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ELASTIC SCATTERING HADRONS
AT LARGE IMPACT PARAMETERS

S.G. ABDULVAHABOVA, N.Sh. BARKHALOVA, T.0. BAYRAMOVA
Baku State University
Baku, AZERBAIJAN

sajida.gafar@gmail .com

ABSTRACT

The work is dedicated to consequences of analyticity and unitarity of the scattering amplitude. Using the
Gaussian quasipotential an equation for the scattering amplitude matrix is obtained and formula is derived for
the cross sections. The dependence of the cross section and ratio of the real part of the amplitude in the forward
scattering to its imaginary part of on the momentum ¢ is discussed. The steep Gaussian peak for cross section at
small angles is followed by the exponential (Orear) regime. In this region, the real part of the amplitude can be
large and negative in comparison with its imaginary part according to the unitarity condition. Results from
theoretical approach are compared with experimental data.

Key words: quasipotential, scattering amplitude, unitarity, cross section, impact parameter.

9AACTNYHOE PACCESIHUE AAPOHOB ITPY1 BOABINNX ITPMIEABHBIX IIAPAMETPAX
PE3IOME

PaboTa mocBsIIeHa CAeACTBIAM BBHITEKAIOIIUM 13 aHaAWTUIHOCTY U YHUTaPHOCTU aMILAUTYABI PacCesHU.
Vcnoan3ys1 rayccoBCKMii KBa3UIIOTeHITMa, I0Ay4eHO ypaBHeHMe 4458 MaTPUIIbI aMILAUTYABI paccestHus 11 popMyaa
Aast cedenusa. OOcy>KaaeTcst B IPSIMOM pacCessHUI 3aBUCUMOCTb CeUeHIsI M OTHOIIeHMs AelCTBUTeAbHON JacTu
aMILAUTYABI K € MHUMOIJ YacT! OT uMITyabca t. KpyToit rayccoBckmii 1K 44 IMOIEePEYHOro CeUeHMs 1104, MaAbIMIU
yIAaMM COITPOBOXKAAeTCs DKCIoHeHInaAbHEIM (OpeapcknM) pexxumMoM. B 1ol o6aactu AeiicTBuTeAbHAs YacTh
aMILAUTYABI MOKeT ObITh 0OAbllle 1 OTPUIJATEABHOI 10 CPaBHEHMIO C €@ MHIMOJI YacThIO B COOTBETCTBUM C yCAO-
BUEM YHUTaPHOCTU. Pe3yabTaThl TEOPETUUECKOTO 0AX04a CPAaBHUBAIOTCS

KaroueBble ca0Ba: KBa3UIIOTEHINAA, aMILIUTYAd PacCesHIsI, YHUTapHOCTD, P QeKTUBHOe cedeHne, IIpULieab-
HBIV ITapaMeTp.

ADRONLARIN HODOF PARAMETRININ BOYUK QIYMOTLORINDO ELASTIKI SOPILMOSI
XULASO

Is sopilme amplitudunun analitiklik ve unitarliq xassasinden alian natricalors hesr olunmusdur. Qauss tipli
kvazipotensialdan istifads edilarak sapilma amplitudunun matrisast ve effektiv kasik {iclin ifadalar alinmisdir.
Iraliys sapilmada effektiv kasiyin ve amplitudun hagiqi ve xayali hassslarinin nisbatinin impuls t-den asililig:
todqiq edilmisdir. Enina kesiyin kigik bucaqlarda keskin Qauss zirvasinin eksponensial (Orear) rejima ke¢masi
gostorilmisdir. Bu oblastda amplitudun haqiqi hissasi xayali hissays nazaran béyiik ve manfi giymatlar alir ki, bu
da unitarliq sertinin naticesidir. Nazari yaxinlasmadan alinan naticalar tocriibi giymotlorle miiqayise edilimisdir.

Acar sozlari: kvazipotensial, sepilme amplitudu, unitarliq, effektiv kasik, hadaf masafesi.

1. Introduction

A theoretical analysis of the angular distribution of the fragments arising from the break-
up of the projectile by the nuclear and interaction with the target is very useful and necessary
for the experimental investigations. More useful would be the exclusive experiments where
the scattering process of the projectile is separated from the background of other reactions by
means of the coincidence detection of the two outgoing fragments together with a simultaneous
measurement of their energies [1].
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In the theory of diffraction, the reaction is considered as a quantum mechanical process
due to the fact that different components of the wave function of the incident hadron have a
different probability of interaction with the target [2r]. As a result, the wave function is distor-
ted. If we expand it over a complete set of functions, after collision, it contains not only the
initial hadron function and other states of the incident particle. In this case we are talking about
those components of the wave function for which the probability of interaction with the target
is small, i.e. In the course of the collision, only a small part of the target is excited (an elastic
collision with only one of its constituent particles). Since other wise the quark wave function
of the target will lose its coherence and the target will decay into a large number of secondary
hadrons. To do this, we must use the "point" component of the wave function of the incident
hadron. This is possible in the following cases: - quarks and gluons are at a small distance from
each other and the scattering cross section is very small; - go into the field of large impact pa-
rameters. In particular, has been the touchstone of the theory since its first derivation, showing a
remarkable agreement between the predicted and experimental structure of the angular scat-
tering distribution. The analysis of hadron-nucleus cross sections in the difraction approximation
can be used to extract information on the scatering amplitude parameters. For this it will be
necessary to measure the hadron-nucleus cross sections at various incident-hadron energies.

According to the model developed in [3], when the de Broil wavelength of the incident
particle is much smaller than the size of the target nucleus, the interaction of each incident
particle with the nucleus can be considered as a process of interaction along a narrow tube
inside the nucleus, whose distance from the center of the nucleus is determined by the impact
parameter b. In this paper, we discuss the cross section of elastic scattering for the region of
large impact parameters b.

2. The amplitude of elastic scattering

We will discuss some aspects of nucleon-nucleon collisions without physical overlap, i.e.
collisions with impact parameters, b, larger than the sum of the nuclear radii, R, i.e. b > 2R.
Particles can be produced in these collisions through an interaction of the fields of the nuclei.
The interactions can involve both the electromagnetic and nuclear fields, but because of the
short range of the nuclear force, purely nuclear processes are suppressed for b > 2R.

If the momentum transfers from the nuclei are small enough (q<kc/R), the fields both nuclei
couple coherently to all nucleons. This enhances the cross sections and gives the events a unique
signature, which can be used for identification. The restrictions on the momentum transfer do
not prevent the production of heavy systems, however, in high-energy collisions.

The scattering of hadrons at high energies is a multiparticle process, as a result of which
the unitarity condition reduces to an unsolvable infinite chain of interlocking equations. One
of the methods that would allow us to construct an elastic scattering amplitude that satisfies
at least the two-particle unitarity condition is the use of a quasipotential [4].

The quasipotential in space configuration depends on the velocity and is nonlocal. In ad-
dition, it depends on the total energy of the system and is a complex function. Choosing a
quasipotential in the form of a smooth, local (in configurational space) function that depends
on energy, with a positive definite imaginary part, it is possible to correctly describe the basic
properties of hadron scattering at small and large angles [5,6].

The potential description of scattering with a given quasipotential permits a description
region of the phase shifts of individual iteration which are essential in the transition from the
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description region of momentum transfer to the Orear region. The probability description can
be considered as a justification for the introduction of smooth quasipotentials into field theory,
and in addition it appears to be more promising for describing scattering with momentum
transfers comparable with energy.

As a concrete example, we choose a quasipotential in the form of a Gaussian
p 3/2

V(sr)= is() exp(— r /4a) (1)
a

corresponding to a purely imaginary amplitude of diffraction scattering. In (1) the parameter
a characterizes the effective interaction radius, which depends on the energy. With increasing
energy, the parameter a increases logarithmically: a = ao+Ins. The local quasipotential (1) has
a positive definite imaginary part and is a smooth non-singular function of r which satisfies
all of the principles enumerated above and also the requirement of diffractive behaviour at small
transferred momenta. The advantage of Gaussian Potential is that it is very flexible. In contrast to
analytic potentials, the accuracy of Gaussian potential can be improved by adding more quan-
tum mechanical data at various points in configurational space without changing the fit glo-
bally. The flexibility of the fit ensures that the best possible fit is achieved for any given data [7].

In the representation of invariant variables (Mandelstam variables) the standard relation-
ship of the scattering amplitude f with the differential cross section of elastic scattering has

the following form

doy (s,1)

a— 2 s=4K>+m?)=4E2 t=—(p-k)>. ()

£ (s,1)

The scattering amplitude is analytic not only in the s plane, but also in the t plane.

In the description of elastic diffraction, it is convenient to use the eikonal model, the advan-
tage lies in the fact that in an explicit form it leads to the observance of the unitarity condition
for the scattering amplitude. If the energy of the incident particle is sufficiently large, so that
the wavelength 4 =« is small in comparison with the characteristic dimensions of the interac-
tion region R (where R is the nucleus radius), i.e. kR >> 1, the so-called high-energy approxi-
mation is well-suited to explain the scattering of such particles.

The high-energy or eikonal approximation is widely and successfully used to describe the
scattering of particles also in complex nuclei as scattering in a certain optical continuous me-
dium. In this approximation, instead of the law of conservation of energy, the law of conser-
vation of the momentum projection on the direction k takes place: pk = const. This means that
the movement in the transverse directions is completely neglected. In addition, in this appro-
ximation, no restrictions are imposed on the masses and coordinates of the particles, both the
finite radius and the recoil are considered exactly. Therefore, the eikonal approximation can
be used to calculate the differential cross sections for both direct and exchange processes. In
addition, in the eikonal approximation, the effect of distortions is taken into account only in
the phase of a plane wave.Therefore, the high-energy approximation can be used to calculate
the angular distributions of scattered particles.

For the hadron scattering amplitude at high energies, it is very convenient to pass from
expansion in partial waves to the representation of the impact parameter b

f(S,b):ijbdt{l—exp[_r:qj_zwv(bZ +z’2)dz'D )
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Such a recording of the amplitude in the high-energy region is not based on a specific me-
chanism of interaction. The entire dynamics of the process in the eikonal models should be
introduced by specifying a specific kind of eikonal [8]:

2(sb) = i(exp(—y\/bz T+ a?)—exp(—2ub? + a2 )j , (4)
here the parameters y, and a, have the meaning of the reduced mass and the interaction radius:

1=yl Nl+ns—iz/2;a=ay/1-Ins—iz/2. )

In the eikonal approximation, the characteristic scattering angle is determined by the qu-

antity §<A/b.

(3) can be expressed in terms of the eikonal

f (s,t) =i]bdb1 - expliz(s,b)]) 3o (v~ 1), 6)
where Jois the Bessel function.

We note that the function f(s,b), which determines the amplitude for purely nuclear scat-

tering according to Eq. (6), is virtually equal to unity within the nucleus, both in the case of an-
tinucleon scattering, and in that of nucleon scattering. This means that for these particles the
nucleus acts as an absolutely black sphere (in the central region) with a diffuse boundary.

At high energies, each value of b corresponds to its partial wave | =b+/s/2 and the uni-
tarity condition has the form

2Imf(s,b)=|f(s,b)|2+goin(s,b), (7)
here ¢, (s,b)is the contribution of inelastic channels, i.e. probability of inelastic interaction
ata pointb .

The total collision cross section and the inelastic scattering cross section are determined
as follows

O =47z[Im f(s,b)bdb , oy, = 27[p;,(s,b)bdb . (8)
The differential cross section for elastic scattering is related to the amplitude as follows
dc;is) =[Ref(s,t)2+lmf(s,t)2]- (9)

The elastic scattering amplitude must satisfy the general principles of analyticity and
unitarity.

After simple calculations for the differential cross section for elastic scattering, we obtain

do (do
E:(EL exp{2fa(t) —1]|n(5/50)}. (10)

The differential cross sections of binary processes (in particular, the elastic pp scattering
reactions), according to formula (10), are concentrated in a narrow region of transmitted mo-
mentum |tl, whose width decreases logarithmically with increasing energy. This phenomenon
in elastic processes is usually called the reduction of the diffraction cone. Reduction of the cone
of the angular distribution was observed experimentally in all binary reactions.

The total cross section is related to the imaginary part of the scattering amplitude accor-
ding to the optical theorem
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o = 4] Im £ (s, b)bdb—= M@ (11)
s

In the b representation the total cross section increases with increasing s as

oo <In?s. (12)

Due to the fact that with increasing energy the cross section grows in the logarithmic
approximation, as s increases, it is necessary to noted that the distance at which the collision
probability is not yet small increases with increasing according to the law

r(hs)=alns+d-clns, (13)

where g, d, ¢ are constants. The cross section with amplitude f (s,b) and with radius (13) is a

disc with radius r oc In s . Inside the disk (b <r) Im f—1, and at the periphery of the disk (b>r)
f oc exp(—2m, (b —r)). This behaviour ensures the correct position of the nearest feature of the t
channel t =4m? .

The amplitude can be expanded in a series b containing only even powers of the regularity
condition for the Fourier-Bessel transform of the function (6):

= exp(altn)( 4ﬂ2ﬂj"l ‘

f(s,t)=isy

n=1 hkn L a (14

On the basis of the obtained formulas, we first consider proton-proton scattering.

2 . . . . .
For t~ —aln(azJ the contribution of the second term in the expansion (14) is comparable
T

with the first term. Therefore, a second minimum must appear in the differential cross section.
This fact is confirmed by the known experimental data [9,10r] for measuring the differential
cross section for elastic pp scattering at Js =53GeV. The parameters are adjusted to experi-

mental data. As can be seen from Fig.1, the model predicts the first minimum at ~1.2 (GeV/c)?
and the second minimum at ~7.0 (GeV/c)2.

Fig. 1. Dependence of the differential cross section of an elastic pp scattering from.
Points-experimental data from [9,10r].

'\/; =53GeV
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There are three minimums for the cross section in the experiment. The first and third coin-
cide with the theoretical values, but the second minimum does not exist on the theoretical
curve. Undoubtedly, the imaginary part of the elastic scattering amplitude dominates at small
angles in the diffraction cone and the problem of the behaviour of the real part of the ampli-
tude of elastic scattering for nonzero momentum transfers becomes very relevant.

One might think that the discrepancy is due to the fact that at high energies because of
intense meson formation, all phases become complex and the nuclear amplitude - forward
scattering is almost completely imaginary. In this case, the scattering can be represented as
due to the action of the one-pion exchange potential. In the paper [11], proton-proton elastic
scattering was studied in the framework of one pion exchange model and a scalar theory in
an attempt to simulate nucleon-nucleon interactions covering a large energy range. When the
models were compared with the available total cross-sectional data, it was found that the scalar
theory best fits the data below the below labotary momentum of 0,5 GeV. However, compliance
with high-energy data is not as good as it was found in a very low momentum region.

In Fig. 2 compares the results of calculations using formula (11) with experimental data
for the scattering cross section p°Be [12]. The solid line corresponds to the cross-section calcu-
lated from equation (11), the points correspond to the experimental data.

It can be seen from Fig. 2 that the model of a composite nucleon leads to a satisfactory
agreement between the calculated cross section and its t-dependence and experimental data.
As in the usual eikonal approach, at large |t|values are predicted do/dt (Fig.1. and Fig.2) that

are significantly smaller than in the experiment. In addition, there is no pronounced minimum
in the experiment. The experimental cross section has a slight inflection at | t 1=0.4 (GeV/c) 2.
The unitarity condition predicts an exponential fall for the differential cross section with ad-
ditional substructure to occur exactly between the low momentum transfer diffraction cone
and high momentum transfer. As can be seen from the Fig.2, the steep Gaussian peak at small
angles is followed by the exponential (Orear) regime with some shoulders and dips and then
by the power-law drop. It is known that the °Be nucleus does not have spherical symmetry,
and one of the reasons may be a significant deformation of the nucleus, which has a significant
quadrupole moment Q =53 mb.

Fig.2. Differential cross section for p°Be scattering. The solid line corresponds to the cross-section calculated
from equation (11), the points correspond to the experimental data from [12].

A «./; =26 GeV

1074

do//dt, mb(GeV/c)?

103 -

v

We made very simple assumptions about the structure of the nuclei and indicated the
main theoretical considerations for detailed calculations. Depending on the number of nucleons,
the number of channels influencing the decay channel increases. If deformed nucleus, the de-
formation also affects the process. Other reasons are an increase in the ratio of the real part of
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the elementary scattering amplitude to the imaginary one and the presence of some incoherent
scattering channels. Accounting for all of these factors sharply increases the complexity of the
calculations. Therefore, this article did not take into account the role of deformation and num-
ber of channels.

It follows from (9) that the ratio of the real part of the amplitude in the forward scattering
to its imaginary part

As,t)y = MY (15)
Re f (s,t)
must tend to zero in the asymptotic as s increases. A definite relation between the real and
imaginary parts of the amplitude is valid for a certain energy interval.

As we can see, the real part of the amplitude can over exceed at large momentum transfers,
according to the unitarity condition. In this region, the real part of the amplitude can be large
and negative in comparison with its imaginary part. We note that A(t) vanishes and beco-
mes negative. This result agrees with the general theorem on the change in the sign of the real
part of the elastic scattering amplitude at high energies [13]. But on the other hand, the decrease
in A(t) with an increase in ¢ is unsatisfactory.

In explaining the energy dependence of the hadron-hadron scattering cross section, the
t-channel exchange picture is more adequate, which for high energies was formulated in the
form of the Regge model. Diffraction scattering in the Regge model is described by the exchange
of a pomeron-a vacuum moving pole in the complex plane of the angular momentum. But this
model also can not explain all the data. (s, t) -dependence of the differential cross sections and
the ratio A(t) in a wide energy range and momentum transfers can not be solved without in-
troducing fitting parameters.

3. Consclution

In this paper we carried out a study on the basis of the continued unitarity method in which
the main equation for the scattering amplitude is the elastic unitarity condition, analytically
continued to the region above the first inelastic threshold. Here we considered only the Gaussian
potential. Nevertheless, the physical interpretation of the results suggests [14r], that the qua-
litative scattering pattern described in the main features is valid for a larger class of strong
potentials that decrease rapidly at infinity.

We have made very simple assumptions regarding the structure of the nuclei and pointed
out the main theoretical considerations for detailed calculations. More specific structure ef-
fects, such as e.g. resonances, are expected to appear on a background parameterized by the
above equations. The availability of experimental data in the near future will certainly arouse
interest on the detailed investigation of such effect. Such experiments would give valuable
information on disintegration reactions and about the distribution of the nuclear density in
the nuclear surface. At high energies both the electromagnetic and the nuclear interaction
between projectile and target will be important. Far from being a drawback, this can be of
utility to extract complementary information about these different reaction mechanisms in
the peripheral collisions. A decomposition of these mechanisms from the analysis of angular
distribution of the fragments or from the dependence of the cross sections on the energy, charge
and mass parameters is possible in accurate measurements.
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There are many models, but it is still difficult to give preference to any one of them. Most

models are successful at the introduction of different assumptions. It is essential how to achieve
improvement of existing models: by avoiding simplifying assumptions or looking for new phy-
sical arguments that would make the model more realistic and save it from simplifications. It
is from this point of view that one should approach the analysis of the further development

of the model of hadron scattering, caused by new experimental facts.
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NUCLEONS CLUSTERS TRANSFERS
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ABSTRACT

Based on the theory of clusters discussed the electric quadrupole transitions in two-nucleon transfers reactions
as (t,p). The study did not take into account the interaction between the particles of the association. and the internal
structure of the clusters is neglected. Study was carried out with the distorted plane waves of proton and of triton.
The results are given in the work related to the analysis of the matrix element of the electric quadruple transitions.
Shown that, in the two-nucleon transfer reactions, the low-lying 0* levels will be more strongly excited in nuclei in
which the single-particle quadrupole transitions near the Fermi surface have the same sign. This report de-
monstrated via some examples how the nuclear magnetic and quadrupole moment are sensitive to some features
in the nuclear structure.

Key words: nucleon clrster, matrix element, electric quadruple transitions.
SAEKTPUYECKUE KBAAPYITIOABHBIE ITEPEXO/DI B ITEPEAAYAX HYK/AOHHBIX KAACTEPOB
PE3IOME

Ha ocHoBe Teopum KaacTepos 00Cy>KA4aAMCh DAEKTpUYeCcKNe KBaJpyIoAbHEIe ITepexoAsl B ABYXHYKAOHHBIX
peakuusx Xax (f, p). B uccaegopannm He yauTBIBAA0Ch B3aUMOAEICTBIE MeXAY YacTULIaMI KAaCTepOB U BHYTPeH-
Hell CTPYKTypoOil KAacTepos IlpeHeOperaeTcs. VccaejoBaHne IpoOBOANAOCH € MCKayKeHHBIMI I1AOCKMMU BOAHAMU
nporoHa u TputoHa. [loaydyeHHble pe3yAbTaThl IPUMEHSIOTCA K aHaAM3y MaTPUYHOTO DAeMeHTa DAeKTPUIecKUX
KBaJPyIIOABHBIX ITepexol0B. ITokazaHo, 4TO B peakIusx IlepeHoca AByX HYKAOHOB Hu3Koaexxaniue 0 yposHu Oy-
AyT D0Jee CUABHO BO3OY>KAAThCS B sIApaX, B KOTOPBIX OAHOYACTUYHEIE KBaJpYIIOABHBIE TIepeXoAbl BOA3N ITOBepPX-
Hoctu PepMur UMEIOT OAMH U TOT XKe 3HaK. [IpuBeseHHbIe IpUMephl CBUAUTEABCTBYIOT O TOM, UTO SIA€PHBIN Mar-
HUTHEINA 1 KBaAPYIIOAbHEIII MOMEHTEI YyBCTBUTEABHEI K HEKOTOPBIM OCOO@HHOCTSM SIA€PHOM CTPYKTYPBI.

KarogeBble ca0Ba: HyKAOHHBIE KAACTepPhbl, MATPUYHBIN 9A€MEeHT, AeKTPIYecK/e KBaJPyTIOAbHbIE IIepexXOAbL.
NUKLON KLASTERLORININ OTURULMOSINDS ELEKTRiK KVADRUPOL KECIDLORI
XULASO

Klaster nazariyyesina asasan (¢, p) tipli ikinuklonlu reaksiyalarda elektrik kvadrupol kegidlarine baxilmisdir.
Toadqiqatda klasterin zarraciklari arasinda qarsiligh tesir ve quruluslar1 nazars alinmamisdir. Proton va tritonun
dalga funksiyalar1 tehrif olunmus dalgalar kimi koétiiriilmiisdiir. Alinmis naticaler elektrik kvadrupol kegidlarinin
matrisa elementloarinin tohlinins tatbiq edilmisdir. Birzarracikli kvadrupol kegidlari Fermi soviyyasindas eyni isa-
rayea malik olduqgda 0* saviyyalarinin ikinuklonlu &tiiriilme reaksiyalarinda daha giiclii hayacanlanmas1 gosteril-
misdir. Verilon niimunolar niivenin maqnit va elektrik momentlarinin niivenin qurulusunun miiayyan xiisusiy-
yotlorindan asililigin siibut edir.

Acar sozlar: nuklon klasterlari, matrisa elementlari, elektrik kvadrupol kegidlari.

1. Introduction

The idea of nucleons clustering has a history back to the early thirties of the last century.
By observing alpha decay from nucleus, people speculated that nuclei are made up of alpha
particles. Bethe in his paper [1] predicted that nuclei are made of alpha particles and gave also
a geometrical arrangement of alpha particles inside nuclei. He predicted that, for each new
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addition of alpha particles, the number of bonds increased is three. At that time, this was too
a big challenge for the clustering models and eventually these models disappeared from the
nuclear structure theories. Clustering is a recurrent feature in light nuclei, from beryllium to
nickel. In light nuclei, the nucleons have been observed to cluster together forming substructu-
res within the atomic nucleus, for states where the nucleons are only just bound together. Cluster
structures are typically observed as excited states close to the corresponding decay threshold;
the origin of this phenomenon lies in the effective nuclear interaction, but the detailed mecha-
nism of clustering in nuclei has not yet been fully understood. If we are taking into account the
interaction between nucleons (as it is in reality) in the model approach, we can expect the
formation of clusters. Calculations showed that, the associations occur on the surface of the
nucleus, where the density of nuclear matter less than in the downtown nucleus [2].

Since the formation of associations, most likely on the surface area of the nuclei, then to
study them in the first place it is necessary to carry out studies of nuclear processes, extending
to the surface of the nucleus. These are direct nuclear reactions. The association effect is sig-
nificant when the scattering particles with light nuclei have intermediate-energy and it appears
the stronger the higher the energy of the incident particle. The information obtainable from
bineutron cluster stripping reactions is different from that obtained from single-nucleon trans-
fer reactions; from the latter only the single particle character of the levels is obtained. The sets of
data obtained from the single and two nucleon transfer reactions are both valuable, and they
are mutually complementary. The analysis of the former kinds of reactions has already reached a
satisfactory enough stage to furnish quantitative information about nuclear structure.

The two-nucleon transfer reactions also, have taken on great importance, because they are
to be very sensitive to nuclear spectroscopy. The task of the proton-triton or triton-proton scat-
tering is the simplest problem in the nucleon - nucleus interaction or interaction of a particle
with a complex structure, which has been studied for a long time and its solution, developed
highly effective calculation schemes.

In this paper, we obtained the expression for matrix element for electric quadruple tran-
sition. Considered energy region lies below the threshold meson production and the impulse
approximation is used. It is assumed that the amplitude of the interaction of nucleons of the
incident nucleus with the nucleons of the target nucleus are the same as in the case of a colli-
sion free nucleons.

2. Matrix element of electric quadruple transitions

Consider the t+ A— B+ p reaction in the laboratory system and we will study the

kno-cking out bineutrons cluster. Let F,, F, and [, coordinates of the proton and neutron in

the triton, kp - free proton wave vector, kt- wave vector of triton. In (t, p) reactions occur

dissipa-tive phenomena, i.e. the dissipation in the orbital angular momentum of a reaction in
which part of the relative angular momentum of Li, characterizing the initial trajectory,
transform into spin of fragments in accordance with the expression AL=La — Le=Ls + L.

We will neglect the internal structure of the associations and effects of the Pauli principle
between the nucleons in the clusters are taken into account by introducing short range repul-
sion between the clusters. The orthogonality condition model and excluded state model treat
the clusters as elementary particles, but include effects of the Pauli principle in a more micros-
copic way. Wheeler’s resonating group method is a fully microscopic theory for calculating
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properties of cluster systems. It makes simplifying assumptions about the internal structure
of the clusters but takes the Pauli principle explicitly [3].

Scattering may be accompanied by transitions between different states of the L], compatible
the conservation the total angular momentum. However, the orbital angular momentum and
spin are not good quantum numbers and the partial wave corresponding to a certain L and S,
may cause scattered wave with L"# L,S’ # S . If we take into account that the good quantum
numbers are the total angular momentum and parity, the amplitude of the scattered waves
form a matrix, the elements of which depend on the following indices: J, L and S .

In the scheme of connection I, +L =j, I, + j=J, due to the statistical nature of the dissipa-

tion of angular momentum transmitted AL not completely polarized, and the back can be de-
composed into alignment Jand fluctuation J 'components, ie, from

(35)=(3y)=0, (3;)=Jp.

The transmitted AL orbital angular momentum is basically alignments and increases with
the loss of kinetic energy. This transfer of angular momentum takes place in two ways: as the
inelastic excitation of core as certain multipole and nucleons occupying certain orbital in the
initial and the residual nucleus. Thus it is possible to put the physical problems of the dissipa-
tion of energy and angular momentum on the distribution AL between fragments and the orien-
tation of each fragment, characterized by the ratio J/] depending on such typical reaction pa-
rameters such as energy, deflection angle.

This is an illustration of the fact that the clusters of the nucleons are compatible with the
Young scheme of the orbital part of the wave function if this scheme contains the maximal num-
ber of fourgroups.

The wave function of the initial state can be written as [4]

¥ = \PA(QZ)Ft (Ft)f ; (F, ﬁ)ll/z,m‘ , 1)

where ‘¥, (f) the wave function of the nucleus A, F,(F,)- distorted wave function of the triton,
I the radius vector in the centre of inertia of triton, f°* (F, [7) -the wave function of the internal

motion of triton, r = ‘Fn -7, |, p - distance from the proton to the centre of gravity bineutrons

cluster, S indicates the spin state of the captured neutrons, ¥;,,, -spin function of the triton.

Bineutron association in the triton is different from free nucleons, as they are surrounded by
other nucleons. This field leads to a change in the association properties compared with the
free neutrons [5].

The wave function of a nucleus A consisting of N bineutron clusters has the form:

Pi(Ry.- Ry )X

Fa=A exp{—;‘% S (r; ~R)? - 2|o§1 Rf}z(tﬂ)

i=1j=1

()

where A=Y (-1)"P the antisymmetrization operator (here the sum over all A! permutations of
p

the nucleons of the nucleus); Pi is a polynomial of degree n: that defines the shell configuration
of the nucleus, parity, total orbital angular momentum, its projection, etc. of the state; y(oT)

13



L G. Afandiyeva

- spin-isospin function; 1 is the radius vector of the j-th nucleon in the /-th binucleon associa-

2
tion; R = %Zr“ and x = b/a parameter of isolation. For x —1, the wave function (2) goes over
j=1

into the shell function.

The final state function describes the state of the nucleus B consisting of A and bineutrons
cluster and the free movement of a proton. It can be represented as:

¥ :\Ps(g)f(rp))ﬁ/z,mp ’ 3)
where f (Fp ) - distorted function of the proton, y, r2m, ~ the spin function of the proton.

The matrix element of the quadrupole transition has the following form

(i)

S D BV 4)
JNiN;
where
Q = i rszzo (‘9 §0i)’ (5)

- quadrupole moment operator; N; and N the normalization integrals.

The main feature of the integrals appearing in expressions (4) is that the wave function
of the relative movement and distorted waves also depend on the relative different combina-
tions of variables.

Furthermore, they are presented in nucleon variables. The problem of separation of variab-
les is very important because of its solution depends on the possibility of analytical calculation
of integrals over the angular variables, as well as for those variables that are not associated
with the interaction of particles.

The operator@ is not symmetric in all nucleons, since it acts only on the variables of the

protons. Taking into account the contribution of the spin or isospin part of the operator G does
not cause any special difficulties. This problem is solved in the same way as in the shell model.

The quadrupole transition operator in the Jacobi variables can be written as follows:

1
. A I'|2Y20("|)+5U|2Y20(U|)+
Q=2R™y0(r)+ 3. / (©6)
= +EVI2Y20 Vi)
where variables the Jacobi variables describe the motion of bineutrons inside the [ cluster:
U =N =N, Vi =h+1,. 7)
The term containing the quadrupole moment of the center of mass of the nucleus is discar-

ded, since it does not correspond to any real physical transition of the nucleus from one state
to another, but leads to excitation of the center of mass of the nucleus.

Since antisymmetric functions are in the (4) and the operator Q is symmetric with respect

to the nucleons, then we can write
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A(Rr[QY) ®)
- NN,
Taking into account the form of the operator Q, itis possible to represent (8) in the form
A! of terms, one if which is a direct integral and has the form <‘Pi |Q“P i > , and the remaining
exchange ones - <P‘Pi |Q‘TJ> .
Let us consider the calculation of the matrix element for the quadruple transition 0" — 2"
in 24U(t,p)»oU:
74( Ay lQl¥s, )

V NOON20

M(E2)= )

where
MaN21, , o, 1. N
Y,, =<exp| —— —(us +Vv:)—=bXR \T) +X
00 { p|: 2 i§1j§12( ijT u) 2 El I:|Z(O- T)} and

XF(R) T °(F.5) 21/ 2m, (10)

P :\PZO(é)f(FP)ZlIZ,mp' (11)

In view of the fact that a large number of single-particle states are taken into account in
calculations, the effective charge for bineutrons is assumed to be zero for quadrupole transitions.

Substituting (10) and (11) into (9) for the matrix element, we obtain for direct integral

’ ~1/2(3+n+n’
_(L+2+r”2n)[l qz ] (3+n+n’)

M(E2)= 722 -
()” 4sp

X (12)

1 1 , q% ., . n
F[=(L-n);=(L-n");L+3/2,—]/
[ (L=n): o (L=n)iL+ 4Sp] X

Fig. 1 shows the M(E2) value for transition from the excited to the ground state. The solid line
corresponds to the matrix element calculated by Eq. (12), point data from [6].
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Thus the strong population in two nucleons reactions of the excited states in the actinide
region can be associated with the density distribution of single - particle levels and the
alignment of the corresponding quadrupole moments in the vicinity of the Fermi surface of
these nuclei.

In Fig. 1 shows the M(E2) value for transition from the two excited to the ground state. The
solid line corresponds to the matrix element calculated by Eq. (12) point data from [6]. Break-
down of the E2-additivity for strongly interacting protons and neutrons. Only in the weak
coupling limit it is possible to describe the empirical quadrupole moment for a composed pro-
ton—neutron state as a linear combination of the respective proton- and neutron-quadrupole
moments. If the experimental quadrupole moment of a composed state does not agree with the
empirical additivity value, it can be an indication that there is a strong interaction between
the protons and the neutrons. In that case, the wave function cannot be decoupled into its
proton and neutron part only. In this paper all the calculations were based on non-relativistic
quantum mechanics. But at sufficiently high energies become significant inelastic processes
associated with the formation of mesons.

The problem, in the solution of such problems is the separation of variables, since it affects
the possibility of analytic computation of integrals over the angles, as well as for those variab-
les that are not related to the interaction of particles. Therefore, the ability to describe the in-
teraction between nucleons via potential is limited by high energy. Such a restriction on energy
means that the unambiguous definition of the potential at small distances impossible.

3. Consclution

For an explanation of two-nucleon transmission there are different approaches, each of
which is treated properly, some but not all aspects of these transitions. Among these aspects:
the use of the exact wave functions of triton and the corresponding exact interaction; accurate
interpretation of the limited domain of interactions in the amplitude of both the first and second
order; explanation of non-orthogonality of the amendment to the term of the second order,
which seeks to eliminate the amplitude of the first order. In addition, all the results are very
sensitive to potentials and the wave functions of the kernel used for the transition matrix.

