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PRODUCTION OF VERTICAL-ALIGNED CARBON NANOTUBES (VACNTS)
WITH DIRECT CURRENT PLASMA ENHANCED CHEMICAL VAPOR DEPOSITION
(DCPECVD)

M. A. RAMAZANOV
Baku State University, AZ-1148, Z. Halilov str., 23

K. ARBABI, MOJTAHED ZADEH LARIJANI M.
Agricultural, Medical & Industrial Research School (AMIRS), Karaj-Iran.

In this investigation we could synthesis Carbon Nanotubes (CNT) with DCPECVD method for Vertical-Aligned CNT (VACNT). We
have utilized a silicon sheet with 60 nm nickel layer as catalyst, C,H, gas and CNTs synthesized on it with about 2 pum height and 50 nm
diameter. They are mix of single wall and multi wall CNTs. We changed some synthesis conditions for some problems and now we work to

optimize new condition for CNT synthesis.

Introduction

Carbon nanotubes were discovered in 1991 by means of
transmission electron microscopy in the multiwalled form
that consists of concentric shells of seamless cylinders of
graphene (a layer of graphite). The quasi one-dimensional
structure, large mechanical strength, and the conjugated
electronic structure are among the most commonly mentioned
properties of carbon nanotubes. Current and potential
applications of carbon nanotubes include the probing tip in
scanning tunneling microscopy (STM), artificial “muscle”,
units of electronic memory storage, to name just a few. The
fascinating properties and potential uses have attracted much
research interest in the carbon nanotubes.

The geometries, electronic properties and actuation of
single-walled carbon nanotubes (SWNTs) obtained from
high-level quantum mechanical calculations are presented in

this entry. The commonly used quantum mechanical methods
are first reviewed, then the behaviors of small to medium
SWNTs with different structures are discussed and
comparison with experimental results is made when possible.
The behaviors of different groups of SWNTs are attributed to
their electronic band structures.

Shortly after the discovery of carbon nanotubes, the
geometries and electronic band structures of these quasi one-
dimensional extended systems were described in general
terms. Idealized single-walled carbon nanotubes can be
viewed as formed by rolling up a graphene sheet along the
chiral vector (n,m), where n and m are numbers of the two
lattice vectors (al and a2) of graphene needed to construct
the chiral vector. The translational vector is perpendicular to
the chiral vector, thus parallel to the tube axis.
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Fig. 1 shows the chiral vector of a (5,3) chiral SWNT.
Because of the two-dimensional symmetry of graphene, (n,m)
is the same as (m,n), therefore by convention n is larger than
or equal to m. Depending on the values of n and m, SWNTs
can be achiral or chiral: (n,n) armchair and (n,0) zigzag
nanotubes are achiral, whereas general (n>m>() nanotubes
are chiral. For a detailed discussion of the general aspects of
the geometrical and electronic structures of SWNTs, see
other related entries in this encyclopedia. The characteristic
behavior of SWNTs shows significant deviations from the
behavior of graphene, mostly because the finite dimension
perpendicular to the tube axis introduces quantization of the
energy levels leading to subgroups of ‘‘metallic’” and
“semiconducting” tubes. The importance of the remainder of
the (n_m)/3 division has been discovered by applying a
simple tight binding theory to the electronic structure of
SWNTs. This simplification leads to results that we refer to
as “ideal” in this entry. The remainder of (n_m)/3 is related to
the mapping of the highest occupied and lowest unoccupied
levels of SWNTs to the energy levels of graphene that are
closest to the Fermi energy, and this leads to the broad
categories of “metallic” (n_m=3i, i is an integer) and
“semiconducting” (n_m=3i+1 and 3i+2) SWNTs.

The observed SWNTs have diameters from a half to a few
nanometers and lengths up to several micrometers, hence the
name. In both graphite and nanotubes, the carbon atoms are
in a sp2 hybridized form with one p atomic orbital
perpendicular to the surface of graphene or the tube left to
form the p molecular orbitals. Each carbon atom in graphite
is sp2 hybridized and has three bonds connecting with its
neighbors. These three bonds are symmetrically related and
have identical length of 1.42 A° [1].

Carbon Nanotube (CNT) Growth Methods

Some methods developed for growing of CNTs such as
arc-discharge, laser ablation, and chemical vapor deposition
(CVD) that have explained below [2].

Arc-discharge Method

The carbon arc discharge method is the most common and
perhaps easiest way to produce CNTs, as it is rather simple.
However, it is a technique that produces a complex mixture
of components, and requires further purification - to separate
the CNTs from the soot and the residual catalytic metals
present in the crude product. This method creates CNTs
through arc-vaporization of two carbon rods placed end to
end, separated by approximately 1mm, in an enclosure that is
usually filled with inert gas at low pressure. Recent
investigations have shown that it is also possible to create
CNTs with the arc method in liquid nitrogen. A direct current
of 50 to 100A, driven by a potential difference of
approximately 20 V, creates a high temperature discharge
between the two electrodes. The discharge vaporizes the
surface of one of the carbon electrodes, and forms a small
rod-shaped deposit on the other electrode. Producing CNTs in
high yield depends on the uniformity of the plasma arc, and
the temperature of the deposit forming on the carbon
electrode. [2]

Laser Ablation Methods

In 1996 CNTs were first synthesized using a dual-pulsed
laser and achieved yields of >70wt% purity. Samples were

prepared by laser vaporization of graphite rods with a 50:50
catalyst mixture of Cobalt and Nickel at 1200°C in flowing
argon, followed by heat treatment in a vacuum at 1000°C to
remove the C60 and other fullerenes. The initial laser
vaporization pulse was followed by a second pulse, to
vaporize the target more uniformly. The use of two
successive laser pulses minimizes the amount of carbon
deposited as soot. The second laser pulse breaks up the larger
particles ablated by the first one, and feeds them into the
growing nanotube structure. The material produced by this
method appears as a mat of “ropes”, 10-20 nm in diameter
and up to 100 pum or more in length. Each rope is found to
consist primarily of a bundle of single walled nanotubes,
aligned along a common axis. By varying the growth
temperature, the catalyst composition, and other process
parameters, the average nanotube diameter and size
distribution can be varied.

Arc-discharge and laser vaporization are currently the
principal methods for obtaining small quantities of high
quality CNTs. However, both methods suffer from
drawbacks. The first is that both methods involve evaporating
the carbon source, so it has been unclear how to scale up
production to the industrial level using these approaches. The
second issue relates to the fact that vaporization methods
grow CNTs in highly tangled forms, mixed with unwanted
forms of carbon and/or metal species. The CNTs thus
produced are difficult to purify, manipulate, and assemble for
building nanotube-device architectures for practical
applications [2].

Chemical Vapor Deposition (CVD)

Chemical vapor deposition of hydrocarbons over a metal
catalyst is a classical method that has been used to produce
various carbon materials such as carbon fibres and filaments
for over twenty years. Large amounts of CNTs can be formed
by catalytic CVD of acetylene over nickel, cobalt and iron
catalysts supported on silica or zeolite. The carbon deposition
activity seems to relate to the cobalt content of the catalyst,
whereas the CNTs’ selectivity seems to be a function of the
pH in catalyst preparation. Fullerenes and bundles of single
walled nanotubes were also found among the multi walled
nanotubes produced on the carbon/silica catalyst.

Some researchers are experimenting with the formation of
CNTs from ethylene. Supported catalysts such as iron, cobalt,
and nickel, containing either a single metal or a mixture of
metals, seem to induce the growth of isolated single walled
nanotubes or single walled nanotubes bundles in the ethylene
atmosphere. CVD of carbon within the pores of a thin
alumina template with or without a Nickel catalyst has been
achieved. Ethylene was used with reaction temperatures of
545°C for Nickel-catalysed CVD, and 900°C for an
uncatalysed process. The resultant carbon nanostructures
have open ends, with no caps. Methane has also been used as
a carbon source. In particular it has been used to obtain
‘nanotube chips’ containing isolated single walled nanotubes
at controlled locations. High yields of single walled
nanotubes have been obtained by catalytic decomposition of
an H,/CH4 mixture over well-dispersed metal particles such
as Cobalt, Nickel, and Iron on magnesium oxide at 1000°C.
The reduction produces very small transition metal particles
at a temperature of usually >600°C. The decomposition of
CH, over the freshly formed nanoparticles prevents their
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further growth, and thus results in a very high proportion of
single walled nanotubes and fewer multi walled nanotubes

[3].
Methods and material

In this project for Carbon Nanotube (CNT) synthesis we
have used DCPECVD method for Vertical-Aligned CNT
(VACNT). We have utilized a silicon sheet of 1x1 cm’
dimension which is coated with 60 nm nickel layer as
catalyst. The silicon sheet placed on a heater into the
chamber. The chamber is evacuated to base pressure 1x107
torr (Fig 1). The substrates are heated to 700° C on the
hydrogen ambient at a pressure of 10 torr. The silicon and
heater are as cathode and a grid with 2 cm diameter is settled
just over the silicon as anode (Fig. 2). A DC discharge
between cathode (sample) and the anode is initiated using a 1
kW supply. The anode—cathode distance is 6 mm. The
difference potential is increased to about 300 V.
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Fig .1. Schematic and picture of CNTs synthesis chamber

The growth of CNTs is performed in two steps. The first
consist of formation of Ni islands by etching the surface by
NHj ions (100 sccm) and H, ions (100 sccm) for 5 min (Fig
3). The second step is related to the growth of CNTs using
C,H, ions (100 scem), H, (100 scem) and NH; (20 scem) at a
pressure of 10 torr for 20 min.
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Fig. 2. Heater, silicon and grid
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Fig. 4. Vertical and aligned CNTs that synthesized on silicon
sheet

Results

At the beginning, the vertical and aligned CNTs were
synthesized using our apparatus (Fig.4). They have about 2
pm height and 50 nm diameter. They are mix of single wall
and multi wall CNTs. But a problem concerning the transfer
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of heat to the chamber wall remains. Hence we were
obligated to change heater insulator. To resolve this problem
we have placed a cylindrical ceramic (alumina) around the
heater. The heat transfer reduces but as a result of this
change, we cannot synthesize the VACNTs. So for the
moment we try to obtain the novels parameters to obtain the

VACNTS. Therefore for producing the CNTs we tried more
and achieved to some results but they aren’t enough. At the
moment we could produced the CNTs but they aren’t aligned
and vertical (Fig. 5). In this interaction, many parameters
must be controlled until reach to desired results.

Fig. 5. CNTs that They aren’t vertical and aligned
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SABIT COROYAN PLAZMASINDA BUXARLANMA USULU iLO NiZAMLI DUZULUSLU KARBON
NANOBORULARIN ALINMASI TEXNOLOGIYASI

Maoqalade nizamli saquli diiziiliislii karbon nanoborularinin alinma texnologiyasinin naticalori verilmisdir. Sintez zaman silisium altliq
tizorinda diametri @60nm olan aktiv xassali Ni katalitik markozlordan istifade olunmusdur. Karbon nanoborularinin alinmasi zaman C,H,
qazindan istifado edilmisdir. Diametri @50nm vo uzunlugu 2mm karbon nanoborulari sintez olunmusdur. Karbon nanoborularmin alinma
texnologiyasinin optimallagdirilmasi ilo slaqadar tadqiqat isleri aparilmigdir.

M.A. Pama3zanoB, K Ap6adu, M. Mo:xraxesa 3ane Jlapu:xanu

TEXHOJIOI'US NOJYYEHUA YIVIEPOAHBIX HAHOTPYBOK B YCJIOBUAX
HCHAPEHUA ILJTAZMOM IIOCTOSIHHOI'O TOKA

B pa60Te HNPUBCACHBI PE3YJIbTATbl TCXHOJIOTHUH IIOJYYCHHS BEPTUKAJIBHO YHNOPAAOYCHHBIX YIJIEPOIHBIX HaHOpr60K. HpH CHUHTE3C

UCIOJIb30BaJIM KPEMHUEBYIO IIOJIOXKKY

C AKTUBHBIMH KaTAJIUTHYCCKUMHU

neHtpamMu u3 Ni ¢ pazmepom QD60uM. [l mormydeHus

HaHOTPYOOK wucnons3oBan ra3 C,H,. CHHTE3MpOBaHBI YIIEPOTHBIC HAHOTPYOKH auameTpoM OD50HM u amuHoi 2 MM. [IpoBemeHb
HCCIICIOBAHUS 110 ONTUMHU3AIIUH TEXHOJIOTHH MOJYYCHUSI YIIIEPOIHBIX HAHOTPYOOK.

Received: 08.04.08
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LAZER SUALARININ TOSIiRi iLO COX FOTONLU iONLASMA VAXTI MAYELORIN
ISTILIK TUTUMU

Q.T. HOSONOV, AN. MOMMODOVA
Azarbaycan Dévlat Neft Akademiyast
Baki,, Az-370010, Azadlgq pr., 20.

Lazer siialarinin mayelorlo qarsiligqh tesiri zamani ii¢ fotonlu ionlagma vaxti istilik tutumu nozori todqiq edilmisdir. Miioyyon edilmisdir
ki, faza ke¢idi vaxti mayelorin istilik tutumunun sigrayisla doyismesi istilik tutumunun istilik stialanmasinin intensivliyinden keskin asililig1
ilo izah oluna biler.

Hal hazirda miixtslif fiziki saholorin madds ilo qarsiligl

Fesmns aid kiilli m}qdarda nazari va tocriibi islor Ygrdlr. Bu ON ON ~ 82N 3 N

istiqgamotdos lazer stialarinin mayelorls qarsiliglt tosirinin tod- —+v—=D Ir——- (1

qiqins aid islor xiisusi yer tutur. Mayelorlo giiclii lazer siia- ot Ox ox? To

lariin qarsihiglt tesiri zamani1 miixtalif fiziki proseslor bag

verir. Lazer siialarinin geyri-xatti udulma prosesi isiq enerji- 2 B

sinin istiliyo ¢evrilmasi naticosindo mayelorin ionlagmasi vo harada ki, ¥ = ——, « - kaustikanin radiusu, £ ii¢ fo-

buxarlanmasi ilo yanasi gedir. Mayelorin ionlagmasi ilo ya-

nas1 ionlarin rekombinasiyast da bas verir. Giiclii lazer siia- tonlu ionlagsma omsali, 7 - rekombinasiya miiddati, v -

larmin tesiri altinda maye qizir va tarazliqda olmayan hala mayenin axininin orta siirati, /- lazer siialanmasinin in-

kegcir. Biitiin istilik xassalari, o climladan istilik tutumu asaslh tensivliyi, D - diffuziya omsalidir.

doyisir. Bu isdo lazer stialarinin tosiri altinda ii¢ fotonlu Mayelords ionlarin konsentrasiyasinin doyismasi on-

ionlasmanin mayelorin istilik tutumuna tosiri todqiq larin konveksiya hesabina kaustikadan ¢ixis1 diffuz hesa-

edilmisdir. bma ¢ixigdan xeyli boyiik olduguna gors (1) tonliyi asa-
Yuxarida deyilonlori nozers alaraq dairovi en kosiyino g1daki sokla diisiir

malik olan boruda mayelorin geyri izotermik axinina baxil-

musdir, belo ki, boru istilik cohotdon izole edilmisdir vo atraf 8_N ‘U a_N _ 13 _ E 2)

miihito heg bir istilik miibadilosi yoxdur. Maye boruya daxil ot Ox 4 T,

olduqda lazer siialarii udur vs iki kesikds temperaturun za-

mandan asilihg: dl¢ilir. Bu asililiq f3(2) vo f3(2) il isars olu- Baslangic vo sorhad sortlori asagidaki sokildo verilir:

nur. Baslangic anda mayenin biitiin ndqtslorinds temperatu-

run eyni vo sabit oldugu gobul olmusdur (7)).Mayelords ii¢ N(x,O) =0 N(O,l‘) = (p(l‘)

fotonlu ionlagma noticosindo ionlarin konsentrasiyasinin

konveksiya vo diffuziya yolu ilo kaustikadan ¢ixisim vo Bu mosalonin holli iigiin Laplas ¢evrilmosini totbig

rekombinasiyasinin asililigl asagidaki diferensial tonliklo edirik. Suratda (2) tonliyin asagidaki holli vardir:

tosvir edilir [1] : |

N(s)=| ¢'(s)-——~ le — 3)
N

Bir cins temperatur sahasinde mayeds temperaturun pay-
lanmasi istilik kegirmonin diferensial tonliyi ils tosvir edilir

or oT
2 cpl—+v— :aIN+0(E+UB)2 )
or oT o°T 2 d
cp _t+U_ = /1—2+aIN+G(E+UB) )
ox
Yuxaridaki deyilonloro osaslanaraq (5) diferensial
tonliyinin holli {i¢iin asagidaki baslangic vo sorhad sortlo-

Burada o- lazer stialarinin udulma omsalidir. Qalan isa- )
ri qobul olunur:

rolor iimumi gabul olunmus komiyyatlordir.
Konveksiya yolu ils istilik daginmasinin diffuziya hesa-

bma olan dasimmadan xeyli boyiik oldugunu nozors alsaq, T (x ’O) =T, =const
yani T(Oat):fl(t)
or __ . 8°T T(0,6)= f>(7) (©)
cpUO— >> A —— ’ 2
ox o2
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Beloaliklo, lazer siialarinin va elektromaqnit sahoasinin ma-
yelarin istilik tutumuna tosirinin toyini riyazi olaraq (6) bas-
langic vo sorhad sortlori daxilinds (5) diferensial tonliyin
hallina gatirilir.

Bu masalonin halli tigin Laplas ¢evrilmasini totbiq edi-
rik. Suratds (5) tenliyi asagidaki sokildadir

|

cpUs v

f;(S)Zf]*(S)e_”Z+(M+T0JX.(1_8—¢15)2+% I’

%
dL+£T
dx v cpv

«_alN" o(E+uBf T, -
cpus v

(6) sorhad sortlori daxilinds (7) tonliyinin halli maye-
lorin istilik tutumunun tesiri ii¢lin asagidaki tonliyi
almaga imkan verir:

(=)

S| s+—
TD

) ®)
a ] 4 * 7/ [ ’ -6l —al
———=1 ¢ (s)- (e~ 1
cp
S| s+ —
TO
1
harada a = 2 ,6 = —— . a<I vo b<I nozara alsaq, ¢ va ¢” gora siraya ayirib birinci iki hodlo kifayotlonsak (8) tonliyi asagidaki
v vt
sokla diisacok.

f;(S)—fI*(s)(l—%ﬁ) - (MJF

cpUs

T 3

_0]£+a_]£ ¢,*(S{1_igj+L€

v cpv v [ ]J
v

s+—
T

o

1 : . 1 -
burada s =— oldugunu nozors alsaq , harada ki ¢, relaksasiya miiddotinin — -no borabor zamandir, onda istilik tutumunun

lo
toyini {iglin asagidaki miinasibati alariq:

f;H_ f;H[]_Lj: olE+vB)'s, | T,
t, t, ut, cpL

Almmis tonlik lazer siialarinin, eloco do elektromaqnit
sahasinin istilik tutumuna tasirini qiymstlondirmoys imkan
verir.

Indi iso xiisusi hala baxaq. Forz edok ki, lazer siialar1 sii-
kunatds olan maye ilo qarsiliqh tesirdedir. x=0 ndqtasinds
stikunatds olan mayeds ionlarin konsentrasiyasinin doyismo-
si asagidaki diistur ils ifads olunur:

t

N(t):y13ro l—e o

Temperaturun zamandan asili olaraq doyismosi agagidaki
soklo diisiir.

4
()= 2 o 7o 1|4
cp cp

<7, olduqda, T(#)=T" onda istilik tutumu toyin etmok
iciin alirng:

2 4

T (GE +al’yr )

Cp: o . o
T -7,

Bu diisturdan bels natico alinir ki, lazer stialariin to-
siri ilo faza kegidinds mayelarin istilik tutumunun sigra-
yisla doyigmosi, istilik tutumunun siialanmanin intensiv-
liyinden kaskin asililig ils izah olunur.

[11  Yu.K. Danileyko, T.P. Lebedeva,A.A. Manenkov, A.B. Sidorin. JETF, t. 74, vip.2, 1978, s.765-771. (Rusca)
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G.T. Gasanov, A.N. Mamedova

HEAT CAPACITY OF LIQUID AT MULTIQUANTUM IONIZATION UNDER THE INFLUENCE OF LASER
RAYS

Theoretically influence of laser rays on heat capacity of liquids at three-quantum ionization was studied. It was established that stepwise
change of heat capacity of liquid at phase transition under influence of laser rays may be explained with significant dependence of heat
capacity on the intensity of the heat radiation.

I'.'T.I'acanoB, A.H. MamenoBa
TEIVIOEMKOCTb XKXUAKOCTHU ITPU MHOFOd)OTOHEIOﬁ HNOHU3BAIIUNA ITOJ I[EI7ICTBI/IEM
JA3SEPHBIX JIYUEHU

TeopeTryeckn HCCIIECIOBAHO BIUSHHE JA3€pPHBIX Jy4el Ha TEIUIOEMKOCTBH JKHIKOCTEH MpH TpeX(OTOHHONH MOHU3AIMHU. Y CTAaHOBIICHO,
YTO CKAa4KOOOpa3HOe HM3MEHEHHE TEIIOEMKOCTH JKHUAKOCTH TNpH (ha30BOM Mepexoje IOA IeHCTBHEM Ja3epHBIX JTyded MOXeT OBITh
00BSCHEHO CYIIECTBEHHON 3aBUCHMOCTBIO TEIUNIOEMKOCTH OT MHTCHCHBHOCTH TEIIIIOBOTO M3JTyICHHSI.

Received:14.03.08



FiZiKA

2008

CiLD XIV Ne2

VAKUUMDA COKDURM® USULU iLO ALINMIS Yb;.,Sm, VO As,S; NAZIK
TOBOQOLORININ QARSILIQLI TOSIiRI

E.S. HACIYEV, A.I. MODODZADO, C.i. ISMAYILOV
Azarbaycan MEA H.M. Abdullayev adina Fizika Institutu,
Baki, AZ— 1143, H. Cavid pr.33

Elektronlarin difraksiya metodu ilo Yb,,Smy(x=0,2 at.%) vo As,S; nazik tobogelerinin qarsiliqh tosiri tadqiq edilmisdir.
Gostorilmisdir ki, nazik tobagalorin qarsiligh tosiri naticesindo Yb, SmyAs,S; fazasi ardicil buxarlanmada 573 K, eyni anda

buxarlanma zamani 473 K temperaturda alinir.

Torkibinda nadir torpaq elementlori olan xalkogenid siiso
asaslt iki vo ii¢qat birlogsmolorin, yiiksok hassasligli foto vo
termoelemenlor, lazer siialarin gobuledicilori vo modulyator-
lar1, geyri-xatti optik geviricilor vo diger yarimkegirici cihaz-
larin yaradilmasi iiglin perspektivliyi haqda xarici va yerli
motbuatda genis molumat var. Ln — As — S (Ln — Sm, YD)
sistemlorinin siisovari yarimkecirici birlogsmolori akustooptik
keyfiyyati sortlondiron omsallarin  yiiksok qiymoti ilo
xarakterizo olunur va dalga uzunlugunun A=0,6-1,2 mkm
intervalinda spektrin infraqirmizi oblastinda soffafdirlar.
Yuxarida geyd olunan yarimkegiricilordon helium-neon lazer
stialarinin idars olunmasinda akustooptik sos otiiriictilori kimi
istifads olunur [1].

Toqdim olunan igdo Yb,Sm,(x=0,2 at.%) — As;S;
sistemina daxil olan halogen torkibli va nadir torpaq element-
li komponentlorini yiiksok vakuumda buxarlandiraraq alinmis
nazik tobagolerin yaranma soraitlari, hamginin miixtalif struk-
turaya malik nazik tabaqaler arasinda qarsiligl tesir natice-
sinde amala galon miimkiin fazalarin alinma xiisusiyyatlori va
quruluslar todqiq olunmusdur.

Qalinliglar1 20 nm tortibds olan Yb,,Sm, vo As,;S; nazik
tobagoalori 10 Pa yiiksok vakuumda miixtolif menbolorden
termiki buxarlandirilaraq tozs kasilmis NaCl, KCI1 duzlarinin
sothlori lizorine ¢okdirilmoklo almmisdir. As,S; nazik
tobagalarini almaq tgiin istifado olunan monbs volframdan
hazirlanmis spiralvari konus formali sobadan, Yb;_,Sm, nazik
tobagolorini almagq {igiin iso volfram-reniyum xolitosindon ha-
zirlanmig kvazigapali sobadan ibarotdir. Otaq temperaturunda
yerloson altliglar tizarinds yaranan nazik tobagolorden alinmis
elektronogrammalar gdstormisdir ki, As,S; nazik tobagoleri
amorf, Yb,_Sm, toboagalori iso polikristaldir.

ovvolco As,S; vo YbSmy komponentlorini ardicil
buxarlandirmaqla alinan nazik tobagolor arasinda qarsiliqli
tosir todqiq olunmusdur. NaCl, KCl althglari tizerinds alin-
mis nazik tobagalorin bir-biri ilo qarsiligh tasiri naticesinda
yaranan miimkiin fazalarin mévcudlugunu askar etmok ii¢iin
lizoring As,S; + YbSmy ¢okdiiriilmiis altliglar yiiksok vaku-
umda otaq temperaturundan 7=673 K qodor qizdirilmis vo
har 50 K temperaturda niimunslarden elektronoqramlar alin-
musdir. Sonraki qizdirma zamani torkibinde kiikiird kimi tez
ucucu komponentin tobageni tork etmasinin qarsisini almaq
lglin  As,S; birlosmasi avval, onun fiizorino isa Yb;,Smy
maddasi ¢okdiiriilmiisdiir. Buxarlanmadan dorhal sonra, alin-
mis ikiqat As,S;+Yb,Sm, nazik tobaqosindon ¢okilmis elek-
tronoqrammalarin analizi géstormisdir ki, tobogolor arasinda
qarsiligl tosir bas vermir va heg bir yeni faza miisahids olun-
mur, bels ki, tobaqo As;S;, Yb;Sm, vo Yb,0; — don ibarot-
dir. As;S;tYb;Sm,+Yb,05 torkibli nazik tobagonin son-
raki qizdirilmasi naticosindo As,S; vo YbiSm, tobogolori
arasinda reaksiya bag verir vo altliq temperaturunun 7=573K-
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do reaksiya noticosindo Yb;,Sm,As,S,; fazasi alinir (sok.1,
cadval 1). Nazik tobago soklinds ilk dofo alinmis vo rombik
gofosdo kristallagan fazanin qurulus parametrlori asagidaki-
lardan ibaratdir: ¢=0,724; b=0,568; ¢=1,025 nm, foza sim-
metriya qrupu Pmna. Temperaturun novbati artirilmasi nii-
munslorden alinan elektronoqramlardak: difraksiya menzoro-
sini doyigmir, yoni nazik tobagolorin qurulugu vo torkibi do-
yismoz olaraq qalir.

B Lol

Sakil 1. Yb;,Sm,As,S; polikristal fazasindan alinmig elektro-
noqramma.
Cadval 1.
Yb;..Sm,As,S; polikristal fazasindan alinmis
elektronogrammanin hesablanmasi
2LA=7,05 mm-nm

No Intensivlik Aeksp. dyo,. (NM) Hkl
(nm)

1 Orta giiclii 0,3234 0,3157 111
2 Cox giiclii 0,2990 | 02997

3 Orta 0,2820 02734 002
4 Orta 0,2189 0,2220 parafin
5 Cox ¢ox giiclii 0,1958 0,1933 022
6 Cox ¢ox giiclii 0,1812 | 0,1843"

7 Cox zoif 0,1699 0,1649 113
8 Orta 0,1670 0,1670 230
9 Orta 0,1546 | 0,1572°

10 Cox ¢ox zoif 0,1353 0,1367 004
11 Orta 0,1248 0,1254 133
12 Cox ¢ox zoif 0,1152 0,1116 224
13 Cox ¢ox zoif 0,1076 0,1052 115
14 Cox ¢ox zoif 0,1014 0,1052 333
15 Orta 0,0959 0,0966 044
16 Cox zoif 0,0871 0,0834 335
17 Cox zoif 0,0825 0,0789 444

" Yb,0,

Toqdim olunan igdo homginin As,S; vo Yb;,Sm, kom-
ponentlarinin eyni anda miixtalif sobalardan otaq tempera-
turunda olan NaCl, KCI altliglar1 iizarina ¢okdiirmakls alinan
nazik tobagoler arasinda qarsiligh niifuzetms naticasinds bas
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veron fazaomologalmo proseslori Oyronilmigdir. Dorhal  ibarotdir; Yb,0; oksidino aid reflekslor elektronoqgrammada
buxarlanmadan sonra alinan nazik tobagslorin elektronoqrafik  yena do miisahido olunmur.

analizi bu tobogolords heg bir ii¢qat birlosmonin yaranmadi- Belolikla, Yb;..Sm, vo As;S; nazik tobagalorinin qarsiligh
gin1 gostormisdir. Althiq temperaturunu 473 K qoador yiiksalt-  tasiri naticesinds Yb,,Sm,As,S; kimyavi torkibli birlosma
dikds Yb,..Sm,As,S; fazasi omolo golir. Qeyd etmok lazimdir  alinir. Bu birlosms ardicil buxarlanma zamani altliq tempera-
ki, althiq temperaturunun bu giymatinds eyni anda buxarlan-  turunun 7=573 K-ds alindig1 halda, eyni zamanda buxarlan-
dirma zamani alman kondensatin torkibindo Yb,O; oksidinoe  ma vaxti altliq temperaturunun 7=473 K qiymotindo yaranir.
rast golinmir. Bu onunla izah olunur ki, fazasmslogoalms  Qeyd etmok lazimdir ki, torkibinds nadir torpaq elementlori
prosesi buxar fazasinda vo ya altliqda boyiik siirotlo bag verir.  olan hallogen sliso osaslt sistemlorin diger niimayandasi olan
Altliq temperaturunu 673 K-no gader artirdiqda nazik tobaga-  Yb — As,S; sistemindo tobagolor arasinda qarsiliglt tosir
don alinan elektronoqgrammada miigahido edilon difraksiya  Oyronilon zaman oxsar (YbAs,S;) kimyovi torkibli birlogsmoa
xottlori gostorir ki, laylar yalmiz Yb,,Sm,As,S; fazasindan ilkin yaranan faza olmusdur [2].

[1] A. c. Ne 1374695. XambkoreHuausie cTekio. [1.1. crystallization conditions in As,S; — Yb system.
Pycmamos, P.M. Capoapnei, T.M. Hivscos, A.H. Physics of multicomp. semicond. Booklet of the
Mawmeoos, A.H. llapugos. 1987. abstract satellite conf. of the XXX annual meeting of

[2] E. H. Efendiyev, E. Sh. Hajiyev, R. B. Shafizade. the Euro. High pres. res. group Azerb. Rep., Baku,
Investigation of amorphous phase formation and October, 12-14, 1992, p. 53.

E.Sh. Hajiyev, A.I. Madadzade, J.I. Ismailov
INTERACTION OF YbixSmx AND As:S; THIN FILMS OBTAINED BY VACUUM DEPOSITION
Investigation of Ybi1xSmx(x=0,2 at.%) and As>S3 thin films obtained by vacuum deposition has been investigated by electron

diffraction method. It is shown that YbixSmxAssS7 phase forms as a result of interaction of films at T=573 K in the case of
consequent evaporation of components and at 473 K it forms in the case of their simultaneous evaporation.

9.111. I'agzknen, A.A. Mananzane, JI:xx.A. Ucmaniion

B3AVMMOJIEUCTBHUE IUIEHOK Yb,.,Sm, u As,S; , TOJTYYEHHBIX BAKYYMHBIM
OCAXKJIEHUEM

Meronom andpakuul SJIEKTPOHOB HCCIIENOBaHA B3aMMOACHCTBHS TOHKUX IUICHOK Y bixSmx(x=0,2 at.%) u As2S3 , monydeHHBIX
BaKyyMHBIM OCaaeHHeM. [loka3zaHO, 4TO B pe3yibTaTeé B3aMMOICHCTBHS TOHKHMX IUICHOK obpasyercst daza YbixSmxAssS7 mpu

temmeparype 573 K B cirydae mocieaoBaTeIbHOTO HCIapeHHs KOMIIOHEHTOB, Ipu 473 K— B ciydae ux 0ZHOBPEMEHHOTO HCTIAPECHUSL.

Received: 14.04.08
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AN ALTERNATIVE APPROACH TO USING ATOMIC-FORCE MICROSCOPY IN THE
SURFACE STUDIES

S.D. ALEKPEROV
G.M. Abdullayev Institute of Physics of National Academy of Sciences,
AZ-1143, H. Javid ave. 33, Baku, Azerbaijan

A new research “MD mode” regime based on the atom force microscopy was developed. “MD mode” regime allows exploring any
nonconductive surfaces with complex topography and large differences of heights. Moreover, it allows excluding uncontrollable interaction
of probe with sample, and artifacts caused by scanning process. The experimental results demonstrating the possibility to use atomic force
microscopy with “MD mode” for the measurement of number properties of the surface are given.

1. Introduction

Atomic-force microscopy (AFM) is the powerful method
for studying the nanocrystalline material surfaces [1, 2].
Continuous improvement of methods and instruments for
AFM has led to the development of number of new
procedures and techniques for the investigation of surfaces.
However, some AFM operators have serious problems in
experiment result interpretation. It is connected with artifacts
arising during the surface investigation with the complex
relief in atmospheric ambience, because materials with
complex surfaces are difficult to investigate using
conventional AFM modes [3-5].

“Contact mode” techniques have a high resolution, but
can be applied only to very limited group of surfaces which
must be rigid and smooth. One more weak point of “contact
mode” in application to complex surfaces is that they
roughness of the latter commonly leads to the catching of the
probe during scanning so that the probe quits its moving
operation over the surface.

“Tapping mode” is a rather good mode for scanning of
the complex surfaces without abrasion and catching of the
probe, but the resolution of “tapping mode” is commonly
worse than that of “contact mode”.

“Non-contact mode” provides conditions for avoiding
probe’s pollution, destruction, abrasion and catching.
However, a probability of probe catching to the surface is
rather high in studying of the complex surfaces by “non-
contact mode”.

All above problems are solved by using so-called “MD
mode” regime [6-8]. In this paper we demonstrate the
possibilities of the “MD mode” regime and report the results
of scanning various surfaces.

2. “MD mode” regime and experimental details
“MD mode” regime operates in the following manner.
As usual, a chosen section of the surface is scanned by probe
with some step. But the path the probe is going along in the
vertical plane is very different from the probe trajectory in
conventional AFM modes [9]. “MD mode” probe operation
is shown in Fig.1. In the beginning the tip of the probe is high
enough over the surface (Fig.1, (1)) so as to avoid any probe-
surface interaction. Then, the tip starts moving from this
position down to the surface and stops after the contact with
the surface is reached (Fig.1, (2)). At this stage topographic
measurements of the surface coordinate are carried out. As
the measurements are performed in full contact with the
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surface, their resolution is comparable with “contact mode”
resolution. After the measurements are completed the tip is
removed from the surface back to the starting position (Fig.1,
(3)). At the end of a scanning step the tip is shifted in lateral
direction to the next point, as shown in Fig.1, (4, 5). Note that
no friction occurs during the lateral moving since no contact
between the probe and the surface is taking place. Data is
recorded only when the probe is moving in the normal-to-
surface direction. As a whole, “MD mode” operation is free
from the abrasion and catching of the probe by complex
surfaces and is very similar to the operation of a sewing
machine.

Fig. 1. Path of probe movement at surface scanning by
“MD mode” regime.

In fact, the probe trajectory in moving to and back from
the surface is more complicated then its schematic
presentation in Fig.1 because this trajectory is described by
force curve (Fig.2). In “MD mode” the basic information
comes from the signal of the cantilever deviation along the
normal to the scanning plane [10]. Recording the signal in the
delivering of the probe to the surface and back to “no
interaction” position gives a force curve — S(Z), i.e. the
magnitude of cantilever’s bending, S, as a function of the
coordinate of the surface position, Z, that is always treated as
known (Fig.2, (b)). Along with physical and chemical
properties of the surface, the shape and parameters of the
measured force curve are largely dependent of elastic
properties of the cantilever (Fig.2, (a)), and geometric
properties (size and shape) of the tip of the probe. Therefore,
knowing the parameters of the last two, one can obtain not
only complex topography but also adhesion force, thickness
of adsorbed layer, and other important parameters of the
surface [11, 12].
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Fig. 2. The process of probe approach to the surface:
dependence of Van-der-Waals interactions on the
distance up F(Z) surface (a); force curve S(Z), there
has been shown cantilever positions with the probe on
the coordinate of surface position (b).

By measuring the parameters of the S(Z) function, say, in an
NN square of point on the surface under study, we can
reconstruct the relief S, a map of adsorbed layer
distribution over the surface S,4, a map of adhesion forces
distribution over the surface S, a map of the surface with
the constant repulsion force F),,rand a map of the surface with
the constant force gradient F,. If any other measurement
“X” is made on the NxN points, this would give an additional
map of the surface S, by the parameter “X”. The property
measured can be either the conductivity in the point “C” or
the surface hardness as the slope of the function S(Z) in the
region of repulsion (Z<0). The advantage of this regime is
that it does not involve “dragging” of the tip along the
surface. This “MD mode” regime also helps overcome the
problem of the optical scheme drift because the “zero” of the
optical system can be determined each time the tip is beyond
the region of the surface force action. A disadvantage of this
regime is a relatively long time of information acquisition
which varies from 10 to 30 min for a 128x128 frame. In
addition, the regime of “MD mode” does not allows working
with blunt (R>20 nm) tips.

3. Results and discussion

Below we present experimental results demonstrating the
potentialities of the “MD mode” regime and the possibility to
use AFM with “MD mode” for the measurement of number
properties of the surface.

Fig. 3(a) shows the surface of an aluminium-oxide-based
catalyst. The surface is characterized by a strongly developed
relief, the difference in Z between the lowest and highest
point positions corresponds to 30,5 nm. Fig. 3(b) displays the
map of adhesion forces taken simultaneously with the relief.
It is that the adhesion force radically varies within the frame
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area. Apparently, the last fact is most likely to be a result of
the influence of the capillary forces which are caused by the
presence of the adsorbed layer on a porous surface of ceramic
catalyst to give, in addition to adhesion forces, above strong
variation (AZ=1,9 nN) in adhesion force map.

AL203TPH128%128 nm ALZO3ADF 128X128 rim
&7 =305 nm 2a2=19 1N
(a) (h)

Fig. 3. Topographic image of a surface fragment of AL oxide-
base ceramic catalyst Sy, (a); map of adhesion forces
distribution over the AL,Oj3 surface S,4¢ (b).

The potentialities of the “MD mode” regime in working
with soft samples were tested on the surface of a 2x10° nm
mercury ball. Fig. 4(a) displays a picture of the mercury
surface 1000x1000 nm in size taken when of the tip was

Y

HGTPH 250 % 250 nm

{b)

HGCFG1000 % 1000 nm

(a)

HGEPF 250 x 2350 nm

(c)
Fig. 4. Map of the surface with the constant force gradient Fg,
(a); topographic image of a surface of mercury droplet
Sipn (b); map of the surface with the constant repulsion
force Fppe (C).

not in contact with the surface, that is, it was removed
immediately after its jump towards the surface. Based on
these results, we reconstructed the surface with the constant
force gradient Fo¢, (dF/dz=4 N/m). The data in Fig. 4(b) and
Fig. 4(c) were obtained upon the repeated scanning of the
lower left quadrant of the above surface. However, in this
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case the tip was brought into contact with the surface with the
repulsion force F,,~1 07 N. The relief of the surface S 18
displayed in Fig. 4(b) and the map of the constant repulsion
force F,, is displayed in Fig. 4(c). If these two pictures are
superimposed, we obtain an exact copy of the lower left
quadrant of the Fig. 4(a). This example demonstrates how
radically the surface image obtained by the steady level of
repulsion forces can differ from that obtained by the constant
gradient.

Thus, “MD mode” regime of AFM is integrating in itself
both the non-destructiveness of “tapping mode” and “non-

contact mode” and high resolution of “contact mode”. As
shown in this work, “MD mode” regime, which allows
simultaneous registration of a number of surface parameters,
can be reliable applied to study surfaces with various
physical-chemical characteristics.

The author acknowledges for possibility of work at the
AFM provided by the probe microscopy laboratory
collaborators of the Technology research and development
Institute, Moscow, and Dr. S. Molchanov for valuable
discussions.
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S.C. 9lakbarov

ATOM-QUVVO MiKROSKOPIYASI OSASINDA SOTHI TODQiQ ETMOK UCUN ALTERNATIV USUL

Atom-qiivve mikroskopiyasi iisuluna esaslanan yeni “MD mode” todqiqat rejimi islonilmisdir. “MD mode” rejimi bodyiik deyisken
yiiksokliyi vo miirokkab relyefi olan geyri-kegirici sathlori todqiq etmoys imkan verir. Bu rejim, skaner prosesi asnasinda, zond ilo niimuna
arasinda yarana bilon idarsolunmaz qarsiliqh tesiri ve artefaktlart istisna edir. Atom-qiivve mikroskopu vasitssilo sathin bir sira
xiisusiyyatlarinin 6l¢iilmasinds “MD mode” rejimindan istifadonin imkanlar1 experimental naticalords niimayis etdirilmisdir.

