ISSN 1028-8546

Azarbaycan Milli EImler Akademiyasi

Fizika-Riyaziyyat ve Texnika Elmlari Béimasi
Fizika Institutu

D)

Fizika

Al

2005

Baki ¥ Elm



FiZIKA

2005

CiLD XI Ne3

THE DERIVATIVE-GRAPHICAL INVESTIGATIONS OF THE POLYETHYLENE SYSTEM
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The results of the differential-thermal and thermogravimetric analysis of the PELD + X weigh % TlInSe, (Xx=0; 1; 3; 5; 10; 40) system in
the interval from 20°C till 500°C are presented in the paper. It has been revealed, that at the TlInSe, filling PELD the thermal stability
increases till 5 weigh% and mass loss for the given composition in the comparison with the initial PELD increases till 93%, proving the full
saturation. The two peaks of melting are observed on the DTA curves, the process of the thermal-oxidative breakdown takes place at 330°C

and 440°C temperatures.

At high concentrations of the filler till 40 weigh % the changes of the enthalpy law is observed on DTA curves in temperature region

210-218°C.

Introduction

Nowadays the direction, connected with the modified
electroactive properties of the polymers by the way of the
leading of the different fillers, creating of the polymeric
impurities or by the influence of the different ionizing
radiations, is quickly developing [1-10].

The leading of the fillers of the inorganic nature in the
polymeric matrix is the universal method of the polymer
modification. = The  three-component  semiconductor
compound TlInSe, was led in the capacity of the fillers into
polyethylene of the high density (PELD) in this aspect. This
is caused by the fact, that the given phase has peculiar
crystalline and band structures and is the perspective material
in the visual and infrared regions of the spectrum, having the
record strain-sensitivity and switching properties with
memory. The unique properties of the given phase are the
fact, that the parameters of the photo- and strain-elements,
switches are ruled in the needed direction under influence of
the electromagnetic and acoustic waves in the dependence on
the mechanical deformation, contact materials, the
temperature of the surroundings [11-18]. The composites
with the TIInSe, fillers can have physico-mechanical
(elasticity, facility, anti-heat and e.t.c.) [19], electrophysical
(electroconductivity with switching, dielectric (¢, tgo) and
additive properties), electroactive (strain-, pyro-sensitive),
electroluminescent and other properties. Besides, the study of
such compositions is important for the understanding of the
mechanism of charge transfer, dissipations of the energies in
polymer-semiconductor,  polymer-metal  heterogeneous
systems for the study of the interphase phenomena, and also
in processes of structure modification and properties of
polymers themselves at their radiation and other types of the
influence. In this connection we were carrying out the
derivatographical investigations of PELD +x weigh %
TlInSe, (x=0; 1; 3; 5; 10; 40) system.

Experimental part

The samples of the composition PELD +x weigh %
TlInSe, (x=0; 1; 3; 5; 10; 40) were investigated on the Q-
derivatograph of the MOM firm (Hungary) in the
temperature interval 20-500°C. [20]. The heating rate is 5

grad/min. The dry ALL,O; was taken in the capacity of the
standard. The samples by the type of the connection 0,3 and
thickness 80-100 mkm had been obtained by the way of the
dry shifting of the powders of the filler and polymer with the
following thermopressing at pressure 150 MPa and
temperature 200°C, and further, the melt was hardened with
the help of the impurity ice-water with the velocity
~2000°C/min [21]. The pressing time was 15 minutes.
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Fig.1. The differentially-thermal curves of the stoichiometric
compounds of PELD + x weigh % TlInSe,, where 1-x=0,
2-x=1;,3-x=-3; 4-x=5; 5-x=10; 6-x=40 weigh %.

The results of the
differential-thermal analysis

thermogravimetric (TG) and
(DTA) of the studied
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compositions PELD +x weigh % TlInSe, are presented on the
figures 1 and 2.
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Fig.2. The thermogravimetric curves of the stoichiometric
compositions of PELD + X weigh % TlInSe,,
where 1-x=0, 2-x=1, 3-x=3; 4-x=5; 5-x=10;
6-x=40 weigh %.

The derivatogramm of the pure PELD had also fixed
(Fig.1, curve 1 and curve 2) for the comparison of the
changes , carrying out in PELD after the addition of
¢dopmyna filler. As it is seen from the fig. 1 (curve 1) the
three clearly expressed endothermic effects at 90°C, 300°C,
402°C and two exothermic peaks at 240°C and 430°C are
situated on DTA curve correspondingly. The second
exothermic effect at 240°C is connected with the beginning
of the thermal oxidation of IID film. Probably, the
decomposition of the transversal connection takes place on
the initial thermal-oxidation. The second exothermic effect at
430°C corresponds to the second step of the thermal-
oxidation and to the beginning of the process of the polymer
depolymerization [ 21-24].

According to TG curve (curve 1) in the temperature
interval 20-300°C the weight loss isn’t observed, i.e. the
polymer is stable till 300°C. Further, the mass loss begins
from the 300°C (the disconnection of the weak connections,
the endoeffect is on DTA at 300°C) and the mass loss,
thermal destruction is~ 45%. The maximum of the mass loss
is observed in region 365-400°C. The bulk loss of the mass is
92%, and the residual is ashes 8%.

The four endothermic effects at 80; 200; 220 and 390°C
and four exothermic effects at 140; 160; 368 and 410°C have
been observed on the derivatogramm of the stoichiometric

composition 1 weigh% TlInSe,+99 weigh % PELD. From
the comparison of these data with data on the fig.1 (curve 1)
we can conclude, that the first endothermic effect at 90C
corresponds to the melting of PELD.besides, here the two
new endothermic effects at 200°C, 220°C (curve 2),
accompanying by the mass loss on TG curve till 12%, appear
in the samples of the compositions PELD/¢opmymna, the last
probably is caused by the decomposition of the weak
connections and the beginning of the oxidative processes in
the filled part of PELD. The confirmation of the above
mentioned are exothermic effects on curve DTA with
maximums at 140 and 160°C. The exothermic effect at
140°C corresponds to the first stage of the oxidation of
PELD part, filled by TlInSe, and the second exoeffect at
160°C corresponds to the modified pert of PELD. The
endothermic effect at 290°C corresponds to the
depolymerization of PELD part, as filled by TlInSe,, so
unadulterated by TlnSe,. The exoeffect at 368°C
corresponds to thermal-oxidative destruction of the filled
TlInSe, part of PELD and at 410°C corresponds to unaltered
part of unaltered part of PELD

From the comparison of DTA curves of the pure PELD
and samples of the composition 1  weigh%
TlInSe,+99weigh% PELD (fig. 1. curves 1,2 and 2. curves
1,2) is seen, that the introduction into PELD of TlInSe,, the
new peaks are observed on DTA curve: (exoeffect) at 140°C
and endothermic effects at 200 and 220°C, that proves about
partial modifying of the polyethylene. That’s why at the low
content of TlInSe, the coexistence of the two different parts
of the polymers — main and modified are observed in the
composition content.

The partial filling of PELD, totally coinciding with the
fig. 1.1, is also observed in the compound 3 weigh %
TlInSe,+97% PELD (fig.1. curve 3). The comparison of
DTAcurves of these samples shows, that the decomposition
of the weak connections in both parts of the investigated
composition takes place at 330°C, and depolymerization
process begins to carry out also at the one temperature
345°C, though the continuance of the oxidation of the
depolymerization by the filled part takes place at 395°C, and
by the unaltered part at 435°C. According to TG in this
compound 3 weigh% TlInSe, +97 weigh % PELD (fig. 2.
curve 3) the constancy of the compound, characterizing the
thermostability of the filled part is observed in the
temperature region 300-330°C, and the destruction of the
weak connections of both parts of polymer is observed from
330°C, accompanying by the mass loss of the quantity
14,7%. The thermostability of the filled part of PELD with
the addition 3 weigh % TlInSe, increases on 50-60°C and
corresponds to 300-305°C.

From the derivatogramm of the compound 5 weigh %
TlInSe, +95 weigh % PELD (fig. 1.4 and 2.4) is followed,
that the two endothermic effects at 85 and 100°C,
characterizing the melting of the crystals of the investigated
compound, are observed on the curve DTA. The appearance
of these endothermic peaks (fig.1, curve 4) can be connected
with the creation of new crystal formation of the
polyethylene on the surface of the particles TlInSe,, which
melt at 100°C. It is need to note, that the increase of the
crystallinity of the polyethylene is observed at the addition of
other types of the fillers [21]. Thus, from these data is
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followed, that at the definite ratio of the components in
PELD/TIInSe, system the semiconductor fillers are the
crystallization centers, moreover new-formated crystallites
have the increased melting point (second melting peak at
100°C).The exoeffect at 150°C corresponds to I stage of the
oxidation of the filled part of PELD. The endoeffect at 210°C
corresponds to the disconnection of the weak connections of
this filled part of PELD. According to trend of curve TG (fig.
2.4) the weight constancy, characterizing the thermostability
of the filled part of polymer, is observed in the temperature
region 20-210°C. In the temperature region 210-260°C the
change of the trend of curve TG in the direction of the mass
loss in the quantity 12,4% , caused by the disconnection of
the weak connections of the filled part is observed. The
exoeffect at 270°C is caused by the first stage of the
oxidation of the unaltered part of the polyethylene. The
endoeffect at 330°C corresponds to the disconnection of the
weak connections of the unaltered part of the polyethylene in
the quantity 18,6%, the endoeffect at 395°C is probably
caused by the oxidative depolymerization of the filled part,
and endoeffect at 410°C is caused by the unaltered part of
PELD. The exoeffect at 440°C is connected with
depolymerization process. Thus the filler leads to the
temperature increase of PELD depolarization.

As it is seen from the calculations of the
thermogravimetric curves (fig. 2 curve 4), the most effectibe
structure of PELD is carried out at 5 weigh % concentration
of TlInSe, in the comparison with (fig. 2).

From the comparison of DTA curves for the different
compositions of PELD/T1InSe; is followed, that (fig.1 and 2)
the observable first endothermic effect at 80-95°C is caused
by the melting point of the unaltered part of PELD for all
investigated compositions on DTA curve, the endothermic
effect at 100°C corresponds to the melting point of the filled
part, which has own specific thermal effects, connected with
processes on the borders of phase division.

The thermostability for the compounds 1; 3; 5 weigh %
TlInSe, corresponds to 290°C. The thermostability of the
polymer increases on 35-45°C because of the no saturation of
TlInSe, with the increase of the percent concentration of
TlInSe, from 10 till 40 weigh %. The two regions of PELD
are revealed on the thermogravimetric curve, beginning from
10 weigh % TlInSe, in PELD: the first region of the mass
loss is observed in the temperature region 220-280°C, caused
by the filled TlInSe, part of PELD, further the constancy

region is observed on TG curve in the temperature region
280-305°C, characterizing the thermostability of the filled
part of the polymer. The small mass loss at 305-345°C
characterizes the disconnection of the weak connections of
the both parts of PELD, the depolymerization of both parts is
also carried out at 345°C, but thermal-oxidative destruction
divides into two parts at the temperature 430°C and 440°C.

At high contents of the fillers till 40 weigh% on DTA
curve the character peaks at 215-218°C with the change of
enthalpy sign are observed, which are character for the
crystal transfers by the type crystal-crystal and TlInSe, filler.

As it is seen from (fig.1, curve 6 and fig.2, curve 6) the
derivatogramm consists from two diagrams: low-temperature
region characterizes filled part of PELD TlInSe, (from 205
till 270°C), and high-temperature — from 290 till 435°C of
unaltered of PELD. It is need to note, that with the increase
of the percent concentration of TIInSe, the maximal
temperature of the decomposition of the compound PELD +x
weigh % increases from 380°C for the initial PELD till
410°C for the compound 40 weigh% TIInSn,. The gross
mass loss for the initial PELD at the heating from 20°C till
500°C is 92%, at the increase of the concentration TlInSe,
from 1 till 5 weigh % the mass loss decreases till 88-87%,
that proves about connection of particles of TlInSe, by the
polyethylene. The mass loss for the compound with 5 weigh
% TlInSe, increases in the comparison with the initial PE till
93% that proves again, that effective filling of the
polyethylene is carried out at the concentration 5 weigh %
TlInSe,. For the composition 5 weigh % TlInSe, the mass
loss in the comparison with the initial PE increases till 93%
that again is proved, that effective modifying of PE structure
carries out at the 5 weigh % TlInSe, concentration.

Conclusion

The derivatographic investigations of PELD +x weigh %
TlInSe, system show, that thermal stability of the
composition increases at the filling till 5 weigh % of PE. It is
obtained the new material, having high work temperature for
the creation on it base the more perspective piezo-elements,
than initial phase. Each phase at the high percents of TlInSe,
is special, the change of the enthalpy sign is observed on
DTA curve at the temperature interval 215-218°C.
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ASAGI SIXLIQLI POLIiETiLEN VO TlInSe: KOMPOZIiSiYALARININ DERiVATOQRAFIK TODQIiQi

Taqdim olunmus isdo ASPE + x ¢aki % T1InSe> (x=0; 1; 3; 5; 10; 40) sisteminin 20-500° C temperatur intervalinda differensial-
termik vo termogqravimetrik analizlorinin noticolori verilmisdir. Miisyyon olunmusdur ki, TlInSe> ASPE ilo 5 ¢oki %-o qodor
doldurulmasi zamani termik davamliliq artir vo verilmis torkib iigiin tomiz ASPE ilo miiqayisodo kiitlo itkisinin 93%-o0 qoder
artmvsi tam doyma faktini tosdiq edir. DTA oyrilorinds iki orims piklori miisahids edilir, termooksidlosma destruksiya prosesi 3300
va 4400C temperaturlarda bas verir.

Doldurucunun 40 ¢oki.%-o qoaderyiiksok konsentrasiyasi zamani DTA ayrilorindo 210-2180C temperatur intervalinda
entalpiyanin igsarasinin doyismosi miisahids olunur.

9.M. I'op:xaes, P.M. Capaapasl, C.C. OcmanoBa, H.A. J1060Ba, J.A. Anjiaxsapos

JEPUBATOIPA®UYECKHUE UCCJETOBAHUSA KOMIIO3UIUI MOJUITHJIEH HU3KOM
IJIOTHOCTH | TlInSe,

B pabote uznararorcst pe3ynbrarhl 1M PepeHIHatbHO-TEPMUIECKOTO U TEPMOTPaBUMETPU-UYECKOTO aHAJIM30B CUCTEMBI
II3HIT + x Bec.% TlInSe2 (x=0; 1; 3; 5; 10; 40) B uHTEpBaJe TEMIEparyp 20-500°C. BbisiBiieHO, 4TO TPV HAIOJTHEHUH
TIInSe: II3HII no 5 Bec.% Bo3pacTaeT TepMuvecKas yCTOHUYUBOCTh M VIS JAHHOTO COCTaBa MOTEPSl MACChl 110 CPABHEHHIO C
ucxoausiM [IOHII yBennunBaercst 1o 93%, noareepikaatoiue mnojaHoe Haceinenue. Ha kpuBbix JITA HaOmonaercs 1Ba nuka
IJIABJICHUS, TPOLIECC TEPMOOKHUCIUTENBHON AECTPYKIMK MPOXOAUT Ipu TeMieparypax 330 u 440°C.

IIpu BBICOKHX KOHIEHTpauu Hamonmutens jgo 40 Bec.% Ha kpusbix JITA B oGmactm Temmeparyp 210-218°C
HAOII0AaeTCs] M3MEHEHHS 3aKOHA SHTAIIBITHH.
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THE MECHANISM OF ELECTRICAL CONDUCTIVITY IN THIN-FILM STRUCTURE
ON THE BASIS OF THE ORGANIC SEMICONDUCTOR VANADIUM PHTHALOCYANINE

M.M. PANAHOYV, S.A. SADRADDINOYV, J.N. JABBAROV, B.SH. BARKHALOV
Baku State University
Acad. Z. Khalilov str., 23, Baku, Az-1145

The volt-ampere and capacitance-voltage characteristics in metal-semiconductor-metal (MSM) structures on the basis of vanadium
phthalocyanine (VPc) organic semiconductor have been investigated. It is revealed that at the absence in the MSM-structure of the high-
resistive interface barriers, nonlinear CVC at high electric fields is a result of the field assisted thermal emission of charge carriers from traps
(Poole-Frenkel effect). It is also established that at low temperatures and high electric fields, when density of the charged traps is sufficiently
high (> 10* m™), Coulomb potentials overlapped and a barrier lowering becomes proportional to electric field intensity and the modified

Frenkel-Poole effect becomes predominant.

INTRODUCTION

High light and thermal resistance, ability to form of a
continuous film by evaporation in vacuum at moderate
temperatures makes the organic semiconductor vanadium
phthalocyanine (VPc) a valuable material for the solution of a
number of tasks of microelectronics.

Choosing the appropriate material for electrodes, using
known techniques it is possible to create ohmic [1-3] as well
as rectifying [3-6] electrical contacts to a surface of metal-
organic semiconducting compounds of the phthalocyanine
series.

For some phthalocyanine compounds the charge transport
and rectifying of an alternating current phenomena were
investigated in layered structures («sandwiches»), which
electrical contacts were formed by using identical or
different metals [3, 5-7].

For study the structures on the basis of the phthalocyanine
with non-blocking contacts more often a method of space-
charge-limited currents (SCLC) is wused [8]. In
phthalocyanine single crystals with silver electrodes ohmic
(linear) current-voltage characteristics (CVC) were observed
that passes further in nonlinear one. In many experimental
works, at the absence of the blocking contacts in
phthalocyanine thin film structures, nonlinear CVC are
interpreted by the charge carrier injections in bulk from
electrodes [8, 9].

EXPERIMENTAL PART

Our studies of the electrical properties of structures on the
basis of the evaporated VPc layers have shown that at
absence in the structure of blocking electrodes, nonlinear
CVC is a result of the field assisted thermal emission of
charge carriers from traps.

Double additional cleaning of the industrial VPc powder
by vacuum sublimation has ensured reproducibility of our
results. Investigated structures were obtained by consecutive
thermal vapor deposition in a vacuum (p ~107 Pa) the bottom
Ag electrode, the VPc layer and the top Ag electrode on a
non-heated ceramic substrate. On the same substrate were
obtained simultaneously eight identical on topology
“sandwich” samples, distinguished only by thickness of the
VPc layer, that being within the limits of 0.4-2.0 um. All
measurements were carried out in a vacuum 107 Pa.

The study of the temperature-field dependences of the
electrical conductivity for VPc have shown, that nonlinear

CVC of the Metal/VPc/Metal structures are stipulated by
Frenkel-Poole emission, which study allows to receive the
information about the charge carriers localization centers in a
semiconductor [10].

For study of electrical properties of the high-resistance
films it is necessary previously to establish the diagram of
distribution of the applied voltage in MSM-structure, which
is determined, mainly, by the basic properties of the
metal/semiconductor interface. An effective way of an
establishing of distribution of the voltage in MSM-structures
is a study of the conduction and capacity at various
temperatures and frequencies [11]. The capacity of the
Ag/VPc/Ag structure in a wide temperature range practically
does not depend on temperature (Fig. 1). Besides for
structures with the identical electrode areas, but with various
thickness of a VPc layer (d = 0.67-1.30 pm) electrical
capacity C ~ d” (insert in a fig. 1). These data unequivocally
testify to absence of the electrical field discontinuities in the
considered structure [11]. In this case equivalent circuit of a
sample is represented by capacity, shunted by active volume
resistance, and the applied constant voltage U totally drops
in the VPc layer.
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Fig.l. Dependence of capacity C on the temperature
T of the Ag/VPc/Ag structure with various thicknesses d

of the VPc layer, pm: (1 - 1.30; 2 - 0.67). Insert - C/Svs d” .

The dependence of the current 7 on the applied voltage U
in Ag/VPc/Ag structure is given in fig. 2. At low voltages
with the increase of the voltage U the current / grows
linearly, and at large voltages - non-linearly. It has appeared
that at the large voltages the dependence I/Ucc exp(U™?)
takes place. At passing to rather thick VPc films the character
of dependence is preserved, however inclination ¢ of a linear
part of dependence lg(I/U) on U"? appreciably decreases, and
the value of the product a d'” practically remains constant.
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Fig. 2. Dependence of a current / on the applied voltage U
in the Ag/VPc/Ag structure (1 and 2) and /U on
u”? (3 and 4) at different thickness of VPc films,
pm: 1- 0.67 (1 and 3) and 1.30 (2 and 4). The
electrodes area S =1.15 mm”.

At the absence a high-resistance interface barriers in the
MSM-structure the linear dependence lg /U on U™ may be
connected with Poole-Frenkel emission [12, 13], when the
process of thermal excitation of the charge carriers from traps
is facilitated by the applied electrical field. It can be checked
up by studying temperature dependence of a current at
various voltages and establishing of characteristic parameters.

10”

10"

1 1 1 1 1 1
2224 26 28 30 32 34
10%/T (K™)

Fig. 3. The temperature dependences of the
current / in the structure Ag/VPc/Ag at different
applied voltages, V: 1 —0.4; 2-10;3 -20 and
4 - 30 . Thickness of VPc film d = 0.67 pm.

In a fig. 3 are given the temperature dependence of a
current at various fields in VPc film. In a weak field (F < 6
-10° V/m) current I exponentially depends on T and also is
described by two activation energies: 0.56 and 0.75 eV (in
account per kT ). The value Ey = 0.56 eV is a depth of the
dominant trapping levels. The second value characterizes
intrinsic conductivity of the VPc (1.50 eV in account per 2
kT ) and meets to the data given elsewhere [13]. In a strong
field, when (F > 10’ V/m), an exponential increase of a
current with the increasing of the temperature is described
only by an activation energy Er < 0.56 eV, and with growth
of F the value of Er decreases according to the Frenkel’s
theory on the ionization of the traps:

Er =E,—effF'"”? (1)

where e- electronic charge, f - Frenkel-Poole constant. The
value of S can be determined from the curves of the
dependence of the Frenkel’s barrier lowering for the
traps A® = E,-Er on F'? (fig. 4.), which appears equal to
L=425-10°V"m'?,

0,20 -

0,15 -

¥

AD(eV)

0,10 |-

0,05 -

| 1 1 |

3 4 5 6 17 3
F2(100v P m2)

Fig. 4. The dependence of the barrier lowering A@ on F'”? for
Ag/VPc/Ag structure.

The dependences of the conductivity o on F in Frenkel
coordinates for two temperatures are given in the Fig. 5. In
a weak electric field o does not depend on F (section ab)
and 0=4-10 Q' m™ at 7= 298 K. Further, with the increase
of F in an interval of the several orders the conductivity
grows according the law o o expF"? (section cd), and the
inclinations of straight lines decreases with increasing of the
temperature. On this section o varies according to expression:

]
E, —eﬂFA

o ~exp| - T

From the inclination of straight lines on a section cd
we find, that #=5.1-10" V"”m"? (at T =298 K) and B =
5.5-10° V”m'2 (at T = 403 K).

10° |‘ F'20°V'"3 m'’™)
~ L2 9 15 21
E
IE 10-‘
2
©

107

10"

]0-11

F m(v 12 mrﬁz)

Fig. 5. Dependence of the electrical conductivity o on F*? at
298 K (1) and 403 K (2).Insert — the dependence of o on
Fat298 K.

From the theory follows, that Frenkel-Poole constant
depends on the dielectric permeability & and is determined
from the formula [12]:

Pr= (63/72'830)1/2 3)
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From the dependence of capacity of structure C on d” was
found, that ¢ = 3.4 for VPc (fig. 1, insert), and from the
formula (3) it is obtained B = 4.12-107 V'"”m'?, that are in
good accordance with the values found experimentally from
the dependences A® and o on F. The ratio of the values £
and fr, experimentally determined by various ways is within
the limits of 1.03-1.3.

In the o versus F'”? curves a section bc (fig. 5) is

E, - UV erF
o ~exp _% , 4)

kT

where r - distance between two next charged traps. As it is
seen, at low temperatures and high fields, when density of the
charged traps too large, Coulomb potentials are overlapped
and a barrier lowering becomes proportional to F. From the

observed which is narrowed with the growth of the
temperature. It has appeared, that on this section o obeys the
low o o« expF. The thermally assisted field ionization, which
passes to lgo oc F at rather low fields and to lgo oc F'? at
high ones, is theoretically analyzed elsewhere [10]. Hence, in
VPc are realized the conditions, required for the observation
of such emission, and in a section bc the field dependence of
conductivity is described as [10]:

we find, that the traps with

expression r=
4ree

E~0.56eV are separated by 76A and have concentration

2:10% m™. Depending on films evaporation conditions, when

density of acceptors in VPc exceeds 10** m™, the modified

Frenkel-Poole effect becomes prevailing.

[11  C. Hamann. Phys. stat. sol., 1968, V. 26, No.1, p. 311. [8]

[2]  Sussman.]. Appl. Phys., 1967, V. 38, No.7, p. 2738.

[3] A.P. Martynenko. Phthalocyanines - perspective [9]
materials for microelectronics. Moscow. CSRI [10]
«Electronics». 1982 (in Russian). [11]

[4] M.IL Fedorov, V.A. Benderskiy. FTP, 1970, V.4, No.

M. Lampert, P. Mark. Injection currents in solids.
Moscow.“Mir” Publishing House, 1973 (in Russian).

G. Hamann. Phys.Stat. Sol. 1968, V. 26, No.1, p. 311.
M. Burgelman. Thin Solid Films. 1980, No.1, V.70. p. 1.
G.S. Nadkarny, J.G. Simmons. Appl. Phys, 1976,
V.47, No.l.p.114.

7, p.1403 (in Russian). [12] J.G. Simmons. The current flow through thin
[5] Yu. A. Vidadi, K.Sh. Kocharli, B.Sh. Barkhalov, dielectric films. In: Thin Film Technology,
S.A. Sadraddinov. Phys.Stat.Sol. (a), 1976, V.34, Moscow, “Soviet radio” Publishing House, 1977, p.
No.1, K 77. 375 (in Russian).
[6] Fu-Ren-pen, H.B. Faulkner. J. Chem. Phys., 1978, [13] F. Gutman, L. Lyons. Organic semiconductors,

V. 68, No.7, p. 3334.
[71  B.Sh. Barkhalov, Yu. A. Vidadi. Thin Solid Films,
1970, V. 40, No.2, p. 45.

Moscow, 1970, p. 537 (in Russian).

M.M. Panahov, S.A. Sadraddinov, C.H. Cabbarov, B.$. Barxalov

UzVi YARIMKEGIRICi VANADIUM FTALOSIANIN SSASINDA NAZIK TO9B9QoLi STRUKTURLARDA
ELEKTRIKKEGIRICILIYININ MEXANIizMmi

Uzvi yanmkegirici vanadium ftalosianin esasinda metal-yarimkegirici-metal (MYM) strukturlarinin volt-amper ve volt-tutum
xarakteristikalari tadqiq olunmusdur. Muayyan edilmisdir ki, MYM- strukturunda yiiksek miigavimats malik potensial ¢caparlarin
movcud olmadigi halda, sistemde misahide olunan geyri-xatti VAX tutma markeazlerinde olan yukdasliyicilarin istiliyin tasiri
altinda, elektrik sahasinin dastayi ilo giclenan azad olunmasi ile (Pul-Frenkel effekti) baglidir. Gostarilmisdir ki, algaq
temperaturlarda ve yiiksak elektrik sahslarinda (F>‘IO7 V/m), yuklanmis tutma markazlarinin sixigi kifayst gader bdylk oldugu
halda (n >10% m'3), Kulon potensiallan bir-birini értlr, potensial geparin algalmasi elektrik sahasinin intensivliyi il diz mutanasib
olur ve modifikasiya olunmus Frenkel-Pul effekti Ustinluk tagkil etmays baslayir.

M.M. ITanaxos, C.A. Canpagaunos, k. I'. I:xka66apos, b.111. Bapxaios

MEXAHHU3M DJIEKTPOIPOBOJHOCTH B TOHKOILJIEHOYHOM CTPYKTYPE HA OCHOBE
OPTAHUYECKOT'O ITIOJYINPOBOJHUKA ®TAJTOIIMAHHUHA BAHAJIUSA

HccnenoBanbl BOJIBT-aMIIEPHbIE M BOJIBT-EMBKOCTHBIE XapaKTEPUCTHKU CTPYKTYP MeTallI-NoiaynpoBoaHuk-metamwt (MIIM) Ha ocHoBe
OpraHUYecKoro MOJIyHPOBOJHUKA (TaJolMaHWHa BaHAAMA. YCTAHOBJIEHO, YTO NMpPH OTCYTCTBUH B MIIM-CTPYKTYpe MEXIOBEPXHOCTHBIX
MOTEHLHAILHBIX 6apbepoB ¢ BBICOKHM CONPOTHBICHHEM, HablitogaeMble HenuHelHble BAX cBS3aHBI ¢ TEPMHYECKUM BBICBOOOXKICHHEM
HOCHTEJNICH 3apsia W3 IEHTPOB 3axBaTa, OOJICTYCHHBIM IeKTpuuecKuM noseM (3pdexr Ilyma-Dpenkens). BreisisiaeHo, 4To mpm HU3KHX
TEMIIepaTypax i BBHICOKHX SIEKTpHIeCKiX moisix (F >107 B/M), KOT/a IIOTHOCTD 3apsDKEHHBIX JTOBYIIIEK IOCTATOYHO BICOKa (N, >10%* M),
KyJIOHOBCKHE IOTCHIHANIBI ITIEPEKPBHIBAIOTCS, IIOHIDKEHHE Oaphepa CTAHOBHUTCS IPONOPHMOHATBGHBIM IIOJII0 W HAYMHAET Ipeo0diajnaTh
MoauunupoBanuslii d3dext Openkens-Ilyna.

