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Isdo FelnaSes layh monokristalin miixtolif tezlik vo temperaturlarda dielektrik niifuzlugu vo dielektik itki bucagmin tangensi
tadqiq edilmis vo onlarin tacriibi qiymatlori hesablanmigdir. e-nun boyiik qiymet almasi kristaldaki defektlor arasinda elektronlarin
sigrayish miibadilssi ils slaqodardir. Miisyyan edilmisdir ki, itki bucaginin tangensi tezliklo tors miitonasibdir (1/w). Yiiksok tezliklordes
(500 kHz va 1 Mhz) temperatur artdiqca tgd eksponensial qanun iizro artir.

Son illor d toboagasi tamamilo dolmayan elementlor da-
xil olan i¢lii xalkogenid birlagmalor geyri-adi fiziki xasso-
lori vo praktik totbiglori sayssindo intensiv tadgiqatlarin
obyektina ¢evrilmisdir. Bu birlogsmolar igarsinds fiziki pro-
seslori az 6yronilmis AB2X4 (burada A-Mn, Fe, Co, Ni; B-
Ga, In; X-S, Se, Te) tipli boyiik sinif materiallar xiisusi
maraq kasb edir [1-7]. Bu birlosmalorin asasinda lazerlar,
is1iq modulyatorlari, fotodetektorlar, termorezistorlar va s.
funksional qurgular yaratmaq tg¢iin perspektivlidir. Hal-
hazirki isdo AB:2Xas tipli birlosmolora aid olan Feln»Ses
monokristalinin dielektrik xassolorinin todqiqi naticalori
verilmisdir.

Feln2Ses monokristali Bricmen metodu ilo alinmigdir.
Rentgenoqrafik metodla miisyyon edilmisdir ki, FelnaSe4
monokristali qofas parametrlori a=4,18A,  ¢=19,47A,
¢/a=4,65 olan heksaqonal qurulusa kristallasir [8].
Feln»Ses monokristalmin bazi elektrik xassolori [9] isindo
oyronilmigdir. Dielektrik xassolorini dyronmok {iiciin qa-
Iinligr ~ 0,1 mm olan monokristal 16vhalorden onlara gii-
mis pastasi vuraraq kondensatorlar hazirlanmisdir. Elek-
trik tutumunun oOlgiilmasi E7-20 (25+106hz) roqomli im-
metans 6l¢ii cihazinin kémayi ilo aparilmigdir.
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Sokil 1. Feln2Ses monokristali tigiin 295K temperaturda
dielektrik nifuzlugunun tezlikdon asililigr.

Sakil 1-da 295K temperaturda dielektrik nifuzlugunun
(¢) corayaninin tezliyindan (f) asililiq grafiki verilmisdir.
Qrafikdon goériintir ki, 1-20 kHz tezlik intervalinda ¢
tezlikdon asili olaraq 450+1150 araliginda miioyyon
giymatlor alir. Sonra isa tezliyin artmasi ilo (2050 kHz)

dielektrik niifuzlugu =630 qiymotini alaraq bir godor
sabit qalir. Daha sonra iso 50 kHz tezlikdon baglayaraq ¢ -
nun qiymati tadricon azalaraq sonda ~ 200 giymatini alir.

& 4
3
- 4
102 1\‘M
23 30 35

07K

Sokil 2. FelnaSes monokristali ticlin myxtalif tezliklords
dielektrik niifuzlugunun temperaturdan asililigi:
1-50 kHz, 2 -100 kHz, 3 -500 kHz, 4 -1 MHz.

Sakil 2-do miixtalif tezliklords FelnoSes monokristali-
nin dielektrik nifuzlugunun temperatur asililig: verilmis-
dir. Sokildon goriiniir ki, temperaturun artmasi ilo ¢ artir.
Asag tezliklords (1 va 2 ayrilari) bir diiz xott meyli miisa-
hids edilir. Daha yiiksok tezliklords isa (3 va 4 ayrilori) di-
elektrik niifuzlugunun temperatur asililig miixtolif meyllo-
ro malik iki diiz xattdon ibarastdir. Yiiksok temperaturlu
hissods ¢ ~1/T asihiliginin meyli temperaturun artmasi ila
asagl temperaturlu oblasta nisboton daha yavas azalir.
295+375K temperatur intervalinda vo 50+1000 kHz tezlik-
lards dielektrik niifuzlugunun qiymoti 180+1500 interva-
Iinda doyisir. Malumdur ki, tiglii birlosmoalords defektlor
kristalin yetismo prosesindo omalo goalo bilor [10]. ¢ -nun
giymatinin boyiik olmasinin sabobi kristalda olan defekt-
lor arasinda elektronlarin sigrayish miibadilasidir [11-12].
Temperaturun yiiksalmasi ilo dielektrik niifuzlugunun art-
masi defektlorin konsentrasiyasinin artmas ilo slagadar-
dir.

Sakil 3-do  FelnaSes monokristali iigiin 295K tempe-
raturda dielektrik itkisinin tangens bucaginin (¢go) tezlik-
don asililiq qrafiki verilmigdir. Sakildon goriiniir ki, tezlik
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artdiqca itki bucaginin qiymoti azalir. Bildiyimiz kimi,
dielektrik itkisi dielektriklords elektrik enerjisinin istiliya
cevrilon hissasi kimi O6ziinii gostorir. Yarimmkegirici va
dielektriklords itki kristalin qurulusundan vo defektlorin
tobiotindon asilidir [13]. Defektlorin konsentrasiyasindan
asili olaraq dielektrik itkisi on va yliz dofalorlo doyise bilor.
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Sokil 3. FelnaSes monokristali igiin 295 K temperaturda
dielektrik itkisinin tangens bucaginin tezlikdon
astliligr.

Dielektriklords elektrik enerjisinin istiliys ¢evrilmo mexa-
nizmlorindon biri elektrik kegiriciliyi ilo slagodardir. Bil-
diyimiz kimi, kristalda sorbast elektronlar elektrik sahs-
sindon enerji alaraq istigamatlonmis yerdoyismo edorok
elektrik coroyani yaradir vo 6z sorbost horokotlori zamani
kristalin atom va molekullar ilo garsihigh tesirds olaraq
(sopilarak) 6z enerjilorinin miioyyan hissasini itirirlor. Ma-
lumdur ki, elektrik kegiriciliyi yiiksok tempratur vo asagi
tezliklords itki bucaginin tangensinin qiymotini artirir [13].
Fein>Ses monokristalinda elektrik kegiriciliyi 293+393K
tempratur intervalinda 103+104 om-'sm-! qiymatlorini alir [9].
Ona gors do FelnaSes monokristali figiin tgd parametrinin
giymati boyiik olur. Bildiyimiz kimi Cp vo R-in paralel
birlagdirilmasi zamani dielektrik itkisinin tangens bucagi

tgo =j/j, = l/oCrR )

ifadasi ilo toyin olunur. Burada j-aktiv, j, -reaktiv corayan
sixligl, w-iso tezlikdir.
Zaif elektrik sahasi liglin

Ja=0FE )

Om ganunu 6donilir. Digar torofdon dielektriki miistovi
kondensator kimi tosovviir etsok, reaktiv corayanin sixligi-
n1 asagidaki kimi yazmagq olar:

Jj-wee,E (3)

Burada ¢, - elektrik sabiti, ¢ - iso dielektrik niifuzlugu-
dur. (2) va (3)-ii (1)-da nozors alsaq, alarq:

1g0 =j/j, =0 /&€y 4

Feln2Ses monokristali liglin ¢ vo ¢ —nin tezlikdon asili
olaraq doyismosi ¢ox kigik oldugu ii¢iin nozoro almasagq,
itki bucagmin tangensinin tezliklo tors miitonasib (7gd ~
1/w) asilihg 6danilir. Bels ki, sokil 3-daki itki bucaginin
tangensinin tezlikdon asililiq qrafiki (4) ifadssino uygun-
dur.
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Sokil 4. Feln2Ses monokristali ticiin miixtolif tezliklords
dielektrik itkisinin tangens bucaginin tempera-
turdan asililigr:

1-50 kHz, 2 -100 kHz, 3 -500 kHz, 4 -1 MHz.

Sakil 4-do miixtalif tezliklords itki bucaginin tangen-
sinin temperaturdan asilihq qrafiki verilmisdir. Sokilden
goriniir ki, mixtalif tezliklords temperatur artdigca iso it-
ki bucaginin tangensinin qiymati artir. Tezlik artdigca iso
itgi bucagmin tangensinin qiymoti azalir. FeInoSes mono-
kristalinda yiiksok tezliklordo (500kHz+1Mhz) temperatur
artdiqca tgd kegiriciliklo sortlonon eksponensial ganun
tizra artir [13].

Belalikls, isdo FelnaSes monokristalinin miixtalif tez-
lik vo temperaturlarda dielektrik niifuzlugu vo dielektrik
itki bucaginin tangensi todqiq edilmis vo onlarin tacriibi
qiymatlori hesablanmigdir. e-nun bdyiik giymoat almasi
kristaldak: defektlor arasinda elektronlarin sigrayigh mii-
badilesi ilo olagedardir. Miioyyon edilmisdir ki, itki
bucaginin tangensi tezliklo tors miitonasibdir (//w). Yiik-
sok tezliklords (500kHz vo 1Mhz) temperatur artdiqca zgd
eksponensial qanun iizro artir.
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THE DIELECTRIC PROPERTIES OF LAYERED MONOCRYSTALS Feln,Se,

The dielectric constants and angle tangent of dielectric loss at different frequencies and temperatures for layered monocrystals Feln,Sey
are explained and their experimental values are defined. The big value of ¢ is connected by electrons with hop exchange between defects,
having in crystal are defined. It is established, that angle tangent of dielectric loss decreases in inverse proportion with the frequency (~1/w).
tgoincreases on exponential law at high frequencies (500 kHz and 1 MHz with temperature increase.

H.H. Hupruen, ®. M. Mamenos, O.b. Tarues, M.b. Mypanos
JANDJIEKTPUHYECKHUE CBOWMCTBA CJOUCTBIX MOHOKPUCTAJLIOB Feln,Se,

HccnenoBaHbl ANAIEKTPUUECKUE TPOHAUIIAEMOCTH M TAaHTCHC YITIa JUIICKTPUIECKHUX ITOTEPh MPH PA3IHIHBIX YacTOTaxX M TeMIIepaTypax
JUI CIOUCTBIX MOHOKpHcTaiuioB Feln,Ses u onpezneneHsl dKCIIEpUMEHTAIbHbBIC UX 3HAUeHUA. bosblioe 3HaUeHHE & CBSA3aHO C IIPBDKKOBBIM
0OMEHOM DJIEKTPOHAMHU MEXIy HMMCIONIMMHCS B KpUCTaule Ae(eKTaMH. YCTaHOBJIECHO, YTO TAHTCHC YIa JUIICKTPHYECKHX II0TEph

YMEHBLIAeTCs1 00paTHO MPONMopuUuoHanbHO actote (~1/w). Ilpu Beicokux gactoTax (500 kI'w u 1 MI'1y) ¢ poctom Temnepatypsl tgd pacTér
I10 9KCIIOHCHI[MAILHOMY 3aKOHY.
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The simple examples of spontaneous breaking of various symmetries for the scalar theory with fundamental mass have been considered.
Higgs' generalizations on ”fundamental mass” that was introduced into the theory on a basis of the five-dimensional de Sitter space are

found.

The concept of mass having its root in great antiquity
still remains fundamental. Every theoretical and experimental
research in classical physics and the quantum physics, related
to mass - a step to an insight of the nature. Besides mass,
other fundamental constants, such as Planck’s constant 7
and speed of light ¢, also play the most important role in
modern theories. The first one is related to quantum
mechanics, and the second one is related to the theory of
relativity.

Characteristics and interactions of elementary particles
(EP) can be described more or less in terms of local fields
(LP) which in their turn regard to low representations of
corresponding compact groups of symmetry. Concept of LP
essentially is a synonym of concept EP. At present
elementary particles are such kind of particles (real and
hypothetical), characteristics and interactions of which could
be adequately described in terms of LP. As we know, mass of
E P m is Kazimir’s operator of noncompact Poincare group,
and those representations of the given group which are used
in the quantum field theory (QFT), can take any values in an
interval 0 <m <oo. Two particles today mentioned as EP
can have masses different from each other on many orders.
Formally standard QFT remains logically irreproachable
circuit in cases when masses of particles can be comparable
to masses of macromatters. Modern QFT does not forbid
such physically nonsensical extrapolation. Probably it is the
basic defect of the theory?

In 1965 M.A. Markov has put forward a hypothesis [1]
according to which the spectrum of masses of EP should
break on «planck mass»

m<mp,., =~hc/G=10"Gev , )

Here %, ¢ are known universal constants and G is a
gravitational constant. The particles of limiting mass
m=m,,,, named by M.A. Markov as "maximons" are

called to play a special role in the world of elementary
particles. The concept of "maximon" is assumed as a basis of
Markov’s script of the early universe [2]. It is significant that
in relation to QFT Markov’s restriction (1) acts as an
additional phenomenological condition. It does not affect
structure of this theory in any way, and even for the
description of maximon the standard theoretical-field device
is used. New version of QFT, in basis of which the postulate-

M.A .Markov's principle about limitation of mass of
elementary particles (1) is put alongside with traditional
quantum and relativistic postulates, has been worked out by
V.G. Kadyshevsky [3]. The key role in the approach
developed by him belongs to 5-dimensional configuration
representation. Remaining inherently four-dimensional, the
theory assumes the original local Langrangian formulation in
which dependence of fields on auxiliary fifth coordinate also
is found as local. Internal symmetries in this formalism
generate the gauge transformations localized in the same 5-
dimensional configuration space. Thus Markov’s condition is
written down as m < M, considering limiting mass M simply
as a certain new universal constant of the theory, so-called
«fundamental mass» (FM). EP with m = M are still called as
maximons. In the limit A — o new QFT coincides with the
usual field theory in which the spectrum of particles is
unlimited. On a strict mathematical basis new parameter FM
is entered in QFT which. Together with parameters of the
standard quantum theory this parameter will play an essential
role in high energy physics [4]. In work [5] geometrical
interpretation of effect of spontaneous breaking of symmetry
which plays a key role in standard model is advanced. This
approach is related to an effective utilization in device QFT
of 4-pulse de Sitter and anti-de Sitter’s spaces with constant
curvature. In our works [6] simple examples of spontaneous
breakings of various symmetries for the scalar theory with
FM have been considered and Higgs’ generalizations on FM
are cited.

In the given work we shall continue research on the basis
of simple examples of spontaneous breakings of various
symmetries for the scalar theory with ®M. For this purpose
we use Lagrangian formalism from works [3, 4].

Formulation of QFT with FM, discussed in work [4], is
based on the quantum version of the de Sitter’s equation, that
is on the 5-dimensional equation of a field:

0’ o> M?c?

Dd(x,x°)=0
ox“ox, ox; R ( )

4=0,1,2.3" 2

To every field in 5-space a wave function (I)(x,xs)
submitting with the equation (2) is compared. This is
equivalent to the statement that ®(x,x”) the field in usual
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space-time is described by wave function with the double analogue of a usual field variable should be considered
number of components: 0D(x,0)
5
x

®(x) = @(x,0), and function y(x) = is auxiliary.

D(x,0) O(x)
D(x, x’ ) oD (x,0) | = . ) Now we shall consider simple examples of spontaneous
78 P x(x) breakings of various symmetries for the scalar theory with
X

The Lagrangian of the real scalar field in frameworks of

Typical for this circuit the doubling of number of field QFT with FM has the form [4]:

degrees of freedom disappears at M — . At finite M the |

21| Ox

n

L,(x,M)= 1 {ﬂq)(x)} +m D (x)+ M? [;((x) —cos ,uCI)(x)]2 : 4)

Taking into account interaction in (3), we can (4) write following:

L(x,M)%@”;x)j om0 = 2 () —sos g ~ 2DV (). )

e . . ;
here cossi= |1 miz , where m - mass of the particles, Higg’s potential for a‘ﬁeld (p(x) ex1.sts at exception of a ﬁ.eld
M? x(x)? Free Lagrangian (5) is invariant under transformation

¢ —> —¢ and ¥ — —y . But thus is necessary to demand,
that U(-¢)=-U(p), that U(p) is an odd function of ¢.
Action for (5) is possible to be written as:

described by field ¢, and y is the auxiliary field, playing a

role in interaction, M - fundamental mass and U(yp) is the

unknown function describing interactions of particles.
Whether is possible to choose the interaction

L., = x(x)U(p(x)) between fields ¢(x) and y(x) that|

1 Jp(x
$ = JEICLEY g () - M ((0) - cosup(0) T+ 2V (@) }dp(x). ©
o
If we differentiate (6) on y(x), we find: | m > im, then g l—m—z e 1+m722.
(p(x)) " Y
U(p(x
X(x) = cos up(x) + — (7 Potential energy (9) shall look like:
- . 1 ? ,
Substituting (7) in (6), we have: V(o) =——m’ep® — —U(®)ch . (10
(@) ==—mp" = 5 ~U@)kchug. (10
2
L, (p)= ;[( 5¢ Y —mlp® + UA/[(ED) +2U (@) cos ug] > Comparing (10) and (9), for U(p) we have two different

U

(8)  roots (real and imaginary) at ¢° < and one

2M*ch*u'
2
that is invariantto @ — —@ .

2 2
From breakings of discrete symmetry for usual scalar U(@)=-M’chu' ¢ at p? =M. It results to that
field it is known that Higg’s potential looks like: A

Ltot (q))Higgs = L(r)naximon ((0)7 le

1 1
V(ip)=——m’p* + =~V p*, ©)
S L @)= (22 < Larg2 )
maximon 2 a X[u 2
where A is the dimensionless constant describing interaction
between particles. ) 2
Let find a kind of yU(p) function that in (8) potential Now we shall consider a case when 1 (p)= -2 4%.

Higgs to appear. We shall consider the Lagrangian (8) at At m —> im Lagrangian (5) shall look like:
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_1 29, 2 U0 — M2 (v —chu 2_£ 2,2
L, (p)=—_[( ) + M sh™u o —M"(y —chu @) o x 1. (12)
2 é’x# 2

where M shy =m .
If we differentiate (12) on y , we find: y= M?chu'e . Now (12) shall look like:

]\/[2_’_/12(02
2 2 2 4 2 vt 2
L@ =2y s msnipor - % 2P0y MM e 13
! 2| Ix 2 2M? , o',
“ v+ 50

This is one of Higg’s generalizations on fundamental mass. From (13) at M — o« we shall receive the usual Higg’s
Lagrangian:

2 4
im L, (0)= (2 2y +mp? - 22| (14)
M—>w 2 a X,u

In case of spontancous breaking of global symmetry U (1) we have:

2

0 A2
Ly ()= 22 —milof =M g —cosup =7 (1ol =
o o (15)
:7(” —Mz\go\z—Mz\;(\z+Mzcosy‘;(g5+goﬂ——\;(\2\(p\2
X 2
at m — im , then
3 ol N
L,Ut(x)=7f ~ M| =My + M chu xrpwz\—?\z\z\qﬂ\z. (16)

This Lagrangian differs from (15) by its sign before m’, but still invariant to group of global transformations:

P(x) > p(x) = p(x), @ (x) > @ (x)=e*p (x)

. . . N a7
x> x(x)=e* z(x), 2 ()= x (x)=e*y ()
Taking a derivative from (16) on y and } , we shall find the equation of motion for } and ¥ accordingly:
-M"y+M ch,u(/)—z‘(p‘ =0 and —-M" y+ M~ chu ¢- 2\(/)\ r=0
- I 2
From these equations we find: -, _ chyt @ o ¢
4 A 2 Ltot (X) = - V(¢)a (18)
1+——|p o x
2M . . ) . 1
and y= chu @ . Having substituted these values in where Vo) s Higg's potentia
12
I+ 2 ‘50‘2 2.2 4 |2 . .
2M o2 Moch am'lp This potential has the
(16), we shall find: Vip)=M’lg| - —
1+
PYEld
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minimum -

min

—n?atfg’ =22 " (chu-1)-

In a flat limit Af — oo (18) will have a usual form. If we shall

oM
o) =- pE (chy'

write as V, (‘ qo‘) 14 (‘ q)‘) in Q(p‘) then we have:

2 ’
2 |:¢ _2}

Mxm=7——?——, (19)
+oalel
2 2M 2
where = (chu' —1), this quantity at M — oo is equal
2
mT' At M — oo (19) has a usual
A

2 2\?
form}ligl Vi (‘(0‘) _ é(¢2 _n/;J — y . It is obvious, that

function minimum at

2M*? ,
—(chu —1)-

19 7.

It is always possible to choose as

EM R Chlu' -1. For Ltof (x)

(p‘) has a

‘400‘ =

vacuum material value P, =

we receive expression:

4]
2 ¢ 2

A

+—
2 1+ /12 ‘ ‘2
o’

2
Ltot ()C) = @ (20)

This Lagrangian invariant to global gauge U(l) -
transformation: ¢ — ¢ = @e'*. The system described by
Lagrangian (20), has spontaneously broken symmetry U(]).
Now the point p(x) =g (x) =0 does not corresponding with

a minimum of energy. There any point on a circle of radius
R= f

can choose as stable vacuum any position, situated on a circle
of radius R, that is all states are equivalent because of change
concerning transformation (17). We shall choose value of
gauge phases ¢ =0, uniform for all the world, and we shall

write down ¢(x) in the form of real and imaginary parts:

[chy/—1 18 agree with a minimum of energy. We

1 .

p(x) = ﬁ(h +¢,(x) +ig,(x)) . (21)
here ¢@;(x) and @,(x) are two material fields, describing
excitation of system concerning vacuum _h At

@(x) 7z

transition to stable vacuum U(1) invariance is broken, as the
phase of function ¢ is fixed.
In new variables for Lagrangian (20) we have:

Lt()t (¢) = Ltut (¢1 b ¢2 ) =

u u

@) 1w, 2
21 & 20 &

As a result of spontaneous breaking of symmetry the
goldstone scalar massless particle ¢, and the real scalar

Ah
Ah?
4M*

particle ¢, with mass m, = have appeared. At

1+

2

(gof +2ho, +¢; )2 (22)

8
N+, +92]

M — o we have m, =~[2m .
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SEARCH FOR THE CRITERIA TO SELECT OF MULTINUCLEON COLLISIONS
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The experimental results on properties of multinucleon 7 '°C interactions at p,— = 40 GeV/c are discussed. To select the multinucleon
interactions the criteria was used that the number of identified protons (with momentum p,<1 GeV/c) great or equal 2 for an event. To analyze
the properties of the multinucleon events the variable R was used. The values of the R, were determined as a ratio between the inclusive
spectra of 77~ mesons (protons) emitted in multinucleon events and in the all ones. We have studied the p;-, - and 7- dependences of the R.
It is shown that the main characteristics of pions for the multinucleon events do not differ from ones for all events. There is no correlation
between the processes of pion production and the emission of protons for the chosen events. We obtained that the region of multinucleon

processes could be fixed using the values 3-4 of a proton number.

Introduction

One of the main trends of the advancement of modern
high-energy physics is the study of strongly interacting
matter under extreme conditions (high temperatures and/or
densities of the baryon charge). This scenario could have
arisen at the early stages of the Universe evolution, in the
process of formation of neutron stars, and they can be
brought about under laboratory conditions in collisions of
relativistic heavy nuclei. According to the currently available
theoretical notions, strongly interacting matter may be
subjected to a series of phase transitions with increasing
temperature and/or density of the baryon charge, among
which is the first-order phase transition of restoration of
special symmetry of strong interactions - chiral symmetry
that is strongly violated at low temperatures and/or densities
of the baryon charge. These phases are determined by
temperatures and baryon densities that can be achieved in the
process of collision depending on energy and atomic number
of accelerated nuclei.

Studying the characteristics behavior of the hadron-
nuclear and nuclear-nuclear interactions as a function of
collision centrality (Q) is an important experimental method
to get information about changes in the nuclear matter phase,
because the increasing QO could lead to the growth of the
nuclear matter baryon density. In other words, the regime
change in the behavior of some centrality depending
characteristics of events is expected by variation of Q to be a
signal on phase transition. This method is considered to be
the best tool for reaching the quark-gluon plasma phase of
strongly interacting matter. Some experimental results have
already demonstrated the existence of the regime changes in
the event characteristics behavior as a function of the
collision centrality [1-8]. The regularity is observed for
hadron-nuclear [1-2], heavy [3-7] and light nuclear [8]
interactions in a large domain of nuclear masses and initial
energies. It has also been observed for the behavior of some
centrality characteristics of z-mesons, nucleons, fragments,
strange particles and even for those of J/y. It is necessary to
touch upon any other question which is very important for the
centrality experiments. It is clear that the centrality of
collisions O can not be defined directly in the experiment. In
different  experiments the values of O are defined as a
number of identified protons , projectiles’ and targets'
fragments, slow particles, all particles, as the energy flow of
particles with emission angles 8= 0" or with 6= 90"
Apparently, it is not simple to compare quantitatively the
results on Q-dependencies obtained in different papers; on
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the other hand the definition of Q could significantly
influence the final results. So it is necessary to understand
what centrality O is. Usually for a chosen variable to fix Q it
is supposed that its values have to increase linearly with a
number of colliding nucleons or baryon density of the nuclear
matter. The simplest possibility to fix the centrality is to use a
number of proton emitted in reactions -- to consider the
multinucleon processes. The physics of these processes
serves as a bridge which joins the study of high energy
mechanisms of particle production and that of new phases of
strongly interacting matter. But there is one very important
question what is the criteria to experimentally separate the
multinucleon processes? What are boundary values of chosen
variables after which new, multinucleon physics could start?

To answer the above questions is a main goal of this
paper. To achieve this goal the 7 2C-interactions at P,. = 40
GeV/c were used. The events could give the unique
possibility to study fragmentation of the nuclear target
because the projectile fragments could be separated easily
from target ones. Other important point of the interactions
under consideration is that the interactions with light nuclei
as well as "’C could cleanly show a connection between the
collisions of the free nucleon targets and with nucleon in
nuclear medium to get further information on the states of
nuclear matter.

Experimental results

Using the experimental data on 7'°C - interactions at
P, =40 GeV/c obtained from the 2m propane bubble chamber
of JINR (Dubna) [9] the relative inclusive spectra (R) of the
7'~ mesons and protons (with momentum p, <1 GeV/c ) were
analyzed separately as a function of the variables: the
transverse momentum p,, the ﬁ” = (E;— Py)/my( E;, P;; and
my are the total energy and longitudinal momentum of
particles in lab. system and the mass of nucleon accordingly )
[10] and the kinetic energy T of the particles in lab. system.

The chamber, placed in a magnetic field of 1.5 T, was
exposed to beams of light relativistic nuclei at the Dubna
Synchrophasotron [11]. Practically all secondaries, emitted at
a 4m total solid angle, were detected in the chamber. All
negative particles, except those identified as electrons, were
considered as #— mesons. The contaminations by
misidentified electrons and negative strange particles do not
exceed 5 and 1%, respectively. The minimum momentum for
pion registration was about 70 MeV/c. The protons were
selected by a statistical method applied to all positive
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particles with a momentum of |p| > 500 MeV/c (slow protons
were identified with [p|<700 MeV/c by ionization in the chamber).

The N,,=8791 7°C events were used and the corresponding
inelastic cross section was o= (87.5x1.0)mbn. [12] The
interaction of the projectiles with “quasi-free” nucleons of the
target were not taken into account.

The values of R were determined as a ratio of the
spectrum of dN/dp,; dN/dff’ and dN/dT obtained in the events
with N, >2 (multinucleon events - mn) to the similar ones in
all events. The 3571 multinucleon events were found and
analyzed by us.

25
h)
154 a) -EEI!I;§§§
Rp 18 ¢ &g 15 4
05 A o - Protons
LR T
5 i
10 T ;
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Fig.1a-b: The values of R, as a function of p, for:
a) 7 -mesons and b) protons emitted in the 7/°C-
interactions at P-=40 GeV/c.

The obtained results are presented in Figs.la, b-3a, b. It
can be seen that the values of R do not depend on the values
of the p; for pions and protons (Fig.1a, b) —first result. There
are some dependencies for the values of R (for protons atl
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values of A >1.0 and for pions and T for pions at lower
values of / (Fig.2a, b) —second result. It is also seen that the
values of R for protons (Fig. 3b) and for negative pions (Fig.
3a) do not depend on T (third result) but there are some
points at lower values of 7 for which the values of R for
positive pions all more than 1.0 (fourth result).

The ratio of average values of the multiplicity for pions
and protons produced in the multinucleon events and in all
events are shown in following table. It is seen that values of
average multiplicity are almost equal for both events and do
not depend on the pion charge. In selected multinucleon
events the average values of protons are 80% more than in all
7'?C-ones. So it can be said that almost double proton
number does not lead to significant changes in the produced
pion spectrum and their multiplicity in an event. It could be
understood that there is no correlation between the processes
of pion production and the emission of protons. One of the
explanations of it could be that there are many protons among
the chosen ones (for example see [13]), which become
evaporated.

Table
The ratio of the average values of multiplicity.
Type of particles N> <Wygor™>
7+ mesons 0.96 + 0.03
77— mesons 1.05+0.02
Protons 1.81 +0.02
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Fig.2a-b: The values of Rﬂo as a function of ' for : a) 7* -mesons and b) protons emitted in the 7'?C-interactions at P,-=40 GeV/c.
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Fig.3a-b: The values of Ry as a function of T for: a) z°~ -mesons and b) protons emitted in the 7/’C-interactions at P,-=40 GeV/c.

What can one learn from these results? To answer this
question it could be better to start from second and third
results for pions which say that the number of pions at lower
values of 7 and /&’ are greater than 1.0 that is their number in
multinucleon collisions is more than for all ones. It could be
connected with the effect of meson condensation. The idea of
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meson condensation formation was predicted [14] many
years ago. But still now there are no experimental results to
directly confirm this idea. It is due to the absence of a setup
which could measure the slow 7z” -mesons’ characteristics
with high accuracy. Now there is a setup TAPS [15] which
can measure the slow 7° -mesons’ characteristics with high
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accuracy. When some results from this setup [15] were
analyzed few of them could be interesting for the
experimental search of the meson condensate. In these papers
[15] temperature of the slow 7’ -mesons was defined as
slopes of the spectra which are shown in figs. 4-6. One
temperature for interactions of light nuclei and two
temperatures for the heavy ions ones were found. The result
at low my is very interesting as the behavior of the spectra
differ from the exponential law (from these figures). Some
part of these deviations might be connected with the meson
condensation. It increases with the mass of the interacting
nuclei and depends on the centrality (Fig.4-6). The last is the
main argument confirming that the observed deviation could
be connected with the meson condensation.

10| 2.0 AGay ' i
3 l IZC + Iﬂc

1/m} dufdm, Imb/(MeV /ey

1/m? dofdm, [mb/(Mey /')

0 200 400 GO0 200 1000

transverse mazs m, [Mey /<’

1200 5400

Fig.4 Transverse-mass spectra of 7° and 7-mesons for Au+Au

interactions at intervals Ay near midrapidity.
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Fig.5. Transverse-mass spectra of 7° and 7-mesons for Au+Au
interactions at 0.8 A MeV.

As mentioned above there are the dependences for the
values of the R (for protons at the values of £ >1.0 and for
pions at the lower values of /) with increasing /' (Fig.2a,
b)—second result. To explain the result let us consider the
variable [30 which is defined as ,B” = (E;— P;;)/myand it must
be less than one for the protons produced in the nucleon-
nucleon interaction and could be greater than one only in
multinucleon collisions whether mass of the target iS greater
than my or the number of collisions great than one. So it is
seen that in the region around the #’~/, R as a function of /4’
starts to change for protons (Fig.2b). It could mean that the
area of new physics — multinucleon physics begins at values
of the ">1.0. Anoshin et al. [16] found that the probability of
pion production with values of £’>1.0 is (2.0 + 0.2) % and
certainly the probability of proton emission with values of
A’>1.0 in 7'°C-interactions at P,. = 40 GeV/c is much more
than this values, it is (37.0+ 1.0) % [17]. It explains why the
regime change point could not be observed on the behavior of
R as a function of 4’ pions.
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Fig. 6. Transverse-mass spectra of 7 and 7-mesons for Au+Au interactions at 0.8 A MeV.
a) in noncentral collisions; b) in central collisions.
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Fig. 7. The N, -dependence of the 7"2C reactions at 40 GeV/c.
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Fig. 8. The average multiplicity of pions produced in 7/°C-
interactions at P,. =40 GeV/c as a function of
1= [P, . The e is the maximum values of 4’
in the event for the pions.

The result presented in fig.7 confirms the assumption. In
this figure a number of 7/°C events (at P,. = 40 GeV/c) is
shown as a function of N, [18]. The regime change point is
seen at the values of n, ~ 3—4 which was used by the author
to separate the central events. In this paper [18] it was shown
that the probability of the processes of total disintegrated
nuclei (or central collisions) in events with the particles
having ">1.0 is almost 5 times more than in all events.

So it can said that the multinucleon physics could start at

the values of N, greater than 2, present results demonstrate
that it could start at the values of N, ~ 3-4 for z'°C-
interactions at P,. = 40 GeV/c.

The results could also mean that only single variable, for
example, N,, is not enough to choose the multinucleon events
and it is necessary to include other variables. For the events
under consideration such variable could be 4. In paper [12] it
was shown that the new region on A’ could be chosen using
the values of £’>0.6 for pions. In Fig.8 is shown the average
multiplicity of the pions produced in 7'’C-interactions at P,.
=40 GeV/c as a function of the n."*= f,...(the figure was
taken from the paper [12].The ﬂ’max is the maximum values
of A’ in the event for the pions. It can be seen that the regime
changes with the behavior of the the average values of pion
multiplicity i.e. at the values of #’~0.6.

Conclusion

It can be concluded that:

- the main characteristics of pions for the events with
two or more protons do not differ from ones for all
events;

- there is no strong correlation between the processes of
pion production and the emission of protons for the
events with two or more protons;

- the region of multinucleon processes begins from the
values 3-4 of a proton number.

We believe that this result teaches us that the
multinuclear events could be the correct selection using the
criteria: a number of protons greater than 3-4 for protons and
the values of #”>0.6 for pions produced in 7 '’C-interactions
at P,.=40 GeV/c.
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COXNUKLONLU HADISOLORIN SECILIiB AYRILMASI UCUN LAZIM OLAN
SORTLORIN AXTARILMASI

Bu moqalads 7~ "2C —qarsiligh tasirlorinds amolo golon goxnuklonlu hadisslorin xassalarine dair tacriibi naticalor miizakirs edilir. Bu
ciir hadisalori se¢ib ayirmagq iiglin bels bir gortdon istifads edilir ki, hadisado miigahids edilmis, impulsu 1 QeV/c —don kigik olan protonlarin

say1 2 —don ¢ox olsun. Coxnuklonlu hadisalorin xassolorini todqiq etmok tigiin R komiyystinden istifado edilir ki, o, bu hadisolordo amolo
golmis 7" -mezonlarin (protonlarm) inklyuziv spektrlorinin, biitiin hadisolorde omelo golmis 77 * -mezonlarmn (protonlarm) uygun

inklyuziv spektrlorino olan nisbati kimi toyin edilir. Todqigatda R kemiyyatinin p |, ﬂ 0 va T parametrlorindon asililigindan istifads

edilmisdir. Gosterilir ki: ¢oxnuklonlu hadisslordo emalo golon m —mezonlarin xassolori bu zerraciklerin uygun biitiin hadiselordeki
xassalorindan farqlonmir; bu hadisslords amals golmis m —mezon va protonlar arasinda korrelyasiya yoxdur. Bels bir naticaye galinmisdir ki,
coxnuklonlu hadisslari se¢ib ayirmaq ti¢iin hadisalordo miisahids edilon protonlarin saymin 3-4 -5 barabar vo ¢ox olmasi gaortindon istifado
etmok lazimdir.

SL.T. I'yceitnammes, M.K. CyneiimanoB, O.b. A6aunos, A.C. Bononbsinon
MOUCK KPUTEPMEB OTBOPA MHOI'OHYKJIOHHBIX COBBITHIA

B  nmamHOif  paboTe  00CYXOAalOTCA  OKCIEPUMEHTANbHBIE JAHHBIE 1O  POXICHHIO  MHOTOHYKIOHHBIX  COOBITHH B

77 "2C — B3auMoneicTBHsX. BhIesumch COOBITHS, B KOTOPBIX POXIAIOCh Ooiee 2 MPOTOHOB ¢ mMmiyiscoM MeHee 1 GeV/e . Jlus
HCCIICIOBAHUS CBOMCTB MHOTOHYKJIOHHBIX COOBITHH HCIIONB30BaNaCh BEIUYMHA R , KOTOpas OMpENesuiach U3 OTHOIICHUS WHKITIO3HBHBIX

+
CIICKTPOB ﬂ'i- MC30HOB (HpOTOHOB), POKAAOMINUXCA B OTHUX CO6I>ITI/I$[X, K HWHKJIIO3UBHBIM CIICKTpaM JT - ME30HOB (HpOTOHOB),

0 .
poXmaromuxcsi BO BCeX COObITUsX. MccmenoBanocs 3aBHCUMOCTD BEIUYUHBI R OT P ﬂ u T . [lokazaHo 4TO: CBOMCTBA T — ME30HOB,

POXKAAIOIINXCSA B MHOTOHYKJIOHHBIX COOBITHSIX, OTJIMYAIOTCS OT CBOMCTB 3THUX YaCTHL], POJKICHHBIX BO BCEX COOBITHAX; B MHOIOHYKJIOHHBIX
COOBITHSAX MEXAY T — ME30HAMHM W TNPOTOHAMM HET Koppeisuuu. IIpoBeNeHHbIC MCCIENOBaHUS IOKa3ald, YTO IS BBIACICHUS
MHOTOHYKJIOHHBIX COOBITHI HEOOXOMMO BBIIEINATH COOBITHS, B KOTOPBIX YMCIIO IPOTOHOB 3-4 1 Gomee.
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THE SEMICONDUCTOR IMPEDANCE OF ELECTRON TYPE CHARGE CARRIERS WITH
HOMOGENEOUS BOUNDARY CONDITIONS
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E.R. HASANOV
Baki, Institute of Physics of NASA,
Baki Dovlet Universiteti

The semiconductor impedance of electron type charge carriers with homogeneous boundary conditions for electric field has been
calculated. The criteria of electric field values, at which the current oscillations in the circuit with definite frequency take place, has been
found.

