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THE USE OF ZEOLITE FOR ADSORPTION PURIFICATION OF THE LEATHER
MANUFACTURING WATERS AT THE ELECTRIC DISCHARGE INFLUENCE

M.A. GASANOV
Institute of Physics of National Academy of Sciences of Azerbaijan,
Az-1143, H. Javid av., 33

The investigation results of the purification process of manufacturing waters of leather -processing with the application of the electro-

discharge influence are given in the paper.

The optimal mode of the absorbing purification of manufacturing waters with the help of the zeolite of the trend NaMr,, activated by the

influence of the electric discharge of the barrier type has been revealed.

The suggested method can be interest for the manufactures of the leather -processing.

The scientific-technological progress and connected with
it the large scale of the industrial human activity led to the
big positive transformations in the world, to the creation of
the strong industrial and agricultural potentials, to the wide
development of all kinds of transport, to irrigation and
melioration of big ground areas, to the creation of the systems
of the artificial climate.

Moreover, the state of the environment has been
worsened. The pollution of the atmosphere, basins and soil
by the solid, liquid and gaseous wastes achieves huge sizes,
the exhaustion of the irreplaceable natural resources and
firstly of the minerals and sweet water takes place [1].

That’s why the nature protection from the pollution has
become the one of the important global problems.

The intensive use of the waters of the different sources in
the industry for the technical use and also the discharge of the
waste waters in the nature basins needs the maximal their
purification from the different harmful impurities.

It is need to note, that manufacturing waters of the
different plant facilities are very different by the
compositions, containing different impurities. In the result of
this, it is impossible to suggest some universal purification
methods, providing the satisfactory purity of the cleanable
waters of the different compositions.

There are several methods for the purification of the
manufacturing  waters:  physico-chemical,  biological,
mechanical and others.

The physico-chemical methods of the purification are:
coagulation, flotation, absorption, ion exchange, extraction,
rectification, crystallization, desorption and others. These
methods are used for the removal of the thin-dispersed
suspended particles (solid and liquid), soluble gases, mineral
and organic substances from the manufacturing waters. The
choice of this or that purification method (or several
methods) is carried out taking into account sanitary and
technological demands, making to purified manufacturing
waters with the purpose of their further use, and also taking
into account the quantity of manufacturing waters and
pollution concentration in them, the presence of the needed
material and energetical resources and process economy
[2,3].

The investigation results of the purification processes of
manufacturing waters of the leather manufacture with the
application of the absorption method are described in the
given paper.

In the paper the zeolite by the trend NaMry is used in the
capacity of the absorbents. The activation with the
application of the electric discharge of the barrier type was

carried out with the goal of increase of the zeolite absorption
capability.

It had been established earlier  zeolites absorb very
effectively the impurities from the hydrocarbon liquids, they
reveal the barrier role in respect of some mineral oil: xylene,
toluene, benzol, phenol and others after electric-discharge
activation [4-7].

At the electric-discharge activation the filter cycle
increases, but water flow on the ablution of the filtering layer
decreases. The decrease of the drop rate of the filtering
velocity at the repeated cycles has been also established.

The thermal treatment of the zeolite absorbents of the
trend NaMr, at 800°C with the pumping during five hours
was carried out on the preparatory step of the investigations.
Further the samples of the absorbents were treated by the
electric-discharge ~ activation. ~ The  electric-discharge
activation of the absorbents was carried out in the special
discharge camera, the construction of which allowed to excite
the electric charge of the barrier type in the interelectrode space.

The treatment by the barrier charge was carried out at the
alternating voltage 17 kV, discharge current 100 mA, time
duration of the treatment was 30 minutes.

The principal electric schema is presented in the fig.1.
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After discharge treatment the zeolite absorbents of the
trend NaMr, were putted in the special glassy reactor and the
tests of manufacturing water of the leather manufacture were
gone through them.

The technological schema of the experiment carrying out
is presented in the fig.2.
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After carrying out of the purification processes, each
water test with the test of the initial (crude) water was treated
by the chemical analysis.

The results of the carrying out of the investigations are
presented in the table. From the comparison of the data
analysis follows, that content of such impurities as
and others has been decreased significantly in the result of
the purification.

Thus, it is established, that application of the influence
of the barrier discharge at these conditions also increases
significantly the efficiency of the absorbing purification of
the given manufacturing waters.

The suggested method presents itself the perspective
technology of the purification of manufacturing waters of
leather -processing.

Table 1.
The results of the chemical analysis of the water tests from the impurities.
' Measurement Impurity content in water
Name of indexes units Electro-
Initial Crude redused
NaMTb
pH (hydrogen ion exponent) Un 12,5 12,05 11,8
Electric conductivity mS/sm mg/1 46400 40800 35600
TDS (total dissolved solids) Ppm 40600 35000 3000
(mg/l)
>ion Mineralization mg/l 43188
Dry residue (105%) mg/l 42425 39040 38210
Dry residue (150%) mg/l 36875 33882 22000
Thick residue (600%) mg/l 25285 23120 20700
PPPcalcination % mg/l 40,4 40,8 39,8
PPP losses mg/l 434 39 25
Turbidity (optical density) un/cm 3,8 2,5 0
HCO;™ mg/l 18,4 16 0
CO> mg/l 6000 444 354
OH- mg/l 272 170 100
Cat mg/1 521 60 40
Na" mg/l 17377 14851 13220
NH,* mg/l 875 2127 0
NaHCO; mg/1 10388 5000 100
Na,COs mg/l 10388 5000 100
NaOH mg/l 196 170 80
Ca(OH), mg/1 592,6 200 0
NH,CI mg/l 2598,2 1234,8 0
Sera compounds, oxidated by iodine (on
H,S) mg/1 32846 2846,7 0
ZH23+HS*+327 mg/l 6166 4831 4250
s~ mg/l 809 282 221
HS” mg/1 5499 5240 461
PO, mg/l 130 130 70
Chlorides, Cl- mg/l 90000 5261 4885
Na,S mg/l 167,45 100 50
Si03> mg/l 8048 7349 10
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ARAKOSMOLI QAZBOSALMASININ TasiRi SBRAiIiNDB DBRI, SONAYE TULLANTI SULARININ
SEOLITDO TOMIZLONMOSI

Moqalade deri senaye tullanti sularinin agqarlardan temizlenmasine dair tedqiqatlardan alinmis naticeler serh edilmisdir. Gostorilmisdir
ki, arakesmoli elektrik qaz bosalmasinda aktivlesdirilmis NaMy, markali sintetik seolitden kegirilon deri senaye tullant1 sularinin
tomizlenmasinin optimal naticeleri miiayyenlesdirilmisdir.

M.A. I'acanoB
HUCITOJIB30BAHUE HEOJIUTA OJIsA A)lCOPBllI/IOHHOﬂ OYUCTKU KOJKEBEHHBIX
MPOU3BOACTBEHHBIX CTOUHBIX BOJ ITPU BO3J]EI7ICTBI/II/I SJEKTPUYECKUX PA3PSIIOB

B cratee mpuBOAATCS pe3yNbTaThl HUCCIEAOBAHMN IpoLlecCa OYMCTKH CTOYHBIX BOJ| KOXKEBEHHOTO IPOM3BOJCTBA C NPUMEHEHHEM
JNEKTPOPA3PSATHOTO BO3AEHCTBUSL.

BrLiBiieH onTEMaNBHBIN peXUM aJCOPOLMOHHON OYHCTKH CTOYHBIX BOJA C IOMOIIBIO IEONUTOB Mapku NaMy, , aKTHBUPOBAHHOTO
BO3JICHCTBHEM Ha HHX >JIEKTPHUECKOTO pa3psizia 6apbepHOro BUA.

IIpenoxkeHHbI METOJ MOKET IPEACTABIATh HHTEPEC VI IPEAIPUATHI KOKEBEHHOIO IPOU3BO/CTBA.

Received: 23.02.05
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THE CURRENTS, LIMITED BY VOLUME CHARGE IN THE CHALCOGENIDE GLASSY
SEMICONDUCTORS OF Se-Te SYSTEM

S.I. MEKHTIEVA, A.L. ISAYEV, EA. MAMEDOV, Z.A. AGAMALIYEV
Institute of Physics of National Academy of Sciences of Azerbaijan,
Az-1143, H. Javid av., 33

In the stationary regime, the measurements of VAC of pure containing chlorine impurities (0,001; 0,005; 0,01; 0,1 at.%) of HGS system
Seqgox Tex (x =05 1; 2,5; 5; 10 at.%) in the structure of the type Te - Se;go.x Tey - Al , have been carried out. It is established, that in the given
structure, the current going mechanism is caused by the currents, limited by space charge and definite parameters (concentration and
activation energy), controlling the transfer of electric charges. It is also established, that the tellurium addition in the amorphous selenide,
bigger than 2 at. %, causes the increase of the increase of density state of negatively charged defects D.

Introduction.

The complex investigation of optical and photoelectric
properties of chalcogenide glassy semiconductors (HGS) of
Se-Te system [1-3] showed that change of chemical
composition and input of impurities of halogens strongly
influences on the energy spectrum of electronic states near
the boundary of permitted bands and in the chink of mobility
also. It must influence on material properties connected with
the electric charge transfer. The aim of the present work is
the revealing of current going mechanism in (HGS) of Se-Te
system. With this purpose the volt-ampere characteristics
(VAC) of HGS of Seygox Tex (x=0; 1; 2,5; 5; 10 at.%) system
and HGS of SeysTes system also, containing the chlorine
impurities (0,001; 0,005; 0,01; 0,1 at.%) have been measured.

Experiment technique.

The samples for measurements had structure by the type
“sandwich” and presented themselves films, prepared by
thermal evaporation in the vacuum at the residual pressure
10°mm. of mercury. The polished glass substrates have been
used on which the lower electrode from aluminum or In,Os
was applied. The upper electrode was film from tellurium,
evaporated on the layer of the investigated material in the
vacuum. The chemical composition of the film was the same,
as in the suspended matter. The substrate temperature was
controlled with the help of thermocouple.

VAC of the samples were measured on the direct current
in the darkness. The polarity of applied voltage is “plus” on
the tellurium electrode.

Experimental results and their analysis.

VAC of HGS samples of system (Sejgox Tex (x=0; 1; 5;
10 at.%) and HGS of SeysTes system, containing the
impurities of chlorine (0,001; 0,005; 0,01; 0,1 at.%)
correspondingly are given on the fig.1 and 2. Thicknesses of
all samples are equal 10 mcm.

As it is seen, VAC contains from the several strongly
expressed straight-line portions, corresponding to the degree
dependence of current I on applied voltage V in the double
logarithmic scale. The first portion corresponds to Ohm law
(i.e. dependence I~V", where n=1). The quadratic dependence
of the current on the voltage (n=1,8-2) is observed on the
second portion and on the third portion the current increases
with the voltage in the degree n>2. VAC of HGS samples of
Se-Te system with the telluritum concentration about 2 -5
at.% have the two portions with quadratic and degree
dependences of the current on the voltage, where n>2. VAC
of HGS of SegsTes system at the different temperatures are

shown in the fig.3. As it is seen from the figure, the voltage
corresponding to VAC bending between ohmic and quadratic
portions increases with the temperature increase.

7
Fig.1. The volt-ampere characteristics of Se-Te system at the

room temperature for the compositions 1 - Se;
2 - SeggTey; SegsTes; SeggTey.

Such VAC behaviour is characteristic for the currents,
limited by volume charge (CLVC), at the presence of the
levels of hole attachment, situated lower than Fermi F, level,
i.e. the condition (Fo—E{)/kT>1 is fulfilled. The observable
peculiarities of VAC prove that energy position and
concentration of attachment levels depend on the chemical
composition and on the concentration of inputted atoms of
chorine impurities.

In a particular, in HGS of Seq¢sTes system the observable
peculiarities of VAC testify the existence of the two groups
of trap centers, located between ceiling of valence band and
Fermi level. In the frameworks of CLVC theory, the attempt,
in order to explain the given peculiarities VAC has been
done.

At the small values of the voltage applied of the sample
the charge carrier injection from electrode is small and layer
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conductivity stays ohmic because of the presence some
quantity of the equilibrium charge carriers. Using the
following obtained value

I=peny/L (1)
n = Nyexp( - (Fo - Ey)/KT). )

of concentration of the equilibrium holes n from formula(1)
the position of Fermi level (Fy - F,) with the help of the
formula (2) is obtained
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Fig.2. The volt-ampere characteristics of opmysia composition
with chlorine impurity: 1- SegsTesClg 15 2- SegsTesCly gos;
3- Seg5T35C10’01; 4- Seg5Te5C10’1,

. Here u is hole mobility; e is elementary charge, L is distance
between electrodes, V is applied voltage, | is current density,
Nv is effective density of the states in the valence band, KT is
heat energy. The obtained values for the all samples are
presented in the table.

At the voltage increase, because of the charge carrier
injection from electrode, the hole concentration increases,
and when they become bigger, than concentration of
equilibrium holes, then the current subordinates to the law [4]:

| =epviL® | 3)

where ¢ is statical dielectric constant of the material.
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Fig.3. The volt-ampere characteristics of SeqsTes composition
at the room temperatures 20K, 35K, and 55K,
correspondingly (from bottom to top)

In the case, when traps are existed, the parameter & is
input, defining the part of free charge carriers on the total

charges:
6 = Ny/N; exp(- E/KT), (€))

where N; is concentration of small traps, Er is activation
energy of the traps.

In this case VAC are described by the equation (3), but
for 4 it is need to use expression [=6\,, where [, is mobility
of free charge carriers.

The transversal voltage between portions, subordinating
to ohmic and quadratic laws, is defined by the expression:

Vi =enl?2¢, (5)

where n; is thermal equilibrium concentration of charge
carriers. At V>V, , the traps gradually fill up and at the
defined voltage value become totally filled. According to
CLSC theory, voltage, at which the total trap filling begins, is
defined by the expression

V, = eNiL%/2¢ . (6).

With the help of the equation (6), the concentration N; of
traps, which is 10°~10"cm™ has been calculated. The trap
parameters (concentration and activation energy) were
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calculated b by the formula(6), and also from the temperature

dependence of €. The obtained results are presented in the table 1.

Table 1.

The traps parameters of HGS of Se-Te system.
Material F,- E,eV Ey, eV Ny, cm™ Ep, eV Np, cm”
Se 1,09 0,87 2x10" — —
SegoTe, 1,08 0,81 5%10" — —
Seos sTe) s 1,05 0,80 2x10" — —
SeosTes 1,05 0,84 2x10'° 0,67 5.10"
SegTero 1,02 0,82 1x10' — —
SegsTesCly o1 1,05 0,86 1x10'° 0,75 10"
SeosTesCly gos 1,05 0,80 2x10' 0,70 10"
SegsTesClo 1,05 0,80 5x10" — —
SegsTesCly, 1,05 0,80 2x10" — —

At the calculations the following number values of parameters
of the investigated materials, are used: N,=9,5- 10Ycm™ [5],
¢=5,5-10" F/m [6], ,=10" m*/V sec. [7].

As it is seen from the table, at the addition of the
tellurium in selenium, the concentration of local states
strongly increases (bigger, than in 100 times), but if tellurium
concentration 5 at.%, the second group of localized states,

shorter and concentration of broken bonds increases.
Obviously, these broken bonds are traps for hales. It is
established by us [1-2] that tellurium additions in the
amorphous selenium bigger than 2 at.%, causes the increase
of the state density of negatively charged defects D. The
decrease of the trap concentrations at the addition of the
electronegative chlorine impurity in HGS of Se-Te system

allows us to proceed, that hole traps in the given HGS
material connect with the negatively charged defects D.

situated near to the ceiling of valence band, appears. From
the work [8] it is known, that tellurium, inputted in selenium,
destroys selenium chains, in the result of which they become
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Se-Te XALKOQENID SUSBVARI YARIMKEGCIRICi SISTEMLORDS HOCMLIi YUKLD
MOHDUDLASDIRILMIS CORSYANLAR

Stasionar rejimda temiz ve xlor agqarlan (0,001; 0,005; 0,01; 0,1 at.%) slave edilmis slUsovari xalkogenid yarimkegirici
Se100x Tex sistemi asasinda hazirlanan Te - Seqox Tex - Al strukturunun volt-amper xarakteristikasi tadqiq edilmisdir. Miayyan
edilmisdir ki, hamin strukturda yuk dasiyicilarin kégurilma mexanizmi hacmi yuklarle mahdudlasan caryanlarla slagadardir, ve
koégurilma prosesini idare edan lokal hallarin parametrleri (konsentrasiyasi ve aktivlesma enerjisi) tayin olunmusdur. Hamginin
muayyan olunmusdur ki, amorf selens slave edilmis tellurun migdar 2%-dan bdyuk oldugda, meanfi yukli defektlorin
konsentrasiyasi artir.

C.M. MextueBa, A.U. UcaeB, I.A. Mamenos, 3.A. AramajineB

TOKH, OTPAHUYEHHBIE OBBEMHBIM 3APS/10M, B XAJIBKOI'EHU/HbBIX CTEKJOOBPA3HBIX
MOJYIIPOBOJHUKAX CHCTEMBI Se - Te

B crammonapHoM pexuMe OBUTH MPOBEICHBI M3MEPEHHS! BOJIBTAMIICPHBIX XapakTepucTUK (BAX) WHCTBIX M COAEPIKAIIUX MPUMECH
xyopa (0,001; 0,005; 0,01; 0,1 at.%) XCII cuctem Sejgx Tex (x = 0; 1; 2,5; 5; 10 ar.%) B cTpykrype Tuma Te - Sejpoy Te, - Al
VCTaHOBJIEHO, YTO B YKA3aHHON CTPYKTYPE MEXaHH3M TOKOIIPOXOXKIAEHHs OOYCIOBJIEH TOKaMH, OPaHHYEHHBIMUA OOBEMHBIM 3apsioM, M
OIpeeiIeHbI MapaMeTpbl (KOHIIEHTPALHS ¥ SHEPrHsl aKTUBALIMH ), KOHTPOIUPYIOIINE EPSHOC IIEKTPHUSCKUX 3apsiioB. Takke yCTaHOBJICHO,
4yro no0aBKa Te/utypa B aMopdHBIi cenieH, mpeBbiaomas 2 at.% , CIocoOCTBYET YBEIHYEHUIO IIOTHOCTH COCTOSHHH OTPHLATENBHO
3apsUKEHHBIX nedexToB D

Received: 23.02.05
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THE SPECIFIC HEAT OF THE SURFACE FORMATION OF LIQUIDS

E.A. EYVAZOV, A A. ABUSHOVA, Y.M. ABASOV
The Azerbaycan Pedagogy University
Baku, Az-1000, U.Hajibeckov. str.,4

A.U. MAKHMUDOV
Baku State University
Baku, Az-1145, Z.Halilov str.,23

The semi-phenomenological method, allowing one to establish the temperature dependence of the specific heat of the
surface formation (SHS) of liquids on the base of density value at two arbitrary temperatures is considered.
The given method is applied to the liquid alkaline metals and the correlation between thermal direction coefficient, SHS,

bond energy and liquid molecular mass is established

The processes, carrying out on the two phases interface
are special and differ from volume phenomena significantly.
The osculating phases are divided by the narrow transitive
layer, the atomic (molecular) structure of which strongly
differs from structures of divided phases. In a particular, the
interatomic distances in the subsurface layers of crystal
(liquid) are in average on ~10% more, than in the volume.
That’s why the physical parameters, with the help of which
the volume phenomena are described, aren’t enough for
surface phenomena and it is need to introduce the new
characteristics, connected with the surface immediately. One
of such values is the specific heat of the surface formation
(SHS), which means energy physically, needed for isothermal
formation of free unit surface. As all values characterizing
the thermodynamic properties of the surface are expressed by
the surface tension and it connects immediately with the
specific heat of the surface formation, so the urgency of
investigation of the last one becomes more significant.

In spite of the many theoretical and experimental
investigations [see 1-4], because of the complexity of the
structure of subsurface layer and unknowing of the potential
of intermolecular interaction, nowadays the uniform approach
to the surface phenomena in liquids doesn’t exist.

In the given article some practically suitable semi-
phenomenological method of the establishment of
temperature dependence of the specific heat of the surface
formation of liquids is suggested.

With the help of the potential method [5] and also
thermodynamical cycles one [6] it can be shown that the
temperature dependence of the surface tension coefficient of
liquids (o) in the general case is defined as follows

do
dT

= — a , (1)
T

where  is the heat quantity, absorbing at the reversible
isothermal change of unit surface area and is equal to the
difference of the specific surface energy and the work at the
isothermal expansion of the interface on the unit.(This value
is often called by the specific heat of the surface formation).
From another hand, the thermal direction coefficient of the
surface tension of many liquids is well expressed by the
following expression [7]:

2/3
d_O' = _B(ﬁj , )

where p is the liquid density; # is the liquid molecular mass.
B=2,1g-cm%sec’-grad. is the numerical coefficient. From the
formulae (1) and (2), we have:

q=LQ?“T=A.ﬁ“T, 3)

where 4=2,14 ** is the constant value for the given liquid
(table 2).

Li
3,0 4+
q-102, Na
erg!cmz
K
L5
Rb
M N
} {
300 700 TK 1100

Fig.1. .The temperature dependence of the specific heat of the
surface formation of liquid alkaline metals.

As it is followed from the formula (3), the heat of the
surface formation depends on the temperature. Knowing the
temperature dependence of the liquid density with the help of
formula (3), we can establish the analytical form of
dependence q=q(T). With the help of experimental values of
liquid alkaline metals density, taken from the formula [8] at
the different temperatures, we have calculated q values. The
corresponding results are given in the fig.1. As it is seen, in
the temperature interval 400K<T<1100K for all chosen
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liquids, the dependence q=q(T) has linear character, i.e. the
specific heat of the surface formation of liquid alkaline
metals with the temperature increase increases according to
the linear law. As the given linearity doesn’t mean the
temperature independence of the thermal angular coefficient

d
of the heat of the surface formation, i.e. o =d—q=C0nSt , SO
T

it is obviously, that
q(M=arT+C . )

For the finding of integration constant C, we assume, that
at the arbitrary temperature T=T,, the heat of the surface
formation, calculated by means of the known density p=p; ,
is equal g;. Then from the formula (4), we have:

g(M=ar+ar(T-Tr). (5)
The formula (5) is the analytical expression of above
mentioned linear dependence q=q(T) and allows to establish
the temperature dependence of the specific heat of the surface
formation of liquids by means of the density values at two
arbitrary temperatures. Indeed, let’s suppose that at the
temperatures T, and T,, the density is equal to p; and o,
correspondingly. Then with the help of the formulae (5) and
(3), after simple transformations, we obtain:

T-T
q(T)=2.L:u°% p12/3'T1+T Tl (p22/3-T2—,012/3~T1)

2711

(6).
(In the formula (6), it is supposed, that T,>Ty, i.e. p,<py).

It is clear, that formula (6) has universal character, i.e. it
is suitable for all normal liquids.

12 p?Ba0? 32
4+ ' +4
Li
ar-10%, a-10°,
erg!cmz K erg!(:m2 ‘K
Na )
2T K
Rb
Cs
4 |
10 Eb .]0, eV / atom 20

Fig.2. The dependence of thermal angular coefficient (or) on
the bond energy (Ep) and molecular masses () of liquid
alkaline metals.

As it follows from the above mentioned, at the presence
of the density data in the wide temperature interval it is
necessary the specific heat of surface formation to calculate
on the formula (3); and on the two density values, the
dependence q=q(T) can be established on the formula (6).
For the liquid alkaline metals q values, calculated by the both
methods, well coincide (table 1).

Table 1.

SHS of liquid direction metals, calculated on the formulae (3) (gs) and (6) ().

Na K Rb q6/ 03
T.K s s s s s s Na K Rb
400 98.29 98.28 63.48 63.49 54.51 54.52 0.9999 1.0001 1.0001
500 120.72 120.71 77.83 77.84 67.13 67.13 0.9999 1.0001 1.0000
600 142.27 143.14 91.53 92.19 78.76 79.75 1.0061 1.0072 1.0126
700 162.92 165.57 104.58 106.54 89.77 92.37 1.0162 1.0187 1.0283
800 182.82 188.00 116.97 120.89 101.83 104.99 1.0283 1.0335 1.0310
900 201.66 210.43 128.66 135.24 113.60 117.61 1.0435 1.0511 1.0353
1000 219.58 232.86 139.63 149.59 125.32 130.23 1.0605 1.0713 1.0392

The specificity is the decrease of the thermal angular
coefficient o with the increase molecular mass of alkaline
metals. Formally, such dependence follows from the formula
(6), according to o~ ® (fig.2). One of the probable physical
causes of ag decrease at the increase of molecular mass, is

the decrease of bond energy at the transition from lithium to
cesium, i.e. it is obviously, that the more strong the bond
between atoms, the more big the energy is needed for the
formation of unit surface. The values of bond energy Ep,
taken from the formula (9), are given in the table 2.

Table 2.

The values of some parameters for alkaline elements.

Li Na K Rb Cs
u 6.94 23 39.10 85.50 132.9
A-10 5.73 2.59 18.20 1.80 0.81
ar-107, erg/cm2~K 32.03 20.61 13.17 11.82 9.66
Ey 10, eV [9] 15.80 11.30 9.50 8.90 8.10
T, K[7] 453 371 350 313 302

The dependence oy on bond energy is shown on the fig.2.
As it is seen, our exposition about correlation between o and
E, takes place really.
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It is note, that described in the present work the semi-
phenomenological approach allows us to establish also the
temperature dependence of liquid surface tension on two
density values.



THE SPECIFIC HEAT OF THE SURFACE FORMATION OF LIQUIDS

e Thus, in the given paper, the semi- specific heat of the surface formation of liquid
phenomenological method of the definition of alkaline metals has been calculated and
the specific heat of the surface formation (SHS) correlation between the thermal direction
of liquids on the base of density values at two coefficient, SHS, bond energy and liquid
arbitrary temperatures is suggested. By this molecular mass is established.

method, the temperature dependence of the
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E.S. Eyvazov, A.U. Mahmudov, A.A. Abusova, Y.M. Abbasov

MAYELSRIN XUSUSi SOTHOMOLOGOLM®S iSTiLiYi

isde iki ixtiyari miixtelif temperaturda mayenin sixigini bilmakle xiisusi ssthemaslegslma istiliyinin (XSi) temperatur asiliigini
hesablamaga imkan veran yanm fenomenoloji metod verilir. Bu metodla gealevi metallarin mayelerinin XSl-nin termik bucaq
amsali ile mayenin rabits enerjisi arasinda korrelyasiya oldugu askarlanmisdir.

9.A. JiiBa3os, A.Y. MaxmynoB, A.A. A0ymoBa, 1.M. Adacos
VIEJBbHAS TEILIOTA IOBEPXHOCTOOBPA3OBAHUS )KHIKOCTEMN

PaccmarpuBaercs 1oy pEeHOMEHOJIOTMYECKHH METOJ, MO3BOJAIOIIMA Ha OCHOBAaHMM 3HAYEHMH IUIOTHOCTH NPH JBYX
NPOU3BONBHBIX TEMIIEPATYPaxX YCTAaHOBUTh TEMIIEPATYPHYIO 3aBUCUMOCTh yJIEIBHON TEMIOTHI MoBepxHocTooOpaszoBanus (YTII)
JKUJIKOCTEMH.

IIpennosxeHHBI METOA MPUMEHEH K XHUAKUM IIETOYHBIM METaIaM U yCTaHOBJICHA KOPPEILSIIUS MEXIY TePMUUECKAM YTIIOBBIM
koaddurentom, Y TIL, sHeprueit cBI3U M MOJIEKYIIAPHOH MacCOM JKUIKOCTH.
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The internal friction and the shear modulus have been investigated in PbTe crystals, undopped and dopped by chromium till the
temperature 650°C. It has been established at the first time, that the shear modulus increases at the room temperature in the dopped PbTe

almost in 2,5 times, and the elastic limit increases in 5-6 times.

The lead telluride, belonging to the narrow-band
semiconductor materials, is widely used in the modern
semiconductor technique for the production of lasers and
photodetectors in the infrared-ray spectrum region, and also
for the production of the high-effective thermoelectric
transducers. The investigation of the types of the structural
defects and their thermal stability, their influence on the
structural-sensitive mechanical properties will cause the
expansion of the possibilities of their use in many respects.

Such kind of the investigation can be carried out
successfully with the use of the acoustic spectroscopy
methods, allowing us to define the absolute values of elastic
constants, to estimate activation parameters of the different
defects and their contribution in the formation of the
mechanical properties.

As the last investigations show [1], these questions are
very actual in the compound and solid solutions of A"B! in
the connection with the diffusion error in the heterostructures
and the inelastic phenomena, connected with them.

In the present paper for the solution of such kind of
problems the method of the low-frequency internal friction at
the torsional oscillations has been used. The method has the
high sensitivity to the change of the crystal elastic properties,
allows us to carry out the measurements in the wide ranges of
the temperature change and the amplitudes of the vibrational
deformation. The choice of this method is also caused by the
fact, that it differs by the high sensitivity to the different
defects of the crystal lattice (planar and point defects). The
relaxation times of the processes, connected for example with
the dislocation defects, interacting with the vacancies or

atoms of the impurities, can have the values, which are close
to the period of oscillation of the torsion pendulum. This
allows us to get the information about the nature of the
relaxation processes of the dissipation of energy of the
mechanical oscillations, caused by the real structure of
crystals.

The PbTe crystals (~ 0,1at. %) undopped and dopped by
chromium, are chosen as the objects of the investigation.
Earlier in the samples, dopped by chromium at T=80K, the
increase of the elastic constants more than in two times with
the comparison of the undopped PbTe, was revealed [2].

The measurements of the internal friction and dynamic
shear modulus are carried out in the vacuum on the
installation of the internal friction with the direct torsion
pendulum at the oscillation frequency 1-5 Hc in the
temperature interval from the room temperature till 650C.
The samples’ sizes are 0.5-0.5-(10-15)mm’, the velocity of
the temperature change is 2 grad/min. The amplitude
Vib}rational deformation was changing in the interval 5-107-
10~

The value of the internal friction was defined by the
formula [3]:

Q' =In (An/ Ann )N (1)

where N is the number of the free-damped oscillations at the
decrease of the light deflection amplitude on the optical scale
from A, till Apem. The precision of estimation of the value is
IF~5%. The absolute value of the shear modulus at the room
temperature was defined by the method of the comparison
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with the etalon sample (aluminum of high purity) of identical
sizes by the formula

G = Gt P22, 2)
where G and f, G and f are values of the shear modulus and
oscillation frequency of the investigated and etalon samples
correspondingly. At the construction of the curves of the
shear modulus, its proportionality to the square of oscillation
frequency: G~ was used.

The activation energy was defined by the Verta-Marx
method on the known values of the temperature T and
oscillation frequency fy . from the experiment at the
maximum of the relaxation internal friction [3]:

H = RTmax In(K-I-max/ hfimax ), 3)

where K and h are Bolzman and Plank constants
correspondingly, R is the gas constant.

The relative deformation was defined at the torsional
oscillations by the formula:

r=NL/IR, 4)

where r is the radius of the circumscribed circle of the sample
cross- section, | is the sample length, R is the distance from
the sample till the optical reference system, L is the deflection
of the light ray on the optical scale .

The temperature spectrum IF of the monocrystal
undopped sample PbTe at the oscillation frequency ~5Hc
characterizes by the maximums at the temperatures 240 and
340K (fig.1).

A

3 41,0 Relati
Internal 6} 1 ve
friction i shegr
1402 - modu
10
Q ! 4 lus
Jos 2

200 400 600 O
Fig.1. The temperature dependence of the internal friction and
relative shear modulus (1,2) of monocrystallic PbTe.

1,1 - PbTe (undopped), 2,2 - PbTe:Cr.

They appear on the IF phone, the level of which increases
strongly in the temperature region >400°C. The decrease of
the shear modulus is observed in the neighborhood of the IF
temperature maximums. The last one, excepting the given
maximal wanes, decreases approximately linearly at the
increase of the sample temperature. At the further
measurement of the IF spectrums and shear modulus in the
cooling process the significant changes were not observed
with the comparison with the initial spectrums. In the
repeated experiment, carried out on the heating and the
cooling, the former characteristics of given temperature
spectrums mainly conserved. This fact proves the thermal
stability of the maximums and IF phone in the PbTe samples.
It is need to notice, that spectrum of the temperature
dependence are registered in the mode, when the internal
friction Q" is the amplitude-independent.

According to the calculation by the formula (3), IF
maximums at 240 and 340°C are characterized by the values
of activation energy 1,23 and 1,49 eV correspondingly. From
the exponential dependence of the frequency relaxation factor
on the back absolute temperature r'= ro exp(H/KT ) the
frequency factors were equal 1,7-10'° and 6:1071s” |
correspondingly. The equality at the maximum 2zf,,=r",
where I is relaxation time is used at the calculation.

