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SURFACE IMAGE ARTIFACTS CONNECTED WITH THE GEOMETRY AN ATOMIC
FORCE MICROSCOPE TIP

S.D. ALEKPEROV
G.M. Abdullayev Institute of Physics of National Academy of Sciences,
AZ-1143, H. Javid ave. 33, Baku, Azerbaijan

In paper the effect convolution arising at surface scanning by method of atomic force microscopy is considered. The processes
occurring in system "tip-surface" are analyzed. The estimation of critical parameters of a tip and of a tip point, also a degree of influence of
these parameters on a surface is made at scanning. It is shown, that of the step form tip allows to minimize many artifacts and to receive

correct topography of a surface with complex morphology.

1. Introduction

Scanning probe microscopy (SPM) is subdivided into
scanning tunnel microscopy (STM) and atomic force
microscopy (AFM). Both of a method mutually supplement
each other and allow receiving rather extensive information
on various characteristics of a surface. However there is an
essential difference between them from the point of view of
the spatial resolution. If STM really shows the resolution
down to atomic, for AFM the level of the molecular-atomic
resolution (especially in lateral planes) is while an
unattainable level. A principal cause here is that resolution
AFM very strongly depends from geometrical sizes of the
microscope tip point.

Even though atomic force microscopy [1,2] has been
successful in imaging surfaces with atomic resolution, it is
still doubtful whether true atomic resolution is really
obtained. Most images reported show perfect crystal lattices
or defects much larger than atomic scale defects. On the other
hand, the situation in scanning tunneling microscopy is quite
different and images with point defects are routinely obtained
[3]. This is usually attributed to the fact that the tunneling
current is laterally localized in an area of few angstroms in
diameter, while in atomic force microscopy the effective part
of the probing tip is laterally much larger. So the atomic
resolution is not obtained by a point interaction but by a
superposition (convolution) of several interactions between
the atoms in the tip and the sample. This assumption is
justifiable if one considers that even in the case of a diamond
tip and a diamond sample, using typical loads, the tip-sample
contact area is larger than a single-atom one [4,5]. The two
surfaces (tip and sample) are generally deformed when they
are in contact [6]. For softer materials this tendency for larger
contact areas under load is even more prevalent [4]. For
materials with layered structures (e.g. pyrolytic graphite) the
assumption that the tip drags a flake of the material as it
scans the surface has proved to be very fruitful [7] and
provides results in agreement with the experiments.
Especially for the layered materials the same considerations
of flake-like tips (or multiple-atom tips) can be also applied
to the STM imaging mechanism. However, the usual case in
STM npictures is the imaging of single-point defects in a
variety of materials. This excludes the possibility of laterally
large effective tips as has been shown [8].

In a word, there are two physical mechanisms that make
the tip-sample contact area become of some considerable
size: a) loads (even the lowest ones) result in a flat contact
area of considerable size; b) especially for layered materials
the tip drags a flake of the sample probed and this flake is the

effective tip. The main difference between the two cases is
that while in the first case the material of the tip is in general
different from the material of the sample, in the second case
the effective flake like tip is of the same material. At last, tip
with big radius is not able to track precisely sharp relief with
big height drops on the surface [9-11], this is third physical
factor that makes the tip-sample contact area becomes of
considerable size.

Thus, for topographic AFM studies of larger scale
structures the macroscopic shape of the tip becomes very
important. So, it is necessary to have a limiting small radius
of the microscope’s tip. However, as for the further analysis
tip parameters are the most important ones, so we can rule
out the possibility to study the second factor in the system of
“tip-surface”.

2. The processes being in the system “tip-surface”

Here several various cases can be arisen. The first case is
recesses or rises on the surface of half-sphere-typed with the
radius much bigger than the tip radius. Here surface
topography is tracked with maximum accuracy. Therefore
there are no problems in data interpretation for these two
cases. But such "ideal" surfaces which can be investigated a
tip of the big radius, in atomic force microscopy meet
seldom.

The second case: there has been a recess with sharp edges
on the surface; in this case its lateral sizes are bigger than tip
ones. The tip falls until back control system touches the
recess bottom. Here at the expense of interaction of recess
front edge with lateral side of tip we obtain not the image of
recess lateral edges but the image of tip lateral surface. There
have been taken place size distortion in the direction of
scanning surface and data loss as a result. There has been a
step with sharp edges up on the surface. The tip is moving
over the surface measuring surface relief till the beginning of
the interaction of its lateral surface with the step edge. The
relief of the tip lateral surface starts to be represented and the
value of distortion and data loss depends on the distance
between the tip and surface: the less is the distance, the less is
distortion. In this case to minimize given distortion it is
possible only by means of a tip with small radius of a point.

The third case: the apparent sizes of features can be also
affected by the topography around them. For example, if one
investigates spherical particles adsorbed on a rough substrate
their shape will be partially determined by the topography of
the substrate around them (we assume that spherical particles
dimensions are in the order of the tip’s radius of curvature).
fig.1 shows schematically this distortion: even if two
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particles are exactly the same, they will be imaged differently
if one is on a peak and the other in a valley, due to
convolution of the tip and the sample. The thick line shows
the apparent height corrugation. The particle in the valley
seems lower (h;<h,) and more flattened (w;>w,) than the
particle on the peak.

Fig.1. The effect of particle shape at surface local topography.

The fourth case: a tip with a relatively large cone angle
fails to penetrate into deep and narrow grooves on the sample
surface. This leads to underestimation of their depth and
smoothing of their edges (fig. 2(a)). One point of recess edge
touches lateral surface of the tip. Tip displacement trajectory
do not describes recess surface, but tip surface. Although the
height of protrusions can be recorded quite accurately their
edges are being smoothed and their lateral size is
overestimated (fig. 2(b)).

Tip e
h) \ b,
i i substrate
(a)
2!
AFM- N
tnages L, L,

Fig. 2. The effect of tip geometry at AFM imaging (thick line):
a) a groove and b) a protrusion.

Due to finite size of the tip artifacts are produced and the
resulting image is a convolution between the shape of the tip
and the topography of the sample. Therefore is this case
interaction between the tip and surface changes from the
system “tip-surface” to the system “tip-cluster surface”, tip
displacement trajectory describes the image of the tip itself.
In this case there is a restriction connected with geometry of a
tip. There can be areas in which the image basically is
defined by the form of a tip and geometry of its fastening. As
a first approximation these so-called “dead zones” can be
defined as  follows: L, ~ h xtg(p, —a) and
L, ~ hyxtg(a+¢,) ,where a—a corer of fastening of
a tip with cantilever. At ¢;> a, that is typical for the majority
industrial cantilevers, having a corner of fastening a > 15°,

the area of “dead zone” L; for "step" is defined only by radius
of curvature of a tip. The size of area of “dead zone” L, for

conic tips with a corner of convergence 22° (¢, = 11°) and
o = 20° turns out significant and is L, = 0, 6 x /.

Thus, the brief analysis of the artifacts arising in system
"tip-surface" has shown, that accuracy of convolution task
decision in AFM to those above, than it is less radius of a tip
curvature and than less corner of convergence of a tip cone.

3. The critical physic mechanical parameters of the tip

So to obtain a clear AFM-topography of the surface with
complex relief it is necessary to have the tip with low radius
and high mechanical stiffness. But tips from Siz;N, which are
widely applied in atomic force microscopy though have high
mechanical stiffness have such lacks, as the big radius of a tip
curvature and the big corner of a tip point. In the first case the
possibility of achievement of the high AFM resolution, and
the second lack not is excluded is correct to measure complex
surfaces. All this does not provide an opportunity of precision
measurements of a surface topography by means of AFM.
From this point of view more perspective are tungsten tips.
However all technologies of tungsten tips making until
recently had the certain restrictions.

How can we reduce the radius of the tip? If we use most
widespread method of electrochemical etching the magnitude
of the obtained tip is defined by the relationship:

R~ p AL | (1)
4O-MV

where D is diameter of tip wire; AL is length of separating
part; y is specific density of tip agent; o, is ultimate
resistance to tip agent breakage. For tungsten being one the
conventional materials at producing the tip specific weight
y=1, 89x10° N/m’; 6, = 7, 11 x10® N/m?. It follows that it is
possible to obtain the tip with reasonable values of tip radius
<10 nm from wire of low diameter (<10“m). However the tip
with such diameter has low mechanic stiffness in longitudinal
and lateral direction and mechanical, thermal and quantum
fluctuations can worsen stability of atom force microscope
operation. Let us evaluate amplitude of longitudinal and
lateral oscillations of tip of two tips in diameter 10~m (Tip1)
and 10™m (Tip2) at their similar length 10”m. It is known
that mean square of amplitude of quantum <Xq2 > and thermal
<X7> fluctuations of oscillating system on resonance
frequency is defined as

o\ _ ho
<Xq>——KM 0]

T
Xi)=%- ®

where k is Boltzmann’s constant; T is temperature; K, is
effective stiffness of oscillating system; w, is its resonance
frequency equal to Ky /m; m is equivalent mass of
oscillating system. Lateral K;;; and longitudinal K, stiffness
of tip can be determined with sufficient accuracy using the
following expressions:
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where E is Young’s modulus, L is tip length. If we substitute
in formulae (2-5) typical parameter magnitudes we get
following values for thermal and quantum fluctuations (table
1 and table 2).

Table 1
Tip 1
Longitud Lateral
inal oscillations
oscillatio
ns
L, (m) 107 107
D, (m) 10° 10°
Ky, (N/m) 1,5%107 3,1x10*
oo, (Hz) 3,2x10° 1,2x10*
[<X>>17%, (m) 1,8x1078 3,5x1077
[<X1>>]", (m) 3,3x10™" 6,7x10™"

As it follows from table 1 and table 2, tip 2 has deficient
mechanical stiffness. But if the tip diameter is 10°m tip
radius is prohibitively big (see formula (1)).

Table 2
Tip 2
Longitud Lateral
inal oscillations
oscillatio
ns
L, (m) 107 102
D, (m) 10 10*
Ky, (N/m) 1,6x10° 2,9x10'
o, (Hz) 2,1x10° 2,8x10°
[<X>17, (m) 1,7x10"7 1,1x10'6
[<X1>>]", (m) 3,1x107" 2,1x107""

In addition, it is necessary to estimate of mechanical
stability of a tip point. Let us evaluate amplitudes of quantum
and thermal fluctuations of a tip point in the form of the cone
in length 1nm and diameter at the base 0, 5 nm according to
formulae (2 — 5) (Table 3).

Table 3
Point of a tip
Longitudin
al Lateral

oscillations oscillations
L, (m) 107 107
D, (m) 5x10710 5x10710
Ky, (N/m) 7,9%x10" 0,2x10"
®o, (Hz) 1,1x10" 6,1x10"
[<X,>1%, (m) 1,1x10"2 6,3x10"2
[<X1>>]%, (m) 1,210 1,310

As it follows from table 3 the lateral thermal fluctuations
of a tip point has large amplitude ~10"°m. In accordance to
the calculations the amplitude of tip point oscillations can
reach one angstrom. But is must be confirmed by the
presence of “blurred” sections on SPM-images of the surface
at the atomic resolution. However, virtually experimental
data do not confirm this fact. These oscillations occur on the
frequency of the main lateral mechanical resonance of a tip
point equal to w, = 6, 1x10"" Hz. As frequency bands of
electron system stability of SPM control do not exceed @, =
10° Hz, minimum time of measurement is z; = 107 s. It excels
the time when averaging of a tip point oscillations is taken
place with frequency ~100 kHz equal to 7, =2Q/ w, where Q
is quality factor of oscillating system. As a result of

averaging the accuracy of mean position determination of tip
point increases by n = \/z, /7, . If we assume O =100 we

get n =~ 10°. In this case amplitude of a tip point thermal
fluctuations is AX7,;, = {[<XT2>]'/2}/n =10"m, i.e. the less of
1/100 of angstrom that is quite enough for practical purposes.
Thus a tip’s point mechanical stability of typical geometry
and sizes do not have a significant influence on reading
surface image on SPM.

4. The tungsten tips with a step form

As it was already marked, the tip should have extremely
small radius of a tip point and simultaneously possess
sufficient mechanical stiffness. At manufacturing a tip by a
method of electrochemical etching it is not possible to
provide performance of both these conditions, since there is a
connection between initial diameter of a wire and the
received radius of a tip point (fig. 3(a)). Therefore, with the
purpose of reception of a tip with small radius of a tip point
and high mechanical stiffness the technique in which basis
the method of reception of a tip of the step form lays at
electrochemical etching (fig. 3(b)) has been developed. Thus
at the initial stage etching goes in regular intervals on all
length of the part of a tungsten wire shipped in a solution.
After some time the wire is a little extended from a solution
and process proceeds, and etching already goes on smaller, in
comparison with initial, to diameter. It allows ~8x10™* m to
spend at initial diameter of a wire a final stage of etching at
working diameter ~4x10” m, that as a result gives a tip with
small enough radius of a point (<20 nm) and, owing to the
geometrical

Iy D

E—A

Fig. 3. Classical (a) and step (b) methods of tungsten tips
electrochemical etching.

form, high mechanical stiffness. Such step form tip has
optimum parameters (fig. 4). Those tips allow of artifacts
being at the investigation of surfaces with complex relief to
be minimized.
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Fig. 4. SEM-images of a step tungsten tip and a tip point.

Thus, the decision of a task on reduction of a “dead zone”

case the form of a tip is in advance known and can be
correctly considered at interpretation of results of AFM
measurements. All this makes this type tips extremely
perspective for application in analytical atomic force
microscopy.

at AFM measurements of deep recesses and protrusion
surfaces has demanded development of special
manufacturing techniques an atomic force microscope tips —
technology of step form tips electrochemical etching. In this
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ATOM-QUVVO MiKROSKOPUN iYNOSININ HONDOSi FORMASI iLO BAGLI OLAN SOTHIN
GOSTORMOSININ ARTEFAKTLARI

Mogaledo atom-qiivve mikroskopiya metodu ilo sothin todqiqi zamami tozahiir edon konvoliyusiya effektine baxilmisdir. “Iyne-seth”
sistemindo olan proseslor aragdirilmisdir. fynonin va iyne ucu itiliyinin kritik parametrlori, eyni zamanda bu parametrlorin skan zamam sotho
tosir deracasi qiymetlondirilmisdir. Gostorilmigdir ki, pillo formasinda olan iyno artefaktlarin oksoriyystinin minimallagdirmasina vo
miirokkob morfologiyaya malik olan sothin korrekt topoqrafiyasinin alinmasina imkan verir.

C.J. Anexneposn

APTE®AKTBI U30B5PAKEHUS ITOBEPXHOCTH, CBA3AHHBIE C TEOMETPUEM UT'JIbI ATOMHO-
CHJIOBOI'O MUKPOCKOIIA

B pabore paccmorpen 3¢ dexT KOHBOMIONNN, BO3HUKAIOMINIT IPH UCCIIEA0BAHAN TIOBEPXHOCTH METOIOM aTOMHO-CHIIOBOH MHKPOCKOIIHHL.
ITpoanann3upoBaHbI MPOLECCH, TPOUCXOASAIINE B CHCTEME «HIIA-MIOBEPXHOCTH». [Ipon3BenieHa oneHKa KpUTHIECKUX MapaMeTPOB UIIMIBI 1
OCTpHSI UIJIBI, @ TAKOKE CTCIICHH BIIMSHUS ATUX MapaMeTpoB HA MOBEPXHOCTH IPH CKaHMpOBAaHHHU. [Toka3aHo, 4TO UIJIa CTYNEHYaTOi GOopMbI
103BOJISIET MUHUMH3UPOBATh MHOTHE apTe(aKThl U MOTYIUTh KOPPEKTHYIO TOIIOTPa(HIO ITOBEPXHOCTH CO CIIOKHOH MOP(OIIOTHEeH.

Received: 10.11.08
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The structures investigated in this work were obtained by molecular beam epitaxy method on Ge substrates. The parameters of the
samples were determined by the method of X — ray structural analysis. The method of spectroscopy of combinational light scattering was used
to control the content. After irradiation the samples become more photosensitive in the regions 1.0 <hv<1.11eV than the origin ones.

At modern stage of scientific and technological
revolution special emphasis is placed on the advancement of
those fields of science the achievements of which define the
wide prospect of technological development. These fields of
science include semiconductor physics, one of the main tasks
is search, study and modification of crystal properties with
high values of applied — physics characteristics in order to
develop new materials promising different technological
applications.

Solid solutions of Ge and Si are of great interest from
scientific and technological aspect. This interest is
conditioned by multiple unique properties: complete
solubility, continuity of electrical properties’ change,
resistance against thermal actions, large energy gp width, high
fusion temperature, mechanical strength, resistance against the
effect of highenergy particle bombardment and others.

At present it was experimentally shoved that Ge and Si
really from solutions not only in liquid state but also in solid
state and the quantity of lattice parameter of Ge,Siy solid
solutions change almost linearly with the change of solution
and alloy composition.

Practically, all the investigations carried out dealing with
practical realization of atom layer epitaxy of Gej,Six
structures have been based upon molecular beam epitaxy
method during the recent years.

In the present work structural characteristics of thin films
Ge/Ge;,Si, obtained by molecular ray epitaxy (MRE)
method with (100) and (111) orientation oas been tidied.
Epitaxial layers Ge,,Siy had thickness from 50A to 1 mem
and Si contend x=0,05+0,15 (fig.1).

GeSi,/Ge solid solutions are considered one of
perspective materials used in modern electronics. As the band-
gap energy in these solutions is less than that of Si, but
mobility of charge carriers is more than that of Si, these
solutions are used to prepare heterostructure.

Nowadays transistors, anodes and integrated circuits
distinguishing by their accuracy, mobility and restlessness
have been developed on the base of Ge;.,Si, solid solutions.
Ge;.xSiy solid solutions have been obtained by Czochralski
method.

Fig. 1. UVP — 71P3 grade vacuum assembly and used facilities:
1 — cover; 2 — high vacuum pump; 3 — ion lamp;
4 — Knudsen cut; 5- effusion cut; 6- substrate heater;
7 — substrate; 8 — floating mask;9 — mask — kepper;
10 — quartz thickness gage; 11 — thermopair;
12 — cross — section; 13 — effusion cut heater.

During the process the crystals were detected (alloyed) by
boron and phosphorus. Crystals were cut into perpendicular
boards from 30 up to 42 in diameter in <110> direction.

P-type Ge,,Si, boards polished like plate glass were
used to develop diode structures. Here specific resistance of p-
type Ge;,Si, boards was p=4.8 Ohm-cm, but specific
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resistance of n-type Ge boards was p=5+4.5 Ohm-sm,
nthickness of the boards = 400 mcm.

After the heterostructure had been obtained, p” and n”
layers of boron and phosphorus 8-10 mcm in depth were
obtained from p- and n- sides of the sample and silicate glass
by diffusion. The contact pieces were made of nickel.

Diode structures with the field = lem?® were cut from the
obtained samples. Current-voltage characteristic of the
samples were measured at room temperature at constant
current. In order to obtain thin Ge|,Siy (x= 0.10) on Ge
substrate the sample from the side of Gej,Siy was
mechanochemically polished, so Ge;Six solution with ~ 400
mkm density was obtained on thick Ge substrate. Elastic
voltage and defects of the crystal structure were studied by
X-ray topography method using continuous synchronous radiation.

10 —
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Fig. 2. 1 —proportional current-voltage characteristic,
2 —not proportional current- voltage characteristic;
a — current-voltage characteristic for proportional street,
b — for not proportional street: 1 — before radiation,
2 —after radiation 30 krad, 3 —100krad

It was revealed that variety of thermal expansion
coefficients and parameters of Ge;_Si, and Ge crystal lattices
leads to considerable increase of tension. At the result of this
tension crystal lattice is exposed to elastic and plastic
deformation.

Current-voltage characteristic of the samples obtained
was measured before and after radiation.

As it seems from fig. 2 resistance of the samples
increases after radiation and the current passing through the
sample decreases.

It was determined that during radiation of Ge;,Siy
(x=0+0.15) solid solution linearity of current-voltage
characteristic deteriorates and three fields are observed. These
dependence shows that there are deep donor layers in
restricted band of Ge,_,Si, solid solution.

During the experiment after radiation defects generate in
restricted band and their concentration increases
simultaneously with the increase of radiation dose. n-Ge;Siy
solid solution is compensated after radiation and this provides
its light-sensitivity.

For additional information photoconductivity of the
samples at room temperature was measured.
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Fig. 3. Photoconductivity of Ge,,Si, samples before and after
radiation at room temperature; 1 —before radiation,
2, 3 — after radiation.

As it seems from fig. 3 light-sensitivity of the samples in
heterostructures after radiation in 1.0 < Av< 1.11 eV field has
increased. The sensitivity of heterostructures increase more in
comparison with that of solid solutions. The generation of this
additional sensitivity can be manifested by deformation of
crystal lattice as hypothesis in the meantime.

It is clear that the presented experimental data don’t allow
to elucidate the nature of given complex. Considering the
analogy between silicon and germanium and eventually
bearing in mind the coincidence of basic properties of Ge and
GexSiy with x=0.05....0.15 we made an attempts to exsplain
the structure of this defect [3].
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Fig. 4. Spectra of absorption bands of p - Ge,_,Si, samples prior
(1-4) and after (1'-4") irradiation by electrons with
energy 4.5 MeV. ®@. cm™ ;1 - 5-10'%,2 -4 -2-10",

1 —x=0; 2 —x=0,05; 3 —x=0,10 and 4 —x=0,15.

In [4,5] there have been carried out various investigations
of irradiated Sin including the methods of EPR,
photoconductivity and IR — absorption, on the basis of which
there has been created a model of radiation defect responsible
for absorption bands 1.8, 3.3, and 3.9 pum in the spectrum of
IR — absorption of Si. These bands appear as a result of
absorption in deviancy that may be in various charge states. It
has been shown in these works that the absorption zone at 1.8
pm is due to electron transition that is possible only in
divacancy at neutral or single — charge negative state whereas
the absorption zone 3.9 um appears only at single — charge



INVESTIGATION OF ELECTROPHYSICAL AND PHOTOELECTRICAL PROPERTIES OF Ge,.xSix /Ge HETEROSTRUCTURES ...

negative state. Considering all above mentioned facts and the
results of the previous electrophyisical and optical
investigations of defects at various charge states [2] and
assuming that many crystallographic and electrophyisical
parameters of Ge;,Si;, with x= 0.005...0.15 re similar, we
suppose that it is deviancies that re responsible for absorption
band in the range of 0.3 to 0.9 eV (fig. 4). As a zone was

observed in n - Ge,Si, samples only after n — p conversion
as a result of irradiation [4] the most likely that divacancy
might be only at to charge states: neutral or single — charge
negative. As is shown above similarly to silicon in p - Ge;Siy
when divacancy is at neutral stet the absorption band appears
in the range 0.3...0.9 eV.
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S.M. Abbasov, I.R. Nuruyev, G.T. Agaverdiyeva, Z.A. ibrahimov, U.T. Foracova,
R.A. ibrahimova, H.M. Mehdevi

MOLEKULYAR DOSTODON SOPILMO YOLU iLO ALINMIS Ge;.Si,/Ge HETEROSTRUKTURLARIN ELEKTROFIZiKi
VO FOTOELEKTRIK XASSOLORININ TODQiQi

Ge1,,Si, asasinda Ge altliq tizorinds molekulyar dostaden sopilma yolu ilo alinmis heterokegidin parametrlori rentgenstruktur analiz vo

rekombinasiya olunmus isigin sopilme metodu ilo toyin olunmusdur.

Siialanmadan sonra heterostrukturlarda niimunslorin 1,0 < Av < 1,11 eV oblastinda isigin hassasligr artmisdir vo heterostrukturun

hassaslig1 bork mohlula nisbaton yiiksok oldugu agkarlanmigdir.

Qiisursuz Ge/Ge,_,Six nazik tobagenin alinmasi yiiksok yiiriikliiys malik tranzistorun hazirlanmasida byiik shemiyyat kosb edir.

II.M. A66acos, U.P. Hypues, I'.T. AraBepaueBa, 3.A. Uoparumos, ¥Y.T. ®apaxxoBa,
P.A. Uoparumosa, I'.M. MexaeBu

HCCIEJOBAHME 3JEKTPOPUINYECKHAX U ®OTOIJTEKTPHYECKHUX CBONCTB .
I'ETEPOCTPYKTYP Ge,,Si/Ge , TIOJTYUHEHHBIX MOJIEKYJISIPHO - IYUYEBOU 3IIUTAKCHUEHA

CTpyKTypbl, UCCIEIOBaHHbIE B HacTodAllel pabore, momydyeHsl MetogoM MJID na Ge moanoskkax. IlapameTprl 00pa3ioB onpeaeneHsl
METOZIOM PEHTTEHOCTPYKTYPHOIO aHayi3a. MeToa CIEKTPOCKONUHM KOMOMHAIIMOHHOTO PACCESHUSA CBETa HCIOIb30BAICA UL KOHTPOJISA
cocraga. Ilocnie 0bay4enust o0pasibl cTaHOBATCS Oosee POTOUyBCTBUTENBHBIMU B 0bmacti 1,0 <Av<1,11eV.
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SYNTHESIS OF MULTIWAVELENGTH
METERS OF ATMOSPHERIC LOW GASES AND AEROSOL

H.H. ASADOV, S.T. SULEYMANOYV, I.Sh. MAHARRAMOYV, T.M. ALIYEVA
National Aerospace Agency, Azerbaijan

In the paper “Synthesis of multi-wavelengths corrected meters of atmospheric low gases and aerosol” the possibility for synthesis of
corrected three — wavelengths meters of low gas components in atmosphere on the basis of development the mathematical model and the
classification table is considered, The carried out synthesis allows to reveal some new variants for development of three — wavelengths
meters of low gas components in atmosphere. The possibility of combining of DOAS meters with three wavelengths devices with two-
parametric correction is also considered. It is shown, that such a combination of two well — known methods makes it possible to obtain more
accurate estimates of total amount of ozone in on — earth layer of atmosphere.

I. Introduction

The carrying out of spectral measurements in UV band is
one of high priority spheres of atmospheric researches,
because the results of these measurements may be used both
for assessment of some low components of atmosphere
(aerosol, ozone, etc.) and the level of effect of harmful
spectral part of solar UV radiation.

The basic method in this sphere of atmospheric
measurements is two-wavelengths method of Dobson, which
till now is used in modern spectrometers designated for
measurements of total ozone content. Recently proposed
three—wavelengths method of measurements [1] differs from
the Dobson method in principle and featured with its wide
functional possibilities for measurements and carrying out of
different corrections. Despite presence of sufficient number
of publications on this theme, the questions on synthesis of
possible variants for construction of three-wavelengths
meters and classification of latter’s, embracing various forms
for correction of measurement’s error are not considered.

The purpose of this article is carrying out of synthesis of
all possible variants for construction of three — wavelengths
meters on the basis of development the mathematical model
of corrected meters, making — up of classification table of
synthesis on the basis of revealed classification signs, and
also analysis of possibility for combining the two-
parametrical corrected meters with DOAS type remote gas
analyzers.

It should be noted, that the three-wavelengths method of
measurements is based on Bouger’s low, which in common
case may be formulated as follows:

[] :[0 e‘[%ﬂX‘*‘ﬂlml*'&xmz], (1)

where 1, is intensity of solar radiation at the level of ground,
1, is solar constant; &, is ozone’s absorption index; 4 is
optical mass of ozone; X is total amount of ozone in
atmosphere; f3,,0, are appropriately optical depths of
Rayleigh scattering and aerosol; m,,m, are appropriately

optical masses of Rayleigh scattering and aerosol.

From view—point of metrology and accuracy
characteristics of remote atmospheric measurements the most
representative parameter of atmospheric instability is aerosol.

Ii :fi I:IO(/li)’X’ILI’m’ml’é‘_/'(//{’i)’é‘c (ﬂ’i)’ﬂ(//{’i)’a(//{’i)]’ i=ln.
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It should be noted, that the atmospheric aerosol is
characterized by bimodal type of distribution function of
dependence of volume depth from particles’ size [2, 3],
which is physically explained with presence in atmosphere
the strictly discernable fine and coarse fractions of aerosol.
These fractions have different sources of their origin. The
correlation existing between them is so weak, that it is
impossible to reveal any deviation of Angstrom parameter of
fine aerosol fraction in dependence from the same parameter
of coarse fraction [2]. Such a situation allows us to describe
the optical depth of atmospheric acrosol o, as a linear sum of

two non—correlated components:

51 = 5/:;' + 5&» > @)

where & 4 - optical depth of fine fraction of aerosol; 0, -

optical depth of coarse fraction of aerosol.

Thus, from view—point of increasing the accuracy of
atmospheric measurements, consideration of correlation
dependences may be limited only with consideration of
correlations between internal parts of fractions for each
selected fraction. The practical benefit from aforesaid
physical feature of atmospheric aerosol is possibility of
separate statistical compensation of effect of aerosol to the
accuracy of measurements. It is obvious, that in order to
reach mathematical conditions of compensation of effects of
said fractions, the individual weight coefficients of
compensation for measuring channels involved to joint
measurements should be applied.

2.1 General solution of the problem

The conceptual block—diagram of multi—channel meter of
atmospheric components with separated application of
correction coefficients is shown in fig. 1, where assigned
numbers mean following: 1is block of opto—electronic meters

£.(4,), carrying out measurements at the wavelength A, ; 2 is

block of correcting units; 3 is block of intermediate
transformation; 4 is block of control and computing of output
parameter.

The relevant mathematical model of multi-channel
compensated meter consists of three equations:

1. Equation of transformation of the single measurement
channel:

3)
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2. Equation of intermediate transformation of output signals of channels:

2= (1) k. p 0, (2)5,

where p - coefficient of correlation between the relevant
parameters.
3. Equation for computing X .

ngo’l(li,z); i=l,n. (%)
4. Therefore, abovementioned equations (3)—(5) represent
the mathematical model of corrected meter of low gas
components of atmosphere in UV band.
As an example of realization of three wavelengths meter
we consider the variant of construction, where the equation of
intermediate transformation is as follows:

(j'j)]’ P> [54‘(ii)’5c(ﬂ’j)]}’ L, j=Ln 4)

Taking into consideration formulas (1), (2) and (6) we can
obtain following system of equations, characterizing
conditions of separate compensation of fine coarse fractions.

9,, O
¢+ 2 :5)»«,0
k, k, : o
W O -5
k /12,./
1 2

Solution of system (7) regarding k&, and k, allows to find

out factual meaning of correcting coefficients, making it
possible to carry out full separated compensation of two

. 1 11/k‘ I 3% (6) fractions of atmospheric aerosol.
12
I l I Fi) l fn
NRFORECRES £l
Iy Lig T3y Luiy
5 dini= A= G L= | 4| = (72)
=alif) | =ale. L) | =obe b =@ Ll i=1n
Now Bt Sy ey
3 Z=§ﬂ‘{f_.(21._\),k__,,5‘1,,.ﬁ‘;}; i=j=1,_-°3 "

Fig. 1. Block — diagram of multichannel corrected atmospheric measurements device.

2.2. Table type synthesis of corrected meters

Now we consider another possible method for synthesis
of corrected three — wavelengths meters based on
identification of major classification signs of correction and
composing of classification table. Major classification signs
are following:

1. Realization of multi-component or mono—component
correction:

- multi—-component correction;
- mono—component correction.

2. Types of mono—component interfractional correction:
- separated correction of effect of fractions;
- absence of separated correction of effect of fractions.

3. Quantity of used parameters of correction:

- mono—parametric correction;
- multi—parametric correction.

Aforesaid classification parameter allows to develop the
classification table and therefore to carry out table type
synthesis of all possible variants of development of three —
wavelengths meters (table 1).

Table 1
Sign 3. Sign 1. Multi-component or mono—component correction
Amount of Multi—component Sign 2. Separated interfractional compensation
correcting correction Separated compen-
parameters sation on fractions Non—compensation on fractions
Multi-parametric Ml M2 M3
Mono-parametric M4 M5 M6

Now we can characterize the possible models of
constructions of corrected three—wavelength meters,
according to models M1-M6.

It should be noted that models M4 and M6 are described
in detail in [1]. The model M2 is considered above, The
model M3 possesses surplus elements and is non—practical.

11

The models M1 and M5 represents some interest for
further research.

The analysis of conditions of full correction of effect of
separate components may be carried out as it was done for
M2. Model MS5 is of special interest, where using only one
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correcting parameter, the separated correction on fractions is
envisaged.

But researches of possibility of technical realization of
these models in detail are out of purpose of this article.

Let us consider the peculiarities of combining of
synthesized two-parametrical three — wavelengths meter with
spectrometer of DOAS type, designated for measurements of
on — earth ozone.

3. Combining of three — wavelengths corrected meter
with DOAS type device.
3.1. Using of DOAS for ecological purposes

It is well — known, that the stratospheric ozone fulfils
protection function in regard of all live organisms, due to
strong absorption of biologically harmful part of solar UV
radiation. At the same time it should be taken into account,
that ozone itself is dangerous pollutant of troposphere and
toxically effects to all live organisms. As it is shown in [4],
upon meeting of some conditions, as a result of chemical
transformation of nitrogen’s oxides, the accumulation of
ozone in the on — earth layer of atmosphere may take place,
which represents serious danger for life of humans. More
appropriate for measurements of on — earth ozone now are
meters developed on the basis of principle of differential
optical absorption spectroscopy DOAS.

Basic principle of DOAS meters is removal of low —
frequency or continual component of spectrum of absorption
of emitted reference radiation. The way of realization of this
principle may be various.

For example, there is construction of DOAS meter [5],
where low — frequency continual components of absorption
spectrum in UV band are removed by special algorithmic
processing of signal of receiver in the form of array of
photosensitive elements. In another variant of realization of
DOAS principle [6], the aforesaid low frequency continual
signal are partly removed by organization of two — step
procedure of measurements, upon which the researched route
and the reference route should be measured sequentially.
Further differential processing of two signals allows us to
calculate the total amount of researched gas along the route.
Each of aforesaid realizations of principle of differential
spectroscopy has its own shortages.

The shortage of the first realization is that full and high
accuracy electronic filtration of low—frequency signal of
linear type photoreceiver is impossible, and the second one is
high sizes of construction and effect of non — identity of
conditions of measurements during two stage
measurements procedure. But if we intent install the
stationary points of local ecological control over
accumulation of on — earth ozone near the loaded city main
roads the factor of big sizes is not so important. This negative
feature may be easily compensated with such positive feature
of the second realization of DOAS principle as possibility of
physical modeling of reference route, and also possibility of
carrying out of comparative measurements on heavy and low
polluted routes.

Carrying out of comparative measurements using the first
realization of DOAS in complicated by such factor, that using
of filtration of low — frequency components may lead to
various comparative estimates of condition of pollution on
two fixed heavy and low polluted routes. Aforesaid
conditions mainly determine choosing of second realization
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of DOAS for ecological control of level of accumulation of
on — earth ozone near the main roads.

3.2. Analysis of accuracy of combined device

Further in this paper we shell consider the possibility of
increasing of accuracy of estimates of measurement results of
DOAS of the second realization using combination of
original DOAS principle with two-parametric modification of
recently  suggested principle of three—wavelength
measurements [1].

Preliminarily we should note the approximate character of
analyses done in [3] due to following reasons.

1. In the band 280-300 nm the aerosol optical depth is
principally non—linear and depends on wavelength.

2. In the noted spectral band the optical depth of Rayleigh
scattering is also non-linear, depends from wavelength of
optical radiation and has a significant value in order to be
considered as one of factors leading to forming of error of
ozonometric measurements.

Now we would show, that combination of the DOAS
principle with two-parametric modification of three—
wavelengths principle allows us to remove fully the effect of
two above said factors to accuracy of measurements.

The simplified scheme of measurements on the basis of
DOAS principle is shown on figure 2, where numbers mean
following: 1 is reflective fixed mirror; 2 is researched object;
3 is movable mirror; 4 is photoreceiver; 5 is source of
radiation, Similar to [5], the value of signal, registered at the
input of photo receiver 4 may be calculated as:

Sl:gleillexp(—rﬁ), (®)
where g is geometric factor of passing of optical beam, not
depending from wavelength; ¥, is spectral sensitivity; R,

is coefficient of reflection of mirror; 7, is total optical

depth, determined as

Ti = Toz (/1)_{_ Tmol (/1)+ Taer (2')’ (9)

where 7, (1) is

Tmal (ﬂ)
Toor (/1) is optical depth of aerosol.

optical depth of ozone on route;

is optical depth of Reyleigh scattering;

Fig. 2. Simplified scheme of measurements on DOAS principle.
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Assume, that we carry out three wavelength
measurements of total of ozone on horizontal route. Basic
equation for these measurements is Bouger—Beer formula (1).

The common function of three —
measurements may be written as

1(4)=12)exp X -o(4)+ B4)+s ()]} a0}

F [I(/ll )’ I(/lz )’ 1(2'3 )]=

The common function of three-wavelength measurements
may be written as

1(4)" - 1(4, )
vavelengh GUYCAVES RIS S
Taking into consideration (1) and (11) we obtain
A,)"
AL e b ot (a0 )] 4 .

+k2 [XO'(/13)+ﬂ(/13)+5(ﬂ,3 ]_[Xa(ﬂz)"'ﬂ(/iz)"'&(iz)]]}

From last equation we find condition for full separate

removal of B(4,) and 5(2,), i=1,3:

kB4 )+k,B(4,)=B(4,).

k(A )+k, 5(2,)=5(4,).

(13)
(14)

Joint solution of (13) and (14) gives us the values of £,

and k,, upon which the influence of molecular scattering and
aerosol is fully compensated.
Joint solution of (13) and (14) gives following values of

k, and k,, |

F(11,12,13)=13(/11,/12,/13,k1,k2)-exp[—XAa(ﬂq,/”tz,ﬂ@,kl,kz)],

where

f "
13(/11,/12,/13,k1,k2)=w.

Aa=ka(4)+ka(i)-a(l,) .

the formula (8), the value of signal from the route at the output of photo receiver may be

Taking into consideration
calculated as follows:

S/l :gl 71 Rlla(ﬂ’l’ﬂ?’/l}’kl’kZ)'exp[_Xl Aa(ﬂ'l’ﬂ“Z’/’l’S’kl’kZ)]'

)), (15)
)

S SraG gy

Taking into consideration the strong separate correlation
between adjacent of values of ,B(ﬂ,) and 5(/1) on A upon

low differences between 4,4, and A,, we can conclude,
that parameters k, and k,, are constants, not depending from

variations of # and J.

Taking into consideration equations (13) and (14) the
formula (12) may be written as

a7

19)

(20)

Value of signal from the reference route, at the output of photo receiver may be calculated as follows:

S, =87, R (A, A, 2k k, )-ex p[- X, Aa (A, Ay, Ak ok, ) ).

