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ABSTRACT

The comparative analysis of conformational properties of amyloid p-peptide (31-35) and its analog with
Met—Nle substitution is carried out by molecular mechanics simulation. The energy and geometrical parameters
of stable conformations for each molecule are calculated. The obtained results of both molecules were compared.
It is revealed that these molecules can exist in similar stable conformational states. It is shown that substitution of
Met amino acid by Nle do not change the conformational behavior of Amyloid B-peptide (31-35) molecule. The
comparison of conformational analysis of both pentapeptides helped reveal that loss activity of AP (25-35)
Met—Nle analog with replacement in 35 position cannot be explained by conformational factor, it must be due to
the absence of an important chemical group located on Met35.

Keywords: Amyloid -peptide (31-35), Alzheimer's disease, pentapeptide, analog, conformation, molecular
mechanics method.

CPABHUTEABHBIN AHA 113 KOH®OPMAIIMOHHBIX CBOVMICTB AMUAOUAHOI'O
BETA-ITIEITTUAA (31-35) M ETO AHA/ZOTI'A AB (31-35) MET—NLE

PE3IOME

MeToA0M MOAEKyASAPHOI MeXaHVKM OBLAY VICCAeA0BaHBI IIPOCTPAHCTBEHHOE CTpOeHNe 1 KOH(POPMaIIIOHHBIe
ocobenHoctu ATl® nurndupyomero ammnaougsoro 6era-nenrtuda -IIGLM (Ile-Ile-Gly-Leu-Met-NH2), u ero aHa-
aora (Ile-Ile-Gly-Leu-Nle-NH2) c samemennem Met—Nle. KonpopmarimoHnHsIit aHaAu3 BEIABMA OTPaHIIEHHBIN
HabOP MOXOXKMX CTabMABHBIX KOHPOPMAIIVIOHHBIX COCTOSHII 00eUX MOAEeKyA B OIlpeJe/IeHHOM MHTepBae OTHO-
CUTeABHOM DHepIUN. B pesyapTaTe mccaesosanms OBLAO TTOKa3aHO, YTO 3aMeneHre octaTka Met na Nle ne mamen-
sieT KoH(OpPMaIIMIOHHOe ITOBeJeHIe HaTUBHOTO ITeHTanenTuaa. Ha ocHoBe 11oAy4eHHBIX ITapaMeTpoB OBLAO TIpeJ-
I10/105K€HO, YTO HM3Kas O1010T1decKas akTMBHOCTh aHaA0ra 00yCA0BAeHa He KOH(POPMAaIIMOHHBIM pa3AndieM, a
HaaAnayeM QYHKITMOHAaABHON IPYIIIE B OOKOBOII ITeIN 3aMeIlaeMOoTO MeTHMOHIHa.

Kaiouesble caoBa: amMmaouausiin Oera-mentig, (31-35), Ooae3np AapnreriMepa, IeHTAIleNTHA, aHAAOL,
KOH(OpMaIs, METO/ MOAEKYASIPHON MEeXaHUKIA.

AMILOID BETA-PEPTID (31-35) MOLEKULUNUN VO ONUN AB(31-35)MET—NLE
ANALOQUNUN KONFORMASIYA XUSUSIYYOTLORININ MUQAYiISOLI ANALIZI.

XULASO

Molekulyar mexanika tisulu vasitasilo amiloid beta- peptidinin IIGLM (Ile-Ile-Gly-Leu-Met-NH2) vo onun
Met—Nle avez olunmus pentapeptid analoqunun faza ve konformasiya xiisusiyyatlari tedqiq olunmusdur. Hesab-
lamalar naticasinde miieyyen edilmisdir ki, nisbi enerji intervalinda har iki molekul oxsar stabil konformasiya
vaziyyetlarine malikdir. Alinan naticalar gostardi ki, molekulun daxilinda aparilmis Met qaliginin Nle —ilo avez
olunmasi tebii molekulun konformasiya xiisusiyyatlorini deyismir. ©lds olunan parametrlars asasen, bels fikre
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golmoak olar ki, pentapeptid analoqunun zasif bioloji tesiri onun konformsiya imkanlarindan asili deyil, yalniz
avaz olunmus Met qaliginin yan zeancirin funksional qrupu ile baghdir.