The absolute value of the shear modulus was equal
1.21-10" din/cm?. It didn’t change at the further experiments,
carried out after the sample’s heating till 650°C in the
measurement process of IF and 2. When Q™(E) depends on
the amplitude, then the separation of the dislocation segments
from the fixed points begins in the case of the crystals with
low potential barrier or the separation of the twists begins on
the dislocations in the case of the crystals having high Payerls
barrier. The interface of the amplitude-independent and -
dependent regions of Q" is referred to the critical amplitude
deformation. It is equal 9,3-10™* for the undopped PbTe (fig.2,
table).

In the temperature IF spectrum of PbTe sample, dopped
by chromium, measured at the frequency ~5Hc, the above
mentioned maximums are revealed at the relative high
temperatures 265 and 385°C. They appear on the phone,
having the lowered intensity in the comparison with the
undopped sample. And in this case I[F maximums have the
higher thermal stability, i.e. the extract at 600°C during 2,5
hours practically doesn’t influence on their temperature
position and intensity. The shear modulus decreases in the
temperature region of IF maximums. Its decrease is higher in
the region of the second maximum, characterizing by the
relative high intensity. The absolute value of the shear
modulus of the dopped sample is — 2,96-10''din/cm?.

Table.
Physic-mechanical characteristics of the lead telluride monocrystallic samples.
Sample’s type Shear Critical amplitude | Temperature of IF | Activation energy, | Frequency
modulus of deformation maximums, °C eV factor, s™!
10" din/em?
PbTe 4 240 1,23 1,7:10"°
1,21 9,3-10
(andopped) 340 1,49 6:10"
5 265 1,30 3-10"
PbTe: Cr 2,96 2,9-10 5
385 1,60 2.8:-10
The activation characteristics of IF maximums in the 1,3-10'%"  for the maximum at 265°C and 1,6 eV and

dopped sample also have the relative high values 1,3 ¢V and
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2,810 s for the second maximum at 385°C.
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Fig.2. The amplitude dependence of the internal friction (1-4)
and relative shear modulus (1-4)
PbTe (undopped): 1,1 -IF and shear modulus at the
room temperature, 2,2 - at 300°C
PbTe:Cr3,3 - IF and shear modulus at the room
temperature, 4,4 - at 300°C.

The initial spectrums of IF and shear modulus in the
temperature interval from room till 650°C and in the case of

chromium doping reveal the strong dependence on the
oscillation amplitude (fig.2). The decrease of the value of the
critical amplitude deformation, at which the strong increase
of IF increase or the decrease of shear modulus, is observed
on the amplitude dependences of IF and shear modulus at the
increase of the temperature of their measurement. Such
change of the critical amplitude is character for the
thermoactivated process of the dislocation separation on the
relative weak fixed points [4].

The calculations of the elastic limit by the formula ¢ =
2Cy4 - (3-4 - Cy4/C11)- &eur show, that in PbTe sample, dopped
by chromium, the elastic limit increases not the less, than in
5-6 times in the comparison with the undopped one. Here it is
noted, that C, = G =29,6-10' din/em’, C,,=104 -10'° din/em’
[5] and 143-10" din/cm® for the undopped and dopped
samples correspondingly. The existence of the lowered
values of the critical amplitudes at the increased temperatures
shows, that dislocation limit also decreases at the increase of
the sample’s temperature. According to the results of the
measurements its decrease is significant at the temperatures
>200°C. The annealing at 600°C during 2,5 hours
insignificantly increases the value of the critical amplitude at
the different temperatures. Therefore, the given thermal
treatment practically doesn’t influence on the absolute values
of shear modulus and dislocation elastic limit, i.e. doesn’t
cause the significant changes of the real structure of the
dopped sample.
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PbTe MONOKRISTALLARININ DAXILIi SURTUNMS V3 SURUSMS MODULUNUN
XUSUSIYYSTLORININ TaDQiqQi

PbTe va xromlu kristallarinin daxili sirtinma strisma modulu 650°C temperaturuna gader tadqiq edilmigdir. Xromlu PbTe
kristalinda muayyan edilmisdir ki, stirisma modulu otaq temperaturunda 2,5 dafs, elastiklik serhaddi ise 5-6 dafs artir.

O.U. JapapamsBuiau, M.U. Enykamsuiu, H.I1. Kekeaunze, I'.ILI. JapcaBeaunnze, JI.JI. 'a6puunnze, 3.P. Kyrenus,
B.II. 3nomanoB, O.U. TananaeBa, T.C. Mamenos, H.JI. Axmen3zane, JI.LH. Tecep

HCCJEJTOBAHUE OCOBEHHOCTEN BHYTPEHHEI' O
TPEHUSA U MOAYJISA CABUT'A B MOHOKPUCTAJUVIAX TEJUTYPUJIA CBUHLIA

B HenernpoBaHHBIX ¥ JISTMPOBAHHBIX XPOMOM KpucTamiax PbTe mccnenoBaHbl BHyTpPEHHEE TPEHHE W MOJIYJb CIIBHIA BIUIOTH 1O
temneparyp 650°C. BriepBrie yCTaHOBICHO, YTO MOYJIb CIBUTA TIPH KOMHATHOH TeMIepaTrype Bo3pacTaeT B JierupoBanHoM PbTe moutn

B 2.5 pa3a, a mpezen ynpyrocru- B 5-6 pas.
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The low-energy conformational states of the sequence including 16 amino-acid residues, forming a part of the N-terminus regulator
domain of the tyrosine hydroxylase ferment have been established by the method of the force field in the approximation of the semiempirical
atom-atom potential functions. It is established, that the state with the global minimum of the conformational energy has the two o-
convolutions on the segments of Pro4-Thr7 and Pro9-Lys12 amino-acid residues and a number of several reverse turns on the short segments

of the peptide backbone, stabilized by the hydrogen bonds.

Introduction

The structure and the dynamic conformational properties
of the sequence from 16 amino-acid residues, forming a part
of the N-terminus regulator domain of the tyrosine
hydroxylase ferment (TH) have been investigated by the
method of the semiempirical atom-atom potential functions
[1,2]. The calculations, based on the physical theory of the
structural organization of the peptides and proteins, include
the detail analysis of the conformational possibilities of the
big number of segments and their overlapping regions are
described in the refs. [3,4]. The sets of the low-energy
variants of the structure of monopeptides—molecules of N-
acetil-a-aminoacids of metilamides, used in the calculations,
are universal under the consideration of any amino-acid
sequences. The low-energy conformational states of the
investigated segments and the whole region Metl-Argl6 of
the N-terminus regulator domain TH, obtained on the base of
the results of the independent calculations, were analyzed
with the use of the following parameters: a) relative
conformation energy E; b) elements of the space structure
(e-helix and f-turns), and also c) the hydrogen bonds.

Calculation method

The simulation of the segment structure was carried out
by the method of the theoretical conformational analysis with
taking under consideration the atom polar surrounding on the
base of the parcel of the applied computer programs [5]. They
rest on the quantitative calculations of the total
conformational energy of the investigated segment and on the
searchings of its local minimums by the conjugate gradient
method. The conformational energy (Econs) is represented in
the form of the additive sum of contributions of the non-
valency (Enony), electrostatic (Ee) atom interactions, torsion
rotation energy around valency bonds (Eys) and energy of
the formation of the hydrogen bonds (E;p). The
semiempirical potential functions and their parametrization,
used in the given paper., have been taken from the ref.
[6].The polar atom surrounding in the calculate experiment
was simulated with the help of the value &=10 and the D
parameter, describing the depth of the hydrogen bond, which
is equal to 1,5 kcal/mol in the Morse potential [3,6]. The
indication of the dihedral angles of the rotation was carried
out according to the standard nomenclature [7].

The results ant their discussion

The theoretical conformation analysis of Metl-Argl6
segment was carried out on the base of the fragmentar

calculation according to the scheme, given on the fig.1. As
the theory of the conformation analysis proceeds from the
assumption about co-ordination of all types of the
intramolecular interactions, the refinement scheme of the
amino acid sequence on the separate segments hasn’t the
principal meaning and doesn’t influence on the final results
of the investigation.
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Fig.1. The scheme of the stepwise calculation of Met1-Argl6
segment of N-terminus domain from tyrosine hydroxylase.
a)E=0.0 kcal/mol.
b) Ee =1.5 kcal/mol.
¢) Ere1 =3.6 kecal/mol.
d) Ee =6.8 kcal/mol.

Nonapeptid Met1-Pro2-Thr3-Pro4-Asp5-Ala6-Thr7-Thr8-Pro9

In the capacity of the initial approximation for the
procedure of the minimization of the conformational energy
the 684 variants, being combinations of the most profitable
forms of the peptide backbone of Metl-Pro4 tetrapeptide and
Pro4-Pro9 gexapeptide have been created. The low-energy
conformation state contains o-helix region of the peptide
chain, including the residues of Pro4-Asp5-Ala6-Thr7-Thr8.
The creation of the helix structure is proved by the values of
the dihedral angles of the rotation of the main chain and by
the hydrogen bonds of the type 1-4, created by oxygen atoms
of the carbonyl group and hydrogen atoms of the amid group
of the peptide backbone Nh(Pro4)...0c(Thr8). The energy of
such hydrogen bond in the different conformational states of
the investigated segment varies in the limits 1,9-2,5 kkal/mol.
The side chain of the threonine residuals creates the big
number of the intramolecular contacts. Particularly, hydroxyl
group in Thr7 and Thr8 begins to participate in the formation
of the hydrogen bonds with the side chain of the aspartic. The
contribution analysis of the interresidual interactions allows
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us to conclude, that the dispersion interactions of the
residuals in the positions 4, 8, 9 and 14 of the peptide
backbone are the main factors of the stabilization of the
global conformation of the nonapeptide segment. The low-
energy conformation states of the segment, satisfying to the
criterion E.<8 kcal/mol, have been chosen for the latest
calculation.

OktapeptidePro9-GIn10-Alall-Lys12-Gly13-Phel4-Argl5-Argl6

The peptide backbone Pro9-Argl6 is divided on the
simple overlapping two-, three-, and e.t.a. segments for the
calculation of the Oktapeptide segment (fig.1). According to
the calculation results, the global conformation of the
Oktapeptide segment has the short of a-helix on the region
Pro9-GIn10-Alal1-Lys12, the turn on the region Glyl3-
Phel4 (because of the existence conformational mobile
glycine, playing the role of the knuckle residue) and the
turned compact structure on the region Phel4-Argl5-Argl6.
Such structure of the Oktapeptide segment is realized in 70%
of the calculated conformations. The rest conformations
belong either to the structures of the disorder type, or to the
turned ones, among which it is possible to underline the total
helix conformation (E;<2.7 kcal/mol). Let’s consider the
peculiarities of the space construction of the conformation
with the global energy minimum. It is preferred not only by
the value of total energy, but on the energy of each separate
type of interactions. The existence of such co-ordination
between nonvalent, electrostatic and torsion interactions does
the energy distribution of the conformations in respect of the
parametrization of the potential functions very stable. The
residues of the proline (Pro 9) and glytamine (Gln 10),
participating in the numerous two-, three-, tetra- and
pentapeptide interactions play the significant stabilizing role
in the formation of the stable segment structure.

Metl-Argl6 segment

The conformational analysis of Metl-Argl6 segment of
N-terminus regulator domain of tyrosine hydroxylase
included the minimization of the total conformational energy
of the segment with taking under consideration the low-
energy states of the segments, constituting it. The relative
energy of the minimized structures varies in the interval of
the values 0-10 kcal/mol. The results of the conformational
analysis are given in the tables 1-3 and on the fig.2, where the
stereoimages of the most stable conformational states of the
segment in the conditions, simulating the water surrounding
are given.

According to the investigation results, the state with the
global minimum of the conformation energy has two turns of
o-helix on the regions Pro4-Thr7 and Pro9-Lys12 and the
totally unfolded N- and C-terminus segments of Metl-Thr3
and Lys12-Arglé6. It is need to note, that o-helix on the
region Pro9-Lysl2 saves in 72% calculated structural
variants, whereas it can be subjected to the quick
destabilization on the region Pro4-Thr7 in the dependence on
the intermolecular interactions with the side chains of the
Metl, Thr8, Lys12 and Argl6 residues. The residues of the
threonine in the positions of 3 and 8 peptide chain have the
maximal number of the energy profitable contacts. The sum
effect from their interaction in the global conformation of the
segment is 22,4 and 11,5 kcal/mol, correspondingly. The
multipeptide chain creates also the several reverse f-turns on
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the short regions of Thr3-Pro4-Asp5-Ala6, AspS-ala6-Thr7-
Thr8, Thr8-Pro9-GIn10-Alall and GInl0-Alall-Lys12-
Gly13. The general criterion, showing the existence of such
turns is the distance, which is less, than 7A between C%-atoms
of the residues in the first and fourth positions of the peptide
backbone (table 3). The conformations, containing the proline
residues in the tops of the reverse turns are the most stable.

Table 1
The energy contributions (kcal/mol) of the different types of the
interactions in the optimal conformations of Metl-Argl6 segment

Conformation | Eppny. Eqy Eiors Econt En
1 -84.4 15.4 9.3 -68.6 0.0

2 -82.1 5.9 9.0 -67.1 1.5

3 -78.2 43 9.0 -65.0 3.6

4 -77.2 6.6 8.8 -61.8 6.8
Table 2

The dihedral angles (grad) in the main and side chains of the
amino-acid residues in the global conformation of Metl-Argl6

segment
Residual Dihedral angles
Metl 119, 127,177, 185, 181,178,180
Pro2 131, 181
Thr3 -99,153,180, 63,182, 179
Pro4 -41,187
Asp5 -717,-35,180, 59, 94
Ala6 -73, -46, 184, 185
Thr7 74, -60,178, 57,180, 176
Thr8 -123, 84,177, -54, 176, 175
Pro9 -44, 180
GInl10 -56 ,-38,185, -79, 64,-107
Alall -75, -45,187,180
Lysl2 ~100,-70,181,180, 180, 179,180,180
Glyl3 -91, 79,180
Phel4 -118,157,177, 57,85
Argl5 -106,-58,178,181,178, 180, 179
Argl6 52,63,179,-58,177, 183,179

*Notice. The angles are given in the sequence ¢, v, o, 11,
X2 X3, X4, X5 (for Pro2, Pro4 and Pro9 -in the sequence y, o).

The latest segment structures on the energy (E=1.5; 3.6
and 6.8 kcal/mol) include the one from the low-energy states
of the nonapeptide Metl-Pro9 and save the a-helix on the
region Pro9-Lys12, that allows to us to conclude about the
existence of the enough close nucleation in the space
structure of the segment. From the data comparison, given in
the table 1 it is followed, that the nonvalent, i.e. dispersional
interactions, i.e. packing density of the amino-acid sequence
play the significant role in the stabilization of the low-energy
conformational states of the Metl-Argl6 segment. In spite of
the differences in the space packing of the polypeptide chain
(fig.2), it saves the reverse turns on the regions Thr3-Ala6,
Asp5-Thr8, Thr8-Alall and Glul0-Gly13 (table 3). Thus,
despite on the conformational mobility of the polypeptide
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chain, differing by the orientation of the side chains of the  shorts of a-helixes on the regions Pro4-Thr7 and Pro9-Lys12
separate residues, it is possible to select the character and several Srotations, stabilized by the hydrogen bonds
elements in its space structure. It is the existence of two  between functional groups of the peptide backbone.
Table 3
The energy contributions of the interresidual interactions (kcal/mol) and the distances between C*atoms of the main
chain (A) in the low-energy conformational states of Metl-Argl6 segment

Residuals 1* 2 3 4
Distance Energy | Distance | Energy | Distance | Energy | Distance | Energy
Metl- Pro2 3.8 -3.4 3.8 -3.2 3.8 -3.1 3.8 -3.4
Met1-Thr3 6.3 -1.2 5.5 -1.9 5.3 -23 6.3 -1.2
Metl-Pro4 9.6 -0.2 6.7 24 6.5 -0.4 9.6 0.0
Pro2-AspS 8.6 -3.2 9.0 -0.1 8.7 -0.1 8.6 -0.2
Pro2-Ala6 6.9 -2.5 9.4 0.0 9.1 0.0 6.9 -0.2
Thr3-Pro4 3.8 -3.1 3.8 -3.3 3.8 -3.3 3.8 -3.0
Thr3-Asp5 5.4 -3.3 5.5 -2.3 5.5 -2.0 5.4 -3.3
Thr3-Ala6 52 2.1 6.7 -0.7 6.7 -0.5 5.3 -2.7
Thr3-Thr7 6.0 -1.3 8.7 -0.2 8.5 -0.2 6.7 -1.7
Thr3-Thr8 8.0 -0.4 8.1 -0.1 8.0 0.0 8.3 -0.1
Thr3-GIn10 12.3 -9.4 11.3 0.0 10.8 0.0 12.1 0.0
Thr3-Alall 11.6 -2.7 13.0 0.0 13.0 0.0 11.0 0.0
Pro4-Thr7 53 -1.2 9.0 0.0 8.9 0.0 5.5 -1.8
Pro4-Thr8 5.4 2.1 8.0 0.0 8.1 0.0 5.5 -1.1
Pro4-Phel4 11.2 2.0 8.6 -0.1 13.5 0.0 9.7 0.0
Pro4-Argl5 14.8 2.4 10.4 0.1 16.2 0.0 11.9 0.1
Asp5-Ala6 3.8 -1.1 3.8 -2.2 3.8 -2.1 3.8 -0.5
Asp5-Thr7 5.5 -1.0 5.7 -2.9 5.6 -2.9 5.5 -0.9
Asp5-Thr8 52 -1.1 5.4 -2.6 5.7 -2.9 5.5 -0.9
Asp5-Pro9 4.0 0.0 5.0 2.1 5.1 -3.1 3.9 -2.2
Asp5-Lys12 5.4 0.0 6.9 -5.7 8.8 -11.7 5.2 -8.9
Asp5S-Argl5 11.7 -0.1 11.4 -2.0 15.7 -1.7 9.5 -3.1
Asp5-Argl6 14.4 0.0 11.1 -7.9 15.6 -3.7 11.7 -5.1
Ala6-Thr7 3.8 -1.3 3.8 -1.5 3.8 -1.5 3.8 -1.4
Ala6-Thr8 5.7 -0.7 6.0 -0.5 6.2 -0.4 5.6 -0.8
Ala6-Pro9 5.6 -0.1 7.7 -0.1 7.7 -0.1 5.7 -0.9
Thr7-Thr8 3.8 -1.7 3.8 2.9 3.8 -2.9 3.8 -1.6
Thr8-Pro9 3.8 -3.8 3.8 -3.1 3.8 -2.8 3.8 -3.7
Thr8-GIn10 5.5 -2.2 5.4 2.3 5.6 -1.8 52 -33
Thr8-Alall 6.0 -1.9 5.8 2.3 5.8 -2.2 6.0 -14
Thr8-Lys12 6.9 -1.2 6.7 -1.5 7.2 -1.4 7.3 -0.6
Thr8-Gly13 7.8 -0.7 8.5 -0.1 8.9 0.0 7.4 -0.2
Thr8-Phel4 9.5 -1.7 8.6 0.0 10.5 0.0 10.6 0.0
Pro9-GInl10 3.8 -2.8 3.8 -0.8 3.8 -3.2 3.8 -2.1
Pro9-Lys12 52 -0.5 5.4 -1.6 5.3 -2.9 5.3 -1.5
Pro9-Glyl13 4.4 -1.5 5.4 -1.3 5.7 -1.6 3.9 -0.9
GIn10-Gly13 5.8 -1.2 6.4 -0.3 4.8 -1.8 5.8 -0.3
Lys12-Gly13 3.8 -1.6 3.8 -1.8 3.8 -1.7 3.8 1.8
Lys12-Phel4 5.9 -3.0 6.4 -0.4 5.8 -14 5.9 -2.9
Gly13-Phel4 3.8 -1.0 3.8 -0.5 3.8 -0.4 3.8 -1.6
Gly13-Argl5s 6.9 -0.2 59 -0.4 6.1 -0.3 6.3 -0.6
Gly13-Argl6 9.7 0.0 6.0 -3.3 6.5 -2.0 9.1 -0.3
Phel4-Argl5 3.8 -1.5 3.8 -3.2 3.8 -5.4 3.8 -0.2
Phel4-Argl6 6.0 -5.7 6.1 1.6 6.4 -1.0 5.5 -5.0

*Note. Conformation from tablel.
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Fig.2. The low-energy conformational states of Met1-Argl6 segment from N-terminus domain of tyrosine hydroxylase.
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N.N. Mustafayeva, i.N. Sliyeva, N.M. Qocayev

TIROZINHIDROKSILAZA N-SONLU DOMENININ MET1-ARQ16 FRAQMENTIN QURULUSUNUN
NSZ9Ri MODELI

Tirozinhidroksilaza N-sonlu tanzimlayici domenin tarkibina daxil olan 16 amin tursusu galiglarinin ardicilid asagi enerjili
konformasiya hallarinin potensial funksiyalarin yarimempirik atom-atom yaxinlasmasinda quvve sahasi metodu ile tayin edilib.
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Hidrogen rabitalarile sabitlegdirilmis polipeptid zencirinin qisa sahalarinde yerlegan bir-nega reversiv donusgler ve Pro9-Lys12 ve
Pro4-Thr7 sahslerinde a-spiral iki burulmasinin olmasi konformasiya enerijisinin global minimumlu hali teyin edilmisdir.

H.H. Mycradaesa, U.H. Anuesa, HM. I'ox:kaen

TEOPETUYECKAS MOAEJIb CTPYKTYPbl ®PATMEHTA MET1-ARG16
N-KOHHEBOI'O JOMEHA TUPO3UHI' UIPOKCHJIA3BI

MeTooM CHIOBOTO MOJISI B TNPUONMKCHHH IOJY3MIHPHYCCKUX aTOM-aTOMHBIX OTCHLUHMAIbHBIX (QYHKLHUHA YCTAHOBJICHBI
HHU3KOIHEPIreTHYECKHE KOH(OPMAIMOHHBIE COCTOSHHS ITOCJICIOBATEIFHOCTH M3 16 aMHHOKHCIIOTHBIX OCTAaTKOB, BXOASIIMX B cocTaB N-
KOHIIEBOTO PETYJISATOPHOTO JOMEHa (epMEHTa THUPO3HHTHIPOKCHIIA3hl. YCTAaHOBICHO, YTO COCTOSHHE C TIJIOOAIGHBIM MHUHHMYMOM
KOH(OPMAIIMOHHOW SHEPTUH COACPKHUT Ba BUTKA (-criupaid Ha ydacTkax Pro4-Thr7 u Pro9-Lys12 u HECKOTBKO peBEpPCHBHBIX ITIOBOPOTOB
Ha KOPOTKHX y4YacTKaxX HENTHIHON LENH, CTAOMIN3NPOBAHHBIX BOJAOPOIHBIMHA CBS3SMH.

Received: 28.01.05
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SINQLET-TRiPLET ANTIFERROMAQNITLORD®O iSIGIN SOTH KOLLEKTiV OYANMA-
LARI iLO UDULMASININ XOTTi NOZORIYYOSI

A.M. SULEYMANOV
AMEA Fizika Institutu, Baki, Az-1143, H.Cavid pr.,33

Isde singlet-triplet antiferromaqnitlorde isigm soth kollektiv modlarmm oyanmasi ile udulmasi Syrenilmisdir. Bu megsadle ¢oxza-
manli Qrin funksiyast metodundan ve psevdo — spin formalizminden istifade edilmisdir. Ovvelce baxilan sistemin enerji spektri hesablan-
mugdir. Singlet-triplet ferromagnitlorden forqli olaraq, singlet-triplet antiferromaqnitlorde soth kollektiv oyanmalarinin enerji spektri

(Wkr ) dord budaqdan ibaretdir. Bele ki, iki budaq (7= 1,2) maqnon budaqlari, iki budaq (r=3,4) ise «magqnit eksitonu» budaqlaridir. Siste-

min dipol momenti iigiin alinmig ifadeden singlet-triplet antiferromaqnitlorin sethinde isigmn soth kollektiv oyanmalart ile udulmasini

miimkiin eden dord prosesin bag vermasi agkar olur. Bu proseslor agsagidakilardir:

(1) bir magnonun =/ budagindan ve bir magnonun =2 budagindan oyanmasi ile miisaiyet olunan isigin udulmasi
(2) bir «eksitonuny» =3budagindan ve bir «eksitonun» =4 budagindan oyanmasi ile miisaiyet olunan isigin udulmasi
(3) bir magnonun =2 budagindan ve bir «eksitonun»=3 budagindan oyanmasi ilo miisaiyet olunan isigin udulmasi
(4) bir magnonun 7=/ budagindan ve bir «eksitonun»=4 budagindan oyanmasi ilo miisaiyot olunan isigin udulmasi.

Beloaliklo, sinqglet-triplet antiferromaqnitlorin sath kollektiv modlarinin spektrinin dord budaga malik olmast singlet-triplet ferromaqnit-
lorlo miigayisade sinqlet-triplet antiferromaqnitlorin sothinde isigin udulma imkanlarimin daha ¢ox olmasina sebeb olur. Isin sonunda, is1gn
har bir miimkiin udulma prosesine uygun dielektrik qavrayiciligi ticlin ifadeloer alinmigdir. Bu ifadesleri analiz etmoklo singlet-triplet antifer-
romagqnitlorde daxili kristallik saheler haqqinda otrafli melumat almaq olar.

ovvalki islerde [1-4] biz sinqglet-triplet ferromagqnitlori-
nin sothinde isigin udulmast ve sepilmesi meselslerine
baxmigdiq. Teqdim olunan isde isigin yarimsonsuz singlet —
triplet antiferromaqnitlerin sethinde udulmasi messlasine
baxilmigdir.

Konkret olaraq nadir torpaq elementi ionlarinin Mende-
leyev coadvelinin V qrup anionlart ilo emale getirdiyi TbN,
TbSb, ... tipli birlegmelare baxilacaq ve sadslik {igiin kristal
sade kubik qurulusa malik hesab edilocokdir. fon sethde yer-

J"; -~

Hacmde yerlason nadir torpaq
elementi ionunun enerji sxemi

Yuxarida tesvir olunan enerji soviyyoloarini vo eyni zamanda

leson hal iiciin kristall sahenin potensiali ion hacmda yerlo-
son haldaki potensialdan forqlenacekdir. Odur ki, sethde ve
hacmde yerlogon ion iigiin enerji saviyyoalari sxemi miixtalif
olacaqdir. Belo ki, hacmde yerlogon nadir torpaq elementi
ionunun osas hali I, singletden ve birinci hoyacanlagmis hali
I, tripletden ibaratdirse (sokil 1), ion soth de yerloson halda

I,triplet D* dubleto vo S singleto parcalanacaqdir (sokil 2).

-&."."_ ﬂ'._'ll

Ee]

Sethda yerloason nadir torpaq
elementi ionunun enerji sxemi

nazoro alan sistemin Hamiltoniani psevdospin formalizminde

ionlar arasinda miibadile qarsiliqh tesirini ve anizotropiyani | belo yazilir [5]:

Hy= SIS+ ST+ AT = X 0= ) [(@S! + AT (@S] + AT))+ @S +
i i-j

(1

HAT) (@S] + FTHI-D| (e + BT + X (@) + AT

Harada ki, S; vo T, - spin ¥ -0 uygun golen ve i-ci iona moxsus
olan spin operatorlaridir. fon seth tebaqesinde yerlogon hal iigiin

A, =A, A =2A" —A'; burada

raq heyacanlasmus singlet S vo dublet D” ilo osas singlet 7

A vo A" uygun ola-

. e /" / /
|aras1ndak1 enerji mosafosidir. «; , S, & vo [, omsallan

asagidaki miinasibatlorden tapilir:

J+ a//+ﬂ// .

<D* :
J2

D™ >=

S>=—<S\J+



/ /
<D" =-<D" a +ﬂ;
" pll
<I,[3*|D" >=-<D* |3, _a b
V2
/ /
<1“1‘JZ ——<S‘JZ —u;
2

fon ikinci tebagede ve ya hecmde yerloson hal iiciin
A= A/i

3 L N 1
daki enerji moesafosidir. @, =a; =a, B

= A ; burada A—T", singlet vo I', triplet arasin-

:ﬂi =p.,

harada ki, @ ve [ asagidaki miinasibotlorden tapilir:

<, 34T, >=—<T, ‘J ;’B,
<1“1‘JZ 4>=<F2‘JZ ﬂ

D - anizotropiya sabitidir.

Indi de hesab edoak ki, bu yarimsonsuz sinqlet — triplet anti-
-

ferromaqnetik bircins E elektrik sahosindo yerlosir. Onda

onun Hamiltoman1 bele olar:

H=H,—Ep

burada

B = Zﬂ'_I)J -[(OtiLSi+ +,3iLTi+)'(C¥Ju-S; +ﬂ?Tj7)+(ai/SiZ +ﬂi/TiZ)'(a;SJZ +ﬂJ{TiZ )}
i

—

sistemin elektrik dipol momentidir, 7;. j 1o yarimsonsuz singlet-

triplet antiferromaqnitin elektrik polyarlasma vektorudur. H -

sistemin enerji operatoru olub, (1) seklindedir.
Holsteyn — Primakov cevrilmolarinden istifade ederak
(1) Hamiltonianim ikinci kvatlanma operatorlar1 vasitosile
- -
ifade edib (ciit vo tok diiytinlore uygun S vo T operatorla- |

. ki o (28
S :( j ] YooY, (i)C, +2, (i) dy €%, (Nj

> [Ye (G, +2y (dg Y, ()C, +Z, G)d,  |-e ="

S/ S——

K// K//

R |K//|// - 2T
T, _( ] Z[YKN (i)de, —Zy, (i,)Cy, |-€*" T, (N

Te-1-L.

N Ky, Ky/

SF:(NJ KZ Q, (i)ay, +F(i ) fy

/

jl |K|, S—

Z

K// K//

T,~*=[Nj D[Qu i fe R (ak, Je T =

, 1
Ti=T-—-

=z

KK/

harada ki, K, - kristalin sethine paralel yonelmis iki
olgiilii dalga vektorudur, C,, Cy 5 dy, dy 5 Oy,
+
Ak s
(S, 5; Tive T,

]

vo T . f.,- dord tip spin operatorlarma

operatorlarina) uygun dalga vektoru

21

> [Ye odi -z ()¢ 1Y, God, -2, G)C, |
I

st=s- L.y [Q (g, +F i)t | [Q 0, +FG)f, } (K, K
[

> [ fe - Fe g QG

|r1n1n antiferromaqnitliyini nezers almaqla), sonra ise impuls
tosvirine kegoarak, (1) Hamiltonianinmi diaqonallagdiran uygun
cevrilmalor segcmak lazimdir. Baxdigimiz yarimsonsuz kri-
stalda kristalin sathine perpendikulyar istiqgamatde invariant-
liq pozulub, sethe paralel istiqgameatde pozulmadigindan, bu
¢evrilmoaleri asagidaki kimi se¢moak magsedouygundur:

Z[YK*/ (IL)C;/ + Z;// (il)'d;//]‘e_iK' b

K//

) Z[YK’)(t)d* -2 (i,)C;, J-en

P .
(2st Z[QK// @, )qK +F (i) f; ] ek

K//

Z[Q;//(Ii)f _F (l )qK :I _'K//'//

&)

) fK/// _ FK/// (iL)qK/// :|ei(k 'K, (2)

K ,olan  soth  modlarmmm  yaranma ve  yoxolma

operatorlaridir, 1, ve 1, ise I-ci ionun radius — vektorunun

uygun olaraq kristalin sathine perpendikulyar ve paralel olan
toplananlaridir, N - kristalin bir tobogesinde olan ionlarm
sayidir.
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5
Diaqonallasdirmadan sonra H, vo P operatorlari ii¢iin ala-

r1q:

H, = ZI:Wl(K//)C;Ck +W, (K )dy "dy + W, (K )aeay +w,(K,) fe fk]

p=3

K,

burada W, (K,) (n=1,2,3,4) - singlet — triplet antiferro-

magnitin sath kollektiv modlarinin (oyanmalarinin) enerjilo-

- - - -
Ik, - PK//l +1lk,,- PK//2 + 1k, - PK/ LT Ik, - PK//4

—

I1

N
Kin = 1_[K//z

A3)

| -
ridir. I1k,, (n=1,2,3,4) omsallar1 vo Pk// (n=1,2,3,4) opera-

torlar1 asagidaki kimi teyin olunur:

(@S +B TV Zy +Qq F )+ @ BNST (Y +22 +Q¢ +F)]-2(K )

M, =] 20/ p'VST(Yy Z +Qy F ) +@’S(ZF + Q¢ )+ AT(Y +F2) |2(K)

—

PK,” = CK/de/ +C o d’

_ + 4+
PK//s - qK//d—K// +qK//d—K// >

burada Y Z, QK//’ F. - H, Hamiltonianin diago-
)

m(K,)= Z e W olub, i vektorunun 2
i,/

ol¢iilii Furye — obrazidir.