The article was used approaching zero radiuses with the assumption that there is not take
into account the exchange of nucleons between the two nuclei, and that the target nucleus is
not excited. Then, we were limited by the fact that the internal states incident t, emitted p, and
any intermediate state associations are fully balanced S-states, so that the corresponding sequ-
ential interaction of transmission are diagonal in the spin states of nuclei. With this reasoning
radial wave functions two neutrons which form association close to one another, particularly
in the peripheral region of the nucleus where there is a "cross-linking" of the wave functions
of nucleons - target (A) and in the nucleus B.

However, we would like to emphasize once again that before we modify the nuclear mo-
del it is necessary to investigate the reliability of the spectroscopic factors extracted from the
relative excitation cross sections in the reactions of two-nucleon transfers, that is, to investigate
the mechanism of reaction.

In the two-nucleon transfer reactions, the low-lying 0* levels will be more strongly excited
in nuclei in which the single-particle quadrupole transitions near the Fermi surface have the
same sign.
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This report demonstrated via some examples how the nuclear quadrupole transitions are

sensitive to some features in the nuclear structure.
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ABSTRACT

Electroabsorption spectra of GaSe, GaS, InSe crystals, solid solutions GaSosSeos and GaSe crystals doped with
boron GaSe (B) atoms have been investigated experimentally. The absorption edge in GaSe shifted toward longer
wavelengths by 16 nm under an applied field as low as 1-10°V/cm. A similar shift in InSe is 76 nm at 3.7x10' V/em. A
continuous He-Ne laser light (A=632,19 nm) and YAG:Nd* laser pulses (A=1060 nm) could be modulated up to 100%
intensity by a ~20 V applied voltage. The red shift is much higher than that evaluated on the base of a Franz-Keldysh
mechanism and have a thermal origin. It should be noted that the proposed device can also be used as an effective
cut-off filter, for example, in the study of luminescence or photostimulation, when it is necessary to separate the
useful signal from the signal generated by powerful excitation radiation.

Keywords: GaSe, InSe, GaS, lasers, absorption, optical filters.

OCAABUTEAN AA3EPHOT'O U3AYUYEHMSI HA OCHOBE CAONMCTBIX
MMOAYIIPOBOAHNKOBBIX COEAMHEHU A3B¢

AHHOTAIUSA

DKcIepuMeHTaAbHO MCCA€A0BaHbl CIIEKTPhI DAeKTponoraomenus B kpucraaaax GaSe, GaS, InSe, Teepabix
pactBopos GaSosSeos n B Kpucraaaax GaSe, aermposannsix atomamu 6opa GaSe(B). Tloa aeiicTBueM BHeITHero
»aeKTpudeckoro rmoas 103 B/cMm, kpait moaocsr noraorenns GaSe cMeIiaeTcs B CTOPOHBI AAMHHBIX BOAH Ha BeAU-
uyyHy 16 HM. AHazormuHBI cABuT B InSe cocraBasier 76 uM nipu 37 B/cm. VHTeHcuBHOCTM HenpepsiBHOro He-Ne
(632,19 M) aazepa 1 nmiyascaoro YAG:Nd* (1060 HM) aasepa MOryT OBITH MogyAuposassl 40 100% rpu mipuao-
SKEHHOM K 0OpasIiaM BHEIITHETO 9AeKTpudeckoro HampspkeHus ~ 20 B. Casur Kpaii 11010CH TIOTA0IIEHNEe B MCCAe-
AOBAHHEIX BeITIeCTBaX 110/, AeVICTBMEM BHEIITHeTO DAeKTPMYeCKOro I10As HaMHOTO 0O0AbIlle, YeM IPUAOKEHHBIX B
Teopun Ppanria — Keagrina 1 nMeeT Ter10Boe MPOUCXOXKAEHNE C HaAUIMeM IT0A0XXUTEABHON 0DpaTHOII CBA3ML.
ITpeaaaraemMoe yCTpOICTBO TaKXKe MOKeT OBITh MCII0AB30BaHO B KauyecTe D(P(PEeKTHBHOTO OTpe3aloniero GpuanTpa,
HaIpyuMep, IpU MCcAeAOBaHNY AIOMUHECIIEHITNY AV POTOCTUMYASIINY, KOT4a HeO6XOAMMO OTAEANUTH IO0AE3HBIN
CUTHAA OT CUTHa/Aa, TeHepMPYeMBIil MOITHBIM Aa3ePHBIM M3AydeH/eM.

Karouesbre caosa: GaSe, InSe, GaS, aa3epsl, 1orao1eHune, onrudeckye GuAbTPHI.

A3BSLAYVARI YARIMKECIRICILOR 8SASINDA LAZER SUALARININ
INTENSIVLIYININ ZOIFLOIDICIsi
XULASO

GaSe, GaS, InSe kristallarinda, GaSosSeos bark mahlullarinda ve bor (B) elemeti ilo asqarlanmis GaSe kristalla-
rinda elektroudma spektrlari todqiq edilmisdir. 10° V/sm xarici elektrik sahasinin tasiri ilo udmanin uzun dalgal:
kenar1 uzun dalgali terafs 16 nm-a qader siiriisiir. anoloji siiriisma InSe-ds 37 V/sm-des 76 nm tegkil edir. GaSe kris-
tallarindan keg¢on He-Ne (632.19 nm) lazerinin kasilmaz ve YAG:Nd* (1060 nm) lazerinin impulslu sitalanmasimnin
intensivliyi kristala tatbiq olunan elektrik sahasinin tesiri ilo 100% -a gader modullasdirila bilinir. Xarici elektrik
sahasinin tesiri ilo udmanin uzundalgali kenarin siiriismasi Franz-Keldish nazariyyasi asasinda hesablanan qiy-
matdan daha boyiikdiir va siirlismenin termik tabistli oldugu gosterilir. Udmanin uzundalgali kenarinin elektrik
sahasinin tesiri ile siirlismaesi asasinda hazirlanmis qurgu lazer siialanmasmin intensivliyini modilyasiya etmak
uglin istifada olunur.

Acar sozlar: GaSe, InSe, GaS, lazerlar, udulma, optik filtrlar.
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Laser Radiation Attenuator on the Basis of A’B° Layered Semiconductor Connections

1. Introduction

From numerous publications on various scientific and technological applications of lasers,
it is known that laser radiation has a super-strong electromagnetic field much higher than the
intra-atomic electric fields Ea (Ea ~ 10° B/cm). If you focus a laser beam that transfers energy E
in time T (pulse duration) to a spot with area S, then the generated energy flux density will be
determined by the formula [1]

E

= (M

q

It's clear that, it can be increased by increasing the beam energy and / or reducing the
duration of the laser pulse. From a technical point of view, it seems quite affordable to receive
~10%] in the beam of energy in less than picosecond (10-2s) times, although lasers with ener-
gies of several megajoules (~10°¢]) and femtosecond durations (10> s) and even attoseconds
(108s). The reduction of the focal spot area is limited by diffraction - its minimum area is app-
roximately equal to the square of the laser wavelength A (for visible light it is ~ 10 cm?). So,
with the help of a laser, the beam of which focuses on a spot of such an area, it is possible to
obtain energy flux densities of more than 10 W/cm? (E ~ 100 kJ, S =10 cm?, T ~ 105 s). The
intensity of laser radiation, at which the electric field intensity in the beam is compared to the
intra-atomic one, is 6.9-10 W/cm?.

In order to imagine what kind of energy flows we are talking about, we recall that the flow
of solar energy on the surface of the Earth averages ~ 1.4-102 W/cm?2. At flows of 10° + 107 W/cm?,
melting and evaporation of solids occur, and at 10+10"' W/cm?, electrical breakdown of gases
and the formation of plasma. A laser beam with q ~ 10 W/cm? is used to heat the plasma to tem-
peratures of tens and hundreds of millions of degrees and initiate thermonuclear reactions in it.

Laser radiation has a high intensity (power), which is directly impossible to direct to the
object under study, otherwise, depending on the power, one of the above processes may occur:
melting, evaporation of a substance, plasma formation, etc. Therefore, one of the main issues
of laser technology is the manufacture of laser attenuators, which allows smoothing down the
intensity of laser radiation to the desired, minimum value, without distorting the pulse shape.

Currently, to attenuate the radiation of lasers used various sets of neutral filters, mecha-
nically adjusted slits and diaphragms, optical polarizers and integrating spheres are used for
attenuating laser radiation, specifically, He-Ne laser radiation with a wavelength of 632,8 nm
and YAG:Nd laser radiation with a wavelength of 1060 nm. All these methods have certain
disadvantages. For example, slits and diaphragms change the geometry of the beam cross sec-
tion, filters have a limited dynamic range of regulation and polarizers may cause a beam shift.
The same drawbacks are inherent in integrating spheres, to a certain degree [2]. In addition,
it was shown in [3] that infrared interference filters based on ZnSe crystals with addition of
tellurium allow the edge of the absorption band and transmission spectra to change with tem-
perature. However, it should be noted that these filters are not intended for laser radiation. On
the other hand, a temperature change in the range of 300-80 K leads to a slight shift in the edge
of the absorption band (the temperature shift coefficient is negative and is equal to -25A°/C).

These disadvantages can be easily eliminated with a relatively simple attenuator of the
intensity of transmitted laser radiation. Its operation is based on the effect of the shift of the
long — wavelength edge of an optical absorption band in layered — chain crystals under the
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action of an electric field [4-7]. Gallium and indium selenide are a typical representative of these
crystals.

GaSe and InSe crystals belong to the A’B¢ family of semiconductor compounds and have
a layered structure [8]. The structure of these crystals consists of successively packed layers,
each of which contains four tightly connected atomic planes Se-Ga(In)-Ga(In)-Se. The bond
between the layers is a weak van der Waals bond, while the covalent bond dominates along
the layers.

Due to the peculiarities of the structure and chemical bonds, these single crystals possess
unique physical properties. The weak Van der Waals bond between the layers allows for clea-
vage along the cleavage plane and obtain samples with thicknesses down to a fraction of a
micron with natural mirror surfaces. The relatively small value of the absorption coefficient
(a ~ 10°cm™) allows working with resonators ~ 10 um in length. The band gap widths of GaSe
(Eg ~2.02 eV) and InSe (E; ~ 1.24 eV) are in the range of generation frequencies of most lasers
operating in the visible and near infrared spectral regions (YAG:Nd*?, Ar, He-Ne, Rb lasers,
liquid dye lasers, etc.).

In this work, the influence of the electric field on the edge of the absorption band of GaSe,
GaS, InSe crystals, solid solutions GaSosSeos and GaSe crystals doped with boron GaSe(B) atoms
is experimentally investigated.

2. Experimental method

The crystals studied were grown by the Bridgman method. The procedure of manufactu-
ring the attenuator of laser radiation includes the following operations: spalling of a thin (a thick-
ness of below 100 um) sample of single crystal measuring 3x3 mm?; deposition of semitrans-
parent gold electrodes ~100 A° thick on the faces perpendicular to the c-axis, through which
radiation passes; and formation of the connection of these electrodes to the current — feeding
electrodes with an In — Ga paste. To make the contacts more rigid, we applied polymeric ad-
hesive or varnish on the paste. The most reliable contacts were obtained when depositing an
indium oxide film with thickness of below 1 pum on crystal faces, with the subsequent soldering
of copper or nickel wires-electrodes by using In. the efficiency of such a device depends chiefly
on the crystal thickness and distance between the electrodes. In the initial state, the optical
transmission of the attenuator manufactured according to the above schema was ~20%. We
found that the maximum shift of the edge of the optical absorption band takes place in speci-
fied crystals with a resistivity of 103+10°Q-cm at room temperature.

The radiation sources used were a halogen incandescent lamp and a pulsed Nd:YAG*
laser with built-in 2nd and 3rd harmonic generators, designed to generate radiation with a
wavelength of 1064, 532 and 335 nm. The duration of the laser pulse was 12 ns with a maximum
capacity of about ~10 MW/sm?. In the study of the transmission spectra, an automated mono-
chromator with double dispersion M833 (spectral resolution ~ 0.024 nm at a wavelength of 600
nm) was used with computer control and a detector recording radiation in the wavelength range
of 350-2000 nm. Si p-i-n photodiode was used as a detector of the transmitted light. The amp-
litude and the shape of the registered signal were controlled by digital oscilloscope.

Essentially the attenuator operates by such a scheme (Fig.1). The radiation from the laser
passes through semitransparent electrodes and crystal (perpendicular to the layers).
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The transmission spectra were measured under the applied voltages of up to 20 V. The
form and fronts of pulses of radiation passed through an attenuator did not detect any distor-
tions and it is possible to suppose, that the switching time of the device does not exceed of 10 s.

Fig.1. The scheme of the experimental setup.
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3. [Experimental results and discussion

Figure 2 shows the transmission spectra of thin GaS, GaSosSeos, GaSe and GaSe(B) thin films.
As can be seen from the figure, the transmission spectra of these crystals cover a rather wide
range of wavelengths from 407 nm to 630 nm. In this case, the edge of the absorption band
corresponds to the forbidden width of each crystal and coincides with their values, which is
known from the literature [4, 9, 10].

Fig.2. Transmission spectra of thin semiconductor GaS, GaSe, GaSosSeos and GaSe(B) films.
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We have experimentally found that the edge of the absorption band of layered crystals
depends rather strongly on the magnitude of the applied external electric field.

As an example, Figure 3 shows the transmission spectra of a GaSe sample with different
applied voltages. The absorption edge moves toward longer wavelengthsby increasing the
applied voltage. A large shift of about 16 nm (~160 A°) in the absorption edge corresponding to
50 meV is observed for the applied voltage of 16 V. As can be seen from the figure, the shift of
the edge of the absorption band towards the long waves (~160 A?) under the action of an exter-
nal electric field allows you to smoothly change the intensity of the He-Ne laser.
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Fig.3. Transmission spectra of GaSe thin films for different applied voltages.
100

He-Ne (1=632.19 nm)

10V
2-3V
87,5 7
e 36V Y 7/
s 49V /
512V i
B fgie ]
718V [
I
62.5 ‘

2;(; ’ f
)
Il

0
566.43 605.95 632.19 644.86 683.78 722.41
A, nm

Unfortunately, application of GaSe crystals in this case is limited by a visible range of spect-
rum. The development of a similar attenuator of laser radiation operating in near IR range of
spectrum meets the requirements of the present time. Therefore we have continued investi-
gations on searching of a material which is capable to exhibit similar properties in IR range
of spectrum, in particular, in the near IR range in which the YAG:Nd* laser (A=1060 nm).

Figure 4 represents these spectra for various voltage bias applied InSe thin films. As one
can see when no field was applied to the sample then the absorption edge (the curve 1) places
on 998 nm (1,24 eV). This is a good agreement with data for forbidden gap of InSe. Under app-
lied voltage the absorption edge is red shifted (curves 2-8) achieving a mark of 1074 nm at
about 7,3 V. Value of shift is about 75,8 nm (88 meV). As can be seen from fig. 4 this value is
quite enough to control the intensity of the YAG:Nd*? laser.

Fig.4. Transmission spectra of InSe thin films under various applied
voltages (V): 1-0; 2-2; 3-4; 4-5; 5-6; 6-7; 7-7,2; 8-7,32.
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In fig. 5 shows the experimental results on the attenuation of the radiation of a continuous
He-Ne laser (A= 632.19 nm), with an output power of ~10 mW, a pulsed YAG: Nd laser (A=
1060 nm), with an output power of 12 MW/cm? and a duration of ~ 10 ns as well as laser GaAs
diode with tunable wavelength of 650nm, 535 nm and a maximum power of 2mW. As can be
seen from the figure, already at a voltage of ~ 14 V, a 100-fold attenuation of the intensity of
laser radiation is achieved.

The dependence of the magnitude of the shift of the edge of the absorption band (AL) on
the applied electric field (E) for GaSe and InSe has a power-law character AL ~ E», where n =
21+25.

It should be noted that the proposed device can also be used as an effective cut-off filter,
for example, in the study of luminescence or photostimulation, when it is necessary to separate
the useful signal from the signal generated by powerful excitation radiation (see Fig. 2). This
was successfully implemented by us in measurements using a high-power tunable wavelength
YAG: Nd laser (532 and 1064 nm).

Fig.5. Intensity of laser radiation with wavelengths of (1) 632.19, (2) 1060 and (3) 532 nm transmitted through the
attenuator GaSe (curve 1), InSe (curve 2) and GaSosSeos (curve 3) as a function of constant voltage applied to it.
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In our opinion, the observed anomalously large shift of the edge of the absorption band
of layered GaSe, InSe, and other crystals, compared with other semiconductor materials, under
the action of an applied electric field cannot be satisfactorily explained using the Franz-Keldysh
effect. According to the Franz-Keldysh effect, the “red” shift of the absorption band edge in
semiconductors is not high enough. According to this model, the shift of the absorption edge
can be calculated by the formula [11]

hO =0.0725 (mo/p)? E23 2)

where u? = (me)! + (mn)? is the reduced effective mass, E is the applied electric field in units of
MW /cm.

Substituting the values of the electron effective masses me=0,3mo and holes mn=0,2mo for
GaSe [12], as well as the experimental value of the electric field applied to the sample E = 10°
V/cm into the above formula, we obtain that the absorption edge shift associated with the Franz-
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Keldysh effect is only ~ 1.4 meV, which is much less than the experimentally obtained value
(~ 50 meV). A similar estimate for InSe with values of me=0,12mo, holes mn=0,6mo[13] and E =
3.7x10! V/cm gives a value of 0.17 meV, while the experimentally found value is ~90 meV. In
addition, according to the Franz-Keldysh theory, the dependence of the shift of the edge of the
absorption band (AL) on the applied electric field (E) is sublinear AA~E?# [7], whereas experi-
mentally we observe a superlinear dependence AA~E?5.

In our opinion, the most consistent explanation of the results obtained can be a combination
of effects stimulated by an electric field: the thermal shift of the edge of the absorption band
[6]. Estimates show that samples from GaSe with a specific resistance of ~ 10° Q3-cm under the
action of an electric field of ~ 20 V emit Joule energy ~ 1.9 W/cm?. This value is sufficient for
heating the sample ~ 45-50 °C and the GaSe becomes opaque for the He-Ne (1 = 632.8 nm) laser.
A similar estimate for InSe samples with a specific resistance of ~ 102 Q2-cm under the action
of an electric field of ~ 50 V/cm releases Joule energy ~ 11.6 W/cm?, which heats the sample to
245 °C and InSe becomes opaque to YAG:Nd* (A=1064 nm) laser. As a result, we can assume
that in our case there is a positive feedback, in which the conductivity, reducing the resistance
of the sample, leads to its local heating, which in turn shifts the edge of the absorption band.

Of no less interest is the reason why an anomalously large shift of the edge of the absorp-
tion band in the long-wavelength region of the spectrum is observed in layered semiconductor
A3B¢ compounds. Currently it is not possible to answer this question unequivocally. It can be
assumed that this phenomenon is due precisely to the layered structure of these compounds.
The weak Van der Waals coupling between the layers leads to the fact that the changes in the
band gap with temperature and, accordingly, the shift of the absorption band edge to the long-
wave region of the spectrum in layered crystals become stronger.

This assumption is also supported by the experimental results obtained by us in GaSe crys-
tals doped with Bohr atoms of GaSe(B) samples. The fact is that among the investigated laye-
red crystals, the GaSe samples doped with boron atoms have the lowest displacement. Earlier,
we showed that during the condensation of boron atoms in interaction with selenium atoms,
an isotype structure (BSe2) is formed with an optimum distance of 198 (3) nm between B — Se
atoms [14]. In the crystal structure of gallium selenide, the distance between the Ga — Se atoms
is 247 (2) nm. Of course, when gallium is substituted with boron impurity atoms in the crystal
structure of GaSe, a stronger bond with selenium atoms appears than the Ga — Se bond [15].

4. Conclusion

A design of an attenuator for visible and IR lasers radiation and the method for its manu-
facturing are described. The device is based on the electric — field — induced shift of the optical
absorption edge of gallium and indium selenide crystals. It is shown that GaSe and InSe thin
films with a resistivity of 10°+10°()-cm and applied electric field of 102+10° V/sm reduces the
intensity of He-Ne laser radiation (A=632,19 nm) and YAG:Nd* laser radiation (A=1060 nm),
pulse duration of 10 ns and power of 10 MW/sm? by more than two orders of magnitude. The
physical mechanism of the anomalous large shift of the absorption edge is given. The device
can also be efficiently used as a cut-off filter for visible and near IR range of spectrum.

This work was supported by the Science Development Foundation under the President
of the Republic of Azerbaijan - Grant Ne EIF/ MQM/ Elm-Tehsil-1-2016-1(26)-71/01/1.
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PE3IOME

KomMmmsioTepHOe MOAeAMpOBaHIe IIOMOTaeT PEINTh OAHY 13 OCHOBHBIX IIP00AeM MOAEKYASPHOI OMOPU3NKI
- U3YYUTH CTPYKTYPHO-PYHKIIVIOHAABHYIO OpTaHU3aINIO MeNTUAHBIX MOAeKyA. JaHHas paboTa IOCBsAIeHa U3yJe-
HMIO IIPOCTPAHCTBEHHOTO CTpOeHNs ¥ KOHQOPMALVIOHHEIX CBOVICTB N-KOHIIEBBIX aHaA0TOB TeTpallelTIAHBIX MO-
2exya rannpoausos Gly-Pro-Gly-Pro, Leu-Pro-Gly-Pro, Val-Pro-Gly-Pro, Phe-Pro-Gly-Pro u Arg-Pro-Gly-Pro.
PacgeTs! mpoBoANANICh € IOMOIIBIO METOAA TEOPETIIECKOTO KOH(OPMALIVIOHHOTO aHAAM3a U CTIeLaAbHO KOMIIBIO-
TepHOII nporpaMMbl. IToTeHnmaabHas sHeprus KaXk 0 MOAEKyAbl BRIOMpadach Kak CyMMa HeBa/AeHTHBIX, DA€K-
TpOCTaTHYeCKIX, TOPCUOHHBIX B3alIMOAEVICTBUII 11 DHEPIUU BOAOPOAHBIX cBsa3eil. Haligensl HU3KODHepreTmdeckue
koHpOpMaM A4 KaKAOV MOAEKYAbl, 3HA4eHIs ABYTPaHHBIX YI10B OCHOBHOJ 1 OOKOBBIX IIeITell, OIjeHeHa DHep-
IVl BHYTPU-YM MEXKOCTaTOYHBIX B3aMMO/elicTBuIL. PacdeT nokasaa, YTO HU3KODHEPTeTMIecKMHU AAs TeTpalelTu-
HBIX aHa/0TOB IAUIIPOAVHOB SABAAIOTCS MTOAYCBepHYThIe (POPMBI OCHOBHO merm. Takas popma cHavKaeT yaacTKu
OCHOBHOI1 IIenn 1 DOKOBBIE 1TV aMUHOKVCAOT, BXOASIIVX B BTU MOAEKYABI, YTO MIPUBOANT K UX DPPEKTUBHEIM
B3aIMOAEVICTBUISIM.

Karouesble caoBa: KoHQOpMaIus, TeTpanenTn, MOAeKyaa, aHaAoT, CTPYKTypa.
THREE DIMENZIONAL STRUCTURE OF THE ANALOGUES OF THE GLYPROLINE TETRAPEPTIDES
ABSTRACT

Computer modeling helps us to solve the problem of the investigating of structure—functional organization
of the peptide molecules. This work is devoted to study the spatial organization and conformational possibilities
of the N-terminal analogues of the glyproline tetrapeptide molecules Gly-Pro-Gly-Pro, Leu-Pro-Gly-Pro, Val-Pro-
Gly-Pro, Phe-Pro-Gly-Pro and Arg-Pro-Gly-Pro. The calculations were carried out by the method of theoretical
conformational analysis and a special computer program. The potential energy of the each molecule was chosen
as the sum of the non-valent, electrostatic and torsional interaction energies and the energy of hydrogen bonds. The
low-energy conformations of these molecules, the dihedral angles of the backbone and side chains of the amino
acid residues of the tetrapeptides, and the energies of intra- and inter-residual interactions were determined. It is
revealed that low energy conformations of this molecule have the half-folded type of backbone. These forms bring
parts of the backbone and the side chains of the amino acids together, and they result in convenient interactions.

Key words: conformation, tetrapeptide, molecule, analogue, structure.
GLIPROLIN TETRAPEPTIDLORININ ANALOQLARININ FOZA QURULUSU
XULASO

Peptid molekullarinin qurulus-funksiya slagalarinin dyranilmasi molekulyar biofizikanin asas problemlarin-
dan biridir. Kompyuter modellasmasi bu problemin hslline kdmak edir. Bu tadqiqat isi gliprolin molekullarmnin
N-kenar tetrapeptid analoglarinin Gly-Pro-Gly-Pro, Leu-Pro-Gly-Pro, Val-Pro-Gly-Pro, Phe-Pro-Gly-Pro ve Arg-
Pro-Gly-Pro feza quruluslarinin ve konformasiya xiisusiyystlarinin dyrenilmesine hasr olunmugsdur. Hesablamalar
nazari konformasiya analizinin ve xiisusi kompyuter proqramlarmin kdmayi ile aparilmisdir. Molekulun potensial
enerjisi qeyri-valent, elektrostatik, torsion qarsiliqh tesir enerjilarinin ve hidrogen rabitesi enerjisinin comi goklinde
secilmisdir. Hor bir molekulun asagienerjili konformasiyalari, asas ve yan zancirlarin ikitizlii firlanma bucaglarimnin
qiymeotleri tapilmis, aeemintursu qaliglar1 daxilinde ve arasinda qarsiliqh tesir enerjileri miisyysn olunmusdur.
Hesablamalarin naticalari gostarilmisdir ki, tetrapeptid molekullarin asas zancirin yarifirlanmis formalarmin kon-
formasiyalar1 asagienerjili olur. Bu formada molecula daxil olan amintursu qaliqlarinin asas ve yan zancirlarinin
atomlari bir-birina yaxinlasir va onlar arasinda effektiv qarsiliql tasirlor yaradir.

Acar sozlar: konformasiya, tetrapeptid, molekul, analoq, faza qurulusu.
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Tpexmepnas cmpykmypa anar0206 ZAUNPOAUHOELIX Mempanenmudos

BBeaenue

PeryasTopHble eNTIABI ONIPeAeAsIOT paboTy XKMBOTO OpTraHu3Ma. DTO KOPOTKIe AMHeli-
HbIe MeNTIADL, KOTOpble He IMEIOT B pacTBOopax (PUKCUPOBAHHOIN IIPOCTPAaHCTBEHHON CTPYKTY-
pbl. OHU CyIIIeCTBYIOT B BiAe HaOOpa HIU3KODHepTeTIecKX KoHpopManuit. IToT Habop OIl-
pedeAsieTcsl aMMHOKIUCAOTHOM 110CAe40BaTeAbHOCTBIO MEeNITUAHBIX MOAEKYA Y (PUNKO-XVMMU-
4eCKIMM CBOVICTBaMM pacTtsoputeAs. ITpu B3anmoeiicTsun 0110A0TMIecKy aKTUBHOTO MeNT-
Aa C perenTopoM MOIYT IPOUCXOAUTh KOH(POPMaLVIOHHbIE M3MEeHeHNs MeNTUAHON ILIenn.
Kondopmanonssle riepecTpoiiku odecriednsaioT 9pPpeKTUBHbIe B3alIMOAEVICTBIS aKTUBHO-
IO IIeHTpa MOAEKYABI C AUTaHACBA3BIBAIOIIVIM IIEeHTPOM pelienTopa.

OcHoBHOM qepToﬁ OTUX MENITUAHBIX MOAEKYA SABASIETCS VX BbICOKAsI SCI)CIDGKTI/IBHOCTB. Nc-
II0AB3YsI PETyASITOPHBIE IIEIITIABI 4€10BEIECKOTO OpraHn3Ma, MO>KHO CO34aBaTb HOBbIE 11 9(1)-
(l)eKTI/IBHbIe JA€KapCTBEHHDbIE ITpeIlapaThl. MSy‘II/ITb MeXaHn3M ,ZI,EI7ICTBI/I}I MNernTMAHBIX MOAEKYA
MOJKHO, €CA PelInTb 3adady OIIpeAeAeHNT Ha6opa HM3KODHEPTETUIECKIX CTPYKTYP MOAEKYA,
a TaKXXe 3a4a4y neaeHallpaBA€HHOTO KOHCTPYMPOBaHIA X VICKYCCTBEHHBIX aHAA0TOB.

['aMmpoauHsl - KOPOTKME IeNTHABL, aMMHOKICAOTHEIE IT0CA€40BaTeAbHOCT KOTOPBIX COC-
TOSIT TOABKO 13 OCTaTKOB IAMIIMHA U IIpOoAMHa. VI3BeCTHO, 4TO rAMIIPOANHEI 0OPa3yIoTCs B Op-
raHM3Me B pe3yabTaTe BHYTPMKAETOYHOTO KaTabDoAM3Ma KOAAareHa, 91acTiHa U POACTBEHHBIX
6eaxos. 'anmpoanner 004a4a10T PsAAOM OMOAOTMIECKIX aKTUMBHOCTeN, ITpeACTaBASIONIIX 00Ab-
IIIOJ ITPpaKTUIeCKNII MHTepec. B wactHOCTH, OHM BAMAIOT Ha CHCTeMy CBepThIBaHI: KPOBU, MO-
AyAUPYIOT pabOTy MMMYHHOI M HEPBHOI CIICTeM, 001a4al0T IIPOTUBOSA3BEHHBIM AeliCTBIeM
[1, 2]. B HacTosIee BpeMs MeXaHU3MBI AEVICTBUS TAMIIPOAVHOB M MX MUIIIEH! MaaAo u3yde-
HBIL. B cBsA3M € 9TUM aKkTyaabHBIM IPeACTaBAsSeTCs IIPOBeAEHIe CTPYKTYPHO-(PYHKIIMOHAABHBIX
uccAeA0BaHMIl TAUITPOAMHOB U X CMHTeTUYECKUX aHaA0TOB Ha MOAEABHBIX CUCTeMaXx C I10-
MOIIIBIO TEOPETUYECKIX METOAOB MCCAeAOBAHML.

I'aunipoannst Gly-Pro, Pro-Gly, Pro-Gly-Pro, Pro-Gly-Pro-Gly o61aaaoT HeliponpoTex-
TUBHBIMI CBOJICTBaMM, 0DeCriednBaioT COXpaHeHUe HOPMaAbHON (PYHKIIUM MHCYASPHON U
IIPOTUBOCBEPTHIBAIOIIEN CIICTeM KpoBU Ha (poHe pasButus Anadeta. Psag amunokucaor (Leu,
Arg,), BXOASIINX B TAUITPOAVHBI, YIaCTBYIOT B HOpMaAM3alliyl YPOBHS TPUTAeUPUAO0B 1 Oa-
AaHca AUIIOIIPOTeNAOB, IpeAOTBpalialoT pUCK AnabeTa 1 aTepockaeposa [3,4].

B saHHOI cTaThe IpUBEeAeHbl pe3yAbTaThl M3y4eHIs IIPOCTPAHCTBEHHOTO CTPOeHMsT 1 KOH-
(popMaIMOHHBIX CBOMICTB IENTUAHBIX MOAEKYA, COCTOSIIIMX M3 aMMHOKMCAOTHBIX OCTaTKOB
raunuHa (Gly) n npoanna (Pro), a Takke ocraTkos apruHnHa (Arg). pennaasanusa ( Phe),
sBaanHa (Val) n aeitnnna (Leu). Leanio ganHOM pabOTHI ABAsETCs OlpejeleHue IIPOCTpaHCT-
BEHHOI1 CTPYKTYpBbI TauIipoanHosoro Terpanentua Gly-Pro-Gly-Pro u ero anaaoros Phe-Pro-
Gly-Pro, Leu-Pro-Gly-Pro, Arg-Pro-Gly-Pro u Val-Pro-Gly-Pro, koTopsie nmoayuarorcs 400as-
aeHreM K N-KOHIly TpUIIenTuaHoi moaekyasl Pro-Gly-Pro amunokncaorasix ocratkos Phe,
Leu, Arg u Val.

Metog pacuera

KommprotepHoe MogeanpopaHye, OCHOBaHHOE Ha MCIIOAL30BaHUM MeTOAa TeOPeTUdecKOro
KOH(pOPMaILIMOHHOIO aHaAM3a U IIporpaMM, MO3BOASIONINX [10Ay4aTh Ipadpuyeckoe n3odpa-
KeHMe ITPOCTPaHCTBEHHO CTPYKTYPhl MOAEKYABI, ObLAO BBIIIOAHEHO A4Sl MOAEKY/A CeMeliCTBa
IAUIIPOAMHOB. MeTo/ TeopeTndeckoro KOH(pOPMalIOHHOIO aHaAu3a JaeT BO3MOXKHOCTh pacc-
YUTHIBATh TPEXMEPHYIO CTPYKTYPY IIeIITUAHBIX MOAEKYA MCXOAS U3 U3BECTHOM aMUHOKUCAOT-
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HOII IT0CA€40BaTeAbHOCTH U CIIeIaAbHOI IIporpaMmel [5]. B pacuerax mcnoansosasack pas-
paboraHHas crierinaapHast Kaaccudukanus (KoHpopmanys, popMa OCHOBHOI Iy, IIIeiIT)
[6]. DopmEbl OcTaTKOB OMpeseasanck odaactamu B, R, L u P gByrpanHbIX yI10B OCHOBHOII I1eIIn
@-U. Ilpn pacuere paccmaTpmBaanuch pa3BepHyTble (pOPMBI AUIIENTUAHON MoAeKyabl (BB,
BR, LB, LR, RL, PL, PP- meitn1 e) u ceepHyThle (popmel ocHosHOM 1ern (RB, RR, BL, LL, PR, PB-
et f). /as raniyHa HayaabHble TPpUOAVDKeHNs pOPMIPOBAANCh U3 HU3KODHePreTUIeCKIX
koHpopMaruit (R popma — ¢@=-90°; = -90° B popma — ¢=-90°; = 100°; L popma — ¢, \ = 90°
u P ¢popma ocHosHoI nerm — = 90°; = -90°). 4151 aMMHOKMCAOTBI ITPOAUH YIUTHIBAANCH ABa
noaoxxenns (B popma — P=130° u R popma — = -50°). Jas1 aMuHOKMCAOTHBIX ocTaTKOB Phe,
Leu, Val, Arg paccmarpusaance R, B u L popmer ocHoBHOII nierin. I1oa0>keHns1 OOKOBOI LIeT
(ennaasanmHa onpeaeasaoch AByMs yraamu y!, y2, BaauHa - Tpems x!, x2 ¥°, a AefluHa U
apTMHIMHA - YeTBIpbM yraaMu y !, 2 x> m x*.

