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DETERMINATION OF THE THICKNESS OF AN ABSORBING FILM ON ANGULAR
DEPENDENCE OF THE ELECTROMAGNETIC RADIATION REFLECTION
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Baku Sate University, Azerbaijan, AZ-1148, Baku, Z. Khalilov str., 23
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T.Sh. EFENDIEV
B.l. Sepanov Institute of Physics, NAS of Belarus,Belarus, 220072 Minsk, Nezavisimosti Ave, 638

We theoretically elaborated the comparatively simple method of measurement of the thickness of an absorbing film (on a transparent
substrate) on features of the dependence of the intensity of the reflected electromagnetic radiation (with a fixed frequency) on the angle of its
incidence on the film. The suggested method is based on determination of intervals between extrema in oscillations of the given angular
dependence. Possibilities of this method are shown on example of sufficiently exact finding of the thickness of an oil film on a motionless

water surface.

1. Introduction

Often in practice highly thin films or surface layers (on
substrates) take place, whose thickness may be measured
only on reflection of the electromagnetic radiation [1,2]. It
concerns, for example, to coatings of optical technique,
sprayed surface layers, and also oil films on a water surface.

Resultant reflected electromagnetic wave from the layered
system of the type film-substrate is the superposition of two
waves reflected from interfaces between air and the film and
also between the film and the substrate respectively (fig.1).
Therefore the intensity of such a resultant wave essentially
depends on the phase difference & between the given
interfering waves. In case of a transparent film (with the
thickness h and the refraction index ny) this value & has the
form [3]:

_ 4zn,hcos 6,
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where Ag is the wavelength (in the vacuum) of the incident
electromagnetic radiation, and &, is the refraction angle of the
given radiation in the film (fig.1). Dependence of the
intensity of the reflected radiation on the phase difference o
(1) is oscillating [1-3]. Intervals between extrema of given
oscillations are defined by values divisible by 7z It allows to
find the thickness h of a film on the basis of the relationship
(1) at known values n,, Ao and & even for two such extrema.
Smooth change of the phase difference & (1) can be carried
out, in particular, by scanning of the frequency (i.e. the
wavelength Ag) of the electromagnetic radiation at the fixed
angle of its incidence on the film. By present time the
corresponding method of measurement of the film thickness
on intervals between extrema, arising in oscillations of the
reflected radiation intensity at change of its wavelength, has
been sufficiently well approved [1,2] However for
realization of this method, the source of optical radiation with
the corresponding spectrometer and the detector of radiation
scanned in a sufficiently wide range of frequencies are
necessary. At the same time, according to the formula (1),
similar extrema can be observed also in oscillations of the
dependence of the intensity of the reflected radiation with the

fixed frequency on the angle of its incidence on the film
under investigation.

Therefore in the present work we theoretically analyze
possibilities of the method of finding of thickness of a weakly
absorbing film (on a transparent substrate) on oscillations of
the angular dependence of the reflected electromagnetic
radiation. The special attention is given the application of this
method for an oil film on a motionless water surface since
definition of such film sizes is important for ecology.

2. Relationships for the reflection coefficient

Let's consider the layered system (fig.1), consisting of
transparent media 1 and 3 and also the plane-parallel film 2
(with the thickness h) concluded between them, which are
characterized by refraction indexes Ny, N, and ng, respectively.
It is assumed that the plane electromagnetic wave incidents
from the media 1 on the film under the angle &, which
partially penetrates into the film and then into the medium 3
under refraction angles &, and 65 (Fig.1) respectively. The
part of this radiation undergoes mirror reflection from given
interfaces.

&
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d

Fig.1. The scheme of transmission and mirror reflection of the
electromagnetic wave incident from the medium 1 on the
plane-parallel film 2 (with the thickness h) and then on
the medium 3.

It is possible to introduce the following complex
refraction index for the absorbing film:
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A , =N, + i X 2) Taking into account the equality (4) we receive from the
formula (3):
where N, is the real refraction index and y» is the absorption 2 A s
index of the film. It is convenient to put the following: (U + IV) =N, —n; sin” G,. %)
n,cosé, =u+ v, 3) Equating separately real and imaginary parts in (5) we
find
where U and Vv are real values. According to the Snell’s law ut—v?= n22 _ Zzz _ n12 sin? €1 ’ (6)
we have [3]:
_ 2
n sind, = A, sind,. 4) w=x,. (7
| From here follows, that
2 2 2 2 i 2 2 2 2.2 P 2.2
2u°=n;, —y, —N sin” 6, +\/(n2 -, — N sin 91) +4n x5 (®)
. . 2
2V: =-n] + y; +n;sin’ 6, +\/(n§ — 75 —n’sin’ 491) +4nly; . )
The complex amplitude reflection coefficient p of the | where A, is the wavelength of the incident radiation in the
considered layered system is expressed by the formula [3]: vacuum.
Let us consider the case of the wave, whose polarization
FL+F.ex |2i |2h cos(6 [ vector is perpendicular with respect to the 1n§1dence plane (s-
p=—2—2 Pl — (©>) , (10)  wave). Then we have following relationships for complex
1+1,15 exp[2| khcos(6, )J amplitude coefficients , and f,; [3]:
where his the film thickness, rA12 and f23 are Fresnel A ) n,cos 6’1 _ (U + iV)
amplitude reflection coefficients from surfaces 1-2 and 2-3 fla = P explipy,) = (12)

. n,cosé, +(u+iv)’
(Fig.1), respectively. The wave number K has the form:

where the amplitude module p1, and phase difference ¢, are

~ 27z(n, +i
k = M , (11) determined by formulas
A |
(n, cos @, —u)* +Vv* 2vn, cos 6,
P = R 99, = ——— 2 2 (13)
(n, cos@, +u)* +v u”+v”—n; cos” 6,
and by analogy | 2xzh
A , = (16)
f3 = Py expli@ys). (14) 0
we have the following
(n, cos @, —u)* + Vv
P = R 27zhi, cos b, .
(n, cos@, +u)’ +v ——i;———=@wan. (17)
(15) 0
2vn, cos
tgp,, = 5 5 3 > (93 5 . By substituting relationships (12) - (17) in formula (10),
u”+Vv’ —n;cos” 6, we receive expression for the amplitude reflection

coefficient:
After introduction of the denotation |

P exp(ip,) + p,, exp(-2vn) exp[i (9,5 + 2U77)]

p= .
1+ py, p,; €xp(—2V7) eXp[' (@, t @y + ZUT])]

(18)

From the relationship (18) we receive the formula for the energetic reflection coefficient R (R < 1) of the s-wave, which
may be directly recorded at experiments:
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R=

2 _ [p12 exp(Vh) — p,, exp(—vh)]2 +21, 053 [1 + COS((pB —Pp 2 UI])]

3. Discussion of results
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Fig.2. Dependences of the reflection coefficient R of the light
wave on the angle 6, of its incidence on the oil film with
thickness h=54, (dotted curve 1) and 254 (continuous
curve 2) at optical constants of the oil (n,=1.485,
72=0.0029) and water (nz=1.339) characteristic for the
light wavelength Ag=0.6um.

exp(2vh) + :0122,0223 exp(=2vh) +2p,, p,, COS(@lz @yt 2U77)

h _#(N+ 1)+ _(012(91(1))_ » 23(‘91(1))]_ » 1_2(01(2))_ (pzs(glm)]

. (19)

Let us consider, for example, incidence of the optical
wave from the air on the weakly absorbing oil film on the
motionless water surface. At numerical calculations we used
known characteristic optical parameters of light kinds of the

oil (n, =1.485, y, =0.0029) and water (n, =1.339)

for the wavelength A 0 =0.6 um of the incident radiation [2].

Fig.2 presents dependences of the reflection coefficient R
(19) on the angle 6, of its incidence (Fig.1) for two fixed

values of the film thickness h = 5 A, and 254,.

In given dependences oscillations are obviously displayed
which are caused, mainly, by the cosine in the numerator of
the reflection coefficient R (19). The interval between

neighboring extrema of the dependence R(@1 ) is determined
by the value 77. Hence, after a finding of incidence angles
191(1) and 191(2) > 191(1) for two such extrema, we can

determine the film thickness h on the following formula
which directly follows from the cosine argument in the
numerator of the expression (19):

/10

where N is the number of extrema between points 91(1) and

91(2) in the angular dependence R(é’1 ) Other values in the
formula (20) can be calculated on known relationships (8),
(13) and (15).

In case of a sufficiently weak absorption of the film

(when y, <<n,), it is possible to neglect a difference|

4rlu(e?)-ule® )] ’

L_ (N+1)
Ao 4n, n,

Thus, for example, values of angles 91(1):0.3 and

91(2) =0.92 correspond to points of extrema for the curve 1 in

Fig.2. In the interval of values between these points we
observe N=3 others extrema of oscillations. By substituting

given values (91(1), 91(2) and N in the relationship (21), we

receive N=4.965 4, , that coincides with the real value

of the film thickness 54, for the curve 1 in Fig.2 with an

accuracy about 1 %. By analogy, sufficiently exact

254,) is

possible for the curve 2 in Fig.2. Thickness values received
on the basis of the more strict relationship (20) for the

determination of the film thickness (close to

N . no.
cos arcsm(—‘sm 6’1(1)} —cos arcsm(—‘sm 91(2))

(20)

in the expression (20) and to put

4,
0, = al‘csin[(l’l1 /n, )Sin 6’1]. As a result, instead of (20)
we receive the simple approximate formula:

| @-@ys | << 7

=~ N,cos@, (8), where according to the law

-1

21

n,

| considered weakly absorbing film practically coincide with
calculation results on much more simple formula (21).

It is necessary to note, that the obtained formulas (20)
and (21) are inapplicable for calculation of a too small

thickness of a film when h < 0.5 2,0 / N, and there are no at

least two extrema in oscillations of the dependence R(é’1 )

Moreover oscillation amplitudes in a dependence
R(l91 )decrease with rise of a thickness of an absorbing film
(Fig.2) and become negligible, when

eXp(— 4zvh/ 2, ) << 1 according to the relationship (19).
At a small absorption index of a film y, <<nN,, the given
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upper restriction on a measured thickness of a film is reduced
to the following inequality:

Ao Ly
h< cos| arcsin| —sin @,

22
4y, n, 22

In particular, we can see from the relationship (22), that
the offered method is most effective in a range of sufficiently

small incidence angles 6,. Really, according to Fig.2,
oscillations of dependences R(l91 )disappear at approach of

the incidence angle 6, to the extreme value 0.5 77 .

Though only the case of the s-wave has been considered
in this work, similar results are valid also for the p-wave,
whose polarization vector is parallel to the incidence plane.

We note that indicated restrictions on possible minimal
and maximal measured oil thicknesses are characteristic also

for the method based on the scanning of the radiation
frequency at a fixed angle of its incidence [1, 2].

4. The conclusion

In the present work we have shown possibility of the
sufficiently exact measurement of a thickness of a weakly
absorbing film (on a transparent substrate) on features of the
angular dependence of the reflected electromagnetic radiation
with the fixed frequency. For realization of the given method,
sufficiently simple equipment is necessary: a source of the
narrow-band radiation with a stable wavelength and the
corresponding sensitive detector for record of the reflected
radiation intensity. The offered method can be effectively
used in particular for finding of a thickness of an oil film on a
motionless water surface.

This work has been carried out according to the joint
Azerbaijan-Belarus project on the theme “Compact DFB-
lasers for ecological and spectroscopic applications”.

[1] P. Yeh. Optical Waves in Layered Media, Wiley, 1988.
[2] H. Arst. Optical properties and remote sensing of
multicomponental water bodies, Springer, 2003.

[3] M. Born, E. WOIf. Principles of Optics, Pergamon
(New York, 1975).

R.9. Koramaliyev, A.C. izmaylov, C.O. Qacar, T.S. Ofondiyev

ELEKTROMAQNIT SUALANMASININ 9KS OLUNMASININ BUCAQDAN ASILILIGINA 9SASON UDAN
TOBOQONIN QALINLIGININ TOYINi

Oks olunan elektromagnit siialanmasinin (sabit tezlikli) intensivliyinin diismo bucagindan asililigina asasen udan tobagenin qalmnligin
toyin etmok iiglin nisbaton sado nozori metod islonib hazirlanmigdir. Toklif olunan metod homin bucaq asililigr ekstremumlart arasindaki
intervalin toyin olunmasima asaslanir. Bu metodun imkanlart su sathindoki neft tabagesinin galinliginin daqiq teyin edilmasi misalinda

niimayis etdirilmisdir.

P.A. Kapamammes, A.Y. U3maiinos, U.0. Kagxap, T.II. denanen

OINPEJIEJIEHUE TOJIIUHBI NOTJIOIIAIOIIEN IJIEHKHU MO YIJIOBOM 3ABUCUMOCTH

OTPAKEHMUSA SJIEKTPOMATHUTHOI'O U3JIYUYEHUA

Teopermueckn pa3paboTaH CPaBHUTETBHO IPOCTON METOM M3MEPEHNUs! TONIIMHBI MOTIIOMAIONIEH IUIEHKH (Ha MPO3pavHOi MOI0XKKE) MO
0COOEHHOCTSIM 3aBUCHMOCTH MHTEHCHBHOCTH OTPayKEHHOTO 3JIEKTPOMATHUTHOTO M3Ty4eHns! (¢ (MKCHPOBAHHON YacTOTOH) OT yTJia €ro ma-
JeHus Ha IeHKy. [IpeanaraeMelil METOJ OCHOBAH Ha OIPENEJICHUM MHTEPBAIOB MEKAY OCLUMUILUOHHBIMU AKCTPEMyMaMH JAHHOU yIJo-
BOM 3aBHCHMOCTH. B03MOXKHOCTH 3TOT0 METO/1a MPOJEMOHCTPUPOBAHEI Ha IPHMEPE JOCTATOYHO TOYHOTO ONPEAEICHHS TOIIIIHBI He(TSIHOM
IUICHKH Ha HENOJBHXHOM BOJIHOM MOBEPXHOCTH.

Received: 23.04.09
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MOSAMOLI SILiSTUM BUFER TOBOQOSINDO FORMALASDIRILMIS As;Se;
TOBOQOLORININ STRUKTURU VO ELEKTRIK XASSOLORI

H.9. HOSONOV
MTN-in H.9liyev adina Akademiyast
Taqdim olunmus isdo masamali silisium bufer tabagesinds formalasdirtlmis As,Se; tabagalarinin strukturu va elektrik xassalarinin tad-

qiqinin naticalari verilmisdir. Tobagolerin mikromasamali struktura malik olgalari miisyyenlasdirilmisdir. Al/ As,Ses/ITK/Si/Al test struktur-
larinin VAX 6lgmoalari vasitasilo As,Se; tabagalorinin xiisusi miiqavimatinin As,Se; kristallarinin xiisusi miiqavimsatindon miiqayissolunmaz

daracads kigik olmasi miisyyan olunmusdur.

Stiso  halkogenid yarimkegiricilorin (SHY) elektron
strukturu tetraedrik quruluglu yarimkegiricilorlo miigayisoda
forqli oldugundan, onlarin bazi xassalori amorf Si vo Ge-un
xassalorindon farqlenir [1]. ikivalentli halkogen atomlari zon-
cir vo halqalar yaratsalar da, atomlar arasinda tosir gdstoran
Van-der-Vaals qiivveleri kifayst qodor zsifdir. Halkogenid
yarimkegiricilordo amorf strukturun yaranmasi atomlari
arasinda giiclii rabito olan Si vo Ge-a nisbaton daha asan bas
verir. Amorf halkogenid yarimkegiricilor ti¢lin ilkin kompo-
nentlorin garigdirilmasinin genis se¢im imkanlart vo kristallik
gofas asasinda bark mohlul yaradilmasinin iimumi qanunauy-
gunluglarindan konara ¢ixmalar xarakterikdir. SHY toboagalo-
rin cihaz strukturlarinda genis totbiqi ilo olagodar olaraq,
onlarin moasamali struktur sothinds yetisdirilmosi masolasi el-
mi va praktik cohatdon aktualdir.

q b

Sok.1. SHY tobogosinin yan sorhadinin soth tosviri. Tobagqado
bircins struktur segilir vo bu soffaf strukturun altindaki
amorflagmis soth toboqosinin iri mosamalori goriiniir. a-
silisium KES-0,01(111), - KDB-0,03(111), Kadrn iifqi
Ol¢iisii-L=32mkm.

Toqdim olunmus isdo mogsad- miixtalif mosamo
morfologiyali masamali silisium (MS) bufer tobagesins malik
olan silisiumda SHY tobagalorinin formalagdirilmasi prose-
sinin  xiisusiyyatlorini todqiq etmokdir. SHY timsalinda

spektrin infraqirmizi oblastinda optik material kimi totbiq
olunan As,Se; birlogsmoasindan istifads olunmusdur. Amorf
halda materialin qadagan olunmus zonasinin eni 1,76eV, xii-
susi miigavimoti ~10"°Om-sm-dir [2,3].

———
TuR-R9nzez

Sok.2. MSl-ingmorﬂasmls mosamoli sothindo yetigdirilmis
As;Ses tobogasinin sathindoki makromoasamalor. REM-
daki miqyas nisan1 1mkm-o uygiin galir.

Birinci, ikinci vo iigiincli qrupa moxsus olan MS tobo-
gosino malik olan altliglardan istifado olunmusdur. Masamali
bufer tobaqe haqqindaki molumatlar 1-ci codvalds gosto-
rilmisdir. Masamali tobagolorin qalinligi 5+20mkm olmusdur.
MS sothindoki amorf qat saxlanilmisdir. MS-li altliqlarda
As,Se; tobagolori 2-10” tozyiqde qaliq qazlarin termik
buxarlanmas vasitosilo sintezi metodu vasitesilo alinmigdir.
Sintezin torkibi amorfdur. Termozond metodu vasitasilo va-
kuumda termik buxarlanma metodunun kémayilo alinmig
tobagalarin desik tip kegiriciliys malik olmalari isbat olun-
musgdur. MS-in ilkin sothi vo alinmig As,Se; tobagolorinin
strukturu JEOL elektron mikroskopu vo ELSAM akustik
mikroskopda optik rejimds miixtalif kontrastlardan, o ciimle-
don, Nomarski kontrastindan istifade etmoklo todqiq olun-
mugdur. Todqiq olunmus bufer sathlorin osas xiisusiyyoti on-
larda iri 6l¢iilii masamolorin qeyri-baraber paylandigi amorf-
lagmig tobogonin olmasidir. Enino olgiilori 1mkm-o qodor
olan bu mosamolor anodlasma prosesindo yaranmig elektro-
kimyavi reaksiya mohsullarinin ¢ixis ndqtesidir. Yetisdirilmis
SHY tobogplori optik soffafdirlar. 1-ci gokildo As,Se; vo MS-
in sotho daqiq fokuslama zamani ¢okilmis mikrofotolar: gos-
torilmisdir. Sokildon goriiniir ki, MS sothindoki makromo-
samolor soffaf As,Se; tobogolorindon do miisahido olunur.
As,Se; tobagolari sothinin elektron-mikroskopik todqiqi gos-
tordi ki, MS sothindoki SHY tobogosi mosamoali struktura
malikdir. 2-ci sokildo MS1 sothinds yetisdirilmis, makrmosa-
molorinin 6l¢iisii 0.1+-1mkm olan As;Se; tobogolorinin iki
xarakterik REM (Rastr elektron mikroskopu)-tasviri gostaril-
misdir.
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Sok.3 a—MS1, MS2, MS3 strukturlarinda formalas-dmlmls
Al/SHY/MS/Si/Al strukturunun VAX-1.
b- coxtabagali strukturun xarici goriiniisii.

SHY tobogolorinin elektrik parametrlorinin  tadqiq
edilmosi @i¢iin aliiminium kontaktlarinin sahosi 4.5+5.0 mm?®
olan AI/SHY/MS/Si/Al test strukturlar1 yaradilmigdir
(sok.3b). Aliiminium kontaktlar termovakuum tozlanmasi
metodu ilo ¢okdiriilmiiglor. Coxtoboqoali strukturda AI/SHY
kecidi vo digor kecgidlordo geyri-xotti hadisalori dof etmok
liclin nliimunalorin  VAX-1 kicik siirlismolor oblasiinda
Olciilmiisdiir. MS1 vo MS2 [4, 5] tobagolorino malik olan
nliimunalordo VAX xaottidir (sok.3a). Belo VAX  xiisusi mii-
qavimoti digor kecidlorin xiisusi miiqavimotindon xeyli
boyiik olan AI/SHY kegidinin miigavimotini toyin etmoyo
imkan verir. Hesablamalar gostorir ki, SHY-in yetigdirilmo
oxu istigamotindo olan ke¢idin xiisusi miiqavimoti
(1.0+2.2)-10°0m-sm-o borabordir. Alinmis noticolor amorf
tobagoalorin  odobiyyat ~ molumatlarindaki  naticolordon
(*100Om-sm) miiqayisoolunmaz doracodo kigikdir [4].
As,Se; toboqolorindo xiisusi miiqavimetin anomal kigik
qiymsati onun makrostrukturu ilo izah olunur. Aliiminium me-
tallagsmasi naticosinds aliiminium sathdoki masamo hocmlori-
na niifuz edorsk onlarin xiisusi miiqavimatini azaldur.

As,Se; tobagolorinin yetigdirilmasi li¢lin mosamoli bufer altligin parametrlori

Cadvael
Silisium Anod emali Masamo- MS Elektrik
rejimi lilik,% strukturu xassaloring
g0ra tosnifat [5]
KES-0,01 (111) | j= 5SmA/sm’ 15+17 mezomasamali MS1
t,=10+40doq
KEF-4,5 (100) | j,=10mA/sm’ 4+7 makromosamoli MS2
t,= 5+40daq
KDB-0,03 (111) | j,=10mA/sm’ 16+25 mezomasamali MS3
t,= 5+30doq

MS3 tobagoli AI/SHY/MS/Si/Al  strukturlarda VAX
ki¢ik diizlendiriciliys malikdir (sok.3a, 3 oyrisi). b slavasinda
gostarilmis p-Si althigindaki MS —da diiz kecido miivafiq olan
polyarligda corayan oks istiqgamatds axan coroyandan 1.2+1.3
dofs kigik olur. Bu halda MS vo SHY tobogolorinin xiisusi
miigavimatlori miiqayise olunandir vo kigik diizlondirici ef-
fekt MS /SHY ke¢idinin faaliyyati ilo bagli ola bilor. Olava
todqiqatlar siibut edir ki, bu struktur spektrin goériinon his-
sasinds fotohassas olur va isiglandirilma zamani miisbat qisa

gqapanma carayani (5+10nA) vo menfi ehq (50+100mV)
yaranir. Amorf toboaqosiz AI/MS/Si/Al strukturunda stabil
olaraq monfi qisa qapanma corayant vo bos gedigin miisbot
ehg-nin olmasini xiisusi qeyd etmak lazimdir.

Beloliklo, alinmis noticalor siibut edir ki, makromosa-
moli sotho malik olan MS-do yetigdirilmis As,Se; tobagosi
makromosamolori MS-don miras kimi qobul edorok, mosa-
moli struktura ¢evrilir. Noticodo yetisdirilmo istigamotindo
tobagonin xiisusi miigavimati bir ne¢o tortib asagi diisiir.

[1T  Amorfniye i polikristalligeskiye poluprovodniki. Pod [4] V.X. Kudoyarova, S.A. Kozéxin, K.D. Ugndin, V.M.
red. V. Xeyvanga. M.: Mir, 1987, 160s. (Rusca) Lebedev. Fotolominesiieniiio 1 sostav amorfnix
[2] LV. Fekesqazi, K.V. May, NI Matelesko, V.M. plenok As,Se;, modifitsirovannix kompleksnim
Miiia, E.I. Borkag¢. Strukturniye preobrazovaniya i soyedineniyem Er(thd); .FTP, 2007, t. 41, vip. 8,
optigeskiye svoystva xalkogenidnix stekol As;S; $.934-941. (Rusca)
.FTP, 2005, t.39, vip. 8, 5.986-990. (Rusca) [5] R.S. Rohimov, H.O. Hasonov. Baki Universitetinin
[31 Z.U. Borisova. Xalkogenidniye poluprovodnikoviye Xaboarloari, fizika-riyaziyyat elmlor seriyasi, 2008,
stekla. L.: izd-vo LQU, 1983. 344s. (Rusca) Nel, sah.134-140. (Rusca)
I''A. T'acanoB

CTPYKTYPA " DJIEKTPUYECKHUE CBOMCTBA IUIEHOK As,Se;, COPOPMAPOBAHHBIE HA BY®EPHOM
CJIOE ITIOPUCTOI'O KPEMHMUAA

B npencraBneHHO# paboTe M3TI0KEHBI Pe3yJIbTaThl HCCICAOBAHUI CTPYKTYPBI M 3JICKTPUUSCKUX CBOMCTB IUICHOK As,Ses, chopMupo-
BaHHbIC Ha Oy(epHOM cloe MOPHCTOr0 KPEeMHHs. YCTAHOBICHO, YTO IUIEHKH OOJIAAalOT MaKpOIOPHUCTOW cTpykTypoil. BAX TecToBoit
cTpykTypsl Al/As,Ses/TIK/Si/Al moka3pIBarOT, YTO yIENbHOE CONMPOTHBICHUE IUICHOK AS;Se; HECOM3MEPHMO MEHBINIE YeM B KpHCTAIUIax

Aste3.



MOSAMBOLI SiLiSiUM BUFER TOBOQOSINDO FORMALASDIRILMIS As,Se; TOBOQOLORININ STRUKTURU VO ELEKTRIK ...

H.A. Hasanov

STRUCTURE AND THE ELECTRICAL PROPERTIES OF As,Se; FILMS FORMED
ON BUFFER LAYER OF POROUS SILICON

In the present paper the investigation results of structure and electrical properties of As,Se; films formed on buffer layer of porous silicon
(PS) are given. It is established, that films have a macroporous structure. Volt-ampere characteristics of Al/PS/ As,Se;/Si/Al test structure
show that the specific resistance of As,Ses films is much less than one in As,Se; crystals.
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IZOTOP VO iZOTONLARDA QURULUS FORQININ OYRONILMOSI

M.M. MiRABUTALIBOV
Azarbaycan Dovlat Neft Akademiyasi, Baki
Az-1010, Azadlhg pr., 20

Yiiksok enerjili relyativistik elektronlarin ve geyri-relyativistik protonlarin sepilmasi ilo izotop, izoton ve izobar niivelerde proton,
neytron vo nuklonlarin sixliglarmin paylanmasindaki forqli cohotlor tadqiq edilmisdir. Sixliqlarda tapilan bu forglerin izahi, tabageli niive
modelinas asasan verilmigdir. Protonlarin, neytronlarin va nuklonlarin sixlqlarimnin niivads paylanmasinin orta — kvadratik radiuslarimin onlarin

sayindan asililiq ganunauygunluglarinin analitik sokli toyin edilmisdir.

Atom niivasinin qurulusunun foza xarakteristikasinin 6y-
ronilmasinds bir ¢ox eksperimental va nozari metodlar mov-
cuddur. Bunlar arasinda ilk ndvbads, atom niivasindon elek-
tron va protonlarin sopilmasi ila bagh olan niive reaksiya-
larint gostormak olar.

Zoarraciklorin elastiki sopilmasinds asas mosalo, niivade
nuklonlarin paylanmasinin detallarint miioyyan etmok, hom-
cinin izotop, izoton vo izobar niivolords xarakterik parametr-
lorin doyismo qanunauygunluglarini toyin etmokdir.

Belo mosalalorin dolgun halli, tacriibads dlciilon formfak-
torlarin nazoari tohlil metodlarinin tokmillosdirilmasindon ¢ox
asilidir.

Yiiksok enerjili elektronlarin niivadan relyativistik sopil-
masinde tohrif olunmus dalgalar noazoriyyesi [1], niivenin
tadqiqinds miiveffaqiyyatle totbig olundugu halda, geyri-rel-
yativistik protonlarin niivodon goxsayli sopilmasi iiciin Glau-
ber nozariyyasinin [2], ba’zi ¢otinliklorine baxmayarag ondan
genis istifado olunur.

Elektronlarin niivadon sopilmosi zamani, tohrif olunmus
dalgalar nozeriyyesinin, niivonin real sixligii miioyyon
edorkan nuklonlar ii¢iin miixtolif paylanma funksiyalarindan
istifadesi miimkiin olmasi {iciin, bu noazariyys [3]-do tokmil-
losdirilorak, formfaktor toklif olunmus riyazi metoda osason
alman rekurrent diisturun komayi ilo sado soklo salinmis vo
miistovi dalgalar — Born formfaktoru ils ifads olunmusdur.

Protonlarin niivadan saopilmasi iiciin miisllif torafinden
[4], geyri-relyativistik nuklonlarin tohrif olunmus dalgalar ya-
xinlagsmasinda, li¢6l¢iili sokildo alinmis sopilme amplitudu-
nun Glauber amplitudundan forqli cohoti ondan ibaratdir ki,
sopilmads istirak edon zorraciklorin hal funksiyasinda tohrif
olunma noinki diison zarraciklords, homginin sapilon zor-
raciklorda do nozers alinmisdir.

Toklif olunan isdo asas mogsad, hor iki niivo reaksiyasi,-
elektronlarm va protonlarin, sferik niivelorden elastiki sapil-
masi ils, onlarda proton, neytron vo nuklonlarin paylanma
funksiyalarinin parametrlorini vo bu niivalarin izotop, izoton
va izobarlarinda homin parametrlorin doyisme ganunauygun-
luglarint miiayyasn etmakdir.

Elektromagqnit giivvasinin tabiatinin yaxs1 balli olmasi im-
kan verir ki, elektronlarin elastiki sopilmasi ilo protonlarin
niivads paylanma sixliginin parametrlorini (protonlarin pay-
lanma radiusunu, niivonin sath tobagosinin qalinligini, kvad-
rupol momentini va s.) daha doqiqliklo miiayyan edok.

Protonlardan forqli olarag neytronlarin niivods paylanma-
siin bir-basa tadqiqi qeyri miimkiindiir. Hal-hazirda bunun
iclin on yaxs1 Gisullardan biri, protonlarin niivodon elastiki so-
pilmasi ilo niive materiyasinin paylanma sixligini miioyyan
etmok va elektronlarin bu niivads elastiki sopilmasinden tapi-
lan protonlarin paylanma sixlig1 ilo miiqayisesinden neytron-
larin paylanmasini tapilmagin miimkiin olmasidir.

Protonlarin niivaden sopilmasinin differensial effektiv
kosiyini hesablayarkon, niive materiyasinin sixlig1r igiin
Fermi-funksiyasindan istifade edacoyik:

-1

=pplp )

r—c

p(r)=p|1+e

Niivodo nuklonlarin sixliginin paylanmasinin izoskal-
yarligindan, yoni

py (1)=p,(r)+p, (). 2)

istifado edarak, protonlarin vo neytronlarin paylanma funk-
siyalar1 {iglin alariq:

2

pp(n)(r) = p;(z)n) 1 * Wp(n) Z_z 5(”'), (3)

burada, p!” = (z1A)p,, p” =(N/A)p,. Proton va ney-

tronlarin niivonin soth tobogosindo paylanmasini xarakterizo

edon parametrlorin 6z aralarindaki olagasi, w, =(z/N) W,

soklindadir.
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Sokil-1. ,, Fe niivasinds proton vo neytronlarin sixliglarmnin

paylanmasi.
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Beloliklo, izotop vo izoton niivolordo proton vo neyt-
ronlarin sixliglarmin paylanmasinin na qoadar forqli oldugunu
miioyyan etmak {igiin, avvalca bu niivalords elektron va pro-
tonlarin elastiki sopilmosinden, onlarin xarakterik parametr-
lori tapilmigdir. Parametrlorin uygun qiymatlorinde hamin nii-
valards proton va neytronlarin sixliglarinin paylanmasi, hom-
¢inin bu niivalora proton va ya neytron alavs etmokls, onlarda
neytron va protonlarin sixliglarinin doyismaesi sokil 1-4 -ds,
xarakterik parametrlorin tapilmis qiymotlori iso cadveal 1-do
verilmisdir.

Sokil 1-do ! Fe niivesindo proton vo neytronlarin sixlig-

larinin paylanma funksiyalari verilmisdir.

5#6-52{:[

nuklon |/ fmf
=

p (r)
o
h
—

. 54 52, .
Sokil-2. 54 Fe—5,Cr izotonlarinda proton va neytronlarin

sixliglarinin forqi.

Sokil 2-do iso 25er iki proton olavo etmoklo alinan
25: Fe izotonunda toboagali niivo modelins asason, alavs olu-

nan iki proton dolmamis Id % alt tobagasinda yer tutarag

neytronlarla dolmus / f% alt tobagasini kenara siiriigdiirtir.

Ona gora do, protonlarin artdig1 oblastda, neytron sixliginin
azalmasi1 miisahidos olunur.
1.5 4

Hor-fcr

1

=
h

Ap(r) mublon | fm’
o

-0,5
g .
1,5 -
. 54 52 .
Sokil-3. 5, C}”—2 4 C¥ izotoplarda proton vo neytronlarin

sixliglarimin forqi.
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52 I . 54 Lo
54 Cr niivasindon, onun izotopu olan ;, Cr niivosino ke-
¢idi zamani slava olunan iki neytron, yeni 2Py alt tobaqe-
2

sindo yerlogdiyindon, onlarin orbital momenti protonlarin
orbital momentindon (1 d y ) kicik oldugu iiciin protonlari
2

sotho dogru sixigdirir. Ona gora do, sokil 3-don goriindiiyii
kimi, bu izotoplarda keg¢id zamani 25: Cr niivasinin moarkozi

yaxinlhiginda, protonlarin sixligr azalmig vo soth tobagasing
yaxin iso sixliq koskin artmisdir.

15 -

HFe.SCr

7 fm®

Ap(r) nuklon

a

nr

15

. 54 54
Sokil-4. 5, Fe—,,Cr izobarlarinda proton va neytronlarin

sixliglarinin farqi.

On nohayot, sokil 4-do 25: Fe—zijr izobarlarinda iki
neytron, protonlarla ovoz olunarkon bu protonlar dolmamis

1d y alt tobogosindoa yer tutmus vo / fV orbital momenta
2 2

malik alt tabagads neytronlarin sixlig1 azalmigdir.

Belolikla, belo gonasta golmak olar ki, bu naticaler tobe-
gali niive modelinds nuklonlar arasinda spin-orbital qarsiliqlt
tosir nazors alinmagqla, tocriibado tosdiq olunmus enerji so-
viyyaloeri ilo iist-iisto diisiir.

Cadval 1-do, todqiq olunan niivelords, nuklonlarm sixli-
ginin iki dofo azalma mosafasi (c), niivonin soth tobagasinin
qalmlig1 (t), proton, neytron vo nuklonlarin niivads paylan-
masimin orta-kvadratik radiuslar1 verilmis vo bu radiuslar
liglin agagidaki asililiglar miisyyen edilmsdir:

1 1
<12 >22(0.7940.01)22) Fm,
1 ]
<2522 (0.78+0.02)2N = 2) 3 Fm vo

<r2 >/ (0.86%0.01) 4" Fm.



M.M. MIRABUTALIBOV

) Cadval 1.
Izotop, izoton va izobarlarin xarakterik parametrlori.
!
Niivo C=rpA"? <r, > i 1 _
o 11: <7 >A <r]\2, >A t=4bIn3
m n
Nozar. Eksper. Fm Fm Fm
52 3.984 2.924 3.208 2.239 3.683 2.10
24 Cr
54 4.074 2.842 3.160 2.154 3.679 2.15
24 Cr
54 4.111 2.868 2.656 2.112 3.562 2.17
5 Fe
[11 D.R.Yennie, F.L.Boos and D.G.Ravenhall. Phys.Rev. ser. fiz. 1976, 40.2156. (Rusca).
137, 1965, B882. [4] MM. Mirabutalibov. Yadernaya fizika. 2004,
[2] R.J.Glauber. Lect. Theor. Phys. (N.Y.), 1959, 1.315. 12.67.2171. (Rusca).

[3] A.V. Cavadov, M.M. Mirabutalibov. 1zv. AN.SSSR.

M.M. Mirabutalybov
INVESTIGATION OF THE STRUCTURE DIFFERENCE IN NUCLEI ISOTOPES AND ISOTONES
On the base of distorted-wave theory with the help of electron and proton elastic scattering on nuclei of isotopes, isotones and isobars the
structure difference in distribution of corresponding densities have been investigated. The obtained results were analyzed with the help of

shell nuclear model. From the comparison of experimental and theoretical of scattering cross-section data the regularity of behavior of mean
squared radius of proton, neutron and nucleon distributions in the spherical nuclei have been defined.

M.M. MupadyTanbi00B

HNCCJIEJOBAHUE CTPYKTYPHBIX PA3HUII B U30TOITAX U U3OTOHAX AOEP

Ha ocHOBe MCKa)X€HHO-BOJIHOBOH TEOPHH C MOMOIIBIO YIIPYTOTrO PacCestHUs HIEKTPOHOB U MIPOTOHOB HA Spax M30TONOB, H30TOHOB U
n300apax HCCIENOBaHbI CTPYKTYPHBIE PA3HHIBI B  pacHpeleNICHUsIX COOTBETCTBYIONMX IUIOTHOCTeH. IlomydeHHble pe3ynbTaTsl OBLIH
000CHOBaHBI C ITOMOIIBIO 000JIOYEHHOHN siAepHO Moaenu. M3 cpaBHEHMS 3KCHEPHMEHTANBHBIX M TEOPETHYECKHX CEYEHHH paccesHus,
OIIpeieNIeHbl 3aKOHOMEPHOCTH MOBEICHUS CPEIHEKBAAPATHUHBIX PAAMYCOB PpACIpEleNICHUI MPOTOHOB, HEWTPOHOB M HYKJIOHOB B

chepHIecKuX Sapax.

Received: 15. 04.09.

