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RADIATION STABLE ELECTROMECHANICAL TRANSFORMERS
ON THE BASIS OF THREAD-LIKE MONOCRYSTALS Gex Six

M.K. KERIMOV, Sh.M. ABBASOV, Sh.l. ABBASOV
Radiation Research Department of Azerbaijan National Academy of Sciences
HJavid ave. 31°, Baku 370143

The nvestigations of the electomechanical characteristics of the thread-like crvstals Ge,. Si, subjected to electron and ;- irradiation
(Co™ showed their increased radiation stability as compared with the other devices.

The resulis obiained allow o draw conclusion oa peresplivity of application of the transformers based on thread-like monocnysials Gey., Siy
for the practical realization of the automatization of the measurement process in different fields of engineening.

The advanced wend in the development of the measuring
syvstems is the use of transformers (iransmitters) based on a
unique principle. As the experience in designing showed on
the basis of the semiconductor thread-like monocrysials of
silicon, germanium and Gey.Siy the various types of the
measuring transformers characterized by the constructive
simplicity. high sensitivity and enlarged functional capability
[1-3] could be created.

The unity of a principal solution and unification of
devices is achieved due to creation of the base ransformers
(migrations on thermoresistors and deformations on
thermoresistors). in which the sensitive elements are free
monocrystals.

With reference 1o the developmem of thermnoresistive
transformers. it should be noted. that with all varieties of the
constructions of this c¢lass wansformers all of them contain a
thetmoresistor and a heater (thermowire) migrating one
relatively another under the action of the parameter to be
measured. As a tule, the thermoresistor is made. from the
conductive material that eventually determines the construction
and metrologie characteristics of the transformer.

The use of the thermoresistors from the semiconductor
thread-like monocrystals | mm in length and 15 mem in
diameter allows 1o eliminate defects of the ransformers with
wire thermosensitive elements.
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F tg {. Smuctural scheme of thermoresistive ransformers.
EC - Flastic cell. H - Heater. SC - Sensitive cell.
MB - Measuring bringe.

The essence of the proposed method for transforming
migration (or the other mechanical value. which can be put
into migration) into an elecmical signal consists of the
possibility for local measurement of temperature by means of
a miniature crvstal. The wansformer strucrural scheme (fig. 1)
can be represented by the successive chain of links with the
certain transforming functions and the corresponding eror of
components; the elastic cell (silphon) perceiving the
measured value. cylindrical heater creating the required
eradient of the temperature fizld along its axis: thermosensitive
cell-thread-like crystal. mechanicallv connected with silphon
by means of crvstal holder and migrating mside the coaxially
placed heater: measuring bridge with one or two active arms.

The analvsis and calculation of such scheme aliowed to
determine the functional capabilities of the wansformer. its
mechanical and electrical paramneters.

In the ransformer of linear migrations the measuring rod
is welded into the silphon- moving elememnt which performs
the migration of the crystal holder with the secured on the
current outlets crystal relative to the immobile heater. In the
given construction two wariants of crystal ammansememt
(longindinal and transverse) relative to the heater are
possible.

By the investigations it was established that in the both
cases the linear dependence of resistance change on
Tigration occurs;

Rex)=R.(1—aMx) ()

where K. is an initial resistance of a crystal: M is a
coefficiemt characterizing the gradient of iemperature in a
heater: & is tempetature coefficient of crvstal resistance.

Under the action of the migration 10 be measured the
crystal position inside a heater changes and thus its
temperature and hence resistance which is transformed by the
measuring scheme to analogous electrical signal change.

The transformer sensitivity is represented as

dR
=—=Ra M 2)
dx

The high sensitivity by voltage allows to measure the
outpit signal by the standard measuring device {(digital
voluneter. potentiometer. self-recording device).

In the wansiormer of pressure the mechanical impact is
perceived by the silphon iself which is connected with
crystal holder. The inertia mass in the accelerometer is
combined with silphon migrating relative 1o the heater under
the action of acceleration.

In design of the thermoresistive mransformers a number of
the technological peculiarities which permit 10 decrease the
measurement error have been taken into account. The
investigations established that the measurement of the above
parameters was performed with the main error in the order of
1-1.5%. The 1emperature errof is 0.04%. The fast-response is
within the range 0.1-0.3s. The significant advamage is the
possibility for interchangeability of the transformers and their
low cost.

The use of mechanical resonators opens rew perspectives
in creation of the tensoresistive transformers,




On the strength of all the properties such vibrating-
frequency tensoransformers are the most advanced measuring
means providing a number of advantages.
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Fig 2. Functional schemes of vibro-frequency tensotransformers.
1-membrane: 2-supporting fillet: 3-crystal: 4-current-outlets:
3-exciation <lecrode.

The structural scheme of the transformer (fig. 2) incfudes:
elastic cell tansforming the mechanical value (force.
pressure, acceleration) into siring tension; oscillatory cell
(resonarory — monocrystailine structure oansforming the
tension into the frequency of mechanical oscillations:
exciting cell serving for excitation of the string mechanical
oscillations; amplifier of the resonator electrical oscillations.
In the proposed scheme the functions of the oscillatory and
transforming units are combined in one cell - string from
thread-like monocrystal. Due 1o this the direct ransforming
of the crystal mechanical oscillarions 10 the electrical signal is
effected at the expense of its internal properties.

The oscitlation exciter as an individual cell is absent. for
the oscillation excitation the elastic cell surface adjacent 10
the string is used.

The siring tension is known to lead to the change of its
own oscillations frequency and correspondingly to the change
of the resistance variable component owing to the strain
sensitivity. The relative resistance change is proportional to
its deformation

AR
—=KE (3
R

where X is a coefficient of the ¢rystal tensosensitivity.

If the direct current is passed through the swing the
tension pulsations will aris¢ in it with frequency doubled with
respect to the frequency of the mechanical oscillations. In
general view the frequency of this tension can be determined
by the formula [4]

=i=
2
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where ! is a length of the sming: ¢ is a tension of the
stretching force acting on sring: p is a density of the string
material.

The functional schemes of  vibrating-frequency
tensotranstormers of different purposes are presented in fig. 2.

In pressure wansformer on silicic membrane with
supporting fillet the thread-like Ge, Si, monocrystal is
rigidly secured in joiats. The crystal curmrent-outlets and
electrical contact of the oscillations exciter are cotnected 1o
more rigid contact outleis. In the wransformer of forces and
accelerometer the crystal is fasten on monocrystalline beam
of the equal flexing resistance made by the method of
ulrasonic treatment with subsequent chemical erching and
polishing,

The maximum simplicity of the construction. consistensy
of materials and junction in pick-up points allowed to achieve
the high soundness of the string oscillations (10%). The
sensitivity 1o deformation reaches the value 10° Hz/per unit
value,

The metrological estimate of the transformers by means
of direct comparison with the exemplary measuring means
gives the error value in the order of 0.01%. The important
advarmage of the given wansformers is thar their operatien is
not significanthy affected by temperature dependencies of the
tensosensivivity and resistance coefficient since the parameter
10 be measured is oscillation frequency which is determined
by the crvstal geometry. its mechanical properties and applied
force.

The investigations of the clectromechanical characteristics
of the thread-like crvsals Ge,_Si, subjected 1o elecoon and ¥
— irradiation (Co®™) showed their increased radiation siability
as compared with Ge or $i crysmls which considerably
increased with increasing of silicium per cent content in a
sample.

The results obtained allow to draw conclusion on
perspecuvity of application of the wansformers based on
thread-like monocnystals Ge — Si for the practical realization
of the automatization of the measuremens process in different
fields of enginecring.
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SAPSOKILLI Ge1.Six MONOKRISTALLARI 9SASINDA
RADIASIYAYADAVAMLI ELEKTROMEXANIKI CEVIRICILAR

Elcktron ve 2Co™) sGalannin tesirine moruz qalmy sapsekilli Ge,(Si, kristallanmin elektromexaniki xassolorinin aragdintmasi.
onlarin radiasiyavadavamhhginin basqa cihazlara nisbaton daha vilksok oldugunu gostarmesdir.

Ahnrms naticalar sapsakilli Ge1.xSi monokristallart asasinda radiasivayadavaml ienzogevinci hazirlanmasma imkan verir ki, o
da texnikanin mixtelif sahalarinds dlgme proseslorinin aviomatlagdinlmasina sorail varadir.



RADIATION STABLE EI ECTROMECHANICAL TRANSFORMERS ON THE BASES OF THREAD-LIKE MONOURVSTALS Ge, o Si,

M.K. Kepumon, LIL.M, AGGacos, Lii.H. AGGacos.

PAJJHAITHOHHO-CTOHKHE YJEKTPOMEXAHHYECKHE NTPEOEPAZOBATEHM
HA OCHOBE HHTEBHAHLIX MOHOKPHCTALIOB Ge,  Siy.

Hecieaoaasna  1JEKTPOMENAHIIECKHN  NaPaKTCPHCTHE  HHTCBHIHBN EpHCTALOB 0¢,Siy. NMOIBCprTRN XICKTPOHHOMM H 7
060 (C00). NOKIZATH HX NOBLILICHH} 10 PAIHAINOHHYIO CTORKOCTR 10 CPABHCHIIO ¢ TN THMH IPHGOPAMH.

TIOTVMEHHLI? PV IRTATR TOIBOINIOT €1E1aTh BHBO] O MIEPCNEKTHBHOCTH HCTIOALIOBAHME NpeodpaioRavetieil Ha (A28 WHTSRILIMLIX
MOHORPHCTALI0B Gy Siy 1718 PAKTHYECKOrD OCMIIECTRICHHR ABTOMATHSALNH NPOUCTUOB HIMEPERHA B PALTHUYKENY OG1ACTIN TEXHHEN.
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EXCITON-EXCITON INTERACTION IN GaSe CRYSTAL
ELECTROLUMINESCENCE SPECTRUM

G.L ABUTALYBOY, S.Z DZHAFAROVA , N.A. RAGIMOVA
Institute of Physics of the Azerbaijan National Academy of Sciences
H. Javid av. 33, Baku, 370143

Stimulated emission from the quasi-two-dimensional lamellar semiconducior GaSe was investigated under high electic fields and at the
temperanure 77 K. [ncrease of the polarized optical spectrum and quantum vield have been determined. Versus defects concentration and
direction of the clecwic field applied to the specimens relative to optical ¢ axis. The presence of throe processes of intensificadon at the
boundary of the fundamental absorption region. connected with mutual interaction of defects. free direct and non-direct excitons, has been

confirmed.
INTRODUCTION

GaSe is a quasi-two-dimensional semiconductor with the
indirect wansition (space group D_,f,,—ﬁg m2) with the peak
of the valence band in the G-point of the Brillouin zone and
the bottom of the conduction band in Af-point ie. two
equivalent minima are situated on second order axes [1-3].
Moreover. an additional subband with the upward energy
shift of 40 meV exists in the G-point. Fundamental direct and

indirect transitions at 77 K are E;j’ =2.177¢V  and

E:'d =2.0635¢V. respectively. Binding energies of cormesponding
excitons are E¥'=20 meV and £™=43 meV [6-8]. Due 1o
crvstal stucwre, this free exciton becomes the resonance
state (Philips. [9]) with the continuum of free electron states
of indirect conduction band botton. Meanwhile impurities
and phonon scattering might provide strong binding of these
™wo vpes of state.

Large oscillator strength of the direct free exciton
wransition can provide free excitons recombination at energy
substantially higher than £ These processes become more
probable at sufficienty high temperawres for electronic
jumps to free exciton levels and will be maintained by high
excitation density.

Results of investigations of stimulated emission in GaSe
[10] with various intensities of the electric field applied along
and normatly to lavers at 7=77 K are given in the present
paper. Three different lines of the stimulated emission in the
region of direct and indinect excitons were observed.

In accordance with works [11-13] process of exciton-
exciton interaction causes presence of the emission line
shifted from the free exciton line to the region close 1o the
bound exciton energy. Thus. mechanisms of optical spectrum
intensification, which are responsible for observed lines.
could be associated with joint exciton processes.

EXPERIMENTAL

Crvstals were grown by Bridgman-Stockbarge method.

Experiments were carried out on monocrystalline plates
of p-GaSe with mobility of holes and electrons 30-40 and
150180 cm™ Vs respectively at the room temperature.
Specimens with dimensions 3x3x0.1 mm’. specific resistance
10° + 10°-Q-cm at 300 K. obtained by simple cleaving along
the cleavage plane. were used. Contacts were placed on the
fresh-cleaved surface. In-Ga eutectic mixture was used as the
elecrode. Intercontact distance was 0.1-0.2 mm. The
electrod-crystal contact processes have been excluded by

measurement of all investigated volt-ampere characienistics at
two opposite voltage directions. Crystals were cooled by
direct immersion mto the liguid nitrogen. Excitation was
accomplished by the alternating volmge with 'the frequency
530 Hz Elecooluminescence was registered in two directions:
from the surface normal 1o C axis and from the laver piane.
containing C axis. Obtained spectra were anahyzed by the
DFC-24 spectrometer.

RESULTS

Electroluminescence spectra of available GaSe crvstals in
the region of the fundamental absorption edge can be
combined inte 4 groups. In  accordance with Y-ray analysis
daa. the £-polytype is prevalent in specimens of No.1 type in
comparison with other modifications: respectively crystals of
this group are more perfect [14]. It could be seen from fig. |
that different distribution of lines intensities is observed for
different groups of specimens: 4-395 am. B—615 nm. {667
nm. D688 nm. Shor-wavelength line 4 having the same
etiergy as line observed in the transmission spectrum and
induced by free ¢lectron — hole pairs formation. can be
ascribed to recombination of a direct free exciton. Soong
resonance line of {4 exciton in specimens of No.l1 type
confirms that they are more perfect in comparison with
specimens of other groups. Thus. for complex investigations
of electroluminescence spectra. crvstals of No.l1 tvpe with
clearky defined exciton luminescence. have been chosen.

Int,.smiwsion
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Fig. 1. Electroluminescence spectra for various specimens of
GaSea 77k



Figures 2. 3 demonsmare series of electroluminescence
spectra obiained for GaSe at 77 K in emission directions

§LCand éﬂ(-‘ respectively, with increase of the electric

field intensity. Enlarged exciton electroluminescence
spectrum at various intensities of the applied electric field

(é"C-‘) is given in fig.4. Dependence of the energy position

and relative intensity (£) are given in inset to fig.d. This
dependence is represented by intersection of two curves in
the region close to £=450 Viem: they reflect two mumally
mcompatible phenomena: at E<43¢ Vi/em lines are
continuousty shifiing towards the low energy region. and
beginning from E>450 V/em. steep rise in intensity is
observed which excludes longwavelength shifts.
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Fig. 2. Electroluminescence spectra for various specimens of
GaSe (nvpe No 1) in different fields. geometry qLC a1 77

K 1=4350: 2-330: 3-330. 4-660. 3-720; 6-760: 7-820;
$-840V/cm

With increase of E a1 GIC both A and B lines of a free

exciton move 1o longwavelkngth region and have asymmetrical
form with the low-energy tail. Meanwhile. C and D-lines
demonstrate  shorrwavelength  shifts.  In case  of

§ L € geometry there is no energetic shift of lines.

OLUMINESCENCE SPECTRLM

S

Lid. eondinnfuns (1) -
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Fig 3. Electroluminescence spectra for variols specimens of
GaSe (type No. | in differen fiekls. geomery q Cat T7K
1-230: 2-280: 3-340: 4-390; 5430; 6-300: 7-360: 8-670;
T80 Viem

Alongside with increase of E up to the certain critical value
E™ in both observation directions. absolute value of the

emission intensity rises. It is alwavs higher in § L C
direction than in case of ﬁlf . Rise of the value £ leads also
10 decrease of 4 and B lines half-widths in geomerry 7 1 C
(B and C in case of F|C). Line 4 (B) is narrower in

comparison with 8 (O). This shows thal emission mechanism
connected with 4 (B} is more favourable at higher intensities
of electric fields. It is confirmed by the spectrum at
E=760V./cm (3830V/cm) for geometry gL (q'(‘) where 4
{8) line dominates.

DISCUSSION

For the 4-line the observed superlinear dependence on £
excludes an impurity emission radiative recombination of the



G.I ABUTALYBOV, S.7. DZHAFAROVA N RAGIMOVA

bound exciton and phonon replica of the free exciton.
Superlinearity, narrowing at E=720 Viem § LC  with
geomewy (at £=450V/cm —E;'Ilf‘ ). polarization and direction
for the 1-line emission allows 1o reveal stimulated emission

in the course of annihilation of free direct excitons due to
exciton-exciton interaction. Moreover the A-peak is badhy

observed in case of 6“@ geomey because reabsorption

effect is strong when the light passes through the specimen
and the low-energy 1ail of B-line is observed as the wide band
with the peak of 2.013eV. It has been suggested [13] thar B-
line is a result of impurity-impurity emimnting transition;
authors [16] consider this line as phonon replica of the
indirect bound exciton. However. further investigation [17]
did not confirm these suggestions.

Int, enoigrlon (T) —

1 1
a3s 590 93 9P
A (mm) —

Fig+. Exciton elecroluminescence spectrum of GaSe specimen
(tvpe No. 1) in ditferent fields. geomeiry q H C [nset 10
Fig.4 is the dependence of energy position and relative
intensiey of 4-ling on £,

Polarization of B-line (E“C-') coresponds  to indirect
ransition M; — {7, allowed in GaSe that takes place with

participation of the svmmetry phonon Af; [18]. Magnimde
of such phonon with dispersion contribution hew=13meV
[19]. Energy position hu=2.015eV of line zatisfies to
EX —ho. where E™ =2028¢V is the

equanon hvB= B BT

value of indirect exciton zone in GaSe which is in good
agreement with works [6-8]. with the accuracy within
several meV.

In our opinion the B-line is a result of stimulated emitting
annihilation of free indirect excitons occurting at low
temperatures with phonon emission. Important factor in
favour of its exciton namre is coincidence of this line position
in the luminescence spectrurn with the energy position in the
line caused by emitting decav of free indirect excitons.

It is difficult 10 understand the namre of the process
responsible for the C-line. Indeed reliable data for a binding
energy of indirect free exciton and for effective masses bound
with M minimum of the conduction band are not given in
literature. Nevertheless, we can observe that the functional
dependence I, on £ is similar to the dependence of 7, vs E but
it has different threshold voltage value. Larger halfwidth of
C-line (32meV) can be ascribed to band-impurity emirting
mansitions in the energy region £>1.86eV. However, shon-
wavelength shift with £ rising up 1o E, for indirect free
exciton. superlinear dependence and narrowing beginning
from E>E . allow 1o assume that C-line is linked respectively
by recombination through donor-acceptor pairs [20] and by
exciton-exciton interaction (indirect excitens).

On the contrary. there might be no D-line due to joint
exciton processes remoteness from exciton transition region
and absence of stimulation even at high £ values. Short
wavelength shift with rise of E and long-wavelength shift
with increase of ume delay of registration relative to
initiating pulse show that most probable mechanism
stipulating this band must be recombination through donor-
acceplor pairs.

