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SPECTRUM OF SURFACE POLARITONS ON GaSe CRYSTALS

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

The spectrum of surface vibrations on GaSe exited by the optical method of attenuated total reflection (ATR) has been studied
theoretically. The ATR spectra have been calculated for the geometry when the normal to the crystal surface is perpendicular to the cleavage
plane. The frequency-wavevector dispersion determined by positions of the ATR spectrum minima at various angles of incident light within
frequency range 214<1<254 cm™ consists of two branches. The lower branch (<245 cm™) corresponds to the surface mode of type I (real
mode) or type 11 (virtual mode) depending on the wavevector value. The upper branch (¥>245 cm™) corresponds to the type 11 surface mode.
The results of the calculation have been compared with experimental data obtained by other methods. The calculated dispersion relation at
small and large values of the wavevector agrees with experimental data of infrared and Raman spectroscopy.

1. Introduction

In papers [1,2], spectra of the Raman scattering (RS) in
GaSe films were investigated. In high-frequency region
(240<1<320cm™), the RS peaks were observed at the
frequencies of »,=245cm™, ,=254cm™ and 1,=309cm™. For
the peaks at v, and 15, the RS intensity decreases with the
film thickness, whereas the intensity of the peak at v, remains
almost invariable. It was explained by a great contribution of
surface vibrational states to the RS cross-section at the
frequency of 245cm™. In papers [3,4], the peak near of
245cm™ in the spectra of infrared absorption was observed
owing to thin metal (Al) layer evaporated on GaSe films.
Generally, the study of surface modes by Raman and infrared
spectroscopy methods is difficult because of weak intensity
of the scattering [5]. A sensitive and relatively easy technique
to study the surface phonon-polaritons on crystals is the
method of attenuated total reflection (ATR). By the ATR
method a measurement is made of the reflection spectrum of
electromagnetic wave incident on the boundary surface of
two media (prism-spacing layer) which is a plane of total
internal reflection. The presence of a crystal at a distance
from this plane involves a violation of the total reflection
condition. As a result, the reflection spectrum has sharply
defined minima which correspond to the light absorption due
to surface phonon-polaritons [5].

For the present, the ATR spectroscopy of surface modes
in GaSe has not been done. Theoretical study made in the
present paper shows that the ATR spectroscopy method can
substantially supplement the results of papers [1-4]. In GaSe,
the ATR method will also allow observations of the surface
modes of type Il (so-called ‘virtual excitation' surface
polaritons having no analogue in isotropic crystals).

2. Reflection Spectra

The reflection coefficient of light R has been calculated
by the method used in paper [6] for uniaxial crystals in
accordance with conventional experimental set-up. The prism
region and the region of the crystal involved are assumed to
be semi-infinite along the z-axis (this axis is perpendicular to
the crystal surface and the prism base). The x-axis is brought
into coincidence with the plane of light incidence. The case
of p-polarized light (i.e. when light is polarized in the plane
of incidence) has been considered because the interaction
with surface phonons does not occur in s-polarization [5].

The light absorption only by the crystal has been taken into
account.
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Fig.1. The frequency dependence of the light reflection
coefficient R when the light incidence angle is equal to
(1) 20°, (2) 23°, (3) 25° and (4) 28°.
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Fig.2. The frequency dependence of the light reflection
coefficient R when the light incidence angle is equal to
(1) 30° (2) 32°, (3) 40° and (4) 60°.

An expression for R has been found from the solution of a
system of equations for the electric field vectors of incident
and reflected waves on the prism-spacing and spacing-crystal
boundaries. The expression for R has very comber some form
(it is similar to that obtained in paper [6]). Numerical
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calculations of the ATR spectra have been made for the most
conventional geometry of experiments when the normal to
the crystal surface is perpendicular to the cleavage plane. It is
known that the GaSe crystals are easily cleaved parallel to the
layers (the C axis of the highest symmetry is perpendicular to
the cleavage plane). For calculations, the values of the
transverse 1o and longitudinal 1o optical phonon
frequencies, the damping constant y and the high-frequency
dielectric constant &, of GaSe given in Table 1 have been used.

Table 1.
Values of the transverse v and longitudinal v, o optical phonon
frequencies, the damping constant y and the high-frequency
dielectric constant ¢, for the directions parallel and perpendicular to
the optical axis C of the GaSe crystals [7].

Ic 1C
vio (cm™) | 237 2135
vio(em?) | 2455 254.7
y (cm™) 2.8 3
£ 5.76 7.44

A thickness of air spacing between the prism and the crystal
surface is taken to be 2.5 um. The dependence R(v) has been
calculated for various angles of light incidence ¢. In
experiments, a set of silicon prisms (&s; =11.6) with different
base angles is often used to obtain the ATR spectra over a
range from 18 to 60° [8]. The calculated reflection spectra are
shown in figures 1 to 2.

3. Discussion

In figure 1, it is seen that the reflection spectrum has two
minima if @<30°. When the angle of light incidence ¢
increases, then the depth of minima changes, and their
position shifts towards the region of higher frequencies. At
@=28° these minima have comparable depth. If ¢>30°, the
R(v) dependence has one minimum (fig. 3).

Points on figure 3 corresponds to the position of the R(v)
minima depending upon the reduced wavevector of surface
polariton x=q,/2nv. The relation between x and the angle of
light incidence ¢ is expressed by the formula

K:\/gsingo

In figure 3, it is seen that there are two dispersion
branches. If x<1.5, the lower branch corresponds to a surface
mode of type Il (virtual mode) because within the frequency
range 214<1<237 cm™ the dielectric constant component &, is
positive and greater that «* (the z-axis is parallel to the C
axis). If xk>1.5, the lower branch corresponds to a surface
mode of type | (it is a real mode because &<0): at x=2 its
frequency reaches the value of 244cm™ (the further change of
the frequency is small). The upper branch corresponds to the
type 11 surface mode (&<#* within the frequency range from
246 to 254cm™): if x>1.6, the vibrations corresponding to this

branch vanish (according to [5], the point where &=« and
&=0 is a stop point for the vibrations). The region of small
wavevectors (x<1) corresponds to the radiative surface
modes studied in papers [3,4]. In figure 3, the frequency
value of 245cm™ is shown by dashed line. When &<1, the
dashed line corresponds to the film mode observed in paper
[3]. At x>>1 (in papers [1,2] the measurements were made
for this region), the dashed line corresponds to the peak 1,
observed in the RS spectra. From figure 3, it follows that the
calculated dispersion curve agrees well with the experimental
data available at small and great values of x. The present
paper to be a stimulus for setting up experiments on GaSe by
the ATR metod. Results of such experiments will make the
comparison in intermediate region of the wavevector values
possible.
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Fig. 3. The dispersion curve of surface polaritons. The points
correspond to minima of the R(v) dependence given in
figures 1 and 2. Solid lines show the frequencies of
transverse vro and longitudinal v, optical phonons in
the directions parallel and perpendicular to the optical
axis C of the GaSe crystals. The dashed line corresponds
to the experimental data available at small (x<1) and
great (k>>1) values of the reduced wavevector «.

4. Conclusion

The spectrum of surface vibrations on GaSe excited by
the optical method of attenuated total reflection has been
calculated. It is shown that the dispersion curve has two
branches. One of the branches corresponds to the surface
mode of type Il (virtual mode). The other branch corresponds
to the surface mode of type Il or to the surface mode of type |
(real mode): it depends on the wavevector value of surface
polaritons. Results of the calculation agree well with
experimental data obtained by other optical methods.
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Nadir B. Mustafaev
GaSe KRISTALINDA SOTHi POLYARITONLARIN SPEKTRI

Layh GaSe kristallarinda isidin tam daxili qayitmasini pozma metodu ile hayacanlandiriimis sath ragslerinin spektri nazari
cehatden tadqiq olunub. Spektrin hesablanmasi, kristal sathinin pargalanma mustavisine tasaduf etdiyi hal Gg¢lin apariimisdir.
isigin diisms bucadinin miixtalif giymatlerinde qayitma spektrinde miisahide olunan minimumlarin veziyystine gére miisyyan
edilmis dispersiya asiliigi 214<v254 sm-1 tezlik diapazonunda iki ayriden ibaratdir. Alt ayri (v<245 sm-1), dalga vektorundan
asili olaraq ya | tip (real), ya da ki, Il tip (virtual) ssth modasina miivafiqdir. Ust syri (v>245sm-1), Il tip seth modasina aiddir.
Alinan naticsler bagqa metodlarla aparilmis tecriibslerin naticeleri ile miigayise edilmisdir.

Hagup b. Mycradaes
CIHIEKTP NOBEPXHOCTHBIX HOJISIPUTOHOB B KPUCTAJJIAX GaSe

Teoperuuecku UccIeOBaH CIEKTpP NMOBEPXHOCTHBIX KosebaHuii B GaSe, BO30yxJaeMbIX ONTHYCCKHUM METOIOM HapYIICHHOTO MOJIHOTO
BHyTpenHero orpaxenusi (HIIBO). Pacuer cnextpo HIIBO mnpoBeneH [yisi T€OMETPHH, KOT[a HOPMalb K IOBEPXHOCTH KpPHCTAJLIa
MIEPIEeHIUKYIISIPHA TIIOCKOCTH CKoa. JIMCIepcHOHHAsl 3aBHCHMOCTb, OIPEACNICHHAs IO TOJOXKeHHI0 MHHHMyMoB cnekrpa HIIBO mpm
pa3nMYHBIX yIJax MaJeHus] CBeTa, B JAuana3oHe dyacTor 214<1<254 em? cocrout u3 nByX BeTBed. HipkHss BeTBb (1<245cm™Y)
COOTBETCTBYET, B 3aBUCHMOCTH OT BECJIMYMHBI BOJIHOBOTO BEKTOpPA, IOBEPXHOCTHOW Moze Tuma | (peanbHas Mmopa), wiam ke tuma |l
(BupTyamsHas moma). Bepxmss BetBb (v>245 cm') OTHOCHTCS K TMOBEpXHOCTHOH Moxe Tuma 1. PesysmbTaThl pacdera COMOCTABICHEI C
9KCTIEPUMEHTAIBHBIMH JAHHBIMH, TTOIyYeHHBIMH APYTUMH METOJaMU.

Received:12.09.03
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THE SPECTRUMS OF INFRARED REFLECTION AND COMBINATIONAL DISPERSION
OF LIGHT IN OXIDE-SULPHIDE OF LANTAN CRYSTALS

G.l. ABUTALYBOV, I.I. ABDULLAYEV, S.A. LOZITSKIY, AA. MAMEDOV
Institute of Physics Azerbaijan National Academy of Sciences
H.Javid av.,33, Baku 1143

The frequencies of normal fluctuations of a crystal La,0,S, active in spectra of combinational dispersion of light are determined. The
dispersion method of the analysis of spectra of reflection determines frequencies and constants of attenuation longitudinal (TO) and cross
(LO) phonons, is calculated the imaginary part complex of dielectric permeability (&").

For realization of a number of physical researches and
creation of devices on a basis oxide-sulphide rare-earth of
elements is necessary the knowledge of such characteristics
as width of lines of optical transitions, speed non-radiative
relacsation, structure electron - oscillatory spectra. A basis
for understanding of processes electron - oscillatory
interaction and first investigation phase of dynamics of a
crystal lattice is that information about single-phonon
processes, which follows from optical oscillatory spectra of
crystals.

The basic information on dynamics of a crystal lattice can
be received at research single-phonon's of spectra of infra-red
reflection and combinational dispersion of light. In single-
phonon's processes of infra-red reflection participate phonons
with a wave vector x<10%m™, while at edge of a Brilljuen
zone k ~10%m™. It gives the basis to carry out classification
of fluctuations, active in the given processes, assuming k=0.
Thus usually consider, that the equivalent atoms of a crystal
distinguishing on a vector primitive compilations, change in
phase in all primitive cells. Thus, the cell participates in

a 0o0 c O
Aig= |0 a 0|; Egg= |0 -cC
0 0 b 0 d

where: a, b, ¢, d - not zero tensor components of
combinational dispersion. The spectra of combinational
dispersion of light were raised by lines argon laser 1z = 476,3
and 488,0 nm in 90" geometry and were registered at room
temperature with the help double monochromator J1®C - 24,
with the sanction it is not worse 1sm™. The radiation argon
laser has sufficient intensity in a continuous mode for
supervision active in spectra of combinational dispersion of
light of fluctuations. In a fig. 1 the spectra of combinational
dispersion of light for crystals La; ¢sNdg050,S are given at
various directions of polarization of falling and absent-

fundamental fluctuations everyone primitive equally and at
the analysis of types of fluctuations of a crystal it is possible
to be limited only it to one consideration. The primitive cell
lantan oxide-sulphide contains 5 atoms, that defines 15
fluctuations, from which three concern to acoustic (mixture
of a cell as whole, the frequencies of these mixtures are close
to zero), and stayed 12 fluctuations concern to optical.

The complete oscillatory representation of group Dz will
be, consist of the following not resulted representations:

T'=3A+2A14+3E,+2E4 Q)
from which acoustic fluctuations: 7,.= Ay+E,

The information on the stayed types of fluctuations can be
received from spectra of combinational dispersion. (In these
spectra the fluctuations A,y and E,) are active. Tensor of
combinational dispersion for various types of fluctuations
looks like:

0 0 -c -d
d ; Egz = —C O 0 y (2)
-d 0 0

For crystals with spatial group Dg’d the circuit of

dispersion XX and YY, agrees tensor of combinational
dispersion, are identical, therefore was to lead researches in
one of these geometry enough. In geometry YY by rules of
selection all normal fluctuations of crystals Ln,O,S should be
shown. For identification of normal fluctuations of a class Eg
it is enough to investigate a spectrum of combinational
dispersion in XZ of geometry, that unequivocally defines a
low-frequency style of a class £y (tab. 1). In geometry XY the
high-frequency style of a class £y is shown. The spectrum of
combinational dispersion in ZZ of geometry unequivocally

ng‘f;iorl]ight' and in tab.1 of frequency of normal defines frequencies of normal fluctuations of a class Ay
Table 1
Frequencies of normal fluctuations in spectra of combinational dispersion of light.
Crystal 1i(Agg), sm™ va(Agg), sm™ va(Eg),sm™ va(Eg),sm™
Lay gsNdg 05025 193 402 110 352
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Fig. 1 Spectra of combinational dispersion of light of a crystal.

Lal,95 Ndovgsozs at T=293K Az = 488,0 nm.

The collateral maxima in spectra of combinational
dispersion specify an error of orientation of crystals, and also
discrepancy of exhibiting of samples during measurement.
The polarized spectra of infra-red reflection were received by
us with the help longwave infra-red spectrometer UC AH
USSR - IBHUKC. The experimental installation for research
of optical properties of materials in longwave area of a
spectrum represents one-beam spectrometer with difraction
lattice assembled on the circuit Cherny-Terper. The optical
circuit spectrometer is submitted in a fig. 2.

Fig. 2. Spectrometr’s optical circuit. S;, S,— sources (globar and
mercury lamp accordingly); M1,M6—flat mirrors; M2-M5,
M7-M9-spherical mirrors; M10 — ellipsoid mirror; R1,R2
and R3-reflecting filters; T— passing filter; S1', S2- entran-
ce and target crack; C, - modulator; G - diffraction lattice
tice; JT — ; detector (Goley’s cell ) 1,5—flat mirrors of a prefix
NI10-22;2, 4, 4'-toroidal mirrors; 3 - location of a sample.

Essential difference spectrometer IBUKC from industrial
(HITACHI) ®1C- 21 is the presence in last of intermediate
focus (prefix UI1O- 22 JIOMO in tray branch spectrometer).
The quantity of substance necessary for experiment, has
decreased approximately in 40 times, thus became to possible
research of reflection and missing of samples of the small
sizes 4 x 5 mm? at an irradiation them monochromatic light.
In quality of polarizator were used aluminium polyethylene
lattices.

Lo

05

0

W v.em’

Fig. 3. The polarized spectra of infra-red reflection of monocrystals
Lay 9sNdg,0502S at 293K for £ LC (1) and E|| C (2)
polarization.

200 300 400

We carried out measurements with the sanction not worse
1,5 sm™, with an error of definition of reflective ability it is
not worse 3 %. In a fig. 3 the spectra of reflection of
monocrystals La; esNdys0,S in ELC and E || C geometry .
One of the basic tasks of mathematical processing of spectra
of reflection is the reception from them of function complex
dielectric of permeability:

£ (@) +ie (w) @

as it characterizes interaction of electromagnetic radiation
with substance. The decision of the put task is searched or
with the help dispersion of the attitudes Kramers-Kroning, or
on the basis of model dispersion oscillator.

Elementary mathematical formula of a parity Kramers-
Kroning allows to present factor of mirror reflection as:

i) _ 2, Tln Rw) - Inzl{wi)da)

0w R

T 0 w
4)

Using the formulas

N (o) = N(w) + iKo)

o) = ¢ (w) - ic (o)

)
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() = [ - R%(0)/L - R(@)cosdo) + R*(©); @

k(w) =

() =

2R(w) sin f(w)/(L — 2R(w) cos H(w) + R¥ (). o)
nz(a)) — kz(a)); (8)

g =20 ko), @

where n*(@) — complex parameter of refraction ; R(w) -
reflective ability of a crystal; k(w) - the parameter of
absorption, is possible to receive a spectrum & (w), & () -
from a spectrum R(w).

Knowing dependence dielectric permeability from
frequency, we receive cross frequencies of phonons wro as a
maximum of function &£ (), and frequency o

longitudinal phonons, as maxima of function - I (l/g(a))) :

In a method Kramers-Kroning there is a mistake at
calculation of integral (4), as the spectrum of reflection is
measured only in the limited area, therefore integral is
calculated not from 0 to oo, and from @, 10 @eep.. The
elementary approach for reception &(w;) is the acceptance
R=const outside area of integration [1].

The dispersion oscillator method allows to pick up
parameters which are included in expression

N Stn
sw) = &, + Z > A :
nel Wy, — @O — 10,0
(10)
where Sy, —intensity; @, and g, —frequency and constant
of attenuation n's cross (TO) fluctuations; &, - the
contribution of high-frequency electronic fluctuations, so that
a deviation of a settlement spectrum of reflection from
experimental was minimal [2].

For the analysis of complex spectra of the reflection
consisting of close located strips of residual beams the
expression for ¢(w), containing frequencies TO and LO
phonons [3, 4] is used:

N 2
so) = &, ] 2%

- w® + 1oy o,

n=1 Wron — 0)2 + iC()Q/TOn ;
(11)
Using expression for R(w):
o) -1 ’
R(w —
( glw) + 1] 12)
minimize criterion function 5(a)ron » /10,7 Pg,» V1o, » 800)
M 2
5 = Z (RSKCH (a)j) - Rpacq (a)j )) (13)
j=1

where M —number of experimental points; R..... (@) —
experimental factor of reflection on frequency @5 ;

Ryace. (@5) —factor of reflections counted on the formulas
(11) and (12).

The value wro, w0, at which the minimum of criterion
function (13) is reached, corresponds to frequencies cross and
longitudinal phonons.

The interaction phonons results to frequency dependences
Yror 70 @Wro, @Wro. IN @ method dispersion oscillator these
values are considered constant, that results in a mistake of
account of frequencies of fluctuations and optical
characteristics.

In our case (fig. 3) distance on a scale of frequencies
between oscillators is more than attenuation of each of them,
therefore application of a method dispersion oscillator does
not result to essential errors in definition of parameters these
oscillators [5].

The oscillators’ parameters were defined with the help of
the program EOJIA [5]. The basis of the program EOJIA is
made by the subroutine FUMILLI. Its algorithm represents a

0°5
X OX

minimum is reached or on border of a range of definition, or
in points of the decision of system of the equations

method of the short matrix second made [6]. The

00

= 0, X4n-3=@ron, Xan-2=YTon, Xan-1=@Lon,
8xi
(14)

Xan=Non, Xan+1=Ex, N=1,2, .. >N,

where N — number of oscillator.

By the form of spectrum of reflection it is possible to
define parameters x; with accuracy 10 % for and up to 50 %
for y and to take them as initial approach. The successful
choice of initial approach excludes hit in a local minimum. At
the large root-mean-square deviation it is necessary to use the
designed oscillators’ parameters and ¢, for the following
approach. The process of calculation of oscillators’
parameters &,also is considered completed, if values x+1 —s’
approacsimates’ coincides with settlement (k —s’) to with
some small positive size gps. The analysis of spectra of
infra-red reflection by a method dispersion oscillator has
allowed to define values of frequencies v(17) for longitudinal
TO and cross LO of fluctuations and parameters y;, and o,
describing processes of attenuation oscillator (tab. 2), and
also dispersion of dependence of an imaginary part complex
dielectric permeability in various polarization of falling light

(fig. 4).
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Table 2

Frequencies of normal fluctuations and constants of attenuation oscillators in spectra of infra-red
reflection of light in crystals Lay gsNdg 050,S

Crystal Polarization v(e) Vio. sm™* Wosm™ 710 "o &
vs(Agy) 414 562 12 27 5,31
Ellc ve(Azy) 241 304 6.4 13
La; gsNdg 050,S
(Ey) 325 488 11 15 717
ELC ve(Ey) 198 221 31 36
150 | € ﬂ
|2 ]
AN
ﬂ —_—
200 300 400 500 v,cm"

Fig. 4. Spectra of an imaginary part of complex permeability of a crystal La; ¢sNdg 0s0,S at 293K for E LC (1) and E || C (2) polarization

We found vectors of mixtures of atoms at normal
fluctuations.

In a fig. 5 they are given for active in spectra of infra-red
absorption and combinational dispersion of optical styles.
Really, the atoms La participate in all fluctuations. The
reference of various fluctuations of the same symmetry on

frequencies was carried out on the basis of the following
reasons. In fluctuations v and g groups of atoms
incorporated in parallelogram La,O, go as whole (along an
axis Z for vg and in a plane XOY for 1g), and thus connection
S - La, weakest participates only in these fluctuations.

1, M, 1;1, i~
5
._ “";’k \:./\1. -
RN
ol
S TR I

Fig. 5. Vectors of displacement of atoms at normal fluctuations of a crystal La,0,S

Therefore it is natural to assume, what exactly these
fluctuations will be low-frequency. From a fig. 5 follows, that
the fluctuations v result in prompting much greater dipolar

moment, than vs. It will be coordinated with much more LO -
TO splitting for v» in comparison with vs.



G.I. ABUTALYBOV, I.I. ABDULLAYEV, S.A. LOZITSKIY, A.A. MAMEDOV

Let's note, that in all these fluctuations does not fluctuations La,O,S and isostructure connection of La,Os.
participate is sulphur. It explains affinity of frequencies of
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Far infrared dielectric dispersion in Ba TiOz, ScTiO; [5] V.M. Burlakov, D.4. Rzayev, V.M. Pirkov Metodika

and TiO; — Phys. Rev, 1962, V 12°, Ne5. P. 1710 — 1721 raschota opticheskix xarakteristik iz spektrov IK
[3] H.T. Bowlden, T.K. Wilmshesrst. Evaluation of optical otrajeniya monokristallov. Preprint Ne 6 Fronts, IS AN

constants J. Opt. Soc. Amer. 1963. V.53. Ne9 p. 1073 — SSSR, 1985, s.28.

1078. [6] B.P. Demidovich, N.4. Maron. Osnovi vichislitelnoy

matematiki. M., Nauka,1980, s. 660.
H. i. Abutalibov, i. i. Abdullayev, S.A. Lozitskiy, A.A. Memmadov

LANTAN OKSISULFIDLI KRISTALLARINDA iINFRAQIRMIZI QAYITMA V3 iSIGIN KOMBINASION
SOPILMasSI

Kombinasion sapilma spektrlarinde La,O,S kristalinin aktiv olan normal ragslerin tezliyi teyin edilmisdir. Qayitma
spektrlarindan dispersion analiz metodu ile, uzununa (TO) ve enina (LO) fononlarin tezliyi vo sénma amsall teyin edilmis,

dielektrik niifuzlugunun (&) xeyali hissesi hesablanmisdir.

I'". Adyraasioos, .M. Adaynnaes, C.A. Jlosunkuii, A.A. Mamenos

CHEKTPBI UHOPAKPACHOI'O OTPA’XKEHUA U KOMBUHAITMOHHOI'O PACCESIHUSA CBETA B
KPUCTAJIJIAX OKCUCYJIb®UIOB JIAHTAHA

OHpeﬂeJ’[eHLI YacTOTbl HOPMaJIbHBIX Kosie0aHui Kpucrajijia Lazogs, AKTUBHBIE B CIICKTpax KOM6I/IHaL[I/IOHHOFO paccesaHus CBETA.
MGTOZLOM JUCIIEPCUOHHOI0 aHa/In3a CIIEKTPOB OTPAXKCHUS ONPEACIICHbI YaCTOThl U KOHCTAHTHLI 3aTyXaHWs IIPOJO0JIbHBIX (TO) U MONEPECUYHBIX

(LO) doHOHOB, BBIYHCIICHA MHMMAsE YACTh KOMIUIEKCHOW JU3JIEKTPHYECKON IPOHUIIAEMOCTH (& ).

Received:12.09.03
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PHOTOOXIDATION OF DONOR MOLECULES ON THE SURFACE OF BN

N.H. HASANOV, M. A. MEHRABOVA
Radiation Problems Institute of Azerbaijan National Academy of Sciences,
370143, Baku, H.Javid av. 31 a., Azerbaijan Republic

It has been provided photochemical reactions with participation of photoadsorbed O, on the surface of hexagonal BN. It has been found
that the region of photoadsorption specter is the same with the photooxidation one. The photoadsorption and photooxidation processes take
place on the same photoactive center of solid and both of these processes occurs owing to photoexcitation of this center. The NO forms
during photooxidation processes, which do not takes place only in the absence of light. The life time of excited oxygen is lower than that of
the oxygen photoadsorption centers by an order of magnitude. The initial velocity of photoadsorption of H, decreases with increase of
concentration of one of the reagents.

Key words: Photoadsorption, boron nitride, hole centers, photooxidation, donor molecules.

The photochemical processes with participation of H,, O,,  the same photoactive center of solid and both of these
CH, and etc. for more of oxides and alkaline halloid processes occurs owing to photoexcitation of this center.
compounds have been investigated [1-3]. But AzBs type
compounds haven't been examined as a photocatalytic active

object earlier. The results of investigations of photochemical 03k
reactions with participation of photoadsorbed O, on the '
surface of disperse samples of hexagonal boron nitride are \I e
given in this work.
/

T

The object and method of investigations were described
in [4]. The products of photooxidation were analysed by
mass-spectroscopic, manometric and thermodesorption (TD)
methods. The pressure of used donor gases H,, C,Hs, CH,4

was P~| Pa.

Two possible variants of photooxidation reactions were ' 3
established. In first case BN was radiated by light with 0.25r
mixture of donor gases H,, C,Hg, CH,4, and O,. In second |I:| ?: 4' ﬁ' t(lﬂﬁsec)
case O, preliminarily photoadsorbed on the surface of BN
and then this system was radiated in the presence of donor Fig. 1. The barogramms of photooxidation of H, (1), CH, (2)
gases. In first case the reaction of oxidation takes place with a and C,Hs (3) at the same quantity of preliminarily
constant velocity up to a complete use of compounds. The photoadsorbed O, (AP02 =5,7-10 Pa)

second reaction takes place with decrease of donor gas
pressure. In this case the more preliminarily photoadsorbed
oxygen the more the absorbed gas quantity (fig. 1). {

By the TD analyze method was determined that the ir
quantity of O,, remaining on the surface decreases with
absorbed donor gas one (fig. 2).

Under the heating from the TD spectrum disappear zones,
corresponding to molecules with a small binding energy.
Then heating up to 700K temperatures show that absorbed
donor molecules can't excreted to gas phase, but only the
products of there photooxidation (H,O, CO, and etc.) have
been observed. This means that photooxidation of donor
molecules takes place owing to repited photoexcitation
preliminarily photoadsorbed O,. The first stage of
photooxidation is photoadsorption of O, (1) and the second
one is repeated photoexcitation of unactive O,. In dark (2):

K+O4hv >0+ K (1) 0 200 400 500 600 700 TYK)
K+0O,+hv, - O*+M — prOdUCt+K (2)

desogption velocity
fﬁm‘i {)

Fig. 2. TD-spectrums of photoadsorbed O, before (1) and after

where K is photocatalysator, M is donor gas in gas phase, O, (2,3, 4, 5) the photooxidation of CoH.

and O,* are unactive and active forms of photoadsorbed O,,
hv1 and hv, are corresponding energies of light.

The region of photoadsorption spectrum is the same with
the photooxidation one. To our mind this means the
photoadsorption and photooxidation processes take place on

TD spectrograms indicate forming also of NO during the
photooxidation processes, which do not take place only on
the absence of light. As a result of these processes take place
partly oxidation on the surface of BN.

The life time of excited photoadsorbed oxygen has been
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estimated from dependence of initial velocity of explained by a partial adsorption of photoadsorbed oxygen on

photoabsorption of H, on it pressure in value at the constant  the hole centers which are the photoadsorption centers for H,

quantity of preliminarily photoadsorbed O,, which is lower and blocks their for H, adsorption.

than that of the oxygen photoadsorption centers by an order Thus observed effect is the result of addition of two

of magnitude. processes: decreasing of photoadsorption velocity from
The dependence of initial velocity of photoabsorption of  blocking of some centers and increasing of photoabsorption

H2 on the quantity of preliminarily photoadsorbed O, has velocity from increasing of concentration of photosorbed and

been investigated. The initial velocity decreases with increase  photoexcitated O.

of concentration of one of the reagents. The dependence is

[1] L.L.Basov, Y.P.Solonitsin, A.N.Terenin. Dokl. AN [4] N.H.Hasanov, L.L. Basov. Vestnik LGU, 4, 3, 18, 1991,
USSR, 164, 1965, 122. 30-36.

[2] V.K.Ryabchuk, L.L. Basov, Y.P. Solonitsin. Kynetica [5] L.L.Basov, N.H.Hasanov. Vsesoyuznaya konferensiya
and catalys, 19,3, 1978, 685-690. po photoelectrochimii i photocatalizu, Minsk, 1992,

[3] Y.P. Solonitsin, L.L. Basov, V.K.Ryabchuk. Journal of 177-179.

Phys. Chemistry, 54, 10, 1980, 2624-2628.
N.H. Hasanov, M.A. Mehrabova

BN SOTHIND® DONOR MOLEKULLARININ FOTOOKSIDLOSMaSIi

Fotoadsorbsiya olunmug O, molekulunun istiraki ile heksagonal qurulusa malik nitrid borun sathinds fotokimyavi reaksiyalar
apariimisdir. Misyyan edilmisdir ki, fotooksidloasma effektinin spektral tasir oblasti fotoadsorbsiyanin spektral oblasti ile Ust-liste
diisur. Fotoadsorbsiya ve fotooksidlasma proseslari bark cismin sathinde eyni markazlerin fotohayacanlanmasi hesabina bas
verir. O, molekulunun fotoadsorbsiyasi ve O postsorbsiya olunmus sistemin sialanmasi zamani TD—spektrde NO-ya uydun
zolaq askar olunmusdur. Fotoadsorbsiya olunmus Oz-nin aktiv formasinin yasama muddati fotoadsorbsiya markazlarinin
yasama muddatindan bir tartib kigikdir.

H.I'. TacanoB, M.A. MexpaGoBa
OOTOOKHUCJITEHHUE JOHOPHBIX MOJIEKYJI HA HOBEPXHOCTU HUTPUJIA BOPA

ITpoBenens! GoTOXMMHUECKHE Peaknun ¢ ydactueM potocopdbuposannoro O, Ha moBepxHOcTH rekcaroHaiasHoro BN. Ompeneneno, uro
criexTp aeiictBus dddexTa GOTOOKUCICHUS TOT Xe, 4To U 1 poroancopbunu. IIporeccs! dpoToancopOmu 1 GOTOOKHUCICHUS TIPOUCKOIAT
Ha OJTHHX M TeX ke (DOTOAKTHUBHBIX LIEHTPAX TBEPAOro Teja 3a cueT (oTOBO3OYKAEHHs 3THX LeHTpoB. [Ipn ancopbimu O, HemocpeacTBEHHO
B MOMEHT OOJIyuYeHHMs, a TAKKe IPH IOCIEAYIONeM OOMyYeHUH CUCTEMBI C IIOCTCOPOUPOBAHHBIM KHcI0poaoM B T]I crekrpe mosBisercs
NO. Bpems xu3Hu Bo30yxaeHHO#H (Gopmbl (oT0aacOpOHMPOBAHHOIO Ha MOPSIOK MEHBIIE BPEMEHH XXHU3HH LEHTPOB (oToamcopOuuu mis
kuciopona. HauansHas ckopocTs doTonorionieHus H, yMeHbIIaeTes ¢ yBeIMYeHHEM KOHIIEHTPALMK O/THOTO U3 PEareHTOB.

Received: 10.07.03
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(Ge2S3)1.x (GeS)x BORK MOHLULLARIN ELEKTRIK XASSSLORI

A.9. NSBIYEV, H.R. QURBANOV
ADPU, U.Hacibsyov, 34

GeS3-GeS sisteminds Ge,S3 asasinda terkibi 1, 2, 3, 4 mol% GeS olan bark mahlul nimunalerin elektrikkegirmasinin ve
termo-e.h.q.-nin temperaturdan asilihd éyranilmisdir. Malum olmusdur ki, bark mahlul nimunasinde GeS-in miqdar artdigca
onlarin elektrikkegirmasi de artir ve qadagan olunmus zolagin eni iss azalr. Termo-e.h.q.-si ise temperatur artdiqca
ganunauygun olaraq azalir. Termo-e.h.q.-nin isarasinin dayismasinae goére niimunalerde kegiriciliyin tipi miayyan edilmisdir.

Butun tarkib numunalari "p"- tip kegiriciliye malik olmusdurlar.

Ge,S3-GeS sisteminda Ge,S; birlasmaesi ve onun
asasindaki  bark mahlul sahasindaki  arintilerin
elektrikkegirma va termo-e.h.q.-si Oyronilmisdir. Bu
magsadle (Ge,S3)1x (GeS),—da x=0,00; 0,01; 0,02; 0,03
vo 0,04 torkibli arintilor ayrica sintez edilmis ve 900K

temperaturda 250 saat muddetinde demlemaya
goyulmusdur.
Elektrofiziki  xasssleri  6lgmek  Ugin  alinmig

ndmunaler xususi handasi formaya (uzunlugu /=8-10 mm,
diametri d=4-6 mm) salinmisdir.

Ge,S; birlagsmasinin ve onun asasindaki 1, 2, 3, 4 mol%
GeS torkibli erintilorin elektrikkegirmasinin temperatur
asililiyi grafik olaraq sakil 1(a)-da verilmisdir. Qadagan
olunmug zolagin eni ve elektrikkegirmanin tarkibden
asll olaraq dayismasi isa sakil 1(b)-de gdsterilir.

ol =
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Sokil 1(a). Ge;S3-GeS birlagmasinin ve onun asasindaki
1, 2, 3,4 mol% GeS tarkibli arintilarin elektrikkegir-
masinin temperaturdan asiliigi 1- Ge;S3; 2 -1 mol%
GeS;3 -2 mol% GeS;4-3 mol% GeS;5-4 mol% GeS.
(b). 1, 2, 3, 4 mol% GeS tarkibli arintilarin gadagan
olunmus zolagin eni ve elektrikkegirmanin terkibdan
asihiligr.

GeS birlasmasinin bark mahlul sahasinds 4 mol%-a
gader artmasi ilo Ge,Ss-lin elektrikkegirmasinin 300K-
de texminan 100 defedan c¢ox artmasina sabab olur.
Qadagan olunmus zolagin eni ise Ge,S; Ugln
AE=2,24eV oldugu halda, 4 mol% GeS tarkibli nUmuna
Uclin azalaraq 2,08 eV olur.

Elektrikkecirmanin giymati ise tadqiq olunan arintilor
Ugln temperaturdan asil olarag (300-1000K
intervalda) artir. ~T=300+480 K temperatur intervalinda
elektrikkegirma nisbatan az dayisir va bu hal askar
kegiricilik oblastina uydun gslir. T>500K giymsatlarinda
ise temperaturun artmasi ile elektrikkegirme kaskin artir.
Bu temperatur intervali ise maxsusi kegiricilik oblastina
uygun galir. Har iki temperatur oblastinda Igo~(10%/T)
asilihg grafikinden istifade ederak bark mahlul arintileri
Ugln gadagan olunmus zoladin eni hesablanmigdir.
Asagi temperatur oblastinda (askar kegiricilik oblasti)
gadagan olunmus zolaq dcun alinmig giymatler
AE,=0,29+0,36€eV olub, aktiviegsma enerjisinin giymatina
uygun galir. Qadagan olunmus zolaq Ugln maxsusi
kegiricilik oblastinda hesablanmis giymatler kifayat
gadar bdyuk olub, 2,02-2,24 eV intervalinda deayisir. Bu
giymatlar, Ge,S; birlesmesi va onun asasindaki berk
mahlul sahasindaki srintilor Uglin qadagan olunmus
zolagin eni hesab edils bilar. (4£7=2,02+2,24 eV)

(GesS;3)1x (GeS)y bark msahlulunda x=0,01; 0,02;
0,03; 0,04 giymatlerine uydun gelen erintilerin termo-
e.h.q.-nin temperatur asiihg sokil 2-de verilmisdir.
a~f(T) asiihq grafikinden gérindliyu kimi termo-e.h.q.-
nin 300+1000K temperatur intervalinda dayigsmasini iki
temperatur intervalina bdlmak olar. Birinci temperatur
intervali ~300+500K, ikinci temperatur intervali ise
~530+1000K-a uygun galir. 9sas komponentin (Ge,S;)
ve onun asasindaki erintilerin tedqiq olunan butin
temperatur intervalinda termo-e.h.q.-si temperaturun
yuksek qiymatlerinde  (~T>900K) termo-e.h.q.-nin
giymati temperaturunun artmasi ile az da olsa artmagda
dogru meyl edir.

(Cl2S3)1x(GeS)yx bark mahlul sahssinde 300K-da
termo-e.h.q.-nin  x>0,00 giymatlerinde (x=0,00+-0,04)
azalr. a-nin terkibden asili olarag bele azalmasi
elektrikkecirmanin  gdstarilon tarkibds artmasi il
olagslendirile biler. Bu yarimkegiricilorde termo-e.h.q.-
nin elektrikkegirmadan asili olaraq dayismesi il izah
oluna biler. Géstarmak lazimdir ki, bu ganunauygunluq
butin temperatur intervalinda (300+1000K) saxlanilr.

orintilardea kegiriciliyin tipi (n ve ya p- olmasi) termo-
e.h.q.-nin igaresinin deyismasina gore tayin edilmgidir.

Muayyen edilmisdir ki, ham Ge,S; ve ham da onun
asasindaki bark mahlul sahasindaki nimunasler "p"-tip
kegiriciliyo malikdir ve bu tadqig olunan temperatur
intervalinda dayismir. Buna sebab Ge,S; birlagmasinin
kristal gafesinde Ge*® ionun (Ge**=1,034 E) Ge'” ionu
ilo (Ge**=0,65 E) avez olunmasidir. Basga sozla, avaz
olunan atoma nisbaten, avez edan atomun oksidlesma
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daracasinin bir vahid az olmasi "p"-tip kegiriciliyin Termo-e.h.q.-nin GeS-in bark mahlul sahsasinda
allnmasina sabab olur. artmasi ile azalmasi elektrikkegirmanin tarkibdan asili
o, MRVR orlaraq dayismesi ile ve kegiricilik zonasindaki

900 yukdasiyicilanin - artmasi  ile  izah oluna biler.
Elektrikkegirmanin va termo-e.h.q.-nin temperaturun

s artmasi ile deyisma  xarakteri  ganunauydun

(yanmkegiricilor ~ gln) olub, eyni  zamanda
yukdasiyicilarin konsentrasiyasinin temperaturdan asili
olaraq dayismasi ile alagadardir.

AE-nin torkibden asili olaraq deyismasi Ge* ve Ge?**

00

600

500

- atomlarinin ion radiuslarin muxtslif olmasi (rJe+3=1,034

E; re?=0,65 E) ve eyni zamanda kristal qofes

00} sabitlerinin  terkibden asili olaraq dayismasi il
- alagalendirile biler.

Belalikls, GeS birlegsmasinin Ge,Ss-ln

300 @0 500 600 700 00 900 1000 Ty elektrikkecirmasi ve termo-e.h.q.-ne berk mahlul

Sakil 2. Ge;S3-GeS birlegmasinin ve onun asasindaki 1, 2, sahssinde glclu tesir etdiyini demsk olar.

3, 4 mol% GeS tarkibli arintilerin termo e.h.q.-sinin
temperaturdan asiliigi 1- Ge,Ss; 2 - 1 mol%;
3 -2mol% Ges; 4 - 3 mol% GeS; 5 - 4 mol% GeS.

[11 K.A.Qsnaydner. Splavi redkozemelnix metallov. M., [2] N.X.Abrikosov,L.V.Selimov. Poluerovodnikovie materi-
Mir, 1965. ali na osnove soedineniy AVB". M., Nauka, 1975.

A.A. Hao6ues, I'.P. I'ypoanoB
SJEKTPUUYECKUE CBOMCTBA TBEPbIX PACTBOPOB (Ge,S3):.,(GeS),

W3yuena TemmepaTypHasi 3aBUCHMOCTH TEPMO-3JC M JJIEKTPOIPOBOIHOCTH 00pa3loB TBEPABIX pacTBOpoB cucteMel Ge,S;-GeS na
ocHose Ge,S; ¢ conepxannem GeS 1, 2, 3, 4 mol %.

OOHapy’XKeHO, YTO C yBeIHYEeHHEM cojiepkanus GeS B TBEpJOM pacTBOpPE AJIEKTPOIPOBOAHOCTE PACTET, a IIMPHHA 3aIPEIeHHON 30HbI
yMeHbIIaeTcst. TepMo-3/1C ¢ yBEIMYEHUEM TEMIIEPaTyphbl YMEHBIIAETCS ¢ ONpPEIEICHHOI 3aKOHOMEPHOCThIO. [IpH M3MEHEHUHU MONAPHOCTH
TepMO-3JIC OB OIpeieIeH THIT IPOBOAUMOCTH 00pa31oB. Bo Bcex n3yueHHBIX 00pa3uax oOHapyKUBaeTCs P-TUI IPOBOJUMOCTH.