C.J. Aneknepos

AJIbTEPHATHUBHBIN MMOAXO ITPU UCCJIEJTOBAHNUM MOBEPXHOCTHU C TOMOIBIO ATOMHO-CHJIOBOT'O
MHUKPOCKOITA

PazpaboTan HOBBII pexuM HccinenoBanus moBepxHocTd “MD mode”, oCHOBaHHBIN Ha METOAE aTOMHO-CHIIOBOH MUKPOCKOMHH. Pexim
“MD mode” mo3BOJISAET HCCIIEAOBATH JTHOObIE HEMTPOBOISIIINE TIOBEPXHOCTH CO CIOXKHBIM pellbe)OoM U OONBUIMMH IIepenagamMu BbICOT. [1pu
9TOM HCKIIIOYAeTCs HEKOHTPOJIHMpYEeMOe B3aMMOAEHCTBHE 30HAA C 00pasloM M apTedakTbl, BBI3BIBACMBIC IIPOIECCOM CKaHUPOBAHMSI.
[IpuBeneHs! SKCIIEPUMEHTANBHBIE PE3yJIBTAThl, JEMOHCTPHUPYIONIME BO3MOXHOCTh HCIOJB30BAHHS AaTOMHO-CHJIOBOTO MHKpPOCKOIA C
pexxumoM “MD mode” i u3MepeHust psaa XapaKTepPUCTUK TOBEPXHOCTH.
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NONLINEAR ABSORPTION AND SUSCEPTIBILITY OF THE FIFTH ORDER IN InSb
AT THE WAVELENGTH OF 10.6pum

M.A. MUSAYEV
The Azerbaijan State Oil Academy,
Azadliq ave. ,20, AZ-1010, Baku, Azerbaijan

It is shown, that nonlinear absorption of laser radiation at the wavelength of 10.6 um in band-gap semiconductor InSb is caused by
two-photon absorption and the constant of nonlinear absorption is measured in samples n-type with a different degree alloying. It is
established, that the basic mechanism of nonlinearity responsible for reflection at degenerate four-wave mixing is caused by free electron
generation at two-photon absorption. Growth of efficiency at four-wave mixing in band-gap semiconductors is limited to nonlinear

absorption of interacting waves.

One of the major problems of applied nonlinear optics is
search of materials with possible great values of nonlinear
susceptibilities. In this respect semiconductors as have shown
experiments, are one of the most perspective media [1]. Big
nonlinearity of the last leaves that fact what exactly
semiconductors with their rather small band gap E, are
mE,”
e’n’
determining bond forces of optical electron. Therefore, at all
too high laser fields already should provide the big contribution
to a susceptibility of electronic nonlinear polarization.

Studying of nonlinear susceptibilities is- the central
question of nonlinear spectroscopy. The effects caused by a
nonlinear susceptibility, underlie such methods of nonlinear
spectroscopy as two-photon spectroscopy, spectroscopy of
saturation, and also allow, will solve such important practical
problem - as correction of phase distortions by a method of
four-wave mixing [2,3].

For reception of high efficiency of reflection of radiation
on length of a wave of the CO,-laser at four-wave mixing
significant interest, represent band-gap semiconductors [2].

In the given work at temperature 7=300 K samples InSb
of n-type with  concentration  donor  impurity
0f~10"-10"°cm™, thickness ¢=0.5 mm were investigated.

For all scopes of semiconductors, it is important to know
a limit of their serviceability on intensity of laser radiation. A
surface breakdown threshold of a material usually imposes
this limit. Measurement of a threshold of breakdown on a
surface of all samples investigated in our work has shown
that this size lies in a range 3+4-10'Vt/em’. As show
measurements transmission of samples InSb, as against wide-
gap semiconductors (for example, Ge) still at intensities of
radiations are lower than a threshold of breakdown on a
surface in them appreciable reduction transmission is
observed (fig. 1).

This reduction transmission is convertible, is shown at
intensity of radiation I *10°Vt/cm?, and caused by processes
of nonlinear absorption of radiation in researched
semiconductors. The compared sizes of quantum of radiation
of the CO,-laser (hw =0,117 eV) with InSb band gap
(~0,17eV at room temperature) allows to assume, that
nonlinear absorption in them is caused by two-photon
process. For definition from the data on transmission
constants of absorption, we consider a problem about
dependence transmission from intensity in view of linear and
nonlinear absorption. In a stationary case change of intensity

characterized by low enough internal fields E,=
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at passage of light to semiconductors at presence of effects of
two-photon absorption can be written down as follows

—dl =al(x)dx+ BI°(x)dx+y’(x)dx (1)

. au

fﬂ' - ;'/

rﬂ"r

L

(]
IE'E..
fed 197 1 19" | Mwiem

Fig. 1. Dependence of the past pulse power from intensity of a
falling pulse. (Ge - triangles, InSb - dark points.)

Here « is the linear optical absorption coefficient, S is the
two-photon absorption coefficient, » is the coefficient of
absorption free hole, arising as a result of two-photon
absorption. yit is connected to the S following parity

r_ar 2)

p 2hw
where ¢ is section of absorption free hole, 7 is time of a life
of nonequilibrium carriers. In compounds of type A"B" the
section of absorption free hole appears so big [4] that already
at moderate intensities laser radiation by the second member
in the right part (1) it is possible to neglect. In this case,
expression for transmission in view of two-photon absorption
depending on intensity of falling radiation 7, becomes
samples

—2al
T = (I—r ae B
( / a+yl;(1-e’")

where 7 is coefficient of Fresnel reflection from a sample
surface, ¢ is sample length.

Comparison of results of experimental researches (fig. 2)
with the data of calculation by formula (3) allows defining
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sizes y directly. In view of disorder of experimental data for
ij
Mve

InSb it is received 5 = 500+ 200 also this value is

constant for all samples.

The process of phase conjugation via four-wave mixing
involves the incidence of three input waves (£;,E,, E3) onto a
medium, with the nonlinear generation of an output field (£,)
whose amplitude is proportional to the complex conjugate of
one of the input fields (fig.3). The mechanism of occurrence
of the inverted wave in such circuit most simply to explain,
proceeding from holographic interpretation of optical phase
conjugation [5]. Let on the nonlinear medium the any wave
E;(r) that is required to be turned and a pump wave E;(r)
from a constant on cross-section section amplitude falls. If
waves E;(r) and Ej(r) are coherent then they write down in
nonlinear medium interference disturbance of dielectric
permeability (hologram). If this hologram to illuminate from
the opposite side with a pump wave E(r), is exact a passer in
relation to a pump wave E;(r), such, that E,(r)=E;(r) the

hologram will restore the inverted wave

E4(r)zconst-El(r)EZ(r)E;(r)zconst- |E1|2E;(r) 4)

mar

o u—_—
g8 1z (6L

0 04 MY con

Fig. 2. Dependence transmission 7 from intensity falling
radiations in InSb.

In the volumetric nonlinear medium record interference
pictures waves E,(r) and E;(r) and reading by its wave E;(r)
from restoration of the same wave E,(r) is possible. In the
traditional experimental geometry, the second pump wave is
created by reflection of the first by a flat mirror back.

4z

L 1

& A &
Fig.3. Backward-going nonlinear optical phase conjugation via
degenerated four-wave mixing

The measured dependence of efficiency of reflection at
four-wave mixing from intensity of first pump wave R (1) is
resulted on fig.4. Data processing in the field of 7, %10-20kVt/em®
on a method of the least squares has shown, that in
logarithmic scale they are described by a straight line with an
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inclination corresponding to dependence R~/ 14 with factor of
correlation 0,85. At /;>20kVt/cm” dependence R(/)) starts to

deviate already essentially dependence of kind R ~ Ij (dotted
line). Such behavior of an experimental curve at degenerate
four-wave mixing in InSb on 10,6 pm at coherent probe and
pump waves specifies that the effective nonlinear
susceptibility responsible for phase conjugation , is caused by
generation free electrons. As this process goes by two-photon
absorption it is possible to draw a conclusion that in
observable the dominating contribution is brought with a
nonlinear susceptibility of the fifth order 4. The continuous
curve on fig.4 puts dependence R(/;) in view of nonlinear
absorption under the formula [6]
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kWL e

r
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Fig. 4. Dependence of efficiency of reflection at four-wave
mixing from intensity
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4
wherean =a+73[Z , [Z = zai |Ei\2;  is frequency of
i=1

laser radiation; ¢ is speed of light in vacuum; n = 3.95 - a linear
3

refractive index ; o=Sem’ and 5 =500+ 200" are
Mmve

coefficients of linear and nonlinear absorption in InSb; r is
coefficient of Fresnel reflection from a surface of a sample;

a; are the factors which are taking into account the
contribution of each interacting waves in nonlinear
absorption.

In area intensities 7, from 10 up to 30 - 40 kVt/cm?, i.e.
down to a maximum of dependence R(I;), the settlement
curve well describes results of experiment. Substituting
experimentally measured R and I, at I,<40kVt/cm’ in the
formula (5), we get a nonlinear susceptibility of the fifth
order in InSb: #°'~8-10" esu.

Proceeding from the assumption, that at / <40kVt/cm® the
basic mechanism of the nonlinearity responsible for phase
conjugation via four-wave mixing is caused by generation
free electrons we shall estimate 7. It is known [4], that at
generation free electrons in semiconductors the nonlinear
additive to dielectric permeability
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where e is a charge of electron, N is concentration
.y . . .. *
nonequilibrium free electrons in a zone of conductivity, m, -

the reduced mass of electron-hole pair. Generally N it is
defined by speeds of generation electron-hole pair (in our

case as a result of two-quantum absorption), them
recombination and diffusion:
ON npl° N 0’N
ON _nfpl” N, p 0N, ™)
ot ho T ox

where 7 is quantum efficiency of generation electron-hole
pair, S is the two-photon absorption coefficient, 7 is time of
life electron-hole pair, D, is coefficient of ambipolar
diffusions. As in InSb at the contribution in R is given only
with the rare lattice which is written down by passing waves,
diffusion member in (7) can be neglected. Taking into
account also, that in InSb at 7=300 K z=10® sec with [7], and
duration of a laser pulse exceeds ~107 sec with, we get

N = npl’r

8
. ®)

Substituting (8) in (6) and defining connection Ag with
A7 as As=4ny" LEE EE, we get

2.2 2

_npncet
647°m., hao’

(5) _

X ©)

Substituting in (9) known parameters InSb (7=0.5,
n=3.95, m., ~0.012m, B=5.5cm/MVt [6], 7~10" sec), we get

77=510% esu, that will not bad be coordinated to
experimentally measured value.

From results of researches of temperature dependence zin
InSb [3,6] follows, that reduction 7 from ~300K up to 200 K
in samples with concentration of impurity less allows to
increase 7 than 10”cm™ up to (0.5-1)-10° sec with.
Accordingly, taking into account, as z”~7r lowering
temperature of a sample, it is possible to increase ¥~ on 1, 5 - 2
order.

Thus, direct experiments confirm, that the basic
contribution to four-wave mixing in InSb on 10,6 um is given
with a nonlinear susceptibility of the fifth order, and y” in
InSb can be considerably increased.

[1] R.W. Boyd. Journal of modern optics, 1999, vol.46, Ne3,
367-378.

V.1 Kovalev. Dispersive characteristics of a nonlinear
response used for wave conjugation. Bulletin of the
ussian Academy of Sciences. Physics. 1996, vol. 60, Ne
6, pp-908-920.

[3] 4.V. Husakou., J. Herrmann. J.Opt.Soc.Am. B, 2002,
v.19, Ne9, p.2171-2182.

O. Madelung. The physics of semiconductor compounds
of elements III and V groups. Moscow, Mir, 1967,
p- 3-478 (in Russian).

(2]

(4]

[5] 4. Yariv, D.M. Pepper Amplified reflection, phase
conjugation, and oscillation in degenerate four-wave
mixing. Opt. Lett., 1977, vol. 1, Nel, p.16-18.

N.G. Basov, V.I. Kovalev, M.A. Musaev, F.S. Faizullov.
Nonlinear optical phase conjugation of radiation of a
pulse  CO,-laser.-Proceedings Lebedev ~ Physical
Institute, 1986, vol.172, p.116. (in Russian).

Optical properties of semiconductors (semiconductor
structure such as A™BY). Under edition. R. Uillardson
and A.Bir Moscow, Mir, 1970, p. 3-488. (in Russian).

[6]

[7]

M.A. Musayev

InSb — DO INFRAQIRMIZI 10,6 im DALGA UZUNLUQ OBLASTINDA QEYRI-XOTTi UDULMA VO
BESINCI TORTIB QAVRAYICILIQ

Dar qadagan zonali yarimkegirici InSb-da 10,6mkm dalga uzunlugunda geyri-xatti optik udulmanin ikifotonlu udulma naticesinde
bas verdiyi gostorilmis vo miixtoalif doracsli leqira olunmus n — tip niimunslordos geyri-xatti optik udulma sabiti Sl¢iilmiisdiir. Dérddalgali
qarsiligli tasir prosesinds qayitmanin bag vermasing sabab olan asas mexanizm ikifotonlu udulmada sorbast elektronlarin generasiyasidir.
Bu prosesin effektivliyini mohdudlagdiran asas sabab geyri-xatti udulmadir.

M.A. MycaeB

HEJIMHEWMHOE HNOTI'JIOIEHUE U BOCIPUMMYUBOCTH IATOI'O MOPSIIKA B InSb B
UH®PAKPACHOM OBJIACTH IPU JITMHE BOJIH 10,6[im

TToka3zano, YTO HENWHEWHOE TOTJIONICHHE Ha JUTMHE BOJHBI 10,0MKM B y3KO30HHOM MOJynpoBojHuke InSb o6ycnorieHo aByxdo-
TOHHBIM TOTJIOLIEHUEM ¥ MU3MEPeHa KOHCTAHTa HEJIMHEIHOTo MOIIOIEHUs B 00pa3Liax N-THIa ¢ Pa3HOil CTENEHbIO JITUPOBaHus. Y cTa-
HOBJICHO, YTO OCHOBHOI MEXaHU3M HEJIMHEHHOCTH, OTBETCTBEHHBIH 32 OTPAKEHUE IPU BHIPOXKICHHOM YETHIPEXBOJIHOBOM B3aUMOZEH-
CTBUH OOYCIIOBIICH TeHEpaluell cBOOOTHBIX AIIEKTPOHOB MpPHU ABYX(MOTOHHOM moriomeHud. Poct 3ddekTHBHOCTH mpH Y4eTHIPEXBOI-
HOBOM B3aUMO/ICHCTBHH B y3KO30HHBIX MOJIYIPOBOIHUKAX OIPAHUYMBACTCS HETMHEHHBIM MOTJIOMICHHEM B3aUMOJICHCTBYOLINX BOJIH.

Received: 10.04.08
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K1,Ag,NO3( x=0,025; 0,05; 0,1) MONOKRISTALLARINDA POLIMORF
CEVRILMOLOR

E.V.NOSIROV ,Y.Q. 9SODOV
Azarbaycan MEA H.M. Abdullayev adina Fizika Institutu,
AZ 1143, Baki sahari, H.Cavid pr.33

Toqdim olunan is K;,Ag,NO; (x=0,025; 0,05; 0,1) monokristallarinda II<>III polimorf ¢evrilmalori zamani1 II vo IlI-modifikasiya
kristallarinin boyiimo morfologiyasinin todqiqine hosr olunmusdur. Modifikasiyalar arasinda tarazliq temperaturunu miioyyon edorak
gostorilmisdir ki, baxilan halda polimorf ¢evrilmalrds kristal bdyiimasi ana kristal daxilinds yeni fazanin riiseyminin yaranmasi ils bas verir.

Molumdur ki, 7>401K temperaturunda kalium nitratda
Déi -Pnma simmeriyali rombik modifikasiya [1] ng -P3c

simmeriyali romboedrik modifikasiyaya ¢evrilir [2] vo bu
doyismo enantiatrop tiplidir. Kristal soyudulan zaman iki mo-
notrop ¢evrilmo miisahids edilir [3]. ~397K temperaturda I11

modifikasiya C35v -P3m simmetriyali yeni modifikasiyaya,

yalniz bundan sonra ~383K temperaturda bu modifikasiya da
II- modifikasiyaya cevrilir. Miioyyon edilmisdir ki, baxilan
niimunslordo kristal bdyiimosi Q.Folmerin toklif etdiyi iki
Olgiilii riiseymli mexanizmlo bas verir [4-6]. Homin
kristallarda ilk dofs olaraq II—III gevrilmasi zamani ritmik
boylimo miisahido edilmisdir [7]. Sonradan kalium nitratda
qurulus g¢evrilmalarinin tadqiqi istigamatinds aparilan todqi-
qat islori daha da genislondirilmisdir. Belo ki, KNOs-do K'*
atomlarmin  Ag'' atomlar1 ilo gismon ovez olunmasinin
polimorf ¢evrilmonin mexanizming tosiri arasdirtlmaga bas-
lanmigdir [8]. Toqdim olunan i homin todqiqat iglorinin da-
vami olub K, Ag,NOj; kristallarda polimorf ¢evrilmoslorin
mexanizminin tadqiqino hasr olunmusdur.

K xAgNO;(x=0.025:0.05:0.1) birlogsmalarinin suda mah-
lulundan otaq temperaturunda II modifikasiyanin mitkommaol
izli, mikroskopik todqgiqat {ligiin yararli olan togriban
1x0.5x10mm o&lgili kristallar1 alinmugdir. Kristallarin mi-
kemmeolliyini vo tomizliyini tomin etmok magsadils istifads
olunan ”XY"markali gliimiis nitrat vo ” UYDA” markali kalium
nitrat ¢oxqat yenidon kristallasma yolu ilo olavo tomizlon-
misdir.

Alinmis miixtolif xarici formali kristallardan todqiqat
ticlin miistovi 16vho sokilli vo ya [001] kristalloqrafik istiqa-
motdo dartilmis iynovari kristallar secilmisdir.

Ovvalco II vo III fazanin tarazliq temperaturu, uclar
bilavasito niimunonin sathino toxunan termociit vasitasilo
+1°C doqiqlikle dl¢tilmils vo Kyo975A80.025NO;-tin 11 vo III
fazalarmin tarazliq temperaturu ti¢iin 7,=383K, K9sAg0sNO3
ug:un T0:370K . T0:383K, K0<90Ag0_10NO3 u(;un isa T0:368K
almmigdir.

IT vo III fazalarin tarazliq temperaturu toyin edildikdon
sonra Il III qarsiligli polimorf ¢gevrilma prosesinds II va 111
modifikasiya kristallarinin bdylims morfologiyas: tadqiq
edilmisdir.

1. Kog7sA8002sNO; kristalinda II—III kecid homiso
Tx>Ty temperaturda bas verir. Burada Tk-¢evrilmo
temperaturu,  Ty-tarazliq  temperaturudur. AT=Ty-T)
temperaturlar forqi, odobiyyatda [6] gostorildiyi kimi, ana
kristalin keyfiyyotindon asilidir vo kalium nitrat tiglin [I<>1II
qarsihiglt ¢evrilmolori zamani bu forqin maksimal qiymati
AT=5K olmusdur. Bizim halda iso bu forq A7=1K almmusdir.
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Sakil 1. 11 kristal daxilinds III modifikasiya kristalinin yaranma-
s1 vo boylimasinin optik mikrofotografiyasi. Boyiitmo 90%.

III modifikasiyanin riiseymi [100] kristallografik istiqa-
motinda ¢ox tez bdyiiyiir (sokil 1). Bu bdyiimo qurtardigdan,
yani boylima sorhaddi II modifikasiyanin digar iiziine ¢atdig-
dan sonra, hor iki torofdon ana kristalin [001] istigamotindo
boylimasi davam edir. Bazon yeni modifikasiyanin riiseymi
yalniz bir istiqgamotds boyiylir (sokil 2), lakin oks kegid har
iki torofdon bas verir. Bu hal, yeni modifikasiyanin riiseymi
iynavari ana kristalin uclarindan birinds yaranarken miisahido
edilir.

Sakil 2. K¢ 975A80.025NO03-do II-III polimorf ¢evrilmoalori zama-
n1 kristal boylimasinin optik mikrofotoqrafiyasi. Foto
1 I—-1II gevrilma, foto 2 III modifikasiya ,foto 3 III—II
¢evrilma. Boyiitmo 90*

Sokil 2-don goriindiiyli kimi, hom KNO; hom do
Ko.975A80.02sNO;-do III—II kegidi ritmik xarakter dasiyir vo
III faza diskret lamellarlo bdyiiyiir. Boytiyen III kristalin la-
mellorinin qalinligt miixtolif kristallarda miixtolifdir.
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Sakil 3. Kg975A80.025NO; kristallarinda I —modifikasiyanin
II-III ¢evrilma zamani ritmik bdylimasi. Foto 2 I1I-
modifikasiya tam [I—III ¢evrilmadan sonra. Boyiitms 90*

Sokil 3-do Ky975A80.025NO3-do tam II—-III kegidindon
sonra Olgiilari gokil 2-dokindon forqli olan lamellor gostaril-
misdir. Sokil 3-do 1 vo 2-ci sokillori miiqayiso etdikds, daxili
gorginliklor hesabina ana kristalin genislondiyi nozers garpir.

Tx=383K temperaturda III modifikasiya II modifikasiyaya
cevrilir. I modifikasiyanin riiseymlori, demok olar ki, ¢ox tez
yaranir vo lamellor, nozars ¢arpmayan iz buraxaraq, yenidon
IT modifikasiyanin vahid monokristalina gevrilirlor.

Odobiyyatda [3] kalium nitratda II vo III modifikasiyalar
arasinda 3-cii bir modifikasiyanin oldugu gosterilir. Bizim
optik polyarizasiya mikroskopunda K g75Ag002sNO; mono-
kristallarinda apardigimiz todqiqatlar zamani II vo III modi-
fikasiyalar arasinda I araliq modifikasiya miisahido edilme-
misdir.

2. KogsAg002sNO; monokristalinda II—II vo II—II
polimorf ¢evrilmo proseslori dyronilorkon miioyyon edilmis-
dir ki, bu kecidlor tarazliq temperaturunda, yoni A7<IK
temperaturda olduqca tez bas verir. Cox az hallarda kristalin
mitkommolliyindon vo kegidlorin sayindan asili olaraq AT
forqi 2K-5 catir.

Ko.05Ag0.02sNO3-do [l III qarsiliglt polimorf gevrilmoalor
adaton optik mikroskop altinda goriinen fazalarin ayrilma
sorhoddinin irslilomasi soklinds olur. Bu ¢evrilmalar {izorindo
aparilan ¢oxsayli miisahidolor gostormisdir ki, [T« III kegid-
lari riigeymin ana kristalda yaranmasi vo onun fazalarin diiz-
xotli ayrilma serhaddi soklinde bdyiimaesi kimi bag verir. Bu
riseymlor osason ana kristalin optik mikroskop altinda
goriinon defektli yerlorindo yaranirlar.

Sakil 4. Ky 95Ag0.02sNO3 kristallarinda 1111 ¢evrilmoni oks
etdiron optik mikrofotoqrafiyasi foto 1, Il<III ¢evril-
my; foto 2, [I-III ¢evrilmadon sonra Il modifikasiya;
foto 3, II-III ¢evrilma. Boyiitms 90*

Sokil 4-da [T« 11I gevrilmo prosesi gdstormisdir. Sokildon
goriindiiyl kimi, I[I—III vo III—-II kegidlorinin vahid diizxatli
ayrilma sorhaddi var.Oks III—II keg¢idi do yubanmadan bag
verir vo bu kegid tiglin AT toxminan ~ 1K olur.

Aparilan tocriibalor gostorir ki, baxilan kristalda I vo III
modifikasiyalar arasindaki I araliq modifikasiya yoxdur vo
II—-III ke¢idi zaman1 III modifikasiyanin ritmik bdyilimasi
miisahids olunmur.

3.Ko90Ago1NO; monokristalinda polimorf ¢evrilmo
proseslori dyronilorkon miioyyon edilmisdir ki, bu kristallarda
Tx>368K temperaturda [I—III kegidi bag verir, yoni rombik
modifikasiya romboedrik modifikasiyaya cevrilir .Yubanma
temperaturu toqribon ~1K-dir.

3.
Sakil 5. Ko 90Ago.1NO; kristallarinda II—-III ¢cevrilmasinin optik
mikrofotoqrafiyasi, foto 1. [I-III ¢evrilmasi, foto 2.
III modifikasiya kristali, foto 3. [II—II ¢evrilmasi.
Boyiitmo 90*

Saokil 5-do II—III gevrilmolori zamani II vo IIT modifika-
siya kristallarinin boyiimo prosesi gostorilmisdir. III modifi-
kasiyanin 1-ci rliseymi ana kristalin sag torafinin yuxar kiin-
clinds yaranir. Sakilds o, oxla gostorilmisdir. Fazalarin ayril-
ma sorhaddi diizxstt soklini aldigdan sonra ana kristalin sol
torafinds III modifikasiyanin qdvssokilli 2-ci riigeymi yaranir
(sokil 5, foto 1). Az miiddstdon sonra bu riiseym boyllylir vo
fazalarm ayrilma sarhoddi sol torafds diizxatt soklini alir. Sol
torofdo fazalarin ayrilma sorhoddi mikroskop altinda aydin
goriiniir, sag torafdo iso yox. Nohayat hor iki sarhodd tomasda
olur. Goriiniir, noticads optik oxlari miixtalif istiqgamatli olan
eyni strukturlu iki kristal alinmigdir. Miisahido polyarizo
olunmus isiqda aparildigindan tomas sorhaddinin miixtalif to-
roflarinda ranglorin miixtslif olmasi bu naticays galmays im-
kan verir.

Tx<368K temperaturda oks proses gedir vo III—II gevril-
mosinin vahid sorhaddi olur. III—II ke¢idi tam basa ¢at-
digdan sonra kristal 6z avvalki rengini alir, yoni vahid kristal
alinir. Bu kristallarda da, avvalki iki kristalda oldugu kimi, II
va III modifikasiya arasinda I araliq modifikasiya yoxdur,
homginin K 99AgNO; monokristalinda I[I—-II1I kecid zama-
n1 [T modifikasiya kristallarmin bdyiimasinin ritmik xarakteri
miisahids edilmomisdir.
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E.V. Nasirov, Yu.G. Asadov

POLIMORPHIC TRANSFORMATION IN Ki,Ag:NO3 (x=0,025; 0,05; 0,1)
SINGLE CRISTALS

Crystal growth morphology at II«<>III polymorphic transformation was studied in K, ,Ag,NO; by the optikal mikroskopy method. The

equilibrium temperature for II and I1I phases are obtained. it is established that crystal growth at polymorphic transformation takes place at
the formation and growth of the doughter modification nucleous ofcrystal in matrix crystal.

9.B. Hacupos, 10.I'. Acanos

HOJIMMOP®HOE NIPEBPAIIEHUE B MOHOKPUCTAJIJIAX
K;AgNO; ( x=0,025;0,05;0,1)
MeToa0M ONTHYECKOW MUKPOCKONUH ObliIa McciienoBaHa MOP(OJIOTHst pOCTa KPUCTAIUIOB MpU nonuMopdHbix npespauenusx (1«11 B
K, xAg,NO;3(x=0,025; 0,05; 0,1). OnpeneneHsl TeMIepaTypsl paBHOBECHS MEXIY MOAUGHUKANUAME. M yCTaHOBICHO, YTO B JAHHOM CIIy4dae

POCT KpPHCTA/UIOB TIPH TMOIMMOP(GHOM TPEBPAIICHUH IPOHCXOIUT ¢ 00pa3oBaHWEM M POCTOM 3apOABINIEH modepHEl Moau(HKanuu B
MaTPUYHOM KPHCTAJLIE.
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(Fes Sb2)o.9s (Pbs2,5 Sb17.5)0.02 KRISTALINDA ISTILIK KECIRICILIYININ
XUSUSIYYOTLORI

C.i. OBIiLOV, M.F. AGAYEVA
Azarbaycan Texniki Universiteti,
Az-1073, Baki, H. Cavid pr., 25

Istigamaotlondirilon kristallasdirma texnologiyasi ilo (Fe;Sb,)gos (Pbsy sSbi75)002 torkibli berk mohlulun monokristallar yetisdirilorak,
onlarda istilik kegiriciliyinin mexanizmi aragdirilmigdir. Gostorilmisdir ki, kristalda elektron vo fonon sopilmasinin miirakkab tobiatli
olmasinin sababi, tarkibin goxkomponentliliyi va kristallik qurulugdak: defektlorin mévcudlugudur. Kristalda elektron va fonon sapilmasinin

elastiki tobiotli olmasi agkar edilmisdir.

Elektron cihazlarinda vo bazi enerji ¢eviricilorinds totbiq
edilocok yeni torkibli materiallarin axtarilmast moagsadilo, to-
rofimizdon Fe;Sb, - PbgysSbyss sistemi todqiq edilmis vo
Fe;Sb, osasinda bark mohlul sahosinin mdvcudlugu askar
edilmisdir [1]. Hazirki moqalo (Fe;Sby)oos(Pbsas Sbi75)002
torkibli bark mohlul monokristalinin istilik keg¢iriciliyinin va
bazi termomaqnit amsallarinin dyronilmasine hasr olunmus-
dur. Gostorilon omsallarin 6l¢ii metodikast [2]-ds verilon
iisullarla eynidir.
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Sakil 1. (Fe;Sb,)g.9s (Pbsa 5Sby7.5)0,02 kristalinin timumi istilik
kegiriciliyinin ;, vo fonon istilik miiqavimstinin (%))
temperatur astliligi.

Kristalin elektrik xassolorinin tadqiqindon molum olmus-
dur ki, xtisusi elektrik kegiriciliyinin temperatur asililiginda
yarimmetallik tobiotli genis asqar kegiriciliyi sahasi vardir
[3]. Toxminan 323 K-deon baglayaraq kegiriciliyin kaskin yiik-
solmosi baglayir ki, bunun da sobobi kristalda moxsusi kegi-
ricilik sahosinin baglanmasidir. Bu sahadon hesablanan qada-
gan zolagmin eninin qiymati ~0,2 CV olmusdur. Fe;Sb, osa-
sinda agkar edilon bork mohlul kristallarinin istilik xassolari-
nin todqigindon bir sira maraqli noticolor oldo edilmisdir.
Sakil 1-da (Fes;Sb,)g.os(PbszsSby7.5)0,02 torkibli kristalin  {imu-
mi istilik kegiriciliyi e, vo fonon istilik miiqavimatinin (W)
temperatur asilihiglar1 gostorilmisdir. Umumi istilik kegirici-
liyi biitlin temperatur intervalinda monfi istlii qanuna tabe
(T 0.2 ) olur ki, bu da kristalda istilik dasinmasinin {i¢fononlu
mexanizm {izra bag verdiyini gostarir.
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Fonon istilik miiqavimoatinin (Sokil 1-do Wy ayrisi)
temperatur asililigindan askar edilmisdir ki, ~320-350K-don
baslayaraq kristalda alave fonon istilik miiqavimati yaranir va
naticado fonon sopilmasi, kristallik qofosdoki vakansiya tipli
defektlordon bas verir. Yaranan olavs istilik miigavimatinin
komiyyotco qiymotini AWy = Wy- Wic fonon forqi ilo doyorlon-
dirmok olar. Digor torofdon, yiiksok temperaturlarda olavo
fonon istilik miiqavimatinin yaranmasi, kristalda optiki-akus-
tik mexanizminin do istiliyin daginmasinda rolu oldugunu
gdstorir. ©lava fonon istilik miiqavimetinin ~420K tempera-
turunda maksimuma c¢atmasi isa fonon sopilmasine daxili
elektromagqnit istilik mexanizminin tesirinin do oldugunu is-
tisna etmir. Videman-Frans qanunundan istifado edorak, tod-
qiq olunan torkibde istilikkeciriciliyinin elektronlara vo
fononlara goro olan payt hesablanmigdir. Sokil 2-do
(Fe;Sby)o.0s(Pbsa sSbi75)002 torkibli kristalin elektron vo fo-
nonlara gors olan istilikkeciriciliyinin temperatur asililiglar
gostorilmigdir Temperaturun yiiksolmasi ilo elektronlara gora
olan istilikkegirmo artir, fonon istilik kegiriciliyi iso azalir.
@;,—nin 80-200K intervalinda azalmasinin tobisti fononlarin
asqar atomlarindan, 250-400K intervalindaki azalmasi iso,
kristallik qurulusun vakansiya tipli defektlorindon sopilmasi-
na uygun galir.

Yiikdasiyicilarinin Holl yiirtikliyliniin temperatur [3] asi-
liligindan moalum olmusdur ki, yiriikliiyiin temperatur asi-
lihg 7"’ qanunu iizro doyisir. Bu ganun, yiikdastyicilarinm
neytral agqar atomlarindan sopilmosini gostorir. Lakin asilili-
gin yiiksok temperaturlardaki doyismaosi, elektronlarin sopil-
mosinin akustik fononlardan bas vermoasinin do oldugunu
siibuta yetirir.

80— —SOT
o £
#f A
W 40f —25n,
30— — 20
0 —15
10— — 10

1o 200 300 400 500

TK

Sakll 2. (Fe3 sz)o’gg(Pbgzjsb17’5)()’02 torkibli kristalda elektron
vo fonon istilikkegiriciliyinin temperatur asililigi.
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Molumdur ki, kristalda elektron vo fonon sopilmasinin
elastiki vo qeyri-elastiki tobiotli olmasini, uzununa termo-
magnit omsalinin (&,) maqnit sahasi gorginliyindon asililigm-
dan toyin etmok olur [4]. Olgmolorimizdon aydin olmusdur
ki, ajv~/[U ntl j asithiliginda (burada, Uy, - yiikdastyicilarinin

C
Holl yiiriikliiyii, H-maqnit sahosi gorginliyi, c-iso isiq siirati-

dir), Uull
C

sobabdon forz edilir ki, sopilms elastiki tobiotlidir. Niimuno-
nin maqnit miiqavimatini Ap/p qiymatinin miisbat olmasi1 da
bu forziyyeni tosdigloyir.

Bel@likl@, (Fej,sbz)o’t)g(Pbgz,SSb17’5)0’02 torkibli kristalda is-
tiliyin daginmasinin miirokkob mexanizm iizrs bag vermasi vo
fonon sopilmasinin elastiki tobiatli olmasi agkar edilmisdir.

nisbatinin qiymoti 0,1-0,2 arasinda doyisir. Bu
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THERMOELECTRIC EFFECTS IN QUANTUM WELL

F.M. HASHIMZADE, Kh.A. HASANOV, B.H. MEHDIYEV
G.M. Abdullayev Institute of Physics of National Academy of Sciences,
AZ-1143, H. Javid ave., 33, Baku, Azerbaijan

In this paper we have calculated the thermomagnetic tensor components for the current density in a quantum well for any degree of
degeneration. In our work, we are examinated the diffusion component under the assumption that elastic scattering is dominated, and show
that the magneto-thermo-e.m.f. is not determined by the entropy only, as is the case for three dimensions. Elastic electron scattering by
acoustic phonons is considered. The magnetic field is directed across of confinement direction, i.e. it is located in the plane of a two-
dimensional electron gas. When temperature gradient is along the direction of confinement, magneto-thermoelectric power has a
nonmonotonic dependence on magnetic fields. For the magnetic fields less than 4 T magneto-thermoelectric power increase with the
magnetic field, and decreased in higher magnetic field. The relative decrease magneto-thermoelectric power achieves 20% at the minimum,
which is a significant change and can be easily detected in an experiment. When temperature gradient is along the direction of the free
motion, magneto-thermoelectric power is monotonically increasing with magnetic field. For reference, are shown dependence of the non-

dissipative magneto-thermoelectric power S/(e n) on magnetic field.

The theory of the quantum thermomagnetic effects in
size-quantized systems was studied in [1-8]. In [1,2] the case
of a strongly degenerate electronic gas was considered and a
focus was placed on the oscillation phenomena. In [3] the
thermopower in quantum well structures has been calculated,
and the size dependence of thermopower in a quantum limit
for different mechanisms of electronic scattering has been
considered. The authors used the kinetic equation method and
the density matrix approach. In the latter case, the scattering
was entered into the equation of motion for the density matrix
through the lifetime of a quantum state. In [4] the magneto-
thermoelectric power of a two-dimensional electron gas
(2DEG) was investigated in the regime of the quantum Hall
effect at values of a magnetic field where thermopower is
proportional to the entropy of the two-dimensional electron
gas. In [5] the magneto-thermoelectric power of a two-
dimensional electron gas has been investigated theoretically
within the framework of the Boltzman kinetic equation for
different mechanisms of electronic scattering taking into
account phonon-drag contributions.

Hicks and Dresselhaus [6] predicted that the
thermoelectric figure of merit for two-dimensional quantum
wells and one-dimensional quantum wires should be
substantially enhanced relative to the corresponding bulk
materials. A theoretical study of this effect has been
undertaken for a bismuth nanowire [7].

The theory of thermopower in quantum dots was
developed in [8]. In this work it has been shown that there is
an opportunity to create an appreciable temperature
difference in a nanostructure and to measure the potential
difference induced by this temperature gradient. The paper
provides theoretical calculations of magnetothermoelectric
power in quantum wells and quantum wires.

In this paper we have calculated the thermomagnetic
tensor components for the current density in a quantum well
for any degree of degeneration. It is common knowledge that
the thermoelectric tensor has two contributions - diffusion
and phonon drag, which are linearly additive ones. In our
work, we are given an examination the diffusion component
under the assumption that elastic scattering is dominated, and
show that the magneto-thermo-e.m.f. is not determined by the
entropy only, as is the case for three dimensions. Elastic
electron scattering by acoustic phonons is considered. The
magnetic field is directed across the confinement direction,
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i.e. it is located in the plane of a two-dimensional electron
gas. Thus, two cases for the relative arrangement of the
current direction and the confinement direction are possible.
In the case where the current is located in a plane of a two-
dimensional electron gas it is sufficient to confine ourselves
to the relaxation time approximation and to use the kinetic
equation. In a case when the current is along the direction of
confinement it is necessary to use the density matrix
approach obtained in [9-11] for calculation of the diagonal
conduction tensor components.

We consider a simple model for the quantum well, in
which a two-dimensional electron gas is confined in the x-
direction and a homogenous static magnetic field B parallel
to the z-axis, with the vector-potential A (0,x B,0) in the
Landau gauge. Then the one-particle Hamiltonian is given by

= 2

Py
2m

~ 2
p;ﬁU(x) (1)
2m

2

H= +

+

* *

e
+—xB
2m Py c

where p=(p.,p,,p.) and m’", respectively, are the

momentum operator and the effective mass of a conduction
electron. U(x) is the confining potential in the x-direction
which is characterized by the parabolic potential:

2.2
m’w; x

U() ==

@

The eigenvalues and eigenfunctions of the Schrodinger
equation with Hamiltonian (1) are determined by the
expressions

hk? p2k2
gaz(lﬂvjwm e )
1 i\k, y+k,z
¢a(x’yaz)=—(/)N(x_xa)e (k),y k. ) (4)
2z
where @ = W is the “hybrid” frequency, @, = ;fc

is the cyclotron frequency of electrons and N - is the
oscillation quantum number. The expression
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ox(x—x,)=

represents the wave function of a harmonic oscillator,

X, = —%Rzky - is the oscillator center, and R = ,/-I--
is the magnetic length , Hy(¢) is the Hermite polynomial,
a= (N Sk, ,kz) is a set of quantum numbers that determine

the electron states in a magnetic field.
For the magnetic field directed along the z - axis the
current density components can be written in the form [12]

_ﬁxxvxT_leyvyT
-p.vV.r-p,V,T

jx = O—xxEx + O-xyEy

j}, = nyEx + O'ny (6)

where o, and [, are the conduction tensor components,

E, is the components of the electric field and VT is the

temperature gradient.
From the conditions j,=j,=0, V,7=0 we obtain the
thermoelectric power in a transverse magnetic field
a — Ey — yyaxx - xyayx (7)

Yy
vr o,0,-0,0,

Putting j, = j, =0,V T =0 we obtain from Egs. (6)
a, = E, _ PuOy POy @)
vV.T 0,0, 0,0,

" it is
necessary to calculate both diagonal and non-diagonal|

For the calculation of kinetic coefficients & .,

, =IORO ,k52, Onv-

) y

Using Eqns. (11)- (12) in Eq.(9) and performing the summation over

expressions for the current density components:

) N fN
:_lea)Rz pN—l,N\/;_pN-H,N ?
/N+
_ea)Rz Pnin + P 1N\/7

In a zero-order approximation with respect to the
scattering potential J”  the matrix elements of the density

matrix p, . have the form
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R

)

2
-X, xX—x,
Jplw

(X\/ER

N+
1 N N+1
- IN +1 a) hk
vz;va' = COCR 5/{)’,1{)';51{2’/(; 5N',N+1 T - \/7 a,a’

|conduction tensor components 0, and ﬂik [2,13].

Note that in bulk semiconductors o,>0,,

' >> P, 0, >>0, and B >>

the fact that a decrease in scattering potential results in the
diagonal electric conductivity tensor components tending to
zero, while the non-diagonal components stay finite[12]. In
our case, as we will show later, it is not true.

