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THE NEW METHOD OF THE THERMOMAGNETIC CURRENT CALCULATION.
QUANTUM WIRE

R.G. AGHAYEVA
H.M. Abdullayev Institute of Physics of the NAS of Azerbaijan
Az-1143, Baku, H. Javid ave,, 33

The method of the effective Hamiltonian (MEH) is offered for the calculation of the non-dissipative thermomagnetic current in the
quantum wire. This method includes the temperature in the Hamiltonian as opposed to the previous researches. The calculation is done in the
coherent-state representation for the parabolic quantum wire and non-degenerate statistics.

Calculated by the instrumentality of MEH the non-diagonal component of the thermomagnetic tensor is in full accord with results
obtained previously. It should be noted that MEH needs no account of the electron diamagnetism.

In the presence of an electric field E,a temperature

gradient VT and a magnetic field H , the current density has
the form

i =owE - BV, T (D

Here o and Sy are the components of the conductivity
tensors. The non-dissipative = component of the
thermomagnetic tensor Ay was calculated by many authors
[1]. But in those papers the temperature was not included in
the Hamiltonian because the temperature is related to the
statistical force.

The method including the temperature in the
Hamiltonian was offered in [2] for a bulk sample. The paper
[2] deals with the calculation of the thermomagnetic current
based on the assumption that the presence of a temperature
gradient in the system is analogous to an effect of a certain
effective external electric field. This is one more method of
calculating the thermomagnetic current based on the
introduction of an effective Hamiltonian. As distinct from [2]
the purpose of the present paper is using given method for the
one of the nanoelectronics main object, the quantum wire
(see for example [3]).

All the calculation in this paper are made in the basis of
coherent states.

Let the sample of the crystal wherein the external strong

magnetic field H is directed along the z axis be limited by

1
L

1 1
the planes X=X :_ELX and X = X; :ELX, Y; :_E y

1 1 1
and Y, :ELy, Z :_ELZ and z; :ELZ. The sample is

placed in a thermostat so that for all the points of the space

1
with X < ——L, the temperature is kept constant and equal to
2

1
T=To=congt, and for all the points of the space with x > E L,

T=Ti=const. The temperature gradient in the sample is
directed along the X axis, i.e. T=T(x) for all points satisfying

1 1
the inequality — E L, <x< E L,.

Let as suppose that we have to deal with a weakly non-
uniform system. Then the temperature deviation from its
equilibrium magnitude is small, say, in the simplest case of
constant temperature gradient

T(x) =T{1+ 5[XL;1 +%ﬂ @)

where o<<1.
By assumption T=T(X) and does not depend on Yy or z
Then in the absence of the external electric field (electrostatic

potential =0) and the chemical potential £&=const we derive
from (1) and (2)

OT(x) ST,
=—p, —> 3
= Pl G)

jy :_ﬁyx

We calculate this current, starting from the well know
expression

j, =—enTrpv, )

where (-€) is the electron charge, n is the density of
conductivity electrons, p is the non-equilibrium electron

density matrix:
p=2"expl-(A-¢)/kT] 5)

Here Z is the partition function and K is Boltzmann’s
constant. In the expression

1: 1-6 l+1 i (6)
L, 2)|T,

X

is expanded in <<l. Henceforth we restrict ourselves to the
first-order terms in O

H = I:|0 —krgradT . (7

The second term in equation (7) is connected with the
inclusion of the temperature gradient effect on the

Hamiltonian of the equilibrium system H,. By analogy with

the electric field, we assume that the temperature is the
potential of a certain external field with the intensity, — grad
T. The corresponding potential energy takes the form,
— ki - gradT , with in the case under consideration is reduced

to —koTy/Ly. Consequently, in constructing the Hamiltonian
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(7) we proceed from the formal correspondence of the

electrostatic potential ¢ with temperature T and the absolute

value of the electron charge e with Boltzmann constant k.
Finally, instead of equation (5) we obtain

p=Z"exp(-Hy) ®)
where
y=(KT,)*,  H=H,-&+V )
X 1) 6 X o6~ X X ~ ~
V=0 —+=|-——-= H,—+—H,+H
é(LX ZJ 7/ LX 2[ ° Lx Lx ° OJ
(10)

The Hermiticity of the operator V s realized by the
symmetrization of the product of the operators H o and X.

From equation (8) one can see that in the presence of a
small and uniform temperature gradient the density matrix of
the system is similar to that of this same system in the
absence of the temperature gradient, but exposed to an
external field whose contribution to the Hamiltonian of the

system is given by the operator V. It is clear from (10) that

V is a small perturbation, as it is proportional to the

parameter of smallness o. Hence, we expand the density
matrix (8) in a series using perturbation theory and restrict
ourselves to a linear approximation of the parameter of
smallness:

ﬁ:ﬁ0+ﬁl an

where the equilibrium matrix is given by

Do =2 expl- (H, - £)y] (12)

and the non-equilibrium addition to the density matrix is
7 ~ ~ ~
- ~ ' l '
Pr=—Po | dy'exp(Hoy' VW exp(—Hoy')  (13)
0

Starting from the well known expression for the velocity
operator

v, =(i/mA.y| (14)

we write equation (4) to first order in &:

i, = ~(ien/ T (2|, Y]+ 26V v ]+ 21l Ao, v])
(15)

In present paper I:|o is

1o s o] MoZ(X*+2Z%)
=—|p2+(p, + Mo x)*+p2 |+ —————~1
0 zm[px (py a)c ) px] 2

(16)

i.e. we consider a parabolic quantum wire (QW) in a
quantizing magnetic field H |z, and vector potential A= (o,
Hx, 0). The QW is directed along the Y axis, @y characterizes
the parabolic potential of the QW, @, =eH/mc is the cyclotron
frequency.

The coherent states (CS) for the quantum system
described by the Hamiltonian I:|0 are constructed in [4]. To

calculate the current (15), we shall use the following
expressions from [4]:

Hy=H,+H,+H,
2 ~2
: A L) g (@) P an
Hl:ha)( Y +§j, szha)o(AﬂAﬂ +§), Hsz[goj ﬁ
A+=iei"”{/ma)(x—xo)i |bx :| 0% = 02 + w2
Jan Vma |’ o
R 1 oV b (18)
A =—e"% mo,z+ P._| :_(_cj y
2n Ma, ® ) Mo,
[A_AI]=1, i=a,p (19)
.0 ik, y
(lha—Hojl//zo, l//:‘a>‘ﬂ>‘ky>, ‘ky >=e (20)

Ala>=ala> A =pB> <da>=1 <pf>=1



THE NEW METHOD OF THE THERMOMAGNETIC CURRENT CALCULATION. QUANTUM WIRE

a, 3, K, are the quantum numbers.
To calculate the current we adopt the scheme from [2]:

express all quantities of the operators Ai , A arrange the

operators, replace the operators by their eigenvalues;
integrate over a, f3, K, using the standard integrals. We omit

the terms proportional to the product (A+ )P( A )° at p=s
and to kly at 1=1,3,5,..., as they give zero when integrated

over a, f3, and k, respectively.

The first term in (15) equals to zero when integrated over
k,. Making the cyclic permutation we transform the second
term in (15) to the form

Tr:bl [F'o ’Y] = _Tr/bo [(% - ﬂ_i

The denotes substitutions

A —>(Clho)A, A —(Clho)A exp(hoy)
and Xg—>Xoy must be done,

prime that in X,

C=1-exp(-hwy) (24)
Finally from equation (15) we derive
.dendy_ . - ~ [
Jy =—L—yTrpo( Ao-&% Aoy @9

jx—zil_x(ﬁomx H, )- I:on}

TV )= _LiTr/BoX[l:'o’y] @1

X

Making use of equations (17) X can be expressed in terms
At AT
A Age

Zril]—w(e“”‘ A +e A ) (22)

A

X=Xy + Xy, X, =
The integration over y’in third term is reduced to

(23)

N

! From (25) one can see that the zero-order term tends to
zero. It is therefore enough to see the equilibrium grand
partition function in equation (25).

It is easy to shown that

CIE —E(&Tby

m\ w

(26)

Substituting (12), (17), (26), X, from (18) into (25) and

using the scheme for current calculation [2] we finally obtain

2

2
jy =(&j n_cl<(g_§y+ha)y cothm;]/+ha;°7 cothhwoyjél:rO

H

As is seen from the comparison of equations (27) and (3) the
coefficient at (— ST L;l) coincides with the expression for f.

Taking into account the expressions (43), (46) [2] we
may write the entropy S of the parabolic QW directed
perpendicular to the quantizing magnetic field. Introducing S
in the expression for A, we derive the well known result for
the By in the nondegenerate case [5]:

27
5 @7

X

2
, Cc
Bu=-—%| S 28)
o) H
It should be noted that as opposed to the previous
researches (see, for example, [6]) given method of the
effective Hamiltonian needs no account of the diamagnetism.

I wish to express my sincere thanks to Acad.
Hashimzadeh F.M. for helpful discussion.
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TERMOMAQNIT COROYANLARI HESABLAMAQ UCUN YENI METOD.
KVANT MOFTILI

Kvant maftilinds qeyri-dissipativ termomaqnit carayanlari hesablamagq iigiin effektiv Hamiltonian metodu (EHM) taklif edilib. EHM-da
movcud adabiyyatdan forqli olaraq temperatur Hamiltoniana daxil edilib. Hesablamalar koherent hallar tasvirinds, parabolik kvant moftili vo

cirlagmamus statistika ti¢lin aparilmigdir.
Alman termomagqnit tenzorunun qeyri-diaqonal torkib hissasi bagqa tisullarla hesablanmig ad1 ¢okilon tenzorun ifadosi ilo iist-iisto diigiir.
Forqli olaraq, EHM-dan istifade etdikds elektron diamaqnetizminin nozars alinmasina ehtiyac yaranmair.

P.I'. AraeBa

HOBBIA METO/] PACYETA TEPMOMATHHUTHOI'O TOKA.
KBAHTOBASA ITIPOBOJIOKA

Jnst pacueTa HEIUCCHIIATUBHOTO TEPMOMArHUTHOTO TOKA B KBAHTOBOHM IIPOBOJIOKE MPEATOKEH METOA 3((HEKTUBHOTO raMHUIBTOHHAHA
(MOT'). B sToM MeToze B OTIIMYHE OT MPEAMIECTBYIOMUX PadOT yaaeTcss BBECTU TEMIIEpaTypy B TaMHIBTOHHAH. PacueTsl Mpom3BeaeHH! B
MIPEICTABICHUN KOTEPEHTHBIX COCTOSTHUHN JUIsl MapaboIMIecKoil KBaHTOBOH IPOBOJIOKH M HEBBIPOXKICHHOHN CTATHCTHKY.

IlomyyeHHOE 3TUM METOAOM BBIpa)KCHUE A HEAUAarOHAIbHOM KOMIIOHEHTBHI TEPMOMArHUTHOIO TEH30pa COBHAJACT C U3BECTHBIM U3
JUTepaTypsl BblpaxkeHHeM. ClelyeT OTMETUTb, YTO NpPU HCIoiab3oBaHMM MDOI' He BO3HMKAaeT HEOOXOIMMOCTH B y4eTe AMaMarHeTH3Ma
JJIEKTPOHOB.

Received: 17.09.09
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MUXTOLIF MOSAMO MORFOLOGIYASINA MALIK OLAN
MOSAMBOLI SILISIUM TOBOQOLORINDO TENZOREZISTIV EFFEKT

H.9. HOSONOV
MTN-in H. Oliyev adina Akademiyast

Elastiki oyilmo deformasiyasinin miixtslif morfologiyali vo mosamslor otrafinda forqli yoxsullasma oblastlarina malik olan mosamoli
silisium (MS) tobogolorinin elektrik xassolorine tosiri todqiq edilmisdir. p- vo n-tip kegirigiliyo malik olan silisium sothindo anod
elektrokimyovi agilanmasi metodu vasitasilo formalagdirilmis MS niimunoslorin masamaliliyi 5-68% olmusdur. Deformasiya zamani MS-in
elektrik kegiriciliyinin doyisilme xarakterinin mesamoli materialin struktur xiisusiyyatlorindon asili olmasi miieyyen edilmisdir. Alinmis
naticalor MS-dos yiikdaginmasi prosesini tasvir edon miixtolif fiziki modellor vasitasilo asaslandirilmigdir.

GIRiS

Masamali silisium (MS) miasir elektronikanin perspek-
tivli materiallarindan sayilir. MS-in heteroepitaksiyada bufer
tobaqgosi, yarimkecirici cihazlarin aktiv elementlori, ultrasos
elektronikasimin torkib elementlori qisminds totbiq imkanlar
onun mexaniki xassolorinin todqiqini zoruri edir. MS-in
mexaniki xassolori haqqinda informasiya kifayot qodor
mohduddur, tenzorezistiv effekt barads iso timumiyyatls, in-
formasiya yoxdur.

Toqdim olunmus isdo magsad - miixtalif morfologiyali vo
masamoliliys malik olan MS tobogolerinds tenzorezistiv
effektin kompleks tadqiqidir.

Molumdur ki, MS-in mosamaliliyi 3%-don 95%-0 qodor
olan genis intervalda dayige bilor. MS-lo aparilan istonilon
todqiqatin miirokkabliyi, onun struktur parametrlorinin daim
nozarot altinda saxlanilmasi ilo baglhdir. [1] isindo gosto-
rilmisdir ki, mosamolilikdon, mesamo morfologiyasindan vo
masamo otrafinda yoxsullasmis oblastlarin yaranma mexaniz-
mindon asili olaraq, MS-i elektrik xassalorino géro 4 qrupa
bolmok olar. Qruplar materialin elektrik kegiriciliyinin qiy-
matini, onun temperatur v igiqlanmadan asililigin1 miioyyon
edon yiikdastyicilarin dreyf mexanizmino gora bir-birinden
forqlonir. 1-ci qrupa aid olan MS-do (MS1) mosamolilik az,
yoxsullagmis oblastlar olmadigina gore, yilikdasiyicilarin
dreyfi monokristal matris boyunca hoyata kegirilir va effektiv
miihitlor nozariyyasi ¢argivasinds «silisium+masamalar» mo-
deli vasitasilo tosvir edilir. 2-ci qrupa aid olan MS (MS2)
iiclin boylik olmayan mesamalilik vo yoxsullagsmis oblastlarin
movcudlugu xarakterikdir. Yiikdasiycilarin  monokristal
matrisin yoxsullasmamis oblastlar1 boyunca bas veron dreyfi
effektiv miihitlor nazariyyssi ¢or¢givasindo « silisium+masa-
molor+({yoxsullagmis oblastlar)» modeli vasitasilo tasvir olu-
nur. Maesamoeliliyi 50%-don bdyiik olmayan 3-cii qrupa aid
olan MS-do (MS3) yoxsullasma mosamolorarasi fozani tam
ohato etdiyindon, yiikdastyicilarin yoxsullasmis monokristal
matris boyunca yerina yetirilon dreyfi giiclii kompenss olun-
mus nizamsiz kicik miqyasli fluktuasiyalara malik olan
yarimkegiricilor nozeriyyssinin kdmayilo izah olunur. 4-cii
grupa aid olan MS (MS4) yiiksok moasamolilik vo materialda
monokristal matrisdeki silisium nanokristallitlorini 6rton
elektrokimyavi reaksiya mohsullarinin olmasi ilo xarakterizo
edilir. Anodlagma soraitindon asili olan Ortiiyiin torkibi amorf
hidrogenlosdirilmis silisium o-Si:H fazasindan miixtalif SiOy
fazalaria qodor doyiso bilor. Bu halda yiikdasiyicilarin dreyfi
ya kifayot qodor asagiomlu o-Si:H fazasi boyunca, ya da
nanokristallitlor arasinda sigrayislarla hoyata kecirilir.

2-5 sayh islordo gostorilmigdir ki, miixtalif qruplara
moxsus olan MS 450-500°S-ds tasirsiz mithitdo aparilmis ter-

modomloms vo 2MeV enerjili elektronlarla giialanma kimi
xarici tosirlora forgli reaksiya verirlor. Todqigat zamani1 mog-
sadimiz iki asas mosoalonin hoallino yonoldilmisdir. Ovvala,
biitiin qruplara aid olan MS-da tenzorezistiv effektin hesab-
lanmas1 zoruri idi. Ikincisi, alinmig naticolorin [1] isindo
toklif olunmus model ¢orgivasinds izah olunmasi miihiim
ohomiyyat kasb edirdi. Bu baximdan 6lgmoalor MS-li silisium-
da, hom ds onun formalagdirildig1 miivafiq kristalloqrafik ori-
entasiyaya malik olan monokristal silisiumda da paralel
olaraq yerina yetirildi.

EKSPERIMENT

Masamali tabagolor Unno-Imayi maye kontakt metodu
vasitasila elektrokimyavi anod asilanmasmin komayilo alin-
migdir [6]. Silisiuma vurulan asqarin kegiricilik tipinin, elek-
trolitin torkibinin, anodlasma soraitinin variasiyalart ilo [1]
isindo toklif olunmus tosnifatin biitiin qruplarina aid olan vo
mosamoliliklori 5-68% intervalinda doyison MS niimunalori-
nin alinmas1 miimkiin oldu. Anodlagsma coroyaninin j sixlig

va elektrokimyovi emalin ¢ miiddoti 1-ci codvaldo verilmisdir.
MS1, MS2, MS3, MS4 alinmasi ti¢iin monokristal silisium
althgin xiisusi miiqavimoti miivafiq olaraq, 0,01; 4,5; 0,01;
0,01 vo 0,03 Om-sm olmusdur. MS sothindoki amorflagsmis
tobago plazmakimyovi asilama metodlart ilo logv edilmisdir.
Nimunolorin  masamoliliyi  qravimetrik metodla toyin
edilmigdir. Alinmis mosamali tobagolorin  qalinligir 40-
120mkm olmusdur. Rentgen difraktometriyasi metodu
vasitasilo MS4 niimunalorinds torkibine gora amorf silisiuma
bonzoyon elektrokimyovi reaksiya mohsullarinin  olmast
agkara ¢ixarildi.

MS/MK ikitobagali strukturlari vo ilkin monokristal silisi-
um althqdan 20x5mm? Slgiilii sinaq tobogolori kosilmis vo
uzun torof monosilisiumun baza kosiyino paralel gotiirilmiis-
diir. Termovakuum tozlanmasi metodu ilo MS vo MK sathino
yapigdirilmig  aliiminium kontaktlar 10doq. miiddstindo
300°S-da termik tosira moruz qalmislar. Yay poladindan ha-
zirlanmis 16vhoys yapigdirilan test strukturlarmm bir ucu
torponmoz borkidilmis, digor ucuna iso sixilma vo dartilma
deformasiyast yaradan oyilmo tosiri edilmisdir. Niimunonin
uzun torafi polad 16vhonin oxu boyunca yonalir.

Nisbi deformasiya

—C (1)

diisturuna asason toyin olunur. Burada, @-niimunonin mor-
kozindon polad althigin sarbast ucuna gader olan masafa, /-
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althgin qalinhigi, L-althgm uzunlugu, c¢- ayilmonin saquli
istigamotdo odadi giymoatidir. MS-in dartilmasi vo sixilmasi
ilo misayist olunan oyilmo deformasiyasinda 1-ci halda

cins ayilmados (elatiki deformasiya) todqiq olunan niimunanin
biitiin hacm elementlori monosilisium altligin kosiyinin bas
kristallografik oxu istigamatindo deformasiyaya ugrayacaqlar.

g >0, 2-ci halda iso ¢ < 0 olur. Malumdur ki [7], zaif bir-

Cadval 1.
Mosamali toboagalarin alinma soraiti vo parametrlori
MS grupu Althq Alinma soraiti P, % dMS

MS1 n' - Si<Sb>, (111) 7=10mA/sm’, =40 doq. 23 48
HF-in 48%-1i su mohlulu

MS2 n - Si<P>, (100) j=10mA/sm?, =30 doag. 5 100
HF-in 48%-1i su mohlulu

MS3 p - Si<Sb>, (111) 7=10mA/sm’, =40 daq. 20 42
HF-in 48%-li su mohlulu

MS4 p - Si<B>, (111) 7=50mA/sm’, =10-60 doq. 48-60 | 72-121

HF-in 48%-1i su mohlulu: Izotropil spirti

Eksperimentdo deformasiyanin &+ 7-1 0’ qiymatlori
totbiq olunmusdur. Bu faktor MS niimunasinin moxsusi me-
xaniki deformasiyasinin bir tortib yiikssltdiyindan [8], sonun-
cunu eksperimental naticalori tohlil edarkon nozars almamaq
miimkiindiir. Test strukturlarinin elektrik kegiriciliyi hom qa-
ranligda, hom do spektrin goriinon oblastinda slavas isiqlanma
soraitindo Ol¢lilmiigdiir. Deformasiyaetdirici qiivvonin tosiri
kasildikdon sonra biitiin niimunalords elektrik kegiriciliyi 6z
ilkin- deformasiyaya qodor olan qiymotini borpa etmisdir.
Demoli, deformasiya elastikidir. MS niimunalarinds doafalorls
aparilmis 6lgmolorin naticolorinin iist-iisto diismosi verilmis
deformasiya intervalinda strukturun sabit qalmasmi siibut
edir. Tenzorezistiv effektin kamiyyatco xarakterizo olunmasi
liglin miigavimatin nisbi doyigmasi (AR/R,) va tenzohassasliq

omsalindan (K, = AR/ (Ro -g)) istifado edilmisdir. Burada,

Ry~ niimunonin ilkin voziyystdoki elektrik miigavimati, AR-
isa deformasiya zamani elektrik miigavimatinin doyismasidir.

[1] isinda toklif olunmus tosnifata gérs qruplarin miiqavi-
motlori bir-birindon koskin farqlondiyindon, bu qruplara aid
olan MS-in elektrik kegiriciliyi miixtalif isullarla toyin
edilmigdir [3].

ALINMIS NOTiCOLOR

n-tip monokristal silisiumda tenzorezistiv effektin
Olgmolori gostordi ki, niimunonin dartilmasi ilo miisayiot olu-
nan oyilmo deformasiyasinda elektrik kegiriciliyi azalir;
niimuns sixildiqda ise- artir. p-tip kegiriciliys malik olan mo-
nokristal silisiumda oks monzors miisahido olunur. Silisium
tenzorezistorlar ii¢lin bu hal yaxs1 molumdur [9] vo elektron
va desik tip kegiriciliyo malik olan silisiumda tenzohassasliq
omsalinin, miivafin olaraq, monfi vo miisbat qiymotlorine uy-
gun golir. Deformasiyanin maksimal giymotinds monosilisi-
um vo MS/MK (monokristal silisium) strukturu miigavimot-
lorinin nisbi doyismosi 2-ci cadvolda gostorilmisdir.

Cadval 2.

Deformasiyanin miixtalif qruplara aid olan MS-larin va miivafiq monokristal
altligin miigavimatlorinin nisbi doyigmasine tosiri

Deformasiya ¢ ~ 107
Material Qaranligda Isiglanma
(ARR)) | (ARRR;) | (ARR) | (ARR,)
Sixilma | Dartilma | Sixilma | Dartilma
MS1 0.050 -0.012 0.051 -0.011
n' - Si<Sb>, (111) 0.046 -0.007 0.044 -0.008
MS2 0.098 -0.019 0.082 -0.025
n' - Si<P>, (100) 0.076 -0.019 0.079 -0.017
MS3 0.048 -0.010 -0.035 0.120
p" -Si<B>, (111) -0.032 -0.100 -0.030 0.100
MS4 Tenzorezistiv effekt bag vermir

Cadvalin tohlilindon goriiniir ki, MK-ya nisbaton MS-da
doyigmonin xarakteri barads proqnoz vermok daha ¢atindir vo
garanliq soraitindo MSI1-MS3 niimunslorinds, asqarin
noviindon asili  olmayaraq, oyilmo deformasiyasinda
mosamoli tobagonin sixilmasi natigasindo miiqavimet artir,
dartilmas1 natigesinde iso oksins-azalir. Eksperimentin
doqiqliyi hiidudunda MS4 niimunolorindo tenzorezistiv
effektin meydana ¢ixmamasi faktini xiisusi gqeyd etmok

lazimdir. MS1-MS3 niimunolorinde Kt amsalinin qiymati
qaranligda manfi olmagqla yanasi ¢dan asili olur. MS1, MS2,
MS3 niimunolori iglin qaranligda vo olave isiglanma
soraitindo tenzohassasliq amsalinin deformasiyadan asililig1
miivafiq olaraq, 1-3-¢ii sokillordo gostorilmisdir. Miiqayisa
ticiin MK-nin analoji asililigi da bu sokillorde verilmisdir.



MUXTOLIF MOSAMO MORFOLOGiYASINA MALIK OLAN MOSAMOLI SiLiSiUM TOBOQOLORINDO TENZOREZiSTiV EFFEKT

Sok.1. MS1-do va ilkin n"-Si<Sb> silisiumda K tenzohassasliq
amsalinin deformasiyadan asililigi. 1- masamali silisi-
um, 2- ilkin monokristal silisium.
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Sok.2. MS1-da (3,4) va ilkin silisiumda (1,2) K7 tenzohassasliq
amsalinin deformasiyadan asililig1. 1,3-qaranliq soraitin-
ds; 2,4- slava isiqlanma rejiminda.
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Sok.3. MS3-da (3,4) va ilkin silisiumda (1,2) K7 tenzohassasliq
amsalinin deformasiyadan asililig1. 1,3-qaranliq soraitin-
ds; 2,4- slava isiglanma rejiminda.

ALINMIS NOTiCOLORIN MUZAKIROSI

Deformasiya zamani MS1-do miigavimotin nisbi doyis-
moasi 5%-don boyilik olmamisdir (Codval.2) vo monokristal
silisiumun analoji parametri ils, demak olar ki, eynidir. ©lava
isiglanma tenzoeffekto tosir etmir. MS1 vo stibiumla giiglii
agsqarlanmig ilkin monokristal silisiumun tenzorezistiv xasso-
lorinin bonzarliyini (Sok.1) MS1-ds yoxsullasmis oblastlarin
olmamasi ilo izah etmok olar. Bu halda moesamali materialin
xiisusi miiqavimoti, effektiv miihitlor nozoriyyasine goros,

1+ P
MK l—P

Pus =P &Y

diisturuna osason toyin olunur. Burada, p,, ., p,,s - miivafiq

olaraq, ilkin MK-nin vo mosamali tobagonin xiisusi miiqavi-
motloridir. Elastiki deformasiya MS-in P masamoliliyina tosir
etmodiyindon, (2) diisturuna asason, MS1-in va ilkin MK-nin
elektrik xassolorinin doyigsmosi eyni xarakterlidir.

MS2 tobagolori qaranliqda ilkin MK-ya nisbaton daha
bdyiik tenzohassasliga malikdirlar (Sok.2-do 1 va 3 xatlori).
Olavs isiqlanma rejiminde MS2-nin tenzohaossasligr miints-
zom azalaraq, ilkin MK-nimn tenzohaossasligi soviyyosino dii-
stir. Ilkin MK-da tenzohassasliq amsalinin olave isiqlanma-
dan elo bir giiclii asililifli miisahido olunmamigdir. Eksperi-
mental faktlar toplusunu mosamolor otrafinda yaranan yox-
sullasmis oblastlarin olmasi ilo izah etmok olar. Yoxsullasmis
oblastlar1 nozars aldigda, masamali materialin xiisusi miiqavi-
matini effektiv miihitlor nazeriyyssinin kdmayilo asagidaki
diistur vasitasils toyin etmok olar:

1+ P"
1-P*

Pus = Puk 3)

Burada, P - hom mosamo fozasmi, hom do mosamoatrafi
yoxsullagmig oblasti nozoro alan effektiv mosamalilikdir.
MS2-do MK-ya nisbaton tenzohassasliq amsalmin bdyiik
olmast yoxsullasmis oblastlarin tohfosi ilo baglidir. ©lave
isiglanma zamani Kr-in azalaraqg MK-nin analoji parametrino
yaxinlanmasi yoxsullagmis oblastlarda yiikdastyigilarin miq-
darinin artmasi naticesindo effektiv mosamaliliyin azalmasi
ilo alagadardir.

Olavo isiglanma zamani1 MS3-do tenzohassasliq amsali-
nin isarasinin «+»-don «-»-ya doyismasi hadisesi miisahido
olunmusdur. Bundan slava, slavs isiqlanma zamani1 masamali
strukturun tenzohassasliq amsalinin qiymati MK-nin analoji
parametrinin yaxin olur. Bu fakt1 bels izah etmok olar: mo-

lumdur ki [1], p* — Si(B) sothindo formalagdirilmis azmo-

samoli silisiumda kegiriciliyin effektiv elektron tipi movcud-
dur. MS3-iin monokristal matrisinde desik konsentrasiyasi
koskin azaldigindan, materialin kegiriciliyi moxsusi kegirici-
liyo yaxinlagir. Qeyd olunan fakt qaranligda tenzohossasliq
omsalinin monfi olmasmi izah edir. Isiqglanma MS3-do
desiklorin konsentrasiyasini kaskin artirir vo kegiricilik desik
tip olur. Termoehq 6l¢malari bu fakti siibut edir. Noti¢codo K7
omsali p-tip silisium tenzorezistorlar ii¢iin xarakterik olan
miisbot qiymat alir.

Aparilmis tadqiqatlar MS4 tabagalorinda, hatta maksimal
deformasiyada da, eksperimentin doqiqliyi hiidudunda tenzo-
rezistiv effektin olmamasini askara ¢ixardi. Bu fakt yiikdasi-
yicilarin dreyfinin silisium nanokristallitlarini biiriiyen Ortiik
boyunca hoyata kegirilmosi modeli ¢or¢ivoesindo osaslandirilir
[1,3].

YEKUN

Beloliklo, elastiki deformasiyanin miixtolif qruplara aid
olan MS-lords elektrik keciriciliying tosirinin todqiqine hosr
olunmus eksperimentlor toplusu qruplarin deformasiyaya
forgli reaksiya vermasini gdstordi. Qruplarin deformasiyaya
reaksiyasinin yiikdasiyicilarin naqlinin [1] isindo tosvir
olunmus model ssasinda izah oluna bilmosini xiisusi qeyd
etmok lazimdir.
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TENSORESISTIVE EFFECT IN POROUS SILICON FILMS WITH DIFFERENT MORPHOLOGY

The influence of bending elastic deformation on the electrical conductivity of porous silicon with different pore morphology and
different properties of depleted regions around the pores is investigated. Porous layers with the porosity of 5-68% are obtained by the method
of anodic electrochemical pickling on silicon plates of p- and n-types of conductivity. It is shown that the character of observable
conductivity changes of porous silicon at deformation depends on structure peculiarities of porous material. Different physical models of
carrier transfer in porous silicon are used for the explanation of obtained results.

I'.A.T'acanos

TEH30PE3UCTUBHBIN D®PEKT B CJOAX TOPUCTOIO KPEMHUS
C PA3JIMYHOM MOP®OJIOTUEN

HccnenoBano BiusiHe ynpyroi nedpopManuy U3ruba Ha 2JIEKTPOIPOBOIHOCTH TOPHCTOTO KPEMHHS C pa3iiMyHO Mopdosorueii nop u
C pa3IMyYHBIMM CBOMcTBaMH OOEIHEHHBIX o0Oiacted Bokpyr mnop. Ilopucteie cionm ObuUIM  CHOPMHPOBAHBI METOJOM aHOAHOTO
NEKTPOXUMUYECKOTO TPABJICHUS] HA KPEMHHUEBBIX IIACTUHAX P- U I-THUMA NIPOBOAUMOCTH U 00JIaJaay MOpUcTocThio 5-68%. ITokaszaHo, uTo
XapakTep HaOII0JaeMbIX U3MEHEHHH IIEKTPONPOBOAHOCTH MOPHCTOTO KPEMHHS IpU AehOpMAlUM 3aBUCUT OT OCOOCHHOCTEH CTPYKTYpPBI
nopucToro mMarepuana. st oObsSCHEHHS IOIYYEeHHBIX Pe3yJIbTaTOB MCIOIB3YIOTCS Pa3IHdHbIC (PU3MUECKHUEe MOJETH IepeHOca HOCHTENei
3apsza B IOPHUCTOM KPEMHHUU.
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EXACT SOLUTION OF NON-ABELIAN CONFORMAL AFFINE TODA MODEL

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

The discrete symmetry transformation method has been applied for non-abelian conformal affine Toda models.

1. Toda Field Theories can be divided into three catego-
ries; each one exhibiting nice characteristic properties. First,
associated to the finite simple Lie algebras, there are the
Conformal Toda models, which are conformally invariant
1+1 field theories. Even more, they permit the construction of
extensions of the Virasoro algebra including higher spin gen-
erators, namely W-algebras. The second class of theories are
the Affine Toda models, based on loop algebras, which can
be regarded as a perturbed Conformal Toda model where the
conformal symmetry is broken by the perturbation while the
integrability is preserved [1]. One of their main properties is
that they possess soliton solutions. These two classes of
models are called abelian or non-abelian referring to whether
their fields live on an abelian or non-abelian group [2, 3, 4,
5].Finally, the conformal symmetry can be restored in the
abelian Affine Toda models just by adding two extra fields
which do not modify the dynamics of the original model; one
of these fields is a connection whose only role is to
implement the conformal invariance. These are the so called
Conformal Affine Toda models [6, 7], and they are based on
a full Kac-Moody algebra; moreover, they are integrable [8],
and have soliton solutions [9]. In fact, many properties of the
Affine Toda models can be more easily understood by consi-
dering them as the Conformal Affine Toda models with the
conformal symmetry spontaneously broken.

At the same time the problem of constructing of the solu-
tions of self-dual Yang-Mills (SDYM) model and its dimen-
sional reductions, the one dimensional WZNW model in our \

o0°f
or?

of

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

case, in the explicit form for arbitrary semisimple Lie alge-
bra, rank of which is greater than two, remains important for
the present time. The interest arises from the fact that almost
all integrable models in one, two and (1+2)-dimensions are
symmetry reductions of SDYM or they can be obtained from
it by imposing the constraints on Yang-Mills potentials [10-
217].

Two effective methods of generating of the exact
solutions, the Riemann Hilbert Problem formalism [20] and
the discrete symmetry transformation method [22], have been
applied to Toda like systems. This work is devoted to con-
struct a group theoretical background of earlier considera-
tions.

2.The two-loop WZNW model was reduced [28] to gene-
ralized non-abelian conformal affine Toda model:

0.(6.BB*)=|A, ,BA,B?| @1
which can also be written as
0 (B'0,B)=—JA, ,B*A,B] (2

On the other hand, the one dimensional reduction of self
duality equations obtained in [20] are the equations for the

element T, taking values in the semisimple algebra,

+2§—[H,[H,f]] =2 X[ XTL 1] =2 X[ X7, f]] +2[[8—ar—H,f],[X+,f]] =0 (23

X X" ]=H [H, x*|=+2x*

embedded to gauge algebra in the half-integer way. Let’s rewrite (2.3) in the equivalent form:

1,0 . 1.0 1.0 .
[5G+ H) =X =D = H 1+ X ] =D H ]+ X =0

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

1 of

G 1
ZACH-[ X -+ [ HL ]+
PP LA

Introducing the notation

11

of 1

X ]-—+=[H,f X =0 2.4
] at+2[ ]+ (2.4)
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1

1
Foe i tim e x1)e?™ . 23

Ht
(-=-+5
o 2
L
multiplying (2.4) from the left side by €2 and from the
1
—Ht
right side by e 2, we obtain

1 1 1

alz Ly —ZHt ZHt  -ZHt . ~ ~
E—[[e2 X'e? e fe?2 ],F]+F=0

Due to the evident equality
Lt Lht
e? X'e? =¢eX"

the last equation can be rewritten in a form

oF

X" f1,EF1+F=0. (@6
p [ 1.F] (2.6)

where

In terms of these notations we have from (2.5) the follow-
ing expression

~

ertIE':—e‘ﬂ+e‘[H,f~]+X‘=O
ot
Then (2.6) has a form
oF
—+[AF] =0 2.7
& TLAF] @7

where A=—€[ X*,f].

The equation (2.7) is one-dimensional evolution equation
defined by Lax pair operators and it is one of the principal
criteria of equations integrability.

From the presentation (2.5) it is followed that

0
—9pF" =0, for ¥n
8t5p

and solution of the equations can be found in a form

F :(”F0(0_17

where ¢(t) takes values in the corresponding Lie group and
Fo=F_,-

From equation (2.7) and presentation (2.8) it is directly
followed the expression for the operator A:

(2.8)

E:—%+[H,?]+X‘e“:0 A=g'p™ (¢’=%—f) (2.9)

Let’s introduce the notation | Let’s consider the commutator of F with X *:

[ X", F]=[X",X"] —e%[ X" fl+e[X"[H,f]] =

_H _e%[w,?] 26 [ X", f1+e [ X" [H,F]] =

=H —%(et[x+,f~])—e‘[x*,f~] +[H.e[ X7, F1].
Taking into account (3.6) and (3.7) the last expression can rewritten in a form

[ X R 1=H—-(¢'0™") =9 o7 +[H,p' p7].

Making the substitution ¢ = € (Jand introducing a new | 0 ( aq ) =[aF.a™ X" ] 3.0)

variable 7 = €', we have

0 2

-1 — F —l’x+
5.5, 4 )=[aRq ]

(2.10)

Equation (2.10) is one-dimensional generalized non-
abelian conformal affine Toda model as it is obviously seen
from eq. (2.1).

3. Let’s consider the two-dimensional generalization of
the eq. (2.10):

12

0z 07

It can be shown that the equation (3.1) can be further reduced
to the form

The next question how to obtain from this solution new solu-
tions using the discrete symmetry transformation. For the

case of algebra A(SL(2,C), f=f X + f'H+ f" X", it

takes a form:

20,0,f =[f,,f (3.2)

z
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F~ = 1
f+
0 + 0
oF :(f°_|:0+1)ﬂ_af_
0z 0z 0z
0 + 0
aF_ :(f°—F°—1)mn—_f—af—_ (3.3)
0z 0z 0z
+ + 0 -
oF :(f0—|:0+1)26|n—f—2f+(f0—|:O+l)——(f+ Zi
0z 0z 0z 0z
+ + 0 -
F _(ro—poo1p T opepopo_yd _(fry2 o
0z 0z 0z
Here f(f*,f°, f )is considered to be a known solu- ! 0 _ Det, ;| fn_ Detn=a= 0 _ Det,. 1l
tion of equation (3.2) and F(F*,F° F7)is one to be de- B Deti\) ' °  Detya)’ Det, (o
termined. (3.6)

The equations (3.3) can be solved (integrated) completely in
the case of the following initial conditions:
T o 0

o)

0,0,0=0, 0,0,a°=0,a°-0,a°

fO=

-7 (3.4)

Using the conformal invariance of the equations (3.2) we can
take the solution of the equation for 7 in the form
T = Z+ Z. The result of integration of (3.4) may expressed
in terms of a solutions of the following system of linear equa-
tions

0,0 —2a' =0,a",

-0,a' -2a' =0,a'* )
2 - 2

and is given by

(Det_, = 5eto =0, Det,=1), where Detn(a) are the

minors of order n of the following matrix:

a’ o «a
a at o
a=\a* & o (3.7)

Here ' are the solutions of the linear system (3.5) and

f)etn (O{ ) denotes that in the last row of the corresponding

matrix the indices of ' have been increased by one.
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TODUN QEYRIi-ABEL KONFORM AFiN MODELINiN DOQiQ HOLLI

Diskret simmetriya ¢evrilmalori metodu Todun geyri-Abel conform afin modeli iigiin totbiq edilmisdir.

M.A. MyxTapos

TOYHOE PEIIEHUE HEABEJEBOW KOH®OPMHON A®PUHHON MOJEJH TOJA

Merton npeoOpa3oBaHHid AUCKPETHON CHMMETPUH IPUMEHEH I HeabeneBbX KoHGopMHBIX adhduHHBIX Moneneit Toxa.
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THE INFLUENCE OF BACKGROUND AEROSOL ON SPECTRAL
TRANSPARENCY OF URBAN AIR

F. L. ISMAYILOV
Institute of Ecology of ANAS, 3123, S.S. Akhundov str., 1, corpus 2, Baku

The relations between distribution of city aerosol particles on dimensions and spectral transparency of aerosol layer of atmospheric air
pollution in Baku city conditions. The power and logarithmically-normal functions are used for city aerosol modeling.

INTRODUCTION

The urban air transparency essentially depends on
background aerosol pollution layer which forms during many
decades [1-3]. The optically active particles of submicron
dimension range with particle dimensions from r=0,1um up
to »=1um having the atmospheric nature origin are the main
components of background aerosol [1,4].

The spectral transparency method is the important
investigation one of polydisperse structure (distribution on
dimensions) of aerosol particles in natural conditions of their
existence and influence evaluation of aerosol on optical
thickness of atmospheric air. This method is connected with
use of natural data on spectral transparency of aerosol
medium with the purpose of practical problem solving of
light diffusion theory of aerosol particles [4,5].

In the present paper the big massive actinophotometric
measurement data of Sun direct radiation carried out in Baku
is used with the purpose of parameterization of spectral
transparency dependence of urban background aerosol and its
microstructural parameters. The measurements are carried out
with the help of apparatus with accuracy not more than 3%
considered in [6].

CALCULATION TECHNIQUE

Initial relations. The aerosol particle
distribution is its important characteristics.

1. Yung’s power law is often used for the description of
spectrum of aerosol particle dimensions [4]:

dN/digr = Cr ",

dimension

(1)

where C constant of L”? dimensionality depends on N
particle concentration and b exponent defines the distribution
curve inclination.

2. The asymmetry of observable aerosol dimension
distributions is more satisfactory approximated by
logarithmically normal function [1]:

2 }
rm

where r,, is particle modal radius, v is distribution half-width
which is close to 0,7 for submicron particles [1].

The estimations of N, aerosol particle cumulative
concentration are often used for comparison of different
models of their dimension distribution (polydisperse
structure) [4]:

1 1
f(Inr) = N exp[— PW: In )

15

a_Ndr’

Ne :]l or )

where 7y is given particle radius value.

The (1) and (2) distributions will be used for calculation
of polydisperse characteristics of light diffusion: z;is optical
thickness and transparency T=exp(-z;) of urban background
aerosol. These characteristics are defined by measurement
data of S, brightness in dependence on m atmosphere optic
mass to Sun direction by Buger-Lambert method [2,3]. Let’s
suppose that polydisperse composition of aerosol particles in
limits of urban background aerosol layer is homogeneous one
the height of which achieves 1km [1,4]. Then according with
Mie light diffusion theory we obtain [4]:

T, = N]%Q(P,n)ﬂzf(lnr)d Inr. @)

gl

Here we will use Van den Hulst approximation [4] for
calculation of Q(p, n) diffusion efficiency factor:

Q(p,n):2—isinl//+iz(1—c0s1//). ®)
4 4

Here y=2p(n-1); p =2m/A is Mie parameter, n is real
refraction index.

Calculation formulas. To find (1) and (2) distribution
parameters the integral equation (4) is solved by inverse
problem method [4].

After substitution » by p the formula [4] is easily
transformed to following form [4]:

7, =04342C(%, )7K, ©)

where

P2
K= [0(p,n)a""dp. (7)
P

As calculations show integral (7) in visible spectral region
practically doesn’t depend on A light wavelength and (6)
formula coincides with known Angstrem formula [4]:

n=CA" (8)

where b; = b-2, C coefficient doesn’t depend on A.
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From formula (6) one can estimate the power distribution
parameters (1). Index b is found from the ratio of z; values
simultaneously measured on two wavelengths:

ﬂ, 2-b
=[5 - ©)
z

Ta

[ZF)

C sedate distribution coefficient is obtained by formula:

b—
C = i 2 e
2 7K
In case of distribution (2) the formula (4) is reduced to the
form:

(10)

7,=7NK(ML), (11)
where
P2
K(2)= [ 0lp.n) k.
P
(12)

Here for n given refractive indexes 7; reversion is carried
out by optimal parameterization method [5] from following
minimization condition at different

A ; wavelengths:
o 2 .
z [T/li - T/.li] = min

(13)

where 7, is measured characteristics and 7 *; is model one.
As optimization criteria the following functional is used:

n L]
_ Ai A
Flr)=3 | - T |,
i=1' | % 2 max T ) max

(14)

where A, corresponds to maximal 7. It is obvious that
value of this difference doesn’t depend on N and it is only 7,
function. The N value is estimated on formula:

NziTﬂK(rn:,ﬂ,i) iKz(r,;,/li). (15)
i=1 i=1

CALCULATION RESULTS

The initial data of measurements of 7; optical thickness
(also 7 which is transparency) of urban background aerosol
are defined by inclination of Burger curve (InS; dependence
on m) [ 4] (fig.1). Firstly the values of constants b and C of
power distribution are calculated according to these data by
formulas (9) and (10) and the parameter values, r, modal
radius, N nominal concentration of aerosol particles are found
by reversion of 7; by formulas (14), (15).
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Fig.1. Burger mean curves: 1 is 1=0,45 um; 2 is 1=0,5 um ;
3is 0,55 um; 4 is A =0,65um; 5 is 1=0,7 um;
6 is 1=0,85 pm (Baku, 2006-2007 r., August, before
afternoon).

The numerical values of b, C and N parameters are given
in table 1. As it is seen from this table at different A the
estimations of b degree of distribution (1) are very close
between each other and it shows the homogeneity of
polydysperse ~ composition  of  aerosol  particles.
Simultaneously C coefficient connected with particle
concentration slowly decreases at the transition into IR
spectral region. It is obvious that this is connected with
decrease of Mia parameter; the aerosol is more active in
visible spectral region.

Table 1.
The estimations of b, C, (um)’-cm™ and N(cm™)parameters.
A, um 0,45 0,50 0,55 0,65 0,70 0,85 Aver.
B 3,011 3,105 3,008 3,015 3,022 3,032
C+10E-11 3,889 3,475 3,188 2,591 2,460 2,021 2,937
N*10° 9 8 8 5 4 3 7

The particle power distribution
satisfactory described by following function.

dN/Inr = 2,947+, (16)

Here 5,=4,03 degree takes the value attached to urban
aerosol [4]. The curve of logarithmically-normal distribution
(2) for different model aerosol particle sizes is given on fig.3.
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constructed on fig.2 is [Let's compare the influence of choice of two most different

aerosol models (1) and (2) by N. (fig.4) concentration value
and 1,, 75 (puc.5) light diffusion characteristics. The N,
cumulative concentrations of aerosol particles for these
aerosol models defined by data of figures 2 and 3 are given
on fig.4. From this figure it is seen that the main contribution
to concentration give the small particles. In the comparison
with (2) distribution in case of distribution (1) N,
concentration is decreased one and it strongly decreases with
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particle dimension growth. Simultaneously as it follows from
fig.5 in the comparison with measurement values, 7;
calculation values become increased ones but 7
transparency  calculation values become decreased.
According to results of other works [4] the power distribution
can be used for description of narrow interval of aerosol
particle dimensions. This distribution for strong increase of
big particle concentrations with their dimension growth is
used with high accuracy. From comparison of measured and
calculated data of t,, 7, characteristics it follows that
distribution of urban background aerosol best of all is
approximated by logarithmically normal curve.

100000
10000 i
1000 \
100 \
10 \

0,01

dN Jdr, enr®

\

0.4 1

I,

Fig.2.Power dimension distribution of aerosol particles on
table 1 data.
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Fig.3.Logarithmically normal dimension distribution of
aerosol particles: 1is #=0,30.2 is =0,389; 3 is = 0,530.
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ﬁ
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Fig.4. Aerosol cumulative concentration: lis on (1) model; 2-4 is
on (2) model at v=0,7; 2 is r,=0,30 um,
3 is ,=0,389 um, 4-is r,,=0,530 pm.

For Baku conditions the background concentration of
atmospheric aerosol achieves to N =7- 10°cm™ value in the
mean. For pure atmosphere the aerosol concentration doesn’t

exceed N=3,5 - 10° cm™ value in the mean [1,4]. From this it
follows that Baku urban air is always characterized by higher
concentration of background aerosol.

08 r

0.7
06 ¢

05 ¢

-1
Tli’tg‘_, km

04

0.3

e . . . . . .
0.43 0.58 068 0.78

A, pn

Fig. 5. The influence of aerosol model choice on T} transparency
and T, optical thickness in visible region:
experimental data; aerosol model --by formula (2); ---by
formula (1) (Baku, August, before afternoon).

COMPARISON OF EXPERIMENTAL AND
CALCULATED DATA

The comparison of calculated and empirical data of
spectral transparency of aerosol layer over Baku is given in
table 2. For chosen aerosol models the accuracy of calculated
data is least one from violet spectral region.

The difference between empirical and calculated data
decreases with wave length increase at the transition into red
spectral region. It is obvious that this is connected with
revealing of Forbs effects which are amplification of
absorption effects for more short waves of light radiation.

In aerosol particle dimension interval r=(0,1 — 1) um
under consideration the best correspondence of calculated
and empirical data takes place for logarithmically normal
distribution. The accuracy of calculated data for power
distribution doesn’t exceed the accuracy of empirical data.
However, in this case as it follows from fig.4 at calculations
the values of small aerosol particle concentrations increase
and concentration values of more big particles decrease.
From this it follows that power distribution according to
formula (16) is really used for simplifying of calculations of
spectral transparency of urban background aerosol.

Table 2.

Comparison of theoretical and empirical values of spectral transparency of background atmospheric acrosol over Baku

(n=15; N=7-10°cm™; b=3,03)

A um Empirical Calculated (aerosol Difference, % Calculated (aerosol Difference, %
model by (1) formula) model by (2) formula)
0,45 0,623 0,605 2,9 0,641 2,8

17
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0,50 0,651 0,638 2,0 0,664 2,0
0,55 0,679 0,665 2,1 0,685 1.0
0, 65 0,721 0,709 1,7 0,713 1,0
0,70 0,739 0,728 1,5 0,745 0,08
0,85 0,780 0,770 1,3 0,775 0.06

concentration achieves N =7- 10° ¢cm™ and approximately

exceeds the background concentrations of aerosol particles
CONCLUSION out of city condition in 2 times.
3. The background aerosol of Baku atmospheric air is
1. The background aerosol pollution significantly satisfactory approximated by logarithmically normal
influences on Baku atmospheric air transparency the spectral  fynction. The power function with exponent 5=3,03 can be

transparency of which decreases and changes in interval 0,6-  yged to simplify the calculations of background aerosol
0,8 at transition from visible region into neighbor IR spectral  transparency

region.
2. The background level of Baku atmospheric aerosol

[1]1 S.K. Friedlander. Smoke, dust and haze: fundamentals [4] E. Mc Cartney. Optics of The atmosphere. M.: Izd.

of aerosol dynamics. New York, Oxford University «Mir», 1979, c¢.311.

Press, 2000 [S] Distancionniye metodi issledovaniya atmosferi. Pod.
[21 C. P. Jacovides, Michael D. Steven, D. N. red. V.E. Zueva. Novosibirsk, 1980, s.27. (in Russian).

Asimakopoulos. Journal of Applied Meteorology, vol. [6] F.I Ismailov. J. “Fizika”, Baku, 2002, v. VIII, Ne 1,

39, N. 6, p. 917-930. p-47-49.

[3] F.IL Ismailov. J. “Fizika”, Baku, 2003, IX, Ne 2, p. 7-9.
F.i. ismailov

SOHOR HAVASININ SPEKTRAL SOFFAFLIGINA AEROZOL FONUNUN
TOSIiRi HAQQINDA

Baki sohorinin soraitindo atmosfer havasimin aerozol Ortiiyiliniin spektral soffafligi vo sohor aerozolu zarraciklorinin 6lgiilorine goéro
paylanmas arasinda slagolar tadqiq edilir. Sohar aerozolunun modellagdirilmasi ti¢iin iistlii vo logarifmik normal funksiyadan istifads edilir.

®d.U. UcmanyioB

O BJINAHUHN @OHOHOBOTI'O A9P030JI51 HA CIIEKTPAJIBHYIO ITPO3PAYHOCTD
IrorpOACKOI'O BO3JYXA

V3y4aroTcs COOTHOIICHUsSI MEXKIY PACIpPEASICHHEM YacTUIl TOPOJCKOro a’po3oiis MO pa3MepaM M CHEKTPAIbHOW IPO3PauHOCTHIO
a3pO30JIBHOTO CJIOS 3arpsi3HeHUs aTrMoc(epHOro BO3AyXa B YCIOBHAX ropoia baky. Jlins MonenupoBaHHs — TOPOACKOTO a3po30iis
UCIIONIB3YETCS CTENEHHAs M JIOrapu(MUUECKH - HOPMallbHas QyHKIHS.

Received: 24.07. 09
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(CdTe); (SbySes)y BORK MOHLULUNUN FiZiKi XASSOLORI
(x=0.0; 0.5; 1.0+3.0 MOL %)
N.M. ORUCOV, T.M. PONAHOV, A.O. MEHRABOV, [M.Q. SOFOROV

AZ — 1073, A.Sultanova 5, Azarbaycan Memarliq va I'nsaa; Universiteti
1143, Baki, H.Cavid, 33, AMEA Kimya problemlari Institutu

Orintinin bircinsli sahasinden(CdTe asasinda berk mohlullarinin) 200 — 500 K intervalinda elektrofiziki xassalori dyrenilmisdir.
Miioyyan olunmusdur ki, 1,0 vo 3,0 mol% Sb,Ses torkibli niimunalor 350 vo 380K — do kegiricilik igarasino gors inversiyaya moruz qalir.
0,5; 1,0; va 3,0 mol% Sb,Se; torkibli niimunalarin vo CdTe — un 6zliniin Volt — amper va Lyiiks — amper xarakteristikalari 6l¢iilmiigdiir.

