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A STUDY OF SURFACE MORPHOLOGY OF ZEOLITE (MAZIT) BY ATOMIC FORCE
MICROSCOPY

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

The surface morphology of zeolite (mazit) is investigated by atomic force microscopy under normal conditions. Application of "MD
mode" regime has allowed receiving clear, with the high resolution, the image of topography high-abrasive surfaces with a high-developed of
a relief. The analysis of surface structure in the "MD mode" regime has shown, that compaction the sample mazit, first, reduces range of the
sizes surface crystallites, and, second, leads to formation of the big number of the small grains grouped near to borders of various breaks.

1. Introduction

Interest to nanocrystallite ceramic materials (zeolites,
ceramics on the basis of various oxides) is connected with an
opportunity of their practical application, for example, as
high-choused catalysts of chemical reactions, absorbers of
gas and etc. [1]. Zeolites (both natural and artificial) possess
strongly pronounced ion-exchange and adsorptive properties,
and also have rigidly sustained sizes of inputs of pores and
channels (which sizes are from 0,3 up to 1,5 nm). All this
allows considering them as perspective molecular filters and
selective sorbets. From this point of view, the knowledge of
properties and structures of the zeolites is one of ways of
perfection of technological methods of their reception (first
of all, compaction and sintering) [2]. The atomic force
microscopy (AFM) is for today one of the basic methods of
research of structural features of a surface of various types of
zeolites [3].

However, at researches on air it was not possible to realize
the high spatial resolution inherent in method AFM. The
matter is that surfaces of zeolites are, on the one hand, high-
abrasive, and with another — differ a high degree of
development of a relief. Therefore, standard regimes AFM
"tapping mode" and "non-contact mode" allowing
investigating similar surfaces with greater difference of
heights, under atmospheric conditions do not provide the
sufficient resolution that is connected with presence on a
surface of zeolite of the adsorbated layer [4]. Other standard
regime AFM '"contact mode" possesses the greatest
resolution. But in this regime scanning results or in catching
the probe because of a high degree of development of a relief,
or to abrasion of a probe about high-abrasive a surface of
zeolite [5].

In the given work the problem of reception of the image of
morphology of a surface of zeolite (mazit) by method of
AFM was solved under atmospheric ambience before and
after compaction. For this purpose new regime AFM "MD
mode" has been used (i.e. "Multi Date mode"), allowing to
receive topography of a surface with the high resolution.
Thus, unlike standard regimes AFM ("contact mode",
"tapping mode", "non-contact mode"), it is completely
excluded both abrasion of the probe, and catching of the
probe at scanning a surface of the sample.

2. Force curve and AFM "MD mode' regime

As is known, the basic information signal at scanning a
surface in AFM is the signal of a deviation cantilever on a

normal to a surface (to a plane of scanning), and also a signal
of a deviation cantilever in a plane parallel to a plane of
scanning [6]. Let's remind, that registration of a signal during
an approach of a probe to a surface and removal from it gives
power curve S (Z), i.e. is considered a curve of dependence
of size of a bend cantilever, S, from position of surface Z (if a
moved element — the surface) which is set and always certain.
This part of algorithm is the general for all regimes AFM.
The main feature of a regime "MD mode" [7] is that the
trajectory of movement of a probe at an approach-removal
here essentially differs from trajectories of movement of a
probe at standard regimes AFM. At an approach, the probe
passes of the adsorbated layers, concerns a "pure" surface and
measures its coordinates. Measurement of coordinates of
topography of a surface is made in rigid contact of a probe to
the sample. As the measurements are performed in full
contact with the surface, resolution of “MD mode” is
comparable with “contact mode” resolution. Thus, the
trajectory of moving of a probe does not suppose lateral
moving of a probe concerning a surface in contact that
excludes abrasion or destruction of the probe. Then the probe
is allocated from a surface on distance at which there is no
interaction with the sample and only after that is made lateral
moving to a following point of measurement. It excludes
catching the probe during scanning and also lateral moving of
the adsorbed layers on the surface.

Besides the probe, passing the adsorbed layers, can
separately measure and their characteristics. And it means,
that the regime "MD mode" allows to divide the information
on a surface and the adsorbed layers on it and to receive
separately both topography of a "pure" surface, and a card of
distribution of thickness of the adsorbated layer on a surface
[8]. Last in a regime "MD mode" turns out as follows. The
probe at an approach all over again does "jump" to surface of
the adsorbed layer, and after movement inside of it does one
more "jump" already to a "pure" surface. Thus the coordinate
of a point of a contact by a probe of a surface the adsorbated
layer and coordinate of a point of a contact a probe of a
"pure" surface is registered. The difference between these
coordinates as a result gives thickness of the adsorbated layer
in the given point of a surface. As a result, passing down-up,
the probe measures characteristics the adsorbated layer and
characteristics of a surface measures in contact to it already
under the adsorbated layer. Therefore, first, it is possible to
consider a surface "pure", and, second, influence of the
adsorbated layer on the measured coordinate of a surface
automatically is excluded.
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3. Experimental results and discussion

High-abrasive surfaces mazit were tested by AFM
“contact mode” and “MD mode” for comparison. The sample
represented a powder consisting of grains of the spherical
form, put on a graphite substrate. As grains under action of
surface forces stick to a probe and remain on it the powder
has been preliminary pressed under mechanical press

T = 1542 nm
7= 26,9 nm

Fig. 1(a). Topographic image of a surface of mazit
(“contact mode”).

(diameter of pressing ~ 2,5x107 m). After that, the pressed
washer has been investigated on AFM. First, the sample of
mazit has been investigated on AFM in a regime "contact
mode ". In experiment the pyramid-like probe from Si3;N,4
(coefficient of elasticity cantilever 0,3 N/m was used; radius
of the probe of ~120 nm and taper angle of the probe ~ 55°).
At scanning a surface in a regime "contact mode" the probe
or cached, or still moved on a surface of the sample and
abrasives about it as about an emery paper. And the
topography of a surface in this case displayed artifact "relief".
In Fig. 1 (a) the topography of a surface mazit with the area
of scanning 1542x1542 nm received in a regime "contact
mode" is shown. On all area of the images certain isosceles
triangles with the sizes of the sides 70x70x50 nm are
observed. In this case we see not a surface, and of the
pyramidal probe which has been abrasive about high-abrasive
of surface mazit. The matter is that the image of data about a
surface, strictly  speaking, represents mathematical
convolution of geometrical forms of a probe and a surface
[9]. Therefore, when the probe,

MAZO3FSF X = 1542 nm
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Fig. 1(b). Topographic image of a surface of mazit
before compaction (“MD mode”).

gradually abrasion about a surface, became more, than
surface objects on the image the form of the probe was

clearly visualized, instead of a surface. For check of this fact,
the probe has been separately investigated on a scanning
electronic microscope. Photos of the probe, made before to
the beginning of experiment and right after the end of
experiment, have shown that the probe has been abrasive as a
result of contact to a surface. Predictably, because of high-
abrasive and strongly developed surface to receive
topography of the surface of mazit in a regime "contact
mode" it was not possible.

In the second experiment the surface of the same sample
mazit has been investigated in a mode "MD mode". During
all experiment the same probe of the conic form from W
(coefficient of elasticity cantilever ~ 0,3 N/m was used;
radius of the probe ~ 15 nm; and taper angle of the probe ~
27°). In Fig. 1 (b) the topography of a surface mazit with the
area of scanning 1542x1542 nm received in a regime "MD
mode" is shown. The image of a surface rather clear, with the
high resolution (to more light tone there correspond higher
point of a relief of a surface). The surface differs strongly
developed relief — on the area 1542x1542 nm the range on Z
from the lowest up to the highest point of a surface reaches
1001,3 nm. Here the typical microstructure of a surface mazit
is observed, in particular, steps of growth crystallites are well
visible. Large crystallites have the complex form with rather
sharp "broken off" edges, and finer — kvazi-spherical the
form. Then, with the purpose of reception of structure of
higher density, the same sample mazit has been subjected to
process compaction. Last was spent by means of mechanical
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Fig. 1(c). Topographic image of a surface of mazit after
compaction (“MD mode”).

pressing (diameter of pressing 2,5x10 m; specific pressure ~
4,8x10° kg/m%). In Fig. 1 (c) the surface mazit with the area
of scanning 1542x1542 nm after the mechanical pressing,
also received in a regime "MD mode" is shown. Here too, as
well as in Fig. 1 (b), the image of a surface is observed clear,
with the high resolution. After compaction, the disorder of
the sizes surface crystallites, naturally, became noticeably
less, i.e. the relative density of structure has increased. Thus,
the average sizes of a greater part surface crystallites are
within the limits ~ (200-400) nm. On a surface a plenty of
small grains in the size of 16 nm <d <32 nm which, basically,
are grouped near to borders of various breaks is observed.
Apparently, mechanical compaction, influencing the sample,
most actively influences structure near to internal borders
crystallites , as leads to formation already nanostructure
crystallites.
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Fig. 2. Experimental force curve removed in the certain point of
a surface mazit in “MD mode” regime.

In Fig. 1 (b) and in Fig. 1 (c) the clear image of a surface was
observed. As the clear image obtained by the same probe is
observed, it proves, indirectly, that “MD mode” is free from
abrasion and catching of the probe. Both show topography of
a surface the high resolution of a regime "MD mode" under
normal conditions on not conductivity surface with strongly
developed relief. Thus, greater advantage of a regime "MD
mode" is that presence of the adsorbated layer on surfaces
does not influence in no way quality of the received image of
a surface. On the contrary, in addition to it, the regime "MD
mode" allows to receive simultaneously and a card of
distribution of thickness of the adsorbed layer on the given
area of a surface [10].

Though in the given experiment such problem was not
put, as an example we shall show, how the typical
experimental force curve ( Fig. 2), removed in the certain
point of a surface mazit in a regime "MD mode" looks
(arrows force curves of an approach-removal of a probe are
shown). Here we shall briefly analyze only a force curve of
an approach of a probe to a surface (more detail process of
registration of a force curve has been considered in [11]). On
a direct horizontal part the force curve probe does not
cooperate neither with of the adsorbated layer, nor with a
surface. In a point 1 under influence of Van-der-Waals
interaction between a probe on the one hand, and a surface of
the sample with of the adsorbated layer on the other hand, the
probe does "jump" aside surfaces (a vertical part from a point
1 up to a point 2) and is braked by a surface of the adsorbed
layer in a point 3. On a force curve it is possible to measure,
that the probe passes before registered contact to a surface of
the adsorbed layer in a point of 3 distance in 11,8 nm.
Further, having reached a surface of the adsorbed layer, the
probe presses with accruing force, is elastic deforming it on
distance of 1,6 nm (a flat part from a point 3 up to a point 4;
the basis cantilever thus moves on distance of 8,5 nm). Small
vertical part following it from a point 4 up to a point 5 on
distance of 1,3 nm it is possible to interpret as break of the
adsorbed layer by a probe and consequent "jump" of a probe
to a surface mazit (a point 5). Further there is the part of
direct contact of the probe with a surface (from a point 5 to a

point 6) on which in a point of crossing of zero (the point 6)
cantilever is straightened (a point of contact balance). For an
estimation of distance from of the probe to a surface in the
given point, neglecting passage of a probe on curve Van-der-
Waals of forces on the part between points C and D (Fig. 3a)
also we shall consider, that the probe after "jump" to a
surface at once reaches it and is based upon it (Fig. 3b).
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Fig. 3. The process of probe approach to the surface:
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).

Obviously, that in most cases so it and occurs owing to forces
of inertia and the forces of an attraction acting on a probe. So,
if to consider, that in a point 5 probe gets on a surface the
distance which has been passed at it by the basis cantilever,
makes 14,7 nm, as is registered AFM as thickness of the
adsorbated layer in the given point of a surface.

4. Conclusions

So, experiment has shown that research under atmospheric
conditions of a surface mazit by means of standard regime
AFM "contact mode" does not give an opportunity to receive
the clear image of topography of the surface. “MD mode”
regime scanning has turned out to be much more effective in
this sense. It has been shown, that mechanical compaction
mazit with specific pressure 4,8x10° kg/m” leads to formation
of the big number of small grains which, basically, are
grouped near to borders of various breaks. Thus, the given
regime "MD mode" allows receive under atmospheric
conditions with the high resolution the image of topography
of a surface of any samples differing high-abrasive and a high
degree of development of a relief. Thus presence on such
surface of the adsorbated layer does not influence in no way
image of a surface. The author thanks employees of
laboratory probe microscopy of Technology research and
development Institute (Moscow) for the given opportunity of
work on AFM and valuable consultations.
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S.C. Olakbarov
ATOM-QUVVO MIKROSKOPIYASININ KOMOYI iL9 SEOLIT (MAZIiT) SOTHIN MORFOLOGIYASININ TODQIiQi

Atom-qiivve mikroskopiyasinin kémayi ils seolit (mazit) sothin todqiqi normal seraitds edilmigdir. “MD mode” rejimin tadbiq etmasi,
yiiksok abraziv va relyefi yliksak doracads inkisaf olan sothin topografiyasinin saklini aydin va boyiik bdyiidiilms ils alinmasina imkan verdi.
“MD mode” rejimi ilo sothin strukturasinin analizi gostordi ki, mazit niimunssinin preslonmasi, birincisi, sothin kristallitlorinin 6l¢iisiinii
azaldir, ikincisi, ciirbaciir sindirmalarin hoddlsrin yaninda toplasan boyiik sayli xirda donslorin amolo golmayins sobob olur.

C.[. AnexknepoB

HCCIEJOBAHUE MOP®OJIOT AN MOBEPXHOCTH IIEOJIATA (MA3ZHTA) C IOMOIIBIO ATOMHO-CHAJIOBOM
MHUKPOCKOIINHN

C nomomIbpi0 aTOMHO-CHIIOBOTO MHKPOCKOIINH HCCIIE0BaHa IOBEPXHOCTD IeouTa (Ma3HTa) IIpH HOPMAaJbHBIX yCIOBHsX. [IpuMeHenue
pexuma “MD mode” mo3BOJIMIIO MOIYYUTh YETKOE, C BRICOKMM pa3pelieHHeM, H300pakeHne Tonorpaduy BHICOKOaOpa3sMBHOMN TOBEPXHOCTH,
C BBICOKOH CTENEHBIO Pa3BUTOCTH penbeda. AHANIN3 CTPYKTYpHI MOBEpXHOCTH B pexume “MD mode” mokasan, 4To KOMIAKTHPOBAaHHE
oOpa3sia Ma3uTa, BO-NIEPBBIX, YMEHBIIAET Pa30poC pa3MepoB MOBEPXHOCTHBIX KPUCTAJUIUTOB, a BO-BTOPHIX, NMPHUBOIAUT K OOpa30OBaHUIO
GOJTBIIIOTO YHCIIAa METKHX 3€PeH, TPYIIHUPYIOUIMXCS BOIM3H TPAHUI] PA3TUIHBIX PA3IOMOB.

Received: 14.04.08
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PEYK MOLUMATLARININ EMALINDA SUNi NEYRON DOVROLORINDON
iSTIFADO USULU

R.B. QULIYEV, A.A. ABBASZADO
Tobii ehtiyatlarin Kosmik Tadgiqatlar linstitutu NAKA

B.M. 9ZIZOV
Azarbaycan Texniki Universiteti, Az-1073, H. Javid pr., 25

Neyron sobokelorinin klassifikasiyas: osas anlayisina vo tobii miihitin ekoloji veziyyetinin dyrenilmesi mosslosinde alqoritmlora

baxilmigdir.

Bir ¢ox hallarda tobii miihitdo gedon proseslorin elmi-
noqteyi nozordon klassik standart riyazi modellor osasinda
prognozlasdirilmasi ¢atin olur. Bozi hallarda iso timumiyyatla
mimkiin olmur. Bunun sabobi problemlorin goxistiqgamatli
olmasi, onlar arasindaki qarsiligli alagenin ¢oxsaxali olub va
onlarin eyni ganunauygunluqla bas vermomasidir. Bu amillor
naticasinds tabii proseslorin gedisinin prognozlasdirilmasinin
tacriibi universal {isulu mdvcud deyil. Buna gora do tabii
miihitds hadisalorin inkisafi faktlarin statistik yigiminin
analizindon yox, fasilosiz bir hadisalor toplusu kimi sorh
olunmalidir. Bu masalslors riyazi ndqteyi nozordon baxis onu
gostorir ki, formalasdirilan mosalolordo hotta proseso daha
boyiik tesir gostoran ilkin prinsipial amillorin doqiq nozors
alinmasi geyri miimkiin olur. Buna géra do prosesin sonraki
moarhalslarinin prognozlagdirilmasi miimkiin olmur vo yaxud
prognozlar ¢ox boyiik xata ilo alinir.

Bu fundamental ziddiyyatlorin aradan gqaldirilmasinin
miasir iisulu kompiiter sistemlorinde yaradilan va 90-c1
illordon etibaron siiratlo inkisaf edon siini neyrodovralordon
istafado tisuludur [1,3]. Bu dovrolor {igiin aprior biliklorin
funksional paylanma xiisusiyyatlori tolob olunmur vo tosnifat
interaktiv rejimdo aparilir. Bu rejimdo miixtolif aspektli slava
molumatlardan  istifado  asanlasir. Neyron ddvrolorin
arxitekturasi istonilon hor hansi xiisusi bir mosslonin totbigine
adaptasiya oluna bilir. Bu sistem vasitosilo tosnifat
masalalorinin hollinds siniflor {izra identifikasiyanin hoyata
kegirilmasi yeriisti molumatlarin olmadigi halda belos
miimkiin olur. Son illords aparilan todqgiqat naticalorinin
analizi gosterir ki, bu dsulla aparilan tosnifatin daqiqliyi
istifadodo genis yayilmis iisullara nisbaton doqiglik 10-30%
yuxart olur [2,4].

Siini neyron dovraleri yiiksokliklori neyrondan ibarot
olan vo bir-biri ilo rabitasi olan istiqamotlonmis bir sistemdir.
Hor bir neyron 6z potensial imkanlar1 ¢orgivesindo ancaq
miioyyon sayda vaziyyetlor ola bilor. Hor bir neyrona girig vo
cixig xotlori birlogir. Bu xatlor wvasitesilo bir neyronun
hayacanlanmasi digarlorine Gtiiriiliir.

Hor bir neyron ddvresi oOzliniin topologiyast ilo
xarakterizo olunur. Buraya giris vo c¢ixislarin sayi, agiq
soviyyolorin say1 (giris vo ¢ixis dovrolori arasindaki
tobagolor) vo hor bir toboqodo olan neyronlarin say1 daxil
olur. Topologiyanin birlogma ddvroleri tamamilo vo yaxud
lokal sokilda doyiso bilor. Bu sobabdon siini neyron dovralori
bir vo ¢oxtabagoeli ola bilor. Eyni zamanda hor bir tabage
digorino nisbaton giris vo yaxud ¢ixis ola bilor.

Hal-hazirda peykdon alinmig informasiyalar osasinda bir
sira mosalolorin  hollindo neyron dovrolorindon istifado
olunur. Bu mogsad iigiin bir ne¢o ndév neyron dovrolori
istifado olunur. Bunlardan on genis yayilmislart MLP

(coxtabaqgoli sistem), ART (adaptiv rezonans nozoriyyasi),
BAM(ikiistiqgamatli yaddas qurgusuna malik) vo MAP (6zii-
0ziinii tonzimloyon sistem). Qeyd olunan neyron dovrslori
bir-birindon topologiyanin miixtolif olmasi vo Oyrotma
tisulunun farqli olmasidir. ©n genis yayilmis neyron dovralori
kosmik informasiya osasinda holl olunan mosalslorin
xiisusiyyotindon va tolob olunan doqiqlik deracasi osasinda
miloyyonlosdirilir [5].

Qeyd olunan sistemlor i¢orisindo an genis yayilmist MLP
sistemidir. Bu sistemdo girig tobagesinds vektor gostaricisini
hesablayan ~ vo  ndvboti  tobaqoni  hoyacanlandiran
qovsaqglardan ibarat olur. Novboti tobagonin qovsaqglart elo
voziyyata gotirilir ki, onlar geyri-xatti gevrilmalora nozarat
edo bilirlar. Sonraki tobagalarin qovsaqglar1 oxsar alqoritmlar
osasinda ovvolki qovsaqlar torofindon hayacanlandirilir.
Tosnifatin tam formalagdirilmasi {igiin tolob olunan giymotlor
sonuncu tobaqaden gotiiriiliir. Har bir neyronun vaziyyati
(P;), digor neyronlar  torofindon  ona  verilon
hayacanlanmalarin geyri-xatti funksiyasi (f) ilo toyin olunur.
Yoani,

r-1(3cn)

Burada Pj- hoyacanlandirici neyronun potensiali, Cj-
biitiin rabitolorin miqdaridir. Belolikla, on kigik tobaqa (0)
MLP sistemindo bilavasito girig tesirli X vektoru ilo
hayacanlandirilir, sonuncu tebagaden iso notico kimi Y
vektoru ¢ixir.

Hanst masalonin qoyulusundan asili olaraq tesnifatin
naticasi kimi interpretasiya olunur. Birinci ve sonuncu
tabagalar arasinda yerloson tabagsleri adoton gizli tobagoler
adlandirirlar.  Coxtobogoli  sistemlo  islodikde  1-N
neyronlarmin  voziyyati  hesablanilir.  Noticado  ¢ixis
parametrinin qiymoti miioyyonlogdirilir.

Bizim apardigimiz tadqiqatlarin emal prosesindo gisman
do olsa neyron dovralar sistemindon istifado olunmusdur. Biz
osason  nomliyin  qiymatlondirilmosinin =~ bu  disulla
miimkiinlityli bir daha tesdiq etmisik. Bizim arasdirmalarda
CSS isloyib hazirladig1 Brain-Marker neyrodévra paketindon
istifado olunmusdur. Emal prosesi sokil 1-do gostorilon sxem
tizro aparilmigdir. Neyrodovrs iizra aparilan emal prosesinde
almmis noticolor avvalki fosillords aparilmis 6lgmo naticolori
ilo qarsiliglt miiqayiso osasinda miioyyon forqlor alinmisdir.
Bu forqlorin osas sobabi neyroddvrolor iizro aparilan
Olgmolorin geyri miikommolliyi ilo izah olunmalidir.

Molum oldugu kimi, neyron dovrasi iizro tolim
prosesindo rabito ¢okisi adlanan parametrdon istifado olunur.
Bu parametrin qiymatindon asili olaraq axtarilan parametrin
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qiymatlandirilmasinds alinan xatalar miioyyen hadd daxilinds
doyisir. Tolimdon sonra adoton noticolor nozarat iiciin
secilmis rejimdo yoxlanilir. Hal-hazirda tolim prosesinin
hoyata kegcirilmasi iigiin bir sira alqoritmler movcuddur.
Bunlardan on genis yayilmigt oks olaqo iisuludur. Tolim
prosesindo  soviyyoalorin sayi, hor bir soviyyodo olan
neyronlarn sayt vo X giris parametrlori i¢, Y ¢ixis
parametrlaori arasindaki olage tominatim1 yaradan Cj; — rabito
cokisi miioyyonlogdirilir. Neyron ddvrosindo tolim prosesi
coxluglar {izarinds hoyata kecirilir. Belo ki, har bir noqto iizro
X; giris vektoruna molum ¥; vektoru uygun golir.

Rabito ¢oki omsalinin Cj;segilmasi on genis yayilmus iisul
kvadratik funksiyanin minimumuna gors qiymatlondirms
tisuludur. |

m

Burada m- tolim aktinda noqtslarin say1; Y; — aktin i-ci

noqtosinin molum ¢ixig vektoru; Y - X; giris vektoruna
1

MLP-nin reaksiyasidir.

Neyron dovrasindas tolim prosesinin effektliyini artirmaq
iiclin neyronlarin sayinin segilmasi va topologiyanin toyin
edilmosi osas sortlordon hesab olunur. Adston bunun iiciin
miixtalif topologiyaya malik bir nego dovroa goétiiriiliir vo bu
dovralordon daha yaxsi notico veran dovra segilir.
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Neyron dévrasi

Tolim olagalori
Sokil 1. Neyron dovralarinda talim prosesinin topoloji sxemi

Stini neyron dovralorin texniki reallagsmasi iki yolla

hoyata kegirilir:
1. Xiisusi mikrosxemlorin yaradilmasi ilo. Bu
mikrosxemlordo neyronlarin vo neyronlar arasi rabito

mikrosxeminin xiisusi elementlori torafindon hoyata kegirilir.

2. Universal kompiiterlords xiisusi emulsiya vasitasils.
Bu halda emulsiyanin idars olunmasi xiisusi proqram
osasinda hoyata kegirilir.

| Neyron dovrolorinin xiisusi  mikrosxemlor osasinda
reallagsmasinda daha yaxsi naticalor aldo olunur. Belo ki, bu
halda neyronlarin voziyyeotinin paralel hesablanmasina gora
dovronin igloms siirati yiiksalir. Tolim {igiin ¢ox vaxt tolob
olunan dovralerds bu amil daha shomiyystli xarakter dasiyir.

[11 A.F. Egorov, T.V. Savitskaya. Upravlenie bezopas-
nostyu khimichekikh proizvodstv na osnove novikh
informatsionnikh tekhnologiy. M. Khimiya «Kolosy,
2004.

A.F. Egorov, T.V. Savitskaya, S.B. Dudarov i dr.
Ispolzovanie iskustvennikh neytronnikh setey dlya
identifikatsii promishlennikh istochnikov zagryazne-
niya atmosfernogo vozdukha. Khimicheskaya pro-
mishlennost, 2004, Ne 6.
Domashnyaya ctranitsa
[Elektronniy  resurs]:

Softline
portal,

kompanii
Informatsionniy

(3]

Hal-hazirda  universal  kompiiterloro  xiisusi  plata
yerlogdirmoklo  siini neyron dovrolorini reallagdirmaq
miimkiin olur.

posvyashonnost razlichnomu programmnomu

obespecheniyu - Moskva, 2005. Rejimi dostupa
[http://www.softline.ru/ product asp], svobodniy.
Laboratoriya  Base-Group  [Elektronniy  resurs]:
Informatsionniy portal, posvyashonniy tekhnologii
analizi dannikhx - Ryazan, 2000 Rejimi dostupa: http:
// www.basegroup.ru. Svobodniy.

A.S. Abulgasim, S. Gopal. Classification of Asas
multi-angle and multispectral measurments using
artifikal neural networks Rem.Sens. Environ. 1996.
V59. P.79-87.
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INFLUENCE OF PRELIMINARY ARGON ION BOMBARDMENT OF SILICON AND
GERMANIUM SUBSTRATES ON ORIENTATION OF LIQUID CRYSTALLINE MOLECULES
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Institute of Physics of National Academy of Sciences
AZ-1143, H. Javid ave.,33, Baku, Azerbaijan

G.M. BAYRAMOV, A.R. IMAMALIEV
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AZ-1143, Z.Khalilov str. 23, Baku, Azerbaijan

The possibility of homogenous orientation of liquid crystalline (LC) molecules is studied after bombardment of substrates transparent in
infra-red (IR) spectral region (Si, Ge) by argon ions and also after chemical etching. The control of orientation of LC molecules is made by

the methods of IR spectroscopy and dielectric measurements..

It has been established that with increasing of ion fluence at preliminary bombardment of substrates by argon ions with energy of
250 eV the LC molecules are oriented planarly while at ion energy of 1.25 keV they are done planarly and then — homeotropically. The
preliminary chemical etching of silicon substrates by the solution of KOH in the water and ethylenglycol promotes to planar orientation of
LC molecules. The most effect of homeotropic orientation of LC molecules is obtained by preliminary argon ion bombardment of substrates
with energy of 250 eV and subsequent etching in the solution of KOH and ethyleneglycol.

1. Introduction

In order to appreciable an electrooptical effect in liquid
crystal (LC), it is absolutely necessary to bring the LC
molecules into a certain orientation on the cell bordered
walls. Then molecules of the subsequent layers will be
arranged to molecules of the surface layer and all volume will
represent a single crystal.

One of the methods to obtain a planar configuration of
the nematic LC is the substrate rubbing [1-3]. After passing
through a micro porous filter (pore diameter ~ 0.5 um), the
3% water solution of the polyvinyl alcohol (PVA) is
deposited onto a rotating substrate (400 rev/min) at room
temperature. The deposited film is dried up for 30 minutes at
80°C, first, and, then, is rubbed using a piece of textile or the
diamond paste.

Using rubbing, homogeneous orientation of LC
molecules is obtained for any substrates. Instead of PVA, a
solution of the polyamide in N-methylpirrolidane, diluted in
the ratio 1:10 can be used. = The polymerization is then
achieved in two stages; by 30 minutes annealing at 130°C and
200°C.

The planar orientation of the LC molecules is also
obtained by slanting deposition of the oxides onto relevant
substrates.

One of the methods to obtain a hometropically oriented
layer is to place a nematic liquid crystal (NLC) between the
surfaces covered by lecithin. A solution of the natural egg
lecithin in the volatile solvent (alcohol) is used for substrate
coating. The concentration of the solution is about 1%. After
the coating procedure the substrate is rinsed with solvent and
dried up for 30 minutes at 80° C. Another method is to use
polymethylsiloxane layer which is easily obtained from
dimethyldichlorsilan (10 % solution in toluene) by immersing
the plate for 15 minutes at room temperature. Then the
covered surface is rinsed by isopropanol and annealing for 30
minutes at 100° C. In order to orientate the molecules of 4-
methoxybenzylidene-4-butylaniline (MBBA) and
4-ethoxybenzylidene-4-butylaniline (EBBA) mixture,
polymethylfenilsiloxane or the mixture of polymethyl and
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polydimethylsiloxane (10 % solution in toluene) are used.
Plates are immersed in a solution for 15 minutes at room
temperature. The coated surfaces are rinsed in isopropanol
and annealed for 30 minutes at temperature 80-100° C LC
molecules.

For homogeneous orientation of the LC molecules in
some cases it is impossible to apply the above-stated
methods. In particular, at manufacturing of photon crystals
with the LC stuffing [4-5] it is impossible to apply the
method of rubbing. And at using of the LC for special
problems of modulation of infra-red light applying of
surface-active substances [6] is undesirable. Therefore a
search of alternative methods of processing of a surface is an
actual problem. In particular, such methods are
bombardment of a surface by ions and application of
chemically active substances for deep etching.

At bombardment of a surface by ions of neutral gases,
the atoms can take off from this surface. This process is
called the dispersion. Erosion of a surface leads to structural
change of surface layers because of dispersion and is
characterized by the dispersion factor defined as an average
of the atoms deleted from a solid surface by one particle.
Dispersion factors depend on energy of ions, their mass,
falling angle, mass of target atoms, crystallite of targets,
orientation of crystal axes, and surface energy of bond of
target material. Below some threshold energy which is equal
to 20-40 eV at normal falling of ions, dispersion practically is
absent [7]. Above a threshold the dispersion factor increases
with increasing of energy of falling ions and reaches a wide
maximum at the energy of 5-50 keV. At high energies the
reduction of dispersion factor is connected with increasing of
depth of penetration of primary ions in a target and reduction
of a part of the energy passed to surface layers by them.
Dispersion of a surface material by the accelerated ions of
sufficient energy and fluence leads to formation of
microscopic deepening which can be the centers of
orientation for elongated LC molecules.

It is known that places of crossing of crystal surface by a
dislocation are the easiest influence to various solvents. It is
connected with that the atom bonds are deformed around of a



INFLUENCE OF PRELIMINARY ARGON ION BOMBARDMENT OF SILICON AND GERMANIUM SUBSTRATES ON ORIENTATION ...

dislocation line in the crystal: they are stretched in one
places, ones are compressed or broken absolutely off in
others. The area of a crystal has superficial surface energy
around dislocations. This does it in places of an output of a
dislocation on a surface by less steady to the influence of
chemical etching. Etching poles, as a result of various rate of
etching on a crystal surface, are formed in places of an output
of dislocations which can also be the orientation centers for
LC molecules.

In the work the possibility of homogenous orientation of
LC molecules are studied after argon ion bombardment of
substrates transparent in infra-red spectral region (Si, Ge) and
also after a method of chemical etching.

2. Experimental

Plant was assembled on the base of the VU-1 vacuum
device for bombardment of the various semiconductor and
dielectric plate surfaces by argon ions (Fig.1). In the order to
obtain the homeotropic orientation of LC molecules, high-
purity p-type silicon and germanium plates transparent in the
mid-IR region were bombarded by argon ions with the
fluence defined by the exposition time.

The pairs of plates were fixed on the metal plain base
and suspended above a high-voltage electrode on the distance
of 40 mm from it. At that case irradiated plates were zero
potential. High-purity argon was used as a working gas. A
glow discharge was ignited in the chamber at the voltage
supply on the electrode. Processing regime was following:
ion energy of 250 eV, ion current density of 0.2 mA/cm?, and
pressure of working gas of 10 Pa. An ion fluence depended
from exposition time. It was determined by expression
D =j t/e, where j — ion current density, ¢ — exposition time, e
— ion charge. The fluency was 1.5 - 10" cm™® at above-
indicated conditions and the irradiation time of 20 min. The
exposition time varied between 5 and 60 min.

Fig.1. Vacuum plant VU-1 with the system of ionic etching.

With the purpose of effective deepening formation in
substrate surfaces, apart the source of Kaufman type was
used for increasing of ion argon energy. In order to create the
dense plasma, the discharge with the heated cathode was used
in a longitudinal magnetic field. Owing to electron
oscillations in transverse electromagnetic fields, the high
uniformity of plasma was reached. The three-electrode
system of ion extraction allows forming the beam with a
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diameter of 100 mm and homogenous current. Parameters of
the source are following: cathode heating current-12 A;
magnet coil current-up to 30 A; discharge current-up to 2 A;
discharge voltage-up to 100 V; energy of ions-up to 2 keV;
ion beam current-up to 30 mA; ion current density-up to 100
pA/cm?. The ionic source is installed on the base of the VU-1
device with limiting vacuum of 5-10° Torr.