Received: 20.07.05
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Mnin,S, ve MnGalnS; MONOKRISTALLARINDA TERMOSTIMULLASMIS
DEPOLYARIZASIYA CORSYANLARI

N.N.NIFTIYEV
Azarbaycan Dévlst Pedaqoji Universiteti, Az1000, Baki, U.HaCIbeyov, 34
O.B.TAGIYEV
AMEA Fizika institutu, Az.1143, Baki, H.Cavid, 33

MniIn,S; ve MnGalnSy

monokristallarinda muxtslif polyarizasiya garginliklerinde termostimullagsmis depolyarizasiya

cearayanlari tedqiq edilmigdir. Sdratli yapigma saviyyslerinin mévcudlugu askara ¢ixariimigdir. Bu monokristallarda tslslerin
yerlagsma derinliyi, konsentrasiyasi ve tutulma en kasiklari tayin edilmigdir.

Yarimkegcirici ve dielektriklards yapisma saviyyalari-
nin parametrlorini tadqiq etmak Ugiln istifade olunan
Usullardan biri termostimullagsmis depolyarizasiya meto-
dudur.

Bu isde MnIn,S,; ve MnGalnS,; monokristallarinda
muxtelif polyarizasiya garginliklarinds termostimullagmis
depolyarizasiya carayanlarinin (TD C) tadqiqi naticaleri
verilmigdir.

MnIn,S, monokristali kimyavi kdglirma metodu ile
alinmisdir. Rentgenqurulus analiz gosterdi ki, MnIn,S,
kubik qurulusa malik olub (fq.Fd 3m), qgafes sabiti
a=10,71A —a berabardir[1]. MnGalnS, monokristall
Bricmen metodu ile alnmisdir. Rentgenoqgrafik
tedqgiqatlar gosterir ki, MnGalnS; monokristall gafes
sabitleri a=3,81; C=12,17 A; z=1,f.q. p3m1 olan ZnIn,S,
birpaketli yarimtip qurulusunda kristallasir [2].

MnIn,S, monokristali kimyavi kdglirma metodu ile
alinmisdir. Rentgenqurulus analiz gostardi ki, MniIn,S,
kubik qurulusa malik olub (f.q.Fd 3m) ve gafes sabiti
a=10,71A—a beraberdir [1]. MnGalnS; monokristall
Bricmen metodu il alinmisdir. Rentgenoqrafik tedqigat-
lar gosterir ki, MnGalnS; monokristali qefes sabitlari
a=3,81; C=12, 17A ; z=1,f.q. p3m1 olan ZnIn,S, birpa-
ketli yarimtip strukturuna kristallasir [2].

MnIn,S, ve MnGalnS; monokristallarinda TSD-nin
Olgllmasi zamani nimunada gabaqcadan hayacanlan-
dirma muayyen temperaturda (140+400K) VAX-in g/
xotti oblastinda garginliyin tatbiqgi ile 10 deqgiqe erzinds
hayata kecirilir. Sonra garginliyi ayirmadan numuna
140K temperatura kimi soyudulur. Bu temperatura gat-
digdan sonra gerginliyi ayirirlar va nimuna qisa qapanir.
1-5 daqiqe kegdikdan sonra nimuna sabit siuratle 400K
temperatura qader qizdirilir ve eyni vaxtda xarici dovre-
da caroeyan olculur. NuUmunanin qizdinima sdreti
b=0.07+0.6dar/san intervalinda dayisdirilir.

Sokil 1a—da MnIny,S, monokristall Gglin - mixtalif
polyarizasiya garginliklarinde TSD ayrileri gdsterilmisdir.
Nimunaysa garginlik VAX-in g/ xstti oblastinda 340K
temperaturda tatbiq edilmis ve bu gerginlik altinda
nimuna 160K temperatura kimi soyudulmusdur.
MnIn,S, monokristalinda TDC spektrinde mduxtalif
temperaturlu  iki maksimum askara c¢ixarilmisdir.
Polyarizasiya gerginliyi artdigca TDC maksimumumu
yiuksak temperatur oblastina dogru surlisur ve TDC-nin
giymati artir.

Sakil 2-ds MnGalnS,; monokristali Ggtin 2 muxtalif
polyarizasiya gerginlikloerinde TDC ayrileri verilmisdir.

10

NUmunaya gerginlik VAX-in g/xetti oblastina uygun
400K temperaturda tatbiq edilmis va bu gerginlik altinda

nimuna 140K temperatura kimi soyudulmusdur.
MnGalnS,  monokristalinda 400V  polyarizasiya
gerginliyine uygun TDC spektrinde temperatur

maksimumlar 202, 260 va 383 K olan U¢ pik musahide
edilmigdir. Polyarizasiya gerginliyi artdigda cerayan
maksimumuna uydun temperatur ylksak temperatur
oblastina dogru surtsr.

4 a 1
A
b 13
3 4
Ny 2 < 3
=] - & ?Q’ ~F
2 2y i
q i
VS
YT 250, 0 39 5 whet 4
Sekil 1. a) 340K polyarizasiya temperaturunda va polyari

zasiya gerginliyinin muxtalif giymatlerinde TSD
ayrileri (U, V); 1-300; 2-500

b) 500 V polyarizasiya gerginliyinde 294 K tempe
ratura uygun TSD cerayan pikinin baglangic his
sasinin temperaturdan asilihg..

400

150 200 250 300 TK 350

Saekil 2. 400K polyarizasiya temperaturunda ve polyariza-
siya garginliyinin muxtalif giymatlerinde TSD ayri-
lari (U, V): 1-400; 2-500
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TDC ayrilarinin analizi Gglin yapisma saviyyalerinin
névind bilmek lazimdir. Bildiyimiz kimi yapisma
saviyyslarinin névini bilmak Gglin « d » kemiyyastinden

istifads olunur ve « & » asa@idaki ifadadar tapilir.

Burada T,-TSD-nin maksimumuna uydun tempera-
tur, 7, va T, — TCD-nin maksimim intensivliyinin yarisi-
na uygun asag ve yuxar temperaturlardir. TCD
maksimumlarinin  formalarinin  analizi  gostarir ki,
MnIn,S; ve MnGalnS; monokristallar Gg¢lin misahida
edilen bitiin maksimumlarda

5(,2”}
E

t

sorti 6denilir [3]. Bu sertin 6denilmasi siratli yapisma
saviyyalarinin mdévcudlugunu gdstarir.

Sekil 1b-de MnIn,S, monokristall  Gg¢in 500V
polyarizasiya gerginliyinde 294K temperatura uygdun
TDC cerayan pikinin baglandic hissasinin temperatur-
dan asilihg ayrisi I~10%T miqyasinda gosterilmisdir. Bu
ayriden talslerin enerji saviyyasi hesablanmisdir ve
E=0,60eV [4].

MnIn,S4 ve MnGalnS,; monokristallari Gglin talslarin
yerlosma derinliyi TDC-don cerayanin baglangic artimi
hissasinin temperaturdan asiliigindan (Qarlik-Qibson
metodu) [5], Byub metodundan [6] ve TSD carayani
piklarinin formasindan asili olan dusturlardan [7,8], tayin
edilmisdir. Asqar telalarin konsentrasiyasi va tutulma en
kaskilari agagidaki dusturlardan tayin edilir:

_ juN KT’y
atEb

N,

t

b, E oxn| 2E:
" 2aN . $K°’T’u P KT,

Burada: j,, — TDC maksimumuna uygun cerayan,
b-qizdirima sirati, Ny — kegirici zonada hal sixhigi,
9 =serbaest elektronlarin istilik siireti, K-Bolsman sabiti-
dir. Inj ~1/T koordinatinda ;j ayrinin diz xatt hissasinin
yuksak temperatur oblastinda ekstrapolyasiyasi natice-
sinde ordinat oxundan « pargasini ayirir.

Yuxarida gosterdiyimiz metodlarin  kdmayi ilo
hesablamalar naticaesinds MnIn,S, monokristalinda lokal
soviyyalarin parametrlori U¢ln asagidaki giymatler alin-
misdir.

E4=0,38+0,02 eV
Ny=2,6 x 10" sm™
Su=1,7x 10" sm?

E=0,59+0,02 eV;
Np=5,2 x 10" sm™
Sp=2,3x 10" sm?

MnGalnS,; monokristali Uglin ise lokal saviyyalarin
parametrlarinin orta giymatleri asagidaki kimidir.

Ex=0,39+0,02 eV
E=0,70 +0,02 ev
Np=4x10"® sm™

Su=2,9x10"" sm?

E,=0,50+0,02 eV;
Nu=2,5 x 10" sm™
Nz=0,9 x 10" sm™
Sp=8,5x 10™* sm?

S=2,4x10""® sm?

Belslikla, MnIn,S, va MnGalnS, monokristallarinda
muixtelif polyarizasiya garginliklarinds termostimullasmis
depolyarizasiya cerayanlan tedqiq edilmisdir. Suratli
yapigsma saviyyalarinin movcudlugu askara ¢ixarilmisdir.
Bu monokristallarda tslelerin  yerlegsama  darinliyi,
konsentrasiyasi ve tutulma en kasikleri tayin edilmisdir.

[11 T. Kanamato, H. Ido H.,T. Kaneko. J.Phys. Japan,
1973, v.34, Ne2, p.554.

[21 C. Batistony,L. Gastaldi,Q. Mattogno et.al. Sold
State Commun., 1987, v.61, Ne1, p.43-46

[3] P.Q. Litevgenko,V.I. Ustinov. Aktualniye voprosi fi-
ziki poluprovodnikovix priborov. Vilnyus, Mokslas,
1960, s.153

[4] Yu.A.Qoroxovatskiy. Osnovi termodepolyarizatsi-
onnoqo analiza, M.: Nauka, 1981, 176 s.

[5] F. Garlic, A.F. Gibson. Proc. Phys. Soc., 1948,
ABO, P.6, Ne342, p.574-590.

[6] R. Byub.Fotoprovodimost tverdix tel. M: Mir, 1960,
558 s.

[71 ©.A.Pyasta. K teorii krivix termostimulirovannoqo
vozbujdeniya. Mikroelektronika, 1974, T.3, Nef,
s.178-180

[8] Q.A. Bordovskiy. Termostimulirovanniye toki kak
metod opredeleniya parametrov lovusek. Fotopro-
vodyassiye okish svintsa. 1976, s.87-110.

N.N. Niftiyev, O.B. Tagiyev
CURRENTS OF THERMOSTIMULATED DEPOLARIZATION IN MniIn,S, AND MnGalnS, SINGLE CRYSTALS
The currents of thermostimulated depolarization in single crystals MnIn,S, and MnGalnS, at the different polarizing voltage.
The presence of quick capture levels are revealed. The depth levels, concentration and capture cross-sections are obtained.

H.H. Hudtues, O.b. Tarues
TOKH TEPMOCTUMYJUPOBAHHOM JENOJISIPU3ALIMM B MOHOKPUCTAJLIJIAX
MniIn;S,; 1 MnGalnS,
HccnenoBanbl TOKH TEPMOCTHMYJIMPOBAHHON JIeONsipH3alny B MUKpokpuctamiax MnlnaSs 1 MnGalnS, nipu pa3nuyHbIX NOJSpU-
3YIONIMX HANpPsDKEHUsIX. BBIABICHO Hamuuue ObICTPHIX ypoBHEH mnpwiumnanus. OmpenenceHbl MTyOWHBI 3ajeTaHus YPOBHEH,

KOHICHTpAIUA U CCUCHUA 3aXBaTa JIOBYUICK.
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SIXILMIS QAZLARIN V© MAYELSRIN iSTILIKKECIRM3SININ TERMIiKi T9ZYiQDSN
ASILILIGININ NOZ9Ri TODQIiQi

C.Y.NAZIYEV
Azarbaycan Dévlet Neft Akademiyasi
Baki Az. 1007, Azadlq pr.20.

Magaleda maye va qazlar G¢lin molekulyar — kinetik nazeriyys asasinda istilikkegirmanin termiki tezyiqgden asilihidi baxilir va

bundan 6trii hesabat tenliyi gixarilir.

Tacruba yolu ile istilik-fiziki xasselerin dyrenilmasi
albette an etibarli Gsuldur. Lakin bu hamisa mimkin
olmur. Bunun Uglin zangin texniki baza ve kifayat qader
maliyya vaesaiti olmalidir. Bu sebabdan maye va qazlarin
xassaloerinin oxsarlig metodu ile hesablanmasi, onlarin
prognozlasdiriimasi, nazari vo yarimnazeri yolla tayin
edilmasinin xususi shamiyyati var.

Xususan sixilmis gazlar ve mayelsrin istilikkegirma-
sinin tazyigdan asililigini veran tanliyin alinmasi maraqli-
dir [1].

Mayelarin nazeriyyasi qaz ve bark kristal maddaslarin
nazariyyasina nisbaten az inkisaf etmisdir. Bu sabab-
dan onlarin kdg¢lrma xasselerini dyrendikde muiayyan
yaxinlagsma metodlarindan istifads edilir: bark madds va
maye quruluglarinin oxsarliindan; statistik mexanikanin
dirust metodlarindan va s. [2-4]. Bizi maraglandiran
maye nazariyyssina baxaq.

Kinetik nazeriyyays aid olan Enskoq metodunda
diametri d olan bark sferik molekullarin yalniz cit tog-
qusmalari baxilir ve onlarn élgtlerinin son giymati gabul
edilir. Bu baximdan Enskoq [5-6] sixilmis gazin istilik-
kecirmasini hesablamaq Ugln bele ifade alir:

A= z”bp(i +%+ 0,75 74bp§j . (1)

bps

Bir molekulun o biri molekul yaninda olmasinin ehti-
malini saciyyalendiran amsal f bels tapilir

NT
P=kT(1+bP§)a )
bp=37rﬁd3, (3)
3 v
kN=R, 4)

burada N — 1g. gazda molekullarnn sayi; £ — Bolsman
sabiti; v — xUsusi hacm, b-1q. gazda molekullarin dérd
gat hacmi; R — qaz sabiti; p- sixhqdir.

Seyraklasdiriimis gaz Ggln

JU 1981,(T /M )"

T (5)

12

haradaki T*=kT/s - getirimis temperatur; %7
toqqusma inteqrali; M — molekulyar kitls; ¢ - potensial
enerjinin minimum giymatidir.

(1) tenliyinin daqigliyini artirmaq Ggln sonralar tazyiq
p avazinas (2) ifadesinds termiki tezyiq P, = T(@P/@T)p

isledilmisdir [3,6]. Demali

"

P =P+ap’ =——(1+bp&),

(6)

burada R, - universal qaz sabitidir.

Yuksak temperaturlu qazlardan 6trii Enskoq tenliyin-
da b=b(T) korrelyasiya goéturilmasi shamiyyatlidir. Bu-
nunla bele (1) tenliyi algaq temperaturlu mayelar tgln
xota verir.

Qeyd etmak lazimdir ki, Enskoq tanliyi sixilmis gazlar
ve mayelar U¢un istilikkegirmanin tazyiq ve temperatur-
dan asiliigini keyfiyyatcoe dizglin gdstarir. Bu bize esas
verir ki, Enskoq tenliyi bazasinda daha daqiq olan va
praktiki shamiyyet dasiyan yeni tanlik alaq.

(1) tenliyinde bp& kompleks  kamiyyati  (6)
ifadesinden tayin etmak magsadauygundur:
M (OP
1+bpé& = —(—j (6a)
R,p\0T),

Bu qgiymeati (1) tenliyinds yerina yazsaq alariq

(a—Pj A7)
or ),

Molekulyar — kinetik nazariyyaya goére seyraklagmis
gazlar tgun

+0,7574 Mb
R

7

1 g0 1+0.4426bp¢

A =gypélC, (8)
harada ki, y - 6zIUlik G¢ln sabit, ¢ - molekulun orta
surati, /- molekulun orta gagis uzunlugu, C, - izoxor
istilik tutumu, & - amsaldir (Eyken amsali). Burada sabit
&y~E temperaturdan asili olacaq.

Bildiyimiz kimi
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; 3v 4 Nd3 burada d; — temperaturdan asiliigi nezers alan moleku-
= =—rn—_a,,. lun diametri; d,; — heam temperatur, ham de tazyigin
47 Nd, 327 tesirini nezere aplan molekulun diametridir:
Onda
2 2
E dp‘t = Dpd, .
b= EECvadp,t (9)
(9) ifadasini ve ¢ =, /3R#T/M - i nazere alsaq (7)
| tonliyinden yaza bilerik
3MT oP 1+0,4426b
A=07574 |>>EC,D,d,, (—j g g L 04426bpg (10)
4R/1 oT » &
Qabul etsak ki, |olar. Burada 4,=f(P,T) ve ya A,=f{p).
Hesablama gosterir ki, 4;-nin sixligdan asililigi ¢ox
3MT zoifdir va mehdud sixliq intervalinda onu sabit gabul
4,=07574 |——EC,D,d ,,, etmak olar. (11) ifadesinds smsal & gox bdyiik olmayan
4Ry sixliglarda bela sakil ola biler:
onda E=1+0,645bp+0,287b°p° +..... (12)
A=4, (a_Pj . 1+0,4426bp& (1) Bu giymeti (11)-de yerine yazsaq alariq:
or ), & |
1+0,4426bp+0,2855b° p° +... P
PR AR AL LR C e +Al(a—j . (13)
1+0,645bp+0,287b" p° +... or ),
Asagi sixliglarda (13) ifadesi bels forma alir: ! (17) — y@ uydun olaraqg (15) ifadasini bele yazmaq
olveriglidir
;L=/10+Al[a—Pj (14)
oT oP
P ﬂl:]+¢){(—] } (18)
or),
glinki /im 3, =1, burada
o0 Onda (16) tenliyine asagidaki sakili vermak olar
1+0,4426bp +... n
B, = - (15) o (P
1+0,645bp +... A=1 =a, o) (19)

P
Onda umumi sakilde yaza bilerik
haradaki a,=f(p) ve n= f(p) funksiyalari p-dan zsif
oP asilidirlar. Genis olmayan sixliglar intervallarinda onlar
A=p,2 + Al(_j , (16)  sabit gebul etmak mimkindur.
or P Termodinamik funksiyani termiki tazyiqle ifade etsak

oP
yiiksak tozyiglerde f,=f(p) olmalidir. Bela gixir ki, bdyiik F =T T alanq
tezyiglerds g, - nin sixhigdan asiih@ini gétirmaliyik ve p

oP
demoli | — | = f( p) oldugundan pY
8T 10 _ t
p A-2=a,|—+ (20)
T
oP L : . .
B, =1l — (17) Termiki tezyig molekulun istilik harskatile yaranir.
or ), Termiki tozyigi toyin etmak iclin asagidaki disturdan

istifade etmak slveriglidir
alinar.

13
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(21)

)5,

Bu tezyiqi real qazlarnin hal tenliklerinden hesabla-
maq olar. Masalen Van-der-Vaalsin hal tenliyinden ali-
nir:

P=P+a/’. (22)

(19) asiliigindan izafi istilikkegirmani  (4-1°)
hesablamaq olar. Mizik ve Todos [7] (19) tenliyini
metanin istilikkegirmasina tetbiq etmis ve yaxsi natice
almigdir.

Onlar metan Ugln gstiriimis parametrlorde bela
aslilihq almislar

0,995
A=A 23,35-10_2(%] ,

Vo

A= :2,88-10"2(

7/8
A= = 1,23-10-5(6—”j ,

or

kal

—, (23)
sm - san -doar

@

tonlik [g—ﬁj > 1,00 hallar Gigin alinib.
T [0)

Burada 7, 7, ® - uy3un olaraq gstiriimis tazyiq,
temperatur va sixhqdir: z=p/px, =1/T,, ©=p/p;.

Qeyd etmak lazimdir ki, Mizik ve Todos (19) tenliyini
empirik formada istifade etmislar.

(23) tonliyi loqarifmik koordinat sisteminda diz xatt
verir vo ona gore «; va n sabitlarinin tapiimasi asanlasir.

[6] isde propilenin istilikkegirmasinin tenliyi verilib.
Burada bir-birindan az farglenan iki ayri-ayr tenlik alinir:

V. , i <0,302 -des (24)
m-k T
0,857 T
5 , il > (0,302 -ds (25)
T T

Belalikls istilikkegirmanin termiki tozyigden asiliigini veron (19) tenliyi praktiki islonmak Ggln ¢ox alverislidir.

[11 L.P. Filippov. O sostoanii i zadagax issledovaniy
teploprovodnosti gazov i jidkostey V kn. «Teplofizi-
geskiye svoystva vessestv i materialov» M.: izd.
Standartov. 1978, vip.13, s.77-86.

[2] D. Qirsfelgder, I. Kertiss, R. Berd. Molekularnas te-
oria gazov i cidkostey. M.: iL. 1961, 934s.

[3] K. Krokston. Fizike cidkoqo sostosnia. Statistices-
koye vvedenie. M.: Mir. 1978, 400s.

[4] Fizika prostix Jidkostey: Statisticeskaya teoriya.
Pod red. Q.Temperli, Dc.Roulinsona, Dc. Rasbru-
ka. M.: 1971, 308s.

[51 S. Gepmen, T. Kouling. Matematiceskas teoris
neodnorodnix gazov. M.: IL. 1960, 510s.

[6] ©.M. Naziev. issledovanie teploprovodnosti ugle-
vodorodov pri visokix davleniex i nekotorie oso-
bennosti metodov ee izmerenia. Avtoref.diss.
...dokt.texn.nauk. M.: GNIN. 1970, 52s.

[71 D. Misic, G. Thodos. Physica. 1966. vol.32, Ne5.

J.Y. Naziyev

THEORETICAL RECEARCH OF THE DEPENDENCE OF THERMAL CONDUCTIVITY OF
COMPRESSED GASES AND LIQUIDS ON THERMAL PRESSURE

On the base of molecular — kinetic theory of compressed gases the dependence of excessive thermal conductivity on thermal
pressure is considered in this paper. Theoretical equation for calculation of thermal conductivity at high pressures is obtained.

Mok 51. HazueB

TEOPETUYECKOE HCCJIENOBAHUE 3ABUCUMOCTH TEILIOTPOBOJAHOCTH CIKATBIX 'A30B U
KNIKOCTEN OT TEPMHUYECKOI'O JJABJIEHUSA

Ha ocHoBe MONEKymspHO — KHHETHYECKOH TEOPHM CXKATBIX Ta30B B CTaTb€ pacCMaTPHBACTCSl 3aBUCHMOCTh H30BITOUHOM
TEIIONPOBOAHOCTH OT TEPMHUYECKOTO AaBieHUs. [oTydeHo TeopeTHieckoe ypaBHEHHUE TS BEIYHMCICHNS TEIIONPOBOAHOCTH HMPH BBICOKHX

JAaBJICHUAX.
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LAX PAIR PRESENTATION
OF WZNW MODEL

M.A. MUKHTAROV
Institute of Mathematics and Mechanics
370602, Baku, F.Agaev str. 9, Azerbaijan

One dimensional WZNW model obtained as a reduction of self-dual Yang-Mills equations has been presented in the normal Lax pair

form.

1. The problem of constructing of the solutions of self-
dual Yang-Mills (SDYM) model and its dimensional reduc-
tions, the one dimensional WZNW model in our case, in the ex-
plicit form for arbitrary semisimple Lie algebra, rank of
which is greater than two, remains important for the present
time. The interest arises from the fact that almost all inte-
grable models in one, two and (1+2)-dimensions are symme-
try reductions of SDYM or they can be obtained from it by
imposing the constraints on Yang-Mills potentials [1-12].

This work is a direct continuation of [11], where the exact
solutions have been derived with the use of Riemann Hilbert

0% f of
—+2——
or or

Here H, X ™ are generators of Al(SL(Z, C) algebra

i, x7] = H, H, x*] = x2x*

embedded to gauge algebra in the half-integer way.
Let’s rewrite (1) in the equivalent form:

Problem formalism. The aim is to apply to this problem the
discrete symmetry transformation method [12] that allows
generating new solutions from the old ones in much more
easier way than applying methods from [11]. The Lax pair
presentation of the model under consideration is the first step
in this program that we hope will give us a key to construct
solutions for an arbitrary semisimple algebra.

2. The one dimensional reduction of self duality equations
obtained in [11] are the equations for the element f, taking
values in the semisimple algebra,

[H,[H,f]]—Z[X_,[X+,f]]—2[X+,[X_,f]]+2[[§—H,f],[x+,f]] =0 (1)

1,0 . 1.0 1.0 o
[+ H) = [X LD [ —H 1+ X 1= D[ = H, f]+ X =0

This equation after changing the variable t = In r has the following form

[2+1H —[X+,f],—ﬂ+—
o 2 ot 2

Introducing the notation

E e%Ht( R x-])e%Ht 3)
= —_+_ + S
ot 27

1
—H
multiplying (2) from the left side by e? tand from the
1
—H
right side by e ? t, we obtain

alE L T Ywe he o ~
E—[[e2 X'e? ,e2 fe? L,F]+F=0

Due to the evident equality

1 1

—Ht ——Ht
g2 X'e?2 =e'X*
the last equation can be rewritten in a form

%—et[[x:ﬁﬁ]ﬁ:o, @

of 1

1
H,f]+ X ]-—+=[H,f]+ X =0 2
[ ] 1 ot 2[ 1 (2)

|
Yt Lhit

~ —H
where f =e2 fe 2

In terms of these notations we have from (3) the follow-
ing expression

= of PR

F :_EHH’ fl+Xe'=0

Let’s introduce the notation
t~ t a’f\l t " _
F=e'F=-—-6—+¢€'[H,f]+X =0
ot
Then (4) has a form

oF
—+[AF]=0, 5
P [AF] )

where A=—e'[X ", fN]
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The equation (5) is one-dimensional evolution equation
defined by Lax pair operators and it is one of the principal
criteria of equations integrability.

3. From the presentation (5) it is followed that

0

where @(t) takes values in the corresponding Lie group
and F, = FL:O.

From equation (5) and presentation (6) it is directly fol-
lowed the expression for the operator A:

aspF” =0, for vn o0
/- /
A=¢'o” (9 = o (7)
and solution of the equations can be found in a form
F = ([)Fo(pfl (6) Let’s consider the commutator of F with X ™ :

[x+,|:]=[x+,x-]—e‘§[x+, fl+e'[X*,[H, f]]=
=H —e‘%[X*,fN]—Ze‘[X*,fN]+et[X*,[H,fN]]=

=H —%(e‘[x*, fh—e' (X", Fl+[H,e' X, F]1.

Taking into account (6) and (7) the last expression can rewritten in a form

X" oF0 ' 1=H=-(¢'0) -9 ¢ +[H,0 ¢ '].

Making the substitution ¢ = eH‘q and introducing a new

variable T = €', we have another form of equation (1)

6 aq -1 -1 +
— (g =[gF,q", X 8
ar(arq )=[aFq ", X7] ®)

Equation (8) is one-dimensional WZNW (Wess-Zumino-
Novikov-Witten) equation [16-18] and its partial exact solu-
tions are the subject of further publications.
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DYNAMICAL PROPERTIES OF THE ALLATOSTATIN IV NEUROPEPTIDE SIDE CHAINS
IN WATER SOLUTION

M.A. MUSAYEYV, L.I. VELIEVA, L.N. ALIEVA, NNM. GOJAYEV
Baku State University, Department of Physics, Laboratory of Molecular Biophysics,
Z. Khalilov str.23, Az-1148, Baku, Azerbaijan

The conformational flexibility of the allatostatin IV neuropeptide side chains in water solution has been investigated by the method of
molecular mechanics using atom-atomic potential functions. The series of conformational maps of the potential surfaces were constructed
over the angles of the side chains for lowest energy-minimized conformation of the molecule. Permissible deviations of these angles from the

optimal values were determined.
1. Introduction

Allatostatins are a family of neuropeptides that inhibit
juvenile hormone (JH) synthesis by the corpora allata (CA) in
cockroach and related insects [1]. These peptides are
produced by cells of the brain and ganglia as well as by
midgut endocrine cells [2,3]. Allatostatins have also been
identified and purified from muscle tissue, suggesting that
these molecules may have other roles apart from regulation of
JH production [4]. Here we describe in detail conformational
dynamics of the allatostatin IV neuropeptide initially isolated
from brains of the virgin female the cockroach Diploptera
punctata [2,3]. The primary structure of this neuropeptide
was assigned as Aspl-Arg2-Leu3-Tyr4-Ser5-Phe6-Gly7-
Leu8-NH,. To clarify the mechanism and specificity of action
of the allatostatin IV neuropeptide the permissible deviations
of the side chains dihedral angles each amino acid residue
from the optimal values for the preferable conformation in
water solution was determined. Such study may provide
important information regarding the structural and
conformational features important for structure-function
relationship of the allatostatin IV neuropeptide.