12



FiZziKA

2009

CiLD XV Ne3

LANTANOIDLORLO ASQARLANMIS LAYLI A"™BY' BIRLOSMOLORI TiPLi QiSMON
NiZAMSIZ KRISTALLARDA ELEKTRIK DAYANIQSIZLIQLARININ VO CORDYAN
ROQSLORININ XUSUSIYYOTLORI

R.F. BABAYEVA
Baki Doviat Universiteti, Z. Xolilov 23,
Az 1148, Baki, Azarbaycan

Miixtolif miqdarda (N=10"+10" at.%) Gd, Ho va Dy tipli lantanoidlorle (Ld) asqarlanmis layli A™B" kristallarinda eyni zamanda
milayyon kritik qiymotden bdyiik gorginlik v orta intensivlikli miintozem isiq tesir etdikde 7<110+130 K-do gorginlik generatoru rejimindo
miixtoalif tip algaqtezlikli va kicik amplitudlu periodik corayan ragslorinin generasiyasi miisahide edilmisdir. Miiayyanlogdirilmisdir ki bu tip
alcaqtezlikli corayan rogslorinin baxilan niimunanin lantanoidle agqarlanma soviyyasindoan asililig1 ilk ndvbado, a-saviyyalarin foalligimin N-
don asililigindan irali golir va todqiq olunan kristallarin nizamsizliq dsracesinin, elocs do qonsu laylar arasindaki slagonin N-don asili olaraq

doayismosi prosess 0z tasirini gostarir.

Miixtolif miqdarda (N=10"+10" at.%) Gd, Ho vo Dy tipli
lantanoidlorlo (Ld) asqarlanmis layli A"'B"" kristallarinda (p-
GaSe vo n-InSe-do) eyni zamanda miioyyon kritik (Uy,) qiy-
moatdon boyiik gorginlik vo orta intensivlikli (@,,;,<@<d;,)
miintozom is1q tesir etdikde 7<110+130 K-do gorginlik
generatoru rejimindo (Rymmo» Ry 0lduqda) miixtolif tip al-
caqtezlikli (f<100Hs) vo kicik amplitudlu (4<100 mkA) peri-
odik corayan rogslorinin generasiyasi miigahido edilmisdir.
Askar olunmusdur ki, bu ragslerin forma va xiisusiyyatlori,
eloco do bagvermo mexanizmi niimuns iizorino diison isigin
hansi udma oblastindan olmasindan asilidir (sokil 1). Genera-
siya olunan ragslarin tezliyinin (f) vo impulslarin siirokliyinin
(7p) nimunays tosir edon U- gorginliyindon (sokil 2), isigin
@-intensivliyindon (sokil 3) vo daxil edilon lantanoid as-
qarlariim N-miqdarindan (gakil 4) asililig1 6l¢tilmiisdiir.

- pApAfan

-

ig
t - Zaman
a)
2 T
]E fitFy
4
|
) i
fa |
— T |-¢—
t— zaman
b)

Sokil 1. Layli A"BY'<Ld> kristallarinda moxsusi (a) vo agqar (b)
udma oblastindan olan isigin tasiri ilo generasiya olunan
coroyan rogslerinin sxematik tosviri.

Miioyyonlogdirilmisdir ki, todqiq edilon kristallarda mox-

susi udma oblastindan olan isigin tosiri zamani generasiya
olunan carayan ragsleri (sokil 1, a) @,=0.1+200Lk qiymatlo-
rindo bas verir. @,, bu araliqda doyisdikde Uj,-in qiymoti do
doyisir vo @,-in kicik qiymetino Uj,-in daha bdyiik qiymati
uygun golir. @,>10Lk qiymatlorindo rogslorin tezliyinin vo
impulslarin siirokliyinin gorginlikdon asililigi miisahide olun-
mur. Bu halda gorginliyin artirilmasi ilo yalniz ragslorin am-
plitudu boyliylir. @<10 Lk qgiymotlorinds iso zoif f(U) vo
7p(U) asililiglart miisahido olunur (sokil 2, a).

Bu tip coroyan rogslori ancaq uzununa kontakth (coroyan
kristalin laylar istigamotinds axdigi) niimunoalords miisahidoa
olunur. Enins kontakth (cerayan kristalin laylara perpendik-
ulyar istigamotdo axdigi) niimunalords iso bels ragslor miisa-
hids edilmir. Goriiniir bu, enina kontaktli niimunalords kon-
taktlar arasindaki mosafonin ¢ox kigik (¢<0.5 mm) olmast ilo
baglidir.

60

30

Ul 08
L2 Lg 0 24 2%
a) b)
Sakil 2. p-GaSe<Gd> kristallarinda moxsusi (a) vo asqar (b)

udma oblastindan olan igigin tasiri ilo generasiya olu-
nan alcaqtezlikli carayan ragslarinin tezliyinin (a — 1;
b-1, 2, 3) va siirakliyinin (a -2; b - 1', 2, 3") gorgin-
likdon asililigi. 7=77K; 4,,=0.56 mkm; 4,=0.85 mkm;
pro=10'0m-sm; &=4d,,;,; N, at.%: a— 10* b -1,
'-10%2,2'-107% 3,3 - 107

Li Le 20 L4 283 34 34 40

Rogslarin tezliyi temperaturdan da asilidir. 77 K-don bas-
layaraq temperaturun yiiksolmosi ilo rogslorin tezliyi ovvalco
bir qodor artaraq ~100+105 K intervalinda maksimumdan ke-
¢ir, sonra iso - siiratlo azalir. Nohayot, miixtolif niimunolor
ticiin bir gadar forqlonan, milayyan 7;-temperaturundan yiik-
sok temperaturlarda generasiya tamamilo soniir. Rogslorin
amplitudu iso temperaturun yiiksolmasi ilo monoton azalir.

A"BY'<Ld> kristallarinda asqarlanma soviyyasi artdigca
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moxsusi udma oblastindan olan isiqla hayacanlagdiriimig
rogslorin tezliyi tomiz kristallardaki ilo miiqayisado shomiy-
yatli doracads kigilir, impulslarin ampitudu iso nozoragarpa-
caq doracads boyiiyiir (sokil 4, a).

N-in dayismasi Uy, va Ty-in qiymatlorine ds tosir gostarir:
N-in artmasi ilo Uy, avvelca bir godor bdyiiyerak, sonra
kigilir; 7 iso - tomiz kristallardakina nozoron kigilir.
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Sakil 3. Tomiz (1), miixtalif soviyyado Gd atomlari ilo agqarlanmig
(2-4) p-GaSe kristallarinda mexsusi (a) ve asqar (b) udma
oblastindan olan is181n tosiri ilo generasiya olunan corayan
rogslerinin tezliyinin isigin intensivliyindon asililig1.
T=77K, 4,=0.56 mkm, U=2U,,, pro=1 0’0Om-sm
N, at.%: 21073 -10% 4107

Elektrik sahosinin kigik giymotlorindo moxsusi isiq tosir
edon haldaki VAX xattidir, igigin intensivliyinin vo gargin-
liyin ossillyasiya yaradan qiymatlorinds isigin tosiri altindaki
VAX-da superxatti oblast miisahido olunur vo gorginliyin sa-
bit qiymotinda coroyanin pulsasiyasi noticosindo VAX haca-
lanir. Onun yuxari qanadi carayan pulsasiyalarinin maksimu-
muna, asagl qanadi iss - minimumuna uygun galir. Ossillya-
siyanin kosildiyi daha bdyiik intensivliklords (@>200Lk)
VAX-in hagalanmast da itir vo o, yuxari qanadla {st-iisto
diigiir.

Generasiya xassasina malik p-GaSe<Ld> va n-InSe<Ld>
kristallarinda uygun olaraq 7>220 K va 7>160 K-do maxsusi
fotokeciriciliyin temperatur sénmosi bag verir.

100 100 L3

5 I mka
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Sokil 4. p-GaSe<Gd> kristallarinda moxsusi (a) va asqar (b)
udma oblastindan olan ig181n tosiri ilo generasiya
olunmus algaqtezlikli coroyan ragslorinin tezliyinin
(sokil 4, a vo b, ayri 1) amplitudunun (sokil 4, a, ayri 2)
va siirakliyinin (sokil 4, b, ayri 2) agqarlanma
soviyyasindon asililig1.

T=77K; 2,=0.56 mkm; A,=0.85 mkm,; pm:1070m-srn;
Q=4D,;,; U=2Uj,.

Diametri d<0.Imm olan mikrotermociitlor vasitesi ilo
generasiya rejiminds niimunslorin corayan kontaktlarinda vo
orta hissasindo temperaturun 6lgiilmasi ilo askar edilib ki,
moxsusi isigin yaratdigi algaqtezlikli coroyan rogslorinin ge-
nerasiyasi zamani niimuna isinir vo onun orta hissasinin tem-
peraturu kontaktlarindaki temperaturundan yiiksok olur. Opti-
mal soraitdo {=6+8 mm uzunluglu niimunslords otraf miihitlo
AT, -temperatur forqi ~35 K, orta vo uc hissolor arasindaki
AT, ~temperatur forqi iso ~12 K-o catir. £-ki¢ildikco AT,-aza-
lir. £<2.0 mm olan niimunslords ossillyasiya bas vermir. Bu
naticolor, moxsusi isigin tosiri ilo hoyacanlasdirilmis algaqtez-
likli carayan rogslorinin generasiyasinda istilik effektinin foal
rol oynadigina dolalot edir. Niimunonin isiglandirilmayan
iiziinds yerlosdirilmis galvanik zondlarin kdmoyi ilo miixtolif
hallarda niimuns boyunca elektrik sahasinin paylanmasinin
tadqiqi esasinda miioyyonlogdirilmisdir ki, VAX-1n superxatti
hissasino uygun gorginlik niimuns boyunca geyri-miintozom
paylanir. U=Uj,, oldugda niimunenin ortasinda horokotsiz
elektrik domeni yaranir. Gorginliyin sonraki artirilmast ilo
hamin domenin 6lgiilari boytiyiir.

Bu niimunalors ¢eviricilik effektinin bas verdiyi gorgin-
liya [1, 2] yaxin gorginlik totbiq edib, Rjmun.»Ryix T€jimindo
hom do asqar udma oblastindan olan (p-GaSe<Ld> vo n-
InSe<Ld> iiciin uygun olarag 0.70<4<1.9 Omkm va
1.40£1<2.80 mkm) isiqla miintozom isiqlandirdigda
T<110+120K -do solis formaya vo periodikliys, moxsusi
isigla isiglandirilan haldakindan ham goriiniisiine, ham do
xarakterino goro forqlonon alcaqtezlikli (/<70 Hs) coroyan
rogslori generasiya olunur (sokil 1, b).

Optimal soraitdo bu tip coroyan impulslarinin baslangi-
cindaki sigrayisin siirokliyi 7,<107san, osas coroyan im-
pulslarmin amplitud vo siirokliyi iso uygun olaraq ~50mkA
vo ~107* san-o catir.

Is1igin intensivliyinden asili olaraq ragslorin tezliyi avval-
co artsa da (sokil 2, b), miioyyon @y,-don bdyiik intensivlik-
lordo generasiya bas vermir.

Gorginliyin artirilmas1 ilo har iki qrup kristallarda
rogslorin tezliyi bir nego tortib yiiksolir (sokil 3, b). Kigik
gorginliklords impulslarin siirokliyi sahaden asili olmayib
~0.10 san tortibindadir. Garginliyin boylik qiymaetlorinds iss -
sahonin artmast ilo 7, monoton olaraq ~10"' saniyadon ~5-107
saniyays qader azalir. Daha boyiik gorginliklords bu ragsler
soniir. Garginlik artirildigja, ragslorin amplitudu boytiyiir.

Temperatur yiiksoldikdo rogslorin tezliyi avvalco kigilir
vo nohayot, 7>7; olduqda generasiya soniir.

Bu tip generasiya halinda impulslarin siirokliyi va
amplitudu is18in intensivliyindsn va dalga uzunlugundan asilt
olmur.

Daxil edilon lantanoid atomlarmin miqdarindan asili ola-
raq bu tip rogslorin tezliyi monoton kigilss do, stirokliyi gey-
ri-monoton dayisir (sokil 4, b).

Hor iki nov generasiyanin sorhod parametrlorinin (U, vo
@,,) qiymatlori niimunonin dlgmadon ovvalki halindan asili-
dir. Olgmolordon avval asag: temperaturlarda moxsusi isigla
isiglandirilmis niimunslorde Uj,-in qiymati kigilir, @,-in qiy-
moti iso boyiiyiir.

Hom moxsusi, hom ds agqar udma oblastindan olan isiqla
hoyocanlagdirilan rogslorin parametrlori vo xarakteristikalari
daxil edilon lantanoid atomlarinin kimyavi tabistinden asili
deyil. Bu sobabdon do qrafiklor p-GaSe<Gd> kristallar1 ii¢iin
verilmisdir. Digor p-GaSe<Ld> vo n-InSe<Ld> kristallart
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tictin do tamamilo oxsar asililiglar miisahids olunur.

[3, 4]-do gostorilmisdir ki, tomiz (xiisusi olaraq asqarlan-
mamus) layli A"BY! kristallarinda moxsusi is1gin tosiri zama-
n1 miisahids olunan algaqtezlikli corayan ragslerinin generasi-
yasi, temperatur-elektrik dayanigsizhigi [5] ilo olagodardir.
Homin kristallarin lantanoidlerle agqarlanmis niimunslsrinds
misahido olunan bu tip coroyan rogslorinin do temperatur-
elektrik dayanigsizligi ile baghligini demak olar. Bu fikri ge-
nerasiya rejiminds niimuns boyunca mikrozondlar vo mikro-
termociitlor vasitasi ilo moxsusi isiqla induksiyalanmis asqar
fotokegiriciliyin, moxsusi fotokegiriciliyin temperatur sénmo-
sinin, termostimullagdirilmig kegiriciliyin, qaranliqdak: keci-
riciliyin anomal temperatur asililiginin tadqiqindon alinmis
naticalar do tosdiq edir.

Aparilan tohlillor imumi sokilds belo bir miilahize yiiriit-
moaya imkan verir ki, qadagan olunmus zonasinda miixtolif
dorinlikli dayaz o-tutma, eloco do S-siiratli vo r-asta re-
kombinasiya soviyyolorinin mévecud oldugu hor iki qrup
kristali moxsusi isiqla isiqlandirdiqda yaranmis asas yiikdasi-
yicilar a-soviyyalarini doldurur vo gismon do uygun sorbost
zonada moskunlagir. Buna goéro do niimunanin isiqlandirilan
haldaki elektrik keciriciliyi (o) qaranligdakindan (o) boyiik
olur. Qeyri-asas yiikdastyicilar iso dorinliyi (&) dayaz tutma
saviyyalarinin darinliyindon (g,) bdyiik olan r-asta rekombi-
nasiya soviyyalori torafindon tutulur. Niimunoys totbiq edilon
gorginlik artirlldigca onda ayrilan Coul istilik giict (1?,-:0'52)
do boyiiyiir. Nohayst, U2U,, olduqda P.nin qiymati istilik-
otlirmo hesabmna niimunodon otrafa verilon P, istilik giiciin-
don boyiik olur. Noticads, niimuns isinir. Bu iso - 6z ndvba-
sindo, dayaz a-tutma saviyyolorinin termik bosalmasina, els-
co do sorbost zonadaki yiikdastyicilarin konsentrasiyasinin v
niimunanin elektrik kegiriciliyinin qiymatinin artmasina so-
bob olur. Olgmolor gorginlik generatoru rejimindo aparildi-
gindan niimunanin kegiriciliyinin bu artim1 hotta kigik qiyme-
to malik oldugda bels, dovraden axan carayanin giymsatinin
sigrayisla yiliksolmosino sabab olur. Bu proses miisahids olu-
nan corayan impulslarinin 6n cobhasini formalasdirir. Nimu-
nanin kegiriciliyinin yiiksalmasi P, - Coul giiciinii artirdig1 ki-
mi, Coul giiclinlin artmasi1 da, 6z ndvbasindo, niimunonin
temperaturunu (7)) yiliksaldir. Bu zaman 7,-nin qiymoti asta
rekombinasiya soviyyolori torofindon tutulmus qeyri-asas
yiikdastyicilarin sorbastlogmasine kifayst edorss, onda miiva-
fiq sorbost zonaya kegon geyri-osas yiikdastyicilar siirotli S-
rekombinasiya soviyyolori vasitosi ilo osas sorbost zonadaki
tarazliqda olmayan vo niimunaden axan corayani sigrayisla
artiran yiikdastyicilarla rekombinasiya edir. Naticads, nii-
munanin elektrik kegiriciliyi vo uygun olaraq, dovraden axan
coroyanin giymoti koskin azalir. Bu proses miigahids olunan
carayan rogslorinde impulsun diigon (arxa) cobhasini forma-
lagdirir. Beloalikls, bir raqs impulsu yaranir. Sonra (iki qonsu
rogsin arasindaki zaman fasilasi arzinds) yeniden eyni ardicil
morhalolordon ibarat proses tokrarlanir. Asagi temperatur-
larda niimunoys fasilosiz moxsusi isiq vo U2Uj, gorginlik to-
sir etdiyi biitiin zaman miiddsti orzinds homin proses periodik
tokrarlanir - niimuns daxil oldugu dévrads algaqtezlikli cors-
yan rogslori generasiya edir.

Bu rogslerin asas parametrlorinin gorginlikdon, isigm in-
tensivliyinden, temperaturdan asililig1 irali siiriilon model ¢or-
¢ivosindo izah oluna bilir. Belo ki, isigin intensivliyinin do-
yismosi  a-soviyyalorin  dolmasmin = siiratini  vo  dolma
daracasini dayigdiyinden, uygun olaraq ragslerin tezliyi, amp-
litudu vo siirokliyi do @,-don asili olaraq doyisir.
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Temperaturun doyismasi iso a-tutma vo r-rekombinasiya so-
viyyolorinin bosalma ehtimalin1 doyismoklo, bilavasito ge-
nerasiya prosesind do tosir gostorir. Gorginliyin doyismasi bi-
lavasito ayrilan Coul istilik giiciinii doyisdiyindon vo injek-
siya hesabina a-soviyyslorini doldurdugundan, miisahids olu-
nan generasiya prosesina ikili tasir gostarir.

Lantanoidlo asqarlanmanin bu tip corayan ragslorinin ge-
nerasiyasina tosirina galdikds isa, ilk ndvbads qeyd etmok la-
zimdir ki, asqarlama baslica olaraq, hom dayaz a-soviyye-
larin proseslords rolunu, ham ds kristallarin nizamsizliq ders-
cosini doyismoklo hadisoyo tosir gostorso do, N-don asili
olaraq &, vo &-in miloyyon qodor doyiso bilmosi do istisna
olunmur.

Kristallarin nizamsizliq deracasi N-dan asili olaraq qeyri-
monoton doyigdiyindon, generasiya prosesinin effektivliyi do
N-don astilt olaraq qeyri-monoton dayisir.

p-GaSe<Ld> vo n-InSe<Ld> kristallarinda VAX-1n ¢evi-
ricilik gorginliyi yaxinlhigindaki hissesindo niimunoni asqar
isigla kasilmoaz isiqlandirdigda bas veran algaqtezlikli coroyan
rogslerinin do tomiz kristallardakinda [6] oldugu kimi,
injeksiya ilo induksiyalanmis asqar desimosi ilo olagadar
oldugunu demok miimkiindiir. Bu mexanizmin baxilan halda
da qiivvads qalmasi, lantanoidlorlo asqarlanmis p-GaSe vo n-
InSe kristallarinda da hamin név ossillyasiyanin niimunenin
corayan kontaktlarmin injeksiya etdirmok qabiliyystindon va
dayaz a-tutma soviyyslorinin sixligindan asililigi, temperatu-
run yalmz kT<g, isigin dalga uzunlugunun iso g>hv>g-0
sortlorini 6doyan qiymotlorindo bas vermasi do tosdiq edir.
Forz olunur ki, qadagan olunmus zonasinda ham dayaz o-
tutma, hom do S-siiratli vo r-asta rekombinasiya soviyyalari
olan p-GaSe<Ld> va n-InSe<Ld> kristallarinda gorginliyin
boyiik giymotlorinde monopolyar injeksiya hesabina a-tutma
soviyyalari todricon dolmaga, kristalin enerji zonalari iso giic-
li elektrik sahosinin tasiri altinda todricon ayilmoyo baglayir.
Nshayat, zonalarin ayilmasi elo bir hadds catir ki, injeksiya
hesabina dolmus o-tutma saviyyslorinin tunel yolu ilo kol-
lektiv bosalmasi, yoni injeksiya ilo induksiyalanmis asqar
desilmosi bas verir. Bu bosalma naticosindo uygun sorbast
zonaya kegon yiikdasiyicilar niimunonin kegiriciliyini sig-
rayisla artirir. Olgmolor gorginlik generatoru rejiminda aparil-
digindan, kegiriciliyin belo sicrayisi, dovrodon axan coroya-
nin da sigrayisla artmasina sobab olur. Bu proses tunel effekti
ilo bagli oldugundan impulsun baslangicinda coroyanin
artmas1 da maxsusi isiqla hayacanlasdirilan ragsler halinda-
kindan forqli olaraq sigrayisla (ani) bas verir. Lakin niimu-
noys U2Uj, gorginliklo yanasi, hom do fasilosiz olaraq
&shv<g, sortini 6doyon asqar isiq tosir etdiyindon, induksiya-
lanmig asqar desilmosi hesabina sorbost zonada yaranan
tarazliqda olmayan yiikdastyicilar, asqar isigin tosiri ilo asta
r-rekombinasiya saviyyelorinden azad olunmus qeyri-asas
yiikdasiyicilarla S-siirotli rekombinasiya kanali vasitosi ilo
rekombinasiya edir. Noticodo, niimunonin elektrik kegiriciliyi
vo uygun olaraq, ondan axan corayan, desilmo prosesindon
ovvoalki giymstino qodor diisiir. Bu halda miisahido olunan
impulslarin siirokliyi tarazligda olmayan yiikdastyicilarin ya-
sama miiddati ilo toyin olunur.

Temperaturun yiiksolmosi ilo hom -, hom do r-soviyye-
lorin termik bosalmasi noticasindo corayan rogslorinin gene-
rasiyasi soniir. Xarici gorginliyin yiliksolmosi ilo a~soviyyalo-
rin dolmasi prosesi siiratlonir vo tunel effektinin bas vermasi
ehtimali artir. Bu sobobdon do miisahido olunan ragslorin
amplitudu ilo yanasi, tezliyi do boyiiyiir.
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Miisahido edilon bu tip (agsqar udma oblastindan olan isiq-  doracesinin M-don asililigindan irali galir. S6zsiiz ki, bu halda
la hoyacanlasdirilan) algaqtezlikli corayan rogslorinin niimu-  da tadqiq edilon kristalarin nizamsizliq doracasinin vo onlarin
nonin lantanoidlo asqarlanma soviyyosindon asililigi toklif gonsu laylari arasindaki olagenin N-don asili olaraq doyis-
edilon model gorgivosinds, ilk ndvbade, a-soviyyolorin foallig  masi 6z tosirini gostarir.

[11 A.S.Abdinov, R.F. Babayeva, A.T. Bagirova, R.M. Rza- [4] A.S. Abdinov, A.Q. Kazim-zade, A.A. Axmedov. Fiz. i

yev, O.X. Eyvazov. 1zx. NANA. 2005, Ser.. FT i MN, texn. poluprovodnikov, 1977, t.11, 5, 5.2026. (Rusca)

t. XXV, 5, s. 73. (Rusca) [5] S.O. Kalasnikov, Q.S. Pado, V.I. Pustovoyt, Y.F. To-
[2] A.S.Abdinov, R.F. Babayeva, A.T. Bagirova, R.M. Rza- karev. Fiz. 1 texn. poluprovodnikov, 1969, t.3, 7,

yev, Q.X. Eyvazov. J. «Neorganicheskiye materiali. s.1028. (Rusca)

2006, t.42. 9. 5.1035. (Rusca) [6] A.S. Abdinov,, E.Y. Salayev. Fiz. i texn. Poluprovod-
[3] A.S. Abdinov, V.K. Mamedov, E.Y. Salayev. Fiz. i texn. nikov, 1981, t.15, 3, 5.453. (Rusca)

poluprovodnikov, 1980, t.14, 4, s.754. (Rusca)
R.F. Babaeva

FEATURES OF CURRENT FLUCTUATIONS AND ELECTRIC INSTABILITIES IN PARTIALLY
DISORDERED LAYERED CRYSTALS OF A"BY' TYPE DOPED BY LANTHANIDES

The generation of periodic low-frequency fluctuations of current with small amplitude of various type are observed in layered crystals of
A"BY! doped by lanthanides of Gd, Ho and Dy type with the various concentration (N=107+10"" at. %), at simultaneous influence of pres-
sure, more than some critical one and continuous light of average intensity at 7<110+130 K in voltage generator mode. The dependence of
observable low-frequency fluctuations on lanthanoide doping degree first of all is connected with the dependence of a-levels on the N. Cer-
tainly in this case the change of disorder degree dependence and communication between the neighboring layers on N takes place.

P.®. BabcaeBa

OCOBEHHOCTH TOKOBBIX KOJIEBAHUM U SJIEKTPHYECKHAX
HEYCTOMYHMBOCTEN B YACTHYHO HEYIOPSJJOUYEHHBIX KPUCTAJJIAX TUIA CJIOUCTBIX CO-
EJAHEHUNA A"™BY", TJETUPOBAHHBIX IAHTAHOUJAMUA

B nerupopanmsix nanTamonnamu tuma Gd, Ho i Dy ¢ pasmmunsiv comepxanmem (N=107+10" at.%) B cromctsix xpucramiax A"BY!
IIpY BO3JCHCTBUH OJHOBPEMEHHO HAIPSDKCHUEM, OOJBIIEe HEKOTOPOI0 KPUTHIECKOTO, M HENPEPHIBHBIM CBETOM CpeJHEl MHTEHCHBHOCTH
mpu 7<110+130 K B pexunmMe reHepaTopa HapsHDKEHHs HAOMI0AaIach TeHEpays IePHOANIECKIX HU3KOUYACTOTHBIX KoJieOaHU TOKa Majoi
aMIUIUTY Bl Pa3JIMYHOTO THIA. 3aBHCHMOCTH HaOJOaeMBIX HH3KOYACTOTHBIX KOJEOaHUH OT ypOBHS JIETHPOBAHHS JIAHTAHOWAAMH, B IIep-
BYIO OUYepe/ib, CBI3aHa C 3aBHCHMOCTBIO O-ypoBHeil o N. be3ycnoBHO, B 3TOM ciIydae OKa3bIBaeT CBOE BO3/ICHCTBHE H3MEHEHHE 3aBUCHMO-
CTHU CTEICHH HEYNOPSA0YCHHOCTH U CBS3H MEXKIY COCEIHUMH CIOsMHU OT N.
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IZOPROPIL SPIRTININ OZLU AXINININ AKTiVLOSMO
PARAMETRLORI VO TERMIK XASSOLORI

E.O. MGSiMOV, B.G. PASAYEV, H.S. HOSONOV
Baki Doviat Universitetinin Fizika Problemlari Institutu

Z.Xolilov 23, Az-1148, Baki, Azarbaycan,

Isda izopropil spirtinin 5-50 MPa tozyiq v 292.25-527.25 K temperatur intervalinda 6zIii axinm aktivlosmo parametrlori (AG; , AH ; ,

AS ; ), istidon genislonma (& p ) vo izotermik sixilma ( S, ) omsallart hesablanmis vo bu parametrlorin temperaturdan vo tozyiqden asilt
olaraq deyismalorine baxilmigdir. Miloyysn edilmigdir ki, temperaturun artmasi ilo haer bir izobar1 xarakterize edon AG; = f(T)P

funksiyasimin qiymati avvalca biitlin tozyiqlorde azalir, sonra isa nisboten boyiik tozyiqlords (=20 MPa-dan sonra) artir. AH ; =f (T ) P

AHY ASEy .
AS; = f(T)P asililiglarinda izobarlar bir ndqtode kesisirlor (7). T 345K , T T~ 310K ). Istidon geniglonma va izotermik sixilma

omsallarinin qiymatlori tozyiqin vo temperaturun artmasi il artirlar.

Izopropil spirti (C;H,OH) suda biitiin nisbatlordo hall
olur. Poligrafiya, kimya, neft, tobabot, mebel, yeyinti vo ot-
riyyat sonayelorindo genis totbiq olunur. Tocriibads izopropil
spirtinin genis tozyiq vo temperatur intervalinda sixligi [1] va
dinamik 6zliiliiyii [2] toyin edilmisdir. Lakin temperaturun va
tozyiqin doyismosi noticosindo onda bas veron struktur
xususiyystlori aragdirlmamigdir. 18 -

Isdo 5-10 MPa tozyiq vo 292.25-527.25 K temperatur in-
tervalinda izopropil spirtinds bas veran struktur xiisusiyyat-
lorini aragdirmaq mogqsadilo dinamik ozliliyin [2] veo
sixhigmm [1] tocriibi giymotloring osason 6zlii  axmin 13 4

234 %

aktivlasmo parametrlori (AG; , AH ; , AS ; ), istidon genis-

lonmo (@ p) vo izotermik sixilma (S, ) omsallar1 hesablan-

musdir. = . - . . |
Ozlii axmin aktivlosmo parametrlorinin hesablanmasi 280 330 /o 430 480 530
sulu [3] isinde verilmisdir. Izoproil spirtinin 6zIi axmnimnin Sokil 2. 1zopropil spirtinin miixtalif tozyiglorde 6zIii axinmnim
aktivlogmo parametrlorinin miixtalif izobarlarinin temperatur- aktivlogmos entalpiyasinin temperaturdan asililigi
dan asililiglar1 1-3 sayli sokillords gostorilmisdir. 1-5 MPa, 2-10 MPa, 3-20 MPa, 4-30 MPa,
5-40 MPa, 6-50 MPa.
kC
AGT,— A&
16 4 mol 26 - T Eomol
i
5
149 4
4
3
14 ~
2
Y 1
13 T T T T 1 i
280 330 380 450 480 530 -15 7
Sokil 1. izopropil spirtinin miixtalif tozyiglords zlii axinimin Sokil 3. Izopropil spirtinin miixtolif tozyiqlords ozl
aktivlogmo Gibbs enerjisinin temperaturdan asililig1. aximinin aktivlosmo entropiyasinin temperaturdan
1-5 MPa, 2-10 MPa, 3-20 MPa, 4-30 MPa, 5-40 MPa, asilihig. 1-5 MPa, 2-10 MPa, 3-20 MPa, 4-30 MPa,
6-50 MPa. 5-40 MPa, 6-50 MPa.
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Sokil 1-don goriiniir ki, izopropil spirti iiclin tozyiqin

. .. . . = _
artmast ilo hor bir izotermi xarakterizo edon AGU =f ( p)T
funksiyasinin qiymati artir. Temperaturun artmast ilo hor bir
izobari xarakterizo edon AG; = f (T )P funksiyasinin

giymoati ~400 K temeperatura qodor azalir, sonra iso kigik
tozyiglorde (=20 MPa-a qoder) baxilan  temperatur
intervalinda demok olar ki, doyismir, nisbaton bdyiik
tazyiqlords (=20 MPa-dan sonra) iso artir.

Sokil 2-don goriiniir ki, hor bir izobar iiglin temperatur

artdiqca AH ; azalir, homginin AH ,7 =f (T )P asiliigin-
#

da hor bir izobart xarakterizo edon xotlor bir ndqtodo
n

AH J
~ (0 olur.
T

Izopropil spirti {iciin bu ndqto T,fH; ~ 345K qiymotino

kasisirlor. Demali kosismo noqtesindo

uygun golir. Todgiqatlar naticosinds miioyyon olunmusdur ki,
#*

AH; = [(T),

ganunauygunluglar AS: =f (T )P asililiginda da miisahido

asililiglarinda miisahida olunan

olunur. Bels ki, tadqiq olunan maye iigiin AS; =f (T )P

asthiliginda  hor bir izobar1 xarakterizo edon xatlor
T, ,fs" ~310K noqtosindo  kosisirlor.  Yoni 310K
6AS:
temperaturda izopropil spirti ti¢tin P =~ 0 olur.
T

[stidon genislonmo (@) vo izotermik sixilma (/f;)

omsallar1
oY) --1(2) N
Poyv\er), pl\oT),
1({oV 1(0
df@) L),
vier ), plor),

diisturlar ilo hesablanmigdir [4]. Bu mogsadlo har bir izobar
Vo hor bir izoterm ticiin uygun olaraq

,o(T)za0 +aT+a,T* o p(T):aO +a,T +a,T’
polinom tonliklori qurulmusdur. Bu tonlikloro daxil olan
a,,a,,a,,b,,b,,b, sabitlori riyazi optimallagsma metodu ilo
toyin edilmisdir. Bu polinomlar1 yuxaridaki (1) vo (2)
tonliklorindo nozors alsaq &, vo [, -ni hesablamaq iigiin
asagidaki ifadslori alariq.

a, = —l(a1 +2a,T) 3)

1
B = ;(b1 +2b,P) (4)

izopropil spirtinin (3) vo (4) tonliklori ilo hesablanmus
istidon genislonmo vo izotermik sixilma omsallarimin miixtolif

18

izobarlarinin temperaturdan asililiglar1 5 vo 6 sayli sokillords
gostorilmisdir.

3 -1
234 @y 100 & i
2
19 1
3
15 1
1.1 1
I:Ilu_"r T T !
280 330 380 430

Sokil 4. 1zopropil spirtinin miixtolif tozyiglorda istidon
hocmin genislonma omsalinin temperaturdan asi-
lilig1. 1-5 MPa, 2-10 MPa, 3-20 MPa, 4-30 MPa,
5-40 MPa, 6-50 MPa.

3I:
516 Pt
3,0 7

25
2,0
1,5

1.0

|:|,5 T T 1
280 330 380 430

Sakil 5. zopropil spirtinin miixtelif tazyiglorda izotermik
sixilma amsalinin temperaturdan asililigt
1-5 MPa, 2-10 MPa, 3-20 MPa, 4-30 MPa, 5-40 MPa,
6-50 Mpa.

Sokil 4 vo 5-den goriiniir ki, izopropil spirtinds baxilan
tozyiq ve intervalda har bir izoterm iigiin ¢, = f (P )T v

Br=f (P)T funksyalarmm, hor bir izobar ii¢lin isa

a,=f (T )P vo =1 (T )P funksyalariim giymotlori
artir. Ehtimal etmok olar ki, izopropil spirtinin maye
fazasinda 6zl axminim aktivlosmo parametrlorinin vo istidon
geniglonmo omsalinin miixtalif izobarlarinin temperaturdan
astliliglarinda miigahido olunan ganunauygunluqlar mayeds
yaranan miixtalif struktur doyismaolari ilo slagadardir.
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[11 Teplofizigeskiye svoystva predelnix spirtov. Trudi toyini tsullart. Baki Universitetinin Xobarlori, fizika-
QIAP, vipusk 64, Moskva. 1979, 68 st. (Rusca) riyaziyyat elmlori seriyasi, 2005, Ne 2, 5.138-150.

[2] Ya. M. Naziyev. lzmereniye vyazkocti jidkostey i  [4] E.O. Masimov, H.S. Hoasonov. Bioloji sistemlorin
gazov. Baku «kELM»-2002, 244 st. (Rusca) termodinamikasi. Baki, “Loman Nosriyyat Poligrafiya”

[3] E.O. Moasimov, H.S. Hasanov, B.G. Pasayev, N.H. 2007.418 c.

Hoasonova. Ozlii axinmn aktivlosmo parametrlorinin

E.A. Masimov, B.G. Pashayev, H.Sh. Hasanov

ACTIVATION PARAMETERS OF VISCOUS FLOW AND THERMAL PROPERTIES OF ISOPROPIL
ALCOHOL

The activation parameters ( AG: ,AH ; , AS : ) of viscous flow, the coefficient of thermal expansion ( & ) and isothermal
compressibility coefficient ( B, ) are calculated in the given work on data of viscousity of isopropil alcohol in temperature interval 292,25-
527,25 K and pressure 5-50MPa. It is seen that the value of AG; = f(T) » function decreases with temperature increase at all pressures and
it increases at comparably high ones (higher 20MPa). The isobars AH ; = f(T) P AS; = f(T) p cross in the one point

AHE ASH
(T, T~ 345K, T . T~ 310K ). The values of thermal coefficients of expansion and isothermal compressibility increase with growth of

temperature and pressure.

J.A. Macumos, B.I'. [1amaes, I'.I1I. 'acanoB

AKTHUBAIIMOHHBIE TAPAMETPBI BSI3KOI'O TEYEHUSI U TEPMAUYECKHUE CBOMCTBA
N30IMPOIINJIOBOTI'O CIIUPTA

B pabote mo maHHBIM O BS3KOCTH M IUIOTHOCTH HM3OIPOIMIOBOTO CHHMPTa B MHTEpBane Temmneparyp 292,25-527,25 K u naBnenuit

# # *
5-50 MIla BbIYHCIICHBI aKTHBAIMOHHBIC MapaMeTphl (AG,] ,AH > ASU ) BSI3KOTO Te4YeHUsI, KOIPPUIHMEHT TEPMHUUYECKOTO pPaCIIMPEHUS

o # .
(ap) u xodpdunuent uzorepmuyeckoil cxumaemoctu ( Sy ). Ilokasano, uto 3HadeHue QyHKIMH AG, = _/(T) p © YBEIHYCHHEM

TeMIIepaTypbl YMEHBIIAETCSl MPH BCEX AABICHMSX, HO NPH CPABHUTENHHO BBICOKHX MaBieHUsX (Bbmme 20 MIla) oo yBennmumBaeTcs.
# # o AH?; AS;;
U3zob6apsr AH, =f(T)P’ AS, :f(T)P HEPECEKAIOTCs B OHON Touke (7). ~ 345K, T) ~ 310K ). 3naueHust K0od(pPUIHEHTOB

TEPMHUYECKOTO PACIIMPEHHS H H30TEPMUUECKON CUMAEMOCTH YBEINUUBAIOTCS C POCTOM JABIECHHS H TEMIIEPATypHI.

