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THE PECULIARITIES OF ELECTRIC AND GALVANOMAGNETIC PROPERTIES OF
F61,2CF1,854

L.M. VALIYEV]|,

Sh.0. ORUJEVA, A.l. AKHMEDOV

Institute of Physics, Azerbaijan National Academy of Sciences,
Baku. Az - 1143, H. Javid av. 33

Electric and galvanomagnetic properties of ferrimagnetic compound Fe; ,Cr; S, were investigated.

It is revealed, that magnetic

resistance is negative with the sharp peak in the range of T,=250K and it is shown, that the spontaneous Hall coefficient reduces
exponentially with the temperature in the region of the magnetic ordering.

FeCr,S, has the spinel structure and is the ferrimagnetic
semiconductor with the Curie temperature ~180K [1,2]. The
chromium ions in the octahedral sublattice are replaced
partially by the enelyse ions in order to get magnetic
semiconductors with the high Curie temperature and it was
shown, that Fe;,Cr;gS, has also spinel structure and is
ferrimagnetic with the Curie temperature T.=250K [3,4].
However the information lack on the electric and in particular
galvanomagnetic properties gives no chance to present the
full picture of the semiconductive properties and its
correlation with the magnetic structure. Therefore the
temperature dependences of the electroconductivity, the Hall
effect and magnetoresistance of the given content in the wide
temperature of the magnetic phase transition, were
investigated. The receipts and the samples analysis were
conducted by the technology described earlier [4].

The electroconductivity was measured by the compensated
method on the constant current, but galvanomagnetic
properties in the magnetic field of the strength up to 12K.
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Fig.1. The dependence of Igoand il on the temperature for
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The dependence of Igo and — on —— for this constant
P T
is presented on fig.1. As it is seen from the figure, the content
has the semiconductive nature of the conductivity. So that in
the range 100+-250°K the electroconductivity increases with
the temperature growth with the activation energy ~ 0,02eV.

The activation energy of the conductivity changes in the
range of the magnetic ordering, and it becomes equal to
~0,07eV. Therefore the activation energy of the conductivity
reduces by ~0,05eV at the transition in the magnetic ordering
state. This result is in agreement with the theory, developed
in the paper [5], in which the electroconductivity of the
antiferromagnetic semiconductors was examined by means of
S-d exchange model. It is concluded in these papers, that
magnetic sublattice with the opposite orientation of spins,
which in consequence of the exchange interaction with the
conductivity electrons create the additional periodical
potential, having more low symmetry, than that of crystals,
occur at the transition into the magnetic-ordered state and the
energy bands fission and the reduction of the activation
energy, may occur, what we have confirmed experimentally.
3
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The dependences of on —— are also presented on fig.1.
T

It is seen, that the value of a4 is negative, moreover it
Yo

achieves the maximum (12%) in the region of the magnetic

phase transition. Such anomalies of the magnetoresistance at

the Curie point in the ferromagnetic semiconductors achieve

quiet essential values, for example 80% for FeCr,S,

(T.=130K) and even 10* times for EuSe (T.=8K) [6].

v

ol IG::K
fepl

sk

), 160K
ot //";_‘_‘ 190K
fol ESON

.‘ S-t:'i'l‘limn.ﬂ,'.”

Fig.2. The field dependence of the Hall potential at various
temperatures for Fe; ;Cry gS,.

Such behavior of the magnetoresistance is connected both
with the energy bands splitting and with the current carriers
scattering on the disordered spins. Such relatively low value
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A

of the jump of i at the Curie point in Fe;,CrigS, in
yof

comparison with the ferromagnetic semiconductors with high

agility values proves once more, that the jump value of a4

o
is connected obviously with the value of the current carriers
agility, what is discussed in the paper [6].

The field (0-12K) and temperature (90+250K)
dependences of Hall potential of Fe;,Cr;gS, are also
investigated. The field dependences of the Hall potential at
various temperatures of Fe; ,Cr; gS, is presented on fig.2.
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Fig.3. The temperature dependence of the spontaneous
magnetization M and paramagnetic susceptibility ™ for
Feq1,Cry gSs.

The Hall-e.m.f. in the magneto-ordered compounds (ferro
and ferrimagnetics) is presented by the sum:

V. =(R,H + RlM)%

J J
where ROHE is classical and RlME is anomalous

potential, correspondingly. The anomalous Hall potential at
H—0 turns out into the spontaneous Hall potential, which has
the form:

J J
sz=RsMsE' sinceRoHE=O, where R is the

spontaneous Hall coefficient, Mg is the spontaneous
magnetization, d is the sample thickness, J is the sample
current. Vys and Mg are determined by the extrapolation of

V(H) and M(H) from the region of the paroprocess on the
H=0 axis and the coefficient R is calculated as a ration:

V,.d
*TMI

R

The magnetization and paramagnetic susceptibility of
FerxCraxSs (0<x<0.5) system are investigated by us before
[4]. The values of the spontaneous magnetization in the
temperature interval 90+250K and the paramagnetic
susceptibility of the compound Fe;,Cr; S, calculated from
these experiments are presented on fig.3.

4%
-8y

8
<

Jvf;;l.'__;mél
7

Fig.4. The dependence of the Hall coefficient IgR; on the
temperature for Fe; ,Cry gS,.

The value are Vi is calculated from the dependence of
V.~H at various temperatures in the range T<T,, in which
values V,; are determined by the value extrapolation V, for
H—0 in the process region.

3
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The dependence of IgR; on —— is presented on fig.4. As
T

it is seen from the figure, the spontaneous Hall coefficient
reduces exponentially with the temperature increase. Since
the spontaneous Hall coefficient is the consequence of the
spin-orbital interaction between the current carriers and the
localized magnetic moments, it indicates on the fact that the
magnetic heterogeneity of the given compound increases with
the temperature increase.
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THE PECULIARITIES OF ELECTRIC AND GALVANOMAGNETIC PROPERTIES OF Fe;,CriS,

L.M. Valiyev |, $.0. Orucova, A.i. 9hmadov

Fe;2Cr15S,-UN ELEKTRIK VO QALVANOMAQNIT XASSOLORININ XUSUSIYYSTLORI

Fe12Crq 8S4 birlesmasinin elektrik va galvanomagnit xassaleri tadqiq edilmisdir. Magnit miigavimatinin T~250 K-do kaskin
pike malik olmagla manfi giymat aldigi misahide edilmis vea spontan Holl emsalinin magnit nizamli oblastda temperaturla
eksponensial azaldigi gostarilmisdir.

JLLM. Baaues| III1.O. Opya:xesBa, A.U. Axmenos

OCOBEHHOCTH JIEKTPUYECKHAX Y TATbBAHOMATHUTHBIX CBOMCTB Fe, ,Cry S,

VccneioBaHbl SJEKTPUYECKHE M TalbBaHOMArHUTHBIC CBOMCTBa (eppuMarHUTHOro coexuHeHust Feq,CrygS,. OOHapykeHo, 4TO
MarHUTHOE COMPOTHBIICHHE OTPHULATENBHO C pe3kuM nukoM B obmactu T~250K u mokazano, 4To B 001aCTH MArHUTHOTO YMOPSIOYCHHUS
CIIOHTAHHBIN XOJUIOBCKUH KOA(D(DUILMEHT SKCIIOHEHIINATIEHO YMEHBIIIAETCS C TEMIIEPATyPOii.
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SIMULATION OF THRESHOLD PROPERTIES OF FERROELECTRIC LIQUID CRYSTAL

H.F. ABBASOV, AR. IMAMALIYEV
Baku State University,
Z. Chalilov str. 23, 370145

The one-dimensional model of thin planar ferroelectric liquid crystal cell has been considered. The dependences of threshold voltage
both on some material parameters of ferroelectric liquid crystal (spontaneus polarization, anisotropy of dielectric permittivity, elastic
constants) and on some external parameters (cell thickness, anchoring energies) have been obtained. The qualitative explanation of obtained

results has been proposed.

One of the basic problems by utilizing of liquid crystal
displays is to reduce the operating voltages as much as
possible. The later can be essentially reduced in the case of
ferroelectric liquid crystals (FLC) [1]. The first reason of so
high sensitivity to an external electric field is the strong
coupling of the electric field with spontaneous polarization.
Except of spontaneous polarization, the threshold voltage of
electrooptical effect is influenced by elastic constants,
anisotropy of dielectric permittivity of FLC, surface
conditions etc. In this paper the attempt was made to study
influence of each of these factors on the FLC switching
threshold on the basis of numerical calculations.

S ASSS

ectic layer

Fig.1. The cell geometry |

The description of electrooptic properties of FLC-cell can
be reduced to determination of the director field fi(r,t). The

later is given in the given point of space by two angles: the
tilt angle #and the azimuthal angle ¢ (fig. 1):
i = n(sin & cos ¢, sin @sin ¢, cos ) €h)
The tilt angle depends mainly on temperature and the
electric field essentially does not change its value. But the
azimuthal angle varies spatially in absence of an electric
field, and additionally in time under the field action. In thick
samples, where the spirally twisted structure takes place, the
angle ¢ varies both in a direction, perpendicular to layers,
and in layers plane (¢ =¢ (X, )), but in thin samples, only in a
layer plane [2]. Therefore, for not too high fields the task of
finding of a director field f(r,t) is reduced to the task of

searching of azimuthal angle ¢ (x, t) distribution, what is
determined by the competition of elastic and surface forces,
and also by the electric field force.

It is not difficult to deduce the balance torque equation
allowing us to determine the equilibrium configuration of the
system ¢ (x) (the thickness is less than pitch of spiral
structure: d << L):

,d%¢
GO —-+P;Ecosg +
dx 27,8,
under boundary conditions
dg .
G&hd,z = (W, cosg W, sin2¢)., , ©)

0<x<d/2, —7l2<¢<nml2

The following notations are used: G is an elastic constant,
Ps is a spontaneous polarization, E is an electric field

strength, Agzg”—glis an anisotropy of dielectric

permittivity, y, is transversal component of the dielectric

susceptibility, £=8.85pf/m is electric constant.
The first term in the right hand side of equation (3)
expresses the polar interaction of molecules with the

PZ . Agg,0°E?

Jsin 2¢=0 ®)

substrate surface. The polar interaction tends to orient the
spontaneous polarization toward, or out of the surface. It is
equivalent to a condition ¢(d/2)=-@(-d/2)=72 for our geometry.
The second term is a dispersion part of the surface energy:
the dispersion interaction is responsible for planar orientation
of smectic A phase and required @d/2)=¢(-d/2)=n2. The
appropriate anchoring energies are denoted by W; and W..
The signs «-» and «+» concern to top and bottom surfaces
respectively.

For FLCs, used in electrooptical cells the typical values of

Ps, G, 6, 7, and Ae have the order of 10“cm?, 10N, .0.4,

10, -3, respectively. Other external parameters W, W,, d and
E have the order of
6V

10%3-m?%,10°J-m?,5-10°m, 10
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respectively. Furthermore, we represent the polar part of
anchoring energy as

W, =W,, +a-P; @

where Wy, is the permanent (independent of spontaneous

2
y@Z%:GGZ 0 ¢+P5Ecos¢+(

ot ox?

under the same boundary conditions. y, is a rotational
viscosity that has the order 0.1 Pa-s.
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Fig. 2. Volt-contrast characteristics of FLC cell: a)the initial
state is twist; b) the initial state is uniform
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polarization) component of polar anchoring energy, the

second term is the contribution due to the spontaneous
polarization. It is reasonable to take W, =107 J m~ and
az=05V.

The dynamics of the switching process can be described
by the equation similar to (2):
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Fig 3. The dependence of threshold voltage on a) spontaneous
polarization b)dielectric anisotropy; c)elastic constant;
d)cell thickness; e)polar anchoring energy; f) azimuthal

anchoring energy
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The equation (5) is a nonlinear heat conduction equation
with boundary conditions (2) of general form and can be
solved by the sweep method [3].

To know the dependence ¢(x,t), it is not difficult to

find light transmittance of FLC cell in the crossed polarizers,
for example, by Johnes’ (2x2) retardation matrix method
[4].To study the threshold characteristics of the FLC cell the

\%
slowly rising electric field (with the rate of order 1 —) has
s

been applied. As seen from a fig. 2a, the transition from twist
state to uniform state has not threshold character. But if as the
initial state to take the uniform state (¢ =-7/2), the

transition to other uniform state (¢ =z /2) has clearly

expressed threshold character (fig. 2b).

The results of numerical calculations are shown in fig.3,
as dependences of a threshold voltage on spontaneous
polarization, dielectric anisotropy, cell thickness, elastic
constant and anchoring energies.

As expected, the threshold voltage is proportional to
spontaneous polarization (fig. 3a). A small deviation from
this low in the range of weak spontaneous polarizations is
related, on our opinion, to polar anchoring of molecules with
a surface, which appears as a destabilizing factor. For upper

W
surface there is an excess of free energy of density about Fl

that is comparable with field energy P¢E.

The dielectric permittivity also influences on the value of
the threshold. As, the interaction of a field with negative

dielectric anisotropy appears as the stabilizing factor

. . — AggU?
(appropriate density of energy has the order Zd—z ,
with increasing of |Ag| the threshold voltage slowly rises

(fig. 3b).
The transition from one homogeneous state to another
occurs by creation of intermediate twist state of energy

G
density about d_2 Therefore the threshold voltage increases

with rising of an elastic coefficient. This dependence has the
form of direct proportionality with surprising accuracy
(fig.3c).

The increasing of cell thickness leads at first to the
diminishing of the threshold voltage, however, in further this
tendency loosened (fig.3d). A reason of it also is weakening
of polar anchoring energy density.

The destabilizing role of polar anchoring is expressed
also in following: the threshold voltage diminishes with
increase of polar anchoring energy W, (fig. 3e). The breaks
observed in a graphics hint about qualitatively different ways
of switching at different intervals of values Wj.

As the dispersion interaction of molecules with a surface
acts as the stabilizing factor, the threshold voltage slowly
rises with increase of dispersive part of anchoring energy W,
(fig. 3f).

Note that the proposed model is one — dimensional where
the switching by domain wall motion is not under
consideration.

[1] N.A. Clark, M.A. Handshy, S.T. Lagerwall. Mol.
Cryst. Lig. Cryst., 1983, v.93, p.213.

[2] Y. Ouchi, H. Takezoe, A. Fukuda. Jap. J.Appl. Phys.,
1987, v.26, Nel, p.1.

[3] A.A. Samarskiy, A.B. Gulin. Numerical methods,
Nauka, 1987, 427 pp.

[4] Yariv, P. Yeh. Optical waves in crystals. John Wiley
& Sons, 1993, 616 pp.

H.F. Abbasov, A.R. imamaliyev

SEQNETOELEKTRIK MAYE KRISTALIN ELEKTROOPTIK XASSSLORININ MODELLOSDIRILM3SI

Bir6lgulu hal Ggun nazik planar seqnetoelektrik maye kristal nimunasinin riyazi modeli qurulmusdur. Astana garginliyinin
ham maye kristalin maddi parametrlarindan (spontan polyarizasiya, dielektrik nifuzlugunun anizotropiyasi, elastik sabit), ham da
xarici parametrlerden (yuvacigin qalinh@i, ilisma enerjilori) asiliigi misyyan olunmus ve bu asiliiglarin keyfiyyatce izahi

verilmisdir.

X.®. Aodacos, A.P. Umamaaues

MOJEJAPOBAHHUE JIEKTPOONITUYECKUX CBOMCTB CETHETO3JEKTPUYECKOI'O
KNUJAKOI'O KPUCTAJJIA

B nannoif paboTe mpencTaBieHa OJHOMEpPHAs MOJENb TOHKOW IUIAHAPHOHN SUEHKH CErHETORIEKTPHUUECKOTrO JKHUIKOTO KPHUCTalIa.
VcTaHoBIEeHa 3aBUCHMOCTD [IOPOrOBOTO HANPSDKCHHS, KaK OT MaTepHaIbHBIX [apaMeTPOB XKUIKOrO KpucTamia (CIIOHTAaHHO! TOJSIPH3aLiH,
AHU30TPOITHU THAJICKTPHYECKOM MPOHUIIAEMOCTH, YIPYroil MOCTOSIHHOW), TaK M OT BHEIIHHX MapamMeTpoB (TONIIMHBI SYECHKH, SHEPTHi
cueruienust). IIpuBeneHa Ka4eCTBEHHAsE HHTEPIPETALMS MOITYYEHHBIX PE3yJIbTaTOB.

Received: 26.02.03
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THE STRUCTURAL TRANSFORMATIONS IN Cu150AgosTe

Y.G. ASADOV, R.B. BAYKULOV
Institute of Physics, Azerbaijan National Academy of Sciences,
Baku. Az - 1143, H. Javid ave. 33

The structural phase transition in Cuy 50AgosTe were investigated by the high-temperature roentgenodiffractometric method, and it was
shown, that at the room temperature Cu, spAgosTe is two-phase and is composed of the rhombic phase with the lattice parameters a=7.319A,
b=22.236A, c=36.458A and the rhombic phase with the lattice parameters a=3.12A, b=4.04A, ¢=6.87A. The both rhombic phases transfer into
the two primitive cubic phases with the parameters a,=7.0091A n a,=6.8787A, respectively, by the temperature increase at 469K.

The Cu,Te compound on the state diagram of the Cu-Te
system corresponds to the compound 33,3 at % Te and melts
at 1393 K[1]. In [2] it is shown, that Cu,Te is crystallized in
the hexagonal structure with lattice parameters: a,=4.237A,
c,=7.274R, a space group P6mmm, the elementary cell
contains Z=2, the density p,=7.274 glem®.

According to [3] for Cu,Te the rhombic structure with the

lattice  parameters a:7.319Az\E a,, b=22236A~3c,,

c=36.458A~5¢c,, which is the superstructural hexagonal

phase, is determined at the room temperature. In [3-9] it is
shown by various authors and naturally by various methods,

that in Cu,Te five structural transformations at 448, 548, 593,

638 and 848K occur in the temperature range 290-1220K.

In [10] it is shown by the high-temperature roentgeno-
diffractogramic method, that:

a) The second hexagonal phase with the lattice parameters
a=8.4191A, ¢=21.8733A is yielded at 448 K from the
Cu,Te crystal, composed of the rhombic and hexagonal
phase with the lattice parameters: a=7.319A, b=22.236A,
c=36.458A and a=4.1418A, c¢=7.1833A. The parameter ¢
of the rhombic phase is sharply cut 4c=0.72A with the
phase formation, what gives reasons to make conclusion,
that the second hexagonal phase is formed at the expense
of the rhombic phase.

b) At 540 K the parameters a and b of the rhombic phase
reduce by the jump, but the parameters a and ¢ of the
first hexagonal phase increase by the jump. The reason is
the displacement of the cations and the cation vacancies.

c) At590 K the rhombic and first hexagonal phases transfer
into the second hexagonal phase and crystals Cu,Te
become one-phase at the temperature range 590-638 K.

d) At 638 K the diffraction reflections, belonged to the
rhombic phase, are restored with the appearance of the
reflection from the plane (111) of the high-temperature
fcc phase.

e) At 848 K the rhombic and second hexagonal phases
transfer into the fcc phase with the lattice parameters
a=6.1140A.

In [11] it is shown, that the crystals Cu;sZngseTe at the
room temperature, as Cu,Te, are two-phase and composed of
the hexagonal phase with the lattice parameters a=4.2478A,
¢=7.2334A and the rhombic phase with the lattice parameters
of the corresponded lattice parameters Cu,Te.

At 811+2 K the rhombic phase transfers into the
hexagonal phase. In this process the parameters of the
hexagonal phase do not suffer the jump. It testifies the fact,
that at the transformation of the rhombic phase into the
hexagonal, the latter is to be the primer. The hexagonal phase

itself at 970+2 K transfers into the high-temperature fcc
phase of the lattice parameter a=6.1187A.

It follows from the above-presented, that in crystals
Cu,Te the partial substitution of Cu atoms by the Zn atoms,
having the same charge and close ion radii, cut the number of
the phase transformations from five in Cu,Te up to two in
CugsoZngsoTe.

The results of the high-temperature roentgenodiffractogram
researches of the influence of the partial substitution of the
cooper atoms by the silver atoms on the structure, mechanism
and the temperature of the structural transformations in the
crystal Cu,Te are represented in the present paper. With this
purpose, the method of the direct synthesis, i.e. the chemical
interaction of the initial components, is used for the receipt of
the homogeneous samples of the Cu;s0AgosTe compound.
The initial components, taking part in the compound, have
the following purities: cooper is electrolytic, silver and
tellurium are of the special pure mark (SP). The synthesis
conditions and the crystals growth by the Bridgemann’s
method are represented in [10].

The temperature roentgenographic researches was carried
out on the diffractometer DRON-3M with the temperature
attachment URVT-2000.

Experiments were carried out in the vacuum (10? Pa).
The condition of the survey permission was made ~1°. The
diffractograms are recorded persistently, the diffraction
angles are determined by the method of the intensities peaks
measurement. In experiments the error of the reflection angle
determination did not exceed the value 46=+0.02°.

From the crystal ingot Cu; s0AgosTe the thin plane of the
size 2x4x4 mm was cut off and at the room temperature 18
diffraction reflections (table 1) are fixed from the indicated
sample in the angle interval 20°<26<80°.

For the precious indexing of the diffraction data from
Cuys0AgosTe they were compared with the calculated values
of the interplane distances d;, and corresponding indices hk;l;
of the reflection planes, calculated on the base of the
parameters of the elementary cell Cu,Te, CuAgTe and
Ag,Te. As it is seen from the table 1, the experimental values
are satisfactorily coincided with the calculated parameters d;
of the lattice parameters of the rhombic phase Cu,Te. From
experimental d;, as it is seen from the table 1, some d, i.e
d=2.4715 (110); 2.0060 (112); 1.7177 (004); 1.5608 (200)
and 1.4145 (114) are indexed on the base of the parameters of
the rhombic phase CuAgTe. It follows hence, that the crystals
Cuys0AgosTe at the room temperature are two-phase, i.e
crystallized in the rhombic structure Cu,Te and CuAgTe,
besides the relative number (quantity) of Cu,Te is more than
CuAgTe.
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Table 1

The diffractogram’s calculation of Cuy soAgosoTe. CuK,(h,=1.5418 A), filter — N;, Regime: 38 kV, 22 mA.

_ Parameters of T
Cu,Te CuAgTe the elemental &P
z o |y | dep(A) ’ i il A | K
dcaL(A) hkl dca|(A) hkl
1 2 3 4 5 6 7 8 9 10
1 15°41° 17 2.8534 2.8534 208
2 16°30° 33 2.7144 2.7155 209
3 16952° 100 2.6574 2.6586 084 Rhombic
4 17°30° 95 2.5636 2.5623 256 a=7.3193
5 18°11° 15 2.4715 2.4707 090 2.4716 110 b=22.2435
6 18°39° 42 2.4107 2.4181 302 €c=36.3636
7 20°11° 50 2.2345 2.2340 340
8 21027 40 2.1081 2.1093 099
9 21045 30 2.0807 2.0807 319 293
10 22°36" 42 2.0060 2.0059 348 2.0064 112 Rhombic
11 22°48° 19 1.9893 1.9887 364 a=3.1216
12 23029° 18 1.9352 1.9349 370 b=4.0423
13 24°14° 52 1.8788 1.8775 2103 ¢=6.8708
14 25002 11 1.8224 1.8224 411
15 26040 11 1.7177 1.7185 393 1.7177 004
16 28044° 9 1.6040 1.6032 3105
17 29°36" 4 1.5608 1.5614 459 1.5608 200
18 33°02° 12 1.4145 1.4145 541 1.4111 114
1 15°39° 10 2.8584 2.8560 208
2 16°29° 35 2.7173 2.7176 209
3 16°51° 100 2.6601 2.6622 084 Rhombic
4 17028 97 2.5688 2.5661 256 a=7.3367
5 18°09° 20 2.4748 2.4748 090 2.4746 110 b=22.2732
6 18°33° 50 2.4227 2.4239 302 ¢=36.4101
7 20007 48 2.2410 2.2391 340
8 21025 34 2.1109 2.1110 099
9 21043 30 2.0835 2.0838 319 373
10 22°33° 36 2.0102 2.0089 348 2.0093 112 Rhombic
11 22°46° 35 1.9920 1.9924 364 a=3.1280
12 23926° 23 1.9389 1.9390 370 b=4.0522
13 24°12° 45 1.8807 1.8804 2103 ¢=6.8860
14 24°59° 15 1.8255 1.8259 411
15 26°36° 13 1.7215 1.7218 393 1.7215 004
16 28042° 10 1.6054 1.6060 3105
17 29032° 10 1.5640 1.5642 459 1.5640 200
18 33°00” 10 1.4155 1.4178 541 1.4132 114
1 15°38° 5 2.8605 2.8595 208
2 16928 30 2.7202 2.7206 209
3 16°49° 100 2.6647 2.6660 084 Rhombic
4 17027 90 2.5714 2.5700 256 a=7.3477
5 18°07° 15 2.4788 2.4788 090 2.4784 110 b=22.3092
6 18°35° 50 2.4189 2.4275 302 €=36.4280
7 20°06" 45 2.2429 2.2428 340
8 21924 32 2.1126 2.1141 099
9 21042° 30 2.0852 2.0865 319 423
10 229317 35 2.0128 2.0117 348 2.0121 112 Rhombic
11 220457 30 1.9935 1.9956 364 a=3.1312
12 23924° 20 1.9413 1.9418 370 b=4.0622
13 240107 40 1.8830 1.8838 2103 €=6.8940
14 249577 14 1.8276 1.8282 411
15 26034° 12 1.7235 1.7247 393 1.7235 400
16 28040° 10 1.6070 1.6087 3105
17 29°30" 10 1.5656 1.5663 459 1.5656 200
18 32954" 10 1.4192 1.499 541 1.4149 114

After the diffraction reflection

crystals orientation the furnace was switched on and the

record at the room
temperature, without changing the angle interval and the

record was carried out every 50 K. Before every record the
corresponding temperature was kept constant during 40 min.
Under this conditions, the essential changes did not occur in
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the reflection number and their intensities up to 423 K. Only
at 423 K the four couple diffraction reflections (fig.1), whose
calculations are represented in the table 2, are fixed in the

the lattice parameters: a;=7.009A u a,=6.878A, distinguished
by the elementary cell parameters and the diffraction

reflections intensities, where 12, . >12 . 11 >12
previous angle interval. As it is seen from the table 2 and (220)7 7(220)7 "(222)" "(222)
fig.1 the low-temperature two-phase crystal Cuy sAdosTe at I(1320) < |(2320) and | (1400)< | (2400),
469+1 K transfers into the two primitive cubic phases with
=
2
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Fig.1. The crystal’s diffractogram of Cu; 506AgoseTe ( the rhombic phase reflex is marked by the star)
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Fig.2. The temperature dependencies of the lattice parameters of both rhombic and cubic phases.

12

Table 2
The diffractogram’s calculation of CuyspAgosoTe.
= (P) (P)2 Parameters of T
< 0| Wy derp (A) the elementary cell , A "k
dcal.(A) hkl dcal.(A) hkl ’
1 18°07° 100 2.4788 2.4781 220 - -
2 18°29° 40 2.4319 - - 2.4320 220 (P)1
3 22024° 80 2.0228 2.0234 222 - - a=7.0091
4 22951 30 1.9853 - - 1.9857 222 473
5 23022° 40 1.9438 1.9436 320 - -
6 23°50" 20 1.9082 - - 1.9078 320 P)2
7 26°06" 10 1.7524 1.7523 400 - - a=6.8787
8 26°38" 5 1.7196 - - 1.7197 400
1 18°06" 100 2.4812 2.4801 220 - -
2 18°27° 38 2.4365 - - 2.4362 220 (P).
3 22023 83 2.0244 2.0249 222 - - a,=7.0146
4 22°48° 38 1.9824 - - 1.9891 220 573
5 230217 22 1.9452 1.9455 320 - -
6 23048 45 1.9105 - - 1.911 320 (P)2
7 26°05" 10 1.7536 1.7537 400 - - a,=6.8906
8 26°35" 10 1.7227 - - 1.7226 400
Z i % =
& - °¢: =
689 | < & L 6.91
= by
688 | 4.06 315 - 6.90
687 | 4.05 314 - ap 6.89
4.04 313 6.85
312 |+ 4 687
l 1 1 1
=
‘_?- -
3643 | =
=
%42 | F L
3641 | 2231 | -
3640 | 2230 | “%L |
36.39 L 2229 L 737 |
3638 | 2228 | 736 |
3637 L2227 | T35 |
3636 | 2226 | 734 |
2225 | 733 L
2224 | 732 | .
L L : 1 1
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CuzTe Zu sdng snle Cu wohgosoTe
Fhethic hezagomal ~1 Fhomhic hexagonal CugTe CusgTe
a=7.3190.4 a=d.1412 4 a=73192.4 a=4.2478 4 Fhoanbic Fhombic
p=222360 4 | e=7.1833 .4 p=2223624 | e=727335 4 a=73193 4 a=3.1216 4
c=36.4530 A c=36.4581 A p=2224354 | b=40434
c=36.3636 4 c=6.2708 A4
L L & »~
453 K El1 K 459 K da% K
L L L3 'y
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p=2236634 | 2=2.41914
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c=7.2222 4
[ sank I 970 K
y
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Fig.3. The scheme of the structural transformations in Cu,Te, Cuy 50ZngsoTe and Cu; soAdoseTe.
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At the further heating the both primitive cubic phases kept
their individuality, but at the reverse cooling below 469 K
they transfer into the two ordered phases, one of which is
identical by the lattice parameters to the low-temperature
phase Cu,Te, and another to CuAgTe. As it was noticed, the
low-temperature rhombic phase Cu,Te after the four
intermediate phase transformations at 848 K transfers into the
high-temperature fcc phase with the lattice parameters
a=6.114A. 1t is known about the second phase, i.e CuAgTe,
that at the room temperature it is crystallized in the structural
type of the rhombic CuTe with the lattice parameters
a=3.12A, b=4.05A, ¢=6.875A, p=8.20g/cm>. However, the
space groups with Pmmm on Pmm2 (the suppression is
absent) is changed with regard to the ordered substitution of
the half of Cu atoms by Ag atoms.

In spite of the fact, that the compound Cu, spbAgosTe at the
room temperature is two-phase and crystallized in the
structural type Cu,Te and CuAgTe, neither the
transformation temperature nor the high-temperature
modifications structures do not correspond.

The schemes for the comparison of the structural
transformations in Cuy spAgosTe, Cu,Te and CuyspZngsTe are
represented on fig.2. These differences represented on the
scheme are mainly connected with the spreading of two types
of cations between the layers of tellurium atoms in the
tetrahedral and octahedral vacuums.

The temperature dependencies of the lattice parameters
Cuys0AgosTe are represented on fig.3. As it is seen from
fig.3, the parameters a(T), b(T), c(T), of both rhombic and
a(T) of both cubic phases increase in a linear fashion. The
coefficient of the line expansion, calculated from the
temperature dependencies of the existing phases lattice
parameters.

As it is seen from the table 3, the rhombic phase, crystallized
by the structural type Cu,Te, is strongly deformed in the
direction [100], i.e. az>ap~a. but the rhombic phase,
crystallized by the structural type CuAgTe, is deformed in the
direction [010], i.e. ag<an>ac. It is the main reason of the
instability of the both rhombic phases, which at 469 K
transfer into the high-temperature primitive cubic phase.

Table 3
The heat expansion of Cu;spAggesoTe.
The line expansion coefficient 10 degree™
Tar K Modification Texo. K
str. exp. o o o a _ &
a b c 3
Cu,Te 293-373 29.7 16.7 16.0 20.8
2 293-423 29.8 22.7 13.6 22.0
293-373 25.6 30.6 27.7 28.0
469 CuAgTe 203-423 23.7 37.9 26.0 292
Py 473-573 0.80
P, 473-573 17.3
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Cu,.50AdoseTe KRISTALINDA QURULUS GEVRILMSSI

Yiksek temperatur rentgendifraktometrik metodu ile Cuis0AgosoTe kristalinda qurulus gevriimesi tedqiq edilmisdir ve
gosterilmisdir ki, otaq temperaturunda qefes parametrlori a=7.319 A, b=22.236 A, c=36.458 A ve a=3.12 A, b=4.04 A, ¢=6.87 A olan
iki rombik fazadan ibaret olub, 469 K-de gefes parametrleri a,=7.0091 A ve a,=6.8787 A olan iki primitiv kub fazaya kegir.
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IO.I'. Acanos, P.B. Baiikynos
CTPYKTYPHBIE IPEBPAIIEHUSA B Cu; 50AggsoTe

BricokoTemmnepaTypHEIM peHTTCHAU(PAKTOMETPHIECKIM METOJIOM HUCCIIEA0BAINCE CTPYKTYpHBIE (ha3oBbie nepexonsl B CU; soAJosel € 1
OBLIO TTOKa3aHo, YTO NpH KOMHATHOH Temuepatype CuU; 50AJose € sABisieTcs IByX(a3HbBIM U COCTOUT U3 pOMONUYEecKOr (ha3bl ¢ mapaMeTpaMu
pemerxu a=7.319A, b=22.236A, ¢=36.458A u pomGuueckoii pasel ¢ mapamerpamu pemerku a=3.12A, b=4.04A, ¢=6.87A. C nopsimenuem
temieparyps ipu 469 K 06e pomGuueckue (hassl MpeBpaIIAIOTCs B JBE IPUMHUTHBHBIE KyOmueckue dassl ¢ mapamerpamu a;=7.0091A u

a,=6.8787A coorBercTBEHHO.

Received: 27.02.03
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THE ELECTRIC AGEING OF THE POLYETHYLENE AND
POLYPROPYLENE POLYMER MIXTURES IN THE REGION OF LOW
ADMIXTURES OF ONE OF THE COMPONENTS

A.A. ALIYEV
The Institute of Radiation problems, Azerbaijan NAS,
370143, Baku, H. Javid ave. 31 ¢

The influence (1-10 weight %) of polypropylene (PP) concentrations in polyethylene (PE) upon the durability to the electric ageing was
studied. It is shown, that the injection of the low (1-2 weight %) PP concentrations into PE increase the PE durability to the erosion and
oxidation, caused by the electric discharge effect and leads to the growth of the PE electric solidity.

INTRODUCTION

One of the reasons of the high-voltage insulation break is
the development of the electric discharge in the place of the
gas inclusion inside the insulation [1]. The second main
reason of the insulation break under the long influence of the
electric field is the appearance and development of the partial
break channels in the parts with the sharp heterogeneity field,
i.e. dendrites or triings, leading to the gradual loss of the
material mass (erosion) and the local reduction of its
thickness and at last to its full break.

In order to increase the high-voltage polymer insulation
lifetime it is necessary to create the material, having the
monolith structure (with the minimal number of the gas
inclusion and heterogeneities), and having the resistance to
the electric discharge effect.

Recently the polymer mixtures have attracted the
researcher attention. The obtained materials have the
complex of the new properties, which are absent at the initial
polymers [2].

There are a number of works, devoted to the research of
the PP-PE mixtures with the purpose of the PP shock strength
increase, fragility temperature drop, but there is no
information on the research of the PP-PE mixtures with the
purpose of the application as a polymer insulation.

The properties of the polymer mixtures, components of
which do not come into the chemical interaction with each
other, essentially depend on its structure, which, in its turn, is
determined by the concentration relationship between the
components, with the increase of the component content in
the matrix of another the mixture structure passes by the
sequence the row of stages: the solution, the region of the
interphase dissolution, the dispersed microheterogenous
structure, the coagulation net, the inversion structure [3].

It might be supposed, that the mechanism of the polymer
mixture damage under the influence of the external factors
will also essentially depend on the concentration relationship
between components.

THE EXPERIMENTAL PART

The work purpose is to investigate the electric ageing of
the polypropylene (PP) and polyethylene (PE) mixtures films
in the region of the low (up to 5-10) weight % of one of the
components. The mixtures PP with PE were prepared from
non-inhibited isotactic powders PP ( the average weight mass

I\Ww=2.86~105, the average numerical molecular

massM, =6.23-10*, M_ /M, =46, the crystallization
degree  y=64) and PE /M, =415.10",

_ A =  —
M, =271-10", M, /M, =153 x=49) on the ball

mill during 60 minutes with the following passing through
the microextruder with the three regulated temperature bands-
140, 160, 190°. The isotropic films were obtained by the
extrudate pressing during 30 minutes at 200° and the pressure
200 atm. on the substrate from the polyimide film. The film
thickness makes 100-120 mcm. The film were tempered in
water at 30°C right after the pressing.

The influence of the electric discharge is realized in the
asymmetric test cell, composed of the flat metal electrode, on
which the tested sample of the polymer film was placed, with
the air gap of the value 1.5 mm and the glass plate of the
same thickness: the high electric voltage U=9 kV of the
industrial frequency was applied to the metallized cover on
the interface of the glass plate.

The sample weighing before and after the influence was
made on the balance VLP-200 to a precision up to 0.05 mg.
The oxidation is followed by the band of the carbonyl (C=0)
groups at 1720 cm™ by means of the UK-spectrophotometer.
The electric strength Eg, is determined on the current of the
industrial frequency as the arithmetical average from the
results of 10 independent relations measurements. Uy, /h,
where Uy, is the break voltage, increasing with the velocity
2kV/s, h is the average thickness round the break place. The
tangent of the corner of the dielectric losses tgo and the
dielectric constant ¢ of the films were measured by means of
the bridge P-589.

RESULTS AND THEIR DISCISSION

The results of the polymer compositions PE-PP test are
presented in the table 1. It is seen from the table 1, that the
admixture of PP (0-5%) in PE causes the negligible changes
of the electric characteristics of the following compositions.

The polyethylene and polypropylene are incompatible
polymers. PE crystallizes in more stable orthorhombic lattice,
while PP in the monoclinic shape. However, both
components have the mutual influence on the crystallization
process and the low-molecular structure formation [3-7].

The injection of the low (1-2 weight %) concentration PP
in PE increases the PE resistance to the erosion and oxidation,
caused by the electric discharge effect (fig.1 and 2).
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Table 1.
The polymer compositions PE-PP characteristics
Sample PE PE+0.5%PP | PE+1%PP | PE+2 %PP PE+5 %PP
Characteristics
Eg xV/mm 118 116 120 118 116
tgé" 10—4 7 6 5 4 6
& 2.2 2.4 2.8 2.9 2.7
Lg (a,, ohm*m) 145 | 13.8 14.6 14.3 14.2
Erg
ADe=0 Fpr |
05 4
6- >
4 0254
924
] T ] 1 ] T
0 1 2 3 4 5 %

T T T
2 4 6 3
Fig. 1. The dependence of the mass losses Am (1) and the
oxidation degree (2) of the PE sample versus the PP
content Uygi= 9 KV, t,i=20 hours.

Crr20

It is known, that PP is less stable to the electric discharge
influence, than PE, what is explained by the presence of the
tertiary atoms of the carbons in the macromolecules.
Actually, for 20 hours of the electric ageing in our conditions
the mass decrease at the individual PP has made about 20 mg;
but at the individual PE it is only 8mg.

It is seemed, that the injection of PE in PP should increase
its resistance to the electric discharge influence and vice
verse, however, it is not observed in the region of the low
admixtures. The external nature of the mass and oxidation
loss in the region 0.5-1 weight % PE in PP and in the region
1-2 % PP in PE may be explained by means of the interphase
layer presentations.

Fig. 2. The dependence of the electric strength Eg, of the PE
samples with the various PP content: Ugi= 9 KV, t,5=10
hours.

According to [8,9] the external nature of the changes of
the polymer mixtures properties in the region of the very low
admixtures of one of the components (modifier) is explained
by the spilling of the polymer solution at the determined
modifier content, its emission in the dispersed phase and the
formation of the interphase layer with the specific properties.
The modifier may form the reinforced cage or fill the
structural defects of the polymer matrix, i.e provide more
small and one-phase structure or vice verse, expand the
matrix structure and increase its defects.

Therefore, the reduction of the free volume occurs at the
injection of the low admixture of PP in PE, the interphase
layer becomes more dense, and the resistance to the electric
ageing becomes maximal (table 2)

Table 2

The polymer compositions characteristics after the electric ageing
Sample- PE PE+0.5%PP PE+1%PP PE+2%PP PE+5%PP
characteristics
Eg kV/mm 43.0 38.0 60.0 64.0 32.0
t95-10_4 95.0 80.0 26.0 32.0 78.0
£ 3.2 3.8 4.7 4.8 4.2
lg, p, ohm*m 9.32 9.47 11.6 10.6 9.4
Am, mH 7.5 6.6 0.87 0.93 14.8
AD=0 3.75 3.56 0.03 0.02 1.48

At the moment of the interphase spilling a number of the
modifier particles of the small sizes are formed and the value
of the interphase layer is maximal. The particles sizes
increase with the further growth of the modifier content and
their concentration falls [10] and the interphase layer reduces.

Actually, in our case the sharp oxidation reduction and
the mass loss under the influence of the partial discharges,
and also the electric strength growth are observed after the
concentration of PP 1 weight % in PE.
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POLIETILEN V@ POLIPROPILEN POLIMER QARISIQLARIN KOMPONENTLORINDSN BiRININ
KiCiIK ASQARLAR SAH3SIND® ELEKTRIK «QOCALMASI»

Polietilena polipropilenin mixtslif konsentrasiyalar daxil edilmakle (1-10 ¢oki%) elektrik «gocalmasina» gargi dayanighg
oyrenilmisdir. Hamginin, polietilena kigik konsentrasiyali (1-2% ¢aki ile) polipropilenin slave edilmssi ile polietilends elektrik
bosalmalar naticasinda yaranan eroziya ve oksidlasmays garsi dayanighdin ve elektrik méhkamliyin artmasi gosterilmisdir.