The average value of the current density components
carried by the electrons is defined by the expression

. It is related to

J. = —eTr(pv(’)) =Y PV s i=(X1,2) (9)

where p is the density matrix, and V

operator.
The matrix elements of the density matrix are evaluated
from the solution of Liouville's equation

- is the velocity

ih— op

10
Py (10)

=[H,,p]

where ]—AII is the total Hamiltonian of the system f# = H +V + F

which consists of the Hamiltonian (1), the scattering potential
V, and the electron-electric field interaction F =e(E-r).

The matrix elements of the components of the velocity
operator in the representation (4) can be written as

(11)

(12)

= ( N, k;,, kz) we obtain the following

(13)

ﬁ[ j Yk P (14)

Pow = e(Ex Xgu T E, Vors )—f“' ~/. (15)
&, —¢,

where X, and y . are the matrix elements of the x and y
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coordinates, respectively. In Eq.(15) f, = f (Sa) is the

equilibrium electron distribution function (Fermi- Dirac
function)

£, —6

-1
1+exp( ZT }

0
where ¢ is the chemical potential of the electrons, and &,

f(s,) (16)

is the Boltsmann constant.
Substituting Eq.(15) into Egs.(13)-(14) and calculating
the matrix elements of the coordinates we obtain

2 2
_ w.e w.en
Jy=0,E, 0,=— Jo=—"%=, (U7
y ey V- m a)2§: o a)2
jx=0

where z f o, = 1 is the areal density of the two-dimensional
a
electron gas and

k,Im"™ o
= In{l + " 18
270 a)(); ( ) {19
where
¢ ha)( 1j
== N+—|. 19
TR Y TRr\C 2 >

In the limit of strong magnetic fields, ®wy<<w, , or
equivalently, in the bulk case, when @, — 0 the energy
spectrum (3) equals that of an electron in a magnetic field. In

this case the expression for o . in (17) coincides with that

for the non-diagonal component of the conductivity tensor of
the bulk semiconductor material.

In order to find the explicit form of the non-diagonal
component f,, (B) we will take advantage of the Onsager
reciprocal relation

ﬁxy(B)%m(—B) 0)

where y, (B) is the coefficient in the formula of i-th heat

flux density transported by the electrons W, =y, E, .

In ref. [14] it was shown explicitly that in the presence of
a magnetic field it is necessary to take into account the
contribution to the current of electrons the edge current
—cVxM due to magnetization M. In this case the

coefficient vy can be represented as

(0)

yw_}/xy cM

@

where }/;g) is the coefficient in the heat flux density in the

absence of scattering which defined by [12, 1]

1

2Zpaa aa' (,_C,‘ +‘9 _24/)

aa

(22)
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The magnetization M
=
( aQ) e where Q=-kTY, ln(l + exp(ko—,))

is the Gibbs thermodynamic potential.
Substitution of the Eq.(15) into Eq.(22) yields the

following expression for j/;g)

is defined by the relationship

M

e R’
hao

o _
o

(E—§n+2ha)(N+%)fa] (23)

where & = z g, f . 1s the average energy of the system.

The magnetization can be written as

2
o Q lo 1
=——S————=>ho|N+—|f, (@4
w° B Bow 5 2
where
@ m
Q=—(kT)>= Z j In(1 + exp(;7 — x))dx
@, 2rh
(25)
is the thermodynamic potential per unit area.
Using (24) we obtain the following expression for }/;g)

instead of Eq.(23):

2
~¢n-2_MB-0Q

c

ew R’
ho

(O
o

G | oo

On the other hand, according to the definition of the
thermodynamic potential

Q=5-¢n-TS 27)
where S = —(‘Z—?)B’g is the entropy per unit area which has
the following form:

_ kaZT ) n-xy n—xy
S = a2 (e =m)m(1+ €7 ) =2Li (=)

(28)
where Li, (&) is the polylogarithmic function of order v.
Substituting (27) into (26) and using (21) we obtain

V=TS (29)
mao
Finally, for B we obtain
ew
B,=—58 (30)
mao

Similar expression was obtained in Ref.[1] for a quantum
wire.
For the strong magnetic field case, w.>>w,, Eqn. (30) is
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reduced to ﬂiy”””‘) =c¢S/ B, which was obtained in Ref.[14]

for bulk specimens. At zero temperature, the transport
coefficient ﬂx ) consequently, the entropy vanishes as

required by the third law of thermodynamics.
For the calculation of the diagonal components of tensors

o

. and ,BW when the electric field or the temperature
gradient are perpendicular to the plane of two-dimensional
electron gas we will make use of the expressions obtained in

[9] and [12]:

_ e __Qf(ga) (x,—x,)° B
ﬂxx - QOT a:a!( aga ] 2 (ga g)Waa,
(31)
e’ 6f(8a) (xa, —xa) 2
= — w .
“«TaT Zm, o¢, 2 w G2

where Q is the volume of the system, W __. is the electron
transition probability from state o = (N Wk v,kz) to state

a’:(N’,kjv,k;) caused by the effect of the scattering

HASANOYV, B.H. MEHDIYEV

potential.

The scattering mechanism explicitly considered in the
present paper is the acoustic phonon deformation potential
(DPA  scattering).  Acoustic-phonon  scattering  via
piezoelectric coupling could also be considered, but this will
have a similar temperature and magnetic-field dependence to
DPA scattering and so is not included separately. because
will not qualitatively affect the results. Other scattering
mechanisms, as the interface roughness mechanism, playes a
negligible role in heterojunctions, because with the current
crystal growth methods, high crystalline quality with
atomically sharp resolution is easily achieved, that is
interface are not especially rough. In addition, impurity
scattering arising from background impurities in the quantum
well or remote ionized donors it was to be expected, however
in high magnetic fields the magnetic length will be much
smaller than the scale of fluctuations due the remote
impurities, so remote impurity scattering can be treated by
the short-range point defect approach. In this case, the
scattering from the point defects has the same functional form
as for scattering from the DPA. Only, the temperature and
electron concentration dependence will be different.

The transition probability due to the carrier scattering by
acoustic phonons has the form

ZEDIL )] <a | @ a'> I x
7 (33)
(N8, 8y Olen—e=00,)+(N,41)5, 6, 6(e, -2, +ho,))
where | function) for phonons with frequency @, =s¢q .
2
w(q) = 7k q (34) Using the wavefunctions from Eqn.(4), one can write the
05Q, matrix elements of the electron - phonon interaction as
Here s is the speed of sound, o is the density of the 5
iq- 2
material, £, is the constant of the acoustic phonon <05 |e™" | 0('> "= ‘JNN’ (qxsqy) Kok, v, 5k;,kz+qz (35)
deformation potential, q is the phonon wave vector, and
-1
N, = (exp(zw; )_1) is the occupation number (the Planck ~ Where
' |
) ) N'-N 5 2
e (Rl Rlesed)| (Rl )]
‘ NN'(qx’qy) _ﬁexp - B B N

Here L'(&) is the associated Laguerre polynomial.

Further we will focus on the extreme situation, namely,
the quantum limit in which the scattering of electrons is
confined within the N =N'=0 level. For the quantum
well in a magnetic field the quantum limit criterion is

ho>k,T.

Above 20 K the available acoustic phonon energies will
be small compared to koT . Since the electron scattering by
the acoustic phonons is elastic, it is possible to neglect the

phonon energy ha)q in the arguments of the ¢ -functions in

(33). In addition, as i, < kT , therefore it is possible to

expand the Plank function. Thus we obtain
2k,T
hsq

Taking Eq. (37) into account we can rewrite the

2N, +1 (37)

expression for o in the form
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ZZZ

e Wy
o
" Q 2

gy,

4y kookyk, k.
Bk 2 h k' 2 2> 2 k> (38)
X5 EA & y z & Y .
2m" w) 2m"  2m w ) 2m’
here K=k, k,=Lk, K=k, k =k
) ==k, k =— =k, k.=k. 0
w :m (39) g w, . @,

¢S pQuh
Transforming the sum over ¢, k,,, k;,, k. and k. in

Eq.(38) into an integral form in a usual way we introduce
new, deformed coordinates,

1 3e'n| o, @, 1 ©
GX)CZ_ * 2 _ _—]7 0
T, mw, \ 0, 0 ln(1+e )

Similarly, for S we obtain

5 2
ﬁxx :_Ei% & &;J. (_%jx(x_ﬁ) 2F'2 [2,1;2,2;—861)(']6[)(:
er,moj\w,) o ln(1+e”) o\ ox 442

In Eqns.(41) and (42) the following notations were used

B [272_ S2ph7/2

T, = 43)
Pom? B T,
k, T’
=—— (44)
2who,
I
f0=(1+exp[x—77]) , N=1-Xx, (45)

and , F, (al N7 bl ) b2 5z ) is the generalized hypergeometric

function [15].

For the case of the electric field and the temperature
gradient directed along the plane of two-dimensional electron
gas, we use the solution of the kinetic equation to calculate
the diagonal components of the tensors ¢, and f,, . These are

given by
0
—f(g“)]fa% (46)
og, '

g
w Q_oz(_

integrating over the angle between vectors k' and k we
obtain:
%)
j _% JF, E,Z;E,Z,—&lx dx (41)
0 442

e’n o, "
T = m" ln(1+e’7) fo [;j I

(42)
¢ of ¥(e)
=— = e =& v 47)
By QOTg ¢, ( “ f) g
where
1 hik

v, =—akg:(&j 2y (48)

and 7, is the relaxation time of electrons.

For the elastic scattering by acoustic phonons the
relaxation time is given by a simple expression:

Ly

Taking into account expression (33) for the transition
probability and proceeding the same was as above in the
calculation of the transverse diagonal components of the
transport coefficients, the following expression for z obtains
in the quantum limit:

(49)

(50)

T:r[&jyz 1
) F(%,i.i 4 (g_Lw))

21 492907 ha?

Substitution of (49) into (46) and (47) and summation
over « yields

_%] 1

xdx
ox Fz(%,% 1, 1—8ax)

(5D
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ke en
em ln(1+e’7)

@

o2

(0]

'Byy:

Combining Egs.(17), (30), (41), (42), (51) and (52) with
Egs. (7) and (8) and taking into account the symmetry of the
conductivity tensor, we obtain the following expressions:

1 3k0nK1K4+Sln2(1+e'7)

T on ~ (53)
Y en 3K K +In’(1+¢)
1 3k0nK2K3+Sln2(1+e’7)
T == ., (54)
en 3K K,+In’(l1+¢€7)
where
K, = (-L 2B é91;3,2;—8% xdx  (55)
ol ox 474’2
=0, 8 573
K, _Io (_a_;}c (x—n) 5 (252;5,2,—861)6)4&
(56)
© 0 1
3:,[ ] xdx  (57)
ol ox ) ,F(4,351,15-8ax)
©( 0 x-n
K =[[-% (x=7) sl o)
°\ Ox 2&(%9%;%91;_861)6)

Eqs.(57)-(60) is applicable for any degree of degeneracy
of two-dimensional electron gas.

For the degenerated electron gas, when = {/kyT >1, the
expressions for the transport coefficients can be considerably

- >(g)) by the delta

oe

simplified. In this case we replace (

function §(e —¢) . Then we obtain

mk,T o .
= — 1] (59)
271 o, 7
‘Tkio
s = E Sl (60)
67 w,
w e'n
@ _ P
o =5 (61)
Y mo*’
2
= fZ g ©)
e 377
5 2
(D :l_k? @ Dy JF, E,Z;E,z,_gaﬁ)
T, mw, \ @, @ 442
(63)

|

o0
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(

S
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2
@ _ k7"
»y e 37*7'
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For the case of strongly degenerate electron gas the
thermopower can be written as
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In the case of strongly degenerate electron gas and weak
fields, 77 depends on the magnetic field only weakly, and

the observed changes in the transport coefficients are due to
parameter a

_ k7 Jr35k07r2a
3(eff)  24e

av

(71)
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- 4e

BT ()

yy

(72)

one can see that «,, decreases by absolute value, whereas
absolute value a,, , on the contrary, increases. Coefficients
oy and ¢, are proportional to the temperature. In a strong
magnetic field the situation is similar to the quantum limit for
the bulk case.

We present a numerical calculations for the
thermopower for GaAs/Al,Ga;As parabolic quantum well.
We wuse the following set of physical parameters

m" =0.066 m, where m, is the free electron mass. The



THERMOELECTRIC EFFECTS IN QUANTUM WELL

parameter of the parabolic potential is @, =1.4x10" s .

The value of the deformation-potential constant is as £; =10
eV . The density of the material and the speed of sound are

Notice that numerical calculations for the quantum limit
criterion must be carried out when the Fermi level is between

the first and second subbands hiw/2 < ¢ <3hw/2.

taken as p=5x10’kg/m’ and s=5400m/s
T T T
120
100
- :
K | #
30 F wf e
6o T
1 [l 1
0 2 4

Fig. 1. Absolute value transversal magneto-thermoelectric power of two-dimensional electron gas versus the magnetic field. 7=20K,

n=10" m'z;a},}, — dotted, a,, — dashed, S/(e n) — dotdashed.

The dependence of absolute value the magneto-
thermoelectric power on magnetic field are shown in Fig.1
for T=20 K, n = 10" m™. When temperature gradient is along
the direction of the confinement, magneto-thermoelectric
power «,, has a nonmonotonic dependence on magnetic
fields. For the magnetic fields less than 47¢,, increase with
the magnetic field, and decreased in higher magnetic field. As
one can see from Fig. 1, the relative decrease «, achieves

20% at the minimum, which is a significant change and can
be easily detected in an experiment. When temperature
gradient is along the direction of the free motion magneto-
thermoelectric power ¢, is monotonically increasing with
magnetic field. For reference, in Fig.1 are shown dependence
of the non-dissipative magneto-thermoelectric power S/(e n)
on magnetic field [16].
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KVANT CUXURUNDA TERMOELEKTRIK EFFEKTLOR

Bu moqalads ixtiyari cirlasma halinda kvant ¢guxurunda coroyan sixliginin termomagqnit tenzorunun komponentlori hesablanmigdir. Biz
diffuziya komponentlorini elastiki sopilmoe halinda hesablayaraq gostermisik ki, maqnit termoelektrik haraket qgiivvesi ti¢ol¢iilii halda oldugu
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kimi ancaq entropiya ilo toyin edilmir. Elektronlarin akustik fononlardan elastiki sopilmasine baxilmigdir. Maqnit sahasi ikidlgiilii elektron
qazinin miistovisi tizerinds yerlosmisdir. Elektron qazi miistavisine normal istigamotds qradient temperaturu yaradildigda maqnit termo-ehq
magqnit sahasindon geyri-monoton asili olur. Magnit sahosi 4T-don kigik olduqda maqnit termoehq sahadon asili olaraq artir, maqnit sahosinin
yuxari qiymatlorinds iso azalir. Minimum halda maqnit termoehq-nin nisbi azalmasi 20% toskil edir vo eksperimentdos asanligla agkar edilo
biler. Temperatur qradiyenti sarbast horokat istiqgamatinds yonaldikde maqnit termoehq maqnit sahasinden asili olaraq artir. Miiqayise tigiin
qeyri-dissipativ maqnit termoehq-nin S/(en) maqnit sahasinden asililig1 gostorilmisdir.

®.M. I'amum3ane, X.A. I'acanos, b.I'. Mexnues
TEPMODJEKTPHUECKHUE Y®PEKTbHI B KBAHTOBOM SIME

B naHHO# cTaThe Mbl PaCCUNUTAM KOMIIOHEHTHI TEPMOMATHUTHOTO TEH30pa Ul IUNIOTHOCTH TOKAa B KBAHTOBOHW SIME C IIPOHU3BOJILHOM
CTEIEHbIO BRIpOXeHHs. B Hamteit pabote Mbl ipoBepuiin AU((GYy3HOHHYO KOMIIOHEHTY B MPEIIOI0KEHHH JOMUHUPYIOLIEH POJIN yIIpyroro
paccesiHUsS M MOKa3aHO, YTO MarHeTOTEPMODJIC ONMpENessIeTCsl HE TOJNBKO JHTPOIHEH, KaKk B TPEXMEPHOM cilyyae. PaccMOTpeHo ympyroe
paccesiHEe JIEKTPOHOB aKyCTHUECKUMH (POHOHAMH. MarHUTHOE II0JIe PACIIONIOKEHO B INIOCKOCTH JBYMEPHOTO JIEKTPOHHOrO rasa. Korma
co3JaeTcs TeMIEePaTypHBIH I'paJyieHT BJOJIb HANPaBICHUS OTPAaHWYEHHS, MAaTHUTOTEPMOSAC HEMOHOTOHHO 3aBHCUT OT MarHUTHOTO MOJIS.
Jnst MarHUTHOTO TOJISt MeHbIIero, 4eM 4T, MarHeTOTEpMOd/IC YBEINYMBACTCS C POCTOM MarHMTHOTO ITOJISI, HO YMEHBIIASTCS] IIPH BBICOKUX
3HAUEHUSIX MarHuTHOro moiisi. OTHOCHTENBHOE YyMEHbLICHHE MarHetoTepModic jpocturaer 20% npu MUHHMYyME, KOTODBIH SIBIISETCS
CYIIECTBEHHBIM M3MEHEHHEM M MOXET ObITh JIErko OOHApy)XeH IpH 3KcrepuMmeHTe. Korna teMnepaTypHbIid rpaJMeHT HAIpaBleH BIOJb
HaIpaBJIeHUs! CBOOOIHOrO IBMKEHHS, MAarHeTOTEPMO3C MOHOTOHHO PacTeT ¢ POCTOM MarHUTHOro moussi. JIjisi cpaBHEHMS —IOKa3aHa
3aBHCHUMOCTD HEVICCUIIATUBHON MarHeTOTEPMODC S/(en) OT MAarHUTHOTO TIOJIS.
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SPECTROSCOPIC PROPERTIES OF NEODYMIUM IONS IN a-Gd,-S; SINGLE CRYSTALS

A.A. MAMEDOV
G.M. Abdullayev Institute of Physics of National Academy of Sciences,
AZ-1143, Baku, H. Javid, 33

The radiation spectrum identification of Nd*" jons has been carried out in @-Gd,-S; crystals on *F1,—%, 1, transition. The energy values

of Stark sublevels are defined for each of Nd** centers.

Nowadays Nd** ions are the most distributive activators
for solid-state lasers. The electron configuration of free thrice
ionized neodymium atom is 4f3. The number of electrons is
odd one and J values are half-integer ones. Each level of free
Nd*' ion is degenerate one with 2J+ 1degeneracy multiplicity.
Each initially degenerated level, characterized by definite J
value, splits on the series of sublevels (Stark components)
under the influence of electric field, created by the ion
surroundings in crystal lattice. Nd** ions, being in crystal-
basis, can be in the fields with different symmetry and
intensity, moreover the number of such inequivalent positions
(number of centers) can change in wide range. As a result
each type of Nd** optical center in the given crystal differs
from other ones of the same crystal by the level scheme. The
crystal optical properties in the given case present themselves
the superposition of properties of separate center types. The
given crystal disordered structure reveals in spectrums of
absorption and luminescence Nd** in the form of
heterogeneous widening and splitting of its lines. The
heterogeneous widening of Nd** spectrums in several crystals
is so big that it totally levels Stark splits of separate optical
centers. The absence of information about structure of
heterogeneously widened bands essentially makes difficult
the analysis of processes taking place in excited activated
medium.

The method of selective laser excitation allows us to carry
out these gaps. It is based on constriction of heterogeneously
widened luminescence lines at narrow-band selective
excitation of separate centers.

a-Gd,S; crystal is the one from few semiconductors

1

allowing the introduction of high concentrations of Nd** ions.
This compound has orthorhombic structure in which Gd**
ions are in two equivalent positions [1]. The a-Gd,S;
structure is formed by Gd(1)S; and Gd(1)Sg polyhedrons. The
coordination polyhedron Gd(1)S; presents itself dual trigonal
prism; Gd(2) is surrounded by seven sulfur atoms, forming
distorted “monocaped” trigonal prism. The coordination
number of sulfur atoms in a-Gd,S; is equal to 5. Nd** ions at
introduction into crystal are also in inequivalent positions that
reveals in their optical spectrums [2]. Thus, for example, the
four well resolved peaks take place in absorption spectrum,
corresponding to 4I9/2»4F3/2 transition at T=4,2K, whereas
“Fg, term should split only on two Stark components in the
field of low symmetry. Thus, the task of thin structure
identification of optical spectrums for which Nd** ions, being
in inequivalent positions are responsible arises. This task has
been solved by us by the method of resonance selective laser
excitation with the record of radiation spectrums with time
resolution.

The convertible laser on LiF crystal is used in the
capacity of resonance selective excitation. The duration of
generation impulse is ~15 nsec, and width of emission line is
less than 5A. The conversion region totally recovers the
neodymium absorption spectrum4|9/2»4F3,2. The
spectrometer SDL-1 is used as spectral device. The
luminescence signal coming from radiation sensor PEM-83 is
given to strobe-integrator PAR-162 and recorded by logger.
The duration of strobe impulse is ~0,5 mcs, and delay time
=20 mcs. The experiments are carried out at helium
temperature.

1370

Ldad

Loag A, am

Fig.1. The luminescence spectrums 4F3/2 -4 o2 of N&* jonin @-Gd,Ss at excitation in different absorption bands:
a - Aecit=900.4nm; b - Aeyi=888.4nm. The delay time =20mcs.
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The “F3, —>*g, luminescence spectrums of Nd** ion at
excitation of each line in resonance absorption spectrum are
identified in work [2]. The two types of centers are revealed
and designated as center I and center II. The energy of low
Stark component of F35, level in center I exceeds the one in
center II. The schemes of Stark splitting of ‘Fapand Ylgp Nd**
levels for each center have been constructed.

The scheme of Stark splitting of low laser level *l1y, has
the special significance, i.e. the wave length generacy is
defined especially by energy positions of Stark sublevels “Fa,
and “l11. That’s why luminescence spectrums ‘Fayp Y11 of
neodymium ions have been investigated by us.

The luminescence spectrums 4F3,2 -4 112 of Nd** ion at
excitation of each line in resonance absorption spectrum are
presented on the fig.1. The six lines (fig.1,a) which one can

naturally identify as ones, related to one center, called center
IT in work [2], are observed in luminescence spectrum in the
correspondence with theory in the case of line excitation,
designated in absorption spectrum as lines II.

Using the given data, it isn’t difficult to define the energy
values, corresponding to Stark components of 110 N&** level
for center II. These values are the following: 1800 cm™ ;
1868 cm™ ;1880 cm™ ;1901 cm™ ;1928 em'1;1936cm’™.

Such clear selection isn’t observed at excitation of center
I lines (fig.1,b). The lines of center II appear in luminescence
center. Thus center II is excited at excitation in the absorption
band of center 1. Taking this into consideration, the energy
values of corresponding Stark components of *11, Nd** level
for center I are defined. These values are: 1812 cm’™;
1840 cm™ ; 1869 cm™ ; 1881 cm™ ; 1898 cm™ ; 1960 cm™ .

[1] Fizicheskiye svoystva khalkogenidov redkozemelnikh
elementov. Pod.red. V.P. Juze. M. Nauka, 1973, 304s.

(in Russian).

A.A. Mamedov, V.A. Smirnov, |.A. Shsherbakov. FTT,
1984, Ne 8, 5.2405-2407.(in Russian).
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A.9. Mammoadov

a-Gd,-S; MONOKRiISTALLARINDA NEODIM iONLARININ SPEKTROSKOPIK XASSOLORI

a-Gd,-S; kristallarinda 4F3/2—)4I11/2 kegidinds ionlarmin siialanma spektrlori identifikasiya edilmisdir. Hor bir Nd*" morkezi tigiin stark

saviyyalorinin enerjilori miioyyon edilmisdir.

A.A. MamenoB

CIIEKTPOCKOIIMYECKHUE CBOMCTBA HOHOB HEOJIUMA B MOHOKPUCTAJLIIAX o-Gd,-S;

B kpucramiax a-Gdy-S; mpoBeeHa mieHTH(UKALMS CIIEKTpoB mamyducHns noHoB Nd** Ha mepexone *Fayp—*l1yp. s Kakmoro us
entpoB Nd** orpe/iene B! 3HaUCHNS SHEPTHil ITAPKOBCKHX TOLYPOBHEIL.
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PHOTO- AND THERMO-LUMINESCENCE OF SrGa,S4:Eu CRYSTALS

B.G.TAGIYEV, S.A.ABUSHOV, O.B.TAGIYEYV, F. A KAZIMOVA
G.M. Abdullayev Institute of Physics of National Academy of Sciences,
Baku AZ1143, Azerbaijan

The photo-luminescence and thermo-luminescence (PhL and TL) of SrGa,S, crystals activated by Eu*" in temperature interval 77+320K
have been investigated. It is seen that observable wide-band PhL in temperature interval 77-300K with maximum at 535 nm is connected
with intracentral transitions 4/°5d — 4f (°S;,) of Eu?" ions and narrow-band TL is caused by discrete and quasicontinuously distributed
electron traps with activation energies: E.- 0,2 u E.-( 0,25- 0,53) eV in forbidden band.

Introduction.

SrGa,S,: Eu is related to tiogallate group with general
formula AB,C, (A-Ca, Ba, Sr, Al; B - Ga, In; C- S, Se). The
photo-luminescence (PhL) of doped and non-doped crystals
of AB,C, type has been investigated in the works [1-4], and
thermo-luminescence (TL) of these compounds excluding
CaGa,S4, EuGa,S, n CaGa,Se, compounds [5-7], hasn’t been
investigated. As these compounds are wide-band semiconductors,
so trap levels in forbidden band should play the essential role
in generation and recombination processes. TL investigation
is the one of suitable method for definition of trap energy
position directly participating in PhL and TL processes. In
the given paper the results of PhL and TL investigations in
SrGa,S,, activated by rare-earth ions Eu** (REI) are given.

Experiment technique.

SrGa,Ss: Eu compound is synthesized from binary
compounds SrS, Ga,S; and EuF;, taken in stoichiometric
ratios in preliminary degasified quartz ampoules up to 10”Pa.
The concentration of Eu?" is varied from 1 up to 7at.%. The
powder mixture of the given compounds is endured in sulfur
atmosphere at temperature 1230°C. TL is investigated on
technique described in [6]. The samples are excited by
mercury lamp light PRK-4 at temperature of liquid nitrogen.
The sample temperature is defined with the help of
differential thermocouple cuprum-constantan. PhL spectrums
are investigated on spectrometer CDL-1. The continuous
helium-cadmium laser (4 = 441,6 nm) is used for excitation
of PhL samples SrGa,S4: Eu.
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Fig.1. Photo-luminescence spectrum of SrGa,S,: Eu (5%) at
temperatures: 1-140K, 2-230K, 3-286K.
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PhL spectrums SrGa,S;:5%FEu at temperatures 120K,
230K and 286 K (curves 1, 2 and 3) are presented
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on the fig.1. It is seen that they cover the spectral region 490-
600 nm and their maximums correspond to wave length
535 nm, i.e. maximum energy position doesn’t change and
intensity decreases with temperature increase.

L
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=
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Intersityiprod. w)

T4

Fig.2. The dependence of photo-luminescence intensity of
SrGa,S,: Eu (5%) crystals on temperature.

The temperature dependence of photo-luminescence band
intensity with maximum 535 nm in /g/~10°/T coordinates is
presented on the fig.2. It is seen that intensity in temperature
interval 80+200K weakly depend on temperature, and later
temperature increase lads to strong intensity decrease. The
activation energy of photo-luminescence temperature
quenching which is equal to 0,016 eV is defined on high-
temperature inclination of this dependence.
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Fig.3. The dependence of PhL band half-width of SrGa,S,: Eu
(5%) crystals.

The investigation of photo-luminescence spectrums, its
temperature dependence of half-width and intensity of wide
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band with maximum at 535 nm of SrGa,S,: Eu crystals, and
also the dependence of this band intensity on activator
content allows us to establish that this photo-luminescence
band is connected with intracentral transitions 4/°5d—4f ’
(883/2) of Eu2+ ion.

The temperature dependence of PhL band half-width with
maximum at 535 nm in 4E and T coordinates ’ is presented
on the fig.3. It is seen that this dependence has linear
character. The temperature dependence of half-width is also
calculated by formula [8]:

I(T)=8n2 hv-s /coth(zhk—l;j (1

where s is Huang-Rice factor, #v is phonon energy, k is
Boltzman constant. The taken values s and hv are equal to 12
and 35meV correspondingly at /(7) calculation [9]. As it is
seen from fig.3, the experimental points are on the calculated
straight line. The linear dependence of half-width AE=f(T) is
connected with electron interaction in excited state with
lattice high-frequency oscillations (optical phonons) [10, 11].

i
3+
Ll i
'E' M A K i L
G 4 F 4 ¥ ;
E 15+ # i
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Fig.4. The thermo-luminescence spectrum of SrGa,S4: Eu
crystal.

TL spectrum of SrGa,S;: 5%Eu crystals at heat rate
0,67K/c is presented on the fig.4 (curve 1). As it is seen it is
wide-band one and covers the temperature interval 80+320 K.
The relative weak narrow peak with maximum at
95K(4T=20K) which collides with intensive wide band with
maximum at 210 K is observed on this spectrum. The big
half-width of TL wide band (47=108 K), the complex

operation of its initial increase allows supposing that this
band is connected with quasicontinuously distributed trap
levels in forbidden bandSrGa,S,: Eu crystals. The “thermal
purification” of  thermo-luminescence  spectrum  of
investigated samples is carried out by us for confirmation of
this supposition.

As it is seen from fig.4 (curves 2, 3, 4, 5, 6) the more 5
peaks with maximums at 216, 224, 235, 246 and 260 K are
revealed after “thermal purification”. The trap depth of
occurence situated in interval 0,25-0,53 eV is defined on
initial increase of these curves.

The results of thermo-luminescence measurements in
investigated samples are theoretically analyzed on the model
basis described in [9-13]. The wide maximums in thermo-
luminescence spectrums are character for triple alkali- and
rare-earth chalcogenides inluded in M*"M,*'X, group. For
example, thermo-luminescence spectrum CaGa,Sy: Eu®*
consists of wide residual structure with T, in interval 130 K
and peak half-width is 80K [5]. It is seen by method of
“thermal purification” that TL spectrums CaGa,S,: Eu’" are
caused by electron traps quasicontinuously distributed in
energy interval E. is (0,1-0,3) eV.

The trap activation energy in SrGa,S,: Eu® crystals is also
defined by the method supposed in [14] on maximum
temperatures of thermo-luminescence spectrum on formula:

E,= AkT,, 2)
where E, is trap activation energy, A is constant, k is
Boltzman constant. In work [15] firstly it is theoretically
shown that 4 value in (2) is equal to 25. The further
investigations [16] show that 4 can has values in interval 15-
30 in the dependence on private factor, heat rate and kinetic
order of relaxation process. A value is taken as equal one to 5
at calculation. The trap depth of occurrence calculated by
formula (2) for SrGa,S,: Eu®' is 0,2eV for low-temperature
peak (7,=95K) and 0,45¢V for wide band(7,=210 K)
correspondingly.

Thus, the wide-band PhL which is caused by intracentral
transitions 4/°5d—41'(*S;,) of Eu®" ions is observed in
SrGa,S, activated by Eu®" ions and low-temperature narrow-
band and wide-band TL are connected with electron traps,
discrete and quasicontinuously distributed in forbidden band
SrGa,S,: Eu?’. Their depth of occurrence E, is 0,2¢V and E,
is (0,25 — 0,53) eV correspondingly.
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SrGa,S,:Eu* KRISTALLARININ FOTO - VO TERMOLUMINESSENSIYASI

Eu®' jonlari ilo aktivlosdirilmis SrGa,S, kristallarinin fotoliiminessensiyast vo termoliiminessensiyasi (F1 vo TL) 77-320K temperatur
oblastinda tadqiq edilmisdir. Miioyyan edilmisdir ki, maksimumu 535 nm dalga uzunlugunda miisahids edilon geniszolagli FL Eu**ionlarmin
morkoazdaxili 4/55d—4f (*S;,) kegidlori ilo, maksimumlart 95K vo 210K olan darzolaqli va geniszolaql TL iso aktivlosmo enerjilori uygun
olaraq £.-0.2 va Ec-(0.25-0,53)eV olan elektron tolalari ilo baglidir.

B.I'. Tarues, C.A. A0Oymos, O.b. Tarues, ®.A. KazsiMoBa
®OTO- U TEPMOJIOMHUHECHEHINSA KPUCTAJIJIOB SrGa,S.:Eu
UccrenoBansl (oToOMUHECeHIMs 1 TepMomomunecuenus (OJI u TJT) kpucramnos SrGa,S,, aktusuposanusix Eu’' B
obmactu temneparyp 77+320K. Ilokazano, 4ro HabOmomaemas miupokornoiiocHas ®JI B obmactu temmeparyp 77-300K c
MaKCHMyMOM IpH 535 HM cBsizana ¢ BHyTpuuentpoBeivu 4f°5d — 4f (%S;,) mepexonamu momo Eu’’,a y3komonocHas u
mmpokorosocHass TJI o0yciioBieHa COOTBETCTBEHHO IMCKPETHO M KBAa3MHENPEPHIBHO DPACIpENCNICHHBIMU B 3alpeIeHHON

30HE 3JICKTPOHHBIMU JIOBYIIKaMU ¢ SHeprusMu aktuanuu:E - 0,2 u E~( 0,25- 0,53) »B.
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METAL INTERLAYER NANO-PARTICLES IN BISMUTH TELLURIDE

F.K. ALESKEROYV, S.Sh. KAGRAMANOV
“Selen” scientific production association of Azerbaijan National Academy of Sciences
F. Agayev str., 14, Baku-1143, Azerbaijan

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

The interlayer nano-aggregates, forming between Te(l) —Tél) layers in Bi,Te; are the new class of fractal nano-objects. Their

aggregation takes place at atom agglutination on the same mechanisms as the known solid-state fractal structures formed on free faces of

crystal in unlimited volumes, have.

The analysis of nano-fragment fractality characters is carried out on the basis of AFM-images and X-ray-diffractometer photos in

Bi,Tes<metal> layered systems.
Introduction

The article is dedicated to nano-particle formation
problems in crystals of A;/ B;’ ' type the Van der Waals bond

of which is weak one. Indeed, the layered compound
themselves are capable to “captivate” the guest molecules in
the crystal growth process and also at intercalation. The class
of intercalated compounds is practically unlimited on, i.e.
there is big number of metals (especially easily-diffusing
with small ion radiuses) which can be introduced in different
layered crystals (graphite, GaSe, InSe, Bi,Ses;, Bi;Tes, SboTes
and others). The combination of metal layers with
semiconductor ones on microscopic level can lead to crystal
obtaining with new electron properties. Such nano-objects
with the position of high technology can be the subject of
special investigations. The filling of nano-tubes by metals
(Cu, Ni, Fe, Ag) with the goal of nano-wire obtaining
covered by carbonic “wear” is mentioned in work [1].

The analysis shows that nano-chemistry produces the
own nano-particle objects, nano-containers, nano-reactors.
The two key conceptions: nano-particles and nano-reactor
have been determined. The first one characterizes
dimensional parameter; the second one defines the nano-
particle function [1].

It is necessary to note the one more article [2] in which
the approaches to the synthesis of nano-composites on the
basis of zero-, one- and two-dimensional solid-state nano-
reactors formed by zeolite cavities or interlayer empty spaces
of layered compounds have been considered. The work on
obtaining of active nano- fibers Bi,Te; in matrix of porous
aluminum oxide is known [3]. However, the fractal particles
of nano-meter dimension [4] form in Bi,Tes itself as a result
of crystallization in interlayers.

The fractal structures obtained in [4] are analyzed with
the position of physics of fractal clusters (FC). They form in
the crystal growth processes at agglutination of solid particles
[5-6].

The study of Bi,Tes;<metal> surface morphology and
their comparison with multi-fractals of complex signals, the
consideration of interlayer fractal aggregates with observable
nano-layer assemblies [7-9] require the clearance in the
perception of self-organized nano-particles on the basis of

cuprum, nickel and argentums between Tél) — Tél) Bi,Te;s.
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In this connection the new experimental data on the
study of (0001) Bi,Te; surface morphology by doped metals
are required.

Taking into consideration the above mentioned it’s
possible to formulate the following tasks: firstly, how Van

der Waals crack Tél) —Tél) in Bi,Te; can be considered as

nano-reactor for metal (Cu, Ni and Ag) impurities and
secondly, what are the fractality characters of forming
interlayer nano-fragments.

Investigation technique

Bi,Te; compound is obtained by thermal synthesis at
900-950°K which usually is carried out in quartz ampoules
where Bi, Te and impurities (Ni or Cu, Ag) are put in
necessary relation. After alloy synthesis they are put in
graphitized ampoules (by diameter 9 mm), melted again and
then the single crystalline ingots are obtained by vertical
directed crystallization  at  temperature gradient
AT=100grad/cm and solidification rate 1cm/h. The impurity
nano-particle morphology in such crystals after chipping
along (0001) Bi,Te; plane is investigated. Such samples
Bi,Te;-Me can be considered as intercalation ones from the
structural point of view, because the layers of matrix-master
and matrix-guest (Cu, Ni and Ag) can be emphasized. Here
the increase of interlayer distance at metal atom penetration
into interlayer empty spaces is character because of weak

chemical bond between Tél) - Te(l).

The diffusion intercalation of Cu, Ni and Ag atoms is
carried out at 500°K. For this purpose the metals are sprayed
perpendicular to basis plane (0001) by thermal method on
clean surface. Later the introduction (intercalation) process
along (0001) layers is carried out at temperature gradient
AT=30grad/cm, the sprayed sample part is hot side. Note that
coefficients of diffusion for all impurities are strongly
anisotropic one, and for Cu, Ni and Ag along (0001) basis
surface they are too big ones that promotes to their easy

diffusion into T” —T!" space during several hours. The

(0001) surfaces have been investigated on the samples
obtained by such method and the electron-microscopic
images and X-ray-diffractometer pictures have been
analyzed.
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The electron-microscopic images are obtained at atom-
force microscope (AFM) of NC-AFM trend. X-ray-
diffractometer investigations are carried on the installation of
Philips Panalytical trend. The preparation of atomically clean
surface by the way of chip by special instruments is carried
out along (0001) basis plane in the air before experiments.

AFM-images in 2D scale, nano-particle distribution
functions with similar dimensions (Fourier-spectrums), nano-
fractal density of distribution on (0001) surface on height (Z)
(histograms) have been investigated for all doped samples
besides AFM-images of (0001) Bi,Te; in 3D scale. However,
we don’t show them in the connection with limitation of
number of figures.

The experimental results and their discussion

The discussion subject is of fractal character revealing
between T-TY layers in Bi,Te;<Cu>, Bi,Te;<Ni> and
Bi,Te;<Ag> nano-aggregates in the comparison of their
morphology with fractal systems forming on free surface of
solid bodies in unlimited volume.

Fig.1. The scheme of atom distribution of bismuth and telluride
atoms in Bi, Tes structure and diffusion ways at
intercalation of easily-diffused impurities in interlayers:
a is atom penetration along (0001) plane;

b is formation of new island;
¢ is particle diffusion;

d is aggregation;

e is island diffusion.

fis particle aggregation between Té]) - Tél) .

The guest atoms (Cu, Ni, Ag...) localize in bismuth
telluride in Van der Waals empty spaces formed by atoms of
neighbor layers of telluride quintets. Each quintet consists of
five simple layers. The atoms of separate layer are similar
and form the hexagonal lattice. The atoms of each following
layer are posited under the triangle centers formed by the

atoms of the previous layer. Tél) atoms have on three atoms
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(six Bi atoms) from each adjacent layer in the capacity of
near-neighbors. Té” connects with three Bi atoms from the

one side, and with three Tél) atoms from the another one, i.e.

there are two essentially different places for Te atoms in the
lattice. The scheme of atom positions in Bi,Te; crystal lattice
and diffusion ways (marked by the arrow (a)) and particle
aggregations between telluride quintets (b, e, c) leading to
nano-layer formation (1) are given on the fig.1. The distance

between quintets is comparably big, i.e. Té” - Tél) bond is

very weak one. The vacancies after Te, complexes of
“dislocations — impurity atom” type, boundaries of blocks
and grains, micro-cracks, concentration heterogeneities and
micro-segregations [7] can be the most probable places of
accumulation and nano-fragment formation on the Cu, Ag, Ni
basis.

Fig.2. AFM- image of (0001) surface of bismuth telluride
intercalated by Cu in 3D scale.

Fig.3.

AFM-image of (0001) surface of self-intercalated
Bi,Te;<Cu> (in 3D scale).

Let’s give the experimental data by the example of
Bi,Te;<Cu, Ni and Ag> system. From fig. 2-3 it is seen what
nano-crystalline formations appear on (0001) surface at
cuprum intercalation and at synthesis of bismuth telluride
towards with Cu with following crystallization. The cuprum
penetrates into layers as in nano-container not interacting
with super-stoichiometric components of Bi,Te;: tellurium or
bismuth at intercalation at temperature 500°K. X-ray-
diffraction peaks from cuprum nano-particles (they aren’t
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given here) evidence about it. X-ray-diffractograms (fig.4) of
Bi,Te;<Cu non-intercalated samples (obtained in the crystal
growth process) show the peaks mainly from nano-particles

CuTe, Cu and CuggessTe;s3. Here Té]) —Tél) Bi,Te; plays

not only nano-reactor role (as it was mentioned in [1-2]), in
which Ni, CuTe and Cuy47T€ 353 form, but the role of nano-
container for cuprum (fig.4).