A.A. Nabiyev, G.R. Gurbanov
ELECTRICAL PROPERTIES OF SOLID SOLUTIONS (Ge,S3);x(GeS)«

Temperature dependence of thermal electromotive force and electric conduction of solid solution’s samples of Ge,S; — GeS
systems on GeS3 - bases with 1, 2, 3, 4 mol % contain of GeS has been studied.

It has been revealed that with increase of GeS contain in solid solution’s electric conduction increases, while forbidden area
thickness decreases. Thermal electromotive force decreases with the increase of temperature due to the regularities. At the
change of polarity of thermal electromotive force the conductivity type of samples were determined.

In all studied samples the p - type of conductivity has been revealed.

Received: 26.06.03
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POSSIBLE MASSES OF PROGENITORS OF DIFFERENT TYPE NEUTRON STARS

A.O. ALLAKHVERDIEV, F.K. KASUMOV, S.0. TAGIEVA
National Academy of Sciences of Azerbaijan, Physics Institute,
Baku 370143, Azerbaijan Republic

An attempt to establish the mass of progenitors of different types of neutron stars having different degrees of activity by examining of
the environments of supernova remnants connected to these neutron stars is done. It is found that there is no reliable relation between the
mass of the progenitor star and the degree of activity (or passivity) of the neutron star. The S-type supernova remnants without point sources
located in less dense media and their progenitors may be less massive stars compared to the progenitors of the neutron stars considered here.

1. Introduction

What does the type (or the activity) of a neutron star
depend on? The activity depends on parameters of neutron
stars. The most important ones among these parameters are
magnetic field, spin period, and maybe mass of the neutron
star. These parameters must depend on the mass of the
progenitor star and it is important to know, whether the
progenitor was single star or entered into binary system. If
progenitor was in binary system, then the masses and the
separation of the two components must be important [1].
Number of the neutron stars in binary systems is very small,
and as the binary parameters change at SN explosion, so it is
difficult to check if the pulsar phenomenon depends on the
progenitor star being in a close binary system or not.

Today, various different types of single neutron stars
having very different physical properties are known; these are
classical PSR-s, dim radio quiet neutron stars (DRQNSS)
which are the type of neutron stars having very low
luminosity in the X-ray band and have no detected radio
radiation, anomalous X-ray pulsars (AXPs) and soft gamma
repeaters (SGR-s) (see [2] for review). Do the neutron stars
with different physical properties have progenitors with
different masses? This question was asked before in [3]. In
this work, we examine the environments of the SNRs
connected to different types of neutron stars and also of the
S-type SNRs in which no sign of any kind of neutron star is
seen. We discuss masses of the progenitors of these SNRs
and neutron stars. We have approached the problem through
4 independent ways: we have examined surface brightness
(%) - radius, X - age, and radius-age graphs as well as the
observational data about density in the shock fronts and in the
ambient media of the supernova remnants. We have also
examined the environments of C- and S- type supernova
remnants in which no point source has been observed.

2. Environments of SNRs and the types of the point
sources connected to these SNRs

In Table 1, data of various types of neutron stars and
SNRs are listed. The data of PSRs are taken from [4], and the
data of AXPs and DRQNSs are taken from [5]. In this table,
names of the point sources in the SNRs, ages, radio
luminosities (at 1400 MHz) of these neutron stars and their
distances are represented. In Table 2, data of the SNRs,
which the neutron stars represented in Table 1 are connected
to, as well as data of some nearby S- and C-type SNRs
(without observed point sources and for which information

about the environments,
available) are listed.

The data of the SNRs are taken from [6] and [7]. In this
table, Galactic coordinates, names, morphological types in
radio and X-ray bands, radio surface brightness, diameter,
and distance values of the SNRs as well as the OB-
associations in which they are located and distances of these
OB associations are given. In Table 2, explosion energies,
ages, density in the shock waves of the SNRs, and data about
the surrounding medium are also represented [7].

Various data about the density in the medium around SN
explosion sites and in the shells of the SNR-s are given in
Table 2. By examining these and some additional data we can
get some information about the progenitor masses. Then we
can check if there is a relation between progenitor masses and
the types (different activity or total passivity) of neutron
stars. For some of the SNRs average values of number
density of particles in front of and just behind the shock front
in the shell are given in Table 2 in the first part of the 12th
column. In the same column, after the density of the shock
wave, the existence of HI clouds around SNRs are
represented (the densities of these clouds are also given, if
available). If there is a bubble around the SNR it is also
written (also its density if possible). In Table 2, we have
listed only those SNRs which have reliable distance, age and
density values and after carefully examining PSR-SNR
connections we have selected reliable pairs (Table 1).

Three of the AXPs are connected to Galactic SNRs,
whereas none of the SGRs were found to have reliable
connections with Galactic SNRs. SGR 0526-66 may be
connected to a SNR in LMC [7]. In [3] it is claimed that the
SNRs connected to AXPs (and also SGRs) are located in a
dense medium. They present a figure (SNR age versus SNR
radius) to show that the media of the SNRs connected to
AXPs and SGRs are denser than the media of all the other
SNRs, on average. Theoretically found average constant
density lines are also included in this figure to show the
evolution of the SNRs (with the same explosion energy)
evolving in different media which have different (constant)
densities [3].

The SNRs which are at the same age have different
radius values depending on the density of the medium [8]. In
actuality, it is known that the explosion energy values vary in
a wide range, about 3 orders of magnitude (e.g. kinetic
energy of Crab SNR is ~ 10* erg, [9], whereas kinetic energy
of Cas A SNR is >10°" erg, [10]. In the Galaxy, the
interstellar medium is inhomogeneous and has a cloudy
structure. The observational parameters of SNRs strongly
depend on the characteristics of the surrounding matter.

ages, explosion energies are
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Table 1. Data of the Point Sources of the SNRs

%cl)géce Point Source Name I,b (SNR) ;irlcaracterl Log L1400 MHz d (kpc) Progenitor
Age (kyr) Star
n J 1801-2451 R 5,27-0,9 15 1,05 4,5
‘_3 J 1803-2137 R, X 8,7-0,1 16 2,25 3,5 08-B1
g J 1811-1926 X 11,2-0,3 24 5 (@)
§ J 1846-0258 X 29,7-0,3 0,72 5,7 o
< J 1856+0113 R 34,7-0,4 20 0,89 2,8 ®)
g’ J 1930+1852 R, X 54,1+0,3 2,9 0,17 5
ﬁ J 1952+3252 R, X 69,0+2,7 107 0,6 2
% J 2229+6114 R, X 106,3+2,7 10 0,97 5,5
-(% J 2337+6151 R, X 114,3+0,3 41 1,04 2,8 09-B3
e J 0205+6449 R, X 130.7+3,1 Nit. 5,38 -0,3 3,2 08-B1
$ J 0534+2200 R,0,X,G 184,6-5,8 1 1,75 2
8 J 0835-4510 R,0,X,G 263,9-3,3 20 2,31 0,45
E J 1124-5916 R, X 292,0+1,8 Ox. 2,9 0,46 6 08-B1
% J1119-6127 R 292,2-0,5 1,6 1,65 7,5 B2-B3
§ J 1341-6220 R 308,8-0,1 12 2,11 8
J 1513-5908 R,0,X,G 320,4-1,2 1,7 1,25 4,2 B0-B2
J 1646-4346 R 341,2+0,9 40 1,67 6,8
RXJ 2020.2+4026 78,2+2,1 <-0,1 15 08-B1
A CX0 J 2323+5848 111,7-2,1 Ox. <1,18 3 | massive O
%, RXJ 0007.0+7302 119.5+10 Ox. <-0,2 1,4 B1-B3
g RX J 0832-4300 260,4-3,4 Ox. 7,9 <0,08 2 O
1E 1207.4-5209 296,5+10 11,~10 | <-0,4 (4800MHz) 1,8 B1-B3
1E 161348-5055 332,4-0,4 8,1, 8 | <0,1 (1500 MHz) 3,7 (@)
CXOU J 0617+2221 189,1+3,0 <2 (327 MHz) 1,5
& AXP 1E 1841-045 27,4+0,0 4,7 <15 6,5 O
<o AXP J 1845-0258 29,6+0,1 5--8 11 0]
AXP 1E 2259+586 109,1-1,0 200 <0,3 5 B0-B2

Notes:

R=Radio Pulsation, O=Optical Pulsation, X=X-Ray Pulsation

G=Gamma-ray Pulsation, T= Thermal X-Ray Radiation
CXOU J 0617+2221: DRQNS candidate

All of these should be taken into account while analyzing
possible masses of progenitors of neutron stars and density of
the matter in the environments of SNRs. Following [3], we
have constructed similar SNR radius versus age diagrams
including the average (constant) density lines as presented in
[3]. Figure 1, SNR radius vs. age diagram for S- and C-type
SNRs which are connected to PSRs and single strong X-ray
pulsars is displayed using the ages of SNRs (see Table 2) and
the characteristic ages of pulsars (see Table 1), separately. In
Figure 2, SNR radius vs. age diagram for the SNRs which are
connected to AXPs and DRQNSs is displayed, again using
the ages of SNRs (see Table 2) and the characteristic ages of
AXPs and DRQNSs (see Table 1), separately. In Figure 3,
SNR radius vs. SNR age diagram for S- and C-type SNRs
(for which no point source has been observed) is displayed.

3. Reliability of the positions of the SNRs in the Age-
Radius diagram
Positions of the SNRs connected to PSRs and single
strong X-ray pulsars are represented in figure 1. F-type SNRs
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are included in Table 1, but we did not show the positions of
them in the figures; we want to examine the ambient medium
of the SNRs through which the SNR's shell expands. The
uncertainty in the age values of SNRs are represented with
error bars in Figure 1. The real age of PSRs is given as

P I:)n—l
- 11—

(n - DP P

T =

where P and p are the spin period and time derivative of the

spin period, and n is the braking index. For n = 3 and Py <<P,
T is the characteristic age which is close to the real age of the
PSR. For all of the SNRs in figure 1, characteristic ages of
the pulsars connected to them are known and the positions of
the SNRs using the t values are shown in figure 1 by (+)
sign.
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Table 2. Data of the SNRs

— R = d R OB dos Eo Age Density
Type Ib Name 02| o8
o Q.
S| oxlo?) | ooy lasee | (ko) | (10%erg) | (y (cm?)
5.27+0.9 F
8.7+0.1 W30 S 59 35 22,9 1--4 30 0,03
11.2+0.3 C 2069 5 2,9 <0,24 2 MC,MS
29.7-0.3 Kes75 C 1672 6,7 2,9 1
o | 34704 W44 C C 366 2,8 12,5 ~10 10--20 1-6, MC
g 54.1+0.3 F F 334 5 1,2
T | 69.0+27 CTB80 ? 28 2 23,3 10
& in HI bubble,
% | 106.3+2.7 ? C 6 55 30,4 0,7 <100 MC
2 | 114.3+03 S 2 2,8 287 | CasOB5 |23 10—20 0,1, low
& | Nit.130.7+3.1 | 3C58 F 1104 3,2 2,9 0,2-04 |08
< | 184.6-5.8 Crab F 44720 2 18 0103 |1 low
o
@ | 263.9-3.3 Vela C 40 045 | 16,7 10--20 | 11 high
2 | 0x.292.0+1.8 | MSH11-54 | C c? | 235 6 7,2 <1,6
£ 1292205 S 35 75 18,9 10
)
> | 3088-0.1 C? 38 8 28,5
2 [3204-12 RCW89 C 74 42 21,4 10--20 | 1,7 very high
& | 341.2+0.9 C 6 6,8 18,5
in cavity,
78.2+2.1 DR 4 S 142 15 131 | CygOB1 |13 5—10 MC, >1
Ox.111.7-21 | Cas A S 163744 2,2 30 0,32 high
0,01-0,02, H1
ox1195+10 | CTAL S C 7 14 18,4 0,3 15 cl. 0,5-1,MC
0,4-3, cl,100-
260.4-3.4 PuppisA | S 65 2 16 34 180
0,1-0,2,
296.5+10 PKS 1209 |S 12 18 20,1 >0,2-2 | 10 H1cl~10
MS,MC>100
» | 3324-04 RCW103 |S 421 3,7 54 1—3 0
2 10-20,
S cl.100, MC
O | 189.1+3.0 IC 443 C 119 15 9,8 Geml 15 1—5 10000
o | 27.4+00 4C 0471 | S 564 6,5 3,7 2 low
X [ 29.6+0.1 S 90 11 8,1 <8
0,25, cl.
109.1-1.0 CTB109 |S 38 5 20,4 10-100 | 3~10 20
<0,001,
0.9+0.1 C 423 8 9,3 1--7 MC
0,1-0,23,
MC~10000,
6.4-0.1 w28 | C 265 25 17,5 4~10 ~50 MS
42.8+0.6 S 8 6 21 10 low
§ 74.0-8.5 Gyg.Loop | S 9 0,8 22,3 0,17 5--10 H1 Cloud 4
3 | 116.5+1.1 S 4 3,5 35,3 10--40 low
9| 132.7+1.3 HB3 |S 11 2,3 26,8 3,1 21 high
£ 0,2-0,3, in
o | 3154-2.3 RCWS86 |S 42 2,7 16,5 | CirOB1L |25 |6-7 9,5 cloud
§ 326.3-1.8 MSH15-56 | C 151 2 11 ~10 10 0,1, medium
g [827.111 C 33 6,5 17 ~13 7
0,02, 0.1,
327.6+14 SN1006 | S 32 2 8,8 10 1 0,4
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Fig.2. SNR-s connected to AXP-s and DRONS-s.
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Fig.3. The S- and C-type SNR-s without point sources.
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Examining only the radius vs. age diagrams using an
average value of explosion energy and constant density
values for the ambient media does not give us enough
information about densities of the ambient media. We have
also constructed surface brightness () vs. age (Figure 4) and
¥ vs. radius diagrams (Figure 5) of the SNRs in order to get
more information about the densities. We have also collected
observational density values of the ambient media of the
SNRs (see Table 2) and we have compared these density
values with the positions of the SNRs in Figures 1-5.
Although, independent age measurements are not available
for all the SNRs, we have also shown the positions of the
SNRs using the SNR's age (if it is known) by (X) sign in
Figure 1.
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When we take into account the morphological types in
the radio band (see Table 2) of the SNRs given in Figure 1,
we see that, in general, the C-type SNRs are evolving in a
denser medium compared to the S-type SNRs. On the other
hand, when we compare the density values corresponding to
the positions of the SNRs in Figure 1 (i.e. the position of the
SNR with respect to the constant density lines for expansion
in a homogeneous medium) with the observationally found
density values given in Table 2, we see that there are
considerably large differences. It must be noted that, the
observed density values correspond to the actual density
values of the shell and the ambient medium depending on the
diameter value of the SNR. The density values of the shell
and the ambient medium change, because the medium is not
homogeneous. The density values also change with respect to
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the diameter if the progenitor is an O-type star; in such a
case, the SNR (during its initial phase) expands inside an HII
region formed by the O-type progenitor or inside a bubble,
i.e. in a low-density medium. So, if the SNR is expanding
inside a HII region, i.e. in a low density medium, it does not
necessarily mean that the surrounding medium is not dense.
If the SNR is in a star formation region where molecular
clouds, OB associations are present, then the SNR will be in
a dense medium and this may be an evidence for the
progenitor being a massive star.

3.1 The SNRs connected to PSRs and single strong X-
ray pulsars

As seen from Figure 1, SNRs Kes 75 and G11.2-0.3 are
expanding through the densest media. There is no
observational density data available for Kes 75 (Table 2). The
SNR G11.2-0.3 is seen to be in a region in which there are
molecular clouds and this SNR interacts with these clouds. In
Figures 4 and 5, X-age and X-radius graphs for all the S- and
C-type SNRs given in Table 2 are shown. As seen from these
figures, SNRs Kes 75 and particularly G11.2-0.3 are
expanding in dense media the progenitors of these SNRs may
be O-type stars.

The positions of SNR W44 in Figures 1, 4 and 5, and the
observational density of W44 given in Table 2 show that this
SNR is expanding in a dense medium. So, the progenitor of
SNR W44 and PSR J1856+0113 (which is connected to this
SNR) may be an O-type star. As displayed in Figure 1, C-
type SNR MSH 11-54 is expanding in a less dense medium
compared to the media of the SNRs discussed above. The age
of the PSR connected to this SNR is greater than the age of
SNR MSH 11-54 (see Tables 1 and 2) and the uncertainty in
the PSR's age is less than the uncertainty in the SNR's age. If
the PSR and the SNR are connected genetically having an
age of 2.9 kyr then, there is no contradiction between the
positions of this remnant in Figure 2 and Figures 4, 5. There
is no observational data directly available about the density of
the ambient medium of MSH 11-54 (Table 2). SNR MSH 11-
54 is an Oxygen-rich SNR; the progenitor of MSH 11-54
may be an O8-B1 type star.

As seen from Figure 1, the SNR RCW 89 is expanding in
a very low density medium. On the other hand, observational
data show that this SNR is in a very dense medium (Table 2).
What is the reason for this contradiction? As seen in Table 2,
the explosion energy of this SNR exceeds 10°" erg. So the
progenitor may be B0-B2 type star. SNR G292.2-0.5 is
situated in a very low density medium (Fig.1). There is no
observational data about the density. PSR J1119-6127 is
projected on the center of this SNR that the connection
between the PSR and the SNR is most probably true [11].
Progenitor of this pair may be a B2-B3 type star in a low
density environment. From Figure 1, we can conclude that
SNR G114.3+0.3 is expanding in a low density medium and
this is roughly in agreement with the observational density
data given in Table 2. The positions of this remnant in
Figures 4 and 5 also give evidence for this SNR to be
expanding in a very low-density medium. The progenitor of
this SNR may be an 09-B3 type star.

The position of SNR W30 in Figures 4 and 5 is in
accordance with the position of this SNR in Figure 1, but
contradicts with the observational low density value given in
Table 2. It is not possible to get rid of the contradiction by
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changing the distance and age values of this remnant. We can
suppose that either the actual density of the ambient medium
of W30 is larger than the observed density value (Table 2) or
the explosion energy of this SNR is higher than the value
given in Table 2. Progenitor of the pair W30-J1803-2137
may be an O8-B1 type star.

3.2 The SNRs connected to AXPs and DRQNSs

In Figure 2, radius-age diagram of the SNRs connected
to AXPs and DRQNSs is represented. Observed density data
on SNR G27.4+0.0 and the positions of this SNR and SNR
G29.6+0.1 in Figures 2, 4 and 5, show that the progenitors of
these AXP-SNR pairs may be O-type stars. Among the AXP
- SNR pairs, the most well examined one is 1E 2259+586 -
SNR G109.1-1.0 (CTB 109) pair. As seen from Figure 2, this
SNR (similar to Puppis A) is in a less dense medium
compared to all the other SNRs which are connected to AXPs
and DRQNSs. On the other hand, the ambient density of this
SNR given in Table 2 and the positions of this remnant in
Figures 4 and 5 do not confirm this result. If we take into
account large energy of supernova explosion we can
confidently say that the progenitor is a BO-B2 type star.

Next we will examine the SNRs connected to DRQNSs.
Among the SNRs which are connected to DRQNSs, the
densest ambient medium belongs to SNR RCW 103 as seen
in Figure 2. The density in the ambient media of this SNR
given in Table 2 and the data of this remnant shown in
Figures 4 and confirm this result; SNR RCW 103 is
expanding in a dense medium that its progenitor may be an
O-type star. As seen in Figure 2, the next densest medium is
the one in which SNR DR4 (which is connected to a
DRQNS) is located. Again, the density data of this remnant
given in Table 2 and the location of this remnant shown in
Figures 4 and 5 do not contradict with this result. As seen in
Table 1, this SNR is associated with Cyg OB1 that its
progenitor may be an O8-B1 type star. Next we will examine
the SNRs (connected to DRQNSs) which are in less dense
ambient media. The age of SNR G260.4-3.4 (Puppis A) is 3.4
kyr, whereas, DRQNS RX J0822-4300, which is connected
to Puppis A, has a characteristic age of 7.9 kyr. In Figures 4
and 5, we have adopted an average age value of 5.7 kyr for
this remnant. There is a contradiction between the position of
Puppis A in Figure 2 and value of the ambient medium
density given in Table 2 (and also the positions of the
remnant in Figures 4 and 5). It must be noted that Puppis A is
an Oxygen-rich SNR like SNRs CasA and CTA 1. Cas A is
in a dense medium and the thrown out mass was calculated to
be ~4 solar mass [12]. As seen from the figures, the
progenitor of SNR CTA 1 may be a massive B-type star. The
density of the ambient medium of SNR Puppis A is in
between the densities of the ambient media of SNRs Cas A
and CTA 1, so the progenitor of Puppis A may be an O-type
star. Since, the SNRs connected to AXPs are not in less dense
media compared to Puppis A, in principle we can assume that
the progenitors of AXPs and DRQNSs are often O-type stars.

3.3 The SNRs without observed point sources

Now let us examine the S- and C-type SNRs for which
no point source has been observed (Table 2). As most of the
PSRs are connected to C-type SNRs (in most of the cases
PSRs create pulsar wind nebula), the C-type SNRs for which
no point source has been observed most probably include
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PSRs. As seen from Figure 3, C-type SNR W28 has the are related with each other. Therefore, examining the average
largest ambient density. The ambient density value of W28 in  density of the media around the SNRs, the density in the
Table 2 and the positions of the SNR in Figures 4 and 5 shock wave, chemical abundances of the SNRs, and the
confirm this result. existences of the OB associations in the regions of the SNRs

Similar to W28, the C-type SNR MSH 15-56 is in a we may roughly estimate the types of the progenitor stars.
dense ambient medium as seen from Figure 3. Its ambient  Possible types of the progenitor stars of the SNRs which
density data (Table 2) and its positions in Figures 4 and 5 contain neutron stars are given in the last column of Table
show that this SNR is in a medium which has a density value  1.The progenitors of all the SNRs (except the S-type SNRs
a bit less than the density in the ambient medium of W28.  without point sources) discussed above are expected often to
Progenitors of W28 and MSH 15-56 may be massive O-type  be O-type stars with different masses. At the end of their
stars. The third densest ambient medium may belong to SNR  evolution massive B-type stars often must give birth to S-
G0.9+0.1 (see Figure 3). So, we can confidently say that this  type SNRs in which it is difficult to detect point sources in
SNR has large explosion energy and is expanding in a HIl  radio and X-ray bands even if these SNRs are located at small
region which was created by its progenitor. This fact supports  distances. Since, the number of F-type SNRs is small and as
the idea that the progenitor of this SNR may be an O-type F-type SNRs do not have shells (i.e. we can not put them in
star. our figures for comparison), we can not discuss the density of

As seen in Figure 3, the SNRs expanding in less dense  their ambient media. But we know that the ambient medium
media are SN1006, Cygnus Loop and G116.5+1.1 which are  of the Crab PSR has a low density and nearby the PSR there
S-type SNRs. The positions of these 3 SNRs in Figures 4 and  is no young open cluster. Therefore, the progenitor of Crab
5 also confirm this result. From Figures 3, 4 and 5, after PSR may be a massive B-type star, rather than an O-type star.
examining the ambient media of S- and C-type SNRs (in Our investigations show that the type of activity (or
which no point source has yet been found) we see that, on  passivity) of a neutron star practically does not or slightly
average, the C-type SNRs are expanding in denser media  depends on the mass of the progenitor star on the main

compared to the S-type SNRs. sequence. So, it is necessary to examine the idea of
connection of the type of activity to the parameters of binary
4 Discussion and Conclusions systems (similar to the idea of the connection of the origin of

As is well known, average density values of the media, PSRs to close binary systems as claimed in [1].

presence and sizes of HII regions, and the masses of OB stars
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MUXTOLIF TiPLI NEYTRON ULDUZLARIN ©CDADLARININ MUMKUN KUTLOSL®RI

Muxtslif aktivliya malik neytron ulduzlar ile genetik bagh olan ifrat yeni ulduz qaliglarini shate eden mdihiti analiz ederak,
neytron ulduzlarnn acdadlari olan ulduzlarin kutlelerini tayin etmaya cahd gdstarilmisdir. Gostarilmisdir ki, acdad kdtlaleri ile
neytron ulduzlarin aktivliyi arasinda etibarli bir asiliiq yoxdur. iginde néqtavi menbs olmayan S- tipli ifrat yeni ulduz qaliglar daha
seyrak mihitda yerlagmigler va onlarin acdadlarinin kitleleri baxilan neytron ulduzlarinsin acdadlarinin kiitlesinden az ola biler.

A.O. Amnaxsepaues, ®.K. Kacymos, C.O. Taruena
BO3MOKHBIE MACCHI IPEJIIECTBEHHUKOB HEWTPOHBIX 3BE3/]l PASBHOI'O THUIIA

AHanu3upyst OKpy>Kalollylo Cpelly OCTaTKOB CBEPXHOBBIX, CBSI3aHHBIX C HEHTPOHHBIMU 3BE3JjaMH, C/ieJlaHa IOIBITKA YCTAHOBUTH Maccy
MPEIIIECTBEHHUKOB HEHTPOHHBIX 3BE3J PA3IMYHBIX TUIIOB, UMEIOIIMX Pa3HbIC CTENICHU aKTUBHOCTU. Y CTaHOBJEHO, YTO HE CYUIECTBYET
HaJIeXKHOU 3aBUCHMOCTH MEXKIY MacCcaMu MPEANIECTBEHHUKOB M CTEIEHBI0 aKTUBHOCTH (MJIM MACCUBHOCTH ) HEUTPOHHBIX 3Be3i1. OcTaTKu
CBEPXHOBBIX S-THUIIA, HE COICpIKAI[Me TOYCYHBIC MCTOYHUKH, HAXOAATCS B MEHEe IUIOTHOM Cpele, M MX MPEIIISCTBEHHHKH MOTYT OBITH
MEHEEe MAaCCHBHBIMH, YeM NPEIIIECTBEHHUKH OCTAIBHBIX THIIOB HEUTPOHHBIX 3BE3I.
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MOLECULAR DYNAMICS OF NEUROMEDIN NmU-8 NEUROPEPTIDE

N.A. ISAKOVA, I.N. ALIEVA, N. M. GOJAYEV
Baku State University,
Z. Khalilov str.23, AZ 1073/1, Azerbaijan

Molecular dynamics simulations were performed for neuromedin NmU-8, the regulatory peptide isolated from porcine spinal cord. A
single NmU-8 molecule was modeled in vacuum as well as in water. In the latter case it was surrounded by 264 SPC water molecules and a
periodic boundary condition was applied. A large flexibility of the Tyr'-Phe* amino acids sequence was observed in vacuum in contrast to
water simulation. The Arg®- Asn® backbone can adopt only a limited number of conformations, while the side chains may populate all three

major rotamers.

Introduction

Neuromedin U-8 (NmU-8) is regulatory peptide initially
isolated in 1985 from porcine spinal cord and then found in
variety of mammals, birds, and reptile [1-5]. Besides its roles
in smooth muscle contraction (human ileum, urinary bladder,
rat stomach etc) NmU-8 has also been implicated in
hypertension, blood flow in intestine, and neurotransmission.
NmU-8 is present in nerves throughout the Gl-tracts,
corticotrophs within the anterior and lobe of rat and human
pituitary glands, parafollicular cells in rat thyroid gland, and
in various regions of brain (spinal cord, hypothalamus,
substantia nigra, hippocampus, amygdala). Low levels of
NmuU-8 are also found in human adipose tissue lymphocytes,
and spleen. NmU-8 has a primary structure as follows: Tyr'-
Phe?-Leu®-Phe*-Arg>-Pro®-Arg’-Asn®. In our previous paper,
the theoretical conformational analysis method was employed
to study the global conformational structure of the NmuU-8
octapeptide [6]. Twelve types of stable conformations with
significantly different values of dihedral angles are possible.
The following study [7] was shown that substitution of the L-
amino acid with corresponding D-amino acid at the various
position leads to the formation of two possible binding sites
to neuromedin NmU-8 receptors. One of them, the N-
terminal fragment Tyr'-Phe* has an extended backbone form,
another C- terminus capable forms p-turn on the Arg>-Asn’
tetrapeptide fragment. A molecular conformation is largely
determined by its environment, so the aim of this present
work is the study the differences in the conformation of the
NmU-8 neuropeptide in a vacuum and in aqueous
environment using a molecular dynamics method.

Computational method

Molecular dynamics (MD) simulations were performed
for NmU-8 neuropeptide in vacuum as well as in water
solution using modeling package [8]. MD is widely applied
to the study of biological systems, providing insight into the
structure, function, and dynamics of biological molecules
[9,10]. A wide range systems have been treated, from small
molecules to proteins, in vacuum and in the presence of
solvent [11, 12]. Molecular dynamics simulations generate
trajectories of atomic positions and velocities and some
general thermodynamic properties. MD involves the
calculation of solutions to Newton’s equations of motions.
Often an MD trajectory will become trapped in a local
minimum and will not be able to step over high energy
conformational barriers. Thus, the quality of the results from
a standard MD simulation is extremely dependent on the

starting conformation of the molecule. So, the twelve
structures, including the best and the worst of the calculated
structures from [6] were used as starting conformations for
molecular dynamics simulations ¢, w and y; angles were
analyzed for changes in conformation. Runs were performed
for 300ps at 300K. The total length of the simulation depend
on the system being studied and the type of information to be
extracted. For example, in simulations of biological system a
time step of 1 femtosecond is commonly used. To ensure that
information about the highest frequency in the system is
retained, generally the bond stretching frequency of water,
the trajectory has to be recorded at an interval no larger than
4 femtoseconds. The length of the simulation (after
equilibration) has to be long enough to enable the slowest
modes of motion to occur. The force field parameters were
those of the all atom version of AMBER by Cornell et al
[13]. The total number of the water molecules was 264. A
harmonic force towards the center of the sphere was added to
atoms when they moved out of the sphere. The nonbonded
cutoff distance was 12A. The time step was 0,5fs. The
program Hyper. Chem. 7.01 [14] was used for the MD
simulations. All of the simulations were carried out for 2-10°
to 1-10" steps.

Results and discussion

MD runs, using the 12 starting structures of NmU-8 from
[6] were shown the significant differences in the
conformations of the molecule in a vacuum and in an
aqueous environment. Structures from the last 15ps of the run
were energy-minimized and two of these are shown in Figl.
Corresponding changes of the potential energy and dihedral
angle values are presented in Table 1. MD simulations show
that the NmU-8 molecule backbone can adopt only a limited
number conformations while the sidechains of the residues
may populate all three major rotamers. A large flexibility of
the Tyr'-Phe* amino acids sequence was observed in vacuum
in contrast to water simulation. The Arg®>-Asn’ tetrapeptide
fragment was found to be rigid in the conditions studies.
Changes in intramolecular energy during simulations in water
were negligible; they did not exceed 10-15 kJ/mol for NmU-8
molecule. At the same time, the molecule interaction energy
was much higher due to the flexibility of the Tyr*-Phe* part
of the NmU-8. Interactions between aromatic side chains of
the Tyr', Phe’ and Phe’ amino acids make the largest
contributions to the global energy of the simulated molecule.
Undoubtedly this contribution is overestimated in the vacuum
approximation. The proline residue at position 6 makes an
angle to the plane of the cycle and is seen to fluctuate by
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+30° about a mean position during the molecular dynamics
simulations. The backbone structure comprises a type Il B-
turn formed by residues Arg®>- Pro®- Arg’- Asn® contains a
hydrogen bond between Arg® CO and Asn® N°H. Now
consider the conformational properties of each amino acid
residue in detail. The molecular dynamics simulations
revealed the possible deviation by +120° from the optimal
values of ¢ angle for Tyr* in vacuum as compared to +20° in
water. The deviations of y for Tyr! by +80° from its optimal
values are allowed in all calculated structures in vacuum and
water environment. The low energy changes of y; and y, for
Tyr* from 166 to 182° and from 70 to 89°, respectively, are
possible. As can be seen from Table 1 of the Phe? and Phe*
side chains are close to the minima of the torsional potential
271=60,180° and »,=90°. The deviations by +20° from
minimal values are possible for y; angle. The rotation of the
72 angle for Phe® and Phe* is considerably limited due to the
effective interactions between the Phe? and Phe* amino acids.

The mobility of the backbone and side chain of the Leu®
is more restricted as compared to preceding residues of
NmuU-8 in vacuum as well as in water. In contrast to water
simulations, where the ¢ angle for Leu® may be changed by

+20° from its optimal value, it is very mobile in vacuo. The
possible deviations of y angle for Leu® in the later case are
+40°. Calculated results indicate that y:-y, angles for Leu®
have a noticeable conformational flexibility. All side chains
angles (Leu®) were seen to be well-defined around 180°
throughout the runs.

As can be seen from Tablel. the mobility of the Arg®-
Asn® amino acids stretch is considerably limited. So, the
flexibility of ¢ and  angles of residues in the 5™ and 7"
positions is limited by 10° as compared to the preceding part
of NmU-8. This fact can be explained due to the important
role of these residues in the formation of B-turn.

Each ¢ angle varied about a single value, close to one of
the set of possible angles calculated from molecular
mechanics energy minimization [6]. The run with the high
energy starting structure had an initial ¢ angle for Arg®
around -60° which, during the run flipped to a value around -
120°. The y; angles of Arg® and Arg’ were seen to vary

between all 3 rotamers (-60, 60 and 180°) in the 5 runs while
that for Asn® () had only values around -60° and 60°.

NMU-8
B3B3B,R;B,RB3R3; eeefefe)

NMU-8

b)
B3B3B,R1B,RB3R;, eeefefe,

Fig.1 Computer-optimized structures of the NmU-8 neuropeptide in vacuum (a) and water (b). The initial conformation was an extended

structure [6].

The potential energy changes during the MD simulations
were examined (Fig 2). As can be seen, during the global
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sampling stage the potential energy rapidly decreased from
2000 to 337 kJ/mol. During the MD the energy changed



frequently and sometimes even experienced dramatic
changes, suggesting the sampling of a fairly conformational

space.The lowest energy obtained was -84 kJ/mol and
corresponded to state of NmU-8 as shown in Fig.1 (b).
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200 300

t,Time/p
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Fig.2. Energy of the NmU-8 neuropeptide during an MD simulation: a) in vacuum b) in water

Conclusion

We have carried out detailed analysis of the flexibility of
the NmU-8 neuropeptide molecule by employing the
molecular dynamics method. The foregoing results and
discussion lead to the following conclusions:

(). molecular dynamics simulations in vacuum as well as in
aqueous solution confirm the considerable flexibility of the
Tyr" -Phe’- sequence of NmU-8 neuropeptide;
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(1. the turn conformations on Arg®> Asn® seqment of
NmuU-8 similar to the type Il B-turn were more stabilized in
water, with the predominant hydrogen bond between Arg®
NH and Arg’ C'O than the extended conformations.

The determined structure may be used as the basis for the
design of further peptidic and/or non- peptidic selective
antagonists.
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Table 1.

The permissible ranges of values (in degrees) of @, v, x1-x+ dihedral angles of NmU-8 neuropeptide under MD
simulations in vacuum (upperline) and water (under line)

Amino ¢ v X1 X2 x3 X4
acid residue
Tyr! -63 to 160 54 to0 210 166 t0182 70to89 181 -
43to 83 120 to 140
Phe? -25t0 -110 120 to 140 150 to176 90(+5) - -
-90 to -105 140 to 160 160 t0182
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NEYROMEDIN NmU-8-iIN MOLEKULYAR DINAMIKASI

Donuzun onurga simiylUndan alinmis tanzimlayici peptid neyromedin NmU-8-in molekulyar dinamika Usulu ile konformasiya

mutaharrakliyi dyrenilmisdir. NmU-8 tgtin hesablamalar molekulun élcllari verilmakls vakuumda va su muhitinde aparilmigdir. II-
ji halda peptid 264 SPC-su molekulundan ibarst dizbucagh qutuya salirlar. Musayyan edilmigdir, ki N-uclu Tyr1- Phe*
fragmentinin mutsharrakliyi vakuumda va su muhitinde geyri-miayyan quruluga malikdir. 9sas zancirin Arg5— Asn® fragmenti
mahdud sayda konformasiya halinda olmasina baxmayaraq, yan zancirler biitiin miimkin hallarda ola bilirler.

H.A. UcaxoBa, U.H. AnneBa, HM. I'og:kaeB

MOJIEKYJISIPHASI ITMHAMUKA HEMPOMEJIMHA NmU-8

MetomoM MOJICKYISIpHOW TUHAMHKH H3y4YeHa KOH(OpMamumoHHas MOABIXHOCTH HeifpomennHa NmU-8, perynstopHoro menrtuaa,
BBIJICICHHOTO U3 CITMHHOTO MO3ra CBHHBHU. Pacyer mosekynsproi nuaamuki NmU-8 nmpoBoauiics B BaKyyMe U B YCIOBHUSX SBHO 3aJJaHHBIX
MOJICKYJI BOJbI. B mociemHeM ciydae MENTHA MOMEUIATH B MPSIMOYTOJBHBIA SIUK ¢ 264 monekynamu SPC- BOABI C HAJIOKCHHBIMH
NEePUOANYECKUMH I'PAaHUYHBIMU YCIOBHSMHU. YCTAaHOBJIEHO, 4TO Oyarozaps noasmwxkHocTH N- KOHIEBOro ¢parmenra Tyr'- Phe* nerrun
HMEeT HeYHOPI0YCHHYIO CTPYKTYPY B BaKyyMe M B BOJHOM PacTBope, a pparMeHT Args- Asn® ocHOBHOIA Lenu MIPUHAMAET OTPAHUYCHHOE
YHCII0 KOH(POPMAMOHHBIX COCTOSTHH.
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GREEN FUNCTION METHOD IN A FERROMAGNETIC SUPERLATTICE

V.A.TANRIVERDIYEV
Institute of Physics of the National Academy of Sciences of Azerbaijan
Baku Az -1143, H. Javid ave.33.

The expression of Green function for different layers in a ferromagnetic superlattice is derived by the recurrence relations technique. The
elementary unit cell of the superlattice under consideration consists of alternating layers of two simple-cubic Heisenberg ferromagnets. The

results are illustrated numerically for a particular choice of parameters

In the past few years, there has been growing interest in
the magnetic properties of artificially layered structures. With
the advance of modern vacuum science, in particular the
epitaxial growth technique, it is possible to grow very thin
films of predetermined thickness, even of a few monolayers
[1-3]. Superlattice structures composed of two different
ferromagnetic layers (Fe/Co, Fe/Cr, Fe/Ni, Co/Cr, Dy/Gd
etc.) have already been artificially fabricated. They have
potential applications in magnetic information technology.
Green’s function method interface rescaling technique
transfer matrix formalism as well as recurrence relations
technique is used for their studies [4-6]. Green function
method is the most useful among these methods. The
physical characteristics, such as spectrum of magnons, the

obtained using Green function method [7,8]. The
investigation of Green function in SLs is not new, but many
earlier papers considered only the case the SLs composed of
two different ferromagnetic or antiferromagnetic atomic
layers [9,10]. J. Mathon derived the exact local spin-wave
Green function in an arbitrary ferromagnetic interface,
superlattice and disordered layer structure in ref. [11].

As indicated in figl. we consider in this article a
superlattice in which the elementary unit cell n; layers of
material 1 alternate with n, layers of material 2. Both material
are taken to be simple-cubic Heisenberg ferromagnets,
having exchange constant J; and J, and lattice constant a.
The exchange constant between constituents is J. The
expression of Green function for different layers in the

temperature dependence of magnetization, magnetic  superlattice under consideration is derived by the recurrence
susceptibility and others of magnetic layered structures are  relations technique.
ILI

x @ ® ®.. 9 ® ® X x ®

x ®I]® ®. ®7Jx J, x P P ®

x e @ ® .. @ % % X .. X ®

x e @ @ & ® ® S &

0 1 2 3 n, n,+1 n;+2 n;+3 fn;+n, n,+ng,+1

Fig.1. The elementary unit cell of SL consisting N different simple-cubic Heizenberg antiferromagnetic materials. The same lattice
parameter a is assumed for all the materials. Antiferromagnetic layers consist of n; (j=1,2,...,N) atomic layers. The layers

are infinite in the direction perpendicular to the axes z.

The Hamiltonian of the system can be written in the form
1 -
H =—EZJi'j(SiSj)—ZgiuB(HfA) TH,). O
L] i

where the first term describes exchange interactions between
the neighbouring spins and the last terms include the

Zeeman’s energy and magnetic anisotropy energy. The axis z |

{6() - gi/uB(HO + H(iA)) - 4‘Jnn7(k||XS§> - ‘Jn,n+1<Sﬁ+1> - ‘]n,n—1<8§—l>}Gn,n'(a)’ I(II) +
2(S7)0, ,

+ ‘Jn,n+lGn+1,n’(w’ kll) + ‘Jn,n—lanl,n'(a)’ kll) =

of the coordinate system is normal to the film interfaces [001]
and external field Hg is assumed to be parallel to the axis z.