PacyeT BBIIIOAHAACA B paMKaxX MeXaHMYeCKOl MOAeAN MOAEKyA C y4éTOM HeBaAeHTHBIX
(Eis), ®aexrpocratmaeckux (Es), Topcronnsix B3anmMogenictsuii (Ewop) 1 9HEpPIrim Bo40pOAHBIX
cpaszeln (Es). KondopmanmonHoe cocrosiHme KaXkKA0Tro aMMHOKIMCAOTHOIO OCTaTKa 0DO3Haua-
a0cb gepes Xj, rae X - xapakrepusyeT popMy ocHOBHOII ner ocraTtka (R, B, L, P), a cumBoaBI
ij =11...,12..,13...,21..., u T.4. OTBeYaIOT MOAOXKeHUsIM OoKoBoit enn (y!, x> ...); MHAEKC 1
COOTBETCTBYeT 3Ha4eHMsIM yraos odaactu 0-120°, muaexc 2 — o6aactu 120° —(-120°), a mHAEKC
3 — o6aactu (-120°)-0°. OGo3HaYeHNsI U1 OTCYETHI YTAOB BpallleHNsI COOTBETCTBYIOT IIPUHSTON
Me>XXAyHapOAHOV HOMeHKAaTtype [7].

PesyabTaThbl 1 MX O0CyXaeHMe

Moaexyaa Gly-Pro-Gly-Pro. OnpeseeHne mpocTpaHCTBEHHO CTPYKTYPHI TeTparernTy-
aa Gly-Pro-Gly-Pro mMbI Hadaau ¢ BbLsiCHeHMsI KOH(OPMAIVIOHHBIX BO3MOXKHOCTEN AMIIeIITIA-
Hol1 Moaekyabl Gly-Pro, satem Tpunenituga Gly-Pro-Gly, 1, Hakonen, Bceit TeTpanenTuAHOM
MOAEKYABI.

PacueT gaHHON AUIIENITUAHON MOAEKYABI BBIIIOAHSACSI Ha OCHOBE CTaOMABHBIX KOHOP-
Manuii MoHonenTnaos N-anerna-L-npoanHa n L-rannmza. A4 aMUMHOKUCAOTEI IIPOAVH
yunteiBaauch R 1 B ¢popmer ocHoBHOI enn. OcTaToOK IAMIIMHA B pacyeTax 1Mea 4eTeipe pop-
MbI ocHoBHOII 1lern R, B, L, P. Tak ke 445 raunmHa B pacyeT ObLAM BKAIOYEHBI TPpaHUIHbIE
Hada/AbHble TTpuOAVDKeHus yraos @, \. Aaa aunentuga Gly-Pro, cogepkariero 27 atomMos 1
6 IIepeMeHHBIX ABYTPaHHBIX YIA0B, BO3MOXKHSI 2 Imeiirna 1 8 popM OCHOBHOII 1iern. Passep-
HYTBI I1eiiTI e BKAIouaeT mects popM BB, BR, LB, LR, RP, RL, a cBepHyTbIi 1€ f BKAIOYaeT
¢opmer ocuosrHol! nenn RB, RR, PR, PB, BL, BP.

Yunteipas crieripuKy OOKOBBIX Iiellell aMMHOKICAOTHBIX OCTaTKOB IAMIIMHA U IIPOAMHA,
Ba>KHO IIOAUePKHYTb, 4TO ocTaToK Gly AnirieH 60K0BOI1 11e1in (B OOKOBOII LIeIN HaXOAUTCS OAVH
aToM BOAOpoJa), a O0KoBasl 1iellb ocTaTka Pro mmpeacraBaseT >KeCcTKO (PUKCMPOBaHHOE KOABIIO.
Kondopmarimonssle BO3MOXKXHOCTU AUMENTUAHON MOAEKYABI OIIpeAeAsIOTCs yTAaMy TOABKO
OCHOBHOIJI IIeIN BTUX OCTaTKOB: @, |, w. PacueT mokasaa, 4TO OCHOBHOI BKAaJ B DHEPIUIO
MOA€KyAbl BHOCST AUTIENITUAHBIE B3aIMOAENCTBIU, X DHeprus Bappupyercs ot -1.0 g0 -3.0
KKaA/MOAb.

@opMBI OCHOBHOM 1IN IIIeNiIa € MMeIOT OAVHAKOBBI pa3BepHYTHIN XO4 OCHOBHOI 1IeMH,
npu ToM O60KOBbIe Ler Gly 1 Pro HaxoasATcsI 0 pa3Hble CTOPOHBI OT OCHOBHOI! 1ietit, a pop-
MBI ITIefiTa f UMeIOT OAMHAKOBBI CBePHYTHIN XOJ OCHOBHOIN 1e1H, TAe OOKOBbIe I1eIN aMIHO-
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KICAOT OKa3bIBAIOTCA cOAVKeHHbIMI. Hanboaee HU3KOI DHeprueit o01asaeT KOHPOpMaII
PR, xoTOpas umeeT cBepHyTYIO OpMy OCHOBHOII IIeTI.

Tpunentnanas moaekyaa Gly-Pro-Gly umeer 34 atoma 1 9 iepeMeHHBIX AByTPaHHBIX Y-
208B. /1451 Hee BO3MOKHBI 32 (OpMBI OCHOBHOI 1enu. VI3 HIX caMylo HU3KYIO D9HePIUIO IMeeT
RRB, koTopas Tak’Ke UMeeT CBepHYTYIO (POPMY OCHOBHOII LIeTIN.

Terpanentng Gly-Pro-Gly-Pro skaiogaet 48 atomos u 11 riepeMeHHBIX 4ByTPaHHBIX YTAOB.
Br1ao cocrasaeno cspine 200 HauaAbHBIX TPUOAMKEHNI, KOTOpPbIe OBLAY ITPOMMUHUMU3UPO-
BaHBI 110 DHeprum. B pesyabraTe TOABKO OrpaHMYEHHOe 4MCAO0 KOHpOpMalMii IolajaeT B
sHepreTmdecknit nurepsaa 0 — 4 kkaa/Moas. Boamoxxusie crpykrypsl Gly-Pro-Gly-Pro omnu-
CBIBAIOTCA HU3KO®HepreTuyecknmy KoHpopmammsamu cepHyThix RRRR, PRRB (fff) u moayc-
sepHyThIX LRRR (eff), RRBR (ffe) popm ocHosHOIT 11emm (Tabaniia 1). I'a00aabpHas koHpOp-
Mans ¢ oTHocuTeApHON 9Hepruedt 0,0 Kkaa/M0Ab IpejcTaBAeHa Ha puCyHKe 1.

Puc. 1. HuskosHepreTudeckas pOCTpaHCTBeHHas CTpyKTypa rannpoanna GPGP

IToayueHHBIe pe3yAbTaThl UCIIOAb30BaHBI IIPU OIIpeAeAeHNN ITPOCTPAHCTBEHHO CTPYK-
Typsl neHranentuga Gly-Pro-Gly-Pro-Gly, rekcanienituga Gly-Pro-Gly-Pro-Gly-Pro u ero N-
KOHIIEBBIX aHAAOTOB.

Moaekyaa Leu-Pro-Gly-Pro. B sannOIT Moaexyae N-konnesoit ocratok Gly samenen Ha
aMmHoKuca0ty Leu. JobaBaenue aeiiyHa IpejoTspaliaeT pUcK guadbera, HOpMaausyeT ypo-
BeHb TPUTAMUIIEPUAOB, 001ajaeT CIIOCOOHOCTHIO CHIKATh YPOBEeHb IAI0KO3hI B Kposu. Koppek-
1Ml HapyLIeHUII IIPOTUMBOCBePTHIBAIOIIEN M MHCYASAPHOI CUCTeM OpraHM3Ma peryAmnpyercs
raunpoanHoMm Leu-Pro-Gly-Pro [4].

Tabawniia 1. DHepreTuyecKkue napaMeTpbl HU3KO9HePreTUIecKIX
KOH(pOpMaINIi TeTpanenTHAHBIX TANIIPOANHOB.

No | Kongopmarnus (meirn) | E uB | E »a | E Topc | E o611 | E otn
Moaekyaa Gly-Pro-Gly-Pro
1 RRRR (fff) -53 |-26 |08 -7,2 0,0
2 | PRRB (fff) -47 -39 |09 -6,7 0,5
3 |LRRR (eff) 59 |21 |18 -6,0 1,2
4 | RRBR (ffe) -35 [-25 |10 -5,1 2,1
5 | RRPR (fef) -3,3 |20 |L7 -3,4 3,8
Moaekyaa Leu-Pro-Gly-Pro
1 B2222 RPR (eef) -13,3 |29 |L7 -14,5 0.0
2 B2122 RPB (eef) 98 [-31 |11 -11,8 2,7
3 B2222 RRR (eff) -11,8 [-2,77 1,0 -13,4 1,1
4 B2222 RBR (efe) -11,2 |-3,0 |12 -13,0 1,5
5 Boox -11,0 (29 |1,5 -12,4 2,1
BLR (efe)
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Moaekyaa Val-Pro-Gly-Pro
1 B222 RPR (eef) -102 |-28 |16 |-11,5 0.0
2 B222 RPB (eef) 98 |21 |11 |-10,8 0,7
3 Ba2z2 RRR (eff) 80 (23 |19 |-84 31
4 B2 RBR (efe) 92 |29 |12 |-10,0 1,5
5 B222 BLR (efe) 90 |23 |18 |-94 2,1
Moaekyaa Phe-Pro-Gly-Pro
1 Bs1 RBR (efe) -11,5 1-29 |17 |-12,8 0,0
2 B21BLR (efe) 96 |-27 |11 |-11,3 1,5
3 Bs1 RRR (eff) -108 |-25 |10 |-123 0,5
4 B21BPB (eff) -84 |29 |15 |98 3,0
5 Bs1 RPR (eef) -87 |-30 (08 |-109 1,9
Moaexkyaa Arg-Pro-Gly-Pro
1 Bo222 RPR (eef) -102 |-35 |08 |-13,0 0,0
2 B2122 BRR (eef) 86 |43 |22 |-107 2,3
3 Baa2zz RRR (eff) 86 |-1,8 |12 | 91 3,9
4 Bi222 BLB (efe) 93 |39 |35 |98 3,2
5 B2222 BLR (efe) -8,6 -3,6 35 [-87 43

A5l aMMHOKICAOT YYUTBIBAANCh BCe BO3MO>KHbIe (POPMBI OCHOBHOI Ienu. TeTpanentig,
BKAI04aa B ceds1 60 aToMOB 1 15 mepeMeHHbBIX AByTPaHHbIX YTA0B OCHOBHOM 11 DOKOBBIX LieTielt
BCeX aMMHOKICAOT. Becero aas terpanentuga Leu-Pro-Gly-Pro 65110 coctaBaeHo cseimre 100
Hava/AbHBIX PUOAVIKEHNII, IpUHaAAeXKallJIX YeTbIpeM IernaM. Bce oHn OblAM IpOMUHNI-
MU3VPOBaHbI 110 DHEPIUH, OlIeHeHBI X TeoMeTpuJecKye 11 sHepreTudeckue napamerpsl. Crie-
1mnduKa aMUMHOKMCAOTHON I10CAe40BaTeAbHOCTU AaHHOM IMeNTUAHON MOAEeKYAbl COCTOUT B
TOM, 4TO OOKOBasl 11ellb aMHOKICAOTEI Leu siBAsieTcss Aa0MABHOM 1 OOBeMHOI, TAUIIVH IIpaK-
TUYEeCK! He MeeT OOKOBOI 1IeTH, a IIPOANH MMeeT JKeCTKYIO OOKOBYIO I1ellb.

Pacuer BbLIBIA, UTO A4 TeTpanenTuaHol Moaekyasl Leu-Pro-Gly-Pro B sHepreTmaeckmi
nnrepsaa 0-5 Kkaa/Moab IonasaioT KOHPOpPMaIUM pa3BepHYTHIX U eee U IOAYCBePHYTHIX
mernos eef, efe u eff. Jas Terpanentusa caMpIMy HU3KODHEPreTUIECKUMM OKa3aAMCh KOH-
¢popmariun ¢ popmorr ocHosHoi1 neriu BRPR, BRPB, BRRR, BRBR, nmMeroniux 1oaycsepHyTyIo
OCHOBHYIO 11elIb. PacyeT 11okasaa, 4ro 1100a4bHOM KOH(pOpMaIyell MOAeKyAbl siBasieTcss BRPRaxz.
HuskosHepreriaeckie koHpopMarym Tetparnentuia Leu-Pro-Gly-Pro nmpeacrasaenst B Tada.1.

Moaekyaa Val-Pro-Gly-Pro. B sanHOIT TeTpanenTngHoii MoaeKyae octaTok Val mpuco-
eauHeH K N-KOHIy MoaeKyAbl. VI3BecTHO, uTo TeTpanentuy Val-Pro-Gly-Pro caimxaer xon-
LIeHTpalMIo OOIIIero XolecTepyHa B opraHmuaMe. PacueT TeTpanenTtua MpoBOANACI Ha OCHOBE
KoHpopmanuit MmoHortenTuaa N-anetna-L-BaanHa 1 HU3KODHEpreTUdecknx KoOHGpopMaIuii
tpunentuga Pro-Gly-Pro. Caegyer oTMeTuTh, 4T0 BaauH MMeeT 0ObeMHYI0 OOKOBYIO IIellb,
MMEIOIIYIO ABe MeTUABHbIe TPYHIIbL. BbL10 cocTtaBaeHO cpbimle 150 HauaAbHBIX ITPUOAVIKEHNI],
TaK Kak crosmii mepea Pro ocrarok Val MoxkeT HaX0AUTHCA TOABKO B B popme OcHOBHOI 11eTnt
(R ¢popma sBasieTcst BeIcOKODHepreTudeckoir). Kondopmanum terpanentnga npuHajaesxar
yeTbIpeM InelinaM. HuskosHepreTuyeckne KoHpopManuu IpeHasaesxar it popmam oc-
HOBHOI1 11e1i1 (Ta04.1). 'a100aabpHOI_kKOHPpOpMatueit AaseTcs Bz RPR (eef). Huskosnepretn-
gyeckas KoHpopmarnsa BRPR (eef) mpeacrasaena Ha pucyHke 2. OCHOBHOM BKAaJ, B SHEPIUIO
9TOV KOHpOpMaIMy BHOCAT HeBaleTHbIe B3anmMogeiicTsus (-10,2) Kkaa/MoAb, BKAad DAEKTPO-
CTaTUYECKMX B3aIMOAETICTBIIL cocTaBAseT (-2,8) Kkaa/MOAb, a TOPCHOHHBIX B3aIMOAETICTBUI
1,6 xkaa/Moab, oOmIas sHeprusa KoHGOpManuu cocrasaser (-14,5 Kkaa/M04b).

Huskyio sHepruio nmeior KoHGOpMaIUM C II0AYCBepHYTHIMI (pOpMaMU OCHOBHOIA Iie-
mu. OHa onpegeaseTcs HaAM4MEeM MeXXOCTaTOYHBIX AM-, TPU- U TeTpalleNTUAHBIX B3alIMO-
Aevictsuit. IToanoctsio passepHyThie popmbl ocHosHOI 1ientn BBBB, BBLB, BBRL npourpsisaior
cppimre 4,0 Kkaa/MoAab.
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Puc. 2. HuskosHepreTudeckas MpOoCTpaHCTBeHHas CTPyKTypa raunpoanta Val-Pro-Gly-Pro

Moaekyaa Phe-Pro-Gly-Pro. N-konmesoii ocratok Phe B 9T01 MoaeKyae mpucoeauHeH
K Tpunientuay Pro-Gly-Pro. Pacyet TeTparnenTiaa mposoauacs Ha OCHOBe KOH(pOpMaIuii Mo-
HorentAa N-anetna-L-gpeHnaasannHa 1 HU3KODHepreTMIecKX KoH(popManii TpUIeTH-
aa Pro-Gly-Pro. Crrenm¢uka aMMHOKIMCAOTHON ITOCA€A0BaTeAbHOCTV AaHHOW IEeINTUAHON
MOA€Ky/Abl COCTOUT B TOM, UTO apoMaTuydecKkas OOKoBasl 1lellb aMIMHOKMCAOTH Phe siBasercs
Aa0MABHON 11 OOBEMHOM, TAMUIMH IIpaKTNIecK! He 1MeeT OOKOBOI Iell, a IIPOAUH IMeeT
JKeCTKYIO OOKOBYIO I1€ITb.

Aas Terpanienituga 6110 coctapaeHo cBbite 100 HaYaABHBIX TPUOAVKEHUII C y4eTOM TO-
ro, uTo crosmmit nepe Pro ocratok Phe MosxeT HaxoAUThCs TOABKO B B popme ocHOBHOI 11e-
1, Tak Kak R popma sABAsIeTCsT BLICOKODHePreTiyecKkoit. /45 0CTaAbHBIX aMMHOKICAOT YUUTHI-
Ba/AMCh BCe BO3MOXKHBIE (POPMBI OCHOBHOI 1lern. TeTpanenTug Bkaiodaa B ceds 61 atom un 13
IlepeMeHHBIX ABYTPaHHBIX YIA0B OCHOBHOI 1 OOKOBBIX IieIlell BceX aMMHOKICAOT, BXOASIITIX
B Hero. Bece konpopMaIuy ObLAM TPOMUHUMM3MPOBaHBI 110 YHEPIUH, OlleHeHbl MX TeOMeTpu-
Y4eCcKue ¥ DHepreTUJecKle ITlapaMeTphl.

PacueT BBIsIBILA, UTO AAd TeTpanenTuaHo Moaekyasl Phe-Pro-Gly-Pro B sHepreTmaeckmii
nnTepsaa 0-5 Kkaa/M0Ab 1onajaoT KOHPOPMaIy BceX BO3MOXKHBIX mennos efe, eff, eef u
eee. /a5 TeTpanenTua caMbIMM HU3KODHEPreTM4ecKMMM OKa3aAuch KoHpopMalum ¢ pop-
Mot ocHosHOM 1lert1 BRBR, BBLR, BRRR, BRPR, nmeromx noAycsepHyTyI0 OCHOBHYIO 1IelIb.
PacueT mokasaa, 4To r100aabHON KOHpoOpMamueir MoaeKkyAasl sBasieTcs BsiRBR. OcnosHOM
BKJaJ, B DHEPIUIO DTON KOHPOpMAaIy BHOCAT HeBaleTHbIe B3anMoericTss (-11,5) Kkkaa/mMoas,
BKJa/, DAEKTPOCTAaTMIECKUX B3aMMOJENICTBUII cocTaBAsieT (-2,9) KKaa/MOAb, a TOPCUOHHBIX
B3anMOZelcTsuit 1,7 Kkaa/Moab, oO1ias sHeprus KoHpopMmauym coctapaseT (-12,8 Kkkaa/Moab).
Huskosnepretirgeckne konpopmaruu terparnentuga Phe-Pro-Gly-Pro npeacrasaenst B 1ada.1,
a raobaapHast KOHPOpPMaIMs — Ha PUCYHKe 3.

Puc. 3. HuskosHepreTnyeckas poCTpaHCTBeHHas CTpyKTypa raurnpoanHa Phe-Pro-Gly-Pro

) P
7( -
.

!

‘ZlaHHa}I KOH(l)OpMaLU/HI SIBASIETCS KOMITAaKTHOM CTPYKTypOIZ, TaK KakK nMeeT HOAyCBépHy-
TYIO Cl)OpMy OCHOBHO ITeIN, IIODTOMY MEXAY aMMHOKNUCAOTHBIMU OCTaTKaMI MOAEKYAbl BO3-
HUKAIOT CUAbHbIE B3aIMOAEMICTBIASI. Hwnzkas DHEePIru:1 DTON KOHC])OpMaLH/H/I O6y€/lOBAeHa Ha-
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AUYVieM BCeX BO3MOXKHBIX 4451 TeTpallelITMAHON MOAeKYAbl B3aMOACICTBIIA. B sHepreTmdec-
Kkuit unTepsaa 0-5 Kkaa/Moab mornagaoT KoHpopmaiun 9 ¢popm ocHosHoI 1jenu. Beero 0,5
KKaa/Moab npourpeisaeT KoHpopmarnyst BsiRRR (eff) co ceepryThiM C-KOHIIEBBIM TPUIIEIITUA-
HBIM ydacTkoM. CaMoi1 BLICOKOI DHeprueit 001a4aioT KoHpOpMaIuy ¢ IIOHOCTBIO pa3BepHy-
TOM OCHOBHOI 11€IIbIO.

Moaekyaa Arg-Pro-Gly-Pro. DToT TeTpanenTtiug npumeHseTcs B KayecTse cCpeACcTBa Ae-
4eHMs: TPOMOOOOpa3oBaHNil, CHIKaeT MOBBIIIEHHBIN YPOBEeHb IAI0KO3bl B KPOBM IPY MHCY-
AVIH3aBUCUMOM auabeTe. AMMHOKICAOTa Arg CHU>KaeT PUCK pasBUTUS caXapHOTIO AuadeTa.
Moaekyaa cogep>XUT aTOMOB U IlepeMeHHBIX ABYIpaHHBIX yra0B. bokopas 1emnn apruHmHa
IpeacTaBaseT co0Oil AAMHHYIO, OObeMHYIO U IOA0XKUTEABHO 3aps>KeHHYIO Iiellb, KOHPOp-
MaLMOHHBIe BO3MOXKHOCTI KOTOPOI 3a4al0TCs YeThIPhMSI YIAaMIA.

AAs TeTpanenTuAa cCaMbIMI HU3KODHEPIreTMYeckKMMM oKazaauch KoHdpopmaium ¢ ¢pop-
Mot ocnosnon tern BRBR, BBLR, BRRR, BRPR, nmeronine 1moaycsepHyTyIO OCHOBHYIO LIeIlh
(rabauma 1. Pacuer rokasaa, 4To ra06aabpHOM KOHPOpPMaIel MOAeKyAbl sABAsgeTcs B222RPR
(0,0 xkaa/moap) (puc.4).

Puc. 4. HuskosHepreTuyeckas MpoCcTpaHCTBeHHas CTPYKTypa rannpoanta Arg-Pro-Gly-Pro

[IposeaeHHbII pacyeT IPOCTPAHCTBEHHON CTPYKTYPBI TeTpalleNTIAHBIX MOAEKYA IT03BOANA
OIIPeAeANTD YeTKIEe KOAMYEeCTBeHHbIe DHepreTudecKyue 1 reoMeTpudecKkrie XapakKTepUCTUKIA.
IToaydyeHnHble pe3yAbTaThl MOTYT OBITh VICIIOAB30BaHbI A4S M3y4eHUs IIPOCTPAHCTBEHHOIO CT-
pOeHNs IIeHTaleNTUAHbBIX U TeKCalleNTUAHBIX MOAEeKYyA IAUIPOAVHOB, a TaK >Ke MCCAe0BaHVI
KOH(OPMaIIMOHHBIX BO3MOXKHOCTell OOKOBBIX llerell IIpU B3aMOAEVICTBUM C MOJAeKyAaMU
pelenTopos.
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ABSTRACT

The crystals of Cuz-Ni:S (x=0,05; 0,1; 0,15; 0,2)have been synthesized and grown, determined their composition
and structures.The crystals we obtained by the method of differential thermal analysis (DTA) have been studied
before and after y—irradiation with a dose of 25 Mrad. It has been established that this irradiation has a slight in-
fluence on the temperature of the structural transformations in the considered samples.

Key words: structure, structural transformations, y-irradiation, modification, endoeffect, crystal.

y-SUALANMANIN CuzxNixS (x=0,05; 0,1; 0,15; 0,2) KRISTALLARINDA
QURULUS CEVRILMOLORINO TOSIRI

XULASO

Cuz-NixS (x=0,05; 0,1; 0,15; 0,2) birlagsmolari sintez olunaraq monokristallar: géyardilmis, terkib ve quruluslari
toyin edilmisdir. Alinan kristallar diferensial termik analiz iisulu ils y-stialanmadan avval va sonra (25 Mrad) tad-
qiq olunaraq miisyyen edilmisdir ki, hamin dozada siialanma tedqiq olunan kristallarda qurulus ¢evrilmalarinin
temperaturuna nazaragarpacaq deracada tasir gostormir.

Acar sozlar: qurulus, qurulus gevrilmalari, y-stialanma, modifikasiya, endoeffekt, kristal.
BAVSIHUE y —-N3AYYEHNA HA CTPYKTYPHBIE ITPEBPAIIIEHISI
B KPMICTAAAAXCuz2xNixS (x=0,05; 0,1;0,15; 0,2)
PE3IOME

CunresnposaHsl 1 BbIpalieHsl MoHOKpucTaaasl CuzxNixS (x=0,05; 0,1; 0,15; 0,2) orpegeaeHs! ux cocTas U CT-
pykrypsl. [ToaydeHHBIe HAMI KPUCTaAAbl MeTOAOM AuddepeHIaibHo TepMudeckoro aHaansa (4TA) nccaegosa-
AUCDh A0 M TIOCAe Y - 00AydeHms 4030% 25 Mpag. YcTaHOBAEHO, 9TO 9TO 0DAydeHe He3HaYNTeAbHO BAMAET Ha TeM-

IepaTtypy CTpyKTypHbBIX npeBpameHI/n?I B 11ccaeAyeMbIX 06pa3uax.

KarogeBble ca0Ba: CTpyKTypa, CTPYKTYpHEIe IpeBpalleHis], ) -00AydeHne, MoApuKaIyst, SHA0D(P EKT, KPUCTaAA.

It is known that copper and sulfur form a series of stable intermediate phases at different
temperatures. They are described by the formulas CusS (x =1,7-2,0) and CusS. [1-3] At25° C,
the following phases are stable: CuzS, Cui19S, Cui.7-176S, and CuS. Note that in the connection
of Cu-S systems, metallic atoms are very mobile and, depending on external thermodynamic
conditions, they can freely flow through the voids of the crystal lattice. This circumstance can
cause numerous phase transformations and changes in the physicochemical properties of
these compounds.

According to [4], CuzS has three modifications: orthorhombic stable to 103.5°, hexagonal
stable in the temperature range of 103.5-435°C, and cubic, existing at temperatures above 435°C.

In the present work, the results of investigations of the effect of irradiation on structural
transformations in CuzxNixS (x = 0.05, 0.1, 0.15, 0.2) using the DTA method before and after
irradiation are presented.
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For the synthesis of Cu2xNixS (x =0.05, 0.1, 0.15, 0.2), the initial elements of the following
cleaned: Cu-99.998, Ni-99.90 and S of the grade OCF. The quartz ampoule was filled with the
starting materials in the amount necessary for the given composition. Ampoules evawere cu-
rated to a pressure of 0.193Pa. The synthesis was carried out in the temperature range 800-1150°C.
For homogenization, the synthesized samples were annealed at 800 ° C for 100 hours. To obtain
single crystal samples of the crystals studied, a combination of slow cooling and Bridgman
methods was chosen.

X-ray studies were carried out on a DSADVANCE powder diffractometer of Bruker firm
in the temperature range 300-1400 K, using a temperature chamber TTK 755. The results of
these studies are given in [5, 6, 7]. On the basis of these studies, it was established that in the
temperature range from room temperature to melting points (1410 K) in Cu2xINixS crystals (x
=0.05, 0.1, 0.15, 0.2), there are three polymorphic modifications. X-ray studies have shown that
various transformations in these crystals occur according to the scheme: orthorhombic —he-
xagonal—cubic. To clarify the effect of Y’ -radiation on the character of structural transformations
in the crystals under study, we performed a series of DTA studies.

The experiments were performed on a scanning thermo-analyzer of the "Perkin Elmer STA
6000" type (USA). In the given device the following physico-chemical processes are simulta-
neously fixed: differential thermal DTA and thermogravimetric - TG. The measurements were
carried out under ordinary.

The obtained derivative Cui9NioosS shows that there are four endoeffects on the DTA
curve: 106°C, 483°C, 522°C; 930°C and two exoeffects: 432°C, 681°C. 3. On the TG curve, the
endoeffect, observed at 106°C, is also observed. This shows that at T = 106°C (379K) structural
transformations take place in this sample, which is confirmed by X-ray diffraction [5]. The con-
version energy is 1150 J, and the enthalpy is 15.66 ] / g. On the TG curve, in the temperature
range 20-2400C, no changes in mass are observed, and in the range 240-4830C the mass increases
by 6.8% due to thermal oxidation.

Endo-effects detected at 483°C, 522°C show that in this crystal structural transformation
occurs again, the energy of which is 860.3 ], enthalpy H=7.45] / g. The energy of the endoef-
fect detected at 522 ° Cis E=737.03 ], and the enthalpy H=745]/ g

On the basis of X-ray studies, we can say that at 483°C (T = 756K) in a Cu19Nio0ssS crystal,
a hexagonal cubic transformation takes place. The results of the DTA study are given in Table 1,
which shows that in all the investigated crystals, the first endoeffects detected at temperatures
of 1060C, 1120C, 1060C correspond to the temperatures of the structural transformations. We
note that with an increase in the amount of Ni in CuzS, the energy of these endoeffects increases,
and the enthalpy decreases.

Table 1.The results of DTA studies inCu2«xNixS (x=0,05; 0,1; 0,15; 0,2)

Composition Temperature Energy of Enthalpy The temperature interval
samples Eneffects,t’C Endoeffects AE, ] H,J/G of mass loss by TG, t°C
106 1150 15,66 20-241 241-484 483~250
Cu1,95N1i0,05S 483 860,3 8,69 const Increased Decreased on
522 737,83 7,48 on6.8% 13,8%
930 - -
106 1609,4 17,7 20-320 320-950 495-950
400 4102,91 37,50 const Increasedon 6.34% Decreased
Cu1,9Ni0s55 503 311,43 2,86 on 13,8%
530 433,72 3.96
656 272,24 24,90
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112 934,04 15,76 20-23 239-495
Cu1,85Ni0,155 452 272,87 4,58 const Decreased
532 528,96 8,28 on 5%
587 153,92 2,58
106 1955 13,61 20-228 228-630 630-950
Cui1,80Nio,20S 300 - - const Increased on Decreasedon
344 - - 4% 15 %
803 5308,71 36,94

The observed endoeffect at 803°C in the Cui,s0Nio20S crystal also shows a structural trans-
formation, which confirms the X-ray study [6]. The conversion energy is E = 30.8 J. In the in-
vestigated crystals, under the influence of irradiation with a dose of 25 Mrad, similar studies
were carried out. The results of these studies (for two crystals) are given in Table 2. In the
crystal CuiNioesS, 4 endoeffects are reflected: 111,9°C, 449,7°C, 532°C, 666°C. The endo-effects
obtained from CuisNio.sS are found at temperatures of 111.6°C, 444.2°C, 528.0°C and 543.0°C.
Comparing Tables 1 and 2,it is seen that in the Cu1.9sNio.0ssS crystal, the temperature of the first
endoeffect increased by 50C, and in the sample Cui.ssNio1sS, and the temperature and energy
slightly decreased. An increase in the enthalpy is observed.

Thus, experiments show that irradiation with y-rays of the investigated crystals does not
cause a significant change in the nature and number of structural transformations. This irradi-
ation slightly affects the transformation temperature.

Table 2.The results of the DTA study of Cu2«NixS (x = 0.015, 0.15)irradiated with doses of 25 Mrad.

Composition of samples | The temperature of endoeffects, t°C | Enthalpy H,J/g

Cu1,95Ni0,05S 111,2 20,01
449,7 3,263
532,9 20,59
666,0 4,608

Cu,85Ni0,155 111,6 14,85
4444 2,637
528,0 0,1417
543,0 1,253
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ABSTRACT

At work we present a theoretical study of the magnetic properties of Zn vacancy states in Cr and V, Mn doped
hexagonal ZnO and tetrahedrally bonded chalcopyrite ZnSnAsz semiconductors, respectively. The structural, elec-
tronic and magnetic properties of pure as well as ZnixCrxO, ZnixVxSnAsz and ZnMnxSnixAs2 were studied by the
Density Functional Theory method using Atomistix ToolKit program software within the Local Spin Density and
Spin Generalized Gradient Approximations. Ab initio calculations were performed for a 32-, 48-, 64-, 96-, 128-, 192-
and 256-atoms ZnO and ZnSnAs: supercells, show that Zn(Cr)- and Zn(V)-, Mn(Sn)- substitutions leads to a ferro-
magnetic spin ordering. The obtained that the magnetic moment of supercell is depending on the selection the po-
sition of vacancy states.

Keywords: ZnO, ZnSnAs, ATK, ab initio calculation, Local Density Approximation, Spin Generalized Gradient
Approximation, ferromagnetism, magnetic moment.