Received: 02.06.09
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CdGa,S; MONOKRISTALININ RENTGENKECIRICILIYI

S.N. MUSTAFAYEVA, C.T. HUSEYNOV
AMEA-mn H.B. Abdullayev adina Fizika Institutu,
Azarbaycan, Baki, Az-1143, H. Cavid pr., 29

Tadqiq edilon CdGa,S,; monokristali avvalcadaen sintez edilmis CdGa,S, tarkibli birlosmadan qapali ampulada qaz fazada kimyavi naql-
etma Usiilu ils almmugdir. Noqletdiri¢i kimi tomiz kristal yoddan istifads edilmisdir. CdGa,S,; monokristalinin rentgen hossasliq amsali X
suasimn  effektiv sortliyinin 7,=25+50 kev vo doza giiciinin E=0,75+78,05 R/doq giymotlorinda 1,26x107"+1,39x10"°A-dog/V-R
intervalinda doyisir. Miloyyen edilmisdir ki, K-nin qiymeti sua dozasimnin artmasi ilo artir. K(E) asililigindan forqli olaraq K(V,) asililigt V,
artdigca azalir. CdGa,S, monokristallarinin rentgenamper xarakteristikasindan miiayyan edilmisdir ki, stasionar rentgen suasinin dozasindan
astlihigi Iz ~E* qanunauygunluga tabedir vo aydin olmugdur ki, ¥, artdiqca rentgenamper xarakteristika xotti asililiga (o —1) yaxinlagir.

A"B,"C,Y" tipli birlosmolordon olan CdIn,S,;, CdGa,S4
monokristallarinin, miixtolif fiziki xassalori todqiq edilmis vo
edilmokdadir [1-6]. Homin kristallar infraqirmizi, gértinen va
ultrabondvsoyi slialara miixtalif dorocado hassas olub bu
oblastlarda fotokegiriciliys malikdirlor.

A"B,"™C,"" tipli kristallarin daha qisa elektromaqnit dal-
galarinin tasirilo kegiriliciyinin dyranilmasi ham nazori, hom
do praktiki ndqtayi-nozarden fikrimizcs moagsads uygundur.
Qaz fazada kimyavi naql etmo tisulu ilo alinmig CdGa,S, mo-

nokristallarinin rentgenkegiriciliyinin Oyranilmasinin
naticolori asagida verilmisdir.
Miirokkob  yarimkegirici  birlosmalorin  alinmasinin

miixtolif dsullar1 molumdur. CdGa,S,; birlosmesi havasi
cixarllmig kvars ampulada elektrik sobasina daxil edilorok
«iki temperaturluy iisul ilo sintez edilmigdir. Birlosmoys daxil
olan elementlorin tomizliyi  Cd - 99,99%, Ga - 99,999%,
S - 99,9999% olub. Iki temperaturlu sintez tisulundan istifade
etdikdo yiiksok temperaturlarda kiikiird elementinin buxar
tozyiqinin artmasinin qarsist alinir vo ampulanin partlamasi
tohliikasi aradan qaldirilir. Soba maddsnin arimo temperatu-
runa gader qizdirildigdan sonar, kvars ampulanin madds olan
hissesi sobaya daxil edilir, madds olmayan ucu iso sobadan
xarica ¢ixarilir. Reaksiya qisa miiddatde gedir. Kiikiirdiin re-
aksiyaya girmoyon azaciq hissasi ampulanin sobadan xaric-
doki hissasine kondensasiya edir. Bundan sonra ampula tod-
ricon sobaya daxil edilir vo miloyyon miiddot orimo tempera-
turunda saxlanilir. Monokristallarin alinmasi zamani noaql
etdirici olaraq tomiz yod kristallarindan istifads edilmisdir.

Rentgenkeciriciliyi 6yronmok tigiin CdGa,S, monokristali
niimunslarinds omik kontakt yaratmaq ti¢lin indim metalin-
dan istifads edilmisdir. Niimunoalords omik kontaktlar arasin-
dak1 masafas 1 mm tartibinds olmusdur.

CdGa,S; monokristalinin rentgenkeciriciliyini  6lgmok
iiciin BSV-2(Cu) borulu UPC qurgusundan istifads edil-
misdir. Rentgen slialarinin intensivliyi stiratlondirici gorginli-
yin har bir qiymotinds corayan siddstini doyismoklo tonzim-
lonmisdir. Rentgen suasinin dozasinin miitlaq qiymeti
DRQZ-02 rentgendozametri ilo 6lciilmiisdiir. Niimunodos ren-
tgen siiasinin tosirilo corayan siddatinin doyismosi yikk mii-
qavimatinin kristalin miigavimotindon kicik rejimdo U5-9
elektrometrik giiclondiricisi ilo 6lciilmiisdiir. Biitiin 6lgmolor
7=300 K-do aparilmisdir.

Asagida CdGa,S, monokristallariin rentgen kegiriciliyi-
nin Oyronilmosinin naticolori verilmigdir. Qeyd etmok
lazimdir ki, CdGa,S, monokristalinda rentgen siialarina yiik-
sok hassasliq vardir. Rentgen hossasliq omsali asagidaki
diistiir ilo toyin edilmisdir
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Burada I = Iz-1) I,- qaranliqda corayanin qiymeoti, /I -
niimunado rentgen siialart tosisindo corayan siddoti, £ —
dozanin kiicii, U - niimunays verilon xarici gorginlikdir.

CdGa,S,; monokristalinin rentgenhossasliq amsalinin
qiymeti siiratlondirici potensialin miixtalif qiymetlorinds va
buna uygun doza qiymatlorindo toyin edilmisdir.
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Sakil 1. CdGa,S, monokristalinin rontgenhassasliq emsalinin
rentgen borusunda gorginliyin miixtalif qiymatlorindo
stianin dozasindan asililig1

(V,, keV: 1-25,2-30, 3-35, 4-40, 5-45, 6-50).

Sok. 1-do 7=300 K temperaturda vo U=60 V gorginlikdo
CdGa,S, monokristalinin rentgenhossasliq omsalinin rentgen
stialarinin dozasindan asililiq grafiki tosvir edilmisdir. Sok. 1-
don goriindiiyii kimi todqiq edilon CdGa,S,; monokristalinin
rentgenhossashigl 1,26x10™"'+1,39x10™"° A-doq/V-R araligin-
da doyigir. Aparilan tocriibi 6lcmolorin naticasinin arasdiril-
mast gostorir ki, CdGa,S,; monokristalinin rentgenhassasliq
omsali giianin dozasi artdiqca artir. V, =25 keV olduqda K
¢ox kaskin artir, ancaq rentgen siialarinin effektiv sortliyi
artdiqca K(E) asihilig1 azalir, V,=50 keV olduqda roentgen-
hossasliq £-don ¢ox zoif asili olur.

K(E) asililigindan forqli olaraq K(V,) asililiginda todqiq
edilon rentgen siialarinin biitiin doza araliginda azalma mii-
sahids edilir. Sak. 2-do monokristalinin doza giiciiniin £=10 R/daq
qiymatinds rentgenhossasligiin diison rentgen siialarinimn ef-
fektiv sortliyindon asililig1 tosvir edilmisdir. Sokildon goriin-
diiyi kimi V,-nin 30 keV-don 50 keV-o qader artmasi ils
niimunanin rentgenhossasligi toqribon 6 dofo azalir.
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Sakil 2. CdGa,S,; monokristalinin rentgenhassasliq amsalinin

rentgen siiasinin effektiv sortliyindon asililigi (doza
E=10 R/doq, U=60V).
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Sakil 3. CdGa,S4 monokristalinin rentgen borusunda
stiratlandirici garginliyinin miixtalif qiymatlsrinda

rentgenamper xarakteristikalari
(V,, keV: 1-25, 2-30, 3-35, 4-40, 5-45, 6-50).

K(E,V,) asililiginda miisahido edilon qanunauygunlugun
miimkiin sabablorinden biri belo ola biler: siirstlondirici
gorginliyin nisbaton kigik qiymotlorindo CdGa,S, monokris-
talinda rentgenkegiricilik osason rentgen siialarinin sothdo
udulmasi ils slagadardir. Bu halda siianin intensivliyi artdig-
ca sothdo rekombinasiya iistiinliik togkil edir ki, bu da rentgen

corayaninin miisahido olunan azalmasima sobob olur. Siirat-
londirici gorginliyin artirilmasi ilo rentgen siialarinin effektiv
sortliyi artir ki, bununla slagoadar olaraq rentgen siialarinin
kristalin daxiline niifuz etmo dorinliyi artir. Bu da 6z novbo-
sindo rentgen siialarinin hacmds udulmasina, rentgenyiik-
dasiyicilarin yaranmasina vo habelo kristaldan kegon siialarin
artmasina gotirir. Bunlarin tesiri noticasinds siiratlondirici
gorginliyin artirtlmasi ilo rentgenhassasliq emsali va onun
dozadan asililig1 azalir.
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Sakil 4. CdGa,S, monokristalinda (V) asililig1.

CdGa,S, monokristalinda rentgenamper xarakteristika da
todqiq edilmigdir. Sok. 3-don goriindiiyii kimi stasionar

rentgen coroyanin siia dozasindan asililigi  asagidaki
ganunauygunluq ilo olur
Igo=Ig-1~E°. 2)

o-nin  qiymotinin rentgen siiasimin effektiv sortliyindon
asililigl 4-cii sokildo verilmisdir. Sokildon goriindiyli kimi
V,-nin artmasi ilo rentgenamper xarakteristika xotti asililiga
(oo —1) yaxinlagir ki, buda praktiki cohatdon diqqsti calb
edir.

Beloliklo ilk dofs olaraq qaz naql etms iisulu ilo alinmis
CdGa,S; monokristalinin rentgenelektrik xassolori Oyronil-
misdir. Miioyyon edilmisdir ki, CdGa,S; monokristali otaq
temperaturunda kifayot qodor yiliksok rentgenhossasiliga ma-
likdir vo bu sobabdondo bu monokristallar osasinda rentgen
geydetdirici cihazlar diizoldilo bilor.

[11 D.T. Quseynov, S.Q. Asadov, Z.Q. Mamedov, N.G.
Qasanov, Neorqan. Materiali, 1986, t. 22, Ne 10,
s.1736. (Rusca)

[2] T.Q. Korimova, Z.Q. Mamedov, A.Q. Sultanova,
Fizika, 1999, c.V, Ne 4, s. 126.

[3]1 A.N. Qeorqobiani, S.1.Radauiian, .M. Tiginanu, FTP,
1985, t.19, vip. 2, 5.192. (Rusca)

[4] V.S. Rud, S.V. Rud, A.A.Vaypolin, LV. Bodnar,
N.Fernelius, FTP, 2003, t. 37, vip. 11, s.1321.(Rusca)

[S] LV.Bodnar, V.SRud, S.V. Rud, Neorqan. Materiali,
2004, t. 40, Ne 2, s.144. (Rusca)

[6] C.T. Hiiseynov. CdIn,S, vo CdGa,S, monokristallarinin
almmast vo bir sira optik vo fotoelektrik xassolorinin
todqiqi. Namizadlik dis. Baki. MEA Fizika institutu.
1970.

S.N.Mustafaeva, D.T.Guseinov

ROENTGEN CONDUCTIVITY OF CdGa,S, SINGLE CRYSTAIL

CdGa,S, single crystals were grown by chemical transport reactions. Roentgenodosimetric properties of CdGa,S, single crystals were
studied. It was shown that roentgen sensitivity coefficient (K) of studied single crystal varies in the range 1.26x10™"'-1.39x10™'" A-min/(V-R)
at effective hardness of X-rays V, = 25-50 keV and dose rate £ = 0.75-78.05 R/min. It is established that K for CdGa,S, single crystals
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increases with an increase in the dose rate E, but with an increase in the accelerating voltage (V,) coefficient K decreases. From roentgen-
ampere characteristics of CdGa,S, it follows that the dependence of the stationary X-ray current on X-ray dose has a power character:

Al Eo ™ E“. Athigh dose rate of hard X-rays, o tends to 1.0 for CdGa,S, single crystal.

C.H.Mycradaena, /I.T.I'yceiinoB
PEHTTEHOIMPOBOAUMOCTb MOHOKPUCTAJIJIA CdGa,S,

Momnokpucramisl CdGa,S, ObUTH BBIpAIEHBl U3 CHHTE3UPOBAHHOTO COCAMHCHHS METOAOM XMMHUYECKHUX TPAHCIIOPTHBIX PEaKUUil B
3aMKHYTOM 00BeMe C HCIOJB30BAaHHEM HOJa B KadyecTBE HOCUTENS. VI3ydeHBl PEHTIeHOTO3MMETPHYECKHE CBOMCTBA MOHOKpHCTALIa
CdGa,S, 1 mokasaHo, 9T0 MX KOI(PHIUEHT PEHTIeHOUyBCTBHTENbHOCTH (K) Bapbupyercst B mpefenax 1,26x107'-1,39x10™"" A-mum/B-P
npu 3dexTuBHOI KecTkocTH M3MydeHus V, = 25-50 k3B momuocteio no3sl E = 0,75-78,05 P/mMun. YcranoBieHo, 4ro 3HadeHHe K
yBEIMYMBAETCS 110 Mepe YBEIWYCHHS J03bI M3iydeHHs. B ommume or 3aBucumoctn K(E), 3aBucumocts K(V,) Hocmma crajgarommit
xapakrep. 13 peHTreHaMIIepHBIX XapakTepucTuk MoHokpuctaiia CdGa,S, ycTaHOBIEHO, YTO 3aBUCHMOCTh CTAIMOHAPHOTO PEHTTEHOTOKA

o o
OT JA03bI PEHTTCHOBCKOI'O0 MU3JIy4YCHHSA HOCUT CTCIEHHOU XapaKTep: A[E 0o~ E . O6Hapy)KCHO, YTO PCHTTCHAMIICPHBIC XapaKTCPUCTUKHU

CdGa,S, 1o mepe yBenuueHns V, CTpeMHINCH K JIMHEHHOCTH (a—>1).
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THE DEVELOPMENT OF POTENTIAL ELECTRODE NEW CONSTRUCTION WHICH IS CATHODE
FOR OBTAINING OF NANO-SECOND VOLUME DISCHARGE GLOW IN THE AIR AT
ATMOSPHERIC PRESSURE

E.D. KURBANOV
Institute of Physics after G.M. Abdullayev of Azerbaijan National Academy of Sciences
AZ-1143, H. Javid, str., 33, Baku, Azerbaijan

The present paper is dedicated to investigations of nano-second pulsed discharge in the air at the atmospheric pressure. The new
construction of potential electrode, which is cathode with use of dielectric porcelain and fluoroplastic capping, has been developed. The
influence factor of capping on the rod with radius of curvature r=Imm on charge glow region size is shown. The mechanism of discharge
glow region expansion with formation of “running electrons” in cathode plasma has been considered.

The investigations of electric discharge in molecular
gases (air, nitrogen, CO, and etc) show that the appearance of
volume glow of diffusion type is observed at enough small
high voltage pulse width applied to discharge gap. Moreover,
the discharge current is usually decades of ampere. The
volume discharge at impulse width increase transits into
constricted bright spark channel. The existence conditions
and properties of volume discharge aren’t clear yet though the
many scientific papers are dedicated to their investigation [1].

The given paper is dedicated to investigation of nano-
second pulsed volume discharge glow in the air of atmosphere
pressure on potential electrode of dielectric cappings.

The nano-second high voltage generator with voltage
amplitude on output 80kV with 8ns impulse front width has
been developed for investigation carrying out. The
asymmetric system of electrodes with strongly homogeneous
field “rode-plane” has been chosen. The interelectrode
distance d is varied in limits 3-15 mm. The metallic grid with
step 1,5mm serves as anode. The voltage impulse of negative
polarity is applied to rode which is cathode with radius of

12,853 mm

i 9.37 mm
T8 mm
1 mm

8.06 mm

a) b

curvature r=1mm. The porcelain tube is put on the rod with
the aim of focusing of charged particle flow. The tube
position is varied in respect of rod end in limits 1-5mm. The
fluoroplastic capping of squared shape is put on porcelain for
obtaining of volume charge glow. Its position in respect of
the tube hole is also varied in limits 1-5 mm. The pulsed
discharge is photographed with the help of digital video
camera Samsung 3500 Digimax 5.1x disposed behind anode.
At such camera position one can photograph the nano-second
volume discharge glow and define the influence factor of
dielectric cappings on cathode on glow region expansion.

As it is above mentioned, firstly the porcelain tube, the
position of which is varied in respect of the rod end, is put on
rod with radius of curvature r=Imm. The photo of pulsed
discharge when the tube is extended on Smm in respect of the
rod end is shown on fig.1. Then the fluoroplastic capping is
put on porcelain; the tube positions in respect of the rod and
fluoroplastic capping positions in respect of porcelain ones
are varied simultaneously. The discharge photos at such
cathode configurations are given on the fig. 1 (b, c).

c)

Fig.1. The photos of nano-second discharge glow at negative voltage polarity on potential electrode-rod (r=1mm) with different dielectric

cappings at different interelectrode distances d.

a- p=latm, r=Imm, d=10mm, porcelain tube is extended on 5mm in respect of rod end;
b- p=1latm; r=1mm, d=5mm, porcelain tube is extended on 1mm in respect of rod end; the fluoroplastic capping is extended on 3mm

in respect of porcelain end;

¢ -p=latm; r=Imm, d=15mm, porcelain tube is extended on 4mm in respect of rod end; the fluoroplastic capping is extended on 3mm

in respect of porcelain end.

As it is seen from the fig.1 the presence of bright white
glow of cathode captured by diffusion violet glow is common
fact for discharge glow photos. The violet glow probably
corresponds to decay lag of nitrogen excited molecules
(second positive band system) [2]. The observable white
glow is radiation of cathode plasma with relatively high

23

temperature. The sizes of discharge glow region are on all
photos.

The region of bright white glow expands from 9mm up to
13mm at the presence of only porcelain tube on rod-cathode
and at simultaneous use of both dielectric capping it expands
up to 27mm (in 3 times)
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Similar region expansion of nano-second pulsed
discharge glow in the air at atmosphere pressure at the
presence of dielectric cappings on potential electrode one can
explain by the following way. From works [3,4] it is known
on advantages of dielectric capping use on voltage of power
frequency for surface modification of composition material
components and also for existence of stable flare discharge in
each positive semi-period of alternative voltage.The porcelain
capping serves for focusing of charged particle flow in the
strong field region and fluoroplastic capping serves for
accumulation of negative ions on its surface.

In our case the same situation with impulse voltage takes
place. The microexplosions from cathode surface leading to
formation of “running electrons” actively taking part in
ionizing processes near cathode and further movement of

discharge channel to the depth to anode, take place at the
supply on potential electrode of nano-second impulse voltage
of negative polarity because of crytical electric field strength
near cathode. The positive volume charge forming at this
situation accumulates on the surface of fluoroplastic capping
because of its small mobility, causes to field intensification
near cathode [5,6] and to field change in the zone“cathode —
porcelain - fluoroplastic”. As a result of this the ionization
processes with“running electrons” participation have the
more wide limits and distribute far from ionization primary
centers that leads to expansion of discharge glow region. This
phenomenon leads to formation of big namber of discharge
active products that can be effectively used for effective
purification of atmosphere from harmful impurities in whole
volume of reaction chamber.

W. Rogowski, R. Tamm. Arch. Electrotech. 20, 107,
625, 1928

Yu.V. Qorin, E.D. Kurbanov, |.P. Kujekin. lonizacionniye
processi v vozduxe pri vozdeystvii nanosekundnukh
razryadov sverkhvisokoqo napryajeniya. Materiali XI
Mejdunarodnoy konferencii “Fizika dielektrikov -
20077, t.1, s. 300. (in Russian).

[1].
(2].

A. Gasanov, AK. Gerasimov,Yu.V. Gorin i dr.A.s.
SSSR, No 1751826. 1, 1992, Ne 28. (in Russian).

E.D. Kurbanov. Vestnik MEI, Ne 1, 2009, s. 146. (in
Russian).

L.P. Babich, T.V. Loyko, V.A. Cukerman.UFN, t.160,
vip.7, 1990, 5.76. (in Russian).

L.P. Babich. UFN, 2005, t. 175, Ne10 s. 1069 — 1091.
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E. D. Qurbanov

HAVADA ATMOSFER TOZYiQi SORAITINDO NANOSANiIYO QAZBOSALMASININ HOCMLI
ISIQLANMASINA NAIL OLMAQ MOQSODILO YENi KONSTRUKSIYALI POTENSIAL
ELEKTROD-KATODUN iSLONILMOSI

Mogalo atmosfer miihitinds normal tozyiqde nanosaniys impuls qazbosalmasinin todqiqine hasr olunmugdur. Farfor vo ftoroplastdan
hazirlanmig dielektrik basliglar1 olan katodun — potensial elektrodun yeni konstruksiyasi islonilmisdir. Gostorilmisdir ki, ayrilik radiusu -
r=Imm olan elektrodun {izorindo yerlosdirilmis basliq qazbosalmasinin isiqlanma sahosinin 6lgiilorine no doracods tosir edir. Katod
oblastinda “qagan elektronlarin” amolo golmasi vasitasilo isiqlanma sahosinin genislonmosinin mexanizmind baxilmisdir.

J.J. Kypbanos

PA3PABOTKA HOBOM KOHCTPYKIIMA MOTEHIUAJIBHOI'O DJEKTPOJIA — KATOJIA JIJIS
MNOJYYEHMUS OFBEMHOI'O CBEYEHNA HAHOCEKYHIHOI'O PA3PSIJIA B BO3JAYXE ITPHU
ATMOC®EPHOM JABJIEHUHN

Hacrosimass cTaThsi HOCBSILECHA HCCIENOBAHMAM HAHOCEKYHIHOTO HMITYJIBCHOTO pa3psia B BO3AyXe NMpPU aTMOC(HEpPHOM JaBJICHUH.
Pa3paboraHa HOBas KOHCTPYKLHs IOTCHIMAJIBHOTO 3JIEKTPOJa — KaToAa C HMCIOJIb30BAaHHUEM JMAJIEKTPHYECKUX Hacalok u3 ¢apdopa u
¢ropornacra. ITokasaHa CTENEHb BIMSHUA HATMYUS HA CTEPXKHE C PaJuyCcoOM KPHBHU3HBI - I=1MM Ha pa3Mepbl 00JIaCTH CBEYCHHMS paspsia.
PaccMoTper MexaHH3M pacIIMpEeHUs 00JIACTH CBEYEHUs ¢ 00pa30BaHHEM B MMPUKATOJHOM MTa3Me “yOeraromux dIeKTPOHOB” .

Received: 30.04.09
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THE INFLUENCE OF MOLTEN ZONE LENGTH ON COMPONENT DISTRIBUTION
AT ZONE RECRYSTALLIZATION OF InSb-GaSb
SOLID SOLUTIONS

G.H AIDAROV, M.A. AKPEROV, A.l. ALEKPEROV, Z.A. AGAMALIYEV
G.B. Abdullayev Institute of Physics of Azerbaijan National Academy of Sciences
AZ-1143, H. Javid ave., 33, Baku, Azerbaijan

It is shown that by mathematical modeling the component concentration profile can be controlled in wide limits at zone recrystallization
of InSb-GaSb solid solutions by the way of change of the molten zone length. It is seen that the obtained results define the optimal technolo-
gical parameters (molten zone length, ingot initial composition) for growing of InSb-GaSb crystals with given homogeneous and variable

compositions.

The solid solutions of InSb and GaSb semiconductor
compounds are related to perspective materials in both scien-
tific and applied aspects. The detail investigations of phase
state diagram show that the composite components of this
system totally dissolve in each other in any proportion [1].
This circumstance gives the possibility to manipulate by sem-
iconductor fundamental parameter value by means of simple
change of matrix composition. The zone melting is the one of
effective and simple crystal growing methods of solid solu-
tions with given homogeneous and variable compositions.

In the present paper the mathematic modeling of molten
zone length influence on component distribution character in
single crystals of InSb-GaSb solid solutions at zone recrystal-
lization of initial melt has been carried out. The aim is the
method possibility establishment of zone recrystallization and
optimal operational parameters for crystal growing with giv-
en variable and constant compositions. The analogous tasks
in Pfann approximation have been solved in works [2-7] for
crystals of silicon — germanium system grown by both con-
servative and non-conservative methods. The results of these
works show the well agreement with experimental data car-
ried out in this direction.

The mathematical task of component distribution in InSb-
GaSb crystal grown by traditional method of zone melting
has been solved at the fulfillment of standard conditions [8]:
the diffusion rates of InSb and GaSb molecules in molten
zone are enough high ones and provide the composition un-
iformity on its whole volume; the diffusion of components in
solid phase is neglible one during growth; the equilibration
between liquid and solid phases defined by state diagram ex-
ists on crystallization front; the segregation component coef-
ficients change with melt composition in the correspondence
with phase state diagram of InSb-GaSb system; the evapora-
tion and decomposition of composite components are absent
in melt; the crystallization front is plane one; the composition
of initial polycrystalline ingot is macroscopically homogenous
one.

Let’s introduce the following designations: L, /, and Z are
lengths of initial ingot, ingot recrystallized part and molten
!

zone correspondingly; V,,

and ¥, are volumes of molten

zone in initial and current moments; C., C;, C,, are molecule
concentrations (shares) of second component (GaSb) in the

crystal, initial ingot and melt correspondingly; C’ is second

m
component concentration in molten zone in initial moment;
C is total GaSb in the melt; V, is melt volume crystallizing in
time unit; V;is InSb-GaSb ingot volume melting in time unit;
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K=C/C,, is segregation equilibrium, V. is melt volume crys-
tallizing in time unit; ¥; is InSb-GaSb ingot volume melting
in time unit; K=C./C,, is GaSb segregation equilibrium coef-
ficient.

In accepted designations under the condition of melt crys-
tallization constant rate we have the following formulas:

V

m

_C. dc, C

C — ; _ZVIﬂC
v, dr

m

V==Vt (1)

m

Z and V;, V.don’t depend on time up to final molten zone.
Then on ingot part of L-Z length in crystallization process are
true the following relations:

vV, =V, C=C, and C=V.C, K+V,C] (2
Substituting (2) into (1), after series of transformations
and integration we have:

C

m

J

Cn

ac, 1

— " = 3
c'-C, K Z ®

The equation (3) find the crystal composition by its /
length on the section from origin of one up to L-Z .

From the time moment of final molten zone formation of
Z length we have:

v

m

=V)-Vit,V,=V.,C=-V.C,K (4
Substituting the data (4) into (1) after integration we ob-
tain:
Cm

0
Coy

VO

m

VeVt

dC

m

5 =In
C, —C,k

&)

Here C,Zf is second component concentration in final
molten zone in the time moment of its formation. Designating
the part V¢ / st of crystallized final zone by y symbol, let’s

write the equation (5) in the following form:
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e
= 1 — XpP| — - m 6
/=i I C,K-C, ©

For the solving of integrals in equation (3) and (6) we
need the knowing of analytic dependence K on C,,. The de-
pendence of K on C,, calculated from phase diagram data of
GaSb-InSb system [1] is shown on fig.1. As it is seen from
fig.1 K changes very complicated with melt composition in
wide range from value ~ 10,5 up to 1 and doesn’t obey to
analytical description. However, data of fig.1 allow us to de-
fine the integral values in equations (3) and (6) by numerical
method [2,5]. As each value of melt composition corresponds
to conjugated value C.=C)K, one can construct the depen-
dence plot of component concentration distribution on crystal
length.

12 +

0 | | | | }

T T T L Eanl

1] 0 40 60 20 100
$i mol. %o CaSh
Fig.1. The dependence of segregation coefficient GaSb (K) on

GaSb-InSb melt composition calculated on data of phase
state diagram [1].

The character curves of component concentration distribution
in InSb-GaSb ingots calculated from equations (4) and (7) by
numerical method for four different Z values are shown on
fig.2. The initial composition of all ingots is similar and con-
sists in 20 mol%GaSb. The fig. 2 visually demonstrates the

essential influence of operation parameter Z on component
redistribution in InSb-GaSb ingot at zone recrystallization.
As it is seen the both lengths the homogeneous and heteroge-
neous crystal parts on the composition are defined by molten
zone width. The family of curves on the fig.2 shows that the
possibilities of mathematical modeling for definition of op-
timal operational parameters for growing of InSb-GaSb crys-
tals with given homogeneous and variable compositions.

U o

=

oWy

C,.mol % GaSh

" & ﬂ
] f f f i {
0 0.2 0.4 0.6 0.8 1

L
Fig.2. The concentrational profile GaSb in InSb-GaSb solid so
lution crystals grown by zone melting method from
Iny 3Gay,Sb initial ingot. The molten zone length: (1) —
Z=L/10, (2) — Z=L/5, (3) — Z=L/2, (4) — Z=L. L is initial
ingot length.

We can make the following conclusion on the base of
above mentioned data and results. The mathematical model-
ing of component distribution in InSb-GaSb crystals grown
by zone melting method carried out taking under considera-
tion the complex dependence of component segregation coef-
ficients on the melt composition allows us to estimate the op-
timal technological parameters such as molten zone length
and ingot initial composition for crystal obtaining with given
composition and component distribution.

[11 C. Tsaur, S. Kou: J. Crystal Growth, 249, 2003, 470.

[2] G.Kh.Azhdarov, T. Kucukomeroglu, A. Varilci et. al. J.
Crystal Growth , V. 226, 2001, p. 437.

[3] Yomnenaga J. Crystal Growth, v. 226, 2001, p. 47.

[4] N.V.Abrosimov, S.N.Rossolenko, W Thieme. et. al. J.
Crystal Growth, v. 174. 1997, p.182.

[5] P.G.Ajdarov, N.A Agayev. Norganicheskiye materiali,
.35, Ne8. 1999, s. 763. (in Russian).

[6] C. Marin, A.G. Ostrogorsky. J. Crystal Growth,. v.
211. 2000, p. 378.

[71 K Kadakura, Y.Takano. J. Crystal Growth,. v.171,
1997, p. 56.

[8] V.M. Glazov, V.S. Zemskov. V kn. “Fiziko-
himicheskiye osnovi legirovaniya poluprovodnikov”,
Moskva, “Nauka”, s.371. (in Russian).

H.X. Ojdarov, M.A. Okbarov, A.I. Blokbarov, Z.A. Agamalyev

ZONA KRIiSTALLASMASI ZAMANI InSb-GaSb BORK MOHLULLARINDA KOMPONENTLORIN
PAYLANMASINA ORINTI ZOLAGININ UZUNLUGUNUN TOSIRI

Riyazi modellagdirmo asasinda gostorilib ki, orinti zolaq tisulu ilo alinan InSb-GaSb kristallarinda komponentlarin konsetrasiyon profili
arinti zolagin uzunlugunun doyismosi ilo genis intervalda idars edils bilor.Gostorilib ki, alinan naticolor verilmis bircinsli vo doyigon torkibli
InSb -GaSb kristallart alds etmak {i¢iin optimal texnoloji parametrlori (srinti zolagin uzunlugu, ilkin bark mohlulun torkibi) miisyyen edilir.
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I'.X AxaapoB, M.A. AknepoB, A.H. AsieknepoB, 3.A. AramaJineB

BJUSHUE JIJTUHBI 30HbI PACIIIABA HA PACIIPEJIEJIEHUE KOMIIOHEHTOB ITPY 30HHOM
MNEPEKPUCTAJIJIM3ALIMU TBEPJBIX PACTBOPOB InSb-GaSb

MareMaTH4IeCKIM MOJICITHPOBAHNEM ITOKa3aHa BO3MOXKHOCTH YIPABICHUS B IMUPOKUX INPEIeIaX KOHIEHTPAHMOHHBIM MPO(HIeM KOM-
TIOHEHTOB IIPY 30HHOI HepeKpUCTANIN3auy TBEPABIX pacTBopoB InSb-GaSb myTéM m3MeHeHns IIHMHBI pacIuiaBIeHHOH 30HEI. [TokasaHo,

YTO MOJYUCHHBIC PE3YJIbTAaThl OIIPEACIIAOT ONTUMAJIBHBIC TEXHOJOIMYCCKUE MapaMETPhL (ZUII/IHa pacnnaBneHHoﬁ 30HBI, CTapTOBBIfI cocCTaB
CJ'II/ITKa) JUIA BbIpallluBaHUs KPUCTAJIJIOB InSb-GaShb ¢ 3aJaHHbIM OJTHOPOAHBIM U IIEPEMEHHBIM COCTaBaMMU.
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DIFRAKSION OPTIK SIiSTEMIN DiSPERSIYASININ ARTIRILMASI

T.H. DILBAZOV, N.Y.YAQUBZADO, E.O. HUSEYNOVA
Milli Aerokosmik Agentliyi Elmi —Tadqgiqat Aerokosmik Informatika Istitutu
AZ1106, Baki, Azadliq prospekti, 159

S.9. BAYRAMOVA
Milli Aerokosmik Agentliyi Maxsusi Konstruktor Biirosu
Baki, AZ-11006, S.S. Axundov kii¢. 1, korpus?2

Mogqalodo difraksiya sisteminin dispersiyasinin bu sistems daxil edilmis giizgiiniin diametrindon vo ekran mosafesindon asililigi
eksperimental olaraq todqiq edilmisdir. Olgmolor ovvallor aparilmis nozari todgiqatlarin diizgiinlityiinii bir daha siibut etmisdir.

Spektrometrik todqiqat tsulu kimi absorbsion spektro-
skopiya [1] optik analiz tisulu olub, maddonin elektromaqnit
stialanmasi ilo qarsiliql tesirine asaslanir. Yiiksok hossasliga
va secicilik gabiliyystine malik olan bu iisul analitik kimya-
nin bir ¢ox mosololerinin hollinde genis totbiq olunur. Is-
tehsalata nozarat edilmosinds vo istehsalatin bazi sahalorindo
hazir mohsulun analizi zamani istifads edils bilon bels analiz-
lorin komoyi ilo kimya, metallurgiya, metal emali, biokim-
yavi analiz va torpaqgsiinasliqda xiisusi tomiz maddslorin tor-
kibinds ki¢ik miqdarda asqarlart miloyyon etmok miimkiin
olur.Bozi maddolorin miqdarint daqiq toyin etmak, eloco do
¢oxkomponentli sistemlorin analizi zaman1 diferensial spek-
troskopiyanin miixtslif variantlar tatbiq edilir. Atom-absorb-
sion vo emission spektroskopiya iisullart mohdudiyyatlorlo
iizlosdiyi, torkobindo zohorli ugucu birlogmilorin oldugu ob-
yektlorin analizi iigiin absorbsion spektrometriya tsullar
ovazolunmazdir. Kompleks omologolmo proseslorinin todqiqi
vo kompleks birlosmalorin komiyyot gdstoricilorinin alinma-
sinda absorbsion spektroskopiya xiisusi shomiyyoato malikdir.

Spektrin dispersiyasi absorbsion spektroskopiyada osas
parametr hesab edildiyindon, onun artirilmasi aktual hesab
edilir.

Bu moqalods difraksion sistems silindrik giizgii daxil
edildikdos sistemin dispersiyasinin artirtlmasinin eksperimen-
tal naticolori sorh edilir.

Yiiksok ayirdetmo qabiliyystli (AQ), kicik 6lgiilii spek-
trometrik cihazlar yaratmaq magsadi ils aparilan islor [2] g6s-
tordi ki, klassik sistemo silindrik giizgii daxil etmoklo siste-
min dispersiyasini vo AQ-ni artirmaq olar. Hom dos bu {isul
sistemin ayri-ayr1 elementlorinin gostaricilorini artirmaqdan
daha effektlidir. Belo sistemlorin xatti dispersiyast

-5t

soklindo ifads olunur.
Burada S’ — difraksiya qofasi ilo silindrik giizgii arasin-
da, S" —giizgii ils ¢ix1s yarig1 arasindaki masafodir (sonuncu

dr _
dA

dp

1
7 M

ekran mosafosi adlanir). r - giizgiinlin radiusu, (d(”j — Qo-
dA
q

fosin bucaq dispersiyasidir.

Spektral kdzormo lampasinin isi181 ¢okiik difraksiya qo-
fosinin fokusunda yerlogon giris yarigina fokuslandirilir
(sok.1).Difraksiya qofosinin formalasdirdigi spektr fokal
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miistovido spektrin enino paralel istiqgamotdo yerlosdirilmis
silindrik glizgiiniin sothina, oradan da oks olunaraq ¢ixis ya-
rigmin miistovisinds yerloson ekrana diisir.

Sak. 1. Eksperimental qurgunun optik sistemi.
1-giris yarig1, 2- ¢okiik difraksiya qofosi, 3-silindrik
giizgli, 4-¢1x1s yarigi.

I, mm

500 =
400

300 <

2004

| | ]
50

75 d, mm

Sak.2. Dispersiyanin qiymatinin giizgiiniin diametrinden
astliligi.
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Miixtalif diametrli giizgiilordon oks olunan spektrin gorii-
nan oblastdaki AA uzunlugunu dlgarak vo spektrin goriinen
oblastdaki AA=750nm - 400nm dalga intervalin1 bilorok

dl

sistemin —— — xotti dispersiyasini va cihazin praktikada osas

parametr kimi istifado olunan dispersiyasinin tors qiymatini
hesablamaq olar.

Difraksion sistems silindrik giizgii daxil etdikdo dispersi-
yanin artmasini tadqiq etmak ii¢iin ¢okiik difraksiya qafasinin
formalagdirdig1 spektr aragdirilmisdir.

Cokilk difraksiya qofosinin amals gatirdiyi spektrin dis-
persiyast nisbaton bdyiik oldugundan, giizgiidon oks olunan
spektrin uzunlugu xeyli boyiik olur. Bu halda, spektri tam

ohato edo bilon 6lgmolar aparmaq ii¢iin diametri nisboti bo-
yiik olan (70-150mm) giizgiidon istifado etmok lazim golir.
Spektral cihazlarin parametrini yaxsilagdirmaq iigiin istifade
olunan vo daha yaxs1 naticalor almaga imkan veran giizgiilo-
rin diametri 5 - 20mm-dir. [3]. Ona goéra do KS-13 filtrinin
kdmayi ila spektrin goriinan oblastindan ancaq bir hissa, 620
- 750nm dalga uzunlugu intervali ayrilir [4], hamin is1q giiz-
giidon oks olunur va ekranda spektrin uzunlugu 6lgiiliir.

Cadval 1.-do difraksion sistemin formalasdirdigi spek-
trdon ayrilmis 130nm-lik dalga uzunlugu intervalinin miix-
tolif diametrli giizglilordon oks olunmus spektrlorin 6l¢iilmiis
uzunluglari, xotti dispersiyalar1 vo dispersiyanin tors qiymo-
tinin hesablanmig qiymatlori verilmisdir.