Orintilorin elektrofiziki vo fotoelektrik xassolori paralel-
lepiped soklinds miistavi 16vhalords 6lgiilori 2x~5,5+6,2-8 —
9(mm)’ olan qabagcadan cilalanmis vo hamarlanmis niimuno-
lordo apartlmigdir. Elektrofiziki niimunslorin uzunlugu bo-
yunca kristallagma istigamating paralel apartlmisdir.

1) (CdTe), (SbySes)y orintilorinin termo - e.h.q.-nin tod-
qiqi.

Termo - e.h.q.-nin dl¢iilmasi kompensasiya metodu ilo
aparilmis, bels ki, niimunalorin uc hissasina iki eyni xromel -
alyumel termociitlori borkidilmis vo pegin komoyi ilo
niimunonin ucunda olan kontaktlarmn biri ilo temperatur
gradienti 10 - 15K-do yaradilmigdir. Istilik (balansmin) seli-
nin sabit qalmasi {igiin har bir 6l¢gmoadon avval 20 - 30 daqigo
arzindo verilmis temperatur diisgiisiine diqqgot verilmolidir.
Niimunolorin termo - e.h.q.-si amsali otaq temperaturu vo
ondan asagi temperaturda 1,0 vo 3,0 mol % Sb,Se; torkibli
niimunslor kegiricilik isarasine gore uygun olaraq inversiyaya
moruz qalirlar.

Gostorilonlordon basqa niimunslorin termo - e.h.q.-si ilo
temperatur arasinda asililiq oyrilori asirilmis oyrilorlo doyisir.
Belo ki, masalon, 200 + 300K -do ohomiyyatsiz, sona 400K-2
gadoar kaskin azalir, 400 - 450K -do artir.

Orintilorin termo - e.h.q.-si 1,0 va 3,0 mol% Sb,Se; tor-
kibli niimunoalor {igiin, kegiricilik isarasinin inversiyasindan
sonra bir qodar azalaraq, yenidon 430K -no qodar miitloq qiy-

matca artir, sonra iso azalmaga baglayir. Termo - e.h.q.-nin
temperaturundan asililigi, temperaturunun 200K-don ~ 450K-
na gader artmasi zamani termo - e.h.q.-nin zoif azalmasini sii-
but edir. Bu yiiklorin cilizi miqdarinda termoaktiv sopilmo
morkazlorinin amalo golmasini gdstorir.

2) Niimunslorin volt - amper xarakterisitkasi (VAX).

oOrintilorin CdTe asasinda bark mohlul sahasindan 1,0 va
3,0 mol % Sb,Se; torkibli niimunalori vo CdTe -un 6zii ii¢lin
[1]-ds gostarilon metodikaya osason volt - amper xarakteristi-
kast1 6l¢liilmiigdiir.

Miioyyan olunmusdur ki, srintilorin (VAX)-smim xatti
asililig1 10B-a qodordir. (VAX)-1n diizxatli asililigdan meyli

J,=al" (1)

Diisturu ilo toyin olunur. (1)-do n =1g¢c .

Miioyyan olunmusdur ki, tadqiq olunan arintilorin volt —
amper xarakteristikas1 subxattidir. Bu onu gostarir ki, onlarda
qaranliq soviyyaslarin say1 ¢ox azdir.

3) Niimunaloarin liiks - amper xarakteristikasi(LAX)

1,0 vo 3,0 mol % Sb,Se; torkibli niimunoslorin (LAX)-1n
6l¢iilmasi, 1001k isiqlanmada 10B gorginlikde [2]-do gdsto-
rilmis metodika osasinda Olglilmiigdiir. Niimunolorin oasas
isiqtexniki parametrlori dl¢tilmiigdiir. (codval 1).

CdTe ssasinda niimunalarin 300K-da optik xassalori

Torkib, mol% | S-10%, | U, | E, | @105 | 17, A, K-10% | AE,
m> B 1k Im mkA mkm mkA eB

CdTe SbZSe3 -

Im- B
100 - 56 10 | 100 56 16,6 1,0 2,96 1,03
99,5 0,5 51 10 | 100 51 20 0,9 3,92 1,20
99,0 1,0 53,3 10 100 53,3 14,3 0,7 2,68 1,50
97,0 3,0 54 10 100 54 12,5 1,2 2,31 0,98

Molumdur ki, Al BV [3] tipli bir sira yarimkegiricilorin, NOTICO

enerjisi qadagan olunmus zonanin enindon az enerjili foton-
larla hayacanlandirildiqda iki qat qarsiliqlt tosir amolo gatirir
ki, bu da eyni zamanda stimullagdirma yaradir vo foton caro-
yani soniir. Qadagan olunmus zonanin enindon ¢ox enerjili
fotonlardan ibarat isiqla isiqlandirildigda elektron desik ciitii,
geyri osas dastyicilarin konsentrasiyasi vo osas dastyicilar
omols galir. Bu hassasligin atmasina gatirib ¢ixarir. Bu, (tac-
riibi) praktiki olaraq Sb,Se; < 1 mol % - qodor torkibdo bag
verir.

Lokal markazler arasinda va dasiyicilarin sorbast zonalari
arasinda askar hoyacanlanmada bir nego elektron kecidlori
reallasir. Belo ki, belo hoyacanlanmanin tesiri hamisoe bir qiy-
matli olmur.
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1) Bircinsli sahadon (CdTe osasinda bork mohlulun)
200-500K [4] intervalinda elektrofiziki xassolori dyronilmis-
dir.

2) Miioyyon olunmusdur ki, 1,0 vo 3,0 mol % Sb,Se;
torkibli niimunalor, 350 - 380K-do, kegiricilik isarasino goéro
inversiyaya moruz qalirlar.

3) 1,0 vo 3,0 mol % Sb,Se; torkibli niimunslorin vo
CdTe-un 6ziiniin volt - amper va lilks - amper xarakteristika-
lar1 6l¢iilmiisdiir.

4) 1,0 vo 3,0 mol % Sb,Se; torkibinin doyismosinds nii-
munolorin hassaslig1 2,96-dan 2,31 mk4 - 5 qodor dayisir.

Im
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N.M. Orujov, T.M. Panakhov, A.O. Mehrabov,|M.G. Safarov

PHYSICAL PROPERTIES OF SOLID SOLUTIONS (CdTe);., (Sb,Ses3)
(x=0.0; 0.5; 1.0=3.0 mol%)

Electro-physical properties of alloys from homogeneity region (solid solutions based on CdTe) to 200-500K region are studied. It is
established that samples containing 1.0 and 3.0 mole % Sb,Se; at 350 and 380 K are exposed to inversion of the conductivity sign. Volt-
ampere and lux-ampere characteristics of samples containing 0.5; 1.0;and 3.0 mole% of Sb,Se; and CdTe itself are taken.

H.M. Opyn:xeB, T.M. [Ianaxos, A.O. Mexpa6os, M. I'.Cadapos

®OU3UNYECKHUE CBOMCTBA TBEPIBIX PACTBOPOB (CdTe), (Sh,Se;)
(x=0.0; 0.5; 1.0=3.0 mol%)

Wzydens! anexTpodu3nvecKkue CBOMCTBA CIUIABOB U3 00JAaCTH OJHOPOIHOCTH (TBEpABIX pacTBOpoB Ha ocHoBe Cd Te) B obmactu 200 —
500 K. YcranosneHo, uto obpa3usl cogepkamue 1,0 u 3,0mon% Sb,Se; mpu 350 u 380 K moxsepratorcst HHBEpCHM 3HaKa MPOBOAUMOCTH.
CHSTBI BOJIBT — aMIIEPHBIE H JIFOKC — aMIIEPHBIC XapaKTepUCTHKU 00pa3mos, coxepxkamux 0,5; 1,0 u 3,0 mon% Sb,Se; u camoro Cd Te.

Received: 08.07.09
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THERMODYNAMIC PROPERTIES OF TISnSe; AND TL,SnSe; COMPOUNDS

I.A. ALIYEV, K.A. ASKEROVA, S.D. ABDULLAYEVA, N.A. ALIYEVA, A\ A. MAGERRAMOV
Institute of Physics of Azerbaijan Academy of Sciences
Baku,,H.Javid ave., 33

The temperature and concentration dependences of electromotive force (E.M.F.) for alloys of SnSe — TISe system have been investigated
in temperature interval 300-420K. The values of Gibbs energy, enthalpy and entropy of compound formation of TISnSe, and TI,SnSe;
compositions have been calculated from temperature dependence equation of E.M.F. The absolute entropies and enthalpies of phase
atomization characterizing the chemical bond strength have been also obtained.

The state diagram of TISe-SnSe system is characterized
by compounds of TISnSe, and T1,SnSe; compositions (fig.1)
which are semiconductors [1].

700

600
500
400

300
SnSe

u+TISnSe,

i LT1Sn5e Tl SnSe,

40
mol%
Fig.1. State diagram of SnSe — TISe system

20 0

The method of thermoelectromotive forces (E.M.F.) the
p[principal foundations of which is described in work [2] has
been chosen by us for investigation of above mentioned
thermodynamic properties. E.F.M of electrochemical chains
which are concentration ones with respect to electrodes at
300+420K are measured

{~}TITICLKCI, glycerol|[(TISe)(SnSe)i] {+}

where x is mole fraction of T1Se in the alloy. The electrolyte
is the dehydrated sweet solution of potassium chloride
(4weight%) and thallium chloride (0,1weight%).

The investigations are carried out in the correspondence
with state diagram within the separate phase fields. The
samples for experiment are prepared by the allowing of
thallium and tin selenides previously synthesized from
elementary components (thallium, selenium, tin) in the quartz
ampoules evacuated up to residual pressure 10 millimeter of
mercury during 8 hours at temperature 900+-1000K. After
synthesis the samples are treated by annealing during 100
hours at 600K. The electrodes are prepared by pressing of
powders of investigated samples.

The measured dependence E.M.F on the composition
confirms the state diagram constructed earlier by DTA and
DTPh methods and microhardness measurements [1]. The

21

E.M.F. data collection for each heterogeneous region is
processed simultaneously and then the equations of E.M.F.
dependence on temperature are worked out (fig.2 and 3).

E mv] 2 o .
[
300 =
.
L] ™ * »
.
200 = ® - 55 mol® SnSe
*-60 2 8
&-TD # #
- 80 # 4§
o-90 # o
100 I M
a00 asn 400

Fig.2. The dependence of E.M.F. on temperature of SnSe — TlSe
system alloys.

E mv
a0}
—t—
soof i
'
: T= 350K
200} I-
-——w
100% 50 700
mol % SnSe

Fig.3. The concentration dependence of E.F.M. on temperature
of SnSe — TISe system alloys.

The method of least quadrates [3] is used at experiment
data processing.

The experimental results of temperature dependence of
E.M.F. for each heterogeneous region of system state
diagram are given in the table 1.
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Table 1.
Experimental dependence £ = f(T)
Phase region Temperature interval K Potential generating E=fT),V
reaction

SnSe — TISnSe, 300 — 420 TISe + SnSe = TISnSe, (0,3741-0,096'T -107)

+£410°
TISnSe, — TISnSe; 300 — 420 TISe + TISnSe, = TLSnSe; | (0,3067-0,1023-T-107)

£4-10°

The sequential combining of E=f(7) equations and
application of known relations of thermodynamics:

AG’ = - Z-F-E,  AS’ = zF-(dE/dT)p,

AH’ = zF-[(dE/dT)p] — E |

allow us to calculate the standard thermodynamic
forming functions of triple compound TISnSe, and T1,SnSe;
from elements in hard state. The necessary reference data are
taken from [4-7]. The values of Gibbs energy, enthalpy and
entropy of formation and also values of atom formation heat
of TISnSe, and T1,SnSe; triple compounds are presented in
table2.

Table 2
Thermodynamic formation functions of TISnSe; and T1,SnSe; compounds at 298K
-4G” | - 4H° | aH™ [ -45" | &
Compound kJ/mol J/mol- K
TISnSe, 124,36+1,42 | 127,91+14,11 | 982.6 9,37+2,62 183,66+2,62
T1,SnSe; 151,07+1,70 | 157,08+17,20 | 1379,3 | 19,23+4,18 | 280,39+4,18

CONCLUSION I

The thermodynamic investigations of SnSe — T1Se system
is carried out by E.F.M. measuring method of concentration
electrochemical chains and its state diagram is proved. The

data on Gibbs energy, enthalpy and entropy of formation,
absolute atom formation entropy and enthalpy characterizing
the of chemical bond strength for T1SnSe, and T1,SnSe; triple
compounds are obtained.

[1]1 D.R. Spitzer. J. Phys. Chem. Sol., 1970,v. 31, Nel, p.19-40.
[2] Ya.l Gerasimov, A.V. Nikolskaya, V.A. Geyderikh, A.S.
Abbasov, R.A. Vecher. V. sb. «Khimicheskiye svyaz v
poluprovodnikakh i tverdikh telakh», Minsk, «Nauka i
tekhnikay, 1965, str. 113-121. (in Russian).

V.V. Nalimov. «Primeneniye matematicheskoy statistiki
pri analize veshshestva», Moskva, «Nauka», 1960, 273
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K.S. Mills. Termodynamic data for inorganic sulfides,
selenides and tellurides”, London, Batterwords, 1974
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[5] Spravochnik «Termodinamicheskiye konstanti
veshshestv», pod. red. V.P. Glushko, t.VII, Moskva,
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O. Kubashevskiy, E. Evans. «Termokhimiya v B
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(6]
(7]

i.o. Oliyev, K.A. Oskarova, S.D. Abdullayeva, N.A. 9liyeva, A.9. Maharromov

TISnSe, VO TL,SnSe; BIRLOSMOLORIN TERMODINAMIK XOSSOLORI

[k dof> olaraq SnSe — TISe sistemindo Elektrik Horokat Qiivvasinin temperaturdan (300-420K) vo qatiligdan asililigi dyronilmisdir.
T1SnSe, vo T1,SnSe; birlogsmalorin eamals golms Qibbs enerjisi, entalpiyasi, atomizasiya enerjist hesablanmigdir.

H.A. Anues, K.A. AckepoBa, C.JI. AdaynnaeBa, H.A. AnneBa, A.A. MareppamoB

TEPMOJIJMHAMMYECKHWE CBOMCTBA COEJJMUHEHUM TISnSe, U TL,SnSe;

B unrepBane temmepatyp 300-420K momydeHsl maHHBIE TO TEMIIEPaTYypHOW M KOHIGHTpalMoHHOW 3aBucumoctedr D.J[.C. crmmaBoB

CHCTEMBbI

SnSe — TISe. U3 ypaBHeHus TemmeparypHoil 3aBucumoctu 3.J].C. paccunTanbl

3Ha4YeHUs dHepruu ['mbOca, SHTANBIUU U

SHTpONHH 00pa3oBaHus coenuHeHuin coctaBoB TISnSe, u T1,SnSe; OnpenencHbl Takke aOCOMOTHBIC SHTPOIIMH W SHTAIBIIAN ATOMH3ALUI

(a3, xapakTepu3yIoue IPOYHOCTE XUMHUIECKOH CBSI3N.
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THE HEAT CAPACITY AND PHASE TRANSITION IN CoFe;Ses CRYSTALS

AM. ABDULLAYEYV, E.M. KERIMOVA, A.K. ZAMANOVA
H.M. Abdullayev Institute of Physics of Azerbaijan NAS
AZ 1143, Baku, H. Javid ave., 33

The heat capacity of CoFe,Se, crystals in interval 55-300K is investigated. The C,(7) dependence reveals the anomaly showing on the
presence of ferromagnetic phase transition in interval 108-135K. The anomaly maximum value is at 7,=128K temperature. The values of AQ

AS
energy and AS entropy of phase transition, the coefficients of thermodynamic potential are obtained. The small value ? = 0,22 testifies to

the effect that this transition is to transitions of displacement type. The behavior of anomalous heat capacity near 7, is satisfactory described

by Landau’s theory of phase transitions.

The neutron diffraction studies [1] show that CoFe,Se, is
ferromagnetic compound with Curie temperature 7, = 125K
which has the monoclinic structure (space group

Cym= th) with M;oX,-type of ordered vacancy (O is

vacancy). The superstructure CoFe,Se,
corresponds to NiAs lattice type.

The heat capacity of CoFe,Ses in interval 55-300K is
investigated in the present paper. The semi-crystal samples of
CoFe,Ses are synthesized by melting of corresponding
components in evacuated quartz ampoules. The X-ray
structure analysis allows us to define the nature of
homogeneous phase and lattice parameters of CoFe,Sey
samples at investigation ¢=0,615 nm, 5#=0,355nm, ¢=1,095
nm and $=91°55' which coincide with data [1].

The heat capacity of CoFe,Se, crystals is measured on
adiabatic calorimeter installation used earlier in [2]. The
absolute error in temperature definition is £0,01 K. The
relative error in heat capacity definition at 7>50K doesn’t
exceed 0,3%.

vacancy in

B cessemeererTerTt -
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A -
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£ ) :
= . = 180
r] . £ V :
: o . ;
O wf . K ¢
. 125
100 110 120 130 140
T K
T
‘LC
50 ) , | | |
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Fig. 1. C,(T) dependence for CoFe,Se,.

The investigation results of heat capacity of CoFe,Se,
crystals are presented on fig.1. As it is seen from fig.1, C,(T)
dependence reveals the anomaly showing on the presence of
ferromagnetic phase transition in 108-135K interval [1]. The
anomaly maximum value is at temperature 7,~128K.

The excess heat capacity exists higher than 7, in interval
128-135K in symmetric phase. The extrapolation C,(T) (the
dotted line on fig.1) in 108-135K is carried out with the help

23

of approximation by cubic splines and the regular (AC,,) and
anomalous (AC,) deposits of heat capacity (fig.1) are divided
where AC,= C,- C, that allows us to define and analyze the
phase transition characteristics of CoFe,Se; crystal. The
anomaly value in 7. region is 19% of its regular part.

The changes of (AQ) energy and (AS) entropy connected
with phase transition are defined by the integration of cubic
AC,(T)

interpolated  AC,(T)  and splines  and

correspondingly in 108-135K interval. The AQ and AS
AS

values are presented in the table. The small value — = 0,22
R

testifies to the effect that this transition is to transitions of
displacement type.

The series of character peculiarities: the small jump at 7,
and anomaly which is asymmetric one relatively to transition
temperature, is revealed on temperature dependence of heat
capacity of CoFe,Se4near T, is revealed. The phase transition
at T, can be considered as the transition of I type.

These peculiarities are probably connected with the fact
that CoFe,Se, has the defect structure and vacancies can
appear in both metal sublattices (Co or Fe). In [1] it is
established that the one half of Fe atoms are in free planes
(001) whereas the other Fe atoms and Co atoms are
statistically distributed in filled planes. Using this fact as
foundation, the cation distribution in CoFe,Se; can be

presented as Fe’*[Co’"Fe’*]Se; . However, the opportunity

of this fact, that bivalent iron ions (Fe®") are also presented in
CoFe,Se, towards Fe’ *, can’t be excluded.

The simultaneous presence of three different ions (Fe*',
Fe’" and Co®") in CoFe,Se; makes difficult the nature of
magnetic exchange, in sublattices and between them and
probably causes the appearance of magnetocrystalline
anisotropy. Thus the fuzzy character of magnetic phase
transition in CoFe,Se; is connected with spontaneous
magnetostrictive strain caused by defects and Co*", Fe*" Fe® *
ions also [1].

In transition point region at 7. close to critical one the
thermodynamic potential can be expanded into power series
over order parameter by the following formula [3]:

O=0,+An’ +Bn’ +Dn’, (1)
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where A= a(T - Tk) Here for phase transition of II type.
The transition temperature 7, and stability threshold 7} in this
case are identical ones, i.e. T.= T} [3].

The minimization of thermodynamic potential for excess
heat capacity in low-symmetric phase is:

2
AC = aT

" 2B -34D

-2
AC
Transforming this formula one can show [4] that ( L )
T

value at temperature lower than 7, is temperature function of
the following type:

AC, |  _ 4B’ 12D

\
T a’ a’

T.-T) @)

T

presented on fig.2, it is linear in 122-127,5K interval, i.e. up
to 7. that shows on absence of significant contribution of
correlative effects to heat capacity. From equation (2) we
obtain the two relations between coefficients of equation (1)
which are presented in table.

-2
ACp )
The dependence on 7T for CoFe,Se, is

60
N—
o]
E .l
¢
o
‘=
o T 4o
-
OQ 30F
= -
~— -1‘_
|
2 . ‘ ;
122 124 126 128
T, K
-2
AC,
Fig. 2. Temperature dependence | —— for CoFe,Se,.
T

Thus we can make the following conclusions on the base
of experimental data analysis on heat capacity of CoFe,Se;:

1) The phase transition at 7. 128K is revealed;

2) Small entropy change characterizes it as the transition
of displacement type;

3) The behavior of anomalous heat capacity near 7, is
satisfactory described by Landau theory of phase transitions.

2 3 2
AQ,L AS, J AiS a” J a7’ J
mol mol-K| R B’ mol-K?>| D’ mol’- K’
227 1,84 0,22 0,516 16

[11 B. Lambert-Andron, G. Berodias, D. Babot. ] Physics
Chem Solids. vol. 33, no. 1, pp. 87-94. Jan. 1972.

[2] A.M. Abdullayev, E.M. Kerimova, A.K. Zamanova.
Neorganocheskiye materiali. 1994, t. 30, M 7, s. 887 —
890. (in Russian)

[3] L.D. Landau, E.M. Lifshic. Teoreticheskaya fizika. T.
V. Statisticheskaya fizika. Ch. 1. M.: Nauka, 1976.
583 s. (in Russian)

[4] K.S. Aleksandrov, IN. Flerov. FTT. 1979. t. 21. Ne 2.
s. 327 - 336.(in Russian)

A.M. Abdullayev, E.M. Korimova, A.K. Zamanova
CoFe,Se, KRISTALINDA iSTILiK TUTUMU VO FAZA KECIDi

Indiki isde CoFe,Se, kristalimn istilik tutumu 55-300K intervalinda todqiq edilmisdir. Cy(T) asiiliginin 108-135K intervalinda
ferromaqnit faza kecidinin mévcud olmasint gostoran anomaliya askar olunur. Anomaliyanin maksimal qiymati 7,~#128K temperaturunda
yerlosir. Enerjinin AQ vs entropiyanin AS doyismalori, termodinamik potensialin omsallari toyin olunmugdur. AS _ 0.22 kigik giymati bu

z Y

kecidin yerini doyisma tipina aid oldugunu gostorir. 7, yaxinlhiginda istilik tutumunun anomaliyasinin 6ziinii aparmast Landaunun faza
kecidlor nozariyyasi ilo gonastbaxs tasvir edilir.

A.M. Adayaiaes, J.M. Kepumosa, A.K. 3amanoBa
TEINIOEMKOCTH U ®A30BBIN ITEPEXO/] B KPUCTAJIJIAX CoFe,Se,

B Hacrosimieli paboTe uccienosana tennoeMkocTs kpucramioB CoFe,Se, B unrepsane 55-300K. 3asucumocts C,(T) 0OHapyXHBaeT B
naTepBane 108—135K anomanuio, yka3pIBalonIyto Ha HaIM4ne GeppoMarHUTHOTO (a30BOro mepexona. MakcuManbHOE 3HAUCHHE aHOMAITUH
nHaxoautes npu temneparype 7,~128K. Omnpenenensl n3menenust AQ sueprud u AS sHTponuu (a3oBoro nepexoja, KodpdUuneHTs Tep-

MOJIMHAMHYECKOTO oTeHMana. Manas pemuunna A5 — ().22 YKa3bIBaeT Ha TO, YTO 3TOT HEPEXOJ] OTHOCUTCA K IIEPEXO0aM THIA CMELICHUS.
B
R
[loBeneHne aHOMaJIEHOH TEIIOEMKOCTH BONU3HU 7, yAOBIECTBOPUTEIHHO OMUCHIBACTCS TEOpUEH (a30BhIX mepexonoB Jlanmay.

Received:17.07 .09
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STRENGTH PROPERTIES OF THE COMPOSITS ON THE BASE OF POLYVINYLIDENE
FLUORIDE AND EUROPIUM COMPLEXES

M. A. RAMAZANOV
Baku Sate University, AZ-1148, Z.Khalilov str., 23

A.R. SADIGOVA, S.A. ABASOV
Institute of Physics of ANAS, Baku, AZ-1143, H.Javid ave., 33

The mechanical and electrical strengths of the composites on the base of polyvinylidene fluoride (PVDF) and EuR,y and EuRjy
europium complexes are investigated in this work. It is established that ¢ mechanical strength takes maximal value for PVDF+EuR3,
composite at 5% EuRj34 composition and for PVDF+EuR,y composite at 7%EuR,y one. It is shown that the electric strength for both
composites with the growth of complex increase decreases with further approximation to saturation.

The composite materials prepared on the base of
polymers and rare-earth element complexes can be used in
different devices (gauges, transformers and etc.).

In the given work the mechanical and electric densities
of composites prepared on the basis of polyvinylidene
fluoride (PVDF) and EuR,y and EuRj;4 europium complexes.

The powder mixes of PVDF, EuR,y and EuRj, in
different component relations produced and later
PVDF+EuRyy and PVDF+EuRj34 composites in film form
with further cooling are obtained from these mixes by the hot
compression method at melting point of polymer matrix
under pressure 15NPa during 10 minutes. The cooling is
carried out by putting of produced films in mixture ice-water
with velocity 30 degree/min.

The o mechanical strength on tension and E electric
strength produced composite samples are defined on
techniques described in monographs [1] and [2]. The o
mechanical strength and E electric strength are measured at
room temperature.

The dependencies of composite mechanical strength o
produced on PVDF basis and EuR,y and EuRj3, europium
complexes on complex content are given on fig.1.

It is seen that n both cases the composite mechanical
strength increases up to definite value with increase of F
complexes moreover if o maximum value in EuR;, complex
case corresponds to 5% content then in EuR,9 complex case it
corresponds to 7%.

ag -
[]

—

1

T, JuFPa

5 4

0
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F

2 4 s &

Fig.1. The dependences of composite mechanical strength
PVDF + EuRy9 and PVDF + EuRj;4 on complex content:
1. PVDF+ EuRyo, 2. PVDF+ EuRj,.
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The E composite electric strength dependences of
PVDF+ EuR,y and PVDF+ EuR34 on F europium complex
percentage composition are presented on fig.2. As it is seen
in both cases the composite electric strength decreases with
further approximation to saturation with increase of F
content.

The increase of PVDF+EuR,y PVDF+ EuRj, composite
mechanical strength observed by us, is explained by well
distribution degree of europium complexes in polymer matrix
[3].

From plots presented on fig.l it is also seen that o
mechanical strength of PVDF+EuR,y and PVDF+ EuRj4
composite materials in the dependence on F europium
complex content changes very difficultly and it especially if
at 3% and 5% for PVDF+ EuRj3; more than o for
PVDF+EuR, then at 7% vice versa o for PVDF+ EuRy
more than o for PVDF+ EuRss. However at 10% of both
additions o of both composites almost coincide.
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Fig.2. The dependences of composite mechanical strength
on europium complex percentage composition:
1. PVDF+ EuRyy, 2. PVDF+ EuRj,.

As it seen from plots given on fig.2, the E electric
strength of PVDF+ EuR3, composite at 1%, 3%, 5% contents
of EuRj3; europium complexes is more than E for
PVDF+EuRyy composites at 1%, 3%, 5% contents of
europium complexes EuRy. However at 7% the both
additions of both composites also coincide.
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[11 V.R Regd, Al. Sucker, E.E. Tomashevskiy. Kineti- [3] AK. Mikitayev, AAA. Kladzhian, O.B. Lednov, M.A.
cheskaya priroda prochnosti tverdikh tel. M. Nauka, Mikitayev. Nanokompozitniye polimerniye materiali
1974, 560 s. (in Russian). na osnove organoglin. Elektronniy jurnal «Issledo-

[2] M.A. Bagirov, V.P. Malin, SA. Abasov. Vozdeystviye vano v Rossii», 2004, s.912-922. (in Russian).
elektricheskikh razryadov na polimerniye dielektriki.

Baku, Elm, 1975, 168 s. (in Russian).

M. O. Ramazanov, A.R. Sadiqova, S.A. Abasov

POLIiVINILIDENFTORID VO YEVROPININ KOMPLEKSLORI O9SASINDA ALINMIS KOMPOZITLORIN
MOHKOMLIK XASSOLORI

Isdo polivinilidenftorid (PVDF) va yevropinin EuR,, vo EuRj,; komplekslori asasinda almms kompozitlorin mexaniki vo elektrik
mohkamliklori tadqiq edilmigdir. Miioyyan edilmisdir ki, o mexaniki méhkomliyinin maksimal qiymati PVDF+EuR34 kompoziti {igiin EuR34

kompleksinin 5% miqdarinda, PVDF+EuRyy kompoziti ii¢lin iso EuR,y kompleksinin 7% miqdarinda alinir. Gostorilmisdir ki, hor iki
kompozit ii¢lin komplekslorin miqdari artdiqca onlarin elektrik méhkomliklori azalir vo doyma halina yaxinlasir.

M. A. Pamazanos, A. P. CagbixoBa, C. A. AbacoB

IMPOYHOCTHBIE CBOMCTBA KOMIIO3UTOB HA OCHOBE IMOJIMBUHUJIUJIEHFTOPUIA U
KOMILJIEKCOB EBPOIIUIA

B pabote uccrieoBaHbl MEXaHUUYECKAsh W DIICKTPUUECKAsl MPOYHOCTH KOMIIO3UTOB Ha OcHOBe mnojmBuHIIHIcHGTOpuna ([IBAD) u
komIuiekcoB eBponuii EuR,g 1 EuR3y. YcTaHOBJIEHO, 4TO MEXaHHUECKasi MPOYHOCTh G MaKCUMAIIbHO YBEIMYMBACTCS B ClIyyac KOMITO3HMTA
MBA®+EuR;, npu coaepkannu 5% EuRjy, a B ciyuae komnosuta [IBJI®+ EuR,9 nipu comeprxanuu 7% EuR,g . [Tokazano, uto mist 06oux
KOMITO3UTOB C POCTOM COJEPIKaHHUsI KOMILUICKCOB JICKTPUYECKast IPOYHOCTh YMEHBIIASTCS C JATbHEHIIINM [TPUOIHKEHAEM K HACHILICHHIO.

Received: 16.06 .09

26



FiZziKA

2009

CiLD XV Ne4

KINETICS OF IV—III POLYMORPHOUS TRANSFORMATION IN Rby 95Cs¢,0sNO3
SINGLE CRYSTALS

V.I. NASIROV, U.G. ASADOV, A.F. HAZIYEVA, F.G.MAGERRAMOVA
H.M. Abdullayev Institute of Physics of the NAS of Azerbaijan
Az-1143, Baku, H. Javid ave., 33

The crystal growth velocity of III-modification on temperature at IV—II transformation in Rbg¢sCs,0sNO; single crystals is measured
by optical microscopy. It is shown that crystal growth velocity of III-modification in the dependence on temperature at empiric formula v=(-
0.49AT+0.563AT2-0.001SATZ)'10'2cm/sec where AT=T,,,,s+Ty. The activation energy of transformation process [V—III which is equal to

E=23,72 kcal/mol has been calculated.

It is known that four rubidium nitrate and two cesium  structural data of separate modifications and their
nitrate different modifications are established in temperature  temperature intervals of are given in table 1.
interval from room temperature up to melting point. The
Table 1
Structural data of modifications of rubidium and cesium nitrates and their temperature intervals of existence
Lattice parameters Temperature
Substance | Modification | Symmetry Space 1n§erva1 of Reference
group existence,
a,A | b,A| ¢ A T,K
I Cubic 732 Fm3m 564-587 [1]
bNO 11 Rhombohedral 5,48 10,71 | R3m 492-564 [2]
RbNO;, il Cubic 435 Fm3m 437-492 3]
v Rhombohedral 10,48 7,45 P34 Less than 437 [4]
CsNO 1 Rhombohedral 10,87 7,76 P3/m 434-687 [5]
3 II Cubic 8,98 Pa3 Less than 434 [6]

The investigation results of morphology and crystal
growth kinetics at polymorphous transformations in rubidium
and cesium nitrates are given in works [7,8]. On the base of
obtained data the new modification in investigated crystals
has been revealed. As a result of investigations the
community of crystal growth mechanism of new modification
inside matrix one in rubidium and cesium nitrates.

According data [9] at enough high pressures the high-
temperature phases I and II of rubidium nitrates disappear
and III phase stays as a high-temperature one. Thus I and II
phases disappear from solid solutions of cesium nitrate in
rubidium nitrate at cesium salt concentration ~25mol% [10].

We are planning the series of investigations on
morphology and kinetics of crystal growth for revealing of
mechanism of polymorphous transformations in solid
solutions of cesium nitrate in rubidium nitrate and the present
work is dedicated to the one of such problems. This work is
dedicated to investigation of kinetics of crystal growth of III-
modification as temperature function at IV—III
transformation in Rbyg 9sCsg,0sNOs.

The crystal growth velocity of IlI-modification inside
crystal of [V-modification is measured on the same face (hkl)
of growing crystal by technique given in [11], i.e. the
measurement of growth velocity is carried out at different
temperatures on chosen regions in the same crystal of
1-0,5-10 dimension. The heating furnace is tightly closed by
heat-insulated cap, thus the crystal is in temperature-
controlled state. The crystal temperature is measured by
thermocouple the junction of which is on crystal surface. The
measurement accuracy at 100K is ~0,5K.

27

The region of length 1mm is isolated in crystal with help
of graticule. After velocity measurement on the one of
microscopes at 7,=T)+AT; temperature the sample is
transferred on heating table of other microscope having the
temperature 7,=Ty+AT, where AT,>AT,. Here T, is
equilibrium temperature between III and IV modifications;
AT is temperature of transformation delay. The equilibrium
temperature between crystals of IV and III modifications is
T7=397K. Thus, the velocity of the one and the same crystal
face of III modification is measured continuously on the one
and the same crystal at IV—III transformation. The obtained
experimental data are given in table 2.

107 smisek
8 -

FA

LY
A2
0 2 4 E 3 10 12
AT K

Fig. 1. ® is empiric data, A is experimental data
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Experimental data obtained from four crystals and treated
with the help of methods of least squares, give the functional
dependence of crystal growth velocity of III modification on
temperature in the form:

0= (-0,49AT+0,563AT*-0,0018AT’)- 107 cm/sec

where AT=T,,,,:-Ty. The plots of crystal growth velocity of 11
modification on temperature constructed on experimental
data and data of given empiric formula, are shown on fig.1.

Table 2.
The measuring results of crystal growth velocity of 11
modification at polymorphous transformation IV—III in

Rby.05C80,0sNOs.
AT, K | Demp 107 U exp 107

cm/sec cm/sec
1 0,071 0,064
2 1,26 0,98
3 3,55 3,65
4 6,93 5,64
5 11,4 12,4
6 16,9 16,8
7 23,5 222
8 31,2 32,5
9 39,8 393
10 49,6 46,7
11 60,3 58,5
12 72,1 71,6

As it is seen from table 2 at AT=1K the crystal growth
velocity value of III modification at [V—III transformation is
extremely small. The crystal growth velocity of III
modification increases with temperature growth.

According data [7] at AT=5K in rubidium nitrate the
crystal growth velocity of III modification is v=2,46 cm/sec,
but in our case is v=11,4cm/sec. This proves the fact that the
partial exchange of Rb'" ions in rubidium nitrate by cesium
jons Cs'* leads to increase of values of crystal growth
velocity of III modification at IV—III transformation.

Experimental data are well described by the formula
obtained by M. Folmer [10] in suppositionthat the growth of
two-dimensional germs appearing on crystal edge takes place
by the way od continulos attachment of separate atoms or
molecules:

k3
T,AT

o=k, exp(—*2 jep LK),
T()

where k; can be accepted as independent one on
temperature in first approximation and is equal to x;=Bvd (v
is molecule oscillation frequency, d is interatomic space, B is
molecule number transferring from matrix material on

growing crystal surface £, :E is constant taking into

consideration the energy threshold for molecule transferring
from matrix crystal on the surface of growing modification,
k; is formation work of two-dimension germ of new
modification, T} is equilibrium temperature. From fig.2 it is

seen that Inv dependence on

presents itself the linear
0

function, i.e. experimental points are on the direct line.

0

Inw

[
T/T AT #1074

Fig.2. The Inv dependence on at [IV—>III

T,AT

transformation in Rby 95Cs,0sNO5.

From direct lines we founds the x, and x; values which are

equal to 10508 degree u 4491,7 degree” and activation energy
of transformation process IV—III for Rby5Cs,0sNO; which
is equal to 20,8 kcal/mol.
For comparison let’s note that activation energy of IV—III
transformation in rubidium nitrate is £=23,72 kcal/mol, i.e.
the partial exchange of Rb'" ions in rubidium nitrate by Cs'"
ions leads to decrease of activation energy of polymorphous
transformation.

[11 R.N. Brown, A.C. McLaren. Acta. Cryst., 1962, v.15,
p.977.

[2] R.N. Brown, A.C. McLaren. Proc.Roy.Soc., 1962, A
266, p.239.

[3] U. Korhonen. Ann. Acad. Sci. Fennical., 1951, Al,
p.37.

[4] L. Pauling, J. Sherman. Z. Kristallogr. Kristalgeom.,
1933, v.84,p.213

[S] C. Finback, O. Hassel. Z. Physik., 1937, v.5, p. 460.

[6] U. Korhonen. Ann. Acad. Sci. Fennical, 1953, Al,

p.150.

28

[7]
[8]

Ch.M. Alekperov, V.I. Nasirov, Yu. G. Asadov. 1990,
Preprint Ne4. IFAN Azerb. s.38. (in Russian).

V.1 Nasirov. 1zs.Ped. Univers., 1990, Nel, s.102. (in
Russian).

B. Cleaver, J.F. Williams. J. Phys. Chem. Solids, 1968,
v.29, p.877.

E.C. Schlemper, W.C. Hamilton. J.Chem. Phys, 1966,
v.45, 408(b), p.4498.

Yu.G. Asadov, V.I. Nasirov. Kristallografiya. 1972, t.5,
$.991. (in Russian).

[10]

[11]



KINETICS OF 1IV—I111 POLYMORPHOUS TRANSFORMATION IN Rby5Cs¢0sNO3; SINGLE CRYSTALS

V.i. Nasirov, Y.Q. 9sadov, A.F. Haziyeva, F.Q.Maharramova

Rby 95Cs0sNO; MONOKRISTALLARINDA IV—III POLIMORF CEVRILMONIN KiNETIiKASI

Optik mikroskop vasitosilo RbgsCsgosNO; monokristallarinda IV—III polimorf ¢evrilmo zamani III-modifikasiya kristalinin
temperaturdan asili olaraq boylims siirati 6l¢lilmiigdiir. Miisyyan edilmigdir ki, IV—III ¢evrilmo zamani [1I-modifikasiya kristalinin béyiima
stirotinin temperatur asililigi v=(-0,49AT 10,563AT%-0,0018A T 3)-10‘zsm/san, empirik diisturu ilo ifado oluna bilor. Burada AT=T,-T,-dir.
IV—III ¢evrilmonin aktivlosms enerjisi hesablanmis vo £=23,72 kkal/mol alinmigdir.

B.W. Hacupos, FO.I'. AcagoB, A.F.Xa3ueBa, ®.I'. MareppamoBa
KAHETHUKA MMOJJUMOP®HBIX MPEBPAIIIEHUI IV—IIT B RbgosCsg0sNO; MOHOKPUCTAJIJIAX

MeTosoM ONTHYECKOW MHUKPOCKOIHM H3MEpeHa CKOpPOCTh pocta KpucTtawioB III-Moandukaiuu oT TemmepaTtypbl OpU NpeBpallieHHN
IV—III B morOKpHCcTammax Rbg ¢sCsg,0sNO;, ITokazano, aTo ckopocTs pocta kpuctamioB III-monudukanum B 3aBECHMOCTH OT TEMIIEPaTyphI
npn mpespamennn 1V—II omuceiBaeTcst sMmuprueckoii  hopmymoit  v=(-0,49AT+0,563AT>-0,0018AT%)-10%cm/cek., tae AT: =T,p+T).
Brrunciena sHeprus aktuBanuu nporecca [V—III npeBpamenus, kotopast paBHa £=23,72 Kkai/MoJb.
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X-RAY INVESTIGATION OF Bi,;Tes;-Bi,Se; <Tb> AND Bi,Te;-Bi,Se; <CI> FILMS

N.M. ABDULLAYEV
H.M. Abdullayev Institute of Physics of the NAS of Azerbaijan
Az-1143, Baku, H. Javid ave., 33

The formation of new phase doesn’t take place at annealing of Bi,Te;-Bi,Se;<Tb> u Bi,Tes-BiySe;<CIl> up to ~500K real increase of
microparticle dimensions, any structural reconstructions, the polycrystalline structure is observed at film annealing. The calculations of
interplanar spacings show that structure becomes strength at film annealing.

INTRODUCTION

The alternative power enginnering nowadays takes the big
interest in film thermoelectric generators and also the infrared

detector demand increases. The thermoelements and
thermobatteries coated on substrates by the vacuum
condensation method with the use of masks ans

photolitographic processing [1] are used in such receivers.

It is known that monocrystalline films with complex
technology of their production loose their properties in due
course in exploitation process. The change of dispersion
parameter in comparison with dispersion which is character
for these compositions in volume crystals =0 ( the distance
on acoustic photons) clearly reveals in Bi;Te,;Sepy small-
grained films evaporated on amorphous substrate [1]. The
amorphous films have some lowered characteristics than
polycrystalline ones. The Bi,Te; lattice parameters have the
some change in both at inclination from stoichiometric
content and at impurity introduction. Bi,Te; transits into
another phase having the hexagonal lattice but belonging to
space group Rj3, [2] at hydrostatic pressure 40 kbar and
temperatures higher than 700K.

The substrate temperature should be in optimal interval for
obtaining of qualitative film. X-ray investigation of thin films
is carried by Frankombe and Semiletov. At film investigation
the temperature of (glass) substrate at which the film forms
corresponding to Bi,Te; content has been defined. The strong
inclination from Bi,Te; content begins at increase of £,
higher than 500K [2]. The extremely low temperature of
substrate opposes to equilibrium distribution of adsorbed
atoms; they group in “islands” of different thickness. Vice
versa, the extremely high temperature of substrate leads to
separation of just lead-down atoms their revaporation [3].

The task of X-ray investigation of system Bi,Te;-Bi,Se;
polycrystalline film with terbium and chlorine impurities
obtained by the method of hot wall before and after annealing
has been established by us with the aim of improvement of
thermoelement physical properties because of decrease of
their geometric sizes of polycrystalline materials evaporated
on amorphous substrate.

INVESTIGATION TECHNIQUE

The investigated films Bi,Te; Bi,Te;-Bi,Se;<Tb> and
Bi,Tes-Bi,Se; <CI> with optimal thickness 50-150nm
prepared by evaporation of synthesized substances in BYII-4
device in vacuum ~10*Pa on previously heated crystals NaCl
and glass are grown up by the hot wall method [1,4]. The
comfortable conditions for steam condensation are formed on
substrate, the additionally heated wall leads to minimum the
partial steam condensation on cap walls, where wall
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temperature at evaporation is 600K, substrate temperature is
500K at cooling velocity of thin layers ~2nm/s [5].

The obtained polycrystalline films Bi,Te;-BiSe; <Tb>
and Bi,Te;-Bi,Se; <CI> are investigated by roentgenography
method. The film samples useable for X-ray investigation by
thickness by thickness 50-150nm are produced by
sublimation of synthesized compound of Bi,Te; and Bi,Tes-
Bi,Se; <Tb> contents, i.e. (Bi;Te;-BiySe;); Ty (x=0,15), and
Bi,Te;-Bi,Se;<CI> on new-cleaved faces of haloid crystal
NaCl and glass substrates.

The obtained samples are treated by X-ray analysis on
JAPOH-2,0 (CuK, is radiation, Ni is filter) at 35kV, 10mA.
The roentgenograms obtained by scanning of radiation angle
of incidence in 5°< 26 <70° limits on surface of (001) film
layer are given on fig.1 and 2. From Wolf-Bragg relations it
is obvious that rays reflected from planes parallel to (001) are
registered at such incidence of roentgen rays. The Bi,Te;-
Bi,Se;<Tb> and Bi,Te;-Bi,Se;<Cl> films are fixed in layered
crystals correspondingly: 10; 13; 15; 16 clear diffraction
reflections. The obtained diffraction patterns are almost
identical ones with small difference of reflex intensity and
reflection angles. The film roentgenogram of Bi,Te;-Bi,Se;
<Tb> and Bi,Te;-Bi,Se; <CI> polycrystals before and after
annealing are well induced on the basis of hexagonal lattice
BizTe3 [6]

RESULTS

The thermoannealing influence at ~500K on structure and
film properties deposited on glass has been investigated. The
films deposited on glass are treated by annealing in vacuum
for taking out of elastic stress fields. The annealing is carried
out in vacuum ~10*Pa during 24 hours with temperature
decrease up to 25 degree/min.
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Fig.1. (up) The roentgen of annealed and non-annealed films
BizTe3-BiZSe3 <CI> and BizTe3-Bi2$e3 <Tb>.

The roentgenogram obtained by the radiation of
polycrystalline films BixTes-Bi2Ses <Tb> and BiTes-BixSes
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<CI> is well induced on the basis of hexagonal lattice of
Bi)Te; (a=0,43835, ¢=3,0487nm; sp.gt.D’s; , Rs,, Z=3)
polycrystal and corresponds to data [7]. The absolutely all
reflexes having the strong and average intensities which
are character for the given structure are observed on
roentgenogram.

The results of calculated hkl, /I, and experimental
interplanar distances de, in films of p-type BixTes-
BixSe;<Tb> and n- type  BixTes-BizSes <CI> for
comparison of reference data d ,. are given in table 1[7-8].

Ne d ref, d ep, I/Io
p-type | p-type

1 5,050 | 5,415 |2
2 3,770 | 3,849 10
3 3,210 | 3,292 1
4 - 2,716 10
5 - 2,593 10
6 2,370 | 2,450 | 20
7 2,230 | 2344 |2
8 2,190 [ 2215 |6
9 2,030 | 2,110 |9
10 1,996 | 2,007 |5
11 1,809 | 1,868 | 2
12 | - 1,802 17
13 1,696 | 1,755 15
14 | 1,608 | 1,611 |20
15 | 1,486 | 1,526 | 20
16 1,450 | 1,458 10

Table
hkl dep | U
n-type

222 5,523 | 1
110 3880 |5
221 3,366 | 1
332 3,029 | 10
444 2,869 |7
433 2,629 | 10
443 2,469 |7
011 2230 |5
555;231; 544 | - -
554; 11 1;200 | -
220;342;311 | 1,926 | 10
331 1,819 | 10
665; 442 - -
453 1,637 | 10
665 442 1,551 | 10
533 1,492 |5

The analysis of obtained data and calculations ones show
that contents of annealed films Bi,Te;-Bi,Se; <Tb> and
Bi,Tes-Bi,Se; <CI> form the isostructure on the basis of
hexagonal structure of chalcogenide of bismuth telluride.

CONCLUSION

On the basis of roentenographic investigation of thin film
structure obtained by thermal spraying on glass, it is cleared
up, that polycrystalline films of BixTes-BizSe; <Tb> and

BixTes-BiaSe; <Cl> with thickness 50-150nm form at
substrate temperature ~500K.

Therefore at film annealing BixTes;-BizSes <Tb> and
BixTes-BizSes <CI> up to ~500K doesn’t take place the
real increase of microparticle sizes, any structural
reconstructions, formation of new phases, the
polycrystalline structure is observed on roentgenogram.
The calculations of interplanar distances d,,, in crystals of
p- and n-types show that structure becomes more strength
one at film annealing at temperature ~500K.
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N.M. Abdullayev
Bi,;Te;-Bi,Se; <Tb> VO Bi,Te;-Bi,Se; <CI> TOBOQOLORININ RENTGENOGRAFIK TODQIiQi

Bi,Tes-Bi,Se;<Tb> va BipTe;-BiySes<CI> tobagolori ~500K temperaturadok qizdirildiqda yeni fazalarin amolo golmosi vo hor hansi bir
struktur doyisikliyi, mikrohissaciklorin 6lgiilorinds real boylimasi bas vermir. Rentgenoqrammada polikristalik struktur miisahido olunur.
Laylararas1 mosafolorin hesablanmasi gostorir ki, qizdirildigda tebagalerin strukturu méhkemlanir.

H.M. A6ayiiiaeB
PEHTEHOTI' PA®UYECKOE UCCJIEJOBAHME ILUIEHOK Bi,Te;-Bi,Se; <Tb> U Bi,Te;-Bi,Se; <CI>

IIpu omxure mnenok BiyTes-BirSe;<Tb> u BiyTe;-BixSe;<CIl> no ~500K peanpHOTO yBEIHUYEHHUS pa3Mepa MUKPOUYACTHUI], KAaKHUX JHOO
CTPYKTYPHBIX IIEPECTPOeK, 00pa3oBaHie HOBBIX (a3 HE MPOMCXONT, HA PEHTTCHOrPAMMe HAOIII0IAaeTCsl MOMMKPUCTAIUTHYECKAs CTPYKTYpa.
Pac4éThl MEXKIIIIOCKOCTHBIX PACCTOSIHUH MOKA3BIBAIOT, YTO MPH OTXKHTE TUICHOK CTPYKTYPa YIIPOUYHACTCS.
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THE EXPLOSIVE PROCESSES ON POTENTIAL ELECTRODE AT FORMATION OF
NANO-SECOND IMPULSE DISCHARGE IN SOLID AIR

E.D. KURBANOV
H.M. Abdullayev Institute of Physics of the NAS of Azerbaijan
Az-1143, Baku, H. Javid ave., 33

The present paper is dedicated to investigations of cathode surface with different radius of curvature (r=1-8mm) at formation of impulse
discharges of nano-second duration in solid air. The influence of field heterogeneity and air pressure in gas interval on micro-crater
dimensions forming on electrode work surface after impulse action is shown. The most increase of dimensions of separate micro-crater on
cathode surface with small radius of curvature.

The gas disruption at pressures from decades up to The interest to nano-second discharges in gases has
thousands torr under influence of high voltage of nano- increased in the connection with successes of technique of
second duration has been investigated long time [1,2]. high-voltage nano-second impulse. In spite of rapid growth of

experimental investigation number [3,4] and technical
applications [5,6] of nano-second gas discharges, the
transition to new temporary scale doesn’t lead the
corresponding review of fundamental conditions of
breakdown classic models developed for conditions close to
static ones [7,8] though in work [3] the qualitative new traits
of gas discharges in nano-second time range are defined.

The breakdown regularities of solid gases at enough big
overstresses in the development of whole gas-discharge
process differ from regularities discharge classic forms. The
disagreement to general local models especially reveals at
overstresses A>1. Indeed the discharge parameters strongly
change with A increase and energy of directed electron
motion is compared with total kinetic energy. This leads to
the fact that “running electrons” can generate on streamer
front at E,<E,, where E,, is critical field strength providing
the continuous electron acceleration beginning from heat
energies 7, = 1-10 eV [9]. The field displacement on streamer
front in the result of its polarization is carried out during time
order of “running electron” motion near front beginning from
some big enough E,. As a result the region synchronous
motion of increasing boundary field and accelerating
electrons [10,11] realizes. The photon output with A growth
from avalanches strongly decreases [3]. Moreover, at 4>>1
this isn’t principal one i.e. “running electrons” provide the
high speed of propagation of ionized region to anode and
attendant roentgen radiation preionizating the gas and causing
the photoeffect on cathode, provide the motion of cathode-
directed ionization front. Finally the self-consistent field
increase of positive volume charge and auto-electron
emission [13] as at A>>1 the breakdown is initiated by auto-
electron emission [3,4,12] and primary avalanche becomes
critical one near initiation point ~ 100 mcm from cathode.

The present paper is dedicated to investigation of
explosion processes on cathode at formation of nano-second
of impulse discharge in air at different parameters of gas gap.

The impulse discharge of short duration is exited in air
gap in strongly heterogeneous field at different air pressure

I p=1-3 atm. The steel rod with different radius of curvature
Fig.1. The photos of electrode surfaces with different radiuses of ~ y=1-4mm and aluminum ball by diameter 16mm is potential
curvature before and after impulse discharges at air pressures:  electrode. The copper plate is used in the capacity of anode.
a) rod r=Imm, before discharge; b) rod 7=Imm, p=latm,  The nano-second impulse of high voltage of negative polarity
after discharge;c) rod /=1mm, p=3atm, after discharge; with amplitude 80 kV and front duration 8ns are given to
d) rod =4mm, before discharge; ¢) rod =4mm, p=1atm, .
electrode of high voltage.

after discharge; f) rod /=4mm, p=3 atm, after discharge; .
¢) ball /=8mm before discharge; i) ball /=8mm, p=1atm The electrodes are treated by electrochemical treatment.

after discharge; k) ball /=8mm, p=3atm after discharge. The two electrodes (graphite and tested) are put in solution of
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distillated water (80%) and FeSO4 (20%). The treatment was
longing during 20 minutes. After it the potential electrode is
dried and treated by impulse influence of high voltage. The
work surface of electrode is investigated in detail with the
help of reflecting microscope MIICY — 1 and is shooted by
digital camera SAMSUNG S 500 Digimax 5.1x. The micro-
photos of cathode work surface with different radius of
curvature r=1-8mm are given on fig.1.