VICCAEAOBAHUE ®EPPOMATHETU3MA A5 BAKAHCUOHHEBIX COCTOSIHUM ZN B
COEAMHEHMSIX ZN1.xCRxO, ZN1.xVxSNAS: I ZNMNxSN1.xAS: V13 ITEPBBIX ITPMHIINIIOB

AHHOTAL VST

Ha pabore MBI IpeAcTaBasieM TeopeTHdeckoe JccAe0BaHe MarHUMTHBIX CBOJCTB BaKaHCUI ZNn B AeTUPOBaH-
upix Cr 1 V, Mn coOTBeTCTBEHHO reKcaroHaabHbIX ZnO 1 ¢ XaapKOIMMPUTOM ZNnSnAs: IOAyIpoBOAHIKaX. PacueTsr
BBIITOAHSAVICh C MCIIOAB30BaHNEM ITPOTPaMMHBIX KoMIL1eKcoB Atomistix ToolKit, peaausyomux MeToasr QpyHK-
LIMOHa/Aa 9AeKTPOHHOM IIAOTHOCTY M CIIMH ODOOIIIEHHOIO I'paJMeHTa ariIpokcuManmii. B kauecrse 0ObeKTOB, 1cc-
AeAoBaHNs BBIOpaHsb!l cynepsiaeriku ZnO n ZnSnAsz, coctosmue us 32-, 48-, 64-, 96-, 128-, 192- u 256-aToMOB ¢ pas-
AVYHBIMY KOMOVHanmmMu Aedektos (BHegpeHne aToMsl Cr u V, Mn u BakaHcun Zn). [TokazaHO, 4TO MarHUTHBII
MOMEHT AeeKTHOII CyIIepsIIeliKI IMeeT CUABHYIO 3aBYICUMOCTb OT KOHIIEHTpaIU IIPUMeCH U HaAN4IsI BAKaHCUIL.

Karouesbie caoBa: ZnO, ZnSnAsz, ATK, n3 nepssix nmpuHnumos, PyHkunoHala DaeKTpoHHON [1aotHOCTI 1
Crima O6o061menHoro0 I'paanenTa Anmpokcumarinii, peppoMarHeTM3M, MarHUTHBII MOMEHT.

ZN1xCRxO, ZN1xVXxSNAS2 VO ZNMNxSN1xAS: BIRLOSMOLORINDO ZN VAKANSIYA HALLARI
UCUN FERROMAQNETIZMIN TOMOL PRINSIPLORDON OYRONILMOSI

XULASO

fsde uygun olaraq Cr ve V, Mn atomlari ilo agqarlanmis ZnO ve ZnSnAs: yarimkegirici birlasmalarinde Zn
vakansiya hallar1 iig¢iin maqnit xassaleri temal prinsiplerden tedqiq edilmisdir. Hesablamalar Funksional Sixliq
Nozoariyyesinin Lokal Sixliq vo Umumilagmis Spin Qradient Yaxinlagmalari istifade olunmagla ATK proqram te-
minat1 ¢argivasinda yerina yetirilmisdir. Todgiqat obyekti olaraq 32-, 48-, 64-, 96-, 128-, 192- va 256-atomdan ibarat
ZnixCrxO, ZnixVxSnAsz2 u ZnMnxSnixAs: supersellori gotiiriilmiis ve Zn vakansiya hallarma baxilmigdir. Miisyyen
edilmisdir ki, tadqiq edilmis supercellorde maqgnit momenti vakansiyanin harada (dopant atomdan yaxinda ve
yaxud uzaqda) secilmesindan ve asqarin konsentrasiyasindan asilidir.

Agar sozlar: ZnO, ZnSnAsz, ATK, tomal prinsiplarden hesablama, Lokal Sixliq Yaxinlasmasi, Umumilosmis
Spin Qradient Yaxinlagmasi, ferromaqnetizim, maqnit momenti.
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1. Introduction

Zn0 is a hexagonal material that crystallizes in the wurtzite structure [1]. ZnO with wide
band gap has been identified as a promising direct band gap semiconductor material, exhibiting
room temperature ferromagnetism when doped with 3d-transition metal ions (Cr, Co, Fe, Mn,
Cr or V). Ferromagnetism in transition metal-doped ZnO is theoretically predicted in [2] using
ab initio calculations based on density functional theory (DFT) local density approximation
(LDA).

ZnSnAs: is a II-IV-V2 tetrahedrally bonded chalcopyrite semiconductor with energy gap
within 0.6-0.76 eV at 300 K [3]. The ZnSnAs2:Mn films grown on InP (001) substrates show a
ferromagnetic phase exhibiting high Curie temperature (Tc=330 K) [4-6]. This makes ZnSn
As> with 3d-elements incorporated a promising candidate for application in spintronics [7].

In this work we study the magnetic properties of Zn vacancy states in Cr-doped ZnO and
V-, Mn-doped ZnSnAs: by using the ab-initio calculations. Also have been considered ferro-
magnetic and antiferromagnetic spin ordering of dopant Cr, V and Mn atoms. To simulate the
doping effect we have performed our calculations for primitive cell and supercells of ZnO and
ZnSnAs:, using Atomistix ToolKit program software (ATK, http://quantumwise.com/) on ba-
sed Density Functional Theory DFT [8] with local spin density approximation (LSDA) [9] and
Spin Generalized Gradient Approximation (SGGA) [10], respectively. In so doing, we have been
able to reproduce experimental value of energy gap only using Hubbard_U corrections.

2. Computational details

Our calculations were performed for the primitive cell of ZnO and ZnSnAs; and for a
number of supercells with as many atoms in the case of Zn vacancy states in Cr-doped ZnO
and V-, Mn- doped ZnSnAs:by implementing the DFT+U using the ATK programme software,
within the LSDA and SGGA methods, respectively. The electron-ion interactions were taken
into account through pseudopotentials of the Fritz Haber Institute (FHI). The Perdew-Burke-
Erenzhorf (PBE) exchange-correlation functional [11] and Double Zeta Polarized basis sets
were used in ATK calculations. The kinetic cut-off energy was 150 Ry. The primitive cell of
ZnO and ZnSnAs: was relaxed and optimized with force and stress tolerances of 0.01eV/A and
0.01 eV/A3, respectively. The investigated supercells containing Cr-, V and Mn dopant atoms
were relaxed with force tolerance of 0.05 eV/A.

The magnetic moments calculations were done by Mulliken population analysis. The num-
ber of the electrons treated as valence electrons was 6 for 12 for Zn (3d'%4s?), 6 for O (2s22p*),
Cr (3d%4s"), 5 for V (3d%4s?), 7 for Mn (3d°4s?), 4 for Sn (5s?5p?), and 5 for As (4s%4p?). The Hub-
bard U-parameter we used in our calculations for Cr-, V- and Mn-3d states were 2.32 eV, 2.73
eV and 3.02 eV, respectively.

3. Results and discussion
3.1 Lattice parameters and band structures of pure ZnO and ZnSnAs: crystals

The optimized values of the lattice parameters (g, c) for ZnO are in a good agreement with
theoretical [12] and experimental dates [12,13,14,15] (Table 1). The values of lattice parameters,
anion displacement parameter (1) and tetragonal distortion parameter (c/2a) for ZnSnAs: are
listed in Table 2 together with the relevant experimental results [16-18].

According to the ab initio obtained band structures and the density of states of the pure
Zn0O and ZnSnAs; are a direct band gap non-magnetic semiconductors. Both the valence band
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top and conduction band bottom are located at the center of the Brullouin zone. The values of
the energy gap of ZnO and ZnSnAs: compounds are 3.4 and 0.34 eV, respectively. Spin-up and
spin-down states form the same band structure.

Table 1. A comparison between the calculated, other theoretical and experimental lattice parameters for ZnO.

Parametr | This work | Theor.[12] | Exp.[12] | Exp.[13] Exp.[14] | Exp.[15]
a, A 3.2495 3.238 3.258 3.249 3.250 3.275
c, A 5.2069 5.232 5.220 5.206 5.204 5.247
cla 1.60 1.62 1.60 1.60 1.60 1.60

Table 2. The calculated and experimental lattice parameters, the anion displacement
parameter and the tetragonal distortion parameter for ZnSnAs2.

Parameters | This work | Ref.[16] | Ref.[17] | Ref.[18]
a A 5.836 5.852 5.853 5.85
¢ A 11.776 11.703 11.712 11.70
c2a 1.010 1.000 1.000 1.00
u 0.2315 0.231 - 0.231

3.2 Cr(Zn)+vacancy(Zn) in the ZnO

In case of Cr(Zn) substitution and in presence of one Zn-vacancy which positioned far from
the dopant the Cr atom creates magnetic moment 2.173 uB. The magnetic moment of 4 O-atoms
bonded with dopant Cr atom is -0.143 uB, the contribution from the other 44 oxygen atoms and
46 zinc atoms are negligible (-0.047 uB and 0.007 uB respectively). The total magnetic moment
of supercell is 1.989 usand decreases 1.395 us in comparison free case vacancy [19, 20].

Almost the same total result is obtained at other positions of Zn-vacancy. In the particular
case, when Zn-vacancy is positioned near the dopant Cr atom (see, Fig. 1) the total magnetic
moment of supercell is 1.995 us (composed mainly 2.077 us from Cr and -0.103 us from 48 O
atoms; the total magnetic moment by other 4 O atoms from neighborhood of the dopant is -
0.094 us, the contribution from the oxygen atoms vicinity of vacancy is negligible (0.002 uB)).

Thus, in case of Zn-vacancy, regardless of its position in the structure, magnetization of
the supercell is approximately the same, i.e., the total magnetic moment of supercell decreases
by nearly 1.4 us in comparison with vacancy-free case.

Figure 1. The structure of Zn«CriOus supercell with Zn vacancy. The vacancy position
is encircled. Magnetic moments are shown by black arrows.

As in other cases the participation of 4 O atoms with dangling bonds vicinity of the vacancy
in the magnetization is very weak. Regarding the changes of the structure, obtained from the
relaxation, 2 O atoms have been tightened to the vacancy, but other 2 O atoms atoms have
been removed from the vacancy.
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Thus, Cr(Zn) substitution+Zn-vacancy in 96-atoms supercell strengthens (by nearly 1.2
us) the total magnetic moment in comparison with the Zn-vacancy.

3.3 V(Zn) substitution+Zn-vacancy in ZnSnAs:

In the V(Zn) substitution and in presence one Zn-vacancy which positioned far from the
dopant the calculated total magnetic moment of 96-atoms supercell is 2.31 us. The dopantV
atom in this case creates slightly smaller magnetic moment 2.569 us and 48 As atoms weakens
total moment by the amount -0.291 usand the main contribution in this case, again, belongs to
the 4 As atoms neighboring with the dopant. In comparison with the vacancy-free case [19, 20]
total field weakening is ~0.7s.

Let the Zn-vacancy is chosen so that one of As atoms chemically bonded with the V dopant
loses one bond due tothe vacancy. Structure relaxation reveals, the As atoms from vicinity of
the vacancy are exposed the some displacement and tightened to the vacancy position in the
structure. According to the Mulliken population analysis in this case the total magnetic mo-
ment of supercell is greatly weakened (1.093us); the dopant V atom creates a smaller magnetic
moment 2.412us, which is attenuated with 48 arsenic atoms more stronger, -1.187us (the ne-
gative contribution of 4-x As atoms from vicinity of the dopant is -0.772us). Ultimately, the total
magnetic moment of the supercell decreases by the amount 1.907us as compared to vacancy-
free case.

Thus, the change of magnetic moment of the supercell due to one Zn-vacancy is (-0.7+-
1.9) us depending on position of the vacancy.

3.3 Mn(Sn) substitution+Zn-vacancy in ZnSnAs:

Mulliken population analysis for the Zn2:Sn-MniAsss suprcell with one Zn vacancy (Fig. 2)
results in the following partial magnetic moments if vacancy is positioned near the Mn atom:
4.714 from Mn, -0.037 from 23 Zn, -0.017 from 23 Sn, and -1.605 ps from 48 As atoms. The total
magnetic moment is 3.055 us. In other words, it is almost the same as the one in the vacancy
free case.

Figure 2. The structure of Zn2:Sn22MniAsas supercell with Zn vacancy. The vacancy position is encircled.

The As atom near the vacancy is framed by rectangular. Magnetic moments are shown by black arrows.
7

Note that the magnetic moment of the As near the vacancy is noticeably larger than that
of the other As atoms, which results in the reduced total moment of the structrure. On the other
hand, a significant increase of the total magnetic moment is possible if Zn vacancy is positio-
ned far from the As atom neighboring Mn. Caculations show that in this case the total magnetic
moment can reach 3.627 ps which is already much above 3 ps.
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4. Conclusion

Ab initio calculations performed for a 32-, 48-, 64-, 96-, 128-, 192- and 256-atoms ZnO and
ZnSnAs: supercells. Due to the ab initio obtained band structures and density of states of the
pure ZnO and ZnSnAs: compounds are a direct band gap non-magnetic semiconductors. Mul-
liken population analysis shows that, when Cr(Zn) substitution +Zn-vacancy in ZnO and V
(Zn)-, Mn(Sn) substitutions+Zn-vacancies in ZnSnAs: lead to a ferromagnetic spin ordering.
Note that, the doping of ZnO and ZnSnAs: with the transient Cr and V, Mn atoms would lead
to the magnetization of the structure, because of the unpaired electrons in the partially filled
Cr- and V-, Mn-3d orbitals.

The presence of vacancies in the structure affects the magnetization (increases or reduces
the magnetic moment of the supercell).
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a-MESON SPIN 3/2 A-BARYONS COUPLING CONSTANT
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ABSTRACT

We consider a;-axial vector meson with spin 3/2 A-delta baryons interaction in the framework of the soft-wall
model of AdS/QCD. The axial vector field is determined by the gauge fields with left and right chiral symmetries
and was included the pseudoscalar X field for breaking chiral symmetry in the bulk of Anti-de Sitter(AdS) space.
The Lagrangian and equations of motion is written in the bulk of AdS space and the profile function is found from
the solution of equations. In addition to these fields, the Raryta-Schwinger field for the A-delta baryons is introduced
inside the AdS space, and the profile functions for them are found from Lagrangian. According AdS/CFT correspon-
dence using from the bulk interaction Lagrangian we derived an integral over an extra dimension for the a;-axial
vector meson spin 3/2 A-delta baryons g, aa coupling constant.

Keywords: Anti-de Sitter space, Rarita-Schwinger field, meson, delta baryon, profile function.

ADS/KXD-NIN YUMSAQ DiVAR MODELIND®O a;-MEZONUN SPiNi 3/2
OLAN A-BARIONLARLA QARSILIQLI TOSIR SABITi

XULASO

Tadgqiqat isinda a;-mezon ila spini 3/2 A- delta barionlarin qarsiliglt tasir masslesine AdS/KXD-nin yumsaq
divar modeli gorcivasinda baxilmisdir. Anti de Sitter (AdS) fozasinin daxilinde sol ve sag kiral simmetriyaya malik
olan kalibrlesma sahalari vasitasile aksial vektor saha ve kiral simmetriyan1 pozmagq tigiin psevdoskalyar saha daxil
edilmisdir. Bu sahalar ti¢iin AdS fezasinin daxilinde Laqranjian yazilmis, harakat tenliklari alinmis ve bu tenliklarin
halli olan profil funksiyalar1 tapilmisdir. Bunlardan alave AdS fazasinin daxilinda spini 3/2 olan A-delta barionlar
ti¢lin Rarita-$vinger sahasi daxil edilmis, onlar ti¢iin Laqranjian yazilmais, harakat tenliklari alinmis ve bu tenlikla-
rin halli olan profil funksiyalar1 tapilmigdir. AAS/KSN uygunluguna asaslanaraq daxili fezada yazilmis qarsilqli
tosir Lagranjianindan istifade edarak a;-mezon spini 3/2 A- delta barion qarsiliqh tesir sabiti g, s tigiin alave 6l¢ii
iizro integral ifade almisdar.

Acar sozlar: Anti de Sitter fazasi, Rarita-Svinger sahosi, mezon, delta barion, profil funksiya.

KOHCTAHTA B3AUMOAENCTBUSI a;-ME3OHA C A -BAPMOHAMU CO CITMHOM
3/2 B MOAEAV MSATKOV CTEHBI A AC/KXA

PE3IOME

B aaHHOM 1CCA€40BaHMM MBI pacCMaTpUBaeM B3aIMOAEVICTBUE (- aKCMAAbHOTO BEKTOP-Me30Ha ¢ A-aeabTa
Gapronamu co ciHOM 3/2 B pamMKax Mogean Msrkoit cteHsl AaC/KX/. C moMoInbio KaAuOpOBBIUHEBIX ITOA€NI C Ae-
BOMY U IIPaBOMY KMpPaAbHBIMI CUMMETPUSAMMU OIlpejeleHbl akCciaAbHble BEKTOPHBIe 110451 I BBeeHO I1CeBA0CKal-
spHOe TI0Ae AAsl HapyllleHne KMpaAbHON cuMMeTpun BHyTpu npocrpanctso AaC. Buytpu npocrpanctso AaC 3a-
mcaH /larpaHXuaH AAs STUX Hoeit u npoduasHbie PyHKIV. TToMuMo 9THx 1oaeit BHyTpu mpocrpancTso AaAC
BBeeHoO 110/e Papurtsr-IlIsunrepa Aas A-aeabra 6GaproHOB 1 TpoduAbHbIe GYHKIIUU AAS HUX HallAeHbI 13 /arpaH-
sxmana. Coraacao AAC/KTTI cooTBeTCTBI MBI IOAYIMAYM COOTBETCTBME KOHCTAHTBI B3aMMOAEVICTBI (4 -aKCHUaAb-
HOTO BEKTOp-Me30Ha C A-ageabTa OaprOHaMU B KauecTse MHTerpala 10 40II0AHMU-TeAbHOMY M3MepeHNIO.

Karouesnle caosa: mpocrpaHcTso AuTi-Ae CrtTepa, noae Paputsi-IlIsunrepa, Me30H, 4eabTa GapiuoH, Ipo-
¢uapHbIe PyHKIIIN.
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. Introduction.

One of the greatest devolepments in particle physics is gauge-gravity duality which has
conjectured by Maldacena during the last decade. This conjecture includes the possibility of
obtaining accurate results in the strong coupling limit of gauge theories from classical calcu-
lations of gravitationally interacting fields in a higher dimensional space. The original corres-
pondence was between a particular string theory in 10-dimensional and a particular confor-
mal field theory in 4-dimensional, namely the large Nc limit of N=4 super Yang-Mills theory.

A particular implementation motivated by the original AdS/CFT correspondence is the
“bottom-up” approach, which is a way of using the AdS/CFT correspondence as motivation
for modeling QCD starting from a 5D space. Since the beta function of N=¢ SUSY Yang-Mills
is vanishing, it is described by conformal field theory (CFT). From this reason the correspon-
dence is called the AdS/CFT. After Maldacena, the original version of the AdS/CFT duality has
been extended to less supersymmetric cases and even to non- supersymmetric ones. Besides the
idea of the AdS/CFT duality is deeply connected to that of “holography”, which was proposed
by several people.

AdS/QCD is a model which has established according to AdS/CFT correspondence. The
main idea of AdS/QCD is to constract a model that includes important properties of the
original 4D field theory, such as chiral symmetry breaking and confinement by introducing
an extra spatial direction to the 4D space-time. There are two models of AdS/QCD. First one
is a soft-wall model where the confinement is modeled by adding an extra 5D Dilaton field to
action integral and action was integrated from 0 to oo. The second one is hard-wall model where
the confinement is modeled by cutting space at infrared boundary z,, and action was integ-
rated from 0 to z,,.

In the present paper, we have interested in the soft-wall model of AdS/QCD and have
calculated the a;-axial vector meson spin 3/2 A-delta baryons g, aa coupling constant in the
framework of this model[1,2] .

The purpose of this manuscript is as follows: At first, in Section II we would like to re-
view the soft-wall model of AdS/QCD in detail with a simple setup involving bulk geometry
of this model and the axial vector current for the spin 3/2 A-delta baryons. Then we give pro-
file functions for the axial vector meson and spin 3/2 delta baryons in the soft-wall model of
AdS/QCD. In Section III, we write lagrangian for the a;-axial vector meson-spin 3/2 A-delta
baryons interaction in the bulk of AdS space. According to AdS/CFT correspondence using
from the bulk interaction Lagrangian we derived an integral over an extra dimension for the
a;-axial vector meson spin 3/2 A-delta baryons g, 1 coupling constant.

Il. Soft-wall model of AdS/QCD

In the soft-wall model the confinement is modeled by adding an extra 5D Dilaton field
as an exponential multiplying to action integral where action was integrate from 0 to co with
the following formula [3,4]:

S=[d5x. ge¥? L, 1)
where g = |detgyy| (M,N=0,1,2,3,4,5) and the metric of AdS space is defined as follow

ds? = gyydxMdxV = 4@ (dz? + n,, dxtdx") = Ziz(—dz2 + Nydxtdx’),uv =012,d—1. (2)
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Here ® = k?z?% is a Dilaton field and 7, is a Minkovski metrics.
nuv = dla.g(l; _1I _1: _1) (3)

Dilaton field is introduced to make the integral over z to finite at infrared boundary of
AdS space (z — o) and for the soft-wall model it was choosen as follow [5,6,7]:

& —A=k%z%+log z 4)

The axial vector current

As we know axial-vector isovector current of nucleons in QCD is given with following
formula :

jRe @) = Yy @), a = 1,23, (5)
In a weak interaction the axial-vector isovector current is a partially conserved :
(%) = i)y {5, 1 (), (6)

Here ¢ = (2) is a doublet and u is a mass matrix of u and d quarks: u = diag(m,, mg)

(m, = myg = m). In one-nucleon states a matrix element of the axial-vector isovector current
is defined in terms of G4(q?) axial-vector and Gp(q?) induced pseudoscalar form-factors
[8,9]:

. — K a
(N OIN®)) = 86" [YHr56a(a?) + 2= v5Gr (D) S ulp), 7)
where q, = p, — p, is a total interaction momentum and my-is a nucleon mass.

G4(q?) axial-vector, Gp(g?) induced pseudoscalar vo G,y (g?) pion-nucleon form-factors
are connected with each other as following expression:

2myGa(q?) + L= Gp(g?) = 2 M2 G (q?) 8
nGalq ZmNPq MZ—q? anq~). (8)

Similarly axial-vector isovector current of nucleons the axial-vector isovector current of
the spin 3/2 A-delta baryons in QCD is expressed with formula (5).

Profile functions of axial vector meson in the soft-wall model of AdS/QCD

According to AdS/CFT correspondence for vector fields the ultraviolet boundary value
of Kaluza-Kleyn modes of vector field correspondence to the states of vector mesons.
Similarly vector mesons, the axial-vector mesons correspondence to the ultraviolet boundary
value of Kaluza-Kleyn modes of transverse component of axial-vector gauge field [3,4]. The
axial-vector field consist of A transverse and A; longitudinal components: A = A, + 4. In
the bulk of AdS space axial-vector gauge symmetry is broken, so only A, longitudinal com-
ponents have physical meaning and are related with pion field. For simplisity this compo-
nent is fixed by using from the A5 = 0 gauge condition. Thus the action for axial-vector field
is expressed in term of:

SEES = —ip [ doxfg e Tr(FE + FR), ©)

where Fyy = 0y Ay — OyAy — i[Ay, Ay]. 5D coupling constant depends on number of

5 12m?
color gt = ~

r

and gs = 2m. After using Fourier transformation the Af,(x,z)transverse
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compo-nent of axial-vector gauge field is written in momentum space. Equation of motion
for the Fourier component of the Af,(p,z) axial-vector gauge field is written from the
expression (9) as follow:

[0, (e 0,430, 2)) + p* 27 g, 2] =0 (10)

A(p, z) bulk-boundary propagator is introduced with A‘ju (p,z) = A(p, z)Aj;(p) condition.
It satisfies equation (10) with boundary conditions A(p,0) =1 and A’(p,z,) = 0. For the
A, (2) n-th mode KK decomposition with A(p, z) = Y=o An(2) fn(p) and m2 = p? equation of
motion is as follow:

0,(e7 8@ 9,4,) + mie B4, =0, (11)
where B(z) = ®(z) — A(z) = k?z? + In z. After substution
An(2) = eB@/2y, (), (12)

similarly vector field equation of motion is written like-Shredinger equation and it has a
soluton as follow:

_ 2n!
Yn(e) = €K 2y [ L ). (13)
Here L7 (k?z?) is a Lager polinom.

For a;-mezon ti¢tin m = 1 vo (13) has a solution [8,9]:

2
Ap(2) = k%22 /mL}l(kzzz). (14)

Profile functions of spin 3/2 delta baryons in the soft-wall model of AdS/QCD

From the particle physics we know that A- baryons have A°= udd, A*= uud, A~= ddd
vo A**=uuu states. According to Pauli principle A-baryons include two spin states with
spins 1/2 and 2/3. According to the AdS/CFT correspondence, the spin 1/2 baryon operator at
the boundary will correspond to a bulk Dirac field [5,6] while the spin 3/2 baryon operator to
a bulk Rarita-Schwinger field at the boundary field [3].

A simple holographic description of spin 3/2 baryons in the boundary theory is given
by the Rarita-Schwinger fields in the bulk [4]. In AdS space the 5D action for the Rarita-
Schwinger field is given similarly to 4D field:

Sp = J d%x [ge=®@ (P, 45Dy, — (my + P94 — (m, — %)@AFABIPB). (15)
Where ¥, = elWy, el =z8Y vo gMN =elleln4B. Dy = dy +%wNAB[FA,FB] —iVy is a

1
~Nuv-

covariant derivative. Non-zero components of spin connection are: w,,, = —Wyy; =
z

r4 = (y#,—iy®) 5D gamma matrices satisfy{I'4, '’} = 2n48 relation. Notations is used
during the calculations:

FABC :%(FBFCFA—FAFCFB), I"AB :%[FA’['B]. (16)

From the expression for action (15) one can find the equation of motion:

ir4(DyWg — DgWy) — (m_ + ®)¥5 + %FBFAI.UA = 0. (17)
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Here m, = m; £ m,, m; and m; —is a mass of vector spinors.

Being a reducible axial vector-spinor the Rarita-Schwinger fields contain not only spin-
3/2 components but also spin-1/2 components as well. In 4D, the extra spin-1/2 components
can be projected out by a Lorentz-covariant constraint:

YRy, = 0. (18)

As in 4D, the following Lorentz-covariant constraint will project out one of the spin-1/2
components from the 5D Rarita-Schwinger fields:

e 4y, =0, (19)
which then gives:

oMy = 0. (20)
for a free particle if combined with equations of motion.

The spin-3/2 baryon operators O, and Oy are transform differently under the SU(2), X
SU(2)g group in the boundary of AdS space. So that in 5D AdS space is introduced two 5D
vector spinors [2,5].

Thus, equation of motion is obtain for Rarita-Shwinger field like Dirac equation[3,4]:
(izl 49, + 2ir® — (m_ + ®)¥, =0, (1 = 0,1,2,3). (21)
Left and right chiral field is introduced for the spinors:

Puw) = %(1 +v>)Pu,

Yy =5 (1= Y5y (22)
thus equation of motion from (21) by using (22) is in the form:

2(m_+k?z? 2(m_-k?z?
[0z - 2mt2) g, 4 2 4 2] f = 0,

|02 - 24 5 4 p2] 5, =0 (23)
and profile functions for the spin-3/2 delta baryons are in the form [3,4]:

FiY (2) = nyu L0 ),

FR@ =m0, @4
where a = m_ +%.

The normalization constants in (24) was found from

[y o e PP @F P (@) = 6y, 25)
as follow:
1 2r(n+1)
M= et | Ty
np = NV +n. (26)
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I1l. aj-axial vector meson-spin 3/2 A-delta baryons interaction

We use from the 5D action in the bulk of AdS space to calculate a;-axial vector meson-
spin 3/2 A-delta baryons coupling constant in the boundary of this space. This action include
interaction between axial-vector field in 5D space and axial-vector current in 4D space.

Sine = [ d*x dze™®@ [g Ly, . (27)
According to AdS/CFT correspondence the delta baryon’s axial-vector current is written
as follow:

_ .8ZkxD _

(28)

where Zgxp = eint and A) = 4,(q,z = 0) = A,(q) the vacuum expectation value of the
axial-vector field (A(z =0) =1), J,(0',P) = ga,sad(@ )y, u(p) is a 4D current in the boun-
dary of AdS space and g = p' — p. p’ and p are the momentum before and after interaction.

Generally, £L;,; interaction Lagrangian is constract according to the gauge invariance
of the model and consist of from the different interaction terms. For calculating this
Lagrangian we use from 3 kind of interaction between the fields in the bulk of AdS space.

1) A minimal interaction Lagrangian term consist of interaction between axial vector
tield with the current of spinors

1 — p—
L\ = S (PYelT™ Ay, — PYel TM Ays) (29)
(29) Lagrangian gives the following integral for coupling:
o d — * *
g = § O, () (RR” DFF @) - K A @) (30)

where 4,(z) = (kz)?V2 L%l) (k?z?) is a profile function of a 0 KK modes for axial-vector
field which UV boundary value correspondence to the ground state of a; meson according to
AdS/CFT . nm indices indicate initial and final excited states of nucleons.

2) Spinors is interacted with axial-vector field in the bulk of AdS space, so that they

have magnetic moments. For this interaction Lfvlz\?zv Lagrangian is written as below:
1 i 7 7
Lion = Skaeflel (PYTM™ Fyy ¥, + PETMN Fugy W), (31)
this term gives the following contribution to the coupling integral:

ok,dz _ * :
gL = [ o2 0,4,(0) (ER" G () + B RSP () 2

3)Besides this terms, there is interaction between skalyar field X , axial-vector and spi-
nor fields which called Yukava coupling constant as follow:
L) = grel el PYX TMAy W,y + PYXHTM Ay P1), (33)

From the Yukava interaction we get next contribution for the gz A, coupling constant:

oo d. _ *
g =29y [ 5 e™KF 4y(2) v(@) F" DERY @), (34)

These integral expressions is coincide with expression for the axial-vector meson spin
2/3 delta baryons in the framework of hard-wall model besides the exponencial factor and
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for-mula for profile functions. Thus, we get three expression for the a;-meson spin 3/2 A-bar-
yons coupling constant in the framework of the soft-wall AdS/QCD model. The total constant
is consist of sum of this terms as follow:

9iin = Gana" + Gana + ea (35)
This work has been done under the BSU “50+50” grant. So, Narmin Huseynova thanks
BSU for this support.
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PE3IOME

[TocTpoena Teopmus KoaeGaHUS TOKa B HU3KOPa3MEPHEIX CpejaX DAeKTPOHHOTO THUIIa HOCHUTeAel 3apsja.
Ornpeesensl 3Ha4eHNMs YacTOTH HapacTaonux BoaH. HaiijeHsl 3HaueHNs 9AeKTPUIeckKoro M MarHUTHOTO IO
IIpM KOTOPBIX MPOUCXOAUTH u3aydenus sHepruu. C onpeseleHbl MHKPEMEHT HapacTaHusA BO30Y>KAaeMBIX BOAH.
/loKa3aHo, 4TO MHKeKLINs UTpaeT CyIleCTBeHHbBI poAu A4s u3aydeHus sHepruu. [lokasaHo, 4To 4451 M3AydeHUs
PHepIuM TpebyeTcs 0OAbIIe 3HaYeHMsI DAKTPUUIECKOTO 1045, YeM IIPY BO30Y>KAEHNS HapacTalolUX BOAH BHYT-
pu cpeapl. JloKasaHo, 4TO C M3MeHeHMeM pa3Mepos oOpaslja 4YacToTa BO3HMKAIOIINX KoAeDaHMil TOKa OYeHb CHAb-
HO MeHseTCsA. 3HaueHMsI BHEIIIHeTO DAeKTPUIeCKOTO MOAs IIPU MOsABAeHMs KoAebaHMs ToKa 3aBUCUT OT pasMepa
obpasna. Koraa HaunHaeTcs ko1e0aHMs TOKa B IIeIIM BO3HUKaeT COITPOTUBAEHNE MHAYKTUBHOTO XapaKTepa, a pe-
aapHasl yacTh MMIIedaHca OCLUAAUPYET C OlpeeleHHBIM ITepuoAoM. VIHKeK1ms Ha KOHTaKTaX CpeApl yCUAMBaeT
HapacTaHM: BOAHEL DTa cpeja C yKa3aHHBIMU pa3MepaMM MOXKeT CAY>KWUTD KaK MCTOYHNK M3AyJeHsT DHePIUIA.

Karouesble ca0Ba: acToTa, aMIIANTYAa, DA€KTPOH, HepaBHOBECHbIE KOAeOaHIL.

ASAGI OLCULU ELEKTRON TiP KECIRiCi MUHITLORD®O DAXILI VO XARICi DAYANIQSIZLIQ
XULASO

Asag1 (nanodlgiilil) olgiilii elektron tip kegiricikli miihitlards cerayan roqgslorinin nezeriyasi verilmisdir. Ya-
ranan dayaniqsiz dalgalarin tezliklori hesablanmisdir. Enerji stialanmasina uygun elektrik sahasinin ve magqnit
sahasinin analitik ifadalari hesablanmisdir. Yaranan dalgalarin inkrementi hesablanmisdir. isbat olunmusdur ki,
kontaktlarda olan injeksiya siialanma iiciin vacibdir. isbat olunmusdur ki, siialanma iigiin lazim olan elektrik sa-
hesinin qiymati daxilde yaranan artan dalga iigiin lazim olan elektrik sahasinin qiymatinden béyiikdiir. Isbat olun-
musdur ki, niimunanin &lgiilari dayisdikce yaranan ragslerin tezliklari kaskin dayisir. Raqs yarananda elektrik sa-
hasinin giymati niimunanin dlgiilarinden asili olur. Raqs yarananda dévrada induktiv xarakterli miigavimat yara-
nir. Miiqavimatin haqiqi hissasi miiayyan periodla osilyasiya edir. Kontakda yaranan injeksiya dalgalar1 giiclan-
dirir. Bu miihit gosterilan dlgiilards enerji siialanma markazi ola bilar.

Acar sozlar: tezlik, amplituda, elektron, tarazligda olmayan ragsler.

INTERNAL AND EXTERNAL INSTABILITY IN LOW-DIMENSIONAL CONDUCTIVE
CHARGE CARRIER TYPE ELECTRONIC ENVIRONMENTS

ABSTRACT

A theory current fluctuations in low-dimensional electronic Wednesday type of charge carriers. Defines an
escalating frequency of waves. Found the values of electric and magnetic fields at which radiation energy happen.
With defined increment rise brought by waves. It is proved that the injection of substantial plays the role of
radiation energy. It is shown that the radiation of energy requires more than the value of the electric field than the
escalating waves excitation inside Wednesday. It has been proven that with resizing the sample frequency transients
occur very much changes. The value of the external electric field with the advent of the current fluctuations zavi-
sitotthe size of the sample. When the current fluctuations in the chain occurs the resistance of inductive character,
and the real part of impedance oscillates with a certain period. Injection on the contacts Wednesday strengthens
the waves rise.This Wednesday with specified sizes mozhetsluzhit as a source of radiation energy.