H(iA)(izl, 2) anisotropy field for a ferromagnetic with

simple uniaxial anisotropy along the z axis.
Employing the equation of motion for the Green function

G, ;(t t) = S;(t); s;(t)) one obtains the following

equation after two dimensional Fourier transform [9]

O]

here, n is the index of an atomic layer and (k| ) is defined lare valid in the low-temperature limit and random-phase-

as follows ;(k”):l—O-S(cos k,a+cos kya). Equation (2)

approximation (RPA) has already been done.
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The equation (2) can be solved by recurrence relations 2005(91(2)) -
technique [12] to relate the Green functions for interface 12~ 1 0
layers of the elementary unit cell
Gn +n, +1,n' Gl n' 61 T 27_ 1 (0) B %2(21) ‘]1(2)<Sl(2)>J’
{ Cp J ) T(Go n) ) [@j © o ISy \ ~ ISy 0
_ w — NECTY)
where T = T,.T,2 7T, T,.T," °T,, and the matrix Ty, Tl(z)L=J;[ ] ﬂgz”> 02 @ J (4)
Ts, Tle‘TIRx T1 and T have the form: | 1(2)< 1(2)> 12Y"12)
- 2/J
TzRTzn2 72T2LT1RT1n1 = ( 0/ lj n'=1
n, - n,—-n'-1 0 '
Tl 2T, T T ™ 2, 2<n'<n,-1
2(S — 2,,)/33,(S,)?
TZRTan—z Sy (a’ 21)/ 2(S;) n'=n,
(élJ B - 2(S.)/3¢S,) ®)
5,) - 24
: TZRTznz_Z( 0/ Zj n'=n,+1
ny—n,-n'-1| 2/‘J2 ’
TorT, 0 n,+2<n’<n, +n, -1
- 2(S,)/J(S
[ 23 1>J n'=n, +n,
0
My = Giptd(Ho + HIQD + J1y(Sizy) + I(S5ay) + Ayz(ST (2)>7(k||)
6, and 6 are defined by the expression
Cos(el(z)) = b (91(2 ug(Hg + H1(2) )+ 2‘]1(2) <S1(2)> + 4~]1(2) <Sf(z) >Y(k||)_ 03)/2‘]1(2)<51(2)> (6)

For‘bl(z)‘ >1, by, = cosh(g, ), and one replaces |(— 1)" sinh(nel(z)) for by, < -1. The matrix

sin(n&l(z)) by sinh(n&l(z)) for b1(2) > 1 and €lementsof T is given by the following expression

|
T, = (X11y11 — X12Y12 )/(‘] 2J 1J2<81>2<Sz>2 Sin(gl)Sin(gz ))

T = (XY + X00Y1,)/(323,3,(5,)2(S,)? sin(,) sin(6,))

Xy =@ —4, f sin((n, - 19, 123, ~4,) sin((n,- 2)0,) +33S)?sin((n, 3)0,) @
IS0 — 2,)sin((n, - 1)9,) + 3.¢S,) sin((n, - 2)a,)]

-3%(s,)? sin((n, - 1)6,)

X12

X22

the matrix elements T,;, T2, and Yy, Y10, Yo by replacing all [ The system is also periodic in the z direction, which
subscript 1 by 2, 2 by 1 in - Ty, T and Yuy, Yio Yz, lattice constantis L = (n, + n, Ja. According to Bloch’s
respectively. theorem we can write [13,14]
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[CI G,y The expression of Green function G, . (@, K;,) and
L+, +1, _ exp[iKZL] 1,n (8) p 1,n( II)
I o.n Go.n (a) K, |) are obtained by using equation (3) and (8).
|
Gln,((x),k”)= (8,75 —8,Ty, )eXp[ iK L] 5, ’ GOn’((’Olk”): (62T11 _61T21)9Xp[_ 'KzL]_82 9)
’ 2c0s(K,L)-T,, - * 2c0s(K,L)~T, - T,
The Green’s function for all layers of elementary unit of Green function for the left-hand (n’ = 1) and right-

superlattice are related with G, (‘" kII) and Go_ v (‘" kII) hand (n’ = n,) layers of components 1 in elementary unit

by reccurence relation technique. Using (4), (5) and (8) one  cell of the superlattice have the form
can calculate the Green’s function for different layers in
elementary unit cell of the superlattice under the consideration. |

Gl’l(a), kII) = Gni,nl (w’ kII) = (251T12/(‘Jsz ))/(2 COS(KZL) -Ty - T22) (10)

Green function for the bulk layers (2 <n' <n; - 1) of components 1 in elementary unit cell of the superlattice has the
form

Gn’,n’ (w’ kII)= [X;zxiz (T22 _Tll) +(X£2 )2T21_ (Xiz )2T12 ]/b-SJ 12‘]3<Sl> Sin2 (91)(2 COS(KZL)_Tll_ T22 )] (11)
Xil = (a’ - /112)2 Sin((n' - 1)H1) + 2‘]1<Sl>(a) - le)Sin((n' - 2)91) + J12<Sl>2 Sin((n' - 3)01)

Xizz‘]<Sz>[(a’_/112)Sin((n,_l)el)‘h]l(Sﬁ sin((n’—2)6’l)], X’22 = <S > Sln(( - 1)0 )

| Green function for the left-hand layer (n’: n1+1), the

bulk layers (n1+2£n’snl+n2—1)and right-hand layer
1 (@ T m

| (n’:nl+n2) of components 2 in elementary unit cell of the

P T 3 superlattice are obtained by replacing all subscript 1 by 2, 2

< 1 _P ] by 1 and (n’—>n’+n1) in the Green’s function for the same

; 2 s layers of components 1 in elementary unit cell of the
5 — superlattice, respectively.

For numerical illustration of our result we consider the

11 I =1 spin wave dispersion-curve of the superlattice under

S consideration. As known the spin-wave spectrum is obtained

0 . i from the poles of Green function. fig 2(a) shows the bulk

(] 1 2 i [] 1 2 spin-wave dispersion curves of the component 1 and 2 for a

k,a K.L particular choice of parameters, while fig.2(b) shows the

Fig.2. Bulk spin — wave dispersion graphs for [001] propagation spin-wave dispersion curves of the superlattice. In the

with parameters J, /3, =2;9,=0,; frequence range, where K,, and K, are real, the

glﬂBH(lA)/31<Sf> 0.01: superlattice dispersion curve exhibits broud pass bands and

o 5 narrow stop bands. The pass bands are narrow and the stop

g, ugHy /J1<31> = 0.03. bands are broud where at least one of the wave vectors is

complex.
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V.9. Tanriverdiyev

FERROMAGNIT IFRAT Q9F9SD9 QRIN FUNKSIYASI METODU
Rekurens slagaler metodu ile ferromagnit ifrat gafesin muxtslif laylari G¢ln Qrin funksiyasinin ifadssi tapilib. Baxilan ifrat
gefesin elementar 6zayi iki mixtlif sade kubik Heyzenberq tip ferromagnit laylarin ndvbalegsmasindan taskil olunub. Alinan
naticaler parametrlorin segilmis giymatlari Gglin kemiyyatce tasvir olunub.
B. A. TanpbiBepaneB

METO/l ®YHKIIUA TPUHA B PEPPOMATHUTHOM CBEPXPEIIETKE

C NoMOIIBIO TEXHUKH PEeKYPPEHTHBIX COOTHOLICHMH HaiineHb! BhipaxkeHHs QyHKUMM ['pUHA 171 pasiInyHBIX CI0eB GeppoMarHUTHOM
CBEpXpELIETKH. DJIeMeHTapHas s4eiika pacMaTpUBacMON CBEPXPEIIETKH COCTOMT M3 UEpPEAYIOIIUXCA CIOEB ABYX PA3IMYHBIX MPOCTBIX
Ieit3enOeproBekux eppoMarHeTUKOB. Pe3yabTaTsl IPOMILTIOCTPUPOBAHEl  KOJMMYECTBEHHO JUIS BBIOPAHHBIX 3HAYCHUH MapaMeTpoB.
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THE DIFFUSE PHASE TRANSITION IN HTSC AND THE MAGNETIC FIELD INFLUENCE
ONIT

S.A. ALIEV, S.S. RAGIMOQV, V.M. ALIEV
Institute of Physics National Academy of Sciences
H.Javid ave.33, Baku-1143, Azerbaijan

The results of electrical properties of bismuth (2212, 2223), yttrium (123), YBa,Cu,g7Feq1307.y, and La,.,SrCuO, crystals in the
superconducting phase transition (SCPT) region are interpreted within the framework of the theory of diffuse phase transition (SPT). The
parameters of PT, characterizing the region and the degree of diffuse of SC transition are determined: To, ag, L(T), dL/dT, 24T* and

2AT*/ T, at different values of a magnetic fields (B).

It was shown that in HTSC the supercoducting PT, without “premature” decreasing region of o(T) and «(T) has the diffuse character.
The SC transitions take placed under the mscp/myp=exp[as(T-To)] law, and under magnetic field (B) strongly increased the diffuse
degree. It was founded the most probably defects, which stipulate the diffuse of PT in HTSC and the reason leading to rise of degree of

diffuse in magnetic field.

The study of processes take placed near by and in range
of phase transformations (FT) is one of developing directions
of solid-state physics. The interest to this, widely
investigated, direction has increased after discovering high
temperature  superconductors (HTSC). One of actual
questions of the given direction is the study of regularity of
transition of one of coexisting phases in other, detection of
classification FT, namely in what extent the transition is
pointy or blurred. For this purpose the calculations of
arguments FT is necessary, by which one are possible are to
reveal the range and extent of diffusion FT. Such problems
are reviewed in [1-4] for crystals Ag.Te, Ag,Se and
AgFeTe,, having structural FT. In particular, in [2,3] at study
of electrical and thermal properties Ag,Te and Ag,Se near by
and in range FT were observed a number of a feature. For
interpretation of the obtained data the theory blurred FT was
involved [5-7]. Proceeding from the theoretical reasons, the
procedure of determination of masses coexisting in range FT
of phases (m, mg), by data, which were, calculated the
parameters of FT, defining range and extent of diffusion FT.
It was shown, that the electronic processes, which are flowing
at FT, by virtue of them on many smaller inertness effect,
than thermal processes, are most responsive to a subtle
structure FT and can be applied for determination of
parameters FT, irrespective of their origin. The given
procedure was used for study FT in bismuth HTSC [8-9],
where is shown, that SC FT in them have blurred nature.
Under of an external magnetic field the diffusion hardly
increases, the asymmetry FT and etc. feature occurs.

With the purpose of generalization and developments
obtained in works [8-9] of result in whole for HTSC it is
necessary to increase number considered HTSC, to expand a
range of magnetic and electrical fields, to involve the data of
crystalline samples etc. It to allow to reveal regularity of
transitions SFT - NF, influencing on these transitions of
external factors, to study variations take placed in range of
"premature” decreasing of specific receptivity (p) in HTSC,
to determine range and extent of diffusion FT in wide-spread
HTSC, and also influencing on them of an anisotropy, related
by layered crystalline structure of HTSC. Therefore in the
given work is analyzed the electrical properties of specific
receptivity o(B,T) and thermal power «(B, T) in range FT
most widely investigated HTSC: YBa,Cu30;5 [10],
YBa,Cu,g:Feq1307.5 [11], in directions BJ| to a plain (ab)
and BJ_(ab), Bi1_72Pb0.34sr1.83C31.97CU3.13010+5 (2223) and

BiZSFZCaCu2010+5 (2212) and La,Sr,CuO, (214) The
experimental data are interpreted within the framework of the
theory DFT [5-7] on procedure offered in [2, 3].

Theory and procedure of determination of parameters FT

The theory DFT in solids is reviewed in [5-7]. With this
purpose was used the theory DFT in condensate systems,
founded on the introducing of a function of inclusion L(T),
describing a relative part of phases in range of their
coexistence. It is supposed that, if thermodynamic potentials
of a and - phases to designate through ¢, and @, the
thermodynamic potential o(7) in range FT can be
introduced by

D(T) = Do (1) + AP +L(T) 1)

Where 40(T)=0,(T)-¢,(T). In a case, when FT take
placed in AT=T,-T,(T>>T,) interval, the function L(T)
should fit asymptotic conditions

0 T <T,
LM=0<L<1 T <T<T, )
1 T >T,

According to the theory DFT, for a function L(T) is
obtained

1
T 1+ expl- AT - Ty)

Where To- temperature, at which mass of both phases are
quantitatively equal, a — temperature dependent constant
describing extent of diffusion FT, depending from a volume
of possible fluctuations, and also energy and temperature FT.
Informative the derivative L(T) on temperature is also

L(T) ®3)

oL/ _2a 1
o 21+ chl- &aT -T)] @




THE DIFFUSE PHASE TRANSITION IN HTSC AND THE MAGNETIC FIELD INFLUENCE ON IT

defining temperature speed of phase transformations in each
transition point. Allowing, that L(T) characterizes a relative
part of phases in range FT, it can be determined and under the
data of masses of each phase (m,, m;) by

n (]

LM=|1 + (5)
mAT)
From the joint solution (3) and (5) follows
1 m
a=——1In—2 (6)
T, =T m,
m
According to (6) the dependence In| —% = y | from T
m
B

gives straight, the interception which with a temperature axis
corresponds to Tg, and slope In y/AT - to a temperature
constant - a.

In works [2-4] enabling, that in region of FT a
temperature change of a differential - thermal analysis DTA
and electrical properties of Ag,Te and Ag,Se in region of FT
are related by, basically, quantitative change of « and g
phases, the parameters of FT were determined: a, To, L(T),
dL/dT and change of some thermodynamic parameters in
FT region. For this purpose it was necessary to achieve a
linear temperature variation nearly and in FT region. Then
from a beginning up to the end of transition the interval of AT
may be to divide into equal intervals and corresponding
values of investigated effects to refer to suspected phases, for
example

AT=T, (L-mg/m)+AT, (Ms/M,) @)

If by analogy Ag,Te and Ag,Se to accept for one phase
normal (NF), and for other superconducting (SCF), the
offered procedure can be applied and for HTSC. Then the
conforming masses will accept values m,¢ and mgcr.

Discussion of obtained results

In a fig.1 are submitted the o(7,B) and «(T,B)
dependencies for a crystalline sample Bi,Sr,CaCu,07.s
(2212) and o(T,B) for a crystalline sample
Ag(Bi17,Pbo34Sr183Ca1.97CU31301045 (2223), investigated in
[12] up to magnetic fields 12 T. For analysis are involved the
data of [10], in which p(T,B) of crystalline YBa,Cu30;.; are
investigated up to 5 T (fig. 2a), the data [11] in which p(T,B)
of YBa,Cu,g7Fe01307.5 is investigated in a direction B||(ab)
of plain and B_L (ab), accordingly up to 5 T and 4 T, and
also Lay,SrCuQ, (214) [13]. For each of introduced curves
o(T,B) and a(T,B) in FT region the masses mg¢ and
mn¢ are found, the relations In(m,e/msg) from T are
constructed and are determined T, and ag at different values
of a magnetic field. In a fig. 3(a) are presented the
characteristic  dependencies of In(y,T) only for
YBa,Cu,g:Fey 13075 in a case B||(ab) plain. It is shown,
that in all reviewed HTSC crystals with increasing of B the
value To and ag hardly decreases. From the data of a fig. 3a
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are seen, that the temperature dependencies of distribution of
coexisting phases (in FT region), by excepting of high
temperature part of transition corresponding to “premature”
region of o(T), are well layed on straight In (Mg/mMpys =y,
T). But the dependencies of In(y,T) and in high
temperature region also is linear, but with other slope
independent of value B. The values of a on this segment
(ass) on the order are less, than in a main segment SCFT
(ap) at B=0. In a fig. 3b are shown the ag /ay dependencies
from a magnetic field. As is seen the strong decreasing of a is
occurred at weak fields. The data analysis are shown, that this
segment of B corresponds to ranges of the lower critical field
B, at which one is always watched a fracture of communal
dependencies of a critical field B.(T) from T. From the
obtained here results it may be to conclude, that for reviewed
HTSC the superconducting phase transformation, irrespective
of value of a magnetic field, is realized under the law mg¢/my
= exp[ag(T-To)], where a ag - temperature-dependent
constant for each crystals depending only on value B. It
means, that the process of despairing of SC electronic pairs
(or process of formation of vortex currents) in a magnetic
field is realized by the indicated exponential law.

Fig. 1. Temperature dependencies of specific resistance (a),
thermal power (8) of Bi-SC (2212) at B: 1-0; 2 - 0.1;
3-0.2;4-05;5-0.9;6-2.2Tand Bi (2223) (c) at B:
1-0;2-0.01;3-0.05;4-0.1;5-0.2,6-05;7-1;8-
2;9-3;10-5;11-7,12-9; 13- 12T.

It should be noted, that on a segment of "premature”
decreasing of p(T) of FT also is realized by the exponential
law mg/mys = exp [ass (T-Tos)], but with the data ag and T,
intrinsic to this region. It confirms opinion that the
mechanism of pairing on a segment of “premature"
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decreasing of resistance differs from the mechanism of a
main segment of SC transition.

100

B (imOm.sm)

B imOum. s1n)

B imOmesmy)

40 50 60 TO BO 90
TK
Fig. 2. Temperature dependencies of specific resistance of
YBa,CuzO75(a) atB:1-0;2-1;3-2;4-4;5-5T
[10], YBa,Cu, g7Feg 13075 at B||(ab) B:1-0;2-1;
3-2;4-3;5-4:6-5TandB 1 (ab) B:1-0;2-1;
3-2;4-3;5-4T [11].

100

i: : H\\\ \'.. T;.;E
A\

a{l)

o 1 4 & |
BT
Fig. 3. Temperature dependence of mass distribution Iny (a) in
YBa,Cu,g7Fep13075 Inacase B|| (ab)atB: 1-0;
2-1;3-2;4-3;5- 4T and dependence of a tempera-
ture constant ag (b) from a magnetic field: 1-Bi (2212);
2-Bi (2223), 3-Y (123), 4 - YBa,Cu, g7Feg 13075

B|| (ab) and 5 - YBa,Cu, g;Feq 13075 BL (ab).

19 11

According the data of ag and T, for each dependencies
p(B,T) and o(B,T) were calculated a inclusion function L
(T) and temperature speed FT dL/dT. In fig. 4 are shown the
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dependencies L (T) and dL/dT only for bismuthic (2223)
HTSC at different values B. These characteristic and for
remaining HTSC crystals data visually demonstrate a
diffusing of SC phase transition in HTSC and influencing on
them magnetic fields. It follows that according to the theory
[5-7] at point FT tangent to inflection point L (T) there
should be a vertical axis, and in a case DFT tangent will
derivate a definite angle with a vertical axis, depending on
value a. The calculations shows, that for the reviewed crystals
the value of this angle reaches up to 45°. The rate of change
of a function dL (T) /dT according to the theory DFT is
figured by a curve with a final maximum at T, (as in a fig. 4),
where as for point FT she can aspire in this point to infinity.
For the quantitative characterize of diffusion FT it may be to
use a half-width of a curve dL/dT i.e. interval AT, counted
from Ty, in which dL/dT decreases twice as contrasted to
with maximum rating dL/dT (AT") = 1/2, from which one,

arcch3 1.76
ag ag

or, allowing the left and right party from T, we shall receive
2AT =T;-T, = 3.52/az . Then in the formulas (3) and (4) in a
place a using 3.52 / (T;-T,) it is possible to calculate L (T)
and dL/dT for region of diffusion IF. The calculations shows,
that to an interval 2AT" there corresponds variation of a
function L (T) from value 0.15 (at T;) up to value 0.85 (at
T,). In a fig. 4 these regions are indicated with broken lines,
the values which one coincides with counted on the data an
ag. It is expedient to enter into the table the value of the most
relevant parameters for all reviewed HTSC at different values
of a magnetic field. In particular: ATst - interval of
temperature of SC phase transition (without region of
"premature™ decreasing p); Tx (B) - critical temperature; T,
(B) temperature at which one mse=myg; ag- temperature
constant; dL/dT at Ty; 2AT - interval of diffusion of SCFT
and 2AT"/T, - relative value of region of diffusion FT. Let's
remark, what there is a tendency - than above temperature
SCFT, the more FT interval ATst, therefore and region of
diffusion FT, but ratio 2AT"/T, excludes such relation and
demonstrates an extent of diffusion FT temperature-
independent of transition.

with allowance for (4) follows: AT =

1408 % -4-2 03 1 % W
T-%, K
Fig. 4. Temperature dependencies of include function L (T) and
its derivative dL/dT for Bi (2223)atB: 1and 1'- 0; 2
and2'-0.1;3and3'-0.2;4and4"'-2;5and 5 '- 12T.
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From the reduced data follows, that among reviewed
HTSC yttrium have the least diffusion SCFT, the
replacement of Cug 13 atoms by Feq 13 atoms does not result in
noticeable variation of diffusion FT. In a direction B_L (ab),
J|| (ab) region of diffusion hardly extends, as enhances
influence a magnetic field on an extent of diffusion in it. The
data on La, xSrxCuO4 (X=0,15; 0,16; 0,18) demonstrate, that,
despite of rather low extreme temperature, in them the
diffusions SCFT are higher, than in yttrium HTSC. For
comparison in the table are brought the data for classic SC 1
kind of stannum (Sn) at different values of a current density
(j), flowing through it [14]. As is seen, in Sn the value of «;,
though and on three orders it is more than in HTSC, but SC
transition is not pointy, and the diffusion increases with
increase of a current density, which one acts to an identically
external magnetic field. From these data also follows, that the

degree of diffusion of FT in SC- I of a kind, approximately
one order is less, than in HTSC (in relative units 2AT"/Ty).

Concerning the nature of defects resulting in to diffusion
in SCFT in HTSC in absence of a magnetic field is possible
to indicate on a non-uniformity, related by deviation from a
stoichiometry of multicomponent structures, defect or excess
of oxygen etc. imperfection. In case of bismuthic HTSC the
presence of other phases (2201, 2212, 2223) is possible.
Probably in bismuthic HTSC these factors cause a high scale
of diffusion of FT. The defects resulting in to strong diffusion
SCFT in a magnetic field, undoubtedly, are conditioned by a
vortex state of SC- II kind, in which one, since very weak
fields, are spontaneously arisen vortex currents. At further
increasing of B the dimensions of vortexes and value of a
flow of a magnetic field, which one they carry out, remains
invariable, but quantity of vortexes is increased, forming
similarly to atoms of a crystal an exact lattice, which leads to
increase of diffusion degree of SCFT.

The table
The title of HTSC BT | ATcn | Tw®), | To®), | anK' | UGT | 2ATAB) | par*
K K K At K
AT=0 To
YBa,Cu307.5 0 11 914 91.8 6 15 0.6 0.0065
(123) [10] 1 35 88 | 893 | 1.25 | 031 28 0.03
2 6 85.8 87.75 11 0.28 3.2 0.036
5 11 80 83.75 0.75 0.19 4.7 0.05
YBa;Clp 5776912072 0 15 79 | 79.85 5 1.25 0.7 0.0088
BJ| (ab),BLJ 1 2.7 773 | 786 | 29 | 072 12 0.0153
IL(ab) [11] 3 4 755 | 775 | 194 | 049 18 0023
5 4.5 745 76.75 1.36 0.34 2.6 0.034
YBa,Cu, g7Feg 1307.5 0 7 78 79.5 1.2 0.30 2.9 0.0365
Bl (ab), BLJ, 1 17 68 73.4 0.64 0.16 5.5 0.075
Jliab) [11] 2 20 62 | 696 | 043 | 011 8.2 0.118
4 27.3 52.7 63.9 0.25 0.08 14 0.22
AQ(Bi1.72Pbg34Sr g3 0 10 107 109.5 04 0.1 8.8 0.08
Cay.97 Cug13010+5) 0.5 28 85 107 0.18 0.045 19.6 0.23
(2223) 2 38 72 106 0.12 0.03 29 0.27
[12] 12 62 45 90 0.05 0.012 70 0.78
Bi,Sr,CaCu,010+s 0 12.5 80 86.5 0.3 0.075 11.7 0.13
(2212) 0.5 27 65 83.5 0.24 0.06 14.7 0.18
2 32 60 82.5 0.2 0.05 16 0.19
Lay g5Srp.15CUO, - 10 40 41.75 0.65 0.16 5.6 0.13
Lay g4Srp.16CUO, - 5.4 40 41.25 0.8 0.2 4.8 0.12
Lay g>Srp.18CUO, - 4.6 36.75 37.30 0.43 0.11 7.6 0.2
Sn 10pA | 0.0038 | 3.721 | 3.722 | 2.088 522 0.00266 0.0007
[14] 20pA | 0.0045 2 3.721 1.75 436 0.00315 | 0.00085
40pA 0.006 3.72 3.719 | 1.382 345 0.0042 0.001
3.718
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S.A. Sliyev, S.S. Rshimov, V.M. Sliyev

YTIiK-DO FAZA KEGIDLORININ YAYILMASI VO ONLARA MAQNIT SAH3SININ TaSIRI

Bismut (2212, 2223), ittrium (123), YBa,Cu, g7Feq 13075, Vo La,,Sr,CuO, kristallarinin ifratkegirici faza kegidi oblastinda (IKFK)
elektrik xassalarinin naticeleri yayllmis faza kecidi (YFK) nazariyyssi asasinda izah edilmisdir. Magnit sahasinin (B) mixtalif
giymatlerinds K kecidlerin yayllma deracalari ve oblastlarini xarakterize eden Ty, ap, L(T), dL/dT, 2AT" u 2AT /T, kimi FK
parametrlori toyin edilmisdir. Gosterilmisdir ki, YTIiK-ds ifratkegirici FK vaxtindan avval azalma oblastini nezere almadiqda
yayiniq xarakterli olur, sahanin (B) tesiri altinda yayinigliq deracesi artir ve m ¢/ M e = explag(T-To)] ganunu ile bas verir. YTIK-
da FK-nin yayinighigini temin edan defektlar ve magnit sahasinds yayiniqliqg deracasini artiran sabablar gostarilmisdir.

C.A. Aimues, C.C. Parumos, B.M. Aines
PABMBITUE ®A30BBIX ITEPEXO/I0OB B BTCII U BIMSTHUE HA HUX MATHUTHOI'O ITOJIA

Pe3ysbTarhl 2IEKTPHIECKUX CBOMCTB BUCMYTOBBIX (2212, 2223), urtpuessix (123), YBa,Cu, g7Feq 13075, 1 Lay«SryCuO, kpucramios B
obnactu cBepxmpoozsiero dasosoro nepexona (CIIPII) nHTEPIPETHPOBAHBI B paMKax TEOPUH PasMBITHIX (a3oBbiX mepexonoB (POI).
Orpenencrel mapamerpsl ®I1, xapakTepusyromue odnacts 1 creneHs pasmsitast CI1 nepexonos: To, ag, L(T), dL/dT, 2AT u 2AT /T, npu
pasNuuHbIX 3HaueHUsIX MarHutHoro nous (B). IMTokasano, uro B BTCII ceepxmpoBoasiue ®II, 6e3 yuera 06aacTu “npexaeBpeMeHHOro”
ymenbiierns p(T) u a(T), HocsaT pasmbiteiii xapakrep, CIT mepexoisl, NPOUCXOMIT MO 3aKOHY M cro/ M po = exp[ag(T-To)] u nox
neiictBueM B cunbHO Bo3pacTaer creneHb pa3MbiTus. OGocHOBaHbI Hanboliee BeposATHbIE AedeKThl, oOyciaBnuBaromue pasmbitue OI1 B
BTCII u npu4nHa, NpuBOASIIAs K BO3PACTAHHUIO CTEIIEHH Pa3MbITHS B MArHUTHOM II0JIE.

Received: 26.12.03
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The magnetic susceptibility, specific heat and entropy of parabolic
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quantum wires in tilted magnetic fields is studied. The dependence of

the magnetic susceptibility, specific heat and entropy on the magnitude of the magnetic field and the direction of the magnetic field, and

parameters of a parabolic wells is shown explicitly.

During the past three decades, the physics of low-
dimensional semiconductors has become a vital part of
present —day research. Low - dimensional structures allow the
study of a variety of new mechanical, optical,, and transport
phenomena. In this context, one dimensional systems have
been of particular interest for past decade [1-8].

The improvements of the semiconductor growth
techniques have offered the possibility to obtain low-
dimensional semiconductor structures with any desired well
shapes. One of those structures is the so-called parabolic
quantum well. Theoretically, parabolic confining potentials
are very attractive, since the spectrum and wave functions of
one-electron states have a simple analytical form, it is
possible to derive explicit analytical expressions for the
different physical parameters.

The magnetic field is an interesting additional parameter,
since it can be applied experimentally in a well-controlled
way and modifies fundamentally the electronic structure. The
application of a magnetic field to a crystal changes the
dimensionality of electronic levels and leads to a
redistribution of a density of states. The magnetic field is
assumed to be tilted with respect to the normal, it serves to
add an extra confining potential to the initial confinement,
gives rise to two different kinds of Landau level indices, and
causes a dramatic change in the energy spectrum, leading to
so-called hybrid magnetoelectric quantization.

As is known, thermodynamic properties is very important
aspect for a low — dimensional electron gas [9-12]. This paper
reports the thermodynamic properties of electrons in
parabolic quantum wires in tilted magnetic fields. We

consider the transport of an electron gas in a Q1D electron
quantum wire structure as treated in [5, 6], in which a Q1D
electron gas is confined by two confinement frequencies @,
and @, in the x and z directions, respectively, and the
conduction electrons are free along only one direction (y
direction) of the wire. Considering the magnetic field
transverse tilt direction, H=(H,, 0, H,) with the Landau gauge
A=(0, xH,-zH,,0), the eigenvalues E,(ky) are written as [5,6]

21,2
WK

~

En (K, F(n+1/2)hQ, +(141/2)r02, + (1)
where Q7 =0 +0” , Q5=w: +o_ , w,—eH, /mc=w, cos 4,

a)Z:eHZ/m*c =w, sin 4, Xo:_bllélky’

)_1 . Here IBlz(h/m*Q1 )1/2 :

. W2
Ly =(n/m’0, )* | by=w, /0, and by=a, /Q,.

It is known that all of the thermodynamic properties of a
system can be obtained as derivatives of the free energy of

system. The free energy of the nondegenerate electron gas is
[13]

2
zy=b,lg,k,

2 2

~ [ 2 ~2 2 2
m=m (9192)(0)1602 Oy

F=K,TN In% > expl-E, (i, VK T] @

n, Ik,

F=K,TNIn

42 Nish(rQ, /2K . T Jsh(r€2, /2K T )

| Summing geometric series in  (2) we have
eLy1/m*KBT -

Magnetic susceptibility is determined by the formula [9]

1 oF o
SV T
|
2 2
@:sh‘l[ nQ, j KaT (1—a)°2]—cth[ nQ, j o,
o 2K,T )| o, |7 2 2K, T )20

\

where i,j=1,2; H;=H,; H, =H,; V is the volume of the crystal.
The components of the magnetic susceptibility are
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2 2
X _ sht hQ, || KgT 1- a)cz _cth hQ, a)C2 ©)
Zo 2K,T )| 7Q, QF 2KT )20
where |
N eh 0%F
ZO 2KBT[m*j aZT ( )
After some manipulation one obtains
The specific heat is given as [10] |
2
C =K;N sh™? Y, MY, +sh™? 2, e, )
2K, T N\ 2K, T 2K, T N\ 2K, T
The entropy S = —(8F /oT )V [13], can be calculated from (3) to give
Leym' KT (50, ), L hQ, K, \ Q) 1
S =KgN<lIn sh sh™| ——=||—cth e
427N 2K,T 2K, T 2K, T N 2K T 2 )
9
—KgNcth 2, n,
2K, T N\ 2K, T

Thus, expressions for the magnetic susceptibility, specific
heat and entropy of parabolic quantum wires in tilted
magnetic fields have been obtained. As seen from
expressions (5), (7) and (9), the components magnetic
susceptibility, specific heat and entropy depend on the

[ magnitude of the magnetic field and the direction of the
magnetic field, and parameters of a parabolic wells @, ,. The
typical diagrams of this dependence are given in a fig. 1-2.

L% ] .
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Fig. 1. a. Magnetic-field dependence of the components of the magnetic susceptibility ($=30 , ——=5, —= ). 1-y11, 2-y2;
KgT KgT
. . ho_ hoq hao,
b. Dependence of the components of the magnetic susceptibility on the angle 9, = =5, =10 |. 1-y11, 2-x20.
KgT KgT KgT
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Fig.2.a. Magnetic-field dependence of the specific heat (9$=30 , —=5, —=
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b. Dependence of the specific heat on the angle $ = =5, =10 |.
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The magnetic-field and angle (¢) dependence of the
components on the magnetic susceptibility are shown in

Fig.1a and Fig.1b, respectively. Figures 2a and 2b show the
specific heat per electron in units of Kg.
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H.B. ibrahimov

MEYLLI MAQNIT SAHOSINDS PARABOLIK POTENSIALLI KVANT NAQILLORIN TERMODINAMIKASI

Meylli magnit sahasinda yerlagmis parabolik potensial guxurlu kvant nagillerde maqnit gavrayiciligi, entropiya ve xususi istilik
tutumu Gyranilmisdir. Maqgnit qavrayiciiginin, entropiyanin va xiisusi istilik tutumunun magnit sahasindan, onun meyl bucagindan
vo kvant guxurun parametrindan asili analitik ifade alinmisdir.

I'.b.A6parumoB

TEPMOJJMHAMMKA KBAHTOBOM ITPOBOJIOKU C NAPABOJIMYECKHUM IMOTEHIIUAJIOM B
HAKJIOHHOM MATHUTHOM IIOJIE

Vi3yueHa MarHWUTHas BOCHPHHUMYHBOCTH, SHTPOINHS M TEIUIOEMKOCTH JJIEKTPOHHOTO Ta3a B KBAaHTOBOH MPOBOJIOKE, 0Opa30BaHHON
MOTEHLHAIIOM [apaboNNYecKOil MBI, MOMCLICHHOW B HAKIOHHOC MarHUTHOe mosie.  HaliieHbl — aHaJINTHYECKHE  3aBHCHMOCTH
TEIUIOEMKOCTH, SHTPONMM M KOMIIOHEHT TEH30pa MAarHUTHOW BOCHPHMMYHMBOCTH OT BEJHYMHBI W HANPABJICHUS MArHUTHOTO MHOJIA U
[1apaMeTpoB SM.
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THE STUDING OF THE INFLUENCE OF THE ULTRA HIGH FREQUENCY (UHF)
FIELD ON THE PROCESSES OF THE DRYING AND
FERMENTATION OF THE TOBACCO LEAVES

N.N. GADJIEVA, M.Z. VELIDJANOVA, E.S. DZHAFAROV
Institute of Radiation Problems of Azerbaijan National Academy of Sciences
Baku-1143, H. Javid av., 31a.

The influence of the UHF field on the processes of the drying and fermentation of the tobacco leaves has been studied. The changes,
accompanying these processes were controlled by the spectrophotometric and derivatographic methods. It is shown, that the qualitatively
ecological pure product with the given color and afterhumidity can be obtained by the changing of the UHF field, powers of UHF generator

and prolonged treatment.

Introduction

The photo- and thermochemical reactions play very
important role in the processes of the drying and
fermentation of the tobacco leaves [1]. The progression of
these processes under the standard conditions, which are
characterized for the usual fermentation factories, connects
with the some difficulties, that negatively influence on the
product quality.

That’s why we begin the search of the new methods of
the drying and fermentation, deprived of these disadvantages.
One of these methods is the dielectric heating of the tobacco,
because the advantage of the dielectric heating reveals
strongly on the materials with the low heat conduction and
heat-resistant properties, as the tobacco is [2].

The influence on the tobacco leaves as the dielectric of
the electromagnetic (HF and UHF) fields would allowed the
progression of the photo- and thermochemical reactions not
only on surface, but in the full volume. However, the method
of the dielectric heating of the kiptongo in the aim of the
intensification fermentation process doesn’t give the
welcome effect, as the fermentation progresses only in the
think subsurface levels [3].

The welcome high effectiveness and accelerations of the
fermentation process were achieved by the UHF field
treatment of the tobacco leaves. One of the advantages of the
UHF method is that UHF field besides local thermal
influence initiates also the probability of the uniform
progression of the photochemical reactions of the separate
ferments, which gives the opportunity to obtain the
qualitative products with the minimal ecological pollutions.
[4,5].

As well known, the chemical composition of the tobacco
leaves, changes the color and becomes uniform and
approaches to the one-color, the green disappears at the
fermentation. The one of the main reasons of the most counts
of green in the tobacco leaves is the residual chlorophyll. The
high residual content of the chlorophyll leads to the
significant storage of the substances, with the negative
properties, which limit the action of the ‘positive’
components in the tobacco [2]. That’s why it is possible to
follow the process of the fermentation and tobacco quality on
the changing of the dark-green color in the tobacco leaves
and on the chlorophyll decomposition correspondingly.

In the given paper the influence of the high-frequency
electric field on the processes of the drying and fermentation
of the tobacco leaves has been studied. The changes,

accompanying these processes were controlled by the
spectrophotometric and derivatographic methods.

The experiment part

The UHF drying and fermentation of the tobacco green
leaves were carried out on the laboratory installation “UHF
tobacco” on the method, written in [5] in details. The
parameters of the treatment (the frequency of the UHF field,
the power of UHF generator, the length of the light of the
ultraviolet (UV) rays, treatment time) change in the such
manner that it is possible to obtained the dry tobacco leaves
with the yellow shadows. The choosing of the spectral range
400-700nm is caused that the absorption band of the residual
chlorophyll states at A=665nm. As the control experiments
show, the photoradiation of the tobacco leaves in this spectral
region doesn’t worse the quality of the ready product and the
guantity of the resin doesn’t increase.

By the way of the investigation object were choosen
about 100 samples of the tobacco green leaves of the
different types (Samsun, Trapezond, Ostralis and Imun),
grown in Azerbaijan.

The UV absorption spectrums of the alcoholic drawing of
the tobacco have been obtained by the method [5] in the
spectrophotometre Specord UV VIS. The derivatographic
analysis was carried out on the devatograph MOM-4 (the
heating velocity 5K min™.

The results and their discussion

The alcohol extract of the tobacco leaves gives the
absorption in the visual spectral region at the wave length
A=665nm this band is connected with the residual
chlorophyll [6]. The intensity of this band characterises the
quantity of the residual chlorophyll in the dark-green tobacco
leaves and its change can be used as the coefficient of the
acceleration of the chlorophyll’s decomposition at the high-
frequency electric field action.

The absorption spectrums of the alcohol extract
unfermented (green) and the tobacco leaves of Trapezond
type, tormented by the UHF field are given on the fig. 1. It is
clear, that if the tobacco quality is worse (the big content of
chlorophyll, the fermentation of the low level), so it absorbs
more at A=665nm.

The observable  dependence  between  spectral
characteristics (intensity, optical density) and the residual
chlorophyll of the dark-green color, and the taste parameters
(taste-B and aroma-A) also has the line character and allows
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to define and control the change of the qualities of the
tobacco leaves, tormented by the UHF field with the help of
the express-method [6].
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Fig.1. The absorption spectrums of alcohol extracts from
tobacco by Trapezond type in the visual region:
1. initial (green, unfermented)
2 . UHF tormented (fermented)

The objective criterion for the fact establishment and
fermentation level of tobacco can serve exothermic effect,
characterising the intensity of the heat transfer at the different
processes, and the burning process also [7]. As the DT
investigations showed the exoeffect is observed at the
temperature T~340K (fig.2). As it is shown from the fig 2
(curve 1) the given exoeffect is observed weakly in the green,
unfermented tobacco samples. The deep of the exopeak
increases (curves 2, 3) with the increase of the fermentation
degree, that connects with the tobacco heat transfer. The
comparison of the dates on the tobacco heat transfer,
fermented under the isothermic conditions and the constant
humidity of the material shows that the deep of this exoeffect
gives the possibility to establish the tobacco fermentation
degree.

Intensity, rel.units

Fig.2. Thermogramms of tobacco leaves, UHF tormented, dried
(1), unfermented, dried (2), green (3)

The humidity of the tobacco leaves is the one of the main
parameters, which strongly influences on the fermentation
process and the quality of the ready product accordingly [2].
The tobacco fermentation is usually carried out at the optimal
humidity and temperature. The humidity deflection from the
optimal value (~14%) leads to the undesirable circumstances.
The dry tobacco loses elasticity, becomes brittle, and the
excess by moist raw material goes mouldy easily.

Among wide spread methods of the regulation of the
tobacco humidity is the method of the standartization of the
humidity by the way of the standartization in the drying
board [1].

The UHF drying allows to obtain the dry tobacco leaves
with the given humidity, moreover the needed time for this
process decreases till the minimum.

As the DT- investigations show the green untormented
tobacco leaves at T~403K are characterised by the strong
exoeffect, which is caused by the presence of the big amoubt
of humidity. As a result of the UHF drying the endopeak
intensity decreases and its maximum shifts to the low
temperatures (on AT~30K) till T~373K. The humidity of the
tobacco leaves after UHF drying can be controlled by the
endopeak intensity (fig2).

The taste qualities of the tobacco leaves, tormented by the
UHF field become better, and it is shown by the
spectrophotometric and taste of the aroma (A) and taste (B).
The values of these estimates and the values of the residual
humidity after the UHF drying are given in the table.

Ne | Sample Rating in points to 20 ball system | Afterhu-
Adeg. Aspectr B deg. Bspectr mldlty
%
1 Initial
unfermented 13.2 | 13.0 13.4 13.2 18.2
tobacco of
Samsun type
2 UHF
tormented
tobacco of
Samsun type
a) third kind 17.0 | 17.2 16.9 17.0 16.4
b)second kind | 19.0 | 18.9 19.1 19.0 15.2
o)first kind 19.2 | 19.1 18.8 18.7 14.5

So, changing the frequency of the UHF field, power of
the UHF generator and the duration we can obtain the dry
tobacco leaves with the given color and the afterhumidity and
later choose the optimal mode of the UHF drying and
fermentatio
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IFRATYUKSOKTEZLIKLI (iYT) SAHONIN TUTUN YARPAQLARININ QURUDULMASI V&
FERMENTLOSDIRILM3Si PROSESLORIND TOSIRIRI TODQIiQi

iYT sahenin tiitiin yarpaglannin qurudulmasi ve fermentlesdirimasi proseslerine tesiri dyrenilmisdir. Bu prosesler zamani
yaranan dayisikliklore spektrometrik ve derivatografik metodlarla nezaret edilmisdir. IYT sahenin tezlitiini, IYT — generatorunun
glcinid ve emal middastini deyismakla verilmis calarll ve galiq ritubsta malik ekoloji cahatden tamiz ve keyfiyyatli mahsul
olmagin mimkinlGyl gésterilmisdir.