The idea of the control of LC molecule orientation by the
method of infra-red spectroscopy (IR) consists that at
concurrence of an electric vector of incident light with the
vibration of certain group along a long axis of the LC
molecule the corresponding absorption band has maximal
intensity. If the direction of an electric vector of incident
radiation is perpendicular to one of vibrations along a long
axis of a molecule, the corresponding band has the minimal
intensity. At application of direct electric field above
Fredericksz threshold to the LC cell with negative dielectric
anisotropy all molecules are arranged along the cell plane and
the corresponding band has the maximal value. Nematic LC
4-methoxybenzilidene - 4' - butylaniline (MBBA) is used for
the control of molecule orientation. It has negative optical
anisotropy and is described by the structural formula

CH;0— @—CH =N—@—C4H9

Thus the group - CH=N- vibrates along a long axis of the
MBBA molecules. According to [8] its frequency has value
about of 1630 cm™.

IR absorption spectra were carried out on double-beam
infra-red spectrophotometer IKS-29 and supervised by
double-beam infra-red spectrophotometer Specord - 75 IR in
the frequency region of 4200 - 400 cm™ and 4000 - 400 cm™,
accordingly. The resolution and an accuracy of definition of
frequencies were not worse than 2 cm™.

The study of the LC molecule orientation is carried out
in so-called "sandwich» cell consisting of two identically
processed silicon or germanium parallel plates between
which there is liquid crystal MBBA (Fig.2). Thus the
processed surfaces of plates adjoin with LC.

/

2

I

Fig.2. The cell for measurement of IR spectra. 1-silicon or
germanium plates; 2-liquid crystal; 3-gaskets;
4- conductive wires.

It is necessary to note that high-purity silicon and
germanium are rather transparent in mid-IR region and have
only several weak two-phonon bands which are easily
compensated in doable-beam spectrophotometer by
accommodation of the same plate without LC in the reference
window (Puc.3). Both materials equally reflect a lot of light -
losses reach to 50 %.



T.D. IBRAGIMOV, N.J. ISMAILOV, E.A. ALLAHVERDIYEYV, L.S. HASANOV, G.M. BAYRAMOV, A.R. IMAMALIEV

100

BoOr

60F

Transmission, %

a0F

201

40 35 30 25

20 15

Frequency, x100 em”

Fig.3. Transmission spectra of silicon (a) and germanium (b) plates with thicknesses of 320 pm and 980 pm, accordingly.

The thickness of LC layer in the cell is regulated by
special dielectric gaskets and determined by measurement of
capacity of empty cell by formula d = ,5/C, where g, = 8.85
nF/m electrical constant, S- the square of working part of
electrooptical cell, C — electrical capacity of the cell. An
accuracy of thickness definition is about 0.1 pm. Thickness
uniformity is provided by spatial holder allowing to press
glass plates to each other from four extreme points and to
remove a wedge which is shown as interference bands. The
cell is filled by capillary method in vacuum when LC has
isotropic phase.

For definition of voltage at which there is Fredericksz'
effect the capacity measurement of the same cell versus
voltage is used.

Thus the capacity of the cell is changed depending on
initial orientation of LC molecules, caused by change of
dielectric permeability of LC in the direction perpendicular to
the cell. The capacity measurement is carried out on low
frequency (up to 1kHz), that creates the certain difficulties of
measurements.

In order to measure the value of LC capacity change, the
scheme of the differential amplifier with compensation was
used. The signal from generator G of sine wave oscillations
was applied to the LC cell S through element R3C2 having
on measured frequency of 1 kHz much greater resistance than
the cell. A signal on structure through dividing condenser C2
was applied on a high-resistance input of differential
amplifier A1. On other input Al for balance on input from
generator G was applied an anaphase signal of the same
value. Thus, the signal on output A1 was minimal at absence
of voltage on the cell. Voltage on structure was applied from
potentiometer R1 and supervised by voltmeter V. At
changing of the cell capacity with change of the applied
voltage on output Al there is a signal which was registered
on the oscilloscope Os. The value of the changed capacity
was determined by the method of compensation of calibrated
variable capacity C3 included in parallel with the structure.
The structure was located in a warmed cavity 7 with the
temperature regulator and the measuring device of
temperature for carrying out of measurements in the
temperature interval 15°-45°C.

3. Results and discussion

Study of influence of bombardment of silicon and
germanium substrates for homogeneous orientation of LC
molecules is carried out on the example of MBBA. IR spectra
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of MBBA at different thicknesses are shown on Fig.4.
Apparently, a set of strong and weak absorption bands is
observed in these spectra.
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Fig.4. Transmission spectra of the cell with MBBA at different
LC layers: a— 205 pm; b — 10 um.

Each absorption band corresponds to vibration of the
certain group of atoms. In particular, a set of bands between
3050cm™ and 2850 cm™ corresponds to vibrations of CH,
and CHj groups. For the orientation control of elongated
MBBA molecules we use a band with a maximum of 1630
em” which corresponds to -CH=N- group vibrating along a
long axis of the MBBA molecule. This band together nearby
ones are represented on Fig.5.
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Fig.5. Transmission spectrum of the non processed silicon cell
with MBBA with thickness of 10 um near the band corresponding to
vibration of the group -CH=N-.



INFLUENCE OF PRELIMINARY ARGON ION BOMBARDMENT OF SILICON AND GERMANIUM SUBSTRATES ON ORIENTATION ...

The intensity of bands changes at increasing of the
voltage applied to the cell. The band with a maximum of
1630 cm™ gradually increases its intensity since the voltage
of 3.5 V, reaching the maximal value at some voltage. It is
obvious, that at this voltage all MBBA molecules settle down
in parallel to relation of a substrate that corresponds to
concurrence of the direction of vibration of the group -
CH=N- with the direction of an electric field of incident
radiation. The measurement of dependences of transmission
from voltage on maxima of bands near the above-stated band
is carried out for more correct definition of kinetic changes of
the band intensity. Corresponding dependences are shown on
Fig.6.

4
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Fig.6. Light transmission of the non processed silicon cell with
MBBA depending on the applied voltage at various
frequencies: a - 1630 em™; b-1596 cm™; ¢ - 1575 cm™;
d-1512em’™.

As seem from this figure, the intensity of light passing
through the cell on frequency of 1630 cm™ gradually
increases since 3,6 V, reaching the saturation at 7,5 V then it
decreases while it does not almost vary on frequencies
corresponding to maxima of other bands. It is interesting to
note that the dependence of capacity from voltage similarly
behaves (Fig.7).

It is obvious that the beginning of an increase in capacity
and absorption on frequency of 1630 cm™ corresponds to the
beginning of reorientation of LC molecules. Saturation
corresponds to full orientation of molecules in parallel to the
substrate surface and reduction does to origin of turbulence
(electrohydrodynamical instability) which is characteristic for
liquid crystals with negative anisotropy of dielectric
permeability.

If it is primary the LC is not oriented in the cell, the
maximal change of capacity at application of voltage makes
C(U=7.5V) /C(U=0) = eL /<« £ » = 1.125, where the average
value of dielectric permeability is equal to ¢ >=1/3(2eL + ¢)));
gL u g are dielectric permeabilities for orientation of
molecules perpendicularly and parallel to the substrate
surface, accordingly.
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Fig.7. The dependence of capacity of the cell with the non
processed silicon electrodes on voltage.

It is known that integrated absorption of a resonant band
is proportional to the number of oscillations corresponding to
the given optical transition. The dependence of integrated
absorption from voltage on the band corresponding vibrations
of group -CH=N- is shown for the non processed silicon
substrates. It is obvious that the initial part of the graph up to
3.5 V corresponds to non orientated LC molecules while a
part of saturation does to full their planar orientation.
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Fig.8. The dependence of integrated absorption from voltage
on the band corresponding vibrations of the
group-CH=N- at the non processed silicon substrates.

It is obvious that to judge about orientation of LC
molecules after processing of substrates is possible on an
initial part of the graph while the part of saturation coincides
for all types of substrate surface processing. If after substrate
processing the initial part of the graph is placed above the
graph corresponding to the cell with the raw substrates then
the molecules aspire to be situated planarly and if below then
they do homeotropically. The value of deviation corresponds
to a degree of this or that orientation of molecules.

The dependence of integrated absorption from irradiation
doze is shown on Fig.11 at preliminary processing of silicon
substrates by argon ions with energy of 250 eV.
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Fig.9. The dependence of integrated absorption from the ion fluence on the band corresponding vibrations of the group-CH=N- after
processing of silicon (a) and germanium (b) substrates by argon ions with energy of 250 eV.

As seen from Fig. 9, the LC molecules aspire to be
situated planarly at processing of substrates by argon ions
with energy of 250 eV. A decrease of the value of capacity
change without and with voltage application confirms initial
orientation of LC molecules parallel to the substrate (Fig.10).
At that case, the initial orientation of the LC molecules is
arranged on the germanium substrates at less fluences than on

the silicon ones. This fact is explained by more dispersed
factors for germanium than for silicon.

At preliminary processing of substrates by argon ions
with energy of 1.25 eV the LC molecules are arranged
planarly at less fluences and more fluences
homeotropically. At that case, the LC molecules are arranged
homeotropically at less fluences of germanium plates than
silicon ones (Fig. 11).
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Fig.10. The dependence of the LC cell capacity with
preliminary bombardment of silicon (a)
and germanium (b) electrodes by argon
ions with energy of 250 eV and an ion
fluence of 7.5 - 10'® ion -cm™.

At bombardment of crystals by ions of a different
fluence there are two effects of opposite character. The
smoothing of a surface originally possessing some roughness
is occurred at ion fluences in the interval of 10'® cm™? - 10"
cm? [9]. Enough plenty of radiation defects leading
development of a relief on the surface is collected inside the
crystal at fluences exceeding to 10'7 cm™. Surface energy of
bond can be decreased and the dispersion factor can be
increased near the defects because of presence of mechanical
pressure. Initial roughness can be increased at badly prepared
surface. At this case, crests, cones, flutes and poles can be
developed. Similar structures not so strongly differ from what
are shown on samples originally well polished. More and
more than roughness are appeared on surfaces at increasing
of ion fluence. Ones areas are sprayed more quickly than
others because of defects of a crystal lattice. Etching poles
which are the most typical kinds of the hollows resulting at
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Fig.11. The dependence of integrated absorption on the band
corresponding vibrations of the group-CH=N-from
the irradiated doze after processing of silicon (a) and
germanium (b) substrates by argon ions with energy
of 1.25 keV.

dispersion are formed. They are formed as a result of
selective dispersion of places of an output of screw
dislocations on the surface. Poles are formed in local areas of
the surface where there are those or other dislocations and
where the energy of atom bond is lowered. The amount of
poles grows with increasing of irradiation doze. They are
blocked and increased in dimensions at an increase of an ion
fluence. Obviously, at the energy of bombarding ions of 1.25
keV the effect of pole formation predominates and at enough
high ion fluences they are the centers of homeotropic
orientation of LC molecules.

Micropictures of silicon and germanium surfaces after
argon ion bombardment with energy of 1.25 keV and ion
fluence of 1.125 - 10'® fon - cm? are shown on Fig.14. As
seen, the relief on the surface of plates is different and, one is
followed from Fig.12, corresponds to different types of LC
molecule orientation.
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a

b

Fig.12. Micropictures of silicon (a) and germanium (b) surfaces after argon ion bombardment with energy of 1.25 keV and ion fluence

of 1.125 - 10" jon - em?

The etchants of simple compound were used for
experiments: the solution of KOH in water and ethylenglycol.
A set of experiments with the solutions of different
percentage compound, at different temperatures, and
processing time was carried out for definition of optimal
chemical processing regime. Plates of small dimensions were
subjected by preliminary cleaning with acetone and spirit
then their surfaces were observed under the optical
microscope before and after processing operations.

The exact scales were used for preparation of KOH
solutions. Preliminary cleared plates became covered on the
one side by a layer of chemically proof glue and were
maintained before its full hardening. It was done that only
internal surfaces of optical cells were exposed to the
subsequent etching. Then plates were fallen to the
corresponding solution and all system was located in the
thermostat with adjustable temperature.

In experiments the contents of alkali in solutions varied
from 10 up to 50 %, thermostat temperature was increased up
to 60°C.

Observation under the optical microscope has shown that
the most appreciable expression of plate surface after
chemical etching occurs in the 30 percentage solution of
KOH in ethylenglycol.
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Fig.13. The dependence of integrated absorption from the
applied voltage on the band with a maximum of
1630 cm™ at preliminary processing of silicon plate by
30 % solution of KOH in ethyleneglycol.
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The dependence of integrated absorption from applied
voltage on the band with a maximum of 1630 cm™ at
processing silicon plates by the above-stated solution with
concentration KOH equaled to 30 % at 60°C is shown on
Fig.13.

Apparently from Fig. 13, an initial part of the graph
(voltage less than 3 V) situates above a corresponding part
for cells with the non processed plates. It indicates that the
preliminary etching of plates results in parallel orientation of
LC molecules to the plate surface.

The concept of the degree of orientation order is entered
for the quantitative description of primary orientation of LC
molecules. Frequently [10-11], the degree of orientation order
is defined with the help of known ratio S = (N-1)/N+2),
where N =4./A, — dichroic ratio; 4, and 4, - peak intensities of
the chosen absorption band for two mutually perpendicular
directions of light polarization.

In order to analyze our experimental results we shall
accept a ratio of a difference between values of integrated
absorption on the chosen band of the processed and non
processed plates to a difference between values of integrated
absorption on same band at the non processed plate without
the application of field and at full planar orientation of LC
molecules (U=7.5V). The dependence of degree of
orientation order from concentration of KOH in water and
ethyleneglycol is shown on Fig.14.
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Fig.14. The dependence of degree of orientation order from
concentration of KOH in water (a) and ethyleneglycol (b).
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Apparently, the degree of orientation order reaches the
maximal value at concentration of KOH equaled to 30 %.
Thus, the degree of orientation order after etching by solution
of KOH in ethyleneglycol is higher than one in water.

In order to obtain the maximal effect, both methods of
surface processing of silicon are used. In the beginning, the
surface of silicon is bombarded by argon ions with energy of
250 eV and ion fluence of 1.4 - 10" cm™ then poisoned
within 40 minutes in the 30 percentage solution of KOH in
ethyleneglycol at 60°C. The dependence of integrated
absorption from voltage on the band with a maximum of
1630 cm "' is shown on Fig.15.

20

L

Integral absorption, x10°cm”

4 6
Voltage, V

Fig.15. The dependence of integrated absorption from voltage
on the band with a maximum of 1630 cm ™' for the
plate processed by both methods.

Surface heterogeneities of nuclear scale arise during
dispersion by the action of ionic bombardment. Similar
effects can be observed both at falling separate ions and at the
jon fluence reaching to 10'® cm? [12]. At even greater
fluence there are microscopic observable heterogeneities with
the sizes of 10-1000 nanometers. Enough high concentration
of defects is collected inside the crystal at the ion fluence

exceeding 10" cm™. Thus there are local variations of

dispersion factor leading to essential changes of morphology
of the surface, namely, etching poles, conic or pyramidal
ledges, and also wavy structures. Depth of penetration of
ions in depth of a target is small, and dispersion factors are
great at argon ion bombardment. It prevents to accumulation
of greater concentration of impurities. At the same time, the
rate of defect formation should be, apparently, high and the
effects connected with defect formation should prevail on the
effects caused by accumulation of implanted particles.

Defects are formed on a surface as a result of
displacement of atoms and can occur at very small ion
fluences. During the occurrence and annihilation of defects,
the balance is not established between mechanisms of their
formation, transformation and disappearance as there is an
erosion of a surface at heavy ion fluences of 10"* cm™ - 10"
cm™. There is a superfluous energy around of dislocations
and defects which is connected to distortion of crystalline
lattice. It is obvious, that chemical etchants act on these areas
more strongly and promote formation of the centers of
homeotropic orientation of LC molecules.

4. Conclusion

It is shown that at preliminary bombardment of
substrates by argon ions with energy of 250 eV with
increasing the ion fluence the LC molecules are oriented
planarly while at energy of 1.25 keV with increasing of ion
fluence they are done planarly and then - homeotropically.
Preliminary chemical etching of substrates by solution of
KOH in water and ethyleneglycol only promotes to planar
orientation of LC molecules. The greatest effect homeotropic
orientation of LC molecules is given with preliminary
bombardment of substrates by argon ions with energy of 250
eV at the subsequent etching by solution of KOH in
ethyleneglycol.

The work is supported by the European Committees (the
STCU grant No 4172).
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INFLUENCE OF PRELIMINARY ARGON ION BOMBARDMENT OF SILICON AND GERMANIUM SUBSTRATES ON ORIENTATION ...

T.D. ibrahimov, N.C. ismayilov, E.A. Allahverdiyev, I.S. Hasanov, Q.M. Bayramov, A.R. imamaliyev

SiLiSIUM VO GERMANIUM ALTLIQLARININ OVVOLCODON ARQON iQNLARI iLO BOMBARDMAN
EDILMOSININ MAYE KRiSTAL MOLEKULLARININ DUZULUSUNO TOSIRi

Spektrin infraqirmizi (IQ) oblastinda soffaf Si vo Ge althiglarim avvalcadon arqon ionlari ilo bombardman edilmasindon vo kimyovi
asindirmadan sonra maye kristal (MK) molekullarinin bircinsli diiziiliisii imkanlar1 todqiq edilmisdir. MK molekullarinin diiziiliisii 1Q —
spektroskopiya va dielektrik 6lgmalori ilo miloyyonlosdirilmigdir.

Miioyyon edilmisdir ki, althiglar1 250 eV enerjili arqon ionlari ilo bombardman edorkon siialanma dozasmin artmasi ilo MK
molekullarinin diiziilisii planar olur, ionlarin enerjisi 1.25 eV olduqda iss, siialanma dozasmin artmasi ilo diiziiliis avvalca planar, sonra iso
homeotrop olur. Altliglarin KOH-1n etilenqlikol va su mohlullarinda avvalcadsn kimyovi asindirilmast MK molekullarinin yalniz planar
diiziilisiine gotirir. MK molekullarinin homeotrop diiziiliisiine an giiclii tasir iso altligin 250 eV enerjili arqon ionlari ilo bombardman
edilmasi vo KOH-1n etilenqlikol moahlulunda sonraki agindirilmast verir.

T.[A. Uoparumos, H.JI. Ucmaiisios, J.A. AnnaxsepaueB, U.C. I'acanos, I'.M. Baiipamos, A.P. UmamajineB

BJIUSTHUE NPEJIBAPUTEJbHOM BOMBAPJINPOBKY KPEMHUEBBIX U TEPMAHUEBBIX
MHOAJTOKEK HOHAMM APTOHA HA OPUEHTAIINIO )KUJKOKPUCTAJVIMYECKUX MOJIEKY.JI

HUccnenoBana BO3MOXHOCTH OJHOPOJHOW OpHEHTAIMU MOJIeKy skuakoro kpucrauia (XKK) mocne npensapurensHol 60MOapIMpoBKU
nomnoxek (Si, Ge), npo3paunbix B uHppakpacHoii (UK) obnmactu crektpa, HOHaMH aproHa, a TakXKe MOCIe XUMHYECKOrO TPaBIICHHUSI.
Kontpons opuentamuu monexyin KK npoussoaurcst merogamu MK criekTpockonuu u IU3NeKTPHUECKAMU U3MEPEHUSIMH.

YCTaHOBIEHO, YTO MpPHU IpeABapUTENbHONH OOMOapIMpOBKE MOATIOKEK MOHAMH aproHa c sHeprueil 250 3B c¢ yBenuueHueM I03bl
obmyuenus monekyisl JKK opueHTHpYIOTCS TUIaHApHO, a MpH SHEpPruu HOHOB 1,25 3B ¢ pocTomM 103bI 00My4YeHHs CHavaja IUIaHApHO, a
3ateM romeotpomnHo. [IpexBapurensHoe xumMnuaeckoe Tpasiaenue nomroxkek KOH B Boje 1 3THIEHIIINKOIE CIOCOOCTBYET TOIBKO IIAaHAPHOI
opuentanuu Moiekyn JKK. Hambompmmit sddext romeorpomnoil opuenranuun monekyn KK maer npensapurenbHas GomOapaupoBka
II0JUI0’KEK MOHaMU aproxa c saeprueit 250 3B ¢ nocnenyromum tpasiaeHueM pactsopom KOH B sTunenriukone.
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Isdo Feln,S, birlosmosinin miixtolif tezlik vo temperaturlarda elektrik tutumu vo dielektrik itki bucaginin tangensi todqiq edilmisdir.
Kristalin dielektrik niifuzlugu vs yiikdasiyicilarin aktivlosma enerjisi toyin olunmugdur. C va #g0 tigiin tezliyin miiayysn giymatlorinds rezo-
nans hadisast misahids edilmisdir. Miiayyan edilmisdir ki, 500kHz vo 1MHz tezliklordo temperatur artdiqca ¢gd eksponensial qanun tizro
artir. 2:10° +2,5-10° Hz tezlik intervalinda /g® ~ /e tors miitonasib asililigi miigsahido edilir.

Uglii xalkogenid birlosmolor icorisinde AB,X, (burada
A- Mn, Fe, Co, Ni; B- Ga, In; X- S, Se, Te) tipli boyiik sinif
materiallar 6zlinlin mithiim fiziki xassolori sayosindo intensiv
olaraq tadqiq edilir [1-9]. Bu birlosmalarin asasinda lazerlor,
isiq modulyatorlari, fotodedektorlar, termorezistorlar va s.
funksional qurgular yaratmaq {iglin perspektivlidir. Onlara
miixtolif asqarlar vurmagqla fiziki xassalorini doyigmok olar.

Feln,S, kristali AB,Xy tipli birlosmalor sinfino aid olub
bozi fiziki xassolori [10-16] islorinds todqiq edilmisdir. Quru-
lus vo magqnit xassalorinin dyronilmasi naticesinds miioyyan
edilmisdir ki, Feln,S, Neel temperaturundan (7 =4,2K) asag1
temperaturda antiferromaqnit materialdir [10,13]. [14] isinds
Feln,S4-iin statik elektrik sahasinda elektrik xassoalari tadqiq
edilmis vo gevirmo effekti agkara ¢ixartlmigdir. [15-16] islori
iso Feln,S, nanokristalinin alinmasina va elektrokimyovi xas-
solorinin Syronilmesine hasr olunmusdur. Hal-hazirki isde
Feln,S, birlosmasinin dielektrik xassoalorinin todqiqi naticolori
verilmisdir.

Feln,S, kristali stexiometrik miqdarda yiiksok tomizlikli
(99,999%) elementlor birlosmosindon alinmigdir. Rentgeno-
grafik metodla analiz naticosondo miioyyon edilmisdir ki,
Feln,S, birlogmosi kristal qofos parametrlori a:10,62A olan
spinel qurulusa malik olur [10,12]. Dielektrik xassoalorini dy-
ronmak iiglin qalinligr ~0,5mm olan kristal 16vholoro giimiis
pastast vuraraq kondensatorlar hazirlanmigdir, Kristallar
293+400K temperatur intervalinda tonzimlona bilon kriostat-
da yerlogdirilmisdir. Temperatur 6lgmalorinin  doaqiqliyi
+0,5K toskil edir. Elektrik tutumunun vo dielektrik itkisinin
tangens bucaginin Slgiilmasi E7-20 (25 + 10° Hz) ragomli im-
metans 0l¢ii cihazinin kdmayi ilo apartlmigdir. Niimunays 1V
6lgma gorginliyi verilmisdir.

Sakil 1-de 293K temperaturda yarimkegirici kondensato-
ru liglin elektrik tutumunun (C) carayan tezliyinden (f) asililiq
grafiki verilmisdir. Qrafikdon goriiniir ki, elektrik tutumu
1kHz tezlikdon baslayaraq 100kHz-o qoder azalir. Sonra iso
400 kHz tezliys godor demak olar ki, C sabit qalir. 420+500 kHz
tezlik intervalinda iso rezonans hadisasi bag verir.
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Sokil 1. Feln,S, kristali tiglin 293K temperaturda elektrik
tutumunun tezlikden asililigi.
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Sakil 2. Feln,S, kristal1 igiin miixtoalif tezliklords elektrik
tutumunun temperaturdan asilihigr: 1 - 500kHz, 2 - 1Mhz.

Sokil 2-da Feln,Sy birlosmesi ticiin S00kHz (1 oyrisi) vo
IMHz (2 oyrisi) tezliklords elektrik tutumunun temperatur-
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dan asililq qrafiki verilmigdir. Sokildon goriiniir ki,
293+323K temperatur intervalinda C temperaturdan asili ola-
raq zoif artir. 323+373K temperatur araliginda iso C bir qodor
stirotlo artir. Bu hisse iigiin IgC ~ 10°/T asilihgindan aktiv-
losma enerjisi hesablanmis vo £ = 0,44 eV qiymati tapilmis-
dir.

C=ceS/d

diisturundan dielektrik niifuzlugu (&) hesablanmis vo miioy-
yaon edilmisdir ki, tadqiq olunan temperatur va tezlik interva-
linda ¢ - nun qiymati 300 + 2800 intervalinda doyisir. Tempe-
ratur artdigca elektrik tutumunun, hamginin dielektrik niifuz-
lugunun artmasimin sababi yiikdasiyicilarin konsentrasiyasi-
nin artmasidir.

05
25 L33

laf b 65

Sakil 3. Feln,S, kristal tiglin miixtolif temperaturlarda
dielektrik itkisinin tangens bucaginin tezlikden
astliligr: 1-293K, 2-323K, 3 - 338K, 4 - 363K.

Sokil 3-do Feln,S, kristal {iglin miixtalif temperaturlarda
dielektrik itkisinin tangens bucagmin (zg0) doyison caroyan
tezliyindon asililiq qrafiki gostorilmisdir.

Sokildon goriiniir ki, tadqiq olunan temperaturlarda tezlik
artdiqca 7gd —nin qiymoti azalir, 2,5 - 10° = 5 - 10° Hz tezlik
intervalinda iso rezonans hadisasi bas verir.

Temperatur yiiksaldikco rezonans piklorinin maksimum-
larmin qiymati azlir. Malumdur ki, yarimkegcirici vo dielek-
triklords itki kristalin qurulusundan va defektlarin tobistindon
asilidir. Defektlorin konsentrasiyas: dielektrik itkisinin qiy-
matini shomiyyatli doracados doyigo bilor. Dielektriklordos itki
bucagmnin dayisen elektrik sahasinin tezliyindan asliligini ay-
dinlagdirmaq tgiin forz edok ki, paralel birlosmo zamani di-
elektrik C tutumuna malik kondensator vo R aktiv miiqavi-
moatli naqil ilo ovoz edilmisgdir. Bu zaman itki bucaginin tan-
gensini bels ifads etmok olar:

120 =j,/j,=1/wCR )

Burada j, — aktiv, j, — reaktiv corayan sixligl, o=21f —
tezlikdir.

Feln,S, kristal1 ti¢lin 2:10° + 2,5-105 Hz tezlik interva-
linda C vo R—in tezlikdon asili olaraq doyismosi az oldugun-

dan, onu nazors almasaq, itki bucaginin tangensi-nin tezliklo
tors miitonasib asililiginin 6denildiyini gérorik (~//w). Ona
gora do gokil 3—daki itki bucagimin tangensinin tezlikdon asi-
lihiq grafiki (1) ifadesine uygundur.

Sokil 1 va 3-doki C va tgd-nin tezlikdon asililiginda mii-
sahids edilon rezonans hadisasini baryer modelinin [17] ko-
mayi ils izah etmak olar. Belos ki, yliksok miiqavimatli laylara
malik defekt kristallarda lokal baryers malik miixtslif qeyri-
bircinsliliklarlo (mas: dislokasiya, elektrik domeni) lokallas-
mis asagl miiqavimatli baglayici laylar ola bilor. Baglayici
laylarin qalinlig1 vo birlosmo xiisusiyyastinin elektrik sahasi
gorginliyi vo tezliyindon asliligt onlar1 aktiv element edir. v
tezliyi (v — konsentrasiya dalgasinda yiikdasiyicilarin rogs
tezliyidir ) laym d qalinlig1 vo v, dreyf siirotindon tayin olu-
nur [17]:

2d =vy/v

Belo ki, xarici doyigen elektrik sahosinin f tezliyi v
tezliyino borabor oldugu liclin rezonans hadisasi bag verir.
Rezonans hadisasinin azalmasinin sobobini belo izah etmok
olar ki, temperatur yiiksoldikco v tezliyi yiiksalir vo f xarici
sahonin tezliyindan farqlonir.
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Sokil 4. Feln,S, kristal1 {igiin miixtalif tezliklords dielektrik
itkisinin tangens bucaginin temperaturdan asililigt:
1 - 500kHz, 2 - IMHz.

Sokil 4 -do Feln,S; kristali figiin 5-10° Hz (1 oyrisi) vo
IMHz (2 oyrisi) tezliklords itki bucagi tangensinin tempera-
turdan asililiq grafiki verilmisdir. Sokildon goriiniir ki, 7gd
temperatur artdiqca eksponensial qanun {izro artir.

Belolikla, isdo Feln,S, birlosmosinin miixtalif tempratur
vo tezliklordo elektrik tutumu vo dielektrik itki bucaginin
tangensi tadqiq edilmis vo onlarin tocriibi qiymatlori hesab-
lanmigdir. Feln,S, tiglin yiikdasiyicilarin aktivlosmo enerjisi
toyin edilmigdir. Miioyon edilmisdir ki, temperatur artdiqca C
Vo ya g-nun artmasinin sababi ylikdastyicilarin konsentrasiya-
sinin arttmidir. C vo 1gd liglin tezliyin miioyyon qiymatlarin-
do rezonans hadisasi miisahids edilmisdir. Miiayyan edilmis-
dir ki, 500 kHz vo 1MHz tezliklordo temperatur artdiqca tg®
eksponensial ganun iizro artir.
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DIELECTRIC PROPERTIES OF Feln,S,

The ewlectric capacity and dielectric loss tangent at different frequences and temperatures for Feln,S, compound have been
investigated. The crystal dielectric constants and activation energies of electric current carriers have been obtained. The resonance
phenomenon C and #gd is observed at definite frequencies. It is established that 7gd increases under exponential law at frequencies 500kHz
and 1MHz with temperature increase. The g0 ~ 1/w dependence is observed in frequency interval 2:10° + 2,5-10° Hz.

H.H. Hu¢ptues, O.b. Tarues, M.b. Mypanos, ®.M. Mamenos, Y.®. Kacymon

JIMDJIEKTPUUYECKUE CBOMCTBA Feln,S,

HccnenoBaHbl aMeKTPHYECKHE EMKOCTH M TAHTEHC YIJIa JUNICKTPUYECKUX HOTEPb PH PA3IMYHBIX YaCTOTaX M TEMIIepaTypax s coe-
muHeHnst Feln,S,. OmnpeneneHsl JUAJICKTPHYECKHE MMPOHUIAEMOCTH KPHCTAJUIOB M DHEPIMH aKTUBALIMU JJICKTPHYECKUX HOCHUTENICH TOKA.
Ilpu ompezeneHHBIX YacToTax HalOirojaercs pe3oHaHcHoe siBieHne C U 1g0 .YCTaHOBICHO, YTO C POCTOM TeMIeparypsl /g0 pacTér mo
3KCIOHCHIHANBHOMY 3aKOHY IpH yactotax 500K n IMI'. B unrepsane uacror 2+10° + 2,5-10° 'y HaGmogaeTcs 3aBUCUMOCTS 10 ~ 1/0.
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SILINDRIK GUZGU DAXIL EDILMIS DIFRAKSION OPTIK SISTEMIN
AYIRDETMO QABILIYYOTININ EKRAN MOSAFOSINDON ASILILIGI

T.H. DILBAZOV, N.Y. YAQUBZAD®, S.A. SULEYMANOVA, R.B. ABBASOVA
Elmi-Tadgiqat Aerokosmik Informatika Institutu, MAKA
AZ 1106, Bakt Azadlig prospekti, 159

Silindrik giizgii daxil edilmis difraksion sistemdo giizgii ilo ¢ixis yarig1 arasindaki masafodon asili olaraq sistemin ayirdet-

mo qabiliyyatinin doyismasi tadqiq edilmisdir.

Spektroskopiyanin totbiq sahosinin genisliyi onun {isul
va vasitolorinin tokmillogdirilmoesinin, mdvcud cihazlarin tex-
niki parametrlorinin optimallagdirilmasinin daim giindomda
olmasini talab edir [1]. Ona gora da cihazlarin har bir optik
elementinin gostaricilorinin yaxsilag dirilmasi todgiqat obyek-
tina ¢evrila bilar [2, 3].

Spektrometrik cihazlarin parametrlorinin yaxsilasdiril-
mas1 istiqgamotindo aparilan todqiqatlar [4] c¢okiik difraksiya
qofasli klassik optik sistemo silindrik giizgii daxil etmoklo
sistemin dispersiyasini vo ayirdetmo qabiliyyatini (AQ) sha-
miyyatli doracodo artirmagin miimkiin oldugunu gostormis- |

b]2)

~_p
oA
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dir. Bu tisul, [5] -do gosterildiyi kimi, m&veud iisullardan da-
ha effektli olmaqla yanasi konstruktiv cohatdon do sads va al-
verislidir: klassik optik sistemin fokal miistavisinda silindrik
giizglinii spektrin sathina perpentikulyar yerlosdirib oks olu-
nan siiani istonilon istiqgamato yonoltmok olar. Bu halda ciha-
zin osas parametrlori olan dispersiya vo AQ xeyli yaxsilasir,
0lcii-goki parametrlori iso demak olar ki, doyismir.

Miioyyon edilmisdir ki, silindrik giizgii daxil edilmis dif-
raksion sistemin AQ, dispersiyaetdirici elementin dispersiya-
st ilo mohdudlagmaqla borabar, sistemin basqa parametrlo-
rindon do asilidir [5]:

-2)4)-

(1

Burada A_ sistemin AQ, 4= D_ nisbi desik, D - di-
o f

afragmanin eni, - giris obyektivinin fokus mesafasi, S’- qo-
foslo giizgili, S” - iso glizgii ils ¢ix1s yarig1 arasindaki mosa-

fodir. r - giizgliniin radiusu, (d(pj - gafasin bucaq dispersi-
i),

yasi, i - spektrin sothino ¢okilon normalla ig1q dostosinin orta

stias1 arasindaki bucaqdir.

