPTIiK BURAXMA SPEKTRI

A.L ISAYEV, S.I. MEHDIYEVA, N.Z. COLILOV, R.i. SLOKBOROV
AMEA Fizika Institutu, Az-1143, Baki, H. Cavid. pr., 33

Isdo samarium nadir torpaq elementi ilo asqarlanmis SessAss siisovari halkogenid yarimkegirici (SHY) sisteminin nazik
tobagolarinin buraxma spektrlori todqiq olunmusdur. Miioyyan olunmusdur ki, SessAss sistemino az migdarda (0, 001-0,005 at%) Sm-
un oslave olunmasi 7T-buraxma smsalinin giymotini azaldir, asqarin konsentrasiyasinin sonraki artimi iss (0,005-1 at%) spektrin
1-1,6 eV intervalinda buraxma omsalinin artmasina sobab olur. 7-nin qiymotinin azalmasi1 SHY-do yiiksok koordinasiya adodino

malik mikrooblastlarin, artmasi iso bu oblastlar arasindaki slagenin yaranmasi ils izah olunmusdur.

Son zamanlar lifli-optik qurgular igiin perspektivli
material sayillan nadir torpaq elementlorinin (NTE)
agqarlart daxil edilon siisovari halkogenid yarimkecirici
maddolorin optik xassslorinin Gyronilmesi sahssindo bir
sira todqiqat islori aparilmigdir [1-4].

Digor torofdon SHY maddoalorin holoqgrafiya va
mikroelektronikada, fotolitoqrafiyada genis istifads
olunmasi ilo olagodar olaraq bu maddolordo
fotoinduksiya naticesindo yaranan qurulus doyismalorinin
Oyranilmasina xiisusi yer verilmisdir [5-8]. Qeyd edoak ki,
torkibindo NTE-nin ionlar1 olan SHY maddalor spektrin
yaxin infraqirmizi diapazonunda isloyon is
telekommunikasiya qurgularinin is1qotiricisiiniin
hazirlanmas: ii¢iin istifads olunur [9-10]. Toqdim olunan
isin 9sas mogsadi samarium asqar atomlarinin SeosAss
sisteminin optik buraxma spektrins tosirinin tadqigindeon
ibaratdir. Todqiqat ticiin SessAss torkibinin secilmasi onun
strukturuna va elektron xassalorine goéra daha stabil olmasi
va enlizolaglilig: ilo baghdir [9].

Tacriibonin metodikasi vo niimunalorin hazirlanmasi
Sm agqarli SeosAss torkibinin sintezi 900°C-don yuxari
temperaturda 10-mm.cv.st-na qodor vakuumlu kvars |

ampulalarda firlanan sobada aparilmis vo sondiirilmiis
soba rejiminds soyutmaqla yerino yetirilmisdir.Tadqiq
olunan maddenin nazik tabagslori 106 mm.cv.st. tozyiqli
vakuumda termik ugurma iisulu ilo alinmisdir. Olgmoalor
0,5mkm-+2mm galmhgh niimunolarda ikigtial
spektroskopiya metodu ilo aparilmigdir.

Naticalar va onlarn izah

Sokil 1,a,b-do miixtalif miqdarda Sm-la asqarlanmig
SessAss sisteminin optik buraxma spektri  gostorilmis,
homin spektro asason « - optik udulma omsalinin
giymatlori hesablanmigdir. Optik buraxma smsalinin diigon
fotonun enerjisindon asililiginin 1,6 +2 eV intervalindan
(Urbax qaydasina tabe olan hissasindon ) toyin olunmus
a-udulma omsalinin qiymstlorindon istifads etmokls

a=a,-exp[-(E, —hv)]/E, )

(1) diisturundan E, —xarakteristik enerjinin qiymatlori
toyin olunmusdur. Qeyd edok ki, E,- xaratkeristik enerji
siisovari matrisdo atomlararasi mosafonin ortakvadratik
konaragixmalar: haqda molumat olds etmoys imkan verir

[11].
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Sokil 1. Samarium nadir torpaq elementi ilo asqarlanmis SeosAss siisovari halkogenid yarimkegirici sisteminin optik buraxma
spektri a) -1- SegsAss, 2- SeosAss +0,001at%Sm, 3- SegsAss +0,005 at%Sm. b) -1- SeysAss+0,01 at%Sm, 2- SeysAss+0,1
at%Sm, 3- SevsAss+0,3 at%Sm ,4- SegsAss+0,6 at%Sm, 5- SeosAss+1at%%Sm.

Sokil-l1a,b don gorindiyit kimi 7'(hv) asililiginda
enerjinin yaxin infraqirmizi oblastinda buraxma amsalinin
gqiymati Sm asqarmin miqdarmin (0,001+0,005 at%)
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[ artmast

ilo azalir. Asqarin miqgdarmin sonraki artimi
(0,005+1 at%) iso buraxma omsalinin artmasina sabob
olur.



SAMARIUM NADIR TORPAQ ELEMENTI iLO ASQARLANMIS Se-As SUSOVARI HALKOGENID YARIMKECIRICI SISTEMININ ...

(1) disturundan toyin olunan E, xaratkeristik
enerjinin  qiymoatlorinin  Sm  asqar1  atomlarinin
miqdarindan asililign Sakil 2,a-da tosvir olunmusdur.