S,
Then we should calculate —-:
2

S
S_ll:&'exp[_(Xl_Xo)'Aa(ﬂq’/lz’;twkl’kz)]'
2 8o

Taking the logarithm from (22), we obtain:

(22)

lnSA, —Zn&0 :ln&_AX'Aa(;tp/iz’/lwkl’kz)' (23)

&o
using following indications:
S,—=8,=2;
In8r-g

&
we have

2=G+AX Aa(A, 2, A,k k,). (24)

@n

! The most non—stable parameters in equation (24) are G
and 4 X .

In order to minimize the effect of non—stability of G and
AX to result of measurements, we can suggest, similar to

[2], carrying out of multi-wavelengths measurements and
further calculation of A X using procedure of least squares.

Using of method of least squares allows to obtain
following estimates for 4 X and G :

AX:DZ,A&/DAa,Aa s

G=z-Aa-AX,
where

D, ,.=(z-2){4a-4a) .
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Conclusion. method uses triads (/11._1,/1,.,/1”1) of wavelengths, elements
Above mentioned mechanism of application of two-

parametrical correction is a universal principle and may be

used also in the bands of visible and infrared wavelengths by

the aim to neutralize the effect of various continual lines of

absorption.

of which are also elements of set of wavelengths method of
measurements.

As a conclusion, we should note, that the three—
wavelengths principle of two-parametrical correction of
" ) ) measurements also may be used in DOAS meters with
Joining of three-wave and multi-wavelengths methods in ¢ jecronic filtration of low frequency components, which

Fhls reahz;ltlon bOf mfelellsildrements schemg does noF lead ,tg indicate the universal character of proposed modification of
increase of number of held measurements in comparison wit DOAS technology.

the same parameter in [2], because the three wavelengths

[11 Kh.G. Asadov and A.A. Isayev. General Theory of three — [4] T.4. Trifonova, N.V. Selivanova, N.V. Mischenko.

wave ozone measurements. Measurement Techniques, v. Applied ecology. M. Tradition, 2005,361 (In Russian).
48, n.8, August, 2005. New — York. [5] S.S. Kmelevtsev, V.A. Korshukov, A.M. Vdovenkov.
[2] N.T. O’Neill, T.F. Eck, B.N. Holben, A. Smirnov and O. Ultraviolate band route gas analyzer «DOAS — 4P».
Dubovik. Journal of Geophysical Research, v. 106, n. D9, [6] Aliaksandr Krasouski, Leonid Balatsko, Alexander
p- 9787 — 9806, May 16, 2001. Liudchik, Victor Pakataskin. Surface ozone DOAS
[31 A. Smirnov, B.N. Holben, O. Dubovik, N.T. O’Neill. measurements comparision with the instrument
Journal of the Atmospheric Sciences. v. 59, February measuring local ozone concentrations.

2002, p. 620 — 634,
H.H. 9sadov, T.M. Oliyeva, S.T. Siileymanov, i.S. Moharromov

ATMOSFERDO OLAN KIiCiK QAZ IgOMPONENTgaRiNiN VO AEROZOLUN UCDALGALI TOSHIiH
EDILMIiS OLCMO QURGULARININ SINTEZi

Maqalads riyazi modelin yaradilmasi va tesnifat cadvalinin tortib edilmasi yolu ilo atmosferds olan kigik gaz komponentlorini va
aerozolun tashih edilmis {igdalgali 6lgma qurgularinin sintezi miimkiinlityli nozarden kegirilmisdir.

Bu ciir sintez atmosferin kigik qaz komponentlari vo aerozolun iigdalgali 6lgms qurgularinin bir ne¢a yeni variantlarinin yaradilmast
miimkiinlitylinii géstormisdir.

Homginin molum “Differensial Optik Absorbsion Spektrometriya” metodunun iigdalgali 6lgmo metodu ilo kombinasiyasi imkani
nozordon kegirilmisdir. Gostorilmisdir ki, iki metodun kombinasiyasi gohor miihitinds olan yerdistii ozonun imumi miqdarin1 daha doqiq
miioyyanlogdirmays imkan verir.

X.I'. AcagoB, T.M. Anmesa, lII.T. Cyaeiimanos, U.11I. Mareppamosn

CHUHTE3 TPEXBOJTHOBbIX CKOPPEKTUPOBAHHbIX U3MEPUTEJIEM MAJIBIX T'A30BBIX
KOMITOHEHT U A9PO30JI51 ATMOC®EPBI

B crartbe «CuHTE3 TPEXBOJHOBBIX CKOPPEKTHPOBAHHBIX H3MEPHUTENEH MajblX KOMIIOHEHT M a’3po30iisi atMoc(epbl» paccMOTpEeHa
BO3MOJKHOCTb CHHTE3a CKOPPEKTHPOBAaHHBIX TPEXBOJHOBBIX H3MEpHTENell MaJbIX KOMIIOHEHT armocdepbl Ha OCHOBE CO3JaHHs
MaTeMaTHIECKOH MOJEIH, a TAKXKE COCTABICHHS KIacCU(HUKAIIMOHHOM Tabnumbl. OCyIeCTBICHHBI CHHTE3 TO3BOJISIET BBIBUTD PS HOBBIX
BapUAaHTOB IOCTPOCHUSI TPEXBOIHOBBIX HM3MEPHTENCH MalbIX Ta30BBIX KOMIIOHEHTOB aTtMocdepsl. Takke paccMOTpeHa BO3MOXKHOCTh
xomOunmnpoBanust JJOAC (muddepennnansras ontudeckass aOCOpOIMOHHAS CHEKTPOMETPHS) U3MEPHUTEIS C TPEXBOJIHOBBIM U3MEPHUTEIEM
JByXIIapaMeTpHIecKoil koppeknueil. [Toka3aHo, 4To Takoe KOMOMHHPOBAHUE BYX U3BECTHBIX METOJOB IT03BOJISIET HOJyUHUTH OOJIee TOYHBIE
OLIEHKH OOLIEro KOJMYeCTBa 030Ha B IIPU3EMHOM CJI0€ aTMOC(EpEL.

Received: 14.01.09
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DISTRUBUTION OF NATURAL RADIONUCLIDES IN CENTRAL REGIONS OF
AZERBAIJAN

Sh.M. ABBASOV, B.A. SULEYMANOYV, A.J. MIKAILOVA
Institute of Radiation Problem, Azerbaijan National Academy of Sciences

In the suggested article distribution of natural radionuclides in Mingechevir — Kur lowland. The was in investigated quantity of
radionuclides (Ra - 226, Ra-228, K - 40, Cs - 137) in soil and water samples determined by gamma-spectrometric methods.

Introduction

Water is the most spread natural resource on the earth. It
plays a vital role in both environment and human life. Among
all fresh water resources, groundwater is the most widely
distributed one on the earth. The rise and decline of
civilizations was connected to climatic changes which, in its
turn, controlled the natural recharge of aquifers and regulated
the pollution of groundwater and soils.

Activity of rock, process increasing alkalify of soil by
ground water sorbsion of radionuclides in soil and other
factors impact to the specific activity of natural radionuclides
in soil. Energies of y — rays penetrate natural radionuclides
not below 2.6 MeV and are partially sorbed by soil. The basic
radiation particles by a terrestrial surface are radionuclides
with thickness 30 cm of ground.

In several zones of Azerbaijan (especially in central Aran
regions) geological, ecological process that happen in
environment and ground waters rise to the surface and af the
result controls irrigation in agriculture at the of this mineral
composition changes upper surface layer and therefore
condition appear for of the appearance radionuclides in
solution situation which situated in upper surface and mixing
with surface water. Analyzes of radionuclide composition
ground water allow getting information about environmental
pollution in such areas.

Recently radon-222 produced through o-decay of
radium-226 with a half-life of 3.8 days has found an
increasing use in geothermal investigations. The amount of
radon-222 reaching a well discharge depends largely on the
distribution of radium-226, present in the rock matrix or
dissolved in the water. Radon transients measured after rapid
variations in flow rates allow conclusions making on the
distribution of liquid and vapor phases underground and
processes accompanying vapor formation, especially in
vapor-dominated systems. Natural radon concentration is
always in excess in lake waters with respect to the radioactive
equilibrium with the parent, because it is introduced into the
lake also by groundwater and by release from bottom
sediments. These factors, which cannot be controlled, make
the dissolved environmental radon generally impracticable
for gas exchange investigations in lakes.

First of all the aim of this work is to determine the
quantity of radionuclides and theirs distribution in the
Mingechevir Kur lowland which 1is selected for
investigation.

Materials and methods

Environmental isotope analyses provide information on
the origin and the age distribution of ground waters and
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therefore are a well suitable toll for the study of fractured
systems in hydrology, especially if one considers that other
hydrological tools can only be employed with difficulty. For
these reasons, it is expected that isotope studies in quartz
hydrology will expand markedly in the near future in close
connection with refined temperature and conductivity
measurements and with determination of major ions. Rivers
of Azerbaijan carry large quantity of sediment, which leads to
erosion in the river basins. The river water is polluted by
impact of human factors and at the result of drainage of salty
underground waters in plain areas the salinity increases, the
chemical structure becomes complicated and the water type
changes. These cases are observed in Shirvan. in the streams
of Kur flowing along Mil-Karabagh lowlands as well as in
Kur itself and also in Araz river.

Picture 1. Gamma — spectrometer

Their average annual pollution rate changes from 0.07 to
9 kg-1 cubic meter per region. The Kur river is the largest
river of Azerbaijan. It stretches for 1,515 kilometers and
covers an area of 188 thousand sq. km. Kur originates from
the Hel river in Turkey, runs through Azerbaijan and flows
into the Caspian Sea in south-eastern part of the country.

Canals of the Azerbaijan Republic are the main sources
of irrigation. Canals used for the said purpose extend to
47058.8 kilometers, with canals, used by several farms,
accounting for 8580.3 kilometers and those used only by one
farm-for 38478.5 kilometers.

In the investigation area some samples have been taken
from drinkable and agricultural waters. This samples have
taken from artizan and subartizan water in Mingechevir - Kur
lowland and from High Garabag and High Shirvan channels
which takes its source from Mingachevir lake and Kur and
Alijan river .
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Samples have been taken from different places of
settlement and villages which border other regions generally
26 (water and soil) and have been prepared for the analysis
on standard methods. Samples of ground have been dried up,
cleared and homogenized. Then the sample of ground have
been shifted through a sieve and have been put in marinelly.
For creation of radioactive balance the samples of ground in
marinelly were stored for a month. Measurement was
conaneted by very sensitive gamma - spectrometer and
detector RAD-7. Spectrum of samples was removed within 4
hours by gamma — spectrometer.

Nowadays samples have been taken from artizans and

subartizans which are situated in different depths in
Mingechevir - Kur lowland and have been analysed. Artizan
water is used for drinking, but subartizan waters are used
either for drinking or in agricaltural.

Results and discussion
Results of radionuclid analysis of artizan and subartizan

waters, ground and soil samples which had been taken from
investigation areas were shown in table 1,2 .

The results of analyzes in ground water sample were shown in table 1.

Table 1.
Places of taken ground “®Ra K BCs depth. m
water sample (BK/L) (Bk/L) (BK/L)
Agdash region 0.20+0.1 12,42+0.56 <1.0 2.3
Agcabedi region <1.36 <9.24 <1.28 1
Geychay region <1.2 <9.23 <0.56 2
Barda region 0.394+0.150 15.6+1.4 <0.394 1
Zardab region <0.54 12.96+1.38 <0.40 1.5
Yevlakh region 1 <0.80 <19.6 <1.68 2
Yevlakh region 2 <1.62 6.2+1.2 <1.2 2.5
The results of analyzes in soil sample were shown in table 2.
Table 2.
Places of taken “Ra Z2Th WK B7Cs
soil sample (Bk/ka) (Bk/ka) (Bk/kq) (Bk/kq)
Agdash region 35.8+£0.8 51.6+1.6 883.0+19.2 <1.7
Agcu region 28.0+0.12 43.2+£24 758.0 £20.0 <2.0
Geychay region 29.2+0.8 424+14 690.0 = 16.0 <14
Barda region 26.8+0.8 322+14 606.0 + 14.0 <1.2
Agcabedi region 204+ 1.0 260+ 14 518.0+ 14.0 <1.5
Zardab region 242+ 0.8 31.0+ 0.8 588.0+ 16.0 <0.8
Yevlakh region 1 48.6+6.8 16.0+ 0.6 357.8+ 84 <0.78
Yevlakh region 2 320+1.0 88+1.0 262.6 +10.6 <1.06

Typical y-specters observed in water samples was shown in table 1.
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Fig. 1. Typical y-specter observed in water samples

Conclusion

occurred in the Mingechevir - Kur lowland.

Radionuclide composition of ground water and upper
layer of soil and artisan water in the Mingechevir - Kur
lowland of Azerbaijan Republic was investigated.

Result of analyses shows artificial radionuclides hasn’t

The taken samples from the Mingechevir - Kur lowland
change in (0.16 Bk/l — 433 Bk/kg) this range.

Results of investigation in the Mingechevir - Kur
lowland show the results of analyses suitable international
norm and water and soil is useful in the areas
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The growth of InGaPN epitaxial layers on silicon substrates by metal-organic vapour phase epitaxy using dimethylhydrazine,
trimethylgallium, trimethylindium and phosphine precursors is reported. In order to reduce interface problems connected with hetero-bonds
and antiphase domain formation, a very thin buffer layer of GaP has been grown on the hydrophobic silicon surface. The layers are prepared
at temperature of 630°C and have been characterized by high-resolution X-ray diffraction, atomic force microscopy, photoluminescence and
Raman scattering. The growth occurs through 3 dimensional processes. Mean surface roughness as high as 20-30 nm is observed and phase

separation is evidenced.

1. Introduction

The development of devices based on III-V
semiconductors is still hindered by the high cost mainly due
to the substrate. Researchers have been working during a
period of twenty years or more in order to use silicon as a
substrate, but this opportunity has been and is frustrated until
now by the presence of lattice mismatch and related extended
defects.

Recently, the discovery that III-V alloys containing
nitrogen have a strong bowing parameter has given new hope
to this research; both families of InGaPN and GaPAsN,
having mixing either on both sublattices or only on that of V
element group, are able to match precisely Si substrates and
in principle they can span an energy gap value ranging
approximately from 2.2 to 0 eV, useful for any class of
application from solar cells to field effect transistors [1].
Unfortunately, dilute nitrides still have a lot of problems
which need to be solved concerning growth process and
physical characteristics.

GalnPN alloys can be grown lattice matched to silicon
substrate while varying the band-gap by the balanced
modulation of the [N]/[In] ratio. GalnPN alloy, with a band-
gap of about 1.7 eV, can therefore be lattice matched to Si,
and is an excellent candidate for the realization of high
efficiency multiple junction solar cells. Y. Fujimoto et.al. [2]
have reported for the first time the growth by solid source
Molecular Beam Epitaxy of dislocation free InGaPN/GaPN
quantum well structure on Si substrate.

The growth of this material by Metal-Organic Vapour
Phase Epitaxy (MOVPE) is not an easy task, as it is known
that the presence of indium reduces the nitrogen
incorporation ratio in this type of alloys [3]. Sanorpim et.al.
[4, 5] grew lattice matched InGaPN alloys on GaP substrate
by using various ratios of In and N content and characterized
the epitaxial layers by various techniques; they showed that
the N content decreased from 2.6 % to 1.6% while the In
content was increased from 0 to 10.9 %,

Another problem related with heteroepitaxy originates
from the different lattice constant and thermal expansion
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coefficient of the epitaxial layer and of the substrate. It can
cause a transition from 2D to 3D growth modes (Stransky-
Krastanov mechanism).

A most important effect concerns the composition
modulation of the alloy films or even a phase separation.
Several variables are responsible for this effect: sizes of the
different alloy species, average misfit with respect to the
substrate, relative mobilities of the different alloy species,
bond energies and of course deposition variables such as
deposition rate and alloy composition [6, 7]. For dilute III-V
nitrides, in case of phase separation, the lattice mismatch
does not only occur with the underlying substrate but also
laterally between N-rich and N-poor regions within the film
[8]. It has also been shown that the incorporation of indium in
III-V alloys facilitate 3D growth and pit formation [9].

The use of non-polar substrates such as silicon substrates
for instance adds an extra difficulty: the possible presence of
anti-phase domains.

To our knowledge, there is no complete report about
MOVPE growth and characterization of InGaPN on Si
substrate; in this paper we report on our preliminary results
on this subject. Several InGaPN layers with different N
content were grown on Si substrate using MOVPE technique
and characterized by high-resolution X-ray diffraction (HR-
XRD), atomic force microscopy (AFM), photoluminescence
(PL) and Raman scattering.

2. Experimental Procedures

All the InGaPN alloy films were grown by low-pressure
(46 torr) MOVPE. Trimethylgallium (TMQG),
Trimethylindium (TMlIn), Dimethylhydrazine (DMHy) and
phosphine were used as the source materials for Ga, In, N and
P respectively, and hydrogen was used as carrier gas. Before
the growth, (100) silicon substrates were degreased and
chemically etched using the method described by Ishizaka
and Shiraki [10] and then immediately placed in the reactor
chamber. Thin (nominally 20 nm) GaP buffer layers were
grown on Si substrate at 650°C in order to suppress the
generation of threading dislocations, since GaP has a small
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lattice mismatch of about 0.4% with Si. [11] After GaP
deposition the substrate temperature is decreased to 630°C
under DMHy and PHj; flows and 350 nm thick Ga,_JInyP ;N
epitaxial layers were grown for 15 minutes at this
temperature. After the growth the samples are cooled down to
room temperature in PH; and DMHy atmosphere.

For comparison we have also grown samples on (100)
semi insulating GaAs and GaP substrates simultaneously
with samples on Si.

Structural characterization has been done by high-
resolution X-ray diffraction (HR-XRD) by using an X’pert
Philips apparatus.

Surface morphology changes due to incorporation of
nitrogen were characterized using a Digital Nanoscope Illa
atomic force microscope.

The photoluminescence was excited by either the 488 nm
line of a continuous argon laser or the 337.1 nm line of a
Photonics LN 1000 pulsed nitrogen laser. The argon laser
excitation power level was below 100 mW for a spot
diameter about 1.5 mm. The nitrogen laser pulses had 0.6 ns
width and 1.4 mJ energy. The photoluminescence was
dispersed using a Horiba Jobin Yvon HR460 monochromator
and detected by a multi-channel CCD detector (2000 pixels).
Emitted light was collected from the same side as the
excitation by an optical fibre placed at about 1 cm from the
sample surface. Temperature dependence of the emission was
analyzed from 4 to 300K in a temperature controlled Janis
Supertran-VP system. The setup has a resolution of 0.3
nm/point for slits narrower than 30 um.

Raman measurements were performed with a Horiba
Jobin Yvon LabRam apparatus, in the Physics Department of
the University of Parma, using a He-Ne laser emitting at 632

nm and a Z(—,—)Z scattering geometry. The laser spot
diameter is about 1 pm and the spectral resolution is
estimated about 2 cm™'. The measurements were performed at
room temperature between 20 and 1100 cm™.

3. Results and Discussion

3.1 High-resolution X-ray diffraction
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Fig. 1. HR-XRD pattern of a 420 nm thick GaInPN layer on
silicon substrate.
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Fig. 1 shows part of the X-ray diffraction pattern of a
420pm thick GaInPN film on silicon substrate. The sharp
peak is due to the (004) reflection from the silicon substrate
while the broader one is the corresponding peak of the layer.
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Fig. 1 clearly shows that the layer is not lattice matched to the
substrate. The lattice mismatch Aa/a measured for layers
grown on silicon substrate is 0.66 % while it is 3.3 % for
layers grown on GaAs substrates.

The full width at half maximum of the GalnPN peak in
fig. 1, about 680 arcsec, shows that the layers grown on
silicon substrates exhibit a reasonable degree of crystallinity.
If islands are present, they are only slightly misaligned.

3.2 Atomic force microscopy

Figs. 2 (a) and 2 (b) show AFM images of GalnPN
samples that are simultaneously grown on Si and GaAs
substrates. It can be observed that in both cases the growth
occurs through the formation of 3D islands. The surface
roughness of the samples grown on Si substrates is about 2-3
times smaller than that of samples grown on GaAs, and in
any case it increases when increasing the nitrogen
concentration in the gaseous phase.

™

0.0 pm

125 nm

=108 nim
a)

20 40 G
|

21%nm

=BT nm
b)
Fig. 2. AFM images of GaInPN layers on (a) silicon substrate,
(b) gallium arsenide substrate.

This behaviour can be understood assuming that the
lattice mismatch with the substrate plays a prevailing role on
heteroepitaxial growth conditions. As regard the role of
nitrogen concentration it is possible to suppose that during
deposition of the layer at the beginning the adatoms migrate
to form N-rich and N-poor regions, driven by spinodal
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decomposition. With further deposition, i.e. when the
thickness increases, the lateral strains between these
neighbouring regions increase substantially increasing the
surface roughness [8].

3.3 Photoluminescence
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Fig. 3. PL spectra at 5K of GaInPN layers excited by the
337.1nm line of a nitrogen laser. For clarity, the middle
and upper spectra have been shifted upwards by 1.5 and
3 a. u. respectively. The upper spectrum concerns a layer
grown on GaAs substrate while the two lower ones
concern layers grown on silicon substrates.

Fig. 3 shows the overall photoluminescence spectra of
three samples, one grown on GaAs substrate and the two
others grown on silicon substrates, excited by the 337.1 nm
line of a nitrogen laser. The spectra are dominated by
relatively sharp lines around 3.3eV and 1.5e¢V. The lines at
about 3.3eV are excitonic transitions originating from GaN-
like regions of the samples. One could wonder whether these
GaN-like regions consist of zincblende or wurtzite type of
GaN. In fact the PL line in our samples lies at an energy in
between those observed in zincblende and wurtzite type
GaN."” Most likely, it corresponds to the emission of
wurtzite GaN like regions suffering tensile strains. The PL
spectrum of the sample grown on GaAs substrate shows two
relatively sharp lines around 1.5eV. The highest energy one is
due to the emission of the GaAs substrate. The other “sharp”
line around 1.5¢V is probably due to InP-like regions of the
layers. These lines are at higher energy than the excitonic
lines in bulk InP; this could be due to the fact that the InP-
like islands in our samples suffer compressive strains. In this
respect, it is of interest to note that in the layers grown on
silicon substrate, this line is at higher energy than in the layer
grown on GaAs substrate; this could be due to the fact that
InP has a higher lattice mismatch with silicon than with
GaAs. The band-gap of InN is still a subject of debate, but it
should be noted that one report mentions that the band gap of
zincblende InN is about 1.4eV at room temperature.'”
Therefore zincblende InN could be an alternative to InP for
explaining the sharp lines around 1.5¢V. However, InN
should be submitted to tensile strains in our layers that should
be larger in the samples grown on GaAs substrates than in the
samples grown on silicon substrates; therefore, in the InN
islands hypothesis, one would expect the “sharp” line
observed around 1.5eV in our samples to be at higher energy
in the layers grown on GaAs than in those grown on silicon
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substrate that contradicts the experimental observation. We
therefore favour the InP islands hypothesis.
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Fig 4. PL spectra at 5K excited by the 488 nm line of an
argon laser of GalnPN layers (a) on gallium arsenide
substrate, (b) on silicon substrate.

Apart from the relatively sharp lines discussed above,
fig.3 evidences broad PL bands in our sample. In the sample
grown on GaAs substrate, this band is at the high-energy tail
of the 1.5eV lines whereas, in the samples grown on silicon
substrates, it is at the low energy tail of the 3.3eV line. This
seems to indicate that the PL in the sample grown on GaAs
substrate originates from indium rich regions of the samples
whereas it comes from gallium rich regions in the samples
grown on silicon substrates. These broad PL bands contain
some sharp features. Fig 4 (a) shows such features observed
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in samples grown on GaAs substrate and fig 4 (b) shows
those observed in samples grown on silicon substrates.

One should be careful when analyzing the spectra shown
in fig. 3 and in particular the intensities of the various
features evidenced in these spectra. PL is not a quantitative
technique because it is strongly affected by the non-radiative
recombination centres present in the material. The
concentration of these non-radiative centres could be much
larger in the alloyed regions than in the GaN-like ot InP-like
islands. Therefore, the fact that the “sharp” PL lines around
3.3 and 1.5 eV seem to dominate the spectra shown in fig. 3
does not mean at all that the layers consist mainly of GaN-
like and InP-like islands. It is also important to notice that PL
can evidence mainly direct band-gap material; therefore the
composition range corresponding to indirect band-gap
material cannot be evidenced from PL spectra.

The photoluminescence measurements clearly evidence
that phase separation occur in our layers. The appearance of a
GaN-like phase has also been reported for GalnAsN layers
grown by molecular beam epitaxy on GaAs substrates [14].

3.4. Raman scattering

Fig. 5 shows the Raman scattering spectra on the one
hand of a silicon substrate and on the other hand of GalnPN
layers grown on both silicon and GaAs substrates. Apart from
the phonon modes due to the substrates, two modes are
observed at 364 and 401.8 cm™ that are GaP-like transverse
(TO) and longitudinal (LO) optical phonons respectively.
Weak overtones at 715 and 779 cm™ are also visible in the
spectra of the layers grown on silicon substrates; they are not
observed in the layers grown on GaAs substrate because of
the strong substrate photoluminescence. There is no evidence
of the presence of indium, such as reported by Peternai
et al. [15] for instance, in these Raman scattering spectra.

L0 (GaP) —s

TO (GaP)
. LO (Gass) \
3 \
[}
> r l InGaPN on GaAs
= TO (Gahs)
g \
= '], |
E J,JM \JL/ —, InGaPN on i
1 7
& /

GaP overtones

-

Si substrate
1

1000

400 800

Raman shift (cm")

Fig. 5. Raman scattering spectra at room temperature of: a
silicon substrate, a GaInPN layer grown on silicon
substrate and a GalnPN layer grown on gallium
arsenide substrate.

Fig. 6 shows the Raman scattering spectra on the one
hand of GaP substrate and on the other hand of a InGaPN
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layer deposited on this substrate. Indeed, the spectra are
dominated by GaP-like phonons as it was already observed in
fig. 5. However, smaller features are observed between the
GaP phonon modes and their overtones.

GaP substrate-20 sec.
InGaPN/GaP-20 sec.
InGaPN/GaP-100 sec.

Raman intensity (a.u.)

400 600

Raman shift (cm”)

Fig. 6. Raman scattering spectra at room temperature of: a
gallium phosphide substrate and a GaInPN layer grown
on gallium phosphide substrate. The times indicated in
the figure are the acquisition times of the experiments.

Two modes at 498.9 and 465 cm’, which are not
observed in the substrate spectrum, are observed in the layer
spectrum. The mode at 498.9 cm” can be assigned with
certainty to the '*N nitrogen isotope in a GaP-like
environment. Thomson and Newman [16] identified the "N
local vibrational mode at 496.1 cm™ in GaP by absorption
spectroscopy at 77 K. A similar mode has been reported at
497.3 cm” by Raman spectroscopy at room temperature in
GaPg979Ng 021 [17]. The observation of this mode in our layers
clearly evidences the presence of nitrogen in the GaP-like
phase and therefore that it should more appropriate to label it
GaPN-like phase.

The mode at 465 cm™ is reminiscent of the mode that had
been first observed by Raman scattering at 464.5 cm™ in GaP
by Hon et al. [18] These authors originally suggested that
oxygen or nitrogen could be responsible for this mode, but it
has been clearly demonstrated later on that it was due to *Si
at gallium sites [16]. Therefore, the observation of the mode
at 465 cm’ in our samples suggests an unintentional
contamination of our layers by silicon [19]. It is not clear
what could be the origin of this contamination. As an
alternative interpretation of the mode at 465 cm™ in our
samples, one could think at a mode due to '*N having not
only gallium first neighbours, but for instance a mixing of
gallium and indium first neighbours or a nitrogen pair. In
such cases, the local symmetry would be lower than T4 and
several modes should be observed that is not the case in our
observations.

An interesting feature is the mode at 605.6 cm™ that is
due to unintentional carbon impurities at phosphorus sites in
GaP [16]. This mode is observed in the substrate; as a matter
of fact, it is known that GaP substrates grown by liquid
encapsulation Czochralski technique contain unintentional
carbon impurities and that this local mode is commonly
observed in them [20]. The important issue is that the
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intensity of this mode is not larger in the layer spectrum than
in the substrate one. This means that, even though organo-
metallic precursors used for the growth of the epitaxial layer
contain carbon, they do not induce a noticeable carbon
contamination of the layer.

Therefore, Raman scattering experiments have evidenced
the presence of GaP and/or GaPN phases in our layers. No
evidence of the presence of indium or GaN-like phase in the
layers comes out from them; this contrasts with the
photoluminescence experiments. It has to be recalled that the
Raman scattering experiments have been performed using an
helium-neon laser; the energy of the photons emitted by this
laser, about 2 eV, is close to the low energy tail of the GaP or
GaPN absorption edge. Therefore the use of this laser favours
the observation of GaP and GaPN-like phases in the layers.
GaN is too transparent at 2 eV for the helium-neon laser
beam interacting efficiently with this material and InP, which
has a direct band-gap, is too absorbing at 2 eV for allowing to
evidence InP Raman modes.

4. Conclusion

We have grown InGaPN alloys by MOVPE on GaAs,
GaP and silicon substrates and analyzed the layers by
complementary techniques : HR-XRD, AFM, PL and Raman
scattering. The layers grown on silicon substrate are slightly
lattice mismatched (0.66 %). It appears that the growth
occurs through 3D processes and that the layers consist of
relatively well oriented islands. The islands are larger for
layers grown on GaAs substrates than for layers grown on
silicon substrates. Composition modulation and phase
separation occur; GaN, InP and GaPN -like phases are
evidenced. No carbon contamination due to the use of
organo-metallic precursors has been detected, but the
observation of a local vibrational mode at 465 cm™ suggest
the contamination of the layers by silicon.
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METAL-ORQANIK QAZ FAZA EPITAKSiYA METODU iLO YETIiSDIiRILMIiS GaInPN/Si
HETEROSTRUKTURU

Metal-orqanik gaz faza epitaksial (MOGFE) tisulu ils silisium altlig1 iizarinde InGaPN epitaksial tobaqasi yetisdirilmisdir, bu zaman
element monbayi kimi Dimetilhidrazin, Trimetilgallium, Trimetilindium vo fosfin istifado olunmusdur. Heterorabitalorin vo antifaza
saholorinin yaranmasi ilo bagl olan interfeys problemini azaltmaq moqsadils hidrofob silisium altlig1 tizerinds ¢ox nazik GaP bufer tobaqosi

yetigdirilmisdir.

Tabagoaler 630°C —ds hazirlanmis vo yiiksok hessas rentgendiffraktometr, atom —giic mikroskopu, fotoliiminessent vo Raman metodu ilo

xarakterizo olunmusdur.

Yetisdirmoa 3 6l¢iilii qaydada getmisdir. Miisahido olunmusdur ki, soth kala-koétiirlityli 2-30 nm —don ¢oxdur vo materialin faza ayrilmasi

bas verir.



GalnPN/Si HETEROSTRUCTURE GROWTH BY METAL-ORGANIC VAPOUR PHASE EPITAXY

C. Aoagyanaesa, H. Mycaesa, P. /I:ka60apoBs, K. Ilesaocu, :xx. Arronunun, M. bo3u, b. Knep:kayn, I1. bennasoya,
K. Baproy, I'. AckepoB

TETEPOCTPYKTYPA GalnPN/Si, BBIPAIIEHHOI'O METOA0OM METAJIJIOPTAHUYECKOT' O
XUMHUYECKOI'O I'A30BOI'O OCA’KJIEHU S

Bripamens! snurakcuanbable ciod InGaPN Ha KpeMHHEBOH MOUIOKKE METOAOM METATIOPTaHUYEeCKOTO XHMHYECKOTO T'a30BOTO
OCaXKIEHHS, HCTIONb3YSI HCTOYHUKH AUMETHITHAPA3HHA, TPHMETHI TaJUTNyM, TPUMETHINHANYM U GochuH.

Jnst Toro, 94ToOBl yMEHBIINTH NPOOIEMBI HHTepdelica, CBSI3aHHBIE C 00pa30BaHMEM TeTepOCBs3ed M NMPOTUBOGA3HBIX ObJacTel, Ha
TIOBEPXHOCTH rHAPO(OOHON ITOUI0KKH KPEMHHUS BBIPAILCH OYeHb TOHKHUIT Oy pepHslit cioit GaP.

Cron mpuroToBiieHsl npu Temnepatype 630°C m mcciieoBaHbl ¢ MOMOINBIO PEHTTeHOAU((PAKTOMETpa C BBICOKHM pPa3peIICHHEM,
aTOMHO-CHJIOBOTO MUKPOCKOIa, (poToNOMUHECHIGHIIMK U PamaHoBCKOro MeToa.

BripamyBanne mpoucxoamino B TpexmepHoM nopsiake. Habmonanack mepoxoBatocts noBepxuoctr 6ombuie 20-30 HM. OGHapyxeHO
(a3oBoe oTIENEeHNE MaTepUaa.
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SU(3)c x SU(3). x U(1) xU{1) MODEL OF ELECTROWEAK INTERACTION AND
ELECTRIC CHARGE QUANTIZATION

O.B. ABDINOV, F.T. KHALIL - ZADE, S.S. RZAEVA
Laboratory of High Energy Physics
H.M. Abdullayev Institute of Physics NAS of Azerbaijan Republic,
AZ-1143, Baku, H. Javid ave., 33

The possibility of construction of the electroweak model based on spontaneously broken gauge SU(3)c x SU(3), x U(1) x U1(1) group
symmetry has been investigated. In case of arbitrary values of hypercharges of Higgs and fermion fields, expressions for gauge bosons
masses, eigenstates of neutral fields, and expressions for the interactions among the charged vector fields with leptons and quarks are
obtained. The expressions for charges of leptons and the quarks, testifying to the natural solving of the electric charge quantization problems
in the considering model are obtained. Influence of Higgs fields on particles charges "formation" and on electric charge quantization are

shown.
1. Introduction

The SU(3)c x SU2), x U(1)y Standard Model (SM) [1]
of the strong and electroweak interactions, with the
SU2), x U(1)g symmetry spontaneously broken down to the
U(1), of electromagnetism, is an excellent description of the
interactions of elementary particles down to distances in the
order of ~10™"%cm.

Though the Standard Model is a good phenomenological
theory and coincides very well with all experimental results
[2], it leaves several unanswered questions which suggest that
SM should be an effective model at low energies, originated
from a more fundamental theory. Some of the unexplained
aspects in SM are: the existence of three families [3, 4], the
mass hierarchy problem [3, 4], the quantization of the electric
charge, the large number of free parameters to fit the model,
the absence of an explanation for the matter anti-matter
asymmetry, the fact that the SM says nothing about the
stability of the proton, gravity cannot be incorporated as a
gauge theory it cannot account on the neutrino deficit
problem etc.

A very common alternative to solve some of these
problems consists of enlarging the group of gauge symmetry,
where the larger group embeds properly the SM. For
instance, the SU(5) grand unification model [5] can unify the
interactions and predicts the electric charge quantization,
while the models based on Eg group can also unify the
interactions and might explain the masses of the neutrinos
[6], and etc. [7]. Supersymmetric and superstring theories
give the elegant solution of the hierarchy problem.
Possibilities to solve the problem of electric charge
quantization in the framework of SM are considered in [8]. A
very interesting alternative to explain the origin of
generations comes from the cancellation of chiral anomalies
[9]. In particular, the models with gauge group
G331=SU(3)c xSU(3), x U(1)x , also called 3-3-1 models [10-
13], arise as a possible solution to this puzzle, since some of
such models require the three generations in order to cancel
chiral anomalies completely. An additional motivation to
study this kind of models comes from the fact that in these
models there are some progress in the solving such of
problems as lepton charge violation [10,14,15], the families
problem [13,16,17], neutrino mass [18], electric charge
quantization [19], P - parity violation in nuclear transitions
[20].
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In [21] it has been shown, that gauge group Eg x Eg or
SO(32) is free from anomalies, and comprises all type of
interactions, including gravitation. Further the group Ej
breakdowns to E5 with N=1 local supersymmetry. In the low
energy limit the group Es contains at least one additional
U(l) factor [22]. Hence, investigation of the electroweak
interaction models with the additional U(7) group symmetry
represents interest.

Note, that the possibilities of construction of electroweak
interaction models (both usual, and supersymmetric) based
on SU2), x U(l) x UYl) group symmetry have been
considered in [23-31]. In this paper the possibility of
construction of the electroweak model based on
spontaneously broken gauge SU(3)c x SU(3), x U(1) x U11)
group symmetry has been investigated (3-3-1-1 — model).
Taken into account the parity invariance of electromagnetic
interaction, the expressions for charges of leptons and the
quarks, testifying to the natural solving of the electric charge
quantization problems in the considering model are obtained.
Influence of Higgs fields to the particles charges "formation"
and to the electric charge quantization are investigated.

2. Model structure

The electric charge is defined in general as a linear

combination of  the diagonal generators of
SU3)cxSU3), xU(1) x U{1) group
Q:af3+ﬂf8+Xf+Xf, (1)

ith T, = Ldi (1,-10), T, L
with 1; =—diag\l,-1,0), Iy = lag
2 23

the normalization chosen is T r(T ey ) = Eéaﬁ ,

(1,1, - 2) where

I=diag(1,1,1) is the identity matrix. The value of the & and S
parameter determines the fermion assignment and it is
customary to use this number to classify the different models
(see, for example [32]).

The hypercharges of fermions as well as the Higgs fields
are defined as

Y=pT,+XI,+X1,. ()
Some part this hypercharge (X) causes interaction with

Maxwell field B, and other part (X ) - with the another
Maxwell field C, .
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Lagrangian describing interacting Young — Mills fields

- ’ 0 ’ - 4
x=lx F3x, x) p=|p® 13X, X)), n=|n" |~(13X,X")

W.., Maxwell fields B,,, C,, and Higgs fields look likes
L=Lyy+V, @)
x’ p*
XO p!+
In this case
Visn,p)=Vy+V,.
Where
Vkin = (DlttZ)+(D/tZ) + (D#n)+(D,¢77) + (D/lp)+(D;tp)

)

The covariant derivative of the triplet is given by

D,=o,-igt w, —igT,XB, —ig"T,X'C,, (6) |

where V- the part of lagrangian , responsible for the Higgs
fields.

Let's consider the case when symmetry is broken by
three fields

0

n
“4)

‘0

n

| where T, (a=1,...,8) are the SU(3), generators, and
1

75

1
such that Tr(TaTb): —0u, (ab=12..9) ;g g" and g”
2

T, = diag(],],],l) are defined

— coupling constants.