(1) ifadesindon goériindiiyii kimi silindrik glizgli daxil
edilmis sistemin AQ klassik sistemi xarakterizo edon komiy-
yatlorden (4,D,y) basqa, qofeslo glizgii arasindaki mosafo-
don, giizgiiniin radiusundan vo giizgii ilo ¢ix1s yarig1 arasin-
daki maosafodon —ekran mosafosindon asilidir. Qafaslo giizgii
arasindaki mosafoni ¢oxaltmagla sistemin AQ-ni artirmaq
magsadouygun deyil, ¢iinki gofaslo giizgili arasindaki mosa-
fonin artmasi cihazin 6lgiilorinin boylimasina sobab olur. Si-
lindrik giizgii daxil etmakls iglonan ortik sistemlar iso yiliksok
AQ-li, kicik 6l¢iilii spektrometrik cihazlar yaradilmasi moaq-
sadins xidmot edir.

Silindrik giizgii daxil edilmis ¢okiik difraksiya qoafasli or-
tik sistemdo giizgiiniin diametrini doyismoklo aparilan tadqi-
qatlarin [5, 6] naticalori gostorir ki, belo sistemlorin komayi
ilo dispersiyaetdirici elementin AQ-no yaxin AQ olan kigik
oOl¢iili spektrometlorin yaradilmasi miimkiindiir.

Toqdim olunan isds silindrik giizgii daxil edilmis ¢okiik
difraksiya qofasli optik sistemin AQ-nin ekran mosafosindon
astliligmin tocriibi noaticalori sorh edilir. Tocriibs aparilan
qurgu [6]-da oldugu kimi SbCe fotokatodlu fotogobuledi-
cidon, yiiksok giris miigavimotli mikrosxem osasinda yigilmis
giiclondiricidon , qeydedici cihaz kimi KCII-4 tipli 6ziiyazan
potensiometrdan ibarotdir. Spektrin skanlanmasi, gofesin sa-
quli ox strafinda firlanmas: ilo aparilir.

Sistem sokil 1-do gostarilmisdir.
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Sakil 1. Silindrik giizgili daxil edilmis difraksion sistem.

Civo lampasmin igi181 fokuslayici sistemin kdmoyi ilo
2- ¢okiik difraksiya gofesinin fokusunda yerloson 1- giris
yarigma yonaldilir, gofesdon oks olunan spektr gafasin foku-
sunda yerloson 3- glizgiisii iizorino diisorok oks olunur. Giiz-
giidon oks olunan stialar diigon siialara nisboton ¢ox «aralan-
digindany», 4- c¢ixis yarigindan kecon siialarin monoxroma-
tikliyi artir. Katod torafdon fotoqobuledicinin pancorasi ¢ixis
yarigina barkidilmisdir vo birlikds rels {izorinds irslilomo ho-
rokati edo bilirlor. Fotogobuledicinin hossaslig1 spetrin gorii-
non oblastin1 ohato etdiyindon civonin goy (4,,,=404-407;
435,8nm) vo yasil (4, =546,1nm) xatlori todqiq edilmisdir.
Diametri 10 mm vo 5 mm olan giizgiilordon, ekran mosafalori
40 mm vo 50 mm olan hallarda ¢ixis yarigindan kecon civa
xotlorinin goriinon oblastdaki spektrlori aragdirilir.

Sokil 2-da cive lampasmin diametri 10 mm olan silin-
drik giizgiidon oks olunmus spektri gostorilmisdir.
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1
600 nm
Sokil 2. Diametri 10 mm olan giizgiidon oks olunmus
spektrlor :
a-ekran mosafosi 40 mm; b- ekran mosafasi 50 mm

Giizgii ilo ¢ix1s yarig1 arasindaki mosafo 40 mm (a) vo
50 mm (b) olduqda 4,,,=404-435,8 nm oblastindaki1 gdy xot-
tin spektrindo ciddi doyisikliklor miigahide olunmur,
Ama=546,1 nm olan yasil xattin doyisikliyi ise hiss olunacaq
godordir: giizgii ilo ¢ixis yarig1 arasindaki mosafo 40 mm olan
halda bu xottin 2 maksimumu aydin goriindiiyii halda, mesafo
50 mm olduqgda daha bir xattin maksimumu segilir. Giizgii ilo
cixig yarigl arasindaki mosafo 30 mm olduqda iimumi mon-
zara masafo 40 mm olan haldan az forglonir.
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Sakil 3. Diametri 5 mm olan giizgiidon oks olunmus
spektrlor:
a-ekran mosafosi 40 mm ; b- ekran mosafasi 50 mm.

Sokil 3-do cive lampasmin gdy vo yasil xotlorinin dia-
metri 5 mm olan giizgiidon oks olunmus spektri gostorilmis-
dir.
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Giizgii ilo ¢ixig yarigr arasindaki mosafo 40 mm (a) ol-
dugda gdy xottin maksimumunda simmetrikliyin pozulmasi,
bu oblastda bagqa xoattin do olmasini demays asas verir. Giiz-
gii ilo ¢ixis yarigi arasindaki mosafo 50 mm (b) olan halda
spektrdo shomiyyatli doyisiklor miisahido olunur: A4,,,=435,8
nm zolagi «parcalanarag» bir-birine yaxin 2 xotts ayrilir. Ci-
vo lampasmin spektrindo bu oblastda A,,,=433,9 nm vo
Ama=434,4 nm xatlorinin olmasi [6]-da geyd edilmisdir. Bu-
rada homin xatlordon birinin, balka da ikisinin birlikda amalo
gotirdiyi zolagin maksimumunun voziyyati doqiq qeyd olu-
nur. 4,,=546.1 nm olan xattin do spektrdo 3 maksimumun
vaziyyati ayird edilir.

Yiiksok AQ-li spektral cihazlarin komoyi ilo aparilan
tadqiqatlar [7] naticasinda civonin yagil xattinin  6° P, _73Sl
kecidi ilo bagli oldugu vo bu xottin inco strukturunda civonin
izotoplarina moxsus miixtolif intensivlikli 14 xattin oldugu
miioyyon edilmisdir. Bunlardan civonin
H® H H™ H* izotoplarmin omolo gatirdiyi xotlorin

intensivliyi nisbaton bdyiik olub 4,,,=546,1 nm xatti ilo mii-
qayiso oluna bilirlor.

Silindrik giizgii daxil edilmis difraksion sistemdo giizgii
ilo ¢ix1s yarig1 arasindaki mosafoni doyisdikdo spektrds ve-
ziyyatlori gqeyd oluna bilon «yeni» xatlorin civenin izotop-
larina moxsus oldugu siibho dogurmur.

Belaliklo, silindrik ciizcii daxil edilmis difraksion sistem-
do giizgli ilo ¢ix1s yarig1 arasindaki mosafoni g¢oxaltmagla
aparilan todqiqatlar sistemin AQ-ni artirmagm miimkiinliiyti
ilo yanagsi, (1) - ifadosindoki AQ ilo ekran mosafosi arasin-
daki asililig1 tesdiq edir.

Miixtolif diametrli glizgiilorlo aparilan tacriibalorin nati-
colari [6] , bels sistemin AQ-nin (1) ifadesinds oldugu kimi
giizgliniin diametri ilo tors miitonasib olaraq dayisdiyini nes-
zard alsaq, kigik ol¢ili, yiiksok AQ-li spektrometrik cihazla-
rin islonmasi zamani her iki asililigdan hom ayri-ayriliqda,
hom dos har ikisinden eyni zamanda istifade etmak olar. Bu-
nun tasdiqi kimi bir fakti qeyd etmak olar: basqa parametrlor
eyni oldugda diametri 10 mm olan giizgiidon oks olunaraq 50
mm mosafods yerloson ¢ixis yarigindan kegon spektrlo, dia-
metri 5 mm olan giizgiidon oks olunaraq 35 mm mosafods
yerloson ¢ixis yarigindan kegon spektr, demok olar ki, eyni-
dir.

Silindrik gilizgii daxil edilmis difraksion sistemin AQ-
nin gilizgiiniin 6l¢iisiinden vo ekran mosafasindon asililigin-
dan istifade etmokls texniki gdstoricilori milasir analoglarin-
dan iistiin olan spektrometrik cihazlar yaratmaq miimkiindiir.

Silindrik giizgii daxil edilmis ¢okiik qofosli difraksion
sistemin bozi iistiinliiklorini qeyd edok :

-difraksiya gqofosinin vo giizgiiniin vaziyyatlorinin segil-
mosindon asili olaraq ¢ixis yarigini cihazin gévdosindo 6lg-
molorin aparilmast {igiin miinasib olan istonilon istiqamotds
yerlosdirmak olar;

-miixtalif diametrli giizgiilordon, yaxud xiisusi formali
hazirlanmig bir gilizgiidon istifado etmoklo AQ is prosesindo
doyisdirilo bilon miisahids cihazlar islomok miimkiindiir ;

-milasir texnalogiya c¢ox yiikksok AQ-li, aberrasiyalari
azaldilmus, strixlori arasindaki mosafolor miixtolif olan qolo-
grafik ¢okiik difraksiya qofoslori hazirlamaga imkan verir [8].
Bels dispersiyaetdirici elementden silindrik giizgii daxil edil-
mig difraksion sistemlordo istifado etmoklo spektrdo inco
strukturlar1 belos todqiq etmoyas imkan vers bilocok kicik 6l¢ii-
¢oki parametrli cihazlar islomok olar .
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Slindrik giizgli daxil edilsmis ¢okiik difraksiya qofosli  nallarda spektrin miixtolif A4 oblastin1 ayirmaq olar. Belo
difraksion optik sistemin kémoyi ilo goxkanalli spektrometr-  spektrometrlordo isiq otiiriicii vasitolorin vo interferension
lorin islonmosi do mogsodouygundur. Slindrik giizgiidon oks  filtrlorin istifads edilmasino ehtiyac olmadigindan, faydali
olunan spektrin dispersiyast (hom do AQ) giizgiidon ¢ix1s  signalin itgisi ochomiyyatli doracods azalir.
yarigma gader olan masafodon asili oldugundan, miixtalif ka-
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THE DEPENDENCE OF THE RESOLUTION OF DIFFRACTION SYSTEMS
ON THE SCREEN DISTANCE

The dependence of the resolution of spectrometer systems on the distance between cylindrical mirror and output slit is investigated.
The experiment results show that the resolution of the system increases at the increase of the distance between mirror and output slit.
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3ABUCUMOCTbD PA3PEIIAIONIEN CHOCOBHOCTHU JU®PAKIIMOHHOW CUCTEMBI
OT DKPAHHOI'O PACCTOSIHUSI

HccnenoBana 3aBHCHMOCTB pa3pellaroniell CIIOCOOHOCTH CHEKTPOMETPHYECKON CHCTEMBI OT PACCTOSHUS MEXKIY LHIMHIPUYECKUM
3epKajoM U BBIXOJTHOM ILEIBIO.

Pe3ynpTaTel 3KCIEpPUMEHTa IMOKA3bIBAIOT, YTO C YBEIUYEHHEM PACCTOSHUS MEXIY 3€pPKaJoM U BBIXOJHOM IIENbIO IOBBIIIAETCS
paspemaromas CiocoOHOCTh CHCTEMBI.
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ETILPROPIONATIN OZLU AXINININ AKTIiVLOSMO
PARAMETRLORI VO TERMIK XASSOLORI

E.D. MOSIMOV, B.G. PASAYEYV, H.S. HOSONOV
Baki Doviat Universiteti, Az-1148, Z. Xaolilov, 23

K.D. HUSEYNOV
Azarbaycan Déviat Pedaqoji Universiteti, Az1000, Baki, U. Hacibayov, 34

Isdo etilpropionatin 300-500 K temperatur vo 5-50 MPa tozyiq intervalinda 6zlii axmin aktivlosmo parametrlori, istidon hocmin
geniglonms amsali va izotermik sixilma amsali hesablanmig, bu parametrlorin temperaturdan vo tozyiqden asili olaraq dayigmolori tshlil

edilmigdir. Alinan naticoler gdstorir ki, AH = 7(1), 48] = f(T),» ap=f(T), Vo Br=f(T), astliliqlarinda izobarlar, AH} = f(P)
A8y = f(P)» ap=f(P) Vo By

2

f(P), asilihglarinda iss izotermlarin uzantilar: bir ndqtads kasisirlar.

Etilpropionat propion tursusunun miirokkob efiridir, adi
halda soffafdir, kimya texnologiyasinin bir ¢ox saholorinds
totbiq olunur vo fordi mayelor qrupuna aiddir. Bu mayenin

tozyiq intervalinda otrafli sokildo todqiq edilmisdir [1] vo
homin naticalor hal parametrlorinin uygun qiymotlorinds 1 vo
2 sayl1 codvollordos verilmisdir.

sixlig1 vo dinamik ozliiliiyl torafimizdon genis temperatur vao |

Cadval 1
Miixtolif tozyiq vo temperaturlarda etilpropionatin dinamik 6zliiliiyii (7, mPa-san).
T,K | 5MPa 10 MPa 20 MPa 30 MPa 40 MPa 50 MPa
300 0,504 0,533 0,573 0,612 0,651 0,690
325 | 0,394 | 0,413 0,445 0,477 0,509 0,538
350 | 0,313 0,331 0,360 0,389 0,416 0,441
375 0,255 0,271 0,294 0,317 0,341 0,364
400 0,209 0,224 0,243 0,264 0,287 0,309
425 0,172 0,184 0,202 0,222 0,242 0,261
450 0,141 0,152 0,169 0,187 0,206 0,225
475 0,115 0,125 0,141 0,159 0,178 0,196
500 0,092 0,103 0,118 0,134 0,152 0,169
Cadval 2
Miixtalif tozyiq vo temperaturlarda etilpropionatin sixhgi (p, kg/m?).
T, K 5 MPa 10 MPa 20 MPa 30 MPa 40 MPa 50 MPa
300 886,4 891,2 900,3 908,5 915,8 9232
325 861,9 867,2 876,1 884,2 892,3 900,4
350 | 834,1 839,8 850,6 860,7 869,7 878,1
375 805,9 813,2 825,7 836,8 847,2 855,0
400 776,2 785,8 799,7 813,2 824.9 836,0
425 744.,0 753,7 772,7 788,8 802,8 815,1
450 708,0 721,6 745,0 764,4 780,6 794,6
475 669,5 687,9 716,5 738,8 757,0 773,8
500 624.,0 653,9 689,2 714,2 734,6 751,8

Tacriibanin xatas1 dinamik 6zliiliilik amsali (7) tiglin 1-
2%, sixliq (p) tgiin iso 0.05-0.07% olmusdur. Cadvallordon
goriinlir ki, maye etilpropionatin fiziki xassolori hal para-
metrlorindon ciddi sokilds asilidir.

Isdo qarsiya qoyulan mogsad genis tozyiq vo temperatur
intervalinda etilpropionatin (C,HsCOOC,Hs) 6zlii axinin ak-

tiviesmo parametrlorini (AG; . AH ), AS ;) istidon hacmin

genislonmo omsalmi (¢, ) vo izotermik sixilma omsalm ( S, )

tayin etmok, bu parametrlorin tozyiq vo temperatur asililigla-
rinda miisahide olunan ganunauygunluqglar1 miisyyenlosdir-
mok olmusgdur. Bu mogsadlo 5-50 MPa tozyiq vo 300-500K

| temperatur intervalinda etilpropionatin dinamik 6zliiliyiliniin

vo sixligmin giymelorindon istifads edorak, baxilan tozyiq vo
temperaturlarda 6zIlii axmin aktivlogmo parametrlori, istidon
hocmin genislonms vo izotermik sixilma omsallar toyin edil-
mis vo bunlara osason baxilan mayeds yaranan struktur xiisu-
siyyatlori tohlil edilmisdir.

Ozlii axinin aktivlosmo parametrlorinin toyini iisulu
[2, 3] islorinds atrafli verilmisdir.

Etilpropionatin 6zIlii axininin aktivlosmo parametrlorinin
miixtalif izobarlarmin temperaturdan asililiglart 1-3 sayli
sokillords gosterilmisdir.
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Sakil 1. Etilpropionatin miixtolif tozyiqlords 6zlii axini-
nin aktivlosmo Gibbs enerjisinin temperaturdan
asililigi.
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Sakil 2. Etilpropionatin miixtolif tozyiglords 6zlii axini-
nin aktivlosme entalpiyasinin temperaturdan
astlilig1

4-30 MPa, 5-40 MPa, 6-50 MPa.
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Sakil 3. Etilpropionatin miixtalif tozyiglords 6z1ii axininin aktivlosme entropiyasinin temperaturdan asililigi.
1-5 MPa, 2-10 MPa, 3-20 MPa, 4-30 MPa, 5-40 MPa, 6-50 MPa.

1 sayli sokildon goriiniir ki, etilpropionat ii¢lin tozyiqin

vo temperaturun artmasi ilo AG; artir. Ozlii axinmn Eyring

[4] va Frenkel [5] nozariyyslorina gora AG: molekulun po-

tensial ¢opori kegmasi {igiin goriilon isdir. Ehtimal etmok olar
ki, temperaturun artmasi ilo todqiq olunan mayedo potensial
¢opari agmagq istoyon molekullarin sayi1 artir. Homginin, tozyi-
gin artmast ilo potensial ¢oparin hiindiirliyii, temperaturun
artmas1 ilo iso potensial ¢oparin eni artir. Bu da maye mo-
lekullarinin potensial ¢apari kegmasini ¢otinlogdirir. Naticoda

AG; tozyiqdon va temperaturdan asili olaraq artir.

Qeyd edoak ki, 6zIii axinin aktivlesmos entalpiyasi ( AH ; )
mayeds yaranan doyismolori enerji baximindan, 6zIi axmin
aktivlogmo entropiyasi ( A4S : ) isa struktur baximimdan xarak-

teriza edir. Tadqiq olunan mayeds tozyiqden ve temperatur-
dan asili olaraq enerji vo struktur xarakteristikalarini miiay-

yanlagdirmak {iglin AH; :f(T)p, AS; =f(T)p Vo
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a7 = f(P)p. 47 = f(P)y asihhqlart tohlil edilmisdir
(sokil 2-5).

Sokil 2-don goriiniir ki, hor bir izobar {ligiin temperatur
artdiqca AH: artir, hom¢inin AH :; =f (T )P asililiginda

hor bir izobar1 xarakterizo edon xatlori bir noqtods kasisirlor.
#*
n

oP

Demoli, kosismo ndqtasindo = () olur. Etilpropio-

T
AH . . .
nat iigiin bu néqts 7, 7 ~ 320K qiymstind uygun galir. Hom-

¢inin miloyyon olunmusdur ki, etilpropionat {igiin tozyiqin elo

#

OAH "
orT

qiymeti var ki, ( J =¢ olur (sokil 4). Bunu
P

AH ; =f (P)T asililiginda hor bir izotermi xarakterizo edon

xatlori ekstrapolyasiya etmoklo tapmaq olar. Etilpropionat
#

A4H.
liglin bundqts P, 7 ~ 86 MPa qiymating uygun golir.
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Sakil 4. Etilpropionatin miixtolif temperaturlarda 6zI1i
axminin aktivlogsmo entalpiyasinin tazyiqden
asililig.
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Sakil 5. Etilpropionatin miixtalif temperaturlarda 6z1i
aximinin aktivlosma entropiyasinin tazyiqden
astlilig.

1-300 K, 2-325K, 3-350K, 4-375K, 5-400K, 6-425K, 7-450K, 8-475K, 9-500 K.

Todgiqgatlar naticosindo mioyyon olunmugdur ki,

AH] = f (T)p vo 4H b=r (P)T asililiglarinda miisahido
olunan qanunauygunluglar 4s; = £(r)p vo AS7 = £(P)y asi-
liliglarinda da miisahido olunur (sokil 3 vo 5). Belo ki, hor
todqiq olunan maye ligiin AS; =f (T ) p asililiginda hor bir

. . as7 . .
izobar1 xarakterizs edon xatlor 7, 7 ~ 300K ndqtosinds kasi-

sirlor. AS,T =f (P)T asililiginda hor bir izotermi xarakterizo

. . . o AS) N
edon xatlar isa etilpropionat tigin P, 7 ~ 86 MPa ndqtesindo

kosisirlor. Gériindiiyii kimi, baxilan maye iigiin ]3;‘”'7 = PZ‘S’T

olur.

Isdo etilpropionatin istiden hocmin genislonmo vo
izotermik sixilma omsallarinin tozyiqden va temperaturdan
asililiglart da todqiq olunmus, homginin 06zl axinin
aktivlosmo  parametrlori  ilo  miiqayiso  edilmisdir.
Termodinamikadan molumdur ki, istidon hocmin genislonmo
va izotermik sixilma amsallari

1(81/] 1(8,0)
a,=—|—| =——| L& (1)
vier ),  pler),
1(oV 1(op
= —— — = —| — 2
Pr V(aP]T p(anT ()

(1) vo (2) diisturlari ilo hesablanir [6]. Bu diisturlarla « ,
vo f3,-ni hesablamagq iigiin, uygun olaraq, har bir izobar {igiin

p(T):ao +a,T+a,T’ vo hor bir izoterm igiin iso
p(P) =b,+b,P+b,P’ asiih@ qurulmusdur. Yazilmis

! polinom tonliklors daxil olan a,,a,,a,,b,,b,,b, sabitlori
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Bu
polinomlart yuxaridaki tonliklorde nozors alsaq, o, vo [, -

riyazi optimallasma metodu ilo toyin edilmisdir.

ni hesablamaq ti¢lin agsagidaki ifadslori alariq:

ap = —i(al +2a2T)

4)
o)
1
ﬁp = ;(b1 + 2b2P) )

Etilpropionatin istidon hacmin geniglonma vo izotermik
sixilma omsallarin miixtalif izobarlarinin temperaturdan
asililiglart 6-7 sayli sokillordo, miixtolif izotermlorinin toz-
yiqden asililig1 iso 8-9 sayli sokillords gostorilmisdir.

Sokil 6 vo 7-don goriiniir ki, AS] = f (T) asiliiginda
oldugu kimi, ¢, = £(T), vo 3,

P

f (T )P asliliginda tempe-

raturun elo qiymoti var ki, ham (‘%‘Pj —¢ Vvo ham do
oP ),

oP
musdur ki, temperaturun bu qiymoti 7 ~ 7% ~ 7 ~ 300K -
dir. Sokil 8 vo 9 osasen ehtimal etmok olar ki, AH : =f (P)T
vo AS] = f (P), asihihglarinda oldugu kimi, a, = f(P),

vo fB.=F1 (P)r asililiglarinda da miixtolif izotermlorin

uzantilar1 bir ndqtodo kasisirlor. Goriiniir etilpropionatin
maye fazasmim 6zIii axminin aktivlosmo parametrlorinin va
termik xassolorinin belo saciyyavi xarakteri imumi bir osasa
malikdir, bu iso bir ¢ox masalalords 6ziinii gostorir.

(aﬁTj = olur. Tadgigatlarimiz naticasindo miioyyan olun-
T



ETiLPROPIONATIN OZLU AXINININ AKTiVLOSMO PARAMETRLORI VO TERMIK XASSOLORI
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Sakil 6. Etilpropionatin miixtolif tozyiglords istidon
hacmin genislonmo omsalinin temperaturdan asililig1.

1-5MPa, 2-10 MPa, 3-20 MPa, 4-30 MPa,

Sakil 7. Etilpropionatin miixtslif tozyiqlords izotermik

sixtlma amsalinin temperaturdan asililig1.
5-40 MPa, 6-50 MPa.
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Sakil 8. Etilpropionatin miixtalif temperaturlarda istiden
hacmin genislonmo omsalinin tozyiqden asililig1.
1-300 K, 2-325K, 3-350K, 4-375K,

Sakil 9. Etilpropionatin miixtalif temperaturlarda

izotermik sixilma amsalinin tozyiqden asililig1.

5-400 K, 6-425K, 7-450K, 8-475K, 9-500 K.

[11 K/ I'yceiinos. Joxtopckas muccepranus. baxy-1979. [4] C. I'neccmown, K. Jletionep, I'. Dupune. Teopus abco-
[2] E.O. Moasimov, H.S. Hasanov, B.G. Pasayev, N.H. JIIOTHBIX cKopocTeil. M.: M3a-Bo mHOCTp. nut., 1948.
Hoasanova. Ozlii axinm aktivlosmo parametrlorinin to- 600 c.
yini {isullari. Baki Universitetinin Xabarlori, fizika- [5] AH Dpenxeno. Kunerndeckas Teopus XKHUIKOCTEH.
riyaziyyat elmlari seriyasi, 2005, Ne 2, s.138-150. WsnatensctBo «Hayxa» JleHuHrpanckoe OTAEIEHUE.
[31 K.D. Hiiseynov, B.G. Pasayev, ©.M. Quliyev. Metil- Jlenunrpan 1975, ¢.221-235.
propionatin 6zlii axininin aktivlosmo parametrlori vo [6] b.II. Huxonvckuii, HA. Cumupnosa, M.FO. Ilanos,

struktur xiisusiyyatlori. AMEA-nin Xaborlori, fizika-
riyaziyyat vo texnika elmlori seriyasi, fizika vo astro-
nomiya 2008, Ne 2, 5.117-120.

H.B. Jlymyeuna, B.B. Ilanvuesckuii, A.A. Ilenoun,
@.A. benunckas, O.K. Ilepsyxun, A.K. Yapvixos. Ou-

3udecKkas Xumus. JICHMHTpa U31aTeIbCTBO « XUMUS»,
1987., 880 c.

E.A. Masimov, K.D. Huseynov, B.G. Pashayev, H.Sh. Hasanov

THE ACTIVATION PARAMETERS OF VISCOUS FLOW AND THERMAL PROPORTIES IN
ETILPROPIONAT

The dynamic viscosity and density of etilpropionate has been studied at the temperature interval from 300 K to 500 K and pressure

range from 5 MPa to 50 MPa. The activation parameters and thermal coefficients of viscous flow are calculated on the basis of obtained date.
The obtained results show that isobars in dependences AH; =f (T)P, AS; = f(T)p’ a,=f(T), and B, = f(T ), and isotherms in

f(P)T, a48; = f(P)T, a,=f(P), and B, = f(P), intersect each other at some points.

dependences AH ;
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J.A. Macumos, K.JI. I'yceiinos, b.I'. [lamaes, I'.I1l. "'acanos

AKTUBAIIMOHHBIE ITAPAMETPBI BA3KOTI'O TEYEHUS 1 TEPMUYECKHUE CBOMCTBA
STUWINPOIIMOHATA

B pabote n3ydeHo tuHAMUYECKasi BSI3KOCTh U INTOTHOCTH STHINPONHOHATa B nHTepBaje Temmepatyp 300-500 K u maBnenun 5-50 MIla.

Ha ocHOBe MOJIyYEHHBIX TAHHBIX OBbLIM BBIYUCICHBI AKTUBAIMOHHBIC ITAPaMETPhI BA3KOTO TEYEHHS M TEPMHUYECKHE KOIPPUIMEHTHI.
# #* — j—
[onmy4yeHHBIE pe3yabTATHI MTOKA3BIBAIOT, YTO HA 3aBHCUMOCTSAX AH,] =f (T)P, A8 :f(T)P’ a,=f(T), n B, =f(T), uzobapsi, a

Ha 3aBUCUMOCTSIX AH; =f (P)T, AS; = f(P)r’ a, = f(P )r u ﬁr =f(P )T HU30TEPMBI IIEPECEKAIOTCS B ONPEACICHHBIX TOYKaX.

Received: 02.07.08
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THE INFLUENCE OF THE SUBSTITUTION OF CALCIUM BY ZINC ON THERMAL
CONDUCTIVITY AND THERMAL POWER OF Bi,Sr,Ca;Cu3;Ox

V.M. ALIEV, S.S. RAGIMOYV, R.I. SELIM-ZADE, AN. MAMMADOVA
H.M. Abdullayev Institute of Physics NAS of Azerbaijan,
Baku-1143, H. Javid av., 33

It was investigated the influence of Ca substitution by Zn on the thermal conductivity, thermal power, spesific resistivity of
Bi,Sr,Ca,Cu;0x in the 70-300K temperature interval. It was established that the Ca substitution by Zn leads to increase of lattice thermal
conductivity and conductivity type from (+) to (-). It was shown, that these chances are stipulated by improvement of quality of

Bi,Sr,Zn,Cu;0, ceramics.

Despite of the reached successes in research of HTSC,
search of materials though in what that, surpassing existing
still proceeds. One of ways of reception of new materials is
replacement of one of complex component HTSC, other
analogue. Therefore, in the presented work in
Bi,Sr,Zn,CuzO system full replacement of atoms Ca by
atoms Zn is made.

With the purpose of finding-out of efficiency of
replacement of atoms Ca by Zn in Bi-based HTSC system it
was carried out research of factor of thermal conductivity and
electric properties of new structure 2223 with initial system.

Thermal conductivity is one of the most sensitive physical
properties not only to structural changes of a crystal, but also
for various types of defects in them. As defects in HTSC
there can be deviations from stechiometry, borders of grains,
dispositions isotopes and others of heterogeneity. Is known
also that in HTSC materials, especially in ceramics, in view
of absence in them of strict crystal structure and presence of
high concentration of defects, free length of phonons is
slightly change in wide temperature interval.

The thermal conductivity was measured by a stationary
method in cryostat, allowing to spend measurement in an
interval 2-300K.

As in the 150-300K interval the thermal conductivity in
HTSC possesses rather low value it is necessary to enter the
amendment on the losses of heat radiated from a surface of
the sample and the heater, and also bringing assembly wires.
The technique of the account losses on radiation is based on
the theory of thermal radiation of an absolute black body. The
given technique is developed in work [1] for bodies of grey
color and approved in [2]. According to it the thermal
conductivity k was calculated by:

W-¢ 1
k = -
AT
where W=IU-capacity of a heater, S-cross-section of the
sample, /-distance between thermocouples, AT is a difference

of temperatures between the top and bottom thermocouples,
e=Q . 4 + Q. warmly, radiated by a lateral surface of

S

the sample and a heater, and also outflow by bringing wires.
Quaq 18 calculated under the formula:
4
T, ) G}

Qrad = {Ssam (T:v - T: )+ Sheat (T

Where Sg,—is the area of lateral surface of sample, Sy 1S
area of a surface of a heater, T = (T, + T,) / 2 -is an average
temperature of the sample, T is temperature of a casing of the
device,T, — is temperature of a heater, c=Aog- is factor of

4 —
heat
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emission of the sample for a grey body 6,=3,45.10 W/cm.K —
of Stephan-Bolsmann constant.

Outflow of heat from bringing wires takes place at all
temperatures and is defined by the formula: AQ= kSAT/I,
where k-thermal conductivity of thermocouples, the S-area of
cross-section, l-length of wires from the sample up to the top
part of volume of a casing, AT-difference temperature
between the sample and a casing of the device.

1,4-
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2
= 13-
-
E
")
1,21 l\.\.\. 2
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Fig.1. The temperature dependences of thermal conductivity:
1- BizSTzCﬁzCU;OX, 2- BizSI'zZIlzCll}OX.
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Fig.2. The temperature dependences of specific resistivity:
1- BizSI‘zCﬁzClhO)@ 2- BiszzZIlzCU3OX

The calculations have shown, that the maximal losses
connected with radiation at 7=300K for the investigated
sample reaches 15-20 %, and outflow on wires does not
exceed 3-4 %. The Fig.1 show the temperature dependences
of lattice k above described amendments, and the fig.2 show
specific resistance of the investigated samples respectively.
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Fig.4. The temperature dependences of thermal power:
Fig.3. The temperature dependences of electronic thermal 1 - Bi,Sr,Ca,Cu;0x, 2- Bi,Sr,Zn,Cu;Ox.
Conductivity: 1- BizSTzCﬂzCU;OX, 2- BiszzZIlzCll3OX

. .. The increasing of lattice thermal conductivity of
.The electromp part Of. thermal conduct1v1ty k. has been Bi,Sr,Zn,CusO, gives the basis to conclude, that full
estimated according to W1demann-Fran‘Fs relation (k = LT/p) replacement of atoms Ca by Zn reduces concentration of
by the. account Of a degree .degeneratlon and the electron defects and improves quality of Bi-based HTSC. It testify
scattering mechanism at which Lorenz’s number accepted 145 the fact of change of a sign of S from hole conductivity

Ee.lhée é,&clogh(rln.K. The calczla:;u;ns he(llvg s}ilp\évn,zthzg kcom on electronic and removal of degeneration of charge carriers.
1251202l U0y does not excee 0, and I Bsh A3y, It is necessary to note, that in the literature exists different

it is insignificant is small (fig.3). These data give' the basis to representations about value and a sign of thermal power in
accept k(T) for temperature dependence lattice thermal the Y-, Ta-, Bi and Hg-based cuprates [3]. In particular it is
conductivities. From fig.3 it is visible, that in bismuth HTSC . di cat’e d €hat negatively charged CuO-planes cause hole
with Ca k(T) slightly d epends on temperafure, whereas it conducti\;ity, and positively charged BiO-planes cause
shoul}il decrease proport(;onallg k~T. £ th 1 ¢ electronic one [3]. In [4] the authors consider, that the value
Bi The temperatl(lir%. ep;n ences of ermezi ) p?Wtzr : and sign of S are defined, basically, not number of CuO-

1SrC a]g.u 3OXZan 121, hnz(}::ho" 11 s presenteh 0 HgA- AS planes, and concentration of charge carriers in these planes
seen, in BirSrZnyCuz0y the thermal power S has a positive 14, Oyr data give the basis to consider, that the replacement

sign and has small value, with decrease of T it slightly ¢, o) 7y Jeads to a formation of donor levels. Certainly, it is
increases and at phase transition (PT) sharply falls up to S=0. g;e5.11¢ o indicate on a concrete element creating such

In the sample with Zn value S is more, than in the sample levels, but it is possible to believe, that it is caused by some

with Ca, also has n-type of conductivity, with decrease of T' 4o iiation from stoichiometry such complex structure of Bi-
the S decreases and at PT also falls up to S=0. These data based HTSC

indicated on strong degeneration of holes in Bi,Sr,Zn,Cu;0;,

X Authors acknowledges to prof. S.A.Aliev for interest to
it leads to metal temperature course of S (T).

work and useful discussions.
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[2] S.A. Aliev, U.H. Suyunov, M.1. Aliev. FTP, (1973), Ne7, p-1821-1830.
p-2024. [4] H.J.Trodahl, Phys. Rev. B., (1996), v.51, Ne9, p.6175.