Keywords: frequency, amplitude, electron, non-equilibrium oscillation.
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BBeaenue

Teopus xBasuHeNTpaabHBIX KOA€OaHMUM TOKa B MOAYHPOBOAHMKAX C ONpeAeAeHHBIMM
rAyOOKMMM AOBYIIIKaM¥ PV HAAMYMY BHEITHETO DAeKTPUYECKOIO IO U IIPY HaANIMY BHEelll-
HeTO ®AeKTPUYeCKOTIO U CUABHOIO MarHUMTHOIO I10As IIOCTpoeHa B paborax [1-4]. B paGorte [5]
C y4eTOM peAakcalliyi HOCUTeAell 3apsi4a IIOCTpOeHa Teopyusl KoAeDaHus TOKa B ITOAYyIIPOBOA-
HIKaX C AByMs TUIIaMI HOCUTeAel 3apsaja. Teopns HeyCTOMUMBOCTY B MIPOBOASAIINX Cpeaax
IocTpoeHa BO MHOIMX paborax. OgHako, B 9TUX paboTax He 1CCAe40BaHbl BAUSHUSA pazMepa
oOpasIija Ha HeyCTOIuMBhle KoAeOaHIs TOKa. B ®Toi1 TeopeTnyeckoit paboTe MBI IIOCTPOUM
TeOpMUIO KOAeDaHMI TOKa B HU3KOPa3MEepPHBIX IIPOBOASIIINX CpeJaX, BO-BHEIITHOM ITOCTOSIHHOM
DAEKTPUYECKOM M MarHUTHOM NOAsX. /0OKa3aHo, 4TO C M3MeHeH/eM pa3MepoB oOpaslia yac-
TOTa BO3HMKAIOIIVX KOAeDaH!Il TOKa OYeHb CUABHO MEHseTCs. 3HaueHNs] BHeIITHeTO DAeKTpU-
4eCKOTO 11045 IPY NOABAeHNUs KoAeOaHNs TOKa 3aBUCUT OT pa3Mepa odpasia.

Teopms

ILr0THOCTD TOKa B IIPOBOAAIIIMX Cpedax C OAHUM TUIIOM HOCHUTeAel 3apsAa OpU HaAUdum
DAEKTPUYECKOTO ¥ MarHUTHOTO M0AeN MMeeT BiA: [5]

1 = piE — pra[EN]+ priE +DVp—D;[Vph]+ D,V (1)

3aeck: H=hH o, 0 =E€N, N-KOHIIEHTPALIVs DAEKTPOHOB; 4, [1, {2 -OMUYECKIE, XOAAOBCKIE,

(okycnpoBouHbIe MOABMKHOCTI HOCUTeAel 3apsiga, D, D1, Da-coorseTcTByIONiue Kospdu-
1nents! AngPysun. K ypasnennio (1) Hy>xHo 400aButh ypasHenue Ilyaccona

. A .
digE =—
P 2)

—

Cumras, uto j= j,+ j . E=E0+I§', P = +p " E << EO P <<py1'<< ],
u3 (1-2) aerko moay4mm:

£ E |
1= 90"+ PottoE' + oty oﬂ —po#l[E h]
& 3)

E
_pO:ul[E h]ﬂ 7—p,u1[E h]+9p +p0/12E + 0 oluzﬁz +DVp 1[Vph]+ D,Vp

= idiVE' ()

T

_ _ B dhl,u dhl,u1 dh i
.4 =uE 9 =1E = =2 2
Baecy: 0= Mo, AT, fi= d|"11E2 . A= deé o Pa dhE;

HanpaBumME, 1o x E,=iE, (I —eAMHUYHBIIBEKTOP 110 X)
Ypasuenne (3) pacruiiem 110 KOMIIOHEHTaM

, ¢ ., ke , ,
= [po/"o(l+ﬂ) + Potty L+ BV + post, (L+ ﬂz)]Ex +E(90 +38)diSE 7LE(‘go + '92)(Ey +E)+

£ VvZE, _ &, k2

()

i (E' +E})
., , D vE, VIE
)y = Potty(L+ B)E; +[p011'11(1+ﬁ) +p0,uZ]E +T+ (D +D )[ e Dny + DXDZ] (7)
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Mz1 6yaeM nccaeaoBaTh KoaeOaHMsA TOKa 10 HalIpaBAEHUIO X, [IODTOMY

HUA- A 0

=1 8)
IIpeacraBasist iepeMeHHbIe 3HaYeHI sl 9AeKTPUYECKOIO 10431 B CAeAyIOIeM BUAe

= El(x)ei(lZF—ml), E; = Ey (O)ei(lzf—wt), E =E, (O)ei(lZF—ax)’ u

2 14
k, =k, = Ty U3 (HaxoAMM) cAeAyIOIye ypaBHEeHNs A5 onpejeaerns i« B

D ien, D E! z
0.+ oy~ 0 (B + B e B D VR Doy (11 Er)=0 )
4 4z v Ar W, 4m

H 2
in, D, @_éﬂyDz(

E'+E|)=
ar w4z Z) 0 (10)

r
o,E. +

3aecy O = Potud+B), 05 = potte U+ B)+ porta | 13 cosmecTHOTO pemenns (9-10) aerko

E! u E!
orpeaeasem v ¥ =

El_& |kD I/E ,_& IkD VE @E, I(E‘I"ID‘,E 6‘D VE; (11)
y 0-22 Ar v O-z i w o, 472_0_2 x 0_2 "
2
3aech: Q, = Dk, Dky . 0 =0, ey eDk.k,
ar 4r ’ Ar 4z

YPaBHeHI/ISI HEPa3pbIBHOCTD 4451 IIA10THOCTUM TOKa IMEET BUA:

’

99" | divr =0 (12)
dx
., 4r R -
3 ypasuenne Ilyaccona UiVE'= — p’ naxoanm p' = dIV4— E (13)
& 7

3 (12-13) aerko moAy4dnm caeAyomiye ypaBHeHe A4s1 onpeaeaenust E;

(C,‘D k 2 .
E' +ﬁ£ <‘,‘D VE é‘D v E — S 5'9 in _#_Iﬁ (E' +E;):O (14)
dr ke e w |\2r ' 4x 4 N

ITpn noayuenns ypasHenue (14) mu1 onipeaeanan kykx, B caeayromieM suge:

e o[22 J%; Lyz[emz]% (15)

2 = 4zc, , 4r Do,
y ~ N T T2
D, ¢ D,

Do, o,
Ioacrasass Eju E; us (11) cuetom (15) moaydmm:
i 2 D,k
D, 1+ (kygz—gj Y sz +g—'92 142 _jl14 22 £+
Ar 2ro, 2)| ox*  4x 4zgn, 29, )| w (16)
+a{ _o%, iwe [O-ln % o oo HE; -0
o, 4r\ o0, o 00,
Permrenne ypasHeHne (16) olpejeasieT epeMeHHBIe YacTh DA€KTPUYECKOTO 10151 BHYTPU
cpeasl ¢ pasmepamu (15). Koraa xoaebaHms 9AeKTpUIeCKOro 104, IIAOTHOCTH 3apsija U I1A0T-

HOCTU TOKa, IIPOUCXOAUTH TOABKO BHYTPU CpeAbl BOAHOBON BEKTOP sIBASETCs BelleCTBeHHON
BEAMYIHON, a 4aCcTOTa KoAe0aHsI KOMIIAEKCHOM BeAUMIITHOIN T.€.
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k=k,., o=aw,+iae, (17).

N3 pemenne ypasaenue (16) c yaerom (8 un 17) aerko noaydmm:

1 eD,K, K 2
Oy =7 poﬂl(l"'ﬂ)"‘po;uz(l"'ﬂz)_ : y[1+ i \J:|

2 4r D,K,K, (18)
2
1 C oK, 1
a)lzi poﬂo(l"'ﬁ)"'poﬂz(l"'ﬂz)_o'z[j -+ >0y (19)
HoH n, 2
ITpn noayuenns (18-19) Mbl onipeaeanMBbI 445 DAEKTPUIECKOTO 1045 BRIPakeHN:
E, = 2w oy (20)

e Ky

1
M3 (19) BuaAHO, 4TO IpM 3HAYEHMX (B, B, B,) = iE (21) Bo3OYy>XKaaemas1 BoAbHa BHYTpU
cpeAbl ¢ yacToToi @, (18) mpu »aexrpuyeckom noae (20) sasercs HactarommM. [Ipu snayge-
3
ausax (B, B, B,) = —E (22) Boana yvacroroit @, (18) sBaserca saryxaromumu. Hy>xHo otme-

TUTB, YTO 3HaueHus koddpduunmentos ([, S, f,) ompeseasiOTCs paccesiHIEM HOCUTeAEN

3apsaa. 3HaueHMs (21) MMeeT MecTo, KOrga paccesiHIs IIPOMCXOAUTDb Ha aKyCTMUeCKNX pOHO-
Hax a 3HauyeHUs (22) MMeeT MeCcTO IIpM paccesHUs Ha ONTUYeCKUX U Ha AeeKTax peIeTKI.
Ecau cooTHOIIeHMst DITHINTeIHA IMeeT MeCToO, T.e.

D:Teff T :T[CEOJZ (22)

o Hy et 3\ SH

3aecsh E- Temniepartypa pemeTku B- 9prax, S'-CKOpocThb 3ByKa, Toraa u3 (20) aerko roay-
9UM AAs 3Ha4eHMsI MaTHUTHOTO 110451 pOpMYABI

1/2
H :C(ﬂnTj (23)
S'\ 3¢

n- KOHCeHTpauus HocuTeAell 3apsja. /lerko ydeautncs, 9o poH>>C.
BHentHsis HeyCTOMYNMBOCTD
[Ipu BHEIIHMIT HEYCTOMYMBOCTI

o=aw, K, =Kk, +ik; (24)

X

Pemmenne ypasnenne (16) onpegeaser E; U cAeA0BaTeAbHO UMIledaHC oOpaslia
i

Z =2 [E(xdx (25).
z.3

‘ZI,A}I o1peaeAeHns1 E;( MBI AOAPKHBI YIUTBIBATh MH>KEKLINIO HOCUTeAen 3aps4a Ha KOH-

TakTax oOpasiia. KoHnieHTpaIus HocuTeAeln 3apsiga U3MeHseTCsl B 0Opaslie 3a cdeT BXoda U
BBIXOJa HOCHTe/Aell 3apsijda Ha KOHTakTaX. Takum oOpasoM KoaeOaTeAbHBIN 4acTh TOKa MeH-
SIETCSI 3a CYET UHXKEKIIUU T.e

n=a’ (26).
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byaem nckats pemenne (16) B caeayiomem suge

El =Ce"* +C,e"* (27)
BoaHoBbIe BeKTOPBI K1 U K2 OIIpeAeAsdIoTcs u3 AuddepeHnnaabHoro ypasHeHus (16).
Koncrantsr Ci n C2 Hy>XHO onpeAeAnTb U3 TPaHMYHOTO YCAOBNS AA5 IIEPEMEHHOIO DAeK-

ik
tpuueckoro roas E|. [peacrasass E; ~ e"* onpeaeaum us (16) x1 u k2. ITocae He cA0KHBIX

aAre6paneCKmx BBIYMICAEHUI I10Ay491M

k, :‘;k—;(—lﬂx):—kz; x:%[,/&z +191’+19}l2

H
k= 0, . g €% . , o,U - B +?(1+ﬂ2) (28)
evK, 4rv, VK, 9 2+
ITpu moaygenus Gpopmyast (28) MBI MCIIOAB30BaAN HEPABEeHCTBO
K9 >0, (29)

Aas onpegeaeHnss KOHCTAHTOB €1 M €2 Mbl AO/AXKHBI MCIIOAb30BaTh I'PaHMYHbIE YCAOBIAS
DAEKTPUYECKOTO 10As. KOHTaKThI KpucTrasaa BO-BCeX HKCIIEPYMEHTAABHBIX YCAOBVAX SIBASIOTCS
VHXXEKTUPYIOIIVMIL, T.€. HOCUTEAM 3apsi4a BXOAAT u3 cpeasnl. [TosTomy

n=a' (30)
o- KOE)CI)CI)I/ILH/IQHT VTH>KeKI I, n’-nepeMeHHa;I 9aCTb KOHLOEHTpanuum u HOocuTeAaen 3ap:s-

4a, J'-nepemMeHHbIN TOK B Llenin. VI3 ypasnenue Ilyaccona nmoayumm:

di\7E’:4—ﬂen':4—ﬂeél' £:4£é], (31)
£ £ W £

N3 (31) moayunm

dE'|  4mes,l’
dx |, £
dE|  ves, I
dx X=Lx & (32)
IToacraBasa 9T 5 9Bl 15327 serxo IIOAYYVIM:
dX x=0 dx x=Lx
4rel’ S ™ —oL,
C == TG, KL
ike e —e (33)
c. Al Se -,
27 Tike ’ e M _ ikl

MMHe,ZI,aHC KpI/ICTaAAa OHpeAeA}IeTCH
1 Lx
Z=3 [ Erdx (34)
0

IToacrasasia (33) B (34) mocae MHTETpUPOBaHNE ITIOAYYVIM:

H 2a
e"* —2cos“ a e~ —2c0s°”
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_2me(Butd). (36)
& kS o

f

13 (35) Buano, uto K,L, >1 (36)

Rez=2fe*sin2a; Imz="f >0 (37)
Toraa f +R =0 1 2fe?*sin2a+R=0 R, <0, R>0.VI3 ypaBuenuii (37) moayunm:

2 (38)

. R
sin 2o =———¢€
2R

I[Tpu Bcex oTpuuaTeAbHBIX 3HaYeHMsX SN 2q cootHomeHwst (38) yaoBaeTsopsiercst. VI3
(37) Buano, uto Rez ocumaanpyet aprymeHToM 2a a, Imz moaoxxnureabHast BeAdMHa U I10-
DTOMY B LIeIIb HY>KHO IIPUCOeAVIHUTD COIIPOTHBAEHIE €MKOCTHOIO XapakTepa.

ITpu noaydyenus (35) MBI olIpeAeANAN AAST 9ACTOTHI KOAeOaHMs TOKa, caeayiorue gpop-
MYyABI

w=k9 E,-2EN (39).
¢ k
y

OOcyxaeHne

Taxkum 0Opa3oM B HU3KOpPa3MEPHBIX ITPOBOAAIINX CpeJax BO-BHEIIIHOM 9AeKTPUIeCKOM
U MepHeHAVKYASPHO K HEMY MarHUTHOM IT0ASX BO30Y>K4aeTCsl BBICOKOYACTOTHAsI HapacTalo-
mas BoaHa. [lorepeunsie n AuHeliHbIe pa3Mephl CpeAbl 40AKHBI OBITH OIpejeleHsl 110 $op-
MyaaMm (15). DaexTpruyeckoe 11oae Ipyu KOTOPOM BO30YTAaeThCsl DTa BOAHA MeeT OIlpeJeeH-
Hoe 3HayeHMe (Ppopmyaa2() sHaueHUs MarHUTHOro moas H~n'2 Yacrora Bo3Oykaaemorit
BOAHBI onipeseasercs Gpopmyaoii (18). Koaebanus Toka B 9T0Oi cpeae MPOMCXOAUTH IIPU Yac-
TOTe U DAEKTPUYECKOIO 110451, KOTOphle olpegeasiorcs: ¢popmyaoit (36). Korga naunnaercs
KoAe0aHMs TOKa B IeIM BO3HUKAaeT CONPOTUBAEHME MHAYKTMBHOIO XapakTepa, a pealbHas
9acTh UMIIe4aHCa OCLUAANPYET C OIPeAeAeHHBIM epuoAoM. VIHKeKIus Ha KOHTaKTax cpe-
ABl YCMAVBAeT HapacTaHs BOAHBL. DTa cpeda C yKa3aHHBIMI pasMepaMy MOXKET CAY>KUTh KaK
VICTOYHVK M3Ay4eHNs DHePTUIL.
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AB INITIO NCCAEAOBAHME CTPYKTYPBI 1 NK-CIIEKTPA
OAUTOMEPA ITOANUDTUAEHI AMKO A5 IIDI'5

S.D. DEMUKHAMEDOVA, Z.1. HAJIYEV, N.M. QOCAYEV
UncturyT $pusnyeckux mpodaem bakunckoro I'ocyaapcrsenHoro YHusepcuTeTa
ya.3.Xaanaosa, 23, AZ 1148, Baxy, ASEPBAVLZI,)KAH
svetlanabest@mail.ru; zahid_gadjiev@mail.ru
PE3IOME

B pabore kBaHTOBO-XMMIMYeckuM ab initio merogom HF ¢ mcnoassosanmem Gasnca 6-31G (d,p) mposesen
pacyeT IPOCTPAHCTBEHHO U 9AeKTPOHHOI CTPYKTYPHI 1 KOAeDaTeABHOTO CIIeKTpa 0AMTroMepa IOoANDTUAEHIAN-
koas TIDT5. ITposeaeH cpaBHUTEABHBIN aHAAM3 CTPYKTYPHBIX M DHEPTeTHMUeCKMX M3MeHeHU ! C paHee 1ccAe 0BaH-
HBIM Hamu oanroMepom 110I'4. VlccaeaoBaHHEIe MOAeAU ITOAYY€EHBL B pe3yabTaTe IIpeABapUTEABHOTO MOAEAUPO-
BaHISI Ha OCHOBE pacdeToB, IIPOBEAEHHEIX METOAOM MOAEKYASIPHON AMHAMUKN. IToAydeHBI 4acTOTHL, MHTEHCUB-
Hocty, noctpoeH Teopetudeckuii VIK criekrp oauromepa IIS9I5. Teopernyeckas mHTepIpeTanys 10Ay4eHHOTO
TeOpPeTMIeCKOTO KoAeDaTeAbHOTO CIIeKTpa IIpou3BedeHa 10 pacipeieAeHNIO TOTeHIIAaAbHO SHePINN IO KoAe-
OaTeAbHBIM KOOpAMHATaM C MCII0Ab30BaHMeM IporpamMmel VEDA-4.

Karo4gesble cA0Ba: IOAUDTUAEHTAMKOAD, OAUTOMEP, KBAaHTOBO-XMMUYECKIe PacdeTsl, IIPOCTPaHCTBeHHAs U
91eKTpoHHas cTpykrypa, VIK criexTp.

PEQ-5 POLIETILENQLIKOL OLIQOMERIN QURULUSUNUN AB iNiTiO VO iQ-SPEKTRININ TODQIQi
XULASO

Isdo 6-31G(d.p) bazisinden istifade etmoklo HF ab initio kvant-mexaniki iisullu ilo polietinglikoll PEQ5
oligomerinin feza va elektron quruluslari, hamginin raqgs spektri hesablanmisdir. Alinan naticalarin avaller aldes
etdiyimiz naticalorle miiqayissli analizi aparilmisdir.Tedqiq olunan modellar molekulyar dinamika {isulu il apa-
rilan hesablamalar asasinda aparilan ilkin modellagdirma ilo alinmisdir.Hesablamalar naticasinde PEQ5 oligome-
rinin rogs tezliklori vo spektr xatlarinin intensivliklari alinnis,PEQ5 oliqgomerinin nazari IQ spektri qurulmusdur.
Alinmis nazari raqgs spektrlorinin nazari interpretasiyasi potensial enerjinin roqs koordinatlarina goére paylanma-
sina istinaden aparilmisdir.

Acar sozlar: polietilenglikoqol, oliqomer, kvant-kimyovi hesablamalar,foza ve elektron quruluslari, IQ spektr.

AB INITIO STUDY OF THE STRUCTURE AND IR SPECTRUM OF
THE PEG5 POLYETHYLENE GLYCOL OLIGOMER
ABSTRACT

Using a quantum-chemical ab initio HF method on the 6-31G (d, p) basis the spatial and electronic structure
and vibrational spectrum of the PEG5 polyethylene glycol oligomer were calculated. A comparative analysis of
the structural and energy changes was carried out as compared with the PEG4 oligomer, which was previously
studied by us. The studied models were obtained as a result of preliminary modeling based on calculations
carried out by the molecular dynamics method. The frequencies, intensities were obtained, a theoretical IR
spectrum of PEG5 oligomer was constructed. The theoretical interpretation of the obtained theoretical vibrational

spectrum was made according to the distribution of potential energy over the vibrational coordinates using the
VEDA-4 program.

Keywords: polyethylene glycol, oligomers, quantum chemical calculations, spatial and electronic structure,
IR spectrum.

BBeaenue

[ToAUDTUAEHTAUKOAD U €To OANTOMEPhI MIMEIOT O6LHI/IpHy10 obaacTs IpUMeHeHus - B
MalllMTHOCTpOeHnu, Hec])Tenepepa60TKe, B C€ABCKOM XO3SIICTBE, B TEKCTUABHOM M XMMUYIECKO
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AB INITIO uccaedosanue cmpyxmypot u Ux-Cnexmpa oruzomepa noAudmurenzauxoars II2I5

IIPOMBIIIAEHHOCTU U APYIUX oTpacasix. OH MCIOAb3yeTcs KaK pacTBOpUTeAD, CTadbMAM3aTOp,
B KauecTse KpMOIIPOTeKTOpa - IIPOHMKaeT yepe3 MeMOpaHbl JKMBBIX KA€TOK, 0Opa3yeT CBsA3U
C MOJeKyAaMMI BOABI, ITPEIATCTBY:I IIOBPeXXASHMIO KAeTOK Ipu 3aMopakuBaHny. C IIOMOIIIbIO
I1DT BBIABASAIOT aHTUIEHBI U aHTUTeAa B AJOHOPCKOI KPOBH, IIPOBOAAT HEKOTOPbIe aHAAM3BI C
AHK n 6eaxamn. IToanstnaeHrankoAas obpasyeT crabnabHble KOMILAEKCH ¢ MOHaMU I1IeA04-
HBIX MeTalA0B, KOTOpble UMeIOT 00AbIlIoe IIpakTudeckoe 3HaueHue [1,2]. baaroaaps cpoeir
HETOKCMYHOCTU 1 Oe3ornacHOCTU AAs yeaoBeka [1DI' u ero pasanuHble KOMIIAEKCH IIproOpe-
Ay 00ApIIYIO poab B MeaunuHe. Ocoboe BHMMaHMe K KomIilaekcaM [10I nmosasmaocs mocae
paboT, B KOTOPBIX OBIA0 MOKa3aHO, YTO KoBadeHTHoe npucoeauHenne 101 k Oprabemy cbiBo-
porounomy aap0ymuny (BCA) [3] mpuBoguT K M3MEHEHUIO €T0 MMMYHO/AOTMYECKIX CBOJICTB.
B paGore [4] npogemoncTpuposano cansanaue I19I ¢ E.coli L-acrtaparmnuasoii, mpoTusopako-
BBIM (PepMEHTOM, Ha OCHOBe KOTOPOTO co34aH IpemnapaT Oncaspar. B 063ope [5] paccmotpe-
HO 00ABIIIOe KOAMIeCcTBO paboT B 00aacTu coeguuennii I1OI ¢ MaabiMu MoAeKyaamMu AeKapCT-
BEHHOTO CpeACTBa 445l CO3AaHNs IIPOTUBOOITYXOAEBbIX ITperapaToB U IpeAA0KeHbl ITOTeH-
I1aAbHble IpuMeHeHus coeauHennii IIDI' B KauecTse TpaHCIIOPTHOIO CpeACTBa 110 IePeHOCY
AeKapCTBeHHBIX ITpeIiapaToB K OeAKaM.

Takast BocTpeOOBaHHOCTh OAUDTUAEHIAUKOAEN, OAUTOMEPOB U Pa3AMYHBIX KOMILAeK-
coB Ha ocHoBe [IOI' gesaeT akTyaAbHBIMM ITPOBEACHISI BCECTOPOHHETO U3YyJeHMs IT0AMDTIAeH-
rA1KOAel, 0cCoOOeHHO BOCTpeOOBaHHBIMI CTAHOBATCS TeopeTudeckue mnccaejosanns. Hacros-
1jas paboTa MOCBsAIeHa KBaHTOBOXMMMYECKOMY MCCAeJ0BaHMIO CTPYKTYPhI U KoAeOaTeAb-
HOTIO CIIEKTPa OANUTOMepa MOAMDTUAEHIAMKOASL, COCTOSIIETO U3 ILTU ITOBTOPSIOIIVIXCS 3BeHBEB,
a Tak>XKe CPpaBHEHUIO IPOCTPAHCTBEHHON M 9A€KTPOHHON CTPYKTyphI 1IDI5 ¢ panee usyuen-
HBIM HaMI oauroMmepowm 11514 [6].

Metoabl pacdera

B nacTosi1ee BpeMst 4451 McCAeA0BaHIA CBOICTB MOAEKYA O4eHb IIMPOKO UCIIOAB3YIOTCS
MeTOAbl MOAEKYASPHOIO MOAEAMPOBAHNS U BBIYMCAUTEABHON KBaHTOBON Xumun. Aas cos-
AaHns mogeau kommnaekca [I915 Ha mepsom srarie pacyeTra Mbl UCIIOAb30BAaAN METOJ MOJe-
KyAspHoi AuHamukn. Ha skpane gucrniaes: Oplaa coOpaHa passepHyTas MOJeAb OAUTOMepa
IOAMDTUAEHTAMKOASL, COCTOSAIIAsl U3 IIATU HOBTOpsIOMuxcs 3seHbes [10I5, Bkarouaromas
IIecTh aTOMOB K1CA0poJa. B mpornecce ontuMusanmum MeTog0M MOAEKYASPHOM AMHAMUKI
CTPYKTypa IIelIO4KM OllpejeleHHBIM 0Opa3oM cBOopaumBadachk. B pesyabraTte pacuyera Oblaa
ycTaHOBAeHa Hanboaee cTabuabHas KOH(pOpMaLMsA OAUroMepa IoAUdTUAeHrAnKoAs I1915,
KOTOpas BbIOMpaach B KauecTBe MCXOAHOM A5 IIPOBeAeHMsI KBaHTOBOXMMIYECKOTO pacyeTa
B paMKax npuOarkeHus: mMetoga camocoraacosanHoro mnoas (CCII) Xaprpu-®oxa (HF) B
6asznce 6-31G (d,p) c ucrioarzopanueM nporpammuoro kommaekca GAUSSIAN-09.

Ha ocnose nmposeeHHBIX KBAHTOBO-XMMIYECKIX pacyeToB HaMI ObLAY II0Ay4YeHBl TeoMeT-
pryecKkye, sHepreTUYecKue 1 9AeKTPOHHbIe IapameTpsl oauromepa 19I5, Tlocae ontumn-
3aluu CTPyKTypsI TeM ke MmeTogoM HF B 6asuce 6-31G (d,p) Hamu Obla paccunTaH TeopeTu-
gyecknii VIK criextp oanromepa I1915, moaydeHs! 4acTOTHI ¥ MHTEHCUBHOCTY KOAeDaTeAbHbIX
II0A0C ¥ IIOCTPOEH TeOPEeTUYECKUI CIEeKTP IMOraomenus. Jas npasuAbHON MHTepHIpeTalun
Teopetudeckoro VK crniexTpa Hamy Obla IpOM3BeJeH aHAAU3 paclipejeAeHNs IIOTeHIaAb-
HOI DHepIuu 1o KoaedaTeAbHBIM KOOPAMHATaM ¢ oMoibio rporpamMmmel VEDA-4 [7-9]. Ot-
MeTHUM, 4TO BhIUMCAEHHBIe B paMKax MeToda XapTpu-Poka 4acTOThl HOpMaAbHBIX KOAeOaHMII
AOBOABHO I110XO0 COrAacyIOTCsl € yacToTaMm sKcriepuMeHTtaapHoro VIK cniexrpa. Jas cpasHe-
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HISI TEOPeTUIEeCKIX CIIEKTPOB C DKCIIepUMeHTaAbHBIMI HeOOXOAMMO UCII0AB30BaTh MacCIIITa-
oupyromune MHoxxuTean. OgHako Teopernyeckue pacdetsl VIK criekrpos ouenb BakHsl. Tak,
OTCYTCTBJeE pacyeTHBIX OTPUIJaTeABHBIX YACTOT CAY>KUT IPOBEPKON IPaBUABHOCTU IIPOBe-
AEHIsI KBaHTOBO-XMMIYEeCKMX BBIUMCAEHNUI U TIOATBeP KAaeT HaXOXKAeHle B pe3yAbTaTe IIpo-
BeAeHHOJ1 ONTUMM3alI TeoMeTpun raodbaasHoro Mmuaumyma [10]. B cayuae Haanams otpu-
11aTe AbHBIX YaCTOT HeOOXOAMMO IPOAOAKNUTH ONTUMMU3ALINIO TEOMETPUIL.

PesyabTaTbl 1 X OOCyXKaeHNe

Onmummsuposannas crpykrypa IIDI'5 npusegena Ha puc.l. Ha pucyHke nipuBeeHa Tak-
K€ ONTUMMMU3MPOBaHHasl CTPyKTypa oauromepa 1104, cpasHeHne mpocTpaHCTBEHHON U DAeK-
TPOHHBIX CTPYKTYP DTUX OAUTOMEPOB IIPOBeAeHO B AaHHOII paboTe.

PGSYAI)TaTI)I pacuera HpOCTpaHCTBeHHOﬁ CTPYKTYPbI — BaA€HTHbIE U1 ABYTPaHHbIE YIAbI OA11-
Tromepa HBFS, a TaKXe A4 CpaBHEHNMT COOTBETCTBYIOI V€ 3HAaY€HN paHee I/I3y‘~IeHHO]7[

Puc. 1. IIpocTpaHcTBeHHBIE CTPYKTYPBI MOJeael oauromepos 19I5 (caesa)
n I19T'4 (ciipaBa) rmocae onTuMmsanuy MeToAoM ab initio HF.
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HaMI CTPYKTypsl oauromepa I10I'4, npuseaens! 8 Tabanuax 1 u 2. AAMHBI BaA€HTHBIX CBsI3€11

L Cg Cg

E ]

NPUHUMAIOT cTaHAapTHbIe 3HaueHus. Bee aaunbr C-C csasen ~ 1.51 A. daunsr C-O cBs3eit Bo
BCeX KOMILAeKcaX, paccunTaHHbIX 10 MeToay HF ~1.40 A.

Tab6auna 1. BaaenTtHsle yrasl (rpag) B IIOI5 u T19T4

Yroa | IIDI5 | IIDT4 | Yroa I12I5 | 11974
O1C2Cs | 112.6 | 111.5 | CsCoOno 109.5 | 109.4
C2Cs04 | 108.8 | 107.3 | CoO10Cu1 | 114.9 | 1149
C304Cs | 114.2 | 1149 | O10CuCi2 | 108.1 | 107.3
04CsCs | 110.2 | 1094 | CuuCi2013 | 107.8 | 111.5
CsCeO7 | 1104 | 109.3 | C12013Cas | 118.1
CeO7Cs | 113.6 | 114.5 | O13C14Ci5 | 106.5
O7CsCo | 109.8 | 109.3 | C1aCi5016 | 110.8

Tabawunia 2. Asyrpanssle yrasl (rpag) s IIOI'S u I10T4

Yroa 1215 | TIDI'4 | Yroa TI9I5 | T1DI4
01C2C304 -67.3 60.5 | CsCoO10C11 176.8 | 176.4
C2C504Cs 179.9 | -176.8 | CoO10C11Cr2 | -174.6 | 176.8
C304C5Cs 175.9 | -176.5 | 010C11C12013 65.5 | -60.5
04C5C6O7 74.8 70.8 | C11C12013C14 | -154.8
C5C607Cs 175.2 | -177.9 | C12013C1sC15 | 149.6
CeO7CsCo | -175.9 | 177.9 | O13C14C15016 | -62.4
0O7CsCoO1w0 | -71.6 | -70.8

Kax BuauMm, BasentHele u apyrpanHble yrasl 19I5 u 1014 nmeror cxoxue 3HadeHUs,
asyrpanHble yrabl O1C2C30s 1 O10C11C12013 B 0001MX 0AMTOMepax 3aKpy4MBaiOTCs B TOII KOH-
¢opmanuio, Ho B IPOTUBOIIOAOYKHBIE CTOPOHBHI.
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Aas 0oaee HarAsAHON KapTUHBI IIPOCTPAHCTBEHHOIO CBOpauMBaHUs CTPYKTYpPBI IIerIo-
gyek oauromepos I1OI'5 u I10I'4 B Tabanrie 3 npuseAeHbl MeXKaTOMHBIE PACCTOSTHUS MeXAY
HeCBs13aHHBIMIU aTOMaMU KICA0POJa B DTUX OAUTOMepaXx.

Tabamza 3. Me>xaTOMHBIE PacCTOSTHIAS (A) MeXXAy aTOMaMM KICA0poJa B
oauromepax 11914 u ITOI'5 o aanHeM pacaera Mmetogom HF/6-31G

1914 11915
ATOMBI Paccrosiiune ATOMBI Paccrostme

01-Os 2.78 01-Os 2.69
04-O7 2.87 0s-0O7 2.83
0O7-O10 2.87 0O7-O10 2.82
0O10-O13 2.78 010-O13 2.85
01-O7 5.38 O13-O16 3.60
01-O10 6.59 O01-O7 5.06
01-O13 7.31 01-O10 5.65
0s-O13 6.59 01-O13 5.70
0O7-O13 5.38 01-O16 2.99
01-O10 4.88 O16-O10 5.01
016-O7 5.97

016-O4 4.73

0s-O13 5.91

0O7-O13 5.32

04-O10 5.16

Kak Bugum mu3 tabaumpl 3, ecan CTpykTypa oOpa3oBaHHOIN ItoAocTy nernouky [1D014
CUMMeTpHUYHa U II0AOCTh OTKphITa (pacCTOsHMe MeXXAy KOHIIeBBIMM aToMaMU KICA0poaa
O1-O13 =7.31A), TO O0J€ee yiAUHEHHas IIOAUDTIAEHIANKOAeBas Lertouka 19I5 yxe mmeer
TeHAEHIIMIO K 3aMBIKaHMIO U KOHIIeBble aTOMBI KICAOpOJa HAauMHAIOT COAMKATbCA APYT C
apyrom (paccrosime O1-O16=2.99A).