The homogeneous sample with falling branch on volt- . 8 ( én )
ampere characteristic is used as active element in amplifiers 0j = ogn+ odE —e dx %0 + 1, 8E GE). (6)

and electric oscillation generator. The properties of such
sample as the element of electric circuit is comfortable to )

describe with the help of impedance conception Z(w). We T = eny AE |E:ED
will  investigate the properties of homogeneous o
semiconductor for one oscillation period, i.e. when kL=27r,

. . ‘ The continuity equation and Poisson’s equation have the
k is wave vector, L is sample length. If the small alternating

form:
voltage is given on the sample dp
— 4+ divi=10
8v(e) = [T7V(De ™ duw (1) .
- divE=— (P — pg)- (7

then by the definition we have:
In one-D case the total current according to (7) depends

z{w)d](w) = dv(w) . 2) only on ¢t and J=J@). Considering that E

) ) =E,+0E,n = ny+dn from (5-7), we obtain
The total current is the sum of conduction and

displacement currents ) R" 6E(x,w) = _4_?3 5] ()
I=1 4 Dr’ ax’
z
A d | . 4m
where ¢ is sample dielectric constant, £ is electric field. We R* =D PRCI Uu x +iw — = o 3

limit by the one-D case and that’s why

o " If fluctuations of the field and charge density take place
avit) = ~r|} OF(x t)dx . (4) homogeneously, then

SE(0,t) = SE(L,t) =0. 9)

We obtain from (3) for small inclinations from
equilibrium state as follows:
The solution of inhomogeneous equation (8) with taking

s =B into consideration of boundary conditions (9) has the form
J&) = ZE—+j(x0) )
- . A I:Ell:‘rz_l:lsl:I‘fir_l:ﬂl:'i"i_l}ﬂl::fzx
GE(x, @) = R a [1 + T i } (10)

: 1 . ) . dng
1y — leglry — kel ey — 3D —iugEy + | —(pgEg)* + 1D (i — T}
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1 . . 47T
ky = 2D —iugEy + | —(poE)* + 4D(ip — T]

Integrating the expression (10) over x, we find impedance

{
ik kg gTi—gTz (11)

Substituting k,” value in (13) we easily obtain the

Designating £, = o L
£ £ %o frequency values for one current oscillation period in the

sample
section) and taking into consideration r,, r», k;, k,, we obtain  EZmpnE,
the expression for impedance = L (15)
e &7
ey rd_w L8 ':k:—k-_}[.:';*'?}] We obtain the following expression for real and
z. T - T L.k, I (12)  imaginary parts of impedance from expression (12) with
h L - 4 taking into consideration k;k;, values
The expression (12) is correct for one oscillation period, RaZ I,r Ar  4m @ 8 ".i
L.e. KO =2 3 z, T Ns s owe et (16)
1 LT el (13) ReZ |:w+oc+4-'u[3:|
we easily obtain the following expression from expressions Zy o o C Wl
ki, ks From (16) it is seen, that at £>FE_j,, the real part of
i N x + impedance has the negative sign, i.e. the current oscillation
K,=—+ iw; K,=——+ iw- with frequency (15) takes place:
2D 2D 2D 2
4z
i Echar = 70_0'
2

1
— 2
o= 5 [\,’r{‘u,ugu]“ +16D%w? — (uy2,) ]
’ Under experimental conditions in the sample with

i
1 RY] 7_3 _32]= concentration 7%3-10", length 0,01 cm and mobility
-— gg)° + 16D w” — E . (14 ’ ’
i3 3z ["u"fﬂu ﬂ} lI:’J“"I:I ﬂ} ] (14) ,uz3-1014, Eopr ~ 2-10° Viem.

[1] E.R. Qasanov, R.K. Qasanova. Amplituda i chastota sred. Moskva 1957 q.
kolebaniy toka v poluprovodnikakh s padayushey [3] Yu.B. Rumer, M.Sh. Raevkin. Termodinamika,
voltampernoy  kharakteristikoy. =~ Mejdunarodnaya statisticheskaya fizika i kinetika. Moskva 1977 q.

konferentsiya, Fizika 2005, str. 237-239.
[2]1 L.D. Landau i E.M. Lifshits. Elektrodinamika sploshnikh

R.H. Yazdanxan, E.R. Hosonov

BIRCINS SORHOD SORTLORINI ODOYON ELEKTRON KECIRICILIKLI
YARIMKECIRICIiNiN IMPEDANSI

Elektrik sahasi iiglin bircins sarhad sartlori 6danilon electron tip kegiriciliys malik yarimkegiricilorde impedans hesablanmigdir. Dévrada
miioyyan tezliklo yaranan rogslors uygun elektrik sahasinin doyismo kriteriyasi tapilmigdir.

P.X. SIznanxan, E.P. I'acanoB

WUMIEJAHC MOJYITPOBOJHUKA JIEKTPOHHOI'O TUIIA HOCUTEJIEM 3APSIJIA C OJJTHOPOJHbIMU
I'PAHUYHBIMMU YCJIOBUSMHA

Bbruucnen umnenaHc NOJTyHNPOBOAHHUKA 3NIEKTPOHHOI'O TUIA HOCUTENEH 3apsja ¢ ONHOPOIAHBIMU TI'PAaHMYHBIMM YCIOBUSIMU JUIS
aneKTpudeckoro mois. Haiinenel kpuTepuu 3HaueHHI 3NEKTPHUUYECKOTO MO, MPH KOTOPBIX MPOHCXOIAT KOJIEOAHUs TOKAa B LEMU C
ONpeeIEeHHON YaCTOTOM.

Received: 15.03.07
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ALGORITHM OF DETERMINING CONDITIONS FOR NON-CATOPTRICAL ABSORPTION
OF ELECTROMAGNETIC RADIATION IN POLAR LIQUID STRATA

R.M. KASIMOV, L.U. IBADZADEH, V.V. BOGATOV
Institut of Chemical problem,
Az-1143, H. Javid av., 29

The algorithm of determining conditions of non-catoptrical absorption of electromagnetic radiation in a polar liquid strata is proposed
according to measurement of their static and dynamic dielectric properties.

Lately, a method of chronological radio spectroscopy
based on electric pulse sounding of the substance strata with
subsequent Fourier-transformation of the reflected signal [1,
p.25] finds its application for express-measurement of
dielectric properties of the substance in a wide frequency interval.
Application of the given technique appears to be justified
when thickness of the reflecting substance strata is sufficient
for full dissipation of the radiation penetrating into the strata.
Failure to take this into consideration may result in reception
of unreliable data, especially in the course of researching
weakly absorbing materials or in case of application, due to
technical reasons, of measuring cells of a limited size.

At the same time, the given method may be utilized in the
tasks of identifying polar liquids provided that Fourier-
transformation of the total reflected signal has been
conducted, i.e. with the account of finiteness of the thickness
of the substance strata located in the metal measuring cell [2,
p.106]. In this case, the dependence of the amplitude of
reflected signal received as a result of Fourier-transformation
on frequency of the incident radiation and thickness of
substance strata will represent surface in the three-
dimensional space, possessing a set of zero minima specific
to every substance realized at a certain selective values of
frequency and thickness. Existence of such a peculiar
spectrum of selective strata frequency and thickness values
renders an opportunity of identifying a researched substance,
by comparison of its spectrum with the spectra of known
substances. For realization of such an opportunity one must
possess a databank of selective values of substance strata
thickness and radiation frequency. They may be obtained
either experimentally with application of the specified
method of pulse sounding pure reference liquids, or by
calculations, using literary data on their static and dynamic
properties. We shall take advantage of the latter.

As has been established in the work [3, p.490], full or
non-catoptric absorption of electromagnetic radiation in a flat
strata of a dielectric put on a metal substrate, arises at a point
of one of the wave reflection factor module dependence
minima p from thickness / covering substance strata where
the size of this minimum reaches its zero value. Conditions of
existence for such function zero minimum p(/) correspond
with such selective values of dielectric permeability &' and

dielectric losses &” of the covering substance, which are
functionally connected among themselves by the following

equation:
1
r b

iZn

y

22N -1)-¢= (1)
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(1=n)" +(ny) 2ny

~ L ) p= t _
(1+71)2+(rzy)2 ¢ arcgl—nzilerzi

accordingly is the module and phase of wave reflection factor
from the border of air-coating section; N - number of zero
minimum.

Included in the equation factor of wave refraction » and
factor of dielectric loss y are related with its ¢” and &” known
ratios:

where 7 =

g'znz(l—yz); g"=2n’y, ©)
At the set length of a wave A of the incident radiation
necessary to meet the conditions of its full absorption,
selective thickness [ covering strata is determined by

expression:
(M_ﬁj

4 4r

One of the parameters determining existence of full
radiation absorption in a substance strata, is an interval of
wavelength modulation 44 or thickness A/ of the substance
strata, within the limits of which the size of the reflected
signal does not exceed a set in advance boundary value p,.
According to the research findings [4, p.737], this parameter
is determined from the following equation:

AL Al _sh(47zx0y0)
Pode  Poly

A

= 3)
n

, “

X,

where index 0 corresponds with the selective values x, y, 4 and /.

For finding selective values /;, Ay , as well as €7, €7, n
and y for a specific substance, one must have the knowledge
of frequency dependences ¢£”and &£” It is known, that in the
field of its dispersion the polar liquid behavior £”and &”with
frequency is described by the generalized equation:

& —&

0

E=¢c'—-ig"=¢_+
1+ (i)

(6))

where & ,&, - is a static and high-frequency dielectric
permeability; 7 - time of relaxation; @ - circular frequencys;
a, [ - empirical parameters, determining the corresponding
type of dispersion. Provided that & =0 and = 1 equation (5)
will be transformed into the known Debye equation [1, p.25].

In certain cases the best approximation to experimental
data is achieved if the substance wave dispersion is
represented as a superposition of two or three dispersions of
Debye type:
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o .on go_goc
¢€—€—l€ —Ew-i—zcj—,

: (6)
1+za)rj

j=1

where j , Cj— is a number of dispersive area and its brought
contribution.

From the joint solution of equations (1) - (6) may be
found dependences between the required selective values [,
Ao of the polar substance and its static and dynamic dielectric
characteristics &,6., 7, a, 8, Cj.

The developed algorithm of the initial system solution for
equations (1) - (6) includes initial procedure of entering into
the computer operational memory of values of static and
dynamic dielectric characteristics & ,¢. ,7, @, f#,j and Cj, of
the chosen polar liquid, and the serial number N of the
function zero minimum p(/) . Since according to the work [3,
p-492] data, the spectrum of selective values of wavelength
and thickness of the coating layer has low-frequency and
high-frequency branches, calculation of the required
parameters was carried out in two stages with subsequent
calculation result conclusion for each of the calculation
stages. At both stages of calculation was carried out search of
values n and y, being the roots of equations (1) and (5), (6).
Thus the size z=In(w7) was used as the varied parameter,
modulating within limits (-c0, 0) or (0, o) accordingly in
calculations Ay and /, of the low-frequency and high-
frequency branches of their spectrum. As a criterion of the
calculation program stop were accepted achievements within
the limits of set accuracy of the equality of values y,
calculated according to equations (1) and (5),(6).

According to the developed solution algorithm, near the
preset value z from equation (5) or (6) were corresponding
values £”and ¢”; thus, in case of application of equation (5)
were used expressions following there from:

&=¢g+ (80 -&, )B cospB; &"=(g,—¢,)BsinpB, (7)
Asin 0,57[(1 - a) )
where Q= arc[g 5
1+ AcosO,Szz(l — a)
A= exp[z(l - a)] ;
cos g
o (®)

1+ Acos0,5z(1 - )

Obtained values &”and &” were then used for calculations
of np and yp on equations (2) transformed according to these

parameters:
,8’24-8"2 —8’ '

" ’

&

9

Vb

Thus found values np and yp have been used as initial
estimates in the course of iterative procedural calculation of
yk as per equation (1), but transformed to the following type:

Inr

R A

y

The obtained according to (10) during iteration resulting
yk value was compared with yp and, in case of their non-
conformity, a repeated calculation of both values was carried
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out, but with the change of Az of the variable z. Modification
of the z value is carried on until the following condition is
met:

|J/K_y0|§5 , (11)
where J— is a set in advance accuracy of y value definition.

Thus obtained values of np and yx  therefore,
corresponded to their selective values, i.e. to such figures
under which is met the condition of full incident radiation
absorption in the layer of the chosen polar liquid. With these
values mp, yx and the set values of static and dynamic
dielectric parameters of liquid, the required selective incident
radiation wavelength 4, was determined on the equations (5)
or (6), and later, by means of equations (3) and (4)
accordingly, selective thickness /, of the liquid strata and
within the limits of wavelength intervals and strata thickness,
the value of the reflected signal does not exceed the boundary
value p,

For solution of the set task it has been resolved to take
advantage of the modern MS Visual Basic 6.0 software
developing environment. Results of calculations are
automatically collected and displayed by such programs as
MS Word or Excel, and also may be directly entered into MS
Access database.

Search of the required selective values of yx and mp for
each N is completed in case of meeting condition (10) | yx -
yp|<< 4. On found thus values of yx and np a calculation of
the required selective values the wavelength 4, is carried out,
as well as strata thickness /y, dielectric penetrability £and
dielectric losses &”. Since the frequency spectrum of radiation
and substance strata thickness contains low-frequency and
high-frequency branches, calculations were carried out in two
stages, described by a choice of the h iteration range.

The discovered required values are displayed in text field
windows to which attributes the found values are given. The
results of calculations are entered in MS Word or Excel file
in direct access (Append) mode at operator’s discretion.

Results of such solution of the equations (1)-(4) are
illustrated by Table 1 depicting data of calculation Ay, [, of
some polar liquids possessing wave dispersion with known
values of relaxation time 7, static & and high frequency &,
dielectric penetrability, as well as empirical parameters ¢, fS.
Consequently, this implies that any polar liquid, possessing
wave dispersion within certain frequency range, has therein a
strictly determined and inherent in the given liquid spectrum
of selective values of the substance wavelength and strata
thickness, corresponding with the conditions of full radiation
absorption within the substance. The spectrum consists of a
low-frequency and high-frequency branches, distinguished by
the nature of selective wavelength change with increase of
selective substance strata thickness. Thus, with increase of N
figure, and consequently, the selective thickness /, of the
substance strata as well, a spike Ay occurs for a low-
frequency branch of the spectrum and its reduction for high-
frequency branch appropriately. Distinctive feature of
selective full absorption of electromagnetic radiation is a
probability of spectrum degeneration in view of smallness of
value & , in particular in case of substances with weak
polarity, such as an anisole, chloroform, etc. Spectrum
decline is manifested in absence of lines therein,
corresponding to small N values.
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Table 1
Selective values of wavelength 4, and thickness /, of some polar liquids’ coating strata for low-frequency and high-
frequency branches of non-catoptric wave absorption spectrum. &, &., 7 - implies both static and high-frequency dielectric
permeability and liquids’ relaxation times.

Low frequency spectrum branch High frequency spectrum branch

Ne Liquid N AL AL
/7,0 cm lpcm — ﬁ“o mm [ymm —
Pt P
1 | Acetone 1 1,943 0,111 0,579 0,470 0,092 1,726
£=21,2 2 6,144 1,008 0,193 0,195 0,108 0,996
£,=1,9 3 10,36 2,822 0,116 0,123 0,112 0,687
=3,23-10"25 4 14,60 5,560 0,083 0,089 0,114 0,517
0=0,02; p=1 5 18,86 9,226 0,065 0,070 0,114 0,413
2 | Acetonitrile 1 3,522 0,154 0,444 0,244 0,042 1,584
£0=36,23 2 13,62 1,716 0,146 0,080 0,041 0,896
£=2 3 24,89 5,201 0,087 0,046 0,040 0,816
=3,8-10"%s 4 37,00 10,80 0,062 0,031 0,038 0,465
0=0,14, p=1 5 49,55 18,58 0,048 0,023 0,037 0,372
3 | Acetophenone 1 3,079 0,211 0,689 1,470 0,191 1,247
£0=18,66 2 21,31 3,822 0,213 0,255 0,114 0,699
£,=2,45 3 45,87 13,51 0,126 0,121 0,093 0,473
=7,4-10"%s 4 74,73 30,63 0,090 0,076 0,083 0,355
0=0,28, =1 5 107,0 56,25 0,069 0,053 0,075 0,283

4 | 1-Butanthiol 1
£0=5,21 2 2,933 1,018 0,475 2,910 1,360 0,743
£,=2,085 3 5,475 3,053 0,278 1,220 0,994 0,533
=9,4-101% s 4 7,860 6,081 0,198 0,713 0,828 0,411
=0, p=0,65 5 10,22 10,15 0,154 0,481 0,724 0,332

5 Pentandiol 1 - - - - - -

£0=4,85 2
£,=2,094 3 9,352 5,442 0,296 2,810 2,190 0,490
=24,3-10"%s 4 13,86 11,15 0,209 1,360 1,536 0,384
=0, p=0,5 5 18,19 18,72 0,162 0,813 1,182 0,314

6 Diethyl ether 1 --- --- --- --- --- ---
£0=4,36 2 1,085 0,411 0,539 1,330 0,721 0,952
£,=1,845 3 1,935 1,180 0,318 0,793 0,726 0,688
=2,44-10"% 4 2,745 2,323 0,226 0,561 0,732 0,529
=0, p=1 5 3,553 3,851 0,176 0,439 0,726 0,427

7 | Diethyl phthalate 1
£0=7,86, C;=0,829 2 87,94 24,15 0,350 41,970 17,215 0,605
e=3.31 £,= 2,37, 3 151,0 67,96 0,209 2,883 2,234 0,482
=133-10"s, 4 213,0 133,6 0,149 1,725 1,926 0,376
=2.5-10"%s, 5 221,3 2212 0,093 1,276 1,844 0,302

Since every substance possesses an individual spectrum  identification with their means of unknown researched
Ao, Iy, its experimental identification and comparison with  substances.
initially found spectra of known substances makes possible

[1] Y.Yu. Akhadov. Dielectric parameters of pure liquids. [3] RM. Kasimov. Magazine of engineering and physics,
Moscow. Publ. H. MAIL.1999, p. 812. 1994, v. 67, Ne 5-6, p.489.

[2] RM. Kasimov, Ch.O. Kajar, E.R. Kasimov, S.R.
Gasanov. Azerb. Rep. Patent. 2005.
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POLYAR MAYE TOBOQOSINDO ELEKTROMAQNIT SUALANMANIN TAM UDULMASI SORTLORINI
MUOYYONLOSDIRON ALQORITM

Statik ve dinamik xasselerin Olgiilmesi esasinda polyar maye tobaqesinde elektromaqnit siialanmanin tam udulmasi
sortlorini miloyyenloesdiren alqoritm toklif olunmusdur.

P.M. Kacumos, 1.Y. U6an3ane, B.B. boratos

AJITOPUTM ONPEJEJEHUA YCJIOBUI BE3OTPAKATEJIBHOI'O NOT'JIOIEHUA
SJIEKTPOMATHUTHOI'O U3JIYYEHMA B CJOE ITOJAPHOU )KNIKOCTHU

IIpennokeH anropuT™ OIpeAENICHUS YCIOBUI 0€30Tpa’kaTeNbHOTO MOTJOMEHUS 3IEKTPOMArHUTHOTO H3IYyYEHHS B CIOE IIOJSIPHOM
JKUJIKOCTH 10 JAHHBIM U3MEPEHHS UX CTATUYECKUX U AUHAMUYECKUX AUNIEKTPUUECKUX CBOMCTB.
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OPTICAL EXTINCTION BY SMALL PARTICLES OF AMORPHOUS SILICON DIOXIDE

T.D. IBRAGIMOYV, E.K. HUSEYNOV
Institute of Physics of National Academy of Sciences.
33 H.Javid Avenue, AZ1143. Baku, Azerbaijan

Extinction spectra of amorphous silicon dioxide small particles depending on particle sizes, their concentration, and surrounding medium

are investigated in the vicinity of the one phonon states zone.

It is shown that at the particles sizes comparable and larger than the wavelength of incident light the transmission peak is observed in
extinction spectra, which corresponds to the equality of refractive indices of particle substance and surrounding medium. At particle sizes
smaller than the wavelength of incident light the surface modes of particles are appeared, frequencies of which shift to lower frequencies as

the dielectric constant of the surrounding medium increases.

1. Introduction

The substance as particles widely exists both on the Earth
and in the interstellar space. We also use many properties of
particles in daily life, medicine, cosmetology, and other
areas. Rapid development of nanotechnology and
nanophysics provides to use very small particles in the most
various areas of modern optoelectronics [1] and medicine [2].
One of the actual directions of physics of small particles
clearing widespread perspectives of  corresponding
application in novel areas of photonics, is the study of
interaction of electromagnetic radiation with particles. The
present work focuses an attention to the establishment of laws
of optical absorption and scattering by small particles through
ones of silicon dioxide depending on their sizes,
concentration, and surrounding medium.

2. Experimental

The pieces of chemically pure amorphous silicon dioxide
are used for getting of small particles. After careful crushing
in agate mortar with small addition of spirit the obtained
powder was passed through the system of sieves with the
known sizes of apertures. Such method allows obtaining the
fractions of particles with the grain sizes of 160-200 um, 100-
160 um, 63-100 um, 50-63 um, and less than 50 wm. Last
fraction was subjected to the subsequent division on
sedimentation time in the column with spirit according to
expression

t=18hn/ (p1—p) g &',

where /4 - a column height; # — a viscosity factor; p; and p; -
densities of silicon monoxide and spirit, accordingly; g — free
falling acceleration; d - the particle cross-section sizes. The
obtained fractions were dried up in a vacuum of 107 torr at
temperature of 50° C within a week. Then they were mixed
up with pure powders of TICl, KBr, KCl u NaCl (Beckman
firm) in vibromill within 8 hours. The mixture were pressed
by means of an optical vacuum pressform (Beckman firm) in
tablets in diameter of 13mm. Force of pressure varied
depending on the microhardness of the matrix compound.
Besides, the powder was also deposited on the surface of KBr
plate.

Extinction spectra were carried out on spectrophotometer
Specord 75 IR in the frequency range of 4000-400cm™. The
resolution and an accuracy of frequency definition were not
worse than 2cm™. More precise of the band form and
frequencies were carried out by the two-beam
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spectrophotometer of the model 4260 of Beckman firm. In
this case, the resolution and the accuracy of frequency
definition reached up to lcm™. Radiation represented itself
the parallel light beam falling perpendicularly to the tablet
plane. For getting of additional information the tablet without
the filler was placed in the comparison beam.

The transmission spectra in the visible region were
recorded on spectrophotometer of model 557 (Hitachi firm).
The refractive indices of pure silicon dioxide in the visible
region and matrices in the infrared region were determined on
the interference pattern from transmission spectra. High-
frequency dielectric constant of silicon dioxide was defined
as a square of refractive index in the visible region. Dielectric
constants of matrices were determined by similar method.
Low-frequency constant of silicon dioxide was measured by
the device BM-560 on the frequency of 50Hz.

3. Results and Discussion

When the light propagates in the medium consisting of
particles, its intensity decreases according to the expression
I =1yexp (-0.xl), (1)
where extinction factor a,,, is the additive value. It consists of
absorption and scattering factors:
Oext = NCext = NCabs + NC&‘cat > (2)
where N — the number of particles in the volume unit; C,,,
Cus and Ci., — extinction, absorption, and scattering cross-
sections, accordingly. According to Mie theory, the scattering
processes dominate at the particles sizes comparable and
larger than the wavelength of incident light. Thus, if the
refraction index of environment medium differs from one of
particle substance then the sample strongly scatters. But the
refractive indices can be equalized near the resonant band of
the particle substance where its refractive index sharply
changes. At that case, the sample becomes optically
homogeneous near the corresponding frequencies and the
scattering decreases. This effect we observe in fig.1. The
extinction spectra of silicon dioxide small particles with
weigh concentration of 2 % and the sizes more than 50um
imbedded in KBr are presented in this figure. As seen, the
transmission maximum on the frequency of 1336cm™ and the
absorption bands with maxima on the frequencies of 475cm™,
805 cm’', and 1092 cm™ are observed. The latter has the
greatest intensity and halfwidth. The transmission increases
with increasing of the particle sizes but the contrast of the
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transmission band is deteriorated. Using (1-2) it is easy to
show that the transmission intensity is inversely proportional
to the particle sizes. The transmission band is more precisely
observed at particle sizes of 50-63 pum and has the form close
to Gauss one.

70+
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Fig. 1. Extinction spectra of silicon dioxide particles in the KBr

matrix for different fractions: 1- 160-200 um, 2- 100-
-160 pum, 3- 63-100 pum, 4- 50-63 pm.

Transmission, %

Frequency, cm™ !

Fig.2. Extinction spectra of silicon dioxide particles with sizes
of 50-63 um in the KBr matrix for different concentrations:
1-1 %, 2-2 %, 3-3 %, 4-4 %, 5 - 6 %.

The extinction spectra of silicon dioxide particles with
sizes of 50-63um at various concentrations in KBr are
presented in fig.2. One can see that the frequency of
transmission maximum at 1336cm™ remains invariable but
with increasing of filler concentration the transmission
intensity decreases and the ratio between the transmission
maximum and common background is improved. Obviously,
the transmission maximum corresponds to those values of
refractive indices of silicon dioxide which coincide with ones
of the matrix. Analogical extinction spectra of silicon dioxide
small particles are observed when matrix is KCI or NaCl, and
also at precipitation on the KBr surface. At that case the
frequency of transmission maximum changes while the
frequencies of absorption maxima remain invariable. The
greatest frequency of transmission maximum is observed
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when the filler is KBr, and the least — at the powder
precipitated on the KBr surface. Any transmission maxima
are not observed for the samples with the TICI matrix.
Apparently, that given fact connects with disjointness
dispersion curves of filler and matrix for these samples.
Accordingly the sample scatters light the same manner for all
frequencies in the measured spectral region. Being based on
the above-stated arguments and using dispersion curves of
matrices a set of refractive indices at various frequencies can
be determined. The obtained values are results in Table 1.

Table 1.
The frequencies of transmission maxima of samples and the
magnitudes of refractive indices of silicon dioxide for
different frequencies.

Matrix frequency of refractive
transmission index
maxima (cm™)
KBr 1336 1.532
NaCl 1320 1.508
KCl 1312 1.464
Air 1211 1.000

Transmission, %

T T T 1
1100 1000 900 800

Frequency, cm’!

T T
1400 1300 1200

Fig.3. Extinction spectra of silicon dioxide particles with sizes
less than wavelength of incident light in the KBr matrix:
1-3.5-4.0pm, 2- 0.5-0.7pm, 3- 0.3-0.5pum, 4- less than 0.3um.

The transmission spectra of silicon dioxide particles at its
sizes smaller than the wavelength of incident light result in
fig. 3. For the largest particles (3.5-4.0pm) the spectrum is
characterized by two bands of approximately equal intensity:
the low-frequency band closed to the frequency (1082cm™) of
transverse optical phonon [3] and more high-frequency band.
A diminution of particle sizes results in reduction of low-
frequency band and at sizes less than 0.5pm to its full
disappearance. Position of high-frequency band is shifted to
high frequencies and reaches 118lcm™ at particle sizes of
d<0.3pum. Similar dependences are observed when
surrounding medium is TICI, KCI, NaCl, or an air. The
experimental results of values of frequencies of absorption
maxima for particles with d< 0,3 um are collected in Table 2.
Apparently, the frequencies of absorption maxima shift to
lower frequencies as the dielectric constant of the
surrounding medium increases.
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Table2.
The frequencies of main absorption band maxima of = [(e0+ 2 em )/ (6x +26m)] 7 4)

silicon dioxide particles depending on surrounding medium. where o,- the frequency of transverse optical phonon; &, and

&, are the low- and high-frequency dielectric constants

surrounding | dielectric | experimental | calculated respectively.
medium constant freq_lllency freq_Lllency For interpretation of experimental results we take the
(cm") (cm’) frequency of transverse optical phonon equaled 1082cm™,
TICI 5.10 1139 1136 ¢~=3.75 and e,=2.46. Calculated values of Frohlich
KBr 233 1181 1176 frequencies are collected in Table 2. As it is seen, the good
NaCl 2.25 1183 1178 agreement between experimental and calculated frequencies
KClI 2.13 1188 1182 is observed. The most intensive band is wide. Obviously, the
air 1.00 1225 1228 given fact is connected with the amorphous state of particles

and, correspondingly, high extinction factor of surface
It is known that lattice dynamics on the particle surface  phonons [4]. On the other hand, the form of particles strongly
depends on the surrounding medium and differs from bulk  influences on the distribution of surface charge and,
vibrations. At decreasing of particle sizes surface vibrations  accordingly, on the frequencies and the band form of surface
increase their contribution to experimental spectra. They are  modes. Observation under the optical microscope has shown
radiation modes and shown in absorption and emission  that particles have an irregular form. According to [5], in that
spectra. The condition of appreciable display of surface case the band of surface mode should occupy all area
modes is wR/c<1 [4] for spherical particles, where w-the between the frequencies of transverse and longitudinal optical
frequency of transverse phonon, R- radius of the particle, and  phonons.
¢ — the light velocity. The surface modes are located in the In summary, at the particles sizes comparable and larger
frequency range in which &(w)<0 that corresponds to  than the wavelength of incident light the transmission peak is
frequencies between ones of transverse and longitudinal shown in extinction spectra, which corresponds to the
phonons of the bulk sample. They are defined for spherical  equality of refractive indices of particle substance and
particles from the following expression surrounding medium.
The surface vibrations of particles are appeared at particle
&(w)=-(n+1)ewn, () sizes smaller than the wavelength of incident light. The
where ¢ and ¢, — dielectric constants of particles and frequencies of surface modes shift to lower frequencies as the
surrounding medium, respectively; #- natural numbers. The dielectric constant of the surrounding medium increases. The
most intensive mode with n=1 called the Frohlich one is surface mode band in the absorption spectra becomes
uniformly polarized, and its frequency is given by stronger as the size of the particle decreases.

[1] N.N.Ledentsov, V.M.Ustinov, V.A.Shchukin, P.S.Kop'ev, [3] M. Nakamura, Y. Mochizuki, K.Usami, Y. Itoh, T. Nozaki.

Zh.I Alferov, D.Bimberg. Semiconductors. 1998, v.,32, n. Solid State Communications, 1984, v.50, n.12, p. 1079.

4,p.343. [4] Shinji Hayashi. Japanese Journal of Applied Physics.
[2] Bruce A.Holm, Earl J.Bergey, Tapas De, David J. Rodman, 1984, v.23, n. 6, p. 665.

Rakesh Kapoor, Laurent Levy, Christopher S. Friend [5] C.F.Bohren, D.R.Huffiman. Absorption and Scattering of

and Paras N. Prasad. Molecular Crystals and Liquid Light by Small Particles. John Wiley & Sons.

Crystals.2002, v. 374, p. 589. Chichester, N.Y. 1983. 450 p.

T.C. ibrahimov, E.K. Hiiseynov

AMOREF SILiSIUM DiOKSID KiCiK ZORROCIKLORIN OPTIiK EKSTINSIYASI

Amorf silisium dioksid kigik zerraciklerinin birfononlu hallar zonasi otrafinda ekstinsiya spektrlorinin zorraciklorin dlgiisi,
konsentrasiyasi vo otraf mithitden asililig1 tedqiq edilmisdir.

Gostorilmigdir ki, zerraciklorin 6lgiilori isigin dalga uzunlugundan bdyiik oldugda etraf miihitin ve zerrocik maddesinin isigin sinma
omsallar1 baraberliyine miivafiq seffafliq piki miisahide olunur. Zarraciklerin dl¢iisii isigin dalga uzunlugundan kigik olduqda ise tezliklori
miihitin dielektrik niifuzlugu artmasi ils kigik tezliklor oblastina siiriisen sethi modalar &ziinii biruze verir.

T.[. Aoparumos, J.K. I'yceiinos
ONTHUYECKAS SKCTUHIIUS MAJIBIX YACTHUIl AMOP®HOM JIBYOKUCH KPEMHMUSI

HccnenoBansl CHEKTPBI SKCTUHINH MAbIX 9aCTUIl aMOP(HOH IBYOKHUCH KPEMHHSI B OKPECTHOCTH 30HBI OJHO()OHOHHBIX COCTOSHHH B
3aBHCHMOCTH OT pa3Mepa JacTHI, UX KOHIEHTPAIUH U CPEAbl HAXOXKACHNUSI.

INokazano, 4To mMpH pa3Mepax YacTUI] OOJBIINX JUIMH BOJIH ITAJAIOIIET0 CBETA HAOJIONAETCS NMUK HPOIYCKAaHUs, COOTBETCTBYIOMINIL
paBeHCTBY KO3((UIMEHTOB INpENOMIICHHSI BEIIECTBA YACTHI] W cpembl HaxoxaeHws. [Ipu pasMepax 4acTHI] MEHBIINX JUIMHBI BOJHBI
TaJIAfOLIEro U3ITyYEeHUsI IPOSBIIIOT Ce0s HOBEPXHOCTHBIE MOJIBI, YaCTOTHI KOTOPBIX CMEIIAIOTCSl B HU3KOYACTOTHYIO 00JIaCTh C YBEIMYCHHEM
JUAJIEKTPUYECKON IPOHUIIAEMOCTH CPEbIL.

Received: 28.03.07
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KiCIiK OLCULU SPEKTRAL CIHAZLAR UCUN OPTIK SISTEMIN iSIQ GUCU

N.Y. YAQUBZAD®, T.H. DILBAZOV
Elmi - Tadgiqat Aerokosmik Informatika Institutu, AMAKA

Cihazin optik sisteminin igiqlanmaya ve isiq seline gore iki hal {iciin is1q giicii hesablanmigdir:
-spektral xattin eni cihaz funksiyasimin eninden ¢ox kigik olan hal;

-spektrin eni cihaz funksiyasinin eninden ¢ox bdyiik olan hal.

Spektral cihazlarin dalga uzunlugunun ve spektral xotlo-
rin intensivliyinin 6l¢iilmasinin daqiqliyine tesir edon xarak-
teristikalar1 cihazin dispersiyasi, ayirdetmo qabiliyyati ve
isiq glicidiir.

Spektral cihazlarin ¢ixisinda siialarin monoxromatikliyini
artirmaq tUglin toeklif olunan sistemin [1] dispersiyast veo
ayirdetma qabiliyyeti hesablanmis ve gdsterilmisdir ki, [2]
belo sistemlorden istifade etmakloe kigik 6l¢iilii yiiksok ayird-
etma qabiliyyetli difraksion spektral cihazlar yaradilmasi da-
ha semaralidir.

Toqdim edilen isde belo sistemlo islonmis monoxromato-
run isiq giiciiniin hesabat1 verilir.

Umumi halda isiq giicii, 6lciilon fotometrik komiyyotlo
menbaein parlaqhigr arasindaki miitonasiblik emsalidir. Ona
gore do is1q giiclinii isiqlanmaya gore (P) ve isiq seline gora
(F) forglendirirlor. Bundan bagqa spektral cihazin isiq giicii
spektrin eni ilo cihaz funksiyasinin eni arasindaki nisbatden
astlt oldugundan iki kenar hala baxmaq lazim galir:

Sakil 1.Xetti spektr li¢lin siianin yolu.

Stia destasi qofesden aks olunandan sonra verilmis dalga
uzunlugu iiclin Olgiileri €',4" olan 3 giris yarigma topla-
nir.Hemin selin giymati

D =p - D=pBl-h-Q2 2)
burada p, - qefesin aks etdirme emsalidir.

Cismin almman xeayalinda isiqlanmanin paylanmasi cihaz
funksiyasinin formasindan asilidir. Genis giris yariql (yeni

_ djl
1 fl'hl

E

1) spektr xattidir - spektral xottin 4A1<<dA eni cihaz funk-
siyasinin 64 eninden shemiyyetli deraceds azdir - AL<<SA

2) spektr kasilmozdir -AL>>04.