The micro-heterogeneities which are whiskers on the
place of which the micro-craters by diameter 40-180km
diameter form after explosion, take place before excitation of
nano-second discharge on electrode surface. On some photos
they are situated as groups but on some ones are situated
separately and surrounded by melted surface. The erosion
character depends on both thermodynamic characteristics of
electrode material, its radius of curvature gas pressure in
discharge gap. At lowered pressure the erosion is lower
expressed. The dependence curves of micro-crater
dimensions on parameters of gas gap are given on fig.2.

Micro-crater dimensions, mm
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Fig.2. The dependences of micro-crater dimensions on
electrodes (cathodes) on parameters of gas gap: a) on air
pressure (curves 1-3); b) on electrode radius of curvature
at different air pressures.

The micro-craters on rod surface (=1mm) increase from
70 mcm at p=1latm up to 130 mcm at p=3atm. Note that at
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p=latm the micro-craters are situated as groups and at
p=3atm is observed the single micro-crater of bigger
diameter. The dimensions of separate micro-craters are
smaller in comparison with /=1mm with increase of radius of
curvature of potential electrode /=4mm and at p=latm and
they are situated separately on electrode work surface. The
dimensions of micro-cavities some increase with pressure
increase up to p=3atm. As it is seen from fig.1 (e-k) surface
of aluminum ball (»=8mm) is not ideal. The micro-cavities
but on significantly big distances also form at p=latm after
application to electrode of high voltage on ball surface. Their
dimensions some decrease with increase of air pressure
p=3atm.

Note quantity of micro-heterogeneities on electrode
work surfaces with small radius of curvature (7=1mm) is
significantly smaller than on developed surfaces and that is
why whole field strength concentrates on small quantity of
whiskers. This leads to powerful explosive electron emission
with each separately taken micro-needle and at pressures
higher than atmospheric one leads to formation of big micro-
craters on explosion place. The significant increase of micro-
crater dimensions on rod surface (»=Imm) at p=3atm can be
explained by field intension in micro-needle zone at strongly
heterogeneous field and at high pressure.

The quantity of heterogeneities on work surface increases
with increase of radius of curvature of potential electrode. As
a result of this fact the weakening of field strength on
separately taken heterogeneity that correspondingly leads to
weakening of separately of explosion processes on separate
whiskers, decrease micro-crater dimensions and increase of
their common square.

The explosive change of micro-relief of cathode surface is
mainly caused by impulse heating of micro-spikes by current
of thermo-auto-electron emission of critic density [4,14,15].
Along with Joule heating of micro-emitter we should take
into consideration the percussive heating by ions of gas-
discharge plasma obtaining the significant energy in
strengthened field near micro-spike focusing ions. This factor
significantly simplifies the explosive electron emission in gas
discharge. In [14,15,16] works the investigations of optic
radiation of volume discharges in air at atmospheric pressure.
The continuum with character maximum and also the bands
of second positive system of N, molecule, NII line, HI line
(626, 285nm) and lines of cathode material atoms. In the case
of cathode from stainless steel the more than 100 lines of Fell
and 17 lines of Crll are observed. The ion lines with more
high degree of ionization aren’t observed.

According to investigation results one can suppose the
following process mechanism taking place at formation of
nano-second impulse discharges at the upper air pressure.
The local field intension on micro-heterogeneities of potential
electrode takes place after application of high voltage to
discharge impulse. The process of strong ionization near
cathode leads to formation of avalanches on front of which
the high-energy electrons concentrate. The positive volume
charge forming as a result of this fact near cathode leads to
strong field strength and to explosive processes with micro-
needles. The “running” electrons forming in the result of such
processes cause the roentgen radiation in near-cathode
plasma and carry out the further rapid movement of
avalanche to anode.
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E.C. Qurbanov

SIXLIGI YUKSOK OLAN ATMOSFER HAVASINDA NANOSANiYO iMPULS QAZBOSALMASI ZAMANI
POTENSIAL DASIYAN ELEKTRODDA PARTLAYIS PROSESLORI

Maoqalo yiiksok sixliqlt atmosfer havasinda nanosaniye impuls qazbosalmas: zamani1 miixtelif ayrilik radiusuna malik katodun sothinin
Oyronilmasine hasr olunmusdur. Elektrik sahasinin qeyri bircinsliliyi vo atmosfer havasinin tozyiqinin impuls qazbosalmasinin tasiri
naticasindo potensial elektrodun sothindo omolo golon mikrokraterlorin Slgiilorine tosiri miioyyon edilmisdir. Oyrilik radiusu kigik olan
katodun sothinds ayri-ayr1 mikrokraterlorin daha ¢ox boylimasi malum olmusdur.

9.J. Kypbanos

B3PbBIBHBIE TIPOLIECCHI HA TIOTEHIIUAJIBHOM 3JIEKTPOJE ITPU ®OPMHUPOBAHUN
HAHOCEKYHJHOI'O UMITYJIbCHOTI'O PA3PAJIA B IINIOTHOM BO3YXE

Hacrosimast cTaThss MOCBSIIEHa WCCIENOBAHMSAM IIOBEPXHOCTH KaToJa C Pa3NIMYHBIM pPAagHycoM KpUBHM3HBI (r=1-8MM) mpm
(OpPMHUPOBaHUH MMITYJILCHBIX Pa3psIOB HAHOCEKYHIHOH JUIUTEIFHOCTH B INIOTHOM Bo3ayxe. Iloka3aHo BIMSIHUE CTENEHH HEOJHOPOJHOCTH
TIOJIS1 ¥ IaBJICHUS BO3/IyXa B ra30BOM IIPOMEKYTKE Ha pa3Mepbl MUKPOKPATepOB, 00pa3yloIuxcs Ha paboyell MOBEPXHOCTH 3JIEKTPOa IOCie
HMITYJIbCHOTO BO37IeHCTBUs. BhIsABIeHO Hanbounbllee yBeIUUEHHE pa3MEpOB OTAEIBHBIX MUKPOKPATEPOB HA MOBEPXHOCTU KATOAA C MAlIbIM
paaiycoM KpUBHU3HBI.
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PdSi — Si STRUKTURLARIN ALINMA
TEXNOLOGIYASI VO FOTOELEKTRIK XASSOLORI

E.9. KORIMOV, B.9. QULUZAD®O, R.R. H‘BSBNOVA.
Milli Aerokosmik Agentliyi Elmi Tadgiqat Aerokosmik Informatika Institutu
Baki, AZ-1106, Azadlq pr. 159

S.9. BAYRAMOVA

Milli Aerokosmik Agentliyi Maxsusi Konstruktor Biirosu
Baki, AZ-1106, S.S. Axundov kii¢.1, korpus2

Mogalada PdSi - Si strukturunun alinma texnologiyasi vo onun asasinda Sottki ¢oparin fotoelektrik xassosi todqiq edilmisdir. Malum ol-
musdur ki, PdSi nazik toboagali “optik pezenator” soklindoa Sottki gobuledicisinin yaradilmasi kvant fotoemissiyasi amsalinin artimina gatirir.
Fotohassas strukturun siialanmani udma doracasi Tokca PdSi-nin galinligindan deyil, ham ds dielektrikin galinlig1 ve materialindan asilidir.

Miiasir elm vo texnikanin intensiv inkisafi yarimkegirici-
lor elektronikasmin inkisafi ilo six slagadardir. Bu elm saho-
sinin inkisafi ilo bagli olaraq kosmik texnika vo texnologiyani
inkisaf etdirmok miimkiin olmusdur. Optoelektron cihazlarin
va inteqral sxemlorin sonraki inkisafi moévcud cihazlarin daim
tokmillogdirilmasini vo daha mitkommal texnologiya osasinda
yarimkegirici cihazlarin yaradilmasini talab edir [1,2].

Son iller infraqirmiz1 (IQ) siialanma qobuledicilori genis
yayilmigdir ki, bunlar da palladium silisidi - silisium (PdSi - Si)
osasida Sottki ¢oparli diodlardan olan matrisa bazasinda ha-
zirlanir. Onlarin xassolori hom tomiz, hom do miixtslif agqar-
lar olave edilmis silisium vo germanium, qurgusun vo kadmi-
um sulfidleri, antimonid vo indium osasinda hazirlanmis IQ -
stialanma dedektorlarindan prinsipial olaraq forqlonir.

PdSi - Si Sottki diodlar1 asasinda siialanma gobuledicilori
kadmium tellurid bork mohlullar: civs istifads olunan IQ-tex-
nika sistemlori ilo miiqayisads bir sira Gistiinliiklors malikdirlar.

PdSi - Si hossas elementlari olan siialanma gabuledicilari-
nin asas ustlinliiklori ayri-ayr1 elementlor {izra hassasligin ¢ox
yiiksok bircinsliyi, silisium inteqral sxemlorin sonaye texno-
logiyasindan istifado etmoklo hazirlanmasinin miimkiinliiyti
vo hamginin ilkin material kimi standart silisium monokrista-
linin totbiq edilo bilmasidir ki, bu da dedekts olunan element-
lorin gobuledici sisteminin gabuledici — giiclondirici va ra-
gomli montiqi elektronika bloklari ilo effektiv alagalondirmo-
yo imkan verir [3]. Elementlorinin say1 200X200 olan PdSi -
Si kontaktlar1 bazasinda qobuledicilordon istifado etmoklo ya-
radilan IQ kameranin ayirdetmo qabiliyyoti televiziyanin
ayirdetma gabiliyystine yaxin olur. Bundan slava, tesvirin gqo-
bulu tigiin yiiksok hassasliga malik elementlor hesablayan (sa-
yan) YOC (yilik olagoali cihazlar) qurgulu 16vhads asanligla
formalasir. Belo uzlasma perspektivdo vahid texnoloji tsiklo
tabe olmayan kadmium - civo telluridlori gobuledicilorinden
istifado asasinda sistemlorlo miiqayisads daha ucuz televiziya
sistemlorinin yaradilmasinin miimkiin olmasinin toyin edir.

Beloliklo, tamamilo nazik PdSi tobogolarinin, onlar osa-
sinda fotohassas qurgularin alinma texnologiyast vo onlarin
elektrik, fotoelektrik xassolorinin todqiqi baxilan strukturlar-
da fiziki proseslarin xiisusiyyatlorini aydinlagdirmaq tigiin bo-
yiik maraq kasb edir.

PdSi — Si 9SASINDA FOTOHOSSAS ELEMENTLO-
RiN HAZIRLANMA TEXNOLOGIYASI

Girigdo deyildiyi kimi, PdSi - Si kontakt1 asasinda Sottki
¢oporli diodlar sdpektrin IQ oblast: ii¢iin dedektor kimi isti-
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fado edilo bilor. Lakin bu gobuledicilorin kvant effektivliyi
p-n kegidlori vo gdstorilon yarimkegiricilor asasinda hazirlan-
mis fotogobuledicilorlo miiqayisads kigikdir. Kvant effektiv-
liyini artirmaq i¢iin Sottki gobuledicilori “optik rezanator”
soklindo hazirlanir: burada PdSi-nin galnligi 120A-don artiq
olmamalidir. Bu moagsadlo bizim torafimizdon nazik PdSi —
Si kontaktlarinin alinmasi ti¢iin ¢oxtobagoli metallasma tex-
noloji rejimi islonmisdir.

Metal tobaqasi ilo silisium arasinda reaksiya naticosinds
silisidin formalagmasi zamani metallik toboqgonin istifado et-
diyi silistumun miqdarini nazers almaq lazimdir. Bu hesabla-
malar cadval 1-do verilmigdir. Burada Pd, Si vo PdSi-nin six-
liglarinin nazari qiymatlorindaen istifads edilmisdir. Lakin hal-
hazirda bels rejimin praktiki reallagmasi tozlandirma qurgula-
rinin tokmil olmamasi baximindan ¢atindir. Sonraki naticalar
birtabagoli metallagma rejimino aid olacagq.

Cadval 1
Tabagalor Qalinligy, A
I tobago Pd 70
11 tobage Si 15
111 tabago Pd 12
IV tabags Si 14
V tobogo Pd 10
VI tabago Si 14
VII tobogo Pd 10

Birtobogoli metallasma zamani fotohossas strukturlarm

hazirlanma prosesini agagidaki ardicilligla tosvir etmok olar:
- p - tip (n - tip) silisiumun oksidlogmasi;
miihafizo olunan n(p) oblastlarin formalagmasi {igiin
pancaralorin agilmast;
n(p) oblastlarin formalagsmasi {igiin fosforun (borun)
diffuziyas,
¢opar tabagolorin formalagmasi ticlin pancoralorin agilmast;
nazik Pd metal tobaqonin ¢okilmosi;
PdSi yaranmasi ti¢lin vakuumda vo qaz qarisiginda
tabalma;
reaksiyaya girmayan Pd va SiO, tabagalorinin gétiiriilmasi;
TiW diffuzion gopar tabagesinin va Al kontaktin ¢okilmasi;
tobaqoyo qodor kontakt pancorslordon TiW orintisinin vo
Al-nun silinmasi;
isiglanan ortiiyilin ¢okilmaosi.

Texnoloji amoliyyatlarin sayin1 azaltmagq ii¢iin bizim to-
rofimizdan spektral mkm diapazonda islayan fotogobuledici-
lorin hazirlanmasinin yeni metodu toklif edilmisdir ki, bu
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metodun mahiyyati asagidakilardan ibaratdir: PdSi orintisinin
ovozino PATiW vo ya Tl / PdTiW-don istifado etmak.
Osas istiqamatlor iizra texnoloji amosliyyatlar asagidaki-
lardan ibaratdir:
- 16vholorin oksidlogmasi;

oksidda pancaralorin agilmast;

PdTiW vo ya T1/ PdTiW-nin tozlandirilmasi;

PdSi tobagosinin alinmast iigiin tabalma;

poncaralore TiW — in agindirilmast;

aliiminium kontaktin tozlanmasi.
Orintini toskil edon komponentlorin miixtalif diffuziya
omsalina malik olduglar1 ii¢iin tabalma prosesindo faza tobo-
qolosmasi bas verir vo platin silisiumla reaksiyaya girorok
silitsid yaranir. Yaranan TiW orinti diffuziya ¢aperi rolunu
oynayir ki, bu da 6z ndvbasinda cihazin deqradasiya olunma-
s qarsisini alir.

Pd-Si STRUKTURUNUN FOTOELEKTRIK XASSOLORI

Yiik dastyicilarin kogiiriilmosi mexanizmi haqqinda slava
informasiyan1 fotoelektrik 6lgmolor zamani almaq olar. isdo
PdSi - n - Si vo PdSi - p - Si strukturlarinin fotoelektrik xas-
salori dyranilmisdir. Bu fotoelektrik dlgmolar tigiin iki tip ci-
hazdan istifads edilmisdir. Birinci tip cihazlar ovvaldo gosto-
rilmis texnologiya iizro hazirlanib: bu zaman planar omik va
hamginin diffuzion-gapar tobagolari biitdv, ikinci halda isa
halgovi formaya malikdir [4].

Strukturun isiqlanmasi zamani fotocorayan yalniz, totbiq
olunan gorginliyin polyarlig1 asagida yerloson qeyri-soffaf
aliminium elektroddaki miisbat potensiala uygun goldikdo
yaranir. Gorginliyin oks polyarliginda fotocorayanin artmasi
eksperimentin xotas1 daxilindo qiymoto malik olan qaranliq
corayani ilo miiqayisado ¢ox kicik olmusdur. Bu fakt onu
gostoarir ki, miisahids etdiyimiz fotocorayan silisium 16vhonin
hacmi fotokegiriciliyi ilo deyil, metal elektroddak: dastyicila-
rin silisium 16vhoyo fotoemissiyasi ilo baglidir. Sokil 1-do
PdS:i - p - Si strukturunun hassasliginin spektral asililig1 veril-
misdir.

R | sorti vahid

0.17 0.19 0,21 023 025 0.27 0,29 031 033 035
A X 8mkm

Sakil 1. PdSi - p - Si strukturunun hassasliginin spektral
asililigl. 7= 77K.

Fotocarayanin maksimumunun vaziyyati silisiumun udul-
masina uygun galir. Uzundalgali sorhadin bdyiimasi elektron-
larin metaldan silisiuma fotoemissiyasi ilo olagodardir. Bu
fotodiodlarin spektral xarakteristikalariin uzundalgali sarho-
di ¢oparin hiindiirlityii ils toyin olunur:

A=1,24/qp,

burada, A — isigin dalga uzunlugu, g, - potensial ¢oparin
hiindiirliiytidiir. PdSi - n - Si strukturlari ii¢iin gp, = 0,74 eV,
fotoeffektin qirmizi sarhadi 0,2 mkm-s uygundur.

PdSi - n - Si strukturlari {igiin carayan hassaslig1 otaq tem-
peraturunda A=2 mkm dalga uzunlugu i¢iin maksimumda
45 mA/Vt qiymatini alir. Fotohassasligm kigik olmasi iso
100A galinliginda PdSi-nin maksimum udmaya malik olmasi-
dir. PdSi - Si strukturu osasindaki giialanma qobuledicilari
spektral xarakteristikasina goro adi silisium fotodiodlarindan
onunla forqlonir ki, onlarin fotohassasliginin spektral diapa-
zonu kifayat qodor genisdirs.

Sokil 2-do diison slialanma zamani PdSi - p - Si struktur-
larinin VAX-1 (volt-amper xarakteristikasi) verilmisdir. Go-
riindiiyti kimi isiqlanma zamani todqiq olunan strukturlardan
kecon corayanin kifayot qodor doyisilmasi miisahido olunur.

Totbiq olunmus oks gorginliyin kigik qiymatlorinds
(0,2 - 0,8V) siialanma zamani todqiq olunan strukturlardan
kegon carayan 150+250, gorginliyin bir qodar bdyiik (1 - 2V)
qiymetlorindo 300+350, gorginlik 6 - 8V olduqda iso 10° dofo
doyiisir. Demoali, PdSi - p - Si strukturlarinin SBS optimal is
rejimi Ug = 6 - 8V arasindadir. Boyiik gorginliklordo sizma
corayanlarl koskin artir vo tadqiq olunan niimunalerin
desilmasi bas verir (isiq menboyi kimi A=3mkm dalga
uzunluguna koklonmis IKC-14A spektrometri istifads edilir,
is1q iso PdSi iizorina Si torofdon diisiir).

I, mA
[

Sakil 2. PdSi - p - Si asasinda Sottki diodunun volt-amper
(VAX) xarakteristikasi. 7= 80K.

Belaliklo, isiglanma zamani planar omik kontaktl: struk-
turlardan kegon coroyanin doyismosi holgovi kontaktli cors-
yanlardan kegon carayanin doyismasina nisbaton gox kigikdir.
Cox giiman ki, biitév kontakt zamani1 fotogenerasiya olunmus
desiklor metalin elektronlari ilo rekombinasiya olunur vo fa-
zalararas1 sorhodo gatmur.

V.I. Strikha, V.V. Ilchenko, E.V. Buzanova. Radio-
tekhnika i elektronika, 1985, v. 5, Ne 3, s. 998-1001.
P.A. Bogomolov, V.I. Sidorov, LF. Usoltsev. Priyomnie
ustroystva IK-sistem. M: Radio i svyaz, 1987, s. 208.
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TECHNOLOGY FOR PRODUCING STRUCTURES PdSi - Si AND PHOTOELECTRICAL PROPERTIES
The obtaining technology of PdSi - Si structures and photoelectric properties of Schottky barrier is investigated in this article. It is
observed that the creation of Schottky receiver in «optical resonator» with a thin layer of PdSi leads to coefficient increase of the quantum
photoemission. The radiation absorption degree of photosensitive structure depends not only on PdSi thickness, but also on the dielectric
material thickness.
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MOBIL RABITO SiISTEMLORININ YARATDIGI SAHOLORIN ELEKTROMAQNIT
TOHLUKOSIZLiYI NOQTEYI-NOZORINDON ANALIZI

E.9. KORIMOV, T.M. ABDULLAYEVA, A.B. MARDA)_(AYEV, AS XIDIROV
Milli Aerokosmik Agentliyi Elmi Tadgiqat Aerokosmik Informatika Institutu
Baki, AZ-1106, Azadliq pr., 159

S.9. BAYRAMOVA
Milli Aerokosmik Agentliyi Maxsusi Konstruktor Biirosu
Baki, AZ-1106, S.S. Axundov kii¢.1, korpus 2

Magqalade mobil rabitenin raqemsal sistemlarinin texniki xarakteristikalari analiz edilmisdir. Tezliys, zamana vo koda gore sixlag-
dirtlmis abonent kanalli mobil rabits antenalarinin yaxinliginda elektromagqnit sahslorinin xiisusiyyatlori arasdirilmigdir. Gostarilmisdir ki,
elektromaqnit monitoringi {izrs aparilan islords raqomsal signalin nisbi geniszolaqli spektrinin antenalarin siialanma xarakteristikalarma tasiri

nozoras alinmaldir.

Miiasir comiyyati saciyyalondiran an mithiim cohatlordon
biri texnikanin genis viisot almasi naticasinds texnosferdos bas
veran bir sira zarorli kompleks tohliikslorin geo vo biosfers
sirayat etmasidir. ©gor toxminon 25-30 il avval gigiyenik
normalar ndqteyi-nazerinden zararli hesab olunan giiclii elek-
tromaqnit saholorinin tesirina miioyyan qrup insanlar — pro-
fessionallar maruz qalirdisa, indi demak olar ki, yasayis man-
togolorindo bilavasito yerlosdirilmis televiziya, naviqasiya,
peyk vo mobil rabito sistemlorinin tosirine milyonlarla insan
moruz qalir.

Son yarim osr arzinds tokco miilkil toyinath radiotexniki
qurgularmn giicii milyon dofays yaxin artib. Ekspertlorin fik-
rinco hazirda otraf miihitin elektromaqnit ¢irklonmosi soviy-
yoasi hotta kimyovi ¢irklonmonin soviyyasino c¢atmisdir vo
ogoar elektromaqnit siialanma monbaalorinin sayinin vo giicii-
niin indiki artim tempi saxlanilarsa on yaxin bir zamanda o
kimyavi ¢irklanmani ds 6tiib kega bilocakdir.

Miiasir rabite texnologiyalar1 informasiya &tiiron ragam-
sal sistemlorin (IORS) genis totbiqi ilo saciyyolonirlor. Bu
onunla slagadardir ki, analoq sistemlorine nisbaton roqomsal
sistemlor 1) faydali signali daha az tohrif edir; 2) bir kanala
miixtolif informasiyalar1 dasiyan signallar1 6tiirmak olur va
nohayat 3) rogomli signallar xarici tosirlors qarst daha daya-
niql oldugu ii¢iin bir radiokanal vasitasilo analoq 6tiirma sis-
temlorino nisbaton daha ¢ox sayda abonent kanalini togkil et-
mok miimkiindiir. Hal-hazirda genis istifado edilon (IORS)-
lori osas texniki xarakteristikalarina (tezlik zolagmin enina,
modulyasiya iisuluna, informasiya siqnalinin formalagdiril-
mas1 isuluna vo s.) goro asagidaki kimi tosnifatlagdirmaq
olar: personal rabita (peydjinq) sistemlori, mobil rabito sis-
temlori, rogomsal teleyayim sistemlori vo internet radiogsoboko
sistemlori.

Elektromagqnit sahoslorini siialandiran sistemliri, o climlo-
don, rogamsal mobil rabito sistemlorini layihalondirilon za-
man oasas digqgat yetirilmoli mosalalordon biri 6tiiriicii antena-
larin strafinda elektromaqnit siialanmanin saviyyasinin analiz
edilmasindon ibaratdir.Hor bir antenanin miioyyan dispersiya
xassalarina rogomsal signalin isa nisbaton daha genis spektra
malik oldugunu nozrs alsaq, antena sistemlorinin elektromag-
nit sahalorini monoxromatik yaxinlasma metodu ilo analiz et-
moak praktiki olaraq miimkiin deyil vo ya gostarilon sistemlo-
rin yaratdig1 elektromaqnit stialanmasinin real monzarasi haq-
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qinda adekvat tosvir verilo bilmoz. Bu da 6z névbasindo adi
¢okilon sistemlorin elektromagnit tohliikssizliyinin tomin
olunmasimda menfi naticalora gatirib ¢ixara bilor. Belalikls
rogomsal informasiya Otiiriici  sistemlorin  antenalarinin
otrafinda elektromaqnit saholorin hesablama yolu ilo prog-
nozlagdirilmasi metodlart va texniki vasitolorin islonmosi gii-
niin aktual moasalolrindon biridir.

Miiasir mobil rabito sistemlorinin asas funksiyalarindan
biri iri hacmli informasiya miibadilolori axinlarini konsentra-
siya etmokdon, yoni rabito kanallarmin tezlik-mokan oblastin-
da lokallagdirilmasi vo onlarm timumi fiziki 6tiirmo traktinda
birlogdirilmosindan ibarotdir. Bu masalo iso ya radiokanalla-
rin birlesdirilmasi va yaxud abonent kanallarin sixlagdirilmasi
yolu ilo hayata kegirilir[1-3]. Birinci halda har bir radiokanala
bir verici uygun golir vo radiokanallarin birlesdirilmasi xatti
traktda (dasiyici tezliklordo vo nominal giic soviyyalorindo)
hoyata kegirilir.

Ikinci halda iso sixlagdirilma abonent kanallarmin bir
imumi radiokanal daxilinds birlegdirilmosi ilo hoyata keciri-
lir. Texniki cohoatdon abonent kanallarmin sixlagdirilmasi ara-
liq tezliklords vo giiclin asag1 soviyyolorinds aparilmasi ilo
hall edilir. Naticods abonent kanallarmin elementar signalla-
rindan togkil olunmus miirokkab signal alinir vo bu signal ve-
ricinin modulyatoruna otiiriiliir.

Indi iso elektromagqnit tohliikesizliyi noqteyi-nozerindon
radiokanallarin birlogdirilmosi vo abonent kanallarinin sixlas-
dirilmas1 zamani silalanma xarakteristikalarinin analizinin
spesifik xtlisusiyyatlorine baxaq.

Radiokanallarin birlosdirilmosi zamani sahanin soviyyasi
hor bir kanala xidmot edon vericilorin birlikdo gdstordiyi ye-
kun tasir kimi toyin olunur (necs ki, teleradio morkozlorinin
yaxmliginda elektromaqnit soraiti analiz edon zaman tosvirin
vo sos miigayatinin siqnallarona miixtalif texniki vasitolorin
signallar1 kimi baxilir).

Verici bir abonent kanalina xidmot géstordiyi zaman
signal zamanin harmonik funksiyasina ¢ox yaxin sokildo olur.
Signalin spektri olduqca dar tezlik zolagmi ohato edir. Buna
gora do radiokanallarin birlosdirilms metodlarindan asili ol-
mayaraq vericilora ayri-ayri texniki qurgular kimi baxmaq
olar vo bu zaman sahonin analizi ii¢lin ananovi iisullarin tot-
biqi he¢ bir ¢atinlik tdrotmir (albatts, bir vericinin yaratdig:
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sahonin adekvat miioyyon edilmosi mosolasi holl olunmus-
dursa).

Abonent kanallarinin {imumi bir radiokanalda sixlagdiril-
masi zamani bu kanalin tezlik zolagmin genislonmasi (bir
abonent kanalinin spektrina nozeron), siqnalin formasinin
miirokkoblogsmosi  (harmonik signala nozoron) bas verir.
Spektrin tezlik zolaginin genislonmasi vo signalin formasinin
zamanin funksiyas1 kimi doyisilmasi sixlagdirilma metodla-
rindan asilidir. Totbiq olunan sixlagdirma metodlarm 3 sinfa
bodlmak olar: tezliys gors sixlagdirma (mobil rabitade FDMA
kimi isars olunur), zamana goro sixlagdirma (TDMA) vo ko-
da gors sixlagdirma (CDMA).

Tezliys gora sixlasdirma. (TS) zamani tezlik oxunda
abonent signallarinin spektral zolaqlar1 bir-biri ilo kosigmir,
abonent kanallar tezlik-segici (tezlikayirict) qurgularin vasite-
si ilo olagoalondirilir. Sokil 1 — do tezliyo goro sixlagdirilmis
signalin spektri (spektral sixliq funksiyasi) tosvir edilmisdir.

Tezliyo goro sixlagdirilma zamani abonent signallarinin
birlagdirilmasi, intermodulyasiya tohriflorins yol verilmamasi
ticiin, sistemin xatti hissesinds hayata kegcirilir. Bu iso her
abonent kanali {igiin ayrica vericiden istifads olunmasini zs-
ruri edir. Vericilorin ¢ixislar1 tezlik-ayirict qurgusu vasitosilo
birlesdirilir. Buna gora do fiziki osaslar vo texniki reallagdir-
ma noqteyi-nozorindon tezliyo goro sixlasdirma mahiyyotco
radiokanallarin tezlik-ayirici qurgusu va ya toplama korpi
qurgusu vasitosilo birgirisli antenaya birlogdirilmokdon iba-
rotdir. Hor bir birlosdirilon radiokanal hiidudlarinda bir abo-
nent kanal togkil olunur.
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Sokil 1. Tezliya gora sixlasdirilmig signallarin spektri
(C — spektral sixliq funksiyasi).

TS-nin geyd olunan bu xiisusiyyati har bir abonent kana-
linin vericising ayrica tezniki qurgu kimi baxmaga imkan ve-
rir. Abonent signallarinin tezlik zolaglar1 dar oldugu iigiin
elektromagqnit tohliikasizliyini qiymetlondiran zaman yekun
intensivliyi toyin etmak ii¢iin anonavi metodlardan istifads et-
maya (hotta miixtolif abonent kanallarmin tezlik zolaqlar
miixtalif ciir normallagdirilan diapazonlara diisdilyli zamanda
da) imkan yaradir.

TS tisulundan ilkin signalin strukturu hom analoq vo hom
do rogom formasinda olduqgda da istifado etmak olur. Masalon
analoq formasi mobil rabitonin NMT — 450, NMT — 900,
AMPS standartlarinda, ragom formasi iso bilavasito goriiniis
radiorele rabita sistemlorindo totbiq olunur.

TS zaman kanalin eni kanallar arasindaki tezlik ayirimi-
na barabor olur vo 10+30kHs toskil edir.
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Zamana gors sixlasdirma. (ZS) zamani abonent signal
rogomsal formada tosvir edilir vo qisa impulslar vasitosilo
otiralir.

Bu zaman har bir signala aid impuls ii¢lin zaman oxunda
miioyyon zaman araligi hiidudlarinda — zaman kadrinda (bu
kadr sixlagdirilan kanallar {i¢iin imumidir) tam doqiq mioy-
yaon edilmis yer ayrilir.

Qongu kanallarin impulslart zaman oxunda kasismirlar,
amma ayri-ayr1 abonent kanallarin spektrlorinin tezlik zolag-
lar1 tezlik oxunda kasisirlor. Bu vaziyyst kanallarin tezlik —
secici qurgularin komayi ilo ayird edilmosino imkan vermir.
Buna goro do gobuledici torofde ayird edilmo zaman oblas-
tinda hoyata kegirilir: yoni verilmis abonent kanaliin qobul
etmo trakt1 elo zaman anlarinda acilir ki, mohz homin anlarda
uygun impulslar daxil olur.

Riyazi noqteyi — nozordon ZS ilkin signalin (roqomsal
formali) ortoqonal funksiyalar sistemi toskil edon kasik — sa-
bit periodik (period kadrlarin tokrarlanma perioduna barabar
olmalidir) funksiyalar bazisinds tosvir edilmasi demokdir. Bu
funksiyalar zaman oxunda kosigmirlor. Bu zaman qobuledici-
nin impuls is rejimi qobul edilmis com signalin uygun bazis
funksiyasina skalyar vurulmasindan ibarat olur. Sokil 2-do ZS
signalin spektri tosvir edilmisdir. Abonent signalin qisa im-
pulslar soklinds otiirtilmasi tezlik zolaginin koskin bdyiimosi-
no sobab olur. Bu zaman bir vericinin xidmot gostordiyi ra-
diokanalin da tezlik zolagimin shomiyyatli deracads genislon-
masi bas verir. Belo ki, tam siirotlo signallarin tiiriilmasi za-
mani ragamli mobil rabite standartlarinda zolagin eni asagi-
daki1 qiymatlors malikdir: 200kHs (GSM standarti, 8 sixisdiri-
lan abonent kanali), 30kHs (D-AMRS standarti, 3 sixigdirilan
kanal), 25kHs (JDS standarti, 3 sixigdirilan kanal).

ZS mobil rabito sistemlorindo 450MHs, 900MHs,
1800MHs tezlik diapazonlarindan istifads edilir.
CW
b ™y b e
A1y fly 1
f ! f f
\ |! ! \
f | f f | f
A A Al
( - Y N P f
1:‘l 1:‘i 1:‘i+1 f“

Sokil 2. Zamana gors sixlasdirilmig signallarin spektri
(C — spektral sixliq funksiyasi)

Kodla sixlagdirma. (KS) ilkin abonent siqnallarin orto-
qonal (vo ya ona yaxin) sistem toskil edon xiisusi impuls
funksiyalarla — psevdo-taesadiifi ardicilliglarla, Uols funksiya-
lar1, vo s. Ilo kodlasdiriimasindan ibaratdir. ilkin signal ro-
gomli formada otiiriiliir, impulslar iso gostorilon funksiyalara
uygun signallarla modulyasiya olunur. Qobuledici torofds qo-
bul edilmis com signal verilmis abonent kanalina uygun funk-
siyaya skalyar olaraq vurulur va ortoqonalliq sayasinds abo-
nent siqnali iimumi signaldan ayirmaq miimkiin olur.
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Riyazi noqteyi-nazorden KS zaman1 ZS-ds totbiq edilon '
prinsipdon istifads olunur. Forq yalniz bazis funksiyalarin se-
cilmoasindadir. Elo bununla izah olunur ki, ZS-ya nisbaton KS
ilo daha c¢ox sayda kanali sixlagdirmaq olur. Buna uygun ola- P

raq bir abonent kanalin vo yekun siqnalin spektrlorinin oho- :

miyyatli doracads genislonmasi bss verir. Sakil 1c-do KS sig- ’( !

nalin spektri tosvir edilmisdir (CDMA, standart IS - 95). Go- ‘ ‘\

riindiiyti kimi TS vo ZS-o nisbaton KS-do radiokanalin spek- 1 ﬂ ﬂ N }11 l\‘&\ﬂ ﬂ ﬂ Ma > f

tri daha genis zolag1 ohato edir. DCS (standart IS - 95) mobil (fo -1/70) fo (fo+1/10)

sistemindo bir radiokanalda 64 abonent kanali formalasdir-

maq qlur. Bu zaman radiokanalin zolaginin eni 1,23 MHs tos- Sokil 3. Koda (CDMA, standart IS - 95) géra

kil edir. . . o sixlagdirilmis signallarin spektri (C — spektral
Mobil KS 'rablteds 900 MHs vo 1800 MHs tezlik diapa- sixliq funksiyast).

zonlarindan istifads olunur.

[11 A.L. Buzov, L.S. Kazanskiy, V.A. Romanov, Yu.M. Spo- L.S. Kazanskiy, A.D. Krasilnikov i dr.; lon pexn. A.L.
dobaev. Tlon pen. A.L. Buzova. Antenno-fidernie us- Buzova. M.: Radio i svyaz, 1998, 221 s. (rusca)
troystva sistem sukhoputnoy podvijnoy svyazi. M.: [3] Radioreleynie i sputnikovie sistemi peredachi. 4.S. Ne-
Radio i svyaz, 1997, 150 s. (rusca) mirovskiy, O.S. Danilovich, Yu.l. Marimont i dr. Pod

[2] Antenno-fidernie ustroystva: tekhnologicheskoe oboru- red. 4.S. Nemirovskogo. M.: Radio i svyaz, 1986. (rus-

dovanie i ekologicheskaya bezopasnost. A.L. Buzov, ca)
E.A. Kerimov, T.M. Abdullayeva, Sh.A. Bayramova, A.V. Mardakhayev, A.Sh. Khidirov

ANALYSIS OF THE FIELDS EMITTED BY MOBILE COMMUNICATION SYSTEMS IN TERMS OF
ELECTROMAGNETIC SECURITY

The main technical characteristics of digital communication systems of cellular bond are analyzed in this paper. The peculiarities of the
electromagnetic fields near the antenna of digital communication systems of cellular bond with frequency, time and code interleaving of
subscriber channels. It is shown that it is necessary to pay attention to relative broadbandness of digital signal spectrum on antenna radiation
characteristics at carrying out of works on electromagnetic monitoring.

J.A. Kepumos, T.M. AdayJuiaesa, III.A. Baiipamosa, A.B. Mapaaxaes, A.IIl. Xuaupos

AHAJIN3 HOJIEA, U3JTYYAEMBIX CHACTEMAMHA COTOBOM CBSI3H C TOUKH 3PEHUSA
SJIEKTPOMATHUTHOM BE30ITACHOCTH

B craTtse IpoaHaJIM3UPOBaHbl OCHOBHBIC TCXHUYCCKUEC XapaKTCPUCTUKHU HI/Iq)pOBI)IX CHCTEM COTOBOM CBSI3H. PaCCMOTpeHBI 0COOCHHOCTH
OJICKTPOMArHuTHBIX rmoJieii BOJIM3M aHTEHH III/I(i)pOBI)IX CHCTEM COTOBOU CBSI3U C HaCTOTHbIM, BPEMCHHBIM M KOJOBLIM YIUIOTHCHUEM
A0OHEHTCKMX KaHAJIOB. HOKaSaHO, YTO IIPH BBINIOJIHEHHUH pa60T 10 3JICKTPOMAarHuTHOMY MOHHUTOPUHTY, HeO6X0,III/IMO YYUTBIBATh BJIUSTHUC
OTHOCHUTEIIBHON IIUPOKOIIOJIOCHOCTH CIIEKTPpa LIPI(prBOFO CHUT'HaJIa Ha XapaKTCPUCTUKU U3JTYHYCHUSA aHTCHH.
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THE SCATTERING CHARACTER AND CONDUCTION
MECHANISM OF CHARGE CARRIERS IN Bi;x Sby ALLOYS

S.A. ALIYEV, R.I. SELIM-ZADE
H.M. Abdullayev Institute of Physics of the NAS of Azerbaijan, Az-1143, Baku, H. Javid ave., 33

LLKh. MAMEDOV
Azerbaijan National Aviation Academy, Az-1057, Baku, Bina

The complex investigation of thermomagnetic phenomena in Bi;_,Sb, system in wide temperature interval and concentrations in weak
and strong magnetic fields has been carried out. Lorentz number L, (7,n) and electron heat conduction K, are obtained. It is seen that L,, in
wide interval of n and 7 is less than Zommerfeld value L,. By comparison of experimental data with theory taking into consideration the non-
elasticity influence on L, is established that non-elasticity is mainly caused by electron collision. The non-elastic scattering on polar optical
phonons achieves 7% in average temperature interval. It is established that R(7) increase in samples with strongly expressed electron gas is
partially caused by non-parabolicity of conduction band of Big ggSby 5.

INTRODUCTION

The experimental and theoretical investigations of
thermomagnetic and thermoelectric properties show that non-
elastic scattering of charge carriers in narrow-band
semiconductors strongly influences on kinetic effects caused
by the presence of temperature gradient [1-11]. The analysis
of these results shows that experimental definition of Lorentz
number L. and electron heat conduction component K, is
possible with the use of thermomagnetic and thermoelectric
properties at optional classic magnetic fields including the
low ones (uH/c<<I). This allows us to expand the fild of
investigations of concentration and temperature dependences
of Lorentz number L., (n,7) and electron heat conduction K,
(n, T) in detail.

The system of solid solutions Bi;.4Sby is the most suitable
object for complex investigations of electric, thermoelectric
and thermomagnetic properties of massive and thin-film
samples of n- and p-type and also in mixed region of
conduction [1-15]. In particular, the questions of scattering
character revealing of charge carriers in wide temperature
interval and concentration and also conduction mechanism in
narrow-gap and non-gap compositions Bi;,Sb, take an
interest. L., and K,; with different electron concentrations are
defined in earlier investigated work [11] for three samples
Bio 3 Sbo.12.

In some semiconductor series the Hall coefficient R(7)
passes maximum or it increases with temperature in the case
of strong electron gas degeneracy on comparison with the
normal two-band case (when R(7) has constant value). The
physical causes of the given phenomenon are different. Some
of them are: conduction of impurity band located in condition
band [16,17], the presence of quazi-local impurity bands in
forbidden band [18], the taking of degeneration of electron
gas in case of electron scattering on ionized regions by
impurities, influence of hard charge carriers, located in
valency band. The R(7) increase in Bi,, Sb, system and its
passing maximum the causes revealing of which also takes
the interest.

EXPERIMENTAL RESULTS AND THEIR DISCUSSION

In work [11] the investigation of magnetic field influence
on electron part of heat conduction Biggg Sby, for three
samples with n=4,4.10%cm> and 7=3,7.10"cm™ has been
carried out. As the scattering non-elasticity takes place in
narrow-gap and non-gap semiconductors and semi-metals
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and non-elasticity parameter L./L, enters in formulas of
thermomagnetic and thermoelectric coefficients then the
definition of K,; and L., is correct for data from Madji-Rig-
Luk effect in classical strong magnetic fields (uH/c>>1).
However, the introduction of L,/L, relation of
thermomagnetic and thermoelectric coefficients at carrying
out of some experiment conditions described in [1,2] can be
used for L, definition.

Let’s consider the some of them. The value of electron
heat conduction in strong magnetic field with taking into
consideration of non-elasticity degree of L,,/L, has the form:

2
c
K=Ky, ———< 10 g )
c L,
from which it is followed that K, = AK,, , (H) can be

defined if we know the relation L., /L, One can define L.,
from (1) then introducing it in K,,= L..0T we can define the
electron component of heat conduction.

The L., /Ly value can be defined from the following

dependence:
2
c L,
AK(H) = K

2 e
(uH LexJ
1+ 25

c L,
which is correct at arbitrary value H [4].
In this case we should select the value L./L, up to
coincidence of calculation and experimental ones as in the
previous case and calculate k,=( L../Ly)oT.
The analogous task is solved by investigation of
longitudinal and transversal Nernst-Ettingausen effects.

2

l)

2

3)
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Ql L been carried out with this aim. L,/Ly(7, n) are calculated on
=H00 e Aa, (4) the basis of experimental data by formulas (1)-(8) and are
Ro L, given in the table.
n 0,? T T T T T T T T
In (4) at weak fields (uH/c<<I) O, _,, has the constant Qg —
value from which it follows: 0,6 1 t- - -cu:uulzllinn 1
L, Aa,Ro 051 1
=0 (%)
1 | 4
LO QH —0 0.4
. . W 0,3 -
Thus, measuring AK(H), Ac(H) at given values of H un i
0. at weak fields by formulas (2)-(5) as independent 0.2- i
methods, L./L, and electron and phonon parts of heat :
conduction are defined. 0.14 : _
It is also known that transversal N-E dimensionless field :
& and Rig-Leduk coefficient at inelastic scattering character 0,0+ T . r .
pass maximum not at uH/c=]/ as it happens at elastic 0 ! 2 3 4
scattering character, but at uH/c> 1 values [4]: uH/e
Fig.1. The dependence of Nernst-Ettinghausen dimensionless
uH L field (g,) on uH/c value. The points are experimental
— data. Curves are the calculation on formula (7) taking
_SH uH _ c Lo 6) into consideration of elastic (hatch) and inelastic (solid
c - 2 2 line) electron scattering at 7=105K.
K uH L L 05
I+ L1+ 2| | B | |2 : T T T T T
LOO-T ¢ Lo LE’X . . ::Il:l::t:l.“lllalllﬂlt scallering)
0.4 — = calculated (unelastic scattening) | =
and
0.3+ .
A (qu L, :
“Le L - B el
& = . 0 - (7) v 0.2
k uH \"( L
— 1+ — & (NE .
e c L,
0‘0 T T T T T I_ T T T T
From (6) and (7) it follows that values of SH and &, 00 05 10 15 20 2'_3 30 35 40 45
maximums are defined by L./L, relation, in detail the utl/e
maximum takes place at Fig.2. The dependence —SH on uH/c value for Bi, ggSbg 1>
samples with electron concentration n=4,4.10"3cm.
H L Curves are the calculation on formula (6) with taking
u e ] (8) into consideration of elastic (hatch) and inelastic (solid
c Lo line) electron scattering at 7=93K.
4}
uH L, . " x
then — = —= . Therefore, the maximum position of these ——TT
¢ L, E s+ s
g // __,__x..----.)(""
effects directly defines the inelasticity degree —. in the - // /"‘
Ly S ’
investigated sample . /-"
The above mentioned results for Bi;,Sb, system are }é /
important ones. Firstly, the sample BigpgsSby;, with 0
n=4,4-10"cm™ is the most suitable for affirmation of theory /
and earlier observable experimental data about maximum 4 { \ ] |
shifting &,(uH/c) and SH(uH/c) to the side of high values 1 2 J 4
(uH/c)>1 (fig.1 and fig.2). They allow us to define L.,/L,and uHt/c
K, for samples n>4,4~10]80m'3, obtain the data about L., and Fig.3. AK dependences on uH/c value for sample with
K, with high accuracy, extend the temperatures L., and K, concentration 5-10"cm™. The points are experiment
and concentration L,/Lymn) intervals. The complex date, curve is calculation by formula (1) taking into-
measurement of above mentioned coefficients in crystals Bi. consideration of elastic (hatch) and inelastic (solid line)
Sby for compositions with x=0,02; 0,04; 0,08 and 0,12 has electron scattering at 7=93K.
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Note that in calculative line AK(H) (fig.3) in the case of
elastic character of electron scattering, the saturation is at
uH/c=5+6 and at inelastic character is (8+9), i.e. inelasticity
decreases the Lorenz force action on electrons taking part in
téransition of heat energy. It is clearly seen that g, at elastic
scattering character passes through maximum at uH/c=1 and
at inelastic scattering character at (uH/c)>1, moreover the
curves of dependence of transversal effect H-O calculated at
elastic and inelastic scattering characters intersect after
passing through maximum. This is also connected with the
fact that in the case of inelastic scattering character the

€ is weaker than at

effective value of magnetic field ﬁ
c L,
elastic one.

At inelastic character the electron scattering the maximum
of thermomagnetic effect P-JI (-SH) has the more fuzzy form.
This is caused by the fact that relation Ky/LyoT (formula (6))
influences on maximum position and increases under H
action.

The theory of electron heat conduction and
thermomagnetic phenomena in the case of inelastic scattering
character of charge carriers is considered in works [3,4,7].
According to [3,6] at strong degeneration of electron gas
(17>1) if the energy of longitudinal optical phonons is
significantly less than the given charge carrier energy
whereas it is by the order kT (x&~>>hw,, # =kT) then Lorenz
number L../L,has the form in general:

-1

w. U (L,
& |4 =4 —| 21 , ©)
LO WO Uop Lex op

where W,=(L,oT)" is heat resistance for elastic scattering,
W.. is heat resistance caused by collisions between electrons,
u is experimental value of electron mobility, u, is mobility at
carrier mobility on optic phonons. Consequently, the second
summand is connected with taking into consideration of
inelasticity because of collision between charge carriers and
third one with scattering on polar optic phonons. As a result
of calculation we obtain [7]:

w

ee

. e3(kT)2(ka,)3un
4 E2h3k3 4
o KpVp

(10)
0

where vr is velocity, kr is quazi-impulse on Fermi level

1/2
r = LR is screening radius corresponding to
© L4ze’p(u)
. . 3ena, . .
dielectric constant &, p(u) = ® is density of states,
kT

a, 1s thermoelectromotive force in strong magnetic field, n
is electron concentration. The calculation results L./L, are
given on fig.4 and 5 in the comparison with averaged values
defined from (1) — (8) in the form of temperature and
concentration dependences.

Note that experimental data of L./Ly (7) and L./Ly(n)
below T<80K and n<4,4.10'® cm™ are related to samples Bij,Sby -
(x=0,02; 0,04; 0,08 and 0,12). The obtained results allow us
to conclude that scattering inelasticity in BiggsSbg 1o alloys in
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conditions of strongly degeneration of electron gas at 7<50-60K
temperatures and n>4,4-10"cm™ concentrations is mainly
connected with electron collisions. The inelasticity part
connected with electron scattering on polar optical phonons
doesn’t exceed 5-7% and reveals in 80-250K interval in
n<4,4.10""cm™ range. The inelasticity absence at T<30K in
Bi;,Sby alloys is connected with the fact that the Rutherford
scattering on impurity ions having the purely elastic character
is the main mechanism of electron scattering at such low
temperatures.

084 Bi,Sb
=X X
= experimental
0,71 — - — calculated 1
_ 0,64 1
i
= 051 . :
0,44 1
0,3 T

10"

3
n, cm

Fig.4. The dependence L,,/L, on electron concentration in
Bi; Sby.

1.4 T T T T T
Bi, Sb,

= eksperiment
— - —calculation

1,24

1,04

0.8

0,6

0,44

0,0 T
50

100 150 200 250

Temperature, K

300

Fig.5. The dependence L,,/L, on temperature in Bi;_,Sb,.

The temperature dependences K~ and K,,(7) in Bi single
crystal are investigated in work [15] in which it is established
that inelasticity in Bi reveals only at 7<30K. The inelasticity
absence in pure Bi at 7>30K is explained by simultaneous
participation of electrons and holes in heat conductivity, i.e.
by small part of K, One can suppose that if the above
mentioned more accurate methods for L, definition and
division of K,; and K, then one can expand the inelasticity
temperature interval to the side of high temperatures, but at
Bi doping by Te atoms one can probably obtain the valuable
results on scattering character.

Thus we can conclude that above mentioned formulas for
thermomagnetic effects obtained on the base of
phenomenological theory [4] taking into consideration the
inelasticity influence on kinetic phenomena caused by
presence of temperature gradient, are very useful ones for
treatment of experimental results of thermomagnetic and
thermoelectric phenomena and play the determinative role at

L
revealing of the part of scattering inelastic character (——)
0
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and for division of electron and phonon compounds in heat
conductivity.

0.8 Co . : ;
11 e n=44x10"cm]
O‘Tj — - — calculated 13,5
064 x n=3.7x10""cm" {30
1|— - —calculated
0.5+ 19 3 LY 12,5
= a n=52x10 ¢cm .
- [ ]
£ 0.4 |— - —calculated . x 12,0
2 | i x
S 0.3 .JJJFfr”J x X 11,5
3 "N X *a
02 &_ﬂ,_‘__,_ﬁafraﬂ’*”ﬂﬁ a ° 41,0
0,14 40,5
0.0 T T T T T T T T T T T
0 50 100 150 200 250 300 350

Temperature, K

Fig.6. The temperature dependence of Hall coefficient R.
1 - n=4,4-10"%cm?, 2- 3,7-10cm>, 3 - 5,2:10"cm>.
Solid lines are calculation ones.

In the given work the temperature dependences R(7) in
Bi;.Sby, are analyzed. R(7) for three samples with
n1=4,4~10180m'3, n2=3,7~1019cm'3 and n3=5,2~10190m'3are
presented on fig.6. It is seen that R(7) increases for n, and n;
samples from 7=140 and 155K and R for n; increases from
T=90K and passes through maximum at 7=240K.

Fig.7. Zone diagram of Bi,_,Sb, system at 7—0.

For explanation of the presented data it is necessary to
analyze the existing models and explain their suitability or
uselessness for Bij, Sby system. In [16,17] it is seen that in B
GaAs and InP with n=10"7cm™ the increase of R is observed
as a result of conductivity presence on impurity band at
T<100K, and R doesn’t depend on 7 in samples with
n>10"cm’. This is explained by the fact that impurity band
merges with bottom of conductivity band with n increase.
The passing of R(7) through maximum is explained by the
fact that donor levels situated on distance AE from
conductivity band behave themselves as traps of their
electrons, Fermi level entries in this band in temperature
interval when process of electron localization takes place and
the conductivity on impurity band is carried out that leads to
n decrease, i.e. to R increase. In the case of the presence of
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quasi-local levels situated in conductivity band, they
beginning from temperature satisfying to k<T>AFE also play the
role of traps for conductivity electrons. Consequently, R
increases with temperature increase and concentration
increases (R passes through maximum) at higher 7 when kT
achieves the value enough for impurity ionization. The other
important peculiarity is the fact that Er concentration
stabilizes at their coincidence with Fermi level, Eris fixed on
definite level and further impurity introduction or
temperature increase don’t lead to n growth. Such
phenomenon is observed in PbTe doped by In atoms [18-21].
However in case of Bi;,Sb, the electron concentration
increases proportionally to concentration of introduced
impurity (before 5,2:10"cm®) at introduction of doping
impurities (Te) not having the tendency to stabilization.

In the given work the attention to narrow width of
prohibited band &, (fig.7) and its temperature dependence is
given. It is known that non-parabola degree is inversely to
energy distance between conduction band L, and easy hole
band L, Bi;,Sb,. That’s why the influence of strong non-
parabola of conductivity band on Hall coefficient is
considered. Hall coefficient has the following form in
semiconductors with one charge type in strong magnetic
field:

(11

<72 >

<z, >’

charge carriers. As it is seen R change at n=const can take
place because of the change of A, 7). In the case of
nonquadratic scattering law in limits of 4, one-band model is
expressed by following formula:

where A, = is Hall factor, 7, is relaxation time of

0 0
I3/2 + I2r+1/2

A,(n)‘,ﬂ):W

(12)

It is seen that A4, strongly depends on non-parabola degree
PB=kT/s, and on scattering parameter ». The calculation results
for samples with #=3,7-10"cm™ and 5,2-10"cm™ show that
Hall factor 4, growths beginning from 7=140K and 155K
correspondingly for given electron concentrations moreover
the more strong dependence is observed at electron scattering
on acoustic phonons. The analysis of obtained results shows
that A4, decreases independently on scattering mechanism at
constant temperature with n growth. 4,—1 at low
temperatures in strongly doped samples. Also it is obtained
that growth beginning of 4,(7) with n increase to the side of
high 7. The obtained values of A, evidence that the
observable peculiarity R(7) is significantly connected with
strong non-parabola of conductivity band of BigggSby 1o
composition. Nevertheless, the temperature dependence &
significantly influences on A,.