The morphology of (0001) Bi,Te; surface in three-
dimensional scale (3D) at Ni intercalation is presented on the
fig.5; here the fractal nano-structures mainly consist of Ni.

The supposed diffusion ways of particles and their
aggregation with following formation of fractal aggregates
(fig.1) are probably connected with filling impurity process
of places round dislocation pits and vacancies after Te on
(0001) Bi,Te; surface. The beginning of nano-cell formation

takes place in impurity diffusion processes along basis
surface (0001) and with nano-fractal growth from surface on
Te vacancies on the same telluride quintets. The gradually
growing “towers”-benches (FC) form as a result of nano-
fragment dimension increase from the surface. The surfaces
on (0001) basis plane because of interacting and contacting
between each other that is visually reflected on their
topography. The coagulation process achieves its peak at
which the parallel “mountain hills” form unique nano-fractal
surface which we observe on the fig.6 for Bi,Te;<Ni>
system. Here the boundary separating the fractal surface (left
one) with right part (which is similar and close one to single
fractals) is clearly seen.
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Fig. 4. X-ray-diffractometer photo of Bi,Te; doped by Cu.

Fig. 5. AFM-image of (0001) surface Bi,Te;<Cu> (in 3D scale).
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Fig. 7. (0001) surface in solid solution (Bi,Se; 4mol% - Bi,Te;
96mol%) doped by argentums (AFM-photo in 3D scale).

The unique fractal surfaces between Tél) —Té” in

Bi,Te; are obtained for all three impurities: Cu, Ag and Ni.
The analogous fractal pictures obtained with the help of
consistent occasional Foss additions algorithm are given in
[6].

Almost all filling stages of Van der Waals band are
connected with the process of rapid introduction of easily
diffused impurities (Ag, Cu, Ni) in Bi,Te; along basis plane
as a result of diffusion directions (direction (a) on the fig.1).

The model of diffusion-limited aggregation (DLA) is
often used for revealing of real structure formation
mechanisms. Using some elements of DLA [4-6] we accept
the model scheme connecting formation processes of
intralayer solid-state fractal structures: penetration into layer

between T.” —T " of easily-diffused atoms) Cu, Ni and

Ag), diffusion on basis plane (0001) and DLA process.

We have considered the intralayer fractal aggregates
(and their fractal measures) and compared them with forming
FC on free surface, growing on the model of two-dimensional
aggregation limited by diffusion [6,8].This means that FC
grows from the germ on telluride vacancies. Making
occasional hunts Cu, Ag and Ni atoms move on basis surface
(0001) because of gradient diffusion. Contacting with germ
of initial cluster the moving impurity atoms get close to it.
Further, the another atom making occasional hunts and
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contacting with cluster increases its dimensions begins to
move from new point in the space between Tél) - Te(l) .

The dimension of interlayer space Tél) —Tél) in

Bi,Tex~0,3 nm, the height of nano-particles is in the limits
10-20 nm. Here it is possible the converse pressing-

expansion of Tél) - Tél) layers like “bellows”. The distance

Tél) — Tél) can be regulated adjusting the investigated nano-

reactor on the given volume by the way of filling
(penetration) by impurities. The nano-formations on (0001)
Bi,Te; surface also reveal the characters about multi-fractal
structure of interlayer fragments. Their growth dynamics
accepts the quantitative and qualitative description with the
help of known physics conception of solid-state multi-fractal
structures in the case of their obtaining in the unlimited
volume [6,9].

For establishment of obtained structure fractality we
need: to check the self-similarity, define the boundaries of
self-similarity, define the fractal dimensionality (D). Here the
main attention is paid to the one from the system classes with
fractal structure. The fractal dimensionality of such nano-
objects forming in three-dimensional space at association of
solid particles (on aggregation model: particle-, cluster,
Brownian motion) is D=2,461 0,05 [5]. The qualitative
characteristics of the fact how formed nano-aggregates have
filled the space between Tél) - Te(l) of layered Bi,Te;. The

nano-objects are formed in this space and in solid solution
(Bi,Te; - BiySe;)<Ag> accompanying by the association of
close dimension particles (for example: Ag,Te and Ag,Se)
(see fig.7).

It is necessary to use also the multi-fractal theory [8-9]
for description properties of self-similarity and complex
scaling observable in obtained nano-structures. In the given
case as it is seen from the fig.6 the investigated region is
formed from two parts. Moreover, each of them has its own
self-similarity property, and this factically means the multi-
fractality: the multi-fractal is the union of fractal ensembles
of different dimensionalities. The nano-objects presented on
the fig.2 and 5 are more or less close to single fractal
formations (i.e. D with some error presents itself the constant
value). As it is known [8] the spectrum of multi-fractal
processes can’t be described as unique D indicator. Probably,
the multi-fractals here form from the set of collected and
single fractals pressed to each other (their can be analyzed on
the basis of FC conception grown up from surface (0001) [5-6].

The obtained nano-objects on geometric dimension
character have nano-dimensions on all three directions: their
height doesn’t exceed 15-20 nm, width and length varies in
the limits less than loo nm; i.e. the given nano-objects on
classification [2] can be related to nano-particles with
unordered distribution. However, particles by ~5-10 nm
(clusters) sizes are observed in (0001) surface morphology.

These nano-fractals and surfaces formed by them can be
considered as the one from main factors defining the

morphology of interlayer space between Tél) - Tél) .

Conclusions

The analysis of (0001) Bi,Te;<Cu,Ni and Ag> surface
morphology shows that nano-particles (in the form of nano-
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fractal formations) can form between Tél) - Tél) layers with The interlayer impurity nano-fragments are characterized
by interaction between its elements.

What is the dimensionality of investigated structure: if
we consider them as atom accumulation separately then each
particle (cluster, FC) is one dimensional one; their location

on the (0001) surface between Te(l) - Tél) is two-dimensional

participation of different surface defects.

The reason of rapid growth of nano-fractal “towers”
probably is that Cu (Ni, Ag) go to the initial nano-islands,
draining from not only impurities of small dimensions
accumulated in vacancies, but from atoms diffusing along
plane (substrate), “feeding” and changing the heights of one; however, taking into consideration their fractals the
fractal formations. dimensionality is between 2 and 3, i.e. it is fractional one.
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Bi;Te;-UN LAYLAR ARALIGINDAKI METAL NANOZORROCIKLORI

Bi,Tes- laylar Tél) - Te(l) arasinda yaranan nanoaqreqatlar yeni tipli fractal nanoobyektlordir. Onlar metallarin Te(l) - Tél) araliginda

diffuziya horokoti zamani formalasir; belo nanosistemlorin yaranma mexanizmlari iso sarbast tobogolords amolo golon adi fractal strukturlari
ilo eynidir.
Nanofragmentlorin fraktallik analizi elektron mikroskopik (AEM) ve rentgendifraktometrik sokillori osasinda aparilir.

@ .K. Aneckepos, C.111. Kaxpamanos, M.A. Pama3zanos

MEKCJOEBBIE HAHOYACTHUILBI METAJIUIOB B TEJUIYPUJIE BUCMYTA

MexcnoeBrie HaHOArperaThl, (GOPMUPYIOIIHECS MEKIY CIOSIMU T —T® g Bi,Te; cocrapisioT HOBBIM Kilace GpakTasib-
e e

HBIX HaHOOOBEKTOB. VX arperanust MpOUCXOIUT NPH CIAMIAHUU AN(OYHANPYIOIMX aTOMOB 0 TEM K€ MEXaHW3MaM, 4TO U B
N3BECTHBIX TBEPAOTENBHBIX (PPAKTAIBHBIX CTPYKTYpPaX, COPMHUPOBAHHBIX HA CBOOOIHBIX TPAHAX KPHCTAJUIOB B HEOTPAHUUCH-
HOM 00BEME.

AHanu3 npu3HaKoB (HPaKTaIBHOCTH HAaHO(QPArMEeHTOB MpoBeZieH Ha ocHOBe ACM-n300pakeHI U peHTTeHOIU(pPaKTOMET-
pUYECKHX CHUMKOB B CIIOMCTHIX cucTeMmax BiyTes<meramr>.
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FORMATION OF PVA-CAPPED CdSe NANOCRYSTALS UNDER ULTRASONIC WAVES

YASHAR AZIZIAN KALANDARAGH"?, M.B. MURADOV', R.K. MAMEDOV',
A. KHODAYARI* G.M. EYVAZOVA'
'Baku State University, Z. Khalilov Str., 23, Baku, Azerbaijan
? Mohaghegh Ardabili University, P.O. Box 179, Ardabil, Iran

Poly vinyl alcohol (PVA)-capped CdSe nanocrystals were prepared using a sonochemistry method. XRD pattern are consistent with
that for cubic CdSe. The calculated result from XRD characterization shows that the sizes of particles are less than 10nm. SEM of as-
prepared samples shows uniform agglomerated particle distribution. The agglomerates size is found to be less than 300nm based on observed
SEM images which aggregated in the form of small nanoparticles. The elemental analysis shows that the prepared samples are exactly

stoichiometric.

Introduction

Crystals with dimensions in nanometer range show
characteristics that are considerably different from the
characteristics of bulk materials. For example, an effective
increase in band gap is observed in nanocrystalline CdSe due
to quantum confinement effect. Large surface to volume ratio
of semiconductor nanoparticles makes them possess
characteristics that differ from the bulk semiconductors.
Furthermore these characteristics depend principally on their
size and shape [1-4]. Considerable interests have been
devoted during recent years in CdSe nanocrystal synthesis
because of their size quantization effect and wide
applications in nanoelectronic devices. However, the
suitability of these nanocrystals is limited to their synthetic
procedure, size distribution and surface effects. A variety of
methods have been described to synthesize CdSe bulk and
nanocrystals in thin film form that includes physical vapor
deposition, sputtering, spray pyrolysis, electrodeposition,
etc.[5,6] In the present work, CdSe nanocrystals were
prepared by sonochemistry method.

1. Experimental section
1.1. Materials

Cadmium acetate dihydrate (C4H¢CdO4.2H,0, extra
pure), sodium sulfite (Na,SO;), elemental selenium powder,
sodium hydroxide (NaOH, extra pure) and polyvinyl alcohol
powder (PVA) were obtained from Merck and employed
without future purification. Double distilled water and
absolute ethanol were used for washing the particles.

1.2. Instruments

The X-ray powder diffraction (XRD) pattern of product
was carried out on Philips X Pert X-ray diffractometer with
Cu Ko radiation (A = 0.154056 nm) at a scanning rate of 0.02
°s’! in the 20 rang from 20° to 60°. The purity and elemental
analysis of the product were obtained by EDAX on LEO
1430 VP instrument. Surface morphology and distribution of
particles were performed via LEO 1430 VP scanning electron
microscope, using an accelerating voltage of 18 kV. The
sample used for SEM observations was prepared by
transferring the particles, which at first was dispersed in the
ethanol to the SEM stage. After allowing the evaporation of
ethanol from the stage, the particles on the stage were coated
with a thin layer of gold.
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1.3. Preparation of PVA-capped CdSe nanocrystals

PVA and chemically pure reagents were used for the
preparation of CdSe nanocrystals. Sodium selenosulfate
(Na,SSe0;3) solutions were prepared via dissolution of 0.2 gr
of elemental selenium powder in 50ml of 1.1 aqueous
solution of sodium (Na,SO;), by magnetically stirring for 2
hour at 80 C applying reflux column system. All the selenium
powder was dissolved and the transparent solution was
allowed to be cooled to room temperature. The reacting
mixtures for the synthesis of CdSe nanocrystals were
prepared from 0.2 M cadmium acetate and prepared sodium
selenosulfate  solutions in 10 mass % PVA solutions in
distilled water. The pH of this solution brought to 9 by
addition of NaOH. The mixed slowly and the color of
mixture gradually changed from milky to orange. This
solution was transferred to a 100 ml borosilicate rounded
bottom flask and mixed well and irradiated for 1 h at room
temperature in open air, using Dr. Heilscher high intensity
ultrasound processor UP200H Germany (0.3 cm diameter Ti
horn, 200 W/cm?, 23 kHz). The titanium tip of the horn was
immersed directly in the reaction solution. During the
sonication of reaction mixture, the temperature increased to
about 70°C and remained constant at the end of sonication.

After sonication, the solution was centrifuged (at
revolution rate of 4000 rpm) and a plenty of orange
precipitates could be observed. The precipitates were washed
with double distilled water and absolute ethanol and
centrifuged for several times to remove the week bounded
species and PVA matrix and finally dissolved in absolute
ethanol and then were dispersed on ordinary microscope
glass slide and dried at room temperature for one day.

2. Results and discussion

The result of the powder XRD pattern of the sample is
depicted in Fig. 1. It is compatible with the diffraction pattern
of CdSe in cubic structure (JCPDS files No.19-0191). The
broadness of peaks indicates the formation of nanosized
product. The most common method of determining the
particle size is from the width f (FWHM) of the prominent
X-ray diffraction (XRD) peaks using Scherrer’s formula

I 0.941
Pcosb

Here L is the coherent length, A is the wavelength of X-
ray radiation and @ is the angle of diffraction. In the case of
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spherical crystallites, the relation between L and D, the
diameter of crystallite, is given by L= (3/4) D.[7,8].
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Fig. 1. XRD pattern of as-prepares CdSe nanocrystals by
sonochemistry method
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particle size of the nanocrystallite for as prepared
nanoparticles using the above formula, considering three
prominent peaks at 25.23°, 42.10° and 50.2°. The average of
L obtained from XRD pattern for these picks are less than 20
nm. The surface morphology and the distribution of the
product were characterized by Scanning electron microscopy
(SEM), which its images are illustrated in Fig. 2a-c at
magnifications of 5k, 15k and 30k respectively.

It is obvious from Fig. 3 that produced CdSe consists of
spherical nanocrystallites of about 300 nm; aggregated in the
form of polydispersive agglomerates with the size in the
range of 150-300 nm. Also the particle sizes are calculated by

effective mass approximation model [9, 10] T,o_m_'" - EHT = 16.00KY  WD= Gemm ;m;:-n 'rm.m 3606 2 “
It gives that the size of particle is very small and confirm e = (C)
the obtained results from XRD. The difference between . e
Fig. 2. SEM image of CdSe nanocrystals, magnification

obsereved results from SEM and calculated results from
XRD arise from this fact that in fact the particles size is very @ - 3k; (B) = 15k; () = 30k.
small (less than 10 nm) and the calculated XRD results are '
true. The produced nanoparticles were characterized by
energy dispersive X-ray analysis (EDAX) for the evaluation Se
of its composition and purity. The EDAX spectrum for the
product is shown in Fig. 3. It is evident from the peaks of the
figure that the product is completely pure and they
correspond to Cd and Se with an average atomic percentage
ratio of about 50:50. The elemental analysis confirms the
presence of corresponding elements in non-stoichiometric
percentage.

The role of sonication and formation of nanoparticles is
so important. In this experiment, the presence of PVA is very
important in the synthesis of CdSe nanoparticles, since by the ] :

. i 4 8 12
help of ultrasonic waves.
Range(KeV)

g

400 1

Cd

200 1

Counts(Arbitary Units)

et

Fig. 3. EDAX spectrum of as-prepared CdSe nanocrystals by
sonochemistry method

42



FORMATION OF PVA-CAPPED CdSe NANOCRYSTALS UNDER ULTRASONIC WAVES

Conclusion average diameter of less than 10 nm, highly pure and having
higher band gap of about 4.7 eV compared to its bulk value,

A mnovel and simple method for preparation of CdSe demonstrating a big blue shift due to CdSe nanostructure

nanoparticles using ultrasonic waves has been described. The

. . . . nature.
product are nanocrystallites, in cubic structure, with an
[1] P Alivisatos, J. Phys. Chem. 100 ,1996,13226. [6] Y. Golan, L. Margulis, I. Rubenstein, G. Hodes,
[2] Henglein, Chem. Rev 89,1989,1861. Langmuir 8, 1992, 749.
[31 B. Murray, C. R. Kagan, M.G. Bawendi, Ann. Rev. [7] X Mathew, J. Phys. D:Appl. Phys 33, 2000, 1565.
Mat. Sci.30, 2000, 545. [8] A. Guinier, X-ray Diffraction, Freeman, Sanfrancisco,
[4] V.L. Colvin, M.C. schlamp, A. P. Alivisatos, Nature CA, 1963.
370, 1994, 354, [9] L.E. Brus, J. Chem. Phys. 80, 1984, 4403.
[5] G. Hodes, A. Albu-Yaron, A. Decker, P. Motisuke, [10] L.E. Brus, J. Phys. Chem. 90, 1986, 2555.

Phys. Rev. B 36, 1987, 4215.
Yasar Ozizian Kslondaraq, M.B. Muradov, R.Q. Mommadov, A. Xudayari, Q.M. Eyvazova

PVS (")RTI"JKLI:J CdSe NANOZpRRaCiKLaRiNiN ULTRASOS
DALGALARININ KOMOYI iLO ALINMASI

Ultrasas dalgalarinin kdmayi ilo polivinil spirtli (PVS) 6rtiiklii CdSe nanozarraciklori alinmigdir. Struktur tadgigatlarina asason, alinmisg
CdSe nanozarraciklori kubik gurulusa malikdir. Rentgen tadqiqatlarindan nanokristallarin dlgiileri teyin edilmisdir (10 nm-dsn kigik).
Elektron mikroskopik todgigatlarinin naticalari géstardi ki, bu zarraciklor orta 6lgiisii 300nm olan bircins aqlomerat smola gatirir. Element
analizinin naticalorine asason alinmis nanokristallar stexiometrik torkibs malikdirlor.

Awmap Asuzuan Kananpapar, M.b. Mypanos, P.I'. Mamenos, A. Xynaspu, I'.M. JiipazoBa

O®OPMHUPOBAHUE HAHOKPHUCTAJIUIOB CdSe B IIBC OBOJIOYKE
C IOMOIIBIO YJIbTPA3BYKOBOM BOJIHBI

Metonom ynbTpa3sByka Obutd monydeHbl HaHodacTHibl CdSe B o6onouke mnonuBuamioBoro crnupta ([IBC). Tlo pesynpratam
CTPYKTYPHBIX HCCJICJIOBAHHI YCTaHOBIEHO, 4To HaHouyacTuubl CdSe uMeroT KyOu4yeckyto cTpykTypy. I1o JaHHBIM peHTreHorpaduuecKux
UCCIIeIOBaHUM OBUIM pacCYMTaHbl pa3Mepbl HAHOKPHCTAJUIOB, KOTOpble Obuti MeHble 10 HM. PesynbraTel nccnenosanus COM mnokasanu,
YTO TMOJYyYCHHBIE YACTUIBI 00pa3yloT OJHOPOIHBIE arioMeparhl co cpemHuM pasMepoMm 300 HM. DIeMEHTapHBIA aHaIW3 MOKa3all, YTo
TIOJTy4EHHbIE 00pasIibl IMEIN CTEXHOMETPHUYECKHl COCTaB.

Received: 30.03.08
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MATCHING OF CRITERIA THE DISCERNMENT OF THE FUNCTIONAL
CHARACTERISTICS OF INDEXES OF RELIABILITY OF PLANTS EES

E.M. FARHADZADEH, A.Z. MURADALIYEV, Y.Z. FARZALIYEV
Azerbaijan Scientific-Research and Design-Prospecting Institute of Energetic
Zardabi ave., 94

References on variation of reliability on the curves received at analysis of statistical data can appear erratic if not to consider a random
in character of assessments of indexes of reliability. The comparison method of criteria of a discernment of the functional characteristics
indexes of reliability reduced at ordinal and nominal dials of variation of argument.

While in service the equipment and systems of plants
EES there is a necessity for a reliability analysis of their
activity. The reliability analysis implies an assessment and
matching of some indexes of reliability (IR), describing those
or other properties. As a result, of analysis the certain
references on build-down of working costs formed. The
greatest propagation was received with data on «weak links »
plant, about conditions and character of originating of
failures, a type of failures and so forth. These data in many
respects determine volume of plan repair work, measures on
perfecting system of maintenance, perfecting of methods
verification availability index.

The solution so important for build-down of working
costs of problems, in an essential degree is at a loss a small
amount of information about availability index of the
equipment and systems of plants EES. The averaged IR and
their empirical characteristics (EC) often do not mirror a
singularity of particular plant, and individual IR and
matching them EC, application of special methods and the
approaches considering a random in character of assessments
of IR require and the statistical hypothesises orientated on
check. Under EC IR we shall agree to fathom empirical
regularity of IR in function of some varieties of indications
(VD). Instances EC are regularity variation of IR on calendar
years, duration of exploitation, a season and day, depending
on the class-room of a voltage, the dispatcher numbers of the
equipment, systems and electric sets, configuration items, etc.
Real regularity of variation of IR in function VI we shall
agree to name the functional characteristics (FC).

The urgency of a problem of the account of a random in
character assessments of IR causes steadfast notice of
technicians. Are developed series of criteria for matching
assessments of the same type IR and their characteristics for
continuous random quantities [1]. At a reliability analysis,
not less characteristics of IR which scale of measurement of
argument concerns to the classroom ordinal or nominal [2]
often are used. For these scales of measurement, the criteria
considering a random in character of watched regularities
require the perfection since insufficiently full mirror as
modes of an assessment of the fundamental and additional
IR, and the discrete character of variation of argument.
Therefore, there are reasons to believe, that the number will
increase them in due course. Thus, there is a problem of
matching of criteria for the purpose characteristics of their
reliability (probability of a correct solution).

It is known, that in theory checks of statistical
hypothesizes the preference is returned criterion, for which at
the fixed value of an error of first kind, an error of second
kind the least. As it noted in [1], comparison of statistical
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criterions constitutes rather a challenge of modern mathematical
statistics.

The most simple and illustrative mode is graphical map
of characteristics of intercoupling of errors first [a(x)] and
second [B(x)] stems in the form of function S(x)=f[e(x)], or
in the form of intercoupling of power of criterion
W(x)=1-f(x) and a(x). However, a seeming ease of this mode
is deceptive. For a case history of originating difficulties, we
shall survey sequence of a presence of dependence S(x)=f[ a(x)].
She provides following determinations and evaluations:

1. Shaping of suppositions (hypotheses) concerning
character of variation of examined dependence. As agency of
a random in character of assessments IR is considered,
normally surveyed two hypotheses. Considered, that actually
a development all VI equiprobable (hypothesis H;). For
example, assemblies of the cutout have equal reliability, and
the watched divergence of assessments VI coupled only to a
small amount of information, random.

The second (alternative) hypothesis (/) also is natural -
the watched regularity of variation of IR mirrors a real
quantitative ratio of significance VI.

2. Account of distribution functions F(x; /H;); and
F(x/H,); where x; — statistician of i-th criterion i=1,s; s —
number of compared criteria. If the distribution function of
the discrete random quantity is known, formulas of account,
as a rule, are known F(x; /H;) and F(x; /H,). For example, if
the model of experiment matches to a binomial low
distribution, formulas of account F(x;/H;) and F(x;/H,) will
differ only, accordingly, with usage for account F(x; /H;)
hypothetical probability, and for account F(x; /H,) - empiric
probability.

If the distribution function of a random quantity is
unknown, that occurs for a greater unit of IR, allocations
F(x;/H;) and F(x;/H,) evaluated by a method of simulation
modeling. An instance of such characteristics are regularity
of variation of an average of failures of cutouts of various
class-rooms of a voltage, variation of an emergency shut-
down coefficient depending on duration of exploitation and
others;

3. Account of allocations a(x;) and f(x;). The solution of
this problem simple enough would seem

a(x,/H)=1-F(x,/H,)
ﬂ(xi/HZ)zF(xi/HZ)

(D
(2)
However, such inference is fair, if assessments of

expectation of a statistician x; for H; and H, satisfy to a
following condition:
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M (x| H) <M (x,/H,) 3)
Otherwise, i.e. when
M (x,/H)>M"(x,/H,) 4
following equalities are fair
a(x,/H,)=1-F(x,/H,) )
B(x;/H)=F(x;/H,) (©)

If neglect a parity of means statistician x; serious errors
in an adoption of a decision are possible. The account of a
parity M(x; /H;) w M(x; /H,) it is especially important at
automatic application of criteria in program models. The
graphical case history of a short of an erratic solution reduced
on fig.1.

As follows from fig.1, not account parities M (x /H,)
and M'(x /H,) leads to sharp variation of critical value of
quintiles of allocations a(x/H;) and f(x/H;). If at physically
correct comprehension of errors the first and second stem,
critical value of quintiles at ¢4=/,=0,1 are accordingly peer

X" and X% , that at their erratic comprehension
(M (x/H,) > M* (x /H>)), these quintiles are accordingly peer

x" / and X , that )?(1)<<X(U and X(Z) >> X(Z) If
X”) <X that X" > x

4. Construction of dependence fS(x;)=f[a(x;)]. To build
this dependence it is necessary to consider following
singularities:

4.1. Levels of discrete samplings of allocations F(x;/H;)
and F(x;/H,) can completely and partially differ. Here there is
in view of not the partial overlapping of spacing of possible
value of argument of allocations and not a complete
divergence of these spicing. Difference of discrete samplings
watched on the interval overlapping of possible value. It is
established, that a necessary condition of existence of generic
points of a discrete sampling is proportionality x,, to value &

=]/nx, where ny - total number of failures

«(xfih;: -F(xIHs).

—— ——

* B=toref)
\

4
11

R

7

05

o1 +—

)

b

Fig. 1. A graphi*cal case history of aftereffects of disregard a
parity M" (x /H;) and M (x /H>).

4.2. Between dependences pf(x)=f[a(x)], builted for
conditions (3) and (4), there is a divergence. In the first event,
we have dependence of probability erratic disallowance
hypothesis H; in function of probability erratic disallowance
hypothesis H,, i.e. fx/H,)=fla(x/H;)], and in the second
event S(x/H;)=fl ¢(x/H>)]. In discover the reflecting noted in
item.3 serious errors in an adoption of a decision.

Therefore, it is necessary to compare not with value of
error of second kinds at fixed error figures of the first stem,
and an error at adoption of hypothesis H, for the fixed error
figure at disallowance hypothesis H;.
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Graphical case history of difference of curves
Po/H)=flax/H)] and S(/H))=fla(x/H,)] it reduced on
fig.2. These curves are builted for criterion of matching of an
assessment of chances of failure Q° with hypothetical

probability Oy, where Q" =n,/ny=3/60=0.05, and ny = Z n,
i=1

)

B(x/H,)= mxm

BOYM=S TRl /H]

1.0
(U]

oL(x)

Fig. 2. A graphical case history of difference curves of
intercoupling of errors of the first and second stem.

To simplify the subsequent account, to consider (3) and
(4), we shall agree probability erratic disallowance
hypotheses H, to designate through Sh(x/H,) and probability
erratic disallowance hypotheses H; to designate through
Sh(x/H,).

The subsequent treating of singularities of matching of
criteria of discernment distribution functions of variation of
IR at nominal and ordinal dials of argument we shall continue
on a particular instance.

5. To have a possibility to evaluate reliability of a
solution, EC has been received by a method of statistical
modeling, by:

a) software prototyping ny random numbers & with an
even distribution in the interval [0,1];

b) compliance test of these (n5) random numbers to the
uniform law Kolmogorov's criterion;

c) arrangement zny random numbers in m, peer spacing
by comparison &, with the upper boundary values m, spacing
by formula

ilm <& <(i+1)/m,
d) assessments of probability of a development set VI

by formula Ql.* =n,/ny.
The first criterion is based on the supposition of
correspondence of probability of a development of each of
i=1, m, VI to binomial low. Critical value of errors of the

first and second stem for each spacing were sampled in view
of theorem Touke according to which ¢, , =¢a, /m, and

,BK,i =Py /m,

conditionally through K.

The second criterion based on an assessment of
allocation of the greatest divergences of simulated
implementation of allocations F(i) u F'(i), where F(i)=i/m,;

c Let's designate it

ny = Zrnl. . We shall designate it
i=1

F*(i):zlnl./nz;

conditionally through K.
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In table 1 value of argument X and conforming
discontinuous distributions are reduced a(x,/H;), p(xi/H,),
a(xy/H;) and f(x;/H,), where x,=x,,- ny . As follows from this
table, to the same x there match various value a(x,/H;) and
a(x,/H,), that brings ambiguity of comparison of criteria and
comparison bears that S(x;,/H,) and f(x,/H,) at fixed a(x/H,)
it is impossible, and consequently, and it is erratic.

6. To reduce «(x;/H;) and a(x, /H;) to the same
argument, we shall compare argument X with quotients of a
significance of power of the criteria computed by formula:

AX) =[1- B/ Hy) | ao(x/ H) =W(x/ H,)/ex/ H,) (7)
at M (x/H,)<M (x/H,)
Bx)=fx/ H,)/[1-ax/ Hy)| = W(x/ H)| el Hy) ()
at M (x/H)>M (x/H,).
Table 1
Numerical values of allocations oqx/H;) and f(x,;/H>)

X | axpi/Hy) | Poi/H) | afxi/Hy) | Bxsi/HY)
2 | 08861 0,0015 0,0810 0,0030
3 0,7471 0,0063 8322 0,0659
4 0,5672 0,0202 0,5275 0,3336
5 0,3899 0,0512 0,2178 0,6613
6 0,2312 0,1081 0,0579 0,8721
7 0,1241 0,1958 0,0090 0,9590
8 0,0596 0,3120 - 0,9860
9 0,0258 0,4464 0,9940
10 0,0100 0,5834 - 0,9980
11 0,0036 0,7079 - 0,9990
12 | 00011 0,8097 3 3
13 0,0003 0,8848 - -

Outcomes of accounts A(x;) and A(x;) are reduced in
table 2. As follows from table 2, at the fixed value of
argument X quotient of a significance A4(x;) for criterion Ky it

is more, than value 4(x,) for criterion K.

Table 2
Outcomes of accounts of empirical value of quotients
A(x;) and B(x,)

X Alx,) A(z)
2 1,13 1,02
3 1,13 1,12
4 1,73 1,26
5 2,47 1,56
6 3,86 221
7 6,48 4,56
8 11,54 -

9 21,46 -

10 41,66 -

It is necessary to mark, that comparison of criteria
should conducted not for the same arguments x, and for
critical value xx=X [o(x/H)<ay], i.e. to argument with the
greatest value a(x/H,), satisfying to a condition o(x/H)<cay.
For example, according to table 1 for criterion Kp at ax=0.05
value x; ,=9, and for criterion K - pearly 8.

7. Comparison of criteria can carried out and a little
differently. In a fig. 3 curves are reduced Sh(x/H,)=
fISh(x/H;)]. For conforming critical value of probability
Sh(x/H;) value are determined Sh(x/H,). In the received
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statement of conditions of comparison of criteria, than
Sh(x/H;) for matching Sh(x/H;) it is less, that the criterion is
more preferable. According to a fig 3 it is criterion Kj.

8. Despite of a seeming finality the tasks in view
separate, multiply the checked out facts were not matched
with noted in item 6 and 7 outcomes of comparison of
criteria. To them concerned:

sh @9‘1 Hy)

shix/t)=5[shlx/n,))
shix/H)=1-sh{x/H,)
shi{ta/Hy)=§1sh (x.J#]

" Sh(x/M)
Fig. 3. The Graphical case history of matching of criteria.

8.1. If F(x/H,)=F(x/H,), i.e. H;=H,, that irrespective of
type FC function Sh(x/H,)=f[Sh(x/H;)] looks like
Sh(x/Hy)=1- Sh(x/H,). If H;=H,, that Sh(x/H;) # 1- Sh(x/H,);

8.2. The empirical value of the greatest divergence
between EC and FC is less, the incurvation (bulge) of curves
is less Sh(x/H,)=f[Sh(x/H;)] and the more error figure Sh(x/H>),

8.3. At small difference EC and EC, including
practically insignificant, a solution of matching EC and FC
will be: «the information has not enough for an adoption of a
decision »;

8.4. With magnifying of number of experiences ny and
correspondences F (i) to even distribution, value Sh(x/H>)
increases.

9. These data allow to conclude, that if EC is received
by statistical modeling on some allocation F(i) with i=I,m,,
that value Sh(x/H,) characterizes probability of an erratic
deflection of hypothesis H, owing to a random in character of
assessments of the IR computed for each of m, VI. In this
case it is easy to explain, why with decrease of a divergence
between EC and FC value Sh(x/H,) at the fixed number of
"experiences" increases (the less divergence, the more than
data it is necessary for a discernment of this divergence) and
why with magnifying of a divergence between EC and FC
Sh(x/H;) diminished

10. If to receive, that at equiprobable development VI

value Sh(x/Hz) = %(x/HZ), that value

ASh(x/H,) = ‘Sh(x/st) ~Sh(x/H,)  ©)
it will be proportional to an error in a discernment of
difference EC from the uniform law. At the fixed value
Sh(xx /H;) the preference is returned criterion with greater
value Sh(x/H,), and with allowance for item.6 the preference
is returned criterion, for which greatest divergence of
quotients A(x) or B(x) and units of the fixed value Sh(xx/H;)
the least on matching with other criteria.

Systematizing the above-stated, the method and
algorithm of matching S of criteria is represented the
following amalgamated sequence of evaluations:
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1. Allocations pay off F(x/H;) and F(x/H,); "gear" the parity of means of argument of allocations can
2. Subject to the conditions (3) and (4) allocations are  minister F(x/H;) and F(x/H,),
formed Sh(x/H;) and Sh(x/H,); Difference of levels of a discrete sampling of arguments
3. Real critical value of probability erratic allocations a(x/H;) and S(x/H,). Characteristics B(x)=f{a(x))
disallowance hypotheses H; by formula are determined should be under construction for the same value x;

Comparisons of error of second kinds of criteria at the
Shd (x/H))= maX{Sh(x ITH)) <o, } (10)  fixed value of an error of first kind. It is necessary to compare
with an error in disallowance hypotheses H, at the fixed value
erratic disallowance hypotheses Hj;

Differences erratic disallowance hypothesis H; for equal
levels of a discrete sampling of statistician of compared
criteria. Overcoming of this nonconformity is reached by
comparison of criteria on regularities of variation of a relative

ASh(x/ Hz) = |1 - Shd (x/ H, )—Sh(x/ H, )| significance of power of criteria under formulas (7) and (8)
Irregular interpreting matching Sh(x/H;) probabilities
6. The preference returned criterion, for which Sh(/H), only as probabilities erratic to deny hypothesis H.
ASh(x /H) the least. Actually  Sh(x/H,) characterizes probability erratic
disallowance hypotheses H, owing to roundedness of
statistical data for a discernment of the functional junctions;

1.  The account of an error of second kind in conditions 4. . The m?'[h(?d, algorithm and programs mode.l of
when aftereffects from erratic solutions are indiscernible, so ~ matching of criteria of a discernment of the functional
important, as well as an error of first kind. The disregard to characteristics of indexes of reliability of plants EES is

physical nature of both errors leads in practical accounts to developed. Probability of the supervision of reliability of a
incorrect solutions: solution were ensured with a solution technique of "inverse

problem" when empirical the characteristics of indexes of
reliability were simulated on the sampled regularity of
variation VI.

5. Matching of the criterion based on binomial model
of probability of development VI and criterion, the greatest
deflection of empirical and hypothetical characteristics based
on value bears to doubtless advantage of the second criterion.

4. It is determined Sh(x/H>), matching Sh,(x/H>);
5. The probability erratic disallowance hypotheses H.,
caused by algorithm of criterion by formula is evaluated

Inference.

2. Known references with reference to criteria of a
discernment of the functional characteristics of indexes of
reliability at ordinal and nominal dials of argument are
unacceptable for matching criteria;

3. Erratic solutions at usage of these references
originate owing to:

Insufficient sharpness of the gear of the account of
physical nature of errors of the first and second stem. Such

[1] LA. Ryabinin. Bas of the theory and account of [2] V.P. Trofimov. Logical organization of statistical
reliability ship electro energy systems:, models. M.: The Finance and statistician, 1985, 191 p.
"Shipbuilding", 1971, 453 p.

E.M. Farhadzads, A.Z. Muradbsliyev, Y.Z. Forzaliyev

EES-in OBYEKTLORININ ETIiBARLIQ GOSTORICILORININ FUNKSIONAL XARAKTERISTIKALARININ
TANINMASI KRITERIYALARININ MUQAYIiSOSi

Ogor etibarliq gostoricilorinin giymstlondirilmesinin tosadiifi xarakterli olmasi nozoro alinmazsa, statistik verilonlorin aragdirilmasi
zamani alinan ayriler {izra etibarliligin dayismesini gostoran tovsiyaler sahv ola bilerler. Arqumentin sira vo nominal skalalarinda etibarliq
gostaricilorinin funksional xarakteristikalarinin taninmasi kriteriyalarinin miiqayisesi tisulu gostorilir.

3.M. ®dapxan3ane, A.3. Mypagaaues, }0.3. ®ap3annes

CPABHEHUE KPUTEPUEB PACIIO3HABAHMSI ®YHKINOHAJIbHBIX XAPAKTEPUCTHUK
INOKA3ATEJIEU HAJJEXKHOCTH OBBEKTOB 33C

PexomMeHmanIMM MO M3MEHEHHIO HAJEKHOCTH IO KPHUBBIM, NOIYYCHHBIM INIPH aHAIN3€ CTATUCTHYECKHMX NAHHBIX, MOTYT OKa3aThCS
OIIMOOYHBIMH, €CIIH HE Y4YecTh CIIydalHBIH XapakTep OIEHOK IIOKa3aTeled HameXHOCTH. [IpMBOAMTCS METOX CpaBHEHHsS KPUTEPUEB
pacro3HaBaHus (DYHKIMOHAJIBHBIX XapaKTEPUCTUK IOKa3aTeNied HaJeXHOCTH HPH MHOPSAAKOBOM M HOMHUHAIBHOM IIKalaX HM3MEHCHUS
apryMeHra.
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DEFINITION OF RESULTING ANGLE OF THE DEVIATION AFTER THE PASSAGE OF
NEUTRONS THROUGH THE CRYSTAL

S.G. ABDULVAHABOVA, D. MASTI
Baku Sate University, Z. Khalilov Str., 23, Baku, Azerbaijan

The present paper is dedicated to the consideration of passage of neutrons in the crystal. The expression for intensity distribution is
obtained by the method of the multiple scattering theories. The received results are applied to calculation angle of the deviation of neutrons
by nucleus of the crystal. Here is shown that at the large angle of the deviation, the intensity of distribution decreases with reduction of angle
much more slowly, than till Gaussian' law. The received expression for the angle of the deviation of allows defining of the impulse of the

neutron.

After the second act of scattering (on other nucleon) the
particle moves in a direction, are defined by polar

(81.01)
scattering bunch or angles (4,¢)

concerning falling bunch ,i.e:

angles (4,,p,) concerning a direction of

occurring once

cosd, =cos Y, cosP+sin G sin Fcos(p, —@). (4)

To find probability of that after two consecutive,
independent impacts the deviation of a particle will lay in a

solid angle  d@ =sin$d%de , it is necessary to
integrate  product on W (% ,0, W, (S, ,p,) all
9, at the fixed valuesd and@. Decomposing

on P (c0sY, ) attached Legendre’s polynomial:

P™(cosd, )exp(ime, ) and
R"(cos9)exp(img).

For probability it is found:
1 2
W, (8, p)de2= D (2 +1)( g, )?R(cos)d2 (5)
T

Similarly, for probability of a deviation in a solid angle
dQ = sin$3d3dg after n collisions it is had:

W,(8,¢)d2 == 3 (2 +1)g, ) R(cos9)de2 ()
T

Let's designate through W(n) probability of that passing

1. Introduction

At the analysis of angular distribution of the thermal
neutrons disseminated by a layer of substance, there is a
problem of finding resulting angle of the deviation after
consecutive collisions with nucleus of substance. Many
authors considered this problem approximately [1-3]. In
works [1-2] unitary scattering is considered and it was not
required any approach. In work [3] passage charged through
substance is investigated and the theory for small angles and
only for screen Coulomb’s fields is resulted. On the basis of
the theory of multiple Watson scattering [4], we deduced a
basic formula for distribution of intensity and we defined
angle of the deviation after passage of the neutron waves
through the crystal.