Monoxromator sisteminin isiq giiciinii xatti spektr {igiin
toyin edek (sok.l). Menbeain 1'-xotti spektri eni {-,
hiindiirliiyii 4- olan 1- giris yarigna yonoldilir. Cokik dif-
raksiya goefosini (2) isiqlandiran stialarin seli giris yariginda
menbain xayalinin parlaqligit BY1), gofes ii¢iin menba rolu
oynayan girig yariginin sahesi ve (2- cisim bucagi ile mii-
ayyen edilir. Bu selin qiymati biitiin spektral xatlor li¢iin

®=B,-(-h-0Q (1)

A
olar. Burada B,= J‘B(j,) d, - eni A, -A; olan spektral xottin
%

inteqral parlagligi, £2-qofoesin islok diametri ile toyin olunan
is1q destasinin cisim bucagidir.

cihaz funksiyasi yariq tipli) olan hala baxaq. Bu halda cihaz
funksiyasmin eni giris yariginin handesi xayalmin spektral
enino boarabordir.Forz edilon hallarda 3 giris yariginin xayali
monoxromatik isiqda Slgtileri €', A" —olan diizbucaqli seklin-
de olacaqdir. Hom de hesab edacayik ki, parlaqliq B, -giris
yarigmin eni vo hiindiirlilyii boyunca sabitdir, yeni isiq
destesi ¢ixis yariginin sothinde beraber paylanmisdir. Belo
olan halda spektral xattin isiqlig1

—'Q:pl(ﬁ“)'Bu X2
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@,-is1q seli silindrik giizgiiden (4) oks olunaraq zosifloyir
va 2”7 cisim bucagi daxilinde paylanir. Bu zaman isiq destesi
5 sothindoaki sepilme lokesi hiidudlarinda E, - isiqlanmasi

o,

yaradir.
2= = AR)p()-B

burada p, (4, i) - silindrik giizgiiniin eksetdirme amsali olub
dalga uzunlugu ve diisme bucagmnin funksiyasi, ", A"-
sopilme lokesinin eni vo hiindiirlitylidiir.Real sistemlorde

Rt
u f”.hﬂ ?

(€))

(]

ikinci tortib kicilonlori nezere almasaq

"

u
E”ZZ‘S”t -
q2

oldugunu hesablamaq ¢otin deyil. S”-giizgii ilo 5 sothi ara-
sindaki mesafadir.

h"-i tayin edak. Sepilme lekesinin hiindiirlilyli /’-in xo-
yalinin yaradilmasinda istirak eden 1ve2 kenar siialarla
hiidudlanir (sok.2).

B

Sakil 2. Xetti spektr liglin sopilme lokesinin ddgiilori.

Sekilden goriiniir ki,

h"=h"+2AR
Ah"=S"-tqu"
u'=u’ @)
tqui =——
=248
Ucgbucagqlarin oxsarhigindan
D _S'-AS'
h' AS'
Buradan da
As = ST
(D+h)
onda
tqu, +D (4) ifadosi
=— o ifadesi
bo2s
h”=h’+M=(l+S—jh’+ DS— (5)
S’ S’ S’

soklini alar.
(5) —ifadesi sepilme lekesinin hiindiirliyiidiir.
Astigmatizmin azaldildig1 sxemlorde
S !
h=h>
S

| Astigmatizmin azaldilmadig: halda (baxilan sxem bu hala
aiddir )

h"=h % +h, (6)
burada 4 ,-astigmatik uzanmadir
Molumdur ki,[3]
h, =D-cos (p(tq v siny +tqesin go) @
Bizim baxdigimiz halda S'=S oldugundan
h=h+h, (8)

Beloliklo,(3)-ifadesine daxil olan biitiin kemiyyetlori
toyin etdik. Xaotti spektr {i¢iin isiqlanmaya gors is1q giicii belo
sokil alir.

!

E"hﬂ

P, =p1(/1)-,02(/1,i)' )

Burada kicik €2 -bucagqlart iigiin [4]

7ZD2
= 4(81)2

Boyiik - €2 - bucaqlart ii¢iin [4]

2 U’

Q' = rsin

26



KiCiK OLCULU SPEKTRAL CiIHAZLAR UCUN OPTIK SISTEMIN iSIQ GUCU

Monoxromator sisteminin isiq giiciinii kasilmoaz spektr
iiciin tayin edok. Yuxaridaki sertlor daxilinde A4 -spektral

eni cihaz funksiyasinin o4 -siektral eninden ¢ox bdyiik olan
spektral sahoasine baxaq. [3] —de kesilmez spektr {iciin girig
yarigmin E,, -isiqlanmasi toyin edilir. Homin diisturdan
istifade etmoklo baxilan sistem ii¢iin (sok.1)

E, =p,(1)-B(A)-2'64 (10)

yazmagq olar.
Burada B(/l)— kesilmaz spektrin orta spektral parlaqli-

gidir. 64 - yariq cihaz funksiyasinin spektral enidir (sok. 3)
Onda bu xayalda comlenan @, - isiq seli

@l = El -h'¢’
olar.
- Jﬂ g!i
| Rl
5¢' R
- 14
——

Sakil 3. Kasilmaz spektr ligiin spektral intervalin 6lgiilori.

Silindrik gilizgiiden (4) oks olunan hemin sel aks olunma
naticesinde azalir ve 5 miistovisinde E,- isiqlanmasini
yaradir (sok.1) . |

!

E” . h”

E, = p(4)p,(2,1)-B(2)-62- (11)

£”- va h’- komiyyatlorini toyin edak.
Kasilmaz spektr tigiin £~ A4 spektral interval sahasinin

uzunlugudur.Onun qgiymeti A,- ve A,- dalga uzunluglan ile
hiidudlanan xatler ii¢iin cihaz funksiyasinin merkezleri ara-

sindaki A€” -mesafasi ve cihaz funksiyasinin 6f” -eninin ce-

mina beraberdir (sok.3)
0" = AL + 50"
torifo goro ¥
£ A =az. 30
dA

l
burada a-mﬁsahids miistovisinde A4 - dalga interval

iiclin orta xatti dispersiyadir.
Cihaz funksiyasinin 6f” - eni monoxromatik siialanma
iislin ¢ix1$ yariginin enina barabar olub

" 7\ 2
S =2s"-tq“—+z'-(m—“j
2 2
Onda

dz U” ur/ 2
0"=Al-—+2S"-tq—+ /L tg— | (12
) q > (q 2) (12)

h” - monoxromatik halda oldugu kimi teyin edilir, ¢iinki
bu istigamatde sistemin dispersiyast sifirdir. (11) vo (12) —
ifadelerini nazere alaraq isiqlanmaya gore isiq giicli iigiin
yazariq.

Py =p (ﬁ“)pz (’19 i)é‘ﬂ“ )

Monoxromatordan ¢ixan siialanma selini toyin edok.

@ (13)
dz n ’ !
(AA-——+0")(h"+ Ah")
dA
| Ug hala baxaq:
) €.<t”, h,<h” Onda ¢ixis yarigindan kegon F-

Miisahide miistovisinde ¢ixis yarigi, yaxud fotogebuledici
qurgu yerloasdirek. Cixis yarigindan kegon,yaxud fotogebul-
edicinin geyd etdiyi selin qiymati ¢ixis yarigmin sahasi, ya-
xud fotogebuledicinin igiga hassas sahasi ile girig yarigimin
xayalinin sahelori nisbatinden asilidir.Cixig yarigmin eninin
£.,,, hiindiirlityiiniin / ,,, - oldugunu gebul edok.

zlxo zlx |

(Dl/l = E/l-2 'fcix : hcix = pl(ﬂ’)pz(ﬂ”l)B(ﬂ’)

selinin giymeti ¢ix1s yariginda isiglanmanin qiymeti ve ¢ixis
yariginin sahasi ile toyin edilir. (3)-ifadesini nazere alib xatti
spektr ii¢iin yaza bilorik

h

cix_ " lix

.Q'-f

Spektr kasilmoz olan halda (11) ifadesini nezere alaraq ¢ixis selinin ifadesini bele yaza bilorik

CI)lH :EH~2 'gcix ) hci>< = pl(ﬁ“)pz(/tl)ﬁ(i)é%

(14) ve (15) —ifadelerinden goriiniir ki, istor xatti, istor
kosilmoaz spektr iiiin signal itgisi miisahide edilir.

2) L.,=t”, h_=h" Bu halda xotti ve kasilmaz spektrin
¢ixis selinin qiymsati bele toyin edilir.

27

/g” . h” (14)
Q’fcix ) hcix (15)
/g" . h”
| {CD/I =P (/I)pz (ﬁ,, i)' B(/I)'Q, (16)
@y =pl(/1)p2(l,i)-B(/1)-5ﬂ-Q

Bu halda faydali signalin hamisi ¢ixis yarigindan kegir.
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g >E//

zIx

3) , h,>h" Xotti spektr halinda ¢ixis seli bun-
dan avvelki halda oldugu kimi

Q) =p (’1):02 (lai)' B(i)'Q'

Keosilmaz spektr halinda ¢ixis seli bundan avvelki haldan
cox olar. Beloki, genis ¢ixis yarigindan bdyiik spektral
interval kegocokdir.

(17)

g ¢ . -h.

¥, = pA)puli) B2 o2-0 LT gy
Ogar ¢i1x1$ yarigl avozina miisahide miistovisinde fotoqge-

buledici yerlasdirilorse, onun gebul etdiyi isiq seli 1, 2, 3-

hallarindaki disturlarla hesablanir, ancaq ¢ixi§ yariginin

sahasi avezine fotogebuledicinin igiga hossas sothinin sahasi

gotiriliir.

[1] T.H. Dilbazov, N.Y. Yaqubzada. «Fizika», 2006, XII, 4,
(capdadir)

[2] N.Y. Yaqubzada, T.H. Dilbazov. AMAKA-nin xaborlori,
20006, 3, (¢apdadir)

[3] M.I Mahgsev. Vvedeniye v eksperimentalnuyu spektro-
skopiyu. M. «Naukay, 1975, s.248. (Rusca).

[4] M.IGpsteyn. Izmereniya optigeskoqo izlugeniya v elek-
tronike. M.«Enerqiya»,1975, s.248. (Rusca).

N.Y. Yagubzade, T.G. Dilbazov

OPTICAL EFFICIENCY OF OPTICAL SYSTEM OF THE SMALL-SIZED SPECTRAL DEVICE

It is calculated optical efficiency of optical system of the device taking into consideration the brightness and light flux in the cases,

when:

- the spectral line width is much less than spectral width of hardware function;

- the spectrum width is much more than width of hardware function.

H.A. SIry63ane, T.I'. Anab6a3oB

CBETOCHJIA OIITUYECKOI CUCTEMbI MAJIOTABAPUTHOI'O CHEKTPAJIBHOI'O TIPUBOPA

Berunciiena cBeTocuia ONTHYECKOH CHCTEMBI IPHOOpaA MO OCBEIIEHHOCTH M II0 OTOKY B CIIydasiX, KOTHa:
-IIMPHHA CIIEKTPATBHON JIMHUY 3HAYNTEIBHO MEHbIIE CHEKTPAIbHOM IUPHHBI alllapaTHOW (yHKINH;
-IIMPHHA CIIEKTPa MHOTO OOJIbIIIe IUPHHEI allapaTHON (QyHKIHN.

Received: 16.03.07
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ISIQ KONSENTRATLARLA ISLOYON Bi,Te; — Bi;Se; 9SASLI YUKSOK INTENSIVLIKLI
TERMOFOTOVOLTAIK ELEMENTLOR

Q.M. DHMODOV
Institute of Physics of National Academy of Sciences.
AZ-1143. Baku, H.Javid av. 33, Azerbaijan

Termofotovoltaik sistemlorin kdmayi ilo gilines enerjisinin elektrik enerjisine ¢evrilmasi masolesine baxilir. p vo n — kecidler timsalinda p
—tip Bi,Te; va n— tip Bi,Se; kegiriciliyas malik monokristallardan istifads etmok toklif olunur. Vahid texnoloji tsikldo diskret termik buxar-
lanma metodu ilo alinan p - Bi,Te; — n - Bi,Se; p-n nazik tabagali strukturu termofotovoltaic qurgularda istifadays yararlidir. Homginin gos-
torilmisdir ki, adi ananavi giinag elemenlarine nozaran istiinlilyli onlarin genis spektral hassasliga vo konsentra edilmis giines siiasina do-

zimliliyadiir.

Fotogalvanik elementlords qadaga zolagindan yuxari vo
ona borabaor enerjili fotonlar {iglin elektrik enerjisina ¢evrilma
prosesi effektiv olaraq bas verir. 9gar qadaga zolag: enerji-
sindon ki¢ik vo ondan uzaqda olan geyri-effektiv fotonlar
monbays qayidarsa tam ¢evrilmo effektivliyin ¢cox yiiksok ol-
ma potensiali vardir. Digor torofdon xiisusi se¢imli emitter-
lordon istifado edarok dorhal qeyri-effektiv fotonlarin emissi-
yasindan yaxa qurtarmaq miimkiindiir [1].

Termofotovoltaik sistemlorin qurulma istqamoati 6ziindo
stialandirict manboys uygunlasan araliq zonali fotoqalvanik
elementlorin inkisafin1 birlosdirir ki, bu ciir elementlor onlarla
Vt/sm® — xiisusi selin tosirino moruz qala bilirlor. Elementlo-
rin yiiksok xiisusi sixliglt selo moruz qala bilmo qabiliyyati
kimi toloblor 1970-ci illorin ortalarinda giinog siialarini kon-
sentro edon yeriistli qurgulu termofotovoltaik elementlorin
layihalondirilmasine maragi kaskin artirdi.

Bununla yanagt halo bir ¢ox on illor bundan 6nco etiraf
olunmusdur ki, igiqlanmayan torofdo iki kontakta malik ele-
mentlor adi fotoqalvanik layihsli elementlora nazoran iistiin-
litys malikdir [2]. Bu dstiinliiklor 6ziini zolaqli torun kolgs-
sindon vo torun Olgiisiine qoyulan moahdudiyyatlordon azad
olmagla biruzo vermolidir ki, bu sobabdon bazi kontaktlarmn
miiqavimati nazars alinmaz daracads kigik ola bilar.

Isiglanma

1sm

Sakil 1. Germanium asasli oks kontakta malik termofotovoltaik
element.

Sokil 1-do gostorilon barmaqvari oks kontaktli element
cox siiratlo inkisaf etmisdir [3]. Coxbdyiik yasama miiddatina
malik olan germanium laylart litium birlogsmalorindon slds
olunmusdur ki, onlar ilkin hallarda niivo qeydedicilorindos is-
tifado ti¢iin yetisdirilmisdir. Baxilan araliq zonali xiisusiyyot-
lora slave olaraq silisiuma nazeron germaniumdan istifads
ona goro magsadouygundur ki, germaniumda osas yiikdasiyi-
cilarin yasama miiddoti daha goxdur. Barmaqvari formada
elektrodlar arasinda yaranmis oks kontakt uzun tomas oblasti
tolob edir, bels ki, bir ¢cox yiikdastyicilar generasiya olunduqg-
dan sonra elementin tam qalinligin1 dof etmalidirlor (sokil 2).
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Sakil 2. Germanium termovotovoltaik elementin en kasiyi.

Elemento xas olan ikidlgiilii xarakterlilik adi birdlgilii
analizin istifadesine imkan vermir va onun layiholonmasinda
iki Ol¢iilii prosedur inkisaf etdirilmolidir. Konkret olaraq dar
cor¢ivada strukturun periodikliyindon istifads olunaraq baza
oblastinin kegid sarhadlorinds adi qanunlara uygun miiayyan-
losmis sarhad sortlari ilo baza oblasti Tigiin kasilmozlik tonli-
yinin analitik hoalli alinir. Bu mévcud oldos oluna bilon yegano
hall oldugundan elementlorin layiholondirilmasindos istifads
olunmusdur ki, naticads bu layiho aydin sokilde optmallag-
mamigdir vo daha yaxsi modellogsmo metodlarina ehtiyac du-
yulur.

Bi,Te; — monokristallart ilkin komponentlorin kvars am-
pulada 48 saat orzindo gedon sintezi noaticosindo alinmisdir.
Sonradan niimuns yerloson ampula temperatur qradienti al-
tinda soyudulmusdur. Niimunolor p-tip kegiriciliys va
yiikdastyicilarin konsentrasiyas: 1,1-10"°sm™ malik olmus-
dur. Bi;Se; — nazik tobagosi (0001) miistovisi {izro yenico
dogranmis Bi,Se; monokristalindan diskret termal tozlanma
isulu ila alinmigdir. Tabagaler n-tip kegiriciliys vo ylikdasi-
yictlari konsentrasiyast 1,1-10"’sm™ malik olmusdur. p-n
heterokegidlori silisium niimunslorinin yiiksok temperaturlu
qizmast metodu ilo aldo edilmisdir. Yeni hazirlanmis p-tip
keciriciliyo malik olan Bi,Te; parcalarmin sothinds n - tip
keciricilys malik olan Bi,Te;, Se;, nazik monokristal toboqo
formalasir. Bi,Tes; Se, tobagosoninin qalinligi vo onun struk-
turu selen atmosferinds yerlosmo miiddatino vo temperatura
gora tonzimlonir. Belaliklo p-n heterokecidlor hamar forma-
da olurlar. Diizlonmo faktoru 30-40 toskil edorok, 0,15V-
gorginliys d6zs bilir. Tobagoalorin xassalorinin birbasa olaraq
onlarin kondensasiyasi prosesinds idars olunmasi vahid tex-
noloji tsiklds verilmis ylikdasiyici konsentrasiyasina malik p-
n heterostrukturlar formalagdirmaga imkan verir. ©n yaxsi
parametrli tobagalor althigmn temperaturu 250-280°C olarkon
tozlanan zaman vo sonradan bu niimunonin 20-30 doaqiqo or-
zindo qizdirilmasi naticoesinds alinir. Tobagalorin alinmasinda
optimal siirot 2-5 nm/san toskil edir vo onun sonraki artimi
tobagalarin strukturunun pisalmasi ilo gedir. p-n strukturlu p
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-Bi,Te; — n -Bi,Se; tobogolar, bircinsli is tsiklindo diskret-
termik tozlanma metodu ilo alinmigdir vo asag1 gorginlikli
diizlondirici qurgularda istifads ti¢iin yararlidir.

Bu dlgmoalarin gbzlonilmaz naticalerinden biri germani-
umda birbasa enerji kecidinin iki- vo ligqatina uygun golon
enerjili fotonlar {igiin ¢oxpillali dasiyicilarin  miisahids
olunmasidir (sokil 3).
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Sakil 3. Germaniumda birbasa kegid enerjisinin iki- vo iligqatina
uygun galon ¢oxpillali dastyicilarin enerjilori.
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Enerji bohraninin gabul olunmasi ¢argivasinda yeriistii
giinos elektrik qurgularina maraq artmigdir. Bir ¢ox sabab-
lardon beloa gonaato golinmisdir ki, yiiksok konsentrasiyalarla
islomok miimkiin olmayacaqdir [1]. Bu soboblor arasinda —
yiiksok sel altinda ardicil miigavimatin elementin effektivli-
yini azaltmasi; elementlor yiiksok temperaturda islomoli
oldugundan asag1 faydali 13 omsalina malik olmast; yiiksok
temperaturdan yaxa qurtarmaq ¢otin olmasi naticasinds torun
xottlorinin orimasi tohliikasi vardir [4].

Termofotovoltaik layihali elementlor tezliklo yiiksok gii-
nos silias1 konsentrasiyalarinda iglomoys yararli oldular. Ger-
manium osaslt barmaqvari oks kontaktli termofotovoltaik
elementlorin hazirlanmasinda olds olunmus ugurlar yiiksok
konsentrasiya ilo isloys bilon silisium osasli barmaqvari oks
kontaktli elementlors totbiq olunmaga baslad1 (sokil 4).

Bu ciir ilk elementlor germaniumda oldugu kimi analitik
metodlar istifado olunmaqla aldo edildi. Silisiumun sathinin
miivoffoqqiyystlo passivasiya olunmasi vo asas baza oblastda
yiikdastyicilarin boyiik yagama miiddotine nail olunmast ilo
miloyyon olunmusdur ki, giinas elementlorinin iginin moh-
dudlagsmasinda dominoedici faktor yarimkecirici-metal inter-
feysindo rekombinasiyadir [5, 6]. Bunun reallagmasinda apa-
ric1 rolu barmagqvari oks kontakt tutur ki, metallagma tigiin ki-
fayot edon boyliik sothi oblast iistiinliiylinii saxlamagq sorti ilo
yarimkegirici ilo metal arasindaki kontakt oblastini azaldir va
bununla da ardicil miigavimatin asag1 diigmasina nail olunur.

Sokil S5-do  gostorilon noqtovi  kontaktli  element
yarimkegirici ilo yalniz kigik oblastlarda tomasda olur va
noticodos yiiksok effektivliyo malik olan yiiksok giinos siialart
konsentratorlari ilo igloyon silisium elementi alds olunur [7].

p - contact

11 - contact

ikdagiyicilan yikssk yagama middatinag malik bazal
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Sakil 4. Barmaqvari oks kontaktl: silisium elementi.
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Sakil 5. Noqtovi kontaktli silisium termofotovoltaik elementi.

Yiksok giinos siiasi konsentratorlart ilo igloyon silisium
elementlorinin ¢oxlu miqdarda miixtolif handssi konfiqurasi-
yalari, o ciimlodan saqulu kegidli birlosmaler movcuddur. On
yiiksok effektivliyo malik yiiksok giinos siiasi konsentratorlart
islayan elementlor I1I-V, V-VI qrup monolit tandem element-
loridir. Bununla yanasi onlar termovotovoltaik islorin ilkin
inkisaf fazasinda olmamisdir. Termofotovoltaik elementlora
son zamanlar artan maragi nozors alaraq demok olar ki, III-
V, V-VI tandem elementlori termofotovoltaik sistemlorin
torkib hissolori kimi istifadasi yolunda todqiq olunmaqdadir.
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iSIQ KONSENTRATLARLA iSLOYON Bi,Te; — Bi,Se; OSASLI YUKSOK INTENSIVLIKLi TERMOFOTOVOLTAIK ELEMENTLOR

G.M. AKkhmedov

HIGH INTENSITY THERMOPHOTOVOLTAIC CELLS ON THE BASIS Bi,Te, — Bi,Se, TO LIGHT
CONCENTRATION APPLICATIONS

The transformation problems of a solar energy into electrical power with the help of thermophotovoltaic systems are considered. The
monocrystals Bi;Te; of p-type as and Bi,Se; n-type conduction are offered to use in the capacity of p- and n-transitions. The p- and n- film
structure p-Bi,Tes - n-Bi,Se;, obtained by a method of discrete thermal evaporation in a uniform technological cycle, are suitable for usage in
thermophotovoltaic devices. And also it is shown, that advantage of these devices before traditional solar elements are a wide sensitivity
spectrum and tolerance to the concentrated solar irradiation.

I'.M. AxmenoB

BBICOKOMHTEHCHUBHBIE TEPMO®OTOBOJIbTAUNYECKHUE SYENKHA HA OCHOBE Bi,Te; — Bi,Se;
IMPUMEHSAEMBIE JJIS1 PABOTBI B CBETOBBIX KOHIHEHTPATOPAX

PaccmarpuBaroTcs BOIPOCH! IIPe0OPa30BaHMS COMTHEUHON SHEPIHU B DIEKTPUUECKYIO SHEPTUIO C IIOMOIIBI0 TePMO(OTOBOIBTANIECKIX
cucrteM. B kaudecTBe p M n — Hmepexo0B INpeasiaraeTcsl UCIOIb30BaTh MOHOKpHcTaisl Bi,Te; p-tuma u Bi,Se; n-tuma mpoBogumocTn.
[Inenounsle p-n  crpyktypel p-Bi,Te; - n-Bi,Se;, mHomydeHHbIE METOIOM JAMCKPETHOTO TEPMHYECKOTO WCHAPEHHS B EIHHOM
TEXHOJIOTMYECKOM LIMKJIE, ITIPUTOMHBI JUISl HCIOJB30BaHHS B TepMO(POTOBOJIBTAMYECKUX YCTPOMCTBAaX. A Takke II0Ka3aHO, 4TO
MIPEMMYIIECTBOM JTHX YCTPOMCTB Iepe]] TPAAULMOHHBIMU COJHEYHBIMHM DJIEMEHTAMH SIBISIFOTCS LIMPOKHI CHEKTP YyBCTBUTEIBHOCTH U
TEPIHUMOCTb K KOHIIEHTPHPOBAHHOMY COJIHEYHOMY H3ITy4YEHHIO.
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YUKSOK EFFEKTIVLI GUNOS ENERJiSi CEVRILMOSINDO SiLiSIUM
FOTOELEMENTLORININ TEMPERATUR XASSOLORI

V.D. SUKUROVA
Sumgqayit Doviat Universitetit, Sumqayit, Azarbaycan

Miioyyon olunmusdur ki, siialanma konsentratorunun totbigi zamam elementlorin FI® vo doldurma omsali iigiin maksimumlar vardur.
Elementlorin giicliniin gilines siialanmasinin intensivliyindon asili olaraq 6l¢lilmasi naticosindo gostorilmisdir ki, sothi teksturo olunmus
elementlords optimal sel konsentrasiyas: méveuddur ki, bu zaman FI® maksimaldir. Miioyyan olunmusdur ki, xiisusi konstruksiya iizarindo
yerlogon fotoelementlor sistemini su ilo tobii soyutmaqla giines batareyalarmin effektivliyinin keskin artmasina nail olmaq miimkiindiir.
Aparilmis todgiqatlar noticosindo baxilan materiallarin termodéziimliilityliniin nisbi giymotlondirilmosi alinmigdir, istilik selinin ig¢i

diapazonu toyin olunmusdur.

Ideal fotogeviricilorin nozeriyyosino gdro isiq selinin
konsentrasiyasinin artmasi ilo maksimal FI© sorbost gedis
gorginliyi kimi loqgarifmik artir. Real fotogeviricilorin FiO-
nin artimini mohdudlasdiran asas faktor asqarlanmig toboqo,
baza vo kontaktlarin miigavimatlori kimi toyin olunan daxili
ardic1l miiqavimotda gorginlik diisgiisiidiir. Buna goro FiO-
nin isigmn intensivliyinden asililigt maksimuma malikdir ve
miiqavimatin azalmasi ilo boylik intensivliklor torafs
stirisiir.Bu o demokdir ki, har bir konkret konstruksiyada
optimal konsentrasiyan1 hesablamaq lazimdir. Bu sobabdon
konsentra olunmus siialanma altinda fotogeviricilorin tadqiqi
mosolosi  fikso olunmus daxili miiqavimatdo optimal
konsentrasiya  dorocasini  vo  hor  bir  siialanma
konsentrasiyasinin  qiymoti liclin optimal miigavimatin
gqiymotini toyin etmoyo yonolib. O elementlordo ki,
fotocoroyana osas tovhoni baza oblast verir, burada materialin
se¢imi FI©-na giiclii tosir edir [1]. Yiikdastyicilarin toplanma
omsal1 va sorbast gedis gorginliyi ilo bagl olan miiayyasn bir
optimal agqarlanma saviyyasi vardir. Bir teraofden agqarlanma
soviyyesinin artmast ilo oks doyma caroyani veo ardicil
miiqavimot azalir ki, bu da g¢evrilmonin effektivliyinin
artmasina gotirir. Digor torofdon, asqarlanma soviyyasinin
artmasi ilo geyri-asas yiikdastyicilarin yiiriikliiliiyli vo yagama
middoti koskin azalir. Real fotogeviricilorin volt-amper
xarakteristikasi {i¢lin asagidaki dogrudur.

AKT J,.—=J
U="In( Z“—+1)-JR (1)
q Jo
Maksimal giiciin aldo olunma sorti
oUJ)/eJ =0 @
oldugundan,  giialanmanin  nisboton  asagt  selindo
JrR<<AkT/q, maksimal giic toxminon belo artir:
AkT J
— F
P=——-J, In— 3)
q 0

vo faydali ig omsali /nK ilo miitonasib artir.
Boyuk intensivliklords (J,R>>AkT/q) maksimal giic zaif
artir, F1O konsentrasiyadan asili asagi diisiir:

(AkT) Y

YF
4ERJ, J

0

n=n,0 )

32

Optimal fotocoroyan vo isci coroyan siddoti Fi©-nm
maksimum sarti il toyin olunur:

o(JuU/J ) aJ,. =0 5)
yoni
AkT 1
= 6)
e qR 1+ i AkT
e’qRJ,

Isiglanma intensivliyi 400W/sm® oldugda doldurma
omsali maksimuma malikdir vo 75% toskil edir. Maksimal
Fi© miiqavimotdon asilidir vo Q(R) toplama amsali ilo Jy(R)
aks caroyan siddstlorinin asililiglar ils baglidir.

j ™

L

Ardicil miigavimatin doyismasi zamani gilinos selinin
konsentrasiyasinin optimal qiymati K,,~I/R toxmini qanu-
nauygunlugu ilo doyisir. Burada R - Omsm’ ilo ifado
olunmusdur. Miiasir dovrde asagiomlu baza yarimkegirici-
lorin, hocmi kontaktlarin vo optimal kontakt torunun
istifadosi hesabina ¢ox kicik ardicil miigavimotli xiisusi
konstruksiyalar yaradilmigdir.

Diinyanin bir ¢ox elmi — texnoloji morkozlorindo alinmig
eksperimantal noticolor ona dolalst edir ki, qaz vo gilinos
yaxin golocokdo osas vo ekoloji tomiz enerji monboloridir.
Yaxin dovrloro qodor giinos batareyalart nisboton bahali
monokristallik silisium osasinda hazirlanirds. Ilkin silisiumun
doyorinin azalmasi, giinos elementlorinin hazirlanmasinda
progresiv  texnologiyalar miiasir gilinos batareyalarinin
doyorinin bir ne¢o dofo azalmasina imkan verdi. Giinos
elektroenerjisinin doyerinin azalmasinda ikinci istiqamat
konsentra olunmus giines siialanmasinin ¢evrilmosindadir.
Bununla bagli olaraq konsentra olunmus giinos radiasiyasinda
isloyo bilon gilinos geviricilorino olan toloblor artir. Bu igdo
konsentra olunmus giines siialanmasi altinda igloyon silisium
osasli  fotoelektrik  c¢eviricilorin ~ xarakteristikalarinin
tadqiqinin naticalori verilmisdir.

Gilinog slialanmast 90% soffafliga malik aliiminium tor
torafdon daxil olur. ©ksolmanin azalmasi ticiin fotoelementin
sothindo ~0,05mkm qalinliga malik  SiO, optik toboago

AkT
e¢’qRJ,R

AkT
e’qRJ,R

(AkT)
E
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Mow = M,0(R)



YUKSOK EFFEKTIVLi GUNOS ENERJISi CEVRILMOSINDO SiLiSiUM FOTOELEMENTLORININ TEMPERATUR XASSOLORI

¢cokilmigdir. Hazirlanmis fotoelement niimunasi molum olan
analoqlar saviyyesinds kvant ¢ixisa malikdir.

Elementin is¢i sothi teksturs olunmusdur, is¢i sothdo
kontakt — tor formasindadir vo kontakt {igiin metal pastanin
trafaret ¢ap tisulu ilo ¢okdiiriilmiisdiir.

Diison stialanmanin miixtolif konsentrasiyalarinda foto-
elementlorin volt-amper xarakteristikas1 ¢ixarilmigdir. Olg-
malar plastina-radiator sisteminin miixtolif temperaturunda va
imumi qgobul olunmus AKI,5(atmosfer kiitlosi) spektrindo
apartlmigdir. Radiator stabil temperaturun saxlanmasi ilo

maksimal istilik ayrilmasina goéro secilmisdir. Giinos
radiasiyasinin ~ konsentrasiyasinin  artmast  elementin
temperaturunun artmasina  gotirir. 1400Vt/sm*  olduqda

temperatur toxminon 52°C togkil etmisdir.Boyilik corayan
siddotlori ilo iglomoni nozoro alaraq vo aktiv elementin
xarakteristikasina ~ coroyan  gotiiriilon  kollektorlarin
miigavimotlorinin miimkiin tosirini azaltmaq iiglin bdyiik en
kosiyo malik miigavimoti 0,010m olan mis nagqillordon
istifado olunmusdur.

Yeni tip glinos elementlori vo batareyalart bir ¢ox
industrial mogsodlo totbiq oluna bilor, mosolon, miixtalif
nagqilsiz sensorlarin qidalanmasinda va ya portativ yoxlama-
Ol¢li cihazlarinda, idaroetmo pultlarinda. 17% effektivliyo
malik olaraq, bu giinos elementlori batareyalarin xidmat
miiddatinin kifayot qador artirilmasina qadirdir, vo bu zaman
avadanliglarin korpusunda boyiik yer tutmayirlar [2].

Konsentro olunmusg giinos siialanmasinin  gevrilmo
perspektivlorinin realizasiyasi xiisusi konstruksiyali, birinci
novbade kicik ardicil miiqavimots vo ya yiiksek foto-
keciriciliyo malik fotogeviricilorin yaradilmas: ilo baglidir.
Glinos elementlorinin  isindo miithiim moment onlarin
temperatur rejimidir. Elementin 25°C —dan yuxari halda bir
doraco qizmast ilo o gorginlikds 0,002V, yoni 0,4%/°C itirir.
Giinos stiasinin tosiri ilo fotoelektrik qurgularin is¢i hissosi
qizir, naticads qurgularin faydali is amsali asag1 disiir. Bu
sobabdon praktikada ikinci ciddi problem — konsentratorlu
fotogeviricilorin yaradilmasinda ondan istilik selinin dasinma
zoruratidir. Fotogeviricinin is¢i temperaturunun 50-60°C
soviyyosindo saxlanmasi ii¢lin tolob olunan radiator sahosi
konsentratorun midelinin sahosino borabordir. Buna goro
istilikdastyici sistem agir va enerjitutumlu ola biler. Bununla
bagl isiqlanma intensivliyinin artmasi ilo fotogeviricilorin
temperatur stabilliyinin artmasi miihiim masoalodir. Cox
boylk intensivliklords n — p strukturun sorbost gedis
gorginliyinin temperatur qradienti yarimkegiricinin N, N,
icazo olunan zonalarinda elektron halinin sixligi ilo toyin
olunur:

dU

S&

dT

k. NN,
) PTG

g NpN,

@®)

Konsentratorlu fotogeviricilorin todqiqi zamani osas ma-
raq homiso sorbast gedis gorginliyinin temperaturdan asililigi
olmusdur. Bels ki, qisa qapanma corayani yalniz isiq selinin
intensivliyinden asilidir. O  yiikdasiyicilarin - yasama
miiddotinin vo kontaktlarin miigavimotinin doyismosi ilo
baglt olan nozoro alinmaz zoif effektlor nozoro alinmasza,
praktik olaraq temperaturdan asili deyil. Amma sorbost gedis
gorginliyi temperaturdan asilidir va silisium {igiin bu doyismo
toxminon -0,002V/doar toskil edir. Cixis giicii sorbast gedis
gorginliyi ilo xotti asili oldugundan, o uygun olaraq
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temperaturdan asili 1°C —ya 0,05% dayisir. Buna gora giinos
elementlorinin soyudulmasi zarurati yaranir [3].

Bizim eksperiment ii¢iin bu standart sortlor istifado
olunmusdur: isiglanma 1000 Vt/m’, baslangic temperatur
25°C, AM 1,5 spektri (45° —do giinas spektri)

AL

Sak. 1. Fotogeviricilorin qurulusu (niimunslor bazasi n-tip
silisium olmagqla p*-n-n" - qurulusa malikdir.
1- teksturo formali oksedici 6rtiik; 2 - p*- Si;
3-n-Si;4-n"-Si; 5 — metal.

Miiasir dovrds praktik totbiq olunan adi giines element-
lorinin FI© 10-19% tortibdo dayisirlor. Istifado olunan hava
vo maye ilo soyutma metodlar1 qurgularm Fi9-m
artirlmasinda  ganeedicidir. Bu isdo maye ilo soyutma
tisulunu segarak, tabii konveksiya istifade olunmagqla su ils
soyutma totbiq olunmusdur.

Gilines batareyalarinin soyutma kanallarinda mayenin
konvektiv istilikdasima masslasine baxaq. Masalo bu ciir
modellosir. Tki miistavi plastin arasinda miistovi maye axinimi
todqiq edok. Mayenin axma istiqgamoti x oxu ilo st-listo
disiir. Giinos batareyasinin qizan elementlori ilo maye
arasinda istilik miibadilosi prosesini sorh edon asagidaki
istilikkegirma tonliyini yaza bilorik:

or
ot

oT

Oy

=plT-T,0le™  ©

+v
y

Sag torofdoki ifado maye ilo gilinos batareyasmin qizan
sothi arasinda istilik miibadilosini oks etdirir. (S~ istilik
miibadilasi doracasini xarakterizo edon vo hondasi dlgiilordon
asili omsaldir).

Eksponensial ifads soyudan mayenin sirkulyasiyasini gos-
torir; burada @ - sirkulyasiyanin tezliyidir. Praktik shomiyyot
kosb edon maye vo giinog batareyalarinin is¢i sothlori
arasinda qorarlagsmis istilik rejimi  bu formula ils toyin
olunur:

T(y,0) =T, (1) + De ™™ (10)

Bu diisturdan @
doyismosi goriiniir.

tezliyi ilo temperaturun periodik

@ = arcSin % , (11)
N Y
burada asagidaki isarolonmolor qobul olunmusdur:
AT o AT
= _ AT (12)

Ay R Gy
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AT — glinos batareyalarinin is¢i sothinin temperaturunun
maksimal azalma qiymaotidir.