Beloliklo, singlet — triplet antiferromaqnitin sath kollektiv

nallagdiran unitar  ¢evrilmoelorinin  emsallardir,

oyanmalarnin W, (K, ) spektri 4 budagdan — iki magnon

(n=1,2) ve iki «magnit eksitonu» (N =3,4) budaglarin-
dan ibaretdir [6]. Diger terafden do (3) elektrik dipol mo-
menti is1gin singlet — triplet antiferromagqnitlorin sothinde
kollektiv modlarla udulmasina getiren 4 miimkiin prosesi
ifade edir:
€)) bir magnonun #=1 budagindan ve bir magnonun »=2
budagindan buraxilmasi ile miisaiyat olunan igigin udulmasi
2) bir «eksitonun» #=3 budagindan ve bir «eksitonun»
n=4 budagindan buraxilmasi ilo miisayiet olunan isigin
udulmast
3) bir maqnonun n=2 budagindan ve bir «eksitonun»
n=3 budagindan buraxilmasi ile miisaiyet olunan isigin
udulmasi
4 bir maqnonun n=1 budagindan ve bir «eksitonuny
n=4 budagindan buraxilmasi ilo miisaiyet olunan isigin
udulmasi.
Beloliklo, singlet-triplet antiferromaqnitin soth kollektiv
modlarinin enerji spektrinin dérd budaga malik olmasi singlet
— triplet ferromaqnitlorle miiqayiseds singlet-triplet antifer-
romaqnitlorin sethinde isi1gin udulma imkanlarinin daha ¢ox
olmasina sebab olur.
Indi de isigin her bir miimkiin udulma prosesine uygun die-
lektrik qavrayiciligini hesablayaq. Qrin funksiyasi texnika-
-
sinda P dipol momentinin yaratdig:1 dielektrik qavrayici-

5
lignin ifadesi ( E - yo gore birinci yaxinlasmada) belodir [7]:

Ik 4 =|:2a/ﬂ/ v ST WK, ZK// +QK// FK//)—I—aZS(YKZ// + FKZ/)+’82T(Z§/ +Qé//)j|

22

7(K,)

_ + £+

Pe,, =0k, fi, +a f,
_ + +

PK,M - CK// f_K// +CK/ f_K//

wW)=—i- [dt'e™ ) «p(fpt') )

Sonraki hesablamalar1 sadelesdirmek ii¢lin asagidaki kimi
isarolomolor daxil edok:

P = Zﬁm P, )
K,

Pa = zﬁK//z P, (6)
K//

Pa = Zﬁm P, )
K//

P = Zﬁm P.. (8)
K//

(5) ifadesini (4)-de nazere almagqla, isigin sinqlet-triplet anti-
ferromagqnitlorin sathinde udulmasinin (1) prosesine uygun

<>
& 1)(W) dielektrik qavrayiciligi iigiin belo bir ifade alariq:

& (W)= 2713 T, -G(P ;W) ©)

K//
harada ki, G(F, ;W)
G(P, (7))

P, (7)) ==i0(z, = 7,) <[ P (7)), P (z,) | > - ikiza-
manli Qrin funksiyasinin ikidl¢iilii Furye — obrazidir.

G(PK“ ;W) Qrin funksiyas iigiin heroket tenliyi yazib, so-
nra da bu tenliyi tesadiifi fazalar yaxinlasmasinda [7] hall
etsok, G(Py , ;W) iigiin alariq:



(27)"

TI(K,) <Cy C +dy d >

G(PK/H;W): W_[WI(K//)+W2(K//)]

(10)

<>
(10) - u (9) - da yerino yazmagqla, &£ )(W) iigiin belo ifade
alariq:

HK//IHKl C+ C +d d; >
8(1)(W)— _I z K// K//

QY
K/ W_[Wl(K//)+W2(K//)]

(11) — den goriindiiyli kimi, isigin singlet-triplet antiferro-
magnitlerin sethinde udulmasina gotiren baxdigimiz proses-
do ((1) prosesinde) iki seth magnonu istirak edir. Basqa soz-

lo, isigmn sothde udulmasi spektrin 1 budagindan W, (K )

enerjili bir magnonun ve 2 budagindan W, (K ) enerjili

ikinci magnonun buraxilmast ile miisaiyot olunur.
Indi do (6) ifadesini (4)-de nazere almaqla, isigin singlet-
triplet antiferromaqnitlorin sethinde udulmasinin (2) prosesi-

<>
no uygun & (2)(W) dielektrik qavrayiciligi iigiin ifade alariq:

£ (W) = —ZﬂiZHKM

K//

G(P, ;W) (12)

Horakat tenliyini yazib onu hell etmokle G(P ;W) iiciin
alariq:

+

Q)™ 'ﬁK” -<q Oy, + f, T >
W_[Ws(K//)+W4(K//)]

G(P, ;W) = (13)

<>
(13)-ii (12) — do yerino yazmagqla, & (2)(W) iigiin alariq:

- W) izﬁsz ﬁK/,z < q;//qK + f /ff, (14)
& -
. K// W_[W3(K//)+W4(K//)]

(14)-den goriindiiyli kimi, isigmn singlet-triplet antiferromaq-
nitlerin sethinde udulmasma getiren baxdigimiz prosesde
((2) prosesindoe) iki sath «eksitonuy istirak edir. Basqa s6zle,

isigin sothde udulmasi spektrin 3 budagindan W, (K, ) ener-
jili bir «eksitonun» ve 4 budagindan @, (K,,) enerjisi ikinci

«eksitonuny buraxilmasi ile miisaiyet olunur.
Analoji hesablamalarla (7) ve (8)-den istifade etmoaklo, is1gin
singlet-triplet antiferromaqnitlerin sethinde udulmasina goti-

ron (3) ve (4) proseslorine uygun &3 (W) vo &4 (W) die-

lektrik qavrayiciliglarinin ifadelerini almaq olar:

HK//3HK/3<d dK// qK//qK

C Wi 15

(3)( ) %: _[WZ(K//)+W3(K//)] (15)
H//4H//4<C+C T >

8(4)(W) _ _I Z K K k, "k, (16)

Ky, _[WI(K//)+W4(K//)]

Qeyd edok ki, dielektrik qavrayiciliglan tiglin alinmis (11),
(12), (15) ve (16) ifadeslerini analiz etmokls, singlet-triplet
antiferromaqnitlerde daxili kristallik sahelor haqqinda otrafli
moalumat almagq olar.

[1]. Yu. M. Seidov and A. M. Suleymanov. phys. 1987 stat.
sol. (b), 140, 149.

[2]. Yu. M. Seidov and A. M. Suleymanov. phys. 1989 stat.
sol. (b), 153, K 203.

[3]. A. M. Suleymanov, M. B. Hiiseynli, K. M. Sultanov. Baki
Universitetinin xobaorlori, 2003, Ne 2, 147.

[4]. A. M. Suleymanov, M. B. Hiiseynli, K. M. Sultanov .
Baki Universitetinin xoborlori, 2003, Ne 4, 162.

[5]. Hsieh Y. Y. and Pink D. A. J. Phys. Chem. Solids,
1974,35 Ne 11, p. 1481 — 1490.

[6]. Yu. M. Seidov and A. M. Suleymanov. phys.1985,stat. sol.
(b), 131, 545.

[7]. S. V. Tablikov. Kvantovie metod1 teorii maqnetizma. —
M: Nauka, 1965, 334 s.

A. M. Suleymanov

LINEAR THEORY OF THE LIGHT ABSORPTION BY THE SURFACE COLLECTIVE
EXCITATIONS IN SINGLET - TRIPLET ANTIFERROMAGNETS

The light absorption by surface collective excitations in the singlet-triplet antiferromagnets has been investigated by the multi-time

Green function method and the psendospin formalizm. Has been calculated the energy spectrum of the system under consideration. Unlike
the singlet-triplet ferromagnets, the collective excitation spectrum (Wkr) of the singlet-triplet antiferromagnets consists of four branches,

two of them are the magnon branches (r =1,2) and the other two are the «magnetic excitons» branches (r =3,4). On the other hand, the elec-

tric dipole moment of the system under consideration describes the four possible absorption processes of the light by surface collective exci-

tations on the surface of the singlet-triplet antiferromagnets. They are the following processes:

(1) absorption of the light with simultaneous excitation of two maqgnons, one from the branch r =1 and the other from the branch r =2

(2) absorption of the light with simultaneous excitation of two «excitonsy, one from the branch r =3 and the other from the branch r =4

(3) absorption of the light with simultaneous excitation of one maqnon from the branch r =2 and one «exciton» from the branch r =3

(4) absorption of the light with simultaneous excitation of one maqnon from the branch r =1 and one «exciton» from the branch r =4.
Thus, due to the presence of four branches excitations the possibility of the light absorption on the surface of singlet-triplet antiferro-

magnets is larger than that on the surface of the singlet-triplet ferromagnets.
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In finish, has been finded expressions for the dielectric susceptibilities corresponding to each of the four possible absorption processes of
light by surface collective excitations in singlet-triplet antiferromagnets. Analysis of these expressions will provide more comprehensive
information on the crystal field in the singlet-triplet antiferromagnets.

A. M. CyaeiimaHoB

JIUHEMNHAS TEOPUS NMOTJOIMEHUA CBETA NOBEPXHOCTHBIMH KOJIJTEKTUBHBIMHU
BO3BYXKJIEHUSAMHU B CUHTJIET-TPUINIJIETHBIX AHTU®EPPOMATHETHUKAX

B pa60Te UCCIICIOBAHO IMOIJIOIIEHUE CBETA IMOBEPXHOCTHBIMU KOJUIEKTUBHBIMU BO36y)K,Z[eHI/I$IMI/I B CHUHIJICT-TPUILIICTHBIX aHTI/I(beppO-
MarH€Tukax. I[J'IH 3TOM e UCIOoJIb30BaH METOA MHOI'OBPEMECHHBIX (I)yHKL[I/Iﬁ FpI/IHa u HCGBZ[OCHHHOBLIﬁ (bopMaan. CnepBa BBIYHCIICH

9HEPIreTUYECKHI CIEKTP paccMaTpUBAEMOil CUCTEMBI. B OTIIMYME OT CHHIVIET-TPHUILIETHBIX (pepPPOMArHETHKOB, CIIEKTP (Wkr) KOJUIEKTHB-

HBIX BO30Y>XICHUI CHHIVIET-TPUILUICTHBIX aHTU(QEPPOMArHETUKOB COCTOMT M3 YEThIpeX BETBEH — ABYX MarHoHHbIX (I =1,2) u AByX «Mmar-
HUTHBIX 3KCUTOHHBIX» (I =3,4). C npyroil CTOPOHBI, NEKTPUUECKHNA NUIIOIBHBI MOMEHT JaHHOW CHCTEMbI ONMCBHIBAET YEThIpe Ipoliecca
BO3MOJKHOTO IOTJIOLICHUST CBETa IIOBEPXHOCTHBIMH KOJUIGKTMBHBIMM BO30YKICHHSMH HAa IIOBEPXHOCTH CHHIJIET-TPUILIETHBIX
aHTH(EPPOMArHETUKOB. DTH MPOLECCHI ABIISIOTCS CIIETYIOIINMU:
(1) moryomenue cBeTa ¢ BO30YKICHHEM OJTHOTO MarHOHa BeTBU I' =1 ¥ OTHOTO MarHoHa BETBU I' =2
(2) nornomnieHue cBeTa ¢ BO30YKAECHHEM OJJHOTO «IKCHUTOHA» BETBH I =3 M OHOTO «I9KCHTOHA) BETBU I' =4
(3) nornomieHue cBeTa ¢ BO30YKAECHHEM OJJHOTO MAarHOHA BETBH ' =2 M OJTHOTO «IKCUTOHA» BETBHU I =3
(4) nornouieHue cBeTa ¢ BO30Y)KACHHEM OJJHOTO MarHOHa BETBH I =1 ¥ OJJHOTO «IKCHUTOHA» BETBH I =4.

Taxkum 00pa3oM, BO3MOXKHOCTh IOTJIOIICHUSI CBETA MOBEPXHOCTH CHHIJIET-TPUIUIETHBIX aHTH(EppOMarHeTHKOB Ooradye, yeM Ha IO-
BEPXHOCTU CHHIJICT-TPUILICTHBIX ()epPOMArHeTUKOB, H3-3a HAIMYMS YEThIPEX BETBEH CIIEKTPa HOBEPXHOCTHBIX KOJUICKTUBHBIX MOJI.
B koHLEe paboThl, HANICHBI BBIPAKCHUS A1 AUNICKTPUYECKOH BOCIPUMMYHMBOCTH, COOTBETCTBYIOIIEH KaKAOMY M3 BO3MOMKHBIX YETBIPEX
IPOLIECCOB TOTJIOIICHHS CBETa MTOBEPXHOCTHBIMH KOJUICKTUBHBIMU BO30Y)KACHUSMH B CHHIJIET-TPUIUICTHBIX aHTU(EPpOMarHeTHKaX. AHa-
JIM3 9TUX BBIPAKEHUH JAaCT BO3MOXKHOCTH MOJIYYUTh OoJiee MOAPOOHYI0 MHOOPMALMIO O KPUCTAUIMYECKOM MOJIE, CYIIECTBYIOIEM B CHHI-
JeT-TPUILIETHBIX aHTU(QEpPPOMAarHeTHKAX.
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THE INFLUENCE OF THE RELAXATION TIME ON THE LIQUID HEAT CAPACITY

G.T. GASANOV, AN. MAMEDOVA
Azerbaijan State Oil Academy, 370012, Baku, Azadlig av., 20

The nonstationary method of the simultaneous definition of the relaxation time of the temperature field and the liquid heat capacity is
proposed. The proposed method rests on the solution of the inverse problem for the heat conduction equation of the relaxing temperature
field. The influence of the relaxation time on the heat capacity of the liquids has been estimated.

The one of the important thermophysical liquid
parameters, playing the essential role at the heat transfer, is
heat capacity. The different methods were elaborated for the
investigation of the heat capacity. In the work [1], the
temperature dependence of the several samples of the oil is
experimentally investigated. It is established, that oil heat
capacity increases with the temperature increase. In the work
[2], the influence of the different physical fields on the
thermophysical liquid properties is investigated theoretically.

The liquid is heating under the action of the acoustic
waves and goes to the nonequilibrium state. All
thermophysical properties, including the heat capacity, relax,
i.e. they vary the depending on time. Each parameter has its
own relaxation time, in the result the spectrum of the
relaxation times of the thermophysical properties appears.

The investigation of the influence of the relaxation time
on the liquid heat capacity presents the big interest. For the
simplification of the narration let’s consider, that the
relaxation time is the identical and is equal to the relaxation
time of the temperature field for the all thermophysical
properties. The relaxing temperature field for the one-
dimensional case is expressed by the differential equation
(heat exchange with the environment not takes into account):

Cp(@T L a2TJ
T

=A——+2a I () -e2*
ox?

Here 7 is the relaxation time, « is the absorption
coefficient of the acoustic waves in the liquid; | is the
radiation intensity of the acoustic waves. The rest symbols
are common.

Taking into consideration, that the heat transport because
of the convection is more bigger, than because of the
diffusion, i.e.

oT 0T
Cov——>>A—
OX OX

Equation (1) is expressed in the form:

orT  oT o°T 5
Col —+v—+71, —— |=2al(t)-e**. (2)
p[at foatzj )

The initial and boundary conditions are expressed in the
following form:

T(0,x)=T, =const; T(0,t)= f(t);

. 3)
%T(o, X) = 0; T(,1) = g(t).

In the given work the task about the definition of the
relaxation time 7 and its influence on the heat capacity of the
liquids is solved theoretically. The given task mathematically
leads to the solution of the differential equation (2) under the
initial and boundary conditions (3).

The Laplace transformation is applied for the solution of
this task. The equation (2) assumes the following form in

images:
* 2
LI (S . SfoJ _
dx v 4)
—20x
_2ee *+T—°(1+fos)
cpv v
where

T *(X,8) = TT(x,t)-e—S‘dt;
0
I*(s):]?l(t)-e’“dt.
0

Solving the equation (4) at the boundary conditions (3),
we obtain the following equation:

p*(s)=ef *(s)+9—2-e‘a" +
a a

_ _ N )
L2a*(s)e 2ol _ gl
cpv a-2a
where
2
s S°t T
a=—+—L b=-2(1+7,s)

v v v

f*(s)= Ojo f(t)e™dt, @*(s) =Of p(t)edt,
0 0

Taking into consideration, that a<l and a<l, we expand

U 2ol .
€ and € into S power series. We confine ourselves
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to two first members of the expansion and equation (5)
assumes the following form:

2ay *(S)

p*(s)=(1-ar)f *(s)+ bl +
cpov

(6)

The method of the determinated moments is applied for
the definition of the relaxation time 7, and heat capacity C.

Expanding the functions @ *(S), f *(S) and y *(S) into
series on the S power we obtain:

52
P*(8) =@y =S¢ TP
S2
f*(s):fo—sf1+7fz—... (7)
S2
w*(S)=vy, —sy, TV
where
0o = [(0(t)- ¢, )dt; ¢; = [(o(t)- @, )t dt;
0 0
fo = [(f(t)-f,)dt; f,=[(f(t)-f,)tdt; .®
0 0
wo = J(wlt) v )dt; wy = [(w(t)-w,,)tdt;
0 0

Taking into account the expressions (7), for equation (6)
we have:

s2
Py — SO, +?¢2 e

:(l—af)(f
2051!;(

2

0—sf1+%fz—..}+b£+. ©)

-]

Equating the coefficients having the equal S powers we
obtain the following system:

2
Yo =S¥, +7‘//2 -

co

T,0 2af
Py = fo+7+a‘//o
pT .(10)
/ l 2af
—gp=—f ——f+ =1y -y,
v v cov

Solving this system we obtain the two unknown values:
heat capacity ¢ and relaxation time 7p:
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c 2aly, (11)
/ T,/
PU(% -fi——1 +070j
v )
Ty =
T,? /
U|:l//l(¢0 i) _0]_‘//0(% -fi— foﬂ - (12)
B ) v
To Ly,

From the equation (11) it is seen, that liquid heat capacity
decreases with the increase of the relaxation time.

The experiments, carried out by us, show, that liquid
temperature dependences on time according to the following
law:

Ty + T, (1 — e™)
Ty + Top(l — e7tt).

O

o) (13)

Substituting the values f(t) and @) in the equation
(8) we obtain:

T T
1 k1
T02 T02
Qg =773 ¢ =- (14)

If the system doesn’t relax under the rest equal
conditions, i.e. 7p=0, the equation (11) has the form:

2a ly,

Co = (15)

14
pul o —fi——H1
v

From the comparison of the formulae (11) and (15), we
obtain:

1
T,l7,

(16)

1+
!

U((Pl -f, b fo]

Substituting the formula (14) in the formula (16) we
obtain:

i—; (17)
c, 1+T0€TO
vp
where
1 2 L K,
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It is possible to estimate the influence of the relaxation
time on the heat capacity of the liquids by the formula (17).

At 75=0, i.e. when relaxation absence and the system is in
the equilibrium state, we have the ratio:

V4
o —f——f
&:—U' (18)
Yo Tyl
oo~ fp———
L

Taking into consideration the formula (14), the equation
(18) is reduced to the following form:

v T01k22(z)+€k1)—T021)k12
vo Kk, (T01k2')_TozUk1 _Tofk1k2)'

(19)

From the condition (18) we find the liquid flow velocity
at which the relaxation absence:

Z(W‘TO - TOJ

L= Yo (20)
ﬂ(400 - fo)_(ﬂl + f,
Yo

Therefore, we can conclude that changing the liquid
flow velocity it is possible to operate of the thermodynamic
state of the liquid.

[1] G.T. Gasanov, A.A. Aliyev, L.P. Guryanova. J. «Fizikay,
cild 6, Nel, 2000, c.41-42.

[2] Kh.G. Gasanov. Gidrodinamicheskiye issledovaniya vza-

imodeystviya akusticheskikh I lazernikh izlucheniy s
jidkostiyu. Baku, Izd.. «Agiq diinya», 2002, 384c. (in
Russian).

Q.T. Hasonov, A.N. Mommoadova

RELAKSASIYA MUDDOTININ MAYELORIN ISTILIK TUTUMUNA TOSIRi

Akustik dalgalarin tesirinden maye daxilinde biitiin istilik fiziki parametrlor relaksasiya edirlor. Temperatur sahasinin
relaksasiya miiddetini ve istilik tutumunu birge teyin etmak {i¢iin yeni metod islonmisdir.

Gostorilmisdir ki, temperatur sahesinin relaksasiya miiddeti artdiqca istilik tutumu azalir. Relaksasiya miiddetini
tonzimlomak ii¢lin mayenin axin siirotindan istifade olunmasi toklif olunur.

I''T. I'acanoB, A.H. MamenoBa

BJUSIHUE BPEMEHM PEJIAKCAIIMU HA TEIUIOEMKOCTD )KUJKOCTEM

[Ipennaraercst HecTaMOHAPHBII METO OJHOBPEMEHHOTO OINIPEIETICHHUS] BPEMEHH PeJIaKCalliy TEMIIEPATypHOT'O MO U
ko3 duImenTa TermI0eMKOCTH KUAKOCTH. [IpeyioxKeHHbI METOT OCHOBAH HA PEIICHUH 00paTHOH 3a1a4un sl ypaBHEHHA
TEIUIONPOBOAHOCTH PETAKCHPYIOIIETO TeMIIepaTypHoro nois. OIeHeHo BIMSHUE BPEMEHH PeJaKCcallii Ha TeTJI0OeMKOCTh

JKUJIKOCTEH.

Received: 15.02.05
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AXIAL Ga- IMPURITY DISTRIBUTION IN Ge-Si, SOLID SOLUTIONS, GROWN
BY THE MODERNIZED BRIDGMEN METHOD

L.A. GUBATOVA, G.H. AIDAROV
Institute of Physics of National Academy of Sciences of Azerbaijan, Az-1143, H. Javid av., 33

Z.M. ZEYNALOV
Ganja State University, Ganja, Azerbaijan

The problem of the distribution of the gallium impurity in the Ge-Si crystals, grown on the germanium fuse by Bridgmen method with
the use of the feeding silicon rod has been solved in the Pfann approximation. It is shown, that the dependence of the impurity segregation
coefficient on the composition of the solid solution Ge-Si and the change of the melt volume, connecting with its feeding influences
significantly on the longitudinal concentration of the gallium in the crystal.

The work of the numerous semiconductor devices, lying
in the base of the modern micro- and optoelectronics, in
many cases is defined by the impurities of the different types,
incalcated in the crystal. Among semiconductor materials,
widely used practically, the cremnium and germanium have
the leading positions. Among the chemical elements, used at
the doping of these semiconductors, the elements of the III
and V group of the periodical system have the important
places. Having the small enough ionization energy in the
crystals Si and Ge, these clements define the -electric
properties of the matrix in the wide temperature interval [1].
Among the elements of the III group, the gallium impurity is
the most frequently used for the doping of the cremnium and
germanium, because of the big solubility (~10*°cm™) and the
small diffusion coefficient [2]. Situating in the crystal lattice
points, the gallium behaves itself as the small acceptor
impurity with the activation energy 72 and 10, 97 meV in the
Si and Ge correspondingly.
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Fig.1. The calculate dependences of the cremnium concentration
along three ingots Ge-Si, grown in two modes for the
obtaining of the crystals with the cremnium concentration

in the homogeneous part -10, 20 and 30 at.%. It is accepted in

calculations, that melt height in the initial position is equal
to 100mm, and temperature gradient in the band of the
buffer crystal corresponds 50° C/cm [5].

The one of the important questions in the investigation of
the impurity centers in the semiconductors is the impurity
distribution along the crystal length, connected with the
segregation of the doping element. The gallium equilibrium
segregation coefficient at the crystallization temperature Si
and Ge is equal to K=0,008 and 0,087 correspondingly [3].
Such small K values lead to the significant concentration
gradient of the gallium along the crystal lengths of cremnium
and germanium, grown by the traditional Bridgmen method.
In the present paper in the Pfann approximation and in the
frameworks of the virtual crystal model for the solid
solutions, the problem of the Ga - impurity distribution in the

crystals Ge-Si, grown on the germanium fuse by Bridgmen
method with the use of the feeding cremnium ingot has been
solved [4,5]. The crystals Ge-Si, grown up by this method, in
the initial region have the variable composition with the
growing cremnium concentration on the ingot length. Further
the crystal composition stays unchangeable because of the
constant balance of the melt composition by the
corresponding of the velocities of its crystallization and
feeding. The fig.1 shows the calculation dependences of the
cremnium concentration along three ingots Ge-Si, taken from
[5], grown up in the modes, corresponding to the crystal
obtaining with the cremnium concentration in the
homogeneous part - 10, 20 and 30 at.%. In the calculations it
was taking under the consideration, that the melt height in the
initial position was equal to 100 mm, and temperature
gradient in the growth band of the buffer crystal with the
flexible composition was equal to 50°C/cm. The initial part
of the curves with the variable composition on the fig.1
corresponds to the first step of the crystal growth. The plateau
corresponds to the second step of the crystal growth with the
given homogeneous composition.

The problem of the gallium impurity distribution in the
crystal, grown by this method was solved at the carrying out
of the following standard conditions [2,6]: the crystallization
front is plain; there is the equilibrium between solid and
liquid phases on the crystallization front; the diffusion of the
gallium impurity and the convention in the melt cause the
homogeneous of the liquid phase on the all volume; the
diffusion of Ga atoms in the solid phase is neglible small. It
is need to note, that for the system Ge-Si these conditions are
carried out practically at the velocities of crystal growth less,
than 1-10°m/s [3.,6].

Let’s introduce the following denotations: Vl0 , V| are melt

volumes in the crucible in the initial and the current
moments; V., Vs are volumes of the crystallizing melt and

. . . . . 0
deliquescent cremnium rod in time unit; C;, C, are

concentrations of Ga impurities in the melt in the initial and
current moments; Cg, is the concentration of Ga impurity in
the crystal; C is the general quantity of Ga impurity in the
melt; K=Cg,/C, is the equilibrium segregation coefficient of
Ga in the current moment; t is time.

On the first step of the growth of the buffer crystal with
the flexible composition with the accepted above mentioned
denotations, we have:

C.zg and dcC, :C Vv, z/l C:C ViC,

v, dt v, v,

(1



AXIAL Ga- IMPURITY DISTRIBUTION IN Ge-Si, SOLID SOLUTIONS, GROWN BY THE MODERNIZED BRIDGMEN METHOD

According to the task condition, we consider, that in the
considered period V. and Vg don’t depend on time. Then,
taking into consideration that Cgs=CK we have:

V, 2V0-(V, Ve, X, Vi=-V, 4V, and C=-V.C,K
@)

In the limits of the model of the virtual crystal we
consider, that gallium segregation coefficient depends on the
cremnium concentration in the crystal nonlinearly. The linear
character of the change of the cremnium concentration in the
band of the buffer crystal with the variable composition
(fig.1) means, that on this step, in the considered

approximation, K will depend on t linearly. Replacing K in I

Cea =CiK :C|OK[1—7/(1—a)

The equation (4) defines the dependence of the gallium
impurity concentration on the length of the buffer crystal I,
taking under the consideration the fact, that

)/=VCtN|0 =1/L, where L is the height of the melt in the

beginning of crystallization.

On the second step of the Ge-Si crystal growth (fig.1)
with the homogeneous composition the segregation
coefficient of gallium impurity stays unchangeable and is
equal to K for the corresponding melt composition. Changing
in (4) Ko=K for this case we have:

(1-K-a)
(I-a)

Coa =C K =C/K[I-y(1-a)] ©)

The fig.2, for example, demonstrates the concentration
profiles of Ga impurity along three ingots Ge-Si, grown up in
the above described technological modes, data of which on
the longitudinal composition are given on the fig.1. For the
comparison, the dependence for the germanium, grown by
the traditional Bridgmen method, is given in fig. 2 also. The
following initial data are accepted in the calculations:
CY=1-10""cm™; L=100mm; K=Kq-x(Ko-K,), where K; is the
gallium segregation coefficient in the cremnium; [z=6.6; 13.2
and 20mm is the length of the buffer crystal in the ingots with
the homogeneous part 10, 20 and 30at.% Si correspondingly;
a=0.345, 0.385 and 0.435 in the band of the buffer crystal
and 0.247, 0.167 and 0.087 in the homogeneous part of the
ingots with the composition 10, 20 and 30 at% Si
correspondingly. It is need to note, that values I are defined
by the given temperature gradient, diagram of system Ge-Si
state and demanded composition in the homogeneous part of
the crystal. The values of « were calculated on the data of the
ref. [3,4].

As it is seen from the fig.2, the velocity of the impurity
concentration growth along the crystal length significantly
decreases with the increase of the cremnium content in the
matrix and it is caused in the final part of ingots. Such
behavior from one side is explained by the decrease of the
gallium segregation coefficient with the growth of the
cremnium concentration in the melt, and by the increase of
the melt volume, caused by its cremnium feeding from
another side. The initial parts of two curves in the expanded

1_(=Ky-a)(-a)y+(K,—K)

(2) by K=Kg-At (K, is the segregation coefficient of the
impurity in the pure germanium, A is the constant factor) and
substituting it in (1) after the simple transformations and
integration we have:

(Ve VKo ~Vsi ) (Ve ~Vsi )+ AV VP

| n& VIO _(Vc _Vsi ): Ve Vi)’ __ Avct
C? VlO Vc _VSi
3)

Introducing following denotes: Vg; /VC =a; V. / V.O =0,

V.t / V.0 =y from (3) after some transformations we have:

K,—K
A

r(-a)?

“

[
scale (fig.2), corresponding to Ge and Ge, ;Siy3 are given for

the visual demonstration of the roles of the given factors on
the gallium concentration in the crystals (fig.3).
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104 2 3 4
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[ 20 40 &0 80 100 T;G
f, mm
Fig.2. The concentration profiles of Ga impurity along Ga
crystal, grown by traditional Bridgmen method (curve
1) and three ingots Ge-Si, the data on the longitudinal
composition of which are given on the fig.1. In the
calculations it is accepted for all crystals, that

C(l) =1-10"%cm™ and L=100mm. The curves 2,3 and 4 refer to

the crystals with the homogeneous part 10, 20 and 30
at.% Si correspondingly.

The data on the germanium crystal, grown up in the same
conditions of the feeding (curve 2), as the Gey;Sig3 (curve 3)
are given for the separation of the contribution of the change
of the melt volume, connected with its feeding on the
concentration profile of the gallium impurity. The relative
weak change of the longitudinal impurity concentration in the
germanium crystal, grown with the use of the feeding (curve
2), in the comparison with the same, grown up by the
traditional Bridgmen method (curve 1), connects with the
partial compensation of the melt volume by feeding. In the
case Ge(Sip3 (curve 3), in the band of the buffer crystal,
given in the fig.3, the reversible course of the dependence of
the gallium impurity concentration along the ingot length
takes place. Such course is defined by the essential decrease
of the impurity segregation coefficient with the increase of
the longitudinal cremnium concentration in the crystal, which
is dominant influence on Cg, in the comparison with the
influence factor of the decrease of the melt volume.
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1" r 1 On the base of the above mentioned data, it is possible to
make the conclusion. In the crystals of the solid solutions,

o L ) 2 grown up by the modernized Bridgmen method with the use
5 gl of the germanium fuse and feeding cremnium rod, the
E dependence of the impurity segregation coefficient on the
RN | composition Ge-Si and the change of the melt volume,
= 3 connected with its feeding essentially influences on the on the
or velocity of the concentration change of the gallium impurity

6 : - . . \ along the crystallization axis. Taking under consideration

0 4 8 12 16 20 these facts is the important condition at the solution of the

problems, connected with the growing of the crystals with the

given concentration profile of the gallium impurity in the
Fig.3. The axial concentration profile of gallium impurity in the  crystals of Ge-Si system.

initial region of Ge crystals ( curves 1,2) and Gey;Sig; (curve 3).

The curve 1 corresponds to germanium crystals growth by the

traditional Bridgmen method.
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L.9. Qubatova, Z.M. Zeynalov, H.X. 9jdarov

MODERNIZ3 EDILMiS BRIDJMEN USULU iL3 ALINAN Ge-Si BORK MOHLULLARINDA GALLIUM
ASQARININ KRISTALLASMA OXU BOYUNCA PAYLANMASI

Pfann yaxinlagsmasi g¢ergivesinde modernize edilmis Bridjmen Usulu ils arintini Si ile gidalandirma rejiminde alinan Ge-Si
kristallarinda Ga asqarinin paylanma masalasi hall edilib. Asqarin seqregasiya amsalinin Ge-Si kristalinin terkibindan asiliigi ve
arintinin gidalandirma naticasinds dayisilan hacmi Ga asqarinin kristallasma oxu boyunca konsentrasiyasina shamiyyatli tasiri
gostarilib.