Note, that similar structure of Higgs fields in the
frameworks of SU(3)c x SU(3), x U(l) models have been
considered in [33], where

Veo=mwn' n+uwp p+usy x+4,0'm)" + 4,0 p) +

+ (0 + A, (P p)+ A (T 01+ A5 (p p) 7 1) +

(7

+ 2, (MM )+ A @ )+ A (0 (T )+ A (1T 1)

where 1, —and A,— coupling constants.
In this work, we choose the scalars to break the
symmetry following the pattern,

SU) . xSUB) ; xUW)xU'(1)
J

SU@) % SU(2) ; xUMH)xU'(1)
J

SUG) - xUMxU'()

and give, at the same time, masses to the fermion fields in the
model. Then the minimally required scalars are:

®)

0 0 u
1
<y>=——| 0|, <p>=—|v|<np>=—7|0 ©)
R 2 2
14 0 0 |
|4
Vi =|¢€ ~ (1:3=X=X')9l//eR = e
N L
u
Vo = d ~(3s39X9X')9l//uR
U L

| here the VEV V is responsible for the first breakdown while

v and u are responsible for the second breakdown. So y and
n have the same quantum numbers but they get VEVs at
different mass scales. Then the scalar y breaks SU(3)c x
SUG3). xU((1) xU11) to SU3)cxSU2), xU(1) x UYI) and
gives large masses to the new fermions as well as non-SM
gauge bosons. The remaining scalars implement SU(3)c x
U(l) x U11) breaking and give the realistic masses to the
known fermions and bosons. To keep consistency with the
effective theory, the VEVs in the model satisfy the constraint:
V >>p>> u. This is also true to the present version. This
issue has been studied in a number of papers [11], so we will
not discuss it further.

For the lepton and quark fields we choose the following
representations (we will consider one family of leptons and
quarks without mixing):

~ (LI,XX')J//NR = NR ~ (I,J,XX'),

=u, ~(1,1LXX), (10)

l//dR :dR ~ (3’1:X’X')7WUR :UR ~ (371>X5X')'
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Multiplet structure and hypercharges of fermions and | bosons mass matrix. Since that reason we neglect terms
Higgs isomultiplets of considered model are listed in Table 1. contain the G,,, gauge bosons in the covariant derivative.
The gauge boson mass matrix arises from the Higgs
3. Masses of gauge bosons boson kinetic term (5). The covariant derivatives for the
triplet of Higgs fields write down as
The gauge bosons of this model form an octet W,,
associ'ftted with SU(3);, an octgt Gau (gluons) with SU(3)c Dﬂq)l_ = @ﬂq)l_ _iPﬂq)l_, (11)
and singlet B, and C, associated with U(l) and U7I)
accordingly. It is easy to see that the massless gauge bosons

associated with SU(3)c group decouple from the neutra1| where ¢; - Higgs fields (4), and the matrix P,, looks like

w
S |2 ,
Wy + \/f +\ﬁ(tXBlu FIXC,) xEW; J2x?
3 3 u
_ 2 "
p =% ow, ~0XB, +XCy) V2, . (12)
L2 \f
2w
Nk ' 8 2
\Exg Jor,f .. A \ﬁ(tXB L HIXC,)
NER

here ¢ = g’/g, t'= g”/gand

W Fiw w_ Fiw, W —iW

+ Iu 2 i F bu w0 4 S

wre———— YV e X = (13)
" V2 Z V2 “ V2

In this case taking into account (4), (12) and (13) in (11) for the masses of gauge bosons we have

22 ; 5 2
W3ﬂ +EW8/J +\E(tXﬂB# +tX,7 C#) +

' 1 %
2,0,0% 2 . £
2 2
g21)2 2 g2V2 2 2
+ tX B +t’X C + tX B +t’X C , (14)
8 ¥ su f Wou* pu s | 3 Wsu* X X

2 u
s MXXIU . WW W# +Mleu Yﬂ e
where for the non — Hermitian gauge bosons we have the following masses
2 2 2
M2 :g—(02+u2),M2:g—(V2+02j,M2 =g—(V2+u2j. (15)
w4 Y 4 X 4
Taking into account V' >>v>> u, from (15) we have My, My >>My,.
For a mass matrix of neutral fields in the W3, , Ws,, B,,, C, basis from (14), we have

m m m

, i "2 "Mz Mg
w28 "2 T2 Moz Mg (16)
Mz Moz M3z My
14 "2 34 "4
where
m,, :(u2 +1)2), m,, :L(u2 —vz),mm :it(uzX -0’ X ) m,, :itrz(uzX' —DZX'),
\/} \/g n P \/g n P

m,, =§(4V2+u2+1)2), My, = ——

2 2y 2y 2y 2 2 242 2y2 2y2
m24=mt(u X”'i‘l) Xp—2V XX)’ m33=§t (u X,,"'U Xp-l—V XX)’
_ztt!( ZXX!+ ZXX!+V2X X!) _thZ( ZX!2+ ZX!2+V2X!2)
m34_3 u Xy TO A4, ;{x’m44_3 u n vAa, x )
The interactions lagrangian, containing the mass of the neutral (Hermitian) gauge bosons in this case, looks like:
1
N Ly T2y vow. w B .C ) 17
mass ) 3u Su owou

For the mass lagrangian of the neutral gauge bosons we have (the field 4, remains massless)
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NG _ 1 2 2 2
L' =—M_ Z,  Z, +M_ Z_Z_ +M_ Z_ Z_ . 18
mass 2( Z] lu 1u 22 2u 2u 23 3u 3u (18)
Neutral gauge bosons masses are
2 g2 a 2 g2 a T
M =—( cos—+ [ ) M =—/[f cos(—x— )+ f ], (19)
VA 2 0 3 1 Z_ Z 2 0 3 3 1
1 2,3
where
a 1
cos—:—3, (20)
3
3
fO
and

fo =2(x, +4x, + x, — 2x, —3x4)1/2/9, 1 :[2(V2 +0° +u2)+V2y] +uzy2 +1)2y3]/9,

1 =%[(V2 +u’ +07 ) +x, J[V U’ +V0 +u’o’ )-8V +u’ +0? ) - 2D
—8x, = 2x,+9x,+2x,] —§x6.

The expression of notations x; and y; are listed in Appendix A. In the case of M z, >> M 7, >> M 7y corresponding to
the modern experimental data [2], for neutral bosons masses, we have
My ~Eleay)rnl ey, 0t 2yl
1 6

2 V202(3+774)+V2u2(3+n5)+u21)2(3+n6)

Mé <8 , 22)
2 6 2 2 2
V (2+y1)+u (2+y2)+v (2+y3)
2 X
Mé zg 6 ’
3 6

V202(3+174)+V2u2(3+175)+u21)2(3+176)
where the expression of notations 77,,75 and 7., are also listed in Appendix A. Taken into account the symmetry breaking

pattern i.e. the condition V' >>0v >> y, from (22), we have

2 2 2 2
> &V 2y 2 gy PR

M M7 = X7 (23)
2 6 227 62+, 2
Note that in this case the neutral vector boson M 7, one can identify with SM boson, i.e.
M, =M,. (24)

3
4. Electric charge quantization

Transformation of neutral fields W3, , Ws,, B,,, C,, to the physical photon field, write down in the form
A, =aW, +a,W, +a;B, +a,C, (25)

The eigenstate with zero eigenvalue follow from the equation:
=0. (20)

It can be checked that the matrix M’ has a non-degenerate zero eigenvalue for the arbitrary values of considered model

parameters. Therefore, the zero eigenvalue is identified with the photon mass, M~ =0 and eigenstate with zero eigenvalue

with photon field.
In the considered SU(3)c x SU(3), x U(1) x U’(1) model the equation (26) leads to the following values for quantities:
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i’ e Jor V6t

=—P; a, Py, ay=—-PFP,; a,=——F, @7
g g g g

where

g=A? (PP 43P )+ 6P} +60° P P=X (X! - X! )- X' (X, - X, )+ 2(x, X! - x, X'}
P=X (X +X)-X (X, +X,} =X +X +X;P =X +X +X,. (28)

Hence, for any 3-3-1-1 — model, the photon eigenstate is | the general properties of the electromagnetic interaction in
independent on the VEVs structure. This is a natural the framework of the 3-3-1-1 model, such as the parity
consequence of the U¢l) (and Uf{l) ) invariance — the invariant nature [34]. These would help us to obtain some
conservation of the electric charge. However photon consequences related to quantities which are independent on
eigenstate depend from the Higgs fields hypercharges. VEVs structure.

Moreover, to be consistent with the QED based on the Let's consider interaction of fermions with gauge bosons.
unbroken U(1) gauge group (in the considering case also on  In the considered case the interaction lagrangian looks like
the unbroken U(1) gauge group), the photon field has to keep |

L= il//lLD,ul//lL + il//eRDyl//eR +il//NRD,ul//NR + 29
iWQLD,uWQL +il7”uRD,ul//uR +inRD;¢WdR +iWURD,uWUR'

At first consider interaction of leptons with the electromagnetlc field. Taking into account (6) and (25) in (29), we have

=0, vy, (l+ys)vA, + ey, (Oy, + Op.75)ed, + Ny, (Qy +0y75)NA,, (30)

where

g 1 2 '
== — —| ¢ t =0,
9, 4[“1+@”2+\E(“3yu+ a4ylL)

g I 2 20,
Qe :;[‘“1 +$”2 +\E“’3(YZL +yeR)+\Em4(ylL +yeR)]’
8 Az 2 ( ) 2, ( F oy ) 31
Q()e—4[‘“1+\@“2+ Sa3WIL VRS9V TV eR 7 G
L | Je [ 2ra by + g
Oy :;[‘ﬁaz TGV P YNR) ST A4 Vi T YNR /.
'8 2 20 ,
Oy =71 (“2 ’“3(yzL Y )+ \Ef agy ~ vl

From the expression (31) one can see that the interaction of neutrino with a photon differs from zero and there are terms
proportional ysin electron — photon and N — lepton — photon interactions. Taken into account the parity invariance of the
electromagnetic interaction from (31) and (27), we have

: : 3P +P
1
0,=0, 0,=0, 0y=0, 0,=-0,, Oy= Q. (32)
2P
where O, = gtt’P/g.
Notice, that in the considered case when neutrino has not the right component the requirement parity invariance of
electromagnetic interaction and the condition of neutrino charge equality to zero are equivalent. Besides, from the condition of

parity invariance of electromagnetic interaction we have the relations between hypercharges of Higgs and lepton fields
following from (30)

P+P +2y,P, =2y, P, =0,
_P+f)1+2(ylL_yeR)P2_Z(ylyL_y'eR)f)} =0, (33)
P+, —ym)b _(ylyL_y;VR)P =0.

Let's consider the interaction of quarks with the electromagnetlc field. Taken into account (6) and (25) in (29), we have

L —uyﬂ(Q +Qu75)”A +d7,4(Qd+Qd7/5)dA +U7/ﬂ(QU+QU7/5)UA (34)

where
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g 1 2 2 /
=7 TRt m3(yQL+yuR)+\/;m4(yQL+yuR)]’
_E +—a_ + 2t +\Pt ’
0, = 5273 GS00r " Yur’ N3 a4(yQL Yur?
g, i 2 \f 35
0y = (=0, T34+ 79300, * ) 3ra4(yQL ) (35)
& L 2
=9 Nl 9300r T Var’ 3ta4(yQL Yar”"
g, 2,2 \F '
Oy = 1= 9500 *Yur 3 * YR
' _§ i 2 \/7 '
Oy =3 =5 3% o 19,00 =Y
Parity invariance of electromagnetic interaction leads to
, , , P+P +2(Py, — Py,
Qu :0’ Qd :0’ QU = 0’ u = : (22£QL 3yQL)Qe’
, : (36)
_ P-P, _Z(PZyQL _P3yQL)Q _ P _szQL +P3yQL )
d 2P e’ U P e’
Besides, we have following relations
' ' 1
Py =Py :PZyQL _P3yQL +E(P+P1)>
il ' 1
Pyw—Pyg=Pyo —Pyo _E(P_F)l)’ (37)
PZyUR_P3y;/R = ZyQL_P3yéL_P'

Note that in generally the neutrino and N —

lepton, as well as the u— and U— quarks charges can be different. If in the
considering model there are no leptons with exotic charges (Q,=

Oy), from (32) we have

3P, +P=0. (38)
In this case taken into account (38) in (36) for quarks charges we have
0 PZyQL_Pj’y,QL 0 szQL_])&y’QL
= = ¢ 1 —_ ) == ¢ 2 + . 39
Qu QU 3 f)] ] Qd 3 [ IJI ] ( )

Hence, we obtain that if in the considered model there
are no leptons with exotic charges there are no also quarks
with exotic charges. Fixing of the charge of one particle leads
to fixing of the charge of other particle. It leads to the
conclusion, that the model predicts a quark — lepton
symmetry.

The obtained expressions (32) and (36) can be
considered as the evidence of electric charge quantization of
leptons and quarks. However the expressions (36) and (39)
do not define numerical values of quarks charges (in terms of
electron charge). For obtaining of numerical values of quarks,
it is necessary to have the additional relations between quarks
field hypercharges. Such of relations can be obtained from
anomaly cancellation conditions.

In conclusion of this part note that in the SM (see work
of authors in [8]) and wvarious extended models of
electroweak interaction photon eigenstate does not contain
vacuum averages of Higgs fields, but depends on the
hypercharges of Higgs fields. It leads in turn to dependence
of electron charge from hypercharges of Higgs fields. |

| Dependence of the particles charge from the hypercharges of
Higgs fields leads to the conclusion that the Higgs fields
influence on the particles charge "formation". Thus, Higgs
fields are responsible not only for occurrence of particles
mass and also for the formation of their charges hence for
particles electric charge quantization. Certainly, the further
and detailed studies of this problem are necessary.

5. The Charged and Neutral currents

Diagonalization the mass matrix of neutral fields gives
the mass eigenstates Z;,, , Z,, and Z;,,

Zlﬂ = bJW3ﬂ +b2W8ﬂ +b3Bﬂ +b4Cﬂ,
Zzﬂ = 01W3ﬂ +c2W8ﬂ +c3Bﬂ +C4Cﬂ,
Z,, = d1W3ﬂ +d2W8ﬂ +d3Bﬂ +d4Cﬂ.

(40)

where
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22uR 2su'R, V3R, 23R,
b; = ; by =——":b, = ;b = . (41
g, 7z g, Tt g
Z] Z; Z; Z;

The expressions of quantities b; (i=1+4) are listed in Appendix B. Note that the expressions of ¢; and d; (i=1+4) can be

obtained from corresponding expressions b; by replacement Z, — Z, and Z, — Z;.

In most general form the interaction lagrangian of fermions with gauge bosons has the following form:

8
L, =iy,y,00, - igz W, -ig'T,XB, —ig"T,X'C, )y, +
a=1

(42)
+iygy, (0, —ig'XB, —ig"X'Cu )y,
where ¥/, , ¥ ,— left and right fermion fields.
Taken into account (13) and (42), the interactions among the charged vector fields with leptons and quarks are
cc 8 v
L, =5(17W#eL+NLY#eL+vXN +quL+U Yd +uXU + h.c.). (43)

We can see that the interactions with Y, # and X ﬂ bosons violate the lepton number (see Eq.(43)) and the weak isospin.

The neutral current interactions can be written in the form

[NC _ i N2u

f g ?ﬁ’#(giJrgAfyﬂleﬂ — ?fyﬂ(gi+gAfy5)ﬂ2,u
Z Z) (44)
LI R
— 7 Tu gi gAfy5 3w
The values of vector and axial coupling are listed in the Appendix C.
Table 1
Fermions and Higgs fields X X'
V ’
Vi =| € Vel Vel
Ny
Yer = €R YeRr y;R
Yar = Ng YL y}VL
u ’
oo =| d Yor Yor
v),
Vur = UR Yur y;,R
Var =dp Ydr Ydr
Yur = Ug Yur y;jR
0
X
X=X X}( XZ
0
X
+
p
| 0
p=|r X, X,
P’
0
n
n=\n X, X,
0
n
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6. The Conclusion

Taking into account the arbitrary values of fermions and
Higgs fields hypercharges the possibility of construction of
electroweak interactions model, based on spontaneously
broken SU(3)c x SU(3), x U(1) x UYl) symmetry group by
three Higgs fields have been investigated. Masses of gauge
bosons, arising in the considered model are calculated.
Diagonalization of mass matrix of neutral fields has been
performed and expressions for eigenstates of neutral fields
are obtained. Expressions for fermions charges, testifying the
electric charge quantization are obtained. Dependence of the |

particles charges from the hypercharges of Higgs fields can
be interpreted as new property of Higgs fields. Higgs fields
influence on particles charges "formation", and on particles
electric charge quantization. Higgs fields are responsible not
only for occurrence particles mass and also for the formation
of their charges. In the considered model fixing N - lepton
charge leads to fixing U-quark charge, i.e. the model predicts
presence a quark - lepton symmetry. Expressions for the
interactions of gauge bosons with fermions and vector and
axial coupling constants of interactions of neutral vector
bosons with fermions are calculated.

Appendix A

2

Expression of quantities X; and ,, in neutral M é , My andM é bosons masses have the form:
1 2 3

x, =4V +u’ +0?)-[V (W’ +0°)+uv’},

= V2”2(5y1 +5y, _2y1y2)+V202(5y1 +5y; _2y1y3)+”202(5y2+5y3 =2y,¥;),

x, =V +uly, +o'y,

X, =Viy] +u'yl 40’5,

X; = V2u20/1 TV, _yzyz)"'VZUz(yJ +Y; —y1y3)+u21)2(yz +Y; = V,V3)
Xy = u’v’n, + V70, + Vzvzm,

Xs

x, =V uv’x,,

X; = 200 [2)(z)+2,)+ z,(z, + 25) + 2325 — 2,)] +12Psz +t’2P22’

where

2 y2 202 22 )
=X +t° X, y,=t"X, +t° X,

2 y2 22
y3—tXp+t Xp,

2 =X,X,-XX,, z,=X X,-XX,, z,=X,X,-X X,,

n =11z
2,2 _2 2 2 v !
n, =tttz + 260X X, +26°X X, n,=

Ny =n, + 200X, + X2 )+20°(X) + X, ),

+20X X, +20°X X, n,=t't"z;+20°X X, +2°X X,

Ny, 20X + X7 )+20°(X) + X)),
My =m,+20(X, + X7 )+2t°(X7 + X ).

Appendix B

Expression of notations in eigenstates of neutral fields Z,, , Z,, and Z;3,,, are

_ 2’2( 2
gZI—\/Stt 3R™ +R;

where

2 2,2

2
)+3t R2 + 12t R4,

2 2 2

2

Zr/t2
Z18 ’

Ry = [R(2rg + 3r8mZ])—R](2r5 + r7mZI)]/r]0 ,

2 2
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222 222
rp=ViuTo P3(z2 +z3), ry=V-u"v P3(221 +22—z3),

2 2 2
r3:V u 22(2X,1+XX)+V

2 2 2 2 2
r, =V u "z, X -V"0vz X +u
4 21 37y

22, ' 2,2 2. 2,2,
rg =u"v (Xp—X”)—V u- -o )XX—ZV (u Xn—l)

2 2. 2 2
rg =u Xn—z) Xp, r9=u X,?—v Xp,

2 2
m, =M 4g” .
Zr 4 /

2 22
) 23(2Xp+XX)_” ) z](Xp—X”),

2 22, ' 2,2 2.
) z](Xp+X,7), rg =-u"v (Xp+X,7)+V u” +o )XX’

2. 2. 2. 2.
Xp), r; =u X’7+D Xp—ZV XX’

22

rig =uvTz) —Vz(uzzz —1)223).

Appendix C

Values of vector and axial coupling constants in neutral current interactions are

g&n =84 =R+R, +R2ylL/2+R4yl,L’

gr. =R-R, +Ry)(y, +yeR)/2+R4(yl’L +y;R)’ g4 =R-R, +R)y, _yeR)/2+R4(yl,L _y;R)’

gw =—2R+R,(y, +yNR)/2+R4()’;L +y;\/R): g un

=—2R+R,(y, _yNR)/2 +R4(J/;L _y;\/R)’

gn =R+R, +R2(yQL +yuR)/2+R40}éL +y:;R): 84 =R+R, +R2(yQL _yuR)/2+R4O}éL _y;;R)’
g =R-R, +R2(yQL +ydR)/2+R4(y;2L +y;lR)J 8. =R-R, +R2(yQL _ydR)/2+R4(y;2L _y;iR)’
gw =—2R +R2(yQL +yUR)/2+R4O/éL +y£/R)’ v = _2R+R2(yQL _yUR)/2+R4(yVQL _yéfR)'
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0.B. Abdinov, F.T. Xolil-zads, S.S. Rzayeva

ELEKTROZOIF QARSILIQLI TOSIRLORIN SU(3)c x SU(3). xU(1) xU{1) MODELI
VO ELEKTRIK YUKUNUN KVANTLANMASI

Isdo elektrozoif qarsiligh tosirlerin SU(3)c x SU(3), x U(1) x U71) modeli qurulmusdur. Lepton vo kvarklarm yiiklori hesablanmis va
zarrociklorin  elektrik yiikiiniin - kvantlanmasi probleminin tobii holli gostorilmisdir. Xiqqs sahalorinin zorrociklorin  yiikiiniin

“formalagmasina” vo zarraciklorin elektrik yiikiiniin kvantlanmasina tosiri gdstorilmisdir.

O.Bb. Aoaunos, ®.T. Xaaua-3age, C.C. P3aeBa
SU(3)c ¥ SU(3). xU(1) xU11) MOJAEJb U KBAHTOBAHUE 3JIEKTPUYECKOI'O 3APAJIA
Hacrosmas paborta nocBsiieHa UCCIS0BAaHUIO BO3SMOXHOCTH IIOCTPOCHHS MOJIEIH 3JIEKTPOCIa00ro B3auMOJEHCTBUS, OCHOBAHHOI Ha
cnonTanHo HapymeHHoi SU(3)c x SU(3), x U(1) x U{1) rpynne cuMMeTpuH. BorancieHs! BeIpakeHUs IS 3apsAa0B JIEITOHOB U KBApPKOB,

CBHJCTEIBCTBYIONINE O €CTECTBEHHOM DEIICHUH IPOOIEMBI KBAHTOBAHHS AIEKTPUUECKOTO 3apsiia B IpemIokeHHOH Mmomenu. ITokazano
BIMSHAE XUTTCOBCKHX MOJIEil Ha «(OPMHUPOBAHUEY 3apAIOB YACTHI] U HA KBAHTOBAHHE IEKTPHIECKOTO 3apsA/a YaCTHII.
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ELEKTRONOQRAFiYA METODU iLO Yb;(.,Sm,AssSy BIRLOSMOSININ
NANOQALINLIQLI AMORF TOBOQOLORINDD YAXIN NiZAM QURULUSU VO
KRISTALLASMA KINETIKASININ TODQIQi

E.S. HACIYEV
Azarbaycan MEA H.B. Abdullayev adina Fizika Institutu,
AZ-1143, H. Cavid kiic., 33, Bak

Elektronoqrafiya metodu ilo Ybs(1.SmyAssSy (x=0,02 at.%) nanoqgalinliqli amorf nazik tobaqgolerin qurulusu dyronilmisdir. Adi soraitdo
va elektrik sahasinin tosiri altinda alinmig amorf tabaqalorin kristallagsma kinetikasi tadqiq edilmisdir.

Miiasir dovrds 6lgiilori onlarla nanometr tortibds olan na-
zik tobagpalar yarimkegiricilor, opto vo kvant elektronikasinda
genis totbiq olunur. Nanogalinligli nazik tabagalorin osasinda
hazirlanan cihazlarin parametrlori bu toboagoalorin alinma
texnologiyasinin miikommolliyi ilo saciyyslenir. Talob olu-
nan va tokrarlana bilon stabil xassalora malik nanodlgiilii na-
zik tabagalarin alinma texnologiyasinin elmi osaslarini yarat-
magq {iglin bu tobogalords bas veron fazaomologolmo vo faza
cevrilmalori  proseslorinin, homin tobagolords  yaranan
birlosmolorin qurulusunun tadqiqi vacibdir.

Toqdim olunan isdo Ibs( 4 SmyAs,Se birlosmosinin nano-
galinligli amorf tobagoalorinds yaxin nizam qurulusu vo amorf
tobagolorin kristallasmasi zamani bas veron faza kegidlori
Oyronilmisdir.

Ybs(1xSmyAssSy  birlosmosinin nazik amorf tobogolori
volfram-reniyum orintisinden hazirlanmig xiisusi sobadan
Ybs(1SmeAs,Se (x=0,02 at.%) monokristallarinin yiiksok va-

2 N
Am? Y > ckk,p, (r) =4ﬂ72p0(z cikij +£ajs[a(s)—l]sin srds
i ‘ i T

burada, p;(r) — j-tip atomlarin i-tip atomu atrafinda atom six-
liginin radial paylanma funksiyasi, « - normallagdirma amsa-
11, as)-struktur faktoru, s=4zsin@2 (G-sopilmo bucagidir), “c”
omsallar1 tadqiq olunan birlegmanin kimyavi formulunda olan
atomlarin nisbi miqdaridir, “A” — har bir kimyavi elementin
atomlarinin sopilma qabiliyyastidir. Itterbiyum, arsen, kiikiird
atomlariin sopilmo qabiliyyati tliglin Ky,=1,768, Kx:=0,958,
Ks=0,541 giymatlori hesablanmigdir. Todqiq olunan amorf to-
bagalarin p, orta atom sixlig1 (2) formulasi ilo hesablanmis va
0,423 nm™-dir.

_ PN,
P Zci 4 )
7

p — kristal maddonin sixlig1 (q/sm’), 4; — atom kiitlosi, N,—
Avogadro adadidir (6:10% mol ™).

Intensivliyin nisbi qiymatlorindon miitlaq qiymsatlarine
ke¢cmok 1iiciin  normallasdirma omsali hesablanmis vo
Yb3(1.0SmAs4Se birlosmosi liglin @=0,123-0 borabordir. In-
tensivliyin eksperimental qiymotlorini vo yuxaridakilart (1)-
do nozars alaraq ARPO — si qurulmusdur (sok.1).

ARPO-don birinci va ikinci koordinasiya sferalarinin ra-
diuslar1 toyin olunmusdur. Birinci koordinasiya sferasimin ra-
diusu 0,228nm-9, ikinci koordinasiya sferasinin radiusu iso
0,350 nm-2 barabardir. ARPO-daki birinci maksimum As — S

kuumda (~10” Pa) termiki usulla buxarlandiraraq otaq tem-
peraturunda yerlogon NaCl, KCl vo amorf selluloid althiglar
tizorine ¢okdiirmoklo almmusdir [1]. Almmus YbsSmyAssSy
birlogmosinin ~ 30 nm qalinligli nazik tobagalorinin strukturu
siiratli elektronlarin difraksiyast metodu ilo (U;=75kV)
tadqiq edilmisdir. Konar bucaqglardan sopilon elektronlarin
intensivliyini geyd etmoys imkan veron firlanan sektor
metodunu totbiq etmoklo sopilmo bucagmmn S=120nm’
qiymetina gadar intensivlik ayrisi alinmigdir. Yiiksok enerjili
elektronlarin ~ sopilmo  intensivliyinds  S-in  asagidaki
giymatlorine uygun 7 maksimum musahids olunur: S;=11,0;
5,=22,0; §5=37,0; S,=58,0; S5=73,0; S,=92.0; S=113,0 nm™".

Nanoqalinligli amorf tobagolorin struktur parametrlorini
toyin etmok {igliin atomlarin radial paylanma metodundan
istifado olunmusdur. Atomlarin radial paylanma oyrisini
(ARPO) qurmagq ii¢iin asagidaki molum formuladan istifads
edilmisdir [2].

)

| atomlar1 arasindaki mosafoni oks etdirir. Bu ondan irali golir
ki, As vo S atomlarmmin kovalent radiuslarinin comi

kov kv = 0.121nm+ 0.117nm = 0.238nm , birinci ko-

ry g

ordinasiya sferasinin radiusuna yaximndir. Izolo olunmus bi-
rinci maksimuma uygun orta masafs, bu masafods yerloson
atomlarin kovalent rabits ilo bir-biri ilo bagli oldugunu gosto-
rir. Yb** ionlari ikinci koordinasiya sferasinda yerlosir vo kii-
kiird atomlarinin yaxin otrafindadir. Birinci koordinasiya sfe-
rasmin  radiusu  ve Yb®" ion radiusunun cominin
(r/+ry,=0,228+0,107=0,335nm), ikinci koordinasiya sferasi-
nin radiusuna (», = 0,350 nm) yaxin olmasi buna siibutdur.
Yb3(1.SmeAssSy birlosmosindo parsial koordinasiya ododlori
asagidaki formula ilo hesablanmigdir.

Zcikikjnij

J=1

Q 3)

3
i=l1

731

burada, n; - “7” tip atom otrafinda yerlogon
sayidir: (i=1+3; j=1+3).

ARPO-do birinci va ikinci maksimumlara uygun saholori
hesablamaqla Ybs(1.Sm,As,Sy birlosmosinin nazik amorf to-
bagoesindo koordinasiya adadlori toyin edilmigdir. Miioyyan
edilmisdir ki, arsen vo kiikiird atomlar1 yaxin qonsu atomlar-
dir, YD ionlart iss arsen atomlarinin II koordinasiya sferasin-
da yerlosir vo 3 kiikiird atomu ilo shato olunur.

7D
1

tip atomlarin
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Bu isdo homginin adi vo xarici elektrik sahasinin tosiri al-
tinda alinmis amorf toboagolorin kristallasmasi zamani faza
¢evrilmolori prosesi do dyronilmisdir.

4w ek k00 (r)
i

120
0.0,
0
541

g2}

0 — F nm

o 01 0)5 03 03 03 0% 04 0 0F 05 05

Sakil 1. Ybs(1xSm,As,Se birlosmasi {igiin atomlarin radial pay-
lanma ayrisi.
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Sakil 2. Ty SmyAs,So amorf tobagalorinds kristallasma
kinetikasinin izotermik ayrilori

Xarici tosir olmadiqda vo sabit intensivliyi 3000V/sm
olan elektrik sahosinds alinan Ibs(;SmyAssSe amorf tobaqo-
lorinin kristallasma kinetikas1 prosesini todqiq etmok iigiin,
673—698K temperatur intervalinda kristallasan toboagolordon
kinematik elektronoqramlar ssasinda kristallasma kinetika-
sinin izotermik oyrilari tadqiq olunan temperatur intervalinda
qurulmusdur (sok.2.). Inin(V,/(V, — V,))-nin Int-don asililiqlar1
673K, 683 K, 698 K temperaturlarinda kristallasan amorf
tobagolar {iglin hesablanmigdir (sok.3). Miixtalif temperaturlar

ticiin alinan eksperimental ndqtolorin bir diiz xatt iizro yer-
logmosi onu gostarir ki, termik islomo zamani faza ¢evrilmo-
lorinin kinetikasi Avrami — Kolmogorovun ganunauygunlu-
guna tabe olub, V,=V,[1-(-exr-kt™)] analitik tonliyi ilo tosvir
olunur. Bu tonlikde m-in qiymatlori igiin asagidakilar
taptlmigdir. m=4,05 T=698K; m=3,98 T=683K; m=3,92
7=673K. Alman qiymatlor kristalliklorin {i¢ol¢iilii boyiime-
sini gostorir.
¥

hh ——-
¥

698K 633K 673K

15 |

10 |

05 4

an 4

05+

-15 o

-20n 4

Sokil 3. In In(V,/(V, - V)))-nin [n t —don asililig1.

Kristallasma prosesinin imumi (£;,), riseymlorin omalo
golmosinin (£,) vo riiseymlorin boylimasinin (E,) aktivlogsmo
enerjilori hesablanmugdir: Ej;,=124,6kkal/mol, E,=36,4kkal/mol,
E;=29,4 kkal/mol.

Sabit intensivliyi 3000V/sm olan elektrik sahosinin tosiri
altinda aliman amorf tobogolorin kristallasma prosesi anoloji
metodla Syronilmisdir. Gostorilmisdir ki, elektrik sahosinin
tosiri altinda alinmig amorf tobagalorin kristallagmalarinin
aktivlosmo enerjilorinin qiymatlori adi goraitdo alinmig amorf
tobagalarin aktivlosma enerjilorinin uygun qiymatlarinden
kicikdir. Bu elektrik sahosinin buxar fazasinda olan ionlagmis
atomlara vo altligda md&vcud olan elektriklo yiiklonmis noq-
tavi defektlors tasiri ilo izah olunur. Belos ki, altliqda yaranan
kristalliklor termiki va elektriki stimullasan miqrasiyaya mo-
ruzdurlar. Elektrik sahosinin tosiri noticosindo bu miqrasiya
prosesi giiclonir, riiseymlorin omologolmo  vo sonraki
bdyiimslarinin siirati artir.

Coadvaldo adi soraitdo vo elektrik sahosinin tosiri altinda
alinan amorf nazik tobagalarin aktivlesma enerjilorinin uygun
qiymatlari verilmisdir.

Cadval

1b3(1.0SmM,As4Sy amorf toboagolarin kristallasmasinin kinetik parametrlori

(1]

¢Okdurms iisulu ils

alinmis Ib;,Sm, va As,S; nazik

tobagolorinin qarsiliqlt tosiri. Fizika, ¢.XIV, Ne2, 2008,

$.56-58.

35

tel. M.: Vissao skola, 1980. S. 328.

Birlogsmo Elek. sahasinin gorginliyi V/sm | Ej;, kkal/mol E, kkal/mol E), kkal/mol
Ib3(1_x)SmXAS4SQ U=0 124,6 36,4 29,4
U=3000 112,2 32,7 26,5
E.S.Haciiev, AL Madadzada, C.I. Ismayilov. Vakuumda  [2] A.F. Skrisevski. Strukturnty analiz cidkostey i amorfnix
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NCCIEIOBAHUE CTPYKTYPbl U KHHETUKHN KPUCTAJUIM3ALIUA B AMOP®HBIX
HAHOTOJIIHAHHBIX IIVIEHKAX COEJJMHEHUMU Yb;(;.,)SmAs;Sy METOJOM 3JIEKTPOHOI'PAOUN

Mertoaom 3meKkTpoHOrpad iy HCCIeA0BaHa CTPYKTYpa M KMHETHKA KPHCTAUTM3aUH aMOP(GHBIX HAHOTOJIINHHBIX IUICHOK COSTUHEHU I
Yb3(19SmAs4Sy (x=0,02 aT.%) MOTydeHHBIX KaK B OOBIYHBIX YCIOBHUAX, TAK U B YCIOBHAX BO3AEHCTBHUSA BHELIHETO 3IEKTPUUECKOTO MO,

E.Sh. Hajiyev

INVESTIGATION OF STRUCTURE AND CRYSTALLIZATION KINETICS OF Ybs;.Sm,As;Sy OF
AMORPHOUS NANOTHICKNESS FILMS BY ELECTRONOGRAPHY METHOD

The structure and crystallization kinetics of Ybj(SmyAs,Sy (x=0,02 at.%) amorphous nanothickness films obtained under usual
condition and external electric fields is investigated by electronography method.
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GUNOS KOLLEKTORLARININ i$ REJIMI VO ORTA iSTISMAR
XARAKTERISTIKALARININ OPTIMALLASMASI

I.Q. OLIYEV, E.M. RZAZADO
Azarbaycan Ekoenergetika Akademiyasi, AZ1073, Baki, M.Arif k.,5

Gilinos modullu energetik sistemlords optimallagsma masalalori todqiq olunmusdur. Giinos siialanmasi kollektorlarindan istifado zamani is
rejimlori, istismar xarakteristikalarinin optimallagsmasi, fotogevirici elementin hazirlandigi materialin se¢imi aragdirtlmigdir.

Kollektorlar, fokuslayici konstruklsiyalar1 ilo bagli olan
sirf optik optimizo masslalari ilo yanasi fokuslayict element-
lorls tochiz olunan giinos kollektorlarindan istifads xarici op-
timizo masalalarinin vacibliyini irali siiriir. On yiiksok soviy-
yali optimallagma bir qayda olaraq layiholonon sistemin iqti-
sadi xarakteristikalar1 ilo baglidir. Bu ciir imumi mosolonin
goyulusu tigiin mévcud molumat bazasi yeni texnikanin doyo-
rinin qorarlagsmayan xarakteristikalar1 ucbatindan kifayat et-
mir. Lakin, yalniz texniki maraq kasb eden asagi soviyysli
masalalor vardir va optik elementlorin is rejimi va konstruktiv
parametrlorinin sistem soklinds uygunlasmast ilo baglidir.

Rejim optimallasma mosolosi artiq miistovi kollektorda
yaranir. Bu zaman onun iiflige dogru meyllilik bucagmin op-
timal giymaotini toyin etmak tolab olunur. Foklin név konsen-
tratorlu fokuslayict kollektorlar ii¢iin bu masalo kollektorun
parametrik bucagni ilin istonilon vaxtinda onun miistovisinin
ifligo meyllilik bucagi vo onun istigamatinin doyisma tezliyi-
nin sistemli sokilds uygunlagsmasini talob edir. Bu ciir xiisusi
optimallagsma maosalslorinin funksiyasi giines sistemlorinin
tatbigindon, onlarin isinin temperatur rejimindsn asthidir ve
sistemin istilik enerjisina tolabati yerina yetirmok ii¢iin vo ya
giinog enerjisi ¢eviricilorino element kimi totbigindon asili
olaraq giiclii sokildo doyisir.

Fokuslayict kollektorlarin is rejiminin modellogsmosine
baxaq. Modellosmodo ilk element giinos radiasiyasinin
gabulu modelinin segilmasidir. Bu masalonin hondasi hissasi
Giinosin somada harokotini sorh edon mosoladir. O kifayot
godor sado holl olunur. ©gor yerli cografi koordinat siste-
minin koordinat oxlari conuba, sorqo vo zenito dogru istiqa-
motlondirilirso [1], onda [ — vahid vektoru giinos diskinin
moarkazino dogru yonolorak, asagidaki komponentlors malik
olacaqdir:

[, =—cos Bsino sin ffcos o cos ®
l, =—cos Bsinw

[, =sin Bsind +cos fcos o cos ®

burada g yerin cografi eni; & ilin avvolindon hesablanmis
giiniin sayma vo 9,,,=23.45°maksimal meylliliyo goro asagi-
daki formulaya gors hesablanan Giinos meylliliyidir.

N -8l

]

sind =sinJ,, sin[27

- glinorta saatlarindan sayilan —giines zamani ils bagli olan
saat bucagidir:

a):ﬂtg/l2
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Ufiige @ bucagi altinda conuba toraf yonolmis kollektorun
miistovisine normal vektoru bu koordinat sistemindo asagi-
dak1 komponentlors malikdir:

n, =sing; n, 0; n =cose.
Kollektor miistavisina diigen siialarin kosinusu (Z_,Z) skal-

yar hasili ils toyin olunur:
cosi = sin(f —¢)sin o + cos o cos(f — p)cosw

Foklinin buraxma amsalinin hesablanmasi ti¢iin homginin

normal ilo / - vektorunun foklinin en kosiyi miistavisina pro-
yeksiyasi arasindaki & bucagini bilmok lazimdir. ©gor fokli-
nin uzuna oxu simal — conub xatti {izro yonolibsa, onda bu
bucaq

cosé =cosi/\/1—cosz5sin2a)

formulu ils toyin olunur.