B tabaune 4 npuseaeHsl 3apsaAbl Ha aTOMax B ONITUMU3UPOBAaHHLIX oauroMepax [191'5 n
[1274.

Tabamita 4. 3apsaap Ha atromax B IIDI'5 m I1014

Atom | TIDI5 | T1OI'4 Atom | TIDI5 | T1OI'4
O: -0.687 | -0.649 | 0.038 | Co 0.119 | 0.122 | 0.003
C2 0.113 | 0.104 | -0.009 | O -0.639 | -0.653 | -0.014
GCs 0.107 | 0.101 | -0.006 | Cu 0.116 | 0.102 | -0.014
O4 -0.643 | -0.653 | -0.010 | C12 0.118 | 0.104 | -0.014
Cs 0.126 | 0.122 | -0.004 | O -0.654 | -0.649 | 0.005
Cs 0.116 | 0.118 | 0.002 | Cus 0.101
Or -0.637 | -0.631 | 0.006 | Cis 0.107
Cs 0.117 | 0.118 | 0.001 | O -0.675

Kak Buaum, 3aps14p1 Ha aToMax B 000OMX 0AUTOMepax UMeIOT CXOXuit Xapakrep. Hanboap-
Illee OTAMYME B 3HaUeHMIX 3apsI40B Ha aToMax B oanromepe 1195 o cpasHenuio ¢ 3apsiga-
M1 Ha aToMax oauromepa I[19I'4 HabaosaeTcsl B IOHM>KeHUN 3apsija KOHLIEBOTO aToMa KIC-
aopoga O1 Ha 0.038 eannur 3apsaa. Ha atomax Ow, Cii 1 Ci2 3apsaast B [IDI'5 Ha 0.014, a Ha
aroMax Os 1 C2 Ha 0,01 eauHMII 3apsi4a BhIIIe.
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Ha puc. 2 npeacraBaena kapra 94eKTPOHHON IIA0THOCTHU A4s oauromepa I1DI5.

Puc. 2. KapTa 94eKTpOHHOI ILA0THOCTU oauromepa I19I'5.

B Tabanrie 5 mpuBegeHsl sHepreTuyeckye napaMeTpsl U AUIOAbBHBIE MOMEHTBI OAUTOMe-
pos II2I5 u I10I'4. I'panmynsie HOMO n LUMO opOutaan BO MHOTOM OIpeAeAsIOT peak-
IIMIOHHYIO CIIOCOOHOCTh MO4eKy4. ITpumepHo 98% 94AeKTpOHHBIX IepPexoA0B—3TO I1epexoAbl
MexAy opburtaasamu ocHoBHoro coctosiHyst HOMO n Bo30y>xaeHHoro cocrostHus LUMO.

Oneprernyeckas pasHocts Mexxdy HOMO n LUMO opbutaasmu, OT KOTOPOI 3aBUCSIT
MHOTVIe CBOJICTBa BelllecTBa, MOXKeT CAY>KUTh 3MepeHNeM: YeM OHa MeHbIIle, TeM JAerde BO3-
Oy>K4aTh AU AMCCOLMMUPOBATL MOAeKyAy. Kak BuaAHO 13 TabAMIIBI 9Ta Pa3HOCTh COCTaBASIET
0.61703 a.u. aaa I12I'5 n 0.64743 a.u. aa:a I10I'4. Boaee y3kas sHepreTnyeckas IeAb BCeTo Ha
0.03040 a.u. okassiBaetcs y oanromepa I19I5, 4to cBuAeTeALCTBYeT O He3HAUUTEABLHO Doaee
A€TKOI1 AVccolMaliuy HTOTO OAUTOMepa.

TaGauma 5. Dueprernueckne napamerps [19I4 u TIDI'5

[1o14 | I19I'5
[Toanas sueprus (RHF, at.ea.) | -687.708 | -840.628
AwnrtoapHbiit MoMeHT (Jebair) 4.778 5.4706
HOMO -0.41878 | -0.39656
LUMO 0.22865 | 0.22047
A 0.64743 | 0.61703

Ha pucynke 3 npeacrabaeHbl KapTUHKI I'PaHUYHBIX MOAEKYASPHBIX OpOUTajen AAs 0AU-
romepos [IDI'5 n I[1DI'4.

Puc. 3. I'pannansie opouraan oauromepos I19I4 u TTOI5.

HOMO PEG4 LUMO PEG4

HOMO PEGS LUMO PEGS
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ITocae mccaeaoBaHMs MPOCTPAHCTBEHHONM U 9A€KTPOHHOM CTPYKTyphl oauroMmepa 19I5
HaM1 OblA IIpOM3BeJeH KBaHTOBOXMMMYECKMII pacyeT KoAebaTeAbHOIO CIIeKTpa OAUToMepa
ITOI'5 Tem >xe metogom HF u B ToM ke 6asuce 6-31G (d,p). B pesyasrarte mposeaeHHOrO pac-
yeTa I1OAY4YeHBl YaCTOThl ¥ MHTEHCUBHOCTM KoAeDaTeAbHBIX 11040C M IOCTPOeH TeopeTinyec-
kuit VIK criektp noraomenns oanromepa II9I5, npuseaennsiit Ha puc. 2. Ha sTom >xe pucyn-
Ke 445 CpaBHeHUs CHM3y IpusegeH Teopetudeckuir VIK cnekrp oanromepa I150I'4. ITo ocu
abcrrrcc OTA0XKeHBI YacTOTHI KOAeOaH!il B CM™, TI0 OCM OpAMHAT — MHTeHcuBHOCTH. Ha criekTpe
KaxKAasl CUHAS AVHUS - 9TO TeOpeTUYeCcK) BBIYMCAeHHas YacToTa C ee MHTeHCUBHOCTBIO, BbI-
pa’keHHasI ITaA04KaMM, BBICOTa KOTOPBIX COOTBETCTBYeT ITpaBoii IIKaAe PacdeTHBIX AMITOABHBIX
nHTeHcuBHOCTeN D (esu? cm? x10%). IIporpammMa BblgaeT pacyeTHble 3HAYEHMS AMITOABHBIX
MHTEHCUBHOCTeNl B KM/M04b. IIpuBeseM cBsA3b MeXAy STUMU eiMHULIAMU U3MepeHus: D
(xm/M041)=0,0002507xD (esu? cm? x10%°) xv (cm™1), TAe Vv - BeIYMCAeHHas! (HeMacITabupyemast)
gacTtoTa. YepHast AMHUS COOTBETCTBYET A€BOI IlIKaJe U IpeACTaBAseT COOOI CIIeKTpaAbHOe
pacripeseaenne MoAasipHOro KoodgduiinenTa moraomenus (A-cM'-Moap!). GakTuyeckn sTa
KpuBas BeluchiBaeT TeopeTndeckuii VIK criekTp roraoirenns, KOTOPbIl CTPOUTCS C yUeTOM,
4TO A100asl 11040ca MOTAOIeHNs MeeT OIlpeAeAeHHYIO OAYIIPUHY.

B tabamniie 6 npuBeseHbl 3HaUeHN I TTOAYyYeHHBIX YacTOT, MHTEHCUBHOCTE 1 ITOApOOHasI
UHTepHpeTalnus criekrpa oanromepa 1195, ocnosannast Ha aHaau3e pacpejeAeHNs IIOTeH-
1IMaAbHON DHEPruy 1o KoaebGaTeAbHBIM KOOpAMHATaM, KOTOpas IO3BOAsEeT OIpeAeANThb, B
KaKMX 001aCTsIX MOAEKYABl B HaMOOABIIIeN CTeIleH! A0KaAU3yeTCsl SHepTus AaHHOTO KoAeba-
Hus. Pacyer pacnpegesenns MOTeHIMAaAbHOV DHEPIUM IO KOAeDaTeAbHBIM KOOpAMHATaM
BBITIOAHEH C MICII0Ab30BaHueM nporpammsl VEDA-4 [7-9], koTOpas B KauecTBe BXOAHBIX AaH-
HBIX OepeT pacuyeTHble ¢aitapl mporpammMbl Gaussian-09.

Tab6anma 4. Teoperuueckne gactoTsl (cM') u nuTeHcuBHOCTY (KM/Mole) oauromepa IT9I'5

v I I/IHTePHPeTaHI/Iﬂ ¥ CTeIIeHDb leaCTI/I;I
4146 | 101 | 91 O:Hry
4124 | 218 | 91 OsHss
3264 72 | 74 C1aH34 10 C1aHss
3263 69 | 73 C2His 14 C2H1o 10 C1sHss
3225 70 | 78 C12H33
3211 | 193 | 16 C2Hi9 10 CsH21 42CsH23 10 CeH24
3208 27 | 34 C2H1s 13 C3Hz21 21 CsHa2s
3202 79 | 65 CsHz6 15 CoH2o
3199 19 | 59 CisHss 20 C1sHsz
3190 12 | 31 Cz2H1s 25 C3H20 31 CsH21
3189 64 | 66 C14aHss 11 C1sHse
3188 31 | 11 CsH23 56 CéHz24 15 CsHos
3186 66 | 63 C11Hs0 19 CuuHs1
3180 19 | 16 CsHz26 20 CoHa2s 55 CoH2o
3165 | 101 | 11 CsHzo 25 CsH22 16 C12Hs2
3164 | 109 | 11 CsH22 28 C12H32 26 CisHsy
3162 | 108 | 13 Ci12Hs2 15 CisHse 49 CisHs?
3155 | 146 | 23 CsH2016 CsH21 12 CeH2518 CsH27 12 CoHbs
3151 20 | 15 CsHz20 11 CsH21 15 CsH22 10 CsH27 19 CoHas
3141 15 | 16 CsH2 24 CsHa2s 12 CsHz7 18 Ci1Ha1

3137 3 | 23 CsHa2s 32 CuuHa1

3130 1 | 35 CsH27 28 CoH2s 10 C11Hs1

1671 7 | 83 H37CisHse

1661 1 | 38 H21CsH20 22 H23CsH22

1660 1 | 19 H25CeH24 15 H27CsHz26 16 H20CoH2s 12 H31C11Hso
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1659
1654
1649
1643
1638
1637
1634
1624
1622
1606
1590
1577
1564
1547
1529
1518
1508
1489
1439
1434
1429
1420
1400
1398
1395
1385
1376
1369
1343
1324
1310
1302
1289
1285
1275
1249
1241
1229
1216
1206
1194
1189
1176
1141
1109
1047
1034
1014

987

960

947

923

911

874

632

612

601

O U1 N = Q=

12

17
11
26

24
34
159
74
10
23
28

10
54
59

44
14

25
44
160
379
23
158
12
25
53

27
125
55
43
15
20
42
36
29

21
14
18
14
18

52
85
11

17 H25CsH24 16 H27CsH26 18 H29CoH2s 19 H31C11Hso
19 H33C12Hs2 49 H35C14Has

72 H19C2His

52 H33C12H32 19 H35C14Haa

27 H21C5H20 41 H23CsHz22

12 H25CsH24 25 H29CoH2s 27 H31C11Hzo

22 H25CsHo24 25 H27CsH26 15 H29CoHo2s 15 H31C11H3o
11 H37C15C14013

11 H57C15C14013

13 H19C201H17

11 H33C12013C14

10 H33C12013C14

11 H51C11010Co

10 H27CsO7Cs 11 H2sC9O10C11

10 H21C504Cs 10 H2Cs04Cs

12 H38016C15 15 H34C14013C12 15 H35C14013C12
30 H17O1C2 21 H1sC201 18 H19C201H17

30 H3:C14013 12 H35C14013C12

15 H26CsO7 13 H2sC9O10 13 H32C12013

21 H32C12013

18 H22C504 18 H24CsO7 17 H2sCoO10

38 H3s016C15 10 H52C12013 21 H36C15016

14 H26CsO7 15 H30C11010 12 H32C12013

11 H20C504 14 H22C504 14 H24C6O~

24 H20C5041 16 H26CsO7 14 H2sC9O10

18 H20C504 19 H30C11010 10 H34C14013 10 H36C15016
14 H20C5041 11 H22C504 12 H24CsO7 10 H2sC9O10
23 H1701C2 27 H1sC201 12 H19C201H17

22 07Cs 14 010C922 O7Cs 11 O10C11

11 010C9 12 O13C12 10 O13C14

17 04C3 21 04C5 10 O13C12 12 O13Caa

22 H37C15C14013

13 O7Cs 10 O4Cs 11 O7Cs 16 O10C11

12 H22C504

71 O16C1s

13 O16C15 35 01C2 10 C2C3

12 010C11 14 CoCs

18 04C3 18 CsCs

12 O13C12 27 O13C14 19 C12C11 10 C15C1a
54 C15C12 10 C15C14013

11 C5Cs 10 H22C504C3

20 CoCs 11 H2-CsO7Cs

25 C5C6 12 CoCs 10 H2sCsO7Cs

20 O16C15 41 C2C3 19 H21C504Cs

28 013C12 21 C12C11 18 H31C11010Co

14 O7Cs 15 O7Cs 10 H22C504C3

13 010C9 16 O10C11 10 H27Cs07Cs 10 H32C12013C14
16 04Cs 15 04Cs 13 H1sC201H17

11 H36C15016 14 H34C14013C12 14 H35C14013C12 31 H36C15C14013 13 O16C15C12013

20 013C12C11 16 C12013C12
14 01C2C5 48 H38016C15C1a
14 04C5Ce 11 CsO7Cs
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581 28 | 10 CoCs07 13 C2C304 27 H38016C15C14
565 32 | 12 01C2C5 11 CsC607 15 H3s016C15Caa
538 | 175 | 70 H1701C2Cs 11 H1sC201H17
498 21 | 10 C15C14 16 O16C15C14 16 C12C11010 16 C15C14013
389 1 | 31 C1sO13Cr2
368 1 | 16 C304Cs 14 01C2C5 13 C12013C12
364 0 | 17 O4C5Cs 16 O1C2C3 10 CsC607 12 C2C304
347 6 | 17 013C12C11 16 O16C15C14 26 C15C14O013
327 2 | 15 Cs07Cs 12 C15C14013
303 3 | 10 C11010Co 24 O13C12C11 13 O16C15C14 11 C15C14013
253 2 | 14 C11010Co 11 01C2C504
243 6 | 15 C504Cs 33 01C2C304
230 6 | 26 CsO7Cs 10 C5CeO7 10 CoCs07 13 O10CsCs07 10 O+CsC6O7
211 4 | 10 CsC607 24 04Cs5C607 20 O1C2C304
193 2 | 24 010C9Cs07 14 013C12C11010 11 O1C2C304
145 6 | 13 C14013C12C11 18 CoCs07Ce
134 1 | 10 C2C304Cs 23 C15C14013C12
120 11 | 10 O4Cs5C607 11 O13C12C11010 10 C12C11010Co 11 C15C14013Ca2
113 1 | 42 016C15C14013
102 1 | 12 04C5Cs07 13 CoCs07Ce
82 6 | 15 C304C5Cs 16 CsO7C6Cs 11 013C12C11010 12 C12C11010Co
75 4 | 27 C304Cs5Ce 15 Cs07C6Cs 14 C11010CoCs 10 C12C11010Co
50 0 | 10 O10CsCs 20 C2C304Cs
48 1 | 24 C12013C12C11 25 C12C11010Co
37 0 | 29 C11010C9Cs 11 C12C11010Co
34 0 | 29 Cs07C6Cs 11 C14013C12C11 20 CoCs07Cs

B BbIcOKOYacTOTHOI 00AacTM crieKTpa HabAIOAAIOTCSI MHTEHCUBHBIE IIOAOCHI ITOTAOIIe-
HISI, KOTOPBble XapaKTepU3yIOTCsl CUMMETPUYHBIMU M aHTUCHMMMETPUYHBIMU BaAe€HTHBIMU
koaebanmamy OH u CH rpynmn. Azaans pacrpedeaeHus IIOTEHIIMAABHONM 9Heprum Koaeda-
HUI 110 BHYTPEeHHUM KoaeDaTeAbHBIM KOOpAMHAaTaM IIOKa3bIBaeT, YTO OYeHb MHTEHCUBHBIE
I1010CBI TToraomeHns oauroMepa [10I'5 4146 n 4124 cm™ onipeaeAAIOTCsl BaA€HTHBIMU KO/e-
Oanmsamy koHnesbix OH cBsA3ei1, a oTeHIMaAbHas HePTUs BLICOKOYACTOTHBIX KOAeDaHMIA,
Ae>Kalux B MHTepBase JactoT 3264 + 3130 cm, cocpeaoToyeHa B YMCTO BaA€HTHBIX KoAeDa-
TeABHBIX KOOpPAMHaTaX pacTsDKeHust pasandsbix cpsaseit CH. CaMmble MHTeHCUBHBIE ITOAOCHI
IIOTAOIIIeHN s B BBICOKOYaCTOTHOI YacTy CIIeKTpa — 9To Ioaocsl 4124 (218), 3211 (193), 3155
(146), 3164 n 3162 (~110), 4146 1 3165 cm™ (101). 3aech 1 gasee B CKOOKax yKazaHa MHTEHCUB-
HOCTb AaHHOTO KoAeOaHms. BasenTtsle koaebanus CO n CC cBssent pacroaaraioTcs B o0aac-
™ 1324+911 cml. OyeHbp MHTEHCUBHBIE TTOAOCH Ttoraomnenus 1302 (379), 1310 u 1285 cm! (c
yHTeHcuBHOCTAMM ~160) 1 1206 cm! (126) — xapaKTepu3yIOTCsl BaA€HTHBIMIU KOAeOaHUAMU
OC cBs3zeit.

Aepopmanmonnsie koaebanmusa yraos HCH pasamunpix CH: rpynm pacroaaraiorcest B
obaactu 1671+1634 cM™ 1 MMEIOT OYeHb MaAeHbKYIO MHTEHCUBHOCTD, caMasl MHTeHCVBHAs U3
HIX — 9TO noaoca 1634 cm™ (~12). Aedpopmarimonnsie xoaedanms yraos HOC n HCO pacrio-
aaratorcs B od6aactu 1508+1343 cml. dedopmanyonnsie Koaedanus aaeHTHbIX yraos OCC n
COC camoi1 T0AMDTUAEHI AMKOAEBOI LIeTIOUKY IIPOABAAIOTCA B 00aacTu yacToT 632+211 cm,
Hanbo.ee MHTeHCUBHBIE 13 KOTOPBIX 632 (52) 1 612 cm™! (35). DHeprus koaebGaHMI OYeHb VMH-
TeHCUBHOI 110A0ckl 538 cm™ (~175) cocpesgoToueHa B HEIIAOCKUX KoAeDaTeAbHBIX KOOpAUHa-
tax HOCC 1 HCOH. Henzockue TopcroHHbIe KOAe0aHMs caMOM IT0AMSTIAEHOBOI 11eII0YKI
OCCO n CCOC HaxoaATcs B HU3KOYACTOTHOM 00AacTu criekTpa 193 cMm! 1 HiKe, camast MH-
TEHCMBHAsI 13 TUX 1010C — toaoca 120 em! (~11).
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Puc. 2. Teopernuecknit koaebaTeAbHBIN cIeKTp oauroMepa I19I'5 (ceepxy)
U TeOpeTUIecKnii KoaebaTeAbHEIN crieKTp oauroMepa [19I'4 (cansy)
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TeopeTtmuecknit pacyeT KoaebaTeAbLHOTO CIIEKTpa Ioraomienns oauromepa 19I5 u ana-
AU3 pacrpejeAeHns IOTeHIIMaAbHON DHepIuM 1o KoAebaTeAbHBIM KOOpAMHAaTaM IT03BOANA
YCTaHOBUThL IIPUPOAY Ka’KAOM MOAOCH Ioraomenus. CpaBHeHNe TeOpeTUYeCKMX CIIeKTPOB
oauromepos 19I5 u 1014 nospoaser cyauts 00 namenenusax B VIK-criekrpe noraomienns,
CBSI3aHHBIX C YAAMHEHMEeM IOAUDKTUAEHIAUKOAeBON 1erodky. OTCyTCTBMe OTpUIlaTeAbHBIX
4acToT B TeopeTumdecky paccanTaHHoMm VIK-cniexTpe roraoienns nogrsepKaeT MpaBuUAb-
HOCTb ITPOBEA€HHBIX KBAHTOBOXMMIYECKIX PacyeToB.

IIpoBeaeHHBINI HaMI aHAaAM3 CTPYKTYpPBl U TeopeTndeckoro crekrpa VIK moraomnjenns
oauroMepa [I9I'5 MosxeT okasaThCsl MOAE3HBIM DKCIIEPUMEHTaTOpaM IIPU MCCA€A0BaHUN DKC-
IepUMEeHTaAbHBIX CIIEKTPOB IOTAOIIEeHMSI KOMIIA€KCOB IT0AMDTUAEHIAMKOAeN pa3ANdHON
AAVIHBI U1 IX KOMIILA€KCOB C pa3AMYHBIMU aTOMaMM, IIeNITAaMU, aMMHOKICAOTaMM UAN Ae-
KapCTBeHHBIMMU CpeACTBaMM, a Tak>Ke JMccAejoBaTeAsM, 3aHMMaIOIIMCs IpoOAeMaMu 110400-
HBIX CTPYKTYP IIpM aHaAM3e MeKMOAEKYASIPHBIX B3aIMOAEVICTBUIA.
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“AB INITIO” NUMERICAL MODEL OF FERROELECTRIC PHASE
TRANSITION IN GeTe CRYSTAL: I. SELFCONSISTENT BAND
STRUCTURE CALCULATION OF GeTeCRYSTAL USING
PSEUDOPOTENTIAL METHOD

Baba GASIMOV
Baku Engineering University
Baku / AZERBAIJAN
ABSTRACT
The software package, developed by the author on the basis of the microscopic theory of solids and unified
approach to thenumerical simulation of the electronic subsystem of crystalline solids and calculating the total
energy of the crystal per unitcell [1], was used for the self-consistent calculation of the electronic band structure of
the GeTecrystal, having cubic structure with space group symmetry O; (Fm3m). Results of the calculation was
later used for numerical modeling of ferroelectric phase transition in this crystal.

Keywords: self-consistent band structure, pseudopotential method, ferroelectric phase transition, GeTe.
“TITEPBOIIPVIHILINUITHASI” MOAEADb CETHETODAEKTPMYECKOT'O ®A30BOI'O ITEPEXOAA B
KPUCTAAAE GeTe: . CAMOCOI'IACOBAHHBIV PACYET DAEKTPOHHOV CTPYKTYPEI
KPUCTAAAAGeTeMETOAOM IICEBAOIIOTEHIINTAZA
PE3IOME

[TakeT mporpaMM, pa3pabOTaHHEIT aBTOPOM Ha OCHOBE MMKPOCKOITITIECKOII TEOPUY TBEPABIX TeA U e JUHOTO
I10AX0Ja K YMCAEHHOMY MOAEAMPOBAHUIO DAEKTPOHHOI IIOACUCTEMBI KPUCTAAANIECKUX TBEPABIX TE€A U pacdyera
I[IO/HOIT DHEPIUY KPUCTalla B pacdeTe Ha DA€MEHTAPHYIO siueliky [1], MCI10Ap30BaAcs 4451 IIPOBEAEHIIST CAMOCOIAa-
COBaHHOTO pacyeTa DAeKTPOHHOTIO criekTpa Kpucraaaa GeTe, umeromiero KyOnu4eckyIo CTPyKTypy € IIPOCTPaHCTBEH-
HOJI TPYIIIION CMMMeTPpUM 0,51 (Fm3m). PesyabraThl pacyeTa ObLAM 3aTeM MCIOAB30BaHbI AAs YMCAEHHOTO MOJAeAN-
POBaHIsI CETHETORAEKTPUIECKOTo (Pa3oBoro repexoja B 5TOM KpucTalle.

KaroueBble c10Ba: CaMOCOI1aCOBaHHAs 30HHASI CTPYKTYPa, METO/ [ICEBAOIIOTEHIIAAd, CETHETODAEKTPIUIec-
kuit ¢pasossiit nmepexog, GeTe.

GeTeKRISTALINDA“ILK PRINSIPLORDON” SEQNETOELEKTRIK FAZA KECIDININ
MODELLOSDIRILMOSI: I. PSEVDOPOTENSIAL USULU iLO O0Z-OZUNOQORARLASMIS
ELEKTRON ZONA QURULUSUNUN HESABLANMASI
XULASO

Maqalada mikroskopik bark cisimler nazariyyaesi va kristallarin elektron alt sisteminin vahid yanasma asasinda
adadi modellagdirilmasi va kristalin elementar 6zayins diigen tam enerjisini hesablamaq {i¢iin hazirladigimiz
programlar kompleksi [1] vasitasile kubik qurulusa ve O; foza simmetriya qrupuna malik olan GeTe gox atomlu
kristalmin 6z-6ziins qorarlasmis elektron zona qurulusu hesablanmisdir. Alinan naticaler kristalda seqneto elekt-
rik faza kesidinin modellasdirilmasi tiglin istifads edilmisdir.

Acarsozlar: 6z-6ziinaqgerarlasmis zona qurulusu, psevdopotensialiisulu, seqnetoelektrik faza kegidi, GeTe.

1. Introduction

AIVBY! compounds are characterized bya number of special properties, among which the
structural transition to the ferroelectric phase with decreasing temperature is important.
Ferroelectric crystals are a special class of crystalline materials characterized in a certain
temperature range by the presence of spontaneous polarization, the direction of which can
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be inverted by means of an applied electric field, and sometimes by mechanical stress. These
crystals are an important subset of the class of pyroelectrics.

With increasing temperature, ferroelectrics undergo a phase transition, accompanied by
the disappearance of spontaneous polarization and change in the symmetry of the crystal
lattice. Near the critical temperature Tc at which the phase transition occurs, ferroelectrics are
characterized by anomalous values of the dielectric constant, susceptibility, heat capacity, co-
efficient of thermal expansion, etc. (the second order phase transition). Sometimes, in addition
to abrupt changes in these quantities, the first derivatives of the thermodynamic potential,
such as, for example, spontaneous polarization, volume, entropy, also change the latent heat
of transition (the first order phase transition). The presence of ferroelectric and semiconduc-
tor properties simultaneously in AVBV! type crystals, including a GeTe crystal,causes an ever-
increasing interest in these compounds. Ferroelectrics-semiconductors, along with the fact
that they are well represented in the literature by numerous studies, have an extremely simple
structure and therefore are an ideal object for microscopic modeling in terms of the contribu-
tion of the electronic subsystem to the free energy of the lattice.

This paper describes a microscopic calculation of the electronic band structure of the GeTe
ferroelectric-semiconductor from the "first principles" based on the SCPPBAND software
package [1]. In a subsequent article, on the basis of the obtained energy spectrum of electrons,
the total energy per unit cell for the GeTein the para-phase is calculated at various atomic
displacements forming the unit cell of the crystal in accordance with the soft phonon mode
conception, which allows a microscopic calculation of the dependence of the total energy on
nuclear displacements, which in turn is used to interpret the ferroelectric phase transition in
this crystal within the framework of the vibronictheory [2,3].

Thus, the purpose of this article is on one hand to carry out a self-consistent calculation
of the energy band structure of the GeTe crystal using the pseudopotential method, thus de-
monstrating the possibility of using the numerical model of the electronic subsystem imple-
mented in the SCPPBAND package to calculate the characteristics and properties of solids
that are sufficiently sensitive to the calculation details, and on the other hand, using the results
of this calculation, in a subsequent article to obtain numerical confirmation of the Bersuker’s
statement concerning the vibronic mechanism of structural instability as the only reason of the
ferroelectric phase transition in this crystal, which is undoubtedly of independent interest.

The choice of the GeTe crystal for carrying out these calculations was due to the fact that
it has a simple crystal structure and, as a convenient object of numerical simulation, this
crystal is a typical ferroelectric, and the presence of a narrow energy gap makes it natural to
use the pseudopotential method to model its electronic subsystem.

2. Calculation technique

The Schrodinger equation, which determines the solution the band problem, has the form:

HY (r) = E, () ¥k () M)

where n is the band number, k is the Brillouin zone (BZ) vector. In the pseudopotential method
[4] the wave function W (r) in (1) is expanded in plane-waves (PW) that leads the secular
equationfor defining the electronic band structure:

det|Hg e (K) —E, (K)Jse =0 )
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The Hamiltonian of the system is defined by superposition of screened ionic pseudopo-
tentials:
N NTP N,

H=T+V, (), V,,(N=>>>V,(r-R) 3)

I=1 a=1 i=1

The general expression for the screened pseudopotential form factor has the following form:

NTP

Voo (K) =S, (G-G)F,(k,G,G") “4)
F,(k,G,G)=0Q7 j j j exp[-i(k +G)x}V, (x)expli(k + G")xJdx 5)
Sa(G—G')ziexp[i(G—G')Ri] (6)

i=1l

Using the orthonormality property of the PW basis, the matrix elements of the Hamilto-
nian inatomic units (€ =% =m=1) can be written this way:

HGG'(k)zllz(k+G)25(30' + Vg (K) 7)

This expression (7) defines the secular equation for the pseudopotential method with
non- symmetrized PW basis. The crystal symmetry can be taken into account by using the
symmetrized combinations of plane waves (SPW), which leads the following expression for
the Hamiltonian matrix elements:

H,; = [ PW,(H)SPW,dr :A‘"quvai(Qf)(H){Nzicj(l)ij(Qf)}dr:A“AyNz'cj(l)iji(H)ij dr 8)

Formulas (2-8) define a system of expressions for calculation of Hamiltonian matrix ele-
ments using SPW basis.

3. Calculationdetails and obtained results

The GeTe crystal in the para-phase has a face-centered cubic structure with O E (Fm3m)

symmorphic space group symmetry. Figure 1 shows a primitive cell containing 1 formula
unit and consisting of 2 atoms, as well as the Brillouin zone (BZ) of this crystal.

Figure 1.Unitcell (a) andBrillouinzone (b) ofaGeTecrystal.

Below, in Tables 1 and 2, the symmetry operations as well as the Gi: elements of the irre-
ducible representations matrices for the symmetry group of the BZ A (0,0, &) wave vector,
which are necessary for the calculation, are given.
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Table 1. Symmetry operations of the symmetry group for the A (O, 0,¢ ) wave vector in BZ.

R, R, R, R,
100 100 010 0 -1 0
010 0-10 100 -1 00
001 00 1 00 1 00 1
R; R4 R, Ry
100 10 0 0 -10 010
010 0-10 1 00 10 0
001 001 00 1 00 1
7, Ty Ty Ty
(0.0,0) (0. 0, 0) (0.0,0) (0.0, 0)
Ts T 77 Ty
(0.0, 0) (0.0.0) (0.0, 0) (0.0,0)

Table 2. The G11 elements of the matrices of irreducible representations of the symmetry group of
the BZ wave vector A (0,0, &) (m is the dimension of the irreducible representation).

(m) R R, Rs Ry Rs Rs Ry Ry
Ai (1) 1 I 1 1 1 1 1 1
A: (1) 1 1 -1 -1 -1 -1 1 1
As (1) 1 | -1 -1 1 1 -1 -
A |1 1 1 1 -1 -1 -1 -
AM | 1 1 0 0 0 0 i i

The coordinates of BZ special points used in numerical integration over the BZ, as well
as data on composition of the crystal elementary cell, coordinates and parameters of the atomic
cores and Fermi energies, describing the trial screening of the core potentials are shown in
Table 3.

Table 3. GeTe calculation input (in atomic units)

Lattice constant a=11.3575

Special points of the BZ k*=(27/ a)*[0,0,0]

f*=(2 7/ a)*[0,0.1]

Ge Te
Fermi momentum (K¥) 0.7206 2.1209
Valence charge (Zv) 4 6
Core radius (R ¢) 0.809 1.787

The dispersion curves calculation was carried out along the symmetry directionT - A-X,
while for the convenience of describing the input data, the point I'was represented as
A(0,0,£=0), and the point X - as A (0,0, £ =1) . In the first iteration of the self-consistency process,
the trial potential was built on the basis of the one-parameter Ashcroft pseudopotential [5],
screened in the Hubburd-Sham approximation [6]. At subsequent iterations, additive shiel-
ding in reciprocal space was used. The exchange interaction was taken into account in the

Slater approximation [7].

Figure 2 shows the charge density distribution after the 5th iteration of the self-consistency
process as an illustration. The p(x,y,z)function in this figure is built for fixed values of z=0.0
andz = 21, both in the form of contour diagrams and in the form of dependence Al,_qyg =2(X.Y)
on the (X, Y) plane. The band structure of GeTecrystal in cubic phase along the BZ symmetry
directionT — A - X is shown in Figure 3. The value of the damping parameter in the conver-
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gence acceleration scheme was chosen to be #=0.9. The results of the calculation of the band

structure are in good agreement with other calculations [8, 9], in which the empirical pseudo-
potential and APW methods were used.