The zone diagram of Bi;, Sby for 7—0 is presented on
fig.7. It is seen that Ly and L, terms are mutually inverse ones.
In conduction band in L point Bi has term L, but valence
band top has term L, whereas Si has inverse term position.
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According to this the transition into gapless state (in L
point of Brillun band) is observed in Bi,_, Sb, alloys at some
x=x,. L, monotonously goes up at x increase up to 0,04 and
Ls goes down, moreover energy crack decreases up to &;=0,
later the term inversion takes place and terms remove from
each other at further increase of Sb content. The temperature
influences on zone diagram.

The given problem isn’t discussed enough in papers
probably because of it isn’t big one. However, it can
influence on galvanomagnetic effects in non-gap and narrow-

gap states. That’s why at R(7) calculations the influence of
temperature dependence &, is used.

£q =—157+2.66.107T+2.133.10°T  (13)

Substituting the obtained data of A4,7) in (13) we
calculate R(T). The agreement of experimental data with
calculative ones is satisfactory one for sample with
n=52.10"cm> and for sample with n=4,4.10"%cm™ this
agreement is worse that requires the further investigations.

Table.
The dependence of inelastic scattering proportion (L./Ly) in Bi; Sby.
X TK n-10%cm™ | u,cm’/Vs Lo/Ly
AK, | AK | Aa(H) & -SH | Aa.Ro/O%y
0.02 90 0.3 25000 0.65 0.63 0.62 0.13 0.65 0.63
200 0.63 0.65 0.67 0.65 0.62 0.65
300 0.70 0.7 0.80 0.81 0.60 0.81
0.04 | 92 05 24000 | 0.67 | 0.65 | 0.66 0.63 | 0.66 0.65
205 0.65 0.60 0.62 0.65 0.63 0.63
300 0.73 0.75 0.77 0.8 0.82 0.87
0.08 95 1 22000 0.68 0.63 0.65 0.63 0.63 0.65
203 0.68 0.65 0.67 0.65 0.67 0.63
300 0.75 0.77 0.81 0.80 0.81 0.82
012 | 93 44 20000 | 081 | 0.8 | 082 075 | 0.76 0.75
120 0.23 0.76 0.80 0.70 0.72 0.71
205 0.75 0.71 0.75 0.65 0.60 0.67
0.12 35 37 8000 1.01 1 — — — —
70 0.88 0.85 — — — —
102 0.72 0.76 0.66 0.70 0.70 0.65
130 0.69 0.70 0.71 0.65 0.68 0.61
205 0.72 0.60 0.60 0.55
0.12 97 52 380 0.77 0.75 0.73 0.70 0.71 0.65
115 0.71 0.70 0.70 0.70 0.63 0.62
200 0.62 0.60 0.67 0.65 0.60 0.6
300 0.8 0.60 0.80 0.80 — 0.82
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S.A. ALIYEV, I.Kh. MAMEDOYV., R.I. SELIM-ZADE

S.A. Bliyev, I.X. Mommadov, R.I. Sslim-zada
Bi;..Sb, XOLITOLORINDO YUKDASIYICILARIN KECIRICIiLiK MEXANIZMi VO SOPILMO XARAKTERI

Genis temperatur vo konsentrasiya intervalinda, giiclii vo zsif maqnit sahslords Bi;Sb, sisteminde termomaqnit xassolori kompleks
todqiq edilmisdir. L,.,(T,n) - Lorens adadi va k, - istilikkegirmonin elektron hissasi toyin edilmisdir. Genis temperatur vo konsentrasiya
intervalinda L.,,-in zommerfeld qiymatindon az olmas1 gostorilmisdir. L,-a qeyri elastikliyin tosirini nazors alan nozariyya ilo eksperimental
naticolorin analizi gdstormisdir ki, qeyri elastiklik osason elektronlararasi qarsiligh toqqusma ilo olagadardir. Orta temperatur oblastinda
polyar optik fononlardan qeyri elastikliki sopilmo 7%-a ¢atir. Elektron qazinin giiclii cirlasmasi olan niimunslorde R(7)-nin artmasinin
Bi;_,Sby-do kegirici zonanin geyri-parabolikliyi ilo olagadar olmast toyin edilmisdir.

C.A. Anuen, U.X. Mamenos, P.A. Ceaum-3ane

O XAPAKTEPE PACCESIHUSI U MEXAHU3ME ITPOBOJIUMOCTHA HOCUTEJIEN
3APAIA B CIIVTABAX Bi,. Sb,

[IpoBeneHO KOMILIEKCHOE HCCIEOBaHUE TEPMOMArHHTHBIX SIBICHUH B cucteme BijSb, B mMpoKoM HHTepBaie TeMmIepaTyp M
KOHIICHTpAIUi B CJa0bIX M CHJIBHBIX MarHUTHBIX moiisix. Omnpexaesnensl unciio Jlopenua L. (7,n) U 3JIEKTPOHHAS TEIUIOMPOBOIHOCTH K.
Ioka3zano, uto L, B mIMPOKOM HHTepBaje n u T MeHble 30MMepGeabIoBcKoro 3HadeHus L) ComocTaBieHHEM JKCIEPUMEHTAIbHbBIX
JAHHBIX C TEOpUeH, YUMTHIBAIOIIEH BIUSHUE HEYNPYrocTH Ha L, YCTaHOBJIEHO, 4YTO HEYNPYrocTb OOYCIIOBIE€HAa, B OCHOBHOM,
MEKAJIEKTPOHHBIM CTOJIKHOBCHHEM. B 001IacTH CpeHNX TeMIepaTyp HEYyNpyroe paccestHue Ha MOJISIPHBIX ONTHYECKUX (POHOHAX HOCTHUTaeT
7%. YcraHoBneHo, uYTO Bo3pactanume R(7) B o0pa3max C CHIBHO BBIPOXKACHHBIM JJIEKTPOHHBIM Ta30M YacTUYHO OOYCIOBICHO
HeTapabOoIMIHOCTHIO 30HBI IPOBOJUMOCTH cocTaBa Bij ggSby 5.
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EFFECT OF THERMAL ANNEALING ON STRUCTURAL PROPERTIES
OF SrGa,S4:Ce THIN FILMS PREPARED BY FLASH EVAPORATION

E.F. GAMBAROY, A.I. BAYRAMOV
Institute of Physics National Academy of Sciences
H.Javid ave., 33, AZ1143, Baku Azerbaijan

In the present report, the preparation technology and structural characterization of Ce" activated SrGa,S, thin films are given.
SrGa,S,4:Ce thin films are prepared by so called flash evaporation which is simple and inexpensive method for thin film deposition.

X-ray diffraction shows that the “as deposited” films exhibit amorphous behavior, but after annealing in H,S stream, the polycrystalline
one. EPMA results indicate nearly stoichiometric composition of the thin films.

1. INTRODUCTION

Electroluminescent (EL) flat panel devices are regarded
as a leading candidate for use as the high-resolution
multimedia displays of the future.

The biggest problem with the EL device is their inability
to emit pure blue emission with high brightness and stability,
although performance for red and green luminescence is
already sufficient for practical use. Cerium-activated alkaline
thiogallate phosphors have been extensively investigated for
use as pure blue EL materials and successfully used as thin
film electroluminescent flat panel devices (TFEL) [1-6]. In
the thiogallate family, the cerium-activated strontium
thiogallate (SrGa,S4:Ce) thin film is regarded as one of the
most promising blue phosphor materials [4].

There are various techniques to obtain the SrGa,S, thin
films, for example MBE (Molecular Beam Epitaxy) method
[5], DBV (Deposition from Binary Vapors) method [7], RF
sputtering method [8], MSD (Multi Source Deposition)
method [9] or, two electron beam evaporation [10].

In present work the Ce-doped SrGa,S, thin films were
prepared by so called flash evaporation method. The main
distinctions of this method from above mentioned methods
are simplicity and cheapness of preparation technology.

X-ray diffraction, electron probe microscopy analysis
(EPMA) measurements were carried out for the films
obtained by flash evaporation method before and after
annealing process.

2. EXPERIMENTAL PART

SrGa,S4:Ce  thin films were prepared by the flash
evaporation method. SrGa,S,:Ce polycrystalline powders,
which synthesized by solid state reaction, were ground and
discretely evaporated onto a quartz substrate. The
evaporation process was done at the vacuum level 1-107 torr.
The temperature of the tantalum boat was kept approximately
1500°C. The quartz substrate was heated by radiation from
the boat. Its temperature depended on the distance from the
boat and could be changed in the range of 200-500°C. In this
research, at the distance 2 cm, the temperature of substrate
was about 400°C.

An annealing process for the thin films was carried out in
(10% H,S+90% Ar) gas stream (50 ccm) at 750°C for 1 hour.

X-Ray diffraction (XRD) of the deposited films were
measured by Rigaku RAD III analyzer using Cu-Ka radiation
(A=1.54056A) as the excitation X-ray source. Ni filter was
put in front of receiving slit in order to cut Cu-K/ radiation.
The measurement conditions were: voltage 50.0 kV, electric
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current 300.0 mA, receiving slit 3.00 mm, divergence slit
1.0°, scan range 15.0°- 60.0°, sampling angle 0.010° and scan
speed 4.0°/min.

The composition analysis of the powder was
accomplished with an energy dispersive X-ray microanalyzer
(JEOL: 3203-JXA Serial Num N2426).

Decay time of the photoluminescence was measured at
room temperature. The excitation source was a dye laser
(Lambda Physik, FL 3002, Stilbene 420; wavelength 425 nm
and pulse 0.5 mJ) with 15 ns pulse duration pumped by an
Xe-Cl excimer laser (Lambda Physik, LEXTRA 200)
operating at 10 Hz. Temporal variation of the output from a
photomultiplier (Toshiba, PMS55 in conjunction with
monochromator (Instruments SA, HR-320) was displayed on
a digital oscilloscope (Sony Tektronix, TDS 380 P).

3. RESULTS AND DISCUSSION

The X-ray diffraction curve for Ce doped SrGa,S, thin
film before annealing process is shown at fig. la. As seen
from the fig. 1a, the film doesn’t show any reflection lines
and exhibits amorphous behavior. The temperature and
duration of deposition process in flash evaporation method
seems to be not enough for the crystallization of deposited
film. Therefore the annealing of obtained films is necessary.
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Fig.1. X-ray diffraction of SrGa,S,: Ce thin films: (a) before
annealing process; (b) after annealing process
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The annealing of the film leads the appearance of
reflection lines; (4 0 0), (6 2 2) and (2 4 4) which are
characteristic for SrGa,S, compound (see Fig.1b). However,
the diffraction curve shows also 2 weak diffraction peaks for
Ga,S; compound, (4 0 2) and (4 0 0). The X-ray diffraction
results show that the annealing process leads to significant
crystallization of obtained amorphous thin films.
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Fig.2. EPMA curve of SrGa,S,: Ce thin films: (a) before
annealing process; (b) after annealing process

The result of an EPMA measurement for the SrGa,S, film
with thickness of 220 nm is shown in fig.2a. The analytical
technique such as EPMA is used to provide a bulk
concentration for constituent elements. Before annealing
process, there were 3 peaks; Ga, Sr plus Si (Sr+Si) and S.
Because of small value of thin film thickness and high energy
of incident beam, the electrons penetrated through the films
to quartz substrate. Therefore a signal from substrate was also
appeared as a Si one. Unfortunately the Sr element cannot be
observed because it was overlapped with Si signal from
quartz substrate. The ratio between Ga and S intensities
before annealing process is 2.0:3.1. From the EPMA result
for powder, the ratio between Ga and S was 2.0:4.3 and it is
seen that after flash evaporation process thin films possess
the significant sulphur deficiency.

For the annealed thin film (see fig.2b), Sr element also
cannot be observed because of overlapping with the Si signal.
But for the other elements, Ga and S, the intensity ratio was
about 2.0:4.1. Comparison with the reference ratio 2.0:4.3
shows that the annealing process leads to essential
improvement of film stoichiometry. So, the annealing in 10 %
H,S + 90 % Ar atmosphere reduces the sulphur deficiency in
thin films.
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Fig.3. Decay curves of SrGa,S,: Ce thin film

The results of time decay measurements are shown in
fig.3 for the first (450 nm) and the second bands (495 nm) of
the photoluminescence spectra [11]. For the first band t
value of film was found to be 12.1 nsec and for the second
band was 17.5 nsec.

X-ray studies of SrGa,S;:Ce thin films showed that
immediately after deposition the films exhibited amorphous
behavior. The reason of this can be explained by following
way. In Ce-doped SrGa,S; compound unlike Sr*" ions that are
believed to be eightfold coordinated, Ce’" ions (which
substitute the Sr*' ions) are surrounded by nine sulphur atoms.
The ninth sulphur atom is interstitial one, which is
energetically favorable because of charge compensation [3].
The introduction of Ce impurities into SrGa,S, leads to (in
addition to lattice distortion) occurrence of high
concentration of interstitials, which prevent the formation and
growth of grains on the substrate during the film deposition.
The temperature and duration of deposition process in flash
evaporation method are not enough for the crystallization of
deposited film. EPMA measurement result shows the sulphur
deficiency in “as deposited” films, which can also cause the
poor crystallizing of these films. Therefore the thermal
treatment of obtained thin films was necessary.

X-ray studies showed that after thermal treatment of films
in 10 % H,S + 90 % Ar stream leads to significant
crystallization of amorphous films (fig. 1b). Unfortunately,
determination of bulk concentration of constituent elements
in thin films using EPMA technique was connected with
some difficulties caused by strong overlapping of Sr and Si
(quartz substrate) signals. However, the analysis of EPMA
results showed that after annealing process the ratio at least
between Ga (Ga: as a unit) and S (Ga:S = 1.00:1.95) was
close to the ratio 1:2 in the stoichiometric SrGa,S, compound
within an experimental error. So, the annealing in H,S
atmosphere leads to reduction of sulphur deficiency in thin
film.

CONCLUSIONS

For the first time successfully obtained Ce-doped SrGa,S,
thin film by using flash evaporation method. The main
distinctions of this method from the previous methods (DBYV,
MBE etc.) are the simplicity and cheapness of preparation
technology.

Annealing in H,S gas stream (50 ccm) at 750°C for 1 hour
leads to significant crystallization of the obtained thin films.
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The annealing process improves also the stoichiometry of the  to be 12.1 nsec and 17.5 nsec, for the first (450 nm) and the

obtained films. second bands (495 nm), respectively.

The characteristic double band blue emission having the The obtained results show that the annealed SrGa,S,;:Ce
maxima at 450 nm and 495 nm can be attributed to short- thin films prepared by flash evaporation method can be used
range order in amorphous phase [11]. for preparation of electroluminescent cell.

The emission decay time of annealed thin films is found
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E.F. Qamborov, A.I. Bayramov

TERMIK iSLOMONIN PARTLAYISLI BUXARLANMA USULU iLO ALINMIS SrGA,S,:Ce NAZIK
TOBOQOLORININ STRUKTUR XASSOLORINO TOSIRI

Toqdim olunan hesabatda Ce®" inlan ilo aktivlesdirilmis SrGa,S, nazik tobogolorinin almma texnologiyast vo struktur xasselori
verilmigdir.

SrGa,S4:Ce nazik tabagslori sads vo bahali olmayan partlayislh buxarlandirma tisulu ilo alinmigdir.

Rentgen analizlori gostorir ki, “¢okdiiriilmiis” tobogolor 6zlorini amorf kimi gostorir, lakin H,S miihitinds termik islondikdon sonra
polikristal olurlar. Elektron mikroanalizi do nazik tobagelerin stexiometrik torkiblorini tosdiq edir.

9.®. I'ambapos, A.U. Baiipamos

BJIMSTHUE TEPMUUYECKOI'O OT’KUTA HA CTPYKTYHBIE CBOMCTBA TOHKHX IVIEHOK SrGA,S,:Ce,
IMOJIYYEHHBIX B3PbIBHBIM NCITAPEHUEM

B HacTosilieM NOKIane NpHUBEJEHAa TEXHOJOIMS M3TOTOBICHHS U CTPYKTYPHbIC XapaKTePUCTHKH TOHKHX IUIEHOK SrGa,S,, aKTUBHpPO-
Baumbix Ce®’. Tonkue mieHkn SrGa,S,: Ce M3rOTOBICHBI TAK HA3HIBAGMBIM B3PBIBHBIM HCIAPEHHEM, KOTOPOE SIBISETCS POCTBIM H HEXOPO-
MM METOJIOM JUIsl HAHECCHHS TOHKHX IICHOK.

PeHTreHOCTpYKTYpHBIC aHAIM3bI HOKA3bIBAIOT, YTO IJICHKH, HE OIBEPTIINECcs OTXKHTY, 00J1ajaloT aMOp(hHBIM IOBEIEHHEM, HO IT0CTIE OT-
xkwura B motoke H,S OHM CTaHOBATCS MONMKPUCTAUINYECKUMU. Pe3ynbTars! 2IeKTPOHHOTO MHKPOAHAIIH3a MOATBEPKAAIOT CTEXHOMETPHH-
YeCKHil COCTaB TOHKHX IUICHOK.
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BOYUK SUROTLI PLAZMA SELININ KONDENSASIiYASI

B.B. DAVUDOV, T.Q. NAGIYEV
Baki Doviat Universiteti,
Baki, AZ-1148, Z. Xalilov kiic., 23

Bu isdo metal, yarimkegirici va dielektrik buxarlarindan ibarat olan boyiik siiratli plazma selinin onun harakat istigamatina perpendikul-
yar yerlosdirilmis altliq iizarinds kondensasiyas1 mexanizmina baxilir. Plazmanin altliqla qarsiliqli tasirini oks etdiran fotogakillor géstarir ki,
altligdan 1-1,5 mm masafads qalinligi 2-3 mm olan parlaq isildayan plazma tobaqasi emals galir. Belslikls, altliq {izerinds plazma selinin
kondensasiyasi vo sothinds nazik tobaqonin omolo golmasi onun sathinin bir-birindon asili olmadan ayri-ayri elektronlar, ionlar, neytral vo
hayacanlagmis atomlar torafindon bombardman edilmasinin noticasidir.

Boyiik siiratli plazma selini miixtalif altliglar iizerino
kondensasiya etmoklo nazik tabagolerin alinmasi vo onlarla
miixtalif mikrokonstruksiya elementlorin sathlarinin ortiilme-
si texnologiyasinda totbiqi kimi mosololors hasr olunmus islor
odabiyyatda vardir [1-3]. Lakin bu ciir texnologiyanin fiziki
osaslar1 holo do tam agilmayib vo onun dyronilmasing ehtiyac
vardir.

Bu igdo metal, yarimkegirici vo dielektrik buxarlarindan
ibarat olan boyiik siirotli plazma selinin onun harakot is-
tigamotino perpendikulyar yerlosdirilmis altliq {izorindo kon-
densasiyasi mexanizmino baxilir (sokil 1). Bu mogsadlo
eroziya tipli impuls plazma buxarlandiricisi vasitasilo alinan,
osas etibarilo, mis atomlarindan toskil olunmus plazma seli
gotiirtilmiisdiir. Plazma selinds yiiklii zarraciklorin konsentra-
siyasi - n,=1 0'5-10" sm™, elektron temperaturu - 7,=3-1 0’K,
plazma selinin 6n cobhasinin siirati — v=10"m/san olmusdur.

1.5 mim

Sakil 1. Metal, yarimkegirici vo dielektrik buxarlarindan
ibarat olan bdyiik siiratli plazma selinin onun
harakat istigamatine perpendikulyar yerlogdiril-
mis altliq tizarinds kondensasiyanin mexanizmi.

Plazma selinin spektrindo bir vo ikiqat ionlagmis mis
atomlar1 miisahido olunur. Plazma selinin vo eloco do ayri-
ayr1 spektral xotlorin zamana goro acilist gostorir ki, metal
elektrodlardan eroziya olunan kiitlo onlarin tizorindo omala
golon anod va katod lokalorindon diskret gokildo atilir. Ero-
ziya olunan kiitlonin diskret halda atilmasi artiq bir ¢ox tod-
qiqatgilar torsfindon miixtalif zamanlarda miixtalif plazma
siiratlondiricilorindo miisahido olunmusgdur [4-5].

Plazmanin althqla qgarsiligh tesirini oks etdiron fotoso-
killar gosterir ki, althqdan 1-1,5 mm maesafods qalinligr 2-3
mm olan parlaq isildayan plazma tobaqgasi amolo golir. Bu te-
bogonin parlagligr (isiglanma intensivliyi) toxminon buxar-
landiricinin - ¢ixisinda  plazmanin  giialanmasi  intensivliyi
tortibindadir.

Althigm 6niinds isildayan plazma tobogosinin yaranmasi
sabablorini aragdiraq. Altliq sothini bombardman edon atom-
larin bir hissasinin elastiki olaraq althigin sothindon oks
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olunmasi, althgm materialindan qazlarin desorbsiyasi, altliq
sothinin tozlanmasi vo s. noticosindo althigin sothino diison
osas selin oksino yonolmis zorraciklor seli yaranir. Bu sellor
toxminan zorraciklorin sarbast yolunun uzunlugu mosafosindo
toqqusur. Toqqusan sellori togkil edon zarraciklor ionlasaraq
althgin qabaginda isildayan tobogo yaradir. Indi zarraciklor
artiq bu zonadan altligin sothino kondensasiya olunmaga bas-
layir. Ogor zorraciklorin temperaturu 1-2 eV, konsentrasiyasi
10"sm™ oldugunu forz etsok =~1,5-1 0”T° ifadosindon
zarraciklorin sorbast yolunun uzunlugu tgiin tapilan qiymot
toxminan 1,5 mm olur ki, bu da tocriibods fotografik tisullarla
toyin olunan qiymotlo iist-iisto diisiir. Isildayan tobaqo ilo
althq arasinda qaranliq zonanin olmast onu gostorir ki,
yaranan plazma tobagesindan elektronlar vo ionlar altligin
sothina toqqusmasiz tam sarbast sokilde kondensasiya olunur.

Sotha diisan elektron seli % dofs ion selindon ¢ox

oldugundan altligin sothinds ilk anlarda monfi yiiklor y1gilir.
Tabaqs ilo altliq araliginda bu yiiklorin yaratdigi sahs ionlar
tiglin siiratlondirici saha oldugundan altliq iizerinds istonilon
enerjili ionlar, elektronlar {iglin iso bu sahs tormozlayict saho
oldugu {iglin onun sathins yalniz kifayat qadar boyiik enerjili
elektronlar diiso bilor. Elektron vo ionlarin altligin sothindo
yaratdig1 istilik selini 0=3,9-10”n,7°?(Vt/sm?) ifadosindon [6]
toxmini olaraq qiymotlondirmok olar. 7,=10° K vo
n=10"sm™ oldugda bu selin giymoti ¢ox da boyiik deyil vo
0=40 Vt/sm’-a borabordir. Bundan basqa elektron vo ionlarin
soth iizorino rekombinasiya enerjisini nozoro almaq lazimdir.
Bu prosesin ehtimali ¢ox boyiikdiir. Rekombinasiya natico-
sindo yaranan “soyuq atomlar” yenidon plazma tobagosine
qayidib, siiratli elektron vo ionlarla toqqusaraq miisyyen
enerji qazanar. Bels atomlarin yenidon ionlagmasi naticosinda
tabageni toskil edon plazmanm tmumi temperaturu asagi
diiso bilor. Aydinir ki, altliq lizoring, eyni zamanda, neytral vo
homginin hoyacanlagmis atomlar da he¢ bir manessiz diiso
biler.

Beloliklo, altliq tizerindo plazma selinin kondensasiyast
va sothinds nazik tobaganin omsls golmasi onun sathinin bir-
birindon asili olmadan ayri-ayri elektronlar, ionlar, neytral va
hoyacanlagsmig atomlar torofindon bombardman edilmasinin
naticasidir. Sath torafinden absorbsiya olunan yiiklii zarracik-
lorin nisbatindon asili olaraq sothin potensiali miisbat vo ya
manfi ola bilar. Sath potensialinin doyismosinds plazma-altliq
araliginda yaranan elektrik sahasinin ds boyiik rolu vardir.

Neytral atomlarmn althgm ssthinds absorbsiyasi natice-
sindo sothin potensiali doyismir. Bu vaxt neytral atomla soth
arasinda neytral formada rabito yaranir. Belo ki, soth iizorino
diison neytral zarraciklor London vo Van-der-Vaals cozbetma



BOYUK SUROTLI PLAZMA SELINiN KONDENSASIiYASI

qiivvalarin tosiring diigiir. Bu qiivvoalar iso soth atom vo mole-  enerjisinin artmasi vo ya digar fluktuasiyalar naticesinda zor-
kullarmin dipol vo kavdrapul momentlorinin tasiri naticesindo  rociklorin altligin sothi boyunca ragsi harakatlori o qador arta
yaranir. bilor ki, atom qonsu potensial ¢uxuruna diigo bilor. Soth bo-
Nazik tobagolerin klassik nazariyyssine gors altligla isti-  yunca bu ciir miqrasiya edon atomlar bir-birilo rastlasaraq alt-
lik tarazliginda olan sothdo absorbsiya olunmus atomlar bu vo  ligla daha uzun miiddostds alagoads olan “toplular” vo ya klas-
ya digor potensial ¢uxura diisorok istilik rogsi harokoto bas-  terlor amals gatirir. Sonra ise zarraciklarin kondensasiya pro-
layir. Althigin temperaturunun, absorbsiya olunmus atomlarin  sesindos bu toplular birlegerok nazik tabaqalori formalasdirir.

[11 ZYu. Gotra. Tekhnologiya mikroelektronnikh us- [3] B.B. Davudov, F.Sh. Islamov. 1zv. AN Az. SSR, ser.

troystv: spravochnik, M., Radio i svyaz, 1991, 528 s. fiz-tekh 1 mat. nauk, N4, 1982, s.84. (Rusca)
(Rusca) [4] B.A. Osadin. JTF, t. 37, 2061, 1967. (Rusca)
[2]1 B.B. Davudov, M.D. El Bakhravi. 1zv. AN Az. SSR, [5] B.B. Davudov, L.Ya. Minko. JTF, v. 73, 1971.
ser. fiz-tekh i mat. nauk, N4, s. 123. (Rusca) [6] Diagnostika plazmi, pod red. R. Khaddlstouna i S.M.

Leonarda, Mir, 1967, 515 s. (Rusca)
B.B. Davudov, T.G. Nagiyev
CONDENSATION OF A HIGH-SPEED PLASMA STREAM

The condensation mechanism of the dense high-speed plasmous flow consisting from metal, dielectric and semi-conductor steams on
the solid substrate vertically located to plasma flow is considered in the work. The bright luminescence in the form of a layer with 2-3mm
thickness removed on distance about 1-1,5 mm from target surface is observed. The occurrence reasons of this condensed plasma bond are
established. This condensation of plasma flows on substrate surface presents itself the surface bombardment by separate ions and electrons,
and also by neutral atoms from the condensed plasma luminous zone of the substrate located near to substrate surface.

Bb.b. lasynos, T.I'. Harues
KOHIEHCAIINS BBICOKOCKOPOCTHOTI' O IIJIASMEHHOT O ITOTOKA

B pa60Te PacCMOTPEH MEXaHU3M KOHJACHCAIINU IIJIOTHOTO BBICOKOCKOPOCTHOI'O MJIa3MEHHOT'O ITOTOKA, COCTOAILIECTO U3 METAJUIMYECKUX,
JAUDBJICKTPUICCKUX U NOJIYNPOBOJHUKOBLIX ITapOB Ha TBépZ[OfI NOMJIOKKE, BEPTUKAIIBHO paCHOIIO)KeHHOfI K IIOTOKY ILIa3MBI. Ha6n}0uaﬂoc1)
SPKOC€ CBCYCHUEC B BUIC CJIOA C TOJ'IH.[PIHOﬁ 2-3 MM yIIa.IIéHHOI‘O Ha paCcCTOAHUU OKOJIO 1-1,5 MM OT IOBEPXHOCTU MHUIICHU. ‘YcraHoBieHbI
NPpUYUHBI BOSHUKHOBCHUS 3TOM yHHOTHeHHOﬁ 30HBI ILIa3MBI. HOKa3aHO, YTO 9Ta KOHJACHCAIUA IUIa3MCHHBIX IIOTOKOB Ha IMOBEPXHOCTHU
NOJJIOXKKH MPEACTABISCT coboit 60M63p£{I/IpOBKy MOBEPXHOCTU OTACIBHBIMHU MOHAMU U DJIEKTPOHAMH, a TaKXKe HeflTpaﬂLHHMH aToOMaMHu U3
yHHOTHeHHOﬁ CBeTSIH.[efICH 30HBI IJIa3MBI, pacnonoxceHHoﬁ BOIHM3H IMOBEPXHOCTHU ITOJIONKKHU.
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GdS; 4 VO DyS, 43 BIRLOSMOLORININ ISTILIKKECIRMOSININ TODQIQI

O.R. 9OHMODOV
Azarbaycan MEA Nax¢ivan Bolmasi,
Naxg¢ivan -373630, H. Oliyev prospekti, 35

Videman-Frans qanunu, maxsusi istilik tutumu vo ultrasaesin yayilmasi suratinin orta qiymatindan istifads ederak 900K temperaturu dok
qadolinium vo disprozium sulfidlorinin istilikkecirmoasi todqiq edilmisdir. Debay temperaturunun orta qiymati, istilikgeniglonmo omsali vo
onlarin temperatur asilligi toyin olunmusdur. Gostorilmisdir ki, qofos istilikkecirmasindo osas rol fononlarmn kristalik qifisinin statistik

tamamlanmamuis hiaaiciklordon sopilmasidir.

Ekoloji cohotdon tomiz, borpa olunan alternativ enerji
ndvlarindan kulsk vo giinas enerjisine olan tolobatin artmasi
bu istigamotdo yeni aragsdirmalar aparilmasini, yiiksok f.i.o.-
na malik stabil is gabiliyyatli qurgular yaradilmasi tolob edi-
lir. Bels ki, bir cox gunas qurgularinda Frenel sathi toplayict
linzalardan istifado olunur. Lakin coxlu koncentra olunmus
is1q slialar1 fotokegirici elementin qizmasina elektrik para-
metrlorinin doyismosino gotirir [1]. Bu halda daha yiiksok
temperaturlarda 6z fotoelektrik parametrlorini saxlayan, ener-
jisinin termoelektrik cevrilmosindo yiiksoktemperaturlu saxs-
lor kimi totbiq olunan NTE (Nadir topraq elementlori) sulfid-
loring stiinliik verilir. Bu birlosmolor qadagan olunmus zo-
nanin eni 2,1eV-dan bdyiik olan geniszonali yarimkegiricilor-
dir.

Bu igdo 300-900K temperatur intervalinda GdS,4s vo
DyS, 43 bislosmosinin istilikkegirmo xassolori todqiq oiun-
musdur. Birlogsmolorin timumi istilik kegiriciliyi qofos (4,) vo
elektron (4,) torkibinden ibarot olur: A;,= A g FAe.

Elektron torkibli istilikkegirmo cirlasma hali iiciin

h

k

3PND
47aM

1/3
) 1
V,-V,

] 1/3 ;
[3(21/13 +V; )}

h, k, N - uygun olaraq Plank, Bolsman, Avaqadro sabitloridir.
P - kristallokimyovi formulda atomlarin sayi;; D - sixliq;
M - orta molekul ¢akisidir. Bu birlogsmolards qafas istilik-
kecirmasinds asas rol asagi temperaturlarda fononlarin kris-
tallik gofosin statistik tamamlanmamis hissoslorinds sopilmasi
oynayir. Istilikkecirmoda ragslorin anharmonizmi ona gatirir
ki, sifirdan forqgli atomlarin orta yerdoyismasi birlosmonin 61-
ciilorinin doayisilmasina sabab olur, yoni kristallarin istilik ge-
nislonmasi yaranir.

burada

m

A=LoT, Videman-Frans ganunu ilo hesablanmigdir vo qofes X
istilikkegirmosinin yarisini togkil edir (burada L - Lorens ade- & E
didir) [2]. & g
2
A K
e =g 0L,
oT e ®
2 2
A{Hs,m_mz) F}
2
r+l F (r+1) F. 0
Qofos istilikkeciriciliyin qiymati va temperatur asililig 8
real kristallarda Leybfrid-Sleman diisturu ilo hesablanmigdir:
25 = ~ :_
3 1 |
/’i — w 400 800 1200 -
q 7/2 T ;
Sokil 1. 1- GdS; 45 vo DyS 45 birlssmeleripin istilikke¢irmasinin
Burada 4 - orta atom mokisi, @ - Debay temperaturu, 7 - \E) istjlik genislonma amsalinin (IGO) temperatur
Qriineyzen anharmonik omsalidir. Qofos istilikkegiriciliyini astlihig.
l);arakterlz.a edenka-s.as" pa;?;;}? 0 - Deba}(li temperatpr.uqili Yuxaridaki O6lgmolorin naticolorine asasen GdS; s Vo
unu toyin itme ueun 1— t?mp.er.atur a moxsus 1stilt DyS,4s yarimkecirici birlogsmalorinin = aldigi  qiymotlor
tutumu .ve.u trasosin yayilmasi surotinin orta qiymoti meto- cadvalds gostarilmisdir.
dundan istifado olunmusdur [3]:
Codval
Birlosmolor | 4, Vtm'K' |  pgx10°K’ C,, Coul Mol'K! 0, K
GdS, 45 3,31 10,65 176,8 273
DySMg 3,17 11,32 182,6 269
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NTE sulfidlorinds 300K temperaturda &-nin qiymati de- Alinan noticaler asas verir ki, optimal termoelektrik para-
mok olar ki, xotti azalir, istilikkegirmo omsali iso artir. Yoni ~ metrlorino malik, termodavamli materiallar olan NTE sulfid-
qofos istilikkegiriciliyi uygun olarag azalir, qofas istilik rogs-  lorden GdS, 4 vo DyS, 45 yarimkegirici birlosmolori enerjinin
lorinin anharmonikliyi yiiksalir [4]. termoelektrik cevrilmosindo miasir dovrde totbiq olunan

Asagidaki qgrafikdo GdS, 45 vo DyS, 45 yarimkegirici bir-  yiksoktemperaturlu saholor kimi daha etibarli maddolori
losmolorinds istilikkegiriciliyin vo istilik genislonmosi omsa-  hesab etmak olar.
linin (IGO) temperatur asililiglari tosvir olunmusdur.

[1] L.L. Nemenov, M.S. Sominskiy. Osnovi fiziki i tekhniki [3] G.G. Gadjiyev, Sh.M. Ismailov, Kh.Kh. Abdullayev.

poluprovodnikov. Leningrad, «NAUKA», 1974. AMEA Fizika Institutunun 60 illiyino hosr olunmus
[2] V.V. Gorbachov, L.G. Spitsina. Fizika polupro- Beynolxalq konfrans «®usuka-2005». Baki, ¢.92.
vodnikov i metallov. Moskva «Metallurgiya», 1982. [4] E.I Rogachova, IM. Krivulkin. FTT, 43, 6, 2001, s.1000.

O.R. Akhmedov
THE STUDY OF HEAT CONDUCTIVITY PROPERTIES OF GdS; 4 and DyS, 45
The heat conductivity properties of sulfides of gadolinium and dysprosium up to 900K with use of the average speed of ultrasound
distribution, a specific thermal capacity and Videman - Frans law have been investigated. The value of Debay temperature, thermal extension

coefficient and the temperature dependence are established. It is shown that the scattering on crystal lattice phonons plays the main role in
lattice heat conductivity.

O.P. AxmenoB
HUCCIEJOBAHUE TEIIOITPOBOJHOCTH COEHEHEHI/IFI GdS; 45 1 DySy 4
HccnenoBaHbl CBOWCTBA TEIIIONPOBOAHOCTH CyIb(GHUIOB ragonuaus u auctposus 10 900K ¢ ncronp3oBaHHEM METO/a CPEAHETO 3HAUe-
HUS pacIpOCTPaHEHUs] CKOPOCTHU yIbTpa3ByKa, yACIbHOI TEIUIOEMKOCTH U 3aKoHa Bunemana-®panma. OnpeneneHo 3HaueHus [lebaeBckoit

TEMIICPATyphl, K03(1)(1)I/IIII/IGHT TCIJIOBOI'O paCHIMpEeHUss U HUX TeMnepaTypHoﬁ 3aBUCHUMOCTH. HOKa3aH0, 4qToO B pemeTquoﬁ TEIJIOPO-
BOJHOCTU OCHOBHYIO POJIb UT'PACT PACCEIHUE Ha (1)0HOHaX KpHCTaHHH‘IeCKOﬁ peI_HéTKI/I.
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GUNOS ELEMENTLORINDO NANOTEXNOLOGIYANIN TOTBIQIi
PERSPEKTIVLORI VO GOLOCOK PROQNOZLAR

R.C. MODOTOV, A.9. SADIQOVA
Azarbaycan MEA Radiasiya Problemlari Institutu,
AZ 1143, F. Agayev k., 9, Baki

Maqalads giinas elementlorinin effektivliyinin artirilmasi va ragabats davamliliq baximindan fotogeviricinin sath va daxili oblastlarinda
nanotexnologiyanin tatbiqi istiqamatlori aragdirilmigdir. Gostorilmisdir ki, nanohissaciklordon istifads edorak batareyanin sothinin sahosinin
onun hacminas nisbatini artirmaq olur va naticads faydali is amsali artir.

Miiasir dovrdo elmi va dovri nasrlorda, elektron kiitlovi
informasiya monbolorinds miixtolif formalarda nanodlgiiloar,
nanomateriallar, nanotexnologiyalar sozlori tez-tez tokrar
olunur. Bir ¢oxlart insan faaliyyatinin praktik olaraq biitiin
saholorinds yiiksok texnologiyalar sferasinda inqilabi doyisik-
lor rolunda iimumi sokilds sadalanan nanosistemlor anlayigini
bir dayaq ndqtosi kimi goriirler.

Tadqiqatcilarn fikrine géra nanosistem anlayis1 6z arala-
rinda bagli olan problemlorin kifayst qadar genis spektrini
dastyir. Bu zaman nanotexnologiyanin konkret texnoloji isti-
gamats totbiq olunmast ii¢iin baxilmasi zeruridir. Nanotexno-
logiyalarin miivoffoqiyyastlo reallagsmasi niimunasi timsalinda
seolit sistemlori li¢iin katalizatorlar1 vo 1nm 6l¢iilii mosamo-
loro malik katalizator dastyicilarii gostormok olar. Digor
seolit sistemlorinda qisatsikilli adsorbsiya metodu ilo qazlarin
selektiv ayrilmasi aparilir. Oton osrin sonunda omolo golon
nanofiltrli membranlar di- va polivalent ionlardan monova-
lentlori miivaffoqiyyatlo ayirir [1].

Nanosistemlorin miihiim oslamoti onlarin reallagmasi za-
mani hal-hazirda mdévcud olan model va nazariyyslarlo izah
oluna bilmoyan material va qurgularin, mohsullarin xassalori-
nin va keyfiyyat dayisiklorinin alinmasidir.

Umumi sokilde nanotexnologiyalarin informatikada, yeni
materiallarin alinmasinda, masingayirmada, biomiihondislik-
do, tibbdo, energetikada potensial imkanlar1 yaddas qurgulari-
nin effektivliyini iki vo daha ¢ox artirmaga, poladdan onlarla
dofo mohkom olan materiallarin alinmasini, masinqayirmada
ifratminiatiir momulatlarin alds olunmasini, giinos batareyala-
rinin energetik effektivliyini bir nego dofo artirmaga real sora-
it yaradir [2].

Fotovoltaik texnologiya giinos siialanmasi enerjisini bir-
basa olaraq elektrik enerjisina ¢eviran yegana texnologiyadir.
Glinog batareyast adoton yarimkegirici materialdan hazirlanir.
Is1iq yarimkegiricido udularaq, onda elektron vo desiklor ge-
nerasiya edir ki, onlar da 6z ndvbosinda elektrik kontaktlarina
torof diffuziya edorok, bununla da onda elektrik coroyani ya-
radir. Nozori olaraq ultrabondvsoyidon infraqirmiziya qader
goriinon spektrin biitiin hissalori istifado oluna bilor. Lakin bu
istifado olunan materialin néviindon vo konfiqurasiyasindan
asilidir. Bozi hallarda artiq giines batareyalar1 raqabsts gir-
mok baximindan yararlidir (masoalon, uzaq vo oslgatmaz yer-
lords). Lakin onlarin daha genis miqyash totbiqino yliksok
maya doyari va asagi faydali is amsali mane olur. Bu gostari-
cilorin yaxsilagdirilmasi giinog batareyalarinin inkigafinda
osas sortdir. Nanotexnologiyanin totbiqi bu baximdan har iki
problemi hall eds bilor [3].

Yiksokeffektivli nanoheteroquruluslu giinos elementlori
ogor glinos stialanmast konsentratorlart sistemi altinda islo-
yirlorsa yeriistii enerji sistemlori ti¢iin ¢cox perspektivlidir. Sii-
alanmanin konsentra olunmasi sade vo ucuz Frenel linzasinin

54

komayi ilo oldo oluna bilor. Masalon, 40mmx40mm &l¢iilii
sotho diison giinos siialanmasi 3mm*-dan kigik sotho topla-
nilir. Elementlor bu zaman mini linzalarin kémoyi ilo topla-
nan giinag siialanmasinin vahid giiciiniin kigik olmasi sobo-
bindon qizmirlar. Bu ciir konsentratorlu fotoelektrik sistem-
larinds elektroenerjinin maya doayari giinos elementinin saho-
sinin 1000 dofo kigilmosi hesabina 2 dofo azala bilor. Bu
zaman konsentratorlu fotoelektrik sistemlorinds xiisusi enerji
cixis1 yiiksok faydali ig omsalina vo daim Giinogo doqiqliklo
yonalmo hesabina goro 3 dofo arta bilor.

Daha ucuz materiallardan vo istehsalat proseslorindon is-
tifado etmoklo giinog batareyalarinin maya doyorini agag sal-
magq olar. Batareyalarin effektivliyini artirmagq iigiin iso, onla-
rin diigon is1g1 miimkiin gqodor udma qabiliyyatini artirmaq va
elektriko ¢evirmok lazimdir. Nanohissaciklordon istifado edo-
rok batareyanin sothinin sahasinin onun hacmino nisbatini
artirmaq olur vo noticodo faydali is omsali artir. Fotovoltaik
elementlor bazarinda balansina 90% diison silisium giinos ba-
tareyalar1 iki ndvde olurlar: monokristallik vo polikristallik.
Birinciler an ¢ox faydali is amsalina malikdirler (kommersiya
mohsulu kimi adaton 15%, laboratoriya soraitinds iso 25%-9
gadar), lakin yuxarida geyd edildiyi kimi bu ciir batareyalar
bahalidir, bels ki, onlarda ifrattomiz yarimkeciricidon istifads
olunur. Polikristallik batareyalar ucuzdur, lakin onlarin qeyri-
miitomadi kristallik strukturuna malik olmasi onlarin faydali
is omsalin1 kifayot qodor asag1 salir.

Hal-hazirda alternativ olaraq bir ¢ox miixtolif {izvi vo
geyri-iizvi materiallar iglonmoa morhoalasindadirlor ki, onlarin
bazilari asagida qeyd olunur:

Miixtolif sort vo ayilo bilon substratlar tizorine nazik
tobagolor goklindo aktiv ortiiklor ¢okilo bilor. Miiasir dovrdo
daha ¢ox istifado olunan amorf silisiumdur. Onlarin asasinda
hazirlanmis giinas batareyalarinin kristallik silisiuma nazaron
maya doyori asagidir, belo ki, kifayot qodor az material sorf
olunur. Lakin onlarin faydali is omsali nisboton agagidir -
toxminan 8%. Nazik tobaqalerin istehsalinda diger material-
lardan da istifado olunur: mis diselenid, indium diselenid va
kadmium tellurid. 2003-cii ildo naziktabagoli gilinos batareyala-
rinin imumi istehsalat hocmindo yeri toxminoan 6% togkil etmisdir.
Boyacilarla sensibilo olunmus giinos batareyalari bit-
kilordoki fotosintezos oxsar olan mexanizmin kdmoyi ilo gii-
nos is1gni konverss edir. Onlar nisbaton maya doyori asagi
olan texnoloji istehsalatin kdmayi ils yiiksok tomizliye malik
olmayan ucuz materiallardan hazirlana biler. Isigm boyact
molekulda udulmasi ilo sarbast elektronlar amals galir va ar-
dicil olaraq onlar nanoquruluslu titan oksidinde kogiiriiliir. Bu
ciir batareyalarin faydali is omsali nisbaton asagidir — eksperi-
mental niimunslorde 10%. Daha bir problem istehsalatin
amoktutumlu olmasidir, bels ki, elektronun kociiriilmosi elek-
trolitin olmasini tolab edir. Buna baxmayaraq, bu ciir batare-
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yalarin maya doyori silisiuma nozeren toxminen 60% azdir,
buna goro onlarin bazarda pay1, ¢ox giiman ki, artacaqdir.
Polimer batareyalarda nazik toboqo timsalinda ya-
rimkegirici xassosino malik bozi tizvi polimerlor (mosolon,
polifenilenvinilen) istifads olunur. Onlarin agag1 maya dayari
vardir vo ham ds onlarin faydali is amsali asagidir. Bununla
yanas1 onlar hava vo namliys hassasdirlar.

Coxtobogoli giinog batareyalart ¢oxqatli qurulusa
malikdir. O bir substrat iizerindo ardicil gokildo bdyiidiilon
miixtolif energetik zonali miixtalif yarimkecirici materiallar-
dan formalagsmigdir. Uclgiilii batareyalarda artiq 34% faydali
is omsal1 oldo olunmusdur.

- Kvant quyulari, karbon nanoborulari vs fiillerenlori,
nanosaplar vo dendrimerlor do giinos batareyalar Gigiin mate-
rial timsalinda diqqgati calb edir. Lakin giinos elementloring
tatbiq ndqteyi nozarden bu texnologiyalarin galacayi haqqin-
da prognozlar vermok halo tezdir.

Nanotexnologiyalar hals ki, giinas batareyalarinin isteh-
salinda zoif istifado olunur. Lakin onlar golocokdo asagida
gostarilon mosalolords artan rol oynayacaqdir:

- nazik tobagalorin, qatlari vo sathlorin iglonib hazirlan-
masinda,

- isci sathin artirilmasi tigtin nanohissaciklordon istifada,

- nanokristallik materiallardan istifada,

- yeni materiallarin yaradilmasi.

Nazik tobogolor, qatlar vo sothlor giines batareyalarinin
istehsalinda an ¢ox intensiv sokilds istifado olunan material-
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lardir, bunun ardinca nanokristallik materiallar vo nanohisso-
ciklor golir. Bu material vo texnologiyalar boyacilarla sensi-
bilo olunmus giinos batareyalari ilo yanasi ndvbati onillikdo
lider mévqgeds olacaqdir. Miiasir dovrds ilk kommersiya tot-
biqli marhalods olan boyact va elektrolit asasli nazik tobage-
lorden va batareyalardan forqli olaraq nanotexnologiyalarin
giinos batareyalar1 sahasing totbiqi fundamental tadqiqat mor-
halasindadir.

2015-ci ilo godor todqiqatlarin asas oblasti materiallarin
xassolori, onlarin dizayni va istehsali olacaqdir. Bu ciir tadqi-
qatlarin moagsadi fotovoltaik faydali is omsalint vo batareya-
nin iginin etibarliligini artirmaqdan ibarotdir.

Praktik olaraq biitiin batareyalar ilk kommersiya toklif-
lori morholasine 2010-cu ilo qodor ¢ixmali, nazik tobogoli gii-
nos batareyalari iso genis bazara ¢ixmalidir. 2015-ci ilo godor
onun ardinca nanokristallik materiala malik batareyalar gol-
molidir. Gozlanilir ki, boyact va elektrolitlor asasli batareya-
lar artiq 2005-ci ilds kigikmiqyash sokildo bazara gixmaqla,
2015-ci ilds genis sokilds istifado olunacaqdir.

Kvant giinos batareyalar1 ¢ox yiiksok nozori faydali is
omsalina (toxminon 86%), homginin verilmis dalga uzunlugu-
nu udma qabiliyystino malikdir, lakin onlar 2015-ci ildo is-
lonmo morhalasinds olacaqdir. Buna gors kvant giinas batare-
yalarina olan yiiksok maraq qalacaqdir. Giinas batareyalarinin
2015-ci ilo godor timumi inkisaf monzarasi sokil 1-do gdsto-
rilmigdir.
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Sakil 1. Nanotexnologiya osasl glinag batareyalarinin 2015-ci ilo godoar inkisaf marhololori

Yuxarida qeyd edildiyi kimi giinag batareyalarmin inki-
safinda asas mosalo onlarin maya doyerinin asagi salinmasi
va effektivliyinin artirtlmasidir. Digar torofden, bu qurgularin
etibarliliginin va istismar miiddstinin artirilmasi zoruridir.
Yaximn zamanlarda faydali is amsalinin artirilmasi va maya
dayarinin asag1 salinmasi ¢ox giiman ki, iki biri-birindan asili
olmayan todqiqat istiqgamati kimi inkisaf edocakdir. Yaxin on
ildo osas todqiqat giicii novbati problemlorin halline yonolmo-
lidir:

- miixtolif qadaga zonasi enino vo ya miixtolif udulma
spektrino malik fotoakseptorlar ¢esidinin bir batareyada in-
teqrasiyasi hesabina ¢oxlu miqdarda diison isig1 udma qabi-
liyyatino malik materiallarin yaradilmasi (kvant torlar, yeni
boyacilar, ¢coxtobagoli ultranazik nanokristallik materiallar bu
moagsado ¢atmagq li¢iin yaxst namizadlordir);
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- yiik daginmasmin maksimallagsmasi. Nazik tobogoli vo
coxtabaqali batareyalar {iglin kristallik strukturun yiikssk tos-
killi olmas1 zaruridir ki, bunu da nanokristallik materiallar is-
tifads olunmagla almaq miimkiindiir. Boyaci va polimer osas-
I1 batareyalarda yiikiin fotoakseptordan elektroda kogiirtilmasi
elektrolit olmasini tolab edir. Nanohissaciklor asasinda olan
batareyalarda da elektrolite ehtiyac vardir va ya yiikiin birba-
sa kogilirtilmasi ticiin nanohissaciklor biri-birina kifayat qodor
yaxin yerlogmoalidirlor;

- fotoakseptorlarin, yiik daginmasi strukturunun vo elek-
trodlarin bir cihazda diizgiin inteqrasiyasi hesabina batareya-
larm yiiksok etibarlilig1 vo bdyiik istismar miiddstinin tomi-
nat;

- sonaye miqyasinda batareya istehsalinin texnoloji qay-
dalarinin asanliqla reallasma tominati.



R.C. MODOTOV, A.9. SADIQOVA

I - — 1 osasl batareyalar effektivliyino gore coxtobogeli giinos bata-
[ el J [thg‘d:?;l””] [ Batareyalar ] reyalar1 ilo rogaboto giro bilmass do, daha ucuzdur vo ayilo
bilon altliga asaqnligla ¢okilir. Onlar ii¢lin osas todqiqat isti-

Nanohissaciklor Eleliron kortalt Efibarhiligmn _[ Naziktabagali ] gamoti otraf miihito (temperaturun doyigmasi, nomlilik va s.)
J_ [ J_ artilimast batareyalar qars1 dayanighigm tomin edilmosidir. Yeni boyact molekulla-

. . rin alinmasi va istifado olunmasi bagqa bir todqiqat masslosidir.
Ve boyacilar ik aynlmas: Optik zassalann Buoyacilarla giinag ) S1VO 1S . doo stb $q; b qu q; 983 95d
Sokil 2-do gilinos batareyalarmin bundan sonraki inkigaft
va tatbiqi tliglin hoall olunacaq tadqiqat masalalori imumilas-
Politnerlar Ultranarik tahaga Vakuumsuz
tigiin texnika 1zlama
[ Elektrolitlar ]_ [ﬁxsagl temperaturlu]__[ Fotovoltak J
istehoalat effeltiviic ni nov enerji resurslari ilo mosgul olan miitoxassislor ligiin
xuisusi maraq kosb etmisdir. Nanoquruluslu birlosmalarin he-

Syila bilan edi
giinag batareyalan] mlsdlr'
Wanokristallik . .
materiallar terostrukturlar1 ssasinda hazirlanacaq giinos elementlori fay-
dal1 is amsalinin bdyiik qiymatlorinin alds olunmasi, va yiik-

sok radiasiya dayanigligir baximindan boyiik potensiala malik
olacaqdir. Silisium elementlori ilo miiqayisado heterofotoge-
viricilorin osas istlinliiyli onlarin giiclii sokildo konsentra

Oyilo bilon giinos batareyalari iigiin altlia tobogs ¢okil-  olunmus (500 — 1000 dofo) giines siialanmasim effektiv sokil-
masi problemi vardir. Yiiksoktemperaturlu metodlar yaxsi do gevirmok qabiliyystine malik olmasidir. Bu da 6z nvba-
tokrar olunandirlar, lakin yiikso temperatur polimer osasi da- sinde giinos elementlorinin sahasinin vo maya doyarinin kifa-
gidir, alternativ asagitemperaturlu texnologiyalar iso (CVD, Yot qodor azalmasi perspektivlorini 6n siraya ¢okir vo bununla
buxardan vo ya aerozoldan qazofaza kondensasiyas) holo ki, ~ da giinosden alinan elektroenerjinin maya doyari agag1 disiir.
miloyyon c¢atigmamazliga malikdirlor. Boyact vo elektrolit

vaxglagmast hatarevalars

Glinos slialanmasi enerjisinin elektrik enerjisino ¢evril-
mosi problemi diinyanin demak olar ki, biitiin 6lkolorinds ye-

Sakil 2. Giinos batareyalarinin golocok inkisaf va tatbiqi liglin
hall olunacaq toadqiqat masalalari.