Almman formulalar foklinin parametrik bucagi vo ilin
miixtolif vaxtlarinda onun is giliniiniin miiddati arasindaki
miinasibat hagqinda masaloni hall etmoys kdmoak edir. Uygun
olaraq cografi enlikdon asili olmayaraq foklin ii¢iin naticolor
bels olar:

Cadval 1.
Yay ortasi foklinin verilmis is giliniiniin miiddstini tomin
etmok ii¢iin zoruri olan parametrik bucaq

At, saat 6 7 8 9 10 11
a, doraca 40 | 6,0 | 87 | 12,5] 17,8 | 25,0
K 143 196 | 66 | 46 | 33 2,4

Bu cadval iizro parametrik bucagin olverisli se¢imi
o=6-15° - intervalidir. Hatta kigik parametrik bucaqda fokli-
nin ig giinii kifayst qodor uzundur. Ogar nazors alsaq ki, miis-
tovi formali kollektorlar {igiin is glinliniin uzunlugu mohdud-
dur, yiiksok temperatur rejiminds onun isinin effektivliyi asa-
g1dir, vo alinan naticalor bu baximdan ¢ox mithiimdiir.

Foklinin parametrik bucaginin azalmasi onun yonalmasin-
do tez-tez nizamlanilir. a=18° parametrik doracali foklin ildo
iki vaziyyat — “qis” vo “yay” — olmagqla ikiqat nizamlanma to-
lob edir. 10°- parametrik doracali foklin har ay, 6°- paramet-
rik doracali foklin hoftalik nizamlanma tolob edir. Lakin bu
masalada istilik yiiklonmasinin xarakterini nazars alaraq kon-
kret nov kollektorlarin layihslonmoasinds diqqatle miizakira
olunmalidir.

Kollektorlarin orta istismar xarakteristikalarinin model-
logmasi zamani giinos qurgusunun yerlogocok konkret rayona
giinog radiasiyasinin diisms statistikasini nazors almaq lazim-
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dir. Sado metodika kimi Kastrov torafindon irsli siirtilon mii-
lahizs ola bilor. Bu miilahizoys gore aydin somada iifiiq tizo-
rindo gilinasin hiindiirlilyli vo giinos radiasiyasinin saviyyosi
arasinda giiclii korrelyasiya asililigi vardir.

Birbasa gy, sopilmis g, vo toplam giinos radiasiyas: ara-
sinda miinasiboat meteroloji giines sabiti ¢,=1,25+0,04kVt/m?
va y- udma amsalina gors toyin olunur:

q,,sinh

9o g, =0,38xq,

=;(+sinh’

Hor bir ay iiciin y- nin qiymeti meteroloji ¢oxillik miisahi-
donin orta qiymotina gérs avvalcadon hesablanmalidir.

Riyazi modelo ham do ortastatistik buludlulugu da slave
etmok lazimdir. y- udulma omsali kimi bu kamiyyati do kol-
lektorun yonslmasinin nizamlanmasi zamani tez-tez doyismo-
sindon asili olmayaraq ayliq intervala aid etmok lazimdir.

Hom miistovi, hom do fokuslayict kollektorla giinog ener-
jisinin utilizasiya sistemi giinog enerjisinin daxil olmasinda
tonzim olunmayan xarakterlo bagli olan xiisusiyyato malikdir.
Bu xiisusiyyst 6ziina moxsus doyma effekti ils toyin olunur.
Adi ¢okilon effekt giinos qurgusunun kdmayi ils tutulan yiik-
lonmo hissasino cavabdeh yerlosmo omsalinin hesabati za-
mant miisahido olunur. Bu effektin asas sobabi bir qayda ola-
raq, yiklonmo vo daxil olan giinos radiasiyasi qrafiklorinin
iist-iisto diisgmamasi ilo baglidir. O yalniz uzunmiiddotli akku-
mulyasiya sistemlorinin totbiqi ilo tomamilo aradan qaldirila
bilor. Doyma effekti homginin ononovi yanacaq sistemlari
liglin qeyri adi vaziyysts gatirib ¢ixarir ki, bu zaman giinog
avadanliglarinin totbiqindo maksimal effektivlik tutulma om-
salinin minimal giymotine uygun galir. Yiiksak etibarli tomiz
giinos sistemlorinin yaradilmasina meyllilik onun &lgiilorinin |

vo hor seydon ovval is miiddstinin kifayat qodor ¢cox hissasini
yliklonmomis rejimdo isloyocok giinog kollektorlarinin
Olgiilorinin osaslanmayan artimina gotirib ¢ixara bilor. Bir
qayda olaraq giines sistemlorinin optimal Olgiilori tutulma
omsalinin yiiksok olmayan 0,4-0,7 saviyyasine uygun golir.
Qeyd etmok lazimdir ki, yaxsi istilik xarakteristikalaria
malik kollektorlara kegid bir qayda olaraq iqtisadi optimal-
lasma masalasinin qoyulusunda bir ¢gox geyri-miiayyanliklori
aradan ¢ixarir. Belo ki, verilmis yiiklonmado tutulma omsa-
linin sistemin dl¢iilorinden asililig1 bu ciir kollektorlarda ay-
din nazars garpan sinmaya malikdir ki, o ilkin yaxinlagsmada
tutulma omsali qrafikindos is¢i ndqtonin vaziyyastini gostorir.
Energetikada gilinos enerjisi g¢eviricisi kimi fotoelektrik
metoddan istifado nozordo tutulan layiholorde boyiik giiclii
giinos elektrik stansiyalarin fotogeviricili energetik sahodon
ibarat oldugu gostorilir [2] . Giinos fotoelektrik stansiyalarin
maya doyarinin asagi salinmasi iigiin bu ciir layihalordo mo-
nokristalik silisium avozine daha ucuz amorf, polikristalik vo
ya lizvi yarimkegiricidon istifado olunmasi toklif olunur.
Fotoelektrik energetikanin inkigafinda asas ansna mono-
kristallik silisitumun onun polikristallik vo amorf modifika-
siyast ilo avoz olunmasindan ibaratdir. Yaximn goalocokdo kas-
kad, ¢oxkecidli vo tobago sakilli fotogeviricilor asas rol oy-
nayacaqdir. Nazik tobago soklindo monokristallik materiallar
asasan kaskad fotogeviricilarin, konsentra olunmus siialanma
ceviricilorinds vo digar oblastlarda istifado edilocokdir [3].
Miihiim masolalordon biri giinas elektrik stansiyalari {igiin
yarimkegirici vo konstruksiya materiallarinin segimidir [4].
Asagidaki codvoldo giinog elektrik stansiyalarin hazirlanma-
sinda istifado olunan bozi yarimkecirici vo metallarin yer
gabiginda miqdari, biitiin diinya tizrs istehsali vo maya doyori
haqqinda mslumat verilmisdir:

Cadval 2.

Giinos elektrik stansiyalarin hazirlanmasinda istifads olunan bazi yarimkegirici vo metallarin
yer qabiginda miqdari, istehsali vo maya doyori

Ne Element Yer qabiginda Diinya tizra Maya dayari,
migqdari, % istehsal, kq dollar/kq

1. Silisium 21,22 5%10° 1,0

2. | Aliminium 6,47 2%10'° 1,2

3. Domir 1,92 2%10"! 0,07

4. Titan 1,84 3*10° 272

5. Xrom 0,44 3%107 6,5

6. Nikel 1*107 9%10° 0,06

7. Mis 7,5%107 7*%10° 4.4

8. Hallium 5,5%107 1%10* 550

9. | Qurgusun 1,5%10° 7*10° 1,3

10. | Germanium 1,3*10° 4%10° 0,7

11. Qalay 2,0%10* 2%10° 2,2

12. Arsenium 1,7* 107 - -

13. | Kadmium 2%107 2%107 6,0

Diinya tizro energetik resurslarin illik 5% artimimi tomin
etmok ticiin 12%-lik faydali is omsalina malik fotogevirici-
lorden il arzinde 200km” hazirlamagq zoruridir. Materialin qa-
linhgint 3mkm, sixligmi 10ton/m® vo giinos elektrik stansiya-
lar1 Gigiin totbiq olunan materiallarin hacminin {imumi buraxi-
lan hacmin 10%-ni toskil etdiyini qabul edarak illik material
istehsalinin tolob olunan {imumi hocminin 10°kq/il oldugunu
alariq.

Bu verilonlordon belo molum olur ki, irimiqyasl giinog
energetikasinda qermaniumdan, kadmiumdan vo halliumdan
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|h;)t‘[a nazik tobago soklindos istifads etmok olmaz. Kadmium

vo arseniumdan boyiik miqdarda istifado vo emal ilo bagh
ekoloji problemlor vardir. Silisium, aliiminium vo domir ma-
teriallar konsentratorlarda, dayaq-dénmo konstruksiyalarinda,
giinas elementlorinds vo kontaktlarda istifads {igiin daha mag-
sodouygundur. Yiiksok faydali 13 omsalinin vo parametrlo-
rinin temperatur stabilliyini nozero alaraq GaAs-GaAlAs
heterostruktur asasli fotogeviricilorin totbiq oblastinin genis-
lonmoasini gdzlomok olar.
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I.G. Aliev, E.M. Rzazade

SOLAR COLLECTORS MODE OF WORK AND SECONDARY OPTIMIZATION OPERATIONAL
CHARACTERISTICS

The optimization problems in power systems with solar module have been investigated. The mode of work, exploitation characteristic
optimization and choice of photo-transformer materials have been defined with the use of solar collectors.

N.I'. Annes, 3.M. P3a3zane

PEXXHUM PABOTBI COJTHEYHbIX KOJIVIEKTOPOB U OIITUMU3AIIMU CPEJHUX
IKCIINITYATAIMOHHBIX XAPAKTEPUCTHUK

Beumn mccnemoBaHpl 3a4add ONTUMH3AINHA B OHEPre€TUYCCKUX CHUCTEMAX C COJIHECYHBIM MOIYJIEM. OnpeneneHH pa60tme PEXKUMBI,

ONTHMU3ALNH SKCIUTyaTAal[MOHHBIX XapaKTEPHCTHK, BHIOOp Marepuana (hoTrompeoOpa3oBaTedbs IPH HCIOIB30BAHUM  CONHEYHBIX
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n-TiP SILISTUM SOTHINDO FORMALASDIRILMIS MOSAMOLI SILISTUMDA YUK
DASINMASI PROSESI

H.9. HOSONOV
Milli Tohliikasizlik Nazirliyinin Heydar Oliyev adina Akademiyasi

Mosamoli silisium (MS) tobogolorindo 7=290-350K temperatur intervalinda vo elektrik sahosinin E=(1.5-1.7)-10*V/sm

intensiv-

liyinde giiclii injeksiya rejiminde ugus miiddetinin dl¢iilmesi metodu vasitesilo yiik dasinmasi prosesi todqiq edilmisdir. 7=292K vo
E=4-10*V/sm olduqda, elektron vo desiklorin dreyf yiiyriikliiklori miivafiq olaraq z,=2-10->sm?/V-san, ,u[,:6-10-'4sm2/V -san olmusdur. Elek-
tron va desikler ii¢iin miivafiq olaraq ~0.38eV~0.41eV aktivlesma enerjilorinde dreyf yiiyriikliiyiiniin temperaturdan eksponensial asili olma-
st miloyyon olunmusdur. Gostorilmisdir ki, yiik dastyicilarin dreyfine uygun olan fotocerayanin zamandan asililiginin xarakteri vo ugus miid-
datinin garginliyin tors qiymatindan ifrat xatti asililig1 anomal dispers dasinma saraitinds faza yiiklori il mohdudlasmis cerayan haqqinda te-
savviirlarin totbiq olunmasina imkan verir. Eksperimental naticalor lokal hallarda dasiyicilarin tutulmast ilo tonzimlonon daginma prosesi mo-
delinin kémayils asaslandirilmigdir. Valent vo kegiricilik zonalarinin sarhad enerjilori boyunca paylanan lokal hallar xarakteristik enerjisi

~0.03eV olan eksponensial qanunla tosvir olunur.
Giris.

Masamali silisium (MS) osasinda ¢oxsayli cihazlarin, o
climlodon, optoelektron cihazlarin yaradilmasi perspektivi
onu daim tadgiqatgilarin diggat morkazindos saxlayir. MS asa-
sinda hazirlanmig fotorezistorlar, Giinos elementlori vo isiq
diodlar1 hazirda miivaffoqiyyatls totbiq olunur [1-3]. MS-in
keyfiyyatinin yaxsilagdirilmasma yonsldilmis bir ¢ox ugurlu
isloro baxmayaraq [4-6], holalik elektroliiminessensiyanin
yiiksak kvant ¢ixigini almaq miimkiin olmamisdir (=0.1%)
[2,3,6]. Elektroliiminessensiyanin kvant ¢ixisinin artirilmast
yollarint miioyyon etmok {igiin ylikdastyicilarin elektrik saho-
sindo horakotinin qanunauygunluqlarini aragdirmaq lazimdir.
Optoelektron cihazlarinin bazis elementi olan mosamali
silisium hom n-, hom do p-tip kegiriciliys malik olan silisium
16vho iizerindo formalasdirilsa da, p-tip kegiriciliyo malik
olan silisium tizorindo formalasdirilmis moasamoali silisiumun
todqiqgine daha boyiik digqot yetirilir [7,9].

Isin magsadi n-tip kegiriciliys malik olan silisium 16vha
lizorindo formalagdirilmis mosamali silisiumda yiik daginmasi
prosesinin todqiq olunmasidir.

Niimunolorin hazirlanma texnologiyasi va 6l¢ma
metodikasi.

Maosamali  silisium  tobagalori  xiisusi miiqavimati
,=10m-cm olan n-tip kegiriciliya va (111) kristallik orienta-
siyasina malik olan silisium 16vha {izorinds elektrokimyavi
metodla formalagdirilmigdir [2]. Ilkin materialin  sothi
avvalcadon mexaniki tisulla hamarlanmisdir. Anodlasmadan
onco niimunolor yagsizlasdirtlmis vo deionizo olunmus suda
yuyulmuslar. Anodlasmanin corayan sixligi 10mA/cm?, anod-
lasma miiddati 30daq. olmusdur. Elektrolit 1:1 nisbatindo HF
(plavik) tursusu va izopropil spirtinden ibarat olmusdur. Isig-
lanma 60Vt-liq kézermo lampasi ilo aparilmisdir. Olgmolor
«sendvigy  strukturlu  niimunslordos  hoyata  kegiril-
misdir.Yuxart elektrod vakuumda tozlandirilmig vo sahosi
2.3-102cm’ olan aliiminium tobaqo, asag1 elektrod iso sili-
sium 16vhenin 6ziidiir. Dreyf yiiyriiklilyl yiik dastyicinin nii-
miinadan kegma miiddatinin 6lgiilmasi metodunun kdmayils
todqiq olunmusdur [10]. Dalga uzunlugu 0.337mkm, impul-
sun davametmo miiddati 8ns olan ILQI-503 tipli azot lazerin-
don alinan siialanma impulslar yuxari elektrodun yaxinligin-
da izafi ylik dasiyicilart konsentrasiyasinin yaradilmasini to-
min edir. Gorginliyin vo impulsun verilmo anlar1 arasinda
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100mks interval saxlamagla, niimunslors ~1ms miiddatli im-
puls gorginliyi verilir. Olgmolor niimunadon foza yiiklori ilo
mohdudlagmis coroyanin (FYMC) ke¢mosini tomin edon giic-
lii inceksiya peciminds aparilmigdir.

Ol¢molar v alinmis naticalorin miizakirasi.

Tadgiqatlar gostordi ki, hom elektron, hom do desik foto-
corayanlarinin zamandan asililigi struktursuz azalmani ifads
edon xotdir (Sok.1). Coroyan siddoti gorginlikdon kvadratik
asilidir. Coroyan siddstinin inceksiyaedici stialanmadan asili
olmamast FYMC reciminin barqorar olmasina dolalot edir
[11]. Bunula bels, fotocarayanlarin gérkomi /(z) asililiginda
xarakterik maksimumlari olan ideal FYMC-ya bonzomir. Ide-
al FYMC-ya moxsus olan maksimumlar yuk dasiyicilarin nii-
munaden kegmo miiddatini toyin etmays imkan verir:

t, ~0.8t,. (1)

Burada,

ty=L"/uU, @)

L - nimunonin qalinlig1, 4 - dastyicilarin dreyf yiiyriiklii-

ylidiir. Onda (1) diisturuna asason dreyf yiiyriikliyii
u=08LUt, 3)
ilo hesablanir.

Toqdim olunmus isdo ucus miiddati I(t) oyrilorinin qra-
fikdoki azalmanin kvazistasionar haldan daha siiratli hala ke-
¢id intervalina uygun olan zaman anina gors ikiqat loqarif-
mik miqyasda qurulmasindan toyin olunmusdur (Sok.1). So-
kildo ugus miiddati oxlarla gostorilmisdir. Asililigin daha an-
lasigh olmasi tigilin 1, 3, 4 oyrilorinds corayanin qiymati mii-
vafiq olaraq 0.25, 1.5, 5-0 vurulmusdur.

12-ci igdo gostorilmigdir ki, maksimumlart olmayan
FYMC-lar lokal hallarda tutulan va sarbast qalan yiik dastyi-
cilarin barqorar olmamis termodinamik tarazligi seraitinds
meydana ¢ixan anomal dispersion daginma prosesindo miiga-
hids oluna bilor. Bu halda niimuns daxilinds fozada giiclii ya-
yilmis vo yliyriiklilyii zamandan, demoli, niimunonin qalinligt
vo gorginlikdon asili olan yiikdastyicilar paketi dreyf edir. 12-
ci igdo enerciyo goro paylanmasi eksponensial ganuna tabe
olan lokal hallarin tutdugu yiik dasiyicilarla tonzimlonan da-
sinma modeli nozardon kegirilmisdir.
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1 10 100
t, us

Sakil. 1. 10mkm qalinligli MS tabaqoesindo miixtalif
temperaturlarda elektron (/,3) va desik (2,4) foto-
corayanlarinin zamandan asilihigt. T,K: 7,2-292K;
3,4-335K. 1,3,4 ayrilerinds corayanin qiymati
miilivafiq olaraq 0.5, 1.5, 5-0 vurulmusdur.

Sadolik tiglin gobul olunmusdur ki, g(E)= g, pay-

lanmasi miioyyon E, < E < E_ enerci intervalinda ekspo-

nensial qanunla doyisir:
g(E) = g; exp(—(E — E|)=kT)).

E-nin qiymotlori kegiricilik zonasmm dibi £ -don

hesablanmigdir. k7)) —eksponensial paylanmanin xarakteristik
enercisidir. Bu halda u¢us miiddsti igus miiddati ligiin

o =t,-(0.78)" )
diisturu ilo toyin olunur. Burada,
o =kT/kT, . (5)

0 vo 1 arasinda qiymot alan & dagimmanin dispersionluq
dorocosini  xarakterizo edir. @-nin qiymoti azaldiqca
dispersionluq dorocosi artir (paketin yayilmasi daha giiclii
olur).

2-ci gokilda elektron vo desiklor {igiin t; -in gorginliyin

tors qiymatindon asililiq oyrilori verilmisdir. Sokildon goriin-
diiyt kimi, gorginlik artdigca dasiyicilarin ugus miiddati aza-

lir. Alinmig asililig t; ~( 1/ U)" funksiyas ilo ifado etmok
olar. 292K temperaturda elektronlar vo desiklor iiglin ~1.2

olan qiivvat doracasi 352K temperaturda ~1-9 qodor azalir.

Anomal dispersion dasmma soraitindo ¢, ~ (L/F)"* oldu-
gundan [13,14], (4) diisturundan ¢ ~(1/U )"
do n=1/a diisturundan « {iglin otaq temperaturunda = 0.8,
352K temperaturda iso = / alinmisdir.

Beloliklo, almmmis naticalor « dispersion parametrinin
temperaturdan asili olmasini stibut edir vo (5) diisturu ilo uz-
lasaraq, eksperimental malumatlarin anomal dispersion gora-
itdo FYMC modeli ¢oar¢ivasinds tohlil olunmasima imkan ya-
radir. (5) diisturuna gors, a-nin otaq temperaturunda alinmis

aliir. Notico-

0.8 giymati ii¢iin daginma modelino asason k7, = 0.03eV xa-

rakteristik enercisino malik olan g(E) eksponensial paylan-
mas1 olmalidir.
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Sakil. 2. Desiklor (1,2) va elektronlarin (3,4) ucus miiddatinin
temperaturun miixtolif qiymeotlerinds gorginliyin tors
qiymatinden astliligi.

T,K: 1,2-292K, 3,4-352K. L=10mkm.

Qeyd edok ki, verilmis models asason daginmaya nozarot
edon lokallagmis hallarin enerciye goére eksponensial paylan-
masi zamant ¢ > t; oldugda coroyanin zamandan asililigi
qiivvat funksiyasi soklinda verilo bilor:

I(Z)N t—(1+a/ )

Burada oy parametri a-ya barabor oldugundan, otaq tem-
peraturunda o, ~0.8 val(t) ~¢1 (t > t;). Ancaq eksperi-

mental molumatlarn tohlili gdstordi ki, a, =0./-0.3, yani

dispersionluq doracasi 0 parametrindon xeyli boyiikdiir. Bu
forqin sobobini, ¢ox giiman ki, mosamoli tobagonin struktu-
runun qeyri-bircinsliliyi noticosindo dreyf paketinin daha
giiclii yayilmasi ilo izah etmok olar [15].

t> t; olduqda, «kvaziplatolu» sahoys malik olan I(t)
astlilig1 12-ci isdoki model asasinda hesablanmis I(t) ilo yaxst
uygunlagir. I(t)-nin baslangicdaki siiratli azalmasimin sabobi
halalik tam aydin deyil. Analoci FYMC oyrilorinin o—Si:H-
da miisahido olunmasini xiisusi geyd etmok lazimdir [16,17].

Yik dastyicilarin dreyf yiyriklilylinin (4) diisturuna
osason miioyyon edilmis qiymoti, a = 0.8 olduqda, (3)
diisturuna osason hesablanan qiymotdon ciizi forqlonir
(a=0.73). Noticodo otaq temperaturunda vo E=4-10*/sm
intensivlikdo elektronlarn yiiyriikliiyii 4, = 2.707 sm’ / V-san,

desiklorin yiiyriikliiyii iso s, =610~ sm” /v - san olmusdur.

Molumdur ki, FYMC recimindos yiiyriikliyiin qiymoti /,
baslangic corayanin vo t=tr anindaki 7, coroyan maksimumu-
nun 6l¢iilmasi vasitasilo toyin edilo bilor. Ideal FYMC halin-

da I, =2.7-1,.12-ciisdo anomal dispersion daginma zama-
nt FYMC-nin tohlili gostordi ki, a < 0.8 olduqda /(#)-nin
azalmast fonunda maksimum segilmir vo [(t; ) <1I,;
o =0.8 oldugda iso I, ~1I,. Ozi do Iyin qiymoti ideal

FYMC-nm qiymstindon els do forqlonmir. Torafimizdon yiiy-
rikliyiin hesablanmasi {igiin 11-ci isdoki diisturdan istifads
olunmusdur:
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1,/S =ukU?/2.25-10° L%, 4fsm” . 6)

Burada, k-dielektrik niifuzlulugudur.

Iy-1n gqiymatinin miioyyanlosdirilmosi malum soboblorden
miimkiin deyil. Belo ki, onun asl qiymati elektrik sahosinin
borqarar olmasi va yiik dasiyicilarin tors diffuziyasi natice-
sindo meydana ¢ixan baglangic pikin qiymoti altinda maska-

lanir [17]. Ona gora do o = 0.8 olduqda I(t;) ~ I, olmasi

nazars almaraq (6) diisturunda ¢ ; anindaki corayanin qiy-
moti gotiiriilmiisdiir. 18-ci isin naticolorine asason k=5 qobul

edilmigdir. Belo tisulla tapilmig u, =1.5-1 07 sm’ / V - san,

uy, = 38107 st/V-san qiymotlori ¢, aninda hesab-

lanmis qiymaotlordon ciizi forglonir.

0.01 F
z :
g
=
0.001:-
28 29 30 31 32 33 34
10/ K"

Sokil. 3. Elektronlar (1) va desiklarin (2) dreyf yiiyriikliiklarinin
temperatur asililiglart. «+» , «X» isarslori yiiyriikliik-
lorin temperaturun tors gedisindoki qiymatlorine uygun
galir.

Yik dasiyicilarin yiiyrikliyiiniin temperatur asililig
10 mm.c.st. tortibli vakuumda todqiq edilmisdir. Sok.3-do

E=4-10"V / sm intensivlikdo 292-352K temperatur inter-

valinda yiiyriikliiylin temperatur asililigi gostorilmigdir. MS-
do elektron vo desiklorin temperatur asililigi aktivlogmis xa-
raktera malikdirlor. Aktivlogsma enercisi elektronlarin yiiyriik-

liyli Ggiin  AE, = (0.38£0.05)eV , desiklorin yliyriikliyl

ligiin iso AE, = (0.41+0.05)eV olmusdur. Qeyd edok ki, 9-

cu igdon forqli olaraq, aktivlosmo enercisi xassolori sabitlos-
dirilmis niimunalordo aparilmigdir. Temperaturun tors gedi-
sinds ytiyriikliik 6z ilkin qiymotina qayidir.

Yik dastyicilarin lokallasmis hallarda tutulmasi ilo
tonzimlonon daginma modelina asason yiiyriiklilylin aktivlos-
ma enercisini agagidaki kimi yazmaq olar:

AE =E, +kT,In (7

L
\/EHOTOF .

Burada, g - yiik dastyicilarin icazo verilmis zonadaki
yiiyriikliyid, 7)- onlarin yasama miiddatidir. £,=0,03eV qobul
edorak, L, kTy, F-in malum qiymatlorini (7) diisturunda yerino
yazdiqda u,t, =1 0~ em’ / V' iclin AE,, AE,-in eksperi-

mental miloyyon olunmus giymatlorine yaxin qiymatlor alinir.
Qeyd etmok lazimdir ki, g7, hasili nizamsiz yarimkegirici-
lordoki analoci hasillo eyni tortibdadir. Masoalon, siisoyobon-

zor As,Se; yarimkegiricisindo u,t, =41 07" em® / V -dur
[14]. Aparilmis tohlil MS-in qadagan olunmus zonasinda

icazo verilmis zonalarin «quyrug»larinin olmasi miiddoeasini
iralisiirmays imkan verir.

Yekun.

Toqdim olunmus igsdo gostorilmisdir ki, MS-da yiik dasi-
yicilarin dreyf yiiyriiklilyline miivafiq olan kec¢id fotocore-
yaninin zamandan asililigim1 anomal dispersion daginma so-
raitindo foza yiiklori ilo mohdudlagsmis coroyan modeli gorgi-
vasinds izah etmok miimkiindiir. 292-352K temperatur inter-
valinda elektron vo desiklorin dreyf yiiyriiklilyliniin tempe-
ratur  asililigt  todqiq  olunmus, elektrik  sahasinin

E=4-10" V/ sm intensivliyindo vo 7=292K temperaturda

elektron vo desiklorin aktivlosmo enercilorinin miivafiq
olaraq

f=2-10"ci 2/A-f; g =6-10"ci 2/A-q

olmast miioyyon edilmisdir.
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H.A. Hasanov

CHARGE CARRIER TRANSFER IN POROUS SILICON FORMED ON THE SURFACE OF
SILICON OF n-TYPE

Charge carrier transfer in porous silicon layers by the time of flight technique in the strong injection regime in the temperature interval 7'
=290-350K at the electric field strength E=(1.5-1.7)-10*V/cm has been investigated. It is shown that the drift mobility values of electron and
holes are z,=2-10-3cm?/V-san, =6 10*em?V-s at T = 292K and E=4-10*V/cm. The experimental dependence of drift mobility on
temperature with energy activation =0.38¢V~0.41eV for electrons and holes is established correspondingly. It is shown that the character of
the time dependence of the photocurrent corresponding to the charge carrier drift as well as the superlinear dependence of the time of flight
on an inverse value of the voltage applied to the sample allow us to use the model of space charge under anomalous dispersion transfer
condition. The experimental data are explained in framework of transfer model controlled by trapping of carriers on localized states energy
distribution of which is described by exponential law with characteristic energy ~0.03¢V near edges of conduction band and valence one.

T'.A.T"'acanos

HNEPEHOC HOCUTETEJIEA 3APSIJIA B IOPUCTOM KPEMHHUU, COOPMUPOBAHHOM HA
IMOBEPXHOCTH KPEMHMUA n-TUITA

B mpencrasnenHoi paboTe Mccie[oBaH IMePEeHOC HOCUTENEH 3apsiia B CIOSIX HOPUCTOTO KPEMHHUSI METOJIOM M3MEPEHHUSI BpEMEHH IIpo-
7leTa B peXMMe CHIBHONH MEKEKLMH B HHTepBae Temreparyp T=290-350K i HampsvkeHHOCTH snekTpuueckoro moms E=(1.5-1.7)-10°B/cm.
[Momyueno, 4To 3HaYeHUS APEH(POBBIX OABIKHOCTEH JIEKTPOHOB U JIBIPOK COCTABIISIIOT Lf,=2- 10-3eM*/B-c, yp:6-10-'4CM2/B~c npu T=292K
i E=4-10*B/cM coOTBETCTBEHHO. Y CTaHOBICHA 9KCHEPHUMEHTAIbHAS 3aBHCUMOCTD APEiH(POBON MOABMKHOCTH OT TEMIIEPATYPhI C SHEPTUCH
akTuBanuu ~0.385B~0.415B 1 51eKTpOHOB M OBIPOK COOTBETCTBEHHO. [Toka3aHO, YTO XapakTep 3aBHCHMOCTEH OT BpeMeHH (DOTOTOKa,
COOTBETCTBYIOLIEro JIpeiidy HocuTenei 3apsiaa, 1 CBEpXJIMHEHHAs 3aBUCHMOCTh BPEMEHH IIPOJIETa OT BEJIMYHUHBI, 0OPaTHOMN NPUIOKEHHOMY
K 00paslly HalpsDKEHHIO, MO3BOJSIIOT MCIIOIB30BAaTh IPEICTAaBICHHUS O TOKE, OrPaHMYEHHOM IIPOCTPAHCTBEHHBIM 3apsOM B YCIIOBHSIX
AHOMAJIPHOTO IMCIIEPCHOHHOTO INepeHoca. DKCHEPUMEHTAIbHbIE JaHHBIE OOBACHEHBI B MOJEIM MEPEHOCAa, KOHTPOIUPYEMOTO 3aXBaTOM
HOCHTENIEH Ha JIOKaIN30BaHHBIE COCTOSIHUS, Paclpe/ieleHne KOTOPBIX 10 SHEPTUH BOIM3M KPaeB 30HBI MPOBOAMMOCTU U BAJIEHTHON 30HBI
OMUCHIBACTCS KCIIOHEHIIMAIBHBIM 3aKOHOM C XapaKTEepUCTHYECKOM sHeprueir ~0.38B.
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THE CHANGE OF THERMAL PROPERTIES OF COMPOSITE MATERIALS ON THE BASE
OF POLYMERS AND MAGNETIC ADDITION UNDER MAGNETIC FIELD INFLUENCE

M.A. RAMAZANOV
Baku Sate University, AZ-1148, Z. Khalilov str., 23,

S.J. KERIMLI, S.A. ABASOV
H.M. Abdullayev Institute of Physics of Azerbaijan NAS
AZ-1143, H. Javid ave., 33

The investigation results on influence of crystallization temperature-time regime and magnetic field influence on composite thermal
properties on the base of polymers (PEVP, PVDF) and magnetic addition BaO(Fe,0;)s are given in the given work. It is shown that change
of thermal properties of investigated magnetic compositions in the dependence on crystallization temperature-time regime and processing in
strong constant magnetic field can be connected with change of permolecular structure of polymer matrix, degree of interference between
phases and thickness of near-boundary layer. It is also established that magnetic field influence on PEVP+BaO(Fe,05)s samples obtained in
the regime of nitrogen hardening leads to improvement of thermal properties of composite materials: thermal resistance increases, total mass

loss decreases.

The devices with elements from polymer-ferromagnetic
compositions are treated by continuous influence of constant
and alternative magnetic field at their exploitation. The
processing of magnetic polymer compositions at constant and
alternative fields, and also the change of crystallization
temperature-time regime can change their thermal properties
[1].

The influence of crystallization regime and magnetic
field on composition thermal properties polymer (PEVP,
PVDF) baric hexaferrite (BaO(Fe,O3)) have been
investigated. The composition thermal properties have been
investigated by differential-thermal method (DTA),
differential-thermal-gravimetric method (DTG) and thermal-
gravimetric method (TG) on Q- derivatograph by MOM firm
(Hungary) in temperature interval 20-540°C. Al,O; burnt at
1000°C is used in the capacity of temperature standard. The
sensitivity on canals is: DAT is 1/5; DTG is 1/15; TG is mg
200 [2].
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Fig.1. DTA of mix curves of PEVP-BaO(Fe,0;)¢ system
samples, obtained by crystallization in NH regime:
1 - PEVP (initial);
2 - 90vol%PEVP+10vol% BaO(Fe,03)s;
3 - PEVP (after processing);
4 - 90vol%PEVP+10vol% BaO(Fe,03)s (after
processing).
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The initial polymers PEVP and PVDF (without addition)
and polymer-magnetic composite materials on the base of
PEVP, PVDF and magnetic additions BaO(Fe,03) are
obtained by hot pressing method under the pressure 15MPa at
polymer matrix melting point during 10 minutes with further
cooling in the following crystallization regimes: 1 — the
samples are put in the vessel with liquid nitrogen (nitrogen
hardening (NH)); 2 — the samples are cooled in the mixture of
ice with water with rate 2000degree/min (fast cooling regime
(FC)); 3 — melt slow cooling up to room temperature with
rate 2 degree/min (SC).
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Fig.2. DTA curves in the dependence on crystallization regime:
1 —PVDEF (initial);
2 —90vol.%PVDF + 10vol.%BaO(Fe,03)e.

DTA curves of PEVP without addition and with
magnetic addition BaO(Fe,0;)s obtained in NH regime
before and after magnetic field influence are given on fig.1.
From the figure it is seen that endothermal effects (fig.1,
curve 1) at 133°C, 213°C and 390°C are observed on DTA
PEVP curves. The endoeffect at 133°C corresponds to
melting of polymer matrix crystalline part PEVP. The
endoeffect at 213°C corresponds to weak bond opening and
endoeffect at 390°C corresponds to PEVP depolymerization.
The endoeffect temperature at 133°C shifts to the side of low
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temperatures and becomes equal to 125°C at addition into  in the comparison with samples obtained in FC and SC
PEVP+10vol% BaO(Fe,03)s (fig.1, curve 2) and it regimes is observed at fast crystallization in NH regime in
corresponds to melting of composition 90vol% PVDF films (fig.2, curve 1). However, the samples of
PEVP+10vol% BaO(Fe,0;)s. The temperature of weak bond ~ 90vol% PVDF+10vol% BaO(Fe,03)s composition obtained

opening corresponds to 283°C. in SC regime (fig.2, curve 2) are more thermostable ones in
From above mentioned it is followed that change in  the comparison with NH, FC.

thermal effect temperatures evidence about formation of new Thus, in the result of investigations it is established that

interfacial phase on interface between composite the change of thermal properties of investigated magnetic

components. compositions on PEVP + BaO(Fe,0;)s and

At influence of magnetic field on PEVP and 90vol% PVDF + BaO(Fe;O5) in the dependence on temperature-time
PEVP +10vol% BaO(Fe,05)s composite it is established that ~ crystallization regime and processing in strong constant
temperature of weak bond opening shifts to the side of high ~ magnetic field can be connected with change of permolecular
temperatures, and depolymerization temperature shifts to the  structure of polymer matrix, degree of interference between

side of low ones. phases and thickness of near-boundary layer. It is also shown
The analogous investigations have been carried out for  that magneti.c ﬁe.ld inﬂuepce on PEVP + BaO(Fe;03)s
initial polymer PVDF and PVDF+ BaO(Fe,0;)s composite. samples obtained in NH regime leads to the improvement of

The relative high melting point of PVDF crystalline part ‘Fhermal properties of composite materials: thermal resistance
(170°C) and high temperature of weak bond opening (218°C)  increases, total mass loss decreases.

[1] B.l. Smirnov. Dislokatsionnaya struktura i uprochnenie [2] V.S Gorshkov, V.V. Timashev, V.G. Savelyev. Metodi
kristallov. Nauka, L.,1981, 235 s. (in Russian) fiziko-khimicheskogo analiza vyajushikh veshestv. M.,
Visshaya shkola, 1981, s. 37-42. (in Russian)

M.9. Ramazanov, S.C. Korimli, S.A. Abasov

POLIMERLOR VO MAQNIT OLAVOSi OSASINDA ALINMIS KOMPOZIT MATERIALLARIN MAQNIT
SAHOSININ TOSiRi ALTINDA TERMIK XASSOLORININ DOYiSMoSi

Isdo kristallasmanin temperatur-zaman rejiminin vo sabit maqnit sahasinin polimerler (YSPE, PVDF) vo maqnit alavesi BaO(Fe,05),
osasinda almmug kompozitlorin termik xassalorine tesiri dyrenilmisdir. Gosterilmisdir ki, tadqiq olunan maqnit kompozitlerinin termik
xassolorinin kristallagmanin temperatur-zaman rejimindon vo giiclii sabit maqnit sahasinds iglonmosindon asili olaraq doyismolori polimer
matrissanin istmolekulyar qurulusunun, fazalararasi qarsiliglt tesirin va sarhad yani tabagenin qalinliginin doyismalari ils olagadardir.
Miioyyan edilmisdir ki, azot barkimoasi (AB) rejiminds alinmig YSPE + BaO(Fe,03)s niimunoalorine maqnit sahasinin tosiri onlarin termiki
xassolorini yaxsilasdirir, belo ki, termik davamliliq artir, imumi kiitls itkisi azalir.