2. Computational method

Calculations have been carried using molecular
mechanics method. Molecular mechanics is a computational
method designed to give accurate structures and energies of
molecules. It treats molecules as collections of masses that
are interacting with each other via Van der Waals,
electrostatic and torsion forces between non-bonded atoms.
Mathematical functions of the atomic coordinates (called
potential energy functions) are used to describe these
interactions. Various parameters derived from experimental
observations are included in the potential energy function.
The energy of Van der Waals interaction has been described
by Lennard-Jones potential with parameters proposed by
Momany et al.[5]. A contribution of electrostatic interactions
has been taken into account in a monopole approximation
according to Coulomb’s law with single atomic charges
proposed by Momany et al [5]. The influence of solvent is
included in the dielectric constant (&). Since conformations of
neuropeptide have to be analyzed in an aqueous environment,
the dielectric constant is assumed to equal 10 as described in
[6] and hydrogen bonds calculated from the Morse potential
are supposed to be weakened with maximum energy of
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1.5kcal/mol at NH...CO distance ro=1.8A [6]. Torsion
potentials and barriers to rotation about bonds C*-N(¢) and
about side chains bonds (y) were as proposed by Momany et
al [5]. The nomenclature and conventions adopted are those
recommended by IUPAC-IUB [7. Low-energy
conformational state of the allatostatin IV neuropeptide
(fig.1) was found by locating the global minima on a
potential energy surface using energy minimization
procedure in our previous study [8]. The motions of the
amino acid residues side groups are governed by the
conformation of the neuropeptide main chain, and it is
expected that the studies of the motions of the side groups
may provide information on the allatostatin IV neuropeptide
molecular structure in detail. By conformational analysis, we
estimated the probability distributions of side chain angles
(11, X2, x3-.--) each amino acid residue of the molecule. The
conformational search was confined near the calculated
distributions of backbone dihedral angles of each amino acid
and includes the following steps:

1. Conformational maps, i.e. energy contour maps as a
function of backbone angle ¢ and side chain angles y1,1», 73
were constructed for calculated lowest energy conformation
(Table 1) of the allatostatin IV neuropeptide keeping all bond
lengths, bond angles and peptide bond dihedral angles w and
o fixed. The angles ¢-y1, @-y2, @3, and yi1-y2 or Yoy
varied at intervals of 30°.

2 After defining low-energy regions similar
conformational maps were produced for the particular ¢-y;,
o2, 013, and y1-yp or yo-ys values at a 5° step, yielding in
this way the detailed potential surfaces for the side chains of
the molecule.

3. Structures resulting from step 2 are locally minimized.

3. Results and discussion

The results of conformational maps analysis which reflect
the dynamics of functionally important side chains of the
allatostatin I'V neuropeptide are shown in figs.2-8. The values
of dihedral angles corresponding to the optimal energy are
marked by crosses; and the energy on equipotential lines is
given in kcal/mol. Values for yi, y» and 73 described low-
energy states of the allatostatin IV side chains angles were
taken from molecular mechanics calculation described above
(Table 1).
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Table 1.

The values of the dihedral angles (in degree) of the lowest energy conformation of the allatostatin IV neuropeptide

Residue Dihedral angles Fig. 1. Lowest energy conformational state of

the allatostatin IV neuropeptide [8].

Aspl =89, yw=-44, =178, y1=54, y»,=105

Arg2 =134, =97, &=179, y1=-67, 1,=174, y=161

Leu3 =99, =94, =183, =54, y,=177, =182

Tyr4 ¢=-150, y=165, w=177, y;=-67, 1»=95, =180

Ser5 =11, y=-52, a=171, =56, =177

Phe6 =60, y=-29, &=178, =62, y,=81 :

Gly7 =80, y=-77, =182

Leus8 =104, y=-60, =179, 31=-53, 7,=176, =186

Econt -36, 9 kcal/mol

Three conformational maps of the potential surfaces were
constructed over ¢-y1, @y, and yi-y, angles of the Aspl
residue in the lowest energy conformational state of the
allatostatin IV neuropeptide (fig.2). These maps take into
account the low-energy state of the asparagine residue,
thereby displaying the minima of the potential functions at all
possible values of the y; and y, angles. As can be seen in
fig.2, the optimal positions of the Asp1 side chain are close to

Aspl

14.0

Xy

—

15.0

S

-180 -150 -120 -90 -60 -30 0 30
Xi

= e e e wr et e

60 90 120 150 180

minima of their torsional potential, i.e.y; may populate +60,
180° and deviations by #20° from minimal values are
possible for backbone ¢ angle. Calculated results indicate
that y, for Aspl can take two values -60 and 100°, and the
low-energy changes of this angle in the range of +15° are
allowed (fig.2). The plot of the y; and y, angles distributions
is given in fig.3.

Aspl

180
150
120

-150
-180

-120
-150
-180

T80 —150 —120 -90 -60 -30

Fig. 2. Energy contours (in kcal/mol) as a function ¢-y1; ¢ ; an
neuropeptide.

A further calculation scheme included a study of low-
energy regions for the Arg2 positively charged side chain.
The calculation was made by constructing three

030 60

Xz

d y1 -y of the Aspl for lowest energy conformation of allatostatin [V

conformational maps over the ¢-y1, ¢-y2, @-y; angles, based
on low-energy structure of allatostatin IV neuropeptide

(fig4).
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As can be seen from fig.4, the energies of the
conformations that correspond to the positive value of the ¢
dihedral angle are approximately 24,1 kcal/mol higher than
those with negative values. The low-energy changes from -
60° to -120° of the ¢ angle and from -120° to -60° of the y;
angle are allowed. Calculated results indicate that y, for Arg2
can take values -60 and 180°, and low-energy changes of this
angle in the range of +15° are allowed. There is very
restricted low-energy region for one value of y; for Arg2, i.e.
at 180° . The permissible deviation by +5° from optimal value
of this angle is revealed. This result suggest that not only the
positive charge of the amino acid residue at position 2, but
also the length of the side chain seem to be important for the
three-dimensional structure of the neuropeptide. Fig.5
describes distributions of the arginine y; and y, dihedral
angles in the lowest energy conformation of the molecule.

Erﬂ.s
kecal/mol

Aspl{p=—89°, y=—447)

f—t——t—t—t—t——Y - 2l
-180-150-120 -90 -60 =30 0 30 60 90 120 150 180

degree
Fig. 3. A plot of the distribution of the Aspl y; and ;(.2 dihedral
angles. The X-axis is the value of the dihedral angle, from
-180 to +180°, with the distribution in 30° bins. The y-axis
is the relative conformational energy of the molecule in

kcal/mol.
Argl Arg?
180 180 l
150 150
120 120
30 a0 _
30 30 Miee ) \_
© 0 0
30 -30 = S
60 138 ) 60 ¥ 125 . 104 \
’ 'l M ) It
-90 52 —-— -90 36 ; —
-120 ~ 120 \( ;"F
-150 \ -—"'l 150 ‘k; _K . ‘)-’ 154 =
-180 | -180 ‘ 3
-180 -150 -120 -50 -60 -30 0 30 &0 90 120 150 180 -180 =150 =120 -50 -60 -30 0O 30 20 150 )
X1 X2
Argl

-120| 1
-150 '\’ J

-180

Fig. 4. Energy contours (in kcal/mol) as a function ¢-y; ; @-x»; and ¢-y3 of the Arg2 for lowest energy conformation of allatostatin IV

neuropeptide.

Ereln

kcal/mol n Arg2{gp=—134%, y=97%)

7 X1

angle,
degree

L I I L 4 4 L »
T bl

f t f } t t }
-180-150-120 -90 -60 -3 0 30 60

Fig. 5. A plot of the distribution of the Arg2 y; and y, dihedral
angles.
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For the leucine part of the allatostatin IV neuropeptide,
the permissible deviations of the backbone ¢ and 1.y, side
chain angles are calculated by constructing ¢-y; and @-y»
conformational maps. It must be noted that the dihedral angle
3 and y4 which determines the spatial state of the end group
of the leucine residue, does not contribute significantly to the
stabilization of the spatial structure. Conformational maps
that indicate the restricted conformational mobility of the
Leu3 backbone are given in fig.6. As can be seen in fig.6, the
positive values of ¢ angle form forbidden region in
conformational map. There are low-energy regions for y, for
Leu3, i.e. at +60° and only one for y;, which corresponds to
180° (fig.7). Through computer simulation, it was found that
the effects caused by variation of y3; and y, angles are small
compared with those caused by y,.
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Leu3 Leu3

¢ 0 e 0 1
.30 -30 -
-60 -60 N — |
=90 189 @ -90 163 J18.6 4 =_J"._. .

120 s 120 @ - -
-150 n7 T @3 150 s 2

-130 -180 - 1

-180 -150 -120 -90 60 -30 O 30 60 90 120 150 180 180 —150 —120 -50 -60 -30 0 30 15

X1

X2

Fig. 6. Energy contours (in kcal/mol) as a function ¢-y; and ¢-y, of the Leu3 for lowest energy conformation of allatostatin IV

neuropeptide.

Erel.)
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Fig. 7. A plot of the distribution of the Leu3 y; and y, dihedral angles.

Fig.8,a and b show the energy contours of ¢, y; and y»
angles for Tyr4. The ¢ angle for Tyr4 has a weak
conformational mobility, i.e. its low-energy change by +5° is
possible here. Two minima for y, (+90%) and only one for y;

(-60°) side chain angles are found (fig.9). The angle y; for
Tyr4, which defines the orientation of hydroxyl group OH,
has a noticeable conformational flexibility.

Tyrd Tyrd
e 0 - e 0 Sm—
-30 -30 - l
-90 -90 _J
-120 -120 T
-150 -150 (@)
-180 -180 )
-180 =150 =120 -%0 -60 -30 0O 30 60 90 120 150 180 -180 =150 =120 -%0 -60 -30 0O 30 60 Y0 120 150 120
X X2
Fig. 8. Energy contours (in kcal/mol) as a function @-y; and ¢-y, of the Tyr4 for lowest energy conformation of allatostatin IV
neuropeptide.
Er, The side chain of the next Ser5 amino acid residue is
keal/mol

Tyrd(g=-150°, y=165°)
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g . angle,
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—
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Fig. 9. A plot of the distribution of the Tyr4 y; and y, dihedral
angles.

characterized by significant conformational mobility (fig.10).
In spite very fixed backbone, there are two low-energy
regions in the @-y, conformational map. The low-energy
changes from -180° to 180° for y; and it is possible from 90°
to 180° and from -60° to 180° for y, (fig.11).

A further calculation scheme included a study of low-
energy regions for the Phe6 side chain. Calculation was made
by constructing two conformational maps over the ¢-y; and
@), angles, based on low-energy structures of allatostatin [V
neuropeptide. The energies of the conformations that
correspond to the positive values of the ¢ dihedral angle are
equal approximately 60 kcal/mol that higher than those with
negative values. Calculated results indicate that y, angle for
Phe6 can take to opposite values +90°, and low-energy
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changes of this angle in the range of +20° are allowed (fig.12 9nd‘ﬁg.13).
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Fig. 10. Energy contours (in kcai/mol) as a function ¢y and go-;.(z of the Ser5 for lowest eﬁergy conformation of allatostatin TV
neuropeptide.
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Fig. 11. A plot of the distribution of the Ser5 y; and y, dihedral angles.
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Fig. 12. Energy contours (in kcal/mol) as a function ¢-y; and ¢-y» of the Phe6 for lowest energy conformation of allatostatin IV
neuropeptide.
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Fig. 13. A plot of the distribution of the Phe6 y; and y, dihedral angles.
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Three conformational maps of the potential surfaces were  are given in fig.14,a and b. y; dihedral angle may populate
constructed over the ¢y, @7, and ¢-y; of the Leu8 for  two states +60°, but there is only one possible state for z;
lowest energy conformation of allatostatin IV neuropeptide.  dihedral angle (fig.15).

The conformational maps, which indicate the forbidden zone
that correspond to the positive values of ¢ backbone angle

Leus Leus
s 0 w0 _—

-30 ‘
=60

-90 |[ 92 : (o ] ': l/s‘r :
120 & n ‘—’\'] 0 l

=

5

150 | fi
-180 | -180
180 —150 —120 -50 -60 -30 O 30 60 S0 120 150 180 -180 -150 -120 -30 -60 -30 O 30 &0 %0 120 150 180

Xy

180 - 4
-180 =150 =120 -50 -60 .30 O 30 &0 90 120 150 180
Xz

Fig. 14. Energy contours (in kcal/mol) as a function ¢-y1; @ y»; and ¢-y3 (c) of the Leu8 for lowest energy conformation of allatostatin

IV neuropeptide.
k;;:n:ml Leus(gp=-104°, y=-60°)

The obtained data allow one to conclude that, in spite of
considerable conformational mobility of the molecule, only
Ser5 side chain has a noticeable conformational mobility. The
reported results may serve as the basis for investigations of
angle, the structure-function relationship of the allatostatin IV

180150120 50 -80 30§ 3 €0 3 1ho 150 180 detgee neuropeptide.

Fig. 15. A plot of the distribution of the Leu8 y; and
dihedral angles.
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M.A. Musayev, L.i. Valiyeva, i.N. Sliyeva, N.M. Qocayev

ALLATOSTATIN IV NEYROPEPTIDININ SU MUHITINDS
YAN ZONCIRLORININ DINAMIK XUSUSIYYOSTLORI

Atom-atom potensial funksiyalardan istifade edilmakle molekulyar mexanika Usulu ile allatostatin IV neyropeptidinin su
muhitinde amin tursular gahlglarinin yan zencirlerinin konformasiya miutsharrikliyi tadqiq edilmisdir. Neyropeptidin yan
zancirlarlarinin ikiiizli bucaglarinin firladilmasi yolu ile molekulun global konformasiyasi Gglin potensial ¢oparin hindirliyini
tosvir eden konformasiya xritaleri qurulmusdur. Ikitizli bucaglarn &z optimal qiymatlerinden icaze verilan
konara ¢ixmalari miayyan olunmusgdur.
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M.A. Mycaes, JI.U. Be1ueBa, U.H. AnueBa, H.M. 'om:kaeB

JUHAMUYECKHUE CBOWMCTBA BOKOBbIX LEMNEl HEAPOIIENTUIA AJVIATOCTATHHA IV B
BOJIHO CPEJIE

MeTtonoM MOJEKYJISIPHOM MEXaHHKH C IIOMONIBI0 AaTOM-aTOMHBIX ITOTEHIHATBbHBIX (YHKIWI HCcclIegoBaHa KOH(OPMAIHOHHAS
MOJBMKHOCTE  OOKOBBIX IIeTed aMHHOKHCIIOTHBIX OCTAaTKOB HeifponenTupa amiarocratmHa IV B Bommoi cpeme. IloctpoeHs
KOH()OPMAaIMOHHbIE KapThl, ONMCHIBAIOIINE CEUCHUsS NOTCHIHAIBHOH ITOBEPXHOCTH ISl INIOOATHHOTO KOH(OPMAIIMOHHOTO COCTOSHHUS
MOJICKYJIBI IyT€M BapbHpOBAaHUWs JABYTPAHHBIX YIJIOB B OOKOBBIX LEMAX HEHUpoIenTHia. YCTAHOBIECHBI JONMYCTUMbIC OTKJIOHECHHS
JIBYTPaHHBIX YIJIOB OT UX ONTUMAJIbHBIX 3HAYCHUM.
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THE BLUR OF THE ORDER PARAMETER IN ARGENTUM CHALCOGENIDE IN THE
REGION OF THE PHASE TRANSITION

S.A. ALIYEV
Institute of Physics of NASA, Baku-1143, G. Javid av., 33

The temperature dependence of the order parameter m in argentums chalcogenides is defined using the temperature differential
coefficient of the inclusion function in the zero approximation. It is revealed, that 1 in the region of the phase transition (PT) is strongly
blurred. It is established, that Ag,Te, Ag,Se and Ag,S achieve only 69%, 52% and 49% in the phase disorder region PT correspondingly.

The order parameters, characterizing the physical state
of the phases in PT region takes the important place among
the parameters, describing the PT. That’s why the
investigation of the temperature dependence 7(7) in PT
region can add the current information about PT nature in
argentums chalcogenides and give the comprehensive data
about phase disorder in PT process.

According to the classic theory of PT, the 77 parameter is
considered for the ordered system 770, and for the unordered
system 77=0. In such interpretation PT can be considered as
the system transfers from the ordered state into unordered
one. The 7 parameter depends on 7 at the constant pressure,
and achieves the zero meaning in PT-T, point, when the
ordering disappears.

However, in the common case the change of 7 near PT
can be as in spurts, so constantly. These questions had been
considered in the refs [1-3], in which Landau developed his
theory for PT of II type, considering them more interesting as
physical ones. But the main conditions are applied for
another PT also. Taking under the consideration the small
meaning of 7 near PT-7), analyzing the thermodynamic
potential P(7), depending on 77, we obtain:

Q=Dytan +f277" (1)
Where @, is thermodynamic potential of the disordered
phase, « and g are decomposition coefficients. Using the
equilibrium conditions for the thermodynamic potential of the
ordered phase at the given pressure, we obtain:

o(T)=a(T-Ty) , ©)
where ap>0. As [ changes weakly near PT-T, point, so
changed it on £,>0 and limited by the quadratic member, we
obtain

7 =oo(To-T)/fy (3)
being the main result of Landau theory for PT II.

But it is need to note, that the fluctuation of the
compound and other physical values, order parameter 7, also
as PT parameters and the thermodynamic parameters, can be
blurred because of the existing the microgeterogeneities in
the solid bodies. The given question is discussed in the ref [4]
and the model of the elementary subsystems (ES) is supposed
to use for its decision. Toward this end the system can be
divided on the big number of ES with the similar volumes v,
near PT point. Such system is characterized by the
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macroscopic temperature 7 and macroscopic point PT-T.
The separate ES have local temperaturez, differed from all T
sample. If change of T carries out slowly enough, then the
definite distribution of ES on the local temperatures carries
out at the each meaning of the temperature. For comfort of
the calculations, the local temperature of ES 71 is accounted
from average T as 6=T-7 . Designating the being probability
of ES through W(0) with the local temperature in the limits
from Otill 8+d 6, we obtain

dW(6)=p(6)do, €y
where @(6) presents the probability density, the norm of
which is equal to one. Knowing the distribution probability of
dW(8), it is possible to calculate the temperature dependence
7(T). Designated the order parameter through 77°(z 6) at the
macroscopic temperature t=7-T, of that part of the system,
the local temperature of which is in the limits from @ till
6+d 0, then at t we obtain:

)=’ (1+6)d6=] 1 (+-0)p(6)d(6)

As it is seen it is need to know the distribution function
of ES on the local temperatures ¢(6) and the order parameter
of the separate ES for the calculation of square of order
parameter 77°(¢). It is supposed, that the first from them can be
defined on the base of the common introduction of the
fluctuation theories, and second one is defined by PT
character in the separate ES (PT of I and PT of II type). In the
case, when ES consist on the PT of II type, without taking
under consideration of effects of anisotropy and elastic
stresses on the base of formulae (3), we obtain:

(&)

1(T.0) = ao/fo (0-9),  (at1=0) ®)
And consequently
n'()= o[ 0(6)-(0-0do. ()

As it was mentioned, it is need to apply the fluctuation
theory for the calculation of @(6@). In [4] the case of small
fluctuations, realizing on practices very often is considered,
at which
2

dw()= exp(— (9_2)d g,
1%

1
®)

valn

where v parameter characterizes the given distribution.

Considering v as the constant value, we obtain:
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In ref. [4] the calculations 7(z) for PT of II type had been
carried out. For this the definite simplifications and
admissions, defensible for the common theoretical evaluation

where

n(¢) had been carried out. The obtained data are compared
with the calculated curves, carried out on Landau classic
theory (on formulae 3). It is shown, that the blur of order
parameter 77 has place in the case of the heterogeneity in the
solid bodies in region of PT of II type. At the same time, it is
observed, that the blur of 1} can take place at the other PT.
The task in the given ref. leads to the selection method
for the definition of the order parameter 7 and the degree of
its blur in PT region of argentums chalcogenides, having the
structural PT. In principle, ES model can be applied to the
argentums chalcogenides, considering o-phase till phase
transition through the ordered system, and the inclusion of
germs of A-phase in each PT point through elementary
subsystems, having local temperatures #=7-7 and creating the
disordering of phase system. However, as it is seen from (9)
the v parameter, characterizing the distribution of small
fluctuations, thermodynamic potential @(x), the local
temperatures of germs, and other parameters, the values of
which in the difference from the theoretical evaluations 7 is
hard to define for the concrete crystal, enter in their
expressions. At the same time, it is known, that the
differences in the character of the phase transitions is more
clear revealed with the help of the physical values, connected
with the differential coefficients of parameters, characterizing
PT. The Ly(7T) and dLydT have been investigated for the
argentums chalcogenides in refs [5-8] and it is shown, that PT
are strongly blurred in them. That’s why the blur of order
parameter 7 in PT region can be considered by the
introduction of dLydT in the formulas (3) or (9) in the form:

(%)

2 ay
t=_
n () 5,

dL,

o) _% 2
dr

- {L+chlay(T - T,]} (10)

t
% Lo £|t| . (t<0)
2, i Yy |
ta, | 2 )]
1% g £|t| . (50) )
25, i Yy |
- \ W
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T,
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TK

Fig. 1. Temperature dependence of order parameter in
argentums chalcogenides: a-Ag,Te, B-Ag,Se u c-Ag,S.

where a, is temperature constant of PT, characterizing the
blur degree of PT. Then the temperature motion 7(2) in the
ordered region is defined by the formula (3), and in PT region
is defined by formulae (10). The calculation results, carried
out for the Ag,Te, Ag,Se and Ag,S samples (with excess
Te=0,75at.%) in SPT (a’ -£) with the use of ay and dLy/dT
parameters [5-8], are presented on the fig.l. At the
calculations 3y was considered constant (£)>0), and &, was
selected analogically to the theoretical calculations, carried
out in ref [4]. The ration a/Boin PT region didn’t influence
significantly on 77(7). As it is seen from the figure, the change
of n(T) at PT hasn’t clearly spasmodic type, has the wide
interval AT, the curve 7(7) is strongly blurred near PT-T,
point and mo meaning is more bigger than zero. All this
shows on the strongly blur of order parameter. Physically it
means that disordering of the phases at PT in the argentums
chalcogenides doesn’t carry out totally, as it is followed from
the classical theory. In Ag,Te, Ag,Se and Ag,S the
disordering of phases in PT region achieves only 69%, 62%
and 49% correspondingly.
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S.A. ALIYEV
S.A. Sliyev
FAZA KEGIiDi OBLASTINDA GUMUS XALKOQENIDLORD® NiZAMLILIQ PARAMETRININ YAYINIQLIGI
Sifinrnci yaxinlagsmada daxilolma funksiyasinin téramasinin temperatur asiliigindan istifade edilerak gimis
xalkogenidlerds 7 nizamliiq parametrinin temperatur asilih§ tayin edilmisdir. Faza kegidi (FK) oblastinda #-nin
kaskin yayinig olmasi musahida edilmisdir. FK oblastinda Ag,Te, Ag,Se, Ag.S —da fazalarin yaymighginin uygun
olaraq 69%, 52% ve 49% oldugu gosterilmigdir.
C.A.AntueB

PA3MBITHUE ITAPAMETPA YIIOPAJOYEHHS B XAJIBKOI'EHUJAX CEPEBPA B OBJIACTH
DA30BOI'O IEPEXOJA

Hcnone3ys TeMIEpaTypHYO MPOU3BOIHYIO (GYHKIMU BKIIOUCHHS B HYJIEBOM IIPUOIIKSHUH OIpECIeHa TeMIepaTypHas
3aBHCHMOCTH ITapaMeTpa HeYHOPSIOYCHHOCTH # B XaJlbKOTreHnaax cepedpa. O6HapykeHo, uTo B obmactu (a3oBoro mepexosa
(®IT) # cunbHO pa3MbIT. YCTAHOBIIEHO, 4TO pasynopsaodeHue a3, B oomactu OI1 Ag,Te, Ag,Se u Ag,S 1ocTUraeT ToNbKO
69%., 52% 1 49% COOTBETCTBEHHO.
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THE EQUATIONS FOR THE MULTI-QUARK GREEN FUNCTION IN NAMBU-JONA-
LAZINIO MODEL

R.G. JAFAROV
Baku State University, AZ1148 Baku, Z.Khalilov, 23

The equations for the multi-quark Green functions have been obtained in the decay of the average field with bilocal source in NJL

model.

The equations for many-particle functions play very
important role at the description of the connected states, the
scattering of connected states on particles, the scattering of
the connected states on connected states and e.t.c. The first
representative of the family of the many-particle equations is
the well-known Bethe-Salpeter (BS) equation [1] for the two-
particle Green function. The generalization of BS equation in
the case of three or more particles is given in the refs [2-4].
These generalizations are based on the analysis of the
Feynman diagrams of the perturbation theory and all
statements concerning nucleus structure have clearly
perturbative character. The main disadvantage of these
diagram methods is that practically all statements can be
formulated only as the verbal recipes and they aren’t
subordinated to the formalization that makes the investigation
more difficult.

However, there is natural language for the description of
the many-particle equations in the limits of Legendre field
theory. Legendre functional transformations allow to obtain
the equations for the many-particle Green functions as the
direct consequences of the field equations. In the ref [5]
Legendre transformations are applied to the study of n-
particle equations for fermions.

In the present ref in the limits of Nambu-Jona-Lazinio
(NJL) [6,7] the equations for the many pointed functions are
obtained. At the obtaining of these equations the iterative
scheme (one of the variants of field degradation), supposed in
refs [8,9], which is based on the approximation system of
Shwinger-Dayson (SD) equations for the functional of Green
functions with the exactly solvable equation.

Let’s consider NJL model with Lagrangian [7,10]:

L= W(iﬁ— mo)'// + %[(y?w)z + (171'7/57”1//)2], (1)

5755, 5(x - y)G+(i0-m f*

o t;{ oG }—
o™ () o)

= Idxln“ﬂ‘ (x,x, )

+ig

aa

7/ T #l‘r{y 'Tu .ij|
T syt (v, x)e ’ sn(x,x)

which we will call SU(2) model of NJL. Here, g>0 is the
constant of the connection with the dimension of square of
reverse mass. Lagrangian is invariant with respect to the
transformations ~ of  chiral  group SU(2), x SU(2), .

y=y“(x), and a=L..4 c=1.,n; j=12. 75—

are generators of SU(2) group (Pauli matrix):

abc _c

7" =8 +ie ¢, a=123; :

which are normed by the following method:
reic’ =267,

The SD equation is defined from the ratio [10]:

s _
—i7 () %

OZID(W,V)W

X expide'L(x')—jdx'dy'ﬂ(y')ﬁ(y',x')y/(x')] )
where 7 is the bilocal source of the quarks and

7 n(v.xy ()= (v)n” (v.x) ™ (x);.

v’ iy () -

9
5™ (v,x);;

The transmission invariance of the measure of functional
integration in (2) leads to the functionally-differential SD
equation for the generating functional:

5™ (y,x)y

a —_—

i
oG
3)

ki

The solution of this equation we will find by the method, [ Timit (mp=0). The unique connected function of the main

supposed in the refs [8,9]. Further, we will consider the chiral
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approximation is the free quark propagator. In the first step of
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iteration the equations for the two-particle Green function
(four-tail) and for the addition to the quark propagator appear
[10]. |

The equation for the functional of n-step G(") has the
form:

. ()
5955, 5(x-y)G*) + (i) —25

—_—
oo™ (v

» 5 5G") v
l ..
8 577'3“(y,x),‘fj” onlx

=
N

(4)

The solution for the equation (4) we will find in the form G"=p (")G(O), where P”) =1. The equation for P™ will
have the form

éP(") . aa' € o ép(n)
_—dc+lgjdx1S(0) (x=x,) {577&1'( i tr|: _

577ﬂa(y’x)kj ! y’xl)ki 577(x1,x1)
' )
-yt —trlys-T¢- +
Tt () L anlex)

v ‘ sp) y @ p ‘ sp)
+ 5O (& -y f‘dt{—}_ymlrias(o) x, -y fldt{}/ R |
(%, )zk onlox)| (x, )zk | )

= jdxldsz(o)aay(x —x, )™ (x,,x, )0 x

, (n-1)
plgOFF (L ed | oP ' 5
X{ (x2 y)lk 577%'()”)52 )Z;Z ®

According to the equations for P (5) the equation for the second step of iteration will have the form:

P 5 P
_—dc-l—lgjdxlS © (x_‘x])jj {é‘nﬂal de, )

tr -
577'&1 (yax)kj (yaxl )ki é‘n(xl’xl)
5 5P
— YT ety T F
: : 577ﬁ 2(y,x1) ’ 577(x13x1)
s5p@ sp?
+S(0)alﬂ Y — ?ldtr—_j/alazriaS(O)azﬁ X -y ?ldl‘}"]/ A
( 1 )lk 57](x1,x1) C ( l )lk 5 577(x1ax1)
_ J'dxldsz(O)aal (x —x, )jlcl 770:10:2 (xl X, );102 X
1)
x4 plg0as (x, —y) + op , } (6)
{ sy (v, i

The solution of the equation (6) we will find in the form:
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PP = %Tr(S( Vxp? )+%Tr(S3(2) 1 )+%Tr(S§2) wn’ )+ Tr(S? +1) (7)

(here 7r means the step in the operative meaning, and * -
means operator multiplication). The solution of the equation
of the first step of iteration has been chosen in the form [10].