A.A. AiueB

JIEKTPUUECKOE «CTAPEHUE» IIOJJUMEPHBIX CMECEM NNOJUATUJIEHA U IIOJUITPOITAJIEHA
B OBJIACTH MAJIBIX JIOBABOK OJHOT'O U3 KOMIIOHEHTOB

Nzyueno Bnusiaue (1-10 Bec %) xoHuenTparmii 111 B TID Ha CTOMKOCTD K 3JIEKTPUYECKOMY CTapeHuro. [Ioka3aHo, 4TO BBEICHHE MaJbIX
(1-2 Bec %) xonuentpanuii I1I1 B 13 moBbimiaeT cToikocTs [13 K 3pO3uK U OKUCIICHHIO, BRI3BAHHOMY IEHCTBAEM DIICKTPUUECKHUX Pa3psIOB
Y TIPUBOAMT K BO3PACTAHUIO 3JEKTpHUIECKOM mpouHocTH [10.
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MEDIUM SFg
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In the article the physicochemical processes, proceeding in the system under the influence of the electric discharge (SFs is the dielectric
discharge), are investigated. Taking into consideration the content changes in the SFg gas medium, the results, confirming the strong
influence of the gas medium and electric discharge on the materials, are presented.

Gas, named electric gas (elegas) SFg, having high electric
strength, has found wide use in the high-voltage technique as
an insulator [1,2,3]. In spite of the fact, that the elegas,
consisting of two chemically active atoms and being passive
in the form of the SFg molecule, creates the medium,
conserving its simplicity for a long time, and provides the
stable work of the high-voltage equipment.

The mechanism of the elegas molecule formation and the
connection nature of the new sulphur atoms and six floor
atoms have not been studied. Until last years the elegas
molecule formation and the idea on the creation of the six
covalent connection between sulphur atoms and six floor
atoms were submitted as a common hypothesis. The results
of the research, conducted in the last years, have called the
hypothesis and the mechanism of the SFs molecule formation
in questions [4]: the idea of the electron charge
transformation from sulphur atoms into floor atoms has been
put forward. Thus, in the SFg molecule the presence of the
covalent and ion connection is taken into consideration.
According to the two mechanisms, the SFs molecule, having
the high symmetry, is formed at the expense of the location
of sulphur atoms in the center and floor atoms at the
octahedral corners. As in the molecule structure the distance
between the sulphur and floor atoms is low, the numerical
value 1,57-10™ has been determined.

The high symmetry and compression, observed in the
elegas molecule, provide the resistance to the physic-
chemical influence.

As the elegas is subject to the electric discharge influence,
a number of changes occur in the SFg molecule and it may
have the negative effect on the elegas medium. From this
point of view SFg, subjected to the electric influence, has the
scientific-technical value in the research of the gas medium
[3].

The influence of the torch (flare) electric discharge has
been used in experiments. The electrode system, forming the
torch electric discharge, enters the close volume and the
discharge regime is chosen by the application of the variable
voltage on the electrodes. In the case of the value of the
applied high voltage is U=25 kV, the value of the electric
current is 35 mcA.

After the receipt of the vacuum in the system 10° Pa
experiments were conducted by the introduction of the SFg
gas in the system before the atmospheric pressure. In the
close system applying the influence of the electric discharge
on the SFg gas the changes in the gas medium have been
registered by the mass-spectrometer.

The spectrogram, registered by the SF gas in the system,
is represented on fig.1.

As it is seen from the fig.1, the spectrogram consists of
the SFs molecule and the residual gas of the atmosphere air.
In spite of the presence of a low number of the water
evaporation, oxygen, carbon, nitrogen atoms and molecules,
SF¢ shows its neutrality.
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Fig.1. The mass-spectrogram, registered in the gas medium SFg

In the above-presented regimes the spectrogram,
registered by the influence of the torch electric discharge on
the SF¢ gas, is represented on fig.2.

As it is seen from fig.2, the SFs gas (SFs, SFs, SF4, SF3,
SF,, SF, S, F) and another ions have been formed under the
influence of the electric discharge. It should be noticed, that
unlike SFs molecule the formed ions, being chemically
active, have the strong influence on the gas atoms and
molecules and contacting surface. Therefore, as it is seen
from the mass-spectrogram, C,Fs, CoF10, SOF3, S;Ns, SO,F;,
SOF,, SOF, SO,, So and another molecules have been
formed like the above-presented gas SFe.

On the spot of the drawn by the needle lines the traces of
the depth 100-150 mc are observed on the surface of the
ceramic plates and glass, whose surface is fully covered by
the dielectric lacquer and placed on the surface of the flat
electrode. The results shows, that the medium, formed under
the effect of the electric discharge on the SFg gas and having
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the destructive power on the indicated materials, has a strong
influence.

At the formation of the traces on the glass and another
materials surface it has been determined by the application of
the discharge power and the influence dependence, that both |

[

factors increases the traces depth on the surface and it is
possible to cut the glass plate, placed on the flat electrode
surface and having the thickness 150 mc, from the desired
place during the fixed time and to open holes of the low
diameter on its surface.
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Fig.2. The mass-spectrogram, registered by the influence of the electric discharge on the gas medium SF.

With the purpose of the change of the adhesion, polishing
and another properties of some dielectric materials, the
indicated properties of the SF¢ gas, subjected to the influence
of the electric discharge, are used as a non-mechanical, non-
chemical and superior method.

It should be noticed at the same time, that the use of the
SFs gas as an insulator in the high-voltage equipment
production may lead to some difficulties and may have the
negative influence on the stable work of the equipment.
Taking this into consideration the strict demands should be
applied to the simplicity of the SF¢ gas content, used in the
high-voltage equipment, to the chosen materials for the
production of the technical equipment and to the gas medium
content. It is known from the research results, that each of the
above-indicated factors has the significant value and the
research results, conducted in three directions, have been
submitted useful from the point of view of the expansion of
the SF¢ gas application sphere. Applying the influence of the
electric discharge on the elegas, the new achievements,
obtained by the research of the chemical reaction in the gas,
have been widely used in the production of the technical
devices and materials.

The research results, having the scientific-technical use,
have also the significant value in the determination of the

[ research directions, the modern technological processes, the
technical facilities production and the possibility of the
scientific base application.

Thus, it is known from the research, that as a result of the
gas reaction realization in the gas medium, placed on the
discharge interval and influenced by the electric discharge, a
row of the momentary, considerable changes are observed in
the initial gas medium. In the system versus the initial gas
content the various new gas atoms and their compounds,
realized by means of the gas reaction, may be formed under
the influence of the electric discharge on the material surface
and volume, and from the point of view of various aspects it
has the significant value in the content research. It is known,
that polymer-dielectrics, applied as isolation materials, in the
technique and technological processes are subject to the
influence of the electric discharge and strong electric region.
During the application the changes, observed in the chemical
and electro-physical properties of dielectrics, may disable
these materials, applied as insulator. In these processes side
by side with the another factors the medium, surrounded by
the dielectrics, and changes, occurring in this medium under
the effect of the electric discharge, have the decisive
influence.

[1] N.N. Tihodeyev. The transmission of the electric energy-
Leningrad-Energoatomizd, 1984.

[2] Ch.M. Juvarl, Y.V. Gotin, R.N. Mehdizade.The corona
discharge in the electronegative gas-“ELM”, 1988.

[3] V.M. Smirnov.The negative ions-M: “Atomizdat”, 1978
[4] 1.M. Bortnik.-Elegas-M: “Nauka”, 1982.

20



THE RESEARCH OF THE INFLUENCE OF THE ELECTRIC DISCHARGE ON THE GAS MEDIUM SF¢

K.B. Qurbanov

QAZBOSALMASININ SF; QAZ MUHITINS TOSIRININ TaDQiQi

Maqgaleda elektrik gazbosalmalarinin tasiri naticesinde «SFes — qazbosalmasi tasiri» sisteminde musahida olunan fiziki
prosesler tadqgiq edilmisdir. SFe gaz muhitinde terkib deyismeleri geyde alinaraq, SFes gaz muhitinin, gazbosalmalarinin tasiri
soraitinda, materiallara gicli tesir vasitasi olmasini taesdiglayan naticaler taqdim olunur.

K.B. I'yp6anos

UCCJIEJOBAHME BO3JIEVCTBUSA JIEKTPHUECKOI'O PA3PSJIA
HA T'A30OBYIO CPEZ1Y SF;

B cratbe mpencTaBiIeHbl Pe3ysbTaThl UCCIACIOBAHUN (HU3UKO-XUMHUYCCKHUX MPOIIECCOB, MPOUCXOIINX B cucTeMe «SFg — Bo3zaelicTBre
3JIEKTPUYECKOTO pa3psija». BhIABICHBI M3MEHEHHUS ra30BOM cpelbl SFg B YCIIOBHUAX BO3ICHCTBHS (haKEIBHOTO DIICKTPUUECKOrO paspsja.
YcraHoBIeHB (haKThl, MOATBEPIKAAIONINE XMMUYECKYI0 aKTUBHOCTh HOHOB 3JIeTrasa, 00pa30BaHHBIX BCICACTBHE BO3/AEHCTBUS 3JIEKTpHUEC-
KOTo paspsza.
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The various modern evolutionary models for the binary Wolf-Rayet stars are considered. The evolutionary connection between various
groups of binary WR stars is investigated. Proposed that WR stars with the OVI lines (WR-OVI stars) may be binary systems with compact
components and WN+WC stars may be evolutionary transition objects between WN and WC stars.

1. Statement of the problem

After accumulation observational facts for the stars we
must constrain physically reliable evolutionary models for
these objects. Various models have been proposed for the
understanding formation and evolution of Galactic Wolf-
Rayet (WR) stars of population I, depending on the initial
mass, chemical composition and binarity. In this paper we
considered the models evolution of binary WR stars which are
sufficiently verified with the observations and theoretical
investigations. The evolutionary connection between various
groups of binary WR stars is investigated.

In fact we know:

a) binary WR stars: WR stars with O components, WR stars
with compact components — neutron stars or black holes, WR
stars with mixing subtypes — WN+WC stars;

b) single WR stars.

Therefore we must explain origin and evolution of binary
and single WR stars and evolutionary connection between
different group of WR stars.

2. Formation and evolution of binary WR stars

In this section the evolutionary properties of close binary
system and formation binary WR stars in this system are
considered. It is known that a large part of the stars of the
galactic disk are binaries. It is also known that progenitors of
WR stars are massive O stars locating in the galactic disk.
According to [1] 36% of the O stars are binaries. During the
evolution the components of the close binary system can fill
their Roche volumes, and lose mass in order to keep the star
within the allowed surface. WR phenomena are observed
namely when sufficiently mass loss takes place. The mass
overflow via Roche surface and mass loss by stellar wind
makes binary systems more convenient for the formation WR
properties. Formation and evolution of WR stars in binary
systems have been investigated in [2, 3, 4]. According to this
investigations evolution massive close binary systems take
place following way:

01+ 0, >WR1+0, ¢ +0y, = Cc + WR> (l)

The evolution of the stars in binary systems is different
from the evolution of a single star with the same mass and
chemical composition. It is known that progenitors of the
binary WR systems are massive close binary O;+0, systems
with a circular orbit. The O;+0, system is called massive if
at least one of its components will explode as SN and
becomes to neutron star or a black hole. The O;+0, system is

called close binary if the period of this system is small
enough that during evolution one or both components will fill
the Roche lobe (Roche surface) — the critical equipotential
surface of the star. The equipotential surfaces of components
are crosses at first Lagrangian point L1, which is the point of
gravitational balance between two components. Effective
gravity is zero in point L1 and matter can flow from one
component towards the other. Process in which the star fills
its Roche lobe and starts losing mass trough L1 is called
Roche lobe overflow - RLOF. The component losing mass
due to RLOF is a mass loser, and the component that accepts
matter is a mass accretor.

According to (1) in massive close binary system O;+0,
initially higher mass component (O;) evolves more rapidly
and system becomes to WR;+0, and further WR; star in this
system explodes as supernova (SN) and WR;+0O, system
converts into c+O, where ¢ is compact star (c- neutron star
or black hole). The probability that the binary system remains
bound is high, since the less massive star explodes [5]. From
the evolutionary model (1) we may conclude that if the SN
explosion does not disrupt the system the WR phase can
appear twice, the first as WR+O system, the second as WR+c
system. Another infer from (1) is that the number of WR+c
systems might be expected to be similar to that of WR+O
systems. Establishment the binary nature of WR+c stars from
the spectral and photometric observations is very difficult
because small amplitude of light and radial velocity (RV)
variations. For the verifying theories on the formation of WR
stars is important to determine what fraction of the WR stars
are truly single. With the aid of model (1) we also can explain
formation of c¢+0, system (O stars with compact
components). WR+c and c¢+0O type binary systems are called
runaway stars because their location at high distances from
the galactic disc.

As long as the radii of components of binary system
0;+0, are smaller than their Roche radius the system is
detached system — only weak interactions can occur, i.e.
interactions by tides, radiation, stellar winds, magnetic forces.
For a given binary system, the Roche radius determined by
the masses of the components and orbital period can be
calculated. When one of the components (beginning more
massive component) of the binary system during its evolution
expands so that it fills its Roche surface (the stellar radius
exceeds the Roche radius), mass transfer through the vicinity
of the inner Lagrangian point (L1) starts. The binary system
becomes too semi-detached. In semi detached systems the
primary (more massive component) can lose of its initial
mass sufficiently that is important for the formation of WR
stars.
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If the mass ratio of the components is near to 1 the two
components can evolve simultaneously, while one component
fills its Roche surface and loses matter, the another
component can also expand and fill its Roche surface. In this
case a contact binary is formed. The system can rotate as a
solid body. The common surface can reach the outer
Lagrangian point (L2), and mass loss through the vicinity of
this point can occur. From this discussion it is obvious that
the binary systems with the mass ratios less than 1 are
convenient for the formation of the binary WR stars. Namely
these systems become semi- detached and losses sufficiently
mass that is necessary for the formation of WR stars.

Evolution of the stars in a massive close binary systems is
strongly depends from the mass loss via RLOF. More
massive component of the binary system is called primary.
When the primary fills its Roche lobe, mass transfer starts.
The gas on the surface of the primary will flow through the
first Lagrangian point L1 to the component. Depending on
an initial period and masses in binary system, primary star
can fill its Roche lobe:

1. core hydrogen burning phase - case A,

2. shell hydrogen burning phase - case B (the most
frequent case),

3. shell helium burning phase - case C

When the Roche surface overflow phase ends, the
remnant of the primary becomes to helium star. It is assumed
that the accreting secondary evolves like a normal main
sequence star. As a consequence of the rapid mass transfer
the secondary can also expand and fill its Roche lobe. In this
case contact system is formed, and the two stars have a
common envelope. Namely in the case mass loss starts during
core hydrogen burning the contact system forms. In the case
mass transfer starts during shell hydrogen burning, it is easier
to avoid contact phase. Therefore the binary systems where
stellar radius increases during shell hydrogen burning or core
helium burning are more convenient for the formation of
binary WR stars.

Most model computations for the evolution of close
binary stars were made under conservative assumptions, i.e. it
is proposed that the total mass and the orbital angular
momentum of the system are conserved during the mass
transfer phase [6,7]. The conservative evolutionary
computations lead only to a rough correspondence between
observed and calculated parameters because factual loosing
total mass and angular momentum by system. It is not very
difficult to take into account mass and angular momentum
losses from the system. Only a fraction g of the mass lost by
the primary is accreted by the secondary, and also that a
fraction y of the total angular momentum is taken away by
the matter leaving the system. This type of investigations is
important for the obtaining real results which may be
verifying by the observations.

WR stars with O components: WR+O stars

The presence the absorption lines in the spectrum of some
WR stars, the light and RV variations led astronomers to
suggest O components for these stars. In 1939 for the first
time was discovered the WR spectroscopic binary V444 Cyg
[8]. For the being time we know many binary WR+O stars.
According to modern evolutionary theories of close binary
systems progenitors these systems are massive O;+0,
systems (see evolutionary model (1)). As noted above more
massive component in binary system O;+0, due to mass loss
via RLOF and by stellar wind becomes to WR star.
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In the seventies it was observationally confirmed that the
absorption lines could originate in the WR star as well [9].
According to authors [10, 11] many of the WR stars with
absorption lines are single. Therefore the WR stars can be
called binaries only if light and RV variations was discovered.
Since the discovery of WR stars, the problem of duplicity
among WR stars has been a major one. Several years ago all
WR stars were believed to be components of close binary
systems. Therefore one of the important question concerning
WR stars was whether all of them are members of close
binary systems or single WR stars are also exist. Discovery
the binary nature of WR stars is actual due to two reasons:
first, for the understanding the role of the component in the
formation of a WR star; second, the difficulty to determine
the binary nature of the WR stars due to the widths of the
spectral lines and low amplitude of the light and RV
variations. After the discovery of WR binaries with compact
components, we may estimate the real number binary WR
stars. According to [12] 25% of WR stars are WR+O binaries.
According to evolutionary model (1) the number WR+O
system must be same with the number of WR+c ones.
Therefore after to take into account the number of WR stars
with compact components the percentage of binary WR’s
increases up to 50%.

The study of WR+O binaries is important for the
determination masses of WR stars. By measuring the
velocities of both components in a WR+O system, we can
determine the minimum masses and mass ratio of the two
stars; if we can get some information about orbital
inclination, we may calculate the masses of the WR stars.
The determination of masses of WR stars in binary systems is
complicated by two factors: a) uncertainties in the value of
orbital inclination b) the errors in the determination velocity
semi-amplitude. However, the mass ratio of the component of
binary system may be determined correctly.

Observational properties some WR+O systems are
investigated in [13]. The WR binaries in which the absorption
spectrum of the O component is present and moves in the
opposite sense than the WR emission lines denotes as SB2. In
a some cases, the WR star is sufficiently brighter than its
component that the spectra of O component is not present in
the visible region, although the mass function of these
systems implies with the presence of the massive component.
Such WR binary systems denotes as SB1. Most of the WR
binaries with massive components are SB2.

The masses of WR stars span a very large range: the mass
of WR component of CX Cep is 11 My and the mass of WR
component of HDE 311843 is 40 Mo. According to [14] the
minimum masses of WR stars were strongly correlated with
the mass ratios; stars with smaller masses were found in
systems with smaller Myr/Mo values. It is interesting that
there are not correlation between WN and WC types and
masses, though the mass ratios of WR binaries are correlated
with types [15]. It is also interesting that the WC stars are
not, in general, less massive than the WN stars. The reason
may be that either not all WN stars become WC stars, or low
mass WC stars are shorter lived than massive ones [16].

Another interesting problem is to determine the minimum
mass that an O star must lose in order to be identified as a
WR star. By extrapolation the current masses of the WR type
components we may approximately determine the beginning
mass of the O star. For the WR+O systems mass ratios
approximately less than 0.6. Since the initial mass ratio of
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0O+0 systems are nearly unity. From this we may infer that
the WR components in binaries have lost at least 40% of their
initial mass.

According to scenario Conti [17], a single O star will turn
into a single WR star by stellar wind mass loss, while a binary
0O+0 system will turn into a binary WR+O system by wind
mass loss and mass loss via Roche surface. In this case are
interesting: a) relative importance of wind mass loss and
mass loss via Roshe surface b) what fraction of mass is
accreted by the component?

It is interesting to compare the orbital eccentricities of the
0O+0 and WR+O systems. All the WR stars with massive
components have circular orbits except » Vel (e=0.40),
HD190918 (e= 0.43) and HD 92740 (e ~ 0.6). The longest
period WR+O system with a circular orbit is CV Ser (P~30
days). Most of the O stars with periods below 30 days have
circular orbits. All the long period systems have non-circular
orbits. In short period systems tidal interactions will
circularize an orbit. If mass transfer has played a dominant
role we might expect for the longer period systems to have
circular orbits as well, since this is a consequence of mass
transfer [18].

In some cases WR stars are member of eclipsing binary
systems: V444 Cyg, CX Cep, CQ Cep, and CV Ser.
Investigation of light curves of this eclipsing WR+O binary
systems give us important information about physical
characteristics of the WR stars that is necessary for
understanding of their nature and evolution.

WR+WR_binaries:

Besides the WR+O systems there are some binary
systems in which both members are WR stars (WN+WC
stars). These stars have spectroscopic properties intermediate
between WN and WC stars. It is known that the spectra of the
most WN stars do not contain carbon, only lines of
CIVA45801 in the optical region and CIVAA1550 in the UV is
observed. However strongest CIII lines (CI1144650 and
Cl1145696) are not generally observed in WN stars. If these
lines are seen, the star is given subtype WN+WC, as if two
stars were present. Although this does not mean that two
separate stars are present. For the establishment the binary
nature such systems RV and light variation investigations
were need. Our photometric observations revealed light
variation one of the WN+WC stars AS422=MR111 with the
period 20%[19].

The theory of the evolution of close binary stars predicts
that WN+WC binaries might exist. The existence of such
transition nitrogen-carbon stars indicate also an evolutionary
connection between WN and WC stars. When CNO cycle
approaches to the end and helium burning will begin and the
carbon should manifest itself in the composition of the star.
To produce WR+WR system the O star in a WR+O system
must evolve into a WR during the lifetime of the other WR
star. It is known that the lifetime of a WR stars is typically
10% of its O star life. Therefore the number of WN+WC
systems must be small.

Investigation WN+WC system is very important for
the understanding nature of WR phenomenon.

WR stars with compact components: WR+c stars

The discovery of OB binary X— ray sources was important
for understanding of massive binary star evolution with mass
exchange and mass loss. One of the important conclusion
from this was the prediction of the second WR binary phase
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(WR+c) in the evolution of massive binaries in which the
component of the WR star is a neutron star of mass 1-2 Mo, or
in some cases even more massive black hole [20].

The first observational fact that WR+c stars do exist to
become clear from a study of the distribution (z distribution)
perpendicular to the galactic plane of galactic WR stars for
which distances was known. It was supposed that the SN
explosion in a binary system has ‘kicked’ these stars out of
the galactic plane and that they could be binary systems with
the neutron-star component. Therefore WR+c stars must
situate far from the galactic plane. It is found that single line
WR stars (the WR stars presumed as single) tend to lie further
from the galactic plane in the mean than double-line
(presumed WR+OB binary) stars, which behave like normal
population I of the galaxy. For a limited humber within 6 kpc
and v<12mag for which the duplicity was reliable
determined, found | 21 =133 pc for single-line and 79 pc for
double-line WR stars (z is distant from the galactic plane)
[21]. From this concluded that, among the single-line stars,
there exist a significant number WR+c stars. Among the O
stars also there are runaway stars i.e. stars situated far from
the galactic plane. This fact interpreted analogously runaway
WR stars.

The next reasonable step would be photometric and
spectral observations (for the revealing possible radial
velocity, line profile, light variations) of individual WR stars
for the establishment their duplicity. The spectral and
photometric detection the duplicity of WR+c stars is very
difficult because the radial velocity and light variations are
very low. Spectral detection of duplicity more comfortable
for the narrow line WNL (WN6-8) stars. A necessary
minimum requirement is a reliable measure of the RV semi-
amplitude of the WR component, which leads to an estimate
of the mass of the compact component, after assuming a mass
for the WR stars and the orbital inclination. If the masses of
the secondary is in the range ~ 1-2 Mo, it could be a neutron
star; if more than ~3 Mg a black hole component. Additional
observational prove would come from the investigation phase
dependent line profile variations.

he spectral and photometric searching for the duplicity
among the WR stars with high probability of finding WR + ¢
systems; e.g. single-line WR stars with high |z | in the
galaxy, surrounded by a ring nebula (ejected during the
during rapid mass transfer from the pre-WR star to the
component) lead to detection of WR+c stars. Presumably,
many more WR+c stars remain to be detected.

The low mass-function for the WR+c stars indicate for
the compact components mass ~0.5-2Mg in most cases,
compatible with the presence of neutron star (NS) component.
We thus assume 1.6 Mo, an appropriate mean value for NS in
X ray binaries [22], in order to derive the WR star masses.

HD 197406 is more probably WR+Black Hole. The
distance from the galactic plane for the HD 197406 is 799 pc
because this star is called the extreme runaway. Obtained that
the mass of compact component in HD 197406 is ~14 Mo .
The light curve of this star shows a shallow dip of ~ 0.04mag.

Beside orbital motion, there are other physical processes
which could produce the observed low-amplitude, periodic
RV and light variations. One of them is pulsation of the star.
It is known that massive He burning stars as identified with
the late WN(WNG6-8) and WC stars have radial pulsation
periods in the range of 30 min [23].This period much shorter
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than any periods observed in WR+c systems. Another reason
of observed periodic variations may be also rotation. Rotation
of the star associated with the surface inhomogeneities (may
be associated with the magnetic field) might give periodic
variations. However following observational facts make more
probably that observed periodic variation is due to presence
compact component of the WR star:

1. location at high z distance from the galactic plane

2. the presence ring nebulae around star

WR stars with the enhanced lines of OVI: WR-OVI

stars

Another interesting group of stars is Pop. | WR stars
whose optical spectra display the emission doublet
OVI443811, 3834. These stars are called WR — OVI stars
[24]. According to our investigations at least some of these
stars may be close binary systems with the probable compact
components. We revealed following observational facts in
favor this assumption:

a) similar z distribution of WR stars with OVIA43811,
3834 lines and WR stars with the probable compact
components

b) rapid spectral variability of some spectral lines in the
spectra of the WR-OVI stars; such a rapid spectral |

W + Oy
4

variability is characteristic for the WR + ¢ stars [25]

c) considerable scattering in the dependence ‘emission
line widths — ionization potential’ and uncertainty of
spectral subtypes as estimated from the different
criteria. These effects may be due to compact objects
which are components of the WR-OVI stars [26].

d) the observation of the ring nebulae around some WR-
OVI stars. Such ring nebulae are observed also around
WR-+c stars [27].

e) the discovery of the periodic variability of the light
and radial velocity of the WR-OVI star HD 16523 [24]

3. The probable evolutionary connections between
different group of binary WR stars

It is known that WR stars have been divided into three
spectral types: the WN, WC and WO. It is suggested that the
separation of WR stars to types is connected with the different
chemical composition and related to stellar evolution [24].
We know WN+O, WC+0, WO+0O systems. Progenitors of
these systems are massive close binary O;+0, systems.
Therefore the evolutionary model (1) may be written in
following form:

o+ WA

O+ 0y =2 QAN+ O 2 WO+ e + 07 o £ OFWN o + WU
4

WO + O

o+ o

@

As noted above the evolution of the stars in a massive !
close binary systems is strongly depends from the mass loss
via RLOF. For a given binary system, the Roche radius
depends from the masses of the component and orbital
period. Therefore RLOF also depends from the mass ratio of
the component. We suggest that formation WN+O, WC+O or
WO+0 systems from O;+0, system depend from mass ratio
in binary O;+0,. As noted above the mass ratios of WR
binaries are correlated with types WN and WC. This
observational fact is favor to our suggestion. According to
[24] there is such evolutionary connection between WN, WC
and WO types:

WN - WC - WO 3)

There is analogous evolutionary connection between
WN+0O, WC+0 and WO+O binaries. In evolutionary model
(2) we show arrows between these systems indicating
probable evolutionary connection.

We suggest that transition from O;+0, to WR+0O, system
also depends from that at what stage takes phase RLOF in
binary system O;+0,. If RLOF takes place at core hydrogen
burning phase (case A) formation of WN+O system more
probable. If RLOF takes place at shell helium burning phase
then (case C) the formation of WC+O and WO+OQO systems
more probable.

It is known that there are evolutionary transition objects
(Of/WN) between O and WN stars. Therefore must be
evolutionary transition binary Of/WN+O, systems (quasi WR
binaries) between O;+0, and WR+O, type binaries. We also
proposed that there are evolutionary transitional c¢+Of/WN
objects between ¢+0 and c+WR stars.

The evolutionary model (2) prorosed by us for the first
time and is more detailed than model (1).

4. Main conclusions:

1. Progenitors of binary WR systems are massive close binary
0,+0, stars.

2. The masses of WR stars span a larger range than do their O
type components. The average mass of a WR star is about
20Mo.

3. The masses of WC stars are not less than those of WN
stars.

4. The mass ratios of WR+O binaries are correlated with the
types WN and WC.

5. WR stars in binaries have lost at least 40% their mass in
becoming WR stars.

6. The short period WR+O systems have circular orbits,
identical to what is know for the O;+0, systems.

7. Some WR-OVI stars may have compact components.

8. WN+WC stars may be in the intermediate position of the
evolution from WN to WC stars.
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C.N. Ristamov

QOSA VOLF-RAYE TiPLI ULDUZLARIN MUASIR
TOKAMUL STATUSU

Qosa Volf-Raye ulduzlarin muiasir tekamul modellerina baxilmigdir. Mixtslif grupa daxil olan gosa WR ulduzlari arasinda
tekamil slagaleri tedqiq olunmusdur. OVI xatleri olan WR ulduzlarin (WR - OVI ulduzlarinin) kompakt komponentleri olan qosa
sistemlar ola bilmasi fikri irali strilmuisdir. Ola bilsin ki, WN + WC ulduzlan tekamilce WN ve WC ulduzlari arasinda kegid
obyektlaridir.

J.H. Pycramos

COBPEMEHHBIN 3BOJIIOIIMOHHBINA CTATYC IBOMHBIX 3BE3/] TUIIA BOJIb®A-PAUE

PaccMmoTpeHb! pa3nuuHble COBPEMEHHBIC 3BOIIOIMOHHBIE MOJCTH Ui 3Be31 Bonbga-Paiie. beimn nccnenoBaHbl 3BONIOMMOHHEIE CBSA3U
MEX]y pa3InuHbIMU Ipynnamu [BoiHbIx 38e31 WR. IIpennonoxeHo, 4ro 38e3abl Bonbda-Paiie ¢ muausmu OVl (3Be3xst WR - OVI) moryt
SIBIISITBCS. TBOMHBIMH CHCTEMaMH C KOMITAaKTHEIME KomroHeHTaMu. 3Be3gsl WN + WC  MoryT SBISTBCS SBOJIOIMOHHO HEPEXOMHBIMU
oobekramu Mexay WN u WC 3Be3namu.
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THE POTENTIAL RELIEF CLOSE TO THE ISOLATED DISLOCATION IN Si

S.G. RZAYEV, Z.M. ZAKHRABEKOVA
The Institute of Physics Azerbaijan National Academy of Sciences
Baku. Az - 1143, H. Javid ave. 33

By the investigation of the Frenkel-Pull effect in the silicon, containing the one electrically active edge dislocation, it has been
established that it creates the deep centers of Coulomb type. The relief of the potential energy of an isolated charge dislocation interaction

with the charge carriers has been determined.
INTRODUCTION

The actual task of semiconductors physics is to reveal the
mechanism and peculiarities of the defects influence on the
electron process in semiconductor devices. This issue
acquires the special actuality in microelectronics, as the small
sizes of the active elements of the integrated circuits lead to
the fact, that the defects occupy the considerable part of their
working volume, in consequence of what the degree of the
defects influence on their parameters increases.

Among the known defects edge dislocations are worthy of
the special observation, due to their considerable influence on
the electron processes in semiconductors.

As the analysis of numerous papers [1-6], devoted to the
research of the dislocation electron activity shows that it was
carried out in samples, containing the uncontrollable number
of the dislocations. The complexity of their interaction
picture both between each other and with the charge carriers
and with the point defects makes the analysis of the obtained
results more difficult. In consequence of these measured
values have the high statistical spread, and the results are
speculative and sometimes contradictory.

Therefore the study of the electric properties of an
isolated dislocation has a considerable scientific and practical
interest. The valuable information on the electric properties
of an isolated dislocation may be obtained by research of the
dependence of the height change of the potential barrier’s
bulk charge (BC) about the dislocation and dislocation
conductivity on the electric field. These properties of the
dislocation versus the direction and the electric field strength
become apparent in a variable extent. In [7] we investigated
in details conductivity along dislocation. However the
unambiguous information on the relief and properties of the
potential barriers, created by an isolated dislocation, which
plays the determining role in the generation-recombination
properties of the dislocation, is absent in the literature. Such
factors as the dislocation interaction with the charge carriers
and the impurity atoms, and also the electric and elastic
disturbance of the adjacent regions of the lattice have the
influence on the potential relief of BC. The simultaneous
account of these factors and the construction of the
theoretical model of the potential relief about the dislocation
are very complicated. Therefore the experimental
determination of such relief may give the valuable
information on the real behavior of the BC potential barrier
and the electric activity of the dislocation.

The present paper is devoted to the research of the height
change of the BC potential barrier close to an isolated edge
charge dislocation under the influence of the perpendicular
external electric field with the purpose of the determination
of the potential energy relief. The relief of the potential

energy of the carrier’s interaction (the shape of the potential
barrier) with the dislocation has been determined from the
research of the Frenkel-Pull effect (FPE) [8].

METHODS AND THE EXPERIMENT

The method of the thermostimulated currents (TSC),
whose peculiarities are applicable to the investigated
samples, represented in [7], is direct and experimentally
convenient for the determination of the dependence of the
potential barrier change on the electric field.

The research was carried out on the silicon epitaxy-planar
n*-p junctions of the integrated circuits. The basic region of
the junction consists of the boron alloyed (=5-10'°cm™) part
of the epitaxy film of 111-surface with ~2.1um thickness.
The collector region consists of the n*- buried layer, formed
in p-substrate by the As diffusion (~10%cm) and adjacent to
it the vertical layer, created in the epitaxy film of the
phosphorus diffusion (=5-10'%cm™), which comes out on the
film surface. The small area of the structure (~10°cm?)
allows selecting samples, containing in the p-basic region an
electrically active dislocation.

The complex of the independent methods [9-13]: the
analysis of the J-V and C-V characteristics, the analysis of
the thermostimulated currents (TSC), DLTS methods of the
transmission and scanning electron microscopy (SEM),
regime of the secondary electrons and the induced current,
and methods of chemically selective and by-layered etching
have been applied to reveal and study the electrically active
dislocation (EAD). The type of the deep centers and their
dislocation place in the p-n junction are determined by these
methods, the region of the cylindrical bulk charge and the
EAD core are revealed. The selected method makes possible
to reveal and carry out the research of the electric activity of
an individual dislocation at the absence of the electrically
active defects. The statistic spread of the measured values is
excluded, and the experiment is carried out in the controllable
conditions. The microphotography of the investigated p-n
structures, obtained by SEM in the combined regime of the
secondary electrons and the induced current, is represented
on fig.la. Only one generation-recombination region,
localized between basic and collector contacts in the form of
the hollow light cylinder, (the region on the photo has elliptic
shape because of the fact, that the electron beam of SEM falls
on the sample surface under the oblique angle) has been
revealed on the microphotography, i.e. only one electrically
active defects has been revealed. The white spots over the
basic region represent the contamination in the isolated SiO,-
layer, which disappears after the etching of this layer. The
dark core of the defects (the cavity of cylinder) testifies the
fact, that it is charged positive and intensive absorbs
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electrons, in consequence of what it looks dark and the light
region, surrounding the core, is charged negative, in
consequence of what the intensity of the reflected from this
region electrons is high, therefore it looks light on the
microphotography.

Rk _'E

Fig.1. The microphotography of the p-n junction with the one
electrically active defect (it is shown by the pointer):

a) in the combined regime of the secondary electrons and
induced current of SEM. E=20 kV, *1400. 1 and 2 are
the metallic contacts, respectively to the base and
collector. The dark region corresponds to SCL.

b) after the selective chemical etching-1 and 2 are
windows under the basic and collector contacts.

The method of the chemical selective etching is applied
for the determination of the defect nature. The
microphotography of the investigated p-n structure after the
etching, on which the dislocation etching pits are seen, is
represented on fig.1b. The symmetry shape of the dislocation
etching pits testifies the fact that the asymmetry etching pits
[14, 15] correspond to 30 and 60° dislocations. As it is seen
from the microphotography comparison (a and b), the
secondary (without the impurity atmosphere) dislocation is
revealed between the basic and collector contacts under the
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electrically active defect, the low value of the etching pit in
comparison with another etching pit testifies this fact

Such difference in the size of the etching pits is explained
by the dislocation genesis. Large etching pits correspond to
the grown dislocations, which are germinated from the
substrate in the film and are acquire in the process of the film
growing by the impurity atmosphere. It is quickly dissolved
by the selective etching [16], what causes the extra sizes of
the etching pits. The secondary dislocations, occurring at the
final stage of the technological process of the device
production, have not time for acquisition the impurity
atmosphere, therefore the etching pits, corresponding to them
have the small sizes.

Thus, it is seen from the microphotography comparison (a
and b- fig.1), that the electric activity show only the
secondary dislocation (without the impurity atmosphere), its
nuclear is charged positive. The latter testifies the donor type
of the deep centers, created by the dislocation nuclear.

RESULTS AND THEIR DISCUSSION

Curves of the thermostimulated currents (TSC), obtained
at the p-n junction only from the one electrically active edge
dislocation in the basic region, at the various values of the
reverse bias are represented on fig.2. As it was shown above,
the absence in the basic region of the investigated p-n
junction of another electrically active defects has been
established by means of SEM.

1

Fig.2. The thermostimulated currents at the various values of the
reverse bias Ug on the p-n junction: Ug=(0, 2, 3, 4, 5, 6)
B is for curves 1-6. The corresponding values of the
electric field close to the dislocation are (0,6; 1; 1,24;
1,35; 1,5; 1,6)-10°V-/cm. The velocity of the sample

heating is b=0,35 K-s™.
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Fig.2a. The p-n junction cross-section with the one electrically
active dislocation: 1 is the dislocation, 2 is the Al, 3 is
SiO,, 4 is the base, 5 is the collector, 6 is p-Si (the
epitaxy layer), 7 is n*-buried layer, 8 is p-Si- the
substrate, 9 is the space charge layer and the field
direction is shown by pointers.
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These dislocations generate from the surface sources (the
scratches, cut, microcracks) in the form of the half-loop and
all of them (as a result of the low thickness of the film ~2
microns) approach the space charge layer (SCL) at the result
of the slipping from the source under the influence of the
voltage, occurring in films because of their nonuniform
cooling. As it is shown in [17], in the heavy doped n*-region
the activation energy of the dislocation motion is more on
0,4eV, than in p-region. Therefore the n*-region will prevent
the dislocation motion, as a result the dislocation half-loop,
approaching the n*-heavy layer, i.e. the metallurgic interface
of the p-n junction, will “spread” on the plane of the p-n
junction, at the result the main part of the secondary
dislocation will be localized in the space charge layer. It is
confirmed by the by-layered etching of the film. As the field
of the space charge layer is directed perpendicular to the
plane of the p-n junction, and then it will be also directed
perpendicular to the dislocation, placed in this plane. The
section scheme of the investigated p-n junction and the place
of the electrically active (secondary) dislocation localization
(1) in the space charge layer are represented on fig.2a. It
should be noticed, that in consequence of the fact, that the
donor impurity concentration in the collector is two orders
more, than that of the acceptor impurity in the base, SCL of
the p-n junction will be wholly concentrated in p-base [11,
12]. The external reverse bias, applied to the p-n junction,
increases the field of the space charge layer and increases its
width. Because of the free carriers absence in SCL, the
dislocation will cause all kinetic phenomena. As rising to the
surface the dislocation hall-loop part, which takes its
negligible part, is localized between basic and collector
contacts (2), then the external field, applied to these contacts,
will also be directed perpendicular to the dislocation part.
Another rising to the surface dislocation half-loop part
penetrates possibly the region of the SCL vertical part of the
collector-base junction and therefore it is not presented on
fig.1. Therefore, the external field, applied to the basic
region, will be directed perpendicular to the dislocation. As it
was established before [9, 11, 12], the peaks on the curves of
TSC are caused by the thermal emission of the carriers,
captured at levels, created by the dislocation. As it is seen
from fig.2, by the field increase the TSC peak shifts at the
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temperature scale to the low value part and its height
increases. As the peak on the curve of the thermostimulated
current is directly caused by the emission of carriers,
captured at the dislocation deep centers, then its shift at the
temperature scale with the change of the external electric
field at the given velocity of the sample heating indicates to
the change of the height of the potential barrier, which
carriers get over at the emission, i.e. .the Frenkel-Pull effect
is observed (FPE). The value of the potential barrier decay
Ap has been determined as the difference of the activation
energy values, calculated by the peaks position at the
temperature scale at various values of the electric field (fig.3)
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Fig.3. The dependence of the decay of the potential barrier
height on the electric field.

It has been established by methods, represented in [9-11,
14], that the deep centers, created by the dislocation, are
donor. By processing the experimental curves of TSC by
means of the formula [10] the main parameters of the deep
centers are determined:

j =In

where T, is the temperature corresponding to the maximum
of TSC, b is the velocity of the sample heating, k is
Boltzmann constant, ¢ is the activation energy (the height of
the potential barrier), B is the emission coefficient. The

activation energy determined of In(Tnf/b) on 1/T,

dependence makes ¢=0.38eV and the emission coefficient,
calculated by the cross point of the same straight line with the
ordinate axis is B=5.33-10°c™* K™%, Moreover, on the TSC line
(fig.2) beside the main peak 1, on right and left, at the reverse
bias on the p-n junction Vg=5B, two peaksl and 1', which
coincide with the dislocation levels DH; and DHs;, obtained
in [18] and also with the peaks A,B,C on the DLTS line,
represented in [6]. These data testifies the authentic of the
obtained results.

As it is seen from fig.3, the dependence ¢(E) is linear. By
the extrapolation of the dependence to the zero value of the
field, we will obtain for ¢, the value 0,39eV, which coincides
with the dislocation energy DH, in p-Si, obtained in [18].

The experimentally obtained dependence Agp(E) allows
carrying out the identification of the deep centers type and
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the form of their screening. According to the criterion,
represented in [19.20], the line dependence Ag(E) testifies
the Coulomb type of the dislocation centers and statistic
nature of their screening, just as the dependence Ap~E'?
occurs in the case of the dynamic screening. Thus, it follows
from fig.3, that the dislocations in Si create the deep centers
of the Coulomb type.

From experimentally determined dependence Ag(E), it is
possible to construct the dependence of the potential barrier
height on the distance to the dislocation nuclear 4¢(X), i.e. to
determine the form of the potential barrier irrespective of the
type of the capture centers.

The dependence, represented in [21], has been applied for
the determination of the potential barrier form (the relief of
the potential energy).

Ap(X)= E¢’'(E)+ Ap(E) (2)

where A¢’(E) is the derivative of the Ag(E) function, which
is determined by the graphic differentiation of the
experimental dependence A¢(E) from fig.3.

The curve of the potential energy of the -carrier’s
interaction with the one isolated edge dislocation (the form of
the potential barrier) is represented on fig.4. Having ¢(E), it
is possible to determine the distance to the maximum of the
potential barrier: X,=A@(E)/q (where g is the electron
charge).