2. Formula for definition of the angle of deviation

At the analysis of angular distribution of coherent
neutron scattering, there is a problem to finding the resulting
angle 9 of the deviation after n consecutive collisions of a
neutron by nucleons of a nucleus of substance. The
probability of that in one act of collision a deviation of a

particle will lay in a solid, angle d£2 =sin3d3de is
equal:

wl(s,(p)dg:@dg ()

where 0 ($)dQ and o are differential and full cross-

section, accordingly. We expand (1) over Legendre’s
polynom:

W, (9, ¢)dgz4i2(2| +1)g,P(cos9)d2 (2
T

where:
through substance the neutron will test on the average n 1
collisions. Then the probability of that a neutron will deviate 9 =— I F’I (00819 )O‘( 9 )d 0 (3)
on a corner lying between 3 And 3 +59 , is equal: o
: 1 .
[($)singd9 = EZ(ZI + 1){ZW( n)(g, )”}R(cos&)sn&d@ )
| n

V= tha(&)i() .

| The average of collisions v(%t) passage through a film the
thickness t, containing N, nucleus in unit of volume, will be
written down as:



DEFINITION OF RESULTING ANGLE OF THE DEVIATION AFTER THE PASSAGE OF NEUTRONS THROUGH THE CRYSTAL

~exp[-v(1-g, )] (10)

> w(rka)

Considering last expressions, for distribution of intensity
at multiple scattering we receive: |

1(9) = %Iz(m +1)exp{— 27Nt[ (61 - R(cos@)]sin@d@}F}(cosS) .

or v >> 1 for W(n) it is possible to apply Poisson’s
distribution:
—Vv_ N

W(n):en;/

(€))

Thus, we get:

)

Let, further the q( &) attitude of cross-section o( @) scattering of a neutron on nucleus of a crystal to section on a free

nucleus 0, , i.e:

0
40)=29 (1
Oy
. . 0 : .
Designating Y =Sl nE expression (11) will become:
1 1 dy | < (k) 2k-3
(9 ==XI(l+1 0)—->(-1) ——— d 13
® =30+ D]aO) T -2 G Ty (13
9 Function (( y) possesses following properties:
P(cos9) ~ JO[(I +1/ 2)3]= J(G—J (16)
’ q(0)=0, o(y)=1 for y>y,, (14

It is possible to replace summation on | in (13)
integration. With this purpose we use Euler-Maclaurin’s
formula:

< 1
f(n+1/2)=|f dx+—f'(0)+.. @7
|2(+ )g(x)x+24()+ 17

Whence at scattering on angle €, greater of some angle

influence of other nucleus little. If in

6,,
integral jq( y)y*“dy, k=2 to approximate ¢(y) expression:
0

a

qoy)=1- exp(— lj (15)
After enough bulky calculations, in the first Born’s Yo
approach we receive: | andto put:
2 2 2
J(9) =~ I 1-8)|1 % _1n? |3 £ dé =exp ) (18)
4 4 )\ 0, 9?
where: ! starting point of calculation. (18) corresponds flat wave to
vV — 23 92 pulse approach in which scattering on separate particles is
f=— .97 = 92(1 Jln (19)  considered independently, thus we completely ignored
c B influence of other particles. In more perfect variant by
02 consideration of scattering on a separate particle, the account
At greater angles  9/¢, (In 40 >4  function of influence of the others is reduced to introduction of

J(9) decreases with reduction ¢ much more slowly, than

on Gaussian® law, and following members in (17), arising in
the second and higher Born’s approximation, become
essential. Expression (19) allows defining an impulse of a
neutron from data about an average square a scattering of

angle 9?2

4. Conclusion
The theory of multiple scattering has served in work as a

distortion of wave functions of a disseminated particle. As
scattering the ideal harmonious crystal has been considered.
For thermal neutrons because of small depth of their
penetration into a wall of a crystal it is necessary to consider
carefully influence of structure of the surface limiting
disseminating environment on behavior of the neutron wave
received. In the first Boron’s approach expression for the
angle of scattering allows to define a parameter of refraction
of a neutron wave on a crystal and this to serve as object for
the further researches.
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S.Q. 9bdiilvahabova, D.Masti
NEYTRONLARIN KRISTALDAN KECMOSi ZAMANI SON DONMO BUCAGININ TOYINi

Is neytronlarm kristallardan kegmosinin tadqiqine hasr edilmisdir. Coxdafali sapilmo nozoriyyasi asasinda intensivliyin
paylanma funksiyasi {igiin ifads alinmisdir. Alinmis ifads neytronlarin kristaldan kecorkon kristalin niivalorindon sopilmosinin
son dénms bucaginin hesablanmasina tatbiq edilmisdir. Miioyyon edilmisdir ki, boyiik bucaq altinda donmas zamani intensivlik
bucagin azalmasi ilo Qauss qanuna nazoron az azalir. Dénma bucagi ticlin alinmig ifado zarraciyin impulsunu toyin etmoyo
imkan verir.

C.K. AoayaBara6osa, JI. MacTu

ONPEJIEJIEHUE PE3VJBTUPYIOIIETO YIJIA OTKJIOHEHUSA ITOCJIE MPOXOXJIEHUS HEUTPOHA
YEPE3 KPUCTAJLI

Hacrosmas pabora IOCBSIIEHa PACCMOTPEHHIO IPOXOXKACHUS HEHTPOHOB uepe3 KpucTaul. Ha OCHOBE MHOTOKDATHOTO pacCesHUs
ObLIO MOJTYYEHO BbIpaXkeHHe Ul QYHKLIUH pacipeeeHns] HHTeHCUBHOCTH. [Toyry4eHHbIe pe3y IbTaThl IPUMEHSIOTCS K BBIYMCICHHUIO yIla
OTKJIOHEHUSI YaCTHIBI Ha sifpax kpucTasmia. Ilokasano, uTo npu GOMBLIMX yTIaX OTKIOHEHHS HMHTEHCHBHOCTB PACIIpe/IeNICHUs] YMEHBIIAETCS
C YMCHBIICHNEM yTJIa 3HAYUTEIBHO MEJICHHEe, YeM IO TayCCOBOMY 3aKkoHy. IlomydeHHOE BBIpa)k€HHE JUI yTila OTKIOHEHHS MO3BOJSIET
OTIPEAETNTD UMITYJIEC HEHTPOHA.
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RADIASIYANIN TOSiRi iLO QURGUSUN SULFID 9SASINDA ALINMIS VO GUCLU
KOMPENSO OLUNMUS BORK MOHLULLARIN ELEKTRIK VO FOTOELEKTRIK
XASSOLORININ TODQIQI

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

Toqdim edilon mogqalo gurgusun sulfidin polikristallik epitaksial toabagalarinin vo onun asasinda radiasiyanin tasiri altinda alinan bark
mohlullarin strukturunun va fiziki xiisusiyyatlorinin aragdirilmasina hasr edilmisdir. Rentgen-struktur, oje-spektral vo mikrostruktur arasdir-
malarin naticalori serh edilmisdir. Xiisusi miiqavimat, Holl amsal1 va yiikdastyicilarin harskatliliyinin temperatur asililiqlart aragdiriimigdir.

Irimiqyaslh zonalar modullagmasi vo giiclii kompenso ef-
fektinin eyni zamanda reallagdirildigr modelo misal olaraq ra-
diasiya tosirino moruz qalmig kompenso olunmus qurgusun
sulfid tobogolorini gostormok olar. Belo obyektlordo, torkibi
fluktuasiya edon bircins bork mohlullardan forqli olaraq, zo-
nalarin effektiv relyefi materialin yiiksok enerjili elektron va
ionlarla siialandirilmasi sayesinde formalasir, kompensasiya
proseslori iso kompensoedici agqar, moxsusi vo radiasiya de-
fektlorinin birgs tosiri ilo miioyyan edilir. Toqdim olunan ma-
qaloda belo tobagalorin alinma texnologiyalarmin osaslari,
elektrik vo fotoelektrik xassalori nozardon kegirilocokdir.

Son illords darzonali yarimkegiricilor asasinda fotodiod
strukturu hazirlamaq ii¢lin anonovi metodlarla yanasi, radi-
asiya texnologiyasi metodundan da genis istifads edilir. Ra-
diasiya texnologiyalart metodu ion siialanmasi vo implantasi-
yasinin effektiv agqarlama tisulu olmasi faktina osaslanir [1].
Stialanmaya moruz qalmig qurgusun halkogenidlori vo onla-
rin 9sasinda formalagdirilmis bork mohlullarin materiali elek-
trik xassolorina giiclii tosir edon amorflagma tortibi vo noqtovi
defektlor, agqar ndviindon asililig, stexiometriyadan meylet-
molor kimi xiisusiyyatloro malik olur. Radiasiyanin qurgusun
halkogenidlaring tasiri 2-4 sayli islords otrafli tasvir olunmus-
dur. Elektron va ionlarin qurgusun sulfid kristalina va tobaqo-
sing tosiri 4 vo 5 sayli iglordo aragdirilmigdir. Qurgusun hal-
kogenidlarinin polikristallik tobagelorinin fotohassasliq xas-
solorinin ionlagdiricit siialanmanin tosiri noticosindo doyisil-
masi 6 sayli xiilasodo verilmisdir.

Akseptor natrium agqart vurulmus ilkin qurgusun sulfid
tobagalori (111) orientasiyali BaF, altliginda molekulyar-siia
epitaksiyasi metodu ils yetisdirilmislor. p-tip kegiriciliys ma-
lik olan tobogolords desiklorin konsentrasiyas1 77K tempera-
turda 3-10'7+3-10"sm™ olmusdur. Rentgen todqiqatlari for-
malasdirilmig  strukturlarin - monokristallik olmasini siibut
edir. Niimuno metal vo ya halkogen qosulmasi olmayan ha-
mar glizgii sothino malikdir (sok.1). PbS(Na) tobogelorinin
qalhiqlart elektronlarla siialandirildigda 1+2mkm, bor ion-
lar ilo stialandirildigda iss 0,1+0,2mkm olmusdur. 5 sayli iso
osason, qurgusun halkogenidlorinds bor donor xassalorinin
dastyicisidir. Otaq temperaturunda elektronlarla vo bor ionlart
ilo siialandirilma seli miivafiq olaraq, ®.=10"°+10"sm?;
®5=5-10"+5.10"sm™ olmusdur. Elektronlarm enerjisi 4MeV,
bor ionlarmin enerjisi iso 50keV olmusdur. Elektron siialan-
mas1 havada elektron selinin kigik sixliginda, borun implant-
tasiyasi iso vakuumda yerino yetirilmisdir. Siialandirma za-
mani niimunalorin temperaturu 40+50°S-don bdyiikk olma-
migdir. Elektron giialanmasinda monokristallik PbS(Na) toba-
golorinin eroziyasi elektron selinin ®,>1-10"7sm™-don bdyiik
giymatlorinds baslanir (sok.1). Niimunolorin postimplantasiya
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domlonmasi vakuum soraitinde 200+300°S temperaturlarda 2
saat miiddstinds aparilmisdir.

Sak.1 Baslangic halda va 2 MeV enerjili elektronlarla siialan-
dirildigdan sonra PbS(Na) epitaksial tobagalorinin mikro-
fotosu. @, 1- 0; 2- 5-10"%sm%; 3- 1-10sm™;
4-1-10"sm™ + qalinhig1 0,2 mkm olan soth tobogosinin
kimyavi iisulla logv edilmasi. a— ikinci elektronlar reji-
minda, b- tarsina-sapilmis elektronlar rejiminds miisahi-
dalor. Miqyas bolgiisii — 0,1 mkm.

Qurgusun sulfidin sathalti gatinmn rentgenostruktur (DRON-2),
ikinci ion mass-spektroskopiyast (Sameca IMS4F), oje-elek-
tron spektroskopiyast (PHI-660) (Sok.3) metodlarinin kémo-
yila daqiq tohlili tobaganin torkibinds PbO-II (tetraqonal mo-
difikasiya), PbO-I (romboedrik modifikasiya), PbO-PbSOy,,
Pb;0, oksidlorinin olmasini agkara ¢ixardi. Qurgusun sulfid-
do miistavilorarast mosafo oksid fazalardaki miistovilorarasi
mosafoys yaxin qiymoto malik oldugundan [3], metodik
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noqteyi-nozardan, polikristallik PbS tobaqgalorindo aparilmig
rentgen todqiqatlari daha informativ hesab edilo bilor. Bu
mogsadlo yetigdirilmis polikristallik PbS niimunalorinin mis
monboyin siialanmasinda ¢okilmis tipik rentgen difrakto-
gramlar1 2,a sayll sokildo gostorilmisdir. Ilkin vaziyystds
kristallitler (111), (100), (110) va (311) orientasiyalarina ma-
likdirlar. Tabage sathinin havadaki oksigenla qarsiliql tosiri
naticasindo PbO-II fazasinda kigik intensivlikli reflekslor mii-
sahidos olunur. Elektron siialanmasindan sonra bazi reflekslor-
do geniglonmo, intensivliyin artmasi vo yeni difraksiya piklo-
rinin yaranmasi miigahido olunur. Difraktoqramlarin tohlili
gostoarir ki, difraksiya monzarasinin doyisilmosi miirokkab ok-
sid fazalar1 naborunun yaranmasi ilo olaqodardir. Yeri gol-
miskon, PbS (111) va PbS (311) tobagalerinds reflekslorin in-
tensivliyi doyismir (sok.2b). Verilmis bucaqlar intervalinda
qurgusun sulfidden oksolunma 0 oldugundan, alinmig natice-
lar qurgusun sulfidin sothinds onun strukturuna tosir etmoyon
oksid fazalarmin yaranmasini siibut edir. Miixtalif xarici to-
sirlor zaman1 bir ne¢o oksid fazasinin yaranmasi qurgusun
sulfid iiciin xarakterik olub, 6 sayl isdo tosvir olunmusdur.
Elektron siialanmasi zamani oksidlosmonin asas xiisusiyyoti
diffuziya proseslorinin yiiksok temperaturla deyil, siialanma-
nin tosiri altinda siiratlonmoasidir. O climladan, ionlasdirici sii-
alanma sahasinda agqar va defektlorin miqrasiya siiratinin art-
masi bark fazada kimyovi reaksiyalarin siirotini artiraraq, sot-
hin sorbsiya gabiliyystini ¢oxaldir. Modifikasiya olunmus qa-
tin gqalinligit mono va polikristal tabagslar iiglin eyni olub,
5-10"%sm™? dozasinda 80+110nm, 1-10""sm? dozasinda iso
120+200nm olmusdur.
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Sak.2. Polikristallik PbS tebagelarinin elektron siialanmasindan
6nca (a) va sonra (b) difraktoqram sxemlori. Stialanmadan
sonra reflekslorin doyisilmasi strix-xatlorlo gdstorilmisdir.

Vakuumda, 200°S-da aparilmis postradiasiya domlomasi
modifikasiya olunmus oksid tobagosinin xassalorini dayisdi-
rir. Oksigenin oje-xatlorinin intensivliyi vo onun qurgusun
sulfids niifuzetma dorinliyi azalir. Konsentrasiya profillorinin
tohlili gostordi ki, vakuum demlamasinds modifikasiya olun-
mus tobagonin qalinlig: 1,5+2 dofs azalir. Oksid fazalarindaki
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difraksiya reflekslorinin bir qisminin intensivliyi azalir, digor
qismi iso yox olur. Eksperimental noticolor vakuum domlo-
masinin oksigenin sathaltt qatdan ¢ixarilmasina vo oksid fa-
zalarin azaldilmasina komok etdiyini siibut edir. Bununla be-
lo, domlomalor zamani1 modifikasiya olunmus tobaqo galmag-
da davam edir.

Sothaltt qatin PbS(Na,e) tobogolorinin elektrik vo foto-
elektrik xassolorino tosirinin qarsisint almaq mogsadilo bu
qatlar kimyavi iisulla lagv edilmislor. Sathin kimyavi asilan-
madan sonra ¢okilmis mikrofotolar1 1 sayli sokildo gostoril-
migdir. Ikinci elektron rejimindo sothdo dSlgiilori 0,01+0,1mkm
olan izols edilmis «adaciglar» miigahido olunmusdur.

Kimyovi torkibino géro bu «adaciqlar» oksid fazalarinin
logv edilmomis qaliglar: ola bilor. Hor halda torsino-sopilmis
elektronlar rejimindo onlar daha tiind kontrasta malikdirlor
(orta atom nomrasi azaldiqca faza tiindlogir). Izolo edilmis
yuksakomlu «adacig»lar yiiklorin lateral daginmasi prosesina
tosir etmok iqtidarinda olmadigindan, kimyavi asilamadan
sonra modifikasiya olunmus tebagenin tasirinin nazors alin-
mamas1 barads fikir yiiriitmok miimkiindiir.

I S,m's/ vah

o Te 240 A
Sak.3 Qurgusun sulfid epiteksial tobaqosinin sathalti qatinda
oksigenin oje-piklori intensivliyinin paylanmasi profili.

®@,: 1- 0; 2-5-10"%sm; 3-1-10""sm™..

300K temperaturda yiikdastyicilarin konsentrasiyasi vo
yiiyriiklityiiniin elektron siialanmasi vo bor ionlarinin implan-
tasiyast dozasindan asililigi 4 sayli sokildo gostorilmisdir.
Almmus ayrilar 2, 3 sayl islarda ilkin p-tip kegiriciliys malik
olan qurgusun halkogenidlerinde alinmis analoji eksperimen-
tal noticolorlo yaxsi uzlasir vo darzonali qurgusun halkoge-
nidlorinin elektrik xassalorinin radiasiyanin tosiri altinda do-
yisilmasi haqqinda mévcud olan tosovviirlor ¢argivasing yer-
logir. Noviindon asili olmayaraq, radiasiyanin dozasi artdiqca,
tadqiq olunan niimunslords desik konsentrasiyasinin azal-
masi, keciricilik tipinin inversiyasi vo elektron konsentrasiya-
smin artimi miigsahids olunur. Inversiya yuksakenerjili elekt-
ronlarla siialanmanin (3+4)-10'7 sm™, bor ionlarnin implanta-
siyasinda iso (8+9)-10"* sm™ dozalarinda miisahido olunur.
Elektron konsentrasiyasinin borun implantasiya olundugu
nliimunalordo siialanmanin boyilik dozalarinda miisahido edi-
lon doymasi, elektron siialanmasinin hotta yuksok dozalarinda
da miisahide olunmur. 1 sayl isds gdstorilmisdir ki, bu ha-
diso PbS(Na,e) tobogolorindo olan natriumun miixtolif miq-
darlarinda defekt yaranmasi prosesinin xiisusiyyatlari ilo ola-
godardir.
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Dagtyicilar konsentrasiyasinin dozadan asililigini imumi
tosvirini yaratmaq {iglin qurgusun halkogenidlorinin siialan-
dirtlmast zamani noqtavi defektlarin onlarin elektrik xassalo-
ring tesirini nozars alan Haynrix-Palmetsofer modelindon
istifado etmok olar [4]. Bu models asason qurgusunla slagali
olan Frenkel ciitii valent zonasina bir desik, kiikiirdls alagali
olan Frenkel ciitii iso kegiricilik zonasina olavo iki elektron
verir. Slialanma zamani yaranan izafi elektronlar konsentra-
siyasi

n=2n,—np, ©)
diisturuna osason toyin olunur. Burada, n,, np, - miivafiq
olaraq kiikiird vo qurgusundan ¢ixarilan atomlarin sayidir.
Miioyyon olunmusdur ki, siialanma zamani defektlorin asas
novii halkogen vakansiyalaridir. Elektron kegiriciliyinin art-
mas1 (n>0) kiikiirdiin alt gafssinds defekt yaranmasinin bo-
yiik kasiyi vo qurgusunun alt qofasinds giiclii rekombinasiya
proseslorinin getmasi ilo izah oluna bilor.
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Sak.4. p-PbS(Na) tobagasinds 300K temperaturda yiikdastyici-
larin elektron stialanmasi (@) ve bor ionlarmin implanta-
tasiyast (b) zamani konsentrasiya (1,2) vo yliyriiklityii-
niin (3) doza asililiglari. 1 vo 2 isarslori kegiricilik tipi-
nin inversiyadan 6ncs va sonra olan qiymatlorini gosto-
rir.
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4 saylh sokildo verilmis doza asililigqlart gostorir ki, tod-
qiq olunan PbS(Na,e”) vo PbS(Na,B") tobaqalorindo, yiiyriik-
liyiin qiymatini azaltmadan, elektron siialanmasi vo bor im-
plantasiyasi vasitosilo konsentrasiyani mogsadoyonlii sokildo
tonzim etmok miimkiindiir. Radiasiya texnologiyalarinin tot-
biqi infraqirmizi diapazonda isloyon fotodiodlar ii¢iin zoruri
olan kegiriciliyin p-tipden n-tipe dayigmasi prosesini hoyata
ke¢irmoys imkan verir.

Radiasiya metodlar giiclii kompenso olunmus qurgusun
halkogenidlori {igiin daha perspektivlidir. 77K temperaturda
vo ®=3-10""sm™ fliiensdo PbS(Na,e) tobogolorindo yukda-
stytcilarin konsentrasiyast 10'°+10'°sm™ olmusdur.

PbS(Na,B") tobogolorindo 77K temperaturda inversiya
zamani desiklorin minimal konsentrasiyas: 10'*sm™ olmus-
dur. Toqdim olunmus texnoloji iisul digor qurgusun hal-
kogenidlari vo onlarin asasinda formalagdirilmis bark mohlul-
lar, hom¢inin implantasiya olunmus ionlar ii¢lin do imumi
fiziki monzoroys malikdir. PbS(Na) tobagslorini hidrogen
jonlar1 ilo implantasiya etdikdo (®y =(1+5)-10"sm?,
E;=50keV),), elektron slialanmasmna moruz  qalmis
(®=10""sm™; E,~(2+4)MeV) (PbS),.«(La,S3)x;Pb;Sm,S(Na)
tobagalorinds do giiclii kompensa olunmusg niimunoslor yara-
dilmasinin analoji naticolori alinir. Ilkin halda desiklorin
konsentrasiyas: 10'7+10"*sm™ olan niimunolorde giiclii kom-
pensasiya olmur.
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Sak.5. PbS(Na) tabagalarindos yiiksok 2Mel enerjili electron-
larla siialanmadan sonra Holl smsalinin temperatur asili-
higr @ 1-3-107sm™; 2, 3 -5-107sm™; 4 -7-10""sm™,
5-8,5-10"sm™ 3 niimunasinds 300°S temperaturda ter-
mik demloma aparilmisdir.

5 sayli gokildon goriindiiyii kimi, giiclii kompenss olun-
mus tobagolordo Holl omsali aktivlogsmis xarakters malikdir.
Biitiin niimunolordo (PbS(Na, B") istisna olmaqla) aktivlosmo
enerjisi E,z=15+90MeV toskil etmisdir. Radiasiya texnoloji-
yalarinin kdmayilo alinmig giicliic kompenss olunmus niimu-
nalorin on mithiim xiisusiyysti temperaturu 250°S-don yiiksok
olan termik tosirlor zamani geyri-sabit olmasidir. 300°S
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temperaturda, 1+2 saat miiddotindo aparilmig postradiasiya
domlomasi naticesinda giiclii kompensasiya halinin gismon
itkisi bas verir. Buna sobob qurgusun halkogenidlorinda
donor tasirine malik olan radiasiya defektlorinin domlonmasi
materialda desik konsentrasiyasinin artmasidir. Lakin bizim
tadqiqatlar gostorir ki, 250°S-don yiiksok olan termik tosirlor
zamani meydana ¢ixan arzuolunmaz naticalari aradan qaldir-
maq miimkiindiir. Bunun {igiin slialanma vo implantasiyani
avvalcadon daha invers etmaklo, n-tip kegiriciliys malik olan
material almali, postradiasiya domlomosi vasitasilo onu p-tip
kegiriciliyo malik olan giiclii kompenss olunmus hala kegir-
mok lazimdir. Olavo todqiqatlar gostordi ki, vakuumda
250°S-don alcaq temperaturlarda 10 saat miiddotinds aparil-
mis termoemaldan sonra siialanmaya moruz qalmig niimuns-
lor sabitdirlor vo onlarmn elektrik vo fotoelektrik parametrlori
hissolunacaq doyisiklikliys ugramamiglar.
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Sak.6. Radiasiya tosirine ugramis kompenss olunmus tobaqo-
lords garanliq xiisusi miiqavimatinin temperatur asililigi:
1- PbS(Na, B+), 2- Pb03995L30‘0055(Na,e-), 3- PbS(Na,H+)
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Sok.7. Radiasiya tesirine ugramis kompenss olunmus tabago-
lards fotokegiriciliyin relaksasiya muddstinin temperatur

asililif: 1- PbS(Na, BY); 2- PbggesLagsS(Na,e), 3- PbS(Na,H").

54

a

=]

16

14

A

Ao
ik

b.f

\.

r

Sok.8. Tok isiglanmadan sonra 77K temperaturda siialanmaya
moruz qalmis vo kompenso olunmus PbS(Na,B") tobaqo-
lorindo fotokegiriciliyin relaksasiya ayrilori.

5 vo 6 sayli sokillordo siialandirilmis niimunoslorin
fotokegiriciliyinin qaranliq xiisusi miiqavimati vo relaksasiya
miiddstinin temperatur asililiglart gdstorilmigdir. Relaksasiya
miiddati, niimuna ndvbalagon impuls signallart ils isiqlandiri-
larkon, fotokegiriciliyin relaksasiya ayrilorinin tohlilindon to-
yin olunur. Sokildon goriiniir ki, 80K-don yiiksok tempera-
turlarda fotokegiriciliyin xiisusi miiqavimati vo relaksasiya
miiddatinin temperatur asililiglar1 aktivlosmis xarakters ma-
likdirlor. 80K-don asagi temperaturlarda bozi niimunslordo
asililigin eksponensial xarakterdon konara ¢ixmalart istilik fo-
nunun tosiri ilo olaqodardir. £,,=15-90MeV, E,=45+140 MeV

PbS<Na,B+> istisna olmagla) olmusdur. Holl effekti,

elektrik kegiriciliyi vo fotoelektrik kegiriciliyinin dlgmolo-
rindon almmig aktivlosmo enerjilorinin miiqayisoesindon
alinan E,>Ez>E,, ikiqat borabarsizliyi kegiricilik zonasmim
désomasi vo valent zonasinin tavani irimiqyash relyefo malik
olan giiclii kompenss olunmus yarimkegiricilor {iglin xarakte-
rikdir. Siialandirilmis niimunonin 77K temperaturda maksi-
mal relaksasiya miiddoti saniyonin onda bir hissoloring bora-
bar olub, siialandirilmamig niimunalorin analoji parametrin-
don 2+3 tortib boyiikdiir. Almmis 7, E,;, Ex E,, kemiy-
yatlori qurgusun sulfid vo qurgusun tellurid asasinda yara-
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dilmig bark mohlullarin giiclii kompenso olunmus kvazibir-  hagqinda xiisusi danismaq lazimdir. Istisna hallarda bu tobo-
cins  tobogolorinin  analoji ~ parametrlorine  uygundur.  golords (Sok.8) E.x E,, enerjilorinin giymoti 90+180MeV,
PbS <Na> tobagalorinda, elektron vo ya ionlarla siialandiril-  E.-nun giymati isa 150+270MeV diapazonunda olmusdur.
Bu fakt1 boyiik kiitloli bor ionlart ilo siialandirilma zamani
zonalar relyefinin daha bdyiik radiasiya zodslonmasine maruz
galmasi ilo izah etmok olar [6].

diqda, nizamsizlagmis oblastlarin meydana ¢ixmasi naticosin-
do dar va enlizonali yarimkegirici bark mohlullarin kvazibir-
cins tobagalorindoki fluktuasiyalarla miiqayise oluna bilon

zonalar modullasmasi yaranir [6]. PbS<Na,B+> tobagolori

[11 S.P. Zimin, D.S. Zimin, Yu.V. Ryabkin, A.N. Bragin sulfide svintsa, obluchennom elektronami. JTF, 2001,
Electron irradiation influence on porous silicon electric t.71, vip.3, s.67-74.
parameters. Materials of the Intern. Conf. «Porous [4] L. Palmetshofer. lon implantation in IV-VI
Semiconductors. Science and Technology». Madrid, semiconductors. Appl. Phys. A.1984, v.43, p.139-153.
Spain, 2000. p.242-243. [5] V.N. Vidrik, V.I Zubkova, M.Yu. Putilovskaya i dr.
[2] S.P. Zimin, M.N. Preobrazhensky, D.S. Zimin, R.F. Za- Vliyaniya  implantatsionnogo  legirovaniya na
ikina, G.A. Borzova, V.V. Naumov. Growth and strukturnie xarakteristiki plenok tellurida svintsa.
properties of PbTe films on porous silicon. Infrared Poverkhnosti.-1988, vip.2, 5.104-109.
Phys. and Technol.2002, v.40, p.337-342. [6] IH. Wilson, NJ. Zheng, U. Knipping. Scanning
[31 RF. Zaykina, Yu.A. Zaykin, K.V. Potatiy i dr. O tunneling microscopy of an ion-bombarded PbS (001)
dozovoy zavisimosti kontsentratsii nositeley zaryada v surface. Appl. Phys. Lett., 1988, v.53, p.2039-2041.
H. A. Hasanov

STUDY OF ELECTRICAL AND PHOTOELECTRIC PROPERTIES OF STRONGLY
COMPENSATED SOLID SOLUTIONS OBTAINED ON THE BASE OF LEAD SULPHIDE UNDER THE
INFLUENCE OF RADIATION

The presented paper is devoted to investigation of structure and physical properties of polycrystalline epitaxial films of lead sulphide
and the solid solutions obtained on its base under the influence of radiation. Results of X-ray diffraction, Auger spectral and microstructure
analyses are described. Temperature dependences of a resistivity, coefficient of Hall and mobility of charge carriers are analyzed.

T'.A.T"'acanoB

N3YUYEHUE DJIEKTPUYECKUX U ®OTOIJEKTPUUECKUX CBOMCTB CUJILHO
KOMIIEHCHPOBAHHBIX TBEP/bIX PACTBOPOB, IIOJIYYEHHBIX HA OCHOBE CYJIb®UJA CBUHIIA
oA BO3AEMCTBHUEM PAIMALTUNA

[IpeacraBnennas pabora NOCBSIIEHA HWCCIEIOBAHUIO CTPYKTYpPbl M (HM3MYECKUX CBOWCTB IMOJMKPUCTALTMYECKUX
SIHUTAKCHAIBHBIX INICHOK CYJIb(H/a CBUHIIA M TBEPBIX PACTBOPOB, MOJIYUYEHHBIX HA €T0 OCHOBE I10]] BO3JCHCTBHEM paHalliH.
W3noxeHs! pe3ynbTaThl pEeHTTEHOCTPYKTYPHOI'O, 0Xe-CIEKTPAIbHOTO U MHUKPOCTPYKTYPHOTO aHann30B. [IpoaHann3upoBaHbl
TeMITepaTypHbIE 3aBUCHMOCTH yJIEIBHOTO CONPOTUBIIEHHS, KoadduirenTa Xouta 1 MoJABMKHOCTH HOCUTENEH 3apsiia.
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INVESTIGATION OF DIELECTRIC PROPERTIES OF STRONGLY-ABSORBING LIQUIDS
AND THEIR SOLUTIONS

S.T. AZIZOV, Sh.K. AGAMURADOVA, Ch.0. KADJAR
G.M. Abdullayev Institute of Physics of National Academy of Sciences,
Baku, Azerbaijan, AZ-1143 H. Javid ave., 33

The investigation results of dielectric properties of solutions of some amides and nitromethane in dioane in SHF range are given in the
work and the existence of two dispersion relaxation regions of Debye type in these polar liquids and solutions, from which the low-frequency
one is defined by decay processes of molecular processes of dipole molecules, is established. The non-reflecting absorption effect of

electromagnetic radiation is observed in these solutions.

Introduction.

The investigations of dielectric solution properties of
polar liquids in the region of their wave dispersion allow
obtaining the information about their molecular structure.
Besides, as it is shown in works [1,2], these investigations
give possibility to study the demonstration of non-reflecting
absorption effect of electromagnetic radiation which reveals
in dilute solutions of polar molecules.

The study of microwave radiation reflection in acetone-
benzol and water-dioane solutions shows the case of effect on
definite width and concentration of these solutions of non-
reflecting absorption [1, 2, 3]. The existence of similar effect
forms the application perspective of dielectric materials as
the basis for absorption thin layer of microwave radiation. All
this makes the investigation of absorption reflection effect of
microwave radiation in two-layered system reasonable,
because polar solutions have the high dielectric constant and
short time of dipole relaxation in nonpolar solvent. The
individual polar liquids (acetone, water alcohols, acetonitrile,
amides and others) and their solutions in nonpolar solvents
(dioane, benzol) are used in the capacity of investigation
objects. In the given article the investigations of dielectric
properties and molecular structures of amides and
nitromethane and their solutions in nonpolar dioane are
given.

Investigation method.

The polar amides suppose the presence of amine group
having the big value of equilibrium dielectric constant &, ; for
example: for formamide it is equal to 110 units and has
enough short relaxation time lying in the limits 1,5-10"'sec.

It has been established by us that the amide dielectric
properties in the range of centi- and millimeter radio waves
and their solutions in nonpolar dioane are well described in
terms of two relaxation processes. These processes are
defined by decay processes of hydrogen-connected associates
of amide molecules and relaxation of free dipole molecules
[4, 5]. Besides, the existence the polar component of non-
reflecting absorption effect of incident electromagnetic
radiation in  polar amides has been

by investigations of microwave reflection characteristics
from regulated layer width of diluted solutions of polar
amides in nonpolar dioane [4, 5].

The properties of these solutions aren’t investigated in
microwave region. That’s why parallel study of dielectric
properties and reflection characteristics of these solutions has
the definite theoretical and practical interest.

The investigations are carried out at temperature 20°C
and 4=1,5cm and A=8,15mm wave lengths with the use of
panoramic measurer of standing wave on voltage R2-66,
RR-67 and indicator device Y2R-67 with which the
measuring wave-guide cells, short-circuited on the end, are
connected. The last ones are thermostated and have the
devices for regulation of solution reflecting layer width. The
nitromethane, formamide, dymetilformamide, N-
methylformamide, NN-dymethylacetamide and dioane by
HCA trend are used in the capacity of components of
investigated solutions. The method based on measurements
of coefficients of standing wave # and width / of substance
reflecting layer at which amplitudes of reflected wave
achieve their minimal values is used for definition of
dielectric constant ¢’ and dielectric loss ¢” of individual polar
liquids and their solutions in dioane. The results of these
measurements are presented in table 1.

Result discussion.

The estimation of intermolecular short-range forces with
the use of correlation parameter g = ylz / ,ué where 1, and u,

are values of molecule dipole moments defined in liquid and
gas phases is carried out for preliminary discussion about
molecular nature of nitrogen-containing polar liquids and
their solutions in nonpolar solvent correspondingly. The
values of dipole moments of investigated substances,
obtained on data of works [6,7] in gas phase are used in the
capacity of u, The reference data of low-frequency
measurements of equilibrium dielectric constant g, [8] are
used for finding g4. The calculation of g4 is carried out on

Onzonger-Kirkwood-Frelih ~ equation  obtained  from
polarization static theory [9]
revealed |
My = [(80 -&, )(250 +é&, )]/lgo(gw + Z)ZJ- [9KT/4HNA] (1)

where T is absolute temperature, N, is Avogadro constant, &
is Boltzman constant.
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The value of high-frequency limit of dielectric constant ¢,
including in (1) is defined from Klauzius-Mosotti equation
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(. - )/, + D)= 105|(n* = 1)/(w* +2)] @

where n is optical substance refraction index, coefficient 1,05
takes into consideration the contribution of atom polarization
in €, [9].

The character of dispersion and absorption dependences
of formamide, dymethylformamide, N-methylformamide and
NN-dymethylacetamide in microwave regions essentially
differs from analogous dependences for nitromethane. The ¢’
and &” changes with frequency show that relaxation processes
in them can’t be described in limits of unique time of dipole
relaxation, and also symmetric or asymmetric distribution of
relaxation times on example of nitromethane-dioane solutions
at temperature 20°C (see fig.1).

£
20

10

Fig. 1. Debye — Kouel diagrams of nitromethane-dioane
solutions at temperature 20°C and volume concentrations
of nitromethane 10(1); 20(2); 30(3); 40(4); 50(5); 60(6);
70(7); 80(8); 90(9); 100(10) % on data of work [5].

Table 1.

Dielectric constant £”and dielectric loss £”of nitromethane, N-methylformamide and NN-dymethylacetamide solutions in
dioane at temperature 20°C and A=1,5cm and A=8,15mm wave lengths. Volume concentrations ¢ of polar component are in %.

o % Nitromethane-dioane NN-dymethylacetamide-dioane N-methylformamide-
volume dioane
A=1,5cm A=8,15mm A=1,5cm A=8,15mm A=1,5 cm
g/ g// g/ g// g/ g// g/ g// 8/ g//
100 30,2 15,1 19.2 18,1 14,1 14,9 5,8 8,01 29,7 52,9
80 26,9 13,6 16,3 16,1 12,2 11,5 5,21 5,61 16,7 29,5
60 22,7 11,3 12,8 12,8 9,92 8,24 4,53 | 385 10,2 14,0
50 19,8 9,7 11,2 11,2 8,7 6,55 4,24 | 3,19 8,33 9,86
40 16,3 7,5 9,41 8,59 7,45 5,1 392 | 2,49 6,9 6,84
30 12,5 | 5,35 7,7 6,27 6,29 3,65 3,54 1,82 5,81 4,63
20 8,92 | 3,45 6,04 4,25 4,98 24 32 1,19 4,68 2,37
10 5,5 1,7 4,25 1,92 3,44 1,1 2,8 0,75 3,26 0,87
0 2,28 2,28 2,28 2,28 2,28
% Formamide-dioane Dymethylformamide-dioane
A=1,5cm A=8,15mm A=1,5cm A=8,15mm
8/ g// g/ g// g/ g// g/ g//
0 2,28 - 2,28 - 2,28 - 2,28 -
1 2,42 0,18 2,36 0,10 2,36 0,07 2,33 0,05
2 2,56 0,34 2,41 0,16 2,45 0,17 2,37 0,12
3 2,70 0,50 2,48 0,28 2,55 0,36 2,42 0,17
5 2,98 0,86 2,58 0,40 2,74 0,46 2,52 0,30
8 3,42 1,40 2,74 0,64 3,07 0,78 2,66 0,47
10 3,73 1,80 2,85 0,75 3,30 0,98 2,75 0,60
15 4,50 2,56 3,10 1,08 4,00 1,50 2,95 0,92
20 522 3,35 3,37 1,48 4,62 2,00 3,21 1,30
25 5,92 4,05 3,064 1,80 5,15 2,60 3,43 1,66
30 6,60 4,82 3,92 2,20 5,76 3,22 3,70 2,20
40 7,90 6,35 4,53 3,14 6,70 4,20 4,15 3,02
50 9,35 7,68 5,10 3,95 7,65 5,28 4,60 4,00
60 10,8 8,95 5,65 5,05 8,60 6,60 5,10 5,11
80 13,2 11,20 6,20 6,61 10,4 9,75 6,23 7,12
100 15,8 13,20 6,25 8,16 12,2 13,75 8,12 9,73

The analysis of experimental data shows that dielectric properties
of formamide, dymethylformamide, N-methylformamide and NN-
dymethylacetamide are well described in terms of two independent | following form:

relaxation processes. In these cases the real frequency dependences &’
and ¢” of substance are expressed by equations of the
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[(e'=2,)/(e, -2, )]=|C, /1wt )+ C /107?)

“)

[ /(e,-¢,)]= [an',C, /(1+ an'f)+ an'ZC/(1+ ot )]

where 7;, 17,, C; and C, are relaxation times and relative
depositions of two dispersions correspondingly [4]. In
general case the calculation 7;, 7,, C; and C, on equations (4)
requires the application of calculation special methods. The
parameter calculation results of two dispersion regions with
application of calculation technique described in [5].

In accordance with data of low-frequency measurements ¢,
one can consider that low-frequency dispersion region of

[amides is defined by decay processes of hydrogen-connected
chains. Moreover, the value which is inverse one to
relaxation time of this dispersion characterizes the probability
of hydrogen bond breakdown. The relaxation of monomeric
molecules on chain ends defines the existence of second
high-frequency dispersion region on microwaves.

Table 2.
0z Nitrometane- | N-methylformamide- | NN-dymethylacetamide-dioane
volume | dioane dioane

7107 | « 7 C Exp 7 o C Eor
10712 10712 10712
100 4,40 0,01 | 24,2 0,96 | 12,3 | 13,1 9,98 0,86 | 5,50
80 4,63 0,03 | 24,2 0,96 | 7,0 12,2 7,83 0,84 | 5,06
60 4,80 0,04 | 23,2 0,94 |53 11,5 6,26 0,81 | 4,50
40 4,69 0,03 | 20,7 0,90 | 4,3 10,4 591 0,74 | 3,80
20 4,48 0,02 | 17,9 0,86 | 3,4 | 9,80 4,50 0,64 | 3,10

20 W0 . 60 8o M0 /20 o se0 /g0

Fig.2. Debye — Kouel diagrams of N-methylformamide-dioane
solutions at temperature 20°C and volume concentrations
of N-methylformamide 20(1); 30(2); 50(3); 80(4);
100(5) % on data of work [5].

The decrease of r value of main dispersion region of NN-
dymethylacetamide in  the comparison with  N-
methylformamide is defined by locking actions of methyl
groups decreasing the possibility of formation of molecular
associates formed because of hydrogen bonds. It is character
that relaxation times and relative depositions of second
dispersions are close between each other in spite of
differences in behavior of main dispersion regions of amides.
Dielectric behavior of N-methylformamide and NN-
dymethylacetamide solutions in dioane in studied
concentration interval is so close to behavior of pure polar
components (fig.2) as in the case of pure polar amides, the
obtained results aren’t in limits of symmetric or asymmetric
distribution of relaxation times. The mechanism of two
relaxation processes which probably keeps its significance at
amide dilution by nonpolar solvent, gives the best
approximation. In N-methylformamide solutions the
relaxation time t; defining the low-frequency dispersion
region in formamide and its solutions decreases on value with
increase of dioane content (table 2).

0 o 0 30 40 &
Fig.3. Debye — Kouel diagrams of N-dymethylacetamide-dioane
solutions at temperature 20°C and volume concentrations
of NN-dymethylacetamide 20(2); 30(3); 40(4); 50(5);
60(6); 80(7); 100(8) % on data of work [5].