JLA. T'y6aToBa, 3.M. 3eiinajos, I'.X. Askgapos

PACHPEJEJEHUE MIPUMECH T'AJIIUA BAOJb OCH KPUCTAJUIU3ALIANA TBEPIBIX PACTBOPOB
Ge-Si, BBIPAIIEHHBIX MOJEPHU3UPOBAHHBIM METOJAOM BPUKMEHA

B ndanHOBCKOM MPHONMKEHNH pelIeHa 3aJada paclpeieleHus IpUMecH rauist B kKpuctamiax Ge-Si, BRIpalIeHHBIX Ha
repMaHUEBON 3aTpaBKe METOIOM BpHkMeHa ¢ MCIONIB30BaHUEM ITONIMTHIBAIOIIETO CTEpXKHS KpemHus. [lokasaHo, 4To Ha
MIPOJIOJIbHYI0 KOHIEHTPAIMIO TAUIMsS B KPHCTaJUle CYNIECTBEHHOE BIHMSHUE OKAa3bIBAIOT 3aBUCHMMOCTh Kod(dduimenra
cerperawuu NpuMecH oT cocTaBa TBEPAOro pacTBopa Ge-Si v u3MeHeHue 00bEMa paciIaBa, CBSI3aHHOE C ero IOJIUTKOM.
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THE NONLINEAR THEORY OF GUN’S EFFECT

E.R. GASANOV, R.K. GASIMOVA
Baku State University,
Baku, Az-1145, Z.Halilov str.,23

The nonlinear theory of Gun’s effect has been constructed. The amplitude and the frequency of the current oscillation in the second
approximation by the method of Bogolubov-Mitropolski have been found. The amplitude and frequency of the current oscillation in the
GaAs have been calculated for the typical experiment. The amplitude of the current oscillation as the function of the electric field has been

calculated in the first approximation.

The phenomena of the current instability, which firstly
was observed in the compounds GaAs and InP [1] are called
Gun’s effect. The frequency of the current installation mainly
lies in the ultrahigh frequency range (UHF) and differs from
the low-frequency oscillation [2]. The mechanism of Gun’s
effect was supposed in the refs. [3,4,5]. The authors of these
works show, that in the materials GaAs, InP, probably, the
number of the carriers with the low energy decreases at the
increase of the external electric field strength. Moreover, the
electrons transit to the superincumbent energetical bands or
in the case of the low-frequency ranges they transit on the
ionized traps in the forbidden band.

The mobility of the electrons decreases strongly with the
comparison of the mobility in the lower trough at the electron
transfer in the upper energetical bands. When transfer of the
current carriers is higher, than the definite value, the material
conductivity decreases and the negative differential
conductance appears:

S—IIE:O'd<0 6))

At the values o, <0 the electric field E in the crystal

becomes nonhomogineous and the acute regions of the
electric field, ie. “domains” creat. The theoretical
investigations are strong nonlinear because of the domains
and the amplitude of the current oscillation in the crystal
depends on the time.

Moreover, at o, <0 the redistribution of the space

charge begins and this process leads to the UHF radiation.
The small-signal theory (i.e. near the threshold o, ~ 0) of

this phenomenon have been constructed in the ref. [6].
However, the dependence of the amplitude on the time and
on the frequency of the oscillations hadn’t been investigated
theoretical.

In our paper we will declare the nonlinear theory of the
amplitude and frequency of the current oscillation, based on
the model of Gun’s effect at the existence of the external
constant electric field. We will consider, that transport time in
the low-mobile states is neglible small and the carrier
concentration in the main vale decreases inversely of the
some degree of the electric field. Besides it, we will suppose,
that the number of the ionized donors doesn’t almost change
and the current oscillations are only because of the electron
transition in the upper energetical states. As it is shown in the
ref. [6], the mobility in the upper energetical state in GaAs is
more less, than in the central vale, D is the electron diffusion
coefficient in the lower trough for GaAs 130 cm/sec.. The

total carrier concentration N=n+n’, the carrier mobility x

and ,u' correspondingly, diffusion coefficients D and D’
satisfy to the following relations:

D>>D', u>>u', n>n" . )

The number of the carriers in the lower (central) vale will
be equal to the some part of f of the total number of the
carriers:

n=fN=f(E)N A3)

-1

parameter f(E)=(m—-1) m—1+{E£j [7].

a

Here E

2 1s the electric field, at which the current

oscillation begins. The parameter m is calculated
experimentally as the ratio of the ohmic current to the real

current in the point E, = E, (at oy = 0).
The static current is
E,
l, = 0,E, f,X,, X, ==, 4)
Ea
where O, is the sample conductivity in the weak field. We

will follow on the experiment [7] in calculations. The ration
of the dynamic conductivity o to the conductivity in the

weak field o, has the form:
o 1 dl,

df
s, =2 = 0o (F, 4 X, 0 5
o mag e~ (g O

a a

S, = f,[1-m@- f,)]

The value Sy is the ratio of the tangent of inclination angle
of the VAC curve at £ = E (work point) to the tangent of

inclination angle at the weak fields. At Ej > E, it is

negative. In the point of the zero inclination X,=1 and
df - P

f, = —d—o . The statistic current in this point is:
X

m-1
|p =——o0,E, and m=
|
m 1 _»

o,E,
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The dynamics of the current transition through the sample In the frameworks of “small-signal” theory, by method
is characterized by the following equations: [7] for the solution of these equations it was supposed:
iwt
o(fN) I, =1, +1, =1, + LOE", I, <<,

l=efNuE+De——— )
0z E=E +E =E =E, + EQO¥", E, <<E,

Ol _ N 6 N =N, +N, =N, + NOE™, N, <N,
0z ot %)

L_0- —
I, +¢ ot =0; vo=—uE,. For the finding of the amplitude values E, N, | the
condition (7) isn’t enough and it is need to find the solutions

(6) at the any values E;, N; and 1y, i.e.
The equation system (6) is enough for our goals, i.c. they

connect between themselves the three unknown values I, E, N. |

I=1,+1, I,<l,, I,>1,, N=N;+N,, N,<N,, N,>N,,
E=E,+E,, E <E,, E >E, '

®)

We will find the solutions of the equation systems (6) at the conditions (8) by the Bogolubov- Mitropolski method [7].

Substituting (8) into (6) and denoting X = we obtain:
o,k
x:[f0 El+f0m+f0m-5+f1+f15+f1m f1£]+
E, N, N, E 0 N, N, E,
D N N ®

=2 f,——+f +f—L
v, 01 N, N,

oE ol ON E

I, = —¢ — ; Ll -—e—2 ; f =(5 -F)=2

! ot ~ oz ot 1= (8 - ) Eo

We will express the change of the electric field through where k is the wave vector, propagating on Z axis. If we
the change of the current carriers for the reducing the

N o . .
equation (9) to one nonlinear equation by the following way: ~ denote 'y = -, so taking into consideration (10) from (9),

0

2 we will obtain the following nonlinear equation for y for
__E N, andthen |, =——2 ON, (10), finding:
1= 1= 2 ’
N kv, ot N ku ot
|
2
0’ o,f 0 0 1
2’+a)02y:M ——y—y—y+m(1— f)— ¥ +m(1- fo)yﬂ+
ot g ot ot kv, \on on
X (1)
1 m(l- f,)o Dk
+m(l-f)y— ¥ + f, 1= fy)oy @erﬂ
kv, on Vo ot "ot
o,T 2
Here (002 = 29 0(k Vo + Dkz). 0 y+y:r|: d_y y (12)
2 b b
€ or dr
The nonlinear equation (11) respect of y can be reduced to o f
the equation of Van-der-Pole one. For this we denote where r=—-20 is the small parameter for the typical
o f W,
T=wy and I = 9% and reduce the equation (11) to cm? cm
£, crystal GaAs, D = 130 » Vo ® 10" — ,
the dimensionless equation. Then the Van-der-Pole equation sec sec
assumes the following form: o, ~ % 102 sect , r << 1.
&
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The solution of the equation (12) is as follows da 5
—=rA@)+r’A@)+r’A@)+...
y=acos(r+68)=acos(t+0)=acosy at r=0.(13) gT (14)
. _ , SV — @, +1B,(a) + r’B,(a) + I’B,(a) + ..
We will use Bogolubov-Mitropolski method [7] for the dr
finding of the solution (12) at r#0 by the following way: |
w, F dy w, dy
h A)=—"|F|y,—= |sinydy ; B (a)=—2 | F| y,—= [coswd
wher A () zﬂo(ydfj wdy (a) 272&! (ydrj wdy
o, dB, w, f| dF : du, \dF | .
a)=——>|2AB,+A,—a|——||u,—+| A cosy —aB, siny+w,— sinyd
A (a) Z(AllAzdaj27Z01dY A cosy | Sy Odz,udy' yay
® AdA) o, |  dF . du, \dF
B,(a)=——2| B} ———1 |- —" ||u,—+| A cosy —aB, siny+w, — |— |cosy d
»(a) 2(1 adaj Zﬁal‘{ldy A cosy | sSmy Odl// dy’ yay -
= g, cosny +h sinny 1% ( dyj
u=g — ; a=—|F| y,—— |cosn
1 gO nz;, n2 _1 g e .(.). y dT Wdl/j
2z
h, :lIF(y,ﬂjsinnV/dl//
Ty dr
We confine ourselves only by the second approximation. ! mDkeg
Firstly, we will find the amplitude in the first approximation (1- fo) >1 (18)
from equation (14): Vo

da

TLorA).
T

16
q (16)

Substituting the equation (13) in the equation (15) after
the integration, we will obtain

ro, {m(l— fO)Dkg_l}a

da,
dt 2 v,

Solving above mentioned equation we find:

[["(1—fo)Dk0571}t%
a, =ae’ " ; Yy =a cosy .

(17
From the equation (17) it is seen, that the amplitude of the

current oscillation increases exponentially for the crystal
GaAs: |

2
u,=3R cos2y _ Dk gsin2t//—l ;
6 6w,
R:m(l_fo)a2 : .
3kv,m,

kv,

As fo <1, so we obtain the values of the change interval
of the constant electric field:

2V 1/3
S0 > Ea(SDlzgj

at which the current oscillates with the frequency @, .

(19),

Indeed, it is clearly seen from the equation (15), that
B, (@) =0 and that’s why the frequency is @, . As it is seen
from the equation (17) the amplitude 8, tends to the initial
value @), (al - ao) att—0.

It is need to calculate the U, ﬂ,g0 in the second

approximation for the finding of the amplitude @, and the

frequency of the current oscillation @,.
After the simple calculation we find:

du, __RLDkzg

cos2y +sin 2y
dy @,

(20)

_ m(1- ), a2

Substituting the equation (20) in the equation (15), we obtain the following values for A, (&) and B,(@) after the

integration:
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A(a )__ Dk’¢( mDke m | M@ 2mao, LA
vV, Vv, okv, 6kv,
2 2
B, (a )_a)o mDke 96 kag+m w,ma” o
Vo V, okv,
2
_apkeg A 2me, | MOKE | g g) 4Bl
okv,\ kv, vV,
Substituting the equation (21) in the equation (14), we | da 3
obtain the equations for the finding of the oscillation d_: W, [I‘A, (0)a+r-La ] (24)
frequency in the second approximation: t
da
=rA(0)a+r’La’em (22)
FTIe ’ dd—li/=a)2 = w,[1+17B,(0)+ B/r’a’| (5
(Z—Vt/_w//_a)0+r5(0)+8'“ (23)
]
whete A (0) = m(l- f,)Dke . B,0)= L [kagj
Vo Vo
13m : 2
B! - , l_m_kag _ 4Dk 2 a)0+Dk5
24kv, vV, 12v, kv, v,
L mw, Dke [1 Cme kagj _ Ma,
48kv, v, v, 24kv,
After the integration we obtain from the equation (22):
& = % 172 ?0/2 ’ = a, Cosy (26)
L rAl(O)%t rA12(0> " ()
a0 — 2 -1|+e
(0)
[
2
As f, <1, so for the typical GaAs, A(0) = mDke a2 = dy
Vo 27 O 21 o
and 2 b
M, [Dkgj2 Mo, Mo, (Dké‘}2 A (0)
~ 48kv, | v, 2kv,  48kv, | v a
0 0 0 0 0 a, = 0 o)
A0 48kv, v, 20 Mo, DXE o2
0
27) 48kv, v,
rA0) _ mDk o, f, m Dk f | It is easy seen from the equation (28), that amplitude in
) 2~ W cw @ ?V_O-O ot >> the second approximation decreases and tends to the constant
0 0 0

Taking into consideration the experiment conditions [7]
and (27), which has been proved in the experiment for the
typical GaAs from the equation (26), we obtain:

limit (i.e. to the value, not depending on time).

1/2
oo |

48kv, v,
Dke

(29)
ma,
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The frequency of the current oscillation is defined by the the equations (17) and (26) in the equation (10) serially in the

. . 74 . first and second approximations. We will calculate the
expression (23), i.e. —— = @, and the expression phase low  current amplitudes only in the first approximation because of
dt the striving of the amplitude of the current oscillation to the

is ¥=w,l. It is possible to find the amplitudes of the constant limit in the second approximation (29). After the

current oscillation on the formula (10), substituting a from , simple calculation we obtain:
J, = o1 + vy et2psiny - (8% - 1)cos y]

x = 91 _ fo(l + %J[Zﬂ siny - (8% - 1)cos yp"*
V,

ooEo 0

(30)

. .- iy - [
From the equation (30) it is seen, that oscillations of the

current amplitude X have the oscillating form as the
functions sin w and cos y in dependence on time. Using

find J, 12 , since the harmonic functions sin y and cos y
are in the equation (30), and further it is need to find the
and J, =1 which define the

X minimal and maximal values of the amplitude of the current
X (i.e. E =0) with the time and the maximum conditions  oscillation.

the equation (30) it is possible to find the experimental values values ‘]1 =J I min Imax 2

2 —
for X i.e. 67;( < 0. However, for the finding ‘]1 it is need to
ot
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E.R. Hasonov, R.K. Qasimova

QANN EFFEKTININ QEYRI-XOTTi NOZORIiYYOSI

Boqolyubov-Mitropolski riyazi metodu ilo GaAs kristalinda ceroyan rogslerinin amplitudu ve tezliyi nezeri olaraq hesablanmigdir.
Birinci yaxinlagsmada cerayan ragslerinin amplitudu elektrik sahasinden asili olaraq hesablanmigdir.

9.P. T'acanos, P.K. I'aceiMoBa
HEJMHEMWHAS TEOPUSA DPPEKTA TAHHA
IMoctpoena HenuHeiHas Teopus 3dekra [anHa. HaiimeHpl aMIUIMTyna W 9acToTa KojcOaHWS TOKa BO BTOPOM
npuOImKeHnn MeToaoM boromoboBa-Mutpomnoabckoro. Jimsi TUIHYHOTO JKCIepuMeHTa B Kpuctamie GaAs BBIYHCICHBI
4acTOTa W aMIUIATyJa KolieOaHUs TOKa. BeumciieHa B MEpBOM NPUOMIDKEHHHM aMIUIATYJa KOJIeOaHUS TOKAa Kak (YHKIUS

QJICKTPHUYCCKOI'O MOJIA.
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The temperature dependence of the anisotropy degree of the conductivity of the TlInS,, T1GaS, and TlGaSe, layered monocrystals has
been investigated. It is established, that TIGaSe, monocrystals have the most anisotropy degree, and TIInS, has the less anisotropy degree.
The values of the interlayer energy barrier Ag, eV in the T1InS, (0.04), TIGaS, (0.17) and T1GaSe, (0.3) crystals are obtained.

The TIGaSe,, TIGaS, and TIInS, monocrystals are
representatives of the layered materials of the group
T1B"C,"". They are characterized by the strong anisotropic
physical properties, caused mainly by the fact, that charge
carriers can move freely inside the layers in them, and
between the layers its movement is limited because of the
interaction of the layers by the Van der Waals type and the
small overlapping of the wave functions of the neighboring
layers. The important parameter of the layered compounds is
anisotropy of the electric conduction:

N=oc/olc , (D

where o||c and o,c is the electric conduction in the parallel
and perpendicular directions of the crystallographic crystal C
axis (C axis is perpendicular to the plane of the crystal layers)
correspondingly.

It is need to note, that anisotropy degree of the layer
crystals can be increased because of their intercalation, i.e.
because of the introducing of the foreign ions, atoms or the
molecules in the interlayer Van der Waals spaces. So, in the
ref. [1] it was shown, that the anisotropy degree of the
conductivity increased in 2-2,5 times because of the decrease
in the similar times of the conductivity transversally to the
layers at the intercalation of TIB"'C,"" crystals by the lithium
ions, whereas the crystal conduction was almost changeless
along the layers.

The aim of the present paper is the investigation of the
anisotropy degree of the conductivity of the layer
semiconductors TlInS,, TIlGaS, and TIlGaSe, in the
dependence on the temperature and the finding of the energy
barrier value between the layers.

The results of the conductivity investigation of the given
layer monocrystals in the constant electric field are given
below. The indium was used in the capacity of the contact
material, which was melted in the monocrystals and it creates
the ohmic contacts. The samples for the measurements have
the thickness about 80+130 mkm and were prepared as in the
planar-, so in the sandwich-variant. For the samples in the
planar variant, the indium contacts were carried on the lateral
terminate edges so, that the electric current was directed
along the natural layers of the monocrystal, i.e.
perpendicularly to monocrystal C axis (oyc). In the samples,
prepared in the sandwich-variant, the electric current was
directed transversally to the natural layers, i.e. along the
monocrystal C axis (g|c). The amplitude of the constant
electric field, applied to the samples (F=10*+10°V/cm)
corresponded to the ohmic region of VAC. During the

measurements the samples were established in the cryostat of
the “Utrex” mark with the system of the temperature
stabilization (the accuracy of the stabilization was 0,02 K).

The measurement results of the temperature dependence
of the anisotropy electric conduction for the TlInS,
monocrystals (curve 1), TIGaS, (curve 2) and TlGaSe; (3) in
the temperature region, at which the jump conductivity takes
place in these crystals are given on the fig.1 [2,3]. From the
fig.1 it is seen, that IgN increases for all three crystals with
the temperature decrease.
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Fig.1. The temperature dependences of the anisotropy degree of
the electric conduction of TlInS,, T1GaS, and T1GaSe,
monocrystals in the region of the low temperatures.

The energy barrier Ap between the layers can be valued
because of the jump conductivity in the given crystals along
C axis by the relation:

oic/ ollc ~exp(4¢/KT). )

From all three investigated crystals, the TIGaSe,
monocrystals had the most energy barrier between the layers:
A9p=0.30 eV. In the TIGaS, 4¢=0.17 eV, and in TlInS, the
value 4¢p was the less: 0.04eV.

According to these Ag values, the most anisotropy degree
of the conductivity was in the TlGaSe, monocrystals, and the
less one in the T1InS,.

The dependence of the anisotropy degree of conductivity
at the fixed temperature (T=232K) on the value of the
interlayer energy barrier in the crystals TlInS,, T1GaS, and
T1GaSe; is given for the comparison on the fig.2. As it is seen
from the fig.2, the experimentally obtained dependence IgN
on Ag s linear that is in the agreement with the formula (2).
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TlGaSe;

T1Ga5;

0:2 Ap, eV’ 0:3

Fig.2. The dependence of the anisotropy degree of the
conductivity on the value of the interlayer energy barrier
in TlInS,, T1Ga$S, and T1GaSe, monocrystals.
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Fig.3. The temperature dependences of the conductivity of
TlnS, (curve 1; 17), TIGaS, (2; 2’) and TlGaSe; (3; 3”)
monocrystals transversally and along to the layers near 300 K.

The value of the interlayer energy barrier can be
estimated also by the difference of the activation energies of
the conductivity transversally and along the layers, i.e. as
follows:

AE=E4|c - Esic. (3)

The temperature dependences of the conductivity of
TlInS, (curve 1; 17), TIGaS, (2; 2’) and TlGaSe, (3; 3°)
monocrystals in the temperature interval near 300 K along
and transversally to layers are given on the fig.3.

The obtained values of the activation energies of the
conductivity from the fig.3 are given in the table, where the
values Ag and AE are given for comparison also.

Table.

The electrical parameters of TlInS,, TIGaS, and TIGaSe,
monocrystals.

Monocrystal | Ag, eV Edlc, eV Esic, eV AE, eV
TlInS, 0.04 0.39 0.34 0.05
TIGaS, 0.17 0.50 0.31 0.19

TIGaSe, 0.30 0.54 0.20 0.34

As it is seen from the table, the Ap and 4E values well
agree with each other in the limits of the experiment fault for
all investigated monocrystals. Moreover, the AE value was a
little bit bigger, than A¢ in all three cases.

Thus, the values of the interlayer energy barrier, well-
agreed with each other, in the TlInS,, TIGaS, and TlGaSe,
monocrystals are obtained by two independent methods.

[1] S.N. Mustafaeva, V.A. Ramazanzade, M.M. Asadov.
Materials Chemistry and Physics. 1995, v.40, n.2, p.
142-145.

[2] S.N. Mustafaeva, V.A. Aliev, M.M. Asadov. FTT, 1998,
t.40, nl, s. 48—-51.(in Russian).

[3] S.N. Mustafaeva, V.A. Aliev, M.M. Asadov. FTT, 1998,
t.40, n4. s. 612-615. (in Russian).

S.N. Mustafayeva

TIB"'CcY, ANiZOTROP MONOKRISTALLARINDA LAYLAR ARASINDAKI ENERJi MANESLORININ TYiNi

TIINS,, TIGaS,, TIGaSe, layll monokristallarda kegiriciliyin anizotropiya deracesinin temperaturdan asiliigian tadqgiq edilmis
ve miayyen olunmusdur ki, TIGaSez an ¢ox, TlInS; ise an az anizotropiya daracasina malikdir. TIB"'CY", monokristallarinda
laylararasi enerji manealarinin giymatleri tapilmisdir (4¢, eV): 0,04 (TlInSy), 0,17 (TIGaS;) ve 0,3 (TIGaSey).

C.H. Mycradaesa

ONPEJEJEHUE MEKCJIOEBOI'O DHEPTETUYECKOI'O BAPBEPA
B AHU3O0TPOIIHBIX MOHOKPUCTAJLIAX TIB'"'C,”!

W3ydeHa temmepaTypHas 3aBUCHMOCTb CTETIEHH aHW30TPOIHU HMPOBOAUMOCTH CIOMCTHIX MOHOKpucTaimioB TlInS,, TIGaS, u TlGaSe,.
VYcraHoBIE€HO, 4YTO HaWOONBIIYIO CTENEHb AHM30TPOIMH HMEIOT MoHOKpHcramisl TlGaSe,, a mHammensmyto — TlInS,. Omnpenenenst
BEJIMYMHBI MEKCIIOEBOTO dHEPreTHIecKoro 6apbepa A¢, 3B B kpucramiax: TlInS, (0.04 ), TIGaS, (0.17) u TlGaSe, (0.3).
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THERMAL CONDUCTIVITY OF In;4GayAs SOLID SOLUTION

R.N. RAHIMOV
Institute of Physics of National Academy of Sciences of Azerbaijan,
Az-1143, H. Javid av., 33

The thermal conductivity of In;,Ga,As (with 0<x<0.08) solid solutions has been investigated in the 80+300K range. The thermal
conductivity as a function of temperature and the alloy composition has been analyzed on the basis of the theory taking into account
boundary phonon scattering, three — phonon normal and three — phonon Umklapp process, phonon resonance scattering and also phonon
scattering on point defects with regard to the local change of density and elastic properties of crystals. The revealed dip in the temperature
dependence of the thermal conductivity is explained by the phonon resonance scattering on various complexes.

1. Introduction

In;,Ga,As solid solutions are perspective materials for
solid-state devices and studies of their thermal properties may
be used at computations necessary on designing. Besides
experimentally investigating the phonon thermal conductivity
of the solid solutions versus the content in the wide range of
temperatures enables one to study the influence of distortion
of the crystal lattice periodicity (lattice imperfections) and the
phonon scattering and to estimate applicability of available
theories of the phonon scattering on various defects. The
thermal conductivity of this system was investigated in a
number of works [1-7]. Abrahams, Braunstein, and Rossi [1]
investigated the thermal conductivity of the In;Ga,As
system except regions near initial components. Ohmer et al.
[2] measured the thermal conductivity of GaAs-InAs alloys
for the alloy concentration less than 1%. In a paper of
Szmulowicz et all. [3] on a basis of theories of Klemens and
Callaway gave a theoretical estimation for the Ohmer‘s and
et al. experimental result. Their calculation considers both
normal interactions and Umklapp anharmonic ones, as well
as mass differences and size distortions for the scattering by
point defects. The results indicate that it is the size-distortion
scattering, which leads to a very abrupt decrease in the
thermal conductivity for dilute alloys. In a work of Adachi
[4] the lattice thermal resistivity of Ga,.In,As alloys was
analyzed with a theoretical prediction based on a simplified
model of the alloy-disorder scattering. It was shown a quite
good agreement with experimental data on various III-V
ternary compounds.

It should be noted that in all above-mentioned works the
thermal conductivity dependence on the indium and gallium
contents is analyzed at room temperature.

Arasly et al.[5] investigated the thermal conductivity of
the In;Ga,As solid solutions at high temperatures by the
light flash method.

In the present work as a continuation of our earlier
conducted investigations, the thermal conductivity of the In;.
«GayAs alloys near the InAs initial components in the range
of 80 to 300K has been investigated.

2. Experimental

The investigated samples, which grown by the
Czochralski method, had the identical charge carriers
concentration of 2.4-10'7cm™ and the dislocation density 10
to 10°cm™.  The thermal conductivity was measured by the

absolute stationary method and flash light method between
80 and 300K.

The thermal conductivity of the initial InAs and In;Ga,As
solid solution (with 0<x<0.08) as function of temperature is
plotted in fig. I. As it is seen, with increasing the GaAs
content the value of the thermal conductivity decreases and
its temperature dependence is weaken that is typical for
alloys. In the temperature dependence of the thermal
conductivity is observed the obvious dip within the narrow
interval of 90 to120K.
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Fig.1l. Thermal conductivity of In,_,Ga,As alloys versus

temperature.
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Fig.2. Thermal conductivity of In,_,Ga,As alloys as a
function of the alloy concentration (x). The
theoretical curves 1-4 have been calculated with
formulas (1)-( 4); (5)-(4); (5)-(6) with the value of
G=1; and (5)-(6) with G=2, respectively.
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The thermal conductivity for In;,Ga,As at room
temperature versus the alloy composition and data of
Abrahams et al. [1] and Ohmer et al. [2] are presented in
fig.2.

3. Discussion

The electron share of the thermal conductivity (Kg),
determined in accordance with the Widemann-Franz formula,
is insignificant and the observed change in the thermal
conductivity is related with phonon processes.

The lattice thermal conductivity are analyzed in the
framework of the well-known Callaway-Klemens model.

Despite that in the Callaway’s model [8] it does not take
into account the nonlinearity of the phonon spectrum
dispersion and also makes no differences for longitudinal and
transverse phonons in phonon-phonon interactions, in the
literature widely use this model for the thermal conductivity
analysis.

For a quantitative estimation of the phonon scattering on
point defects in In;_,Ga,As at 300K first was computed the
thermal conductivity taking into account U-processes and the
phonon scattering on point defects by the given formula [9]:

K p:Ko(w—ojarctan (Q—DJ )
@p @
where
’ h
Lol = e
w, 27 VK 6A
A = Y 3)
Arv®
2 2
I'=x(1-x (%) +g(%5] “)

Here Kj is the lattice thermal conductivity in the absence
of defects, v is the speed of sound, V is the primitive cell
volume, @ is Debye temperature, /" is the disorder parameter
including local changes of the density and elastic properties
of the alloy when one atom is replaced with another, wp is
the ponon frequency maximum in the Debye model, and ay

is the frequency at which the value of relaxation times, due to |

1 4
the phonon scattering on point defects Tp = A®™ and

Umklapp prosesses 7, = By ®°T ,are equal.

In the case of the A’B’ semiconductor compound,
parameter € is determined from the relation between elastic
constants and the atomic volume. As for the In,_Ga,As solid
solution the Vegard's law remains in force, the change of the
lattice constant, in accordance with Ref.6, has been
considered as a measure of the local change of material
elastic properties. The parameters, which are necessary for
the computation, have been taken from the work [3] and they
have been linearly extrapolated for the solid solutions. It
should be noted that in the In; Ga,As solid solution, the term
connected with the local change of the elastic properties of
medium makes its significant contribution to the disorder
parameter, /'

As it is seen from fig.2, experimental data laid beneath
the computed curve 1. It may be supposed that the significant
quantitative divergence between the computation and the
experimental data is connected with that the three-phonon
normal process is not taking into consideration.

It is known that three-normal phonon processes
themselves directly do not result in the thermal resistivity. At
the same time the N- processes can determine the structure of
the stationary nonequilibrium phonon distribution. As a
result, their role turns out to be rather essential and they
render the important influence on the thermal conductivity
magnitude.

At high temperatures in solid solutions the high frequency
phonons strongly scatter on point defects, and interaction
between longitudinal phonons with conservation of the quasi-
impulse, may influence on the lattice thermal conductivity.

The influence of N-processes on the thermal conductivity
at 7>6 in alloys is considered in Ref. 6, 10. Abeles [6] has
proposed a phenomenological approach to a lattice thermal
conductivity of disordered semiconductor alloys at high
temperatures. His theory is based on the model presented by
Klemens and Callaway and successfully used for alloys.
Assuming that the temperature and frequency dependences
of the relaxation time for three-phonon N- and U- processes,

-1 2 -1 2
are the same, namely, 7 =By T and 7,”7=B,0 T, and

. . -1 4 3
for the scattering on point defects 7; =V I'/47zv”~,

in [6 ] it was obtained the following formula for the lattice
thermal conductivity:

(1 arctan yJ
1 arctan
K = K, Y | S 5)
14+ ¢ y (1+C)y_y+1_arctany
9 C 5 3 y
(o, / @ )2 N computations the parameter of disorder, 7, is
where y2 - ~D 7 07 C=B\/By, calculated with the formula (4), where the local change both

1+5c/9’

C is the adjustable parameter indicating in how many
times the N-processes are stronger than the U-processes.

the density and elastic properties of the alloy is taken into
account. The curve 2 in fig.2, calculated by the formula (5)
with the adjustable parameter value of C=2, well fits our
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experimental data. It shows the essential role of the N
processes in the phonon scattering in the In; ,Ga,As solid solution.

conductivity in the GaAs-InAs alloy for the dilute alloy (with
the InAs concentrations less than 1%) is appreciated and the

In Ref.3 the role of the N processes in the thermal | disordered parameter I is expressed as:

M, — M

r - Zif‘[T

+ 2G

where the sum is over the two alloy components; f; is the
alloy fraction for each constituent, M; its molecular mass, V;
its molecular volume, E; its bulk modulus; G is the
Gruneissen constant, M,V, and E are averages of mass,
volume, and bulk modulus; the p is averages shear modulus.

The computed curves by the formula (5) and (6) for C=2
and G=2 (curve 3), G=1 (curve 4) are presented in Fig. 2 As
it is seen, the curve 3 well fits Ohmer et al. (for dilutely
alloyed) experimental data [2], but does not fit Abrahams and
et al. [1] and our experimental data.

Thus our experimental data on the In-rich and Ga-rich In,.
«GayAs solid solutions well follow the Abeles expression (5).

The dips observed for various GaAs concentrations in the
temperature dependence of the thermal conductivity in the of
90 to 120K (Fig.1) are of great interest. The observed dips
evidently indicate the resonance phonon scattering
realization. The K(T) behavior like this was also observed
for pure A’B® compounds at temperature lower 50K [11-14]
and it is related, in the authors’ opinion, with the resonance
phonon scattering. However, the nature of the resonance

phonon scattering center is not clear as yet. The resonance |

-1
c

where L is the length of a sample, ar is the resonance
frequency. For comparison of calculated data with
experiments we have used the method of least squares.

In a fig.3 the experimental data and computed by formula
(7) curves for two of In;GasAs alloys (with x=0,01 and
x=0,04) are plotted. Values of the approximation coefficients
are given in table 1. As it is seen from fig.3, including in the
combined relaxation time also the relaxation time of the
resonance phonon scattering, it is possible to quantitively
circumscribe the dips observed in the temperature
dependence of the thermal conductivity.

It should be noted that the adjustable parameter, A, is
considerably differs from the computed parameter of the
alloy-disorder scattering, determined by formula (3).
Probably, it is connected with the presence of the other
defects. It is possible that in solid solutions compositions of
various atoms turn out to be in an environment of the
“impurity” center owing to the chaotic distribution of
components of the atoms in the crystal lattice. The
nonequivalence of the nearest environment of the same atom
can result in formation of various complexes, the presence of
which brings about features of the phonon scattering. Such
complexes can be also impurity — vacancy complexes

40

7.t =v/L+As" +(B, +B T’ +R—

V, -V 1+ @u7s3E)]
% 1+ (@u/ 3E,)

(6)

Iphonons scattering is observed at comparatively “high”
temperatures in the range of 90 to 120 K in A’B’ alloys, in
contrast with binary compounds.