Substituting expressions (7) and (8) in (6), making one
differentiation and switching on searches 7 (i.e. 7=0)
we obtain the equation for propagator of second step of

iteration
PV :%Tr(SS) sn? J+Tr(sV ) @)
|

Qy0y,69Ca5 2 )2
X X

ap.cd, jik
S(Z)aﬁ (x y ng-dx S Yaa, (x X, )ccl {Séz) [xl Yy J _

3a, S(z) Xy rpadhd a3a, S( )alﬁ( ad S(Z) 0
}/5 T/Ikl 2 X, X 405,095,k Js 75 Tk 22 T xl y)jlk Uz ( ) ' (9)
||

After analogical procedure we will obtain the equations for the rest functions of the second step (.S éz) — two-particle, S 3(2)

— three-particle and .S z(&z) — four-particle functions) of SU (2) of NJL model:

Xy aff,cd, jk " o ¢
Séz{x' y'J apied e s (x y )Jk'S() ﬁ(x y)’Z

X,y af,cd, jik
1
+ igjdxlS(O)aal (x - X, )“’1 . S3(2) X y, @ ped

I
QAr0y ,CHCr s Jo ]
xl Xl 2220212 )2

a,f,cd, jik
xl Y
wa; (2) a'fLed, k' asay
R AT R ys T,
A0 ,CrCy L k
X x 4063,C9Ca, Ky

1
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The equations (11) and (12) are new in the given Iforms (see [10]), that the equations of the

iteration scheme, and the equations (9) and (10) for the two-

particle function S 52) and for propagator S @) have the same
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first step have,

except of the nonhomogeneous members, in which the four-
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(2)

particle function S, and three-particle function S 3(2) of the

second step are included.

Here it is need to note, that the third step of iterations
leads to the appearance of the equations for the six-particle
(twelve-tail), fifth-particle (ten-tail), four-particle (eight-tail),
three-particle (six-tail), two-particle (four-tail) one-particle

(propagator) functions. The above obtained equations allow
to make the consequent theoretico-field calculation of the
characteristics of hadronic decays, and also to investigate the
possibilities of the dynamic description in the limits of the
supposed approach of the interaction of the nucleons and new
exotic baryons of pent quark type.
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NAMBU-YONA-LAZINiO MODELINDO COXKVARKLI QRiN FUNKSiYALARI UCUN TONLIKLOR

Bilokal monbali orta saho paylanmasinda Nambu-Yona-Lazinio modelindo ¢oxkvarkli Qrin funksiyalar1 ii¢iin

tonliklor alinmigdir.

P.I'. Ixxadapos

YPABHEHUA JIJISI MHOTOKBAPKOBBIX ®YHKIIWI T'PUHA B MOJIEJIA HAMBY-UOHA-JTA3SUHUO

B paznoxeHun cpeHero nosisi ¢ OMIIOKaabHBIM UCTOYHUKOM B Mojiesin HamOy-Vona-Jla3nHuo mostydeHsl ypaBHEHHS ISt

MHOT'OKBapKOBbIX QyHKuui ['puHa.
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OPTIiK KANALLARDAKI MULTIPLIKATIV MANEOLORIN TOSIRININ
AYIRICI PARAMETRLO QiYMOTLONDIRILMOSI

R.A. ABDULLAYEV, M. YUKSOK
Qafqaz Universiteti, Qars, Tiirkiya

Mogqalade informasiya dasiyan faydali signalin optik kanalda meydana gelon multiplikativ (moduledici) maneslor toerefinden slave bir
amplituda modulyasiyasina ugradig1 ve bunun naticesinde signalin ortimal gebulunun pislesdiyi gostorilir. Burada toklif edilon ayric1 para-
metr vasitosilo miixtolif multplikativ maneolor yaranan ortik kanalin efektivliyi hor bir hal {iclin ayrica statistik xarakteristkalar1 hesab-
lamadan keyfiyyotco qiymtlondirile bilindiyi osaslandirilir. Hesablamalar her bir multiplikativ maneanin siqnalin gebulunu ¢atinlesdirdiyini,
bu tesirin signalin ve maniyanin nisbi dispersiyasina bagl oldugunu gdsterir. Bu ndqteyi-nezerden lazer siialanmasina multipliativ maneslo-
rin tosiri daha az oldugundan informasiyanin Gtiiriilmesi li¢lin daha yararli oldugu naticesine golirik.

Giris

Informasiyanimn ortik diapozonda &tiiriilmesi zamani bu _ . : L+ o)
diapozona bagli olan yeni xiisusiyyatlar ortaya ¢ixarir. Optik U(t) x(t) a(t)exp {l [a)ot (t)]} @

signalin kigik intensivliklerinde signalin optimal gebulunda
kvant-say metodundan istifade edilir, yoni har bir informa-
siya simvoluna miieyyen bir 7 zaman miiddatinde qeyd olu-
nan foton say1 uygun golir. Malum oldugu kimi optik kanalin

soklinde yazaraq cixisindaki F(?) analitik siqnali Furye
inteqralinin komayile

informasiya tutumu buradaki daxili ve xarici maneoalorloe 1 % ot
(kiiylorle) barabar signalin kvant tebistiylo do mehdudlagir V(f ): - IS (a))K (a)at )e dow (3)
[1]. Bu zaman optik kanalda yaranan multiplikativ (module- 27 2,

edici) kiiylerin tosiri daha da artar. Ciinki bu maneslor fayda-
11 signalin seklini deyisdirdiyi kimi, onun statistik xarakteris-
tikalarin1 da deyistirir [2]. Bu ise signalin gebulunun orta xe-
tasinin artmasina sebab olur.

soklinde yaza bilrik. Buradaki S(@) giris siqnalinin spektral
sixligidir.

Ogor A(wt) vo ¢(t) funksiyalarinin @, dasiyict tezlik
otrafinda @ yo goére Teylor sirasina ayiraraq siranin iki ilk
haddi ile mehdudlasdirilacaq (kicik dispersiyasi olan kanalda
dar zolaqli signallar {iglin bu miimkiindiir, ¢iinki bu halda
signalin tezlik tohriflorine ugramasi diqqete alinmayacaq

Almman naticalor

Optik kanalin riyazi aragdirilmasi zamani ona deyisen
parametrli xatti dordqiitblii kimi (sekil 1) baxilir ve Gtiirme

. . goder kigik olur).
funksiyas1 K(@1); Beloliklo 6tiirme funksiyasi
_ ip(1) A
K(w,t)= A(w,t)e (1) K(@,1)= K(eo, 1) @on) @
. soklino diislir. Bu ifadedo
soklinde yazilir [3]. Burada A(w,t) dordqiitbliiniin
amplituda, ¢(?) faza xarakteristkasidir.
op( w,t)
T=———"7—"" &)
w = o
Ut Klw,t V
( ) (m’ ) (t) olaraq isare edilmisdir. (2) ifadesini (3) de yazaraq bozi sade
o ¢evirmoalori apardigdan sonra dordgiitbliiniin ¢ixiginda alanan

analitik signalin

Sekil 1. Dayigen parametrli xotti dordqiitblii kanalin girisindeki
U(t) analitik sinyali; |

V(t)= A(wo.t)- alt — 7)expli[wot + Pt — )+ @, 1)]} (6)
|

gondorilon modulyasiyasini gosteren headdleridir. Miiqayise gosterir ki,
optik kanaldan kegon dar zolaqli siqnal A(@,¢) qanunuyla de-

soklindoe oldugu goriiniir. Buradaki a(t)e“’(’)

informasiyaya uygun olan ve deyismeys ugramamis faydali ' ) k )
signalin kompleks amlitudasidir. Optik kanalin ¢ixisinda  Y1$90 amplituda, (/’(wo’t ) qanunu ile doyisen faza modulya-
alinan analitik signalmn (5) ifadesinin girisindeki (2) analitik  siyasina ugrayir. Faza modulyasiyasi heterodin tipli qebuledi-

signali ile miiqayiso edok. Burada a(t) vo ‘I’(t) modiilo ~ cilorde vo holografik sistemlorde boyik ehomiyyoto malik-
dir. Bizi maraqlandiran enerji hasasiyatine asaslanan gobul-

edilmemis prosesdo amplituda vo faza, x(t ) iso amplituda  edicilorde faza modulyasiyasindan istifade olunmadigindan

32



bu modulyasiyan1 gelocekde diggete almayacayiq. (5) ifade-
si eyni zamanda optik kanalin ¢ixisindaki signalin giriginde-

kine gore r(t) gecikmasine ugradigini gostorir. Bu hadise

faza—implus tipli optik sistemlorde xiisusen ¢ox boyiik ehe-
miyyate malikdir. Dordqiitbliiniin  amplituda xarakteris-

tikasinin mailliyi az oldugu halda a(t— z') ifadesini (#-7,)

ndqtesi otrafinda (burada 7, orta gecikmo doyeridir) Teylor
sirasina ayiraraq, bu gecikmo hadisesinin signalin amplitu-
dasinin olave bir kily modulyasiysina getirdiyini goriiriik.
Dogrudan da

a(t—r)za(t—ro)+w&(t) -1+ )] )

yazdigimiz zaman

dlaft-7)]
— dt

B a(t - T())

haddinin olave kiiy modulyasiyasmin ifade etdiyi ortaya
IXIT.

Beloliklo, deyisen parametrli optik kanaldan kecon
faydali signalin burada yaranan multiplikativ (ve ya module
edici) maneolor torafinden alave amplituda modulyasiyasina
ugradigi goriiniir. Foton-say prinsipine osaslanan optik
gebuledicilerde bu kiiylerin ilk névbede verilon 7" miidde-
tinde geyd olunan fotoelektronlarin » saymin P(n) paylanma
funksiyasmin deyismesine sebeb olur. Buna gore optik
informasiya kanalin1 yaradirken qabaqcadan burada ortaya
¢ixacaq multiplikativ maneolorin tosiri nozere almmalidir.

Optik rabite vo lokasiya sistemlerinin nazeri arastirilma-
sinda vo miihandislik layihelendirilmeasinde optik saholerin
statistik xarakteristkalarn bilinmesine boyiik ehtiyac vardir.
Bunlarin i¢inde on shemiyystlisi gobuledicilorin ¢ixisinda
alman fotoelektronlarin P(n) paylanma funksiyasidir.
Statistik xarakteristkalar moalum olundugu zaman gebuledici
qurgularin optimal qurulusu secile bilir, optik signalin funksi-
yalart miieyyonlosdirilir ve istifade edilen elektron cihazlarin
hasasiyyetinin serhed qiymetleri tapilir. Prinsipce ortik kA-
nalda additiv ve multiplikativ manealor oldugu her bir hal
iciin P(n,T) funksiyalari hesablanaraq gebuledicinin buna
uygun olan optimal qurulusu se¢ilir [4].

Amma her bir hal {igiin bu xarakteristkalar xiisusi olaraq
hesablandiqlarindan miirekkeb ve vaxt alan bir prosesdir.
Halbuki, asagida gdstereceyimiz kimi gebul edilen signalin
fliikktiiasiya xasselarini nezere alan bir kemiyyetden istifade
edorok optik rabite sisteminin effektivliyini tez ve asan
giymsetlandirmek miimkiindiir. Optik diapazonda gebuledici-
nin girigindaki signallarin intensivliyi ki¢ik oldugundan ra-
diodiapozondaki signal manes nisbatine osaslanan giymst-

&(z)

-o(t) ®)

loendirma burada yetorsiz olur. Bu halda signal ve kily ﬂﬁk—l

1+

2
< Hsig >

tilasiyalarinin statistik xarakteristkalarinin ehemiyyati daha
da artacaqdir. Bu durumda optik gebuledicinin effektivliyinin
keyfiyyotco qiymetlondirilmesi qebul edilon siqnalin fliik-
tilasiya xassolorini ohato eden kemiyyotlore asaslanmalidir.
Bu moagsedle manes prosesi ilo signal ve manes siiperpozi-
syasint prosesini bir-birinden ayrilmasina esaslanan

v § SRSV

<Hst+g >

7/:

komiyyeti secilo biler. Ayrici parametr adlandiracagimiz bu

komiyyetin (8) ifadesindeki < n > ve < An’ > kemiyyetlori
indekslorine uygun olaraq manes vo signal + manee proses-
lorinin orta deyerleri ve dispersiyalaridir. Ayrict parametr-
lorin fiziki menasi sokilden aydimn olur.

Pa(n)
A

- 4

Sokil 2. Ayirici parametrin gostorilmesi

Buradan goriindiiyii kimi y artdigca kiiylerin ve signal ile
maneslarin toplaminin paylanma funksiyalar1 bir-birinden o
geder c¢ox ayrilmig olur ve bununla signalin ayrid edilme
ehtimali ¢oxalir. Multiplikativ maneoslorin tesiri y ayrica
parametrinin, bu maneslorin olmadig1 y giymetinden olan

forqiylo qiymetlondirmek daha faydalidir, ¢iinki bu halda
daha sade ifadeler alinir. Dogrudan da bu zaman

A}/:]/O—}/:O-Z

olur. Burada gi, o-?, ve 0-2 uygun olaraq signalin,

multiplikativ maneenin ve module edici manes olmadigi
halda signal ve additiv kiiylorin birge fotosay1
paylanmalarmin nisbi dispersiyalaridir. (10) dan goriindiiyti
kimi Ay > 0 olur, yeni istonilen multiplikativ manee sigqnalin

gebulunu pislesdirir ve bu, signalin gi,, modul edici

maneanin O'% nisbi dispersiyast ilo artir. Bununla birlikde

<Api>+<Ap.>

-o1(1+07) = (10)
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informaiya dasiyan signalin fliktiasiyalar1 boyiik oldugu
durumda multiplikativ maneslerin tesiri daha ¢ox olur. Bu
ndqteyi-nozorden konkret siialanma menbslerinin istenilen
multiplikativ manes ii¢iin daha c¢ox optimal oldugunu
goriiriik. Modiile edici manealorin nisbi dispersiyasinin kigik

oldugu halda, yeni O'% << 1 oldugundan (10) ifadesini siraya
ayrraraq ilk iki hadle kifasytlonerak



.

1 +o0
A]/z— O-[( O-w) (11)
2 2 2 2 2 1 1 O'fv
citowtoiont——|1+— [+
<ng>X xX) X
<n, > ligin sokil 3-do <p>=0,1 , =10 ve x=50
yaza bilerik. Burada y ==z signal maneo nisbotidir. Q ’ o ’?g . £ . £ -
<ng> giymetleri {igiin (10) ifadesi ile hesablanmis giymstlerinin

¥ >>1 oldugu halda bu ifade daha gox sadelogerok

1 03(1+afv)
Ay =—.
! 2 \/03+ai+0§0i

sokline diiser. Bu yaxinlasmada Ay nin additiv kiiylorden

(12)

asili olmadig1 ve O'? ve O-%v komiyyetlori ilo miitonasib
artdigin1 goriiriik. Alinan naticeleri eyani olaraq gdstermeak

multiplkativ maneslorin modulyasiyast emsali b ile

deyismasi verilir.

Signal menbayi olaraq lazer (o-fv =0) vo darzolagh

istilik menboyi (g2 =1) goriiriilmiisdiir[5]. Multiplikativ
2

maneslor xatti doyigen ( O'§ = E ) vo sinusoidal (o-§ =

B>
2)

signallarla appoksime edilmisdir [6].
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Sakil 3. Ayrict parametrin is1q menbeayine, multiplikativ manee ndviine ve modulyasiya emsalina baglilig1. Soldaki qrafiklerde signal

manes nisbati y = 10, sagdakilarda ise y = 50 ’dir. Koherent menbae ii¢iin lighucaq noqteloer (O-fv = ), istilik menbasleri

ii¢iin diizbucaq noqtolor ( O'iv = 1) olaraq hesablanmisdir.

2
b
12

o—f = olaraq gotiiriilmiisdiir.

. . 2 b L
Sinusoidal manealarde ; = — ; xatti doyison manealorda
2
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Alnan naticalorin miizakirosi menbayine gore daha bdyiik alinir, ¢linki koherent menbayin
fotosay1 paylanmasimin dispersiyasi iki qat azdir. Qrafikler
Qrafiklorden goriindiiyii kimi 4y siqnal maneo nisbati y  €yni zamanda xotti deisen maneslerin tosirinin stinisoldal
artdiqda artir. Beloliklo additiv kilylerin olmadigi ideal —sokildo deyison maneolore goro daha az oldugunu gdstorir.
sistemlorde multiplikativ maneolorin tosiri daha g¢oxdur Alinan naticelor binar kodlanmis kvant say sistemlori tigiin
neticesine golirik. Bununla beraber yuxarida qeyd etdiyimiz ~ aparilmus hesablanmalara uygun golir [7].
kimi Ay, istilik menbelorini siialanmasinda koherent

[11  J. Arnaud, Opt. Quant. Elektron. 2002, 34, Ne4, 393 s. [S] R.Ya. Abdullayev, M.I. Jenik, Baki Universitetinin

[2] A.A.Eqorov. Opt. Spektr., 2003, 95, No2, 276s. kheberleri, fiz—mat.el.ser. 2003, Ne3, 143 s.
[3]1 LE. Kremer, V.I. Viadimirov, B.I Karpukhin. Moduli- [6] R.A. Abdullaev, 1A. Deryugin, B.N. Kurashov,
ruyushie pomekhi i priyom radiosiqnalov. M., 1972. V.N. Nastich, Uchenie zapiski AGU, ser. fiz.- mat
[4] A.Q. Sheremetev. Statisticheskaya teoriya lazernoy nauk, 1972, Ne4, 88 s.
svyazi. M.,1971. [71 LA. Deryugin, V.N. Kurashov, A.V. Mashenko, 1zv.

VUZ, Radioelektron, 1980, Ne5, 98 s.
R.A. Abdullayev, M. Yuksek

THE ESTIMATION OF OPTICAL CHANNEL WITH MULTIPLICATIVE
NOISE BY USING OF SEPARATING PARAMETER

It is shown that optical signal carrying information in optical channel with multiplicative (modulated) noise is exposed to additional
modulation. The offered separation parameter allows to estimate the efficiency of optical channel in the presence of different multiplicative
noise without calculation of statistical characteristics of accepted signal. Our calculations showed out that any modulating noise corrupts of
signal acceptation and the corruption degree depends both on relative dispersions of optical signal and multiplicative noise. Thus the
coherent signal of laser radiation undergoes to the influence of any multiplicative noise in less degree and because is more acceptional for the
information delivery.

P.A. Adayanaes, M. FOkcek

OIEHKA OIITUYECKOI'O KAHAJIA C MYJBbTHUIINIMKATUBHBIMU IIOMEXAMHU
C IIOMOIIIBIO TAPAMETPA PA3JIEJIEHUSA

B cratbe mNOKa3aHO, YTO ONTHYECKHUI CHUTHAJ, HOCSIIMHA HMHGPOPMALMUIO B ONTHYECKOM KaHAJIE C  MYJIbTHIUIMKATUBHBIMH
(MOZyNUpYIOIIMMHK) TMOMEXaMH IOABEPraeTcsl OMOMHUTEIbHON aMIIMTYAHOH Momynsuuu. IlpeqnoxeHHbI! mapameTp pasieleHus
MO3BOJISIET ~ OLCHUTh 3((PEKTUBHOCTh ONTHYECKOrO KaHAla NPH HAJIMYUM Da3IMYHBIX MYJIBTHIUIMKATHUBHBIX IOMEX 0€3 BBIYMCICHHS
CTATHCTUYIECKUX XapaKTEPUCTUK MPHHUMAEMOTO CHTHAJa. BBIUMCIEHUS MOKa3bIBAIOT, YTO JII00as MOMYIHPYIOIas IOMeXa yXyAIaeT
YCIIOBHS TIPHEMa, U 3TO 3aBUCHT OT OTHOCHTENIBHBIX IHUCIIEPCHH, KaK ONTHYECKOTO CHTHANA, TaK M MyJNbTHIUIUKATHBHON momexu. C 3Toi
TOYKH 3PEHUS] KOTEPEHTHBIH CUTHAJ JIa3€pPHOTO U3JIyYEHHs ITOJBEPTacTCsi MEHBIIEMY BIIMSHUIO JIOOBIX MYJIbTHIUIMKATUBHBIX MOMEX, H OH
sIBIIsIeTCS HauboJiee ONTHMAIBHBIM JUIS ITepeadl HHHOPMaLUH.
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POSSIBLE CAUSES OF SCREEN BACKGROUND RADIATION OF ELECTRO-OPTICAL
TRANSFORMER (EOT)

X.N. VEZIROV, N.I. IBRAGIMOV
Institute of Physics of NASA,
Baku Az-1143, G. Javid av., 33, Azerbaijan

The analysis of the possible mechanisms of the appearance of the screen background radiation of (EOT) has been carried out.

As it is known, the electron (@) work function for the
effective functioning of the photocathode should be less than
the energy of the absorbed photon. The important
circumstance is the spectral distribution of the
photosensitivity. Nowadays the photocathodes Ag — O — Cs
have the biggest photosensitivity in the wave-length region of
the spectrum (nearest is infrared). At the same time these
photocathodes have the biggest current density of the
thermionic emission at the room temperature [1]. However,
the thermionic emission of photocathode of EOT is very
undesirable, i.e. it leads to the appearance of the parasitical
background radiation of the luminescent screen. The big
quantity of the investigations on the revealing of the
mechanisms, causing this phenomenon has been carried out,
but the final answer hasn’t been found yet. Thus, in the ref
[2] the high density of the thermionic current (as cause —
background radiation) connects with presence of the caesium
oxide in the photocathode, and in the ref [3] it connects with
the existence of the corpuscular caesium in the photocathode.
Below we will consider the set of another circumstances,
which can cause the screen background radiation of EOT.

The metallic argentum, evaporated in high vacuum
(p<10°mm of mercury) at the production of Ag — O — Cs
photocathode oxidizes [4]. As Ag,O and Ag have different
crystallic structure, and the pressure of the steams of oxygen
under Ag,0 is significantly even at the room temperature, so
Ag)O film can’t be total and consists from the smallest
particles. The photocathode formation carries out in the result
of the interaction of the gaseous caesium with the oxidated
film of argentum. The caesium oxides, rolling each
submicroparticle of argentum are created at Cs evaporation
because of the presence of the oxygen around Ag,O particles
[S]. The pressure of the saturated steams of the oxygen under
Agy)O at 400K~58mm of mercury, and at 450K is 464mm of
mercury [2]. Thus, Ag,O decomposes with the creation of the
metallic argentum at the photocathode formation in the
evacuated volume, and evaporated Cs transfers into Cs,0O (as
in the solid phase because of the diffusion processes, so in the
gas phase directly). The creation of the caesium oxide, which
as impurity in Cs;O (semiconductor with forbidden band
width is =2,4eV approximately [4]) influences on the
photocathode characteristics, creating the p-type levels in the
forbidden band Cs,O and causes the chemosorption of
corpuscular Cs in the evaporation process of the last is
possible because of the excess of the oxygen.

For the increase of the emission ability of the cathode it
is needed to form thin layer of the metal with the low ionized
potential on its surface. The use of Cs is caused by the fact,
that it has the less work function (¢=1,87+1,94 eV [6,7]),
melting temperature (303K) and high pressure of the
saturated steams at the moderate temperatures (for example at
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423K~10” mm of mercury [7]) among alkali elements. In the
result of the thermal ionization the electrons of Cs atoms
transfer into the conductivity band of Cs,O and the negative
volume charge forms in the near-surface layer, which is equal
to the charge of the positive ions (Cs') on the surface. The
electric field of the double layer, created by this way leads to
the decrease of the cathode work function. The work function
of photocathode Ag — O — Cs, defined on the red line (=1300
nm) is @ = 0,95eV, the measures on the method of the contact
potential difference give the same value [6].

The integral sensitivity of photocathode Ag — O — Cs
achieves #8-10° A/Lm, and quantum efficiency in the wave-
length region of the spectrum =0, 002 el/kv. [6].

The semiconductor layer Cs,O, supplying the
photosensitivity in the short-wave region and the colloidal
particles of the argentum, covered by caesium, causing the
photosensitivity in the wave-length region of the radiation are
the main emitters in the photocathode Ag — O — Cs. The
spectral sensitivity of the photocathode includes the spectrum
region ~#300+1300 nm (with maximums =350 and ~800 nm).
The typical spectral distribution of the photosensitivity of
photocathode Ag — O — Cs is given on the fig.1.
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Fig. 1.

In spite of the big quantity of the data the detail structure
of photocathode Ag — O — Cs hasn’t been established yet. The
finally formed cathode is multicomponent and complex
system, consisting from Ag, Cs and semiconductors Ag,O,
Cs;0. The quantitative ratio of the components and
technological steps, supplying optimal photoemission and
spectral sensitivity, are chosen by the experimental way in
the process of photocathode formation, and this can’t be
reflected on screen background radiation of EOT.



ABOUT POSSIBLE CAUSES OF SCREEN BACKGROUND RADIATION OF ELECTRO-OPTICAL TRANSFORMER (EOT)

Let’s consider the set of the circumstances, causing the
appearance of the screen background radiation of EOT. The
exclusive purity of the surface as the base (substrate), so
photocathode is the important thing, i.e. the absence of the
roughnesses and adsorbed alien atoms (molecules) that can
cause the filling of the surface levels by the current carriers
with all consequences. In spite of the fact, that modern
technological methods allow to come to the minimum this
circumstance, it is impossible to exclude it totally.

It is widely known, that the islands of the (aggregation)
metal form on the substrate at the precipitation (evaporation)
of thin layers (=10 nm) of Cs or Ag because of the high
mobility of the condensated atoms even at the enough low
temperature of the substrate. And this, on the level with the
technological fluctuations, is the one of the important reasons
of the incomplete repeatability of the properties, produced
photocathode. Moreover, the isle structure can cause the
significant background radiation. Thus, if we are proceed
from theory of Langmuir spots [6], then the local work
functions of the separate regions won’t be similar because of
the irregularity of the cesium distribution on photocathode
surface and consequently, the photo- and thermoemission of
the electrons will be different from these regions and this will
create directly nonhomogeneous distribution of the brightness
of screen background radiation on the screen of EOT.

At the isle distribution the interfaces between particles
Ag, Cs and Cs,0 present the enough developed surface with
the irregulars and microlugs and the effect of the strong field
appears at the current chose from the photocathode on the
anode because of the known phenomena of the increase of
the electric field on the microlugs [8], that leads to the
increase of the electron emission from these regions, i.e. to
background screen radiation. And indeed, it is established by
the electron-microscopic investigations, that sizes of metal
particles (Ag, Cs)=10 nm, sizes of the irregulars on these
particles 1 nm. Thus, the size of the canals, where electrons
can tunneled through the barrier in the boundary layer from
the metals as into cesium oxide, so into vacuum because of
the effect of the strong field.

For the calculation of the gain f we can use the formula

~1,89-10° - ¢"% - Ad
xe ’

B

Where Ad is thickness of semiconductor Cs,O film (m),
¢ is its dielectric constant, y is the energy of the electronic
relationship of the semiconductor (external work function in
eV), ¢, is metal work function (eV). Substituting the typical
values of the parameters of the semiconductor film and metal
(Ad = 40nm, ¢= 8, y = 0,3eV, ¢, = 4,5¢V [1,10]), we obtain
that £ can achieve the value =300.

Thus, the resistance of the electric field can achieve the
value ~3-10° V/cm at the usual values of the electric fields for
the vacuum volume of EOT =1000 V/cm in separate regions
of the photocathode. At such electric fields the significant
current of the autoelectronic emission even from the metals is
observed. The density of the dark current of the
autoelectronic emission from photocathode Ag — O — Cs
achieves the value ~10"'°A/cm at the room temperature, and
isle character of the autoelectronic emission causes the
background luminescence of the screen.

The photocathode Ag — O — Cs has the significant
second electronic emission because of the electron warming-
up, thermoexcited into the conductivity band Cs,O by the
electric field inside the last one (especially at the existence
Cs' ions on the photocathode surface). The coefficient of the
second electronic emission =10 at the energy of the primary
electrons 600eV and =4 at 100eV [11]. Finally the current of
the photocathode emission even at the constant luminescence
isn’t strictly constant; it has the statistical fluctuation (shot
noise). The second electronic emission and shot effect also
are causes of the original background luminescence of the
screen of EOT.

All above mentioned factors (each separately and in
aggregate) put the definite contribution in the parasitic
background radiation of the luminescent screen of the
electron-optical transformer.
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Elektron-optik ¢evirici ekranimnin kily sualanmasinin sebableri arasdirtlmisdir.
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The energy spectra of carriers confined to a cylindrical semiconductor quantum wire in an inhomogeneous magnetic field which is

B=0r < r, and B #0 elsewhere are studied by, taking into account the real band structure of InSb type semiconductors; narrow

energy gap and strong spin-orbit interaction. It’s found that the eigen energy spectra for the magnetic quantum wire critically depend on the
number of missing flux quanta. Since the spin effect is taken into account, each energy curve splits into two curves. The crossover point of
energy curves for m=0 state with opposite spins is obtained around the value of S=8. The magnetic field and the radius dependence of the

edge g-factor is also studied.