CONCLUSION
1. It is shown, that the charge edge dislocation in the silicon
creates the deep centers of the Coulomb type.
2. The dependence of the change of the potential barrier
height close to the charge edge dislocation in the silicon on
the external perpendicular field has been determined and it is
shown, that this dependence is linear by its nature.
3. The potential relief of the interaction energy of an isolated
charge dislocation with the charge carriers has been
determined.

X, 10° tM
4

1 2 3 5 e

w0 ey

Fig.4. The relief of the potential energy close to the
dislocation in the silicon. X is the distance from the
dislocation core.
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SILISIUMDA TOKLONMIiS DISLOKASIYANIN STRAFINDAKI POTENSIAL RELYEF

Terkibinda bir elekirik aktiv qiraq dislokasiya olan silisium kristalinda Frenkel-Pul effektinin tedqiqati naticasinde miayyan
edilmisdir ki, onun aktivliyinin sababi 6zayinda olan atomlarin doymamig rabitalaridir. Gdstarilmisdir ki, dislokasiya kulon tipli
darin merkazler tdradir. Teklanmis yukli dislokasiyanin ylkdasiyicilarla qarsiligh tssirinin potensial enerjisinin relyefi

muayyanlasdiriimisdir.

C.I'. P3aeB, 3.M. 3axpabGekoBa

NOTEHIHUAJBHbBIN PEJIBE® BEJIN3UA U30JIMPOBAHHOM JUCJIOKAIIMH B Si

Uccnenys adpdexr Openkens-Ilyna B KpeMHUH, coeprKallieM OHY NISKTPUIECKH aKTHBHYIO KPAaeBYIO JUCIOKAIMIO, YCTAHOBJIEHO, YTO
OHa CO3/IaeT IITy0OKHe LEHTPBI KYJIOHOBCKOro THIa. OrpesielieH MOTeHINAIbHBIN pebed) SHEPrud B3aUMOJCHCTBUS OJJHOH H30JIMPOBAHHOMN

3apsKEHHOM TMCIIOKALMK ¢ HOCUTENISIMU 3apsila.
Received: 19.03.03
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The analysis of experimental results of some optical researches which have been carried out on pure and alloyed 0,03% Fe crystals of
lithium niobate is resulted. The publication is continuation of ref. [20].

Before discussing the results of calculations in [20], we
shall pay attention to the following experiments.

Thin plates of crystals LiNbO; and Fe(0.03 %): LiNbOs,
annealed during one hour at temperature near 500K, are
positioned in the vacuum lightproof camera, in which they
are anchored on a thin thread above a semitransparent
metal plate. Oscillations of a crystal are checked on a
diversion of an optical beam from the light pocket mirror
anchored on a thread (the mass of a crystal is many times
greater than mass of pocket mirror). The control of
distance changes between a crystal and a plate, at
appearance of a charge on a surface of a crystal, is carried
out with the help of the interference microscope with the
accuracy up to 0.5 micron. The temperature, during
recording of a diffraction grating, is determined by
measuring of an optical trajectory in dark area of a crystal.

In all cases, radiation from laser He-Ne (1=6328A,
power of 30 Watt/cm?) is created by the standard
methodics for crystals LiNbOs;. Recordings of
diffractograms from a crystal, in a time dependence of an
exposure, have fixed changes of diffraction strips forms in
the area of a light stain (fig. 1a, 6), and also distribution of
An on amplitude and section in one (fig.2.). It is necessary
to note, that intensity distribution on the area of a light
stain was created uniform one practically no more than
0,03%. Maximal values 4n are observed, when radiation
from the laser is directed perpendicularly to an axis "C" of
a crystal. The further experiments have shown that
distribution 4n during lightning appreciably differs from
distribution after removal of lightning. During
investigations of relaxation time 4n, the quick and slow
components are observed.

The observable effect is the result of appearance of an
electric field in a crystal (strength about 10°V/cm), causing
4n change and the appearance of a charge on a crystals
surface depending on temperature, intensity and a wave
length of laser radiation.

It is necessary to note, that there is no new effects in the
obtained results, because in 1966 in paper [2] the
observation of the effect of photoinduced change of the
index of refraction and after that [3] on a possibility of the
use this effect for the recording phase holograms with high
efficiency [4-9]. Results of similar observations, but in an
electric field (by electrical compass method) also have
been published in paper [1]. The fact is known, that the
spatial charge is formed in ferroelectrics -
photoconductors, on boundaries of uniformly lightning
area. Change of spontaneous polarization of crystal Ps in a
place of lightning causes the appearance of depolarization
electric field E which can save it self long-lived time at the
low conductance of a crystal (in case of the mobility for
LiNbO; is approximately equal to  10™cm?s™.Vv* [13]).

This electric field strength is the magnitude of interatomic
interactions degree and, therefore, leads to deformations of
electronic configurations not only the impurity centers, but also
in atoms constituting this crystal structure. This consequence is
a result of observable changes of Ps and 4n. The change Ps on
the other hand, causes the appearance of a depolarization
electric field. Due to a photoconduction this field is screened,
i.e. the electric field inside the light stain area will have zero
value at long enough time of lightning. At this moment the
guantity 4n can be calculated, as it has been done in paper [10].

Fig.1. a. The diffraction pattern, when effect on crystal it is not
observed yet;
b. Contortions of the diffraction strips in area light stain

In calculations by cluster method of electronic structure LiNbO;
it has been received the data on spontaneous polarization Pq
(0,77cm™®) [11], taking place in the consent with the
experimental results 0,71cm™ [12]. lonization or excitation of
an impurity increases its polarizability in two times and so the
ferroelectric impurity is polarized by a macroscopic field so the
dipole moment of an impurity changes also. The deformation
lattice near the impurity causes of the dipole moment change of
the impurity centre [17].
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Fig.2. Distribution 4n in the area of a light stain

In [10] the expression of distribution function P(r) is
obtained taking into consideration [18]. From this we have
the following expression

AP, ~ERN ey
Az

where f is the Lorentz factor; E=f P, is a macroscopic
field; o* is a polarizability of an impurity; of P is change
of the dipole moment of an impurity. For the case ag<r,
(shallow impurities) f is equal to zero. Thus, quantity of
change 4P, and consequently 4n, are obtained by deep
levels. The macroscopic field leads to zero at the
homogeneous lightning of the short-circuited crystal. In
this case the change of n is caused by change of the
polarizability « of the impurity centers. The value A
depends on the optical polarization of the same impurity
atoms and the deformation area of the crystal. After
stopping of the lightning, because of relaxation process of
excited states of impurities, Ps returns to an initial
equilibrium value. However, 4n does not return to an
initial value. That means that the inducted field with very
large relaxation time appears in the earlier lightning area
(fig.3).

Fig.3 Changes of a photoelectric of a short circuit in crystal
Fe: LiNbO;,

Time of scan of a signal is 250s. The first emission of a
signal corresponds to insert of light, second - to lockout.

The electric field at the non-homogeneous lightning (so it is
possible for itself to present a problem on distribution of light
on o a crystal taking into consideration of lightning and non-
lightning areas) is determined by concentration of free electrons.
It is necessary to take into account that concentration of free
electrons is, less, than the trapped electrons one. Thus, the
photoinduced field E is defined by the charge distribution on
traps and as follows from the above mentioned, leads to the
unreturning of 4n to the initial value after stopping of
lightning. On the other hand, the photoinduced field can be
obtained using the equivalent circuit:

where R is the loading resistor, R; in internal resistance of a
crystal (R.<<R), Us is a voltage drop on the loading resistor, I,
is the intensity light, impinging on a crystal, j is spatial
component of a current | , directed to normal to an face surface
of the plane-parallel plate thickness d, E; is photoinduced field
strange in the capacitor C. The induced field strange is
determined by charge density p on the capacitor plates which
have arisen as a result of lightning of a crystal by light, more

d 4r
over d_p = j—oE, ois an admittance. As E = 2P , Where g -
t g

longitudinal component of dielectric constant, then we, taking

. . . . . &
into account the time of the dielectric relaxation t; = ——,
4ro
: Arj J
obtain —+—=-—_ It follows that E; =-— and
ty & o

E(t)= E{l—exp(— tij] At t>> t3, ] =-oF;. Here it is
d

possible to present o as the total of the some two contributions:

or - a photoconductivity and oy - eigen conductivity, more over

ot is not a small value in comparison with oy. Defining j as aGJ,

where « is an absorption constant; G is Glass coefficient and

o=aKJ where K; is a conductivity coefficient, we have:

and, if o >> gy, then E; is defined only by a material plate

G

———|. For Fe:LiNbO; the
Kf

values of Glass’s constants are given by the relation in [19]:

parameters, i.e. by the relation
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Gy ~ G =2-4;G;, ~0.1-0.3;

G, ~0.1-0.5>> GlL5
At t<< ty and the minor current j, the charge separation
will be only because of photovoltaic field. In the case of
niobate lithium, it is necessary to take into account also,
that there is a dependence of cross spatial orientation of a

polar axis of the crystal C and the current j. The

quantity of a photorefraction field, estimated in the
experiment on LiNbOs, is equal to 850 V/cm. Also the
storage charge is equal to 4-10™2 Q, and field of a spatial
charge - 1800 V/cm. For Fe:LiNbO; value of
photorefraction field is equal to ~1.5-10*V/cm.

The solution of distribution problem of a spatial charge
and the field near the boundary of homogeneously lighted
area at the presence and absence of the external electric
field is well-known [1]. The size of area of a spatial charge
at presence of the external field E, is defined by following

expression:
2
2K )
eE,l,

where Ip is a screening distance of Debye which at
presence of the concentration traps N, is defined by the

&KT . kT
5 Under conditions E;, > —

47e"N elp
the character size of area of the spatial charge will be

_2kT
ek,

expression I =

|- o

47eN
N~10"cm?® the character size of area is approximately
equal 10cm that it is less, than the character size of area
of the non-homogeneous lightning, which is equal to the
wave length or more. It allows to use a quasi-neutrality
condition analyzing photorefraction effect at which it can
be proposed that local electron concentration is defined by
the light intensity in the given point (it usually means that
An connects with an intensity distribution weakly at the
enough strong lightning and is defined only by value of an
external field). The diffusion field appears usually at the
external field absence at the non-homogeneous lightning,
for example at recording holograms on LiNbO; in [15]. Its

For E,~10°V/cm and

expressed from.

kT
value is expressed by _L where L is a character length of light
e

intensity change, for example the character wave is defined by
the sinusoid wave length for the sinusoidal spatial distribution
of light intensity. It is confirmed by the experimental results on
hologram recording in which it is shown, that the first Fourier-

7KT

2
component value of a diffusion field is equal to (but only

it is of interest at calculations of the hologram diffraction
efficiency). This value is equal to 1.5-10%v/cm at room
temperature and A~10"cm.

In ref. [14] it is informed about investigations of temperature
and spectral dependences of photovoltaic current in
ferroelectrics, in LiNbO; particularly It has been shown, that a
photoconductivity and photovoltaic effect in LiNbO; are
connected to interband or impurity to band transitions. The
appearance of the photovoltaic current can be consequence of
volumetric photovoltaic effect in the homogeneous and
homogeneously lighted LiNbO; [19.] In this case the current
direction is defined by the axes direction of spontaneous
polarization, even in the absence of the electric field. At
ionization of the impurity centre in a polar crystal, as it is shown
in ref. [16], the free made electrons have a privaled velocity
direction on spontaneous polarization direction or against one,
i.e. the probability of the appearance of electrons as a result of
ionization, which has the velocity direction parallel to P, differs
from the probability of the appearance of the electron having an
opposite direction of velocity. It is connected with the distortion
of wave functions in an unsymmetrical field of the impurity
centre. The application of this model has difficulties because of
small carriers mobility in LiNbO3 (conductivity must have the
jump character), and the recombination time essentially exceeds
10® s, but quite agrees to Fe: LiNbO; in which the supplier of
electrons is the impurity atom Fe?" in a conduction band.

Thus, the expression for a current, determining the
volumetric photovoltaic effect j=cE+Ka® where K is the
proportional coefficient of spontaneous polarization P, « is an
absorption constant of light, is applicated completely in the case
of Fe: LiNbO; and if we use the results of ref. [20], then j will
explain the fact and character of changes of an absorption
constant completely. On the other hand, the presence of 90°-
phase shift between lattices at hologram recording on LiNbOs
[15] is a necessary condition of realization of the diffusion
mechanism of recording.
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Talat R. Mehdiyev

LiNbO; —NiN OPTiK XASSOLORI

Temiz va 0.03%-li Fe-la asqarlanmis neobat litium kristallar Uzerinde apariimis bazi optik tadgiqatlarin eksperimental
naticelarinin analizi verilmisdir. Bu maqals [20] — nin davamidir.

Tanar P. MexTuen

ONTUYECKHUE CBOMCTBA LiNbO,.

IIpuBeneH aHAM3 3KCIICPHUMEHTAIBHBIX PE3YJIbTATOB HEKOTOPHIX ONTHYECKHMX MCCIICIOBAHHM, MPOBEACHHBIX Ha KpUCTaJUIaX HUoOara
nutust auctoro u neruposanHoro 0,03% Fe. Jlannast my6nukanus sBisieTcst mpogonkeHneM cratou [20].
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Sh.M. ABBASOV
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In the present work there have been presented the results of our previously carried out investigations of electrophysical properties of solid
solutions of n-Gey,Siy [1, 2] and conductivity compensation of an electronic Gey,Siy under irradiation has been studied. The irradiation was
conducted at 77 K and at room temperature by electrons with energy of 4.5 MeV and by j-quanta of *°Co.

The results of study of Hall effect and conductivity and
the influence on them of isochronous annealing of Gey,Siy
monocrystals grown by Chokhralsky method and alloyed Sh
(5-10*-1-10"cm™) have been presented. Atomic content of
Si was 0.05-0.15%. The annealing was carried out at 300-420
K, exposure time at each temperature was 15 min.

The levels E.-0.13eV, E-0.2eV in a lower part of the
forbidden zone belong to the most electrically active
acceptors in a spectrum of arising in n-Gey,Siy radioactive
defects. The annealing temperatures 350, 420 K correspond
to the acceptor states. The structure of defects to which the
acceptor states belong was discussed in [2].

In the present work we’ll only emphasize that the
acceptors energetic characteristics and their radioactive
constants depend on Si content and in formation of a defect
corresponding to the acceptor state E, an atom of V group
element takes part. The similar process of defect formation
occurs also in Ge.

The concentrations of donors and acceptors were
calculated with the use of the temperature dependence of
electrons concentration by a law of active masses. The results
obtained by means of two calculation methods [3, 4] which in
use to the irradiated Ge have been analyzed in [5], coincide.
The calculation was made in approximation of equality of
electron effective masses and long-orbit splitting of basis
donor state in Ge and Gey,Siy, therefore the quantitative
comparison with the data for Ge had been presented only for
Ge1.,Siy with Si 0.05% at.

In the case of n-Ge,,Siy due to the increase of acceptors
during irradiation the compensation of conductivity increases
up to the change a type of conductivity.

The kinetics of the electrons concentrations change in
germanium and solid solutions with Si 5% at and Si 10% at
with conductivity of n-type is presented in fig. 1. In Ge
samples at relative integral flow corresponding to the sharp
pass of Hall coefficient through the minimum the n—p
conversion of conductivity type occurs.

At @/Ng respective doses in samples of solid solution with
Si 5% at and Si 10% at the n—p conversion of conductivity
type (defined by Lissajous figure) also takes place. However,
these transitions are not accompanied by passing Hall
coefficient through the minimum and in the indicated
sections the samples are in a compensated state.

It has been established that as the silicon content in a solid
solution increases, a dose necessary for the n—p conversion,
decreases. It follows from this that the more silicon in the
samples of solid solution of n-Ge;,Siy irradiated by the same
respective doses of electrons, the greater the concentration of
holes after conversion of conductivity type which for the
samples with Si content 0; 5; 10% at amount to 6.5-10*cm™,

2-10"2cm?, 1.4-10%cm?, respectively. In fig. 2 the doses
dependences of Np (1) and N, (2) for n-Gey,Siy with Si
0.05% at are presented. As for donor states, it was observed
experimentally both decrease and increase of donor
concentration with @ dose. In fig.3 the temperature
dependences of Hall mobility of the electrons for the same
sample are given.

|
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Fig. 1. Dependence of Hall coefficient on relative integral
dose for different samples of n-type Gey.,Si.
55 — Ge samples alloyed Sh, 57 and 58 - the samples of
Gey,Siy solid solution with 5% and 100% of Si
respectively.

OFE

Ly}

t'n

*

%

" _LN
8!‘0 \Hﬂ\’_x
“... p

Lo b

28

#
g4+
¢ 2 4 6 8 w F/

F 10°13 elfsm3
Fig. 2. Dose dependence of Np (1) and Na (2) for n-Ge,Siy
with 0.05% Si at.

The Hall mobilities of current carriers have been
estimated on experimental temperature dependences of Hall
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coefficient and electrical conductivity. In order to discuss
experimental results, the temperature dependences of Hall
mobility are presented prior irradiation and after the proper
annealing. It has been established that mobility of p-type
samples with Si 0; 5; 10; 15% at within the temperature range
80-300K is significally higher than prior irradiation.

CEy,
smaV.c

|

2% [ 0 200 30 TK

Fig. 3. Temperature dependences of Hall mobility of electrons
Ge1,Siy with x=0.05.

The annealing of the irradiated samples at 300 K slightly
decreases the value of Hall mobility except the germanium
sample of p-type in which the mobility increases a little.

The annealing at T=420K leads to the increase of Hall
mobility as compared with the mobility values prior
irradiation. In a sample with Si 15% at the mobility is almost
reduced to the initial value. For comparison of the
experimental results in different samples, in fig. 4 there have
been given the dependences of relative Hall mobilities
(M/My) on Si% at measured at temperature 80 K, where My is
a value of mobility the prior irradiation. The mobility in all
samples measured at once after irradiation, increased on an
average by a factor of 2 (curve 1). The annealing at 300K
almost reduces the initial mobility except germanium (curve
2) in which the mobility still increased by 3.7 times, the
further annealing at 420K increased inversely the value of

Hall mobility (curve 3) except a sample of solid solution of
GeSiy with Si 15 % at.

H fHo

Y

10
Slicium content in at %

Fig.4. Dependence of relative Hall mobilities (M/M,) on Si in %
for p-Gey,Siy.

The analysis of temperature dependences of Hall
coefficient and mobility of charge carriers in irradiated and
annealed samples of Ge and Ge;,Sx permits to draw the
following conclusions:

1. Decrease of Np during irradiation observed
experimentally along with the other dose dependences of Np
is not connected to electrically inactive defects in a model
[6]. The stability of such defects as the acceptor states
E.=0.2eV is limited within the temperature range 350-420K.

2. The number of the radioactive levels and their
ionization energies depend on Si content in solid solutions.

3. One can change markedly the values of Hall mobility
depending on the temperature of irradiation, annealing and Si
content in solid solution. Indeed, as it is seen from fig. 3
(curve 3), the mobility in samples of solid solution with Si O-
10 % at, irradiated at 100K and annealed at 420K, increases
on an average by a factor of two, as compared with the initial
mobility. This seems to be connected to a change of charge
state of the non-homogeneities regions.
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Ge. Siy BORK MOHLULUNDA YARANAN RADIASIYA DEFEKTLORININ
KINETIK TABLAMASINDA ASQARLARIN ROLU

Bu isda bizim terefden avvaller dyranilmis n - Ge1xSix bark mahlulunun elektrofiziki xassalarine elektron stialarinin tesirinin

davami olaraq,
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n - Ge1xSix bark mahluluna y va elektron slalarnnin tesiri ilo kompensasiya olunma va yaranan radiasiya
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defektlarinin kinetik tablamasinda asqarlarin rolu éyrenilmisdir. Bunun Gglin sialanma manbayi kimi 8050 - ¥ qurgusundan va
enerjisi 4,5 MeV olan elektron suratlendiricisindan istifade olunmusdur. Stalanma temperaturu 77K+300K-dir.

.M. A66acoB

BJIUSHUE NPUMECE HA KHHETUKY OTXKUT'A PAJIJMAIIMOHHBIX
JE®EKTOB Ge, Siy

B nacrosmeit pabote mpuBEEHB! Pe3yIbTaThl HAYATHIX HAMH PAHEE MCCIEIOBAHUN IEKTPOMH3UIESCKHX CBOHCTB TBEPABIX PacTBOPOB
n-Gey. Six [1,2] u n3ydeHa koMneHcanus HPOBOAUMOCTH AIIEKTPOHHOTO Geyy Siy npu obnydernn. O6inydeHre ocyiiecTBisIocs mpu 77K u
IIpY KOMHATHOH TeMIepaTtype JIeKTpoHaMu ¢ sHeprueit 4,5 MaB u y - kBantamu ~ Co.
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EFFECTS OF WEAK NEUTRAL CURRENTS IN THE SEMI-INCLUSIVE
I"N — I"hX REACTIONS

S.K. ABDULLAYEV, A.l. MUKHTAROV, M.Sh. GODJAYEV
Baku State University
Z. Khalilov st., 23, Baku, 370143

The investigation of electroweak asymmetries in the deep-inelastic scattering of polarized lepton on polarized nucleons is carried out in
framework of the standard theory and in the quark-parton model. The expressions for left-right, polarization, charge-polarization and charge
asymmetries are obtained.

1. The standard model (SM) of the electroweak and discuss the series of its qualitative properties at high
interactions of the elementary particles [1] has achieved a energies. It is easy to be convinced, that in the process (2) of
great success in the description of series of the experiments,  the exchange of proton and Z % bozon the spiralities of lepton
which have been carried out in the various laboratories of the  and quark must be kept separately. That is why the process
world. In particular, one of its exact checking has been alone  (2) is characterized by four independent spiral amplitudes
on the e'e” - colliders LEP, SLC and TRISTAN, as the result  F_, ,Frs,Fr. and F g (the first and the second indexes show
of which the agreement with the experimental data has been  the spiralities of lepton and quark correspondingly), that
obtained. Alongside with e - annihilation the deep-inelastic  describe the following reactions:
scattering processes of the polarized leptons on the polarized
nucleons play the important role in the check of standard o+ >0 +q,, g+0zg > /z+0g,
theory and they are intensive investigated experimentally at
the present time [2-6].

In the present paper the effects of weak neutral currents
(SNT) in the semi-inclusive reactions are considered

fi+0r > 0+ 0y L+ 0 > +0,

In the SM framework the spiral amplitudes are defined by
expressions:

F+N > (5 Z2°)> 07 +h+ X, 1 :
(ri27) @ - _QQ, 9.9} LR
. . . . . af - 2 (avﬂ_ ) )
in which the lepton and the picked out inclusive adron h are t t—-M;

registered on the coincidence and X is the system of non-
detectering adorns.

The especial attention is paid to p-add polarization
effects. The polarization fenomena are more sensitive to the  the mass of Z % bozon, gf and gé (gE and gg)—are the
reaction mechanism and allow to recognize the contributes of  chjral bond constants of lepton (quark) with Z= bozon, the
SNT easily. The investigation of the polarization particle  yq)yes of which are equal to:
correlations give the possibility to check the series of OCD

where t = q2 is the square of the transfer momentum, My is

predictions, to calculate the spin structure functions of _1/2 X
adrons, to define the momentum distribution of the quarks gi =t
and gluon inside of the polarized nucleons. The study of the 1/XW(l— XW)

polarization phenomena has got the special actuality last
years, because of the obtaining of the high-energy beams of

the polarized leptons and the creation of the polarized proton , X
—antiproton beams and targets. Or = —, 4)
The Feynman diagrams for lepton creation of the 1-X,
inclusive adron h are presented in the fig.1.
s s a s o (T3-Qgx,)
9 = T—F——"
\\/ XW( 1 XW )
20
i h 1 =-Q Xw
9r N 1—x

}X where x,=sin’8, is the Weinberg’s parameter; Qq is the

electric charge, T is the third projection of the weak isospine
of quark q .Let us give the cross-section of the subprocess
(2) at the determined values of the spiralities of initial and

2. At first we consider the parton subprocess final particles.

Fig. 1. Deep-inelastic leptocreation of adron h: N > Thx .

g (5 2°)> 0 +q, )
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—(ﬁ q, > 0,4, )=4ra’sF’

dO'

—(E A, > 0,0,)= Ara®s(1-vy)?

where s is the square of the total energy of the system ¢~ in
c.m.s the variable y is connected with the lepton scattering

angle @ in c.m.s by the following relation

aa !

c;—j(ﬁ‘q —07q)=7a’{(1-2)(1-h, )R +(1+2)(1+h, )Fg +

(a=Lor R),
®)

aﬁ,(a LorR; f=RorlL),

| ~
y:—izl(l—cosﬁ ).
s 2

The differential cross-section of the parton subprocess (2)
is given by the following expression

(6)

+[(1-A)(1+hy )P +(1+A)(1-hy )Ry 1(1-y)* }

where A and hq are spiralities of lepton and quark.
3. Let us consider the distribution function of quark (anti-

quark) in the polarized nucleon qué:?)(X) (q(ﬁ v (x ))
which describes the probability of quark g (antiquark @)
revealing in the nucleon with the momentum part x, having
the spirality hG| (ha ). This function satisfies the following
equations:

Fatny (X)) = fony (%),

™
faciy (¥)+ T ) () = fo(x),

=2 f

q, hy

MO (x, g )D(2 )da(f q->04q)
dy

a(hg)

dxdydz

| where fo(x) presents itself as the usual distribution function of
quark g in nucleon. According to QCD the quark distribution
functions in nucleon depend on the square of the transfer

momentum ¢ : f (X, q°) also.
In SM frameworks the differential cross-section of hall-

inclusive reaction /"N — ¢"hX must be written in the
following form:

do(/ g—/(q
YA, 7Dy (2) IR A2
qh— dy

=2ra’sxy { f,(x, 9" )Dg(2)[(1 - AXFL +(1-y)*FR ) +(1+A)(Fgy +(1-y) F )1 +

Where

+ (% 0 )D(2)[(1-2)(Fi +(1-y)* FL ) +(1+ 2)(Fy +(1-y)* F )1 - ®
_hNqu(X!qZ)D:(Z)[(l_l)(FLZL_(1_y)2FL2R)_(1+ﬂ‘)(FRZR_(1_y)2FRZL)]_
—hy 4 (%, 4% )03 (2)[(1-A)(F& —(1-y)* R~ (1+ A)(Fa —(1-y)* Fe )1}
Af (x,9%)= 457 (x,a%) = £57(x, 0%),
s=(P+k)’; x==q*/2(P-q); y=(P-q)/(P-k),z=(P-p,)/(P-q),
hy is the nucleon spirality; k, P and p, are 4 momentums of | The differential cross-section of process

an initial lepton, nucleon and final adron h; g-k-k’ is 4-vector
h h ;

of the momentum transfer; D/(z)(D;(z)) is the

fragmentation function of quark (antiquark) in adron h.

"N — ¢"hX must be obtained from (8) with the help of
neutral substitutions Frge3F 5 (6=R; L):
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do*)
dxdydz

=2ra*sx { 1,(x, 4" )Dg (2)[(1- A ) Fa +(1-y)* Fg ) +(1+ A)(F& +(1-y) R+

+ fa (%, q° )DQ(Z)[(l—i)(FrzzR +(1-y) Fe )+ (1+A)(FL +(1-y)’ FR)1 -

©)

_hNqu(X’ q2 )DQ(Z)[(l_ﬂ’)(FRZL —(1—)/)2 FRZR )_(1+ﬂ)(FL2R _(1_Y)2 FLZL )] -

—hy A5 (%, 0% )Dg (2)[(1 - 2)(Fe —(1-y)*Fo )= (1+ 2)(FL —(1-y)* F&)1}

The W.N.C displays can be observed by the means of
revealing of character P - and S - odd effects. Such effects
are:

1. left -right asymmetries

AT -17)=[6F -c7V1/[6F +671, (10
AD( - 1)=[0 =01/ [0V +0(1;

2. polarization asymmetries

AV =[og -ol1/loR+oll1. @@

A =0y ~oll1/low +olR1. (13)
3. charge-polarization asymmetries

B =[of -0 1/[ofl+ol)], a9

B =[ol -l 1/lel +ol1.

4. Charge asymmetries

Co=loy-0,1/log+o,)1, (@ f=R; L)
(16)
(-) (-)

S N MR CO i N

- dxdydz dxdydz ’
(o' and o\"))-differential cross-sections semi-inclusive
GNR of the left- and right-polarized lepton (antilepton) on
nucleons, o), o), ol and o'} are cross-sections

of process (1) at the spiralities of collising particles A=1,
hN:]-r /1:'1, hN:'l; /I:'l, hN:'l and ﬂ:'l, hN:l.

The electroweak asymmetries (10)-(16) are expressed by
the spiral amplitudes F,g as it takes place in the electron-
position annihilation processes [7-9]. For example, the left-
right asymmetry A(/ —!ZE) is defined by the following

expression

Here

2 (Fi —FR)f,(x,a%)Dg(2) - fo(x,q”)Dg(2)]

(A7)

A(f1—6+)—1_(1_y)2 q

R

C1+(1-y)? DR +FRILf,(x,9°)D{(z)+ f;(x,q°)DN(2)]

03

06 | 1

04

02

0

02 04 06 08
02 | x

04 F 4

0,6
Fig. 2.Dependence of the left-right asymmetries A(e[ - e; ),

Aleg —et),A(_)(e[ —-eg), A(”(ez —e; )y=0,7.

4. The expressions of observed values have the
phenomenological parameters that are quark and antiquark
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distribution functions in the polarized nucleons, values of
which are defined by the experiment. In references [10-14]
there are the assembages of quark distribution functions in
adrons. For numerical estimates of the electroweak
asymmetries we used the distribution functions of the valence
and sea polarized quarks (antiquark) in nucleons given in
[14].

We presented the numerical calculations of electroweak
asymmetries (10)-(16) in the case of =z - mezon

electrocreation " p —> e* 72X at /s =300 Gev (ep-collider
HERA), x,=0.232. The quark fragmentation function in =
(1-2)"
S
where N and n are constant. It is supposed that strange quark

and antiquark part in the fragmentation process in - mezons
is a small one. In dependences of left-right asymmetries

Ale, —eg), Aler —e/ ), A(‘)(e[—e;),

mezon is parametrized in the form Da’(z): N



EFFECTS OF WEAK NEUTRAL CURRENTS IN THE SEMI-INCLUSIVE ler - I?hX REACTIONS

A(”(e[ —eg ) and the charge asymmetries Cgg, Ci1, Cry, .

Crr On a variable x at the fixed value y=0,7 is given on the 00 | .

figures 2 and 3. As it is seen, the left-right asymmetries

A(e —er), Aler —e; ), Al(e —er) and the charge el 2
asymmetries Cgg, C increase monotonously with increase of 020 |

X, and the asymmetries A'")(e/ —e’), Cp and Cig -

decrease monotonously.
1,00

g §

020 F 040

060 F 1 080 b

o0 f

080
020 f

Fig.4. Dependence of charge-polarizing asymmetries
B, B ), B and B (curves 1,2, 3and 4

0,00 fee=m

0.0 F
o0 b correspondingly) on variable y at x=0,5.
R | The analogous behaviour of asymmetries is observed for
0% its y-dependences at fixed x (see fig. 4), where the
1,00 dependence of charge-polarization asymmetries BE;') and
Fig. 3. Dependence of charging asymmetries Cgg, C1, CrL, Cir _
(curves 1, 2, 3 and 4 accordingly) from variable x at B;H ony at x=0.5 is presented.
y=0,7.
[1] S. Weinberg. Phys. Rev. Lett. 1967, 19, 1264. [8] S.K.Abdullayev. Ya.F, 1995, 58, 1460.
A. Salam. Elementary Particle Theory, Stockholm, [9] S.K. Abdullayev, A.l. Mukhtarov. E.Ch.A.Ya., 1995, 26,
1968, p. 367. 1264.
[2] Lampe, E. Reya. Phys. Reports. 2000, 332, 1. [10] H.Y. Cheng, S.N. Lai. Phys. Rev., D41, 1990, 91.
[3] K. Askerstaff etal. Phys. Lett. B404, 1997, 383. [11] A.D. Martin, W.I. Striling, R.G. Roberts. Phys. Rev.,
[4] K. Abeetal. Phys. Rev. Lett. 1995, 75, 25. D50, 1994, 6734.
[5] P.L. Antony et al. Phys. Rev. Lett. D54, 1996, 6620. [12] A.D. Martin, W.I. Striling. Phys. Rev., D51, 1995,
[6] K. Abeetal. Phys. Rev. Lett. 1997, 79, 26. 4756.

[7] S.K.Abdullayev. Ya.F, 1995, 58, 695.

S.K. Abdullayev, A.i. Muxtarov, M.S. Qocayev

YARIMINKLYUZIV 1N — | "hX PROSESLORINDO Z9iF NEYTRAL COROYAN EFFEKTLORI

Standart ve kvant-parton modellari gorgivasinde polyarize olunmus elektronlarin polyarize olunmus nuklonlardan darin geyri-
elastiki sapilme proseslorinda elektrozaif asimmetriyalar tedqiq edilmisdir. Sag-sol, polyarizasiya, yUk ve yuk-polyarizasiya
asimmetriyalar tGgun ifadslar alinmigdr.

C.K. Adaysnaes, A.U. Myxrapos, ML.III. I'ox:kaes

IOPEKTHI CJIABBIX HEUTPAJILHBIX TOKOB B TOJTYUHKJIIO3UBHBIX 17N — 17hX PEAKIHUAX

B pamkax craHZapTHOH TEOpHH U KBapK-IIAPTOHHOH MOJENH MPOBEICHO UCCIIEIOBAHNE IEKTPOCIA0BIX aCHMMETPHH B IIyOOKOHEYIPY-
TOM paccesHUM NOJISIPU30BAHHBIX JIENTOHOB Ha IOJISIPU30BaHHBIX HyKIOHaX. IloidydeHsl BbIpaxKeHUs Ul JI€BO-IIPABbIX, MOJSPU30BAHHBIX,
3apsAI0BO-TIONAPU3AIMOHHBIX U 3aPSJOBBIX ACHMMETPUI.
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iKi PYEZOELEMENTLI PYEZOELEKTROMEXANOTRON HOR9KST CEVIRICISININ
YARADILMASININ XUSUSIYYSTLORI

N.E. HUSEYNOV
Azarbaycan Texniki Universiteti
370073, H.Cavid kigasi, 25

Bu isda teklif olunan iki pyezoelementli PEMHGC-nin xarakteristikalarinin eksperimental tedqiqinin naticaleri verilmisdir.

Disk formasinda pyezoelementlorden istifade
etmokle hazirlanmis iki pyezoelementli pyezoelektrome-
xanotron harakat ceviricisinin (PEMHGC) isinin keyfiy-
yatini analiz etmak va parametrlarini uygunlasdlrmaq|

Ucln onlann dinamik xarakteristikalarinin dyranilmasi
vacib masalelerden biridir [1]. Dinamik xarakteristikalar
PEMHGC-nin konstruksiyasindan, pyezoelementin forma
vo Olgllerindan asili olaraq dayisir.

fotodiod

/disk

I

oA
i
e
]
3]

P

fotoglalanding

v

rotor

Ganarator

PEMHG

-

Sokil 1.

n (dovridaqige)
a0
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&0
50
A0
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0

10 20 30 40 &0 80 70 80

uly)

Sekil 2. Rezonans tezliyinda (f;) mixtalif mexaniki keyfiy -
yatliliye malik pyezoelementlerdan hazirlanmis
PEHMGC-nin dinamik xarakteristikalar (n=f(u)).
1.Qm=200(STQ-24m); 2.Q,»,=500(STQ-24);
3.Q=600(STQ-35).

Tadgigat daqigliyini artirmaqg Gglin avvalce muixtalif
mexaniki keyfiyyatlilik (Q) amsallarina malik sirkonat-
titan-qurgusun (STQ) ailesinden olan ve eyni Ol¢ull
pyezoelementlordan tagkil edilmis disk (dairavi) forma-
sinda bir pyezoelementli PEMHC-nin  dinamiki
xarakteristikalarini, masalon, onun rotorunun dovrler sa-
yinin (n) pyezoelemente verilan garginlikdan asiliigini

PEMHGC-nin dinamik xarakteristikalarini tadgiq edan qurgunun struktur sxemi.

|éiyrenek. Bunun Ugiln sakil 1-de gostarilon qurgudan

istifade olunmusdur. Qurdunun is prinsipi asagidaki
kimidir. Generatordan tezliyi PEMHGC-nin rezonans tez-
liyine barabar gerginlik verilir. PEMHGC-nin rotoruna bir
ndqtedan desiyi olan disk barkidilmisdir. Diskdaki desi-
yo uydun ndqteda diskin bir terafinden fotogtalandiric,
diger tarefinden ise fotogabuledici diod desiyin oxu
Uzerinds qarsi-qarsiya qurasdinimisdir. PEMHC-o gene-
ratordan muayyan amplitudlu gerginlik verildikde
PEMHGC-nin rotoru firlanmaga baslayir. Rotora baerkidil-
mis disk firlandiqda, desik olan hissa fotodiodun garsi-
sindan kegdikde saydac bir impuls gabul edir, bu iss
rotorun bir dovr etmasi demakdir. Naticede bdylk de-
giglikle  PEMHGC-nin rotorunun bir saniyadeki dovrlar
sayl geyd olunur. Muxtelif mexaniki keyfiyyatliliyo malik
pyezoelementlor Uzarinde qurulmus bir elementli
PEMHGC-nin rotorunun dévrlar sayinin (n) pyezoelemen-
te verilmis goarginlikdan (u) asilii§i sakil 2-de gostarilmis-
dir. Sekildan gérunir ki, pyezoelemente verilon gerginlik
(u) artdigca n avvalce artir ve sonra isa stabillesir.

Sakil 3-da verilmis sabit gerginlikde (u=const) ve
rezonans tezliyinde n=f(u) asilii§in stabil hissasi Gglin
n-nin Q-den dayismasi verilmisdir. Goériindlyu kimi me-
xaniki keyfiyyatliliyi yiksak olan pyezoelementdan iba-
rot PEMHC-nin dinamiki xarakteristikalan daha yuk-
sokdir. Mexaniki keyfiyyatlilik yiksaldikce n-nin artmasi
geyri-xattidir.

indi ise iki pyezoelementli PEMHGC-nin xarakteris-
tikalarinin tadqigine nazer yetirak. Bu halda asagidaki



iKi PYEZOELEMENTLI PYEZOELEKTROMEXANOTRON HSR9KST CEVIRICISININ YARADILMASININ XUSUSIYYSTLORI

sertlor daxilinds tedgiqat aparilmisdir: 1)pyezoelement-
larin rezonans tezliyi bir-birindan ferglidir (f.; = f;;), am-
ma onlarin mexaniki keyfiyyot omsallar berabardir
(Qm1=Qmy); 2)pyezoelementlerin rezonans tezliklari ba-
raber (f,; = f;;), amma onlarin mexaniki keyfiyyat amsal-
lari muxtelifdir (Q1#Qnm2). Birinci halda iki pyezoele-
mentli PEMHGC-i Ugun iki aded generator talab olunur.
iki pyezoelementli PEMHGC-nin iki eded generatordan
istifade etmakla cixarilmis dinamiki xarakteristikasi sakil
4-da gosterilmisdir. Her iki pyezoelementin gidalanmasi
Uclin generatordan 80V qader gerginlik verilmisdir.
Sakilden goérinduyu kimi 2-ci syri 1-ci ayriye nisbatan
daha yaxg! dinamiki parametrlera uydundur ve rotorun
dovrlar say1 u=50V-a kimi xatti artir.

n idavridaqgige)
90

g0

30

0 I 1 1

100 300 500 Fo0

Sekil 3. PEMHGC-nin rotorunun doévrlar sayinin (n) pyezo-
elementin mexaniki keyfiyyatlilik emsalindan (Q)
asiihgi (n=f(Q)). u=50V.
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Sokil 4. iki pyezoelementli PEMHG-nin rotorunun dévrler
sayinin (n) pyezoelementlara tatbiq olunmus gar-
ginlikdan asilihg (n=f(u)). 1. Birinci elements f,4-
da verilmig garginlik 70 V-a qadar dayisdirilir.
Qm1=200; 2.elementlor ardicll birlasdirilir va fr1>fr;
Qm1=Qm2=200; /1< I5; elementlara verilmis gargin
lik 70V-a qader artirilib.

Malumdur ki, stutun sakilli geviricilar Gglin mexaniki
rezonansin serti ve rezonans tezliyi (f) uygun olaraq
bels tayin olunur [2,3].
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(1)

Burada / — sutun sakilli pyezoelementin uzunlugu, C
— elastik moduldur. (1)-den gérindr ki, pyezoelementin
elastik modulu ve mexaniki keyfiyyatliliyi eyni olduqda,
yoni C; =C, vo Q4,=Qy, f, — artdiqca elementin uzunlugu
(1) azalr va bu da aks pyezoelekirik rejiminde pyezoele-
mentin Udmumi deformasiyasinin (4l) azalmasina ve
PEMHGC-nin rotorunun firlanma siratinin kicilmasina
sabab olar. Diger terafden malumdur ki, pyezoelement-
lerin mexaniki keyfiyyatliliyi (Q,) artdigca onun rezo-
nans tezliyi (f,) azalir [2,3,4], yani

1

=— 2
@ 2zf.c.R, @
Burada Cx — pyezoelementin deformasiya etmak ga-
biliyyetidir; R, — rezonans muqavimatidir.

(2) - den gorunir ki, mexaniki keyfiyyatliliyi boyik
olan pyezoelementlarin rezonans tezliyindeki elektrik
muqavimati kicik olur, bu da pyezoelementin verilmis
elektrik garginliyinda (ters pyezoelektrik rejiminda) bo-
yuk mexaniki enerjiya malik olmasini gdsterir. Pyezo-
elektrik keramik materiallarin domen strukturuna malik
olmasi mexaniki ragsler zamani onlarda guicli eneriji it-
kilerine sebab olur va mexaniki keyfiyyatlilik (Q,,) azalr.
Ona goéra de pyezoelementlor arasinda qurulmus pye-
zorezonatorlar adaten xatti elastik sistem rejiminda (yo-
ni Huk ganunu ¢argivasinds) iglomalidir.9ger PEMHC-o
pyezorezonator kimi baxsaqg, onda onun rotorunun
firlanma suratinin verilmis garginlikden asiihgin (n=f(u))
geyri-xattliliyini pyezoelementdaki enerji itkilerilo alaqe-
landirmak olar. Ona goére do n=f(u) asililgin diuzxattli
hissasinin genigliyi PEMHG Gg¢ln bdyuk shamiyyat kasb
edir va rotorun firlanma suratini bdyik migyasda tanzim
etmaya imkan verir.