The analysis of the temperature dependence of the
thermal conductivity is carried out by the following formula:

K= f£ = dz |,

k(22K Y s porT 7 z%"
o\ )b ey

where, z =

The combined relaxation time (z.) includes all probable
phonon scattering processes, the crystal boundary scattering,
three —phonon normal process, three —phonon Umklapp
process, Rayleigh scattering on point defects, phonon
resonance scattering
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Fig.3. Thermal conductivity of In;_,Ga,As for x=0.01, x=0.04
alloys as a function of temperature The curves 1, 2 have
been calculated with Formulas (7), (8).
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Table 1.
Parameters used at computation of the phonon thermal conductivity of In;.,Ga,As with x=0,01; 0,04.
InAs GaAs IHO.ggGaOVOIAS Ino.%GaOvas
0 (K) 280 370 281 283
v (cm/s) 3.09 x 10° 3.8x10° 3.1x10° 3.12x 10°
V, cm’ 5.56x 107 4.52x107% 5.55x 107 5.52x 107
u (dyn/cm?) 1.9x 10" 3.26x10" 1.91x 10" 1.95x 10"
E (dyn/cm?) 579 x 10 7.55x10" 5.81 x 10" 5.86 x 10
A (5) 3.988 x 10 7.507 x 10
A (59 0.78 x 10 3.01x 107
By (sK;) 0.718 x 107 0.637x 107
By/By 2 2
or (s 1.327 x 107 1.54x 10"
v/IL (s 6.2x10° 6.5x 10°
R (s°K?) 1.73 x 10%* 1.796 x 10%°

4. Summary

The investigation of the thermal conductivity of the In; ,Ga,As
alloys at temperature between 80 and 300K has been shown
that with increasing the Ga content the value of the thermal
conductivity decreases and its temperature dependence is
weaken. It has been established that for the solid solution in
the phonon scattering on point defects together with Umklapp
processes the normal processes also play essential role. The
best good agreement with the theory is obtained with the
quadratic frequency dependence for the relaxation time of the
N-processes. In the temperature dependence of the thermal
conductivity is revealed the obvious dips within the narrow
interval of 90 tol20K. The analysis of the thermal
conductivity temperature dependence has displayed that in
the combined relaxation time of the phonon scattering,

including also the relaxation time of the resonance phonon
scattering in the Klemens-Callaway formula, it is possible to
quantitively describe the dip observed in the temperature
dependence of the thermal conductivity. It is assumed that in
the solid solutions resonance phonon scattering centers can
be complexes related with the nonequivalence of the nearest
environment of the same atom in the crystal lattice.
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R.N. Rahimov

In,,Ga,As BORK MOHLULLARININ iSTILIK XASSOLSRI

In1xGaxAs bark mahlullarinin istilik kegiriciliyi 80-300K temperatur bdélimiinds tadqiq olunmusdur. Kristallarin tarkibinden ve
temperaturdan asiliigi olaraq istilik kegiriciliyinin deyismasi fononlarin muxtslif mexanizmlardan - i¢-fononlu N ve U-proseslari,
fononlarin rezonans sapilmasi, kristalin serhadinden, sixligin ve elastiki xassalerin dayismasini nazars alan noqtevi defektlardan
sapilmasini nazara alan nazariyys asasinda arasdiriimisdir. istilik kegiriciliyin temperatur asililiginda miisahide olunan guxurlar
fononlarin miixtslif markazlarden-komplekslardan rezonansla sapilmasi ile izah edilir.

P.H. ParumoB
TEIVIOITPOBOJHOCTDB TBEPAbIX PACTBOPOB In; ,Ga,As

HccnenoBanne TEIIONPOBOAHOCTH TBEPABIX pacTBopoB In;  Ga,As mposenero B obmactu 80-300K. TemionpoBogHOCTh CIUIABOB Kak
(YHKIUS OT TEMIIEPATyphl M COCTaBa aHATH3MPOBaHA HA OCHOBE TCOPHIA, YUUTHIBAIOIIUX paccessHuEe (POHOHOB HA FPaHUIAX, TPEX(POHOHHBIC
N u U - mnporeccsl, pe3oHaHCHOE paccestHue (pOHOHOB, paccesiHue ()OHOHOB HA TOYEYHBIX Je(EeKTaX C yYEeTOM JIOKAJIBHOIO M3MEHEHHMS
IUIOTHOCTH U YHPYTHX CBOMCTB KpucTamia. OOHapy>keHHOe yriryOieHne B TeMIepaTypHOil 3aBUCMMOCTHU TEIUIONIPOBOJHOCTU OOBACHIETCS
PE30HAHCHBIM paccesiHieM (POHOHOB Ha Pa3IMYHBIX LIEHTPaX- KOMILJIEKCaX.
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INVERSE CHAOS SYNCHRONIZATION IN THE MULTI-FEEDBACK IKEDA MODEL

E.M. SHAHVERDIEYV, R.A. NURIEV, EM. HUSEYNOVA, L.H. HASHIMOVA
Institute of Physics of National Academy of Sciences of Azerbaijan,
Az-1143, H. Javid av., 33

R.H.HASHIMOV
Azerbaijan Technical University, 370073 Baku, Azerbaijan

We investigate inverse synchronization between two uni-directionally coupled chaotic multi-feedback Ikeda systems and find both the
existence and stability conditions for anticipating, lag, and complete synchronizations.

Keywords: Time-delayed systems, chaos synchronization,
multi-feedback systems

1. INTRODUCTION

Recently chaos synchronization [1] in coupled systems
have been extensively studied in the context of laser
dynamics, electronic circuits, chemical and biological
systems, etc. [2]. This phenomenon can be applicable in
secure communication, optimization of nonlinear system
performance, pattern recognition phenomena, species
population control, etc., see e.g. [2] and references there in.

Finite signal transmission times, memory effects make
systems with a single and multiple delays ubiquitous in
nature and technology [3]. Dynamics of multi-feedback
systems are representative examples of the multi-delay
systems. Therefore, the study of synchronization phenomena
in time-delayed systems is of high practical importance.
Prominent examples of such dynamics can be found in
biological and biomedical systems, laser physics, integrated
communications [3]. In laser physics such a situation arises in
lasers subject to two or more optical or electro-optical
feedback. Second optical feedback could be useful to
stabilize laser intensity [4]. Chaotic behavior of laser systems
with two optical feedback mechanisms is studied in recent
works [5]. Chaos synchronization between the uni-
directionally coupled continuous multi-feedback systems is
investigated in [6].

Recently in [7] we reported a type of synchronization:
inverse anticipating synchronization, where a time-delayed
chaotic system X drives another system Y in such a way that a
driven system anticipates the driver by synchronizing to its
inverse future state: X(Y)=-y,=y(t-7) or equivalently y(t)=-x(t+7)
with 7=0. In [7] we focused our attention on cases when a
driving system contains a single delay time.

In this paper for the first time we investigate inverse
synchronization between two uni-directionally coupled
chaotic multi-feedback Ikeda systems and find both the

existence and  stability = conditions for  different
synchronization  regimes (retarded, complete, and
anticipating).

2. SYNCHRONIZATION BETWEEN THE MULTI-
FEEDBACK IKEDA SYSTEMS

Consider inverse synchronization between the multi-
feedback Ikeda systems,

dx . .
—=—a X+M;SINX_  + M,SINX__, )
dt ! 2

dy . . .
— =—atmgsiny, +m,siny +Ksmxr3 ()

dt

with positive ¢, and —-m1,2,3,4.

This investigation is of considerable practical importance,
as the equations of the class B lasers with feedback (typical
representatives of class B are solid-state, semiconductor, and
low pressure CO?2 lasers [8]) can be reduced to an equation of
the Tkeda type [9].

The Ikeda model was introduced to describe the dynamics
of an optical bi-stable resonator, plays an important role in
electronics and physiological studies and is well-known for
delay-induced chaotic behavior [10-11], see also e.g. [12].
Physically x is the phase lag of the electric field across the
resonator; « is the relaxation coefficient for the driving X and
driven y dynamical variables; m;, and ms,4 are the laser
intensities injected into the driving and driven systems,
respectively. 7, are the feedback delay times in the coupled
systems; 73 is the coupling delay time between systems X and
y; K is the coupling rate between the driver X and the
response system Y.

We find that systems (1) and (2) can be synchronized on
the synchronization manifold

y=-X,_, 3)

as the error signal A:_erf +y for small A under the

1
condition

m+K=m,, m,=m, 4

obey the following dynamics

dA
m =-aA+mA, cosx, +M,A_cosX ., . (5

It is obvious that 4=0 is a solution of system (5). We
notice that for 3>7, =11, and »<

71 (3) is the inverse retarded, complete and anticipating
synchronization manifold [12], respectively. To study the

stability of the synchronization manifold y = -x___ one

can use the Krasovskii-Lyapunov functional approach.
According to [3], the sufficient stability condition for the
trivial solution 4=0 of time-delayed equation
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dA

v —T(H)A+s,(1)A, +5,(1)A,
is: F(t)> s, ()] +|s, (1)

Thus, we obtain that the sufficient stability condition for
the synchronization manifold y = —Xpn (3) can be written
as:

a > |m;|+|m,|. (6)

As Eq.(5) is valid for small A stability condition (6) found
above holds locally. Conditions (4) are the existence

Analogously we find that y = —X is the synchronization

73772
manifold between systems (1) and (2) with the existence
m,+K=m,; and m=m; and stability conditions
o> |y + |m,).

We notice that in the case of drivers with several feedback
mechanisms synchronization manifold's stability condition
requires larger value for the relaxation coefficient in
comparison with the case of single feedback.

One can generalize the previous results to n- tuple
feedback lkeda systems. Applying the error dynamics
approach to synchronization between the following Ikeda
models

conditions for the synchronization manifold (3) between uni- dx _ : . -
directionally coupled multi-feedback systems (1) and (2). | E = X+ My, SINX, +My, SINX, A+ 4+My, SINX,
(7
dy . . . .
P —ay+m, siny, +m, siny_ +---+m_ siny_+ksinx,_, (8)

we find that the existence and sufficient stability conditions e.g. for [ existence and stability conditions for inverse anticipating, lag,

the synchronization manifold y = X o arer My + k = my,

My =M, and a > ‘mly‘ +‘m2y‘ +- --+‘mny , respectively.
For the synchronization manifold y==X .
m, +k= m,, and M, =m, are the existence
conditions, and «a > ‘mly‘ +‘m2y‘ +- --+‘mny is the
sufficient stability condition.

3. CONCLUSIONS

For the first time we have investigated inverse

synchronization between two uni-directionally coupled
chaotic multi-feedback lkeda systems and find both the

and complete synchronization regimes. We established that in
general compared to the case of driver systems with a single
feedback system additional feedback channels requires larger
values for the relaxation coefficient.

Having in mind different application possibilities of chaos
synchronization, synchronization in multi-feedback systems
can provide more flexibility e.g. in obtaining different
anticipating time scales, etc. and opportunities in practical
applications.

It is well known that laser arrays hold great promise for
space communication applications, which require compact
sources with high optical intensities. The most efficient result
can be achieved when the array elements are synchronized.
Additional feedback channels could be useful to stabilize
nonlinear system's output, e.g. laser intensity.
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E.M. Sahverdiyev, R.A. Nuriyev, E.M. Hiiseynova, L.H. Hasimovab R.H. Hasimov
OKS RABITOLORLI IKEDA MODELINDS INVERSION XAOC SINXRONLASMASI

Bir istiqgamatde slagslondiriimis bir nege oks rabitsli xaotik ikeda modelinin inversion sinxronlasmasi dyranilib. Miixtslif
sinxronlagma rejimleri tiglin zaruri va stabillik sartleri tapilib.

3.M. llaxBepaues, P.A. Hypues, E.M. I'yceiinoBa, JL.I'. 'amumosa, P.I'. F'amumos

HMHBEPCHUOHHASI XAOTHYECKASI CMHHXPOHU3ALIMSA B MOJAEJIN UKEABI C HECKOJIbBKUMH
OBPATHBIMMU CBA3SIMU

Ha npumepe HOHyJ’IprHOﬁ MOICIIN I/IKC,I[LI HMHBCPCUOHHAA XaOTHUYCCKAsA CUHXPOHHU3AIIUA aHAJIU3UPOBAHA B CUCTEMAX C
HCCKOJbKNMH O6paTHLIMI/I CBA3AMH. HaﬁIICHLI YCJI0BHA CYIIECTBOBAHUSA U CTaOUILHOCTH Pas3sINIHbIX CHUHXPOHHU3AaIIHOHHBIX

PEKIMOB.
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EFFECT OF NON-REFLECTIVE ABSORPTION OF MICROWAVE RADIATION IN
SOLUTIONS OF ACETYL ACETONE IN N-HEPTANES

M.I1. VALIYEV, R.M. KASIMOV, Ch.0. KADJAR
Institute of Physics of National Academy of Sciences of Azerbaijan,
Az-1143, H. Javid av., 33

The dielectric properties of solutions of acetyl acetone in n-heptanes were researched in a range of microwaves. The existence of a
spectrum of concentrations and thicknesses of the solutions layer at which resonant non-reflective absorption of radiation in these solutions

occurs has been established.

Preparation and research of the materials absorbing
electromagnetic radiation without its appreciable reflection
on the basis of solutions of polar substance in non-polar
solvent is of scientific and practical interest. Such materials
can be applied as composite materials for reception of non-
reflective absorbing coverings.

On the basis of the analysis of the results represented in
works [1,2] it has been shown that under certain conditions in
polar dielectric possessing wave dispersion and placed on a
metal substrate, can take place full (non-reflective)
absorption of the electromagnetic radiation passing through it
and reflected from a conducting surface. As experimental
detection of the given effect in pure dielectric liquid is
complicated because of necessity of application of more
complex technical equipment, solutions of polar substances
in non-polar solvent have been used as an object of research.
The effect of non-reflective absorption in this case is reached
by variation of the structure of solution and its thickness.

According to carried out experimental studies and taking
into account that dispersive area of acetyl acetone occurs in
the microwave range, non-reflective absorption of
electromagnetic radiation has been investigated in solutions
of acetyl acetone in n-heptanes at wavelengths 1=4,28; 10,0
and 20,0 mm and at temperature T=293 K. Measurements of
reflective characteristics of the given solutions were carried
out with use of panoramic measuring instruments for the
standing wave factor P2-66, P2-67 and P2-69 and connected
with them short-circuited on the end measuring wave guide
cells which, in turn, were equipped by the device of fine
regulation of solution layer thickness. From the
experimentally obtained dependences of the module of wave
reflection factor p on thickness | of the solution layer in a cell
the minimal values of wave reflection factor pni, were
determined and their dependence on concentration of a polar
component in a solution was obtained. At the same time the
quantitative estimation of dielectric properties of studied
solutions was carried out with application of the
measurement method described in [3] based on determination
of dielectric permittivity &’and dielectric losses &” of a
solution on the base of experimental measurement of
standing wave factor 77 and thickness | of a solution layer in
extreme points of dependence 7(l).

Results of measurements of &” and &” for solutions of
acetyl acetone in n-heptanes are given in Table 1.

Dielectric properties of pure acetyl acetone are
sufficiently good described in the field of a dispersion by
Debye’s equation. The average concentrations of polar
component in the studied solutions are best described by
Debye-Cole's equation [4].

Table 1
Dielectric permittivity €' and dielectric losses £”of
solutions of acetyl acetone in n-heptanes at wavelengths
A=4.28; 10,0 u 20,0 mm and at temperature T=293 K.

N I N S R
g g g g’ \¢' g
100 | 5,62 | 4,65 | 732 | 8,13 | 13,04 | 12,64
90 5,21 393 | 6,84 | 6,56 11,73 10,17
80 4,87 3,40 | 6,40 | 5,51 10,49 8,00
60 4,20 2,32 | 5,54 | 3,92 8,06 4,95
50 | 3,89 | 1,95 | 5,06 | 3,18 | 6,80 | 3,76
40 3,52 1,55 | 4,65 | 2,49 5,70 2,72
20 2,92 0,81 | 3,65 | 1,08 3,75 1,04
10 2,68 0,52 | 3,09 | 0,55 2,83 0,56
5 2,59 0,41 | 2,79 | 0,31 - -

Found experimental concentration dependences of &”and
g”at 1=4,28; 10,0 and 20,0 mm and temperature 293 K have
been used for calculation of conditions at which in studied
solutions probably the effect of non-reflective absorption of
electromagnetic radiation occurs. According to [2], this effect
could be realized in points of minima of dependence of the
module of reflection factor o, on thickness | of the
substance layer while fulfilling the following conditions:

27yl 27
1+ v? ﬁzthio —vta( =22
(Jr)/)/19 (;tg)yg(/lg)

(1)
4yl . A4nd
h(—2 —2)=0
ysh( 2 )+sin( 7 )
where
A " .
y=19—> A=arctg — >
2 e'-p
()
Ave o, _ A .
p—(lk) Ay = T o

Ay, Ag — lengths of waves in empty and filled by researched
substance directing system correspondingly; A, — critical
wavelength of directing system; ly — thickness of a layer of
substance at which reflection of a wave is absent.

The value |y, included in (1) is close to (2n-1)A4/4 and
differs from it by the small size dependent on properties of
substance and number n of a minimum of p(l) dependence.
In reduced coordinates &=(s-p)/(1-p) ; &=&"1(1-p) the
equations (1) are transformed to family of lines for set
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numbers of minima of dependences p on | at which condition
=0 (curve B, fig.1) is realized. It is typical that with
increase in number N these lines come nearer to X axis. Last
circumstance specifies an opportunity of non-reflective
absorption of electromagnetic radiation by substance, even

with very small value of dielectric losses that as follows from
fig.1, is realized at significant thickness of substance layer.

Put on a coordinate plane [¢’¢”] experimental data of
various concentration solutions determine a behavior of
experimental dependence &” from &’ of studied solution of
acetyl acetone in n-heptanes (curve A, fig.1).

Fig.1. Graph-analytical method of determination of selective concentration and thickness of solutions of acetyl acetone in n-heptanes at
which in them take place non-reflective absorption of electromagnetic radiation.
A — theoretically estimated dependences &”from &’corresponding to conditions of non-reflective absorption of electromagnetic

radiation in polar dielectrics.

B - experimental dependences of £”from ¢”in solutions of acetyl acetone in n-heptanes at wavelengths 1=4,28 (1); 10,0 (2) and
20,0 (3) mm and at temperature T=293 K. Signatures to points designate values of weight concentration of a solution in

percents (%). N - number of a minimum.

C — experimentally found dependence of ¢”of the solutions on concentration at 4=20,0 (1); 10,0 (2) and 4,28 (1) mm.
D — theoretically estimated dependences of &’ from lo/4, corresponding to conditions of non-reflective absorption of

electromagnetic radiation in polar dielectrics.

As &=0 for n-heptanes, with the growth of concentration
of acetyl acetone in a solution the curve of the dependence of
&”from ¢’in solutions of acetyl acetone in n-heptanes begins
from a point laying on an X axis, and comes to an end in the
top part of a plane [¢)&”] at point with the coordinates
corresponding to the pure acetyl acetone. At the movement to
this coordinate point the curve will cross family of lines of
resonant non-reflective absorption of radiation of the
solutions described by the equation (1). Taking into account
the specified character of an arrangement of lines of resonant
values £”and &7 it is necessary to expect existence of infinite
lines of concentration of acetyl acetone in non-polar n-
heptanes and a thickness of a reflecting layer of a solution at

46

which an effect of full absorption of the reflected radiation
occurs. Unfortunately, behavior of &’ and &” in binary
solutions with change of their structure is difficult to express
analytically. Therefore, for calculation of resonant
concentrations ¢, of acetyl acetone in solutions and
corresponding resonant values €5 and &% graph-analytical
method has been applied for the solution of the equations (1)
with use of experimentally obtained data from measurements
of ¢”and &”in solutions of acetyl acetone in n-heptanes at
various concentrations. Results of these calculations for
several first zero minima Py, are given in Table 2.
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Table 2
Dielectric permittivity £%, dielectric losses &%, thickness of a layer |y and concentration of acetyl acetone ¢ in its solutions
with n-heptanes in points of zero minima of the module of reflection factor pni, at wavelengths
A=4,28; 10,0 and 20,0 mm and temperature T=293 K.

A=4.28 mm A=10,0 mm 2=20,0 mm

’ ” ” ”

Ney | €% | /A ” On | €0 | €0 | 1A o On &0 &’ /A | » O

431 | 2,47 | 0552 | 63,6 | 63,4 | 475 | 2,60 | 1,23 | 420 | 420 | 597 | 2,95 | 224 | 42,7 | 425
2,86 | 0,76 | 1,939 | 18,6 | 18,3 | 3,42 | 0,83 | 4,13 17,1 | 18,6 | 344 | 0,83 | 822 | 16,6 | 168
2,66 | 0,50 | 3321 | 9,3 | 10,4 | 3,04 | 0,50 | 7,24 | 9,0 | 7.9 2,76 | 0,76 | 15,16 | 14,7 | 13,5
2,54 | 033 | 4,704 | 2,4 |32 | 283|033 | 1048 | 54 | 46 R - R R -

W=

n=4

p min
°
=

n=3

b %

a)

p min
o o
E

VaN e
03

b %

b)

p min

c)
Fig. 2. Dependence of the module of reflection factor p of an electromagnetic wave on concentration @ of acetyl acetone in solution with
n-heptanes for first minima pp, of lines for different thickness of solution layer at wavelengths 1=4,28 (a); 10,0 (b) and 20,0 mm

(c) and temperature T=293 K.
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M.I. Valiyev, R.M. Qasimov, C.O. Qacar

ASETILASETONUN N-HEPTANDAKI MOHLULLARINDA iFRAT YUKSOK TEZLIiKLi SUALANMA
ZAMANI O9KSOLUNMAYAN UDULMA EFFEKTI

Asetilasetonun n-heptandaki mehlulullarinin dielektrik xassolori mikrodalga diapazonunda tedqiq olunmusdur. Mahlulun
miixtelif qalinhiqlt laylarinda ve konsentrasiyalarinda siialanmanin eksolunmadan rezonansla udulmasmin yarandigi
miayyenlosdirilmisdir.

M.U.Besnes, P.M.Kacumos, 4.0.Kax:xap

IDPDEKT BE3OTPAXKATEJBHOI'O IIOI'VIOMEHUA CBEPXBBICOKOYACTOTHOI'O U3J1YYEHUA
B PACTBOPAX AIIETHJIAHETOHA B H-TEIITAHE

HccnenoBaHbl IMDIEKTPHYECKHE CBOMCTBA PACTBOPOB alleTHIIAIICTOH-TENTAH B JHANIA30HE MUKPOBOJIH. Y CTAaHOBJIEHO CYIIECTBOBAHUE B
9THX PAacTBOPaxX CIEKTpa KOHIEHTPAIW U TOJIIIMH CJI0S PacTBOPA, MPU KOTOPHIX BO3HUKAET PE30OHAHCHOE 0€30TpaXkaTeNbHOE MOTJIONICHNE

DJICKTPOMArHuTHOT'O U3JTYyUCHUS.
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PLAZMALI iON MONBOYIND MALIK KUTLO SPEKTROMETRLORIND® IKINCi NOV
IONLARIN NiSBi HOSSASLIGININ TOYINI

K.Z. NURIYEV
Azarbaycan Milli Aerokosmik Agentliyi

Isde berk maddselerin etalonsuz tedqigati zamani miixtalif tip plazmali ion menbalsrine (cigilcimli ve seyriyen bosalmal, lazer siiasi,
ikinci ion emissiyas1) malik kiitle spektrometrlorinde yaranan ionlarin nisbi ¢ixisini ovvelceden hesablamaq iiglin alqoritm toklif
olunmusgdur. Alqoritm ion emale galma prosesinin miixtalif mexanizmlorinin toqqusma tabiatli imumilogmis modeli asasinda nisbi ¢ixigin
analitik ifadesini almaga imkan verir. Toklif olunan alqoritm kinetik yaxinlasmanin kdmayi ile plazma zarraciklorinin sixligmnin zaman —
mokan doyismalerini arasdirmaga ve kvant mexanikasi ¢or¢ivesindo ve toqqusma ilo ionlasma prosesinin kosiyinin hesablanmasina imkan

verir.

fonlar1 ion menbeyinde plazma iisulu ile alinan (plazmali
ion meanboleri) kiitle spektrometrlori son vaxtlar maye ve
berk maddalerin element (izotop) terkibini yiiksek deqiqlikle
Oyrenmok iiclin genis miqyasda tetbiq olunur. Buna sebeb
istor qigileimli ve seyriyon bosalma, ister induktiv alageali
plazma, isterse do lazer siiasi ilo ionlagmaya malik kiitle
spektrometrlorinde praktik olaraq hetta tek — tok ionlara da
geyd etmoayin miimkiinliiyiidir [1]. Mshz plahmali ion
kamerasinda (bu siraya ikinci ndv ion emissiyasimni da daxil
etmok olar), yaranan ionlarin neytral atomalara nisbatini
artirmaga, vo demali ion manbayinin effektivliyini artirmaga
real gorait yaratmigdir. Dogrudan da,lazer siias1 ile ionlagsma
kiitlo spetrometrinin miitleq hessashigi 1-10"°q [2], induktiv
olagoali plazma ve seyriyon bosalmali plazmanin kémayi ile
nisbi hessashign asag1 heddi 107+10"" (atom %), xota ise
0,01 % asmur.

Umumiyyetle, kiitlo spektrometrik sistemlorin istonilon
obyektlarin todqiqinde dovrii sisteme daxil olan demek olar
ki, biitiin elementlorini qeyd etmok {stiinliiyli onlari
maddelerin element torkibini tedqiq ede bilen biitiin
tisullardan on Onemlisi, bazen ise yeganslik soviyyesino
qaldir1.

Basqa anilitik iisullarda oldugu kimi kiitle spektrometrik
iisulda da tadqgigat zamani malum terkibe malik niimunaden
istifade olunur. Bu zaman etalon (terkibi avvelcaden malum
olan) niimuneni analiz etmoklo miixtolif namelum torkibli
niimunslerin element (ve ya izotop) terkibini toyin etmak
olar. Qeyd etmoak lazimdir ki, bu iisul sadalanan tstiinliiklori
ilo yanas1 bazen bir sira problemloarle dii iizlegir. Mosalen,
bir ¢ox hallarda xiisusi temiz maddslerin ve ya otraf miihitin
obyektlarinin analizi zaman1 0yranilen obyekte adekvat olan
vo ya toyin olunacaq elementlorin terkibini xarakterize eden
standart niimune tapmaq praktiki olaraq miimkiin olmur.
Belo hallarda miitoxessisler tedqgiqatin etalonsuz analiz,
basqa sozle standart niimunelorden istifade etmaden analiz
aparmaq macburiyyetinde galir. Bu ise o demakdir ki, biitiin
elementlor ticiin nisbi hessasliq emsali (NHO) vahide
beraber gobul edilir ki, bu da 300 % - lik sistematik xotalara
gotirir.

Aragdirmalar gosterir ki, kiitlo spektrometrik {isuldan
istifade eden kimyagi tedgiqatgilar etalonsuz kemiyyat
analizi aparmaq Uglin kiilli miqdarda tedgiqatlar esasinda
adekvat standart niimunaler kataloqu yaratmalidirlar, bu ise
yaxin golocokde miimkiin olan is deyil. Bu problemi hall
etmok l¢lin nisbeten real yol toyin edilecek elementlorin
osas  parametrlori, matrisamin  fiziki -  kimyevi
xiisusiyyotlorini ve eksperimentin aparilma soraitini do
nazers almaqla NHO — ni avvelceden hesablamaq maqsadi
ilo onun riyazi ifadesini ionlarin yaranmasmim melum
mexanizmlori asasinda deqiqlesdirmakdir.

Bu baximdan NHO — ne (v;) plazmaya daxil olan ve

gedon  fiziki istirakinin
(e;- fiziki kiitle
analizatorunun daxilinde kiitloye ve yiik terkibine goére
diskriminasiyasini (cihaz amili - 3;) nezere alan inteqral

ionlarin  orada
miixtolifliyini

proseslorde
amil) ve onlarn

xarakteristikas1 kimi baxmaq olar:

3. (1

Qeyd edek ki, ionlarin analizatorda diskriminasiyani
onun ion — optik sistemini yiiksek doaqiqlikle deracelomakle
nozore almaq olar. Lakin ionlarin  plazmadaki
diskriminasiyasin1 (fiziki amili) nezere almaq olduqca
¢otindir. Moahz bu sebabden plazmali ion menbayinde
ionlarin yaranma prosesinin todqiqi hem nazariyyec¢i, hom
do eksperimentator miitoxassislerin daim diqget mearkeazinde
olub, miixtelif miisllifler [3, 4] plazmada ionlarn yaranma
mexanizmini izah etmok Tlgiin orada geden bezi fiziki
proseslerin eyni ehtimalla olmasimi1 qoebul eden bir sira
nazariyyeler ireli siiriirler. Bazileri ise, aksina siibut etmoayo
calisirlar ki, ne yiiksek temperaturlu (qigilcimli bosalma ve
lazer siialanmasi [5] ), ne de algaq temperaturla (induktiv
olageli plazma ve seyriyon bosalma [6] plazmalarda geden
proseslorin beraber ehtimalli olmasindan séhbat gedo
bilmez. Qeyri — boraboer statik ¢okiye malik proseslorin
aragdirtlmast ise hem fiziki, hem de riyazi ndqteyi —
nazorden olduqca miirokkobdir.

Hazirda mdvcud olan ion menbalerini toyinatina gore iki
impulslu (lazer vo qigilcimli bosalma) hisseye ayirmaq olar.
Impulslu ion menbeleri zerreciklerinin sixlig 10"°+10?" sm,
temperaturu ise 1 eV olan zarraciklorle isloyen 2 hisseye
ayirmaq olar [7]. Algaq temperaturlu plazma ile isloyen
miitoxessislor bele hesab edirler ki, yiiksek temperaturlu
plazmada (yeni impulslu ion menbslerinde) zerracikler
yiksek sixliga ve yiksek toqqusma ehtimalina malik
olduglarina gére miixtelif ion yiiklii ionlarin nisbetini Sax —
Eqgert [8] diisturu ile hesablamaq olar. Eyni zamanda
enerjisi 1 eV, sixhigr 10°sm™ olan yiiksok temperaturlu
plazma miitexessislori hesab edirler ki, plazmanin
parametrlorini hesablamaq {¢lin ideal qaz statistikasi
(Bolsman, Fermi — Dirak ve i.a. [9]) totbiq etmak olar.

Beloliklo, hazirda plazmanin parametrlorinin ve orada bas
veron proseslorin  miixtelif elementlorin nisbi ¢ixisina
tosirinin todqiqat metodologiyast demek olar ki, yox
doracesindedir. Ona goére belo giiman edirik ki, bu
metodologiya biitiin  plazmali ion menbaleri {i¢lin
imumilegmiq olmalidir. ©On az1 ona gore ki, ion emsle
gotiren biitiin fiziki proseslorin bazasinda tebistce eyni olan
toqqusma proseslori durur.
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Toqdim olunan isde meagsed natice etibar1 ilo etalonsuz
6lgmalor zamani sistematik xotalar1 azaltmaq namine plazma
monboli  kiitle  spektrometrlorinde gedon proseslorin
Oyronilmesi iiclin vahid metodologiyanin islenmesi ve
osaslandirilmasi cehdidir.

Plazmali ion moenbslerinde ionlarin emsle golme
mexanizmini derk etmoak ii¢lin hesablama iisulu gobul
edilmis modeldan asili olaraq NHO tapilmasidir. Bu menada
toklif olunan modelloari 4 qrupa bélmek olar:

1. Sethden qopan atomlarin elektron miibadilasi hesabina
ionlasma ehtimalinin kvant mexanikasina osaslanmig
hesablanmasi. Yeri goalmisken, bu model yalniz tomiz metal
vo sade xolitelorin sethinden qopan ionlara tetbiq oluna
biler.

2. Ikinci ndv ionlarin yarimemprik yaxinlagmaya
osaslanan nisbi ¢ixisinin intensivliyini teyin etmaye imkan
veran «analitiky» yaxinlagma.

3. Plazmadaki ionlarin konsentrasiyasinin real deyisme
dinamikasina asaslanan ve plazma kimyasi [10] ¢ar¢ivesinda
tokamiil tapmis kinetik yaxinlagma.

4. Plazma proseslorinin todqiginde genis istifade olunan
plazma fizikasi metodlarma osaslanan «temiz plazma»

yaxinlagmast.
Hazirda odebiyyatda ionlarin yaranmasmin kvant
mexanikasina sdykenen ve riyazi baximdan miixtelif

deraceli miirekkeb modellori verilmigdir. Nisbaton genis
tedqiqatct sinfinin regbetini qazanmis modellerden atomlarin
sothde hoayecalanmasi [10], hiddetlonmesi [11], seothi
ionlarin metalla alagesinin pozulmasi [12] modellarini qeyd
etmok olar. Bu ionlagma modellarinin asasin1 togkil eden ve
atomlarin elektron miibadilesine berast qazandiran osas amil
hoyocanlanmig atomlarin relaksasiya miiddeti onlarin
metaldan ¢ixma miiddetinden ¢ox — ¢ox kicik olmasidir.
Diger terefden qarsiliqli tesir oblastinin oOlgiileri atomun
Olgiilori ilo miiqayise oluna bildiyinden bu oblastda
maddenin fiziki — kimyevi xasseleri onun hacmi orta
gostaricilerinden forqlena biler [10]. Bu modellera asasen
plazmanin  ionlasma deracesine atomlarin  ionlasma
potensialindan, atomun hereket siiretinden, onun sethden
cixig isi vo analizi elektron qurulusundan ibaretdir. Qeyd
edak ki, sonuncu iki amil sethden qopan ionlarin metalin
sarbast elektronlari hesabina neytrallasmasini ve demsali,
ionlarin nisbi ¢ixigini toyin edir.