V.M. 9liyev, S.S. Rohimov, R.i. Salimzada, A.N. Mommadova

KALSIUMUN SINKL® 8V9Z EDILMOSININ Bi,Sr,Ca,Cu;0x -DJ
ISTILIKKECIRMOY®O VO TERMOE.H.Q. TOSIRi

70-300K temperatur intervalinda kalsiumun sinklo avaz edilmosinin Bi,Sr,Ca,CuzOx-do istilikkegirmayo, termoe.h.q.-no vo xiisusi
miigavimots tosiri dyronilmisdir. Gostorilmisdir ki, Ca-un Zn ilo avoz edilmasi naticosindo materialin istilikkegiriciliyi artir va kegiriciliyin
isarasi (+)-dan (-)-3 kegir. Toyin edilmisdir ki, alinan naticalar Bi,Sr,Zn,Cu;Ox keramikasinin keyfiyyatinin yaxsilasmasi ils alagadardir.

B.M. AnueB, C.C. ParumoB, P.H. Cenum-3ane, A.H. MamenoBa

BJIUSAHUE 3AMEINEHUS KAJIBLHUS IIMHKOM HA TEIIJIOITPOBOAHOCTBb U TEPMOJ/IC B
Bile‘zCﬂzCU30x
IIpoBeneHo mccnenoBaHne BIMSHUS 3aMEIICHUS Kalnblus OUHKOM B Bi,Sr,Cay,Cuz;Ox Ha  TEIIOMpOBOTHOCTB, TEPMOSC U YACIBHOE
compoTuBieHne B HHTepBane Temmeparyp 70-300K VYcranosieno, uto 3amemenne Ca Ha Zn NPHBOAWUT K MOBBIIICHUIO PEIIECTOYHON

TEIUIONMPOBOJHOCTH M K CMEHE 3HaKa mpoBoauMocTH oT (+) Ha (-). [lokazaHo, 4TO 3T U3MEHEHHS O0YCIOBJICHBI YIyYIICHHEM KayecTBa
BHCMYTOBBIX KepaMuK Bi,Sr,Zn,CuzOy.

Received: 08.07.08
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HALL EFFECT AND CONDUCTIVITY IN POROUS SILICON WITH LOW POROSITY ON
THE BASE OF Si<As>

H.A. HASANOV
H. Aliev Academy of Ministry of National Safety

The investigation results of temperature dependences of specific resistance and Hall coefficient of mesoporous silicon with low
porosity, formed on the base of Si<As> are given in the present article. The formulas of double-layer Petritz model are used at calculations.
The obtained results are analyzed in the in the framework of theory of effective medium, which allows us to consider the materials with

foreign inclusions in matrix.

Introduction

Hall effect is the classic method for data accessing about
concentration of charge carriers in the semiconductors [1]
and that’s why its use for investigation of porous silicon (PS)
is reasonable. There are only two works, in which the
measurement of Hall effect in porous silicon [2, 3] is
mentioned, are known in World. The detail description of
experimental data is absent in these two works and that’s why
it is hard to agree with some conclusions of authors. The
main difficulties at Hall effect measurement in PS are
connected with its high specific resistance and necessity to
take into consideration the substrate short-circulating effect,
especially that’s why this method has not found such wide
application for the investigation of porous structures.
However, as our investigations show, Hall effect can be
effectively used for the investigation of low-resistance layers
of porous silicon. The aim of the given paper is the
investigation of Hall effect and electrical conduction of
mesoporous silicon with low porosity (5-30%) on the base of
Si<As>.

14—

px10'3,ﬂ—cm 5

13-

11~

300 a0 340

Experimental part

The measurements of Hall effect and conductivity are
carried out by potentiometer on double-layer PS/silicon
substrate structures (fig. 1) on direct current with the use of
commutation of electric and magnetic fields at the value of
magnetic field 0.3+0.5 T in temperature interval 290-380K.
PS, formed on substrates KES-0.01 with electron
concentration n=10" cm™ of orientation (111) is used for
investigations. The anodizing is carried out in 46% water
solution HF at current density 10+20 mA/cm®.
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Fig. 1. The image of double-layer PS/silicon structure for
measurement of Hall effect [3].
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Fig. 2. a — temperature dependences of specific resistance for initial silicon (1) and double-layer structures (2-5), obtained at

j=10mA/cm? for ¢ a-2-20,3-30,4-40,5 - 60 min.; b — linear volt-ampere characteristics of contacts: 1- j=10mA/cm?,

1,=10min., 2 - j/=10mA/cm?, £,=50min.

The time of anodic treatment varies in the limits 20+60
min. The practically linear dependencies of layer thickness of
PS on treatment time and weight porosity on thickness of
porous layer are observed under these conditions. PS layers
have the thickness 10+90 mcm and weight porosity 5-30%.
The plasmachemical elimination of surface amorphized film
is carried out for improvement of contact ohmicity and
decrease of value of transient resistance. The indium test
contacts for measurement of Hall effect and specific
resistance are covered on PS surface by mask. The contact

[ ohmicity is proved by Koh-Streck method, the values of
transient resistances are 0.7+2.1Q-mm.

The typical dependencies of specific resistance p of
double-layer structures in temperature interval 290-380K are
given on the fig.2,a; the temperature dependence of specific
resistance for initial silicon is also given here. As it is seen
from this figure, the similar temperature variations p(7) for
investigated samples and monocrystalline silicon is observed
and increase of specific resistance values of double-layer
structure at increase of anodic treatment time takes place. The
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temperature change of Hall coefficient Ry for investigated
structures is shown on the fig.3,a. Moreover, temperature
dependences Ry(7) for double-layer samples have similar
change character in the comparison with monocrystalline
silicon; the values of Hall coefficient for all samples are in
narrow band of values (1.1+1.7)-10-6m°/C, shown on the

a

-
-
e -
-
e
-

6

M3

-
-
-
-y
bl
Lol I S,

1 1 L 1 L
300 320 30 TR 360 380

fig.3,a. Any change regularity of Hall coefficient in the
dependence of regimes of electrochemical working is absent
inside this band. Moreover, the experimental values R also
fill the given band of values for double-layer samples,
obtained in similar technological conditions and for samples
of monocrystalline silicon from different plates.
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(0ps fP1as b 2
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Fig. 3. a —typical temperature dependences of Hall coefficient for initial silicon (1) and double-layer structures (2-4),
obtained at: 2- j/=10mA/cn?’, £,=40min.; 3- /=10mA/cm?, 1,=30min.; 4- j=10mA/cm?, ¢,=60min.; b — dependence of ratio
Prs/puson PS film thickness for different j: 1 - 10mA/cm?, 2 - 20mA/em®.

Discussion of obtained results

The traditional calculation methods of layer
electrophysical parameters, consisting in double-layer
structure [1] are used for treatment of obtained results. The
experiment cycle on layerwise elimination of substrate
material simultaneously with Hall measurements is carried
out in order to more reliably eliminate the influence of silicon
substrate. It is established, that the changes of concentration
and mobility of charge carriers in the comparison with initial
silicon don’t take place in the volume of substrate KES-0.01
itself at given treatment regimes. That’s why the parameters
of one layer (silicon substrate) in double-layer structure are
taken as equal ones for initial silicon at following
calculations. It is known, that porous silicon, obtained in
close regimes on silicon, strongly doped by arsenic, has the
columnar structure [4, 5] with pore diameter of Snm order.
That’s why the two-phase model of porous silicon layer,
consisting of monocrystalline matrix-frame (phase 1) and
cylindrical empty places, perpendicular to surface (phase 2) is
put in calculation formulas.

The formulas of double-layer Petritz model [1] are used
at calculations:

- cd, +0.d, W
—d ,
6’dR, +c°dR
u — K s* " Hs v v Hv’ (2)

(GSdS + Gvdv )2

where Ry is Hall coefficient for upper layer (porous silicon),
o, is electrical conduction of upper layer (PS), Ry, is Hall
coefficient for lower layer (silicon substrate), o, is electrical
conduction of lower layer; d;, d,, d are thicknesses of upper,
lower layers and whole structure, correspondingly. In
formulas (1) and (2) Ry and o are Hall coefficient and
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conductivity correspondingly for whole double-layer structure.
The measurement results on silicon substrates, crude in
electrolyte are used in the capacity of data for the layer of
monocrystalline silicon.

The calculations show that PS specific resistance value is
bigger in 1.1+1.6 times than specific resistance of initial
silicon substrates in measured double-layer structures. This is
shown on the fig.3,b, where the ratios of specific resistances
of PS and monocrystalline silicon (ops/pous) are given for two
densities of anodizing current for investigated interval of PS
thicknesses. As it is mentioned above, the porosity of
investigated samples is almost proportional to PS thickness,
so the ratio of specific resistances should increase with
increase of porosity value by the law, which is close to linear
one. The obtained results are analyzed in the framework of
theory of effective medium, which allows us to consider the
materials with foreign inclusions in matrix. If PS is
considered as monocrystalline frame (with conductivity ojys,
value of Hall coefficient Ry and mobility of carriers z4s),
penetrated by cylindrical non-conducting empty places, then
conductivity ops,, Hall coefficient Ryps and mobility zpg of
such heterogeneous system depend on porosity value. We
have the following relations:

_ SOus (I_P) 3)
s I+P
RHPS = RHMS’ 4)
Uy —P
Kes =—Mj(+ 5 ) 5)

at cylindrical spaces of arbitrary cross-section, the axes of
which are perpendicular to electric field and parallel to
magnetic one in the framework of theory of effective medium [1].
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The analysis of experimental results with the help of
formula (3) shows, that experimentally observed law of the
increase of PS specific resistance on the increase of porosity
value enough well corresponds to theoretical statements of
theory of effective medium. This is shown on the fig.4, where
theoretical and experimental data in the porosity interval 5-
30% are presented.

. ,i=20rm’-‘x,-'{cm2

2k
=¢=j=lﬂrn}‘1}'rcm2
o j=5m.t’-‘x,-'fcm2

5]

=

[o S

S

4

(=R

1k

0 . . .

10 B 20 30

Fig. 4. The theoretical and experimental dependencies
Prs/pus =f(P) for investigated samples. The points are
experimental values; line is theoretical dependence in

the framework of theory of effective medium.

Thus, analysis of experimental results on measurement
of Hall effect and specific resistance of structures with porous
layers shows that all changes of specific resistance of double-
layer structures on the base of KES-0.01 can be explained by
the formation of unconducting empty places in silicon

without formation of depletion regions round pores and
without concentration change of charge carriers in silicon
frame. The calculations of Hall coefficient for double-layer
structures (f.2) at the condition of concentration constancy of
charge carriers in PS matrix at observable increase of
resistance of porous layer in 1.1+1.6 times prove about the
fact that changes of Hall coefficient shouldn’t exceed the
value of measurement experimental error Ry, that explains
the observable effects (fig.3) at carrying out of Hall
measurements. Note, that absence of depletion in PS,
obtained on strongly doped substrates of n-type, is also
mentioned by Andersen [6] on the base of capacitance
measurements at the use of substrates, doped by phosphorus
(0.003+0.005 Q-cm).

Conclusion
1. The value of PS specific resistance in measured
double-layer structures is bigger in 1.1-1.6 times,

than the specific resistance of initial silicon
substrates.

2. The ratio of specific resistances of porous structure
and substrate increases with the increase of porosity
value on the law, closed to linear one.

3. Hall coefficient value for all investigated samples
are in small interval of values (1.1 — 1.7)-10° m’/C.

4. Any regularity of the change of Hall coefficient is

absent in the dependence on the regimes of
electrochemical treatment.

[1] E.V. Kuchis. 1990 Galvanomagnitnie effekti i metodi
ikh issledovaniya. (Moscow, Radio I svyaz) s. 264. (In
Russian).

M.N. Preobrajenskiy, S.P. Zimin, D.S. Zimin. 1998.
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H.9. Hasanov

AZMOSAMBOLI Si <As> OSASINDA FORMALASDIRILMIS MEZOMOSAMOLI SiLiSIUMDA
HOLL EFFEKTI VO ELEKTRIK KECIRICILiYi

Toqdim olunmus isdo azmosamoli Si <As> ssasinda formalasdirilmis mezomosamoali silisiumda Holl effekti vo elektrik kegiriciliyinin
temperatur asililiglarinin todqiqginin naticalori verilmigdir. Hesablamalar Petrits diisturlarinin komoayilo aparilmigdir. Alinmis naticalor
materiali matrisdo yad qosmalar olan materiallardaki proseslori izah eds bilon effektiv miihitlor nazariyyasi ¢orgivasinda tohlil edilmisdir.

I'.A. T'acanoB

3®PEKT XOJLJIA M ITIPOBOJIMMOCTD B ME3OIIOPUCTOM KPEMHHMM C HU3KOM MIOPUCTOCTHIO
HA OCHOBE Si<As>

B mpencraBnenHoi paboTe NMpUBENEHB! Pe3yNbTAThl HCCIICHOBAHMI TEMIICPATYyPHBIX 3aBHCHUMOCTEH YIEIBHOIO COIpPOTHUBICHUS M
ko3¢ ¢urreHTa Xoiia Me30IMOPUCTOTO KPEMHHSI ¢ HU3KOH MOPHUCTOCTHIO, CHOPMHUPOBAHHOTO Ha OCHOBE Si<As>. Brrumcienus nposeneHs!
Ha OCHOBe ABYyXcioitHoi Moxenu Ilerpuna. [lomydeHHble pe3ynbTaThl IPOAHAIN3NPOBAHE! B PaMKax TeOpHH 3()(EKTUBHOM Cpesbl, KOTOpas
M03BOJISIET HAM PacCMaTpUBATh UCCIIEAyeMble 00BEKTHI KaK MAaTepUalIbl C HHOPOIHBIMHU BKIIOYCHHUSIMH B MaTPHILIE.
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In the paper “Development of high - accuracy ground system for registration of airglow” features of measurement of intensity of airglow

with compensation of background signals are considered.

The method of emission delta spectroscopy allowing full separate compensation of effects of fine — and coarse fractions of aerosol to the
results of held measurements is proposed. The possibility of high accuracy ground measurements of anormal emission of atmosphere in fixed
wavelengths is also considered. The method of differential optical emission spectroscopy, realization of which allows to carry out such

measurements is described.

1. Introduction

Natural or artificial illumination of atmosphere, i.e. gases,
existing in upper layers of atmosphere at heights more than
70 — 80 km is important component of total radiation of the
sky at night. The night radiation of atmosphere besides
continual spectrum also contain the emission lines of oxygen,
hydrogen, natrium, and molecular lines of hydroxyl, oxygen,
monoxide of carbon, ozone, water, nitrogen oxides.

The illumination of atmosphere is only one part of
existing atmospheric light energy, because there are also
illuminations of stars, zodiac light and scattering day light of
the Sun. The spectrum of atmospheric illumination includes
wavelengths beginning from 10004 as far as 22,5 mcm. The
main line of emission of atmosphere — on wavelength - 4
55774, appears at heights 90 — 100 km, within layer having
width 30 — 40 km. Generation of such illumination is
conditioned with Chapman mechanism, based on
recombination of oxygen atoms. Emission lines at
wavelength 63004 appear in the case of dissociating

recombination of O, . There are also illumination of nitrogen

at wavelengths 5198/52014 and 5890/58964. In general, all
indications of natural anormal radiation of atmosphere linked
with processes of energy transfer and magneto — ionospheric
disturbances, being reaction to non — equal entry of energy
from top (solar radiation, particles, etc.).

At low and equatorial latitudes the strong electro
dynamically related events happen due to unique geometry of
magnetic force lines. At upper latitudes the upper atmosphere
is electrically linked with magnetospheric currents.

During magnetic storms, links between different latitude
sided becomes more indicative and during this period a
significant part of energy and moments transfer from upper
latitudes to the lower latitudes by the help of moving
ionospheric disturbances, gravitation waves, etc. take place [1].

One of important and useful methods for research of
dynamics of upper atmosphere is measurement of airglow
and auroral illumination of atmosphere. Intensity of emission
at various latitudes and heights depends on volume depth of
different factors causing these illuminations. In its turn, these
factors are situated in dynamic processes effected by such
factors as gravitation waves, winds, temperature, etc.

34

2. Formulation of problem

During last decades a large number of satellite and
ground measurements of night illumination of atmosphere
was carried out.

As it is noted in [2], the accurate comparison of data,
obtained from various platforms frequently may be fulfilled
only in cases, if these data is linked with general coordinate
system. This task mat be solved using geographic
coordinates. Possibility of accurate registration of
atmospheric airglow using ground and satellite methods and
calculation on this basis the location of source of radiation is
of fundamental importance from view — point of general
scientific usefulness of data on optical anormal radiation of
different origin.

As it is noted in [2], commonly almost half of results of
airglow measurements have low quality due to partly or full
cloudiness. The direct lunar radiation leads to insignificant
losses of information, bit if aerosol exists, the scattered lunar
light way cause serious problems, especially during
registration of weak illuminations.

But during research of illumination of airglow at coastal
regions is should be taken into account, that coarse fractional
part of aerosol acting more effectively in UV and visible
spectral bands may significantly decrease authenticity and
reproducibility of results of triangulation carried on the basis
of ground measurements data. Therefore, removal of effect to
results of ground measurements of anormal atmospheric
radiation is most important and actual task from view — point
of global research of airglow.

2.1. Method of emission delta spectroscopy

Now we describe basic principles of suggested method of
emission delta spectroscopy for measurements of anormal
atmospheric illumination at coastal regions.

Let is consider the case of anormal atmospheric

illumination at wavelength A, (fig. 1). At the considered
wavelength band (UV or visible part of Solar spectrum) the

total optical depth of atmosphere consist of such components
as molecular scattering, molecular absorption, and aerosol
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absorption. As it was shown above, the temporal non —
stability of coastal aerosol leads to non — accuracy and losses
of reproducibility of measurements results, which in its turn
leads to errors of spatial localization of illuminated zones,
and also places of reasons caused them both on the Earth and
Atmosphere. We can show, that when estimating the
intermediate parameter [nZ, where Z- conditional

dimensionless value of ratio of three signals, determined on
following formula, the appropriate choosing of wavelength

A, may lead to compensation of effect of non — stability of
aerosol to accuracy of localization.

)_lnl(ﬂ,)+lnl(ﬂ3).

InZ=InI(2, .

(1

It should be noted, that I(4,),7 (/11 11(4,)are to be
determined on the basis of Bouger — Beer law as follows:

1(4)=1,(4,

i

Je = i=13, @

where 1,(4,)
(/1,.), izl,_3; m - optical mass; 7y (ﬂ,l.) - total optical depth

of atmosphere, determined as follows:

- value of Solar constant at wavelengths

Ty =0y +7,+7,, 3)
where z'; - partial optical depth of atmosphere, indicating
such effects as molecular scattering, molecular absorption

and aerosol scattering; 7,- optical depth of coarse

component of atmospheric aerosol; 7, - optical depth of fine

component of atmospheric aerosol.
i
& I(A)

1A

Az

[P U — i

AI /13 A
Fig. 1. Main parameters effected to accuracy of measurements
of illuminations at wavelength A;, A;,and 4;.
Functions 7, =@, (/1) and 7, =0, (/1) are conditionally

shown in fig. 1. In this case the task of research may be
formulated as follows: Upon given functions 7, =@, (ﬂ);

T.=0, (/1), and known values of A, and A, we should find
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out such a value of A, , upon which the value of z would

not depend from parameters 7, and 7., ie. full

!
compensation of aerosol error were achieved.

To solve the above formulated task, first of all we should
transform the formula (1) as follows:

1(4,)

f1,()1,02,)

Taking into consideration of equations (2), (3) and (4) we
can find out the condition of full separate compensation of

7, and 7,.

(4)

7, (/11);@ @), (). )
rc(ﬂ,);n(ﬂs)zn(ﬂz) (6)

Here we note, that the basic principle of aerosol’s
physics used as basis for formulas (5) and (6) is that fine and
coarse fractions of aerosol have different origins and
practically zero inters fractional correlation.

Using formulas (5) and (6) we can obtain following

equation:
7, (A)+7,(4) _7,(4)

ACEACHERACN

From equation (7) we can find out the formula calculation
value of 7, (/11 ), which would provide full separate

(7

parametric compensation:

_ T, (ﬂ“z )lrf (/11 )+ Ty (/13 ) J

7,(%)

Therefore, the formula (8) makes it possible to calculate
Tl (/11), which would provide compensation of aerosol

—rc(/13).

Tc cal (ﬂ’l )

errors. But in real case the coarse fraction has its own real
function 7, (/”L) and within context of this article this

function cannot be changed. As a result, the value of
wavelength 4, may be calculated using following equation:

TR =7, (2).

Solution of equation (9) in regard of A, is illustrated in

=T

— Yepre

€))

fig. 2. Results of experimental measurements of 7, and

7., are given in Table 1.

Table 1
Tf re Tc re
A 0,85 031
Az 0,44 0,23
s 03 0,21
Ay 0,53 0,27

Taking into consideration the data given in table 1, the
equation (8) allows to carry out following calculations
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0,23|7,(4,)+0,3]
0,44

Tc cal (ﬂ'l ) =
If 7,(4,)=085 we have 7,,,(4,)=0,39.

T
08 1T

04T

,___________________
(N [ —

'
'
'
|
'
'
|
'

i

AR A ha Az A
Fig. 2. Solution of equations (9).

Similar calculation may be carried out for wavelength A
determined as
A+,

2

A=
As a result of calculations we have
7. (4)=021.

Approximating the function 7, =7, _, (/1) with a line

function using calculated values at the points 4, and A we

can find out the point of crossing of curves of functions
Tos = Toval (/1) and 7, =7, (/1) The searched for

crossing point is A, (fig. 1). As a result, we obtain possibility

to calculate accurately such a value of A4, =A4_, upon which

the full separate compensation of two fractions of aerosol
may be achieved.

2.2 Method of differential emission spectroscopy

The non — stability of optical depth of atmosphere in UV
band is mainly caused by temporal variability of optical
depths of 0zone, atmospheric aerosol and Rayleigh scattering.
Next in this paper we shall describe an original method
making it possible to carry out the accurate measurements of
intensity of anormal illumination of atmosphere with full
statistical compensation of non — stability of separate
components of total optical depth of atmosphere.

00000000000000000000000000000000000000
e e e e e e o e e e e e e e e e e o
B R R e S AR TSR

Fig 3. Schematic illustration of procedure of measurement of
intensity of anormal illumination.

~0,21=0,523[r, (4,

)+0,3]-0,21.

’Procedure of one station measurements of intensity of
anormal illumination of atmosphere is given in fig. 3.
The general conception of suggested method of
differential emission spectroscopy is as follows. Assume that
illumination of atmosphere at wavelength A, exists (fig. 4).

We should determine the intensity of illumination at the
external border of atmosphere assuming that values of
intensities of normal illumination at the border of atmosphere

at wavelengths 4, and A, ie. [, (ﬂq) and [ (/13) are known.

The main condition of held measurements is ensuring
statistical fullness of compensation of random changes of
atmospheric optical depth. Briefly, this requirement may be
explained as follows. The total optical depth of atmosphere

7y is determined as a sum of separate components 7, , i.e.

Measurements are held at wavelengths /”Lj, j =1,_n.

Here we should take into account, that coefficients of
components of optical depth

significantly different. It is well known, that some
components of optical depth of atmosphere is characterized
with more strong correlation on wavelength than between
these components in fixed value of wavelength [4]. From
another side, as it is known [5], for any two random
parameters, the variance of sum or difference of these
random parameters may be determined as follows:

correlation  of T, are

D(xl ixz):O-l2 +‘722 +2p,0,0,,

where - is root — mean — square deviations and

O-l H O-Z H p12
coefficient of mutual correlation of x; and x,, Therefore, if

P, ~1 we have

0'(xl erz):a1 to,,
if p,,~0, we have

o(x, +x,)=vjcl +0? .
!
L&)
ICAD, 44
A A & A

Fig. 4. For explanation of method of differential spectroscopy.

Now we can conclude, that mutual compensation of

random parameters x, and X, is possible only upon
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presence of strong correlation between them. On the basis of
this condition of correlation theory it may be concluded, that
the statistically full compensation of effects of components of

Ty is possible by separate homogenic compensation of

latter's. Now we should find out the mathematical condition
for such a compensation and deduce the main equation of
suggested method of DOAS. Let us consider two —
component model of optical depth of atmosphere and
measurements held at three wavelengths 4,4, and 4,. Asa

result of held measurements we shall have following system
of equations:

1(2)=1,(2,)-¢ "= (10)
1(2,)=1,(2,)-¢ "= (11)
1(4,)=1,(2,)-¢ "% (12)

kmtg (/11 )+ ksmrtg (/13 )—m Ty (/12 )=klln

Taking logarithms from both sides of (10) — (12), we have

1,(4)
0 1 — /1

In 102) mz’z( ) (13)
I
= ))—mrz( ) (14)

lnl )—mr (/1) (15)
() *

Multiplying both sides of equations (13) — (15)

accordingly to variable coefficients k, and k,, we carry out

following operation:

formula (13) + formula (15) — formula (14).

As a result of aforesaid transformations we can obtain
following equation:

10 (/11 )
1(4,)

L), 1)

) T )

(16)

Representing the total optical depth 7y as a following sum of I component model of optical depth of atmosphere should be

two components,
Ty=a+pf,

From equation (16) we can deduce following system of

equations, describing the condition of full separate
compensation of components & and f
{klma(ll)+k3ma(/13)—ma(22)=0} an
klmﬂ(ll)"'ksmﬂ(ﬂ@ )_mﬂ(ﬂ“z )ZO .

Solution of the system (17) using classic Kramer’s
method gives us searched for values k,,, ks, .

In this case, from right side of equation (16) we can
obtain following main equation of suggested method of
differential optical emission spectroscopy (DOES)

(%) [ 1,)]" | L,(*)

1) { z(mr { 1(43)]% |

As a result, the obtained equation (18) allows to find out
the accurate value of intensity of atmospheric illumination

(18)

using results of measurements of intensity at wavelength A,
at the Earth surface, multiplied to following correcting
IO (/Il ) IO (13 )

coefficient
ko kg
s 1]

It should be noted, that two — component model of total
optical depth is characteristic for UV band. If the
measurement are held out of UV band, then three — and more

considered. The number of fixed wavelengths of
measurements in this case should be more than number of
components by one. Naturally, there would be necessary to

find out appropriate number of coefficients &, by solving
system of linear equations by order more than that system

(10).
Conclusion

It should be noted that combination of suggested multi —
wavelengths method with well — known triangulation
procedures may lead to increase of effectiveness of
triangulation procedures, used for detection of source of
illumination.

In this case the relevant methods of multi wave
triangulation, taking into consideration different optical
masses of beams trajectory should be developed.

It should be noted, that such a compensated methods of
measurements have an universal feature and after some
modifications may be easily used for solution of tasks of
localization of absorbing medium.

The method described here may be used both in district
stations designated for monitoring of anormal illumination of
atmosphere and in multi station networks. In the second case,
the procedure of calculation described here should be
repeated for each station separately, because one cannot
expect equality of mean values of optical parameters relevant
for various places installation of such stations.

In conclusion we should stress out the utmost importance
of proper solution of accurate localization task of
illumination area of atmosphere, because solution of it
commonly link with task of localization of reason of such an
illumination, which may exists both on the surface or inside
the Earth.

[1] D.Pallamrayn.Cedarweb.hao.ucar.edu/community/passi
ve_optical/pallamrayurev.pdf. Applications of optical
spectrographs for Passive Remote Sensing of Upper
Atmosphere.
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[2] Brion J. Jackol, Fokke Creutzberg, Eric F. Donovan,
and Leroy L. Cogger. Triangulation of Auroral Red —
Line Emission Heights. Sodankula Geophysical
Observatoty Publications. 2003, No. 92, p. 97-100.
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H.H. 9sadov, T.M. Oliyeva, i.M. Mirzabalayev, i.G. Coban-zada

ATMOSFERIN ANOMAL iSIQLANMASINI QEYD ETMOK UCUN YUKSOK DOQIiQLIKLi YERUSTU
SISTEMLORININ iSLONIB HAZIRLANMASI

Magqalodo atmosferin anomal isiqlanma intensivliyinin fon siqnallarinin kompensasiyasi ilo oOlgiilmasi xiisusiyyatlori nazordsn
kegirilmisdir. Emission delta spektroskopiya metodu toklif edilimisdir ki, bu metod xirda dispers va iri dispers aerozolun aparilan d6lgmolorin
naticaloring tosirini ayri-ayriliqda tam kompensasiya etmays imkan verir. Homginin, atmosferdoki anomal isiqlanmalarin fikso edilmis dalga
uzunluqglarinda yiiksok doqiglikli yeriistiidlgmolorinin aparilmasi imkani nazorden kegirilmisdir. Bu ciir 6lgmolors imkan veran differensial
optik emission spektroskopiya metodu tosvir edilmisdir.

X.I'. AcagoB, T.M. AnueBa, .M. Mup3ab6anaen, .I'. Hodan-3aae

PA3PABOTKA HABEMHOM BHICOKOTOYHOM CUCTEMBI JJIs1 PETUCTPALIMM AHOMAJIBHOI'O
CBEUYEHUA ATMOC®EPBI

B crartbe paccMOTpeHBI OCOOSHHOCTH W3MEPEHHS] MHTECHCHMBHOCTH aHOMAIBHOTO CBEUCHHSI aTMOC(epbl C KoMIeHcanued (GpoHOBBIX
CHUT'HAJIOB.

IIpennokeH METOJ 3MHCCHOHHOH [JeibTa CIEKTPOCKONMH, MO3BOJIIOIIMK IOJHYIO pPa3felibHYI0 KOMICHcamio 3ddekra
METKOJMCIIEPCHOHHOTO M IPyOOIHCIEPCUOHHOTO a3po30JIs Ha Pe3ylbTaT MPOBOJMMBIX HM3MepeHHH. Tarke paccMOTpeHa BO3MOXKHOCTh
MIPOBEAEHHS] BBICOKOTOYHBIX HA3eMHBIX M3MEPEHHI aHOMAJIbHOTO H3IydeHHs aTMoc(epsl Ha (HKCHPOBAHHBIX JUIMHAX BOIH. M3moxeH
npeanaraeMelii MeTon quddepeHantbHOl ONTHIECKOH SMUCCHOHHOHN CIIEKTPOCKOIIMH, pealn3anis KOTOPOTro MO3BOISET MPOBOIUTH TAKHE
HU3MEpEeHHsI.

Received: 18.09.08
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The discrete symmetry transformation method has been applied for non-abelian conformal affine Toda models.

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

At the same time the problem of constructing of the
solutions of self-dual Yang-Mills (SDYM) model and its
dimensional reductions, the one dimensional WZNW model
in our case, in the explicit form for arbitrary semisimple Lie
algebra, rank of which is greater than two, remains important
for the present time. The interest arises from the fact that
almost all integrable models in one, two and (1+2)-
dimensions are symmetry reductions of SDYM or they can
be obtained from it by imposing the constraints on Yang-
Mills potentials [10-27].

Two effective methods of generating of the exact solu\

9(x,.x ) > g (x )alx,.x ). alx..x )= a(x,.x )gr(x.)

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

The two-loop WZNW model was introduced in [6] as the
generalization of the ordinary WZNW model to the affine
case. Its equations of motion are given by

o0.fgg’)=0 ; alfo,a)-0

where 0, are derivatives with respect to the light-cone va-
riables X, =X+t, and @ is an element of the group G
formed by exponentiating an untwisted affine (real) Kac-
Moody (KM) algebra G.lts generators T,", D and C satisfy
the commutation relations

[Tama Tan: facb -I—Crmn + rT'|Cga.b5m+n,0 (2.2)

o, 1r|=mTr, [cD)=lc.Tr=0 @3
where fg are the structure constants of a finite (real) semi-
simple Lie algebra G, n and m are integers, and g, is the
Killing form of G, i.e., g, =Tr(T,T,), T, being the gene-
rators of G. The non-degenerate bilinear form of G is de-
fined as

T = Omino T (T, Ty),  Tr(C,D)=1

Tr(C,T,")=Tr(D,T,") =0 (2.4)

and we will use the same notation, Tr, for both the Killing

form of G and the bilinear form of G.
2. The two-loop WZNW model is invariant under left and
right translations

2.5)

The corresponding Noether currents are the components of 6_@@‘1 and g‘la .0, and they generate two commuting copies of

the so called two-loop Kac-Moody algebra, defined by the relations

92 38 (¥)|= 15 3T (00X~ y)+ GapBm_n (kB (x— y)+ mIC (x)o(x~ y))

[9°(x). 32(y))= mIZ(y)a(x - )
l38(x), 3°(y)|= ko,a(x-y)
[9°(x), a7 (y)|= 0

(26)
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The left and right currents satisfying the above relations are related to the group element g in eq.(2.1) by

Falc)=kg12,0= % 3 g™ IR0 + IR 0x)C + I, D

ab n=—ow

AL )=k g7 = 3 g®Irn T+ 3P(x )C+IS(x)D

ab n=—w

where ga' is the inverse of the Killing form g, defined above. The different meaning of the two central extensions in

€qs.(2.6)-(2.9) algebra is clarified by expressing the algebra as

[Tr(UF(x), Trv F(y)]=Tr([U,VIF(x))(x -

where U,V are two elements of the Kac-Moody algebra
G,F is either Fror F_, and Tr is the invariant bilinear
form of G.

Consider now a gradation of the Kac-Moody algebra G

G =®G, (2.13)

1]

with

6., G, |<G (2.14)

S+r

The reduction presented in this section does not require that
this gradation is integer; it just needs that the grades s take
zero, positive and negative values, i.e.,

(2.15)

with |

K.=N"'6.gg'N=N"6_N+6_BB'+Bo_MM'B™'

Kr=Mg'o,gM"'=B"'N'9,NB+B'9,B+0,MM "

Although the quantities K, ,gr are not chiral, they have a
simpler structure than the currents and will be very useful in
what follows. We will reduce the two-loop WZNW model by
imposing constraints not directly on the currents but on
K|, r - We impose the constraints

B (No,NJB = A, (2.22)

Be_MM B =A (2.23)

where A, are constant elements of éﬂ . These constraints
reduce the two-loop WZNW model to a theory containing
only the fields corresponding to the components of B and to
the components of Nand M associated to the generators
whose grade is <| and > respectively.

To obtain the equations of motion for such model one notices

that the constraints (2.22) and (2.23) imply that |

2
24_ Zi_
or or
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(2.10)
(2.11)

y)+KTr(UV)a,48(x-y) (2.12)
G, =®G G.=0G 2.16

" s0 o s ° (2.16)

We now consider those group elements that can be writ-
ten in a “Gauss decomposition” form

g=NBM G (2.17)

where N,Band M are group elements formed by exponen-
tiating elements of G, , G, and G_ respectively.