Yuxarida geyd etdik ki, PEMHC-do pyezoelement-
lerin uzunlugu f. ile, n isa Q ile six slagadadirler. Uzun-
lugun kigik gétirtlmasi rezonans zamani pyezoelemen-
tin rags amplitudunun (4/) azalmasi ils naticaloendiyi
ucln f; ele segcirlar ki, Al kaskin azalmasin. Lakin pye-
zoelementin  uzunlugunun bdéylk géturilmasi de
texnoloji (polyarizasiya) ve elektrik parametrlori (bdyuk
tutum mugavimati ve kigik elektrik tutumu) baximinda
pislesma ila naticelenir. Ona goére de sakil 1-de gdstaril-
an PEMHC pyezorezonatoru iki elementli seksiyadan
ibaretdir. Pyezoelementlorin birlagdiriimasindan asih
olaraq pyezorezonatorun mexaniki keyfiyyatliliyini
dayismak olar. Masalen, ardicil birlagdirilmis pyezoele-
mentlarden ibarat pyezorezonatorun Umumi mexaniki
keyfiyyatliliyi (Qum.)

1 1 1
= +
Qﬁm. C?m1 Qm2
kimi tayin oluna biler. Bizim halda: Q.,;=500 va

Q=600 pyezoelementlarden
Ggln

ibarat pyezorezonator
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_ Qm1 'Qm2

Qm1 + Qm2

Q. ~ 300

olacaqdir. Eksperimentlar gosterir ki, pyezoelementlarin
Q, I va f. parametrlarini tenzim etmakle PEMHC-daki
pyezorezonatorun rejimini ele se¢cmak olar ki, n=f(u)
asililigin dizxattli oblasti daha ¢ox genislansin (sakil 5).
Sekildan goérunlr ki, Q,;=500 olan pyezorezona-
torun n=f(u) xarakteristikasinin diizxattli oblasti taqriban
42V (ayri 1), Q=600 olan pyezorezonatorun n=f(u)
xarakteristikasinin dizxattli hissasi 50V (ayri 2) ve bu
pyezoelement ardicil birlesdiriimasi naticesinde alinan
PEMHGC-nin n=f(u) xarakteristikasinin ise dizxattli his-
sasi 70V-a qadardir. $akilden gorindr ki, ardicil birlag-
mig iki pyezoelementli PEMHGC-nin miayyan garginlik-
lerda rotorun dovrler sayi da yuksakdir. Belslikla, pyezo-
rezonatorlardan ibarat PEMHC-nin dinamiki xarakteristi-
kasini onun tagkil olundugu pyezoelementlerin f,, Q ve
handassi Olgilarini dayismakle tenzim etmak olar.
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Sekil 5. n=f(u) asiihgr. 1.Q»1=500; 2. Qm2=600; 3. elemen-
tlor ardicil birlesdirilir; f-s=f». Pyezoelementlara
verilmis gerginlik 70V-a gadar artirilib.

[1]1 A.A. Erofeev. Piyezoelektronniye ustroystva avto-
matiki. L.Masinostroyeniye, 1982, 211s.

[21 B.S. Aronov. Elektromexanigeskiye preobrazova-
teli iz piyezoelektriceskoy keramiki. L. Enerqgo-
atomizdat, 1990.

[3] Ultrazvukoviye preobrazovateli. pod red.E.Kikugi,
M.Mir, 1972, 424s.

[4] Piyezokeramigeskiye preobrazovateli: Spravognik
pod red. S..Puqgageva, L.Sudostroyeniye, 1984,
256s.

N.E. Huseynov

THE PECULIARITIES OF CREATION OF TWOPIEZOELEMENT
PIEZOELEKTROMECHANOTRON ACTION TRANSISTOR

Here is presented results of investigation on expantion of the linear area of dependence of the number of turns on voltage n=f(u) of

twopiezoelement piezoelektromechanotron action transistor.

H.3. I'yceiinoB

OCOBEHHOCTHU CO3JAHMA IBYXTIBE3O23JIEMEHTHOI'O
HNBE303JIEKTPOMEXAHOTPOHHOI'O ITIPEOBPA3OBATEJIA

TpencraBistoTcss pe3ysbTaThl HCCIENOBAHHSA MO PACIIMPCHHIO JIMHEWHOrO Y4YacTKa 3aBHCHMOCTH YHClia OGOpOTOB pOTOpa OT
Hanpsokerust (N=Ff(U)) ABYyXIbE303JIEMEHTHOTO MHE302JIEKTPOMEXAHOTPOHHOTO IPE0OPa30BATENS IBHKEHHMSI.
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THE STRUCTURE OF THE SHORT-RANGE ORDER OF THE AMORPHOUS TlInSe;

D.lI. ISMAILOV, E.A. ALAKBAROVA, F.I. ALIYEV
Institute of Physics, Azerbaijan National Academy of Sciences,
Baku. Az - 1143, H. Javid av. 33

The short-range order in thin amorphous TlInSe, films has been investigated. The curves of radial distribution of atoms in the amorphous
TlInSe, films are constructed on the base of the integral analysis of the fast electrons scattering intensity and the parameters of the short-
range order: the radii of the coordination spheres and numbers of the nearest neighbor have been determined.

According to data [1,2] in the TI-In-Se system the triple
TlInSe, compound having the effective photo and strain
sensitive semiconductive properties, has been revealed.
Electron diffraction research [3] of the phase content of the
TlInSe, films, obtained by the simultaneous and consequent
vacuum settling of TI, In, Se at room temperature, shows the
formation of the TlInSe, compound with the structure of TISe
type, the TI-In-Se films are amorphous irrespective to the
order of the components settling.

Fig. 1. Electron diffraction photograph from amorphous TlInSe,
films.

The purpose of the present paper is to determine the
short-range order parameters of amorphous TlInSe,, obtained
from the vapor phase. The amorphous TlInSe, films of the
thickness ~200A have been obtained by the evaporation in
the vacuum from the tugsten furnace on the NaCl substrate
and celluloid at room temperature, the settling velocity was
~20A/Sec. The obtained amorphous films are characterized
by the diffraction figures (fig.1), on which the diffusion lines
corresponding to S=4xsinA/2=2,004; 3,394 and 5,044 are
well seen. These data coincide with the data, obtained before
[3]. The subsequent crystallization of these films at ~170°C
leads to the TlInSe, crystal formation with the known
parameters of the tetragonal lattice a=8,0754, c=6,8474 [4].

The curve of the experimental intensity has been obtained
on the PC, conjugated to the electronograph ER-102. The
curve of the radial distribution of atoms (CRDA) of
amorphous TlInSe,, is presented on fig.2. The curve contains
three, obviously expressed maximums at r;=2, 70A° r,=3, 684
and r;=4,254. The areas under the corresponding maximums
are equal to 4=28,4, 4=31,2 and 4=67,6, respectively.

The distance r1:2,70/f may be interpreted as average
from the distance between In-Se and TI-Se atoms, the
tetrahedral covalent radii are, according to [6], equal to 1, 474
for thallium, 1,174 for selenium and 1,444 for indium. The
calculation of the area value under the first peak gives the
value 4=25,9, what coincides with the corresponding
experimental data of the interatomic distance in TlInSe,.

g
Um(r)Z Ky,

170
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Fig. 2. The curve of the radial distribution of atoms in
amorphous TlInSe; films.

The second coordination sphere with r2=3,68A{ may be
interpreted as average of the distances In-Se and TI-Se. There
are TI-Se distances approximately equal to r, in the crystal
lattice of TlInSe,. These distances are more than the sum of
the octahedral covalent radii of TI(In) and selenium atoms, as
the sum in the case of TI-Se is equal to 1,734+1,404=3,134
and In-Sel,534+1,404=2,934. The calculation of the area
value under the second peak of TlInSe,, CRDA gives the
value 4-39,0. It is possible to explain by the fact, that
obviously, in the second coordination sphere the TI-Se
distance is more possible, than that of In-Se. The distance
r;=4,254 corresponds to the distance between same-named
atoms Se-Se, TI-Tl, In-In.

There are the same distances in the crystal lattice TlInSe,,
in consequence of what unlike the double structural and
crystallochemical analog of the A?B“C®, semiconductors, in
which atoms of the IV group have undeformed tetrahedral
anions [6], in compounds A’B3C®,, whose representative is
TlInSe,, analogous tetrahedrons of which are deformed.
Beside the tetrahedrons deformation the specific deformation
of octahedrons is observed in amorphous films TlInSe,.
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Possibly, it is connected to the fact, that in amorphous
films TlInSe, the connection between particles is provided
not only by the electrostatistic attraction of the opposite ions,
but by the combination with the intermediate valence.

It has been shown by the research of the amorphous
phases of the compound Ti-Se and TI-S, that in amorphous
phases of the compounds with the TISe structure ns, s.=6,
and nm 11=4. It is possible to assume, that n, |, is equal to 4.
Then the calculation of the area wvalue under the

corresponding peak gives the value 4=67,3, what almost
coincides with 43=67,6.

Thus, it is possible to make a conclusion:
e The short-range order in the amorphous and crystal phases

of TlInSe, are close and the structural elements of the
crystal phase are conserved in amorphous films.
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C.i. ismayilov, E.D. Slekbarova, F.I. Sliyev

AMORF TlInSe, TOBOQOLORINDS YAXIN NiZAM QURULUSU

TlinSez nazik amorf tebagalarinin yaxin nizam qurulusu tedqiq edilmisdir. Suratli elektronlarin sepilma intensivliklarinin
inteqral analizi asasinda atomlarin radial paylanma ayrilari qurularaq yaxin nizam parametrlari koordinasiya sferalarinin
radiuslari ve yaxin qonsulugdaki atomlarin sayi - koordinasiya adadlari tayin olunmusdur.

JA.N. Ucmanios, J.A. AnexOeposa, ®.U. Annes

CTPYKTYPA BJIMKHET O ITOPSIAKA AMOP®HBIX IIVIEHOK TlinSe,

HccrenoBad OMIMKHAM MOPSIOK B TOHKHX aMOPGHBIX IUIeHKax coctaBa [1lNSes. Ha ocHOBEe MHTErpaqbHOTO aHANIN3a HHTEHCHBHOCTH
paccestHus OBICTPBIX JICKTPOHOB HOCTPOCHBI KPUBBIC PaHalIbHOTO PACIPEAC/ICHHs aTOMOB B aMOP(MHBIX IUIeHKax coeaunenus T1InSe; u
OIIpeIeNIeHbI apaMeTphl OIMKHETO TIOPSIKA: PAINyChl KOOPIUHAMOHHBIX cep U uncia OmmKaimx cocenel.
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MEMORY EFFECT IN FERROELECTRIC - SEMICONDUCTOR WITH IN
COMMENSURATE PHASE OF TIGaSe;

V.P. ALIYEV, S.S. BABAYEV, T.G. MAMMADOV, MIR-HASAN YU. SEYIDOV,
M.M. SHIRINOV
Institute of Physics, Azerbaijan National Academy of Sciences,
Baku. Az - 1143, H. Javid av. 33

R.A. SULEYMANOV
Baku State University
Z. Khalilov st., 23, Baku, 370143

The paper is devoted to the research of the non-equilibrium properties of the incommensurate (INC) phase of the improper ferroelectric-
semiconductor TIGaSe,. The influence of the prehistory of the heat treating of the crystal, i. e. annealing at the fixed, stabilized temperature
in the region of INC- phase on the dielectric constant (&) behavior of the sample in the vicinity of the phase transition (PT) — INC phase —
the commensurate (C) ferroelectric phase studied. The peculiar case of the memory effect realization leading to the temperature range change

of the INC-phase existence is observed for the first time in TIGaSe,.

INTRODUCTION

The layered crystal TIlGaSe, belongs to the
ferroelectrics-semiconductors group and attracts attention by
its unusual dielectric [1], elastic [2, 3], thermodynamic [4-6],
optical [7, 8] and other properties near the structural PT. In
the paraelectric phase TIGaSe, is a monoclinic crystal with
the space group (SG) of the symmetry Cy,° [9]. The X-ray
investigations [10] have revealed the formation of the several
polytypes of the monoclinic modification (C,%, Cs*, Ca?) of
TIGaSe,. To the present time it has been experimentally
shown, that the TIGaSe, polytype with SG in the paraphase
Cy® suffers the consequence of the structural PT with
temperature decrease at the atmosphere pressure [11]. At
Ti~116K the second order PT realizes from the high-
temperature paraelectric phase into INC-phase, and the first
order PT from the INC-phase into the improper ferroelectric
C-phase, T.=106K, accompanied by the quadrupling of the
crystallographic axis €. In the polar phase the spontaneous
polarization vector is placed on the layer plane. The
modulated structure of the INC-phase is caused by the soft
mode condensation near the Brillouin zone edge with the

wave vector K =(5,5,025), where & is the

incommensurable parameter. In spite of numerous attempts
the symmetry of the low-temperature polar phase and the
temperature dependence of ¢ in the INC-phase region have
not been established up to the present time.

It was shown in [7, 8, 12-15], that the temperature
behavior of some physical parameters of TIGaSe,
demonstrates the strong sensitivity to the thermocyclization
due to which the physical properties of TIGaSe, are
ambiguous and depend on the sample prehistory. The
impurity and defect states in TIGaSe, and their influence on
PT and physical properties of this crystal have not yet been
revealed.

In the present work we describe for the first time the
anomalous memory effect in TIGaSe, demonstrated itself on
the curve &T) in the C-phase near T. as a result of the
annealing of the sample at the fixed temperature in the INC-
phase region.

SAMPLES AND EXPERIMENT METHODS

The TIGaSe, sample in the form of the plane-parallel
plate of the sizes 3,3x4x4 mm?, cut out from the monocrystal
ingot grown by the modified Bridgeman-Stockberger method
was used. Electrical contacts were provided by application of
Ag-paste to the working surfaces of the crystal.
Measurements of &T) have been conducted in a quasi-static
regime with the temperature change velocity 0,5 K/min far
from and 0,1 K/min near T, by the application of the
alternating current bridge at the frequency 50 KHz. The
sample has been in the thermostatic chamber of the cryostat
during the measurement. The temperature has been measured
by the platinum thermometer. The stabilization precision of
the temperature has not been worse than + 0,01K.

The following measurement procedure has been applied.
At first the sample has been cooled up to the liquid nitrogen
temperature and kept at this temperature during 30 min. This
condition provides the disappearance of the initial non-
equilibrium states in the C-phase. Then in the smooth
temperature change regime the sample has been heated up to
the given temperature in the region of the INC-phase and
kept (annealed) at this temperature during an hour and
cooled again up to the liquid nitrogen temperature. The &(T)
curve has been recorded during the subsequent sample
heating up to the thermostabilization temperature. The
subsequent &(T) measurement cycles have been conducted by
the analogous temperature conditions of the experiment.
Before the change of the annealing temperature of the
sample, the latter has been heated up to the room
temperature, then cooled and kept during an hour at the liquid
nitrogen temperature.

EXPERIMENTAL RESULTS AND THEIR
DISCUSSION

The temperature dependence of ¢ in TIGaSe; in wide
temperature range, including the structural PT points, has
been measured at the sample heating after its cooling from
the room temperature is shown in fig.1,a. As it is seen from
fig. 1a, the curve &(T) is characterized by anomalies in the
form of precise maxima at the PT point from the paraelectric
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phase to the INC- phase at 7;=114,9K and near PT point
from INC-phase to the C - phase at 7,.=106,5K. It follows
from the measurements, that the &(T) dependence in the
high-temperature paraelectric phase follows the Curie-Weis
law. The Curie constant value and PT temperature values are
in good agreement with the existing data [16-18]. The
distinct anomaly on the &(T) curve from the C-phase side at
T=102 K has been revealed in TIGaSe, sample of the given
technological quality (see fig.1a). It has been shown on the

example of the layered TIInS, crystal, isostructural to
TIGaSe,, that the similar anomaly is also observed on the
&T) dependence below 7. and is connected with the
coexistence in the registered temperature range of the polar
regions of the C-phase and non-disintegrated parts of the
INC-phase modulation wave [19]. It is possible to suppose,
that the anomaly below T, in the &T) curve in TIGaSe, has
the same nature as in TIInS,.

T.=1063K
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Fig.1. The temperature dependence ¢ of the layered crystal TIGaSe,, measured at the heating mode after: a) previous cooling of the
crystal from the room temperature, b) the four hours annealing of the crystal inside the INC-phase at T, =110K; c) the five hours
annealing of the sample inside the INC-phase at T,, =110K.

The &(T) dependences for TIGaSe, crystals, obtained at
heating process after the crystal annealing in the fourth and
fifth times in the INC-phase at 7,,=110K during an hour are
presented in figs. 1b and 1c, respectively. The fact of the
extra anomaly appearance on the £T), beginning with the
fourth measurement cycle, in the form of the low maximum
at T=105,9 K is clearly seen. At the same time temperature
stabilization of the sample at Ty, leads to the shifting of the
PT temperature from INC phase to the C phase to the lower
temperature side. This shifting for the fourth cycle of
annealing is about 0,3K. The fifth annealing cycle does not
practically change the T, but leads to the shifting of the
second maxima from 105,9K to 105,1K.

As it is known [20-23], the annealing of the crystal
during the long time within the incommensurate phase leads
to the formation of the long-live metastable states, connected
with the defects density wave (DDW) which is formed in the
crystal, as a resuet of the spatial redistribution of impurities
and structural defects in the periodic field of the INC phase.
Since the relaxation time of the mobile defects, determined
by their diffusion mobility, considerably exceeds the time,
required for the measurement of ¢(T) from the ferroelectric
phase to T, it is possible to assume the conservation of
DDW (and consequently solitons in the potential relief,
created by the impurities and mobile defects) out of the INC-
phase region. As it is shown in [24, 25] this peculiarity of
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INC phase leads to the shifting of the T, in TlInS, crystals to
the low temperature region.

To explain the appearance of the second peak in &(T)
dependence of TlGaSe, after annealing at T, within INC
phase one can suppose, that the structure of the real TIGaSe,
crystal is essentially heterogeneous. The fracture of the
investigated sample by cleaving has revealed the presence of
two qualitatively distinct by its dielectric properties
macroscopic parts: TlGaSe, —I and TIGaSe, —Il. The &(T)
curves for TlGaSe, I (fig. 2a) and TIGaSe, -l (fig. 2b),
obtained at sample heating after its cooling from the room
temperature, are presented in fig. 2.

As it is seen from fig.2a, the dependence &(T) of the
smaller by the size sample TIGaSe, —I (3,3x1,6x4 mm°) is
qualitatively similar to the initial crystal &T) with 7;=112,8K
and T.=106K. The temperature dependence &(T) for the larger
by its size sample TIGaSe, -1l (3,3x2,3x4 mm®) distinguishes
essentially from &(T) for TIGaSe,—I. As it is seen from fig.
2b, the anomaly, connected with PT to INC — phase occurs at
7;=111,8K and becomes strongly diffused. The temperature
T., determined from the given experiment for the sample
TlGaSe, —Il makes 106,2 K. The fact of the sudden rise of the
¢ for the sample TIGaSe, —Il beginning from T=107K is
connected with the significant growth of the
electroconductivity of the indicated part of the sample. It
should be noticed, that the multiple annealing of the samples
TIGaSe, -l and TIGaSe; —Il during an hour inside the INC-
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phase has not been accompanied by the extra anomaly
appearance on the curve £T). At the same time the thermal
annealing of the samples within the INC phase leads to low
temperature shifting of T, in TIGaSe; -1l by 1,9K, and 0,4K
in TIGaSe;, —I.

Taking into consideration the possible formation of
different polytypes of TIGaSe,, it is possible to assume, that

£
T =106K
T,=1128K

o Tl eI
ADO

2ot T =1062K T1CaSe,-I
170

ED

=] 1o 1o Lao

170 T"E;

Fig. 2. The temperature dependence ¢ of the sample parts
TIGaSe,, obtained by the consequent spalling:
a- TIGaSe,-1; b- TIGaSe,-11. The measurements have
been conducted in the heating mode after the previous
cooling of both samples from the room temperature.

TIGaSe, -1 and TIGaSe, —Il belong to the various
polytypes. However, in this case, TIGaSe, polytype, whose
symmetry of the high-temperature phase is distinguished
from C,°, should be supposed. The structural research data
present in reference [9] testifies the presence of the INC-
phase only in polytypes TIGaSe, with the symmetry of the
high-temperature paraphase C,.°. In papers [18, 26-28]
attempts, made to reveal the INC-phase in other
modifications of TlGaSe, by the methods of the neuron
diffraction and X-rays, have not been successful.

We suppose, that the concentration of impurities and
mobile defects, essentially distinct in the various parts of the
sample, has existed in the initial real crystal TIGaSe, and the
part of the initial sample, i.e. TIGaSe; -, is characterized by
the higher concentration of impurities and structural defects
in comparison with TIGaSe, -l. Therefore, in the initial
sample TIGaSe, the phase transition from the INC-phase to
the commensurate ferroelectric phase after a long stay of the
sample inside the INC-phase will be realized in two
neighboring temperature points, in accordance with the
different values of shifting of T, in different parts of the
sample.

CONCLUSION

Thus, in the present paper the results of the qualitatively
new case of the memory effect realization- influence of the
sample prehistory on the temperature behavior of ¢, presented
by the extra anomaly appearance in &) in the neighborhood
of INC-C PT point have been for the first time represented in
the TIGaSe, crystal. It is suggested, that in the various parts
of the crystal the “frozen” states of defects and impurities
with the various concentration, occur after the annealing of
the sample in the INC-phase due to the irregular distribution
of the impurities and defects existed in the initial sample.
Therefore, PT to the commensurate ferroelectric phase in the
different parts of the initial sample TIGaSe,, subjected to the
thermal annealing in the INC-phase, occurs at various, but
close temperatures.
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TIGaSe; KRISTALININ NiSBOTLIi SEQNETOELEKTRIK FAZASINDA TERMiIK YADDAS EFFEKTI

Maqalada qeyri-maxsusi seqnetoelektrik TIGaSe, kristalinin nisbatsiz fazasinin (NF) qeyri-tarazliq xassaleri
tedqiq olunur. Goésterilmisdir ki, kristalin nisbatsiz fazada stabillesdiriimis, misyyan temperaturda saxlanmasi NF-
dan nisbatli seqgnetoelektrik fazaya kecidi strafinda ilk dafe olaraq NF-nin temperatur intervalinin dayismasi vo
segnetofazada T, yaxinliginda «(7) asiiliginda slave anomaliyanin emals galmasi kimi yaddas effekti misahida
olunur.

B.I1.Aabies, C.C. Babaes, T.I'. MamenoB, Mup-I'acan 10. Cennos, P.A. Cyneiimanos,
M.M. lllupunHoB

3®PEKT TEPMUYECKOM MAMATHA B COPASMEPHOM CETHETORJEKTPUYECKON
DA3E KPUCTAJLIA TIGaSe,.

PaGoTa MOCBSIICHA MCCIICAOBAHUIO HEPaBHOBECHBIX CBOMCTB HecopasmepHoit (HC) (assl HecOOCTBEHHOTO CETHETORICKTPHKA
nosrynpoBosHuka T1GaSe; , a MIMEHHO, U3y4YEHHIO BIUSHHS NIPEABICTOPUH — TEMIIEPATyPHOIl BBIICP)KKH KPHCTAIIA BO BpeMeHH (OTXKUT) IIpH
OIpeeeHHO’, CTabMIM3npoBanHoi Temmneparype B obmacti HC — ¢a3bl — Ha noBeqeHHe ANDIEKTPUYECKOl mpoHuaeMoctu (¢) obpasia B
okpectHocTH (hazoBoro nepexoxa (PIT) HC — copasmepras (C) cernerossiexrpuyeckas (asza. Brepsbie 3apernctpiupoBaH cBoeoOpas3HbIi
cirydait peanmuzanuu 3(¢GeKTa mamMsaTH, CBOASIMNIICS K U3MEHEHHIO TeMIepaTypHoro uHTepsana cymectsoBanuss HC — ¢a3bl 1 k MOSBICHUIO
JOTIOJIHATEIbHOM aHoManiu Ha KpuBoi &(7) B cernerodase B OKpecTHOCTH 7.
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THE STUDY OF MAGNETIC-PHAZE STATE OF (Ni, SB, CR, K)/Y-Al,O3; CATALYSTS
AND ELECTRON PROPERTIES OF PROMOTORS IN PROPAN
DEHYDROGENATION REACTION

S.A. JAMALOVA
Institute of petrochemical processes of NAS of Azerbaijan
Baku, N. Rafiyev str., 30

The results of investigation on establishment of the changes in the catalysts magnetic properties depending on the conditions of their
synthesis, incineration temperature and duration have been presented in the article for comparison of these properties with the catalysts
activity in propane dehydrogenation reaction. The interaction of Ni** ions with a carrier is established.

The paper deals with the study of (Ni, Sh, Cr, K)/y-Al,O5
magnetic-phase state of catalysts and electron properties of
promotors with purpose to find out their interaction with the
carrier (y-Al,O5) in propan dehydrogenation reaction.

From the point if view of catalysts the special meaning
has the character of metal oxides and ion distributions on the
surface and in the volume of the carrier in the dependence on
preparing conditions, thermotreatment of catalysts and the
influence of reaction medium on the temperature of magnetic
phase transfer in the Neel’s point.

To solve these tasks it is necessary to apply magnetic and
thermal methods (thermal capacity and temperature
conductivity), allowing to study the structures of catalysts.
The catalysts samples, taken for analysis are distinguished by
the conditions of their preparing.

The catalysts were prepared under conditions of the
atmospheric pressure and low atmospheric pressure (P=10-
15mm-Hg).

The incineration time was variated from 1.5h to 5h. The
incineration temperature was changed from 400°C to 650°C.
For investigation of the influence of the dehydrogenation
medium on the magnetic characteristics of catalyst, the
propan dehydrogenation reaction at the temperature 580-
620°C and propan valume velocity of feed 150-300h™ is
carried out on these catalysts.

The essential change of porouso-structural catalyst
characteristics preparing in the conditions of lowed
atmospheric pressure was established by the author earlier
and in addition, the influence of these changes on the thermal
conductivity and temperature conductivity (K) [1] was
established also.

The magnetic permittivity (y) of catalyst is investigated
by Faraday method on the installation with photoelectric
compensation [2] in the magnetic field strength interval
1000-7000 Gauss (Gs). The value y of all investigated
catalysts didn’t depend on the field strength that shows on the
absence of ferromagnetic impurities in the catalyst (metallic
nickel). For calculation of y and magnetic momentum (),
the correction on the diamagnetism Al,Os, Sbh,03, K,0O and
ions Ni%*, Cr** was introduced.

The temperature change of magnetic phase transfer in the
Neel’s point (Ty) in the dependence on incineration
temperature of samples was investigated by heat capacity
method on the installation for measurements of thermal
material coefficients by the impulse — light method [3,4].

The solution of the problem of the thermal distribution
inside of the thermal isolated sample, boundered by two
parallel is the base of this method.

The increase of the interaction between ions Ni?* in the
incinerated samples is confirmed by the increase of Neel’s
temperature and as a result the change of magnetic interaction
energy is observed [5].

It is established by the author earlier, that the increase of
incineration temperature of the catalyst up to 600°C increases
the exchange interaction between ions Ni?* and rises the
catalyst activity [6].

The Bete-Payerlsa-Weissa (BPW) method was used for
estimate of the change interaction.

The magnetic interaction energy of non-compensated
spins of neighbouring ions at the room temperature is less,
than value KT(Emagn<KT), where k is Boltzmann constant,
therefore the spins oriented almost antyparallelly and
antiferromagnetism is observed. However, the energy, which
equal to kT, is enough one to excite some fluctuations of
summary magnetic moment of unpaired spin system. If the
temperature is hire that Neel’s temperature, then the magnetic
interaction energy becomes more, than KT(Emagn=>kT) and
therefore the ferromagnetism is destroyed and the system
becomes paramagnetic one.

The changes of the magnetic permittivity (y), the
magnetic moment (), the Neel’s temperature (Ty) and
catalytic activity (Ni-Cr-Sb-K)/Al,O; of the catalysts of the
propan dehydrogenation, prepared in the conditions of lowed
atmospheric pressure in dependence on the incineration
temperature change (T, ) are presented in the fig 1.

With the increase of the incineration temperature from
400 to 650°C, Ty shifts to the high temperatures and
increases from 220 to 270°C. The symbat change of Ty and A
(activity) in the dependence on T;, is observed.

The shift of Ty to the high temperature, when Tijq.
increases, shows that the antiferromagnetic interaction degree
between metal ions increases. From another side, the
formation process of catalyst structure can take place with the
formation of new magnetic phases of types: NiAl,O, and
NiSh,0s.

As it follows from fig.1, the Ty and C3Hg yield increase
with the increase of Tj,.. The symbat change and activity are
caused by the active centers, which are the analogical phases,
being in non-antiferromagnetic state. The forming
antiferromagnetic phases at the temperature more, than 300-
400°C destroy with the increase of incineration temperature.
They become paramagnetic at the temperature higher, than
Tn. In the internal T;,.=580-600°C where the reaction goes,
the catalyst will be in the paramagnetic state.

The Neel’s temperature states constant and activity
decreases at the temperature higher, than 650°C. Probably, it
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is caused by the formation of catalyst structure and new
antiferromagnetic phases leading to the decrease of
paramagnetic centers concentration..

In the fig.1 the dependence of magnetic moment (u) of
catalyst on the incineration temperature is shown. As it
follows from fig.1, the increase of the g with the increase Tiy.
from 400 to 650°C is observed. In the incineration
temperature interval T, =750°C the essential decrease of the
paramagnetic centers concentration is observed. However, in
this interval Ty states constant. It shows that with the order of
catalyst structure the Ty states unchangeable and the activity
decreases.
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Fig.1. The dependence of magnetic characteristics (y,z) of (Ni-
Cr-Sh-K)/y-Al,O3 catalyst and Neel’s temperature (Ty)
on the catalyst incineration temperature (Tjc.°K)
1. magnetic permittivity (y);
2. magnetic moment (x, mB);
3. Neel’s temperature (Ty°K);
4. catalyst activity (%mass.).

The decrease catalyst activity connects with the decrease
of active catalyst surface in consequence of baking of catalyst
poros in this case.

Thus, resuming the above mentioned, we can do the
conclusion that the changes of activity and Neel’s
temperature allow to propose, that active centers in the
propan dehydrogenation reaction are caused by the
paramagnetic centers, which form at the increase of
incineration temperature of catalyst higher, than Ty,

In the fig.2 the dependences of the magnetic permittivity
and catalyst activity (Ni-Cr-Sb-K)/Al,O3 on the incineration
time are shown. At the increase of the incineration time the
magnetic permittivity increases and after 3,5 hours reaches
the maximal value. The increase of the paramagnetic
permittivity is caused by the increase of paramagnetic centers
concentration. Later the decrease of y value is observed
(fig.2, curve 1.2). The identical picture is observed also for
the dependence of the activity on the incineration time (fig.2,
curve 3). Thus, the comparative date of permittivity and
activity show, that catalyst activity is caused by the increase
of the paramagnetic centers concentration. At this cause
probably, the symbat change of activity and permittivity is
observed.

The investigation of magnetic properties NiO-Al,O; of
catalyst gives the important information about the ions Ni®*
interactions and their localization in a lattice Al,Os.
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The obtained results of magnetic moments are very
interested. We propose, that Ni in the catalyst is as in the
microcrystals NiO form, as ion Ni** form, introduced in a
lattice Al,O3. As well known, that the theoretical value  of
the ion Ni** is equal to 3.4 mB in the octahedron empties, but
the experimental one is equal to 3.0-3.2mB. The hydrate of
protoxide of Ni has the layer structure, in which the every ion
is in the octahedron, having six OH-groups.
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Fig.2. The dependence of magnetic permittivity and activity
of (Ni-Cr-Sb-K)/y-Al,O5 catalysts of propan
gehydrogenation reaction on the incineration time of
catalyst. 1. magnetic permittivity of fresh catalyst;

2. magnetic permittivity of waste catalyst;
3. catalyst activity (%mass.).

The results of the defining of magnetic permittivity (y),
calculated on 1 gr., and the magnetic moment () for (Ni-Cr-
Sb-K)/Al,O; catalysts are given in the table 1.

The magnetic permittivity value (yy;) of the catalyst,
obtained under the usual conditions before the reaction
(sample Nel) is equal to 55-10°SGSE, but the magnetic
moment value, calculated on the ion Ni?* is equal to
1=2.81mB, that well agree with x of ion Ni** for the pure
spin value (2.83mB).

For the catalyst, prepared at the low atmospheric pressure
(sample Ne2) the g is equal to 3.1mB, that is accordance with
 for Ni?*, being in the octahedron positions (1=3-3.2mB).

The weak enough interaction between ions Ni?* states
constant in the non-incinerated samples of catalyst.

The magnetic properties of the systems (Ni-Cr-Sh-
K)/y-Al,Os3, prepared at the low atmospheric pressure and
incinerated from 400°C to 650°C, differ abruptly from the
magnetic properties of catalysts, prepared under the usual
conditions (sample Nel). The differences are caused by the
presence of antiferromagnetic microcrystals NiO. For the
catalysts before and after the work in the propan
dehydrogenation reaction, the yy and x change from 16-22:10°°
SGSE to 1.53-2.83mB correspondingly. The magnetic
moments of samples before and after reaction, and
incinerated up to 680C during 5 hours also are essentially
less, than the magnetic moment value (x) of the ion
Ni**/,=2,83 mB).

The obtained results show, that in the catalyst the big part
of NiO is in the form of the large enough crystals of
antiferromagnetic phase NiO with strong interaction between
Ni ions, that explains the low values of yy;and g
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Table 1.
Magnetic characteristics of (Ni-Cr-Sh-K)/Al,O; catalysts
Sample | Catalyst composition, Treatment conditions Makeweight f f 210 4, mB
Ne % (T,=650°C) m, mg Ay=—
Incineration | Pressure, | fresh | waste m
time mmHg
1 NiO -3
Sh,03 - 3 5 760 fresh - 6.6 12.21 1.85 55 281
Cr,03-7.5
K,0-25
2 - «- 5 15 fresh - 5.21 13.96 2.68 68 3.11
3 NiO -6
Sh,0; - 8 5 760 fresh - 2.655 2.86 1.076 21 4.71
Cr,0; -8
K,0-3.0
4 - «- 5 760 - waste 6.515 5.798 0.89 16.46 1.53
5 - «- 5 15 fresh - 5.75 6.38 1.109 214 1.79
6 - «- 15 15 fresh - 3.76 3.61 0.96 19.75 1.67
7 waste 8.8 9.06 1.03 2113 | 1.73
8 - «- 35 15 fresh - 4.32 431 0.997 20.03 | 1.704
9 3.0 - waste 6.3 6.34 1.006 20.65 2.23
10 - «- 5.0 15 fresh - 11.6 12.59 1.085 19.9 1.68
1 - | waste 1.165 1.14 0.98 2014 | 22

[1] S.A. Jamalova, O.N. Novruzov, A.A. Gasimov, V.A. Qu- [4] D.W. Klark, P.S. Hush, J.R. Jandle. J. Chem. Plys, 1972,

seinova, M.M. Seidrzayeva. Fizika, Izvestiya AN Azerb., v.57, p.3503.

1998, Nel, p. 40-43. [5] J.A.Pople, G.A. Segal. J. Chem. Phys, 1987, v.47, p.158.
[2] AT. Pilipenko, L.I. Savrinskiy, A.l. Zubenko. [6] S.A. Jamalova, A.A. Gasimov, O.N. Novruzov, S.A. Zei-

“Koordinatsionnaya khimiya”, 1981, v.7, Nel, p.25-33. nalova, Kh.A. Amrakhova. Fizika, lIzvestiya AN Azerb.,
[3] D.A. Jogolev, V.B. Volkov. “Naukovo dumka”, Kiev, 1999, Ne3, p. 72-74.

1976.

S.9. Camalova

PROPANIN DEHIDROGENLO$M REAKSIYASINDA (Ni-Cr-Sb-K)/»Al,0; KATALIZATORUNUN MAQNIT
FAZA HALININ VO PROMOTORLARIN ELEKTRON XASSOLORININ OYRONILMaSI

Magqgalads katalizatorlarin magnit xassalerinda bas veran dayisikliklarin onlarin sintez seraitdan, kézertme temperaturundan
ve middatindan asililgini misayyan etmak Uglin, hamginin, bu xususiyystlerin propanin dehidrogenlegsma reaksiyasinda
katalizatorlarin aktivliyi ile miiqayise maqgsadi ile, ¢okdiricli ile Ni?* ionlari arasinda garsihql tasir deracasinin miayyan edilmasi
aparilan tadgiqatlann naticesi aks olunur.

C.A. IxamanoBa

N3YYEHUE MATHUTHO-®A30BOI'O COCTOSAHUS (Ni-Cr-Sh-K)/ »Al,0; KATAJIM3ATOPOB 1
SJIEKTPOHHBIX CBOUCTB ITIPOMOTOPOB B PEAKIINU JET'NIPUPOBAHMUS ITPOITAHA

B crartee mpencraBieHBl pe3ydbTATHl HCCIEIOBAHUS IO BBIABICHUIO W3MEHEHHWH, NPOUCXOIIIIMX B MArHUTHBIX CBOMCTBax
KaTaJu3aTopoB B 3aBUCUMOCTH OT YCIIOBUH MX CHHTE3a, TEMIIEPATypbl IPOKAIKH U €€ MPOJIOJIKUTEIHLHOCTH U COIIOCTAaBICHUE STUX CBONCTB
C aKTUBHOCTBIO KaTaJIM3aTOPOB B PEAKIIMU JACTHIAPUPOBAHUS ITPOTIAHA.

VcraHoBIeHa cTeneHb B3auMoeiicTeus nonoB Ni¢* ¢ HocuTenem.

Received: 05.04.03
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MGR INVESTIGATIONS IN GaggFeg 0S¢ CRYSTALS

GEIS SULTANOV, MAZAHIR ALDJANOV, ELMIRA KERIMOVA
Institute of Physics, Azerbaijan Academy of Science,
Baku. Az - 1143, H. Javid st. 33

The magnetic and Mossbauer investigation of GaS:Fe crystals have been carried out. In the temperature region 80+300 K magnetic
susceptibility is found to be weakly dependent on temperature. The value of quadrupole splitting determined from the room-temperature
Mossbauer spectrum is equal to A£5=2.95 +0.03 mm/s. In GaS:Fe iron is assumed to substitute for gallium and to exist in low-spin divalent
state This assumption is confirmed by a good agreement between the experimental and theoretical values of AFE; obtained from the

calculation of the [GaFe?"Sg]® impurity complex electronic structure by the Hukkel's method.

Keywords: Magnetic, susceptibility, quantum, splitting,
spectrum.

Introduction

According to crystallographic data [1] GaS has hexagonal
structure with space group of P6/mmC and lattice
parameters: a=3.587A and c=15.492A . Because of Ga and S
atoms location the crystalline structure of GaS can be
presented as alternation of dense packed layers...S-Ga-Ga-S...
moreover each atom of Ga us tetraedrically connected with
three atoms of S and one atom of Ga, thus R(Ga-S)=2.33A ,
R(Ga-Ga)=2.447A (fig.) and are clouse to the value of sum
of and covalent radiuses (R cov Ga=1.23A and R cov S=1.04E)
that indicates to covalent character of chemical bond.
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Fig.1. Méssbauer spectra of GaS:Fe at room temperature.

The fact that each Ga atom is connected with three S
atoms and one Ga atom indicates to the fact that chemical
bond of Ga atoms must be anisotropy. In fact, such
anisotropy of chemical bond is sharply displayed in many
physical properties of this crystal [2-4].

That's why the investigation of chemical bond anysotropy
in GaS is in interested. Method of nuclear gammaresonance
(NGR) is one of method widely used in investigation of
chemical bond and its anysotropy. Such parameters of NGR
as a result of quadrupole splitting and effect possibility,
strongly depends on anysotropy of chemical bond. The ,

(sz )val :e{é(l_R)w <%3>3d [N X2y +sz +ny _% (N Xz _Nyz )]'F%(l_R)Ap<}/r3>4p [_N pX +(N px_N py )]}

(ﬂvzz )val = e[%(l_ R)zd < %3 >34 (N yz Nxz )+%(1_

Where "val" and "lat" indexes concern to the introduction
of Fe valence electrons and lygand one. As it follow, for
example, from [9, 10], valence introductions of five 3d-and
three p-orbitals are equal to

pollycrystallic GagggFeq,S sample have been used during
investigations.

Experimental results

Mossbauer spectrum of GaS:Fe has a from of well
allowed quadrupole dublet with quadrupole splitting
AFE,=2.95+0.03 mm/s (fig.l). The temperature dependence in
range of 80-300K of magnetic susceptibility of GaS:Fe
crystal is represented on. Experimental values of »(T) weakly
depend on temperature. The interpretation of quadrupole
splitting value in Mossbauer spectra of ion compositions are
usually carried out within the theory of lygand field (see for
example [5]). But in many cases such method is found to be
too roudh. That's why numerical quantocemical methods of
Mossbauer parameters calculation have been developed for
the last year.

We carried out quantochemical calculation of electron
structure of impure complexes by widened Hynkel method
[6]. Table data have been taken from [7]. Calculation of
Mossbauer parameters have been carried out on program
used in [8].

Calculation and discussion of results
Quadrupole splitting for *’Fe nucleuses with spin of state

J=1/2 and excited one J=3/2 is determined by expression [5]

AE :%eng(1+ 77%)% M

2
where eg =V, + (5 %Zz) -z-component of electric field
0

gradient tenzor on nucleus, 7 = (VXX -V )/VZZ -asymmetry

yy
parameter, eQ-nuclear quadrupole moment, moreover for
nucleuses Q=0.21 barn [4.5].