Thus. in the region of the fundamental absorption edge of
GaSe a1 77 K we discovered three stimulated emission

channels with § L C (é‘“C_’} geomewry respectiveb working

at various intensities of the apphied electric field. In other
words there are three mechanisms of inverse population with
different threshold voltage in GaSe.

It should be noted that intensification of the optical
specrum and strong quantum vield of various optical
intensification processes were registered which confirm the
importance of GaSe material as the coherent light source.
These results allow to suggest various methods of laser
application in lame!lar compounds.
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H.1. Abatahbov, $.Z. Cafarova, N.A. Rahimova
GaSe-NIN ELEKTROLUMINESSENSIYA SPEKTRINDS EKSITON-EKSITON QARSILIQLI TOSIRI

77K temperaturunda vo elektrik sahasinin yiiksak qivmeatlorinda kvaziikidkila lavh vanmkegiricinin stimullagmis s@zlanmasi

Svrenitmisdir.

Defektlorin konsenirasivasi ve ndmunaye totbig olunan clektrik sahosinin optik ox Cik 1oskil ewdivi Btiqameaidan asih olarag
polvarize olunmug optik spektrin ve kvant guxummin ghclonmesi ilo alagadar dlgmalar apanimigdir.
Siibut olunmusdur ki. fundamental udu]ma sarhadinin formalasmasinda iki proses-qarsthql tasinda olan defekilor va sarbast diz

va ¢op cksitonlar istirak edir.

I'.H. AbyTaambos, C.3. lwadaposa, H.A. Parumosa

IKCUTOH-IKCHTOHHOE B3AHMOIEHCTBHE B CIEKTPE

IEKTPOMIOMHHECIIEHIIHH KPHCTAJLUIA GaSe

CTIDD IHPOBAKHOS MITVUSHHE OT KBAIWIBYMEPHOI'O CIOHCTORD NOMTIPOBOIHHKS NMPH BHCOKHN THAYSHHAX YICKTPHUCCKOTD T
Hn9eHe mpi Tevuepanype 77 K. B 1MBHCHMOCTH OT KOHLCHTPALHH JedekTOR M HANPARICHHS TIPHICIATWIBASMOrO ¥ 00pailam
LIEKTPHEECROND 0.8 OTHOCHTETRHO ONMTHYSCKOA OCH C. 0CYINECTRUICHR M3MEPCHHE 10 3 CHCHHI) TIOANPH30BAHHOTO OITHYICCKEOTO CNEKTPa
H KBAHTOBOMO BRNOJ3. JoKa3zaHo HAIMMHE TPEX TPOUCCCOB YCHICHHS B O0TACTH Kpas $yHIAMCHTATLHOTO TWOIIOWMCHHA, CRXIHHOTG ¢
COBMECTHEIMH BIAHMOACHCTEHAMM 1edekTOR. CBOGOTHLN MPAMLN H HEMPAMLE ICHTOHOW.

Recerved: [2.02.02
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THE ROLE OF DEFECTS IN SCATTERING OF PHONONS IN
THE A’B® ALLOYS

M.L ALIYEV, RN. RAHIMOV, D.H. ARASLY, A.A. KHALILOVA
Institute of Physics of the Azerbaijan National Academy of Sciences
H Javid av. 33. Baku, 370143

On the base of thermal conductivities investigations the naturs of defocts in solid solution of GaSb-Ga; Te;. InAs-GaAs was analyzed in
arca 80-300K. It is shown that. the heat is mansporting by phonons in area 80-300K and the most probably centers of their scafiering are

cation vacancy and impuriny-vacaney complexes.

The present work includes an information about the
results of research of thermal conductivity (K) of solid
solutions Tn,.Ga.As (0<r<0.08) and {GaSb)g.o(Ga:Te;),
(0<x<0.,05) in temperature range of 80-300 K. Measurements
were carried out by a method a stationary thermal flow.

The temperature dependencies of thermal conductivity
{K¢T)) of solid solutions under investigation are shown on
the figures 1 and 2. As seen from figures the value of K is
reduced with increase of the second component and i1s
temperature dependence is weaken what is rypical for alloys.
In the temperature dependence of thermal conductivity the
anomalous change was observed.
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Fig.1. 2) Thermal conductivity of In . GaAs =0(1:0.1 (2x
0.02 (3 0.04 (4): 0.08 (5} versus (emperature.
b) Thermal conductivity of Ing seGay 51 AS (1) and :
Ty (g puAs (2); irradiated with electrons 6MeV
energy and dose: O - F=0: @ - F=0.5-10""e/em™:
x - F=10"e/cm™ 3 - F=1.5.10" s/’ A - F=2.10"e/om’

Soin K(7) of IngeeGagoiAs within the narrow interval
near 7~ 90 K an obvious dip is observed. The decreasing
denth of the dip in A¢?) and the shift of the temperature

corresponding 1o this anomaly to the range of high
temperatures are related with increase of the content of GaAs.
In the case of GaSb-Ga,Te; the second dip also appeared
with increase of the content of telluride.

In the investigated range of temperatures the heat mainly
is ransported by phonons.

The electrons share of thermal conductivity counted in
accordance with the Widemann-Franz formula is 2% of K,
Received results on the lattice thermal conductivity were
analyzed by the Callaway wodel. by taking into account a
probability scattering of phonons on phonons (7' =By T')
and on disorder alloy 17'=4&"). In the case of GaSb-Ga-Te;
the scattering of phonons on the vacancy doping by Ga.Te;
has been taken into account too. The value of 4 calculated
in accordance by the Klemens formula is differed of its
storing value. It is need to take into account the phonons
scattering on the other defects. It is possible, that these
deafects are the reason of the observed anomaly in K¢7). In the
compounds of A’B’ (InSb, GaAs. GaSb) the dips were
observed in AYD at 20-40K [1] and explained by the
resonance acoustic phonons scattering. At present the nature
of the centers of resonance scatiering is not clear. The
resonance phonons scartering is observed a1 comparatively
~high™ temperature in range 90-110 K in A'B’ alloys. in
contrast with the binary compounds. We assume that a nature
of this resonance center is related to complexes of impurity-
vacancy, Our investigation of thermal conductivity of
Ing wGag e As irradiated by electrons at 6 MeV energy and
2.10" e‘em® dose proved this assumption {fig.1b). As seen.
the thermal conductivity decreases with a dos¢ up 1o
10" e/em” and further increase of 2 dose leads to growth of
K. moreover A¢T) becomes weaken with the dose. The dip
in K¢ becomes more expressive with the dose increase.
The electrons part of thermal conductivity presents an
insignificant part (2%) of K. [2]. in spite of the fact that
the electrons concentration, the electrical conductivity and
the thermal power are changed with iradiation. Therefore all
these changes of K with irradiation are connected with the
scattering of phonons. The displacement of arsemic atom
interassembly under the radiation leads to the formation of
charged vacancy. The rate of migration of charged atoms and
vacancies are different. Therefore along with the
recombination the probabilin of their interaction with
impurities and defects exists. The thermal conductivity with a
dose is calculated in accordance with the Klemens formula
[3]. assuming that the concenmation of vacancies is
propotticnal to a dose of radiation:

K=K;[I-few'arp ) arcid (@p/awn)] .



where e~y =kg2m vKiopd . K, is a latice thermal

&4 conductivity, @y, is a Debay frequency. v is a sound velocity.
g In spite of fact that the change of thermal conductivity.
¥ conditioned by scattering of phonons on vacancies is more,
El than on arsenic atoms (at T=110K F=10"efcm’,
2 1. AK,=0.024W /cmK and AK=0.05 wicmK) their sum is atmost
a3} o twice less than resulis observed in experiment  (AK). Tt
Y, means that a1 irradiation by fast electrons in InGaAs besides
",. primary point defects the significant number of other defects
e, probably compiexes with vacancies participation arise. The
‘e, role of complexes of impurity vacancy is evidently seen in
. KA(T) of solid solution of GaSb-Ga.Te; (fig. 2). As known in
el § . this alloy bv increase of weliuride content the process of
substitution of antimeny by tellurium with the formation of
cations vacancies and complexes occurs: vacancy — atom of
> Mo Te and vacancy — 2 atoms of Te.
o -, The existence of two dips in K¢7) probably indicatives to
8t e the scattering of phonons on both types of complexes.
3 :B%m oowm i
ol g
3 U T— . ,
1% » 9 TX .
Fig 2. Thermal conductivity of (GaSbs,)Gas Tes) (x=0.01 (1%
0.03(2)
[11 N.KS.Gaur, C.M.Bhandari. G.S.Verma Physica 1966, [3]) MIAlvev. Kh.A.Khalilov, ShShRashidova. DAN
26, p.1048, Azerb, 1983, 1. 44, 37 p 31,
[21 K Guckelsberger and A.Brigss. J.Phys.C. Solid State [4] G.d Ratsifaritana P.G Kiemens. Phonon scattering in
Phys. 1675, v. 8. L 195, condensed matter. New York. 1980.p.259-262.

M.I. Oliyev, RN. Rahimov, D.H. Arash, A.D. Xalilova
A3BS ORINTILORINDD DEFEKTLIRIN FONON SOPILMOLIRINDOKI ROLU
GaSh-Ga-Tey . InAs-GaAs bork mehlulunda 80-300 K boliminds istilikkegincilivin tadgiqi ila defeklorin tabieti aragdinimasdir.
Géstorilon temperatur baiimanda istilivin asasan fononlaria dasinmas: ve onlarm bark mehlukiak: kation tipli vakansiyalardan va
agqar-vakansiva komplekslorindon sapilmasinin Gstinlik teskil etdivi gostorilmisdir.
M.H. Aaaes, P.H.Parumos, JLT. Apacas, A.A X082
PONL AELEKTOR B PACCEAHHH ®@OHOHOB B CTUIABAX HA OCHOBE AR

Ha ocHoBe #ecaeA0BAHNT TeTITONPOROAHOCTH B UHTepRATe TeMneparyp $0-300K npoananuivpoBaKa OpHpo1a JedekToR B
Teepmux pacTeopax GaSh-Ga;Te; H InAs-GaAs [Moka3ano. MTO B HCCReXyeMOM HHTEpEANE TENNEPATIP TEMIO B OCHOBHOM
NepenocHTe GOHOHAMH. W HanboNee BEPOSTHRIMH UEHTPAMH HX PACCEAHWA SAMNIOTCR KaTHOHHHIC BAKAHCHH H NPHMECH-
BAKAHCHOHMLIE KOMTUIEKCH.

Received: 28.12.01
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NON-MINIMAL INTERACTION AND SPECTRA

OF IMPURITY STATES FOR LIGHT CARRIERS
IN KANE'S SEMICONDUCTORS

A.M.BABAYEYV
Institute of Physics of the Azerbaijan National Academy of Sciences

H. Javid av, 33. Baku. 370143

The ¢nergy spectrum of impurity states is calculaled for Coulomb potential in Kane's ppe semiconducions using nof-minmsal interaction

way.

The solutions of Dirac equations with minimal and non-
minimal imeractions terms were investigaled in [1-4] by
transforming relativistic equation into the Schrodinger like
equation. 1t was shown [1] that if one makes a non-minimal
replacement

P~ p—ifmai ()

in Dirac equation, where £is a diagonal matrix with elements
zl. it can be tansformed imto the Schrodinger oscillator
equation with parabolic potential and additional constant term
the nature of which is connected with spin-orbital interaction.
It was shown in [3] that in the case of Kane's equation the
non-minimal substitution of the form (1) also leads to the
Schrodinger equation with harmonic oscillator potential.
Other examples of non-minimal substitutions were
considered in [6-7]. Non-minimal substitution ¢f the form

- - ., F

p>p-if— (2)
in the Dirac equation leads 1o the Schrodinger equation with
Coulomb potential. In this paper the same investigation was
carried out for the Kane's equation describing the spectra of
the elecuons. light and heavy holes. and the spin-orbit
splinting valence bands for the A’B® type (InSh, InAs. GaAs
and etc.) semiconductors. in the ecight-band Kane's
Hamiltonian the valence and conduction bands interaction are
1aken inte account via the only marix element P (5o called
Kane's parameter). The sistem of the Kane's equations
including the nondispersional heavy holes band has a form

[8-9]:
(a-k-P+8-G-EN =0 3)
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10 0o 0 0 ¢ 0\ Firi¥(@ . Acting on the equation (13) with an operator L.
61 0 0 0 06 0 O and using the commutative relations for operators L. L. we
obtain the expressions for £_y. The substinstion of the
@0 -1 0 0 0 0 0 obtained value for L - into the equarion (12) gives two
= o 6 0 -1 0 o0 0 0 (3).  equations for Fir):
oo o o0 -1 0 0 ¢ B B . I
o0 0 ¢ 0 -1 0 0 (A-Z—-T—(I+}-)]F(r)=0 (15)
00 0 0 0 0 -1 0 T |
oo o 0 0 o0 o0 -1} Afier substinuti on of the values of .4 and B from (14) the
¥ : equation (15} can be rewritien in the form:
¥. : |
: d 2d ki+l
lP, [F'l- ‘#—-( N )+2;”(E'+£]]F(r)=0(lﬁ)
¥, ©) r r r
1.
¥, where .
¥, E(E-E,NE+A4) 3 n #w'ZX
¥ L= = (1n
- 3E+24 P 2m, 2m,
\PSJ
E. is a band cap energy. A is a value of spin-orbial spliting A i
and sapenersy P P N=- LI—3EA2A[3-£”+%)D (18)
k ==V (10) . +
We substitute The sehrtion of (16) reads [13]:

- - F
k> k-idf—. A Fp)=p'ep(~L)F(-n+1+121+2:p). (19

in Kane's system of equations. Expressing ali components of

- - ?, 7 1 ; 3 1
the wave function by the first two we obtain: Fi-n+i~{ 2+2 p is a confluent hvperzeometric function.

n-{-1=p must be positive integer or zero and

.4—£L.]'PJ,—£LJP,=O (12) 2| 2mFE
rit rh - p=— —Tr (20)

h
[A+—B—L_)\".—£L ¥, =0 (13) The energy spectrum is determined by an expression:
rh ") rkh T .
- P(3E+24 22 EE_%M; @D
A=E£—E+——HE—+.—»)~(—V"+A"+———). "
) A+ EJE r The Kane's parameter P is connected with effective mass
> PlAd m,in a usual way:
“TEa+E) (1
-+ 2
J P 3 E(E +A4) o)
2m, 3E +24

I,=L td,.

Substituting the values of £°. N, and P consequenthy from
L, L. L. are angular momentum operator components. The  equations (17). (18) and (22) into (21} one can obiain the
spherical symmetry of this problem gives the possibility 10 equation:
express the solution of the differential equation in the form

E(E-E NE+d) 3E,+24 WA __ WA (, _ 4 [1 (1 I]]Tl
2

. == —| 7~ —* — (23)
JE+24 E(E +4) 2m, 2mna’\ 3E+2A\2 "

It is seen from (23) that the energy of impurity states depends I The firs. when spin-orbital spliting is small in
on two quanium numbers » and / This means that the comparison with the energy gap (A<<E,). wkes place in all
degeneration on quantum number [ is removed. Let us  GaAs type wide band semiconductors, Then the equation (13)
consider two limiting cases. can be reduced 10 the form:



A M. BABAYEY

E(E-E A
{ “)zh)’(}--‘-’:—)
E 2m -

£ " n

(24)

For shallow acceptor states (E>0, E<<E;) it can be
obtained from (24):

A A
e e (25)
2m, 2m,n

It is seen from (25) that the impurity states is connected
with light carriers and has hydrogen-like specuum. If one

. Ze'm
choose the value of 2 in {11) in the form A = h:" where
¥

1 is the static dielectric constant of the medium and Ze is the
charge of the center then the equation (23) tums into the
solution of the Shredinger equation with the Coulomb
potential shified by (Z'¢’m, 2y’H"). Further we shail not
consider this constant term in (25).

The equation (24) takes into account the non parabolicity
of light carriers specira too.

The second. when spin-orbital splitting is strong {(4>>E).
which takes place in [nSb or InAs. In this case the equation
(23) wansforms in to the form:

E(E—Eg)z_z-e‘m‘,, f—-i{f-:[HiD
E 2rh 242 2

£

(26)
It is easy 1o obtain from (26) for the acceptor states (>0,
E<<E,):

E:=Z'e‘m‘" (3?(2I+I))'i1 a7
2y - 16 n

The ground state energy (n=1. [=0) reads:
1,4
E =22 (28)
Iy h

Spectrum of donor states. which are placed below the £,
can be obtained by the same way.

The problem of impurity states in Kane's type
semiconductors. when Coulomb potential have been
introduced into the Shroedinger equation by a standard way
through the scalar potential was considered in [10-12]. As it
was shown in these works there are two types of acceptor
states in GaAs type cnvsials, connected with the valence
bands. The first type states are connected with the heavy
holes zone and described by the hvdrogen-like spectrurn. The
second type states are due to the zone of light carmiers and are
described by the Dirac type spectrum. In InSb-iype crystals
the impurity states always are of Dirac-type.

We have shown in this paper that if one introduces
Coniomb potential by non-minimal wayv then in Kane's model
wo types of solution are obtained depending on the value of
spin orbital-splitting. For E<<E, we have the usual hydrogen
like specrum as for donor and as for acceptor states. the last
being connected with the zone of light holes only. In the case
when (4> >E, the degeneration in orbital quantum number {
is removed. However. in both cases the ground state energy
have the form comresponding 10 the solution of the standard
Shrodinger equation with Coulomb potential. This result is in
accordance with the obtained earlier solutions for Kane's
Hamihonian which describes the spectrum of light charged
carriers [10.11] .

The author thanks F. M. Gashimzade and O.Z. Alekperov.
for the useful remarks and discussion of results and
E.Djafarov for attraction of his atention to works [6.7].
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AM. Babayev

QEYRI-MINIMAL QARSILIQLI TOSIiR V3 KEYN TIPLI YARIMKECIRICILORDS YONGUL
YUKDASIYICILARIN ASQAR HALLARININ ENERJI SPEKTRLORI

Keyn tipli vanmkegiricilorde Kulon potensiali u¢un agqar hallann enerji spektrlon gevri-minimal garsiiqh tesir metodu ile

hesablanmagdir.

A M. baGace

HEMHHHM

§OE BSAHMOAEHCTBHE H CTIEKTP IPHMECHBIX COCTOSAHHH

JEFKHX HOCHTEJEM 3APSJA B KEHHOBCKHX NOJIYTIPOBOAHMKAX

e

MeToZoM HEMHHHMATLHOTO BIANJOICHCTRHA DACCUMTEH SHCPTCTHUSCKNA CTKKTP MPHMECHSN COCTOSHHIL CRNTAHHAIX C FY HHOBCKHM

NOTEHUMAIN B KeHHOBCKHX TOT TIPOBOSHHEAX.
Received: 10.12.02
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CORRELATION EQUATIONS of IONIC HYDRATATION in IONIC
GROUPS of s-,p-d-ELEMENTS

M.M. ASADOV
Institute of Physics of the Azerbaijan National Academy of Sciences
H. Javid av. 33. Baku, 370143

A connection between thermodynamic parameters of dissolution of ions in a solution is considered. In four groups of tons with the same
electronic configuration the equations of correlation between enthalpy hyvdratation and ionic radii of hydrated ions are received.