1. Introduction

Recently there has been a great interest in the behavior of
carriers with an inhomogeneous perpendicular magnetic field
about low-dimensional systems both theoretically and
experimentally [1,2]. On the other hand edge states play an
important role in understanding the transport properties of
quantum nanostructures [3]. Magnetic edge state in a
magnetic quantum wire becomes quite popular, in particular
conjunction with a possible candidate for a high density
memory device or spintronic materials, so various magnetic
nano-quantum structures are reviewed in detail [4]. Advances
with respect to growth as well as high-resolution electron-
beam lithography techniques allow the novel confined
structures called quantum wires or quantum rings. Transport
properties of edge states in quantum nanostructures have
been discussed by many groups. Peeters, Matulis and
Ibrahim [5] presented energy levels in the magnetic antidote,
while Reijineries, Peeters and Matulis [6] further performed a
more detailed and complete study of the bound states of such
a system. Solimay and Kroner [7] solved the classical and
quantum mechanical equations for a magnetically confined
quantum dot and discussed the eigen energies. Badalyan and
Peeters have developed a theory for the non-homogeneous
magnetic field induced magnetic edge states and their
transport in a quantum wire formed by a parabolic confining
potential [8]. Thm et al [9,10] investigated the two
dimensional electrons further confined in an inhomogeneous
magnetic field. They have found that the eigenstates deviated
from Landau levels, due o the non-uniform magnetic field
distributions, forming the magnetic edge states which
critically depend on the number of missing flux quanta within |

the dot or the ring. Recently Young Guo et al [11]
investigated the electron spin effect on quantum states and
magneto-conductance in a magnetic quantum antidote with
inhomogeneous magnetic field results in further splitting of
energy levels. In the work of [12] the electron states and
circulating probability currents due to the inhomogeneous
field distribution formed in a magnetic quantum ring is
studied. However, the experimental advantages of using
narrow-gap semiconductors for the reduced dimensionality
systems make it necessary to account for the real band
structure of these materials. The purpose of our work is
taking into account the coupling of the conduction and
valence bands and the non-parabolicity of the electron
dispersion while studying the narrow and medium gap
semiconductors. It’s also aimed to study the magnetic field
and the radius change of edge g-factor. In the present study,
using eight band Kane’s model including the conduction
band, light and spin orbital hole bands, the energy spectrum
and edge g-factor of electrons confined to a cylindrical
semiconductor quantum wire (InSb) in an inhomogeneous
magnetic field which is B=0 » < ¥y and B#0 elsewhere

are investigated. In the eight-band Kane’s Hamiltonian the
valence and conduction bands interaction is taken into
account via the only matrix element P (so called Kane’s
parameter). We also neglect the free-electron term in the
diagonal part and the Pauli spin term as they give small
contributions to the effective mass and the spin g-value of
electrons in InSb. The system of Kane equations including
the non-dispersional heavy hole bands have the form
[13,14,15,16]:

- EC, - ‘C+\/7PkC+\/_*C+\/_ZC+Ij/k_*C—O (1)
_EC, - \fpkc *C+Iz/k§C7—Ij/k§zC8=0 @)
- JE —(E+E,)C, =0 @)
\Epkzcl—%c —(E+E,)C, =0 4)
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2 Pk _
\/;szcz +fcl_(E+Eg)C5 =0 (5)
Pk
Z=C,—(E+E,)C, =0 ©6)
\/5 2 g 6
Pk Pk
—C +—=C,—-(A+E+E ), =0 (7)
\/g 1 \/g 2 g 7
P P
k‘-Cl— i C,-(A+E+E,)C; =0 (®)

V3 V3

Here P is the Kane parameter, E, - the band gap energy, |

k. have forms
A- the value of spin-orbital splitting and k, =k, tik,,

. 1 7,
k =iV, C, are envelope functions. k., — k., ilEﬂH[ _l”_zjnr (11)
2. Theory where
The model that is considered in the present study is R ﬁ (12)
composed of an electron confined to move in a cylindrical P XY, Ay = he

semiconductor quantum wire under the influence of a

magnetic field in the z-direction, which is non-zero except One can now express the envelope functions

with a cylinder of radius #;. The magnetic field is described C,,C,....C, by the functions C, and C, respectively, and
by substitute them into the first and second equations, we finally
B (7) = BE (r > 0) obtain the following decoupled equations for C, ,:
0 (r < ro) ©))
P 2 1
—8——[ jA3 C,=0 (r<n)
3 le+e, e+¢e,+A ’
Than the vector potential will be as follows; ¢ ¢ (13)
1 ’ where A; is three dimensional Laplacian.
A= _[ _r_ng(_ v, x,()) (10) When there is magnetic field
2 r
|
2
P 2 1 - - 22
—&+— + {—V2+2/1Hh l(l—rozr 2)Lz+/112q(1—r02r 2) rz}i
3letey, e+e,+A
, Cl,Z =0 (r>r0)
P 1 1
2y — -
3leteg, e+e,+A
(14)
where L_, z component of angular momentum operator L and rr=x>+ yz.
The wave functions in cylindrical coordinates are separable;
img+ik.z 41
CL2 = Mtk ¢L2 (r) (r < ”0) (15)
imp+ik,z 12
C, =e""" g2 (r) (r>n) (16)
where m is the angular momentum quantum number. The equation of the radial part is written as;
d> 1d (2mE m’
{F+—d—+ T |2 =0 r<n (17
r rdr r '
d> 1d 2m E, (m-s) e’H’®
_d2+_d_+ h”z 2—( 5 ) —rz—/iH(m—s)— e r’ ¢1(§)(r):0 r>, (18)
r v dar r c
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h 3g(g+ggxg+gg+A) ,
- , and

2m, | P* (3g+3gg+2A) ’

n

Here E1 =

. R 3 £(£+£gxg+gg+A)_ A
2m, | P2 (3e+3e, +24) 36 +36, +2A

1(12)(1”) is expressed as ¢11 z(r)ZClJ‘m‘( ;(r) where the function J, is the Bessel function of order m,

2
-
¢1(22) (r)= Czr‘m_s‘ /26 2 U(a,b, x) where U(a, b, x) is the confluent hypergeometric function [17].
In here
2_2m0 3 8(8+8gxg+8g+A) )
T w2 ep| Be+3s, +24) —k (4
h Ep €+ gg +
1 |m—s|+m—s 38(8+8 Xg-l-é‘ +A) A
a=—+ - £ £ + (20)
2 2 ho,Be +3¢, +2A)e, ~ 2(3¢ +3¢, +24)
b:|m—s|+1 (21)
2m r? | 2my 5
where &), :_20 Pz, X = —— and the magnetic &y = —2P =23.42 eV and m, is the free-electron
h 215 h
mass [18].
leneth is [, = E The effective edge g-factor can be determined from the
engthiis ty = eH Zeeman splitting of subbands:

It’s expressed the whole quantities in dimensionless units

_et-el

. _ eH 0 . g( & (22)
by letting h@, (@, = ( 2m00j is the Larmor ) L H
. _ moa)o .
frequency) and the inverse length [3| = h be 1. Here £ T and & are the electron energy for spin +z
and —z directions respectively.

) 2 ho
In these units, hAO = %2 —1 and 7, = \/E S0 3. Results

In this section, it’s calculated exactly and discussed the

that s = H 0 ﬂ]"oz / ¢0 is the only relevant parameter. Here s single-electron eigenstates and transport properties of a
magnetic quantum wire by taking into account the real band
structure of InSb type materials; narrow energy gap and

flux quanta within the wire [9,10,11] and ¢, (2 h%) the strong spin-orbit interaction. Figure 1 represents the
e estimated dependence of the energy eigenvalues in the
magnetic quantum wire on the angular momentum m. The

solid curves correspond to the spin up case g = +% and the

is a scale parameter which represents the number of missing

flux quantum. Since there is no magnetic field inside the
magnetic wire, the magnetic edge states may not enclose the
magnetic flux, resulting in missing flux quanta; these are
absent in the edge states formed by electrostatic
confinements. The energies are easily determined from the
continuity of the wave functions and their derivatives at the ~To allow comparison with the works of [9,10,11], in this
boundary of the wire. figure and the following one, the energy is in units of
In the calculations of the electron energy spectra for hw, =1 at g =500 A and H, =2.633T (corresponding the
narrow gap InSb cylindrical wires we choose the =5 in references [9,10,11]).
semiconductor band structure parameters for InSb: energy
gap Eg=0.2368 eV, spin orbit splitting is A=0.810 eV,

spin down case g = _% respectively for different m values.
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Fig. I. The dependence of the energy eigenvalues £ o
H,=2.633T. k. =0.

At a first look in Figure 1, we notice the Landau level
degeneracy is broken. As it can be seen the lowest energy
state occurs at m=(0. This result indicates that the
inhomogeneity of the magnetic field perturbs mostly the
states near the boundary of the quantum wire, and this
perturbation is caused by the missing flux quanta s. The

in the quantum wire on the angular momentum m for 7, = 500 A,

| momentum m for m<0, while they increase rapidly with the
increasing of m for m>0 as in references [9,10,11]. The
splitting, due to the spin between the energy levels are
decreased with the increasing of n, which is the main
different result in comparison with the ref. [11] and it’s
because of the interaction between the valence and

energy levels increase slowly with the decrease of angular | conduction band.

0.6 | (2, 1/2)
(2.-1/3)
a.5 -
il 13
(1.-1/3)
0.4 f (-1, 12
E (-1,-1/2)
Wk (0, -1
M, 172
a.2 -
[
ZI '; EI Eli lID lIZ .qu

Fig. 2. Energy spectra as a function of S n=0and m=-1 fo +2 , where + % is spin up and spin down values. 7, = 500 A, k,=0.

In Figure 2, we represent the energy spectra as a function
of the number of missing magnetic flux quanta S

| (S =Hm?/¢,). In this figure it’s shown only n=0 and m=-1

to +2 states to avoid the complexity. The energy units ¢,
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are set to one at s=5 and 7, is fixed. The different energy
labeled with the
numbers (m,O'). Since the spin effect is taken into account,

levels are corresponding quantum

each energy curve splits into two curves. The crossover point
of energy curves for m=0 state with opposite spins is
obtained around the value of S=§&. It’s noted that some of |

-EE |

-4

o —235

=20

-4

the crossover points in the same angular quantum number
may be located outside the magnetic region presented.

In Figure 3 the magnetic field change of edge g factor for
electrons at the ground state (m=0) is illustrated. It’s seen
that edge g-factor increases with the increasing of the
magnetic field.

10 1z 1% 1&

g

Fig. 3. Edge g-factor versus magnetic field, for electrons of InSb at the ground state. r, =500 A, k,=0.

Figure 4 represents the radius change of edge g factor for electrons at the ground state (m=0). It can be seen that the edge
g-factor approaches to the bulk value with the increasing of the radius.

—25.4962

—25.96%
66

—25.

—25.4965

Z00

00

Goo 00 Tooo

r

Fig. 4. Edge g factor versus radius for electrons of InSb at the ground state. H=1 T, k, =0.

4. Conclusion

We have investigated the energy spectra of a magnetic
quantum wire by taking into account the real band structure
of InSb type semiconductors. Energy spectra of quantum wire
shows deviated structures from the bulk Landau levels. It’s
shown that the different behaviors of the edge states depend

43

! on the amount of the flux in a magnetic quantum wire. The

magnetic field dependence of edge g-factor is also
investigated and found that edge g-factor increases with the
increasing of the magnetic field. In addition to this, it is
shown that the edge g-factor approaches to the bulk value
with the increasing of the radius.
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KEYN TiPLi YARIMKECIRICi KVANT TELLORINDO KONAR HALLAR

InSb tipli maqnit kvant tellorinds elektronlarin enerji spektrlori yarimkegiricinin real zona qurulusu nezors alinmaqla hesablanmigdir.

Elektronlarin kenar hallarinin effektiv g-faktorunun kvant telinin radiusundan ve xarici magnit sahasindon asililig1 6yronilmisdir.

A.M. Babaes, 1Il. Yakmakrene, A. Kokue

KPAEBBIE COCTOSTHUSI B KBAHTOBOM ITPOBOJIOKE KEHHOBCKOT'O TOJIYIIPOBOTHUKA

HccnenoBan sHEpreTUYECKU CIIEKTp HOCUTENEH TOKA B MOIYMPOBOJHUKOBON IMJIMHAPUYECKONH KBAaHTOBOM MPOBOJIOKE BO BHEILHEM,
HEOJHOPOJHOM MAarHMTHOM NOJe, B=0 ,OpU <y, and Bz0 B OCTAIbHOM IPOCTPAHCIBE, C YYECTOM PCAlbHOH 30HHOU CIPYKTYpbI

Y3KOIIEJIEBBIX IOYIPOBOJAHUKOB THIA InSb ¢ CHIBHBIM CHHH-OPOUTABHBIM B3auMojieiicTBueM. HaiileHO, 4TO SHEepPreTHYECKUil CIIEKTP
KPUTHYECKH 3aBHCHT OT YKCJIa KBAHTOB MarHUTHOTO NMOTOKa. C y4eToM CIMHA KaXkasi SHepPreTHUecKas KpuBasl paciiervisieTcss Ha jase. Js
cocTostHUst m=( KpUBbIE C MPOTHBOINOJIOKHBIMU 3HAYEHUSAMH CIMHA IIEPECEKAIOTCS OKO0Jo S=8. M3ydyeHa 3aBUCHMOCTb OT MAarHHUTHOT'O
T0JIS U Pajinyca MPOBOJIOKH KPaeBoro g- hakropa.

Received: 22.09.05
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THE GLUONS GREEN FUNCTION IN NLO

L.A. ALIEVA, S.A. GADJIEV
Baku State University
Acad. Z. Khalilov str., 23, Baku, Az-1145

In given article the polarizing operator of y,A,=0 and 0,A,=0 gauges is calculated. It was shown, that the polarizing operator

corresponds to a cross condition for two conditions, only in gauge Landau. Results received in gauges x,A,~0 and 0,A,=0 strongly differ
from each other and in both cases the condition corresponds is not carried out.

The gluons Green function in Yang-Mills gauge theories  Yang - Mills theory. The calculation of the Green function
in a general form can be represented as,
k
b _ 0 0 ab) 0 vai::évwvw
G2 =G5, + 2608, T2 85, G0 +... (1) % .
p-k
We shall limited by first two terms, since the second order is
determined by the second terms. The sum before the second
member means a summation of all diagrams of the second order.

There are following two diagrams in our consideration (see fig.1).
The ghosts loop, we do not consider, because limited by pure |

in the second order, leads us to calculated polarization
operator, according to formula (1). The polarization operator
corresponding to first diagram can be written as follows
[1,2]:

P 4
ig d k
ab _ aaa, £ bbb, (0) (0)
H#v - (2”)4 ,[ kz(p _ k)z f f Fﬂul#z Gm#z FVVWzGVle 5a]bl 5azbz @
I
Here g is constant of interaction, f **® f %P2 are color G(O) . _i( 5 — l+a K K )
indices, GL?‘ZI ,G;(Z?/z - the free gluons Green function, and # k2 k2
i I',, .. -arevertex functions. It is seen from this expression, that it differs from Green
by py 2 V2

functions in Lorenz’s gauge by a longitudinal part. Note that
Lorenz’s gauge corresponds to transverse gauge in
momentum space, and gauge y,A,~0 corresponds to
transverse gauge in "x-space". The expression (2) can be
written in the following form:

We shall calculate eq. (2) in both y,A,=0 and in Lorenz’s
gauge. The gluons Green function in yx,A,=0 gauge is
determined by us in work [3] and has the following form:

ig? d*k lta lta
Hab —_ Ig — k k . .
HY (272.)4 IkZ(p_k)2 ( Vit k2 i Vl) (gﬂz‘/z (p—k)2
*(p_k)uz(p_k)Vz I(p+k)#2 9 +(p_2k)u 9 +(k_2p)#1 9, I* )

i [(p * k)vz gwl + (k B 2 p)"1 gVVz + (p o 2k)v ngz balbé‘azbz

Here the top sign concerns to gauge y,A,~0, and the bottom sign concerns to Lorenz’s gauge. Let to present eq. (3) in more
convenient form:

ab __ Igz d4k ViV,
HHV - (27?,')4 {J. kZ(p _ k)2 F/l/h/lz gﬂl"lgﬂz"z -

~ara)] K kT g, -
k4(p_k)2 Hy Vi HEHy V)

d4k VvV
- (1i a)jm(p - k)”z (p - k)v2 F,u/li/lzz vy +

d4k V1V,
+ (lia)jmkm kvl(p - k)yz (p - k)vz Fﬂﬂiﬂzz}
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where

e = [(p+k), 9, +(p-2k), +(k-2p), g, |+

#[(p+Kk), 9., +(p-2k),9,, +(k-2p), g, ]

The first integral in this expression has been calculated in a number of works (see [1,2]) and looks like:

d’k

= I P | L T =Im[(2k2 —2kp+5p° )9 w—2P,p,+10k kK, —5(I0,,kv +p,k, )]

The second integral after convolution of indices looks like:

4
d k vwiva —
)2 Mgy g#z"z -

R T

p
Im[p# p, k> +k,k, (2 +2pk —k? )+ (p,k, + p,k, Jk? =3 pk)+(k? —2pk)g,, ]

The third and fourth integrals are equal to:

d‘k

Js =IW(P—‘<) (P=k), 2 g, =
4
:Iﬁ[(pz _kz)g/tv +P, p‘,(— p2 +2k2)+ k”kv(—kz +2p2)_(p/4kv + k,u pv)(pk)]

and

d*k
J4=Ik4(p (p-k),,,(p-k),, Tk 1kvl=fﬁ[kﬂkvp +p,p, (pk) = (p,k, +k, b, Jp? (pK)

—k) P

Now it is necessary to calculate the integrals Jy, J», J3 and J, over the momentum and angles variables.
Integration over the K we carry out in n-dimensional space with the further transition N =4 thus we using the following
formula [1]:

5 o Odmaloli="2m
I[|<2+|o 2x(1- X]_rléj )t xf e ( ZJ ( 2 j

. . |
For ‘apphcatlon pf thls formula to J, J,, J5 and J; we use 1 a F(l n 0() (1 n ﬂ)
Feyman's parameterization: '[ X
In this formula it was done in to Euclidean space. 0 F(Z +a+pf )
I d*k j- J- d"k Having integrated over the k and x we receive the following
expression:
k [k 2 ]2 P

And we carry out integration over x by use of formula

46



THE GLUONS GREEN FUNCTION IN NLO

ig? . 9 1 n 2 )2
n® =— 9 2 { 2 — 1___ } ( __j _p —
MV (2”)4 1z { (p g#" p/l pV) 6 p p 2 2

~(1ta)(p?g,, - p,P, )E 4( w PP, )F( ) pvr(z_gj_(_z_jjg‘z_

_ ) n,
~(£a)(p%g,. - b, )%—Z(p 0, — P, P, )F( zj%pﬂpvf@—ﬂj -(——2)2 -

L)

1t RE
—%(ngw—pym)-(—F] S

This expression can be written in a more foreseeable form, separating divergent parts:

9 25 19 1 ny 1 1 n
Ilab = 1 ab - 1i F 2_— - 1__ 1i F 2__ -

11 1 2\ @
2 H
(1t a)p’g,, —p,p, )| T+ S(xa) || £
6 2 -p
In order to keep correct dimension of polarization | According eq.(4) we can write out expression for the
operator, we have used a dimensionless constant of polarization operator in both gauge:
2 \4-n a) Lorentz's gauge:
) ) 2 2| M
interaction ¢, = ¢ 3
-p

. 92o X 11 1 ( nj 1 ( nj
e = _21%b _ J=_Zaf2-=|-= 1+a)| 2-= |-
=1 {(p g, |oﬂ|ov){3 2“} > 4pﬂpv( a) >

~(-a)p’g,. - p,p, )(; Zj} (—ﬁ—zjgz :

b) xA,~0 gauge
a 9’6, 11 1 ny 1 n
Hﬂbv = 1(15 zb{(p 9, — P, pv{gﬂ“ga}r(Z—Ej—z P, pv(l—a)F(Z—Ej—

ot ona) i) o)

The analysis of the formula (5) shows, that in Lorentz's |
gauge (=1) the polarization operator is not transverse. And
in gauge x,A,~0 at o=1 it has (the formula (6)) the form of
transverse polarization operator. Thus, it is possible to obtain
the transverse polarization operator not introducing Faddeev- following form:

Popov's ghost. It is necessary to choose successful gauge. Let 2 N2 )
us use the renormalization procedure for expressions (5) and (6). [ H 2 =1+(2- E) In H n
2 2
- P 2 -p

2

2

2——
The preliminary factor ( L j we present in the
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n
al'(2—- E) we represent as,

Carrying out renormalization procedure we shall have:
a) For Lorenz’s gauge:

{(p 9, P,P.) [11

1
“+a
2

o

91
1672
a

-(1-a)p’g,. — P, pv)'[z+—

ab __
w —

(-

3 2

at a=1, we have

ab gl 5 19 M 1 U
= —|—-y7+1In —— —7+In 7
T 2{(p 0, - pﬁ,pv)6( y _sz 3 PP 7+t ™
This formula coincides with earlier known formula (see [1,2]).
b) For gauge y,A,~0
. 92o 11 2 1 2
= 1%;; {(P 9~ P.P, {?sza]('n _ﬂ 27 |75 Pu p,(1-c)In _# ard
(L+a)fp* Hevs
—d+ajp 9, -pP,P, ) §+E
and at =1
. 9,0, 25 : 17
,uk:/ = 116 (p gyv py pv{?[—7+ln_ﬂp2 —? (8)
The formula (8) in Feyman gauge is new result and it is | (kz )a—l d"k
transverse. Now we shall consider the second diagram. The J :J-
second diagram contains the integral: (2 7[)”
d*k
J :I % (Here @=0, 1, ..., m)

In the n-dimensionally space the following formula takes
place:

]}=@+Q—%m“

n 1
re-5=——r-7
2
2
where ¥ = 0,5772 - Euler's constant.
Thus:
2
_ 5_ n
2

2

y7,

1
- pzj_z P, pv(1+a)(—7+ln

+1In

2 2

And equal to zero.
Thus, the contribution of the second diagram to Green
functions in the second order equal to zero.

(1]
(2]

A.A. Slavnov, L.D. Faddeev. Introduction to quantum
theory of gauge fields. Moscow: Nauka, 1978

F. Indurain. The theory of quark and gluon interactions.
Springer, 1999
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L.A. Sliyeva, S.A. Haciyev

9SAS YAXINLASMADAN SONRAKI TORTIBDS QLUONUN QRIN FUNKSIYASI
Meqaleds x,A,=0 ve 0,A,=0 Kalibrovkalarinda polyarizasiya operatoru hesablanib. Gosterilmisdir ki, yalniz Landau
kalibrovkasinda har iki hal Gglin polyarizasiya operatoru eninslik gartini 6dayir. Feyman kalibrovkasinda x,A,=0 ve 0,A,=0

kalibrovkalarin verdiyi natijslar bir-birinds jiddi ferglenir, va eninalik serti 5danmir.

J.A. AnneBa, C.A. I'agxueB
OYHKIUS TPUHA TJIIOOHA B CJIEAYIOIEM NOPAJKE 3A I''TABHBIM ITPUBJIN’)KEHUEM
B nanHO# cTaThe BHIYKHCIEH MOIAPH3ALMOHHBIA omepatop B kamubposke y,A,~0 n 0,A,=0 . BblI0 mokasaHo, 4TO B KanMOpPOBKe
Jlannay nossipu3alMOHHBINA Oneparop Uit 000MX COCTOSHHMIT sIBIsieTCs momnepedHbiM. B xamuOpoBke dDeiiMana mosydeHHbIE 3HAUCHUS B

kanmubposkax y,A,~0u 0,A,~0 CUILHO OTIMYAIOTCS APYT OT JPYTa U HE OTBEYAIOT YCIOBHIO MONIEPEUHOCTH.

Received: 19.10.05
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THE REACTION OF DISLODGING OF NUCLEONES BY THE PROTONS FROM THE
NUCLEUSES

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

On the base of the quasi-classical approach the obtained expression for the amplitude of the quasi-elastic dislodging of nucleons by
protons from the nucleuses is applied for the study of the membrane structure of light nucleuses. The results of concrete calculations of
amplitude of A(p,2p)B process on '°0 and '*C nucleuses are given for the comparison with the experimental data. The calculations have been
carried out for the different outlet angles of the slow protons 8,=61°, 64°, 67°, 73° at the fixed scattering angle of the quick proton 6,=13.4°.

The analysis of the results shows, that cross-sections of the scattering weakly depends on the angles of dislodging protons.

The quasi-elastic dislodging of nucleons by protons of

intermediate energies from nuclears on the base of the quasi-
classical approach, described in the ref. [1] is investigation.

do=Q2r)!

Here T,, T, and T, are energies of the corresponding
incident, scattered and dislodging nucleons, Ey is the break
energy of the weak connected nucleon.

Pz
Ep=—= @)
2M

where Ey is the recoil energy of the daughter nucleus.
The matrix element of nucleus transition is presented in
the form:

W KV EEW O XM, >
3)

The wave functions of the relative motion of the
rescattered proton are obtained from the solution of the
Shroedinger nonrelativistic equation [2].

The wave function of the dislodging nucleon (slow) has
the form:

dpzdplé(T -T7,-T,-E, -

T
' (2” My

= [drdx,dqle! " e LN 0, £ < M| p(REN M, >

Toward this end, the differential cross-section of reaction
A(p, NpP)B is written in the form [2].

2(2J +1) 7 Z| 1x @

UU,

v(X,) = [0 (O, (X, dE. @)

The nucleus recoil energy is defined with the help of the
momentum of recoil nucleus (P,), which connected with
missing mass (M,) from the reaction, on the base of the law
of conservation of energy:

2
MR :[(MA —-m, +Tp _Tz _Tl)

-1 G

The connection between nucleon divided energy (Ey)
and daughter nucleus mass (My.;), which are known from
experiment for missing mass is used by the following form:

Ey=M,-M,, ©)
Thus, applying the quasi-classical theory on the proton

scattering on the nucleuses, described in the ref [1], for the
matrix element, we obtain:

O]

After change of variables u=r-x and using the expansion for the ill-wresting member @(7), we obtain:

n’ 1

T =—
T @2r)u, §2L+1

J‘ ef[qg(p*qllue—iklxlei[qx+cl>(r)] %

®)

x Y (Xy) fr (@)Y, (1), ()dudx dx, dg’

Here p(x¢) is expressed through radial transition nucleus density p;(x).
The expression for the nucleon-nucleonic amplitude fyp( q' ) is considered in the generic form [3].

Integrating the expression (8) on du, further on ¢’ and using the property of 5-function, for the cross-section we obtain:

50



THE REACTION OF DISLODGING OF NUCLEONES BY THE PROTONS FROM THE NUCLEUSES

3 2
d Gp,Np — (272-)2 P2 Tl/Z(T _T2
d0ddT, k@ P

At the quasi-elastic dislodging of nucleons, the recoil
nucleuses have the hole in the casing, from which the proton
is radiated, and the separation energy is equal to the energy of
this single-particle state. The energy of dislodging nucleon
has the value

T,=T,-T,~E, -E, (10)
And is defined with the help of the formula (2) and law

of conservation of momentum
P, =7k, — 7k,

— 7k, . (11)

The form factor of nucleus is

F(@ = [ 1 (g Y, (0, 00dX, (12)

The mathematic calculation method is given in ref [1].

At the calculation (12) it is need to choose the coordinate
system. Toward this end, it is supposed, that axis 0Z 71 q,,
where ¢ = ‘ki -k is  recoil

f‘ = 2ksin&:2ka
2

. 0 .
momentum to the nucleus, a = s1n?2 and axis OXlq,

where 6, is scattering angle of the incident particle,

cos(qx,)) = u, X1={1u¢}
cos()A(1k1)——,us1n(9 ——)+cos(9 ——)\/1 1 coso,

where 6, is the angle between incident and dislodging
particles, which are familiar from the experiment.

Moreover, it is need to choose the function of nucleon
density distribution in nucleuses. For the light nucleuses it is
advisable to apply the symmetrized Fermi-densities, which
well describe experimental cross-sections at the analysis of
the elastic scattering of electrons and protons on light
nucleuses [4,5].

The supposed approach allows to calculate the
differential cross-sections on the dislodging of nucleons by
protons with energy 7p=1 GeV without free parameters. The
results of the concrete calculations of reactions A(p,2p)B on
nucleuses '°O and '“C in the comparison with the
experimental data are given on the fig.l. and 2. The
calculations, carried out for the outlet angle of slow protons
6,=61° and at the fixed scattered angle of the quick proton
6=13.4°. The analysis of the results shows, that scattering
cross-section weakly depends on the angles of the dislodging
protons.

The nucleus '°O can radiate the protons from the levels 1
Psys, 1 Py, 1 Sy, and nucleus '>C can radiate from levels 1
P3» and 1 Sy, that’s why the differential cross-section is
calculated for each of this cases.
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Fig. 1. The experimental (points) and theoretical differential
cross-sections of the reactions of quasi-elastic
dislodging of protons from the different nucleus
membranes '°0 (touch dotted line). The cross-sections

correspond to 0,=61°, 6,=13.4°. The continuous curve
is results of the ref [6].

8=61° ¢ ‘
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Fig. 2. The same, that on the fig.1., but for p—12C.

In the experiment the slow protons were registered at
energies 7;=(60+105)MeV, the agreement of the theoretical
cross-section with quick protons, measured on the
registration was carrying out at these energy values of slow
protons. As it is seen from fig.1., the theoretical curves,
obtained in the present work on the dislodging of protons
from the levels 1 P3;, and 1 P;, in the difference from the
experiment have only one maximum. This is the consequence
of that in the process the absolute quasi-elastic dislodging of
protons is considered, i.e. the residual nucleus doesn’t react.
The shift of the maximum to the side of the big energies
probably connects with that the distortion doesn’t take under
consideration in the wave function of the dislodging proton.
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For the comparison the theoretical curves, calculated in Thus, it is possible to conclude, that such calculations are
the wave-distorted momentum approximation, where the comfortable for the practical use with the analytic wave
Hartri-Fock wave functions were used for the nuclear functions of nucleus.
nucleons, are presented on the figures. Moreover, the authors The theoretical analysis of dislodging reactions needs
of the work [6] also took under the consideration the more detail consideration of the nuclear-force wave
excitation of the residual nucleus. functions, in particular, more detail account of the excitation

and distortion in the nucleus wave function.