According to [5], and 7 values can be determined from
following formula:

©))
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where (1-R)q and (1-R),,-Shternheymer factors for 3d and 4p
electrons, <1/r*>3d and <1/r*>>4p —average values of reverse
cubes of radiuses of 3d- and 4p-membrans, N,- populations
of « orbitals.

According to [10, 5], (1-R)3¢=0,68, and <1/r®>3d values
depend on valent state of Fe ion; forming (calculating) 4.78
a.e. for Fe** and 4.44 a.e. for Fe?*,

Introductions of 4p electrons to quadrupole splitting are
usually not large huge and approximate correlation can be
used in their estimation [11]:

(1-R)4p <1/r*>4p=1/3 (1-R)zq <1/r*>3d

Lattice introductions are calculated on following formulas [4]:

URNEIES) 3 e

rS

(Ve =17 )Zﬂxrs;y)
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Where x;, Vi, zi-decart coordinates of lygands in axles
system, connected with metal, -metal ri-lygand distance, e;-
lygand charges. Besides, it’s usually assumed that (1-7,.)=12 [5,6].

To determine unknown values in (1)-(5) we applied to
widen Hynkel method.

As its known, standard numerical method of quantum
chemistry allows to calculate electron structure final system
only. That’s why to obtain a sensible results we need right
part of crystal, the calculation will be made for.

From GasS crystalline structure, examined above, one can
see that minimum cluster, reproducing (showing)
crystallochemical peculiarities of whole lattice have to be
chosen like eight atoms Ga,Sg grouping which is represented
on fig.2.

Fig.2 . Structure of Ga,Sg cluster.

Decart coordinates of atoms calculated from known
crystallographic data are given in table 1. |

Table 1.

Decart coordinates of atoms of [Ga,Sg]® cluster.

Atom x, A y, A z, A
Ga; 0 0 0
Ga, 0 0 2.448
S; 0 -2.071 -1.075
S -1.793 1.035 -1.075
S3 1.793 1.035 -1.075
S, 0 -2.071 3.523
Ss -1.793 1.035 3.523
S 1.793 1.035 3.523

Right cluster charge, obtained in neutral crystal can be
determined by following method. As one atom lygand S atom
has oxidation degree equal to -2. Then, due GaS to crystal
electro neutrality, atom should be given oxidation degree
equal to +2. Thus, we deal with [Ga,Se]" cluster. It is
important to stress that oxidation degree equal to +2 doesn't
contradict to well known fact that Ga is three valent, quite the
opposite, it's proved by GasS structure peculiarities. In fact,
oxidation degree equal to +2 means that only 2 valent of
atom are saturated as a result of interaction with S atom. In
this case the saturation of third valent is possible because of
Ga-Ga covalent bond formation only, which is vally taken
place.

In connection with this fact we made a calculation of
[GaFe**Se 1* and [GaFe**Sg]” clusters containing Fe atoms
in 2 more stable oxidations degrees by means of widen
Hynkel method. In connection with the magnetic
measurements results, Fe atoms are considered to be low-
spin. Clusters structure replies are shown on fig.2 with
substitution Ga, to Fe.

The composition and energies of some bordering MO of
[GaFe’S¢]* cluster are given. [GaFe*'Seg]” cluster is
different for the reason it has not one electron. It follow that
upper of both clusters maintain considerable introduction Fe
of atom AO. That's why their Mossbauer parameters must be
too different, which principally gives a possibility to
determine valent state of Fe atoms in GaS:Fe. Besides one
can see that comparatively large splitting and high degree of
electron decolization is typical for B3MO and low vacant
MO. It proved that the conclusion about low spin state of Fe
atoms is correct. Finally, unlike the [Ga,Sg] clusters,
[GaFeSes] clusters do not maintain metal. Metal bond: the
lowest orbital, in which AO of S, P, and dZ? types are
represented completely is @sAE, orbital.

Calculated popularization of Fe atoms AO and charges of
all cluster's atoms are given in table 2.

Table 2
Calculated popularization of Fe atoms AO and charges of all cluster’s atoms.
Clusters Charges of atoms Populations
e(S) |e(Ga) [e(Fe) [4S [4P, [4P, 4P, [dy [dy, [d% [dy [d’/S°
[GaFez"Se]8+ -152 |1.28 -0.64 1040 [0.14 |0.04 |0.14 (142 |165 |[1.75 |165 |1.42
-1.38
[GaFe®Seg]” |-1.52 [1.28 0.02 |0.40 |0.08 |0.04 [0.08 |1.26 |155 |1.75 |[1.55
-1.24

Upper number corresponds to GaS; group; under number-to Fe,S; group.
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As it is expected, S atoms carry negative charges, that should be displayed in theoretical values of quadrupole
moreover charges in GaS groups are larger that in FeSs,  splitting. A&, values calculated on (1.1)-(!.5) formulas for
groups. It indicates to large electropositiveness of Ga in  both type of cluster in the processes of consistent increasing
comparison with Fe, which also has a reflection in  of mentioned introduction are given it table 3. One can see
correlation of Ga and Fe charges. Orbitals population of Fe  that anysotropy of electron density splitting on Fe atom gives
atoms changes enough (visibly) in the process to transition  only a half of full value of AF.
from [GaFe*'Se]* clusters to [GaFe**Seg]” one

Table 3
Theoretical values of AEy(mm/s) for [GaFe?*Sg]* and [GaFe**Seq]” clusters.
Clusters Group
Fe Ga-Fe | S;Ga-Fe | S;Ga-FeS; | S;Ga-eS*;
[GaFe* Sg]* 2.2 2.71 2.45 2.9 2.82
[GaFe®Ses]” | 3.18 3.79 3.56 4.01 3.9

In the beginning this results is seemed to be a little  As GaS atoms are the nearest to S atoms in GasS crystal, then
unexpected, but it becomes quite clear, if large positive  negative charge in atoms is probably overestimated.
charge o atoms and large value of field gradient created by Considering AEq values given in last three columns one
single charge are taken into consideration. can see that the model of [GaFe**Ses]” cluster is not
Three S atoms complete formally the coordination sphere  satisfactory independently of e(S) estimation, as theoretical
of Fe atoms to tetrahedr. How-ever AL, does not decrease,  values of E are different from experimental A£,=2.66 mm/s
but increases, that is interpreted by differences of Gaand S by 2. Quite opposite, [GaFe*"Sg]® cluster is corresponds to
charges mark. Introduction of S atoms in is not large in  experiment very well. That's why we can confidentially
general. It allow to considering obtained estimation of to be  make a conclusion that impure center in crystals GaS:Fe has
reliable enough, even when S atoms is located in clusters  structure of [GaFe®'Se]®.
border, hence error in estimation of their charge can be large.
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Q.D. Sultanov, M.A. Alcanov, E.M. Karimova

Gag sFe( 02Ss KRISTALINDA MESSBAUER SPEKTRININ ToDQiQi

GaS:"'Fe kristalinda aparilan magnit ve Messbauer tadgiqatlar 80+300 K temperatur oblastinda magnit gavrayiciliginin
temperaturdan zaif asiliigini misyyenlagdirdi.

Otaq temperaturunda Messbauer spektrinden tayin olunmus kvadrupol pargalanmanin giymati £=2,95mm/san. E-nin tacribi
giymati ile GaFe?'Sg asgar kompleksinin elektron qurulusunun MK-hesablanmasi asasinda alinmis nazeri giymati arasindaki
uygunlugla tasdiglenir.

' . CyaranoB, M.A. Angkanos, 3.M. Kepumona
HNCCIEJOBAHUE MECCBAYJPOBCKHUX CHEKTPOB KPUCTAJJIIOB GaggFeg,Ss

IIpoBeneHs! MarHUTHBIE M MeccOay’poBCKHe HccienoBanus kpuctamioB GaS:Fe. Ycranosnena ciabast TemmeparypHasi 3aBHCHMOCTD
MarHUTHOW BocnpuuMuMBOCTH B oOmactu Temmepatyp 80+300K. BennunHa KBagpymodbHOTO pACIICIUICHHS, ONpEACICHHAS U3
MeccOayIpOBCKOro CIIEKTpa NpH KOMHATHOH Temmeparype, paBHa E=2,95mm/cek. CaenaHHOE MPEIIIOI0KEHHE aeT XOpOIlee COIacue
MEXJy DKCIIEPUMEHTAIbHBIM M TEOPETHYECKUM 3HAUYCHUEM BEIIMUYUHBI E, I0Jy4YeHHBIM Ha OCHOBE pe3ysibTaToB MK- pacuera 31eKTpOHHOTO
CTPOCHMS TIPUMECHOTO KoMILIekca GaFe?* S,

Received: 09.04.03
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On the basis of Phgg9Tmg g Te single crystals and PbTe epitaxial layers the photoreceivers which are sensitive at 5-12 pm wavelength
band have been fabricated. Spectral, volt-ampere and volt-farad characteristics have been studied on multielement scales of photosensitive
structures. It was established that at 77 K product of differential resistivity at null dislocation and active area. RoA is equal to 10 ohm-cm?
(RoA=10 ohm-cm?). It has also determined that a main mechanism of current traverse is generation - recombination of charge carriers. The
concentration gradient of electroactivity centers in field of volumetric charge band is about ~ 0,54-10%* cm™, and therefore the generated p-n

transitions are abrupt.

1. Introduction.

PbTe and solid solutions on its basis have wide
application in semiconducting optoelectronics for creation of
photoreceivers and injection layers operating at 3-5 pm and
8-14 um wavelength band. Possibility of fabrication of
devices operating at such a spectra of range is conditioned by
alteration of the size of prohibited zone width, by way of
regulating the stechiometric compound, which affaires simple
to implement within the limit of homogeneity surfaces.
Consequently, solid solutions of Pb;,Tm,Te can be
exceedingly suitable for creation of photosensitive structures
with practically valuable parameters. The present information
contains results of investigations of some photoelectrical,
volt-ampere and volt-farad characteristics of infrared
emission receivers created by way of epitaxial build up of -
PbTe thin layers into n-Pby,Tm,Te single crystals.

2. Experimental.

Single crystals of n-Pb,,Tm,Te solid solutions have been
grown by directed crystallization method and were used as a
substrate for preparation of photosensitive structures.
Mechanical processing was initially carried out, and after
cutting of single crystals in a (100) plane direction aimed to
removal of disturbed layers, their surfaces were treated with
chemical etching in 6 % Br, solution in HBr. Then Electro-
chemical polishing of the surface was provided in Norman
etching (H,O:KOH:glyserine and ethyl spirt=15ml:20g
35ml:20 g), with further removal of etching residues by deep
flushing in dionized water flow. With the help of a “hot wall”
method by using of two-phase lead and tellurium mixture (in
stechiometri ratio), PbTe films were grown on these
backings. To decrease concentration of self defects (eigen
defects) in condensed films and to enable the courtral over
charge carriers concentration in PbTe films, an additional
source of tellurium vapor was used [1] in the process of
growth. Thickness of grown pate epitaxial layer was within
the margin of 5 to 10 um. Scales of photosensitive elements
were formed with the help of photolithography’, but prior to
laying it onto the surface of films, metallic contact indium
layer was applied by thermal evaporation in vacuum of
prepared meza-structures formed 0,2 mm? and that of
bonding pad was 0,05 mm?. Gold wires of diameter. ~30 um
were joined to bonding pads by using of low-temperature

solder (T,4~333K) consisting of 50%
Br+25%Pb+12,5%Sn+12,5%Cd.

Volt-ampere and spectral characteristics of prepared p-n
transitions in temperature interval of 77-300 K were studied
as in [2]. Prepared structures were observed to have

rectifying characteristics even at ~300 K.

3. Results and Discussion.

Fig.1 demonstrates volt-ampere characteristics (VACh) of
p-PbTe/n-Pb,,Tm,Te diode structures at 77K. VACh
forward-bias region is qualitatively described by a function
I=lexp(eV/AkT). Based on temperature dependence
calculations £ coefficient of which is equal to 2. It testifies to
predominance of recombination constituent of electric
current. Substantial distinction of I~f (U) dependence is
existence at U>150 mV in reverse-bias region of a section
corresponding to tunnel break-through of p-n transition.
Mentioned section gradually disappears by increasing the
temperature. It is well known that in p-n transitions at 300 K
is diffusional. It is well known that in p-n transitions of
materials close in their contents to the materials preferred
with the help of a device described in present work,
considerable number of electroactive centers are refereed to
exist, and increase of their concentration gradients affects on
decrease of width of volumetric charge bend, and the
concentration value of charge carriers on the boundary of
volumetric charge carriers on the boundary of volumetric
charge band may also increase in this case [3].
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Fig.1. Volt-ampere characteristics of p-n structures
p-PbTe/n-Phg g9 TmMg oy Te pieced at 77 K.
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In produced solid state structures of p-PbTe/n-Pb,,Tm,Te the  separate meza-structures amounted from 121 to 162 V/W.
growth of RoA value against the degrease of temperature is  Photocurrent was defined as per measured value of photo-
bound up with diffusional constituent of the current, thus e.d.f (V) and the value of meza-structure resistance at zero
testifying to existence of above mentioned mechanism in  shift of (Ry) :

Ehem.sogkli )zero é)ia,;, thgkgod(ucedﬁt‘gctu[r)es had_ RO.:7,5 kr;Q |photo:Vs(é) /Rg .

at an 0= at . Determination the _

concentration gradient of electroactivity centers in field of f ﬁt 393'; Et;hr:eAvaIue Of Ionao=12,5A, and at 77K the value
volumetric charge band (a) was provided with the help of [4] OF phowo=-10, '

+n ; -
a=E10 () “ !
W -
.—"Uu
Where p and n are concentrations of charge carriers in p or
and n bands of p-n transitions and W is the width of
volumetric charge band. According to voltage-capacitance S.y &k
characteristics of created structure W=0,003cm, and 3}..,

n=0,43-10"%cm™ [5].

Hall finding [5] have established that p=1,2-10"%cm™ in “r
PbggeTmo o Te single crystal. Consequently, a=0,54-10%cm™
derived value of volumetric charge concentration evidences
to the formed p-n transition to be sharp.

Fig.2. shows the spectral characteristic of produced IR
photoreceivers. Maximum of spectral characteristic is in ' 1 1 ] s L 1
agreement with wave length equal to 5,7 pm. Volt-watt
sensitivity value of S was calculated with S=V (1) / P (1) ,
(VIW) formulae, where V() is a photo-electromotive force
(e.m.f) on x wave length for separate meza-structures
V(£)=(70-94) pV, P(¢) is a power of radiation with y wave
length, incident on specimen, at 77K, the value of S, for

Fig.2. Spectral characteristic of photoreceiver on
p-PbTe/n-Phg g9 Tmg o1 Te structure basis (o-prism from
LiF; e-prism from NaCl).

[1] S.L. Miloslavov, L.V. Saunin, D.A. Yaskov. News of [4] M.R. Jonson, R.A. Chapman, I.S. Wrobel. Infrared

Academy of Science USSR, Neorganicheskie Materiali, Phys., 1975, vol. 15, Ne4, pp. 317-319.

1983, v. 19, Nel, p. 55-58. [5] Ch.l. Abilov. Abstract of dissertation of the doctor of
[2] I.V. Vikulin, V.I. Stafeyev. Physics of semiconducting technical sciences, 1994, Institute of Inorganic and

instruments. M., “Sovetskoye Radio”, 1980, 212 p. Physical Chemistry Acad. of Sciences Azerb. Republ.,
[3] D.l lIvanov, L.V. Saunin, D.A.Yaskov. Journal of Phys. 39 p.

State Sol., 1984, v. 18, Ne5, pp.818-820.

G.i. ©bilov, Y. Babur
p-PbTe/n-PbggeTmyo1Te p-n KEGCIDLORININ XARAKTERISTIKALARININ XUSUSIYYSTLORI

PbogsTmgosTe monokristallari vo PbTe epitaksial tebageleri esasinda 5-12mkm dalga uzunluglarinda hessas olan
fotogabulediciler hazirlanmisdir. Coxsayll elementlerin dizilistindan ibarst olan fotohassas quruluslarda voltamper, spektral ve
voltfarad xarakteristikalari tedqiq edilmisdir. Misyyan olunmusdur ki, 77K temperaturunda tarazlig halinda differensial
mugavimatin aktiv sahays hasili R,A=10 Om-sm?. Carayanin axma mexanizmi yikdasiyicilarin generasiya-rekombinasiyasi ila
aydinlasir. Hacmi ylkler oblastinda elektroaktiv markazlaerin konsentrasiya qradiyenti ~0,54-10%" sm™ oldugundan, yaradilan p-n
kecid kaskindir.

Y.U. Adunos, 0. badoyp

OCOBEHHOCTHU XAPAKTEPUCTHUK
p-n MEPEXOOOB p-PbTe/n-Pbggs TMg oy Te

N3roTtoBiieHbl (HOTONMPUEMHHUKH Ha OCHOBE MOHOKPHCTALIOB PhygoTMoo;Te u snurakcuanbHbeiXx cioeB PbTe, wyBCTBUTENBHBIX B
JMana3oHe MH BoiH 5-12 MkM. Ha MHOrOaJIeMEHTHBIX JMHEHKaxX (OTOYYBCTBUTENIBHBIX CTPYKTYpP HCCIICOBAHBI CIIEKTPAJIbHBIC,
BOJIbTAMIICPHBIC U BOJIBT(APaJHbIC XapaKTEPUCTHKU. Y CTaHOBJICHO, uTo nipH 77 K npoussenenue auddepeHunaibHoro ConpoTHBICHHS IPH
HyJICBOM CMEIICHMH Ha aKTHBHYIO ruomags RoA=10 Om-cm?. OIpeeNncHo, 4TO OCHOBHBIM MEXaHH3MOM IPOTEKAHHS TOKA SBISETCS
reHepanus-peKoOMOUHAIMS HocuTeNel 3apsina. ['pagueHT KOHIEHTPAIMy JIEKTPUYECKH aKTUBHBIX LIEHTPOB B 00JacTH 00BbEMHOIO 3apsiia
nopsaka ~0,54-10°! em™ 1 mostoMy copMEpOBaHHBIE P-N MEPEXOEI ABISIOTCS PE3KIML.
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QADOLINIUM ELEMENTININ iSTIRAKI iL® SnSe 9SASINDA OLAN BORK
MOHLULLARIN QALVANOMAQNIT XASSOLORI

M.S. MURQUZOVA, M.i. MURQUZOV, S.S.iSMAYILOV
Azarbaycan Tibb Universiteti
370022, Baki, Bakixanov Kig., 23

isde (SnSe)1«-(GdSe)x (0,25<x<2,0 mol %) sistem arintilorinin 7=77+420K temperatur intervalinda Holl smsali (R,), elektrik
mugavimati (p) ve magnit mugavimaeti tadqiq edilmisdir. Miayyan olunmusdur ki, 7=285+310K temperaturlar intervalinda
gostarilon parametrlor anomal dayisir. Mugavimatin temperatur asiiigi 7<7, (7,=285+310K) intervalinda metallik, 7>7,
intervalinda ise yarimkegiricilik xassasi gosterir. Bu xassalarin dayismasinin Umumi ganunauygunlugu arasdiriimisdir.

Sn-Gd-Se sistem arintilarinin fiziki-kimyavi xassaleri
[1-3] muaallifler tarefinden dyranilmisdir. Gd metalinin
istiraki ile SnSe asasinda alinmis arinti zaif deformasiya
olunmus ortorombik qurulusda kristallasir [3,4]. Mad-
dslerin fiziki tebisti ve kinetik xassaleri tam Oyranil-
mamisdir [4] ve onlarin atrafli dyranilmasi elmi ve praktik
maraqg kesb edir. Ferromaqnit tebistli Gd metalinin isti-
raki ile olan arintilerde muixtelif név maraql fiziki xas-
seler misahida olunur [5,6]. Diger terefden deffekt ve
layll qurulusa, agdir elements malik olan arintilor murak-
kab zona qurulusuna malikdirlar. SnSe birlosmasi veo
onun asasinda alinmig bark mahlul bu tip yarimke-
cgiricilerdendir. Bu xUsusiyyatleri asas gOtirerak
(SnSe)14-(GdSe), sisteminden x=0,25; 0,5; 1,0 ve
2,0mol % GdSe terkibli maddaslar sintez olunmus [1,2]
ve onlarin T=77+420°K temperatur intervalinda géstari-
lon parametrloari tedqig edilmisdir.

Elektrik mugavimati p ve Holl garginliyinin dl¢iimasi
kompensasiya metodu ils sabit cerayan doévrasinde
apariimisdir ve buraxilan xatalar 6,2% tagkil etmisdir.

u,d , ) )
= f(H) ifadesine esaslanaraq magnit sahe-

Px =

sinden asliliigindan R,- normal ve R,- anomal Holl am-
sallari hesablanmisdir:

p=RH+p+p? (1)

Burada U, - Holl garginliyi, J - nimunadan kegan
carayanin giymati, d - nimunanin galinhgi (H - magnit

sahasi istigamatinds), p - Holl mugavimati, pf-
paraproseslo bagli Holl miqavimatini xarakteriza edir.
Bizim hesablamalarda pxp -in qiymati taxminan 10°
tartibinde oldugu UGglin onu nazare almamagq olar. Ona
gora da (1) ifadasini
px:Rn+pi:Rn+Ra (13)
sokilde yazmaq olar [6]. NUmunalerda termo e.h.q. (a)-
nin isarasinin  dayismasine asasen  maddalarin
kegciriciliyinin p-tip oldugu muayyan edilmisdir.
Tacrubalar gosterir ki, maddalarin elektrik kegiriciliyi
T=77+285K temperatur intervalinda metallik ve 7>310K
temperaturlarda ise yarimkegiricilore mexsus ganunla

dayisir (sokil 1). 7=285+310K temperatur intervalinda
iso maksimumdan kegarok azalir. 2-ci sakilde normal

Holl amsalinin R, temperatur asiliigi verilmisdir.
Sakilden goérundlyl kimi R-in deyismasi nimunaslerda
xususi migavimatin (p) deyismasina uydundur (sakil 2)
vo T7=285:310°K temperatur intervalinda p-nun
giymatinda oldudu kimi maksimumlug muasahids olunur.

i

% W m w m s W wo
T —»
Sokil 1. (SnSe)1.x(GdSe)y sistem mahlullarinda mugavime-
tin temperaturdan asililigi: 1 - 0- x=0,25 mol %
2 - x- x=0,50 mol %
3 - A- x=1,00 mol %
4 -11- x=2,00 mol %

Daha maraqli bir faktor ise magnit migavimatinin

A
[LJ temperatur asilii§inda misahide olunur. Bels
Ao

4p,

Po

bet va T>T,-da ise manfidir (sakil 3). Bu temperatur
intervall ise metallik kegiricilikdan yarimkeciricilik xasse-
sina kegid temperaturuna uydundur. p=f(T) va R,=f(T)
asilii@i grafiklerindan goriindiyu kimi temperaturun ve-
rilmis giymatinds terkiblorde Gd metalinin miqdar art-
digca onun miqavimati ve Holl eamsali mitenasib artir.
Bu isa tarkiblerde Gd atomunun konsentrasiyasinin art-
masina uygundur. Tedgigatlar gdsterir ki, alinan
terkibler mshlullarda Sn atomunun bir gisminin Gd
atomu ile avez olunmasi ila kristallasir [4,5]. Gd Ug¢
valentli metal atomu oldugundan alinmis terkibler
gisman her bir qodalinium atomundan bir elektron
hesabina kompensasiya olunmus maddalar olur.

ki, T<T, intervalinda (Ta=285+310°K) isarasi mus-
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mlﬂlplﬂ;ﬂ'é\vll“” *
T =
Sokil 2. (SnSe)1.«(GdSe)x sistem mahlullarinda Holl smsa-
linin temperaturdan asilihgi: 1-x=0,25 mol %
2-x=0,50 mol %
3-x=1,00 mol %

4-x=2,00 mol %

Sokil 3. (SnSe)1.x«(GdSe)y sistem arintilorinde magnit
miiqavimatinin temperaturdan asiliig::
1-x=0,025 mol %
3-x=1,00 mol %
4-x=2,00 mol %

Cadvalde 7=300°K temperaturunda bazi parametrlarin tarkib asililiglar verilmisdir.

Torkibler 0 R, é’ Hy Q,
Om-sm sm>/K 10" sm’ sm?/B-'s mkV/der
1 x=0,25 0,11 10,835 0,577 99 310
2 x=0,50 0,17 11,848 0,528 71 246
3 x=1,06 0,901 18,051 0,346 20 123
4 x=2,00 1,587 22,221 0,281 14 62

Cadvaldan goriindiyu kimi tarkiblerda konsentrasiya
Gd atomunun artmasi ile mitenasib 0,58-10'"%-den
0,2810"sm™-a qoder azalr. Yikdasiyicilarin Holl
yuruklayd iss U=99-dan 14sm2/B~s-ye gader azalir. Bu
ise geyd etdiyimiz kimi maddslerin kompensasiya
olunmus terkiblar oldugunu bilavasits gostarir.

Qrafiklarden gorandiyl kimi (sakil 1 ve 2) p=f(T) vo
R,=f(T) asiliiglan terkiblarde Gd atomunun miqdari art-
digca 7=77+285K temperatur intervalinda metallik kegi-
riciliyi intensivlasir. Diger terafden temperaturun verilmis
giymatinds terkiblerde Gd atomunun migdarinin artmasi
ile kegiricilik artmaq avezina, aksine azalir. Bu tars mu-
tenasibliyi R,=f(T) asilii§i da tesdiq edir. Buna sabab
magqnit tebistli Gd atomunun miqdarinin artmasidir. G-
man edilir ki, kicik konsentrasiyalarda Gd atomlarinin
yaratdiglar lokallasmis maqnit mearkazlari ayrliqda
“magnit eksitonlar” kimi zaif markazlar yaradir. Bu mar-
kazlor keciricilikde igtirak etmir. Gd atomunun miqda-
rnnin artmasi ile erintilerde bu markazlarin bir-biri ilo
alageleri artarag ferromaqnit mikromarkazlare cevrilir.
Burada Gd*" ionu hesabina yaranan lokallagmis mar-
kazler adi yarimkegiriciloro xas olan fonon cezb etma-
sindan basqa elave maqnit tabistli markazlerin cozb et-
masi, “magqnit eksitonu” rolunu oynayir.

Gd* ionunun verdiyi elektron nisbatan yiiksak enerji
saviyyasinda yeniden hamin ion tersfinden (ve ya de-
fekt) tersfinden tutularaq bagl veziyystde galrr. Tutul-
mus elektron Gd** ionu ile birlikde nizamli magnit xas-
sali elektronlara gevrilir.

60

Sokil 4. (SnSe)+.x(GdSe) sistem arintilorinde magnit
mugavimatinin H-maqgnit sahasindan asililidi.
T=304°K
2-x=0,5 mol %
3-x=1,0 mol %
4-x=2,0 mol %

Nisbatan guclu rabitede olan bu tip lokallasmig
mikromaqnit markazleri asad! temperaturlarda kegirici-
likda istirak etmirlar. Ona goére ds asagi temperaturlarda
T-nin artmasi ile kegiriciliyin azalmasi migahida olunur.
T artdigca bu markezlerin, o cimladan kristallik quru-
lusun hayacanlanmasi artaraq 7,-da paramagnit xassali
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markezlare ¢evrilmasi bas verir. Bu ise konsentra-
siyanin zaif artmasina (sokil 2) ve alave mubadils ener-
jisinin geyri elastiki sepilmasinin gucleanmasina sabab
olur.
Maksimum kegid oblastinda (T=300°K)
A
2P f (H 2 )aS|I|I|Q| grafiki analiz edilmigdir (sokil 4).
Po
Sakilden gortndiyid kimi xarici H-magnit sahasinin
kicik giymatlarinds, H-sahs istigameatinde ham sarbest

ve ham ds lokallasmis mikromarkazlarin istigamatlen-
mis spin dizulisinda enerji sorf olunmur [7]. H-saha-
sinin artmasi ils spina gdre ortalanmis elektronlarin sayi

PL yotti artr. Bu

A
artir ve H-in miayyan giymatinds -
Po
iso yuxarida gosterdiyimiz kimi tarkiblorde olan
lokallagsmis mikroferromaqgnit mearkazlerinin paramagne-
tizme kegmasina uygundur.
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TAJIbBAHOMATHUTHBIE CBOMCTBA TBEP/IBIX PACTBOPOB HA OCHOBE SnSe
C YYACTHEM DJIEMEHTA T'AJOJIMHUYMA

B paGote uccnenoBanbl koaddumment Xomwra (Ry), saekTpuueckoe (0) ¥ MarHUTHOE COMPOTHBICHHS CHCTEMbI cruiaBa (SNSe); -
(GdSe)y (0,25<x<2,0mon%) B TemmneparypHoMm uHTepBaie 7=77+420K. OmpeneneHo, uTo B TemmeparypHoMm wuHTepBane 7=285+310K
o0cyxkaaeMble MapaMeTpbl MEHSIOTCS aHOMAJbHO. TemreparypHas 3aBUCHMOCTb COMPOTHBIICHHUS BBISBISCT B TEMIIEPATYPHOM HHTEpBAJe
T<T, (T,=285+310K) meranuueckue, a u npu 7>T, MOIyIPOBOJHHKOBBIC cBOMcTBa. MccnenoBana obias 3aKOHOMEPHOCTh H3MEHCHHSI 3THX

CBOMCTB.

M.S. Murguzova, M.l. Murguzov, Sh.S. Ismayilov

GALVANOMAGNETIC PROPORTIES OF SOLID SOLUTIONS ON THE BASE OF SnSe WITH TAKING
PART OF GADOLINIUM ELEMENT

In this work the Holle coefficient (Ry), electric (p) and magnetic resistances of the melting systems on the base GaSe (SnSe);.-(GdSe)y
(0,25<x<2,0 mol%) in the temperature interval T=77+420K have been investigated. It was found that, the discussed parameters change
anomally in the temperature interval T=285+310K. Temperature dependence of resistance shows metalic proporties in the temperature
interval T<T, (T,=285+310K) and semiconductor proporties when T>T,. A general rules of change of these proporties has been investigated.
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THE INFLUENCE OF THE THERMAL TREATMENT ON THE AIR ON THE DRIFT
AND RECOMBINATION BARRIERS IN THE FILMS Cd;«Zn,S (x=0-0,6)

E.N. ZAMANOVA
Institute of Physics, Azerbaijan National Academy of Sciences,
Baku. Az - 1143, H. Javid st. 33

The values of the drift and recombination barriers for the main carriers have been calculated in the films Cd,,Zn,S (x=0-0,6), obtained
by the deposition from the solution. It has been established, that the height of the recombination barrier is higher, than drift, and it leads to
the charge accumulation and remanent conductivity. The role of these barriers reduces effectively as a result of the thermal treatment on the

air and the light sensitivity increases.

The films CdS, obtained by the method of the chemical
deposition, distinction by the high technological reproduction
of parameters and are applicable for the formation on their
base a large number of devices. Therefore they are actively
investigated for the recent years [1-5]. It is possible to
observe the heterogeneities (defects) by the structure and
local fluctuation in the impurity spreading with the internal
electric fields, taking the part of the potential barriers in the
polycrystal films, obtained by the deposition from the
solution. Therefore the research of the heterogeneous barrier
relief in these films has the practical and scientific interest.
The temperature dependence of the dark current,
photoconductivity, thermostimulated current and remnant
conductivity of films Cd;.Zn,S, obtained on the sitall
substrate by the method of the chemical deposition from the
aqueous solution, containing salt of Cd, Zn and thiourea has
been investigated. The samples with the remanent
conductivity (RC), anomaly conductivity and high
photosensitivity have been obtained by the parameters change
(such as the deposition time, the film thickness, the reaction
mixture content, the thermal treatment (TT) regime). The
conditions: the concentration is 0,0om CdCl,, 5+10ml -
NH,OH, 0,06m (NH,),CS, the temperature is 90° C, the
deposition time is 20+30 min. are the optimal to receive the
stable film of the highest thickness (8+12mcm), achieved at
the single deposition, adhesion to the substrate and
heterogeneities.

The specific dark conductivity of the initial samples
makes 10°+10™° (Ohm-cm)™, the ratio of the photocurrent to

|
darkis y = —™ — 102 . RC has been observed both at room
d
and nitrogen temperatures. In the range 90+140K the
anomalies of the activation energy 0,147eV have been
observed at the temperature dependence of the dark current
(fig.1).

After cut-off the photocurrent reduces to the fixed value
(RC) and then it remains practically invariable. The remanent
conductivity occurs, when the relaxation time of non-
equilibrium carriers zexceeds the observation interval . The
relaxation time of RC is 7=10°+10% for the various samples
and depends on the duration and intensity of the preliminary
illumination.

The sudden maximum has been observed on the curves of
the thermostimulated currents (TSC) at the temperature range
240+270K [5].

Samples, subjected to TT on the air at 500°C during
15min. have high specific resistivity (p~5+7-10°0Ohm-cm)

and are photosensitive with the multiplicity y=10"+108. After
TT the peak intensity on TSC at 240+270 K have reduced
and anomalies in the temperature dependence of the dark
current and RC at the nitrogen temperature have disappeared.

=
5'9"

125 25 K 25

T ——
Fig.1. The temperature dependence of the current of the initial
films Cdy.,Zn,S in the darkness (1, 2, 3) and in the state
of RC (4, 5, 6) (1,4-x=0; 2,5-x=0,1; 3,6-x=0,6)

(arb.units)
1

.
-
-1

T

A —

Fig.2. The spectral dependence of the films photoconductivity
Cd1Zn,S (x=0,2) versus the thermal treatment time on
the air at 500°C (I - t=3 min, 2 - t=5 min, 3 - t=7 min,
4 - t=10 min, 5 - t=15 min.)

The maximum of the spectral characteristic of the samples
photocurrent, subjected to TT on the air is in the range
0,47+0,048mcm (fig.2). It should be noticed, that the
maximum bias of the spectral sensitivity of the films Cdy.,Zn,S
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to the short-wave side has been observed by the x increase. Hence it follows, that the height of the dark drift barrier at
The samples has the sensitivity in the ultrasound region of the 80 K makes ¢sr = 0,045+0,06 eV. The typical relaxation time
spectrum (0,32+0,4mcm). One more peak has been observed  of RC depends on the height of the recombination barrier in
on the spectral curves at A=0,57mcm. The appearance of the  the form:

extra maximum on the spectral curves of the 7

photoconductivity, obviously, is connected with the T=1, eXpE 2
formation of the cubic phase [6]. The spectrum dependence

of the photoconductivity on TT time testifies the statement.
The recrystallization of films occurs during the thermal
treatment on the air at the temperature 500°C and it leads to
the formation on the substrate more perfect by the structure
films. In spite of the fact, the specific resistivity reduces, the
relative intensity of the extra maximum increases.

The obtained results have the explanation in the
framework of the barrier model, connected with the
recombination and drift barriers for the main charge carriers.
The macroscopic barriers of such type may occur, for
example, in consequence of the density fluctuation of the
surface state [7]. In framework of the observed model the
current ratio through the drift barriers in the RC state (Irc)
and in the darkness (l4) have been determined by the formula:

The barrier height, calculated on the base of the formula
(2) and experimental data ¢=0,11+0,14eV coincides with the
activation energy value of the optimal temperature
dependence, i.e the recombination barrier is higher, than drift
and therefore the charge accumulation occurs and the
anomaly conductivity phenomenon with the following RC at
the nitrogen temperature has been observed. The potential
barriers reduce the section of the main carriers capture of the
recombination center, and it leads to the sudden delay of the
relaxation time.

The presence of the peaks on the curves of TSC predicts
that there exist traps, surrounded by the powerful potential
barriers in the samples. The role of these barriers reduces
effectively in the process of TT. It is testified by the increase
of the light sensitivity and peak reduction at 240+270K on
((oij (1)  thecurves of TSC after TT on the air at 500°C.

e KT
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Cd.,Zn,S TOBOQOLORINDOKi REKOMBINASIYA VO DREYF BARYERLORINS
HAVADA TERMOEMALIN T3SIRI

Mahluldan ¢okilma Gsulu ile alinmis Cd1xZn,S (x=0+0,6) tebaqelerinds asas yukdasiyicilar tGgun dreyf ve rekombinasiya
baryerlari hesablanib. Tayin olunub ki, rekombinasiya baryerlarinin hiindiirliyl dreyfden yuksakdir, bu da yuklarin toplanmasina
ve qaliq kegiriciliyinin yaranmasina sabab olur. Tabagalerin havada termoemali baryerlarin rolunu zaifladir, isiga hassashgi
artirir.

9.H. 3amaHoBa

BJUSTHUE TEPMOOBPABOTKH HA BO3JIYXE HA PEKOMBUHALIMOHHBIE U JIPEM®OBBIE
BAPBEPHI B IVIEHKAX Cd;.,Zn,S (x=0-0,6)

B menkax Cd;Zn,S (x=0-0,6), monyueHHBIX OCaKICHHEM M3 PACTBOPA, BBHIYKMCIICHBI 3HAYCHHUs NPEH(POBOro M PEKOMOMHAIMOHHOTO
Oapbepa /Ul OCHOBHBIX HOCHTENEH. YCTaHOBJIEHO, YTO BBICOTA PEKOMOMHALMOHHOrO Oapbepa BbILIE, YeM APeH(OBOro, YTO NMPUBOJUT K
HAKOIUICHUIO 3apsA0B M OCTATOYHOW MPOBOAMMOCTH. B pesympTare TepmMooOpabOTKHM Ha BO3AyXe pONb 3THX OapbepoB 3¢ddexkTHBHO
CHIDKAETCsl, CBETOYYBCTBUTEIILHOCTh YBEIIMYMBACTCS.
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SPARTIAL STRUCTURE OF HEXADECAPEPTIDE FRAGMENT
OF BAM-20P"MOLECULE
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Azerbaijan Medical University,
Baku-22, Bakikhanov str.,23.

G.A. AKHVERDIYEVA, N.A. AKHMEDOV
Baku State University,
Z.Khalilov str., 23, Baku, 370143

Using a method of the theoretical conformational analysis, a spatial structure of the Tyr1-Asp16 hexadecapeptide fragment of BAM-20P

molecule
isolated from adrenal medulla was investigated.

(Tyrl-Gly2-Gly3-Phe4-Met5-Arg6-Arg7-Val8-Gly9-Arg10-Prol1-Gly12-Trpl3-TRpl4-Met15-Aspl6-Tyrl7-GIn18-Lyz19-Arg20),

The potential energy of the molecule is given as the sum of the contributions of Van der Vaals, electrostatic, torsional interactions and
hydrogen bonds energy. It has been shown that the spatial structure of tyrl-asp16 fragment is represented by ten backbone forms.

The opioid peptide TyrlGly2-Gly3-Phe4-Met5-Arg6-
Arg7-Val8-Gly9-Arg10-Pro11-Glul2-Trpl13-Trpl4-Met15-
Aspl6-Tyrl7-GIn18-Lys18-Lys19-Arg20 is isolated from
medulla of bovine adrenal, indicated as BAM-20P (bovine
adrenal medulla 20 reside peptide). The opiate activity of the
BAM-20P in several times higher, than the activity of Met-
enkefalin and f-endofine. There are Met-enkefalin (Tyrl-
Metb), adrenorfine (Tyrl-Vall), BAM-12P (Tyrl-Glul2), in
the succession of BAM-20P, and the molecule BAM-20P
itself is the part of composition of peptides E and | [1, 2].
Therefore the investigation of the spatial structure of the
molecule BAM-20P is the big interest as for elucidation of
structure-functional organization of the molecule itself, as all
the above mentioned peptides.

The study of structure-functional organization of the
hormone on the atom-molecule level requests firstly the
knowledge of set of low-energy molecule states and

consequently the potential physiological active conformation
ones.

The spatial structure of the molecule BAM-20P is
investigated fragmently. At first the conformation
probabilities of fragments Val6-ValP, Argl0-Glul2,Trpl3-
Aspl6, Aspl6-Arg20 were studied on base of the low-energy
states of according aminoacid residues. The spatial structures
of the molecules of Met-enkefalin (Tyrl-Met5) and
adrenorfine (tyrl-Val8) were investigated by us earlier, the
results are presented in ref [3, 4]. On the second stage the
three-dimensional structure of molecule BAM-12P (Tyrl-
Glul2) was found on the base of stable conformations Tyr1-
Val8, Gly19, Arg10-Glul2.

The conformation probabilities of fragment Tyrl-Aspl6
(fig.1) were studied on the following stage on the base of the
stable three-dimensional structures of fragments Tyrl-Glul2
and Trp13-Aspl5.

Tyrl-Gly2-Gly3-Phe4-Met5-Arg6-Arg7-Val8-Gly9-Arg10-Prol 1-Glu12-Trp13-Trol4-Met15-Asp16

)
™

‘f\:/./ﬁ/‘ .

7

Fig.1. Circuit of the calculation of the hexadecapeptide fragment of the molecule BAM-20P.

In this paper the results of theoretical conformation
analysis of the N-ended hexapeptide fragment, Tyrl-Gly2-
Gly3-Phe4-Met5-Arg6-Arg7-Val8-Gly9-Arg10-Proll-
Glul2=Trp13-Trpl4-Met15-Aspl6 of the molecule BAM-
20P are given. The potential function of the system is taken
in the sum form of the nonvalence, electrostatical and torque
interactions and the energy of the hydrogene bonds. The
calculation of the fragments is made on the base of the theory
and method, which are presented in ref [5-8]. The
classification of the peptide structure on conformations,
forms of the fundamental chain and the shapes of the peptide
scelet, proposed in ref [5-8] was used at the presentation of
calculation results.

The optimal conformations of the molecule (Tyr1-Glul2)
BAM-12P, established as a result of calculation, the energy
of which isn’t more, than 10kcal/mol are given in the table 1.
The four conformations of Met-enkefalin (Tyrl-Met15) and
the eleven conformations of adrenorfine (Tyrl-Val8) were
between the lowenergy conformations BAM-12P and are
presented in the table 1. In geometrical interpretation of
adrenorfine fragment, given in this table, the conformations
of molecule BAM-12P, which are preferred on the energy,
disintegrate on the four groups (A-D). These 23
conformations are chosen as the initial approximations for the
calculation of the N-ended hexapeptide fragment Tyrl-Aspl6
of the molecule BAM-20P.
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Table 1

The relative energy and energy contributions of nonvalence (U,,), electrostatic (U ), torsional interactions
of optimum conformations of the molecule BAM-12P.