During dissolution of substances there is an interaction of
the dissolved substances to solvent. The re ceived products
during dissolution form solvates. If as solvent water is used
hydrates are formed.

It is possible to present. that a connection in hvdrates is
carried out as a result of two comnected interactions: a) an
electrostatic  interaction between polar molecules of
substances: b) an imeraction owing 1o occumrence of
hydrogen connection. Hydrogen connection realized berween
two atoms also has donor-acceptor character. Depending on
system under investigation an energy of a hvdrogen connection
1s 840 k)/mole.

Two uncoupled electrons and a polarity of water
molecule play an important role during dissolution of
substances in water. Molecules of water are represented by
four poles of charges. These charges are placed on vertices of
2 terrahedron: wo positive and two negative. The hydrogen
connection between molecules of water together with an
elecrostatic amraction of electric dipole moments define
properties of water.

In ionic crystals connection is caused basically by
electrostatic interaction of opposite charged ions. lonic
crystals  being dissolved in water form electrostatic
associates. Owing to dissolution of crystals at first there are a
destruction of its crystal lattice and creations of ions. and then
hydration of these ions takes place. Ar disselution polar
molecules of water can be considered as electric dipoles.

Dielectric permeabiliny of water ¢ under standard
conditions is high and equal to £=78.47. Value of ¢ is higher
only for several liquids. for example for cvanhvdrogen acid.
For temperature dependence of dielectric permeability of
water proceeding from experimental dawa [1] we have
received: £178.5-0.3 T. Here 1=273-373 K. The coefficient
of comelation p calculated by a method of least square. is
equal 10 -0.9967.

Change of Gibbs energy of dissolution process is
determined from the equarion

AGgs= AH i TASgis . (1)
where AH ;. and ASs, are enthalpy and entopy of dissolution
accordingly.

Value of 4Gx, which characterizes a change connected
with removal of an ion from vacuum and put in solvent. can
be estimated from Born equation:

T

)
2r, £

where N, is Avogadro number; Ze is a charge of hydrated
ion:

r, is ionic radius: ¢ is diclectric permeability of solvent. In
any environment £>/.

From (2) it follows, that 4G <0, Value of A4G,, should
become more negative for ions with smaller radius and the
big charge in solvents with higher dielecmic permeability.
Values of 4G, received from equation (2) at 298 K are in
the agreement with the experimental data.

Value of AH,, of ionic compound can be determined as
follows:

AH gy =AH1,_|M+AU lar - (3)
where AH,, ., is enthalpy of hydrated ion. AU, is ¢nergy of
destruction of a crvstal latice of compound .Here AH), 4., <0:
AU g>0.

Value of Ay is determined by a change of heat a
wansition of one mole of ions from vacuum into water
solution. From formula (3} a total value of AHpum, of
hydrated cations and anions in a solution can be determined.
Hydration enthalpy of anions (cations) of binary compound is
determined from expenmental data for AH,. for cations
(anions) of the same compound.

From (3) it follows. that for differemt compounds AH,
can have various signs. Enthalpy of dissolution of ionic
crystals in water at 798 K usually has a negative sign. For
some crysials in water AH,.>0. for example for CaCly6H.O.
NH,CL NaCl. Na:SO, 10H-O [2].

Yalue of hydrated ion depends on its charge and ionic
radius. Cations are hyvdrated stronger. than anions of similar
charge. It is caused by the fact that positive arca of a water
dipole is focated in space less compacily, than negative area
of a dipole.

Absolute values of AH), 4, of hydrated ions are increased
according with increase of ions charge. In groups of ions with
the same electronic configuration with increase of ion radius
absolute value Ay ., of this ion decreases.

Dependences such as AHpun,= fir.A) for different groups
of ions are processed by a method of least square. As the
initial data we used AH,, ., 22/and ionic radii r¢4) [2. 3] for
the following groups of wns with the same electronic
configuration:

Li”.Na". K" Rb". Cs" (I): Be™. Mg™". Ca™".
S Ba” (II):
s, Y. Latamy: F-.CI-.Br-.I" V)

In the mble the obtained equations of cormelation
AHy go=ar{4)-b are given(where a and b are constants) for



)

MM, v 7

the groups (IHIV) ions with the same elecoonic square are characierized by high coefficients of linear
configuration.  Dependences between the indicated correlation.
parameters of hvdrated ions received by a method of least

Table.
The correlation equations for number of jons with the same electronic configuralion.
> Number of lons Comelation ¢quarion Coxflicient of comclaiion p
(h«IV) AH stk moles= a ridr-b
Li.Na K. Rb.Cs 249 723 0.9869
Be. Mg . Ca™ .S . Ba™ 1247 1. -3029 09778
S Y L 1837 1_ -5606 0.9936
F.ClU.B .l 150 ¢ 784 0.9921
[1] LT.Goronovski J.P. Nazarenko. E.F. Necratch. Brief chemisay. M.Chemisy, 1981, p.138.
chemiszy directory. Kiev, Naukova Dumka, 1974, p. 767. [3] Ch Kinel. Inmoduction to Solid State Phivsics. Trans.
[2] M.H Karapeiiants, 8.1 Drakin. General and inorganic from En. M.Science. 1978, p.144.
M.M. Osadoy

$-, p-, &- ELEMENTLORI IONLARININ HIDRATLASMASININ KORRELYASIYA TONLIKLORI

fonlann su mehlulunda hall okmas zaniam termokimyavi parametrdar arasindakn alagoaler arasdintmgdir. Evni tipli elekuron
konfiqurasivasma malik olan s-, p-, d- clementleri ionlan d¢un korrelyasivalar tapibmngdir. D8nd qrup ionlar G¢iin korrclvasiya
tanliklan abmmigdir. Hidratlasma entalpiyas: vo hidratlagan ionlann radiuslan arasinda empirik asthhglar tovin edilmisdir.

M.M. Acaaor

KOPPEJITUHMOHHBIE YPABHEHHSA FHAPATAUHH B MOAIPYTINAX
HOHOB s-, p-, d- JIEMEHTORB

PaccNOTPeHa CBA3L MEKTY TCPMOIHHAMHYCCKHMH MAPANSTPAMH PACTROPCHMS HOHOB B PacTBOpE. B deTwpeX nomrpyminax Houos - .
P . dv ATSMEHTOBR. ¢ OIHOTHIMON NICKTPOHHOH KOHPUVPALNCH METOIOM HANMEHLIDHX LBAIPATOB NOTUCHE! YPABHEHHA KOPPE LN,
VCTaHORTCHA CRITH MEKTY IHTATRNMEH MUIPATAIHHE B HOHHLMH DLIHVCANH MUIPATHPNCMEN. HOHOB.

Received: 23.01.02
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THE STIMULATION OF MULTIPLICITY OF THE LIGHT TO DARK
CURRENTS RATIO IN PbGa;Se, SINGLE CRYSTAL

B.G. TAGIYEV, N.N. MUSAYEVA, R.B. JABBAROV
Institute of Physics of the Azerbaijan National Academy of Sciences
H Javid av. 33, Baku, 370143

The volt-amperecharacienistic of PbGa.S¢, single crvsials in the darkness and under the illumnination 200 Ix has been investigated in the

broad interval of elecuic fields.

The stimulation of mubtiplicine the light to dark currents ratio at 200 Ix has been revealed. h has been established that deep levels of the
crvstal are filled with the itlumination increase. in the consequence of what the height maximum in dependences of the light 1o dark cumrent

ratio multiplicity on voltage (A~{") reduces.

The family of triple chalcogenide compounds. with the
common formula A"B,"'C,'' (where A-M. Pb: B-Ga. In: C-
Se. 5) belongs to the perspective semiconductive materials.
which at present has studied in details in physics and
technology of semiconductors.

Crystais on the base of above-mentioned compounds.
possessing expressive photoconductive properties. are the
perfect base for the creation of light-emitting and electro-
photographic devices. solar elements and other converters.

PbGa;Se, compound. belonging to this family, is
photosensitive in the broad spectrum region (0.400+1.200um).
Photoconductivity (PC) specra at various applied electric
fields. the temperature blacking of the photocurrent (TBP),
PC kinetics and 2tc. [1] have been investigated in PbGa,Se,
crvstals in works published earlier.
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Fig. I. Volr-amper: characteristic of PbiGa, Se, single cnvstal
in the darkness (1} and under the illumination 200 Ix (2).

PbGa,Se, single crvstals. obtained by the Bridgman-
Stockbarger method. are high-ochmic semiconductors

(0~10'°+10""ohm-cm). Direct and indirect optical transitions
of E=2.28¢V and L, =2.35eV energies corresponding to
300 Ix [2] have been revealed as a result of optic research in
the interval of the photon energy 2.24+2 46eV.

As it is known. the multiplicity of light o dark currenis
ratio is one of the main characteristics of photosensitive
onsstak. Authors of works [3-5] have worked ot the theoretically
based methods of experimental photocurrent curves analysis.
based on approXimations in the constant field regime.

Experimental research has been carried out on the device,
assembied in monochromaior MDR-12 base. Samples have
been illuminated by the filament lamp.

Voh-ampere characteristics (VAC) of PbGasSe, in the
darkness and by illuminations 200 1x are presented on fig.1.
As it is scen from the fig.. the dark current grows sharply in
weak electric fields and the linear part is observed on VAC
by the illumination at the same field values. The sharp
increase of the dark current up t0107'°A is connected with the
contact surface barrier creation in the sample. included in the
locking direction. The bamrier breakdown in the consequence
of the impact ionization in the volume charge region occurs
as a result of the linear increase and electrons are injected
into the space from the contac.

2.0 1
!
\
VoA
a 144 \. :'\ :r?
LN /
~ Vo ;
10 \_\-./)::"x _:"’. e
‘-.. I
b4
| V
osd

w 1
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Fig.2. The dependence a on U in the darknwess (1) and by the
light 200 18 42). (1) — gy =6 10° em” : D, =610 : &=
=11-107 e =078V mp =2.6-10" con™; (1) mgp =
=6 10" e : D, =6-107 1 ;= 1.1 107 cm: A0=0.T8eV:
R =2.6 10 e : =122 10°A: pyie= 3.88-50"cm ;.
(2= m=22410"cm™.
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The sublinear part with the degree value 0<a.</. which
characterizes the constant field regime on the intercontact
layer. is observed on the curve at the further voltage increase
(fig.2. curve 1). Using the minimal value a, =0.67. the initial
contact concenmation n the effective wansparency of
contact barrier B,”, contact barrier d; width have been found
[6.7):

N
As=kTin— m
Ry
where
N = M] = 10V om™ [&L]
: h m 300K

is the effective density of states in the conduction band.

The minimum possible coniact conceniration and the
current intensity determining the decay limits of the contact
emission in the monopole injection regime, are calculated by
formulae:

F
(72 ) s =[2-——-a"—-]ex Ji-a, )E.V._ )

j-Jl-a,

L, =2-JT—a, JerlyT-=, ). 3)

A junction from the linear part to the sublinear allows to
estimate the contact density of the spatial charge | ge | :

3 4

R.B. JABBAROV

Here I, is the initial value of the volage of e} function
decay point from the unit. The jump (gar=1.7. Uun=42.5V.
[os=1-10"A). is observed on the light in dependences a~U
(fig.2. curve 2): and current increase with the voltage occurs
in strong fields. The maximal value .. has allowed 10
determine some important crystal parameters [§]. including
anode concentration — -

nk <202 1=t )
a,+1 eulV S

The stimulation characier of the dependence of the light
10 dark currents ratio multiplicity on the applied volage is
perfecily illusirated on fig 3. The multiplicity reaches Kop
=5.107 by the light 200 Ix. Deep levels of the crystal are filled
with the illumination increase and by this the maximum
heighn decreases:

e
i

K !

683 4 '

o0 ';
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0 ;\ > . ;s
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\'-. . ./ g e
0 4 \\_\__. $
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Fig 3 The dependence Kon U
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B.Q. Tagivev, N.N. Musaycva, R.B. Cabbarov

PbGa:Ses MONOKRISTALLARINDA 151Q CORDYANLARININ QARANLIQ CIRIYANA NISBOTON
STIMULLASMASI

TORTIBININ

PbGasSes monckristakllanmin qaranhgda v 200 1k isiqda va genis elekirik sabo intervahinda voli-amper Xarakteristikalari 1adqiq

olunmugdur.

fsiq coravamin qaranhq cereyana nisboten tertibinin stimulyas

ivas: 200 lk-da misabide olunmugdur. Miayvan olunmusdur ki.

isiqlanmanin artmas: il kristahn darin savivyslari dolur, naticada o i1q coreyamimn garanhq corsyana nisbolon tertibinin

gorginlikdaa asihbiinda (&~ () maksimumun hindiirliyd azalw.



THE STIMULATION OF MULTTPLICITY OF THE LIGHT TO DARK CURRENTS RATIO IN PbGaSe, SINGLE CRYSTAL
B.I'. Tarwes, H.H. Mycaesa, P.B. Ixxffapor

CTHMYJIALUHA KPATHOCTH OTHOUWEHHA CBETOBOI'O
TOKA K TEMHOBOMY B MOHOKPHCTAJLIE PbGa,Se,

HeceaosaHa  BOIBTAMICPHAN XAPAKTCPHCTHEE MOHOKPHCTALIOB PbGa:S¢; B oMo npw oceenxmmocTH 200 IX B WIMpOKOM
HHTEPBANE SICKTPHYSCKIN [oaeil.

O0HAPY%CHA CTIOYIALNA KPaTHOCTA CBETOBOTO TORA K TEMHOBOMY TIPH 200 k. YCTAHORICHO. YTO ¢ VB THICHHEM OCBSICHHOCTH
rAVOOKNHE YPOBHY KPHCTALIA 3ANOTHEIOTCA. B PE3)Y.IbTATC METO YMCHBIIACTCN BLICOTA MBKCHMYMA Ha JABHCHMOCTH KDETHOCTH OTHOMCHAS
CBSTOBROIO TOKA K TEMHOBOMY OT HanpOkcHua (A~ 1),

Received 20.11.04
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HEAT CAPACITY AND THERMODYNAMIC PROPERTIES OF TICoS;

M.A. ALJANOYV, EM. KERIMOVA, S.1. MEKHTIEVA,
M.D. NADJAFZADE, S.G. SULTANOV, GM. AKHMEDOVA
Institute of Physics of the Azerbaijan National Academy of Sciences
H. Javid av. 33, Baku, 370143

This paper deals with the investigation of the hear capacity of the ferromagnetic compound TIC0S- in the 1emperature interval 55-300K.
It is shown that behavior of the magnetic pan of the heat capacity of TICaS, is characteristic of for quasi -low -dimensional magnets. There
have been calculated thermodymamic parameters of changes of TICaS: entropy and enthalpy on the temperarure dependence of the heat

capacity.

In paper [1] there have been synthesized and investigated
some physical properties: structure, magnetization and
paramagnetic susceptibility of TICoS. compound. It is shown
that TiCoS, crystallizes as the hexagonal structure (¢/a =6)
and is the low-dimensional ferromagnetic with the Curie
temperature 112K, Study of influence of space and spin
anisotropy on the behavior of the magnetic heat capacity. and
also on the behavior of the phase junction in the ordered state
15 of greal interest.

In this paper we measure heat capacity of TICoS.
compound in the temperature interval 55-300K and calculate
main thermodvnamic parameters (change of entropy. enthalpy).
Hear capacity is measured by the adiabanc method [2]. By
measurement of the heat capacity there have been used
samples. which were synthesized and studied in work [1].
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Fig.1. Temperature dependence of the heat capacity of TeCoS2:
» - experimental points, x - caleulated. - - lattic2 and
__ - magneto — pans of the heat capacin.

In fig.] the temperature dependence of TICoSy heat
capacity is shown. As it is seen in the dependence CiT)
pronounced A- anomaly has not been obseved. In the region
of 118K there have been observed the minor anemaly. which
apparently is connected with the magnetic junction. It was
impossible to determine critical parameters of the magneric
phase junction because of the small anomaly. Temperature.

corresponding to this anomaly is close 10 the temperature of
the three-dimensional junction defined from the
magnetization in work [1].

To isolate 2 magnetic conribution o a heat capacity of a
magnetically ordered substance. as a rule one can choose
such a nonmagnetic reference compound whose heat capacity
and is temperature dependence are close to the lawice
contribution to the heat capacity of an investizated magnetic
substance. We could not find an isoswructural diamagnetic
compound for magnetic heat capacity liberation because of
the deficiency of necessary data. Therefore we used TICTS.
compound. having the like structure with THCoS,.
Temperature dependence of TICrS. lattice heat capacity is
described by V.V. Tarasova formula [3] with the Debve
temperature 8- =342K and 4; =103K (data on TICrS. heat
capacity is in the press). We note. that in spite of Tarasov's
mode! simplicity it is used for description of the lattice heat
capacity of laminated and chain magnetic compounds with
less number of adjustable parameters in the region
Ciu>>Coyy We used the method of comesponding states [4)
with r =1.022 for calculation of C.. of TICoS, as compared
with TICrS.. Obtained lamice (broken line) and magnetic
(solid line) heat capacity (Cuy,=C. C..) of TICOS, are
presented in fig. 1. As it is seen. the magnetic heat capacity
has wide maximum at 7. .»=118K and approaches to zero
above ~ 180K. The presence of wide maximum with high-
temperature line on the curve Cos7) above T, is the
charactenistic featre of the magnetic TICoS, heat capacity.
Such behavior of the heat capacity is charactenistic of quasi-
wo-dimensional systems. Below ~180K the compound
TICoS, apparenily passes w the three- dimensional magnetic
ordering connected with to distant orders. i.e. THKoS.
becomes the to three- dimensional magnetic. There have been
observed the contribution of the close order to the heat
capacity at higher temperature.

Magnetic energy and enropy. calculated with integration
Cusand Cu T are equal 1o A= 154.6 J/mol. AS.,= 1.41
Jmol K. respectively.

In paper [1] by investigation of magnetic properties and
based on the laminated swructure authors come to the
conclusion that TiCoS: is the low- dimensional magnetic
with the ferromagnetic ordering. Magnetic susceptibility of
low- dimensional magnetics also has specific  displays
different from three - dimensional systems. Dependence yfT)
is described by Curie-Weis law in the range of high
temperatures. With the decrease of the temperature 17) has
the wide maximum connected with formation of the close
order [3]. However such behavior of the susceptibility is not
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observed for TICoS, [I). We note that using the Gudenaf
model based on competition between direct cation-cation and
indirect cation-anion exchanges. authors of paper [6] wied to
explain the two-dimensional ferromagnetic behavior of the
ordering in TICTS.. Complete swructural data are necessary for
application of the similar explanation in case of TICoS..