[1] M.M. Mirabutalibov. Fizika NAN, Az. Res., 2, 60,2002. [4] V.K. Lukyanov, Yu.S. Pol. EChAYa, v.5, 955, 1974.
[2] M.M. Mirabutalibov. Fizika NAN, Az. Res., 3, 3, 2004. [5] M.M. Mirabutalibov. Fizika NAN, Az. Res., 2, 53, 1999.
[3] M.M. Mirabutalibov. Yadernaya Fizika, 67, 12, 2171 [6] S.L. Belostotskiy i dr. Pr. LIYaF, 867, 58, 1983.

(2004).

M.M.Mirabutalibov

PROTONLARIN T9SIRILS NUKLONLARIN NUVOD3SN QOPARILMASI

Protonlann tesirile nivaden nuklonlarin kvazielastiki qopma reaksiyasinin amplitudunun analitik sakli kvaziklassik
yaxinlagma asasinda tapilmigdir. A(p,2p)B reaksiyasinin differensial kesiyi 0 ve 2C nivaleri Ugln hesablanmig ve alinan

naticalar tecriibs ile miqayiss olunmusdur. Hesablamalar suratli protonlarin yalniz 92 =13.4° sapilma bucaginda, zsif protonlarin

iso 6,=61°, 64°, 67°, 73° qopma bucaqlar tictin apariimisdir.
Naticalarin analizi géstarmisdir ki, sepilmanin effektiv kesiyi, qoparilan protonlarin ugus bucagindan asilihgi ¢ox zsifdir.

M.M. MupabyTtansi6oB
PEAKI U BBIBUBAHUSI HYKJIOHOB U3 AJIEP IPOTOHAMUA
Ha ocHOBe KBa3WKIaCCHYECKOTrO oAXo0Ja IOJYUYECHHOE BBIPAXKCHUC Ul aMIUIMTYAbI KBa3UYIPyroro BBIOMBAHUS HYKJIOHOB U3 A4€P

HPOTOHAMH HPUMEHEHO JUI M3y4YeHHsI 000JIOYEUHYIO CTPYKTYpPY JErKux siaep. Pe3yibTaTbl KOHKPETHBIX PAcueTOB aMIUIUTY[bI Iporecca
A(p,2p)B Ha smpax '®0 u '>C npuBeeHBI B COMOCTABNCHAN C SKCIIEPUMEHTABHBIME TAHHBIMH. PacdeThl BHITONHEHBI TS PAa3TAYHBIX YIIIOB

Beuteta MemteHnsix mpotoroB (0,=61°,64%67°73%) npu duxcupoBanHOM yrie paccestHus ObicTporo mpotona 6:=13.4°. Amamms
Pe3yJIbTaTOB MOKa3all, YTO CEYCHUE PACCESHUS Cl1ab0 3aBHCHT OT YIJIOB BEIOUTBIX IIPOTOHOB.

Received: 09.06.05
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THE ELECTROWEAK ASYMMETRILES IN THE SEMI-INCLUSIVE DEEP-INELASTIC
REACTIONS /iy = rax

S.K ABDULLAYEY, AL MUKHTAROY, S.M. RAGIMOVA
Baku State University
Acael Z Khaltlov str., 23, Baku, Az-1143

[he mvestigation af the depree of longitudinal polarization of A-hvperon and elecirowesk asvmmetries in semi-inclusive reactions
it Ey was carried oot i the frameworks of the standard theory and quark-parten madel The expeessions foe he degres of longitudinal
polarzation of A-hyvperon, lelt-right, polarized, charge-polanzed and charge asvmmerries have been obtained

The standard model {(SMY well describes the series of The spiral ampliludes in 5M limits are defined by the
experiments, carried out in the different laboratories of the  expressions
world, In particular, (he ope from the most its delailed 13" g
checking was carried on ¢e'-colliders 810, LEP and FW# =4 ‘*t_’fs_1 (e, = LK), (3)
TRISTAN, where the agreement with the experimental data is J,',‘?; .J"}-’. + M -
convincing, Along with ¢’e -annihilations, the processes of
the deep-inelastic scattering (DIS) of the leptons on the Where My is mass of Z'-boson, is the square of total

nucleons play the impm'tan}l TU'}? i SM checking and  eneray of & -system In c.mis., £, is quark electric charge g,
novwadays are experimentally investiguted mtensively [1-5]. i e i _
Here the electroweak asymmetries in the semi-inclusive  £x and g, (wp and g are right and left neutral weak

reactions are considercd charges of lepton (quark:
P NBA= 22T B +X . () TR R | TS
=l Bii= .——
. : , . . 1l| =y SE s
i which the lepron and detailed inclusive hadron B are i)
registered on the coincidence, and X is the svstem of the non- I| X i Iy =X,
detected hadrons. Here 2 is the lepton spirality (antilepton], /i B e Hi l,——'-
'|||| — X e “ }

is  longitudinal  polarization  of  nucleon-targel,  fy s
lengitudinal polarization of B baryon, R s

The differential cross-section of semi-inclusive reaction A st b Wiinpene parametory: Tizlstuild
g T 2 : . projection of the weak 1sespin of g guark.
PN = BY In SM fameworks can be owritten o the
lotlowing form:

e the definite values of initial and final particles:
i) ity 2

gl { Q ) Drm. i {.Ha;_,_)_} ' (2\1
.:i\:dwfz o

j A,

Let's reduce the subprocess cross-section [ ¢ —{ ¢ ut

I, 'Erz T4, = !E gy

il
s ity .)2 £ dreteibitian . £ rolartvad — 4.7.!'(3.’ "‘F:'n'h"
are ’r-.".-'eq:- fx s distrihotion function o prodared af},
; _ ) , - ;
quarks in the  polarized  nucleon, q[” i {-,Q ) s 2.+, =1 vy,
frngmentation function of polarized quarks into the polarized do 1 g
da — =dmushy
i ; ' . i i
barven #; — i the differential cross-section of the )
_ S 3.l +g, =i+, (5)
clementary subprocess g =/ g (I g = g ) x v zare i
fomlnlmun kinematic val'_mble&: o S, _ B . ___4;{& 5(1— y} g
Faking under the consideration the exchange of yand 2°, I is ey
easy lo make sure, that the spiralities of quark and lepton
should be saved separately o subprocess {7 v g =1 +g. 4.0y Fig, = I+ gy
That's why in this process enly four spiral amplitudes Fgg, ey _4 1 £ 2
Foo Fueand £ which deseribe the following reactions iy =Ama ”-r =3 }
letae =T +qy o Iovq, =1 +q, The difference of y-dependencies of the above-mentioned
lekdge =2 4q, o L 4ge=E+q; - cross-sections (3) connects with the difference of the total

spriralitics of the system [ g2 for {,¢, and i} g, -collisions

should bie saved the total system spirality is equal to zero and p-dependence

L
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doesn’t appear; for 1;q, and | Qg-collisions the sum

spirality is equal to one that leads to the characteristic y-
dependence. |

fg — S| ) P + (0 2)0h P2 4[4 A, P+ (- LRIy

where hg is spirality of the initial (or final) quark.

The differential cross-section of subprocess | g =1 q
can be obtained from (6) with the help of the elementary changes:
Fer = Frus Fre = Frey Flir = Fuo L = Fise

The differential cross-section of the elementary subprocess
I"g=17q with taking under the consideration 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):

(6)

On the base of formulas (2) and (6), the expression for the

d d & Zﬂ Q@)X (@) XA (e B <{(L+ AR +A- YR +A- AR +L-yF R+

+[fa PP Q) +hh DA F) AL+ DR+ Ay o) +A- A+ Ly R+

A )PP Q) +h i ) PADP DA+ A~ A-yFFRE) ~A-AF: - Y1 R +
AN QP EQ) +h @I Q) X[+ AR~y ) (- A F— -y F)]

where

f' (x,Q%) = f 57 (x. Q%) + f3 57 (x.Q?),
AfN (6,Q%) = f(57 (x, Q%) = f 47 (x,Q%),
D¢ (2,Q%)=Dg{¥(z,Q%) + Dg) (z.Q?%)
AD;(z,Q%)=Dg (z.Q%) - D& (2,Q%),

qu (x,QZ) and Dg(z,Qz) present the usual function of

quark distribution
function in baryon B.
The summation over q in (7) extends over all quarks and
antiquarks which are in nucleon N.
The differential cross-section of semi-inclusive DIS

antilepton on nucleon 1'N=1"B can be obtained from (7)
with the help of the following exchanges:

in nucleon and quark fragmentation

(+) dot)

dxdydz

do'™
dxdydz

(FRR At FLR 7FR| = I:LL ) (8)

P-odd electroweak asymmetries DIS of longitudinal
polarized leptons and antileptons can be defined by the
unpolarized target by the following form:

Al 1) =0 -0 Y cO +60], ©
Al =1) = =P )o + o], @O
Az =11 =]od =a@YeO +0] . @)
Al 1) =[O =P JeO +6$] . (2.
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differential  cross-section of semi-inclusive reactions
I"N = 1"BX has been obtained:
)
do.(—) do.(—)
Here 0’ =—"%— and o{) =—"— and &’

dxdydz dxdydz

are differential cross-sections of semi-inclusive DIS right- and
left-polarized lepton (antilepton) on nucleons.

At DIS of longitudinal polarized lepton (antilepton) the
polarized asymmetries can be defined on the polarized
nucleon

O ele@ eV o] (9
D=l -o@ Vo +oR]
Charge-polarized asymmetries
80 =l o Vo 4 ot] 9
T Rl [ AR e

and charge asymmetries

Cou = lac(df) - Ufz/;)l/l

(14)

+oi] @B=RL). A7)

Here o), o, o) and &%) are cross-sections of the
processes (1) at the polarization of lepton (antilepton) and nucleon
A=Lhy =LA=-1hy =-1, A=1, hy=-1 and
A=-1hy =1.

The study of the longitudinal polarization of baryon B,
which can be measured on angle distribution of decay
products in processes B = N +x presents the special
interest.

R <[00 =9 -0, =0 [0 (=9 + o7, =)
YlPen 97—

(18)
(19)




TUE ELECTROWEAK ASYMMETRIES IN TIHE SEMI-INCLUSIVE DEEP-INELASTIC REACTIONS /N = /18X

/j"’(i;,):irf'“(j;J;,:1]—0“’(:‘5,.!!,:~l)l[&"(/A,/;J:I)ﬂugf“(/;\,ig:_r,". (20) degree of longiludinal polarization of baryon (18)-(20) are
expressed  through  spiral  amplitudes  F.; and  quark
The eclectroweak asymmetries (9)(17) and also the distribution and fragmentation functions. For example, the
| left-right  asymmetry  A(/] ~{;) and 1thc degree of
longitudinal polarization of baryon P25 (2 =1) are defined
by the expressions;

(-’ . S oy
AU, =1y = LW IS g gy DHz.0%) = £ (1, 0"y
01~y 7| i~ B 0900 = 1 0

r (1)
D200 | SR 4 B2 (.0 x D2 (2,00 + £ (6,07 D (2.07)]
P ’(ﬂ»—l)—lﬂf (5, OOALY (2,0 )11 w)+ZfL, (%, QDY (2, O,
(22)

~(1-3)° F)) IZ (O (2.0 W ++(1- q,)+2f,f( OO @Oy ++(1=0) )T

In the expressions of the observed wvalues the According to the refs [9,10], the spin functions of quark

phenomenological parameters - distribution  functions of  fragmentation into A%hyperon are parameterized in the form
quarks and  antiquarks in  polarized nucleons and

(ragmentation function of polan:zed‘ quark (an1iqua|"k) into AD; (2,0 =z"D}z,07), i
polarized baryon B, the values of which are defined from the . L (23)
cxperiment are present, In the literature there are set of AD; (z, 0 ) =AD; . (2, )—f\‘ AD (z. Q ),

disinibution functions of quarks in nucleons [3-7). The
distribution functions of valence and sea polarized quarks aand N, parameters are chosen in three variants
{antiquarks} in nucleons, given in [6] have been considered by

us for the numeral evaluations of asymmetries and Parameter Variant | | Variant 2 Variant 3

pelarizations. a 0.62 ' 027 166
The numeral calculations of the eleciroweak asymmetries Nu 0 ] -0.2 1

and degree of longitudinal polarization of A"hyperons in .

semi-inclusive  reaclions  ¢*p-se A°X  at  energy The  dependency of  clectroweak  asymmwetrics

Js =300Gev {ep - collider HERA), Weinberg parameler Aleg —¢;) dlep —ep), ey —ey). Ale] —13) O_n X
' variable al the lixed value y=0,5 and on y variable at the fixed

] .
sin @y=0.232 are given by us. . -
| value x=0,7 is given on the ligures 1. ay and b).

- 0ar 1
3 1 2
o 04 p 3; 06 ¢
€ —
L=_ 0,3 3 7‘5 o4t
Eaaf <7 £ ' ?
E = 02t
£ o 5 o
£ 80 ' ! | i ix £ 0.0 : . : : Ly
F o4 0z b4 0§ 08 1 = ¢ 02 0.4 0.8 0.8 1
£ = 62}
i 3
o x* 0,4t .
3 :
a4 2|
2) .o b)

R . . - + - + - - + + "
Fig 1. The dependence of the asymmetrics A{e, — e, ), Ae; — ep)s and Ale, —ep) and Afe; —ep) (curves 1,2, 3 and 4
correspondingly) on x at »—0,3 and on y at x=0.7.
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Fig.2. The dependence of the asymmetries Afj), AP, A;(;) and A (curves 1,2, 3 and 4 correspondingly) on x at y=0,3
andony at x =0,5.
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Fig.3. The dependence of the asymmetries ij) , BY Bé_) and B’ (curves 1, 2, 3 and 4 correspondingly) on x at y=0,5 and

ony at x=0,5.
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Fig.4. The dependence of the asymmetries CRR ) CLL y Cgand C  (curves 1,2, 3and 4 correspondingly) on x at y=0,7 and on'y
at x=0,7.
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The analogical behavior is observed for x- and -
dependencies of electroweak asymmeiries

(51 ) pl¥1opl¥) e e . pe a0 7.4
ASAT BB C e C  Cy and Cy ((see fig 2-4. a)
and b)). It is need to note, that the eleciroweak asymmetries
don't depend on z variable at the choice of quark

fragmentation function into A”hyperon in the form (23).

The dependence of degree of longitudinal polarization of

A’-hyperon P.f_) in reactions ¢ po>eAX on oy, oy, oz

variables is given on the fig.5. As it is seen in | and 2 variants

the degree of longitudinal polarization of A-hyperon is small
and weakly depends on x, y, z variables. In 3 wariant
polarization 1s negative and with the decrease of x, y or =, it
weakly increase on module. The figure 6 illustrates the
dependence of longitudinal polarization of A"hyperon
e p - e’ A"y with polarized nucleon fr. = +1. In | medei
the polarization s almost zero, and in 2 and 3 models it
achieves to several pereents,
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S.K. Abdullayev, A.l. Muxtarov, S.M. Rahimova

/'N = 7'8x YARIMINKLYUZIV DORIN QEYRI ELASTIKI REAKSIYALARDA
ELEKTROZ3IF PROSESLOR

Standart nezariyya ¢argivesinde va kvark-parfon modelinda A-heperonun uzununa polyarizasiyast va yarnminklyuziv
i* v =i ax reaksiyalarda elektrozaif asimmetriyalar tadqiq edilmigdir. A-heperonun uzuruna polyarizasiya deracasinin, sol-sag
polyarizasiyalarinin, yik polyarizasiyasimn va ylk asimmetriyasinin analitik ifadslari hesablanmig ve analizi verilmisgdir.

C.K. Adaynnaen, A.H. MyxTapos, C.M. Paruvosa

SNEKTPOCIAABBIE ACHUHMMETPHH B [TONYHHK/MNO3HBHBIX ITYBOKOHEYIPYIHX
PEAKNHMAX 7’y = 178X

13 paMKax CrarJapruoil reopui H B KBAPK-IAPTOHUOR MOACHH TIPORLIZHO HUCICAOBALIME CICICIH IPOARIBLION HOAAPW3aIMY - rine-
polla 1 ICRTPOCI20LIX ACHMMETPIET B TIOAVHIRTIOIMBHAN Peaktnax /v =/ ax . [loayuene BLIDAKCHIHA 114 CICHCUR HPOAOILTIOH
HOJAPHIAIKMY A HICPOIE, TCRO-TIPABLIX, HOAPHIALONIILIN, 3PS A0BO-TIO SN H3ALHOLIILIN H SAPACIRLE ACHMMUTPHA.
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THE DOPING OF Cu;,.,S MAGNITOSENSITIVE AND COMPONENT (Sm) FILMS
IN ELECTROSYNTHESIS PROCESS

E.N. ZAMANOVA, L.A. ALIYEVA, S.M. BAGIROVA,
M.N. YOLCHIYEYV, G.G. GUSEYNOV
Institute of Physics of NAS of Azerbaijan,

Baku, Az-1143, H. Javid av., 3.

The technology of electrosynthesis and doping in electrosynthesis process of Cu,.S magnetosensitive and component (Sm) films has
been developed. It is established, that the electrolytic sediments and films, precipitated on nickel, platinum planes have monocline syngony,
correspond to CuSmS, composition, p-type conductivity and are the magnetosensitive material, can be applied in the magnetooptic devices.

The wide use of the semiconductor films with big square
in earth sun energy has made the problem of the obtaining of
the semiconductor layers on simple and chip technology,
actual at the saving of optical, electric and photoelectric
properties of the films on high enough level. In this respect,
the method of the chemical precipitation from the solution
(OR) presents interest, i.e. the films with big range of electric
and optical properties [1-4] can be obtained by this method,
regulating the ion composition of solution and precipitation mode.

The doping technology of Cu,,S of magnetosensitive
and component (Sm) films during electrosynthesis has been
developed by us.

The electrodeposition was carried out
electrolyte solution by the composition:

from the

Cuprum sulfate — 0,4+0,5 mol/l,

Sulfuric acid — 0,15+0,20 mol/l,

Sodium thiosulfate — 0,15+0,20 mol.1,

Samarium oxide — 0,015+0,02 mol/I.

The electrolysis was carried out at the current density
10+60 mA/sm?, temperature 20+22°C and precipitation time
5-10 min. In the capacity of the cathode the polished planes
from nickel, platinum and stainless steel were used and in the
capacity of anode the plane from the platinum was used in all
cases.

The concrete samples of the electrolytic obtaining of
CuSmS, compound at the different electrolyte compositions,
current densities and electrolysis time, and results of
chemical analysis are given in the table 1.

Tablel

The samples of the obtaining of Cu-Sm-S alloy, electrolysis modes and results of chemical analysis

The composition of
main components of
electrolyte, mol/l

Current Temperature
density, °C
mA/sm’

Alloy composition,
weight, %

Thickness of
covering,
mcm

Alloy

Yy Electrolysis
composmon

duration,

Sm

min
Cu S

1 | CuSO4—-0,40
Na,S,0; - 0,15 10 20
H,S0,4-0,50
SmO - 0,015

23,8

27,5 46,6 CuSmS, 5 32

2 | CuSO4—-0,40
Na,S,0; - 0,18 20 20 26
H,S0O,-0,53
SmO - 0,016

20,8 53 CuSmS, 5 34

3 | CuSO4-0,48
NaZSZO3 - 0, 18 40 22
H,S04 - 0,57
SmO - 0,018

26,1

243 49,48 CuSmS, 10 3,6

4 | CuSO,- 0,50
Na,S,0; — 0,20 50 22 26
H,S0, — 0,80
SmO — 0,019

24 49,8 CuSmS, 8 3.8

5 | CuSO4-0,50
Na,S,05 - 0,20 60 22
H,S0,-1,0

SmO — 0,020

27,7

23,7 48,5 CuSmS, 8 3.8

The films CuSmS, were subjected to the spectral
analysis for the establishment of the film purity (table 2). As
it is seen from the table 2, the obtained film CuSmS, has the
purity 99,99%. The samples, obtained at the current density

40 mA/cm?, electrolysis duration 10 minutes are subjected to
the roentgen-phase analysis on the substrate from nickel. The
crystallographic constants have been defined and they are
compared with the analogical parameters of monocrystal, the
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composition of which corresponds to CuSmS,. The given [sediments have monoclinic syngony and are correspond to
data in the table 3 allow to suppose, that electrolytic

CuSmS, composition.

Table 2

The results of spectral analysis of Cu-Sm-S films, obtained by the electrochemical method at the

different current densities

Electrolyte, Current density, Impurities, %
mol/l mA/sm’

Fe Si Mg CuSmS,
CuSO, - 0,50 10 0,0001 0,01 0,001 99,99
Na,S,0; - 0,20 20 0,0001 0,01 0,001 99,99
H,S0, - 1,0 40 0,0001 0,01 0,001 99,99
SmO - 0,020 50 0,0001 0,01 0,001 99,99
60 0,0001 0,01 0,001 99,99

Table 3

The results of roentgen-phase analysis of electrochemically precipitated film CuSmS,
Mode: 40kV, 6mA, CuK,(1=1,5418A), eks 15 hour. Ni is filter

NN Interplanar spaces from the single crystal Experimental data from electrochemically
[1,3] precipitated film CuSmS,

D | d I
1 4,109 7 4,166 6
2 3,691 7 3,721 1
3 3233 1 3,265 1
4 2,924 6 2,942 5
5 2,834 6 2,820 1
6 2,560 7 2,566 4
7 2,337 7 2,327 9
8 2,127 6 2,117 10
9 2,036 1 2,012 1
10 1,954 1 1,977 1
11 1,897 3 1,893 9
12 1,730 2 1,707 6
13 1,545 2 1,580 1

The results of roentgen-phase analysis are given in table 3.
The calculated of interplanar spacings of the monoclinic
lattice are turned out identical with data, obtained from
monocrystal of the analogical composition
parameters of lattice: a=6,496; b=7,13; C:6,799A, [=98°21,
P2/c’, Z=4.

The influence of the samarium ions on the process of the
combined precipitation sulfur and cuprum have been studied |

[1.3]

by us. For the precipitation the platinum plane was used in
the capacity of the cathode, and the polished nickel electrodes
were used in the capacity of the anode. The polarized
measures were carried out in the dependence of the samarium
concentration in electrolyte and medium temperature. As it is
seen from the table 4 the potential shifts to the negative side
with the increase of the temperature and decrease of the
samarium concentration in electrolyte.

with

Table 4

The shifting of the potential from electrolyte temperature and samarium concentration in the electrolyte

Temperature, °C

The potential shifting, volt

Csm=0,02 mol/l

Csm=0,04 mol/l Csm=0,06 mol/l Csm=0,08 mol/l

25
50
70
90

+0,05
-0,05
0
0

+0,15 +0,15 0
0 0 0
0 0 -
-0,13 -0,3 -

60



THE DOPING OF Cu,.,.S MAGNITOSENSITIVE AND COMPONENT (Sm) FILMS IN ELECTROSYNTHESIS PROCESS

It is known, that reconstruction potential is defined by
that energy, which is needed to spend on the destruction of
the crystallic lattice. The perfect the crystalline structure is
the more energy is needed to spend on its destruction. It is
consequent that reconstruction potential will shift to the
negative side in the case of the samples with the perfect
structure.

The velocity of the electrochemical reaction increases
with the temperature increase that is seen from the increase of
values of the limiting current and decrease of the region of its
existence.

Thus, at the high temperatures the most favourable
conditions for the combined precipitation of the components
are created, i.e. the rapprochement of their potential
separation because of the energy of mixing carries out.
However, the best adhesion of the precipitating alloy with
base is achieved at the temperature 25°C. The part of the
precipitated alloy crumbles from electrode surface with the
increase of the temperature and increase of the crystallization
velocity, the covering is obtained irregular by the thickness.
That’s why; from the practical point of view the most interest
are samples, obtained at the temperature 25°C. The
microscopic photos of the transversal sections, fixed on
microscope MIM-7 show, that samples are one-phase.

The use of the proposed technology for the coating of the
triple alloy CuSmS, supplies the following advantages in the

[comparison with the known ones:

a) the possibility of the coating of the semiconductor
high-resistance  covering with the magnetosensitive
component electrolyte composition in practically allowed
variation intervals, current density and synthesis temperature

CuSO, - 0,4-0,5 mol/l,

Na,S,0; — 0,15-0,20 mol/l,

H,SO4—0,5-1,0 mol/L.

SmO -0, 015-0,02 mol/l.

I=10+60mA/cm?;  t=20+22°C,
7=5+10 min,

b) quick decrease of the power inputs,

c) the simplicity and cheapness of the synthesis
technology, the absence of the necessity of pressings, heat
treatments and cooling.

Thus, this method allows to obtain the films of the
triple alloy, consisting from the cuprum, samarium and
sulfur-rare-earth semiconductor (RES) of p-type with
£=2-10°+10"" Om-cm at the room temperature, which are
the paramagnetic material; in the temperature interval
(77+373)K and can be applied at the recording and
transformation of the optical information in the
magnetooptical devices by the method of the
electrochemical precipitation as the analysis results show

[4].

precipitation  time

[1] E.N. Zamanova, A.A. Mirzoeva, Z.A. Aliyarova
Tekhnologiya izgotovleniya  poluprovodnikovikh
preobrazovateley metodom elektrosinteza. Tezisi XII
Mendeleevskogo cyezda po obshey i prikladnoy
khimii. g. Baku, 1981,v. 3, p. 300. ( in Russian)

E.N. Zamanova, M.A. Jafarov, H.M. Mamedov. Effect
of Heattreatment on Electrophysical and Photoelectical
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1234,1239.
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(in Russian)
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osajdennikh iz rastvora, IV  Mejdunarodnaya
konferentsiya “Amorfnie 1 mikrokristallicheskiye
poluprovodniki” Sankt-Peterburg, 5-7 iyulya 2004 g.
(in Russian).
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[4]

E.N. Zamanova, LA.9liyeva, S.M. Bagirova, M.N. Elciyev, Q.Q. Hiiseynov

ELEKTROSINTEZ PROSESINDO CU, S TOBOQOLORININ MAQNITOHOSSAS KOMPONENT iLO (Sm)
ASQARLANMASI

Cu,,S teboagplerinin elektrosintez yolu ilo alinmasi ve maqnitohassas komponent ilo (Sm) asqarlanmas: texnologiyas: islenib. Teyin
edilib ki, elektrolitik ¢okiintii ve toebaqgeler nikel,platin altliglar iizerinde monoklin sinqoniyaya, CuSmS, —torkibe , p-tip kegiriciliyo malik

olan , maqnitohassas materiallardir.

9.H. 3amanoBa, JI.A. AimmeBa, C.M. baruposa, M.H. Exuues I'.I'. I'yceiinos

JETUPOBAHME IUIEHOK Cu,.xS MATHUTOUYBCTBUTEJIBHON KOMIIOHEHTOM (Sm)
B ITPOLHECCE 2JIEKTPOCHHTE3A

Pa3paborana TexHOMOrMs 3JIEKTPOCHHTE3a M JIETHPOBAaHMSA B IIPOIECCE 3IEKTPOCHHTe3a IeHOK Cu, S MarHMTOUYBCTBUTENBHOI
KOMITOHEHTOH (Sm). YCTaHOBIEHO, YTO 3IEKTPOIUTHYECKHE OCAAKH W ITIICHKH, OCAXICHHbIC HAa HUKEIECBHIE M IUIATHHOBBIC IUIACTHHKH,
HMEIOT MOHOKJIMHHYIO CHHTOHHIO, COOTBETCTBYIOT cocTaBy CuSmS,, p-THUIly HpPOBOJMMOCTH, SIBISIOTCS MarHUTOYYBCTBHTEIBHBIM
MaTepuaIoM, MOTYT HAlTH IIPHIMEHEHNE B MAarHUTOONTHYECKUX NPHOOpax.
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THE FREQUENCY CHARACTERISTICS OF THE REFLECTION OF THE
ELECTROMAGNETIC RADIATION IN THE LAYERED SYSTEMS

M.A. SADIKHOV, S.T. AZIZOV, A.S. ZEYNALOVA
Institute of Physics of NASA,
Baku-1143, G. Javid av., 33

In the ref the results of the investigation of the frequency characteristics of the layered systems, obtained by the way of the coating of the
dielectric-metal of the quarter-wave-length layers from the non-absorptive material on the two-layered system.

The effect of the non-reflective absorption of the where Z,, is the input resistance of the multi-layer system
electromagnetic radiation in the two-layered systems of polar  depending on the frequency, substance properties and
dielectric-metal, which is predicted and experimentally geometric dimensions of the directed system.
proved, appears in the dispersion region of the dielectric Taking under the consideration such approach the input
covering at the discrete values of the wave length of the resistance of the system at the connection to it the i-additional
incident radiation A, the thickness [, of the reflective layer of  layer of the covering is equal:
the covering and the substance of the polar molecules in it

[1]. This effect has resonance character and taking this under 7 i1 7 ; th ¥ 1[
consideration, the investigations of the frequency Z eni — 7 , )
characteristics of the reflection of the electromagnetic waves ] + Zeni=l g 71

from such two-layered system, near resonance values A, and
[y present the definite interest.
The results of the investigations show the

1

L . where Z,,;, Z.,;.; are input resistances of the system at the
bandlimitedness of the frequency spectrum, at which the . igtence of the i and i-l layers; Z; is wave resistance of i-

effect of total absorption carries out. For the increase of the laver: 7~ is distribufi . . .
. . . ayer; - is distribution constant in the substance of i-layer in
frequency band of the non-reflective absorption it was it[3.4]

supposed to use the quarter-wave-length layers from the non-
absorptive material, coated on the two-layered system of
dielectric-metal. The investigation of the frequency
characteristics of such layered system has been showed, that
the use of the quarter-wave-layers significantly changes the
frequency range, at which the partial or total absorption of the 7 — Loy +Z 1th /4 11 3)
electromagnetic waves in these systems is carried out. en 1 zZ,

For the calculation of the frequency characteristics of the I+ 7 th y 1 !