This result shows that the decay of chain complexes of
formamide molecules formed with help of hydrogen bonds
takes place at N-methylformamide dissolution, this leads to
decrease of asociate life time and also to life time of average
size of such associates of N-methylformamide molecules and
molecules on chain ends. This is experimentally confirmed
by the fact that the relative deposition C; of low-frequency
region decreases with dilution of N-methylacetamide by
dioane. The similar result is observed in NN-
dymethylacetamide-dioane  solutions, the decrease of
relaxation time value 7; of solutions with increase of nonpolar
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dioane in them is accompanied by increase of part of second
dispersion regions; Moreover 7, value stays practically
independent on dioane concentration (see table 2, fig.3).

Conclusion.

The obtained experimental data & and €" solutions of

different concentrations are used for finding of resonance

(1]

concentrations of solution polar components at which it is
expected the revealing of predictable effect of non-reflecting
absorption of electromagnetic radiation of given wave length
and at known sizes of wave-guide directing system by graph-
analytic method.
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YUKSOKUDUSLU MAYELORIN VO ONLARIN MOHLULLARININ
DIELEKTRIK XASSOLORININ TODQIiQi

Bozi amidlerin vo nitrometanin dioksanda olan moehlullarinda ©YT diapozonunda dielektrik xassolorinin tedqiqatinin naticeleri

gostorilib vo bu polyar mayelorde vo onlarin mohlullarinda iki dispersiyali Debay tipli relaksasiya saholori miioyyon olunmusdur ki,
bunlardan da asagitezliklisi dipol molekul komplekslorinin molekullarinin dagilma prosesi ilo tayin edilmisdir. Bu mohlullarda elektromaqnit
siialarin oksolunmadan udulmas: effekti miisahids edilmisdir.

C.T. Aznsos, lII.K. Aramypapnosa, 4.0. Kamkap

VCCJEJOBAHUE TUAJEKTPUYECKNX CBOMCTB
CWJIBHONOT JIOIMAIOIUX KUIKOCTEN U X PACTBOPOB

B craree MPpUBEACHBI HCCIICAOBAHUA JUIICKTPUYICCKUX CBOWCTB PaCcTBOPOB HEKOTOPLIX aMHUJIOB W HUTPOMETaHa B JUOKCAHE B

muarnazone CBY u yCTaHOBIICHO CYIIECTBOBAHUE B 3THX IMOJISIPHBIX JKUJIKOCTSX U PACTBOPAX JBYX JUCIICPCHOHHBIX 00JIACTel perakcauu
Ne6aeBCKOro THIA, U3 KOTOPHIX HU3KOYACTOTHAS OIpEIEICHA IPOIECCAMH PAacIiajia MOJIEKYJIIPHBIX KOMIUIEKCOB IMIONBHBIX MOJIEKYI. B
3THX pacTBopax Habmoaancs 3Gdext 6e30TpaxkaTeIbHOrO MOTJIONICHUS JICKTPOMArHUTHOTO H3ITyYCHUS.
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POLIMER - PIROKERAMIKA KOMPOZITLORIN VO ONLARIN KOMPONENTLORININ
ELEKTROFIZIKI XASSOLORI ARASINDA OLAQO

H.Q. HOSONOV, E.9. KORIMOV _
Milli Aerokosmik Agentliyi Elmi Tadgiqat Aerokosmik Informatika Institutu

M.9. QURBANOYV, S.N. MUSAYEVA
Azarbaycan MEA H .M. Abdullayev adina Fizika Institutu,
Baki, AZ-1143, H. Cavid pr., 33

Polimer-pirokeramika kompozitlorin reorientasiya polyarizasiyasinin (P,), dielektrik niifuzlugunun (533

j , pyezomodulunun d3,,
0

piroelektrik amsalinin (y) piroelektrik fazanin PbTiO; komponentinin konsentrasiyasindan asililiglar: tadqiq edilmigdir. Miiayyen edilmisdir
ki, kompozitlerin vo onlarin komponentlorinin konsentrasiya asililiglart forqlidir. Gostorilmisdir ki, bu effekt osason kompozitde
pirohissaciklorin sathinin tasiri noticasinds polimer fazasimin ifrat molekulyar qurulusunun PbTiO; - iin konsentrasiyasindan asili olaraq
dayigmasi vo onda gedan elektron-ion va polyarizasiya proseslari ilo alagadardir.

Hal-hazirda seqnetoaktiv bark mohlullar (SABM) asasin-
da yaradilmis piroelektrik ¢eviricilori texnikada genis totbiq
olunur. Bir fazal klassik piroelektrik materiallarin texnolo-
giyasinin tokmillegdirilmasi son hadds yaxinlasdiqca vo tot-
biglori ilo olagadar olaraq cox toloblori 6domadiklori {igiin
pyezo-, piroelektrik materiallarin yeni novii — ¢oxfazal kom-
pozit materiallar yaradilir. Polimer — SABM asasindaki kom-
pozitlor yiiksok effektivliye malik piroelektrik materiallar ol-
dugu {iglin onlarin elektrofiziki vo piroelektrik xassolorinin
kompozitin torkibindon, fazalarin strukturundan, kristallo-
fiziki vo kimyavi parametrlorindon asililiginin tadqiq edilms-
si aktual mosalalardondir. Polimer — SABM kompozitds piro-
elektrik effektinin formalagmasinda fazalararast sarhadds po-
lyarizasiya prosesinda toplanmis yiik dastyicilarin bdyiik oho-
miyyato malik olmast miisyyan olunmusdur [1-4]. Ona gora
ds yiiksak piroelektrik xassalora malik kompozitlsrin yaradil-
masinda aktual masalslarden biri ds fazalarin struktur hetero-
genliyinin va fazalararasi fiziki (serhadds polimer matrisanini
ifrat molekulyar qurulusunun piroelektrik hissaciklorin tasiri
soraitindo formalagmasi), kimyovi (pirohissaciklo polimer
makromolekullar arasinda donor-akseptor tipli rabitolorin ya-
ranmasi) effektlorin kompozitds polyarizasiya prosesindo sor-
hadds elektrik yiikk dasiyicilarinin stabillogsmosinds va piro-
elektrik effektinin formalagsmasinda rolunun Syronilmasidir.
Gostarilon problemin halli {iciin polimer — SABM kompozit-
lorin va onlarin komponentlarinin elektrofiziki xassslori ara-
sindaki slagonin toyin edilmosi miihiim amillordon biridir.

[sin osas mogsedi  polimer — PbTiO3-PbZrOs-
PbNb2/3Zn1/3O3—PbNb2/3Mg1/303 Vo polimer - PleOZ-
PbZrOs-PbNb,;3Zn,;0;-PbW,,Mg;,03 kompozitlarin reori-

T
entasiya polyarizasiyasi (P,), dielektrik niifuzlugu ('933 i j,
0

pyezomodulu dj;, piroelektrik omsali (p) ilo piroelektrik
fazanin uygun parametrlori arasindaki olagenin toyin
edilmosidir.

Eksperimentin metodikasi

Polimer faza kimi polyar polimer polivinildenftorid

(PVDF) gotiirtilmiigdiir. Piroelektrik faza kimi birinci
PbTiO3-PbZr03—PbNb2/3Zn1/303-PbNb2/3Mg1/3O3 Vo pOli-

mer - PbTiOs-PbZrO3-PbNb2/3Zn1/303—PbW1/2Mg1/203 A\
ikinci torkibli goxkomponentli SABM — dan istifads edilmis-
dir. Piroelektrik kompozitlor polimer vo pirokeramika
tozlarinun homogen qarisigindan isti preslonms metodu ils
alinmigdir. Pirofazanin kompozitds hacmi torkibi 50% - dir.
Pirokeramika hissaciklorin 6l¢iilori 63+100 mkm se¢ilmisdir.
Kompozitlerin reorientasiya polyarizasiyas1 termostimullag-
mis depolyarizasiya (TSD) metodu ilo toyin edilmisdir. Bu
metodla hom ds kompozitin piroelektrik omsali toyin edil-

misdir [5]. Pyezoelektrik modul d;; statik metod ilo
Olclilmiisdiir [6].

Eksperiment

Hor iki torkibin makroskopik xarakteristikalarinin

(&P,djy y,) PbTiO; komponentinin konsentrasiyasindan (mol%)
asilt olaraq doyismosi uygun olaraq sokil 1 va sokil 2-do veril-
migdir.
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Sok. 1. Pirofazanin elektrofiziki parametrlorinin €33,/ (1),
0

P, (2), ds5;(3), y(4) PbTiO;-iin konsentrasiyasindan
asililiglari. 1-ci torkib iigiin [7,8].
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Sak. 2. Pirofazanin elektrofiziki parametrlarinin 5;3/ 1),
&

P, (2), d;; (3), y(4) PbTiO;-lin konsentrasiyasindan
asililiglar. 2-ci torkib igiin [7,8].

Polimer-pirokeramika kompozitlorde pirofaza kimi gotii-
riilon torkiblarin har birinde PbTiOs-in molekulyar faizlorla
konsentrasiyasini doyisib polimer matrisaya salsaq vo alinmis
kompozitin xarakteristikalarimi toyin etsok, onda pirokeramik
fazanin makroskopik parametrlori ils kompozitin uygun
parametrlori arasinda oslagoni tapa bilorik. Masslonin bu ciir
halli noinki kompozitls pirokeramik fazanin parametrlori
arasindaki olaqoni tapmaga, hom ds pirokeramikanin struktu-
runun pirokompozitin xassaloring tasirini toyin etmays imkan

verir, ciinki gétiiriilon Pb(ZrH Ti, )03 - Z PbB, B, 0,

sistemindo PbTiO; komponentinin konsentrasiyasini doyis-
moklo, sistem romboedrik strukturdan (R,) morfotrop oblasti
(heterogen struktur R,+7) kecorok tetraqonala (7)) c¢evrilir.
Romboedrik — tetraqonal kegidi PbTiO; miirokkob oksidin
konsentrasiyasinin 40,5 — 42,5 mol. % - no uygundur.

Polimer fazanin kompozitin piroelektrik xassolorinin for-
malagmasinda rolu daha miirakkobdir. Fazalararasi sarhoddo
gedon miixtoalif tobiatli qarsiliql tesirlor, fazalararasi kimyavi
rabitolorin yaranmasi, kristallasma prosesinds polimer faza-
nin ifrat molekulyar qurulusunun pirokeramik hissaciklorin
sothinin aktivliyindon asili olaraq formalagmasi kompozitin
piroelektrik xassalorina bilavasits tasir eden istilik-fiziki pa-
rametrlorini komiyyatco toyin edon osas amillordir. Pirokom-
pozitin bir fazasindaki (polimer) elektron-ion, polyarizasiya
proseslori diger fazadaki (pirokeramika) analoji proseslorin
inkisafina tosiri son noticads piroelektrik kompozitin qaliq
reoriyentasiya polyarizasiyasini vo piroamsalini toyin edir.
Pirofaza kimi gotiiriilon 1-ci vo 2-ci torkibli seqnetoaktiv bork
moahlullarda PbTiO; komponentinin konsentrasiyaimni dayis-
maklo polimer fazada kompozitin piroelektrik xassalorino to-
sir edo bilon proseslorin intensivliyini miioyyon qodor idaro
etmok olar. Bu torkiblari bir-birindon farqlondiran, pirokom-
pozitlorin fizikasini va texnikasini iglomok baximindan oho-
miyyatli eden faktorlar agagidakilardir:

- 1-ci (sok. 1) va 2-ci (sok. 2) torkiblarin dielektrik niifuz-
£55

lugunun
€

maksimumlari tetraqonal oblastda yerlosir,
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lakin 2-ci torkibin ¢ 3 . maksimumu tetgaqonal oblastin nis-
0
boton daha dorinlikloring toraf siiriisiir;

- tarkiblorin reorientasiya polyatizasiyast PbTiO;-lin kon-
sentrasiyasindan asilidir vo romboedrik oblastda maksimal
giymato catir, sonra iso morfotrop vo tetraqonal oblastlarda
koskin azalir;

- Oyranilon torkiblorin piroelektrik amsallarinin konsen-
trasiya asililiglar1 forqlonir (sok. 1 vo 2) ;

- hor iki torkibo daxil olan kationlarin elektromonfiliyin-
don asili olaraq onlarin seqnetosartliyi vo ya domen struktu-
runun istiliys qarsi dayaniqligi doyisir;

- 1- ci torkiboa Nb, Zn, Mg, 2- ci torkibo iso Nb, Zn, W,
Mg kationlar daxildirlir va 2- ci torkibds elektromanfiliyi ki-
¢ik olan kationlarin say1 ¢oxdur.
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Sak. 3. Pirokompozitlarin elektrofiziki parametrlorinin P, (1),

¢ 3T3 (2), ds; (3), y(4) PbTiOs-lin konsentrasiyasindan
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astliliqlari.
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Sak. 4. Pirokompozitlorin elektrofiziki parametrlorinin € 3Ts (D),
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P,.(2), ds;(3), y(4) PbTiOs- iin konsentrasiyasindan
asililiglari.
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Sok. 3 vo 4-do piroelektrik kompozitlor {iglin torkibdon
asili olaraq elektrofiziki xarakteristikalarin doyismosi veril-
migdir. Cox aydin goriiniir ki, pirofaza kimi isledilon piro-
elektrik keramikalarin elektrofiziki xarakteristikalarinin tor-
kibdon asililiglart ilo onlar asasinda alinmig pirokompozitle-
rin uygun xarakteristikalar1 arasinda oxsarliq ¢ox azdir. Piro-

fazanin torkibdon asili olaraq 67 7, P 7 , parametr-
(C;O b 2 8

lori tliglin alinmis doqiq maksimumlar pirokompozitlorin uy-
gun xarakteristikalart ii¢iin alinmir (sok. 3 vo 4). Hor torkibin
xarakteristikalar1 y - nin maksimal qiymatine uygun konsen-
trasiya iigiin (PbTiO;, mol %) hesablanmigdir. Sok. 1, 2 vo
sok. 3, 4-lin miiqayisasi gostarir ki, pirokompozitlor ii¢iin ad-
ditivlik prinsipi 6donmir. Kompozitin makroskopik para-

metrlori [7o/ Yo/ V» ancaq pirokeramik faza-
& ;3 ’ d31 ’ & _33 CVD

nin parametrlkari ils toyin olunmur. Bu onu gostarir ki, kom-
pozitlords piroelektrik effektinin formalagmasi daha miirok-
kab proseslirin naticasidir vo polimer fazanin miihiim rolunu
oks etdirir. Lakin polimer matrisanin rolunu toyin edorkon
onu he¢ zaman piroelektrik fazadan todric formada aparmaq
olmaz. Digar torafdon molumdur ki [7-10], y materiallarin pi-

roaktivliyinin dl¢lisiidiir vo  y = AP/AT kimi toyin olunur.

Burada P - polyarizasiyadir. Bu komiyyot monokristalda
spontan polyarizasiyaya P, pirokeramikada va pirokompozit-
do qaliq reorientasiya polyarizasiyasina barabardir. Bu funda-
mental faktorlardan istifade edarak y - nin artirilmast tigiin to-
lob olunan gortlor haqqinda fikir sdylomok olar. Heg siibhasiz
ki, bu sortlor kompozitin komponentlorinin strukturu (R,,7,

R~+T, sferolitlik, polyarliq, amorfluq), kristallokimyavi va
kristallofiziki parametrlori (elektromoanfilik vo B'"'—O rabits-
lorin kovalentliyinin doracasi, perovskit 6zoayin bircins spon-
tan deformasiyast 180°—li domenlordon forgli domenlorin 6z
somtinin doyismasi qabiliyyati, domenlorin 6lgiilori vo yiiriik-
liyil), elektro- vo istilik-fiziki xarakteristikalar1 (P, ¢ tgo, %
dy, cy, D) ila slaqali olmalidir. Pirokompozitlorin fiziki struk-
turu yiiksok heterogenlidir, goxfazali sistemdir vo fazalararasi
kecid tobagoyo malikdir. Fazalararasi ke¢id tobogonin olmast
va fazalarmn (iizvi — polimer va geyri-iizvi - pirokeramika) xa-
rakteristikalarinin bir-birinden kaskin forglonmasi kompozit-
ds elektrotermopolyarizasiya zamani kifayat qoder miirokkob
elektron-ion va polyarizasiya proseslerinin yaranmasini tomin
edir. Belos ki, polimer-pirokeramika sorhaddinds elektron, ion
va polyarizasiya proseslari asasan pirohissociyin tosiri altinda
formalagsmis polimer matrisanin ifrat molekulyar qurulusun-
dan asilidir.

Natica.

Polyar polimerdon vo ¢oxkomponentli SABM-dan

PbZrO, - PbTiO, — PbNb,, Zn, O, - PbB;", B;"O; ;

[ 2y, 0;

BHV BHN

Nb, Mn,,; Nb,,C

pPp - (Nby Mty Nby Coys NboyZnys NoyNiys

Nb % Mg Y )] ibarat kompozitlsrin xarakterlstlkalarl — kompo-
3 3

nentlorin strukturu vo elektrofiziki parametrlori arasindaki
asililiglar osasinda piroelektrik materiallarin yaradilmasinin
fiziki-texnoloji xilisusiyyatlori miisyyon edilmisdir.
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B3AUMOCBS3b MEXK]TY JIEKTPO®U3UYECKUMHU CBOMCTBAMHU KOMITO3UTOB IMOJUMEP-
IIMPOKEPAMUKA U X KOMIIOHEHTOB

HccnenoBanbl 3aBUCHMOCTH PEOPHEHTAMOHHON Honsgpu3anuul (P,), TUdIEKTPHYECKOl MPOHUIIAEMOCTH (

T

£

33 j be30MOIyJIst ds,
£

0

MUIPOIITEKTPHIECCKOTO KO3 (DUIIMEHTa ¥ KOMIIO3UTOB MOJIMMEP-TIMPOKEPaMIKa OT KOHIEHTpauu komrnoneHTa PbTiO; muposnexrpryeckoit
¢aspl. OnpeneneHo, YTO KOHIEHTPAIMOHHBIE 3aBUCHMOCTH KOMIIO3UTOB M MX KOMIOHEHTOB oTinyarorcs. [lokasano, 4To 3TOT 3¢dekT, B
OCHOBHOM, CBSI3aH C M3MEHEHNEM HaJAMOJIEKYJSIPHON CTPYKTYpPHI HONMUMEpHOH (a3sl 1moJ| JeHCTBHEM ITIOBEPXHOCTH IMMPOYACTHI] KOMIIO3UTA B
3aBUCUMOCTH OT KoHIeHTparuu PbTiO; 1 21eKTpOHHO-HOHHBIMH, MOJISIPU3ALMOHHBIMH IIPOLIECCAMH, IPOUCXOASAIINMH B HEH.
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Kh.G. Gasanov, E.A. Kerimov, M.A. Kurbanov, S.N. Musaeva

INTERRELATION BETWEEN ELECTROPHYSICAL PROPERTIES Of POLYMER - PYROCERAMICS
COMPOSITES AND THEIR COMPONENTS

T
The dependences of a reorientation polarization (P,,) a dielectric permittivity (833/ j a piezomodulus dj3;, a pyroelectric coefficient y
£
0

of polymer - pyroceramics composites from concentration of the PbTiO; component of a pyroelectric phase are investigated. It is

determined, that the concentration dependences of composites and their components differ. It is shown, that this effect, basically, is
connected to change of a super molecular structure of a polymer phase under action of a pyroparticles surface of a composite depending on
the PbTiO; concentration and an electron-ion, polarizing processes occurring in her.

Received: 10.03.08
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STARK STATE STRUCTURE *| ;, OF Nd*" ION IN y- La,S; CRYSTAL AT SELECTIVE
LASER EXCITATION

G.I. ABUTALIBOYV, D.I. GUSEYNOV, A. A. MAMEDOV
G.M. Abdullayev Institute of Physics of National Academy of Sciences,
AZ-1143, Baku, H. Javid ave., 33

The luminescence spectrums of Nd®* ions in y - La,S; crystal have been investigated with the application of selective resonance laser
excitation at helium temperature and diagram of Stark splittings of main state is constructed.

Nowadays crystals with disordered structure, activated
by rare-earth ions, are the ones from the prevailing active
mediums for solid-state lasers. The spectral bands of activator
in these mediums are characterized by considerable
heterogeneous widening. The physical nature of such
widening is that different activator centers are in disordered
matrix in inequivalent positions and static crystal fields
influence on them.

y - La, ,,Nd,,S; crystal is related to disordered structures
of Th;P, type. Each Th atom in structure of thorium
phosphide is surrounded by eight P atoms, being from it on
equal distances and forming “twisted normal eight-top wood”

of ThPg symmetry (4 — S,) . Six Th atoms surround P atoms,
forming strained (twisted) octahedron [PThs] of 3-C,

symmetry. The lanthanide atoms take positions of thorium
atoms in Ln,X; chalcogenides, and atoms of sulfur, selenium
and tellurium take positions of P atoms. The coordination
polyhedron of Th(Ln) atom can be presented as it would be
formed by two penetrating tetrahedrons. The one third of
cation knots in elementary cell in y - La,,Nd,,S; crystal is
vacant one (the cell consists of four formula units) and these
vacancies have irregular distribution on crystal volume. Thus,
irregularly distributed vacancies distort the crystal field,
influencing on ions, being near them. There is no such
division even at very low temperatures and their spectrums
are characterized by wide bands, presenting themselves the
superpositions of variety of lines unlike simple many-
centered crystals in optical centers of which the clearly
resolved peaks are belonged to each center. The contours of
absorption and luminescence bands of activator ions in
disordered crystals are heterogeneously widened at any
temperature. This circumstance is revealed in absorption and
luminescence bands of neodymium ions in y - La,S; crystals,
recorded at T=4,2K. The spectral lines are nonelementary
ones that makes the scheme construction of Stark splitting
difficult.

The absorption and luminescence spectrums y - La; 5, Nda,S3
had been studied earlier in [1,2]. The authors of [1] relate
y - Lay,,Nd,,S; crystal to type of mixed ones with the one
activator  quazicenter. The conception of activator
quazicenter, which later isn’t justify itself at spectrum
investigation, has been proposed at study of luminescence
property of big series of disordered laser crystals with Nd**
ions in [3]. The some conceivable static construction which
generalizes the properties of variety of elementary centers,
differing by structure, but having nearest Stark splitting of
energy states is understood as quazicenter. It is clear that
construction of Stark splitting without taking into
consideration the heterogeneous widening of absorption and

luminescence band (at stationary excitation) in the conception
limits of quazicenter is wrong. That’s why the investigation
necessity of spectrum thin structure of neodymium ions in
¥ - La,S; crystal arises. These investigations have been carried
out with the application of method of selective resonance
laser excitation and spectroscopy of time resolution.

The selective luminescence spectrums and diagram of
Stark splittings of Nd** ions in y- La,S; crystal are presented
on the fig.1.
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Fig.1. The selective luminescence spectrums (a) taken in
25 mcs time after finishing of light exciting impulse
action at helium temperature:
1-2ex=895,4 NM; 2-A6=896,4 NM;3-16,=897,4 nm,
and diagram of Stark splittings (b) of Nd** ions in
7 - La,S; ions.

The weak structure of *F, ,—"l, , transition reveals in

luminescence spectrums at excitation of absorption band,
corresponding to *I, ,—*F, , transition in short-wave side.

That’s why it is established to excite the short-wave side of
absorption band (from wave length 893 nm up to 897,4 nm
with step 1 nm). The thin structure in best form (fig.la,
spectrum-3) reveals at light excitation of wave length
A=897,4 nm in luminescence spectrums (fig.1,a) taken at
helium temperature. The thin structure also reveals in
luminescence spectrum at shift 1nm to short-wave side, i.e. at
light excitation with wave length A4,=896,4 nm (fig.la,
spectrum-2), but moreover maximums of luminescence bands
shift to spectrum different sides. The bands with
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corresponding transitions between Stark components *F Stark splittings of *| . multiplet in different optical centers

3/2
and *|, , multiplets heterogeneously widen in luminescence  in matrix (fig.1,b) is constructed in the dependence on this
spectrums at further shift 1 nm to short-wave side of

parameter. The definition of level energies is carried out on
absorption spectrum at light excitation with wave length ~ MaXimum positions in luminescence spectrums beginning
Aw=895,4 nm (fig.la, spectrum-1). Thus, luminescence

from low Stark component of main state *|
spectrum analysis obtained at selective resonance laser The given diagram shows the connection between
excitation shows that they essentially differ from spectrums  energies of different Stark levels of *F,, and *|, ,, their
at nonselective excitation and strongly depend on excitation ., related changes and quantitative values of Stark splittings

wave len.gth.. . . . of 4|, multiplet in different centers.
Taking into consideration the value of transition energy

“1,,,—"F,,,as index of ligand field force, the scheme of

9/2

9/2°

9/2

[11 AA. Kaminskiy, SE. Sarkisov, Ngok Chan i dr. [2] J.R Henderson, M.J. Muramoto. Chem. Phys., 1970,
Neorganicheskie materiali, t.16, Ne8, 1980. s.1333- v.52,n.5, p.2311-2314.
1345. [3] A.A. Kaminskiy. JTEF, 1970, t.58, vip.2, s.407-419.

H.I. Abutahibov, C.I. Hiiseynov, A.A. Mammadov

7- La;S; KRISTALLARINDA SELEKTIV LAZER HOYOCANLASMASINDA Nd** IONLARININ
“l 3, HALININ STARK STRUKTURU

Helium temperaturunda rezonans lazer hayacanlasma metodunu tatbiq etmokls y - La,S; kristallarinda Nd** ionlariin lyuminessensiya
spektrlari tadqiq edilmis va asas halin stark parsalanmasinin diaqrami qurulmusdur.

I'.!. Adyranbioos, [I.H. I'yceiinoB, A.A. MamenoB

IITAPKOBCKASI CTPYKTYPA COCTOSIHHS *| ,, NOHA Nd** B KPUCTAJUIE y- La,S; IPU
CEJEKTUBHOM JIA3EPHOM BO3BY K/IEHUU

ITpu renueBoit Temmeparype, ¢ MIPUMEHEHHEM METO/a CENEeKTHBHOTO PE30HAHCHOTO Ja3ePHOT0 BO30YXKICHUS MCCIEIOBAHBI CIIEKTPHI
nromuHecueny noHos Nd*' B kpucranie y - La,S; # HOCTpoeHa AHArpaMMa ITAPKOBCKHUX PACIIEILICHHH OCHOBHOTO COCTOSHHSI,
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A.A. AGASIYEV, M.\M. PANAHOV, M.Z. MAMEDOV, V.J. MAMEDOVA, H.O. GAFAROVA
Baku State University
AZ-1148, Baku, Z. Halilov str., 23

The metal-nonmetal transition in restored SrTiO; has been considered. SrTiOj; films have dielectric constant ~300 at room temperature. It
is shown that system endures transition into state of generated polaron gas at electron concentration higher ~10'7cm.

If any band in substance is partly filled at absolute zero
then such substance will be metal: the resistance of ideal
crystal strives for zero, and it strives for final limit with
temperature decrease. If all bands are filled or empty then
crystal is nonmetal and its resistance strives for infinity at
temperature decrease.

The substance with two-valent element which crystallizes
in face-centered or volume-centered cubic lattice should be
nonmetal, if overlapping of valent band and conduction band
doesn’t take place as it is observed in two-valent bands. If we
imagine that lattice constants essentially increase then width
of both bands will be decreased and overlapping will
disappear at some moment, moreover the substance will be
nonmetal. The increase of lattice constant only on several
percents can be achieved because of heat expansion. The
essentially wider change range of interatomic distances can
be achieved in substances, having noncrystalline structure.

The metal-nonmetal transition is observed in doped or
restored SrTiO; and in substances like it. Renetikor has
investigated the thin layers of SrTiO; produced by cathode
sputtering in mixture Ar and O, [1]. He has revealed that the
crystalline particle dimensions and oxygen pressure influence
mainly on properties of obtained films.

o
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Fig.1. The temperature dependences of dielectric constant (1)
and dielectric loss tangent (2) of SrTiO; films on the

frequency 1 kHz.

SrTiO; films are obtained by us by method of magnetron
sputtering in pure argon. These films are restored and have
metallic conductivity. The condensates have high resistance
and electric strength up to 10® V/sm at addition into argon 5%
O,. The dielectric constant of such films at room temperature
is equal to 300 (fig.1) that is ~65% from the value for
massive SrTiOsz [2]. If n is concentration of free carriers,

h’e
Rb =

. is Borov’s radius, where ¢ is dielectric
constant, m is carrier effective mass, then the expression for

m -e?
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atom number in volume unit at which metal-nonmetal
transition takes place, will be nY°Ry~0,25.

This result well agrees with experimental data for donor
concentrations at which transition in doped semiconductors
takes place [3,4]. Consequently, it is supposed the bursting
change of carrier concentration N when a (S is lattice
constant) goes through values corresponding to transition.

Fu F

h)

arl

Fig.2. The dependence of free energy on specific volume for
nonmetal
a) at pressure which is equal to zero;
b) at pressure at which the phase transition takes place; Vg
is value of specific volume at which the metal-nonmetal
transition appears.

The crystal lattice parameter can be measured only
because of pressure change at T=0 at definition of crystal
behavior near transition point and it is possible that energy of
metal-nonmetal transition is high where two minimums on
the curve of free energy dependence on volume (fig.2.a)
correspond to two phases. The transition takes place at
pressure when both minimums will be on one horizontal
(fig.2.b). The metal-nonmetal transition for cubic metal will
take place if any parameter influencing on the width of
forbidden band (for example, lattice constant) changes
continuously. Coulomb gravitation of electrons and holes, the
energy of which is equal to €’ /gr will lead to formation of

couples with bond energy

e'm’

2n’e’
and transition in such system will be accompanied by
concentration jump [5]. The state, in which the small
overlapping of two bands exists, i.e. the state, which could be
correspond to semimetal unless the formation of electron-
hole couples called excitonic isolator. The analogous
situation can be appear in the semiconductor with final width
of forbidden band AE, if AE will be less than exciton bond
energy and in this case the excitons will form spontaneously.

(1)
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The metal-nonmetal transition is observed in restored
SrTiO; and if we use formula (1) then it is unclear ho to use
the value of dielectric constant: as static one (&) or high-
frequency one (&,). If polaron of small radius doesn’t form,
then it is followed to use the some combination from ¢ and &,
which is expressed by Sympson formula [6,7]:

(-]

The effective permeability will be approximately equal to
2,5¢, in the case of materials with high static dielectric
constant.

At consideration of strongly localized states, the radius ry
is defined firstly by disorder as for example round vacancy
and not strongly depends on polarization of any distortion of
environment. Moreover polaron energy will be

1

1 5

— 2
¢ 16 @

' 20en’

where m" is effective mass. The polaron effective mass will
2 gp

m'e’

&=10 and r,=25A).

If rp value is comparable with distance between ions in
solid state or less than it then polaron is called polaron of
small radius. This can take place in the case if effective mass
m" in unbroken lattice is essentially bigger than m, that’s why
it is possible to use the approximation of strong one and
consider the bands as narrow ones (fig.3). Naturally, that
radius of polarization pit should exceed the ion or atom
radius on which the electron is. Then ion radius is the rough

that is less than given value (m'=m,

be equal to r,=

approximation to Ij. The polaron has potential energy

e’ /¢ Ron R distance from charged center, if R>r, where ¢
is static dielectric constant and interaction in substances
£~100 will be weak one and two cases of polaron of small
radius differ.

If radius 7°&./ mpez is big one in comparison with R
(the distance of nearest-neighbor metal ion from center) then

polaron can be described by hydrogen-like wave functions
and energy, necessary for its elimination from center is equal

to e“mp /ZhZS; at £>100, as for example in SrTiOs.

U
E
“H <Y Y -y @
_.-x
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/\.j\_/\ b)
X
l..ivl'xhi
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Fig. 3. a) electron potential energy in ideal lattice;
b) polaron wave function of big or intermediate radius;
¢) polarization pit.

If polarons of small radius form and interaction energy of
electron with donor has the form —€/er then there are no
foundations to expect the appearance of metal-nonmetal

transition. If, however, Borov’s radius i’/ m e’ is bigger
than R, then it is possible to imagine the hydrogen-like
orbitals of polarons of small radius. Such system will endure

the transition into state of generated polaron gas when
condition is achieved

hie

n/'3 .
m,€

~0,25

This case is carried out in SrTiO; and series of other
materials which have metallic conduction at concentration
higher ~10"7cm™ [8].
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A.A. Agasiyev, M.M. Panahov, M.Z. Mommoadov, V.C. Mommadova, H.O. Qafarova

BORPA OLUNMUS SrTiO; TOBOQOSININ DIELEKTRIK NUFUZLUGU

Borpa olunmug SrTiO; tobogosindo metal-geyri metal kegidine baxilmisdir. Alinmig SrTiO; tobagasinin otaq temperaturunda dielektrik
niifuzlugu ~300 olmusdur. Miioyyan edilmisdir i, elextronlarin xonsentrasiyas1 ~10'7 sm™ torkibinden ¢oxlu olduqda sistem girlanmis
polyaron qaz halina kegir.

A.A. AracueB, M.M. I1anaxoB, M.3. Mamenos, B./[:x. MamenoBa, X.0. I'agdapoBa
JAUDJIEKTPUYECKAS TIPOHUIHAEMOCTDb BOCCTAHOBJIEHHOT'O SrTiO;

Paccmotpen mepexon MeTan-Hemetaiur B BocctaHOBIEHHOM SrTiOs. [lnenku SrTiO; uMmenu ITuU3NEKTpHUYECKYO MpoHUIIaeMocth ~300
npu KoOMHaTHOW Temnepartype. [loka3aHo, 4To cucTeMa HpeTepreBaeT MEpexoj] B COCTOSHHE BBIPOMKIACHHOTO IOJIIPOHHOTO Tas3a INpHu
KOHIIGHTPALH SJIeKTPOHOB Bbitie ~ 107 cm™.
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The single crystals of Cu,Se, Cu, goZngSe and Cu; 75Zng9sSe composition have been synthesized and grown up. The structural phase
transformations in single crystals of the given compositions are investigated by high-temperature rentgeno-diffractometer method and it is
shown that the orthorhombic modification at 407 K transforms into FCC modification in Cu,Se. High-temperature FCC modification
stabilizes at room temperature and low-temperature orthorhombic modification stabilizes at high-temperature in Cu, goZng,oSe crystal where
definite part of Cu atoms is exchanged by Zn atoms. The polymorphous transformation are absent in two-phase crystals Cu; goZng,oSe in

temperature interval from room one up to melting point.

Cu,Se compound exists in 38.22 weight % Se [1] region
in state diagram of cuprum-selenium system, melting point is
Twp = 1390K, molecular weight is 206.04 and density
p =6.749 g/em’.

In work [2] it is shown that low-temperature
orthorhombic modification with lattice parameters a=4.119
A, b=7.028 A, ¢=20.390 A, Z=12 at 407 K transforms into
high-temperature FCC modification with lattice parameters
a=5.837 A, Z=4 and space group Fm3m. In work [3] the large
single crystals are obtained by method of structural
transformation after ocuple cycle of transformations and it is
noted that the stresses and cracks accumulate in single crystal
as a result of which it becomes the polycrystal if
transformation cycle would be continued later. It is also
shown that Cu,Se—Cu,,Se (x=0.20) takes place in the
dependence on transformation order, i.e. some cuprum atoms
leave the lattice and crystal has FCC structure with a=5.72 A

parameter and space group F43m, Z=4 at room
temperature. This compound is stable in temperature interval
from room one up to melting point.

In the given paper the role of zinc atoms in modification
stabilization and structural aspects of polymorphous
transformations in Cu,Se is considered.

Table 1
Atom percentages of components being part of Cu,Se,
Cu, g0Zng 0S¢, Cu, 75219 ¢sSe compositions.

Composition Cu, at. % Zn, at. % Se, at. %
Cu,Se 61.677 - 38.323

Cul'gozno'zose 55.458 6.162 38.380

Cuy 75Zny95Se 57.488 1.690 40.822

The method of direct synthesis, i.e. chemical interaction
of initial components is used for obtaining of homogeneous
samples of given compositions. The ampoules from high-
quality quartz with internal diameter 1 cm and length 10 cm
are applied for synthesized compositions in the capacity of
reactor. The ampoules are filled by initial components Cu, Zn
and Se in quantities which are necessary for each
composition: Cu,Se, CuygoZngySe and Cu,75ZngesSe, are
evacuated up to pressure 1.3MPa, and later are sealed. The
used initial components for synthesys have the following
purifications: cuprum has electrolytic one, zinc and selenium
are crystalline «04» one. The quantities of initial components
which are necessary for synthesizing for each composition
(by mass 5 g) separately are given in table 1.

All ampoules with corresponding compositions are put in
furnace simultaneously so that they would be in furnace
stable band for achieving of similar synthesis conditions.
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Further furnace temperature is increased up to selenium
melting point (7,,=493K) and is kept at this temperature
during 3 hours for which the total reaction selenium-cuprum
and selenium-zinc takes place. Further furnace temperature is
increased with rate 50K/hour up to temperature which is close
to Cu,Se melting point (7,,,=1390K). The furnace with rate
50K/hour is cooled up to 350K (below the temperature of
polymorphous transformations) after two-hour keeping at this
temperature and the annealing is carried out for total
composition homogenization at this temperature during 200
hours.

The roentgen-phase analysis is carried out for
individuality establishment of obtained compositions and also
for definition of phase compositions. The samples in powder
forms are produced from ingots of each synthesized material
for definition of phase relations of composition. The powder
of each composition is filled in glass capillary with internal
diameter ~0,8 mm and the pressed powder in wire form
appears from capillar one end at pressing-out by wire with
diameter ~0,7 from another end. The powdergrams in RCD-
57.3 camera on CuK, radiation are taken from such sample at
similar conditions. The powdergram calculations are given in
the tables 2, 3 and 4. In these tables the interplanar spacings
calculated from diffraction data and also interplanar spacings
with corresponding indexes ikl calculated on computer on
structural data are given.

As it is seen from table 2, Cu,Se powdergrams are
indicated in low-temperature orthorhombic structure with
lattice parameters a=4.118 A, b=7.028 A, c=20.360 A, Z=12.

All  registered 24 diffraction reflections from
Cu, g0ZngSe are explicitly indicated on the base of
orthorhombic structure as Cu,Se, but in this case the
reflections from high-temperature FCC modification with
(111), (220), (311) u (222) indexes collide on the reflections
from planes (002), (00 10), (042) and (044) correspondingly
(table 3).

As it is seen from the table 4 the powdergram of
Cu, 75Zny9sSe composition is explicitly indicated on the basis
of FCC lattice wiith parameter a=5.7412A which corresponds
to lattice parameter Cu,_,Se (x=0.20).

The synthesized samples of Cu,Se, Cu,goZng,oSe and
Cu, 75Zng9sSe are put in ampoules from high-quality quartz
tubes of length 10 cm and internal diameter 1 cm after
roentgen-phase analysis carrying out. The ampoules
evacuated up to pressure 1,3 MPa with corresponding
compositions are moved inside furnace having three
temperature zones with the help of special mechanism. The
temperature on 50K higher than the compound melting point
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is kept in upper furnace zone, the temperature on 50K below  sharp end exceeds the compound melting point The ampoule
is kept in the second zone. The crystal germ creates from the moves with rate 0,2 cm/h is suitable for growth of created
side of least temperature when the temperature of ampoule germ.