Codvael 1.
Difraksion sistemds dispersiyanin qiymatinin giizgiiniin diametrindan asililig1
. e . . . - d[ mm dv -1
Gilizgiiniin diametri | Spektrin uzunluu | Xotti dispersiya — — -
d, mm ¢, mm di nm di
00 (miistovi giizgii) 10mm 0,07 14
80 40 0,30 3.3
50 50 0,38 2,63
40 70 0,53 1,88
35 80 0,61 1,63
30 95 0,73 1,36
Cadvoaldon goriiniir ki, diametri 30mm olan giizgiidon  gostorilmisdir.

oks olunan spektrin dispersiyasi miistovi giizgiidon oks
olunan spektrin dispersiyasindan 10 dofo goxdur.

Sok.2.—da difraksion sistemda dispersiyanin qiymatinin
sistemo daxil edilmis giizgiiniin diametrinden asililig1 qrafiki

Cadval 2.-ds difraksion sistemds spektrin uzunlugunun
Olgiilmiis, dispersiyanin vo onun tors qiymsetinin ekran
mosafasindon asililigiin hesablanmig qiymotlori verilmisdir.

Cadval 2.

Dispersiyanin ekran mosafosindon asililigi

L . Xotti dispersiya | Xotti dispersiyanin tors
Glizgiiniin Ekran mosafosi Spektrin ar -1
diametri " mm uzunlugu at mm . | ar
d, mm ’ / qiymoti | —
, mm dA nm di
00 (miistovi 8 0,06 16
glizgii )
80 20 30 0,23 4,34
30 40 0,30 3,30
40 50 0,38 2,63
50 60 0,46 2,17
50 20 35 0,25 4,00
30 45 0,34 2,94
40 57 0,43 2,32
50 65 0,50 2,00
40 20 40 0,30 3,30
30 50 0,36 2,70
40 60 0,46 2,17
50 70 0,57 1,75
Cadvoldon goriiniir ki, difraksion sistemdo silindirik  riiniir ki, giizgliniin diametrinin 40-45mm-dan kigik qiymatloe-

giizgli daxil edilmis sistemin dispersiyasi, klassik sistemdo
oldugundan 10 dofs bdyiik qiymot alir. Glizgiiniin diametrini
kigiltmokls bu artimi shomiyyastli deracads ¢oxaltmagq olar.
Sok.2.- do difraksion sistemds dispersiyanin giymatinin
giizgliniin diametrindon asililigi gostorilmisdir. Sakildon g6-

rinds bu asililiq xatti asililia yaximn olur, diametrin bundan
bdyiik qiymotlorindo dispersiyanin qiymatinin diametrdon
astlihig1 zoifloyir, xotti asililiq pozulur.

Sok.3.-ds novba ilo miixtalif giizgiilor daxil edilmis dif-
raksion sistemin dispersiyasinin qiymatinin ekran mosa-
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fosindon asililigr verilmigdir. Sokildon goriiniir ki, dispersi-
yanin qiymotinin ekran mosafosindon asililigi giizgiiniin
diametrinin miixtalif qiymotlarinds xottidir, doyisen iso dis-
persiyanin qiymotidir.

M nm
1
2

LU

) 3
4 =

.
0 -
(U
L] L LJ L)
(1] N M & S % mm

Sak.3. Difraksion sistemds dispersiyanin qiymatinin giizgiiniin
ekran mosafosindon asililig1.

1-8"=40;2- §"=50;3 - S" =80 mm.

Gilizgliniin diametrinin bdyiik qiymstlorinds dispersi-
yanin qiymatinin xottilikdon konara ¢ixmasi, fikrimizca (1) —
ifadesindoki nozori miilahizo ilo izah edilo bilor. Giizgiiniin
diametri artdiqca, onun qiymati qafasls giizgii arasindaki S -
mosafonin  qiymotino yaxinlasir vo noticodo  hasilin

'

iJ haddi vahida barabar olur.
dy

r
(dz

ki, bu da klassik sistemda dispersiyanin ifadossinin eynidir [5].
Bu halda silindirik giizgili daxil edilmis sistemin ekran mosa-
fosi, klassik sistemdoki ¢ixis obyektivinin fokus mosafasinin
rolunu oynayir.

Beloliklo, apardigimiz eksperimental tadqiqatlar, silin-
drik giizgii daxil edilmis sistemin dispersiyasini giizgiiniin di-
ametrinin miiayyon qiymotlorino qodor effektiv, ekran mosa-
fosinin iso biitlin artan qiymotlorinds yiiksaldilo bilmesinin
miimkiinliiylinii gdstorir. Bu natica, toklif olunan sistemlorin
asasinda cihaz islomolorinds istifads oluna bilar.

ifadosindoki (3 -2

dl

Xatti dispersiyanin ifadasi — = j - S" soklini alir
q
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T.H. Dilbazov, N.Y. Yaqubzade, SH.A. Bayramova, E.A. Huseynova

DISPERSION INCREASE OF DIFFRACTION OPTICAL SYSTEM

The dependence of diffraction system dispersion on mirror diameter, entered in this system, and on screen distance has been
experimentally investigated. The measurements have proved the dependence, obtained earlier by theoretical researches.

T.I'. Innbazos, H.5. SIry63ane, LII.A. Baiipamosa, J.A. I'yceiinoBa

VBEJUWYEHUE JUCNEPCUU TU®PAKIIMOHHOMW ONNTUYECKOM CUCTEMBI

OKCTEepPUMEHTAIBHO HCCIEOBAHO 3aBUCHMOCTh AWCIIEPCHH AW(PPAKIUOHHOW CHCTEMBI OT AMAMETpa 3epKana, BBOAUMOTO B 3Ty
CHUCTEMy U OT 3KpPaHHOIO paccTosHUs. V3MepeHus NOATBEPIWIM HPAaBUIBHOCTb 3aBUCUMOCTH, IIOJYYEHHOH paHEe TEOPEeTHYECKUMU

HUCCIICJOBAHUSIMMU.
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SiPcCl, TOBOQOLORININ ELEKTRIK VO OPTIK XASSOLORI

X.S. OLIYEVA, T. M.OLIYEVA, S.A. BAYRAMOVA, M.N. MURSUDLI
Milli Aerokosmik Agentlik, Azadliq prospekti 159, Az-1106, Baki

S.S. SULEYMANOV
AMEA Radiasiya Problemlari Institutu, F. Agayev kiicasi, 9, Az-1143, Baki

Silisium ftalosianin asasl rezistiv strukturlarin xasselerine ve xarakteristikalarina tobaqenin qalinliginin ve termik islonmenin (emalin)

tosiring baxilir

Son illordo qazahassas material kimi ftalosianinlor foal
tadqiq olunmaqdadir [1,2]. Nisbaton ki¢ik miiqavimet, yiik-
sak selektivlik xassolori, hemodayaniqliq, termodayaniqliq,
bu materiallarin rahat oldo olunmasi qazahassas elementlordo
(QHE) onlarm tatbiqini colbedici edir. Amma ftalosianinlorin
bir sira bagqa totbiq saholori do mévcuddur, masalon, [3]-do
ftalosianinin rentgenorezist kimi totbiqi toklif edilmisdir, 6zl
do siialanma dozasinin doyismosindon asilt olaraq o ya po-
zitiv, ya da neqativ [4] ola bilir. Vakuum iisulu ilo ¢okilmods
asag1 buxarlanma temperaturu, hom do ion asilanma proses-
larindo dayaniqliq bu qrupdan olan materiallarin submikron
litografiyada [5] totbiqini perspektivli edir. Spektrin goriinon
oblastinda yaranan fotokegiricilik qabiliyyati giinas energe-
tikasinda metal-ftalosianinler iiclin genis totbiq imkanlar
acir. Ftalosianinlor stabillogdirici xiisusiyyato malikdir. Sili-
sium 4-oksidin sothino ¢okilmis ftalosianin tobaqosi silisiu-
mun sothi sixligint azaldir vo bu da sothboyu corayan itki-
lorinin azalmasina imkan yaradir [6]. Nohayaet, ftalosianin to-
bagalori riitubato qars1 kifayot dorocodo hassasdirlar vo
namlik (riitubat) sensorlart [7] kimi totbiq oluna bilarlor. Bii-
tiin bunlar1 nozors aldigda, ftalosianinlorin xasso vo imkan-
larmin daha otrafli 6yranilmasi ¢ox maraqlidir.

Bu isdo silisium ftalosianin tetra-4-tertbutildixlorid
(SiPcCl,) toboagenin elektrik vo optik xassolorino baxilmigdir
(sok.1). Bir ¢ox basqa ftalosianinlordon, xiisusilo, mis, nikel
ftalosianinlorden forqli olaraq silisium ftalosianinlor hagqqinda
molumat nisboton azdir. Onlar haqqinda tokco o molumdur ki,
moxsusi xassolorino osaslanaraq onlardan tobabotds, rakin
miialicasinda istifads olunur [8].

N N
v
\ N
N - N CH,
M =SiCly Rom— c: —-CH;
CH;

Sak.1. Silisium ftalosianin tetra-4-tertbutildixloridin (SiPcCl,)
struktur formulu

Elektrik  xassolorinin  todqiqi  iicin  mikroelektron
texnologiya vasitasilo sapfir altliq lizorindo formalagdirilmas,
liz-lizo geyindirilmis daraq sokilli kontaktlarin (kontaktlar
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arasinda mosafo 20 mkm) {izorins tabagalarin tozlandiriimasi
yolu ilo alinmis rezistiv strukturlara baxilmigdir.

[s prosesindo buraxilmanin elektron spektrlori goriinon vo
iQ diapazonda (4000-400) sm™ todqiq ve miiqayiso
edilmigdir. Buna goro do silisium ftalosianin rezistiv
strukturlarla eyni vaxtda hom do sapfir vo silisium kontrol
altliglara da ¢okilmisdir.

Alinmig strukturlar {igin corayanin gorginlikdon asililigi
10 V-a qoder xotti xarakter dastyir. Qeyri-xottilik 10 V-dan
sonra amoala galir va bu totbiq olunmus gorginliyin artmasi ilo
¢oxalir. Buna gora do sonraki biitiin 6lgmoalor 10 V-dan asagi
gorginliklordo aparilmisdir.

Uzvi tobaglar iigiin kegiriciliyin zamandan asililiq dreyfi
xarakterikdir ki, bu da kontaktlarin ion toskiledicilori,
elektrod polyarizasiyasi, va ya elektrokimyovi deqradasiya ila
sartlogdirilmisdir.

Olgmolor gostordiyi  kimi, miigavimotin qiymeotinin
tobagonin qalmhigindan asilili§i qeyri-proporsional doyisir.
Tabagonin galinhigr 0,25 mkm-don 1,1 mkm-o qodor
doyisdikdo miigavimotin qiymoti ii¢-dord tortib doyisir
(sok.2). Bundan basqa miigqavimotin qiymotinin zaman dreyfi
miigahido olunur (sok.3). Asagi temperaturlarda dreyf
miisbatdir. Temperaturun artimi ilo dreyfin qiymati azalir va
miloyyon temperaturda dreyfin isarssi doyisir. Bu vaziyyot
tabagalerin biitiin qalinliqlart ii¢lin xarakterikdir. Amma
miixtalif qalinliglar {iglin miigavimatin nisbi stabil giymatinin
temperatur intervali miixtolifdir. Tobaqonin qalinlig: artdiqca
dreyfin qiymoti azalir, stabil voziyyot temperaturu asagi
digiir. Beloliklo, 1,1 mkm qalinhgli teboge iicin bu
temperatur 50'C tortibindo, 0,08 mkm qalinhq {igiin iso
170 C-0 yaxin olur.

12
101l
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1 l 1 l
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Sak.2. Miigavimatin SiPcCl, tabagasinin qalinligindan asililig1

a) — T=150°C-do; b) -T=100°C-do
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Sak.3. Silisium ftalosianin toabaqali qazahassas elementds taba-
geonin miixtslif qalinliglarinda miigavimat dreyfinin
temperaturdan asililigi: a) — 0,25 mkm; b) — 0,52 mkm;
v) — 1,1 mkm

R, — giris miiqavimeti; R — verilmis temperaturda 10
doaqigo saxlandigdan sonraki miigavimat

Tozo hazirlanmig niimunalor tdglin In(I)-nin  1/T-don
asililiq grafiklsrinds miisyyan temperaturda oyilon (sinan) iki
xotti  hisso nozoro ¢arpir.  Yiiksok temperaturlarda
xarakteristikanin ~ oyriliyi  asagidir, yeni kegiriciliyin
aktivlogsmo enerjisi azdir. Asagi temperaturlarda oyrilik
yiiksokdir. Tobagenin qalinlig: artdigca ayilma ndqtasi yerini
daha asag1 temperaturlara dogru doyisir.

Yiiksok temperaturlar oblastinda toyin edilon keciriciliyin
aktivlosmo enerjisi tobaqonin qalinligimin azalmasi ilo azalir
vo L,1; 0,52 vo 0,25 mkm qalinliglarda uygun olaraq 0,7;
0,45 vo 0,35 eV qiymotlorini alir. 150°'C-do yanmadan sonra
xarakteristikalar doyismir. Amma tobogolori 220°C-do
yandirdigdan sonra HE-in giris miigavimati va tobagonin har
bir qalinliginda miigavimstin qiymstinin doyismoasi xeyli
azalmigdir. Bu zaman tobogeonin heor ili¢ qalinligr tgiin
keciriciliyin aktivlosma enerjisi xeyli derocads, demak olar
ki, iki dofo artmis, 1g(I) = f(1/T) asililig1 iss monoton,
gyintisiz olmusdur. Yoni bu halda tobagenin keyfiyyati
yaxsilagmis, modifikasiyasi [9] doyisilmisdir.

Optik spektrin goriinon diapazonunda asagidaki voziyyot
miisahido edilmigdir (sok.4). Birinci novbads xloroformda
ftalosianin mohlulunun optik spektrino nisbaton  xeyli
dorocado (~50 nm) batoxrom yerdoyismo bas vermisdir
(sok.4, 1 oyrisi). Bu zaman pik noqtelorinde intensivlik
nisbatlori onlarin  mohluldaki nisbotindon az forglonir.
Vakuum soraitindeki ndvbsti yanma prosesi piklorin
intensivliyinin Umumi azalmasindan basqa (ysqin ki,
tobagenin sublimasiyasinin hesabina) elo bir ohomiyyatli
doyisiklik vermir (2 ayrisi). Havada 150°-170°C-ds yanma da
elo bir ohomiyyatli doyisiklik vermir. Amma havada 220°C-
do (sok.5) termik emaldan sonra sonmo maksimumlarinin
qisa dalgalara dogru yerdoyismosi miisahido olunur vo bu
zaman dimerlorin payt g¢oxalir, yoni aqreqasiya dorocesi
coxalir. Belaliklo, sénmo spektrindo zolaqlarm forma vo
voziyyati temperatur doyismalorindon o qodar do asili deyil,
na qgodar ki, oksigenin tasirindon. Goriiniir ki, silisium atomu
yarimglq d-orbitalinin hesabina atmosferds olan oksigen
atomlar1 ilo olaqo yaradir vo mohz, bu kompleks 635 nm
(dimerlar {iglin) vo 690 nm-do (monomerlor ii¢iin) xarakterik
piklar verir.
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Sak.4. SiPcCl, tobagolori liglin buraxilmanin elektron spektri:
1- yiiksak vakuumda tozlandirilmis tobaqo; 2— yiiksok
vakuumda yandirilmis tobaqa; 3— asag1 vakuumda

tozlandirilmis tobaqo
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Sak.5. Miixtalif yanma temperaturlarinda SiPcCl, tabagoalarindo
buraxilmanin elektron spektri: 1 — 150°C; 2 — 200°C;
3-250°C

Yanmada vo azot oksidlorinin tesirinde SiPcCl, —in IQ
spektrlori {igiin 2200-don 400 sm™-o qoder dalga uzunluglar
diapazonunda daha xarakterik dayisikliklor bag verir. Havada
220'C-do yanmada vo yiiksok vakuum soraitindo tozlanma
yolu ilo oldo olunmus toboqoys azot oksidlorinin tosirindon
(oksidlosdirici miihit) spektrdo eyni doyisikliklor verir ki, bu
da 6ziinii 1520cM™ zolagmim formasmim doyismosi vo eninin
coxalmasinda, 1450cm™ zolagmimn iso intensivliyinin nisboton
azalmasinda gostarir.

IQ spektrdo dayisikliklorin oxsarlig1 goriinon diapazonda

elektron spektrlorinin  analizinin xeyrino bels natica
¢ixartmaga sorait yaradir ki, atmosferdo yandirmada
oksigenlo silisiumun dolmamis d-orbitalinin  hesabina

kompleks yaranir, ehtimala goro adsorbsiya prosesi do bu
mexanizm lizro gedir. Yandirilmis toboaqoys azot oksidlori
tosir etdikdo spektrds yandirilmamis toboqays tosirs nisboton
daha ohomiyyatli doyisikliklor bas verir. Bu, qazahossas
strukturlarin yaradilmasinda shomiyyst kasb edir vo gdstorir
ki, yandirilmig niimunalorin azot oksidlorina qars1 hossashigi
yiiksok olmalidir.

Dimerlorin payinin ¢oxalmasi 6ziinii giris miigavimatinin
azalmasinda va aktivlesma enerjisinin ¢oxalmasinda gostarir,
belaki, bu zaman baryer effektlorinin rolu azalir vo materialin
termik emalindan sonra nisboton nizamlanmis kegiricilik
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daha miihiim rol oynayir.Termik emal temperaturunun
artmasi1 bu prosesi xeyli intensivlosdirir, bu zaman
atmosferds oksigenin mévcudlugu vacib sortdir. Bunu da
nazars almaq lazimdir ki, xiisusi tadqiqatlar gostordiyi kimi
qazahossas tobagonin otuzdurulmasit prosesi oksigenlo
“doymusg” voziyyotdo (yoni asagi vakuumda tozlandirma)
aparilmalidir. Ona goro ki, formalasdirilmis toboqoys
oksigenin diffuziyas: daha bdyiik aktivlesdirma enerjisi va ya
yanma temperaturu talob edir.

Beloliklo, elektrik vo optik xarakteristikalarin miiqayisosi
gostorir ki, silisium ftalosianin tobogolorin  xassolorino

texnoloji parametrlorin, xiisusilo, termik emalin vo termik
emal soraitinin tosiri yiliksokdir. Miioyyon olunmusdur ki,
temperatur tosirlori noticoesindo tozlandirilmis tobogonin
strukturu vo nizamlanmasi doyisir. Miisbat haldir ki,
tabagolorin nizamlanmasi naticasindo azot oksidlorino qarst
hossasliq gozlonildiyi kimi (hossas sothin {imumi sahosi
azaldig1 iigiin) azalmir, oksina ¢oxalir. Bu ona siibutdur ki,
qaza qars1 hassasliq denaciklararasi keciriciliklo bir o qader
do sortlonmir, noinki, silisium ftalosianinin hacmi xassolori
ilo.
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THERMODYNAMIC FUNCTIONS OF TIFeX,(X-S, Se, Te) and TICrS;
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L.A. ISMAILZADE
G.M. Abdullayev National Academy of Sciences, Institute of Physics,
AZ-1143, Azerbaijan, Baku H. Javid av, 33

The heat capacity of the TIFeXy(X=S, Se, Te) and TICrS, compounds has been measured in the temperature interval 4.2-300 K. The
experimental data on the temperature dependence of the heat capacity are used to calculate the thermodynamic parameters of these

compounds: the changes in entropy, enthalpy and Gibbs free energy.

Compounds with the general chemical formula TIMeX,
(Me=Co, Ni, Fe, Cr, Mn; X=S, Se,Te) belong to the class of
low-dimensional magnets. Results on the synthesis of such
compounds and the study of their physical properties are
reported in [1-10].

Experimental data on heat capacity and thermodynamic
parameters are used in theoretical calculations, in calculations
of technological processes, connected with synthesis and
growth of compounds. Investigation of thermodynamic
characteristics of semiconductors is important in studying of
problem of chemical bonds. From the analysis of
thermodynamic parameters (entropy, enthalpy, Gibbs free
energy) it is possible to obtain the information about
chemical bonds in semiconductors. Investigations carried out
with the help of method of low-energy calorimetry occupy
significant place in complex of works on studying of
thermodynamic properties of semiconductors.
Thermodynamic functions are calculated the most exactly on
the base of calorimetric data.

In present work the heat capacity was measured by an
adiabatic method [11]. We investigated the heat capacity of
low-dimensional TIFeX, (X=S, Se, Te) and TICrS, magnet
semiconductors [12] in the temperature intervals (4.2 -300) K
and (60-300)K, correspondingly. It must be noted that below
60 K Cp (T) dependence for TICrS, has been extrapolated
toT—0 by the. Debye low. Thermodynamic characteristics,
such as the change in entropy (St-Sy), enthalpy (Hr-Hg) and
Gibbs free energy (AF) have been calculated from
temperature dependence of heat capacity in wide temperature
range from 0 to 300 K.

The change of entropy, enthalpy and Gibbs free energy
have been determined from the following expressions

tC,(D)
S,-So= [ 24T (1)

>
T

H-He=[C, (T)dT @)
o

H,-H
AF= —[— (ST — TTH 3)

The values of these thermodynamic characteristics are
given in tables 1-4.
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Table 1.Evened values of heat capacity and changes in
entropy, enthalpy and reduced Gibbs free energy for TIFeS,

T,K AS 1, AH,,, kJ/mole -AF,,
J/mole-K J/mole-K
10 2.87 0.017 1.11
20 11.37 0.146 4.02
50 37.75 1.062 16.49
70 51.46 1.975 23.23
100 71.80 3.703 34.81
120 84.26 5.066 42.02
150 101.1 7.341 52.2
170 111.4 8.97 58.6
200 125.6 11.60 67.6
220 134.3 13.43 733
250 146.3 16.25 81.3
270 153.8 18.19 86.4
300 164.2 21.17 93.7

Table 2.Evened values of heat capacity and changes in entropy,
enthalpy and reduced Gibbs free energy for TIFeSe,

T, K ASy, AH, -AFr
J/K mole | kJ/mole J/mole K
10 422 0.027 1.48
20 14.02 0.176 5.20
50 47.10 1.329 20.52
70 66.59 2.494 30.96
100 91.60 4.609 45.5
120 106.1 6.19 54.4
150 125.1 8.76 66.7
170 136.4 10.56 74.3
200 151.7 13.38 84.7
220 160.9 15.33 91.3
250 173.8 18.34 100.4
270 181.7 20.40 106.1
300 193.5 23.55 114.9

Table 3. Evened values of heat capacity and changes in
entropy, enthalpy and reduced Gibbs free energy for TlFeTe,

T, K ASy, AH,,, -AFr,
J/K mole | kJ/mole | J/Kmole
10 2.04 0.015 0.52
20 9.90 0.135 3.13
50 40.60 1.219 16.22
70 60.10 2.389 25.97
100 85.9 4.578 40.10
120 101.1 6.241 49.00
150 120.9 8.911 61.5
170 132.6 10.78 69.2
200 148.5 13.71 79.9
220 158.0 15.71 86.6
250 170.9 18.75 95.9
270 178.8 20.81 101.8
300 189.8 23.92 110.1
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Table 4.

Evened values of heat capacity and changes in entropy, enthalpy and reduced Gibbs free energy for TICrS,

T,K | 4S; AH,, A Fp
J/Kmole | kJ/mole | J/Kmole

10 5.76 0.024 3.34

20 10.48 0.095 5.78

50 28.50 0.74 13.70

70 42.28 1.568 19.88

100 62.48 3.283 30.10

120 75.30 4.691 36.20

150 93.04 7.081 45.84

170 103.62 8.773 52.02

200 117.86 11.410 60.76

220 126.56 13.230 66.46

250 138.42 16.012 74.37

270 145.66 17.898 79.37

300 155.74 20.766 86.52
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M.A. Alcanov, E.M. Korimova, S.N. Mustafayeva, M.D. Nacafzado, L.D. Ismayilzada

TIFeX,(X-S, Se, Te) va TICrS, TERMODINAMIK FUNKSIiYALARI

TIFeX, (X=S, Se, Te) va TICrS, birlosmolerinin 4,2-300 K intervalinda istilik tutumu 6lgiilmiisdiir. Istilik tutumunun eksperimental
olaraq temperatur asilliindan alinmis qiymotlorindon gostorilon birlogmolorinin termodinamik parametrlorinin hesablanmasinda istifado
edilmisdir: entropiyanin, entalpiyanin va Qibsin serbest enerjisinin doyismasi.

M.A. AnaxanoB, E.M. Kepumosa, C.H. MycradaeBa, M.JI. Haxxxad3zane, JI.A. Ucmannzane

TEPMOINHAMMNYECKHUE ®YHKIUMU TIFeX,(X-S, Se, Te) u TICrS,

B mmpoxom TemneparypHoM uHTepBane 4.2-300K wu3mepena temnoemkocth coemunennit T1FeX,

(X=S, Se, Te) u TICrtS,.

OKCHepUMEHTAbHbIE pe3yJbTaThl II0 H3YyUYCHHUIO TEMIIEPAaTYpHOM 3aBUCUMOCTH TEIUIOEMKOCTH MCIOJb30BaHbl M  BBIYHUCIICHMS
TEepPMOANHAMHYECKUX NTapaMeTPOB YKa3aHHBIX COEANHEHHI: N3MEHEHUE SHTPOIIHH, SHTAIBIINY U CBOOOIHOM 3Heprun I'nboca.
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FARADAY EFFECT IN HOLLOW QUANTUM CYLINDR OF FINITE THICKNESS

T.G. ISMAILOV
Baku State University, AZ- 1073/1 Baku, Azerbaijan

G.G. JABRAILOVA
Institute of Physics, National Academy of Sciences of Azerbaijan, AZ-1143, Baku, Azerbaijan

The interband Faraday rotation (FR) in hollow quantum cylindr of finite thickness is theoretically investigated. FR in the dependence on
incident light energy for different values of cylindr thickness. It is seen that the resonance peaks appear on FR curve. The rules of selection
are obtained.

Introduction. In quantum nano-structures the confinement of which can

be modeled by parabolic potential in the correspondence with

Nowadays Faraday effect in semiconductor low-  generalized Kon theorem the electron-electron interaction
dimensional systems is the subject of many theoretical and  ygyally doesn’t influence on system optical properties. In [10]
experimental investigations [1-5]. The interest to this effectis it js shown that parabolic potential is equivalent to infinite
caused by its applications in physics, optics and nano-  |ayer potential with equally distributed positive charge and in
electronics. The obtaining of charge carrier effective masses  this case the system optical properties don’t depend on both
or their densities, life time of nano-equilibrium charge  electron-electron interaction and electron number in the layer.
carriers in semiconductors and low-dimensional structures on The parabolic potential model is useful for description of
their base, amplitude modulation of laser radiation for optical physical properties of quantum wires. Nowadays the
links, magneto-optical recording and information reproducing  production technology of almost ideal quantum wires with
in both special and domestic aims. confinement parabolic potential has been developed [11].

The nano-technology development makes possible the We will model the quantum cylinder with thin walls by
production of surfaces of different curvatures from {he following way. Let’s consider the thin film with two-
heterostructural layers [6] and in particular the cylindrical  dimensional electronic gas with confinement parabolic
surfaces the physical properties of which reveal the potential. If one carry out the periodic boundary condition in

interesting peculiarities [7,8]. These structures can be  the one of directions, let’s this direction will be x one and
described with the help of parabolic potential model. then we have [9]:

In the present paper the interband Faraday effect in
hollow semiconductor quantum cylinder with finite wall
thickness has been considered. This quantum system is nano-

structure the confinement of which can be modeled by ) )
parabolic  potential and moreover, electron-electron ~ Where L is film cross length. Thus we obtain the hollow

w(x,y)=w(x+L.,y) , (1)

interaction doesn’t influence on optical properties, i.e. it isn’t
considered [9]. The analytical expression for rotation angle in
the dependence on incident light energy and magnetic field is
obtained. The rules of selection are established. The
numerical results of FR for hollow cylinder GaAs/AlGaAs
are presented.

. . . . . . L. L. .
cylindr with finite thickness in which xe/-—— —*] is
2 2

circular coordinates and can be expressed by p=27x/L, angle
variable. Meanwhile the cylindr effective length will coincide
with L, film thickness.

Shrédinger’s equation for electron in conduction band in
approximation of effective mass can be witten in the

Energy spectrum and wave functions. following form:

1 . e-, mo.Ly _ _
G (p=S ) + Pt g 1, B Yy (F) = E (7). @)
2my, c 2
I _
here @, is frequency corresponding to holding parabolic A=(-By,0.0). (3)

potential on y axis; m,, is electron effective mass; ]3 is  with taking under consideration the periodicity condition (1)

clectron impulse, g.usBmis member taking under the solution of equation (2) we find in the following form:

consideration the spin; g, is effective electron g-factor in im% ik, z
conduction band, myis spin quantum number ; i, = on is W(x’ Y.z ) = 2 c ¢(y ) 4)
2my, N 27R LZ

Bohr magneton.
The calibration of following vector potential Here L,=2zR is cylinder perimeter of circle, R is cylinder
average radius, m=0,%/,... is quantum number connecting
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with projection of angular momentum, £, is wave number in
the direction of z axis.

E =hQ, (n+—)+/1m +h i

_ [ 2
- a)c+wac’a)

27r o,
< 2 2
m Oc Lch
n=0,1,2,... is principal quantum number.
The wave function corresponding to this spectrum can be
written in the form:

_ B is cyclotron frequency
m,

where Q)

¢

is energy of geometric confinement,

. im—
ik,z

e’ e R

%=T\/ﬁ¢ Ll (v+ yoc)} (©)

2

h Voo =—<¢ m is oscillator center,

mOcQz‘ , QCR

@.(v)are oscillator functions defined as follows

b,(y)=—— f H, (y *}y ‘”J(?)

H,, are Hermitian polynomials, 4, is normalization coefficient:

Here | =

(y+y0c )2
27

A, 2exp

(E.-E,) -

Taking under consideration (3) and (4) we obtain the
energy spectrum in the following form:

272
+ g HpBm, )
Oc
! 2
o _p2y
A, =] e PH,mldn,
1
where 77, =20 Yo Jlry 7, =22 Yo Jlry 0 yi=-L/2, y,=L/2.

The energy spectrum and wave function for electrons in
valency band can be written in the form:

2712

—+g, 1y Bm, ., 9)

Ov

i ] 12
E =E, —hQ, (n +3)—ﬂm -

—(+y.). a0

Here E, is forbidden band width in volume material.

3. FARADEY ROTATION ANGLE.
The general expression for FR has the form [21]:

1

©= CEZZ &

where £ =N g light energy, E. and E, are electron energy
in conduction and valency bands correspondingly, I is
spectral  widening half-width of v — ¢ transitions.

z zi(éx iiéy) corresponds to right and left light

+
V2
h k]/ 262 L
polarizations, —ZZ
cneggmyV
normalization volume of hollow quantum cylinder and rest
designations have the usual values. The interband matrix

C- . V=r(R:, —R2)L, is

out

elements (c

e iﬁ‘v} can be written in the form [2]:

—E) -E +4EF2(E -E)’L

(de.Fm)=IP,

Here P

to s and p atomic functions.

2 ("47rm147!’m' ) nn@n’m’é;c k, ’5 mmH

E+f"v> .

< <C‘E_I3‘v> 2} , (11)

(e By = (w ) ule Plug) . (2)

Taking under consideration (7), (10 ) and electron spin in
(12) we obtain following rules of selection:

=0,L.2,.. ,Am=+=1.
(13)

(+) and (-) correspond to right- and left-polarized light.
The matrix element can be led to form:

(14)

= <S |Pz |Z > is impulse matrix element between Blohov functions at k=0. S ,Z are functions transforming similar
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> 1 1
Lyt = IeXp[—Enz —5 0+ Y) @’ H, (H, (7 + V), (15)
m
Y: yOv _yOC
L
ZC
o=
!

Taking under consideration (14) after integration in (11) over k, we obtain the following expression for rotation angle:

2
2 1
0 = CICZE Z Z (E-r'n-;n'm'_E;;n'm') X (Azm'Az'm')‘z'Inm;n'm"gk k! .é‘m,m'il
nm n',m , (16)
' k202 Pcv2 2ul,
C'= 2 2/p2 2y’ (a7
4rcneymy (R, —R. )
= my.m,, ,
m,. +m,
o) + 2
Fopw = | o +7,) : aE, (18)
nm;n'm' T + 2 212 2 12 + 2 >
o [(Eppewy T E.) —E°]" +4I°E (B +E.) A E.
S —Eg +Enm +En'm, _E(gc +gv)lLlBB, (19)
(%) are related to right- and left-polarized light. |where A, are barrier heights in conduction and valency
1 bands.
I 2 Faraday effect follows from difference between
Enm - hQ(, (71 + E) + ﬂ“cm , (20)  polarizabilities of quantum system in the fields of right and

left circularly polarized waves. This follows from the fact

that transition energies and matrix elements of right- and left-

, 1 N polarized circularly waves are different ones. In calculations

E.. = hQ ( n +— ) + /'l m Q1) we have neglected the field dependence of matrix elements as
nm v v s . . . .

2 a result of which their values for right- and left-polarized

waves are equal ones. As a result the rotation of polarization
plane is defined by only Zeeman splitting of energy levels.

hk?
E = Z The resonance peaks appear on FR curve when
z 2 7, ’ E =E:m;n,m, FR angle oscillates achieving in E=E, .
points of maximal values and in points of

E=FE .  minimum ones and its places shift to photon big

Q. =o, +a.., . (22) i , ,
e(v) () () energy region. The maximums are on 7(QQ_+Q  )distance
from each other. (g, +g, 6 JuzB is distance between

Wp. (1 frequencies are defined as follows: . . ) i
maximums and minimums. The amplitude peaks and distance

1 [2A between them increase with decrease of wall thickness of

WOyopy = <) (23) quantum cylinder. This takes place because of distance
c(v) L ’ . .

v\ Moy increase between discrete energy levels. Note that on FR
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curve the maximum with least amplitude shifts to of small
energy region with decrease of wall thickness. This takes
place because of matrix element dependence on wall
thickness (fig.2). In the comparison with solid cylinder, the
dependences of energy transitions on magnetic field are
similar for circularly right- and left- polarized light in the
case of hollow cylinder (fig.3,4).

8(at )

-

| A
T
L Lz  La L& Ls 2 7.2 halel’)

Fig.1. Plot of the FR angle as a function of photon energy
calculated from Eq.16 for Ly=100A. B=05T.

o
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Fig. 2. Same that is on Fig.1 for L,=50 A
2
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»
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Fig.3. Plot of the overlap integral as a function of quantum
number n calculated from Eq.14 for LyZIOOA (red) and
L=50 A (blue).
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Fig.4. Plot of the transition energy as a function of magnetic
field in the case of the hollow quantum cylinder.
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Fig.5. Same that is on Fig.4 for the case of solid quantum
cylinder [17].

For calculation we use the following physical parameters
in the case of GaAs/AlGaAs hollow quantum cylinder:
E~1.5eV, my~0.067m,, and my,=0.45m, (for heavy holes),
widening parameter is =40 meV. The barrier heights for
electrons and holes are A. = 255meV and A4,=170meV [22-
23]. The average radius of hollow cylinder is R=1500A.

FR dependence on incident light energy for two different
wall thickness values of quantum cylinder is shown on fig.1
and 2; L~100A and L~50A at magnetic field value
B=0.5 tesla. The dependences of overlap integral on n
quantum number for two different values of quantum
cylinder wall thickness are shown on fig.3. The transition
energy dependences on magnetic field corresponding to
circularly right- and left- polarized light in the cases of
hollow and solid quantum cylinders are shown on fig.4,5.
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SONLU QALINLIQLI BOS KVANT SIiLINDRINDO FARADEY EFFEKTI

Sonlu galinliqli bos kvant silindrinds zonalararasi Faradey firlanmasi (FF) nozari olaraq tadqiq edilmisdir.Silindrin galinliginin miixtalif

qiymotlarindo FF diison isigmn enerjisinin funksiyast kimi hesablanmisdir.Gostorilmisdir ki, FF ayrisinds rezonans piklori goériiniir.Segmo
qaydalar1 tapilmisdir.

T.I'. Uemaiinos, I'.T'. [z;xadpanioBa

3PPEKT ®APAJES B MOJOM KBAHTOBOM IWJIMHJPE KOHEUHOM TOJIIUHbI

Teopetnuecku ucciaen0oBaHo Mex30HHOe Papaneesckoe BpaiieHre (PB) B M0J0M KBaHTOBOM IHIMHIAPE KOHEYHOH TOMIIUHEL. V3ydeHo
®B B 3aBUCHMMOCTH OT 3HEPIUU NAJalOLIEr0 CBETA Ul Pa3iMuYHbBIX 3HAYEHUM TONIMHBI nuiuHapa. Ilokaszano 4yro Ha kpuBoi OB
TOSIBIISIFOTCS pe30oHaHCHBIe MHKH. [Tomyuens! npaBuia ot6opa.
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HEAT INERTIA IN INTENSIFICATION REGIME

A.A. AGASIYEYV, Ch.G. AKHUNDOV, M.Z. MAMMEDOYV,
V.G. SHARBATOYV, J.G. JABBAROV

Baku State University
Az-1148, Z. Halilov str., 23, Baku, Azerbaijan

The temperature inertial profile formed in the medium heated in intensification regime has been considered. It is seen that intensification
regime development leads to the freezing of different additional effects which “work™ in real situations.

We many times consider under the essential difference of
systems existing in the nature from them which are formed
by human. The stability relatively external influences, self-
refreshment, possibility to self-complication, growth,
development, functioning declining, even at relatively small
change of external influences or errors in control are
character for first ones. Therefore, one can borrow the
experience of structure construction accumulated by nature
and use in our activity, i.e. one can clarify the laws of
structure construction and ordering appearance. Here we do
accent on principles of structure construction, its appearance,
development and self-complication, but not on control
processes and exchange of information.

Classic mathematical physics (i.e. the science about
investigation of physics mathematical models) is connected
with linear equations. Formally these equations have
unknown quantities only in first degree. In reality they
describe the processes carrying out simultaneously at
different external influences. The changes stay quantitative
ones and new qualities don’t appear with intensity increase.
The field of application of linear equations is unusually wide.
It includes the classic and quantum mechanics,
electrodynamics and wave theory.

However, we very often contact with phenomena where
the more intensive external influences lead to qualitatively
new system behavior. Here we need the non-linear
mathematic models their analysis is more complex task but it
is necessary at solution of many tasks. This leads to
formation of wide front of non-linear phenomenon
investigations, attempts to form the common approaches
useable to many systems [1].