Fenomenoloji modellar ionlarin yaranma mexanizminin
fundamental tedqiqine osaslanmamigina baxmayaraq NHO
empirik ve yarimemprik ifadelerin komayi ile sethden qopan
ionlarin nisbi sayina miieyyen daqiqlikle hesablamaga imkan
Verir.

Bozi miislliflorin fikrince [13, 14] sathden qopan ionlarin
torkibinin ~ formalagsmasinda  molekullararast  elektron
miibadilesine osaslanan kimyoevi ionlasma durur. Bu zaman
belo gebul olunur ki, birinci ndv ionlarin (ve ya lazer
siiasinin) tosiri ilo niimunenin sethinde «kvaziserbosty,
boyiik sixliga malik nazik (1-2 mm) plazma tebaqosi

yaranir [13]. Qeyd etmok lazimdir ki, defslerle edilon
cohdlere baxmayaraq adi ¢okilon plazma tebeqesi
eksperimental miisahide olunmamigdir. Yeri golmisken

ikinci ndv ionlarin nisbi ¢ixis emsalinin plazmada geden
proseslorlo bilavasite alagesi [15]-de tenqid olunmusgdur.

Beloliklo, deyilenlordon melum olur ki, kvant
mexanikasina asaslanmig modellor, yalniz sade sistemlore —
tomiz metallara vo sade xolitelore totbiq etmok miimkiin
olursa, fenomenoloji modellori keyfiyyot analizlorinde
totbiqi he¢ miimkiin deyil.

Istonilen halda, toklif olunan nezeri modellerin naticelori
ilo tocriibenin (xotasini) her modelin 6z riyazi aparati
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daxilinde qiymetlondirmek {i¢lin bu proseslori bir goder
otrafli aragdiraq. Kvant mexanikasina asasanan yaxinlagmada
osas mosoalo zorraciklor arasinda elementar qarsiliqh tesirin
aragdirilmast Sredinger tenliyinin helline (en sade halda

zorraciklorin moerkezi — simmetrik sahade sepilmasine)
gotirilir [16]

Jui+2m/h? [E-U (r) Ju=0, @)
burada w - dalga funksiyasi, m- zerrociyin kiitlesi, h -

Plank sabiti,

birinden r - mesafesinde yerloson zerroaciklerin qarsiliql
tosir enerjisidir. Dalga funksiyast w -nmn (2) tenliyini

E - sistemin moexsusi enerjisi, U(r)- bir

O0deyen giymetlori sepilme amplitudasi adlanan her hansi
f (u) funksiyasi ilo miitenasibdir

w=Tf(u)explikr)/r 3)

burada @ - sepelonmo bucagi, k - dalga vektorudur. | f (u]2
gqiymetce bir zerrociyin digerinden dZI] cisim bucagi
daxilinde sepilmesinin d y differensial kesidir [16]

dy=[f@) dm @

Onda elektronun atomdan qeyri — elastik sopilmesi
(elektron zerbesi ile ionlagma) asagidaki kimi teyin olunar
2
d 11

[16]
<W
)

burada q - getirilmis dalga vektoru, V, - elektronun siirati, €
- elektronun yiikii, W - zerraciyin statik halidir.

(5)-den, tocriibede istifade edile bilecek real analitik
ifade yalmiz Kulon — Born yaxilJlagmasi daxilinde, yeni
toqqusan zarraciklorin birinin enerjisinin o birisinden qat —
qat ¢ox oldugda gebul oluna biler [17]. ©kser hallard bu
yaxinlagmanin enerjisi bir nege keV olan zerreciklerin
stikunatde olan zerracikleri bombardman olunmasi halinda
totbiq etmak olar (ikinci nv ion emissiyast).

Umumiyyetle geyd etmek lazimdir ki, bir — biri ile
mdhkem olageli  zerreciklor kimi baxilan plazma
proseslarinin toedqiqinde kvant mexanikasi yaxilagmasindan
istifade etmok praktiki ndqteyi — nezerden bir o goder do
toqdire layiq deyil. Plazma proseslorinin todqiqi plazma
fizikasinda tetbiq olunan iisullarin kdmeyi ile Oyrenmek
daha magsedoauygun sayilir.

Ikinci név ionlarin yaranma mexanizminin todqiqi kvant
mexanikast yaxinlagmasindan forqli olaraq «temiz plazmay
yaxinlasmasina osaslanan enerjinin, impulsun ve momentin
saxlanilmasi qanunlarindan, hem de dasinma tenliyinden
alman asagidaki tenlikler sisteminin holli iizerinde qurulub
[18]

(0c/ot)+V(cx)=V(Dve),

c(@v/ot)+ c(vV)v==V p+V(uVV) +g[§x|§]

((3v/c3t)+c(vV)u:—<:Vu+V(eVu)+gS2 R+ /I,
f,(xE)/ox=z,e[d 7 (x)/d x]-[o f, xE/aE]—
() <0 €/,

dyw:8p(e2/hve)dq'

|

(6)
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burada t- zaman, X - koordinat, p ve U - tozyiq ve

plazmanin daxili enerjisi, p - plazmanin sixligi, Sve B-

xarici elektrik sahasinin intensivliyi ve maqnit induksiyasi,
E - zarrociklorin kinetik enerjisi, D - ambipolyar diffuziya
omsali, g - elektronlarin yiiriikliiyli, R - plazmanin stialanma

itkisi, A - plazmaya verilon enerji, f; (X,E)—E enerjili j -
tip zerreciyin X noqtesinde olmasmin ehtimali, z;- j- tip

zarraciyin yikil, A - sarbast qagis yolunun uzunlugu.

(6) tonliklor sistemini sadelegdirmek meqsadi ile [19] —
da gebul edilmis bir ve ya iki komponentli sistemlor ii¢lin
aldiglar1 heller plazmanin miixtelif parametrlori {igiin bir —
birini tekzib eden miixtelif giymetlore getirdi. Bu ciir
sadelosdirmaler xatirine plazma parametrlorinin
ideallagdirilmas1  ionlarin  yaranma effektivliyinin real
giymetlandirmesini geyri — miimkiin edir ki, bu da «temiz
plazmay yaxinlagsmasinin asas ¢atigmayan cohati sayilir.

Kimyoavi plazma c¢oergivesinde inkisaf tapmis kinetik
yaxinlasma metodu [20] plazmada temerkiizlesmis yiikli
zorraciklor toplusunun faza xarakteristikalarint noazere

almadan  her hanst  j- tipli zorrociklerin N,

konsentrasiyasinin zamana gore deyismesin asagidaki
tonliklor sistemi vasitosile ifade edir

N
dnj/dt=bznj-ny5(b), %)
=1

burada 6(b)-j ve vy tipli zerrociklerin qarsiligh tesir
prosesinin siirotidir. Burada en esas ¢otinlik miixtelif
toqqusma proseslarinin 6(b) stirotinin toyin olunmasidir.

Maosolon, elektron zerbesi ile ionlagma proseslori ligiin
6(0)=(rVe )=V, (T.)y (E.)F (E.)dE,. (8
4

burada @- uygun elementin atomunun birqat ionlagma
potensiali, V-, T, F(Ea) - elektronun siireti, temperaturu

vo paylanma funksiyasidir.

Her seyden ovvel geyd etmok lazimdir ki, plazmanin
yaranmasinda aparici rol oynayan proseslor eyni statistik
cokiye malik olmadigindan orada emele golmis yiikli
zorraciklorin (esasen elektronlarin) enerjiyo gore paylanma
funksiyasimin dayaniqligi (zamana gore) haqqinda danismaga
deymaz. Diger terefden F(Ee) paylanma funksiyas1 kimi

Maksvel, Bolsman ve ya basqa funksiyalardan alinan
naticalar eksperimentle uzlasmir. Bu o demokdir ki, plazma
Ozlinlin yaranma morhelalorinde zaman ve moekana goro
deyisen paylanma funksiyalarina malik zerraciklerden ibarat
olur. Belo olan halda nazariyys ile eksperimenti uzlasdirmaq
figiin yegane ¢ixis yolu 6(b)-nn F(E,)- den tecriibe yolu
ilo alinmis yarimempirik asililigindan istifade etmokdir.
Dogrudanda [3, 4] islerinde miislliflor ionlarin nisbi
¢ixigin1 hesablamaq iiglin yarimempirik xarakterli «analitik»
yaxinlasmadan istifade etmiglor. Bunun {iciin onlar lazer
stias1 ilo todqiq olunan seth arasinda geden fiziki proseslorin
eyni statistik cokili gqebul ederek bir nego uzlasdirict
parametrlorin komoyi ile ionlarm nisbi ¢ixis1 haqqinda
miilahize yiiridiirler. Bu yaxinlasmanimn en parlaq tezahiiri
ionlarin yaranmasinin lokal termodinamik tarazliq [21] ve
kvazitarazliq [22] modelloridir. Bu modellor ¢or¢ivesinde
elektronun temperaturunu ele segmok olar ki, gebul olunmus
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forziyelor daxilinde p; -ni 30 % xota ilo hesablamaga

imkan verir. tocriibi vo nozeri qiymetlerini daha

7
yaxinlhigim olde etmok {igiin hesablama diistiirlarina ¢oxlu
sayda uzlagdirict parametrlor daxil olunmalidir.

Yuxarida gostorilon sebebler {iziinden plazmali ion
monbolerinde plazmanin yaranmasini ve gorarlasmasini
tadqiq etmok {igiin adlar1 ¢okilen yaxinlagmalara praktikada
ayr1 — ayr totbiq edirlor. Tobiidir ki, bu sebeblore gore
hemin ion menbelarinde yaranan ¢oxkomponentli plazmadan
¢ixan ionlarm nisbi ¢ixisinin hesablanmasinda sistematik
xotalara ehemiyyatli derecede azaltmaq miimkiin olmur. Ele
hemin sebeblerdendir ki, bark cisimlerin (xiisusen metal vo
xolitelorin) etalonsuz kemiyyet analizinin naticelori
haqigate lazimi gqoder yaxin olmur.

Yuxarida aparilan analiz ve plazmali ion menbalarinda
ionlarin  yaranma  proseslorinin  todqiqi  dsullarinin
sistemlogdirilmosi gostordi ki, hemin moanbeler kimi
¢oxkomponentli sistemlorden ¢ixan ionlarmn nisbi ¢ixigimni
tadqiq etmak {iglin (7) kinetik tonliklor sistemi hall olunmali
vo hokmen aydinlagdirilmalidir ki:

- plazma kiitlesinde geden toqqusma proseslorinin hansi
xolitoya daxil olan elementlarin nisbi ¢ixisini toyin edir;

- plazma kiitlesinin hansi makroparametrlori (atom veo
elektronlarin sixligr) heyacanlandirict amil kimi niimunaye
daha cox tesir edir;

- plazmada geden proseslorin hansmin siireti onun
formalagmasinda ve ionlarin yaranmasimda daha bdyiik rol
oynayir.

Aparilan  todqiqat  islerinin  noticelerinin  emali

zonnimizce asagidaki alqoritm gotliriilmelidir.
Her seyden avval ionlarm nisbi ¢ixiginin ()/,+ ) plazmanin

yaranmasinda istirak eden atomlarin fiziki — kimyevi
xassolorinden ve onlarmn sisteme (plazmaya) tesirinin tip ve
parametrlorinden asililigt miieyyenlesdirilmalidir. Bunun
lclin boyiik hecmde eksperimental melumatlar bazasi
yaranmalidir. Her her seyden eavvel ionlarin nisbi ¢ixigmin

y; yuxarida gosterilon parametrlorlo korreksiyani tapmaq

iiclin  toklif olunan her hansi modelini (moselon,
kvazitarazliq) mexanizmi riyazi operatorundan istifade etmok

kifayetdir
) o

7/i+:AeXp(_¢a _¢ajexp[_(pi — @
elementin

kT kT,

a

burada @ - uygun olaraq olago

(atomlasma) ve birqat ionlasma potensiallari, T, vo T

k

E
. 159

atomlasma ve ionlagsma temperaturlari, Bolsman
sabitidir.
(9) — daki y; -nin @) ve ¢, arasindaki korrelyasiyasiya

ayrisi gok. 1 [23] — de verilmisdir. Hor ii¢ ionlagma iisulu
(induktiv olageli plazma, lazer siiasi vo seyriyon bosalma

liciin) 7, (¢;) asthligr kvadratik azalan, y;" (p, ) ise togriben
monoton artan asililigdir. ;" (goi ) asililig1 yaranmis plazmada

elektron toqqusmasi tipli ionlagmanin dstiinliiyiini, ;" (gpa)

asililigl ise ionlagmaya olage enerjisinin ve ionlagmanin
stiratinin tosirinin oldugunu gosterir.

Novbati merhoalede qarsiligli tesirde olan zarrecikler
sisteminde yaranmig plazmanin zaman — moakan tekamiiliiniin
fiziki ve riyazi tesviri aragdirilmalidir. Bunun ii¢lin har hansi
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bir yaxinlagma (maselen, kvazitarazliq) metodundan istifade

edirok plazma kiitlesine daxil olan zarrociklerin siirete ve

enerjiye gore paylanma funksiyasinin ifadesi tapilmalidir.
Sonraki merhele (7) kinetik tonliklor sisteminin hellidir.

Bunun {igiin esas toqqusma proseslerinin (0') bilmeak

vacibdir. Her nov elementin toqqusma kesiyini hesablamaq
iciin kvant mexanikasi yaxinlasmasinda (5) tonliyinde
zoarraciklorin  xarakteristik enerjilorinin neazere almagqla
(malum tocriibi noticelore osasen) istifade etmoek olar.
Nohayaet «tomiz plazmay yaxinlagmasinin kdmayi ile plazma
kiitlesinin makroparametrlori olan atom, ion vo elektronlarin
sixligini bilib mileyyen ndv zerraciyin (elementin) sixliginin
zamana goro deyismesinin (6) komayi ile analitik ifadesini
almaq olar. Basqa sozle, g¢oxkomponentli sistem olan
plazmadan ¢ixan ionlarn nisbi ¢ixigm1  evvelceden
hesablamaq iiciin ifade almagq olar.

Yuxarida teklif olunan alqoritm lazer plazmasinda
yaranan ionlarin nisbi ¢ixigini hesablamaq tglin konkret
misal iizerinde totbiq edoak.

=100 /7, nisbi vahid
K+

4 6 8 10 12 14 16eV
Tonlasma ve atomlasma potensiallari

Sokil 1.

Sok. 1-den goriindiiyii kimi 7, (¢, ) oyrisi kvadratik xarakter

dasiyir. Bu o demokdir ki, ionlarin elektron zerbesi ile
yaranma prosesinin kasiyi Siton diisturu [24] ile ifade oluna
biler

a,=AT) [p?)explip/T.) . (10)

burada A- sadit, T, plazma elektronlarinin temperaturu, @; -

elementin ionlasma potensialidir. (7) kinetik tonliyini 3
zorracikden ibarat sistem {igiin ifadesi asagidaki kimi olar

dn,/dt=n,-n, «a,, (11)

burada n;,n,,n, - ion, atom ve elektronlarin sixhqlari, o, -

127 ar’ e
atomlarin elektron zerbesi ile ionlagma kesiyidir.

Molumdur ki, bir (meselen, X) elementin ionlarinin

basqa (meselen, Yy ) elementinin ionlarna nisbaton ¢ixis

amsali hemin elementlorin atomalarinin uygun ionlagma
stiratlorinin nisbeti ilo toyin olunur

7/)( _ ex
y a., (12)
(12) — de (10) —u nazers alsaq
2
ri=| 2 expllo, o, )] a3
X
alariq. [25] verilen lazer siiasinin enerji sixligi Q(Vt/

sm’) ile T,
(T,=2:10°Q*), (13) — i kémayi ilo ! tapmaq olar.

Belolikla, toklif olunan alqoritm lazer siias1 ilo ionlagma
monbolerine moxsus kiitle spektrometrlorinde etalonsuz
analiz zamani ionlarin nisbi hessasligini nisbaten kigik
xatalarla hesablamaga imkan verir.
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K.3. Hypues

METO/] PACUETA OTHOCHUTEJbHOW MHTEHCUBHOCTHA BTOPUYHBIX HOHOB
B MACC - CHEKTPOMETPAX C IINTASMEHHBIMA HCTOYHUKAMM NOHOB

B pabote mpoBeneHo Hccne0BaHNE MIPOLECCOB HOHOOOPA30BaHMS B PA3IMYHBIX IIA3MEHHBIX MCTOYHHKAX MAacC — CIIEKTPOMETPOB Ha
OCHOBE aHaJIM3a JINTEPATypPHBIX JaHHBIX. JlaH aNropuTM IJIsI pacdeTa OTHOCUTENbHOH HHTEHCHBHOCTH BTOPHUYHBIX HOHOB Ha OCHOBE €IMHOIT
YAapHOIT IPHPOAEI HOHOOOPa30BaAHMSI.

K.Z. Nuriyev

THE METHOD FOR CALCULATION OF RELATIVE INTENSITY OF THE SECONDARY
IONS IN MASS - SPECTROMETERS WITH PLASMA TYPE IONS SOURCE

The research of processes of ions formation in various plasma type sources of mass — spectrometers carried out on the basis of analysis of

referneed data sources is described in the article.
The algorithm for calculation of relative intensity of the secondary ions on the basis of single impact nature of ion formation is given.

Received: 18.01.05

53



FiziKA 2005 CiLD XI Ne1-2

FeGalnS,- DO TERMO-E.H.Q. VO XOLL EFFEKTI

N.N. NiFTIYEV )
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0.B. TAGIYEV
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F.M. MOMMSDOV
AMEA Kimya problemlari institutu

FeGalnS, yarimkegiricisinde mixtalif temperaturlarda termo — e.h.q. va Xoll effekti tedqiq edilmisdir. Muayyan edilmisdir ki,
FeGalnS, p-tip kegiriciliya malikdir. Termo — e.h.q. amsali, ylikdasiyicilarin konsentrasiyasi ve Xoll yiyurikliyu tayin edilmisdir

Son zamanlar d va f tebagaleri tamamile dolmayan
elementlor daxil olan yarimkegirici  birlesmalar
yarimkegirici va maqnit xassalarini 6zlinde camlasdiren
geyri-adi xususiyyatleri sayasinda intensiv tadqigatlarin
obyektina c¢evrilmislar. Bu clr perspektivli yarimkegirici
birlegsmalera son iller yanmkegiriciler fizikasi ve
texnikasinda az &yrenilmis magnit yarimkegiricilori
aiddir. Bu planda AB,X, (burada A — Mn, Fe, Co, Ni; B
— Ga, In; X — S, Se, Te) tipli birlegsmalar béylik maraq
kesb edir [7-6]. Bu birleagsmalar optielektronikada tatbiq
edile bilan maqgnit sahasi ile idare oluna bilan lazerlar,
modulyatorlar, fotodektorlar va s. funksional qurdular
yaratmaq Ucgun perspektlidir. [7]-de spipel quruluslu
Coin,S, (feza qrupu Fd3m) ve tetragonal quruluslu
CoGa,S, (feza qrupu 14)-in 1:1 minasibatinden yeni
CoGaln$S, terkibli layli yarimmagnit yarimkegirici alinmis
va onlarin qurulusu, maqgnit xassaleri tadqgiq edilmisdir.
Magnit yarimkegirici birlesmalerin qarsiligh tesirinden
layli birlegmalerin emale galmasi fakti bizi basqa kegid
elementleri osasinda layll yarnmmagnit yarimkegirici
birlegsmaler almag cshd etmays vadar etdi. Bizim
terafimizden [7]-ya oxsar olaraq MnGalnS, tarkibli yeni
layli yannmmagnit yarimkegirici alindi ve onun elektrin,
optik ve fotokegiricilik xassalori tadqiq edildi [8-10].
FeGa,S4-Feln,S, sisteminin hal diograminin éyrenilmasi
naticasinda bizim tarsfimizdan ilk defe olaraq FeGalnS,
layli birlesmasi askara cixarildi ve [11] isinde bazi
elektrik xassalari dyranildi.

Hal hazirki isde FeGaln, kristalinda termo — e.h.q.
va Xoll effektinin tadqiginin naticaleri verilmisdir.

FeGalnS, stexiometrik migdarda, yiksak temizlikli
(99,999%) elementlarin birbasa erintisinden alinmisdir.
Rentgeneqrafik tedqgigatlar gosterdi ki, FeGainS, qefos
sabitleri a=3,81; ¢=12,17A; z=1, foza qgrupu p3m1 olan
Znin,S, birpaketli yanmtip qurulusuna kristallagir [7].
Numunsalaer mexaniki cilalama yolu ile orta dlgiisii 3x6x8
mm® olan paralelopiped formasinda hazirlanmisdir.
Olgmaler FeGaInS, nimunslerinde sabit maqgnit
sahasindas va sabit cerayanda apariimisdir.

Sakil 1-de FeGalnS, kristall G¢ln termo — e.h.q.
amsalinin temperatur asiliigi ayrisi verilmigdir. Termo —
e.h.q.-nin isarasine gbére miayyan edilmisdir ki, tadqiq
edilen temperatur intervalinda FeGalnS, p tip
keciriciliye malik olur.
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Sekil 1. FeGainS, kristall iglin termo — e.h.q. smsalinin
temperaturundan asilihg.

Sekilden gorundr ki, termo — e.h.q. emsali 300-400K
temperatur intervalinda zsif artir. Sonra temperatur
artdigca termo — e.h.q.-nin quvvetli artimi misahids
olunur va onun giymeti 1,5 mV/K-na c¢atir. Burada «

3
termo-e.h.q. emsall temperaturla ln(T)A kimi
mitanasib olaraq artir. Bu da

azk(ln£+r+2)
e K

3
ifadesine uygundur [12]. (Effektiv hal sixhigr N~ TA).
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Sokil 2. FeGainS, kristall igiin yiikdasiyicilarin
konsentrasiyasi (1 ayrisi) va ylyurikliyinin
(2 ayrisi) temperaturdan asilihg
Sekil 2-de FeGainS, kristali (igiin Xoll efektinin
Olctlmasinden tayin edilan ylkdagiyicilarin konsentra-
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siyasli va Xoll ylyUrdkliylinin temperaturdan asilihg
gOsterilmisdir.  Buradan  goérinir ki, 300¢400K
temperaturlarda yikdasliyicilarin  konsentrasiyasi (1
ayrisi) sabit qalr ve p=1,810" sm™. Yukdasiyicilarin
yuyarukliyt ds tayin olunan temperatur intervalinda
Ki sm’

V -san

demak olar

sabit galr ve ;=06 -yo

berabaer olur.

Belsliklo, FeGainS, kristalinda  muxtslif
temperaturlarda termo — e.h.q. ve Xoll effekti tayin
edilmisdir. Kegiriciliyin tipi muayyenlosdiriimis,
yukdaslyicilarin  konsentrasiyasi va Xoll yuyurukliyd
toyin edilmisdir.
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THERMOELECTROMOTIVE FORCE AND HALL EFFECT IN FeGalnS,

Thermoelectromotive force and Hall effect at the different temperatures are investigated in FeGalnS, semiconductors. It is established,
that FeGalnS, has p-type conductivity. The thermoelectromotive force coefficient, concentration and Hall mobility of current carriers are

obtained.

H.H. Hu¢gtues, O.b. Tarues, ®.M. MamenoB

TEPMO -3.J1.C. H DOPEKT XOJJIA B FeGalnS,

B nonynposonuukax FeGalnS, uccnenosansr Tepmo-e.i.c. u addexr Xomta Mpu pasiMYHbIX TEMIEPATypax. YCTaHOBIEHO, YTO
FeGalnS, o6nanaer p-tumom mnposogumoctu. OnpeeneHsl KOOGGUIUEHT TEPMO — 3.71.C., KOHIEHTPAIUH U XOJUIOBCKAS MOJBHIKHOCTD

HOCHTEIICH TOKa.
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MULTI DATA MODE METHOD IN THE SCANNING PROBE MICROSCOPY

S.P. MOLCHANOQV, I.LA. CHERNOVA-KHARAEVA
Technology research and development Institute CRC, Moscow, Russia

S.H. ABDULLAYEVA, S.D. ALEKPEROV
Institute of Physics of National Academy of Sciences of Azerbaijan,
Az-1143, H. Javid av., 33

Scanning probe microscope “ForceMaster-402MD” (Russia) combines structurally and functionally two devices with different principle
of operation — scanning tunneling microscope and atomic-force microscope. All these facts allows surface of any substances with any degree
of conductivity, and also surfaces of any diclectrics to be investigated in detail. This device provided with the unique so-called
multiparameter method (this method covered by patent) which ensures possibility to obtain distribution map of some parameters of objects
with the surface topographer (conductivity, polarization, thickness of adsorbent layer and etc.).

Scanning probe microscopy (SPM) is a well known
powerful tool for surface topography investigations [1-2].
However, in most cases the image of topography does not
answers all questions of the researchers. For complete
information we frequently need the data on various physic-
chemical, electrical, magnetic and other properties of the
explored surface which would allow to distinguish or even
identify the objects of various nature on a surface.

To solve this problem it has developed and permanently
improves the new mode of probe microscopy — Multi Data
Mode (MDM) (the patented method [3]). This mode has
unique facilities to provide single-scan exploration of the
surface to get the whole data set available in SPM. This
ability is obvious and essential advantage over other SPM
methods where as a rule we gain limited number of
parameters using one device.

In probe microscopy, piezo elements of various kinds are
used for precise surface scanning and a number of
modulation techniques have been developed to eliminate
viscous friction when moving a probe over the surface. In
fact, a probe is not to be constantly in contact with the surface
in any SPM. A reliable method would be the one that allows
to bring a probe down to the surface, to make all the
necessary measurements, to withdraw the probe into the
region free of interaction, and then to move the probe to
another point (Multi Data Mode method). In “ForceMaster-
402MD” we used a beam deflection registrations scheme.
Tips on the end of a DI rectangular silicon cantilever and a
home-made rectangular tungsten cantilever served as probes (fig. 1).

8066

23KY e 18PN HD3S

Fig.1.

To explain the principle of the operation of device, let us
consider the behavior of a needle-probe on an elastic console
near the surface under study [4]. Figure 2 (a) shows a typical
dependence of the force F(z) acting on the tip upon the

distance from the surface. Let us begin with the simplest case
of pure solid surface. Assume the cantilever stiffness k is less
than the maximum of function dF/dz. If the cantilever holder
is positioned in point z;, the force of attraction would bend
the cantilever and the tip would be in point A which is the
intersection of the curve F(z) and the straight line from point
Z;, with the slope tga =-k, according to the conditions of
force equilibrium

F(z) = kxdx(z1) with dx(z;) =z,-21

Now construct the plot of dx(z) versus the holder position
(fig. 2 (b)) for decreasing z. In point B, where dF/dz = k upon
force equilibrium law, the condition of stable equilibrium is
violated because dF/dz > k to the left of the point, which
situation forces the tip move to point C. The plot dx(z) would
exhibit a jump. As z decreases, the function dx(z) is virtually
a straight line with a slope of unity because of strong
dependence of F(z) asymptotically approaching the Y axis. In
point D, the sign change of dx(z) occurs, and this point can be
termed the point of surface contact the point of surface
touching. A set of these points describe the surface from the
viewpoint of touching Si,. By measuring the parameters of
the dx(z) function, say, in an NXN square of point on the
surface under study, we can reconstruct the relief Sy, and
create a map of heights of the constant gradient Sgp. If any
other measurement X is made on the NxN points, this would
give an additional map of the surface Sy by the parameter X.
The property measured can be either the conductivity in the
point C or the surface hardness as the slope of the function
dx(z) in the region of repulsion (z<0).

F

Fig.2.
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MDM has peculiar abilities to explore surfaces with
complex topography and large differences of heights.
Moreover, it allows to exclude uncontrollable interaction of
probe with sample, and artifacts caused by scanning process.
In study of soft delicate objects the MD-mode can combine
gentle action of tapping mode and non-contact mode with
minuteness and high resolution of contact mode. The MDM
image of the surface gives simultaneous and independent
information about various surface layers including adsorbed
layers and substrate. MDM solves problems associated with
contamination and impurities. It opens the broad
opportunities to study electrical, magnetic and polarization
properties of surface and layers (including opportunities
similar to Electric Force microscopy, Magnetic Force
microscopy, Lift mode, Polarization mode, Scanning
Tunneling  microscopy and  Scanning  Tunneling
Spectroscopy) together with adhesive forces and mechanical
properties measurements (including opportunities similar to
Phase Imaging mode, Force Modulation mode, Lateral Force
mode).

Below we present obvious example to demonstrate the
potentialities of the method MDM. Research being held at the
SPM-spectroscope  “ForceMaster-402MD”  (Russia) and
electro conductive probe has also been used. A fragment of
the matrix of golden islands on the surface of GaAs is
presented in fig. 3 (a). The gold was based into the
semiconductor to obtain an ohmic contact. The corresponding
map of conductivity is shown in fig. 3 (b), which was
measured on the sample at +0,3 V. The MD-mode image of
the map of conductivity demonstrates that only golden
islands have electrical conduction, and electric current isn’t
leak across of substrate of the GaAs.

The physical ground of the MDM provides the capability
to register and build map of any kind of information the
scanning probe microscopy does. Moreover, MDM enables to
register the data inaccessible for other modes.

In MD-mode extraction of the surface topography and its
properties, quantity of surface layers, their thickness,
configuration and properties are not separated in time [5]. All
measurements are carried out in the current point of surface
simultaneously. It makes measured quantities comparable
allowing to correct one using or relative the others, to divide
the information on the surface object properties and the
substrate surface, to build the distribution maps associated
with and relative to the surface topography.

GOLDCTC1 X=1808 A
v=1088 A
Z=59.5 & a)

GOLDCCN1 X=1088 A
y=1088 A
Z=3436 nA b)

Fig. 3.

It’s why the MDM image reflects the true picture of
surface layers and their characteristics. The wide
opportunities of MDM allows to obtain the results exclusive
on the informational content, resolution and trustworthiness
with high efficiency and reproducibility.
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RASTR ZOND MiKROSKOPIYASININ COX PARAMETRLI METODIKASI

Rastr zond mikroskopu “ForceMaster-402MD (Rusiya) konstruktiv ve funksional olaraq isleme prinsipi miixtslif olan iki
cihaz1 6ziinde birlegdirir — rastr tunnel mikroskopu ve atom-giiclii mikroskopu. Biitiin bunlar istenilen cismin ve dielektrikin
sothinde misilsiz deqiq tedqiqatlarin aparilmasina imkan verir. Bu cihaz unikal ¢ox parametrli metodika ile tochiz olunmusdur
(metod patentlosdirilib), hansi ki, sethin topoqrafiyasi ile birlikde obyektin bdliinme ndviiniin teyin edilme xeritosini almaga

imkan verir (elektrikkegirmo vo s.).
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C.II. Moauanos, C.I'. AGayninaesa, U.A. Yepnosa-Xapaesa, C.JI. Anexknepos

METO/] MHOTI'OITAPAMETPOBOI'O PEXKUMA B CKAHUPYIOIIEN 30HI0BOM
MHUKPOCKOIINN

Ckanupyroumid 30H00BbI MuUKpockon “ForceMaster-402MD” (Poccusi) KOHCTpYKTHBHO M (DyHKIMOHAJIBHO OOBEOMHSCT B ceOe /aBa
nprbopa ¢ pa3anyHbIM HPHHIUIIOM PAabOThl — CKAHUPYOIIUH TYHHEIbHBIH MHUKPOCKOI M aTOMHO-CHJIOBOW MHKpOCKON. Bce 310 mosBossier ¢
HEOOXOIMMOH JIETaIbHOCTBIO MCCIIEJOBATh TOBEPXHOCTHU JTIOOBIX BEIIECTB C JIO00H CTETIEHBIO MPOBOIUMOCTH, a TaKKe MOBEPXHOCTH JIFOOBIX
JIMJICKTPUKOB. DTOT NPHOOpP OCHAIEH YHUKAJIBHOM, TaK Ha3bIBAEMOI MHOTOIIapaMeTPOBOH METOUKON (METOH 3alaTeHTOBaH), KOTOpasi 1aeT
BO3MOXXHOCTh OZIHOBPEMEHHO ¢ Tororpaduell MccieqyeMol MOBEPXHOCTH IONy4aTh KapThl PACIpeiesICHUs] MICKTPUIECKHX, MATHUTHBIX W
HOJIIPU3ALMOHHBIX XapaKTePUCTUK TOBEPXHOCTH.
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Three types of nonlinear partial differential equations of polynomial form are considered and explicit substitutions of dependent
variables, which transform the equations under study to linear equations, are obtained. Some nonlinear second order partial differential
equations, which can be solved by the viscosity method, are also obtained

Introduction

The problem of finding exactly solvable nonlinear partial
differential equations has very popular after discovering the
inverse scattering method [1] and it still attracts the attention
of many authors[2]. There are also some other methods of
obtaining exact solutions of nonlinear equations: see [3-6].
However, in spite of variety of forms, all methods know till
now are based after all on the very simple idea-to reduce the
problem of solving the given nonlinear equation by means of
some transformations to the problem of solving a more
simple equation, which has been already studied. In the most
of cases, people try to reduce nonlinear problems to linear
ones because the theory of linear equations is well elaborated,
although sometimes the reduction to a more simple nonlinear
equation is also used.