[11 V.P. Dubyaga, I.B. Besfamilniy. Nanotekhnologii i [2] V.M. Andreev. International Scientific Journal for
membrani. Kriticheskie tekhnologii. Membrani. 2005, Alternative Energy and Ecology ISJAEE, 2007,
Ne3(27), s.11-16. (in Russian) Ne2(46), $.93-98. (in Russian)

[3] V.V. Sichev. Ros. khim. j. (J. Ros khim. ob-va im.
D.I. Mendeleeva), 2008, t. LII, Ne6, s.118-128.
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PROSPECTS AND FORECASTING OF APPLICATIONS NANOTECHNOLOGY IN SOLAR ELEMENTS
In this paper the direction of nanotechnology application on the surface and photo-transformer internal area with the purpose of
efficiency increase and competitiveness of solar elements is investigated. It is shown, that using nanoparticles, it is possible to increase the
relation of the battery surface area to volume therefore the efficiency of elements increases.
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TlIn; Yb(Ce)Se; MONOKRISTALLARININ TENZOREZIiSTiV XASSOLORI

E.M. QOCAYEV, M.T. DADASOV
Azarbaycan Texniki Universiteti, AZ-1073, Baki, H. Cavid pr., 29

Tln,,Yb,(Ce)Se, kristallarinin pyezoelektrik xassolorinin todqiqilo askar edilmisdir ki, bu kristallar yiiksok tenzohassasliq oamsalina
malikdir. Tenzohossasliq amsali is1g1n intensivliyindon, spektral torkibindon asili olaraq idars olunur.

Molum oldugu kimi TlInSe, kristallar1, o ciimladen da
onun struktur analoglar1 olan TlInTe, vo TlGaTe, birlogsmo-
lori  kifayyot qodor yiiksok tenzohessasliq omsalina
malikdirlor [1-4], onlarin alinma texnologiyas:t osasinda
tenzoelementlorin hazirlanma prosesi kifayot qodor sadadir,
isigin, temperaturun vo digor konar amillorin tosirilo
tenzohassasliq omsallarmi lazimi istigamoto doyisdirorak,
idaro etmok mimkiindir. Amma, biitin bu misbot
olamotlorlo yanasi, homin kristallarin nominal miiqavi-
motlorinin  boyilk olmast onlardan hazirlanan tenzoele-
mentlorin praktiki totbiq imkanlarini mshdudlasdirir. Bu
¢otinlikdon ¢ixmanin yollarindan biri, homin birlosmolora
metal atomlarindan asqar vurulmasi ola bilar.

Odabiyyat molumatlarinin tohlili gdsterir ki, homin
istigamotds miioyyon iglor aparilmaqdadir. Belo ki, hoalo ke-
c¢on asrin ikinci yarisindan etibaron TlInSe; tip birlogsmolordo
tigvalentli indium atomlarinin iigvalentli lantanoidlarlo ovoz

olunmast ilo alman Tln,_,Ln,CY! tip sistemlorin fiziki-
kimyovi, rentgenofaza vo digor analiz dsullart ilo hal
TInC)'

birlogsmolori osasinda hollolma oblastlarinin  mévcudlugu
askar edilmisdir [5-7 ].

Homin kristallarin bazilorinin tenzorezistiv vo pye-
zoelektrik xassolorinin todqiqi barade miioyyon molumatlar
var [8-11]. Bu isdo biz TlInSe, - TIYbSe, sistemindo askar
edilmis bork mohlullarin pyezoelektrik xassolorinin todqiqi
barado molumat veririk [12-13]. Qeyd edak ki, bu kristallarin
elektrofiziki xassalorinin todqiqi gostormisdir ki, hoqigaton do
TlInSe, qgofasinds indium atomlarinin itterbium atomlar ilo
ovaz olunmasi halinda kristallarin elektrik miigavimatlorinin
azalmasi bag verir. TlIn, Yb,Se, (0<x<0,06) monokristallari
zona aritma Usulu ilo yetisdirilmisdir. Monokristallarin yetis-
dirilmasi hom oridilmis zonanin saquli, hom do iifuqi istiga-
matlorindo yerdoyigmolori halinda alinir. Uzunlugu 10-15 mm
olan oridilmis zona 10-20 mm/saat siirotlo horokot etdirilir.
Torkibindan asili olaraq zonanin har iki istiqamatds harakati
10-dan 20-yo godor olur. Bu iisulla alinan monokristallar
asanliqla parlaq sathli diizbucaqli paralelepiped soklinds gal-
polors ayrilir.

Homin kristallar TlInSe, - do oldugu kimi tenzoelement-
larin hazirlanmasi ti¢iin ¢ox alverisli olur. Onlardan tenzodtii-
riiclilorin hazirlanma texnologiyasi asagidaki kimidir.

45 markali, qalinlig1 0,55 mm, uzunlugu 30 mm olan po-
lad 16vhonin sathi digqoetlo emal edilorak islonilir, etil spirti
ilo tomizlonir. Bundan sonra sath galinligr 10 - 15 mkm olan
EP - 96 laki ilo ortiiliir. Homin halda otaq temperaturunda bir
saat saxlanildiqdan sonra, yiiksok temperaturlu polimerlogmo-
ni tomin etmak {iglin quruducu skafa yerlosdirilir. Temperatur
todricon 180°C - yo qodar galdirilir vo bir saat orzindo homin
temperaturda saxlanilir. Bu texnoloji prosesdon sonra sath
tobaqasi tam polimerlasir vo orada har hansi girinti - ¢rxint1 olmur.

diagramlart qurulmus, homin sistemlords
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Bu gaydada hazirlanmis tobaqo iizerindo tenzorezistorun
Olgiisindon bdyiik soth, tokraran lak tobogoesilo ortiiliir.
TlIn,_,Yb,Se; kristallarindan elektrodlar lehimlonmis niimuna
yuxaridaki qaydada hazirlanmis polad topago iizorino qoyula-
raq, ehmalca satha dogru sixilir. Daha sonra, eni 1,5 mm olan
ftoroplast lentlo altliga sarmir. Qurgu 18 - 28°C-dos bir saat
qurudulur, 199 °C - ds 1,5 — 2 saat tabalmaya moruz qalir.
Bundan sonra lent acilir vo niimuns 6lgmays hazir olur.

Tenzohassasliq amsali asagidaki diisturla hesablanmasi-
dir:

AR

K=—-
Rye

(1)

Burada AR=R-R,

niimunonin  miiqavimatinin
doyismosi,

R, vo R - miivafiq olaraq, niimunanin deformasiyadan ov-
volki vo sonraki miiqavimatlori; £ - nisbi deformasiyadir.

Molumdur ki, yarimkegciricilordo AR-in qiymati praktiki
olaraq xiisusi elektrik miigavimotinin doyismasine uygundur.
Zamandan vo deformasiya doracosindon asili olaraq segilmis
kristallarin tenzometrik xiisusiyyatlorinin todqiqi zamani
miioyyon edilmisdir ki, mexaniki gorginliyin tosirindon sonra

kristallarin ~ xiisusi  miigavimeatinin  nisbi  doyismasini
(p=4p / p ) asagidaki kimi hesablamagq olar:
p=rnEs @)

Burada £ - Yunq modulu; 7 - miitonasiblik omsalidir.

Beloliklo, yarimkegiricilor {giin tenzohassasliq omsali
miioyyon kristallografik istigamatlordo Yunq modulu ilo mii-
tonasib olub, materialin elastiki sabitlari ilo miisyyan olunur.

Ilkin todqiqatlara goro TlIn;,Yb,Se, monoktristallarinda
[001] kristallografik istigamotds (300 K-ds) & -nun qiymati
torkibdon asili olaraq (10-120) X 10'° Pa intervalinda doyisir
ki, bu da yarimkegirici tenzometriyada molum olan giymot-
lordon ¢ox boyiikdiir.

TlIn; ,Yb,Se, kristallarinda askar edilon pyezorezistiv ef-
fektin oyilmo miistovisinin firlanma bucagindan asililig1 dyro-
nilorkon, sorbast oyilmonin he¢ bir istiqgamatinds nazors ¢ar-
pacaq effekt miisahido edilmomisdir. Yalniz bu kristallarin
60° — don 90°-dok burulma bucaglarinda miigavimatin askar
doyismosi miioyyanlogdirilib. Bu oblastda doyismo, miitona-
siblik amsali « =4x10°Om/K (R, =600-800 MOm) olan

xotti qanunla bag verir.

Burulmanin sorhad qiymatlori torkibdo itterbiumun mig-
darmndan asili olaraq 94° — 102° intervalinda doyisir. Qeyd
olunmalidir ki, maksimal effekt TlIn;_,Yb,Se, [001] kristal-
lagrafik oxu boyunca niimunenin dartilmasi halinda bas verir.
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Sokill. Isiglanmanin miixtalif giymatlorindo TlIn,.,Yb,Se,
kristallarinin tenzohassasligiin mexaniki deforma-
siyadan asililigi, burada a- x=0; b- x=0,03;
c-x=0,06, 1- 0 Lk; 2- 1000 Lx; 3-2000 Lk.
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Sakil 2. Miixtolif temperaturlarda TlIn; Yb,Se, kristallart
nin tenzohassasliginin mexaniki deformasiyadan
asililig, burada a- x=0; b- x=0,03; c- x=0,06,
1-300K; 2-400 K; 3-500 K.

Biz TlIn, . Yb,Se, kristallarinin x=0; 0.03 vo 0.06 qiymot-
lorino uygun niimunslorini isiqlanmanin (sokil 1) vo tem-
peraturun (sokil 2) miixtalif qiymetlorinds tadqiq etmisik. Seo-
killordon goriindiiyii kimi torkibdo itterbiumun miqdart art-
digca tenzohassasliq amsali gisman kicik qiymat alir, amma
isiglanmanin intensivliyi artdiqca, deformasiyanin todqiq olu-
nan biitiin qiymatlorindo artir. Analoji naticalor tenzohossas-
liq amsalinin temperatur asililiginda da miisahids olunur, ys-
ni temperatur artdigca tenzohassasliq amsali artir. Bu isa o
demokdir ki, kristallarin torkibini, ona tasir edon isigin inten-
sivliyini vo ya temperaturunu doyismoklo onun tenzohassas-
l1q amsalin1 lazimi istigamotds idars etmoak olar.
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Alinmig naticalor gostorir ki, TlIn;,Yb,Se, kristallarinin
tenzohossasligini elektromaqnit isiqlanmanin intensivliyinin
va spektral torkibinin tosiri ilo do idaro etmok olar. Bu effekt
pyezorezistiv effekt adlanir. Todqiqatlar gostorir ki, tenzohos-
sasliq omsalinin nisbi deyismasinin isigin vahid intensivliyino
diison qiymsoti deformasiya doracesindan asili olmayaraq, ey-
ni tartibdo olur.

Deformasiyanin ¢ = 2.2-10* giymotinda

AK

g =2 - 100% = 2-10°%/Lk  (3)

£=107 olduqgda iso g = 1.7-107 %]/ Lx » alinir.

Tenzohassasliq emsalinin vahid temperatura diison % -la
qiymati

_ AK

gT_m-100%=(0.12+0.]7)%/K 4)

olur.

Alinmis naticolorin tohlili gostorir ki, TlIn; Yb,Se, kris-
tallarmin tenzohassasliq emsallarinin temperaturdan va isigin
intensivliyindon asililiq xarakterlori eynidir. Bu tobiidir. Ciin-
ki tetraqonal sinqoniyada kristallagan TlInSe,-nin elementar
qofasinda iigvalentli indium atomlarinin (1,66 A°) eyni, va-
lentli, amma ion radiusu boyiik olan itterbium (1,93 A%
atomlar1 ilo ovoz olunmasi zamani struktur doyisikliyi bas
vermir. Yoni, yalniz elementar qafoslorin hacmi bdyiiyiir, qo-
fos sabitlori artir, qadagan olunmus zonanin eni iso additiv
qanunla azalir. Tadqiq olunan kristallarin zona qurulusunda
da ohomiyyatli doyisiklik bag vermir.

TlIn; ,YbySe, kristallarinin agkar edilmis pyezoelektrik
xassalari, bu kristallarin, o ciimladon ds baza kristali TlInSe,
- nin miirokkob zona qurulusuna malik olmast ilo olagodardir.
Hoqgigaton do bu birlosmonin zona quruluslarinin hesablan-
masinin naticalori bunu tosdiq edir [14].

Analoji todqiqatlar TlIn, Ce,Se, monokristallarinda da
aparilmigdir [15]. Bu kristallar asasinda tenzoelementlorin ha-
zirlanmasi da isin yuxarida tosvir olunmus qaydada aparilib.
Tenzoelementlor hazirlanarkon kristallarin sothino ¢okilmis
EP — 96 lakinin polimerlogsmasini tomin etmak ii¢iin niimuna-
lorin temperaturu 160°C - ya gadar galdirilmis vo homin tem-
peraturda bir saat saxlanilmigdir. Hazirlanmis cihazin quru-
dulmasi 20 — 30°C — da qurudulmagqla vo daha sonra 200°C -
do 1,5 — 2 saat miiddotindo qalmaqla hoyata kegirilir.

TlIn; ,Ce,Se, kristallarinin pyezoelektrik xassalorinin tod-
qiqi [0.01] kristallografik istiqgamatlonmis deformasiya altin-
da hoayata kegirilmigdir. Tedqiqatlar 1 - x=0; 2 - x=0.03; 3 -
x=0.06; 4 - x=0.09 torkiblori {i¢iin aparilmigdir. Tenzohassas-
liq amsalinin homin torkiblor {igiin mexaniki deformasiyadan
asililiglart sokil 3-do gostorilmisdir.

Sokil 3-don goriindiiyii kimi homin qrafiklorin bir-birin-
don koskin farglonan iki oblasti miisahido olunur.

Deformasiyanin qiymotinin 10°-o godor artmasi halinda
tenzohossasliq omsali sabit galir. Deformasiyanin (8-20) 10~
intervalinda doyismosi halinda iso digor analoji kristallarda
askar edildiyi kimi, tenzohassasliq omsalinin deformasiyadan
xatti asili olmas1 miisahids edilir (sakil 4 ).
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Sakil 3 TlIn;Ce,Se, kristallarmin tenzohassasliq amsali-
nin mexaniki deformasiyadan asililig: 1 —x=0;
2-x=0.03; 3-x=0.06; 4-x=0.09

550

(2]

500

(=2}

Bt — flata—

450

PRI

400

340 360 380 400 420 T

Sakil 4. Mexaniki deformasiyanin miixtalif qiymatlorinds
TlIn, (Ce,Se; kristallarinin tenzohassasliq amsali-
nin temperaturdan asililigi a) e=10-107b) £=20-107

¢) e=30-10"

Bununla yanasi, xiisusilo calb edici alamot odur ki, homin
kristallarin miixtalif deformasiyaya moruz qalmalar1 halinda
da temperatur artiqca tenzohassasliq omsali xatti qanunla ar-
tir. Bu 19 0o demokdir ki, TlIn,_Ce,Se, kristallarindan hazir-
lanmis tenzorezistorlar termostatik soraitdo 6lgmolorin yiik-
sok doqigliyini tomin edo bilor.
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Sakil 5. TlIn; «Ce,Se, kristallarinin tenzohassasliq
omsalinin mexaniki deformasiyasinin miixtolif
qiymatlarinds optik isiglanmadan asililig

a) &=10-10" b) &=20-10" c¢) &=30-10"

Dayigon temperatur soraitindo iso, miivafiq temperatur
doyisikliyi nezers almmalidir. Bu kristallarin askar edilon
maraql1 xtisusiyyatlorinden biri ds, onlarda yeni pyezorezistiv
effektinin askar edilmesidir. Basqa sozls, miioyon edilmisdir
ki, todqiq olunan tenzodétiiriictilor is1g1n tosirine moruz qaldig-
da onlarin tenzohossasliq amsali doyisir. Maraqlidir ki, askar
edilmis pyezorezistiv effektin qiymoti isigin intensivliyi vo
spektral torkibindon asili olaraq doyisdirils va idars oluna bi-
lir. Bu naticolor, yoni gostorilon kristallarin tenzohassasliq
oamsalinin miixtalif deformasiyada optik isiglanmadan asili-
liginin tadqiqinin naticalari 5 - ci sokilds verilmisdir. Homin
naticolor do TlInTe, birlogmosinin asasinda izah olunmusdur.

NOTICO

TlIn; ,Ce,Se, monokristallarinin tenzo va pyezorezistiv
xassolorinin torkibdon vo xarici amillorin tesirindon asililig-
larmin todqiqilo miioyyon edilmisdir ki, bu kristallarin tenzo-
hassasliq omsalini artirmaq va idare etmok miimkiindiir.
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E M. Gojaev, M.T. Dadashov
TENSORESISTIVE PROPERTIES OF TlIn,.,Yb,(Ce)Se, CRYSTALS

Investigating of the piezoelectric properties of the TlIn;Yb,(Ce)Se, crystals it is revealed that these crystals have high factor of
tensosensitivity. One can decrease the factor of tensosensitivity by the changing the crystal composition and intensity and spectrum
composition of the optic fluoroscopy.

9.M. I'om:kaeB, M.T. Janamos

TEH30PE3UCTUBHBIE CBOMCTBA KPUCTAJLJIOB TlIn,,Yb,(Ce)Se,

Hccnenosanusmu nne3o3nekrpudeckux csoiicts Tlin l_bex(Ce)Sez KPHCTAJIIOB BBISBJICHO, YTO ATU KPUCTAUIBI 001a1al0T BEICOKUMHU
K03 GUIHEHTaMH TEH30YyBCTBUTEIBHOCTH. MOXHO IOBBICHTh KO3()(UIUEHT TEH304yBCTBUTEINBHOCTH, MEHSS COCTaB KPHCTAIA M
HMHTEHCHUBHOCTD U CIIEKTPAIBHBIN COCTaB ONTUYECKON TTOICBETKH.
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REDETERMINATION OF MONOCHROMATIC ABSORPTION COEFFICIENTS’
VALUES OF AMMONIA IN VISIBLE RANGE OF THE SPECTRUM
FOR ATMOSPHERES OF JUPITER AND SATURN

A.A. ATAI
Shemakha Astrophysical Observatory after M. Tusi of the National Academy of Science of Azerbaijan

E.R. YUZBASHOV
H.M. Abdullayev Institute of Physics of the NASA,
AZ 1143, Baku, H. Javid ave., 33

By improvement of the method of A.V.Morojenko, the monochromatic absorption coefficients’ values of ammonia in visible range of
the spectrum for atmospheres of Jupiter and Saturn have been redetermined on the base of measurements of the same parameter in the

laboratory conditions.

The main gas constituents of Jupiter’s and Saturn’s
atmospheres are hydrogen (0,86 and 0,83 correspondingly)
and helium (0,13 and 0,16), and insignificant degree of
methane (~ 0,07 %) and ammonia (~ 0.01 %). In comparison
with absorption band of methane in the spectra of Jupiter the
absorption band of ammonia possess considerably smaller
intensity, but is still well-defined enough. At Saturn ammonia
bands are definable on a detection limit.

In visible spectral area of Jupiter two absorption bands of
ammonia with the central wavelength A 5520 A and 1 6475 A
are observed; the first of them is partially overlapped with a
weak absorption band of methane at 5430 A. The question on
presence of ammoniac absorption in the Saturn’s atmosphere
remained disputable for a long time and this point is in detail
discussed in V.V. Avramchuk and A.I. Karmeljuk's work [1].
By spectral observations [2,3] and also by the spectrograms
obtained with 2-m SHAO NAN of Azerbaijan reflector by
deceased N.B. Ibragimov in 1969-1974 [4,5] ammonia’s
presence in the atmosphere of Saturn had been established.

By existing estimations the relative content of ammonia
in the Saturn’s atmosphere is C(NH;3)<0.0001, whereas at
Jupiter it is at least 7 times higher. It must be noted that
ammonia and methane play an important role in optical and
dynamical intra-atmospheric  processes occurring in
atmospheres of Jupiter and Saturn. In spite of the fact that in
Jupiter’s atmosphere ammonia’s content is insignificant
quantity, but it plays about the same role as water vapor plays
in Earth’s atmosphere, and for certain, not to a lesser degree
in the atmosphere of Saturn.

Observable intensity of absorption bands of molecular
gases depends on their concentration and local temperature
changes created by convective streams and vortex
formations. Such dynamics in atmospheres of Jupiter and
Saturn influences values of relative concentration of
molecular gases, including the quantity of NH; in the gaseous
form. Due to lower temperature in Saturn’s atmosphere a
certain part of gaseous ammonia should freeze, having turned
to crystals, forming a visible cloud layer of the planet.
Therefore in the visible range of Saturn’s spectrum it is
possible to observe only absorption bands of ammonia NH; at
4 6475 A and its intensity will be different on different points
over Saturn’s disk. The research carried out in this direction
last years in AFI NAN PK [6,7,8,9] represent great interest
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and play a considerable role in understanding of real structure
of atmospheres of those planets.

At studying of vertical structure of atmospheres of Giant
planets a number of general character problems and also
difficulties connected with choosing of models arise, which
are in detail studied in A.V. Morozhenko's works [10,11,12].
Optical parameters of planets’ atmospheres are determined
from the analysis of the observed data (i.e., by research
brightness distribution over the disks of planets in a
continuous spectrum, and also molecular absorption bands)
within the limits of those or other representations about
vertical structure of atmosphere. Therefore, the analysis even
the same observed data, under various assumptions of vertical
structure of a cloud layer, leads to various values of
determined parameters.

For systematic research of that point it was necessary to
systematize in more details available data and to consider a
number of important factors as temperature dependence of
absorption coefficients of molecular gases, the account of
aerosol scattering, more exact determination of relative
concentration of gases and an effective optical thickness etc.
For this purpose it is necessary to know exact values of
monochromatic coefficients of absorption of gases k, under
corresponding conditions, i.e. in the conditions of
atmospheres of planets. For Jupiter and Saturn, first of all, it
concerns methane and ammonia at equilibrium temperatures.
Unfortunately, the true data of k, which are available for
methane, is not present now for ammonia even in laboratory
conditions (discrepancies of k, are about 10 % in the centers
of absorption bands and several times differ near to a
continuous spectrum) [13,14].

The goal of the present work is determination of
monochromatic coefficients from ammonia’s absorption
bands in visible range spectra of Jupiter and Saturn in the
thermal conditions of atmospheres of these planets by
observed and laboratory spectral data for these bands.

DATA AND THE METHOD DESCRIPTION

As it is known, in real planetary atmospheres vertical
profile of temperature 7 (h) is rather complex [15]; various
absorption bands and even separate parts of the contour of the
same band are formed at various intervals of temperature.
Therefore, amendments to values &, (7,) will be different for
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various parts of absorption bands. For more precise
determination of monochromatic absorption coefficient’s
values, obtained in laboratory conditions [16] in ammonia’s
absorption bands 4 5520 A and 4 6475 A, we have offered a
simple way which is based on the analysis of an observed
spectrum of planets and a laboratory spectrum of the given
band of molecular gas [17]. Thereby the method of deviation
of vertical structure of a cloud layer from the condition of
homogeneity [11, 12, 14, 18] has been used. The essence of
the method of deviation of vertical structure of a cloud layer
from homogeneity condition consists in construction of
graphical dependence of /n (NI/zy) on In (NI) through contours
of various absorption bands of molecular gases; N/ is quantity
of gas in the sight beam meamagat, and z, is the scattering
component of effective optical depth 7, formed by the
radiation diffuse-reflected from a homogeneous semi-infinite
layer, which values are determined by data albedo of single
scattering in a molecular absorption band ®, and in a
continuous spectrum @.:

[0-o)3x )

where x; and x; are coefficients of the expansion of scattering
indicatrix in a Legendre polynomial series, g(20)=0.710446...
is Hopfa’s constant, arccos pyis angle of incidence to outer
normal. He underlined that at determining effective optical
depth according to [10, 11, 20], analytical expressions 7.y are
more or less proved only in case of small true absorption, the
condition / - @ <<I which practically is never fulfilled. He
noted that the values of effective optical depth calculated in
such a way have big errors which can reach up to 100 % [20].
Therefore, it is necessary to remember that their application
rather restricted, and more often it is reduced to an
establishment of qualitative or relative regularities.
Eh.G.Yanovitskij [21] thinks that such point of view is
wrong, and puts forward a new, more correct way for
calculation of the effective optical thickness. We used his
approach in calculations of the parameter and we consider
that it has positively affected accuracy of our calculations.

The essence of the new concept of Eh.G. Yanovitskij
[21] on determination of an effective optical thickness of an
atmosphere layer which forms an observable spectrum of a
planet consists in the following. As it is known, in a real case
the spectrum is observed with a relative error €, and the valid
information on optical properties of medium will be born
only by those photons which have mainly scattered only in a
corresponding surface layer of the atmosphere. Because
changes of optical properties of atmosphere in rather deep
layers of medium can be fixed only at corresponding
accuracy of their observation.

Therefore, the author of work [21] preferred to determine

an effective optical thickness z'g of a surface layer of semi-

infinite atmosphere, where formation of an observable
spectrum of a planet at frequency v has occurred, at the given
accuracy of observation from the following equation:

P19, 9= Py ) = P11y 9= Py, T5) _
Py 9= 0,)

3)
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Here k, is monochromatic coefficient of absorption of

n
o,

Q)

ammonia, and 7 and & are volume concentrations of gas

and volume coefficient of scattering of medium, which values
are averaged over all optical way. Spectral values of w are
defined from comparison of values of observable reflective
abilities with calculated for model optical homogeneous
semi-infinite layer. The calculation method of 7. differs from
calculations of works [10,11,19] and is described as follows.

A.V Morozhenko calculated 7., according to formula
[19, formula 6]:

—g()]+ 0[(1 ~0)" ] o)

2

P(L, Ly, -y, rg ) is reflection coefficient of a surface

layer of atmosphere of the optical thickness z'g , "cut off"

from all semi-infinite atmosphere. Such estimation is
necessary at carrying out of interpretation of any spectral and
photometric observation of planets. We used results of the

calculations [21], allowing to estimate r; at the given ¢ for

the elementary model of flat homogeneous semi-infinite
atmosphere though the equation (2) concerns any non-
uniform model of atmosphere too.

The essence of our method of determination of
monochromatic coefficient of absorption £, in the conditions
of atmosphere of planets can be described shortly as follows.
As the form of the graphic dependence of /n (Ni/zy) from In
(NI) does not depend on the form of scattering indicatrix
[10,11], we can plot graphs by the contours of gas absorption
band for observed spectra of a planet and for laboratory
measurements on the same gas absorption band. For a given

wavelength set of the laboratory spectra NH; corresponding

values of In (NI) and B, (where, B, = o,

selected. Then In (Nifry) is calculating from the same
dependence plotted for observed spectra of a planet.

- a)c_] ) have being

Therefore P % are calculated for a planet and then x|
v

are determined in the atmosphere conditions of a planet.
Thus, values of x|, for the specified absorption bands in

the thermal conditions of the planets have been determined
from the laboratory spectra and measurements of
monochromatic absorption coefficients of for bands NH; 1
6475 A and A 5520 A at a room temperature, and also on
observable spectra of Jupiter and Saturn,

RESULTS OF CALCULATIONS

NH; A 6475 A. According to observation for equatorial
area of Jupiter [22, 23] and Saturn [24, 29], to laboratory
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measurements [16], and also by results of calculations [21,  In(Nl/z)=f{In(Nl)) with step AJ/=5A values of monochromatic
26] in a case g = 0.5 for the absorption band of NH3 1 6475A  coefficients of absorption NH; 4 6475 A (Table 1, a fig. 1)
dependences of In (Ni/zy) from In (NI) for those planets have  have been calculated.

been separately plotted. After plotting dependences

Tablel.
Spectral values of k, (meamagat)” for absorption bands NH; 1 6475A and 4 5520A
NH; 16475 A NH; 4 5520A
Jupiter
Present work

[12] [17] Jupiter Saturn L (A) [12] Present
L (A) work

In k, In k, In k, In k, In k, In k,
6360 -9,90 -10.24 -9,98 -10.08 5455 - -
6370 -9.43 -9.65 -9,47 -9.58 5460 -12.206 -11.549
6380 -8.80 -8.94 -8,83 -8.93 5465 -10.82 -10.213
6390 -8.42 -8.39 -8,35 -8.52 5470 -10.26 -9.633
6395 -8.29 - -8,18 -8.36 5475 -9.433 -8.821
6400 -8,15 -8.15 -8,03 -8.19 5480 -8.65 -8.082
6405 -7.96 - -7,80 -71.97 5485 --8.079 -7.481
6410 -7.60 -7.50 -7,44 -7.61 5490 -7.506 -6.884
6415 -7.24 - -7,08 -7.24 5495 -9.511 -6.547
6420 -6.91 -6.73 -6,67 -6.88 5500 -7.378 -6.739
6425 -6.61 - -6,27 -6.48 5505 -7.924 -7.352
6430 -6.10 -5.68 -5,6 -5.84 5510 -8.217 -7.688
6435 -5.57 - -4.93 -5.19 5515 -7.601 -7.033
6440 -5.31 -4.58 -4,51 -4.79 5520 -7.264 -6.656
6445 -5.32 -4.42 -4,34 -4.64 5525 -7.378 -6.839
6450 -5.61 -4.76 -4,69 -5.00 5530 -7.601 -7.095
6455 -6.08 - -5,17 -5.48 5535 -7.824 -7.330
6460 -6.64 -6.28 -6,12 -6.37 5540 -7958 -7.479
6465 -6.57 - -6.12 -6.36 5545 -8.063 -7.607
6470 -5.81 -4.93 -4.86 -5.17 5550 -8.200 -7.786
6475 -5.25 -4.25 -429 -4.58 5555 -8.390 -8.002
6480 -5.49 -4.82 -4.65 -4.93 5560 -8.651 -8.276
6485 -5.76 - -4.98 -5.27 5565 -8.963 -8.607
6490 -5.91 -5.20 -5.13 -5.42 5570 -9.210 -8.870
6495 -6.03 - -5.37 -5.64 5575 -9.498 -9.163
6500 -6.17 -5.58 -5.51 -5.78 5580 -9.904 -9.578
6505 -6.27 - -5.71 -5.96 5585 -10.260 -9.971
6510 -6.27 -5.86 -5.80 -6.06 5590 -10.724 -10.482
6515 -6.59 - -6.13 -6.36 5595 -11.331 -11.14
6520 -6.71 -6.18 -6.22 -6.46 5600 -11.736 -11.504
6525 -6.96 - -6.53 -6.76
6530 -7.13 -6.67 -7.03 -7.00
6535 -7.26 - -6.93 -7.14
6540 -7.29 -7.05 -7.00 -7.20
6545 -7.60 - -7.42 -7.50
6550 -7.96 -7.67 -7.67 -7.87
6555 -8.18 - -7.94 -8.13
6560 -8.42 -8.15 -8.16 -8.36
6565 -8.62 - -8.37 -8.57
6570 -9.56 -8.70 -8.36 -9.50
6575 -10.23 -9.07 -9.85 -10.08
6580 -12.21 -9.22 -9.67 -12.17
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Fig. 1. Comparison of profiles of monochromatic coefficient of
absorption k, for NH; A 6475A band; small squares
correspond to the conditions of Jupiter’s atmosphere,
circles — to the conditions of Saturn’s atmosphere,
rhombuses — to the data of work [16] at room
temperature.

Recalculation of values %, in a thermal mode for
atmospheres of Jupiter and Saturn was conducted by a
"fitting" of the laboratory data of the planetary atmosphere.
At first, for values £,, of course, the laboratory data [16] were
adopted. Results of the calculation show that in the
conditions of atmospheres of Jupiter and Saturn in far wings
of the absorption band NH; 4 6475 A the values of k, are
comparable with laboratory measurements, but in the central
region of this band the deviation increases even to ~2.8 times

(Fig. 2).

E450 E500 E550

wavelength A

6600

Fig.2. Circles denote the dependence of ratio of the calculated
monochromatic coefficients to the laboratory
measurement values of Jupiter [17] for absorption band
NH; 2 6475 A on wavelength. Squares denote the
dependence of ratio of the calculated monochromatic
coefficients to the laboratory measurement values of
Jupiter for absorption band NH; 1 6475 A with step 5 A;
the same dependence is denoted by dark rhombuses for
Saturn. The ratio of the calculated monochromatic
absorption coefficients of Jupiter to Saturn is denoted
by light thombuses.

The spectral dependence of the ratio of the calculated
values monochromatic absorption coefficients to the
laboratory measurement ones has a complex character and
reminds the curve of absorption band at NH; 4 6475 A for
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both planets. From figure 2 it is clear that the curve
describing the ratio of the calculated monochromatic
absorption coefficients of Jupiter to Saturn’s ones go with
features of the absorption curve of NH; A 6475 A.

NH3 X 5520 A. Analogical calculations were carried out
for Jupiter in a weak absorption band of NH; 4 5520 A.
According to observations of Voodman J.H for equatorial
area of Jupiter [28], to laboratory measurements [16], and
also by results of calculations [21, 26] in a case g = 0.5 for
the absorption band of NH; 4 5520 A dependences of In
(Nl/xy) from In (NI) for this planet have been plotted. After
plotting dependences In (Nl/z,) = f (In (NI)) with step AL =5A
values of monochromatic coefficients of absorption NHj3 4
5520 A have been calculated (Table 1, Fig. 3.).

K, 0005
0.001
E10°(-4)
v 5450 5500 5550 5600 5EG0
wavelength A
Fig.3. Comparison of contours of monochromatic coefficients
k, of absorption bands NH; A 5520 A; circles — in the
conditions of Jupiter’s atmosphere, squares — from the
data of [16] at a room temperature.
2
'r.é 149
18
4
N
g 16
-8
A Q
» 15t NI, L5520 A

5450 BE00 BA50 SEO0

wavelength A

BE50

Fig.4. The ratio of the calculated monochromatic absorption
band coefficients &, of NH; 2 5520 A for Jupiter to
laboratory measurement values [12] at a room
temperature.

The absorption band of ammonia in the spectrum of
Jupiter partially blends with a long-wave region of the
absorption band of methane CH, 4 5430 A. By taking into
account absorption of both molecular gases in spectral region
25380 A — 1 5600 A it is possible to plot contours of curves
of monochromatic coefficients passing each other for the
molecular gases (fig.4). Further, it is possible to define
approximately the relative contribution of each gas into the
absorption spectrum by this way.
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Fig.5. Dependence of a profile of monochromatic absorption coefficient on wavelength:
a) NH; A 55204 circles correspond to the conditions of Jupiter’s atmosphere, — squares to laboratory measurements date at

room temperature.

b) NH; A 6475A,; squares correspond to the conditions of Jupiter’s atmosphere; circles correspond to the conditions of Saturn’s
atmosphere, thombuses — to the laboratory measurement data at a room temperature.

From the dependences of /n (Nl /z) from In (NI) for
bands 1 5520 A and 1 6475 A are seen that, within errors of
measurements for the mentioned bands of ammonia, curves
of these dependences are place almost on one straight line.

Table 2.
Integral absorption coefficients S, of ammonia in
absorption bands 6v; (1 5520A) and 5v; (1 6475A)

2 (A) | Lab/measurements Present work

-1 -1

cm (m-amagat) Tupiter S
+ -
5520 0.096 +0.005 0.158 £0.03
[16]
.63 +0.

6475 0 63[160]03 1.386 +£0.13 1.080 + 0.06

0.66 £0.006
6475 [27]

As it has already been mentioned, measurements of
monochromatic absorption coefficients for ammonia were
carried out at a room temperature. Therefore determination of
those coefficients in the conditions of Jupiter and Saturn
represents a great interest. According to laboratory
measurements [16] the band 6v; (1 5520 A) is weaker than
the band 5v; (16475 A) approximately in 6,5 times. The
calculated integral absorption coefficients for bands NHj;
26475 A and 1 5520 A in the spectrum of Jupiter differ in 8
times.

Values of the calculated integral absorption coefficient
for Jupiter in 1,65 and 2,1 times differ from laboratory values
for bands 15520 A and 16475A, correspondingly. Values of
the calculated integral absorption coefficient for the band

NH; 1 6475 A in the conditions of Saturn differ from
laboratory values at 1.65 times. In comparison with Jupiter
temperature goes down in Saturn, owing to pressure of
saturated steams sharply decreases. It can be connected with
the fact that a part of ammoniac gas on Saturn has been
condensed, forming a crystal cover of the planet and by that
shields an internal cloud layer of the planet responsible for
effective gas absorption.

It was mentioned that there is a certain discrepancy in
determinations of k, in laboratory conditions, and also the
used observed data is not deprived absolute and relative
errors. Our calculations show that curves of dependences
In(Ni/zty) from In(Nl) for two different absorption bands of
ammonia 4 5520 A and 1 6475 A are not displaced, but lie on
the one straight line. If these graphic dependences do not
coincide on one straight line then it should point on non-
accuracy in measurement of the monochromatic absorption
coefficients.

Taking into account a total absence of values of
monochromatic absorption coefficients for ammonia at
different temperatures, even in laboratory conditions having
of their values for a thermal mode of Jupiter and Saturn,
without data on equilibrium temperature and pressure, can be
considered as an important step in the description of real
structure of atmospheres of these planets. To receive more
exact values of monochromatic absorption coefficient for
ammonia, it is necessary to carry out special spectro-
photometric measurements with the spectral resolution not
worse 2 A. This will improve calculation results and will
lower relative errors. Certainly, the offered method of
determination of monochromatic absorption coefficients can
be applied for blending band of methane NH; 4 7870 A and
that is a theme of a separate studying.
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A.A. Aran, E.P. IO306ammoB

HEPEONPEAEJTEHUE 3I;IAIIEHI/II71 MOHOXPOMATHUYECKHUX KOO®PUIIMEHTOB HOI'JIOIIEHUS
AMMMUMAKA B BUIMUMOMU OBJIACTHU CIIEKTPA B YCJIOBUSAX ATMOC®EP IOIIMTEPA U CATYPHA

VYcoBepuieHcTBoBaHHEM MeTona A.B.MopokeHKO, MOHOXpOMaTHYECKHE KO (UIUEHTH! MOTJIOMICHU aMMHuaKa ObUTH Iepeonpere-
neHbl B ycnoBusx FOnurepa Ha 0CHOBE M3MEPEHHUH COOTBETCTBYIOLIETO TapaMeTpa 10 CIIEKTPaM, MOJIyYEeHHBIM B JaG0PaTOPHBIX yCIOBHSX.

A.A. Atai, E.R. Yiizbasov

YUPITER VO SATURN ATMOSFERLORI SORAITINDO GORUNON OBLASTDA AMONYAK QAZININ
MONOXROMATIK UDULMA 9MSALI Qi YMOTLORININ YENIDON TOYINi

A.V. Morojenko torsfindon verilmis tisula diizolis edilorak, Yupiterin spektrindo miisahide olunan amonyak qazinin uygun udma
zolaglarmin laboratoriyada toyin edilmis monoxromatik udulma omsallarmin qiymetlorine osasen, onlarin planet atmosferi soraitinde

qiymetlari yenidon hesablanmigdir.
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PHASE RELATIONS AND PHASE MAGNETODIELECTRICAL PROPERTIES IN
THnS,-T1(Cr, Mn, Co)S, SYSTEMS

R.G. VELIYEV
H.M. Abdullayev Institute of Physics of the NAS of Azerbaijan,
Az-1143, Baku, H. Javid ave., 33

The temperature dependence of the dielectric constant of TlInS, has revealed that this compound is ferroelectric one. The temperature
dependence of the magnetic susceptibility of TICrS,, TIMnS,, TICoS, has ferro-, antiferro- and ferromagnetic structures correspondingly.
The areas of homogeneous and heterogeneous coexistence of electric and magnetic orderings in TIInS,-TI(Cr, Mn, Co)S, systems have

defined.
INTRODUCTION

The search of strong anisotropic ferro-magneto-active
crystals (layered, chain) is the actual problem of solid state
physics as besides the traditionally controlled factors such as
temperature, electric and magnetic fields, their physical
properties will depend on main crystallographic directions.
The above mentioned circumstances suppose the variation by
physic-chemical parameters of such crystals in wide range.
Besides, the coexistence of electric and magnetic ordering in
the one crystalline sample presents the scientific interest, i.e.
history shows that whole existing complement of electric
ordering mechanisms (for example: ferroelectrics, anti-
ferroelectrics, non-intrinsic ferroelectrics, intrinsic and non-
intrinsic ferroelectrics with intermediate phases) has been
forecasted and so it is used in concrete crystals on the base of
phenomenon analogy of magnetic ordering mechanisms in
magnetic. The study of coexistence of electric and magnetic
orderings in both crystals homogeneous and heterogeneous
(composites) samples has the big actuality in the connection
with development of technical properties of nano-technology [1].

EXPERIMENTAL PART

In connection with above mentioned we have synthesized
the semi-crystalline ingots TIInS,, TICrS,, TIMnS, and
TICoS; in electric furnace in quartz ampoules produced from
melted quartz evacuated up to residual pressure ~10-°Pa.
Previously the chromium (Cr) is led to powder state with the
help of ball mill. TICtS,, TIMnS, and TlInS,, TICoS, are
synthesized by the melting of chemical elements suspended
in stoichiometric state at temperatures ~1500K and ~1100K
correspondingly. Moreover, the ampoules with TICrS,,
TIMnS, are endured in the furnace during one hour and
ampoules with TlInS,, TICoS, are endured during 3 hours.
Further, the melts are led to fine-dispersed state and the
synthesis repeats with further furnace cooling with velocity
100K/h up to temperature ~ 600K, at which the semi-
crystalline ingots are annealed during 480 hours.

The X-ray analysis of the following samples: TlInS,,
TIMnS,, TICrS, and TICoS, specially prepared after
annealing is carried out at room temperature. (~300K) on
diffractometer JIPOH-3M (CuK,, is radiation, A=0.15418nm,
Ni is filter, mode: 35V, 10mA). The angular resolution
is~0.01°. The regime of continuous scanning is used. The
angles of diffraction reflections are defined by intension
maximum and the error of definition of angles of reflection
doesn’t exceed AG=+0.02°.

The diffraction reflections on samples TlInS,, TICrS,,
TIMnS, and T1CoS, which correspondingly are indicated on
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the base of monoclinic, hexagonal, tetragonal and trigonal
syngonies with parameters of crystal lattice: a=1.095 nm,
b=1.085 nm, c=1.514 nm, p=100° a=0.3538 nm, c=2.1962
nm, a=0.774 nm, ¢=3.062 nm and a=0.3726 nm, ¢c=2.251 nm
are fixed in angle interval 10°<26>70°.

The samples in the form of plates of polar section cutoff
from single crystalline ingots of this compound are used for
investigation of temperature dependence of dielectric
constant — ¢ (7) of layered crystal TIInS,. The single
crystalline TlInS;, has grown up by Bridgman-Stockbarger
method; moreover, the motion velocity of crystallization
front is 2mm/h. The dielectric constant is measured with help
of alternative current bridge on frequency 1 xkHz. The silver
paste is used as a electrodes.

The temperature dependence of reversal paramagnetic
susceptibility '(7) of TICrS,, TIMnS, and TICoS, is
investigated by Faraday method on magneto-electric weigher.
The samples for measurements have the cylindrical form with
dimensions h=3 mm, d=2.5mm.

The investigations are carried out in temperature interval
77-300K in quazi-static regime; moreover rate of temperature
change is 0.2 K/min. During measurements the samples are
inside nitrogen cryostat and the differential cuprum-constant
thermocouple the joint of which is stationary fixed on chip
header near the sample is used as a temperature gauge. The
support joint of thermocouple stabilizes at temperature of
melting ice.

RESULTS AND DISCUSSIONS

iT,—:EDG:SK

900 - ngaz:mi
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700
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220 TK

Fig. 1. Temperature dependence of dielectric constant T1InS,.

The temperature dependence of dielectric constant TlInS,
measured at atmospheric pressure is given on fig.1. As it is
seen from the figure the curve &(7) is characterized by the set
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of anomalies in the form of maximums at ~206.3 K and
~202.4 K and also by the presence of some “bending” near
201K. As it is known the complex consistency of structural
phases  transitions  (PhT), including PhT into
incommensurable ferroelectric phase and commensurable
one, [2-5] takes place in layered crystal TIInS, with
temperature decrease at atmospheric pressure.

The initial paraelectric phase TlInS, is characterized by

(SSG) C3, [6]. PhT in

incommensurable phase is connected with condensation (at
T~216 K) of soft water in the point of Brillouin zone with
wave vector K= (4, d, 0.25), where J is incommensurability
parameter [7]. At 7. = 201 K ¢ value transforms into zero and
TIInS; crystal transfers into nonintrinsic ferroelectric C-phase
with wave vector K=(0, 0, 0.25) [7-11] (the vector of
spontaneous polarization is situated in plane of field).

Comparing our results with data presented in [2-5, 11] we
can conclude that curve &(7) of investigated crystal differs
from analogous curves presented in reference both by the
number of anomalies and their temperature positions. Note
that the color of investigated sample TlInS, differs by orange
shadow whereas T1InS,; crystals chosen from different sets and
investigated in [2-5] have the different shadows of yellow
color on color gamma. Basing on data [9,10] in which the
strong sensitivity of physical properties (including PhT
temperatures) of layered crystal TlInS, to impurity number in
the sample and to defect degree of its crystal structure is set,
so we can suppose that the anomaly observable by us on curve
&(T) at 206.3K is connected with PhT in incommensurable
phase and at ~202.4 is connected with PhT in commensurable
ferroelectric phase. Moreover, the “inflection” near 201K
presents itself the temperature interval of residual coexistence
of indecomposable solitons of incommensurable phase and
domains of low-temperature C-phase [2].

The temperature dependence of reversal paramagnetic
susceptibility /() of these compounds presented on fig.2 has
been investigated for revealing of magnetic structure of
TICrS,, TIMnS, and TICoS, compounds in magnetic field
with intensity 80A/m. From the figure it is seen that
dependence y”'(T) is character for ferro-, anti-ferro and
ferromagnetic orderings correspondingly for TICtS,, TIMnS,
and TICoS,.

space symmetry  group

¥1x107, kgim?

TK 300

1
0 100 200

Fig.2. Temperature dependence of reversal paramagnetic
susceptibility TICrS, (1), TIMnS, (2), TICoS, (3).
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Curie paramagnetic temperature (7,) is defined by
extrapolation of y”/(T) dependence on temperature axis and is
equal to ~115K (TICrtS,) and ~120K (TICoS,). The effective
magnetic moment which is equal 3.26 p3, is calculated from y
(T (fig.2) dependence. The theoretical value calculated with
taking into consideration of spin value of magnetic moment of
chromium ion (Cr*") is equal 3.85 5.

The enough big deviation u.; TICrS, from theoretical value
(3.85up) shows on the presence of quasi-two-dimensional
magnetic ordering in paramagnetic area of strongly layered
ferromagnetic TICrS,.

The low-dimensionality of magnetic structure TICrS, is
mentioned in work [12] on investigation of low-temperature
heat capacity (in adiabatic calorimeter) of TICrS,.

The experimental values of effective magnetic moment
TIMnS,; (4.5u35) and T1CoS, (4.6u5) have been calculated from
27(T) dependence (fig.2). The comparison of these values
with theoretical ones (4.9uz for TIMnS, and TICoS,)
calculated with taking into consideration of spin values of
magnetic moment of (Mn®") manganese and cobalt (Co®") ions
shows the some difference.

For solution of physical problem given in the article
beginning, it is necessary to define the areas of homogeneous
and heterogeneous coexistence of TlInS, of ferroelectric with
TICrS, ferromagnetic, TIMnS, antiferromagnetic, TICoS,
ferrimagnetic. The following systems T1InS,-TICtS,, TlInS,-
TIMnS, u TlInS,-TICoS, have been investigated by method of
differential-thermal analysis.

The state diagram of TIInS,-TICrS, system constructed on
results of DTA is presented on fig.3.

T.K
1500

1400

1300

1200

1300 TATICES,

1000

800 | H

a+TICrS,

sl0F f

4001 /

i L 1 1

TiIng, 20 40 &0 80

mol %

TICrE2

Fig.3. State diagram of TlInS,-TICrS, system.

This system is quasi-binary one of eutectic type with solid
solutions on TlInS, base (homogeneous area of coexistence of
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ferroelectric and ferromagnetic orderings) achieving up to
10mol% TICrtS, at room temperature. The eutectic forms at
component relation 1:1. The eutectic melts at 925K and has
the composition (TlInS;)ys (TICrS;)gs, i.e. the electric and
ferromagnetic orderings coexist heterogeneously
(compositionally).

The state diagram of TlInS,-TIMnS, system constructed on
DTA results is presented on fig.4. This system is quasi-binary
one of eutectic type with solid solutions on TIMnS, base
achieving up to 8mol.% TInS, (homogeneous area of
coexistence of ferroelectric and ferromagnetic orderings). The
eutectic forms at component relation 1:1. The eutectic melts at
820K and has the composition (T1InS,)ys (TICrS,)gs, i.e. the
electric and ferromagnetic orderings coexist heterogeneously
(compositionally).
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Fig.4. State diagram of TIInS,-TIMnS, system.

The state diagram of T1InS,- TICoS, system constructed on
DTA results is presented on fig.5. This system is quasi-binary
one of eutectic type. The solid solutions achieving up to
15mol.% form onTlInS, base and solid solutions achieving up
to 10mol.% TIInS, form on TICoS, base (homogeneous area
of coexistence of ferroelectric and ferromagnetic orderings).

The eutectic forms at component relation 1:1. The eutectic
melts at 525K and has the composition (T1InS,) s (TICtS,) s,
i.e. the electric and ferromagnetic orderings coexist
heterogeneously (compositionally).
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Fig.5. State diagram of TlInS,-T1CoS, system.

CONCLUSION

The dielectric investigations of single crystalline sample
TlInS, show that this compound is ferroelectric one. The
investigation of magnetic susceptibility of semi-crystalline
samples TICrS,;, TIMnS, and TICoS, reveals that these
compounds have ferro-, antiferro- and ferri-magnetic
properties  structures correspondingly. The areas of
homogeneous and heterogeneous coexistence of electric and
magnetic orderings in TlInS,-T1 (Cr, Mn, Co) S, systems are
defined by DTA method.

I wish to express my sincere thanks to collaborates of
Optoelectronics laboratory for help in investigation of
temperature dependence of dielectric constant of TIInS,
compound and discussion of obtained results.
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R.G. VELIYEV
R.G. Valiyev

TIInS, — TI(Cr, Mn, Co)S, SISTEMLORINDO FAZA NiSBOTLORI VO FAZALARININ
MAQNETODIELEKTRIK XASSOLORI

TlnS; —nin dielektrik niifuzlulugunun temperatur asililigi géstordi ki, hamin birlogms seqnetoelektrik xassoyo malik olur. TICrS,, TIMnS,
va TICoS, birlesmalorinin maqnitlonma qabiliyyetinin temperatur asililigi gostordi ki, bu birlosmalor uygun olaraq ferro-, antiferro- ve
ferrimaqnit struktura malik olurlar. Maqnit va elektrik nizamlanma varliginin TlInS,-T1(Cr, Mn, Co)S; sistemlerinde homogen vo heterogen
sahoalori toyin olunmusdur.

P.I'. BeineB

®A30BBIE COOTHOIIEHUA 1 MATHETOJIUDJIEKTPHUECKHAE CBOMCTBA ®A3
B CUCTEMAX TIInS,-TI(Cr, Mn, Co)S,

TemnepatypHas 3aBUCHMOCTb AMAIIEKTpHIecKoil nmporuaemoctd T1InS, BbIsIBHIA, UTO 9TO COSTUHEHNE SBISETCS] CETHETOIEKTPHKOM.
TemmepatypHass 3aBUCHMOCTh MAarHHTHOW BOCIPHUMYHMBOCTH IoKa3ana, 4to coeauHeHus TICrS,, TIMnS, u TICoS,. obmamaror
COOTBETCTBEHHO (eppo-, antudeppo-, 1 eppumaranTHor cTpykrypamu. B cucremax TlInS,-T1(Cr, Mn, Co)S, ompenenensl obnacti
TOMOTEHHOT'O U TETEPOr€HHOT0 COCYIIECTBOBAHMS IEKTPHUECKOI0 1 MarHUTHOTO YIIOPSAOUCHUIH
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THE SPEED OF SOUND OF BINARY MIXTURES OF N-ALKANES

V.H. HASANOV, J.Y. NAZIYEV, Y. M. NAZIYEV
Department of Heat and Refrigeration Techniques, Azerbaijan Technical University,
AZ-1073 Baku, Azerbaijan, H. Javid av., 25

Speeds of sound in liquid n-heptane, n-octane and its binary solutions were measured at temperatures 7=(293.15 to 523.15) K and pres-
sures up to 60 MPa. The pulse-echo method with a frequency of 8 MHz, with an uncertainty of +0.08% was used. Measured values were
fitted to a polynomial equation as functions of temperature and pressure, and the reliability of the present results is compared with the pub-

lished data.
INTRODUCTION

If low frequency and low power acoustic ware exited in
the sample is propagated isentropically, then the speed of
sound, W, has a close relation to the derivative.

g
op )

where p is density, p is pressure, and s is entropy. The equa-
tion is extremely important in obtaining isentropic com-
pressibility, k,=1/(pW’) directly. Compared to other thermo-
dynamic properties, such as the thermal expansion coefficient
and specific heat capacity, the speed of sound in a fluid can
be measured accurately in wide ranges of temperature and
pressure. Consequently, the speed of sound of n-heptane and
n-octane has been reported at atmospheric and high pressure
[1-13]. The literature also contains measurements of the vis-
cosity, speed of sound, heat capacity and density for mixtures
of alcohols with hydrocarbon [1-4, 7, 8]. However, measure-
ments of the liquid phase speed of sound of (n-heptane + n-
octane) mixtures are not in the literature.