Using eq.(2.17), we can write the equations of motion
(2.1) as

[H.IH. f]] =20 X7, [ X", f]] -2 X" ,[ X", f]] +2[[§—H,f],[x*,f]] =0

0 Kg=|Kg, oMM 2.18)
0,K, =|K_,N"a,N] 2.19)
where we have introduced
(2.20)
(2.21)
N6, NeG (2.24)
@-MMT'eG, (2.25)
Therefore the only terms of zero grade on the right hand
side of (2.19) are coming from
A N0, N]=|A . BAB™]. So we get
0,(0.88)=|a,BAB] (2.26)
which can also be written as
0_(879,B)=-|A,.B"'A_ B 2.27)

These are the equations of motion of what we call the genera-
lized non-abelian conformal affine Toda models.
3. The one dimensional reduction of self duality equa-

tions obtained in [20] are the equations for the element f |
taking values in the semisimple algebra,

3.1)
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Here H,X™ are generators of A1 (SL(2,C) algebra

X, X |= H[H, X |= 22x
embedded to gauge algebra in the half-integer way.

Let’s rewrite (3.1) in the equivalent form:
1,0 1.0 _
—(—+H)-[X", fl,-=[=—-H, f]+ X" ]-
[2 ( pe )1 ] 5 [ P ] 1
—l[i—H, fl+ X =0
2or
This equation after changing the variable t = Inr has the

following form

o 1 of 1

—+—H-[X", fl,-—+—=[H, f]+ X" ]-

[8t > [ ] at+2[ 1+ X7]

o 1 (3.2)

——+—[H,f]+ X" =0

ot 2

Introducing the notation

F M LHL e %o o 33

=e —_ 4 — . + e 5 .
(at 2[ ] D (3.3)

1
~Ht
multiplying (2) from the left side by €2 and from the right
Lt
side by e 2, we obtain

oF

Due to the evident equality

Lt Dt

e2 X'e?2 =¢gX*

the last equation can be rewritten in a form

%—et[[x*,ﬁ,ﬁ]ﬁ:o , (3.4)
where

~  La e

f=e2 fe?2

In terms of these notations we have from (3.3) the follow-
ing expression
of
-——+
ot

F- [H,f]+ X e'=0

Let’s introduce the notation
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Then (3.4) has a form

~

%Jr[A,F]:O : (3.5)
where A=—¢€'[X", f].

The equation (5) is one-dimensional evolution equation
defined by Lax pair operators and it is one of the principal
criteria of equations integrability.

From the presentation (3.5) it is followed that

0
—spF" =0, for ¥vn
6tsp

and solution of the equations can be found in a form

F =g, (3.6)

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

From equation (5) and presentation (6) it is directly fol-
lowed the expression for the operator A:

_ 0
A=glp™ (¢ :E“’) (3.7)

Let’s consider the commutator of F with X :

[X*,F]= [x+,x—]—et%[x+,f~]+et[x+,[H,F]] -

. 0

=H -¢ E[x*, f1-2e'[X*, f1+€[X*,[H,f]]=

H ‘%(e‘[x*,ﬂ)—e‘[x*, Fl+[H.e X", 1.

Taking into account (3.6) and (3.7) the last expression can
rewritten in a form

(X", 0Fp ' 1=H - (¢ ¢ = ¢ 97" +[H,¢' p7'1.

Making the substitution ¢ = thq and introducing a new

variable 7 = €', we have

2.9

-1 — F —l’x+
7.5, 9 ) =[aF,q ]

(3.7)

Equation (3.8) is one-dimensional generalized non-
abelian conformal affine Toda model as it is obviously seen
from eq. (2.26).

The next question how to obtain from this solution new
solutions using the discrete symmetry transformation:
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Pl
f+
0 +
a(;: —(f°- F°+z)—ah(;f
VA
aFO_(fO ) g0 f
0z 0Z
ag =(f°—F°+z)2—8h(;f
VA
OF" _(t0_poygp0inf
0z 0z

Here f(f*, 1% f7)is considered to be a known solution

of equation (3.7) and F(F*,F° F)is one to be deter-
mined. The discrete symmetry transformation is to apply at

C2FH(FO—FO

—2fT(fO—F°

6f°

62

8f°

3.8

82 6.8
0

+ Z)af_ —

(f)

6f°

L 28f‘

(f7)

I . . .. .
first to two-dimensional generalization of equation (3.7) and

then one-dimensional solution is to obtain by reduction.
The concrete realization of the solution will be derived in
next publications.
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TODUN QEYRIi-ABEL KONFORM AFFIN MODELININ HAMILTON REDUKSIiYASI

Todun geyri-abel konform Affin modeli {igiin diskret simmetriyanin doyisma metodu totbig edilmigdir.

M.A. MyxTapos

TAMMJIbTOBA PEJYKIUS HEABEJIEBBIX KOH®OPMHBIX A@®UHHBIX MOJIEJIEM TOJA

Mertox npeobOpa3oBaHuii AUCKPETHON CUMMETPUH NPHUMEHEH JJIsl HeabeseBbIX KoHpopMHbIX apduuHbIX Moaernei Toxa.
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ROENTGENOGRAPHIC INVESTIGATION OF
Bi,Tes-BiSe; <Tb> AND Bi,Tes-Bi,Se; <CI> FILMS

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

The real accretion of microparticle sizes, any structural reconstructions, formation of new phases don’t take place at annealing of
Bi,Tes-BiySe; <Tb> and Bi,Tes;-Bi,Se; up to ~600K, the polycrystalline structure is observed on X-ray pattern. The calculations of
interplanar spacings show that structure becomes more strength at film annealing at temperature ~600K.

Introduction

Nowadays the alternative power engineering shows the
interest in film thermo-electric generators, and also the
demand to infra-red radiation detectors has increased. The
thermoelements or thermobatteries, covered on the substrates
by the method of vacuum condensation with the use of masks
and photolithography [1].

It is known, that monocrystalline films with complex
technology of their preparation loose their quality during
exploitation in time. The change of scattering parameter
clearly reveals in small-grained films Bi,Te,;Seq o evaporated
on amorphous substrate [1] in comparison with scattering
which is character for these compositions in volume crystals r
=0 (scattering on acoustic photons). The amorphous films
have some understated characteristics than polycrystalline ones.

The substrate temperature should be in optimal limits for
obtaining of qualitative film. Roentgenographic investigation
of thin films had been carrying out by Frankombe and
Semiletov. The temperature of (glass) substrate at which the
film is formed corresponding to the composition Bi,Te;, has
been defined at film investigation. The strong fluctuation
from Bi,Te; composition begins at increase tg, higher than
200°C [2]. Too low substrate temperature opposes to uniform
distribution of adsorbed atoms; they group into “islands” of
different thicknesses. Vice versa, too high substrate
temperature leads to the separation of already settled atoms,
their re-evaporation [3].

The task of X-ray investigation of system of
polycrystalline films Bi,Te;-Bi,Se; <Tb> and Bi,Te;-Bi,Se;
<CI> obtained by thermal spraying in vacuum by the method
of hot wall, has been proposed by us with the aim of
improvement of physical thermoelement -characteristics
because of decrease of their geometric sizes, with transition
on polycrystalline films, evaporated on amorphous substrate.

The given work is dedicated to X-ray investigation
method of obtained polycrystalline films of bismuth telluride
with terbium and chlorine up to and after annealing.

Investigation method

The investigated films Bi,Te; Bi,Te;-Bi,Se; <Tb> and
Bi,Tes;-Bi,Se; <CI> with optimal thickness 0,30 mcm
prepared by evaporation of synthesized substances in
installation BYII-4 in vacuum ~10™*Pa on preliminarily pre-
heated NaCl crystals and glass, had been grown by the
method of hot wall [1,4]. The more success conditions for
steam condensation are formed on substrate, the partial steam
condensation on cap walls is led to the minimum by
additionally pre-heated wall, where wall temperature at
spraying is 800K, substrate temperature is~ 600K at
precipitation rate of thin layers is ~2nm/sec [5].

The obtained polycrystalline films Bi,Te;-Bi,Se; <Tb>
and Bi,Te;-Bi,Se; <CI> given below have been investigated
by rontgenography method.

f | ,-N'h“f‘\jr
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Fig.1. Roentgenogram of unannealed Bi, Te;-Bi,Se;<Tb> film.
The film samples

investigations by thickness
sublimation of synthesized compound of Bi,Te;

suitable for roentgenographic
30 nm are prepared by
and
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Bi,Te;-Bi,Se; <Tb> composition, i.e. (BiyTe;-BirSes); < Tby (X=0,15)
and Bi,Te;-Bi,Se; <CI> on freshly cleaved bounds of haloid
crystal NaCl and glass substrates.
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Fig. 2. Roentgenogram of unannealed Bi,Te;-Bi,Se;<CI> film.
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Fig. 3. Roentgenogram of annealed Bi,Te;-Bi,Se;<Tb> film.
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Fig. 4. Roentgenogram of annealed Bi,Te;-Bi;Se;<CI> film.

The obtained samples are treated by roentgenographic
analysis on DRON-2,0 (CuK,, is radiation, Ni is filter) at the
mode 35kV, 10mA. 10, 13, 15, 16 clear diffraction
reflections for Bi,Te; analogues have been fixed in the limits
5°<26<70° correspondingly. The obtained diffraction patterns
are almost identical ones with small difference of reflex
intensity and angles of reflection. The film roentgenogram of
Bi,Te;-Bi,Se; <Tb> and Bi,Te;-BiSe; <CI> polycrystals
before and after annealing are well indicated on the base of
Bi,Te; hexagonal lattice [6].

Results

The thermo-annealing influence at ~600 on the film
structure and properties, precipitated on the glass has been
investigated. The films, precipitated on the glass, are treated
by annealing in the vacuum for the elimination of elastic
stress fields. The annealing with duration 24 hours with
temaerature decrease in 25 grad/min is carried out in vacuum
~107"Pa.

44

Table 1.

Roentgenographic investigation of BixTes-

BixSe3<Tb> and BixTes -Bi2Se3<Cl> films.

N[ de [ dep. | VD Hkl dep, | Ul
p-tip | p-tip n-tip

1 [5050]5415]2 222 5,523 1
2 | 3,770 | 3,849 | 10 110 3,880 | 5
3 321032902 1 221 3,366 1
4 - 2716 | 10 332 3,029 | 10
5 - 12593 10 444 2869 | 7
6 | 2,370 | 2,450 | 20 433 2,629 | 10
7 2230|2344 ] 2 443 2469 | 7
8 [ 2,190 | 2215] 6 011 2230 | 5
9 2,030 | 2,110 | 9 | 555;231;544 - -
10 | 1,996 | 2,007 | 5 | 554;11 1;200 -

11 ] 1,809 | 1,868 | 2 220; 342; 311 1,926 | 10
12 - 1,802 | 17 331 1,819 | 10
13 ] 1,696 | 1,755 | 15 665; 442 - -
14 | 1,608 | 1,611 | 20 453 1,637 | 10
15| 1,486 | 1,526 | 20 665 442 1,551 | 10
16 | 1,450 | 1,458 | 10 533 1,492 | 5
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The roentgenogram obtained at the radiation of
polycrystalline films Bi,Tes;-Bi,Se; <Tb> and Bi,Te;-Bi,Ses
<CI> are well indicated on the base of hexagonal lattice of

Bi,Te; polycrystal (a=0,43835, ¢=3,0487nm; sp.gr. D;’d,

Rsm Z=3) and satisfies data [7]. The all reflexes having
strong and average intensities which are character for the
given structure are observed on roentgenogram. The results
of calculated hkl, I/l and experimental interplanar spacings
Jegp in the films Bi,Te;-Bi,Se; <Tb> of p-type and Bi,Tes-
Bi,Se; <CI> of n-type in comparison with science data dg are
given in the table 1 [7-8].

The analysis of obtained data and calculated values show
on the fact that compositions of annealed films Bi,Te;-
Bi,Se;<Tb> and Bi,Te;-Bi,Se;<Cl> form the isostructure on
the base of hexagonal structure of bismuth telluride
chalcogenide.

Conclusion

On the base of X-ray investigation of the thin film
structures obtained by thermal spraying on the glass, it has
been established that polycrystalline films of Bi,Tes-
Bi;Se;<Tb> and BiyTe; - BiySe;<Cl> compositions by
thickness 0,30 mcm form at substrate temperature ~600K.
Therefore, the real increase of microparticle sizes, any
structural reconstructions, formations of new phases aren’t
observed at annealing of Bi,Te;-Bi,Se;<Tb> and Bi,Te; -
Bi,Se;<CIl> up to ~600K, the polycrystalline structure are
observed on roentgenogram. The calculations of interplanar
spacings show that structure becomes more strength at film
annealing at temperature ~600K.

The author is thankful to G.G. Huseynov for help in the
carrying out of investigations.
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N.M. Abdullayev

Bi,Te;-Bi,Se; <Tb> va Bi,Te;-Bi,Se; <Cl> TOBOQOLORIN RENTGENOGRAFIK TODQIiQi

Bi;Te;-Bi,Ses<Tb> va Bi,Te;-Bi,Se;<CI> nazik tobagalori ~600K-dok qizdirdiqda yeni fazalarin amslo golmasi va har hansi bir
struktur doyisikliyi, mikrohissociklorin 6lgiilorinds real boylimasi bag vermir.

H.M. A6aysinaeB

PEHITEHOTPA®UYECKOE UCCJIEJOBAHME IIEHOK Bi,Te;-Bi,Se; <Tb> u Bi,Te;-Bi,Se; <CI1>

[pu omxure mnenok BiyTe;-BirSe;<Tb> u BiyTe;-BirSe;<Cl> no ~600K He mNpoMCXOAWT peanbHOTO YBENWYEHHS pa3Mepa
MHUKPOYACTHI], KAKHX JINOO CTPYKTYPHBIX IEPECTPOCK, 00pa3oBaHNe HOBBIX (Da3: Ha peHTIeHOrpaMMe HAOIOIAeTCs TIOUKPUCCTAIUTHICCKAs
CTPYKTypa. Pacu€Thl MEKIUIOCKOCTHBIX PACCTOSHUMN ITOKA3bIBAIOT, YTO MPU OTXKUTE ITICHOK CTPYKTYpa YIPOUHSETCSL.
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Electron scattering intensity curve from amorphous Yb;,Sm,As,Te, films has been obtained by electron diffraction method depending

on the scattering angle to S,,,=120nm™.

Atom radial distribution curve has been plotted. The radii of coordination spheres have been determined in Yb,,SmAs,Te,.

The use of complex compounds of rare-earth elements
under pressure of chalcogenide saturated vapors allows
obtaining by thermal spraying of the films which are
perspective ones for formation of planar light guide [1].

The amorphous films of compounds of Yb;,Sm,—As,Te;
system containing glass chalcogenides (GCh) and rare-carth
elements obtained by thermal evaporation have been
investigated in refs [2-3].

The atom radial distribution in amorphous films
YbxSmAs,Tey (x=0,02%) has been studied in the present
work.

I

| | 3, !

0 40 60 20 100 120
Fig.1. The intensity curves of electron scattering for Yb,,Sm,As,Te,

The amorphous films Yb,,Sm,As,Te, with thickness
~30 nm are obtained by thermal evaporation of
monocrystalline  Yb;,Sm,As,Te, from specially made
furnaces from wolfram-rhenium alloy in vacuum ~10~Pa.
The dosed content of Sm impurity in compounds is 0.02%.
The freshly cleaved faces of NaCl, KCI crystal and
amorphous celluloid being at room temperature are used as
substrates. The deposition rate of films is ~10 nm/sec. The
obtained amorphous films are stable at room temperature and
crystallize at temperature 7=503K. Yb, SmyAs,Te; in
crystalline state has rhombic lattice with parameters:
a=1,148, b=1,410, c=1,410, c=0,407nm sp.gr.P,,4-

The crystallization of amorphous films shows the identity
of the compositions of amorphous and crystalline films. The
structure of short range ordering in Yb;,Sm,As,Te, films is
studied by diffraction method of fast electrons (U,..=74kV)
with the use of rotating sector that allows revealing the
maximums of diffraction reflection in far-angular region. The
intensity curve of electron scattering the maximal value of
“$” for which is equal to S,,=120nm™ (fig.1) has been
constructed after electron-diffraction pattern microphotometering.
The five maximums at S§;,=21,0 nm’'; $,=36,0 nm’;
S55=56,0 nm’l; S,=79,0 nm’; S$5=106,0 nm’! are observed on
intensity curve of electron scattering in the dependence on
scattering angle.

The method of atom radial distribution is used for
definition of amorphous film structures. The curves of atom
radial distribution (CARD) for amorphous compounds are

amorphous films. constructed by us on the base of known formula [4]:
2,
r .
4 YN ek py(r) =4 p, (z cikij + 7ajs[a(s)— 1]sin srds (1)
] i p
Here p,(r) is partial function of radial distribution of | X k(s) o

atomic density of j-type atoms round i-type ones, « is
normalizing constant, « (s) is structural factor, S=4zsin@/4,
where 6 is scattering angle. The “c” coefficients in formula
(1) take into consideration the relative content of element
atoms including in chemical formula of investigated
compound. The relative atom scattering abilities of each
chemical element “k” are defined by the formula:

"/Zcif‘iz(s)

where fi(s) is atom scattering factor of i-type element. The
average atomic density p, of investigated amorphous films is
calculated by the following formula:



ATOM RADIAL DISTRIBUTION IN AMORPHOUS FILMS Yb,..Sm,As,Te,

N

PV
=4 3
Py ZciAj (3)
7

where p is density of crystalline substance in g/sm’, A; are
element atomic masses including into chemical formula, N,
is Avogadro constant which is equal to 6-10%mol”. The
normalizing constant “«” for transition from relative intensity
units to absolute ones defined by us on average atomic
density is equal to ¢=0,09 for Yb,,Sm,As,Te,s The average
atomic density p, calculated on (3) is equal to p,=0,426nm™.
Kv=1,319; Kx:=0,714; K1.=1,031 are obtained for scattering
abilities of ytterbium, arsenic and tellurium. CARD (fig.2) is
calculated and constructed on the base of obtained
experimental intensity on formula (1). The radii of first and
second coordination spheres which are equal to 0,245nm and
0,372nm correspondingly are defined from CARD. The
radius decrease of coordination spheres in Yb;,Sm,As,Te, in
comparison with amorphous YbAs,Te; is connected with
impurity influence of Sm atoms [5]. The first coordination
maximum on CARD of amorphous Yb;,Sm,As,Tey
corresponds to As — Te distance, but atoms of tellurium and
arsenic are connected with each other by the covalent bond. It
follows from the fact that sum of covalent radii of arsenic and

=0,121nm+0,117nm =
0,238nm that is close to the radius value of first coordination

sphere (r;=0,245). The Yb*" ions in the structure of
amorphous Yb;.,Sm,As,Te, are in the second coordination

cov

tellurium is equal to Pt rn

sphere of arsenic atoms and are nearest neighbors of
tellurium atoms. The sum of radii of first coordination sphere
and Yb*" ion (1] + ryp, =0,245 + 0,107 = 0,352 nm) evidences
about this fact that is close to the radius value of second
coordination sphere r,=0,352 nm).

Thus, it is established that the obtained films are
amorphous ones at vacuum deposition of monocrystalline
Yb;xSmAs,Tes on NaCl, KCI substrates and on amorphous
celluloid being at room temperature.

10,0

8.0
4,0

20

1 1 1 1 1 1 1 1
Ui} 0 30 40 a0 a0

Fig.2. The curve of atom radial distribution Yb;_Sm,As,Te,.

It is shown that impurities of Sm atoms influence on
radius values of coordination spheres of YbAs,Tey, i.e. I and
II radii of coordination spheres of Yb;,Sm,As,Te, decrease
in comparison with YbAs,Te,.
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E.S. Haciyev, S.Z. Cafarova, I.X. Mommoadov

Yb;,SmAs,Te; NAZIK TOBOQOLORINDO ATOMLARIN RADIAL PAYLANMASI

Yb,.Sm,As,Te, nazik tobagolorindon elektronlarin sopilmosinin intensivlik oyrilori sopilmo bucagindan (C,,,=120 mm™") asili olaraq
alinmigdir. Yb,,Sm,As,Te, nazik tobagslorinde atomlarin radial paylanma ayrisi qurulmus ve koordinasiya sferalarmin radiuslar toyin

edilmigdir.

. II. 'agxues, C.3. d:xxapaposa, U.X. Mamenos

PAJMAJIBHOE PACITPEJEJIEHUE ATOMOB B AMOP®HbBIX IIVIEHKAX Yb,,Sm,As,Te,

[onmydeHa KpHBas HHTCHCHBHOCTH PACCESHUS SIIEKTPOHOB B 3aBHCHMOCTH OT YT PACCESHHUS 10 Spey=120HM" 1115 aMOPOHBIX TICHOK

Yb] X SmXAszTe4 .

IMToctpoena kpuBast paguaIbHOTO pacnpeseneHust aToMoB. OnpeeneHs! paiychl KOOPAUHAIIMOHHEIX chep B Yb, Sm,As,Te,.
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WAVE DIFFRACTION ON PLANE BELT WITH DIFFERENT SURFACE IMPEDANCE

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
Dirichlet and Neumann 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 [5]. The article [6] is devoted to strong
problem solution of wave diffraction on belt with impedance BC. In work [6] the belt surface is described from both sides is described by the
one and the same impedance. In the given paper we’ll solve the task of E-polarized wave diffraction on the belt the surface of which is
described from both sides by the different impedance. By other words the belt is described by two-sided BC. The approach which generalizes
the work results for strong solution of this problem is proposed. The proposed method allows constructing the effective numerical algorithms
on the base of which the plane dispersion characteristics are calculated.

1. Problem definition - on belt surface to impedance BC of [4] type
Let’s the plane wave falls on plane belt of 2a dimension Oe
situated in XOZ plane in the center of coordinate system Z 4
XOY from y>0 side. oy n

ik

—0 Oe, ik

ez |y:+0_ > a

e, |v _0=0,|xka,4

2

V! (x,y) = o k(xcosOrysing) _ ,=ik(xap+y 1) (1) Where 77,17, correspond to impedance on belt surface from

y >0 and y <0 sides correspondingly.

2z
Here ay=cos0, 0 is wave incidence angle, k = 7 is wave

number.
The complete field is presented in the form of sum of
incident and scattered fields, i.e.

e.(x,y)=V'(x,y)+e(x,y) 2
The complete field should correspond to following
conditions:
- everywhere out of belt surface to Helmholtz equation

(2 O e y)=0
—+—+ ex,y)= 3)
e

()= [9, [ }H(”(k (o) 24y )

here H((,l)(x) is Hankel function of zero order which

corresponds to bivariate Green function of free product. The
unknown functions f,(x") and f,(x') are potential densities

of simple and double layers which correspond to density
functions of surface currents and are defined as component
jump of complete field on belt surface (y=%0), i.e.

Si(x)= ET | Ixka

OE
[T, L0 =]
oy
It is seen that perception for scattered field (6)
corresponds to Helmholtz equation and condition of radiation
on infinity (5).
Let’s obey the complete field e.(x,y) to boundary
condition (4) at y=t0 for definition of unknown currentl
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-to Meixner condition on edges [1,7]
-Scattered field e](x,y) should correspond to condition

of Sommerfeld radiation on infinity which has the form [1]

lim /7 (2 (—+lk)e (x,)=0,

r—®

)

2. Task solution

Let’s write the conception of following type [1,5] for
scattered field ¢](x,y) on the base of potential theory

(6)

| densities f;(x) and f,(x). Taking into consideration (7),

we obtain:

ﬁ(x'>+ik(E—5+E—z>=

2
OE.
oy

a+

)+ : -0

Jxlka.

®)

Further we obtain the integral equation (IE) of following
type with taking into consideration of (2) and (6) perceptions

for definition of f;(x) and f,(x') functions:



WAVE DIFFRACTION ON PLANE BELT WITH DIFFERENT SURFACE IMPEDANCE

—12’7—1’72ﬁ+iuf2:2nﬂ+1j”ﬁ(x')Hg“(k|(x—x')|)dx', |x|<a ©)
k 1, +1m, m+m 27

- 2k
_ m=m £+ f, =
i, m+, (10)

_248V" 11. 0% pa N k\/ﬁd,
=25 ea #3102 [ AGOH (el + 57

The equations (9) and (10) are Fredholm’s IE of second ! fi(x) and f,( x') functions. With this aim we continue this
kind with the help of which Si(x) and £ ( x') functions will

be defined. Let’s rewrite the given IE in images of Fourier|

function by the zero out of | X |< @ . Then we can write:

Fa)=[ fiaghe ™ ads'= [ J(&Ne ™ de", J(&)=af,(ag),
Fe)=[ fiaghe ™ ds = [ (&N dE", [(&) = f,ag), (1

7 ) & i isa' 7 [} & i isa'
fl(é)=g£Fl(a)e ida,fz(f):E[OFz(a)e “da,

where F () and F,(a) functions are images of Fourier f,(x) and f,(x) functions correspondingly and &, & parameters

are definedas & =ka, x = a(f .

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

H (kyJ(x—x" +y) = %ﬁo gtetarfiay 1 da (12)

1-a?

where that function branch 1-¢? for which Im+/1-@* >0 at |a| — oo along real line. This is followed from radiation
condition (5).
Substituting (11) and (12) in IE (9) and (10) for Fourier images we obtain IE of following type:

Z,.£.(a&) + Z, f,(a&) = 2ie %% +i [ F(@e= %da &<l (13)

~ ‘ koo .
~Z,£,(a&)+ Z,f,(a&) = 2k /1 - al e —j— j F(a)e*N1-a’da . |£<1. (14)
7T —00

|
Here Z,, Z, Z arameters which are defined as siné(a, + )
LP F(ﬂ)+—1 BB =4fi—a 220 S)

e(a,+p) (17)
. (15) ——j Smg(a ﬂ)\/—da

Now let’s construct the algorithm of IE solution (16) and
(17). As a rule, the desired functions of current density f,(&)

7 :_l 2nn, ’ Zzzi771_772 ’ Z~1=
k m,+1, n, +1, n+1,

for simplification.

Further multiplying IE (13) and (14) both sides on :
¢"”* function and integrating on variable & in limits [-1,1], and f,(&) should correspond to the condition [1,6] in order
we obtain IE of following type: to scattered field e’(x,y) will correspond to Meixner
Z, condition on edges.

;E(ﬂ)+221?2(ﬂ) = 1
ez ~ 2y 2 = =
sine(a, + ) 1 = sing(a—pf) da fj(g)g v (=69 <V <2’] L2 v ==1/2,v,=1/2.

=42 % T ) 1 )
e, + ) o ILC a-p) o (18)
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The value selection of V', parameter from interval [-1/2,1/2]
depends on physical nature of considered task. In the given
case /;1 (&) function describes the surface current density for
which v ; parameter is equal to v, =—1/2. Let’s develop
_ fj (&) function in uniformly convergent series on Gegenbauer

polynomials of following type for correspondence with
condition (18):
v.+1/2

F&=0-82"15 ficti
n=0

o

' : 4172
where f/ are unknown coefficients, and C;’" "~ (&) are

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

perception (19) for image of Fourier function ]?] (&):

20r Jn+v +1/ 2(ga) »(20)

F(a)=————— Z( )fjﬂj
J (v, 1/2)71 0 @ 80()VJ+1/2
Here J,(x) is Bessel function v, _ [(n+2v .+1)~n2vj at
n ['(n+1)

n—o.

Let’s substitute the perception for Fourier image (20) in
IE (16) and (17) and take into consideration that the
following relations [1, 8, 10] take place for values of

/uj =y ! +1/2>0 parameter.

(&p) (80!) Q1)

1 o0
Vs

m+,u g sing(a— ﬂ)
H; a-pf ﬂ
B
Then we obtain infinite system of linear algebraic
equations (ISLAE) of second kind of following type for
1
obtaining unknown f}, and £

1%

Z,d"°

14n —cM ]-I—Z Z x, d”1 —41}/”1

mn
n_

[
m=0,1,2,..

an[ Z dm] Zx [Z d*” + b

n=0

X
n=0
(22)

|- #i=airz

(23)
Here the designations are introduced: |

| -
fom=0 e g
xl — fl n n
" 2(—i)”—",n>o
miu, (€CL)
u =~ I)m“"—, (24)
a j
ep)J &
v _p I (@P)
mn —0 ,Bﬂl
dtal — gt = [ Sun(EB)] m+py (gﬂ)dﬂ’
mn mn =% ﬁﬂz“
o _ o P @B)
mn mn —OO ﬂ'ul l_ﬁz
451 \/1 ,3
by =t =12 T (& (B d
Note that in all these formulas the parameter
u=v+1/2>0 has the following values u;=v,+1/2=0,
/.12:V2+1/2:1.

ISLAE (22) and (23) is related to equation class, which
have investigated in detail in work [10]. There it is shown
that the reduction method is applied to solution of ISLAE

(22) and (23). This means that unknown coefficients f, f can
be defined with any accuracy. The unknown functions ~}71((5)

characterizing the surface current densities, on which the
scattered field e](x,y) (6) is defined, can be defined on

found coefficients f,/ on the base of formula (19).

3. Integral calculation in matrix elements

. . -0 .
The calculation of matrix elements d# J ,dﬂ J1 , cﬂ ;0
mn mn n
which are presented by integrals on compositions of Bessel
functions, is the main moment at ISLAE solution (22) and
(23). The subintegral function becomes quick oscillating one
that makes calculation process difficult at increase of &
parameter values. The matrix elements J 59 and d# J' can
mn mn

be calculated in analytic form on the base of table integrals
[8]- They have the following form:

n+m+1

(T (T2 (25)

H
=yt )
& 2 lﬁ(n—m+1)

n+m+2 +1 m—n+2u,+1
I( A0 A

2 2 2

n+m+1
T4 +DI(

) (26)

H
d;‘ﬁl={1+(—1)m+"}1(€j
2 2 1H(n—m+3)r(

m—n+2 41, +1
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Further the integral calculation in matrix elements c'uj

mn

-1 . .
and 3"/’ can be carried out on the base of algorithms
mn

[6,12] and they have the form:
proposed in works [6,12]:

F(m +n
epl? ={1+(=1y*mIE (0,0) - N
k=0

121(0,0) =

The val El d JE2 defined i
¢ values ]mn (A, ) an [mn (A, 1) are defined in

1

+k+—
5

2 r(m+n
Ly, o)=L (A )il 2 (Aopt) - 28)

m+n+l
rk+—)I'tk
00_(_1)/C (k+ 2 )T+

kmn

m+n+2

)
e+ lrk+m+n+H'k+m+HI(k+n+1)

Here I'(4) is gamma function.

E2
I

2(0,0) = [f%l‘(—k + N)['(k+ %)F(k + %)F(k +1)e™y/
/{F(k+1)F(k_—N+m +DI(k—N+n+DI(k+N+1)}+

Y F(k+N+1)
00

— 2 @0 " 2 Ine +2¥(k+ N +l) —
w0 2r T'(k+N+1) 2

-Yk+)-Yk+m+)-VY(k+n+)-VY(k+m+n+1)}].

m+n

N =
2
The corresponding integrals for index values m=n=0 have the form:
T ! !
1,°(0,0)=Y ————=d, e 2ne+¥Y(k+-)+VY(k+—-)-4¥Y(k+1
W00 =Y ™ (k) + W (k + ) ~4%(k-+1)}

The integrals in matrix elements bﬂ J ! are calculated on analogous procedure. Let’s write the representations for them in the
mn

form of rapid-convergent series which have the form:

1
pH =11

mn mn

={+ (Dl (L1
I (L1)=IHA D)+l H2(11),

$m+n+2 © r(m+n+k+l)
Iy ==Y d} z,
- m+n
k=0 I'( +k+2)
1) Fe+1+ " " Y rge 0 00
1n _
kmn —

C(k+) D(k+m+n+3)(k+m+2)T(k+n+2)’
N-1

],1;1,;2 (L= [—ZLF(—/{ +N)['(k+ l)[‘(k + E)F(k + 2)€2k+2}/
i 4 2 2

HT(k+2)T(k=N+m+2)['(k—N+n+2)I'(k+ N+3)} +
= q F(k+N+l)

11

— £ 4! 0 e+ W (k+ N+1) -
S ar T(k+N+2) 2

k+m+n+3

+W(k+ )+ (k+

K n o W4 1)— Pk +m +2)
-VYk+N+2)-VY(k+n+2)-VY(k+m+n+3)}].
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(€2))

(32)
(33)
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The suggested approach allows forming the high-
performance computational algorithms for solution connected
with ISLAE (22), (23) on the base of which the calculations
of scattering characteristics of plane belt are carried out.

The system of connected ISLAE (22), (23) come undone
in one particular case just when the 77; and 7, impedance
values coincide with each other on low and upper surfaces of

belt. Really, parameters Z,, 7 ;» Z> take the following values
at 7, =n=n:

In that case ISLAE (22) and (23) decompose on two
independent equation with respect to xli and xj . These

equations coincide with results of work [6].

4. Physical characteristics.

The following parameters: directional diagram (DD),
diameters of complete diffusion and backscattering [1,4] are
considered in the capacity of physical values characterizing
the belt scattering properties. Let’s give the definition of
these values.

DD characterizes the scattered field behavior in long-
distance band which will be written in cylindrical coordinate
system in the following form:

es(r,p) = Akr)g, (p)-kr =ky(x* +y*) > 0, (37)

2 i(kr—m/4
Allr) === g () =g () + $2(p)> B9

. . o
1 i ir 2 . (39)
¢E((ﬂ)=—zFl(COS(p)=—Z Y x,J (£cosg)
n=0
¢ﬁ2_((/)):Zsmquz(cosg)):Ztanqo > x,fJnH(gcosqo)
n=0
=! 2 function describes DD.
¢E (@)_¢E(¢)+¢E(¢) unction describes
The diameters of complete diffusion & and
backscattering © are defined by the following [1,4]:
o L Reg 0) 2|, @D
s =—~ Re > 02 '
4a e E 1z P ((P)‘
30
20 b e i "
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The calculation results of diameters of complete
diffusion and backscattering on the base of developed
efficient computational algorithms are presented on fig.1-4.
The dependences of inverse dispersion diameter on angle of
incidence for values of frequency parameter e=ka (Fig.1 £=5;
Fig.2 &=15) are shown on fig.1,2. On these figures the dotted
curves correspond to impedance values 7;=7,=0 that
corresponds to ideal conducting belt. The curves with dots
and dots with line dotted correspond to impedance value
m=n=1.5 and n;=1,=3.0 correspondingly. The block
curves on these figures correspond to impedance value
17;=3.0 and 7,=1.5.