On the base of the temperature dependence of the heat

Table presents values of TIC0S, en

NAMIC PROPER OF TIC

capacity there have been calculated thermodynamic functions
(change of entropy and enthalpy of TIC0S,) in the range (-
300K. Below ~ 55Kthe value C/T? was calculaied on the
Debay law, Then the value of the Debay temperature was
found on the experimental vatue of the temperature at ~ 60K.

v and enthalpy change.

T.K 30 100 130 200 250 300
$rS, JJmolk | 2882 | 6238 | 9488 [ 1200 | 1406 | 1379
HpHyJJmol {0748 [ 3.354 | 7240 [ 1160 | 16.23 | 21.01

(1) RZSadikhov, EMKerimova Y,G. Asadov, RK Veliev.
FTT. 2000. V. 42, Ne8. pp. 1449-1450.

MA. Aldjanov. N.G. Guseinov. G.D. Sulianov.
M.D.Najaf-ade. Phys. Star. Sol. (b) 1990, v. 159,
N2, p.107-110.

1" Tarasov. Problems of glass physics. Moscow.
Gosstroyizdat. 1979, p. 256.

£

[41 R Chisholm. J. Stout. ). Chem. Phys.. 1962. v.36.
N2, pp. 972-979.

[5] M. Steiner. J Villain, C.G. Windsor. Adv. Phys..
1976. v.25. NeZ. pp. 87-209.

[6] M. Rasemherg, W. Knille. ). Phys. Chem. Sol.. 1982.
v.43. Ne2. pp.87-95.

M.A. Alcanov, E.M. Karimova, S1. Mchdiveva, MLD. Nacalzada,
S.G. Sultanov, G. M. Shmadova

TICoS, -NIN ISTILIK TUTUMU V3 TERMODINAMIX XASSOLORI

fsda 53.300 intervalinda T7CoS; ferromaqnit birlesmasinin istilik tutumu tedqiq edilmidir. Goswarilmisdic ki. 72CoS--nin magnit
istilik wutumu kvaziasag GlGils magnetiklere xas olan gedise malikdir. Tstilik tutumunun redisine asasan TICoS—nin termodinamik

parametriori entropiva ve entalpiva hesablanmugdir.

M.A. Annasnon, 3.M. Kepumoga, C.H. Mextiees. M.Jl. Hanxadgsane,
C.I'. Cyamauor, .M. Axmenosa

TEILIOEMKOCTDb H TEPMOJHHAMHYECKHE CBOHCTBA TICoS;

B pafoTe HCCICI0BAHA TEILIOCMKOCTE (EPPOMATHHTHOTO COSTHHCHMA TiCas: B Aurepaak 55-300K. [loxkazano. 910 MOBCIEHHE
NAFHHTHON YacTH TEI10eNKocTH T7C0S: XADAKTEPHO 119 KBATHHHIKONCPHAIX MarHeTHkoB. Ha TeMIKpary RO 3ABHCHMOCTH TELI0CMKOCTH
BLMHCICHE! TEPMOTHHAMHYCCKHE HapaneTPhl H3IMCHCHHA SHTPOIHH H SHTLTHIIHH TICaS-.

Received: 12.02.02
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PHOTO-, ROENTGEN-SENSITIVITY AND ROENTGENOAMPERE CHARACTERISTICS
OF TlInSer- TISbSe; SYSTEM SINGLE CRYSTALS

E.M. KERIMOVA, S.N. MUSTAFAEVA, S.1. MEKHTIEVA,
FIRUZA M. HASHIMZADE
Institute of Physics of the Azerbaijan National Academy of Sciences
H Javid av. 33, Baku. 370143

The influence of composition of Tlln..Sh.Se: solid solutions on photosensitivity and roenigendosimetric  parameters  was
investigated. Tllng weShy o S¢; single crystals had the highest value of roanigen-sensitivity (K,): for example. ar dose £=0.73 R/min and

"effective hardness” L,=25 keV K, was equal 10 0.278 min/R.

The studv of roentgen-ampere characteristics of TIn, Sb.Se. single crystals showed that dependence of roenigen-current {(Af; o} on dose
of x-ray (F) is as follows: AJp o~£7 1t was shown. that a1 In—Sb substitution the cocfficient & increases, For example. in Tlng 00eSby gar Se:
@=0.96+0.46. but in THng s Sbg pusSes =§.70:0.60 ar L,=25—50 keV.

Obtained results show. that ¢rvstals of TllnSe,- TISbSe; system can be used for the production of roentgendetectors.

Search of new semiconductive matenials is one of the
cardinal problems of modern solid state physics and
crvsuallochemistry. Revealing of new materials along with
the extention of scientific knowledge opens the new
prospects: as a rule new substances especially with chain-
layered structure show new properties and promote to the
solution of new technical problems. o

Among chain-layered semiconductors of 4'B°C:® (4-TL
B-In. Ga: C-S. Se¢. Te) the TlnSe: group is the most sensitive
to visible and roentgen radiation. Their photoelectric and
roentgendosimetric characteristics are described in {1-8].

In [1] there have been studied influence of Ag. Cu and Sn
on photoelecmic properties of TllnSe; single crystals. In
[2.4.5) results of intercalation influence by Li ions on photo-
and roentgen conductivity of TlinSe, have been presented.

The aim of present paper is 1o meat influence of partial
substitution of In ions in TlInSe; by Sb ions on their phote-
and roentgendosimetric parameters.

TISbSes wide-band crystals are differed by high
photosensitivity and because of character of chemical bond
due 1o pronounced lamination are rather interesting objects
for study [9-13].

TlinSe> and TISbSe; compounds are synthesized from
initia} materials of T1-000: In-000: Sb-000: Se- 000 by direct
component melting taken in stoichiometric relation in
evacuated up to 1.3 10" Pa and sealed quartz ampules. For
TISbSe, production we increase furmace temperafure up to
$78K_and hold melt for 5-6 hours with continuous vibration
and further slow cool it up 10 annealing temperaiure. As
TISbSe, compound undergoes structural phase transition at
653K it is annealed at 693K and 573X for 200 hours.

TlInSe~T1SbSe, cutting alloys are prepared from prelimmary
synthesized compounds TlInSe; and TISbSe; by heating in
evacuated ampules not above 1123K with the use of vibration
mixing. Annealing is carried out at §93+773K for 240 hours.

Obtained samples have been studied by differential-
thermal (DTA) and roentgenphase (RPA) analyses. There
have been used Pe/RA-30/6- thermocouple at DTA, temperature
determination accuracy is 23K. RPA has been catried out on
DRON-3 installation in Cu,, radiation. There have been
grown TIlin,SbhSe; single crystals by Bndgemen-
Stochbarger method at x=0.001: 0.003 and 0.0045. Grown
compositions have high degree of monocrystalline and
splitting along the direction (001) into thin needles.

Monocrvsalline  samples are used for swdy of
photoresistive properties. TlIn,..SbySe: crystals have p-type
conductivity. Contacts are applied by /n meling on splitting
surface and provide ohmage voli-ampere characteristics
(VAC) up 1o electric intensity < 200V/cm. Indium comtacts
are differed by swability and provide high measurement
accuracy of photoelectric parameters of TlIn, Sb,Se:
crvstals. Electric field is applied along the direction (001).
and nonmodulated radiation flow is headed perpendicular to
spall ptane. Measurements are carried owt at 300K. and
voltage is taken within linear (ohmic) section of VAC. After
measurement of speciral characteristics of photocurrents
there have been cammied out a compensation of light flows in
quantum number with graduated germanium photodiode.

In Table 1 there have been presented values of resistance
relation in darkness and light 200 lux for Tlln,_ SbS¢- single
crvsials {(R/R) a photon energy corresponding to
photocurrent  maximum  (hymg). also average values of
integral photosensitivity (Saw).

As it is seen from table | samples of mixed crystals have
high sensitivity in intrinsic absorption band.

By increasing x from 0.001 up to 0.0043 the raton Rs/R;
increases from 1.8 up to 937 High values of integral
photosensitivity (S.) of studied crystals show prospects of
their use as phototransducers of different purpose.

Table 1
Average parameter values of photoresistors of Tlln,.SbySe: -based
crystals,
x R, R S AV
et dm-l” el’
0 3.63 123.3 1.5
(.001 1.8 28.2 1.5
0.003 4.13 288.0 .45
0.0045 | 937 105 1.4

It is of interest to reveal influence of partial substinstion
In>Sb on roentgendosimetric characteristics of crystals
under study.
are taken for crvstals of initial compound TlnSe: as well as
for crystals of solid solution on its base coresponding to the
substitution [n—Sb.

Electric intensity in samples is 2.5+25 Viom. Source of
roentgen radiation is the installation for roentgenstructural
analvsis of URS-35A-tvpe with BSV-2 tbe. Roentgen
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radiation intensity is controlled by current variation in tube at
each given value of accelerating potential in it during the
measurement. Absohrie values of roentgen radiation dose are
measured by crystal dosimeter of DRGZ-2.

Roengenconductivity coefficients characterizing roenigen-
sensitivity of crysials under investigation are defined as
relative change of conductivity under the effect of roenigen
radiation on per-unit of dos¢, as:

(min)
R

where o - is a conductivity n the absence of roentgen
radiation: o is a conductivity under the effect of radiation
with E fRminy dose intensity.

Values of certain above-mentioned charactenstic
coefficients of roentgenconductivity of cryvstals as ininal
compound TlInSe, as solid solutions on its base
corresponding to substitution In—Sb are given in table 2 for
different values of accelerating voitage (37, in mbe and
corresponding doses of roentgen radiation.

As it follows from the experimental data. the coefficiems
of roentgenconductivity K, in all investigated crvstals
decrease regularly with a dose increase as well with the rise
of value of accelerating voltage ¥, in roentgen tube. Drop of
roentgenconductivity coefficient K(E. 17, is especially in the
range of comparatively low values of accelerating voliage
and roentgen radiation dose. Above 1,=30+33keV and
£=10=15 R/min the change of K (£, 1) at subsequent rise of
“ ¥, “and “E" is slight. One of the possible reasons of the
observed regularities can be as follows: in investigated
crvstals especially at comparatively low accelerating voltages
the roentgenconductivity appears 1o be due predominantly to
radiation absorption in oversurface laver. And with the rise of

_ 4o, 90,

K =
o, E o, E

o

OF TilaSe— SYSTEM SINGLE CRY:
radiation intensity there have been initated to prevail a
mechanism of surface-square recombination that leads 1o
observed decrease of roentzenconductivity coefficient. As the
accelerating potential increases the —effective hardness™ of
rocntgen radiation rises by virtue of which the depth of is
pencuation into the crvstal increases as a result of this the
absorption-generation of free photo-(roenigeno) carriers in
volume predominantly occurs and proportion of incident
radiation on crystal passing through it increases. Namely by
this reason probably as values of accelerating potential
increase the observed decrease of roventgenconductiviry
coefficient and its dependence on radiation dose takes place.

We also smudied roentgenampere characteristics of
TIInSe;, Tlll'l.o_qqs:.SbomsSe;. Tllnomsbomlse: Cf}mls at
different ~effective hardnesses™ of radiation. From these data
analysis it follows that a dependence of stationary
roentgencurrent  Al-, on roentgen radiation (E) has
exponential character. ie.

AJE‘_(-'=JE -J,~E°

Exponent of a given dependence is defined graphically
from roenteenampere characteristics as tangent of an angle of
dependence slope feA/s, on igE.

Along with above-mentioned general regularities from the
data in the Table 2 the regular increase of exponent function
value Al ~E" "a” under other equal conditions as the
partially substinntion of three-valent indium cations for
comresponding Sb cations is traced. As it substitutes there
have been shown tendency to decrease of roentgeconductivity
coefficient (K,). especially in the range of low intensities of
soft (low ) roemgen radiation. Revealed empirical
regularities can be very useful in the development of
cnvstaliine roentgendetectors on the base of crvsials of a
given system.

Table 2.
Roentgendosimetric characteristics of Tlln,_Sb,Se; single crystals
, Dose intensity K- a
Crystal composition keV £ R/min min/R
25 0.75+2.73 0.320.2 0.68
30 1.75+10.22 0.143-0.063 0.56
TlinSe, 35 3.75:19.74 0.090:0.044 | 0.34
40 7.0+-38.8 0.064-0.029 0.32
43 10:61.2 0.036:0.021 0.50
30 13.5+78.0 0.048+0.020 018
25 0.75+-2.73 0.278:0.221 0.96
30 1.75+10.22 0.179+:0.082 0.58
Tllng e90Sby on1 S 33 3.75+19.74 0.1111-0317 | 035
40 7.0+38.8 0.0744+0.0322 | 0.52
43 10+61.2 0.0604+-0.0238 | 042
30 13.5-78.0 0.0523-0.0211 | 046
25 0.75+2.73 0.129+0.142 1.70
30 1.75+10.22 0.111+0.05 071
Tl w53 Sby ppusSes 335 375194 0.073-0.0425 .67
0 7.0+38.8 0.051+0.27 0.65
43 10612 0.0484-0.032 .62
30 13.5-7R.0 0.038:-0.020 0.60
-
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E.M. Karimova, S.N. Mustafayeva, S.i. Mehdiyeva, Firuza M. Hagmzad>

TinSe; -TISbSe: SISTEMI MONOKRISTALLARININ FOTO- V3 RENTGEN H3SSASLIGI VO
RENTGENAMPER XARAKTERISTIKALARI

TlEn1-SbeSe: bark mehlulunun tarkibinin oulana foto- ve renlzgendozimetrik parametriering tasin éyrenilmisdir. Batdn dyrenilon
torkiblardan TIng «eSbg oo S¢- monckrstallanmn rentgen kegirma smsah (K;) qismon béviik qivmete malikdir, masalen: “effektiv
sart” sdalanmanin L},=25keV va dozanin gicd £=0.278 Ridaq givmatlonnde K ~0.278dag/R.

TiniShSe:  kristalmin rentgenamper xarakteristikast gostarir ki. stasionar renigen corevamm (AJp ) rentgenslialanmanm
dozasindan asihhg Gsthi xarakier daginr: AJg~E7 In—Sb gisman svezlonmasi va x-in artirimas: naticesinda & givmati arur. Belo
ki, 11=23+50keV qiymatlerinde Tlin, 005Dy oo 5= Biciin ager a=0.96-0.36. TN asssShy s Se- icln isa a=1.70=0.60 olur.

Alinan naticalar géstarir ki TllnSe: -TISbSe: sistemin rentgendefekiorlann hazirlanmas) Ggin istifada oluna bilar.

3.M. Kepumora, C.H. Mycradacea, C.H. MexTuena, ®upysa M. Famnmiane

POTO-H PEHTTEHOUYBCTBUTEJILHOCTH H PEHITEHOAMIIEPHLIE XAPAKTEPHCTHKH
MOHOKPHCTAJLIOB CHCTEMBI TUnSe; -TiSbSe,

H3yqeHe BIRHUE COCTARS TBEpIsEX pacTeopok Tlin, SbSe: Ha GOTOIVBCTEHTETLHOCTS W DCHTTCHOI0IHNCTDHRUCCRAS MAPaMCTPLL. Hs
H3VESHHLIX COCTABOB HAMGOILISE: 3HAYCHHE KOYPOHUHSHTA PEHTTCHONDOBOIHMOCTH K, HMCTH MOHOKDHCTALTH Tllng g0aShy oy S¢-. TAK
nanpudep A,=0.278 MMHP npd "pOCKTHBROR ¥ecTROCTH® ManveHua =15 oB ¥ NOWHOCTH 1036 E=0.278 P/vn. Hoacuene
PEHTTEHOAMMASPHLIN XAPAKTCPHCTHK KpHCTALI0R Tiin 1.c5b,Se MIAIAT0. HTO JABHCHMOCTE CTRUHOHAPDHOTO PCHTICHO-TORA (A5 ) 01 Z03m
PEHTTCHOBCKOTO HIVSCHHS (£} HOCHT cTenchuol Napasrep: Alp o~E".

TIo Nepe SBCTHHHOTG 3aMecHAs [n—Sb. T.2. ¢ YBEIHUSHUSM X. NPOCIAHEICTCA YRIIHHHS B UINHHEL TOKa3aTem @ Tax ¢cn 1
Tling oxSbo i S¢: @ 0.96+0.46. 10 138 Tlngo9ssSby ppsSe; @=1.70:0.60 npu 1 ,=25:50:0B. Momyuesnie penTILTaTLl ROKAIATH. TEO
KpHCTZLTE CHCTeME! T1InSe; ~TIShSe, MOMT SRITE HCNOIRIORAHE 170 COXIZHHA PHTTEHOIETERTOPOB.
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THE INFLUENCE OF THE THERMOPROCESSING ON DEFORMATION
PROPERTIES AND PHYSICAL STRUCTURES OF POLYMER COMPOSITIONS

T.M. VELIEV, S.A. ABBASOV, M.J. ZEINALOVA, Z.C. EFENDIEVA
Institute of Physics of the Azerbaijan National Academy of Sciences
H Javid av. 33. Baku. 370143

The influence of the preliminary thermoprocessing on deformation properties and the phyvsical structure of pobwpropyviene and
pohvethylene of the low densiny (PELD) compositions with ditferent submolecular smuctures has been siudied. It has been shown that the
valpe of the relative deformation € % on the sueiching reduces depending on the duration and the wmperature of the preliminary
thermoprocessing. It is explained by the change of the physical structure. i.<. by the growth of the crystallization degree in slow-cooling (5C)

and quick-cooling (QC) samples of PP-PELD compaositions.

The experimental results of physical-mechanical
characteristics research of polymer composite materials may
be divided into 3 groups unequal by the amount of data. The
first is the large collection of results. obtained for polymer
composition at different concertrations of various fillers [1].
This conclusion has found the practical reflection in
formulations of worked-out materials. in which the dispersed
filiers content does not exceed 30 mass % [2]. Compositions
with the high fillers concenmation have comparatively
recently appeared and their properties are considerably
distinguished from initial polymers characteristics. As a rule,
they are materials with the high module. but with low
breaking characteristics. The second data group is separate
examples. demonstrating the opportunity of the high
deformational characteristics achievement at the high fillers
content. So. high-molecular polvethylene (HMPE) compasitions.
which are deforimed up to 30 % at the fillers content 50-60
mass %. are obtained by the method of polymerized filling
[3.4]. Compositions, worked out by Sapcofile firm. represent
the polypropylene. filled up 10 30 mass %. From senes of
materials one has the relative stretching at the breakdown up
10 30 %, while this value does not exceed 30 % at rests.

Data analysis of physical-mechanical properties shows.
that the third group of composition materials, ie.
compositions on the base of polymer-polymer, have the
essential distinctions in values of the hardness, creep.
elasticity module. deformational heat-resistance indices. It is
worth to mention, that these classes of compositional
materials are also essentially distinguished by the production
volume and the price [3].