The heat conduction processes play the big role in our
life: in nature phenomena, technique and everyday life.
Nowadays the heat conduction theory the results of which are
always compared with practices, experiment, is the one of
more wide and studied departments of physics and
mathematics.

The history of development of heat conduction theory
shows the power of mathematic natural science the main
content of which is the development and use of mathematic
methods for solving of problems of physics, chemistry,
biology and etc.

Let’s consider which role the methods of mathematics
and informatics play at study of new physical effect which is
heat inertia. In the investigation of this effect the
computational experiment, which helps to reveal the
qualitative phenomena picture and form the new conceptions,
plays the fundamental role. The one of important conclusions
in heat conduction process character conformed to known
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thermodynamics principle is that any temperature
heterogeneities are realigned with the course of time.

The heat inertia means the process which is opposite to
(paradoxical) of heat conduction one. Indeed, the heat doesn’t
distribute during some time at the increase of energy
contribution to medium but concentrates and thermal action
on medium is localized on its concrete region.

The effect entity of heat inertia is relatively simple one. It
is well known that heat velocity from substance hot parts to
colder ones is defined by temperature space distribution
(profile) in substance. There are such “dished”, “sloping”
distributions at which the heat stays too long in initial region
during some times.

The temperature inertial profiles can be formed if medium
is heated in intensification regime. The regimes when the
some character values tend to infinity at approximation to
final time are so called. In spite of intensification regime
external singularity they are in physical processes.

Thus, heat inertia is inner property of heat-conducting
medium and influence intensification regimes on medium,
“reveal” this property.

The question of practical use of heat inertia effect requires
the verification of application conditions of considered model
and taking into consideration the complicated factors. So, on
the example of relatively simple nonlinear task, the results of
heat inertia effect theory are presented. The self-simulating
solutions and solution comparing theory are used at its
investigation. The comparing theories reflect the process
stability to different disturbances [2].

The real medium description with help of given models
isn’t always possible. In principle, it is necessary to take into
consideration the gas-dynamic motion, energy obtaining and
loss because of different physical effects.

In many cases the intensification regime leads to
“freezing” of different additional effects and moreover, the
studied regularities which “work™ in real situations totally
reveal and can be useful ones.

Let’s consider the main question: the growth of Earth
population. Let’s growth rate of population is proportional
one to product of men and women numbers. Then Earth
population N(z) will be:

dN /dt = adN,N, (1)

where N;, N, are numbers of men and women and 0<a</ is

some proportionality coefficient. Supposing N, =N, = E
we rewrite (1) in the following form:
dN/dt=dN2/4 )
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and integrate (2) of some moment #, up to t moment;

4 1 1

—_ + o
20 N() N(,)
and then we obtain:

NGy =2 L S

t,+—N'(t,)-1 (tf _t)
o

where t, =ty+(4/2)N" (ty)>1,
and according to (3) the number of Earth population will be
infinite one in r=¢, moment.
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Fig.1. The growth of Earth population.

The growth dynamics of Earth population during last
centuries is presented on fig.1. Beginning from XX century
the statistic data are well agree with dependence (3) which
direct line and “catastrophe” has taken place since November,
13, 2006.

But there are many obvious reasons limiting the Earth
population. The intensification regimes, i.e. the processes
when any values transform into infinity in final time ¢=t,
(intensification time), model the strongly non-stationary
rapidly growing during phenomena.

Such processes are called the “explosion” ones.

In real situation there are always reasons limiting the
intensification regime and process “doesn’t’ lead” to infinity.
However, the new unusual properties of intensificating
processes can reveal long before “switching” of limiting
effects.

The smoothing process of gas bubbles in liquids serves as
quite real example of intensification regime.

If bubble disequilibrium condition takes place then liquid
pressure strongly increases and interface gas-liquid begins to
collapse to its center. The intensification regime takes place
(for example, liquid pressure near bubble surface changes by
~( tft)’“ law where ¢ is bursting time).

The intensification of this case is caused by cumulative
effect.

The boundary surface decreases proportionally to square
of bubble radius although energy specific parameters
(pressure, density, energy) characterizing the process increase
indefinitely.

Really the pressure growth is limited by compressibility
of liquid, viscosity and heat conduction processes, gas back
pressure in bubbles.

Moreover the pressure in water near air bubble growths
up to some hundreds atmospheres that leads to formation of
strong shock waves distributing in liquid.

The surface damage of turbine fins and screws
(cavitation) moving in water is explained by this mechanism.
According to modern conceptions, the diamonds form as a
result of gas bubble collapsing in melted rocks.

[11 A.A. Samarskii, N.V. Dmitrinko, S.P. Kurdumov,
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1344-1347.
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KOSKINLOSMO REJIMLORINDO iSTILiYIN OTALOTI

Kaskin qizma rejimlsrinds miihitde yaranan temperaturun inersiyasina baxilmigdir. Gostorilmisdir ki, real situasiyalarda kaskin qizma
rejimlorinin inkigafi slave miixtalif donma effektlorinin yaranmasina gotirib ¢ixarir.

A.A. Aracues, U.I'. Axynnos, M.3. Mamenos, B.I'. Illap6aTtos, Ix.I'. /I:xa66apos

HWHEPIUS TEIUIA B PEXKUME OBOCTPEHUSA

PaccMoTpeH MHEpUHOHHBIN NPOQUIb TEMIIEpaTyphl CO3IAHHBIH B Cpele HarperToil B pexumMe ¢ odoctpenueM. [Tokazano, uTo pa3BuTHe
pexuMa ¢ 00OCTpeHHEM IMPUBOAUT K 3aMOPAKMBAHMIO PA3IMYHBIX JOMOIHHUTEIBHBIX ((EKTOB, KOTOPhIE « pabOTalOT » B pealbHBIX

CUTYyaluix.
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NATURAL ZEOLITE - KLINOPTILOLITE IDENTIFICATION

T.Z. KULIYEVA, N.N. LEBEDEVA, V.I. ORBUH, Ch.A. SULTANOV
Baku State University, Institute of Physical Problems
Az- 1148, Z. Khalilov str., 23

The natural zeolite is investigated in the work. The roentgenographic analysis of polycrystalline powder has been carried out. The
comparison of obtained results, chemical analysis results and scientific publication data allow us to relate the investigated zeolite to

klinoptilolite type.

Introduction.

Nowadays the physical processes in one-dimensional
objects: nano-tubes and nano-pores are intensively
investigated. The special interest is connected with obtaining
[1] of property investigations [2] and practical use [3] of
carbonic nano-tubes (CNT). The nano-porous materials are
also not without the attention so they have the series of
unique properties. The works on obtaining [4-6],
investigation of optical [7,8] and electrical [9] properties of
porous silicon have been carried out.

In porous dielectrics the self-sustaining electron
emission (SE) [10] intensified by the field which is used in
electron-optical transformers of IR-images [11-13]. The
porous emission is also observed on metal surface [14-15].
The molecular system state in pores of solid matrix presents
the essential interest from both fundamental science and
practices point of view [16-17].

The zeolites are the classic representatives of nano-
porous materials. The zeolite value is caused by the scroll
alumosilicate carcass forming the system of pores and
cavities the dimension of input window of which is enough
big one that the molecules and ions of many organic and
inorganic compounds can penetrate in them. The zeolite
carcasses are like to bee’s cells and formed by chains of
silicon and aluminum anionites. The carcass has the negative
charge because of its structure and this charge is compensated
by water molecules and cations of alkali and alkali-earth
metals weakly connected with it. The zeolite pores have the
right forms. Connecting between each other through
“windows” they form the perforated channel chain. That’s
why the zeolites can be considered as the object on which
besides well-known phenomena (adsorption, ion-exchange
phenomena), investigate the electron porous emission,
electron multiplication and gas discharge in pores, dielectric
and electric properties at pore saturation by different gases
and liquids. In Azerbaijan 14 varieties of mineral zeolite
family which are mainly connected with Azerbaijan
magmatic associations.

In present work the roentgenographic analysis of natural
zeolite on results of which the zeolite-klinoptilolite type has
been defined, has been carried out.

Experiment

We have the monoblock of natural zeloite (fig.1) from
which cut out the plastic samples for physical experiment.
The fine-crystalline powder (fig.2) obtained at this operation
is the investigation object of the present work.

The roentgenographic investigation is carried out on
diffractometer JIPOH-2,0 in which Cuy, -radiation with
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J=1.54A is used. The high measurement accuracy of peak
heights i.e. reflection intensity of rotation angle of
20™counter is the important advantage of diffractometer use
at single crystal investigation.

Fig.1. Natural zeolite mineral.

Fig.2. Zeolite powder
Results and discussion.

The big number of peaks of different intensities with big
spread in interplanar spacing values d: from 1.541A up to
10.281A is observed on diffractogram (fig.3). From
diffractogram analysis it is seen that maximum intensity, i.e.
the main peak corresponds to interplanar spacing d,=3,352 A
and d,=4,25 A, d;=1,82 A which are the evidence of silicon
dioxide SiO,-a quartz presence in the given sample. The
following values of interplanar spacings d,=3,97 A, ds=2,58
A, d&=2,13A, d~1,63A are belong to aluminum oxide Al,Os.
Later, the interplanar spacings ds=3,53A and dys=2,49A are
related to potassium iodine and interplanar spacing values
d;=2,39A, d;;=2,76A, d=1,69A evidence about presence of
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calcium oxide in the given sample. The values of interplanar
spacings and intensities are given in the table 1.
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Fig.3. Zeolite diffractogram powder

Table 1
a4’ | 1 diA’) | 1 | di’) |1 a4’ | 1
335 1100 | 3.97 | 22 | 353 | 10 | 239 | 30
425 | 35 | 258 | 10 | 249 | 20 | 2.76 | 20
182 | 25 | 213 | 10 - 1.69 | 10
- - | 163 | 10 - - -
Si0, ALO; KJ Ca0

Note that our sample chemical composition independently
on our investigation has been verified with the help of
spectral analysis. The percentage of all ingredients including
in compound composition is defined. As a result it take place:
Si0,- 67.84%, KIJ-11,64%, ALO;-11,36%, K,0-2,01%,
Ca0-2,29%, Na,0-1,25%

Fe,05-1,19%,P,05-0,11%, Mg0-0,49%, Ti0,-0,08%,
MnO-0,078%, SO3-0,030%. As it is seen the results obtained
by roentgenographic method coincide with these data
excluding the fact that the content of any component that is
less than 2% in the sample is diffractometrically registered.
The diffractometric method gives the possibility only to
establish the relation of investigated sample to definite
narrow class of compounds.

From data comparison of diffractometric and chemical
analysis with  scientific literature information on
alumosilicate-zeolite structure [18] one can conclude that
natural zeolite investigated by us is related to zeolites of

klinoptilolite type. This zeolite type has the wide spread in
Azerbaijan.

The klinoptilolite has the following characteristics:
monoclinic syngony, symmetry space group C2/m;
elementary cell parameters: a=1,76lnm 5=1,780 nm,
¢=0,741 nm, ,b’=115,20. The alumosilicateoxide carcass and
nano-channels in crystals of klinoptilolite is presented on
fig.4 [19].

Fig. 4. The alumosilicateoxide carcass and nano-channels in K
type crystals (klinoptilolite)

The tetrahedrons are the alternating groupings AlO, and
SiO, Channel A has the section 0,6x0,4nm; channel B has the
section 0,4x0,4nm. In natural conditions the channels can be
filled by water, ammonia (in small quantities) and
exchangeable Na', K' NH," Ca*" and other ions. The
symmetry and perfect cleavage planes are designated by m
symbol.

Conclusion

The natural metal from Azerbaijan exploitations has been
investigated by roentgenographic method. The comparison
with chemical analysis results and scientific literature data
allows us to relate this mineral to zeolite-klinoptilolite type.
The volume samples cut out from monoblock of natural
mineral or suppressed from poly-crystalline powder can
serves as objects for observation of physical phenomena in
nano-pores of this mineral.
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NATURAL ZEOLITE - KLINOPTILOLITE IDENTIFICATION

T.Z. Quliyeva, N.N. Lebedeva, V.I. Orbuh, C.A. Sultanov
TOBIi SEOLIT-KLINOPTILOLOITIN IDENTIiFiKASIiYASI

Azorbaycanin tobii minerallarindan olan kimyevi birlosme rentgenoqrafik iisulla todqiq edilmisdir.Kimyovi analiz noticesinde vo
adobiyyatda malum olan birlosmalerin miiqayisesinden tadqiq etdiyimiz maddenin seolit-klinoptiloloit sinfins aid etmoays imkan verir.

T.3. Kynuesa, H.H. Jle6enena, B.A. Opoyx, Y.A. Cyaranos
UAEHTUOUKALIIUS TPUPOJHOI'O HEOJUTA-KJIMHOITUIOJIUTA

B pabore wuccnemyercs nmpupoaHsiii meonut. IIpoBeneH peHTreHOrpadUUecKuii aHaIH3 MOJUKPUCTAIITHYECKOro nopouika. CpaBHEHHE
MOTyYeHHBIX Pe3yIbTaTOB, Pe3yIbTaTOB XUMUYECKOTO aHANIN3a 1 JINTEPATyPHBIX JAHHBIX TO3BOJISICT OTHECTH HCCIIEIyeMbIH IEOIHUT K TUITY
KIIMHONTUIONUTA.
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DIELECTRIC PROPERTIES OF POLYMER COMPOSITES WITH SEMICONDUCTOR
FILLER TlIn0.93Ce0,OZSe2.

E.M. GODJAYEYV, S.I. SAFAROVA, Sh.A. ZEYNALOV
Azerbaijan State University
H.Javid ave., 25, AZ1000, Baku, Azerbaijan

M.A. NURIYEV
Institute of Radiation Problems of Azerbaijan NAS
F.Agayev str., 9, Baku, Azerbaijan

In the present work the dielectric properties of polymer compositions with filler TlIng ¢gCe 2Se, have been obtained and investigated. It
has been revealed that the dependence of zgd and ¢ on temperature is connected with the dependence of relaxation time on temperature.

Introduction

Last years the investigations in the field of material
formation with  special and practical important
electrophysical properties on the base of polymer composites
containing the semiconductors have been widened. The
improvement of polypropylene (PP) electroactive properties
at filler introduction are mainly connected with two
circumstances: filler particles play role of structure formation
center and polymer interface with filler has the special
saturation structure of trapping centers with different energy
activation values at which the electrons stabilize [1]. Note
that the obtained polymer composition can be current-
conducting, antistatic or dielectric one in the dependence on
nature, dimension, form, distribution character of the filler.
By these reasons the conclusions of different authors in
respect to the revealing nature of either composite
electroactive properties at filling of polyolefines by different
piezofillers, are different [2].

The filler of organic and inorganic nature are used for
obtaining of new compositional materials. Last years the
relatively new works where the triple semiconductor
compounds of TISe type [3] are used as fillers have appeared.
As a result of the given investigations it has been revealed
that PEVP+TlInSe, and PP+ TlInSe, compositions are high-
qualitative electret materials with life times in 5+13 times
more than one of pure polymers.

In the present work the dielectric properties of polymer
compositions with TlIng ¢3Ceg 0,Se; addition are considered.

Experimental part

The polymer powder (polypropylene) is mixed with
semiconductor material one for obtaining of polymer
composite. Then the films of thickness 100 mcm at melting
point of polymer matrix and pressure 10-15MPa between
aluminum foil are pressed from the mixture. The obtained
samples with foil are rapidly cooled in the water and then the
foil is removed. After that the given films are polarized in
corona discharge in the needle-plane electrode system of 6kV
voltage during 3 -10” sec. The distance between needle and
plane is chosen ~1-10 m.

The addition of semiconductor material TlIng3Ceg rSe,
in relation 3+5 vol.% forms the polymer composition in
relation 95+97vol.%. The samples are obtained by hot
pressing from mixture of powders and TlIng ¢gCegorSe, filler
with dispersion up to 50 mem.
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The powder mixing of polymer and filler is carried out on
laboratory mill at room temperature and then by hot pressing
at 10'Pa.

The electret-thermal analysis is carried out by standard
method [4] where composites are put between two electrodes
shorted through electrometric voltmeter B7-42 in heated
measuring cell [5]. The spectrum recording of
thermostimulated depolarization current in range 293-523K is
carried out at temperature linear growth of the sample with
the velocity SK/min.

The sample thickness and upper electrode diameter (for
square obtaining) are measured with the help of trammel. For
the measurements the sample is put between two plane
electrodes of circle form. The measurements are carried out
automatically. The measurements of capacity and dielectric
loss tangent are carried out simultaneously.

The sample capacity (C) is measured for obtaining of
dielectric constant (g). The material dielectric constant is
carried out by measured values of capacity, sample thickness
and electrode square.

The dielectric constant (&) is calculated by formula:

Cd

E=——

&8
where C is measured sample capacity, F; £~8,85-10"*F/M;
d is sample diameter, m; S is sample square,m’.

The dielectric loss tangent #go is measured indirectly.

Thus the capacity and dielectric loss tangent
corresponding to the frequencies 1kHz should be measured
for each of chosen dielectrics.

The sample is put between two electrodes in measuring
cell. Then the sample is heated with constant velocity 2K/min
in the cell with the help of heater which is embedded into the
cap. The sample temperature is registered with the help of
thermocouple and temperature measurer but dielectric
constant and dielectric losses are registered with the help of
measuring bridge LCR E7-8. The heating with constant
velocity is possible with the help of the three-later system.

Results and their discussion

The influence of filler content on temperature
dependences of  dielectric constant &) of
PP/TlIng 9gCe02Se, composites is shown on fig.1. It is seen
that & value increases with increase of TlIngogCep2Se,
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content in the composition on the base of PP and the some
additional growth of & values is observed on g7)

dependence (fig.1) at polymer softening temperature.

1] 20 40 a0 a0 100 120 140 160

Fig. 1. Temperature dependences of dielectric constant &7) IIIT/
TlIng 9sCeo g2Se, at filler content 1-(3%), 2-(5%), 3-(10%).

The investigation results of tgd=f(t) dependence of
PP/ TlIng 93Cey9,Se, compositions are presented on fig.2.
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Fig.2. Temperature dependences of dielectric losses #gd (T)
of TlIng ¢gCeg 0Se, compositions at filler content 1-(3%),
2-(5%), 3-(10%).

As it follows from fig.2 the tgdo=f(¢) dependences pass
through maximums. Such behavior of curves is obviously
connected with 7 relaxation time change with temperature.
The dipole macromolecules practically don’t orientate that is
equivalent to “elastic” response at low temperatures when 7 is
big and essentially more than field change period. zgd begins
to rapidly growth when relaxation time decreases up to the
value close to field change period as a result of temperature
increase. The maximum appears on tgd=f(?) curve at w=1/7
condition. The dielectric losses decrease again at the further
relaxation time decrease because of temperature increase.
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TlIng 05Cey0S¢; OLAVOLI POLIMER 9SASLI KOMPOZITLORININ DIELEKTRIK XASSOLORI

Isdo TlIng¢5Cey ,Se; alavali polimer asasl kompozitlor alinmmis vo dielektrik xassolori todqiq edilmisdir. Askar edilmisdir ki, & vo 1g5 -
in temperaturdan asili olaraq doyismasi relaksasiya miiddatinin temperaturdan asili olaraq doyismosi ilo slagodardir.

9.M. I'onx:kaes, C.U.Cadapoa, M.A. Hypues, LI1.A. 3eiinasos, P.C. ParumoB

JUASJEKTPUYECKUE CBOMCTBA MNOJIUMEPHBIX KOMIIO3UTOB
C MIOJYINPOBOAHUKOBBIM HAITOJIHUTEJIEM TlIng ¢sCey,Se;

B pabote mosjy4eHbl W HCCICIOBaHBI JHMANICKTPUYCCKUEC CBOHCTBA MOJMMEPHBIX KoMmmosuimid ¢ HamomHutemo TlngegCeygrSe,.
BrLsBIICHO, YTO H3MEHEHUE 1O U £ C TEMIIEPATYpOH CBSI3aHO ¢ M3MEHEHHUEM BPEMCHH PEIaKCaIlH C TEMIICPATYPHOM.
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THE INVESYTIGATION OF KINETICS OF II-1II POLYMORPHOUS TRANSFORMATION
IN KNO3;+x% RbNO;3(x=2.5, 5, 10%) SINGLE CRYSTALS

U.G. ASADOV, E.V. NASIROV, R.J. ALIYEVA
G.M. Abdullayev National Academy of Sciences, Institute of Physics
AZ-1143, Azerbaijan, Baku H. Javid av, 33

The growth velocity of III modification in the dependence on temperature at II—III transformation in KNO;+x% RbNO;(x=2.5, 5, 10%)
single crystals has been measured by the method of optical microscopy. It is shown that the growth velocity of III modification at
polymorphous transformation increases with AT increase and it is described by empirical formulas. The transformation process energy
activation is calculated and it is shown that it decreases with x increase.

The some investigators are paid the attention to
polymorphous transformation of potassium and rubidium
nitrates in both ways specially and in the connection of some
system studies at taking participation of these compounds.

The three different modifications of potassium nitrate
have been established in temperature region from room one
up to melting point one. At room temperature the potassium
nitrate has the aragonite structure (II-modification) with
Pnma symmetry [1], at temperature 7,>400K the II
modification transforms into III modification with R3c
symmetry [2]. According to [3] I-modification with R3m
symmetry takes place between II and III modifications.
Rubidium nitrate has the four modifications: the
rhombohedric structure (IV-modification) with P3; symmetry
[4] at room temperature, at 7,>437K temperature IV-
modification transforms into III- cubic one with Fm3m
symmetry [5], at 7T;,>492K this modification transforms into
rhombohedric II-modification with R3m [6] and finally, at
temperature 7;,>564K II-modification transforms into cubic one
with Fm3m symmetry [7]Many works are dedicated to
establishing of polymorphous transformation establishing in
single crystals of alkali metal nitrate compounds including in
potassium and rubidium nitrates [8-12].

It is shown that in these crystals the structural
transformations take place mainly with germ origin and
growth of daughter modification inside matrix one.

The other transformation mechanism types are revealed.

What is the polymorphous transformation mechanism in
solid solutions of these compounds? In order to answer this
question we have carried out the series of investigations for
study of polymorphous transformation mechanism in
argentum nitrate solid solutions in potassium nitrate [13,14].
The present paper is the continuation of these works and is
dedicated to investigation of polymorphous transformation
kinetics in rubidium nitrate solid solutions in potassium
nitrate consisting 2,5; 5,0 and 10% RbNO;.

Fig. 1. KNO;+5% RbNO; single crystals obtained from water
solution
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From water solution at room temperature we have
obtained the well faceted perfect single crystals of II-
modification KNO;+x% RbNO; (x=2,5; 5,0; 10%) with sizes
1x0,5x10mm in average which are suitable for microscopic
investigations (fig.1). In the work the big attention is paid to
perfection and purity of investigated crystals. The potassium
nitrates of «4YIA» mark and rubidium nitrate of «X» mark
are endured by additional purification by the way of multiple
recrystallization. The obtained crystals have the form of
needles extended in crystallographic direction [001] or in the
form of plane plate.

The investigation is carried out in polarized microscope
of MHH-8 mark with heating table providing the total
thermostating of investigated crystals. The crystal
temperature is measured by thermocouple the ends of which
directly touch the sample surface. The measurement accuracy
of temperature at 100°C achieves £0,5°.

Firstly the equilibrium temperatures of II and III phases
are fixed: for KNO;+2,5% RbNO; T,=381K, KNO;+5%
RbNO; 7,=372K and KNO;+10% RbNO; T,=369K.

The growth velocity of III modification KNO;+x%
RbNO; (x=2,5; 5,0; 10%) at transformation of II—III as AT
function (47=T,-T,, where T}, is transformation temperature,
T, is modification equilibrium temperature) is measured after
finding of equilibrium temperatures of II and III
modifications. The growth velocity is measured on the one
and the same edge (hkl) of growing crystal on technique
supposed in [3].

The crystal of 1x0,5x15mm dimension is put on cover
glass and after on microscope heating table at 7,>T,
temperature. The section of length 1mm is emphasized in
crystal with the help of scanning reticle. After some time,
which is necessary for equality of sample temperature and
table, the boundary of growing modification achieves the risk
of reticle fixing the beginning of main section, the stopwatch
is switched off. After passing modification boundary 1mm
the stopwatch is switched off and sample is transferred on
another microscope where heating table temperature is
T,>T;>T,. Thus the growth velocity of the one and the same
edge of III modification at II—II in KNO;+x%RbNO;
(x=2,5; 5,0; 10%) as AT function is measured consequently.
The interface of II and III modifications on motion of which
the growth velocity at II—III transformation as temperature
function is shown on fig.2.

The measuring results are given in table 1. The
experimental data obtained from six crystals of each
composition and treated with the help of least-squares
procedure give the functional dependence of growth velocity
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of daughter modification inside matrix one on temperature at
polymorphous II—1II transformation in the form:

v=(aAT+bAT +cAT’) 107 mm/sec
where AT=T,-T,.

I I

Fig.2. Transformation process of II—III into
KNO;+5% RbNO;.

The numerical values of a, b, ¢ constants of crystal
growth  velocity at  II->IIl  transformation  in |

KNO;3;+x% RbNO; (x=2,5; 5,0; 10%) as AT function are
given in the table 2.

The plots of growth velocity of III modification crystals at
I[I—III transformation in the dependence on temperature
constructed on experimental data for investigated crystals are
shown on fig.3.

10% mm/s
b7]

.

R

AN & 1 1 1 1 1

B ] 10 12
AT K —-
Fig.3. The dependence of crystal rate of increase of 11l modification
at [I-1II transformation of KNO3+x% RbNO; (x=2,5; 5,0; 10%)
on temperature A - x=10%, [] - x=5,0%, .0 - x=2,5 %.

Table 1.

The measuring results of crystal rate of increase of III-modification at polymorphic transformation of I[I—III into

KNO;+x% RbNO; (x=2,5; 5,0; 10%) single crystals.

x=0.00 x=2,5% x=5,0% x=10%
ATK | 0y, 107 | 0,107 | D, 107 107 Dy 107 Vo107 Opp 107 | 03,107
mm/sec mm/sec mm/sec mm/s
mm/sec mm/sec mm/sec mm/sec
1 0,118 0,1077 0,127 0,121 0,113 0,107
2 1,501 1,475 1,428 1,428 1,363 1,377
3 4286 4,104 4,364 4,025 3,781 3,811
4 8,347 8,053 7,610 7,086 7,696 7,446
5 0,03 0,05 13,242 13,120 12,656 12,825 11,988 12,314
6 0,73 0,67 19,365 19,508 19,328 12,020 17,975 18,191
7 1,54 1,48 27,016 27,148 25,984 26,434 25,615 25,314
8 2,57 2,47 36,384 36,036 35,876 35,065 33,816 33,601
9 3,52 3,65 46,985 46,171 45,155 44,905 42,975 43,049
10 4,68 5,00 56,124 57,267 54,267 55,63 53,436 53,66
11 5,97 6,52 71,036 70,293 69,126 68,998 65,261 65,429
12 7,38 8,22 84,245 84,035 81,484 81,648 78,496 78,496
60 - As it is seen from the table 1 and fig.4 the growth velocity
e ° of III crystal modification inside II one increases in the
investigated crystals with temperature increase. It decreases
} when x values increase. From table lit is also seen that
o growth velocity of III modification crystal in potassium
E * i nitrate is measured beginning from A7=5K and in
5 KNO;+x% RbNO; from AT=1K. This is connected with the
s fact that delay temperature at II—III transformation in
potassium nitrate is approximately ~5K and for ~1K, i.e.
II—III transformation takes place almost without delay in
° ° investigated crystals.
. ! From fig.4 it is seen that x=0, i.e. the growth velocity of
° S e 10 11 modification is © =4,68-10”mm/sec in potassium nitrate

Fig.4. The dependence of crystal rate of increase of I11
modification at [I—-1II transformation on 1/(T,AT) into
KNO;+x% RbNO;.
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at AT=10 K temperature and at the same temperature for
KNO;+x% RbNO; (x=2,5; 5,0; 10%) it increases in more
than 10 times. The increase of x values leads to decrease of
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growth velocity. The experimental data are well described by
formula obtained by M. Folmer [15] in the supposition that
the increase of two-dimensional germs appearing on crystal
edges takes place by the way of consequent attachment of
separate atoms or molecules:

k k
v=k exp(— l]exp(— k J
’ T, T,AT

where «; in first approximation can be accepted as
independent one on temperature and equal to x; = Bvd (v is
molecule oscillation frequency, d is interatomic spacing on
the surface of growing crystal, B is molecule number
transiting from matrix crystal to surface of growing crystal),
k;=E/R is constant taking into consideration the energy
threshold for molecule transition from matrix crystal to the
crystal surface of growing modification, x; is formation work
of two-dimensional germ of new modification, 7, is
temperature of equilibrium modification.

Table 2.
The numerical values of a, b, ¢ constant in empirical formula
of crystal rate of increase of III-modification at transformation
of [I-IIT into KNO3;+x% RbNO; (x=2,5; 5,0; 10%)

Samples
Coefficient x=2,5% x=5% | x10%
a 20,523 20,491 20,456
0,631 0,612 0,588
c 20,00032 20,00034 | -0,00028

From fig.5 it is seen that /no dependence on I/T,AT)
presents itself the linear function, i.e. experimental points lie

on direct line. As the character of /no dependence on
I/NT,AT) for all investigated compositions is similar one, so
this dependence on fig.5 is given for only one composition
KNO;+2,5%RbNO;.

ok

R

o

a2z 4 & 8 10 12 14 16 18 20 22
UTAT, K
Fig.5. The logarithm dependence of crystal rate of increase of
IIT modification at II—III transformation on 1/(T)AT)
into KNO3+2,5% RbNO;.

From direct lines x, and x; values are found and
activation energy of II—-III transformation process for
KNO;+2,5%RbN0O; £=21,2 kcal/mol; for KNOs;+5%RbNO;
E=20,8 kcal/mol; for KNO;+10%RbNO; E=20,63kcal/mol
have been calculated. The obtained data show that energy
activation of transformation process decreases with x increase
in investigated crystals.
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KNO;+x% RbNO;(x=2.5, 5, 10%) MONOKRISTALLARINDA II—IIT CEVRILMOSININ KINETiKASININ
TODQIQI

Optik mikroskopik metodu ilo KNO;+x% RbNO; (x=2.5, 5, 10%) monokristallarda II—III ¢evrilmosi zamani III modifikasiya
kristallarinin bdyiims siiratinin temperaturdan asagi todqiq olunmusdur. Miioyyon edilmisdir ki, AT artdiqca II—III ¢evrilmoasi zaman1 111
modifikasiya kristalinin boyiime siireti artir vo o empirik diisturlarla ifade olunur. Prosesin aktivlesme enerjisi hesablanmig vo miioyyen

edilmisdir ki, x artdigca o da artir.



THE INVESYTIGATION OF KINETICS OF 11111 POLYMORPHOUS TRANSFORMATION IN KNO;3;+x% RbNO;(x=2.5, 5, 10%) SINGLE ...

IO.I'. Acanos, E.B. Hacupos, P./[x. AinbieBa

HUCCIEJOBAHUS KNHETUKHU NOJIUMOP®HOTI'O 1111 TIPEBPAIIEHUSA B MOHOKPUCTAJIJIAX
KNO;+x% RbNO; (x=2.5, 5, 10%)
MerTonoM onTHYECKOH MUKPOCKOIINH U3MepeHa cKopocTh pocta Il Moandukammy B 3aBUCEMOCTH OT TEMIICPaTyphl IIPU IIPEBPAILECHAN
II-III B monokpuctamiax KNO;+x% RbNO;(x=2.5, 5, 10%). Ilokazano, uro ¢ nossimenneM A7 ckopocts pocta III momudukanum npu

l'IOJ'II/IMOp(I)HOM MpeBpalCHun [I-III YBEJIUYUBACTCSA, U OHA OIMMMCBIBACTCA SMIIMPUYCCKUMHU (bopMynaMn. Brruncnena OHEPTUs aKTUBAlUU
npouecca npeBpaucHus 1 1nokasaHo, 4To ¢ YBEJIMYECHUEM X OHa YMCHbBIIACTCA.
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STUDY OF PEPTIDE BOND DEFORMATION IN MODEL DIPEPTIDES BY THE
SEMIEMPIRICAL QUANTUM CHEMISTRY METHODS
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Institute for Physical Problems, Baku State University,
Z. Khalilov str., 23, Baku, AZ 1148, Azerbaijan,

The relationship between spatial structure and electron-conformational properties of the L-Arg-L-Pro and D-Arg-L-Pro model di-
peptides has been carried out by the CNDO/2, CNDO/m and MINDO/3 semi-empirical methods. The effects of the peptide bond
deformation at the scanning energy along C-N bond were investigated. The low-energy conformational states of the di-peptides were
found, the values of dihedral angles of the backbone and side chains of the amino acid residues in chemical structure of the di-peptides and
the energies of intra- and inter-residues interactions were calculated. The main electronic parameters such as electron density distribution,
electron and nuclear forces, total dipole moments and dipole moments of individual bonds in dependence of low-energy conformational
states were analyzed. The calculation results showed that the D-izomerization of the arginine residue in the positions 1 and 2 was
accompanied by the large changes of the scanning energy along C-N peptide bond. In result the following conclusion was made: C-N
peptide bond in L-Arg-L-Pro dipeptide is more stable in comparison with other model dipeptide molecules.

INTRODUCTION

There are great numbers of investigations dedicated to
comparative study of the dynamical properties of the amino
acids and other elementary molecules formed
macromolecules. The main aim of such investigations is to
establish general physical and chemical principles or rules
which determine the functional activity of peptides and
proteins. The conformational flexibility of such molecules
on an example of modified di-peptide molecules was studied
in detail by Shaitan and co-authors. The relationship
between chemical structure and internal dynamical mobility
as well as correlation of fluctuations between side chain
effective size and the length of the peptide chain in di-
peptide molecules was studied in depth in these works [1-5].
The conclusion was made that there is dynamical
isomorphism or similarity of the correlation functions for
different torsion angles in various peptide molecules. Such
investigations were carried out for L-amino acids only. But
presence of D-amino acids in peptide molecules and proteins
may serve several purposes. First, new three-dimensional
structures can be formed that cannot be built from L-amino
acids only. It was founded that D-residues may modulate the
biological activity of a peptide in a subtle way, thereby
increasing the biological diversity encoded by a single gene.

In this report quantum chemical calculations for the
model dipeptide molecules, composed of L- and D-
stereoisomers of arginine and proline amino acids, i.e. for L-
Arg-L-Pro and D-Arg-L-Pro were carried out by the
CNDO/2, CNDO/m and MINDO/3 semiempirical methods.
At first, theoretical conformational analysis was used to study
the spatial structure and conformational properties of
mentioned above dipeptide molecules. The low-energy
conformations of these molecules were found, the values of
dihedral angles of the backbone and side chains of the amino
acid residues and the energies of intra- and inter-residual
interactions were calculated.  Calculation models were
constructed on the base of coordinates of atoms in accordance
with results of theoretical conformational analysis. The main
electronic parameters such as electron density distribution,
electron and nuclear forces, total dipole moments and dipole
moments of individual bonds in dependence of low-energy
conformational state were analyzed.
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MODELS AND CALCULATION METHODS

The investigations were carried out using the theoretical
conformational analysis as described in [6]. The
conformational potential energy of the di-peptide molecule is
given as the sum of the independent contributions of
nonvalent (E,,), electrostatic (E,;), torsional interactions (E,,,)
and hydrogen bonds (E;;). The energy of nonvalent
interactions was described by the Lennard-Jones 6-12
potential with the parameters proposed by Scott and Sheraga.
The contribution of electrostatic interactions was taken into
account in a monopole approximation corresponding to
Coulomb’s law with partial charges of atoms as suggested by
Scott and Sheraga. The effective dielectric constant & was
taken to be equal to ten, as described by Lipkind et al. A
torsion energy was calculated using the value of internal
rotation barriers given by Momany et al. Hydrogen bonding
energy was calculated based on Morze potential and
dissociation energy of the hydrogen bond was taken to be
6.3kJ/mol. A rigid valence scheme of the molecule was
assumed, namely, the searches were made only on torsion
angles. The nomenclature and conventions adopted are those
recommended by ITUPAC-IUB. Low-energy conformational
states for L-Arg-L-Pro and D-Arg-L-Pro di-peptide
molecules constructed by using program package [7] were
shown on fig.1. In order to reduce the edge effect the N-
terminus was modified by acetyl (ACE) and C-termius was
modified by M-methylamine (NME) resulted in formation of
two additional peptide bonds (fig.1). The detail study of such
modification effects on the effective atomic charges in
peptides had been carried out in [8].

Quantum chemical calculations were carried out by the
CNDO/2, CNDO/m and MINDO/3 semi empirical methods
on the base of the complex program LEV. The program
worked out at the Institute named after Vernadsky at the
Russian Academy of Sciences [9-14]. Calculation models
were constructed on the base of coordinates of atoms in
accordance with results of theoretical conformational analysis
(fig.2).

At applying to big biological systems and other
compounds the semi empirical methods due to correctly
choosing parameters (holding for little range molecules) give
more correct results in comparison to ab initio methods. Such
parameters have not physical mean, but they correctly can
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reproduce explicit properties of the molecular systems. For  orbital (MO) as combination of atomic orbital also coincide
example, parameters choosen for CNDO/2 method can  with results of ab initio calculations at the same basis (in this
reproduce correctly the orbital energies difference for main  case the electron density is parameter).
state of the system. Coefficients of expansion of molecular
Table 1.
Dihedral angles (in degree) in low-energy conformations of L-Arg-L-Pro and D-Arg-L-Pro di-peptides
using in quantum chemical calculations

L-Arg-L-Pro Ene
0 14 A ¥ 4 rgy,
[OF] 1 1 X2 3 X4 1 [OF) 2 kJ/
mol
1 - 1 2 2 1 7 1 - -
79 132 87 72 00 87 5 81 55 5.86
1 - 1 2 2 1 8 1 1 -
80 130 90 78 00 89 9 79 46 10.89
1 - - 1 1 2 1 2 1
79 137 82 95 68 00 25 00 38 6.70
1 5 - 2 1 1 8 1 1
80 1 77 36 88 95 8 71 62 21.35
1 - 1 2 2 1 8 1 - -
80 133 86 73 02 89 1 80 55 7.95
1 - - 1 1 1 1 1 - -
80 137 78 93 68 98 18 92 71 2.93
D-Arg-L-Pro Ene
rgy,
kJ/
mol
(0 A X b4 q
[OF] 1 1 X2 3 X4 1 [OF) 2
1 5 6 1 1 1 6 1 - -
82 0 9 65 78 67 7 89 64 5.44
1 - 8 1 1 1 - 1 1 -
79 210 6 65 71 78 106 80 55 9.21
1 4 6 1 1 1 6 1 1 -
82 9 8 66 80 68 9 89 24 1.67

*Note: Conformations with minimal value of conformational energy are in gray.