Basqa sozlo desok, maye is¢i soth boyunca axaraq, onu
periodik olaraq soyudur va istilik dasiyir. Aydindir ki, bu
zaman giinos batareyalarmin FIO artir. Batareyalarin konkret
hondosi formasi figlin elo optimal konfiqurasiya vo
konveksiyada maye siirati se¢gmok olar ki, bu zaman baxilan
effekt maksimal olacaqdir.
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Sak. 2. Glinag elementlorinin temperaturunun diigen isiqlan-
manin intensivliyinden asililig1 (ndqtalerin yanindaki
adadloar elementlorin FIO-dir)

tC

147

1000 1500

Siialanmanin artmast ilo FIO artir. Su ilo soyutma totbiq
olunmaqgla elementlorin Fi®-m1 toxminon 1% artirmaq
mimkiindiir. Biitiin elementlor spektrin infraqirmizi oblasti
ticiin soffafdir ki, bu hal da elementlorin giinos altinda az
gizmasina sobob olur vo uygun olaraq onlarin effektivliyi
artir. Intensiv qizma altinda isloyon miixtolif optik detallarin
hazirlanmasinda materialin se¢imi mosalosinin halli zamani
miixtolif temperaturlarda materiallarin  méhkomliyi va
istilikdozlimliliiyli haqqinda molumatlar zsruridir. Bir ¢ox
yeni optik materiallar ii¢iin bu cilir mslumatlar yoxdur. Buna
sobab materiallarin 6zlorinin, o climlodon asagi mdéhkomlik
va istiliyaddziimliiliik, sixilmadan ¢ox dartilmaya qarst aydin
nozoro carpan zoif miigavimoto malik olan spesifikliyidir.
Biitiin bunlar ananavi mexaniki metodlarin totbiqini, mosalon,

miixtolif temperaturlarda dartilma, miioyyon
xarakteristikalarn ~ toyin  olunmasmi  kifayot  qoder
cotinlogdirir. Belo soraitdo optik materiallarin  istiliyo
doziimlililyliniin ~ smaginin  birbasa aparilmasi  bdyiik

ohomiyyat kosb edir.

Optik materiallarin sinagr zamani yuxarida gostorilon
xiisusiyyatlorini nazera alaraq isitmo iisulu vo monbayina,
xiisuson, monbonin stabilliyi, isitmods bircinslilik, ¢irklondi-
rici agqarlarin olmamasi vo sado gorilmo-deformasiya halinin
olmas1 baximindan yiiksok toloblor irali siiriiliir. Bu noqteyi-
nazardon konsentra olunmus giinos enerjisinin istifadasi ilo
bir torafli qizdirilma sorti ilo dairavi formada olan tobagoalorin
sinagi boyiik shamiyyat kasb edir.

Bu isdo prinsipial sxemi imumi formada asagidaki sokil
3-do verilmis qurguda bozi optik materiallarin qizdirilan
zaman istiliys doziimliilitylinlin tadqiqinin bazi naticalori va
metodikast verilmisdir.

Qurgu uzunlugu 40sm vo fokus masafosi 30sm olan iizvi
siisodon ibarot paraboloid konsentrator osasinda yaradil-
migdir. Termociitlii niimuna konsentratorun fokal zonasinda
yerlosmisdir. Istilik parametrlorinin doyismosi niimunonin
fokusunun pozulmasi ilo, yoni onun giizgiiniin oxu boyunca
yerdoyismasi hesabina olds olunur.

Stialanmanmn maksimal oldo oluna bilocok sixligr bu
qurguda 14kVt/m’ tortibinde olmusdur. Bu toloblor bir ¢ox
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praktik hallar {i¢iin tomamilo kifayat edir. Smaga epoksid va
optik yapisqanli tobaga ilo olan niimunoalor moruz qalmisdir.
Elementlor sorbast olaraq metal gorgivoyo salinmig vo xiisusi
olaraq biitovlilyili vo temperaturu miioyyonlogdiron sensorlarla
tochiz olunmusdur ki, onlar da 6z novbesinde dagilma
momentini vo niimunanin daxili sathinin temperaturunu fikso
edir. Sorbast yerlogsmis plastinanin sathinin qeyri-bircins
qizdirilmast zamani onda tomiz oyilmo ilo saciyyslenon
gorilmo-deformasiya hali bag verir. Onun daxili sothindo
dartilma gorginliklori olur ki, bu da on tohliiksli haldir.

Sak. 3. Optik materiallarin istiliys doziimliilityiiniin todqiqi
ii¢iin qurgunun prinsipial sxemi (1- termociit, 2- nii-
muny, 3- giizgiilii kondensator)

Nazik  tobogolorin  termoelastikliyi  nozoriyyasindon
miloyyon olunur ki, belo gorilmolor, homginin tobogonin
deformasiyasi asagidakina borabordir:

Elt, —t.
= h) (, tl),gzatU (13)
1-v
1 h
t, =;J.t(x)dx, (14)
0

burada /# — tobagonin qalinligy; #(x) — qalinliga goro tempera-
turun paylanmasi; £, @, v - uygun olaraq Yunq modulu, xatti
genislonmo omsall vo tobago materialinin Puasson amsalidir.

Istilik kecirmo tonliyindon galinhiga géro orta inteqral
temperaturun ifadssini almaq ¢atin deyil:

_ 97

. Ly 15
op (15)

Iy

12‘
g=—[q()dz
z-0

q — xarici satha istilik seli; ¢ , p - uygun olaraq materialin
istilik tutumu va sixligidir.

Ogor smag zamani niimunado hor hansi bir anda gorilmo
va ya deformasiya 6ziiniin limit qiymatino ¢atarsa

& =T, (16)
burada o), & — dartilmaya qarst mohkomlik limiti vo
dartilmaya qarsi deformasiya limitidirlor ki, bu da daxili
sothin asagidaki temperaturunda olur
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ogor istilik seli, dagilma miiddsti vo daxili sathin temperaturu
Olgiilorso digar xarakteristikalar kimi 7, komiyyatini do toyin

oq,T . A
T, = XMoo (17)  etmok miimkiindiir. Aparilmis todgiqatlar noticasinda baxilan
cp materiallarin termodozumluluyunun nisbi qirymsatlondirilmasi
h . 11 d.. . l..l..y.. . . b q.y 1 d 1 .
almmugdir, istilik selinin ig¢i diapazonu toyin olunmusdur.
(To _ ti) la = o, (1-v)/Ea (18) Miioyyon olunmusdur ki, stialanma konsentratorunun totbiqi

zamani elementlorin FI© vo volt-amper xarakteristikasinin
doldurma omsali iiglin maksimumlar vardir. Elementlorin
giiclinlin gilinog stialanmasinin intensivliyindon asili olaraq
Olciilmosi noticosindo  gdstorilmisdir ki, sothi teksturo
olunmus elementlords optimal sel konsentrasiyasit mévcuddur

Asagida 20Vt/sm® istilik selindo niimunolorin sinagmimn
bozi naticalori verilmisdir:
1) Epoksid yapisqan, qalinligi 3mm - 130 °C (smag

miiddati = 23san) 5 . 5 ki, bu zaman FIO maksimaldir. Miioyyon olunmusdur ki,
) 2) thlk yapisqan, qalnligi 3mm - 145°C (sinag xiisusi  konstruksiya {izorindo yerloson fotoelementlor
miiddoti 7= 54san) sistemini su ilo tobii soyutmaqla gilinos batareyalarinin

Belolikls, 7 komiyyoti optik materiallarin termodd-  effektivliyinin koskin artmasina nail olmaq miimkiindiir.
zumliilik xarakteristikasi kimi qulluq eds biler. Sinaq zamani

[11 J. I Alferov, V.M. Andreev, V.D. Rumyanchev. [3] Y.Yu.Quseynov, N.A.Safarov, V.D.Shukurova
Tendenchii 1  perspektivi  razvitiya  solnechnoy Issledovanie kremnievix tekstruirovannix
fotoenergetiki. FTP, 38 (8), 2004, 937-947. (Rusca). fotopreobrazovateley dlya optimizachii parametrov pri

[2] Y.Yu.Quseynov, V.D.Shukurova Mnoqosloynie konchentrirovannix potokax izlucheniya. Sumqait Dovlet
solnechnie elementi prednaznachennie dlya raboti v Universiteti “Elmi xeberler”, 5 (3), 2005, 7-10. (in
sistemax s konchentratorami izlucheniya. Vestnik Rusca).

Bakinskoqo Universiteta, 2, 2005, 202-207. (Rusca).
V.D. Shukurova

THE TEMPERATURE CHARACTERISTICS OF SILICON PHOTOCELLS WITH A HIGH PERFORMANCE
OF CONVERSION OF A SOLAR ENERGY

It is established, that fill factor and efficiency of photocells have maximum values at the application of radiation concentrator. The
measurements of element capacity in the dependence on ratio of solar irradiation show, that optimal flow concentration, at which the
efficiency is maximal one, is observed in silicon photocells, passed surface texturing technique. On the basis of the carried work it is
established that, one can achieve the essential increase of effectiveness of solar batteries by the way of natural system water cooling,
consisting in photocells of special construction. As a result of the carried tests, the comparative estimation of heat resistance of the
considered materials is obtained, the working ranges of heat flows are defined.

B./. lllykiopoBa

TEMIIEPATYPHBIE XAPAKTEPUCTUKHA KPEMHHUEBBIX ®OTO3JIEMEHTOB C BbICOKOM
IPPEKTUBHOCTBIO IPEOBPA3OBAHUSA COJTHEYHOU DOHEPT U

VYCTaHOBIEGHO, YTO NPHM NMPHMEHEHHH KOHIEHTpaTopa u3nyudeHus koddduuuent sanomnenus u KIIJ[ $hoTosneMeHTOB NpHHHMAIOT
MaKCHUMaJbHblE 3Ha4deHHs. M3MepeHHs MOIIHOCTH >J€MEHTa B 3aBHCUMOCTH OT KPaTHOCTH COJHEYHOTO M3JIyYEHHs MOKa3aliH, 4YTO B
KPEMHHEBBIX (DOTOIIEMEHTaX, MPOIIEIIINX TEXHOJIOTHIO TEKCTyPHPOBAHUS ITOBEPXHOCTH, HAONIOAAETCSI ONTHUMAaNbHAs KOHIEHTpAIUs
motoka, mpu kotopom KIIJ| makcumanmsHo. Ha ocHOBe mpozaenaHHONH paOoOTHI YCTaHOBJIEHO, YTO IMYTEM ECTECTBEHHOTO BOISHOTO
OXJIQJKAGHHST CHCTEMBI, COCTOSINEH M3 (OTOINEMEHTOB CICNUAIBHOH KOHCTPYKIMHM MOXKHO JOOUTHCS 3HAYUTEIHHOTO YBEJIMUCHUS
3¢ QeKTUBHOCTH CONHEYHBIX OaTapeil. B pesynbrare HpOBeACHHBIX HCHBITAHWN IIOJMy4YeHAa CpPABHUTENBHAS OIEHKA TEPMOCTOHKOCTH
PacCMOTPEHHBIX MAaTEPHAIOB, ONPEeIeHbI pabouye Auana3oHbl TEIUIOBBIX TOTOKOB.

Received: 16.03.07

35



FiZiKA

2007

CiLD XIlI Ne3

Cu,Se DIODUNUN TUTUMUNUN TOYIN EDILMO METODU

H.A. ABBASOV
Azorbaycan Memarlq va Ingaat Universiteti
Ayna Sultanova, 5

S.i. MEHDIYEVA, M.M. CAVADOVA
Azarbaycan MEA Fizika Institutu,
H. Cavid pr. 33, AZ 1143, Baki, Azarbaycan

Mis hallogenidi esasinda hazirlanmis diodun operator metodu vasitesile Kirxhof qanunlarindan istifade ederek nezeri yolla qapalt
dovrade ceroyan ve gerginliyin tarazligini nezere alinmaqla tutumun qiymsati toyin edilmisdir. Dyumel tonliklorini hall etmokle operator
metodu ilo siqnalin sonme miiddeti, daha dogrusu kondensator ve diod dévresindeki ceroyanin tamamile sifra diismesi toyin edilmisdir.
Noticoede giris miigavimetine giymatler vermakle diodun tutumu toyin edilmisdir.

Son illerde metal — dielektrik yarimkegirici torkibli diod-
larin tedqiqati yiik elageli cihazlarin meydana gelmasine se-
bob olmusdur. Bu cihazlarin osas lstlinliiklori onlarin elek-
trik enerjisi tolob etmaden informasiyani yadda saxlamalari,
hazirlanma texnologiyasinin sadsliyi, yiiksek temperaturaya
davam gatirmesi ve boyiik tezliye malik olmasidir.

AzSSR-i Fizika Institutunda mis hallogen cevrici diodlar
hazirlanmis ve bir sira miielliflik sehadetnamesi alinmisdir.
Moaqalade diodun is rejimi arasdirilmis ve tutumunun teyin
edilmasinin yolu gosterilmisdir. Diodun konstruksiyasi ve
daxilinde geden fiziki proseslor onun tutumuna tesir gostorir.
Digar torafden qeyd etmok lazimdir ki, tutum 6z névbasinde
diodun isleme tezliyine tesir gdsterir. inteqral elementlordo
diodun ekvivalent sxemini miixtolif variantlarda gostermek
olar, lakin biitiin sxemlorde tutum dioda paralel birlogdirilmalidir.

Cu,Se diodunun kommutasiya sxemlorinde yiiksek tez-
likde islomesi ligiin tutumun miqdart @sas parametr kimi ne-
zora almmalidir. Ona gore de, Cu,Se diodunu gevrici reji-
minde isini aragdirmaq lazimdir. Diodun dvresinin dolma
vo bosalma zaman sabiti (C,) onun ¢evrilme tezliyine tosir
gosterir. Bu ndqteyi nezerden Cu,Se diodunun tutumunun
toyin edilmesi vacibdir.

ocCs
. |
A ) R e N
= J
1t D “’__‘Ca
e I

Sakil 1. Cu,Se diodunun ekvivalent sxemi.

Bu megsadle diodun ekvivalent sxeminin ve tutumunun
toyin edilmasi messalasi qarsiya qoyulmusdur.

Dinamik rejimi arasdirmaq iigiin veo C, kemiyyatini tap-
magq ligiin diodun dovrasine r miiqavimatini alave edirik (so-
kil 1). » miigavimatine diodun is rejimini aragdirmaq iigiin
paralel ikisuali ossillograf qosulur. Diodun impuls rejimini
aragdirmagq tiglin dévrenin girisine sinusoidal signallar verilir.
Signalin miisbat yarimperiodunda diodun miigavimati kigik
olur vo dovrade ceroyan maksimum olur, vo gorginlik tama-
mile » miigavimetinde diisiir.

Girig signalinin istigamatinin deyismesile diod baglanir
vo dovrede cereyan C, tutum ceroeyani ile xarakterize edilir.
Bu cerayan kecid cerayani adlanir.
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Sakil 2. Cu,Se diodunun gevrilme zaman ssillogrammasi.

Kegid cerayaninin qiymatini toyin etmok ii¢lin Kirxhof
qanunlarinin operator formasinda yazilan tenliklerinden isti-
fade edok. Bu tonliklor agagidaki kimi yazilir:

u=1ir+i,r,

1

u=ir+C,|—
i,dt
I, =10, +i,

Carayan ve gorginliyin ani qiymatlarini avez etmoaklo (1)
tonliyini operator soklinde belo ifade etmok olar:

U(P)=1,(P)r + 1,(P)r,
U(P):] (P)yupip)_’_ UC(O)
‘ c,p P

d

Il(P):Iz(P)+13(P)

2)

harada ki, U(P) - giris gorginliyinin operator formas,
I,(P), I(P), I;(P) - cerayanin operator formasi, budaqlarda
uygun olaraq i, i,, i; ;
r — mahdudlagdirij1 miigavimet;
r,— diodun bagli halda miigavimati.
Buradan alirq:

Uc(0)

U, )= +r)

( ) 1 A3)
r+r, C—d+r-rd
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Qeyd etmok lazimdir ki, signal verildikde dovrade miis- r (U )
bet impulsda diod agilir ve budaqlardan 7, i,, i; corayani axir. S N A y( P)
Bu cerayanlar mehdudlasgdirict miiqavimetle ve diodun mii- r+r,
qavimetile teyin edilir. Diiz istigametinde diodun miigavi- - -
moti tutumun miigavimetinden kicik olduguna gdére diodun C,-P+r-v,
aciq vaziyyetinde C, tutumundan carayan kegir ve ¢, miidde-
tinde (sokil 2) C, tutumunun qiitblerindeki gerginlik agiq di- operator kegiriciliyi almr.
odun {izerine diisen gerginliye bearaber olur. ¢, miiddetinds y(P)-ni asagidaki kimi gostermok olar:
C, tutumunun goarginliyi bosalir ve ¢, zamanimin axirinda tu-
tum tam bosalmig veziyyetde olur. Oger gorginlikde diod 1 1
baglanirsa, menfi signalin amplitudasi tamamila tutuma qo- y( P) - — o= y(t)
sulmus olur. r+r 7 )
t=t; aninda C, tutumundan maksimal dolma cerayani ke- % P
¢ir vo tutum doldugca bu cerayan azalir, sonra sifira enir. i; C PRV
corayanini toyin etdikde U;=0 goebul edirik. Ona uygun ola-
raq (3) tenliyi asagidaki sekilde yazilir. harada ki
nU,)
]3(P): d 4 @ a:H_—rd (6)
r+r, C PRV Y
Cd P+r-r, d i; joreyanimin originali qisa miiddetli sigrayish 7 (Dyumel in-
teqrall) uzunluguna malik impulsla teyin edilir.
harada ki, |
a _ . (_ _ -
I (t) = J.u(r)yl(t - T)dt = __[_ A=e" T)(ezat € at) (7
r
I
Qobul edok ki, f = 60l miiddetde kegid coroyani tama- C ;= (r t T )(t3 tZ) (10)
a ‘ 2400 rr,
mile soniir.
Tacriibe gostorir ki, bu vaxt sinusoidal signalin uzunlugu- Qeyd etmak lazimdir ki, »,>>roldugundan (10) ifadesini

nun bir hissesini toskil edir. Bunlar1 nezere alaraq deqiqlikle  kigik bir xota ile agagidaki kimi yazmagq olar:
yaza bilarik ki,

-t
60 c, = (11)
a=— ®) ‘2400 r
o Beloliklo, » —i 10 Om gobul etsok vo #;-£,=1 mks olarsa,
(6) vo (8) diisturlarmi birlesdirsek: C~40nf olar. Bu kemiyyet diodun tutumudur. Tutumun bu
giymetine kontaktlararasi ve diodun ¢ixislari ile gdvdesi ara-
C = m ©) sindaki tutum daxildir.
J =

6077 Cu,Se diodun tutumu onun impuls sxemlarinde isladiyi
d zaman boylik ehemiyyet kasb edir. Belo ki, bu parametr dio-

Coroyanin tam sénme miiddetini 7,-f, (sokil 2) 40-a bol- ~ dun yiiksok tezlikdo islomasini tomin edir.
mokla giymatlondirmek olar

[1] Q.A. Abbasov i dr. O primenenii razlignix elementov  [3] V.C. Faracov. Yarimkegirici inteqral sxemloar. Dars vo-

kommutatsii dlya peredagi i raspredeleniya informatsii. saiti, Baki. AzZTU-nun nasri, 1996.
Fizika, «Elmy». Baku, 2002, Ne2. (Rusca) [4] R.M. Hiimbatov. Senaye elektronikasi. I ve II cild. Baki.
[2] Q.A. Abbasov i dr. O postroyenii kommutatora s ispolzo- ADNA-nn nasri, 2001.

vaniyem diodov na osnove slojnix poluprovodnikov.
Fizika, «Elm», Baku, 2002, Ne3. (Rusca)
H.A. Abbasov, S.I. Mehdiyeva, M.M. Javadova

THE DETERMINATION OF DIODE CAPACITY ON THE BASE OF Cu,Se

The diode capacity on the base of Cu,Se is obtained. The time of the current collapse in the circuit of capasitor and diode and also diode
capacity value are calculated using the operator method of the solving of the current and voltage balance equation.
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H.A. ABBASOV, S.i. MEHDIYEVA, M.M. CAVADOVA
I'.A. A6b6acoB, C.U. MextueBa, M.M. /I:xaBagoBa
OIIPEJEJEHUE EMKOCTHU JUOJA HA OCHOBE Cu,Se

OmpeneneHa eMKOCTh AMOAA Ha OCHOBE XajbkoreHuaa Mean (XM). Mcmomns3yst onepaTopHbIi MeTo| pellieH s ypaBHEeHUH OanaHca
TOKOB U HAIlPSDKCHUS, BBIYUCIICHBI BpeMs IIOJIHOIO MPEKPAILCHUs TOKA B LENH KOHJIEHCATOpa U JHO0Ja, a TAaKXKe BEIMYMHA €MKOCTH
i ich

Received: 10.01.07
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(PbSe);,(CoSe,), SISTEMI ORINTILORININ TERMOELEKTRIK XASSOLORININ TODQIQi

IM.9. OLICANOV,, N.M. ORUCOV, A.0. MEHRABOV, S.M. OLICANOVA, H.i. IBAYEV
AZ-1073. Azarbaycan Memarliq va Insaat Institutu, Baka, Ayna Sultanova kiicasi 5,
1143, Baki, H. Cavid, 33, MEA Kimya Problemlori Institutu

PbSe torofdon bark mohlul

sahasi toyin olunmusdur. Gostorilmisdir ki, CoSez-nin hall olunmasi 10 mol%-do bas verir. PbSe

birlosmesinin vo onun osasinda 24,6 mol% niimunalorin elektrikkegirmisi vo termo Lh.q.-si 300+1000K temperatur intervalinda,

istilikkegirma iso 300+900K temperatur intervalinda Sl¢tilmiisdiir.

PbSe birlosmosinin elektrikkegirmasi (300+740)K temperatur intervalinda azalir, metallik xarakter dastyir. Temperaturun sonraki artimi
o—nin artmasina sabab olur va (750+1000)K temperatur intervalinda yarimkegirici xarakter dastyir.

PbSe birlosmasi vo onun asasindaki niimunalar {igiin kegiricilorin

[T}

p” va

“n” tipi miiayyan olunmusdur.

Almmis niimunslor {iglin (450+700)K temperatur intervalinda termoelektrik effekti toyin olunmusdur ki, bu da yiiksok ohomiyyato

malikdir.

IV grup elementlorinin (Ge, Sn, Pb) hallogenlorinin (S,
Se, Te) birlosmoleri (A"VB"") fiziki vo kimyovi xasselorinin
xarakterino goro basqa yarimkegirici birlogsmolordon forglonir.
Bunlar stexiometrik torkibden kenara ¢ixmagqla, kicik qada-
gan olunmus zolaga, miirakkab zona qurulusuna malik oldu-
gundan, onlarin dyranilmasi hal-hazirda tadqiqatgilari maraq-
landirir.

€, pur eai’
50

F50

250

5o

P ——-

o poo sm foow T

Ty 4w sw 6w
Sakil 1. (PbSe);.(CrSe), sistmi arintilorinin elektrik kegirici-
liyinintemperatur astligi.

o- x=0.00; 0- x=0.02; A- x=0.04; *- x=0.06

Homin qrupa daxil olan PbSe birlosmosi do gostorilon
xiisusiyyotloro malikdir. Odur ki, bu birlogmo vo onun
osasindaki orintilor yarimkegirici cihazlarin hazirlanmasinda
genis totbiq olunur. PbSe birlogmasi stexiometrik torkibdon
asili olaraq ham “p” vo hom do “n” tipli kegiriciliys malik
olur. Maraqlidir ki, bu birlosma arimo temperaturuna yaxin
temperaturlarda metallik vo sonra yarimkegirici xarakter da-
styir. Bork vo maye halinda xiisusi qurgularda onun elektrik-
kegirmosi va termo e.h.q.-si 6l¢iilmiisdiir, hor iki oblastda qa-
dagan olunmus zolagin PbSe-CoSe, sistemindo fiziki-kim-
yavi analiz metodlarindan istifads edearak, qurgusun selen to-
rofdon bark mohlul sahosi miioyysn edilmisdir. CoSe,-nin
10mol% qgoador hall oldugu gostorilmigdir. Burada PbSe bir-
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logmoasinin vo onun asasinda 2, 4, 6 mol% niimunslorin elek-
trik kegirmasi va termo e.h.q.-si 300+1000 K temperatur in-
tervalinda, istilikkeg¢irmo iso 300+900K temperatur interva-
linda 6l¢iilmiis vo alinan naticalor 1, 2 vo 3-cii sokillords qra-
fiki olaraq verilmisdir. o~f (7) asililiq qrafikinden goriindiiyii
kimi (sok.1) PbSe birlosmesinin elektrikkegirmosi (o)
300+740K temperatur intervalinda azalir, metallik xarakter
dasiy1r.

Temperaturun sonraki artimi o-1n artmasina sabob olur vo
750+1000K temperatur intervalinda yarimkegcirici xarakter
dasiyir. Moxsusi kegiricilik oblastina uygun golir. Toadqiq
olunan niimunalords o-1n temperaturdan asili olaraq doyisma-
si asas komponent (PbSe)-do oldugu kimidir. Niimunalorda
metal-yarimkegirici kegid temperaturu asagi temperatura gora
doyisir. Belo ki, kegid temperaturu 6 mol% CoSe, torkibli

3
niimuns ii¢iin 590 K olur. Igo~f (&) asililiq grafikinden
T

istifado edorak (bu qrafik isdo verilmisdir) 6yranilon niimuno-
lor {iglin gqadagan olunmus zolagin eni hesablanmisdir. 2E 7~
nin giymati 0.30eV (PbSe) igiin ilo 0.54eV (6 mol% CoSe,
torkibli niimuna {giin) arasinda doyisorok artir. PbSe
birlogsmosi vo onun osasinda bork mohlul sahosinds 2.4 vo
6mol% CoSe, torkibli orintilorin termo e.h.q.-si 300~1000K
temperatur intervalinda Sl¢lilmiis vo alinan noticolor qrafiki
olaraq sokil 2-do verilmisdir.

o, lnlf'l'ﬂ

it

TR

e T,

a

Sakil 2. (PbSe);_(CrSe), sistmi arintilorinin termo e.h.q-nin
temperatur astlig1.
o- x=0.00; 0- x=0.02; A- x=0.04; *- x=0.06
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Goriindiiyli kimi temperaturun artmasi ilo termo e.h.q.
T=760+810-o kimi maksimum alinmagql artir, sonradan, az da
olsa azalmaga baglayir. Nisbaton asag1 temperatur (7<520K)
termo e.h.q. az, sonra iso kaskin artir (7>520K), a~f (T)
grafikindon gorilindiiyii kimi termo e.h.q.-nin temperaturdan
asilt olaraq doyismosi miirokkob xarakter dastyir vo birinci
temperatur intervalinda

K 5 Nc
o= —(=+p+In—) (1)
e 2 n

ilo xarakterizo olunur.
Burada N, — kegiricilik zonasinda (desiklorin) effektiv yiikda-
styicilarin sayidir.

Termo e.h.q.-nin ikinci temperatur intervalinda doyismasi,
hayacanlanmis yarimkegiricilordo oldugu kimi agagidaki diis-
turla xarakterizo oluna bilor.

2

(2)-do F-Fermi soviyyosidir.
Bu hal qarisiq yarimkegiricilords, qarisiq yiikdasiyicilar
movcud olduguna gora:

a o +a o
o =-"" p=p
c,t0,

ifadosi ilo xarakterizo v
oluna bilor. 7=300 K, F=10 eV oldugundan, a:10'6z olar.

Termo e.h.q. toadqiq etmodiyimiz niimunolordo tempera-
turdan asili olaraq diiz xatt qanunu iizra dayisir, maksimum
giymotdon sonra azalmaga baslayir vo igiincii temperatur
intervalina aid edilo bilor. Belo halda {igiincii név yiikdasi-
yicilarin (elektronlari) amals goldiyini gabul etsok:

a,0,+a,0,—0;—C
3 3
a=—-" L 3)
c,+t0,—-0;

ilo ifada oluna bilar.

Biitiin temperatur intervalinda termo e.h.q.-nin isarasinin
doyismosina gora kegiriciliyin “p”, onun asasindaki niimune-
lor iiciin “n” tip oldugu gostorilmisdir. Istilik kegirmo
300-900K temperatur intervalinda azalir (sokil 3) vo yalniz
T>750+-810K temperatur intervalinda az da olsa artma miisa-
hids olunur: 7' <700 K temperatur intervalinda istilikkegirma

iki dofodon ¢ox azalir.

i . g
00 400 SO0 goc 1, K

So0

s00 200
Sakil 3. (PbSe);_(CrSe), sistmi arintilorinin istilikkegirmosinn
temperatur asulig1.

o- x=0.00; o- x=0.02; A- x=0.04; *- x=0.06

Bu azalma avvalco kaskin (7<600K), sonra iso nisbaton

az doyigir.
Istilikkegirmonin ~ artmasi, olavo olaraq, bipolyar
diffuziyanin dayismasi ilo slagolondirils bilar.
2
a o
Z= “
x

ilo hesablanmis vo alinan niimunalorin 450+700K temperatur
intervalinda daha yiiksok Z-o malik olundugu miioyyon
olunmusdur.

[1] V.M. Glazov, S.I. Chikevskaya. Jidkie poluprovodniki.
M: Nauka, 1967, 244 s. (Rusca).

[2] N.Kh.Abrikosov, L.E. Shelimova. Poluprovodnikoviye
materiali na osnove soyedineniy AIVBIV. M: Izd.
Nauka 1975, 196 s. (Rusca).

[3] M.A. Alidianov, M.Z. Alizade. Poluprovodnikoviye
svoystva soyedineniy tipa AIVBIV. M: Izd. VINITI
1987, 103 s. (Rusca).

ML.A. Alijanov, N.M. Orujov, M.O. Mehrabov, S.M. Alijanova, H.1. Ibayev

RESEARCH OF THERMOELECTRIC PROPERTIES OF (PbSe);« (CoSe;) SYSTEM ALLOYS

The region of solid solution from PbSe side is determined. It has been demonstrated that solubility of CoSe, occurs until 10 mol%.
Electroconductivity of thermo e.m.f. (electromotive force) of PbSe samples and its alloys compound, containing 2.4 and 6 mol%, at

(300+1000) and thermal conductivity at (300+900) K were measured.

Electroconductivity of PbSe compound decreases at temperature interval (300+~740)K and has metallic property. Further increase of
temperature corresponds to increase of ¢ in temperature interval (750+1700)K and electroconductivity has semi-conducting properties.

Conductivity type of “p” type and “n” type for PbSe compounds and samples on its basis is determined.

Thermoelectrical effect that has high profile is determined for obtained samples in temperature interval (450+700)K.



(PbSe),..(CoSe,), SISTEMIi ORINTILORININ TERMOELEKTRIK XASSOLORININ TODQIQi

|M.A. AJ‘IHZDKaHOBL H.M. Opyn:kes, A.O. Mexpa6os, C.M. Aimmaxanosa, I'.U. U6aes

HCCJEJTOBAHUE TEPMOJJIEKTPUYECKNX CBOMCTB CILJIABOB CUCTEMBI (PbSe),., (CoSe,),

Onpenenena o0acTh TBEPAOro pactBopa co ctoponsl PbSe. IMokazano, uro pactBopumocth CoSe) MPOUCXOIUT 0
10mon%. M3mepeHbl 3JIeKTPONpPOBOJHOCTh TEPMO 3.1.C. 00pa3ioB coemuHenus PbSe u ero cmiaBos, comepxammx 2,4 u
6 mon%, npu (300-900) K u TermonporoaHocTs mpu (300+-900)K.

DJeKTPONpOBOAMMOCTL coequHeHns PbSe ymenbiiaercs B TemneparypHoMm uHTepBaie (300+740) K u HOCcHT Meran-
JMYecKuil xapakrtep. JlanbpHelliee yBennyeHHe TeMIepaTypbl COOTBETCTBYET YBEJIHUYEHHIO G B TEMIIEPATypHOM HMHTEpBaje
(750+1000) K n HOCHT ITOITYIPOBOTHUKOBBII XapakTep.

OmnpeneneHsl p u n MPOBOIUMOCTH Ut coequHeHust PbSe u amst o6pa3iioB Ha ero OCHOBeE.

s monmy4deHHBIX 00pasnoB B mHTepBajie Temneparyp (450+700)K HabmromaeTcs TepMO3NeKTpUIecKuil 3PQeKT, nmero-

Ui BaXKHOE 3HAUCHUE.

Received: 16.03.07
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THEORY OF INTERNAL INSTABILITY IN THE SEMICONDUCTORS WITH ONE TYPE OF
CHARGE CARRIERS

M.B. JAMSHID
Islamic Azad University, Islamshahr Branch IRAN

E.R. HASANOV
Baki, Institute of Physics of NASA, Baki State University

The frequencies and increase increment of arising waves in homogeneous and impurity semiconductors have been calculated. The
change interval of external electric field in the conditions of internal instability has been found.

The theoretical investigation of electric instabilities in
the semiconductors forms the possibilities for experimental
preparations amplifier and generators, working in high-
frequency band. The oscillations, arising inside the sample,
can go out increasing and at that the current in the external
circuit oscillates, i.e. the external instability arises. At
external instability the oscillation frequency o is real value,
and wave vector K is complex one. If current oscillations take
place in external circuit, then this means, that charge and
electric field oscillations inside the sample have already
aroused. Thus, the sample, inside of which the charge and
electric field distributions take place, is the active circuit
element. Firstly, by this reason it is needed the foundations of
charge internal oscillation and electric field for theoretical
description of current in external circuit. When the charge
redistribution arises inside the sample, the possibility of
internal instability arises. At internal instability the wave
vector is the real one, and oscillation frequency is complex
value.

In this paper we will theoretically investigate the
conditions of internal instability in the semiconductors with
one type of charge carriers. When the semiconductor is pure
material (i.e. there aren’t impurity atoms in semiconductor),
then charge redistribution inside the sample takes place
because of external fields. If there are impurity atoms in
semiconductor, then current carriers can be captured
(recombination), or emitted (generation) by impurity atoms.

The corresponding control system with taking into
consideration of recombination and generation of charge
carriers has the form:

(o

ot

.= Ar

divE :_(,0—/00)
£

]zenyE—DVﬁ

% = 7(0)N(N = Nyee Jo(E)—n,Npee |

+divj=0

p=e(n+nr); N is concentration of impurity atoms, @(E) is
capture frequency of charge carriers by impurity atoms, Nyec.
is electron recombination concentration, X{0) is coefficient of
electron emission by impurity atoms. Linearizing system (1)
without taking into consideration with respect to electric field
and concentrations of charge carriers
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E=E, +E'(Xt);
n=no+n1x,t)

E'(x,t) << E,,
n{xt)<<ng

and considering, that fluctuation values

[E'(x,t) k n'(x,t)]~e" ™ from (1), we will obtain the
dispersion relation of the following type:

. , 87 dD
lo=¢e+DK +|k(UO—?EOpOd—E|E:EO).(2)

From (2) it is seen, that w=ap+ij; Uy=x0Eq

. 87 dD
wo_k(uo_?EopodiE‘E=E0)' )
__Amt ke
&

Substituting (3) in [E'(x,t) k n’(x,t)]~ei(kx‘“’t), we
easily see, that 0<0, i.e.

d(uE)

—en A

0

o= (0.

E=E
0

The oscillations of charge carriers inside the sample
increase and sample state is instable. These oscillations take

place with frequency . However, at
U = 8£en d7D ‘ these oscillations are periodic ones,
0 c o dE 'E = E0

i.e. Rew=0. At that the considered fluctuations damp or
increase without oscillation. The increase increment of
aperiodic oscillations has the form

27

=4—”a\—DK2 @ K===m,

¥ m=0+1142,.

&

From (4) it is seen, that aperiodic oscillations can arise in
long samples quickly, than in short ones.

Let’s consider the arise conditions of instable fluctuation
waves inside sample in impurity semiconductors.

Linearizing system (1) with taking into consideration of
recombination and generation of charge carriers, we easily
obtain the following dispersion relations
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Dr,

d/nw

~k*D(1-iwr,)-U,

+1-iowr, ik +

U?ry,7, d/nE

, ()
2
1 . T, T 7" d/meo(E T
+—| (o1)* +ior, (- +—L)+——( ( )—1)+—1 =0

T, m 7, wwr, d/nE ™

Ty = ¢ is Maxwell relaxation time | carriers
4z, T, = B0 s life time of free charge carriers.

T=N [(jlo)a)(EO)nON ]71 is generation time of charge T3 +7

carriers Designating @7, = X from (5) we obtain

7, = [(J,0)@(E,)(N —nt,, )" is capture time of charge |

2
a=1+ 2DT1 dfna)’ b:i+i’ C:i—k 7, (dgna)_l)
Uy, 7, d/mE ™ T, S 7. CamE

x* +(kur, +ib+iz,k’D)x —7,k*D +ikuk*z% +c =0 . (6)

dne 0
d/nE

As 7, <7, at

from (6) we obtain

x—r1k2D+i+ikUT1 =0.(6)
Tm

X* +1kur, +, {L(HT—”‘HWDTJ

Y, 3

L . |
Considering, that X=X, +IX; and X; <<X, from ° frequency o, _ 1 1+ Tn )+k?D. when electric field

solution (6°), we obtain Tm 123
changes in next interval.