Gr. Ne Conformation Un. Ug, Ugor. Urel
1 B,1:PRR1B33,R2,20R3:2:R-:BL,,RR3; -41.4 8.5 6.4 0
2 B»1:PRR,1B33,R252:R329,B,RB»1 RR3, -39.6 14.7 8.0 9.7

A 3 B,11PRR21B33,R2,20R3:20R-PB21 RR3, -44.2 18.0 7.7 8.0
6 B13:BPB21B51,B1529B2222RoBLRR 3, -41.1 10.3 6.0 1.8
7 B13:BPB51B21,B1520B2222R-PB21RR3, -37.4 13.4 7.1 9.7
8 B131BPB,1B,1,B152:B5,2,B,RB» RR3, -39.8 11.2 8.0 6.1
9 B131BPB,1B51,B1529:B2,2,B>BL,,RR3; -39.7 10.9 8.8 6.5

B 10 B131BPB,1B515:B152:R2,2:B-:BL,,RR3; -42.7 15.9 7.0 6.8
11 B13:BPB,1B,1,B152:R22,B,RB»1 RR3, -41.4 15.3 6.7 7.2
14 B13,RPB33B2:,B129B222,RoBLRR 3, -40.2 10.1 5.8 2.2
15 B13,RPB33B25,B1725B229,B-RB,1RR3, -40.0 9.1 9.6 5.3
16 B13,RPB33B,2:B1520B2,2:B>BL,,RR3; -38.4 11.7 8.4 8.4
17 B13,RPB33B22,B152:R2,2,B,BB»1RR3, -41.6 14.8 7.2 7.0

C 18 B13,RPB33B,2:B1520R2,2:B>:BL,,RR3; -41.7 15.7 7.3 8.0
22 B,1:BPR»1R»1,B129B2222RoBLRR 3, -43.3 11.8 9.1 41

D 23 B,1,BPR,1R51,B152:B5,2,B,RB»1 RR3, -43.3 11.8 12.9 7.9

Table 2.

Energy distribution of conformations of the fragment Trp-13-Asp16 of the
molecule BAM-20P

The The number of energy conformations, kcal/mol.
fundamental 0-1 1-2 2-3 3-4 4-5 >5
chain form

BBBB - - 2 1 7 7

RRRR 3 5 7 2 - 25

RRBR - - - - 2 7

BRRR - - - - 1 2

RBBB - - - 2 1 3

BBRR - 1 1 - - 4

BRBB - - - - 1 8

RBRR - - - - - 6

The spatial structure of the tetrapeptide fragment Trp13-
Trpl4-Met15-Aspl6 of the molecule BAM-20P is
investigated on the base of the lowenergy conformations
according aminoacid residues of triptofane, methionine and
the calculation was made on the forms of the fundamental
chain. Firstly the conformations of the total unwrapped form
BBBB and the total curtailed form RRRR. The considered
interactions between the aminoacid residues in these forms
are taken into consideration in another forms of the
fundamental chain too. Therefore the number of the
considered conformations for them is less, than in curtailed
and unwrapped forms. The energy distribution of the
conformations of the fragment Trp13—Asp16 of the molecule
BAM 20P is shown in the table 2. At the energy 0-4kcal/mol
there are 24 conformations of the four forms of the
fundamental chain, but in the energy interval 0-6kcal/mol.
there are conformations of the eight forms of the fundamental
chain. The relative energy of the lowenergy conformations of
each form of the fragment Trpl3-Aspl6 of the molecule
BAM-20P is shown in the table 3. These conformations are
chosen for the calculation of the fragment Tyr1-Asp16 of the
molecule BAM-20P. Thus, the lowenergy states of the
fragments Tyr1-Glul2 and Trp13-Aspl6 became the base of
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the consisting of the zero approximations for the calculation
of the three-dimensional structure of the N-ended hexapeptide
fragment Tyrl-Aspl6 of the molecule BAM-20P, the
number of which is 184. The results of the calculations are
shown, that the sharp energy differentiation appears between
the forms of the fundamental chain and between
conformations.

Table3

The relative energy of lowenergy conformations of the fragment
Trp13-Aspl6 of the molecule BAM-20P

The fundamental chain form Erel.
B,B,B,;B; 2.1
R;R:B,R; 4.9
B3R:R3R; 4.6
R,B,B,;B; 4.0
B,B;R,;R; 1.4
R,R,R3R; 5.7

In the wide energy interval 0-10kcal/mol there are only
ten conformations. The forms of the fundamental chain, the
energies of nonvalence, electrostatical and torsional
interactions, and also the relative energy of these
conformations are presented in the table 4. The addition of
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the tetrapeptide fragment Trpl3-Aspl6 leads to the sharp
decrease of the number of their lowenergy conformations,
entering to the preferred structures Tyrl-Aspl6. The group A
of the molecule Tyrl-Glul2 has the 5 conformations, but the
fragment Tyr1-Aspl6 has the remaining 3 conformations, the
group B is presented by P conformations, and the remain is 5
conformations, the group C is presented by 8 conformations
and the remain is 2 ones. Among the lowenergy
conformations of the fragment Tyr1-Asp16 the 3 forms of the
fundamental chain from the 8 chosen of the C-ended
tetrapeptide region Trpl3-Trpl4-Metl15-Aspl6 are realized.
The form of the fundamental chain BRRR is realized in the 5
conformations, RBRR is in the 4, and RBBB is in the only
one. The triptofane and methionine have the big and the
labile side chain, therefore only in the especial cases they can
arrange energetically by propit to the formed structures.

In the stable conformations of the fragment Tyrl-Aspl6
the energy of nonvalence interactions changes in the interval
71.3-62.4kcal/mol, the energy of electrostatical interactions
changes in the interval 5.9-13.6kcal/mol, the energy of torque
interactions changes in the interval 8.1-13.6kcal/mol. As it is
seen, the difference between the energies of nonvalence,
electrostatical and torsional interactions is equal to 8.9, 7.7
and 5.2kcal/mol among the optimal conformations of the
fragment Tyrl-Aspl6 BAM-20P correspondingly. It means,
that the each from these three forms of interactions playes the

important role at the formation of the spatial structure of the
fragment Tyrl1-Aspl6. The global conformation is the most
benefit on the nonvalence (-71.3kcal/mol) and electrostatical
(5.9kcal/mol) interactions, but the less benefit on the
torsional interactions (13.3kcal/mol). This conformation of
Met-enkefalin has the relative energy 3.5kcal/mol, of
adrenofine one is 4.3kcal/mol, of BAM-12P one is
6.5kcal/mol. This means, that the far-away interactions,
playing the essential role in the stabilization of the spatial
structure of the investigated fragment with the lengthening of
the peptide chain. The pentapeptide region in the structure
with relative energy 5.2kcal/mol has the conformation,
according to the clobal conformation of the Met-enkefalin. It
loses 1.6kcal/mol on the nonvalence, 6.3kcal/mol on the
electrostatical, but benefits the 3.7kcal/mol on the torsional
interactions in comparison of the global conformation. The
relative energy of the rest of three conformations of the group
B changes in the interval 9.2-9.8kcal/mol. The group A is
presented by the three conformations, the relative energy of
which changes in the interval 6.4-9.0kcal/mol, but the group
C is presented by the two conformations with the relative
energies 6.7 and 9.2kcal/mol (table 4). The conformations,
given in table 4, are the base for the finishing of the
investigation of the spatial structure of the whole molecule
BAM-20P.

Table 4.

The fundamental Chain forms, energy contributions of non valence (U, ) electrostatic (U, ), torsional interactions (Uyy)
and relative energy (U, ) of lowenergy conformations of fragment Tyr1-Asp16 of molecule BAM-20P

Gr. No Conformation Un. | Ul Uior. | Urel.
1 B,11PRR1B325R22,R3-R2BL22»>RR3:B3R 1 R3,R; | -64.3 94 9.2 |64
A 2 B111PRR1B32:R22:R3-R,BL»2»:RR3:B3R1Ro Ry | -64.1 12.0 81 |81
3 B,11PRR1B33,R229R22oR,PL»»,RR3,R,BoR33R; | -65.2 13.6 85 | 9.0
4 B131BPB21B215B125B22sRoBL2yRR3,BsRR3oR; | -64.6 12.8 89 |92
5 BlngP821821281228222828L222RRnggRlele -64.6 105 11.8 9.8
B 6 BlngP821821281228222828L222RR32R282821Bl -62.4 9.0 10.8 9.4
7 B131BPB21B21,B12,B22B,BL2sRR3R,BoR3R, | -71.3 5.9 133 |0
8 B13:PRR1B21,B129R22,B,BL2sRR3R,B1R3R, | -69.7 12.2 96 |52
9 B131PRB33B2,B12,B32-B,BL2»sRR3:BsR1R3:R; | -63.6 11.9 87 |92
C| 10 B13,PRB33B22,B12,B22,B,BL2»sRR3R,BsR33R, | -65.6 7.4 129 | 6.7
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BAM-20P MOLEKULUNUN HEKSADEKAPEPTID FRAQMENTININ F9ZA QURULUSU

Simdk iliyinden ayrilmis BAM-20P molekulunun (Tyr1-Gly2-Gly3-Phe4-Met5-Arg6-Arg7-Val8-Gly9-Arg10-Pro11-Gly12-

Trp13-TRp14-Met15-Asp16-Tyr17-GIn18-Lyz19-Arg20)

Tyrl-Aspl6 heksadekapeptid fragmentinin foeza qurulusu nazari

konformasiya metodu ile Oyranilmisdir. Molekulun potensial enerjisi Van-der Vaals elektrostatik, torsion qarsiligh tasir
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enerjilerinin va hidrogen rabitesi enerjisinin cemi saklinde secilmisdir. Gosterilmisdir ki, Tyrl-Aspl6 fragmentinin foza qurulusu
asas zencirin on formasi ile terennim olunur.

9.M. I'acanos, 3.'. Tarues, I'.A. AxBepaueBa, H.A. AxmenoB
IMPOCTPAHCTBEHHAS CTPYKTYPA TEKCAJEKAIEINITUIHOI'O ®PATMEHTA BAM-20P

MetonoM TeopeTHIecKoro KOH(OPMAaIMOHHOIO aHaldM3a HM3ydeHa MPOCTPAHCTBEHHAs CTPYKTypa TeKCaAeKalleNTHIHOTO (parMeHTa
(Tyr1-Gly2-Gly3-Phe4-Met5-Arg6-Arg7-Val8-Gly9-Arg10-Pro11-Gly12-Trp13-TRp14-Met15-Asp16-Tyr17-GIn18-Lyz19-Arg20)
Mmosekyinsl BAM-20P BbiieneHHO# U3 KOoCcTHOTO Mo3ra. [loTeHImManpHas SHEpryus MOJISKYJbl BbIOpaHa B BUJIE CyMMBI dHepruu BaHn-nep
BaanbcoBbIX, 3J€KTPOCTATUYECKUX, TOPCUOHHBIX B3aUMOACHCTBUN M PHEPIUU BOJOPOIHBIX CcBsA3eH. Iloka3aHo, 4TO mpocTpaHCTBEHHAs
cTpykTypa ¢pparmenta Tyrl-Aspl6 npencraBieHa qecsaTbio popmMaMu OCHOBHOM LIETH.

Received: 14.04.03

67



FiZiKA

2003

CiLD IX Ne1

METHODS OF DEVELOPMENT OF INTERACTIVE WAP APPLICATIONS.

TEIMUR MUKHTAROV
Institute of Cybernetics of the Azerbaijan National Academy of Sciences
370602, Baku, F. Agayev str. 9, Azerbaijan

In this paper interactive WAP applications working with Oracle database building principles are stated. Characteristics of protocol itself
are given, data storage solutions and data representation in database are described. Also program code snippels, allowing creation of database

structure and fully functional set of application.
Introduction.

Internet takes the increasing and greater place in our life.
With growth of popularity of a world wide web the growing
amount of users has complexities with access to their
information resources. In most cases it is related to need of
possession of transmission device - computer, modem, phone
line. Manufacturers of cellular telephones have equipped
their devices with modems and browsers (the last now even
more often settle down not on the handset itself, but on a
phone card) as the decision of the given problem. The special
protocol working with a mobile communication facility -
WAP (Wireless Application Protocol or Wireless Access
Protocol) has been developed.

By development of family of protocols WAP the
following principles were used:

e Complete set WAP should provide access to
Internet, intranets and information services of
mobile operators. Whenever possible, it should
be based on existing standards;

e It is necessary, when using WAP not conflict
with the basic functions of the handset;

e The architecture of family of protocols should
correspond with OSI model; it is necessary to
provide scalability and expansion opportunity;

e Protocol should be designed for use in networks
with small bandwidth and, probably, the big
information transfer delays. It is required to
consider also small volume of operative
memory and low speed of the central processors
of user's terminals;

e It is necessary to take into account, that user's
terminals have rather limited opportunities for
input of the information by the user;

e Inarchitecture WAP support of various types of
wireless networks should be incorporated;

e It is necessary, that the family of protocols
WAP provide data protection;

e New application model providing services for
data transfer to wireless phones should be
developed.

For increase speed of data processing special language
WML (Wireless Markup Language) based on known
language XML which has in turn taken place from HTML
has been developed. Standard HTML has so many different

features, that memory of cellular devices cannot contain an
existing set of processing rules. And for small displays of
mobile phones many HTML features were an obvious excess.
In addition to WML language WMLS has been developed -
WML Script. WMLS is adapted variant of language

JavasScript.
Now the basic inconvenience for WAP users is
insufficient amount of information resources. WAP

developers meet tasks in maintenance of services for mobile
devices owners. The user who has so many services with
Internet cannot be content any more with their limited subset.
One of the basic moments here is interactivity and
"freshness" of the information provided.

In fact there is no sense to use mobile means to access
static and "dead" unchangeable data. Therefore
development of WAP site includes not only providing user
with the information, but also simplification of routines for
the data responsible person on a site, and also integration
tools with other various systems which will provide
interactivity to a site.

1. Data presentation

For effective work WAP site it is necessary to design
mechanisms for maintenance fast, convenient and safe
delivery of the data, which further will be given to the end
user. For this purpose, first of all, it is necessary to define,
where this information will be stored. There are, at least, four
variants of the decision of this problem:

e The Information is stored statically on a WAP-site
as WML-pages

e The Information is stored in text files

e The Information is stored in operative memory

e The Information is stored in a database

The fourth variant seems to be most convenient for
development of interactive systems. It provides, both speed
of access, and safety of the stored data. Besides, developers
of databases, as a rule, give the interface for DB(database)
access, that essentially makes easier work of the programmer.
Further in this work as a database we shall understand Oracle
product of the version higher than 7.3[1]. In a database the
arrived information will be stored in hierarchical treelike
structure (fig. 1).
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Fig. 1.

Hierarchy is provided by pair of identifiers for each
element of a tree: the first - the identifier of the parental
element, the second - the serial identifier of the element. At
the end-point of the information delivery, uniqueness of last
identifier is guaranteed by such built-in Oracle object as
sequence. So the static elements submitted on rice 2.1, will
have the following identifiers according to the offered
scheme:

(0,1) - Company news
(0,2) - World news

(0,3) - WAP news

(3,4) - WAP Development

Further dynamic elements (data given to the WAP-site) at
receipt will receive the following identifiers:

(1,5) - Company news N1

(1,6) - Company news N2

(2,7) - World news N3

(4,8) - WAP Development News N1

(4,9) - WAP Development News N2
(3,10) - WAP News N1
(3,11) - WAP Development News N2

Certainly in that case when the data will be received in
the corresponding order. Besides, for dynamic elements the
additional identifier also is necessary to distinguish them
from the static data. The static data may be used in system as
well for simplification of applications development.

2. Development of the application

Now we shall pass to development database structure and
an initial code of system itself. We shall start with
development of organization of database, and then we shall
pass to initial modules directly processing the information. At
creation of the database structure it is meant, that we have
privelegies of the system administrator (SYSADM) in this
base. So, the scripts necessary for creation of the table
containing data provided to the WAP-site will look as
follows[3,4]

CREATE TABLE WAP_DATA (

| ID
P ID FLOAT,
PARAM_1
PARAM 2
PARAM 3
PARAM_4
PARAM 5
|_DESC

|_SELF
DATE_1
DATE 2
DATE 3

FLOAT,

VARCHAR2 (22),
VARCHAR2 (22),
VARCHAR2 (22),
VARCHAR2 (22),
VARCHAR2 (22),
VARCHAR2 (15),
VARCHAR2 (2000),
DATE,

DATE,

DATE,

|_STAT VARCHAR2 (1));
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CREATE INDEX SYSADM.WAP_DATA_IID_IDX
ON SYSADM.WAP_DATA (I_ID)

TABLESPACE INDX;

CREATE INDEX SYSADM.WAP_DATA_PID_IDX
ON SYSADM.WAP_DATA (P_ID)

TABLESPACE IDX;

CREATE INDEX SYSADM.WAP_DATA_D1_IDX
ON SYSADM. WAP_DATA (DATE_1)

TABLESPACE INDX;

CREATE INDEX SYSADM.WAP_DATA_D2_IDX
ON SYSADM.WAP_DATA (DATE_2)

TABLESPACE INDX;

CREATE INDEX SYSADM.WAP_DATA_I_STAT_IDX
ON SYSADM. WAP_DATA (I_STAT)

TABLESPACE INDX;

GRANT SELECT ON WAP_DATA TO PUBLIC,;

GRANT DELETE ON WAP_DATA TO WAP_OPER,;

GRANT INSERT ON WAP_DATA TO WAP_OPER,;

GRANT UPDATE ON WAP_DATA TO WAP_OPER,;

Fields I_ID and P_ID form a pair of the hereditary
relation about which was spoken above. Fields-parameters
PARAM1, PARAM2, PARAM3, PARAM4, PARAM5 can be
used under the discretion of the developer, or are not used in
general. In a system - example field PARAM1 will be used
for identification of structural recordings and directly
information, and field PARAM_2 for identification of
language of the information. Pair of fields DATE 1 and
DATE_2 define a time interval during which the information
is considered to be valid. It is obvious, that these fields make
sense only for records, which contain the data, for providing
to the WAP-site, instead of the structural information.
Whether field DATE_3 defines if the information has passed
the control of the data by the WAP-operator. And at last the
field |_STAT is necessary for emergency removal of the data.l

LA plenty of indexes is caused that, that in view of small
bandwidth of a mobile network, time of references to a
database should be minimal. In case of a small amount of the
data a part, or even all indexes can be omitted. We shall
notice only, that indexes are created in separate space of a
database (TABLESPACE INDX). Such use of indexes is
directed on even more to increase speed of data processing in
database.

As on the Internet there is a set various manuals and
guides, and taking into account rather simple realization we
shall not result here detailed consideration of development
static wml pages, and at once we shall pass to realization
JAVA servlet carrying out exact search of the data in resulted
information structure[2]:

System.out.println (" <? xml version =\" 1.0\ "?>");
System.out.println (" <! DOCTYPE wml PUBLIC \ "-
/I WAPFORUM // DTD WML 1.1 //EN\"

\'" http: // www.wapforum.org/DTD/wml_1.1.xml\ "> ");

System.out.printin ("<wmlI>");

System.out.println (" <card id =\ " start \ " title =\ " WAP News \ "> ");

System.out.printin (" <do type =\ " accept\ "

label =\ " Back \ "> <prev/> </do>");

System.out.printin (" <p align =\ " left\">");

ResultSet rs = null;
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Statement stmt=conn.createStatement ();
rs=stmt.executeQuery (" select |_SELF, |_ID,
P_ID, PARAM1 from WAP_DATA where
P_ID="+p_id + " and DATE1 <SYSDATE and
DATE2> SYSDATE and PARAM_2 =" + lang + ” and
DATES is not null );
while (rs.next ()) {
gryCnt ++;
rsString=rs.getString (1);
isLink = rs.getString (4);
if ("A" .equals (isLink)) {
System.out.println (rsString);
System.out.println (" <br> </br>");
}
System.out.println (" <br> </br>");
continue;
}
}
catch (SQLException sqgle)

{
rsString = sqle.toString ();

System.out.printin (* </p>");

System.out.println (" <p align =\ " center \ ">");

System.out.printin (" <a href =\ " http: // 127.0.0.1/main.wml \ ">
WAP News </a>");

System.out.println (" </p>");

System.out.println (" </card>");

System.out.println (" </wml>");

Thus, we provided basic actions needed for development lon the principles stated above has successfully passed
of real interactive WAP service. Though Oracle is considered  approbation in Azercell Telecom JV. Further work supposes
to be used in our case, generally any database providing implementation of interactive information services on
multi-user access can be used as well. The system designed  different mediums.

[1] T.M. Mukhtarov. Oracle: Evolution and Perspectives for Applications: Professional Developer's Guide
Database Applications Developers, Thesis’s of VIII  [3] S. Urman. Oracle 8. Programmirovaniye na yazike
international conference “Mathematics, Computer, PL/SQL M., JIOPH, 1999, p.607.
Education”, Pushino, 2001, p.74 [4] S. Bobrovsky Oracle 8. Arkhitektura. M., JIOPH, 1999,
[2] Christoffer Andersson, GPRS and 3G Wireless p.207.

Teymur Muxtarov

interaktiv WAP alavalerinin islonmesi metodlari
Magqgaleda Oracle verilanler bazasinin idars olunma sistemi asasinda interaktiv WAP slavalarinin arxitekturasinn qurulusu
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prinsiplari tahlil edilmisdir. Bilavasits protokol xarakteristikalari gdstarilmis, malumatlarin saxlanma va onlarin verilanler
bazasinda oks etdiriima qaydalari tasvir edilmisdir. Elace de verilonlor bazasinin qurulusunu va alavalerin tam sistemini
yaratmaga imkan veran manba kodlarinin fragmentleri toklif edilmisdir.
Teiimyp MyxTapos
METO/IbI PA3PABOTKY MHTEPAKTUBHBIX WAP ITPUJIOKEHUI

B crarbe W3II0KEHBI NPHHIUIIBI TOCTPOCHHUSI apXUTEKTYphl HHTEepakTHBHBIX WAP mnpmioxkenuii Ha 6aze CYBJ] Oracle. TIpuBenenst
XapaKTePUCTHKN HEIOCPEICTBEHHO IIPOTOKOJA, OIMCAHBI CIIOCOObI XpaHEHMsl JAHHBIX W IIPEICTaBICHHs WX B 0a3ze JaHHBIX. Taroke
MpenaraTcst pparMeHTsl HCXOJHBIX KOJOB, MO3BOJIAIOIINE CO3AaTh CTPYKTYPY 0a3bl JAHHBIX U MOJHOLEHHYIO CUCTEMY MPUIIOKEHHH.

Received: 14.03.03
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A.i. Muxtarov
Azarbaycanca-Rusca-ingilisca fiziki terminlar liigoeti

Azerbaycan Respublikasi 10 ildan artigdir ki, diinyanin bitlin dévlstlari terafinden taninmis, serbast dovlst kimi mévcuddur.
Buna gore da, Azarbaycan dili dévlet statusuna malikdir. Basqa s6zls, Azarbaycan Respublikasinin butin vatendaglari dévlet
dilinds tam tehsil almaq, pedaqoiji feal elmi is aparmaq imkanina malik olmalidir.

Azarbaycan elmi, diinya elminin va texnikanin aksar sahalarinde hamisa 6zlna layiq yer tutmusdur. Bu yeri itirmamak tg¢lin
respublika alimleri miasir dinya elminin inkisaf istiqamatlerinds alds edilmis muvaffaqiyyatleri hamise islemali ve onlar elm
sahasinds isloyan ganclera gatdirmalidiriar.

Bundan basga, xarici Olkelardan respublikaya daxil olan elmi adabiyyat ve dars vasaitlerinin aksar hissasi rus ve ingilis
dillerinde nagr edilmis olur. Elece da diinya xalglarn arasinda elmi slageler, asasan ingilis dilinde apanhr. Bltin bunlar
respublikada fizika elminin faal inkisafi Gglin daha dolgun ve daha miikkemmal azarbaycan-rus-ingilis dillarinds fizika terminlari
IGgatinin yaradilmasi masalasini aktual bir problem kimi garsiya qoymus olur. Bels ki, hazirda mévcud olan ligatler, masalan,
Azerbaycan MEA-nin Fizika institutunun kollektivi tersfinden tertib edilmis “Fizika terminlari Iigeti’na fizika elminin muasir
inkisaf marhalasinda istifade olunan fizika terminlarinin akseriyyati daxil olmur.

Azerbaycan MEA-nin Fizika institutunun ve Baki Dévlst Universitetinin amakdaslari birlikds fizika terminlerini bels bir
miilkemmal lUgati tortib etmayi garara almislar. Taklif olunan terminler ligatine fizika elmi ilo tomasda olan texnikada tesadif
olunan terminlari da daxil etmak nazerds tutulur.

Redaksiya heyati Akademiyanin, universitetlorin va basqga miassisalerin elmi is¢gilorine miracisat edarok xahis edir ki, onlar
bu liigetin yaradiimasinda feal istirak etsinler. istirakgilara svvelcaden tesekkiir edirik.

Azerbaijan-Russian-English dictionary of the physical terms

The Azerbaijan Republic more than ten years exists as the independent state recognized by the world community, thus to the Azerbaijan
language the status of a state language has been validated.

It means that all citizens of the Azerbaijan Republic should have an opportunity to receive full education in a state language, actively
carrying out on it the scientific and teaching activities.

The Azerbaijan science always took a worthy place in many areas of a world science and techniques. For these positions have not been
lost, scientists or the republic are obliged to keep up all modern directions in development of a world science, to bring in due time its
tendencies to studying young generation.

At the same time the majority of the scientific and educational literature, coming to republic from abroad, is issued in Russian and
English languages. Besides that, the English language is the language of international scientific communication due to the set of historical
reasons. All this makes rather actual for active development in republic of a physical science the edition of as much as possible full and
perfect the Azerbaijan-Russian-English dictionary of physical terms, because the dictionaries issued earlier, for example «Fizika terminleri
lugati», created by scientists of Institute of Physics of National Academy of Sciences of Azerbaijan, does not contain many terms used in
modern physics.

Institute of Physics NAS of Azerbaijan together with the Baku State University have started to work on the Azerbaijan-Russian-English
dictionary of the physical terms, more adequate answering to a modern level of development of a physical science. It is supposed to include
in the dictionary also a plenty of terms of adjoining with a physical science technical areas.

The editorial board applies to scientists of academy and universities, other scientific institutes of Azerbaijan Republic to participate
actively in creation of this dictionary and to send to editors their offers on its contents and updating by missing terminology, which will be
accepted with gratitude.

A3ep0aiiIxkaHO-PYCCKO-aHIJIMACKUH TePMUHOJIOTMYecKNi pu3ndecKuii cjioBapb

AzepOaiimkanckas PecmyOnmka Oornee AecsATH JET CYIIECTBYET KaK CaMOCTOSTEIbHOE TOCYIapCcTBO, OOIICNPHU3HAHHOE MHPOBBIM
€000IIECTBOM, TIPH 3TOM a3epOailPkaHCKOMY SI3BIKY MPHIAH CTATYC FOCYIapCTBEHHOTO S3bIKA.

310 03HawaeT, 4TO BCe rpaxkiane AsepOaimxaHckol PecryOnukn HODKHBI HMETh BO3MOXKHOCTB IOJIYYHTH ITOJHOE 00pa3oBaHHME Ha
TOCY/IapCTBEHHOM SI3bIK€, aKTHBHO BECTH HA HEM HAyUYHYIO U IPEII0JaBaTeIbCKYIO IeSTILHOCTb.

Aszep0bailipkaHckast HayKa BCer/ia 3aHHMMalla JOCTOWHOE MECTO BO MHOTHX 00JaCTSX MHPOBOI HAyKH U TeXHUKU. UYTOOBI 3TH MTO3UIIMHU HE
ObLIM yTepsiHbI, y4YEHBbIE PECHyOJIMKH O0s3aHbI CJIEANTH 33 BCEMH COBPEMEHHBIMU HANPaBICHUSMH B Pa3BUTHH MHPOBOH HayKH,
CBOEBPEMEHHO J0BOIUTH HAMETHBIINECS TEHIECHIIMH JI0 CBEICHNUS yUaleHcs MOJIOICKH.

BwmecTte ¢ TeM, OCHOBHas Macca Hay4HOW M y4yeOHOH JHUTepaTypbl, IOCTyHAOUIeH B pecyOnuKy u3-3a pyOexa, n3aHa Ha pyCCKOM H
aHTIHHCKOM s3bIKax. Kpome Toro, B Hay4HOH cpefe S3bIKOM MEXHANMOHATBHOTO OOIIEHUS B CHITy pPsAfa HCTOPHUYECKUX TNPUINH
oOmIenpu3HaH aHTIHHCKUiT A3bIK. Bee 9To nemaer BechbMa akTyanbHBIM IJISI aKTHBHOTO Pa3BHUTHSA B peciryOiike GU3MIECKON HAYKN H3JaHue
KaK MOXHO OoJiee IOJIHOTO M COBEPLIEHHOro a3zepOaiiPkaHCKO-PyCCKO-aHIIIMICKOTO CIIOBapsl (PM3WYECKUX TEPMHMHOB, TaK KaK M3JaHHBIC
panee cinoBapu, Hanpumep «Fizika terminleri lugsti», cosnanusiii komekruBom Nuctutyta ®usukn HAH Asepbaiimkana, HE COICPKUT
MHOTHX TEPMHHOB, UCIIOJIb3yEMBIX B COBPEMEHHOM (H3HKe.

Wuctutytr ®usuxkn HAH AzepGaiimxana coBmecTHO ¢ bakunckum ['ocynapcTBeHHBIM YHHBEPCUTETOM IMPUCTYIHMIM K paboTe Hax
a3epOaiiKaHCKO-PYCCKO-aHITTMHCKUM ClIoBapeM (PU3HUYECKMX TEPMUHOB, Oonee MOJHO OTBEYAIOIIEM COBPEMEHHOMY YPOBHIO Pa3BHTHSA
¢du3ndeckoil Hayku. B croBaph mpeanonaraeTcsi BKIIOYUTh TaKkKe OOJNBIIOE KOJNMYECTBO TEPMHUHOB IO CONPUKACAIOIINMCS € (U3MYECKOM
HAYKOH TeXHHYECKHX 00JIacTeH.

Pemakmust oOpamaercs K Hay4HBIM PaOOTHHKAM aKaJeMHH M YHHBEPCHTETOB, IPYTHX HAaydYHBIX ydUpekAeHHil A3zepOaimkaHCKOM
PecrryOnuky IPUHATE aKTUBHOE YYacTHE B CO3JaHUM JIAHHOTO CIIOBAPS M MPHUCHUIATH B PEIAKIUIO CBOU MIPEUIOKEHUS IO €T0 COJEPIKAHUIO 1
MIOTIOJTHEHHUIO HEJJOCTAIONEeH TepMHHOIIOTHEH, KOTOpbIe Oy IyT IPHHSATHL C OJIar0gapHOCTHIO.
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Abel grupu

Abel diferensiali

Abel integrali

Abel tanliyi

Abel funksiyasi

Abel ¢coxlugu

Aberasiya

Aberasiya ellipsi

Ablyasiya materiali

Abraziv materiallar, hamarlamaq,
yonmagq, itilemak tg¢uln isladilen
materiallar

Absorbent: udan madde
Absorber: gazi, buxar tutan cihaz
Absorbsiya

Absorbsiya qabiliyyati
Absorbsiya dalgdadlgani
Absorbsiya cerayani

Absorbsiya isiq filtri

Absorbsiya kasilmasi

Absorbsiya rentgen spektral analiz

Absorbsiya spektral fotometriyasi
Absorbsiya spektroskopiyasi
Absorbsiya tezlikdlgani
Absorbsiya faktoru
Absorbsiya faktoru
Absorbsiya higrometri
Absorbsiya amsali
Absorbsiometriya

Abstrak cabr

Abstraksiya

Abstrakt qrup

Abstrakt cabri goxduq

Abstrakt inteqgral

Abstrakt kompleks (macmu)
Abstrakt tesvir

Abstrakt foza

Abstrakt Hilbert fozasi
Aviaelektronika

Aviasiya meteorologiyasi
Avirpnevmatoliz

Avroral xatt

Avtoqutbli tetraedr
Avtoqutbli Ggbucaq
Avtodin, yaxin tezlikli dalgalarn tesiri
isloeyan radiocihaz
Avtoelektron qovsi
Avtoelektron emissiya
Avtoindeks

Avtoion mikroskopu
Avtokataliz

Avtokatalitik reaksiya
Avtokegiricilik

Avtoklav, kip baglanmis qazan
Avtokod

Avtokollimasiya
Avtokollimatik spektrograf
Avtokollimator
Avtokonveksiya
Avtokonvektiv gradiyent
Avtokorrelyasiya

AbGenesa rpymnma

Aobenes nuddhepeniuan
AberneB HHTErpa
AGerneBo ypaBHEHUE
AbereBa QyHKIMS
AbereBo MHOrOOOpasue
Abeppanus
AOGeppalnOHHBIN IUTHATIC
AOIAITMOHHBINA MaTepra
AOpa3uBHBIC MaTEpPHAIHI

AbGcopbeHT

Abcopbep

AbcopOrust

AOGCcopOIIoHHas CIOCOOHOCTh
AOGCOpOIIOHHBII BOTHOMED
AOGCOpOIIMOHHBIH TOK
AOGCOpOIMOHHBIN CBETODMIBTP
AOGCopOIMOHHOE 3aMHUpaHre
AOGCOpPOITMOHHBIN PEHTTEHOCTIEKTPATbHBIN
aHaM3

AbcopOuroHHas crieKTpohOoTOMETpHS
AOCOpOLOHHAS CIIEKTPOCKOITHS
AGCOpOIMOHHBIN YacTOTOMED
AGcopOLMOHHBIN (akTop
AOGCOPOIIOHHBIH CITEKTPOMETP
AOCOPOIIOHHBII THTPOMETP
AGcopOrmn mokas3arenb
AGcopOroMeTpust
AOcTpakTHas anrebpa
AOcTpakius

AbcTpakTHas rpynna
AbcTpakTHOE aliredpanyeckoe
MHOT000pa3ue

AOGCTpaKTHBIA HHTETpaII
AOCTpaKTHBIA KOMIUIEKC
AOGcTpakTHOE IIpe/ICTaBICHUE
AOGCTpaKTHOE MMPOCTAHCTBO
AOGCTpaKkTHOE THIIEOEPTOBO IIPOCTPAHCTBO
ABHA3IEKTPOHUKA
ABHAIMOHHAS METEOPOJIOTU
ABTOIIHEBMATOIIH3
ABpopanbHas THHUS
ABTOTOJIAPHBIN TETPAdAP
ABTOTIOJIAPHBIHN TPEYTOJIBHUK
ABTOIVH

ABTORJIEKTPOHHAS yTa
ABTO3JICKTPOHHAS SMUCCHS
ABTOUHEKC

ABTOMOHHBII MUKPOCKOIT
ABTOKaTaIN3
ABTOKaTaTUTHUYECKAsT PEAKITUS
ABTOIIPOBOANMOCTH
ABTOKIIaB

ABTOKOI

ABTOKOJIIMMALUS
ABTOKOJUTUMAIIMOHHBIN CHIEKTporpad
ABTOKOJITUMATOD
ABTOKOHBEKIUSI
ABTOKOHBEKTHUBHBIN IPaiu€HT
ABTOKOppEISLMS
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Abelian group
Abelian differential
Abelian integral
Abelian equation
Abelian function
Abelian variety
Aberration
Aberrational ellipse
Ablative material
Abrasives

Absorbent

Absorber

Absorption

Absorptive power
Absorption wavemeter
Absorption current
Absorption filter
Absorption fading

X-ray absorption analyses

Absorption spectrophotometry

Absorption spectroscopy
Absorption frequency meter
Absorption factor
Absorption spectrometer
Absorption hygrometer
Absorption index
Absorptiometry

Abstract algebra
Abstraction

Abstract group

Abstract algebraic variety

Abstract integral
Abstract complex
Abstract representation
Abstract space
Abstract Hilbert space
Avionics

Aeronautical meteorology
Autopneumatolysis
auroral line

Self-polar tetrahedron
Self-polar triangle
Self-heterodyne, autodyne
receiver

High-field emission arc
High-field emission
Autoindex

Field-ion microscope
Autocatalysis
Autocatalytic reaction
Autoconduction
Autoclave

Autocode
Autocollimation

Autocollimating spectrograph

Autocollimator
Autoconvection
Autoconvective lapse rate
Autocorrelation
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Avtokorrelyasion funksiya
Avtoliz, 6zbasina halloima
Avtomat

Avtomatik qazi tahlil edan cihaz
Avtomatik qurma, qurulma
Avtomatik deqiq qurma
Avtomatik idara edilma sistemi
Avtomatik kodlasdirma
Avtomatik ossilyator
Avtomatik peyk

Avtomatik potensiometr
Avtomatik programlasdirma
Avtomatik tagiblema
Avtomatik tenzimlenma
Avtomatik terozi

Avtomatik fazall tanzimlama
Avtomatik fokuslama
Avtomatika

Avtomatlagsma
Avtometamorfizm
Avtomiorfizm

Avtomorf forma

Avtomorf funksiya

Avtonom yaddas
Avtoradiograf
Avtoradiografiya
Avtorotasiya

Avtoragsler
Avtotransformasiya
Avtogerilama

Avtogerilams prosesi
Agqlyisinasiya, s6zin kokini
saxlamagla yeni sézlor diizaltmak
Aqglomerasiya

Aqgregat hal
Agrometeorologiya, yer
meteorologiyasi

Agrofizika, yer fizikasi
Adaptasiya, uygunlasma
Adveksiya

Advektiv duman

Advektiv tufan

Advsorbsiya tarazligi
Adgeziya

Additiv qrup

Additiv operator

Additiv proses

Additiv toplanma

Additiv funksiya

Additiv funksional

Additiv xassaler

Additiv 6lgu

Additivlik

Adiabata

Adiabatik axin

Adiabatik divar

Adiabatik dielektrik nufuzlugu

Adiabatik invariant
Adiabatik invarianthq
Adiabatik ionlasma
Adiabatik yaxinlagsma
Adiabatik kalorimetr

ABTOKOppeIAIHOHHAS QYHKITUSL
ABTONH3

ABTOMAT

ABTOMaTHYECKHIA Ta30aHATU3ATOP
ABTOMaTHUYECKast HACTPOHKa
ABTOMAaTHYECKAsl TOYHAS HACTPOITKa

ABTOMaTHYECKas CHCTEMa yupasJiCHUA

ABTOMAaTH4ECKOE KOAUPOBAHUE
ABTOMaTHYECKHUI ocriyutorpad
ABTOMaTHYECKHUIA CITyTHUK
ABTOMaTHYECKHUI MOTEHLIUOMETP

ABTOMAaTHYECKOE MTPOrPaMMHUPOBAHHUE

ABTOMaTHYECKOE CIIEKEHHNE
ABTOMaTHUYECKasl pEryJIMpPOBKa
ABTOMAaTHYECKHUE BECHI

ABTOMaTHUYecKoe (ha30BOE PEryIUPOBAHUE

ABToMarudeckoe (HOKyCHpOBaHHE
ABTOMAaTHKa

ABTOMaTH3aLM
ABToMeTamMoppu3zmM
ABTomopdmzm

AsTomop¢Has Gpopma
ABToMopdHast GyHKIHs
ABTOHOMHaS MTaMATh
AsTtopaauorpad
ABTopaauorpadus
ABTOpOTaIus
ABTOKOJICOAHHE
ABToTpaHchopMaTop
ABToperpeccus
ABTOpErepecCUBHBIN MPOIIEce
ATTIIIOIHALNS

ArnoMmepanus
ArperaTHOe COCTOsIHHE
ArpomeTeoposiorus

Arpo¢usnka

Ananranus

AnBekius

AJIBEKTUBHBIN TyMaH
AJIBEKTHBHasI rpo3a
AncopOIroHHOE paBHOBECHE
Anres3us

AnuTHBHAS TpyMIa
AJTUTHBHBIN oriepaTop
AJTUTUBHBIN TIPOIIECC
AIIATHBHOE CIIOKEHNE
AnynuBHas QyHKIUSL
ANTMTUBHBIN (QYHKIIHOHAIT
AIATHBHEIE CBOMCTBA
AnuTHBHAS Mepa
AJTUTUBHOCTD

Annabara

AnnabaTndecKkoe TeYEHNE
AnunabaTryeckasi CTEHKa
Anmabarnueckas JUdJIeKTPHIecKast
MPOHUIIAEMOCTh
AnnabaTHyecKuii UHBApUAHT
Anunabaruyeckas HHBAPUAHTHOCTh
Annabarrueckast HOHU3ALAS
Anmabatuyeckoe MPUOIIKCHHE
AnmabaTHdecKuil KaJTopUMETp
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Autocorrelation function
Autolysis

Automaton

Automatic gas analyzer
Automatic tuning
Automatic fine tuning
Automatic control system
Automating coding
Automatic oscillograph
Unmanned satellite
Automatic potentiometer
Automatic programming
Automatic tracking
Automatic adjustment
Automatic scales
Automatic phase control
Automatic focusing
Automation

Automation
Autometamorphism
Automorphism
Automorphic form
Automorphic function
Offline memory
Autoradiograph
Autoradiography
Autorotation
Self-excited oscillation
Autotransformer
Autoregression
Autoregressive process
Agglutination

Agglomeration
State of aggregation
Agrocultural meteorology

Agrophysics
Adaptation

Advection

Advection fog
Advective tundesthorm
Adsorption equilibrium
Adhesion

Additive group
Additive operator
Additive process
Additive addition
Additive function
Additive functional
Additive properties
Additive measure
Additivity

Adiabatic line
Adiabatic flow
Adiabatic wall

Adiabatic dielectric constant

Adiabatic invariant
Adiabatic invariance
Adiabatic ionization
Adiabatic approximation
Adiabatic calorimeter
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Adiabatik maqgnitsizleasma
Adiabatik potensial
Adiabatik proses
Adiabatik reaksiya
Adiabatik soyuma
Adiabatik sixilma
Adiabatik tarazliq
Adiabatik teorem
Adiabatik forziyya
Adiabatik hal