ML.A. PamazanoB, C.[I:x. Kepuman, C.A. AdacoB

W3MEHEHHUE TEPMUYECKHUX CBOMCTB KOMIIO3UTHBIX MATEPUAJIOB HA OCHOBE IIOJIMMEPOB M
MATHUTHOM JJOBABKHM MO/ JEMCTBUEM MATHUTHOI'O IOJIA

B pabote m3MmoxeHBI pe3yibTaThl HCCIESIOBAHUH IO BIMSHUIO TEMIEPATYPHO-BPEMEHHOTO PEXUMa KPHCTAIIM3AlMU U JEUCTBUS
MarHUTHOTO TIOJII HA TEPMHYECKHAE CBOWCTBa KOMIO3UTOB Ha ocHoBe monmmepoB (IIOBIL, [IBA®) u marautHO# nodaBku BaO(Fe,03)s.
INokazaHo, 9TO M3MEHEHHE TEPMUYECKHX CBOMCTB HCCIIEAYEMBIX MATHUTHBIX KOMIIO3HLHUH B 3aBUCHMOCTH OT TEMIEPAaTyPHO-BPEMEHHOTO
peXMMa KPHUCTAUIM3aIUK M 00pabOTKH B CHJIBHOM IHOCTOSHHOM MAarHHUTHOM IIOJIC MOXKHO CBSI3aTh C M3MEHEHHEM HAJMOJIEKYIIPHOU
CTPYKTYpBI ITOJIMMEPHON MaTPHIIBL, CTEIICHH B3aUMOJCHCTBUS MexX Iy (azaMu U TOJNIIUHEI IIPUTPAHIIHOTO CIIOSL. Y CTAaHOBJIEHO TaKKe, YTO
BO3JeHCTBME MarHUTHOro moiisi Ha o6pasusl [IDBII+ BaO(Fe,0;)s, modyueHHBIE B peXKUME a30THOM 3aKalKH, NMPUBOAUT K YIIYUIICHUIO
TEePMHUYECKHX CBOMCTB KOMIIO3UTHBIX MAaTEPHAJIOB: YBEIMUMBACTCS TEPMOCTOHKOCTh, YMEHBIIAETCSI CyMMapHast II0TepsI MacCHl.
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THERMOELECTROMOTIVE FORCE OF TWO-DIMENSIONAL ELECTRONIC GAS

H.A. GASANOV
STC «Informatics»

The analytic expression for thermoelectromotive force of two-dimensional electronic gas in quantum well with parabolic holding

potential is obtained.

As it is known the expression for -electronic
thermoelectromotive force has the form [1, 2]:
k, <(x—n)r>
a = __OQ (1)
e <T>

where

o0

<A(g)>= jA(a)

0

_9%
o€

The expression for reverse relaxation time in the
approximation of shape-elastic scattering has the form:

1,
7

ZW(O,IE',O,E) (l—cose) ()
=

We consider the situation of quantum limit when only
one subband of dimensional quantization (N=N =0).

- -~ 2T o~
W(Oak 909k):7|M01;"01; |2 5(801(' _SOk) (3)
Ni is impurity concentration
y _ -1
Moz?,oz? _MOIZ,OE (I+ Moz?,ozE 11(0,0) @
e =NV G, GV G =R G, ()dR T, 5)
My o = [[[ Vo ey 2V (e, 3, 2 (v, v, 2)dxdydz ©
V(x,y,z) is scattering potential, for example, for scattering on ionized impurities.
2
V(x,y,z)zzi(xz +y2 +Zz) i @)
X
1 1 z° ik, x+ik,y
Vst =g T ®
0,k LxLy 4 7Z'R2 2R2
k1
Eo = - +Eha) )
I1(0, O)ZIp(g)(—%jdg , (10)

(10) is polarization operator, taking into consideration the
M _ is density of
2

scattering potential screening [3]. p( g) -
h

states of two-dimensional electronic gas, f; is Fermi
equilibrium distribution function.

| Let’s consider the case of strong screening when the
second summand in (4) much more than 1.

Neglecting by small dependence 7 on energy we obtain
the following expression for thermoelectromotive force:

] n+|1+exp heo n||In|1+exp|n heo (11)
e | 2k,T 2k,T 2k,T
From this it is seen the thermoelectromotive force of | k haw
electronic gas doesn’t depend on diffuser parameters in the a=—-2 -n (12)
case of strong screening of electron interaction potential with e\ 2k,T

impurities and is defined by position of chemical potential level
quantum well bottom. For electron nondegenerate gas (17<0):

We have the following formula:
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10} /0]
<p<—-
2k,T k,T

o= k_o B ho exp ho —7 (13) in the case of strong degeneration when
2k, T 2k,T

[1] B.M. Askerov. Elektronnie yavleniya perenosa v [3] T.Ando, A.Fowler, F.Stern, Electronic properties of two-

poluprovodnikakh. «Naukay», Moskva, 1985, 318. dimensional systems, Rev.Mod.Phys., vol.34, No.2,
[2] Yu-Ming Lin, Xiangzhong Sun, M.S. Dresselhaus. Phys. 1982 (T. Ando, A. Fauler, F. Stern. Elektronnie svoystva
Rev. B 62, 4610-4623 (2000) dvumernikh system, «Mir», Moskva, 1985, 415 (in
Russian)).
H.A. Hosanov

IKiOLCULU ELEKTRON QAZININ TERMOELEKTRIK HOROKOT QUVVOSI
Parabolik potensialli kvant ¢uxurunda ikidl¢iilii elektron qazinin termo e.h.q. ti¢iin analitik ifade olunmusdur.
X.A.T'acanos
TEPMOJAC ABYMEPHOI'O 3JIEKTPOHHOI'O I'A3A

Honyquo AHAJIMTHYCCKOE BBIPAXKCHUA I TEPMO3AC ABYMEPHOI'O DJJIEKTPOHHOI'O Tras3a B KBaHTOBOH sIME C
HapaGOJ'II/I‘IeCKI/IM YACPKUBAOIINM ITOTCHIIUAIOM.
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ELECTRON DIFFRACTION INVESTIGATION OF CRYSTALLIZATION KINETICS OF
AgInSe; AMORPHOUS FILMS

D.I. ISMAILOV, N.K. KERIMOVA
H.M. Abdullayev Institute of Physics of Azerbaijan National Academy of Sciences,
AZ-1143, Baku, Azerbaijan, H. Javid ave., 33

The kinetics of phase transformations taking place in the result of amorphous AglnSe, film crystallization has been investigated by the
method of kinematic electronography. It is established that thin amorphous layer crystallization AgInSe, obtained by vacuum precipitation on
NaCl, KCl single crystals, takes place on regularities established by Avrami-Kolmogorovim and it is expressed by V,=V[I-exp(-kt")]. The
growth regularity at amorphous film crystallization AgInSe, which is equal to 2 and also the values of activation energies of germ-formation
and their further growth which are equal to £,=20,2 kcal/mol and E,=27,6 kcal/mol have been defined correspondingly.

Spatially homogeneous germ-formation probability at
similar rate and further their growth is described by Avrami-
Kolmogorov (A-K) [1-2] in the case of amorphous
substances. One can obtain the information about phase
transformation mechanism in everlasting volume in the
supposition about the fact that phase transitions take place
with the formation of big amount of new phase germs
occasionally distributed in the space and time with their
following growth by the studying of temperature-time
dependence of amorphous film crystallization. The following
kinetic equation

Vv, =V, []— exp(— ldm)] (1)

is the general one for description of formation kinetics of new
phase germs in the given time moment with their further
growth as in the case of constant origin rate, so at decreasing
one.

The analytical expression (1) allows us to define
temperature-time dependence of film crystallization which is
the dependence on time of relative part of initial phase, where
V;is part of substance volume endured the transformation to
moment ¢, V) is initial volume which is volume of amorphous
phase in the beginning of phase transformation process, K is
reaction rate constant equal to 08w, (KSC) where @; is origin

rate of new phase germs in the unit of non-switched volume,
ks is shape form, c is growth linear rate. The m value is
different for different possible transformation types and
depends on crystal growth size: the conclusions about
possible transformation mechanism are done on the base of
the value of m-degree index. Note that one should have the
detail experimental data about ¥V, for obtaining of reliable
results with the help of A-K theory.

In the given paper the crystallization process of
amorphous films AgInSe, obtained on new-spalled single
crystals NaCl, KCl and amorphous celluloid obtained by
evaporation of synthesized substance in vacuum ~10*Pa has
been investigated by the method of kinematic
electronography. The isothermic kinematic electronograms at
423, 438, 453 and 473K have been obtained for studying of
kinetic crystallization of amorphous layers AgInSe, by the
thickness ~25 nm. The strong phase transition in the result of
which one can’t observe the transformation dynamics takes
place higher 473K. The kinematic electronogram on which
the amorphous and crystal phases and also the coexistence
region of both phases are observed, is given on the fig.1.
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Fig. 1. Kinematic electronogram from AglnSe,.

The microphotogram from defined regions of kinematic
electronograms corresponding to different time moments of
film annealing are obtained for measurement of diffraction
line intensity of increasing crystal phase AgInSe, on
microphotometer MPh-4. The transition from intensity values
to quantity of crystallized substance is carried out by the way
of normalization taking into consideration the fact that
electron dispersion intensity in kinematic approximation is
proportional to the volume of dispersed substance

1,,, ~ V [3]. On kinematic electronogram the intensification

with line intensity time on crystal phase at crystallization is
caused by increase of polycrystal phase volume radiated by
electron beam, i.e. the intensity changes of diffraction lines of
one phase is connected with quantity change of this phase in
radiated volume as the general substance quantity in it stays
constant. As the small region from diffraction part is fixed on
kinematic electronogram, then one can said about local
intensity of Debye ring corresponding to small region A
which is expressed by the following formula according to [2]:

2 2
7 =7 /1|@th| V hklAP
W Q| 4dla
where [ is intensity of primary radiation beam; A is length of
electron wave, @ is structural amplitude of diffraction

reflection which is calculated from atom dispersion factor in
kinematic approximation, (2 is volume of elementary crystal

@

cell, ¥ is radiated volume, d ,fkl is interplanar spacing, is

small region of Debye ring, P is multiplicity factor of
diffraction reflex increase, LA is device constant.
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W, 10°% o to intensity unit, has been defined. The kinetic crystallization
curves of amorphous AglnSe, have been constructed in the
473 453 4= 47 . . .
70 investigated interval (fig.2).
The value of index m in (1) defined from line inclination
of Inln(V,/V,-V,) on Int for temperatures mentioned

above is close to 3 (m=2,72; 2,80; 2,93 and 2,99 for 423, 438,
40 453 and 473K) correspondingly. This shows that the crystal
- two-dymensional growth takes place in the case of
amorphous crystallization AgInSe,. The general activation
energy of crystallization equal to 75,3kcal/mol has been
10 defined on line inclination of /n k dependence on reverse
< < ¢ (o) temperature. The activation energy of germ formation
an E a0 110 130 calculated on line inclination of /¢ dependence on /n ¢ (here ¢

is incubation time, experimentally observable time of
Fig.2. Kinetic curves of crystallization of AgInSe,. crystallization beginning) is equal to 20,2kcal/mol. The
activation energy of crystal growth E, defined from relation

Egr = (Eggn - £, ) / 2, 1s equal to 26,7kcal/mol.

&0
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2n

The intensity max value is compared with totally
crystallized substance volume and the volume corresponding

[11] M. Avrami. J. of Chem. Phys., 1940, v.8, Ne 2, p.-212-  [3] B.K. Vaynshteyn. Strukturnaya elektronografiya. M.: AN
224, SSSR, 1956, 313 s. (in Russian)

[2] N.N. Sirota. Sostoyanie i problemi teorii kristallizatsii.
Minsk: Izd. AN BSSR, 962, s.11-18. (in Rissian)

C.I. ismayilov, N.K. Korimova
AgInSe, AMORF TOBOQOLORINDO KRISTALLASMA KINETIKASININ ELEKTRONOQRAFIK TODQIQI

Kinematik elektronoqrafiya tisulunun totbiqi ilo AgInSe, amorf tobogalorinin kristallagmasi noaticosinds bas veran faza
cevrilmolori todqiq edilmisdir. Miioyyon olunmusdur ki, NaCl KCI monokristallar1 {izorinde vakuumda ¢okdiirms ilo alinmig
AgInSe, nazik amorf tobagolorin kristallasmast Avrami-Kolmoqorov qanunauygunluglart osasinda bas verorok
V=Vl I-exp (-kt™)] analitik tonliyi ilo tosvir olunur. AgInSe, amorf toboagalorin kristallasmasi zamani amalo goalon kristallitlorin
iki Olgiilii (7=3) olmasi toyin edilmis, kristallit riigeymlorin omolo golmasi vo onlarin sonraki bdyiimoelori iigiin tolob edilon
aktivlagmo enerjilorinin (£, va E, ) qiymatlori miiayyan olunmusdur: E,=20,2 kkal/mol; Ey=27,6 kkal/mol.

J.A. Ucmanaos, H.K. Kepumona

SJEKTPOHOI'PA®UYECKOE NCCIIEJOBAHUE KUHETUKHU KPUCTAJIVIM3ALINU AMOP®HBIX
IIVIEHOK AgInSe,

MeTooM KHMHEMAaTH4eCKOH 3JIEeKTPOHOrpadMy HCCIEN0BaHA KHHETHKA (Ha3OBBIX IPEBPAIICHHUH, MPOUCXOIAIIUNX B pe3yJibTare
KpucTam3auu amopdHbIX 1ieHoK AglnSe,. YcTaHOBIEHO, YTO KPHUCTALIM3AlMs TOHKHX aMOpQHBIX cinoeB AglnSe,, MONydYeHHBIX
BaKyyMHbIM ocaxeHreM Ha MoHokpucTauisl NaCl, KCI mpoucxoauT no 3akOHOMEPHOCTSIM, YCTAaHOBJICHHBIM ABpamMu- KoaMoroposbsiM, 1
OITKCHIBACTCS aHAIMTHYECKUM BhIpaxkeHueM V,=V[I-exp(-ki")]. Onpenenensl MEPHOCTh pOCTa MPH KPUCTAJUIM3ALUKE aMOP(HBIX ILICHOK
AgInSe,, paBHas nAByM, a TaKXKe 3HA4YCHHUsS OHEPIuil aKTHBAUMil 3apojblIeoOpa3oBaHMs ¥ JAJbHEHIIEro HX pOCTa, paBHBIC
E,=20,2kxan/monv u E,=27,6 KKa1/MOJb COOTBETCTBEHHO.

Received: 14.10.08
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ATMOSFERDO OZON QAZININ TONZIMLONMOSINO
TOSIR EDON FAKTORLARIN TOCRUBI TODQIQi

H.C. HUSEYNOV
Azarbaycan MEA H.B. Abdullayev adina Fizika Institutu,
AZ-1143, H. Cavid kii¢., 33, Baki

Maqalads enerji sistemlorinin otraf miihito zerorli tesirlorinin mexanizmlarinin Syrenilmasine dair tacriibi toadgiqatlarin naticalari
verilmisdir. Xiisusi halda CO vo NO gazlarinin atmosferds ozon qazinin miqdarina tesirlari aragdirilmigdir.

Diinya iizrs kimya senayesinin inkisafi, enerji sistemlori-
nin yiiksalon giicii va digar sonaye sahalarinin genis sobakasi
milasir dovrde tic miithiim ekoloji problem yaratmigdir: yer
kiiresinin ozon qatinin zsiflomasi, qlobal istilosmo vo torki-
binds tursu olan yagislar. Qeyd etmok lazimdir ki, yuxarida
gostarilon proseslar ekoloji baximdan hoyat1 vacib mosals ol-
dugundan diinya alimlori torafindon aktual mévzu olaraq ge-
nis tadqiq olunur [1-6]. Ozon gatmin zaiflomasi lizro masale-
nin kasginliyi ozon qatina manfi tosir gostoran xlorftorkarbon
tullantilarina malik istehsal saholorinin dayandirilmasina qo-
rar veran Vena konvensiyast vo Monreal protokolunda gos-
torilir ki, bu halda atmosferin ozon gatt 50-60 il arzindo borpa
oluna bilar.

Coxsayli todgiqatlarin noticolorindon molum olmugdur
ki, kecon osrin son 20 ili arzindo ozon tobaqosinin zoiflomasi
mohz xlorftorkarbon (freonlar) antropogen tullantilarin ¢oxal-
masi sobobindan irali golmisdir. Qeyd etmok lazimdir ki, yer
kiirasi atrafinin miixtalif qatlarinda (troposfera vo s.) O,, O3,
N,OH, CO, CO,, CHs4, NOy, SO,, H,0,, CH,0, HCIFC;,
HFC va digor qazlarin mdvcud oldugu va bu qazlara ultrabe-
novsayi, infraqirmizt siialarin tosiri noticosindo omolo golon
ionlagsma soraitindo otraf miihitde bir sira fiziki-kimyavi pro-
seslor: - molekullarin dissosiasiyasi, hayacanlanma, rekombi-
nasiya, kimyovi reaksiyalarin bag vermasi vo sairs proseslorin
yer almas1 miimkiin olur. Bu sobobdan bazi atom vo molekul-
larin yox olmasi vo yaxud yeni qaz torkibino malik miihitin
yaranmasi miigahido olunur. Atmosferdo bu vo yaxud digor
gazm O3 molekuluna tosiri miioyyon soraitdon asilt olmalidir.
Odur ki, O; gazina tosir edon amillors ayriligda baxmaq
moqbil tisul hesab olunur.

Toqdim olunan isdo CO miihitindo NO qgazimnin konsen-
trasiyasindan asili olaraq O; molekulunun miqdarinin doyis-
masina baxilmigdir. Tadqiqatlar ion aqreqatlart ilo olds edil-
mis, 10° Pa. tozyiqo malik gapal sistemdo yerino yetiril-
misdir. Qapali sistemdo qaz miihitinin torkib doyismoloring,
sistemlo olagolondirilmis, ugus miiddotli MSX-4 tipli kiitlo-
spektrometri vasitosilo nozarat edilmisdir. Qapali sistemo O;
generatoru olaraq 6lgiilori 1x5x30mm olan volfram lent daxil
edilmisdir. Tocriibolor asagidaki ardicilhigla aparilmisdir: Tlk
olaraq sistemdo 107 Pa tortibli tozyiq oldo edilir, sistemlo ola-
golondirilmis ozonator qurgusu vasitasila sistemo tozyiqi 2-3
tortib yiiksaldona qador O3 molekulu daxil edilir, volfram lent
ozon miihitinds ani olaraq kodzardilir vo sonra soyudulur. Bu
prosesda volfram lentin sothinds kifayst gader O; molekulu
adsorbsiyaya ugrayir vo lent tokrar kdzordildikdo sistemoa O,
molekulu daxil etmok imkanlarina malik olur. Ozon genera-
toru hazirlandiqdan sonra sistemdo yenidon 10 mm.c.s. tor-
tibli vakuum olds edilir.

Yuxarida qeyd olunan texnoloji proseso analoji olaraq
sistemo azot vo karbon generatorlar1 daxil edilir vo belsliklo
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sistemda NO va CO qazlarinin alinmasina texniki imkanlar
yaradilir.

Sokil 1-do todqiqatlarda istifado edilon, genis texniki im-
kanlara malik, ifratyliksok vakuum qurgusu verilmisdir.

Sokil 1. Ifrat yiiksok vakuum qurgusu.

Tacriibo sortlorinin yerina yetirilmasinin 6donilmaosi ligiin
vakuum qurgusunun texniki imkanlar1 sinaqdan kegirilorok
qurgunun is rejimlorinin parametrlori miioyyonlosdirilmis vo
tacriibolorin optimal soraitds yerins yetirilmosi tomin edilmis-
dir. Sistem, qaz reaksiyalarini siiratlondirmok mogsadils kigik
hocmli, az giico malik soyriyon qaz bosalmasi yaradan qurgu
ilo tachiz edilmisdir.

Tacriibolori xarakterizo edan kiitlo spektroqgrammalari go-
kil 2,3,4,5-ds togdim olunmusdur.

Sokil 2-do sistemdo 10° Pa tozyiq qeyde alindiqda
miigahido edilon kiitlo-spektri toqdim olunmusdur. Sokildon
g6riindiiyii kimi 10 Pa tortibli vakuum soraitindo sistemdo az
miqdarda azot, oksigen vo su buxarlar1 ilo yanasi, biitiin tisul-
larla ¢otin sorulan Ar tasirsiz qazit méveud olur.

Ay

2
og“
| 1

I, ion coravam gorti vahidlarls

14 16 18 40 mle

S$okil 2. P=10"° Pa vakuum soraitindo sistemdo qaliq qazlarin
kiitlo spektri
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Qeyd olunan kiitlo-spektri sistemi 10 Pa tozyiq halinda
xarakterizo edorok sonraki merhaloslords yerino yetirilon tod-
qiqatlarda alinan noticolorin izahi baximindan ohomiyyot
kasb edir.

20
18 |

CO
Ay
03

- )
o TE’

I, 1on carayani sarti vahidlarla

17 14 16 18 18 40 48 me
Sakil 3. Sistemda ozon va karbon generatorlarinin is rejimine

miivafiq sistemdaki qaz miihitinin kiitls spektri.

Sokil 3-do sistemo daxil edilmis ozon vo karbon genera-
torlarinin is rejimi halinda qeydo alinmus kiitlo-spektri toqdim
edilmisdir. Spektrdon goriindiiyii kimi generator sistema kifa-
yat gadar O3 vo CO molekulari daxil etmis olur.

Sokil 4 vo 5-do sistemo daxil edilmis Azot generatorla-
rinin i§ rejimlorine miivafiq sistemin qaz miihitini xarakterizo
edon kiitlo-spektri toqdim olunmusdur.

2
=

18 -

NO=0;

NO

Ay

L, 10n carayam sarti vahidlarls

40 48 mle

Sakil 4. Sistemdo NO>Oj; sorti daxilinds qaz miihitinin
torkibini oks etdiran kiitle spektri.

NO=03

NO
Ay
03

co

=
]

1214 16 18 28 30 40 48 m/e

Sakil 5. Sistemdo NO<Oj sorti daxilinds qaz miihitinin
torkibini oks etdiren kiitlo spektri

I, 1on carayani sart1 vahidlarls

of 2
| [ |

Spektrlordon malum olur ki, generatorlarin sistems ver-
diyi N va karbon atomlar1 sistemds derhal NO va CO qazla-
rinin amolo galmasing sabab olur.
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Beloliklo, yuxarida sorh edilon ardicilligla tocriibalor ye-
ring yetirilmigdir. Sistemds CO miihitindo NO qazinin kon-
sentrasiyasindan asili olaraq O; qazmin miqdarinin doyis-
moasina baxilmisdir. Sistemo todricon NO qazi daxil ederok
NO gazinin miixtolif konsentrasiyalarina uygun kiitlo spek-
trogrammalar1 geyds alinmigdir. Sakil 4 va sakil 5-do NO ga-
zimin O; molekullarina xarakterik tosirinin kiitlo-spektro-
grammalar1 taqdim olunmusdur.

Tadqiqatlarda miiayysn edilmisdir ki, NO gazinin kon-
sentrasiyas1 O; qazinin konsentrasiyasindan ¢ox oldugda CO
qazi O; molekulunu parcalayaraq sistemds ozon qazinin mig-
darmi koskin olaraq azaldir, NO gqazinin konsentrasiyast O;
qaziin konsentrasiyasindan az olan halda iso CO qazi sis-
temdo slavo ozon molekulasinin yaranmasina sabab olur sokil 6.

0
11

10

x10% Pa

[

6 7
x10¢ Pa

8 © 10 11 NO

Sakil 6. Sabit tozyiqe malik CO qazi miihitinds ozon qazinin
miixtalif tozyiqlerinde NO qazinin sistems daxil edilon
miqdarindan asili olaraq O; molekulunun miqdarinin
dayismasi.

L- F,,=5x10"Pa
2- F,; =6x10" Pa
3- F);=7x10" Pa
4- F,, =8x10" Pa

Azot oksidinin konsentrasiyasinin sorhad qiymotlorini
asagidaki miinasibotls ifads etmak olar:

n[ NO |>[ O, ]n

Bu halda sistemds reallasan kimyavi qaz raeaksiyalarinin
son naticasi asagidaki kimi ifads olunur:

CO+0, - CO, +0,
CO+20, - CO, + O,

NO >0,
NO <0,

Beloliklo todgiqatlarin naticalori osasinda atmosferdo
ozon qazinin miqdarinin doyismosinds holledici shomiyyot
kasb edon enerji sistemlorinin otraf miihito tullant1 qazlarmin
tosirlorinin miioyyonlosdirilmasine nail olunmusdur.
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G.J. Guseynov

EXPERIMENTAL INVESTIGATION OF FACTOR INFLUENCE ACTING
ON OZONE QUANTITY IN ATMOSPHERE

The experimental results on investigation on influence mechanisms of unhealthy gas emissions of power objects on environment are
presented in the article. The influence of such gases as CO and NO on ozone quantity in atmosphere is analyzed particularly.

I'.Jix. I'yceiinoB

IKCHEPUMEHTAJIbHOE UCCJIENOBAHUE BIIMAHUA PAKTOPOB,
BO3JEUCTBYIOIINX HA KOJIMYECTBO O30HA B ATMOC®EPE

B craTbe nmpencraBieHbl SKCIEPUMEHTAIBHbIC PE3yJIbTAaThl 110 HCCIICOBAHUIO MEXaHHU3MOB BIIMSHUS HA OKPYIKAIOLIYIO CPely BPEAHbBIX
ra30BbIX BEIOPOCOB DHEPreTHYECKUX 00BEKTOB. B yacTHOCTH, MpoaHaIM3UpOBaHO BiMsHHIE TakuX ra3oB kak CO n NO Ha Koam4ecTBO 030HA
B aTMocdepe.
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INFLUENCE OF THE ELECTRIC FIELD CONFIGURATION
IN THE DISCHARGE INTERVAL ON CHARGING
OF DIELECTRIC MATERIALS

R.N. MEHDIZADEH
G.M. Abdullayev Institute of Physics of National Academy of Sciences,
AZ-1143, H. Javid ave. 33, Baku, Azerbaijan

The analysis of distribution the electric field intensity in the interelectrode intervals at corona and barrier kinds of the discharge is
carried out. It is revealed that significant distinction in electric field intensity at configurations of sharply-nonuniform and weakly
nonuniform fields accordingly causes various intensity of electrodischarge effect on the sample of a dielectric material and, as consequence,
various values density of the electric charge which has been saved in the material.

Introduction

Now, along with become traditional applications of an
electricity in industrial technology, starts to get the increasing
role use of strong electric fields and discharges[1]. This fact
is connected with considerable advantages of these
technologies before traditional methods of effect on the
treated material. Electrodischarge treatment of materials
causes changing purposefully its properties, modifying a
surface, carrying out accumulation of electric charge on the
material’s surfaces and volume. At that use of nonequilibrium
kinds of the electric discharge, such, as corona, decaying,
torch and barrier considers the most effective [2].

In a number of works it was noted by us [3,4], that at
electric discharge effect on inorganic, polymeric and
composite dielectric materials there is accumulation of
electric charges takes place. And at the same time the density
of saved charge is various, depending on a kind of the used
discharge under approximately equal other conditions (sort of
gas, voltage, current, temperature, pressure, etc.)

In the table the density values of the saved electric
charge (the average values of 10 measurements) for 10
various samples of film PVDF by thickness of 180 microns
after effect the corona and barrier discharges are presented.
Applied voltage is 12 kV, corona discharge current is 50
mA, barrier discharge current is 80 mA.

At corona discharge effect on the samples the cell
(electrode system - corotron) which schematic circuit is
shown on fig.1 was used. The barrier discharge was carried
out by means of cell which is shown on fig.2.

| B5AY

Fig.1. The cell of corona discharge (corotron)
1- coroning electrodes; 2 - PVDF film sample;
3 - earthed electrode
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Fig. 2. The cell of barrier discharge 1,2 - metal disk electrodes;
3 - dielectrical barrier of pyroceramics; 4 -air gap;
5 - lining of pyroceramics.

]The table. Values of the saved charge density in the
PVDF film samples processed by the corona and barrier
discharges.

The samples Ho, 1 2 3 4 5 ] 7 2 9 10
g,l[l'Ec CYom?, corona dischatge LB 33 4,3 | 47 3.9 31 2.4 2,6 2,2 3,2
g, 10 Clom®, barrier discharge Fa ol A 70| 9.5 107 | 9.2 11,2 8,8 12,0 Q.4

From the table it is visible, that in all samples formation
of the significant saved charge takes place, at that charge
density is higher in case of processing by the barrier
discharge. It is obvious, that the specified difference in the
values of the saved charge density in a film is caused by
various configurations of an electric field in an interelectrode
interval and, hence, various values of intensity of a field in
the discharge gaps.
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Results and discussion

Let's consider the distribution of electric field intensity in
the interelectrode intervals at corona and barrier kinds of the
discharge.

Calculation was carried out for the interelectrode
intervals configurations which are shown on fig.1 and fig.2
according to its simplified schemes presented on Fig.3a and 3b.



R.N

.N. MEHDIZADEH

|
|

H=3 cm H=0.6 cm
(a) (b)
Fig.3. The simplified schemes of interelectrode intervals
configurations

a — the sharply nonuniform electric field (corona
discharge);

b- the weakly nonuniform (quasi-uniform) electric field
(barrier discharge)

From the simplified schemes it is visible that at corona
discharge the sharply nonuniform electric field configuration,
and at the barrier discharge the weakly nonuniform electric
field configuration are accepted.

At calculation it is accepted:
for corona discharge gap (Fig.3a): radius of coroning
electrode r;=0,025cm;
interelectrode distance H=3 cm;
applied voltage U, =12 kV;
for barrier discharge gap (fig.3b):
d, =0,1cm (pyroceramics);
thickness of an air gap d, =0,5cm;
applied voltages U, =12 kV; U, =2 kV.

Initial field intensity for corona discharge in the air
interelectrode gap representing the sharply nonuniform
electric field configuration, we calculate under the Peak
formula [5] (at the air relative density equal of 1).

thickness of a barrier

Ei=30,3-(]+0;/228):87.4/(V/cm 1)

)

The initial voltage of corona discharge ignition is [6]
Ui=Ei-r0~ln£=]2kV )

Ty

In an interval between electrodes “a needle - a plane”
(fig.3a) the value of electric field intensity for any point is
determined as follows

U
E=——
2H
xln—-

o

(kV /cm) 3)

where x is distance from an axis of the coroning electrode up
to considered point (cm);

ry 1s radius of the coroning electrode (cm);

H is distance between the electrodes (cm);

U is voltage between electrodes which in our case will be
equaled to the initial voltage of corona discharge Ui=12kV.

At calculation of the electric field intensity inside the
interval (H=3cm) the value of x should will change from
0,025 cmup to 3 cm.

When x= r;= 0,025 cm, the maximal field intensity on a
surface of coroning electrode is equal
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Ui
2H
ryln—
T

E

m

o =FEi= =87.4kV /cm (4)

When x=H=3 cm, the minimal field intensity on a
surface of external (flat) electrode is equal

E =%=0,67kV/cm
Hin—
Ty

©)

min

The received maximal and minimal values of electric
field intensity represent that at r,=0,025 cm the sharply
nonuniform electric field is created between the electrodes.

Calculation has been carried out by means of
MATHCAD program. Calculations results for distribution of
electric field intensity in the intervals of both configurations
are presented on fig.4, where curve 1 is concern to the barrier
discharge and curve 2 is concern to the corona discharge.

60

E, kV/em

40

h, cm

Fig.4. Calculations results for distribution of electric field
intensity in the interelectrode intervals: 1 — at the barrier
discharge; 2 — at the corona discharge.

From fig.4 it is visible that only in immediate proximity
to a surface of coroning electrode the field intensity is great.
In remaining interval the field intensity sharply decreases. At
that the value E.,=87,4 kV/cm considerably exceeds the
value E.;;=0,67 kV/cm. Accordingly, efficiency of
electrodischarge processing the surface of the PVDF film
sample is considerably weakened that affects on the value of
charge which saved in the film.

In the weakly nonuniform electric field of the barrier
discharge (fig.3b) maximal and minimal intensities in the air
interval differ from each other a little, i.e. it is conditionally
possible to consider distribution of the electric field
practically uniform

2 =24kV /cm

0,5

(6)

av

v
d

As it is visible from Fig.4, the electric field intensity £,
practically in all interval has equally high value (24 kV/cm),
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as causes more effective electrodischarge processing of the
samples in the weakly nonuniform electric field and,
accordingly, higher values of the saved charge density.

Conclusion

Thus, the analysis of distribution the electric field
intensity in the interelectrode intervals at corona and barrier

kinds of the discharge is carried out. It is revealed that
significant distinction in electric field intensity at
configurations of sharply-nonuniform and weakly nonuniform
fields accordingly causes various intensity  of
electrodischarge effect on the sample of a dielectric material
and, as consequence, various values density of the electric
charge which has been saved in the material.

[1]1 VY. Litvinov. Proc. of MEIL: Application of high
voltages in industry and power engineering, issue
224, M.: 1975 (in Russian).

[2] R.N. Mehdizadeh. Electrodischarge modifying of

dielectric and composite materials in technological

processes// Power engineering problems, Baku, Elm,

2007, No.2, p. 61-71.(in Russian).

Ch.M. Dzhuvarly, R.N. Mehdizadeh, K.B.Kurbanov,

E.D. Abdullaev. Influence of blocking electrodes on

the charging of composite dielectric structures with

porous filler. Electronic processing of materials,

Kishinev, 1993, No.6, p.42-43. (in Russian).

[4] Ch.M.Dzhuvarly, K.B. Kurbanov, R.N. Mehdizadeh,
M.A.Gasanov. Electret properties of a polar
composition with inorganic porous filler. Electronic
processing of materials, Kishinev, 1995, No.2, p. 21-
22. (in Russian).

N.B. Bogdanova, V.I. Popkov. The form of corona
discharge and breakdown of air intervals. Electricity,
1973, No.8, p.27-34. (in Russian).
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R.N. Mehdizada

QAZBOSALMASI ARALIGINDA ELEKTRIK SAHOSININ KONFiQURASIYASININ DIELEKTRIK
MATERIALLARIN ELEKTRIiKI YUKLONMOSINO TOSIRI

Maqalads elektrodlararas: bosluqda tac ve arakesmali elektrik qazbosalmalarina miivafiq kesgin qeyri-bircins va zaif geyri-bircins
elektrik saholorinin paylanmasi aragdirilmigdir. Gostorilmigdir ki, elektrik sahosinin miixtalif qiymotlorina uygun olaraq materiallar da
miixtalif tasirlora moruz qalir vo miivafiq olaraq materiallara daxil olan elektrik yiiklorinin sixlig1 da miixtalif olur.

P.H. MexTHu3aae

BJIUSAHUE KOHOUT'YPAIIUU SJIEKTPUYECKOTI'O ITOJIA B PA3PATHOM ITPOMEXYTKE HA
HPOHECC 3APAAKHU JUIJEKTPUYECKHUX MATEPHUAJIOB

IIpoBeneH aHaiM3 pacrpeAeneHns] HAIPSDKEHHOCTH JJIEKTPHYECKOTO MOJIsl B MEXKIISKTPOAHBIX IPOMEXYTKaX, 00pa3yromux KOHHTY-
paluu PEe3KOHEOIHOPOIHOrO U CIA00HEOJHOPOIHOTO MOJIS IIPU KOPOHHOM M OaphepHOM BHIAX pa3spsna. [loka3aHo, 4To 3HAUMTEIbHOE pa3-
JIM4UE B BEJIMYMHAX HANPSHKEHHOCTH 3JIEKTPUYECKOTO MOJIS B YKa3aHHBIX KOHQUIYpaIMaX 00yCIIaBINBaET Pa3INyHyI0 HHTEHCUBHOCTD JIEK-
TPOPA3PsITHOTO BO3AEHCTBHSA HA AMANEKTPUUECKUI MaTepHan U, Kak CIEJCTBHE, PAa3INUHbIE 3HAYEHHs IJIOTHOCTH 3JIEKTPHUYECKOTO 3apsiaa,

BHEIPEHHOT0 U3 paspsija B MaTepuall.
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CRYSTALLIZATION KINETIC PARAMETERS OF Yb;..SmAs4S7(x=0,02 at.%)
AMORPHOUS FILMS

E.Sh. HAJIYEV, A.I. MADADZADE, D.I. ISMAILOV
H.M. Abdullayev Institute of Physics of Azerbaijan NAS,
AZ-1143, Baku, Azerbaijan, H. Javid ave., 33

Crystallization kinetics of amorphous films of Yb;_,Sm,As;S;(x=0,02 at.%) compounds obtained in both usual conditions and external
electric field influence ones is investigated. The kinetic parameters of phase transformations at amorphous film crystallization have been

defined.

The interaction of thin amorphous films of As,S;—Yb;,Sm,
(x=0,02 at.%) system has been investigated by us in the work
[1] and it is shown that the phase corresponding to chemical
formula Yb;,Sm,As,S; primarily forms at interaction of thin
layers. The formation processes of other phases are limited
by dominant formation of this phase. The present paper is
dedicated to study of crystallization kinetics and definition of
kinetic crystallization parameters of amorphous layers of
YbxSmAs,S; (x=0,02 at.%) compounds by thickness 30nm
obtained by vacuum condensation of molecular beam in both
usual conditions and interaction conditions of external
electric field on molecular beam.

Thin amorphous layers Yb,_,Sm,As,S; by thickness 30nm
are obtained by the evaporation way of synthesized
compound and steam condensation with rate ~30nm/sec in
vacuum of 10°Pa order on NaCl, KCl crystals and
amorphous celluloid being at room temperature. The
polycrystalline phase Yb;,SmyAs,;S; relating to rhombic
syngony with elementary cell periods @=0,724; 5=0,568;
¢=1,025 nm [2] forms at substrate temperature 7,,;=523 K.

Vi, 109, ca®
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Fig. 1. Kinetic crystallization curves of amorphous films
Ybl_xSmxAs4S7.

The kinematic method of electron diffraction [3] is used
for establishment of kinetic parameters of Yb;,Sm,As,S;
amorphous film crystallization. The isothermal kinematic
electron-diffraction patterns are obtained from amorphous
films at 7=523 K, 7=548 K, 7=573 K. At given temperatures
it is seen on electron-diffraction patterns how diffusion lines
relating to amorphous phase disappear and crystalline phase
lines appear. The intensities of diffraction lines of crystalline
Yb;.xSm,As,S; are defined in the dependence on time of film
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thermal treatment. The transfer from intensity values to
quantity of crystallized substance is carried out by the way of
normalization taking into consideration the fact that
intensities of electron scattering proportional to volume of
scattering substance according to work [4] in kinematic
approximation. The crystallization kinetic curves of
amorphous Yb;,Sm,As,S; are constructed in the investigated
temperature interval (fig.1). The dependences /nin(V,/(V,-V,)) on
In t for temperatures 7=523 K, 7=548 K, 7=573 K have been
defined. The experimental points for all temperatures are put
on direct lines (fig.2).

L
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Fig.2. The dependence In In(V/(V, - V)) on In ¢ for Yb,.,Sm,As,S;.