H.H. T'axzkueBa, M.3. Bernmkanosa, J.C. I:xkadaposn

MN3YYEHUE BJIUSIHASA CBEPXBBICOKOYACTOTHOI'O (CBY) ITOJISI HA MPOLECCHI
CYIIKA U PEPMEHTALNU JIMCTBEB TABAKA

W3zyueno Bmustnue CBY — nosst Ha mponeccsl CyIIKd U (pepMEHTAINN JTHCTheB Tabaka. I3MeHeHHs, COMPOBOXKIAIONINE ITH MPOIECCH
KOHTPOJIMPOBAIUCH CIIEKTporpaduueckuM U aepuBadorporpaduieckum merogamu. llokazaHo, uto Bapeupyst dactotel CBU — moss,
momHocTr CBY — reneparopa M MPOAOIDKUTENFHOCTH OOpaOOTKM MOXHO MONYyYHTh KaueCTBEHHBIH 3KOJNOTMYECKH YHCTBHIA NPOLYKT C
3a/laHHON OKPaCKOM M OCTaTOYHOM BIa)KHOCTBIO.
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THE SPECTRAL DISTRIBUTION OF THE PHOTOSENSITIVITY OF THE
TWO-COMPONENT ELECTROPHOTOGRAPHICAL LAYERS OF TRIGONAL Se/CdInGaS,

N.I. IBRAGIMOV, V.G. AGAYEV, N.B. SOLTANOVA
Institute of Physics, Azerbaijan National Academy of Sciences,
Baku Az-1143, H.Javid av., 33, Azerbaijan

The two-component electrophotographical (EP) layers of the trigonal Se/CdInGaS, in connecting with optimal EP parameters
(Uy=300V, 71,,=40s, Sim__=0,13Lk'1~s'1) at the relation 1:1 of components and with spectral region of photosensitivity till 2>800nm are

obtained.

Earlier the electrophotographical (EP) layers on the base
of the trigonal Se and the compound CdInGaS, in the
connecting [1-3] were investigated by us. The measures of
the main electrophotographical parameters show that layers
from the trigonal Se have high light sensitivity (0.6Lk™-s™ in
the visible region of the spectrum), but they have the low
initial potential the layers from the trigonal Se in the
connecting charge positively till the surface potential <250V,
have the high velocity of dark slump, the half-slump time
~35s.The small value of the initial potential of the layers
from the trigonal Se is caused by the respectly low specific
resistance of the photosemiconductor (10°Ohm-cm). The EP
layers on the base Cd InGaS, in the connecting have the low
light sensitivity (0.003Lk™-s™), but they charge till the initial
potential U,=1000V.

Taking into consideration above mentioned, the obtaining
of the two-component EP layers, which will be combine the
high light sensitivity of layers on the Se base and the big
initial potential of the layers from CdInGaS, is very
interesting.

The used by us the compound CdInGaS, had the specific
resistance p~10"°Ohm-cm in the darkness, the p decrease on
3 points was observed at the lightening by the white light
(200 Lk).

The trigonal Se was obtained from the initial material by
the mark Osch 17-4 by the preliminary thermotreatment in
the quartz ampoules (p<10“mmHg) at 700°C during 3 hours,
the quick cooling of the melt firstly till 250°C, later in the
running water and crystallization at 210°C during 40 hours.
The specific resistance of the trigonal Se, obtained by the
such manner in the darkness was ~10'Ohm-cm and it
decreased on the 3 points at the lightening by the white light
(200 Lk).

The layers of the 3 types were obtained by the method of
the dispergation in the connecting: substrate —CdInGaS, -
trigonal Se(l); substrate - trigonal Se - CdInGaS,; (Il);
substrate - the mixture of trigonal Se and CdInGaS, at the
different rates of the components (l11).

The layers of | type were obtained by the following
manner. The substrate from the aluminum foil by the
thickness 150mkm was skimmed, poisoned and conserved.
The layer of emitted in the spherical mill CdInGaS, in the
connecting from the polyvinylbutyral, dissolved in the ethyl
alcohol, by the thickness 15-20mkm, was carried on the
substrate by the method of swimming roller. The middle size
of the semiconductor particles was 15mkm. The trigonal Se
in the connecting by the thickness 5-10mkm after drying on
in the usual conditions during one hour crushed by the such
manner was carried on the first layer.

The layers of Il type were obtained by this method, but in
the beginning the substrate was covered by the layer from the
tetragonal Se in the connecting (20-30mkm), later the
CdInGaS, on the first layer was carried on the first layer in
the connecting by the thickness 5-10mkm.

The layers of 11l type were obtained by the carrying on
the ready substrate of the mixture of two semiconductors in
the connecting by the thickness 25-30mkm. Moreover
CdInGaS, and the trigonal Se firstly were crushed till the
middle size of particles 15mkm differently, later the joint
crushing of the components in the different weight rate was
carried out in the spherical mill with the addition of the
connecting and the obtained dispergant was carried on the
substrate. All layers were drying on the usual conditions at
the room temperature.

The charging of the layers was carried out in the corona
discharge (+7kV). The measurement of the main EP
parameters was carried out on the electrometric installation
with the oscillating electrode on the surface layer [4]. The
light characteristics of the EP layers were measured by the
exposuring through photoshutter with the use of the
incandescent lamp and neutral photofilters. The illumination
intensity was 125Lk, the exposuring time was variated by the
photoshutter. .

The spectral distributing of the photosensitivity (S,) of
the EP layers was defined in the interval A=400+-900 nm with
the use of the monochrometer of the spectrophotometer
VSU2-P. The source of the lightening was graduated by the
radiated compensated thermoelement PTH - 30.

The integral light sensitivity of the EP layers is defined
by the velocity of slump of the potential at the lightening.
The integral light sensitivity is characterized by the
exposuring time t (in s) in the case of the constant
illumination intensity L (in LK), during of which the surface
potential decreases in two times:

SEREE
L -t/an 2

U
M

The defined photosensitivity is called integral one.

The illumination intensity at the defining of the spectral
photosensity of the EP layers is measured in the energetic
unit (Vt/m?) or number of the incident quantum on the unit
area of the surface layer in the time unit:

Lktc?
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The parameters of the EP layers of | type seemed in the
following manner: the initial potential Uy was 180 and 870 V
of the makeup and subjected to the annealing at 160°C
during 1 hour, accordingly; dark half-slump time t,,, was 4
and 15s, the integral sensitivity S;, calculated by (1), till the
annealing was 0.04, after 0.08 Lk™s™, the residual potential 20
and 60V, correspondingly.

The high velocity of the dark relaxation of the surface
potential is observed on the initial area of the slump curve, as
much as measured just after charging U,=870V, later 5s
Uu=600V. This reflects on the dark half-slump time
correspondingly. Thus, measured just after charging t4/,=15s,
later 5s is equal 25s.

The measurements show that layers of Il type have Uy,
which is equal to 225 and 700V, but 1, =5 and 20s till and
after annealing at 160°C (1 hour). The light sensitivity of
these layers is smaller, than the layers of | type have and it is
equal 0,032 and 0,027 Lk™s™ till and after annealing. Thus
the some slump of the integral light sensitivity is observed
with the annealing, and the increase is observed in the
photoreceptors with the surface layer of their trigonal Se in
the connecting (I type).

The light sensitivity of the one-layer photoreceptors from
CdInGaS, in the connecting with the annealing decreases, but
the light sensitivity of the trigonal Se layers in the connecting
increases. This explains the resolving of the defects in the
particles of the trigonal Se during annealing, as Se has the
low fusing point, and the annealing at 160°C can provide the
given process. In the case of CdInGaS,, having the high
fusing point (950°C), the annealing at 160°C can’t change
the structure of the particles mainly.

The investigations of the photoreceptors of | and Il types
show that the dominating role in the forming of the EP
parameters play the outside sublayer, accessible to the light.

The parameters of the layers of |11 type depend on the rate
of the components and temperature of the following
annealing significantly. Thus, the initial potential and the
time of its dark half-slump of the layers with the different
rate CdInGaS,/Se increase with the annealing, achieving
maximal value at T,,=160-170°C. Uy and 7y, decrease with
the following growth T,n,. The integral light intensity S;,; of
these layers increases strongly with the growth T, (fig.1),
saturating at T,,>180°C.

)

U

42

0,7
e

S
a6

0.5
04
03}
I 9,2:}
5 V)
Qo8
406
a0
q02

@08 808
' N

w0 c 200

0

Fig.1. The dependence S;.; of the layers of 111 type on T, at
the different content of the trigonal Se (1- 0; 2- 10;
3- 30; 4- 50; 5- 75; 6- 100% Se).

The dependences of the initial potential (Uy), half-slump
time (ty), integral light sensitivity (Si,) and the residual
potential (U,) from the content of trigonal Se in the layers of
111 type after annealing at 170°C(1 h) are presented on the fig
2, 3. It is seen, that the monotone change of all EP
parameters is observed. The initial potential and the half
slump time decrease with the growth of content of the
trigonal Se in the layer (fig.2). Moreover the essential
increase of the integral light sensitivity is observed with the
growth of Se content (from 0.003 Lk™.c™ for the layers from
CdInGaS, till 0.6 Lk™c™ for the layers from the trigonal Se).
At the same time the residual potential decreases from 300
till 20V. The analysis of the dependence of the parameters of
the EP layers from the trigonal Se content allows to establish
that the most optimal EP parameters have the layers with the
rate 1:1.
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Fig.2. The dependence Uy and ty,, of the layers of Il type from
the content of the trigonal Se(T4,=170°C, 1h).
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Fig.3. The dependence S;,; and U, of the layers of 111 type on
the content of the trigonal Se (T,,=170°C, 1h)

The results of the measurements S,, calculated by the
formula (2) are given on the fig.4. It is seen, that S, of the
layers from the trigonal Se is more big than S, layers from
CdInGaS, in the region 1=400-900 nm (in 4+2 times in
dependence on 4). The photosensitivity of the two
component layers of the trigonal Se/CdInGaS, (at the rate
1:1) in the given interval A is smaller, than for the layers
from the trigonal Se have, but the significantly bigger, than
for layers from CdInGaS, have. However, the interesting
peculiarity is observed: the photosensitivity of two-
component layers is higher in region A>650 nm, i.e. S; goes
in the long-wave region of the spectrum.

In the process of the unit dispergation CdinGaS, and the
trigonal Se the crushing of the both components was carried
out and it is possible the enrichment of the surface of the
separate scorns of the more solid CdinGaS, by Se. The last
one leads to the sensibilization of the CdInGaS,
photosensitivity during the annealing and to the increase of
the light sensitivity of the EP layers. Moreover the crystals of
the both semiconductors, rounded by the connecting

substance lay on the substrate statistically uniformly with the
alternation of the particles of that or another semiconductors
at the carrying of the layer. The two electrographical layers
form, the one in the matrix of the another, i.e. the two-layer
photoreceptor is formed as a fact. Each of the separate layers
carriers in the deposit in the parameters of such system.
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Fig.4. The spectral dependence S, of the layers on the base:
the pure trigonal Se(1), pure CdInGaS, (2) and mixture
of the trigonal Se/ CdInGaS, at the components’ rate 1:1
(Tan=170°C, 1h).

The above mentioned, we notice, that the two-component
photoreceptors of the trigonal Se/ CdinGaS, in the connecting
with the optimal EP parameters (Uny=300V, 7,,,=40s,
Si=0.13 Lk™.c") at the rate of the components 1:1, the
photosensitivity of which is till X800 nm are obtained.
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N.i. ibrahimov, V.N. Agayev, N.B. Soltanova

TRIQONAL Se/CdInGaS, iIKiIKOMPONENTLi ELEKTROFOTOQRAFIK LAYLARIN
FOTOHOSSASLIGININ SPEKTRAL PAYLANMASI

Optimal elektrofotografik (EF) parametrlare (U= 300 B, 71,=40 s, S;=0,13 Lk-1(s-1) va 1>800 nm-a gadar spektral fotohas-
sasliga malik olan, slagalendiricide komponentlarin 1:1 nisbatinds triqonal Se/CdInGa$S, ikikomponetli EF laylar alinmigdir.

H.U. U6parumos, B.I'. Araes, H.b. CosnranoBa

CIIEKTPAJIBHOE PACHIPEAEJEHHUE ®OTOYYBCTBUTEJBHOCTHA ABYXKOMIIOHEHTHBIX
IJIEKTPOP®OTOI'PAOUYECKHUX CJIOEB TPUT'OHAJIBHOI'O Se/CdInGas,

TTosty4eHsI AByXKOMIIOHEHTHBIC dJIeKTpodoTorpaduueckue ciou tpuronansaoro Se/CdInGaS, B cessyromeM ¢ ontumaibHbiMu DD ma-
pamerpamu (U4=300 B, 71,=40c, Sl,,,mv:0,13ﬂl<_1(c_1) NPU COOTHOIICHWU KOMITOHEHT 1:1 1 cO CHeKTpaibHOM 00JacThi0 (POTOUYBC-

TBUTEJIBHOCTH 10 A>800 HM.
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THERMOELECTROMOTIVE FORCE AND THERMAL CONDUCTIVITY IN Ag,Te

F.F. ALIYEV
Institute of Physics NAS of Azerbaycan, Baku 370143, pr. H. Javid 33,

M.A. KERIMOV, F.M. GASHIMZADE
Azerbaycan Technical University, Baku 370143, pr. H. Javid 25

In this work the temperature dependences of the thermoelectromotive force and the thermal conductivity in Ag, Te have been analyzed
at next approaches the elektron spectrum dispersion law, the charge carries scattering mechanizm, Debay model of fonon spectrum and

Kallarvay thery of the relaxation time.

The telluride of argentum (Ag.Te) is respected to
compounds by the type Ag, 'X¥' (X-Te, Se, S), having the
polimorphysm property [1], caused by the content of the big
amount of intrinsic defects [2] - metal atoms in the interstices
and vacancies in the lattice points of crystals. The number of
these defects increases with the temperature increase and at
the given temperature T the disorder of the cation sublattice
appears with the simultaneous reconstruction of the close
lattice of chalcogen, that leads to the phase transformation
(PT). The excess or lack of each of the components leads to
the according change of defects concentration [3]. The
investigation of the temperature dependence of the
thermoelectromotive force (ap) and thermal conductivity (y),
is the one of the methods of the revealing and studying of the
defects nature and interphonone processes, especially at the
low temperatures. That’s why their combined investigation
represents the special interest.

The given paper is devoted to the investigation oy and y
Ag,Te of the stoichiometric composition and compositions
with the excess Te and Ag in the temperature interval
3+300K.

Fig.1. The temperature dependences of thermoelectromotive
force ag(1) 4-0.25; 0-0.75 at % Te; »-0.25 at Ag. The
solid lines are calculated.

The samples had been obtained by the unit technology [4,
5]. The experimental and calculated data are given on the
figures 1-2. From the fig. 1 it is seen, that ao(T) for p-Ag,Te

increases linearly up to T<45K, later the sign p changes on n.
At T~80 and 270K the maximums of the dependence a(T)
appear. The analysis has been carried out for the revealing of
the dependence ay(T) taking into consideration the dispersion
law of the electronic spectrum and mechanism of scattering
on the ion impurities and acoustic phonons [4].

From the fig. 1 it is seen, that ao(T) for n-Ag,Te is
characteristics for the semiconductors with the one kind of
the carriers of current in the degenerate state and Kein’s
dispersion law [5]. From the analysis a(T) in the p- and n-
Ag,Te it is established, that Ag atoms in the Ag,Te create the
small donor levels [5], and Te atoms create the acceptor
levels [6], situating from the bottom of the conduction band
on the distances (7-10°TK™-0.002) and (7-10°TK™-0.030) eV,
accordingly.

=

v

2 3 L 1
2 4 6

SI0r 2 4 6 8107
T.K

Fig.2. The temperature dependences of the thermoconductivity
#(T): «-0.25 at % Ag. The solid lines are calculated by
the formulae (1), where 1 - stoichiometric composition,
which A=6.64-10%c'K™
2 - with the excess Te 0.1 at % A=6.64-10°c' K™
3 -with the excess Te 0.1 at % A=9.96-10c'K™
4 - with the excess Te 0.15 at % A=6.64-10°c'K™

The experimental results y(T) for the five samples Ag,Te
are given in the fig. 2. As it is shown for all samples y,, has
maximum at ~10K; in the interval 20-80K the dependence
Zon (T) for the stoichiometric composition has the form »~T
12 the excess of Te and Ag decreases the value of Jon ON the
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law yp ~T% The going throw the maximum of yun(T) is
caused by the phonons scattering on the crystal boundary and
defects, and relatively weak temperature dependence in the
interval 20-80K and decrease of the exponent o in the
dependence on the deflection of Ag,Te from the
stoichiometric is connected with the presence in Ag,Te of the
intrinsic defects and increase of their concentrations at the
presence of excess of Ag and Te atoms.

For the approving of the such quality conclusion and
quantity estimation of defects concentrations, it is need the

/T
8]

o/T
' x*dx

o ' gp2 (X)
2

obtained results combine with the existing theoretic models
of thermal conductivity in the solid bodies. In the given case
the excess atoms of Te and Ag can be considered as point
defects of Raileigh type. According to the Kallarvay theory
[7], takes into consideration the phonon scattering on the
boundaries, point defects and phonons (processes of transfer
and normal processes), the temperature dependence of
thermal conductivity is calculated by the Debay model of
phonon spectrum in the approximate relaxation time by the
following formulae:

2

x*dx

Xon = GT?

where G=h/2(27z')2u(k/h)_4, v - mean velocity,

X=ha/KT, ® - phonon frequency, r'=7r's+z'\, = w -

relaxation times of the resistive and normal processes.

wi=rt ittt where 70, 7%, v - relaxation times
of phonon processes of the transfer, boundary and phonon-
defect scattering accordingly. The following dependences of
the outside relaxation times from X and T are as follows [8],

L= AXTe T, Fla=ylL.

p=BX T £hy=ex'T".

Here L=0,2 cm, the effective size of the crystal. The
parameters A, ¢, a, n and & had been defined by the method
of the shortest squares numerically by the way of the
comparison of the expression (1) with the experimental
curves y(T). As at the breath of the stoichiometric in Ag,Te
the changes of the fluctuating density Ad85 aren’t
mentionable, so the scattering on the point defects appears

AM
only at the mass change V At this approximation we

write according with [8].

2 Vo ((AMY @'V, (AM(KY 1
Ty =Nl = | S=o N[ = [ .
n M ) 2zv° n M ) 4nv

where Vg - volume of the elementary cell, n - number of
atoms in the elementary cell, M - middle mass of crystal
atoms, AM - mass variation at the exchange of the main atom
on the impurity atom, N - atom concentration of impurities
(in the respect of the volume of atoms number of crystal). We
obtain parameter B from the following expression.

xX4T?

+
0 Shz(xj ch _xidx
2 o InTr ShZ(X)
2

()

= GT3[I -
x*dx

- -
w NN
N

4 2
B - Yo (K] L (aw)
n\#n) 4zv®* \ M

Trimming parameters (A, C) were taken from the work
[8], calculated for L;-F and a=11.53, N=1.23 from the work
[9], calculated by the methods of the shortest squares.

The results of the calculation ¥(T) are given in the fig.2 in
the form of the solid lines, in comparison with the
experimental data. As it is seen, the curve x(T), which has
more stoichiometric composition Ag,Te goes lower than
calculated curve. This shows that the argentum telluride has
the big amount of the intrinsic defects. From the fig.2 it is
seen, that these data are suitable for the curve, calculated for
Ag,Te with the impurities concentration 7-10"°cm™. Later it
is seen, that calculated curves y(T) always go throw higher
than experimental ones with the increase of Ag and Te
content, as the divergence increases with the Te and Ag
excess.

The experimental curves aren’t parallel to the calculated
ones, i.e. with the temperature increase the scattering
probability increases, as such deflection in the samples with
Te excess, is more big than with the Ag excess.

This is connected with the phonons’ scattering on the
carriers of the current. That’s why this type of the scattering
is more effective on the p-type samples.

Thus, the analysis of the experimental and calculated data
on a(T) and ypn(T) approves that argentum telluride is the
defect material, and Te and Ag excesses play roles of
acceptor and donor centers.

The authors are thankful to the academic M.l.Aliyev for
the usifull discussions and notes.
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Ag,Te KRISTALINDA TERMOELEKTRIK VO iSTILIK XASSOLORI
Magalada Ag,Te kristalinda termoelektrik va istilikkecirma amsallarinin temperatur asililiglar uydun olaraq: elektron spektri
Ugln dispersiya ganunu va yikdasliyicilar sepilma mexanizmlari, elocada Katavey nazariyyasi asasinda fonon spektrinin debay
modelinda relaksasiya middati nazars alinmagla izah olunmusdur.
D.PD. Anue, M.A. Kepumon, @M. 'amum3ane
TEPMOJ/C U TEIIJIOITPOBOAHOCTD B Ag,Te

B paboTe aHanu3MpoBaHbI TeMIepaTypHbie 3aBHCHMOCTH TepModic &(7) u temnonposoaHocti ¥(7) Ag,Te B pamkax TeOopuH: ¢
YUYEeTOM 3aKOHa AUCIIEPCHH JIEKTPOHHOIO CIIEKTPa M MEXaHM3MOB pacCesHHs HOCHTENEH TOKa, Takke NebaeBCKoi monenu (HOHOHHOrO
CIIEKTpa B IPUOIMKEHHOM BPEMEHH peNaKcalluy CorslacHo Mozenbto Kannases.
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THE THERMOMAGNETICAL EFFECTS IN n-PbogSng,Te

E.l. ZULFUGAROV
Institute of Radiation Problems of Azerbaijan National Academy of Sciences
31a, H.Javid av., Baku - 1143

In this paper on the data of thermomagnetic coefficients and electron component of thermoconductivity the temperature dependence of
Lorentz number L is defined in n-PbygSng,Te. It is shown, that experimental value L(T) in the interval 40-250K is less than its standard
Zommerfield’s value. It is established that lowered value L is caused by the inelastic electron-electron collisions.

During investigation of the thermomagnetic effects in
HgSe, PbTe and HgTe, with the degenerative electron gas
[1,2,5,6] the set of the pecularities which wasn’t accepted in
the framework of the existing theories was observed.
Particularly, it was observed, that maximums of the
dimensionless field of the transversal Nernst-Ettingsgausen
effect (N-E) E, and Rigi-Leduc (R-L) (-SH) shift to the big
values (uH/c>1) but at the elastic character of scattering they
should go through the maximum at uH/c=1. These experiments
were explained after theoretical discussion of the question about

inelasticity [3-5]. It was shown, that in the case of inelasticI

ot
AF =7, —2VAu —e
O oE (/U

where V' and E are velocity and energy of the electron, f, is
Fermi’s function, ¢ is electrostatic potential, x is Fermi’s
energy. The values of relaxation times z; and z, are energy
functions (the concentrations of the ionized impurities are
equal to electron concentrations). Here 7, is connected with
the momentum relaxation and scattering on the small angles
don’t influence on the =©. The function z, is caused by
relaxation of energy beam near Fermi’s surface if the energy
changes on the value of KT order at the collision.

The interelectron collisions don’t change spontaneously
the electric current, their role is the redistribution of the
energy between collising carriers. At the calculation of the
mobility it can be limited by the first summand in the
expression (1) and in the case of the high degeneration
consider E=x. The energy redistribution is insignificantly at
this, the interelectron collisions don’t influence on the value
n(E-£), and on the mobility, accordingly.

At the calculation of the thermoelectromotive force,
thermoconductivity and thermomagnetic effects, when the
second member of the expression (1) is significant, it isn’t
allowed to consider E=4, but it is need to consider the blured
distributions of the step function. The flux of the hot and cool
electrons moves to meet someone and the energy redistribution,
between fluxes influences strongly on the heat effects [7] in
the conditions of the observing of these facts. From this it is
followed, that interelectron collisions can influence on the
thermoelectric and thermomagnetic effects, the analytic
expressions for which include the values z and 07 / OE .
That’s why the complex investigation of the field, temperature
and concentration dependences of the thermoelectromotive
force and thermomagnetic effects can give the additional
information about inelasticity of scattering.

The measurement of the coefficients was carried out: 1)
the thermoelectromotive force «; 2) transversal effect N-E;

4 )+72

interaction of carriers of charge it wasn’t allowed to carry out
the unit relaxation time for all processes. But with it all the
unequilibrium part of distribution function can formally
express through functions, playing the role of relaxation time.
Such two functions should be carried out: the one for the
isothermic effects, the second for the addition for the
distribution  functions, connected with the gradient
temperature. In the case of the interelectron interaction at the
absent of the magnetic field the unequilibrium part of
distribution function can be introduce in the following form:

oA, Ebgar 1)
E T

I3) the magnithermoelectromotive force Ae; 4) effect of M-R-L;
5) effect R-L; SH; 6) electroconductivity o; 7)Hall R
coefficient.

The results of the experiment are analised on the base of
the above mentioned theory, considering the inelastic
character of the scattering, in compliance which
thermomagnetic coefficient have the following expression at
the strong degeneration of the current carriers:

BIE

Ay(H) = Ay, — @
(qu ( L J
1 = =
c )L,
ud L
- SH = ¢ L 5 €)
14+ %0 |14 (UH Lj L
L,oT c L) |L
B
Ad(H) = Aa, Lo 4)
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C Lo LooT c L, L

uH L
— r The dependences E,(uH/c) and -SH(uH/c) at 300K in the
Eiz Aa, C Ly (6) comparison with the theoretical curves are given on the fig.2.
y kO uH 2 L 2 It is seen, that the 300K the experimental data are good agree
E 1+ () [j for curve, calculated at L/Lo=1, and maximums E, and SH are
C L, equal to uH/c.

where Ey=k,HQ,/e .

From (1-5) it is followed, that ratio L/L,, noticing the
inelasticity degree, can be defined on the dependences Az,
Aay, Ey and SH from the intensity of the magnetic field, by the
dopmyna value, according maximum is dependences
E,(uH/c) and SH(uH/c) (as it was mentioned in the case of
elastic scattering the maximums are equal to (uH/c)=1, but in
the case of the inelastic scattering the maximums are equal to
uH/c>1, moreover L/L, is defined as (uH/c)=L/L, and with

the help of the defined ratios between different
thermomagnetic effects, as for example:
L Aa i
— = ————ad — = —+— .
LO HQiZ ﬁ LO RO‘ACZOO
T c

The character data about dependence Az(H) and two
theoretical curves, calculated on the expression (1) at L/Ly=1
and L/L,=0,69, obtained from the limit value Azy_,., at 100K
are given on the fig.1.

Vifem*E

uH/ic —

Fig.1. The dependence A& on uH/c for the sample with
u=9.6-10"cm™ at 100K curve 1 - L/Ly=1; 2 - L/Ly=0.69.
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Fig.2. The dependence E, and —SH on uH/c with
n=1.16-10"%cm at 300K.

The values L/L,, obtained by the different methods for
(bopmyia n-PhygSno,Te are given in the table 1. Thus, on the
data A=, and thermomagnetic coefficients the temperature
dependence of Lorentz number L is defined in n-Pby gSng, Te.
It is shown, that experimental value L(T) in
the interval 40-250K is less than its standard Zommerfield
value. It is established that lowered value L is caused by the
inelastic electron-electron collisions.

Author thanks to professor S.A. Aliyev for useful
discussion and notes.



The value of share of inelasticity of electron scattering (L/L,) in n-PbygSng,0btained by different calculated methods.
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[2]
[3]
[4]

THE THERMOMAGNETICAL EFFECTS IN n-PbggShg,Te

Table 1.

No T,K | n-10™8, U, cm?* L/L,
samp cm?® Vit
A&, | Az Aol SH
(uH/c) (uH/c) | (uH/c)

1 15 2,5 3.000 1,01 1 1 1 1
21 0,81 0,8 0,79 - -
30,4 0,61 0,55 0,6 - -
104 0,59 0,6 0,52 0,60 0,60
118 0,57 - - - -
205 0,55 0,6 0,62 0,6 -
16 0,99 1 1 1 -
23,6 0,72 0,8 0,76 - -

2 90 1,16 4.000 0,58 0,5 0,53 0,54 -
102 0,58 0,5 0,52 0,55 -
122 0,55 - - - -
204 0,53 0,5 0,52 0,55 -
16 0,96 1 1 1 1
27,6 0,79 0,8 0,85 - -

3 41,3 9,6 3.200 0,74 0,75 0,74 - -
84 0,68 0,69 0,65 0,67 0,65
205 0,67 0,66 0,65 0,66 -
300 1 1
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n-PbysSno, Te TERMOMAQNIT HADISOLORI

isde n-PbygSng,Te kristalinin termomaqnit emsallarinin ve istilikkegirme amsalinin elektron komponentinin giymatine gére L
Lorens adadinin temperaturdan asiliigi misyyan edilmisdir. Gostarilmisdir ki, temperatur 40+250 K intervalinda L(T)—nin tacribi
giymatlari onun standart zommerfeld giymatindan kigikdir. Muayyan edilmisdir ki, L-in bels kicik giymatler almasi geyri-elastiki
elektron-elektron toqqusmalari ile baghdir.

9.1. Byandpyrapos

TEPMOMATHUTHBIE SIBJTEHUS B n-Pb,gSng,Te

B pabore mo maHHBIM TepMOMarHuT KO3((GHIIEHTOB U SICKTPOHHON COCTABIIIONICH TEIUIONPOBOJHOCTH ONpeJelieHa TeMIepaTypHast
3aBucuMocTh uncia Jloperca L B kpucramie N-PbygSng,Te. Tlokaszano, uto skcnepumentaiphoe 3unadenue L(T) B uarepBame 40+250K
MCHBIIIE €ro CTaHAAPTHOIO 30MMep(ENbICKOTO 3HA4YCHHS. YCTAaHOBJICHO, YTO 3aHIDKEHHOE 3HaueHHEe L 00ycioBIeHO HeyNnpyrHMu
JIEKTPOH-IIEKTPOHHBIMU CTOJIKHOBCHUSIMU.

Received: 04.09.03
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ON THERMOMAGNETIC TRANSDUCERS OF IR RAYS
ON THE BASE OF CdxHgi.xTe

E.l. ZULFUGAROV
Institute of radiation Problems of Azerbaijan National Academy of Sciences
31a, H.Javid av., Baku - 1143

Thermomagnetic properties of the solid solution of Cd,Hg,.,Te (0<x<0.3) and possibilities of creation of non cooled trancducer on the
basis of them using traverse effect of Nernst-Ettingsgausen are studied. The analysis of the influence of the main physical parameters of the
sensitive element on the main characteristics of the thermomagnetic transolucers is carried out. It is established, that as the sensitive element
of infrared receiver from the investigated solid solutions the more suitable is the composition Cd,,HgogTe. Moreover, it is observed that
electronic irradiation (with the integral doze ~5.6-10" El/cm?) at 300K leads to the increase of the specific sensitivity in two times.

The solid solutions CdyHg;xTe are widely used as the
sensitive element of cooled phototransducers in infrared-
range [1]. In this direction the big successes have been
achieved, the kinds of the receivers of the infrared rays have
been created and are used. Moreover, the perspective of he
uncooled warm transducers and receivers of the infrared rays
on the base narrow-band semiconductors and on the base of
Cd mercury, telluride system (CMT) [1-2] takes place. The
thermomagnetic receivers of the infrared rays are one of the
differences of the warm receivers of the infrared rays, having
the defined advantages in respect of others. The set of the
unique properties of the CMT system promote to the creation
the same transducers on their base. Particularly, he minor
effective mass of the electron, and their high mobility, low
lattice thermoconductivity as conscience are caused by this.
Therefore, the necessity of the study of the thermomagnetic
properties of CMT and observing the probability of the use
them as the sensitive elements in the uncooled
thermomagnetic transducers of the infrared rays, based on he
transversal effect Nernst-Ettingsgausen (N-E) effect, appear.

The given paper is devoted to the technical development
of the thermomagnetic infrared transducers and the methods
of the improving their technical characteristics. Unlikethe
photoelectric gauges the thermomagnetic transducers don’t
ask for the additional power sources, and the cooling and
thermostable systems also.

The action principle of thermomagnetic transducers is
caused by the appearing of the temperature drop in the
semiconductor in the direction of thermal radiation at the
thermal absorption. At the action of the transversal magnetic
field on the faces of the samples the N-E field appears, the
value of which is caused by the thermal flux.

\ xﬁ/

\\

Fig.1. Construction of receiver of the infrared rays on N-E effect.

The most simple table of such transducers is given on the
fig.1. This transducer includes the heat-eliminating corel, the
sensitive element 2, the metallic contacts 3, screen 4, and the

glass window 5. The sensitive element is situated between
magnet fields before the radiation source. The filter 8, is
situated between element situating in the focus of the mirror
6 and the calibration lamp 7.

The main characteristics of the thermomagnetic
transducers on the base of N-E effect are:
&
B
specific sensitivitys: &= y _QB (1)
W x
S
B 2
thermomagnetic quality Zr,: Z = M 2)
xS
factor of Quality F.
QB
F=—rs— ®)
AT
¥
sl-9
) 4KTp
detective property D: D= 4)
(L+vZT)
o 0,4 cd?
inertialness z. rT=— (5)
XK
where g — N-E field; W/S is radiation power, adsorbed by the

unit surface of the gauge; d is the thickness of the sensitive
element; &, p, ¢ are coefficients of heat conduction, specific
resistance and specific heat capacity accordingly. As it is
seen, the main physic parameters of the semiconductor,
defining the suitableness of the material for this purpose, are N-
E coefficients, heat conduction and resistances. From the
expression (1) it is followed, hat for the creation
thermomagnetic transducer of the infrared rays with the high
sensitivity it is necessary to choose the material with the low
¢dopmyma, with the big value of N-E coefficient. In [2] it is
shown, that thermomagnetic force Q,B goes through
minimum, the N-E coefficient achieves the big values in the
materials with he high value of mobility ratio U,/Uy,>>1
outside the area of the intrinsic conductivity. From the
expression (2) it is followed that for the creation of the
transducer with he high quality there are need the materials
with the low thermoconductivity with he high value Q,, and
with the low resistance also. Thus, if Q, increases because of
the participation of the carriers of Il type in the conductivity,
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but p increases and Z falls. Sluggishness of the receivers is
defined by the thermoconductivity and the thickness of the
sensitive element (5). For the creation of the low inertial
receivers it is need the sensitive element with the minimum
thickness with the high &. From the expression (4) it is
followed, that detective property can be grown because of the
high specific sensitivity ¢ and electroconductivity. Thus, the
carried out analysis show, that demands to the materials for
the thermomagnetic infrared transducers are different. The
materials with the high ¢, but a little bit worse exponents F,
D, r are used for the creation of the measurements of the
thermal flux, with the high F are used for the creation of
detectors of infrared rays, and with the high Z;, — for the
energy transducers.

The solid solutions of CMT have the low lattice thermo-
conductivity, small effective mass and high mobility of the
electrons. The crystals of CMT can be obtained as by n-, so
by p-type of conductivity and changed its parameters at
external action (temperature, pressure, radiation, magnetic
and electric field, e.t.c.). The unique properties of the CMT
crystals are in the base of the using in the quality as the gauge
of the thermomagnetic transducers of the infrared rays.

The investigation of the transversal N-E effect was carried
out on the swarm of the samples with x=0-+0.3 at 300K with
the purpose of the definition of the ways of the practical use
of the solid solutions of CMT. Because of the mixed
conductivity the temperature and magnetic-field dependences
of the value QB have the maximums. The problem is the
observing the conditions, when these maximums are equal to
T room and not high B. The maximum QB can be shifted,
changing the ratio of concentrations of the electrons and
holes in the initial material. The dependence curve of the
specific sensitivity 6 of CMT samples from the composition
(fig.2; B=1TI) was obtained. As it is seen, the dependence
achieves the maximum value at x=0,2. The obtained results
show the probability of the use of CMT solid solutions
(0.15<x<0.25) as the sensitive element in the devices on the
detection of the radiation object, based on the N-E effect.

The comparison of the value of specific sensitivity of
gauge on the base CMT with x=0,2

(5 =9.10 °B MJ with data on Cds;As,-NiA
B,
55 M .
(5 =1-10 "°B —J : InSh-NiSh
B,

{5 =2.7-10 °B %J [2, 3] shows the perspectivity

of CMT (0.15<x<0.25) in the quality as the sensitive element
in the installation on the detection of the radiation object.
According to the theory the value of thermomagnetic
force Q,B can increases, increasing the ratio between
concentrations n/p [2]. There are several methods of the
influence on the ratio n/p (thermal treatment, doping,
inclination from the stoichiometric). In the case JnSh-NiSb
and Cd;As,-NiAs the above mentioned methods of the
treatment lead to the to a change for the worse of ¢ [4], that is
connected with the high initial electron concentrations in
them (~2-10 and 6-10"%cm™). The longed temperature
annealing of CMT crystals (0<x<0.25) at 180-200°C in the
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pores of mercury leads to the insignificant increase of & [5,
6]. The later relieving, lightening, doping don’t leads to the
significant increase of &. This is caused by the difficulty of
the influence on the ratio of electrons and holes in it.

As it was mentioned in the work [7], the irradiation by the
electrons at 10K and 20K don’t influence of the significant
influence on the parameters of the receivers of the infrared
rays on the base Cdg,HgogTe. Such conclusion is the
consequence of the influence of the small doze and low
radiation temperature. It is no need to create the enough
quantity of the radiation defects (RD), which are stable
higher than radiation temperature that can lead to & increase
at such conditions. As it was shown in work [8] the electron
irradiation leads of the increase of the electron concentration
in the CMT crystals.

The results of the detailed investigation of the influence
of the electron irradiation on the specific sensitivity & are
given on the fig.2, from this it is followed, that
(®=5.6-10"cm™) goes through maximum at 0.15<x<0.25 at
the electron radiation. These results show that the irradiation
by electrons at 300K by the energy 4MeV in the doze interval
(4+7) -10"cm? of CMT crystals with p>>n and pU,>nU,,
used earlier in the photo- and thermomagnetic receivers, as
the sensitive element in the installations on the detection of
radiation object, based on the N-E effect, leads to the increase

of & in 2 times.
/ N\,

20
BV
12

¥ S

Yy

o

o1 o2 o3
Fig.2. The dependence of specific sensitivity on composition of
thermomagnetic transducer on the base CMT. The doze
of irradiation 1 - 0; 2 - 5,6-10"" el/cm?.

The obtained results are explained that CMT in the
conductivity always participate holes and electrons with the
different concentrations and mobility at the same time.

The electron irradiation leads to the increase of n, which
is followed by the according increase of N-E coefficient.
Indeed, the last leads to the increase, as the phonon spectrum
isn't sensitive to the electron irradiation.

It is known the several types of the thermomagnetic
transducers on the base of N-E effect. The most simple from
them it was described in the work [4]. This receiver includes
the heat-conducting core, sensitive element, metallic contacts,
screen and glass window.

The sensitive element is situated between magnet poles
before radiation source. The filter is situated between
calibration lamp and element, situating in the focus of the
mirror. The most original construction of N-E receiver is
used for the detection of the location of the radiation source.
The construction of this receiver is ipresented on the figure 3.
The front surface of the element turns back and closes by the
thin glass (or quartz) window 8. The sensitive element 1 is
situated between 4 and 5 magnet poles. The electromotive
force of N-E appearing on the side faces of the sensitive
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element, is taken by the contacts 6 and given on the focusing
installation. The action principle of this receiver of heat
radiation is based on the temperature drop, appearing in the
sensitive element at the decrease of the infrared rays. The N-
E electric field appears at the action of magnetic field B. The
fall point of the infrared beam on the working solid moves
from the area of the one magnet to the area of another at the
moving of the radiation source. Moreover, the output signal
changes the polarity going through «dead point- O » (where
B=0), but the signal value increases with the increase of the
inclination of the fall point of the radiation in respect of
«dead point» of the sensitive element. The output signal
changes and thus the transmission of the radiation source is
fixed with the inclination of source beam in respect of «O»
point. Such devices can be used in the industry, for example,
in the control systems with the help of the infrared beams,
especially on the heat tube mill.

& W

Fig.3. Construction of receiver IR radiation on the N-E effect
for detection of the location of source radiation. 1-
sensitive element (working body); 2 — source of IR
radiation; 3 — lens; 4,5 — magnet; 6 — contacts; 7 — heat
conducting core; 8 — glass window.

The thermomagnetic N-E effect is used for the creation
of the amplifier of the direct current also. For this it is used
the hybrid thermoelectric-thermomagnetic transducer of the
intensity on the Peltie and N-E effects, including Peltie
thermoelements of n and p branches Bi,Tez and the sensitive

thermomagnetic element from JnSh-NiSh. The action
principle of the transducer is: the constant voltage of such
polarity, that the heat will generate on the contact, is given on
the thermoelement. The generating heat creates the
temperature gradient on the sensitive element in the direction
of y axe. The field N-E appears at the appearing of the
magnetic field on the sensitive element in the direction,
transversal to dT/dy. Moreover, the ratio of the output signal
to the input signal can be estimate by the ratio:

o afd

Y,
! 1+Z-T(1+}K2j
X,y

where «; is the electromotive force of the thermoelement, &,
is its thermal conduction, Z is thermoelectric quality, | is
common length of the sensitive element in the direction of
the output signal, d is thickness in the direction of heat flux.

Because of «, & and Z aren’t almost depend on Bat the
room temperature till B=1TI, so output intensity becomes
proportional to QB. That’s why the one more important
demand to the such devices is the linear change of
thermomagnetic force (QB) of the sensitive element from the
B induction, which leads to the line changing V, from B.

As it was above mentioned, the specific sensitivity & for
CMT crystals have linear character. The creation of the
sensitive element from the semiconductor solid solution
CdyHgi1<Te (0.15<x<0.25) allows to increase significantly of
the amplification factor in the hybrid transducers on Peltie’s
and N-E effects (fig. 3), consideringly. Such transducers can
be used in the measuring technics for the amplify of the weak
electric signals.

Thus, it is established, that Cd,Hgi,Te (with
x=0.15+0.25) can be used as in the sensitive element in the
thermomagnetic receivers of the infrared rays. The electronic
irradiation (with the integral doze ~5.6-10"el/cm?) of CMT
crystals (with x=0.15+0.25) at 300K leads to the increase of
the specific sensitivity of the receivers of the infrared rays in
two times.
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ABOUT THERMOMAGNETIC TRANSDUCERS OF IR RAYS ON THE BASE OF CdHdiTe

E.l. Zalfigarov

Cd,Hg;.«Te KRISTALLARI 9SASINDA iQ SUALARIN TERMOMAQNIT CEVIRICIL3ORI

Maqaleds Cd,Hg;,Te kristallari asasinda diizaldilmis iQ (infraqirmizi) stialarin termomagqnit gabuledigilarinin diizeldiimasi
ve onlarin ig prinsipinden danigilir.

CdyHg;.«Te kristallarinin 300K temperaturda enine N-E (Nernst-Ettingsqauzen) effekti élglimuisdir. Muayysn olunmusdur ki,
Cdg,HgosTe kristallar i1Q gabuledicileri liclin daha yararlidir. Bels ki, Q, B maksimumu mehz x=0,2 kristallarinda an gox olur.