Qeyri  kristallik maddoalor {igiin asqar ionlarinin
xaotik paylanmasi ils alagadar olan qgeyri bircins saholarin
yaranmasi ideyasina asason Eo xarakteristik enerji tigiin
asagidakt distur alinmigdir [11]

E, =2.2-W, (N, -a%)" @)
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Burada Wjy=e’/2e-ay, az — Bor radiusu , € -dielektrik
niifuzlugu, N, yikli defektlorin effektiv
konsentrasiyasidir. £€=6,58 [12] qgobul edorok (2)
disturuna gora  yiiklii defektlorin Ni- konsentrasiyasi
hesablanmis vo alinmis noticalor  sokil 2b-do  tasvir
olunmusdur. Sakil 2a va gokil 2b-don goériindiiyii kimi hom
xarakteristik enerjinin, hom do yiikli defektlorin
konsentrasiyasinin qiymatlori aggar atomlarinin 0,005 at%
-no kimi artir, agqarin migdarinin sonraki artimi isa Eo vo
Ni-nin azalmasma sabab olur.

03 0&
at % Sm

b 02

Sakil 2. SegsAss siisovari halkogenid yarimkegirici sisteminds xarakteristik enerjinin (a) vo lokallasmig hallarin konsentrasiyasinin

samarium asqarinin miqdarindan asililigi (b).

SHY -maddalora miixtalif modifikatorlar daxil etdikda

yiiksok koordinasiya adadli mikrooblastlarin
formalasmasi bas verir, bu halda mixtalif oblastlar
arasinda potensial baryerlor yaranir ki, onlarin

hiindiirliyii yiiklii morkozlorlo miioyyon olunur.

SeosAss sistemindo Sm atomlarinin  6zlorini Sm*3
ionlart soklinde aparmalarimi  vo kicik miqdarlarda
osason  yiltksok  koordinasiya odadli  oblastlarda
toplandiglarin1 forz etsok, onda, qurulusun nizamsizligi
vo qeyri-bircinsliyi artmali, buraxma omsali azalmali va
onun oksino olaraq Eo - xarakteristik enerji artmaldir.
Hogqigoton do bu fakt asqarin miqdar1 0,005 at% -no
godar oldugda Sokil 1a,b va sokil 2a,b-do 6z oksini

| tapmigdir. Lakin nisbaton bdyiik konsentrasiyalarda
(0,005+ 1 at%) asqar atomlar1 biitiin matris boyunca
paylanaraq kimyovi aktivliklori sayasindo selen
zancirloring cozb olunaraq, nizamsiz torun yaranmasi ilo
struktur doyismasine sobab olur ki, bu da 6z névbasinda
miixtolif mikrooblastlar arasinda rabitalor yaradir. Digar
torafdon yiiklii defektlor modelina géro Sm*3 ionlarinin
movcudlugu moxsusi yiikli defektlorin konsentrasiyasinin
doyismasing sabab olmalidir: Yoni D+ -markozlor azalmal,
D - morkozlor iso artmalidir. Gostorilon faktorlarin birgs
tosiri bdyiikk konsentrasiyalarda xaratkeristik enerjinin
azalmasina vo optik buraxma omsalinin artmasina sobab
olur.
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CHEKTP OITHYECKOI'O NMPONIYCKAHMS XCII CUCTEMBI Se-As,
JETUPOBAHHOUN PEJAKO3EMEJIBHBIM 9JIEMEHTOM CAMAPUEM

B pa60Te HCCJICAOBAHBI CHIEKTPLI MPOITYCKaHUA XCII nnenok S€95AS5 JICTUPOBAHHBIX PEAKO3CEMECIbHBIM 3JIEMECHTOM

camMapuem,

VYcraHoBIIeHO, 4TO IpH Manblix KoHNeHTpauusx npumecH (0,001-0,005 at.%) 3Hauenue kod(dbuireHTa mponyckanus 1’
b 2 b
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A.i. ISAYEV, S.i. MEHDIYEVA, N.Z. COLILOV, R.i. DLOKBOROV

YMEHBIIAaeTCs, a Ipu yBenndeHun KoHneHTpanwmu npumecu (0,005-1 at.%) 3nauenue 7 yBenmuuuBaeTcs B 00JacTH CHEKTpa
1-1,6 eV. Ymenbienue 3Hauenust koaddurmenra nponyckanus B XCII miienkax oObscHseTcs 00pa3oBaHUEM MUKpooOIacTeit
C BBICOKMM 3HAYCHHEM KOOPIWHAIIMOHHOTO YHCJIA, @ POCT - 00pa30BaHUEM CBSI3ei MEXKIy STUMHU OOJIACTSIMH.

A.l. Isayev, S.1. Mehtiyeva, N.Z. Jalilov, R.1. Alekperov

OPTICAL TRANSMISSION SPECTRUM OF HGS SYSTEMS Se-As, DOPED BY RARE-EARTH ELEMENT
SAMARIUM

The transmission spectrums of HGS films SeosAss doped by rare-earth element samarium are investigated. It is
established, that the value of the transmission coefficient T decreases for the low impurity concentrations (0,001-0,005 at.%)
but T increases when impurity concentration increases (0,005-1 at.%) in the spectrum region 1-1,6eV. The decrease of the
transmission coefficient in HGS films is explained by the formation of microregions with high value of coordination number,
and the increase of one is explained by the band formation between of these regions.
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