Acar sozlar: amiloid beta-peptid (31-35) Alsheymer xastaliyi, pentapeptid, analoqg, konformasiya, molekulyar
mexanika tisulu.

Introduction

Alzheimer disease (AD) is an age-related progressive neurodegenerative disorder. Alz-
heimer’s disease is a condition accompanied by degenerative processes in nerve cells leading
to increasing impairments to cognitive functions such as language, behavioral activities and
memory. AD is associated with accumulation of excess amounts of amyloid-{ (Ap) protein in
the form of extracellular senile plaques, with disruption of neuronal interactions and nerve
cell death [1]. Among the A{ fragments studied so far, the Af (25-35) peptide i.e. GSNKGA
IIGLM, represents the shortest fragment of AP, processed in vivo by brain proteases [2]. On
the other hand, it is known that AP derived pentapeptide, i.e. IIGLM, although not exhibiting
aggregation phenomena, is able to determine a large number of toxic effects, including the
activation of apoptotic pathways in cultured cortical neurons. The toxic effects of A3 (31-35)
and AP (25-35) peptides, where the C-terminal methionine was substituted by norleucine
were evaluated on PC12 cells (a cellular line of rat pheochromocytoma). It is show that subs-
titution of Met by structurally similar norleucine, abrogates the toxic action of native molecule.
At this regard, it has been suggested that the interaction of isoleucine (residue 31 and 32)
with the-S atom of Met-35, may be the critical factor in A3 peptide-induced toxicity [3,4]. So,
it is shown that both A3 (31-35) and A (25-35) peptides induce apoptotic effects on isolated
brain mitochondria and the redox state of methionine-35, mainly observable in the A (31—
35) peptide, play a key role in the induction of programmed cellular death pathways and
toxic events [2]. It appears evident that after 48 hours of incubation, A3 (31-35) and A (25—
35) peptides bring about a larger toxic effect on viability of PC12 cells than that shown by Ap
(31-35) Met—Nle and AP (25-35) Met—Nle treatment, which do not induce a significant
cellular death with respect to the control. Therefore, it is interesting to clarify the role played
by methionine-35 in the mechanism of AP induced cellular toxicity. Thus, it is likely that the
presence of isoleucine 31 at the — NH-: terminal and the short length of the AB (31-35) peptide
might explain the different effects induced by A (25-35) with respect to that observed with
A (31-35) peptide.

The three-dimensional structure of Af3 (31-35) pentapeptide in polar condition is not yet
conclusively known. It is, however, crucial to determine the monomeric conformations of
this peptide as it can play an important role in determining the nature of early aggregates and
the resulting morphology of the amyloid fibril [3], since different monomer conformations
can lead to different intermediate species and eventually to fibrils having different shapes [3-
5]. For understanding of how pentapeptide monomer interact with other molecules is required
the knowledge of the conformational specificity and dynamics of this molecule allowing a
rational design of compounds acting selectively at the aggregation processes. At other hand
methionine located at residue 35 of AP (1-42) is an important contributor to the oxidative
stress associated with this neurotoxic peptide. Understanding the role of the single methionine
residue of AP (1-42) may help in understanding underlying disease mechanisms in AD and
mild cognitive impairment (MCI). The major aim of the present article is the investigation of
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three-dimensional structure and conformational flexibility for amyloid B-peptide (31-35) and
its analog with Met—Nle substitution, with the purpose of getting insight into basic structural
requirement that determine ligand-ligand interaction. At the present article have been inves-
tigated the conformational properties of two pentapeptides by molecular mechanic method,
which allow to determine a whole sets of energetically preferred conformers of peptide mo-
lecule.