Maqalede harokatds olan obyektlori agkar edan iQ gebuledicinin qurulusu ve is prinsipi hagginda da malumat verilir.

3.1. 3yabpyrapos

O TEPMOMAT'HUTHBIX IPEOBPO30OBATEJISAAX UK U3JTYYEHUS HA
OCHOBE Cd,Hg;4Te

HccnenoBaHbl TepMOMAarHUTHbIE CBOWCTBAa TBEPABIX PAacTBOPOB U BO3MOXKHOCTH CO3JaHMS HA HX OCHOBE HEOXJAXJAeMbIX
npeobpasoBareneit K nzmydenus, ocHOBaHHBIX Ha norniepedHoM 3¢dexre HepreTa-OTTHHTCray3ena. [IpoBeieH aHamu3 BIUSHHAS OCHOBHBIX
(I3UIECKUX MapaMeTPOB TyBCTBHTEIBHOTO IEMEHTA HAa OCHOBHBIE XapaKTEPUCTHUKH TEPMOMArHUTHBIX MpeoOpa3zoBaTenei. Y CTaHOBICHO,
YTO B KQUeCTBE YyBCTBUTENIBHOTO 31eMeHTa MK nmpueMHnKa 13 ncciaenoBaHHBIX TBEPABIX PACTBOPOB Hauboee MoaxoauT coctas . Hapsy ¢
9TUM BBISBICHO, YTO 3JIEKTPOHHOE 00yueHue (¢ uHTerpansHoit no3oi) nmpu 300K npHBOAMT K BO3PACTAHMIO YAEIBHOH YyBCTBHTEIBHOCTH
UK npuemHuka B Ba pasa.

Received: 26.12.03
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MATHEMATICA SOFTWARE IN INTEGRATION OF CHIRAL FIELD MODEL

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

The Mathematica algorithm for recurrent procedure of integration of the principal chiral field problem is presented.

1. Mathematica is the world's only fully integrated
environment for technical computing. First released in 1988, it
has had a profound effect on the way computers are used in
many technical and other fields. In this article we show the
application of this powerful tool to solution of the principal
chiral field problem.

The principal chiral field problem may be written in the form:
0.97="f, 0,07 =-f, (),

where gand f are respectively, group and algebra-valued

functions,
which are solutions of the principal chiral field problem

(0:97),+(0,97). =0, 2f, =[r.1] @

In the case of SL(2,C) algebra these equations can be solved
completely for the following initial condition [1]:

T
fz(o ],rm:o,am:an—ag 3)

-1
|

|n[1]:=x‘=(z nl . x-=(z l]l .

-

The result of integration of the system (3) can be expressed in
terms of chains of solutions of the following system of linear
equations
a[n+1], = a[n], —2a[n] @
—a[n+1], =a[n], +2a[n]
which are nothing more than Backlund transformations.
The solutions of (4) in the explicit form are presented in [2].
The discrete symmetry transformation allows carrying out the
recurrent procedure of finding the solution of (2)

gn+1 = Sntn
The solutions are expressed in terms of chains (4) starting from
the 0-step (3).
We are using the following parameterization of the group
element:

9n.1 = Exp(a[n]X ") Exp(t[n]h) Exp(B[n] X ")
2. Below one can find the Mathematica program of the first
two steps of recurrent procedure.
The input is written in Bold style, the results — in Normal.
10 0 1
o 1)t v=(l1 )

Gy = MatrixExp[n X' ].MatrixExp([r h];
S, =MatrixExp[s[1] X'].MatrixExp[s.[1]1 h]: &5 =51.w. Gy

G

o {{-e" 0 g1y, et ety gy, (et ey

)= Gy = FullSimplify[Gy /. s[1] —a[1] 7. n —a[-1] /. sy [1] = Log[a[0]]]

Cutfs]= {{_ l:ErE.[l] ,

a[0] al0]

e T ra[0]f —a[-17 a[l]} eT e Tal-1]
R H
[0]

a[0]

6= BL1] = L [[2, 111 /6o [[2, 210} al1] = Go[[1, 211/ &2, 21]:

t[1] = -Log[G[[2, 2]11]:
FullSimplify[«[1]]

&
[D]] +all]

Out[E]l= -
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)= FullSimplify[t[1]1]

e Ta[-1]

(] L I i
ut (4] oq al0]

nfi0]:= G[1] = G2[[2, 111 /G2 [[2, 2]]

I:Eir

a[-1]

Ot [10)=

et[2[01 alll
a[l] a[?] ]
a[o]

a[0] a[2] a[0] a[1]
e a[n] Det[ it} @iad ] -a[1] Det[ af1] af5] ] |
a[o]?
S, = MatrixExp[s[2] X' ]. MatrixExp[s,[2] h:
Gz =5..w.bq;
£[2] = &:[[2, 1]1/6G:=[[2, 211:
af[2] = &[[1, 2]] fG [[2, 2]]:
t[2] = -Log[G:[[2, 2111
FullSimplify[£[21]
Hull

r

In[11]= 0[2] = Log|

efTall]

Ot [18]=
R _al0]t+al-1]a[l]

o)== FullSimplify[t[21]
e (a[0]® —a[-1] a[1]}

u] 0= -L

e - a[l]f-a[0] a[2]

nE1)= FullSimplify[a[21]

a[l]®*-zZa[0] a[l] a[2] +a[-1] a[2]?
+

a[3]
a[0]t -a[-1] a[l]

out[21]=

3. The last expression is nothing more than
a[-1] a[0] afl]
Det| a[0] a[l] a[2]
a[l] a[2] a[3]
o[2] =
Det(a[_l] a[O]j

a[0] a[l]
Using the expressions for the group-value elements and the relations (1), one can easily come to final expressions for the algebraic
solutions, presented in [1]:

- Det, ,(a) TN Dx(a) e
Det (a) Det, (a)

where Detn(a) are the minors of order n of the following matrix:

Detn+l(a)
Det,(a) '’
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a[0] a[l] a[2]
afl] a[2] a[3]
a=| a[2] a[3] a[4]

Here Dn(a) denotes that in the last row of the corresponding matrix the indices of a[i] have been increased by one.

[1] A.N.Leznov,M.A.Mukhtarov and W.J.Zakrzewski. Tr.J.of Physics 19, 1995, 416
[2] M.A. Mukhtarov. Fizika 5, 2002, 38
[3] M.A. Mukhtarov. Proc.Ins.Math.Mech., 10(18), 2000, 123
M.A. Muxtarov
KIRAL SAHONIN MODELININ INTEQRALLANMASINDA MATHEMATICA PROQRAMI
Osas kiral sahasinin masalasinin inteqrallama prosedurun Mathematica alqoritmi teqdim olunub.
M.A. Myxrapos
MPOTPAMMA MATHEMATICA B UHTETPUPOBAHUU MOJEJU KUPAJIBHOTI'O ITOJISA

IMpencrasien Mathematica anropur™ pexyppeHTHOH poLeLypbl HHTEIPUPOBAHMUS 331a4H IJIABHOTO KUPAJIBHOTO TTOJIS.
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Klein Paradox in Modified Dirac and Salpeter Equations

Nina Kevlishvili, Giorgi Piranishvili
Thilisi State University

1. Introduction

It is well known, that Dirac equation in central symmetry field has unusual properties, like the
leak of particle through the infinite wall, that means oscillation of solution in asymptote, for infinitly
increasing potential, when the interaction is the zero component of Lorenz-vector. This unusual property
is known as Klein Paradox [1]. The same lack has two particle Dirac equation [2,3].

By considering quarks and antiquarks the problem is being tried to solve by introducing additional
scalar interaction [4,5]. So let us consider Dirac equation

(@p+ pm¥(x) = (E -V )¥(x) ()
with infinitly increasing potential
limV(r)=c
there wave function is represented as spinor
a(r)Q jim
\IJ —
b(r) <2y
we get radial equations
A ZpA_(E-v+mB=0
dr r
dB )
=2 _ZB4(E-V-m)A=0
dr r
there
A(r)=ralr) B(r)= rbi(r) p=10+2)- (5 +1)-7
After obvious transformations the equations (2) will look like
d2A 2y 2 2
-—ZA+\(E-V) -m°)A=0
dr2 r.2 (( ) )
When r — «, the second term can be neglected
d?A(r)

—~+V?A(r)=0 (1
dr

The sign “+” shows, that there are no bound states. That means, the Klein Paradox takes place.
On the other hand, if we consider scalar potential in 4-space the Dirac Equation will look like

(@p+ B(m+S(r))¥(r) = E¥(F) (V)
After the transformation of corresponding radial equations we will get equation
2
%—Sz(rwr):o (V)
r

which has bound states and is free of Klein Paradox.
As a rule there are considered potentials containing both fields
U =aS(r)+bV(r) a,b = const )
In this case the existing of Klein Paradox depends on the correlation between two constants.
Besides that particular importance has equal mixture of scalar and vector potentials, which
excluses spin-orbital interaction in Dirac equation [3,5] and Klein Paradox in two particle Dirac equation
[2,3,6].
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It would be natural to check the existing of this problem in field’s quantum theory equations. |
mean Bethe-Salpeter (BS) equation. There is an opinion that only vector interaction is not recommended
here either because of Klein Paradox. But this fact is not proved yet. For example, in case of quark’s
confinement in hadrons the situation is not clear. There is not necessary to introduce an additional scalar
field, it actually exists as potential’s fourth component.

In last years a lot of works discused 3-dimensional relativistic equations which are results of BS
equation’s different reductions. 3-dimensional equations are interesting because they give us possibility to
study quarkonium spectrum for different potentials. The great attention is paid to the formulation where
by means of one particle mass rushing to infinity the problem reduces to Dirac equation of one particle in
external field [7]. But in our opinion, not eveything is clear there. The information about second
quantization could not be lost when we make one particle heavier. For instance, if we use 3-dimensional
Kernel in BS equations the problem reduces to Salpeter equation which differs from two-particle Dirac
equation in interaction term which contains projecting operator only on positive and only on negative
frequencies. In this case this projecting operator is the only relict of second quantization.

In the 80-s was supposed, that equations of field’s quantum theory must be free of Klein Paradox
[3,6]. So Salpeter equation was studied from this point of view [8,9] by Krolikowski and Turski. But final
conclusions were made based on Dirac modified equation, which is the result of making one particle
infinitly heavy.

For example, the author of work [8] was studing the following Salpeter equation:

[E-(@"p+p9m,)-(-a®p+5%m,)-T(pN (r)¥(F)=0 (1)

where H(r)) is above mentioned projectiong operator:

11(p) = AY(p)A” (- p) - A”(B)A? (- p) )
and
= ()5 (i)
A(i)(ﬁ):wpi(a P+A M, : w, =+ p>+m’
20

are projecting operators on poitive and negative frequences for free spinors. They are nonlocal integral
operators in coordinate space.
In the limit when m, =m, =m — o the kernel of this integral representation (Bessel function)

becomes local §(F —F') function and the equation (1) becomes local either. After this it is not difficult to

determine asymptotic behaviour of wave function when r — o . It will exponentialy fall for increasing
potential V/(r).

Turski considered the case of tending one particle’s mass to infinity. Then equation (1) reduces to
modified Dirac equation for light particle motion in “projected’ field:

[é B+ pm+A, (BN (r)]¥(F) = E¥(F) 3)

The author showed, by means of above mentioned integral representation and asymptotic
restrictions on wave function and potential, that modified Dirac equation is free of Klein Paradox.

We consider, that all such statements are scanty because they are based on approximations and
simplified assumptions about potential’s behaviour. One is clear from these works, if modified Dirac
equation is free of Klein Paradox the same is true for Salpeter equation.

In the following we consider our problem in momentum space and show that modified Dirac
equation (3) has discrete spectrum if such spectrum has Schrodinger equation for the same potential V(r).
This statement is equivalent to absence of Klein Paradox, by our opinion.
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2. Dirac Modified Equation in Foldy-Wouthausen Representation
Consequently, we learn Dirac modified equation (3). If we act on this equation with projecting
operator Ai(ﬁ) in succession we get the following equations:

[E—(@p+mA,(B)F=A VY (4)
and
Y =AV¥Y=0 (5)
By using these equations (4) will look like:
[E-(@p+AmA, ¥ =AVA Y (6)
Consequently, we have a problem of proper value with following hermitian Hamiltonian
H=ap+pAm+AVA, (7)
It is convenient to use Foldy-Wouthausen’s transformation[11]:
e*(@p+pAme™ =po, w, = P +m? (8)
It is clear, that
I 20, 1 =
e A (p)= [ — "2 L+ AA.(P)

A (Pl 'S=1/w A (p) L+ ) (©)

For the transformed ¥, =e® ¥ function we get the following equation

20 5, 1+ﬁ 20 .
E-po,)¥Y, = : )| d°kv(p—k W,k 10
E-povo = =2 SEA @@ p-RR 7S 2w k) o
It is natural to represent ¥, as a two component spinor
»
Fey :[ J (11)
X

Then equation (10) will give us the following system:
. 20, 1 . oy ([ 2 .
(E-fo,)o(p)= | —* +—ﬂA+(p)Id3kV(p—k>\+(k) %K)

ptm 2
(E+,)x(p)=0 (12)
The second equation does not have untrivial solutions, so faras E#-w,, x=0

Now we can calculate the matrix structure of the right side of the equation (12) in evident form. After
simple transformations we get

E-,)(p)

@, +M (o, +m GP (. \Gk || 20 (-
o, +mfd ‘{ zpwp v(p-K) + 2Py (p-k) }a)k:m‘p(k) (13)

3. The Radial Form of Modified Dirac Equation
Let us analyse the equation (13) by angles. For this purpose we can use basis of spherical spinors

[12]:
o(P) = (P2 (1) A, =ﬁ (14)
where Q. functions satisfy following equation

(60, )05 (1) =-0 . (A,) (1+1' =2j) (15)
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In explicit form this functions are expressed by spherical harmonics and corresponding Klebsh-
Gordon coefficients:

CIJ: l\'\jlI +1/2,1/2,-1/2 YI,M +1/2 (ﬁ)
Therefore, if we express V (ﬁ - k) potential as series of spherical harmonics

v(p-K)=3 iv.(p,k)v.mv(ﬁp)f.;f(ﬁk) (17)

1=0 m'=—I
and insert everything mentioned above in the equation (13) and use properties of orthogonality the
equation will not depend on angles. So we get the following radial equation

(E -, )f (p) = [K7dkV, (p.K)2(p.k) f (K) (18)

le y (ﬁp ) _ [ Cljzm_uz,l/z,l/z YI,M —1/z(ﬁ)] (16)

where y(p,k) is an additional factor, which is the result of projecting operator’s existing:

o, + m pk o, +Mm
)((p,k)— 20, )LL (v, + m)(@, +m)}\) 20, (19)

Equation (18) is our main result.

4. Properties of Radial Equation Spectrum

The kind of spectrum of radial (integral) equation (18) depends on the properties of it’s kernel,
which now contains FW-factor x(p,k) together with radial component of potential. Just this factor
expresses nonlocality of effective potential.

First of all let us discuss some properties of ;((p, k) factor:

1) It loks like the sum of two members factorized by p and k variables. This can be important by studying
various factorized potentials.

2) When k=p (on the energetical surface in scattering problem) y =1.

3) It is positive-definite and bounded when p,k — .

4) It has not any singularity for physical values of variables.

5) To reach the nonrelativistic limit in equation (18) it is enough to expand it into a series of p* and k?.
This operation does not affect the smallness of v,(p,k) potential.

Based on the properties mentioned above we can answer our main question — does Klein Paradox
take place or not?

It is clear, that integral equation (18) without ;((p, k) is Salpeter spinless equation’s radial form in
momentum space. As it is known [10,13] Salpeter spinless equation for unlimited, increased potential has
confinement type solutions — only discrete spectrum. Because of above mentioned properties of ;((p, k)
the kernel of equation (18) is Fredholm-Smith type. It is multiplied on limited nonsingular function,
according to well known theorem [14,15] the kernel remains Fredholm-Smith type and therefore the
spectrum of equation(18) will be only discrete if Schrodinger (or spinless Salpeter) equation has discrete
spectrum for the same potential.

In our opinion, this conclusion is equivalent to absence of Klein Paradox in modified Dirac (and
Salpeter) equation.

It is strange that in our equation (13) remains dependent on orbital momentum only. That means,
projecting operator A, separates spin-orbit coupling.

By introducing additional scalar interaction the same result is obtained for equal mixture of scalar
an vector potentials.
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Consequently, all above mentioned results can be naturally obtained be considering vector
potential only. That is why it is not necessary to introduce the scalar potential artificially.
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ROENTGENDETECTORS ON THE BASE OF TlInSe,<L1™>

S.N. MUSTAFAEVA, E.M. KERIMOVA, M.M. ASADOV, R.N. KERIMOV
Institute of Physics, Azerbaijan National Academy of Sciences,
Baku. Az-1143, H.Javid av.33

High sensitive and durable roentgen-detectors were created on the basic of semiconductor crystals TlInSe,. The dose sensitivity of
created roentgen-detectors was 1.1-10"°+5.9-10"° A/R-min-V in the range of the measured power E=0.75--78.0R/min. The registered range of
the X-rays energy was 10+50keV. The detectors delay time was 3+5s and the working voltage is 10+20V. The ratio of coefficients of
roentgenosensitivity after and prior to lithium intercalation amounts to 2+4. It was shown that dependence of roentgenocurrent Al, on
radiation dose E is described as: 4l, ~ E% where o = 0.5+1.1 at 25+50 keV for pure TlInSe, and a = 0.65+1.5 for TlInSe, <Li*>.

The research of electric; photoelectric and roentgen-dozimetric characteristics of semiconductive single crystals TlInSe,,
belonging to material class of TIMeX®, (Me-In, Ga; X-S, Se, Te) [1-9], showed; that they have a high sensitivity to the X-ray
irradiation.

Single crystals TlIinSe, were obtained by the following way [10]. Thallium; indium and selenium; taken in the
stechiometric ratio 1:1:2 were charged in the quartz ampoule by the diameter 16 mm and the length 100mm (the selenium
excess from stechiometric made 0,4 mass %). The ampoule is pumped out up to the pressure 1.310° Pa and is soldered.

The compound TlInSe, was synthesized by the direct melting of initial components by the method of the double-
temperature synthesis with the use of the vibrating mixing at the temperature on 50-70° higher than the fusing temperature
(Trs=1040K) during 3-4 hours. For the homogenizing obtained alloys were annealed at the temperature, equal to 2/3 of the
fusing temperature T,,=693K during 200 hours. The single-phasing of obtained alloys was controlled by the method of
diffirentional-thermal (DTA) and roentgenophase analysises (RPA).

DTA was carried out on the device NTR-92, allowing to fix the temperature of phase transformations with accuracy
+3+5K. The heating rate made 2-4K/min. The temperature was controlled by the thermocouple Pt-Pt/Rh; graduated by the
reference substance in the range 472-1560K DTA results showed; that the compound TlInSe, melts congruently at 1040K.
Thermodynamic parameters of the compound TlInSe, were determined by the measurements data of EMF concentration
chains, composed of alloys of TI-In-Se system: Gibs standard free energy of the formation AG°s=-180 kJoule/mole; standard
enthalpy of the compound formation: AH%qs =-190 kJoule/mole; the enthalpy of the compound melting: AH,,, =40 kJoule/mole.
The RPA was realized on the device DRON-3 at the radiation CuK,. RPA results shows, that TlInSe, crystallizes in the
tetragonal lattice of TISe (space group 14/mcm) with parameters: a=8.002A; b=7.015A; z=4.

For the growth of large single crystals obtained polycrystals TlInSe, were plunged into the special ampoule, pumped out up
to 10°Pa and placed in the double-chamber furnace. Single crystals were grown by Bridgemen method from the melt at the
rate of the crystallization front transformation 0.6 mm/hour with the following cooling of obtained crystals with the rate
5K/min.

Samples of sizes (2.0x0.8x0.2)mm? were prepared on the base of obtained chained single crystals TlInSe,, which were split
off along the direction [001].

Contacts to them were applied by indium melting on the crystal surface and provided by the ohmity of voltampere
characteristics (VAC) up to the electric intensity <200V/cm. The electric field was applied along the direction [001], and the X-
ray radiation was directed perpendicularly to the crystal surface. Measurements were carried out at 300K; and the voltage was
taken in limits of the linear part of VAC. The device URS-55A with the tube BSV-2 served the X-rays source.

X-rays intensity was registered at the measurement by means of the current variation on the tube at each given value of the
accelerating potential on it. Absolute values of X-rays doses were measured by the crystal dosimeter of DRGZ-02 type.

The detector roentgenosensitivity was determined by the formula:

(o M
V, - E

S

where A),=J,-dq4;

Jq is the dark current; J, is the current in the sample at the X-ray irradiation; E is the X-ray power; V; is the supply voltage
(the working voltage).

The dose sensitivity of studied detectors on the base of crystals TlInSe, made 1.110"°+5.910°Amin/R'V in the range of the
measured power E=0.75+78.0R/min. The registered range of the X-rays energy made 10+50keV. The detectors delay time
made 3+5s; and the working voltage V=10+20Volt.

Suggested by us X-rays detectors on the base of crystals TlInSe, yield in the sensitivy to the detectors on the base of single
crystals CdS (approximately on one order); but they have a number of advantages. Firstly; at low dose rate studied detectors
had much lesser time of response, than CdS. Secondly; saturation sings up to dose rates in 100R/min and the fatigue effect are
absent in our detectors.
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So, X-rays detectors on the base of TlInSe, is quick-response, miniature; uncooled (works at the room temperature) crystal
detector with the stable and reproducing dosimetric characteristics.

Preliminary researches showed, that doping of TlInSe, crystals in some cases leads to the considerable improvement of
operating characteristics of roentgen-detectors. Thus the task of the gain in the roentgen-detectors sensitivity by means of
intercalation of single crystals TlInSe; is put in the present work.

The sampler TlInSe, were intercalated with lithium ions by the method of pulling electric field. The intercalation degree j.t.
(j is the current density, t is the intercalated time) amounted to 15-20 Coulombcm™,

Roentgendosimetric characteristics of the pure and lithium-intercalated TIInSe, single crystals were investigated. Electric
field was applied along [110] -direction and amounted to 10 Volts. Compared to pure single crystal, this intercalated single
crystal is more sensitive to roentgen radiation. The ratio of coefficients of roentgenocurrent (K) after and prior to intercalation
to 2+4.

Dependence of roentgen current on dose rate at various X-radiation hardnesses (from 25 to 50 keV) was interesting in
TlInSe, and TlInSe, <Li*> single crystals. It was shown that dependence of roentgenocurrent AJ, on radiation dose E is
described as:

AJ~E*

where a=0.5+1.1 at 25+50keV for pure TlInSe,and «=0.65+1.5 for lithium-intercalated single crystal.
The operation by the roentgendosimetric parameters of the studied ternary single crystals due to intercalation gives
perspective for the use of these objects as sensitive roentgendetectors.
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C.H. MycragaeBa, .M. Kepumosa, M.M. Acanos, P.H. Kepumosn

PEHITEHOJETEKTOPBI HA OCHOBE TlInSe, <Li">

Ha ocHOoBe mOmynpoBOIHMKOBBIX KpuctamioB T1InSe, sozdani  BBICOKOYYBCTBHUTEIBHBIC —PEHTICHOICTEKTOPHL.  Jl030Bast
qyBCTBUTEJILHOCTh CO3JJAHHBIX PEHTI€HOACTEKTOPOB COCTABIISIA

63



S.N. MUSTAFAEVA, E.M. KERIMOVA, M.M. ASADOV, R.N. KERIMOV

1.1-10"°+5.9.10° A/P-mun-B npu mo3ax o6mydenus E = 0.75+78.0 P/mum. DHeprus peHTIeHOBCKOT0 H3IydeHns cocrapmsuia 10+50 xoB.
WHuepuyoHHOCT  IETEKTOPOB  COCTABILANIA 3+5 ¢, a pabouee Hampsokenume 10+20 B. OrtHomenue kodpPUIHCHTOB
PEHTT€HOYYBCTBUTEIBHOCTH TIOCIIE U JI0 MHTEPKATMPOBAHUS JIMTHEM cOcTaBisuio 2+4. ITokazaHo, 4TO 3aBHCHMOCTh PEHTreHOTOKa Al oT
10361 06myuenns E Hocua crenennoit xapaktep: Al ~ E% roe a=0.5+1.1 npu 25+50 k3B mma TlInSe, u o= 0.65+1.5 maa TlInSe, <Li™>.

S.N. Mustafaeva, E.M. Karimova, M.M. Asadov, R.N. Karimov

TlinSe, <Li"> OSASINDA RENTQENDETEKTORLAR

Yarnimkegciriji TlinSe, kristallan asasinda yuksek hasasliga malik olan rentqen detektorlarn hazirlanmisdir. Stalanma dozasi
E=0.75+78.0 R/degq oldugda rentgendetektorlarin doza hasashg 1.110"°:5.9.10°° A/R-daq-V  olmusdur. Rentgen
stalanmasinin enercisi 10+50 keV-dir. Bu detektorlarn stalatliliyi 3+5 s, is¢i garginliyi ise 10+20 V — dir. TlinSe, kristallarinin
litium ionlari ile interkalyasiyasindan sonra va avval rentqen hassasliginin amsallarinin nisbati 2+4 olmusdur. Tayin edilmisdir ki,
rentgen jerayaninin Al, sialanma dozasindan E asillii Ustli funksiya ile xarakteriza olunur :

Al, ~ E® burada TlInSe; liglin 25+50 kgV- de «=0.5+1.1 vo TlInSe, <Li"> {igiin ise « =0.65+1.5 olmusdur.
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Abstract In this work the humidity-voltaic effect, i.e. generation of open-circuit voltage (Vo) in metal
(Cu, Ag, Au)-Porous silicon structures under humid exposition is discovered. Besides, influence of
porosity of free-standing PS and humidity on optical and electrical properties of films were investigated.

Relatively to the optical and electrical properties of free-standing PS films the next main results were
received. (a) The rising of film porosity (from 30% to 90%) results in both the increase of band gap of PS
films (from 1.4 to 1.9 eV) and resistivity (from 2x10* to 4x10* Q cm), (b) The resistivity of films along
pores approximately two tenth as large as than that in across direction, (c) The band gap of films in
humid ambient in the range of 55-95 %RH increases from 1.6 to 1.8 eV. The observed porosity-
stimulated and humidity-stimulated changes optical and electrical characteristics were interpreted on the
base model including the quantum confinement of charge carries in the PS microcrystallites and chemical
activity of PS surfaces.

Formation of open-circuit voltage up to 450mV, 280mV and 200mV for Au-PS, Cu-PS and Ag-PS
structures under humidity or hydrogen exposition is observed. It is suggested that the humidity-voltaic
effect, i.e. generation of V. in humid atmosphere is mainly caused by splitting of water and hydrogen
molecules on surfaces of Ag, Cu or Au catalyst and hydrogen diffusion from humid ambient to metal-PS
interface. Approximately the linear increase of V.. depending on the average porosity of PS films is
established. Generation of V. (up to 550 mV) have been also observed on dipping of Au-PS structures in
different hydrogen-containing solutions (ethanol, benzine, sodium tetraborate pentahydrate etc.). These
results open the perspective for using of metal-PS structures as both gas (hydrogen) detectors and mini
hydrogen cells.

1. Introduction

The discovery of visible photoluminescence from porous silicon (PS) has attracted considerable interest
due to its potential application in the development of silicon-based optoelectronic devices. However, the
origin of photoluminescence in PS is still controversial. A few models are suggested for explanation
mechanism of photoluminescence. According model proposed by Canham [1] radiative recombination of
electron-hole pairs occurs within nanometer silicon wires and their energy gaps become larger than that of
bulk Si (quantum confinement effect). This model modified by Koch et al. [2] suggests that electron-hole
pairs are photo-excided in nanometer silicon particles and radiatively recombined via Si intrinsic surface
states. Another model [3] suggests that luminescence from PS was caused by some special luminescence
materials, such as SiHy complexes, polisilanes, or SiO; rather than an intrinsic property of nanometer Si.
A third model believes that excitation of charge carriers occurs in nanometer silicon particles and the
photoexcitated carriers transfer into the luminescence centers (defects and impurities) in the surrounding
SiOy layers [4].

In general, main models proposed for explaining the origin and mechanism of visible
photoluminescence in PS can be divided on three groups. The first group comprises an intrinsic effects in
nanometer Si, whereas the second group of model is related with processes proceeding an external
surfaces of nanocrystals, i.e. on surfaces of PS. These processes are determined with composition and
structure of materials on PS surfaces. The third group combines models of the first and second group. The
structure of PS is characterised by an extremely large surface aria to volume ratio (up to 10°m?m™). It is
known that surface bonds, in particular Si-H and Si-O bonds play an important role in regulating of
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electrical, optical, luminescence and gas sensing propertiesof PS. These properties of PS are very
sensitive to humidity of ambient. Investigations of optical properties of the free-standing PS films can
promote understanding mechanism of photoluminescence. The optical and electrical characteristics of
free-standing films depending on porosity are rarely considered [5]. Xu et al. [6] have measured evolution
of the optical absorption of free-standing PS films during thermal oxidation in air and decreasing of the
gap have explained due to the Si-O bond formation. Sagnes et al. [7] have measured the absorption
spectra of the free-standing PS films with porosities in a range of 45-79 % and observed a blue-shift of
curves with an increase of the porosity. As far as our knowledge goes, data on effect of humidity on
optical absorption spectra of free-standing PS films are absent in literature.

It is noting that the gaseous environment exerts influence on electrical and photoluminescence
characteristics of PS and metal-PS structures. The composition and optical property changes of PS caused
by hydrogen and oxygen diffusion are considered [8,11]. Numerous gas and humidity sensors based on
PS have been presented [12,13]. Humidity-stimulated changes of I-V characteristics and generation of
open-circuit voltage in Ag-PS and Cu-PS Schottky-type structures have been observed [14,15]. These
changes are attributed to penetration of hydrogen from humid ambient and diffusion via porous silicon
surfaces to metal-PS interfaces. It will be noted that the response and recovery time of PS based gas
sensors is limited by diffusion coefficient of gas atoms and molecules along inner PS surfaces. Therefore
knowledge of diffusion parameters of atoms influencing on gas-sensing characteristics of PS is very
important for fabrication of gas sensors with the low response and recovery times.

In this work the optical and electrical properties of free-standing PS films in dependency on porosity and
humid exposition were investigated. Humidity (hydrogen)-stimulated open-circuit voltage generation in
metal (Au, Ag, Cu)-PS structures is discovered and mechanism of this phenomenon was discussed.
Besides data on diffusion coefficient of hydrogen on PS surfaces, determining the response characteristics
of gas sensors were determined.

2. Experimental Procedure

PS films were formed by anodization of (111)-oriented n-type silicon wafers (0.01 Q.cm) in HF-ethanol
solution at constant current density under the white light illumination. The PS films were then detached
from the Si substrates by electropolishing [8]. The free-standing PS films were characterized by porosity,
thickness, resistivity and optical measurements. Free-standing PS films of thickness 5-20 um and
porosities of P= 30-90 % were analysed in this work.

The transmission spectra of free-standing PS films were measured from 300 to 1000 nm at room
temperature by using ‘UV/VIS Lambda 2S’ (Perkin Elmer) spectrometer. Resistivity measurements were
performed along and across of pores. Optical and electrical measurements of PS films were examined on
the normal room conditions (T=300 K, 40 %RH) and in the measuring cell at different ambient humiditiy
(water vapour) in the range of 40-95 %RH. The relative humidity (RH) in cell was measured by using
‘Extech-444701" Hygro-Thermometer.

This investigation focuses on the analysis the transmission spectra and resistivity in dependency on both
porosity of PS films (for normal room conditions) and relative humidity of ambient (for PS films with
given porosity). Time-dependence transmission spectra and resistivity under humidity exposition in cell
were measured after succsessive 5- or 10-min cycles of humid exposition.

The absorption coefficient (o) is deduced from transmission spectra by solving a in the equation [8]
+_ (=R) exp(-ad)

 1-R?exp(- 2ad) @

66



POROUS SiLiCON-BASED HYDROGEN DETECTORS

Here R is reflectivity and d is the effective sample thickness.

The next values n=1.42 and R=0.03 were recieved for the refractive index and the reflectivity from
experimentally measured the interference spectrum of free-standing PS film. This value of the refractive
index is close to n=1.33 measured in [7].

Metal-PS structures and Au-PS-Si structures have been fabricated by evaporation of Au, Ag or Cu film
onto the PS surface at room temperature using electron-beam evaporation technique. The thickness of
metal film (80-160 nm) was measured during evaporation by using ‘Deposition Controller’ (Inficon,
Leybold). In or In/Ga alloy was used as ohmic contact to PS layers . The current-voltage characteristics,
humid-stimulated voltage generation in metal-PS structures were examined in the measuring cell at
different ambient humidity (water vapour, hydrogen or oxygen). Humidity-stimulated voltage (Vo)
between the open contacts to metal film and PS under gas exposition (moisture, hydrogen or oxygen) or
on dipping of metal-PS structure in hydrogen-containing solution (ethanol, benzine, sodium tetraborate
pentahydrate etc) is directly measured using ‘Thurlby’ 1503 Digital Multimeter.

The photosensitive properties of metal-PS structures were analysed by measurements of current-voltage
characteristics in dark, day-light and under illumination by a tungsten-halogen lamp (150 mW/cm?). All
investigated structures showed very slight photosensitiveness. Value of the open-circuit photovoltage in
day-light and under tungsten-halogen lamp illumination was about of 1-3 mV. Therefore most of
humidity-sensitive measurements have been performed at day-light illumination.

3. Results and Discussion

Measuring of transmission spectra at room conditions (T=300 K, 40 %RH) was carried out for free-
standing PS films with porosity of 46%. Fig. 1 shows the absorption coefficient spectrum for PS film with
thickness of 8 um and porosity of 46%. Analysis of measured curves of absorption coefficient (o) versus

photon energy (hv) for PS films with porosity in range of 30-90 % showed that spectra displayed
behavior expected for the direct semiconductors

a’(hv)’>=A(hv-Ey) (2)

Here E4 is energy gap and A is constant. Absorption coefficient curves for PS films discovered a
continuous blue-shift with increase of porosity in range of 30-90 %.
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Figure 1. Optical absorption spectrum of PS film of P= 46 % porosity (40 %RH).
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Figure 2. Energy gap of PS films in dependency on porosity (40 %RH).
Fig. 2 shows the energy gap in dependency on porosity of the free-standing PS films, determined from

extrapolution of high energy part of (o - hv) spectra. Near linear increase of band gap from 1.4 to 1.9 eV
with rising of porosity of PS films in the range of 30-90 % is observed.
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Figure 3. Resistivity of PS films (1) along and (2) across of pores (40 %RH).

Fig. 3 presents resistivity along and across of pores for free-standing PS films with porosity in a range of
45-78 %. Increase of resistivity with increase of porosity is observed for both directions. The data on
resistivity - porosity dependence (Fig. 3) correlate with increase of energy band gap of PS films with

rising in porosity (Fig. 2). Lower low values of resistivity across of pores can be related with presence of
low-porosity layer along PS film - Si substrate interface.
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Figure 4. Energy gap of PS film in dependency on relative humidity (P=68 %).
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Fig. 4 presents the energy band gap of PS films (with porosity of 68%) in dependency on relative
humidity. These data were received from optical transmission measurings carried out after exposition of
PS film in humid ambient for 30 min. As it is seen from Fig. 6, E;— RH dependence, similarly energy gap
versus relative humidity curve (Fig. 2), shows nearly linear increasing of energy gap.

Figure 5. Reverse I-V characteristics of Au-PS structure in humid ambient (1) 45 %RH,
(2) 70 % RH, (3) 83 % RH, (4) 90 %RH and (5) 99 % R H (T=300K).

Data on Fig. 2 and Fig. 4 concerning increase of the energy gap in dependency on porosity of PS films
and humidity respectively, can be explained by a model including the quantum confinement of carriers in
the PS microcrystallites and the formation of the Si-H bonds on pore surfaces in humid atmosphere.
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Figure 6. The open-circuit voltage - relative humidity dependence for Au-PS, Cu-PS and
Ag-PS structures (T=300K).

Below it is presented data on humidity-sensitive properties of metal-PS structures.
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Figure 7. The open-circuit voltage versus the porosity of porous silicon (90%RH).

The typical reverse I-V characteristics of Au-PS structure in air ambient at 45 %RH, 70 %RH, 83
%RH, 90 %RH and 99 %RH at room temperature are presented in Fig. 5. Increase of reverse currents
with rising of the relative humidity have been observed. The value of the current at 90 %RH (for 2V)

increases in comparison with that at 45 %RH (for 2V) by factor 12.

250

200 A WAAAAAAAA

150 {4 A

100 A

Voc (mV)

50 4A

O? L L] L] L]

0 40 80 120 160 200
t(s)

Figure 8. The open-circuit voltage in dependency on duration of exposition in humid ambient (70 % RH)
for Au-PS structure (323 K).

The humidity-voltaic effect i.e. generation of a voltage between contacts to metal film and PS layer
under humidity exposition is discovered for metal-PS structures. Fig. 6 illustrates the open-circuit voltage
in dependency on the relative humidity for one of such Au-PS structures. It is seen that the V.
approximately linearly increases from 15 mV to 450 mV with rise of the relative humidity from 51 %RH
to 95 %RH. The humidity-sensitivity of Au-PS structure estimated from curve of Fig. 6 is about 10
mV/(%RH). Data on formation of V. in humid for Cu-PS and Ag-PS structures have been also presented
in Fig. 6 [14,15]. Increasing of V.. for Ag-PS, Cu-PS and Au-PS Schottky-type junctions (200, 280 and
450 mV respectively) correlates with values of work function of Ag, Cu and Au (4.4, 4.6 and 4.8 eV

respectively).
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Figure 9. The temperature dependence of the effective diffusion coefficient of hydrogen in PS (for 70
%RH).

Formation of the open-circuit voltage in Au-PS structures is not observed under pure oxygen gas

exposition. Contrary to oxygen, exposition under pure hydrogen gas (about of 0.5 atm) results in
generation of open-circuit voltage ( up to 490 mV). These results suggest that the humidity-stimulated
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formation of the open-circuit voltage is mainly caused by hydrogen component of water molecules. It
will be noted that generation of the open-circuit voltage have been also observed on dipping of Au-PS
junctions in different hydrogen-containing solutions (440 mV for ethanol (C,HsOH), 500 mV for benzine
(CsH12 — CyH34), 550mV for sodium tetraborate pentahydrate (Na;B,O7 5H,0) etc).

Data on generation of open-circuit voltage in Au-PS and Cu-PS structures with different porosity in
humid ambient (90%RH) were presented in Fig. 7. For both structures nearly linear rising of Vo (up to
600 mV for Au-PS structure) with increase of porosity was observed. Herewith values of V. for Au-PS
structure are more than those for Cu-PS structures.

It will be noted that the response time i.e. duration of reaching of the most value of V. after placing of
Au-PS structure in humid atmosphere depends on temperature. For example, data on influence of
exposition duration in humid air atmosphere (70 %RH, T=323 K) on the open-circuit voltage of Au-PS
structure are presented in Fig. 8. An increase of temperature from 323K to 353K is accompanied by
decrease of response time of Au-PS structure from about 2 min to 40 s.

For Au-PS structures just as Ag-PS and Cu-PS structures [14,15] we suppose the next model of
humidity-stimulated diffusion of hydrogen and generation of the open-circuit voltage. Before discussion
of Vo generation mechanism we consider briefly the peculiarities of Au-PS structure forming by
electron-beam evaporation of Au on PS layer. Gold atoms deposit primarily on external surface of PS
layer at the initial stage of evaporation. Herewith the high-speed gold atoms penetrate also in pores with
deposition predominantly onto bottom of pores and formation the numerous inner Au-PS junctions [16].
Then, as Au film thickness on external surface of PS layer increases, pores are fully closed by Au film.
For this two-step model of formation of Au-PS structure, Au film on the external surface of PS layer
plays role of catalytic membrane layer which splits water and hydrogen molecules and transmits small
hydrogen atoms or ions (protons). If hydrogen is accepted as a donor impurity in PS [17], then adsorption
and dissolution of the water molecules on surface of Au film due to interaction with the Au surface,
subsequent penetration of hydrogen ions (protons) through Au film, diffusion via inner pore surfaces and
reaching the Au-PS interfaces is accompanied by separation of charges and origin of the open-circuit
voltage across Au-PS interfaces.

Data on V. - RH dependence (Fig. 6) shows that value of the open-circuit voltage is determined by
quantity of water molecules in air ambient i.e. by quantity of hydrogen. Other than for given RH the
velocity of V. rising on Au-PS Schottky-type barriers (Fig. 9) is determined by diffusion coefficient of
hydrogen via inner porous silicon surfaces. On fulfilling these conditions the effective diffusion
coefficient of hydrogen on PS surfaces may be estimated from V. - t curve [9,15]. Data on the effective
diffusion coefficient of hydrogen along PS surfaces for temperature range of 323-353 K for 70 %RH were
presented in Fig.9. The temperature dependence of the effective diffusion coefficient of hydrogen on the
PS surfaces is described as

D =1.3x10"? exp(— %) (3)

One can conclude that the activation energy (0.25 eV) finding in this work is rather related with the
energy necessary for diffusion of hydrogen via a net of Si-H bonds on PS surfaces. There is reason to
beleive that hydrogen in Si-H bonds is not electrically active state. On splitting of Si-H bonds, hydrogen
migrates across PS surfaces as H* ions (protons) with further trapping in Si-H bonds. Herewith the
diffusion process of hydrogen across PS surfaces consists of series of successive three-step acts (splitting
of Si-H bonds, migration of hydrogen ions on PS surfaces and trapping of hydrogen by Si-H bonds). To
put the other way round, activation energy determined in this work is rather related with the energy
necessary for splitting of Si-H bonds and migration of hydrogen across PS surfaces.
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4. Conclusion

It is shown that the band gap of free-standing PS films increases from 1.2 to 1.9 eV with rising porosity
(from 30 to 90%), that is attiributed to quantum effect arisen at special confinement of charge carries in
nanometers-size crystallites and chemical activity of PS surfaces.