Adiabatik hayacanlanma
Adiabatik genislanma

Adsorbat, sathda udulan qaz ve ya

maye

Adsorbent, sathinde qaz ve ya maye

udulan cisim
Adsorber

Adsorbsiya analizi
Adsorbsiya qati
Adsorbsiya qlivvesi
Adsorbsiya dalgasi
Adsorbsiya cerayani
Adsorbsiya izotermlari
Adsorbsiya ingibitoru

Adsorbsiya indikatoru, tazyiqi lgen

cihaz

Adsorbsiya kinetikasi
Adsorbsiya olunan madds
Adsorbsiya olunmus atom
Adsorbsiya olunmus qaz
Adsorbsiya olunmus molekul
Adsorbsiya tebaqgasi
Adsorbsiya xromatografiyasi
Adsorbsiya, cisimldarin iz
tebagasinde maye ve gazlarin
udulmasi

Adsorbuionnly potential
Adgezi moéhkamlik, barklik
Azeotrop garisiq

Azeotrop distille etma
Azeotrop noqtesi
Azeotropiya

Azimut

Azimutal kvant adadi

Alovun absorbsiya fotometriyasi
Ardicil yaxinlasma metodu

Ardicil yerdayismoak
Ardicilliq

Atmosfer

Barabarlik

Qayitma Gnvani

Duyin noqgtesi

Dustur

Doénmayan adiabatik proses
Dénan adiabatik dayisilma
Dénan adiabatik proses
Daef etmak

Evolyusiya (inkisaf)

Eynilik

Elementar zarrocik

Enerji («E») tosviri
Erenfestin adibatik ganunu
Cazibs quivvasi

AnmabaTtuyeckoe pazMarHuuMBaHue
AnnabaTHyecKui NOTEHIIMAT
AnrabaTHYeCKHid POoIece
Anunabaruyeckas peaKius
AnrabaTruecKoe OXJIaKICHHE
AnmnabaTrryeckoe cxaTue
AnmabaTHyeckoe paBHOBECHE
AnmabaTmyeckas TeopemMa
AnnabaTndeckas THIIOTE3a
AnnabaTn4eckoe COCTOSHUE
AnmabaTuyeckoe BO3MYILCHHE
AnmabaTryeckoe pacimpeHne
Ancopbar

AncopOeHT

Ancopbep

AICOpOIMOHHBII aHAIH3
AICOpOIMOHHBIHN clon
AncopOoHHas cuia
AncopOIioHHas BOJIHA
AJICOPOITMOHHBIA TOK
AJICOpOITMOHHBIE U30TEPMBI
ANCOPOIMOHHBIN HHTHOUTOD
ANCOPOIMOHHBIN HHINKATOP

AJncopOIoHHas KHHETHKA
AncopOupyromee BemecTBo
ANCOpOUpPOBaHHBIN aTOM
AncopOupoBaHHBIi ra3
AncopOupoBaHHast MOJIEKyJia
AncopOruoHHast IIeHKAa
AncopOumonnas xpomaTorpadus
AncopOrust

ACOPOIOHHBII MOTEHITHAI
AJre3suoHHas MPOYHOCTh

A3eoTporHas cMech

A3eoTporHas TUCTHIUISAIUSL

A3eoTporiHast Touka

A3zeorpornus

A3umyT

A3UMyTaIbHOE KBAHTOBOE YHCIIO
AbGcopbrronHas (oToMeTpHs IIIaMEH!
MeTom mocneroBaTenbHOTO MPHOIKESHUS

Uepenosatb

IlocnenoBarenbHOCTh

Atmocdepa

PaBencTBO

Anpec Bo3Bpara

V3nmoBas Touka

®opmyia

Anmabatrdeckuil HeOOpaTHMEIH TIpoIiece
Annabatnueckoe o0paTiMoe H3MEHEHHE
Anunabatnyeckuii oOpaTHMBIH TIpoIIece
OTTanKuBaTh

DBoIIOus

ToxnecTBo

DneMeHTapHas 4acTula
Ouepreruyeckoe («E») npeacrasnenune
Anmabarnyeckuii 3aKoH DpeHdecra
Cuia npuTsSHKSHUS
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Adiabatic demagnetization
Adiabatic potential
Adiabatic process
Adiabatic reaction
Adiabatic cooling
Adiabatic compression
Adiabatic equilibrium
Adiabatic theorem
Adiabatic hypothesis
Adiabatic state
Adiabatic perturbation
Adiabatic expansion
Adsorbate

Adsorbent

Adsorber
Adsorption analysis
Adsorption layer
Adsorption force
Adsorption wave
Adsorption current
Adsorption isotherm
Adsorption inhibitor
Adsorption indicator

Adsorption kinetics
Adsorbing substance
Adsorbed atom

Adsorbed gas

Adsorbed molecule
Adsorption film

Adsorption chromatography
Adsorption

Adsorption potential
Adhesive strength
Azeotropic mixture, azeotrope
Azeotropic distillation
Azeotropic point

Azeotropy

Azimuth

Azimuthal quantum number
Absorption flame photometry
Method of successive
approximation

Interleave, alternate
Sequence

Atmosphere

Equality

Return address

Nodal point

Formulae

Adiabatic irreversible process
Adiabatic reversible change
Adiabatic reversible process
Repel

Evolution

Identity

Elementary particle

Energy representation
Erenfest’s “E” adiabatic law
Attractive force
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Cirlasma

Cirlagsmis hallar

Cazb etmak

Calb etmak

Caerayanin falakatli giymati
Zarracik

impuls («R») tasviri
ionlasdirict agent

istilah (termin)

isigin aberasiyasi

isigin absorbsiyasi
Yayllma

Yerdayismak

Yerli (lokal) saha

Yoén

Kainat

Kamil elektrometr

Kamil esitma gabiliyysti
Kamil spirt

Kanalin Ginvan sézi
Kegmis

Komanda tnvani
Koordinat («x») tesviri
Kristallarin agreqati

Kitls absorbsiya emsali
Lokallagma

L-tasviri

Magqnit agenti

Magnit filanma additivliyi
Mikroalem

Mubadile

Mubadile glivvesi
Mubadile enerijisi
Mibahise etmak
Mulahiza

Miulahize etmak

Mutlaq adres (linvan)
Miitleq aktivlik, mitleq fealliq
Mdatlaq amper

Mitleq antisimmetrik sintez
Mutleq burul§aniq
Mitleq bark cisim

Mutlaq vakuum

Mutlaq vahid

Miitleq vahidler sistemi
Miutleq galvanometr
Miutleq gara cisim

Miitlaq geyri-barabarlik
Mutleq geyri-elastiki togqusma

Mdatlaq qurulug
Mitleq dayanighq
Mutleq dayanigsizliq
Mutlaq diferensial

Mitlaq ekstremumlar
Miitlaq elastiki toqqusma
Miitlaq entropia

Mitleq zaman

Mdatlaq invariant

Mdatlaq integral invariant
Mdatlaq integrallanan
Mitleq intensivlik

Bripoxnenue

BripoxaeHHOe cocTosiHUE
IIputsarusars

IIpuBneus

ABapuiiHoe 3HaUeHHEe TOKa
Yacrtuna

Nmnynscaoe («P») mpejcraBienne
ATEHT HOHU3UPYIOIUI

Tepmun

AbGeppanus cBera

AGcopOrst cBeTa
Pacnpoctpanenue

Ilepememiars

JlokanbHOE none

OpuenTup

Bcenennas

AOGCOIIOTHBIN 3JIEKTPOMETP
AOGCOIOTHBIN CITyX

AOCONIOTHBIN CITUPT

AJlpecHoe CIIOBO KaHajia
[IpoiiieHHbIH, TpOIIEeIIHIA

AJlpec KOMaHbl

KoopaunaTHOe («X») mpeacTaBieHne
Arperat KpucTamuioB

AOGcopO1u MacCOBBI KOADGUITUEHT
Jlokanuzauus

L-npencraBnenne

AreHT MarHUTHBIN

AJTATUBHOCTh MATHUTHOTO BPAICHUS
Muxpomup

Obwmen

OOMeHHas cuia

OOMeHHas SHeprus

Ob6c¢cyxnatpb

Paccyxnenue

Paccyxnartp

AOCOIIOTHBIN aapec

AOCOIIOTHAS! aKTUBHOCTH
AOcConoTHBIN aMnep

AOCOIOTHBIN aCUMMETPHYECKUI CHHTE3

AOCOIFOTHAS 3aBUXPEHHOCTh
AODCOIOTHO TBEPOE TEJIO
AOCONIOTHBI BaKyyM

AOCOIIIOTHAsA €qUHNUIIA

AOCONIOTHAS CUCTEMA eIUHHUI]
AOGCOITIOTHBIN TATbBAHOMET]
AOGCOIOTHO YepHOE TeNI0
AOGCOMIOTHOE HEPABEHCTBO
AOCOJIIOTHO HEYNPYTO€ CTOJIKHOBEHHE

AOcomntoTHas CTPYKTypa
AOGcomroTHas yCTOWYNBOCTh
AOGcomIoTHAs HEYCTOIYMBOCTh
AbcomrotHeri auddepennan

AOCOIIOTHBIE SKCTPEMYMBI
AGCONIOTHO yIIPyTroe CTOJIKHOBEHHE
AOGCoOTHAS SHTPOTIHS
AOGcComoTHOE BpeMs

AOCONIOTHBIA HHBAapUAHT

AOCONIOTHBIA HHTETPANIbHBIA UHBAPUAHT

AOCOJIIOTHO UHTETPUPYEMBIH
AOCONIOTHAsI UHTCHCHBHOCTh
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Degeneracy, degeneration
Degenerate state

Attract

Attract, involve
Emergency fault current
Particle

Momentum “P” representation
lonizing agent

Term

Aberration of light

Optical absorption
Propagation

Translocate

Local field

Reference point

Cosmos, universe, space
Absolute electrometer
Absolute pitch

Absolute alcohol

Channel address word

Past

Instruction address
Coordinate “X” representation
Crystal aggregate
Mass-absorption coefficient
Localization
L-representation

Magnetic agent
Magnetorotation additivity
Microcosm

Exchange

Exchange force

Exchange energy

Discuss

Reasoning

Argue

Absolute address
Absolute activity
Absolute ampere

Absolute asymmetric synthesis
Absolute vorticity
Perfectly rigid body
Absolute vacuum
Absolute unit

Absolute system of units
Absolute galvanometer
Perfectly black body
Absolute inequality
Absolute perfectly inelastic
collision

Absolute structure
Absolute stability
Absolute instability
Absolute differential, absolute
differentiation

Absolute extremums
Perfectly elastic collision
Absolute entropy
Absolute time

Absolute invariant
Absolute integral invariant
Absolutely integrable
Absolute intensity
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Mitleq yas

Mitlaq y1giima

Mdtlaq kalibrlema

Matlaqg kovariant

Matlag kodlama

Mutleq konfiqurasiya
Miutleq kemiyyat

Mitleq kesilmaz paylanma

Mutlaq kesilmez spektr
Mutlaq kesilmaz funksiya
Mitlaq maqgnit ntufuzlugu
Mitlaq maqgnitélgan
Mdatlag moment

Mdatlaq parallaks

Mdatlaqg potensial

Muitleq retrakt

Miitleq ritubat

Miitleq spektral hassasliq

Mutlaq statistik goki

Mutlaq surat

Miitlaq sindirma amsali

Mutlaq sifir

Mitlaq saviyya

Matlag temperatur

Matlaq tacil

Mutleq tazyiq

Mitleq ulduz kemiyyati

Miitleq feza

Miitleq xata

Miitleq Gizliyolaliq

Miitleq skala

Mutlaq hiindirluyt élgan

Mutlaq hiindurlik (yuksaklik, tapa)
Miutlaq harakat

Mdatlag harekat migdari momenti

Mdatlag hassasliq

Miitleq 6zlulik

Miitleq Olgl

Miitleq atraf retrakti

Malumatin avtomatik islenmasi
Maxsusi funksiya

Ozon fozasi

Optik fealligin additivliyi

Parlaghigin 6zbasina tenzimlenmasi
Radioaktiv stialanma absorbsiyasi
Reliktiv stalanma

Rentgen sualari absorbsiyasi
Refraksiya additivliyi

Ranglarin additiv qarigdiriimasi
Sahanin abel geniglonmasi
Segilmanin 6zbagina tanzimlenmasi

Spontan (6zbasina)

Stratosfera

Siretin 6zbagina tanzimlanmasi
Suretli adiabatik kegid

Sulxur sathlerinin tadrican dagiimasi
Sinaq funksiya

Sas gurlugunun avtomatik
tonzimlenmasi

AOGCOIOTHBIN BO3pacT

AOCOIIIOTHAA CXOAUMOCTD

AbcomntoTHas KaJIuOpoBKa

AOCONIOTHBIA KOBApUAHT

AOCOIIOTHOE KOJUPOBaHKE

AbcomoTHas KoHpUTypanus

AOCOMIOTHAsI BeMMYKMHA

AOCOJIOTHO HENPEPHIBHOE paclpe/ieicHIe

AOCOIFOTHO HENPEPHIBHBIHN CIIEKTP
AOGCONIOTHO HenpeBHas PYHKITHSL
AOCoI0THAs MAaTHUTHAS TPOHUIIAEMOCTh
AOGCOIOTHBIN MarHUTOMEP
AOGCOIOTHBI MOMEHT

AOCOJIOTHBIN TTapaIaKc

AOCOJIOTHBIN TTOTCHIIAAT

AOCONFOTHBIN PETPAKT

AOCOFOTHAS BIIAXKHOCTD

AOCOFOTHAS CIIEKTPaIbHAS
YyBCTBUTEILHOCTh

AOCONIOTHBINA CTATUCTHYCCKHNA BEC
AOCONIOTHAST CKOPOCTH

AOGCOITIOTHBIN MMOKa3aTenhb MPeIoMIICHHS
AOGCONIOTHBINA HYJIb

AGCONIOTHBINA YPOBEHB

AOcoIoTHAs TeMIepaTypa
AOCOIIOTHOE YCKOpEHUE

AOCOIOTHOE J1aBJICHHE

AOcCoFOTHAS 3Be3/JHAS BEIMYMHA
AOGCOIIOTHOE TIPOCTAHCTBO

AOGcoroTHas onIMOKa

AGCONIOTHAS MOJATINBOCTh
AOcomroTHas mIKana

AOCONIOTHBIN BEICOTOMED

AGcomoTHas BEICOTA

AGCONIOTHOE ABIKEHHE

A6COJ’IIOTH])II7[ MOMCECHT KOJIMYECTBA
JBIKCHUS

AOCOIIOTHAS YyBCTBUTEIILHOCTh
AOCOFOTHAS BSI3KOCTh

AGcooTHOE U3MEpeHue

AOCONFOTHBIN OKPECTHOCTHBIA PETPAKT
ABToMaTH4IecKkasi 00paboTKa TaHHBIX
CoOcTBeHHas QyHKIUSA

OzoHOChEpa

AJJIUTUBHOCTH ONTUYECKOW aKTUBHOCTH
ABTOMaTHYECKOE PETYJIMPOBAHUE SIPKOCTH
AGcopOIHst paxnoaKTUBHOTO U3ITYIECHUS
«PeTMKTOBOE» H3ITyUCHHE

AOGCOpOIHSI PEHTTCHOBCKHX JIyueit
AJTUTUBHOCTH pedpakiiu
AJTUTUBHOE CMEIIICHUE IIBETOB
AberneBo pacumpeHne moist
ABTOMAaTHYECKUE PETYTUPOBAHUC
M30MPATETFHOCTH

CrioHTaHHBIH

Crparochepa

ABTOMaTHYECKOE PETYJINPOBAHUE CKOPOCTH
Annabatuueckoe ObICTPOE MPOXOKIACHHE
Aonsus

[IpoOHas byHKIMs

ABTOMAaTHYECKAs PEryJIMPOBKA TPOMKOCTHU

80

Absolute age

Absolute convergence
Absolute calibration

Absolute covariant

Absolute coding

Absolute configuration
Absolute value

Absolutely continuous
distribution

Absolutely continuous spectrum
Absolutely continuous function
Absolute permeability
Absolute magnetometer
Absolute moment

Absolute parallax

Absolute potential

Absolute retract

Absolute humidity

Absolute spectral sensitivity

Absolute statistical weight
Absolute velocity

Absolute index of refraction
Absolute zero

Absolute level

Absolute temperature
Absolute acceleration
Absolute pressure

Absolute magnitude
Absolute space

Absolute error

Absolute compliance
Absolute scale

Absolute altimeter
Absolute altitude

Absolute motion

Absolute angular momentum

Absolute sensitivity

Absolute viscosity

Absolute measurement
Absolute neighbourhood retract
Automatic data processing
Eigenfunction

Ozonosphere

Additivity of optical activity
Automatic brightness control
Radioactive radiation absorption
«Relict» radiation

X-ray absorption

Refraction additivity

Additive color mixture

Abelian extension field
Automatic selectivity control

Spontaneous

Stratosphere

Automatic speed control
Adiabatic rapid passage
Ablation

Trial function

Automatic volume control
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Sasin gliclenmasinin tenzimlanmasi
Sas-kiuyl avtomatik mehdudlagdiran

cihaz

Sehvlerin avtomatik dizsldilmasi
Tam sistem

Tezliyin 6zbasina tenzimlanmasi

Temperaturun adiabatik gradiyenti

Tenzor additivliyi
Tormozlanma
Tanlik

Tosvir

Toesvir nazeriyyasi
Fikir

Fikir cokmak
Fikirlesmak

Faza

Falakst dayanacagi
Falakatli soyuma
Unvan yolu
Unvan sabiti
Unvan sézii
Unvan hissasi
Unvanlanma
Cevirici inteqral
Coxlugun additiv funksiyasi
Hesablama cihazi
Hissa

Hissacik

Heayacanlanma

Heayacanlanma nazeriyyssi
Gibbsin adsorbsiya tanliyi
Gliclin 6zbasina tanzimlanmasi

Goelocak

Garginliyin avtomatik tenzimgiyi
Ozbasgina ionizasiya

Ozbasina yerdeyisma
Ozbasina kecid

Ozbasina tenzimlema

Oziins uzlasan sahs

9dadlerin additiv nazariyyasi

ABTOMaTHYECKAs PETYIMpPOBKa yCUIICHUA
ABTOMaTHYECKUN OIr'paHUYIUTEIb IIYMOB

ABTOMAaTHYECKOE UCIIPABICHUE OIINO0K
ITonnas cucrema

ABTOMAaTHYECKOE PETYIHPOBAHUE YACTOTHI
AnmabaTudecKuil TpaiueHT TeMIIePaTyphI

AJITITUBHOCTH TEH30pHAS
Topmoxxenue

VYpaBHeHue

IIpencraBnenue

Teopus npeacraBieHuit

Mpeicnb

JlymaThb 0 gyeM (0 KOM) TO
Pa3mpbInuisaTe

IIpocTtpancTBo

ABapuiiHas OCTaHOBKa
ABapuiiHO€ OXJIaXIeHHE
AJlpecHas JOpOKKa

AnpecHast KOHCTaHTa

Anpec cioBa

AJlpecHas 4yacTb

Anpecanus

HuTerpansHOE peobpazoBaHme
AnnutnBHaS GyHKIHS MHOXKECTB
Abax

Yactb

MasteHbKas 4acTh BemecTBa (Kak aToM,
MOJIEKYJTa)

Bo30yxaenue, BO3MyICHUE
Teopus Bo3My1LeHUN
Ancop6OrrionHoe ypaBaeHue [ moo6ca
ABTOMAaTHYECKOE PETYIHUPOBAHUE
MOIITHOCTH

Bynyuee

ABTOMAaTHYECKHUI PETYISTOP HANPSHKEHUS
ABTOUOHU3ALUS
ABTOMaTHYECKOE CMEIICHUE
IlocTosiHHBIN TIEpEXO
ABTOMAaTHYECKOE PETYIHPOBAHNE
CamocoriacoBaHHOE IoJIe
AJIIUTUBHAS TEOPUS YUCEI
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Automatic gain control
Automatic noise limiter

Automatic error correction
Complete system
Automatic frequency control
Adiabatic temperature gradient,
adiabatic lapse rate
Tensor additivity

Braking

Equation

Representation
Representation theory
Idea

Think

Reflect

Space

Emergency shut-down
Emergency cooling
Address track

Address constant

Word address

Address part

Addressing

Integral transformation
Additive set function
Abacus

Part

Microscopic particle

Excitation, perturbation
Perturbation theory

Gibbs adsorption equation
Automatic power control

Next, future

Automatic voltage regulator
autoionization

Auto-bias, self-bias
Constant transition
Automatic control
Self-consistent field
Additive number theory
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Abacus

Abelian differential
Abelian equation
Abelian extension field
Abelian function
Abelian group
Abelian integral
Abelian variety
Aberration
Aberration of light
Aberrational ellipse
Ablation

Ablative material
Abrasives

Absolute acceleration
Absolute activity

Absolute address

Absolute age

Absolute alcogol

Absolute altimeter

Absolute altitude

Absolute ampere

Absolute angular momentum

Absolute asymmetric synthesis
Absolute calibration

Absolute coding

Absolute compliance
Absolute configuration
Absolute convergence
Absolute covariant

Absolute differential, absolute
differentiation

Absolute electrometer
Absolute entropy

Absolute error

Absolute extremums
Absolute galvanometer
Absolute humidity

Absolute index of refraction
Absolute inequality

Absolute instability

Absolute integral invariant
Absolute intensity

Absolute invariant

Absolute level

Absolute magnetometer
Absolute magnitude

Absolute measurement
Absolute moment

Absolute motion

Absolute neighbourhood retract
Absolute parallax

Absolute perfectly inelastic collision
Absolute permeability
Absolute pitch

Absolute potential

Absolute pressure

Absolute retract

Absolute scale

Absolute sensitivity

Hesablama cihaz

Abel diferensiali

Abel tonliyi

Sahanin abel genislanmasi

Abel funksiyasi

Abel grupu

Abel integrali

Abel ¢oxlugu

Aberasiya

isigin aberasiyasi

Aberasiya ellipsi

Suxur sathlarinin tadrican dagiimasi
Ablyasiya materiali

Abraziv materiallar, hamarlamagq,
yonmagq, itilemak Ggin igledilen
materiallar

Miitleq tacil

Miitleq aktivlik, mitlaq fealliq
Mutlaq adres (linvan)

Miitleq yas

Kamil spirt

Mutleq hindurliyd élgan

Mutleq hindurlik (ytksaklik, tepa)
Mutleq amper

Mdatlaq harekat migdari momenti

Mdatlaq antisimmetrik sintez
Miitleq kalibrlema

Miitleq kodlama

Mitleq Gzlyolalq

Miitleq konfiqurasiya
Mutlaq yigilma

Mutleq kovariant

Miutleq diferensial

Kamil elektrometr
Mdatlaq entropis

Mdatlaq xata

Mitleq ekstremumlar
Mitleq galvanometr
Mitleq ritubat

Mutlaq sindirma amsali
Mitleq geyri-barabarlik
Mutlaq dayanigsizliq
Miutleq inteqral invariant
Miutleq intensivlik
Miutleq invariant

Mutleq saviyya

Mditlaq maqgnitdlgen
Mutleq ulduz kemiyyati
Mitleq 6lgl

Mitleq moment

Mutlaq harakat

Miitleq atraf retrakti
Mutlaq parallaks

Miutleq geyri-elastiki togqqusma
Mutleq magnit nifuzlugu
Kamil esitma qabiliyyati
Mdatlaq potensial

Mutleq tazyiq

Mdatlaq retrakt

Mitleq skala

Miitleq hassasliq
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Abax

AbeneB nuddepenuan
AGeneBo ypaBHEHHE
AGeneBo pacimpeHne mois
AbGeneBa QyHKITUSA
AoGenesa rpymnma

AOGerneB HHTErpa
AGeneBo MHOTOOOpa3ue
Abeppanus

Abeppanus cBeta
AOGeppallnOHHBIN HIUTHTIC
AOomsanus

AOIIAIIMOHHBIN MaTepHat
AOpa3uBHBIC MaTepHAaIbl

AOCOIIOTHOE YCKOpPEHHE
AOCOIIOTHAs aKTUBHOCTh
AOGCOIOTHEIH aapec

AOGCOIOTHEIH BO3pacT
AOGCONIOTHBINA CIIUPT
AOGCOIIOTHBII BBICOTOMED
AOGcomoTHas BEICOTA
AOCOIIOTHBII aMIiep
A6COJ’IIOTH])II>1 MOMCEHT KOJIMYECTBA
JBYDKCHUS

AOCOIIOTHBI aCHMMETPHUYECKUN CHHTE3
AbcomoTHas KaJIMOpOBKa
AGCOITIOTHOE KOJMPOBAaHHE
AOCONfOTHAS TTIOAATINBOCTD
AGconroTHas KOHQUTY AT
AOCOIIIOTHAs CXOAUMOCTD
AOGCOIOTHBII KOBapHUaHT
AobcomoTtHbI muddeperiman

AOCOIIOTHBIN JIEKTPOMETP
AOCOIOTHAS SHTPOIHS

AbcomntoTHas omrbka

AOCOIIOTHBIE 3KCTPEMYMBI
AOCOIIOTHBIN ralbBAHOMETP
AOCOIOTHAS BIIaXKHOCTD

AOCOIOTHBIN TTOKA3aTeNb MPETOMIICHHUS
AOGCOIOTHOE HEPaBEHCTBO
AOGCoNfOTHAS HEYCTOMIUBOCTh
AOCOIOTHBII HHTETPaIbHBI HHBAPHAHT
AGConfoTHAsS HHTEHCHUBHOCTD
AOCOIOTHBII HHBApUAHT

AOCOIIOTHBIN YPOBEHB

AOCOIOTHBIA MarHUTOMEP
AbcomoTHas 3Be3/1Has BEJIMUMHA
AGCoI0THOE U3MEPEHHE

AOCOIOTHBIF MOMEHT

AOGCOIIIOTHOE IBUKEHUE

AOCONIOTHBIN OKPECTHOCTHBIA PETPAKT
AOCONIOTHBIN TTapaIakc

AGCOIOTHO HEYIIPYTroe CTOJKHOBEHUE
AOCo0THAs: MarHUTHAS TTPOHUIIAEMOCTh
AOGCOIIOTHBIN CITyX

AOCOIOTHBIN OTEHITAAT

AOCOIIOTHOE J1aBIIeHHE

AOCOIIOTHBIN pETPaKT

AOGcoroTHAs mIKana

AGCOIIOTHAS YyBCTBUTEIIBHOCTh
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Absolute space
Absolute spectral sensitivity

Absolute stability

Absolute statistical weight
Absolute structure

Absolute system of units
Absolute temperature
Absolute time

Absolute unit

Absolute vacuum

Absolute value

Absolute velocity

Absolute viscosity

Absolute vorticity

Absolute zero

Absolutely continuous distribution
Absolutely continuous function
Absolutely continuous spectrum
Absolutely integrable
Absorbent

Absorber

Absorptiometry

Absorption

Absorption current
Absorption factor

Absorption fading

Absorption filter

Absorption flame photometry
Absorption frequency meter
Absorption hygrometer
Absorption index

Absorption spectrometer
Absorption spectrophotometry
Absorption spectroscopy
Absorption wavemeter
Absorptive power

Abstract algebra

Abstract algebraic variety

Abstract complex
Abstract group
Abstract Hilbert space
Abstract integral
Abstract representation
Abstract space
Abstraction
Adaptation

Additive addition
Additive color mixture
Additive function
Additive functional
Additive group
Additive measure
Additive number theory
Additive operator
Additive process
Additive properties
Additive set function
Additivity

Additivity of optical activity
Address constant
Address part

Miutleq faza
Miutleq spektral hassasliq

Mutleq dayanigliq

Muitlaq statistik ¢aki

Mitleq qurulug

Mitleq vahidler sistemi
Mitleq temperatur

Mutlaq zaman

Mutlaq vahid

Mutlaq vakuum

Mutleq kemiyyat

Miutleq surat

Mutlaq 6zIuliuk

Mutleq burulganhq

Miitleq sifir

Miitleq kasilmaz paylanma
Miitleq kasilmaz funksiya
Miitleq kasilmaz spekir
Mutlaq integrallanan
Absorbent: udan madda
Absorber: qazi, buxari tutan cihaz
Absorbsiometriya
Absorbsiya

Absorbsiya cerayani
Absorbsiya faktoru
Absorbsiya kesilmasi
Absorbsiya isiq filtri

Alovun absorbsiya fotometriyasi
Absorbsiya tezlikdlgani
Absorbsiya higrometri
Absorbsiya eamsali
Absorbsiya faktoru
Absorbsiya spektral fotometriyasi
Absorbsiya spektroskopiyasi
Absorbsiya daldadl¢ani
Absorbsiya gabiliyyati
Abstrak cabr

Abstrakt cabri goxduq

Abstrakt kompleks (macmu)
Abstrakt qrup

Abstrakt Hilbert fozasi
Abstrakt inteqral

Abstrakt tesvir

Abstrakt faza

Abstraksiya

Adaptasiya, uygunlasma
Additiv toplanma

Ranglarin additiv qarisdiriimasi
Additiv funksiya

Additiv funksional

Additiv qrup

Additiv 6l¢i

9dadlerin additiv nezariyyasi
Additiv operator

Additiv proses

Additiv xassaler

Coxlugun additiv funksiyasi
Additivlik

Optik fealligin additivliyi
Unvan sabiti

Unvan hissasi
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AOGCOIIIOTHOE POCTAHCTBO
AOCoOTHAs ClIEKTpalTbHAS
YYBCTBUTCJIIBHOCTD

AOCOIOTHAS YCTOWYHBOCTD
AOCOIOTHBIN CTATUCTHYCCKHI BEC
AOcCoroTHas CTPYKTYpa
AGcomoTHAs cucTeMa eIMHHMIT
AOcoroTHas TeMIiepaTypa
AOGconroTHOE BpeMs

AOGconroTHAS eTUHALIA
AOCONIOTHBIN BaKyyM
AOGcomfoTHAs BeTUYMHA
AOGCOOTHAsI CKOPOCTh
AGcomoTHAs BSI3KOCTh
AOCoII0THAs 3aBUXPEHHOCTD
AOCOIIOTHBIN HYJIb

AOGCOIIIOTHO HETIPEPHIBHOE pacIpeie/ieHne
AGCOoIOTHO HeTipeBHast (DyHKITHS
AGCOIIIOTHO HETIPEPHIBHBIN CIIEKTP
AOGCOIIOTHO HHTETPHUPYEMBI
AGcopBeHT

Abcopbep

AbGcopOroMeTpust

AOGcopOrust

AOGCOpPOITMOHHBIN TOK
AGcopOIHOHHbIH (akTop
AGCcopOLMOHHOE 3aMHUPaHUe
AGCcopOLMOHHBIN CBETO(OMIBTP
AbcopOrumonHas poToMeTpus IMIIaMeHN
AOGCOpOLIMOHHBIN 9acTOTOMED
AOGCOpOLIMOHHBIN THTPOMETP
AGcopOrn mokaszareib
AOGCOpOIIMOHHBIH CIIEKTPOMETP
AOGCopOIHOHHAsT CIIEKTPO(POTOMETPHS
AOGCOpOITMOHHAs CIIEKTPOCKOTIHUS
AOGCOpOITMOHHBIN BOTHOMED
AOGcopOIHoHHasE CIOCOOHOCTh
AbcTpakTHas anredpa
AbcTpakTHOE anredpanyeckoe
MHOT000pasue

AOCTpaKTHBIH KOMIUIEKC
AOcTpakTHas rpyrmia
AOGCTpakTHOE THIIEOEPTOBO MMPOCTPAHCTBO
AOGCTpaKTHBII HHTETpaI
AOGCTpaKkTHOE TIPEICTABICHHE
AOGCTpaKTHOE TIPOCTAHCTBO
AOcTpakmmst

Apanramus

AIIATHUBHOE CIIOKEHNE
AIIATHBHOE CMEILIEHHE [IBETOB
AniuBHAs QyHKITUS

AJITATUBHBIN QYHKITMOHAT
AJTMTHBHAS TpyTINa

AnnuTHBHAS Mepa

ANIMTHBHAS TEOPHS YHCET
AITUTUBHBIN oniepaTop
AITITHBHBIN TIPOIECC
AIIATHBHBIE CBOMCTBA
AputrBHas GYHKIHS MHOXECTB
AIIATUBHOCTD

AIIATUBHOCTE ONITHYECKON aKTUBHOCTH
AJlpecHast KOHCTaHTa

AnlpecHast yacThb
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Address track

Addressing

Adhesion

Adhesive strength

Adiabatic approximation
Adiabatic calorimeter
Adiabatic compression
Adiabatic cooling

Adiabatic demagnetization
Adiabatic dielectric constant

Adiabatic equilibrium
Adiabatic expansion
Adiabatic flow

Adiabatic hypothesis
Adiabatic invariance
Adiabatic invariant
Adiabatic ionization
Adiabatic irreversible process
Adiabatic line

Adiabatic perturbation
Adiabatic potential
Adiabatic process

Adiabatic rapid passage
Adiabatic reaction
Adiabatic reversible change
Adiabatic reversible process
Adiabatic state

Adiabatic temperature gradient,
adiabatic lapse rate
Adiabatic theorem
Adiabatic wall

Adsorbate

Adsorbed atom
Adsorbed gas
Adsorbed molecule
Adsorbent

Adsorber
Adsorbing substance
Adsorption

Adsorption analysis
Adsorption chromatography
Adsorption current
Adsorption equilibrium
Adsorption film

Adsorption force
Adsorption indicator

Adsorption inhibitor
Adsorption isotherm
Adsorption kinetics
Adsorption layer
Adsorption potential
Adsorption wave
Advection

Advection fog
Advective tundesthorm
Aeronautical meteorology
Agglomeration
Agglutination

Unvan yolu

Unvanlanma

Adgeziya

Adgezi méhkamlik, barklik
Adiabatik yaxinlasma
Adiabatik kalorimetr
Adiabatik sixilma

Adiabatik soyuma

Adiabatik maqgnitsizlesma
Adiabatik dielektrik nifuzlugu

Adiabatik tarazliq

Adiabatik genislonma
Adiabatik axin

Adiabatik forziyya

Adiabatik invariantiiq
Adiabatik invariant
Adiabatik ionlasma
Dénmayan adiabatik proses
Adiabata

Adiabatik hayacanlanma
Adiabatik potensial
Adiabatik proses

Sduratli adiabatik kegid
Adiabatik reaksiya

Dénan adiabatik dayisilma
Dénan adiabatik proses
Adiabatik hal

Temperaturun adiabatik qradiyenti

Adiabatik teorem

Adiabatik divar

Adsorbat, sethds udulan qaz ve ya
maye

Adsorbsiya olunmus atom
Adsorbsiya olunmus qaz
Adsorbsiya olunmus molekul
Adsorbent, sathinde qaz ve ya maye
udulan cisim

Adsorber

Adsorbsiya olunan madde
Adsorbsiya, cisimldarin Uiz
tebaqgesinde maye va qazlarin
udulmasi

Adsorbsiya analizi
Adsorbsiya xromatoqrafiyasi
Adsorbsiya cerayani
Advsorbsiya tarazhd
Adsorbsiya tebaqgesi
Adsorbsiya glivvesi
Adsorbsiya indikatoru, tezyiqi 6lgen
cihaz

Adsorbsiya ingibitoru
Adsorbsiya izotermlari
Adsorbsiya kinetikasi
Adsorbsiya gati
Adsorbionniy potendial
Adsorbsiya dalgasi

Adveksiya

Advektiv duman

Advektiv tufan

Aviasiya meteorologiyasi
Aglomerasiya

Aqlylsinasiya, s6zin kokunu
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AnpecHast TOpoOXKKa

Anpecanus

Anres3us

AJre3uoHHas MPOYHOCTh
AnnabaTryeckoe MpUuOIMKEHHE
AnnabaTuyecKkuit KaJopuMeTp
AnrabaTruecKoe CiKaTHe
AnrabaTHuecKoe OXJIaKICHHE
AnmabaTryeckoe pa3MarHIIMBaHUE
AnmabaTryeckasi TUIICKTPUICCKAs
MPOHUIIAEMOCTh

AnmabaTrueckoe paBHOBECHE
AnmabaTryeckoe paciupeHne
AnnabaTnyeckoe Te4eHne
AnnabaTtryeckas THIIOTE3a
AnmabaTuyeckas MHBapUaHTHOCTh
AnmabaTuyecKkuii ”HBApUaHT
AnnabaTnyeckass HOHH3AIHS
AnnabaTHyecKuii HeOOpaTHMBIH MPOIECce
Anunabara

AnmabaTHyeckoe BO3MYIIICHHUE
AnnabaTruecKuil NOTEHIIMAT
AnmabaTHyecKuii mporece
AnmabaTtryaeckoe ObICTPOE IPOXOKICHUE
AnmabaTryeckasi peaKius
Annabatryeckoe 00paTuMoe H3MEHEHHE
Anmabatnueckuii 0OpaTHMBIN TPOIIeCce
AnnabaTnyeckoe COCTOSHUE
AnnabaTuyeckui rpaiueHT TeMIIepaTypsl

Anunabatuyeckas TeopeMa
AnmabaTryeckasi CTCHKA
Ancopbat

AncopOUpOBaHHEIN aTOM
AzncopOupoBaHHBbIii ra3
AncopOupoBaHHas MOJIEKYIIa
AncopbeHt

Ancopbep
Ancopbupyroliee BeIecTBO
AncopOrust

AICOpOITMOHHBIN aHATH3
AncopOuunonnas xpomatorpadus
ACOpOIMOHHBIN TOK
AcopOLMOHHOE PaBHOBECHE
AncopOIoHHas IieHKa
AncopOrmonHast cuia
AncopOIMOHHBIN HHANKATOP

AncOpOLMOHHBIH UHTHOUTOP
AnCcopOIIMOHHbBIE H30TEPMBI
AncopOIoHHast KHHETHKA
AICOpOIMOHHBIHN CITOH
ANCOpOIMOHHBIH TOTESHITHAT
AncopOIoHHast BoJIHa
AnBexius

AJBEeKTHBHBIN TyMaH
AJIIBEeKTHBHAs Tpo3a
ABHAIMOHHAST METEOPOJIOTHS
Arnomepanus
ATTIIOIMHALNS
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Agrocultural meteorology

Agrophysics

Argue

Atmosphere

Attract

Attract, involve

Attractive force

auroral line

Auto-bias, self-bias
Autocatalysis
Autocatalytic reaction
Autoclave

Autocode

Autocollimating spectrograph
Autocollimation
Autocollimator
Autoconduction
Autoconvection
Autoconvective lapse rate
Autocorrelation
Autocorrelation function
Autoindex

autoionization

Autolysis

Automatic adjustment
Automatic brightness control
Automatic control
Automatic control system
Automatic data processing
Automatic error correction
Automatic fine tuning
Automatic focusing
Automatic frequency control
Automatic gain control
Automatic gas analyzer
Automatic noise limiter

Automatic oscillograph

Automatic phase control
Automatic potentiometer
Automatic power control

Automatic programming
Automatic scales
Automatic selectivity control

Automatic speed control
Automatic tracking
Automatic tuning
Automatic voltage regulator
Automatic volume control

Automating coding
Automation
Automation
Automaton
Autometamorphism
Automorphic form
Automorphic function
Automorphism
Autopneumatolysis

saxlamagla yeni sézlar dliizaltmak
Agrometeorologiya, yer
meteorologiyasi

Agrofizika, yer fizikasi

Miulahiza etmak

Atmosfer

Cazb etmak

Calb etmak

Caziba qlivvesi

Avroral xatt

Ozbasina yerdeyisme
Avtokataliz

Avtokatalitik reaksiya

Avtoklav, kip baglanmis gazan
Avtokod

Avtokollimatik spektrograf
Avtokollimasiya

Avtokollimator

Avtokegiricilik

Avtokonveksiya

Avtokonvektiv gradiyent
Avtokorrelyasiya
Avtokorrelyasion funksiya
Avtoindeks

Ozbasina ionizasiya

Avtoliz, 6zbasina halloima
Avtomatik tenzimlanma
Parlaghgin 6zbasina tanzimlenmasi
Ozbasina tenzimlama

Avtomatik idars edilma sistemi
Malumatin avtomatik islenmasi
Sahvlerin avtomatik diizaldilmasi
Avtomatik deqiq qurma
Avtomatik fokuslama

Tezliyin 6zbasina tenzimlanmasi
Sasin gliclonmasinin tanzimlanmasi
Avtomatik gqaz tehlil edan cihaz
Ses-kliyl avtomatik mahdudlasdiran
cihaz

Avtomatik ossilyator

Avtomatik fazali tanzimlema
Avtomatik potensiometr

Glclin 6zbasina tenzimlanmasi

Avtomatik programlasdirma
Avtomatik terazi
Secilmanin 6zbagsina tanzimlanmasi

Siratin 6zbasina tanzimlanmasi
Avtomatik teqiblema

Avtomatik qurma, qurulma
Garginliyin avtomatik tanzimgiyi
Sas gurlugunun avtomatik
tanzimlenmasi

Avtomatik kodlasdirma
Avtomatlasma

Avtomatika

Avtomat

Avtometamorfizm

Avtomorf forma

Avtomorf funksiya
Avtomiorfizm

Avirpnevmatoliz

85

ArpomeTeoposorus

Arpoduzuka

Paccyxnatb

ATtmocdepa

IIputsrusars

ITpusneun

Cuna npuTSKEHUs

ABpopaibHast THHUS

ABTOMaTHYECKOE CMEIIEHUE
ABTOKaTamm3

ABTOKaTanUTHIECKAsT PEaKIIUs
ABTOKJIaB

ABTOKOIT

ABTOKOJUTMMAITMOHHBIN crieKTporpad
ABTOKOJTUMALIHS

ABTOKOJITUMATOP

ABTOIIPOBOAMMOCTH

ABTOKOHBEKIIHS

ABTOKOHBEKTUBHBIN TPaIUCHT
ABTOKOppesIIus
ABTOKOppEISIIMOHHAS (DYHKIIUS
ABTOMHIEKC

ABTOVMOHM3AITHS

ABTOIN3

ABTOMAaTHYECKAs PEryIHPOBKa
ABTOMAaTHYECKOE PETYIHPOBAHUE SIPKOCTH
ABTOMAaTHYECKOE PETYIHPOBAHNE
ABTOMAaTHYECKas! CHCTEMA YIIPaBICHUS
ABToMaruyeckas 00paboTKa TaHHBIX
ABTOMAaTHYECKOE UCIPABJICHUE OIINOOK
ABTOMaTH4YECKasi TOUHAsE HACTPOIKa
ABtomarudeckoe GokycupoBaHue
ABTOMAaTHYECKOE PETYIHPOBAHUE YACTOTHI
ABTOMAaTHYECKAs PETYJINPOBKA YCHICHUS
ABTOMAaTHYECKHUI Ta30aHAIA3ATOP
ABTOMAaTHYECKUH OTpaHUYNTENh ITYMOB