During previous years an experimental techniques for the
measurements of speed of sound were developed in the wide
ranges of temperature and pressure. However, the mechanical
determination of the acoustic path length, /,, required to

obtain the speed of sound, W (W = 2FI i~ AWy, where

Ly =by(l+a(t=20))[I1-(1-2u)(p/E)]) is the path
length, taking into account the factor of linear expansion o
and E the modulus of elasticity and the factor Poisson coeffi-
cient for a tube, p. F is the frequency of the impulses send

into the fluid sample, AW, is the correction for diffraction

[14].

In this work, the speed of sound in liquid mixture (n-
heptane +n-octane) at temperatures 7=(293.15 to 523.15) K
and pressures up to 60 MPa are reported. A large number of
experimental studies on the sound speed for these compounds
have been reported in the literature, but there are not corre-
lated and evaluated the latest experimental results, especially
those in the compressed liquid. A confirmation of the reliabil-
ity for new experimental values with the selected reference

data will contribute to improve of experimental results in this
field.

EXPERIMENTAL

The speed of sound was determined with a pulse-echo
method, that has been described in detail elsewhere [14-17]
and shown schematically in fig. 1, with an uncertainty of
+0.08%. Only the important features are described here.

Fig.1. The experimental setup for measuring of the speed of sound in liquids: 1, acoustic sensor; 2 - autoclave (Br.M5); 3,4,5,16,17,18-
systems for creating, maintaining and measuring the temperature and pressure; 9, oscilloscope S1-70; 10, frequency meter F5041;
11, system theme for the installation of a liquid filling; 12, vacuum pump; 19, mercury manometer; 18, manometer; 20, deaerator;
7, pulse generator G5-27A; 6, generator G3-118; 8, wide amplifier DUK-66.

Main part of installation is acoustic sensor, which imple-
ments the technique of measurement echo impulse. The
acoustic sensor uses a pulse echo technique, because it is -

the preferred method to measure the speed of sound in lig-
uids. The basic principle of measuring the flight time of short
beep for precisely known distance in the model fluid. If the
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audio signal reproduced as plane wave, the speed of sound,
simply defined as the distance divided by the time the signal
must travel the distance.

Temperature was measured with a platinum resistance
thermometer with an accuracy of +0.01 K. Pressures were
generated and measured with a dead weight gauge at high
pressures and a differential manometer on the ambient pres-
sure. In accordance to the recommendations, [18] the experi-
mental uncertainties are: +3 mK for temperature, 0.1+5-10
MPa for high pressure and +5-10™* MPa for atmospheric pres-
sure, and +3-10”* kg'm™ for density. The reliability of the data
obtained was verified by measurements of the speed of sound

apparatus and the results found to deviate by less than the
anticipated uncertainties [19].

The n-heptane and n-octane were supplied by the No-
vocherkassk plant of Synthetic Products, Russia, with the
following mole fraction purities: n-heptane >0.9998, and n-
octane >0.9997. The chemicals were degassed in an ultra-
sonic cleaner and used without further purification. The speed
of sound and densities in the pure components are compared
with literature data in Table 1. The mixtures were prepared
by mass. The balance accuracy was +£6:10 g. From the bal-
ance accuracy, the uncertainty in the mole fraction of the
solutions was estimated to be £3-10 (in the most unfavora-
ble case).

Table 1.

Comparison of the speeds of sound and densities obtained in this work for
pure components at 7=298.15 K under atmospheric pressure with those reported in the literature

Component exp. lit.
n-heptane | W/m's' 1130 | 1130.1,71130.18,2 1129.85,° 1129.92,% 1136.30,
p/kg'm? 679.6 | 679.5,°679.57,” 679.60,2 679.70,' 679.81%,
679.68"
n-octane Wim-s! 1173 1173, 1172.7° 1172.6"
p/kg'm’ 698.6 698.6,"2 698.6," 698.58'°
RESULTS AND DISCUSSION

The results speed of sound of n-heptane and n-octane and
its binary solutions are listed in Table 2 and fitted by the
following equation [20].

W=A4+BT+CT, (1)

and 4, B, C are the coefficients of (1) as follow
5 _ 5 _ 5 _
A=Zaipl; B=2bl.pl; C=Zcip’; )
i=0 i=0 i=0

Table 2.

Speed of sound in n-heptane (1) + n-octane (2) mixtures measured at pressures up to 60 MPa within the temperature range
298.15 K to 523.15 K (x,=the mole fraction of n-heptane)

x1 pMiPa TiE Bims! x1 pMiPa T/E  Hfmsl x pMPa TE  Bfmesl
D00 01 29815 1173 000 197 29815 1297 000 333 30815 1117
D00 01 323 15 1068 000 197 32315 1210 000 393 42315 1034
D00 01 34215 970 000 197 34815 1127 000 333 44815 99R
Do0 01 37315 BT3 D00 197 37315 1048 000 393 47315 941
0.00 5.0 29815 1205 000 197 39215 975 000 393 49815 EE2
0.00 5.0 32315 1105 000 197 42315 905 000 393 52315 BI3
0.00 50 34215 1002 000 197 442 15 237 000 491 29815 1448
0.00 50 37315 915 000 197 47315 763 000 491 32315 1343
0.00 0 39215 B30 000 197 49215 701 000 491 34815 1301
0.00 50 42315 747 000 197 52315 633 000 491 37315 1233
0.00 5.0 44215 add4 000 295 29815 1350 000 491 39815 1173
0.00 50 47315 381 Doo 295 32315 1266 000 491 42315 1114
0.00 5.0 49815 498 000 295 34215 1187 0.00 491 442,15 1054
0.00 0 52315 415 000 295 37315 1114 000 491 473,15 1004
0.00 99 29815 1235 000 295 39215 1046 000 491 49815 930
D00 99 32315 113 000 295 42315 980 000 491 52315 E94
D00 99 34315 1046 000 295 443215 914 000 589 9815 1494
D00 99 37315 Q80 D00 295 47315 E34 000 589 32315 1420
DooD 99 39815 8BS D00 295 49315 795 000 529 343,15 1354
0.00 99 42315  B09 000 295 52315 734 000 &9 37315 1288
0.00 99 44315 734 000 393 29315 1404 000 529 IE1SH 1228
0.00 99 47315  aé0 000 393 32315 1324 000 59 42315 1175
D00 99 498 15 38X 000 393 34215 1250 000 589 44215 1123
0.00 99 52315 302 000 393 37315 1181 000 589 47315 1073
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Table 2. Continued
n  p/MPa TE Wil o p/MPa TEK  BFfmesl xn p/MPa TE  Wlmes!

n.a0 339 488.15 10324 0.25 9.9 52315 489 025 383 37315 1170
.00 589 543 .15 974 0.25 197 29815 1286 025 389.3 39815 1104
0.25 0.1 29515 1laz 0.25 197 32315 1193 025 383 423.15 1045
0.25 0.1 323.15 1058 0.25 197 515 111 025 383 44515 987
0.25 0.1 34515 958 0.25 197 37315 1037 025 383 473.15 930
0.25 5.0 295,15 11594 0.25 197 396,15 9 D25 383 49515 &7l
0.25 3.0 32315 1083 0.25 197 42315 8% 0.25 39.3 52315 812
0.25 5.0 348,15 59y 0.25 197 44515 826 025 459.1 29815 1437
025 5.0 7315 S04 0.25 197 47315 T5E 0 025 458.1 32315 13682
0.25 5.0 395.15 519 0.25 197 495,15 690 0.Z5 45.1 3815 1250
025 5.0 #423.15 736 0.25 197 523.15 622 D25 481 7315 1222
0.25 5.0 445.15 653 0.25 285 298.15 1339 025 4891 39615 11462
0.25 5.0 473,15 570 0.25 285 323.15 1255 D25 481 42315 1103
0.25 5.0 495,15 487 0.25 285 515 1178 025 481 44515 1045
0.25 5.0 523.15 404 0.25 285 315 1103 025 481 47315 993
n.z25 9.9 298,15 1224 0.25 285 398,15 1035 025 481 495,15 939
.25 9.9 32315 1128 0.25 295 42315 969 025 45.1 52315 BES
n.z5 9.9 34815 1035 0.25 285 44515 803 0.25 58.9 295.15 1433
n.z5 9.9 37315 549 0.25 295 47315 843 025 58.9 32315 1404
n.z5 9.9 395.15 874 0.25 285 43515 TR 025 58.9 3515 1343
n.z5 9.9 423.15 798 0.25 295 52315 TE3 0 D25 8.9 FE1s 12T
025 9.9 448,15 T3 0.25 3893 295.15 1393 025 589 39815 1217
n.z5 9.9 473,15 4y 0.25 393 32315 1313 D25 589 42315 1164
025 9.9 498,15 569 0.25 3893 FME15 1239 D25 5389 445,15 1112

Tahle 2. Contimed

n pMPa TK Wimesl  x p/MPa TK  Bimes! x p/MPa TE  Wlmes!

0.25 589 473.15 1062 0.:0 9.9 498.15 558 050 39.3 34815 1248
0.25 559 438 .15 1013 0.50 9.9 52315 475 0.50 393 F7515 0 1159
0.25 558 523.15 965 0.50 187 29515 1275 0.50 383 39515 1095
0.50 0.1 29815 1151 0.:0 187 32315 1188 0.50 39.3 42315 1034
0.:0 0.1 32315 1045 0.:0 187 e 15 1105 0.50 393 44815 974
0.50 0.1 34515 9477 0.50 187 F7315 1026 0.50 393 47315 918
0.:0 5.0 29515 1183 0.:0 187 J9E.15 933 0.50 393 498.15 860
0.50 5.0 32315 1084 0.:0 187 423.15 B8B83 050 39.3 52315 801
0.50 5.0 34515 SE6 0.50 187 44815 815 050 491 29815 1424
0.50 5.0 37515 893 0.50 187 47315 T 050 491 32315 1351
0.50 5.0 39515 203 0.:0 187 498.15  a79 050 49.1 4815 1279
0.:0 5.0 443.15 Ti5 0.:0 187 52315 411 0.50 491 s 1211
0.50 5.0 443.15 fi4 2 0.50 29.5 29515 1328 0.50 491 39E. 15 1151
0.50 5.0 473.15 559 0.50  29.5 32315 1244 0.50 491 42315 1092
0.50 5.0 49815 476 0.50 285 JE.15 1165 0.50 491 448.15 1034
0.:0 5.0 52315 393 0.50  Z9.5 FF315 1092 0.50 491 47315 982
0.:0 9.9 29515 1213 0.50 29.5 39515 1024 0.50 491 49815 948
0.50 9.9 32315 1117 0.50  29.5 42315 958 050 49.1 52315 874
0.:0 9.9 3515 1024 0.50 285 448.15 832 050 589 29815 1472
0.:0 9.9 37515 938 0.50 29.5 47315 832 050 58.9 32315 1398
0.50 9.9 39515 263 0.50 285 498.15 773 050 589 34E.15 1332
0.:0 9.9 423.15 a7 0.50 285 52315 714 0.50 589 FFE 15 1264
0.50 9.9 443.15 71 0.50 38.3 295,15 1382 0.50 589 J9E. 15 1206
0.:0 9.9 473.15 636 0.50 39.3 32315 1302 0.50 589 42315 1153
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n  pMPa TE Wimes! x p/MPa T/EK  Blms! xn p/MPa TE  Hlmes!
0.50 58.9 448.15 1101 075 9.9 47315 62k 0775 39.3 3345315 1281
0.50 589 473.15 1051 0.75 9.8 495.15 547 075 39.3 348.15 1217
0.50 589 498.15 1002 075 9.9 52315 467 0.75 39.3 37315 1148
0.50 589 52315 954 0.75 197 298.15 1264 0.75 39.3 398.15 1084
0.75 0.1 9815 1140 075 187 32305 1177 075 39.3 42315 1043
0.75 0.1 32315 1033 0775 1987 FME1S 1084 0775 38.3 44815 945
0.75 0.1 J4E.15 935 0775 197 F7E15 1015 0075 38.3 47315 908
0.75 5.0 29815 1172 0775 197 39815 942 075 38.3 49815 849
0.75 5.0 32315 107 0775 1987 42315 874 0775 39.3 54315 780
0.75 5.0 345.15 w75 0775 197 44815 804 0775 49.1 29515 1415
0.75 5.0 37315 BEZ 075 187 47315 736 075 49.1 32315 1320
0.75 5.0 15 7T 07 187 495.15 668 075 49.1 348.15 1268
0.75 5.0 42315 714 075 197 52315 600 0.75 49.1 37315 1200
0.75 5.0 44515 631 0.75 29.5 298.15 1317 0.75 49.1 398.15 1140
0.75 5.0 47315 548 075 295 32315 1233 0.75 49.1 423.15 1081
0.75 5.0 49815 465 0775 295 FMELS 1154 075 4801 44815 1023
0.75 5.0 52315 382 075 29.5 37515 1081 0.75 49.1 47315 971
0.75 8.8 29815 1202 075 295 39815 1013 0775 481 49815 917
0.75 8.8 32315 1106 0775 29.5 42315 947 0775 491 54315 863
0.75 9.8 34815 1013 0775 295 44815 331 0.75 58.8 298.15 1441
0.75 9.8 37515 937 0775 295 47315 821 0.75 58.8 32515 1387
0.75 9.9 39815 852 075 285 495.15 762 075 58.9 348.15 1321
0.75 9.9 42315 T 075 295 52315 701 0.75 58.9 37315 1255
0.75 9.9 44515 701 0.75 393 298.15 1371 0.75 58.9 39815 1195
Tahle 2. Continued

n  pMPa TE Wiee! x» p/MPa T/E Blms! xn p/MPa TE  Hlmes!
0.75 589 42315 1142 100 99 44315 690 1.00 39.3 20815 1360
0.75 589 448 .15 1090  1.00 9.9 47315 614 100 39.3 323.15 1280
0,75 529 47315 1040 100 9.9 49215 536 1.00 39.3 34515 1206
0.75 58.9 495,15 981 l1.go 9.9 52315 454 1.00 39.3 A 1137
0.75 58.9 52315 843 oo 1977 295,15 1253 1.00 39.3 39515 1073
1.oo 0.1 298,15 1130 1.oo 197 32315 1166 1.00 39.3 42315 1012
1.oo 0.1 32315 1022 1.oo 197 348.15 1083 1.00 39.3 445,15 954
1.oo 0.1 34815 924 1.oo 197 37315 1004 1.00 39.3 47315 897
100 5.0 298,15 1161 1.oo 197 398.15 931 1.00 39.3 495,15 838
100 5.0 32315 1061 1.oo 197 42315 861 100 39.3 52315 719
100 5.0 34815 964 1.oo 197 448,15 793 100 49.1 298.15 1404
100 5.0 CFER R )| 1.oo 197 47315 725 100 49.1 32315 1329
100 5.0 39815 786 1.oo 197 495.15 657 100 49.1 348.15 1257
100 5.0 42315 703 1.oo 197 52315 589 1.00 49.1 37315 1189
100 5.0 44515 620 1.oo 295 298.15 1306  1.00 49.1 398.15 1131
1.00 5.0 47315 537 1r.oo 285 34315 1242 1.00 49.1 42315 1070
.00 5.0 49815 454 100 285 FE1S 1143 1.00 49.1 44815 1012
1.00 5.0 52315 i 100 285 37515 1070 1.00 49.1 47315 Bal
.00 9.9 29815 1131 100 285 398.15 1002 1.00 49.1 49815 D04
.00 9.9 32315 1085 100 285 42315 936 1.00 49.1 54315 B85
.00 9.9 34815 1002 100 285 44815 876 1.00 58.9 298.15 1450
.00 9.9 37515 914 100 285 47315 8l6 1.00 5&8.9 3315 1376
1.00 9.9 39515 841 100 285 48815 757 1.00 58.9 3815 1310
1.00 9.9 42315 L] 100 285 54315 694 1.00 58.9 I7E15 0 1244
1.00 558 JBE15 1184 o0 589 44815 1078 1.00 58.9 48815 5E0
1.00 588 423 .15 1131 1oo0 589 47315 1028 1.00 58.9 524515 932

The values of a;, b; and ¢; are listed in Table 3. Equations (1) to (2) describe the experimental results within less then £0.08%.
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Coefficients of equations (1) to (2) for (n-heptane + n-octane)

i a b] Cy i
n-octane
0]2725.35 -6.16625 3.21241-107
1|-64.3166 0.359581 -4.27694-10*
2 |5.33892 -0.0292391 3.96324:107
3| -0.187854 1.04717-10%  -1.46461-10°
4 |2.9643:103 -1.6713810°  2.37052-10°
51-1.71639:107 9.75554-10%  -1.39514-10°
25%n-heptane + 75%n-octane
0 | 3048.03 -8.23512 6.40084-107
1|-158.367 0.940787 -1.32108:10°
2113.5151 -0.0797109 1.17156:10*
3 1-0.490156 2.91243-10°  -4.3289-10°°
47.95133-10° -4.74779-10°  7.09431-10°
5|-4.73672:107 2.83853-107  -4.25566:107°
50%n-heptane + 50%n-octane
0 |3037.56 -8.23735 6.40316:107
1|-157.198 0.935891 -1.31599-10°
2 | 13.3583 -0.0790537 1.16472:10*
31-0.483163 2.88313-10°  -4.29842-10°
4 |7.82322:10° -4.69411-10°  7.03846-10°
5| -4.65379-107 2.80378:107  -4.21951-1071°
75%n-heptane + 25%n-octane
03114.7 -8.76968 7.19663-107
1|-182.144 1.08534 -1.53752:107
2 | 15.5475 -0.0921189 1.35787-10*
31-0.564763 3.36907-10°  -5.01571-10°°
49.17793-10° -5.49975-10°  8.22652-10°
5|-5.47827-10° 3.29364-107  -4.94142:-10"°
n-heptane
03193.44 -9.30597 7.99685-107
1 |-206.791 1.23347 -1.75984-107
2 |17.6275 -0.104669 1.54712:10*
31-0.637711 3.80957-10°  -5.68132-10°
410.0103057 -6.18069-10°  9.25698-10°
5|-6.1161-107 3.67870-107  -5.52505-101°

Table 3.

The analysis of coefficients of the equation (1) depending on concentration has allowed to offer the following equations
transferring concentration dependences for all investigated binary systems:

W:ZS:Z‘I:%]?[(JOO—x)j +Zjlibypi(]00—x)j -T+Zjlicypi(]00—x)j -Tz)

(3
i=0 j=0 i=0 j=0 i=0 j=0
Coefficient a i bil. and ¢; of the eqn. (3) are listed in Table 4.
Table 4.
Coefficient of equations (3)
i j
0 1 2 3 4

a
0 2725.35 30.248 -0.974759 0.0125964 -5.40555:10°
1 -64.3166 -8.76188 0.281592 -3.65821-10° 1.57598:10°
2 5.33892 0.767435 -0.0248413 3.24056-10* -1.40098:10°
3 -0.187854 -0.0285345 9.28844-10™ -1.21663-10° 5.28142:10®
4 2.9643-107 4.72834-10* -1.54628-10° 2.03302:107 -8.86157-107"°
5 -1.71639-10° -2.87401-10° 9.43461-10°® -1.24456-10° 5.44505-10™"

b
0 -6.16625 -0.18994 6.02082-10° -7.76646-10° 3.33107-107
1 0.359581 0.053804 -1.71839-10° 2.22359-10° -9.55852:10°
2 -0.0292391 -4.69703-10° 1.50783-10™ -1.95717-10° 8.43615-10°
3 1.04717-10° 1.74337-10™ -5.62184-10° 7.32322-10* -3.16851-101°
4 -1.67138-10° -2.885851-10°° 9.34278-10* -1.22128-10° 5.30499-10"2
5 9.75557-10°® 1.75289-10° -5.694-10"° 7.46662-10™ -3.2552:10"*

C
0 3.21241-10° 2.9106:10* -9.22258-10° 1.1861-107 -5.0791-10"°
1 -4.27694-10™ -8.22155-10° 2.60954:10° -3.36158-10* 1.44099-107'°
2 3.96324-10° 7.16047-10° -2.28101-107 2.94507-10” -1.26502:10™"
3 -1.46461-10° -2.65454-107 8.48731-107 -1.09925-10°° 4.73812:107"
4 2.37052-10° 43910910 -1.40876-10°° 1.83052:10"2 -7.92006-10""°
5 -1.39514-10™"° -2.66595-10" 8.57857-10™ -1.118E-10™ 4.85447-10°"
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Using the obtained values of coefficients a;, b; and c;;, it
is possible to define values of speed of sound solutions with
satisfactory accuracy at high pressures, temperatures and
concentrations.

The uncertainty of eqn. (3) is +0,35% (in some places up
to 3.4%).

Speed of sound in liquids increases monotonically at a
pressure of 40MPa and different temperatures, depending on
the mass concentration n-heptane, as illustrated graphically in
fig. 2, at 7=498.15 K and different pressures fig. 3.
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Fig.2. The speed of sound of binary liquid mixtures n-heptane
+n-octane at p= 40MPa and different temperatures, de-
pending on the mass concentration n-heptane: 1 - 298.

15 K; 2-323,15; 3-348,15; 4-373,15 ; 5-398,15; 6-423,15;

7-448,15; 8-473,15; 9-498,15; 10-523,15.

was

=220

Wimie)

soo

4o0

Eo 75

B

Fig.3. The speed of sound of binary liquid mixtures n-heptane
+n-octane at a temperature of 498.15 K and different pres-
sures, depending on the mass concentration n-heptane:
1-5 MPa, 2-9,9; 3-19,7 ; 4-29,5; 5-39,3; 6-49,1; 7-58,9.

CONCLUSION

The speed of sound in liquid n-heptane and n-octane and
mixtures (n-heptane + n-octane) were measured at tempera-
tures from 7=(298.15 to 523.15)K and pressure up to 60
MPa. The uncertainty of the results is estimated to be within
+0.2 percent in the whole experimental range taking into
account uncertainties of temperature and pressure. The com-
parison of the measured data with the literature values re-
cently supports the fact that both the experimental setup and
the method employed for the measurements are capable for
accurate measurements of speed of sound in liquids and bi-
nary mixtures in extended ranges temperature and pressure.
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V.H. Hasanov, C.Y. Naziyev, Y.M. Naziyev
n- ALKANLARIN BINAR QARISIQLARINDA SOS SUROTI
Sos siirati 7=(293,15-523,15) K temperaturlarda vo 60 MPA-a qadar tozyiqlords n-heptanda, n-oktanda vo onlarin garigiglarinda 6lg¢iiliib.

8MHz tezliklorindo exo-impuls metodu, +0,08% xota ilo 8lgiido istifade edilib. Olgii giymotlori polinom tenliklorlo temperaturlardan vo
tazyiqlordan asili olaraq iimumilasdirilib va onlar etibarli adebiyyat melumatlari ilo miiqayise edilib.

B.I'. 'acanos, /I:x.51. Ha3ues, $1.M. Ha3ueB
CKOPOCTD 3BYKA B BUHAPHBIX CMECHX n-AJIKAHOB
CKOpOCTS 3ByKa B )KUAKHX H-TENITaHE, n-OKTaHEe U UX OMHAPHBIX CMECsX M3MepeHa Ipu temmneparypax 7=(293,15-523,15) K u naBnenu-
ax 0 60 MIla. Meton sxo-ummyibca ¢ yactotoi 8 MI'n, ¢ norpemnoctsio +0,08% ObuT IpHMeHEH B M3MepeHusX. V3amepsiemMble 3HaueHUs
0000IIeHB! OIMHOMHBIMH YPAaBHEHHSIMH KaK (DYHKIMH TEMIIEpaTyphl U JaBJICHHS, U CPABHEHBI C JIOCTOBEPHBIMH JINTEPATyPHBIMU JaHHBI-

MHU.
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THE GENERAL PROPERTIES OF NONLINEAR FORMS OF LINEAR PARTIAL
DIFFERENTIAL EQUATIONS

E.A. AKHUNDOVA
H.M. Abdullayev Institute of Physics of NASA,
Az-1143, Baku, H. Javid ave,, 33

The general properties of nonlinear partial differential equations of polynomial type have been revealed. The obtaining method of new
solutions of nonlinear equations with the help of operator integrals of motion is shown.

In work [1] the nonlinear partial differential equations 1. GENERAL EQUATION PROPERTIES
containing the derivatives of third order, derivatives of
second and first orders have considered. Especially, the
equations of following three types have considered:

Let’s discuss the some general properties of above
mentioned equations. For definition we will consider the
equation of the following type:

Drox +A(¢xx1¢tt 1Pt 1¢t): 0 @, = IE[(D] (1.1)
P + M (P ,) = 0

Py T Pyt +N(¢xx ’(Dtt): 0

where F is nonlinear operator, such that IA:[gg] is the some
function on x, t, ¢ and different derivatives. We show the

and symmetrically to X < . operator AI as operator integral of motion of equation (1.1) if
The exchanges of dependent variables with the help, of

which each type of these equations is led to linear one for some equation solution ?(X,t) I[(ﬂ] function is also
correspondingly, are shown. In this work we will reveal the the solution of this equation [2]. It is proved that the operator

eneral properties of these nonlinear equations. ~ . .
£ properhies Se nonn quation | T should satisfy the equation:

[AL% - ﬁ}[co] =i[¢t]—§(l[¢]—i[ﬁ o]+ Flile] - o) (1.2)

- - |

([AI,IA:] is commutator of | and F operators) on space of ( P n
then 8_ operators are motion integrals for n=0,1,2...).

X

However, if equation (1.3) contains N of independent space
derivatives (in the case of Schrédinger equation this means
~ that we consider the dynamic quantum system with N degrees

\Pt =HY (1.3)  of freedom) when 2N of independent motion integrals exactly
exists, rest motion integrals are some functions of these 2N.

f_I is linear operator. This means that such nonlinear Indeed, if operator U (t) is evolution operator of equation

operator X exists that Q= ,}[\11] is equation solution (1.1) at  (1.3), i.e. l{i(t) = O\}'(o) , then operators:
the condition that I satisfies to equation (1.3). The motion

(1.2) equation solution.
Let’s suppose that equation (1.1) is the linear form of
linear equation [3]:

~

0o; =UX,U™ j=12.N
To171-1- ;
0j =UP,U P, =0/ 0x]

:><>

integrals /A\ of equation (1.3) satisfy to equation:

(1.4)

>

~ 0 =
{A,——H Y =0 (1.2a)
ot are motion integrals. We consider the systems for which there

is evolution operator on some interval 0 <t < T; in the case

It is obvious that there is infinite number of operators . .. . ~_
P of Schrédinger equation it is obvious that T=co . Then U %

~ 82 operator also exists, if we consider it on space of equation
satisfying to equation (1.2a). (For example, if H= —  solution (1.3). Besides, Stone-fon Neumann theory confirms
OX that all other motion integrals are functions of operators (1.4):
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A= F(Xgp X Poy e Py )= UF | X, X =

Consequently, all operator motion integrals of equation
(1) have the form:

T =& (Xoy 0 Xon; Pogre- Py ) (1.5)

where f is arbitrary function 2N of derivatives. It is obvious
that operator (1.2) not for arbitrary function q)(X,t) but

only for solution equation (1.1). Consequently, if (D(X,t) is
equation solution (1.1), then all functions of following type

(5 = ’A([f (X01""XON , Por++-Pox )’}_1[(0] ] (1.6)

are also the solutions of this equation.

@ =1[p]=—2uln f(%,X+ 2,40 | éxjexp(—(ol 2u) }

Let’s write the equation (2.2) for concrete function f:

f (i X+ 2.0 8XJ exp(— @/ 2u)=
OX 2.3)

0 0
=—|X -pl2 2ut—expl—p/ 2
8)([ exp( ol y)+ ytaxexp( ol u)

Then the new solutions of equation (2.2) will be written
by following form:

0 0

e
OX,  OXy

| 2. THE NEW EQUATION SOLUTIONS

Let’s consider for example, the equation being the first
integral of Burgers-Hopf equation:

1,
2 +§¢x = HPyy (2.1)

The exchange Y = exp(— ol 2,u) transforms the

equation (2.1) into thermal conduction equation

YW, = u¥,, . The motion integrals of thermal conduction

equation are:

P, =0/ oxand X, = X + 248/ 0x

Consequently, we obtain the following class of

transformations:

2.2)

5=p-2uln1- g, t —i(ﬂf + Py
24 24

2.4)

The transformations of equation (2.2) haven’t been
known yet, though the equation (2.1) and Burgers-Hopf
equation have been studied by many authors during several
years.
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XUSUSi TOROMOLORDO XOTTi TONLIKLORIN QEYRI-XOTTi FORMALARININ UMUMIi XASSOLORI

Polinomial n6vlii xiisusi toramolords geyri-xatti diferensial tonliklarin imumi xassalori aydinlasdirilmigdir. Operator harakat inteqralla-
rinin kdmayils geyri-xatti tonliklorin yeni hollorinin alinma metodu gostorilmisdir.
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PHOTOELECTRIC PROPERTIES OF AMORPHOUS SOLID SOLUTIONS OF Se-S SYSTEM

N.Z. JALILOV, G.M. DAMIROV
H.M. Abdullayev Institute of Physics of Azerbaijan NAS
AZ-1143, Baku, H. Javid ave., 33

The paper contains the photoconductivity measuring results od film samples of SejgoSx (x=0;5;10;20;30;40;50) system, the wave
length in interval 0,38+1,00 mem. The photoconductivity change in the dependence on system composition Sejgy.xSy is explained in model
limits of intrinsic charged defects in noncrystalline semiconductors and their change, i.e. they presence of D' and D~ defects in forbidden
band forming from initial neutral defects DY that is connected with change of short range ordering configuration character.

INTRODUCTION

The photoelectric phenomena present themselves the
strong method of semiconductor investigation and they are
directly connected with light energy absorption [1].

In reference the sulfur and solid solutions of Se-S system
are too little studied materials among chalcogens and
chalcogenides. The selenium on forbidden gap value and
melting point are between tellurium and sulfur. This gives
possibility to change its physical parameters in wide limits
under sulfur influence. As it is seen in [2] the change of
sulfur content in Se-S system leads to change of
photoconductivity maximum from pure sulfur up to
photoconductivity maximum of pure selenium (from 4,7 up
to 7,0 mem). This is revealed in strength changes, constants
of crystal lattices, in its elementary cells, glass-transition
temperature and dielectric constant, forbidden gap and other
parameters of Se-S system.

The physical properties of Se-S system are investigated
in series of works [4-11]. In work [4] the technique of film
obtaining (x=0,15; 0,42; 0,60; 0,8; 0,9; 1) is described. The
optical characteristics of films by 40+ 80 mcm thickness are
measured in spectral range 16-5 mcm and absorption peaks at
235, 255, 360 and 455 cm’ are observed. The photo-
darkening effect caused by photo-crystallization is revealed at
radiation by ruby laser. The optical absorption and
conductance of Se-S system in solid and liquid states are
measured in work [5]. As the author of work [6] shows the
absorption boundary shifts from 2,2 eV for pure selenium up
to 2,4 eV for alloy of 40% S composition that is observed in
[7]. In work [8] IR transmission spectrums of glassy Se
containing 0; 2,5; 5 at.% S, Te, As or Ge and also pure Se in
range 400+ 600 cm™ are studied. The author connects the
new absorption bands in the case of introduction of sulfur and
tellurium in Se with formation of ring molecules of Se;Ss or
SesTe; types correspondingly.

In work [9] it is shown that Se,S;. alloys rich of Se are
characterized by high viscosity and form glasses in wide
interval of compositions at solidification. The glass-transition
temperature 7, decreases and achieves 273K at x=0,7 at
increase of sulfur content.

As authors of [10] show though Se and Te have
properties which are analogical to chalcogenide ones, they
contain the structural units with molecular properties and
they are considered as the separate group.

The structural model of binary system presents itself the
continuous grid in which the coordination “rule 8-N” for both
components at any their relation, is carried out. The hetero-
and homo-polar bonds are possible between atoms.

The hexagonal crystalline Se consists in helical chains
built parallel to each other. The chemical bond inside the
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chains has covalent character and is very strong one and bond
between chains is the weak one of Van-der-Waals one. In
liquid phase we consider that the chains are oriented
occasionally. At rapid alloy cooling the viscosity becomes
very high one and before the chains disorientate the glassy
state appears.

The tellurium addition in liquid selenium alloy leads to
chain shortening as Se-Te chain is weaker than Se-Se and
crystallization at cooling simplifies. When S is added to alloy
the reversal thing happens, i.e. Se-S bond is stronger than Se-
Se one. The amorphous selenium presents itself the mixture
of molecules (closed annuluses) and polymer chains. The
sulfur, selenium and tellurium have the coordination number
which is equal to 2. The average mole energies of the bond
decrease and values of melting point and strength increase in
S, Se and Te series. This shows that the more the bonding
force between atoms in the chain the less the bond between
the chains.

X-ray investigations of Se-S system structure [11] show
that regulation of S atoms in structure of Se matrix takes
place up to ~28% S distorted it and when S content in the
system achieves 50% the phase transition by structure takes
place.

The transformations on the chalcogenide base are widely
used in optoelectronics in the different electric circuits for
different chains. The search of new materials is required for
widening of spectral sensitivity interval and photosensitivity
maximum of the given transformers. In the given work the
photosensitivity of solid amorphous solutions of Sejgo.xS«
(x=0;5;10;20;30;40;50) system is studied with this aim.

The homogeneous solutions at crystallization of which
the series of solid solutions settle down, form in melted state
between sulfur and selenium. Taking into consideration that
behaviors of sulfur and selenium have more similarities, we
can suppose that they are able to form the mixed molecules of
Se-Se, Se-S, S-S type.

The selenium, sulfur and solid solutions on their base are
close to chalcogenide glasses by their physical properties.
However, as it is known Se is semiconductor whereas S is
good isolator. Consequently, the solid solutions on their base
should lead to the change of their parameters from
semiconductor up to isolator.

Nowadays it is established that one can directly change
the electric properties of chalcogenide glassy semiconductors
by change of chemical composition and also by introduction
of impurities. More over the change of the concentrations of
charged defect centers (U’ are centers) in semiconductors
that allows us to control by their electric, optic and
photoelectric properties.
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The photoconductivity in semiconductors is directly
connected with photon absorption in substances as a result of
which the current carriers form.

THE OBTAINING TECHNOLOGY AND

EXPERIMENT TECHNIQUE

The selenium by Bs purity and pure stick sulfur
suspended with accuracy up to 0,0001g are taken for
obtaining of solid solutions selenium-sulfur.

The vibration method is wused for better alloy
homogenization. The ampoules during three hours are treated
by shacking at temperature 280°C, i.e. on 60°C higher than
selenium melting point.

The samples for measurement have structures of
“sandwich” type and present themselves the layers of 3mkm
thickness prepared by thermal evaporation in vacuum at
residual pressure 10 millimeter of mercury. The polished
glass substrates on which previously the bottom electrode
from aluminum is marked are used as substrates. The
semitransmitting film from aluminum evaporated in vacuum
on the layer of investigated material serves as top electrode.
The film chemical composition is taken the similar as in joint
hinge. The sample temperature is controlled with the help of
thermocouple.

The spectral dependence of stationary photoconductivity
is measured by incident photon energy in 1,0+3,2 eV interval.
The measurements of photo- and dark currents are carried by
charge amplifier V5-11. The data of stationary
photoconductivity are normalized on photon constant number
at each energy value.

THE EXPERIMENTAL RESULTS AND THEIR
DISCUSSIONS
The photoconductivity spectrums of the given solid
solutions are taken on installation including the adjustable
source of current, monochromator, lighting unit, and
amplifier-electrometer.
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Fig. 1. Photoconductivity spectrums of Se-S film system in
darkness.

The generation process of free charge carriers under
radiation influence is in the base of photoconductivity [1]. In
simple case the radiation in intrinsic semiconductor excites
the valence electrons in conduction band where they are in
free state and can participate in charge transfer process; the
holes appearing in valence band also make contribution in
conductivity. The electron excitation by light into conduction
band takes in impurity semiconductor of n-type. Analogically
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one can excite electrons from valence band on acceptor
centers forming the mobile holes in semiconductors of
p-type. In both cases of impurity conductivities in crystal the
free current carriers of only one sign generate.
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Fig.2. Photoconductivity spectrums of Se-S film system with
lighting.

The measuring results of photoconductivity of
amorphous film samples of Sejg.x Sx (x=0;5;10;20;30;40;50)
system are presented on Fig.1. It is seen that maximums of
their spectral characteristics change with composition change
of Se-S system. The analogous results with lightening are
presented on fig. 2. As it is seen the lighting leads to shifting
of spectral photoconductivity characteristics in the
dependence on composition of Se-S system samples.

As it has been mentioned above the photoconductivity is
connected with absorption. The photoconductivity changes in
the dependence on composition of Se-S system and their
absorption coefficient are presented on figures 3-9.

It is known that photon flow penetrating in
semiconductors decrease with penetration into semiconductor
volume by the law: F(x)= F (—owx) where F, is photon

flow penetrating through semiconductor surface; F(x) is
photon flow on x depth from surface; o is absorption
coefficient. The value reversal to absorption coefficient //d
defines the depth on which the photon flow takes place. The
coefficient o« depends on absorption mechanism, AF
semiconductor forbidden gap, wave length of incident
radiation and is velocity measure of photon strength decrease
in penetration process in semiconductor.

The absorption coefficient in intrinsic semiconductor is
equal to zero for photons with energy less than forbidden gap.
The absorption coefficient strongly increases for photons
with energy exceeding AE. The absorption coefficient
achieves the big enough value in short wave region, i.e. the
radiation in this region takes place on very small depth. The
absorption coefficient in long wavelength spectrum region
decreases on several orders and the penetration depth
increases in several times.

The dependence of light absorption coefficient on wave
length influences on the type of spectral characteristics and
maximum position. The difference of light absorption
mechanism by them essentially influence on material spectral
characteristics.

The change and shift of spectral characteristics
maximum can be carried out with the help of different factors
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and also changing the material composition. This is related to
sensitivity of material photoconductivity.
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Fig.3. Photoconductivity (curve 1) and absorption coefficient
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Fig.4. Photoconductivity (curve 1) and absorption coefficient
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Fig.6. Photoconductivity (curve 1) and absorption coefficient

(curve 2) of SegySy films.
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Fig.7. Photoconductivity (curve 1) and absorption coefficient
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Fig.8. Photoconductivity (curve 1) and absorption coefficient

Fig.5. Photoconductivity (curve 1) and absorption coefficient
(curve 2) of SegpS;o films.
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(curve 2) of SegpS4o films.
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Fig.9. Photoconductivity (curve 1) and absorption coefficient
(curve 2) of SesoSs films.
From above mentioned it is clear that the

photoconductivity can appear only at excitation by short-
wave excitation when photon energy exceeds the some
threshold value. This is either the energy distance between
extremums of conduction band and valence band in the case
of intrinsic photo-effect or the distance between extremums
of any band and donor or acceptor level in the case of
impurity  photo-effect. The threshold frequency of
photoconductivity and also spectral dependence of
semiconductor photosensitivity is mainly defined by its
optical properties.

In work [12] by study of dependence of absorption
coefficient ~of Se-S system is  defined that
a ~ f(hw)dependence below the strong absorption region

is obeyed to exponential law. The region of exponential
change of a with ne increase is called Urbah’s “tail” [13].
Such dependence is known in crystalline chalcogenides of
alkali metals, CdS and trigonal selenium. This phenomenon
is also observed in chalcogenide and silicate glasses [13,14].
The several mechanisms: the variations of crack thickness
caused by strength fluctuations; the widening of band edge
indicated by intrinsic electric fields has been supposed for
explanation of such exponential dependence. It is said that
[15,16] the absorption edge reflects the appearance of state
tails in the crack as a result of angle fluctuations and bond
lengths. The another authors consider [17] that the electron
transitions between localized states in tails of bond edges are
the reasons of tail appearance and it is supposed that the
strength of such states exponentially coincides with photon
energy.

In [17] the existence of correlations between inclination
of Urbah “tail” and coordination number or valency is shown.
It is shown that materials with weaker coordination (higher
valency) easily form the ideal amorphous grid with less
quantity of defects and spaces.

The dependence o ~ f(7iw ) is obeyed to Urbah rule in

exponential region.

a=a,exp[-(E,—hv)]/E,, (1)
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where E, is characteristic energy which characterizes the
edge tilt and has the information on quality of standard
deviation of interatomic distances in glassy materials [18].

Ey, values defined from ¢ ~ f(#hwe)exponential

dependence of Se-S system firstly strongly increase and later
do more moderately with S content increase.

Nowadays the fact is established that the more electron
properties of chalcogenide and chalcogen glassy
semiconductors is explained by the presence of charged
defects D" and D". These defects form from initial neutral
defects D’ by the following reaction:

2D’—-D " +D" )

And can be intrinsic impurity defects.

It is supposed that electric, photoelectric and optical
properties on non-crystalline semiconductors are controlled
by charged defects. The following formula is obtained using
the model of random field formed by chaotically distributed
atoms for characteristic energy [19]:

E, =22W,(N,a;)*"” , A3)

where W, = e’ /2¢e ay, ag is Bohr radius in substance, ¢ is

dielectric constant; N, is effective concentration of charged
defects.

It is known that for Se the dielectric constant is & =6,6
and for sulfur is £ =3,69. Taking into consideration the linear
decrease of dielectric constant with composition we calculate
the concentrations of charged defects for different
compositions of Se-S system by formula (4). The results
show that the concentration of charged defects decreases with
increase of S content. Probably this is connected with
decrease of linear chains in the system the ends of which are
the defect centers. Besides Se-S bond is stronger than Se-Se
one that influences on concentrations of defects.

Thus, as a result of investigations of optical properties
of SejgoxSx system it is established that the correlation
between dependences of coefficient of optical absorption (a),
effective concentration of charged defects characteristic
energy (E,) corresponding to Urbah absorption on S content
in composition of Se-S system, exists. It is shown that light
absorption in spectrum region where Urbah rules are carried
out is controlled by charged defects. It is established that one
can change the concentration of intrinsic charged defects by
the change of S content and by this one can control the
optical and photoelectric properties of Se-S properties.

As results presented on fig. 3-9 show that light
absorption character changes in the dependence on Se-S
system composition at photoconductivity character.

The destruction of ideal structure of non-crystalline solid
state takes place in systems including the atoms with
unshared electron couples. Often the electron couple at bond
opening stays on the one of fragments, i.e. the heterolytic
bond takes place. Moreover the one positively and one
negatively charged defect centers in short range ordering
region appear. The energy which is necessary for bond
opening compensates because of existence of unshared
electron couple of atoms being in nearest surrounding and the
number of chemical bonds stays constant. Thus, the structural
disorder takes place in homogeneous glasses of



N.Z. JALILOV, G.M. DAMIROV

stoichiometric composition along with strength oscillations
and existing topological order of different type. The last one
reveals in the form of positively and negatively charged
defect centers as in the case of point defects in the crystals.
As a result the defects the formation reactions of which are
characterized by the least change of free energy, dominate.
Note that in our case the material synthesis, sample
preparation and conditions of their measurements are similar
for SejpoxSx (x=0;5;10;20;30;40;50) system. We obey to
“rule 8-N” principle at the synthesis of solid solutions of
different compositions of SejgoxSx system. The character
bond energies for Se-Se, S-S, Se-S are different as the bond
energy between atoms of binary amorphous compounds for
different configurations of short range ordering are different
ones. The electron structure of Se100-xS«
(x=0;5;10;20;30;40;50) system samples will change in the

dependence on character change of short range ordering, that
is seen from presented figures 3-9. It can be explained by
structural differences of investigated samples of Se-S system
samples with sulfur content increase.

The obtained data can be explained with the help of
model of charged intrinsic defects in non-crystalline
semiconductors [20-24]. It is known that the change in non-
crystalline semiconductors of coordination number, atom
type surrounding by the given atom, bond lengths (interband
distance) and valence angles with composition change of
investigated samples leads to short range ordering change in
them. This leads to change of their physical properties. The
non-crystalline samples of Se-S system consist of closed and
linear atom chains and their relations change in the
dependence on their composition that leads to character
change of short range ordering in them [25].
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N.Z. Calilov, Q.M. Damirov

Se-S SISTEMININ AMORF BORK MOHLULLARININ FOTOELEKTRIK XASSOLORI

Isde dalga uzunlugunun 0.38+1.00 mkm intervalinda Se;o,Sx (x=0;5;10;20;30;40;50) sisteminin nazik niimunalerinin fotokegiriciliyi
Olciilmiisdiir. Sejgo.xSx sisteminin torkibdon asili olaraq fotokegiriciliyinin doyismosi onlarda moxsusi yiikli defektlorin olmasi modeli
osasinda izah olunur. Bu defektlor qadagan olunmus zonanin daxilindo neytral D’ defektindon D* vo D~ defektlorinin yaranmasi ilo baglidir.
Bu tip defektlor atomlarin diiziiliis qurulusunun doyismasi, yani yaxin nizaml diiziiliisiin doyismesindon asilidir.

H.3. Ixanuiaos, I'.'M. JlamupoB

®OTOSJIEKTPUUECKUE CBOMCTBA AMOP®HbBIX TBEP/JbIX PACTBOPOB CUCTEMBI Se-S

PaboTa comepKuUT pe3ynabTaThl U3MEPECHUS (POTOMPOBOAMMOCTH IUICHOYHBIX OOPA3IOB CHCTEMBI Seigo..Sy (x=0;5;10;20;30;40;50) B
untepBane aauH BosH 0,38+1,00 MkMm. M3meneHne (OTONPOBOAMMOCTH B 3aBHCHMOCTH OT COCTaBa CHCTEMBI Se€igSy OOBsICHIETCS B
paMKax MoJeaH COOCTBEHHBIX 3apsDKCHHBIX Ie(EKTOB B HEKPHCTAJUIMYECKHX MOJYIPOBOJHHMKAX M HMX H3MEHEHHEM, T.€. HAJMYHEM B
3ampenienHoit 30He AedekToB D' u D, 06pa3yIomuXcs U3 HCXOMHBIX, HEHTPAIbHEIX Je(eKToB D’, 4TO CBS3aHO ¢ M3MEHEHHEM Xapakrepa

KOH(HTYpaLuil aTOMOB M OJIDKHETO TOPSIKA.

Received: 18.06.09

84



FiZiKA 2009 CiLD XV Ne4

INVESTIGATION OF POTENTIAL BARRIER HEIGHT
OF SCHOTTKY DIODE Al-TiCu/n-Si

I.M. AFANDIYEVA
Institute for Physics Problems of Baku State University
Az-1148, Baku, Z. Khalilov str., 23

Al-TiCu/n-Si diodes with polycrystalline metallic film obtained by the method of magnetron sputtering and satisfying to demands of
diode theory, have been investigated in temperature interval 298-458K. Diode matrix has 14 diodes the dimensions of which change from
1-10%m? up to 14-10cm?. In spite of current change on several orders at voltage change in range (0,1- 0,5)V, the VAC deflection on
electron emission theory is observed. The barrier height is defined by several methods. The dependence of barrier height on temperature and
diode geometrical sizes has been revealed. The heterogeneity on barrier height is investigated with application of Gaussian distribution. The

values of potential barrier height ®, = 0,59 eV and deflection parameter o, =0,088V have been defined on the base of dependence of

barrier height @ ,, at zero correction.

INTRODUCTION g ( dv
n=— 3
The semiconductor diodes on the base of Schottky barrier kT \dInl )
because of its many advantages [1-3] are used in integrated
circuits last years. Meanwhile, the tracing technology of We obtain VAC of Schottky diodes Al-TiCu/n-Si for all

single crystalline metal ﬁlms is connected with caqying out samples in temperature interval (298-458)K at direct (0, 1-
of many complex operatlons [4]. 'The polycrystalhge metal 0,5)V and reversal (0,1-15)V shift correspondingly (fig.1).

films are characterized by grain small dimension and As a result of carried investigations it is observed the
consequently, by large length of grain boundary because of  yAC deviation from characteristics inherent in “ideal” CMS
which they have the set of physical-mechanical properties [S- ha¢ i3 obviously caused by interface heterogeneity [6]. The
7]. The cheapness apd easy accessibility of technologlgal step dependence Inl-V doesn’t allow us determinating of
process and also interesting electro-physical properties  {airier height for whole range of applied voltage. The height
caused by metal structure present the interest for formation of ¢ potential barrier and idealness index are defined from

new in§tmments .and.elements of electronic ci.rcuits of low dependence linear part. The dependence of obtained values
dimensions working in narrow range of contributor change L
[7-8]. ® ., and n on temperature and contact geometric sizes has
The goal of present paper is to define the “real” value of been revealed. Temperature dependence of electric
barrier height of Schottky barrier Al-TiCu/n-Si. The diodes  characteristics of many CMS described in [9,12], deviation of
are obtained by methods of alloy magnetron sputtering on  barrier height and idealness index on TEE especially at low
semiconductor substrate (Si(111), p=0,70mcm) [8]. The temperatures show that standard TEE can’t totally explain the
diode matrix has 14 diodes the areas of which vary from 1.10%cm® ~ given phenomena [13].
up to 14-10°cm’. In the present paper the investigation results
of diodes Nel, Ne3 u Nel3 are presented.
593
RESULTS AND DISCUSSION 4 CDE-02

According to theory of thermal electron emission (TEE),
the current dependence on voltage for CMS is described by 1 OUE-03
expression [1-5, 9-11]:

- A exp - 4L L
I—Ioexp(nij[l exp( kTﬂ (D e

where I, is saturation current obtained from obtained from
characteristic cutoff In I-V at V'=0:

* 2 qo
I, =A4AAT eXp(— k—]ﬁ"’j () Fig.1. VAC of Al-TiCu/n-Si diode (Ne13) at direct shift.

According to Schottky theory in ideal contact metal-

A is diode area, 4" is Richardson constant (264 A cm™? K  semiconductor, the potential barrier height is defined by
for n-Si (111)), ®,,is barrier height at zero shift. The difference of metal work functions of contacting materials [1-
. . CoB : 5]. From papers it is known that metal work function depends
idealness index 7 is defined by expression (1), as: on its nature, structure and surface contamination factor
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[7,14]. Moreover, the work function of polycrystalline film
depends on surface coordinate and is expressed by formula:

]
... =5 | P02 Wy @

In such case we can say that CMS barrier height with
polycrystalline metallic film changes from point to point
along whole contact area. The deviations from classic theory
of thermo-electronic emission are investigated by different
authors [3,5,10-13]. In Tung’s article for explanation of
usually observable deviations [15,16], the heterogeneous
interface is considered as system of discrete regions or
“ways” of low barriers introduced in regions of more high
barriers. Song and other authors [17] have introduced the
analytical model of potential fluctuations. Schmitsdorf and
others [18,19] have used Tung theoretical approach and
found the linear correlation between experimental BH value
and idealness index. The BH dependence on idealness index
for Al-TiCu/n-Si diodes obtained by experiment is shown on
fig.2. The extrapolation of dependence to n=1 gives the
height of homogeneous barrier 0.54eV, 0.5368¢V and
0.535eV correspondingly for diodes Nel, Ne3 and Nel3.
However, as it is seen from fig.2 there is no correlation
between obtained values.

Considering the contact as many parallel diodes with
different BH which independently promote to current
transfer, the total current through Schottky diode with
heterogeneity on BH can be expressed in following form [3]:

[T1(@,.r)P(@,)do

where [ (d) b V) current at ¥ shift for SchD, based on ideal

1)

)

TEE and P(®,) (normalized distribution function giving

the accuracy probability for barrier height).

The contact characteristics presenting itself the system of
discrete regions with different barrier heights is obtained on
the base of potential fluctuation model [3,9,17,19] after
average of spatially heterogeneous on interface parameters.
For this usually one can use the general rule of finding of
average value if distribution function of P value on surface is
given, and the supposition that BH is satisfied to normal
distribution law (Gauss distribution): |

1(V) = AA'T? exp| —-L
() expl

The supposition on Gauss distribution of BH values leads
to the following expression for barrier height [3,9,19]:

2
q0,

2kT

bo

@®)

b

where @, is average barrier height at zero shift, o, is

standard deviation at zero shift.
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o

_ 2

1 (D, — D)
P, )=——exp(—~—2 7/ 6
(@,) Py p( 20 ) (©)

where is normalization constant of Gauss

1
o,N27
distribution of BH. @ ,, is barrier height, o, is deviation
parameter. The total current / (V) through Schottky barrier at
V shift is defined by the following expression [3,9,19]:

h

i

10 12 14 B 20
q/2kT eV}
[
D&E2 i
05 + y
< 048 |
T =
é} ~ L
044 + v=.00081+ 05094
U4z r
| 4 L L 1 i L
0 12 14 15 18 20
g2kT [eV')

Fig.2. Linear dependence of BH on idealness index at different
temperatures (a is Nel, b is Ne3, cis Nel3).

Jodie

- g0,
2kT

()

nkT
On the fig.2 BH dependence ®, on ¢/ 2kT at zero shift
is defined by direct line the extrapolation of which has the
following values ®,, (7 =0) and o,,.