D, 1

i—kzDT1 Eoz(i)*'

Ty T, M

X, =T, X, =——5—"r-1 (7
(kuz)) Thus, the emergences of electric instability in impurity
From (7) it is seen, that recombination fluctuation is  semiconductors essentially depend on recombination and
. . ) 1. s k2D ) generation frequencies of charge carriers. This process (i.e.
increasing one, if k’D>— e o >1 with  sample instable state) leads to wave radiation from sample
T

m

with definite frequency .

[1] E.R. Gasanov. Vestnik BGU. Seriya Fizika, 2000 q. Elektrodinamika

[2] E.R.Gasanov. Vestnik BGU. Seriya Fizika, 2001 g, Nel.

L.D. Landau i E.M. Liphshits.
sploshnikh sred. Moskva, 1957g.

[3]

M.B. Camsid, E.R. Hasanov
BiR TiP KECIRICILIY® MALIK YARIMKECIRICILORDO DAXILi DAYANIQSIZLIQ NOZORIiYYOSi

Bircins vo asqarli yarimkegiricilordo daxili dayanigsizliq soraitindo artan dalgalarin tezliklori vo inkrementlori
hesablanmisdir. Dayanigsizliga uygun elektrik sahosinin doyismo intervali tapilmisdir.

M.B. Ixammua, E.P. I'acanoB

TEOPHSI BHYTPEHHEN HEYCTOMYUBOCTH B IOJIYIIPOBOJIHUKAX C OJHUM
THIIOM HOCHUTEJIEU 3APSIJIA

Berunciensl 4acTOThl ¥ MHKPEMEHThI HAapacTaHUsl BO3HHKAIOIIUX BOJH B OJHOPOJHBIX M B MPHMECHBIX MOTynpoBoaHHKax. Halinen
HMHTEpPBaJl N3MEHEHNUS BHEIITHETO HJIEKTPUYECKOTO IO B YCIOBUSX BHYTPEHHEH HEYCTOHIHBOCTH.

Received: 08.05.07
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THE SECOND ACCEPTOR LEVEL OF ARGENTUM IN SOLID SOLUTIONS Ge-Si

Z.A. AGAMALIYEV
Institute of Physics of National Academy of Sciences.
AZ-1143. Baku, H.Javid av. 33, Azerbaijan

The investigation results of second acceptor level of argentum in solid solution Ge-Si, containing 18 at.%Si are given in the paper. The
monocrystals are obtained by the withdrawal from the melt with the application of feeding ingot. The second acceptor level of argentum is in
the upper half of forbidden band. That’s why for its revealing it is necessary to doubly dope crystals by Ag and Sb impurities with such
calculation, that the first acceptor level of argentum can be doped totally, and the second one can be doped partly. Sb is introduced in crystals
in the monocrystal growth process through gas phase, and Ag is introduced by diffusion method.

The argentum depth of occurrence is defined by the investigation of temperature dependence of Hall coefficient and by the comparison
of experimental data with results of equation solution of electrical neutrality crystal. The depth of occurrence of argentum second level,

counted from depth of conduction band, is equal to 0,41 eV.

The revealing of the second acceptor level of argentum in
solid solution Ge-Si, containing 18at% Si and definition of its
activation energy is the aim of the present paper. At the given
composition of Ge-Si system the argentum in it acts as
amphoteric impurity and reveals the multiplet character. In
Ge the argentum creates three acceptor and one donor levels,
and in Si creates probably one acceptor and one donor levels.

The second level of argentum is in upper half of
forbidden band in the composition considered by us. For its
revealing it is also necessary the presence of small donor
acceptors in crystal. The stibium (Sb) is used in one’s
capacity of donor impurity. The monocrystals of Ge-Si alloys
are obtained by the withdrawal from the melt with the
application of feeding ingot. The stibium is introduced into
melt from its gas state through small vent, made on crucible
bottom. The argentum is introduced into crystals by the
diffusion method.

It is necessary to chose by such way for revealing and
investigation of second acceptor level of argentum in Ge-Si
crystals of Ag(N,) and Sb(Ng,) concentrations, that the
following relation should be filfilled:

(M, +N,)< Ny, <2N,, +N, (1)

Here the concentration of having small acceptors in
crystal is designated through N, and it is accepted, that
concentrations of all levels of argentum are equal each other.
At carrying out of the condition (1) Sb donor centers, being
near the bottom of conduction band in forbidden band, send
their fifth valency electrons and totally fill the small acceptor
states and first acceptor centers of argentum, and second
acceptor state fills either totally, or partly. At that both small
acceptor state and first acceptor state of argentum are in
passive state and practically don’t give the contribution in crystal
conductivity (donor state of argentum also doesn’t reveal itself as
below it there aren’t empty acceptor centers). The centers of
the second acceptor state of argentum at Ng, = 2N+ N, are
filled by electrons totally, and at Nag+N,< Ngp< 2N +N, are
filled partly.

In both cases electrons from the second state with
temperature increase transit into conduction band, i.e. it acts
as donor state (“pseudo-donor state”). The temperature
dependence of Hall coefficient (R) of the one of the samples
of m-type, in which impurity concentrations satisfy the
relation (1) is given on the fig.1. As it is seen from the figure,
R practically linearly depends on the temperature in low-
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temperature region in semi-logarithmic scale. The slow
dependence of R on T in high-temperature region connects
with the fact that second acceptor state of argentum gradually
fails, wasting its electrons with the temperature increase.

The saturation absence in low-temperature region shows,
that there aren’t residual (non-compensated) stibium centers
after the compensation of acceptor centers. Besides, the
change of R on T more, than on two orders allows one to
define the depths of occurrence of the second acceptor sate of
argentum & 4¢ to enough high accuracy.

3
o

lg R,——
© i

e

0
T

N

Fig.1.

In the given case the equation of crystal electrical
neutrality has the following form:
1 1 _
n+ N, + N\ +(N% —n,)= Ny, . @
Here 7 is concentration of free electrons and first acceptor
state of argentum correspondingly, n, is concentration of the

centers of second acceptor state of argentum, captured by
electrons. n and n, are expressed by the following known

formulae:
F
n=N_.exp| — | 3
c p(ij 3)
3
2nm kT \?
N, =2 = )
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NH,
ny = — - (5)
iex TEag T8
p +1
Y2 kT

where F is Fermi level, é”Ag is depth of occurrence of the
second acceptor state of argentum, counted out the bottom of
conduction band. N 4g 18 concentration of compensated part
of the centers of second acceptor state of argentum, k is
Boltzmann constant, /4 is Planck’s constant, 7 is Kelvin
temperature, 7, is statistical weight of the second acceptor
state of argentum, mn* is effective mass of electron state
density. Let’s designate the required unknown by the
following method:

~ex (i} ©
y=expl .

Substituting (3), (5), (6) into (2), we obtain after vanilla
n

calculations:
1
B |, L Nag o f
kT Y, N¢
1

Let’s write the solution of equation (7):
8II
Ag
=——ex ~exp| == | |-(8)
4 2y, p[ p[ kT J

Here we eliminate the negative root as it hasn’t the
physical meaning. In the temperature interval, when the
condition is:

), £l
v +—exp| - —£1=0.(7
Y, kT

b4 big
Ag

€ N
—ﬁ] —1+_|1+4y, N

kT .

i 17

dy, — exp| £ | >>1 ©)
N¢
the solution (8) is simplified and has the following form:
1
NI )2 /g
y=| 5| exp - (10)
Y,N¢ 2kT

The relations (10) and (2) allow one to find the
temperature dependence of the concentration of free
electrons:

I
Ag

2kT

1
NN, )2
NC

n exp| — (11)

or
3 g’
n=C-T" exp| — 2 12
p kT (12)
here:
s
N ) N\
C=| 4 .2( nkzan (13)
Yo h

is constant value.
Multiplying both sides of (12) on 7" and finding the
logarithm, we obtain:

lg(nT_%) —1gC—

(14) is the line equation, from the angular coefficient of
which it is possible to define &’ 4¢ - Taking into consideration
the relation of the concentrations (n) with Hall coefficient
(R ), it is possible to define ,sHAg from inclination of R
temperature dependence. The dependence of lg(kTw on
1000

T
calculated value of activation energy of second acceptor state
on inclination angle of this (R) dependence is equal 0,41eV
(the calculation is done from the bottom of conduction band).

0,4343¢" 1

— 14
2k (1

, calculated from the curve 1 is presented on fig.2. The

lg[RTI]‘
I

8_

6 -
T T T -
3 5 7 10
T

Fig. 2.

The obtained results quit good agree with data of papers
[2-4], where the impurity states of argentum for other
compositions of Ge-Si solid solutions have been investigated.

[1] B.S. Aliyeva. Issledovaniye mexanizmov rasseivaniya
dirok i povedeniya primeey medi, serebra v tverdix
rastvorax Ge-Si. Diss. na soisk. uch. ctep.kand.fiz.mat.
nauk. Baku, 1971. (in Russian).

G.Kh. Azhdarov, R.Z. Kyazimzade, M. Hostut. Deep
impurity levels in Gej, Siy alloys, Solid state
communications , 111, 1999, 675-679.
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[3] RZ Kyazimzade. Graund-State binding eneryies of
substitutional Cu, Ag and Au impurity atoms in Ge;_ Siy
crystals. Tr. J. of Physics, 20, 1996, 1160-1165.

[4] RZ. Kyazimzade.Osnovniye primesniye sostoyaniya
zameshshayushshikh atomov medi, serebra i zolota v
kristallakh Ge; 4 Si, .(in Russian).



Z.A. AGAMALIYEV

7.9. Agamaliyev
Ge-Si BORK MOHLULLARINDA GUMUSUN IKiNCi AKSEPTOR SOVIYYOSI

Isdo giimiisiin ikinci akseptor saviyyosi torkibinds 18 at.% Si olan Ge-Si bark mohlulunda Holl amsalimin temperatur asililigina
osason todqiq edilmisdir. Bunun iiglin monokristallarda movcud ola bilon dayaz akseptor morkozlori vo giimiisiin birinci akseptor
soviyyasi stibium donor agsqarmin komokliyi ilo konpensasiya edilmisdir. Holl amsalinin tocriibadon alinan temperatur asililigs
kristalin neytralliq tonliyinin halli ilo miiqayiss edilorak giimiisiin ikinci akseptor saviyyasinin aktivlosmo enerjisi (0,41 eV) tapilmisdir.

3.A. AramaiueB

BTOPOW AKIIEIITOPHBbI YPOBEHb CEPEBPA B TBEP/IbIX PACTBOPAX Ge-Si

B craTbe mpuBeneHbl pe3ysbTaThl UCCIIENOBAHUI BTOPOro aKLENTOPHOrO YPOBHs cepebpa B TBepaoM pactBope Ge-Si, coaepxaliem
18atr.% Si, MoHOKpHCTa/UIB! TTOMYYeHbI BHITATUBAHHEM M3 pacilaBa ¢ NMPUMEHCHHEM IIOANHTHIBAIOMIETO CIUTKA. BTOpo#l akmenTopHSIit
YPOBeHb Ag HaXOQWTCS B BepXHEH IIOJIOBHHE 3alpelieHHON 30HBI. [103TOMy IJIsi €ro BBIABIEHHS HPHXOAWIOCH KPHCTAUIBI JABYKPAaTHO
JIETHPOBATh IpUMecsiIMA Ag 1 Sb ¢ TaKMM pacdeToM, YTOOBI TIePBBIi aKIENTOPHBIH YPOBEHb Ag KOMIIEHCHPOBATh OJIHOCTBIO, @ BTOPOH — He
MOJIHOCTBIO. Sb BBOAMIIOCH B KPUCTAJLIBI B IIPOLIECCE POCTa MOHOKPHCTAILIOB Yepe3 ra3oByo dasy, a Ag — merogoM nuddysuu.

I'nyOuna 3ameranmsi Ag omnpenensuiack HCCIEIOBaHMEM TEMIICpaTypHOW 3aBHCUMOCTH Kodd¢uuueHta Xomaa M CpaBHEHHEM
9KCHEPUMEHTAIBHBIX JaHHBIX C PE3yJbTaTaMHM DPELICHHS YPaBHEHHs AJICKTPHYECKOW HEHTpalbHOCTH Kpucraimia. ['nyOuHa 3aneranus

BTOPOT'O YPOBHS Ag , OTCUUTBIBaeMasi OT THA 30HbI IPOBOAMMOCTH, paBHa 0,41 3B.

Received: 17.04.07
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THE ATOMIC SHORT-RANGE ORDER PARAMETERS IN THE FILMS OF TRIPLE
COMPOUNDS Of Cu —In - S(Te) SYSTEM

M.A. NURIYEV
Nakchivan State University

E.E. ALEKPEROVA, D.I. ISMAYLOV
Institute of Physics of NAS of Azerbaijan Republic
AZ-1143, Baku, H.Javid av. 33, Azerbaijan

The structural characteristics of short-range order parameters in amorphous films CulnS, (Te, were discussed on the base of electron

diffraction method.

The values of nearest atomic spacings, the radii of coordination spheres and coordination numbers have been established.

Earlier it has been established by us, that at the thin film
interactions of Cu-In-S(Te) obtained by the simultaneous and
serial evaporation of individual chemical elements the film
phase composition is also characterized by triple compounds
of CulnS,, CulnTe, compositions along with double
compounds with Cu(In) — S(Te) system, being double cross-
sections of triple systems [1-2].

It is experimentally established by our investigations, that
thin films of any composition and any phase compounds of
Cu-In—S(Te) systems in the difference from the massive
sample can be created in the form of amorphous and
polycrystalline, monocrystalline and textured layers. Using
the possibilities of oriented crystallization the obtaining of
thin films of CulnS,(Te;) compounds, having long-period
superlattices is possible. It is also shown, that amorphous
films CulnS, and CulnTe, with s=4asinz/A=25,32; 34,52,
58,27 and 15,78; 32,37, 56,07nm™ correspondingly, are
crystallized with periods of elementary cells of tetragonal
lattice CulnS; a=0,552; c=1,108 and crystal lattice CulnTe,
a=0,168; c=1,234nm. The both crystal structures are
described by space symmetry group of 424 (D2)

crystal [3].

The temperature-time dependencies of crystallization are
defined: kinetic parameters of amorphous film crystallization
of CulnS,(Te;) compounds and quantitative values of
activation energies are established.

Moreover, the question of atomic short-range order
parameters in amorphous films of CulnS,(Te,) , the structures
of which are quite indefinite and are totally absent in
scientific literature is not quite investigated. This question is
present as quite important one, as physical properties of any
materials are defined by atomic short-range order parameters
on concept, existing now.

The films with width ~30 nm, coated by evaporation of
synthesized substances CulnSy(Te,), and films, obtained both
at simultancous and serial precipitation of individual
components of the given systems were used as investigation
objects.

The functions of atom radial distribution (FARD) are

N N
sz akk, 4z r* p,(r)=4m’p
i

=1

i
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B

calculated by us by method of integral equations, in the
foundation of which lies the formula:

o0

w’p(r)=4m’p, +ﬂjsi(s)sin(sr)ds, )
7

o

defining the curve of atom radial distribution for amorphous
substances, consisting of atoms of different types. The
structural characteristics of amorphous films were defined on
the results of electrometer measurement system of diffraction
maximums, allowing one to filter the electrons on the
energies.

The dependence of intensity of electron beam 1 on
S=47sin@/4 was written in the mode of direct registration of
electron current. At the construction of /(s)/Zf(s) function we
graphically define the graded curve <I(s)>/Zf(s), near which
the given function oscillates by the following way

Sy

1(s) <f()

— ds =0
S Sf e

—

B

where s;, s, are lower and upper integration limits,

N
Zf2 (s) = Zalfiz (s) » N=3 is number of atom types, being
I1=1
part of composition of considered CulnS,,CulnTe,; ai -
falling to the share of formula unit of different type atoms,
fi(s) is atom scattering factors.
The calculated interferential function

i(s)=I(s)/Xf *(s)-<I(s)>/Sf(s)

was transformed into FARD.

e

J.i(s)sr sin ds.
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here k; is relative atom scattering power of i type, which is [ /0,262 in CARD of CulnS, and ,=0,293 nm in CARD of

equal to fi(s)/Yf(s), pii(r) is atom partial radial densities, p is
average atom density.

The density of amorphous films CulnS,(Te,) was chosen
on 10% less, than density of corresponding crystal
substances.

The normalization factor a was defined as average values
of following ones:

U5 )| a0 el |<I(5)> /3 f7(s)]
11 (Icz(s)_loz(s)J +(12(S)J 00426
ap 2(\S) L)) \ S5,

a, =2347

The curve of atom radial distribution (CARD) of
amorphous CulnS, and CulnTe,, constructed on the base of
experimental intensity curves have quit expressed three
maximums at 7,=0,250. r,=0,262; r;=0,380 and r,=0,285;
r;=0,293; r;=0,418 nm correspondingly. The areas under the
corresponding maximums are equal: A=25,7; 39,5; 55,6 and
33,0; 46,6; 70,2 correspondingly. CARD of amorphous
CulnS, is given on the fig.1.

90 47?2Um (r)zml K,
65
N 47U, (YK,
40
15
0 - T T T T T T t, fun
0,2 0,3 0.4 0.5 0,6 0,7 0,8
-15

Fig.1. The curve of radial distribution of CulnS, atoms.

The distances 7,=0,250; 2,80 on FRDA of CulnS,(Te,)
are interpreted as the average from of atomic spacings Cu — S
and Cu — Te. The average tetrahedral covalent radii Cu —
S(Te)=0,256(0,285)nm.

The calculations of area values under first peaks give the
values 22,9 for CulnS, and 31,2 for CulnTe,, well coinciding
with  experimentally obtained atomic spacings in
CulnS,(Te;). The second coordination spheres with radii

CulnTe, can be interpreted as the average atomic spacings
Cu(In) — S(Te). These atomic spacings are bigger, than sum
of covalent octahedral radii of Cu(In) and sulfur atoms, and
also Cu(In) and tellurium. The calculation of area values
under second maximum CARD of CulnS, gives the value
A,=43,1. This can be explained by the supposition that
atomic spacings In—-S in second coordination sphere meet
with bigger probability, than ones Cu—S.

The atomic spacings 73;=0,380; 0,418 nm correspond to
ones between same atoms S-S in CulnS, and Te-Te in
CulnTe,.

Based on these data, note, that structure of amorphous
films of CulnSy(Te;), the matrixes of which consist of
tetrahedral and octahedral atom surroundings (n,=4; n,=6),
i.e. atoms Cu and In, having surroundings, which consist of
four and six sulfur (tellurium) atoms, well agree with grid
model, consisting mainly of structural fragments.

(Te) (Te) (Te)
) = )
s ™ PN e ™
Cuy Cu
NS YN S ~ /
3 g =
(Te) (Te) (Te)

If we will take the values of atomic distances, which are
character for CulnS, and CulnTe, crystals and are equal to
0,255 and 0,290nm correspondingly, then in this model the
radii of first coordination spheres would be ,=0,250 nm for
CulnS; and 0,285nm for CulnTe,. They are bigger, than
experimental values, obtained by us, showing, that covalent
bonds, acting between atoms remain in crystal lattices and
even amplify in amorphous films of CulnS,(Te;) compounds.

Thus, it is revealed, that matrix of amorphous films
consists of tetrahedral and octahedral atom surroundings, i.e.
structural motives, character for crystal lattice of
corresponding triple compound are saved in amorphous films
by the same way as in amorphous layers, established by us in
[4].

However from CARD, constructed by us for amorphous
films of CulnTe, compound, it is established, that there are
inhomogeneous regions, enriched by tellurium atoms in the
structure of this compound along with tetrahedral and
octahedral atom surroundings. As the calculation of Cu
coordination number gives the value, which is equal to seven
(ny=T7), it is followed to suppose, that defined part of cuprum
atoms in CulnTe, has the surrounding, consisting of eight
tellurium atoms. By this fact it is established, that the change
of structural unit forms and character of their packing take
place in the region of second coordination sphere that leads to
more solid packing of structural dimmers in CulnTe,.

[1] Fazoobrazovaniye pri vzimodeystvii stekhiometriches-
kikh kolichestv elementarnikh sostavlyayushshikh sis-
temi Cu—In—S(Te). Trudi Nacionaloy konerencii po rostu
kristallov, «NKRK — 2006». Moskow, 2006, s.428. (In
Russian).
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[2] D.I Ismailov, M.A. Nuryev, E.E. Alekperova. Tempera-
turno-vremenniye zavisimosti kristallizacii amorfnikh
plenok CulnS,. CulnTe,. Trudi Mejdunarodnoy konfe-
rencii «Neravnovesniye processi v poluprovodnikakhy.
Tashkent, 2007, s.113 — 114.(in Russian).
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[3] H Hann, G. Frank, W. Klingler, et al. Uber einige [4] M.A. Nuriyev. Fazoobrazovaniye i fazoviye prevrashshe-

terndre Chalcogenide mit  Chalcopyritstruktur. Zeitsch niya v tonkikh plenkakh troynoy sistemi Cu—In—Se:
fiir anorg. und allgem. Chemie, 1953, v.271, Ne3 — 4, Avtoref. Dis. ... kand. fiz.-mat. nauk, Baku, 1986, 21s.
p-153-170. (in Russian).

M.A. Nuriyev, E.E. 9lokbarova, D.i. ismayilov

Cu —In — S(Te) SISTEMLORININ UCLU BIRLOSMOLOR TOBOQOLORINDO YAXIN ATOM
MOSAFOLORI

Elektronoqrafik todqiqatlar asasinda CulnSy(Te,) amorf tobagslorinds yaxin atom mosafalorinin struktur xarakteristikalari miizakiro
edilmigdir.

On yaxin atomlararasi masafalorin kemiyyatlori, koordinasiya dairslerinin radiuslart va birinci secilon bu vo ya digor atom strafinda an
yaxin gonsularin say1 miloyyon edilmigdir.

M.A. Hypues, 2.3. Anekneposa, /[.. Ucmaunsio
BJINKHUIL ATOMHBIN OPSIJIOK B INIEHKAX TPOMHBIX COEJUHEHUIN CUCTEM Cu — In — S(Te)

Ha ocHoBe 3i1eKkTpoHOrpaMueckoro MCCIeNOBaHUS OOCYXIEHBI CTPYKTYypHBIE XapaKTEPUCTUKHM OJMKHEr0 aTOMHOIO IOpsIKa B
amopdusbIx wienkax CulnSy(Te,).

YcTaHOBNCHBI BENUYMHBI OMIKAWIINX MEXATOMHBIX PACCTOSHUM, paguychl KOOPIMHALMOHHBIX cdep W YUCIOo OmmKalmmx cocenei
BOKPYT TOT'0 MJIM HHOTO aTOMa BEIOPAHHOTO 32 Ha4aJIbHbIH.

Received: 12.03.07
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THE REFLECTION OF TRANSVERSELY POLARIZED WAVE AT ITS INCIDENCE
ANGULARLY ON TWO-LAYER SYSTEM: ANTIREFLECTING COATING - ABSORPTIVE
SUBSTRATE

S.R. KASIMOVA
Institute of Physics of NAS of Azerbaijan
370143, Baku, H.Javid av., 33

The results of theoretical investigations of reflection characteristics of transversely polarized wave at its incidence angularly on
absorptive dielectric substrate with coated layer of antireflecting non- absorptive coating, regulated on thickness, are given. The possibility of
experimental observation of non-reflective wave absorption in considered two-layer system is well founded.

The conditions of effect initiation of total non-reflective
absorption of transversely polarized electromagnetic wave at
its incidence angularly on plane absorbing substrate of
infinite thickness with the layer of non-absorptive dielectric,
coated on it were investigated in the paper [1,2]. It has been
established, that these conditions are fulfilled in the
dispersion region of substrate at well-defined selective values
of coating layer thickness, frequency and wave angle of
incidence. The carrying out of investigations of wave
reflection characteristics of considered two-layer system in
wide change interval of regulated parameters that is
technically difficultly realized for their experimental
definition. Let’s carry out the simplest method of
experimental relieving of total wave absorbance in substrate
at fixed incident radiation frequency, when wave reflection
characteristics of the system are investigated only in the
dependence on wave angle of incidence on it at the given
thickness of coating layer.

Let’s consider the relieving possibility of this effect at
the passing of plane transversely polarized wave through
layer of non-absorbing substance into absorbing substrate of
infinite thickness. According to data of paper [l], the
conditions of non-reflecting wave passing through similar
two-layer system can arise in minimum point of dependence
of wave reflection coefficient module p on thickness / of
antireflecting coating layer and if condition p=0 in this point
is fulfilled. These conditions are described by the following
bond equations between the selective values of refraction
coefficient of substrate n and factor dielectric loss y of one,
wave length of incident radiation Ay, layer thickness /, and
refraction coefficient 7, of antireflecting coating.

_ 1 = P
y =T -1fa’ -n M)
n
[ 2N, -1 2nn,y
L1 @, )ﬁLiarctgi2 jlzn‘y — |- @
A mal-p 4 4z n - —-n\l+y
Here: n=A1/2,; ﬁl=ﬂj/zd; y=1g6/2;

S=arctge"|E's A=211-p5 715 A,, is wave length in the
substance substrate and coating correspondingly at the wave
propagation angularly to plane surfaces, limiting them;
p:sin2 ay; ayis wave angle of incidence; N, is number of zero
minimum of p dependence on /; &' =(&'—p)/(1-p);
g"=¢"N(1-p); &€, =,/(1-p), where &', &" and g
are connected with refraction coefficients n and factor of
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dielectric loss y of substrate and refraction coefficient »; of coating
by known relations correspondingly
g'=n2(1—y2> s e"=2n"y s 6, =n . (3
We use the equation (1-3) for the finding of dependencies
between selective values of dielectric constant &' and
dielectric loss &" of substrate substance, layer thickness /,
and wave refraction coefficient n; of substance of
antireflecting coating, wave length 1, and angle of incidence
of electromagnetic radiation ¢, at which the conditions of
non-reflecting radiation passing in the considered system
coating-substrate are fulfilled The dependencies of £" on &’
and /)4y on &' at Ny=1 and n,=1.5, calculated on these
equations are given on the fig.1 as illustration. At =0 the
dependence of &" on &' looks like the semicircle, which
crosses the absciss axis at the values &’, which are equal to 1
and & correspondingly. The radius of similar circle increases

with ¢, increase and becomes the infinite one on the value at
a0:90°.

¢’ e
5 025
4 020
3 045
24 0,40
L] 1 qos

Fig.1. The dependencies between selective values of layer
thickness of antireflecting coating /, dielectric constant
&' and dielectric loss &” of the substance of absorptive
substrate at antireflecting absorption of transversely
polarized incident wave at the angle . The wave
refraction coefficient of coating substance n;=1.5; 1 is
wave length of incident radiation.

The selective values of wave angles of incident and layer
thicknesses of antireflecting coating, corresponding to them,
at which the wave reflection is totally absent for substances
of substrate and coating with the known values &', &" and
n; for the given frequency of the incident radiation can be
found graphically or on the equations (1)-(3). From the figure
it is followed, that if at the given n; the operating point with
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such values &' and &" is situated in [&', &’'] coordinate
plane inside the limiting dependence &" on &' for oy =0,
then the antireflecting radiation absorption is impossible with
such substrate in two-layer system. If the operating point with
such values &', &" is situated higher, than limiting
dependence ¢’ (&") for =0, then in such substrate
substance should observe the antireflecting absorption of
incident radiation at well-defined wave angle of incidence
and layer thickness of antireflecting coating, corresponding to it.

The selective values of wave angles of incidence ¢ and
thicknesses of coating layer /,, at which the conditions for
antireflecting absorption of incident radiation of the given
frequency in it, calculated on the base of equations (1)-(3) are
given in the table. The different polar liquids, having the
wave dispersion in microwave range were used as the
substrate material [3].

The investigations of wave reflection characteristics from
two-layer system coating-substrate, in which polar liquids
were used as substrate substance, and non-absorptive
substance with n,=1.5 were wused as coating. The
dependencies of wave reflection coefficient module p of
similar systems on the wave angle of incidence o in interval
(0,90°) and at coating thicknesses by close or equal selective
values, obtained from equation (2) were defined. The
complex expression for reflection coefficient of transversely

polarized wave p of considered two-layer system was used
for finding of these dependencies:
. Z,cosa,—Z,cosq,

- ’ (4)
Z,cosa, +Z,cosq,

where
Zcosa, + Z, cosa,th(ylcosa,)

Z,=2
! : Z, cosa, +Zcosa,th(ylcosa,)

cosa, =4/1—pscosa; =1-pleg ; cosa,=41-ple;
}/=i27f\/6‘71 /A is wave propagation constant in material

coating; Z,, Z;, Z are wave resistances relatively vacuum,
coating and substrate materials correspondingly; «;, «, are
wave refraction angles in coating and substrate materials; / is
thickness of coating layer; A is wave length of incident
radiation [4].

i

f
o

b,

il

Fig.2. The dependencies of module of wave refraction
coefficient p on the angle of incidence of transversely
polarized wave on the two-layer system coating-
substrate at and near selective thickness of coating layer,
the material of which has the refraction coefficient
n;=1.5. The substrate is 4-ethylpyridine, wave length of
radiation is A=3.22cm.

The dependencies of module of wave refraction
coefficient p of considered two-layer system on radiation
angle of incidence @, on it at the values of thickness of
coating layer, which is equal or close to its first selective
value, calculated on the equation (4) are given on the fig. 2
for the illustration of the obtained results. The 4-ethylpyridine
is chosen as substrate material. The calculation data confirm
that antireflecting wave absorption in the given liquid is
expected at the of polarized incident wave at the angle 54.6°
and at first minimal possible thickness of coating
antireflecting layer, which is equal to 0,557 cm. The
dependencies of p on ¢ of two-layer systems, in which the
methyl alcohol and cyclohexanon are correspondingly used
as substrate, are presented on the fig. 3. At that the /),
thicknesses of first selective antireflecting layers of these
coatings, which are smallest on the value, are chosen
correspondingly 0,137 and 0.637 cm. The same effect can be
obtained at the use of second /j, and following selective
thicknesses of antireflecting layer, which are bigger, than first
ones on the values, which are multiple to of wave half-length

A, in coating substance. However, its appearance will take

place in narrowest region of ¢, change. The last one is
proved by data of fig. 4, on which the dependencies of p on &
for three first selective coating thicknesses of antireflecting
system with methyl alcohol as substrate material.

|'-n I'

Fig.3. The dependencies of module of wave refraction
coefficient p on the angle of incidence «a of
transversely polarized wave on the two-layer system
coating-substrate.

1. Substrate is methyl alcohol; refraction coefficient and
layer thickness of coating are correspondingly 1.5 and
0.137 cm; wave length is 0,818cm.

2. Substrate is cyclohexanon; refraction coefficient and
layer thickness of coating are correspondingly 1.5 and
0.637cm; wave length is 3.2cm.

n @ M W L I & N H W
<, grad.

Fig.4. The dependencies of module of wave refraction
coefficient p on the angle of incidence ¢ of transversely
polarized wave on the two-layer system coating-substrate
at refraction coefficient n,=1.5 and selective thicknesses
of coating layer 0.137(1), 0454(2) and 0.770 cm(3). The
substrate material is methyl alcohol, wave length is 3.2 cm.
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The obtained results are unambiguously put out on the expected at well-defined selective values of wave angle of
possibility of experimental observation of antireflecting incidence and layer thickness of antireflecting coating at
absorption of transversely polarized electromagnetic radiation ~ known values of dielectric properties of substrate and
of the given frequency at its incidence angularly on the coating.
antireflecting absorptive dielectric substrate. This effect is

Table
The table of selective values of angle of incidence ¢ of transversely polarized wave, thickness of coating layer /y;, ly,, [y
of antireflecting system coating —absorptive substrate at value of coating refraction coefficient n,=1.5. &', &", n, y are
dielectric and optic parameters of liquids, used as substrate at the temperature 20°C; 4 and 4, is wave length in vacuum and in
the substance of antireflecting layer correspondingly.

Liquid A, cm &' g" n y ap,grad lps,em | [pp,em | [pzcm Ag, CM
Methyl alcohol 3.20 8.03 8.80 | 3.16 | 0.441 68.6 0.608 1.969 3.30 2.721
Methyl alcohol | 0.818 5.35 320 | 241 | 0.276 49.7 0.137 0.454 0.770 0.633
Cyclohexanon 3.20 11.67 | 584 | 3.52 | 0.236 67.4 0.637 1.990 3.344 2.706
2-ethylpyridine 3.22 5.732 | 2.65 | 2.45 | 0.220 47.7 0.549 1.783 3.016 2.467
4-ethylpyridine 3.22 5.757 | 3.95 | 2.52 | 0.310 54.6 0.557 2246 | 4.134 2.377

[1] Ch.O. Kadjar, R.M. Kasimov, S.R. Kasimova. [3] Ya.Yu. Akhadov. Dielektricheskie parametri chistikh
Prikladnaya phizika, 2000, Ne4, s.101-106. jidkostey. M.: Izd. MALL, 1999, 856 s.

[2] S.R. Kasimova. Izvestiya NANA. 2006, t.26, Ne 2, [4] J. Preisnr. NTZ Arch., 1989, vol.11. Ne 4. p.175-182.
s.83-87.

S.R. Qasmmova

UDAN ALTLIQ-SOFFAFLANDIRICI ORTUK: iKILAYLI SISTEM® BUCAQ ALTINDA DUSON SAQULI
POLYARIZASIYALI DALGANIN 9KSI

Udan dielektrik altliqa ¢okilmis soffaflanmis udmayan, qalinhiqli doyisken ortilys bucaq altinda diigon saquli polarizasiyali
dalganin oks olunma xarakteristikalarinin nazari tadqiqatinin naticalori verilmisdir. Baxilan ikilayl sistemdos dalganin oks olunmadan
udulmasinin tacriibi dyronilmesinin miimkiinlityti ssaslandirilmigdir.

C.P. KacumoBa

OTPA’KEHHE MOMEPEYHO-TIOJSIPU30BAHHOM BOJIHBI ITPU EE MAJEHUU MTOJT YTJIOM HA
JABYXCJIOMHYIO CUCTEMY: IPOCBETJ/ISIIOIIEE NIOKPBITUE-ITIOTI' TOIIAIOIIASA ITOJUIOKKA

[IpuBenensl pe3ysbTaThl TEOPETUYECKUX MCCICIOBAHMH XapaKTEPUCTHK OTPAKEHHS MHOIEPEYHO-NOJSIPU30BAHHON BOJHBI IIPH €€
MaJeHUH TOJA YIJIOM Ha TOTVIOLIAIOIIYI0 IUANEKTPHUUECKYIO0 IOUIOKKY C HAaHECEHHBIM Ha HEE PEryJlUpyeMOoro IO TOJNIIUHE CIOs
MIPOCBETIISIONIEI0 HEMOIJIOMIAIOMIEro MOKPHITHS. OOOCHOBaHa BO3MOXKHOCTh 3KCICPUMEHTAIBHOTO HaOMIONCHUS 0e30TpakaTeIbHOTO
TOTJIOLIEHUS BOJIHBI B pacCMaTpUBAaEMOM JBYXCIIOIHOM cucTeMe.

Received: 12.03.07
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THE REVEALING OF DIMENSION EFFECT IN ELECTRON SUBSYSTEM PROCESSES OF
DISPERSED ZrO; IN SPECTRUMS OF ULTRAVIOLET REFLECTION

M.M. ALIYEV, E.A. ZELENKOVA, U.G. GEZALOV
Institute of Radiation Problems of NAS of Azerbaijan
AZ 1143, Baku, F. Agayev str., 9

The influence of surface disorder of dispersed ZrO, on internal transitions (d-d transition) of electron subsystems of Zr atom is
investigated by the method of ultraviolet reflection. It is shown, that shift of absorption bands in frequency region 20000 — 21000 cm’ is
caused by the d-d transitions namely between eglyy sublayers but spectrum band 15700 cm™ doesn’t shift, has impurity character and is

related to Fe*" jons.

In papers [1-6] it is shown, that surface disorder of
grains in dispersed mediums (DM), depending on their
dimensions, influences on phase content [1,6-8], processes of
formation and electronic excitation [9-13]. The probability of
last carrying out is defined by surface specific character [1-4]
and depends on density (or distances between defects),
charge of structure defect of intrinsic or impurity character
and is defined by their donor-acceptor nature, differing by
electron configurations and phase content of near-surface
layer [1,2,4,6,10]. The formed surface specific character of
DM in the comparison with their massive samples changes
the relaxation time of localized and intermediate active states
or particles as a result of change both of formation time and
carrying out mechanism of electron processes in the volume
[14-18]. However, the role of granule dimension factor with
structure defects of intrinsic and impurity character in change
of phase content and its influence on the mechanism oh
electron process formation and internal transitions in electron
subsystems from the dimension effect point of view hasn’t
been investigated enough [4,5,12,15].

In this connection in the present paper the influence of
degree of dispersion and sintering temperature, i.e. phase
composition on electron transition in ZrO, samples in the
region of intrinsic absorptions by the method of ultraviolet
reflection has been studied.