Method

The conformational properties of two pentapeptides were carried out using molecular
mechanics method as described in Refs. [6,7]. Calculations were carried out using universal
programs complex [8]. This program calculates the conformational energy of a peptide
molecules as a sum of nonbonded, hydrogen-bonded and electrostatic energies for pairwise
atomic interactions and torsional potential energies for rotation about bonds. Bond lengths
and bond angles are fixed at standard values, and only dihedral angles are allowed to vary.
For a stable conformation, the ¢, {, w, x dihedral angles of backbone chain are located in low
energy regions: R (¢, P = - 180°-0°), B (¢ =-180°-0°, { = 0°-180°), L (¢, P=0°-180°) and P (¢ =0°-
180°, ¢ =-180°-0°). The conformational state of each amino acid residue is conveniently
described by backbone ¢, 1}, w and side chain x» dihedral angles. All backbone forms of a
dipeptide can be classified into two types, referred to as shapes: folded (f) and extend (e). For
a pentapeptide, all possible backbone forms may be specified by 16 shapes. The number of
forms in each shape depends on possible combinations of R, B, and L forms occur with
alanine-type residues. The dihedral angle values corresponding to the lowest energy states of
monopeptides were used as starting conformations. The conventions used for torsion angles
are those of [IUPAC-IUB Commission [9].

Results and Discussion

The conformational properties of the Af3 (31-35) pentapeptide with amino acid sequence
Ile-Ile-Gly-Leu-Met-NH: have been investigated basing on the low-energy conformations of
constitutive monopeptides. The starting conformations of this pentapeptide were obtained
by combining the low-energy structures of all of residues. The residues of the pentapeptide
have different side chain positions in the starting conformations. It should be noted that two
N-terminal residues of this pentapeptide are residues of isoleucine, which has large branched
side chain and therefore its side chain is relatively flexible, but third residue glycine doesn’t
have side chain and its backbone is very flexible. Two C-terminal residues of pentapeptide,
leucine and metionin have large hydrophobic side chains. Metionin prefers substitution with
other hydrophobic amino acids. As a consequence, 16 backbone shapes possible for a
pentapeptide and take into calculation. The values of x: and y2 dihedral angles of the side
chains were taken to be 60, 180, and -60° for all residues. The angles x3s and 4 of side chain of
Ile, Leu and Met residues were taken to be equal to 180°. These starting variants exhibit 596
conformers for a pentapeptide Ile-Ile-Gly-Leu-Met-NH: belonging to 16 shapes. The energy
minimization of the obtained set of the structural variations for this pentapeptide, revealed a
remarkable energy differentiation among the optimal conformations. After energy minimiza-
tion had been performed a rather limited number of conformations lay in selected energy
interval. Table 1 demonstrate the number of optimal A3 (31-35) pentapeptide conformations
with values of the relative energy within in the 0-5 kcal/mole interval, obtained after their
energy minimization.
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The values of contributions of intra- and inter-residues interactions of the lowest energy
conformations of the AP (31-35) are shown in Table 2. The effective interactions of the side
chains of the residues and terminal groups was possible in the whole folded helical confor-
mations with RRRRR backbone form. These contacts have the dispersion nature. The two Ile
residues displays effective dispersion interactions in the low-energy conformations of the
pentapeptide. Calculations showed that in global conformation of the Ap (31-35) side chain
of Ile31 is formed the effective interactions with Leu34 side chain and C-terminal Met
peptide group. Energies of dispersion interactions of the Ile3! with Leu** and Met® are equal -
3,7 and -2,8 kcal/mol respectively. The interactions between the side chains is less effective in
the other less folded forms of this pentapeptide. The energy contributions of these interactions
are presented in Table 2. It is noted that in global conformation is formed a hydrogen bond
between carbonyl oxygen atom of Ile31 and amine hydrogen atom of Met35. The molecular
model of the preferred conformation of pentapeptide A (31-35) is represented in the Figure
1(a). This investigation demonstrated definite conformational possibilities of this native
pentapeptide.