The generation of the open-circuit voltage in metal-PS interfaces in humid atmosphere is discovered.
Comparative data on values of open-circuit voltages forming in Au-PS (450mV), Cu-PS (280mV) and
Ag-PS (200mV) Schottky-type junctions correlate with work functions of Au, Cu and Ag metals. The
humidity sensivity of Au-PS structures is about 10mV/(%RH). It is supposed that humidity-stimulated
generation of V, is mainly caused by hydrogen diffusion from metal surface to metal-PS interface.

The effective diffusion coefficient of hydrogen via pore surfaces of PS (for 70%RH) in the range of
323-353 K increases from 2.9x10°® to 1.3x10” cm?s. Generation of V. ( up to 550 mV) have been also
observed on dipping of Au-PS structures in different hydrogen-containing solutions (ethanol, benzine,
sodium tetraborate pentahydrate etc). Data of this work indicate on possibility for using metal-PS
structures as both gas (hydrogen) sensors and mini hydrogen cells.
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Mopeib BUPTYaJbHOI0 KPUCTAJLIA B IPUMEHEHNH K CJIOMCTHIM MOJIYNPOBOAHHUKAM

Tuna T1GaSe..
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1. Beegenue

W3BecTHO 4TO, B psifie ciay4daeB OOpa3oBaHME TBEPABIX PAcTBOPOB IBYX H30CTPYKTYpPHBIX M
H302JIEKTPOHHBIX COCIUHEHUN IPUBOAUT K TAaKUM K€ U3MEHEHHMEM B 30HHON CTPYKType KaXIOW u3
KOMIIOHEHT, YTO ¥ COOTBETCTBYIOIlee nAaBieHue. [1o1 «COOTBETCTBYIOIIMM» MOAPAa3yMEBAETCs TAKOE
JaBJIEHUE, KOTOPOE IPHUBOJUT K TAKUM K€ M3MEHEHUEM IapaMETPOB 3JIEMEHTApHOM SUEHKH, 4TO U
U3MEHEHHe cocTaBa. [lockonbKy TBEpAblii pacTBOp, CTPOro TOBOpPs, HE SBIAETCS IPOCTO
«1e()OPMUPOBAHHBIM» HJCATBHBIM KPHUCTAIJIOM, ONHCAHHBIA BBIIIE IOAXOJ B JUTEpPAType HOCUT
Ha3BaHUE MOJIEIHM BUPTyallbHOrO KpucTasia [1].

Ecnu nmpuMeHMMOCTh TaKOM MOJENH K KpUCTaUIaM KyOHMYeCKOH CTPYKTYpBl KajKeTCsl BIIOJIHE
OIIpaB/IaHHOM, TO B CIyyae KPUCTAUIOB CIOMCTOM CTPYKTYpBI CIIPABEUIMBOCTh MOJENIN BHPTYalIbHOTO
KpHUcTajia TpeOyeT CrenualbHBIX JI0Ka3aTeNbcTB. B TO ke Bpemsi, pe3yibTaThl BIUSHHUA JABYX THIIOB
BHEIIIHEr0 BO3JEHCTBUA-IABICHHS U U3MEHEHUsI COCTaBa MOT'YT CYLIECTBEHHO JONOJIHUTH APYT Jpyra u
JaTh HOBYIO MH(OPMAINIO 00 0COOCHHOCTSAX 30HHOU CTPYKTYPBI.

Crnoucrteie moaynpoBoauuku T1GaSe,, TIGaS; u TIINS,, sensrommmecss 00beKTaMH UCCIICTOBAHHIMA
HacTosimed  paboThl, KpOME CIOKHOM KPUCTAUIMYECKOH CTPYKTYphl OOJIQAaloT elie OJHOM Ba)KHOM
0COOEHHOCTBIO: COTTIAaCHO MMeromumMces naHHbM [2-10], mo kpaiineir mepe, B 1ByXx u3 Hux, T1GaSe; u
TlInS, nanexxHo maeHTH(UIMPOBaHBI CTPYKTYpHBIE (azoBble nepexoapl (PII), mpoucxomsmme Kak ¢
TeMIepaTrypoil, Tak M ¢ jaBieHueM. [locnenHee 3aTpyJHseT HHTEPHPETALUIO SKCIEPUMEHTAIBHBIX
JaHHBIX B paMKaxX IPOBEPKH CHPABEJIMBOCTH MOJEIH BHUPTYaJbHOIO KpUCTAUIa B Clydae
moiynpoBoaHukoB Tuma 11GaSe,. Hmwke Oymer mokasaHo, 4TO aHaaH3 BCEH COBOKYITHOCTH MMEIOIIMX
TaHHBIX O BIMSHHUHM JABJICHUS, TEMIIEPaTyphl 1 H3MEHEHHs COCTaBa B TBEpIbIX pacTBopax T1GaS;,Sexiy)
MO3BOJISIET YTBEP)KIATh, YTO M B CIy4yae KPHUCTAIOB H3y4aeMOIO THIIA, HECMOTpPs Ha CIIOKHOCThb
CTPOCHHUsI JJIEMEHTApHOW SYEHKM M IIPOUCXOMASINME IOJ JaBiieHHeM u ¢ temmeparypou DIl monens
BUPTYaJIbHOT'O KPHCTaJlJIa OCTAETCS CIIPaBEIMBOM.

2. [ToBeieHHe MHMPHHBI 3aNPeLleHHON 30HBI B TBePAbIX pacTBopax T1GaSySey-y)

[MonynpoBonuuku  T1GaSe,, TIGaS; u TIINS; kpucrammu3yrorcs B CIOHCTOH CTPYKType H,
COIVIACHO HMEIOIIMMCSl JAaHHBIM HMEIOT MOHOKIMHHYIO pPEIIeTKY INpH KOMHATHOH TeMIeparype u
arMoceprnoM nasienun [4,11-13]. ITapameTpsl IeMEHTAPHOMN SYCHKN YKa3aHHBIX KPHCTAJUIOB TAaKOBBI
(cm. Hamp. 0030p 4), 9TO UX MOXKHO PacCMaTpUBATh KaK KPUCTAIUIBI KBa3UTETPOTOHAJIBHOW CHHIOHUH.
Bonee TOro, m3-3a OTCYTCTBHS AHHM30TPONHMM psifa (U3NYECKUX CBOMCTB B IIOCKOCTH CIIOEB 3TH
KPHUCTaJUTbI MOKHO pAacCMaTpPHBaTh W KaK KPHUCTA/UIBI TeKcaroHanbHoW cuHronuu [14,15]. Haubombimee
KOJIHUYecTBO paboT Obwio mocsmeHo uyuenuto OII B kpucramnax ykasaHHoro cemeiictsa. [lo kpaitHeit
Mepe, B ciydae kpuctaiuioB 11GaSe; u TIInS,; ®I1 ¢ remneparypoit HanexxHO uaeHTHduposansl [2,3]:
npu Ti=216K 8 TIInS, u T;i=120K B TIGaSe, npoucxomur ®II B Hecousmepumyio ¢asy, a 3aTeM Ipu
JajbHEHIIIEM TOHMKCHUH TEeMIepaTypbl B COpa3MEpHYIO cerHerodjekrpudeckyio ¢asy (T.=202K B
TlInS, u Ti=107K B TlGaSe;). Umetommecs uccnenoBanus [4-10] cBHACTENBCTBYIOT, YTO U C POCTOM
THPOCTATUYECKOTO AaBJICHUs B Kprctayuiax timna T1GaSe; Boamoxubl OII.
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Puc.1. a-ciektpsl nornomenus T1GaSySes (1) , 3aperucTpUpOBaHHBIC ITPH TTaICHHN
HEMOJISIPU30BaHHOTO CBETa MEePIEeHANKYIApHO MmiockocTH cios npu T=6K. x: 1-0; 2-0,1; 3-0,3; 4-
0,4;5-0,5; 6-0,6; 7-0,7; 8-0,8; 9-1; 6-3aBHCHMOCTb SHEPTETUICCKOTO ITOJIOKCHHSI TPSIMOM
SKCUTOHHOM 30HbI KpuctamioB T1GaSySe; (1) oT cocraBa x npu T=6K [16].
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Puc.2. TemneparypHas 3aBUCHMOCTb YHEPTETHYECKOTO TTOJIOKEHHSI JIMHHUIM MMOTJIOIIECHHS TIPSIMBIX
9KCUTOHOB B Kpuctaimiax 11GaS,,Se; 1), X: 1-0; 2-0,4; 3-0,5; 4-0,6; 5-1.[16]

TIGaSe, u TIGaS; o0pa3yroT HempepbIBHBIA Psii TBEPIBIX PAcTBOPOB M Ha puc.la TMoOKa3zaHbI
CIIEKTPBI SKCHUTOHHOTO MOTJIOLIEHHUS, 3aperucrpupoBannbie npu 6K B kpucrammax — TIGaSySeyqy ¢
0<x<1. B TlGaSe, nuku MOTJIOMICHHUS COOTBETCTBYIOT 3KCHUTOHHBIM COCTOSIHUSIM, CBSI3aHHBIM C JIBYMS
3oHaMu. B TIGaSySey«) ¢ x>0,1 Habmronaercss JUIIb OAWH SIPKO BBIPAKCHHBIH MUK IOTJIOIICHHUS,
COOTBETCTBYIOLIMI OOpPa30BaHUIO MPSIMBIX 3KCUTOHOB [16]. M3 puc.10 BWAHO, YTO 3aBUCHMOCTH OT
COCTaBa YHEPTETHUYCCKUX TOTOKEHUN SKCUTOHHBIX COCTOSHUM, Eox(X), ABISIETCS ¢ OOJBINION TOYHOCTHIO
nuHEeWHOH. [logyepkHeM, 4YTO ONWCAHHBIC BBINIE THKHA TOTJIOMICHUS COOTBETCTBYIOT —MPSMBIM
SKCUTOHHBIM repexozaM. B [16] npenmomnaraercs, uto npupona nepexonoB B T1GaSySey i) ¢ x<0,1 n
0,1<x<1 MokeTh OBIT pa3IMIHON. ITOT BBIBOJI OCHOBBIBACTCS HAa Pa3IMIHOM MOBEICHUHU C TEMIIEPATY PO
SHEPTreTUYECKUX MOJIOKEHUI SKCUTOHHBIX COCTOSIHUM B Kpuctaimiax 11GaSySeyix) ¢ x<0,1 ¢ ognolt
croponsl u ¢ x>0,1 ¢ apyroit (puc.2). Mbl nokaxem B pazzaene 4, 4ro paznuuHoe noseaeHue E,y(T) B
kpucramnax T1GaSySeyi«) ¢ x<0,1 He cBsA3aHa C pa3IM4HOI IPUPOIOI IKCUTOHHBIX COCTOSHHMI, U OyIeM
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moJiarath, uto 3aBUCUMOCTU E,y(T), moka3aHHble Ha PHC.2, COOTBETCTBYIOT SKCHTOHHBIM COCTOSHUSIM
€MHOU MIPUPOBI.

3. Biiusinue JaBJieHHsI HA 30HHYI0 CTPYKTYpPY KpuctayuioB T1GaSe;,
Mopnesb BUPTYaJILHOTO KPUCTAJLIA

Pe3ynbTaThl BAMSHUS THAPOCTATUYECKOTO JABJICHUS HAa Kpald ONTUYECKOTO MOTJIOIICHUS
kpuctauioB T1GaSe,, TIGaS; u TIINS, npu komHaTHO# Temmeparype HpuBeaAcHbI Ha puc.3. Kak BuaHO
u3 puc.3 noseneHue OGapuuyeckoro koddouimenta dEy/dP mpu masnenmsx P<0,5 T'TIA npaktnueckn
OJIMHAKOBO U BceX Tpex kpuctamwioB. C moBblieHHeM naaBieHus nosereHue OEQ/AP mensiercs u
CTaHOBHTCS CYIICCTBEHHO Pa3IMYHBIM B pa3HbIX KpUCTauiaX. Mbl He OylIeM paccMaTpHUBaTh IMOBEICHUE
dEy/dP mpu Gonpmmx maBieHusX ( 3TOT BOIpoOC MOApoOHO paccMmotpeH B [17,18] ) u obcyanm npupoxy
M3MCHEHHI MUPUH 3aMpeICHHBIX 30H KpuctamioB tune TlGaSe, npu mansix (P<0,5 I'TTA) naBieHusx.
OTpHnatenbHOCTh OapuyecKOoro KO3 (UIIMEHTa, ONUCHIBAIONICTO TOBEICHUE NIUPUHBI 3alPEIICHHOM
30HBI, CBOMCTBEHHO JIJISl BCEX KPUCTAILIOB CO CIIOMCTOW CTPYKTYPOU. DTO CBA3aHO, MO-BUIHUMOMY, C TEM,
4T0 HamboJyiee BaXHBIE 0COOCHHOCTH (HOPMHUPOBAHHS 30HHOW CTPYKTYPHI SIBISIFOTCS OOIIMMH IS BCEX
CJIOMCTBIX KPUCTAILIOB.

264

0 02 04 0F 05 1o 12 14
P, GPa
PI/IC.3. 3aBUCUMOCTH OHCPICTUUCCKHUX 30H OT HAaBJICHUA, OIPCACIICHHBLIC H3 IMOBCACHHUA CIICKTPOB
norommenus kpuctamwioB  11GaS; (1), TlInS; (2) u TlIGaSe; (3) ¢ naBnenuem mpu T=300K [6].

OTH 0COOCHHOCTH 3aKJIIOYAIOTCS B TOM, YTO MTOTOJIOK BAJICHTHOW 30HBI ¥ THO 30HBI

MPOBOJUMOCTH CJIOUCTOTO MOJYIPOBOJHUKA PACIICIUIAIOTCS MPU yUeTe B3aMMOACHUCTBHS MEXITY
cnosmu  [19], m mpuiokeHHe THAPOCTATUYECKOTO JABJICHHS BEIET K POCTY TAKOTO PACIICIUICHUS U K
UTOroBOMy yMeHblleHHI0 Eg. B TO ’xe Bpems, cxkarue OTAENBHBIX CIIOEB, BeleT k pocty Eg. Ilo
YKa3aHHOH HPHYMHE CIIOMCTBIE KPUCTALIBI ONMUCHIBAIOTCS Ae()OpMalMOHHBIMH MoTeHnuanamMu D u DL
UMeroNMMHU pa3Hble 3Haku. B [19] 0000mieHsl pe3ynbTaThl BIUSHUS TaBICHHS HAa 30HHYIO CTPYKTYpPY
MHOTHX CJIOUCTBIX KPHCTAJIOB U MOKa3aHO, 4TO JedopMannoHHbIe 3(GGEKTh B HUX MOXKHO OITHCATh Ha
OCHOBE TPOCTON MOJIEJIH, COTJIACHO KOTOPOI M3MEHEHHE MIMPUHBI 3aIPEICHHOM 30HBI MOXKHO OIHCATh C
IOMOIIBIO IPOCTOro BhIpaxkenue: AEg= ULDL+2U)| D).

B [17,18,20] ompezesieHbl BETUUHHBI D| u D1 nna xpucranios tuna TIGaSe,: D1 =11.9 5B, Dj
=-7.3 3B Bocmnonb30BaBIIKCh 3HAYCHUSAMH Ae()POPMAITMOHHBIX TIOTCHIIMAIOB U pacCMaTPHUBAasi H3MEHEHUE
napamMeTpoB 3JIEMEHTapHOM stueiiku mpu nepexoae ot T1GaSe; k' TIGaSn; (cm.tabin.) kak addexkTuBHOE
ckarue TlGaSe; , MOKHO chenath BBIBOJ, 4TO Takoe “cxkarue” TIGaSe; momkHo BectH K pocty Eg Ha
BenuunHy ~0,45B, 4TO NMPUBOAMT K BENMYMHE OYEHBb OJM3KOW K IKCIIEPHUMEHTAIBHO OMNPEICICHHOMH.
Takum 00pa3oM, MOJIENIb BUPTYAJIBHOTO KPUCTAJUIa OKA3bIBAETCS CIPABEIIMBOM JJISi CUCTEMBI TBEPIIBIX
pacTtBopoB T1GaS;,Sey(1.x). CBsI3aHO 3TO, MO-BUIMMOMY, C TEM, YTO, KaKk W B Kpucrauiax tuma AsBs ,
3aMeHa aHMOHHOW mojcucteMbl (GaSSei) MNPUBOAUTH K TAKUM W3MCHCHHSM [apamMeTpOB
JJIEMEHTApHOM SYEWKH, KOTOpbIE MOXHO paccMaTpHBaTh KaK MaKPOCKOMHYECKYIO J1e(OpMaIiio
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KPUCTAJUIOB Kak 1enoro. [lomuepkHeM, 4TO TakOW MOAXOJ OKa3bIBACTCS HEOMNpPABJAAHHBIM B CIydae
3aMEHbI KATHOHHOM MOJICHCTEMBI B CIOUCTHIX KpUCTauiax rpymmbsl AszBg [21].
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Puc.4. TemneparypHble 3aBUCUMOCTH KOI(PHUIIMEHTOB TEIUIOBOTO pacIikpeHus uist KpuctamioB T1GaS;

« T1GaSe; B HanpaBieHusx: nmapamienabHoM (1) u neprneHaukyaspHoM (2) MIOCKOCTH CIIOEB
[22,23]
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Puc.5. TemneparypHasi 3aBUCHUMOCTb HHEPreTUYECKOTO MOJIOKEHUS SKCUTOHHOM JIMHUU B CIEKTpax
noromenus kpuctamwion T1GaSe; [25]

4. TemnepaTypHoe noBe/ieHHe IHPHH 3anpenieHHbIX 30H B T1GaSy,Sey1-y
XoTd, Kak OBUIO TOKa3aHO BhINIE B paszene 2,3 aHAJOTHS <«JIaBJICHUE-U3MEHEHHE COCTaBa»
OKa3bIBaeTCs CIpaBeIMBOM M st kpuctawioB T1GaSe; -TIGaS,, cyiiecTByOT 3KCIepUMEHTAIbHbIC
(dakThl, KOTOpbIC, Ha TEpPBBIA B3TJAA, NMPOTHBOPEYAT TAaKOW aHanoruu. JleHCTBHTENBHO, Ha pHC.2
MIPUBEJCHBl 3aBUCUMOCTH OT TEMIEpaTypbl MOJOKEHUH 3KCUTOHHBIX IMKOB IMOIJIOIIEHUS B psay
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TIGaS,.Sey 1) - bpocaercs B rimasa peskoe orimune B nmoeaeHuu E..(T) B TIGaSe, ¢ ogHoit cTOpoHBI N
B TBepIbIX pacTBopax T1GaSySesq« ¢ x>0,1 ¢ npyroii. B TIGaSe; 3aBucumMocth Eeyc(T) 0ObIuHas - OHA
OOBSICHSICTCS OOBIYHBIM YMCHBIIIEHHEM C POCTOM TEMIEpPaTypbl I[MUPHHBI 3aMPEIICHHOW 30HBI
npoBoxHuka. B TIGaS;Seyi) ¢ x>0,1 m B camom TIGaS; Habmrogaercss HEOOBIYHBIN Ui
IIOJIyIIPOBOJHUKOB pocT Ey ¢ moBeimennem temneparypsl. M3sectHo, uto poct Eg ¢ Temneparypoii npu
HU3KHUX TEMIIEpaTypax B TOJYIMPOBOJHHKAX OBbIBaE€T OOYCJIOBJICH BKJIAJOM TEIUIOBOIO PACIIUPECHUH B
n3meHenne Eg. MoxxHO ObLIO OBI IPEIIONOKNTE, 9TO pa3Hoe noBenenne Eq ¢ remmeparypoit B TIGaSe;
u TlGaS, o0ycnoBICHO pa3IUYHEM B TEIUIOBOM pPACHIMPEHHUS STHX KPUCTAIOB. Takoe pasnndne
JeHCTBUTENbHO HabOmomaercss (puc.3), OQHAKO MNpOCTas OIEHKAa BKJIaJa TEIUIOBOIO PACIIUPEHHUS B
m3meHenne Eq ¢ temnepatypoit B T1GaSe; u TIGaS; , ocHoBaHHast Ha KPHUBBIX TEIIOBOTO PACIIMPEHHS
noJbkeH ObuT OBl MpUBOIMT K pocty Eg ¢ Temmepatypoii. [Ipu sTom B TlGaSe, 3toT poct 10KeH OBITH
naxe OosbiuM, ueM B T1GaS;. DToT BBIBOJ 3acTaBiIsIeT HA MEPBbINA B3MUIAA, YCOMHUTCS B OJUHAKOBOMN
HPUPOJIe SKCUTOHHBIX cocTosiHMi B T1GaSe; ¢ oquoit croponsl U B T1GaSySesi.) X>0.1 ¢ npyroi, a,
CJIEZIOBATENIbHO, W B TIPAaBOMOYHOCTH CJICJIAHHBIX BBIIIC BBHIBOJOB O CIPABEIJIMBOCTH MOJCIHU
BHPTYaTbHOTO KpucTayuia. [l paspemieHuss 3TOro MPOTUBOPEYHS HEOOXOAMMO Yy4YeCTh, 4YTO C
noHwkeHneM TemiepaTypbl B T1GaSe, mpoucxomaut crpykrypubiii ®IT u mpu T<120K  kpucrami
mepexoauT u3 mapadasbl B HecopasMepHyro (asy, a 3arem npu  T<100K B copasmepryto ceraerodasy.
M3BECTHO, YTO COTJIACHO HMMEIOIIMMCS JaHHBIM C POCTOM COJIEpKaHHs cephl B KpucTamiax T1GaSe,Sey-
x) Temmeparypa ®II cmemniaercst B CTOpoHy Oosiee HU3KHX TemmepaTyp, a npu x~0,2 mpusnaku @I B
TIGaSe,Sey1x BoobOue He HabmonaTcs[24]. Takum 00pa3oM, CyIIECTBEHHOE pa3siMyie B MOBEICHUU
Eexo(T) B TlGaSe, c omnoii ctoponsl M B T1GaSySexn) (x2>0.1) npyroif csizaHo ¢ TeM, 4TO B
ucciaenyemon obmactu temmeparyp T1GaSe, Haxoautcst B apyroil (ase, B KOTOPO# pOJb 3JICKTPOH-
(hOHOHHOTO B3aWMOJICUCTBUS CYIIECTBEHHO BBIIMIE. J[OTOTHUTENHHBIM JIOKA3aTEIBCTBOM B IIOJIB3Y
CKa3aHHOTO SIBJSIFOTCS AKCIEPUMEHTBI, B KOTOPBIX YAAJOCh MPOCIEAUTh 32 TOBEICHUEM 3KCHTOHHOTO
nornouieHuss B T1GaSe; B mmpokoit obnactu temmeparyp [25] (puc.5). BumHo, 4To mpu HHM3KHX
temneparypax BIUIOTh 10 T~120K E. cMmemaercss B CTOpoHy Oojiee HU3KHX JHEPIHid, 3aTeM IpU
T>120K HaunHaeT cMenIaThesl B CTOPOHY OOJNBIIMX SHEPTHi, KaK U B ciydae KpucTawioB T1GaSexSesx) -

B 3aximodeHrM MOXXHO yKa3aTh, 4YTO M B KpHCTaIax TIINS,, B KOTOPBIX HaAEKHO
uaeHtudunuposansl OI1, anamoruunsie npoucxomammM B T1GaSe;, noseneHne Ee(T) B obmactu
CYIIECTBOBAHMS HU3KOTEMITEPATypHOU cerHeTodassl, aHamorudno moeaeHuio Eq(T) B TIGaSes,.

5.3ak/10uenne

CpaBHeHHUE pe3yJIbTaTOB BIUSHUS THAPOCTATHUECKOTO JIABJICHUS HA Kpail MOTJIOMICHHS CIIOUCTBIX
noixynpoBogHukoB T11GaSe;, TIGaS; u TIINS; ¢ pesyiaprataMu HW3MEHEHHH, NPOMCXOASLIMX B
SKCHUTOHHBIX CIEKTpax HpH o0pa3oBaHMM TBEpABIX pacTBOpoB T11GaSe,Seyix) , MOKa3bIBAaeT, 4YTO
W3MEHEHHUS JHEPreTHYECKON 30HHON CTPYKTYphl MpU OOpa30BaHUU TBEPAOTO pPacTBOpa MOXKHO C
OOJIBIION TOYHOCTBIO yHoa00uTh 3¢ ¢exTuBHON aedopmarmu kpuctauioB Tuma  11GaSe;. Takum
0o0pa3oM, HECMOTpPSI Ha CIOXHYI KPUCTAUITMUECKYIO CTPYKTYPY, MOJENb BUPTYaIbHOTO KpHCTAJIa B
clly4ae 3aMeHbI S€ <> S ocTaeTcsi CpaBeJIMBOM | Ui KpucTaiuioB Tuna 11GaSe;. DToT BhIBOJ OCTaeTCs
BEPHBIM @K€ C YYETOM IMPOUCXOIAIIMX B KpucTamiax cemeiictBa T1GaSe; (a3oBbIX MepexooB.
[TpuurHOHN CrHpaBeTMBOCTH MOJCIH BHPTYyaJbHOTO KpUCTa/Ula B ciydae KpuctayuioB tuma 11GaSe;
CJIy>)KUT Ha Halll B3TJIST TOT (aKT, YTO MPUHIMITEI (POPMHUPOBAHUS SJICKTPOHHOM 30HHOM CTPYKTYPHI U €€
W3MCHCHUS C W3MCHCHHEM JIABJICHHS OCTAIOTCS OOMIMMH I IIMPOKOTO Kjlacca IOYMPOBOIHHKOB,
UMEIOIIUX CJIOUCTYIO CTPYKTYPY.
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Abstract

It is known that self-adjoint operators, which belong to a certain class of operators for
the discrete series representations of the quantum algebra suy(1,1), may serve as Hamil-
tonians of some physical systems. These operators are expressed in the canonical basis
by Jacobi matrices. The problem of diagonalization of these operators (eigenfunctions,
spectra, overlap coefficients, etc.) is solved for a wide class of such operators by using
their connection with the theory of g-orthogonal polynomials.

1. Introduction

It is well known that all eigenvalues of self-adjoint operators are real. This mathematical
fact has been vital for formulating one of the fundamental constructive postulates of quantum
mechanics: the variables used for describing a dynamical system in quantum mechanics are
represented by self-adjoint operators; the values, which a given variable can take, correspond to
observable physical quantities and they are found as eigenvalues of the associated self-adjoint
operators (see, for example, [1]). So, the study of explicit instances of relevant self-adjoint
operators, related to particular physical systems, is of clear interest. To be more specific,
we refer to recent studies in quantum optics (see [2] and references therein), where it was
shown that many models, such as Raman and Brillouin scattering, parametric conversion and
the interaction of two-level atoms with a single mode radiation field (Dicke model), can be
described by interaction Hamiltonians, which are certain self-adjoint difference operators from
representations of the quantum algebra sug(2).

In this paper we wish to discuss yet another self-adjoint difference operators, which may
serve as Hamiltonians of some physical systems. They belong to a certain class of operators
for the discrete series representations of the quantum algebra su,(1,1) and can be expressed
in the canonical basis by a Jacobi matrix. We show that the problem of diagonalization
of such operators (eigenfunctions, spectra, overlap coefficients, etc.) is solved by using the
connection of these operators with the theory of g-orthogonal polynomials. The point is that
an orthogonality measure for a family of g-orthogonal polynomials, associated with a certain
Hamiltonian operator, determines a spectrum of this operator and its spectral decomposition.

It is essential to note that our study of Hamiltonian-type operators was first started in [3]
and [4], and then has been developed in [5-7]. In particular, in [7] we considered examples of
Hamiltonians for physical systems in non-commutative world (see in this connection [8]).

A summary of what the remaining sections contains is as follows. Section 2 gives some
useful results on the quantum algebra suy(1,1) and its discrete series representations. In sec-
tion 3 we detail general properties of those Hamiltonian-type operators, which are operators
of the discrete series of the algebra suy(1,1). In sections 4 and 5, some examples of Hamil-
tonians with bounded continuous spectra are studied. Section 6 is devoted to Hamiltonians
with bounded discrete spectra.



Throughout the sequel we always assume that ¢ is a fixed positive number such that ¢ < 1.
We extensively use the theory of g-special functions and notations of the standard ¢-analysis
(see, for example, [9]). In particular, we assume that

qa/2 _ q—a/2

[a]q := PV SV R (1.1)

where a can be a number or an operator.

2. The algebra su,(1,1) and its discrete series representations

The classical Lie algebra su(1,1) is generated by the elements JS, J J , satisfying the
relations

oL i =5, sl =g, sG] =T

In terms of the raising and lowering operators J§ = JS! 4 1J§' these commutation relations
can be written as
5L IS = +a8, [ I = 2J8
The discrete series representations TlJr of su(1, 1) with lowest weights are given by a positive
number [ and they are realized on the spaces £; of polynomials in z. The basis in £; consists
of the monomials

g'fl(x) = {(2l)n/n'}1/2l‘n’ n= 07172737"' .

Assuming that this basis consists of orthonormal elements, one defines a scalar product in £;.
The closure of £; leads to a Hilbert space, on which the representation TlJr acts.

We consider an explicit realization of the representation operators JiCl, 1=0,1,2, in terms
of the first-order differential operators:

1

d d : d
Jl=ez+l, K=+’ +ia, JCI:%(I—xz)d——ilx. (2.1)

dx T
Then

Il = +n)g, Jlgh =@+n)(n+1)gl . JVL = /(2 +n—1)ng,_,.

In some physical models a Hamiltonian is represented by the self-adjoint operator ng — Jfl.
For instance, the n-dimensional harmonic oscillator in nonrelativistic quantum mechanics is
governed by the Hamiltonian

H<x>=hg"é(5k )= [Za re)alan) + 2]

where © = {x1,x9, -+, z,}, the dimensionless variables & = /mw/hzxk, k = 1,2,---,n
and the annihilation and creation boson operators a(zg) = %(fk + d/d¢) and a™(xy) =

%(fk — d/dg&}), respectively, satisfy the Heisenberg commutation relations

[a(xk),(fr(xj)] =0k, k,j=1,2,---,n

The dynamical symmetry algebra for this model is known to be the Lie algebra su(1, 1) with
the generators

= %Zcﬁ(wk) a(zg), Ji(z)= %Zcﬂ(a;k), Jo(z) = %Z[cﬁ(m]? (2.2)
k=1 k=1



One readily verifies that, for example, the n-dimensional Laplace operator A = >}, d*/ d{,%
in terms of the su(l, 1)-generators (2.2) is just 2[J;(z) — Jo(z)] — n/2. Hence, the problem
of funding spectrum and eigenfunctions of the Laplace operator A in this n-dimensional
Euclidean space is equivalent to that of the operator Ji(x) — Jo(x).

Now we return to the realization (2.1). It is not hard to show that the eigenfunctions of
the operator ng — chl are of the form

[J§' =I5 A () = Anh (@), (2:3)

_ 2z
() = (1 - 2) % exp ( ) | (2.4
r—1

The quantum algebra suy(1,1) and its irreducible representations are obtained by defor-
mation of the corresponding relations for the Lie algebra su(1,1) and its irreducible represen-
tations. The algebra su,(1,1) is defined as the associative algebra, generated by the elements
Ji, J—, and Jp, which satisfy the commutation relations
qu _ q—Jo

Joodul = £0e,  [J gy =L T4 _
[ 0 i] [ +] q1/2 — q_1/2 [

2JO]q ) (25)

and the conjugation relations Jj = Jo, J} = J_.

We are interested in the discrete series representations of su,(1,1) with lowest weights.
These irreducible representations will be denoted by Tl+, where [ is a lowest weight, which
can be any positive number (see, for example, [10]). These representations are obtained by
deforming the corresponding representations of the Lie algebra su(1,1).

As in the classical case, the representation Tl+ can be realized on the space L; of all
polynomials in x. We choose a basis for this space, consisting of the monomials

fl=fl@)=ca, n=012--, (2.6)
where
L 2+ k-10"7 @l
co =1, H 1/2 =4 NV n=123, (2.7)
Pt (¢ @)n

and (a;q), = (1 —a)(1 —aq)...(1 —ag™'). The representation 7;" is then realized by the
operators

d
Jo=zomFl Je= e Jo 1), . (2.8)
As a result of this realization, we have
Jofh=tm) fh T fh= Rl g £, (2.9)
T =2+ n =1 [l £y (2.10)

We know that the discrete series representations TZJr can be realized in a Hilbert space, on
which the conjugation relations Jj = Jy and J} = J_ are satisfied. In order to obtain such a
Hilbert space, we assume that the monomials ffl(x), n=20,1,2,---, constitute an orthonormal
basis for this Hilbert space. This introduces a scalar product (-,-) into the space £;. Then we



close this space with respect to this scalar product and obtain a Hilbert space, which will be
denoted by H;. The Hilbert space H; consists of functions (series)

x) = i bofl(z) = i buc z™ = ianx”,
n=0 n=0 n=0

where a, = b,c,. Since (f, fLy fL) = 8 by definition, for f(z) = >.°° ja,2™ and f(z) =
Yol ganx™ we have (f, f) = Z Oan dn/|cL|?, that is, the Hilbert space H; consists of
analytical functions f(z) = > > ™ such that

oo
_ l
112 = 3 lan/ch? < oo.
n=0

It is directly checked that for a function f(z) € H; we have ¢** i f(z) = f(¢°z). Therefore,
taking into account formulas (2.8), we conclude that

¢ f(w) = Ui f(2) = ¢'12 f(g"%0), (2.11)

T @) = g 0060 — 0 )] (2.12)
1 _

T @) = o [0~ 6 )] (2.13)

3. Hamiltonian operators and ¢-orthogonal polynomials

We are interested in spectra, eigenfunctions and overlap functions for operators in the
representations Tl+, which correspond to elements of the quantum algebra suy(1,1) of the
form

Ho= g (Jy +J) " + f(g®), peR, (3.1)

where f is some polynomial (or function). These operators have the following properties:

(i) They are representable in the basis (2.6) by a Jacobi matrix.
(ii) They are symmetric operators.
(iii) They are not necessarily self-adjoint operators.

Recall that a Jacobi matrix is a matrix, with all entries vanishing except for those which occur
on the main diagonal and on two neighboring (upper and lower) diagonals.

Note that in the case (iii) a symmetric operator has self-adjoint extensions. These ex-
tensions can serve as Hamiltonian operators. However, finding of self-adjoint extensions is a
complicated problem in the each particular case.

The most important example of the operators of the form (3.1) is

H(P) - qu0/4(J+ + Jﬁ)quo/47 pER.

For these operators the following theorem is true [11].

Theorem 1. If p > 1, then the operator H") is bounded and has a discrete simple
spectrum. Zero is a unique point of accumulation of the spectrum. If p < 1, then the closure
H®) of the symmetric operator H®P) is not a self-adjoint operator and it has deficiency indices
(1,1), that is, H®) has a one-parameter family of self-adjoint extensions. These extensions




have discrete simple spectra. If p = 1, then H®) has a continuous simple spectrum, which
covers the interval (—b,b), b = 2/((]—1/2 — q1/2),

This theorem describes spectra of the operators H®) and does not explain how to find
eigenfunctions. To find them, one can employ the theory of g-orthogonal polynomials.

There exist close relationship between the following directions, which we exploit to study
Hamiltonian-type operators:

(i) the theory of symmetric operators L, representable by a Jacobi matrix;
(ii) the theory of orthogonal polynomials;
(iii) the theory of classical moment problem

(see [12] and [13]). Let us describe briefly this relationship. Let L be a closed symmetric
operator on a Hilbert space H. Let e, es,--- be a basis in ‘H such that

Len =apeént1 + bn en + an—1€n—1.

Let |z) = Y07 pn(2)e, be an eigenvector of L with the eigenvalue z, that is, L|z) = z|z).
Then

Ll|x) = Z [Pn(z)anens1 + pn(z)bnen + pp(T)an—1en—1] = = an(az)en.
n=0 n=0

Equating coefficients of the vector e,, one comes to a recurrence relation for the coefficients
pn(x):
Qp, pn—i—l(x) + by, pn(l') + an-1 pn—l(x) = xpn(x)

Since p_1(z) = 0, then setting po(x) = 1, we see that this relation completely determines the
coefficients p, (). Moreover, p,(x) are polynomials in x of degree n. If coefficients a,, and b,
are real, then all coefficients of the polynomials p,(x) are real and they are orthogonal with
respect to some positive measure pu(z). If the operator L is self-adjoint, then this measure is
uniquely determined and

/ Do (2) P () () = Sy

where the integration is taken over some subset (possibly discrete) of R. Moreover, the
spectrum of the operator L is simple and coincide with the set, on which the polynomials are
orthogonal. The measure u(x) determines the spectral decomposition of the operator L (for
details see [13], Chapter VII).

If a closed symmetric operator L is not self-adjoint, then the measure p(z) is not deter-
mined uniquely. Moreover, in this case there exist infinitely many measures, with respect to
which the polynomials are orthogonal. Among these measures there are so-called extremal
measures (that is, such that a set of polynomials {p, ()} is complete in the Hilbert space L?
with respect to the corresponding measure). These measures determine self-adjoint extensions
of the symmetric operator L.

On the other hand, with the polynomials p,(x), n = 0,1,2,---, the classical moment
problem is associated [12]. Namely, with these polynomials (that is, with the coefficients
an and by, in the corresponding recurrence relation) positive numbers ¢,,, n = 0,1,2,---, are
related, which enter into the classical moment problem. The definition of classical moment
problem consists in the following. One looks for a measure p(x), such that

/x”d,u(m) =cp, n=0,1,2,---, (4.1)



where the ¢,, n = 0,1,2, ... are some positive numbers and integration is taken over some
fixed subset of R. There are then two main questions:

(i) Does exist a measure u(x), such that relations (4.1) are satisfied?
(ii) If such a measure exists, is it determined uniquely?

If the answer to the first question is positive, then the numbers ¢,,, n = 0,1,2, - - -, are those,
which correspond to a particular family of orthogonal polynomials. Moreover, a measure p(x)
then coincides with the measure, with respect to which these polynomials are orthogonal.

If a measure in (4.1) is determined uniquely, then we say that we deal with determinate
moment problem. It is the case when the region of integration is bounded. If there are
many measures, with respect to which relations (4.1) hold, then we say that we deal with
indeterminate moment problem. In this case there exist infinitely many measures p(x), for
which (4.1) takes place. In the second case the corresponding polynomials are orthogonal with
respect to all these measures and the corresponding symmetric operator L is not self-adjoint.

Thus, we see that one can study the operator L by investigating the corresponding sets
of orthogonal polynomials and their moment problems. To illustrate that, we confine our
attention below to certain examples of Hamiltonian-type operators.

4. Hamiltonians with bounded continuous spectra
In this section we are interested in the operator
1

H; ::quO—b—2

5 (@4 Ty +q VAT g (5.1)

of the discrete series representation Tl+, where

a=(g" +q b, b=(¢"*—q /).
The representation operator (q1/4<]+ +q_1/4J_)qJ°/2 is bounded. Since Jy has the eigenvalues
m = 1,1 +1,1 +2,---, the operator ¢”° is also bounded (recall that 0 < ¢ < 1). Thus, the

operator H; is bounded. It is easy to check that H; is a self-adjoint operator since

l l l l
H, fk; = [ fk - O fk+1 — Qg1 fk_1»

where

- 1 Iy 1/2 B (q1/4 + q—1/4)ql+k —9
Qf -= ) {q 20+ kg [k + 1]q} o Pe= 2(q1/2 — ¢~ 1/2)
The constants a and b in (5.1) are chosen in such a way that in the limit as ¢ — 1 the operator
Hj reduces to the suj j-operator J§' — J¢! (see formula (2.3)).
Eigenfunctions of the operator Hj,

Hy &\(z) = Mg) &\ (), (5.2)

and its spectrum can be found by using the explicit realization (2.8) for the generators Jy and
J1. Indeed, from formulas (2.11)—(2.13) it follows that

H f(x) = % g1 - gD )2 f2) — (1 — ¢ 2)(1 - ¢V 22) fgz)]  (5.3)

for an arbitrary function f(x). It is thus natural to look for the eigenfunctions & () of the
operator H; in the form
(@23 ¢)oo (B3 ¢)oo

l _
Q)= (Y25 @)oo (625 @)oo (5.4)




where (a;¢)oo = [[72o(1 — ag"). Since (a;¢)o = (1 — a)(ag; ¢)oo by definition, we have

(1 —7yx)(1 - dx)
(1 —ax)(l - pz)

Substituting (5.4) and (5.5) into (5.3), one gets

& (qr) = &(z3q). (5.5)

ngﬂ(m) - %q(zz_l)ﬂ {(1_(1(1—21)/496)2 _ (1_ql/2g;)(1_q(l+1)/2x) ((11 :ZQS : 55?) } ff\(x).

This equation can be written as

b Ax® + B> + Cx + D
! _ b @14

where the constant coefficients A, B, C', and D are equal to
A=q"2(qap — ¢'0),
B =q"?¢'(v+3) —q ' (a+ B)] + (1+¢"/*)¢"/?75 — 24"/ ap,

C=apf—75+2¢""*a+8) - (1+¢7°)d*(v+6) - ¢ (¢ —q7"),
D — ,y_i_é‘ —« _/8+ (1 +q1/2)ql/2 _ 2q(1—2l)/4.

(), (5.6)

It is clear from (5.6) that the & (z) is an eigenfunction of the operator Hj if the factor in front
of & (z) on the right-hand side of (5.6) does not depend on z. It is the case if

A=0, B=aBD, C=—(a+p)D. (5.7)

Then eigenvalues of the operator H; on the right-hand side of (5.6) will be equal to A =
q@=Y/*D/2(¢"/? — ¢~/?). Requirements (5.7) are equivalent to the following three relations
between the parameters «, 3,7, §:

af =¢*v5, (¢"* ' —ap)(a+B) = (¢ —aB)(y +8) — (1 + ¢ *(d — ¢ Hap,

(@ —aNd"?—qaB) =[a+ 8- (1+d")d"*(y+6—a—B).

From these relations it follows that

a=ql? B2 WA s (-20)/4 i

where 6 is an arbitrary angle. Consequently, the eigenfunctions of the operator H; are equal
to

e (z) = (4225 @)oo (4221 ) oo
P (g0 A ) (g0 e 0 )

and the corresponding eigenvalues are

(5.8)

A= Ag) = (1—cos0) /(g /* —q'?).