The fractional samples of fire-proof dielectric ZrO,
(fraction dimensions d~50, 80, 100, 125, 160 and 200 mcm)
with impurity quantity ~10°% are used as DM. The content
of having impurities Fe*', Mn®" and Cu*" and etc. was
defined by electron spectroscopy of chemical analysis (ESCA
method). The tablets by thickness | mm and diameter 16 mm
at pressure 500 kG/cm” are prepared for each fraction. The
tablets were sintered at temperatures 873 and 1723K in
platinum crucible of hydrogen-muffle furnace [3,4,13]. The
changes of structure and phase states in ZrO, samples were
controlled by X-ray analysis and by infrared method on
spectrophotometer SPECORD 71 IR. The spectrums of
ultraviolet reflection were taken from spectrophotometer
SPECORD UV VIS M-40 in frequency region (54000 —
14000) cm™

The spectrums of ultraviolet reflections in the frequency
region (30000-10000) cm™ for different fractions of ZrO,
tablets, annealed at 873K, are presented on the figure 1. It is
seen, that the value of reflecting ability in region of intrinsic
absorptions for different fractions differs on ~20% from each
other (fig.1, c.1-5) and correspondingly increases with the
granule dimensions till frequency 14000 cm™ and at the more
high frequencies the strong decrease is observed. At this two
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absorption bands with frequency 11~20000 cm™ (with energy
&2,5 eV) and 1~15700 cm’ (~1,95 eV)
independently on fraction dimension.

reveal

N A
3 25

The ultraviolet mirror reflection (rel.un.)

PREPRRTIN A Y A 0 UL

20 15

v-1 9'3, enr”!

Fig.1. The ultraviolet mirror reflections of ZrO, tablets with
fraction dimensions d=50(1), 100(2), 125(3), 160(4) and

200(5), treated at temperature: T=873K.

At increase of fraction dimensions from 50 till 200 mcm
the band position of 1,~15700 cm™ doesn’t change (fig.1,
¢.2-5) has the impurity character, is related to Fe’" ions, that
is agreed with investigations results [19-21]. The position
constancy of frequencies 15,~15700 cm™” with change of
fraction dimension proves about bond strength of replaced
free-charged iron cations (Fe’") by four-charged zirconium
cations (Zr*") in ZrO, lattice [3,7,20], that doesn’t cause any
change in crystal modification (deformation or slip) both
cubic and monoclinic ones.

However, the band absorption with frequency w»n
correspondingly with increase of granule dimension shifts to
the side in short-wave region of spectrum and shift difference
is A1=(21000+20000) cm™ and corresponding to [13, 19, 20]
is caused by d-d transition, i.e. between sublayers egtyy [11,
15, 19, 22]. The shift of absorption band v; on A1=1000 cm’
probably is connected with influence of surface field of
localized states, forming as a result of ionization of surface
defects in near-surface layer of ZrO, granules [5,6,10,12].
The presence of surface field and its influence on shift of
absorption band v (fig.1) is confirmed by results of EPR-
investigations of formation regularities and decay of localized
charges, i.e. paramagnetic centers (PMC), carried out for
extreme dimensions d~50 and 200 mcm [9,12,13]. On the
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basis of mechanism of PMC thermal decay it is established,
that activation energy for these extreme dimensions differs
and is equal to 0,18 and 0,23eV, correspondingly. The results
of both independent methods are self-coordinated.

The initial region of reflection spectrum independently
on granule-fraction dimensions of differs by value of
reflection ability, that is caused by energy change of optic
ionization of volume F- and F'-centers, depending on phase
content and existing in cubic (ionization energy ~3,8 and 2,81
eV [8,15,16,21,23], monoclinic (~3,07 and 1,95 eV
[19,20,23]) modifications. The difference of wvalues of
reflection ability probably connects with influence of surface
charge states [1-16,12,14] on volume ionization processes of
localization anion centers. The sustaining factor of this is
coincidence and slip of reflection spectrums independently on
fraction dimensions in ZrO, tablets, treated at temperature
1773K (fig.2).
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|

The ultraviolet mirror reflection (rel.un.).

15 v-lU'J, M

Fig.2. The ultraviolet mirror reflections of ZrO2 tablets with
fraction dimensions d=50(1), 100(2), 164(3) and 200(5),
treated at temperature: T=1673K.

As it is seen from the fig.2 the absorption band of
frequency  11~20000cm™  disappears independently on
fraction dimension, whereas the position of absorption band
1,~15700cm™  doesn’t change (c.1-5). The curves of

reflection spectrums shift to the side of short-wave region of
spectrum with increase of granule dimensions of fractions
d~50+200 mem, and their form doesn’t change. However, the
boundary of reflection spectrum shifts with respect to fraction
dimensions: into low-frequency region at d<125 mcm that
indicates about bias of monoclinic modification and into
short-wave region at d>125 mcm that is the result of the
increase of cubic modification part in near-surface layer of
ZrO, samples. This is connected with reconstruction of
crystal cubic modification because of decrease of density of
surface defects both cationic and anionic vacancies [3-6,8-
10], that causes the decrease of value of surface field of
localized charges [1,2,9,12]. That’s why the shift in initial
part of spectrum into short-wave region (fig.1 and 2) is
observed for ZrO, samples, thermo-treated at T=873 and
1773K in spectrums of ultraviolet reflection. The coincidence
of spectrum boundaries takes place at comparison with the
samples, annealed at 873K [15,16,19]. The shift of initial
boundary of absorption spectrum with decrease of granule
dimensions connects with formation of crystal phase, the
volume part of cubic modification remains but it decreases in
near-surface layer. At that the increase of part of monoclinic
modification increases in near-surface layer. The dimension
dependence of change of modification part is proved by
investigation results of lattice dynamic by infrared method
and X-ray analysis. It is established, that part of crystal phase
both in volume and on surface increase with decrease of
granule dimensions, i.e. two phases dominate: cubic and
monoclinic ones. However, part of crystal phase for samples,
treated at 873K at granule dimensions 50<d<125 mcm tops
one in comparison with samples of granule dimensions
125<d<200 mcm because of influence of surface field,
causing the increase of degree of order of volume content [1-
8, 21].

Thus, the behavior of absorption bands 1, and w, in
ultraviolet reflection spectrums in the dependence on grain
dimensions and temperature of preliminary thermotreatment
indicates about the fact, that first of them is caused by d-d
transition, and second one is connected with presence of
impurity centers of Fe'*, which replace of Zr atoms of regular
lattice ZrO,.
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UB GUZGU ©KSOLUNMA SPEKTRLORINDD DISPERS ZrO,-NiN ELEKTRON ALTSISTEMLORINDO
OLCU EFFEKTININ YARANMASI

UB-giizgii eksolunma metodu ilo dispers ZrO,-de seth nizamliliginin Zr atomunun elektron altsistemlorinin daxili kegidlerinde (d-d
kecidi) rolu tedqiq olunmusdur. Olgii asililign esasinda gosterilmisdir ki 20000-21000 sm™ tezlik oblastinda udulma zolagmin yerini
deyismesi d-d, daha dogrusu e,t,, altsaviyeleri arasindaki kegidler ilo olagedardir, 15700 sm™ zolaq ise yerini deyismir, asqar xarakteri
dasiyir ve Fe*" ionuna aiddir.

M.M. Anues, E.A. 3enenkoBa, Y.K. I'ezajioB

MHPOABJIIEHUE PASMEPHOTI'O D®®EKTA B JIEKTPOHHBIX ITIOJCUCTEMHBIX ITPOHECCAX
JUCHEPCHOI'O ZrO, B CHHEKTPAX Y®-OTPAXKEHUA

Meronom Y®-3epKalbHOTO OTpasKeHUsI UCCIIE0BAaHA POJIb MOBEPXHOCTHOH Pa3ynopsIodeHHOCTH aucnepcHoro ZrO, Ha BHyTpeHHHE
nepexozapl (d-d mepexom) 3JIEeKTPOHHBIX mojchcTeM aroma Zr. Ha OcHOBe pa3MepHOM 3aBHCHMOCTH IIOKa3aHO, YTO CMELICHHE I0JI0C
norsomenns B obmactu gacror 20000-21000 cm™ oGycrosnena d-d mepexoxamu, ToUHee MEPEXOIAMH MEXIy MOLYPOBHIMH €qtog, @ mosioca
15700 cM™' He cMeraeTcs, HMeeT IPHMECHEIH XapaKTep W OTHeceHa Kk HoHaM Fe .

Received: 14.03.07.

55



FiZiKA

2007

CiLD XIlI Ne3

THE STRUCTURAL AND THERMODYNAMIC ASPECTS OF POLYMORPHIC
TRANSFORMAIONS IN Ag,Se

Y.I. ALIYEV, A.G. BABAYEYV, D.I. ISMAYLOYV, U.G. ASADOV
Institute of Physics of NAS of Azerbaijan, Baku
Az 1143, H. Javid ave., 33

The monocrystals Ag,Se have been synthesized and grown by sublimation method. The polymorphic transformations in Ag,Se have
been investigated by high-temperature X-ray-diffractometer method and it is established, that low-temperature orthorhombic modification at
406K transforms into high-temperature OCC modification. The transformation is reversible and takes place by the type monocrystal —
monocrystal. The existing thermodynamic data were widely used at result discussion.

1. The crystal structure Ag,Se

From the state diagram, given in [1,2], it is seen, that the
argentum with selenium form the one compound Ag,Se,
containing the 26,79 weight% Se.

The reference data about crystal structure of low-
temperature modification o—Ag,Se are contradictory. In [3] it
is given only the table of interplanar spacings, calculated
from powdergram of low-temperature a-Ag,Se. In [4],
studying the thin films of Ag,Se, obtained in vacuum by
method of electron diffraction, it is shown that low-
temperature modification is crystallized in tetragonal
syngony with lattice parameters a=7,06A and c=4,98A. In
[5,6] the sample investigation, obtained on crystal surface
KCI and NaCl with evaporation in vacuum of Se and Ag was
carried out by electron-diffraction method at room
temperature. It is seen, that FCC modification is obtained
from the film, obtained at 573K at room temperature, and
orthorhombic modification with lattice parameters a=7,06A,
b=7,76A and ¢=4,34A is obtained from FCC modification
below 473K. In [7] it is seen, that low-temperature
modification has pseudocubic structure with lattice
parameters a=4,978A. The same author gives the rhombic
modification with lattice parameters a=7,046A, h=14,32A
and ¢=7,82A, which transforms into pseudocubic one after a
time. In [8] it is informed, that the monoclinic and triclinic
modifications with lattice parameters a=7,0A, b=7,8A and
c=4,3A, o =920, =91,50, y=920 are detected as result of
some heating and cycles in some region of Ag,Se film. In [9]
Ag,Se investigation was also carried out in thin-film state and
it is shown, that at low temperatures there are tetragonal,
orthorhombic and triclinic modification of Ag,Se in the one
and the same film.

From above mentioned it has became clear, that different
investigators give the contradictory syngonies for low-
temperature modification of Ag,Se: cubic [6], tetragonal
[4,10], orthorhombic [7,11-18], monoclinic [8,19] and
triclinic [9,10,20]. Note that in the given papers the
conditions of sample derivations just as investigation
methods were different. This especially related to
investigations of thin-film states. The different types of
structure are related to unit low-temperature modification of
Ag,Se by this reason.

In many papers [21-23], where metal block samples were
used, the temperature of polymorphic transformation in
Ag,Se was in the temperature interval 406-413K.

The crystal structure of low-temperature modification
was considered in more detail in [14,18]. In [14] the
orthorhombic structure with lattice parameters a=7,05A,
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b=7,85A and c=4,33A is established by electron-diffraction
method for low-temperature modification of Ag,Se. The
elementary cell contains Z=4Ag,Se, space symmetry group is
D’,-P222;.

In [18] the orthorhombic structure with lattice
parameters a=4,333A, b=7,062A and c=7,764A for low-
temperature modification of Ag,Se is also supposed. The
elementary cell contains Z=4Ag,Se, space symmetry group is
D% —P2,2,2,.

Fig. 1. The structure projection of monoclinic a-Ag,S and
orthorhombic a-Ag,Se on the [011] direction.

In orthorhombic lattice Ag(I) is in tetrahedral Se atom
surroundings, and Ag(Il) is in triangular one. Further at
working of experimental data we will use the space symmetry
group P222,. The choice of especially this structural model,
but not P2,2,2; doesn’t connect with falsity of the last one. In
spite of the fact, that low-temperature modification of Ag,Se
crystallizes in orthorhombic syngony there is big similarity
with monoclinic structure of Ag,Se. The atom distribution in
both structures is shown on the fig.1.

The structural investigation of high-temperature
modification p-Ag,Se [24] proves the similarity with
structure f-Ag,Se, i.e. Se*” form OCC lattice, and Ag atoms
distribute in big number of empty spaces of this lattice,
mainly in larger from them. The lattice parameter slightly
increases in the comparison with f-Ag,S in f-Ag,Se, i.e.
Aa=(4.98-4.88)A=0,10A. This difference is equal to
difference of ion radii of Se (1.93) and S (1.82).

On data [24] the parameter of elementary cell f-Ag,Se is
equal to 0=4.983A, elementary cell contains Z=2Ag,Se,
space symmetry group is O’, — Fm3m.
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2. The synthesis and growing of monocrystals Ag,Se

In [25] it is shown, that Ag,Se compound can be
prepared by the fusion of elements in evacuated quartz
ampoules at temperature higher than 1323K keeping the melt
during 15-20 hours. By author opinion, the transmission
method of selenium steams in nitrogen or argon current under
the surface of heated wood-wool of argentums up to 673K.
The process is carried out during 6-8 hours till the appearance
of selenium mirror behind boat with argentums. After finish
of selenium absorption the obtained selenide is kept in
vacuum during several hours for distillation of excess
selenium. It isn’t recommended to increase the temperature at
that as essential dissociation of argentums selenide is taken
place already at temperatures higher than 673K. The vacuum
distillation can be changed by remelting in evacuated quartz
ampoules, if there isn’t much free selenium in selenide. The
band recrystallization method can be also used for obtaining
of very pure samples of Ag,Se [10].

In the given paper samples of Ag,Se were synthesized
from components. The initial elements had purity: Ag-
99.999%, selenium has the mark “B5”. The double-walled
ampoules from high-quality quartz were used as reactor. The
internal diameter of ampoule is 1.5 cm and length is 10 cm.
The ampoules were filled by initial components of Ag,Se in
necessary quantities, were evacuated till pressure 1.3 MPa,
and further were soldered up. The quantities of initial
components, necessary for synthesis are: Ag is 66.6666 at%,
Se is 33.3333 at%. The ampoule with Ag,Se was in
temperature-stable band of furnace, further furnace
temperature was increased till selenium melting point 493K
and ampoule was kept at this temperature during two hours,
for which the total reaction of selenium-argentums carries
out. This prevents the ampoule explosion because of the
increase of selenium steams at temperature increase. After
that the furnace temperature was increased with velocity
50K/hour higher, than melting point 1170K of Ag,Se. After
4-hour keep at this temperature the furnace with velocity
50K/hour was cooled till 350K and the annealing for total
homogenization of composition was carried out at this
temperature during 200 hours. After that the component
excesses, and also separate formations were absent at
ampoule inspection.

3. The roentgen-phase analysis

The roentgen-phase analysis was carried out for
establishment of the fact that obtained ingot is one-phase.
The powder, which was filled in glass capillary with internal
diameter ~0,8 mm and extrusion of it from capillary by wire
of diameter 0,7 mm was prepared from synthesized
composition, the pressed samples in the form of wire were
obtained. The powdergrams in camera RKD-57.3 on CuK,
radiation were taken from such samples. The calculation
results of powdergrams are given in the table 1. The
interplanar spacings, calculated from diffraction data, and
also interplanar spacings with corresponding indexes #kl,
calculated on computer on lattice parameters are given in this
table.

From table 1 it is seen that experimental interplanar
spacings d,,, well coordinate with interplanar spacings d.,
calculated with the help of computer on parameters of
elementary cell, given in papers [14,18]. As all
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experimentally fixed diffraction lines are well indicated by
both structural models, i.e. P222; and P2,2,2,, then further
we will use structural model P222;.

4. The growth of monocrystals of Ag,Se

The monocrystals of Ag,Se are grown by gas-transport
reaction or sublimation method. The monocrystals of Ag,Se,
grown by sublimation method, were big enough and well
faceted (see fig.2). The powder of synthesized sample was
filled in quartz ampoule and ampoules, evacuated till pressure
107Pa, were put in central part of horizontal furnace. The
crystallization temperature was below the melting point, and
process duration was 70 hours.

Fig. 2. The monocrystals of low-temperature modification
o-Ag,Se with facets of high-temperature OCC
modification.

Note that temperature, at which crystal growth takes
place at growing of monocrystals by sublimation method or
gas-transport reaction, is higher than temperature of
polymorphic transformation. That’s why usually crystals of
high-temperature OCC modification, i.e. f-Ag,Se grow. Only
at cooling below equilibrium temperature the monocrystals of
high-temperature ~ modification transform into low-
temperature a-Ag,Se. The monocrystals of Ag,Se, which are
illustrated on the fig.2, are low-temperature modifications,
accepted of external habit of OCC modification.

5. The polymorphic transformations in Ag,Se

The monocrystals a-Ag,Se by dimension 5x3x1mm were
set up on holder of plane samples of diffractometer. The
seven clear diffraction reflections, the calculations of which
are given in the table 2 were written at room temperature in
interval of angles 10°<26<90°. After record of diffraction
reflections at room temperature the furnace was taken on and
the record at 323K, 373K and 393K was carried out. Note
that the change in line numbers and intensities at these
temperatures doesn’t take place. Continuing sample heating
till 433K, in previous interval of angles of reflection the only
three diffraction reflections on planes (200), (211) and (220)
of high-temperature OCC modification was fixed (table 2).
The repeated record was carried out at room temperature after
sample cooling. It was established, that orientation of a- and
p-crystal at tenfold cycle of transformations hadn’t changed,
i.e. a-crystal “remembers” its initial orientation, and S-crystal
“remembers” its one. Naturally, the question arises, where
information on orientation memory of a-crystal in £ and vice
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versa, f-crystal in o at mutual transformation o=/ is saved.
Logically the one variant is possible: the potential germ of a-
crystal after the transition in f-crystal and vice versa, saving
on defect place can be “remembering” element.

The gauge for finding of equilibrium temperature
between a- and p-modifications in Ag,Se was set up on
intensity maximum of the one of more intensive and
structurally-sensitive diffraction reflections (26=36"44") from
plane (130) of low-temperature a-Ag,Se, which disappears
after total transformation a—f. Beginning from 393K the
crystal was heated with velocity 2K/hour. Observing the
beginning of intensity slump (at heating) or reversible
reconstruction (at cooling), it was established, that
equilibrium temperature between a- and f-modifications is
equal to 7tr=406+1K. The parameter of elementary cell of
high-temperature modification of Ag,Se is calculated from
diffraction record of angles of refractions from planes (200),
(211) and (220) at temperatures 433K, 473K and 523K. The
calculation of lattice parameters and microdensity of a- and
f-modifications in the dependence on temperature, which are
graphically illustrated on the fig.3 are given in table 2.
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Fig.3. The temperature dependence of lattice parameters and
of a- and f-modifications density of Ag,Se.

As it is seen from fig.3 at a—/f transformation the
microdensity changes by jump, i.e. Ap=p,05=0.18 gxem’™.
This density difference of a- and f-modifications increases
the elastic voltages on the boundary of two modifications. At
a«—p transformation the sample monocrystallinity remains
and even becomes better for 4-times transformation. The
monocrystallinity strongly worsens at further increase of
transformation = multiplicity = because of the stress
accumulations and defects. The thermal expansion of low-
temperature orthorhombic and high-temperature OCC
modifications of Ag,Se is calculated from temperature
dependence of lattice parameters. The values of coefficients
of thermal expansion are given in the table 3.

As it seen from the table, the coefficient of thermal
expansion of orthorhombic modification Ag,Se slowly
increases at temperature increase in direction [100] and [010],
and decreases in direction [001]. The anisotropic expansion
of orthorhombic modification in the dependence on
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temperature is the one of the transformation reasons of this
modification in OCC modification.

6. The connection of thermodynamic polymorphic
modifications

It is known, that the polymorphic modification of
substance, which has the free Gibbs minimum energy is the
most stable at given thermodynamic conditions (temperature
and pressure). If their free energies are equal, then these
modifications are in equilibrium state with each other:

G(T.P)=G(T.P).

One can ignore the energy change because of the volume
change and the equality of Helmholtz free energies becomes
the equilibrium condition:

F](D:Fg(T), E]— TS]ZEg— TSg, AE — TASZO,

where E is internal energy, S is crystal entropy. The
polymorphic modification with lesser internal energy is stable
at absolute zero of temperature. The modification with more
high entropy can become more stable at increase of
modification temperature. This will take place at
transformation temperature 7, when AE=(E, — E;),=T:(S, —
S1)=T,. From here it is followed, that values AS and AE are
positive ones for the all transformations, which take place at
T increase. By other words, the polymorphic transformations
at temperature increase should be accompanied by heat
absorption in the correspondence with Le-Shatelye principle.
This means, that structural reconstruction carries out by such
way, that new-formed structure assumes atom heat
oscillations with bigger energy at lesser bond voltages. This
takes place at the increase of crystal volume and often is
accompanied by decrease of coordination number.

Phase transformation of I type takes place: a) at strongly
defined temperature 7, b) with transformation change of first
derivatives of free energy, enthalpy, entropy, volume (heat
capacity). The transformations on Le-Shatelye principle
should be accompanied by increase of enthalpy or system
internal energy, i.e. Hy — H =AH, C,p — Cyy=AC, and Sy -
S,=AS.
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Fig.4. The temperature dependence of heat capacity of C, and
C, entropies in temperature interval, capturing the

polymorphic transformation a=f in Ag,Se. © is C,, i
is C, and @ is entropy.
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The heat capacity at constant pressure C,, enthalpy
H(T) — H(298K), entropy S(T) — S(298K) and free Gibbs
energy G(T) — G(298K)/T in temperature interval 298K-
1000K, which captures the temperatures of polymorphic
transformations in Ag,Se are given in [28]. Using Nernst

empiric formula C,=C,+0.0214C,’ i from data C, in
melt
temperature interval 298-1000K, we calculate heat capacity
C, and (C,, C,) cal/mol'K and AS cal/mol-K, which endure
the jumps at transformation temperature, are graphically
given on the fig.4. The enthalpy jump is equal to
H(T)-H(298K)=1681 cal.mol at temperature of polymorphic
transformation, and entropy jump is equal to Sp - S,=
=4.14 cal.mol'K™". It is known, that polymorphic trans-

formations take place, if AG=0 and then AHy— T,,AS7=0. The
transformation temperature at these conditions are equal to

T,= AH, — 1681 _ 406K. In [29-32] authors obtained the
AS, 4/14

enthalpy and entropy values of polymorphic transformations
in Ag,Se, which are equal to AH . = 1.68ccal -mol - and

ASY « =4.14cal -mol 'K~ by different methods.

The structural and thermodynamic data prove that
polymorphic transformations in Ag,Se are related to phase
transformations of first type. The transformation of
orthorhombic modification in OCC modification is
accompanied by jump change of internal energy, entropy and
phase volume (density). This is well shown on the fig.3,4.

Table 1.

The calculation of Ag,Se powdergram.
Rad. CuK, (4, = 1.5418 A), filter is Ni. The mode: 35 kV, 8 mA, exposition 24h.

. On data [14] On data [18] Parameters of crystal lattice
e dexp. (A) I/ 10 dca]c, (/‘7 hkl dcalc, (/\9 hkl
1 3.786 10 | 3.7915 011 3.7836 101
2 3338 10 33392 111 33351 111
3 2.734 10 2.7337 201 27372 120
4 2.679 100 | 2.6883 121 2.6158 112
5 2.622 4 2.6226 220 26121 022
6 2.580 10 2.5816 211 2.5815 121
7 2.453 20 2.4531 130 2.4300 013
8 2.238 60 2.2395 031 2.2370 122
9 2.110 20 2.1011 230 2.1194 113 _
10 2.085 60 2.0871 012 2.0874 023 Orthorhombic [14]
11 2.070 20 2.0695 102 2.0712 210 a=7,05 A,
12 | 2.001 40 | 2.0012 112 2.0012 211 b_:7’85§
13 [ 1956 10| 1.9625 040 1.9410 004 S
14 1.890 20 1.8903 231 1.8918 202 e
15 1.825 10 1.8278 321 1.8255 132 sp.gr. D; -P222,
16 1.720 10 1.7197 410 1.7216 041
17 1.670 20 1.6696 222 1.6676 222
18 1.609 10 1.6078 420 1.6071 042
19 1.569 10 1.5700 050, 312 1.5615 231
20 1.504 10 1.5063 340 1.5032 223
21 1.474 20 1.4755 322 1.4746 232
22 1.440 10 1.4447 151 1.4457 204
23 1413 20 1.4100 500 1.4150 310
24 1.392 10 1.3916 113 1.3921 311 Orthorhombic [18]
25 1.354 10 1.3545 023 1.3573 233, 125 a=4,333 A
26 1.324 10 1.3216 511 1.3232 151, 321 b=7,062 A
27 1311 10 13113 440, 060 1.3060 044 =7,764 A
28 1282 20 1.2864 160 1.2907 242 Z=4Ag,Se
29 1.240 10 12413 330 12416 313, 053 sp.er. Dy -p2,2.2,
30 1211 10 12115 432 1.2099 243
31 1.192 10 1.1932 531,233 1,1920 153, 225
32 1172 10 1.1723 450, 512 1.1735 332, 126
33 1.143 10 1.1431 360 1.1434 314, 054
34 1.122 10 1.1223 611 1.1239 161,244
35 1.097 10 1.0894 621, 243 1,0974 216, 136
36 1.075 10 1.0741 423 1,0745 107
37 1.059 10 1.0602 114 1.0597 226
38 1.043 10 1.0435 024 1.0434 402
39 1.012 10 1.0122 542 1.0121 325
40 1.001 10 1.0004 513, 034 1.0004 422,071
41 0.972 10 0.9706 443 0.9748 171, 344
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Table 2.

The calculation of Ag,Se diffractogram.
Rad.CuK, (4,=1.5418 A), filter is Ni. The mode: 35kV, 8mA.

Toy, K 2] yap) exp.» (A) dogic, (A) hkl Lattice Parameters
17%¢’ 40 2.6212 2.6212 220 Orthorhommbi
0~ ornombpic
18022’ 20 2.4465 2.4531 130 4=7.0645 A
299 24003 20 1.8918 1.8906 140 Z=4, sp.gr. D22 -P222,
26°35' 10 1.7227 1.7197 410 122397791 A3
29925 10 1.5694 1.5700 050 . 3
5 p=8.1614 g/cm
33704’ 20 1.4129 1.4100 500
17%4’ 40 2.6266 2.6270 220 70645 A
0~y a=/,
18020' 20 2.4512 2.4544 130 b=7.852 A
241 60 2.0869 2.0874 012 432057
323 24001 20 1.8941 1.8915 140 7=4, sp.gr. D22 -P222,
26°33' 10 1.7246 1.7239 410 V2240261347
29%24 10 1.5704 1.5704 050 ) 3
0 p=8.145 g/cm
33703’ 20 1.4135 14135 500
17°02’ 40 2.6320 2.6298 220 4=7.0740 A
0107 =/,
18019, 20 2.4528 2.4574 130 b=7.8630 A
2139 60 2.0897 2.0897 012 —43355A
373 24000 20 1.8955 1.8939 140 Z=4, sp.gr. D22 P222,
26731’ 10 1.7265 1.7254 410 V=241.1529A1
29921’ 10 1.5726 1.5726 050 ) 3
o p=8.115 g/cm
33°01" 20 1.4148 1.4148 500
17°0 40 2.6365 2.6307 220
18°17' 20 24574 2.4589 130 a=7.0775 A
21938’ 60 2.0909 2.0911 012 b=7,8680 A
393 23%59 20 1.8964 1.8949 140 c=4,3386A
26°30 10 1.7277 1.7262 410 V:241.5983Aj
29%20° 10 1.5736 1.5736 050 ,=8.100 g/em
33%0’ 20 1.4155 1.4155 500
18%2’ 100 2.4900 2.4905 200 OCC,
433 22°17’ 60 2.0330 2.0334 211 a=4,9809A
Ocmr Z=2, sp.gr.Fm3m
25757 80 1.7617 1.7610 220 V=123.573A3, /F7.918g/cm3
18%1" 100 2.4924 2.4923 200 A=4,9846A
473 22°15 60 2.0356 2.0349 211 7=2
25%55' 80 1.7629 1.7623 220 V=123.8486A% p=7.901g/cm’
18°00’ 100 2.4948 2.4953 200 A=4,9906A
523 22014 60 2.0373 2.0374 211 7=2
25%54' 80 1.7649 1.7645 220 V=124.2963A%, p=7.872g/cm’
Table 3.
The heat expansion of orthorhombic and OCC modification of Ag,Se.
Apg01 + Ag1o1 + A
Temperature, K a[mo]lO'(’K'l 0([100]10-6K-1 a[loo]lo-ﬁK-l a = [100] [o10] [oo1] X 1076 X Kﬁl
299-323 17.69 26.55 39.50 2791
299-373 18.17 27.55 31.55 25.76
299-393 19.58 28.47 32.47 26.84
433-473 26.57 26.57
433-523 21.64 21.64

(1]
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(2]
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«Metallurgizdat», 1973, s.759.
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[3]
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Y.I. Aliyev, 8.Q. Babayev, C.I. ismayilov, Y.Q. 9sadov

Ag;Se MONOKRISTALLARININ POLIMORF CEVRILMOLORININ QURULUS VO TERMODINAMIK
ASPEKTLORI

Ag,Se monokristalr sintez edilmis vo sublimasiya iisulu ilo monokristalr yetisdirilmisdir. Yiiksak temperaturlu rentgendifraktometrik
isul ilo Ag,Se monokristalinin polimorf ¢evrilmalori todqiq edilmis vo gosterilmisdur ki, Ag,Se monokristalinin asagi temperaturlu
ortorombik modifikasiyast 406 K-ds yiiksok temperaturlu hacmomarkazlagmis kubik fazaya cevrilir. Cevrilma prosesi doner xarakters malik
olmaqla monokristal-monokristal tip ¢evrilmoyo aiddir. Todgiqat naticolorinin miizakirasi Ag,Se monokristalina aid termodinamik
molumatlar osasinda aparilmigdir.

FO.U. AavieB, A.I'. bBa6aes, JI.U. Ucmanaos, FO.I'. AcagoB

CTPYKTYPHBIE U TEPMOJINMHAMHWYECKHE ACHEKTbI HOJIMMOP®HBIX
ITPEBPAIIIEHUU B Ag,Se

CuHTE3UMpOBaHbl U METOAOM CyOJIMMAaLUM BBIpAIleHbl MOHOKpHCTaulbl Agy;Se. BpicokoTemmepaTypHBIM PEHTTeHAU(PPAKTOMETPH-
YEeCKMM METOAOM HCCIENOBaHbl MOIMMOpGHbIE NpeBpaiieHHs B AgySe U IO0Ka3aHO, YTO HHU3KOTEMIIEpaTypHas OpTopoMOuYecKas
momudukanus npu 406K npespamaercs B BeicokoTemiepaTypayto OLIK mogudukanuro. [IpeBpamienue o6paTtumMoe 1 MPOUCXOIUT MO THITY
MOHOKPHCTa/UI-MOHOKpHUCTaLI. IIpu 06CyKIeHUH Pe3yJIbTATOB LIMPOKO HCIOIb30BATKCH CYLIECTBYIOLIME TEPMOIHHAMUYECKUE JaHHbIC.
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AlogNio/nSi DIODLARI AYRILMA SORHODDININ ELEKTRON XASSOLORI

i.M. OFONDIYEVA, S.Q. 9SGOROV, L.K. ABDULLAYEVA,
M.N. AGAYEV, M.H. HOSONOV
Baki Déviot Universiteti, Fizika Problemlori ETI
AZ 1148, Baki s., akad.Zahid Xalilov kii¢c.23

Moqalods AlosNio2/nSi Sottki diodlarinin volt-amper xarakterstikalar1 analiz edilmis, elektrofiziki parametrlorin diodun hondasi
6lgtilorindon asililigr tadqiq olunmusdur. Corsyan dasinmasinda sathi hallarinin roluna baxilmigdir. Sathi elektron hallar sixliginin
energetik paylanmasini toyin etmok ii¢iin dielektrik araliqglh metal-yarimkegirici kontakt modelindan istifado olunmugdur. Alinmig
sothi hallar sixliginin spektri qadagan olunmus zonada aluminium va nikel tgiin sociyyavi diskret sothi soviyyslorin mévcudlugunu

agkar etmisdir.

Son illar elektronikanin inkisafi ilo slagadar olaraq ki-
¢cik 6l¢ilii Sottki diodlaria (SD) maraq daha da artmisdir
[1]. Metal-yarimkegirici ayrilma sarhaddinin biitiin mov-
cud nazariyyalori belo bir forziyys ssasinda qurulmusdur
ki, sorhad atom miqyasinda ¢ox koskindir, lakin bir ¢ox
faktlar tosdiq edir ki, hatta otaq temperaturunda metalin
¢okdiirilmoasi zamani metal-yarimkegirici ayrilma sorhaddi
gostarilon atom miqgyasinda kaskin ola bilmaz. Real metal-
yarimkegirici kontaktlari hamigo bu vo ya digor doracada
geyri-bircinsdir [2]. Sottki diodlarinda ayrilma sarhoddi-
nin bircinliliyini tomin etmok mogsadilo ¢ox hallarda
amorf metal tobaqs istifads olunur [2,6,9,10,11]. Bu on-
dan irali golir ki, bircinsli ayrilma sarhaddini yaradan mo-
nokristallik tobagenin alinmasi texnoloji baximdan ¢atin-
dir. Metal toboaqa polikristallik olduqda ise ayrilma sor-
haddi bircinsli ola bilmaz.

Digor torofdon, kontakt strukturlarin elektrofiziki pa-
rametrlari cihazin alinma texnologiyasindan vo material-
larin noviindon asilidirlar. Bu baximdan, bircinsli ayrilma
sorhaddinin yaradilmasi ehtimalini artiran amorf tobagale-
rin istifads edilmasi daha mogsadsuygundur.

Ki¢ik hacm va kigik saholords asgarin migdari vo ona
uygun olaraq sathi soviyyoalarin sixligi fluktuasiya edir. Bu-
na gora do metal-yarimkegirici strukturlarinin 6l¢iilorinin
kigildilmasi parametlorin fluktuasiyasina sabab ola bilor.
Bu iso eyni xarakteristikali elementlor yaradilmasini ¢atin-
losdirir.

Yuxaridakilar1 asas tutaraq amorf metal tabagali kigik
6lgulu AlosNio2-nSi Sottki diodlari todqiq edilmisdir.

Eksperimentin kecirilmasi vo almmus naticolorin miizakirasi

AlogNio2 amorf xolitasi vakuum elektron—siia buxar-
lanmasi metodu ilo alinmisdir [3]. Althiq olaraq (111) ori-
yentasiyali n-tip silisium l6vhosindon istifads olunmusdur.
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Diod matrisi sahalori (1+14)-10-6sm? diapozonunda doyi-
son 14 dioddan ibaratdir. AlogNio2/nSi diodlarinin volt-
amper xarakteristikalart  (VAX) genis temperatur
(298+458)K vo gorginlik (diiz istigamatds (0,1+0,5)V, oks
istigamatds (0,1+15)V) intervalinda todqiq olunmusdur.
Mogalads 4-10sm?, 6-10%sm2, 13-10-sm? 6l¢iilii sahays ma-
lik diodlarin otaq temperaturunda (7=298K) va
(0,1+0,5)V gorginlik intevalinda tadqiqginden alinan natice-
lor analliz edilmisdir.

Eksperimentdon alinmis VAX-larin analizi xarakteris-
dlnl
dv
gorginlikdon vo temperaturdan asililigini gostorir. Bu iso
kontaktin fiziki modelinin miirakkab oldugunu askar edir.
Bu miirokkablik iki faktorla: kontaktda sothi elektron
hallarinin va dielektrik araligin mévcudlugu ils slagalon-

dirils bilor [4].

Eksperimentdon alinan naticalor asasinda /nI=f(V) asi-
liig1 qurulmusdur. Gorginliyin (0,1+0,5)V giymstlorinds
asililigin xotti hissosini nozoro almaqla otaq temperatu-
runda (7=298K) miixtolif sahali: 4-10-6sm? , 6-10-sm?2,
13-10-6sm? diodlar ii¢iin potensial ¢oparin hiindiirliiyliniin

tika diferensial mailliyinin- (a: ) totbiq olunan

2
1, = K, AT (1)
q Js
va geyri-idealliq amsalinin
dVv
n="t 2 )
kT dinl

giymatlori hesablanmig, onlarin gorginlik vo sahodon
asihilig1 tadqiq edilmisdir (sok.1.), (sok. 2.).

o400 BO06
& 6,00 B06
o120E05

2
S,.sm
130ED5

6,00E06

40006
L'A"

Saokil 1. AlosNio2-nSi -nSi diodlar1 potensial ¢oparin hiindiirlilytiniin gorginlikdon vo sahodon asililigt

0.45



AlosNio2/nSi DIODLARI AYRILMA SORHODDININ ELEKTRON XASSOLORI

Toatbiq olunmiis gorginliyin ki¢ik qiymstlorinds alinmig
potensial  ¢oparin  hiindirliyiinin  orta  giymati

@, =(0,63)eV odobiyyatdan molum qiymotlora uy-
gundur [2,3,9,10,11].

Sakil 1 va sokil 2-don goriintidityii kimi potensial ¢apo-
rin hiindiirliyii vo geyri-idealliq amsalinin diodun handasi
olgiilorinden asililiq xarakteri eynidir.