The correlation of isotherms with analytic expression of

phase transformation kinetic curves V,=V,[I-exp(-kt")]
shows that the better coincidence takes place at m equal to3
(m=2.90; 3,05; 3,10 for 7=523, T=548, 7=573 K).
V.=V,
In t with ordinate axis give /n k values for the given
temperatures. On the base of these data the plot of /n k
dependence on reverse temperature //T has been constructed.
The general crystallization activation energy is defined on
line inclination of /n k dependence on //T which is linear one.
It is equal to 112,4 kcal/mol. The nucleation activation
energy E, calculated on line inclination of /7, on In t (where
7, is experimentally observable time of -crystallization
beginning) is equal to 34,2 kcal/mol. The activation energy of
crystal growth E, defined from ratio E,=(E,s, — E,)/2 is equal
to 39,1 kcal/mol.

The crossovers of lines of /nin dependence on
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It is necessary to note that Sm impurities in
Yb,,Sm,As,S; influence on crystallization process and
decrease the activation energy values [5].

The crystallization kinetics of amorphous films of
Yb;.xSmAs,S; compositions obtained in the conditions of
external electric field influence by strength 3000 V-cm™ is

also investigated in the given paper. It is shown that the
electric field significantly influencing on crystallization
processes of amorphous layers, increases the rate of germ
nucleation and rate of their further growth and ipso facto the
crystallization rate increases.

Table
Electric Growth Egen E, (kcal/mol) | Ej(kcal/mol)
field strength | dimension | (kcal/mol)
U=0 M=3 112,4 39,1 34,2
U=3000 B-cm”’ M=3 100,2 35,3 29,6

The value results of crystallization general activation
energy, germ nucleation activation energy and crystallization
growth of Yb,,Sm,As,;S; amorphous films obtained in both
usual conditions and conditions of electric field influence by
strength 3000V-cm™. As it is seen from the table the
activation energy values decrease upon the average 10%.

The electric field influence which leads to acceleration of
crystallization process and cause the decrease of activation
energy values, can be explained by its interaction with
electrically charged point defects or their accumulations in
the films. Both potential of ion alkaline-haloid crystals used
in our experiments as substrates and ionized atoms of
condensated substances themselves are the charge sources.

Nowadays the fact that the electric interaction at
condensation plays the significant role in film structure

formation by the way of directed influence on all process
stages beginning from vapor phase selection and ending by
the influence on reorientation of continuous film, can be no
doubt.

According to G.I. Distler, the nucleation takes place
selectively on point defects of crystal surfaces having the
electric charge, i.e. are “electric active” ones [6]. Bethge
considers that electric fields with strength 10°-10° V/m [7]
can exist in NaCl surface layers.

The micro-crystals (islands) open to thermally activated
or electrically stimulated migration [8]. That’s why the
situation when micro-crystals shift from nucleation state,
moreover the nucleation act of new germ can repeat on the
latest ones, is quite real one. The migration increases at
application of electric field and ipso facto crystallization
process accelerates.

[11 ES. Hacwyev, A.IMoadadzads, C.I  Ismaylov. [4] B.K. Vaynshteyn. Strukturnaya elektronografiya. M.:
Vakuumda ¢okdurms iisulu ilo alinmis Yb; Sm, va AN SSSR, 1956, 313s. (in Russian)
As,S; nazik tobogolerinin qarsiligh tesiri /Fizika, [5] E.Sh. Gadjivev, A.l. Madadzade. Poverkhnost,
¢.XIV, Ne2, 2008, s.56-58 Rentgenovskie, Sinkhrotronnie 1 Neytronnie
[2] TM. Ilyasov. Phiziko-khimicheskie osnovi sinteza Issledovaniya, Ne10, 2007, 5.96-98. (in Russian)
stekloobraznikh i kristallicheskikh neorganicheskikh  [6] G.I. Distler. V kn.; Problemi sovremennoy
materialov na osnove khalkogenidov mishyaka. kristallografii. M.; Nauka, 1975, s.197-206. (in
Avtoreferat dissertatsii na soiskaniya uchen. step. dok. Russian)
khim. Nauk, Baku, 1992, 43s. (in Russian) [71 H. Bethge, K.W. Keller, E. Zieyler. J. Crystal Growth.
[31 R.B. Shafizade. Fazoobrazovanie i kinetika fazovikh 1968, v.34, p.184 .
prevrasheniy v tonkikh plyonkakh A' — BY!, Baku. [8] V.M. levlev, L.I  Trusov, V.A. Kholmyanskiy.

ELM, 1983, 168 s. (in Russian)

Strukturnie prevrasheniya v tonkikh plyonkakh. M.;
Metallurgiya. 1988. 326s. (in Russian).

E. S. Haciyev, A.I. Madadzada, C.I. ismayilov

Yb,..Sm,As,S; (x=0,02 a1.%) AMORF NAZIiK TOBOQOLORININ KRiSTALLASMASININ KiNETIK
PARAMETRLORI

Adi soraitdo vo elektrik sahosinin tosiri altinda alinmig amorf Yb,.,Sm,As,S; nazik tobogolorinin kristallagsma kinetikas1 todqiq
edilmisdir. Kristallasma zamani bag veran faza kegidlorinin kinetic parametrlori toyin edilmigdir.

9.111. I'agzkmen, A.A. Mananzane, JI.M.Ucmanios

KHUHETUYECKHUE TAPAMETPBI KPUCTAJIVIN3AIIUNA AMOP®HBIX IIVIEHOK Yb,.,Sm,As,S;(x=0,02 aTt.%)

HccnenoBana KMHETHKA KPUCTAIUTM3AIMKA aMOP(HBIX IUICHOK coenuHeHui Yb  SmyAs,S; (x=0,02%), moiydeHHBIX KaK B OOBIYHBIX
YCIOBUAX, TaK W B YCIOBHUAX BO3JCHCTBUS BHEIIHETO 3JIEKTpUYecKoro mnois. OmnpenenieHbl KHHETHYCCKHAE MapaMeTphl (Pa30BbIX

MIpeBpaLIeHU MPYU KPUCTAJUTU3ALNH aMOP(HBIX TIEHOK.
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QALLIUM VO INDIUM MONOSELENIDLORIND® FOTOKECIRICILIK
VO ELEKTROLUMINESSENSIYANIN BOZi XUSUSIYYOTLORI

R.F. BABAYEVA
Baki Doviat Universiteti,
Z. Xolilov 23, Az 1148, Baki, Azarbaycan

Isdo miixtolif lantanoidlerlo 10°+10" at.% miqdarinda agqarlanmus qallium ve indium monoselenidlorinin eyni niimunslorinda
elektroliiminessensiya va fotokegiricilik hadiseleri birgs tadqiq edilmisdir. Alinmis naticelorin miiqayiseli tohlili asasinda homin hadisslerin

bu materiallardak: bazi xiisusiyyatlorine aydinliq getirilmisdir.

Bark cisimlards liiminessensiya va fotokegiricilik hadiso-
lori, prinsipce bir-birina nozaron oksine istiqgamotds gedon
proseslor olsalar da, eyni kristal matrisada, miixtolif tipli hom
noqtovi, hom do irimiqyash defektlorin mévcudlugu soraitin-
do bas verdiklorindon, onlarin ortaq moqamlart da yox deyil.
Ona goro liminessensiya xassasino malik materiallarda limi-
nessensiya vo fotoelektrik hadisalorinin miiqayisali tadqiqi
ononavidir. Bu yanasma, layli A"B" kristallarmin todqigindo
do nozordon qagmamisdir.

Toqdim olunan isdo tomiz (xiisusi olaraq asqarlanmamis)
vo N<10™ at.%-o godor miixtolif soviyyodo lantanoid (Ld)
atomlar1 (Gd, Ho, Dy) ilo asqarlanmis p-GaSe vo n-InSe kris-
tallarinda elektroliiminessensiya ila fotokegiriciliyin miiqayi-
sali tadqiqi aparilmis ve alinmis naticalarin keyfiyystcs izahi
verilmigdir. Aparilan tadqiqatlar gosterir ki, masalays bels
yanasma noinki lantanoidlorlo asqarlanmis, eloco do tomiz p-
GaSe va n-InSe monokristallarinda har iki fiziki hadisenin
bazi yeni xiisusiyyatlorini agkar etmoyo, onlarin sobobini ay-
dinlagdirmaga, bu materialin yeni totbiglori haqqinda fikir
sOylomays do imkan verir.

Olgmolords istifado olunmus tomiz vo lantanoidlorlo as-
garlanmis p-GaSe vo n-InSe monokristallart [1, 2]-do tesvir
olunan texnologiya osasinda kiilgo boyunca sabit temperatur
gradienti goraitindo asta soyutma iisulu ilo alinmigdir. Niimu-
nolor N=10"%; 10 107 5:107; 10%; 10" at.% Gd, Ho, Dy
daxil edilmis monokristal kiilgalordon kosilib hazirlanmisdir.
Diizbucaqli paralellepiped formasma malik niimunslorin
kristalin «C» oxu istigamatindo qalinligr d=100+250 mkm,
«C» miistovisi tizorindoki enino &lgiilori ise 2+4x3+8 mm?
araliginda olmusdur. Caroyan kontaktlar1 ya niimunslarin
«C» miistovisi lizaring, ya da oturacaqglarina agiq havada me-
tal indium lehimlomoklo yaradilmisdir.

Olgmolor 77+350K intervalinda xarici gorginliyin (U)
qiymotinin geviricilik (U,,,) gorginliyindon [3, 4] kicik qiy-
matlorindo, sabit vo sinusoidal doyison coroyanla hoyocanlas-
dirmagla torkibindo MDR-12 monoxromatoru va elektron he-
sablama sistemi olan qurguda aparilmisdir.

Har iki qrup kristallardan hazirlanmig eyni bir nimunada
elektroliiminessensiyanin vo fotokegiriciliyin spektral paylan-
ma oyrilari (sokil 1), elektroliiminessensiyanin parlagliginin

(B4), moxsusi fotokegiriciliyin (i f), monfi fotokegiriciliyin
(Ai;) vo moxsusi fotokegiriciliyin infraqirmizi sénmasinin

(Ai ﬁ) temperaturdan (7) asililiglari (sokil 2) 6l¢iilmiis, elek-

troliiminessensiya prosesing, eloca do onun asas parametr vo
xarakteristikalarina miixtolif udma oblastlarindan (moxsusi
vo asgqar) olan monoxromatik isign tosirino baxilmisdir.
Todqiq olunan yarimkegiricilorin optoelektronikada totbiq
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imkanlarini agkar etmok {igiin eyni niimunads elektroliimines-
sensiyanin, fotokeciriciliyin vo goérmo funksiyasinin [5]
spektrlorinin miiqayisasi ds aparilmigdir (sokil 1).
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Sakil 1. Gérmo funksiyasinin (1), Gd atomlari daxil edil-
mis p-GaSe (a) vo Dy atomlar: daxil edilmis
n-InSe (b) kristallarinda maxsusi fotokegiriciliyin (2)
va elektroliiminessensiyanin (3) spektrlori.
N=10"at.%; T=77K; I=10 mA.

Alinmig tocriibi noticolor tomiz vo miixtalif soviyyado
ayri-ayr1 lantanoid atomlari ils asqarlanmis p-GaSe vo n-InSe
kristallarinda elektroliiminessensiyanin gorginliyin  U2>U,,
qiymatlorinds (burada U, —elektroliiminessensiyanin aligma
gorginliyidir vo slialanmanin maksimal intensivliyinin 0.1
hissasino borabor oldugu sahoyo uygundur) injeksiya olun-
mus qeyri-osas yiikdastyicilarin qadagan olunmus zona daxi-
lindoki miioyyon rekombinasiya morkozlori vasitosi ilo osas
yiikdastyicilarla rekombinasiyasi hesabina bag verdiyini gos-
torir. Bu rekombinasiya prosesi elektroliiminessensiyanin
spektrindoki osas slialanma zolagina uygun golir vo injeksiya
olunmus geyri-asas yiikdastyicilarin uygun zonadan &-dorin-
likli rekombinasiya markazins kecidi ilo toyin olunur. Homin
moarkazlorden diger zonaya kegidlo bagl ikinci rekombina-
siya prosesi iso silalanmasiz xarakter dastyir. Siialanan foto-
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nun enerjisi vo siialanan is1gin intensivliyi uygun olaraq [5]:

hv,=¢,—¢,,

(1

I(hv)zC-(hv—egﬁ )

ifadolori ilo toyin olunur. Bu ifadolordaki ¢, — todqiq edilon
yarimkeciricinin qadagan olunmus zonasmin eni, C - iso
sabitdir. Hor iki materialda elektroliiminessensiya siialanma-
smin spektrinin qisa dalga torafdon sarhodinin koskin olmasi,
eloco do bu spektrin, (i v) - optik udma va Zp(hv) - fotokegi-
riciliyin spektrlori ilo miiqayisasi homin saerhadin mohz baxi-
lan materiallarin &, - qadagan olunmus zonasinin eni ilo tayin
olundugunu demoys imkan verir. Tocriibado alinmis spektrla-
rin lantanoidlorlo agqarlanma soviyyasindon (AN-don) asilili-
ginin tadqiqi elektroliiminessensiyanin asas siialanma zolagi
ilo bagl olan rekombinasiya morkozinin &, - enerji dorinli-

18 et —
. ——1
16 \ —a—2
—E R, + — 3
g 14 ¢ Ty
= +4
qqz L —x=5
= ——5
"":"II:I ——7
541
a
E L
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2
|:| i i i i i L i
50 75 00 425 130 175 200 225

T.E

B 1a Iqj, ﬂI’@, ﬂI@j, nis.vah.

yinin vo kristalin gadagan olunmus zolaginin &, eninin N-don,
eloco do daxil edilon asqarin kimyovi tobiotindon asili
olmadigini gostarir.

Lakin bu spektrlorin miiqayisasi elektroliiminessensiya
stialanmasinin spektrindoa (xiisusi ilo do p-GaSe<Ld> kristal-
larinda) eksiton siialanmasi ilo bagli zolaqlarin méveudlu-
gunu vo [5]

(€))

miinasibatinin reallasdigini1 da istisna etmir. (3) ifadossindo
hv,,- eksiton annigillyasiyas: ilo bagli olan elektroliimi-
nessensiyada siialanan fotonun enerjisi, &, - eksitonun rabito
enerjisi, &, - eksitonun osas halmin (n=1) enerjisi, n - iso
eksiton soviyyslorinin sira ndmrasidir.

18 1 +—+ +_-_H+-‘H“'-~.+ —o— 1
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iI—x 'I'——._._,I + —.—3
14 | T —
12 | \ -
—&—
1071 ——
I+ ?
6 | ;
6t i
4t ;
b N
a2 | X
|:| 1 1 1 1 i i i
al 100 140 174
TE

?

Sokil 2. Gd atomlar1 daxil edilmis p-GaSe (a) vo Dy atomlar1 daxil edilmis n-InSe (b) kristallarinda elektroliiminessensiyanin (1-4), maxsusi
fotokeciriciliyin infraqirmizi sénmasinin (5), manfi fotokegiriciliyin (6) vo maxsusi fotokegiriciliyin (7) temperatur asililigi. N, at.%:
1 '0; 2- 10-5; 35 5+7 - 10-3; 4- 10-1- ls:jﬂym; jva:ﬂ“amavc; cps:djsmax; dja:cpamcw

moxsusi

(aiy)

Tocriibodo  alinmus

BT
fotokegiriciliyin (I ), monfi fotokegiriciliyin

grafiklerinin

A\

moxsusi fotokegiriciliyin  infraqirmizi  sénmosinin (A1 f)

temperatur asililigi ilo miiqayisasi (sokil 2) gdstorir ki, hom
bu asililiglarin miisahide olundugu temperatur intervali va
asitliligin gedisi kifayat qodor doqiqliklos {ist-listo diisiir. Digor
tarafdan, bu asililiglarin hamisi toqriban eksponensial qanuna
tabedir. Elektroliiminessensiyanin parlagligi niimunslerin as-
qarlanma soviyyasinden asili olaraq, asagi (7<100+110 K)
temperaturlarda ya temperaturdan asili deyil, ya da tem-
peratur yiiksaldikca, avvalca, 77K-dakina nisbaton bir qodor
(~10+15 %) artir, sonra iso toqribon [5]:

59

_Ag

B, =B,e C))
ifadosine uygun gedislo azalir. Burada B; vo By
liminessensiya slialanmasinin uygun olaraq temperaturun har
bir baxilan 7- qiymotindoki vo 77K-doki parlaqligi, Ag; - iso
stialanmanin aktivlosmo enerjisidir. Tocriibads eyni niimuna-
lordo moxsusi fotokegiriciliyin 1Q (infraqirmizi) sénmosinin
vo monfi fotokegiriciliyin bagli olduqlart rekombinasiya
markazlorinin hamin effektlorin spektrlorindon toyin olunan
& enerji dorinliyi va elektroliiminessensiyanin Ag; aktivlosma
enerjisi, demoak olar ki, bir-birina barabordir (g24¢;). Digor
torafdon, aparilan miiqayisolor gostarir ki, N-doyisdikds, & vo
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Ag,;, demok olar ki, sabit (doyismoz) qalir. Tacriibi naticalor Bu 6lgmalorin naticolorine asason elektroliiminessensiya-
osasindaki giymotlondirmolor p-GaSe<Ld> vo n-InSe<Ld> mnin vd fotokegiricilik hadisalorinin temperatur sénmalarinin
kristallarinda uygun olaraq &=~de,~6.-(0.55+0.60)eV vo birbasa bagh oldugu rekombinasiya merkozlorinin sixligi
§~A;~6,+(0.44+0.45)eV oldugunu gdstorir. Fotokegiricili- (V) da qiymotlondirimisdir. Mioyyonlosdirilmisdir ki, Sl¢-
yin todqigindon almmis noticolors osason N-in miixtolif qiy- molorin aparildigi soraitdo lantanoidlorlo miixtalif soviyyado
motlorindo her iki materialda bu rekombinasiya morkozlorinin ~ asqarlanmig P‘GaS?;Ldi Vo 3’1'1n56<L?4> krlistallz;rl i¢tn N,
qeyri-asas (¥,) vo asas () yiikdasiyicilar tutma kosiklori uygun olaraq 5-10 +_10 5.m> vo 5-10"*+10"sm™ tortibindo
toyin edilmigdir. Miioyyanlogdirilmisdir ki, p-GaSe<Ld> vo  ©lub, asqarlanma soviyyasindon asili olaraq, miioyyon qanu-
n-InSe<Ld>-do  miixtolif niimunolor iigiin uygun olaraq Dauygunluga ciddi sokilds tabe olmasa da, hor halda doyisir.
}/qz10'14+5~10'14 sm?, 7=102°210"%sm? vo yqz10'15+10'14sm2, i Bu mquy1salard9 kva21b1rc.1.n§ }./.arlrrikemrlcl matf?rla!.lar
ticilin iglonmis vo oksor hallarda 6ziinii dogruldan nozari miid-
doalar ¢orgivesindon konara ¢ixan, eloco do bas vermosi
gozlonilon uzlagsmalarin miisahide edilmomosi, ¢ox giiman ki,
todqiq olunan kristallarin qismon nizamsizligindan iroli golir.
Askar edilmisdir ki, N~10"at.% olduqda p-GaSe<Ld> vo
n-InSe<Ld>-do alinmis noticolor algagomlu tomiz kristallar-
dakina daha ¢ox uygun golir. Bu zaman kvazibircins yarim-
kegiricilords elektroliiminessensiya vo fotoelektrik hadisalori
ti¢iin olan ganunauygunluqlar da daha yaxs1 6denilir.

7,7107°+10™" sm”. Buradan goriiniir ki, hor iki qrup kristallar
tiglin ,»p,. Digaor torofdon, aparilan todqiqatlar naticosindo
miioyyonlogdirilmisdir ki, hom elektroliiminessensiyanin,
hom do miixtolif fotokegiricilik hadisslorinin temperatur sén-
masinin bag verdiyi temperatur (7,s~200K vo 7j,5.~160K),
homin kristallarda termostimullagdirilmis kegiriciliyin maksi-
mumlarinin miisahido olundugu vo induksiyalanmis asqar
fotokegiriciliklorin sonmasinin bas verdiyi temperaturlardan
ohomiyyoatli doeracads (p-GaSe<Ld> vo n-InSe<Ld> kristallari
iiclin uygun olaraq 7=100K vo 7=80K) yiiksokdir.

[11 R.F. Mextiyev,Q.B. Abdullayev, Q.A. Axundov. DAN ku, 2006, t. XXVI, Ne 5, s. 70. (Rusca).

Az. SSR, 1962, t.18, Ne6, s.11. (Rusca) [4] A.S.Abdinov, R.F. Babayeva, A.T. Bagirova, R.M. Rza-
[2] A.M. Guseynov, T.I. Sadixov. V. Sb. «Elektrofizigeski- yev, Q.X. Eyvazova. J. «Neorqanigeskiye materiali.

ye svoystva poluprovodnikov i plazmi qazovoqo raz- 2006, t.42, Ne9, 5.1035. (Rusca).

ryada». Baku. AGU. 1989, 5.42. (Rusca). [5]1 S.I Vavilov. Qlaz i solntse. M. «Nauka», 1981, 126 s.
[31 A.S. Abdinov, R.F. Babayeva, R.M. Rzayev, A.T. Bagi- (Rusca).

rova, S.A. Allaxverdiyev. izv. NAN Azerbaycana, Ba-
P.®. BABAEBA

HEKOTOPBIE OCOBEHHOCTH ®OTOINPOBOANMOCTHU U
SJIEKTPOJTIOMUHECHEHIIMN B MOHOCEJIEHUIAX T'AJIVIUS 1 UHAWUA

B pabote npoBoauINICE COBMECTHBIE MCCIICIOBAHMNS YIEKTPOITIOMUHECIICHIINY U ()OTOIPOBOAUMOCTH B MOHOCEICHHAAAX TAIUINS U HHANS,
JIETHPOBAHHBIX PA3MHUHBIMU TanTaHonamu mpu 107 +107 ar.%. Ha 0CHOBE CPaBHUTEIHHOTO AHANM3 TOTYYCHHBIX PE3y/IbTATOB BBIICHEHEI
HEKOTOpHIe crenuduIeckue 0cOOEHHOCTH ITUX SIBJICHUH B yKa3aHHBIX MaTepHaax.

R.F. BABAEVA

ANY PECULIARITIES OF PHOTOCONDUCTIVITY AND ELECTROLUMINESCENCE IN
MONOSELENIDES OF QALLIUM AND INDIUM

In this work combined investigations of electroluminescence and photoconductivity in monoselenides of indium and gallium wich doped
by different lantanoids at 10°+10" at.% have been passed. On the basis of comparative analysis of obtained results some specifical

particularities this phenomena in mentioned materials were explained.
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DOUBLE SPIN ASYMMETRIES IN SEMI-INCLUSIVE DIS

S.K. ABDULLAYEV, A.I. MUKHTAROYV, M.Sh. GOJAYEV
Baku State University,
AZ -1148, Z. Khalilov, 23 Baku, Azerbaijan

The general expressions for the effective cross-sections of semi-inclusive reactions f(}t I)N(hy ) = T hx ,

Vo (V Ny )= v (V, hX, v, (VON(hy )= p (g )hX, p” (u" J(A)N(hy )= =v (v, )hX are obtained in the

nt h I h
- Oir —0mn )—(04| —0
framework of quark-parton model. The double spin asymmetry AZ’\’;”’ = (o1t t)=(on Zon )

ntoont :
. p = e where oy (op) ) 18
(o1 —opp )4 (opy —0opy )
effective cross-section when spins of lepton and nucleon-target have parallel direction. It is shown that double spin
asymmetries don’t depend on the fragmentation function of quark to hadrons /4

) . N(h . C .
1. Introduction where f (:1 Ij )( X, QZ ) is the distribution function of
q

The standard model (SM) of the electroweak interactions 4

of the elementary particles has achieved a great success in the  polarized quarks in the polarized nucleon, D;’ (z, QZ ) is the
description of series of the experiments, which have been
carried out in the various laboratories of the world. In
particular, one of its exact checking has been alone on the

e e" -colliders LEP, SLC and TRISTAN, as the result of variables x, y and z defined as:

which the agreement with the experimental data has been Q2 q-P PP

obtained. Alongside with e e -annihilation the deep- X= P P-q’ Y= P zZ= P-q ’

inelastic scattering (DIS) processes of the polarized leptons
on the polarized nucleons play the important role in the check ~ where &, P, P, and ¢ are the four-momenta of the initial
of standard theory and they are intensive investigated lepton, the target nucleon, the production hadron, and the
experimentally at the present time [1-5]. virtual bozon respectively.

High energy experiment with polarized beams and targets
has opened a new window for revealing QCD dynamics and
hadron structures. In this we study the hadron production in
polarized semi-inclusive DIS off nucleon:

fragmentation function of the quark into the detected hadron
h, dd‘/ dy is the elementary cross-section. The usual DIS

2. Neutral current lepton processes ("N = " hx

Let us consider first the processes ("N = 0Thx ; for

0 (A)+N( hN )=> 0 +h+ X, (1)  them, there exist two possible elementary contributions;
(*(A)+N(hy )= +h+X, ) U+g=0+q. U +g=>10 +q.
v, +N(hy)=>v, +h+X, G3) Taking under the consideratior}s t}'le' exchange of yand Z’,
£ it is easy to make sure, that the spiralities of lepton and quark
v, + N(hy)= v, + h+X, (4)  should be saved separately in subprocess /~ +q = { +q.
_ That’s why in this process only four spiral amplitudes Fig ,
Vit N(hN )= +h+ X, ®) F;;, Fry and Fp, which describe following reactions:
V,+N(hy)=p" +h+X, (6) o+ qy =l +qe. U3 +q, =0, +q, .
,u‘(/l)+N(hN):>vﬂ+h+X, 7 letq, =>0a+q,, U, +qy =0, +q,.
WH(A)+N(hy )= v+ h+ X, 8) The spiral amplitudes in SM are defined by expressions
‘
here A is the 1 irality, /1, is the longitudinal _9 8u8) =L;R
where is the lepton spirality, /1, is the longitudina Faﬂ = — (a,f=L;R), (10)

xys  xys+M:?

polarization of nucleon-target.
The cross-section for the production of a hadron /4 in the  pere M. — is mass of 70 -bozon, S — is the square of total
current fragmentation region are given by energy of (N-system in their c.m.s., O, — is quark electric

do(A; hy) Von, charge ¢, g, and g, (g% and g?) — are right and left
dxdydz Zf . \)( Q ) D (z, Q )> (9 neutral weak charges of lepton (quark) with Z’ - bozon:

(hg)
q.h

61



S.K. ABDULLAYEYV, A.I. MUKHTAROV, M.Sh. GOJAYEV

VA XW Y —I/Z-I-XW
8r = 8L T T
1-x, Xy (1=xy )
X T—QX
gh=-0, |—"—: gl =————= (1)
1-x, Xy (1=x, )

Here x,, = sin’ 0, —is the Weinberg's parameter, T3 — is
third projection of the weak isospin of quark ¢.

Let's reduce the subprocess cross-sections ¢ g = ¢ g at
the definite values of initial and final particles:

2—;’(@% > lrqy) = 4’ xsFy,
do  _ _ 2 2
d_y(quL — 0,9, )=4ra’xsF;,,
do

where £, is spirality of the initial quark.

The differential cross-section of subprocess ¢ ¢ = ¢ ¢
can be obtained from (13) with the help of the elementary
changes: Fp, < Fp,, F;; < Fp.

‘;—ijqL > lg, )= 4malxs(1-y  FR,)
do , _ - 2 2 2
d—y(quR —>U0,qp)=4maxs(1-y) F. (12)

The difference of y-dependences of the abovementioned
cross-sections (12) connected with the difference of total

spiralities of the system ¢ ¢ : for ¢ ,q, and ¢, q, -collisions
the total system spirality is equal to zero and y-dependence
doesn't appear; for (,q, and ¢, qp-collisions the total

spirality is equal to one that leads to the characteristic y-
dependence ~ (1-y)°.
The differential of

subprocess ¢ g = ( g with taking under the consideration

cross-section the elementary

of the spiralities of the initial units can be imagined in the
form (the spiralities of the final particles are the same, as of
the initial ones, i.e. the spiralities of lepton and quark are
saved separately):

e = ﬁazxs{(1+i)(l+hq)FRZR+(I—/1)(]—hq)FL2L+(]—y)2[(]+Z)(I—hq)FR2L+(]—2)(I+ hq)FLzR]} (13)
y

do'(Ahy )
dxdydz

= 27’ sx x

On the base of formulas (9) and (13), the expression for
the differential cross-section of semi-inclusive reaction

><Z{qu(x,Qz)D;'(Z,Qz)[(1+/1)(F§R +(1=y) F )+ (1=2A)(F +(1=y) Fp )] +

+ [ (.07 )D(2,0° )[(1+A)(F + (1= ) F )+ (1= A)(Fp +(1=y ) Fj )] +
+hy A (.07 )Dy (2,07 )[(1+ 2)(Frp = (1=y)" Fy )= (1=2A)(Fj, =(1=y )’ F3 )] +

Fhy A (x,0° )D (2,07 )[(1+ A)(F, (1~

where
A (x,0° )= [0 (2,07 )= 175 (x,07),
1 (60 )= f10 (6,07 )+ 15 (x,07).

The differential cross-section of process ("N = (" hX
must be obtained from (14) with the help of the following
exchanges:

Foy & Fuy (B=R:L).

We can now compute the so called "difference double

0U"N=/(hX has been obtained [6, 71
22 2 22
V) Fp )= (1=A)(Fp—(1-y) FLL)]}) (14)
spin asymmetry" AJ}\'; " which is expressed as
* h h* W
Pl _(on—o)=(03,—03,) (15)
N 5

T h " h
(o4 —op )+ (o —03,)

+ +
where o-% ( 0? , ) — denotes the cross-sections (14) with

parallel (antiparallel) orientations of here lepton and target
nuclear spins.

Then, the expression for the double spin asymmetries
look like:
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a5 ={Auu[FfL(u)—(l—y)zFLia(u)]—AdU[FfL(d)—(l—y)zFLi(d)]+
+[1+(1=y)" ][ Au (Fp(u) = Fpp(u)) - Ad, (FLZL(d)—FfR(d))]}X
X{uu[FfL(u)vL(l—y)zFfR(u)] ~d,[Fj(d)+(1=y) Fp(d)] +
+[1=(1=y)" ] [u (F}(u)=Fy(u))-d, (FLZL(d)—FLi(d))]}]- (16)
a4, ={A%[FLZL(M)—(I—y)ZFLi(u)] +[1+(1=y) ] x
X[ Au (Fy(u)=F(u))=4s, (FLZL(S)—F&(S))]HMU[FLZL(u)+(1—y)2 X

XFLZR(M)]+[1—(1—y)2][us(FLi(u)—FLi(u))—Ss(FLZL(S)—FLi(S))]} ; (17)

where u, and d, (u,, d; and S;) are distribution functions v (v, )N=v (v, )hX :
. ul W ARG
valence u- and d- (sea u-, d- and s-) quarks in proton.
The double spin asymmetries (16) and (17) have the v.(v,)tq=>Vv, (V,)+q
. RS ARE” ’
remarkable property — they to be free of any fragmentation - B _ - (19)
functions. When we do not consider weak interaction Vl,( vV )+q :>V/,( V},)+C] .

contributions in the processes ¢ N = ¢ hX expressions for

k / ; As quarks sprirality conserves in neglect of its masses,
the difference asymmetries look like [6]:

then the elementary subprocess v, +¢ = v, +¢ is defined

. 4Mu,—Ad, only by two spiral amplitudes F;; and F;z , which describe
Ap =/(y) du —d following reactions:
1% 1%
M =f(y)4AdU —Au, Vitq,=vetq,, Vitqr=V,+4z. (20
4d” Uy The spiral amplitudes in SM are defined by following
Au expressions
A = f ()=
p o g8 g8l
Fp=—2t20— F, =—=t2L— (1)
Ad o oxys+ MY xys+ M
45 = f(y)==, Z z
n du
1
o - A+ Ad where g, =
4 =4, =f(y)———-, 2 xy (1= xy)
u,+d,
I—(1 ) 5 Let's  presents the  subprocess  cross-sections
f(y):ﬁ (8) Va4 DV ot VTSV, T, Y, 4qD T, 4,
+(l-Yy

V,+tq=>Vv,+q at the defined spiralities of initial and

The double spin asymmetries (18) contain only valence  fjpal particles:
quark polarized densities.

3. Neutral current neutrino processes dé dé , ,
v, )N =v,(, )hX E(VL%):E(VRQR):MO{ xsF;,,
There are two different kinds of elementary interactions dé dé
contributing to neutral current neutrino processes d—( V,qg)= d_( V.q,)=4 ol xs (1-y )2 FLZR ’
'y Y
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_( 19 L)_ (VRqL) 4ra’ xsF, LZL, The differential cross-section of the elementary
subprocess v uta=>v,+q taking into consideration the
_( E (VRqL) 4o’ xs(1— y) FR .(22)  spirality of initial quarks 4, can be presented in the form
|
do(v,q)
d—y“ = 2xa’xs|(1=h, )F), +(1+h, )(1-y) F}). 23)

The following expression has been obtained on the base of formulas (9) and (23), for the differential cross-section of semi-
inclusive reaction v uN = v, hX [8]:

do 2 N 2\ h 2 2 2 g2
= 7o’ Xxs X, D’ (z, Fo+(1-y) F,]+
dxdydz Zq:{fq (x,0°) q( O ) F, +(1-y) Fi]
+ [ (%07 )D2 (2,07 )[ F +(1=y ) F ] = A (x,0° )D; (2,07 )
x[Fp =(1=y)" Fp] =h A (x,0°)D2(2,0° )[ Fjj _(]_y)ZFLZL]} : (24)
The double spin asymmetries for the semi-inclusive | ] U .
tons Vv, p=>v, 71X ad v, p=v, K X Fu = s (26)
reactions P P u an u P ﬂ xys + MW X,y

similarly Eqs (16) and (17).

4. Chareed ¢ where U, =cos0., U, =sinf,, 8, is the Cabibbo
- L1ATgeq current processes angle, My, is the mass of W-bozon.

-+ -+
v,V IN=u (u )hX, p (u )N =v,(v, )hX For the elementary cross-section we obtain:
Let us consider the neutrino initiated processes G
_ ) ) - 2 2
v,N= pu hX: for them there exist four possible d_y(VLqL = 4,49, )=nma xsky,
elementary contributions: . 27)
o — — 2 2
v,+d=>u +u, v,+s=u +u, (Viq, = M, qr ) =7 xsFp; .
u u 25) dy

v,tu=>pu +d, v, tu=u +s.

. . The differential cross-section of semi-inclusive reaction
Neglecting quark masses, one find that there is only one
non-zero helicity amplitude for each of the elementary

processes in (25): |

v,N= 4 hX must be written in the following form:

do (24 2 N 2 h 2 32 N 5 P 2
dxdydz_sz;FLL{fq (x,0°)D,(2,0")+(1=y)" f; (x,0")D3.(2z,07)

—hy [quN(x,QZ)D;’/(Z,QZ)—(I—y)zﬁqu(x,Qz)fo(z,Qz)} (28)

If we explicitly perform the sum over flavours in the numerators and denominators of Egs. (15), we obtain for double-spin
asymmetries:
- ) Ad, +Ad (1+R)-(1-y) Au,
A7 " (vip=>p X )= > (29)
d,+d (I1+R)+(1-y) Au,

. Ad, +Ad (1+R)—(1-y)’Au. -R
AK -K (V p = ILliKX) — du + ds ( + ) ( yZ) _us , (30)
v “ d,+d (1+R)+(1-y) Au,
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(1-y)’[Au,+Au ]—Ad (I+R)
(1-y)’[u,+u ]+d (I+R)
_(1=y)*[Au,+Au JR—Ad (1+R)

(1-y)’[u,+u, JR+d (1+R)

, €2))

Ay " (Vp=> X )=-

xt-n" = + _
A7 7 (v,p=> KX )= , (32)
where R = 1g°0, ~ 0,056 .

Similar results hold for the 4 p = v, hX and u* p:>t7ﬂhX processes; the contributing elementary interactions are:

Y7, +u:>vﬂ+d, W tu=v, +s,

U +d=v, +u, g +s=>v, +u,

+ = + =
y7, +d:>vﬂ+zi, W s>V, +u,
+ ., = = + = = =
W ru=v,+d, p +u=v, +s,
with the same cross-sections as those computed Eqs. (27):

do(puu, =v,d;) _ do( p iy :>17,u67R) _ d&(V#dL = pu;) _ dOA'(V#JR = Hgliy )

dy dy dy dy
d6(upd, =V,u,) d6(udy =v,i,) do(V,u, = uzd,) do(v,i, = u;d,)
dy dy dy dy '
The analogues of Egs. (29)-(32) are now
e, Au,+ M, —(1-y) Ad (1+R
u, vu, +(1-y)*d, (I+R)
ket - Au, +Au, )R—(1-y) Ad, (1+R
A;f K(ﬂ p:>V/lK)()=( v s) ( y)Z_ s( )’ (34)
(u, +u, )R+(1-y)'d (1+R)
_ Au, —(1-y)*[Ad,+Ad (1+R
AZ’ T (/,[+N:>VIU7Z'XV): S ( y) 2[ 1) _3( )]’ (35)
u,+(1-y)’[d,+d (1+R)]
+_ o+ — Al/_l R_ ]_ 2 Ad +Ad ]+R
uR+(1-y)"[d,+d (1+R)]
5. Numerical estimates ! 1,0
In the previous sections we have obtained explicit os |
expressions for the double-spin asymmetries for hadron .
production in semi-inclusive DIS. We now use these 2
formulae to give prediction in the case of 7" and K* 1; “r
production, considering typical kinematical configurations of g
ongoing or planned experiments. The double-spin asymmetry Euar
values depend on the known SM dynamics, on the quark Z
distribution functions, both unpolarized and polarized. Quark 02
distribution functions in polarized nucleons the values of
wich are defined from the experiment, present in the . . .
expression of double-spin asymmetries. 0 02 04 0,6 038 1

The set of collections of quark distribution functions in x

nucleons are present in references [9-12]. The distribution

functions of valence and sea polarized quarks in nucleons,
mentioned in the ref. [9] are used by us for the numerical
estimations of double-spin asymmetries.
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-
Fig. 1. The double-spin asymmetry AZ " for the pion

production ep = exX , as a function of x, for different

values y: y=0.1 (1 and 1' lines), y=0.4 (2 and 2' lines),
y=0.9 (3 and 3' lines).
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Fig. 2. The double-spin asymmetry A » for
the kaon production ep = eKX ,asa
function of x, for different values y: y=0.1 (1
and 1' lines), y=0.4 (2 and 2' lines), y=0.9 (3
and 3' lines).
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g. 3. The double-spin asymmetry A4 » for the

kaon production v,p=v,KX,asa function
of x, at fixed y=0.1 (line 1), y=0.4 (line 2),

y=

0.7 (line 3).
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Fig.