Fig.1. Low-energy conformational states of L-Arg-L-Pro and D-Arg-L-Pro calculated by the theoretical conformational analysis method
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Fig.2. Calculation model with atoms numbering

At calculations of the main state of systems with open and
closed shells for geometry and total energy minimization
preferably must be used the method MINDO/3. In this
method heat energy is considered as parameter which
depends on atoms properties and their pair combination.

Furthermore, the orbital exponential factors using for integral
calculations also are parameters in the MINDO/3 method. In
result, the accuracy of the calculated heat energy is ~16.7
kJ/mol, and ionization potential is ~0.35 eV. At the same
time the spectral parameters, hydrogen bonds parameters and
repulsion of the unshared electron pair were described
unsatisfactorily in this method.

RESULTS AND DISCUSSION

Electron energy and changing limit of charges on several
atoms of the peptide group in different conformational states
of the Arg-L-Pro and D-Arg-L-Pro di-peptide molecules
calculated by various semi empirical methods are shown in
Table 2 and 3. According to calculation results the charge
distribution on atoms slowly depends on conformational
changes in spatial structures of di-peptides. Considerable
differences observed for atoms of the peptide group at which
the changing in absolute value of charges for atoms of the
peptide group connected arginine and proline residue into L-
Arg-L-Pro dipeptide were more greater than that in the D-
Arg-L-Pro dipeptide (Table 3).

Table 2.
Partial charges and change limit (in units of electron charge) for several atoms of
the L-Arg-L-Pro and D-Arg-L-Pro di-peptides according to quantum chemical calculations
CNDO7/2 calculations
Atom L-Arg-L-Pro di-peptide conformations D-Arg-L-Pro di-peptide
number conformations
VR1 VR2 VR3 VR4 VRS VR6 Aq VR1 VR2 VR3 Aq
06 -0.369 | -0.370 | -0.374 | -0.360 | -0.370 | -0.373 | 0.014 | -0.365 | -0.374 | -0.369 0.009
N7 -0.198 | -0.198 | -0.207 | -0.206 | -0.198 | -0.207 | 0.009 | -0.221 | -0.207 | -0.219 0.014
HS8 0.124 | 0.124 | 0.127 | 0.106 | 0.126 | 0.129 | 0.023 | 0.104 | 0.127 | 0.107 0.023
C9 0.083 | 0.076 | 0.091 | 0.078 | 0.084 | 0.093 | 0.017 | 0.102 | 0.089 | 0.097 0.013
H10 0.003 | 0.006 | -0.004 | 0.007 | 0.003 | -0.004 | 0.011 | 0.014 | -0.005 | 0.008 0.019
Cl1 0.002 0.004 0.006 0.005 0.003 0.009 0.007 0.005 0.012 0.005 0.007
C28 0.298 0.314 0.296 0.320 0.299 0.290 0.030 0.298 0.303 0.305 0.007
029 -0.323 | -0.338 | -0.334 | -0.304 | -0.326 | -0.320 | 0.034 | -0.315 | -0.322 | -0.328 0.013
N30 -0.180 | -0.171 | -0.165 | -0.184 | -0.179 | -0.172 | 0.019 | -0.172 | -0.174 | -0.166 0.008
C31 0.115 | 0.117 | 0.119 | 0.122 | 0.116 | 0.117 | 0.007 | 0.117 | 0.119 | 0.120 0.003
H41 -0.001 | -0.018 | -0.020 | -0.009 | 0.001 0.002 0.018 0.005 | -0.015 | -0.020 0.025
C42 0.352 | 0356 | 0.358 | 0.355 | 0.352 | 0.351 | 0.007 | 0.351 | 0.355 | 0.356 0.005
043 -0.353 | -0.365 | -0.366 | -0.367 | -0.352 | -0.346 | 0.020 | -0.347 | -0.358 | -0.372 0.025
N44 -0.245 | -0.242 | -0.241 | -0.243 | -0.245 | -0.246 | 0.005 | -0.248 | -0.244 | -0.239 0.009
CNDO/m calculations
Atom L-Arg-L-Pro di-peptide conformations D-Arg-L-Pro di-peptide
number conformations
VR1 VR2 VR3 VR4 VRS VR6 Aq VR1 VR2 VR3 Aq
06 -0.642 | -0.642 -0.647 | -0.610 | -0.642 | -0.647 | 0.037 | -0.621 | -0.649 | -0.628 | 0.028
N7 -0.606 | -0.606 -0.633 -0.658 | -0.605 | -0.632 | 0.053 | -0.685 | -0.634 | -0.682 [0.051
H8 0.282 0.282 0.288 0.253 | 0.285 | 0.290 | 0.037 | 0.260 | 0.290 | 0.264 |0.030
C9 0.139 0.125 0.157 0.146 0.140 0.159 0.034 0.185 0.151 0.177 10.008
H10 0.094 0.100 0.092 0.097 | 0.094 | 0.092 | 0.008 | 0.118 | 0.093 | 0.110 |0.025
Cl1 -0.138 | -0.140 -0.119 | -0.115 | -0.139 | -0.125 | 0.025 | -0.142 | -0.117 | -0.129 ]| 0.025
C28 0.605 0.630 0.603 0.668 | 0.604 | 0.597 | 0.071 | 0.648 | 0.626 | 0.656 |0.030
029 -0.593 | -0.612 -0.596 | -0.567 | -0.594 | -0.571 | 0.045 | -0.586 | -0.588 | -0.615 |0.029
N30 -0.541 -0.519 -0.524 -0.549 | -0.541 | -0.542 | 0.030 | -0.531 | -0.533 | -0.515 [0.018
C31 0.096 0.100 0.099 0.109 | 0.096 | 0.097 | 0.013 | 0.102 | 0.103 | 0.105 |0.002
H41 0.087 0.059 0.055 0.072 | 0.089 | 0.091 | 0.036 | 0.096 | 0.057 | 0.059 [0.039
C42 0.701 0.704 0.712 0.705 | 0.700 | 0.696 | 0.016 | 0.695 | 0.700 | 0.708 |0.013
043 -0.594 | -0.607 -0.614 | -0.623 | -0.593 | -0.574 | 0.049 | -0.579 | -0.583 | -0.635 |0.056
N44 -0.706 -0.705 -0.701 -0.707 | -0.707 | -0.721 0.020 | -0.724 | -0.709 | -0.694 |0.030
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MINDO/3 calculations
Atom L-Arg-L-Pro di-peptide conformations D-Arg-L-Pro di-peptide
number conformations
VR1 VR2 VR3 VR4 VRS VR6 Aq VR1 VR2 VR3 Aq
06 -0.591 -0.592 -0.597 -0.573 | -0.592 | -0.597 | 0.024 | -0.587 | -0.598 | -0.593 | 0.011
N7 -0.182 -0.178 -0.191 -0.212 | -0.180 | -0.192 | 0.034 | -0.233 | -0.192 | -0.228 | 0.041
HS8 0.103 0.103 0.109 0.074 0.106 0.112 0.038 0.075 0.111 0.079 | 0.036
C9 0.084 0.071 0.097 0.079 0.086 0.096 0.025 0.103 0.090 0.098 | 0.013
HI10 -0.004 0.001 -0.015 0.002 | -0.005 | -0.014 | 0.016 0.033 | -0.014 | 0.024 | 0.047
Cll1 0.034 0.034 0.042 0.047 0.032 0.052 0.020 0.036 0.056 0.036 | 0.020
C28 0.542 0.566 0.541 0.590 0.541 0.537 0.053 0.569 0.565 0.579 | 0.010
029 -0.566 -0.584 -0.582 -0.531 | -0.568 | -0.560 | 0.053 | -0.553 | -0.572 | -0.581 | 0.028
N30 -0.226 -0.193 -0.185 -0.219 | -0.224 | -0.211 | 0.041 | -0.217 | -0.197 | -0.196 | 0.021
C31 0.155 0.158 0.164 0.169 0.158 0.160 0.014 0.163 0.163 0.167 | 0.004
H41 0.011 -0.037 -0.044 -0.027 | 0.012 0.011 0.056 0.018 | -0.030 | -0.040 | 0.058
C42 0.600 0.603 0.609 0.606 0.599 0.599 0.010 0.598 0.601 0.604 | 0.008
043 -0.558 -0.584 -0.584 -0.592 | -0.558 | -0.547 | 0.045 | -0.546 | -0.575 | -0.600 | 0.054
N44 -0.216 -0.206 -0.204 -0.208 | -0.217 | -0.218 | 0.014 | -0.222 | -0.210 | -0.194 | 0.028
Table 3.
Partial charges and change limit (in units of electron charge) several atoms of
the L-Arg-L-Pro and D-Arg-L-Pro di-peptides according to quantum chemical calculations
Atom CNDO/2 CNDO/m MINDO/3
L-Arg-L-Pro D-Arg-L-Pro L-Arg-L-Pro D-Arg-L-Pro L-Arg-L-Pro D-Arg-L-Pro
O¢ -0.360+-0.374 0.365 +-0.374 -0.610+-0.647 | -0.621+-0.649 | -0.573+-0.597 -0.587+-0.593
N, -0.198+-0.207 -0.207 +-0.219 -0.605+-0.632 | -0.634+-0.685 | -0.178+-0.212 -0.192+-0.233
Oy | -0.304+-0.338 -0.315 +-0.328 -0.567+-0.612 | -0.586+-0.615 | -0.531+-0.584 -0.553+-0.581
Njo | -0.165+-0.184 -0.166+ -0.174 -0.519+-0.549 | -0.515+-0.531 | -0.185+-0.226 -0.196+-0.217
Oy | -0.346+-0.367 -0.347 +-0.372 -0.574+-0.623 -0.579+-0.635 | -0.547+-0.592 -0.546+-0.600
Ny | -0.241+-0.246 -0.239+-0.248 -0.701+-0.721 -0.694+-0.724 | -0.204+-0.218 -0.194+-0.222

*Note:

For comparison the values of the partial atomic charges
and bonds dipole moments in the dipeptide molecules having
identical values amino acids main and side chains dihedral
angles are represented in table 4 and 5. It is well known that
dipole moment and polarizability are the most important
characteristics of the molecules. Dipole moment strongly
effects on the electric and optic properties of the molecules.
Due to this additive property the dipole moment can be
represented as a sum of separate valence bonds dipole
moments. As shown from Table 4 the dipole moments of the
peptide bonds are sensible to conformational changes (in
range of 0.2+0.4D). As followed from comparison the

Peptide bond atoms connected arginine and proline amino acids marked out by gray color

greatest difference was observed for peptide group bonds,
particularly for C28029N30, C()‘C]l and Cll-C14 bonds (Table
5). Conformation VR4 of the L-Arg-L-Pro dipeptide has
minimal value of the C,30,9 dipole moment and maximal
value of the bond dipole moment difference was observed for
CxN3 at the same conformational state. At comparison of the
bonds dipole moments for conformation VR4 in L-Arg-L-Pro
and conformation VR3 in D-Arg-L-Pro (Table 1), it was
shown that all peptide groups in D-Arg-L-Pro have greater
absolute value of the dipole moments. A big difference in CN
bond peptide dipole moment also was observed.

Table 4.

Bond dipole moment (in debay) and its change limits in L-Arg-L-Pro and D-Arg-L-Pro di-peptides
according to quantum chemical calculations

CNDO/2

Bond L-Arg-L-Pro D-Arg-L-Pro

VR1 VR VR3 VR4 VR VR A | VRI1 VR VR A

2 5 6 2 3

CI1C5 +0.069 +0.089 +0.113 | +0.094 | +0.071 +0.090 0.044 | +0.096 | +0.102 +0.104 | 0.008
C506 -2.180 -2.184 -2.207 | -2.128 | -2.184 -2.204 0.079 | -2.159 | -2.208 -2.180 | 0.049
C5N7 +0.094 | +0.118 | +0.165 | +0.076 | +0.100 | +0.142 0.089 | +0.103 | +0.154 | +0.130 | 0.051
N7H38 +0.597 | +0.595 | +0.611 | +0.509 | +0.606 | +0.619 0.110 | +0.501 | +0.612 | +0.512 | 0.111
N7C9 +0.617 +0.642 +0.736 | +0.780 | +0.613 +0.696 0.163 | +0.925 | +0.725 +0.925 0.200
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CoCl11 +0.037 | +0.054 | +0.236 | +0.130 | +0.037 | +0.139 0.199 | +0.125 | +0.155 | +0.242 | 0.117
Cl11H12 -0.011 -0.020 +0.069 | +0.088 | -0.007 +0.076 0.108 | +0.093 | -0.023 +0.135 | 0.158
C11H13 +0.067 | +0.048 | +0.083 | +0.092 | +0.061 -0.026 0.118 | -0.034 | +0.057 | +0.044 | 0.091
ClICl14 -0.057 -0.013 -0.024 | -0.160 | -0.057 +0.006 0.166 | +0.008 | +0.021 -0.044 0.065
C9C28 -0.025 +0.020 | -0.101 | +0.067 | -0.026 -0.054 0.168 | +0.003 | -0.009 -0.037 0.040
C28029 -1.908 -1.995 -1.975 | -1.799 |-1.927 -1.889 0.196 | -1.860 | -1.900 -1.936 0.076
C28N30 +0.141 +0.174 | +0.164 | -0.042 | +0.153 | +0.144 0.216 | +0.114 | +0.115 | +0.116 | 0.002
N30C31 +0.755 | +0.759 | +0.730 | +0.671 | +0.756 | +0.721 0.088 | +0.698 | +0.729 | +0.702 | 0.031
C37C40 -0.134 -0.213 -0.211 | -0.135 |-0.133 -0.095 0.118 | -0.082 | -0.168 -0.194 0.112
C40N30 -0.654 -0.622 -0.598 | -0.573 | -0.659 -0.632 0.086 | -0.624 | -0.613 -0.584 0.040
C40H41 -0.004 -0.094 -0.107 | -0.047 | +0.003 | +0.009 0.116 | +0.025 | -0.080 -0.105 0.130
C40C42 +0.072 | +0.051 | +0.069 | +0.018 | +0.071 | +0.093 0.075 | +0.061 | +0.070 | +0.046 | 0.024
C42043 -2.083 -2.155 -2.160 | -2.165 | -2.081 -2.045 0.120 | -2.048 | -2.115 -2.196 0.148
C42N44 +0.063 +0.098 | +0.106 | +0.091 | +0.060 | +0.048 0.058 | +0.025 | +0.080 | +0.137 | 0.112
CNDO/m

Bond L-Arg-L-Pro D-Arg-L-Pro

VRI1 VR2 VR3 VR4 VR5 VR6 A VRI1 VR2 VR3 A
C1C5 -0.142 -0.099 -0.064 | -0.019 |-0.143 -0.112 0.124 | -0.038 | -0.101 -0.013 0.088
C506 -3.791 -3.794 -3.825 | -3.602 | -3.794 -3.822 0.223 | -3.671 | -3.833 -3.712 0.161
C5N7 -0.649 -0.609 -0.548 | -0.729 | -0.645 -0.588 0.181 | -0.694 | -0.577 -0.635 0.117
N7HS +1.354 | +1.353 | +1.382 | +1.216 | +1.370 | +1.391 0.175 | +1.251 | +1.394 | +1.267 | 0.143
N7C9 +1.544 | +1.589 | +1.803 | +2.016 | +1.519 | +1.736 0.497 | 42.194 | +1.759 | +2.217 | 0.458
CoCl1 +0.322 | +0.321 | +0.612 | +0.539 | +0.297 | +0.419 0.315 | +0.258 | +0.387 | +0.512 | 0.254
Cl1H12 +0.437 | +0.434 | +0.511 | +0.584 | +0.446 | +0.524 0.150 | +0.611 | +0.379 | +0.662 | 0.283
C11H13 +0.564 | +0.522 | +0.600 | +0.634 | +0.549 | +0.440 0.194 | +0.346 | +0.488 | +0.476 | 0.142
ClICl14 -0.067 +0.007 | -0.073 | -0.324 | -0.078 -0.017 0.331 | -0.043 | +0.032 | -0.138 0.170
C9C28 -0.399 -0.298 -0.535 | -0.203 | -0.410 -0.427 0.332 | -0.167 | -0.326 -0.283 0.159
C28029 -3.504 -3.616 -3.519 | -3.352 | -3.507 -3.370 0.264 | -3.462 | -3.474 -3.632 0.170
C28N30 -0.432 -0.384 -0.520 | -0.836 | -0.431 -0.553 0.452 | -0.555 | -0.541 -0.518 0.037
N30C31 +1.780 | +1.769 | +1.700 | +1.607 | +1.776 | +1.707 0.173 | +1.669 | +1.713 | +1.674 | 0.044
C37C40 -0.230 -0.387 -0.364 | -0.286 | -0.227 -0.170 0.217 | -0.177 | -0.298 -0.386 0.209
C40N30 -1.538 -1.453 -1.407 | -1.338 | -1.544 -1.490 0.206 | -1.449 | -1.439 -1.370 0.079
C40H41 +0.455 | +0.309 | +0.291 | +0.377 | +0.465 | +0.474 0.183 | +0.502 | +0.300 | +0.310 | 0.202
C40C42 -0.205 -0.274 -0.227 | -0.391 |-0.212 -0.209 0.186 | -0.300 | -0.162 -0.329 0.167
C42043 -3.511 -3.586 -3.629 | -3.678 | -3.505 -3.392 0.286 | -3.422 | -3.442 -3.754 0.332
C42N44 -0.851 -0.849 -0.814 | -0.858 |-0.861 -0.953 0.139 | -0.995 | -0.885 -0.746 0.249

MINDO/3

Bond L-Arg-L-Pro D-Arg-L-Pro

VR1 VR2 VR3 VR4 VRS VR6 A VR1 VR2 VR3 A
CIC5 +0.122 | +0.156 | +0.193 | +0.192 | +0.121 | +0.148 0.072 | +0.172 | +0.167 | +0.190 | 0.023
C506 -3.490 -3.495 -3.528 | -3.383 | -3.497 -3.524 0.145 | -3.467 | -3.531 | -3.506 0.064
C5N7 +0.030 | +0.076 | +0.143 | +0.009 | +0.040 | +0.095 0.131 | +0.043 | +0.115 | +0.107 | 0.072
N7HS +0.493 +0.492 | +0.525 | +0.354 | +0.510 | +0.539 0.185 | +0.360 | +0.531 | +0.379 | 0.171
N7C9 +0.585 | +0.606 | +0.725 | +0.976 | +0.558 | +0.658 0.418 | +1.145 | +0.696 | +1.154 | 0.458
CoCl11 +0.174 | +0.162 | +0.387 | +0.407 | +0.143 | +0.203 0.264 | +0.112 | +0.240 | +0.349 | 0.237
Cl11H12 -0.081 -0.091 +0.019 | +0.046 | -0.071 +0.033 0.137 | +0.084 | -0.155 | +0.176 | 0.331
C11H13 +0.072 | +0.034 | +0.051 | +0.148 | +0.056 | -0.185 0.333 | -0.211 | -0.018 | -0.064 0.193
ClICl14 -0.061 -0.005 -0.022 | -0.213 | -0.073 +0.037 0.250 | +0.025 | +0.069 | -0.072 0.141
C9C28 -0.147 -0.051 -0.227 | +0.030 | -0.149 -0.111 0.257 | +0.094 | -0.059 | -0.027 0.153
C28029 -3.343 -3.452 -3.439 | -3.137 | -3.354 -3.306 0.146 | -3.268 | -3.378 | -3.430 0.162
C28N30 +0.025 | +0.074 | +0.070 | -0.359 | +0.040 | +0.052 0432 | -0.021 | -0.009 | -0.012 0.012
N30C31 +0.856 | +0.811 | +0.775 | +0.634 | +0.856 | +0.807 0.222 | +0.773 | +0.761 | +0.750 | 0.023
C37C40 -0.113 -0.289 -0.285 | -0.159 |-0.112 -0.051 0.238 | -0.013 | -0.215 | -0.248 0.235
C40N30 -0.749 -0.620 -0.596 | -0.512 | -0.753 -0.724 0.241 | -0.725 | -0.608 | -0.610 0.117
C40H41 +0.056 | -0.195 -0.229 | -0.143 | +0.065 | +0.056 0.294 | +0.094 | -0.159 | -0.208 0.302
C40C42 +0.231 +0.183 | +0.255 | +0.142 | +0.227 | +0.299 0.157 | +0.249 | +0.204 | +0.209 | 0.045
C42043 -3.296 -3.448 -3.453 | -3.498 | -3.294 -3.232 0.266 | -3.226 | -3.395 | -3.542 0.316
C42N44 -0.065 +0.035 | +0.063 | +0.038 | -0.069 -0.072 0.135 | -0.114 | +0.008 | +0.153 | 0.267

Table 5.

Bonds dipole moments change limits in L-Arg-L-Pro and D-Arg-L-Pro di-peptides according to quantum
chemical calculations

Bond CNDO/2 CNDO/m MINDO/3
L-Arg-L-Pro D-Arg-L-Pro L-Arg-L-Pro D-Arg-L-Pro D-Arg-L-Pro L-Arg-L-Pro
Cs-O¢ -2.184 +-2.204 | -2.180+-2.159 | -3.602+-3.825 | -3.671+-3.833 | -3.383+-3.528 | -3.467+-3.531
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Cs-N; 0.094=0.165 0.103+0.154 -0.548+-0.729 | -0.577+-0.694 | +0.009++0.143 | +0.043++0.115
Cog-Oy9 | -1.799+-1.995 | -1.86+-1.94 -3.352+-3.616 | -3.462+-3.632 | -3.137+-3.452 | -3.268+ -3.430
Cps-Nig | -0.042++0.174 | +0.114++0.116 | -0.384+-0.836 | -0.518+-0.555 | -0.359+ +0.074 | -0.009+ -0.021
Cy-O43 | -2.045+-2.165 | -2.048+-2.196 | -3.392+-3.678 | -3.422+-3.754 | -3.232+-3.498 | -3.226+ -3.395
Cyp-Nyy | 0.048+0.106 0.025+0.137 -0.814+-0.953 | -0.746+-0.995 | -0.072++0.063 | -0.114++0.153

In general, the conclusion was made that CNDO/m and = CNDO/2 method.

MINDO/3 methods are more sensible to charge changing and
dipole moments variations in dipeptides in comparison with

Total dipole moments of the investigated
dipeptides are shown in Table 6.

Table 6.
Total dipole moments of the L-Arg-L-Pro and D-Arg-L-Pro di-peptides in different conformational states (in debay)
Method L-Arg-L-Pro D-Arg-L-Pro
VR 1 VR2 | VR3 VR 4 VR 5 VR6 | VR1 | VR2 VR 3
CNDO/2 547 9.77 | 10.22 9.42 5.02 5.05 9.17 8.59 7.17
CNDO/m | 8.61 13.71 | 13.27 13.14 7.88 7.03 13.05 | 11.01 10.70
MINDO/3 | 4.81 8.69 9.09 8.74 4.36 4.20 9.12 7.16 6.57

The total dipole moment for conformation VR4 in L-Arg-
L-Pro and for conformation VR3 in D-Arg-L-Pro totally
differs one from another. The value of the dipole moment in
D-Arg-L-Pro is smaller than that in L-Arg-L-Pro. Obviously

Table 7 summarized the result of the total electron energy
calculations of the investigated dipeptide molecules. The
calculation results are coinciding with conformational
analysis data. Conformation VR2 has minimal value of the

it is resulted from contributions of the side chains different conformational energy due to calculations by both
conformational states. semiempirical methods and conformational search.
Table 7.
Total electron energy of L-Arg-L-Pro and D-Arg-L-Pro di-peptides in different conformational states (in kJ/mol)
Method L-Arg-L-Pro di-peptide low-energy conformational states
VR 1 VR 2 VR 3 VR 4 VR 5 VR 6
CNDO/2 -619959.3 | -619985.7 | -619941.8 | -619944.4 | -619963.7 | -619917.9
CNDO/m | -404276.7 | -404321.4 | -404284.8 | -404238.8 | -404289.3 | -404259.7
MINDO/3 | -394597.0 | -394634.6 | -394603.1 | -394589.1 | -394602.5 | -394555.6
Method D-Arg-L-Pro di-peptide low-energy conformational states
VR 1 VR 2 VR 3
CNDO/2 -619899.0 -619924.2 -619922.4
CNDO/m -404179.0 -404269.1 -404190.7
MINDO/3 -394515.2 -394604.8 -394554.8

*Note: Conformation numbering corresponds to Table 1.

Quantum-chemical part of the LEV program allows to
calculate potential curves, corresponded to the given bond
deformation. Changing of the atomic partial charges at the
bond dissociation and other parameters also can be
calculated. The scanning was made along Cy-N3, bond
increasing in length. Initial value of the bond length
corresponded to the peptide bond length in dipeptide was
choose as 1.36A. The following step includes moving of the
segment connected to flexible atom Njo, which recessive
from fixed C,5 atom by the step 0.1A. The final bond length

was 1.4A. The energy minimal values and energy value
corresponded to the dissociation limit at the scanning along
CyxN3¢ bond by the various quantum chemical calculations
are shown in Table 8. Changing in total energy and partial
charges of the peptide group atoms at the scanning along
CyxN3p bond as well as energy at each iteration step in the
identical conformational states of the dipeptides also are
given in Table 9 and 10. (Table 10 describes changing in
charges at the bond deformation but not their absolute
values).

Table 8.
Energy minimum (E,,;,) and dissociation limit (£j;,) of the C,3N;o bond in L-Arg-L-Pro and D-Arg-L-Pro dipeptides (in
kJ/mol)
CNDO/2 CNDO/m MINDO/3
L-Arg-L-Pro | D-Arg-L-Pro | L-Arg-L-Pro | D-Arg-L-Pro | L-Arg-L-Pro | D-Arg-L-Pro

VRI | E,;, | -1892.4 -1902.4 -272.4 -207.0 -592.3 -524.7

E;, | -6180671.1 -617996.4 -404812.3 -404834.7 -394004.9 -393990.6
VR2 | E,;, | -1874.9 -1851.1 -206.3 -166.5 -606.1 -593.1

E;, | -618111.4 -618072.6 -404915.6 -404939.5 -394028.8 -394011.3
VR3 | E,;, | -1874.3 -16.95.6 -194.2 -242.1 -576.5 -530.7

E;, | -618068.4 -618226.4 -404941.0 -404848.1 -394026.8 -394023.7
VR4 | E,;, | -1911.6 -313.7 -579.0

E;, | -618032.6 -404798.3 -394010.0
VRS | E,;n | -1896.2 -275.6 -501.5
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Eyy | -618067.3 -404813.6 -394100.8
VR6 | E,;n | -1860.4 -252.1 -557.8
Eyy | -618057.5 -404851.1 -393997.7

Table 9.

Changing in total energy (in kJ/mol) at the energy scanning along C,3-Nj3 bond for identical conformations
of di-peptide molecules

L-Arg-L-Pro dipeptide | D-Arg-L-Pro dipeptide
CNDO/2
Dissociation energy limit........... -618032.6 Dissociation energy limit .......... -618226.4
Minimal energy ........ -1911.6 Minimal energy .......... -1695.6
-1911.6  -1899.4 -1777.1 -1639.8 -1478.6 -1695.6 -1676.2  -1566.8  -1391.9 -1225.0
-1297.4  -1137.0 -987.5 -871.8 -750.9 -1066.3 -897.4 -736.8 -601.0 -486.0
-660.2 -573.1 -511.1 -459.6 -418.7 -391.2 -316.1 -252.8 -210.4 -174.4
-384.8 -356.7 -367.3 -356.5 -357.6 -149.7 -131.8 -161.4 -151.2 -144.0
- 3314 -364.1 -344.4 -325.8 -344.3 -141.8 -137.1 -133.6 -131.8 -116.7
-337.1 -326.7 -334.8 -122.5 -116.1 -115.6
CNDO/m

Dissociation energy limit .......... -404798.3 Dissociation energy limit ...... -404848.1
Minimal energy........... -313.7 Minimal energy ....... -242.1

559.6 225.5 14.3 -129.7 -217.5 657.2 3239 97.5 -47.5 -139.1
-270.3 -297.3 -310.7 -313.7 -311.8 -193.4 -223.4 -238.3 -242.1 -240.8
-306.0 -300.3 -292.2 -283.5 -278.3 -236.8 -231.5 -226.1 -221.7 -216.1
-271.3 -283.5 -253.8 -247.7 -242.4 -207.9 -204.2 -194.9 -191.6 -187.4
-232.8 -227.2 -223.0 -218.1 -213.8 -186.7 -183.6 -180.6 -178.0 -175.2
-209.4 -209.8 -206.4 -172.7 -174.0 -174.4

MINDO/3
Dissociation energy limit ........... -394010.0 Dissociation energy limit ...... -394023.7
Minimal energy......... -579.0 Minimal energy.....-530.7
-578.4 -579.0 -554.8 -531.6 -465.5 -530.3 -530.7 -505.6 -466.0 -419.3
-424.8 -378.4 -332.8 -291.8 -258.8 -372.0 -332.4 -287.1 -249.6 -217.8
-229.4 -206.3 -187.4 -181.0 -160.1 -189.1 -168.4 -149.7 -132.9 -124.8
-159.5 -152.3 -146.8 -142.9 -136.3 -110.5 -101.3 -94.7 -89.9 -83.3
-132.2 -127.6 -124.8 -120.5 -117.6 -78.8 -74.7 -70.5 -67.1 -63.9
-109.5 -107.3 -107.8 -61.1 -58.8 -56.0
*Note: In table the values of the bond energy are corresponded to each step of iteration.
Table 10.

Changing in partial charges of the peptide group atoms at the energy scanning along C,s-N3, bond for identical
conformations of di-peptide molecules
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U (kJ/mol)
L-Arg-L-Pro (Conformation VR4, table 1) | D-Arg-L-Pro (Conformation VR3, table 1)
CNDO/2

C28 0.611 0.597 0585 0.574 0.567 C28 0.272 0.257 0.243 0.231  0.221
0.562 0.559 0.558 0.560 0.562 0.563 0.212 0.207 0.204 0.200 0.199 0.201
0.564 0.566 0.567 0.568 0.571 0.574 0.198 0.193 0.187 0.175 0.159 0.140
0.492 0.469 0445 0410 0.398 0.417 0.057 0.025 0.021 0.045 0.040  0.042

0.339 0.382 0.378 0364 0384 0.034 0.008 0.021 0.022 0.034
029 0.070  0.103 0.128  0.148 0.164 029 -0.139  -0.105  -0.079 -0.059 -0.044
0.176 0.186  0.196 0208  0.215 0.227 -0.029 -0.019  -0.012  -0.002  0.009 0.021
0.235 0.244 0252 0260  0.268 0.275 0.030 0.037 0.046 0.049 0.048  0.045
0.242 0.235 0.227 0213 0210 0.221 0.012 0.000 0.000 0.013 0.012  0.015

0.184 0.205 0.205 0.201 0.208 0.012 -0.001 0.006 0.007 0.015
N30 -0.383  -0.400 -0411 -0423 -0.433 N30 -0.023 -0.041 -0.054  -0.063 -0.072
-0442  -0.453 -0465 -0481 -0492 -0.506 -0.082 -0.093  -0.099 -0.110 -0.124 -0.140
-0.516  -0.527 -0.537 -0.545 -0.554 -0.562 -0.149 -0.154  -0.159  -0.154 -0.143 -0.128
-0480 -0.459 -0.435 -0404 -0.390 -0.408 -0.044 -0.014  -0.012  -0.038 -0.033 -0.037

-0.329  -0.376  -0.374 -0.361 -0.380 -0.029 -0.003  -0.018  -0.019  -0.032

CNDO/m

C28 0.313 0.297 0.281 0.267 0.255 C28 0.328 0.311 0.293 0.277 0.262
0.244 0.236 0.228 0.222 0.216 0.210 0.249 0.238 0.228 0.220 0.209 0.201
0.204 0.193  0.186 0.176 0.166  0.101 0.194 0.186 0.178 0.168 0.159  0.149
0.156 0.148  0.141 0.140 0.135  0.128 0.141 0.132 0.123 0.113 0.104  0.095

0.122 0.117  0.113  0.099 0.094 0.086 0.077 0.069 0.054 0.045
029 -0.288 -0.260 -0.236 -0.215 -0.198 029 -0.287  -0.258  -0.233  -0.213 -0.196
-0.183  -0.170 -0.158 -0.148 -0.138 -0.129 -0.182 -0.169  -0.158  -0.147 -0.140 -0.131
-0.121  -0.115 -0.110 -0.106  -0.103 -0.119 -0.123 -0.115  -0.109  -0.105 -0.102 -0.100
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-0.096  -0.094 -0.093 -0.090 -0.089 -0.088 -0.098 -0.097 -0.096 -0.096  -0.096 -0.097
-0.088  -0.087 -0.087 -0.090 -0.091 -0.098 -0.100 -0.102 -0.107 -0.109
N30 0.084 0.064 0.048 0.033 0.020 N30 0.080 0.060 0.043 0.029 0.017
0.007 -0.006 -0.019 -0.030 -0.041 -0.050 0.005 -0.006 -0.018 -0.029  -0.032 -0.041
-0.057 -0.055 -0.058 -0.054 -0.049 0.026 -0.048 -0.053 -0.055 -0.052 -0.048  -0.043
-0.049  -0.045 -0.040 -0.042 -0.038 -0.033 -0.037 -0.032 -0.025 -0.017  -0.009 -0.000
-0.029 -0.025 -0.021 -0.006 -0.002 0.009 0.017 0.026 0.044 0.054
MINDO/3

C28 0.254 0.252 0.249 0.244 0.239 C28 0.241 0.239 0.235 0.229 0.222
0.234 0.229 0.225 0.221 0.217 0.214 0.215 0.208 0.202 0.195 0.189 0.181
0.210 0.184 0.162 0.179 0.137 0.135 0.157 0.164 0.159 0.149 0.142 0.136
0.128 0.120 0.121 0.117 0.113 0.107 0.128 0.120 0.146 0.143 0.140 0.137
0.105 0.101 0.082 0.076 0.072 0.135 0.133 0.131 0.124 0.122

029 -0.165 -0.135 -0.110 -0.087 -0.069 029 -0.183 -0.153 -0.127 -0.104 -0.084
-0.051 -0.037 -0.023 -0.012 -0.002 0.008 -0.067 -0.052 -0.039 -0.027 -0.016  -0.007
0.015 0.015 0.015 0.026 0.018 0.020 -0.004 0.007 0.013 0.017 0.019 0.022
0.021 0.022 0.024 0.025 0.026 0.025 0.023 0.024 0.038 0.040 0.042 0.043
0.026 0.025 0.020 0.019 0.018 0.044 0.045 0.046 0.045 0.045

N30 -0.057 -0.099 -0.133 -0.162 -0.183 N30 -0.029 -0.072 -0.107  -0.135 -0.157
-0.202  -0.217 -0.229 -0.238 -0.244 -0.249 -0.174 -0.189 -0.200 -0.208 -0.213  -0.214
-0.251 -0.220 -0.195 -0.221 -0.165 -0.163 -0.190 -0.208 -0.206 -0.197  -0.191 -0.187
-0.155 -0.145 -0.148 -0.142 -0.138 -0.130 -0.178 -0.169 -0.202 -0.199 -0.196  -0.192
-0.129 -0.123  -0.100 -0.093 -0.086 -0.190 -0.187 -0.185 -0.177 -0.174

The greatest value in energy difference (about (174.9 kJ/mol). The conclusion was made that C,gN3o bond in

181.2 kJ/mol) at the deformation of the CxNjy bond from
1.76A to 1.86A in the L-Arg-L-Pro dipeptide low-energy
conformational states calculated by the CNDO/2 method was
established. The maximum value corresponds to bond
lengthening from 1.79A to 1.80A at the scanning energy by
0.01A step. Lengthening the same bond from 1.56A to 1.66A
in D-Arg-L-Pro dipeptide gives the same energy difference

L-Arg-L-Pro dipeptide is more stable than that in D-Arg-L-
Pro dipeptide. Energy scanning carried out by other quantum
chemical methods shows that energy minimum and
dissociation energy limit of the CyN3y bond in L-Arg-L-Pro
dipeptide has smaller value than that in D-Arg-L-Pro. This
result testified that L-Arg-L-Pro dipeptide is more stable than
L-Arg-L-Pro dipeptide.
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S.D. Demuxamedova

KVANT-KiMYOVi USULLARIN KOMOYI iLO MODEL DiPEPTIDLORDO PEPTID RABITOSIININ
DEFORMASIYASININ TODQIQi

CNDO/2, CNDO/m vo MINDO/3 yarimempirik kvant-kimyavi tisullarin kdmaoyi ilo L-Arg-L-Pro vo D-Arg-L-Pro dipeptidlorin foza
quruluslarinin elektron xassolorine tosiri tadqiq olunmusdur. C-N kimyavi rabito ilizra uzunlugun dayigmesinin peptid rabitonin
deformasiyasina tasiri dyranilmisdir. Dipeptidlarin kigik enerjili konformasiyast hallart miiayysn olunmus, amintursu qaliglarinin asas vo
yan zoncirlarinin ikitlizlii bucaqglarinin adadi qiymetleri va qaliglararasi enerjilor hesablanmisdir. Dipeptidlarin miixtalif konformasiya
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hallarinda elektron sixliglari, elektron buludunun vo niivalorin qarsiligli tosir qiivvalari, tam dipol momentlari vo kimyavi rabitslarin dipol
momentlari hesablanmisdir. Miiayyen olunmusdur ki, 1 va 2 vaziyyatlarinde arqinin amin tursusunun D-izomerls avaz olunmasi kaskin
dayisillarls naticalanir. J-N peptid rabitssinin oan dayanigli hali L-Arg-L-Pro dipeptidinds miioyysn edilmisdir.