From the equation (2) it is followed, that the input
resistance of the multi-layer system, consisting from the
absorptive layer and one additional layer will have the form

reflection of such system the following expression for the 1
module of standing-wave ratio was used near chosen values ) . ) ]
Aoy 1y [1,2] where Z,, is the input resistance of the absorptive layer.

According to the definition Z,,=Zthyl. Using the
expression for Z and y, we obtain:

Zenm _ZO
Z,.tZ,

enm

P = )

Loy=M+IiN (4)

1 sh4drnxy — y sin 4nx

where

n(l+y’>) ch4nxy + cos 4nx

1 vsh4rnxy + sin 47x
n(l+y’) ch4zxxy + cos 4rx

For the creation of the simple automatized calculation of |concerning substance properties and additional layers. The
the reflection frequency characteristics of the absorbent algorithm is constructed by the principle of the consistent
coverings with one or two quarter-wave-length additional calculations of the input resistances consisting the layer
layers from the lossless materials, coated on them, the system during of their connection to the main layer.
investigated algorithm was applied. It allows to evaluate the The investigations of the frequency characteristics were
influence of the matched layers on the behavior of the carried out in the range of wave lengths 0,5-5 cm, moreover,
frequency characteristics, in particularly, wave absorption it was considered, that dielectric properties of the adsorbent
band, near the spectral values /j, 4, in the dependence on the = covering were described by Debye equation at the value
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2. The values, &, of the substance of the absorbent layer
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varied in the interval 5-20 units and 5-20-10"%c correspondingly.
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Fig.1. The reflection frequency characteristics of the three-layered system with the values of the dielectric constant &;, which are equal

to 2(a,c) and 1,5 (b).

The reflection frequency characteristics of the three-
layered system with the value of the dielectric constants & of
the additional quarter-wave-length layer, which are equal to
1,5 and 2,0, are presented on the fig.1. As in the case of the
two-layered system dielectric-metal, & of the absorbent layer
of the given system at the constancy of the 7 value leads to
the decrease of the relative band of the wave selective
absorption for the low-frequency spectrum arm and some its
stabilization for the high-frequency spectrum arm (see table 1).
Moreover, the increase of the N number of zero minimum of
p value relatively the bans is decreased. However, in the
difference from the system dielectric-metal in the given
three-layered system the input of the additional quarter-wave-
length layer causes to the expansion of the relative band of
the selective wave absorption. The variety of the value 7 at
the constancy & influences on the absorption band
insignificantly. |

Table 1.
The values of the statistical dielectric constant &, relaxation
time 7, thickness /, the covering layer, wave length A, relative
absorption band AA/4, on the level p;/=0,1 of the three-layered
absorbent system at &,, and different values of the dielectric
constants of the additional layer ¢;, N is number of dependence
minimum of pon /.

Low-frequency branch N=1 k=2

10 | ¢ Ay | 44/ at AN/ at
81:4;82:2 81:3;82: 1,5

5 15 097 0,37 0,31

20 1,28 0,37 0,21
10 15 1,93 0,35 0,33

20 2,55 0,14 0,18
20 15 3,87 0,37 0,32

e T T

S Eo

Fig.2. The reflection frequency characteristics of the four-layered system with the values of the dielectric constant &,, which are equal to
20 and 15 and values of the dielectric constants of the additional layers.

The input of the second additional quarter-wave-length lwave reflection from such four-layered absorbent system.

layer significantly changes the frequency characteristic of the
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The families of the reflection frequency characteristics for the
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four-layered systems, consisting the additional layers with the = multi-layered system is saved. In this case it is need to make
value ¢,=4; =2 and &,=3; &=1,5 correspondingly are given the change of the used values &, ¢., 7, &, &, ...&, A on their
on the fig.2.

The resistance transformer of these systems, appearing reduced values b0 — P ; gw—p; A/l - p s gj—p;
because of the two additional layers has the one and the same I-p I-p I—-p
value of the transformation ratio k=2. e — e —p

At the wave distribution in the waveguide and other 2P ;.
direction system, the structure of the given algorithm of the I-p I-p

calculation of the reflection frequency characteristics of the
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LAYLI SISTEMLORD3 ELEKTROMAQNIT SUALANMANIN SKSOLUNMASININ TEZLIKLI
XUSUSIYYSTLORI

Maqalads layli sistemlarin, dielektrik-metal iki layl sistemlarin dérdabirdaldali udmayan materialdan laylar ustiine ¢akilmis,
tezlikliklarin xarakteristikalarinin tadqiqginin naticaleri verilib.
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THE INVESTIGATION OF THE STATES OF Cr, Co, Ni, Bi AND K IONS, DEPOSITED ON
7~ALO3 IN THE COMPOSITION OF THE DEHYDROGENATION CATALYST BY
ESDO AND RENTGENOGRAPHY METHODS

N.A. ALIYEV, S.A. JAMALOVA, R.B. AKHVERDIYEYV, S.G. FARADJEVA,
T.F. ALLAHYAROVA, A.A. KASIMOV
Institute of Oil-Chemical Processes of NAS of Azerbaijan,
370025, Baku, Hodjali av, 30

The use of the deposited catalysts, which have more high mechanical strength, thermostability and relatively low inputs on their
synthesis are the most suitable in the comparison with massive dehydrogenation catalysts. The data on the states of Cr, Ni, Bi, Co and K ions,
deposited on »-Al,Os, including in the composition of the catalysts of the paraffin hydrocarbons C;-C,4 are presented in the given paper. The
catalysts prepared in the atmospheric conditions and in the conditions of the low pressure were used. It is established, that valency and
coordinative states of ions of transitive metals (Cr, Ni, Co) depend on the conditions of the catalyst preparation. The metal ions in the
oxidated form are present in the samples of the catalysts, prepared in the atmospheric conditions. As oxidate forms of metal ions, so the
restored ones are presented in the catalysts, prepared in the vacuum conditions. It is supposed, that high activity of the catalysts, obtained in
the vacuum conditions, is caused by the presence of the oxidated and restored forms of the active components in the system.

The processes of the catalytic dehydrogenation of the
paraffin hydrocarbons are included in the number of most
big-volume processes of the world oil-chemical industry.
This is connected firstly with the increase of the demand on
the olefinic hydrocarbons, which are used for the obtaining:
of the synthetic rubbers, plastics, the components of the
automotive fuel (meliltretbutyl ether) and other valuable
chemical products. The constant high quantity of the
investigations, carried out on the perfection already existed
and the working of the new dehydrogenation catalysts is
caused by this [1-3].

The one of the perspective direction of the perfection of
already existed dehydrogenation catalysts is their promotion
by the oxides of the rare-earth elements [1-3].

The process of the dehydrogenation of propane on Cr,
Co, Ni, Bi and K/}~Al,O; catalysts has been worked in the
IOCP of NAS of Azerbaijan.

The results of the states of ion metals (Cr, Ni, Bi, Co and
K) in the composition of single-, double-, three-component
samples of massive catalysts, prepared in the conditions of
the lowered and atmospheric pressure were presented in the
previous ref [4].

It is established, that catalysts of the samples, prepared in
the atmospheric conditions have only oxidated forms of the
given metals. In the difference from it, the samples of the
catalysts, prepared in the vacuum conditions have as oxidated
(Cr’*, Cr'(0y), Ni*'(0y) and Co**, Co*"), so the restored
forms of the given metals (Cr’, Ni’, Co").

It is established, that the coexistence of the oxidated and
restored ions of these metals causes the relatively high
catalytic activity of catalyst samples, synthesized in the
vacuum conditions.

However, the use of the massive catalysts connects with
set of defects, such as: the difficulties at the formation of
catalyst granules in the stage of its preparation, relatively low
thermal and mechanical stability, high capital inputs,
connected with the use of the big quantity of metal salts.

Taking under the consideration the above mentioned, the
use of the deposited catalysts on the base of the relatively
cheep carrier - »~Al,O;, which supplies the high enough
mechanical strength and thermostability, low capital inputs
on catalyst synthesis is the more suitable. Moreover, ~Al,O3
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is well connecting component, which supplies the quality and
easy-to use formation of catalyst granule of its preparation.

Starting from the above mentioned suppositions, the
subject of the given paper is the investigation of the states of
Cr, Co, Ni, Bi and K, deposited on »~Al,O;.

Experiment system

The definition of the catalyst activity was carried out in
quartz reactor with stationary layer of catalyst, at volume
advance speed of raw 400h™ and temperature in reactive band
590°C. The output of propylene on the passed raw was 49,5%
at the selectivity 90,03% (mol).

The catalyst was prepared by the way of the marking of
nitrates of the salts of corresponding metals on ¢dopmyna,
previously treated by the drying at the temperature 400°C,
with the aim of the release of catalyst pores from the air and
water steams. The calcinations were carried out in the
conditions as the lowered, so the atmospheric pressure at the
temperature 600-620°C during eight hours.

The electronic spectrums of diffusion reflection (ESDR)
have been fixed on the spectrophotometer “Specord M40” in
the region 50000-10000 cm™.

The experiment results

Let’s consider the results of spectral investigation of ion
states in the composition of studied catalysts (electronic
spectroscopy of diffusion reflection).

The oxide systems Ni (5;10;25 and 86,8%)--AL,0;
(95;90;75 and 13,2%)

The well-released absorption bands (a.b.) in the region
13000, 15800, 16700 and 27500 cm™ are observed in the
catalyst spectrum, consisting on 5% Ni (fig.1, c.1). The
sample has blue color. The observable a.b. can be interpreted
by the following way, taking under the consideration from [5,
6]:

- ab. at 13000 and 27500 cm™” are registered to the
absorption of Ni*" ions, stabilized in the fields of octahedral
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coordination  (transfers “Ay—>’T,, and ‘A, —>’T,
correspondingly);

- a.b. in the regions 15800 and 16700 cm™ show on the
existence of the tetrahedrally coordinated ions of Ni*'(Tg) in
the system [(transfers T(F)=>T\(P) and °T,(F)—°Ey(D)
correspondingly].
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Fig.1. The spectrums of diffusion reflection of catalysts:
1.Ni (5%)-7-A1,03 (95%) - obtained at the atmospheric

pressure

2.Ni (10%)-7Al1,05 (90%) — obtained at the atmospheric
pressure

3.Ni (25%)--Al,05 (75%) — obtained at the atmospheric
pressure

4.Ni (86,8%)--Al,03 (13,2%) — obtained at the

atmospheric pressure
5.Ni (5%)--Al,05 (95%) — obtained in the vacuum
conditions

6.Ni (10%)-7-Al,0; (90%) — obtained at the vacuum
conditions

7.Ni (25%)-7-A1,0; (75%) — obtained at the vacuum
conditions

8.Ni (86,8%)-7-A1,0; (13,2%) — obtained at the vacuum
conditions

It is known, that nickel ions are presented as in
octahedral, so in the tetrahedral coordination in the NiAL,O4
spinel, which is mixed. The formula of this spinel can be
presented as NijAls4[Niz;Als;,]Oy4. It can be proposed, that
the surface mixed spinel NiAL,O4 creates in our conditions
also.

The increase of intensity of a.b. from ions of Ni2+(0h)
and Ni*'(Ty) is observed with the increase of the nickel
concentration till 10 and 25% (fig.1, c. 2 and 3). The
spectrum of the sample, consisting 86,8% of Ni significantly
differs from the previously spectrums. Thus, the set of a.b. at
14000, 15500, 21700, 23900, 26400 cm’’, characteristic for
Ni** ions is observed in the composition of NiO phase, that
explain the green color of the sample (fig.1,c.4).

The given conclusion doesn’t exclude the presence of
NiAlLOy spinel in the system. From it the another important
conclusion is obtained, firstly at the high concentrations of
nickel on »Al,0; surface the octahedral and tetrahedral
vacancies are filled by nickel ions with the creation of
NiAlL O, spinel, later the process of formation of NiO phase
is carried out.

The spectrums of the samples, consisting 10, 15 and 25%
of nickel, obtained in the vacuum conditions significantly
differ from the spectrums of the samples of analogical
compositions, obtained in the conditions of the air
atmosphere. Thus, the strong decrease of the intensity of a.b.
from ions of Ni*'(Oy) and Ni*'(Ty) (fig. 1, ¢.5, 6 and 7) is
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observed. Probably, the process of the partial reconstruction
of Ni**(Oy) and Ni**(Ty) ions till Ni’ carries out in the
vacuum conditions.

Thus, at the relative low concentrations (5,10 and 25%)
as the oxidated [Ni*'(Op) and Ni*'(Ty)], so the restored (Ni”)
forms of nickel are stabilized in the system.

The catalyst, consisting 86,8% of Ni and has obtained in
the vacuum conditions, has the spectrum, which differs from
spectrums of the systems, consisting the relatively less
quantity of nickel (fig. 1, c.8). In this case the increase of
intensity of a.b. from the ions of Ni*" in NiO phase and their
significant expansion is observed. Probably this effect
connects with the processes of agglomeration and
enlargement of NiO particles, where the strong spin-spin
interaction leads to the increase of the intensity and widening
of a.b.

The oxide system Cr(10 and 25%)-)-A1,03 (90 and 75%)
The a.b. are observed in the catalyst spectrum, consisting
10% of Cr and obtained in the atmospheric air in the regions
14400, 17000, 22000, 23000 and 27000 cm™ (fig.2, c.1). The
sample has the green-yellow color. The bands in the regions
14400, 22000 and 27000 cm™ can be registered to the Cr’*
jons, and at 17000 and 23000 cm™ to the Cr** (Oy) ions (the
transfers ‘A, —'T,, and *A,—>'T),  correspondingly).
Probably, the surface of the sample has two types of Cr ions:
Cr’" and Cr**(Oy).
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Fig.2. The spectrums of diffusion reflection of catalysts:

. Cr (5%)-7~Al,03 (95%) — obtained at the atmospheric
pressure

. Cr (25%)--A1,05 (75%) — obtained at the atmospheric
pressure

.Cr (5%)--A1,0; (95%) — obtained in the vacuum
conditions

.Cr (25%)-~AL,05 (75%) — obtained in the vacuum
conditions

—_—

The increase of the Cr content in the system till 25%
leads to the increase of the common absorption background
and some degradation of a.b. from Cr’" and Cr’*(Oy) ions
(fig.2, c.2). The sample has the biscuit color that shows on
the increase of the content of Cr,Os phase in the system (in
the pure form the Cr,Os phase has the brown color).

The significant decrease of the intensity of a.b. from
Cr’*(0y) and Cr’* ions is observed in the catalyst spectrums,
obtained in the vacuum conditions. Probably the process of
partial reconstruction of Cr’'(Oy,) and Cr** ions till Cr° carries
out in the conditions of the lowered pressure. In the given
case the oxidated (Cr’* and Cr’") and restored forms of Cr
(Cr) coexist on the catalyst surface.
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The oxide systems Cr(50;25;50%)-Ni(16,7;50;25%)-

--AL 03 (33,35 255 25%)

The a.b. in the regions 13000, 14000, 15500, 22000,
23000 and 26000 cm™ are observed in the sample spectrums,
obtained in the air atmosphere (fig.3, c.1).

The observable a.b. can be explained by the following
method:

- a.b. at 23000 and 26000 cm™ can be registered to Cr’"
ions;

- ab. at 22000 cm™” can be registered to Cr’'(Oy) ions
(transfer 4A2g—>4T2g).

The rest a.b. from Cr’’(0},) ions are masked by the more
intensive background absorption.

- a.b. at 13000, 15500 cm™ are characteristics for Ni*"
ions in the composition of NiO phase. The green color of the
sample also shows on this fact. The given conclusion also
doesn’t exclude the presence of NiAl,O, spinel in the system,
where probably a.b. from Ni*'(O,) and Ni*'(T,) ions are
masked by a.b. from Cr’'(Cr’")ions and NiO phase.

Thus, Cr’", Cr’" ions and NiO, NiALO, phases are
stabilized on the catalyst surface.

Passage
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Fig.3. The spectrums of diffusion reflection of catalysts:
1. Cr (25%)-Ni (50%)-7~Al,0;3 (25%) — obtained at the
atmospheric pressure

2. Cr (50%)-Ni (25%)--Al,05 (25%) — obtained at the
atmospheric pressure

3. Cr (50%)-Ni (16,7%)-7-A1,05 (33,3%) — obtained at the
atmospheric pressure

4. Cr (25%)-Ni (50%)-p-Al,0; (25%) — obtained in the
vacuum conditions

5. Cr (50%)-Ni (25%)-~Al,0; (25%) — obtained in the

vacuum conditions
6. Cr (50%)-Ni (16,7%)--Al,05 (33,3%) — obtained in the
vacuum conditions

The disappearance of a.b. at 14000 and 26000 cm™ is
observed in the spectrum at the increase of the Cr
concentration till 50% (at the simultaneous decrease of Ni
concentration till 25%). Moreover, the intensity of the other
a.b. with simultaneous their widening is observed (fig.3, c.2).
The sample has brown-green color. Probably the quantity of
the surface phase Cr,Os increases at the high concentrations
of Cr. The brown constituent of the sample color (in pure
form Cr,Os has the brown color) shows on this fact and this
leads to the increase of the absorption background and
widening of some a.b. Moreover, the part of ab. from
Cr’*(0y) and Ni*"(Oy) ions is masked by strong background
absorption.

Thus, the catalyst surface is enriched by Cr,O5 and NiO
phases at relative high Cr concentration.
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The decrease of Ni concentration till 16,7% significantly
doesn’t influence on the spectrum character (at the saving of
Cr concentration 50%) (fig.3, ¢.3). The spectrums of all three
catalysts, obtained in the vacuum are characterized by the
spectrums, where the total absorption is observed, covering
practically all investigated area (fig.3, c.4,5 and 0).
Moreover, the samples have gray-black color with bluish
shine. The processes of partial reconstruction of Cr’’,
Cr’’(0y) and Ni**(Oy) ions till Cr° and Ni° rather carry out in
the samples. It is followed, that the oxidated [Cr’", Cr**(O})
and Ni**(Oy) (in NiO phase)] and restored forms of Cr and Ni
(Cr and Ni’) coexist on the surface of the catalyst.

The oxide system Cr(54,1%)-Bi(13,5%)-~Al,0;

(32,4%)

The total structureless intensive absorption, covering all
area is observed in the catalyst spectrum, obtained in the air
atmosphere (fig.4, c.1). The sample has black color. On
account on this the spectrum interpretation is impossible, but
it can be supposed about the presence Cr,Os, Cr,O; in the
phase system and Bi** in phase.
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Fig.4. The spectrums of diffusion reflection of catalysts:

1. Cr (54,1%)-Bi (13,5%)--Al,05 (32,4%) — obtained at
the atmospheric pressure

2. Cr (54,1%)-Bi (13,5%)-~Al,0; (32,4%) — obtained in
the vacuum conditions

3. Cr (87,7%)-Bi (7,4%)-7-Al,05 (4,9%) — obtained at the
atmospheric pressure

4. Cr (87,7%)-Bi (7,4%)--Al,05 (4,9%) — obtained in the
vacuum conditions

5. Cr (60%)-Bi (20%)--Al,0; (20%) — obtained at the
atmospheric pressure

6. Cr (60%)-Bi (20%)-~Al,05 (20%) — obtained in the
vacuum conditions

7. Cr (67,1%)-Ni (22,4%)-K (5,6%)-7-AL,05 (4,9%) —
obtained at the atmospheric pressure

8. Cr (67,1%)-Ni (22,4%)-K (5,6%)-7-Al1,05 (4,9%) —
obtained in the vacuum conditions

9. Cr (57%)-Ni (19%)-Bi (14,3%)--Al,05 (9,7%) —
obtained at the atmospheric pressure

10. Cr (10,2%)-Ni (4,3%)-Bi (16%)-~Al,0; (69,5%) —
obtained at the atmospheric pressure

11. Cr (57%)-Ni (19%)-K (14,3%)-~Al,0;3 (9,7%) —
obtained in the vacuum conditions

12. Cr (10,2%)-Ni (4,3%)-Bi (16%)-~AL,0; (69,5%) —
obtained in the vacuum conditions

13. Cr (10,2%)-Ni (4,3%)-K (1%)-Co(1,6%)--Al,0; -

(82,9%) — obtained at the atmospheric pressure
14. Cr (10,2%)-Ni (4,3%)-K (1%)-Co(1,6%)--Al,0; -
(82,9%) — obtained in the vacuum conditions.

The quite another picture is observed for the catalyst,
obtained in the vacuum. Thus, the wide a.b. are observed in
region 17000,22000 and 27000 cm™ (fig.4, c.2). The bands in
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the region 22000 and 27000 cm™ can be registered to the
absorption of Cr’" ions, and ab. at 17000 cm” can be
registered to Cr’’(Oy) ions. Probably, Cr’ particles also
present in the system. Probably, bismuth has the doping
influence on Cr**(Oy,) ions, that leads to their stabilization and
stability to the reconstruction processes in the vacuum
conditions. In the result of this, the catalyst surface is
enriched by Cr,0O; phase. The green color of the sample also
shows on this fact (in the pure form Cr,O; phase has dark-
green color). In the given case mainly Cr’" ions are treated by
the reconstruction process. This effect doesn’t reveal in the
case of the catalyst, prepared in the air atmosphere.

Probably the oxidative medium causes to the enrichment
of the surface of Cr,Os and Bi,O3 phases that leads to the
darkening of the sample and appearance of the wide
structureless absorption in the spectrum.

The carried out investigations allow to conclude the set
of the important things:

- the surface in the catalyst, obtained in the air
atmosphere, is enriched by Cr,Os and Bi,O; oxides in the
result of the oxidative processes;

- the Bi’ particles, having the doping influence on
Cr’(Oy) ions stabilize in the result of the reconstruction
processes in the catalyst, obtained in the vacuum condition.
In the result of this, mainly the Cr,Os phase is treated by the
reconstruction. In the given case the Cr’*, Cr**(0y), Cr’ and
Bi’ ions coexist in the system.

The oxide system (87,7%)-K(7,4%) -Al,05 (4,9%)

The catalyst spectrums, obtained in the air atmosphere
and vacuum are analogical to the spectrums of the system
Cr(54,1%)-Bi (13,5%)-A1,0; (fig.4, c¢.3 and 4) and all
conclusions, made on the analysis results of this system can
be registered to the system Cr-K-p~AlL,0Os.

The oxide system Cr(60%)-Ni(20%)-Bi(15%)-7~Al,0;
(5%)

The catalyst, obtained in the conditions of air atmosphere
and vacuum has the spectrum, which is identical to the
spectrums of the samples Cr-Bi-~Al,O; and Cr-K-Al,0;
(fig.4, c¢.5 and 6). It is followed, that introduction of Ni in the
catalyst doesn’t influence significantly on valency and
coordination state of Cr and bismuth ions.

On the assumption of the investigation results of Ni-j-
Al O; system, it is possible to suppose, that NiO, Cr,Os,
Cr,03, Bi,0; phases form on the catalyst surface, obtained in
the air atmosphere.

On the assumption of the investigation results of the
previous catalysts, it is possible to suppose, that the surface
composition of the catalyst, obtained in the vacuum, consists
as on the oxidated forms of Cr (Cr,Os and Cr,O;3) and Ni
(NiO), so on the restored forms Cr’ and Ni’.

The oxide system Cr(67,1%)-Ni(22,4%)-K(5,6%)--
ALO; (4,9%)

The catalyst spectrums, obtained in the air atmosphere
and vacuum, are identical and characterized by the total
structureless absorption, covering all spectral area (fig.4, c.7
and 8). The both samples have black color. Though spectrum
identification in this case is difficult, but it’s possible to
propose the following:
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- the Cr;0s, Cr,0;, NiO, NiAl,04, K,;O phases are
present in the catalysts, obtained in the air atmosphere;

- the phase composition of the catalysts, obtained in the
vacuum consists as on oxidated form of Cr (Cr,Os, Cr,03)
and Ni (NiAl,O,), so on restored forms Cr’ and Ni’. In this
case the doping influence of K on Cr ions is absent.

The oxide systems Cr(57 u 10,2%)-Ni(19 u 4,3%)-
Bi(14,3 u 16%) and (9,7 u 69,5%)-y-ALO;

The total structureless absorption, covering practically
all area is observed in the catalyst spectrum of Cr(57%)-
Ni(19%)-Bi(14,3%)-K(9,7%)-y-Al,0; composition (fig.4,
¢9). The decrease of Cr and Ni concentrations till 10,2 and
4,3% leads to the significant changes in the spectrum. Thus,
a.b. are observed in the regions 13000, 14000 (weak a.b. in
the form of the shoulder), 15900, 16900, 22000, 26000 cm™
and 27300 cm™ (fig.3, c.10). The observable a.b. can be
registered to the following way:

- a.b. at 13000 and 27300 cm™ are registered to Ni*'(Oy)
ions [transfers A>Ty, and Ase>"Tio(P)
correspondingly];

- the absorption in the regions 15900 and 16900 cm™ are
characteristic for the systems, consisting Ni*'(Ty) ions
[transfers *T,(F)—’T;(P) u *T,(F)—'E(D), correspondingly];

- ab. at 22000 and 26000 cm™ are characteristic for
Cr’'(Op) ions correspondingly (transfer 4A2g—>4T1 ) and cr'.

- the presence Ni*'(O,) and Ni*"(Ty) simultaneously in
the system shows on the creation of the mixed spinel NiAl,O4
in the system.

Thus, the catalysts, obtained in the conditions of air
atmosphere at relative high Cr and Ni concentrations (57 and
19%) create Cr,Os, Cr,0;, NiALO4 ,NiO phases, probably
Bi,0; and K,O phases, and at relative low concentrations —
Cr205, Cr203, N1A1204

Let’s consider the catalysts, obtained in the vacuum
conditions:

The both catalysts give total, practically structureless
absorption, covering all investigated spectral region (fig.4,
c.11 and 12).

In all probability, as in all previous cases, the
reconstruction processes, carry out in the vacuum conditions,
leading to the appearance of the restored forms of Cr and Ni
in the systems (Cr’ and Ni’ correspondingly). It is followed
the important conclusions:

- as the oxide phases Cr,0Os, Cr,0;, NiALO,, NiO, so the
restored particles Cr’ and Ni’ coexist at the high
concentrations of Cr and Ni

- the system has the Cr,Os, Cr,0;, NiALO, phases and
Cr” and Ni° particles at relative low concentrations.

The oxide system Cr(10,2%)-Ni(4,3%)-K(1%)-
Co(1,6%)--A1,0; (82,9%)

The a.b. are observed in the catalyst spectrum, obtained
in the air atmosphere in the regions 15800, 17000, 18600,
12000, 23000 and 27500 cm™ (fig. 4, c.13), which can be
registered to the following way:

- a.b. in the regions 15800 and 17000 cm™, as the above
mentioned ones can be registered to the absorption of
Ni?*(Ty) ions [transfers *T,(F)—>T,(P) and T,(F)— 'E(D),
correspondingly];

- ab. in the regions 17000 and 18600 cm™ can be
registered to Co”" ions, stabilized in the fields of tetrahedral
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coordination. It is possible to suppose, that state of Co*"(Ty) Ni, Bi and K ions, deposited on »~Al,0; it is possible to make

ion is caused by the creation of the normal surface spinel  the following conclusions:

CoAlL O, [5,6]; 1. The conditions of catalyst synthesis (air atmosphere or
- the absorption in the regions 22000 and 23000 cm™ as vacuum) significantly influence on the high energetic state

in all other cases, is registered to Cr’" and Cr’ ions (valency and coordination) of Cr, Co, Ni, Bi and K ions; the

correspondingly. catalysts, obtained in the conditions of air atmosphere have
Thus, the investigated four-component catalyst is the only oxidated forms of deposited elements [Cr’'(Oy), Cr’",

complex multicomponent system, consisting Cr,Os, Cr,0s,  Ni*'(0y), Ni*'(Ty), Co®'(Ty), Bi*', K'], whereas, in the

NiAlOy4, NiO, CoAl,O4 and probably K,O. systems, obtained in the vacuum conditions, the oxidated and
The catalyst, obtained in the vacuum conditions, is  restored forms of deposited elements coexist.
characterized by the spectrum, in which the same a.b. are 2. The creation processes of chemical compositions by

observed, that the above mentioned ones, but with lower the type of surface compositions NiAl,O, and CoAl,O4 carry

intensity (fig.3, c.14). This fact shows on the carrying out of  out at the marking of the given elements j~Al,O; in the

the restored processes, leading to the partial transfer  comparison with massive systems.

Crri(Cr’h), Ni¥*(04,Ty), Co*(Tg— till Cr°, Ni’ and Co° 3. The relative high catalytic activity of four-component

correspondingly. systems, obtained in the vacuum conditions is connected by
Thus, on the base of the carried out spectral the presence as oxidative, so restored forms of deposited

investigations of valency and coordination state of Cr, Co, elements in the system.