The values 5,)0 and o, are equal to 0.59¢V, 0.58eV,

0.599¢V and 0,088V, 0,089V, 0,089V correspondingly. The
barrier height values obtained by Gauss method exceed the
values obtained by other calculation methods. The deviation
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parameter o, testifies on heterogeneous barrier. As it is seen

from carried out investigations it is impossible to define the
barrier height of Al-TiCu/n-Si diode uniquely.

Taking into consideration the polycrystalline structure of
metal film CMS Al-TiCu/n-Si we can conclude that contact

heterogeneity is caused by granular structure of metal film.
a

LY

y = 006 + 0575

054

052
05 ¢
Da4s

T (4V)

045

044 1 - 00364x + D5732

042

04

as

048 -

s
2 ga6
é

044
¥=-004234+ 05773
042 -

04

15 is

Fig.3. The dependence BH at zero shift @, on g/ 2kT for

SchD AI-TiCu/n-Si according to Gauss distribution (a is
Nel, bis Ne3, cis Nel3).

CONCLUSION

The parameter analysis SchD AI-TiCu/n-Si reveals the
temperature dependence of barrier height and idealness index
that testifies about heterogeneity of interface. The
fluctuations of barrier height in these SchD are explained to
some extent by supposition of BH Gauss distribution.

Obtained by given investigations the BH values @, (T = 0)

and parameter of standard deviation o, change in the

following region (0.58-0,59)eV and (0.088 0,089)V
correspondingly. The parameter dependence on contact
geometric sizes is observed. The parameter fluctuations are
most probably caused by the polycrystalline structure of
metallic film.
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I.M. 9fondiyeva

AL-TiCu/n-Si SOTTKIi DIODU POTENSIiAL BARYERIN HUNDURLUYUNUN TODQIiQi

Maqnetron tozlanma iisulu ils alinmis diod nozariyyasinin talablarini 6dsysn polikristal metal tobagali Al-TiCu/n-Si diodlar1 (298-
458)K temperatur oblastinda tedqiq edilmisdirler. Diod matrisi sahslori 1-10°sm? -14-10%m? intervalinda doyison 14 dioddan ibaratdir.
Gorginlik (0,1 -0,5)V diapazonunda doyisdikds cerayanin giymati bir neca tortib doyismasine baxmayaraq volt-amper xarakteristikalarmin
termoelektron emissiya nazariyyassindon kenara ¢ixmasi miisahide olunur. Baryerin hiindiirliiyii bir nego metodla hesablanmisdir. Baryer
hiindiirliiyiiniin  temperaturdan vo diodun hondosi 6lgiilorindon asililigr agkar edilmisdir. Baryer hiindiirlilyliniin qeyri-bircinsliyi Hauss

normal paylanmasinin totbiq edilmasilo hesablanmigdir. Potensial baryer hiindirliiyti @ ,, -nin [/ 2kT -dan asililig1 asasinda potensial

baryerin hiindiirliiyii ( ® o = 0,59eV) vo konaragixma parametri hesablanmigdir o, =0,088V.

HNU.M. DdengueBa

HUCCJIEJOBAHME BbICOTBI IOTEHIIMAJILHOTO BAPBEPA
JUOJIA IOTTKM Al-TiCu/n-Si

Huonpt Al-TiCu/n-Si ¢ HONUKPHCTAUTMYECKOW METAUIMYSCKON IICHKOM, MONYyYeHHBIE METOJOM MAarHeTPOHHOTO pPAacCHbLUICHHS MU
YAOBIETBOPSIOIINE TPEOOBAHISM AUOTHON TEOpHH, OBLIM MCCIeN0oBaHBI B 00nactu Temneparyp 298-458K. [lnoanas marpuna conepxur 14
JMOMIOB, pasMepsl KOTOpbix m3Menstores oT 1x10%cm® 1o 14x10°cm®. HecMoTps Ha WM3MEHEHHE TOKAa HA HECKONBKO TOPSIKOB, IPH
n3MeHeHnH HampspkeHus B auamnasone (0,1- 0,5)B maGmiomaercst oTkioHenne BAX oT Teopum TepMOAIIEKTPOHHOH 3MHcCHH. Bricora
Oapbepa ornpezeneHa HeCKOIBKUMY MeTOlaMH. BEIsIBIeHa 3aBHCUMOCTh BBICOTHI Oapbepa M KOd((HUIMEHTa OTKIOHEHHUS OT TEMIIEPaTyphl I
reOMETPHYECKUX pa3MepoB anoaoB. HeoqHOPOOHOCTH 1o BbICOTE Oapbepa HCClICJOBaHA C NPUMEHEHMEM HOPMAJbHOTO pacIpeaesICHUs

laycca. Ha ocHOBe 3aBMCHMMOCTH BBICOTHI Oapbepa @ p, TIpM HyJeBOM cMemeHuH OT [/ 2kT ompejeneHbl 3HAYCHUS BBICOTHI

MIOTEHIMAILHOTO Dapbepa 51; , = 0,59 9B u napamerpa orkiounenus o, =0,083B.

Received: 24.08 09.
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THERMAL EXTENSIONS AND POLYMORPHOUS TRANSITIONS IN
CuyASe (x=0, 0.2, 0.4; A=Ag, Zn), CuAgSe, CuAgSe,s(S,Te)os CRYSTALS

U.G. ASADOYV, A.G. BABAYEYV, U.I. ALIYEV, F.G. MAGERRRAMOYV, R.D. ALIYEVA
H.M. Abdullayev Institute of Physics of NASA, Baku, AZ-1143, H. Javid ave., 33

The single crystals Cu,,A,Se (x=0, 0.2, 0.4; A=Ag, Zn), CuAgSe, CuAgSe(s(S,Te)ys have grown up by Bridgeman method and
synthesized; all existing polymorphous transformations have fixed by the method of high-temperature roentgen diffractometry in temperature
interval 290-1000K. From temperature dependence of lattice parameters the thermal expansions are calculated by the main crystallographic

directions.

Among many applications of the method of high-
temperature roentgenography in physics of materials, the
study of polymorphous transformations and thermal
expansions is important one. It is impossible to discuss the
material polymorphism without results of high-temperature
roentgenographic investigations. The material thermal
expansion is usually studied by dilatometry method.
However, the possibility of carrying out the investigation on
the sample is the advantage of the method of high-
temperature roentgenography. The anisotropy study of
thermal expansion not only on micro-crystalline but on semi-
crystalline samples and also in phase mixture can be carried
out with the help of method of high-temperature
roentgenography. The “roentgen diffractometry” gives the
possibility to differentiate the phase transitions of I and II
type that is very difficult by the methods of usual dilatometry
as even so precision dilatometers under their persistence can’t
differ the measurement of sample length with temperature
I=f(T) at phase transitions from discontinuous change of
curve [=f(T) at phase transitions of I type. Below the results
of polymorphous transformation study and the calculations of
thermal expansions by the main crystallographic directions of
modifications existing in the crystals of above mentioned
compositions are given.

The synthesis Cu, A Se (x=0, 0.2, 0.4; A=Ag, Zn),
CuAgSe, CuAgSes(S,Te)os, physicochemical analysis and
growing up of single crystals are described in works [1,2] in detail.

The single crystals of above mentioned compositions are
investigated on JIPOH-3M diffractometer (CuK, is radiation,
2.=1,5418 A, Ni is filter) with high-temperature attachment
YPBT-2000 providing the vacuum 10~ Pa, angular resolution

of record is ~0,1°, the mistake of reflection angle definition
doesn’t exceed AG=+0,02".

1. Cu,Se. Cu,Se single crystals are easily chipped in
direction [001]. The six clear diffraction peaks with (001),
(022), (027), (040), (055) and (0.0.18) are fixed from crystals
at room temperature in angle interval 10°<26<90". Not
changing this crystal orientation the stove is switched on and
the records are made in temperature interval 290-573K. All
diffraction reflections higher 423K belong to low-
temperature orthorhombic modification disappear and the
diffraction reflections with indexes (111), (222) and (333)
belonging to high-temperature HCC modification are fixed in
previous temperature interval. It is established that balance
temperature between modifications 7,=407+1K.

The calculation of lattice parameters of orthorhombic
and HCC modifications is given in table 1 and graphically on
the fig.1.

From values of lattice parameters the thermal expansion
along main crystallographic directions which is given in
table 2, has been calculated.

The dependences of strengths of orthorhombic and HCC
modifications on temperature shows that strength at
equilibrium temperature of 7,/407K modifications changes
by jump 0,061g/sm’.

Note that the concentration change takes place in the
dependence on transformation multiplicity, i.e. Cu,Se—Cu,,Se
(x=0,20) transition takes place with cuprum extraction on
Cuy,Se block boundaries. This non-stoichiometric composition
also has HCC lattice with parameter @=5.740A. This
composition is stable in temperature region from room one up
to melting point.

Table 1.

Crystallographic parameters of Cu,Se at different temperatures.

Lattice parameters,

A

T.,» K| Modification P b p Z Sp. gr. v, A p, gr/em’
293 Orthorhombic 4117 7.032 20.347 12 P222, 589.061 6.968
323 Orthorhombic 4118 7.034 20.351 12 P222, 589.487 6.963
373 Orthorhombic 4121 7.038 20.367 12 P222, 590.716 6.948
405 Orthorhombic 4.125 7.042 20.380 12 P222, 592.003 6.933
423 HCC 5.839 4 F43m 199.074 6.827
473 HCC 5.844 4 | Fa3m 199.586 6.855
523 Hcc 5.855 4 F43m 200.715 6.816
573 Hcc 5.862 4 F43m 201.436 6.792
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Table 2.

of both

Thermal expansion of orthorhombic and HCC modifications of Cu,Se crystal.
Qe T g0 _ = 0ty + QAorg] + Ay - 10° K™
T,K 100 106K—1 o10) -106K71 aoon] »1061{71 = w.losK | B [100] [o10] [oo1]
293-323 8.097 9.480 6.553 8.043 24.130
293-373 12.145 10.666 12.287 11.699 35.098
293-405 17.350 12.697 14.481 14.843 44.528
423-473 17.126 17.126 51.378
423-523 27,402 27,402 82.206
423-573 26,260 26,260 78.780
R glem® As it is seen from fig.2 the lattice parameters of
B85 orthorhombic and HCC modifications in the dependence on
ot b temperature linearly increase. The strengths
- modifications in the dependence on temperature linearly
L ! decrease and the strength of HCC modification is more than
683 | the strength of orthorhombic one, i.e. Ap=p,-Por=0.25 gr/cm’.
679 = : o N
‘Enhurumh.‘ A i U;'ICC' A
592 4202
501 i 204
sa0- ; {200
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Fig.1. Temperature dependence of lattice parameters, volume and
strength of orthorhombic and HCC modifications of Cu,Se.

2. Cuy g9ZnyySe. Cu; goZngooSe single crystals are easily
chipped on [011] directions. The six diffraction reflections
which are indicated on the base of parameters of orthorhombic
and HCC modifications are fixed at room temperature in
30'<26<70 angle interval from such samples, i.e. the high-
temperature HCC modification is stabilized at room temperature.

The parameters of elementary cell of orthorhombic
modifications are calculated from reflections with (009),
(00 10), (1 0 10), (042), (043) and (044) and HCC modifications
from (220), (311) and (222) reflections in temperature region
290-870K which are given in table 3 and graphically shown
on fig.2. The thermal expansions are calculated from lattice
parameters of both modifications (table 4).
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Fig.2. Temperature dependence of lattice parameters of
orthorhombic and HCC modifications of Cu, gyZng,oSe.
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Table 3.
Crystallographic parameters of Cuy goZng,oSe at different temperatures.

Top, K| Modification aLattlce P el;rameters, é zZ Sp. gr. v, A? p, glem®
290 Orthorhombic | 4.127 7.033 20,362 12 P222, 591.011 6.957
HCC 5.756 4 Fm3m 190.705 7.187
370 Orthorhombic | 4.131 7.049 20,409 12 P222, 594.298 6.919
HCC 5.765 4 Fm3m 191.601 7.153
470 Orthorhombic | 4.149 7.054 20,439 12 P222,; 598.189 6.875
HCC 5.772 4 Fm3m 192.300 7.126
570 Orthorhombic | 4.156 7.070 20,471 12 P222,; 601.498 6.836
HCC 5.782 4 Fm3m 193.301 7.091
670 Orthorhombic | 4.167 7.088 20,506 12 P222, 605.659 6.790
HCC 5.793 4 Fm3m 194.406 7.050
770 Orthorhombic | 4.189 7.089 20,517 12 P222,; 609.269 6.749
HCC 5.802 4 Fm3m 195.314 7.018
870 Orthorhombic | 4.196 7.102 20,535 12 P222, 611.943 6.720
HCC 5.819 4 Fm3m 196.224 6.985
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Table 4.
Thermal expansion of orthorhombic and HCC modifications of Cu, goZngoSe crystal.
LK agi001-10° k1| ooy 108k | doory 100k 7! 7 = Zhool T Al T por] o g B = ) + o) + gy 10°K
290-370 12.115 28.437 28.853 23.135 69.405
290-470 29.615 16.588 21.009 22.404 67.212
290-570 25.096 18.789 19.118 21.001 63.003
290-670 25.506 20.580 18.611 21.566 64.697
290-770 31.298 16.588 15.859 21.248 63.745
290-870 28.826 16.915 14.659 20.130 60.390
290-370 19.545 19.545 58.635
290-470 15.443 15.443 46.329
290-570 16.332 16.332 48.996
290-670 16.916 16.916 50.748
290-770 16.649 16.649 49.947
290-870 16.425 16.475 49.425

3. CuAgSe. CuAgSe compound forms at Cu,Se-
Ag,Se=1:1 relation on peritectic reaction at temperature
1033K [3]. The structure of low-temperature phase CuAgSe
in [3] is determined as tetragonal one with lattice parameters
a=4.083A, c=6.30 A, Z=2(CuAgSe), P4/nmm and p=7.91
gr/em’. In [4] the crystalline structure CuAgSe is determined
as orthorhombic one with lattice parameters a=4.105 A,
b=20.35 A, ¢=6.31 A, Z=10 and p=7.885 gr/cm’. The last one
is superstructural tetragonal lattice. The orthorhombic lattice
parameter b is multiple to five tetragonal lattice parameters b
(b,=5b,,). According to data [4] Ag atoms in orthorhombic
structure CuAgSe are in planes perpendicular to axis c. 4 Ag
are on distance 2,96 A and 6Se are on distances 2.67 A (4Se),
3,59 A (1Se) and 3,64 A (1Se). Se atoms form the extended
tetrahedrons in centers of which Cu atoms are. The distance
is Se-Se=3.03 A, Cu-Se=2.06-2.50 A and the least distance is
Cu-Ag=2.98 A.

In [S5] it is shown that orthorhombic modification at
504K transforms into high-temperature HCC modification
with elementary cell parameter a=6.082 A.

The 11 clear diffraction reflections are fixed at room
temperature from CuAgSe single crystals in 10°<26<90°
angle interval. All fixed reflections are clearly indicated on
the base of orthorhombic lattice parameters. The 11
diffraction reflections fixed at room temperature up to

temperature 495K stay constant. At 545K all 11 diffraction
reflections disappear and four new reflections from planes
with indexes (111), (200), (220) and (311) of high-
temperature HCC modification with elementary cell
parameters: ¢=6.082 A, Z=4, sp. gr. Fm3m and p=7.389gr/cm’
are fixed in the previous angle interval. The equilibrium
temperature between modifications is equal to 7y=504+1K.

The transformations in CuAgSe are reversible ones and
take place by type of single crystal — single crystal.

The temperature dependence of lattice parameters is
presented in table 5 and graphically on fig.3. As it is seen
from fig.3 all three parameters of orthorhombic and a
parameter of HCC modifications in the dependence on
temperature linearly increase.

The thermal expansion coefficients (table 6) have been
calculated from temperature dependence of lattice parameters
of orthorhombic and HCC modifications in 295-595K
temperature interval.

As it is seen from table 6 the linear expansion coefficient
of orthorhombic modification on crystallographic direction
[010] strongly differs from [100] and [001] ones. From this it
is followed that the existence of anisotropic thermal
expansion is the one of reasons of temperature instability of
low-temperature modification CuAgSe.

Table 5.
Crystallographic parameters of CuAgSe at different temperatures.
T.p» K | Modification aLattlce parbameters, Ac Z Sp. gr. v,A* |p, gr/em’®
295 Orthorhombic 4.104 20.350 6.310 10 P4/nmm 526.988 7.888
345 Orthorhombic 4.111 20.412 6.321 10 P4/nmm 530.419 7.837
395 Orthorhombic 4.116 20.515 6.337 10 P4/nmm 535.095 7.768
445 Orthorhombic 4.125 20.565 6.349 10 P4/nmm 538.590 7.718
495 Orthorhombic 4.130 20.614 6.366 10 P4/nmm 541.975 7.669
504 HCC 6.069 4 Fm3m 223.538 7.436
545 HCC 6.082 4 Fm3m 224978 7.389
595 HCC 6.097 4 Fm3m 226.646 7.334
Table 6.
Thermal expansion of orthorhombic and HCC modifications of CuAgSe crystal.
T,K agr00y-108 &~ [ o0y 108k~ | @oony - 106 ! §=W'IOGK" p:a[]00]+a[mo]+a[m)l].1061(—1
295-345 34.113 60.934 34.865 43.304 129.912
295-395 29.240 81.081 42.789 51.037 153.110
295-445 34.113 70.434 41.204 48.584 145.751
295-495 31.676 64.865 44.374 46.972 140.915
504-545 52.245 52.245 156.735
504-595 50.699 50.699 152.097

91



U.G. ASADOV. A.G. BABAYEYV, U.I. ALIYEV, F.G. MAGERRRAMOY, R.D. ALIYEVA

. glem?

Fioe Bem’
T
)\o\0 ’
1
v A 2
;HEW ¥
B

smI Q__.-_Q-——-Oj

20

o

=
40
o

HCC
6 10

.uﬂhm'j' ¢
413 L
112 607
all 8 0

3

595
TK

Fig.3. Temperature dependence of lattice parameters, volume
and strength of orthorhombic and HCC modifications of
CuAgSe.

The fact that polymorphous transformations in Cu,Se
and Ag,Se compounds have reflected on triple compound is
the another reason of temperature instability of low-
temperature modification. Note that the value of lattice

parameters of low-temperature orthorhombic modification
CuAgSe approximately corresponds to the values of lattice
parameters of low-temperature orthorhombic modification
Cu,Se: a=4.118 A, b=7.032 A, ¢=20.381 A.

In crystalline structure Cu,Se Cu atoms are statistically
distributed in tetrahedral spaces formed by Se atoms; in
CuAgSe structure Ag atoms are distributed in the planes
perpendicular to ¢ axis and Cu atoms as in Cu,Se are in the
center of tetrahedrons formed by Se atoms. These structural
differences and formed additional bonds Cu-Ag and Ag-Se
are also the reason of increase of transformation temperature
in CuAgSe (7;=504K) in comparison with Cu,Se (7;=407K)
and Ag,Se (7,~408K).

4. Cu; 6Agi4Se. The 18 clear diffraction reflections the
14 of which are indicated on the base of parameters of
orthorhombic modification CuAgSe and the rest four and
seven from fourteen are also indicated on the base of
parameters of orthorhombic modification Ag,Se, have fixed
at room temperature from crystalline ingot Cu;cAgo4Se of
optional orientation in 10'<26<110 angle interval.

From this it follows that Cu;¢Ago4Se crystals at room
temperature are two-phase ones.

The stove had been switched on and through each 50K
the control diffraction records had been carried out after
record of diffraction reflections at room temperature. The
changes in temperature interval 293-523K in numbers and
diffraction reflection intensities don’t take place. At 573K all
diffraction reflections disappear and 7 new reflections
belonging to high-temperature HCC modification with
elementary cell parameter a=5896 A are fixed in previous
angle interval.

Table 7.
Crystallographic parameters of Cu; sAgosSe at different temperatures.
Top K Modification p Lattice par;lmeters, A . VA Sp. gr. v, A p, gr/em’
293 CuAgSe-orthoromb. 4.104 20.350 6.310 10 P4/nmm 526.988 7.885
Ag,Se-orthorhomb. 4.333 7.062 7.764 4 P2,2,2, 237.576 8.237
373 CuAgSe-orthorhomb. 4.105 20.396 6.318 10 P4/nmm 528.978 7.858
Ag,Se-orthorhomb. 4.340 7.089 7.765 4 P2,2,2, 238.900 8.192
473 CuAgSe-orthoromb. 4.120 20.453 6.301 10 P4/nmm 530.962 7.828
Ag,Se-orthorhomb. 4.361 7.126 7.773 4 P2,2,2, 241.558 8.101
523 CuAgSe-orthorhomb. 4.153 20.533 6.312 10 P4/nmm 538.247 7.723
Ag,Se-orthorhomb. 4.424 7.172 7.759 4 P2,2,2, 246.185 7.949
573 Cu, 6Agp4Se-HCC 5.896 4 Fm3m 204.962 7.250
673 Cu, sAgp4Se-HCC 5.903 4 Fm3m 205.692 7.223
The transformation temperature which is equal to The temperature dependences of strength of existing

T,=540+2K has been established. The reversible transformation
takes place by the type single crystal-single crystal. The temperature
dependences of lattice parameters of both orthorhombic and
HCC modifications in temperature interval 293-673K are given in
table 7 and they are presented graphically on fig.4.

As it is seen from fig.4 the modification parameters at
473K crystallizing in Ag,Se structure strongly deviate from
linearity and @ and b modification parameters crystallizing in
Ag,Se structure; ¢ parameter saves the linearity up to
transformation temperature. The parameter deviation from
linearity at 473K of both orthorhombic phases is mainly
connected with redistribution of two types of cations.
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phases are presented on fig.4. The difference of strengths of
both modifications at transformation of low-temperature
orthorhombic modification CuAgSe and Ag,Se into unique
HCC modification is: Ap=0.70 gr/cm’ and Ap,=0.47 gr/cm’
correspondingly. As it has been mentioned this leads to single
crystal — single crystal transformation.

The thermal expansion coefficients calculated from
temperature dependence of lattice parameters of existing
modifications in Cu;gAgosSe composition are given in
table 8. As it is seen from table 8 the thermal expansion
coefficients in both orthorhombic phases on main
crystallographic directions strongly differ ago0<0{o107>0013,
i.e. the strong anisotropy exists. This is one of the main
reasons of temperature instability of crystalline structure.
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Fig.4. Temperature dependence of lattice parameters, volume and strength of orthorhombic and HCC modifications of Cu; ¢Agg 4Se.

Table 8.
Thermal expansion of orthorhombic and HCC modifications of Cu; sAgg 4Se crystal.
O T A + A ~ _
T.K oo 100k | ooy 108 k1 | ooony 10 x| @ = LT 00k B = o) + ) + g 10°K
293-373 3.046 28.256 15.848 15.717 47.15
293-473 21.659 28.119 7.924 19.234 57.702
293-523 51911 39.098 1.378 30.796 92.387
293-373 20.194 47.791 1.610 23.198 69.595
293-473 35.900 50.348 6.440 30.896 92.686
293-523 91.311 67.723 -2.800 52.078 156.234
573-673 11.872 11.872 35.616

5. CuAgSeysSys. The 16 clear diffraction reflections,
induction of which proves the existence in the sample of two
phases the one of which is identical one to low-temperature
monoclinic Cuy ¢S [6] and other one has the elementary cell
of low-temperature orthorhombic CuAgSe [4], have fixed at
293K from optionally oriented crystal CuAgSe,sSys in angle
interval 10'<26<100".

The stove had been switched on and through each 100K
the control records had been carried out after diffractogram
record at room temperature. Note that the reflection number
and their intensities fixed at room temperature stay constant
with temperature increase. Only at 773K the 9 reflections
belonging to high-temperature HCC modification with
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elementary cell parameter: a=6.356 A, Z=4, sp.gr. Fm3m in
previous angle interval. It has been established that
equillibrium balance between modifications is 7,=695+2 K.

The elementary cell parameters of existing modifications
in CuAgSe,sSos crystal in temperature interval 293-973K
which are given in table 9 and graphically presented on fig.5
have been calculated from diffractogram.

As it is seen from fig.5 the elementary cell parameters a,,
b, and ¢, of monoclinic Cu;¢S deviate from linearity at
373K, i.e. b, and ¢, parameters strongly increase and a,
parameter decreases and linearly increases after 373K. The
lattice parameters a;, and c, of modification having the
orthorhombic structure CuAgSe at 473K deviate from
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linearity. In spite of such behavior of lattice parameters of  diffraction numbers and their intensities in the dependence of

both modifications the essential changes don’t take place in

temperature.
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Fig.5. Temperature dependence of lattice parameters, volume and strength of orthorhombic and HCC modifications of CuAgSe sSy s.

Table 9.

Temperature dependence of lattice parameters of modification of CuAgSe,sSos crystal in 293-973K temperature interval.

Top K Modification P Lattice pazameters, AC p VA Sp. gr. v, A p, gr/em’
293 Cu g6Se-orthorhomb. 26.827 | 15.745 13.565 | 90.13 | 8CuySi6 P2;/n 5729.735 5.807
CuAgSe-orthorhomb. 4.086 20.524 6.279 10 P4/nmm 526.564 7.154
373 Cu, g¢Se-orthorhomb. 26.867 | 15.794 13.611 | 90.13 | 8Cu;3;Sy6 P2)/n 5775.656 5.761
CuAgSe-orthorhomb. 4.103 20.615 6.288 10 P4/nmm 531.860 7.083
473 Cu, g¢Se-orthorhomb. 26913 15.811 13.763 | 90.13 8Cusz;S;6 P2i/n 5856.452 5.682
CuAgSe-orthorhomb. 4.135 20.699 6.373 10 P4/nmm 545.467 6.906
573 Cu, g¢Se-orthorhomb. 26.948 | 15.847 13.782 | 90.13 | 8Cus3Sis P2;/n 5885.534 5.654
CuAgSe-orthorhomb. 4.138 20.681 6.388 10 P4/nmm 546.672 6.891
673 Cu g¢Se-orthorhomb. 26971 | 15.884 13.804 | 90.13 | 8Cusz;Sy6 P2,/n 5913.735 5.627
CuAgSe-orthorhomb. 4.163 20.743 6.393 10 P4/nmm 552.055 6.824
773 HCC 6.356 4 Fm3m 256.774 6.376
873 HCC 6.363 4 Fm3m 257.624 6.355
973 HCC 6.372 4 Fm3m 258.718 6.328
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Table 10.

Thermal expansion of CuAgSe, sSy s crystal.

T.K oo 108k~ | ooror 108k | ooory 106 ! 7 = P00 * Xowo] T Foor] g6 g B = o) + Algy) + Ay - 10°K !
293-373 52.007 55.423 17917 41.782 125.347
293-473 66.623 47.370 83.170 65.721 197.163
293-573 45.451 27.320 61.998 44.923 134.769
293-673 49.592 28.080 47778 41.817 125.450
293-373 18.638 38.901 42.388 33.309 99.927
293-473 17.810 23.288 81.091 40.730 122.189
293-573 16.109 23.137 57.132 32.126 96.378
293-673 14.126 23.232 46.365 27.908 83.723
773-873 11.013 11.013 33.039
773-973 12.587 12.587 37.761

The thermal expansion coefficients in CuAgSe;sSys
composition calculated from temperature dependence of
lattice parameters of existing modifications are given in table
10. As it is seen from the table in modification having Cu; ¢S
structure the thermal structure in [010] direction essentially
differs from [100] and [001], ie. (1[1()0]<(1[010]>(l[001].

Thermal expansion coefficients on the main
crystallographic directions of modifications crystallized in
CuAgSe structure have the anisotropy, i.e. 0100/~00107>0[001]-

CuAgSesSys crystals consisting in two phases deform
each other at temperature increase as it is seen from
anisotropy of thermal expansion. The germ of HCC
modification which grows because of phases forms on the

interface of these phases. The two phases, i.e. crystal
transforms into initial state from unique HCC modification at
cooling.

6. CuAgSeysTe)s. The 22 diffraction reflections which
coincide with reflections fixed at from synthesized sample,
are fixed at room temperature from optionally oriented
crystal CuAgSesTegs in angle interval 10'<26<90°. As it is
seen from table 11 the crystals of CuAgSe,sTey s composition
consist in three phases: I phase is identical one to low-
temperature Cu,Te on elementary cell dimensions; II phase
has the elementary cell satisfying to low-temperature phase
CuAgSe and III cubic phase with diamond-like structure.

Table 11.

Temperature dependence of lattice parameters of modifications of CuAgSe, sTe, s crystal in temperature interval 293-373K.

Texpy K Modification " Lattice p ar;tmeters, A S 4 Sp. gr. v, A3 p, gricm’
Cu,Te- orthorhomb. 7.319 22.236 36.458 104 P2i/n 5933.368 7.407
290 CuAgSe-orthorhomb. 4.107 20.421 6.299 10 P4/nmm 528.058 7.883
Cubic 7.715 8 Fd3m 459.206 7.94
Cu,Te- orthorhomb. 7.329 22.361 36.515 104 P2i/n 5975.440 7.355
373 CuAgSe-orthorhomb. 4.110 20.442 6.322 10 P4/nmm 531.153 7.82
Cubic 7.729 8 Fd3m 461.711 7.90
473 Cubic 7.759 8 Fd3m 467.108 7.81

The many reflexes from observable three phases on
diffractogram collide to each other. The distribution of anions
(Se and Te) and cations (Cu and Ag) correspondingly is the
reason of the fact that crystal CuAgSe, sTey s is multiphase
one. The stove had been switched on and through each 50K
the records had been carried out after diffractogram record at
room temperature. At these conditions the sample stays three-
phase one and at 444+1K the both orthorhombic
modifications Cu,Te and CuAgSe transform into cubic
modifications. The transformation is reversible on, i.e. the
sample transforms into initial state at cooling.

The temperature dependences of lattice parameters of
elementary cells of all phases for CuAgSe,sTe, s existing in
temperature interval 293-673K are graphically presented on
fig.6 and in table 11. From fig.6 it is seen that parameters of
both orthorhombic and cubic phases in the dependence on
temperature increase linearly. The parameter a;=f(7) doesn’t
deviate from linearity at transformation of both orthorhombic
phases into cubic one. From this it is followed that cubic
phase plays the role of completed ingot at transformation of
both orthorhombic phases into cubic one.
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From temperature dependence of lattice parameters the
thermal expansion coefficients of both orthorhombic and
cubic modifications which are presented in table 12.

The thermal expansion coefficient in orthorhombic phase
crystallized in Cu,Te structure in [100] direction is negative
one. From this it is followed that strong anisotropy of thermal
expansion is the one of the main reasons of lattice instability
of both orthorhombic phases.

At exchange of anions in CuAgSe crystal, i.e. at
exchange of 2 of Se atoms by tellurium atoms the obtained
crystals of CuAgSeysTeys at room temperature consist in
three phases. The transformations in CuAgSe;sTeys are
reversible ones and take place by type of single crystal —
single crystal. Note that partial exchange of anions in
CuAgSe crystal decreases the transformation temperature. In
CuAgSe crystal the low-temperature orthorhombic
modification at 504K transforms into HCC modification, in
CuAgSesTey s crystal the both orthorhombic phases at 444K
transform into HCC modification.
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Fig.6. Temperature dependence of crystal lattice parameters, volume and strength of both orthorhombic and cubic modifications of

CuAgSeojTeoj,
Table 12.
Thermal expansion of CuAgSe,sTe, s crystal modifications.
— . 6 -1
T,K o100 10° k7| Oor0y 108" | goory - 10% k7! g = S0l * oo * Foo] g6 g1 | B = Fpon) + Foro) + o) 10K
290-373 16.462 67.729 18.837 34.343 103.028
290-473 8.801 17.708 43.992 23.500 70.501
290-373 21.863 21.863 65.589
290-473 31.165 31.165 93.495
[11 R.B. Baykulov, Yu.G. Asadov. Neorganicheskie [4] A.J. Fruech, G.K. Czamanke, C.H. Knight. The
materiali. 2005, t.41, Ne4, s.407-411.(in Russian) crystallography of encairite CuAgSe, Zeit. fiir
[2] Yu.G. Asadov, S.S. Gamidova, R.B. Baykulov. Kristallogr., 1957, B108, p.389-396.
Structural Phase Transition in CuAgSe,sTeys Crystal, [5] Sh.K. Kazimov, G.Sh. Gasanov, Yu.G. Asadov.
2" international Conference on Technical and Physical Strukturnie perexodi v CuAgSe, DAN Azerb. SSR,
problems in Power Enginering, Tebriz-2004, p.441- 1986, t.XLI, Nell, s.33-36.
446. [6] T. Horward, J. Evans. The crystal structures of low
[31 M.I Agaev, Sh.M. Alekperova, M.I. Zargarova. chlorite and djurleite, Z. Kristallographie, 1979, 150,

Fiziko-khimicheskoe issledovanie sistemi Ag,X-Cu,X
(x=S, Se), DAN Azerb. SSR, 1971, t.27, Ne5, s.20-23.

96

p.299-320.
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Y.Q. 9sadov, 9.Q. Babayev, Y.i. Aliyev, F.Q. Maharromova, R.C. Aliyeva

Cuy,ASe (x=0, 0.2, 0.4; A=Ag, Zn), CuAgSe, CuAgSe,s(S,Te)os KRISTALLARINDA TERMIiK
GENISLONM®O VO POLIMORF KECIiDLOR

CuyASe (x=0, 0.2, 0.4; A=Ag, Zn), CuAgSe, CuAgSes(S,Te)qs birlosmalori sintez edilmis vo Bricmen isulu ilo monokristallart
alinmigdir. 290-1000K temperatur intervalinda yiiksok temperaturlu rentgendifraktometrik metodla todqiq olunan kristallardaki mdvcud
polimorf cevrilmalor askar edilmisdir. Qafas parametrlorinin temperatur asililiindan asas kristallografik istiqametlords istiden genislonmo
omsallar1 hesablanmigdir.

IO.I'. Acanos, A.I'. Badaes, 10.U. Anbies, @.I'. Mareppamosa, P./l. AjibleBa

TEPMUYECKHUE PACIHUPEHUSA U TOJTUMOPO®HBIE IEPEXO/IbI B KPUCTAJIJIAX
Cu,,A,Se (x=0, 0.2, 0.4; A=Ag, Zn), CuAgSe, CuAgSe)s(S,Te)s
CuHTe3upoBaHBI M MeTOoIOM bpmmkMeHa BwIpamieHsl MOHOKpucTtamisl Cu, A,Se (x=0, 0.2, 0.4; A=Ag, Zn), CuAgSe,
CuAgSes(S,Te)ys u B uarepBasie Temmneparyp 290-1000K mMeTonom BEICOKOTEMIIEpaTypHOH PEHTIEHOAU(PPAKTOMETPUH 3a(HKCHPOBAHEI

BCE€ CYLICCTBYIOIIUEC HOJIPIMOp(i)HBIe IpeBpallCHus. 43 TeMHepaTypHoﬁ 3aBUCUMOCTU MNapaMCTpPOB PEIICTKU pacCUUTaHbl TEIUIOBBIC
paciup€Hus 110 OCHOBHbLIM KpPICTaJ'[J'IOl"pa(bI/I'-IeCKI/IM HaIpaBJICHUSAM.
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FRACTAL CONCEPTIONS IN PHYSICAL AND NATURAL STRUCTURES
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On example of morphology investigation of surface structures of solid substances and breather skin is shown that fractal systems form
the whole world of objects and phenomena which can be described by functions introduced by Veyershtrass and Van-der-Varden.

1. INTRODUCTION

Nowadays the percolation and fractal conceptions are
successfully used in fundamental science and natural
phenomena. Such approach has changed the description of
disordered objects and processes of nature. Many problems in
physics connected with behavior of complex systems have
the deep analogies with either percolation phenomena or with
fractal growth on different models [1-3]. The interest is
caused by the transition to nano-objects and problems of
nano-world that has led to new physical and geometric
approaches. The perceptions fractal and fractal geometry for
description of real objects and math abstractions have been
introduced. This perceptions are widely used: almost all
objects of real world are related to it [1,4].

The nature using the possibilities of fractal structure
essentially effectively constructs the alive organisms
including the human being, snakes and other alive
organisms). The series of origin theoretical conceptions
described in [5] is included in the base of investigation of
fractal structure of alive organisms. The fractal can be the
basis of structure-system organization, functioning and
control of alive organisms and solid-state structures. The
alive organism has the property of self-similarity on different
levels of system hierarchy.

The fractal has the hierarchy and scale invariance. The
self-similarity is its important property; its type isn’t changed
in any space scale. This means the safety of fractal similarity
principle at different levels of structure consideration from
atomic force microscope (AFM) up to observations from near
space. The natural and anthropogenic fractals have clearly
bordered scale interval in which they reveal their fractal
structure [1-2]. In reality the any fractal has the some
minimum and maximal length scale. The fractal object of
each substance forms at definite physical conditions. The
fractal structure of skin surface of alive objects has formed in
the process of their origin.

The idea of infinite divisibility is applied for geometric,
algebraic and stochastic fractals that cause the total self-
similarity for math fractal objects being the idealized objects.

The math fractals can be applied to material objects only
in the capacity of models as the approximation which is
comfortable for calculations. If we consider the surface
morphology of both the alive and inorganic origin in detail,
then we can reveal their similarity.

Any mathematic methods applied for modeling of
natural objects are relative approximation to reality. Finally
we can lead to scales where the similarity of visible structure
images can be revealed also as in nano-structures.
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Many objects in nature can’t be described with
application of smooth curves, smooth surfaces which are
character to usual geometric figures. The non-differentiable
curves are suitable for description of such objects.

The theoretical and experimental description of fractal
structures proving the unity of fractal alive and inorganic
nature are the aim of the given work

2. THEORETICAL PART

In 1875 Dubua-Reymon informed the World about
continuous non-differentiable function constructed by
K.Veyershtrass [4].

Let’s give an example, its function is defined by

o0
f(x)=Ya" -cos(b"mx) series where 0<a<lI, ab is
n=0
3 . .
uneven natural number (moreover ab > I+ — ). This set is

o0
dominated by convergent progression Y, a" , consequently it
n=0

converges equally and its sum is continuous function from x
everywhere. Veyershtrass showed by detail investigation that
the finite derivative doesn’t exist in any its point.

Let’s give the more simple example of Van-der-Varden
[6] constructed on the same idea only oscillating curves
y = cos wx are exchanged by oscillating kinked curves. Let’s

designate the magnitude of difference between x number and
nearest number to it through uy(x). This function is linear one

. S S+1
in |—,
2 2

continuous one and has the period 1. The function plot
presents itself the kinked curve, the separate elements of
kinked curve have angular coefficient /. For k=1,2... let’s

} interval where S is integral number; it is

. u, (4" - x) .
define the functions u,(x)= — > these functions
4
. . . S S+1].
will be linear ones in = i intervals, they are also
2-4" 2-4

1
continuous ones and have the period —-. Its plot is also
4

kinked curve but with small ripples. In all cases the angular
coefficients of separate elements of kinked curve here are
equal to +1.
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Let’s define the function f{x) for all real values of x by

f(x)= 2 u,(x) equality. As it is obvious that
k=0

0<u,(x)< (k=0,12.) then series is dominated
2-4
. x 1 .
by convergent progression . - (as in the case of
024

Veyershtrass function), the series converges equally and f{x)
function is continuous one everywhere.

Let’s take any value of x=x, . Calculating it with

delicacy up to (where n=0, 1, 2, ...) on defect and

n

excess we put it between numbers of

S S, +1

& <xy <
2-4" 2-4"

type where S, is integral number. The

. S, S,+1
closed intervals 4, =

2:4" 24"
the one into another. In each of them there is such point x,
that its distance from x, point is equal to half of interval

} (n=0, 1, 2, ...) are put

length: |x, —x it is clear that x, — x with

o |: 4n+1 4
increase of » variant.
f(x,)=f(x,) _ %’: u(x,)—u(x,)

xn - xl) k=o xn - xO

Let’s write

At k>n number

. . 1 .
— 1s whole multiple of 4—k period of

4
uy(x) function so wu(x,)= uy(x,), the corresponding members
of series transform into zero and can be excluded. If k<n then
u(x) function is linear one in Ak interval, it will be linear one
in A, interval including in it, moreover

u(x,)—u,(x,) =+1 (k=0, 1, ..., n).

x}'l_x()
S(x,)=S(x,)

Xn %
other words this relation is equal to even integral number at
uneven z and to uneven integral number at even n.

It is clear that at the difference relation not to any finite
bound can’t strive for, this means that our function at x=x,
doesn’t have the finite derivative.

Thus Van-der-Varden function is simpler than known
Veyershtrass function. On the base of [6-7] it is established
that Van-der-Varden function is non-differentiable in all
points.

The previous history of these questions is the following.
In second half of previous century the representatives of math
school criticizing the analysis basics and firstly Veyershtrass
and Piano constructed the continuous functions not having
derivatives everywhere and curves everywhere tightly filled
the square. The strange properties of these objects are
connected with the fact that they are considered as one-
dimension ones from modern point of view, whereas one can
consider them as objects of more high and also fractional
dimensionality on modern terminology by fractals.

Then finally we have = S(+1), by
k=0

“The fractal is the word introduced by Mandelbrot in
order to combine the wide object class which plays the
historical role in the deveopment of pure math of XIXc.
under one heading. The roots of classic math are among right
geometrical structures of Euclid and Newton translational
dynamics. The modern math begins with Cantorian theory of
multitudes and Piano curve filling the space. The historical
revolution is caused by the opening of math structures not
putting in limits of constructions of Euclid and Newton.
These new structures were considered as “pathological ones,
as some monster exhibition”. The mathematicians created
these “monsters” considered them as important evidences of
the fact that world of pure math consists in it the unusual
excess of possibilities which are far from limits of that simple
structures that we can observe in nature.

3. FRACTALITY OF ALIVE AND INORGANIC
NATURE

Firstly we consider the some known perceptions of that
fact that chaos being the structureless one is able to create the
order [1-2,8]. The biological organism consists in many
structure-functional elements where informational component
of each separate cell influences on both all rest subforms
(textures, organs) as a whole [5].

Fig.2. The fragments of snake skin with percolation morphology.
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The elements systematizing the informational
interconnections existing in all organs, organism systems,
including the skin of alive organisms should interest us. Let’s
consider this on example of snake skin. The photo of snake
skin surface is given on fig.1. The snake body is covered by
dry parallel flakes (flakes of skin origin) which partially
cover each other (fig.1). Many snakes living on earth surface
have the flakes on front abdominal wall which are bigger in
many times than on top surface. The separate series of wide
flakes which play the important role in mobility of wood and
earth snakes.

It is well known that snake during crawling has the wave
along its whole body. This wave can be started on stripes
which are along back from heat up to tail. We will discuss
this question once more during snake design. For example,
Caucasian viper has the wide black zigzag stripe on the edge.
The sand Echis has the light transversal stripes. Ethis
vocalizates the character dry rustling with help of small
ribbed flakes on body’s side. The fancy regular flake
dispositions length and breadth of the body change in the
dependence on its type.

The following factors have the essential meaning at
snake definition by external features:

- the form and dimension of flakes;

- the quality of horny scutes and flakes covering the
body;

- the space distribution of longitudinal zigzag stripes;

- the zigzag stripes transversally surrounding the body
the series.

The above mentioned factors reveal the fractality
features of patterns on snake body surface that is proved by
photos given on fig.1 and 2. Firstly our attention should be
paid to:

- the zigzag position of flakes from head up to tail
differing from position transversally to their body;

- these longitudinal zigzags are continuous (they don’t
break) (see fig.2)

- the color of longitudinal stripes differs from transversal
ones;

- the flake position character has the regular form (see
fig.2);

- the separate islands consisting in flakes have their own
dimensions (see fig.1 and 2).

If we cut the small elements from them then they will
have the form of fractal objects, they are emphasized on fig.2
and mentioned by vertical hands.

The longitudinal zigzag stripes are mentioned on fig.2.
One can suppose that the foundations of these stripes on
snake body play the role of elements on information bond.
Probably analyzing the informational-exchange process the
brain sends the “wave” on passing channels (the channels are
mentioned by serpentine line and horizontal direct lines on
fig.2) along whole body that gives the jump to snake wave-
like motion. We can say that flaky-fractal structure of snake
appears in evolution process for formation of its optimal
dynamics.

Note that fractality features reveal in all natural
phenomena and physical objects [8-12]. The observable
structures and physical phenomena are comfortable analyzed
from fractal presentations of point of view. There are many
such works in reference. We give only the series of
monographs [1-2, 8, 11], however, the whole directions
connected with study of fractal structure of solid bodies, their

fractal dimensionality and properties have already formed.
The geometric objects which are lines of surface body of
strongly dissect form can be related to the number of such
fractals and they demonstrate the repeatability in wide range
of scales [3-8,10]. We can say about them from only fractal
comparative point of view on the surface of alive organisms
and crystalline bodies. The use of fractal conceptions in
physics has led to perception of new group of properties of
disordered systems and given the additional information
about them. The establishment of morphological bond
between absolutely different physical objects is our task (the
snake skin surface and crystal surface). The photos of snake
skin are given above (fig.1 and 2).

Nowadays we consider the photos of fractal interlayer
surface of layered crystals. The electron-microscopic images
of Bi,Te; <impurity> taken on atomic force microscope
(AFM) of cleaved surface (0001) are given on fig.3. As it is
seen from photo these images are analogous by form and
look like the patterns on snake skin (fig.1). The difference
consists in scale. On fig.3 we see consider the nano-
fragments the dimensions of which are in limits from 10 up
to 50nm having the conical form near foundation with
pointed tops.
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Fig.4. The percolation structure of (0001) Bi,Te; <impurity>
surface.

Note that formation of fractal systems in macro- (fig.1
and 2) and in nano-systems (fig.3) is connected with
revealing of dissipative self-organization in unbalance
conditions.
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The photo of solid-state percolation cluster presented on
fig.4 is very similar with such skin pattern given on fig.2.

The fractal coverings (aggregates, clusters, nano-
particles) form in the result of merge of solid particles
carrying out in alive and inorganic bodies in different
mediums.

Here we compare the morphology of fractal aggregates
forming on snake surface from the moment of their origin
(they genetically put into fractal “constructions” of snakes as
a whole) with fractal systems forming in Van-der-Waals of
layered semiconductors (bismuth telluride). Such nano-
particle can be observed not only in layered crystals and they
can be obtained by many methods on their surface [12]. The
growth mechanisms of these formations are similar for free
fractal systems for bound fractals on the surface.

Note that forming fractal aggregates have the form of
small “pyramides” directed perpendicularly to (0001) Bi,Te;
surface. Here we also have the fractal relief as on snake
surface that leads to essential increase of surface general
square. The consequences of this fact lead to the point that
snake fractal surface (having the natural character) is the best
receiver of different radiations that requires the special
investigations. As we have mentioned the stripes from flakes
from head up to tail (see fig.2) can serve as percolation

channels. However the study of chemical composition of
stripes so-called percolation structures is required. Besides,
they can consist in materials present themselves the mixture
of dielectrics, metals and other organic substances. The
dynamics tasks of snake motion, questions of information
spreading on surface of snake construction can be studied
with help of percolation theory [1-2,8].

CONCLUSIONS

The attention on functions which aren’t smooth or
regular providing the essentially better presentation of many
natural phenomena is paid. The fractal perception is used at
analysis of morphology of snake flake surface and
morphology of interlayer crystal surface by telluride bismuth
type. In both cases the structures look like to fractals of
surrounding us nature: the images of structure of crystal
surface obtained with help of electron microscope and
surface snake patterns effectively constructed by the nature.
The physical body of alive organisms (snakes and etc) is
fractal one; the principle of unique simple one controlling the
different the complex one is put in snake (human being)
genome, this fact is well known. The unique fractality of
alive organisms and solid crystals becomes the fact.
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FiZiKi VO TOBii STRUKTURLARDA FRAKTAL KONSEPSiYASI

Bork cisimlorin vo canlilarin sathlorinds yaranan morfoloji fraktal strukturlarini Veyerstrass vo Van-der-Varden funksiyalar1 ils tosvir

etmok miimkiindiir.
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KVAZIiSINXRONIZM REJIMINDO GENERASIYASI

R.C. QASIMOVA, 9.9. KORIMI
Baki Doviat Universiteti,
Baki, AZ-1148, Z. Xalilov kiic., 23

Isdo periodik strukturlu miihitlords rezonatordaxili kvazisinxron rejiminda ikinci harmonikanin generasiya prosesi nozeri olaraq sabit-in-
tensivlik yaxilagmasinda aragdirilmigdir. Gostorilmisdir ki, rezonatordaxili tezlik ¢evrilmo prosesi zamani harmonika amplitudasi qarsiliql
tasirdes olan dalgalarin fazalar forqinden shamiyyatli derecados asilidir ve bu asililiq ossilyasiya xarakteri dasiyir. Xosagalmoz faza siirligmasi-

ni kompensasiya edarok daha yiiksak ¢evrilma effektivliyini almaq olar.

Koherent stialanmanin kigikol¢iilii monbalorinin islonmosi
lazer fizikasimin aktual problemlsrindandir ki, masaloni bu
sahadaki yeni nailiyyatlorden va geyri-xatti optikanin miiasir
metodlarindan istifade etmakls hall etmak olar.

Molumdur ki, eyni bir rezonator daxilindo siialanmanin
bir tezlikdo generasiyasi vo eyni zamanda onun digor tezliyo
cevrilmosi tezlik ¢evrilmasinin effektiv iisullarindan biridir.
Bu fakt onunla baglidir ki, stasionar rejimds generasiya olu-
nan lazerlarin tezliyinin ¢evrilmasi zamani lazer rezonatoru-
nun daxilinds siialanma intensivliyi lazer ¢ixisg siialanmasi in-
tensivliyindon xeyli boyiikdiir ki, buna da sobob ¢ixis glizgii-
stinlin buraxma amsalinin qiymatinin kigik olmasidir. Harmo-
nikaya cevrilmo effektivliyi osas siialanmanin intensivliyindon
birbasa asili oldugu ii¢iin, tezliyin rezonator daxilinds ¢evril-
masi prosesi onun rezonator xaricindo olan proseso nisboton
daha effektiv bag verir. Ona goro kosilmoz rejimds isloyon
lazerlor {iglin dalgalarin (misal ii¢in harmonikalarin) rezo-
natordaxili generasiyasinin istifadosi ¢evrilmo effektivliyinin
ohomiyyatli daracads artimini alds etmoyo imkan verir [1, 2].

Cevrilmonin rezonatordaxili {isulundan on az1 iki iisulla
hoyata kegirmok olar. Birinci {isul optik rezonatorda iki vacib
elementin olmasini nozards tutur: aktiv lazer miihiti va geyri-
-xatti optik miihiti. ©Ovvalcodon inversiyaya malik aktiv mii-
hitde optik kegidin tezliyindo lazer generasiyasi bas verir.
Sonra slialanma qeyri-xatti optik miihitden kegarak digar tez-
likli giialanmaya gevrilir (masalon, harmonika tezliklorindo,
com tezliklords va s.) [2].

Lazer rezonatoru daxilindo harmonikanin generasiyasi
zamani havanin dispersiyasi, geyri-xatti miihitdo dalgalarin
qrup siratlorinin - miixtolifliyi, dalgalarin  giizgiilordon
qayitdigda fazalarinin doyismosi kimi bir sira faktorlar
qarsiligh tesirdo olan dalgalar arasinda faza uygunsuzluguna
gotirib ¢ixarir. Biitiin bu faktorlar imumi halda qarsiligh
tosirdo olan dalgalar arasinda giiclii faza modulyasiyasina vo
bu da 6z ndvbasinds tezliyin ¢evrilma effektivliyinin asagi
diismosina sabab olur. Tadqiq olunan miihit lazer rezonatoru-
nun xaricinde yerlogdiyi haldan forqli olaraq, rezonator da-
xilinda geyri-xatti miihitin kigik hondesi uzunlugunda tezliyin
cevrilmo effektivliyini artirmaq olur. Xotti itkilordon vo mii-
hit {izorino diigon dalganin giiciindon asili olaraq, rezonatorda
tezliyin ¢evrilmo effektivliyinin maksimal olmas: {igiin dalga-
larin giizglidon oks olunma omsali miioyyon qiymato malik
olmalidur.

Ononavi hacmli geyri-xotti miihitlor ii¢iin tezliyin g¢evril-
moasinin bu tisulu genis todqiq olunmusdur [2-5].

Ikinci iisul eyni bir optik elementdo hom mocburi siialan-
manin ola bilacayi lazer miihitinin aktiv xiisusiyyatlorinin,
hom do tezlik gevrilmasi prosesini nazerds tutan qeyri-xatti
optik xiisusiyyetlorin uzlasmasini nozordo tutur. Qeyri-xatti

miihit kimi nadir torpaq ionlar1 (mosalon, Nd**, Er'", Yb*")
ilo aktivlosdirilmig kristallarin istifado olunmasi vo asas dalga
manbayi kimi yarimkegirici lazer diodlarinin (masslon, ATC-
C1000-100-AMO, ATC-C1000-150-AMO) istifadesi on
ugurlu variant olmusdur [6, 7]. Bu ciir optik geyri-xotti mii-
hitlorin todqiqi indi do davam edir [8-11], lakin daha
miikommal bircins qgeyri-xatti kristallarin texnoloji islonmasi
bu ciir tezlik geviricilorinin imkanlarin1 genislondirmoys im-
kan vermadi. Optik dalgalarin kvazisinxron qarsiliqlt tosiri
bas verdiyi nizamli domen strukturlarinin (NDS) istifadesi
novbati addim oldu. Malum oldugu kimi, bels strukturda bir
laydan digarine kegid zamani qarsiliqli tosirde olan dalgalar
arasinda yaranan faza siiriismosi laylarin sorhaddinds polyari-
zasiya istiqamotinin sigrayish doyismosi ilo kompensasiya
olunur ki, bu da geyri-xatti qavrayiciligin isarssinin oksino
doyismoesino uygun golir. Beloliklo, sorhadds faza siirligmosi-
nin kompensasiyasi geyri-xatti qavrayiciligin periodik mo-
dulyasiyast hesabina bas verir, bu da fazalar forqinin 7 qodor
doyismosing ekvivalentdir [12].