C.A. AemyxamenoBa

UCCJIEJOBAHME JE®OPMAIIMU MENTUAHOM CBS3U B MOJIEJIBHBIX JIAMTENTHIAX
HOJIYSMIUPUUYECKUMHA METOJAMM KBAHTOBOM XUMUH

Tlonysmnupudyeckumu  MeTofamMu kBanTtoBoit xumuu CNDO/2, CNDO/m wu MINDO/3 wuccienoBana B3aUMOCBSI3b MEXKIY
MIPOCTPAHCTBEHHON CTPYKTYPOU M 2JIEKTPOHHO-KOH(OPMAIIMOHHBIMU CBOMCTBAMH MOJENBHBIX aumnentuaoB L-Arg-L-Pro u D-Arg-L-Pro.
HUccnenoBano BrnusHue 3¢ ¢ekra ckanupoBaHus Baojib cBs3u C-N Ha gedopManuio mentuaHo# cBs3u. HaliaeHbl HU3KOIHEPreTHYeCKHe
KOH(OPMAIMOHHBIE COCTOSHUS TUIENTHIOB, IPOBEICHA KOJMUECTBEHHAS OLICHKA BETMYNH JBYTPAHHBIX YIJIOB OCHOBHOI M OOKOBBIX LIEHeH
AMHUHOKHCJIOTHBIX OCTaTKOB, BBIYHCJICHA SHEPrusl BHYTPHU- M MEKOCTAaTOYHBIX B3aMMOJCHCTBHH. I[IpoaHann3upoBaHbl >IEKTPOHHBIE
napaMeTpbl, Takue KaK pacHpeAeiCHUE 3ICKTPOHHOM IIOTHOCTH, DJICKTPOHHBIC U SACPHBIC CHUIIBI, IOJNHBIC OUIIOIBHBIE MOMEHTBI U
JUIIONEHBIE MOMEHTHI OTJIENBHBIX CBSI3eH B 3aBHCUMOCTH OT KOH(OPMAaIMOHHBIX COCTOSIHUM MUIENTHIOB. Pe3ynbraTel mokasanad, 4to D-
H30MEpH3alHsl OCTaTKa aprUHUHA B MOJOXKEHUAX 1 M 2 conpoBOXKAaeTCsl OONBIIMMU M3MEHEHUSIMU TIPH CKAHUPOBAHUM BJIOJb HNENTHIHON
cBsi3u C-N. C-N nentunnas cBsi3b B L-Arg-L-Pro qunentuae 6onee cTabMiIbHA 10 CPABHEHHUIO C IPYTHMH MOJICITBHBIME JUTICTITHIAMH.
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Gostorilmigdir ki, optoakustik mikroskopun konfokal sxemi mikron tortibinde yiiksok ayirdetmo qabiliyyotine malikdir vo texniki aldo
oluna bilen v=10>+10" Hs sos tezliyinde buna nail olmaq miimkiindiir. Miieyyen olunmusdur ki, konfokal optoakustik mikroskopda dorinliye
gOros yiiksok ayirdetms olds etmok {igiin signalin bilovasito qeydindon istifado etmok, optik bircinsliliyi ayirmaq iiciin iso signalin birbasa
geydindon faydalanmaq yararlidir. Tki qeyd olunma sxeminin birgo islonmasi obyektin istilik xassolarinin qeyri-bircinsliyini vo isigin optik
udulma emsalini tayin etmaye imkan verir. Birbasa eksperimental todqiqatlarla miisyyen olunmusdur ki, optik udulma omsalinin yayilmasi

akustik signalin formasini miiayyen edir.

Lazerlorin kosf olunma anindan siialanmanimn madds ilo
qarsiligh olagoasi miiasir fizikanin on ¢ox dyronilon vo mithiim
problemlorindon biridir. Intensiv siialanmanin maddo ilo gar-
siliqh olagoasi hadisalorine asason 6z tobistine vo todqgigat me-
toduna goro forqlonon bir ¢ox miixtalif effektlor aiddir. Bu
clir hadisalor arasinda on aktuali geyri-xatti optik va opto-
akustik hadiselordir.

Akustik dalgalar doyison xarici tosiro miihitin tobii re-
aksiyasidir. Umumi sokilda sdylonilon bu qaydanin tozahiir-
larindon biri opto-akustik effekti — miihitdo sos hayacanlan-
masi effektidir ki, bu zaman miihit doyigen is1q selinin tosiri-
no moruz qalir. Lazer siialanmasiin miihits tosiri zamani sos
hayacanlanmasi miixtalif mexanizmlor hesabina ola bilor. Is1-
gin udulmasi hesabina miihitin qizmasi prossesi, hamginin
akustik dalgalarin generasiyasi vo yayilmasi holledici sokildo
termoelastik vo digar fiziki xarakteristikalardan asilidir. Op-
to-akustik siqnali qeyd edorok niimunsnin bu xarakteris-
tikalarini, o climlodon sasin siiratini, elastikliyini, sixligini,
qalinligini, xiisusi istilik tutumunu 6lgmok, homginin onun
dispersliyi, krisstalligi, faza hali kimi xassoalorini todqiq et-
mok olar. Miixtslif aqreqat hallarinda yerloson maddslarin fi-
ziki xassolorinin qeyri-dagidict metodlarla todqiqi miiasir
fizikanin aktual istigamotlorindon biridir. Opto-akustik ef-
fektlora asaslanan metodlar bir ¢ox kondenss olunmus miihit-
larin todqiqindo spektroskopik vo mikroskopik masalalorin
halli zamani bdyiik iistiinliiys malikdir. Osas etibari ilo bu op-
to-akustik effektloro asaslanan metodlarin genis spektral dia-
pazonda yiiksok hossasligi, analiz olunacaq maddonin zoruri
miqdarinin az olmasi, istonilon aqreqat halda tadqiqata yarar-
lilig1 vo derinliys gore miihitin xarakteristikalariin qeyri-da-
gidict tisulla analizinin aparilmasi ilo saciyyolonir.

Bu isdo moagsad geyri-bircins miihitdo opto-akustik sig-
nalin formalagmasi prosesinin dyronilmosi, optik miihitlords
sath tobagolerinin geyri-bircinsliyinin diagnostikasi va tadqiqi
olmusdur.

Miihitin opto-akustik xassalorinin todqiqi sxemi sokil 1-do
gostorilon qurguda aparilmigdir. Optik siialanma monboyi
timsalinda 1,06mkm dalga uzunlugunda isloyan impulslu
neodim lazeri va ya impulslu CO, lazeri olmusdur.

Hoyocanlanma Nd** ionlarin T 7 , - osas halindan

yuxarl soviyys rolunu oynayan, nisbatan dar zolaga kegirir.

Zolaglar biri-birini 6rtan hayacanlanmis hallarin yaxinliginda

yaranir. Hoyacanlanmig zolagdan 'F ¥ -metastabil soviyyo-
2

sino hoyacanlanma enerjisinin siiratli Otiirlilmosi bag verir.

Stisodo bu soviyyonin yasama miiddoti 0,7msan togkil edir.
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4 4
F %—> I, Y, (A=1,06mkm) lazer kegidi on bdyiik ehtimala
malikdir. “1 1y vo 'I 9/ , hallari arasindaki toxminen 2000 sm'-o
2

borabar olan energetik araliq neodim lazerin dordsoviyysli
xarakterini tomin edir [1].

2

A

v
Y

\1

Sakil 1. Miihitin opto-akustik xassalorinin todqiqi ii¢iin ekspe-
rimental qurgunun sxemi.

Neodim lazeri impulsunun davam etmo miiddoti vo
enerjisi uygun olaraq ~20nsan vo ~5mC toskil edir.
Yarimsoffaf 16vhonin 2 kémayi ilo slialanmanin bir hissasi
(sokil 1) C9-8 novlii 5 — yadda saxlayan ossillografin igo sa-
linmasi i¢lin xidmot edon 6 — fotogobuledicisino istigamot-
lonir. Stialanmanin digar bir hissasi ise tadqiq olunan miihitls
dolu olan 4 kiiveytins yonaldilir.

Olgiilon kamiyyatlorin temperatur asililigmin todqiqi tigiin
sxemi sokil 2-do gostorilon xiisusi bir kiiveyt islonib hazir-
lanmigdir. Kiiveyt latundan hazirlanmigdir. Xarici sothdo ter-
mostatlagdirma ii¢iin nozorde tutulmus kdynoklorin birlosdi-
rilmasindon 6trii 1 sixaclart vardir. Termostatlagdirict koy-
noklo kiiveytin xarici vo daxili sothlori arasindaki mosafo
15mm-o borabardir ki, bu da temperaturun cald sokilds bora-
barlogmasini tomin edir. Kiiveytin dibindoki pancorayo akus-
tik signalin gobuledicisi rolunda ¢ixig edon niobat-litium osa-
sinda 3 dempfer 16vhosi yapigdirilmigdir. Akustik gobuledi-
cinin rezonans tezliyi ~39MHs togkil edir. Praktik olaraq la-
zer silalanmasi udulmayan vo miihitin 6ziindo akustik dalga-
larin generasiyasi bas vermoyen, neodim siialanmasi iigiin
soffaf miihitdo sos siirotinin Sl¢lilmasi {liglin miihitlor sothindo
xlorlu mis sulu mohlulunun 4 nazik toboqosi yerlogdirilir.
Qalinlig1 ~1,5mm-don ¢ox olmayan bu tobago 5 todqiq olu-
nan miihitlo yaxs1 akustik kontaktda yerlosir vo akustik gene-
rator rolunu oynayir. Onlar1 nazik 6 teflon tobagosi ayirir.
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Xlorlu mis mohlulu tobagosinin iizerine lazer siialanmasi
figiin soffaf olan siiso tobaqo qoyulmusdur. Olgmolor gos-
tormisdir ki, CuCl, moahlulunda lazer stialanmasinin udulma
omsali ~50sm™ toskil edir. Lazer siialanmasi xlorlu mis
moahlulunda praktik olaraq tomamils udulur vo akustik dalga
yaradir, hansi ki, sonradan tadqiq olunan miihitds yayilir.

Bizim eksperimentds [2] {izerinde miixtalif qalinlhiga
malik silisium oksidi tobogoeleri olan silisium niimunslori
tadqiq olunmusdur. Silisium torofdon isigin yiiksok udulma
omsalina malik olmaq ti¢iin Nd-YAG-lazerin siialanmasinda
ikinci harmonika impulslarindan istifade olunmusdur.

IIkin olaraq SiO, soffaf tobagali silisium {i¢iin spektral
funksiyanin bazi qiymotlondirilmasini aparaq. Silisium {igiin
isigin udulma omsali a~(10*+10%) sm™ toskil edir, pyezoqe-
buledicinin tipik rezonans tezliyi iso f'=0,54MHs. Xarakterik
®, w,, or tezliklori qiymatlondirok.

o=2nf=339-10° Hs
w,=ac, =(10" +10" ) Hs
o, =a’y~(10°+10") Hs

@, or >>wo oldugundan signal osason istilikkegiriciliklo
tayin olunacaqdir. Lazer impulsunun tasiri altinda hoyacan-

lanan istilik dalgasmin uzunlugu L, = Z ~ 107 sm-o
Vo

borabordir. Istilik genislonmosinin bu tezlikdo spektral
funksiyaya tovhosi iimumi signalda 20%-i asmur. Spektral
funksiya agagidaki goriiniisii alir:

B X

K(f =054 MHs) =

P2Cp, (]+p2cég /pJCzj) x>

()

(1) tonliyini analiz edarak, bels bir naticays galirik ki, signalin amplitudu A -istilikkegiriciliyindon asilidir.

7

A
\

//////ﬂx
Ty x«”f\///

1.

+F

Sokil 2. Sas siiratinin temperaturdan asililigini tadqiq etmak iigiin islonib hazirlanmis kiiveytin sxemi.

Silisiumun sathi tizerinde SiO, tobaqasinin maksimal qalinlig1 #=0,2mkm-o borabordir. k,4~0.421 oldugundan termik nazik

va termik galin toboagalor arasinda araliq halina baxiriq:

(k| 1+by —inz,k[2h+nm/ia)/a)03

k3()

n31

*

_ B
p3cp3

Eksperimental qurgunun sxemi gokil 3-do tosvir olun-
musdur [2, 3]. 1 generatorun impulsu 2 tezlik ikilogdiricisineg
istigamotlonmigdir, asas tezliyin ondan kegon siialanmasi

k3()

(1+i"2Lk, h)

31

@

|SZS-22 siisosindon ibarat 3 filtiri torofindon qarsist alinir,
ikinci harmonika impulsu iss tadqiq olunan 4 niimunasina
istigamotlondirilmigdir. Niimunonin arxa torafi 5 pyezoele-
mentin {iz torafi ilo akustik kontaktda yerlosir. Pyezoelement-
don alman signal V6-1 tipli 6 selektiv voltmetrin girisino ve-
rilir ki, o da 6z novbasindo bizim halda pyezoelementin
540kHs toskil etdiyi rezonans tezliyino koklonmisdir. Harmo-
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nikanin amplitudu 7 ossillografi ilo qeyd olunmusdur. Sorh
olunan qurgunun kdmayi ilo sas impulslarinin soth hoyacan-
lanmasi hasil olunmus vo hor bir impulsun nisboton asagi tez-
likli torkib hissesi qeyd edilmisdir. 1 generatoru bir enina
modali rejimds islayir va 6 — 8% saviyyads enerji stabilliyina
malik olmusdur. Tkinci harmoniyanin enerjisi 5 — 10 mC tos-
kil etmisdir (miixtolif seriyalarda). Stalanma niimunayo
fokuslanmamis vo lskenin diametri 3mm olmusdur. Signalin
ortalamasi 10 — 20 atoslo aparilmis vo onlarin giymotlorindo
konara ¢ixmalar lazer enerjisinin geyri-stabilliyini asmamis-
dir. Buna goro ¢ixis signali seriyada orta impuls enerjisino
normaliza olunmusdur.

4

4,06
11064 A

oil

/ 7 45 7
Sakil 3. Udulma miihiti sathinds nazik optik soffaf tobagolorin
OA-todqiqi liglin eksperimental qurgunun sxemi:
1- Nd-YAG-lazer, 2 — tezlik ikilosdirici, 3 — SZS-22
filtiri, 4 — todqiq olunan niimuna, 5 — pyezoelement,
6 — selektiv giiclondirici V6-1, 7 — ossillograf.

3

Uzorino 0,084mkm-don 0,210mkm-o godor miixtalif qa-
linligh silisium oksid tobagalari ¢okilmis silisium niimunslari
tadqiq olunmusdur. OA- signalin tobagenin galinligindan asi-
lilig1 sokil 4-do verilmisdir. Bu qalinliq diapazonunda tobo-
golori  termik nazik hesab etmok olmaz, belo ki,

koh=Aw/2y,h=14-10"sm™"h -n giymeti 0,11-

don 0,29-5 qodor arasinda doyisir. Lakin, istilik selinin tobo-
goys vo havaya verilon nisboton azligindan (M;,, M3,
M ;;<<1) istifado edorak, (2) formulunu kifayat qodor sadolos-
dirmok olar

LB, b13(]—in2,k h)+n;\—io/ o,

;—inyk, ,h

k, = 3)
P 3Cp3
Sabit ododlori vo tezliyin qiymotlorini yerino qoyaraq,
otiiriicli funksiyanin modulunu taparaq, signalin amplitudunu
tobagonin qalinligindan gozlonilon asililigini miioyyon etmok
¢otin deyil

A, ~(1-0,43qh+0,66(qh) )" sm’

“4)

=1,7- 10 sm

Sokil 4-do (4) formuluna uygun olaraq eksperimental
Olgiilon qgiymotloro uygun ndqtolori approksimo edon OA-
signalin amplitudunun nozari asililig1 verilmisdir (biitov xott).
Goriindiiyll kimi grafikdo eksperiment xotalar1 tortibindo iist-
iisto diismo qonastboxsdir.

burada q= I’l21k

hn,,0

(4) formulundan belo ¢ixir ki, tobagonin kigik <1

C ‘s
qalinliginda signalin amplitudu onun giymotindan asili deyil,
boyiik qiymetlorinds isa — praktik olaraq onunla miitonasib-
dir. Bu nisbi soth impendansiin azalmasi ilo giiclii udulma
miihitindo OA — signalin artmasi ilo baglhdir. Bu metoddan
istifado imkanlar1 onunla baghdir ki, signal tobagonin qalin-

liginin akustik dalganin uzunluguna nisbotindon deyil, udulan
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miihitin nisbi impedansina hasilindon asilidir. Belalikls, nis-
boton asag1 ultrasas tezliklorinds kifayat qador nazik tobagoe-
lori diagnostika etmak imkanlar1 yaranir.

Aydindir ki, signalin tebags qalinligina qeyri-hassasliq
oblastini azaltmaq ii¢iin qeyd olunan signalin tezliyini artir-
magq zaruridir.

Beloliklo, yarimkegirici sothindo soffaf tobogolorin tod-
qiqi, xiisusen onun qalinligmin dl¢iilmasinde yeni OA-tad-
qiqat metodu toklif olunur. Silisiumda OA-siqnalin amplitu-
dunun sath iizerindoki silisium oksidin qalinligindan asililigi
tadqiq olunmusdur, hansi ki, keyfiyyet etibari ilo nozori alin-

mis qiymotlorls tst-iisto diisiir [4, 3, 5].

/

17

arb.un

3

JI//

25

/
P

Y

15

|

qas

43

17 a7 q75 42 4 w*,

Sakil 4. Silisium sathi izerinds OA-signalin SiO, nazik
tabagosinin galinligindan asililigs [2, 3]. Biitdv xott —
nozoridir [4].

isiqudulan bircinsliliyin opto-akustik diaqnostikasi.
Temperatur vo isiqudulan bircinsliliklor akustik siqnalin for-
masini tayin etdiyindon, oks masaloni hoall etmok ideyasi ya-
ranir — bu bircinsliliklorin diagnostikasi [6]. Bunun {igiin is-
tilik monbaolarinin ani gokilds yayilmasi (udulan isigin siirati
miiqayiss olunmaz dasracads sasin siirstindon bdyiikdiir) ils
formalasan sixilma cobhasindon istifado etmok mogsodouy-
gundur. Sixilma cabhasinin ardinca seyralmo cabhasi galir ki,
bu zaman maye tobaqasi sathinin ayilmaslari ola bildiyinden,
lazer impulsunun boyiik sixliqlarinda ise - istilik geyri-xot-
tiliyi vo sathde buxar amole goldiyindon udulma prosesi ho-
miso doqiqlikls xarakterizo olunmur.

Fikso olunmus sorhodlords sos tozyiqinin zamandan asi-
lilig1 agagidak: kimi olacaqdir

I

2

f(a))e “Tdw )

2
Cy

Burada z — is181n niifuzetmo dorinliyidir. Lazer siialanmasi in-
tensivliyi spektri bu ciir ifado olunacaqdir

Feo)=[ e fioa, ©
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burada f{#) — lazer selinin intensivliyinin zamandan asili olaraq Sasin qisa lazer impulsu acyr<<1 ilo hoyacanlanmasi za-

doyismoasini sorh edon bir funksiyadir. mani igigm intensivliyinin spektral diapazonu o6tiiriicii funk-

(6) tonliyini (5)-do yerino qoyaraq, p(7) igiin asagidaki  siyanin diapazonundan kifayat qodor genis olur. Buna goro ef-

ifadoni almis oluruq fektiv sos hoyacanlanmasi bag veron biitiin tezliklor oblastinda

o CZ ﬂ[ © isigin intensivlik spektrini sabit hesab etmak olar. Bu halda sor-

D ( r ): 0-*0 J' f (t ) exp [_ ac, | r—t | ] dt bast sorhad tliglin hoyacanlanan akustik dalga bu formula ilo
2c . sarh olunur

p

™ |

I-N
? Be cexpfa(z—cyt)], z<c,t
p(”:acg_ﬂg. TN pla(z—c,t)] 0 o
“ exp[—a(z—c,t)], z>c,t

(=0 an1 lazer impulsunun golmasine uygun golir). Burada |
z

g, =1, If(t)dt stialanma  enerjisinin  sixhigadur, P(Z) = —Adi exp —J. a(é)dg (10)
s z

0
_ PoCo . S
N= pin Cé" akustik impedanslann nisbaidir. Nazars alsaq ki, P(20)=0, (10)-dan alariq
Bircins udulma (a=const) miihiti iigiin p(7) asililigr uni- © z
versal xarakter dasiyir p(7)~exp(acyz). Opto-akustik signalin I P dé = Aex _‘[ o i
profili sokil 5-do gostarilon sakilde olur. Bu ifadslerdan bels (5) é: P ) (é:) é: - (D
z

cixir ki, dalga opto-akustik monbolordon yayilaraq, istilik ay-
rilan oblastlarda miihitin teplofiziki parametrlori haqqinda

g ) Sonuncu tanlikdon belos ¢ixir ki,
molumat dagiyir. Akustik siqnalin formasimi isigin udulmasi

vo temperaturun qeyri-bircinsliyi toyin edir. Buna goro do, P( z )
oks mosaloni holl edoarak, akustik impulsun formasina gors bu (Z( z ) = 12
udulma geyri-bircinsliliyinin diagnostikasini aparmaq miim- ) (12)
kiindiir. .[P (é: ) dé:
Jup z
Beloliklo, bircinslilik halinda va hacmi genislonmo amsalinin
/ P(z)=const temperaturdan asili olmadig1 halinda udulma omsa-
, linmn ig1gn niifuzetms dorinliyindon astlihigi (12) formulu ilo tayin
._r_,_/'/ olunur. Akustik signalin formasina goro udulma omsalinin isigmn
> niifuzetms dorinliyindon asililiginin sopilmesini toyin etmok va
a,C,T geyri-bircinsliliyin diagnostikasini aparmaq. Qisa impulslar iiglin
bu metod istifads baximindan spektrlorin analizina nazaren sa-
dodir [7, 6, 8].
Sokil 6-da olave olunmus yagm soth sixliglarinin
Sokil 5. Bircins udulma miihiti {iciin opto-akustik signalin profili P, = z miixtalif qiymotlorinds akustik signal cobhasinin

Kifayst qadar qisa lazer impulslarindan istifads edorkon, yoni  xarakterik ossilloqgrammalar1 gostorilmisdir, burada m — ya-
f{e) spektri &tiiriicii funksiyanin diapazonundan genis olduq- ~ gin kiitlasi, S — suyun sorbast sathinin sahasidir. Gorlindiiyii
da, akustik impulsun cabho formasi monbayin yayilmasini tokrar- ~ kimi, p,-in qiymotinin artmasi ilo akustik signalin cobhosi
layir uzanir vo tozyiqin artma formasmin xarakteri eksponensial

qanuna yaxinlagir. Akustik signal cobhosinin formasinin p—

z don bu ciir asililigl, ¢ox giiman ki, onunla izah olunur ki, ya-

— _ gm kigik konsentrasiyalarinda sos generasiyasi prosesindo

P(Z) - AO[(Z) exp j a(ég) dg ) (9 osas rolu tomiz suda siialanmanin udulmas oynayir. Bizim

0 eksperimentds acyr >>1 oldugundan, akustik signalin for-

masi lazer impulsu oayrisinin tdramasi ilo tayin olunur vo lazer
ﬂCZ impulsu ilo miiqayisali uzunluga va kaskin cobhays malikdir,
=70 ¢ yagin sonradan olava olunmasi soth otrafi tobagolords suyun
hocmi terkibinin azalmasina gatirir. Naticado lazer siialan-
masinin o, effektiv udulma amsali va termooptik ¢evrilma
tabaqgasinin  Stlirlicii  funksiyast maksimuma malik olan

burada A 0.
¢p
(9) tonliyi asagidaki kimi ifads oluna bilor
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Wy= gy tezliyi azalir.
Uygun olaraq, bu akustik signalin 6n cabhasinin todricon
uzanmasina  gotirib  ¢ixarmalidir.  Nohayat,  sothds

-1
(2 a yag qalmhima malik ya§ tobagasi yarandigi zaman,

akustik signal cobhasindo tozyiqin artim xarakteri ekspo-
nensial xarakter dasiyir ki, bu da yagda sosin genera-
siyasina uygun galir.
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Sokil 6. Miixtalif p,- (q/sm?®) —do akustik signal cobhalorinin

xarakterik ossillogramlari: p,- (q/sm?): 1 — 0,006,
2-0,021,3-0,033,4 - 0,087.

Sokil 7-do uygun ossillogramlarin islonmosindon alinmig
udulma omsalinin o(x) asililigi gostorilmisdur. Biitiin ayrilor
iiciin xarakterik cohot odur ki, dorinliyin artmasi ilo ¢(x) artir.
Bu zaman o(x) -in an kigik qiymeati bilavasits soth yaxmliginda mii-
sahido olunur. ps-in qiymatinin artmasi ilo ¢(x) in artimu daha
aximli olur.
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Sokil 7. Miixtalif p,- (q/sm?) giymotlorinds siialanmanin udulma
omsalmin niifuzetma darinliyinden asililig1 p,- (g/sm?):
1 - 05006, 2 - 0,015, 3-0,021, 4 - 0,027, 5 - 0,033,
6-0,039, 7 - 0,087.

k
Sokil 7-den belo alnir ki, p,= P, ~ 0,03 g/sm? qiy-
motlorinds elo bir dorinlik mévcuddur ki, bu zaman o(x)
praktik olaraq doyismir vo uygun a~60 sm " qiymati tomiz yagda
o—1n qiymati ilo Gst-listo diisiir. Gliman olunur ki, bu ciir hal-

larda suyun sothindo yag toboqosi yaranmaga baslayir ki,
praktik olaraq biitiin lazer siiasin1 udur vo sosin generasiyast

k
baslayir. P, P, oldugqda sabit a(x) oblasti olmur. Bu sothi
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tobogenin geyri-bircinsliliyino, yoni yag emulsiyasinin olmasina
dolalat edir ki, yag konsentrasiyasinin darinliyino gora doyisir.

Qeyd etmok lazimdir ki, p; parametri birmanali olaraq
sothin halin1 xarakterizs edir. Eksperimentlor gostormisdir ki,
o(z) -in z-don asililigi eyni p; -do mixtolif en kosikli
kiiveytlordos identikdir.

CO, lazer slialanmasinin dalga uzunlugunda isigin yagda
a~60 sm™ udulma omsali tomiz suda a~870 sm” olduguna
nozoron kifayot qodor kicik oldugundan, onda birinci

yaxmlasmada isigin udulma emsali suyun Vg, (Z) hacmi
torkibi ilo miioyyan olunacaqdir. Udulma omsali ii¢iin bu

miinasibot dogru olacaqdir a(z) =v,, (z)a,
Nozars alsaq ki, v, (z)+ Vg (z) =1, yagm hocmi tor-
kibi tigtin bunu alariq

a,—a(z)

(94

su

Vi (2) =

Beloliklo, alinmig naticolor dorinlik iizro dispers fazasinin
yayilmasini — verilmis halda yagm hocmi konsentrasiyasini toyin
etmoyo imkan verir.

Konfokal opto-akustik mikroskop. OA-mikroskopiya
— OA-detekto etmonin geyri-spektroskopik totbiqindo on mii-
hiimlarindon biridir, belo ki, o sothi tobaqo altinda istonilon
geyri-nizamliligin, defektlorin, soth alt1 agqarlarin konsentra-
siyasi va i.a. hagqinda malumat almagq {i¢iin unikal metoddur.
[k dofa [9] isindo gostorilmisdir ki, aliiminium silindrin sothi
tobagosinin altinda yerloson bosluglar, pyezoelekrtik sensorla
detekto olunan impuls OA-signala tasir gostara bilar. [10] isin
miolliflori ilk dofo olaraq bork maddolorin soth struktur-
larmin OA-xayalinin alinmasi hagqinda xabar vermislor. On-
lar siiasinin tezliyi 50-don 2000Hs-o gqodor diapazonda
ddyiinan arqon lazerindon istifads etmislor ki, bu zaman onlar
sonayeda turbin parlorinin istehsalinda totbiq olundugu kimi
anaoloji olaraq keramik silisium karbid niimunasindon kegon
fokuslanmis siianin skans olunmasini tomin etmisdilor. Onlar
miigahido etdilor ki, OA metodla hom sothin goriinon mik-
rostrukturunu geyd etmok miimkiindiir, ham ds sothin qgeyri-
bircinsliliyini adi mikroskopun kémayi ilo miimkiin olmayan
tadqiqini yerino yetirmoyo imkan yaranir. [11] isindo miisllif-
lor gdstormisdir ki, optik qalin tobago olduqda (onlarin 4880
va 5145A° dalga uzunluglarinda hayacanlanan SiC va SisNy-
don olan niimunalari {igiin oldugu kimi) OA-mikroskopiyanin
dorinlik lizro geydiyyati toxminon niimunadaki istilik diffu-
ziyast uzunluguna uygun golir, hansi ki, onlarm isinds tox-
minan 100Hs tezlikdo 100mkm tartibinds giymeto malikdir.

OA-mikroskopiya metodunun is prinsipi sokil 8-do veril-
migdir. OA-mikroskopiya {i¢iin on yaxsi hoyacanlanma mon-
bayi — bu niimunas tarafinden yaxsi udulan dalga uzunlugunda
(yeni, udan tabagesnin qalinligr diffuziya uzunlugundan kigik-
dir) giiclii sokildo kollimasiya olunmus (kigik loko soklindo
fokuslanmis) lazer giialanmasi selidir. ©gor niimuns torafin-
don siialanma bu sokildo giiclii udulmazsa, onda OA-siqna-
linin qiymati kigik olardr vo foza ayirdetmasi ¢ox pis olardu.
Qeyd etmok lazimdir ki, hoyacanlanmada digor név siialan-
malar ii¢lin elektron selindon dos istifade etmak olar.
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Sokil 8. OA- mikroskopiya metodunun prinsipi.
1 — moduls olunmus lazer seli, 2 — fokuslayici optika,
3 — lokonin yerdayisma istigamati, 4 — isiq udulan
V.ahocmi, 5 — istilik diffuziya olunan Vg hocmi,
6 — mikrofon, 7 — OA-siqnal, 8 — akustik rabits {igiin
material, 9 — pyezosensor, 10 — OA-signal.

Sokil 8-do gostarildiyi kimi, istiliyin diffuziya olundugu
Visiie hocmini toyin edon soth igigi udulmast bag veron V,
hocmi ilo mohdudlasan sothin arxasinda yerlosir. Bu iki soth
arasindaki - mosafo y - istilik amsalina malik niimunada
diffuziya amsalina barabordir. Ogar o tezliyi ilo modulyasiya
olunmus lazer siiasindan istifads edilorso

2

Hy =1 — 1,

W (13)

onda rmiddatli lazer impulsundan istifads edilorkan, alariq

p,=(4yc)"”.

Visiiie - hocmi (toxmini olaraq g4 radiusun yarimsferasi) OA-
mikroskopiya metodunda ayirdetmani tayin edir. Al, Au va
ya Si kimi yaxsi istilikkegirici materiallarin oldugu halda
w=10kHs tezliyinda y,=50mkm alarq. Zaif istilikkegirici ma-
teriallar oldugu halda, mosolon Al,O; kimi, eyni doylinmo
tezliyinda g=~15mkm olar. Rozensveyq gostordiyi kimi [12]
OA xoyallarin yaranmasinda {i¢ sobob movcuddur: a) Vg
hacminds yerlogon yad birlogsmolor vo ya zolaglar lokal istilik
xassolorinin  doyismosino gotirir, OA-signalin amplitudunu
dayisir; b) V,, hacminds yerloson yad birlosmoalor vo ya zo-
laglar isigin udulmasinin doyismasinoe sabab olur vo bu da
OA-signalin amplitudunu doyisir; c) agor pyezosensor istifa-
do olunursa, niimunado generasiya olunan ultrasos sahasi sen-
sora ¢atmamis yad birlogsmaler vo ya zolaglarda sapils bilor-
lar.

OA- mikroskopiyasinin impuls variantinin prinsipial iistlin-
lityli ondan ibaratdir ki, temperaturun genis tezlik spektri dal-

(14)

66

gas1 hoyacanlanir vo onun vasitasi ilo udulmada qeyri-bir-
cinsliliyin sopilmo spektrinin vo ya dorinliys gors sopilmanin
toyini miimkiindiir. Oslinds iso, @ tezliyindo sigqnal 3(2y/w)"?
qalinligh tobagoads yerloson istilik monboyi formalagdirdigin-
dan, onda tezliyinin artmasi ilo miihitin dorinliyinds yerlagon
monbolor signala tosir etmir. Belslikls, geyri-bircinsliliyin
ikidlgiilii deyil, {i¢ 6l¢iilii monzaorasini analiz etmok imkani
yaranir. Mikroskopiyanimn impuls variant1 iislin temperaturun
doyismoasini yiiksak zaman ayirdligi ils qeyd etmok lazimdir.
On ¢ox modulyasiyanin genis tezlik zolaginda — 10MHs-a
gador olmagqla — “fotodefleksion spektroskopiya” metodunda
geyd etmok olur [13].

“Fotodefleksion spektroskopiya” metodunun mogzi ondan
ibaratdir ki, udulma miihitinin deformasiya olunmus sathinda
geyri-bircins lazer qizmast ilo yaranan stialanmanin sopilmasi
bas verir. Onun asas miinasibliyi hoyacanlanmada tam kon-
taktsiz olmagqla signalin geyd olunmasidir. Cotinlik siialan-
manin stabillogmasi vo onun siialanan lokonin epimoarkazi ilo
iist-listo diigmasi ilo baghidir. Bu metotda tezlik xarakteristi-
kalar1 analiz olunmamisdir, o praktik olaraq hamise kasilmoz
rejimdo totbiq olunmusdur. Hoyocanlanan vo niimunovi siia-
nin kollinear hondosasini, bu vo ya digor siialarin kaskin fo-
kuslagmasini va onlarin zaif dagilmasim (fokal loko tortibin-
do) istifado edorok, 10MHs zolaq oldo etmok olur [11].
Impuls rejiminda genis tezlik spektrli signal hayacanlanir vo
onun giicii artir. Bu ciir eksperimentin prinsipial sxemi sokil
9-da gostorilmisdir.

Sokil 9. Tmpuls fotodefleksion spektroskopiya qurgusunun sxe-
mi: 1- impuls Nd—YAG lazeri, 2 - He—Ne lazer, 3-tad-
qiq olunan niimuns, 4-bigaq, 5-interferensiya filtiri,
6-fotodiod, 7-analog-raqem ¢evirici

Impuls rejimin forglondirici cohati odur ki, bu zaman sis-
temin lazer impulsu ilo zorbs hayacanlanmasina cavabini yaz-
maga imkan veran siirotli analog-roqom c¢eviricilora zorurat
vardir.

Giclii gokildo udan miihitin sothi tadqiq olundugundan
toqdim olunan siqnal tomiz istilik xarakterino malikdir. Sig-
nalin artim siirotine goérs qeyd olunan tezlik zolagi miioyyen
oluna bilar. Verilmis qurguda o (1+2) MHs tezliklo mohdud-
lagdirilmisdir.

Kosilmoz rejimdo ii¢ modulyasiya rejimindon istifado
edorok bork maddesnin sathinds tobagenin qalinhigr 6lgiil-
miisdiir. Istilik dalgalarinda OA-mikroskopiyasinin digor
mithiim totbiqi sathi geyri-bircinsliliyin kontaktsiz defekto-
skopiyasidir. Niimuns timsalinda is181 giicli sokilde udan
altliq lizorinds yerloson nazik tobagays baxaq. Bu halda tobo-
gologmo oblastinda miihitin temperaturkeciriciliyinin qeyr-
bircinsliliyi ilo hesablagmaq olar, belo ki, istilik dalgasi
tobaga-altliq vo tabage - vakuum sorhaddindon miixtalif ciir
oks olunur. OA-mikroskopiyada bu oblastlar daha parlaq
goriinacokdir, clinki istilik althiga ke¢mir vo toboqo giiclii
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sokildo qizir. Aydmdir ki, OA-signalin tezlik xarakteris-
tikasini analiz edorok hom do tobogonin qalinligint 6lgmok
olar, belo ki, yitksok (@/y)"’z>3 tezliklordo istilik dalgasi
altligi "hiss etmir”, asag1 (@/y)"’z<<I tezliklordo iso oksina,
sathi tobaqo praktik olaraq istilik dalgasina tasir etmir.

Bu problemlors kifayst gqodor ¢oxlu islor hosr edilmisdir,
lakin onlarm bazilorini geyd edok [14, 15, 16]. Metal oldugda
on ¢ox isigin oks olma omsali temperaturdan asilidir (oksid
toboqosinin artimi sobobindon). Isigm udulmasi soth xarak-
terli oldugundan bu effekt osason dalganin amlitudunun
doyismosino gotirib ¢ixarir. [15] isindo termoelastik effekt
osasinda pyezoelektrik detekto olunma ilo bark maddolordo
fotoakustik signallarin generasiyasinin nozori modeli togdim
olunmusdur. Hesabatlar stialanmanin kosilmoz modulyasiyasi
iiclin vo signalin sinxron detekto olunma rejimi iiclin aparilir.
Osas informasiya modulyasiya signalinin fazasia nisboton
optoakustik sigqnalin fazasinda gorarlagmigdir. Hom do faza-
nin doyismosi miixtalif derinliklors niifuz etmis monbalars
nazaran signalin nisbi hassasliginin doyismasine imkan verir.

Bu cilir tigdlgiilii zondlasma siialanmanin modulyasiya tez-
liyinin doyigsmosi zamani miimkiindiir. Bu ndqteyi nozordon
OA-signalin geniszolaqli impuls lazer siialanmasi vasitosilo
hayocanlanmasi perspektivli goriiniir. Lakin, sorbast sorhad
va gliclii udulmada sosin hoyacanlanmasi az effektivlidir [17]
va elementin mexaniki rezonans tezliyindo OA-signalin qeyd
olunmasi daha perspektivlidir (avvellor bu sxemdon sothin
uddugu enerjinin dl¢iilmasi tigiin istifade olunmusdur).