The eigenfunctions (5.8) are in fact the generating functions for the continuous ¢g-Laguerre
polynomials
P (ylq) = (¢4 ), (s q), F gPoT I A

n _(2a+1)/4 0. —n—(2a—1)/4 10 .
€ €

x201(¢7", q ~(201)n /4,10y

q a9



where y = cosf and 2¢; is the basic hypergeometric function, defined by formula (1.2.14) in

[9]. In order to make this evident, one needs to represent (5.8) in the form

( 20— 1/2ax q)oo(qzlax'q)

( 1=1/4610 g - q)oo(ql /40— IGCLIE q)
(

&(w5q) = (5.9)

where a = ¢(1=30/2, Consequently, due to formula (3. 19.11) in [14], the desired connection is

o0 n(1-31)/2
§>\ Zq (1=80)/2 P(Ql 1)(COSHKJ) ZQTR?FI)(COSQM) (@),
n=0 n=0 n

where cosf =1 — (q*1/2 _ ql/z))\'
Thus, we have proved that the eigenfunctions &} () are connected with the basis elements

fé (z) by the formula
=N fa@), (5.10)
n=0

where the overlap coefficients p,(\) are explicitly given by
pu(N) = V(g3 0) 2 (67 @) PP (1= (g7 2 =q ) N a). (5.11)

To find a spectrum of H;, we take into account the following. The self-adjoint operator H;
is represented by a Jacobi matrix in the basis f!(z), n =0, 1,2, ---, with nonvanishing entries
ar and . As is evident from (5.10), the eigenfunctions & (z) are expanded in the basis
elements f!(x) with the coefficients (5.11). According to the results of Chapter VII in [13],
these polynomials p,(\) are orthogonal with respect to some measure du(A) (this measure is
unique, up to a multiplicative constant, since the operator H; is bounded). The set (a subset
of R), on which the polynomials are orthogonal, coincides with the spectrum of the operator
Hy and dp(\) determines the spectral measure of this operator; the spectrum of Hj is simple
(see Chapter VII in [13]).

We remind the reader that the orthogonality relation for the continuous g-Laguerre poly-

(21-1)

nomials Py (y|q) has the form

i 1 P(zl_l)(y|q)P(2l_1)(y|q) w(y)dy _ (q2l;q)nq(2l—1/2)n 5
2 S " ! VIi—2  (6D(@5Doo(@:@)n
where 2
(€l 7q1/2) (—el?; q1/2)oo
wly) = (=146, g1/2) , y=cost

(see formula (3.19.2) in [14]). Therefore, the orthogonality relation for the overlap coefficients
(5.11) is

2q%/2/(1—q)
/ PN (NBA)IA = Sy, (5.12)
0

where

1—quw(l—g¢ '2(1—g)))
A2 N2 —q (1 —g)X
Consequently, the spectrum of the operator H; (that is, a range of A) coincides with the finite
interval [0, 2¢'/2/(1 — ¢)]. The spectrum is continuous and simple. The continuity of the

W) = %(q; D)oo (7”5 ¢)o0 (5.13)



spectrum means that the eigenfunctions fé\ (z) do not belong to the Hilbert space H;. They
belong to the space of functionals on £;, which can be considered as a space of generalized
functions on £;. We have thus proved the following theorem.

Theorem 2. The self-adjoint operator Hy has the continuous and simple spectrum, which
covers the finite interval [0, 2¢"/2/(1 — q)]. The eigenfunctions &\ (x) are explicitly given by
(5.8) and they are related to the basis (2.6) by formula (5.10).

As we remarked at the beginning of this section, the operator Hy represents a g-extension
of the suj j-operator JS§' — J¢L. In the limit as ¢ — 1 the finite interval [0, 2¢'/2/(1 — q)] of the
eigenvalues of the operator H; extends to the infinite interval [0, 00). So if one puts cos 6 = ¢*,
then limg—1 A(¢") = p.

Besides, it is known that the continuous ¢-Laguerre polynomials Péa) (y|q) have the fol-

lowing limit property lim, . P,(La)(q/\|q) = L,(fy)(Q)\) (see [14], formula (5.19.1)). Thus, the
coefficients of the series expansion (5.10) in z of the eigenfunctions & (z), cos 6 = ¢*, coincide
with the coefficients of the corresponding expansion of the suj j-eigenfunctions nft(:n) (see
(2.4)) in the limit as ¢ — 1.

There exists another, more complicated, one-parameter family of self-adjoint operators,
closely related to Hy. They are defined as

) = gq"O —b—q"/* [cosp - Jy —sing - Jo] g™/,

where 0 < ¢ < 27, J = J; £1iJ and a, b are the same as in (5.1). These operators are
bounded and self-adjoint. Repeating the same reasoning, as for the operator Hy, we arrive at
the following theorem.

Theorem 3. The eigenfunctions of the operator H{w) are

(6% €93;q) oo (qUT1/2 %25 q) o
(q(l—zl)/4 61(0—&-@)1.; Q)oo (q(1—2l)/4 e—i(a_¢)x; q)oo )

g\(e¥a;q) =

where X\ = (1 — cos0)/(q~'/? — ¢'/2). Its spectrum is simple and covers the interval [0, c],
where ¢ = 2q1/2/(1 —q). The corresponding eigenvalues A are the same as for Hj.

The operators H f‘p) are g-extensions of suj j-operators ng —Ccos Jfl + sin ¢ J§1.

5. More Hamiltonians with bounded continuous spectra

This section deals with eigenfunctions d\(aﬁ; ¢) and eigenvalues of a one-parameter family
of the self-adjoint operators

1 cos

() . L/ 1/4 —1/4 Jo/2 ¥ J

of the representation 7} of the algebra sug(1,1): H®) & (z;¢) = A& (v; ). Using the rela-
tions (2.11)—(2.13) we find that

H@ f(z) = (™! — 2/ cos p + ¢V 22) f(qa) — c(a™ + ¢"/*7'a) f(x),

where ¢ = (¢@=D/%)/2(¢"/? — ¢=1/?). By using this expression we find (details are given in
[15]), that the eigenfunctions of H¥) are

(aze'?; q)oo(aze™; q) o

N cos(0 — ¢)
(brei0=9); q) o (brei?=0): q) o’

L. —
5)\('%'7 SD) - - q_1/2 . q1/2 9




where a = ¢@*D/4 and b = ¢(1=20/4 A relation between the eigenfunctions 5&(;8; ¢) and the
basis functions ffl(x) is now an easy consequence of the generating function

(ae™?t; @)oo (a€™ "t @)oo
(eM0=9)t; q) o (e1P=0t; q) o

= Pu(cos(t — p);alq) t"
0
for the g-Meixner—Pollaczek polynomials P, (y; alq), defined (see [14], section 3.9) as

2. . .
P, (cos(8 + ¢);alg) =a™" em‘p((aﬂ))n 302 (qin, ae’?t22) ae=? 42,0, q, Q> .
q;4)n

Thus
0 q(1—2l)n/4

(x5 0) = Po(cos(0 — ¢); ¢'lq) fL ().

CV
n=0 n

To find a spectrum of the operator H¥), we note that the g¢-Meixner—Pollaczek polynomials
P, (cos(0 — ¢)) = P, (cos(6 — ¢); ¢'|q) are orthogonal and the orthogonality relation has the

form
" 21.
o | Pulcos(t ~ @) Pufooss — o) foosts — ey = L1005,

where
(621(9790)) q)

I o0

0 — — (¢ D)oo Do _ :
we(cos(0 — @) = (4 @)oo (™5 ) ¢ (e0=9): ¢) o (¢'e; q) oo

(see formula (3.9.2) in [14]). This orthogonality relation can be written as

" (&0 —1/2 _ _1/2 —1/2 _ _1/2\\\,7 _
(g g A q¢'%))Pa(Ag ¢/"))W(N)AA = S,

we(Aq V% — ¢/2))(q7V/2 — ¢1/?) _ —oos(mtg) _ cos(r— )

w(A) - sin(go—@) 0= W’ - q—1/2_q1/2'

(6.2)

Therefore, we may formulate the following theorem:

Theorem 4. The operator H®) has continuous and simple spectrum, which completely
covers the interval (a,b), where a and b are given by (6.2).

Continuity of the spectrum means that the eigenfunctions §§\(a:; ) do not belong to the
Hilbert space H;. They belong to the space of functionals on the linear space £;, which can
be considered as a space of generalized functions on ;.

The classical limit (that is, the limit ¢ — 1) has sense only for the operator

H(T(/z) — %(q1/4<]+ + q_1/4J7)qJ3/2~

When ¢ — 1 the operator H(™/?) tends to the operator Jl(d): limg .1 H(™/2) — J{Cl). In this
limit the basis elements (2.6) turn into the basis elements g/,(z) of the representation space
for the Lie algebra su(1, 1) and the eigenfunctions & (x;7/2) of H(™?2) into the eigenfunctions

e (x) == (1 + i) N1 — dz) A

10



of the operator J1( ) They are related to the eigenfunctions of the operator Jéd) as

o0

! > n! \ /2 o)
@(I):Z<(2Z)n> PO 7/2) fL(x EZ D\ 7/2)

n=0

where P,gl)(/\; m/2) are the classical Meixner—Pollazcek polynomials, defined by the formula

20 ] iy
Pél)(ar;go):f( ) e oF (—n, v4iz; 2l; 1 — e 2%), 1>0, 0< <.
n!

The Meixner—Pollazcek polynomials in the expression for §f\(x) are a limit case of the corre-
sponding g-Meixner—Pollazcek polynomials (see [14], section 5.9).

6. Hamiltonians with bounded discrete spectra

In this section we consider the operator
H2 — q3J0/4(J+ + J_)q3J0/4 . ([JO . l]q ql/2 + [JO + l]qqfl/Z) q3J0/2

(note that this operator depends on the index [ of the representation Tfr) It acts on the basis
elements (2.6) by the formula

Hy f]lg = ak+1fllg+1 + akf]lc—l - q3(l+k)/2dkfllm (7-1)

where

ay = q3(l+k)/2—3/4\/[k]q 20 +k — 1], drp = [K], q(l—l)/z 2L+ K], q_(l_l)/Q_

By using this action it is easy to check that Hs is bounded self-adjoint operator. We look for
eigenfunctions of the operator Hy in the form

= Zpk()‘)fllc(x)
k=0

The equation

Hy X\ (x ZPk ) Ha fi(x —AZPk

and the formula (7.1) lead to the following recurrence relation for the polynomials Py()),
which after simple transformations can be written as

" (A=) A=V P (A) = T (1=¢M) (1= NPy (M)

+ (qk’ _ q2k+2l + qZH-k—l _ q2k’+21—1)Pk<)\) — (1 o q—l) )\Pk(A) (72)

Upon making the substitution

Pu(N) = [(6®5 9w/ (@ Q)k) 2 a7 PL(N)

in this recurrence relation, one derives the equation

—" (1= ") Py (V) = ¢ (1= ") By (V)

11



+ (qk 2k+2l + q21+k—1 _ q2k+2l_1)P,2()\) _ (1 _ q—l) )\P];()\)
This is the recurrence relation for the little g-Laguerre (Wall) polynomials
pr(a:q* Ha) = 201(a 75,05 65 407 = (@M 0) ado(a M 0T = g H)
with ¢ = (1 — ¢~ )A. Thus, we have P{(\) = pr(¢?;¢*|g), ¢ = (1 — ¢~ 1)), and, conse-
quently,
PN = (@™ )/ (@ )x) 20 * prl’; ¢ a).- (7.3)
This means that eigenfunctions of the operator Hs are of the form

oo
y4)k — _
qu 6lk/47)pk(qy;q21 1‘q)wk, qy:(l_q 1)/\_

To sum up the right-hand side of this relation, one needs to know a generating function

Flastalg)i= Y S50, (01 alg) (7.4)
n=0 v 1/

for the little g-Laguerre polynomials
pn(w; alg) =21 (g™, 0; ag; ¢;qx) = (¢ "¢ q) " ad0(q 27" = qw/a).  (75)

To evaluate (7.4), we start with the second expression in (7.5) in terms of the basic hyperge-
ometric series o¢g. Substituting it into (7.4) and using the relation

(@™ @)/ (@ Q) = (—1)Fq " FE=D2(g0 0V /(45 @)@ Dt

one obtains that

x: t: alg) = 3 —aqt)gMn—1)/2 Y (:C_l—’q”f AL
Flest el nzz%)( ' kzo(q;q)k(q;q)n_k(q fa) (7.6)

Interchanging the order of summations in (7.6) leads to the desired expression

F(z; t; a|q) = Eg(—aqt) 2¢0(z~1,0; —; g;xt), (7.7)

where E4(z) = (—2;¢) is the g-exponential function of Jackson.
Similarly, if one substitutes into (7.4) the explicit form of the little g-Laguerre polynomials
in terms of 3¢ from (7.5), this yields an expression

E,(—aqt)
Ey(=1)

Using the explicit form of the generating function (7.7) for the little g-Laguerre polyno-
mials, we arrive at

F(x; t; alq) = 201(0,0; q/t; q;qz). (7.8)

XA (@) = (@@ 42 q) o0 2090(q7Y, 05 —; g5 ¢?~C1 D4y, (7.9)

where, as before, ¢¥ = (1 — ¢~')A. Another expression for x}(z) can be written by using
formula (7.8).

12



Due to the orthogonality relation

(@500 Y

k=0

q2lk 2177,(

_ _ *"(g;q
P (d*; 6 Ha) pu(d¥;¢*g) = o g

(¢ q), ™

(¢ Dk (7.10)

for little g-Laguerre polynomials (see formula (3.20.2) in [14]), spectrum of the operator Ho
coincides with the set of points ¢"/(1—¢~ 1), n = 0, 1,2, - - -. This means that the eigenfunctions

XA, (@), n=0,12--, \=¢"/(1—q"), (7.11)

constitute a basis in the representation space. We thus proved the following theorem.

Theorem 5. The operator Hy has a simple discrete spectrum, which consists of the points
/(1 —-q Y, n=0,1,2,---. The corresponding eigenfunctions Xl>\n form an orthogonal basis
in the space Hj.

We conclude this section by calling attention to the circumstance that operators with
bounded discrete spectra, representable by a Jacobi matrix, are important for studying fam-
ilies of g-orthogonal polynomials and their dual properties. A detailed discussion of several
examples of such type can be found in [16].
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SEARCH FOR THE MIXED STATES OF STRONG INTERACTION MATTER--
PHASE TRANSITION AT LOW TEMPERATURE.

O.B. Abdinnov,N.S.Angelov,B.Z.Belashev,Ya.G.Guseynaliyev,
M.K.Suleymanov,A.S.VVodopianov .

Abstract

The experimental results on some centrality depending characteristics of hadron-nuclear and nuclear-nuclear
interactions at high energies demonstrate the regime changes. Appearance of the strong interaction matter's mixed
states is considered as a cause of the regime changes. These states are predicted by QCD for temperatures less than
critical ones for deconfinement of strong interaction matter . These conditions could be obtained in the energy regions
covered by the beams at GSI, Dubna and AGS facilities. The effects of a percolation cluster formation, apparition of
the diquark condensate and critical nuclear transparency are considered as the phenomena connected with the mixed
states. It is supposed that the results of the analysis of these effects depending on the centrality could give an
information on the mixed states.

1. Introduction.

One of the important experimental methods to get the information on the changes of states of nuclear matter
with increasing its baryon density is to study the characteristics of hadron-nuclear and nuclear-nuclear interactions
depending on centrality of collisions (Q) at high energies. There are some results obtained in these experiments for the
interactions of m -mesons, protons and nuclei with nuclei at energies less then SPS’ energies which demonstrate the
existing of the regime changes in these dependencies . We want to demonstrate some of them and before it is necessary
to note that in the different experiments the values of Q are defined by the different ways. Therefore it is very difficult
to compare the presented results on Q-dependencies in the different papers .

1.1. Experimental results on the centrality dependencies.
1.2 The interactions of the n’-mesons.

In fig. 1 is shown the Q-dependence of event number for n° °C - interactions at the momentum 40 GeV/c. To
determine the Q a number of protons with momentum less then 1.0 GeV/c was used. The figure was obtained from
papers [1]. The point of regime change is observed in this dependence at the values of Q ~ 3-4 was used to select the
events with total disintegration of nuclei(or central collisions).

1.3 The interactions of the protons.

In fig. 2 are shown the average values of pseudorapidity m = -log((tg(6/2)) for s-particles (the particles with 3
> 0.7) depending on the number of g-particles (the particles with p<0.7) for p+Em reactions at the moment P, = 4.5;
24.0; 50.0; 67.0 and 200.0 GeV/c. So in this work the Q was defined as the number of g-particles. This figure was
obtained from the paper [2]. The dashed line in the figure corresponds to the cascade-evaporation model calculation .
There are the points of regime change in these distributions. As we could see the cascade - evaporation model
calculations can’t numerically describe these distributions.

Fig.1.N,—dependence of the events’ number for ©° '2C - interactions at the momentum 40 GeV/c.
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Fig.2 Average values of pseudorapidity n.=-log(tan(6/2) ) for s-particles depending on the
g-particles for pEm-reactions . The dashed line correspond to the cascade evaporation

model calculation.

The preliminary integrated K% vyield in p+Au reactions at 18 GeV/c versus the number of slow particles
emitted in the event is show in next figure (fig.3). The number of slow particles Q was used as the Q. We could also see
the points of regime change in this figure. The figure was obtained from paper [3].
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Fig.3. The preliminary integrated K’ yield in p+Au reactions at 18 GeV/c versus
the number of slow particles emitted in the event as measured by E910.

1.4 The interactions of the nuclei.

Fig . 4 shows the Q-dependencies of events’ number for dC, “HeC and *2CC interactions at the momentum 4.2 A
GeV/c . The number of all protons in an event was used as the Q. We could see the points of regime changes in this
figure. It is also seen that for all considered interactions the forms of distributions are nearly similar.

Fig.4. The Q-dependencies of events’ number for dC, *HeC and CC
interactions at the momentum of 4.2 A GeV/c

In fig. 5 the average multiplicity of relativistic charged particles depending on Q are shown for the %S, + Em --
reactions at the energies of 3.8 and 14.6 GeV per nucleon. To determine the Q a number of charged projectile
fragments (Z;) were used. The figures were obtained from the paper [4]. The points of regime change are observed in
these dependencies. These points were used by the authors to select the central collisions events.

Fig.5. The average multiplicity of the relativistic charged particles depending
on Q for the %S, + Em -- reactions at the energies of 3.8(a) and



14.6 GeV(b) per nucleon.

The Ny2-dedendences (N, is a number of h-particles with emitted angle 6>90°) of the average multiplicity <ns >
of s-particles ( with emitted angle 8<90°) for C**Em reactions at the momentum 4.5 GeV/c are shown in fig . 6. The
figure was obtained from paper [5]. The number of N,® are used as the Q. We could also see the point of regime change
in this distribution.

Fig.6. The N;2- dependencies of the average multiplicity <n,/ > of s-particles
for C**Em reactions at the momentum 4.5 GeV/c .

Thus the demonstrated figures show that there are the points of regime change for the behavior of the
centrality dependencies for some characteristics of hadron -- nuclear and nuclear -- nuclear interactions . Prof. Zinovyev
offered to us to consider the appearance of the mixed states of nuclear matter as a reason of these results. He directed
our attention to the some predictions of QCD.

Before then to continue the discussion we want to note that in paper [6] it was found that the experimental
results on transverse mass spectra of kaons produced in central Pb+Pb (Au+Au) interactions show an anomalous
dependence on the collision energy. The inverse slopes of the spectra increase with energy in the low (AGS) and high
(RHIC) energy domains, whereas they are constant in the intermediate (SPS) energy range. They argued that this
anomaly is probably caused by a modification of the equation of state in the transition region between confined and
deconfined matter and they were writeen that this observation may be considered as a new signal, in addition to the
previously reported anomalies in the pion and strangeness production, of the onset of deconfinement located in the low
SPS energy domain.

2. Prediction of QCD for mixed states.

QCD predicts that at high energy density, hadronic matter will turn into a plasma of deconfined quarks and
gluons [7]. It is expected that the temperature of hadron mutter T will be
T > T,z 150-200 MeV and pg will be pg >ug . ( pg increases with the barion charge). It is a new phase of nuclear
matter. The T, could be reached at energies of SPS, RICH and LHC.

In fig. 7 are shown the dependence of the values of T on the values of g for the simple QCD model -- the
phase diagram ( from review [8]). There are three phases in this diagram. The first phase correspond to the values of T
< T, and pg <pug. Which are named the phase of hadron matter. The second phase is the phase of diquark condensate
at T<T. and ug >ugc. The third phase is the quark gluon plasma one at T>T, and pg >ug..

To explain the above mentioned results we consider the possibility of phase transition at T<T, in the system
with high barion density (at high ug). In such systems the neighbouring nucleons could form the percolation cluster and
neighbouring quarks could form the diquarks (fig.8). So these systems are a mixed system (MS) of pressed nucleons
(clusters) and diquarks which could appearance at energies of GSI, Synchrophasotron (Nuclatron) and AGS.

Experimental information on the conditions of appearance of the MS could give the possibilities to fix the
onset of the deconfinement which are important for forth separate the effects connected with deconfinement of strong
interaction matter from another effects.

3. Experimental possibilities to search signal on mixed states.

The regime changes which were above shown could be better points to appearance of MS in the high energy
interactions, but they are not enough to assert it. For full confirm the appearance and existing of the MS it is necessary
to get the additional experimental information because to explain the appearance the regime changes could be used
many another ideas which don’t included the MS and the accompanied effects.

What could experimental information been got to confirm the appearance of MS?

Fig.7 The phase diagram.
Fig.8. Physical picture of MS formation.

Let us discuss the experimental possibilities to get the signal on the MS. First of all we have to answer on one
question, what experimental observable effects could the MS be accompanied? It is been clear that the first effect is a
cluster formation (in the result of percolation), the second effect could be the appearance of meson condensation (which
could form as the result of hadronisation of diquarks). As we have already noted three phase of hadronic matter are
consider in review [8] which would correspond to the succession of insulator, superconductor and conductor in atomic
matter in the phase diagram. The succession of superconductor will correspond to the MS and therefore the MS
appearance could be accompanied with high transparency of nuclear matter. Here it is necessary to note that above
mentioned effects would be had direct relation to the MS only in this case if they appearance as critical
phenomena at some values of Q. It is the more important request.



4. The main points of the proposal

1. The MS could be form at low temperature which could be reached at energies of building GSI’s motions.

2.The MS could form and decay at the some critical values of Q, therefore it could be the reason of the
appearance of regime changes in the behaviour of the events’ characteristics depending on Q.

3.The processes of MS formation could be accompanied by the effects of percolation cluster formation |,
appearance of meson condensate and the high transparence of the nuclear mutter. These effects could be used as the
signals on MS.

There are some experimental results which could be consider as the confirmations of the existing these effects and
as a basis to their forth investigations in the new experimental possibility.

5. Percolation cluster production in interaction of high energy nuclei.
5.1 Percolation cluster as the sours of fragments.

There are many papers in which the processes of nuclear fragmentation [9] and the processes of central
collisions [10] are considered as a critical phenomena and are offered to use the percolation approach to explain this
phenomena. We have used some ideas from these works to experimental search a signal on percolation cluster. We
suppose that in hadron-nucleus and nucleus-nucleus collisions the percolation cluster could appear on the some critical
values of Q and would decay into fragments and free nucleons. The number of clusters and the number of fragments
would increase with Q in the interval less then the critical values of Q (for MS formation) and then their values would
decrease with the increasing Q into the central collisions. It could lead to the regime change in the behavior of different
characteristics of events depending on Q and the number of fragments. We believed that if the percolation cluster
exist and if it is a sours of fragments so the influences of nuclear fragments on the behaviour of the events'
characteristics depending on Q could have a critical character.

To test this idea we the behaviors of the events” number depending on Q have been studied by us. The values
of Q ware determined in two variants. In the first variant the values of Q were determined as a number of protons
emitted in a event and in second variant as a number of protons and fragments emitted in ones. We have used 20407
2CC events at the momentum of 4.2 A GeV/c [11]. The experimental data were compared with the simulation data
coming from the quark-gluon string model (QGSM) without the nuclear fragments [12]. We want to note that the
behavior of the events’ number depending on Q determined for both variants have to be similar if there are not a
percolation cluster and they would be differ if the percolation cluster is exist as a fragments source.

The distributions of events’ number depending on Q are shown in fig. 9a,b . The empty starlets corresponds to
first variant of Q-determination, the full starlets correspond to second ones( the fragments were included). It is seen that
for the cases then the fragments numbers were included to determine Q the form of the distributions sharply changes
and has two steps structure (full starlets in figure 9a).

In fig. 9b are shown the Q-dependencies of the events’ number coming from the QGSM. The empty starlets
correspond to the without the stripping protons cases and the full starlets correspond to the cases with the stripping
protons. It is seen that the form of the distribution strongly differ from the experimental one in fig. 9a. There is no two
steps structure in this figure. Therefore we could assure that observed difference connects with fragments influence.
This result

Fig.9. The distributions of events’ number depending on Q for the **CC events
at the momentum of 4.2 A GeV/c ; a)the experimental data b) the simulation
data.

demonstrate that the influence of nuclear fragmentation processes in the behavior of the events’ number depending on Q
has a critical character.

To explain this result we could suppose that it could be connect with the existence of percolation cluster. It is
possible that with increasing Q the probability of cluster formation grows but further increasing the Q (in the region of
high Q) leads to the big cluster decay on nuclear fragments and then free nucleons. It could be reason of the observed
the two step structure in the distributions. The first step connected with the formation of percolation cluster and second
one with its decay(fig.10). The GSI results on multifragment production at high energy nucleus-nucleus interaction
could give the additional confirmations for it [13]. So in fig. 11a,b are shown the mean multiplicity of intermediate
mass fragments produced in nucleus-nucleus collisions at GSI energies as a function of Z,,,¢ (the last fixes the
centrality of collisions). It is seen that the mean multiplicity of fragments is maximum in the region of first step.

Fig.10 Physical picture of interaction.

Fig.11a Mean multiplicity of Fig.11b. Left panel: Mean multiplicity of
intermediate mass fragments intermediate mass fragments as a function



as a function of Zyeung for the of Zpoung for the reaction 22U on ’Au
reaction Au+Au at E/A=400, (circles), *"Au on *’Au (squares) and ***Xe
600,800 and 1000 MeV. On *Au(triangles) at E/A=600 MeV. Right
panel: the same data after normalizing both
quantities with respect to the atomic number
Z, of the projectile.

So the experimental results obtained in the interactions of =-mesons, protons and nuclei with nuclei at high
energy demonstrate that the influence of nuclear fragmentation processes in the behavior of the event’s number
depending on Q has also a critical character. It could be explained with the existence of percolation cluster and with
appearance of MS of nuclear matter.

5.2 Anomaly pick in angular distribution of protons.

The existing of percolation cluster could explain the experimental results on the angular distributions of emitted
protons in = '2C -interactions at momentum 40 GeV/c[14]. In this experiments the angular distributions of protons (with
the momentum less then 1.0 GeV/c) were

Fig.12 Angular distributions of protons emitted in 7**C -interactions at momentum 40 GeV/c.

studied in the events with total disintegration of nuclei (or central collisions). This distribution are shown in fig. 12. It
is seen the anomalous peak in this distribution. The result on the angular distributions of protons emitted in 7 ™**C -
interactions at momentum 5 GeV/c [15] confirm the existing of anomalous peak (fig.13). Many years we could not
explain this result. Now we think that it could connect with formation and decay of the percolation cluster.

6. Meson condensate in nucleus-nucleus collisions at high energies.

The another accompanied effect for the processes of MS formation could be the effect of meson condensate
appearance as the result of diquark hadronisation. The idea on meson condensate formation was predicted [16] many
years age. But up to now there are no the experimental results direct confirm this idea. It mainly connects by the absent
the setup which could high accuracy measure the slow n° -mesons’ characteristics a long time. Now there are setup
TAPS [17] which can measure the slow n° -mesons’ characteristics with high accuracy. When we analyzed some
results from this setup [17] we found the results which could be interesting for the experimental search the meson
condensate. In these papers the temperature of the slow = -mesons were defined as a slop of the spectrums which are
shown in the fig.14a-c. It were found one temperature for interactions of light nuclei and two temperature for the
heavy ions’ ones.

It is very interesting the result at low m, the behavior of the spectrums differ from the exponential law(from
these figures). We think that some part of these deviation could connect with the meson condensate . It increase with
mass of the interactions nuclei and depend on centrality(fig.14a-c). The last is an main argument confirm that observed
deviation could connect with the meson condensate.

We think to study the behaviour of the f(m.y) depending on mass of colliding hadrons and nuclei and on the
centrality of collisions and the number of fragments could give the information on the meson condensate.

Fig.13 Angular distributions of protons emitted in 7 ™**C -interactions at the momentum 5 GeV/c.

7. Nuclear transparency at high energy hadron-nuclear and
nuclear — nuclear interactions

The else one accompanying effect of the MS formation process could be high critical nuclear transparency which
could connect with the appearance of the superconductor property of nuclear matter in MS. As we have noted (in
section 3) when the MS appearance the conduction of nuclear environment sharply increase and matter is getting the
superconductor properties because of that the nucleons mast be bound in the result of nucleon and quark percolation in
this system. It could led critical violation of the angular correlations of particle production .

8. Conclusion.

Thus the experimental results obtained in the energies region less then SPS energy on hadron-nuclear and
nuclear-nuclear interactions demonstrate the existing of regime changes in the behaviour of events’ characteristics
depending on centrality. The appearance of the stronginteraction matter mixed states are discussed as a reason of it.
The percolation cluster formation , appearance of meson condensate and high critical nuclear transparency are



considered as the accompanied effects of the mixed systems.  Some experimental results obtained in different
experimental groups could be considered as the confirmations on the being of percolation cluster and meson
condensate. But for full confirm the formation of mixed systems it is necessary to forth investigation of these effects
and their connections with mixed systems.

Fig.14a Transverse-mass spectra of ° Fig.14b Transverse-mass spectra of n°
and n-mesons in the covered rapidity and n-mesons for Au+Au interactions at
intervals Ay near midrapidity. 0.8 A MeV.

Fig.14c. Transverse-mass spectra of n’and n-mesons for Au+Au interactions at 0.8 A MeV.
a) in noncentral collisions; b) in central collisions.
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Adsorbsiya izotermleri
Adsorbsiya ingibitoru
Adsorbsiya indikatoru,
tozyiqi 6lgan cihaz
Adsorbsiya potensiali
Adsorbsiya qati

Adsorbsiya cerayani
Adsorbsiya, cisimlerin Uz
tebagasinda maye Vo
gazlarin udulmasi
Azeotropiya

Azeotrop destillo etma
Azeotrop qarisiq

Azeotrop noqtesi
Azimut
Azimutal kvant adadi

Azimutal geomaqnit effekti

Azot

Nitrat tursusu

Azotlu termometr

Aysberq, polyar denizlarde
Uzen buz dagi
Akvo-ion

Yeni iglim
uygunlasma
Akumulyator

AKlin

Aklin ayrisi

Adamin aklin oxsari
Akselerometr
Aksial moda

Aksial simmetriya
Aksial vektor
Arximed aksiomasi
Sonsuzluq aksiomasi
Secki aksiomasi
Kasilmazlik aksiomasi
Paralellik hagda aksioma
Ayriliq aksiomasi

Peano aksiomasi

Say, hesab aksiomasi
Aksiomatizasiya
Coxlugun
nazariyyosi
Ucbucaq aksiomasi
Aksonometrik proyeksiya
Aksoplazma

Aktivlesdirici. faallagdiric
Haddindan artiq
aktivlagdirilmig garginlik
Aktivatik analiz

Aktivatik potensial
Aktivasiya

Aktivasiya

muhitine

aksioamtik

Adsorbed isotherm
Adsorption inhibitor
Adsorption indicator

Adsorption potential
Adsorption layer
Adsorption current
Adsorption

Azeotropy
Azeotropic distillation
Azeotropic
azeotrope
Azeotropic point
Azimuth
Azimuthal
number
Azimutal
effect
Nitrogen
Nitrogen acid
Nitrogen thermometer
Iceberg

Aguo-ion
Acclimatization,
acclimation
Accumulator

Acline

Aclinic line

Acline twin
Accelerometer
Axial mode

Axial symmetry
Axial vector
Archimedes’s axiom
Axiom of infinity
Axiom of choice
Axiom of continuity
Axiom of parallels
Separation axiom
Peano’s axiom
Countability axiom
Axiomatization
Axiomatic set theory

Triangle axiom
Axonometric projection
Axoplasm

Activator

Activation overvoltage

Activation analysis
Activation potential
Activation
Activation
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mixture,

quantum

geomagnetic

AncopOImoHHas H30TEpMa
AncopOIIMOHHBIA HHTHOUTOP
A COpOLIMOHHBIN UHIUKATOP

AncopOITMOHHBIN TOTCHITHAT
AJICOpOLIMOHHBIN clor

A ncopOLIMOHHEBIN TOK
AncopOris

A3zeoTponust
A3eoTponHast TUCTHIUISLIUS
A3zeoTpomnHas cMech

A3seoTponHas TOUKa
A3umyT
A3uMyTallbHOE KBAHTOBOE YHCIIO

A3uMyTanbHBII T€OMarHUTHBIN

ad ekt

A3zot

A30THas KUCII0Ta
AB3OTHBIN TEpMOMETP
Aticoepr

AKBO-HOH
AKKIMMaTHA3anus

AKKyMyJISTOp

AxnuHa

AKJIMHUYECKas: KpUBas
AKIVHOBBIA IBOWHUK
AxcenepomeTp
AxcuajipHass MoJa
AKcHuanbHasi CAMMETpHS
AKcCuanbHBIA BEKTOP
Axcuoma Apxumena
Axcroma 0€CKOHEUYHOCTH
Axkcuoma BeIOOpa
AKcuoma HEeTpepbIBHOCTH
AKcroma 0 mapaiebHbIX
AKcuoMa OTIeIbHOCTH
Axcnoma Ileano

AKXcHoMa CUETHOCTH
AxcromaTn3anus
AxKcuomatnyeckasi TeOpHsi MHOXKECTB

AKcrOMa TpeyTroJbHUKA
AKcoHOMeTpHYecKas MPOSKIIUS
Akcormnazma

AkTHBaTOp

AKTHBaIlMOHHOE TIepEeHAIPSIKEHUE

AKTUBAIIMOHHBIN aHAIU3
AKTUBAIIMOHHBIN IOTEHIIMAT
AKTHBanuys

AKTHBHpOBaHHE
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Aktivlasdiriimis adsorbsiya
Aktivlesdiriimis hal
Aktivlesdirilmis
(toplu)
Aktivlasdirilmis kdmur
Aktiv gravitasiya katlosi
Aktiv zona

Aktiv molekul

Aktiv giic

Glinasde aktiv oblast
Aktiv keciricilik

Aktiv gafas

Aktiv tarkib hissasi
Aktiv mihit

Aktiv sxem

Aktiv turbin

Aktiv madds

Aktiv migavimat
Aktiv hal

Aktivlik, faallig
ionlarin aktivliyi

Optik aktivlik

Sethi aktivlik
Termodinamik aktivlik
Aktiv azot

Aktiv hidrogen

Aktiv qaz

Aktiv ion

Aktiv metal

Aktiv protuberans,
sothinde  kbzarmis
kitlalori

Aktiv tebaga

Aktiv peyk

Aktiv markaz

Aktiv elektrod

Aktiv element

Aktin

AKTHHIYM

Aktinoid

Aktinoid sixma
Aktinometr, Glnes
sualarinin intensivliyini 6lgen
cihaz

Aktinometriya

Aktinouran

Aktomiozin

Akustika, ses bahsi
Akustik-maqgnit-elektrik
effekti

Akustimetr

Akustik golografiya

Akustik tutum

Akustik linza

Akustik kitla

Akustik moda, dab, adst
Akustik aks alaga

kompleks

Glneas
gaz

Activated adsorption
Activated state
Activated complex

Active carbon
Active gravitational mass
Core

Active molecule
Active power
Solar active region
Conductance
Active lattice
Active component
Active medium
Active circuit
Impulse turbine
Active substance
Pure resistance
Active state
Activity

lon activity
Optical activity
Surface activity
Thermodynamic activity
Active nitrogen
Active hydrogen
Active gas

Active ion

Active metal
Active prominence

Active layer

Active satellite
Active center
Active electrode
Active element
Actin

Actinium

Actinoid

Actinide contraction
Actinometer

Actinometry
Actinouranium
Actomyosin
Acoustics
Acoustomagnetoelectric
effect

Acoustimeter
Acoustic holography
Acoustic capacitance
Acoustic lens
Acoustic mass
Acoustic mode
Acoustic feedback
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AXTHBHpOBaHHas aacopoLus
AKTHBHPOBAHHOE COCTOSIHUE
AKTHBHPOBAHHBIN KOMILIEKC

AKTUBHUPOBAHHBIN yTOIH
AKTHUBHAs TpaBUTALIMOHHAS Macca
AKTHBHas 30Ha

AKTHBHasi MOJIEKyJa
AKTHBHAsA MOIIHOCTh
AxtuBHas oonacts Ha CoiHIe
AKTHBHAas IPOBOJIUMOCTD
AKTHBHag peleTka

AKTHBHAsT COCTaBIAIOIIAS
AKTHUBHas cpena

AKTHBHas cxeMa

AKTHBHas TypOHHA

AXTHBHOE BEILIECTBO
AKTHBHOE CONPOTHUBIICHHE
AKTHUBHOE COCTOSIHHE
AKTHBHOCTB

AXTHUBHOCTH HOHOB
AKTHUBHOCTE ONITUYECKAS
AKTUBHOCTH OBEPXHOCTHAS
AKTHBHOCTH TEPMOJMHAMAYECKAS
AXTUBHBIHN a30T

AKTHUBHBIN BOJIOPO
AKTHBHBIN Ta3

AXTUBHBIN NOH

AKTHUBHBIN METAJII
AKTHBHBIH poTyOepaHen

AKTHBHBIH CIIOH
AKTHUBHBIN CITyTHUK
AKTHUBHBIA LIEHTP
AKTUBHBIA 3JIEKTPOT
AKTHUBHBIN 3JIEMEHT
AxTHH

AKTHHUHA

AKTHHOUT
AXTHHOMIHOE C)KaTHeE
AKTHHOMETD

AKTHHOMETpHUSA

AKTHHOYpaH

AKTOMHO3HH

AKyCTHKa
AKYCTUKOMarHUTORJIEKTPHUECKUI
ekt

AkycTumerp

AkycTrdeckas rojorpadus
AKycTudeckas eMKOCTb
AKkycTudeckas TMH3a
AKycTudeckasi macca
AxycTtuueckas Mojia
AxycTtuueckas oOpaTHas CBSI3b
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Akustik
dismak
Akustik sistem

Akustik tezlik

Akustik boru

Akustik xarakteristika
Akustik dalgalar

Akustik ragsler

Akustik kulak

Akustik hiindirlik dlgen
Akustik detektor

Omun akustika ganunu
Akustik zond

Akustik impedans

Akustik interferometr
Akustik sasler garisigi
Akustik Om

Akustik dayisdirici aparat
Akustik derinliyi 6lgen
Akustik rezonans

Akustik signal

Akustik spektr

Akustik filtr

Akustik element

Akustik effekt

Akustik 6lcma

Akustik xayal

Akustik migavimat
Akustooptik  modulyasiya,
sasin bir tonundan digerine
kegma

Akustooptik mihit
Akustooptik element
Akustooptik effekt
Akustooptik kanaragixma
Akustoelektrik cereyan
Akustoelektrik effekt
Akseptor,. hidrogen
atomunu 6zlna birlesdiran
madda

Akseptor garisiq

Akseptor atom

Akseptor saviyya

Protonun akseptoru
Elektronlarin akseptoru
Caebr

Jordan cabri

Cabr handasasi

Cabr grupu

Cabri aslliliq

Cabri ayri

Cabri geyri-asililiq

Cabri maxsusi ndgte

Cabri sath

Cabri alt grup

Cabri sistem

Cabri qurulus

tez tesir altina

Acoustic compliance

Acoustic system
Acoustic frequency
Acoustic pipe

Acoustic characteristic
Acoustic waves
Acoustic oscillation
Acoustic wind
Acoustic altimeter
Acoustic detector
Acoustic law of Ohm
Probe microphone
Acoustic impedance
Acoustic interferometer
Acoustic labyrinth
Acoustic ohm

Acoustic transformer
Acoustic depth sounding
Acoustic resonance
Acoustic signal
Acoustic spectrum
Acoustic filter
Acoustic element
Acoustic effect
Acoustic measurement
Acoustic image
Acoustic resistance
Acoustooptic modulation

Acoustooptical medium
Acoustooptical element
Acoustooptical effect
Acoustooptical deflection
Acoustoelectric current
Acoustoelectric effect
Acceptor

Acceptor impurity
Acceptor atom
Acceptor level

Proton acceptor
Electron acceptor
Algebra

Jordan algebra
Algebraic geometry
Algebraic group
Algebraical dependence
Algebraic curve
Algebraical independence
Algebraic singularity
Algebraic surface
Algebraic subgroup
Algebraic system
Algebraic structure
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AKyCTI/I'-IeCKaSI noaaTINnBOCTH

AKycTHdeckas CucTeMa
AKyCTHYeCKas 4acToTa
AkycTtuueckas Tpyoa
AKycTHueckas XapaKTepHCTHKa
AKyCTHYECKUE BOJIHBI
AKycTrUecKkre KojaeOaHus
AKycCTHYECKU BeTep
AKYyCTHYECKHI BBICOTOMEP
AKYCTHYECKUM TETEKTOP
Axyctuueckuit 3akoH Oma
AKycTHYeCKUH 30H
AKyCTHYECKHUI UMIIEIaHC
AxycTudeckuii uHTEphepoMeTp
AKycTHYECKUN TaOUPHUHT
Axyctuueckuit Om
AKyCcTHYECKUN TTpeoOpa3oBaTeIb
AxycTudeckuii mpomep TiTyOuHBI
AKyCTHUYECKUH PE30HAHC
AKYCTHYECKUM CUTHAJI
AKYCTHYECKUN CIEKTP
AxycTtuueckuii puibTp
AKYCTHYECKHI 3TIEMEHT
Axycrrueckuii 3 pexT
AKyCTHYECKOE U3MEpEHHE
AxkycTrnieckoe n300paxeHne
AKyCTHYECKOE COIIPOTUBIICHUE
AKycToonTHYeCcKass MOAYJSALHUS