Growing demands to polvimer materials dictate the
necessity of the working-omt of compositions with the
complex of optimal properties. Special demands to the form
and structure retention at high temperanires are presented to
them at the use of the polymer compositionzl marerial in
electron apparatus products. Thersfore the research of
thermal effect influence on deformational properties and the
physical structure of PP-PELD 80:20 mass % compositions is
the important problem. since it has been earlier shown by us,
that PP-PELD compositions pessess by optimal stable and
deformational properties [6.7] exactly at such componenis
relation.

The thermoprocessing has been camied owmt  at
temperatures 343. 333, 363 and 383 K during 0.5. 1. 1.5 and
2 months. The heat effect on polymer compositions films has
been realized by thermostatic processing in the air
ammosphere in the thermocabinet. after that the relative
deformation & % on the stretching has been measured. the
value of the cryvsullization degree C of initial components
and compositions. exposed to the thermal effect versus the
thermoprocessing  temperature  and  duration. has been
determined. Samples crystallizapon degree C has been
datermined by method [8] with the exactness up to 6 %. as
the square relation under the crystal peak (5) to the hole
square (5+$) under the curve with the exclusion of the
background and value of these results are given in tables |
and 2:

Sy

K.%=—2*"—.
) S +8S,

Table 1.

Values of the crvsiallization degree of initial components and PPPELD=80.20 mass *+ compositions are
preliminany ¢xposed 1o the thermal effect ar different processing icmperatres T

Regime of PP PELD| PP:PELD = 80:20 PP-PELD = 80:20. 1 =2
samples Initial imirial Initiai months at diffcret T. K.
reevipt
343 | 3353 | 363 | 333
Slow cooling 70 60 63 0 74 82 87
Quick cooling 13 0 38 4 + 43 33
It is seen from tables 1 and 2. that the crystallization hermal effect of slow-cooling (SC) samples of

degree of SC and QC compositions increases with the growth
of T (at the constant ¢ ) and 7 (at the constant T').

Curves of relative deformation dependences ¢ % on the
swetching on the twmperature T of the deformation
measurement for initial and preliminary exposed 1o the

PP:PELD=80:20 mass % composition at different processing
temperatures T during 2 months and during different thermo-
processing 7 durations at the temperature 383 K. respectively,
at the other equal conditions (o =10 Mpa r = 6 sec.. at the
constant tempetature) are presented on fig. L and 2.
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Table 2.

Values of the crvsuallization degree of initial components and PP:PELD=80:20 mass %«
compositions are preliminan exposed 10 the thermoprocessing at different thermal treatment durations ¢

Regims of PP PELD PP.PELD=80:20 PP-PELD=80:20. a
samples receipt | initial | inival initial =383 K in different
1. a month
05 | | L3 |2
Slow cooling i 60 63 68 [T | T | &
Quick cooling 48 40 38 39 |42 46 | 35

It has been established on the obtained thermomechanical
curves base_ that. first. the value of £ % on the stretching of
SC composition samples. in both cases. beginning with the
temperature 353 and 363 K increases with the growth of the
measurement  emperature.  Second.  al measurement
femperarures constants £ %, at which the large deformations
are observed. the value £ % on the stretching reduces with the
growth of the preliminary processing temperature 7 and the
thermoprocessing duration 1.

L &
49!

[

30-
20

10

(i - N
293 313 333 353 373 393
Fig. ;. Thermomechanical cunves of slow-coaling PP:PELD=
=80:20 mass %» composition. reated at various
temperatures during 2 months:1 - ininial. 2- T=343 K.
5.7=353K.4-T=363K.3-T=383K

T.K

Dependences of £ % on the stretching on the preliminary
processing temperature 7 for SC samples of the optimal
composition. exposed to thermal effects during 2 months are
presented on fig.3. This dependence is constructed on the
base of thermomechanical diagrams. given on fig.l. It
follows from fig.3. that noticeable reductions of & % on the
stretching of SC samples of the optimal composition versus T
at other equal conditions., are observed higher the glass
temperature. It is seen analogously from fig.2. that the value
of £ % on the swetching versus the thermoprocessing 7
duration also reduces.

So. it has been shown at the given research stage. that
changes of £ % on the stretching both depending on the
prehmman thermoprocessing temperanre, and thermoprocessing
duration are uniform. Corresponding data for quick cooling
(QC) samples of the optimal PP:PELD=80:20 mass %
composition are similar.

Obtained results (for SC composition samples. fig. 3)
allow to assume. that the maximal reduction of € % on the
siretching of SC and QC samples of the optimal composition
versus T al the temperature of the deformation measurement
383K makes ~27% and 0%, respectively. Observed
reduction of € % on the stretching of SC and QC samples of
PP:PELD=80:20 mass % composition versus T are the result

26

ofmefactﬂlatmecrysm]lmnondemeegmwsatmemennal
effects in them.

DA ,
0+ 412
i 7
30t 123 S
e — 5§
20}

10

" TK
393

093 313 353 363 303

Fig.2. Thermomechanical curves of slow—cooling PP:PELD=
=80:20 mass *a composition . treated at T=383 K at
varicus thermoprocessing durations: |- nitial,
2 - £=0.5 months.5 - = month. 4 - =1.5 months.
5~ £ =2 mouths

The research of the deformational properties dependence
on thermoprocessing conditions has also shown. that the
reduction of £ % on the smetching of SC and QC samples of
the optimal composition is observed with the growth of the
temperature and the thermoprocessing duration. So, at the
eatment temperature 3835 K and the thermoprocessing
duration during 2 months £% on the stretching for SC sample
falls from 27% to M. and for QU sample- from 40% to 17%.

40 4
30k 3

i :\\\\i
Wt T

0: P ! ] L 1
293 33 333 353 I3 3%

Fig. 3 Relative deformation e %» dependence of slow-cooling
PP-PELD=80:20 mass *s compositions samples. meated
during 2 moaths. on the thermal heatment temprature:
- T=33R.-T=31K.3-T=383K. 4. T=303 K.

Therefore. obtained expenmental resulis show. that
reductions of deformational and thermotechnical properties



occur at the thermal effect on the polymer PP:PELD=80:20
mass % composition and the nature of these changes depends
on the temperature and the thermoprocessing durarion. 1t has
been shown ar the result of stucnwal researches. thar the
physical smucture of the initial SC PP:PELD=80:20 mass %
composition is characterized by rather high crysiallization
degree (a=65%). and QC PP:PELD=80:200 mass %
composition- by relatively low crysuailization degree (a=88
% table.l and 23 As it is seen from tables | and 2. the
crystallization degree grows versus the temperature and
samples thermoprocessing  duration. For example, the
crvstallization in SC and QC samples of PP:PELD=80:20

mass % increases up to 87 % and 55 % afier the thermal
effect at 383 K during 2 months. respectively. and it is gone
with the considerable growth of the samples density, with the
increase of the crysallization size. Above-molecular
regularity grows. And. on that reason the relative deformation
value of £ % on the steiching reduces at the samples
thermoprocessing of PP:PELD=80:20 mass %» compositions.

Therefore. 1t follows from aforesaid. that the stability of
polymer compositional materials to the thermoprocessing and
the nawre of deformational propertics changes are explained
bv the growth of the crvsiallization degree.

[1] -Fillers for polvmer compositional materials”-Under
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T.M. Valivev, S.A. Abbasov, M.C, Zevaalova, 7.C. Ofandiveva

TERMIK ISLOGNMBNIN POLIMER KOMPOZISiY ALARININ DEFORMASIYA
XASSSLIRING VO FiZIKI QURULUSUNA Tasirl

Termik islonmenin mixialif Gst molekulyar qurulusa malik polipropilen asagi sixlhigh polictikn kompozisivalannin deformasiya
xassolorine vo (izki qurulusuna tesini Oyrenimisdir. Gostenilmisdir ki, ¢ % nisbi darulma deformasivasimn qivmeti termik
wlanmenin middatindon ve temperaturundan asih olaraq azahr. Bu. fiziki qurulusun doyigmasi ilo. vani vavas sovudulmus vo tez
sovudulmus kompozisiva nimunalarinda kristallagma daracasinin artmasi ila izah olunur.

T.M. Beanes, C.A. AGacos, M. Jx. Jciinasosa, 3.4. Ipcnancea

BIHAHHE TEPMOOEPAEOTKH HA AE®OPMAIHOHHME CBOHCTBA H
GHIHYECKYIO CTPYKTYPY NOJIHMEPHLIX KOMITQO3HLHA

Havieno RiMsHie NMpeiBapHTeTBHOA TepMooSpadoTiiz Ha JapopualMOHHLE CBONCTBA B GIBHYLCKII0 CTPYKTYPY KOMTIOHLLG
NOTAIPOMIIISH — NOTHITHICH Hinkoll motHocTH ([HT-TT3HTD) ¢ pATTHYHKNMK HAIMO KN IRPHEMH cTpYRTypavi {HMC). Tlokasane. 4To
IHAYEHHE OTHOCHTCIBHOR JePOpPMALIHE £ o HA PACTIRCHHE YMCHLILACTCA B JBHCHMOCTH OT LTHTCILHOCTH H TEMIKPATY Pl APC1BapHTCIb-
HOll TepMOOOPatOTEM. 10 OHBECHACTCE MZMCHSHHEM GHIHSCCKOH CTPYETIPhL T.¢. YBUIHUCHHCN CTEOCHN KPHCTALTHIALIME B MELICHHO
oxamk TeHHNY {MO) 1 Suctpo oxasaesuwy {B0) odpazuax xounoznwm MMHTOHIT
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THE DETERMINATION OF THE NATURE OF DEEP LEVELS IN
SILICON p-» JUNCTIONS

S.G. RZAYEV, ZM. ZAKHRABEKOVA
Institute of Physics of the Azerbaijan National Academy of Sciences
H. Javid av. 33. Baku. 370143

Dependences of the deep levels (d1.) recharging time consiant on the 1emperature (7} are dewermined by methods of the deep levels
wansient spectroscopy (DLTS). The natre of d L in p-s1 junction of silicon integrated circuits is revealed without destroving their structares.

Deep levels in the forbidden band of semiconductors have
the considerable influence on parameters of semiconductor
devices. in particular. they determine such imporant
parameters of p-n junctions. as the leakage cwrTent,
breakdown voltage, the carriers lifetime. etc. [t §s necessary 1o
reveal the namre and carry put more detailed research of their
properties and determination of parameters for working out
the model notion about their influence mechanism on elecoron
Processes i semiconductors.

Methods of thermostimulated currents (TSC) shown 10 be
rather effective ar the same time are simple research methods.
Parameters of d.l. in silicon planar p-n junction have been
revealed and determined in [1] with the help of these
methods. Though they allow to reveal and estimate d.l.
parameters these methods are insufficient for determination of
their nature. Therefore it is necessary to search for methods
aliowing to determine the nature and to define d.l. parameters
in p-n juncrions more precisely. Methods of DLTS have such
propetties. Theyv are distinguished bv the high sensitivity and
resolvability capacitv and also by the simplicity of the resulis
interpretarion. what is particularly important for the
determination of the d.l. nature.

In the present work d.l. in p-n junctions of integrated
circuits (1C) of the high integration are revealed and smudied
by methods of DLTS and on the base of this sudy before
unknown nature of d.i. is revealed and their parameters are
determined more precisely.

Methods of the experiment and a discussion of results

Research has been cammied out on planar silicon p-n
junctions. whose section is represented in [2]. The basic
region of the junction consists of the part of the epitaxial film
of the {1l1l}surface of the =2.lmkm thickness alloved by

boron (=3-10"cm™®). The collector region consists of the » -
laver. formed in the p-substrate of the As {10cm™) diffusion.
and the vertical » — laver antached to it created in the epitaxial
film by the phosphorous (=5-10"cm™) diffusion. which exits
10 the film surface.

Deep levels were revealed in studied p-» junctions of high
leakage currents by TSC methods and their parameters were
determined: the activation energy is E=(0.24+0.003)eV. a
section of capture is 0=(3+5)-10"%m’, the d.l. concentration
is Nr= (1+3)10"em> 1)

Abhhough the TSC method is very informatic and
technically simple. it has a number of shoricomings. one of
them is the impossibility of the simultaneous determination of
oand N,. Another essential shortcoming of this method is the

fact. that parameters of d.l. are calculated by the form and
peaks pasition of TSC on the temperature scale, on which the
rate of the sample heating. the degree of the initial centers
filling and the value. anached to the samiple the electric fiekd.
have the noticeable influence. Therefore. as a rule. the other
independent method is applied ar the use of TSC method for
the check of obiained results and the receipt of the additional
information. The method of DLTS is applied as the control
methoed in the present work. which allows o determine o and
N, simulaneoush and also t¢ find the dependence of the d.l.
recharging time on the temperature. what is particularly
important for the determination of the d.1. nawre. as it will be
shown below.

The main point of the DLTS method consists of the
following:

This method is the particular case of the capacitance
spectroscopy. based on the measurement of capacity changes
of p-n structures. caused by the recharging of d.l. in the space
charge laver. If the inverse bias is given 10 p-n junction. then
ali free carriers (in given case electrons) for the titme of 107'%
order will escape the space charge laver (SCL) 10 the region
of the elecrical neutrality and capture processes on d.L will
be practically excluded in the region of the SCL: ie.
processes of the carmiers emission from the level will
dominate, that leads to the change of the charged centers
concentration in the SCL.

If the inverse bias is removed. the electrons will return to
the depletion region and the process of their capture on the
d.l. will stan. If holes are introduced in the studied region
with the previowsh filled centers. then the process of their
capture will be dominating. And, at last, if centers are
devastated and all free carriers are removed from the
depletion region. then the process of the holes emission from
dl. will dominate. As it is seen from above-mentioned.
vaniating the bias vohage. given 10 p-n junction. the
conditions may be created, under which the charge of the
ionized centers concentration in the SCL will be determined
by a single process. The change of the ionized centers
concentration in the SCL is externath manifested through the
capacity change. The d.l. recharging occurs with some time
constant.  which exponentally depends on the energy
activation E, of the level and on the temperature 7[3]:

_ E -F
=lo. 8, N Y exp| —=——= 1
r,. =(0.9;N) erp{ = ] M

where o, is the cross section of the electron caprure on the
dl. & is the heat velocity of the electron. N, is the state
density in the conduction band.



The relation between the capacity charge. the d.l
concentration and the constant of the recharging time is
determinad from the Poisson equation:

divE = —2—
gﬂas

Q)

where E is the electric field strength, g is the charge density.
£ is the dielectric constant of the semiconductor. The
particular solution of this equation is given in [3.4]). Both the
constant of the recharging time of the d.l. and the section of
the carriers ¢apiure may be determined by the choice of the
experiment conditions, and the energy activation of the d.l.
may be determined by the slope of /nf Ty ~1I/T dependence
from [1]

It follows from [1]. that the recharging time constant of
the d.l. depends on both the activation energy and the carriers
capture cross-section. The w77 dependences are different for
mwo d.l with the identical activation energy in the
consequence of this. This dependence is applied as the main
distinctive sigh of the impurity. The unknown d.1. is identified
by the coincidence of the (7) dependence for all levels with
corresponding dependences for one of known impurities.

Two methods of DLTS are distinguished depending on
the measured quantity:

1. The constant voltage when the capacity transient is

IR e e B s e Bk e B R S e - - ——

measured at the constant bias voltage in p-n junction.

2. The constant capacity when the capacity of the p-n
junction is supporied by the constant and the change of the
bias voltage. backing the capacity constant. is measured.

The capacity. the width of the SCL and the concentration
of ionized d.1. are changed depending on the time in the case
of the constant volage (the capacity wansient). what makes
the measurement of d.1. parameters difficult in the case of the
heterogeneous distnibution of shallow and deep levels in the
semiconducior volume. The method of the capacity constant
(the voltage transient) where not changes of the barrier
capacity in the time are registered. but the voltage change.
lacks this shortcoming.

The compensated method. in which the racking sysiem
automatically compensates the capacity change in the time. is
causad by the d.l. ionization by the means of the supply of
small compensated increments of the voliage on the sample.
is the most convenient from differemt registration methods of
volage changes. The mentioned method aliows to unite the
ransient filration with the defined time constant and to
support the capacity constant in the time. This method altows
to measure the quick voltage transient (= 10°+10"'s).

The prncipal scheme of the device. on which the
compensated registration method of vollage changes is
realized on the barrier. is shown on fig. 1. The description and
its advantages over other capacity research methods of d.1. are
shown in [4.51

[ ] "

SPG ['» ~ :
t |
: Lid & '
: = R
| 4 ;
1
L]

o~ "
.1

1
1 [
s &
L] ] ™
] 1

= et
A i |
= L. -0 j

F

-
'
'
1
'
i
i
I
t
L]
1
1
1
'
1
1
1
1
1
|
|
t
I
i
|

--------- -n--------J

L™

Fig.] The principal scheme of the compensated device for the gansient registration of the voliage on the p-n Junction.

The regularing vollage during changes with the time
changes according to the exponential law at the d.1. recharge:
uft) = uoexp(-t/ Ir.c) (3)

x=i
where u, = g/& | N,xdx . xis the thickness of the depletion
)

region. A4 = \/ZS(EF ~E)/ ¢'N,:

N, is the concentration of shailow impurities, g is the electron
charge. exponential impulses (EI) of the volmee u=ug expi+¥' 1)
with the fixed time constant rz; are synchroncusly delivered
on samples along with the rectangular impulses of the inverse
bias and it is necessarv 1o fulfili the conditions &#,=ug; . I
order that the diode capacity remains constant in the
recharging process at 7. =7

The fulfillment of these conditions is provided by the facy
that the EI amplitude is persistently regulated by the siow
feed-back, keeping the bias a1 minimum.
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As it has been noted above. the constant of the recharging
rime changes with the temperature change according 1o the
law {1). The value 1., is determined by the condition. that
each extremum on 7z (77 dependences corresponds 1o the

. possessing by the recharge time 7. ar the given
temperature.
&
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Fig. 7 Dependence of igr ¢T°)~ I T for p-n junctions with desp
Tevels.

Therefore, the d.I. spectrum in the forbidden band may be
determined from [1] at the smooth change of the temperature.

The Arrenius dependence lg¢ 7T )~ 1/T for the p-n junction
with high leakage current is shown on fig.2. D.l. have been
earlier revealed by us by TSC methods in these samples and it
has been established. that they increase the leakage current in

10°+10° times. and also reciwce the breakdown volage i 04}

in {1.6.7]). However. the nature of d.1. has remained obscure.

The main parameters of revealed d). have been
determined by the anahsis of the obtained Arrenius
dependence (fig.2)., using formaula (1).

The activation energy s £=024eV, the capuare cross-section is
6=3.5 -10™cm™. the emission coefficient is e, =1.2-10%" K™,
the d.I. concentration is (1+5)-0"°cm™, the capture coefficient
is ¥=5-10""cm s, Obrained values completely agree with
values of appropriated parameters. obtained by TSC methods.
kt wimesses the reliability of the obtained results.