30
20 |
10
o 0
-10

-180

-i20 60

Fig. 4.

DD for values of angle of incidence £=60° and s=ka
(Fig.3 &=5, Fig.4-£=15) are presented on the figures 3,4. The
order of curve position on impedance values 7;, 77, is the
same as on fig.1,2.
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T.M. Ohmadov

MUXTOLIF SOTHLI IMPEDANSLA MUSTOVI LENT UZORINDO DALGALARIN DiFRAKSIYASI

Ideal sorhod sortlori ilo miistovi lentdo dalgalarin difraksiya problemina goxlu sayda moqalolor [1-3] hosr olunmusdur. ideal SS-o
Dirixle vo Neyman tipli S$ uygun galir. Belo SS-lar ideal elektrik vo ya magqnit kegiriciliyinin oldugu giiman edildiyi halda yaranir [1-4].
Ancaq praktiki olaraq miistovi metallik lentlor sonlu kegiriciliys malikdir. Bu halda ssrhadloer SS impedans tipine uygundur [4]. Riyazi
ndqteyi nozorden bu sorhado {igiincii tip SS uygundur. impedans SS-li lent iizorindo difraksiya dalgalarinin mosolasinin ciddi halline [6]
maqals hasr olunmusdur. [6] isinds lentin sothi har iki torofdon eyni impedansla gdstorilmisdir. Bu isds biz difraksiya mosalosini miistovi E-
polyarizasiyali dalga {iclin holl edocoyik. Bu hal impedans S$-in xiisusi halidir. Bagqa sozlo lent ikitorofli SS ilo gosterilmisdir. Bu
masalonin ciddi halli {iglin [6] isinin noticalerini imumilesdiren yanasma toklif olunur.

T.M. Axmenos

JTA®PAKIMSA BOJIH HA IIJIOCKOM JIEHTE C PA3JIMYHBIM HOBEPXHOCTHBIM UMITEJIAHCOM

IIpoGieme audpakuny BOIH Ha IIOCKOH JIEHTE C MICANBHBIMU TPaHHYHBIMH yciaoBHsAMH (I'Y) IOCBSIIECHE MHOTOYHCIICHHBIE CTaThH
[1-3]. UneansubeiM 'Y cootBercTBytoT I'Y THna Jupuxie uiau Hefimana. Takue I'Y BO3HHKAIOT, KOTa MpEAIIOIaraeTcsl, YTo JEHTa UMEeT
HIEaNbHO 3JEKTPUUYECKYI0, INO0 MarHUTHYIO NMPOBOAUMOCTS [1,4]. OnHako, Ha MpaKTHKE MJIOCKas MeTalIMyecKas JICHTa UMEeET KOHEUHYIO
MPOBOAMMOCTE. B 3TOM ciywae rpanuna omuceiBaetcs ['Y mmmenancHoro tuma [4]. C MaTeMaTH4YeCKOH TOYKHM 3pEHHS JTOW T'paHHUIE
cootBercTBYeT ['Y Tperbero poaa [5]. Ctporomy pemeHnto 3agaun Judpakiyuy BOJIH Ha JICHTE ¢ uMIeqancHbME ['Y mocBsmena crates [6].
B [6] mOBEepXHOCTB JICHTHI C IBYX CTOPOH OIMCBHIBACTCS OAHUM H TE€M e MMIeIaHCOM. B maHHOI paboTe MBI IIOCTPOUM pEIICHUE 3a1a9i
T pakmy mI0ckoi E- monspiu3oBaHHOI BOJHEI Ha JIEHTE, TOBEPXHOCTh KOTOPOH C JBYX CTOPOH OIMCHIBACTCS PA3TMIHBIM HMIIEAAHCOM.
WHbIMU crtoBaMH, JIEHTa ONHCHIBaeTCs ABycTopoHHMMHE ['Y. JIjist cTpororo pemeHus 3Tol 3aJa4un npeyiaraeTcs oIxo 1, KOTOphId 06o0maer
pe3ysbTaThl paboThI [6].

Received: 04.03.08
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EXACT SOLVABLE NONLINEAR PARTIAL DIFFERENTIAL EQUATIONS
AND THEIR NEW SOLUTIONS

E.A. AKHUNDOVA
H.M. Abdullayev Institute of Physics of NAS of Azerbaijan
H. Javid ave., 33, Baku, AZ-1143, Azerbaijan

We consider three types of nonlinear partial differential equation of polynomial form. Using the method of motion integrals the exact

solutions of its equations are found.

Introduction.

There are many methods of obtaining exact solutions of
nonlinear equations: see [1-3]. The nonlinear forms of some
linear partial differential equation are considered in work [4].
We were found explicit substitutions of dependent variables
which transform the equation under study to linear equations.
In this paper which is continuation of paper [4] we
investigate five types of two variable nonlinear partial
differential equations of third order which reduce to linear
equations by substitutions of dependent variables. We obtain
the exact solutions of one of types of presented equations. We
confine ourselves to equations of polynomial type.

Classes of nonlinear equations.
Let us consider a general linear partial equation of the
second order: |

ay, +by  +cy,+dy_ =0 (1)
Making the substitutions of the following form:
y =exp(yp+0o9, + fo,) )

(other substitutions lead to non-polynomial equation) we
obtain five different partial differential equations which are
linear with respect to the derivatives of the third order and
nonlinear with respect to of the second and first orders in the
dependence of relations between coefficients a, b, ¢, d,

% 0, B

La(yp,+6¢,)+d(y’ oL + 27500, +yp,. +6p..)=0

b=c=p=0.

H 05(7“/’: + 5(0):!) + b(y2¢t¢x + 75¢xt + (Dx + y5¢x¢xx + 52¢xt¢xx + j/th + 5¢xxx) = O

c=d=p=0.

iy Q0P +8,)+ dAy’el +8%0L +yp, + 21000, + 19l + 5 0k + yp.. + 27500,

+§(¢XX.‘C +¢X” )] = O
c=d;f=b=0.

V. a(yp, + po,) +d (ol + Be +2yPo,0, + 1o, + f..) =0.

b=c=06=0.

alyp, + Blip, +e)+dly (9,0, + @) +21(i0,0, — 9.0, +ip,p, +2ip.0, +20,0,)
+ 7/2 (_ith - gotthx + igott - th - wfx + goti + 2i¢xx¢tx) + a(ith + ¢xx) + y(igoxtt - ¢xxt + iwxxx + ¢txx )] = 0

A%

c—0;b=id;f =iy.

Other equations of this class are reduced to shown |by the replacement

equations by substitutions of independent variables
(particularly x<>t).

Let us obtain the exact solution of equation II. This
equation is reduced to following linear equation:

ay,+dy_ =0 3)

54

v =exp(yp+ By,) 4)

Among solutions of equation (3) the coherent-state
functions exists (we propose a, d=const):
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! 1 i
v, =(x) "exp{—|a|2/2—0{2(2dt/2a+1)+a:x(2) Z}x(dt/2a+]) 2

1

exp{—[x—a(Z)_z(dt/Za—])]2 /2(dt/2a+])}

Substituting (5) in (3) we obtain the exact solution of equation II:

1
v, (xt)= ;/_I[ln(iz")—|a|2 /2—a’(dt/2a+1-Py”" )/ 2~

—ln(dt/2a+])/2]—(ﬂd)_la_I[(—ﬂd/2a7+x2)—4dx/\/§+a2 exp(—nt/ B+

+dy/2af )E,(2ay(dt/2a+1)/dp)]

where E, (ax)= j[exp(ax)/x]dx.

Knowing that |/, is generating function of Hermitian polynomials one can obtain others solutions of following form:

1
w.(xt)=y" [In(z*)~le| /2~In(dt/2a+1)/2)] -

—~2aB7 (=B /y+x" )exp(dy/2a—n/B)E,(2ay(dt/2a+1)/dB)+.
+exp(—p/ B)|in[Hn(N2(-d’t* / 4a°

If the integrals of motion of equation (3), i.e. operators

A

1, satisfying the following relation:

7,.a5/dt+ds? /8y =0 .

then from arbitrary solution @, ,, of equation (3) one can

obtain new solutions by following rule [5]:

v=ra,.1,.0)w

where fis arbitrary function.
Therefore if ¢ is solution of equation II then the

(€))

following arbitrary functions are solutions of this equation:

©)
(6)
()
—1)/4x)] exp(yt/ B )dt

I ~ o~ f..2 2 _

p=Ly=Lf(1,1,,.1,)L"p (10)
where i is transformation operator from | to @.
() Integrals of motion for equation (3) are:

I,=0/0t;1,=0/0x;1,=x-2tda”'0/0x (1)

One can obtain new exact solutions of equation II from
known solutions (for example (5) and (6)):

~ PP S
G=(y+p5Ia) ‘1nf<11,12,13>expw+ﬁ§><12)

The solutions of rest equations I — V can be obtained by
analogical way.

[11 K. Takenura,Jour. of phys.A, 2002, v.350 Ne41, p.8867.
[2] J. Dziarmage, Phys.Rev.Lett, 1998, vol.81, Ne§, p 1551.
[31 V.V. Dubrovskyi, A.N. Tupko. UMN, 2001, vol.56, Ne3.

[4] E.A. Akhundova. Fizika, 2005, cild. X1, Nel-2.
[5] E.B. Aronson, I.A. Malkin, V.I. Manko. EChAYa,
1974, 1.5, s.122.(in Russian).

E.A. Axundova

XUSUSIi TOROMOLORDO DOQiQ HOLL OLUNAN QEYRI-XOTTi DIFERENSIAL
TONLIKLOR VO ONLARIN YENi HOLLORI

Xiisusi toromoalords polinomial sokilli geyri-xatti diferensial tonliklarin ti¢ tipi nozardon kegirilmisdir. Harokot inteqrallart metodundan

istifada edarak, bu tenliklarin daqiq halleri tapilmigdir.

E.A. AxynaoBa

TOYHO PEIIAEMBIE HEJIMHEMHBIE IU®®EPEHIIUAJIBHBIE YPABHEHUS B YUACTHBIX
IMPOU3BO/JHBIX U UX HOBBIE PEHIIEHUS

PaCCMOTpeHI)I TpHU TUIIA HEJTMHEHHBIX ,I[I/I(bq)epeHL[I/IaIII)HbIX ypaBHeHI/Iﬁ B HaCTHBIX MPOU3BOAHBIX IMOJJMHOMUAIBHOTO BHUJA. I/ICHOHI)?)ySI
METO MHTEIpaJIOB IBUKCHUAA, HaWJICHbI TOYHBIC PpCeUICHUA OTHUX ypaBHeHHfI.
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THE MEASUREMENTS OF THERMAL-EXPANSION COEFFICIENT IN Cu,,Te CRYSTALS
(x=0; 0,10; 0,15; 0,20; 0,25) BY X-RAY METHOD

Yu.G. ASADOV, A.G. BABAYEYV, Yu.l. ALIYEV, D.I. ISMAYLOYV, R.D. ALIYEVA
H.M. Abdullayev Institute of Physics of NAS of Azerbaijan
H. Javid ave., 33, Baku, AZ-1143, Azerbaijan

The measurements of thermal-expansion coefficient in crystals by the method of high-temperature roentgenography are described in
detail. The thermal-expansion coefficients are calculated from temperature dependence of crystal lattice parameters of existing modifications
in Cu,,Te (x-0; 0,10; 0,15; 0,20; 0,25) and surfaces of thermal-expansion coefficients are shown in each case.

The study of thermal-expansion coefficient (TEC) of
crystals by the method of high-temperature roentgenography
is seemed enough trivial task as the same questions with less
experimental difficulties and with bigger accuracy are solved
with application of dilatometric method [1-3]. However, the
possibility of investigation carrying out on micro-samples is
the advantage of the method of high-temperature
roentgenography. The study of TEC anisotropy (tensor of
thermal expansion in common case) on one-phase crystals
and also TEC measurement in phase mixture can be carried
out with the help of method of high-temperature
roentgenography. TEC definition is led to equation
differentiation for temperature dependence of crystal lattice
parameters.

As the interplanar spacing d of system of reflecting
crystalline planes is connected with glancing angle € and
A1

E sin@
increase of distance d is fixed on variation of value @ with
temperature increase.

Differentiating the given equation over € we obtain:

wave length A of X rays by the equation 4 — S0

od

10 —%sin Octgl = —dctgd or % =ctgf00 .

From this equation it is seen that 0@ value for the given
change of Od increases from the finite value up to infinitely
bigger one on € approximation to 90°. Therefore, & and
60— A0 will be at reflection of monochromatic beam of X
rays falling on crystal at two different temperatures.

If d; and d, are interplanar spacings of the given system
of crystal planes at 7; and 7, temperatures so

A

dd, =——.
e 2sin6,

1T, a
2sind,
Let’s obtain TEC from the equation

d, :d1[1+a(T2 _TI)]
or
dZ_dJ
o=—F—"-=.
dI(T2 _TI)

Substituting d; and d, value, we obtain:

56

Al 11
. 2\sin6, sin0,) sin6, —sin0,
) ~sin0,(T,-T,)
T _T 2\"2 1
2sin6’1( =1

This exact expression is necessary to use if the change of
6 angle at crystal expansion is comparable with (7-26) on the
value. The formula for o obtained by differentiation of
d= ii

2 sinf
change of fangle is less in comparison with (7-26).

The number of independent linear expansion coefficients
is different for crystals of different crystal systems. The linear
expansion tensor for cubic crystals “degenerates” in scalar;
the two independent coefficients are for tetragonal, hexagonal
and trigonal crystals; the three independent coefficients are
for orthorhombic ones; the four independent coefficients are
for monoclinic ones and six independent coefficients are for
triclinic ones.

The homogeneous deformation at the change of crystal
temperature is described by symmetric second-rank tensor

equation is correct only at the condition that

QO Ay
i =&y Oy Xy

)

O30y O3
i is defined by the following formula on arbitrary direction:

2 2 2
A, =cpoy +e,ay, teyas; +2¢,0,a,, + @)

+2¢,,05,0,; + 205,050

Here, c¢;, ¢, c3; are direction cosines of i direction with X, Y,
Z axes. One can find such coordinate system X, Y’, Z’ in
which equation (2) has the form:

_ 2 2 2
A, =00, + a0, + a0

(€))

and (o) tensor transform into diagonal tensor (¢;). The axes
of X, Y’, Z° coordinate system are the main directions of
thermal-expansion tensor.

a, 00
a, =0 a, 0.
00 a
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The position of the main axes of thermal-expansion tensor in
crystals of higher crystal systems is described by crystal
symmetry uniquely. The tensor definition in these cases is
lead to measurement of TEC value along the one (cubic
crystal system), two (hexagonal and trigonal ones) or three
(orthorhombic one) crystallographic axes.

In crystals of low crystal systems the task of thermal-
expansion tensor finding is difficult by the fact that position
of their main axes isn’t defined by crystallographic
coordinate system uniquely. Only one of main tensor axes
(ay) in monoclinic crystals coincides with axis [010]. The
tensor can have the different orientation with respect of this
axis and therefore, this tensor has the four independent
components. For their definition it is necessary to measure
any four interplanar spacing dy as temperature functions. For
calculations it is comfortable to measure dy;(and three values
dyox- In triclinic crystals the tensor () can has any
orientation with respect of crystallographic axes and has six
components. For their definition it is necessary to measure
any six dy. For calculation it is comfortable to measure six
fOHOWil’lg values: dlo(), d()](), do()[, dllO, d]()], do]].

The orientation finding of main directions of thermal-
expansion tensor and the definition of TEC main values is
mathematically are reduced to definition of quadratic form
(2) and to sum of squares (3).

The thermal expansion of Cu,Te (x=0; 0,10; 0,15; 0,20;
0,25) crystals in the given work is calculated from
temperature dependence of elementary cell parameters in
temperature interval involving all possible structural changes.
The parameters of crystal elementary cell change at decrease
of its temperature on AT. Let’s designate the parameter
values of crystal elementary cell by primed letters at the
change of its temperature on A7, then:

a) CTE surfaces
o= oy pp=egnn 10

b1 CTE surfaces
=epuon(y + 3 +opoies

a'=a(l+a,AT)
b'=b(1+a,AT)
c'=a(l+a,AT)

From these equations TEC on main crystallographic
equations will be:

o B a' —a o b'—b
W ar,-1,) " b1, -1,)
a ¢'—¢c here T,>T

=————, where .
et -1,) o

The technique of roentgenographic thermal-expansion
tensor definition in low-symmetrical crystals is described in
detail in [4-8]. In the cases of higher and average crystal
systems the thermal-expansion tensor can be led to main axes
coinciding with main crystallographic directions:

Eron) =i AT 5 Erp107 = ropo) AT

Eroory = Upoo; AT

As it is mentioned above the topology of CTR surfaces is
investigated in [5] and it is shown that surface of thermal-
expansion coefficients in the case of cubic crystals (isotropic
distribution) has the form of sphere (fig.1, a) having the
higher symmetry _*©_.

oom

o) CTE surfaces
d=epon(y + &3 +opoiies

anong, opo11”0; epoiy® gpooy Sq100], oqoony Y, oqloo)™ oot

d) CTR. surfaces
w=epo(ef + 3 topoes
ogoo1]*0; epog <0 opo)=0

e1 CTE surfaces

. 2
Z=onmiC; +emoesHopogs
o10], eowot, tpoty® 0

£y CTE surfaces

' 2
d=onomie; Hepoes Hopolcs
o100, oone]>U; oqoor <0
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The two independent coefficients are for tetragonal,
hexagonal and trigonal crystals. The surface of
thermal=expansion coefficients for these crystals which have
o100 =o10=oo1; becomes the oval-like and oblong at
001> 01007 (fig.1, b) or flattened at ofi005> o001 along [001]

axis (fig.1, c), surface symmetry is L If 10010, 100<0
oom

for the same crystal systems, so CTR surfaces consists of two

positive (white) egg-shaped regions and one toroidal negative

region (black region (fig.1,d).

The coefficient surfaces have the form of ellipsoid
(fig.1,e) for orthorhombic  crystals which  have
1002 0107% o01], the one prolonged positive region and two
negative egg-shaped regions (fig.1,f) exist at the one negative
coefficient (for example & go1y).

The listed six types of TEC surfaces describe all possible
cases of crystal thermal expansion.

The coefficient (¢,) of volumetric expansion is equal to
the sum of three main linear expansion coefficients, i.e.
=001 Ao10)T Koor)-

TEC is the one of few thermodynamical values which
are accessible to direct measurement (including
roentgenographic one). Being the second derivative over |

thermodynamical potentials, TEC characterizes the system
behavior especially in points of polymorphous transforms.

1. Crystal thermal-expansion coefficients of existing
Cu,Te phases

In work [12] it is shown that Cu,Te crystals at room
temperature are two-phased ones and consist of hexagonal
and its  superstructural  orthorhombic  modification
independently on growth conditions. At 453K the second
hexagonal modification forms. At 450K a and ¢ parameters
of hexagonal modification increase by jump and g and b
parameters of orthorhombic modifications decrease by jump.
At 590K first hexagonal and orthorhombic modifications
transform into second hexagonal modification and the crystal
becomes one-phased one in temperature interval 590-660K.
At 660K the reflections relating to orthorhombic modification
recondition with appearance of (111) reflection of high-
temperature HCC modification. The orthorhombic and
second hexagonal modifications at 821K transform into high-
temperature HCC modification. TEC are calculated on main
crystallographic directions from temperature dependence of
lattice parameters of existing modification which are given in
table 1.

Table 1.
Thermal-expansion of existing modifications of Cu,Te (-10°K™)
Modification Temperature, K 1007 Aro10] Qroo1] a= a[mo] il 05[;10] * a[o(u]
290-373 16,27 17,78 16,77
Hexagonal-I 290-473 29,38 29,82 29,53
290-573 44,89 45,13 44,97
473-573 37,89 37,99 37,92
Hexagonal-II 473-673 39,49 39,52 39,50
473-821 45,80 45,76 45,79
290-373 17,12 | 37,39 30,73 28,41
Orthorhombic 290-473 32,13 32,02 -94,32 -10,04
290-573 -09,66 | 11,14 -20,18 -6,03
290-821 4,45 1,16 5,45 3,69
821-873 26,11 26,11
HCC 821-973 36,37 36,37
821-1073 38,49 38,49

As it is seen from the table 1 the anisotropy of thermal-
expansion coefficient is almost absent in both hexagonal
modifications, i.e. oy p<cyp;;>0. TEC surface for these
modifications becomes the oval-like one as it is shown on the
fig.1,b. TEC surfaces have symmetry m-2 for orthorhombic

m
modification which has 110017 01017 {0017 The one elongated
positive region and two negative egg-shaped regions (fig.1,f)
are at the one negative coefficient.

In the case of cubic modification TEC surface has the

form of sphere (fig.1,a) having the highest symmetry _*_.
oom

II. Thermal-expansion coefficients of Cu;goTe crystal

Single crystals Cu,goTe at room temperature as Cu,Te
ones are two-phased ones and consist of hexagonal and
orthorhombic modifications [12]. At 673K orthorhombic
modification transforms into hexagonal one and the crystal
becomes the one-phased one in temperature interval

[ 673-773K and ¢ parameter of hexagonal modification
decreased by the jump and g parameter increases by the jump
with appearance of reflections from high-temperature HCC
modifications. At 873K the hexagonal modification
transforms into HCC modification. These anomalous changes
of hexagonal modification parameters also influence on
thermal expansions which are given in table 2.

As it is seen from table 2 the surface of thermal-
expansion coefficients becomes the oval-like one, oblate one at
o00p> o) along [001] axis (fig.1,¢) surface symmetry is _®© .

oom
TEC surfaces have symmetry m-2 for orthorhombic
m

modifications which have of00Z {0107 001- The surface has
the ellipsoid form (fig.1,e) at all positive coefficients.

TEC surface has the sphere form (fig.1,a) at cubic
modifications and has the highest symmetry © .

oom
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Table 2.

Thermal-expansion coefficients of existing modifications of Cu; ooTe (-10°K™")

Modification |Temperature, K a[100] a[o10] aoon] a= Fpoo) a[;m] * Foni
293-373 27,48 29,51 28,16
293-473 77,92 28,70 61,51
Hexagonal 293-573 65,07 33,72 54,62
293-673 59,07 31,14 49,76
293-773 103,81 -19,49 62,71
293-873 117,39 5227 95,68
293-373 2134 | 9569 | 197,17 104,73
_ 293-473 3642 | 57,17 | 114,35 69,31
Orthorhombic 293-573 2566 | 47,93 | 93,89 55,83
293-673 4022 | 4423 | 72,84 52,43
773-873 41,83 41,83
HCC 773973 41,83 41,83
773-1073 41,83 41,83

II1. Thermal-expansion coefficient Cu,gsTe crystal

Single crystals Cu;gsTe [11] crystallize at room
temperature in hexagonal crystal system and at 707K

| hexagonal modification transforms into high-temperature

HCC modification. TEC are calculated from temperature
dependence of crystal lattice parameters which are given in
the table 3.

Table 3.
Thermal-expansion coefficients of existing modifications of Cu, gsTe (~10'6K'1)
2
Modification | Temperature, K a100] ao01] a= M

293-373 13,15 37,93 21,41

Hexagonal 293-473 27,95 40,45 32,12
xag 293-573 35,43 39,58 36,81
293-673 32,30 29,21 31,27

673-726 37,10 37,10

HCC 673-773 34,90 34,90
673-873 36,29 36,29

The surface of linear-expansion coefficients of hexagonal
modification satisfies to condition of1005, @0017>0; Aoorr™> A100)
and that’s why has the form shown on fig.1,b and TEC
surface of HCC crystals (isotropic expansion) has the sphere
form (fig.1,a).

IV. TEC of crystal modifications Cu, g Te
Single crystals Cu,;gTe as Cu,;gsTe ones crystallize in
hexagonal crystal system at room temperature and at 730K |

Thermal-expansion coefficients of existin,

[ the hexagonal modification transforms into HCC modification
[9]. TEC for hexagonal and HCC modifications which are
given in table 4, are calculated from temperature dependence
of crystal lattice parameters.

TEC surface of hexagonal modification satisfies to
condition a[100)s a[001]>0; a[001]> a[100] and that’s Why has the
form shown on fig.1,b and TEC surface of HCC crystals
(isotropic expansion) has the sphere form (fig.1,a).

Table 4.

modifications Cu; ggTe (~10'6K'1)

_ 2000+ Ay

Modification Temperature, K Ag100] Goo1) a= 3
290-373 22,48 | 69,72 38,23
Hexagonal 290-473 19,73 44,52 27,99
290-573 37,02 | 36,81 36,95
290-673 32,66 | 35,29 33,54
773-873 19,89 19,89
HCC 773-973 19,89 19,89
773-1073 19,89 19,89

|dependence of lattice parameters of both modifications the
results of which are given in table 5.

As it is seen from table 5 the condition ajig0, joo1>0;

oo ofi00) are fulfilled and that’s why TEC surface shown

V. TEC of Cu,ysTe crystal modifications.

Single crystals Cu, 75Te [10] has the hexagonal structure
at room temperature. This modification at 698K transforms
into HCC modification. TEC is calculated from temperature

59



Yu.G. ASADOV, A.G. BABAYEYV, Yu.l. ALIYEV, D.I. ISMAYLOV, R.D. ALIYEVA

on the fig.1,b. TEC surface has the sphere form (fig.1,a) in
HCC modification.

The cations in Cu,,Te (x-0; 0,10; 0,15; 0,20; 0,25)
gradually decrease from stoichiometric composition (Cu,Te)
up to non-stoichiometric one (Cu, 75Te) and the influence of
cation lack on crystalline structure, mechanism of structural
transformations, phase formation, temperature and also
number of phase transformations has revealed. It is
established that perfection and fact that phases one-phase

grown crystals mainly depend on cation lack, i.e. the crystals
become one-phase ones with lack increase of cuprum cations.

The strong anisotropy of thermal expansion on the main
crystallographic directions in all considered crystals leads to
weakening of chemical bond in the structure and by this
reason all low-temperature structures transform in HCC
modification in which the atom thermal oscillations in
crystalline lattice at definite temperature.

Table 5.

Thermal-expansion coefficients of existing modifications of Cu, gTe (-10°K™h

Modification Temperature, K a[100] ao01] a= w
290-373 22,48 69,72 38,23
Hexagonal 290-473 19,73 44,52 27,99
290-573 37,02 36,81 36,95
290-673 32,66 35,29 33,54
773-873 19,89 19,89
HCC 773-973 19,89 19,89
773-1073 19,89 19,89
[11 A.N. Zisman, V.N. Kachinskiy. PTE, 1982, NeS, s.172 [71 A.K. Shubnikov. Kristallografiya, 1956, t.1, s. 95 (in
(in Russian). Russian).
[2] P.G. Strelkov, S.I. Novikova. PTE, 1975, Ne5, s.105 (in [8] J. Nay. Fizicheskie svoystva kristallov. 1zd-vo In. Lit.,
Russian). Moskva, 1960, s.385 (in Russian).
[3] LI Myakin, 11 Lifanov, V.I. Ivanov i dr. lzmer. [91 Yu.G. Asadov, G.B. Gasimov, L.V. Rustamova. Dokl.
tekhnika, 1971, Nel, s.19 (in Russian). AN Az. SSR,1989, t.14, 5.22 (in Russian).
[4] A.K. Shubnikov. 1956, t.1, 5.95 (in Russian). [10] Yu.G. Asadov, L.V. Rustamova. Kristallografiya, 1991,
[5]1 ZI1I  Ejkova, G.S. Jdanov, MM. Umanskiy. t.36, v.1, s.147 (in Russian).
Kristallografiya, 1959, t.4, Ne5, 5.723 (in Russian). [111 L.V. Rustamova, G.B. Gasimov, K.M. Jafarov, Yu.G.
[6] V.V. Zibkov, M.M. Umanskiy. Kristallografiya, 1957, Asadov. Neorg. Mat., 1991, t.26, 5.2065 (in Russian).
t.2, Ne4, 5.508 (in Russian). [12] Yu.G. Asadov, L.V. Rustamova, K.M. Jafarov, A.G.

Babayev. Phase Transitions, 1992, v.38, p.247.

Y.Q. Osadov, 9.Q. Babayev, Y.i. Aliyev, C.i. ismayilov, R.C. Ahyeva

Cu,,Te (x=0; 0,10; 0,15; 0,20; 0,25) KRISTALLARINDA iSTIiDON GENiSLONMO OMSALLARININ
RENTGEN METODU iLO TOYINi

Tadqiq olunan kristallarda yiiksasktemperatur rentgen metodu ils istidon genislonma amsallarinin tayini verilmisdir. Cu,, Te (x=0; 0,10;
0,15; 0,20; 0,25) kristallarindaki modifikasiyalarin qofos parametrlorinin temperaturdan asililigindan istidon genislonmo omsallari toyin
edilmis vo har hal iigiin istiden genislonmo omasallarinin sathi gostorilmisdir.

IO.I'. Acanos, A.I'. Ba6aes, 10.1. Aabies, JI.A. Ucmanios, P.JI. AiabieBa

MN3MEPEHHUSA KOOPUIUEHTOB TEIIVIOBOT'O PACHIIUMPEHUS B KPUCTAJIJIAX
Cu,4Te (x=0; 0,105 0,15; 0,20; 0,25) PEHTTEHOBCKHUM METO/JOM

IMoapoOHO M3M0KEHO M3MepeHuUs! KOG PHIMEHTa TEIIOBOTO PACIIUPEHUs] B KPUCTAIUIAX METOJOM BBICOKOTEMIIEPATYPHOIM PEHTTCHO-
rpaduu. M3 temnepaTtypHOl 3aBUCHMOCTH IapaMeTPOB KPUCTAUIMYECKOH PEIIeTKH cymecTByronmx mMoaundukammii B Cu, Te (x=0; 0,10;
0,15; 0,20; 0,25) paccuuTanbl KOI(GPUIHEHTHl TEIIOBOIO PACHIMPEHUS M B KaKAOM Cilydae MOKA3aHbl MOBEPXHOCTH KOI(PPHUIMEHTOB

TETJIOBOTO PACLINPEHHUSI.
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DETERMINATION OF INCOHERENT NEUTRON SCATTERING CROSS SECTION IN
ZIRCONIUM ELEMENT BY MCNP4C CODE

D. MASTI
Baku State University,
AZ -1148, Z. Khalilov, 23 Baku, Azerbaijan

Neutron crystallography is an efficient investigation method for determination the structure of materials, but neutron sources are very rare and expensive to
build and to maintain. The strongest neutron source is nuclear reactor, but its expense is billions of dollars to build and operate. High cost was a major factor in the
cancellation of the advanced neutron source project. For obviation this difficulty, have been designed computer methods. These methods have been employed for
determination of materials characteristics, but very limitations exist for neutron crystallography in methods of computer based. In this paper shown, neutron
diffraction and neutron scattering with a proper design method of computer based can be used for overcome some of these limitations. In this context, is studied the
feasibility of computer method by MCNP4C code for determination of coherent and incoherent neutron scattering cross section for natural zirconium and also,

neutrons diffraction.

1. Introduction

The thermal neutron scattering cross section is usually
divided into three different parts:

-Inelastic: Important for all materials and described by the
scattering law S (a,p).

-Coherent elastic: Important for crystalline solids like
graphite, beryllium or UO,.

-Incoherent elastic: Important for hydrogenous solids like
polyethylene or light water and zirconium.

Thus, for research of incoherent neutron scattering cross
section, we select zirconium element. In nuclear reactors one of
the most practical elements is zirconium. Zirconium is widely
used in core reactor. All channels, spacer grids, and clad
materials (as fuel rod cladding), are made up of zirconium alloy
in order to save neutron economy [7].

In this paper simulated Pressurized Water Reactor (PWR)
and neutron diffraction in crystallography section. Finally,

coherent and incoherent cross sections of zirconium element by
thermal neutrons are obtained, by means of MCNP4C code.

MCNP is a general-purpose Monte Carlo N-Particle code
that can be used for neutron, photon, electron, or coupled
neutron/photon/electron transport, including the capability to
calculate eigenvalues for critical systems.

The code treats an arbitrary three-dimensional configuration
of materials in geometric cells bounded by first- and second-
degree surfaces and fourth-degree elliptical tori. In MCNP4C
code, the neutron energy regime is from 10" MeV to 20 MeV,
consequently (existence of thermal neutrons in these limits) it is
possible to simulate neutron diffraction and Bragg's law [1-4].

2. The model preparation for calculation of MCNP4C code
We can employ two designs for our investigation. A

schematic diagram of the equipment used in studying neutron
diffraction effects is given in figure 1 (A, B).

Y
@

Fig.1: Two designs for investigation of neutron scattering and neutron diffraction.
1-Thermal insulation; 2-down reflector; 3- Core baffle; 4- Reactor core; 5- Up reflector; 6-Reactor pressure vessel; 7- Shielding;
8- Thrust truss; 9- Water tank; 10- Tank edge; 11- Registration areas; 12- Crystal monochromator; 13- Metallic sphere; 14- Zirconium.
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Reactor core consists of 163 hexagonal fuel assemblies with
U** enrichment between 1.6 and 4.02 %.Fuel assemblies are in
hexagonal shape and consist of 311 pin-type fuel rods. Fuel
rods are arranged in a triangular array with 12.75 mm pitch.
Every fuel rod is constrained in the correct position by the
presence of 15 spacer grids made up of Zr + %INb. There are
20 special channels in the fuel assemblies. The central channel
serves as a structural element of the fuel assembly framework.
One channel shifted with respect to the center is used to house
the in-core instrumentation systems. Eighteen channels are the
guide ones wherein the control rods are moving and the
burnable absorber rods are installed as well. All channels and
spacer grids are made up of zirconium alloy in order to save
neutron economy. Arrangements of fuel rods over the sections
of the fuel assembly types are shown in figure 2.
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Fig.2: Reactor core configuration. 1- Measurement tube 2- Core
baffle 3- Cladding fuel Assembly 4-Water in reactor core.
5- Fuel rod.