Lakin, gostormok lazimdir ki, OA-mikroskopiyanin osas
¢otinliyi hor iki ndv geyri-bircinslilik olduqda isigin udulma
omsali va istilikkecirma amsali qeyri-bircinsliliklarinin verdi-

yi tovhalorin ayrilmasidir. Burada tokeo amplitud deyil, hom |

_Wf(w)
27k ,a

7 _Wf(e)
max 2\/;k2a)

_Wf(o)a
k,ma’io/ y,

max

max

Qizma asag1 tezliklordo maksimaldir, udulan giiciin
dayigen torkibi onun orta giymsetini agmadigindan iss, o—>0
olduqda orta doracoli qizma iso sothin maksimal temperatu-

runu toyin edocokdir. Hesab edorok f (0=0 )=1 , tapi-
riq
~ w

Tmax = —0 15
NWrka ()

do faza soklinin alinmasina miihiim yer ayrilir. Bir qayda ola-
raq, OA-signalin faza kontrastt amplitud kontrastindan
coxdur. Istilik dalgalarinda OA-mikroskopiyaya birbasa
olaraq qazomikrofonlu geyd etmo ilo OA-mikroskopiya daha
yaxindir. Analiz gostordiyi kimi, qazomikrofon geyd etmads
dorinliys gore ayirdetmo (@/y)"? soviyyesindo mohdudlagir.
Lakin, dolay1 akustik geydetmo ilo OA-mikroskopiyasinin
rahat iglonmosi vo sadoliyi baximindan o genis yayilmisdir
[18, 19].

OA-mikroskopiyasinin anonavi sxemindo lazer siiast pe-
riodik qanunla modulyasiya olunaraq todqiq olunan obyektin
iizorino fokuslasir, onun planar sokilde ayirdetmosi iso mik-
ron qimatloring gata vo optik siialanmanin fokuslasmasi ilo
toyin olunur. Zondlagsma dorinliyi vo dorinliys gors ayirdetma
stialanmanin modulyasiya tezliyi ilo toyin olunur vo mikro-
nun hissolori godor ola bilor. Bu hallarda sothin istonilon
ndqtesinin ragslori siqnala 6z tdvhasini vers bilor vo buna
gora do fon boyiik ola bilar. Optik vo akustik sistemlorin fo-
kuslart 1ist-listo diison sokildo yerloson fokuslayict sos
gabuledicisinin istifade edilomasi daha optimal goriiniir. Bu
cilir sxem [20] isinds havada fokuslayici pyezoqgabuledici ila
bilavasito iisulla signalin qeyd olunmasinda reallagmisdir.
Sonraki sohifolorde OA-mikroskopunun konfokal sxemi vo
hom bilavasito, hom do birbasa qeyd olunma ils hadd ayird-
etmo qabiliyyati nozari analiz olunur [21].

Konfokal opto-akustik  mikroskopun  miixtalif
geydetmd rejimlorindo hadd ayirdetms qabiliyyati.
Miixtolif tezliklordo sothin maksimal qizmasinin qiymot-
londirilmosi zamant aliriq [21]:

<<y, /a’ olduqda]

. 2
\/4k2(—za)7ra ) %« @ << y,a’ oldugda

)(20(2 << @ olduqda

| (15)-don bels alinir ki, todqiq olunan sathin termik dagilma-
dan qorunmasi iigiin qizdiran siialanmanin Wy=za’L(1-R)
giiclinii azaltmaq lazimdir. Bu iso 6z névbasinds opto-akustik
signalin amplitudunu azaldir. Buna gors “siqnal-kiiy” nisbati-
nin yol verilo bilon minimal qiymatini verarak, a,,;,- miimkiin
hadd ayirdetmasini giymatlondirmak olar.

Bilavasito qeydetma. a=const qobul edorak vo (15)-i no-
zora alaraq, “siqnal-kily” nisbati li¢lin ifado almig oluruq:

(S/N)=p,B T2, 2, NV B\ 2k e, / k,Th) / Ky,

x2C, F(2mv/C, )[1-iiv/v,]”,

(16)
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burada F(x)= exp(—x2 ).[exp(ézz )d& - Doson inteqra-
0

lidir ki, o 6z maksimumuna x=0,92; x<<1 vo F(x)=x olduqda
catir.

(16) —da slialanma diaqramina uygun olaraq gobuledicinin
sothi iizro inteqrallasma aparilmisdir vo bu isarslonmolor
daxil edilmisdir v=w/27=c’y/2x, v- isci tezlik, Av- qeyd
edilon tezlik zolagi, C=27xegy&/h- mikrofonun elektrik tutumu,
k,- onun hossashig1, ks - Bolsman sabitidir, ky - qobuledicinin
girisino verilon signalda giiclondiricinin kily amsalidir (ky=3
gobul edok). Hesabatlar bu ciir hallarda on ¢ox yararli olan
tutumlu mikrofonlar ti¢iin aparilmigdir, O=1/Av komiyyatini |

(S/N)=p, BT, 477, 2|2k 7,80 /(k, Thav / 2k )

Tpax=1C verarak vo p :1.3kq/m3, ;(w]()’j =10*m*/san,
B1=3.4-10°K", k, =107V/Pa, &=12, h=10"m qobul edorok,
(15)-don a,,;,=0.6+6mkm alinir.

Belalikla, bilavasite qeydetmads va yol verilo bilon mo-
dulyasiya tezliyindo konfokal opto-akustik mikroskopun
ayirdetmasi mikronun hissolori gqodor ola bilor. Ogor sothin
minimal qizmasinda toloblor yiingiillosdirilss, onda qizdiran
stialanmanin yalnmiz iti fokuslagmasi ilo mohdudlasdirilan
yliksok ayirdetmas olds etmok miimkiindiir.

sabit hesab edok vo toxmini olaraq 10*+10° giymotino borabor
oldugunu gabul edok.

“Siqnal-kily” nisbetinin maksimumu V,, = C v /2m ol-

duqda oldos olunur. Yaxs1 ayirdetmo oldo etmoak iigiin kifayot
godor yiiksok tezliklordon istifado etmok lazimdir; belo ki,
a=1mkm fokuslama v,,~/0° Hs-o uygun golir. Belo tezliklor
mikrofonlarla effektiv sokildo geyd edilo bilmoz. Buna goérs
geydetma ii¢iin miinasib 1,~200kHs tezliyindo on yaxsi
aminayirdetmoni qiymotlondirok. Bu zaman minimal yol
verilon (S/N),;,,=10 nisbati ilo mohdudlasaq. Belo ki, bu

zaman V <<V, = aCZI /27 ,onda

(17)

! Birbasa qeydetma. Tutaq ki, ideal gokildo miihitlo
uygunlasan (akustik) va qalinliq rezonansi (h= C, 3 /2v,

burada Cg 3 - pyezoelement materialinda sesin siiratidir, A-

qalinliqdir) tezliyinds sorbast gedis rejiminds isloyen pye-
zomaterialdan hazirlanmig sferik seqment sokilli gobulediciya
malikik. (15) formulundan ¢ixisg edorak, (14) —ii nozars ala-
raq, a=const hesab edorok vo geviricilorin kily soviyyalori
iiclin ifadodon istifado edorok [22], “signal-kily” nisbati bu
sokilds ifads oluna bilar:

(S/N)= ,B;;(ZTmaxhﬁ(kNCéz )’1\/2ﬁ80833 /(k,T 1goC,, Av x

x<[(I1+ivecosO@/v, )" —V(0)(1-ivcos@/v,)" ] x

(18)
xavexp[—(2mavsind/C,, )] >
aC, | ment materialinin dielektrik nifuzlulugudur, < ---> iso
burada v, = 5 <= 5 2 , h33- pyezomodul, tg§ -pyezo-  ¢eviricinin aperturasina goro ortalamadir.
T T

ceviricinin tam itkilarinin bucaq tangensidir, €33 - pyezoele-

(S/N)= ﬂ;Z2meh33(kNCéz

x<[1-V(0)>av

yani “signal-kily” nisbeti tezlik artiqca xatti olaraq artir. v >>v,
sorti zamant (18) “signal-kily” nisbati tezlikdon asili olaraq
v'-o nozoron daha siirotli azalir. Beloliklo, (18) —do “signal-
kiiy” nisbati asililigr maksimuma malik olur vo bu v~ ya-
xinligida alds olunur.

Bilavasito geydedilmads oldugu kimi, bu tezliklor g¢ox
yiiksakdir va bizi daha kigik tezliklor maraqlandirir ki, onlar
geydolunma {igiin daha miinasibdir va yayilan zaman zaif s6-
niirlor. v=5MHs is¢i tezliyino goro a,,;, -u qiymoatlondirak. Bu
zaman v<<v, , buna goro (19) ifadesindon istifado etmok
olar. 7,,,=1%C va (S/N)=10 verarok vo <[I-V(8)>=0,3,

3

g3 =107, C,; ~4-10"m/san, Av=1Hs, tgd=10"", ky=3,
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Modulyasiyanin asag tezliklorindo v<<1, (18) ifadosi
kifayat qodor sadolasir:

)7 278,65, /(KT 1g5C, Av x
, (19)

$2~107*m?/san, Cé2 ~5-10° m/san , Bo~107°K" qobul

edorak, (18)-don a,,;,=0,5mkm almur.
Belolikla, optimal tezlikdon konarda mikronluq ayiretmo
aldo etmok miimkiindiir ki, bu da qizdirict siialanmanin fo-
Birbasa qeydetmads dorinliya gdro qeyri-bircinsliliyin
ayirdliligr (19) — da

[g(iw cos@/CZZ)—V(Q)é(—ia) cos0/C,,)]

vurugu, yoni akustik dalganin uzunlugu ilo tayin olunur va
buna gore geydetmonin bu sxemindo yiiksok ayiretmonin oldo
olunmast miimkiin olmur. Bu halda daha moagsedouygunu bi-
lavasito qeydetmodon istifado etmokdir; dorinliys goro
ayirdetmo istilik dalgasinin uzunlugu ilo toyin olunacaqdir
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(g(—iyJiw/ y,) vurugu) ve hom do praktik oldo olunan

modulyasiya tezliyi {iglin mikronun hissolori tortibindo ola
bilor. Umumi sokildo desek o, qizdiric1 siialanmanim

Beloliklo, 0ziindo optik vo akustik mikroskoplarin
istiinliiklorini  (mikronun  hissolori  tortibindo  yiiksok
ayirdetmo qabiliyyati vo texniki oldo olunan v=10°+10" Hs
ultrasas tezliklorindo onun fath olunma imkanlari) birlogdiran,
opto-akustik mikroskopun konfokal sxemi toklif olunmusdur
vo nozari sokildo analiz olunmusdur [21]. Konfokal opto-
akustik mikroskopun xayali bilovasito qeydetmo zamani osa-
son, sothdoki istilik miibadilosi ilo miioyyon olunur, birbasa
geydetmado do — todqiq olunan miihitin istilik genislonmasi
ilo tayin olunur. Konfokal opto-akustik mikroskopun sothin

qizmast ilo mohdudlasan hodd ayiretmasi ham bilovasito
geydetmado, hom do birbasa getdetmods mikronun hissalori
godar ola bilar. Daorinliys gors yiiksok ayirdetma oldo etmok
iclin signalin bilovasito geyd olunmasindan istifado etmok
yararlidir; optik geyri-bircinsliliyin se¢imliliyi ii¢lin — siqna-
lIin birbasa qeyd olunmasindan istifade etmak lazimdir. Bir-
basa vo bilovasito geyd olunmanin birgs islonmasi obyektin
istilik geyri-bircinsliliyinin va isigin optik udulma amsalinin
verdiyi tovhelori forglondirmoys imkan verir. Bilovasito
geydetmado modulyasiya tezliyinin doyismesi sothi geyri-bir-
cinsliyin ii¢ol¢iilii tomoqrafiyasini ¢ixarmaga imkan yaradir.

Alinmig naticolor konfokal opto-akustik mikroskop hag-
qinda onu demoays imkan verir ki, o materiallarin xassalorinin
diagnozu vs ona dagitmadan nozarst baximindan perspektivli
bir vosaitdir.
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OPTICAL-ACOUSTIC EFFECTS IN OPTICAL ENVIRONMENTS

It is shown, that the confocal circuit of optical-acoustic microscope has the high resolution in shares micron and it is possible to achieve
it on technically accessible frequencies of a sound 1=10°-107 Hz. It is established, that indirect signal registration is useful for obtaining of
high resolution on depth in confocal opto-acoustic microscope and direct signal registration is useful for emphasizing of optical
heterogeneities. The combination of two registration circuits will allow us to define the heterogeneities of object thermal properties and
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optical light absorption factor. On the base of these investigations the diagnostics possibilities of light-absorbing heterogeneities of liquid
near surface layer is shown.

M.A. MycaeB
OIITO-AKYCTHYECKHUE 3®PEKTbHI B OIITHYECKHUX CPEJJAX

Ilokazano, 9T0 KOH(OKAIBHAS CXEMa ONTOAKYCTHIECKOT0 MUKPOCKOIA HMEET BEICOKYIO Pa3pEHIAIONIyI0 CIIOCOOHOCTH B JOJIH MUKPOH H
MOJKHO TOTO JOCTHYb HA TEXHHUECKH TOCTYIHBIX 4acTOTaxX 3Byka v~10°-107 I'ii. VCTaHOBIIEHO, UTO AT MOTYYEHUS BHICOKOTO Pa3pEIICHUs
Mo rayOuHe B KOH(MOKAIBHOM ONTO-aKyCTHYECKOM MHKPOCKOIE BBITOJHEE HCIONB30BaTh KOCBEHHYIO DPETHMCTPAIMI0 CHTHANA, IS
BBIJICTICHHS ONTHYECKUX HEOAHOPOJHOCTEH - HETOCPEACTBEHHYIO perucTpanuio curHana. CoderaHwe OBYX CXEM PETHUCTPAIUU HO3BOJIUT
ONPENeNUTh HEOJHOPOJHOCTH TEIUIOBBIX CBOHCTB 00BeKTa M KOI(QQHIMEHT ONTHYECKOro MOIJOMEHUs cBeTa. IIpsSMbIME
9KCTICPUMEHTAIBHBIMH HCCIIEJOBAHUSIMU YCTAHOBJICHO, YTO paclpejiesieHne Ko3(Q(UIHUEHTa ONTHIECKOTO TOTJIOMIEHHS ONpeaesieT Gopmy
aKycTudeckoro curHana. Ha ocHOBe 3THX HCCI€OBaHMI IOKa3aHa BO3MOXHOCTh JMATHOCTHKHM CBETOMNOINIOMIAIOIINX HEOZHOPOIHOCTEH
IIPUIIOBEPXHOCTHOI'O CJI0S )KUAKOCTEH.
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THE PECULIARITIES OF THERMOELECTRIC PROPERTIES OF BISMUTH TELLURIDE
WITH IRON

F.K. ALESKEROYV, S.Sh. KAKHRAMANOV
SIU «Seleniumy of Azerbaijan NAS, 370143,
F.Agayev str., 14, Baku

It is established that introduction of iron atoms between Bi,Te; cleavage planes with Van der Waals forces leading to chemical bond
intensification between quintets and strengthening of Bi,Te;<Fe> takes place. Moreover, the interlayer nano-structures form growing
perpendicularly to (0001) Bi,r3<Fe> surface. Probably the interlayer ferromagnetic iron nano-structures are responsible for transition into
ferromagnetic state and anomalous Hall effect (and thermo-e.m.f.) in Bi, ,Fe, Tes alloys [1].

Introduction

The crystals on base of Bi,Te;, Sb,Te; and Bi,Se; present
themselves the special interest both not only high-effective
alloys for  thermoelectricity = and semi-magnetic
semiconductors. The transition in ferromagnetic state is
observed in such alloys as Bi, Fe,Te; (0<x<0.8) with iron;
the increase of thermo-e.m.f. (@), anomalous Hall effect and
resistance jump at 7=T7, are observed [1].

Temperature 7, of the transition in ferromagnetic state
increases with iron content increase achieving 12K at x=0.08.
The light magnetization axis is parallel to Cj crystallographic
axis. However, in these investigations the attention on Fe
impurity fractal aggregate formation in Van der Waals gap
and their influence on bismuth telluride peculiarities have not
been paid.

The fractal aggregates (FA) form as a result of
conglutination of solid particles taking place in different
conditions and mediums. The models using the defined
algorithms for description of motion and conglutination of
solid particles during FA growth allow us to construct them
and analyze both its properties and growth character. Earlier
the dependence of fractal dimensionality on particle
conglutination probability at mutual contact had been
revealed [2-3]. Along with considered FA being in three-
dimensional space FA forming on the surface (and even on
crystal intracrystalline layers) present the especial interest
[2,4-8]).

The physical process consideration when FA growth
perpendicularly to plane at conglutination of solid particles to
the substrate and growing one on it is important for us.
Nowadays the nano-particles of iron and other metals on free
surface [9-11] have been obtained: however the morphology
hasn’t been studied.

For later revealing of Van der Waals “gap” role and
forming FA in them it is necessary to define the two
conceptions: nano-particle and nano-reactor. First one
characterizes the dimensional parameter, the second one
defines the nano-particle function. Thus, for example Fe
cluster almost loses its specific properties and approaches to
metallic iron at atom number in cluster n=15. At n>15 it is
cluster in dimensional meaning but it loses the “nano-reactor”
properties in which properties become function of dimension
[9]. In connection with experimental fact of Biy Fe,Te; system
transition into  ferromagnetic  state and  possible
ferromagnetism introduction of iron in this transition by
nano-particles being in interlayer space let’s consider the
known data on iron introduction in different nano-objects [9].
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The substance magnetic properties also strongly change with
decrease of particle dimensions from 5-10nm [9]. For nano-
clusters the non-monotonic dependence of their properties on
cluster size, i.e. on atom number in it is observed [10].

In [9] the technology describing the iron cluster
introduction in nano-tube is described. The growing tube
forms the cluster by such way that it has the elongated form.
The cross-section of such cluster corresponds in detail to tube
internal diameter [11]. The nano-tubes obtained by such way
have the ferromagnetism. The architecture of this nano-tube
ensemble is similar to macroscopic crystal architecture in
which lattice knots are occupied by iron clusters included in
nano-tubes with given space periodicity [9]. It is quite
possible that the given technology can be analogous one to
filling technique of iron nano-particles in Te"-Te"Bi,Te;
interlayer space and can influence on Bi,Te;<Fe>
ferromagnetic property change. Moreover note that magnetic
property formation at cluster formation can take place either
with correspondence with geometric model of solid packing
or with electron shell structure.

For iron clusters the magnetic moment increase in the
comparison with its value of the same atoms in massive
sample is observed [10]. So for Fe atoms the magnetic
moment increases up to 3.2z value, moreover the magnetic
moment beating in the dependence on metal atom number in
cluster (that is shown on fig. 4(a) of [10]) is observed. y =224
value character for Fe atoms in massive sample takes place at
the increase in cluster of atom number (1) up to 500 [10]. The
above mentioned is necessary to take under consideration at
result discussion of low-temperature ferromagnetism in
Bi,Te;<Fe> semi-magnetic semiconductor revealed in [1].

Note that easily diffused impurities of transition metals
can be in interlayer space of layered crystal. And in this state
they should influence on mechanical, thermoelectric and
magnetic properties.

From above mentioned point of view we can consider that
revealing of introduction facts of Fe atoms in interlayer
space, formation of nano-structures by them and their
influence on Bi,Tes is the quite actual task.

In this connection the study of iron influence having the
small atomic radius on Te®-Te" interlayer space
morphology, on Bi,Te; properties and its solid solution
(Bi,Te; 96 mol%- Bi)Se; 4 mol%) and B, ,Fe,Te; presents the
interest.

2. Experiment technique

Bi,Te;<Fe> compound is obtained by the method of
vertical directed crystallization at 950°K, temperature
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gradient AT=100" and crystallization rate lcm/h. From
structural point of view Bi,Te; — Me can be considered as
intercalation one since the layers of matrix-master and
“guest” (Fe) can be emphasized in them.

Here the interlayer space increase at metal atom
penetration in interlayer empties is character because of weak
chemical bond between Te,"-Te,?.

The electron-microscopic images are studied on atomic-
force microscope (AFM) of NC-AFM mark and on electronic
microscope of JSM 5410 LV mark.  The
roentgenodiffractional investigations are carried out on
installation of Philips Panalytical (X-ray diffractometer)
mark. The preparation of Bi,Te;<Fe> atomically clean
surface is carried out by crystal splitting along (0001) basal
plane in air before experiments.

The obtained results and their discussion
3. (0001) Bi,Te; <Fe> surface morphology

3.1. Structure. The one of main questions relating to
nature of such interlayer nano-objects is connected with their
structure. Note the following experimental facts. Firstly,
mainly the interlayer nano-structures (INS) have the
pyramidal form without pointed end (rather similar with “hay
stack”). Secondly INS having the different dimensions on
height growth from (0001) surface and are parallel to each
other. Thirdly, during evolution process INS remain their
forms (and heights) approaching to each other; moreover the
new more cubic structures having the complex form and
structure. Here note that not linear dimensions but structural
element dimension plays the role of characteristic one. Such
structural objects are called nano-structural ones [5].

For demonstration of above mentioned the AFM images
of (0001) surface of Bi,Te;<Fe> are presented. The structural
elements of different heights (they are emphasized by small
circles) and INS of conglutinated parts (they are emphasized
by big ones) are seen on these images. It is seen that
structural elements during evolution process have remained
their dimensions and forms. AFM images of many (0001)
surfaces of Bi,Te;-Me prove the fact of structural element
conservation at the change of temperature regimes of INS
obtaining.

Znm

Fig. 1. Electron-microscopic images of (0001) surface of
Bi,Tes<Fe> in (3D) three-dimensional scale.

72

o 0
Fig.2. AFM-image of (0001) surface of Bi,Te;<Fe> in
reduced scale (2000x2000nm).
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Fig.3. Distribution function of interlayer nano-structures on  (0001)
surface (on z axis) of bismuth telluride with iron (histogram).

The carried out investigations of (0001) surface in
different scales are presented on fig.1 and 2 (parallel lines
divide the formed “edges” of conglutinated nano-peaks). The
functions of nano-particle presentations on dimensions are
defined with the help of analyses of AFM images in 3D-
scale, INS forms and the boundary fractal dimensions which
are characteristics of object structure unevenness are
analyzed. The nano-particle distribution on (0001) surface
(histogram) of the same sample is given on fig.3. From image
analysis it is seen that (0001) surface of Bi2Tes<Fe> consists
of series of INS types. Moreover the nano-fractal dimensions
fluctuate in 10nm- 30nm interval. By our opinion Fe has
more less INS dimensions. From histogram it is seen that
dimensions of peaks-“towers” fluctuate in 3-7nm interval; the
most number of particles has the height of /=I10nm order.
The distribution functions of unevenness on BixTe;<Fe>
sample surface on z axis are not quiet homogeneous ones.
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The histogram of distributions of separate nano-fractals
(fig.3) on dimensions shows the presence of separate groups
(“towers”) in general ensemble with d=20+5nm dimensions
(the “islands” by height ~35am excepted). The

T
Counts

presence of INS different groups can be connected with
different time (and temperature) of their origin on BixTes
defect surface and with peculiarities of crystallization
processes (0001) on defect surface.
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Fig.4. Roentgen-diffractometric image of (0001) surface of Bi,Te;-Bi,Se;)<Fe>.

As a whole, the structural elements of following types
grow in Bi,Te;<metal> independently for the dependence on
impurity concentrations:
solid formations which are similar with fractal
clusters of small dimensions (5-10) nm,
single structural elements of small dimensions from
10 up to 25 nm and more high unit dimensions (>35nm)
dense nano-structural “peaks” (see fig.l) forming
the fractal surfaces.

The range of structure elements (fig.1) (which can be
called elementary fractals) consisting of approached and
similar to each other geometric structural figures has been
distinguished by us. From the given images it is seen that
nano-objects of this class are visual ones and they can be
formed in 3D scale with help of structural elements (let’s call
it algorithm) which are similar to “hay stack” and play
generator’s role. One can “construct” the fractal surface with
elements having different heights between Te"-Te®Bi,Te;
quintets not changing the form of such geometric fractal
structural elements (FSE) and distributing them in
corresponding scale.

The nano-object formation (FeTe, Bi,Se; and Bi,Te,Se)
in nano-reactor between Te®-Te! at crystal growth takes
place as a result of atom interaction and their aggregation at
reduced temperatures (below 900°K). The part of iron
elements “subsides” between Te'-Te? Bi,Te; layers as in
nano-container not interacting with  stoichiometric
components that is seen from peak at 2 ® =44° (fig.4). The
above mentioned is proved by diffractogram given on fig.4;
character peaks for Bi,Te; are seen at angles 2 ® =17; 31.5; 45°.
The additional diffraction peaks from (0001splitted surface of
Bi,Te;<Fe> at 2@ =15°nd 64.5°c prove on nano-fragment
formation from FeTe in Te®-Te" nano-reactor of Bi;Te;.
The appearance of diffraction peaks at angle values
20 =16°;;32°;; 44.5°; 52°; 73° are fixed from Bi,Se, (fig.4).

Summarizing the investigations of AFM-images and
Bi,Tes<Fe> diffractograms we can prove that series of INS:
Fe, form on base (0001) surface during single crystal growth.
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Van der Waals “gap” of Te-Te" plays not only role of
nano-reactor for FeTe, Bi,Se;, Bi;Te,Se compounds but the
role of nano-container too for Fe.

The revealing of each INS composition is practically
impossible. For this purpose it is necessary to use the
electronic transmission microscopy methods, roentgen
emission and Mossbauer spectroscopy [1]. Nevertheless, one
can take into consideration that all these structural elements
are interconnected and form the stable nano-layer between Te-
Te" Bi, Te; including on all samples doped by Fe.

Fig.5. Microphoto of filamentary iron particles in Bi,Te; matrix
(between Te®-Te®) on (0001) plane obtained with
help of JSM 5410LV microscope.



THE PECULIARITIES OF THERMOELECTRIC PROPERTIES OF BISMUTH TELLURIDE WITH IRON

The studied interlayer nano-objects in Bi,Te;<Fe> have
the complex composition and structure. INS from Fe having
ferromagnetism is in them. The filamentary iron nano-
conductors in space between Te-Te!” are obtained by us.
AFM-images of them are presented on photos 1 and 2 and
images obtained on JSM 5410 LV electronic microscope are
presented on fig.5. In right part of the given figure (fig.5) the
nano-filament images in more expanded scale are emphasized
separately. The Electronic-microscopic images also prove
that each interlayer nano-wire seen on fig.5 can be the one-
domain magnet [9] with strong magnetization anisotropy.
The axis of easy magnetization is oriented along (0001)
surface of Bi,Te;<Fe> (in which the nano-filaments are
situated) [9]. The fact, that in all samples with Fe the
transition into ferromagnetic state with easy axis along C;
axis [1] (perpendicular to (0001) surface of Bi,Te;<Fe>) at
T=T, is revealed, can be connected with interlayer Fe nano-
particles (fig.1,2 and 5).

3.2 INS growth mechanism

The nano-layers formed on (0001) surface interact with
superstoichiometric ones of Bi, Se and Te forming FeTe and
Bi,Se;, Bi)Se,, Bi)Te,Se also. The part of non-interacting iron
atoms also subside between Te"-Te layers in free state as in
nano-container.

The vacancies from under 7e on complexes of “vacancy-
impurity atoms” types can be the more possible places of
accumulation and origin of nano-fragments on iron base. The
places round dislocation holes and other extensive defects of
block and grain boundaries, micro-gaps, concentration
inhomogeneity and micro-segregation phenomena [8] can be
more complex places of nano-fractal formation.

The comparison of revealed fractal formations shows both
the similarity and difference in their dimensions and probably
in formation mechanisms of nano-formations.

The big numbers of bound iron atoms which conserve
their individuality (see fig.4) inside the given object are
observed at investigation of interlayer metallic nano-particles.
The “nano-fractals” term can be propagated on FeTe, Bi,Se;,
Bi,Te,Se nano-objects being inside Te"-Te" layers and
consisting of defined number of bound microscopic particles.

Comparing such nano-objects with known fractal clusters
in [2, 4-6] one can conclude that such nano-formations
present themselves the fractals with fractal dimensionality
D ~1,45.

The formation mechanism of fractal aggregates probably
is connected with filling process of places by impurities
round dislocation holes, grids and vacancies under from Te
on (0001) surface inside Bi,Te;. The formation beginning of
fractal cells takes place during crystal growth with formation
of their germs on telluride quintets: including on vacancy
places being on quintets.

The total filling of the gap between Te®-Te® by nano-
fragments during their dimension growth takes place, as a
result of which the nano-wires (see fig.5) with nano-“towers”
on their surface (three-dimensional images of which we see
on fig.1 and 2) form.

3.3 Bi,Te;.(Se,<Fe> properties

The interlayer INS can be considered as the one of the
factors defining the morphology of interlayer space and
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influencing on many properties including on thermoelectric,
mechanic and magnetic ones.

Let’s consider the experimental data given in the table,
here a-thermo-e.m.f., o is electrical conduction, H is thermal
conduction. Also o, is compression ultimate strength and
thermoelectric quality factor Z (Bi,Te;96mol%-Bi,Se;4 mol%)
in the dependence on iron percentage have been studied. The
coincidence of maximums o, and Z, at 0,05 weight %Fe,
moreover o, increases almost in 2,5 times; for negative
branch n-Bi;Te;Se,<Fe> (0<x<3) the o-cg,,,,,,,ax=5.2kgf/mm2 is
very high strength index. The thermoelectric goodness is
Z0=3.1-10"K " at 0,05% Fe.

As it is seen from the table at 0,25% weight Fe the
conduction sign inversion from p type on n one takes place.
The hole concentration in samples (BiyTes;-Bi,Se;)<Fe>
decreases as in Bi,FyTe; system with growth of x and Fe
begins to reveal the donor properties [1]. The thermo-e.m.f.
increases from 215-10° V/c in pure sample up to 260-10° V/c in
Bi, o,Feg osTe; with maximum Fe content [1].

Thus, the mechanical strength is increased in 2,5 times in
comparison with undoped systems at the conservation of
thermoelectric goodness on high level Z,=3.1-10"grad
because of intensification of interlayer interactions in
Bi,Te;Se,<Fe> at Fe=0,05 weight %.

Introduction of iron impurity leads to electron
concentration increase that is connected with total blanking
of anti-structural defects of Bi,Te;. Probably, for defined
concentrations the iron atoms are in solid solution in points of
tellurium sublattice as neutral defects preventing to formation
of anti-structural defects of Bi,Te;. The increase of impurity
concentration gives the possibility of iron atom localization
in bismuth vacancies and in interstices, the incompleteness of
d-shell of which leads to electron localization on these
impurity centers that is explained their acceptor influence.

Considering that defects Fer() are neutral ones and Feg;
positions are ionized and localize the electrons on it, so the
electron  density displacement to the side of

Te'" — Bi,Te"" — Fe,, bond The

corresponding displacement of electron density and small
quantity of Fe localized in interlayer space causes to decrease
of interlayer energy barrier and intensification of interlayer
interaction because of overlapping of wave functions of
neighbor layer electrons and impurities being between layers.

The Fe introduction higher than 0,06 weight% leads to
gradual decrease of mechanical strength up to values less
than undoped samples have. The strong behavior of electric
conduction change is changed on stepless one, and thermo-
e.m.f. coefficient essentially doesn’t change.

Here we should note [10] that iron atom magnetic

is possible.

moment in mono- and bi-nuclear iron compounds is 6 £,
meanwhile the magnetic moment of iron atom in massive
ferromagnetic is equal to 2,2 £, . The magnetic moments of
Fe atoms being in crystal lattice points (interstices) change at
their transition into interlayer space of Bi,Te; . This can be

connected with possible bound change of 7 e'" atoms of
INS constructed from clusters. The formation of magnetic
bonds at cluster formation can carry out in the
correspondence with construction of electronic shell as in the
case of alkali metal clusters [10]. The dimension decrease of

INS of Fe in interlayer space Te'”" —Te'” of Bi,Te; can lead
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not only to change of its magnetic moment, increase of
thermo-e.m.f. but to transition of whole crystal Bi, Fe,Te;
into ferromagnetic state moreover it is quite possible that
nano-filaments can play the role of domain boundaries at
magnetization.

CONCLUSION

The formation on (0001) interlayer surface of Bi,Te;<Fe>
nano-particles can be considered as evolution process the
stages of which develop in following sequence:

1 iron atom introduction into places with crystal

intrinsic (antistructural) point defects;

2 the further transition of Fe from intralayer telluride

quintets into interlayers:

3 the formation between Te'” —Te!” nano-particles

(nano-wires) of Fe and its compounds with 7e (of FeTe

type).

The peculiarity of such processes is that INS forms by the
way of sequential physicochemical processes accompanying
by their composition change and appearance of nano-
filaments.

The study of reactivity of two-dimensional structures of
BiyTe; and Fe guest reveals the chemical transformation

between Te'”) —Te'”. As a result of it the nano-particles

with islands — “towers” have formed on (0001) surface
between telluride quintets.

The electron-microscopic and roentgenodiffractional
investigations show that INS from iron and FeTe are realized
in nano-structures with real surfaces. The “towers” formed on
islands are oriented perpendicular to (0001) surfaces in high-
performance thermoelectric crystal (Bi,Te;-BirSe;)<Fe> and
have three-dimensional INS.

Van der Waals gap between Te'”) —Te'”) quintets is
two-dimensional nano-reactor in which FeTe Bi,Te,Se
displace.

In all cases the formed nano-structural particles can be the
reason of (Bi-Te-Se)<Fe> crystal mechanical strength
increase. The transition into ferromagnetic state of Bi,
FeTe; alloys, thermo-e.m.f. increase and Hall anomalous
effect observed in [1] can be connected with nano-objects
consisting of ferromagnetic iron atoms.

Table
Thermoelectric properties of (Bi,Tes- Bi,Se;) solid solution doped by iron at 7=300°K
. o,
Tron percentage Thermo-e.m.f., Elec;rgczzor;duc/tlvny, Thgm}[?l,t Thermoelectric com
. > . . conductivity, _ _ 2
weight% a-10°V/C o »om/m H-10’3,Vtt};m-l< goodness, Z-107, K™ kgf / mm
0,0 +220 800 16,0 2,5 1,8
0,01 +230 800 16,7 2,5 2,0
0,015 +232 780 16,7 2,5 2,0
0,018 +247 760 16,6 2,5 2,0
0,025 -218 750 16,3 2,2 2,3
0,04 228 840 15,3 2,9 4,0
0,05 245 730 14,1 3,1 52
0,06 -260 500 13,8 2,5 4,5
0,08 -250 300 13,2 1,4 2,3
0,09 -250 180 13,0 0,9 1,8
0,1 -253 150 12,8 0,8 1,5
[11 V.A. Kulbachinskiy, A.Yu. Kaminskiy, K. Kindo, E. [6] F.K Aleskerov, S.Sh. Kagramanov, Ye.M. Derun, M.G.
Naryumi, k.Suga. J. Pisma v JETF, t. 73, vip.7, s. 396- Pishkin. Fizika, 2007, cXII, Ne4, s41-45. (in
400. (in Russian) Russian).
[2] Jens Feder. FRACTALS. 1988 Plenum Press, New  [7] T.A.Witten, L.M.Sander. Phys. Rev. Lett. 47, 1400,
York, p. 260. 1981.
[3] B.B. Mandelbrot. Self-affine fractal sets. In: Fractals in ~ [8] F.K. Aleskerov, S.Sh.Kagramanov, K.Sh.Kagramanov,
Physics, 1988. Fizika, ANA of Sciences, 2008, ¢.XIV, Nel, p.54-58.
[4] V.1 Roldugin. J. Uspekhi khimii RAN 2003, 72, 10, s. [9] A.L. Buchachenko. J. Uspekhi Khimii RAN, 72, 5,
931-959. (in Russian) 2003, 5.419-437. (in Russian)
[51 YuD. Tretyakov, A.V. Lukashin, A.A. FEliseev. J. [10] LP. Suzdalev, P.I. Suzdalev. J. Uspekhi Khimii RAN,
Uspekhi khimii RAN 73, 9, 2004, s. 974-998. (in 70, 3, 2001, s. 203-240. (in Russian)
Russian) [11] A.Cao, X.Zhang, J Wei, Y.Li, C.Xu, J.Phys. Chem.B.

105, 11937, 2001.

75



THE PECULIARITIES OF THERMOELECTRIC PROPERTIES OF BISMUTH TELLURIDE WITH IRON

F.K. 9laskarov, S.S. Qohromanov
Bi,Te;<Fe> KRISTALLARIN TERMOELEKTRIK XASSOLORININ XUSUSIYYOTLORI

Gostorilib ki, Fe atomlart Bi,Te;<Fe> laylar arasina daxil olaraq kristali méhkomlondirir. Bu zaman laylar arasinda yaranan
nanostrukturlarin istigamati (0001) satina perpendikulyar olur. Ola biler ki, ferromaqnit ke¢idi vo anomal Xoll effektinds (vo
termoedesinin artimi) Bi, Fe,Te;- kristallinda asas rolu araliq ferromaqnit demir nanostrukturlar: dasiyir.

®.K. Aneckepos, C.III. Kaxpamanos

OCOBEHHOCTH TEPMODJIEKTPUYECKHAX CBOMCTB KPUCTAJLJIOB
TEJJIYPUJA BUCMYTA C KEJE30M

YCTaHOBIEHO, YTO MPOUCXOAUT BHEAPEHHE aTOMOB JKelle3a MEXIy IIOCKOCTSIMHU craitHocTH Bi,Te; ¢ BaH-Iep-BaaabCOBBIMH CBSI3SIMH,
MPUBOJAIICE K YCWICHHIO XUMHYECKOH CBSI3M MEXIYy KBHHTETaMH U yNpodHeHHIO0 BiTe;<Fe>. Ilpm 3ToM 00pa3yroTcs MeEXCIOEBBIE
HAHOCTPYKTYPBI, BBIPOCTAIOIIME MeprneHanKysipHo nosepxHoctu (0001) Bi,r;<Fe>. BepostHee Bcero 3a nepexox B (eppoMarHUTHOE
COCTOSsIHUE M aHOMaNBHBIA 3 ekt Xomra (1 poct TepmodJc) B cmaBax Bi, Fe,Te; [1] OTBEeTCTBEHHBI BHYTPUCIOEBBIE (hepPOMATHUTHBIE
JKEJIe3HbIC HAHOCTPYKTYPBI.
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