The analvsis of the () dependence and alse parameters
for d.l. of the activation energy £~0.2de¥ has shown. that
they coincide with analogous parameters for impurity atoms
of the copper in the silicon [8.9]; i.e. revealed d.§. are caused
by atoms of the copper. The quanz. applied in industrial
devices. may serve as the possible pollution source of the
senal I1C.

Conclusion

Thus. apphing the suggested method of oT)
determination in the given work. the d.l. parameters may be
exactly determined by DLTS methods and the identification
mav be camed out with parameters of known impurities
without destroving p-»n structures,

Obtained data may be applied for more accurate definition
of model notions about the d.I. influence on electron
processes in semiconductors. and also for the comection of
the techrological production process of semiconductor
devices.
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S.Q. Rzayev, ZM. Zohrabayova
SILISIUM p-2 KECIDLORINDD DORIN SOVIYYSLORIN TOBISTININ
TOYIN EDILM3SIH

Derin savivvelorin (d.s) vik deyismesinin zaman sabitinin tenperaturdan asilthiinn Jd.s. relaksion spektroskopiyva (DSRS)
metodu ilo teyin ¢unenin fsulu verilib. Bu isul ila silisium inteqral sxembarin p-r kegidlarinds d.<. tabiati tavin &dilib ve onlann mis

atomlanna aid oldugu tasbid edilib.

C. I. Paaer, 3. M. JaxpaGesona

BbLIACHEHME NMPHPOIBI ITYBOKHX YPOBHEH B
KPEMHHEBBIX p-» NEPEXOAAX

MeTolaun peTaKcaltHoRHOH craekTpockonil r1vGoxuy yporkeit (PCTY) offpeicientd 3aBncHMOCTI: NOCTOAHHON BPEMEHH TIepesapLixi
TG0k 3poBHeli oT Temnepanypit r¢7). BuacHeHa NPHPe1a riyGoRHN Ypodiiei B P-n NEPEXOIAN KPEMHHCELN HHTCIPATRHLIN CNEM. Be

PaIpyIIan UX CTPYRTYPH.
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PECULIARITIES OF PHOTOELASTIC EFFECT AND SOME IDEAS
ON THEIR APPLICATION

A.R. HASANOV
Institute of Physics of the Azerbaijan National Academy of Sciences
H. Javid av. 33. Baku. 370143

The peculiaritics of acoustic -optic interaction in photoetastic media are anabvzed in a comext of their apptication for a solution of somne

radio ¢lectronic problems
1. GENERAL INFORMATHON

At an excitation of an acoustic wave in a photoelastic
meédium  there are dynamic medifications of an index
refraction (density of 2 medium) o¢cur. These modifications
lead 1o the formation of a moving diffraction grating. whose
step is equal 1o the acoustic wavelength, and the amplitude is
propottional both to the amplitude of an acoustic wave, and
to the photoelastic constart of the medium. At passage
through such media. a number of parameters of an optical
wave varies {(modulates). This phenomenon is called as the
effect of acoustic-optic interaction or photo-elastic effect.
Acoustic-optic modulator is the device for realization of this
effect. At the same time the title "acoustic light modulator™ in
the literantre is often nsed. Acoustic-optic modulator consists
of a photoelastic medium. to one edge of which an electro -
acoustic wansducer (EAT) is amached. EAT tansforms an
input electrical signal into an acoustic wave spreading in the
photoelastic medium with a velocity. approximately. in 10°
umes less than the velocity of propagation of an
electromagnetic wave.

Peculiarities of acoustic-optic interaction can be used for a
solution of many problems of radio electronics.

The purpose of the present work is the analysis and
evaluation of potential possibilities of photoelastic effect in a
context of application of its peculiarities for signals processing.

2. PECULIARITIES OF PHOTOELASTIC EFFECT

Owing to acoustic-optic interaction an incident optical
wave diffracts on dvnamic modifications of the density of
photoelastic media. Thus. the intensity. propagation direction
and frequency of optical wave in diffraction order are defined
by parameters of an electrical signal brought to terminals of
the elecro -acoustic ransducer. Moreover. the response of
the photodetector. disposed on a path of the diffraction order,
lags from action on an electrical input on the time

T=x/'9 . ()
where x is a distance from the electro -acoustic ransducer up
10 a point of the acoustic-oplic interaction: J is a velocity of
propagation of elastic waves in the photoelastic medium.

Depending on a geometry and character of acoustic-optic
imeraction. diffractions of Raman-Nath and Bragg are
distinguished. The basic external difference of Bragg
diffraction from Raman-Naih diffraction consists of a
unsymmetrical emerging of diffraction orders. with
modification of the incidence angle & of a light beam in the
aperture of the acoustic-optic modulator. Thus, the maximum

of the light intensity in the diffraction order takes place if the
light falls on the aperture of the acoustic-optic modulator at
the Brage angle. ie. when &=26;. The Bragg angle is
defined from the relation

sinBs = A/(2A). (3}

where 4 is the wave length of the incident light: A is the
elastic wavelength in the photoelastic medivm of the acoustic-
optk: modulator.

Acoustic-optic devices. using the Raman-Nath diffraction,
have been extensively applied in systems of signal processing
on frequencies up w 100 MHz The Brage diffraction is
widely applied in acoustic-optic systems of signal processing
working in the frequency region from a few tens of MHz up
to units of GHz.

Application of acoustic-optic modulators. where the
Bragg diffraction is wsed. allows 10 raise some technical
characteristics of acoustic-optic devices. for example: the
central frequency of a pass band: light intensity in a
diffractional order etc.

It is established. that the intensity /; of a deviating light in
the Bragg diffraction mode is directly proportional to the
square of input volage U, [1):

1,=BU, &)

where B is the constant factor. Accordingly, the output voltage
of the photodetector with the definite precision repeats the
law of a modification of amplitude of the input voltage.

At &=21 . with increase of the frequency of an acoustic
wave, diffractional effects of higher orders disappear and only
light beams of zero and first orders are predominating. The
diffractional order spread under the angle ¢,. defined from the
relation

sinfy + sinéy =i/A {4)

Assuming. that the incidence angle & of the light beam
on a surface of the photo-elastic medium is constant. i.e.
&=28=const. where &y, is the Bragg angle on the central
frequency F, of the input action. from the joint analvsis (2)
and (4) it is possible to receive the following expression for
the diffraction angle 6; a1 the Bragg condition:

sinfi+ siny =A/A (5

where F is the frequency of the elastic wave in the
photoelastic medium.



AR HASANOY

The equation (3) indicates that the angle of deflection &,
is variable versus the frequency F of ¢lastic waves in a photo-
clastic medium. and therefore also versus the frequency of the
input electrical signal. From (3) for small modifications of the
diffraction angle A8, (where sinAf, + 46p. ). it is possible to
receive the foilowing expression:

A0=0.34-AF/ 3 . (6)
where AF=F-F,

According to (6). in the Bragg condition a modification of
an angle of diffraction is in the rectilinear dependence on a
frequency modification of an input action.

After acoustic-optic interaction the frequency @y of the
light beam in a diffractional order is shified due to Dopler
effect on the magnitude 2=2aF and is defined as:

g =@t 7
where @ is the angular frequency of light in the photo-elastic
medium,

3. APPLICATION OF PECULIARITIES OF
PHOTOELASTIC EFFECT

The analysis of relations (1) and (3) allows o postulate.
that a signal given on the electrical input of the acoustic-optic
modvlator and extracted through the photo-¢lastic connection
on a distance x from the electro-acoustic wansducer receives
the temporal delay r defined by the relation (1). in other
words, at feed of the following amplitude - modulated signal
to terminals of the electro-acoustic oansducer

Uiy = Usf1+Ms(t) JeosEx &)
where U, is the amplitude of the no modulated carrier: Af is
the index of the amplitude modulation: s¢#) is the modulating
process on the output of the photodetector, we obtain:

Unt) = csit-x'9) 8
where C is the constamt factor. Thus, the indicated delay
finearly depends on x and can be changed in large limits. For
example. if we use TeO as the photo-¢lastic medium. where
the velocity of the slow shift wave is equal to 617m/s, then at
r=2cm we receive =32mes  (TeO, allows 10 receive the
temporal apermwre =80mcs). Therefore, the smooth
modification of x from 0 up 10 2 cm will be accompanied by
a smooth control of the delay fime of the output signal from ¢
up to 32 mes accordingly. The modification of the indicated
distmnce can be carried out by mechanical. elecoromechanical
and electronic [2.3] methods.

The adduced numerical example shows, that the low
acousiic velocity is favorable at construction of acoustic-optic
delay lines. Let's mark, that in crystals of halogens of mercury
(in particular, Hg:Br, and Hg:Cl,) the velocity of a sound is 2
tises less. than in TeO- [4].

According to relation (6). the medification of the
frequency of input action is accompamied by a linear
modification of a diffraction angle in space. as a result each

direction of a light diffraction (in the plane xz) corresponds to
definite frequency of input action (fig.1). This peculiarity of
the Bragy diffraction can be used for detection of frequency -
modulated signals [3]. the specual analysis of broadband
signals. The work of the panoramic receiver [6]. receiver of
line frequency -modulated signals [7] is founded on this
principle. This peculiarity can be used. also. for reading of an
information from the storage device in acoustic-optic
wransformators of a temporal scale of signals {8]. Low
acoustic velocitv is favorable in these devices also on cause.
that allows 10 receive large angles of a deviation and secures
high resolution on the frequency. At the same time it does not
allow to receive large velocity of a deviation.

Electro - acoustic

uir) transducer
_a‘{ E
o -
30 e 3.9‘ § I'_" z
Photoelastic e ‘5".‘(
medium

Fig.!

Caused by Dopler effect. the shift of frequency of a light
wave in a diffractional order can be used for restoring of the
radio-frequency signal operating on the input of the acoustic-
optic modulator, by optical heterodyne of the diffracted light
beam by a part of the incident or undiffracted light (appearing
in a role of the local heterodyne) [9.10]). In this case. if an
amplitude-modulated signal (8) is brought 1o terminals of
electro -acoustic transducer, we have on the output of the
photodetector:

' (1) =c'U, [l+M-s¢1-x/8))- cos 2(1-x /8. (0

where ' is constant factor.

We mark. that the heterodvne method of registration of an
optical signal allows 10 increase semsitivity of a
photoreception device on 3-4 orders in comparison with the
direct detection and approaches this sensitivity to the
quantum limit.

CONCLUSION

The above mentioned examples on application of
peculiarities of acoustic-optic effect show. thar development
of effective electro -acoustic transducers and photo -clastic
media with high refraction factor will ailow o synthesize
simple devices solving highly difficult problems. We mark.
that acoustic-optic modulator have been already developed.
requiring only some tens mW on the clectrical input for
security of effective acoustic-optic interaction. The important
virtue of acoustic-optic methods of signals processing is that
the device used for a solution of one task can be easily
adapied for solution of other. For example, devices of a delay
of signals can be used also. as the acoustic-optical frequency
detector. by placing of the diaphragm with the cuneiform
orifice on a path of ihe diffractional order.
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A.R. Hasamov

FOTOELASTIK EFFEKTIN XASSOLORI VO ONLARIN TOTBIQI
HAQQINDA BIR SIRA TOKLIFLOR

Bir sia radioclektronika maselelorinin holli kontekstinda, fotoclastik mihitlords akustooptik garsiigh tesirin xGsusiyyatlaninin
analizi verilir.

A.P. Nacanon

OCOBEHHOCTH @OTOYTIPYTOTO 3®EKTA H HEKOTOPBIE NIPELNTOXKEHUS
No HX TIPHMEHEHHIO

AHLTHIRPYIOTCH OCOGIHHOCTH AKYCTOONTHACCKONO B3AHMOICHCTING B GOTOVMPITHX CPRIaX. B KOHTERCTE MX DPHMCHHMOCTH 1A
PELIEHHA HEROTOPRIX PATHOXTCKTPOHHRXY 32124,
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THE MODELING OF THE TWO-DIMENSIONAL POTENTIAL IN THE
CHARGE-COUPLED DEVICE -STRUCTURES

E.S. MAMEDOV
Azerbaijan Technical University.
H. Javid ave. 23. Baku, Azerbaijan

The modeling of charge —coupled device (CCD)-structures in the approximation of the electrostatic potential. allowing to optimize their
parameters and 1o reduce temms of the device projection on their base. has been cartied out.

By projecting a topology it is possible to achieve
functional peculianties of CCD elements: for example.
narrowing of the transfer channel by the stop-region increases
the sensibility. and the complicated configuration of the
shutter allows t¢ increase the drift field [1].

Therefore. it is expedient 1o use the modeling for the
projection of CCD-sructures. which allows to optimize their
parametets and 10 shorten terms of the device mocking up
[2). So. in the matrix photosensitive CCD (PCCD) with the
element number ~10° the choice of alloying parameters and
the structare topology provide the storage and the direcied
charge transfer onlv at the expense of two-dimensional
effects [3]. The use of the quick thermal treatment for
gentering of PCCD [4] allowed to increase the efficiency of
the signal transfer.

The volume character of current processes causes the
necessity of the corresponding modeling {5). In spite of the
fact. that CCD are devices of a dvnamic type. higher values
of the accumulation time i comparison with the transfer time
and thermogeneration of the parasitic charge allow 10 use for
CCD-structure modeling the Poisson and Laplace equations
for the electrostaric potential provided. that the currents
through p-n junctions are zero [6]. The modificanion of this
two-dimensional model presented below takes into account
the specific peculiarities of CCD-structures and allows 10
carry out the analysis of the potential diagrams and charge
capacities of devices with complicated topologies.

The potential distribution on each work step of the CCD
mav be assumed as quasi-static and described by Poisson
equation with standard boundary conditions [7].

The main task is the algorithm choice for the equation
solution with the regard of CCD specification. The reference
analysis shows. that in modem CCD. characterized by
complicated impurity profiles, for the calculation of charge
capacities it is necessary to consider the mobile charge
carriers [8]. By this it is considered. that in the quasi-suatic
regime of work the current in CCD-cell is absent. what
allows 10 choose the values of quasi- Fermi levels ¢, and o,
locally-constant. The change of the quasi- Fermi level from
one constant value t¢ another under the condition of zero
current is possible in those structures regions. where
concentrations of the mobile charge carrier are close to zero [9).

The depletion lavers of p-n junctions are such regions.
Therefore. region boundaries in which the constant values of
quasi- Fermi levels are localized. must penetrate the depletion
lavers.

The depietion voliage has been determined from the
relationship:

Vi=q@at Ve, )

where @; is the potential of the channel depletion. ¥ is the
contact poiential between the ohmic-contact and a channel.

The depletion potential @, has been determined from the
two-dimensional potential diswribution in the structure by
application of the voltage channel to the p-» junction. which
is more. than the depletion voltage. but ', value has been
calculated from the potential distribution in the potential well
filling:

Ve = Pmn- Ve . 2)

where @ is the maximum potential in the channel at the
presence of the charge. }z is the voltage. applied to the
channel at the filled well.

One of the main characteristics of CCD potential diagram
is a value of potential barrier between potential wells. which
gives the information about the charge tansfer.

The cakulation of potential barriers has been carried out
oa the base of the hydraulic model. according to which filling
of potential wells by charge occurs analogously to the
capacitics filling by the fluid. The algorithm of the barrier
search is as follows. The local potential maxims, which are
the bottoms of the potential wells have been determined in
the modeling region #. The well filling begins with the
deepest one, having the maximum potential. then the next
wells are consequently filled. The values of @ potennial. at
which the wells regions W’ and #. filled up to this level. will
close up. will be the point potential of the minimal potential
barrier ¢, between them. The potential barriers for the
junction from the potential well ¥, 1o the well #, have been
obtained by subtraction of ¢ value from maximal potentials
of wells @y, and G, and vice versa.
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Fig 1. The topology (a} and the structure (b} of the CCD-cell
with the virtual phase.



The described mathematical model and the calculation
aleorithm of electric characteristics are the further development
of the BRK2D program. outlined in {10].

The topology of the CCD-cell is presemed on fig. l.a
peculiarity of which is the creation of the potential
controliable barrier #1- between the region of the controllable
well n; and regions of the “virtual™ well n; and the “viral™
barrier #, (fig. L.b).

For the analysis of the potential diagram of such structure
at the charge transfer along the channel the algorithm of the
potential reduction law in the narrow channel region by
means of the shutter splitting into 2 parts has been worked
our. The shurter. lying above the region of the “controllable™
potential well n,. will have the given voltage |’ but to the
shutier part. lving above the region of the “controliable™
barrier n, will be applied some effective shutter voltage 1.
which is less than the real shunter voltage for the potential
reduction in the channel (fig.2).

l~1"4k fvl=

Fig 2 The potential diagram of the CCD-cell.

The algorithm of the automatic projection of the impuriry
profile consists of six main stages. on each of which the dose
of the channel region alloving or one of the phase voltage is
determined.

The voliage 1, and alloying dose of the “controllable™
well D, provided. that the surface potential barrier
conservation are determined on the first stage. and
dependences of the charge capacity on the voltage on the
phase electrode are also calculated. On the second stage the
effective shutter voltage 1~, is determined . The phase
voltage and alloying dose of D, barrier provided. that barrier
retention between the filled “conmollable™ well and virual™
well (near 0.5V) and the weak inversion on the inerface SSi0-
is determined on the third stage. The alloving dose of the
virual shutter D,. is chosen on the forth stage. and the
alloving dose of the virual barrier D, on the condition. that
the barrier retention between the “controllable™ and “virtual™
wells are chosen on the fifth stage. The alloyving dose of the
~virtual™ weil D at the condition of the charge transfer in
the region of the ~controilable™ well through the “virtual™
barrier is chosen on the sixth stage.

The final check of the choice comrectness of the given
dose is realized by the criteria of the breakdown absence in
the p-n junction of the “virual™ shunter-channel and the
approximate equality of the charge ¢apacities of the ~viral™
and ~controllable™ regions.

If the last two conditions are not fulfilled. then it is
necessary to reduce the alloving dose of the “virual” well
region.

37

The similar algorithm of the projection was applied
earlier for the optimization of the photodiode CCD-elernent [11].

The distribution profiles of the mobile charge for different
time intervals. cakculated for the stucmre with the shumer
kength L=4 mome with cammm of the alloyed impurity
in the substrate Np= 10""cm”. with the oxide thickness ¢=0.2
mcmwilhthegapwndmbemcen shutters 200 nm. has been
shown on fig.3. It is seen. that the drift fields determine the
process of the charge transfer afier 800 ps. and the influence
of self-inducted drift becomes negligibly small.

107

b
)

surface density of charge, cm’
3

]

10
¢

Fig 3 Profiles of the charge distribution under the mransfer
electrode for different time moments (ps}

1 5iu

The charge profile moves to the right with the time
increase, i.¢ 10 the accumulation side, however instead of the
constant shift afier 1400ps the form of the charge distribution
stabilizes.