AxycToonTHueckas cpena
AKyCTOONTHYECKUH 3JIEMEHT
AxycroonTtrueckuit 3pdext
AKyCTOONTHYECKOE OTKJIOHEHHUE
AKYCTO3JIEKTPHUYECKUN TOK
AxycroanekTpuieckuii 3¢ dext
AK1enTop

AK1enTopHasi IpuMech
AKIEnTOpPHBIN aToM
AKLENTOpHBIHA YPOBEHb
Aktienitop poToHa

AKIIETITOP 3JIEKTPOHOB
Anrebpa

Anrebpa Xopnana
AnreOpandeckast TeOMETPHS
Anrebpandeckas rpymnmna
Anrebpandeckast 3aBUCUMOCTh
AnreOpandeckast KpuBast
Anrebpandeckas He3aBUCUMOCTh
Anrebpandeckas ocobast TOUKa
Anrebpandeckast TIOBEPXHOCTh
AnreOpandeckast HOArpyIIa
Anrebpanyeckas cucrtema
Anrebpandeckas CTpyKTypa



Cabri com

Cabri topologiya

Cabri nogte

Cabri saxsloanma noqtasi

Cabri funksiya
Cabri asili olma
Caobri qapali saha
Cabri analiz

Cabri asili olmamagq
Cabri
curbacirlik
Cabri geniglonma
Cabri hall

Cabri uygunluq
Cabri tonlik
Mantiqin cabri
Matrisalar cabri
Assosiatik deracali cebr

Cabrli funksiya
Algoritmik dil
Alidada

Alifatik birleagsma
Alisiklik birlesma
Alkalimetriya
Alkidli gqatran
Allometriya
Allotroplug
Allosterik ferment
Allotropik ¢cevirma
Almaz qurulusu
lifbali-adadi
Qlifball kod
Albedo

Yerin albedosu
Albedometr
Aldehid
Almukantarat
Altazimutal montaj etme
Altazimutal qurdu
Alternativ foerziyye
Alfa-faal nlive
Alfa-glalandiran
Alfa-damir
Alfa-stalar
Alfa-gevrilma

Alfa-spektr
Alfa-spektrometr
Alfatron
Alfa-zarracik
Aliminium kulometri
Aliminium

Amakrin gofasi
Amalgama
Amalgam elektrodu

AZORBAYCANCA-RUSCA-INGILISC® FiziKi TERMINLSR LUGSTI

muxtaliflik,

Algebraic sum
Algebraic topology
Algebraic point
Algebraic branch-point

Algebraic function
Algebraically dependent
Algebraically closed field
Algebraic analysis
Algebraically independent
Algebraic variety

Algebraic extension
Algebraic solution
Algebraic correspondence
Algebraic equation
Algebra of logic

Matrix algebra

Power associative algebra

Algebroid function
Algorithmic language
Alidade

Aliphatic compound
Alicyclic compound
Alkalimetry

Alkid resin

Allometrism

Allotropy

Allosteric enzyme
Allotropyc transformation
Diamond structure
Alphanumeric

Alphabetic code

Albedo

Earth albedo
Albedometer

Aldehyde

Almucantar

Altazimuth mounting
Altazimuth mounting
Alternative hypothesis
Alpha-radioactive nucleus
Alpha emitter
Alpha ferrum
Alpha rays
Alpha-decay,
disintegration
Alpha-ray spectrum
Alpha-ray spectrometer
Alphatron

Alpha particle
Aluminium coulometer
Aluminium, aluminum
Amakrine cell
Amalgam

Amalgam electrode

alpha
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AnreOpandeckas cymma
Anrebpandeckast TOTIOJIOTHS
Anrebpandeckast TOUKa
AnrebOpandeckas
pa3BeTBICHUS
Anrebpandeckas GyHKLIUS
AnrebpanvecKku 3aBHCHMBIi
Anre0pandecku 3aMKHYTOE 110JIe
Anrebpandeckuii aHaIN3
Anrebpandeckuii He3aBHCUMBIH
AnrebOpandeckoe MHOTOOOpasue

Anrebpandeckoe pacluIupeHne
Anrebpanyeckoe penieHne
Anrebpandeckoe COOTBETCTBUE
Anrebpandeckoe ypaBHEHHE
Anrebpa TOruKu
Anrebpa MaTpuil
Anrebpa
CTETIeHAMU
AnrebOponmHast QyHKIIHSL
AJNTOPUTMUYECKHUH S3BIK
Amungana

Ammdarrueckoe coeTMHEHNE
ANHMIAKINIECKOe COeAMHEHNE
AnkanuMmeTpust

AnxugHas cMoiia

AnnomeTpust

Annorpomnus

Annoctepuueckuii GepMeHT
AnmoTporndecKkoe mpeBparieHne
AnMasHas CTpyKTypa
AndaButHO-IPOBOI
AndaBuTHBIN KO

Anpbeno

Anwbeno 3emnu

Ansbemometp

Anpnernn

AnbpMyKaHTapar
AnbTazuMyTanbHas MOHTUPOBKA
AnbTazuMyTaNbHas yCTaHOBKA
AnbpTepHaTHBHAs THIIOTE3a
Anbda-akTHBHOE SAPO
Anbda-u3mydarens
Annda-xeneza

Anbda-myuu

Anbda-pacmag

Anbda-criekTp
Anbda-criekTpomeTp
AnbdaTpoH
Annda-gactuma
AJFOMUHUEBOH KYJIOMETP
AmroMuHUI
AMakpHHOBas KJeTKa
Awmarnbsrama
AManbraMHbI{ 3JIEKTPO

TOYKa

aCCoOIMaTUuBHBIMHU
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Adsorbed isotherm
Adsorption inhibitor
Adsorption indicator

Adsorption potential
Adsorption layer
Adsorption current
Adsorption

Azeotropy

Azeotropic distillation
Azeotropic mixture,
azeotrope

Azeotropic point

Azimuth
Azimuthal
number
Azimutal
effect
Nitrogen
Nitrogen acid
Nitrogen thermometer
Iceberg

quantum

geomagnetic

Aquo-ion
Acclimatization,
acclimation
Accumulator

Acline

Aclinic line

Acline twin
Accelerometer

Axial mode

Axial symmetry
Axial vector
Archimedes’s axiom
Axiom of infinity
Axiom of choice
Axiom of continuity
Axiom of parallels
Separation axiom
Peano’s axiom
Countability axiom
Axiomatization
Axiomatic set theory
Triangle axiom
Axonometric projection
Axoplasm

Activator

Activation overvoltage

Activation analysis
Activation potential
Activation
Activation
Activated adsorption

ArcopOIImoHHAs H30TepMa
AIcOpOITMOHHBIN HHTHOUTOP
ANCOPOIMOHHBIN UHIANKATOP

AICOpOITMOHHBIN TTOTCHITHAI
AJCOpOLIMOHHBIH CIoM
ACOpOIIMOHHBIN TOK
AncopOrust

A3zeoTponus
A3eoTponHas TUCTUILIALIUS
A3eoTporHas cMech

A3zeoTpomHas ToUKa
A3uMyT
A3UMyTaIbHOE KBAHTOBOE YHCIIO

A3UMyTaTBHBINA FE€OMArHUTHBIN

a¢ ekt

Aszot

A30THas KUCI0Ta
ABOTHBII TEpMOMETP
Aticoepr

AKBO-HMOH
AKKIMMaTu3ans

AKKyMyJATOp

AxnuHa

AKJMHUYEeCKasi KpuBas
AKJIMHOBBINA JBOMHUK
AkcenepomeTp

AkcuanbpHas MOJIa

AKcuanbHasi CHMMETpUS
AKCHAIIbHBIN BEKTOP

Akcuoma Apxumena

Akcroma 0ECKOHEYHOCTH
Axcuoma BrIOOpa

AKCHOMa HETIPEPHIBHOCTH
AKcroMa 0 apaebHbIX
AxcuoMa OTIEIbHOCTH
Axcuoma I[Teano

AKcHOMa CYETHOCTH
AKkcuoMarusanus
AKcHoMaTH4YecKast TCOPHsI MHOXKECTB
AKcHOMa TpeyroJbHUKA
AKcoHOMETpHUYECKasi IPOEKITUs
Akcorazma

AKTHBaTop

AKTHBallMOHHOE TTepeHAIPsHKEHUE

AKTHBAIIMOHHBIN aHAJIN3
AKTHUBAIIMOHHBIN NOTEHIIHNAT
AKTHBaLIUs

AKTHBHpOBaHUE
AKTHUBHPOBaHHAs aJIcCOPOIIHS
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Adsorbsiya izotermleri

Adsorbsiya ingibitoru

Adsorbsiya indikatoru, tazyigi dlgen
cihaz

Adsorbsiya potensiali

Adsorbsiya qati

Adsorbsiya carayani

Adsorbsiya, cisimlarin uz
tebagasinde maye va qazlarin
udulmasi

Azeotropiya
Azeotrop destillo etma
Azeotrop qarisiq

Azeotrop noqgtesi
Azimut
Azimutal kvant adadi

Azimutal geomaqnit effekti

Azot

Nitrat tursusu

Azotlu termometr

Aysberq, polyar denizlerde Uzan
buz dagi

Akvo-ion

Yeni iglim mihitina uygunlagsma

Akumulyator

Aklin

AKklin ayrisi

Adamin aklin oxsari
Akselerometr

Aksial moda

Aksial simmetriya

Aksial vektor

Arximed aksiomasi
Sonsuzlug aksiomasi
Secki aksiomasi
Kasilmazlik aksiomasi
Paralellik hagda aksioma
Ayriliq aksiomasi

Peano aksiomasi

Say, hesab aksiomasi
Aksiomatizasiya
Coxlugun aksioamtik nazariyyasi
Ugbucaq aksiomasi
Aksonometrik proyeksiya

Aksoplazma

Aktivlesdirici. faallagdirici
Haddinden artiq aktivlasdirilmis
gorginlik

Aktivatik analiz

Aktivatik potensial
Aktivasiya

Aktivasiya

Aktivlasdirilmis adsorbsiya
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Activated state
Activated complex
Active carbon
Active gravitational mass
Core

Active molecule
Active power
Solar active region
Conductance
Active lattice
Active component
Active medium
Active circuit
Impulse turbine
Active substance
Pure resistance
Active state
Activity

lon activity
Optical activity
Surface activity
Thermodynamic activity
Active nitrogen
Active hydrogen
Active gas

Active ion

Active metal
Active prominence

Active layer

Active satellite
Active center
Active electrode
Active element
Actin

Actinium

Actinoid

Actinide contraction
Actinometer

Actinometry
Actinouranium
Actomyosin
Acoustics
Acoustomagnetoelectric
effect

Acoustimeter
Acoustic holography
Acoustic capacitance
Acoustic lens
Acoustic mass
Acoustic mode
Acoustic feedback
Acoustic compliance
Acoustic system
Acoustic frequency
Acoustic pipe

AKTHBUPOBaHHOE COCTOSIHUE
AKTUBUPOBAHHBIN KOMITJIEKC
AKTHBHUPOBAHHBIN yTOJIb
AKTHBHAs TpaBUTAIIMOHHAs Macca
AKTHBHAs 30Ha

AKTUBHas MOJIEKYJIa
AKXTHBHAs1 MOIIHOCTH
AxtuBHas ob6nacth Ha CoJHIlEe
AKTHUBHAs IPOBOJUMOCTD
AKTUBHas pelieTka

AXTHBHAST COCTaBJIAIONMIAS
AKTHBHAs cpena

AKTHBHas cxeMa

AKTUBHas TypOHMHA

AXTHBHOE BEILIECTBO
AKTHUBHOE COIIPOTUBIICHUE
AKXTHBHOE COCTOSIHHE
AXTHBHOCTB

AKTHUBHOCTE HOHOB
AKTHBHOCTB OIITHYECKAS
AKTHUBHOCTH TIOBEpXHOCTHAS
AKTHUBHOCTH TEPMOJIUHAMHUYICCKAS
AKTHBHBIHN a30T

AKTHUBHBII BOJOPOA
AXTUBHBIN Ta3

AXKTHBHBIN MOH

AXTHUBHBIA METaJII

AKTHUBHBINA TPOTyOEpaHeT

AKTHBHBIHN CIIOH
AKTHUBHBIA CIIyTHUK
AKTHUBHBIH IEHTP
AKTHUBHBIH JIEKTPOST
AXTUBHBIA 37I€MEHT
AxTnH

AKTHHUN

AKTHHOUL
AXTHHOHMIHOE C)KaTHe
AKTHHOMETD

AKTUHOMETpUS

AKTHHOYpaH

AKTOMHO3UH

AKycTHKa
AKYCTUKOMarHUTO3JIEKTPUUECKUN
et

AKycTUMETp

Axyctrueckas roiorpadus
AKycTHUYecKasi EMKOCTb
AKycTHUecKas JINH3a
AKycTHUecKas Macca
AkycTuyeckas Mojaa
AxycTuieckas oopaTHasi CBS3b
AKycTHUYeCcKast IOJaTIIUBOCTh
AKycTHYecKas cucteMa
AKycTHUecKasl 4acToTa
AxycTudeckasi Tpy6a
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Aktivlagdirilmis hal
Aktivlasdirilmis kompleks (toplu)
Aktivlasdirilmis kémur
Aktiv gravitasiya kutlasi
Aktiv zona

Aktiv molekul

Aktiv glc

Glinasds aktiv oblast
Aktiv kegiricilik

Aktiv gafas

Aktiv tarkib hissesi
Aktiv mahit

Aktiv sxem

Aktiv turbin

Aktiv maddea

Aktiv miigavimat
Aktiv hal

Aktivlik, faalliq
ionlarin aktivliyi

Optik aktivlik

Sathi aktivlik
Termodinamik aktivlik
Aktiv azot

Aktiv hidrogen

Aktiv qaz

Aktiv ion

Aktiv metal

Aktiv protuberans, Gilinas sathinda

kdézarmis qaz kutlaleri
Aktiv tebaga

Aktiv peyk

Aktiv merkaz

Aktiv elektrod

Aktiv element

Aktin

AKTHHIYM

Aktinoid

Aktinoid sixma
Aktinometr, Gilneas
intensivliyini lgen cihaz
Aktinometriya
Aktinouran

Aktomiozin

Akustika, ses bahsi
Akustik-magnit-elektrik effekti

Akustimetr

Akustik golografiya
Akustik tutum

Akustik linza

Akustik kitle

Akustik moda, dab, adat
Akustik aks alaga
Akustik tez tasir altina dismak
Akustik sistem

Akustik tezlik

Akustik boru

stalarinin
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Acoustic characteristic
Acoustic waves
Acoustic oscillation
Acoustic wind
Acoustic altimeter
Acoustic detector
Acoustic law of Ohm
Probe microphone
Acoustic impedance
Acoustic interferometer
Acoustic labyrinth
Acoustic ohm

Acoustic transformer
Acoustic depth sounding
Acoustic resonance
Acoustic signal
Acoustic spectrum
Acoustic filter
Acoustic element
Acoustic effect
Acoustic measurement
Acoustic image
Acoustic resistance
Acoustooptic modulation

Acoustooptical medium
Acoustooptical element
Acoustooptical effect
Acoustooptical deflection
Acoustoelectric current
Acoustoelectric effect
Acceptor

Acceptor impurity
Acceptor atom
Acceptor level

Proton acceptor
Electron acceptor
Algebra

Jordan algebra
Algebraic geometry
Algebraic group
Algebraical dependence
Algebraic curve
Algebraical independence
Algebraic singularity
Algebraic surface
Algebraic subgroup
Algebraic system
Algebraic structure
Algebraic sum
Algebraic topology
Algebraic point
Algebraic branch-point

Algebraic function
Algebraically dependent

AKycTHu4eckast XapaKTepUCTHKa
AKyCTHUYECKHE BOJHBI
AKycTHYecKue KoieOaHus
AKyCTHYECKHI BeTep
AKyCTHUYECKUI BBICOTOMED
AKyCTHUECKUH IETEKTOP
Akyctuueckuii 3akoH Oma
AKyCTUYECKUI 30H
AKyCTHUYECKUN UMITCTAHC
AKycTrueckuii mHTEphepoMeTp
AKyCTHYECKHIA TaOWPHUHT
Axkyctrueckuit Om
AxycTuieckuil mpeodpa3oBaTenb
AKyCTHYECKUH TIpoMep TITyOUHBI
AKyCTHUECKUI pe30HaHC
AKYCTHUYECKUH CUTHAI
AKYCTUYECKUN CIIEKTP
Axyctrueckui puiIsTp
AKyCTHUYECKUH 3JIEMEHT
AxkycTrueckuit 3pPexT
AKycTHYECKOE U3MEpEHUe
AKycTHUecKkoe U300paxeHne
AKyCTHUYECKO€E CONPOTHUBIICHHE
AKyCTOONTHYECKAs MOIYJISLHS

AKycToonTHYecKas cpeia
AKYCTOONTHYECKHUNA PJIEMEHT
Axycroontraeckuii YPPexT
AKYCTOONTHYECKOE OTKIIOHCHHE
AKYCTORJICKTPUIECKUN TOK
AKxycroanekTpudeckuii dhdexT
Axrnenirop

AKI1IeTITopHasi IpUMech
AKIENTOPHBIN aTOM
AKIIETITOPHBIA yPOBEHb
AKIIETITOp IPOTOHA

AKIIETITOP 3JIEKTPOHOB

Anrebpa

Anrebpa Xopnana
AnreOpandeckasi reOMeTpus
Anrebpandeckas Tpyrmmna
AnreOpandeckasi 3aBUCUMOCTh
AnreOpandeckast KpuBas
Anrebpandeckast HE3aBHCHMOCTb
AnrebOpandeckas ocodast TOUka
AnreOpandeckasi TOBEPXHOCTb
Anrebpandeckast TOATPYIIa
Anrebpandeckas cuctemMa
AnreOpandeckasi CTpyKTypa
AnreOpanyveckast cymMma
AnreOpandeckast TOTIOJIOTHS
AnreOpandeckasi TOUKa
Anrebpanveckast
Pa3BETBICHUS
Anrebpandeckast pyHKIUSA
AnreOpanvecky 3aBUCHMBIN

TOYKa
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Akustik xarakteristika
Akustik dalgalar
Akustik regsler

Akustik kulak

Akustik hiindtirlik olgen
Akustik detektor

Omun akustika ganunu
Akustik zond

Akustik impedans
Akustik interferometr
Akustik sesler garisigi
Akustik Om

Akustik dayisdirici aparat
Akustik derinliyi 6lgen
Akustik rezonans
Akustik signal

Akustik spektr

Akustik filtr

Akustik element
Akustik effekt

Akustik dlgma

Akustik xayal

Akustik migavimat

Akustooptik modulyasiya, sesin bir

tonundan digarine kegma
Akustooptik mahit
Akustooptik element
Akustooptik effekt
Akustooptik kenaragixma
Akustoelektrik carayan
Akustoelektrik effekt

Akseptor,. hidrogen atomunu 6ziina

birlesdiran madda
Akseptor garisiq
Akseptor atom
Akseptor saviyyo
Protonun akseptoru
Elektronlarin akseptoru
Caebr

Jordan cabri

Cabr handesasi
Cabr qrupu

Cabri asililiq

Cabri ayri

Cabri geyri-asililiq
Cabri maxsusi noqgte
Cabri sath

Cabri alt grup

Cabri sistem

Cabri qurulus

Cabri cam

Cabri topologiya
Cabri nogta

Cabri saxelanma ndqtasi

Cabri funksiya
Cabri asili olma
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Algebraically closed field
Algebraic analysis
Algebraically independent
Algebraic variety
Algebraic extension
Algebraic solution
Algebraic correspondence
Algebraic equation
Algebra of logic

Matrix algebra

Power associative algebra

Algebroid function
Algorithmic language
Alidade

Aliphatic compound
Alicyclic compound
Alkalimetry

Alkid resin

Allometrism

Allotropy

Allosteric enzyme
Allotropyc transformation
Diamond structure
Alphanumeric

Alphabetic code

Albedo

Earth albedo
Albedometer

Aldehyde

Almucantar

Altazimuth mounting
Altazimuth mounting
Alternative hypothesis
Alpha-radioactive nucleus
Alpha emitter
Alpha ferrum
Alpha rays
Alpha-decay,
disintegration
Alpha-ray spectrum
Alpha-ray spectrometer
Alphatron

Alpha particle
Aluminium coulometer
Aluminium, aluminum
Amakrine cell
Amalgam

Amalgam electrode
Ambipolar diffusion
Ameboid movement
Americium

Amino acid

Ammonia maser
Shockabsorber
Amorphous region
Amorphous phase

alpha

Anrebpanvecku 3aMKHYTO€ ITOJIe
Anrebpandeckuii aHaIN3
AnreOpandeckuii He3aBUCHMBIN
Anrebpandeckoe MHOTO0Opasue
Anrebpandeckoe pacIimpeHue
Anrebpandeckoe peleHne
Anrebpanveckoe COOTBETCTBUE
Anrebpanveckoe ypaBHECHHE
Anrebpa TOTHKH
AnreOpa mMatpuiy
Anrebpa
CTETICHSIMH
AnrebpounHas QyHKIHS
ANTOPUTMHUYECKUI SI3bIK
Anunana

AnugaTryeckoe coeTUHEHUE
ANVIUKINYECKOE COSAMHEHNE
Ankanumerpus

AnKumHag cMona

Annomerpust

AnnoTponust

Annocrepuueckuii hepMeHT
ANnoTponuyeckoe mpeBpanieHue
AnmasHast CTpyKTypa
AndaButrHO-1TIUHPOBOM
AndaBUTHBIN KOJ

Anpbeno

Anrbeno 3emmu

Annbenometp

Anpgerusg

AlnbMyKaHTapar
ANbTazuMyTalbHass MOHTHPOBKA
AnbTazuMyTalbHas yCTaHOBKa
AJbTepHaTHBHAS THIIOTE3a
Ann(ha-akTHBHOE SIPO
Anbda-uzmyyaresb
Anbda-xkeneza

Ansha-nyaun

Anbda-pacman

Anbda-criekTp
Anbha-criekTpomeTp
AnbdaTtpon
Anbda-yactuna
AJIFOMUHHEBOHN KyJIOMETP
ATOMUHMIA
AMakpuHOBas KJIeTKa
Amansrama
AMansraMHBIA IEKTPO]]
Awmbunonspaas quddys3us
AMeOouIHOE TBUKCHHE
Awmepunuit
AMMHOKHCIIOTA
AMMMAUYHBIN Mazep
AmopTtuzaTop

AwmopdHas 061acTh
AmopdHas daza
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aCCOIIMAaTUBHBIMH

Cabri qapali saha

Cabri analiz

Cabri asili olmamagq
Cabri muxtaliflik, clrbacurlik
Cabri genigslanma

Cabri hall

Cabri uydunluq

Cabri tanlik

Mantiqin cabri
Matrisalar cobri
Assosiatik deracali cabr

Cabrli funksiya
Algoritmik dil
Alidada

Alifatik birlesma
Alisiklik birlesma
Alkalimetriya
Alkidli gatran
Allometriya
Allotropluq
Allosterik ferment
Allotropik ¢evirma
Almaz qurulusu
Olifbali-adadi
dlifball kod
Albedo

Yerin albedosu
Albedometr
Aldehid
Almukantarat
Altazimutal montaj etme
Altazimutal qurgu
Alternativ ferziyys
Alfa-faal niva
Alfa-stialandiran
Alfa-demir
Alfa-stalar
Alfa-gevrilma

Alfa-spektr
Alfa-spektrometr
Alfatron
Alfa-zarracik
Aliminium kulometri
Aliminium

Amakrin gafasi
Amalgama
Amalgam elektrodu
Ambipolyar diffuziya
Ameboid harokat
Amerisium
Aminotursu
Ammiag mazer
Amortizator

Amorf oblasti

Amorf faza
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AJrcopOITnoHHAs H30TepMa
AIcOpOIIMOHHBIN HHTHOUTOP
ANCOPOIMOHHBIN UHIANKATOP

AICOpOITMOHHBIN TTOTCHITHAI
AJCOpOLIMOHHEIH CIoM
ACOpOIIMOHHBIN TOK
AncopOrust

A3zeoTponus
A3eoTponHas TUCTULIALNS
A3eoTporHas cMech

A3zeoTpormHas TOUKa
A3umyT
ABUMyTaIbHOE KBAHTOBOE YHCIIO

ABUMYTaTEHBIN T€OMarHATHEIN 3P QeKT

Aot

A3OTHast KHCIIoTa
A30THBIN TEpMOMETP
Aticbepr

AxBo-noH

AKKJIIMMAaTHU3aIA
AKKyMyJATOp

AxnuHa

AKJMHUYecKasi KpuBas
AKJIMHOBBINA JBOMHUK
AkcenepomeTp

AxcuansHas Moja

AKcranbHasg CUMMETPUS
AKCHAIIbHBIN BEKTOP

Akcuoma Apxumena

Axcroma 0€CKOHEYHOCTH
Axcuoma BrIOOpa

AKcroMa HeTPephIBHOCTH
AxkcroMa 0 apajuieNbHbIX
AxcuoMa OTIAEIbHOCTH
Axcuoma Ileano

AXcHOMa CUETHOCTH
Axcromaruzanys
AKcHOMaTHYeCKas TEOPUsI MHOXKECTB
AKcHoMa TpeyrojJbHHUKa
AKcoHOMETpHUYECKasi IPOEKIUs
Axcomna3ma

AKTHBaTop

AKTHBAITMOHHOE TTepeHANIPSIKCHUE

AXTUBaIIMOHHBIA aHAIN3
AKTHUBAIIMOHHBIN NOTEHIIHNAT
AKTHBaLIUs

AKTHBHpOBaHHUE
AKTHBHPOBaHHAs aICOPOIIHS
AKTHBUPOBaHHOE COCTOSIHUE
AKTUBUPOBAHHBIN KOMITJIEKC
AKTUBUPOBAHHBIN yTOJb

Adsorbsiya izotermleri
Adsorbsiya ingibitoru
Adsorbsiya indikatoru,
Olgan cihaz

Adsorbsiya potensiali
Adsorbsiya qati
Adsorbsiya cerayani
Adsorbsiya, cisimlerin Uz tebs-
gesinde maye ve qazlarn udul-
masi

Azeotropiya

Azeotrop destillo etma

Azeotrop qarisiq

tozyiqi

Azeotrop noqtesi

Azimut

Azimutal kvant adadi

Azimutal geomagqnit effekti

Azot

Nitrat tursusu

Azotlu termometr

Aysberq, polyar denizlerds izen
buz dag

Akvo-ion

Yeni iglim muhitine uygunlasma
Akumulyator

Aklin

Aklin ayrisi

Adamin aklin oxsari
Akselerometr

Aksial moda

Aksial simmetriya

Aksial vektor

Arximed aksiomasi

Sonsuzluq aksiomasi

Secki aksiomasi

Kasilmazlik aksiomasi

Paralellik haqda aksioma
Ayriliq aksiomasi

Peano aksiomasi

Say, hesab aksiomasi
Aksiomatizasiya

Coxlugun aksioamtik nazeriyyasi
Ugbucaq aksiomasi
Aksonometrik proyeksiya
Aksoplazma

Aktivlesdirici. faallagdiric
Haddinden artiq aktivlasdiriimis
gorginlik

Aktivatik analiz

Aktivatik potensial

Aktivasiya

Aktivasiya

Aktivlesdirilmis adsorbsiya
Aktivlagdirilmis hal
Aktivlasdiriimis kompleks (toplu)
Aktivlesdirilmis kémdr
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Adsorbed isotherm
Adsorption inhibitor
Adsorption indicator

Adsorption potential
Adsorption layer
Adsorption current
Adsorption

Azeotropy

Azeotropic distillation
Azeotropic mixture,
azeotrope

Azeotropic point

Azimuth

Azimuthal quantum number
Azimutal geomagnetic effect
Nitrogen

Nitrogen acid

Nitrogen thermometer
Iceberg

Aqguo-ion
Acclimatization, acclimation
Accumulator

Acline

Aclinic line

Acline twin
Accelerometer

Axial mode

Axial symmetry

Axial vector
Archimedes’s axiom
Axiom of infinity
Axiom of choice
Axiom of continuity
Axiom of parallels
Separation axiom
Peano’s axiom
Countability axiom
Axiomatization
Axiomatic set theory
Triangle axiom
Axonometric projection
Axoplasm

Activator

Activation overvoltage

Activation analysis
Activation potential
Activation
Activation
Activated adsorption
Activated state
Activated complex
Active carbon
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AKTHBHAs TpaBUTAIIMOHHAs Macca
AKTHBHAs 30Ha

AKTUBHas MOJIEKYJIa
AKTHBHAs MOIIHOCTH
AxtuBHas o6nacth Ha CoJHIEe
AKTHBHas IPOBOJIUMOCTh
AKTHBHas pelieTka

AXTHBHAST COCTaBJIAIONMIAS
AKTHBHAs cpena

AKTHBHas cxeMa

AKTHBHas TypOMHa

AXTHBHOE BEILIECTBO
AKTHUBHOE COIPOTUBIICHUE
AKXTHBHOE COCTOSIHHE
AKTHUBHOCTB

AKTHUBHOCTE HOHOB
AKXTHBHOCTB OIITHYECKAS
AKTHUBHOCTH TIOBEpXHOCTHAS
AKTHUBHOCTH TEPMOJIUHAMHUYICCKAS
AKTHBHBIN a30T

AKTHUBHBII BOIOPOJ]
AKTUBHBIN Ta3

AXTHBHBIH MOH

AXTUBHBIA METaJII

AKTHUBHBIIA TPOTYOEpaHeT

AXKTHBHBIHN CITOH
AKTHUBHBIA CIIyTHUK
AKTHUBHBINA IEHTP
AKTHUBHBIH JIEKTPOT
AXTUBHBIN 3JIEMEHT
AxTnH

AXTHHUN

AKTHHOUL
AXTHHOMIHOE C)KaTHe
AKTHHOMETD

AKTHHOMETpUSA

AKTHHOYpaH

AKTOMHO3UH

AKycTHKa
AKYCTHKOMarHUTOAJIEKTPHUECKUI
¢ ekt

AKycTUMETP

Axyctrueckas roiorpadus
AKycTHUYecKasi EeMKOCTb
AKycTHUecKas JIMH32a
AKycTuyeckas macca
AKycTHuecKkas Moja
AxycTuieckasi oOpaTHasi CBS3b
AKycTH4eckas IoAaTINBOCTh
AKycTHYecKas cucteMa
AKycTHUecKas 4acToTa
AxycTudeckasi Tpy6a
AKycTH4ecKkas XapakTepUCTHKa
AKyCTHYECKHE BOJHBI
AKycTHYecKue KoieOaHus

Aktiv gravitasiya katlesi
Aktiv zona

Aktiv molekul

Aktiv glc

Glnasdoe aktiv oblast
Aktiv kegiricilik

Aktiv gofas

Aktiv tarkib hissosi
Aktiv mahit

Aktiv sxem

Aktiv turbin

Aktiv madde

Aktiv miigavimat

Aktiv hal

Aktivlik, faalliq

ionlarin aktivliyi

Optik aktivlik

Sathi aktivlik
Termodinamik aktivlik
Aktiv azot

Aktiv hidrogen

Aktiv qaz

Aktiv ion

Aktiv metal

Aktiv protuberans, Glnes sat-
hinda kdzarmis qaz kitleleri
Aktiv tebaga

Aktiv peyk

Aktiv markaz

Aktiv elektrod

Aktiv element

Aktin

AKTUHHYM

Aktinoid

Aktinoid sixma
Aktinometr, Glnes sualarinin
intensivliyini dlgen cihaz
Aktinometriya
Aktinouran

Aktomiozin

Akustika, sas bahsi
Akustik-maqnit-elektrik effekti

Akustimetr

Akustik golografiya
Akustik tutum

Akustik linza

Akustik kitle

Akustik moda, dab, adeat
Akustik aks alaga
Akustik tez tasir altina diismak
Akustik sistem

Akustik tezlik

Akustik boru

Akustik xarakteristika
Akustik dalgalar

Akustik ragsler
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Active gravitational mass
Core

Active molecule
Active power
Solar active region
Conductance
Active lattice
Active component
Active medium
Active circuit
Impulse turbine
Active substance
Pure resistance
Active state
Activity

lon activity
Optical activity
Surface activity
Thermodynamic activity
Active nitrogen
Active hydrogen
Active gas

Active ion

Active metal
Active prominence

Active layer

Active satellite
Active center
Active electrode
Active element
Actin

Actinium

Actinoid

Actinide contraction
Actinometer

Actinometry
Actinouranium
Actomyosin

Acoustics
Acoustomagnetoelectric
effect

Acoustimeter
Acoustic holography
Acoustic capacitance
Acoustic lens
Acoustic mass
Acoustic mode
Acoustic feedback
Acoustic compliance
Acoustic system
Acoustic frequency
Acoustic pipe
Acoustic characteristic
Acoustic waves
Acoustic oscillation
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AKyCTHYECKHI BeTep
AKyCTHUECKUI BBICOTOMED
AKyCTHUYECKUH IETEKTOP
Axyctraeckunii 3akoH Oma
AKyCTHUECKUH 30H]T
AKyCTHUECKUI UMIIeaHC
AKkycTrueckuii mHTEphepoMeTp
AKyCTHYECKHHA TaOUPUHT
Axkyctuueckuit Om
AKycTHUeCKHH TipeoOpa3oBaTeb
AKYCTHUYECKHNA TTPOMED TITyOHHBI
AKyCTHUECKUI pe30HaHC
AKYCTUYECKHI CUTHAI
AKYCTUYECKUH CIIEKTP
AkycTrueckuit GuIbTp
AKYCTHUYECKUH 3JIEMEHT
AxkycTuueckuit 3pPexT
AKycTHYECKOE U3MEpEeHne
AKycTHUecKoe H300paxeHne
AKyCTHYECKOE COIIPOTHUBIICHUE
AKycTOONTHYECKAs MOMYJIALMS

AkycToonTuueckas cpeaa
AKYCTOONTHYECKHUNA PJIEMEHT
Axycroontraeckuii YPPexT
AKYCTOONITHYECKOE OTKIIOHECHUE
AKYCTORJIEKTPUYECKUNA TOK
AxycroanekTpudeckuii dhdexT
Axmenirop

AKuentTopHas NpuMech
AKIIETITOPHBINA aTOM
AKUENTOpHBIN YPOBEHb
AKIIeTITop IpoTOHA

AKIIETITOP 3JIEKTPOHOB

Anrebpa

Anrebpa Xopnana
AnreOpandeckast TeOMETPHS
Anrebpandeckas Tpymmna
AnreOpandeckasi 3aBUCUMOCTh
AnreOpandeckast KpuBas
Anrebpandeckasi HE3aBHCHMOCTh
Anrebpandeckast ocodast TOUka
AnreOpandeckas MIOBEPXHOCTh
Anrebpandeckast TOATPYyIIIa
Anrebpandeckas cuctemMa
AnreOpandeckasi CTpyKTypa
Anrebpandeckas cymMmma
Anrebpandeckast TOTIOJIOTHS
AnreOpandeckasi TOUKa
AnreOpandeckasi TOUKa Pa3BETBICHUS
Anrebpandeckast GHyHKIHAS
AnreOpanvecky 3aBUCHMBIN
Anrebpanvecku 3aMKHYTOE ITOJIe
Anrebpanveckuii aHaIHM3
AnreOpandecKkuii He3aBHCHUMBIN
Anrebpandeckoe MHOrooOpasue

Akustik kulak

Akustik hiindlrlik 6lgen
Akustik detektor

Omun akustika ganunu
Akustik zond

Akustik impedans
Akustik interferometr
Akustik sesler garisigi
Akustik Om

Akustik dayisdirici aparat
Akustik derinliyi 6lgan
Akustik rezonans
Akustik signal

Akustik spektr

Akustik filtr

Akustik element

Akustik effekt

Akustik 6lcma

Akustik xayal

Akustik migavimat
Akustooptik modulyasiya, sasin
bir tonundan digarina kegma
Akustooptik muihit
Akustooptik element
Akustooptik effekt
Akustooptik kenaragixma
Akustoelektrik carayan
Akustoelektrik effekt
Akseptor,. hidrogen atomunu
6ziina birlesdirean madde
Akseptor garisiq
Akseptor atom

Akseptor saviyya
Protonun akseptoru
Elektronlarin akseptoru
Caebr

Jordan cabri

Cabr handasasi

Cabr grupu

Cabri aslliliq

Cabri ayri

Cabri geyri-asililiq

Cabri maxsusi ndgta
Cabri sath

Cabri alt grup

Cabri sistem

Cabri qurulus

Cabri com

Cabri topologiya

Cabri nogte

Cabri saxelanma ndqtesi
Cabri funksiya

Cabri asili olma

Cabri gapali saha

Cabri analiz

Cabri asili olmamagq
Cabri muxtaliflik, clrbacurlik

116

Acoustic wind
Acoustic altimeter
Acoustic detector
Acoustic law of Ohm
Probe microphone
Acoustic impedance
Acoustic interferometer
Acoustic labyrinth
Acoustic ohm

Acoustic transformer
Acoustic depth sounding
Acoustic resonance
Acoustic signal
Acoustic spectrum
Acoustic filter
Acoustic element
Acoustic effect
Acoustic measurement
Acoustic image
Acoustic resistance
Acoustooptic modulation

Acoustooptical medium
Acoustooptical element
Acoustooptical effect
Acoustooptical deflection
Acoustoelectric current
Acoustoelectric effect
Acceptor

Acceptor impurity
Acceptor atom

Acceptor level

Proton acceptor

Electron acceptor
Algebra

Jordan algebra

Algebraic geometry
Algebraic group
Algebraical dependence
Algebraic curve
Algebraical independence
Algebraic singularity
Algebraic surface
Algebraic subgroup
Algebraic system
Algebraic structure
Algebraic sum

Algebraic topology
Algebraic point
Algebraic branch-point
Algebraic function
Algebraically dependent
Algebraically closed field
Algebraic analysis
Algebraically independent
Algebraic variety
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Anrebpandeckoe paciuinpeHue
Anrebpanieckoe perieHne
AnreOpandeckoe COOTBETCTBHE
AnreOpandeckoe ypaBHECHHE
Anrebpa TOTHKH

Anrebpa MaTpui

Anre6pa aCCOMAaTHBHBIMU CTCIICHAMU

AnrebponnHas QyHKITIS
AJNTOPUTMUYECKUH S3BIK
Amunmana

Amudarnaeckoe CoeTUHECHUE
ANMIMKINYECKOe COeMHEHNE
AnxanuMeTpus

AJKuaHasg cMoiia
AnmomeTpus

AnnoTponusg
Annocrepudeckuii epMeHT
AnoTponyeckoe mpeBpalieHue
AnMasHas CTpYKTypa
AndasutHO-1IPpOBOH
AndaBUTHBIN KO

Annbeno

Anpbeno 3emian
Anrbenomerp

Anpnernn

AnpmykantOapat
AJbTa3uMyTalbHAS MOHTHPOBKA
AJbpTa3uMyTalIbHAsI yCTAaHOBKA
AJbpTepHaTHBHASA THIIOTE3a
Anba-akKTHUBHOE SAPO
Anna-uszmydarenn
Anbda-xkenesa

Anbda-myun

Annda-pacman

Anbha-criektp
Anbda-criekTpoMeTp
Ansdarpon
Anbda-yacTuna
AJIOMUHHEBOH KyJIOMETP
AOMHHHIA
AMakpHHOBas KJeTKa
Amansrama
AManberaMHbli 31€KTPOL
Awmoumionsipras nuddy3ust
AMeOouIHOE ABMKEHHUE
Amepunuit
AMMHOKHCIIOTA
AMMUaYHBIN Ma3ep
AMopTu3zaTop

AwmoptHas obmacts
Awmopdnas daza
AMopQHOE BeecTBo

Cabri genigloanma
Cabri hall

Cabri uygunluq
Cabri tanlik
Mantiqin cabri
Matrisalar cabri
Assosiatik daracali cebr
Cabrli funksiya
Algoritmik dil
Alidada

Alifatik birlegsma
Alisiklik birlesma
Alkalimetriya
Alkidli qatran
Allometriya
Allotropluq
Allosterik ferment
Allotropik ¢cevirma
Almaz qurulusu
Slifbali-edadi
Olifball kod
Albedo

Yerin albedosu
Albedometr
Aldehid
Almukantarat
Altazimutal montaj etme
Altazimutal qurgu
Alternativ ferziyye
Alfa-faal nlive
Alfa-stialandiran
Alfa-demir
Alfa-gtalar
Alfa-gevrilma

Alfa-spektr
Alfa-spektrometr
Alfatron
Alfa-zarracik
Aliminium kulometri
Aliminium

Amakrin gafasi
Amalgama
Amalgam elektrodu
Ambipolyar diffuziya
Ameboid horokat
Amerisium
Aminotursu
Ammia¢ mazer
Amortizator

Amorf oblasti

Amorf faza

Amorf madde
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Algebraic extension
Algebraic solution
Algebraic correspondence
Algebraic equation
Algebra of logic

Matrix algebra

Power associative algebra
Algebroid function
Algorithmic language
Alidade

Aliphatic compound
Alicyclic compound
Alkalimetry

Alkid resin

Allometrism

Allotropy

Allosteric enzyme
Allotropyc transformation
Diamond structure
Alphanumeric
Alphabetic code

Albedo

Earth albedo
Albedometer

Aldehyde

Almucantar

Altazimuth mounting
Altazimuth mounting
Alternative hypothesis
Alpha-radioactive nucleus
Alpha emitter

Alpha ferrum

Alpha rays

Alpha-decay, alpha

disintegration
Alpha-ray spectrum
Alpha-ray spectrometer
Alphatron

Alpha particle
Aluminium coulometer
Aluminium, aluminum
Amakrine cell
Amalgam

Amalgam electrode
Ambipolar diffusion
Ameboid movement
Americium

Amino acid

Ammonia maser
Shockabsorber
Amorphous region
Amorphous phase
Amorphous substance
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