24,0006
o6, 00E- 06
T 30E05

Sakil 2. AlosNio2-nSi diodlart qeyri-idealliq amsalinin gorginlikden vo sahadon asililigi

Termoelektron emissiya nozariyyasina gora potensial
¢oparin hiindiirliiyi vo geyri-idealliq amsali gorginlikdon
asilt olmamalidir.

Alimnmis naticalordon bels bir gonasto golmok olar ki,
AlosNio2 amorf tobaqs vo Si arasinda dielektrik araliq
moveuddur va tatbiq olunan V gorginliyinin bir hissasi V;
araligina, digor hissasi iso foza yiikii oblastina (FYO)
dusiir: V=V;+V,. Bii zaman Sottki diodunun imumi mo-
deli tigiin VAX belo ifado olunur:

eV _elh,
I=1/(e 4T—e 4T) (3)

Saothds yiikdastyicilarin enerji spektrinin doyismasi vo
potensial c¢oporin yaranmasi ol¢ii effektlorini agskar edon
sothi hallarinin xiisusiyyatlori ila izah olunur[5]. Kontakt-
da sothi hallar méveud olduqda tatbiq olunmus gorginlik
noticasinds oradaki yuklorin miqdart doyisir. Bu iso n -
geyri—idealliq amsalinin gorginlikdon asili olaraq doyismo-
sinds 6ziinii gostarir.

Miixtalif sahali: 4-10%sm’ , 6-10%sn7’, 13-10%m’ diod-
lar1 iiglin alinmis noaticolorin miiqayisesi onu gostarir ki,
verilmis gorginlik intervalinda diodu xarakterizo edon asas
elektrofiziki parametrlorin diodun hondasi olgiilorindon
asililiq xarakteri eynidir. Bu isa diodlarin hondasi 6lgiile-
rindon asili olmayaraq fluktuasiyalarin tokrarlanmasini
bildirir. Naticads alinir ki, termoelektron emissiya nazariy-
yasindon farqli olaraq carayan dasinmasi sathi hallar Vasi-
tosilo bas verir [6] vo dasinmanin xarakteri biitiin saholor
tiglin eynidir.

Diferensial mailliyin (¢, a*-diiziine vo oksinog istigamat-
do) gorginlik, temperatur va sahadon asililigi imkan verir
ki, AlosNio2-nSi diodunun dielektrik araliglh models uy-
gun goldiyini soyloyak. Yuxaridakilari asas tutaraq vo mo-
lum metodikaya osaslanaraq [6] silisiumun gadagan
olunmus zonasinda sathi hallarin sixligi hesablanmigdir:
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kT &,d dInl
I—— 1+ a-— .
% _ e &L, . dv (5)
dE 4 76—
&

burada: g - araligin dielektrik niifuzlugu, &- foza yiiki
oblastinin dielektrik niifuzlugu, L, - faza yiklor oblastinin
eni (V=0 olduqda ), d - dielektrik araligin qalinhigidir.
Oldo edilmis noaticolor osasinda silisiumun gadagan
olunmus zonasinda sothi hallarin differensial sixliginin

(dm%E) enerjiys goro paylanmas: sok.3-do gostorilmis-

dir. Sothi hallarin kosilmaz spektrinds fonunda diskret
saviyyalor askar edilmisdir.

Alinmus spektr adabiyyatla miigayiso edildikds £=0,23 eV
vo E=0.75¢V soviyyolorinin nikelo moxsus olmasini agkar
olunur [7 ], (0,33-0,41)eV va (0,54-0,56)eV soviyyalori
metallarin (W, Mo, Cu, Al) silisiumla olan muxtalif tex-
noloji soraitlordo alinmis kontaktlarda miisahido olunur-
lar. Guman etmak olar ki, (0,33-0,41)eV soviyyasi silisiu-
mun sarbast valentliyi ilo slagadardir . Bu notico ondan
irali golir ki, bu enerji soviyyesi mixtalif metodlarla alin-
mis miixtolif metallarla silisiumun kontaktinda mévcud-
dur vo onun konsentrasiyast texnoloji rejimdon asili
olaraq artir vo ya azalir [8§].

Odobiyyatdan molumdur ki, Ag, Cu, Ni metallarin
adsorbsiyast zamani Si sothinds iki: (0,66-0,71)eV vo
0,74eV soviyyalari yaranir. Bu saviyyalor adsorbsiya etmis
metal atomlarinin sothdo mévcud olan struktur defektilo
yaradilmis olaqgosi ilo sortlonirlor [5].

Belo bir ehtimal var ki, (0,54-0,56)eV enerji saviyyasi
metal vo Si qarsiligh tesirindon yaranir [8]. Bu soviyya
spektral-sualanma metodu ilo alinmig kontaktlarda da
miisahido olunur. Bu halda metalin buxarlanmis atomlari
metal-Si olagesini yaratmaq {iglin kifayot godor bdyiik
enenjiys malik olurlar.



AlosNio2/nSi Sottki

i.M. OFONDIYEVA, S.Q. 9SGOROV, L.K. ABDULLAYEVA,M.N. AGAYEV, M.H. HOSONOV

1. 00E+73 -

dmAE, eV ism™®

1., 00E+42 4

.00+ 7171 A

1., 00E+40 4

T.00ETOE

E¢

Sok.4.16 AlsoNi2o—nSi Sottki diodu iiglin differensial sothi hallar sixliginin enerjiye goro paylanmasi.

Natico

diodlarin ayrilma sorhaddinds

coroyan daginmasinin sothi hallar rolunun dstinliyd ilo
bas vermasi miioyyon edilmisdir.

Ayirilma sorhaddin elektron hallarinin energetik pay-

lanmasini tayin etmak {iglin 6nca [5] toklif olunan model-

(1]

don istifads edilmisdir.

Almmig sothi hallar sixliginin spektri silisiumun ga-

dagan olunmus zonasinda Al, Ni va Si-a aid diskret so-
viyyalorin mévcudlugu askar edilmisdir.

Alinmis naticolor amorf xalitali kontaktlarin yaradil-

masinda, dasinma mexanizmlorinin analizinds va yeni tot-
biq saholorinin arasdirilmasinda istifado oluna bilor.
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AlysNio»/nSi DIODLART AYRILMA SORHODDINIiN ELEKTRON XASSOLORIi

ELECTRONIC PROPERTIES OF INTERFACE OF AljsNiy,/nSi DIODES

In the paper current-voltage characteristics of AlygNig,/nSi Schottky diodes has been analyzed. The dependence of electro-physical
parameters on their geometrical sizes has been investigated. The role of surface states in current transfer has been considered. For the
obtaining of power distribution of surface state’s density the model of metal - semiconductor contact with a dielectric gap has been used. The
obtained spectrum of surface states conditions has revealed the surface levels inherent to aluminum and nickel.

HU.M. Ddenauena, IIL.I'. Ackepos, JI.LK. Adnyainaesa, M.H. Araes, M.I'. "'acanoB

JIEKTPOHHBIE CBOMCTBA TPAHUIIBI PA3JIEJIA IMOJIOB Al gNi,/nSi

B crarbe mnpoaHanu3MpoBaHbBl BOJbT-aMIepHbIC XapakTepuctuku auoxoB IHorrku AljgNig,/nSi, unccnenoBaHa 3aBHCHMOCTB
AEKTPOPHU3NIECKHX MAPAMETPOB OT UX TEOMETPUUECKUX pa3MepoB. PaccMoTpeHa poiib OBEPXHOCTHBIX COCTOSHUE B mepeHoce Toka. s
MOy UYEeHUs SHEPTETHYECKOTO PACHpeIeIeH s INIOTHOCTH MOBEPXHOCTHBIX COCTOSIHUI OblTa MCIONB30BaHA MOJIENh KOHTAKTa METAII-TIOTy-
MIPOBOJHUK C AMAIEKTPUUECKUM 3a30poM. IlomydeHHbI CIIEKTp MOBEPXHOCTHBIX COCTOSIHUI BBIIBHI MOBEPXHOCTHBIE YPOBHH, MPHCYIINE
ATIOMUHHIO M HUKEITIO.
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QEYRI-XOTTi OPTIKA METODUNUN KOMOYILO MADDONIN YUKSOK
TORTIBLI QAVRAYICILIGININ TOYINI

Z.H. TAGIYEV
Azarbayjan Tibb Universiteti

R.J. QASIMOVA, Q.9. SOFOROVA, N.A. ASLANOVA
Baki Doviat Universiteti
AZ 1148, Baki s., akad. Zahid Xalilov kiic., 23

Gostorilmigdir ki, sabit intensivlik yaxinlagmasinda merkezisimmetrik olmayan miihitlorde miihitin kubik qeyri-xettiliyi ikinci
harmoniyanin generasiyasi zamant miithiim rol oynayir. Kubik geyri-xattiliyin nezere alinmasi qarsiliqh tesirde olan dalgalar arasindaki
optimal faza miinasibatine tesir edir. Bu da 6z ndvbesinde ikinci harmoniyanin intensivliyinin foza ddyiinmelarinin periodunu deyisdirir.
Foza ddyiinmelerinin periodunun miihitin kubik geyri-xottilikden asililiq fakti miihitin kubik geyri-xatti qavrayiciligini qiymelendirmayo

imkan verir.

Qeyri-xatti qavrayiciliq qeyri-xotti miihitin osas para-
metrlorinden biridir. Bu parametrin toyini asasen qeyri-xatti
optika metoduna osaslanir. Bunun {igiin optik tezlikli siia-
lanmalarin geyri xotti miihitlorde g¢evrilme prosesinden is-
tifade olunur [1-3]. Ikinci harmoniya prosesinin sabit ampli-
tud yaxinlagsmasinda tehlili gdsterir ki, tezliyin ikinci harmo-
niyaya cevrilmesinin effektivliyi mihitin qeyri-xotti qavrayi-
ciligi ilo miitenasibdir [4, 5]. Bu fakt geyri-xatti qavrayicili-
gin tapilmasina imkan yaratdi. Lakin, qeyd etmoak lazimdir ki,
sabit amplitud yaximlasmasinda geyri-xatti qavrayiciligin to-
yini o goder de korrekt deyildir. Ciinki, bu yaxinlasmada qar-
siligh tesir prosesinde asas dalganin hem haqiqi amplitudasi
ve ham do fazas1 deyismaz, yoni sabit gotiiriiliir. Bu da dal-
galarin qarsiligh tesirinin yalmiz baslangic merhalasini diiz-
giin xarakterize etmayo imkan verir.

Axir zamanlarda geyri-xatti qavrayiciligin toyini sabit in-
tensivlik yaxilagmasinda da aparilmigdir [6]. Sabit amplitud
yaxilagmasindan forqli olaraq, sabit intensivlik yaxinlagma-
sinda qarsiliqlt tesir zaman1 asas dalganin yalniz haqiqi am-

dA,
dz
dA,
dz
Burada 4, 4, - uygun olaraq @, vo @, (@, =2, ) tezlikli
dalgalarin kompleks amplitudlari, y,, - mihitin kvadratik

qeyri-xottiliyilo ve y;, 5, iso miihitin kubik geyri-xottiliyilo
bagli olan geyri-xotti elage emsallaridir [8]:

_3”wjé /ﬁ(3):ééé (j=L2)
yjj_zcn] A A ‘]_’ ’
J
37Z'G)m . 3):= = = . .
Vmj = em,ﬁ “€n€;€; (J,m=1,2; j#m)
C‘I/lm
|
.2 Sindz
Ay (z) = =iy 4 Lexp
burada

20, +i[ (721 +2711) T10 — A ] ;

plitudasi deyismez hesab edilir, dalgalarin fazasina ise heg
bir mehdudiyyat qoyulmur. Bununla da, ikinci harmoniya
dalgasmin asas dalganin fazasina oks tesiri nezere alinmis
olur. Ona gore deo sabit intensivlik yaxinlagmasinda dal-
galarin qarsiligh tesirini xarakterize eden qisaldilmis ten-
liklor sisteminin halli, sabit amplitud yaxinlahmasindak: hal-
lo nazeren daha daqiq olur [6]. Sabit amplitud yaxinlagsmasi-
nin naticesinden forqli olaraq, sabit intensivlik yaxinlasma-
sinda ikinci harmoniya dalgasmnin haqiqi amplitudasinin va
eloce do intensivliyinin foza ddyiinmelarinin periodu miihitin
geyri-xotti qavrayiciligindan asilidir. Bu asililiq geyri-xotti
qavrayiciligin daha deqiq teyinine imkan yaradir.

Hazirki igde sabit intensivlik yaxinlasmasinda merkezi-
simmetrik olmayan miihitlorde ikinci harmoniyanin generasi-
yasi prosesi zamani dalgalarin 6z-6zline tesiri de nezere alin-
magqla, miihitin qeyri-xatti qavrayiciliginin qiymetlandirilme-
si aragdirilmisdir.

Ikinci harmoniyanin generasiyasi asagidaki tonliklor sis-
temi vasitoesile xarakterihze olunur [7-8]:

. * . . 2 2
+014, =—iy 4 4, exp(—zAz)—z(7/“|A1| "‘7/12|A2| )4,

(1

+0,4, = —i;/zAl2 exp(iAz) —i(yy, |A1|2 72 |A2|2)A2,

V1> V> omsallart dalgalarin 6z-6ziine v y,,, 7, - iso dalgala-
rin ¢arpaz qarsiligh tesiri ile baglidir, A=k, -2k, - faza siiriis-
masi, J;,- uygun olaraq m; vo ®, tezlikli dalgalarin udulma
omsallaridir.
(1) tonliklor sisteminin
A(z=0)=4,, A (z=0)=0, @
baslangic serti daxilinde sabit intensivlik yaxinlasmasinda
helli ikinci harmoniya dalgasinin haqiqi amplitudasiin qgey-
ri-xotti mithitin uzunlugundan harmonik qanunla asililigina
gotirir (5,=20,):

, 3
7 3)

2
A? =217 +(AfVL —A) /4,T° =n7r2d0s Lo = Aigdip
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AfVL = (2711 — 712)];, qeyri-xetti faza siiriismesidir,. ganin intensivliyinden /;,ve qeyri-xotti faza siirligmoasinden
AN do asihidir.

Qeyri-xatti faza siiriismoasi do 6z ndvbasinde geyri-xatti

> alage emsallarinin forqi ile (2y,,-3,), yoni kubik geyri-xetti

Zper = ;;/\/ r? + ( AN - A) /4 . (4)  qavrayiciligla miitonasibdir. Beloliklo, ikinci harmoniya dal-

gasinin haqiqi amplitudasinin geyri-xatti 8lage amsallarindan

%1172, asililigl maddenin kubik geyri-xatti qavrayiciligini tap-
maga imkan verir.

Yoni mesalonin parametrlorinin verilmis qiymetlerinda
ikinci harmoniyanin amplitudunun minimumlarina gore foza
doylintiilerinin periodunu miieyyen etmoklo, maddenin ku-
bik geyri-xatti qavrayiciligini qiymatlondirmoak olar.

(3) ifadesinden A4,(z) -in deyisme periodu

(4) ifadesine gdre sabit intensivlik yaxinlagmasinda ikinci
harmoniyanin haqiqi amplitudunun foza ddyiinmalerinin pe-
riodu sabit amplitud yaxinlagmasindan foerqli olaraq esas dal-

[1] J. Gopalakrishnan, K. Ramesha, K. Rangan Kasthuri, [4] Spravochnik po lazeram. Pod. Red. 4.M. Prokhrova. M.,

Pandey Sonal. J. Solid State Chem. 1999, 148, N 1, p. Sovetckoye Radio, 1978, t.2, 400s. (Rusca).
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Z.H. Tagiev, R.J. Kasumova, G.A. Safarova, N.A. Aslanova
DETERMINATION OF MEDIA HIGH-ORDER SUSCEPTIBILITY BY NONLINEAR OPTICS METHOD

It is shown that, in constant - intensity approximation at second harmonic generation in noncenrtosymmetrical media, the cubic
susceptibility can play an important part. It is shown that cubic nonlinearity influence on optimal phase relationship between the interacting
waves, the spatial beating period of the intensity of second harmonic. The dependence of the period of spatial beats on the cubic nonlinearity
of a medium allows one to estimate the substance cubic susceptibility.

3.A. Tarues, P./I:x. KacymoBa, I'.A. Cadapona, H.A. AcsianoBa

OINPEJIEJIEHUE METOJIOM HEJIMHEHHOW ONITUKU BOCITPUMMYUBOCTH BBICIHIET O
MOPAIKA BEIIECTB

AnHann3 B nmpuOMMKEHWH 3aJaHHOM HHTEHCHBHOCTH IIpOLeCCa TeHEpaliy BTOPOH TapMOHHKH B HEIEHTPOCHMMETPHYHBIX Cpefax
I0Ka3aJl, 9TO KyOudeckasi BOCIIPHUMUYHUBOCTD IIPH 3TOM HIPAeT CYIIECTBEHHYIO poib. [TokazaHo, 94To y4eT KyONYHON HETMHEHHOCTH BIIUSIET
Ha ONTHMaJbHOE (ha30BOE COOTHOLICHHE MEXTY B3aHMOAEHCTBYIOIMMYI BOJIHAMH, Ha IIEPUOX NPOCTPAHCTBEHHBIX OMEHUI HHTEHCHBHOCTH
BTOpOW rapMOHHMKH. DakT 3aBUCHMOCTH HEpHOJa MPOCTPAHCTBEHHBIX OMEHHH OT KyOHM4YeCKOW HEIMHEHHOCTH Cpelbl IMO3BOJISET OLEHUTH
KyOHUYeCKyI0 BOCIIPHUMYHMBOCTD BEIIECTBA.
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THE PARAMETERS OF MARTENSITIC TRANSFORMATIONS IN
Ti32Hf18Ni50_xCllx ALLOYS

M.B. BABANLI
Azerbaijan Technical University
Az1073, Baki, H. Javid ave., 25

The multi-component alloys on TiNi basis, where the relation «A(Ti):B(Ni)» 50:50, A:TizHf gNiso.Cuy (where x=0; 5; 15; 25; 35;
45at.%) are elaborated. All alloys are obtained and investigated by different methods. One can reveal, that region of homogeneous B2-solid
solution stays constant only at cuprum concentrations, not exceeding 28 at%. The alloys at big concentrations become supersaturated and
their eutectic transformation with formation of phase mixB2-TiNi and B11-TiCu take place.

Introduction.

The study of martensitic transformations, to which the big
group of structural phase transfers of diffusion-free
cooperative type, presents the certain interest. As martensitic
transformations in many cases are accompanied by unusual
effects, then they open the wide perspectives for practical
applications. But from the other hand our task was
complicated by the fact, that it is necessary to take into
consideration the tendency of alloying element to amorphous
transformation at ultraspeed tempering, saving at this the
effect of shape memory, hyperelasticity and other functional
properties after the crystallization.

The alloy obtaining on the basis of titanium nickelide
from liquid state has the set of advantages: the ability of
fixing of high-temperature state without additional thermal
treatment, prevention of decay of solid solution, ability to
regulate of dimension of solid grain and width of obtained
tapes in definite limits. The appearance of new structural and
phase states is possible at such method of material obtaining.

The solidification of melted material with extreme-high
cooling rates (more than 10°°C/c) allows to obtain practically
whole gamma of amorphous and microcrystal materials with
enough high productivity. The heat bend from solidificating
melt can be carried out by radiation, convection and heat
capacity. The concrete mechanism of heat transfer both single
(at cooling melt drops in vacuum because of radiation) and
combined ones is realized in the dependence on obtaining
method.

The choice of material and experiment technique.

The choice of chemical composition for multi-component
alloys with the effect of shape memory on TiNi basis, which
further will be obtained by ultraspeed tempering from the
melt, is based on two principles. Firstly, chemical
composition should be related to amorphous transformation
at ultraspeed tempering from the melt, secondly the alloy
should have the martensitic transformations in massive state
(till ultraspeed tempering from the melt).

In our paper the quick-tempered tapes (of foil), obtained
from “master” alloys on the technique, described in [1] are
investigated, the ultraspeed tempering from melt (flow
turning), Planar Flow Casting.

The multi-component alloys on TiNi basis, where the
relation «A(Ti):B(Ni)» 50:50 are chosen for the investigation.
The A: Tiz;HfgNisoCuy type (where x= 0; 5; 15; 25; 35;
45at.%), where only Cu is varied in the composition is
elaborated.
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The differential scanning calorimeter (DSC) Mettler DSC
30 and Mettler DSC 822e was used for the investigation of
thermodynamic properties. These devices alloy to carry out
the investigations in temperature range from -150°C till
700°C with heating rate 10-10K/c and cooling rate 10-20 K/c.
The sample masses are from 5 till 10 mg, box materials, in
which the samples are situated, are platinum and aluminum
ones. The main complex of experimental investigation
methods is also applied: X-ray diffraction analysis,
resistivities, spectroscopy, transmission and raster electron
microscopy.

The nominal chemical composition of investigated quick-
tempered tapes of A type (Ti, Hf)(Ni, Cu), melt temperature
at T, output and width of obtained foils d are given in the
table 1.

Table 1
The nominal chemical composition of quick-tempered foils
Alloy Nominal chemical Tq(o C) d
composition (at. %) (mc
Ti Hf | Ni Cu m)
A0 32 18 | 50 - 1380 30
Al 32 18 | 45 5 1296 30
A2 32 18 | 35 15 1285 30
A3 32 18 | 25 25 1300 30
A4 32 18 | 15 35 1200 30
A5 32 18 5 45 1100 30
Table 2

The main characteristics of martensitic transformation in
elaborated system alloys (Ti,Hf)(Ni,Cu) in massive state after

obtaining.
Alloy | Phase Parameters of martensitic
transformations transformations
MS|MD|Mf|AS|AD|Ar’
CO
Al B2<>(B19+B19') | 161 | 122 | 4 | 50 | 178 | 226
A2 B2—B19 -8 - | 120 | 150 | 181
B19—B19’ 147 | 46 | 12 | -35 2 74
-12 -
90
A3 B2—>B19 121 | 57 | 28| 1 78 | 175
B19<>B19’ 2140 | 155 | < - -69 8
19 | 110
A4 There are no martensitic transformations in temperature
AS interval from -196 till +250°C.

All these alloys firstly are obtained by arc melting
(sixfold remelt), by the technique, described in [2]. The
martensitic transformations are revealed not in all alloys. The
main characteristics of martensitic transformation in
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elaborated system alloys (Ti,Hf)(Ni,Cu) in massive state after
obtaining are given in table 2, main characteristics after
homogenization at temperature 950°C during 1 hour,
including AT (MP hysteresis) are given in table 3.

The results and their discussion.

One can reveal in studied cuprum alloys of A type:
Ti32Hf1gNi25Cu25—>Ti32Hf18Ni50_XCuX (Where x=5+45 at.%),
that region of homogeneous B2-solid solution saves only at
cuprum concentration, not exceeding 28at.%. At big
concentrations the cuprum alloys become supersaturated and
the eutectic transformation with formation of phase mix B2-
TiNi and B11-TiCu take place. The alloy Ti;Hf1gNipsCuss,
chosen by us, is in the region of solid solution (table 2 and 3).

As it is seen from the tables, both martensitic phases in
alloys with small cuprum additions coexist in the one
temperature interval, where M is 161°C, A¢ is 226°C; these
two transitions after homogenizated annealing at temperature
900°C during 1 hour, and parameters of martensitic
transformation are some increased correspondingly till 190
and 236°C.

The phase transformations in alloys with 15 at.% of
cuprum carry out in two stages: on the first stage B2<>B19,
and on the second one B19—B19’. The parameters of
martensitic transformations are essentially changed: M;

(B2-B19) decreases till 147°C, and A till 180°C. The
parameters of martensitic transformation B2«<>B19 are some
increased M=178°C, A~200°C after analogous thermal
treatment (homogenization at 900°C during 1 hour). The
parameters of second transition are also changed B19<>B19:
before  homogenization = M=-12°C, A~74°C, after
homogenization M=72°C, 4~130°C.

The two martensitic transitions B2<B19 and B19-B19’
are also observed in Ti;Hf gNiysCu,s alloy, but parameters of
martensitic transformations decrease till 121°C (M;) and till
175°C (Mg, B2-B19), after homogenization M; corresponds
to 100°C, and M=250°. The second transformation
B19<>B19” goes deeper (for example, M, (B19<B19’)
corresponds to temperature below -196°C), after thermal
treatment one can stabilize and increase M, (B19-B19’) till
temperature -185°C. The alloy with 25 at.% Cu on its main
parameters is the more interesting for further investigation.

The martensitic transformation in temperature interval
-196++250°C  one can’t fix in  TisHfgNiseCuy
(x=35+45at.%) alloys. The martensitic transformation isn’t
also revealed after homogenizated annealing at 900°C during
several hours.

Table 3

The main characteristics of martensitic transformation in elaborated alloys of (71,Hf)(Ni,Cu) systems in massive state after
homogenization at temperature 950°C during 1 hour (AT is MP hysteresis).

Alloy Characteristics of Mg, M,, Mg, Ag, A, Ay, AT,

martensitic °C °C °C °C °C °C °C
transformation

A0 B2&B19Y’ 230 212 150 225 258 287 55

Al B2«>(B19+B19) 190 130 0 61 192 236 62

A2 BIGB19 178 130 72 145 170 200 20
BI9-B19” 7 30 48 | 25 | 70 130 55

A3 B2&BI19 121 | 57 28 1 78 175 | 20
B19<B19’ -143 -155 <-175 -99 -58 1 >100

The typical curves of differential scanning calorimetry at
temperature -150+600°C and cyclic cooling process < heating for
TizHf gNiysCus and TizHf gNizsCuys alloys more detail reveal the
character and consistency of martensitic transformations. The
diagram of martensitic transformations for four-component
alloy TiHfNiCu is similar on metastable diagram of triple
alloys TiNiCu (fig.1).

But temperatures of martensitic transformations are shifted to
more high temperatures, that makes them more interesting ones.

The character of temperature dependencies of beginning
of first and second martensitic transitions from Cu
composition in Ti;Hf gNisoCuy alloys in the comparison
with triple alloys TiNiCu is shown on fig.2. The given phase
diagram is obtained by us for massive samples of alloys of
TiHfNiCu system in initial state and after homogenizated
annealing 900°C during 1 hour. The metastable phase
diagram of triple alloy TiNiCu, published in previous papers
[3,4] for the comparison is given on the fig.1. From the fig.1
it is seen, that hafnium addition instead of titanium 18at.%
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alloys the elaboration of four-component alloys with the
effect of shape memory in the wide temperature range.

100

TIS0 NIS0-x Cux
bulk and
bulk + Homogenized
so b B2 m—— e — —ag
0 —a Tp1
So |
._

A i ad s 4

Al i & a s
15
x at. % Cu

0

Fig.1. The diagram of metastable states of TisoNiso,Cuy
(p-<X<-35at.%) alloy initial state + homogenizated
annealing 900°C, 1 hour.
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The generalized data on glass transformation heating T,,
crystallization 7., and also AT=T.-T, and crystallization
heating AH for investigated multi-component alloys of A
type of obtained ultraspeed tempering from the melt. The

foils have different structural states after ultraspeed
tempering ( in initial state), for example AO and A1 alloys are
in shifted (amorphously-crystal), and A2 and A5 alloys are
totally in amorphous state are given in the table 4.

Table 4

Ty, Ty, AT temperatures and also temperature of crystallization heating of AH amorphous phase of quick-tempered foils of
(Ti,HH)(N1,Cu) and (Ti,Hf,Zr)[(Ni,Co)(Cu,Ag)] systems, the data are obtained at heating rate 20 K/m.

Alloy calling and nominal chemical Relations | T,, °C | Ty, °C | AT=(Ty - Ty), °C | AH,J/g
composition, at.% A:B
AO-T132Hf18N150 50:50 480 520 40 7
A1-Ti;pHfgNiysCus 50:50 483 511 28 16
A2-Tis,Hf gNi3sCuys 50:50 456 500 44 17
A3-Tis,HFf gNiysCliys 50:50 490 515 25 27
A4-Ti;pHf gNi;5Cuss 50:50 459 488 30 33
AS-Ti32Hf18Ni5CIl45 50:50 435 474 40 29
The vitrification temperature 7, is the one of the more 40
important characteristics of amorphous metals and alloys. It ss — A2 TIS2HI8NI3SCuts
is fixed in the form of small endothermic peak preceding to 30
crystallization beginning on the curves of differential thermal 20
analysis. The temperature 7, by definition, is temperature of % 20
crystallization beginning of amorphous phase at heating. It is L
accepted, that small volume (10™*) of crystal phase appears in 50 -
the crystallization beginning. 7, and 7, That’s why it is g 9
necessary to take into consideration at which velocity these : i
values have been obtained at comparison of values of these = o
temperatures. The interval AT=T,-T, is called by temperature =3 +oa b o av 00 e
interval of supercooled liquid [4-7]. Temperature, €

-
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-
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Fig 2. The diagram of metastable states of TizpHf}gNisCu(0<-X<-45at.%)
alloy a) in initial state; b) after homogenizated annealing
900°C, 1 hour.

Fig.3. The calorimetric curve of quick-tempered foils of
A2(TizHf gNi3sCuys) alloy in the initial state (first and
the second cycle of heating), heating rate is 20 K/min.
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Fig.4. The diffractogram of quick-tempered foils of A1l
(Ti3,Hf §NigsCus) alloy in the initial state at room
temperature (“free” foil surface).

The foils with amorphous structure at heating
demonstrate the set of peculiarities. These changes can be
fixed by calorimeter investigations. The typical curve for A2
alloy in initial state is given on the fig.3.The weak variation
of thermal current (exothermal reaction) is fixed at heating in
the interval from 7=200°C till 7, (glass transition
temperature), that is connected with carrying out of structural
relaxation in amorphous phase. The transition through
vitrification temperature is reversible one, i.e. amorphous
metal, heated higher than T,, but below than crystallization
temperature it can be cooled with the formation of amorphous
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structure. The set of thermal treatments in the following
temperature intervals is carried out for the investigation of
structural changes at heating of quick-tempered foils of
multi-component alloys on NiTi basis with amorphous
structure: below glass vitrification temperature 7,: in interval
T, - Tg; higher than crystallization temperature 7,, that allows
to consider all possible variants of microstructure formation
in investigated alloys of A type.

The results of X-ray diffraction phase analysis of
A1(Ti;HfgNiysCus) alloy in initial state “after obtaining” at
room temperature is presented on the fig.4. The diffractogram
decryption shows, that there are amorphous and two crystal
phases: B2 austenite and B19 martensite, that’s why the
given alloy is chosen for further investigations as model one.
The structure evolution at heating is more detail investigated
on the example of the given alloy.

The data, obtained with the help of transmission electron
microscopy for alloy Al (Tis;Hf;sNigsCus) in the initial “after
obtaining” state at room temperature (bright-field image and
electron diffraction) are presented on the fig.5. They prove
the results of X-ray diffraction phase analisis and evidence
about the fact, that amorphous and two crystal phases: B2
austenite and B19 martensite, indeed coexist in Al in initial
state at room temperature.

- I .

g

Fig.5. The bright-field a-f and electron diffraction g (amorphous
and crystal phases), # (B19 martensite) the films,
obtained with the help of PEM for A1(Ti;,Hf;gNigsCus)
alloy in the initial state; a, b and ¢ are B19 martensite
plates (by the width ~0,3-0,4 mcm); d is B19 martensite
plates (bt the width ~0,3-0,4 mcm, thin doubles; e is
dislocation accumulation in martensitic phase; fis self-
accomodated groups of martensitic plates.

b

The martensite has the plate morphology, moreover plate
dimensions vary in wide interval from 0,05 till 0,73 mcm.
The following set of thermal treatments is carried out for this
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alloy: 457°C, 2 min.; 467°C, 2 min.; 477°C, 2 min.; 487°C, 2
min.; 502°C, 2 min. at temperatures below 7, and in
temperature interval [7,+7,]. After it the samples are
investigated with the help of calorimeter and the information
relatively thermal stability of amorphous phase after carried
out thermal treatments and characteristics of martensitic
transformation in formed grains of crystal phase are obtained.
The investigations are carried out on the following scheme:
20°C—200°C—-150°C—600°C—-150°C—600°C, cooling
and heating rates 7°=20 K/min. The calorimeter curves are
given on the fig.6-13.
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Fig.6. The calorimetric curves of rapid-tempered foils of
A1(Ti3,Hf gNiysCus) alloy in the initial state (upper
curves are peaks of direct and reversal martensitic
transformations B2«sB19; lower ones are additional
peaks of martensitic transformation B2<>B19” after
heating till 600°C.

From the given data it is followed, that thermal treatment
of the given alloy in temperature interval till 7, doesn’t
influence on crystallization processes of amorphous phases
and on carrying out of the martensitic transformation both
before and after crystallization of initial amorphous phase.
The process of partial crystallization of amorphous part of
structure (value AH after preliminary thermal treatment
decreases) at heating of crystallization temperature in [7,+7]
interval takes place.
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Fig.7. The calorimetric curves of rapid-tempered foils of
A1(Ti;Hf gNiysCus) alloy after preliminary thermal
treatment at 457°C, 2 min. (upper curves are B2<>B19
transformations; lower ones are B2<»B19<B19’ after
heating till 600°C).
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The investigation results (X-ray diffraction phase analysis
and transmission electron microscopy) of these samples are
presented on the fig.14-18.
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Fig.8. The calorimetric curves of quick-tempered foils of
A1(Ti3Hf gNiysCus) alloy after preliminary treatment at
467°C, 2 min. (upper curves are transformations
B2+B19; lower are B2>B19-B19’ after heating till

600°C).
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Fig.9.The calorimetric curves of quick-tempered foils of A1l
(Tis,Hf gNiysCus) alloy after preliminary thermal treatment
at 477°C, 2 min. (upper curves are transformations
B2-B19; lower ones are B2<>B19-B19’ after heating till
600°C).
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Fig.10. The calorimetric curves of quick-tempered foils of Al
(Tiz,Hf gNiysCus) alloy after preliminary thermal
treatment at 487°C, 2 min. (upper curves are
transformations B2<»B19; lower ones are
B2-B19-B19’ after heating till 600°C).
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(Ti3,Hf gNiysCus) alloy after preliminary thermal
treatment at 497°C, 2 min. (upper curves are
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B2-B19-B19’ after heating till 600°C).
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Fig.12. The calorimetric curves of quick-tempered foils of A1l
(Ti3,HfgNiygsCus) alloy after preliminary thermal
treatment at 502°C, 2 min. (upper curves are
transformations B2«>B19; lower ones are
B2+-B19-B19’ after heating till 600°C).
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Fig.13. The calorimetric curves of quick-tempered foils of Al
(Tiz,HfgNiygsCus) alloy after preliminary thermal
treatment at 507°C, 2 min. (upper curves are
transformations B2«<>B19; lower ones are
B2+-B19-B19’ after heating till 600°C).
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a b [

Fig.14. The martensite mictostructure B19 (bright-field image
(a)) and corresponding electron diffraction (b), and also
diffraction from residual amorphous phase (c) of Al
alloy foils after thermal treatment at 497°C, 2 min.

C

Fig.15. The martensite mictostructure B19 (bright-field image
(a)) and corresponding electron diffraction (b), and also
diffraction from residual amorphous phase (c) of Al
alloy foils after thermal treatment at 502°C, 2 min.

The obtained results of complex investigation of
structural changes at heating of multi-component alloys on
TiNi basis of A type: (Ti, Ni)(Ni,Cu) allow to construct the
evolution of the structure for following positions:

1. In the case, when foils have initially amorphous
structure the alloy heating from room temperature till glass
transition temperature 7, doesn’t lead to crystal formation in
amorphous matrix and other changes of phase composition
isn’t observed. But by the other hand it can influence on
processes of structural relaxation of amorphous alloys [8,13]
during heating and at delay of the given temperatures below
T

Some authors instead the term “T, vitrification
temperature” use the term “7; dummy temperature”, but
physical meaning of these terms is similar.

At the same time the alloy heating with amorphous
structure in [7,-7,] interval leads to creation and growth of
crystal phase in amorphous matrix. The type of crystal phase
B2 is ordered by body-centered cubic structure of CsCl type.
The dimension of once again formed crystals depends on
heating temperature and time of isothermic delay at these
temperatures.

b

Fig.16. The martensite mictostructure B19 (brigh?—ﬁeld image
(a)) and corresponding electron diffraction (b) of Al
alloy foils after thermal treatment at 507°C, 2 min.
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Fig.17. The diffractogram of quick-tempered foils of
A1(Ti3Hf gNiysCus) alloy after preliminary
thermal treatment at 502°C, 2 min (“free” foil

surface).
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Fig.18. The diffractogram of quick-tempered foils of
A1(TisHf gNiysCus) alloy after preliminary thermal
treatment at 507°C, 2 min (“free” foil surface).

In alloys, where the more than one crystallization peak is
fixed at calorimetric investigations, then this result is
explained by the process of phase off-orientation in
amorphous alloys.

2. In the case, when foils have mix structure
(amorphous +crystal phases), the alloy heating leads to the
following results: the behavior of amorphous structure carries
out analogically to actions, described in point 1. If we take
into consideration the fact, that there is crystal phase besides
amorphous one (let’s call it crystal phase Nel), then structure
evolution at heating has the following form (fig.19):

(Am.+Cryst.Nel)—(Am.+Cryst.Ne1+Cryst.Ne2)—
—(Cryst.Nel+Cryst.Ne2)
20°C

Ty Ty

v

Heating
Fig.19. The scheme of structure evolution at heating. The alloy

with shifted initial structure: amorphous and crystal
phases.
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For the final revealing of the presence of martensitic
transformation into quick-tempered foils of investigated
alloys of A type we carry out the one more set of thermal
treatments. The obtained results are given in the table 5 (the
more interesting results are taken: one alloy (A2-
TizpHf1gNi35Cu;s) has the initially amorphous structure, and
other alloy (A1-TizHfgNiysCus) has the shifted structure:
amorphous and crystal phases).In that alloys (A4 and AS),
where there is no martensitic transformation in massive state
one can’t fix the martensitic transformations. These alloys
transform into crystal state, but they don’t have martensitic
transformations at thermal treatment at 900°C during 1 hour.