Figure 2.The distribution of the electron charge density in the unit cell of the crystal GeTe(O,? ) (the 5% iteration)
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Figure 3. Dispersion curves along theI" — A — X symmetry direction of the GeTe (Of) crystal BZ
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In the second part of this article, the calculated dispersion curves and charge density dis-
tribution functions in unit cell are used to provide the total energy per unit cell calculations
in the density functional approximation using the reciprocal lattice formalism and then to in-
terpret the ferroelectric phase transition in a GeTe crystal in the framework of vibronic theory.
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PE3IOME

MeToa0M MOAEKyASPHOV MeXaHMKU OBLAM VICCAeAO0BaHBI IIPOCTPAHCTBEHHOE CTpOeHNe U KOHPOpPMaIOH-
Hble BO3MO>XHOCTM I'MIIOTEH3VMBHOIO IIeNTHAa HOBOKMHMHA C aMMHOKICAOTHOMN I0cAel0BaTeAbHOCTbIO Arg-Pro-
Leu-Lys-Pro-Trp. ITonck onTuMaAbHBIX IIPOCTPAHCTBEHHBIX CTPYKTYP IPOBOAMACS Ha OCHOBE IIO9TAITHOIO I104-
X0Ja C IIOMOIIBI0 PparMeHTapHOro KOH(POPMALMOHHOTO aHaAM3a aMIHOKICAOTHOM I10CAeA0BaTeAbHOCTI HOBO-
KIHIHA, TIPUMEHNTEABHO K MOAApHOI cpee. KoHpopMaIMOHHBIN aHaAM3 BCel MOAEKYADI BBIABIA OTpaHUYEeH-
HEIJ1 HaDOp DHepreTHIecKy IpeArIOITUTEeABHBIX KOH(POPMAIIMOHHBIX COCTOSIHIII MOAEKYABI IIeITiAa B OIpeje-
AeHHOM MHTepBale OTHOCUTeALHOI Heprum. B pesyabraTe mccaejoBaHms OblAM TakKe OIlpeseleHbl DHepreTu-
JecK IIpeANodTUTeAbHbIe 00AaCcTU BeANYUH ABYTPAHHBIX YIAOB , BEANIMHBI DHEPreTMIeCcKIX BKAaA0B MeXKOCTa-
TOYHBIX B3aIMOAEIICTBIIL I BOAOPOJHBIX CBsI3€ll, a TAK’Ke B3alIMHO€ PacIIOA0>KeHVe OCTAaTKOB I VX OOKOBBIX LieTIelt
B HU3KODHEpreTnyecKux KOHPOpManusaX HOBOKMHMHA. Ha OCHOBe IMOAydeHHBIX ITapaMeTpoB OblAa COCTaBJeHa
MOJeKyAspHas MOAeAb Haubo.1ee BepOsITHON OMOA0TMYeCcK) aKTUBHON KOH(pOpMaLy HOBOKMHIHA.

Karouesble ca0Ba: HOBOKMHIH, aHTUTUIIEPTEH3VBHEIN MIeNTUA, KOHPOpManus, MeTo4 MOAEKYASIPHON Me-
XaHUKIL.

THREE-DIMENSIONAL STRUCTURE OF HYPOTENSVE PEPTIDE NOVOKININ
ABSTRACT

By molecular mechanics method were investigated the spatial structure and conformational properties of
the hypotensive hexapeptide novokinin, corresponding to its amino acide sequence Arg-Pro-Leu-Lys-Pro-Trp.
The search of the optimal spatil structures of novokinin was conducted on base by fragmentary approach under
polar conditions. Conformational analysis of novokinin was indicated a restricted number of its energetically
favourable spatial structures, which were investigated. The obtained calculation results determined the preferable
values of the dihedral angles and orientations of the all residues of novokinin molecule. Conformational analysis
of the separate fragments showed the process of the second structure formation in this molecule. Based on
theoretical calculations were obtained the inter-residues interaction energy contributions and determined the role
of the each residue in the formation of the optimal spatial structures of novokinin molecule

Key words: novokinin, antihypertensive peptide, conformation, molecular mechanics method.
HIPOTENSiV NOVOKININ PEPTIDININ UCOLCULU QURULUSU
XULASO

Molekulyar mexanika metodundan istifade ederak Ar-Pro-Leu-Lys-Pro-Trp amin tursusu ardicilligi olan
hipotensiv peptid novokininin foza qurulusu ve konformasiya imkanlari yranilmisdir. Optimal foza quruluslarinin
axtarisi polar miihite tatbiq olunan novokininin nazeari konformasiya tahlili ilo marhalsli yanasma asasinda hayata
kegirilmisdir. Biitiin molekulun konformasiya tahlili miisyyen bir nisbi enerji intervalinda peptid molekulunun
energetik cohatdan iistiinliik teskil eden konformasiya veziyyetlarinin mahdud bir sira oldugunu ortaya qoymus-
dur. Tadqiqatin naticasi olaraq, dihedral bucaqlarinin enerji cohatden alverisli bélgalari, qaliqlar arasi qarsiliqli ta-
sirlorn ve hidrogen baglarimin enerji paylari, habelo novokininin asag1 enerji konformasiyalarinda qaliqlarn va
onlarin yan zancirlerinin qarsiliqh tenzimlenmasi miiayyen edilmisdir. ©lds olunan parametrlars asasen, no-
vokininin an ¢ox ehtimal olunan bioloji cohatdean aktiv konformasiyasmin molekulyar modeli hazirlanmisdir.

Acar sozlar: novokinin, antihipertenziv peptid, konformasiya, molekulyar mexanika tisulu.
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BBeaenue

HoBOoKMHIH aKTVMBHBIN TUITOTEH3MBHBIN ITETITHA, COCTOSIINIA U3 I11eCT aMUHOKMCAOTHBIX
ocraTkoB: Arg-Pro-Leu-Lys-Pro-Trp (RPLKPW). D1a nocaeaosaTeAbHOCTDb SIBASIETCS POU3-
BOAHOI OT y4yacTka 359-364 M0.4eKyabl OBaAbOyMIHa, COOTBETCTBYIOIIel MIUHIMAaAbHOM I10C-
Ae0BaTeAbHOCTY MOAEKYAbl OBOKMHIIHA, CYIIIeCTBEHHO ITOHIKAIOIel apTepuaabHOe gaBae-
Huye [1-5]. HoBOKMHMH cBOe TMIIOTeH3MBHYIO aKTMBHOCTb OCYILIeCTBAsET Yyepe3 B3alMOAeCT-
Bue c perjenitopom AT-2 anrmorensuHa [1-3]. OH cyIlecTBeHHO ITOHIMKaeT CUCTOAMYeCKOoe
KpOBsHOE JaBAeHNe Py BHyTPUBEHHOM AU OpaAbHOM BBeJeHuM B opraHmsm [4,5]. brrao
IIOKa3aHO, YTO HOBOKMHMH IPOsBASIeT TaKXKe aHTMONMOMAHYIO aKTMBHOCTh, BO3AEVICTBYS Ha
obe30o0amBaromyio csoiictsa MopduHa [3]. Kak nssectHo, ocymecrsaenue 1 9pPeKTUBHOCTb
dpapmaxkoa0rnIecKux BO3AEVCTBIUII IeNITUAHOTO OMOpPeryAsaTopa, Tak AU MHaJe, CBA3aHbI CO
CTPYKTYPHOJ KOMILA€MEHTapHOCThIO, B3alMOAENICTBYIOIINX IIeNTua u penenropa. IlosTo-
MY, AAs BBIACHEHM: MeXaHM3Ma Omoaormdeckoro s¢gdexra, HEOOXOAMMO 3HaHMe IIPOCTPaHC-
TBEHHOTO CTPOeHNsI ¥ KOH(OPMaIIMOHHBIX BO3MOXKHOCTe MeNTUAHOTO OMOperyAsaTopa 1 ero
9} PeKTUBHBIX CTPYKTYpHBIX aHaaoros. Ilo Bceit BUAMMOCTU 3HaHMe KOH(OPMAaIIMOHHBIX
BO3MOXKHOCTel (PYHKIIMOHAABHO aKTUMBHOIO IeKcamelTija IO3BOANUT BecTu Ooaee IieleHa-
IpaBAeHHbII ITONCK eTo 9(PPeKTUBHBIX arOHICTOB 1AM aHTaTOHUCTOB, IIOCKOABKY IMEHHO CTe-
pUYecKoe COOTBETCTBNE B KOHEYHOM cdeTe oDecIieurBaeT CenPpIIHOCTD CBA3BIBAHNSA C pe-
LIeIITOPOM.

B aannoI11 paboTte 6p110 TPOBeAEHO MCCAeJOBaHIe TPOCTPAaHCTBEHHOTO CTPOeHN I 1 KOH-
¢opmanoHHBIX cBOIICTB MOAeKyAbl HOBOKMHNHA RPLKPW B cB0O60AHOI KapOOKCMAaTHOM
Jpopme METOZ0M MOAEKYASIPHOI MEXaHVKIA.

Metog pacuera

Vcrioap3oBaHHasl B JaHHOM MCCAeAOBaHUM KAaccupUKaIys HeNTUAHBIX CTPYKTYp U I1O-
TeHIIMaAbHble (PYHKIIMM pacyeTHOM CXeMBbl HOAYyDMIIMPUIeCcKOro KOH(OPMaIlMIOHHOIO aHa-
AU3a M UX IlapaMeTpu3alius oIlrcaHa B padorax [6,7]. HeBaaeHnTHbIe B3anMOAeIICTBUS Olle-
HIBaANChH 110 NoTeHIInaAy /leHHapaa-/>xoHca ¢ napamerpamy Ckorra u Illeparm [8]. Daekrpo-
CTaTMYeCKYIO DHEPIUIO PacCIUTBIBAAM B MOHOIIOABHOM HpUOAVIKeHuN 1o 3akoHy Kyaona ¢
UCII0Ab30BaHNEM 3aps40B, npeaaoxkenHbix Illeparoii. ITapamerpusamus noreHIaabHBIX
(pyHKIIMI Oblaa alIIPOKCHMMMPOBAaHA K YCAOBUAM IIOASIPHONM CpeAbl: BeAudrHa AUDAeKTPU-
94ecKOoil IpoHMIIaeMocTu npuH:ATa pasHon 10. BogopoaHsle cBsA3M, olleHnBaeMeple 110 ITOTEH-
unaay Mopae, nipearioaaraanuch ocaabA€HHBIMU ¥ MaKCHMaAbHas DHePIius Ha paBHOBECHOM
paccTosHNU IIpUHATa paBHOI -1.5 KKaa/M0oAb. JAMHBI CBsA3€M ¥ BaA€HTHBIE YIABI IIeIITUAHO
IpyIIIbl 1 OOKOBBIX 1leTlell, a Tak’Ke TOPCHOHHBIe ITOTeHIIMaAbl U BeANYNHBI OapbepoB Bpa-
IIeHsI COOTBeTCTBYIOT 3HadeHIAM, ITpeAA0KeHHbIM Momanu u ap.

ITpu obcy:xaeHnm pe3yabTaToB pacdeTa Oblaa MCIIOAb30BaHa IMIPUHATasA KAacCpUKaLIVLST
NenTUAHBIX CTPYKTYp. KondopmalnmonHoe cocrostHme KaXKA0To ocTaTKa oIlpeleAsa0ch 3Ha-
YEeHMSMMU ABYTPaHHBIX YTAOB (, \y U (® OCHOBHOI IeIn 1 ¥, OOKOBBIX IieIleil. YTABI ¢ U \y OC-
HOBHOI1 IIeTii B KOH(POPMaIMAX HAXOAATCA B HU3KODHEPTeTUYeCKMX 004acTaX CTepUYecKo
KapTe: R (¢ ,y = -180°+ 0°), B(p=-180°+ 0°y= 0°+ 180°), L(¢,y=0°+ 180°) m P(¢@=0°+ 180°, y=-
180° + 0°). Beeaeno nonsitue GpopMeI OCTaTKa, KOTOpoe XapakTepusyeT o0aacts (R,B,L man P)
3HAUeHMI yTA0B @ 1\ .

PacueT cTabnApHBIX KOH(pOpMaLNiT IENTUAOB IIPOBOAVACS C IIOMOIIBIO IIPOIPaMMBI 1
CHCTeMBI ITOTeHIIMaABHBIX (PYHKIINIL, paHee OIMCAHHBIX M IIPUMeHEeHHBIX B pabotax [6,7].
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ITorck MMHMMYMOB IIOTEHIIMAaAbHONM HHEPTUN OCYIIeCTBAAACS METOA0M CONPSI)KeHHBIX Ipa-
AVeHTOB [6]. OTcueT AByrpaHHBIX YIA0B BpallleHus ¢, \y , ® U ! IpoBeAeH COTAacHO OOler-
punsToit HomeHkaatype IUPAC-IUB [8]. BeiOop cTpyKTypHBIX BapMaHTOB IIpM pacyeTe KOH-
opmanmit 0OTAeABHBIX TIENTUAOB U UX (PparMeHTOB OCYILeCTBASIACSI Ha OCHOBE M3BEeCTHBIX
3HayeHUil ABYTPaHHBIX YIA0B (¢ 1 ) COOTBETCTBYIOIINMX HM3KODHEpPTeTHYecKUM 001acTsiM
KoHpopManmoHHo KapTel R,B 1 L 4451 Ka’kaoro MoHoIlenTiga, a 4451 MOHOIENTUAA TAU-
LMHa KoH(popManuu BeIOMpaanch us scex yetsipex R, B, L u P o6aacreii.

Pe3yabTaThbl 1 O0CYyXAeHMsI

Kondopmanuonnoe nccaesopanne rekcarenTAa HOBOKMHIHA IPOBOAMAOCH B TPU DTa-
1a, B KaXKAOM M3 KOTOPBIX MCIOAb30BaANCh Pe3yAbTaThl IIPeAIIeCcTBYIOero srana. B csoio
ouyepeab, STallbl AeATCS Ha P4 I10CAe40BaTeAbHO pelllaeMbIX CTPYKTYPHBIX 3a4ad. 3aTeM Ha
OCHOBe HM3KODHepreTmdeckux KoHpopmanmii GpparMeHTOB OBLAM pacCYMTaHbl CTaOMABHBIE
KoHpOpMaluy TeKcalenTuia B cBOOOAHON KapOokcuaaTHo ¢popme. ATOMHas pacdyeTHas
MOJeAb U BapbipyeMble AByTPaHHbIe YIABl MOAEKYAbl HOBOKMHIHA IIpeACTaBAeHbl Ha PUCYH-
ke 1. Kax BraHO u3 pucyHka 1 TOT mmenTua COCTOUT U3 IIECTU OCTAaTKOB, ABOE M3 KOTOPBIX
ocratku npoauna (Pro). Ocratku npoanHa, Kak u3secTHO [9], 061a4a10T KOHPOPMAIIIOHHBIM
cBoeoOpasmeM, Oaarojaps IUMKAMYECKOMY CTPOEHMIO OCHOBHON merm. OcraTky HpoauHa
OTpaHMYMBAIOT KOH(pOPMAIMOHHbIE BO3MOXKHOCTU IPeABIAYIero OCTaTka, AAs KOTOPOTO
peaausyetcst Toabko B ¢popma ocHosnoit nenn. CoraacHo aTOMHOM MoJeAu, IIpU pacyeTe
KOH(pOpMaLuii uccaelyeMoro nenTtuaa yautbisaanch 120 atomos u 30 rnepeMeHHBIX yIAOB,
COCTaBASIOININX €TI0 OCTaTKOB. /A5 cCOKpallleHIsI 91caa paccMaTpyBaeMbIX KOH(POPMaIIMIOHHBIX
COCTOSIHMII HamMI ObLA IIPUMMEeHeH MO®TaIIHbIA 10AX0/ KOoH(popMaioHHoro aHaau3a. Coraac-
HO cXeMe pacdeTa ObLAM II0CAe40BaTeAbHO PacCMOTPEHbI KOH(POPMaIMIOHHbIE BO3MOXKHOCTH
N-koHnesoro terpanentuga Arg'-Pro>-Leu’-Lys* , saTeM HnepeKkpbIBalOIIerocsi ¢ HUMU 110
AaByM octatkaMm Leu’-Lys*-Pro>-Trp®, 3atem Ha OcHOBe cTaOMABHBIX KOH(POPMaLINII YKa3aHbIX
TeTpanelnTuAOB ObLAM OIlpejeAeHbl DHepreTdecky IIpeArIouTUTeAbHble KOH(PpOpPMaIMOHHbIe
COCTOSIHUSI AAs1 BCETO TeKcallelTIAa HOBOKMHMHA. 45 KaXKAOTo uccaeayeMoro pparmeHTa B
KaJyecTBe HauyaAbHBIX IPUOAVKeHNI UCII0Ab30BaANCh BeANMYMHBI ABYTPAHHBIX YIA0B (9, ¢, X1,
2. -.)n) HU3KODHEPIeTUYECKIX KOH(POPMAIIMOHHBIX COCTOSHMI, COCTAaBASIOIINX €T0 MOHOIIeII-
THAO0B. BeanmunHel gByrpaHHbIX yraos (¢,Yu o) ontuMaabHBIX KOHPOpPMaIMii MOHOIIEIITU-
AOB BBIOMpaANCh 13 Bcex 004acTeil CTepUIecKoil KapThl 445 ocTtaTKa Pro, a 445 octaTkos aHa-
aAynHosoro tura u3 B, R u L obaacrernn.

Kak uspectHo, 4451 nentnaHoro pparMeHTa 4ncA0 paccMaTpUBaeMbIX CTPYKTYPHBIX TH-
IIOB, T.e. IIIeNIIOB, onpegeasercs GpopMyA0i 27!, TAe N-4ncA0 OCTaTKOB B II0CAe40BaTeAbHOC-
Tu pparmenTa. B cayuae rekcanenTuga 4mcao meinos 404KHO ObITh 32. OgHaKO B JaHHOM
rekcarneInTiAe UMeIOTCs ABa OCTaTKa IIPOAMHA, KOTOpbhle OrpaHN4MBaiOT KOH(OPMaIIOHHbIe
BO3MO>KHOCTU ITpeAbIAyIINX OocTaTKoB. [loo9TOMY 445 paccMarpusaeMoro pparMeHra crepu-
4ecKM AOIyCTUMBI TOABKO BOCeMb CTPYKTYPHBIX TUIIA: eeeee, eefee, efeee, effee, eeeef, efeefe, eefef
effee. brrao cocraBaeno okoa0 300 cTPpyKTypHBIX BapMaHTOB Tekcanentua. Ha nepekprisaio-
I1eMcsl ydacTke ObLAM PacCMOTpPeHBI Bee BapMaHThl (pOPM U OpMeHTaluii 0AM3AesKalyx ocrar-
k0B. HexoTopele ocTaTkm, coctaBAsioniye 9TOT reKcalerTig, UMeT IPOMO3ACK/e Pa3BAeTB-
aenHnst 6okosoit nerm. Toabko octaTku mpoanHa (Pro) nMeroT GOKOBYIO 1iellb, KOTOpasl B CUAY
CBOEJI TeOMeTPUM, HaXOAUTCs B (PUKCUPOBAHHOM IT0A0XKeHNN. DHepreTmdeck IpeanodTn-
TeAbHbIe KOH(POpPMaIMM TeKcallelITuAa rnpeacrasaeHsl B Tadanel. Kaxk suano us »Toit Tabd-
AUIIBI HabAIOAaeTcs cylecTseHHas AudQepeHnanis 1o ¢opMaM OCHOBHOI 11eIIN.
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B nocaeaosaTeabHOCTM reKcanenTuga MMeIOTCs ABa OCTaTKa C IT0AO0KUTEeAbHO 3apsKeH-
HBIMI OOKOBBIMM LIeTIIMU - apruHUH 1 An3uH. Ocratok Tpunrtodana (Trp) ¢ rereponnkan-
4yecKoli OOKOBOII 1IeMIbIO pacIioA0KeH B KOHIIe C OTpUIlaTeAbHO 3apsKeHHoi C-KOHIIeBOIl Kap-
ookcnaarno rpynmnoii (COOr). Bee sT0 BHOCHT cBoeoOpasue pu oOpa3oBaHIN MeXKOCTaTOu-
HBIX B3anMoJelicTsuil. PesyabTaThl pacyeta KoHpOpMaUMil rekcanenTuja npeAcraBieHbl B
Tabantie 1. B Toit Tabanile 1mokazaHsl HauOoOAee ONTUMaAbHble KOH(POPMaIUM reKcaIernT-
Aa, BXOAsIIMe B MHTepBaA oTHOcuTeApHO sHeprum 0-10 kkaa/mMoab. B maTepsaa 0-2 xkaa/
MOAb IT0TIaJal0T TOABKO ABe KOH(POPMaLMM ABYX IIOXOXKMX IIIeIIIOB efeef 11 efeee, KOTOpbIe pas-
ANYAIOTC TOABKO popMoil ocHOBHOM merm Pro’. B pesyaprate pacyera 4as rexkcarentuja
HOBOKMHMHA BbIsABAeHa Doaee yeTKas AudepeHnmaIys 1o meinaM U B MHTepBaa OTHOCHK-
TeAbHON dHeprun 0-5 KKaa/MoAb IToNajaioT HanboAee ONTUMaAbHbIe KOHPOPMaLU TOABKO
ABYX (pOPM OCHOBHOI1 IIery. DHepreTHYecKy IPeArIodTUTeAbHBIMI OKa3aAuch KOHpOpMaIun
ABYX IIIeNIIOB efeef u efeee. CaeAyIOITUMM IO CTaOMABHOCTY OKa3aAMCh KOHPpOpMaIUM Iei-

Ia effee.

B tabanne 2 npeacraBaeHsl BeAMYMHBI ABYTPaHHBIX YIA0B Tpex HauOoee HU3KODHepre-
TUYeCKMX KOHPOpMaInii HOBOKMHMHA. [Ipoekis1 sHepreTniecKn mpeArnouTuTeAbHON KOH-
¢opmaruy rexcamnenTtiia HOBOKIHIHA IIpeAcTaBleHa Ha puUcyHKe 2. B pesyabraTte pacyeTos
OBL10 TTOKa3aHO, YTO B caabonoaspHo cpege nentid RPLKPW npeanournrteasHo gpopmu-
pyeT cTabMABHYIO CTPYKTYPY, 445 KOTOPOM XapaKTepHa BBITSIHYTas C AByMsI 3aTMOaMy KOH-
¢opmarus nenrtnanon nenn. IlpeanodrnreapHast KoHpOpMaIUs STOTO MeNTHAa CTadnAu-
supyeTcss 9PQPEKTUBHBIM 91eKCTPOCTaTUIECKM B3alIMOAENICTBIIEM C OOpa3OBaHMEM BOJO-
POAHOI CBSI3M MeXKAy aToMaMU KapOOoKcuAbHOM rpynnbl C-TepMMHAABHONM YacTy U TyaHU-
AVIHOBOJI I'pYyIIIIBI OOKOBOI 1IeNN apTMHUHA. JaHHOe 1cciejoBaHMe ITO3BOANAO OIpeAeANTh
BCe CTaOMAbHbIe KOH(POPMaIIIOHHBIE COCTOSIHILS IIPUPOAHOIO IreKcarenTa, CorocTaBaeHne
KOTOPBIX JaeT BO3MOXKHOCTH BBIAEANUTHh CTPYKTYpHBIE KPUTEPUN, BO3MOKHO HEOOXOAVIMBIE
AAS CO34aHNs A€KapCTBeHHBIX IIperiapaToB IPUTOAHBIX A4 KAVHINYECKOTO VMCIOAb30BaHA.

Puc. 1.Atomuas pacueTHasa MoJeAb 1 II€peMeHHbIE ABYI'PaHHbIE yIAbl MOAEKYAbl HOBOKIMHIIHA.
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Puc.2. MoaexyasipHas pacdeTHas MOAeAb DHEPIeTIIeCK) IIPeAIIOuTUTEAbHON KOH(OPMaLMY HOBOKMHIHA.

Ta6anma 1. BeanauHbI DHEpPreTUYeCKUX BKAaA0B(KKaa/MOAb) BHYTPUMOAEKYASPHEIX B3aIMOAEVICTBIUIL B
HIU3KODHEepreTUYeckKuX KOHPOpMAaIMAX MOAeKyAbl HOBOKMHMHA.

No | Koundopmarys Eres Esa. Erop. | Eoom. Eorn.

B22 RB12 Bss RR1 -31.8 | -32 |26 -324 |0
B22 RB12 B13 BB1 -300 | -1.7 |28 -289 | 3.5
B22 RR12 B3z BB1 287 | -14 |33 -26.7 | 5.7
B12 RR22 B31 RR3 246 | -1.7 | 43 -22.0 10.4
B12 BBs2 B22 RR1 257 | -09 | 6.0 206 | 11.8
Bs2 BB22 Bi2 BB2 246 | -08 |59 -195 | 129
B22 BR22 Ba2 RRs3 -184 | -3.7 | 3.0 -19.1 13.3
B12 BR22 B12 BB3 211 | 1.2 2.6 -17.3 | 15.1

I | |T | |W|N |~

Ta61mua 2. Beanaunnr ABYI'PaHHBIX yI10B (rpa;l,.) AMMHOKMICAOTHBIX OCTAaTKOB MO/€EKYAbI
IreKcaIlernTga HOBOKMHIIHA B HU3KODHEPTETMYECKIX KOH(l)OpMaI_II/ISIX.

Ocrarox | Korndopmansa OcHoBHasI 1eITh | Boxkosas uenn
BeAnuMHBI ABYTPaHHBIX YIA0B
0] ) [0) x1 %2 x3 x4 x5
Arg B22 RB12 Bss RR1 -65 145 | 188 | 183 | 176 178 | 181 | -

B22 RB12 B1s BB1 -65 145 | 185 | 185 | 175 180 | 180 | -
B22 RR12 B3z BB1 -120 | 146 | 186 | 184 | 176 179 ] 180

Pro B22 RB12 Bss RR1 - -53 187 - - - - -
B22 RB12 B13 BB1 - -55 186 | - - - - -
B22 RR12 Bss BB1 - -55 184 - - - - -
Leu B22 RB12 Bss RR1 -95 145 | 181 | 59 186 180 | 180 | -

B22 RB12 B1z BB: -96 172 | 179 | 64 183 178 | 180 | -
B22 RR12 B3z BB1 -99 155 180 | 62 183 180 179 -
Lys B22 RB12 Bss RR1 -140 | 80 179 | -59 -56 180 | 180 | 180
B22 RB12 B13 BB1 -106 149 176 | 67 -61 180 180 180
B22 RR12 B33 BB1 -146 | 150 | 172 | -59 -56 180 | 180 | 180

Pro B22 RB12 Bas RR1 - -35 181 - - - - -
B22 RB12 B13 BB1 - 115 182 - - - - -
B22 RR12 Bss BB1 - -44 180 | - - - - -
Trp B22 RB12 Bas RR1 -130 | -42 - 55 93 - - -
B22 RB12 B1s BB: -85 152 | - 58 93 - - -
B22 RR12 B33 BB1 -128 | -42 - 55 93 - - -
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3akaro4yeHue

Taxkum 0Opa3oM, pacdeT ONITMMAABHBIX KOHPOpPMaIINII TeKcarenTnAa HOBOKIHIHA BbLs-
BIIA CYIIECTBEHHYIO KOH(QOPMAIIMOHHYIO KOHCEPBAaTUBHOCTH IE€NTUAHON ILeIN MOAEKYABI.
KondopmanonHslil aHaAn3 Bcell MOAEKYABI BBIABIA OTpaHIYeHHbII HA0Op DHepreTMdecKn
MpeANOYTUTEABHBIX KOH(POPMAILIMOHHBIX COCTOSIHUII MOAEKyABI IeITuja B OIpeleleHHOM
MHTepBaJe OTHOCUTeAbHON ®Heprun. B pesyabTare nccaejoBanms OblAM TaKKe OIpeJeAeHbl
DHepreTM4ecky MpeArnodTuTeAbHble 001aCTy BeAMYMH ABYTPAHHBIX YIAO0B , BEAMYMHBI DHEp-
TeTUYeCKMX BKAaA0B MeKOCTaTOYHBIX B3aIMOAENICTBUI 11 BOAOPOAHBIX CBs3€M, a TaKXKe B3a-
JMIMHO€e pacIiOA0XKeHIe OCTaTKOB U MX OOKOBBLIX IleIleil B HM3KODHepreTniecknx KoHpopma-
LMAX HOBOKMHMHA. Ha ocHOBe moaydeHHBIX IMapaMeTpoB Oblaa COCTaBA€Ha MOAEKyAspHas
MoOJeAb Hanbo.ee BepPOsITHON OMO0AOTMYeCcK) aKTUMBHON KOH(OpMaly HOBOK/HIHA.

ANTEPATYPA

1. Yoshikawa M, Ohinata K, Yamada Y, The pharmacological effects of novokinin; a designed peptide agonist
of the angiotensin AT2 receptor. Current pharmaceutical design., 2013 , v.19(17), p. 3009-3012.

2. OhinataK,, Fujiwata Y., Shingo F., Masaru I, Masatsugu H., Yoshikawa M. Orally administered novokinin,
an angiotensin ATz receptor agonist, suppresses food intake via prostaglandin E>-dependent mechanism in
mice, Peptides, 2009, v. 30, iss. 6, p. 1105-1108

3. Yamada Y, Yamauchi D, Usui H, Zhao H, Yokoo M, Ohinata K, Iwai M, Horiuchi M, Yoshikawa M. Hypoten-
sive activity of novokinin, a potent analogue of ovokinin(2-7), is mediated by angiotensin AT(2) receptor
and prostaglandin IP receptor. Peptides. 2008,v.29(3), p.412-8.

4. Yoshikawa M, Ohinata K, Yamada Y. The pharmacological effects of novokinin; a designed peptide agonist
of the angiotensin AT2 receptor. Curr Pharm Des. 2013,v.19(17),p.3009-12.

5. Yamada Y, Yamauchi D, Yokoo M, Ohinata K, Usui H, Yoshikawa M. A potent hypotensive peptide,
novokinin, induces relaxation by AT2- and IP-receptor-dependent mechanism in the mesenteric artery from
SHRs. Biosci Biotechnol Biochem. 2008,v.72(1), p.257-9.

6.  Maksumov LS, Ismailova L.I.,, Godjaev N.M, The program for semiempirical calculation of conformations of
the molecular complexes J. Struct. Khim.(Russian), 1983,vol.24,pp.147-148.

7.  4.Agaeva G.A., Agaeva U.T. Godjaev N.M, The spatial organization of human hemokinin-1 and mouse/rat
hemokinin-1 molecules, Biophysics (Russian),2015, vol.60, pp.365-377

8.  IUPAC-IUB Quantity. Units and Symbols in Physical Chemistry,1988, vol. 39, Blackwell Scientific Publications,
Oxford.

9.  Schimmel P.R., Flory P.J., Conformational energies and conformational statistics of copolypepides containing
L-proline. J. Mol. Biol., 1968, vol.34, pp. 105-111.

73


http://www.sciencedirect.com/science/article/pii/S0196978109000928
http://www.sciencedirect.com/science/article/pii/S0196978109000928
http://www.sciencedirect.com/science/article/pii/S0196978109000928
http://www.sciencedirect.com/science/journal/01969781
http://www.sciencedirect.com/science/journal/01969781/30/6
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamada%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18207609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamauchi%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18207609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Usui%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18207609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18207609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yokoo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18207609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ohinata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18207609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iwai%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18207609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Horiuchi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18207609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshikawa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18207609
https://www.ncbi.nlm.nih.gov/pubmed/18207609
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshikawa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23176213
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ohinata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23176213
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamada%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23176213
https://www.ncbi.nlm.nih.gov/pubmed/23176213
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamada%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18175894
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamauchi%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18175894
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yokoo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18175894
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ohinata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18175894
https://www.ncbi.nlm.nih.gov/pubmed/?term=Usui%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18175894
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshikawa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18175894
https://www.ncbi.nlm.nih.gov/pubmed/18175894

JOURNAL OF BAKU ENGINEERING UNIVERSITY - PHYSICS

2018. Volume 2, Number 1 Pages 74-81

UOT: 359.12; 537.8
PACS : 12.40.Yx, 12.40.Nn

ON THE PHASE TRANSITIONS IN NUCLEAR
COLLISIONS AND THE EARLY UNIVERSE

A. RUSTAMOV®234, J. N. RUSTAMOV?®
"Physikalisches Institut, Universitdt Heidelberg, Heidelberg, Germany

2GSI HelmholtzzentrumfiirSchwerionenforschung, Darmstadt, Germany
*National Nuclear Research Center, Baku, Azerbaijan
“Baku State University, Baku, Azerbaijan
SShamakhy Astrophysical Observatory named after N.Tusi

of Azerbaijan National Academy of Sciences, Shamakhy, Azerbaijan

ABSTRACT

The synergy between high energy nuclear collisions and cosmology offers unprecedented possibilities for
understanding the early and present stage of our Universe. Indeed, during its expansion the Universe successively
passes through several temperature and energy scales at which particle and nuclear physics predict symmetry
breaking phase transitions. For example, the temperature and the energy density of the phase transition from a
state of matter known as Quark Gluon Plasma (QGP) to hadron phase, as predicted by the theory of strong inte-
ractions, correspond to about 10 seconds after the creation of the Universe. In order to explore phase transition
phenomena in nuclear collisions, we report on recent event-by-event net-proton fluctuations as measured by STAR
at RHIC/BNL and by ALICE at LHC/CERN and discuss various non-dynamical contributions to these measure-
ments, which should be properly subtracted before comparison to theoretical calculations on dynamical net-baryon
fluctuations. We further argue, based on self-similarity, that spiral structures may also appear in nuclear collisions as
a consequence of symmetry breaking phase transitions. Thus, spiral structures in galactic patterns may already be
formed during the QGP phase transition which corresponds to a few microseconds after the Big Bang.

Keywords: nuclear collisions, phase transitions, spiral galaxies, symmetry breaking.

NUVO TOQQUSMALARI VO ILKIN KAINATDA FAZA KECIDLORI HAQQINDA
XULASO

Yiiksak enerjili niive toqqusmalar1 ve kosmoloji tadqiqatlarin vehdati Kainatin baslangicinda bas vermis pro-
seslari vo onun indiki vaziyyetini anlamagq ti¢iin mithiim shamiyyat kasb edir. Dogrudan da, Kainat genislondik-
cd onun temperatur ve enerji sixligimin miisyysn giymstlarinds miixtslif simmetriyalarin pozulmasi ils miisaist
olunan faza kegidlari bas verir. Bu ¢iir faza kegidlarinin bas vermasi bilavasite niive va zarraciker fizikasinin qa-
nunlarindan irali galir. Masalan, Kainat yarandigindan taqriben 10 saniyes sonra onun temperatur ve enerji sixli-
g1 giicli qarsiliqh tesir nazariyyesinds kavark va gliionlar halindan adi adron materiyasina kegid temperaturu ve
enerji sixliginin giymatlarine uygun gslir. Taqdim edilmis maqalads niive toqqusmalarinda faza kegidlarini mii-
zakirs etmak maqsadi ilo STAR ve ALICE tacriibslarinds 6l¢iilmiis protonlarin hadiseden-hadiseya fluktuasiya
signallarint miizakirs edirik. Xiisusi ils, bu 6l¢gmalari nazari hesablamalarla miigayise etmazden avval onlara daxil
olan geyri dinamik hissalarin nazara alinmasi yollarini géstaririk. Bundan basqa, faza kegidlarine xas olan 6ziine
oxsarliq meyarmna asaslanaraq, niive toqqusmalarinda spiral quruluslarin amsala gala bimlasini iddia edirik. Beloa-
likls, hesab edirik ki, qalaktikalarin spiral qurulusu Boyiik Partlayisin ilk mikrosaniyslerinds bas vermis faza ke-
¢idi zamani formalasa bilar.