Fig.3: Configuration of reactor core and crystallography section.
1- Reactor core; 2- Cladding fuel Assembly; 3- Core baffle;
4- Water; 5- Basket; 6- Core barrel; 7- Shield; 8- Pressure
vessel; 9- air gap; 10- Cladding; 11-Thermal insulation;
12- Tank wall; 13- Biological shield; 14- Crystal monochromator;
15- Metallic sphere.

A collimated beam of thermal neutrons is passed out
through the radiation shielding in reactor and falls upon a single
crystal monochromator of sodium given in figure 3. This
crystal is oriented so as to Bragg-reflect neutrons of wavelength
1.08 A (energy 0.069 eV). After collimation through slits of
size 1 cm by 3.5 cm, the monochromatic beam strikes a flat
plate of the crystalline solid of zirconium under study that
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zirconium located inside metallic sphere in near of reactor
pressure vessel (the diffracted neutrons count-rate is measured
in a detector that here accomplished by this metallic sphere,
figures 1,3). The neutron current in the primary monochromatic
beam is about 200000 neutrons and in the diffraction peaks
about 155000 neutrons [5, 7-16].

3. The results of calculations and their analysis

Relation of total scattering cross section (afot) with coherent
scattering cross section (o.,;) and incoherent scattering cross
section (o;,.) are:

)

Therefore, at first we obtain coherent scattering cross
section (o), thereafter total scattering cross section (O',m) and

Oinc = Otot = Ocoh

finally incoherent scattering cross section (O'i,,c).

A) Method of calculation of coherent scattering cross
section (G ,,)

We now calculate by MCNP4C code the intensity of the
Bragg peak of standard method, originally devised for the
scattering of neutrons, namely rotating and oscillating crystal
method (rotation of crystal) [6,21].in this method of measuring
a Bragg peak, a monochromatic beam of neutrons is incident on
a crystal that can be rotated.

From the intensity of the diffraction peaks, it is possible to
calculate coherent cross section by use of equation [11]:

> _ By 4w sin’ 26 1
hkl Po ﬂth e—;/hseeﬁ jhkl 'M2

. @

structure factor; Pp and Py are the peak and
incident beam intensities; A the neutron wavelength; L and %
the width and thickness of the specimen; M the number of
molecules per cubic centimeter; x the absorption (linear)
coefficient; j the multiplicity factor for the planes in question; »

where Fhkl

distance of specimen from outlet thermal neutrons of gap; and 6
the angle between the plane and beam.

In case of single-atom samples, like natural zirconium (Zr),
scattering amplitude (fy) is determined by use of formula [18]:

Fuwa= Ry fo 3)
were Ry is geometrical part of structure factor.
With use of fj, it is possible to calculate coherent cross
section by use of equation:
. 2
Ocoh = 47[(.ﬁ)) » (4)

In figure 4 is shown neutron diffraction pattern taken for a
crystal sample of natural zirconium (Zr) [17-20].
After calculations, value of coherent neutron scattering cross

section (0,,;) of natural zirconium obtained 6.41 barns.
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Fig .4. Neutron diffraction pattern taken for natural zirconium.

B) Method of calculation of total scattering cross section

()]

For calculation of total scattering cross section (O'm,), we
can use of elements cross sections in MCNP code. MCNP has
plotting capabilitiecs. MCPLOT command, plots tally results
produced by MCNP and cross section data used by MCNP.
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Fig. 5. Neutron total cross section and total scattering cross section
for natural zirconium.

It can draw ordinary two-dimensional x-y plots, contour
tally plots, More than one curve can be plotted on a single x-y
plot. For natural zirconium, neutron total cross section and
elastic scattering cross section are shown in fig.5. The neutron
energy regime is from 107" MeV to 20 MeV. From this figure
and use of effective scattering cross section in the laboratory
system for neutrons in MCNP code, value of total neutron
scattering cross section (0',,”) in range of thermal neutrons for
natural zirconium obtained 6.47 barns [1-4].

C) Definition of incoherent scattering cross section (0;,.)

We now calculate value of incoherent neutron scattering

cross section (J,m) by use of formula: ¢, =
which has obtained 0.06 barns.

In table.1 is shown comparison of obtained results with
experiment results [18, 22].

Owi = Ocoh

Table 1
Cross section | Coherent | Incoherent Total
(b) scattering | scattering | scattering
Laboratory 6.44 0.02 6.46
MCNP4C 6.41 0.06 6.47

4. Conclusion.

As one can see from this discussion, the computer
simulation technique as MCNP4C code has enabled the
determination of coherent and incoherent neutron scattering
cross section. The power of this method can be further will be
enhanced by proper combination of several methods from
several computer simulation techniques to eliminate the
ambiguities in complex crystals structure.
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MCNP4S KODU VASITOSILO NEYTRONLARIN SiRKONiUM ELEMENTINDON QEYRi-KOHERENT
SOPILMOSININ EFFEKTIV KOSIYININ TOYINi

Materiallarin strukturlarinin toyininds neytron kristalloqrafiyas: effektiv metodlardan biridir. Lakin neytron menbslorinin qurulub vo istismari
oldugca baha basa golir. ©On giclii neytron monbayi reaktordur ki, onun da qiymoti milyard dollardir. Biitin bunlar materiallarin
xarakteristikalarmin toyini {¢iin kompiiter metodlarinin islonib hazirlanmasina sabab olmugdur. Kompiiter metodlarinda da neytron
kristallografiyas: iiciin miioyyon mohdudiyyastlor vardir. Baxilan isdo miivafiq kompiiter metodlar1 vo MCNP4S kodu vasitssilo neytronlarin
difraksiya sopilmelarinin todqiqindoki mohdudiyyotlorin aradan qaldirilmas: gostorilmisdir. MCNP4S kodu vasitosile neytronlarin sirkoniumdan
geyri-koherent sopilmasinin effektiv kasiyi toyin edilmisdir.

J. Mactu

ONPEJIEJIEHUE CEYEHUS HEKOTEPEHTHOI'O PACCESIHASI HEUTPOHOB HA
OUPKOHHUU KOAOM MCNP4C

Heiirponnast kpucrayuiorpadust siBiasercss >p(QeKTUBHBIM METOAOM Ul OIpEJeNeHUs CTPYKTyphl MarepuanoB. Ho cTpoutensctBo u
coziep)KaHue HEHTPOHHBIX MCTOYHMKOB O4eHb Joporuve. CaMplil MOIUHBIA HEHTPOHHBIH HMCTOYHUK - SJEPHBIA PEaKToOp, HO €ro pacxojbl
COCTABIIIIOT MUJLTHAP/IBI JIOJIApOB. BhIcoKast CTOMMOCTE ObliIa IITaBHEIM ()aKTOPOM UL pa3paboTKN KOMIBIOTEPHBIX METOJ0B IS ONPEEIICHHS
XapaKTepHCTUKH MaTepualoB. B KOMITBIOTEPHBIX METOJIaX TOXE CYIIECTBYIOT OTPaHHMYCHHs JUISI HEMTPOHHOH Kpucramiorpadun. B manHoi
paboTe TOKa3aHO, YTO C IMOMOIIBIO KOMIBbIOTepHOTO Merona M koga MCNP4C MOXHO yCTpaHHTBh 3TH OTPaHHYEHHS IS HCCIE[OBaHHS
I pakIMOHHOTo paccestHus HeHTpoHOB. KomoM MCNP4C onpenensrorcs cedeHus: HEKOT€PEHTHOTO PAacCesiHUsI HEUTPOHOB Ha IIUPKOHUH.
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OZON QAZI SINTEZININ ELEKTRON TEXNOLOGIYASI

A.M. HOSIMOV, K.B. QURBANOV, H.C. HUSEYNOV
AMEA H.M. Abdullayev adina Fizika Institutu, Az-1143, Baki, H.Cavid, 33

Maqalade miixtalif istehsal sahalarinin inkisaf etdirilmasinds, hazirlanan mshsulun istiin keyfiyyot gostaricilorine malik olmasinda
elektron texnologiyalarinin totbiq olunmasinin effektivliyi asaslandirilmisdir. Xiisusi halda ozon qazinin istehsali iizra yiiksok mohsuldarliga

malik ozonatorun hesabati iizra naticalor taqdim olunmusdur.

Xalq tesorriifatinin miixtalif sahslorinde elektron texno-
logiyasinin totbiqi effektiv tisul hesab olunur vo bu bir sira
proseslords istifado olunaraq miisbot noticalorlo oziinii tosdiq
etmigdir. Elektron texnologiyasi iisullart giiclii elektrik saho-
lorinin va elektrik qaz bosalmalariin texnoloji proseslors to-
sirino osaslanir.

Elektrik sahoasi atom vo molekullara, hatta 6lciilori kigik
olan maddas hissaciklorins tasir ederak onlara istigamatlonmis
horokot verarok elekroseparasiya, elektrogarigdirma, elektro-
orientasiya, elektriki yiikklonmo, elektrosiizgoc, elektrotomiz-
loma va sairs bu kimi proseslorin hayata kegirilmasini tomin
edir. Elektrik qazbosalmalarinin tasirlori maddenin fiziki vo
kimyavi xassolorini doyismaya sabab olur ki, bu da material-
lara arzu olunan xiisusiyyetlorin agilanmasina imkanlar yara-
dir. Yuxarida gostorilon proseslordo materiallardan osason
qazlarda elektrik coroyaninin kegmasi miisahido olunur. Qaz-
larda elektrik coroyaninin dyronilmoesi qaz elektronikasinda
oldugu sobobindon yuxarida sorh olunan texnologiyalar elek-
tron texnologiyasi adi almisdir. Elektron texnologiyasinda
elektrik enerjisinin proseslora birbasa tesirlorindon istifads
edildiyindan onun digar enerji ndvlarina ¢evrilmasine ehtiyac
olmur, bu da 6z novbasinds istehsal siiratininin yiiksok olma-
sin1 va istehsalin iqtisadi somarsliliyini tomin edir.

Qeyd etmok lazimdir ki, elektrik enerjisinin totbiqinin
otalotsiz idaro olunmasi elektron texnologiyasinin texnoloji
proseslorin avtomatlagdirilmasinin sadslogdirilmoasine imkan
yaradir.

Elektron texnologiyasi eyni hocmlards elektrik, mexaniki,
istilik, kimyavi va bir sira digor tasirlorin eyni zamanda tatbiq
olunmasma yol verdiyindon istilik miihadilosi, kimyovi
reaksiyalar va bu kimi fiziki-kimyavi proseslorin effektivliyi-
nin yiliksalmasina sabab olur.

Yuxarida qeyd olunanlar elektron texnologiyasinin yeni
sxemlarinin islonilmasinin, yeni aparat vo qurgularm hazir-
lanmasinin vo onlarin xalq tesarriifatinin miixtalif sahalarinda
totbiqinin gilinlin aktual problemlori sirasina daxil oldugunu
osaslandirir.

Elektron texnologiyasinda istifado olunan ozon qazinin
totbiq oblast1 genis vo miixtolifdir [1-5]:

- 0zon qazi sanaye tullanti sularin effektiv tomizlonmosini;

- tullant1 sularm tarkibinda fenol, radon, sionid maddalo-
rini pargalayaraq suyun bu maddslordan effektiv tomizlonmo-
sini;

- suyun soffafligini, canli orqanizms zorarli virus vo mik-
roblarin zorarsizlogdirilmosini tomin edir. Ozon qazi boazi
kimyavi reaksiyalarda katalizator kimi istifads olunur.

Ozon qaz1 vastasilo bir sira oksidlogsmo proseslorini asan-
ligla hoyata kegirmok olur:

- formaldehidin vo qarisqa tursusu almaqla metan qazi-
nin oksidlogmosi;

- etilenin etilenoksido ¢evrilmosi;
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- ozonun tasirilo karbohidrogenlarin oksidlagsmasi vo na-
ticodo kimya sonayesinin mohsulu olan spirtlorin aldehidlorin
alinmasi v sairs bu kimi proseslori misal gostormok olar.

Yuxarida ozon gazmin kimya sonayesinds totbiqinin no-
ticolorine asaslanaraq qazbosalmalarinin, basqa sozlo elektron
texnologiyasinin tosirlorinin kimya sonayesindo genis oblas-
tin inkisaf etmosina sabab oldugu aydin olur.

Toqdim olunan moaqalads ozon iizra yiiksok mohsuldar-
liga malik elektron texnologiyasina daxil olan qurgunun layi-
holondirilmasi vo miivafiq hesabati verilmisdir.

Toklif olunan ozonator qurgusunun layihasi asagidaki
elementlori torkibine daxil edir.

Ozonator qurgusunun iimumi sxemi 3 odad elektrik qaz-
bosalmasi elementi, vahid soyutma sistemi, vahid elektrik
tochizati sistemi, qaz daxil olma vo ozon-oksigen ¢ixis sis-
temindon toskil olunmusdur. Har bir gazbosalmasi elementi
vastasilo 0,5 kqg/saat mohsuldarligla ozon istehsal olunmasi
nozards tutulmusdur. Bu halda ¢ixigda 2% ozonun ayrilmasi
gozlonilmalidir. Is rejimini doyismokls ¢ixigda ozonun mig-
darin 7%-5 ¢atdirmaq olar.

Qazbosalmasi elementlorinin hor biri eyni oxlu / uzun-
luga malik metal borulardan ibarot olaraq, daxili kicik dia-
metrli borunun bir ¢ixis1 qapanmus halda, xarici sothine d, qa-
linliqda siiso emal ¢okilir. Borularin arasinda gazbosalmasi
omalagalen d,; qalinhqh silindrik sokilli qaz araligi mévecud
olur ki, bu araligda ozonator igo salindiqda ozon qazinin sin-
tezi miisahido olunur. Ozonatorun har iki borusunun su axin-
tist ilo soyudulmasi nozardos tutulur. Ozonatorun daxili borusu
yiiksok potensalli oldugundan soyutma suyunun qurguya da-
xil olmas1 vo ¢ixmast dovrasine § MgOm qiymotindo miiqa-
vimot daxil edilir ki, bu miigavimotin hesabina sizma cors-
yanlarinin giicli 25 Vz, sizma corayanlarinin qiymoti iso 2 mA-
don cox olmasin.

Ozonator qurgusuna daxil olan diger elementlar yiliksok
gorginliklor texnikasinin qaydalarina miivafigliyi tomin edi-
lorak hazirlanmmgdir. Qurguda d,=1,2m qazbosalmasi aralig
d~1,2mm, qaz kiitlosi olaraq / atm tozyiqde desilmo gorgin-
liyi E;=35kv/sm va dielektrik niifuzlug &=7-9 olan oksigen
qazindan istifado edilmisdir. Hor bir boru ozonator genera-
toru olaraq ozon tizro m=0,5kq/saat mahsuldarliga malikdir.

Ozon generatorlarmin geometrik parametrlorini toyin
edok. Qobul edok ki, 2500-5000 Hs tezlikli gorginlik totbiq
etdikdo k=5kq/saat olur.

m=ks, , burada s, -dielektrik arakosmonin is¢i sahosidir:

s,=m/k=05/5=01m’

olar.
Bu halda borunun / uzunlugunun diametrs hasili ugun:

[-D,=0,1/Im’
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alariq. u, =E-d, =35kV/sm-0,12sm=42kV
Ogor D,=60mm olarsa, onda [=0,5m=500mm olar. Bu 9

halda xarici borunun daxili diametri D,+ 2d,, daxili borunun o
xarici diametri isoa D, - 2d,, miivafiq olaraq 62,4 mm veo toskil edir.

57,4 mm toskil edir. Ozonatorun is¢i gorginliyi ui=12kV, dielektrik

Qaz kiitlssinin parametrlori asagidaki miinasibotdon arakosmoyos  diison  gorginlik  w,=7,8kV  oldugda
toyin edilir: E, = Y4 _ 65 kp/mm Olur.

d
m=cV =cuvs, Ozonatorda ayrilan aktiv giic asagidaki miinasibotlo
miioyyanloagdirilir:

Burada c-kg/m’ -konsentrasiya, V-m’/saat qaz sorfi,
v=m / saat -la xotli siirat, Sy-dairovi araligin en kosiyinin D, = 4 fuz (ud c, —u.c )
sahasidir. 1

burada ¢y, ¢, - dielektrik arakosmonin vo qaz araliginin
tutumudur vo asagidaki kimi toyin edilir.

sy=IID,-d, =226-10" m’

m=0,5kq/saat oldugundan, ¢=0,04kq/m’ qiymotlori £E. 8 B
konsentrasiyanin taqribon -2%-o uygun galir. c; = f ~600-10°"° F
d
V=129m’/saat EE,S _
c,=—>+2=740-10"" F
v=153m/san q

. . q
qiymatlari almur.

Bu siirotlor qaz kiitlesinin reaktorun aktiv zonasinda

. . . Bu hald = iymotini alir. O t
0,03 saniyo miiddotindo gqalmasina gotirir. Bu halda reaktorun u halda £, =36 kpt qiymotini alr zonator

daxilinds tozyiq artim, qurgusunun 3 elementinin {imumi giicii /0,8kVt toskil edir.
Yiiksok tozyiqlords (/,5 atm) izolyasiya lizre sizma va tutum
2 coroyanlarint nozora alsaq 5000 Hs tezliklordo monbonin
Ap = PO _ 250 Pa=0,0025 giicli /5 kVt-dan az olmamalidir. Bu halda qurgunun aktiv

2 giicii vo mahsuldarli1 azalmis olar.
atmosfer toskil edir. Beloliklo mogalods sorh olunan layiho vo hesabat ozon
Qazbosalmasinin baslangic gorginliyi qaz1 {lizro miixtolif mohsuldarlifa malik ozonatorlarn

layiholondirilmoesindo baza sonadi kimi istifado oluna bilar.
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ELECTRONIC TECHNOLOGY OF OZONE SYNTHESIS

The aplication efficiency of electronic technology in the development of different industries is established in this paper. The calculations
of ozone device of high efficiency are given.
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The investigation results of temperature dependences of dielectric constants (¢), dark and pyroelectric currents and also VAC and dark
current time evolutions of layered ferroelectric-semiconductor T1GaSe,, obtained at fixed temperatures in 77K+ 300K interval are presented
in the present work. The pronounced anomaly in the “pit” form with visually noticeable temperature boundaries ~150K and ~200K is firstly
revealed on ¢(7) curve measured in the direction which perpendicular to the layers in the region of low frequencies. Also the development of
electric instabilities revealing in the form of low-frequency current quasiperiodic vibrations on sample VAC in strongly limited temperature
interval 145K — 205K is firstly experimentally fixed. The time character of current instabilities is established. It is shown that it is important
for observance of the given instabilities that electric field should be given to the sample by the means of contact-free master potential
electrodes prepared in the form of thin mica separator. The instability nature and its influence on the different physical parameters of layered

crystal T1GaSe, are discussed.

1. Introduction

Thallium-gallium diselenide (TlGaSe,) relating to the
family of low-dimension (layered and open-chain) triple
chalcogenide semiconductor compounds with general
formula TI'(M*"X,)” where M = In, Ga; X = Se, S, Te is the
interest example of ferroelectric-semiconductor in the
scientific relation and important in the practical one the
properties of which are actively investigated during long
time. The significant volume of experimental material
dedicated to systematic study of structural properties and
physicochemical peculiarities TlGaSe,, synthesis condition
development of these compounds and preparation technology
of high-qualitative single crystals [1-7] has accumulated in
the scientific works in the result of long-term investigations.
Thus, for example, by rentgenodiffraction investigations it is
established that TIGaSe, layered crystals have the monoclinic

type of crystal structure with C26h symmetry space group and

a = 10,77A, b = 10,771A, ¢ = 15,636A and p = 100,06°
lattice spacings. The two-dimensional-periodic double layer
alternating parallel to crystallographic plane (001) (or
perpendicular to ¢ axis) is the main structural crystal unit.
Each “sublayer” consists of group consistency of GasSe;o-
pyramids being the main structural reason which are
constructed from combination of four elementary gallium-
selenium GaSe, tetrahedrons. Two layers access to each other
by vertexes of pyramids and are relatively shifted by such
way that trigonal spaces form in which Tl atoms locate. The
elementary cell contains 16 formula units (64 atoms) [1-7].
The interest to TlGaSe, is caused by the presence of
temperature phase transition (PhT) consistency at atmosphere
pressure in its structure. The three structural PhT: two in the
volume and the one on the surface are explicitly identificated
by the structural [5,8], heat [9-14], acoustic [15-18], optical
[19-22], dielectric [23-32], pyroelectric [33], NMR [34,35],
EPR [36] and other investigations in TlGaSe, crystals. PhT
realize in crystal volume: near 7~120K from high-
temperature paraelectric phase into incommensurable (INC)
phase and near 7. ~110K from INC-phase into improper,
modulated, commensurable (C) ferroelectric phase with the
spontaneous polarization vector lying in the layer plane. Note
that PhT temperatures for TlGaSe, samples chosen from
different technological sets can differ from above mentioned
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ones on few degrees up or down on temperature scale. PhT in
INC-phase is connected with stability loss of layered crystal
lattice with respect to some degree of freedom corresponding

to wave vector k, =(5;6;0.25), where §=0.02 is

incommensurability parameter [5,8]. The parameter J at
transforms into zero by the jump at 7 = T, so ferroelectric
properties of low-temperature C-phase are connected with
“blocking” of modulation wave vector on rational value

/;,. =(0;0;0.25) (soft mode on the boundary of Brillouin

band). The symmetry space group of low-temperature polar
phase and also temperature behavior of 6 incommensurability
parameter haven’t been revealed yet in spite of many
attempts. PhT on the surface is observed near 7~135K
according to [33,37]. The significant improvement in the
understanding of surface PhT nature in TlGaSe, is absent in
the present scientific works.

Meanwhile, enough many experimental facts obtained on
the base of CSL and IR [19, 38-42] investigations and also by
the methods of micro-wave and submillimetric dielectric
spectroscopy [43, 44] which don’t agree with above
mentioned data and show on the T1GaSe, relation to the class
of eigen ferroelectrics with intermediate INC-phase on
temperature as the softening of some phonons in the middle
of Brillouin band in commensurable ferroelectric phase is
observed near PhT temperature. Nowadays the inconsistency
reasons of above mentioned results can’t be considered as
finally determined ones in spite of the fact that there are
several models [23-28, 45-47] in the scientific works which
explain them.

Note that TlGaSe, crystals usually have the composition
differing from stoichiometric one [48,49] because of the
difference in steam tension of initial components. The
stoichiometry failure in growing process or high-temperature
thermal annealing of TlGaSe, samples leads to appearance of
increased structural defect concentration in the form of Se
volume inclusions the concentration and charge state of
which significantly influence on semiconductor properties of
T1GaSe, (double carrier injection, residual photoconductivity
[48, 49] and etc.).

Besides regions close to temperatures of structural PhT,
T1GaSe, single crystals reveal the series of unusual properties
which don’t have the proper explanation. Firts of all, it is
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necessary to note the works [43,44] in which the dynamics
non-trivial behavior of TlGaSe, crystal lattice consisting in
splitting of soft ferroelectric mode on two components: low-
frequency branch behaves itself norlally and high-frequency
one behaves itself anomalously with temperature change.
Firstly its frequency monotonously decreases with
temperature decrease, goes through minimum near ~180K
and then it increases. The tractability of this singularity is
given in [50] on the base of model of toroidal PhT. In [20,21]
it is established that under study of temperature dependences
of transmission spectrums of TlGaSe, samples chosen from
different technologies sets and investigated in the direction
perpendicular to layers, the intensity oscillations of
monochromatic light (see fig.7, b) passing through the crystal
are observed in TlGaSe, some samples aren’t observed in the
white light and their period doesn’t depend on thickness of
T1GaSe, investigated plates, they are defined only by sample
temperature. With the help of control investigations authors
establish that oscillations observeable in the experiment
aren’t connected with multipath light interferention in
TlGaSe, parallel-sided plates and thermoluminescence of
crystal impurity centers. By authors opinion [20, 21, 51] the
above mentioned oscillations are connected with diffraction
of monochromatic light on soliton lattice presenting itself the
region alternation corresponding to commensurable
ferroelectric phase on the structure and narrow domain-like
walls which are phase solitons. By other words authors
suppose that PhT into INS-phase in TIGaSe, takes place near
~ T~247 K and into ferroelectric C-phase takes place near
T~140 K, i.e. near temperatures not designated by structural
investigations. It is need to note that theoretic estimations
carried out in refs [52-55] make the realization in the
experiment of above mentioned oscillation mechanism of
transmission intensity in T1GaSe, unclear.

Besides the above mentioned unusual peculiarities, the
one more is observed in the ref [22] at temperature
investigations of conoscopic figures of TlGaSe, thin plates
consisting in return of TlGaSe, optical axes beginning from
the temperatures ~180K. The authors of ref [22] specially
emphasize that observable phenomena can’t be explained by
even supposed PhT in TlGaSe, structure and is connected
with appearance the internal electric fields directed
perpendicular to T1GaSe; layers (the nature of which by the
opinion of ref [22] authors is still unclear) and their influence
on crystal refraction coefficients in the given temperature
region in the crystal.

Finally let’s mention the refs [10, 11, 16] in which the
unusual temperature behavior of thermal-expansion
coefficient and Yung module of TlGaSe, are observed in
temperature interval ~140K+~200K.

Taking into considration the above mentioned the detail
study of resistive and dielectric properties of TIGaSe, single
crystal samples in temperature interval 140K+200K with the
aim of search and establishing of correlations between above
represented unusual physical properties TIGaSe;, in the given
temperature region and measurements of dielectric and
transport properties is the task of present paper. The
experimental evidences of the fact that the given pecularities
present themself the different forms of electric instability
revealing realizing in the form of nonequillibrium PhT in
TlGaSe, electronic subsystem are given in the work. Let’s
note that the data about similar investigations in the scientific
work are absent in the moment of present work carrying out.
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2. Sample preparation and measurement technique.

The specially chosed high-resistive samples TlGaSe,
cutted from grown single crystal ingots modified by method
Bridgmen-Stockbarger are used for investigations. X-ray
micro-analysis carried out by the means of EDX (energy
dispersive X-ray) attachment to scanning electron microscope
proves the sample formula composition. According to EDX-
analysis data the percent relation of initial components in the
investigated sample differs from stoichiometric one to the
side of tallium atom deficit and it is equal to (22,58 at %)T],
(26,58 at %)Ga and (50,84 at %)Se. Let’s also note that the
control tests on TlGaSe, samples sawed out from other
technological sets the stoichiometric composition of which
either almost corresponds to above mentioned one or
absolutely differs from it to the side of thallium atom excess
and selenium atom deficit are carried by us with the aim of
confirmation of obtained results.

The following electro-physical properties: VAC, dark
current in the dependence on constant electric voltage applied
to the sample and light intensity by the which the sample
radiation is carried out up to measurements; the frequency
dependence of complex dielectric constant; the current of
short circuit passing through the sample (pyroelectric current
near ferroelectric PhT) are studied in the prepared samples in
wide temperature interval.

The samples for electric measurements in constant
electric field present themselves the rectangular plates with
typical dimensions: thickness ~1,5mm and surface area
~8mm”. The two by two current-conducting contacts from
silver paste, to which the thin copper wires are applied, are
evaporated on basic mirror surfaces of TlGaSe, plates for the
obtaining of low-resistance electric contacts with the sample.
The width of interstice between contacts on each sample is
~2mm. Besides, the control measurements on the samples
with electrodes from aurum evaporated on sample surfaces
by the method of high-temperature thermal evaporation in
vacuum are carried by us. The results obtained by the using
of these electrodes are identical ones. From this it is followed
that TlGaSe, sample contacts with electrodes have the
resistance which is essentially less than the crystal volume
resistance.

The nitric cryostat with optical windows and automatic
regulation and temperature stabilization is wused for
investigations. The control of temperature and the rate of its
change is carried with the help of Lake Shore 340
Temperature Controller. The measurements are carried in
dynamic regime with different rates of linear temperature
change in interval from 0,1K/min up to 20K/min. The sample
temperature is measured by platinum resistance thermometer
Pt-100 at the temperature stabilization level not less 0,01K.
The sample radiation is carried by the light of quartz-halogen
bulb with power 100W.

The current measurements are carried out with the help
of peak-amperemeter Keithley 485 to the input of which the
sample is connected off in resistance mode. The sensitivity
lower limit of measured installation is 0,IpA with
measurement error of current through crystal not more than
+0,01pA.

The pyrocurrent measurements are carried out by the
common method of short-circuit sample at its uniform
heating. The peak-amperemeter Keithley-485 is used in the
capacity of registering device. The contacts from silver pasta
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are coated on mirror surfaces TlGaSe, sample layers as along
polar direction so perpendicular to one. The measurement
procedure contains the following operations: firstly the
sample is cooled up to melting point of liquid nitrogen in the
darkness at the presence of external polarized current electric
field the strength 400V/cm (which is essentially less than the
coercive field one). Further the sample is heated up to room
temperature in the dynamic regime with linear rate of
temperature change 20K/min. Parallel to it the short-circuit
current (i,(7)) passing through the sample (pyroelectric
current near ferroelectric PhT) is registered in the regime of
short-circuit sample.

VAC measurements are carried out with the help of
electrometer Keithley 614 in isothermal conditions in the test
current scanning regime. The current amplitude registered by
the electrometer is ~ 0,1pA, the voltage applied to the sample
is in interval — 100 V ++100 V.

The special investigations at which the electric contacts
are removed from sample surface and electric field is applied
by the means of non-contact, potential-retarding electrodes
carried out in the form of thin mica separator (by thickness
~300 um) hold on the sample surface with the help of vacuum
lubrication are carried out with the aim of exclusion of
electric contacts on TlGaSe, electrophysical properties. By
other words the cycle of electric measurements is repeated on
the sample putted between condensator armatures connected
to closed circuit consisting of the direct current source,
condensator and electrometer.

The investigations of complex dielectric constant are
carried out in quazi-static temperature regime by the method
of impedance spectroscopy in frequency range 50Hz —
I13MHz with the help of HP 4192A LCR-meter. The
measurements are carried out on TlGaSe, sample having the
form of rectangular parallelepiped with parallel-sided ends
with area 12mm’ and 10mm’ correspondingly in both
perpendicular to the layers and along polar direction one. The
sample surfaces which one perpendicular to polar direction
are mechanically polished and burnished up to optical
quality. The electric contact to the electrode formed by the
evaporation of gold films on sample surface is carried out
with the help of current contact devides. The sample during
measurements is in thermostatically controlled chamber
inside thin-walled glass Dewar. The temperature is controlled
by cuprum-constant thermocouple. The accuracy of
temperature maintenance is not less than 0,5K and sensitivity
of its measurement is not less than 0,1K.

3. Experimental results.

The temperature dependences of dielectric constant real
part (¢") of TlGaSe, measured in heating regime at different
fixed frequences (200 Hz + 13 MHz) of measurement field in
direction perpendicular to layers are presented on the fig.1.
As it is seen from fig.1 the spectrums of dielectric constant
real part show the significant frequency dispersion in the
frequency range 200Hz+10xHz (at frequencies bigger than
100kHz dielectric constant spectrum approbation and ac
conductivity of TIGaSe, significantly becomes worse and
corrsponding curves on the fig.1 and 2 aren’t shown in order
to not fill the figure). The visually seen anomalies of &'(7)
dependence in the form of small maximum near 7~120K and
superficial hole in temperature interval ~ 150K + ~ 200K
with enough sleep low-temperature and tail high-temperature
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slopes. The low-frequency anomalies in behavior &'(T) are
gradually suppressed and practically aren’t observed at
frequency of measurement field 10KHz with alternative field
frequency growth (see the inclusion on fig.1). The region of
enough intensive &'(7) increase close to exponential one on
the background of which the small bend is registered is
observed at 7>190K in whole investigated frequency range
200Hz+13 MHz.

K
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200 Hz
500Hz
« 2 kHz
4 kHz
7 kHz
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100 <

754

25 4

100 150 200 250 T.K
Temperature dependences of dielectric constant real
component of TIGaSe, measured in heating regime in
the direction perpendicular to layers at different
frequences. The anomalous behavior of ¢'(T) TIGaSe; in
temperature interval 150 K + 200 K is shown on the
attachment.

Fig.1.

The spectrum temperature dependences of ac
conductivity (o) of layered crystal TIGaSe, measured in the
regime of sample heating in the direction perpendicular to the
layers in frequency range 200Hz+13 MHz are presented on
the fig.2. From fig.2 it is seen that qualitatively temperature
step of whole o curves measured on different frequencies
coincides with data of fig.1, moreover, the clearly expressed
anomaly having “hole” form in temperature interval
~ 150K+ ~ 200K is also the main peculiarity of each from
curves o(7) in the investigated frequency range.
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Spectrum temperature dependences of ac conductivity
of TlGaSe, measured in the direction perpendicular to

layers at different frequences. The anomalous behavior

of ¢'(T) TIGaSe, in temperature interval 150 K + 200 K

is shown on the attachment.

The
dielectric

typical temperature dependences of complex
constant real part of TlGaSe, measured in the
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direction parallel to layer plane in frequency range
200Hz+13MHz are shown on the fig.3. As it is seen from the
fig.3 the curves &'(T) are essentially differed from the
observable ones in the direction perpendicular to the layers.
The measurements of ¢'(7) at different frequencies show that
ferroelectric PhT in TlGaSe, takes place at 7,~110 K and has
all pecularities character for relaxation processes of Debye
type: the peak ¢'(T) connected with ferroelectric PhT washes

450 4

300

150 ~

T T T
100 125 150

Fig.3. Temperature dependences of real (a) and imaginary (b) components of dielectric constants of TIGaSe, measured in heating

the direction perpendicular to layers at different frequences.

As it has been mentioned, the layered crystals TlGaSe, at
normal conditions are semiconductors of p-type with width of
forbidden band varying in the limits AE~2.03+2.1eV (AE
values obtained by different authors can differ from each
other as they significantly depend on the conditions and the
method of sample growth, crude purity for growth, crystal
high-temperature annealing in other mediums and other
factors as other physical properties of TlGaSe, [23, 24, 56,
57]) and good sensitivity. TlGaSe, samples investigated in
the present work have the specific resistance ~1.5-10’Q cm
and higher at temperatures close to room ones in the
dependence on type and concentration of uncontrolled deep
impurity. Their VAC obtained with the help of metallic
contacts (silver pasta, aurum) are practically linear at room
temperature, the polarity change of applied voltage doesn’t
almost change the contact resistance, temporary delay
between applied voltage and electric current isn’t also
observed. Thus, the used electric contacts can be considered
as ohmic ones.