[11 V.B.Loshkina, V.V.Balashova, L.Z. Dorogochinskiy. parafinov S3-S4 na Ni, Cr, Bi(Sb), Na /y-Al2O;
Deqidrirovanie propana i butana v kipyashem sloe katalizatore. AXJ, 2003, Ne 4. (in Russian).
alyumoxromovoqo katalizatora, promotirovyanno- [4] Aliyev N.A., Jamalova S.A., Akhverdiyev R.B.,
qo okislyami redkozemelnix elementov. NTIS Faradgeva S.G., Gadjizade S.M., Heydarova G.S. ,
Neftepererabotka i nefteximiya, 1984, Ne 11, S.19. Kasimov A.A. The investigation of states of ions of
(in Russian). Ni, Cr, Co, Bi and K in the composition of

[2] R.A. Buyanov, N.A. Paxomova. Katalizatori i dehydrogenation catalysts. Fizika, 2004, v.10, N
protsessi degidrirovaniya parafinov i olefinov. 4,21-24. ) ) ]

Kinetika i kataliz, 2001, t.42, Ne 1, S.72-85. (in [5S] A.S. Marfunin. Vvedenie v fiziku mineralov. M.,
Russian). Nedra, 1974, 324 s. (in Russian).

[3] S.A. Jamalova, A.A. Kasimov, X.A. Qarabagh, G.S. Gey- 61 D.T. Sviridov, R.K. Sviridova, YU.F. Smirnov.
darova, N.A. Aliev, Z.R. \smaylova. 1zuchenie neko- Opticheskie spektri ionov perekhodnikh metallov v
torix zakonomernostey reaktsii degidrirovaniya kristallakh. M., Nauka, 1976, 268 s. (in Russian).

NL.A. Oliyev, S.O. Camalova, R.B. Haqverdiyev, S.G. Faracova, T.F. Allahyarova, A.9. Qasimov

DEHIDROGENLOSMO KATALIZATORLARININ TORKIBINDOKI y-AL:03; UZORINO HOPDURULMUS
Cr, Co, Ni, Bi VO K IONLARININ HALININ DOES VO RENTGENOQRAFiYA METODLARI iL® TODQIQi

Massiv dehidrogenlosmoa katalizatorlar: ilo miiqayisodo daha yiiksok mexaniki davamliga, termostabilliys malik olan
hopdurulmus katalizatorlara istiinlik verilir. Moqalods y-ALOs #izorine hopdurulmus vo dehidrogenlosmo katalizatorlarinin
torkibina daxil olan Sr, So, Ni, Bi vo K ionlarmin hali hagqinda mslumat taqdim olunub. Atmosfer vo vakuum soraitindo
hazirlanmig katalizatorlar istifade olunub. Malum oldu ki, Sr, So, Ni metallarinin valent vo koordinasiya hali katalizatorun
hazirlanma soraitindon asilidir. Atmosfer soraitindo hazirlanmis katalizatorlarin torkibinds metallarin oksidlosmis ion formalari
moveuddur. Vakuum soraitinds hazirlanmis katalizatorlarda iso hom oksidlogmis, hom do borpa olun-mus metallarini ion formalari
moveuddur. Ehtimal olunur ki, vakuum soraitinde hazirlanmis katalizatorun yiiksok aktivliyini sistemdo metallarin oksidlosmis vo
barpa olunmus ion formalarinin mévcudlugu ils izah etmok olar.

H.A. Aumnes, C.A. I:xkamaisioBa, P.b. Axsepaues, C.I'. ®apanxena, T.®. AitaxbsipoBa, A.A. Kacumosn

HCCJIEJOBAHUE COCTOSHUSI NOHOB Cr, Co, Ni, Bi U K, HAHECEHHbIX HA
v -Al,O3; B COCTABE KATAJIM3ATOPA JETUJIPUPOBAHUS, METOJJAMHU 2CJ1I0 U
PEHTTEHOI'PA®HUU

Ilo cpaBHEHHIO C MACCHBHBIMH KaTalH3aTOpaM{ [CTHAPHUPOBAHUS NPEINOYTHTEIBHBIM SIBIISCTCS HCIOJb30BAHME HAHECCHHBIX
KaTaJan3aTopoB, KOTOpPble 007amaroT Oosee BBICOKOW MEXaHHYECKOW MPOYHOCTHIO, TEPMOCTAOMIBHOCTBIO M OTHOCHTEIFHO HHU3KUMHU
3aTpaTaMd Ha WX CHHTe3. B cTaThe mpezacrtaBieHbl gaHHbIe IO coctosHUIo noHOB Cr, Ni, Bi, Co u K, Hanecennsix Ha y-Al,Os, BXoganmx B
COCTaB KaTaIM3aTOPOB ACTHIPUPOBAHUS NapauHOBHIX yriieBogopoaoB C;-C4. BpUIM MCIONIB30BaHBI KAaTaW3aTOPhI, MPUTOTOBJICHHBIC B
aTMOC(EpHBIX YCIOBHAX W B YCIOBHSX IOHW)KEHHOTO JIABJICHHS. YCTAHOBJICHO, YTO BaJICHTHOC M KOOPIHHAIIMOHHOEC COCTOSHUEC HOHOB
nepexonubix MetayuioB (Cr, Ni, Co) 3aBHCAT OT yCIOBHil MPUTOTOBICHUS KaTaimu3aropa. B oOpasiax kaTaau3aTopoB, MPUTOTOBICHHBIX B
YCIOBUAX aTMOc(hephl, IPUCYTCTBYIOT HOHBI METAJUIOB B OKHCJICHHOH (opMme. A B KaTamu3aropax, MPUTOTOBICHHBIX B YCIIOBHSAX BaKyyMma,
COCYILECTBYIOT KAaK OKHCICHHbIC, TaK M BOCCTAHOBJCHHbIE (DOPMBI HMOHOB MeTaIOB. lIpedmosaraercsi, YTO BBICOKash aKTUBHOCTH
KaTaJn3aTopOB, MOJYYCHHBIX B YCIOBHSAX Bakyyma, OOYCJOBJICHAa IPHCYTCTBHEM B CHUCTEME OKHCICHHBIX M BOCCTAHOBIICHHBIX (OPM
AKTHBHBIX KOMIIOHEHTOB.
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THE EXPERIMENTAL INVESTIGATION OF P-p-T DEPENDENCE OF METHANOL-WATER
SOLUTIONS IN THE TEMPERATURE INTERVALS FROM -30°C TILL 30°C AND
PRESSURE 1-200 BAR

F.G. ABDULLAYEYV, O.A. AGAYEVA, U.A. JABIYEYV, D.A. JAFAROVA
Azerbaijan State Oil Academy
370012, Baku, Azadlig av., 20

The experimental investigation of P-p-T dependence of the three binary solutions methanol-water with the molar compositions 75-25%,
50-50% and 25-75% in the temperature intervals from —30°C till 30°C and the pressure 1-200 bar. For the density measurement the good
treated technique of the piezometer of the constant volume was used. The error of the obtained data doesn’t exceed +-0,1%.

For the carrying out of experimental investigation of P-p-T
dependence of methanol-water solution the experimental
installation, earlier created by us, working by the method of
the piezometer of the constant volume, was used [1]. The
main element of the installation is thick-walled piezometer of
the spherical form from the stainless steel 1X18H9T, which
has the external diameter 140 mm, internal diameter 62 mm
and volume ~123 ¢cm’ at t=20°C and P=1 bar. The two thin
capillaries from the same stainless steel by the internal
diameter 0,4 mm and wall thickness 0,8 mm are soldered in
the lower connecting pipe of piezometer. With the help of the
central capillary, the piezometer connects with fixing device
and the system of the creation and measurement of the
pressure, and the second capillary is used for the filling of the
piezometer by the liquid and output of the last.

The use of the capillaries of the small diameter (0,4 mm)
and the gate of the special construction allows us to lead the
ballast volume to the very small value (0,2 cm®), which is
near 0,15% from the total piezometer volume, moreover, the
capillary volume, situated in the band of the transitional
temperatures (from thermostat temperature till room one) is
equal 0,06 cm’, i.e. 0.04% from piezometer volume.

All installation nodes, with which the investigated liquid
and mercury connect, are produced from the stainless steel
I1X18HIT. The choice of this steel is caused by its high
anticorrosive properties. Moreover, nowadays its physical
properties have been investigated in detail that allows us to
calculate the corrections on piezometer deformation with
exactness in the dependence on the temperature and pressure.

The piezometer thermostating is carried out in the liquid
thermostat, supplied by the axial pump, providing the
intensive circulation of the thermostating liquid on the
contour, created by the small cylinder, where the pump is
situated, by the big cylinder, where the piezometer is situated
and the corresponding jet. For the improvement of the
thermostating the liquid is given through the lower jet from
the small cylinder to the big one tangentially. The intensive
motion of the liquid provides the homogeneous temperature
field on all thermostat volume and moreover, the regulation
of the thermostat temperature and piezometer, consequently,
with the investigated substance is carried out on the control
for the temperature in the one point of the thermostat. The
well heat transfer from the liquid to the piezometer
accelerates the transition process from the one measurement
mode to another one.

For the obtaining and maintenance of needed
temperatures in tests constantly we pass the water from
ultratermostat through copper coil, being in thermostat at
t=15°C. The vapour of liquid nitrogen, the expenditure of
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which was regulated thinly with the help of vacuum pump
and needle valves of special constructions, were passed
through coil at t<15°C.

The pressure in the installation was created by the
nitrogen supply into the autoclave and oil multiplier. The
pressure though the mercury was passed to the investigated
liquid. For the creation of the more high pressure the press of
the deadweight ianometer MP-600 was used. Pressing by the
press the nitrogen, situating in the oil multiplier and under the
mercury in the autoclave, the pressure in the system with the
initial pressure 80-100 bar can be reduce till 1000 bar.

In this paper the main attention is given to the assurance
of high measurement accuracy of the experimental values:
temperature, pressure and specific volumes (density).

For the measurement of the temperature two platinum
thermometers of the resistance were used. One of them is

R
100 and

exemplary one with coefficient =1.39259
R,

Ro=9.9980 Om of VNIIFTRI construction and another (long)

thermometer is produced also in VNIIFTRI taking under the

consideration the demands to the exemplary resistance

thermometers. The sensitive element of the second

thermometer is carried out from the plane of PL-1 type with

Rioo _ 1 30045
Ro
Ro=10.9251 Om.

The reading of both resistance thermometers coincided to
0.01°C, that’s why in experiments only one thermometer was
used often, and another one was used for the periodic control
of the stability of thermometers in time.

The excess pressures in the installation were measured by
the deadweight ianometer MP-600 (class 0,01) and MP-60
(class 0,05). The total maximal error of the pressure
measurement practically corresponds to the class of the
exactness of the piston manometer.

It is need to note, that before the main experiment the
special experiments on the pressure measurement of the
saturated vapour of the simple water in the temperature
interval from 200°C till critic one, were carried out on the
installation. The obtained data are compared with the given
ones of International constructional table [2]. The divergence
on the pressure in all investigated temperature interval
doesn’t exceed £0.,02 bar that proves good agreement degree
of the above mentioned measurement accuracy of the
temperature and pressure.

The specific volume of the investigated liquid is defined
as partial from the division of piezometer volume of the

coefficient and has the resistance
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investigated liquid, filling the piezometer at the measured
temperature and pressure.

By analysis, of the measurement error of the main
experimental values — temperatures, pressures, piezometer
volume and mass of the investigated substance, it is
established, that maximal sum relative fault of the density
definition is equal ~+0,05-0,10%, which has been proved in
the previous experiments with the simple water and toluol.

After checking experiments, the density investigations of
binary solutions methanol-water in the temperature interval

from —30°C till 30°C and pressures from 1,0 till 200 bar had
been begun. Toward this end three two-component solutions
methanol-water with molar compound:75-25%, 50-50% and
25-75% had been prepared. The solutions were prepared by
the weighing ADB-200 on the analytical scales with the error
+0,01% on mol. Moreover, the methanol by “ch.d.a.” type
was used, which repeatedly was treated detail purification
and the distillated water.

Table 1. Density values of methanol-water solution of 25-75% molar composition

P.bar k P, bar k P, bar k B, bar k P, bar k P, bar k P, bar k
= P—g = p— Z p—g & g = g : p—& [* o
m m m m m m m
t=30°C t=-20°C t=-10°C (A t=10°C t-20°C t=30°C
§,025 965,51 307 6101 273 955 50 1748 95059 3345 946p1 |6, 112 [94L®2  |Lp0T 936,50
1915 966,50 22543 961,52 15995 956,50 22249 952,01 w91 [94680  [14146 941 [21p94  [93744
50005 %P1 4801 962 85 33,763 958,53 37009 95381 55,122 [948,75 49217 [94350 [57]199 9304l
79,149 969,22 33,504 964,63 89,750 960,51 77,543 954 89 20245 95002 |79p14 (94513  [34990 [940,55
L0z 9715 JETCT] 967,52 128,546 962,52 115240 956,562 118907 |952,00 17304 94700 [1I9P4F 942,45
157213 973,52 155848 968,62 162,005 963,72 160p17 959,01 155799  [954p01 157205 |945p1 161217 [94433
Table 2. Density values of methanol-water solution of 50-50% molar composition
bar k P, bar k bar k P, bar k bar k B, bar k P, bar k
& e ™ b5 . p—g ™ pg a s [* bk [ p.—g
m m m m m m m
t=-30°C t=-20°C t=.10°C T t=10"C t=20°C t=30'C
3)25 92521 2]15 917,62 1652 91004 245 90271 1128 8950  [3p0s 88773 [2pés &0,21
17413 926p3 16,525 91841 B33 91050 Lix 90335 18175 895,22 13245 w821 19153 88124
53248 937,90 56,253 980,25 SLAS 91258 53,158 905 27 50,245 897,55  |52]125 39045 [48p58 882,72
35,198 [v79,02 79,135 92131 81375 135 118,128 90851 76,343 299,01 77,605 391,70  |80035 884,63
122,051 93075 123075 92351 119,03 81534 161062 910,65 124050 901,52 LE041 894,16 12548 887,15
160,130 932,90 159980 925,10 150,25 917,88 159990 90335 160p15 96,11 159960 888,79
Table 3. Density values of methanol-water solution of 75-25% molar composition
ba k B bar kg B bar Kk B, bar kg B, bar ke B, bar ke B, bar ke
Bubar o= & ps & Pk | s & p—s b Pt | Py
m m m m m m
t=-30°C t=-20C t=-10"C t=0"C t=10"C t=20°C t=30°C
1041 882,54 |3,007 873,15 |4,543 864,52 |2.322 855 51 2778 84703 |1,004 83802 6,192 829,75
17 427 883 21 23 483 874 44 |19 317 865,53  |22,541 857,02 25993  |848,51 197752 83949 23,714 831,11
37,546 884,15 49 527 76 00 45,713 867 36 54,724 839 24 55,778 850,52 43 845 84123  |47512 832,66
79 841 886,12 85,841 s78 03 [75841 869,12  [s1941 860,76 94,507 [85304 88392 [easa4  [81341 83531
118 241 388,10 120,712 88001  [112,541 871,13 |150,300 863,53 135118 (83547 [140,211 |347.50 |124214 833,00
157 544 890,11 161,214 882,02 158 347 873 66 159 971 865 40 161079 (85728 160,785  |849,01 159973 |840,75

The density measurements of each from the mentioned
binary solutions were carried out on five quasi-isochore. On
each quasi-isochore the measures were carried out with step
10°C and 7 pressure values and densities had been obtained.
In sum 126 experimental values of densities, which are given
in the tables 1,2 and 3 were obtained. The internal agreement
of the obtained data was checked by the construction of the
different isothermal and isobaric cross sections. The
divergence of the experimental points relatively smoothing

curves doesn’t exceed +0,01%.
Loy
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Fig.1. The dependence of the density of the binary solutions
methanol-water on the concentration at P=50 bar.
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Moreover, the density dependences from the compound
fig.1 and 2 had been constructed and then the data were used
for pure water and methanol [2,3]. As it is seen from these
figures the solution density methanol-water doesn’t obey the
simple additivity law, and it is inclined to the side of the
density decrease. The maximal inclination corresponds to
molar compound ~50-50% and is equal 4,6 and 5,0% at the
positive temperatures. With the temperature decrease this
inclination decreases and changes the sign.
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\
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Fig.2. The dependence of the density of binary solutions
methanol-water on concentration at P=150 bar.
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Such data for the given solution is absent in literature and
have been obtained firstly at the given temperatures.

Conclusions

The measurements of P-p-T dependence of binary
solutions of methanol-water with molar compounds75-25%06
50-50% and 25-75% in the temperature intervals from —30°C
till 30°C and pressures 1-200 bar were carried out on the
experimental installation, working on the method of
piezometer of the constant volume. In installation
construction and technique of the measure carrying out the
corresponding changes, taking under consideration the
specific properties of the investigated substance and material

and temperature region had been included. Firstly, the P-p-T
dependences of three binary solutions methanol-water were
measured on the given installation and the new density values
had been obtained. The maximal relative error of the
experimental data doesn’t exceed £0,01%.

The graph analytical treatment is established, that in the
investigated temperature and density interval, the density of
solution methanol-water doesn’t obey simple additivity law,
and is inclined to the side of the density decrease. The
maximal inclination corresponds to molar compound 50-50%
and is equal 4,6 and 5,0% at positive temperatures. With the
temperature decrease this inclination decreases and changes
the sign.
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svoystva metilovogo  spirta.

F.Q. ABDULLAYEV, O.A. AGAYEVA, Y.A. COBIYEV, D.A. COFSROVA

METANOL - SU QARISIGI R-p-T ASILILIGININ -30°S-DON 30°S-Y9D3K TEMPERATUR VO 1-200 BAR
TozYiQ INTERVALINDA TOCRUBI ToDQiqi

30°S-den do 30°S —yadak temperatur va 1-200 bar tazyiq intervalinda 75-25%, 50-50% va 25-75% mol tarkibli ¢ binar
metanol-su qanisiginin R-p-T  asiliig tecriibi tedqiq olunmusdur. Olgiiler yilksek dersceds tekmillasdirilmis sabit hacmli
pyezometr Usulu ile yerina yetiriimisdir. Alinan naticalerin nisbi xatasi +0,1%-dan ¢ox deyil.

®.I'. ABIYJIUTAEB, O.A. ATAEBA, 10.A. JI'KABHEB, /. A. I"KA®APOBA

SKCHEPUMEHTAJIBHOE HCCJIEJIOBAHME P-p-T 3ABHCUMOCTH PACTBOPOB METAHO.I-BOJIA B
MPEJEJAX TEMIEPATYP OT -30°C JIO 30°C M IABJIEHUIA 1-200 BAP

IIpoBeneHo skcnepuMeHTanbHOe wHccienoBanue P-p-T 3aBHCHMOCTH TpeX OWHApHBIX PAacTBOPOB METAHON-BOAA C MOJBHBIMH
cocraBamu 75-25%, 50-50% u 25-75% B npenenax temnepatyp ot -30°C 10 30°C u naBmenmii 1-200 Gap. s M3MEPEHHUS TIOTHOCTH HC-
II0JIL30BaHA XOPOLIO OTPabOTaHHAs METOAMKA MbE30METPa IOCTOSHHOro oObeMa. IIOrperHocTh IMOMyYeHHBIX AAHHBIX HE HPEBBIIAET

10,1%.
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THE DISTRIBUTION OF INDIUM IMPURITY IN THE Ge-Si HOMOGENEOUS CRYSTALS
OF THE SOLID SOLUTIONS, GROWN UP BY BRIDGMAN METHOD IN THE MODE OF
THE CONTINUOUS REPLENISHMENT OF THE MELT BY THE SILICON

V.K.KAZIMOVA, Z.M.ZEYNALOV*, G.H. AJDAROV
Institute of Physics of NAS of Azerbaijan, AZ-1143, Baku, H.Javid av., 33
*Gandja State University, Gandja, Azerbaijan

The problem of the distribution of the indium impurity in the homogeneous single crystals Ge-Si, grown up by Bridgman method with
the use of the fuse and feeding ingot of the silicon has been solved in Pfann approximation. The concentrational profiles of the indium
impurity along the crystallization axis of ingots with the different compositions, demonstrating the considerable influence of the change of
the melt volume on these characteristics, connected with replenishment of the melt and dependence of the segregation coefficient of the

impurity on the crystal composition.

The actuality of the investigations, directed on the study
of the impurity centers in the semiconductors is defined by
the fact, that work of the numerous devices, lying in the base
of the modern micro-optoelectronics, is defined in many
cases by the impurities of the different types, introduced into
the crystal. The indium is the one of the most usable impurity
for the doping of the crystals of the silicon, germanium and
their solid solutions. Because of the big enough solubility and
small activation energy the indium impurity defines the
electronic properties of these semiconductors in the wide
interval of the temperatures [1,2]. The balanced segregation
coefficient of indium impurity is K;=0,0004 in Si and
K, =0,001 in Ge at the melting temperature of the silicon and
germanium [3-5]. The small values of K}, in Si and Ge lead to
the significant axial gradient of the impurity gradient in the
semiconductor, grown up from the melt by the traditional
methods of Bridgman or Chokhralsky. The questions,
connected with the regularities of the distribution of the
impurity centers in the simple semiconductors, doped in the
process of the growing up from the melt, have been solved in
the different approximations enough totally [1,4].
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Fig.1. The schematic image of the growth of the homogeneous
Ge-Si single crystal with indium impurity by the
modernized Bridgman method.

The aim of the present paper is the solution of the task of
the distribution of the indium impurity in the homogeneous
crystals of the solid solutions Ge-Si, grown up by the
modernized method of Bridgman in the mode of the constant
replenishment of the melt by the silicon with taking under the
consideration of the dependence of the distribution

73

coefficient on the composition of the growing crystal. The
task was solving in Pfann approximation and in the
frameworks of the model of the virtual crystal for the solid
solutions.

The scheme put in the base of the mathematic modeling
of the concentration profile of the indium impurity in Ge-Si
ingot, grown up in the mode, supplying the homogeneity of
the distribution of the matrix atoms in the crystals is given on
the fig.1. Initially, the feeding rod of silicon is contacted with
the melt surface after the melting of the charging under the
fuse from Ge, Si and In impurities with the corresponding
ratio of the components and establishment of the temperature
of the liquids of the given composition. Further, when the
stabilized time is up, the mechanisms of the crystal drawing
out and putting of the replenishment in the melt are engaged
simultaneously. The growth of the homogeneous crystal with
the given ratio of the concentrations of Ge and Si atoms is
carried out by the way of the maintenance of the achieved
temperature on the crystallization front because of the
balancing of the melt composition by the corresponding ratio
of the velocities of its crystallization and feeding. In this case
the following ratio is correct [6-8]:

_*
Ky -1+a

K a
Ky, -1+a

Si_

or c

C[Si — (1)

Si si . e
Here C;" and C." are concentrations of the silicon in

the melt and growing up homogeneous crystal
correspondingly; « is the ratio of the volume of the feeding
of the ingot of the silicon, entered into melt to the volume of
the crystallizing melt in time unit; Kg is segregation
coefficient of silicon in the given composition. The equation
(1) gives the possibility to define the value of « for any given

si si . ‘
C;" or C.". Moreover, the corresponding value of Kg; is

calculated from the phase diagram of the system state Ge-Si
[1]. The dependence K on the composition of the growing
crystal, calculated by such way, is presented on the fig.2.

The task of the distribution of the indium impurity in Ge-
Si crystals was solved under the following conditions: the
crystallization front is plane; the equilibrium between solid
and liquid phases exists on the crystallization front; the
diffusion of indium impurity and convection in the melt
supply the homogeneity of the liquid phase on all volume; the
diffusion of the impurity atoms in the solid phase is
approximately small. It is noted, that these conditions are
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realized at the growth velocities of crystal, which are less
than 1x10°m/c [6].

Kai
Mot Bt &

[1] L d
50 100
84, 8t

Fig.2. The dependence of the equilibrium segregation coefficient
of silicon on the composition of the solid phase of Ge-Si
system, calculated from phase state diagram [1].

Let’s introduce the following designations: VZO, V, are

volumes of the melt in the crucible in the initial and current
moments of time; V,, V; are the volumes of the crystallizing

melt and dissolving silicon rod in time unit; C,, ,, C, , are

concentrations of indium impurities in the melt in the initial
and current moments on time; Cj, is concentration of
indium impurities in the solid phase; C is common quantity
of indium atoms in the melt; Kj, = Cj,; /Cy,; is equilibrium
segregation coefficient of indium; # is time.

We have with the above mentioned designations:

C Cv.-vic C-ViC
C,; =— and 4Ci = v -rc = :

2)
v ar v Z

Taking into the consideration, that V., and Vs don’t
depend on time in the considerable period, we have:

V=V =V =Vt

vV,

K

V. 4V, and C=—V.C 3)

Ind > 1In"
Substituting the data (2) in (1), after the separation of

variables and integration, we find

atlvV, - V)
V.=V o dC,,, — t VIO 4)
V.=V.K, =V s, C[n,l 0]— (Vc — Vt)t
Vlo

Introducing designations V, /V. = a; Vct/ Ve =y

in (3) after integration, we obtain:

(K, +a-1)

Cpo=Co K, =Co K, [I-y(1-a)] 1-0 .(5)

In,s

The equation (5) gives possibility to define the
concentration of indium impurity in the dependence on ¥,
i.e. on crystal length at the known values K;, and a. The

coefficient of the separation of Kj, impurity in Ge-Si crystal
with given composition can be defined in the limits of the
model of virtual crystal for the solid solutions on the known
data K, in germanium and silicon, taking under the
consideration, that K, depends linearly on the silicon
concentration in the crystal. The experimental data of the ref
[3] on the definition Kj, in the one of the compositions Ge-
Si prove the correctness of the mentioned by us

approximation. The value V, / V. = a; in the equation (5),

is defined from the condition of the growth totally
homogeneous crystals of the solid solutions Ge-Si with the
help of the equation (1).

The fig.3 illustrates the calculated curves of the
concentration profile of indium impurity along Ge-Si crystals
with silicon content 5, 10, 20, 40 and 80 at.% Si, calculated
from the equation (5) with the use of the corresponding
values « and Kg; on data (1) and fig.2. For all crystals the
initial concentration of the impurity in the melt is equal to

C;)n,lzlxlolxcma.

Fig.3. The dependences of the concentration of the indium
impurity on y in homogeneous Ge-Si crystals,
grown up by modernized Bridgman method with the use
of the feeding silicon ingot. The curves 1,2, 3,4 and 5
are related to the crystals with the silicon content 5, 10,
20, 40 and 80 at.% correspondingly.

As it is seen from the fig.3, the velocity of the
concentration growth of the impurity on the crystal length
decreases with the increase of the silicon content in matrix.
Such behavior is explained by the decrease of the segregation
coefficient of indium with increase of silicon concentration in
melt from one side, and with the increase of the melt volume,
caused by its constant feeding from another side. It is need to
pay attention on the practical constant of impurity
concentration in enough extensive region in melts with big
content of silicon. Such distribution character opens the
possibility of the Ge-Si crystal obtaining with practically
equal concentrational profile of indium impurity.

On the base of the above mentioned material, it is
possible to make following conclusion. The dependence of
segregation coefficient of the impurity on Ge-Si composition
and change of the melt volume, connected with its feeding
significantly influences on the velocity change of the
concentration of the indium impurity along crystallization
axis in homogeneous single crystals of the solid solutions Ge-
Si, grown up by Bridgman method on the fuse with the given
composition in the mode of the constant feeding of the melt
by the second component.

(1]
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V.K. KAZIMOVA, Z.M. ZEYNALOYV, H.X. 9JDOROV

Si-LA KOSIRSIZ QIDALANAN ORINTIDON MODERNLOSMIS BRIDJMAN USULU iLO ALINAN
BiRCIiNSLI Ge-Si KRISTALLARINDA iNDiUM ASQARININ PAYLANMASI

Pfann yaxinlasmasi ¢or¢ivasinde modernizo edilmis Bridjman tisulu ilo orintini kosirsiz Si ilo qidalandirma rejiminds alinan
bircinsli Ge-Si kristallarinda indium asqarinin paylanma masalasi nazori hall edilib. Asqarin seqreqasiya amsalinin Ge-Si kristalinin
torkibindon asililig1 vo srintinin qidalandirma naticasinds dayisilon hocmi agqarin kristal boyunca konsentrasiyasina shamiyyatli tosiri
gostarilib.

B.K. KSI3MUMOBA, 3.M. 3EfIHAJIOB, T.X. A’KJIAPOB

PACHPEJEJEHUE TIPUMECHU UHAUSA B OJHOPOJHBIX KPUCTAJIJIAX TBEPI[E;IX PACTBOPOB
Ge-Si, BBIPAIIEHHBIX METOAOM BPU/K/IMEHA B PEXKUME HEITPEPBIBHOU INOANIMTKH
PACIIVIABA KPEMHHUEM

B ndanHoBckOM npHONMKEHUH pelieHa 3a/1a4a pacipeiesieHus TpUMecH WHIUS B OJJHOPOJIHBIX MOHOKpHcTayuax Ge-Si,
BBIPAIIEHHBIX METOJOM bpumxMmeHa ¢ HCIONB30BaHMEM 3aTPaBKM M MOJIUTHIBAIOILErO CIUTKa kpeMHus. I[locTpoeHsl
KOHLIEHTPALMOHHbIE TNPOQWIN TNPUMECH HWHAMS BAOJb OCH KPHUCTAUIM3AIMK  CIMTKOB  PAa3IMYHOTO  COCTaBa,
JEMOHCTPHUPYIOIINE CYIIECTBEHHOE BIMSHHE HAa 3TH XapaKTEPUCTUKM HW3MEHEHHs 00bEMa paciiaBa, CBS3aHHOTO C €ro
TIOJIUTKON ¥ 3aBUCUMOCTH KO3 (PHIIMEHTa CeTperanyuy NPIMECcH 0T KOMIIO3UIIMN KPUCTaIIA.
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