The reasont of this is in the large drift fields. accelerated
by the camiers near boundaries berween the ransfer electrode
and the accrual electrode.

Hence. on the initial stage of the charge transfer the self-
inducted drift may- be the main reason of the camriers motion
at the large charge densitics. however during Ins the
influence of the thermal diffusion and drifi fields will
determine the final pan of the charge wansfer process.

Consequently, if even 99% of the charge may be carried
by the influence of the self-nducted drift. the thermal
diffusion and the drift field. which at the absence of carriers
capture may provide the indicated efficiency of the transfer
for some nanoseconds. play the imporant part for the
achievement of the transfer efficiency 99.99% (ie. the
wranster inefficiency £=107). In the absence of drift fields the
final stage of the mansfer process is determined by the
thermal diffusion and characteristic times increase o some
hundreds of nanoseconds.

The teason of this is in the large drift fiekds, accelerated
by the carriers near boundaries between the ransfer electrode
and the accumulation elecrode.

Hence, on the initial stage of the charge transfer the seif-
inducted drift may be the main reason of the carmiers motion
at the large charge denmsities. however during Ins the
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influence of the thermal diffusion and drift fields will
determine the final par of the charge mransfer process.
Consequenthy. if even 99% of the charge may be carried
by the influence of the self-inducted drifi. the thermal
diffusion and the drift field, which at the absence of carriers
capture may provide the indicated efficiency of the transfer

for some nanoseconds. play the important part for the
achievement of the transfer efficiency 99.99% (ie. the
ransfer inefficiency £=10"). In the absence of drifi fields the
final siage of the transfer process is determined by the
thermal diffusion and characteristic times increase 10 some
hundgreds of nanoseconds.
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E.S. Maam»dov
YOC-STRUKTURLARDA IKIOLCULU POTENSIALLARIN MODELLOSDIRIT MoSi

Elekirostatik potensiallar yaxmlagmasinda YOC-strukiurann modellasdiniimasi apantmydir. bu da ki. onlann parametriorini
optimallagdirmaga va onlar ssasinda cihazlann layihelandirma milddstierini azaltmaga imkan verir,

2.C. Mameaos

MOJETHPOBAHHE ABYMEPHOT O IMOTEHUHAJIA B N3C-CTPYKTYPAX

NMposcaeno Modeamposaie MB3CCIPYRTIP B MPHOICKCHHH ARATPOCTITHHCCKON MOTCHURLIL TIOSBOBONICE OITHMHIHPOBATE HX
RADAMESTPL H COKPATHTE CPOKH MPOCKTHPOBAHHA NPHOOPOE Ha HX OCHOBE,
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THERMOSTIMULATED CONDUCTIVITY IN ZnGa;Se,

A.G. SULTANOVA
Institute of Physics of the Azerbaijan National Academy of Sciences
H. Javid av. 33. Baku. 370143

Thermostimuiated conductivin and trap levels were investigated in ZnGa-Sc; monocnysials. It was shown that the quick recombination

mechanism is realized in ZnGa»S¢; monocrystals.

Tetragonal compounds with the common chemical
A'B.C,° formula attract an attention owing 10 their
perspective for use in semiconductor devices. These
compounds are characterized by the high photosensitivity,
dazzling luminescence. weak dependence of their propertics
on extermnal factors. high stability of time characteristics.
Moreover. complex chemical composition, presence of
two Types aloms in cation sublattice form a rich spectrum
of the local centers in the gap band. However, their nature
and energy spectra in fact have not been investigated. That
is why. complex investigation of their physical properties
is actual.

It is known that the method of thermostimulated
conductivity (TC) is widely used for definition of the
recombination mechanism. specoum of local states and
parameters of waps in wide-band semiconductors. 1n spite
of some works [§-4] dedicaied to investigation of optical
spectra of ZnGa-Sey. spectra of local states in practice
have not been investigated. There is only one work [3]
which presents results of TC in ZnGa,Se,. Authors of the
work [3] observed the TC maximum at 120K with the
broadened edge in the high temperature range and
supposed that trap centers are dismibuted quasicontinuoushy.
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Fig I. Spectrum of the thermostimulated conductivity in ZnGa.Se,.

In this paper the results of TC investigation in
ZnGa,Se, are presented with the purpose of determinarion
of the specaum of local states and the recombination
mechanism.

For realization of TC measurements the
monocrysialline samples of ZnGa.S5¢; were obtained by
the gas transport reactions method.  The crystal of iodine
was used as a transporter. Lattice parameters a=5.4964.
=10.994. ¢/'a=2 were determined by the .- ray method.

In the fig1 the TC spectrum of ZnGa.Se, is
represented. In TC spectrum the maximum ar 219K and
wide tine in the interval 240-400K with the maximum at
346K is observed.

In common case for clearing up of the recombination
mechanism I'Elallﬂ'IShipS d'=ﬂ,—?} and 6"=Trr|f arc
used. where T, is the temperature at the maximum of TC.
T; and T- are temperatures where the conductivity reaches
half of its value on growing and falling down wings of the
TC maximum [6]. In the case. when the condition
4>4"" is fulfilled . the quick mechanism of recombination
is realized. if <4 then the slow mechanism is realized
and in case é=d - the mixed mechanism of
recombination is fulfiled. In the case of the quick
mechanism of recombination. when the quasiequilibrium
exists between map levels and conduction band. the
condition is performed

oxe’!(1+2kTm/Ey) (1)
where §=(T~T»/T=T). E,is the depth of the wap levels.
Analvsis of the TC maximum ae 219K showed that
conditions ¢™>¢"" are performed. that is the guick
mechanism of recombination exists in ZnGa.Se,.
Therefore by use of the formula (1) we estimated the depth
of rap kevels as 0.24 ¢V,

Presence of the wide TC maximum in the range
240400 K with the maximum of 346 K testifies that the
gap band in ZnGa,Se, has a few near disposed trap levels
in this range of temperature.

[1] L4 Beun. R Nitsche, M. Sichensteiler. Physic. 1961,
v.27, Ne3. p. 448-452.

[2) Whe-Tek Kim. Chang-Sub Chung, long-Geum Kim,
Moon-Seig Jin Hvung-Gon Kim. Phys. Rev. B., 1988,
v.38, Ne3, p. 2166-2168.

Yong-Geun Kim. Who-Tek Kim. Jin Sup Kim. Dong
Sung Ma, Hong-Lee Park. Phys. Rev. B, 1989, v.39,
Neld. p. 8747-8749.

(4]
(3}
i6)

M.Turowski, A. Kisiel J. Phys. C.. Solid Swte Phys..
1984, v.17. Ne25, p. 1661-1664,

S.J. Radauisan, J M. Tigimanu, I'N. Fulga. YuO.
Derid Phys. Stat. Sol. (a). 1989. 114, p. 250-263.
KH. Nicolas. J. Woods. BritJ. Appl. Phys. 1964,
v.15. NeT p. 783-785.
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ZnGa:Ses MONOKRISTALLARINDA TERMOSTIMUL® KECIRICILIY

InGasSe: monokristaitannda termostimule kegiricilivi (TSK) tadgiq olunmusdur va 1ale savivwalari tovin edilmigdir
Gosterilmisdir ki, ZnGaxSesmonokristallannda siretli rekombinasiva mexanizmi realize edilir.

AT Cyaranosa
TEPMOCTAMYJIHPOBAHHAA NMPOBOJHMOCTDL B ZaGa,Se,

HeeT1e30BAHK CORKTPR TEPUOCTHNY THPORIHHOA MPOBOTMNOCTH MOHOEPHCTATIOR Zn(ra 5S¢, ONpeIeieHn TTVOHHA 33 TeraHns
20BVIEIHBIX yposHcH. Tlokazano. 4o B ZnGaxSe; peatu3yercd ShicTPmil MEXAHKIM PCEDMOHKALLAN.

Received: 11.02.02



FIZIKA

2002

CILD VII M|

CONFORMATIONAL STUDY OF THE N-TERMINAL PENTAPEPTIDE FROM
GUANYLYL CYCLASE A

N.T. SULEYMANOVA, LN, ALIEVA, DI ALIEV, NM. GODJAYEV
Baku State University
Z Khalilov str.23. Baku, 370148

The conformarional peculiaritics of the Arg-Thr-Tyr-Trp-Leu Veterminal pentapepiide from catahtic  domain of the guanyivl evelase A,
the amial namiurctic peptide receptor have been investigated by theoretical conformational anahysis method. The energy and geometrical
parameters comesponding to the optimal conformers of the fragment are obtained.

INTRODUCTION

Guanylvl cyclase (GC-4) is the receptor for the amrial
nafriuretic peptide (ANP)} {1-3]. ANP binding to GC-4 has
been demonstrated by both ligand binding analysis and
affinity cross-linking swdies {4.3]. ANP directly activates
GC-A punfied from mammalian tissues and increases ¢cOMP
level in a concentration- and time- depended fashioa in a
variety of cells [6-9].

The deduced primary sequences of the natriuretic peptide
receptors predicted a protein with a single transmembrane
domain that divides an extracellular ligand- binding domain
from an intracellular domain. Deletion mutagenesis studies

have demonsitrated that the inaceliular domain serves
regulatory. dimerization. and catalytic functions [6). This
regulatory domain has sequence similanty with protein
kinases. particularly the protein tyrosine kinases. which are
also single mransmembrane domain receptors [10]. The
sequences of the C - t1erminal catalytic domains are highly
homologous to those of the @ - and £ - subunits of soluble
GC (sGC) and have limited identity with the two catalyvtic
domains of adenylyl ¢vclase [I11]. We report here on the
conformational study of the Arg-Thr-Tvr-Trp-Leu N-terminal
pentapeptide fragment from cataivtic domains of the GC-A4. A
mokecular model and calculation scheme are illustrated in
Figure 1.
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Fig. 1. A molecular model {a) and calculation scheme (b) of pentapeptide from catahytic domain.

METHOD AND MODEL FOR CALCULATION

Theoretical conformational analysis was used to study the
low-energy conformarions available to A-terminal pentapepiide
fraoment of the GC-A. The calculations were cammied out on

the basis of the approach as described in Ref [12]. The
conformarional potential energy is considered as the sum of
independemt comributions of nonbonded (E,,). electrostanic
(£4). torsional (L,,)) interactions and intramolecular hydrogen



bonding energies (Ex). The energy of nonbonded interactions
has been described bv Lennard-Jones potential with the
parameters propesed by Momany etal. [13). A conwibution
of elecrostatic interactions has been taken inte account in a
monopole approximation according to Coulomb’s law. with
partial charges of atoms as described in Ref [14]). The
effective dielectric constant was taken as equal to ten as
described by Lipkind etal. [14]. The intrinsic energy of a
molecule includes also the torsion potentials. describing the
barriers of the inner rotation between atoms that have a 14
relationship. the values of the torsional barriers heights are
uken from work [13]. The energy of hvdrogen bond
formation is calculated based on Morse potential [13] and
dissociation energy of hvdrogen bond is taken to be - 1.5 keal-mol™
at an NH... OC distance r0=1.8 A.

The bond distances and the values of valence angles were
regarded as invariable and comrespond to [13]. Only dihedral
angles were taken to be the intrinsic degrees of freedom. The
conventions used for rotational angles correspond to the
TUPAC-IUB nomengclature [13]). The identifier system will be
used 1o describe all strucnures ar the intermediate stages of the
calculation experiment, with the numerical values of
geomery parameters produced only at the final stage. B. R, L
and P symbok were used 10 represent the vegions of
conformational space situated around @y values as following:
Rp y=1800°), B(g=180-0°. p=0-180°). L{g. y=0-180")
and P{g—0-180°. y—=180-0°).

The backbone is conventionally described by the "shape™
symbols e and f referred to as respectively the extended and
folded configuration of peptide chain. Pentapeptide stable
conformations were found by the total conformational energy
minimization. The minimization procedure has several sieps.
A final conformation obtained in a preliminary optimization
step is taken as an initial one for the next step. A procedure
for the pemapeptide global epergy was repeated until the
minimal values of the global energy retained constant level.
Based on the above considerations and calculation program
{16] the detailed conformational analysis of the Arg-Thr-Tvr-
Trp-Leu peniapeptide was carried out.

RESULTS AND DISCUSSION

According to the calculaion scheme (fig.1) the
conformations of consequently lengthened di-. tri-, tetra-and
finally pentapeptide fragment were calculated (due 1o ref.[12]

™ X
e
Tye T
Arg! h
Trp' La?

flce

the final results are independent on the way of the peptide
backbone dividing into fragments). The initial conformations
for the penmpeptide enerzy minimization were obtained by
combining the of lowest encrgy stnctures of Arg. Thr, Tyr.
Trp. and Leu amino ackd residuwes. Initial mounopeptide
conformations are chosen as given in Ref. [12]. The
backbone chains of the amino acid residues, that construct the
pentapeptide. can be in R, 8 and L- forms. The side chain
dihedral angle wvalues ;=60 and 180° were taken into
account for threonine. tyrosine and tryptohan.

For N- terminal of the fragments. however only 7,~60 and
180° and for the C-terminal only 7=60 and —60° were
considered. Since the vanation of z: angle of the threonine
has not altered the conformational energy significanthy. only
one of the equal probabhy conformations (7-—+60. 180%), i.c.
x= 180° was taken into account for this residue. For tyrosine,
the value of 90° for y. and 180° for y;. which comespond to
stable states, were used. Thus. for the first approach to Are-
The-Tyr-Trp-Leu pentapeptide 24 low-energetic conformers
of Arg and 9 rotomers of Leu. Thr. Tyr. Trp were considered.
The pentapeptide fragment involves 108 atoms and 33
dihedral angles as indicated in fig 1. Al available
conformations were classified into 16 shapes. Abowm 324
initial conformations were used for the global enerzy
minimization. Only six of them consist of low energy
conformers the relative energy of which is within 0-5kcal-mof .

m
efff 13

fiee
N7 2.6 Pef
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ofie
13,0 efef
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Fig 3 The bow-enerpetical conformations distnbution (in peroent) for
the pentapeptide favourable shapes Within £,,.=0=kcal-mol”.

The energy distribution of the shapes is illusrated in fig2,
Several helical srucamres with the folded backbone shape.
including the @ helix (RRRR shape). are the most preferred one.
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Fig. 3. The schematic epresentations of the shapes of the low energetical conformations of pentapeptide. based on the coordinates

of 7 atoms.
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Table i. The energies (keal- mol') and shapes of favourable conformations of the Arg=Thr-Tyr-Trp-Leu fragment

IJ SHA Conftor- nter nesidue IMErachon energies cufu?h&nu E.
PE| ™0 I T ™ | T | Te | &~ | Tw | Tw | A | T | A | & | B | B=
Thr w Tp Leun Tw Tip Lew Trp Lew Léu
11 offf PRRREB 1.7 ~2.93 -1.13 349 339 045 -0.62 138 050 =231 -269 21 1.4 0.
I| efec | BRRLE | -190 | 114 | -155 | <08l 538 | 291 | 499 | %11 | 016 | 009 | -289 | 37 | 30 { L.
3| efef BRBRR -1.4 095 4.4 -1.03 279 -1.19 2.4 -T.64 0.00 =053 =277 36 42 3
4| flef RRBRR =24 243 248 =462 -1.3H 020 =2.00 024 0.0 .03 =253 49 L6 4
3 free RREBBR =244 -1.83 =2.61 =3.50 -1.39 020 -2 52 2 0.00 -0.02 235 48 Lé 4
6| efic | BRBLR -l 48 -0.55 -1.67 -3.11 742 0.30 -1.60 =583 -128 =1.71 =235 32 36 4
71 RRRRR -1.66 -1.12 -1.92 A28 -1.73 -1.43 054 -1.60 -0.62 -3.11 =282 £6 41 4
Table 2. The geometrical parameters (in degree) of the pemapeptide fragmenm for low-2nergetical conformations
Amino CONFORMATIONS
Acid 1 2 3 3 3 6 7
Arg 118 | =118 =14 =91 =M =140 o109
=120 =137 =157 w33 =33 w159 =38
e~ | w179 w179 =179 w180 w=179 =180
=181 | y=182 2i=60 =17 =179 r=ss x=178 .
=177 | y=176 r=i78 =177 =178 =17 =177 .
=178 | =179 x=183 =119 ~179 r=1381 =179
r~=l7% | y~I79 x~179 =179 r=1m r=1m =19
7=t79 | ¥e170 ye=180 =179 =179 =179 =179
Thr =86 =101 =93 =386 387 o83 =76
=32 =068 =37 y=>b0 =36 =30 =45
=178 a=179 =177 «-178 ar181 =183 a—=183
2=36 | 4=37 ™57 2=57 =57 2=193 1=57
r=180 | r.=180 x-=1380 =180 =180 r~igl =180
=176 | y=I75 =175 7:=173 =173 =176 x=174
T =141 =140 o177 Q=127 =122 =103 =380
=60 =59 y=108 y=164 w17l =160 21
=179 170 =177 =174 =175 o=193 o=184
=59 z=168 1~188 ¥=38 ¥ =66 11265 1=64
=90 r=71 =8 =3 =87 =84 1==81
=179 | r=170 =179 ¥1=179 ¥=I79 =179 ¥:=179
Trp =100 | p=43 =68 =M =139 =53 =92
y=063 y=37 y==01 Wy==36 =141 =69 y=-59
=180 | =168 =194 =178 w=178 ®=177 =183
£,=189 | =37 2)=-56 2,=173 0n=177 =86 =176
=195 | =130 1-=167 y-==}32 =121 ¢-=183 ¥-=146
Lew =119 | p=-125 ¢==100 =98 =103 =100 =97
y=140 y=l13 y=72 y=38 w39 y=39 Y6
w=181 w=178 =185 a=180 o=I79 =179 =188
X|=‘59 11']92 L|=|‘” x|=|79 1|=IT7 x]=-60 1]"_"']79
=179 | x.=189 1==192 £=184 1=185% x:=180 =182
1:=180 | x,=180 1:=180 =180 1L=180 =180 +1:=180
¥=179 | x.=179 ¥ =179 1=179 1 =173 =179 1.=179
Eu.kcal mol” 0.0 12 3.6 42 43 4.7 49

* Conformation numbering is the same as given in Table 1.

The lowest energy conformer, namely the global conformer
of the pentapeptide has efff shape. The large side chains of
terminal residues in all helical- rypes conformers approach to
each other and form effective tema-and pentapeptide
interactions ( Table 1). The stabie structures of the rwo shapes
fiff and efff form a hydrogen bond NH(Leuw)...OC (Arg).