Therefore, the following important and interesting
problem arises: to describe the class of nonlinear equations
which can be reduced by means of some transformations to
linear equations.

One of possible ways of solving this problem is to apply
all kinds of transformations to a given class of linear
equations and to analyze the nonlinear equations thus
obtained [7-8]. Of course, this class of equations is very small
in comparison with the class of all exactly solvable equations.
Nonetheless, we know this small class contains some
physically interesting equations, for example, the Burgers—l

Hopf equation [9]. We hope that the methodical study of all
possible substitutions of variables and the initial linear
equations may lead to some new exactly solvable nonlinear
equations being of physical interest.

In this paper, we investigate some nonlinear equations
obtained from linear partial differential equations of the
second order by substitutions of dependent variables.

Nonlinear forms of linear equations

Since equations occuring in physical applications contain
the derivatives with respect to the time variable t, as a rule,
not higher than of the second order, we consider the nonlinear
forms of the following general linear partial differential
equation of the second order

aytb yrkcys +dys =0 (1)

where a, b, ¢ and d are arbitrary functions of variables X and t.
Making the substitution

y=exp(ap+Pox +yp) )

we obtain the following equation (we confine ourselves to the
equations of polynomial type):

a( ap, + Po, + o, )+ b(a2¢t @, T aypp, +afpp,, + ﬂz(th + Broy - P t+ 72(ptt(ptx +aypQY, +

+ BYpg + A + Bo + X )+ (@l + PP + 7P 0g + 20Pp @, + 2000,p, + 2 Bk + agy +

3)

+ PP + 10 )+ A( QP Of+ LR 0% 1 0o+ 200, P, 200D Py 2 BYP o Py AP+ B + VP ) =0

Equation (3) is linear with respect to the derivatives of the
third order and nonlinear with respect to the derivatives of the
second and first order. One can check that equations of this
kind can be reduced to three different types of equations by
means of linear replacement of independent variables:

Pooct Pt TN(Po P, Bt P> 1...)=0 (6)
(and symmetrically x<>t)

It is not difficult to show that the equation of type (4) is
obtained from eq.(3) provided

PootL (oo Py B> P 1.+ )=0 ) b=c=y=0 )
Ot M(P Gty Bt o r...)=0 (5) thatis, we have the following equation:
|
alap, + P )+ (a0} + B0k + 2080, + P + Py ) =0 ®)
which is reduced to the equation by the replacement
ayrtdyse=0 ©) y=exp(ag+ ) (10)
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The equation of type (5) is obtained from eq.(8) provided or

either b) b=c=£=0 (12)
a) d=c= 7/:0 (1 1)| In the first case, we obtain the equation
a(ap, + B, )+ @200, + AP0, + 0.00)+ 200 + a0 + ) =0 (13)

which is reduced to the equation |
by the replacement

aytbys=0 (14)

y=exp(ap+yp) (18)
by the substitution
The equation of type (6) is obtain from eq.(3) provided
y=exp(ap+LFox) (15)  cither
In the second case, we have the equation a) c=d, =b=0 19)
or

a(a(Dt TPy )+d [(CW’X TPy )2 TP VP J (16)

b) ¢=0, b=d y+£=0 (20)

which is reduced to the equation ) )
In the first case, we obtain the equation

aytdys=0 (17)|

a(a(pt + ﬂqpxt )+ C[(Q'(Dt + ﬂ(oxt )2 + d(gott + (Dxx )+ (a(Dx + ﬂgoxx )2 + ﬂ((pxxx + ¢xtt )]: 0 (21)

which is reduced to the equation |
y =exp(ap+ po,) (23)
Ay, + (W + ) =0 (22)
In the second case we obtain the equation
by the replacement

|
alp, + B0 — )|+ bl (0@, + 92 )+ ABlPup, — P + PP — PP + 20005 — 20505 )+

(24)
2 2 2
+ ﬁ (¢xt¢xx @i Pi t PP — PPy — Prx — 2¢xx¢tx )+ a(¢xt * Oy ) + ﬂ (¢)xxx — Oyt ) =0
which is reduced to the equation [ The viscosity method
Let us investigate in detail equation (8). It is convenient to
ay, + b(V/ Y ): 0 25) introduce a new notation
X XX
ao—«a dp=k
by the replacement 27)
af=N dp=c
=explae + — 26
v p( 14 'B¢X 'B¢t) ( |) The equation (8) assumes the following form
L’k Lk LC
L(Dt + N(Dxt + N 2 ¢f + kgpfx + 2W¢xx¢x +W¢xx + C¢xxx =0 (28)

Apparently, using the substitution X’=aX one can always equate the coefficients L and N. Then the equation (8) assumes the
form

C(Py + P )+ 2k 0, + ko2 + k! + N(p + 9, )=0 29)
|

Accordingly, equations (9) and (10) rewritten as follows: k
v =6Xp{—(¢+¢x )} (10a)
Np+Cuys=0  (92) ¢
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Now let us note that the equation (29) can be used to find Let us write the explicit forms of some other equations,
the solution of following equation: which can be solved by this method.
Making analogical (27) substitutions and equating the
(30) coefficients L; and N; (i=1,2,3,4)
one can rewrite the equations (13), (16), (21), (24)

. . . . correspondingly and obtain (c;i—0) equations, which can be
Indeed, if ¢ is a solution of equation (29) then the (i g by the viscosity method

2K @, 0, +k@’ +kpl +N (@, +¢,, )= 0

function
o=1im o, P R AT U (EY
C—0
K, (20,0, +0:+p> FN, (o, +9,, )=0 16
can be considered as a formal solution of eq. (30). 2( PoPu T Po TP )+ Z(q)t (DXt) (167
Such a method of solving equations is often called “the
viscosity method”. |
2 2 2 2 ,
K3 (2¢xx¢x +(oxx +¢x + 2¢xt¢t + (oxt + ¢t )+ N3(¢t +§0xt ):0 (21 )

Ky (0.0, + 207 = 00+ PP — 00y + 20,00y — Py Py — PePrx + PePry — Py TP — PPy ) + o
+ N4(¢t t @y — Py ) =0

In conclusion we note, that general properties, exact | The author expresses his acknowledgements to Prof.
solutions and soliton- like solutions of obtained equations V.I.Man’ko and Doc. V.V.Dodonov for useful discussions.
will be discussed in another paper.
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E.A. Axundova

KVANT DINAMIK SISTEMLORI TOSVIRINDS QATILASMA METODU
Polinomgakilli ferdi toremalards qeyri-xatti differensial tenliklarin ¢ névina baxilib ve arasdirilan tenliklari xatti tenliklera
gatiran asili dayisaenlarin avezolunmasinin daqiq ifadssi alinmisdir. Hamginin qatilagsma metodu il hall edils bilan 1T daracali fordi
téramali bazi differensial tanliklor alinmisdir.
J.A. AXyHJ10Ba
METO/, BA3KOCTU B OITMCAHUU KBAHTOBBIX TUHAMUWYECKHUX CUCTEM
PaCCMOTpeHLI TpHU TUIIa HEIIMHCHHBIX Z[I/I(i)(i)epeHHI/IaJII;HI)IX ypaBHeHI/Iﬁ B YaCTHBIX NPOU3BOAHBLIX IMOJMHOMHAJILHOI'O BHUJIa U NOJYUCHBI

SIBHBIC BBIPpAKCHHUS 3aMC€H 3aBUCUMBIX IEPEMCHHBIX, KOTOPLIE CBOJAT UCCICAYEMBIC YPAaBHCHUSA K nHeHHBIM. Takke NOJIy4€HbI HEKOTOPLBIC
I[I/Id)(bepeHHI/Ia.HLHBIe YpaBHEHUA B HaCTHBIX IIPOU3BOAHBIX BTOPOI'O OPsAAKa, KOTOPBIC MOT'YT OBITh PEICHBI METOJOM BA3KOCTH.
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PHASE TRANSITIONS IN CuAgSosSeos

Yu.G. ASADOV, R.B. BAYKULOV, Yu.l. ALIYEV
Institute of Physics of National Academy of Sciences of Azerbaijan,
Az-1143, H. Javid av., 33

CuAgSsSeq s monocrystals were synthesized and grown. Phase transitions were investigated by high temperature x-ray analysis. It’s
been shown, that at room temperature crystals have two phases, and one of the phases has structure of Cu, ¢¢S and the other of CuAgSe. Both

phases at 695 K turn to single FCC lattice with parameter a=6.356 A.

In [1] it has been determined that CuAgS crystals at room
temperature are crystallized into orthorhombic structure with
lattice parameters a=4.06 A, b=6.66 A, c=7.99 A, space
group D', — Cmem, Z=4, p=6.4 r/cm’. The only thing about
polymorphism mentioned in [1], is that at 366 K low tem-
perature orthorhombic modification turns to hexagonal one
that is identical to S-Cu,S (a=4.005 A, c=6.806 A, Z=2,
space group P63/mmm)[2].

In [3] phase transitions in CuAgS were investigated. It
has been shown that low temperature orthorhombic modifica-
tion at 400 K turns to hexagonal and the hexagonal one in its
part turns at 705 K to high temperature FCC with a=5.7288A.
Crystal turns back to its initial state when cooled.

Partial replacement of 50% Se atoms by Te atoms and its
influence on phase transitions in CuAgS,sTeys were also
investigated in [3]. It has been shown that at room tempera-
ture CuAgS,sTegs consist of three phases, one of them iden-

tical, as regards lattice size, to low temperature monocline
Cu;.96S [4], another one has lattice of low temperature ortho-
rhombic phase of Cu,Te [5] and the last one has lattice of low
temperature orthorhombic CuAgS [1]. CuAgS,sTeys consist
of three phases and at 720+1 K turns to single FCC phase
with lattice parameter a=6.531 A.

In present paper the influence of partial replacement of
50% of S atoms by Se atoms on structure and temperatures of
phase transitions in CuAgS,sSey s has been investigated. The
conditions of crystal synthesis and growth did not differ from
those of CuAgS and CuAgS,sTeos [3].

An X-ray diffractometric temperature investigation was
conducted in a “DRON-3M” diffractometer with a tempera-
ture attachment URVT-2000 in vacuum (10" Pa). Angular
resolution was ~0.1°. Diffraction angles were measured with
an accuracy AG==0.02°.

Table 1
XRD data for CuAgSysSeq s (Fe-filtered, CoK,, radiation, A,=1.7902 A, 55kV, 12mA).
CuAgSe Ag,Se
T,K ¢) I/, Deyp A Lattice Parameters, A
degc A hkl degc A HKI
1 2 3 4 5 7 8 9
18°00° | 30 2.897 2.898 243 2.890 150 Cu, 06S
19°30'° | 80 2.682 2.690 1000 2.681 042 Monocline
20°24" | 100 | 2.568 2.569 044 a=26.897
21°36' | 50 2.432 2437 162 b=15.515
23° 30 70 2.245 2.245 942 c=13.585
25°06' | 40 2.110 2111 326 Z=8
25°36' | 50 2.072 2.073 1123 S.G. P2y
26° 36' 60 1.999 1.998 645 2.012 220 px=5.870 g/em’
293 [T28°24" | 90 1.882 1.882 027 1.890 191
31°24' | 40 1718 1717 275,390 1.710 0102 CuAgSe
33°42 | 50 1.163 1.614 038 Orthorhombic
37924 | 10 | 1474 1473 908, 286 bt;6058363
39°06' | 30 1.419 1.419 938 1411 243 6s
41°24" | 10 1354 1354 | 078,1010 $.G. D'y - P4/nmm
45°54" | 10 1247 1.246 0510 1247 0104 7210
48200 | 20 1.205 1.205 0610 1.204 115 0,=7.895 glem’
373 17°55 | 30 2.909 2.910 243 2.909 150 Cu, 0eS
19°28 | 80 2.686 2.686 1000 2.684 042 2=26.859
20°19' | 100 | 2.578 2.579 044 b=15.811
21°27 | 45 2.448 2447 132 c=13.608
23°28" | 70 2.248 2.248 942 P=5.759 g/cm’
25°000 | 40 2.118 2.118 326
25°33 | 50 2.075 2.074 1123
26° 32' 60 2.004 2.004 645 2.014 220 CuAgSe
28° 18 | 90 1.888 1.888 027 1.906 191 a=4.107
31°17° | 35 1.724 1.724 275,390 1.724 0102 5=20.664
33°34 | 45 | 1619 1.619 038 c=6.374
37°17 | 10 1478 1.478 908 px=7.683 g/lem
38°59' | 25 1.423 1.423 938 1411 243
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41° 12 10 1.359 1.359 1010
45° 44' 10 1.250 1.250 0510 1.250 0104
47°46' | 20 1.209 1.209 0610 1.201 115
17° 49' 30 2.925 2.926 243 2.925 150
19°26' 75 2.691 2.691 1000 2712 042
20°10° | 100 2.596 2.597 044 Cuy 068
21°22 50 2.456 2.456 162 2=26.905
23°24' 70 2.254 2.255 942 b=15.852
24°45 | 40 2.138 2.138 326 c=13.753
25°27 50 2.083 2.082 1123 Px=5.673 g/em®
473 26° 30' 60 2.006 2.006 645 2.030 220
28° 00' 90 1.907 1.908 027 1.915 191
31°05' | 40 1.734 1.734 275,390 1.734 0102 CuAgSe
33° 12 50 1.635 1.635 038 a=4.142
36° 55' 10 1.490 1.490 908, 286 b=20.664
38°37 30 1.434 1.434 938 1.425 243 c=6.374
40° 39" 10 1.374 1.374 078,10 10 p=7.619 g/em’
45° 11 10 1.262 1.262 0510 1.262 0104
47°12' | 20 1.220 1.221 0610 1.216 115
17° 47 30 2.931 2.931 243 1.931 150
19° 24' 80 2.694 2.964 1000 1.716 042
20°07° | 100 2.602 2.602 044 Cuy 68
21°20" | 45 2.460 2.460 162 2=26.936
23°22" 70 2.257 2.258 942 b=15.893
24° 42" | 40 2.142 2.142 326 c=13.775
25°25' 50 2.086 2.085 1125 Px=5.643 g/em®
573 26°17' 60 2.022 2.021 645 2.039 220
27° 56' 90 1.911 1.910 027 1.923 191
31°02' 35 1.736 1.737 275 1.741 0102 CuAgSe
33°08' | 45 1.638 1.638 038 a=4.152
36° 51 10 1.493 1.493 908 b=20.695
38°32" | 25 1.437 1.437 938 1.430 243 ¢=6.383
40° 35' 10 1.376 1.376 1010 p=7.578 g/em’
45° 06' 10 1.264 1.264 0510 1.266 0104
47°06' | 20 1.222 1.222 0610 1.218 115
17° 44' 30 2.939 2.937 243 2.939 150
19° 23' 80 2.697 2.696 1000 2.720 042
20°05' | 100 2.606 2.606 044 Cuy 068
21°15' 50 2.466 2.467 162 2=26.936
23°20' 70 2.260 1.260 942 b=15.893
24°40" | 40 2.145 1.145 326 c=13.775
25°24' 50 2.087 2.087 1123 Px=5.620 g/cm®
673 26° 15' 60 2.024 2.024 645 2.039 220
27° 54" 90 1.913 1.913 027 1.923 191
30°57° | 40 1.740 1.740 275 1.741 0102 CuAgSe
33°05' 50 1.640 1.640 038 a=4.152
36° 48’ 10 1.494 1.494 908 b=20.695
38°29' | 30 1.438 1.438 938 1.430 243 ¢=6.383
40° 32 10 1.377 1.377 1010 p=7.536 g/em’
45°01' 10 1.266 1.266 0510 1.266 0104
47°00° | 20 1.224 1.244 0610 1.220 115
16°19" | 40 3.176 3.185 200
23° 30’ 65 2.246 2.245 220
27°52' | 100 1.915 1.915 311 FCC
29°12' 70 1.834 1.835 222 a=6.356
773 34° 19 30 1.588 1.588 400 S.G. Fm3m
37° 54' 80 1.457 1.458 331 Z=4
39° 04' 30 1.420 1.420 420 p,=6.376 g/cm’
43° 39" 50 1.297 1.297 422
47° 04' 90 1.222 1.223 333, 511
873 16°16' | 40 3.196 1.182 200 FCC
23°27 65 2.250 1.250 220 a=6.363
27°49' | 100 1.918 1.919 311 P=6.355 g/em®
29° 10’ 70 1.837 1.837 222
34° 16' 30 1.590 1.591 400
37°51 80 1.459 1.460 331
39° 02' 30 1.422 1.423 420
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43° 36 50 1.298 1.299 422

47°01' 40 1.224 1.225 333

16° 13" 40 3.205 1.186 200

23°24' 65 2.254 1.253 220

27° 46' 100 1.921 1.921 311

29°07' 70 1.840 1.840 222 FCC

973 34°13' 30 1.592 1.593 400 a=6.372

37° 49 80 1.460 1.462 331 p,=6.328 g/cm’
39° 00' 30 1.422 1.425 420

43° 33" 50 1.299 1.301 422

46° 58' 90 1.225 1.226 333

At 293 K the XRD patterns from 5x5x1 mm arbitrary ori-
ented AgCuSysSeys single-crystal showed 16 diffraction
peaks. Indexing of patterns confirms existence of two phases,
the first is identical to monocline Cu, ¢S [4], the second — to
low temperature orthorhombic CuAgSe [6].

All 16 diffraction peaks (Table 1) can be indexed on the
basis of lattice parameters of orthorhombic Cu, ¢S, 8 of them
also can be indexed on the basis of orthorhombic CuAgSe.

After the patterns were recorded at room temperature, the
furnace was turned on and reference recordings were taken

every 100 K without disturbing the original crystal orienta-
tion. The sample temperature prior to every record was kept
constant for 40 minutes.

At 773K 9 peaks were recorded that belong to high tem-
perature FCC modification with a=6.356 A, Z=4, space
group Fm3m. The transition temperature was determined
from disappeared peaks when both phases turn to FCC at
T=0695+2 K.
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o570 2695} 41360
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Fig. 1. Temperature dependence of lattice parameters in CuAgS, sSey s

Fig 1 shows temperature dependence of lattice parame-
ters. As we see, lattice parameters a;, by, ¢; of monocline
Cuy.96S deviate from linearity at 373 K, parameters b; and ¢;
quickly increase and a; decreases and linearly grows after
373 K. Lattice parameters a, and ¢, of modifications identical
to orthorhombic CuAgSe structure, deviate from linearity at

64

473 K. In spite of such changing in lattice parameters of both
phases with temperature, there is not much difference in
number and intensity of diffraction peaks.

Table 2 contains coefficients of thermal expansion calcu-
lated using temperature dependence of lattice parameters. As
we can see, the thermal expansion for modification identical
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to Cuyg6S along [010] significantly differ from that along
[100] and [001] (oy1001< Ofor05> Ooo1y)- It’s significant that in
low temperature monocline modification, S atom layers form
hexagonal close packages and Cu atoms are distributed

among them in 3 different ways. In this structure 51 of Cu
atoms distributed in distorted triangles, 9 — in tetrahedral
spaces and one is in double coordination. Some of Ag atoms
might replace Cu atoms.

Table 2

Thermal expansion coefficients for CuAgSy sSeg s

Modification Temple(rature 0r100] 1 0-6K-1 o10] 1 0-6K-1 Qoo1] 1 0-6K—1 o= Z3al 10_6 K -
293-373 -19.05 238.48 21.16 80.20
Orthorhomb. 293-473 1.65 120.67 68.70 63.67
Cu1.96S 293-573 5.18 87.01 49.95 47.38
293-673 6.46 68.86 40.29 38.54
293-373 64.24 79.75 197.21 113.73
Orthorhomb. 293-473 76.14 35.44 87.65 66.41
CuAgSe 293-573 57.69 28.18 61.47 49.11
293-673 47.66 28.71 46.97 41.11
FCC 773-873 0.11 0.11
CuAgSo.5Seos 773-973 0.13 0.13

In CuAgSe lattice, Ag atoms situated in planes perpen-
dicular to ¢ axis. Near each of them, there are 4 Ag atoms at
2.96 A and 6 Se atoms at 2.67 A (4 Se), 3.59 A (1 Se), 3.64
A (1 Se). Se atoms form elongated tetrahedrons in which Cu
atoms situated. Distance between Se atoms is Se-Se=3.30 A,
between Cu and Se is from 2.06 A to 2.50 A and the least one
is Cu-Ag=2.98 A.

Thermal expansion coefficient of phase crystallized as
CuAgSe structure has anisotropy along basic crystallographic
directions (oi00/=0o105>0[001})- Strong anisotropy of thermal
expansion of both phases is one of the main reasons of ther-
mal instability of low temperature phase. We should note,
that monocline Cu; S at 377 K turns to FCC phase with

a=5.707 A and CuAgSe at 504 K turns to FCC phase
(a=5.082 A) as well. In our case that doesn’t happen, i.e. both
phases (Cu; o6S and CuAgSe) turn to FCC phase (a=6.356 A)
at 695 K at the same time.

At room temperature CuAgS,sSeys crystals consist of 2
phases and while heated, as seen from thermal expansion
anisotropy, deform each other. The nucleus of high tempera-
ture FCC phase is formed in the interface of these two phases
and grows at the expense of both phases. When cooled, FCC
phase splits in two and crystal turns to initial state. Phase
transitions are reversible and take place by single-poly crystal
model.
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CuAgS, sSe,s KRISTALINDA POLIMORF KECIiD

CuAgS, sSe, s torkibi sintez edilmis vo monokristali alinmisdir. Yiiksek temperatur difraktometrik metodu ile polimorf kecid todqiq
edilmis vo gosterilmisdir ki, otaq temperaturunda kristal iki fazalidir. Fazalardan biri Cu, ¢S strukturasini, digeri ise AgCuSe-nin struktura-
sini gobul edir. Hor iki faza 695 K-do sathine merkezlosmis kubik fazaya kegir.

FO.T'. Acanos, P.b. BaiikyJos, 10.1. AnueB

MOJIMMOP®HLIE ITIPEBPAIIEHUS B CuAQS,:Seos

CHUHTE3UpOBaHbI U BhIpalICHbI MOHOKpUCTATBI CuAgS) sSe)s. BricokoTeMmnepaTypHbIM PEHTTCHOTPahUUCCKHM METOJIOM HCCIECIOBa-
JHch moauMopdHble mpeBpamienys. [loka3aHo, YTO NpPU KOMHATHOM TemIlepaType KpUCTAJLIBl - NByX(asHble, oxHa U3 (a3 mpuHUMaeT
ctpyxtypy Cu, o6S, a ipyras - CuAgSe. O6e dassl npu 695 K npespamatores B equnyio 'K moxudukamumio ¢ mapamerpom a=6.356 A.
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In this study the scissors mode is investigated for y -soft nucleus **Ba. Calculations have been made using Quasiparticle Random Phase
Approximation method. With the selection of suitable separable effective isoscalar and isovector forces, rotational invariance is restored for
the description of the M1 modes. Our calculations show that, results obtained here are in a good agreement with the experimental data. In this
work, contribution of AK=0 branch of 1”=1" states to scissors mode region has been investigated, as well. Calculations show that most of the

M1 transitions have AK=1 character.
I. INTRODUCTION

Recently, great success has been achieved in the
measurement of nuclear excitations with low multipolarity
[1]. One of them is the observation of strong low-lying
magnetic dipole excitations in deformed nuclei, which are
frequently referred to as a scissors mode. The study of
these excitations gives valuable information about nuclear
structure and nucleon-nucleon forces at low energy. In a
geometrical picture [2] the scissors mode is visualized as a
counter rotational oscillation of the deformed proton body
against the deformed neutron body in the intrinsic frame of
reference. This mode was first observed in high-resolution
electron scattering experiments in Darmstadt [3]. A series
of subsequent nuclear resonance fluorescence (NRF)
experiments (see e.g., Refs [4]) established the systematic
of this common mode in deformed even-even nuclei at
excitation energies around 3 MeV. The remarkable features
of the scissors mode obtained from experimental results
are the quadratic dependence of the summed B(M1) values
on the ground state deformation parameter é and the strong
fragmentation of the M1 strength about the pairing gap up
to 4 MeV excitation energy [5-8]. Properties of scissors
mode have been investigated for deformed nuclei in detail.
Recently the scissors mode was observed in *°Pt [9]. This
was the first observation of the scissors mode in a
deformed nucleus with a soft triaxiallity. After than this
mode else has been obtained for nucleus from another
wide region of y-soft triaxiallity for ***Ba [10]. In spite of
the nature of scissors mode is an open question in nuclei
near shell closures where the simple geometrical picture of
a scissors-like motion of deformed proton and neutron
bodies breaks down. There were only some more
experiments else for nucleus from these regions [11].
Unfortunately explicit parity determination is not upper
degree in those experiments. Therefore, only with the
advent of the new generation of experimental facility with
improved detection characteristics it is possible to
investigate in detail the fine structure of the M1 response
[12]. Earlier, the scissors mode calculations for ***Ba [13]

had been made using RPA method. In that work, the broken
symmetry of the nuclear Hamiltonian is reached by adding to it
only some effective isoscalar forces [13]. However, here certain
difficulties immediately arise when the isovector quadrupole
coupling constant is chosen. Generally, an isovector dependence
of effective forces can arise from the breaking of rotational
invariance by the isovector term in the mean-field potential.

Based on these observations the aim of the present work is
to investigate the nature of the scissors mode of nucleus ***Ba
using RPA method, where broken rotational invariance restored
adding effective isoscalar and isovector forces [8]. This
approach is self- consistent, since the coupling constants and
matrix elements of the effective interactions are, in turn,
connected with the characteristics of the deformed field. This
method of restoring broken symmetries successfully has been
applied to the well deformed and spherical nuclei were restored
rotational or transitional invariance [8,14-17]. Here we also
investigate the contribution AK=0 branch of 1”=1" states to the
scissors mode region.

Il. THEORY

A detailed description 17;K=1";1 states generated by the
isovector spin-spin interactions in rotational invariant
Quasiparticle Random Phase Approximation (QRPA) was given
in Ref [8]. There, by the selection of suitable separable effective
isoscalar and isovector forces, rotational invariance is restored
for the description of the M1 modes for AK=1 branches without
introducing any additional parameters. In this approximation,
the model Hamiltonian of the system can be written

H= qup +hy +h +V,, (1)

where Hgyp is the quasiparticle Hamiltonian with pairing
interactions, hy and h; describe the effective isoscalar and
isovector interactions restoring the rotational invariance of the
quasiparticle Hamiltonian which are important only for AK=1
branch of the 1" states.
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Here we followed the methods and notations of
Ref.[8]. According to Ref.[8] the rotational invariance of
the single-quasiparticle Hamiltonian can be restored with
the aid of a separable isoscalar and isovector effective
interaction of the form

1 N

ho:__ [qup _Vlv‘]u] [HSQD _Vl"]ﬂ] 2
270 )2
1 +

hlZ—_Z[Vl;J/,] [Vla‘]y] (3)
27/1 H

where, V; is the isovector part of nuclear potential and J,
are the spherical components of the total angular
momentum for the K"™=1" excitations. Here, j and  are
the coupling parameters. V,, isovector spin-spin
interactions that generated the 1* states in the deformed
nuclei have the form

1 R
Vo“r ZEZGrzo-iGjTi Tj (4)

i#]

where, 0 and 7 are the Pauli matrices that represent the
spin and the isospin, respectively.

Due to the symmetries of the effective restoring forces,
spin- spin interactions and the magnetic dipole operator,
the most characteristic quantity of 1" state is the reduced
M1 transition probability, which can be written in the form

(8]

B(M10" »1)=
2
3
:ERp(a)i)@(g;—gr)R:(@) Il

Here g and @, are the spin and orbital gyromagnetic
ratios of the free nucleons, respectively.

The energy-weighted sum rules for M1 transitions are
given as

2 BML0" > 1)) =[i".[H. illen  (6)

In the RPA, right-hand side of the this sum rule can be
obtained

-4 - 3 T T T
[/u :[H:;u]]RPA :E[yp +Z(gs _gl )5 -

2 (7
_(7/P _7Ip)2 _7|p ]/uz
N
Y =71 71

where

y.=2) De, 22,
U

_oN (D, 12
5.=2) e, 2], .
Vi

Since the effective forces hy and h; are not commutative
with the J,, operators besides the Hyqp part of the Hamiltonian,

they also contribute to the sum rules (7). In this formula, the last
two, which represent the contributions of the isoscalar and
isovector effectively restoring forces to the sum rule, are
important.

Another important quantity of the orbital 1" states is
excitation energies. In order to establish the average energy of
the M1 strength below 4 MeV we use the energy weighted and
not energy weighted sum rules,

> o,B(MLaw)
ZB(MLa)i)

a_):

®)

1. RESULTS AND DISCUSSION

In numerical calculations, the experimental value of
deformation parameter =0.161 of the '**Ba were taken from
the ref.[18]. The Nilsson single-particle energies were obtained
from Warsaw deformed Wood-Saxon potential [19]. All energy
levels from the bottom of the potential well to 6 MeV were
considered for neutrons and protons. The pair-interaction
constants A and A were chosen in accordance with Soloviev
[20]. For the strength parameter of the isovector spin -spin
interactions we used y,=40/A MeV, which has been obtained
from magnetic moments calculations. To show important
restoration broken symmetry we present here result of
calculation obtained without any restoration, result taken from
ref [21] where restored only broken isoscalar forces and result
of calculation obtained using restored broken isoscalar and
isovector forces of the mean field potential. The calculated 1*
excitation energies and the corresponding B(M1) values are
shown in Fig.1. As can be seen in Fig. 1 calculations made
without any restoration gives for scissors mode summed B(M1)

=4.163 ,u,%, strength with 8 levels.
The results obtained using only isoscalar restoring forces
taken from Ref.[21] give summed B(M1) = 0.49 ,u,i with only

2 levels (in Ref[21], the level obtained at the energy E=395 keV
hase not been interpreted as scissors mode level). Despite the
fact that the results above give the scissors mode like
distribution, they are not in agreement with the experimental
results.

According to Ref.[8] using isoscalar and isovector restoring
forces to restoration the broken rotational invarians, we obtain

the sum ZB(MI; 0 > 1) =0.60y with 10 levels, where
1

ratio I/s>1. These levels can be interpreted as a scissors mode.
Comparison this result with the results above we observe that
the consideration of the isoscalar and isovector restoring forces
causes the splitting of the states with large B(M1) strengths and
fragments the M1 strength into more levels.

Where experiment obtained the total M1 strength summed

over all states, where J” =17 is at least tentatively assigned,

amounts to Z B(ML O] —17) = 0.56uy strength with 6 levels
I

[10] (Fig.1). Due to the low cross sections, firm assignments of
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spins and parities were not possible for many levels [10].
Although the experiment had been performed in correct
spin and parity for only one state, it was assumed that
some of the other states were also scissors mode states. So
the total strength of the scissors mode in ***Ba presumably
does mnot deviate too much from the value

Z B(ML;0) —17) =0.56413 But for correct
i

determination of scissors mode strength in this region the
parity measurement is necessary.
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o | B~ %1877 L 106
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e 02
o1 b
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Fig. 1. Spectral distribution of the dipole excitations strength
in the **Ba nucleus

Our theoretical calculations gives for ***Ba several
collective 1" state (mainly AK=1 branch) in the energy
interval 25- 4 MeV with an energy centroid

E =29 Mev. Also experiment show dipole strength
distribution in ***Ba extracted from the measured photon
scattering cross sections in the energy range up to 4MeV
with an energy centroid E = 2.987 MeV. As can be seen
results obtained in this work are in good agreement with
experiment. Comparison results are given in Table 1.

Tablel. Comparison RPA calculation with Experimental
Results of I";K=1%; 1 states of '**Ba

RPA Calculations RPA Calculation Experimental

[21] (This Work) Results [10]
E D B(MD) E D B(MD) E D B(M)
(MeV) ‘ , MeV) ' Mev) ! ,
HN HN Hn
3.07 0.49 2.9 0.6 2.987  0.56(4)

Our results is also in a good agreement with empirical sum
rule for the excitations strength of the scissors mode obtained
from the B(E2) value

10.6 + +
B(MD 273(52;01 —2;) )

This has been formulated in Ref.[22]. From the known
B(E2) values of *'Ba, using formula (9) we have obtained
B(M1)s. 7= 0.61(2) 17, which is in agreement with the our
theoretical value and experiment.