ABTOMaTHYECKHH ocruiuiorpad
ABTomarudeckoe (pa3oBoe perympoBaHUe
ABTOMAaTHYECKU TIOTCHITUOMETP
ABTOMAaTHYECKOE PETYINPOBAHNE
MOIITHOCTH

ABTOMAaTHYECKOE MIPOTPAMMHUPOBAHHE
ABTOMAaTHYECKHE BECHI

ABTOMaTHYECKHE PETYIUPOBAHUE
HU30HPATeIBHOCTH

ABTOMaTHYECKOE PETyIMPOBAHNE CKOPOCTH
ABTOMAaTHYECKOE CIIEKEHUE
ABTOMaTH4YECKasi HACTPOUKa
ABTOMAaTHYECKHUI PETYIISITOP HAPSHKEHUS
ABTOMAaTHYECKAs! PETYIHPOBKA TPOMKOCTH

ABTOMAaTHUYECKOE KOJAUPOBAHHE
ABTOMaTH3ALMS

ABTOMAaTHKA

ABToMar

ABToMeTamMoppu3M
ABtomopdHas Gpopma
AstomopdHas QyHKIus
ABTomopduzm
ABTOITHEBMATOJIN3
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Autoradiograph
Autoradiography
Autoregression
Autoregressive process
Autorotation
Autotransformer

Avionics

Azeotropic distillation
Azeotropic mixture, azeotrope
Azeotropic point
Azeotropy

Azimuth

Azimuthal quantum number
Braking

Channel address word
Complete system

Constant transition
Coordinate representation
Cosmos, universe, space
Crystal aggregate
Degeneracy, degeneration
Degenerate state

Discuss

Eigenfunction

Elementary particle
Emergency cooling
Emergency fault current
Emergency shut-down
Energy (“E”) representation
Equality

Equation

Erenfest’s adiabatic law
Evolution

Exchange

Exchange energy
Exchange force
Excitation, perturbation
Field-ion microscope
Formulae

Gibbs adsorption equation
High-field emission
High-field emission arc
Idea

Identity

Instruction address
Integral transformation
Interleave, alternate
lonizing agent

L - representation

Local field

Localization

Magnetic agent
Magnetorotation additivity
Mass-absorption coefficient
Method of successive approximation
Microcosm

Microscopic particle

Momentum “P” representation
Next, future

Nodal point

Offline memory

Optical absorption

Avtoradiograf
Avtoradiografiya
Avtogerilama
Avtogerilama prosesi
Avtorotasiya
Avtotransformasiya
Aviaelektronika
Azeotrop distille etma
Azeotrop garisiq
Azeotrop noqtesi
Azeotropiya

Azimut

Azimutal kvant adadi
Tormozlanma

Kanalin Ginvan s6zu
Tam sistem

Ozbasina kegid
Koordinat («x») tesviri
Kainat

Kristallarin agregati
Cirlasma

Cirlasmig hallar
Mibahisa etmak
Maxsusi funksiya
Elementar zarracik
Falakatli soyuma
Corayanin folakatli giymati
Falakat dayanacagi
Enerji («E») tosviri
Boarabarlik

Tanlik

Erenfestin adibatik ganunu
Evolyusiya (inkigaf)
Mubadile

Mubadile enerijisi
Mubadile qlivvasi
Hayacanlanma

Avtoion mikroskopu
Dustur

Gibbsin adsorbsiya tenliyi
Avtoelektron emissiya
Avtoelektron qovsi
Fikir

Eynilik

Komanda unvani
Cevirici inteqral

Ardicil yerdayismak
ionlagdirici agent
L-tasviri

Yerli (lokal) saha
Lokallagsma

Magqgnit agenti

Magpnit filanma additivliyi
Kitle absorbsiya amsali
Ardicil yaxinlasma metodu
Mikroaloem

Hissacik

impuls («P») tosviri
Goelocak

Duyun néqgtesi
Avtonom yaddas
isigin absorbsiyasi
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ABTtopaanorpad

ABTtopannorpadus

ABTOperpeccus
ABTOperepeccHBHBIH Mporece
ABTOpOTaIUs

ABTotpanchopmarop
ABHadIEKTPOHUKA

A3eOTpOHHaﬂ JUCTUILIIALUA
A3eoTpomnHas cMech

A3eoTporiHas Touka

A3zeorponus

AzumyT

A3uMyTaTbHOE KBAHTOBOE YHCIIO
TopMmorxeHue

AJlpecHOE CJIOBO KaHalia

ITonnas cucrema

TlocTosiHHbIN TIEpEXO
KoopaunatHoe («X») MpeACTaBICHHE
Bcenennas

Arperar KpUCTaJUIOB

Bripoxaenue

BeIpoxxaeHHoe cocTosiHUE
O6cyxaatpb

CobcTBeHHas GyHKIHS
DOneMeHTapHas YaCTHIIA

ABapuitHOe OXJIaXKIeHUE
ABapuiiHoe 3HaUEHUE TOKa
ABapuiiHasi OCTaHOBKa
Ouepreruyeckoe («E») mpeacrasnerue
PaBeHnctBO

YpaBHeHue

Anmabaruyeckuii 3aKkoH DpeHdecra
DBotouus

Oobwmen

OOMeHHas SHEpTHs

OOMeHHas cuita

Boz0yxnenue, Bo3MyIieHne
ABTOVMOHHBI MHUKPOCKOIT

dopmyna

Ancop6ironHoe ypapaenue ['uboca
ABTO3JIEKTPOHHAS 3MUCCHS
ABTO3JIEKTpOHHAs J{yTa

Meicib

ToxnaecTBo

Anipec KOMaHIbl

HHaTerpansHOe peobpazoBaHme
YepenoBatb

ATeHT NOHU3UP YOI

L - npencraBnenue

JlokanbHoE none

Jloxanuzauus

ATeHT MarHUTHBIN

AJITUTUBHOCTH MAarHUTHOTO BpPAaIIEHUS
AbcopOuyn MaccoBbIii KOIQPUIIEHT

MeTOI[ OCJIEAOBATCIIBHOTO HpI/I6J'II/I)KeHI/I$I

Muxkpomup
MasieHbKas 4acTh BelIecTBa (KaK aToM,
MOJIEKYIIa)

NmmnysbcHoe («P») mpeicTaBienune
Bynyuee

Y3no0Bas Touka

ABTOHOMHAS TAMSITh

AbcopOuust cBeta
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Ozonosphere

Part

Particle

Past

Perfectly black body
Perfectly elastic collision
Perfectly rigid body
Perturbation theory
Propagation

Radioactive radiation absorption
Reasoning

Reference point

Reflect

Refraction additivity
Relict radiation

Repel

Representation
Representation theory
Return address
Self-consistent field
Self-excited oscillation
Self-heterodyne, autodyne receiver

Self-polar tetrahedron
Self-polar triangle
Sequence

Space

Spontaneous

State of aggregation
Stratosphere

Tensor additivity
Term

Think

Translocate

Trial function
Unmanned satellite
Word address

X-ray absorption
X-ray absorption analyses

Ozon fazasi

Hissa

Zarracik

Kegmis

Mdatlaq gara cisim

Mitleq elastiki toqqusma
Mitleq bark cisim
Heayacanlanma nazariyyasi
Yayilma

Radioaktiv suialanma absorbsiyasi
Milahiza

Yén

Fikirlesmak

Refraksiya additivliyi

Reliktiv stalanma

Daf etmak

Tosvir

Tasvir nazariyyesi

Qayitma Unvani

Oziine uzlasan sahe
Avtoragsler

Avtodin, yaxin tezlikli dalgalarin tesiri
isleyon radiocihaz
Avtoqtbli tetraedr
Avtoqtbli Ggbucaq
Ardicilliq

Faza

Spontan (6zbasina)

Agreqat hal

Stratosfera

Tenzor additivliyi

istilah (termin)

Fikir gogkmak

Yerdayismak

Sinaq funksiya

Avtomatik peyk

Unvan sézii

Rentgen sualar absorbsiyasi
Absorbsiya rentgen spektral analiz
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O3oHOChepa

Yactb

Yacruua

[IpoiineHHsli, npouemui
AOCOJIFOTHO YEpHOE TEJI0
AOCOIOTHO yIIPYroe CTOJIKHOBCHHE
AOCOIIOTHO TBEPIIOE TEIIO
Teopus Bo3MyLIeHUI
Pacnpoctpanenue
AGcopOIus paTnoaKTUBHOTO W3TYICHHUS
Paccyxnenue

OpueHtup

PasMpimnsate
AJUTUTUBHOCTH pedpaKiiuu
PenukroBoe nusiyueHue
OTTaJIKNUBaThH
IIpencrapnenue

Teopus npencraBiIcHAR
Anpec Bo3BpaTa
CaMocoriacoBaHHOE I10J€
ABTOKONIEOAHE

ABTOIVH

ABTOMOJIAPHBIN TETPAdAP
ABTOTIOJISIPHBIA TPEYTOIBHIK
ITocnenoBaTenbHOCTD
IIpoctpancrso

CrioHTaHHBII

ArperaTHoe COCTOSTHHE
Crpatocdepa

AJIITITUBHOCTH TEH30pHAS
Tepmun

JdymaTb 0 yeM (0 KOM) TO
Ilepememats

[TpoOHast pyHKIMA
ABTOMAaTHYECKHU CITyTHUK

Anpec cnoa

AGCopOIHs peHTTeHOBCKUX JTydeit
AOGCOpPOITMOHHBIN PEHTTEHOCTIEKTPaTbHBIN
aHam3
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Abax

Aobenes nuddhepeniuan
AberneB HHTErpa
AbeneBa rpymma
AbereBa QyHKIMS
AbeeBo MHOTOOOpasue
AbeeBo pacmpeHue 1o
AbeneBo ypaBHEHHE
AOGeppalnOHHBIN HIUTATIC
AbGeppanus

AbGeppanus cBera
AOGNSIMOHHBIA MaTepual
AGmamus

AOpa3uBHBIE MaTepHaIbI

AOcCoNroTHAs aKTUBHOCTH
AOcoroTHAs BETMYNHA
AGComOTHAS BIIaXXKHOCTD
AOGcomoTHas BEICOTA
AGcomoTHas BSI3KOCTh
AOCOIIIOTHAs eqUHALIA
AOcomtoTHas 3aBUXPEHHOCTD
AOCOIOTHAs 3Be3/1Has BEJIMYMHA
AOGcoIOTHAs HHTEHCHBHOCTD
AbcomoTHas KaIHOpOBKa
AOcomroTHast KOHOUTYpaITHs
AOCoNfOTHAST MAaTHUTHAS
MIPOHULIAEMOCTb

AGComOTHAs HEYCTOMYNBOCTh
AbcomoTHas ommoKa
AOGCom0oTHAS TOAATINBOCTD
AOcomIoTHas cUCTEMa eIUHHUI]
AOCOIIOTHAST CKOPOCTh
AOGcomnroTHas CHIEKTpajbHas
YyBCTBUTEIILHOCTD
AOCOIOTHAsI CTPYKTYpa
AOGcComIoTHAs CXOIMMOCTh
AOcomroTHas TeMIepaTypa
AOCONfOTHAS YCTOHYNBOCTD
AOCONIOTHAS YyBCTBUTEIHHOCTh
AGcomoTHas mIKana
AOGCoOTHAS SHTPOTIHS
AOCOJIIOTHO UHTETPUPYEMBIN
AOcomnoTHO HerpeBHast (QYHKIHS
AOCOJIIOTHO HETIPEPHIBHOE
pacripeneneHue

AOCOJIOTHO HETIPEPHIBHBIN CIIEKTP
AOCOIIOTHO HEeynpyroe
CTOJIKHOBEHHE

AOGCOIFOTHO TBEPIIOE TEIO
AOGCOIIOTHO YIIPYyroe CTOIKHOBEHUE
AOGCOIOTHO YepHOE TeNI0
AOGcooTHOE BpeMs
AGCONIOTHOE TaBlICHHE
AOGCOIIOTHOE JIBUKEHHE
AOGCOIOTHOE U3MEpEHUE
AOCOIIOTHOE KOJUPOBaHKE
AGCOIIOTHOE HEPABEHCTBO
AOGCOIIOTHOE TIPOCTAHCTBO
AOGCOIIOTHOE YCKOpEHHE
AGCOIIOTHBIE KCTPEMYMBbI
AOCOIOTHBIH apec

Abacus

Abelian differential
Abelian integral
Abelian group
Abelian function
Abelian variety
Abelian extension field
Abelian equation
Aberrational ellipse
Aberration
Aberration of light
Ablative material
Ablation

Abrasives

Absolute activity
Absolute value
Absolute humidity
Absolute altitude
Absolute viscosity
Absolute unit
Absolute vorticity
Absolute magnitude
Absolute intensity
Absolute calibration
Absolute configuration
Absolute permeability

Absolute instability
Absolute error

Absolute compliance
Absolute system of units
Absolute velocity

Absolute spectral sensitivity

Absolute structure

Absolute convergence

Absolute temperature

Absolute stability

Absolute sensitivity

Absolute scale

Absolute entropy

Absolutely integrable

Absolutely continuous function
Absolutely continuous distribution

Absolutely continuous spectrum
Absolute perfectly inelastic collision

Perfectly rigid body
Perfectly elastic collision
Perfectly black body
Absolute time
Absolute pressure
Absolute motion
Absolute measurement
Absolute coding
Absolute inequality
Absolute space
Absolute acceleration
Absolute extremums
Absolute address
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Hesablama cihazi

Abel diferensiali

Abel integrali

Abel qrupu

Abel funksiyasi

Abel coxlugu

Sahanin abel geniglonmasi

Abel tanliyi

Aberasiya ellipsi

Aberasiya

isigin aberasiyasi

Ablyasiya materiali

Slxur sathlerinin tadrican dagiimasi
Abraziv materiallar, hamarlamagq,
yonmag, itilemak Gg¢ln igledilen
materiallar

Mutlaq aktivlik, mutlaq faalliq
Mitlaq kemiyyat

Miitleq ratubat

Mutlaq hiindurlik (yuksaklik, tapa)
Mutlaq 6zIUllk

Mdatlaqg vahid

Mutleq burulganhq

Mitleq ulduz kemiyyati

Miutleq intensivlik

Miitleq kalibrlema

Mutlaq konfiqurasiya

Mutlaq magnit nifuzlugu

Mitleq dayanigsizliq
Miutleq xata

Miitleq Gzlyolaliq

Mdatlaqg vahidler sistemi
Mdatlaqg surst

Mdatlaq spektral hassasliq

Mitleq qurulus

Miitleq yigiima

Mutlaq temperatur

Mutlaq dayanigliq

Miitleq hassasliq

Miitlaq skala

Miitlaq entropia

Mdatlaq integrallanan
Mutlaq kesilmaz funksiya
Mutleq kesilmaz paylanma

Miitleq kasilmaz spektr
Mutleq geyri-elastiki toqqusma

Miitlaq bark cisim
Miitlaq elastiki toqqusma
Mutleq gara cisim
Mitlaq zaman

Mitlaq tazyiq

Mdatlag harekat

Mdatlaq 6lgi

Matlag kodlama
Miitleq geyri-barabarlik
Miitleq foza

Mutlaq tacil

Mitlaq ekstremumlar
Mutlaq adres (linvan)
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AOGCOIIOTHBIN aMIiep
AOGCOTIOTHBIN aCHMMETPHUYECKUN
CHHTE3

AOCONIOTHBIN BaKyyM
AOCONIOTHBIN BO3pacT
AOCOIOTHBIN BEICOTOMED
AOCOIOTHBIN rajlbBAHOMETP
AbcomotHbii tuddepenuman

AOCONIOTHBI MHBAPUAHT
AOCONFOTHBIA MHTETPATEHBIN
WHBapUaHT

AOGCOIOTHBIN KOBapUaHT
AOCONIOTHBIA MarHUTOMEP
AOCOIOTHBI MOMEHT
A6COJ’IIOTH])II>1 MOMCECHT KOJIMYECTBA
JBIDKEHUS

AOGCOIOTHBIN HYJIb
AOCOIOTHBINA OKPECTHOCTHBIH
peTpaxT

AOCONFOTHBIN TTapaIaKc
AOCOIOTHBIN TIOKA3aTeNb
MPEIOMIICHUS

AOGCONIOTHBIA TOTEHIHAI
AOCOITIOTHBIN pETPaKT
AOGCOIOTHBIN CITyX
AOCONIOTHBIN CITUPT
AOCOJIOTHBIN CTATUCTHYCCKHIA BEC
AOGCONIOTHBIN YPOBEHB
AOGCOIIOTHBIN 3JIEKTPOMETP
Abcopbep

AGcopOII MacCOBBIH

KO3 PUITHEHT

AOGcopO1uu mokasareib
AGcopbroMeTpust
AOGCopOIMOHHas CIIEKTPOCKOTIHS
AbcopOIoHHast
CIEKTPO(POTOMETPHUS
AOGcopOIHOHHAs ClTOCOOHOCTh
AbcopOumonHas GpoTomerpust
TUTaMEHU

AGcopOIOHHOE 3aMHUpaHue
AOGCOpOIIOHHBII BOTHOMED
AOCOPOIIOHHBII THTPOMETP
AGCOpOIMOHHBII
PEHTI€HOCTICKTPAIBHBIH aHaIH3
AOGCOpOIMOHHBINH CBETOPMIBTP
AOGCOpPOIMOHHBIN CIIEKTPOMETP
AOGCOPOIIHOHHBIN TOK
A6copOIHoHHbII (hakTop
AOGCOpOLMOHHBIN YacTOTOMED
AbcopOrust

AOGcopOIHs paTnoaKTUBHOTO
W3ITyYCHUS

AOGCOpOIHS pEHTTE€HOBCKUX JTydeit
AGcopOrst cBeTa

AOGcopBeHT

AOcTpakTHas anrebpa
AOGcTpakTHas Tpymma
AbcTpakTHOE aliredpanyeckoe
MHOT000pa3ue

AOGcTpakTHOE THIBOEPTOBO
IIPOCTPAHCTBO

Absolute ampere
Absolute asymmetric synthesis

Absolute vacuum

Absolute age

Absolute altimeter

Absolute galvanometer
Absolute differential, absolute
differentiation

Absolute invariant

Absolute integral invariant

Absolute covariant

Absolute magnetometer
Absolute moment

Absolute angular momentum

Absolute zero
Absolute neighbourhood retract

Absolute parallax
Absolute index of refraction

Absolute potential
Absolute retract

Absolute pitch

Absolute alcogol

Absolute statistical weight
Absolute level

Absolute electrometer
Absorber

Mass-absorption coefficient

Absorption index
Absorptiometry

Absorption spectroscopy
Absorption spectrophotometry

Absorptive power
Absorption flame photometry

Absorption fading
Absorption wavemeter
Absorption hygrometer
X-ray absorption analyses

Absorption filter

Absorption spectrometer
Absorption current

Absorption factor

Absorption frequency meter
Absorption

Radioactive radiation absorption

X-ray absorption

Optical absorption
Absorbent

Abstract algebra

Abstract group

Abstract algebraic variety

Abstract Hilbert space
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Mutleq amper
Miutlaq antisimmetrik sintez

Mdatlag vakuum

Mutleq yas

Mutleq hiindurliyl 6lgan
Miitleq galvanometr
Mutleq diferensial

Mutlaq invariant
Mutlaq inteqral invariant

Miitlaq kovariant

Mdatlag maqgnitéligan

Mdatlag moment

Mdatlag harekat migdari momenti

Mutlaq sifir
Miitleq atraf retrakti

Miitlaq parallaks
Mutlaq sindirma amsali

Miitlaq potensial

Miitlaq retrakt

Kamil egitma qabiliyyati

Kamil spirt

Mdatlaq statistik ¢aki

Mitleq saviyye

Kamil elektrometr

Absorber: gazi, buxar tutan cihaz
Kitls absorbsiya emsali

Absorbsiya amsali
Absorbsiometriya

Absorbsiya spektroskopiyasi
Absorbsiya spektral fotometriyasi

Absorbsiya qabiliyyati
Alovun absorbsiya fotometriyasi

Absorbsiya kasilmasi

Absorbsiya dalgadlgani
Absorbsiya higrometri

Absorbsiya rentgen spektral analiz

Absorbsiya isiq filtri

Absorbsiya faktoru

Absorbsiya carayani

Absorbsiya faktoru

Absorbsiya tezlikdlgani
Absorbsiya

Radioaktiv stialanma absorbsiyasi

Rentgen siialar absorbsiyasi
isigin absorbsiyasi
Absorbent: udan madda
Abstrak cabr

Abstrakt qrup

Abstrakt cabri goxduq

Abstrakt Hilbert fozasi
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AOGCTpaKkTHOE TpeICTaBJICHUE
AOGCTpaKkTHOE POCTAHCTBO
AOCTpaKTHBIA HHTETpal
AOCTpaKTHBIN KOMIUIEKC
AobcTpakius

ABapuiiHas OCTaHOBKa
ABapuiiHOe 3HaUE€HUE TOKa
ABapuiiHOE OXJIaXIECHHUE
ABHaMOHHAs METEOPOJIOTHS
ABHA3IEKTPOHUKA
ABpopasbHasi JIMHUS
ABTOITMH

ABTOUHEKC

ABTOUOHU3ALUS

ABTOWMOHHBI MHUKPOCKOIT
ABTOKaTaIN3
ABTOKaTaTUTHUYECKAsT PEAKIUS
ABTOKIIaB

ABTOKOI

ABTokoebanue
ABTOKOJITIMATOP
ABTOKOJUIMMAIIMOHHEIH
criekrporpad

ABTOKOJUIUMALIUSA
ABTOKOHBEKTHUBHBII I'PaIuE€HT
ABTOKOHBEKIIUSA
ABTOKOppeIAIHOHHAS QYHKITUSL
ABTOKOPpEISIIHS

ABTOIN3

ABTOoMaTt

ABTOMaTH3ALMA

ABTOMAaTHKA

ABTOMaTHUYECKasi HACTPOHKa
ABToMaTH4ecKas 00paboTKa TaHHBIX
ABTOMAaTHYECKAs PEryINPOBKa
ABTOMAaTHYECKAs PETryINPOBKa
TPOMKOCTH

ABTOMAaTHYECKas peryInpoBKa
YCHIICHUS

ABTOMaTHYECKasI CHCTEMA
yIpaBlIeHUS

ABTOMaTHUECKasi TOUHAsl HACTpOiiKa
ABTOMAaTHYECKHUE BECHI
ABTOMAaTHYECKUE PETYIUPOBAHUC
M30UPATEITFHOCTH
ABTOMAaTHYECKUI Ta30aHAIN3ATOP
ABTOMaTHYECKUI OIpaHUYUTEND
ITyMOB

ABTOMaTHYECKHU ocriryutorpad
ABTOMaTHYECKHIA TOTCHITHOMET]
ABTOMAaTHYECKHUI PETyIATOP
HATMPSHKSHUS

ABTOMAaTHUYECKHI CITyTHUK
ABTOMaTHYECKOE UCTIPABIICHUE
OIINOOK

ABTOMaTHYECKOE KOAUPOBAHUE
ABTOMaTH4eCcKOe
MIPOrpaMMHPOBAHHE
ABTOMAaTHYECKOE PETYIHPOBAHNE
ABTOMAaTHYECKOE PETYITHPOBAHNE
MOILHOCTH

ABTOMAaTHYECKOE PETYIHPOBAHNE

Abstract representation
Abstract space

Abstract integral

Abstract complex
Abstraction

Emergency shut-down
Emergency fault current
Emergency cooling
Aeronautical meteorology
Avionics

auroral line
Self-heterodyne, autodyne receiver

Autoindex

autoionization

Field-ion microscope
Autocatalysis

Autocatalytic reaction
Autoclave

Autocode

Self-excited oscillation
Autocollimator
Autocollimating spectrograph

Autocollimation
Autoconvective lapse rate
Autoconvection
Autocorrelation function
Autocorrelation

Autolysis

Automaton

Automation

Automation

Automatic tuning
Automatic data processing
Automatic adjustment
Automatic volume control

Automatic gain control
Automatic control system
Automatic fine tuning
Automatic scales

Automatic selectivity control

Automatic gas analyzer
Automatic noise limiter

Automatic oscillograph
Automatic potentiometer
Automatic voltage regulator

Unmanned satellite
Automatic error correction

Automating coding
Automatic programming

Automatic control
Automatic power control

Automatic speed control
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Abstrakt tasvir

Abstrakt foza

Abstrakt inteqgral

Abstrakt kompleks (macmu)
Abstraksiya

Felakat dayanacagi
Carayanin falakatli giymati
Felakatli soyuma

Aviasiya meteorologiyasi
Aviaelektronika

Avroral xatt

Avtodin, yaxin tezlikli dalgalarin tasiri
isleyan radiocihaz
Avtoindeks

Ozbasgina ionizasiya
Avtoion mikroskopu
Avtokataliz

Avtokatalitik reaksiya
Avtoklav, kip baglanmis qazan
Avtokod

Avtoragsler

Avtokollimator
Avtokollimatik spektrograf

Avtokollimasiya

Avtokonvektiv gradiyent
Avtokonveksiya
Avtokorrelyasion funksiya
Avtokorrelyasiya

Avtoliz, 6zbasina halloima
Avtomat

Avtomatlagsma

Avtomatika

Avtomatik qurma, qurulma
Malumatin avtomatik iglenmasi
Avtomatik tenzimlenma

Sas gurlugunun avtomatik
tonzimlenmasi

Sasin gliclenmasinin tenzimlanmasi

Avtomatik idara edilma sistemi

Avtomatik deqiq qurma
Avtomatik terazi
Segilmanin 6zbagina tanzimlenmasi

Avtomatik qazi tahlil edan cihaz
Sas-kiyl avtomatik mahdudlasdiran
cihaz

Avtomatik ossilyator

Avtomatik potensiometr

Garginliyin avtomatik tenzimgiyi

Avtomatik peyk
Sehvlerin avtomatik diizeldilmasi

Avtomatik kodlasdirma
Avtomatik programlagdirma

Ozbasina tenzimlema
Guiclin 6zbasina tanzimlanmasi

Siretin 6zbagina tanzimlanmasi
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CKOpOCTH
ABTOMaTHYECKOE PETYINPOBAHUE
Y4aCTOTBHI

ABTOMaTHYECKOE PETYIINPOBAHUE
SIPKOCTH

ABTOMaTHYECKOE CIIEKECHHUE
ABTOMaTHYECKOE CMELICHHUE
ABTomarudeckoe (hazoBoe
peryaupoBaHue
ABTOMarnueckoe (poKycHpoBaHHe
ABToMeTamMoppu3zmM
ABTomopduzm

AsromopdHas Gpopma
ABTOMOp(dHast GyHKIMS
ABTOHOMHaS NaMSATh
ABTOIHEBMATONIN3
ABTONOJISIPHBIN TETPAdAP
ABTOMNOJISIPHBINA TPEYTrOJbHUK
ABTONPOBOIMMOCTH
ABTOpaanorpad
ABTtopannorpadus
ABTOperepeccuBHbIN IMPOLECC
ABTOperpeccus

ABTopoTarus
AsroTtpanchopmarop
ABTO3JIEKTpOHHAS [yTa
ABTO3JIEKTPOHHAs SMUCCHS
ATTIIOIMHALAS

ATEHT HOHU3UPYIOIIUI
ATEHT MarHUTHBIN
Arnomepanus

Arperat KpUCTaJIOB
ArperaTHoOe COCTOsTHHE
ArpomeTeopoorus

Arpodusmka

Apanranus

AJIBEKTHBHAS TPO3a
AJIBEKTUBHBIN TyMaH
AnBekius

Anre3noHHAs IPOYHOCTh
Anresus

AnnuBHAS QYHKITUSL
AnuTHBHAS TpyMIa
AnauTuBHas Mepa
AJUTHBHAS TEOPUS YHCEI
AnnutuBHas GYHKIHS MHOXKECTB
AIIATHBHOE CIIOKEHNE
AIIATHBHOE CMEILEHHE I[BETOB
AITATUBHOCTH

AU TUBHOCTE MAarHUTHOI'O
BpaIllCHUs

AJITUTUBHOCTD OIITUYECKON
aKTUBHOCTHU

AINUTHBHOCTH pedpakiium
AIITITHBHOCTH TEH30pHAS
AIIATHBHBIE CBOMCTBA
AJIUTUBHBIN oniepaTop
AJTUTUBHBINA TIPOIIECC
ANMTUBHBIN (QyHKIIHOHAIT
Anunabara

Anmnabarrueckas TUIoTesa

Automatic frequency control

Automatic brightness control

Automatic tracking
Auto-bias, self-bias
Automatic phase control

Automatic focusing
Autometamorphism
Automorphism
Automorphic form
Automorphic function
Offline memory
Autopneumatolysis
Self-polar tetrahedron
Self-polar triangle
Autoconduction
Autoradiograph
Autoradiography
Autoregressive process
Autoregression
Autorotation
Autotransformer
High-field emission arc
High-field emission
Agglutination

lonizing agent

Magnetic agent
Agglomeration

Crystal aggregate

State of aggregation
Agrocultural meteorology

Agrophysics
Adaptation

Advective tundesthorm
Advection fog
Advection

Adhesive strength
Adhesion

Additive function
Additive group
Additive measure
Additive number theory
Additive set function
Additive addition
Additive color mixture
Additivity
Magnetorotation additivity

Additivity of optical activity

Refraction additivity
Tensor additivity
Additive properties
Additive operator
Additive process
Additive functional
Adiabatic line
Adiabatic hypothesis
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Tezliyin 6zbasina tenzimlanmasi
Parlaghgin 6zbasina tenzimlenmasi

Avtomatik teqgiblema
Ozbasina yerdoyisme
Avtomatik fazall tenzimlama

Avtomatik fokuslama
Avtometamorfizm
Avtomiorfizm

Avtomorf forma

Avtomorf funksiya
Avtonom yaddas
Avirpnevmatoliz
Avtoqitbli tetraedr
Avtoqitbli Ggbucaq
Avtokegiricilik
Avtoradiograf
Avtoradioqgrafiya
Avtogerilama prosesi
Avtogeriloma

Avtorotasiya
Avtotransformasiya
Avtoelektron qévsu
Avtoelektron emissiya
Aqlyusinasiya, s6zun kokunu
saxlamagla yeni s6zler dizaltmak
lonlasdirici agent

Magnit agenti
Aglomerasiya

Kristallarin agreqati
Aqgregat hal
Aqgrometeorologiya, yer
meteorologiyasi

Agrofizika, yer fizikasi
Adaptasiya, uygunlasma
Advektiv tufan

Advektiv duman

Adveksiya

Adgezi moéhkamlik, barklik
Adqgeziya

Additiv funksiya

Additiv qrup

Additiv dlgl

9dadlarin additiv nezeriyyssi
Coxlugun additiv funksiyasi
Additiv toplanma

Renglarin additiv qarisdiriimasi
Additivlik

Magnit filanma additivliyi

Optik fealligin additivliyi

Refraksiya additivliyi
Tenzor additivliyi
Additiv xassaler
Additiv operator
Additiv proses
Additiv funksional
Adiabata

Adiabatik forziyya
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Anmabarnueckas JUdJIeKTPHIecKast
TIPOHMUIIAEMOCTh

Anunabaruyeckas HHBAPUAHTHOCTh
Anunabaruueckass HOHU3ALUAS
Anunabatuyeckas peaKius
Annabarrueckas CTEHKa
AnmabaTmyeckas TeopemMa
AnabaTHYeCKUiA TPAJUCHT
TEeMIIepaTyphI

Anmabarndeckuil 3aKoH DpeHdecTta
AnmabaTndecKuil MHBApHUAHT
AnmabaTuyecKuit KaJopuMeTp
Anmabatnyeckuit HeoOpaTUMBI
npoiiecc

Anunabatudyeckuii 00paTUMbIH
npoiiecc

AnnabaTryecKui HOTEHIIHA
AnrabaTHyecKHii mpoIiecce
Anmabarryeckoe ObICcTpoe
MIPOXOKICHHE

AnmabaTuyeckoe BO3MYILCHHE
AnmabaTtryeckoe o0paTuMoe
H3MEHEHHE

AnnabaTnyecKkoe OXJIaKIEHNe
Annabatrueckoe MpUOIHKEHHE
AnurabaTHyeckoe paBHOBECHE
AnmnabaTryeckoe pa3MarHHYMBaHUE
AnmnabaTryecKkoe paciiupeHue
AnnabaTHuecKoe CiKaThe
AnnabaTrueckoe COCTOSIHUE
AnnabaTnueckoe TeueHue

AJipec Bo3Bpara

AJlpec KOMaHbl

Anpec cioBa

Anpecanus

AJpecHas TOpoKKa

AnpecHast KOHCTaHTa

AJpecHas 4yacThb

AnpecHoe CII0BO KaHaja
Ancopbat

AncopbeHT

Ancopbep

AncopOupoBaHHasi MOJIEKya
AncopOMpoOBaHHBINA aTOM
AncopOupoBaHHBI ra3
AncopOupyroiiee BelecTBO
AncopOuroHHas BoJHA
AncopOIoHHast KHHETHKA
AncopOnoHHast IICHKA
AncopOnuoHHast cuia
AncopOrronHast Xxpomarorpadus
AncopOIroHHOE paBHOBECHE
AncopOrmonHoe ypasaenue [ m66ca
AJICOpOITMOHHBIE U30TEPMBI
AICOpOIMOHHBIN aHATH3
ANCOpOIMOHHBIN HHTHOUTOP
ANCOPOIHMOHHBIN HHINKATOP

AJICOPOITMOHHBIN MOTEHITHAI
AJICOpOITMOHHBIN CITOM
ANCOPOIHOHHBIN TOK

Adiabatic dielectric constant

Adiabatic invariance
Adiabatic ionization
Adiabatic reaction
Adiabatic wall
Adiabatic theorem

Adiabatic temperature gradient,

adiabatic lapse rate
Erenfest’s adiabatic law
Adiabatic invariant
Adiabatic calorimeter
Adiabatic irreversible process

Adiabatic reversible process

Adiabatic potential
Adiabatic process
Adiabatic rapid passage

Adiabatic perturbation
Adiabatic reversible change

Adiabatic cooling
Adiabatic approximation
Adiabatic equilibrium
Adiabatic demagnetization
Adiabatic expansion
Adiabatic compression
Adiabatic state
Adiabatic flow

Return address
Instruction address
Word address
Addressing

Address track

Address constant
Address part

Channel address word
Adsorbate

Adsorbent

Adsorber

Adsorbed molecule
Adsorbed atom

Adsorbed gas

Adsorbing substance
Adsorption wave
Adsorption kinetics
Adsorption film
Adsorption force
Adsorption chromatography
Adsorption equilibrium
Gibbs adsorption equation
Adsorption isotherm
Adsorption analysis
Adsorption inhibitor
Adsorption indicator

Adsorption potential
Adsorption layer
Adsorption current
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Adiabatik dielektrik nufuzlugu

Adiabatik invariantlq

Adiabatik ionlasma

Adiabatik reaksiya

Adiabatik divar

Adiabatik teorem

Temperaturun adiabatik qradiyenti

Erenfestin adibatik ganunu
Adiabatik invariant
Adiabatik kalorimetr
Dénmayan adiabatik proses

Ddénen adiabatik proses

Adiabatik potensial
Adiabatik proses
Siretli adiabatik kegid

Adiabatik hayacanlanma
Ddnan adiabatik dayisilma

Adiabatik soyuma

Adiabatik yaxinlagsma
Adiabatik tarazliq

Adiabatik magnitsizlesme
Adiabatik genislanma
Adiabatik sixilma

Adiabatik hal

Adiabatik axin

Qayitma invani

Komanda tnvani

Unvan s6zii

Unvanlanma

Unvan yolu

Unvan sabiti

Unvan hissasi

Kanalin Gnvan sézu
Adsorbat, sethde udulan qaz ve ya
maye

Adsorbent, sathinde qaz ve ya maye
udulan cisim

Adsorber

Adsorbsiya olunmus molekul
Adsorbsiya olunmus atom
Adsorbsiya olunmus qaz
Adsorbsiya olunan maddes
Adsorbsiya daldasi
Adsorbsiya kinetikasi
Adsorbsiya tebaqgasi
Adsorbsiya glivvesi
Adsorbsiya xromatoqgrafiyasi
Advsorbsiya tarazligi
Gibbsin adsorbsiya tenliyi
Adsorbsiya izotermlari
Adsorbsiya analizi
Adsorbsiya ingibitoru
Adsorbsiya indikatoru, tazyiqi dlgen
cihaz

Adsorbtionnly potential
Adsorbsiya qati

Adsorbsiya carayani
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AncopOmwst

A3zeorpornus

A3eoTportHas TUCTHIUIAIUSL
A3eoTporiHasi CMECh
A3zeoTporiHas Touka
AzumyT

A3UMyTaJIbHOE KBAHTOBOE YHCIIO
ATtmochepa

Bynymee

Bo30yxaenue, BO3MyICHUE
Bcenennas

Bripoxxaenue
BeIpoxxieHHOE cOCTOSHUE
Jlymathb 0 gyeM (0 KOM) TO
NmmysbcHoe («P») mpeacTaBiieHne
HuTerpansHOE IpeodpazoBaHme
Koopaunataoe («x»)
MIPEICTaBICHHUE

L - npencraBnenue
Jloxanuzauus

JlokanbHOE none
MaseHbKas 4acThb BenecTBa (Kak
aToOM, MOJICKYJIa)

Merto[ mocae0BaTeNbHOTO
TIPHOIKCHUS

Mukpomup

Meicib

Haumensimas gacte BemecTsa
Obmen

OObMeHHas cua

OOmeHHast SHEprus
OO6cyxaath

Os3onOoChepa

OpuenTup

OTTasIKUBaTh

Ilepemematpb

ITonnas cucrema
IlocnenoBarenbHOCTD
ITocTosiHHBII Iepexon
IIpencrasnenue

IIpuBneun

IIputsarusars

[IpoOHas dpyHKIMs
IIporinenHslil, npomeamuni
IIpocTtpancTeo

PaBenctBo

Pasmbinuiats
Pacnpoctpanenue
Paccyxnate

Paccyxnenue

PenukroBoe usinyuenue
CamocoriracoBaHHOE T0JIe
Cuna npuTsSHKCHHS
CoOctBeHHast pyHKLUS
CroHTaHHBIN

Crparochepa

Teopus Bo3MyLIeHUI
Teopust npeacTaBiIeHUi
Tepmun

ToxnmecTBO

TopMmosxeHue

Adsorption

Azeotropy

Azeotropic distillation
Azeotropic mixture, azeotrope
Azeotropic point

Azimuth

Azimuthal quantum number
Atmosphere

Next, future

Excitation, perturbation
Cosmos, universe, space
Degeneracy, degeneration
Degenerate state

Think

Momentum “P” representation
Integral transformation
Coordinate (“x”) representation

L - representation
Localization

Local field
Microscopic particle

Method of successive approximation

Microcosm
Idea

Exchange
Exchange force
Exchange energy
Discuss
Ozonosphere
Reference point
Repel
Translocate
Complete system
Sequence
Constant transition
Representation
Attract, involve
Attract

Trial function

Space

Equality

Reflect

Propagation

Argue

Reasoning

Relict radiation
Self-consistent field
Attractive force
Eigenfunction
Spontaneous
Stratosphere
Perturbation theory
Representation theory
Term

Identity

Braking

93

Adsorbsiya, cisimldarin Uz

tebaqgasinde maye va qazlarin

udulmasi

Azeotropiya
Azeotrop distille etma
Azeotrop garisiq
Azeotrop ndqtesi
Azimut

Azimutal kvant adadi
Atmosfer

Galacak
Heayacanlanma
Kainat

Cirlasma

Cirlasmig hallar

Fikir cokmak

impuls («P») tosviri
Cevirici inteqral
Koordinat («x») tesviri

L-tasviri
Lokallagma

Yerli (lokal) saha
Hissacik

Ardicil yaxinlasma metodu

Mikroalem

Fikir

Zarra

Mubadile
Mubadile qglivvesi
Mubadile enerijisi
Mubahise etmak
Ozon fazasi

Yon

Daf etmak
Yerdayismak
Tam sistem
Ardicillig
Ozbasina kecid
Tasvir

Calb etmak

Coazb etmak
Sinaq funksiya
Kegmis

Foza

Barabarlik
Fikirlesmak
Yayillma

Miilahize etmak
Milahiza

Reliktiv stialanma
Oziine uzlasan sahe
Cazibs quvvasi
Maxsusi funksiya
Spontan (6zbasina)
Stratosfera
Hayacanlanma nazariyyesi
Tasvir nezariyyesi
istilah (termin)
Eynilik
Tormozlanma



PYCCKO-AHLJIMNCKO-A3BEPBAMUKAHCKUI ®U3NYECKHAN TEPMUHOJIOTMYECKHUI CJIOBAPH

V3noBas Touka
YpaBuenue

dopmyna

Yactuna

Yactp

Yepenoatb

DBoJrouus
DneMeHTapHas YacTHIa
Ouepreruyeckoe («E»)
MIPEICTaBIICHHE

Nodal point

Equation

Formulae

Particle

Part

Interleave, alternate
Evolution

Elementary particle
Energy (E”) representation
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Duyun noqgtesi
Tanlik

Dustur

Zarracik

Hissa

Ardicil yerdeyismak
Evolyusiya (inkisaf)
Elementar zearrocik
Enerji («E») tasviri
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