Specific interaction between the pairs of the Trp and Ley
residues (4.4 keal-mol.”' in average) also made an important
contribution 1o the stabilization of these conformations. It is
found that the strong interaction between Arg and Trp (- 6.2
kcal- mo) . in average) is characteristic for all low energy
struchures of the pentapeptide from the efff. efef. efee and



effe shapes. As seen in Table 1. both Tyr and Trp make an
important contribution towards the dispersion interactions 1o
the stabilization of the low-energetic strucmures of the

pertapeptide from efef shape (~~d.dkcalmol’) The geometrical

parameters of low-energetical conformations are given in
Table 2. In figure 3. the main chain shapes of the
pentapeptide comesponding 10 the low-  energetical
conformations are illustrated.
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N.T. Silleymanova, LN. Oliveva, C.I. Oliyev, NM. Qocayev

QUANILATSUKLAZA 4 PENTAPEPTIDININ ASONLUQLU KONFORMASIYA ANALIZI

Nozori konformasiva analizi metodu ilo natriuretik peptidin reseptoru quanilasiklaza 4-Arg-Thr-Ty1-Trp-Leu Kamlitik domenin V-
sonluglu pentapeptid fragmentinin konformasiva xiisusiyyatlon yrenilmigdir. Fraqmentin optimal konformasiya vezivvetlorinin eneji

va hendasi parametrlari alinmigdir.

H.T. Cynelimanosa, H.H. Anneas, LH. Aanen, H.M. FNoniaen

KOH®OPMALIHOHHBIA AHAJTH3 A-KOHLIEBOTO NMEHTAMENTHAA T'YAHHJATIHHKNAA3IH A

MeETGI0M  TEOPETHISCKOTC KOH(POPMALHOBHOM) 3HATHIA HINICHE KOHGOPMALMOHHEK CBOHCTEA N-ROHUCBOTO IKHTAIKTITHIHMD
PparvcHTa Arg-Thr-Trr-Trp-Leu xaraidrimecxoro JOMCHA NYaKWATUAKIA A-PCiciTopa MPLICpIHONT HATPHINPCTHICCKOTO NICITHIA
YCTAHORICHE IHEPTETHYECKHE H MSOMETPHYECKHE NADAMETPE OTITHMA THHEIN KOHGOPUATHORHMY cOCTORHNT dparucenTa
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THE EQUATION FOR LIQUIDUS LINE OF THE In;Te;-Co;Tes SYSTEM
PHASE DIAGRAM

Ch. ABILOV, C.A. ZEYNALOV
Azerbaijan Technical University
H Javid ave.25, Baku

The cquation for a calculation of the liquidus line of the In.Te¢;-Co; Te, system state diagram was derived. With this purpose. the liquidus
line. consisting of two branches. was acceptad to be similar to branches of two parabolas. that is why the parabola equation was used for the
derivation of the mathemarical expression. Using the suggested equation. content values and fusion temperaturss of interasting components
may be calculated with high accuracy. in the broad concentration interval.

The phase state diagram of the system In;Te;-Co;Te, was
earlier constructed on the base of the experimental data of the
complex of physico-chemical analysis methods [1] and it was
revealed. that on curves of the alloy thermogram heating.
concentrated by In.Te;. the effects. connected with the
polvmorphic transformation of the ordered modification a-
In,Te; inte the unordered f-In,Te:. are clearly manifested. It
was also established. that the iemperamre of the phase
transition - InsTe;: into 5~ In,Te; increases from 890 K up to
960 K under the influence of Co;Te, and the dependence of
the phase transifion temperature on the concentration occurs
here. Therefore. the confirmation of figure points coordinates
of the state diagram of this system by theoretical calculations
is an actual one.

mel'y

t”c-—.-

Fig.!. The pan of the state diagram of the system [naTe;-CosTe,
in the high temperarure region.

There are a number of works. devoted 1o thermodynamic
caleulations of liquidus line of binary and more complicated
systems., However, there is no information about
mathematical calculations. The authors of [2] made am
attempt 1o receive the resmiction equation for the calculation
of binodile stratification curves in systems Hg-TloY (where
X=S. Se. Te). The results of the derivation of the equation for
the liguidus curve plotting and boundaries determination of
the phase formation reaction in the system In;Te;-Co;Te; are
given in the present report. Main lines fragments of the phase
interface of the system 1n.Te;Co;Te, are presented on fig.1.
For clarity the scheme was constructed in the form of the

dependence x-fi1;, where x is the crystal content 1 is the
temperature (the content is meant through U in the derived
equations). The liquidus lines on the state diagram may be
observed as branches of two parabolas. One branch (nf ling)
is the part of the large parabola. the other (md line) is the half
of the smaller parabola. Therefore. analyvtical expressions of
ordinary parabolas served the base for worked out equations
of liquidus lines. The analysis of the results of the undertaken
research showed. that the change of the substance
transformation raie versus the temperature may be described
by the following linear differential equation [3].

dit)

=(a+bt )Uft). 1)
where LUy describes the substance state versus the iemperanme,
a and b are parameters. characterizing the influence of the
temperanre change on the substance state. It is necessary to
moe. that the equation (1) is observed with the initial
condition;

Ut = U {2)

It s necessary 1o solve (1) with the initial condition (2}
foc determination of the change degree of the substance state.
Let us rewTite (1) as

auyr)

— L fa+bt)dt
Uy (aronad

and suggest, that £,=0. The solution of the equation (3) with
the initial condition Li0y=U; looks as:

bt +2a:—2-1n[UéU:| =0

i

3

)

Calculating the quadratic equation {(4). we obtain t as the
functon of {7

-at Ja3 + ben{U(”]
U,
HU )=

b

3
Now ift
ft)

) U
. a +2bh
Ut]

a a
Wt )=-—-g(a>0.b<0).i.c.in this case U }=--;=comr>0.

]=0, then it follows from (3), tha



5=9.7-10 * (degree ~). In this case. the equation (4) will take

- ~ -5 -1
Urt) . Urr) o from the calculation of means. that a=-3-107 (degree ).
a form

InU - Inlly =b/20 +at

or
U = Upexp(at+b/2r)
function ) has two representarions, namely: U= exp(-3-1 0t+4.877)
= The equation was observed with the initial conditions
—a+ la + 2l Ure) ' Uy=Ui667)=1(The unit reflects the initial components content.
¢ | : i.e In. Te; without Co; Te, admixture).
(U= = It was found for the temperature interva 191 7<#<1017°C.
b (©) that a=2.7-10% (degree™). #=42-10" (degree”). Comsequently.
TUr Ur) ] _ InU=ln 100-2,7-10~ #2.1-10°7_ with the regard of the initial
—a— ja +2bl condition Ufty =L(1017)=100. ie. the approach start was
t(U)= e taken from the Co, Te, side).
- b The experimental and caiculated values of fusing temperanre
and contemt of system alloys In~Te:=-Co:Tey,

At all parameters values a>0. 5<0 or a<0. b>0 the Tabie |
function (9) is positive. It is possible to apply the simple _Experiment Calculation
polynomial equation for determination of concrete values of Content | Temperature C“““.‘_‘ Temperature
=7~ and "5". The most suitable method of these parameters mole % °C mole % ¢
determination is the method of the least squares. However, it 10 7?;,3! 10.2 788
is possible to use more simple method for our case. for ig g.,., _l;; g;:
example: the method of means. Guided by this method and W0 o ‘3'9‘8 e
having divided the liquidus line into 2 temperature intervals 50 w0 314 e
(the first interval spreads to ml line, the second to al). we 50 987 58.4 988
determined the “¢” and “b" parameters values . In fact. on the 0 92 6.7 994
expenimentally constructed diagram of the liquidus line there 30 997 6.0 908
is a break at the beginning of the peritectoid ransformarion ) 1007 226 1003
(Ik line). For the interval 667<t<917°C it has been found 100 1017 99.0 1043

(1] S.A. Zevoalov. Research of In,Tey-CriTe, (Co:Tey) [2] MM. Asadov. N.N. Jabrailov. lzv. AN SSSR: Nom-
system state diagram near In,Te; compound. Reports of organic materials. .1988. v.24. M 1. p.1923-1925.
the Republic scientific conference of young [3] Bohr G. “Quasiperiodical functions™ M.. IL. 1939, p. 98.
investigators and pest-graduate. Baku. MNO 1999, p. [4] LN. Bronshtein. K.A. Semendyaev. “The reference book
24-25, on mathematics™ M: ~ Fizmathgiz™.1966.

C.I. Obilov, S_A. Zeynalov

In:Tes-CosTes SISTEMININ FAZA DIAQRAMININ LIKVIDUS S YRISININ TONLiYi

In:Tex-CoxTes sisteminin hal dlaqrammdah likvidus evrisinin nezenr qurulmas: t¢in rivazi wnlik mibevyenlesdirimisdir. Bu
maqsadle, iki hissoden ibaret olan likvidus ayrisini parabolamin gollan kimi gabul ederok. parabola tani kimi qabul edorok, parabola
tanliklorindan istifads edilmigdir. Muav\anlasdmlan anlikdan istifade ederek viksak doqiqliklo genis konsentrasiva intervalmda
qarsithgh tasirde olan komponentlarin terkiblarinin vo temperaturianmn givmotorini hesablamagq olar. Gosterilmisdir ki, islonmis
bu tenlivin halli ilo miayyen temperatur intervalinda maddanin haliin devigmasini sacivvelondirmak mimkindir.

Y. H. AGuwnon, C A Iefinaion

YPABHEHME JIMHHHH JIHKBHIIY CA ®AZOBOH JHATPAMMBI
CHCTEMMB 1a,Te;-Co;Te,

YCTAaHOBWHO YPABHCHAS 11 PacucTa THHHM THKBHINCA JHarpaMuil cocTosnHa cwemeMd In-Te;-Co;Tey € orofi nemio. mitma
JMEKBHTMCA COCTONINAN W3 IBYX BeTeeil Oita NPUMATA NOJOOHON BITEAM JIBVX MApAdoL OTITC W 1IN BLIBOIA MATEMATHIECKOND
BLDAKEHHA HCTIOThIOBAHE VDABHSHUS NApadoiu. HCTOIEIVE TPCLWACHROS VPABHCHWE MOKHO ¢ BHICOKOH TOMHOCTO PACCHHTAT
IHAYCHHA COCTABA H TONTICPATY PH IL1AKIEHHR B3AHNOICHCTEIOUIMY, KOMIOHSHTOR B INNPOKOM ROHLUKHTPALIRORHON HHTCPBAK.

Recerved: 05.02.02
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METHOD AND TECHNICAL SOLUTIONS OF INFORMATIVITY
INCREASE OF ACTINOMETRIC MEASUREMENTS

F.L ISMAILOV
Azerbaijan National Aerospace Agency Institute of Ecology
370106 Baku. Azadlig avn. 159

The interpretation of actinometric information is considensd 43 a parametric task of the analysis of the brightness components of the sky,
With the purpose of its adeguate solution. the constructive 2lements of spectrometers are proposad for manofactire of actinometric devices.
realization and processing of measurement data in the course of namural experiments.

INTRODUCTION

Actinometric measurements allow to rececive the most
capacious information on optic conditions of the atmosphere
in view of their regularity. At the same time there are some
cerain difficulties at one - wvalued interpretation of
measurement data. mainly. because of obstacles of Forbs
effect and optic instability of the atmosphere {1, 2].

At present at solution of these tasks. mainly in the field of
ecological and climatological monitoring, there is a necessity
of increase of exact actinomertric information. It is connected
with the possibility of research of space « time changeability
and specwral structure of components of the dav - time
brightmess of the sky.

This work proposes methods of unification of elements of
actinometwrics and the spectrophotometrics with the parpose of
comresponding research on field brighmess of a light radiation
of the firmament. collection and wreamment of actinometric
information during realization of natural experiments.

SYSTEMATIC APPROACH

At research of the glow of the firnament the observed
brighiness is presented as a sum of additive components [2.4].

This allows 10 get various relationships. expressing the
interrelation of consisting components of brighmness of the
skv.

The forming process of the field of glow radiation of
firament [3] is represented in the form of the diagramm on
fig 1.
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Fig. I The diagram of the forming of the glow radiation field of
firmament. -

Here A is the height. r is the optic thickness of the
atmosphere. 5, is the solar constant; ty=cos@ where @, is the
angle of incidence of the direst mdiation. 7T is the
ransmission, 4 is the albedo of the amosphere. A4, is the
albedo of the land surface.

The atmospheric transmission can be written as

F -
T =T, +p"" . m
baSy

"

where F is the incident radiation flux. 75 is the transmission
for scattered radiation. P=expr-r7 is the ammosphere
ransmitance, m, is the optic mass of armosphere (for G7-30°:
my=sec6, [1]).

Let's comsider methods of analysis of nawre
characteristics p and T. On the input of the optic device the
illumination S is determined according o formula [5)

S=nBsin‘¢. &)

where & is the brightness of the incident radiation. £ is the
aperture angle in the space of objects.

Proportionality of values is supposed at calculations of the
mansparency of atmosphere:

S F

S, H.S,

Aunospheric ransparency is investigated in accordance
with the Buger curve [1]

3)

Inz B, =InS ,+m,Inp . 4

where B, is the brighmess of the direct radiarion.

Solution of the task on brightness of the day - time skyv we
will camy owt in accordance with fig 1. We oy to differ the
repeated scattering of coming solar radiarion, determined by
the transmission 7. and multiple reflection in the system of
~ammosphere - laver of the surface™ determined by the product

A,

In amospheric windows of wansparency. ar meglect of
absorption. one may think that .4=/-T. Thus at cenain values
of the independent parameter 4, the indicated task reduces o
determination of the transmission T.

We can present the brightness of coming radiation as the
sum:

B=B +B, (%)

where B, is the brighmess of single scattering and B,, is the
brightness of multiple scattering. B, is the brighiness of total
scattering.
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Component B, is most simply calculated in almucantar of
the Sun (in points of the firmament system with the same
zenith distance as the Sun) [2).

B.=S,f(8)p " m, . ®)

where /8 is the indicatrix of scattering of atmosphere: &is
the angle of scattering.

Observations show thar following relationship takes place
in the almucant ar of the Sun

B, =constB, . M

Here the proportionality coefficient is of the order of
+0.13 in accordance with theoretical assessment.

ELEMENTS OF APPARATUS COMPLEX

The above mentioned systematic approach is based on
measurement of brighiness of direct radiation. single scanered
radiation in almucantar of the Sun. muitiple scattered
radiation in ~atmosphere - land surface™ system.

Measurements and processing of data are carmried ot in
the course of natural experiments. The fig. 2 shows the block
- diagram of measuring apparatus.

Measurements are camied out in the window of
ammosphere wansparency. For this purpose the disk cassettes
are used with replaced glass light filters due to their stability
during a long - time exploitation.

Filters are installed in the optic svstem uniting blends 1. 2,
objectives 4. light guides 6. condensers 5, 7. 9. Blend 1 with
diaphragms serves for recciving of direct or single scartered
radiation. and blend 2 with shaded enclosure serves for
receiving of multiple scartered radiation. Enclosure 3 is
mobile and is used for vignetting of stream of a scattered
radiation. Set of condensers is necessary for collecting.
averaging and direction of a light stream along the axis of the

optic system. It is important because light guides and
photodiodes with small area of the receiving surface are used.
Amplifier 11 is assembled on low - voliage combined
microscheme for guarantee of the temperanre stability and
application of the low power feeding source (12).

Fig. 2 Block - diagram of the measuring complex: L. 2 are
blends: 3 is the ovlindrical enclosure; 4 are objectives: 3.
7.9 are condenser lenses: 6 are light guides: & are
cassettes with filers: § 0 are photodiodes: 111 the
amplifier: 12 is the battery of amplifier feeding: 13 is the
converier. 14 is the registration sysiem.

Photo current is delivered to the personal ECM on lines of
communication by means of converter {13).

Let’s compare the charactenistics of sensitivity of the optic
svstem in fig. 2 by means of the tabie. using FD - 256 with
actinomefer and pyranometer. Because of low values of
passage of optic systems the increase of semsitivity of all
measuring syvstem is supplied as a result of following factors:

1) equalization in accordance with fixing of sizes of lens
blends 1. 2 with photo sensitive area of actinometer and
pyTAnoMmeter |

2) use of the amplifier with no less than ten times
magnification at the conservation of its temperature stability.

Table of companson of seusitivity of optic system blends
L. 2. actinometer and pyranometer

Integral sensitivity Photo Transmitance of optic Diameter of input
Receiver mAd Sensiiivity arca ssiem pupil.
: ) mm
0t em”
Actinometer 4 3.3 38
Pvranometer 7 4 11
Optic system
1. Blends 1 9 1.5 10~ 03-05 1
2. Blends 2 (A=(0.4 = 1.1)mem) 19
CONCLUSION 1. The problems of realization of complex actinometric

1. The systematic base of actinometric measurements of
speciral brightness of the firmament is developed.

measurements are considered.
5. Comstructive elements of specuoophotometers for
elaboration of actinometric apparatus are proposed.

[1] G.P. Guchin. Methods. instrumentation and results of
amospheric spectal measurements. L. Gidrometeoizdar,
1983, p. 32 (in Russian).

[2] V.A. Glushkov, Al Ivanov. G.Sh. Livshiz Al
Fedulin. Alma - Ata, izd-vo “Nauka™. 1974, p. 480 (in
Russian).

48

[31 F.l. Ismailov. Parameterization of effects of light scatiering
by submicronic acrozol. Baku. 1992, Cand. dis.. p. 105 -
108. (in Russian).

[4] C.0.Olawafemi. Pure Appl. Geophys.. 1980. v. 118, 3,
p. 775 - 182.

[5] Reference book of designer of optical-mechanical
devices. L.: Mashinoswrovenie. 1980, p. 86. (in Russian).



F.I. lsmavilov

AKTINOMETRIK OLCMOLIRIN INFORMATIVLIYININ ARTIRILMASI
METODIKASI vo TEXNIK]I HOLLI

isde aktinometrik molumatlann izahina ssmamn parlaghq komponentlon arasmdaki parametrik asihhin analzi kimi baxihr.
Masalenin adekvat olaraq hell edilmesi iigiin aktinometrik cihazlann handanmasida spekirometriarin koastruktiv elementlaring
istifada edilmasi. dlcmalar toplusunun tadgiqatlar zamam islonmasi Gvsiye olunur.

O.H. Hemaidnos

METOIHKA H TEXHHYECKHE PEIHEHHA MOBLINEHHA HH®OPMATHBHOCTH
AKTHHOMETPHUYECKHX H3MEPEHWH

HHATeprperautd  AKTHHOMSTPHUSCKOR WHOODMALFH PACCMATPHEMETCS KAK NADAMSTDHYCCKAS 121343 AHATHRA KOMIOHEHT SPKOCTH
HeGoce01a. C U2IR0 oF A1eKBATHOTO PELICHHA TPSIIAracTCR HCNOLIOKITE KOHCTPAVKTHBHAI XICMEHTH CTKETPONCTPOB 111 HITUTORCHIA
ARTHHOMETPHYSCKHX IIPHOOPOR. MPOBEIEHAS H OGPAGOTEY MACCHES JAHHBN HIMCPCHHHA B XO.JC HATYPHAIN HCTRPHMCHTOR.
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