The temperature dependence of electric current (i)
passing through TIGaSe, sample perpendicular to the layers
at application to the crystal of constant external voltage 7V is
shown on the fig.4. The curve i(7) is obtained in the heating
regime at the rate of sample temperature scanning 1K/min.
As it seen from the fig.4 the dependence i(7) has
semiconductor character moreover, beginning from 7~180K
the current value strongly increases with temperature
increase. The plot region i(7) is well described by activation
law of arrenius type in temperature interval bigger than
~180K, moreover, activation energy of deep impurity defined
on inclination of /n i(T) dependence region on 10°/T is
0.31eV. The oscillating character of i(7) curve in temperature
interval 117+180K is shown in larger scale on the addition to
fig.4. It is seen that i(7) curve after small increase in
temperature interval 90K + 117K on law close to exponential

T
175 T.k
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out with decrease of dielectric constant maximum value and
insignificant increase of PhT temperature with increase of
frequency of alternative measurement field. Let’s note that
anomaly in the form of strong maximum character for
ferroelectric PhT which is also suppressed with measurement
field frequency increase (fig.3,b) is observed near 7.~110K
on temperature dependence ¢” (conductivity) studied in the
direction parallel to T1GaSe, layers.
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regime in

one “drops” in quasi-periodic oscillation process the
character of which changes at 138K and 168K at the
achievement of temperature point 117K. The oscillation isn’t
observed in i(7) behavior at temperature than higher
temperature 180K. The specially carried out investigations
i(T) in interval 117K + 180K in temperature stabilization
regime show that current oscillations have temporary
character with quasi-period ~1min.
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Fig.4. Temperature dependence of dark current passing
through sample T1GaSe, perpendicular to layers
at the application of external potential 7V. The
curve i(7) is obtained in heating regime at
sample temperature scanning rate 1K/min.
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The curves on the figures 5, 6 and 7 give the visual
illustration of i(7) dependence character changes of initial
T1GaSe, at variation of experiment external conditions: rate

change of sample temperature heating (d%t) and applied to

sample of constant voltage (U).
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Fig.5. The same as on fig.4. Experimental dependences i(7) are obtained under following experiment conditions: a is d%t =5 K/min,

U=5V; bis d%t=5K/min, U=7V; cis d%t=10K/min,U=4V.

The curve i(7T) obtained at the rate of sample temperature
scanning 5K/min and external voltage 5V is presented on the
fig.5a. It is seen that i(T) dependence in temperature interval
77K + 200K has bell-shaped character with maximum
corresponding to ~117K moreover beginning from ~117K up
to ~200K the semiconductor sample resistance increases with
temperature increase. The similar experimental dependences
i(T) are obtained by us at other experiment conditions

2 dT/ = i = - dT/ = i
(fig.5, b: %z’t 5 K/min, U=17V, fig5 c: %ﬁ 10 K/min,

U=4YV). As it is seen from fig.5 the increase of temperature
heating rate is accompanied: by essential increase of current
value passing through the sample and expansion of bell form
temperature interval in i(7) behavior which takes place up to
~250K at heating rate 10K/min.
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Fig.6. The same as on fig.4. Experimental curves i(7) curves are obtained at slow heating of initial sample with rates 0.1 K/min (a) and
0.2 K/min (b) at application of constant external potential 10V to the crystal.

The given experimental fact evidences about the fact that
electro-transfer in TIlGaSe, in the given “sensitive”
temperature interval is defined not only by equillibrim
electronic component, i.e. by carriers thermally activated
from local levels in forbidden bands butr by nonequillibrium
component connected with formation of polarized state in
crystal volume.

The experimental curves i(7) given on the fig.6
demonstrate the existence of relaxation effects more visually
(of volume-charged polarization) in summary conductivity of
T1GaSe,. From data of this figure it is seen that temperature
dependences of current transfer in direction perpendicular to
layers measured at super slow heating of initial sample with
rates 0.1K/min and 0.2K/min endure the significant
modifications in comparing with early presented data. The
exponential growth of both curves of i(7) shown on the
fig.6,a,b replaces by strong decrease of current value at
achievement of temperature ~139K (fig.6,a) and ~148K
(fig.6,b) that probably is caused by polarization processes
(disappearance and/or formation of polarization charges) in
the sample and their application on corresponding
conductivity currents.

The current temperature dependence in the direction
perpendicular to layers measured at initial crystal heating
with rate 1K/min and application of small constant voltage
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0,8V to the sample is presented on the fig.7,a. The intensity
temperature dependence of monochromatic light passing
through TlGaSe, crystal taken from publications [20, 21] is
shown on the fig.7,b in the capacity of illustrations. The
comparable analysis of these figures shows that i(7) curve up
to small details makes the temperature dependence of
transmission intensity. The detail consideration of fig.7,a
allows us to emphasize some consistent temperature regions
on i(T) curve: if current value in the interval ~ 80K + 165K
passing through the sample practically doesn’t depend on
temperature then interval ~ 165 K + 200 K is characterized by
the current value increase on the background of which the
specific oscillations in i(7) behavior with quasi-period which
is also equal to ~Imin, are observed. The oscillating character
i(T) is especially revealed in interval ~200K + 220K which is
characterized by the strong increase of amplitude of quasi-
periodic current oscillations. The oscillating process isn’t
observed at temperatures higher than ~220K. The curve i(7)
passes through maximum in this temperature interval,
moreover maximal temperature corresponds to the point
7~242K.

The typical low-temperature VAC of initial sample
obtained at direct (with increase of applied constant voltage)
and reverse steps (with voltage decrease) with application of
electric field along c axis is presented on the fig.8. It is seen



M.Yu. SEYIDOV, R.A. SULEYMANOV., T.G. MAMEDOYV, R.A. KHAMOYEV

that the VAC ohmic region shifts to the region of lower
voltages (~10V) with temperature decrease, moreover VAC
curve is almost parallel to voltage axis in the region of critical
voltage ~ 10 V + 30 V, i.e it. has the form of N-shaped curve
with the region of negative differential resistance (NDR). The

i.nA
2 200K
165K
14
0 '
<]
a
T T T -
160 200 240 T.K

N-shaped characteristics are reversible ones, however the
region of critical voltages at reverse step is less than at direct
one. The curent of VAC reverse branch is accompanied by
hysteresis. VAC extrapolation to value i = 0 gives the value
of residual voltage ~30V on the sample.

light intensity arbitrary units

b

196K

. . 1 L
150 2 250 T.K

Fig.7. a: the same as on fig.4. Experimental curve i(7) is obtained at heating of initial sample with rate 0.1 K/min at application
of small constant potential 8V to the crystal, b: intensity temperature dependence of monochromatic light passing through

T1GaSe; crystal taken from publications [20, 21]

Besides the current value have the tendency not to
transform into zero at reverse step in the region of small
voltages. VAC hysteretic peculiarity connected probably with
formation and kinetic changes of nonequilibrium processes
(internal electric fields connected with polarized state) in the
investigated sample reminds the ferroelectric hysteretic
curves of polarization dependence on applied voltage if the
net current passing through the sample is taken as the
displacement current.

i.pr\.

44

100 4
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Fig.8. VAC obtained on initial sample with metallic contacts at
temperature 113K. The change range of electric voltage
— 60V ++ 60V applied to the sample changing with the
step 1V for 1 second.

As it is known [58, 59] the relaxation effects in high-
ohmic semiconductors connected with the presence of
polarized charges in the crystal significantly depend on the
influence of external effects of different types on the sample,
sample pre-history before the measurements, temperature
boundaries of sample heating in the previous measurement,
cooling regime and etc. We carry out the investigation of
dark current of T1GaSe; initial sample previously cooled by
the lighting (the light of quartz-halogen bulb with power
100W) from room temperature up to 77K (see fig.9). As it is
seen from this figure, the form of i(7) curve endures the
significant modifications in “sensitive” temperature interval
~160K+220K that is also caused by the polarization processes
in the sample and their application on the corresponding
currents of equilibrium conductivity.

i,nA

60

| A

100

125 150 175 200 225 T.K

Fig.9. The same as on the fig.4. The curve i(7) is obtained in
heating regime with rate 7K/min of initial sample
T1GaSe; prelimenary cooled under light (the light of
halogen bulb by power 100W) from room temperature

up to 77K at application of external constant potential 7V.

Let’s note that initial characteristics of the investigated
crystal are totally restored after its short temporary keeping at
room temperature during 1020 min.

It is known that [60] transport properties of high-ohmic
semiconductors are defined not only by material volume, but
by its near-electrode regions. We try to reveal the connection
of above mentioned resistometric investigation results of
T1GaSe, processes with the ones on electrodes.

The curve form of dark current written in geometruy
which is perpendicular to the layers in the conditions when
the external electric field on the sample is applied through
block artificially created dielectric interstice carried out in the
form of thin mica separator is shown on the fig.10. The given
method allows us to avoid the undesirable surface and contact
phenomenon presenting at conductivity measurements on
usual technique with electrode application.

From the fig.10 it is seen that displacement current curve
(isis(T)) in the region of low temperatures reminds the
temperature dependence of static dielectric constant of
T1GaSe, given in [24-28]: the small anomaly is observed in
the bend form near ~98K and further the curve passes
through maximum moreover the biggest value iy(7) is
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achieved at temperature ~117K in PhT point into INC phase.
Besides, the anomaly on i,;(7) curve in the spiked peak form
is observed near 177K through “sandwich” mica - ample —
mica, monotonously increases with temperature increase
higher than ~180K that is probably caused by consistent
inclusion of carriers from the corresponding deep levels in
electric transition processes.
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Fig.10. Temperature dependence of displacement current
measured in the direction perpendicular to the layers of
T1GaSe, sample with application of blocking mica
separators. The data are obtained at temperature
heating rate SK/min and external potential 10V applied
to crystal.

VAC are investigated on initial sample T1GaSe, isolated
by mica separators in wide temperature interval (fig.11). We
show many experimental data obtained by us (in spite of their
variety) on the fig.11 as they are observed at first time.

Let’s mention that there are the evidences of the fact that
observable phenomena doesn’t connect with any instrument
phenomenon in measurement process.

VAC series obtained at two potential polarities in
temperature interval 80K + 140K is shown on the fig.11. It is
seen that linear VAC curve and symmetric in relation to
polarity of applied electric static voltage one measured at
T=80K (VAC saves the same form up to ~106K) deforms at
approximation to 7. and inside INC-phase. The position
significantly changes in temperature interval 145K+205K
(fig. 11 b, ¢, d): VAC has the form of specific oscillations
with multiple increase of current amplitude and becomes
even in respect to applied electric field (i.e. the polarity
change of external voltage isn’t accompanied by the change
current direction). The oscillation process isn’t observed
higher the temperature 205K and at too high level of sample
light (see fig.12,a).

Beginning from 210K the current amplitude values on
VAC curves strongly decrease; VAC form begins to take the
linearity contours; the reverse branch appears on VAC curve.
VAC at 220K practically doesn’t differ from VAC measured
at 80K. During experiments we reveal that current
oscillations observable in the given temperature interval have
the temporary character with quasi-period ~Imin. The
example of compatible record of current oscillations and time
is shown on the fig.12,b.

Finally, the temperature dependence of pyroelectric
current (i,) measured at in heating regime on investigated
sample TlGaSe, isolated by mica separators in the direction
perpendicular to layers.
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It is seen that there are two clearly expressed
maximums on (i,)T curve: the one near temperature ~98K,
the second one at temperature ~150K, moreover the extreme
value of (i,)T in the given points differ from each other in
more than 1,5 times that is probably evidences about their
different nature. The measurements (i,)7 carried out on
T1GaSe, crystals lead to the results which significantly differ
from data of figure 13 with application of usual electric
contacts in the directions both perpendicular to the layers
and along plane layers. In particular, only one clearly
experssed peak near 7T, [33] is observed on (7,)T curve.

4. The discussion of obtained results.

Thus, the obtained experimental facts during of present
investigations can be summed by the following way:

1. The current transfer differs by unique contribution
combinations from equilibrium conductivity component
(mobile carriers of band type) and nonequilibrium processes
connected with formation and change of polarized state (the
conductivity from nonmobile or localized charge carriers) in
the direction perpendicular to TlGaSe, sample layers in
temperature interval 120K + 205K. The higher/lower the rate
of sample temperature scanning or the less value of external
electric field applied to the sample the stronger the deposit of
volume-charged polarization in crystal sum electric
conductivity reveals. Probably, the balance of the given
contributions into kinetics electric charge transfer in TlGaSe,
samples chosen from technological sets is very delicate and
as the consequence the unusual form variety of temperature
dependence resistivity curve [61-63] and its high sensitivity
to the temperature change rate and value of external electric
field are observed in practices instead expected Drude
behavior.

2. The one more result obtained in the present work
and enough rarely observed among different known
semiconductor compounds [64] is connected with registration
in TIGaSe, of current oscillations appearing probably because
of electric instability taking place in crystal electron
subsystem in temperature region 140K + 205K. The direct
experimental evidence of the fact that the given oscillations
aren’t connected with carrier injections through contacts but
are caused by crystal volume properties is given by the
method of blocking electrode. The joint analysis of the
figures 1, 2, 5, 7, 11 and 13 and also data presented in [10,
11, 16, 20-22, 43, 44] allows us to make the conclusion that
observable peculiarities in temperature interval 140K + 205K
have the one and the same nature and evidence the sample
electric heterogeneity (conductivity heterogeneity in the
volume) moreover the heterogeneity formation micro-
mechanism and their topology are connected with nature of
these layered compounds.

3. The data comparison of figures 1, 2, 4 + 10 and 13
shows that direction of internal electric field of volume-
charged polarization appearing in TlGaSe, samples in the
direction perpendicular to layers is always reverse one to the
external electric field applied to the crystal in the
measurement process.

It is necessary to divide whole temperature interval of
observable effects on three character regions for perception
integrity of curent transfer kinetics physical picture in the
direction perpendicular to layers of layered crystals TlGaSe;:
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the region of low temperatures up to ~140K, transition region
~140K<7<~205K and high-temperature region 7>~205K.
The origin of current oscillations in temperature
interval ~117K + ~140K (see fig.4) can be connected with
electron-thermal switching, i.e. with reverse sample
switching from low-ohmic state into high-ohmic one the
mechanism of which is considered in detail in [65, 66].
According to this theoretical model, any process
accompanying by the conductivity decrease of semiconductor
material with temperature increase should lead to non-linear
VAC (of S- or N-type) and can cause the current instability.
Joule heating mechanism of semiconductor being near
PhT on conductivity is considered in works [65, 66],
however, it isn’t excluded that increase of volume-charged
polarization contribute into crystal electroconductivity (see
fig. 5 + 10) can be the alternative mechanism of NDR. The
presence of strong electric field applied to semiconductor is
the key point for realization of the given mechanism. Taking

into consideration the fact that current oscillations in the
given temperature interval are observed only on TlGaSe,
sample with electric contacts from metal, then one can
confirm that strong electric field concentrates in thin near-
contact layer of investigated material. Such volume near-
contact layer with significant distribution of near-electronic
potential (more clearly with non-linear dependence of voltage
drop along sample length) should influence on measurements
of crystal capacity and electroconductivity (see fig.4-8).

Nowadays the detail quantitative analysis of
instabilities (current oscillations on VAC) revealed by us in
paraelectric temperature region far from PhT points
~140K< T < ~ 205K is difficult to carry out. By our opinion
our results are the first experimental observation of such type
effect in TlGaSe, Thus, here we give only some initial
thoughts for future analysis of this phenomenon.
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Fig. 11. VAC series obtained on T1GaSe, sample isolated by mica separators in the direction perpendicular to the layers in temperature
interval 80 K + 140 K. The change range of electric voltage applied to the sample is 100 V ++ 100 V, thestepis 1 V for 1 s.
The dark circles are 0 V +~+100 V, light ones are +100 V = 0 V, dark squares are 0 V +—100 V, light ones are 100 V +0 V.
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Fig.12. "a) is VAC curve measured at sample light by the halogen bulb light by power 100W at temperature 190K;
b) is example of recording of current oscillations in time. The curve is obtained at temperature 180K at constant potential 20V

applied to sample.

The hypothesis of electronic PhT is the more logical one
for interpretation of experimental data obtained by us. The
investigated crystals TlGaSe,] are resistevely instable in the
above mentioned temperature interval, probably because of
change (or dominance) of one conductivity regime by other
one (or under other one). By this reason it is profitable that
the system transists into electrically heterogeneous state, i.e.
“splits” on macroscopic regions electric domains
periodically alternating in the direction perpendicular to
layers [64]. In our case, i.e. in the system having the layered
structure the domains present themself the plane condensators
on opposite plane of which (domain walls) the charge carriers
of oppposite signs concentrate. The voltage between domain
walls in such condesator domain model is defined by surface
charge density on domain walls and the current is defined by
charge quantity forming on walls in time unit. The bias
current registered by non-contact method through the sample
surface presents itself the algebraic sum of currents in
domains. It isn’t excluded that directions of displacement
currents in domains of different dimensions and geometries
can differ in external electric field by both the value and
direction. The displacement current dependence on voltage,
i.e. VAC (see fig.11) at change of external electric field
applied to the sample is caused by temporary bursts of
volume charge on microcondesator plates.
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Fig.13. Temperature dependence of pyroelectric current
measured in heating regime on ivestigated sample
T1GaSe; isolated by mica separators in the direction

perpenduicular to layers.

The singular “dielectrization” of semiconductor system
described above causes the many questions such as: the
question about heterogeneity dimensions and typology of
hetyerogeneous state; about nature and mechanisms leading
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to heterogeneous state formation; about the role and
interconnection of such state with low temperature structural
PhT. However, it is important to note that electrically
heterogeneous state or phase-splitted medium doesn’t lead to
sample trivial chemical dividing of sample on phases. Under
the phase we understand the homogeneous macroscopic
regions (clasters) differing by carrier concentrations in the
result of freezing (localization) of charge carrier par ont
distributed on impurity ions or defect accumulations. For
example, according to [48] the pecuilarity of technology of
TlGaSe, layered crystal growth is the fact that there are
always the defect accumulations in the form of volume
inclusions of Se in their structure. In the case of investgated
crystal the specific part of chargely enriched phase
(semiconductor) in the respect of chargely depleted
(dielectric )one depends on temperature and other external
influences, that’s why current oscillations on VAC (see
fig.11) have the strong temperature boundaries. It is obvious
that the behavior of frequency dependences of dielectric
constant and conductivity of TIGaSe, sample in temperature
interval ~ 140K<7< ~ 205K ( see fig. 1 and 2) is the
important argument for the benefit of the fact that the effect
obsderved on fig.11 is caused by especially such scenario of
electronic PhT semiconductor — dielectric type.

The consistent “switching” in electric transition
processes of corresponding deep levels at 7>~205K is
accompanied by destroy of electrically heterogenous state in
TlGaSe, In the given temperature interval the contribution
into sample electroconductivity gives only equillibrium
impurity component and consequently, sample conductivity
will have clear semiconductor behavior.

Let’s also note that similar fact on above mentioned
process of phase splitting in TlGaSe, layered crystal in
temperature interval ~150K>7< ~205K takes place in layered
metal-oxide high-temperature supersemiconductors. As it is
known, the superstructure and corresponding charge density
modulation which is named charge density wave (CDW) [67,
68] form in many quasi-one-dimension supersemiconductors
at temperature decrease in the result of Peierls instability in
initial lattice. It is established that CDW fix on impurities and
defects in real compounds, and conductivity in weak electric
field is defined by electron-hole excitations through Peierls
track. CDW influence on many thermodynamic parameters of
superconducting materials in particular on thermal-expansion
coefficient, heat capacity and etc because of strong electron-
phonone bond (anomaly). In the next chapter it is shown that
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temperature region ~ 140 K<7< ~ 205K also characterizes by
anomalous behavior of thermodynamic properties in TIGaSe,
layered crystal that is the evidence of -electrically
heterogeneous state deposit on crystal thermodynamic
parameters.

5. The anomalies of thermal-expansion coefficients
and elastic properties of TIGaSe, caused by
nonequillibrium PhT in electron subsystem.

The temperature dependences of thermal-expansion
coefficients in both directions perpendicular () and parallel
to layer plane (¢)) [10, 11] are investigated on crystals of
triple compounds TIGaSe, in wide temperature interval
including the points of structural PhT. The investigations are
carried out on optical interfetometer ( more detail see
[10,11]). The corrsponding curves o, (7) and oy(7T) are
presented on fig.14. As it is seen from fig.14 the both curves
have clearly expressed peculiarities in temperature interval ~
120 K + ~ 240 K. It is seen that monotonous step of «,(7)
curve destroys at temperature ~240K where the small
anomaly in the form of little step is observed in «,(7)
behavior (the jump-like cancellation of sample length at its
cooling takes place). Beginning from ~180K up to ~ 140K
ay(T) it anomalously increases with temperature decrease and
below ~140K endures the significant changes moreover
maximal value of ¢, (7) achieves in PhT point in INC-phase
at T;~120K. From the fig.14 it is seen that ¢;(T) dependence
has the anomalous behavior in temperature interval ~ 120K +
180K: beginning from ~ 180K ¢ (7) decreases with
temperature decrease and below ~ 140K ¢y(T)= (dL/dT)/L < 0
(the jump increase of sample length along layer plane rakes
place). The peak value of ¢;(7) curve also falls on PhT point
in INC-phase at T~120 K (as behavior of «(7) and o(7)
curves in the temperature region below 7;aren’t shown on the
fig.14, let’s note only the fact that ¢, (7) and ¢;(7) anomalies
near 7; have A-shaped character).
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Fig.14. Temperature dependences of thermal-expansion
coefficients in directions perpendicular («;) and
parallel (¢) toT1GaSe, layer plane. The data of figure
corresponds to [10, 11, 16].

The temperature dependence of effective Young’s
module measured in ref [16] also endures the significant
changes in the above mentioned temperature interval
~ 140K + ~ 220K, i.e. in paraelectric phase far from structural
PhT points, moreover the points of structural PhT on
Young’s module curve reveal in the form of character
maximums at 7~120K and T7.~110K. The nontrivial
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character of temperature dependence of thermal-expansion
coefficients o, (7) and ¢ of TIGaSe, described above is
explained by the fact that PhT consistency exists in crystal
structure. But many questions don’t have the answers. For
example, why the anomalous behavior of ¢, (7) and ¢y(7) in
cooling process begins in paraelectric phase far from
structural PhT points or why the peak values of «,(7) and
ay(T) of investigated substance coincide with PhT point in
INC-phase in spite of conclusions of conventional
phenomenological theories [69, 70], though the given
anomalies should take place near 7, ? Finally, the main
question arises according to new experimental results above
mentioned: what is interconnection of electric instabilities
observed in temperature region ~ 140K+~205K with
described peculiarities of thermal expansion.

Let’s see on the fig.14. It is obvious that both curves
a,(T) and o(T) endure the critical behavior at approach to
~120K that isn’t expected in the experiment if point ~120K
were only PhT temperature in INC-phase [69, 70]. Let’s try
to explain the anomalous behavior of «,(T) and ¢(7) in
temperature interval ~ 120K + ~ 220 K on the base of other
model. Let’s base on quasi-harmonic model of crystal
thermal expansion of hexagonal symmetry (T1GaSe, structure
with good approximation can be considered as quasi-
hexagonal because of physical properties of TlGaSe, don’t
reveal the anisotropy in layer plane [15, 16]). Besides, let’s
suppose the weak anisotropy of phonone spectrum and
consider y ~ 7 (y are Grunaisen parameters) that is totally

acceptable from the point of view of having data about
phonon spectrums of these compounds [72, 73]. In this case
the formulas for o, and ¢ calculations [74] strongly simplify
and have the form:

C C,, +C,-2C,;
ai z—y 2
V (C11+C12)-C33—2C13
and
C C33 _C13

“EVT e TC.).C. -2
( ]]+ ]2) 33 13

Here, C is heat capacity, V' is molar volume, Cj are
elastic constants. It is obvious that thermal expansion
anomalies given on fig.14 can’t be caused by specific
behavior of heat capacity or y. We suppose the temperature
dependences of elastic modules TIGaSe, in particular the
nontrivial temperature behavior of elastic constant C;; are
responsible for special behavior of «(7) and ¢ (7) in
temperature interval ~ 120 K + ~ 220 K. The joint analysis of
experimental results obtained by investigation of temperature
dependences of elastic constants C;;, C;5, Cj; and effective
Young’s modulus [15, 16] of TlGaSe, allows to authors of
the present work to make conclusion about unusual strong
temperature dependence of coefficient of elasticity Cj; in
temperature interval ~ 120K + ~ 220K, moreover the enough
strong increase with temperature decrease beginning from
~220K up to ~140K with small change of inclination ~180K
should be observed in behavior of C;; (7) constant. The
dependences of elastic compliances on value of coefficient of
elasticity C;; are given on the fig.15 (taking into
consideration the data [15, 16]).
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As it is seen from this figure the behavior of elastic
compliances S, and S ., with increase of elastic constant C;;
with accuracy corresponds to anomalous temperature behavior
of a(T) and oy(T) curves in the interval ~120K + ~ 220K.
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Fig.15. The dependences of elastic compliances S,, and S..
on the coefficient of elasticity value C;;. The
arrow on the figure corresponds to numerical value
C}; =4,744-10" Pa defining the boundary of
mechanical stability of TIGaSe, layered crystal.

As it is known [71] the mechanical stability of crystal
lattice meaning its stability in relation to small homogeneous
deformations is defined from generalized criterion of Born
stability. According to this criterion at the given temperature
all determinants of main matrix minors C; (ij=I,....,6) of
isothermal modules of crystal elasticity in the Fogt
designations should be positively defined. Born criterion of
mechanical stability for hexagonal crystal includes the
conditions: C44 > 0,' CU > ‘C12|,' (CU"‘ C]z)' C33 > 2C132,' C66
> (. The theoretical estimations carried out by the attraction
of experimental data [15, 16] show that the stability condition
(C;i+ Cpp) Cs3 > 2C,5 destroys at coefficient of elasticity
module C;; = 4,744-10' Pa, consequently, this value Cj;
defines the boundary of mechanical stability of layered
crystal TlGaSe, (the found boundary of crystal mechanical
stability by Born is shown on fig.15 by the arrow). As it is
seen from the fig.15 the numerical value of Cj;
corresponding to the boundary of crystal mechanical stability
is such one that allows us to describe all main oecuiliarities in
behavior of «,(7) and (7). Thus, the given circumstance
shows on the fact that especially the increase of elastic
constant C;; (but not PhT in INC-phase at 7; ~ 120 K) with
temperature decrease causes the anomalous temperature
behavior of «,(T) and ¢(T) curves in paraelectric phase far
from structural PhT points. The closeness of C;; to critical
value at which the condition of crystal mechanical stability
destroys is the precursor of low-temperature PhT in these
compounds totally proving the earlier made conclusions [16]
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about importance of coefficient of elasticity modulus role C;;
in the nature of phase transformations in TIGaSe,

The effects of negative thermal expansion similar to
described above for T1GaSe, are observed in many layered
metal-oxide high-temperature supersemiconductors [75]. The
direct experiment evidence of the fact that anomalies of
thermal expansion of high-temperature semiconductors have
the electron nature and are connected with WCD (so-called
charge on bonds) is given in present scientific works.

Taking into consideration the fact that temperature
interval in which the peculiarities in the behavior of thermal-
expansion coefficients of layered crystal TlGaSe, are
observed, coincides with temperature region of electric
instability appearance in this compound and also the absence
of any macroscopic structural changes in this temperature
interval, one can conclude that the instability in electronic
subsystem of investigated crystal is the peculiarity of unusual
transport, heat, elastic, spectroscopic [43, 44], optical [20-22]
and other physical properties of TlGaSe, in temperature
interval ~ 140K < T < ~ 205K. The last one means that
anomalous increase of -elastic constant C;; (7) and
peculiarities in «, (T) and ¢y(T) behaviors connected with it in
the given temperature interval is defined by the contribution
of electronic subsystem but not by crystal lattice
anharmonicity. Let’s note that as C;; is “interlayer elastic”
constant, then it is the more sensitive to internal electric fields
directed perpendicular to T1GaSe, crystal layers.

Thus, one can confirm that formation and dynamics of
electric domains appearing because of electric instability
considered as inequillibrium PhT in crystal electronic
subsystem of TlGaSe, in temperature interval ~140K<7<
~205K because of strong interaction by crystal electron and
elastic subsystem is accompanied by the appearance of
internal fields of elastic deformations in TlGaSe, structure,
moreover only such components of internal stress tensor are
not equal to zero, which have non-zero projections in the
direction perpendicular to plane of crystal layers. The long-
distance field of elastic determinations formed by these fields
are similar to electrostrictive fields in crystals. The
electrostriction overlapping on 7, phonon part of thermal-
expansion coefficient leads to anomalies in ¢, (7) and oy(7)
above described behaviors.

As the concurrence of two mechanisms of thermal-
expansion coefficients, which are “charge” component and
atomic anharmonicity, exists in real crystal TlGaSe, in
temperature interval ~ 140K < T < ~ 205K then the unique
possibility to strengthen or weaken “charge” component of
thermal expansion appears in this crystal because of external
influence on internal electric fields and to influence on lattice
stability of TIlGaSe, and anomaly form (suppress or
strengthen) on «(7) and o(7) curves. From this point of
view, the layered crystal TIGaSe; is the fine model medium
not only for study of apearance mechanisms, development of
electric instabilities and their revealing in behavior of
different crystal physical parameters, but for control of such
crystal fundamental characteristics as thermal-expansion
coefficients, transport and optical properties.

6. Conclusion.

Thus, in the present work the unusual transport properties
of layered crystal of TlGaSe, in the direction perpendicular to
the layers in temperature interval ~140K<7<~205K are
discussed in effective medium model appearing as the
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consequence of PhT semiconductor — dielectric in crystal
electronic subsystem and presenting utself the crystal
inclusion regions with dielectric properties in semiconductor
matrix (phase splitting). The electric instability observable in
these samples because of strong electron-phonone bond
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temperature interval which are far from structural PhT points
in this crystal.
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TIGaSe, — PAYERLS DIELEKTRIiKIi

Layli TlGaSe, seqnetoelektrik-yarimkecirici kristalda dielektrik niifuzlugunun (¢), qaranliq vo piroelektrik corsyanlarin temperatur
asililiglar1 vo homginin 77-300K temperatur intervalinda stabil temperaturlarda volt-amper xarakteristikalar1 vo qaranliq corayaninin zamana
gora dayismosi todqiq edilmisdir. Kigik tezliklords laylara perpendikulyar istiqgamotdes dl¢iilon ¢(7) ayrisinde ilk defs olaraq 150K ve 200K
temperaturlarla sorhadlonon “¢okiik” formali anomaliya miisahido olunmusdur. Homginin ilk dofs tocriibi olaraq 145-205K temperatur
intervali ilo mahdudlanan niimunanin volt-amper xarakteristikasinda coroyanin algaq tezlikli kvaziperiodik ragslori soklindo miisahido olunan
elektrik qeyri-tarazliqlarinin tokamiilii qeyds alinmigdir. Caroyan qeyri-tarazliqlarinin zaman xarakteri miioyyon edilmisdir. Bu geyri-
tarazliqlarin miisahide olunmast iigiin elektrik sahosinin niimunays verilmosi kontaktsiz, nazik 16vha sokilli slyiidadan hazirlanmisg
potesialétiiran elektrodlar vasitasilo verilmasinin vacibliyi gostorilmisdir. Qeyri-tarazliqlarin tobisti vo onun layli TlGaSe, kristalinin
miixtolif fiziki parametrloring tosiri dyronilmisdir.

ML.IO. Cenpnos, P.A. Cyaeiimanos, T.I'. Mamenos, P.A. Xamoen
TIGaSe, - MAUEPJICOBCKHUM TUIJIEKTPUK

B paborte mpeacTaBieHbl pe3yIbTaThl HCCIICIOBAHMI TEMIIEPATYPHBIX 3aBHCUMOCTEH JUIICKTPUIECKOM TPOHUIIAEMOCTH (£), TEMHOBOTO
U TMHPO3TIEKTPUUECKOTO TOKOB, @ TaKXKe BOJbT-aMIIEPHBIE XapPAKTEPHUCTHKM W BPEMEHHBIE 3BOJIONUH TEMHOBOTO TOKA CIOHCTOTO
cerHerodekrpuka-nonynpooaarka T1GaSe,, monyuenHble npu GUKCHPOBAaHHBIX TeMeparypax B unrepsaie 77K + 300K. Ha kpusoii (7),
HM3MEPEHHOH B HANPABICHUH NEPHEHANKYIAPHOM K CIOSIM, B 001aCTH HU3KHMX YacTO BIIEPBBIE OOHApY’KeHa SIPKO BBIPAYKEHHAS] aHOMAITUS B
BHC “SIMBI”, C BU3yaJIbHO 3aMETHBIMU TeMneparypHbeiMu rpanuiami ~ 150K u ~ 200K. Takxe BriepBbIe IKCIIEPUMEHTATBHO 3a)UKCHPOBAHO
pa3BHUTHE DICKTPUUCCKUX HEYyCTOHUMBOCTEH, NMPOSBILIIONIMXCS B BUAE HM3KOYACTOTHBIX KBAa3HUIIEPHOANYECKHUX KOJEOAHUH TOKa HA BOJIBT-
aMIICpHBIX XapaKTepPUCTHKAX 00pasia B CTPOro OrpaHN4YeHHOM TeMreparypHoM uHTepBase 145K + 205K. YeranoBineHn BpeMeHHOH XapakTep
TOKOBBIX HeycToHunBocTel. [loka3aHo, 4To 1yt HAOMIOAEHHS yKa3aHHBIX HEYCTOHYMBOCTEH Ba)KHO, YTOOBI DIIEKTPUUECKOE 1oJIe K 00pasiy
M0JIABAJIOCH TIOCPEJCTBOM OECKOHTAKTHBIX, MOTECHIMAJIO33JAI0NINX DJIEKTPOJOB, BBHIIOJHEHHBIX B BHJAE TOHKHX IPOKIAJOK W3 CIIOIBI.
OOcysxaaeTcs MpUpoa HeCTaOMIBHOCTH U e€ BIMSHUE Ha pa3ndHble QU3HYECKUE apaMeTpsl ciaouctoro kpucramia T1GaSe,.
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