Table 2
The calculation of Cu,Se powdergram.
CukK, is radiation (1,=1.5418 A), Ni is filter, regime: 35 kV, 8 mA, experiment continues 12 hours.
dewe, A | kI Lattice
0 Vo s A Orthorhombic parameters
642 30 6.614 6.6475 011 a=4.119 A
1232 20 3.553 3.3535 110 b=7.028 A
12°51 10 3.466 3.4648 021 c=20.390 A
1327 70 3.316 3.3237 022 7=12
18718 10 2.455 2.4551 116 V=590.2565 A®
19°43 20 2285 2.2843 032 | p=6.749 g/em’
2006’ 90 2.241 2.2358 125
2057 10 2.156 2.1557 019
21759 10 2.060 2.0590 200
22°14 100 2.038 2.0381 0010
2349 10 1.909 1.9090 204
2606 60 1.753 1.7580 040
30°45 10 1.507 1.5083 233
3527 20 1.330 1.3295 055
40733 50 1.185 1.1845 330
43°00’ 10 1.131 1.1323 0018
45724 10 1.083 1.0819 340
4830 10 1.030 1.0295 400
51733 10 0.984 0.9834 422
Table 3

The results of X-ray investigation of Cu,; gyZn,oSe.
CukK, is radiation (1,=1.5418 A), Ni is filter, regime: 35 kV, 8 mA, experiment continues 12 hours.

dewe, A | BEI doie, A |kl Lattice parameters
0 Uy | de A Orthorhombic FCC

639 30 | 6.6571 6.6522 001

1139 | 70 | 3.8182 3.8175 102 Orthorhombic
1232 | 20 | 3.5525 3.5536 110 a=4.1169 A
13°06 | 10 | 3.4005 3.3990 006 b=7.0288 A
1324 | 70 | 3.3271 3.3261 022 3.3255 111 ¢=20.3932 A
18718 | 10 | 2.4551 2.4563 116 Z=12
1954 | 20 | 22647 2.2660 009 p=6.9675 g/sm’
2010 | 90 | 2.2358 2.2367 125

2100 | 10 | 2.1509 2.1569 019 FCC
2151 | 60 | 2.0712 2.0714 118 a=5.7599 A
22°14° | 100 | 2.0378 2.0381 0.0.10 | 2.0365 220 7=4
2349 | 10 1.9091 1.9051 029 V=191.0930 A*
2458 | 10 1.8263 1.8275 1.0.10 p=1.1722 glem’
2601 | 60 1.7572 1.7592 040

2624 | 36 1.7327 1.7336 042 1.7367 311

26°56 8 1.7019 1.7031 043

27737 5 1.6629 1.6630 044 1.6627 222

3048 | 10 1.5057 1.5060 047

31755 | 80 1.4584 1.4567 0.0.14

3526 | 20 1.3296 1.3303 055
4036 | 50 1.1845 1.1845 330
42°54 10 1.1325 1.1330 0.0.18
4524 10 1.0827 1.0821 340
48735 | 10 1.0279 1.0279 401

51724 10 0.9867 0.9867 421

70



THE ROLE OF ZINC ATOMS IN MODIFICATION STABILIZATION IN Cu,Se

Table 4
The results of X-ray investigation of Cu, 75Zng sSe.
CukK, is radiation (4,=1.5418 A), Ni is filter, regime: 35 kV, 8 mA, experiment continues 12 hours.
0 Vi Ao A deate AF cC hkl Lattice parameters
1327 100 3.3147 | 3.3147 111
15735 10 2.8706 | 2.8706 200
22°19 95 2.0298 | 2.0298 220
2627 | 25 1.7310 | 1.7310 | 311 a=5.7412 A
2743 | 20 | 1.6573 | 1.6573 222 Z=4
32729 35 1.4353 1.4353 400 y=189.2379 A®
3549 20 13171 | 1.3171 331 p=6.7869 g/cm’
41°08 50 1.1719 1.1719 422
44°14 15 1.1049 1.1049 | 511,333
4926 10 1.0149 1.0149 440
52736 30 0.9704 | 0.9704 531
58707 25 0.9078 | 0.9078 620
6142 15 | 0.8755 | 0.8755 533
68729 10 0.8287 | 0.8287 444
The ampoule, containg the crystals of high-temperature ass) O—o
FCC modification at further shift achieves the third furnace 1. i s
zone where transformation of FCC modification into low- 6 91 | Fometemglcm ,
temperature orthorhombic modification takes place. In this - Lo Froe 70T
furnace zone the ampoule with crystals is annealed during 50 ~a_
hours. The single crystals obtained by such way are the 692 -
objects of high-temperature-roentgen-difffractometer ite o Ol
investigations. The experiments are carried out on . A
diffractometer DRON-3M (CuK,, is radiation, A- anl P o rop A e
«~1.5418 A, Ni is filter) with high-temperature attachment i -~
URVT-2000 providing the vacuum 10° Pa, the record T;cl : L“""“‘j"“f‘-:‘. o0 .
angular resolution is ~0.1°, error of angle of reflection 782 [U{:‘,ﬂma - - 448
definition doesn’t exceed AG=+0.02°. -t [f‘- 00— dl .
1. Cu,Se. The obtained single crystals Cu,Se easily shear o \
in [011] direction. The six clear diffraction peaks with (011), — Proe %9 o
(022), (027), (040), (055) and (0.0.18) indexes are fixed from O
such crystals at room temperature in angle interval — LRl
10°<26<90°. Not changing this crystal orientation, the (- a’e
furnace is switched on and records are taken at 323, 373, 405 8 AT, ) —
and 413K temperatures. The temperature before each record 47 J— o {use
is supported constant during 30 minutes. s
The record taken at 423K is related to high-temperature e P
FCC modification. Moreover all diffraction reflections snpo—
0 T 500 800

belonging to low-temperature orthorhombic modification
disappear and diffraction reflections with (111), (222) and
(333) indexes Dbelonging to high-temperature FCC
modification with lattice parameter a=5.8356 A are fixed in
previous angle interval.

The counter is fixed on maximum of one from
diffraction reflections of low-temperature modifications
26=40°12" (027) which disappears after transformation and
appears at inverse transformation for detail definition of
equilibrium temperature between modifications. Heating the
low-temperature modification from 393K with rate 2 K/h it is
defined that equilibrium temperature between modifications
T ():407:|:1K.

The parameters of elementary orthorhombic cell are
calculated at temperatures 298, 323, 373, 405K and
parameters of FCC modification are calculated at
temperatures 423, 473, 523, 573K. The results are given in
tables 5,6 and graphically on the fig.1.
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Fig.1. The temperature dependences of lattice parameters and
densities of low-temperature orthorhombic and high-
temperature FCC modifications Cu,Se and lattice
parameter and Cu, goSe crystal density.

The density dependence of orthorhombic and FCC
modifications on temperature shows that density at
equilibrium temperature of modifications 7,=407K is
changed by jump on 0.062 g/cm’. It is necessary to note that
concentration change takes place in the dependence on
transformation order, i.e. the transition Cu,Se into Cu,.,Se
(x=0.20) with cuprum extraction on Cu,,Se block
boundaries. This non-stoichiometric composition also has
FCC lattice with parameter a=5.740A. This compound is
stable in temperature interval from room one up to melting
point.
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Table 5
The temperature dependence of crystal lattice periods of orthorhombic phase Cu,Se.
Orthorhombic
T, K Pk b A ok Z v, A3 p, glem®
298 4.1168 | 7.0320 20.3472 12 589.038 6.968
323 4.1180 | 7.0336 20.3508 12 589.4480 6.963
373 4.1212 | 7.0384 20.3670 12 590.7785 6.947
405 4.1248 | 7.0416 20.3796 12 591.9293 6.934
Table 6
The temperature dependence of crystal lattice periods and thermal expansion of FCC phase Cu,Se.
T, K| a, Z v, A® p,glem’ | T, K Q100 X10°K!
423 5.8391 | 4 | 199.0846 6.872 | 423-473 17.47
473 5.8442 | 4 | 199.6067 6.854 | 423-523 27.74
523 5.8553 | 4 | 200.7463 6.815 | 423-573 26.37
573 5.8622 | 4 | 201.4568 6.791

The thermal expansion on main crystallographic directions of orthorhombic and FCC modifications Cu,Se is given in

tables 6 and 7, and FCC modifications Cu,_Se is given in table 8.

Table 7
Thermal expansion of orthorhombic phase Cu,Se.
Thermal expansion coefficients x 10K
Ty, K ~ ooy T Xpoio) T Xpoony
a[100] &010] [001] a= 3
298-323 | 11.66 | 9.10 7.08 9,28
298-373 | 14.25 | 12.14 12.97 13.12
298-405 | 18.16 | 12.76 14.88 15.27
Table 8
Temperature dependence of crystal lattice periods and thermal expansion of FCC phases Cu; gSe.
100 X10°K!
T K| aA |Z| VA |pgem’| T,.K (1o0)
298 57356 | 4 | 188.625 6.804 298 -
383 57480 | 4 | 189.911 6.760 298-383 25.74
473 57610 | 4 | 191.910 6.714 298-473 32.57
573 57746 | 4 | 192.559 6.667 298-573 24.82

2. Cul,golno,mSe. Cul'goznolzose single crystals also

samples at room temperatures in angle intervals 30°<26<70°

easily shear on plane (011). The plate samples with sizes
4x4x1 mm which are suitable for diffractometer investigation
are separated from crystalline ingot for temperature
investigation. The six diffraction reflections fixed from such

are indicated in the same way as powder difractogram
Cu, goZng0Se on the basis of parameters of orthorhombic and
FCC modifications which stabilize at room temperature
(table 9).

Table 9
The crystal lattice periods of existing phases Cu, goZngSe at 290-870K.
Tops K Syngony a, A b, A c, A z Sp.gr. v, A} p, glem’
290 Orthorhombic 4.1274 7.0327 | 20.3618 | 14 - 591.0372 6.957
FCC 5.7560 - - Fm3m 190.7051 7.187
370 Orthorhombic 4.1310 7.0491 | 20.4085 | 12 - 591.2921 6.919
FCC 5.7651 - - 4 Fm3m 191.6110 7.153
470 Orthorhombic 4.1486 7.0535 | 20.4390 | 12 - 598.0831 6.875
FCC 5.7724 - - 4 Fm3m 192.3398 7.126
570 Orthorhombic 4.1559 7.0700 | 20.4705 | 12 - 601.4686 6.836
FCC 5.7818 - - 4 Fm3m 193.2810 7.091
670 Orthorhombic 4.1667 7.0877 | 20.5055 | 12 - 605.5750 6.790
FCC 5.7931 - - 4 Fm3m 194.4165 7.050
770 Orthorhombic 4.1885 7.0892 | 20.5168 | 12 - 609.277 6.749
FCC 5.8019 - - 4 Fm3m 195.3038 7.018
270 Orthorhombic 4.1959 7.1015 | 20.5352 | 12 - 611.8911 6.720
FCC 5.8110 - - 4 Fm3m 196.2242 6.985
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THE ROLE OF ZINC ATOMS IN MODIFICATION STABILIZATION IN Cu,Se

The control diffraction recordings are carried out saving
crystal orientation in temperature interval 290-900K in each
100K. The temperature before each record is kept “constant
during 30 minutes. It is necessary to note that the essential
changes of intensity values aren’t observed in the given
temperature intervals.

The parameters of elementary cell of orthorhombic
modifications are calculated from reflections with (009), (00
10), (1.0.10), (042), (043), (044) indexes which are given in
table 10, and FCC parameter of modification is calculated
from reflections with (220), (311) and (222) indexes, its
results are also given in table 10.

Table 10

Thermal expansion of elementary cell parameters of orthorhombic phase Cu, gyZngoSe in temperature interval 290-870K.

The temperature dependences of eclementary cell
parameters of orthorhombic and FCC modifications are
graphically given on the fig.2.
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Fig.2. The temperature dependences of elementary cell
parameters of orthorhombic and FCC phase
Cu, vgoZHo'zose.

As it is seen from fig.2 the values of elementary cell
parameters of orthorhombic and FCC modifications in
temperature function increase linearly. The linear increase of
lattice parameters of both modifications shows that both
modifications stably exist in considered temperature interval,
i.e. low-temperature orthorhombic modification metastably
exists at high temperatures, and high-temperature FCC
modification exist at room temperature.

Thermal expansion coefficients x10° K’
T..,, K -« +a +a
v a[100] [010] oo1] o= (109 [0310] (o1
290-370 10.90 29.15 28.67 2291
290-470 28.54 16.56 21.12 22.07
290-570 24.66 18.94 19.07 20.89
290-670 25.22 20.58 18.57 21.46
290-770 31.64 16.14 15.86 21.21
290-870 29.35 16.87 14.68 20.30
290-370 20.63
290-470 11.00
290-570 17.25
290-670 18.10
290-770 17.55
290-870 16.44

73

The calculated values of p (g/cm’) orthorhombic and
FCC modifications given in table 9 are also graphically
shown on the fig.2. As it is seen from the figure the density
of both modifications is linearly decreases and FCC
modification density is bigger than density of orthorhombic
one, i.e. 4p =p-Popmop=0.25 g/em’.

The crystal thermal expansion of orthorhombic and FCC
modifications are given in table 10.

3. Cu;55ZnysSe. The plane samples with sizes 5x4x2
mm (of undefined crystallographic orientation) are taken for
temperature-diffractometer investigations. The reflections
from (111), (200), (220), (311) and (400) planes which are
enough for calculation of elementary cell parameter are fixed
at room temperature in angle interval 20°<26<70°. The
investigation is carried out in temperature interval 290-670K.
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Fig.3. The temperature dependence of elementary cell

parameters of FCC phase Cu, 75Zn osSe.
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The results of these investigations and also thermal fig.3a elementary cell parameter in temperature function
expansion are given in the table 11. As it is seen on the linearly increases, and density linearly decreases.

Table 11

The temperature dependence of crystal lattice periods and thermal expansion of FCC phase Cu; 75Zng ¢sSe.
Top, K P £CC 7 Sp. gr. V, A3 D, g/cm3 Top, K O100] x10° K
290 | 57412 | 4 Fm3m 189.2379 6.787 290-370 17.42
370 | 5.7492 | 4 Fm3m 190.0300 6.759 290-470 16.06
470 | 5.7578 | 4 Fm3m 190.8841 6.728 290-570 15.68
570 | 5.7664 | 4 Fm3m 191.7407 6.698 290-670 14.90
670 | 57737 | 4 Fm3m 192.4698 6.673

Finally note that Cu,Se lattice carcass belongs to Se*  Cuyg0Znga0Se at room temperature in Cu,.,Se at isomorphous
atoms (ion radius is 1.93 A), Cu atoms are statistically —exchange of definite cuprum atom quantity by Zn'(0.83)
situated between them. There are defects with empty cuprum  atoms become two-phase ones, i.e. high-temperature FCC
knots in crystal lattice. The cuprum atoms can easily move modification stabilizes at room temperature and low-
from one crystal region to another one. The atom oscillation  temperature orthorhombic modification stabilizes at high
in lattice increases with temperature increase and lattice temperature. Cu;75ZnggsSe crystals at all considered
becomes unstable one at given temperature. As a result the temperatures are one-phase and have FCC structure. Zn"™"
structural transformations take place. atoms in Cu, goZng,Se and Cu, 75ZngsSe crystal structures

Usually cuprum atoms in cuprum chalcogenides in  take Cu'" places in tetrahedral empty spaces. The mobility of
lattices of stoichiometric compounds participate in two Zn"" atoms in Cu, goZng20Se and Cu, 7sZngesSe lattices and
different valent states, i.e. Cu'(0.98) and Cu'"(0.80). This is  Zn-Se and Zn-Cu bonds differ from mobility of Cu atoms in
the main existence reason of non-stoichiometric compounds  Cu,,Se, and also from Cu-Se and Cu-Cu bonds which are the
Cup,Se, Cuy,Te u Cu,,S where 0<x<25 and excess of reason of modification stabilization in Cu;gyZng,,Se and
structural  transformations. = The  obtained crystals Cu,75ZnggsSe.

[1] M. Khansen, K. Anderko. Struktura dvoynikh splavov. [3] Yu G. Asadov, G.B. Gasimov, G.A. Jabrailova. 1zv.
1962, tom 1. (in Russian) AN SSSR, Neorganicheskie materiali. 1972, Nel2,
[2] Yu G. Asadov, G.A. Jabrailova, V.I. Nasirov. Izv. AN s.2208.
SSSR, Neorganicheskie materiali. 1972, t.8, Ne6,
s.1144. (in Russian)

Y.Q. 9sadov, Y.I. Aliyev, F.Q. Maharramova, 9.Q. Babayev
Cu,Se BIRLOSMOLORINDOKI MODIiFiKASIYALARIN STABILLOSMOSINDO Zn ATOMLARININ ROLU

Cu,Se, Cuy ggZng0Se va Cuy 75Zng sSe birlosmolori sintez edilmis vo monokristallart gdyardilmigdir. Yiiksoktemperatur rentgendifrak-
tometrik metodla qeyd olunan monokristallarda struktur faza kegidlori tadqiq edilmis vo gostorilmisdir ki, Cu,Se-do ortorombik modifikasiya
407K temperaturda UMK modifikasiyaya kecir, Cu atomlarmin miioyyan hissosi Zn atomlari ilo ovez olunmus Cu; g9Zng0Se birlogsmasinda
iso yiiksoktemperatur UMK modifikasiyasi otaq temperaturunda ortorombik modifikasiya ilo stabillosir. Tkifazali Cu, goZng,0Se kristalinda
otaq temperaturundan arims temperaturuna qadar intervalda polimorf ¢evrilmo bas verir.

IO.I'. Acanos, FO.!. AnbieB, ®.I'. MareppamoBa, A.I'. baGaes
POJIb ATOMOB IIUHKA B CTABUJIN3ALIUU MOJUPUKALIAN B Cu,Se

CHUHTE3UpOBaHbI M BBIPANICHBI MOHOKpUCTAILIBI cocTaBa Cu,Se, CuygoZng,oSe 1 Cuy 75Zng osSe. BricokoTeMmnepaTypHbIM peHTTeH I }-
PaKTOMETPUYECKUM METOJOM HCCIEIO0BAINCH CTPYKTYpHBIE (pa3oBble NMPEBPALICHUS B MOHOKPUCTAUIaX YKa3aHHBIX COCTaBOB M MOKa3aHO,
yro B Cu,Se opropomOuueckas moaumbuxanus npu 407K mpespamaercs B I'IK momuduxammo. B xpucramne CujggZng,oSe, rae
ompeneneHHas yactb aroMoB Cu 3ameHeHa aToMaMu Zn, BbicokoTemnepatrypHas ['LIK Momudukanus cTaOHIn3upyercss Ipd KOMHATHOH
TEeMIIepaType, a HU3KOTeMIepaTypHas OpTopoMOMYecKas MOTU(PHKALUSA CTaOMIM3HPYETCS TPH BBICOKOI Temmeparype. B nByxdasHbeix
kpuctammax Cu;gyZng,pSe B HHTepBaJie OT KOMHATHOH TEMIICpaTyphl A0 TEMIIEPATYphl IUIABICHUS MOIMMOPQHBIC MPEBPALICHUSI
OTCYTCTBYIOT.
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WAVE DIFFRACTION ON PLANE BELT WITH RESISTIVE BOUNDARY CONDITIONS

T.M. AHMEDOV
Institute of Mathematics and Mechanics of Azerbaijan NAS
AZ-1141, Baku, Azerbaijan, F.Agayev str., 9

The multiple articles [1-3] are dedicated to task solution of wave diffraction on plane belt with ideal boundary conditions (BC). BC of
Dirihle and Neyman types correspond to ideal BC. Such BC appear when it is supposed that belt has ideal electric or magnetic conductivity
[1,4]. However, in practice the plane metallic belt has the finite conductivity. In this case the boundary is described by BC of impedance type
[4]. From mathematics point of view, BC of third kind corresponds to this boundary [S]. In the given paper we’ll solve the task of E-
polarized wave diffraction on the belt with resistive BC which is the special case of impedance BC. The more general approach which as
special case will include the task solution with ideal BC will be suggested for solution of this task.

1. Problem definition. 2 o ,
o (—5+—=5+k)e.(x,y)=0 (€)
Let’s the plane wave falls on plane belt of 2a dimension ox~ Oy
situated in XOZ plane in the center of coordinate system o
XOY from y>0 side. - on belt surface to resistive BC of [4] type
Oe_(x,%0) | ik
j i i —ik(xaq+yy1-aj ) —————t—e (x,20)=0 )
Vz X —e ik (xcos@+ysinf) —e i 0 0 1 (X,
(x, ) (1) o> 7
Here ay=cos6, 0 is wave incidence angle, k :2_7[ is Where n parameter cha.ra}cterizes the belt resistivity.
-to Meyksner condition on edges [1,6]
wave number. -Scattered field ¢](x,y) should correspond to condition
The complete field is presented in the form of sum of  of Zommerfeld radiation on infinity which has the form [1]
incident and scattered fields, i.e. 2
| lim/r (S +ik)e} (x, ) =0 , (5)
e.(x,y)=V'(x,y)+e(x, ) @) e or
The complete field should correspond to following 2. Task solution.
conditions:
- everywhere out of belt surface to Helmholz equation | Let’s write the conception of following type [1,5] for

scattered field e (x,y) on the base of potential theory

(%)= f(NG(x—x,y)dx'= —i' [ AGOHD (e (x =5y + y7)dx' ®

here G(x —x',y) is Grin’s bivariate function of free product; | corresponds to Helmholz equation and condition of radiation
on infinity (5).

Let’s obey the complete field e.(x,») to boundary
condition (4) at y=t0 for definition of unknown current
corresponds to density function of surface current and is  density. Taking into consideration (7), we obtain:
defined as component jump of complete field on belt surface

(=10), i.e.

a g é”( x) is Hunkel function of zeroth order. The unknown

function  f(x)is potential density of simple layer

£+ E e (6 40) +e. (-0} =0, |x]<a ®
de,(x,+0) de,(x,—0) ke n

oy y Further we obtain the integral equation (IE) of following
type with taking into consideration of (2) and (6) perceptions
It is seen that perception for scattered field (6)| for definition of f;(x) function:

H(x)=

L y4 ) 1 ¢ U ' '
T 1) =20V .0+ [ GV (] x—x' ', [x]<a ©)

The equation (9) is Fredholm’s IE of second kind. Let’s | With this aim we continue this function by the zero out of
rewrite the given IE in images of Fourier function fi(x). |x[>a . Then we can write:
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Fi(“) — .[_aafi(xv)efikax'dxv,

k oo ,
— ikox 10
K=o F@é“da (0

where F';() function is image of Fourier function f;(x).

Then take into consideration that spectral perception
[1,7] takes place for Hankel function /" (x).

n = i 1 i 1
1) =21 (@g,00+ [ F(a)e” e 16K

Here the non-dimensional quantities are introduced.

x'=aé', ¢=

ka, x=aé ., [ (&) =af,(aé)=af|(x)

HY (e 7 = [ et

(11

where that function branch/1—g? for which Im+/1-a? >0
at |a| — oo along real line. This is followed from radiation
condition (5).

Substituting (10) and (11) in IE (9) for Fourier image we
obtain IE of following type:

(12)

(13)

Further multiplying IE (12) both sides on €' function and integrating on variable £ in limits [-1,1], we obtain IE of

following type:
sing(f+«a 1 ¢ sing(a— Fla
pF(p)=aitnibre) Lo snala=f) L) (14)
+a, = a-f  1- az
Now let’s construct the algorithm of IE solution (14). As ! w ] 2 18
a rule, the desired function of current density fl(g) should 'LOEJ w12 EB) 12 (EB)A B = —2m 1 0,,, (18)
correspond to the condition [1,6] in order to scattered field
e’ (x,y) will correspond to Meyksner condition on edges. lJ‘w wi12(E0) sine(a — ) df = S 12 (6Q) .(19)
7T o \/E a-pf Ja

1 1
——<y<—
2

2

The value selection of v parameter from interval [-1/2,1/2]
depends on physical nature of considered task. In the given

case f,(£) function describes the surface current density for

/(&)= -8, (15)

which v parameter is equal to v= 0 as it was shown in work
[8]. Let’s develop fl(g) function in uniformly convergent

series on Gegenbauer polynomials of following type for
correspondence with condition (15):

FE=1-8YY £1C(&)

n=0

(16)

7 . 1/2
where f"are unknown coefficients, and C)"'“(&) are

Gegenbauer polynomials.
We can obtain the following perception on the base of

perception (16) for image of Fourier function ]71 (&):

n+v+l/2 (ga)

= , (17
F(a) T+ 1/2);( ' 1,8, (26a) " 17
hereﬂn M nv.
I'(n+1)

Let’s substitute the perception for Fourier image (17) in
IE (14) and take into consideration that the following
relations [1,7,9] take place for values of 1=1/2 parameter.
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Then we obtain infinite system of linear algebraic
equations (ISLAE) of second kind of following type for

.. 1
obtaining unknown f :

-/, = 7+Z L m=0,12,. (20)
Here the designations are introduced:
yE = 2w 2m 4 )(—iymt JuenE%) oy
\IaO
= 2m+1
Cr =5 ()G
Cf =y LoD )
0 a1-a?
It is seen that estimations take place:
‘7»1‘ <o, Z Z <o, (23)

=—00 m=

This means that ISLAE is Fredholm equation of second
kind and its approximate solution with any given accuracy
can be obtained on the base of reduction method.

3. Integral calculation in matrix elements.
The calculation of matrix elements C,fﬂ, which are

presented by integrals on compositions of Bessel functions, is
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the main moment at ISLAE solution (20). The subintegral
function becomes quick oscillating one that makes
calculation process difficult at increase of ¢ parameter values.
The following algorithm is suggested for solution of this
problem. Let’s express the matrix elements in the form:

E(1/2,1/2), (24)

mn

C,, ={l+(=D""}

L, (A ) =1, (A, p1) = il,* (A, p1) (25)

o da
IE — F
mn (/1’ /J) .[() J’”*’l (8@).]'”# (6‘0{) a/1+,u [1 _ aZ

1
El _
Imn - J.O ']m+l (ga)Jn+// (8&) a/}”'”m ’

m+n+A+u+l

© d
157 =70, e, (e0)—F— @)

a*\1-a’
Here A and g parameters which accept values from [0,1]

interval, are introduced for community. Later let’s use two
following perceptions [7,9] for product of Bessel functions.

1 S +m+n+A+
J ()], (¢a) :_\/_Zd,j,’jn(ga)” A (28)
T k=0

B

Jacmo rweotz(s+N) f(s) ds

1
I52 (A, p) =
i (A ) csie 2sinzs  g(s)

27

N:m+n (29)
2

Here the designations are introduced

m+n+A+u+2

k I'(k+ ) (k + )
o — (_1) , (30)
Tk + D) Tk+m+n+A+u+ D0k +m+ A+ DDk +n+ u+1)
Uﬂﬂ:gMW%WT@+N+%E@+N+i;ﬂ+%ﬁw+N+ﬂ;ﬂ+D, (31
g&)=TE+DI(s+N+DI'(s+m+A+DI(s+n+pu+ DI (s+m+n+A+pu+l), (32)

The ¢ contour is parallel to imaginary axis of complex
plane § and corresponds to relation:

_Rem+n+/1+,u+1£c£0 (33)

2

Substituting (28) and (29) perceptions in (27) integrals
and integrate on the base of theory of residues for desired

|quantities, we obtain the new perceptions in the form of
rapidly-convergent series. They have the form:

m+n+A+pu o F(m_'_n +k+l)

I ) ==Y dff ™ — 22 (34
k=0 I'( +k+1)

A+u

n

N-1
122 (A, ) =—[-)] ir(—k + N)C(k + l)r(k +
o0 27T 2

H{Uk+D)I(k—=N+m+A+DI(k—N+n+u+DU(k+N+A+pu+1D)}+

= 1 F(k+N+1) 1
Y 2 g g O I g+ Wk + N o) +
i 2m I'(k+N+1) 2

+‘P(k+N+/IJ;’U+%)+‘P(k+N+/1;”+1)—‘I’(k+1)—‘P(k+N+1)—

VYhk+m+A+)-Yk+n+pu+)-VYk+m+n+A+pu+1)}].

The corresponding integrals have the following form for index values m=n=0:
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The suggested approach allows forming the high- | Ll T
performance computational algorithms on the base of which —_—
the calculations of scattering characteristics of plane belt are 2 i
carried out. 5 S EIORHETS ! .,

4. Physical characteristics. 3 ', e

s :

The following parameters: directional diagram (DD), ) I ]
diameters of complete diffusion and backscattering [1,4] are E ' i !
considered in the capacity of physical values characterizing T g4 ). Foid [T, R (e, CAPLSRE
the belt scattering properties. Let’s give the definition of g ! i
these values. ricdl I 7

DD characterizes the scattered field behavior in long- . | : |
distance band which will be written in cylindrical coordinate T o 2 4 .8 8 10
system in the following form: 2 — o0°

Fig. 2
s 1 2,2
& (r,9) = AP (9) . kr =k +17) >0 (37) PO
2 i(kr—m/4) i
Alkr) = | e ,
rkr 2
=
1oy N2EG a1 L (EC0S Q) 5
Gp(p)=——> (=) fy ===—="" (33 8
4 5 \JECOSQ g 1
£

The diameters of complete diffusion o” and % oy — - | s

backscattering o© are defined by the following [1,4]: 2 | j H
. | E o i _E Y TP L =  SFEUD WRPIDY SO |
o 1 _ 1 [a] i
=R (0). — =~ o) ) L]
a ¢ 7 e s e 75w
angle of incidence, grad.
26 =)
Fig. 3.
20
g =
& =
i :
i 3
s 8
5 i g o
2 1 = i |
0.2 B SAPOEUE (NPPRNRPIORN (TN — 5 O i £ B
Bo i -30 [ o | PER—
2 ‘S 8 10 W L
4D 1 i 1 |
4 = 45° 0 15 a0 a5 60 75 20
angle of incidence, grad.
Flg 1. Ya =4\
Fig 4.
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= F(k+—)
]EZ 1 dl,u 2k+/1+ux
( ) 22 F(k 1) kOOg
><{21ng+‘P(k+E)+‘P(k+/1+'u+%)+\P(k+ﬂ+'“+1)_

2Y(hk+D)-Yk+A+)-VY(k+u+)-PYk+A+pu+1)}.

(36)
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The calculation results of diameters of complete 5 T T
diffusion and backscattering on the base of developed
efficient computational algorithms are presented on fig.1-6.
The frequency dependences of complete diffusion diameter
for cases of normal and off-normal incidences are shown on
the fig.1,2. The dotted curves correspond to resistive belt, and
total ones correspond to electrical ideally-conducting belt.

The dependences of scattering reverse diameter on
incidence angle for different values of wave belt dimension

z oy
SN L
N T
-c-o-q--'--"‘-g 'h.- i ’6

-10

Diameter of inverce scattering  |dB)
L8
. |
™ow .
e
*\\:‘
i

are presented on fig. 3,4. As above mentioned, the dash S e B { M
curves correspond to resistive belt and total ones correspond ﬁ,’-"
to ideal-conducting belt. 20 f20p - uﬂ;’/ ]
e
el o -25 '
= 0 30 60 90
2 5tk angle of incidence, grad.
£
3 20 | Fig. 6.
:
% 25 | The calculation results of backscattering diameter for
& different resistivity values obtained on the base of our
E : approach and work [4], are compared on the figures 5,6. The
= e wave dimension is equal to 2a=0.51. The resistivity value
351 n = —i4 correspond to dashed lines and n = 4 value
i [ correspond to total ones. As it is seen from these figures, the
0 coincidence of our results with results [4] (points, rectangles,
angle of incidence, grad. squares) aren’t in a doubt.
Fig. 5.

[11 Kh. Khenl, A. Maye, K. Vestpfal. Teoriya difraktsii. [5] R.M. Mors, G. Feshbakh. Metodi teoreticheskoy fiziki.

Moskva: Mir. 1964, -428s. T.1.M. —1IL. 1958, -930s.
[2] E.I Nefedov, A.T. Fialkovskiy. Asimptoticheskaya [6] R. Mittra, S. Li. Analiticheskie metodi teorii volnovodov.
teoriya difraktsii elektromagnitnikh voln na konechnikh M.-Mir, 1974, -327s.
strukturakh. M.: Nauka. 1972, -247s. [71 A.P. Prudnikov, Yu.A. Brichkov, O.1. Marichev. Integrali
[3] L.N. Litvinenko, S.L. Prosvirnin. Spektralnie operatori i ryadi (spetsialnie funktsii). M.: Nauka, 1983, -752s.
rasseyaniya v zadachakh difraktsii voln na ploskikh [8] LM. Braver, P.Sh. Fridberg and IM.Yakovlev. The
ekranakh. Kiev: Nauk. Dumka, 1984, -240s. behavior of the electromagnetic field near the edge of a
[4] T.V. Senior and J. Volakis. Approximate Boundary resistive  half-plane. IEEE Trans. Antennas and
Conditions in FElectromagnetics. The Institution of Propagat., Vol.AP-36, pp.1760-1768. 1988
Electrical Engineers, London, United Kingdom, 1995. [9] D.N. Vatson. Teoriya Besselevikh funktsiy. T.1. M.: IL ,
1949, -1000s.

T.M. Ohmadov
REZiSTiV SORHOD SORTLORI iLO MUSTOVi LENT UZORINDO DALGALARIN DiFRAKSiYASI

Ideal sorhod sortlori ilo miistovi lentdo dalgalarm difraksiya mosalosinin hallino ¢oxlu sayda moqalolor [1-3] hosr olunmusdur. Ideal
SS-o Dirixle vo Neyman tipli S$ uygun golir. Belo SS-lor ideal elektrik vo ya magqnit kegiriciliyinin oldugu giiman edildiyi halda yaranir [1-
4]. Ancaq praktiki olaraq miistovi metallik lentlor sonlu kegiriciliye malikdir. Bu halda serhedler S$ impedans tipine uygundur [4]. Riyazi
ndqteyi nozarden bu sorhads qgqncii tip S uygundur. Bu i¢de biz difraksiya maselasini miistovi E-polyarizasiyali dalga {i¢iin hell edacoyik.
Bu hal impedans SS-in xiisusi halidir. Bu masalonin halli {igiin daha imumi yanasma toklif olunur ki, bu da SS$-in xiisusi hali olacagq.

T.M. AxmenoB
JTUO®PAKIUS BOJIH HA IIJIOCKOM JIEHTE C PE3SUCTUBHBIMU 'PAHUYHBIMHA YCJIOBUSIMU

Pemenuro 3amay Audpaknuyu BOJH HA IUIOCKOH JIEHTE C MJEaTbHBIMU I'paHHYHBEIMHU ycioBusMU (I'Y) mOCBSIEHB! MHOTOUYHCIICHHBIE
crareu[1-3]. UpeansubiM 'Y coorBerctByroT I'Y Tuna Jdupuxine win Helimana. Takue I'Y Bo3HHKaIOT, KOr/ia MPEAINONaracTcs, 4To JCHTa
HMEET HICAIBHO JJIEKTPHUYECKYI0 MO0 MarHUTHyIO mpoBoauMocTts [1,4]. OmHako Ha NMpakTHKE IUIOCKAas MeTaJUIMYecKas JICHTa MMeEeT
KOHEUYHYI0 NPOBOJMMOCTb. B 3TOM ciyuyae rpanuna omnuceiBaercs I'Y umnenancHoro tumna[4]. C MaTeMaTHUeCKOH TOUKU 3pEHUS ITOH
rpanune cootBerctByeT 'Y Tperbero pozaa [5]. B nanHoit paboTe Mbl mocTpoum perieHue 3a1aun Audpakiuyy miockoi E- nonspusoBanHoit
BOJIHBI Ha JIGHTE C PE3UCTUBHBIM ['Y, KOTOpas sBISETCSA YACTHBIM CllyyaeM UMIeAaHCHbIX Y. Jlns pemenus 3Toi 3agaun OyAeT NpeiiokeH
Oosee 0OUIMIA TOAXOM, KOTOPBIN KaK YacTHBIH CiTydail OyIeT coiep aTh U PelIeHue 3a1adn ¢ uaeanbHeMu Y.
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ELECTROMAGNETIC PROCESSES IN FREQUENCY-DEPENDENT
RESISTOR SHEATH
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G.M. Abdullayev Institute of Physics of National Academy of Sciences,
AZ-1143, Baku, H. Javid, 33

The electrical and magnetic properties of frequency-dependent resistor sheath consisting of the heterogeneous ferrite powder and
polymer dielectric mixture are investigated. The charge carries transfer processes, concentration and temperature dependences of
electroconductivity are researched. The character of current transport process through the heterogeneous mixture, two mechanisms of
hopping and spin current presence are established. The influence of scin-effect on alternating current passing through the heterogeneous
mixture is considered. The spectrums of absorption of frequency-dependent resistor sheath are investigated experimentally and theoretically.

INTRODUCTION

The electromagnetic radiation absorption power of
frequency-dependent resistor in the frequency interval from
50Hz up to 50MHz presents the big interest because the
availability of these resistors in the devices and of high
voltage network is essentially defined by electrophysical,
heat and magnetic properties of their ferromagnetic sheathes
in strong impulses or alternating (low-or high-frequency)
fields. Nowadays the different constructions of ferromagnetic
sheathes, in which the different mixtures containing the
dielectric and ferromagnetic powders or metallic and
ferromagnetic ones are used, have been developed and
investigated [1-12]. In these works the ferromagnetic sheath
is considered as (see [9-11]) percolation mixture and its
electric and magnetic properties are studied. The theoretic
works [13-14] in which two variants of dielectric constant
determination for mixtures in approximation of particle
sphericity in constant electric field when the mixture can be
considered as homogeneous and isotropic medium with
respect of average electric field are investigated, are well
known. In first case, fine-dispersed mixtures in which all
mixture particles are isotropic ones and difference between
their dielectric constants is small one in the comparison with
dielectric constant of. In the second case, the emulsions with
arbitrary difference between medium dielectric constant and
dispersed extrinsic phase of small concentration are considered.

The theory of absorption of electromagnetic radiation by
strongly heterogeneous two-component systems is considered
in work [15]. The composite presents itself the thin film of
two-component mixture consisting of dielectric matrix and
macroscopic magnetic particles. It is shown that the
absorption of electromagnetic radiations can be changed

adding the magnetic, metallic and other foreign substances in
main matrix. In the case of metallic inclusions, the absorption
region shifts to the side of frequency increase that is
connected with decrease of relaxation time of electronic
subsystem.

Note that dipolar polarization not depending on
frequency is observed in dipole dielectrics in radio-frequency
region 10"’ — 10" Hz. The relaxation losses are observed in
the region of relaxation dispersion when dipoles haven’t time
in order to reorient in half-period of electric field variation.
The structures and losses connected with them having
maximum on the relaxation frequency of interlayer
polarization at which the electric charges accumulate on the
heterogeneity interfaces during long time, are observed on
low frequencies in heterogeneous dielectrics in polarization
spectrum.

The investigation results of electric and magnetic
properties of frequency-dependent resistor ferromagnetic
sheath by thickness from 2 up to 5 mm in alternating electric
field carried out on the base of strongly heterogeneous
mixture of dielectric (polyvinylchloride) and ferromagnetic
(nickel-zinc) powders are presented in the given work.

THE SAMPLE PREPARATION

The photos of microstructure of frequency-dependent
resistor sheath obtained on electronic microscope in different
increase regimes at 45% volume concentration of filler are
given on fig.1.

The photos have been obtained for sheath section which
is perpendicular to resistor “z” axis (see.fig.2). As analysis
shows, the ferromagnetic powder component has the similar

volume density upon the average along whole resistor sheath.

Fig. 1. The photos of sheath microstructure of frequency-dependent resistor obtained on electronic microscope in different increase

regimes at 45% volume concentration of filler.
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The matrix produced on the base of polyvinylchloride, is
filled by ferromagnetic powder preliminary treated for better
adherence with matrix in solution of stearic acid and benzene.
The solvent excess is eliminated by drying of ferromagnetic
powder at temperature 23°C.

The matrix filling by filler is carried out gradually by the
method of hot roll-forging up to achievement of necessary
concentration. In the given experiments the concentration of
ferromagnetic particles in the volume is achieved x=0.65. It
is known [16], that limit concentrations of filler are defined
by its properties and degree of interaction with
polyvinylchloride. As it is shown in [16] the peculiarities of
temperature dependences of mixture volume expansion at
filler high concentrations can be explained by thermoelastic
voltages appearing as a result of difference of coefficient of
expansion of polymer and filler. Note that obtained filler
concentrations up to temperature 100°C don’t lead to the
destruction of powder mixtures. Further, the created
composition is reduced and pressed round current-carrying-
rode of created frequency-dependent resistor in vacuum
furnace under the pressure about 10'Pa and temperature
160°C. The forms of ferromagnetic particles uniformly
distributed enough on matrix volume are close to spherical
ones and their dimensions don’t exceed 504 Note [23] that
the dimensional effects don’t affect in samples by thickness
up to 0,8 cm and at frequencies from 0,1-50MHz and

|10
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therefore the complex magnetic permeabilities of nickel-zinc
ferrite filler can be defined by results of magnetic and electric
measurements. By other hand, the ferromagnetic sheath of
frequency-dependent resistor has the big dimensions and
therefore the observation of volume resonance is quite
possible.

THE EXPERIMENT, FREQUENCY PROPERTIES

OF SHEATH DIELECTRIC MATRIX OF

FREQUENCY-DEPENDENT RESISTOR

The differential spectrums of frequency dependences of
real and imaginary parts of dielectric constant and also
dielectric loss tangent are investigated on automatic
measuring device realizing the method of susceptance
variation. The measurements are carried out in frequency
interval from 1Hz up to 100MHz. The relative error of
measurements is no more than 2%. The experiment control
and experimental data processing are carried out by computer
connected to measurement module. The differential
spectrums are obtained by direct differentiation of
experimental dependences.

The differential frequency spectrums of real and
imaginary parts of dielectric constant and also dielectric loss
tangent of dielectric matrix, which are given on the fig.2,
have been obtained for calibration of experimental device.

0.4

0.2}

& |
=16 U:'
o

0.2}

04!

Fig. 2. Differential frequency spectrums a - ¢’ ¢” and b —(tg &)’ of dielectric constant of PVCh matrix. Here 1 is
imaginary part of dielectric constant, 2 is real part of one.

The polyvinylchloride is related to linear polar polymer
with big value of dielectric constant and dielectric loss
tangent that is caused by construction asymmetry of
macromolecule elementary units because of which the dipole-
relaxation polarization appears. The polar groups in polyvinyl
chloride are strongly connected with main chain. The
connectedness of orientation movement of side polar group in
respect of the main chain changes in the dependence on
dipole position. It is obvious that dipole C-Cl in polyvinyl
chloride, in the composition of which the carbon of main
chain includes, can shift in glassy state only at presence of
some part of main chain. Naturally, that this relaxation
process has some features which are character ones to orders
of dipole-elastic losses, but it can be observed at the
temperature that is essentially lower than the glass-transition
one. Thus, this process isn’t connected with heat motion of
chain segments.

As would be expected the real part of dielectric constant
weakly depends on external alternating field frequency higher
700Hz and its fuzzy structure corresponds to contribution of
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different polar groups and radicals in spectrum of dipole-
orientation polarization.