Rezonatordaxili ¢evrilmolorda qarsiligh tesirds olan dal-
galarin eyni bir rezonatorun sorhadlori daxilinds faza doyis-
molori ¢evrilmo effektivliyino giiclii tosir edocok. Ona goro
todqiqatlart sabit amplitud yaxinlasmasindan forqli olaraq
qarsiliqlt tasirds olan biitiin dalgalarin faza deyismalarini no-
zora alan sabit intensivlik yaxinlagmasinda aparmaq magse-
douygundur [13]. Nizamli domen strukturlarinda todqiqat-
larin miiasir voziyyatinin tshlili bir sira islorde aparilmisdir
[6,7, 14].

Hazirk: igin mogsadi - sabit intensivlik yaxinlagmasinda
dalgalarin kvazisinxron qarsiliqh tesirini optik tezliklorin bi-
rinci Usulla rezonator daxilinds gevrilmasi zamani todqiq et-
mokdir. Lazer rezonatoru daxilino yerlosdirilmis kvadratik
geyri-xattiliys malik domen-laylardan diizoldilmis NDS-kris-
tala baxagq.

Mocburi siialanma naticosindo lazerin aktiv miihitindo @,
tezliyindo lazer siialanmasinin generasiyasi bag verir. Bu dal-
ga, NDS-kristalda yayilaraq @,=2 @; tezlikli ikinci harmonika
dalgasini hoyacanlandirir. Osas tezlik dalgasi ii¢iin lazer rezo-
natoru bagl hesab olunur, yani R;(®;)=R,(w;)=1, burada R, ,
-sol vo sag giizgiilorin oksetmo omsallaridir. ikinci giizgii
hom ds ikinci harmonika dalgasini tam oks etdirir. Harmoni-
ka dalgasi giizgiidon oks olunduqdan sonra asas siialanma ilo
birge NDS-kristala qayidir vo orada dalgalar yenidon qarsi-
ligh tesirde olurlar. Kristali tork etdikdon sonra harmonika
dalgas1 lazer rezonatorundan optik elementin komoyilo ¢ixa-
rlir.

NDS-do miihitdoki itkilori nazars almagla ikinci harmoni-
kanin generasiyasini tosvir edon qisaldilmis tonliklor

102



OPTIK TEZLIiKLORIN REZONATORDAXILi KVAZiSINXRONiIZM REJIMiINDO GENERASIYASI

dA .
d_1+ 014 = —iy, 4, 4y exp(—iAz),

(M
djz +0,4, = 172/1 exp(iAz),
4

soklindadir, burada A4;, - uygun @;, (@;-2w;) tezliklorinda
lazer dalgasinin va ikinci harmonikanm kompleks amplitud-

’

lar;, & - udulma omsalidir, »’

) - qarsithight tosirdo olan

(=12)

tezliklorindo, Y, -tok sayda domenlor {igiin qeyri-xatti olago

dalgalarin ciit sayda domenlor igin uygun ;

omsallari, A =k, — 2k, -hor bir domends dalgalarin fazalar

Bu hal ii¢iin sarhad sortlori

4(z =0) = 4 exp(igyy), A, (z=0)=0

@)

kimidir, yoni NDS-in girisindo yalniz lazer dalgasi
modvcuddur. Burada z=0-birinci domenin girigine uygundur,
@,,-birinci domenin girisindo osas dalganin baslangic

fazasidir.

Sabit intensivlik yaxinlasmasinda NDS-kristalda uygun
sorhad sortlori daxilinde tezliyin ikiqat artmasi prosesi,
girigdo giiclii lazer dalgasi olan hal {igiin [13] isindo otrafli
Oyronilmigdir. Ona goéro araliq hesablamalarin iizorindo
dayanmayaraq, dord domendon ibarot domen strukturun
cixisinda ikinci harmonika dalgasinin kompleks amplitudu

forqidir. | lgln ifadoni gotiririk [13]
. (13) A sm/1 L Al
A, (1) = A4, (ly) cos Ayl —i exp(=o,l, +i—)., 3)
() =4, () 444 72 A () 2 /14 p(=5,, ) )
haradaki | dalgalarin faza doyismasi, z=0 strukturun girisino uygundur,

A =205+ A /4, T35 = yiys I ().

Layli strukturu tork edorak, dalgalar lazer giizgiisiindon
oks olunaraq yenidon NDS-kristaldan kegir vo orada qarsiliql
tosirdo olur. NDS-kristalda yayilan dalgalar {i¢iin oks istiqa-
moatds, yoni Z oxunun monfi istiqgamatinds asagidaki serhad
sortlorini istifado edoak:

4(2=0)= 4, (I, )exp|ip; (2d) +ip,, |,

“)

A4, (z=0)=4, (14)exp[i(p2 (2d)+i(0r,2]»

haradaki ¢,(2d ), ¢,(2d) - NDS-kristal vo 2 giizgiisii ara-
sinda d uzunluglu hava araliginda harmonika va osas dalgala-
rin faza doyismosi, @, ,, @, ,-2 giizgiisiindon oks olunarkon

4,(1,) - NDS-in ¢xigsinda asas dalganin kompleks amplitu-

dudur.

Aydinlq ti¢iin NDS-kristalin indi oks istigamotds kegon
domen-laylarin1 besinci (evvel dordiincii), altinci (ovval
iiclincii) vo s. ilo isaro edok, sanki NDS-kristal dord deyil,
sokkiz domendon ibaratdir. Lakin nozors alaq ki, dordiincii vo
besinci domenlor arasinda geyri-xatti qavrayiciligin isarolori-
nin doyisilmasi pozulur, ¢iinki bunlar eyni bir domendir. Bu
iki domen, demak olar ki, uzunlugu doérdiincii domenin uzun-
lugunun iki mislino barabor olan bir domen amalo gotirir. Bu
halda rezonatordaxili ¢evrilmonin verdiyi alavoni do nazors
almaq lazimdir, yani nozors almmalidir ki, dordiincii vo be-
sinci domenlorin sorhadindo dalgalarin lazer giizgiilorindon
oks olmasi hesabina faza siirligmosi bag verir.

Sabit intensivlik yaxinlagmasinda (4) serhad sorti daxilin-
do (1) sistem tonliyini hall edorak, dordiincii domenin ¢ixigin-
da, yoni dordiincii vo iiglincii domenlorin sorhodindo ikinci
harmonika dalgasinin kompleks amplitudu ii¢iin (bu domen
yuxarida deyilonlora osason bes nomrasi ilo isaro olunub)

Ay(Is) = Ay(1;)4 cos Asls _{7/5 4,()

almagq olar.
Qeyd edok ki, bu halda dordiinci vo besinci domenlor

ligiin geyri-xatti olaqo amsallar1 eynidir vo 7/} -9 borabordir.

Domenlorin optimal uzunluqglar1 halina baxacagiq, harada-

kil Al o =7/ 2, j=1+4 sortindon toyin olunur.
)
Onda [13]-dan ticiin ifadani (5)-ds yazsaq
20ty

4°(1) |

A

:

sin As/s

5
7 ©)

Al
> exp(—0,1s +175).

WAY)
Ay (Is) = Ay () exp(=06,/s +i 75) X

A A

[

n

{cos/ll —{— »
Y

2

a

alariq, haradaky, y = -Al, —@,(2d)+2¢,(2d) -9, , + 29, -
dordiincii domends osas siialanma vo harmonika dalgalar
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arasinda, NDS-kristali ilo gilizgii arasindaki hava layinda vo
oksolma zamani giizgiidoki fazalar doyismolorini miioyyon
edir,

A =23+ A% /4, T3 =yl ().

Alimus ifadodon goriindiiyii kimi, harmonika amplitudasi
qarsiligh tosirds olan dalgalarin fazalar forqindon w ohomiy-

yatli doracado asilidir va bu asililiq ossilyasiya xarakteri dastyir.
m(l)=1,(;)/ L ™

ifadasi ilo toyin olunan g¢evrilmo effektivliyi, uygun domen-
laylardan ¢ixisda kompleks amplitudlarin sabit-intensivlik ya-
xinlagmasinda alinmig ifadoslorindon istifado etmoklo hesabla-
na bilar.

Sokilds sabit intensiv yaxinlagmasinda hesablanmig rezo-
nator daxili harmonikaya g¢evrilma prosesinin naticasi gosto-

optimal uzunluglart hali

rilmigdir. Oyrilor domenlorin /; , ,

=1+4 A1.1.

J"J.opt

iiclin qurulmugdur (haradaki / j =xz/2

Jopt ]
sartindan toyin olunur).
n,(! j ) cevrilmo effektivliyinin domenlorin gotirilmis

uzunlugundan Fjl j asililigr miihitds itkilorin olmayan hali

tclin gostorilmisdir. Oyrilordon goriindityld kimi, asililiglar
koskin maksimuma malikdir. Ilk dérd domenin koherent
uzunluglari hesabina, nizamli domen strukturunda harmonika
dalgasmin yayilmasi ilo effektivlik monoton artir (1-4 oyrilo-
ri). Lakin dalgalar giizgiidon oks olunduqdan sonra, yani re-
zonatorda dalgalar oks istiqgamotds yayildiqda effektivliyin
azalmas! miigahids olunur (5 qiriq ayri), bu, gilizgiidon okso-
lunma zamani qazanilmis fazalar siirtismasi ilo baghdir. An-
caq gilizgiilorin oksetdirmo omsallarint segmoklo alinan faza
siiriismosini kompensasiya edorok, g¢evrilmo effektivliyinin
sonrakit artimina nail olmaq olar (5 biitév vo qiriq ayrilerini
miiqayisa et). Effektivliyin bu artimi sonraki domenlords ya-
yilma zamani1 da, mosslon, altinci vo s. domenlordo davam
edir (5 vo 6 biitdv oayrilorini miiqayisa et).

M2

08 6

02 |

0 03 06 09 12 15

Sakil. 1,(1;) rezonatordaxili ¢evrilmonin effektivliyinin do-
men-laylarin gatirilmis uzunluglarindan Fjl j astli-

liglart. Hesablamalar sabit-intensivlik yaxinlagmasin-
da itkilorin olmadig1 hal {i¢iin, yoni &, vo

Ailj opr=m/ 2, j=1+4, A/ 2T, = 2.4 aparlmigdir:

172(1)-in birinci layn T/, gotirilmis uzunlugundan
(1 ayrisi), 775(Iy)-nin ikinci laymn I';/, gotirilmis uzun-
lugundan (2 ayrisi), 77,(/3)-iin ti¢lincii layin I';/; goti-
rilmis uzunlugundan (3 ayrisi), 77,(,)-lin dérdiincii
layin I';/, gotirilmis uzunlugundan (4 ayrisi), 77,(/5)-in
besinci layin I';/; gotirilmis uzunlugundan (5 biitov
va quriq dyrilari), 77,(l5)-nin altinc1 layim I';/4 gotiril-
mis uzunlugundan (6 ayrisi) asililiglart. Hesablama-
lar optimal faza nisbetinin iki qiymati iigiin

v = —Al4 - (p2(2d) + Z(oI(Zd) —@Q.,F 2%,1
0 (5 quriq ayrisi) va 3.14 (5 biitov ayrisi) aparilib.

Gotirilmis asililiglarin otrafli tohlili gostorir ki, NDS-kris-
taldan qarsiligh tesirds olan dalgalarin tokrar kecidi hesabina
cevrilma effektivliyini artirmaq miimkiin olur. Misal {igiin ba-
xilan halda mosolenin verilmis parametrlorinds ¢evrilmo ef-
fektivliyi 0,7-don ~0,8-0 qador vo daha ¢ox artir.

Beloaliklo, harmonikanin rezonatordaxili generasiyasinin
aparilmis tohlili gosterir ki, faza effektlorinin nazors alinmasi
zoruridir. Bu effektlor lazer-rezonatorda bas veron geyri-xotti
optik proseslors giiclii tosir edir. Rezonatordaxili ¢evrilmodo
qarsiligh tosirdos olan dalgalar arasinda optimal faza nisbotini
vo koherent uzunluglarin uygun qiymotlorini nozors alaraq
laylarmn uzunlugunu se¢gmoklo nizamli domen strukturunun
cixisinda rezonatorsuz hala nisbaton daha yiiksok cevrilmo
effektivliyini almaq miimkiindiir.
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R.J. Kasumova, A.A. Karimi
INTRACAVITY QUASI-PHASE-MATCHED GENERATION OF OPTICAL FREQUENCIES

The intracavity second - harmonic generation with taking into consideration of phase changes of all interacting waves is theoretically
considered. It is obtained that harmonic amplitude at intracavity transformation essentially depends on phase relations of interacting waves

and has the oscillation character. Compensating the objectionable phase shifts it is possible to increase the transformation efficiency.

P.JI:x. KacymoBa, A.A. Kapumu

BHYTPUPE3OHATOPHAS KBASUCHUHXPOHHAS T’EHEPALIIUSA OIITUYECKUX YACTOT
TeopeTuuecki paccMOTpeHa BHYTPHPE3OHATOpHAs TEHEpalusi BTOPOW TapMOHMKM C ydetoM (Da3oBBIX HM3MEHEHHIl Bcex
B3aMMOJICHCTBYIOLIMX BOJH. [ToJIy4eHo, 4TO aMILUIHTY/ia TApMOHKKH TIPY BHYTPUPE30HATOPHOM MPEOOPA30BAHUH CYLIECTBEHHO 3aBHCHT OT
COOTHOIICHHH (a3 B3aMMOJCHCTBYIOIIMX BOJIH ¥ U MMECT OCLMIUIHpYIomui xapakrep. KommneHcupys HexenarenbHble (a3oBble CABUITH,

MOJKHO 3HAYUTEIIbHO YBECINYUTD 3(1)(1)CKTI/IBHOCTI> npeo6pa303aHH5{,
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CiLD XV N4

METO/ PEHHEHUSA 3AJAY ITU®PAKIINHN BOJIH HA IIVIOCKHUX 3KPAHAX
C JPOBHBIMHU I'PAHUYHBIMU Y CJIOBUAMU

9.1. BEJIUEB
Hucmumym paouogusuxu u snekmponuxu um. A. A. Ycuxosa HAH Yrpaunul
ya. Ak. Ilpockypul 12, Xapekos, 61085, Ykpauna

T.M. AXMEJOB
Hnemumym mamemamuxu HAH Azepbatioscana
ya. @. Aeaesa 9, baxy, 1141, Azepbatioxncan

B nmanHOit paboTe NMpeanokeH METOoJ| PeIleHUs] HHTErpo-aud(epeHIIMAIFHOTO yPaBHEHUS CIICNINAIBHOIO BHUJA, K PEIIEHHIO KOTOPOTO
CBOJATCS 3a7a4i AU(PAKIUH Ha INIOCKUX JKpaHaX, OMHCHIBAEMBIX APOOHBIMU IrpaHMYHBIMH ycnoBusmu ([AI'Y), korma mopsiiok apoOHOi
npon3BoJHON ¢ MeHsiercst B uHTepBase (0, 1). MeTox paccMOTpeH Ha MOJEIBHBIX JABYMEPHBIX 33fadax AU(GPaKIUH — JICHTE U MOIYIIIOoC-
xoctu ¢ AT'Y. AT'Y 0600matoT npeanbHbIE TPAaHUIBI — UACATBHO JIEKTPUYECKH U MISATbHO MAarHUTHO MPOBOJIINE TPAHUII, KOTOPHIE
MOJIy4aroTCsl KaK 4acTHBIU ciaydall npu a=0 u =1, COOTBETCTBEHHO. MeTOA OCHOBaH Ha IPUMEHEHUU OPTOrOHANIBHBIX IOIUHOMOB. IIpu
9TOM IS JICHTHl NPUMEHSIOTCS MOJIMHOMEI ['erenbayapa, oproroHansHble Ha uHTepBajie (1,1), a I MOIYIIIOCKOCTH MMEEM JENOo C Io-
nuHOMaMu Jlareppa, oproroHansHbIMH Ha nHTepBaie (0,00). OTMedeHa BaxkHasi 0COOEHHOCTh: JAHHBIH METO]] O3BOJISET HOJYyIHUTh pelle-
HUE 3a/[a9¥ AU(PPAKINH B IBHOM BHE JUIS OXHOTO YacTHOTO ciydas o=0,5.

B nocnennee Bpemst ApoOHBIE ONEPaTOpPhHl HAXOAAT IpPHU-
MEHEHHsI B Pa3lIMYHBIX 3aJadax OJICKTPOAUHAMHUKHU. JIpob-
HBIE ONEPATOPBl OINPEAEIAIOTCS KaK (PpaKTann3oBaHHBIE OT
U3BECTHBIX oneparopoB. Hanmpumep, apoOGHbIE MPOU3BOIHbIE
WU UHTCIrpajibl SABJISAIOTCA 06061HCHI/IGM O6bl‘iHbIX IpOn3BOI-
HBIX W MHTErpajioB. Takke HAaXOIUTCS NPHMEHEHHE olepa-
TOPY APOOHOTO POTOpPa, KOTOPHIA Oompeensercs: Kak (pakra-
JIU30BAHHBIN OMEPATOP OT OOBIYHOTO oreparopa poropa [1].

B nanHO# paboTe paccMaTpWBAIOTCS IBYMEPHBIC 3a1add
mudpaknmy  Ha  TpaHMI@AX, KOTOPBIE  OMHCHIBAIOTCA
rpaangabiMi yeoBusmu (I'Y), comepkamumu  TpoOHYIO
MIPOM3BOAHYIO:

DiU(7)|s=0, (1)

HpoOHas mpom3BogHast Oepercss M0 HOpPMalH K MOBEpX-
Hocty. OyHKIWMs U ONMUCHIBACT TAHTCHIMAIBHYIO KOMIIOHEH-
Ty 3JIEKTPUUYECKOTO WIIM MAarHUTHOTO moiisi. J[poOHas mpous-
BOJIHAsL Ompenelsiercs: yepe3 uHTerpas Pumana-JInyBusist Ha
momy0eckoHeUHOM uHTepBayie [2]. Bymem wucmnomnp30BaTh

a
OJMH CHUMBOII Dy , TIoipa3yMeBasi APOOHYIO MPOU3BOIHYIO

10 TIEPEeMEHHOH ) Ha TIOIYOCH: Dya = Df .TV (1) 6ynem

Ha3bIBATh APOOHBIMHU IPaHUIHBIMA yciaoBusMu (ATY).

Beenenue HOBbIX ['Y HOMAKHBI, C OJTHOMH CTOPOHBI, OMH-
CBIBaTh (PM3HUCCKUE PEATTHH, a C APYTOH - MO3BOJISTH MOCTPO-
UTh 3(QQEKTUBHBIA YUCICHHBIH ANTOPUTM IOJY4YEHHS peuie-
HUA C 33JaHHOW TOYHOCThIO. [locTpoeHHe MpOCThIX U aleK-
BAaTHBIX MATEMATUYECKUX MOJENEH I OMHCAHUS PACCEH-
BAOIIUX CBOWCTB MOBEPXHOCTEH SIBIISCTCS OJHOW M3 OOIIHX
3a/1a4 B TCOpUU TUDPAKIINH.

Hdus AT'Y (1) paccMmaTpuBaroTCcs 3HA4E€HUS APOOHOTO TO-
psanka o mexxay 0 u 1. Kpaitaue 3HaueHust ApoOHOTO TopsiaKa
=0 u =] TPUBOIAT K XOPOIIO HU3BECTHHIM HJCATHHO
anekrpruecku (MOII) n uaeadbHO MarHUTHO TMPOBOISIIAM
(UMII) rpanmnam, coorBercTBeHHO. 'Y 00o0maroT mme-
anpHbIe TpaHubl, Takue kKak DI u UMIL. AT'Y paccmatpu-
BAJIMCh B 3aJa4yax OTpakeHus B paborax O. W. Bemnuena,

N. Engheta [3-5] B 2003 r., e Obuti mpuBeneHs! Ko3dduiu-
€HTBI OTPaKeHUsI OT TpaHull, onucbiBaeMbix JI'Y. IlokazaHo,
YTO TpaHUIA UMeeT KOA(D(UIIMEHT OTpa)KEHUS PaBHBIM IO
MOJYINIO 1, T. €. COOTBETCTBYET MJICAJIbHO OTpa)katollel rpa-
uute. [Ipu stom aza kodddunmenTa oTpaxeHus onpese-
JsieTCs POOHBIM HOPSIIKOM.

JI'Y MOXXHO COIOCTaBHUThH C W3BECTHBIMH MMIIEIAHCHBIMH
I'y (UI'y) [6, 7], xoTopble JOCTATOYHO XOPOIIO H3Y4EHBI
MHOTHMH aBTOpPaMH M HIMPOKO MPUMEHSIOTCS ISl MOJENH-
poBaHUs pazayHBIX 00BekTOB. 'Y 3amaroTcs ypaBHEHHEM

ixEF) =nix(ixHF)).FesS, @

me 0 — HOopMalb K moBepxHoctH S. UI'Y sBusroTcs
MPOMEXYTOUHBIM cocTossHUEM Mexay WOl u HMII
rpaHunamMu [5, 6]: 3HaueHue nmnenaHca MeHserca ot 0 ams
UDII no ico st UMIT.

3amayaM TUQPPAKIUK HA UMIICJAHCHBIX I'PAHHIIAX OCBS-
1meHo Oosblioe KoiudyecTBo pador. UI'Y ycnemHo ucnosnb-
30BAIMCH I MOJEIUPOBAHMS OTPAXKAIOLINX CBOWCTB XOPO-
HIMX NPOBOAHUKOB, a TAKXKe PEeLIeTOK U 1Ip. B kaxnom cuy-
Yae CyHIECTBYIOT (hOPMYJIBI JUIS TTOJIyYEHUs 3HAUCHUST UMIIe-
JaHca Kak (YHKIWW MTPOBOAMMOCTH METajlla, MapaMeTpoB
pemretku u 1p. UT'Y sBisroTes npubmmxeHasiMa 'Y, IMeroT
OTpaHWYEHUS U UX IPUMEHEHHUS 1 HE MOTYT OIHCaTh OTpa-
JKAIOIIUX CBOMCTB BCETO MHOTO00Opa3us MOBEPXHOCTEH.

CpaBHEHHE pacCeWBaIONIMX CBOWCTB rpanuibl ¢ JAI'Y wu
HI'Y obu10 poBeaeHo B padore [8].

Janbueiimee yrounenne MI'Y MoxeT ObITh BBIIIOJIHEHO C
HCIOJh30BAHUEM IPOU3BOAHBIX 00Jice BBICOKOTrO (II€I0T0)
nopsiika win 0606menubx 'Y [7, 9, 10]. O6mas meTono-
JIOTHsI TOJIy4€HHs] TOYHBIX HMIENAHCHBIX ['Y BBICOKOrO
MOpPSIJIKA B CIIEKTPAJILHOM 001acTH IpecTaBlieHa B MOHOTpa-
¢un D.J. Hoppe u Y. Rahmat-Samii [9]. Kak O6bu10 mokasa-
HO, B CIEKTPJIBHOH OOJacTH MOJKHO MOIYyYUTH TOYHBIC
UT'Y, gncro B aHamuTmdeckod Qopme. OmHako HE Bcerma
ymaercs nony4uuts UI'Y B mpocTpaHCTBEHHOW OOJIACTH B SIB-
HOM BHJIE, IOATOMY HeoOXoauMo ammpokcumupoBats UI'Y B

106



AY TUOPAKIIMHU BOJIH HA IVIOCKHUX 3KPAHAX C TPOBHBIMU I'PAHUYHBIMH YCJIOBUAMNA

CIIEKTPAJILHOM 00JIaCTH, YTOOBI MOYKHO OBUTIO NMPUMEHHUTH
oOpatHoe peobpazoBanme Dypoe.

AT'Y aBnstoTcs npumepoM HelmokaidbHBIX I'Y. OTO 03Ha-
4qacT, 4TO 3HAYCHHUC (l)yHKL[I/II/I Ha TI'paHUIC 3aBUCUT OT 3HaA-
YyeHHH 1oJIsd B TOUYKaX Ha KOHEYHOM PacCTOsIHUMN OT I'PpaHUILIBI,
B omiimume oT knaccuueckux ['Y (MDI1, UMII, UT'Y), xorma
3HAUYeHHE Ha TPAHMIE OIPEAEIIETCS TOJBKO 3HAYCHUSIMH
0JIsl B TOYKaX, OECKOHEUHO OJNM3KUX K IpaHuIe. JTO CBs3a-
HO C IPUMEHEHHEM ITPOM3BOAHBIX HEIIETIOT0 MOPsAKa BMECTO
OOBIYHBIX MPONU3BOIHBIX.

B 3apmauax paccesHus HenokanpHble ['Y mHMpOKO npume-
HSIOTCSA B YHCJICHHBIX aITOPUTMAaX, OCHOBAHHBIX HA METOC
KOHEYHBIX DJIEMEHTOB WJIM METO/Ie KOHEUHBIX pa3zHocTel [11,
12]. Ipouenypa ocHOBaHa Ha PACCMOTPEHUHM KOHEYHOH 00-
JIACTH, OTPAHUYMBAIOIICH PACCEUBAIONINNA O0BEKT IS yceue-
HHS PacCUMTHIBAEMOIO PErMOHA; IPH 3TOM, Ha IPaHUIIE HO-
BOI oOxactu TpeOyercsi BbINOJIHEHHE HOBBIX 'Y, KOTOpBIE
OOBIYHO MMEIOT HEJIOKaJbHBIH XapakTtep. Henokanenbie ['Y
HaxXoJiT NMPUMEHEHHE JJIsI BOJIHOBOIO ypaBHEHHS B rapado-
nmuaeckoM npubmmkenun [12]. Hemokanersie I'Y sBistroTes
3¢ (GeKTUBHON aNTbTEPHATHBON TPATUIIMOHHOMY HCIOIB30-
BaHMIO MOTJIOIIAIOINX cJioeB [12].

Ienpro maHHON paboTHI ABSIETCSA paspadoTka 3ddexTus-
HOTO YHCIICHHO-aHAINTHYECKOTO METOJa PELICHHs IByMEp-
HBIX 3a1a4 JUPPaKIMH Ha TpaHuI@ax, onuceiBaeMeix JI'Y.
IlpennoxeHHbId METOJ paccMaTpUBAETCS Ha MOJENbHBIX
3aJjayax paccesHusi — Ha JICHTE W Ha MOJYIUIOCKOCTH. MeTon
OCHOBaH Ha NPEJCTABICHUH PACCESIHHOTO TOJISI C TIOMOILBIO
IpoOHOIT mpon3BoAHON OT (PyHKIMM XaHKENs NepBOro poja
HYJIEBOTO TOPsAKA. DTO IPEICTABICHHUE SBIISETCS CIIEACTBH-
€M IIpUMeHEeHHs APOOHOI Teopembl [ prHa, paccCMOTpEHHOW B
pabotax [13, 14].

[Ipemmaraercss MeTon peIIeHUsT OPOOHOTO HHTETPO-IH(D-
¢bepenumnanbaoro ypasuenus (JUY), k pelieHno KOToporo
CBOAMTCS Psll TPAaHWYHBIX 3a1ad Teopuu audppaxnuu. Cre-
MICHb APOOHOCTH XapaKTEPHU3yETCsl MapaMeTPOM ¢, KOTOPBIHA
Mensiercs B mpenenax «e€[0,1]. Ilpu 3HaueHUsIX APOOHOTO
nopsinka =0 u 1 3Tn ypaBHEHHs CBOIATCA K HM3BECTHBIM
HWHTETPaJbHBIM ypaBHEHISIM. B maHHON paboTe mpemioskeH
Oonee obmuit merox pemenus VY s mo0bIX 3HaYSHHMA
mopsiaka € [0,1], KOTOpBIi, KaKk YacTHBIN CITydail, COTEPIKUT
paHee m3BecTHble pemeHusa. CyTb MeTO#a 3aKIOYaeTcs B
TOM, 4YTO HCKOMas (byHKIlI/IH HIIEeTCd B BHUAC psAda I10
OPTOTOHAIBHBIM MOJIMHOMaM (TojMHOMaM ['erenbayspa st
JIEHTBl M ToJMHOMaM Jlareppa Juis IOJYIUIOCKOCTH) C
BecOBOW (pyHKIMEH, MO3BOJISIONIEH YIOBIETBOPSTH YCIOBHIO
Ha pebpax. CreneHb BecOBOW (YHKIMH M CTENEHb OPTOro-
HaJIbHBIX TTOJMHOMOB 3aBHCAT OT IOpsAKAa IPOOHOCTH (X .
IepenuceiBas JJUAY otHOCHTENBHO 00pa3oB Dypbe UCKO-
MOH (YHKIMH B BHJE NapHBIX HHTErPAIbHBIX ypaBHEHHH
(IINY) wu wucnons3ys CBOWCTBA pPa3phIBHBIX HMHTETPaOB
Bebepa-1ladxeliTnuna (B cirydae JieHTHI), a Takxke Dypbe-
MpeAcTaBiIeHne Uil MojauHOMOB Jlareppa mist 3ajgaduu Ha
noymtockocty, [TNY cBomsTes K pemieHHIo OGeCKOHEYHOM
CHCTEMbI JIMHEHHBIX anreOpanvecKux YpaBHEHHUH OTHOCH-
TENIBHO HEN3BECTHBIX K03 duimenTos pasnoxenus. [locien-
HHE TI03BOJISIIOT ONPEAEIUTH UCKOMBIE KOA()(HULIUEHTEHI ¢ JIto-
0011 Harepe ] 3aJaHHO TOYHOCTHIO Ha OCHOBE METO/Ia PeIyK-
UM

Ha ocHoBe npeiiioxkeHHOro MeTo/ia ObUIN peleHbI 3a1a4u
mudpakuuy iockoit BonHbl Ha sieHte ¢ 'Y, a Ttakke
noJstyruiockoctu ¢ AI'Y.

1. JU®PAKIUA HA JIEHTE C AI'Y

Paccmotpum  aByMepHyro 3amauy gudpakuua E -
MOJIIPU30BAaHHOM MJI0CKON BOJIHBI Ha JeHte ¢ JIT'Y B Buze

DpE.(x,y)=0,y—>%0. 3)

BeCKOHEYHO TOHKAs JIEHTa IUPMHONW 2¢I PACIONOKEHA B
miockoctn ) = () u Geckoneuna Bionb ocu Z . Iagarommee

E = ZE!(x,y)

E; (x,y)= g Klxeostysing) , Tne @ — yrom maueHws,

IoJIC OITMCBIBACTCA BBIPAXXKCHUEM

k =27/ A — BonHoBoe unCO. 3aBUCHMOCTB OT BPEMEHH

—iot

Ipearnosiaraercs € U omyckaercsi Bo Bcex (opmyrnax.

Paccesioe noste oGo3HaunM Gyrkmmeir E° =ZE’ (x,).

Homnuoe none £ =ZE. (x,y) sABIAETCA CyMMOH MaJaKONIEro

MOJIA XU paCCEAHHOIO IOJIA:

E (x,y)=E/(x,y)+ E!(x,)).

Peuenue 3afauu, T.e. pyHKUUS EZ (x, ), nomxHo ynos-

neTBOpsATh: 1) ypaBHeHuIo ['enbMronbiia Bo BceM MpoCcTpaH-
CTBE, KPOME IMOBEPXHOCTH JICHTHI; 2) YCJIOBHIO W3ITy4eHHs
3ommMepdenbaa Ha OECKOHEUHOCTH JUIS PACCESHHOTO OIS

E: (x,y); 3) ycnoBmo MeiikcHepa Ha peOpax ICHTHI
(y=0, x—>=a) [15, 16]; 4) AT'Y (3) Ha nOBEpXHOCTH

neHTl —a < X < @ . JAna yno6cTea apoOHas MPOU3BOIHASL
OepeTcs o Oe3pa3MepHON BeHIHHE k).
Ucnonp3ys napobHyto teopemy I'puna [13,14, 17], mpen-

crasum Qysxkumo (X, )) depes ApoGHyro (yHKIIo
I'puna

El(x,y) Efafl‘“(x')G“(x—x',y)dx' (4)

rae f I (x) — HemsBecTHast GyHKIMS, KOTOPYIO MBI Oy1eM
Ha3bIBaTh INIOTHOCTBIO TPOOHOTO MOTECHIIHATIA.
B BymMepHOM citydae apo6Has Gynkuus ['puna G“ B (5)

BBIPAXKAETCSI KakK JpoOHAas MPOM3BOAHAS KJIACCHYECKOU
dyaxmmu I'puna:

a 1 i a '
G“(x=x'y) == DgHy  (kyJ(x=x)’ + )

4

rne H, (()1)( X)— Gynkims XaHKens MEPBOTO poia HyJEBOTO

HnopsiaKa.

Jlyist 4acTHBIX ciy4aeB 3HaueHui 1pooHoro nopsaka (AI1)
a=0 u «a=1 npexacrasieHue (4) NPUBOAUT K H3BECTHBIM
MPEICTaBICHUSAM MOTEHIUAIOB IPOCTOr0 M ABOMHOIO CJOS,
UCTIONB3YEMBIX [UIA peIIeHHs 3amad mudpakuuun ¢ 'Y
Jupuxne u Heiimana, cooTBeTcTBeHHO [ 16, 18].

[omuuusis QyHKIHIO EZ (x, y) ATY B Bume (3),
nonyyaeM UV Buna
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lim, o D j_a ST (G (x = x',y)dx' = ~lim _ DY EL(x,y). )

rI€ TpaBas 4YacTh YPaBHEHUS — M3BECTHas (yHKOms, a | Tl-a _ l-a
OBYIO 1) =da a . IIpomon-
f I (x) — Hen3BecTHAs PYHKIIHSA. A HOBYEO (yHKm f (é:) f ( é:) poson

l-a
X —a,al.
Brestew Gespaswepiyio semmamny & = x/ @ € [~1,1] v Gyrxmmo - (X) mysnem sre untepsana [—a,d |
[Mpuxomum k oopazam Dypbe HCKOMOU QYHKIIHU:

7o s) = % j‘; F'(B)e™Pa g, F'*()= J‘il Fra e habae g

Hcnone3ys BelpakeHust aist QpoOHON (QyHKuMU ['puHa, MONyYuM IpeicTaBlieHHe /IS PacCestHHOro Mol 4yepe3 oOpas
I-a
oypee ()

eiiﬂa/Z o Flfa (ﬂ)eik[ﬂxﬂy\m]
s _ s
E; =-i Ay 3 (l_ﬂZ)(l—a)/Z

dp. 7
. l-a
Teneps JAUY (5) B 06pasax dypbe cBoautes K cucteme [IAY oTHOCHTENBHO Hen3BecTHOM GyHKim [ ( IB ) :

I_Oo Flfa (ﬂ)eikafﬁ (1 _ ﬂZ)afl/Zdﬂ — _47Z_ei7r/2(lfa) Sina gefikafcosﬂ’ g c [_1,1]’
" 4 ®)
[ e @ap=0, |l

3amerum, uro [TNY (8) mis a=0 npuogut x [INY mms ! Jns gactHBIX ciydaeB =0 u =1 ycioBus Ha pebpe
3agaun au¢dpakuuu E-nonspu3oBaHHON IFIOCKOW BOJNHBI HA  HUMEIOT BHI:
UDII OeckoHeuHo TOHKOH JsieHTe, a mpu =1 [INY omnuu-

ceBaroT 3anauy qudpakmun Ha UMII nenre. [TNY (8) sBnss- _ 0((1 _ 52)—1/ 2 ), a=0
10TCst Oosee OOIMMME 1 BKJIIOYAET KaK YacTHbIe ciydau [TNY, flfa (é) = g —*l1 (10)
paccMOTpPEHHBIE paHee. O((l _ 52)1/2) a=1

Uccnenyem vacTthblil ciyuail @=0,5, npu KOTOpPOM ypas-

HeHne (8) WMeeT aHANWTHYECKOE pEHICHHE IIpH IJ0O00M .
VYenosus (10) — n3BectHbIe yeiaoBus MelkcHepa Ha pebpe

3HAYCHUHN 4YaCTOTHOI'O IapaMeTpa ka . ﬂeﬁCTBHTCHLHO, us3 B 33/1a9aX TEOPHU III/I(bpaKLII/II/I [16]

(8) merko MoyYnTH peIIeHIe B SBHOM BUE: ~l-a

bynem uckate QyHKIHIO f (f ) B BHJE PaBHOMEPHO

70,5 . - 12 g —ik O+irr /4 -

f ( f) = Dikasin'? e ag cos O+ix ’ CXOJMILErocss psila Mo MoimHoMaM [erenOayspa, opToro
HAJIBHBIM Ha uHTepBane [-1,1]:

112 gin/4 sinka(f +cos6)

F'(B)=—4isin ros  TTUO=0-87Y e i@
n=0

Iepetigem k paccmotpenuto CUY (8) mist obiero ciryuas

~ [24
l-a TIe — HeusBecTHbIE Kod(pbuimeHTsl. B 3ToM ciydae
0<a<l. Oynkuus f (5 ) JIOJ>KHA  YJIOBJIETBOPSATH A f;1 bepr y

7Tl-a
YCIIOBHSIM Ha pedpe mpu 5 — +1. Hogununm Qyskiuio  QyHKUHMS f (5 ) YZOBICTBOPSICT YCIOBHSM Ha pebpe (9).
3ameTuM, 9TO MONMHOMEI [ erenbayspa C: (&) B wactubix

7l-a
f (cf ) YCIIOBHIO Ha pedpe BUja
ciydasx a=0 m =1 cBojiaTca K moiduHOMaM YeOblmeBa

il—a(f)ZO((l_é;z)a—l/z) E—>+] (9 USPBOTO M BTOpOrO  poma T (&), U/(&) 20

COOTBCTCTBCHHO
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n=0

27,9,

lim —2—===1n :

G, (S

a—0 a

I, n=0

F" B=r

[Ipeobpazyem nepBoe ypaBHeHHE B (8): yMHOXHMM 00€ YacTH ypaBHEHHUS Ha eiikair

B wnrore, nomy4yuM ypaBHEHUE:

sinka(f —1)
p—T

[ Fp)

Z()f

(1 _lBZ)afl/ZdIB — _47Z_eiﬁ/2(lfa) Sina 9

=C(O=U,(&).

[Mpumensii  mpeobpazoBanue Dyppe k psny (11),
HOJyYUM TIpeJCTaBlieHne it QyHKimu F e (f) B Bume

psina o dpynkuusiM becces:

I'(n+2a)J,,,(kaf)
F(n+1) (Qkap)*

(13)

U MIPOUHTETPUPYEM I10 é: or -1 o 1.

sinka(t +cos )

(14)
T+ cosd

[oncrasnsas npencrasnenue (13) 8 Y (14) momyuum

BCJIAY s onpenenenust kKo3)GUINEHTOB fna

N I'n+2a)
S Ca . k=0,1,2,.. 15)
nz—o:( i I(n+1) JiCa=7¢
C MaTPUYHBIMHU KO3 UITHMCHTAMHA
a1n d
J. Jn+a(kaﬂ).]k+a (kaﬂ)(l ﬁ ) -1/2 ﬂﬂ
’ (kacos )

yl =2 (a +1)(2ka)*i"“ sin” @ in

cosd

a
[Mocne HaxoxaeHHs KOAPPUIHEHTOB fn GbyHKIMS
7l-a
IJIOTHOCTH TOTEHLMANa f (f ) u ee mpeoOpazoBaHue

1- o o
Oypse [ a( ﬁ) MOTYT OBITh HaWJEHBI M3 BBIpAKEHUI

(11) u (13), coorBeTcTBEeHHO. MOKHO TIOKa3aTh, uTo BCJIAY
(15) sBmserca CJIAY tuma ®pearombma BTOpOro poja, u

a o
HCU3BCCTHBIC KOS(I)(I)I/ILII/IeHTBI f;’l MOTyT OLITE HauJCHbI C

mo00N Hamepes, 3aJaHHON TOYHOCTBIO, HCIONB3YS METO.
peaykunu. YucieHHbIE pe3yJIbTaThl PACCMOTPEHHOH 3alauu
Ui ciydasi E-mojisipu3aiidil IpejcTaBieHsl B padore [17],
rae ObLIM IPUBEJCHBI YHCICHHBIE PAacdeThl PacCeHBAIOIINX
XapaKTepUCTUK JeHTHl ¢ JAI'Y: nuarpamMMa HarpaBjIeHHOCTH,
TIOTIEPEYHUK 0OpaTHOTO paccesHHs, INIOTHOCTh paclpesielie-
HUSI TOBEPXHOCTHBIX TOKOB.

Coayuait H-nonsipu3anuy Ui 3a1a4i AU(Gpakiy Ha JIEHTe
¢ AI'Y 6b11 paccmoTpeH B padote [19].

2. JUPPAKIOUSA HA TTIOJYIIVIOCKOCTHU C AT'Y
B nmanHOM pasnene BHepBble paccMaTpuBaeTcs 3ajada

J(paKkiuy ANIEKTPOMATHUTHBIX BOJIH Ha IMOJYIUIOCKOCTH C
JAT'Y. Meron pemienuss Y s orpaHMYCHHBIX O0JIACTEH,

pa3BUTHIN B IpelblayIieM paszene, Oyner odobmeH s MY
B IOJYOECKOHEUHBIX 00ACTSX, K PEIICHHI0 KOTOPBIX CBO-
JIITCS| paccMaTpyuBaeMasi 3a/1a4a.

Pemennto 3amaun qudpakuymy BOJH Ha MOJIYILIOCKOCTH
TIOCBSIIIIEHO MHOTO paboT. MeTox peureHust 3agaun qudpax-
IIMM Ha TIOJIYIUIOCKOCTH C HJIEaJbHO NPOBOJIIECH IpaHnIeh
paccmarpuBaiicst B [16]. 3amaua mudpaknuy Ha MOTYIIIOC-
KOCTH OOBIYHO pelraeTcsi ¢ MoMoIbio MeTona Burepa-Xort-
(a. TlepBoe mpuMeHEHHE MeTOJa K HIACATBFHO MPOBOISIIEH
MOJYIUIOCKOCTH MOXHO oTHecTH K padore Copson [21] B
1946r., u nHezaBucumo Carlson u Heins B 1947t. [22]. Senior
B 1952r. BnepBbie npuMeHua Meto] Bunepa-Xomnda k perie-
HUIO 3a/laud JU(pakiuyd Ha MMIEJAHCHON MOJIYIIOCKOCTH
[23] u no3xe paccMoTpes HakJIOHHOe majieHue [24]. 3amaun
JUQpaKkiyy Ha PE3UCTUBHOM U POBOJSIIEH MOJTYTUIOCKOCTH,
a TaKKe Pa3InYHBIX COCTMHEHHBIX IMOTYTUIOCKOCTSX TOIp00-
HO OTHCaHkI B [7].

JIis cTpororo pemieHus paccMaTpPUBAEMOW 3aadyd TPE-
JaraeTcs TOAXOJ, KOTOPBI 0000IIaeT pe3ynbTaThl paOdoTHI
[25] mns mpeamsHO MMPOBOIAIIMX TPAHUI] 1 COAEPIKUT MX, KaK
YyacTHBIA ciydail. [IpennoskeHHbId METOA MO3BOJIMI MOIY-
yuth BCJIAY Juist OThICKaHHSI HEM3BECTHBIX KOA((PHUIIUCHTOB
B Da3jOKEHHU PACCESHHOTO MOJsS B BHIE OCCKOHEYHOTO
psna.

[Tycts Ha momymmockocTs (x > (), OECKOHEUHYIO BHOIb
ocu Oz co croponsl ) >() magaer miockas E-Tonspuso-

] —ik(xcos@+ysind
BaHHAas BOJIHA E;(x,y)ze ik (x I ), e @

i s
yroJ najenus. IlonHoe nosue EZ = EZ + EZ JIOJKHO yJI0B-

netBopate AI'Y Buma

Dy E (x,y)=0,y—>%0,x>0 @6

a Takke ycioBuro Meiikcaepa Ha pebpe npu X —>
[15,16].
ByneM uckatsb paccessHHOE 1oJie B BUJIE IOTEHIUAIA

El(x,y) EIO fl_a(x')G“(x—x',y)dx' (17)
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e fl—a ( x) _ HemsmecTHan (yHKI, G _ 1poGHas Iomuuusas momuoe moxe AI'Y (16), momyunm ANIAY

l-a
dynxuust [puHa, BBeICHHas paHee. | OTHOCHTEJBHO (PYHKITHH f (x) npu X > 0:

=1 .. © - . ;
—lim, D} jo SN HD (ky(x—x)? + y?)dx'=—lim _, _ DEE!(x,y), (8)
[ponomxum yHKIHO f e (x) HyJIEM BHE UHTEpBaja [O, OO] U mepeiiaem kK obpasy Oypoe:

FreB)y=] Fr@e P ds=[ 1 e P dx

~

l-a _ i ) ikpeé
Fr@ = F (B dp.

me [(E) = fTUE) (E>0), fUE)=0(E<0).

. 1-
Criemtys ipeasioskeHHOMy Metony, JIUJTY comutes k cucteme ITAY OTHOCHTENBHO HEM3BECTHOM (yHKIHE F “ ( ﬂ ) :

J‘ Fl—a (ﬂ)eikéﬂ (1 . IBZ)a—l/ZdIB — _47z_ei7r/2(l—a) sin® ee—ikgcosﬁ, g > 0,
o (19)

[ FepetPap=0, &<

B uactHOoM ciyuae a=0,5 pemenue IINY (19) umeer

CIICAYIOMHA aHATUTUYECKUH BUL: J}lfa (é:) — 0(&0!*1/2) 5 -0 Q1)

1/2 - 1/2 /4 —ikxcos@
f(x)==-2sin"" @ e
Jns gactHBIX ciydaeB =0 u =1 ycioBus Ha pebpe

NpUHUMAIOT UW3BeCTHBIM Buj [15,16] 11 uaeanbHO

. ] T OPOBOISIIIUX IPAHMII.
FY2(B)==-2sin"? 0e™'* Z5(B + cos§). (20) POPOIIX TPAHIL -
k Bynem wuckath GyHKIHIO f B BHJIE PABHOMEPHO

CXOJSIILIErocs psija 1o mojuHoMam Jlareppa ¢ HEM3BECTHBIMU
[pu atom i1 paccessHHOro moist (17) MOXKHO MOJTYYUTh

a
HPENCTABICHHE B SBHOM BHJIE K03 duIEeHTaAMK fn [25]:

s U viraid iz/d - a-1/2 ik (~cos Ox+y[sin ) - X
El(x,y)= Ee e”"sin Qe . fl—a (x) = e—xxa—l/ZZfaLa—l/Z(zx) 22)
n n
n=0

[epeitnem k paccmorpenuto I[TMY (19) mnst oOmero

~1- 7l-a
ciayvas O<a<l. DyHKIHS f ¢ (5 ) JOJDKHA B atom ciiyuae dyHKIus f YAOBJIETBOPSIET YCJIOBHIO

Ha pebpe (21). [oacrasnsist psix (22) B mepBoe ypaBHEHHE

YIOBJIETBOPSTH  YCJIOBHUIO Ha pebpe mpu § —0. (19), nonysaum MY

[MogunanMm QyHKIHIO f e (9& ) yCIIoBHUIO Ha pedpe BHIa

0

>l Uow e"t“‘”szl/z(2t)e""‘ﬁ’df} xe" (1= dB=R(E), @3

n=0
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AY TUOPAKIIMHU BOJIH HA IVIOCKHUX 3KPAHAX C TPOBHBIMU I'PAHUYHBIMH YCJIOBUAMNA

me R(&)= Q™2 gin® Qe kscos . momHomos Jlareppa

Hast QYHKIHS.

Hcnone3yst npeoOpazoBaHus

dopmyny s

Dypse |

o0

I'n+a+1/2)

(ikp-1)"

[26, cTp. 462], mOMy4YHM BBIpaXKCHHE

JUIS WHTErpaia o dt . B wrore UV (23) mpumer Bux

(&>0)

Sr

Jns muckpetnzaunu ypaBHeHHs (24), IPOUHTETpUpPYEM

o6e wacti Kax j:’(.)e-fga-“zLj;“(2§)d§. Hocse

npeobpazoBanuii umeeM bCIIAY

I'(n+1)

o o (04
z-f;l Cmn :Bm’ m=0,1,2,..,oo (25)
n=0
TJ€ 3JIEMEHTBI MATPULIBI UMEIOT BUJ
“ _ F(n+a+1/2)joo (kB +1)" o2 (- Fyap
C(n+1) J=(@kp-1)y""*"?

ws1/2 SIN“ O(1—ik cos )"

B[Z :_472_ei7[/2(1—[1) _1
m ( ) (1+ikc059)a+m+1/2

MosxHo moka3zath, uto pemas BCIIAY (25) Ha ocHOBe

a
METOJa PEeAYKIWH, HEU3BECTHBIE KOd(PPHUIIMEHTEHI fn MO-

TyT OBITH HalAEHBI ¢ JII000I Harepesa 3aaHHOM TOYHOCTBHIO.

X
J.—oo (Zkﬂ + 1)n+a+l/2

(l_ﬂZ)a—l/Zeiké‘ﬂdﬂ:R(é;)'

(24)

~
HewusBectHast QyHKIMs f “(x) ompenemsiercs u3 (22),

YTO MO3BOJISIET U ONPEACIUTh PACCESIHHOE TOJIE HA OCHOBE
npencrasnerns (17).

BbIBO/bI

B nanHo#i pa®oTe MpeayioKeH METOJN PELIeHUs] UHTErpo-
muddepeHManbHOro  ypaBHEHHsT CIIIMANBHOTO BUAA, K
PELICHHIO KOTOPOT'O CBOIATCS 3a/add JU(PAKIMK Ha TPaHH-
nax, onuceiBaeMbix J['Y, koraa mopsaok ApoOHOM mpous-
BOJHOM « paccMatpuBaetcs mexay 0 u 1. Merton paccmar-
pHUBaeTCS Ha MOJIEIBHBIX JBYMEPHBIX 3a/adax AUPpPaKIud —
neHTte u nonymiockoct ¢ Y. II'Y 0000maroT uacaibHbIe
rpanunsl — WOIT u WMII, koropsle mHody4aroTcs Kak
JacTHBIN ciydail mpu =0 u a=I, COOTBETCTBEHHO. MeTo]
OCHOBaH Ha NPUMEHEHUH OpTOroHAIBHBIX [lommHomoB. [Ipn
9TOM IJIsl JICHTHl TNPUMEHSIOTCSI MOJMHOMBI [erenbayspa,
opToroHanbHble Ha mHTepBane (1,1), a 1A MONYIIOCKOCTH
uMeeM JIeNo ¢ monmHomamu Jlareppa, OpTOrOHaIBHBIMH Ha
unrepsane (0,00). OTMeueHa BaXkHasi 0COOCHHOCTh — JIAHHBIN
METOJI MO3BOJISIET MOJYYHUTh PEHICHHUE 3aadu TU(PPaKIUU B
SIBHOM BHJI€ JUISl OZTHOTO YacTHOTO ciay4dast a=0,5.
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E. 1. Valiyev, T.M. Ohmoadov

KOSIRLi SORHOD SORTLORINO MALIK MUSTOVi EKRANDA DALGALARIN DiFRAKSIYASI
MOSOLOLIORININ HOLLi USULU

Isdo xiisusi inteqro-differensial tenliyin hallinin miistovi ekranda difraksiya olunan kosrinin tromsa tortibi ¢ (0, 1)-da doyisen kesirli
sorhad sorti (KSS) daxilinde verilon masalolerin holline gatirmok toklif olunur. Usul KSS daxilinde zolaq vo yarrmmiistavido ikidlciilii
difraksiya mosalalorinin modeli tizorinds baxilmigdir. =0 vo a=1 xiisusi hallarinda KSS ideal elektrik, ideal maqnit kegirici sarhadlarini
6ziindo birlosdirir. Usul ortoganal polinomlarin totbigino esaslamb. Bu halda (-1,1) intervalinda zolaq ii¢iin Qeqenbauer polinomu
yarimmiistovi hali iiciin (0,8) intervalinda ortoganal olan Lagerra polinomu tatbiq olunur. Isdo osas xiisusiyyet ondan ibaratdir ki, bu iisul
difraksiya mosoalolorinin a=0,5 xiisusi hali ti¢giin hollino agkar sokilds nail olmaga imkan verir.

E.L Veliev, T.M. Ahmedov

ONE METHOD TO SOLVE ELECTROMAGNETIC WAVES DIFFRACTION PROBLEMS ON
PLANE SCREENS WITH FRACTIONAL BOUNDARY CONDITIONS

The method to solve a differential-integral equation of a special kind is proposed in this paper, that diffraction problems on plane screens
described with fractional boundary conditions (FBC) are reduced to when the fractional order « varies from 0 to 1. The method is
considered on test two-dimensional diffraction problems — a strip and a half-plane with FBC. FBC generalize ideal boundaries or more
exactly electric and magnetic conducting boundaries which are obtained as a special case when o = 0 and « =1, respectively. The method is
based on application of orthogonal polynomials. Gegenbauer polynomials orthogonal on the interval (-1,1) are used in case of a strip, while

Laguerre polynomials orthogonal on the interval (0,c0) are used for a half-plane. One important fact is noted: this method allows us to obtain

a solution of a diffraction problem in an explicit form in one special case a=0,5.
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