Acar sozlar: niive toqqusmalari, faza kegidleri, spiral qalaktikalar, simmetriyanin pozulmasi.

Introduction

Our current understanding of the Universe is essentially based on the standard model of
cosmology and the standard model of particle physics. Both models describe a large body of
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experimental nuclear and cosmological data, in particular they predict several phase tran-
sitions which presumably took place during the evolution of the Universe. Observational
evidences of the standard model of cosmology include large scale isotropy and homogeneity,
the Hubble expansion, temperature anisotropies in the Cosmic Microwave Background,
abundance of light elements, etc., which, confronted with the standard model of cosmology,
lead to the conclusion that the Universe is mostly composed of dark matter (25%) and dark
energy (70%). It is remarkable that first instances of the Universe can be created in the Earth
laboratories such as the Large Hadron Collider (LHC) of the European Organization for Nuc-
lear Research (CERN). Indeed, LHC experiments have made significant progress to probe a
state of matter that has not existed for the past 14 billion years (the age of the Universe). The
droplets of such a primordial matter will continue to be studied with the ALICE apparatus in
head-on collisions of heavy nuclei accelerated by the LHC to a speed close to the speed of light.
This approach will complement astrophysical findings, where the evolution of the Universe
is studied by analyzing the light coming from ever far distant heavenly objects, as well as from
cosmos in general, thus going back in time up to about 380.000 years after its creation. By this
time the temperature of the matter was low enough for creation of neutral atoms and the mat-
ter started to be transparent in terms of photons. The ALICE experiment will start the few
microseconds after the creation of Universe and go to even earlier times. The study of these
collisions should allow to pin down the mechanisms that change the phase of the matter from
its basic constituents, such as quarks, into hadrons. According to the current theory of strong
interactions a transition from hadron phase to a new state of matter known as quark gluon
plasma (QGP) should occur when the temperature exceeds a critical value of 2000 billion
degrees (approximately 160 MeV). To make progress on a detailed understanding of the phase
structure of the QGP a comprehensive study of multiplicity distributions of several particle
species as well as correlations between them were studied in different experiments. Such
multiplicity distributions are constructed by counting the number of particles produced in
each collision (event) and thereby generating a distribution. It is expected that these multipli-
city distributions will have significant deviations from those expected in purely statistical
scenarios when reaching close to the transition temperature. In particular, they are expected
to become extremely broad near the phase boundary. In practice this task becomes difficult
because the exact number of particles including neutrals, such as neutrons and their anti-par-
ticles, cannot be measured on the event level. Hence, instead of studying the multiplicity dis-
tributions their quantitative characteristics, like mean values, variances, covariances between
different particle types, higher moments and specific combinations of them are studied and
compared to theoretical calculations. These measurements are generally known as event-by-
event fluctuation measurements.

The paper is organized in the following way: the first section is devoted to discussions
on the phase diagram of the strongly interacting matter and provides recent measurements
from the ALICE and STAR experiments. The next two sections deal with the galactical struc-
tures, their classification and connection with the matter created in nuclear collisions. Finally
we provide a conclusion in the final section.

1. Event-by-event fluctuations

Perhaps the most challenging problem in our understanding of strongly interacting
nuclear matter is its phase structure and possible existence of a critical point, at which matter
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undergoes a second-order phase transition. At the BNL/ RHIC and CERN/ SPS substantial
experimental efforts are devoted to searches for a QCD critical point in ultra-relativistic
heavy-ion collisions. This also serves as a motivation for the research programs at the future
facilities, such as FAIR in Darmstadt and NICA in Dubna. Phase transitions can be addressed
by investigating the response of the system to external perturbations via fluctuations of con-
served charges. Moreover, one of the crucial issues is to establish the relation between freeze-
out and the QCD chiral transition at vanishing net-baryon densities. This makes fluctuation
studies at LHC of particular importance, especially in view of the reliable theoretical calcula-
tions in lattice QCD for vanishing values of baryon chemical potential [1- 4]. Although LOCD
predicts a Skellam behavior for the second cumulants of net-baryon distributions at a pseu-
do-critical temperature of about 155 MeV, this is not the case for higher cumulants. Even on
the level of second cumulants differences between HRG and LQCD results are significant for
the ratio of off-diagonal susceptibilities [3, 4]. At this point we remind that, fluctuations of
conserved charges are predicted in the Grand Canonical Ensemble formulation of thermody-
namics [5]. In order to compare theoretical calculations within GCE, such as the Hadron Re-
sonance Gas (HRG) model [6] and Lattice QCD (LQCD) [1], to experimental results, the re-
quirements of GCE have to be achieved in experiments. This is typically done by analyzing
the experimental data in a finite acceptance by imposing cuts on rapidity and/ or transverse
momentum of detected particles. However, if the selected acceptance window is too small,
the possible dynamical correlations we are after will also be strongly reduced [7] and conse-
quently, net-baryons will be distributed according to the difference of two independent Pois-
son distributions [8]. We remind that for the Poisson distribution, all its cumulants are equal
to its mean. The probability distribution of the differenceX; — X,of two random variables, each
generated from statistically independent Poisson distributions, is called the Skellam distribu-
tion. According to the additivity of cumulants, the cumulants of the Skellam distribution will
then be k,(Skellam) = (X;) + (—1)"(X,), where(X;) and (X,) are mean values of X; and X,
respectively. On the other hand, the increase of the acceptance will enlarge significance of
correlations due to baryon number conservation. In order to be more sensitive to dynamical
fluctuations, the better approach is to study the fluctuation of conserved charges in a larger
acceptance and subtract the correlation part caused by the global conservation laws. This is
actually the appropriate way to address the fluctuation physics when both, trivial and dyna-
mical fluctuations are close to Poisson probability distributions. To proceed further we provi-
de the necessary definitions. The first four cumulants of net-baryon Ang = ng — ny distribution
are defined as:

i1 (Ang) = (Ang) (M
Kz (Ang) = ((Ang — (Ang))?) 2)
k3(Ang) = ((Ang — (Ang))*) )
k4(Ang) = ((Ang — (Ang))*) — 37 (Anp) (4)

The second cumulant can be represented as a sum of corresponding cumulants for single
baryons plus the correlation term for joint probability distributions of baryons and antibaryons

Ky(Ang) = Kk(ng) + K, (nE) - 2(("Bn§> - (n3>(n§>) (%)

Eq. (5) shows that, in the case of missing correlations between baryons and antibaryons,
(ngng) = (np)(ng), the second cumulant of net-baryons is exactly equal to the sum of the cor-
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responding second cumulants for baryons and antibaryons. A correlation can emerge, in ad-
dition to that originating from critical fluctuations, from conservation laws. If the experimen-
tal acceptance is large enough the correlation term in Eq. (5) acquires a finite value. Hence
we expect that the second cumulant of net-baryons becomes smaller than the sum of baryons
and antibaryons. We note that in this work net-protons are used as a proxy for net baryons,
which is justified at higher center-of-mass energies (v/syy > 10 GeV) [9].

Figure 1. Left panel: Pseudorapidity dependence of the normalized second cumulants of net-protons
as measured by the ALICE experiment at LHC. The red solid line shows the effect of the baryon number
conservation. Right panel: Ratio of fourth to second cumulants as measured by the
STAR Collaboration for Au+Au collisions at different center-of-mass energies.
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Recently the ALICE collaboration reported on the second cumulants of net-proton distri-
butions, measured in Pb-Pb collisions at /syy = 2.76 TeV [10]. The analysis of experimental
data was performed with the Identity Method [11-15]. Furthermore, based on the recently
proposed model, it was demonstrated that non-dynamical fluctuations, such as those stem-
ming from unavoidable fluctuations of participant nucleons are immaterial for the second
cumulants of net-protons measured at LHC energies [8]. The obtained results for the second
cumulants of net-protons, normalized to the Skellam baseline, are presented in the left panel
of Figure 1. For pseudorapidity ranges of |n| < 0.4, which corresponds to An < 0.8, the experi-
mentally measured net-proton distributions follow Skellam distribution. This agreement is
due to the small acceptance as discussed above. For An > 0.8, however, some deviations from
the Skellam baseline are observed. It is argued that these deviations, as a function of acceptance,
are due to the global baryon conservation, which should be corrected for before comparison
to theoretical calculations within GCE. For the second cumulants the contribution from the
global baryon number conservation depends only on the acceptance factor a = (n,)/(Ng™)
with (n,) and (NAT) referring to the mean number of protons inside the acceptance and the
mean number of baryons in the full phase space respectively [8]:

k(p-P)  _ 4
K, (Skellam) l1-a (6)

For each rapidity range the acceptance factor was then estimated using the total number
of baryons as measured by the ALICE experiment in the pseudorapidity range of || < 0.5 [16].
Next, from HIJING and AMPT simulations, total number was obtained of baryons in the full
phase space . The number of protons, used in the definition of a (cf. Eq. (6)), was taken from
the experimental analysis for each rapidity range. Finally, using these values of a the red band
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in the left panel of Figure 1 was calculated with Eq. (6). The finite width of the band reflects
the difference between the two event generators. We hence conclude that the reported devia-
tion from Skellam is caused by global baryon number conservation and that other possible
dynamical fluctuations are not visible in the second cumulants of net-protons measured at
LHC energies.

In the right panel of Figure 1 the ratio of fourth to second cumulants, ko? = k,(p — p)/
Kk, (p — p) of net-proton, proton and anti-proton distributions for the 5% most central Au+ Au
collisions are presented, as measured by the STAR Collaboration. The data shows strong en-
hancement at lowest center-of-mass energy of 7.7 GeV, while the results at 19.6, 27 and 39 GeV
are below the HRG baseline. For higher energies, however, the data, within uncertainties, is
consistent with unity. Moreover, the transport model UrQMD exhibits smooth decrease with
decreasing energy. Few comments are in order at this point; (i) in order to get rid of partici-
pant fluctuations [8, 17], the experimental data of STAR were corrected with the so called
Centrality Bin Width Correction (CBWC) procedure [18, 19]. The essential idea behind the
CBWC is to get rid of the participant fluctuations by subdividing a given centrality bin into
smaller ones and then merging them together incoherently [20]. However, although CBWC
procedure reduces the overall level of fluctuations significantly it cannot fully eliminate the
participant fluctuations; (ii) the same rapidity interval of |y| < 0.5 is used for all energies.
This leads to significant decrease of the fraction of accepted protons with increasing energy
and increases the artefacts of global baryon number conservation at low energies, which drives
the results at \/syy = 19.6, 27 and 39 GeV below unity. This explanation is also consistent with
the energy dependence of the UrQMD results. Obviously baryon number conservation can-
not explain the increase observed at lower energies. Recently it was argued that independent
combination of baryon stopping and participant fluctuations also cannot explain this increase,
though assumption of collective stopping of multiple baryons catches the essential part of the
observed structure [21].

2. Galaxies and their classification

It is known that galaxies constitute the important fundamental building blocks of the
Universe. In 1926 American astronomer E. Hubble developed a morphological classification
scheme of galaxies [23], which is usually referred to as “tuning fork” diagram (cf. Figure. 2).
The main criteria for this classification scheme are visual appearances of galaxies. According
to this scheme the galaxies are divided into three types: elliptical, lenticular and spiral. The
classification was further expanded by the irregular galaxies, i.e., the galaxies without obvious
regular shapes.

For elliptical galaxies the oval shaped appearance is typical. The surface brightness of
these galaxies is monotonically decreasing from the center towards edges. These galaxies are
divided into 7 subtypes from EO (round) to E7 (elliptical) and, in general, exhibit no spiral st-
ructures. In contrary to spiral galaxies, they almost do not have interstellar gas and dust. Also,
there are no young stars or star-forming regions in typical elliptical galaxies. Hence their ove-
rall colors and spectra are very similar to those of K stars. Moreover, elliptical galaxies contain
neither a disk nor arms.

The spiral galaxies are subdivided into two groups, normal and barred ones. About half
of the spiral galaxies have a bar like structure in the central bulge of the galaxy. Depending on
the tightness of the spiral arms and the size of the bulge, the normal spiral galaxies are further
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subdivided into Sa (tightly wound), Sb (middle wound) and Sc (loosely wound). In Sa galaxies
the bulge dominates the galaxy, while in Sc galaxies the contribution of the bulge is much
smaller. Spiral galaxies have a bulge with the core at the center and flattened disk containing
spiral arms. The spiral arms contain numerous young blue stars and a large amount of inters-
tellar gas and dust. It is interesting that the bulge of spiral galaxies is very similar to elliptical
ones. Hence, the spiral galaxies consist of three components: a bulge, a disk, and a halo. The
bulge is a spherical structure located in the center of the galaxy and contain older (population
IT) stars. The disk consists of the interstellar dust, gas and younger population I stars. The halo
of a galaxy is a loose spherical structure located around the bulge. The halo contains old glo-
bular clusters of stars and scientists believe that it is rich with the mysterious “dark matter”
[24,25].

In barred spiral galaxies (SBa, SBb, SBc) there is a bar running through the central bulge;
the spiral arms emerge from the end of this bar.

As we move from Sa to Sc or from SBa to SBc¢, the following changes occur:

- the disc to bulge ratio increases;
- the degree of openness of the spiral arms increases;

- the galaxy becomes blue colored.

Figure 2. Hubbles “tuning fork” diagram (classification scheme), which includes elliptical
(E0-E7), spiral (Sa-Sc, SBa-SBc) and lenticular (S0, SBO) galaxies.

APy
)/’@/ -——_(‘. {9-.';‘ "
@ ‘@a = ~..:c‘d’ -

E0 &3 £7 SBa $Bb
Q _ SBc

T

ey P
There are also intermediate galaxies between elliptical and spiral galaxies, which are called
lenticular galaxies (SO, SB0). They consist of a disc and a smaller bulge. However, their disks
do not evidence spiral arms. The lenticular galaxies differ from elliptical galaxies because they
have a bulge and a thin disk, but are different from Sa galaxies in that they have no spiral st-
ructure. They have either very little or no interstellar gas and dust.

E. Hubble found that some galaxies do not fit to the established pattern in “tuning fork”
diagram. To shed some light on this problem he also considered irregular galaxies, i.e., the
galaxies with no regular or symmetrical structures. Irregular galaxies have neither the spiral
structure nor nuclear bulge and apparently they look like a random collection of stars. There
are two subtypes of Irregular galaxies: Irr] and Irrll. Irregular Irr] galaxies appear to have some
disturbed spiral structure. Irregular IrrIl galaxies are much more abundant than IrrI galaxies;
they have completely disrupted original shape. Most of the irregular galaxies are found to
contain many young stars and experiencing significant ongoing star formation process. The
shape of irregular galaxies could be a result of a galactic interaction, for instance, due to the
passage close to another galaxy. Irregular galaxies are smaller objects in comparison with the
elliptic and spiral ones. They are objects without definite shapes.
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Irr I type galaxies contain HII regions, composed of a hydrogen gas, as well as many Po-
pulation I stars. Irr II galaxies seem to have large amounts of interstellar gas and dust. The latter
blocks most of the light from these stars, which it turn complicates observation of distinct stars
in these galaxies.

Hubble thought of evolutionary connection between different subtypes, i.e. galaxies might
evolve from one subtype to another one across the tuning-fork diagram. He believed that the
evolution of galaxies have started from the left (elliptical galaxies) of the “tuning-fork” diagram
and evolved to the right (spiral galaxies). Consequently he introduced the names “early gala-
xies” and “late galaxies” for elliptical and spirals galaxies, respectively. Albeit E. Hubble was
not quite right in his theory of evolution of galaxies, his “tuning-fork” diagram is still being
used by astronomers.

It is worthwhile to note that the “tuning fork” diagram is also an arrangement of galaxies
according to their rotation rates. Spiral galaxies rotate rapidly, while elliptical ones have little
or no rotation at all.

3. Phase transitions and spiral structures.

As we remarked above, galaxies are important fundamental building blocks of the Universe
and more than 50% (even according to some sources up to 70%) of galaxies in the Universe
are of spiral nature. It is known that the spiral structures of galaxies are stable, since they are
not affected for billions of years. The formation and stability of these systems, however, is yet
to be explained.

Recently we proposed an original idea that “fingerprints” of spiral structures can be traced
back to the first microseconds after the Big Bang [26]. This scenario arises when combining two
distinct arguments; (i) non-vanishing orbital angular momentum in heavy-ion collisions and
(ii) well known phenomenon of the divergence of the correlation length near the critical point.
While the first argument leads to the overall rotation of the system in the reaction plane, the
second one requires the scale invariance, i.e., self-similarity of the entire system. This scenarios
can be achieved if rotations follow a logarithmic spiral which reproduces itself by magnifying
some part of it, i.e., it is by definition a self-similar object. Experimentally such structures can
be looked at in event-by-event angular and momentum distributions of particles produced in
nuclear collisions. One can argue that spiral structures in galaxies may be artefacts of successive
phase transitions the Universe passed through during its expansion.

Conclusions

In summary we reviewed first measurements of net-proton fluctuations from the ALICE
experiment at LHC and discussed preliminary results from the STAR experiment. The mea-
sured second cumulants of net-protons by the ALICE Collaboration, which are used as a proxy
for net-baryons, are, after accounting for baryon number conservation, in agreement with the
corresponding second cumulants of the Skellam distribution. We note that LQCD predicts a
Skellam behavior for the second cumulants of net-baryon distributions at a pseudo-critical
temperature of about 155 MeV, which is very close to the freeze-out temperature from the
HRG model applied to the ALICE data. Critical behavior is predicted by LQCD starting from
second off -diagonal cumulants, the analysis of which is ongoing in ALICE. The non-mono-
tonic energy excitation function of fourth to second ratio of cumulants of net protons, as re-
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ported by STAR, can be partially explained by the global baryon number conservation, while
the increase of fluctuations at lower energies still to be understood. It is however expected
that non-dynamical fluctuations, such as those stemming from participant fluctuations are
still present in the final results, because the applied CBWC procedure cannot eliminate them
entirely. There is no general consensus whether or not the observed nonmonotonic energy
dependence is indeed connected to the critical phenomena associated with the second order
phase transition at the critical point. We further argued, based on self-similarity, that that
spiral structures of galaxies may also appear in nuclear collisions as a consequence of symmetry
breaking phase transitions. This would imply that spiral structures in galaxies may be formed
during the first instances after the creation of the Universe.
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ABSTRACT

In this study, the first observations of the Saturn periodic comet family are being investigated for the intervals
of the 11-year period of the Solar Activity. The analysis covers 110 comets with aphelion distance up to 8-12 A.U.,
were observed 1-23 cycles of Solar activity.It is established that the maximum number of detected comets is obser-
ved before and after the maximum period of solar activity.The family of comet Saturn is also a periodic comet as
the family of Jupiter, but in this respect they differ, behaving like long-period comets.The magnetic field’s pole in
the Sun varies according to 11-year cycles.It is important to learn the effect of this change on comets.

Key words: 11-year cycle of Solar activity, periodic comets, observed dates.

SATURN DOVRI KOMET AILSSININ MUBYYON OLUNMASINDA GUNOS FOALLIGININ ROLU
XULAS®

Bu tedqiqat isinda Saturn dévri komet ailasinin ilk dafe miisahids olunma tarixlari Giinas fealliginin 11-illik
dévriiniin intervallarina gore tedqiq olunur.Tedqgiqat afel masafesi 8-12 A.V.-dak olan ve Giinas fealliginin 1-23-
cii dovriinde miisahide olunan 110 kometi ahate edir. Miioyyon olunmusdur ki, kometlorin kasf olunma tarixlori-
nin maksimumu Giines faalliginin maksimum dévriindeham avvel, hamdas sonraki dévrde miisahide olunur. Bu
baximdan Saturn komet ailosi Yupiter komet ailasi kimi qisa periodlu olmalarina baxmayaraq Yupiter komet ailo-
sindan farqlanirlar ve 6zlarini uzundovrlii kometlsr kimi aparirlar. Glinasin timumi magqnit sahasinin qiitbliyi
har 11 illik dévrdas dayisir. Bu deyismanin kometlar iizarinda tasirini 6yranmak olduqca vacibdir.

Acar sozlar: Giinos aktivliyinin 11-illik tsikli, periodik kometlar, miisahidas tarixlari.

O BAUSTHUU COAHEYHOM AKTUBHOCTU HA OTKPBITUE ITEPVIO AMYECKUX
KOMET CEMEMCTBA CATYPHA

PE3IOME

B paborte nsy4aetcst BOIIpOC O paclipedeleHNN AT OTKPBITILT KOoMeT ceMelictBa CaTtypHa 1o ¢asam 11-aeTHero
uukaa Coaneunoit aktusHocty (C.A.). AHaans oxsateiBaeT 110 komeTsl ¢ adpeAUITHBIMU PaCcCTOSAHMSIMI 40 8-12
A.E., HaiiaeHHble 1-23 HMKAaCOAHEYHO aKTUBHOCTHL. Y CTAaHOBAEHO, YTO MaKCUMaAbHOEe KOAMIECTBO OOHAPY>KEeHHBIX
KOMeT HabAI0AaeTcsI 40 U II0cAe MaKCMMaAbHOIO Ieproja coAHedHol akTuBHOCTH. CeMericTBO KoMeTsl CaTypHa
TOXe IleproAndeckiie KOMeThl Kak ceMbs IOnmTepa, HO B 5TOM OTHellleHNe OHU pa3Andaercs], BedyT ceds Kak J04-
ronepuoanyeckye KoMmetsl.IToaroc marauTHOTO 11044 B COAHIIe BapbUpyeTcs B 3aBUCUMOCTH OT 11-AeTHMX LIMKAOB.
OueHs Ba>kHO U3yIUTH DPPEKT DTOTO M3MEHEHIsT Ha KOMeTax.

Karouessble caoBa: 11-aeTHMIT IMKA COAHEYHON aKTUBHOCTY, IIepUOANYECKIIe KOMEThI, AaThl OTKPBITHA.

Introduction

The question of the influence of solar activity (S.A.), in particular the 11-year cycle on the
distribution of cometary parameters, has been the subject of many studies. In this regard, the
study of the Saturn family of comets is also relevant.Our aim is to study the first observant
time comets have been distributed in different periods of the 11-year Solar activity.It may be
that the two comets are identical to all parameters (orbit elements, direction of the orbit, etc.),
but their observant time during the 11-year activity is different. This means that their brightness
will not be the same during the Solar activity. Therefore, the purpose of this study the question of
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changing the number of comets found at different periods of cycle.Here we will use the Volf
number as a reference their maximum and minimum epochs.We'll look investigations of Wolf's
numbers with comet parameters in the next stadies.Studies on this subject have been dedicated
in the works of Dobrovolsky [4], Sekanina [5-7] and recently Svoren [8].Based on extensive
statistical data, Guliyev's and Gasimov's [3] recent works proved the two-maximal distribution
of long-period comets. While the statistical analysis of observation histories for single and double
cycles of all comets, more comets were observed in single cycles. It also occurs in long-period
comets, as well as in the families of Jupiter and Saturn's comet.The strongest probability is the
magnetic field of the Solar spots.The magnetic polarization of spots in each cycle varies the
opposite. In this sense, activity of the Sun cycle is considered 22 years, not 11 years. The magnetic
field's polar of the Sun varies, as it has been mentioned above.

Statement of the question and the data used.

In this paper, the dependence of the Saturn periodic comet family members on solar activity
was analyzed in a broader context. We useddata from 1-23 S.A. cycles, for comparison we note
that in the work author [2] the analysis covered the data of cycle 1-21. Thanks to the rapid
development of cosmic technology, we see the number of Saturn comets grow incredible. During
the analysis, were taken comets aphelion distance up to 8-12 A.U. In the future, according to
their number, they will be able to compete with the Jupiter family. Our research starts with 8P /
1790 A2 comet and list is completed by P / 2008 Y1 comet.The comet's discovery dates were
taken from the table on NASA's [9] site.In [2], its author instead of the traditional equation for
determining the phase of the S.A

F=@-T)/(T,— T1) (M
used a moreperfect (2) equation
L- 1 —
F= Z(Tmax_Tl) ’ lf t Tmax <0 (2)
- t—Tmax S if e
m‘l’ 0.5; lf t—Thnax >0

Here, t - the moment of discovery of the comet, T: and Tz - the dates of successive minima of
the S.A., Tmax - the date of the maximum between them. The difference between (2) and (1) is that
with this definition of the S.A. phase, the maximum always corresponds to the phase 0.5. In the
classical phase definition [4-8], the maximum varies in a wide range of F and does not always
coincide with the value 0.5.

The results of Saturn comet family analysis.

The results of the study are given in Table 1. In the table shows the number of comets
discovered in each phase of the cycle.From here, it appears that the maximum number of comets
found in two intervals of the cycle.In the range 0.3 - 0.4 was first maximum number (N=10) of
comets. The second maximum (N=20) observed in the range 0.7-0.8. Taking into account the
asymmetry of the sun's activity curve, the data in the 0-0.5 interval should be multiply 1.62, for
normalize the data in the table. Nett — the data identification is given in Table 1, on the third row.
Given this fact, it can be said that the Saturn comet family behaves as long-period comets.

Table 1. Distribution of dates of discoveries of periodic comets Saturn family by S.A. cycle.

N )

0.1 02| 03| 04 0.5 06| 07 0.8 0.9 1
Q<8-12av 8 4 7 10 6 12 15 20 14 14
Net 13 6| 11 16 10 12| 15 20 14 14
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It was emphasized that the conclusion of such results in the author’s [1] work is related
to the physical characteristics of cometary nuclei.In any case, this is due to the cosmognic
effects. If we want describe with graphs, data presented in Table 1, we'll see the two maximal
distribution.

Fig 1. The dependenceN (F) of the Saturn comet family on the intervals of 1-23 cycles S.A.

The dependence N (F) of the Saturn
comet family
30

20

10

0 01 02 03 04 05 06 07 08 09 1

Statistical analyze Saturn comet family for
single and double cycles of Solar activity.

The statistical analysis of the Saturn comet family's for single and double cycles of solar
activity is of great interest. The two maximal distribution in single cycles shows itself more
clearly. So, the comets were found in the range of 0.3-0.4 (N = 8) and in the range 0.7-0.8 (N =
19).

Table 2. Distribution of the Saturn periodic comet family by intervals of single cycles of Solar activity.

Nisingle Dsingle

0.1 02| 03 0.4 0.5 06| 07 0.8 0.9 1
Q<8-12a.v 5 1 5 8 5 6 10 19 9 10
Net 8 2 8 13 8 6 10 19 9 10

Let's describe this information graphically. The graphical description is as seems as the
long-period comets.

Fig 2. The dependenceN (F) of the Saturn comet family in the single cycles.

The dependence N (F) of the
25 Saturn comet family in the single
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0 01 02 03 04 05 06 0.7 08 09 1

84



The Influence of Solar Activity on the Discovery of Periodic Comets of the Saturn Family

When we take these analyzes in double cycles, we get weaker indicators than single cycles.

In Table 3, we can see that the maximum number (N = 6) was observed in the interval 0.5-0.6.

Table 3. Distribution of the Saturn periodic comet family by intervals of double cycles of Solar activity.

Ndouble q)double

01| 02| 03] 04| 05| 0.6 07| 08| 09| 1

Q<8-12 a.v 2 3 2 2 1 6 5 1 5| 4

Nett 5 5 3 3 2 6 5 1 5| 4

The graphic representation of the data double cycles confirms that these results are weaker

than single cycles.

Fig 3. The dependence N (F) of the Saturn comet family in the double cycles.

The dependence N (F) of the Saturn
comet family in the double cycles.
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0 01 02 03 04 05 06 07 08 09 1

The Saturn periodic comet family, as long-periodic comets, presents two maximum distribu-

tion in the cycles of solar activity.However, the Saturn comet family belonging to the periodic
comet, but reacts to the Solar Activity as a long-period comet, which is of great scientific interest.
Additional investigations are needed to clarify such important issues.
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No’lu hesaba yatirilmali ve makbuzu iiniversitemize fakslanmalidir.
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ITPABUJIA JIA ABTOPOB

«Journal of Baku Engineering University» - ®u3uka my0IuKyeT OpUTHHAIBHBIC, HAYYHBIC CTATHU U3 00NACTH
HCCIICZIOBaHIUSI ABTOPA U PaHEe HE OMyOINKOBAHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJINCKOM SI3BIKE.

PykomucHu TOMKHBI OBITh HaOpaHs! cornacHo mporpammbl Microsoft Word u oTripaBiieHb! Ha 3JIeKTpOHHBIH
anpec (Journal@beu.edu.az). OtmpasisemMble CTaThH AOJKHBI YIUTHIBATH CIICAYIOIIKE TPABHIIA:

HazBanue ctatbu, uMs U paMUIIHs aBTOPOB
Mecto paboThI

DICKTPOHHBIN a/ipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3ariaBue CTaThH IIHUIIETCS JIJIA KaXKJI0M aHHOTAaIMU 3arjaBHBIMU 6yKBaMI/I, JKUPHBIMU 6yKBaMI/I U pacrioJjiara-
€TCA TI0 LEHTPY. 3arnaBue u AHHOTAIlMH JOJI?KHBI OBITH TMPEACTABJICHBI HA TPEX SA3BIKAX.

AHHOTAIM, HAIICAaHHAS HA S3bIKE TPEACTaBICHHON CTaThH, NOJKHA coaepkaTh 100-150 cmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpefcTaBisSiOTCs aHHOTAIMK HA BYX JAPYTHX BBINIC YKa3aHHBIX S3bIKAX,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEP:KaHUIO0 opUruHaia. KitoueBble ciioBa JOJKHBI ObITh MPEACTABIEHBI
mocyie KaXKI0i aHHOTAIMK Ha ero S3bIKE U COAEPIKaTh He MEHEe 3-X CIIOB.

B crarbe momxub! ObTh yKa3anbl kol UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCICOBAHUS H BEIBOJOB.

Ecmu ccrmmarorcs Ha paboTy Ha pycCcKOM sI3BIKE, TOTJAa OPWUTWHANBHBIA S3BIK YKa3hIBacTCsA B CKOOKax, a
CCBUIKA JJACTCS TOJBKO Ha JTATHHCKOM anaBUTE.

PuCyHKH, KapTHHKH, TpaGUKH ¥ TAOIHMIBI JOJDKHBI ObITH YETKO BBIMOJIHEHBI M Pa3MEIeHbI BHYTPH CTATHH.
INoamucu K pUCyHKaM pa3MEIIIaloTCsl MO PUCYHKOM, KapTHHKON i rpadukom. Ha3BaHnue TaOIMIbI MHIIETCS
HaJ TaOJIULEH.

CChUIKH Ha HCTOYHHKH JAI0TCA B TEKCTE IU(POI B KBaAPATHBIX CKOOKAX M PACIIONAralOTCs B KOHIIE CTAThH
B TIOPSIIKE IUTHPOBAHUS B TeKCTe. ECITM Ha OJMH M TOT K€ HCTOYHMK CCBUIAIOTCS JIBa U GoJiee pas, Heo0X0-
JIMMO yKa3aTh COOTBETCTBYIOIYIO CTPAHHILY, COXPAHS MOPAAKOBBIA HOMep mutupoBanus. Hampumep: [7,
crp.15]. bubmuorpaduueckoe OMMUCaHKUE CCHIITAEMOM JTUTEPATYPHI TOJKHO OBITH POBEIEHO C YUETOM THIIA
UCTOYHKKA (MOHOTpadust, yIeOHHK, HAydHas CTaThs U 1p.). [IpH CCBUTKE Ha HAYYHYIO CTaThiO, MaTepHAIbl CHM-
no3uyma, KOH(GEPEHIINH WK IPYTHX 3HAUNMBIX HAYYHBIX MEPONPHATHI IOJUKHBI OBITH YKa3aHbl Ha3BaHUE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

Cmampwsa: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M. Spatial and electronic structure of monomeric
and dimeric complexes of carnosine with zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832,
2010

Knueza: Christie on Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Kongpepenuua: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies

in Science and education. Il International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, s5.384-391

CHycoK IMTHPOBAHHOM JIUTEpaTyphl HabupaeTcs mpudToM 9 punto.

10.

11.
12.

Pa3mepbl crpaHunbl: cBepxy 2.8 oM, cHu3y 2.8 cm, cieBa 2.5 u cripaga 2.5. Tekcr nedaraercs wpudrom Pala-
tino Linotype, pasmep mwpudra 11 punto, uHTepBan-oanHapHbii. [laparpadsl T0KHBI OBITH pa3leicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHb1i 00beM OPUTHHAILHOM CTaThH, KaK IPaBHIIO, HE JOJDKEH MPEBIIATh 15 cTpaHuil.

IIpencraBienue cTaThbu K NEYaTH NPOU3BOJUTCS B HUXKE YKA3aHHOM IMOPAJKE:

Kaxnast cTathst mochlIaeTcss HE MEHEe IBYM dKCIIepTaMm.

CraThs MOCHUTACTCS aBTOPY IS yUeTa 3aMeUaHuil SKCTIEPTOB.

CraTps, TIOCIIE TOTO, KaK aBTOP yd4ell 3aMEYaHHs SKCIIEPTOB, PEIAKIIMOHHON KOJUIETHEl XypHama MOXeET
OBITh PEKOMEH/IOBaHA K MICYATH.
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