The quantity of observable structures in the spectrum in
real part of polyvinylchloride permeability at 23°C shows on
the fact that spectrum can be interpreted by the set of four
Debye’s functions, i.e.:

4

g.
=g, +As8) ———
e S,Z=;I+(a)fi)2
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where &, is dielectric constant for frequency ., >~ 1, equal
%o

to 4.289; 17, is relaxation time of i-th process;

Ae=(g-£,)=10.0 is total dispersion width of i-th set of
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relaxation time; &, is dielectric constant for ,, . i, equal to
TO

14.289; g; is weighting coefficient for i-th relaxation

oscillator. The obtained values of weighting coefficients and

relaxation times coincide with data [17] in the investigated

frequency region.

The analysis of obtained spectrums shows that dielectric
constant dispersion peculiarities are defined dipole-group
polarization of polyvinylchloride molecules. As it was shown
in work [17] even insignificant content of polar plasticizers,
for example lead zirconate titanate, differing on chemical
composition in polymer volume should lead to the set of
relaxation times of dipole-orientation polarization in wide
frequency region of external electric field. The dispersions of
spectrum structures of complex dielectric constant are caused
by the content of investigated polymer of polar radicals C-Cl
in main chain by one hand, by another one, they are caused
by the content of molecule polar groups in plasticizers. Note
that plasticizers decrease the polymer toughness because of
decrease of intermolecular interaction energy and change the
relaxation times of processes of dipole-orientation
polarization of polar groups and radicals. The using of
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powder of nickel zinc ferrite in the capacity of filler for
polyvinylchloride is caused by the following reasons. Firstly,
the nickel zing ferrites widely use in electronic devices for
the frequency turning. That allows us to solve the problem of
the construction of frequency-dependent ferromagnetic
sheath with given magnetic properties. Secondly, as well
known, zing compounds are stabilizers for polyvinylchloride
and these mixtures widely use in window glass production.
The relatively big dielectric constant, which depends on
frequency and material content, is character for nickel zinc
ferrites. The ferrite dielectric constant decreases with
frequency increase. Thus, nickel zinc ferrites have ¢ =400 on
frequency 1kHz, but £ = 15 on frequency 10MHz. By other
hand it is well known that alternating valence ions the
concentration increase of which leads to increase of material
dielectric constant, strongly influence on ferrite polarized
properties. The differential spectrums of dielectric constant
and functions of dielectric loss tgo in the dependence on
frequency of alternating electric field and filler concentration
are shown on fig.3. Here curve 1 corresponds to filler volume
concentration (on 1 cm®) equal to 0.25, curve 2 corresponds
to one equal to 0.45, and 3 corresponds to one equal to 0.65.

Fig.3. The differential spectrums of dielectric constant (a,b) and functions of dielectric loss g & (c) in dependence on frequency of
alternating electric field and filler concentration (ferrous powder). Here curve 1 corresponds to filler concentration equal to 0.25,
curve 2 corresponds to one equal to 0.45, and 3 corresponds to one equal to 0.65.

As it was mentioned above, the orientation and
deformation components make the main contribution to
polarization of polar polymers. The deformation polarization
is steadied during the time from 10™* up to 10"* sec. The
induced dipoles appear so quickly that their shift reveals at
any frequencies of alternating field, i.e. this process
practically doesn’t depend on frequency @. The dipole
orientation doesn’t take place immediately, but for enough
long time. Thus, dielectric loss corresponding to the quantity
of heat emitting at current going in dielectric volume unit
shows on the fact that the sluggishness of orientation
polarization is energy dissipation reason. Thus, the
dependence of dielectric constant of polar polymers on
alternating field frequency is defined by orientation dipole
polarization, i.e. by the dipole moment value and group
polarity, their number, position, temperature accordingly. As
it is shown in the work [17], the observable shift of complex
dielectric constant spectrums and dielectric loss of
investigated mixture to the region of more low frequencies at
increase of filler concentration in matrix is explained by the
interaction of ferromagnetic powder particles with matrix
polar radicals (-C-Cl). At lack of above mentioned
interaction, the positions of maximums of dielectric loss
function shouldn’t be practically changed. The big value of
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ferrite filler dielectric constant on low frequencies should
lead to strong domain polarization and the interactions of
matrix polar radicals with filler particles will lead to
dielectric constant dispersion spectrums, correspondingly. By
other hand, the essential decrease of dielectric constant on
high frequencies (after 10MHz) decreases the domain
polarization and dielectric constant dispersion of resistor
sheath decreases in high-frequency spectrum region
correspondingly. Confirming the above mentioned, the
obtained experimental results show (fig.3) on dispersion of
first maximum observable on fig.2 at 37Hz and practical lack
of dispersion of rest spectrum maximums. This means that
observable spectrum changes reflect the interaction of matrix
polar radicals (-C-Cl) with filler particles.

THE SHEATH ELECTRIC CONDUCTIVITY

As it was above mentioned, the sheath of frequency-
dependent resistor sheath presents itself the heterogencous
mixture, conglomerate of small ferromagnetic particles
enough uniformly distributed in the volume, connected
mechanically with dielectric and electrically isolated from
each other at small concentrations.

Such heterogeneous structure is similar to structure of
magnetodielectrics under the conditions that electric
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conductivity of dielectric is insignificantly small, has the
small electric loss and constant of magnetic permeability. The
task solving of influence of material heterogeneity on
frequency dependence of its electric polarization is connected
with taking into consideration the processes of movable
charges in the model of composite conductivity. The
diffusion “smears” the charge in volume changing the field
distribution in the system and the diffusion is stronger, the
size of heterogeneities is smaller than Debye’s radius. The
charge distribution will be equilibrium at small frequencies
independently of the value of alternating electric field every
time moment. The diffusion plays the progressively less
important role with concentration increase, the charge presses
to the surface. The concentration gradient of moveable
charges hasn’t time to appear on the frequencies essentially
exceeding the dispersion frequency and diffusion current
becomes inessential one. Thus, physical meaning of
conductivity increase with increase of frequency of
alternating electric field lies in the limitation of the
establishment velocity of polarization equilibrium state. From
above mentioned, we can conclude that low-frequency region
is connected with sample polarization as a whole, but high-
frequency region is connected with polarization of separate
conducting inclusions.

The using of nickel zinc ferrite powder makes task
difficult because the mechanism of semiconductor electric
conductivity of transition elements (Fe, Ni and etc) isn’t
explained in the framework of band theory, because the
egenfunctions of 3-d electrons of neighbor atoms or ions in
the lattice don’t cover because of weak interaction. The
electric conduction mechanism in these compounds is caused
by processes of electron exchange between ions of alternating
valence (“hopping mechanism™), i.e. it is necessary that ions
of the one and the same element with different charges are in
equivalent places of crystalline lattice. It is known that the
compounds of transition element oxides with spinel structure,
for example magnet, have such lattice. The unit cell of spinel
ferrite has space group (O7h — F3dm) and presents itself the
cube formed by 8 MeOFe,O; molecules and consisting of 32
of O anions. Here Me is Ni**, Co*", Fe*, Mn*', Mg”’, Li'"
and Cu".

The oxygene anions form the close face-centered cube
packing consisting in 64 tetrahedral (A) and 32 octahedral
(B) empty spaces partly populated by Fe’" and Me*" cations.
There are direct spinels (non-magnetic) and reverse ones
(ferrimagnetic) in the dependence on the fact what kind of
ions and in what order A and B take empty spaces. In reverse
spinels the half of Fe’' ion number is in tetrahedral
interspaces, but Me®" ions and the second half of Fe*" ion
number are in octahedral ones. Moreover, M, magnetization
of octahedral sublattice is bigger than M magnetization of
tetrahedral one that leads to ferrimagnetism formation. The
nickel zinc ferrites are reverse spinels and present themselves
the displacement solid solutions formed by two simple
ferrites the one of which NiFe,O, is ferromagnetic, but
another ZnFe,0,4 doesn’t have the magnetic properties. The
zinc cations in spinel structure always take tetrahedral points
of lattice that cause the antiparallel spin orientation of Fe**
iron cations being in the one octahedral sublattice. The
composition of solid solution with taking into consideration
the cation distribution on oxygen interstices is characterized

( Fe1 x )[Nl] xFel+x ]04 The static

by formula:
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distribution on octahedral empty spaces of Ni*" and Fe®" ions
and high compound electric conductivity are explained by the
fact that Fe’" ions are easily displaced by bivalent Ni*" and
Zn*" ions. As the cations with different valences take
crystallographically and energy-wise equivalent positions in
lattice, then reactions of electron exchange should carry out
with inessential (AE) activation energy which is about
0,05eV. The zinc inclusion into crystalline lattice is
accompanied by iron transition on octahedral positions. The
magnetization of tetrahedral (A) sublattice and compensation
factor of cation magnetic moments being in different
sublattices (A and B) decrease correspondingly. As a result,
the increase of concentration of non-magnetic moment leads
to increase) of solid solution magnetization (and By
consequently), weakens the exchange interaction of A-O-B
type that leads to monotonous decrease of Curie temperature
(T,) at increase of mole fraction of ZnFe,O,4 in ferrospinel
composition. In x > 0,5 region the ion magnetic moments in
tetrahedral sublattice don’t have possibility to orientate the
cation moments being in B-sublattice antiparallel to
themselves, that leads to fast droop of saturation induction,
decrease of crystalline anisotropy, increase of initial ferrite
permeability. The point in composition triangle with
orientation coordinates 50%Fe,03, 15%NiO and 35%Zn0O to
which the solid solution NijZnFe,O4 corresponds where
x =~ 0,7, corresponds to maximal value of permeability.

o, O lem’
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Fig.4. The temperature dependence of
24 b3+ )[Nl(z)t1 peﬁz ]o , - ferrite electroconductivity.

(Zn0.6FeO.4

The temperature dependence of ferrite
(ZHQF%_’:‘)[N](Z);FE?()] o, electroconductivity is given on the
fig.4. Note that the break which is analogous to revealed one
in magnetite is observed on temperature dependence near
120K. The strong decrease of magnetite electroconductivity
nowadays is interpreted by following way. The electrons
under the influence of exchange field formed by Fe*" and Fe**
cations being in octahedrons localize on these cations
orientating by their spins antiparallel to magnetic moments of
iron cations at temperature decrease up to some critical value.
This process forms the magnetic short range ordering in
temperature interval up to critical one, but it forms the
magnetic long range ordering at achievement of critical
temperature. Thus, the magnetic phase transition of induced
type takes place at critical temperature.

As appears from the above [18,19] the
electroconductivity of nickel zinc ferrite is explained by
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electron transitions of Fe*" + Fe’* — Fe*" + Fe’* type or hole

fs %+ 3+ 2+ .
transitions of Ni”~ + Ni~"— Ni”" + Ni”" type which take place
with activation energy consumption without lattice change.
The transition from Ni*" to Fe*" requires energy consumption
and is less probable.

The electrons taking part in exchange can be considered
as charge carriers the concentration of which doesn’t depend
on temperature. However, it is shown that probability of
transition between ions of alternating valence increases with
temperature increase and temperature dependence of ferrite
specific resistance is expressed with enough accuracy by the

a

follotiing relation , = 5 .exp[kT

], where k is Bolzman

constant, 7" is temperature, £, is activation energy. The last
one proves the investigation results of electroconductivity
temperature dependence shown on the fig.4. The ferrite
conductivity linearly increases and activation energy
decreases with increase of concentration of iron bivalent ions.
it follows from this that the height of energy barriers which
overcome the electrons at the transition between neighbor
ions decreases at approach of alternating valence ions. For
example, the electroconductivity activation energy of nickel
zinc ferrites decreases from 0,5 up to 0,1eV. (The magnetite
has the most concentration of Fe*” ions the specific resistance
of which is equal to 5-10°Om-m).

It is known [20] that value of limit particle radius at
which the homogeneous magnetization is kept, can be
defined from the following expression:

2
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where J; is saturation magnetization, 4 is parameter of
exchange energy; K is anisotropy constant; Q is
demagnetizing factor; H is field strength. Note that particle
with radius satisfying to given equation at all field values

H> _2K stays one-domain. The condition of absolute one-

domain lattice for simple OCC and FCC lattices has the
following form:

1

2

0.95(10cB
J

s aOQR
where ¢ 1/2, 1 and 2 are for OCC and FCC lattices
correspondingly; B = z°4 is parameter of exchange energy; z
is number of uncompensated spins per atom; 4 is exchange
integral, @, is parameter of crystalline lattice; Qr is
demagnetizing factor of one-domain ellipsoid along short
axis.

It is significant that one-domain particle with critical
radius has maximal coercitive force. At further radius
decrease the particle keeps the homogeneous magnetization,
because the atomic moments are taken by exchange forces,
however, the probability of Brownian motion of summary
magnetic moment vector increases in particle system. The
probability of such process is proportional to exp(E/ksT),
where E depends on anisotropy constant and particle volume
and has the meaning of energy barrier at overcoming of

R<R

c
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which the heat fluctuations can cause the magnetic moment
rotation. Thus, particle system with radiuses less than critical
ones behaves itself similar to ensemble of paramagnetic
atoms having the big magnetic moment. The estimation of
relaxation time is the value by 10 order for particles having
diameter of 30nm order at 7=300K. Evidently, that value of
energy barrier and consequently relaxation time depend on
external magnetic field strength. The total impurity
magnetization is defined by the following expression:

}/(W)dW

where f(W) is the dimension distribution function
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Fig.5. The dependences of jump lengths on
concentration of ferrite component in mixture.

The dependence of jump lengths on concentration of
ferrite component in mixture is given on the fig.5. As
analysis shows all experimental data on jump lengths take
place in hatched region limited by “a” and “b” curves
corresponding to minimal and maximal distances between
two particles at the given concentration and uniform

distribution on ferrite particle volume. The jump length of
1

charge carriers is estimated by /(T ) = 3a(3j4 expression
8§ \T

in which “B” value is obtained from experimental data on
electroconductivity of whole mixture. The dependence of
jump length distribution on temperature obtained from
experiments evidences about presence at least two
mechanisms of hopping, the first of which is connected with
jump mechanism in ferrite impurity component, and second
one is connected with jump mechanism in ferrite-dielectric-
ferrite structure.

The experimental results of investigations of temperature
dependences of electric conductivity of ferrite- polymer
dielectric-ferrite structure in temperature interval 70-120K
shows on domination of hopping mechanism [22] with
alternating jump length on localized states for three
concentrations of ferrite components: lis 25%; 2 is 45%; 3 is
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65%. The observable temperature dependence of jump
mechanism is character for amorphous mediums. That’s why
localized states are connected not with impurities but with
structural defects of dielectric matrix and presence of
interfaces of dielectric matrix-ferrite particle. Such interesting
interpretation is quite real one, because the density of
localized states has the big values changing in the limits from
10 up to 10”eV'cm™ in the dependence on ferrite
component concentration.
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©
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=
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Fig.6. The temperature dependence of
electroconductivity of ferrite-polymer dielectric
mixture in interval from 70 up to 120K. Here 1is
25%; 2 is 45%:; 3 is 65% of concentration of
ferrite component in the mixture.

As it is shown on the fig.7, the character of electric
conductivity change with temperature has 7" dependence in
the temperature interval from 120 up to 300K that is probably
the consequence of essential influence of phonon processes
on transfer of charge carriers. It is shown in [25] that the
density distribution of states in neighborhood of Fermi level
doesn’t depend on interaction nature on small distances.
Thus, the appearance of coulomb crack in density distribution
of states in neighborhood of Fermi level, which observe near
metal-dielectric transition where state radius and dielectric
constant are abnormal big ones, because tend to infinity near
transition point, is the reason of appearance of following
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Fig.7. Temperature dependence of electroconductivity of
ferrite-polymer dielectric mixture in the region
from 120 up to 300K. Here 1 is 25%; 2 is 45%;
3 is 65% concentration of ferrite component in
mixture.

Moreover, the thickness of layer of non-magnetic
polymer dielectric between ferrite particles corresponds to
condition of tunnel current appearance in the given structure.
The appearing tunnel current has two components
corresponding to two possible orientations of electron spins.
Tunneling electrons take only vacancies with similar spin
polarization. It follows from this that ferrite-polymer-ferrite
structure will have the less resistance at similar spin
orientation of two ferromagnetics, but at opposite orientation
it will have the biggest one. If we take into consideration that
all ferrite grains have similar parameters and dimensions and
their spin volume distribution has chaotic character then the
summary tunnel current must be equal to zero. The model of
spin-dependent electron transfer through ferromagnetic-
dielectric-ferromagnetic structure supposed in work [21],
shows on essential role of parameters of tunnel barrier and
ferromagnetic and on the oscillations appearing of the
magnetoresistance at the dielectric thickness change or shift
external voltage change as a result of wave function
interference change.

) . .
B\ ) 8¢ N ) According to this model the value of tunnel current can
dependence . _ exp [— lj , B ==——, WRCIC d 18 pe estimated using Tsu-Isaki equation [22] by the following
T kea form:
state radius. |
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Here [ is tunnel current: f; and f; are Fermi-Dirac
distribution functions in emitter and collector regions
correspondingly;

. . . . *
T is wave transmission coefficient; k; and m, are wave

vector and effective of i-th barrier
correspondingly;
z; is division coordinate of i-th and (i+1)-th barrier

regions;
.

mass region

*

* . . .
m, ,m,,,m, are effective masses in emitter, collector

em > col »

and dielectric;
E_,E, are longitudinal and transversal components of

electron energy;

V' is voltage applied to ferrite-polymer dielectric-ferrite
structure;

t;; is element of matrix transmission;

a 1is barrier thickness;

U, is height of potential barrier;

Vs is potential of wave scattering; ¢; is image force
potential in i-th region;

7 is Plank constant;

hy is molecular field inside dielectric.

The transversal component of electron energy is
constant, i.e. kj=const at electron tunneling through potential
barrier.

The following parameters have been accepted for
calculations in the capacity of examples: height of potential
barrier is 2.0 eV; width of potential barrier is 1-2 nm;
effective masses of electrons having spin-up, spin-down and
being in barrier are 1.27my, 1.36m, and 0.4 m,, correspondingly;
molecular field is 1.9eV; potential of wave scattering is
0-0.2eV.

The presence of frequency dependence of current
passing through mixture of ferrite and dielectric, i.e. the skin-
effect, are also taken into consideration at calculation. Thus,
the value of current density on r distance on wire axis is

defined by the ; Mo(kT)
M, (ka)

Bessel function at passing of alternating electric current on
cylindrical semiconductor. If we consider the mixture of
ferrite and polymer dielectric used in our work as percolation
system and use the [11] work results, then we notice that
character of current passing is defined by scale of mixed
conductivity at skin effect.

The current distribution in the structure will have two-
dimensional character at skin-effect depth less than scale of
mixed conductivity, but current will have three-dimensional
one at skin-effect depth bigger than scale of mixed
conductivity. The conductivity in the region of small
frequencies is mainly defined by conductivity of “good”

value, where My(kr) is modified

[ conductor. As it follows from experiments and it was
mentioned in [11] earlier the conductivity change and
position one of boundary of mixed conductivity in small
frequency region doesn’t practically take place [24]:
4
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frequency. It is equal to 10'* sec.” approximately.

2

i

Intensity, rel. un.

LA

0 10 10’ 10
fHz

Fig.8. Experimental (1) and theoretical (2) of absorption
spectrums of frequency-dependent resistor sheath
in region from 10 up to 10’ Hz.

The experimental and theoretical absorption spectrums
of frequency-dependent resistor sheath in frequency region
from 10 up to 10’ Hz are shown on the fig.8. The changes of
experimental absorption spectrum aren’t practically observed
up to 1000 B voltages, 10A current.

The presence of maximum on the curves absorption
spectrum (Fig. 8) is caused by frequency dependence of
ferrite permeability, frequency dependence of resistor
inductance, and transition from three-dimensional character
to two-dimensional one of current passing, and also by
difference of spin-up spin current and spin-down one.

CONCLUSION
The operation of frequency-dependent resistor sheath
presenting itself the heterogeneous mixture Zn-Ni of ferrite
powder with polar polymer dielectric-polyvinylchloride and
physical properties of sheath components have been
considered in detail. The ferromagnetic powder component
has the similar volume density on whole resistor sheath in
average. The properties of polymer matrix with ferrite filler
have been studied.
The mechanisms of charge transport in both separate
components and along whole ferrite-polymer dielectric ferrite

86



ELECTROMAGNETIC PROCESSES IN FREQUENCY-DEPENDENT RESISTOR SHEATH

structure have been considered. The presence of two types of  dependent resistor as a result of skin-effect, the presence of
hopping mechanisms of charge transfer in the given structure  spin-up spin current and spin-down one and also frequency
has been established experimentally. The theoretical analysis  dependence of ferrite permeability have been taken into
of current passing in alternating field, in which the uniform  consideration, are presented.
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TEZLIiKDON ASILI REZiSTOR ORTUYUNDO ELEKTROMAQNIT PROSESLORI

Maoqalade ferrit tozu ve polimer dielektrik qgeyri-bircins qatisigindan ibarot tezlikdon asili rezistor Ortiiyiliniin elektrik vo magqnit
xiisusiyyatlorinin tadqiqinin naticaleri toqdim olunmusdur. Yiikdastyicilarin kegid proseslori, elektrikkegiriciliyinin konsentrasiya vo
temperatur asililiglar1 aragdirilmigdir. Qeyri-bircins qatisigdan corayanin Gtiiriilmasi proseslorinin xarakteri, sigrayis kegiriciliyinin azi iki
mexanizminin va spin carayaninin olmasi miisyyan edilmisdir. Qeyri-bircins qatisiqgdan kegon doyisen carayan aximina skin-effektin tasirino
baxilmigdir. Tezlikdan asili rezistor Ortiiyii ilo yiiksoktezlikli kiiylorin udulma spektrlari eksperimental va nozari olaraq arasdirilmigdir.

T.P. MexTues, H.P. badaea, A.M. I'aimumoB, A.A. Xaduo03aae
SJIEKTPOMAT'HUTHBIE ITPOIECCHI B OBOJIOYKE YACTOTHO3ABUCHUMOT O PESUCTOPA

B Hacrosmeil paboTe mpelcTAaBICHBI  PE3yJbTaThl  MCCICAOBAHUH  OJIEKTPUYECKMX M MAarHUTHBIX CBOKMCTB  000JIOYKH
YaCTOTHO3aBHCHMOT'O PE3UCTOPA, COCTOSIICH U3 HEOJHOPOJHOM cMecH (heppPUTOBOTO MOPOIIKA U MTOJIUMEPHOTO JUAJIEKTpHKa. MccaenoBaHbl
IIpoLecCHl IepeHoca HOCHUTeNeH 3aps/a, KOHIEHTPAIMOHHbIE, TeMIIepaTypHbIe 3aBUCHMOCTH DJIEKTPOIIPOBOIHOCTH. Y CTAHOBJIEH XapaKTep
MIPOLIECCOB TPAHCIIOPTa TOKA Yepe3 HEOTHOPOIHYIO CMeCh, HAIMYHE, MO KpalHeH Mepe, IBYX MEXaHH3MOB IIPBDKKOBON IIPOBOJMMOCTH,
HaJIUYMe CIIMHOBOrO TOKa. PaccMOTpeHO BiMSAHHE CKHH-3(Q(deKTa Ha HpPOTEKaHHE NEPEeMEHHOr0 TOKa 4Yepe3 HEOIHOPOIHYH0 CMECh.
DKCIEPUMEHTAIBHO U TEOPETHYECKH HCCIIEJIOBAaHBI CIIEKTPHI MOTJIOMIEHUS BBICOKOYACTOTHBIX ITOMEX O0O0JO0YKOW YacTOTHO3aBUCHMOTO
pesucropa.
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(CD3);CDOH MOLEKULUNUN TRANS-KONF.ORME.RiNiN “QADAGAN OLUNMUS”
KECIDLORI. “MIORKOZIQACMA” KECIDLORI VO “Z9IF” KECIDLOR

S.B. KAZIMOVA, M.E. OLiYEV, A.S. HOSONOVA
Azarbaycan MEA H .M. Abdullayev adina Fizika Institutu,
AZ-1143, H. Cavid pr., 33

(CD;),CDOH molekulunun trans-konformerinin firlanma spektri tadqiq edilmis, asas rags halinda 56 “qadagan olunmus”- 44 “zsif” vo
12 “moarkozoqacma” kecidi identifikasiya edilmisdir. Firlanma spektrinin nozori tofsiri Vatsonun A-reduksiyali firlanma hamiltoniam ilo
aparilmigdir. Molekulun firlanma vo morkezoqagma sabitlori shomiyyatli deracads doqiqlosdirilmisdir.

Son zamanlar mikrodalga spektroskopiyasinin siiratli in-
kisafi vo yeni todqiqat iisullarinin, o ciimlodon ikiqat rezo-
nanslar tisulunun spektrometrlords totbiq edilmosi sayasindo
molekullarin firlanma spektrlorindo “qadagan olunmus” ke-
¢idlorin (“morkezoqagma” kegidlorinin, hamginin intensivlik-
lori miimkiin kegidlorin intensivliklorindon bir ne¢s tortib asa-
81 olan “zaif” kegidlorin) miisahids olunmasi va tadqiq edil-
moasi miimkiin olmusdur.

Umumiyyatlo, spektriskopiyada “qadagan olunmus” ke-
¢idlor termini miitloq mona dasimur [ 1,2].

Molum oldugu kimi, adiabatik yaxinlagsmada molekul-
larda elektron, raqs vo firlanma horokatlori arasindaki qarsi-
liglt tesir nozors almmir vo bu da molekulun rogsi firlanma
horakatinin “sort” firfira vo harmonik ossilyator modeli asa-
sinda todqiq olunmasina imkan verir [2]. “Qadagan olunmus”
kegidlor dedikds, bu ciir yaxinlasmada qadagan olunan ke-
¢idlor nozordo tutulur. Basqa sozlo deyilss, “gadagan olun-
mus” kegcidlor elektron-rogs-firlanma horokotlori arasindaki
qarsiligl tesir vo markazaqagma hayacanlagmasinin tosiri na-
ticasinds yaranan kegidlordir.

Bu ciir kegidlarin nazari olaraq hesablanmasi {iglin ragsi-
firlanma hamiltoniani agagidaki kimi gotiiriiliir [3 ]:

H=H,+H,+H,+H,,+H, +..

burada:

M

1
H20+H02:Ezwk(p12<+412<)+zBaJ; ()
k a

0B,
HIZZZBl?ﬂquaJﬂ:B:ﬂ:(a ﬁ)e 3)

aff k

1
H,, :gsz/kqiq_/qk 4)
ijk
= % (5)
" 0q,0q,0q,

~ ) } ) 1
iy = expliS)u, exp(-iS) =, +1[S 1, )= [S.[8 e, I+

operatorunun ¥ bazisindo hesablanmasina gatirir.

&9

@, “
H, =-2% |—1q,p;D.B,E"J, (©6)
a ki

N R

flg — koriolis qarsiligli-tosir sabitloridir. u,-nin siraya

ayrilmasini asagidaki sokildo gdstormok olar:

Mo = Hop + g + fyg + .. (7)
Verilmis ifadodo:
a “ ou,
ﬂoozﬂfiaﬂlo:z( )ed ks
k 0q, ®
. 1 o’u,
H 5 2% (6qjaqk)eqjqk.

Hy, firlanma zamani molekulun tohrifini ifado etdiyino
goro Hip ( uio vo oo i110) hesabina bas veron kecidlor
“morkozoqagma” kegidloridir. Hso (119 vo [y il0) hesabina
bas veron kegidlor iso anharmonik kegidlordir. Birinci
yaxinlasmada H,; tomiz firlanma kegidlori {iglin se¢mo
qaydalarinin pozulmasmna sobab olmur. Unitar ¢evirmo

naticasinds H operatoru ‘¥ dalga funksiyasmmn (‘¥ -H,

operatorunun moxsusi funksiyasidir) bazisindo diagonal soklo
gotirilir:
> . . . 1
H = exp(iS)exp(—iS) = H +i[S, H]- > [S.[S,H]+...
(€))

burada:

[S,H]=SH - HS

Bu iso, 6z ndvbasinda <i ‘ M, ‘ l> -nin W dalga funksiyasi-

nin bazisinds hesablanmasini

(10)
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(CD3),CDOH molekulunun “gadagan olunmus” kecidlari.
Kegld Vioc. Vies. A V=Vioc. = Vies
3 | 3 - 2 | 2 25933,36 25933,26 0,14
3 2 | - 2 2 0 33356,62 33356,57 0,05
4 3 2 - 3 | 3 65595,73 65595,87 -0,13
4 2 2 - 3 0 3 62188,00 62187,81 0,19
5 5 0 - 5 3 3 31371,99 31371,87 0,12
5 4 1 - 4 4 0 54236,85 54236,65 0,19
6 1 6 - 5 1 5 49539,58 49539,37 0,21
6 1 6 - 5 1 4 26767,00 26766,99 0,01
7 0o 7 - 6 0 6 57369,89 57369,85 0,04
7 6 | - 6 6 | 74500,06 74499,89 0,17
8 2 6 - 7 2 5 75495,58 75495,77 -0,19
9 9 0 - 9 7 3 55180,26 55180,49 -0,23
9 73 - 9 3 6 72913,95 72914,16 -0,21
9 3 6 - 9 3 7 32509,05 32509,19 -0,14
9 4 s - 8 6 2 69150,64 69150,83 -0,19
9 4 6 - 9 2 7 32577,68 32577,81 -0,12
10 5 6 - 10 3 7 32236,08 32235,92 0,16
10 3 8 - 9 3 6 58586,24 58586,36 -0,12
10 5 6 - 9 7 2 54477,98 5447791 0,07
11 4 7 - 10 8 3 32914,05 32914,06 -0,01
11 5 6 - 11 5 7 31082,28 31082,13 0,15
11 8 3 - 10 o o 57841,67 57841,81 -0,14
11 o1 - 11 9 2 69135,68 69135,76 -0,08
11 3 9 - 11 | 10 48230,24 48230,23 0,01
12 0 3 - 12 8 4 5245445 5245448 -0,03
12 8§ 4 - 11 01 74946,42 74946,41 0,01
12 8 5 - 12 6 6 29769,33 29769,43 -0,10
13 9 4 - 13 7 7 64496,72 64496,52 0,19
13 4 9 - 12 6 6 58355,47 58355,55 -0,08
13 no3 - 13 9 4 61518,62 61518,48 0,14
13 0 3 - 13 8 6 60203,21 60202,98 0,23
13 9 s - 12 1 72231,14 72230,96 0,18
15 9 7 - 15 7 8 36069,27 36069,14 0,13
15 3 1 - 15 3 13 63389,14 63389,35 -0,22
16 2 s - 16 10 6 55655,37 55655,18 0,19
17 2 s - 17 w0 s 73910,04 73910,15 -0,11
18 4 s - 18 1 6 75642,06 75641,99 0,06
19 6 14 - 19 4 35 73171,55 73171,52 0,02
19 6 13 - 18 10 9 28974,31 28974,74 -0,14
20 110 - 20 9 11 49704,35 49704,42 -0,07
21 s 13 - 200 9 58824,72 58824,61 0,11
23 0 » - 22 2 21 72926,30 72926,38 -0,08
24 1 24 - 23 1 » 75645,73 75645,71 0,02
24 9 16 - 23 1 n 34268,16 34268,28 -0,12
24 5 20 - 23 T 28881,45 28881,41 0,03
24 5311 - 24 3 1 50101,86 50101,96 -0,11
25 015 - 24 4 1 73167,90 73167,91 -0,01
26 9 18 - 25 1 17884,35 17884,15 0,20
27 4 13 - 27 4 61964,25 61964,48 -0,23
28 6 13 - 28 14 14 61605,18 61604,97 0,21
28 1711 - 28 17 12 29022,03 29021,81 0,22
29 6 - 28 8§ 20 48477,34 48477,41 -0,07
29 7 0n - 28 9 20 48477,34 4847741 -0,07
29 18 12 - 29 16 13 57834,93 5783491 0,02
30 6 15 - 30 14 16 72789,12 72789,27 -0,16
31 5 16 - 31 5 17 78347,59 78347,71 -0,13

90

Cadval 1



S.B. KAZIMOVA, MLE. OLIiYEV, A.S. HOSONOVA

Ikiqat ¢evrilmo naticasindo u, iigiin asagidaki ifado almir:

ﬁA = ZAAD{/’[:{ +i2([512’/u10(!)]2'Aa +[SR’2’A0{]/J; +

+ 3 A (115 +i[S30,y{f)])+...
)]

(11) ifadasinds birinci hadd “sort” polyar molekulun ts-
miz firlanma spekrtini, ikinci hadd morkezogagma hoyacan-
lagsmas1 hesabina meydana ¢ixan “qadagan olunmus” kegidls-
11 (Ak<4 ilo), tigiincii hadd mexaniki ([Sm‘ ﬂl”(’)]) va elektroop-

tik anharmonizm hesabina yaranan “qadagan olunmus” ke-
cidlori (AA<1 ilo) ifads edir. Ogor (10) ifadesinds sira davam
etdirilsoydi, Ak>4-0 uygun olan kecidlori ifado edon yeni
haddlor meydana ¢ixmis olardi. Belslikla, rags-firlanma qar-
siligh tosirinin vo anharmonizmin nozors alinmasi ilo mole-
kullarin firlanma spektrlori keyfiyyatco doyisir. Belo ki, qey-
ri-polyar molekullarin “qadagan olunmus” spektrlori, mey-
dana ¢ixir vo polyar molekullarin firlanma spektrlorine isa
yeni kegidlar slavas olunur.

“Zoif” vo “qadagan olunmus” kegidlorin todqiq edilmosi
hom nazeri cshatden (molekulun qurulusu hagda molumat
alinmast va s.), ham do praktik ndqteyi nazorden (ulduzlar-
aras1 fozanin vo planet atmosferlorinin, homginin atmosfer
tullantilarinin ~ spektrlorinin  identifikasiyasi, molekullarin
omologolms vo pargalanma mexanizminin aydinlagdirilmast)
mithiim ohamiyyot kosb edir.Bu deyilonlori nozors alaraq,
(CDs),CDOH molekulunun trans-konformerinin timsalinda
movcudlugu nozori olaraq M.R.Oliyev [4] torofindon sdylo-
nilon “qadagan olunmus” firlanma kegidlorini tadqiq etmayi
gorara aldiq.

Tadqiq olunan (CDs),CDOH molekuunun trans konfor-
meri “H3oton” birliyindo istehsal olunmus OII-2 markali
(99,8%) gotiiriilmiisdiir. Bu molekulun todqiqine bir sira islor
hasr olunmusdur[6-9].Verilmis molekulun dipol momentinin

sifirdan forqli iki komponenti ( 4, vo 1, ) olduguna goro onun
tigtin “b” va “c” kecidlori miimkiin kegidlardir, z, =0 oldu-
gu ticlin “a”’kecidlori qadagan olunmus kegidlordir. Spektro-
metrin hassasliginin vo ayirdetms qabiliyyatinin artirilmasi

ilo (CD;),CDOH molekulunun trans-konformerinin firlanma
spektrinds dipol momentinin ragsi-firlanma qarsiliqlt tesiri v

morkozagagma hoyocanlagsmasi hesabma x, komponentinin

hesabina meydana ¢ixan yeni “morkozoqagma” kegidlorini
miigahido etmok imkanina malik olduq [5]. Homginin inco

qurlug effektlori secmo qaydalarina zidd olan (4k_, vo

Ak 41 ciit giymotlor alir) “morkozoqagma” kegidlorinin do

meydana ¢ixmasina sobab olur. Firlanma vo markazoqagma
sabitlorinin yiiksok soviyyads vo doaqiqlosdirilmis qiymatlori
ilo Vatsonun A-reduksiyali vo yalniz kvartik morkozogagma
termlorinin daxil oldugu Hy hamiltoniani ilo II" koordinat tos-
virinds hesablanmig firlanma spektri todqiq olunan diapazona

kifayot godar ¢ox “qadagan olunmus” kegidlorin - “zaif” 4,

va “morkazaqagcma” kegidlorinin diigdiiytinii gostordi.Odur ki,
bu kegidlorin identifikasiya edilmasine baslandi. “Zaif” va
“morkazagacma” firlanma kegidlorinin identifikasiyasina bas-
lamazdan avval firlanma vo morkozoqagma sabitlorinin mo-
lum giymaotloring asason Vatsonun A-reduksiyali firlanma ha-
miltoniani ils tadqiq olunan diapazona diisen firlanma kecid-
lorinin tezliklari vo onlarin toyinolunma xotalari hesablandi.
Bu zaman tezliklori bir-birindon ¢ox az (=2MHs) forqlonon
dublet kecidlori miisahido olundu vo morkazogagma kegid-
lorinin interpretasiyasina mohz bu dubletlorin identifikasiyasi
ilo baslandi. Tars spektroskopik masalonin hallins daxil edil-
mis hor yeni identifikasiya olunmus kegiddon sonra yenidon
firlanma kecidlorinin tezliklorini va toyinolunma xatalari he-
sablanaraq novboti dofo tors spektroskopik masalonin halli
iiclin toyinolunma xotas1 minimal olan kegidlorin tezliklori se-
¢ildi. Bu qayda ilo asas rags halinda 44 “zsif” vo 12 “morke-
zoqagma” kecidi identifikasiya edildi. Codval 1-do bu kecid-
lorin tezliklori verilib. Cadvaldo homginin bu kegidlarin 6l-
¢lilmiis vo hesablanmis qiymotlori arasindaki forq do veril-
misdir. (CD3),CDOH molekulunun mikrodalga spektrinds bir
sira kegidlorin pargalanmasi rogsi-firlanma qarsiliqh tasirlorlo
olagodardir.Oz aralarida dublet olan Q" vo Q* homginin R®
va R? budaglarina aid olan kegid seriyalarinin mévcudlugu va
bu seriyalara daxil olan kegidlarin identifikasiyast mévcudlu-
gu noazori olaraqg M.R. Oliyev torofindon sdylonilmis morko-
zoqagma kecidlorinin (CD3),CDOH molekulunun trans-kon-
formerinin miigahido olunan firlanma spektrinds varligini toc-
riibi olaraq tesdiq eden faktdir. Hesablamalar gostordi ki, bu
dubletlorin parcalanmasi J artdiqca sifira qodor azalir, J kvant
adadinin miiayyon qiymatinds iso bu dubletlor arasinda forq
2MHs-don boyiikk olmur. 56 “qadagan olunmus” kecidin
identifikasiyas1 firlanma vo morkozoqagma sabitlorini
ohomiyyatli doracads  doqiqlogdirdi. Cadval 2-do  bu
parametrlor vo onlarin korrelyasiya matrisi verilmisdir.

Cadval 2.

(CD3),CDOH molekulunun “qadagan olunmus” kecidlori firlanma vo morkozoqagma sabitlori vo onlarin
koorelyasiya matrisi.

Spektroskopik sabitlor Koorelyasiya matrisi
A =7035,7709 MHs (0,0012)
B =6006,3450 MHs (0,0011) 0,91
C =3915,4440 MHs (0,0009) 0,90 0,96
A, = 2,8861 kHs (0,0011) 0,72 0,77 0,75
A= -1,8168 kHs (0,0009) -0,12 -0,15 - 0,03 -0,29
Ax = 2,8296 kHs (0,0008) 0,11 020 0,18 0,42 -0,87
oy =-0,9402 kHs (0,0003) -0,43 -0,66 -0,61 -0,83 0,05 -0,25
o = -0,3318 kHs (0,0003) 0,07 0,06 0,03 0,02 0,5 -0,54 -0,22
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S.B. Kazimova, ML.E. Aliyev, A.S. Hasanova

“FORBIDDEN”ROTATIONAL TRANSITIONS OF TRANS-KONFORMER (CD;);CDOH MOLECULE.
CENTRIFUQAL ROTATIOHAL TRANSITIONS AND WEAK ROTATIOHAL TRANSITIONS

The microwave rotational spectrum of transconformer (CD;),CDOH molecule has been analyzed. 56 “forbidden” transitions: 44 “weak”
transitiom and 12 “centrifuqal” ones in main oscillation state have been identified. The theoretical description of a rotational spectrum is
carried out by the A -reduction Watson Hamiltonian in II" axial representation. The spectroscopic parameters of above specified molecules
has been recalculated with bigger accuracy.

C. Bb. Ka3zumoga, M. E. Anues, A.C. I'acanoBa

SANNPEHIEHHBIE» TEPEXO/1bl TPAHC-KOH®OPMEPA MOJIEKYJIbI (CD3),CDOH.
«HEHTPOBEXKHBIE» U «CJIABBIE» IIEPEXO/IbI

HccnenoBaH MUKPOBOJHOBBIN BpamartenbHbl cnektp Mojekynsl (CD;3),CDOH. WnentudumupoBano 56 «3ampermieHHBIX»- 44
«CITa0BIX» TEPEX0A0B M 12 «UEHTPOOEKHBIX» MEPEX0J0B B OCHOBHOM KOJIEOAaTEIPHOM COCTOSHHUH. Teopermyeckas oOpaboTKa CHEKTpa
OCYIIECTBISNIACH BPAIIATENbHBIM TaMIIBTOHHAHOM Bartconma A- penykumu B II' oceBom mpencraBierny. CyIIECTBEHHO YTOYHCHBI
CIIEKTPOCKOIHMIECKHE TapaMeTpHlI.
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