As can be seen in Figl., the experiment shows the 1" state at
energy E=2939 keV with a relatively large M1 excitation
strength of B(M1; 0% —1") =0.307 z2 . This level is only one
level where made correct parity and multipolarity

determination. The corresponding excitation obtained from our
calculation at energy E=2612 keV with B(M1; 0"—1%)

=0.305 ,u,i. Also theory predicts 1° state at energy E=2583

keV, with excitation strength of B(M1) =0.083 /1,%, , SO
experiment gives spin one state at energy E=2571 keV, with
excitation strength of B(M1)=0.081 u ,%‘ which can be attributed
to magnetic dipole transition. According with the results
obtained here we can say experimental observed spin one state
at energy E=2571 keV may have positive parity.

Furthermore, above an excitation energy of 3500 keV
experimentally eight states where observed, four of them with
spin assignment J=1. Experiment according to Ref. [21] were
restored only isoscalar forces and expected that the magnetic
dipole excitations above 3500 keV have a low orbit-to-spin ratio
and thus do not belong to the scissors mode. However our
rotational invariant RPA calculation predicts three high orbit-to
spin ratio (I/s>1) levels with summed excitation strength of

B(M1) 7 =0.086 /1,%, . It has been shown that some of observed

strengths in experiment above 3500 keV are in orbital character.
This situation shows that without any correct spin determination
it is no right makes any comment.

Here we also made calculation for AK =0 branch of

|” =17 states. The obtained summed B(M1) value for
AK =0 is B(M1; K" =0") = 0.045 % with only two
strength (Fig.1). Our results showed that likely the deformed
nuclei [23] in y-soft nuclei, all stronger M1 transitions were

AK =1 character. Where AK =0 branch take only 8 % of
all strength.
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IVV. CONCLUSION gained in this case has been found to be in a close proximity to
the experimental data.
Results obtained here show that using isovector and Recent experiments show that the scissors mode is

isoscalar effective forces fragmented the scissors mode of  fundamental excitation mode of y -soft nuclei. Our theoretical

appropriate with fragmentation with deformed rare earth  cajculations give same results and show that above 3500 keV it
nuclei but gives the scissors mode strength amounts to  j5 pogsible to obtain scissors mode levels. Our calculations also

about 1/5 of the strength in typical deformed nuclei. These  gp, oy that all stronger magnetic dipole strengths are from AK=1.
results are suitable with experiment. Besides this, our

calculations show the important consideration of the ACKNOWLEDGEMENTS
isovector restorating forces in calculations. These results
point out, the choice of the isoscalar and isovector forces
in a self-consistent manner based on the rotational
invariance of the Hamiltonian makes it possible to treat the
scissors mode more rigorously without any extra
quadrupole-quadrupole inteaction parameter and results

We wish to express our thanks to Prof. Dr. A.A. Kuliev and
Dr. I. Okur for his most careful reading of the manuscript and
useful comments.
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y-SOFT BOLGOSINDO YERLOSON ““Ba NUVOSININ
QAYCI MOD HOYOCANLANMALARI

Mogalode qayct modu (scissors mode) soviyyeleri y-soft niivesi olan '**Ba niivesi ii¢iin todqiq edilmisdir. Hesablamalar
QRPA (Quasiparticle Random Phase Approximation) yanagmasi bazasinda aparilmisdir. Uygun izoskalar ve izovektor effektiv
qiivvetleri seciloroak M1/ saviyyeleri li¢iin rotasion invariantliq berpa edilmisdir. Maqalede olde edilen naticeler tocriibi
noticelorle uygunluq teskil edir. Bundan basqga I"=1" hoyocanlanmalarin AK=0 budaginin qay¢i modu bdlgesine olavesi do
tadqiq edilmigdir. Hesablamalar M1 seviyyelorin bir ¢goxunun AK=/ budagina aid oldugunu gosterdi.

E. 'yaues, F. Epryrpaa, M. I'yuep, 3. lemup

HOKHUYHASI MOJIA COCTOSIHUSI IS SIIPA **Ba
W3 PETHOHA y- CO®T

B crathe ObUla M3yueHAa HOXKHMYHAS Moja (scissors mode) cocTosHms mus sapa u3 permona y-codr '**Ba. Berumcnenms Oblmd
npousBenenbl B pamkax QRPA (Quasiparticle Random Phase Approximation). [nst M1 nepexomoB C BbIOOPOM COOTBETCTBYIOLIMX
M30CKAJLIPHBIX M HM30BEKTOPHBIX 3()(EKTHBHBIX CHI ObUIa PECTABPUPOBAHA HAPYIICHHAS POTALMOHHAS WHBAPMAHTHOCTb. Pe3yibTaThl,
TIOJIy4EHHbIC 371eCh, COOTBETCTBYIOT JaHHBIM, IOJIy4CHHBIM M3 9KCIepUMEHTOB. KpoMe TOro, 371ech ObUIO IPOM3BEICHO BBHIYMCICHHE IS
AK=0 BetBu I"=1" Bo36y>nenus. Beito mokasano, 4To GonmpmuHCTBO M3 M1 cocTosHuit npuHaiexut BeTBu AK=1.
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COLLECTIVE 1" STATES IN Y%'®*H4f DEFORMED NUCLEI
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Physics Department, Faculty of Arts and Sciences, Sakarya University,
54100 Serdivan, Adapazari, Turkey

In this study, properties of the collective I"=1" (K=0 and K=1) states, generated by the residual paired and isovector spin-spin
interactions, in the deformed nuclei '"®'7*Hf are investigated in the Quasiparticle Random Phase Approximation (QRPA) method
using the deformed Saxon-Woods Potential. Furthermore, contribution of M1 transition matrix element to the energy weighted sum
rules and energy distribution of M1 excitation strength functions were investigated for these states. We have observed that the low-
lying 1" states have weak correlations and small value of B(M1, 0 —> 1), and the collective 1" states with larger values of B(M1) are
in the energy region 8-10 MeV for K = 0 and 10-12 MeV for K = 1. We have also shown that the number of states for K = 0 is less

than K =1 states.
INTRODUCTION

Magnetic dipole excitations in heavy nuclei are of
considerable interest in modern nuclear structure physics.
Both low lying orbital and high lying magnetic resonance
excitations were studied systematically to test nuclear
models. An outstanding example is the so-called M1 scissors
mode to which most attention was paid in the past. This low-
lying orbital 1" states were first observed in '°Gd in high

resolution inelastic (e,€") reactions in 1984 [1]. Two of the
important properties of these states are their low energy

(® <4 MeV) and having a value for their reduced magnetic
dipole probability B(O'—>1") in the interval 0.6-1.8 1], .

The different aspects of the magnetic dipole transition of 1
states have been investigation in inelastic proton scattering at
small angles for the nuclei **Sm, '**Gd and '*Dy [2]. Before
these experimental studies, existence of a state with the

energy E=3.18 MeV and B(MI1,0"'—>1)=1.8 7 in the

nucleus '®*Er was observed in theoretical calculations using
quasiparticle model in the framework of RPA and taking into
account the residual paired and spin-spin interactions [3].
Calculations have shown that collective states in the energy
range 2-4 MeV and occur in the nuclei **Sm and '*Er [4].
These states expected by the theory were experimentally

studied using (y,Yy') resonance scattering reactions and a

state with E=3.39 MeV and B(M1)=(0.71+0.08) L3, was
observed in the nucleus '**Er [5].

Recently, magnetic dipole resonances (I™ =17) have
been experimentally found in wide region from light
spherical nuclei up to actinides [6-11]. These experiments
shown that a very broad M1 resonance at energies between 7
and 11 MeV exits in heavy spherical and deformed nuclei.

Spin-spin interactions in the spherical even-even nuclei
happen in connection with the particle hole transitions
between the spin-orbital elements of the neutron-neutron and
proton-proton single particle states [12]. Unlike the potential
of spherical nuclei, the picture is more complicated. In such
case, the magnetic quantum number of every J-shell splits
into excitations characterized by the angular momentum
projection on the symmetry axis K=0 and K=1. Due to split
mentioned, shell structure of the nucleus is destroyed and this
causes an increase in the density of 17 states (p = 10 MeV

1. Based on the information given, two independent branches

of 17 states, namely K=0 and K=1, exist due to axial
symmetry in deformed nuclei. K=0 corresponds to the spin
vibrations along with the symmetry axis, and K=1
corresponds to the perpendicular ones. K=1 branch is easy to
investigate in photon scattering experiments since
electromagnetic waves are transverse. Results of such
experiments have shown that in low energy spectroscopic
region K=1 states are denser compare to K=0 levels.

The well-known Random Phase Approximation (RPA) is
one the most popular method in theoretical microscopic study
of nuclear structure and describes many-body systems. In
nuclear physics RPA has been exploited to model properties
of the excited states that allows to calculate intensities of
various nuclear reactions, including decay probability of
electromagnetic, beta and double beta decay. For the nuclei
away from closed shells there appear static pairing
correlations within the quasi-particle representation is usually
referred to as quasi-particle version of RPA(QRPA), which
consider the quasi-particle correlations and excitations.

In this study, properties of I™ =17 (K=0 and K=1) spin-
vibration states in the even-even '®'’*Hf isotopes were
studied using QRPA method. Contribution of M1 transition
matrix element to the energy weighted sum rules and energy
distribution of M1 excitation strength functions were
investigated for these states.

THEORY

For a system with large number of particles, like nucleus,
it is difficult to solve the Schrodinger equation due to large
number of the degrees of freedom. Therefore, in the
microscopic model, it is assumed that neutron and proton in
the nucleus move in a common field produced by them and
assumed that they interact with each other. It is based on the
Shell model. In this model the component of the effective
force responsible for the excitations is taken into account in
the microscopic calculations.

Assuming that 1" states are produced by the spin-spin
forces in deformed nuclei, Hamiltonian of the system can be
chosen as

H= qup +Var (1)

where Hg, is the Hamiltonian

represented by

single quasi-particle
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o =D& (D)@ (Dag (1) + af (T)ag (7)) 2)

. . . . he i in-spin i ions. H
In this expression, &, = [ (E, — /1)2 A s quasi- represents.t e 1s.ovecto.r spin-spin 1pteract10ns Here, G
and T are spin and isotropic Pauli matrices, respectively. All

: . the unexplained expressions used here are given in Ref. [13].
average field. A and A are the gap and chemical potential The isovector spin-spin interactions can be written in
parameters of the super fluid model, respectively. terms of particle operators:

particle energy of the nucleons, and E is energy of the

a’(a )are the quasi-particle creation(annihilation)

— +
operators. Vor = Xor Z DD, “)
The second term in Eq. 1 #=0,1
1 Incase of y, = ¥on, =0y and ¥, = ¥ = X 9=1.
Vo‘r :_Iarzaiajrizrj? (3) . .np > . iy » .
2 i) In the quasi-particle representation the D . operator splits up
| into quasi-boson and scattering terms in the form
1 +
D,(7) =) 0utsBy +—=Ly(Cl +Cy) p +
ss’ \/E
L ®)
+ ;05? {/uss’ Bss’ - E Lss’ (Cs:’ + Css’ )}
I

He.re, Mg :us'us, +vyvy and !_SS, =uy\Vy +uyv, are the Zpasp g, B = Zpa:'pasp %

Bogoliubov canonical transformation parameters, expressed p=r1 p=+1

through u; and Vv, , D/(l") =<S|D H|S’> are single-particle
are the quasi-particle operators. In RPA, collective 1* states

matrix elements of the Pauli spin operator, and . e .
are considered as one-phonon excitations given by

Css' \/— pz;lpaSpas p Cer \/— pzﬂpas paSp (6)

|l//i > Ql ‘l//o |:Z {f/ss Css (/)ss Css }+ z <&/vv va (/7w C }|l//o (3)

nyt prot.

|\P > | The dispersion equation for the excitation frequency w is
is the phonon creation operator, 0 is the  obtained in the form

where Q.
phonon vacuum. The two quasi-particle amplitudesy/, and s 5
. (1+ZFn)(1+ZFp)_q 4 Fan:O (10)
@, are normalized by
Z [(//Lz (7)- ¢L2 (0)]=1 9) using a variational method and

s{<w|oiHQr|w>—<w|H|w>—a>{;<w;2 —¢;2>—1]}=o an

tqgether with the RP+A procedure. The roots of this equation M, = <'/’i | /7| ‘/’o> (12)
gives the energy of 1" states.
MAGNETIC PROPERTIES OF THE COLLECTIVE where ;IJ, is the magnetic dipole operator expressed as
1" STATES
The characteristic quantity of the spin vibrational 1" states = Z [(gsr —-07)57 +9/J ir] (13)
7,1

is the probability of the M1 transitions. The M1 transition
operator is given by
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In this equation, J is the total angular momentum

operator, . ve Q| are the orbital and spin g factors of the

. 3
B(MLO—>1") :E Z/lsns'l-ss'gss’ +Zruv‘3/' I-W’gvv’

nyt.

(7)

1
where u ., Ware the single-particle matrix elements of the

magnetic dipole operator.

SUM RULE

In quantum mechanics, the probability of a transition
from one state to another is bounded by some definite
relations called sum rules. There are two kinds of sum rules;
energy-weighted (EWSR) and non-energy-weighted sum rule
(NEWSR). The sum rules are used in the microscopic nuclear
theory in order to investigate the properties of collective
excitations. These rules, in case of an arbitrary potential,
allow one to calculate the vibration of the giant dipole and
quadrupole resonant energy.

For the case of M1 transitions, the EWSR is written as

%<‘//o |[/‘7’[Haﬁ]]‘/’0> = %”Za’iBi(M 10" - 1%) (15)

and we are specifically interested in the energy region of
saturation of the right-hand side of Eq. 15, namely the energy
dependence of the function

The left-hand side of Eq. 15 does not depend on the
strength parameter J, and represents the quasi-particle

estimate of the sum rule. Thus, the sum rules help one make
conclusions about the accuracy of RPA solutions, while the

nucleons, respectively. Using Eqs. 8, 12 and 13, the Ml
transition probability for the state 1" can be written as

(14)

prot.

contribution of different 1" states to the sum rule is given by
the function y .

NUMERICAL CALCULATIONS AND DiSCUSSION

In calculations, the single-particle model is used taking
the deformed Saxon-Woods potential as the average field
potential. The Schrodinger Eq. is solved by means of the
method mentioned in Ref. [14]. Calculations are performed
for ""“'*Hf isotopes, the deformation parameters and
interaction constants are taken from Ref. [15] and Ref. [16],
respectively. For this reason, throughout this study, the RPA
method with harmonic approach is used. The isovector spin-
spin interaction constant is chosen as y,_ =40/A [17].

Table 1.
Ton-pair correlation parameters and the deformation
parameters for '’*'”*Hf isotopes

A N1 g2 A, 1A A A,
176 [104 [0.2731 [0.655 [0.75 [-4.139 [-6.098
178 [106 [0.2563 [0.72 [0.75 [-3.664 |-6.412

Calculations have shown that, small probability of the M1
transition from the ground state to the 1" excitation levels
appear in the energy region up to 5 MeV. Information on the
low energy 1° (K=0 and K=1) levels and the state structure of
them for '"*'*Hf in the spectroscopic region is given in Table
2 and 3.
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Fig. 1. Energy diagram of B(M1) values (above) and sum rule for the 1" states with K=0 and K=1 in '"°Hf . The left —hand side
of the sum rule is shown by dotted line. The solid line corresponds to the function ¥ ; [Eq. 16].
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Table 2.

The characteristic 17 (K=0 and K=1) states and the transition probability B(M1) for '"°Hf in the spectroscopic
energy region.

T"Hf E=0 T%"HF E=1
Energy| BMI1 | Amplituder | Structure of Enerzy BMI Avohi | 51 of
fo“-i'} (4} b, EEileg G (i) des stales
5717 | 0159 0187 |mesl 2503 (MeV) ¥
020 |anS12-752 2309 2319 | 0.0 PRI
g-%g Plﬁ'i‘%g 3159 | 028 | 0708 | ppas0saz
- PP z
0553 | ppdl 1402 3055 1110 | 0657 ppdl 1402
EXE] O&d | 0112 MNEELLEE ]
2 | 0728 T e 0149 A LeA
~U3 |t 0658 | ppdl3d0d
il e F47 | 072 | 078 | ppAll4om
03 |mesAlel 3495 | 003 | 0708 | ppalla0z
0122 | ppsizsas 5299 o470 | 0128 POTRPREE
018 |pps523-5l4 0.154 pp330-350
052 |ppd4l3-404 6,530 0435 0.1=25 A5 1-851
0209 nn01-523
0.162 nnfl 624
B4 | 0999 0278 | rmroat-1a0 -0240 nn305-305
0507 |mmed0631 0.221 ppa30-532
013 [mnS3z-50l 0.152 ppi5a-23
017 |emsdnsss R 1A02 | 0419 a2l
0263 |ppS23-514 0.10% pp332-514
-0118 | ppdl3-404 039 ppd2a-404
0.173 ppA3-514
X3 0527 | 0224 A0 750
5E74 | 0432 055 |nnSI4505 -0266 ppi2l-341
0428 |pp323-5le 0.101 ppS32-514
0.572 ppAE-514
10550 1529 | 0452 EEC]
98 | 1.144 0415 |moa-501 015 11211;55&512
010 | nnsd2-633 '
010 ppi2l-51
0346 |nnS14-503 Sogiens ALs12
0.162 |ppd3l-s40 ot E
019 |pp33z-sl2 o illz S
0587 (ppiizild 1060 | 4028 | 0.1/ IS 05
0291 ppi30-521
G4 | 0458 0554  |mmea0-501 0107 1 ppa2l-Hl
0191 |anS14-505 0.113 i
0279 | ppd31-640 AL7F | pprlole
0148 |pp53z-siz OS5 | ppSais
0.174 |pp523-514 Dﬁ; PP%EE
950 | 1.252 0131 [HnS14-505 _0'11 A PPIIE‘:—SH
0638 |pp53z-512 . 15
0185 23514 10540 | 086 | 0113 01
' P 0645 | ppS32A03
0131 ppi2l-512
10724 | 0554 | 029 I 05
0513 ppfLEED
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Table 3.
The characteristic 17 (K=0 and K=1) states and the transition probability B(M1) for '"®Hf in the spectroscopic
energy region.

"Hf E=0 I"Hf E=1
Energy| BM1 | Amphiudes | Strucihure of Energy | BML | Amplit | Struciue of
{_T!Em {:.-“} Ly slaies il {:_.“} udes shaies
5716 0194 [ -014l Tl 2 0 (MeV) ¥
0554 L pS30-550 BGZ2 | 0489 | 011 TEE LB 1
0556 ppd20-411 04358 | nné31-651
0135 pp31-532 -0131 | ppi&0-301
0.122 ppdl 1-402 -0131 | ppda-400
B 0415 NTIE s 1A 0224 | ppda0-402
0142 i 2522 0107 | pp3l-523
0107 pp 0550 0.237 | ppSl2-525
0 &4 pp1-532 5.140 | 0435 g.ﬁl1 ‘“‘ﬁi'%é
- PP 5
e A A 0.529 | ppsiz sz
0 124 ARSI TS 9727 | 0650 | 0168 | mroat-slz
03857 nnfl L EaR 0.141 | pp521-541
-0405 mmE3 3613 0111 | ppd3l-E5l
0.131 ppd20-400 D626 | ppddd-404
0.2 pp 32523 9520 | 1720 | 0.516 | ppael-#1
5126 023 -0137 TEA A 1 0.137 | pp352-5l4
02T -5 0274 | ppd22-404
01 ppia0-521 10029 | 0.7 | 0152 | msat-slo
0325 pp#1-521 0.5283 | nnsl0-552
0114 pp523-514 -0241 | pp5il-341
0.480 ppdl 3404 0.200 | ppi3a-514
EZ17 0435| -0411 A A ] 10042 | 0923 | 0431 | mesa-510
0180 A 2533 0379 | mns10-532
0155 ppl-52l 0247 | ppi2l-H1
-01n ppad3-5ld 0256 | pps3a-5l4d
0451 ppdl 3404 1005 | 0909 | 0.3 | moatslo
908 33 017 - 201 0127 | nndl0-552
0.132 A 0-631 0217 | pps521-541
Nl mSI2- 1 0.298 | ppS32-514
0l e 1-642 1025 | 1858 | -0352 | pp30l-5dl
0163 i 2533 0.200 | pps3anszl
0.124 ppS32-523 0138 | pps21-51
N2 ppS32-512 0199 | ppdll-422
0.478 Pp323-514 -040G | ppi32-514
-0.104 ppdl 53-404 0.135 | pp305-514
FRE] 1012 051 PPz 104al | 0404 [ -0357 [ ppa30-52l
0.157 ppS23-514 0255 | ppdll-431
2 745 0114 0.551 ol 4905 -0212 | ppH#l-5li
0.433 ppaSO-510 0.450 | ppS03-514
9756 0160 0420 sl 4405 10553 | 1.508 | 0437 | nned2-402
0580 | ppsSsi0 0.208 | nni03-514
0152 | ppsanszl
0117 | pp3dl-512
0307 | pp303-514
106 | 0933 | -0552 | rmeda-d402
0142 | pp330-521
0.200 | ppS32-305
0219 | pp303-514
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Fig. 2. Energy diagram of B(M1) values (above) and sum rule for the 1" states with K=0 and K=1 in '"®Hf . The left —hand side
of the sum rule is shown by dotted line. The solid line corresponds to the function ; [Eq. 16].

Results of the calculations for '7“!'"*Hf nuclei are given in

Figure 1 and 2. Probability of B(M1) transition as a function  pached is 8-10 MeV for K=0 and 10-12 MeV for K=1.

of energy for I™ =17 (K=0 and K=1) excitations are shown

in Fig. 1. As seen in the figure, there are several collective ACKNOWLEDGMENT

the most collective energy interval where these states are

states with larzge transition probabilities We would like to acknowledge useful conversation with
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H. Yakut, M. Bektasoglu, F.Ertugral, R. Akkaya, P. Akkaya

DEFORMASIYA OLMUS "“'*Hf NUVOLORININ COLLEKTIV 1" SOVIYYOLORI

Maogqaloadoe qaliq ciitlenme ve izovektor spin-spin garsiliqli tesirleri torefinden yaradildig: forz edilen I"™=1" (K=0 vo
K=1) saviyyselarinin xiisusiyyatlori QRPA yanasmasinda deformasiya olmus Saxon-Woods potensiali istifade edilorok
Oyronilmisdir. Ayrica bu saviyyelerin M1 matris elemntloerinin enerji agirliqghh comlome ganunlarina slavesi ve M1
soviyyelorinin giic funksiyalarinin enerji yayilmasi da Oyrenilmigdir.  Hesablamalar asagi enerjilordoki 1°
soaviyyolarinin zeaif korellasiona ve kicik ehtimala sahib oldugunu gosterdi. K=0 budagmin en boyiik ehtimalli
soviyyelari 8-10MeV bolgesinde, K=1 budag: iiciin ise 10-12 MeV bdlgesinde oldugu toyin edildi. Ayrica K=1
budagina aid olan seviyyelerin sayinin K=0 budagindan daha ¢ox oldugu gosterildi.

X. flakyT, M. Bexramorau, ®@.Epryrpaj, P. Akkaiia
KOJIJIEKTUBHBIE 1" COCTOSAHUS JE®OPMUPOBAHHBIX SAJEP ¢'*Hf
B crarbe 65110 H3ydeHo cBoiicTBo I'=1" (K=0 n K=1) cocTosHmui, B3aHMOIEHCTBYIOMMX ITOCPEICTBOM OCTATOUHEIX MAPHBIX U
H30BEKTOPHBIX CIIMH-CIIHHOBBIX B3aHMOJeHCTBMH s symep ' °Hf B mpubmmkeHun cioydaitasix $a3 (CD) ¢ HCHOIb30BaHHEM

nedopmupoBanHoro noreHnuana Cakcona- Byma. Kpome Toro, mis 3THX COCTOSIHME ObUIM HM3ydeHbl BKIag M1 MaTpUYHBIX
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9JIEMEHTOB B 3aKOH DHEProBECOMOI0 CyMMHPOBAHHS W DHEPTETHYECKOE paclpelelieHHe CHIOBBIX (QYHKIHMI JUIl 3TUX COCTOSHHH.
BhluncleHns TOKas3ald, 4To HU3KoJexamue 1 cocTosHus c1abo KOpPeIMpoBaHBl M MAlOBEPOATHBI, Tak Kak s K=0 Bersu
B030y>kaeHnH OoJiee BEepOSATHBIE COCTOSIHUSA Jexar B uHTepBasie §-10 MeB, a nns K=1 BetBu Oonee BeposATHBIE COCTOSIHUSA JekKaT B
unrepsaie 10-12 MeB. Kpome Toro, Ob110 MOKa3aHo, YTO YHCIO cOCTOsIHUI 13 BeTBU K=1 GoubIue uncna cocrosnuii u3 Betsu K=0.

Received: 09.02.2005
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QURGUSUN SELEN OSASINDA ALINMIS ORINTILORIN FiZiKi XASSOLORININ
TODQIQI (300 K)

M.9. OLICANOV|, N.M. ORUCOV, A.0. MEHRABOYV, S.M. OLICANOVA,
N.U. iIBAYEV

AZ-1073, Azarbaycan Memarlq va Insaat Institutu, Baki, Ayna Sultanova kiigasi 5,,
1143, Baki, Hiiseyn Cavid, 33, MEA Kimya problemlori Institutu

Qurgusun selen birlosmasinds CrSe-nin hall olma sahasi miiayyan edilmis, bark mohlul sahasindaki arintilorin: 2,4,6 mol% torkibli
niimunalorin fiziki xasselori 300K temperaturda ol¢iilmiisdiir. PbCe birlosmasinds oldugu kimi onun ssasindaki niimunslor do kub
qurulusa malik olub, elektron tip yarimkegiricilordir. Hom asas komponentin (PbSe) vo onun asasindaki orintilorin: Termoelektrik
parametrlori (Termo e.h.q., istilikke¢irma, elektrikkecirmo) olgiilmiisdiir. Holl effektini 6lgmokls yiikdasiyicilarin konsentrasiyasi vo

yiriikliyii hesablanmigdir.

AIVBIV tipli birlogsmolor yarimkegirici materiallar kimi
genis Oyronilmis vo hal-hazirda oyronilmokdadir. Bu
birlsmolor osasinda alinmis orintilor praktiki vo elmi
cohatdan tadqiqatgilart daha ¢ox maraqglandirir. Homin tip
birlosmoalordon PbSe vo onun asasindaki arintilor termo-
fotoelektrik material kimi yarimkegiricilor texnikasinda
genis  totbiq  olunur. PbSe sistemindo  1361K
temperaturunda ariyan bir konqurent birlosmas halini alir.
Bu birlosmo kub qurulusda kristallasaraq, ki¢ik gadagan
olunmus zolaga malik yarimkegiricilors aid olur [1,2].

Fiziki kimyoavi analiz metodlarindan istifade etmok
(PbSe)1x CrSe)x sisteminds PbSe torafdon 8 mol%-o qodor
(300K)) bork mohlul sahasi miioyyon edilmisdir. PbSe
birlosmasinin va 2,4,6 mol % CrSe torkibli niimunslorin
fiziki xassalori 300K temperaturunda olgiilmisdiir. Cadval
1-do gostorilmigdir ki, kristal qofas sabiti torkibdon asili

olaraq artir vo 6 mol% CrSe torkibli niimuns tigiin 6.31 A
olur. Bu artim Pb vo Ni atomlarmin ion radiuslarnin
miixtolif olmasi ilo olagodardir. Elektrikkegirmonin
giymati PbSe tigiin 362 om-'sm -! oldugu halda, 6 mol %
CrSe torkibli niimuns ii¢iin azalaraq 267 om-sm! olur.
Termo-e.h.q.nin qiymati oksino 282 mkv/dar ila 312
mkvdar qgiymotlori arasinda doyisorok artir. Istilikkegirma
torkibdon asili olaraq azalir, 12,62 Wt sm.dar) (PbSe iigiin)
182 10,96 Wt/(sm.dar) (6mol% CrSe torkibli niimuns ti¢iin)
giymotlori arasinda doyisir. Bu hal, bark mohlul sahosi
tciin xarakterikdir. Yiik dasiyicilarin komppensasiyasi
4.7.10'8 sm3 ilo 6,6.10'° sm-3 qiymotlori arasinda artdig
halda yiikdasiyicilarin yirikliyii 958 sm?2/(v.san) ilo 972
sm?/(v.san) arasinda azalir. Bu iso tamamilo ganunauygun
hesab edils bilor.

(PbSe)1-x(Cr Se) sistemli arintilorin fiziki xassalori (300K)

Cadval Nel
S B S I I el e paguen | ne
(Gesy T | somtam, | 7 (s darssd) om’ ssfbsab) ’
15,8
a0 o,l4 k1 282 122 4,1 1018 958 ] ap
0,02 3% 276 1223 821048 916 0,36 a
004 621 285 297 1148 22100 216 043 4
0,06
831 267 312 109 b £ 1040 192 051 hp
Todqig olunmus niimunalor iigiin gadagan olunmus doyismasi ilo  olagadardir.  Termoelektrik  horakot

zolagin eni hesablanmig vo onun 0,30 ev ilo 0,5lev

qiymotlori arasinda doyisdiyi miioyyon olunmusdur. A E-
nin torkibdon asili olaraq belo doyismosi, qofas sabitinin

qlivvasinin isaresinin doyismesine gore PbSe-nin «P» tip,
onun osasindaki orintilorin iso «n» tip kegiriciya malik
oldugu mioyyan edilmisdir. Kegiriciliyinin tipinin



M.D. OLICANOV|, N.M. ORUCOYV, A.O0. MEHRABOYV, S.M. OLiCANOVA, N.U. iBAYEV

doyigmosi qurgusunun (Pb*2?) va Cr(Cr*3) atomlarmin
elektro monfiliyinin miixtolifliyi ilo izah oluna bilar.
Elektrikkegirma vo termo e.h.q.-nin torkibdon asili
olaraq doyismosi yilikdasiyicilarin - konsentrasiyast va
yiriikliyliiniin qiymatlorinin CrSe-nin migdarinin PbSe-do
artmasi ilgo alagalondirilir. Kegiriciliyin tipinin dayismasi

qurgisin ~ (Pb*?2) vo Cr (Cr*)  atomlarmin
elektromonfiliyinin =~ miuxtolifliyi  ilo  izah  olunur.
Elektrikke¢irma va termo-e.h.q.-nin torkibdon asili olaraq
doyismasi yiikdastyicilarin konsentrasiyasi \E)
yuriiklitylinin qiymatlorinin CrCe-nin migdarimin PbSe-do
artmasi ilo slagolondirilir.

[11 Yu.P. Pavig, V.A. Efimova, 1.A. Smirnova. Metodi
issledovaniya  poluprovodnikov v primenenie
xalkogenidov svintsa PbTe, PbSe, PbS. Moskva,

1zdatelstvo Nauka, 1968, 394 s.

[21 M.A.Alidjanov. Zakonomernost svoystv v
soedineniyax AIVBIV. Moskva, izdetelstvo VNITI,

1987, 96s.

|M.A. A.I]I/IIDKaHOBl, H.M. Opyn:kes, A.O. Mexpa6os, C.M. Asmaxanosa, H.U. N6aes

UCCJEIOBAHUE ®U3NYECKNX CBOMCTB MIPUMECEM, TOJTYYEHHBIX HA OCHOBE PbSe

Ompenenena o6macTe TBEPJOrO pacTBOpa Ha OCHOBE COCJMHCHUS CENEHHWIA CBHUHIA, KOTOpas cocTaBimsier 1o 6 mom % PbSe.
W3zmepens! pusmaeckue cBoiictBa coequnennn PbSe n crmaBoB coneprkanmx 2,4 u 6 mon % CrSe mpu 300 K.

CntaBel Ha ocHOBe PbSe nMerotr kyOudecKkyio CTpyKTypy U SBIISIOTCS ITOIYIPOBOIHUKAMHE 3JIEKTPOHHOTO THIIA.

W3mepeHs! TepMO3JIEKTpHYECKUE TapaMeTpsl (TepMO 3.11.C., TEIIONPOBOAHOCTD, SIEKTPOIPOBOJHOCTD), KAK OCHOBHOT'O KOMITOHEHTA
(PbSe) Tak u craBoB Ha €ro OCHOBE. BBIYMCIICHBI KOHIIEHTpAIMs ¥ MOJBHKHOCTh HOCHTEJEH 3apsia Ha OCHOBE M3MepeHus dddexra

Xoina.

M.A. Alidjanov,, N.M. Orudjev, A.O. Mehrabov, S.M. Alidjanova, N.I. Ibayev

INVESTIGATION OF IMPURITY PHYSICAL PROPERTIES OBTAINED ON THE BASE OF PbSe

The region of the solid solution based on plumbum selenide compound, which compounds up to 6 moth % of CrSe. Physical
properties of PbSe compound and alloys containing 2.4 and 6 moth % CrSe at 300 K are measured.

Alloys based on PbSe have cubic structure and are electronic type semiconductors.

Thermo-electric parameters (thermo edc, thermal conductivity, electric conduction) of the main component (PbSe) and alloys based
on it are measured. Concentration and mobility of current carriers based on Hall effect measurement are calculated.

Received: 07.01.05
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