+ -
4. The double-spin asymmetry AZ T asa

function of x, at fixed y=0.4 for
v,p=pu zX (ine ), v p= u"zx

(line2), u p = v, 7X (line 3) and

u'p= v, 7X (line 4).
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Fig. 5. The double-spin asymmetry AZ T for

v, p= 4" X as afunction of x, at fixed
y=0.1 (line 1), y=0.4 (line 2) and y=0.9 (line 3).
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Fig. 6. The double-spin asymmetry AZ T for

,pr = 17#7ZX as a function of x, at fixed
y=0.1 (line 1), y=0.4 (line 2) and y=0.9 (line 3).

-
In figs. 1-6 we give estimates for A]}\l, " for several

processes, with  different  kinematical  conditions,
corresponding to typical experimental setups. Figs. 1 and 2

- +
. - KT-K
shows x-dependence of asymmetries 47 ~* and 4,

in  semi-inclusive  reactions e p=>e X and

e p=e KX atenergy Vs =300 Gev (ep-collider HERA),

Weinberg parameter x,, = 0,232 and the fixed value y=0,1
(1 and 1' lines), y=0,4 (2 and 2' lines), y=0,9 (3 and 3' lines).
The solid (dashed) lines indicate the double-spin asymmetries
for 7 - or K-production in semi-inclusive DIS with one
photon (photon and Z’-bozon) exchange. As it is seen the

+_ - +
. . - K"-K ..
double-spin asymmetries A; " and A4 » are positive

and increase monotonously with increase of x.
The fig. 3 illustrates the dependence of double-spin

+
asymmetry Af X in Veytp=v, + K + X process onx
aty=0,1 (1 line), y=0,4 (2 line), y=0,7 (3 line).
+ -
The double-spin asymmetry 4, ~* for charge currents

is shown in figs. 4, 5 and 6.
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YARIMINKLUZIiV DQES iKiSPINLi ASIMMETRIYALAR

Kvark-parton modeli gar¢ivasindo yartinkliiziv f (A)N(hy )= éihX, Yy (17# JN(hy )= vy (17# )hX,
Yy (17;1 IN(hy )= ;f(;f JhX, ;f(;f NA)N(hy )= vy (17# )hX proseslorinin effektiv kosiklori figlin timumi ifadoler alinmisdir.
Ikispinli asimmetriya

nt h- nt h
g (o —om ) (o —epy )
A

nt h- ht h”
(op —op )+ (opy —opy )
+ +
toyin edilmisdir, burada O-iT ( 0'? 1 ) —leptonla nuklon hodefin spinleri paralel (antiparalel) oldugu halda prosesin effektiv kosiyidir.

Gostorilmisdir ki, ikispinli asimmetriyalar kvarklarin 4 adronuna fragmentasiya funksiyalarindan asili deyiller.

C.K. Adpysuiaes, A.. Myxrapos, M.IIL.T'ox:kaes
JABYXCIIMHOBBIE ACUMMETPHU B ITIOJTYUHKJIIO3UBHBIX THP

B pamkax kBapK-MapTOHHOH MOJENM MOJYyYEHBI OOIIME BBIpAXKEHUS IS S(PQEKTHBHBIX CEYCHUH IONYHHKIIO3MBHBIX pEaKIui
_ — _ _ _ — + _ —
CCCAIN(hy )= CThX, v (V,ON(hy )= v, (v, )X, V,(V,ON(hy ) = (7 JhX, @ (1" J(A)N(hy )= =V, (V, )hX .

Ompenenena AByXCIIMHOBAsI aCHMMETPHS

nt h nt h
g (ot —om )= (o —ony)
A

( O S S h‘)
Op —op )T (on —opy
wtont
rae oqq (04 ) —9bEKTUBHOE CEUCHHUE IPOLECCOB NPH NapaLIe/bHOM (aHTHIIAPAIUICIbHOM) HAIPABICHUH CIMHOB JICIITOHA M HYKIOHA

mumnieHn. [Toka3aHo, 9To JBYyXCIMHOBBIE ACHMMETPHH HE 3aBUCST OT (DYHKIUH (hparMEeHTAI! KBApKOB B aIPOHEI /1.
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INFLUENCE OF INTERATOMIC DISTANCE CHANGE ON LINEAR
DIMENSIONS OF SOLID STATE

A.A. AGASIYEV, EM. MAGERRAMOYV, J.H. JABBAROYV,
M.Z. MAMMADOYV, N.N. GODJAYEV
Baku State University,
AZ -1148, Z. Khalilov, 23 Baku, Azerbaijan

The change of linear dimensions of solid material series with temperature increase and its small changes takes place and is proportional
to change of distance between atoms. The harmonic oscillations don’t lead to rode length change. However, the force returning atoms to
balance state, lead to appearance of some anharmonicity which is described by the cube member in the expression of potential energy.

Let’s consider the rode length change from solid material
which increases with temperature increase. Let’s designate
the length increase at increase on 1K through (AL);. Thus the
thermal expansion coefficient can be defined by the
following formula:

r=(AL),/L )
which increases with temperature. If we consider the simple
solid states at room temperature then coefficient change 7 can
be considered as small one in the comparison with its value in
the interval 100K and length increase is proportional to
temperature increase AT, i.e. AL/L=tAT at condition AL
<<L. Let’s suppose that AL is proportional to AT even at
small length changes in order to evaluate approximately 7
coefficient value.

Let’s we give such energy to the rode at which energy
which is equal to energy of atom bond £ (energy necessary
for separation of solid state on separate atoms) is on each
substance atom. Indeed, whole material is destroyed at such
process. Moreover, that such destruction takes place when
interatomic spaces increases in two times, i.e. rode length
increases in two times (AL=L). Further, supposing that linear
dependence of AL on AT is saved up to temperatures at
which the energy E is on each atom and temperature
accretion At is energy of measure given to each atom. For
example, the temperature increase on 1 K corresponds to
energy of each atom approximately on the value equal to
Bolzman constant k, i.e, approximately on 10 eV.
According to theorem about equilibrium energy distribution
on degree of freedom on 3-dimension oscillator is energy 3
kT. But at investigation of rode linear extension we interest in
only one direction. If linear dependence AL on AT takes place
then extension (AL) should be less at temperature increase on
IK than extension AL=L at energy obtaining by atom
approximately in k/E time. Thus:

T_(AL)1~£~10*‘

2

L E E @
where E is bond energy in electron-volt for substance solid
state at room temperature.

The values of linear thermal expansion coefficients : 7, -
are calculated ones, 7, are experimentally measured ones; the
values of bond energy £ and Debye parameter 6 of some
substances [1,2].
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Table.
Substance 7. <105 7, <105 E, eV 0, K
Na 3.9 6.9 1.1 158
Li 2.7 4.5 1.6 344
Al 1.3 2.3 34 428
C 0.58 0.1 7.4 2230
Fe 1.0 1.2 43 470
Ni 1.0 1.3 4.3 450
Si 0.94 0.25 4.6 645
Cu 1.24 1.6 3.5 450
Pb 2.2 2.9 2.0 105

As it is seen from the table many simple solid states
have linear thermal expansion coefficients by 107 order
which is easily explained taking under consideration that
temperature increase on 1K corresponds to energy which is
equal to 10107 bond energy, given to each atom.

M ~ 5 is obtained on the base

L E
of the fact that extension is proportional to temperature
increase. Let’s show that this supposition is carried out at
small temperature changes.

Let’s consider the two neighbor atoms oscillating
relatively positions of their balance which is separated by
distance d. We investigate the behavior of two neighbor rode
atoms the material of which is characterized by interatomic
spaces D. The distance between atoms is (d+x) in each time
moment, where x is inclination from balance state. The
oscillations are harmonic ones up to the moment when
potential energy U, can be considered as quadratic function
U(x)=ax’ and average value of x is equal to zero not
depending on oscillation energy value.

The harmonic oscillations are characterized by motion
symmetry relatively to oscillation center that’s why they
don’t lead to rode length change. But the force returning
atoms to balance increases at x<0 and decreases at x >0, so
we can suppose the anharmonicity appearance. In comparison
with harmonic motion, the strength of extension decreases at
big distances between atoms and compressive strength
increases at decrease of distances between them. Then in first
approximation this can be described by cube member in
expression for potential energy U(x):

The expression 7 =

U =ax> —bx’, where a,b>0 3)
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At oscillation motion the kinetic energy in far points
X, are trajectories of x transform into zero. Consequently, we

can make equal U(x) at X = X, total energy. According to

theorem on energy equilibrium distribution on degree of
freedom, the anharmonic corrections are relatively small ones
up to moment when heat energy of harmonic oscillation is
equal to k7. Then we can write:

kT = ax; —bx; “)

kT2
In the case when b=0, we have x, =+ — . At

a

room temperature the cube member in potential energy is
small one in the comparison with quadratic one, so we can

find x, at b=0 by the way of substitution of values X,
corresponding to =0 in second member of first part of

expression (4):
[kT
a

where the root can be taken with “plus” sign. Then we define

1+2

a

kT
a

2
Xt

the extreme points X, and X_ considering the second
member in brackets as small one in the comparison with one,

1e.:
kKT b kT kT b kT
X, = —+—— — |t
a 2a a a 2a a

Consequently, two extreme values of inclination on
equilibrium are equal on absolute value and opposite on sign.
They both are shifted in positive direction on the value:

5 =(b/2a>)- kT 5)

The average value of shift X isn’t equal to zero, but
close to O . It isn’t equal to O as averaging at anharmonic
oscillations are enough difficult ones but we can consider
X=0.

At investigation of function behavior Ufx)at x =d we
can obtain the estimations for a and b parameters. In this case
the approximation (3) isn’t equal and we should take under
consideration the members of highest orders on x in
expression for potential energy. We suppose that at x ~ d
the value U(x)is by the order of bond energy. And we can
suppose that members of expression (3) have order by E
value. Then we can consider a ~ E/d2 ; B~E/d® and
according to (5) we obtain the  expression
5/d = (1/2)(kT/E) for relative extension. As we suppose
that rode length increases proportionally to distance between

atoms then we obtain the following for thermal expansion
coefficient:

(6)

which coincides with formula (2). Sometimes the use of
expression (2) leads to better agreement. The diamond and
silicon are exclusions. This is connected with fact that Debye
temperature extremely exceeds the room one. The last one
means that essential part of atomic oscillations doesn’t
excited at room temperature and supposition on the energy kT
is on each one equilibrium oscillation, isn’t right. The
coefficient 7 has the value 0,51x107 at 1400K, and for silicon
0,45x10° at 1200K. Consequently, formula (6) at high
temperatures better corresponds to experiment.

[1] Ch. Kittel. Vvedenie v fiziku tverdogo tela. Moskva,
Nauka, 1978, s. 695. (in Russian)

[2] V.F. Weiskopf, H. Bernstein. Comments Condensed
Matter. Amer. J. Phys., 1985, v.53, Nel12, p. 38.

A.A. Agasiyev, E.M. Maharramov, C.H.Cabbarov, M.Z. Mammadov, N.N. Qocayev

ATOMLAR ARASI MOSAFONIN BORK CiSMIN XoTTi OLCULORINO TOSIRi

Gostorilmisdir ki, temperaturun artmast ilo bazi bark cisimlorin uzunlugunun artmast haqigeten mévcuddur va temperaturun kigik
dayigmalorina atomlar arasi mosafonin doyismasi ilo miitonasibdir. Harmonik ragsler milin uzunlugunun dayigmasins gotirmir. Lakin
atomlar1 tarazliq vaziyyatine qaytaran giivve potensial enerjinin ifadesinds kubik haddls ifads olunan miisyyan anharmonizmin yaranmasina

gotirir.

A.A. Aracues, .M. Mareppamos, JI:x.I'. [:xa06apos, M.3. Mamenos, H.H. I'ox:kaeB

BJIUSHUE U3MEHEHUSI MEXKATOMHOI'O PACCTOSIHUSI HA JIMHENHBIE PA3SMEPBI
TBEPJ1OT'O TEJIA

V3MeHeHre JTMHEHHBIX pasME€poB psaa TBEPALIX MATEPUAJIOB C IOBBIICHUEM TEMIICPATYphl, IIpU €€ MaJlbIX HU3MCHCHHUAX,
JIEHCTBUTEILHO UMEET MECTO U IPOMNOPIHUOHAIBHO U3MCHECHUIO PACCTOSHUSA MEXKIY aTOMaMU. rapMOHPI'—IeCKI/Ie Kojie0aHus He NPpUBOAAT K
WU3MEHEHUIO IJIMHBI CTEPXKHA. O,Z[HaKO CuJia, BO3Bpallaromasi aToOMbl K ITOJIOKECHUIO PABHOBECHSA, INPUBOAUT K IOSABJIICHHUIO HEKOTOPOI'O
AHTrapMOHH3Ma, KOTOPOE ONUCHIBAETCA Ky6I/I‘{eCKI/IM YJICHOM B BBIPAXKCHUUN MMOTCHITHATBLHON OHEPIrUu.

Received: 09.10.08
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PARAMAGNERTIC SUSCEPTIBILITY AND ELECTRICAL CONDUCTION
OF LAYERED MAGNETS TI(Cr,Mn,Co)S,

R.G. VELIYEV
H.M. Abdullayev Institute of Physics of Azerbaijan National Academy of Sciences
Az-1143, Baku, H. Javid ave., 33

The magnetic and electric investigations which show that TICrS, is the semiconductor ferromagnetic, TIMnS; is semiconductor anti-
ferromagnetic, TICoSe, is ferrimagnetic having the conduction of half-metal type, have been carried out in temperature interval 77+400K.
The enough big inclination of value of experimentally effective magnetic moment T1CrS, (3.26u5) from theoretical one (3.85u3) is explained
by the presence of two-dimensional magnetic ordering in paramagnetic region of strongly-layered ferromagnetic T1CrS,.

Introduction.

The low symmetry of magnetic crystalline structure of
TIMeX, (where Me is 3d-metal; X=S,Se,Te) [1-5] predermines
the dependence of their magnetic properties on the main
crystallographic directions, in some cases up to the
appearance of low-dimension effect when magnetic spin
system (magnetic structure) in paramagnetic region in the
definite temperature interval is in “quasi-two-dimensional” or
“quasi-one-dimensional” magnetic ordering (Izing-Geyzenberg
model) [6-9]. Besides, the magnetic and semiconductor
properties combine in these compounds [10-12].

According to Izing-Geyzenberg model the behavior of
low-dimension systems in the region of high temperatures
(paramagnetic region) near phase transition in magnetic-
ordered state and has the specific peculiarities strongly
differed from the behavior of three-dimension spin systems in
the region of low temperatures. For example, the magnetic
susceptibility in paramagnetic region is characterized by the
presence of wide maximum which characterizes the strongly
developed short-range magnetic order at 7>>Ty and the
anomaly with essential inclination from A-type [13,6-8] is
observed on temperature dependence. Such magnetic
structures in particular, semiconductor or half-metal two-
dimension ferro- and ferrimagnetics can be base materials for
nano-technology. That’s why the search of layered magnets
on the base of compounds TIMeX, (where Me is 3d-metal,
X=8,Se,Te) in magnetic relation having the different types of
magnetic ordering is the actual task in both from theoretical
and practical points of view.

Taking under consideration the above mentioned the
crystals TI(Cr,Mn,Co)S, are synthesized by us and X-ray,
magnetic and electrical investigations are carried out.

Synthesis and X-ray analysis.

The compounds TICtS,, TIMnS, and TICoS, are
synthesized in electric furnace in quartz ampoules evacuated
up to residual pressure ~10~Pa at temperature ~1050K from
chemical elements suspended in stoichiometric relations.
Previously, the lame (Cr) with the help of globular discharge
is treated in powdered state The synthesis is carried during 72
hours, further the reaction product is disintegrated and the
synthesis repeats. After it the obtained compounds are
transformed in powdered state, pressed and treated to
homogenizing annealing at temperature ~600K during 480
hours in evacuated quartz ampoules.

X-ray analysis of TICrS,, TIMnS, and TICoS, samples
specially prepared after annealing is carried out at room
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temperature (~300K) on diffractometer JPOH-3M(CuK,, is
radiation, Ni is filter, 1=1.5418A, the mode is 35kV,10mA).
The angular discrimination of the shooting is ~0.01°. The
mode of continuous scanning is used. The diffraction angles
are defined on intensity maximum. The error of definition of
diffraction reflection angles doesn’t exceed AG=+0.02°.

In angle interval 10°<26<70° the diffraction reflections
from TICrtS,, TIMnS, and T1CoS, samples which indicate on
the base hexagonal, tetragonal and trigonal crystal systems
with crystalline lattice parameters given in table 1, are fixed.

Table 1.
Parameters of crystalline lattice of T1(Cr,Mn,Co)S,
Compound | a, 4 | ¢ A ca | Z | p.glem’
TICrS, 3.538 [21.962 | 6.21 3 6.71
TIMnS, 7.74 | 30.60 3.9 20 6.40
TICoS, 3.726 | 22.510 | 6.04 3 6.03

Sample preparation and investigation techniques.

The paramagnetic susceptibility (y) of TI(Cr,Mn,Co)S,
compounds is investigated by Faraday method on
magnitoelectric scale. The samples for measurements have
the cylindrical form with sizes: 4~ 3 MM, d ~2.5MMm.

The electrical conduction (o,) and thermoelectromotive
force coefficient (S) T1(Cr,Mn,Co)S, are investigated by four-
probe compensation method. The samples for measurements
have the form of parallelepiped with  sizes:
7.15 x 4.57 x2.53 mm (TICrS,), 4.20 X 5.84 x 1.37 mm
(TIMnS,) n 7.19 X 4.83 X 2.04 mm (TICoS;). The ohmic
contacts are formed by the way of cuprum -electrolytic
precipitation on sample edges.

The investigation are carried out in temperature interval
77+400K in quasi-static mode, moreover the rate of
temperature change is 0,2 K/min. During measurements the
samples are inside of nitrogen cryostat and the differential
cuprum-constant thermo-couple the seal of which is
stationary fixed on chip header near sample is used in the
capacity of temperature gauge. The bucking seal of thermo-
couple is stabilized at temperature of ice thawing
temperature.

Experimental results and their discussion.
The temperature dependence of reversible paramagnetic

susceptibility y (7) of TI(Cr,Mn,Co)S, compounds is
presented on the fig.1. It is seen that dependence y "'(7) is
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character for ferro-, antiferro- and ferromagnetic orderings,
for TICrS,, TIMnS, and TICoS, correspondingly.

Curie paramagnetic temperature (7,) is defined by
extrapolation of dependence y ~'(7) on temperature axis and
is equal to ~115K (TICrS,) and ~120K (TICoS,).

The effective magnetic moment (u.;) which is equal to
3.26u; is considered from dependence y '(T) (fig.1). The
theoretical value calculated with taking under consideration
the spin value of magnetic moment of Cr’* is equal to 3.85
up. The enough big inclination gz TICrS, from theoretical
value shows on the presence of quasi-two-dimensional
magnetic ordering in paramagnetic region of layered
ferromagnetic TICtS,. The low dimensionality of magnetic
structure TICrS, is shown in paper [6] on the investigation of
low-temperature heat capacity (in adiabatic calorimeter) of
layered compound TICrS,. The anomaly with significant
inclination from A-type is observed on temperature
dependence of heat capacity at constant pressure C,(7) of this
compound.

Also the experimental values of effective magnetic
moment TIMnS,(4.5u3) and TICoS,(4.6up) are calculated
from y "'(T) dependence (fig.1). The comparison of these
values with theoretical (4.9uz for TIMnS, and TICoS,)
calculated taking under consideration the spin values of
magnetic moment of Mn’" and Co’", shows the some
difference for TIMnS, and T1CoS,.

xl.lg{ g)’cmg

L 1 L
200 T 300

Fig.1. Temperature dependence of reversible magnetic
susceptibility TICrS, (1), TIMnS,(2), TICoS,(3).

The temperature dependences of electrical conduction of
o.(T) and thermoelectromotive force coefficient S(T) of
TICrS, compound are given on the fig.2. As it is seen from
the figure the temperature dependence of electrical
conduction has the half-semiconductor type and the behavior
of thermoelectromotive force coefficient on temperature
proves on charge transfer by p-type carriers. Moreover, the
anomaly (~340K) which is connected with delocalization of
3d-electrons in paramagnetic region and their participation in
charge transfer is observed on S(7) TICrS, dependence.

The temperature dependence of electrical conduction
o.(T) of TIMnS, compound is given on the fig.3. As it is seen
from the figure o, increases with temperature increase, i.e. the
strongly expressed the half-semiconductor character of
coOnduction and strong increase of o,(7) near T~300K
connected with the fact that temperature achieves the self-
conductance TIMnS, takes place.
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Fig.2. Temperature dependence of electrical conduction (1) and
thermoelectromotive force coefficient (2) TICrS,.
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Fig.3. Temperature dependence of electrical conduction TIMnS,.
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Fig.4. Temperature dependence of electrical conduction (1) and
thermoelectromotive force coefficient (2) TICoS,.

The temperature dependence of electrical conduction of
o.(T) and thermoelectromotive force coefficient S(7) of
TICoS, ferromagnetic. As it is seen S(7) TICoS, some
increases in temperature interval 77+115K achieving the
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maximum value at 7~115K. Further, the change of
conduction type from p-type up to n-type is observed near
T~225K with temperature increase. From the fig.4 it is seen
that o, TICoS, decreases with temperature increase from 77K.
Near 7~115K the break caused by fispersion of charge
carriers of p-type on spin heterogeneities [14] forming at the
transfer of spin system from magnetoordered state into
paramagnetic one, is observed on o.(7) dependence of
T1CoS; compound.

Note, that temperature (~115K) at which the anomaly
which well agrees with temperature of magnetic phase
transition (~112K) of TICoS, ferrimagnetic [15] takes place
on o,(T) and S(T) TICoS, dependences (fig.4).

The change of conduction type in TICoS, from p-type up
to n-type is connected with delocalization of 3d-electrons in
paramagnetic region and their participation in charge transfer.
The strong decrease is observed higher ~350K on S(7)
TICoS, dependence to the side of negative values and this

circumstance shows on half-metal character of conduction in
TICoS,, i.e. the conduction decrease (fig.4) is observed up to
T=~250K, further o, insignificantly increases in the interval
250-325K. The further decrease of conduction TICoS, in
temperature interval 325-400K is connected with the
appearance self-conductance of half-metal T1CoS,.

Conclusion.

Thus the investigation of paramagnetic susceptibility and
electrical conduction of TI(Cr,Mn,Co)S, compounds show
that TICrS, is the strongly layered (two-dimension)
ferromagnetic of conduction half-semiconductor type,
TIMnS, is half-semiconductor antiferromagnetics and TICoS,
is ferrimagnetics having the half-metal conduction type.

It is my duty to thankful the Doctor of Physics-
Mathematics, Professor U.G.Asadov for help in the carrying
out of X-ray investigations and indicating of obtained results.
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TI(Cr,Mn,Co)S, LAYLI MAQNETIiKLORIN PARAMAQNIT QAVRAYICILIGI VO ELEKTRIK KECICiLiYi

77+400K temperatur intervalinda aparilan maqnit vo elektrik todqiqatlar1 gostormisdir ki, TICrS, - ferromaqnit yarimkegirici, TIMnS, -
antiferromaqnit yarimkegirici, TICoS, iso yarimmetalik kegirici gedigo malik ferrimaqnetikdir. TICrS,-nin eksperimental effektiv maqnit
momentinin (3.26u3) nozeriden (3.85up) kifayst qoder boyiik forqi, giiclii layli TICrS, ferromagnetikinin paramaqnit oblastda ikidlgiilii

maqnit nizamlanmasinin olmasi il izah edilir.

P.I'. BesiueB

MMAPAMATHATHASI BOCIPUMMYMBOCTD M QJIEKTPOITPOBOITHOCTH CJIOUCTBIX
MATHETHKOB TI(Cr,Mn,Co)S,

B untepBane remneparyp 77+400K nmpoBeneHbpI MATHUTHBIE U JIEKTPUYECKUE HCCIEIOBaHU, KOTOphIe mokazand, uto TICrS, sBuseTcs
MOJYTIPOBOAHUKOBEIM (heppomarneTukom, TIMnS, - momynpoBogHHKOBBIM aHTH(eppomarHetnkom, a TlCoSe, - ¢eppuMarHeTHKOM,

00MajaomM  TONyMETAIUIMYECKUM  XOJOM TPOBOAUMOCTH.

I[OCTaTO‘IHO 0OIIBIIIOE OTKIOHCHHE 3HAYCHUS OKCIICPUMCHTAJIBHOTO,

s¢dexruBHOro MarautHoro momenra TICrS, (3.26u3) ot Teopermueckoro (3.85uz) 0OBIACHSAETCS HAIMYHMEM JBYMEPHOTO MAarHUTHOTO
YIOPSITIOUEHHs B TapaMarHUTHOH 00J1acTh CHIIBHOCIOUCTOro (eppomarneruka TI1CrS,.
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ELECTROGRAPHIC LAYERS FROM TRIGONAL SELENIUM CHEMICALLY REFINED
AND DOPED BY SODIUM IN BINDING

N.I. IBRAGIMOYV, V.G. AGAYEV
H.M. Abdullayev Institute of Physics of Azerbaijan NAS
Az-1143, Baku, H. Javid ave., 33

The electrographic layers on the base of trigonal selenium chemically refined and doped by sodium in binding with intepal

photosensitivity = 0,8 (lux-s)”' and extended photosensitivity region up to A = 700 nm.

Nowadays the chemical method of refining and doping up to 4 < 520nm. EP layers on the base of trigonal selenium
of  photosensitive  materials by the way of in binding [2,3] have the definite advantages in the
photosemiconductor dissolution, its reconstruction and comparison with first ones. Thus the investigations show that
chemical treatment in the solution of doping substance is  thin layer of trigonal selenium covered by nano-layer of
widely used. The use of the given method for refining and  electro-active organic material (binding) forms the
doping of selenium is caused by following circumstances. As  photosensitive layer which has the extended spectral
it is known the impurities of alkali metals (for example, photosensitive region in the comparison with layers from
sodium)decrease the conductivity of trigonal selenium on amorphous selenium. It is also important that they are
several orders and so this should led to increase of initial crystalline ones and don’t degrade.
potential Uy of electrographic layers (EP) on its base and to The amorphous selenium by brand SF 17-4 from which
rate decrease of its dark relaxation. The advantage of this  the trigonal selenium chemically refined and doped by
method in comparison with traditional high-temperature  sodium is used in the capacity of initial material. The main
doping is that final product is obtained in the form of fine- principle of such selenium obtaining is in dissolution of
dispersed powder the particle near-surface region of which is  amorphous selenium in NaOH solution. The definite quantity
reached by impurity. of powder-like amorphous selenium is put in the bottle with

EP layers from amorphous selenium [1] obtained by 25N of NaOH solution. The solution is supported at 80°C
vacuum evaporation have high EP parameters, but they are  and continuously mixed by magnetic stirrer during 5 hours.
treated by degradation because of crystallization and their At this the following reaction with polyselenide formation is
spectral region is limited by blue-green spectrum region, i.e. | carried out:

(2n+1) Se + 6 NaOH = 2 Na, [Senz'] + Na, SeO; + 3 H,O
amorphous n=3-4
polyselenide

The obtained solution of red color is diluted by distilled ['bottle with solution. The diluted solution is mixed during 5
water up to required volume, mixed and stayed for minutes and the 30% solution of pereoxide H,0, is added by
stabilization during 18 hours. Further the solution filtration is  drip feed in it. Moreover, the selenium reconstruction and its
carried out and distilled water in relation 1:3 is added to | settling-out on reaction take place:

n
Na, [Se,” ] +2 H,0, — 1 Se +2 NaOH
trig
The liquid obtaining after sedimentation is drained and | EP layers are prepared from usual trigonal selenium

this procedure is multiple repeated while the resistance of this  (thermal crystallization at 210°C during 40 hours) and
settled liquid doesn’t become close to value of distilled water  selenium chemically refined and doped by sodium. The

resistance (pH = 7) on order. Further the trigonal selenium is ~ 12yers from these materials are firstly prepared by dispersion
filtered. The trigonal selenium obtained by such way is dried 10 ball mill and later the solvent (ethyl alcohol) and binding
at 60°C in dry air (during 18 hours). pglyv1mlbut1ral are added and the layers after mutual

The advantage of the given refining and doping method ~ dispersion are marked on aluminum substrate (fil by
is that all sparingly soluble impurities are excluded from thickness 150 mem) by the method ? The substrate is
solution and first refining stage is carried out at its filtration. previously degreased by solvents, dipped in KOH 10%
The second refining stage is carried out in the process of ~Solution, thoroughly washed by distilled water and conserved
selenium reconstruction and residue scrubbing. in acetone up to establishing in water distribution vehicle.

The rentgenodifractometric investigations show that The thickness of prepared layers is =~ 20 mcm.
selenium obtained by that way presents itself the powder of The layer main EP parameters are studied on
electrometric installation with vibrating electrode near layer

trigonal selenium (average particle size d < 0,7 mcm). oEn - i
surface after layer drying in usual conditions during the day
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and after annealing at 160°C during 30 min. The layer charge
is carried out in corona discharge. The layer light
characteristics are measured by exposure through shutter with
use of filament lamp and neutral filters. The spectral
distribution of photosensitivity of EP layers is measured in
interval 400-1000nm (monochromator VSU2 — P). The
measurements are carried out after layer dark adaptation
during 15 minutes. The latest increase of layer adaptation
time doesn’t reflect on their parameters.

The character curves of dark potential fall from initial
trigonal selenium chemically refined and doped by sodium in
binding in the dependence on weighting relation which is
photosensitivity-binding N = 0,25 + 5 are given on the fig.1.
As it is seen from the figure the initial potential Uy decreases
with increase of photosemiconductor-binding relation and
value Uy is higher than one for layers of selenium doped by
natrium.

10 o
v\

¥ 5

1*;

0 2" 3

Fig. 1. The dependence of initial potential (Uy) on relation
trigonal selenium - binding (N):
1 - initial trigonal selenium;
2 - trigonal selenium chemically refined and doped by
sodium.
AtN=0,25 Uy > 1500 B isn’t marked on the plot.

The time of dark half-fall z;, of these layers decreases
with increase of of semiconductor-binding relation.

{2 3 4 %
§ ' ra—

Fig. 2. The dependence of intepal photosensitivity (S,) on
relation trigonal selenium - binding (N).
1 - initial trigonal selenium;
2 - trigonal selenium chemically refined and doped by
sodium.
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The measurements of integral photosensitivity Sy, on
half-fall criteria of initial potential reveal its monotonous
increase with N increase with tendency to saturation at N =4
+ 5 (fig.2). As it is seen from the figure the layers of trigonal
selenium from chemically refined and doped by sodium have
the bigger quantity of Sy, than layers from initial trigonal
selenium at all photosemiconductor-binding relations
considered by us. According to residual potential, its value
decreases with increase of N relation and establishes on the
level 25-30V that is order 10% from initial potential value for
both layers from selenium doped by natrium and for ones
from initial selenium.

&?
cm®. J'T.I-

5L

‘-

Fig. 3. Photosensitivity spectral distribution of EP layers of
trigonal selenium cleaned chemically and doped by
natrium.

The comparison of EP layer parameters from selenium
doped by natrium and initial one shows that the first layers
are better on all parameters. This proves that the chemical
refining and doping by sodium essentially improves the main
EP layer parameters from trigonal selenium in binding. The
analysis of investigation results shows that photoreceptors
with photosemiconductor-binding N = 2 + 3 have optimal
parameters in method of EP layer preparation used by us.

The meaning of chemical refining and doping is that
sodium impurities are on both surface of trigonal selenium
microparticles and enter in their near-surface region (in the
result of diffusion at annealing), i.e. in that region where light
quantum penetrates at exposure and where the origing of
charge carriers takes place. The main part of selenium
particles stays undopped and origin couples shift in particle
volumes with big mobility than in the case of equilibrium
selenium doping. Indeed, the obtained results prove the above
mentioned: Sy is bigger in layers from selenium Uy doped by
sodium than in layers from initial one.

The plot of photosensitivity spectral distribution of EP
layers from selenium doped by sodium from which it is seen
that region of photosensitivity spectral distribution extends

up to A = 700nm is shown on Fig. 3.
Thus the EP layers on the base of trigonal selenium
chemically refined and doped by sodium in binding with

integral photosensitivity ~ 0,8 (lux-s)' and extended up to

A = 700nm of photosensitivity region, have been formed.
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N. I. ibrahimov, V.H. Agayev

KiMYBVI USULLA TOMIZLONMIS VO NATRIUMLA ASQARLANMIS TRIQONAL SELEN 9SASLI
ELEKTROFOTOQRAFIK LAYLAR

Kimyovi tomizlonmis vo natriumla asqarlanmug triqonal selen osasinda fotohossasligi =~ 0,8 (Lk - s)"' vo spektral oblast: A =~ 700
nm olan elektro-fotoqrafik laylar yaradilmisdir.

H.M. U6parumos, B.I'. Araes

IJEKTPOD®OTOTPA®NYECKHUE CJION U3 XUMUYECKH OYUINEHHOI'O 1 JIETUPOBAHHOI'O
HATPUEM TPUI'OHAJIBHOI'O CEJIEHA B CBSI3YIOIIEM

Cospansbl 31ekTpodoTorpaguueckue ClIoM Ha OCHOBE XMMHYECKH OYHMIIEHHOTO U JITMPOBAHHOTO HATPUEM TPUTOHAJBHOIO CEJICHA B
CBA3YIOLIEM C HHTErpaibHOil cBeTodyBCTBUTENbHOCTEI0 = 0,8 (JIk - ¢)” u pacmmpenHoii 10 A = 700 HM 061aCTbIO HOTOUYBCTBUTEb-

HOCTHU.
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ELECTRON VISCOSITY OF LIQUID ALKALI METALS
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Azerbaijan Pedagogic University, A3-1000, Baku, U. Hajibekov str., 34a

The specific character of molten metals has been analyzed and it is shown that electronic gas gives the essential contribution in the
general viscosity of molten metal “because of” Thomas-Fermi screening. The bond between viscosity and such metal characteristics as
conductivity, electron concentrations, Fermi energy and electron effective mass have been established.

The liquid viscosities are investigated in many works.
However, none of them has universal character even
qualitatively; it is traditionally considered that molten metals
are the simplest liquids (they are so called) and their viscosity
can be described by traditional method which is classical one.
The presence of two interactions which are ion and electron
of subsystems in molten metals isn’t practically considered.
The present paper is dedicated to investigation of molten
metal viscosities taking into consideration the possible
contribution of electron gas. The supposed approach is more
thoroughly analyzed in the example of molten metals. The X-
ray investigations show that coordination number in first
coordination sphere doesn’t practically change only on
(2-3%) and is equal to the number of closest neighbors [1].

Besides, it is established that the essential change of structure
and bond don’t take place at metal melting point (entropy at
melting point increases at less than two units) (see table 1).
The above mentioned fact gives us the foundation to present
the liquid metal as complex system consisting from two
interacting subsystems: ion and electron ones. It is obvious
that the subsystem of free electrons practically doesn’t
change at melting. By this reason the theory of free electrons
is useful for description of crystalline and liquid states [2].
All physical properties in molten metals will take place
because of change in ion and electron subsystems or the
interaction of these subsystems. The above mentioned is the
specific feature of molten metals, i.e. the subsystem is absent
in all other liquids (table 1).

Table 1.
/ is the average electron free length in liquid phase; d is average interatomic distance at 7},
. . . l
Structure AV 5 Entropy changes. Coordination Bond Energy o a
— |- 10 At melting: Number, e
Metals [2] eV/atom, , [5] d
Vv cal/mol-K [6] (4] 2]
[1] [1] o¢
Li VCC 16,5 1,59 9,5-9.8 1,58 1,19 164
Na VCC 25,0 1,68 7-8 1,13 1,0 158
K VCC 25,5 1,65 9-10 0,95 0,99 177
Rb VCC 25,0 1,79 9,5 0,89 0,97 118
Cs VCC 26,0 1,69 8-9 0,81 0,98 85

The ionic interactions in molten metals are totally
collective ones and are carried out through combined
interactions of all ions with free electron subsystem. The free
electrons further totally shield the Coulomb repulsion
between ions and simultaneously provide effective ion
attraction on more close distances. The repulsion exchange
effects of ion electron membranes play the important role on
short distances. The effective coupled attraction strongly
depending on density and ionic distance appears on big
distances.

The damped oscillation potential behavior of coupled
interaction connected with screening properties by electrons
of direct ion interactions appears for metals on very far
distances.

In theory of free electrons it is supposed that potential
energy and electron density are constant ones. However, as it
is followed from above mentioned, this can’t take place in
crystalline and also molten metals. Indeed, according to
Thomas-Fermi theory the electron density and impulse in
metal depends on coordinates [3]:
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n(r) = 387’2[PF A M

where P is Fermi impulse, 7 is electron radius-vector.

The changes of electron densities appear because of the
action of space-heterogeneous potential on electrons. The
presence of positive ion frames causes the charge
redistribution in electron gas, i.e. electrons attract to them and
the local electron cloud forms around positive ion. According
[3] the field potential surrounding the positive ion frame has
the form of modified Coulomb potential exponentially
decreasing with distance. Physically this means that free
electrons shield the interactrions between positive ions. The
electron distribution around ion frames can be in following
expression:

r

3ge

Fr

n(r)=n,| 1+ e ' )
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where E is Fermi energy at OK, g is charge of ion frame,

n, is electron number in volume unit in metal part

undisturbed by positive ion. As it is seen from (2) the
influence of ion frame is insignificant on distances essentially

exceeding A, ., A is measure of screening effectiveness of

ion frame by free electrons and is called Thomas-Fermi
screening radius. This value is defined as [4]:

E

2
Gre’n,

2 _ F
ﬂ‘T—F -

3)

h 2

Fermi energy E = —*(37z2n0 )A in the case of Fermi
m

spherical surface as it takes place in the alkali metal, then

after simple transformations we have from (3):

1 % 11
3m, ) ()

“4)

=) (1)
= am? e

where m” is electron effective mass in metal. If we neglect

the weak temperature dependence m” and take under
consideration that ny=const in metals, then from (4) we can
conclude on temperature independence of Thomas-Fermi

screening radius. A,_p will also different because of

difference of Fermi energy and electron concentration in
different metals. For alkali metals the values of screening
radiuses calculated on (4) are given in the table. As it is
followed from the table the screening radiuses for alkali
metals is almost the same by the order ~/A. The insignificant

increase A;_j at transition from Li to Cs is connected with

decrease of effective mass and electron concentration (see
table 2).