Conclusion.

Thus, analyzing the obtained data, we can make several
conclusions:

1. Not all elaborated multi-component alloys on TiNi
basis, where relation «A(Ti):B(Ni)» 50:50 of A:TisHf;gNiso.
«Cuy type (where x=0; 5; 15; 25; 35; 45 at.%) show the
martensitic transformations in initially massive state (after arc
smelting). One can’t fix the martensitic transformation in A4
and AS alloys even after homogenizated annealing at
temperature 900°C during 1 hour.

2. All investigated multi-component alloys if A type
are obtained of ultra-speed tempering from the melt. The
some foils in the initial state (“after obtaining”) have shifted
structure (amorphous and crystal phases), these are A0 and

Al alloys. But other alloys (A2-AS5) have totally amorphous
structure in the initial state.

3. The type of martensitic phase at room temperature in
the initial state (“after obtaining”) in Al alloy
(Ti3,HfgNiysCus), and also after thermal treatments in
temperature interval 457°C-507°C is following: BI9
(orthorhombic one).

4. The same martensitic phase (B19) has the plate
morphology at room temperature in the initial state (“after
obtaining”) and doesn’t endure any change after thermal
treatments in temperature interval 457°C-507°C.

5. The quick-tempered foils of Al alloy
(Ti3,HfgNiysCu5) endure the martensitic transformation
B2-B19 in the initial state (“after obtaining”) and after
thermal treatment in 7, - 7 interval. The alloy has the
martensitic transformation B2—B19+B19’ after heating till
600°C. This change can be explained by the increase of
austenite grain (dimension effect) (crystal phase Nel — B2
phase) and by formation of crystal phase of Ne2 — B2
structure or by alloy heating in the region of stable B-phase
B2.

6. The thermal treatment in the temperature interval
TeT. doesn’t practically change the temperature of
martensitic transformation in A1 (Tiz3,Hf|gNissCus) alloy.

7. The martensitic transformation isn’t observed in
alloys A4—Ti32Hf18Ni15Cu35 and AS-Ti32Hf18Ni5CU,45, obtained
by ultra-speed tempering from the melt and additionally
thermally elaborated at temperature 900°C during 1 hour.

Table 5

The main characteristics of martenitic transformation in alloys on NiTi basis of A type:
(Ti,Hf)(Ni,Cu) in the form of quick-tempered foils after different modes of thermal treatment.

Alloy Characteristics of martensitic transformation
Transformation | M, °C »°C | Mp°C | A, °C | A, °C | Ap°C
type
Thermal treatment at 570°C 1 min
Al B2-B19B19° 83 64 20 98 111 132
1 -9 -39 -8 71 92
A2 - It is not revealed in temperature interval -150+600°C
Thermal treatment at 700°C 1 hour
Al B2<B19<-B19’ 87 81 53 113 127 133
53 33 1 57 98 113
A2 B2<B19 -51 -56 -59 -6 5 11
Thermal treatment at 800°C 1 hour
Al B2&B19-B19’ 71 64 122 124
5 -1 60 65
A2 B2<-B19 -44 -47, -79 -24 -22; 7
=77 4
Thermal treatment at 900°C 1 hour
Al B2-B19B19° 112 87 140 146
64 48 98 119
A2 B2<>B19 -38 -43 -63 -12 10 13
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Ti,,Hf ,4Nig, ,Cu, ORINTILORINDO MARTENSIT CEVRILMOLORININ PARAMETRLORI

TiNi asash goxkomponentli arintilor «A(Ti):V(Ni)» 50:50 nisbatinde: Ti,,Hf | (Nis, Cu, (x=0; 5; 15; 25; 35; 45 at.%) islonmisdir. Biitiin
orintilor miixtolif tisullala hazirlanmis ve tedqiq edilmisdir. Melum olmusdur ki, dyrenilmis orintilorde bircinsli B2 berk mehlul yalniz
torkibde misin miqdar1 28 at.% -ne goder olduqda saxlanilir. Orintide misin konsentrasiyasini artirdiqda ifrat doyma hali geyd olunur vo
noticede evtektik ¢evrilmo bas verir: V2- TiNi vo V11- TiCu.

M.B. baboanjabl

MMAPAMETPBI MAPTEHCUTHBIX IMTPEBPAIIEHUM B CIIJIABAX Tis,HfsNisg.,Cu,

PazpaboTtanbl MHOrOKOMIIOHEHTHBIE cTaBbl Ha ocHOBe TiNi, rae cootHomenue «A(Ti):B(Ni)» 50:50, cepust A: TizHf gNiso Cuy (tae
x=0; 5; 15; 25; 35; 45 at. %). Bce crmaBel OMydYeHBl U MCCIEIOBAaHBl Pa3HBIMH METONAMH. BBIACHIIN, 94TO 00MacTh OZHOpOAHOTO B2-
TBEP/IOTO PacTBOpa COXPAHSETCs JIMIIL IPH KOHIEHTPALUAIX Meau, He mpeBbimaronmx 28 ar.%. Ilpm GonbIIMX KOHIEHTPAIUSX MeIu
CIUTaBBI OKA3bIBAIOTCS MIEPECHIIICHHBIMY M UCIIBITHIBAIOT ABTEKTHYECKOE MpeBpalieHne ¢ oopazoBanueM cmect ¢a3 B2- TiNi u B11- TiCu.
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ADSORPTION TREATMENT OF TANNERY WASTEWATER
UNDER THE ELECTRICAL DISCHARGES EFFECT

A.M. HASHIMOV, M.A.GASANOYV, K.B. GURBANOV, RN. MEKHTIZADEH
Institute of Physics, Azerbaijan National Academy of Sciences
H. Javid ave., 33, Az-1143, Baku, Azerbaijan

It is known that tanning industry wastewater represents a danger to an environment because it contains a great deal of harmful organic
and inorganic substances. The clearing of these waters from harmful pollutants is an important task.

The investigation results of the adsorption clearing of tanning industry wastewater from impurities with use the barrier kind electric
discharge are presented in this paper.

The comparison of the wastewater chemical analysis results before clearing and after it has shown the significant decrease of the
harmful impurities in the result of the electrical discharge action during an adsorption clearing process.

It was supposed that increase of the wastewater adsorption clearing intensity under effect of the electrical discharge is connected with
the electrical charging of the solid adsorbent material. The experimental research of the thermostimulated relaxation (TSR) currents curves
has shown that during the electrical discharge effect on the solid adsorbent the big electric charge accumulation is took place in it. The
diffusion mechanism of the electric charge penetration into adsorbent material has been suggested. The theoretical analysis has shown the
possibility of diffusion mechanism realization. The quantitative characteristics of electric charge diffusion process in the adsorbent material
are got.

Introduction the use of macroporous fine-grained synthetic silica gel are
. . resented.
One of the main features of tannery production is the P
intensive consumption of water and use the wide spectrum of RI s2
chemical materials of various structures. For 1 ton of tannery s —

processing it is required 45-50 m® of water that with proteins,
suspended particles, trivalent and much more dangerous
hexavalent chrome, sulphides, phenyl carbolic acid,

chlorides, colors, fat, different organic compounds and many s1
other materials forms the multi-component wastewater, r/
which requires the integrated treatment [1].

To remove suspended particles there have been used Tr T 83
methods of primary treatment allowing decreasing their
content by 54-60%. Usually the chemical treatment of .EIQLJ—I P EIE
wastewater from above-mentioned impurities by alkali =
processing is more available and power-intensive. However,

efficiency of purification carried out by the alkali processing
is not more than 70%.

Biological treatment isl the integral part of treatment To increase the adsorptive capacity of adsorbents their
plants of tannery production. The effective method of  ,ctivation by the electrical discharge of barrier type has been
biological treatment is mixing of wastewater with  _.5ied out.
b@ologically active deposit changing.the organic QOmPOU{ldSs Earlier it was shown that after activation of silica gel by
nitrogen  compounds and  sulphides accordingly into  (he electrical discharge it absorbs impurities from
bacterium deposit, carbonic acid gas, nitrates, nitrogen and  phydrocarbon liquids more actively and proves the barrier role

Fig. 1. Schematic electric circuit.

sulphates. ) with respect to the number of oil products — xylene, toluene,
Therefore, treatment of the tannery wastewater is  pepzo] phenolic acids and etc. [6,7].
impeded by a number of materials including it. It causes to At activation of adsorbent by the electrical discharge the

the necessity of simultaneous use of several treatment  fjier cycle is increased and accordingly consumption of
methods [2,3]. water for filter layer washing is decreased. There also

It is known that porous adsorbents such as silica gel are decrease of full rate of filtration at repeat cycles has been
use widely for adsorption treatment of the various liquids [4].  ghown.
Moreover, the joint application of adsorbents and electrical At preparation stage of investigations the thermal
discharges leads to the effective result [5]. treatment of silica gel at 200°C with evacuation for 5 hours

We also suppose that use of silica gel and action by the 15 been carried out. Later absorbent samples were subjected

electrical ~ discharge will ~simplify ~ considerable ~the {4 the activation by the electrical discharge. The schematic
technological processes and increase effectiveness of tannery  qjectric circuit is presented in figure 1.

wastewater treatment. Electric discharge activation of absorbents was made in
. . special discharge chamber, in which an electrical discharge of
Experimental technique barrier type in interelectrode space to be excited. Treatment

by barrier discharge was carried out at alternating voltage

In this paper the results of experimental study of the 15kV, discharge current 40mA, treatment duration 60 min.

adsorption clearing of tannery production wastewater with
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Table 1.
Analysis results of sewage samples
Name of indexes Unit Initial Untreated Pretreatment
PH (hydrogen ion mg/1 12.5 10.1 8.7
exponent)
Electric conductivity mS/cm 46400 44100 32000
TDS (total dissolved Ppm(mg/1) 40600 35300 2000
solids)
> ions mineralization mg/1 43188 43160 41516
Solid residue (105%) mg/l 42425 40500 35950
Solid residue mg/1 35575 32352 30000
(150%)
Solid residue (600%) mg/l 25285 22172 20780
PPP burning % mg/l 40.4 35.6 304
PPP losses mg/l 43.4 35.6 30
Cr mg/l 4.8 2.9 0.05
Turbidity unit/cm 3.8 2.6 0
HCO5 mg/l 18.4 16 0
[ mg/l 6000 420 120
OH~ mg/l 272 170 100
Ca’" mg/l 521 315 200
Mg’ " mg/l 0 0 0
Na* mg/l 17377 17377 800
NH," mg/l 870 450 0.68
NaHCO; mg/l 10388 5000 150
Na,CO; mg/l 10388 1875 800
NaOH mg/l 10388 1000 120
Ca(OH), mg/l 592.6 216 10
NH,C1 mg/l 2846.7 12598 1570
Sulfur compounds,
oxidable by iodine (by mg/1 328.46 184.6 100
H,S)
> H,S+HS+§° mg/l 6166 5178 2694
Cl mg/l 90000 565.7 2000
s> mg/l 667 462 150
HS mg/l 5499 5142 1500

20

-

16
o

Fig. 2. Technological scheme of experiment
1 — balloon; 2 — reducer; 3 — capillary rheometer; 4 — capillary;
5 — 14 — elements of wastewater treatment system; 14 — reactor;
15 — high voltage electrode; 16 —cock; 17,19 — sedimentation tanks;
18 — atmosphere output; 20 - discharge cock.
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Initial wastewater from balloon 1 through reducer 2,
capillary rheometer 3 and capillaries 4 enters into the
wastewater clearing system 5-14 where is cleared by the
adsorption. After sedimentation in tanks 17 and 19 water
through the discharge cock 20 enters in a reception container.

After the adsorption treatment processes the chemical
analysis was done for the samples of treated and initial
wastewater. Results of analysis are given in the table 1.

Results and their discussion

Comparing the chemical analysis results we can note that
the content of impurities such as NH,, S, HS, Cl, NaOH, Ca,
NH,4CI, Ca(OH),, Na,S, PO,4, Na,SO; and others is decreased
considerably during the treatment process. For example, as it
is seen from table, in initial wastewater the NH, content is
870 mg/l, after the adsorption clearing by silica gel without
the electrical discharge treatment the NH, content is 450 mg/1

and after the adsorption clearing by silica gel at the electrical
discharge treatment the NH,4 content decreases till 0.68 mg/1.

We supposed that increase of absorption capacity of
porous absorbents under the effect of electrical discharge is
caused by formation of charged state in absorbents. To reveal
charged state in absorbent the method of thermo-stimulated
relaxation (TSR) is used [8].

Figure 3 presents the TSR spectrum of silica gel at the
linear heating of absorbent from room temperature up to
450°C is shown [9]. From TSR spectrum it is noted that
electrical discharge treatment leads to the formation of space
charges of both signs in absorbents. The presence of three
peaks indicates the low temperature (38°C) and high
temperature (300°C and 438°C) relaxation of electric charge
in samples. A number of charge corresponding to the first
peak is Q=2,9x107C, the second peak is Q,=8,4x10°C, the
third peak is Q;=3x107C.
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Fig. 3. Thermogram of electric charge in silica gel treated by the barrier discharge.
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Fig.4. Thermogram of charge in silica gel in 5 months after the treatment by barrier discharge.

Our aim was to reveal whether save the electric charge
on some time, introduced into adsorbent sample. For this
purpose, the silica gel sample, previously treated in the
identical conditions in the barrier discharge was put into
hermetic ampoule, where it has been endured at the room
conditions during 5 months. After it, the sample was treated
by the investigations on the charge existence.

78

As it is seen from the spectrum comparison on fig.4,
treated after the extract, the spectrum character and quantity
of the relaxed charge practically hasn’t changed during 5
months. This is evidence about the fact, that the charge,
introduced into sample totally has saved, at least on 5
months.

It is need especially to note the following detail:
repeatedly experiments on fixation of TSR spectrums, treated
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in the barrier discharge (over 20 spectrums) have shown, that
three peaks are revealed in all spectrums.

At that the charge quantity, corresponding to I- and III-
d peaks coincides in all spectrums practically, and the charge
quantity, corresponding to II-d peak is different in different
spectrums.

Thus, it has been established, that activated state of
adsorbents, acquired in the result of the short-time influence
by the electric discharge on it, is saved during long time.

The investigations of the mechanism of the
intensification influence of the electric discharge on the
sorption have shown, that the adsorbent charging, established
in the paper plays the significant role. The theoretical
analysis of the formation of the charged state in the
investigated porous dielectric adsorbents has shown that such
charges state is created through diffusion mechanism of
charge introduction into material structure. The values of
diffusion coefficient, the value of which is between diffusion
of neutral molecules, known from literature, in the
investigated adsorbents and ion diffusion in non-porous
identical materials, have been obtained.

This allows proposing the model of the process of
adsorbent charging, according to which ions, captured by the
external surface of adsorbent, diffuse into depth of the
adsorbent along interstice, leading it to the charging.

The predominance of the injected charge means, that
the definite mechanism of the movement of this charge into
depth of silica and fixation of it inside interstice on long time
exists. At the same time the significant width of TSR peaks
shows, that spectrum of activation energy of the introduced
carriers is also wide enough, that means in fact, that charge
fixation can carry out not only inside the structure of silica
substance, but on the surface of the interstice of the different
sizes (micro — mezzo — macrointerstice). The mechanism of
the diffusion or diffusion drift of ions is the more possible
mechanism of the charge introduction inside and output of
them at the thermal activation from the physical point of
view.

The porous adsorbents, activated by electric discharge
can be used either in pure form on direct purpose, or as the
component of the compositional structures. In this and other
case too for the estimation of their behavior in the electric
fields it is need the value of diffusion coefficient and mobility
one of ions in the structure of the porous adsorbent. In [10]
on the base of the equation solution the diffusion and the
comparisons of the results of the calculation with
experimental data on velocity of the ion introduction into
silica gel at its treatment by the corona charge has been
shown, that the values of the diffusion coefficient of D; ions
in silica corresponds to the value 10°cm?s. In [11] the values
De=(1-20)-10cm?/s are given for the diffusion coefficient of
neutral molecules. The [11] and [10] data don’t contradict to
each other, i.e. they are belong to neutral or ion state of the
adsorbent. It is obvious, that in the case of the surface
diffusion the corresponding coefficients D; should be less,
than Dy because of the more strong connection of the ions
with the surface. Thus, this fact, that Di<Dy on one-two
orders can show on the prevailing role of especial surface
diffusion in the process of ion transfer inside silica. As it is
known, the silica presents itself the complex transformation
and should be considered as the aggregate of at least three
phases: the solid body with unordered structure, gas in
interstice and adsorbed layer on the internal surface of
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interstice. The additional meaning in favor of the surface-
diffusion mechanism of ion transfer inside silica is the
following: the values popmyna are characteristic for the total
structures of that substance, from which the silica consists on
Di=10""+10"3cm?s [10,12]. The values for the gas phase at
normal conditions of the diffusion coefficient are equal to
10"'+10cm?/s [13]. If the diffusion in the particle would be
simply the imposition of two processes, then at character
times of the experiments, described in [10] and in present
paper and consisting the decades and hundreds minutes for D;
the following values 10™''-10"°cm?/s have been obtained, i.e.
that characterizes the solid phase, i.e. at Di=10%cm?%s and
sizes of the object not more 0,5 cm the diffusion processes in
the gas are characterized by the times not more decades of the
seconds. As D; have intermediate values 10°cm?/s , then it is
naturally to consider, that we have the matter with ion
diffusion in the adsorbed layer.

In the capacity of the theoretical base we use the
solution of the diffusion equation:

d

n

= Di An (1)

t

obtained in [10,13] for the spherical grain in the form:

o k
n=n, 1+%-Z—( D sink?ﬂfe‘”k } )
kol

where ng is charge concentration on the surface, a is particle
radius. From the value of the constant of process time

r=a’/D, -k’z’

In the first approximation we obtain

i - 3)

In the experiments on TSR of the introduced charges the
front and the slump of the peaks forms at the simultaneous
influence of the temperature activation of the charges and
their diffusion drift to the marked electrodes; it is difficult to
separate the influence of these factors in sum current at the
temperature increase. However, if the sample can be
thermostated near peak maximum, then we can consider that
the further output of the charges to the electrodes has the pure
diffusion character. Some quantitative error can appear in the
result of the fact that the charges drift on the surface of the
“transfer” interstice [11], i.e. mezzo interstice and
macrointerstice, though ion adsorption itself can take place in
micro interstice also. In the given article this error doesn’t
considered, that is equally to the fact of the prevailing role of
mezzo interstices in adsorption by silica.

According to ratio (3) for D; estimation it is enough to
know the character size of the grain a and time constantr.
The experiment was carried out by the following way: the
chosen particles of silica were regenerated for the creation of
the equal conditions, weighted, measured as ellipsoid of
revolution and further treated by discharge, the middle
density in discharge current was 10mkA/cm” in the band of
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the particle location on the electrode. The charge, taking from
the discharge on the sample was estimated as 102-107Cl,
later the electrodes were marked on the grain across short
axes. Further, the grains were heated on TSR device, and the
heating was switched off before the output of the maximum
of the first peak and the sample was thermostated at
maximum temperature. The time constant of current slump
were measured on TSR current curves.

The typical curves of TSR current are presented on the
fig.5. The experimental and calculative data are introduced in
the table 2. Here N is sample’s number, a is the half of the
least size of the sample/interelectrodes space/, m and p are
mass and seemed density of the sample, Q is sum
charge/peak square/, T, is maximum temperature of the first
peak, Az is time of the heating till maximum, 7 is time
constant of current slump in minutes.
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Fig.5. The curve of TSR current.
Table 2.
Experimental and calculation data
Sample a m p Q Tm At T Pi Ue
No. cm g g/cm3 10°C °C min min em/s 107 cm?/V-s-10™

6 0,22 0,069 0,89 +4,2 38 - 11 7,3 2,7
10 020 | 0,084 1,16 46,9 46 17 14 4.8 1,74
4 0,24 0,089 0,88 -6,6 46 19 21 4,6 1,67
5 0,23 0,087 1,04 -84 43 16 21 4,2 1,54
9 0,21 0,099 1,10 -9.8 41 16 20 3,7 1,37

Though the charge value is high, but is common for TSR
silica gel. The drift times depend on sign, for the positive
ions 7'~12 min, for the negative ions 7~20 min. The
diffusion coefficients and equivalent mobilities, calculated on
(3) and (1) are different correspondingly. It is need to note,
the obtained values D; at the output of the charges from silica
at the temperature near 40-45°C on value order coincide with
values D; obtained by [10] for the introducing ions at the
room temperature. The temperature factor because of the low
difference in experiment temperatures in the given case isn’t
significant [11]. The coincidence of the values, obtained at
the introduction and the output of the charges show, that in
both cases the one and the same mechanism of the diffusion
drift takes place. It is need to note, that internal electric fields
in silica gel are enough big. The equivalent ion mobility is
equal (1,2+2,7)-10cm?/V s, at that the some difference in the
mobility of the positive and negative ions is significant. As it
was noted in the [10], such motilities are equal to the energies
of the charge activation in hundredth and tenth parts of the
electron-volt.

The calculated diffusion coefficients D;; in the
adsorbent layer and surface mobility s are needed the
consideration of the real structure of silica. The values D; and
Mg, given in the table are in fact the calculative values, which
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are useable for the integral estimations, but inapplicable for
the detail analysis.

As it is known, the macroporous silica gels have the
sizes of the mezzointersice near 10 nm, micro porous have
2-3 nm [11]. From the ration of the initial density/density of
the solid phase/silica gel (2,25g/cm’)/ and seemed density
(1,1g/em?) of silica gel grain is followed, that the linear sizes
of the pores should be equal to the widths of the “walls”
between them in almost any model image [11,14]. We can
obtain for such models:

2dcA Dy

d,+d, Dis — Di

where d is width of the adsorbent layer, d,+d., is sum of the
linear sizes of the pore and wall.
Designated 2dcA/(dy+ dc4)=7, we obtain

D.
D.=D +— 4
IS 1 Z ()

If in (4) Z=0,5, that corresponds to polymolecular
adsorption in 5-10 layers and practically total filling all
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mezzo interstice space by the adsorbent layer, the Dj;=3D;
and z~ue If it relatively doesn’t big, for example, £4=0,3nm
Z~0,1, that corresponds to the monomolecular or to the layer,
close to it, then D;s»10D; and the values of the surface
mobility g4 are higher on the order, than equivalent mobility
L in the table correspondingly, i.e. 4 22-10cm?/V-s for the
positive and z'<1.5-10 cm?/V-s for the negative ions.

Conclusions

1. Thus, it has been established, that the influence of the
electric discharges is intensified, processes of the liquid
adsorption by solid adsorbents leads to the investigation of

the selectivity of the adsorbents and their maximal adsorbent
ability.

2. It has been established, that activated state of the
adsorbents, obtained in the result of the short-time influence
on it by the electric charge, is saved during long time.

3. The analysis of the experimental curves of TSR
current of silica gel samples, treated to the working by the
barrier discharge, allows measuring the values of the
diffusion coefficient in silica gel, and also quantitative
estimate the diffusion in adsorbent layer and ion mobility
along the surface at the presence of the adsorbent layer on it.
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ELEKTRIK TOSIiRi SORAITINDO ADSORBSIYA PROSESI

A.M. Hasimov, M.O. Hasonov, K.B. Qurbanov, R.N. Mehdizads

Mogaledo deri emali senayesinin tullanti sularmin yeni {isulla tomizlonmesinin neticelori toeqdim edilmisdir. Kimyevi analizin
naticelorinden moalum olur ki, totbiq olunan yeni iisul kifayot qoder miisbet cohatlore malikdir. Miieyyen edilmisdir ki, elektrik tosirlori
noticesinde adsorbentlorin hacminde kifayat qoder elektrik yiiklori toplanir. Nozori olaraq gosterilmisdir ki, materialin elektrik yiiklii

vaziyyaeti diffuziya mexanizmi vasitesile reallagir.

AM. T'amumoB, M.A. T'acanos, K.b. I'yp6anos, P.H. MexTu3ane

AJICOPBIIMOHHBIN ITPOIECC B YCJIOBUSIX JEKTPUUYECKHAX BO3JEMCTBUIA

B craThe mpezacTaBieHbl pe3yabTaThl HCCIEN0BAHUS MpoLiecca afACOPOLMOHHON OYHUCTKU CTOYHBIX BOJ KOXKEBEHHOT'O MPOU3BOICTBA C
HCTIONIb30BaHUEM BO3JCHCTBHI AIIEKTPUIECKUX Pa3psIoB OapbepHOrO BUA Ha afcopOCHT. XUMHUYECKHN aHaJIH3 OUYHIICHHON BOIBI TIOKA3all,
YTO UMEET MECTO 3HAYUTEIbHOE YMEHBIIEHNE BPEIHbIX IPUMECEH 10 CPaBHEHUEM C UCXOAHOM BOA0OH. MeToaoM TepMOCTUMYIMPOBAHHON
penakcanuy BBISBICHO 0O0pa3oBaHHE B 00BeMe ajncopOeHTa, 0O0pabOTaHHOTO SJIEKTPUUYECKUM pa3psiioM, 3HAYUTEIHHOTO KOJIHYECTBA
UEKTPUIECKOT0 3apsiaa. TeopeTHIecKUM aHAIM30M ITOKa3aHo, YTO 3apsaKa MaTepHana ajfcopOeHTa oCyIecTBIseTcs depe3 Tuhy3HOHHBII

MCXaHHU3M.
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METHODS OF BUILD-DOWN VARIANCE OF THE SIMULATION MODEL

E.M. FARHADZADEH, A.Z. MURADALIYEV, Y.Z. FARZALIYEV
Azerbaijan Scientific-Research and Design-Prospecting Institute of Energetic
Zardabi ave., 94

The new method of build-down of a variance of the simulated random quantities, based on application of the filter of Kolmogorov is

suggested.

The solution of some operating problems at the factories
of electro power systems (EPS) assumes selection of the
version responding presented increased requirements. Thus, a
natural condition is the minimum risk of an erratic solution.
With a special urgency the problem of objectivity of a
solution originates by selection of the versions, one of
principal demands to which is reliability of activity of the
particular equipment, systems or of the equipments, which in
the further we shall agree to name in plants EPS. The
fundamental obstruction for an error-free solution is decrease
of number of data about failures of the same type plants in
process of reflecting "individuality". Aftereffects of erratic
solutions directly mirrored in magnifying of working costs.

The simplest mode of selection of version is the intuitive
approach. However would be erratic to assume, that the
intuitive solution, on the average, justifies itself. The
awkwardness and complexity of compared versions is more,
the ability of technicians to cover all aspects of a problem,
including the information describing reliability of versions, -
less.

Among mathematical modes of selection of version, the
greatest propagation received with the methods based on
matching of boundary values of a confidence interval.
Moreover, absolutely fairly it supposed that if confidence
intervals at the preset confidence coefficient not combined,
difference of versions could accept with the certain reliance.
The analogous supposition could accept, if a spacing of
variation of a difference of indexes on which versions
compared, does not switch on a zero value.

Analytically to calculate boundary values of a confidence
interval it is possible seldom enough since the law of
allocation of random quantities, as a rule, it is unknown.
Alternatively, for a quantitative assessment of a confidence
interval it is necessary to do such suppositions which
reliability is quite often doubtful and it yet all. At small
number of data about reliability of particular plant confidence
intervals appear so greater, that are necessarily combined on
a scale of measurement and the answer is in most cases
univalent: the information has not enough for an adoption of
a decision.

One of the most perspective directions at a solution of
similar problems is development of simulation models.
Conducting "experiments" on a simulation model, we receive
a range and we can evaluate a spacing of their variation
which for simplification we shall name accuracy of a
simulation model (ASM). If compared indexes represent an
average arithmetical value of random quantities (for example,
average down time in emergency repair) ASM matches to a
confidence interval. If probability rates (for example, an
operational readiness coefficient) are simulated — that ASM
matches to a tolerant spacing. ASM depends on a mode of
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simulation analysis of random numbers and structure of a
simulation model. In the present paper, we shall survey
dependence ASM on a mode of simulation analysis of
random quantities.

To this problem known in theory, simulation modeling as
modes of build-down of a variance, are devoted numerous
probing. Series of approved methods of build-down of a
variance offered. Positive takes of sharing of some methods
known. In [1], in particular, it noted about positive takes of
sharing of a method of common random numbers and a
method of complementary values. In [2] it noted that
boosting ASM for this combination reached more often not at
matching versions, and at determination of indexes of
particular version. Difficulties of shaping of univalent
references caused by their essential dependence on a type of a
solved problem and, in particular, availability positive (or
negative) correlations between simulated values. The special
notice at probing given simulation models of queuing
systems, and compared indexes represent an average
arithmetical of continuous random quantities. This problem
has been surveyed and in [3].

We survey a little bit other model requiring boosting
ASM. Mean a solved problem — comparison of the averaged
indexes of reliability (AIR) with indexes of individual
reliability (IIR). Such comparison simplifies selection most
(least) safe of the same type plants and by that a solution of
particular operating problems. For example, comparison AIR
and IIR power-generating units of the power stations,
separate turbines and boiler units allows to secrete plants
which reliability is more (less) AIR.

In [4] authors the criterion of the supervision of imposing

appearance of sampling (IAS) A has been offered,

m?>
allowing to evaluate divergence AIR and IIR. Errors of the
first and second stem, risk of an erratic solution determined.
By comparison, AIR and IIR three outcomes possible:
separation of a data set to the preset indication is
expedient, i.e. assessment AIR and IIR differ was nonrandom
separation of a data set to the preset indication is
illogical, i.e. assessment AIR and IIR can differ random
it is not enough data of sampling for the certain
inference, the data striping is illogical

These outcomes largely determined by spread of
implementation of the same type AIR and IIR. Therefore and

for Am , build-down of probability of an inference about a

failure of the information also is actual.
First it was necessary to evaluate a degree of build-down

. * .
of an assessment of a variance D (A, ), is more exact than

an average quadratic deflection & (A, ), at usage of the

known simulation methods of random quantities approved on



METHODS OF BUILD-DOWN VARIANCE OF THE SIMULATION MODEL

other problems. To the greatest degree to approximate solved
problems we indexes of reliability that also represent an
average arithmetical random quantities surveyed.

Already first outcomes of simulation analysis at number
of iterations N;=500 indexes, that:

— outcomes of accounts of the implementation A
having the discrete character, are largely determined by
number of random quantities of sampling (n) duration of
estates (). The n it is less, the 0*(Am) it appears greater;

that completely matches to physical nature of an assessment

A,

m

—  the essential spread as means A, = is watched, and

o'(A,). In these conditions comparison & (A, ) became
aberrant and required junction of analysis of variation
o (A,)) for analysis of variation of a coefficient of variation
K (@A,)=0"(a,)/A

— as one would expect application of a method of
common random numbers, eliminating one of radiant of
spread of implementation (A, ), has ensured appreciable

build-down k*(Am);

— application of a method of complementary random
quantities together with a method of common random
numbers practically has not rendered appreciable build-down

on the reached value k™ (A ).

—  appreciable build-down " (A ) has been reached

m,av ’

by application recommended by authors a method, which
short is reduced to the supervision Kolmogorov's by criterion
of correspondence simulated by a program mode (RAND (x))
random numbers of sampling to the uniform law in the
interval [0,1]. With the purposes of simplification in the
further, this method we shall name Kolmogorov's filter.

— at small value of number of implementation of

sampling {t}, the parity k*(Am) > (0,3 that bears to some

asymmetry of allocation /(A ) is watched.

Application of the filter of Kolmogorov especially
effectively at small value n and generally not only diminishes

o' (A,), ie. spread of deflections F"(A,) from F(A ),

but also spread of value of evolution of risk of an erratic

solution (A, ) and a best value of criterion IAS (A, ).

In the illustrative purposes in table 1 some outcomes of
accounts of distribution parameters for two similar criteria
are reduced: IAS (A ) and Smirnov (D, ,), of some value of

number of implementation of sampling (n) and number of a
data set, peer 19.

Given tables 1 evidently confirm the simulation analysis
of random numbers noted above a singularity and, in
particular, intuitively a clear inference about build-down of
effect of application of the filter of Kolmogorov with body
height of number of implementation of sampling and
immutability of conclusions at magnifying of number of
iterations N; with 500 up to 1000.

Table 1
Comparative assessment of methods of build-down a variance at imitative
simulation analysis of statisticians Ay, and D,, ,
Number of random quantities of sampling
3 5 15
Simulation method ]
of random numbers | @ :g 2o 22 2 o - 2 o o
g 8% 2|85 |28 |82 |3E |25 |82 |2E
< S8 9% < = S o < 5 8 o
< < <

Am 0,293 0,132 0,452 0,26 0,110 0,423 0,14 0,053 0,37
The standard 0,319 0,141 0,442 0,26* 0,107* 0,412%* 0,14 0,051 0,36

program 0,25% 0,107* 0,427*
RAND (X) D n 0,472 0,143 0,303 0,391 0,130 0,330 0,28 0,089 0,32
0,478 0,148 0,310 0,394 0,125* 0,318 0,27 0,083 0,31

0,397 0,124* 0,312
Method of Am 0,312 0,143 0,458 0,24 0,10 0,43 0,14 0,050 0,36
complementary D, n 0,478 0,140 0,294 0,38 0,12 0,31 0,28 0,085 0,31

random quantities

Am 0,256 0,903 | 0,353 0,18 0,061 0,34 0,13 0,039 0,31

Kolmogorov's 0,182* 0,058* 0,348*

filter 0,81 0,059* 0,326*
D, n 0,378 0,857 0,227 0,28 0,059 0,021 0,25 0,068 0,27

0,277 0,058%* 0,021*

0,275 0,059* 0,021%*

Remarks: * matches N;—jogo; in remaining events N; = 500.
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On fig. 1 the graphical case history of allocations
F’ (A,,) for the random numbers a thinning oscillated by a

program mode F| (A, ), a method of complementary values
F2 (A m )

correspondence a thinning Kolmogorov's Fj (A, ) to

and generated by the supervision of

criterion is reduced

ntegral distribution

" ] Comar . mie
’ 3 LR ww

maximum difference

Fig.1. A graphical case history of allocation F£*(A,,) depending
on a simulation method of implementation a thinning of
random quantities

As follows from fig.1, allocations F (A,) and

F; (A,,) are practically indiscernible (complementary

random numbers have not reduced a variance) and is essential
differ from the allocation F, (A,) having minimum value

o (A,,) from compared methods.
In table 2 the outcome of comparison of allocations
F *(Am) displayed and F~ (Dm’n ) at four, noted in table 2,

simulation methods a thinning of random quantities.
As follows from table 2:

-as K *[Dm’n —Am]>> 0,3, comparison of spread of
implementation A
o [Dm,n -A, ];

- application of the filter of Kolmogorov reduces value

m should be conducted on

M *[Dm’n —Am]. This effect speaks removal unpreventable

a thinning of the random quantities causing "surges" of
possible divergences D, , and A ;

- the greatest effect for build-down o [Dm’n u Am] is

reached by application of a method of the common random
quantities which have been last through the filter of
Kolmogorov.

On fig. 2 are displayed to regularity of variation of
statisticians D,,, and (A ) for simulation methods differing
a thinning (fig. 2a) and a simulation method of common

random quantities of the past through Kolmogorov's filter
(fig. 26) for 40 iterations.

Table 2
Comparative assessment of methods of build-down of a variance of a difference
of statisticians D,, , and A, at n=5 and M=19
Methods of shaping of random quantities M (D, , -A,] o D, —A,] K [D,,-A,]
1 Simulation analysis differing a thinning 0,159 0,161 1,02
Simulation analysis differing a thinning, the past 0,102 0,0836 0,818
through Kolmogorov's filter
3 Simulation analysis of common random quantities 0,141 0,0806 0,572
4 Simulation analysis of the common random 0,097 0,060 0,62
quantities which have been last through the filter
of Kolmogorov
- W IETRD B e

e ) NAT LR Y L NAT W

e e T N dhd hd N i R NP AP LS LI LI LILILT

¥ i .
PP PR —

al number of iterations

m-_-ﬂ.f Ay | 'l
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4
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B) number of iterations

Fig. 2. Regularity of variation of implementation of statisticians D,, , and Am.
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Data fig. 26. Evidently, bear to decrease of surges of a
divergence of a statistician on matching from fig 2a.

On fig. 3a and 36 parity D,, , and Am , in each iteration

for the same simulation methods are displayed. These graphs

evidently illustrate noted in table2 regularity, and explain
reasons of an ineffectiveness of a method of complementary
random quantities.
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Fig.3. The Correlative field of intercoupling of statisticians D,, , and Am at a — simulation analysis differing a thinning;
b— simulation analysis common a thinning, the past through Kolmogorov's filter.
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IMITASIiYA MODELININ DiSPERSIiYASININ AZALDILMASI USULU

Kalmaqorov filtrinin tatbigine ssaslanan, yeni modellosdirilmis tesadiifi kemiyystlorin dispersiyasinin azaldilmasi iisulu toklif

olunmusdur.
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