Table 2.
Ep, eV -22 6 3 4 9
F[z] n, -10 Pig. 10 1, 10 n, -10 Ar 107 em
Metals [4] Om-cm Pa-s Pas
[1] (6]
Li 4,72 4,70 24,17 1,98 2,95 6,23
Na 3,23 2,65 9,6 4,79 3,96 6,68
K 2,12 1,40 13 6,33 3,71 7,43
Rb 1,85 1,15 22,5 6,60 1,87 7,68
Cs 1,58 0,91 37 8,54 0,97 7,99

The above mentioned spherical structure of alkali metals
assumes the participation of both ion and electron subsystems
in appearance of physical phenomenon including dynamic
viscosity. As the given subsystems are interconnected then it
is obvious that it is impossible to evaluate the contribution of

each system separately. However, viscosity electron share 77,

can be evaluated on the base of gas — kinetic theory in first
approximation neglecting by the interaction between
conductivity electrons and ion frames in molten metals. Then
dynamic electron viscosity will be written as follows:

1 - —
~op, 90, =
77£ 3p6 e e

mene '9e ’ 16

)

W | —

where m, is electron mass; n, are concentrations of almost

free electrons; 4

|, is average electron thermal rate; [/, is

average length of free electron in molten metal.
As it is known the average squared rate on Fermi surface

(%) [5] in model of free electrons with Fermi spherical
surface. Then we have from [5]:
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In (6) rzl/ 3, is electron relaxation time. As

T=m,o / neez (7 is specific conductivity), then from (6) it

is followed:

2 (m,9; .2

n,~—- om, =——m E .o (7)
o 5et| 2 ¢ 52 T
PN .
Ep=——(37"n,)’”. from elastic side. Then for
me
electron viscosity from (7) we obtain:
1(nY Y
. z?(?) (7'n,) " o ®

According (8) the electron viscosity in metals (including
molten metals) is defined by electron concentration and
electric conductivity. As the concentration of free electrons is
constant value and doesn’t change with temperature, then
insignificant decrease of electric conductivity at temperature
increase can lead to corresponding decrease of electron
viscosity. However, metal electric conductivity practically
doesn’t depend on temperature, excluding low-temperature
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region T’ < 30K. That’s why 7, is also constant value for the

given metal in the given temperature region.

Taking under consideration that in SGS system
o=9-10" p_l from (8) we obtain:
2
ul h ? nA
n. ~3443-10" = | - =— ©)
e) p
We can write through Fermi energy:
18 m; E E
n,~—| —=|-10" p—~1422-10° == (10)
e P P

where in (9) and (10) p - is specific resistance in molten
metals, £ is Fermi energy in erg. The values 7, calculated
on (10) are given in table (2).

As it is seen from the table (2) the electron viscosity is
the essential part of general viscosity of molten metal 7, and

decreases at transition from Li to Cs.
The electron viscosity can be expressed through

screening length. It is necessary to take under consideration

%

1
4né

e

in(9)as 7y, = (a, =0,529- 107" m — is radius of

first Bohr orbit). Then after simple transformations from (9)
we obtain:

né’

n, = 6,17-10'”(;)-/@_1, 1n

where 7, is electron number in 1 cm?’; p - is specific
resistance in molten metals. The electron viscosity calculated
on (11) well agrees with its solution obtained from (10).

Thus, the specifics of molten metals is analyzed in given
paper and it is shown that electron gas in Thomas-Fermi
screening gives the essential contribution in general viscosity
of molten metal. The carried out analysis is considered in
detail in application to molten alkali metals. In the paper the
connection between electron viscosity and such metal
characteristics  as  specific ~ conductivity, electron
concentration, Fermi energy and electron effective mass is
also established.
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QOLOVi METAL MAYELORININ ELEKTRON OZLULUYU

Isdo bir-biri ilo garsiigh alagods olan ion va elektron altsistemlarinin varligim nozars almaqgla golovi metal mayelorinin &zliiliiyii
aragdirilir. Xiisusi halda gosterilmisdir ki, elektron altsisteminin dzliiliiye slavesi temperaturdan asili deyil vo biitiin hallarda o, nozers

alinmalidir.

9.A. JiiBa3oB, A.C. Anmamenosa, II1.X. Xamuios, C.III. Kypoanos, C.A. 3eiinanos

IJIEKTPOHHASI BA3KOCTbD ’KHJIKHUX NEJOYHbBIX METAJIJIOB

AHann3upoBaHa crenuUKa >KUIKUX METAUIOB M II0Ka3aHO, 4To "u3-3a" Tomac - depmmili SKpaHUPOBKH IJIEKTPOHHBIM ra3 Jaer
3HAQUUTENBHBIA BKJIQJ B OONIYI0 BS3KOCTh MXKHAKOCTH METaJUIa. YCTaHOBJIEHA CBA3b MEXKIY OJIEKTPOHHOW BS3KOCTBIO W TaKHMH
XapaKTepUCTHKAMH MeTajula, KaK yJelbHas 3JIeKTPONPOBOJHOCTb, KOHIEHTpALUs SJIEKTPOHOB, dHeprus depmu u s¢dexTuBHas Macca

OJICKTPOHOB.

Received: 24.12.08

78



FiZziKA

2009

CiLD XV _Nef
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LOW-FREQUENCY REGION
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AZ-1143, Baku, H. Javid ave., 33

Some peculiarities of dielectric development interaction of translation and rotation components of acetone molecule heat

motion are studied.

Introduction.

The dielectric spectroscopy of molecular liquids studies
the formation processes of orientation component of electric
polarization with the aim of information obtaining about
medium structure in which the rotation (pivoting) motion of
structural units-carriers of constant electric dipoles is carried
out. The traditional integration of relaxation spectrums of
dispersion-absorption is based on two postulates [1]: 1) single
molecules are single type of dipole carriers; 2) carrier
orientation mobility is defined by its structure and short range
ordering.

Besides, the structuring of amorphous mediums only
partially coincides with short range ordering conception. One
more extensive variety of local ordering is called
intermediate order [2] reflects the existence of multilevel
hierarchy of kinetically stable molecular clumps-clusters
[3-5]. The final strongly fixed number of molecules and
concrete set of physicochemical characteristics corresponds
to each cluster in contrast to occasional and structureless
formations.

The spectroscopic methods are the main source of
experimental information about clusters in the result of their
more high sensitivity to structuring on the level of
intermediate order in the comparison with possibility of so-
called “direct” diffraction methods. In particular, it is
established in the limits of dielectric spectroscopy method of
condensed mediums that clustering captures more than 90%
molecules in some aliphatic mono-alcohols, amides and
acetic acid and also in pure water and aqueous solutions of
some amino-acids. The presence of structure-forming effect
of intermolecular hydrogen bond is the general for all these
objects. The strongly expressed anisotropy of angular
correlation of clustered molecules causes the favorable
conditions for experimental revealing of intermediate order in
these mediums.

The clusterization of so-called “non-associated” liquids
constructed on the base of isotropic and comparably weak
Van der Waals intermolecular interactions is less obvious
one. The decrease of space-time distribution of intermediate
and short range orderings character for these objects leads to
approaching of dielectric parameters of supposed Van der
Waals clusters and single molecules.

Aim of work.

The aim of present investigation is in that consideration
of sole dielectric agenda aspects of local structurization in
“non-associated” liquids. It is supposed that the essential
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dissimilarity of region dimensions within the limits of which
the relaxation elementary acts corresponding to these two
types of dielectrically active structural units realize, should
exist at quantitatively comparable rotation dynamics of single
molecules and Van der Waals clusters. The comparison of
time temperature coefficients (‘“‘activation energies”) of
dielectric relaxation, shear viscosity and conductivity on
constant current has been chosen in the capacity of criteria of
such dissimilarity, i.e. these three transfer phenomena
essentially differ on relation of translation and rotation
contributions in corresponding dynamic process.

The acetone is chosen as typical representative of “non-
associate liquids”. Any information on systematic
investigations of acetone conductance in known literature is
absent. The existing information is separated and is
contradictory. The present information is separate and
contradictory. The method of dielectric spectroscopy allows
us to safely feel this blank because of big equilibrium
(“static”) acetone dielectric constant and enough high degree
of dissociation of molecules correspondingly. The use of
high-frequency measurements in range 10°+10° Hz is totally
excluded that many difficultly taking into consideration the
error sources which are related to standard methods of liquid
conductance definition at zero frequency.

The experiment has been carried out on Q-meter Tesla
BM-560 at frequencies 0,5; 1; 2; 3; 5 MHz and temperatures
20, 25, 30, 35, 40°C. The condensator of cylindrical type is
applied in the capacity of holder. The sample temperature is
supported as constant by ultra-thermostat.

Investigation theory

According to Debye [1] the dispersion of dielectric
constant ¢’ and dielectric loss &” connected with dispersion

are described by the equation:
-1

-

£ =¢,+(c —¢, L{fL) (1)
'

& = (%m j(go —&, 1+ (flm 2

Here f is frequency (Hz) of external electric field applied
to the sample; fy is cutoff frequency corresponding to

W &g —&
maximal value &), (=% at f=1f,) and defined by the
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relation:
fo=r)™",

where 7 is dielectric relaxation time characterizing the
formation process rate of orientation component of electric
polarization.

The dielectric constants & and &, fix the boundaries of
frequency range corresponding to amplitude (& -&£, ) of
orientation polarization according to following conditions:

%M <<lor f=0,01f,, and £ & 4)

% >>1or f=100f, and ¢ =&, (5)
M

The dielectric loss £””—0 in both cases. However, in real
dielectrics always &” #0, i.e. the low-frequency edge of
oscillation-rotation spectrum created by transfer of electric
charges

In last case the equation (2) is exchanged by the
following”

& =g, + 5; (©6)

where dipole contribution &4 is given with taking into

consideration (4)

gq =8¢, )(% j ()
M

And ohmic deposition is given according [15]:

gq=(e0 ¢, )(% j ®)
M

where ¥ is conductivity on constant current in units Om™cm’™
at expression (7-8) in the following form:

£y Ey—E&.
Z9 %0 % 9
F= ©

ey f=18-10%y (10)

The right parts contain the values don’t depending on
frequency (at fixed temperature). Thus peculiarity allows us
to use the dielectric loss value measured on the frequencies
satisfying to the condition (4) for division of relaxation and
ohmic depositions on character of frequency dependencies of

composition of g fand private 6‘% .

Conclusion

In summary we can confirm that acetone is characterized
by strong correlation of rotational dynamics and translation
one that is revealed in the comparison of activation energy
for electric charge transfer processes, mass and electric
dipoles. The experimentally proved presence of such
correlation gives the basis to suppose the existence of enough
expressed and stable clustering of acetone molecules. Taking
under consideration the acetone electric dipole moment it is
necessary to consider the dipole-dipole interaction as the
main factor managing by clustering. In this connection there
are basis to suppose that the single region of dispersion-
absorption observable in acetone dielectric spectrum, is
created by superposition of individual cluster contributions.
The additions of high-polar liquids are able to essentially
extend the frequency extent of acetone dielectric spectrum
and thus, to create more favorable conditions of its solution.
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The intralayer vicinal-like objects ZnSb and Z form in doped Zn and ZnSb bismuth telluride in the result of self-organization. The local
“growth cones” which are interface nano-structural elements generate on intralayer surface (0001) Bi,Tes.

Introduction.

The nano-object formation on crystal surface with sizes
in nano-meter range with the use of self-organization
processes is the one of important tasks of the modern science
of materials. The self-organization process of ordered
structures of the required sizes and forms when nano-
structure properties are defined by the surface morphology,
interaction of adsorbed foreign atoms and growth conditions.
The growth processes and nano-structure self-organization of
impurities on crystal vicinal surfaces [1-2] are intensively
studied because of high-resolution methods of electron
microscopy. The micro-heterogeneities similar to vicinales
can appear on Bi,Te; samples obtained by vertical directed
crystallization between 7/ — 7" layers. The melt

concentration overcooling is the reason of such longitudinal
heterogeneity. In Bi,Te; the concentration overcooling leads
to formation of “stepped” solidifying interface. The benches
on stepped “solidifying interface” are prolonged in the
direction parallel to cleavage surface [3]. The screw
dislocations play the important role in these processes. In [3]
it shown on role of dislocations and impurities appearing on
the chip surface Bi,Te;. It is shown that dislocations are
directed under angle to the plane (0001). In Bi,Te; the
concentric dislocation loops and spirals are observed that
should lead to one more surface roughness (0001) Bi,Te;.
Moreover, the some character peculiarities leading to
hummocks on crystal surfaces at their growth are considered.
The interaction effects with impurities can lead to vicinal
formation. The vicinale is the flat pyramidal hummock or pit
on the face of crystal; it appears on the face in the output
point of screw dislocation.

The usage of vicinal surfaces deflected on small angles
from crystal plane in the capacity of substrate is perspective
one. Thus, the vicinal surfaces having the regular sets of steps
or facets [4] can be obtained at inclination from the face Si
(111).

In [5] the definite attention is taken to the faceting
process of vicinal faces in other layered crystal GaAs. The
facet formation on surfaces close on orientation to (111) is
more obvious in them at annealing in the conditions of
thermodynamic equilibrium.

The obtaining of different vicinal nano-fragments in
nano-crack 7" — 7" Bi;Te; having the nano-sizes on

height presents the special interest.
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The realization of obtaining method of vicinal-like nano-
fragments Zn and ZnSb between layers 7" — 7" in Bi;Tes.

<Zn, ZnSb>is the aim of the given paper.

Experiment.

The doped compound Bi,Te; is obtained by thermal
synthesis at 900-950°K which is carried out in quartz
ampoules where Bi, Te and impurities (Zn or ZnSb) are put in
necessary relation. After melt synthesis they are put in
graphitized ampoules, annealed again and further the melts
having the intralayer nano-objects are obtained by vertical
directed crystallization at temperature gradient AT=/00
grad/cm (at melting point 900°K) and solidification rate 1sm/h.

The crystals grown up with zinc additions and
antimonous zinc in Bi,Te; are chosen for the investigations.
The chip along epipolar plane is carried out before
experiment.

Bi,Te; is easily chipped on the plane (0001) which is
called by cleavage plane because of the presence of layered
structure. Such crystals we chip scratching firstly the channel
parallel to cleavage plane, and further strongly but not hardly
beating it from opposite side; previously the bit of special
knife is entered into this channel.

Electron-microscopic images are obtained on atomic
force microscope (AFV) by NC-AFM trend which allows us
to obtain the three-dimensional image of crystal surface
(0001) Bi,Te; <Zn, ZnSb>, and also on electronic microscope

by JSM5410LV trend.
The rentgenodiffractometric investigations are carried
out on installation by Philips Panalytical (X-ray

diffractometer) trend.

Experimental results and their discussion.

The intralayer impurity nano-layer objects (Zn, SnSb) on
the surface (0001) Bi,Te; are the investigation objects. The
film images obtained on the electron microscope by
JSM5410LV trend are given on the fig.1 and 2.

The growths from Zn and ZnSb are easily raised under
the surface (0001) in Bi,Te; and they are very similar with
usual single vicinales observing of rhombohedron faces of
amethyst crystals, they are some contorted and rough ones in
the rhombohedron bright faces. Such vicinale growing up on
the amethyst rhombohedron surface caused by the edge touch
of lower crystal head is given in [2].
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Fig.1. Electron-microscopic images of chip images Bi,Te;<Zn>
on which the zinc vicinales have been grown up.

On the film of figure 2 we can see how the interface
objects with relief in the form of plates which are parallel to
each other (facets) (fig.2) locate on surface (0001) Bi,Te; .
These nano-fragments take the biggest part of the surface
perpendicular to A-A line; all they are covered by nano-
particles of different sizes (they are mentioned by small and
big circles on the fig.2).

The facet regions for ZnSb and nano-fragments of
stoichiometric Zn on Bi,Te;<ZnSb> surface are emphasized
on the same figure (in the right side and also below on the
fig.2). The relief separate parts of the studied surfaces are
similar with the same given in [1-2]: the plane regions differ |

from the main surface (0001) on inclination; the frames of
revealed surfaces are mainly linear ones. The buildups which
are zinc vicinales (fig.1) have the irregular forms on Van der
Waals surface (0001) Bi,Te;<Zn>. The same forms of zinc
vacinale have grown up on ZnSb surface that is emphasized
by us on the fig.2.

Fig.2. Electron-microscopic images of chip images (0001) with
vicinales from ZnSb.

Thus, the vicinal nano-fragments can form in 7" — 7"

Bi,Te;<ZnSb> space in the result of self-organization on Van
der Waals surface (0001). The nano-objects from u3 Zn u
ZnSb “precipitate” on surface (0001) that is proved by
roentgenographic films (see fig.3, alb).
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Fig.3(a,b). a) Roentgenodiffractometric record of the surface (0001) Bi,Te;<Zn>;
b) Roentgenodiffractogram of the surface (0001) Bi,Te;<ZnSb>
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The peaks which are character for Bi,Te; are seen at
20 =17,5,27,5:45" 54" angles (fig.3,a). The additional
diffraction peaks Bi,Te;<Zn> (for Zn) are seen at
20 = 44" and 55" - (fig.3,a) angles; the additional peaks
from ZnSb for Bi,Te;<ZnSb> system are seen at
20 : 45 :51°:55°65°:73°76" :87" angles (fig.3,b). These
experimental data prove about the fact that studied nano-
objects on the surface (0001) Bi,Te;<Zn> and
Bi,Te;<ZnSb> obey to zinc (fig.3a) and antimonous zinc
(fig.3b). The nano-crack 7"/ — 7" Bi;Te; for Zn becomes

the nano-container and nano-reactor for ZnSb (i.e. ZnSb
compound forms here).

b)

Fig.4(a,b). a) AFM-images of Bi,Te;<Zn>;
b) AFM-images of chip surface (0001) Bi,Te;<ZnSb>.

AFM images of surface nano-fragments (0001)
Bi,Te;<Zn> and Bi,Te;<ZnSb> are given on the fig.4(a,b).
The different heights in step system of (0001) Bi,Te; surface
reflect on AFM images. The lower steps are emphasized by
rectangles on fig.4(a,b), they are separated from upper

boundary line; the small growth pyramides have sizes 10-
15nm. The surface of the vicinal itself from ZnSb is covered
by these rough edges.

On what structural defects the nano-objects are grown up?

It is necessary to pay attention to dislocations which are
characterized by excess elastic energy of deformation from
defects of surface structures (0001) Bi,Te; which can be the
centers of interlayer nano-structural elements (INSE). This
excess energy can lead to evaporation and impurity
accumulation along dislocations more fast than on surface
defect-free places. As Bi,Te; has the screw dislocation [3],
then its growth takes place by the way of atom addition to
step edge ending on dislocation. Moreover, the steps
diverging on the frame from dislocations can form the
pointed growth pyramides that also leads to morphological
changes of surface (0001). The sharp frames as less compact
ones should have the best ability to absorb the adsorbed
impurity. The surface defect part from which vertically
growth the nano-fragments having the form of local
pyramides is the foundation on (0001) Bi,Te; surface for
crystallization centers.

The forming initial points of nano-object growth self-
organizing create the foundation for such INSE and further
growth perpendicular up to meeting with the same as INSE
with other side of telluride quintet of (0001) Bi,Te; plane.

The surface of growing frame totally consists of INSE
((see  fig.4(a,b)- AFM images Bi,Te;<Zn> and
Bi,Te;<ZnSb>). The hummocks with sharp pyramides are
inclinated from the frame on definite angles that is character
for vicinales [1-2, 5].

The similar single vicinal-like buildups and INSE on
their surface are revealed by us and in the systems:
BizTe3<Ge>, BizTe3<ZnS>, Bi2T63<FC>, BizTe3<Sn>,
Bi,Te;<Te>, Bi,Tes<Se>, Bi,Te;<Ni> and Bi,Te;<Mn> too.

Conclusion

The analysis shows that crystal surface (0001) Bi,Te;<
ZnSb> surface deflects from right form as a result of vicinale
growth.

The vicinal nano-fragments from Zn and ZnSb are
revealed on Van der Waals surface Bi,Te;<Zn> and
Bi,Te;<ZnSb> by the help of AFM and roentgenographic
methods. The growing vicinal frame ZnSb inside 7" — 7"/

Bi,Te;< ZnSb> creates the set of “buildup pyramides” the
difference of which from main frame “buildup pyramides”
proves on physical independence of this frame, moreover
INSE grow on this vicinal frame that is proved by three-
dimensional AFM-images. Probably, the genetic community
between vicinales growing up on free crystal frames [1-2]
and similar intralayer nano-objects exists.

[11 K.N. Romanyuk, S.A. Tiys, B.Z. Olshanetskiy. Fizika
tverdogo tela, 2006, t.48, v.9, s.1716-1721. (in
Russian)

G.G. Lemmleyn. Morfologiya i genezis kristallov. Izd.
“nauka”, 1973, s.327. (in Russian)

B.M. Goltsman, V.A. Kudinov, IA. Smironov.

Poluprovodnikovie termoelektricheskie materiali na

(2]
(3]

83

osnove Bi,Te;, Izd. “nauka”, Mocksa, c¢.321. (in
Russian)

A.Kirakosian, R.Bennewitz, J.N.Crain, Th.Fauster, J.-
L.Lin, D.Y.Petrovkh, F.J Himpsel, Appl. Phys. Lett.
79, 1608 (2001).

M.V. Bayzer, V.Yu. Vitunin, LV. Zakurdaev, A.L
Rudenko. Fizika i1 tekhnika poluprovodnikov. 1998,
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VITSINAL FORMALARI VO LOKAL PIRAMIDALARIN NANOFRAQMENTLORI Bi,Te; <ZnSb>-NIN 7/ _ 7"
FOZASINDA YERLOSMOSI

Zn va ZnSb legira olunmus Bi,Te; 6z-0ziinii yaratma naticosinds qatlar arasinda Zn vo ZnSb vitsinal strukturlart formalagir. Bi,Te;
fozasinda (0001) sathinds lokal konuslar nanostruktur elementlori generasiya olunurlar.
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BUIIUHAJIbHBIE ®OPMbI U JIOKAJIbHBIE IMPAMU/IbI POCTA HAHO®PATMEHTOB
MEXAY 77 —T" Bi,Te;

B nerupoBaHHOM Zn 1 ZnSb TeTypHae BUCMYTE B pe3yJIbTaTe CaMOOPraHU3alMi (GOPMHUPYIOTCS BHYTPHCIIOCBbIC BULIMHANIECTIONO0HBIC
00BexThl ZnSb u Zn. Ha BHyTpucnoeBoii moBepxnoctu (0001) BiyTe; renepupyrorcsi JoKanbHBIE “KOHYCBHI HApOCTAaHHSA - MEXKCIOCBBIC

HAHOCTPYKTYpHbIE JJIEMEHTHI.
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The unstable wave in semiconductors with defined deep traps at the presence of external constant electric and strong magnetic fields has
been theoretically investigated. The wave frequency and increment are found. The variation interval of magnetic field and critical value of
electric field at which the instability inside of semiconductor appears, have been defined.

Introduction. holes and electrons correspondingly, H is magnetic field
o ] ] ] ] strength). The single-charged deep traps by N number and
Redistribution ~ of  electric ~ charges in impurity  joyble-charged ones by N. one are in the semiconductor with
semiconductors leads to the appearance of unstable waves  electron concentration 7. and hole concentration n,. Then

inside of the semiconductor. The current carriers are trapped  main equations of our problem have the following form [1]:
(recombination) or generated in the dependence on external

electric field value at the presence of deep impurities (traps). n R on
. . . + o s +
Generation increases the number of electric charges but =+ divj, :( = )
trapping decreases the number of carriers. These processes ot Of rec
occur with different probability and as a result the wave with 5
defined frequency takes place in semiconductor. Frequenc n_
duency tekes P auency y (0 )N~y (EN=(—=),

of these waves essentially depends on electric field value.

If the appearing wave propagates only inside of the crystal
and doesn’t go out (i.e. current oscillations are absent), then on
such instable state is called internal instability [1-2]. ( .

)ue =7.(E J,,N= 7.(0 )n,N_ (1)

ot
Internal instability theory in impurity semiconductors. ON on on
In this paper we theoretically investigate the instable ot :( ot )’“’ _( ot )’“’
waves inside of impurity semiconductor at the presence of
external constant electric field and strong magnetic one (i.e. div] = ediv( j _j )= 0
+ _

when p,H>C, C is light speed, £, are mobilities of |

B :iniﬂiE+n+:u1—[ EH ]n:r:UZiﬁ( EH )_Divni 1D]J_r[ Vn.H ]_D2¢ﬁ( v’jirﬁ )

4, are ohmic mobilities, 4, H are Hall mobilities, | we linearize the system (1) and obtain the equations of the
> * following form:
u, H” are focusing mobilities of electrons and holes

correspondingly; ¥ i( E ), 4 i( 0 ) are coefficients of
trapping and emission of holes and electrons at the presence
of electric field y i( E ) and without it y i( 0 )
Dependencies of these coefficients on magnetic field strength

can be essential only in quantizing magnetic fields which of p’ E " ,UJ?,H are easy found at linearization of
aren’t considered in this work. We investigate longitudinal N N
waves for which oscillating field is AH=0, .

Supposing

{A An_( 7t )+ A, An (Fit)=

0
B An_( 7.t )+B,An (7.t )=0 ®

The explicit dependencies A, ,B, on equilibrium values

equations (1) taking into account (2) and that’s why we won’t
write them here. At the investigation of waves inside of the

semiconductor the wave vector X is obtained in the

ni( r.t ):ng+vni( r.t ) following form:
E—F,+VE( 7. ) LI
(2) X L x? X L y?
N_=N’+VN_(71¢) x y
(Vn VEVN_ )~ ") K.="m: m,, =123
=M ey =123.....
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Taking into consideration (3) the dispersion equation takes the form

AB,-AB =0,ic @ +Io’ +,o+T; =0 (4)
where
7 E 14
clu_—oc’u o.u,_ +o_u olv.-olv -
[=—t——-—tK +—+L——LK +i— ==T,,+'T,
“ x y “
O o) O
2= o'vv, B o{va'_,u_ +iafvfu_ +0’v.u, K
2 X
o u.oc” o”
E y
‘O'IV+K}, o u, M ovK, G ou, u 2 \2
t+1 P (G+”1—_ . )‘H 2 ( . ——ou, ):(on ) 'H( r, )
oo U, oo y7a
¥ E y "vEUK v K
owv.utovu, OV o_u 2 N ¢ o.u
1—*33 :_va + Y+ - e S - y ( o, — UM )_ - J/( U Hy —o.u,, ) (5)
o oo U, oo s
dln
c=0_+0,;0"=0"+0";0! =en, pu, ]+—’u§ ;
dIn(E;)
o, =enpu. s uy =By ou, =By
cC ., 1 C 0
My =al(—)"—5; ﬂ1+:\/§_§ My, =bu; a~b~1 (2]
H u H
, , |
v_=y( E, )N is frequency of electron trapping vi=7.(0)n!+y.(E, Jn, is <<combined>>
vi=y ( E, )N is frequency of hole emission frequency of hole trapping and emission by non-equilibrium
+ + B ,
. . t v=v, +Vv_.
v, = y+( E, )Nf is frequency of hole trapping raps T

The solving of dispersion equation for obtaining of
frequency taking into account (5) is too intricate problem and

0 ONT0
n, = n'N, . = n N7 . so we solve the equation (4) in the following way:
—_ () 2 + 2 .
NZ N, Supposing @ = @, + 1y , where
vi = )/_( E, )nf + )/_( 0 )n ;_ Is <<combined>> frequency Yy <<a, (6)

of electron trapping and emission y non-equilibrium traps. ] ) .
| we obtain from (4) the following two equations

0)03 +F100)02 —2F130)07+F2200)0 _( le )27+F; =0

s e , (7-8)
3oy + 20,0,y +o,T, + ( I, ) w, =0
Designating x=£=M and comparing values | From (10) we find:
wH H
oo (Y . (I )
Ty.T; T3, 1“2 from (7-8) taking into account (6) we 4 :_SG)T (11)
obtain 0 10

, Substituting (11) into (9) we obtain the equation for
3 2 2 3
@, + 1,05 _( I, ) y=1I5=0 obtaining @y :

) (9-10)
30ly+ 20,0,y +(T! Yaw,=0 |

2 2 I,
o, +§Fwa)§ +§F120a)02 ~T}w, —Erwr; +§( r, ) =0 (12)
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Under condition

or,ri=(r} ). (13)
the solutions of equation (12) have the following forms:
5
o, = —grw (14)
(T )
y = _u (15)
3 I,

At obtaining of solutions (14-15) we consider the region
of frequency variation
3
3715
@,>> 2 T2 (16)
10

Under condition (6) we find the variation range of
external magnetic field as follows:

5Kyu_ ’ i_x )% Hchar

X

H<<H <<( (17)

It is easy to check that if (16) is correct then the magnetic
field value satisfies to following the inequality:

L
H>H, (2~~~ (18)

If (17) and (18) are correct then we obtain the variation
range of electric field:

VfLy ( L_} & )2 (19)

10~ L, yn

The internal instability appears in cubic crystal under the
following condition:

E,>>

VL

E,>E_, =—
10 p,

char

and magnetic field variates in following interval:

Hcharr( ’ 5lu_E0L7z-

sy )% <«<H <«<H,,
)7 v—L

n
where L is size of cubic crystal.

One can analyze the solution of equation (12) in several
cases, i.e. at different variations of frequency @, as the

function of T',,, T}, ,( r,, )2. We confine ourselves by the

detail investigation of the equation (12) because of volume
limitation of this paper.

Conclusion.

Thus, the instable wave with frequency (14) and
increment (15) at the variation of external electric field (19)
when magnetic field variates in interval (20) will propagate in
semiconductors with given traps.

Oscillation values of physical values can be presented in
the following form:

e ~

21)

(An, AE,AN )~ e/F-) - gt _ griow
~A,e" cos(a)ot + @, ) = B(t)cos(a)ot + %)

where A, is initial amplitude, ¢, is initial phase.

It is seen from (21) that amplitude oscillations of carrier
concentration and electric field in considered semiconductors
depend on time. The exact form of this dependence requires
the solving of nonlinear differential equations.

[11 B.L.Bonch-Bruevich,  LP.Zvyagin,  A.G.Mironov.
Domain electric instability in semiconductors
<<Science>> Moscow, 197 (in Russian).

[2] The crystal impedance at relaxation of electrons and
holes. Reza Yazdankhah Hoseyn, E.R.Gasanov.

Proceeding of International conference, September, 12-
15,2007, Russia, Makhachkala.

[3] B.LDavidov. JETP, 7, 1069, 1937, (in Russian).

[4] E.R.Gasanov, Sh.G.Ganbarov. Some conditions of
energy radiation of impurity semiconductor. Problems
of Power Engineering, Baku, 2008, vol.I.

E.R. Hasanov, Pasoul Nezhad Hosseyn, B.Z. 9liyev

ASQAR YARIMKECIRICILORDO COROYAN DASIYICILARI KONSENTRASIYASININ DAXILI ROQSLORI

Xarici elektrik ve giiclii maqnit sahesinde yerloson dorin talali yarimkegiricilorde yaranan dalgalarin dayanigsizlig1 nazari olaraq tadqiq
edilmisdir. Dalgalarin tezliklori vo inkrementlori tapilmisdir. Yarimkegiricinin daxilinde yaranan dalgalarin dayanigsizligina uygun xarici

elektrik vo maqnit sahalarinin kritik qiymatlori hesablanmisdir.

E.P. I'acanos, I1acoya He3xan Xocceiin, b.3. Anuen

BHYTPEHHUE KOJEBAHUSI KOHIIEHTPAIIMM HOCUTEJEN TOKA B IPUMECHBIX
MHOJYITPOBOJHUKAX

TeOpeTI/I‘{eCKI/I Huccica0BaHa HeyCTOﬁ‘{HBaﬂ BOJIHA B IOJIYYIPOBOJHHUKAX C OIIPCACIICHHBIMU FHy6OKI/IMI/I JIOBYLIKaMH IIpU HAJIUYUH
BHCHIHETO MMOCTOAHHOI'O 3JICKTPHUYECKOI'O U CUJIbHOI'O MAaroiuTHOI'O nosieid. Haliziensl yactora u WHKPEMEHT BOJIHBI. OnpeueneHLI UHTEpBaI
U3MEHECHHWSI MAarHuTHOT'O I1OJISI U KPUTHYCCKUE 3HAYCHUS DJICKTPUIECCKOT'O I10JIs, IIPHU KOTOPbIX HAYUHACTCA HeyCTOfI‘-IPIBOCTB BOJIHBI BHYTPpU

MOTYTIPOBOAHHKA.
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THE POLARIZATION EFFECTS OF THE n-°Be NEUTRON ELASTIC SCATTERING

S.G. ABDULVAHABOVA, N.Sh. BARKHALOVA, T.O. BAYRAMOVA
Baku State University, AZ 1148, Z.Khalilov, 23 Baku, Azerbaijan

The differential cross-section of the n-’Be neutron scattering and polarization effects is calculated in the framework of the eikonal
approximation theory. In this paper by taking explicitly into account the composite quark structure of nucleons exchange effects we eliminate
some discrepancies between the theory and the data that were recently pointed out.

1. Introduction

The reactions with neutron have been used to study
several topics in nuclear structure and fundamental
symmetries. Cross-section for these reactions is of applied
interest in areas such as the embrittlement of reactor
containment vessels.

The specific feature of this kind of reaction is that the
transition amplitude is in general a sum of several nucleon
contributions, each with its own phase and amplitude. The
available experimental data point to the absence of the energy
interval of scattering. This makes a basis for the hypothesis
about the existence of a non-zero polarization research on the
future accelerators will provide information about the
structure of the nucleon interaction at large distances.

In this paper we regard the quark cluster model results for
the polarization effects of n-’Be scattering. Early, it was
shown [1] that in the framework of the hypothesis concerning
the existence of quark bag in nuclei we managed to describes
the behaviour of the formfactors of nuclei at large q and
structure functions of nuclei.

2. The model formalism

A nucleus in the quark cluster model is described as a sys-
tem of many clusters- completely antisymmetrized with
respect to the quark variables [2]. Each cluster consists of
three quarks and the nucleon quantum number, namely it has
symmetry for spin-isospin SU(4),symmetry for colour SU(3),
and SU(3) symmetry for the radial part. The parameters of
quark distribution in the bag at k>>k;, (the parameter k, may
in principle be different for different bags) extracted from the
data on formfactors and on deep inelastic scattering of
nucleons on nuclei proved to be very close.

In the eikonal approximation [3],which is usually
sufficient for practical purposes, the scattering amplitude is

(a)= o< [ep(igb)¥[r(b)w)db, (1
F(b):l—ﬁ[l—yj(b—sj ). @

Here q is the momentum transfer, Kk is the value of the
wave vector of the neutron, b is the impact-parameter vector,

¥(r.,ry,...,ry) is the ground state wave function of the

nuclei, T'(b) is the total neutron—nuclei interaction profile
function, %(b) is the profile function for the neutron-nucleon

interaction, brackets <||> mean interactions over the nucleon

coordinates.
Non-antisymmetrized wave function for the °Be in the
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oscillator-cluster model can be written as

\PQBE = ¢N1( FRLPTLE ) '¢Ng( Fo5:156 27 )X

HRRy )

where the nucleus is pictured as a bag with radius R, located
at R, enclosing A nucleons. Using the relations

) 3)

Faip 1 g +T5
3

R= , 1=1,2,....9

4)
and

#(r)=(aR2 )yexp(-r2/ RZ).

we can write (3) in a factorised form

®)

9 rszj ot rszj at rsz} : 1
Yo =Jlexp[—== 2L 2 ———Ix (6
0. Hl pl R R R (6)
(Ssj—z +S54 1S ) F%(rj )Ylm(&l,go)

Then scattering amplitude (1) may be written in the form

f(a)=(ik/ 27)[ cbexpab)(Sdun )~

MITT[ (- Ab-s +r, ) N>

i=1 j=1

1

D 5mn5MN _<

The matrix element of the profile function between the
single particle states described by the quantum numbers M
and N.

Use of the spin-non-flip amplitude of the n-’Be reaction,
obtained from the formulae (7) permits us to calculate the
correct picture of polarisation scattering neutron. We
consider the case where spin-flip is neglected. It is important
to emphasise that the case of the nucleon-nuclei scattering the
leading asymptotic terms of the spiral amplitudes is also
determined by the contribution of the quark cluster with the
evident replacement of f(q) by the pion-nucleon scattering
amplitudes.

3. Comparison with the experimental data.

Fig. 1 compares the results of the calculation based on
formulae (7), with the experimental data for n-’Be scattering
[4]. The solid line corresponds to the cross section calculated
equation (7). The sign corresponds to the experimental data.
Fig. 1 shows that the composite nucleon model yields better
agreement.
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Fig. 1. The differential cross sections of the n-’Be reaction

However, taking into account the exchange terms improved
the agreement between theory and experiment. A detailed
comparison with the most recent and precise data on elastic
scattering however, seems to display a small but definite
discrepancy between the data and some characteristic
features of the model, in particular the position of the first
diffraction dip, the forward slope of the cross section and the
relative height of the cross section of the optical point and

1,0-

0,5 :

0 30 &0 8 gral

Fig. 2. The polarization of the neutron in n-’Be scattering

after the dip.

The model prediction for the polarisation of elastic n-’Be
scattering, corresponding to the experimental data is shown
in fig.2. Note that the model predicts a large polarisation at
high energies in the range of the diffraction peak. The
analysis shows that when the preasymptotic corrections are
absent, we have the zero polarisations.

[1] SG. Abdulvahabova, E.A.Rasulov. International workshop
“Quantum particles, fields and strings” Fizika,
2002,Ne3, p.83.

[2] AE. Dorokhov, ZI. Konakov, AM. Rakhimov. Yader. Ph.,
1989, V 50, part 3 (9), p. 790.

[3] A.G. Stenko. Particles& Nuclear, 1973,V 4, Part2,
p.546.
[4] V G.Ableev, et al. Acta Phys Pol., B6, 1995, p.1895.

S.Q. 9bdiilvahabova, N.S. Barxalova, T.O. Bayramova

NEYTRONUN n-°Be ELASTIKI SOPILMOSINDO POLYARIZASiYA EFFEKTLORI

Eykonal yaxinlagma nozoriyyesinde neytronun n-’Be sopilmesinin effektiv kosiyi vo polyarizasiya effektlori todqiq edilir. Nuklonlarm
kvark qurulusunu nazars alaraq nazeriyys ils tacriibi faktlar arasinda miiayyen uygunlagmalar miisahids edilmisdir.

C.K. AoayaBara6osa, H.111. bapxasosa, T.O. baiipamoBa
HOJISIPU3ALIMOHHBIE SOPEKTBI B 3JIACTUYHOM n-’Be PACCESTHUM HEMTPOHOB

B npu6mimKeHuH SHKOHAIBHON TEOPHH HCCIeAyIoTca S(h(EKTHBHOE CeueHHe M IONAPU3ALMOHHEIE bdeKTs B paccesnun N-"Be. C
YUETOM KBApPKOBBIX CTPYKTYP HyKJIOHOB TIOY4MIIOCH yIOBIETBOPUTENLHOE COTNIACHE TEOPETUUECKUX AAHHBIX C IKCIIEPUMEHTAIbHBIMH.
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