At the second stage of this investigation were studied the conformational properties of
AP (25-35) Met—Nle analog and compared with conformational preferences of native penta-
peptide. The calculation results of this analog have shown that the Met—Nle substitution of
the residue in the position 35 is not influence on distortion of backbone of native pentapep-
tide, accompanied by the less changes of the dihedral angles. The distribution of values of
relative energy of optimal backbone forms of the pentapeptide Ile-Ile-Gly-Leu-Nle-NH: in
the 0-5 kcal/mole interval are presented in Table3. The values of energy contributions of
intra- and inter-residues interactions of backbone and side chains of of the three more stable
of pentapeptide analog Ile-Ile-Gly-Leu-Nle-NH: are given in Table 4. This calculation was
essential for the estimation of the influence of Nle residue in 35 position on the spatial
formation of the consequent segment of the native molecule. The stable a-helical conforma-
tion of pentapeptide analog form an identical hydrogen bond NH(Met*)-CO(Ile*'). The
molecular model of the preferred conformation of pentapeptide analog A (25-35) Met—Nle
is represented in the Figure 1(b). The results of conformational analyses of this analog showed
that in whole the energy distribution of its conformations is similar to those of native peptide
that confirm the absence of the influence of the Nle on the conformational states of the of
native molecule. It was established that the replacement Met by Nle find no influence on the
stability of the investigated conformations also. Thus have been showed that substitution of
Met amino acid by structurally similar residueNle do not change the conformational
behavior of amyloid p-peptide (31-35) molecule. The comparison of conformational analysis
of both pentapeptide helped reveal that abrogation of toxic action of AB (25-35) Met—Nle
analog with replacement in 35 position cannot be explained by conformational factor, it must
be due to the absence of an important chemical group located on the side chain of Met35.

Table 1. The distribution of values of relative energy of optimal backbone forms
of the pentapeptide Ile-Ile-Gly-Leu-Met-NH2 in the 0-5 kcal/mole interval.

No Backbone The relative energy interval ( kcal/mole)

form 0-1 1-2 2-3 3-4 4-5 >5
1. BBBBB - - - - 2 79
2. BBRBB - - - - 2 79
3. BBRRR - - - - 3 78
4. BBRBR - - - - 5 76
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5. BRBBB - - 2 8 71
6. BRRBB - - - 1 80
7. BRBRR - - 2 2 77
8. BRRRR - - - 1 80
9. RBBBB - - 1 2 78
10. RBRRR - - - 1 80
11. RBBRR - - 2 2 77
12. RBBBR - - 1 2 78
13. RRBBB - - - 2 79
14. RRRBB - - 2 2 77
15. RRBRR - - 2 1 77
16. RRRRR 2 2 - 1 71

Table 2. The energy contributions of intra- and interresidues interactions of the stable conformations of the Ile-Ile-

Gly-Leu-MetNH: pentapeptide. 1- R2R32RR22R32; 2- B22R32BB32B22; 3- B22R32BB32B22

[le! Ile? Gly?® Leu? Met®
10.8 -2.8(-2.0 -3.7 -2.8
2t0.3 -2.7 -2.2 -2.8 -0.1 Ile!
3{0.2 -2.5 -1.3 -3.0 0.0
1.6 0.7 -11 -2.5
0.3 -0.8 -1.3 0.0 Ile?
0.3 -0.7 -1.7 -0.1
12
1.2 0.7 -0.7
12 -0.5 -0.9 Gly?
-1.2 -0.5
-1.0 -3.7 Leu*
-0.7 -2.2
-0.7 -1.6
2.1
-2.5
-2.4 Met®

Table 3. The distribution of values of relative energy of optimal backbone forms

of the pentapeptide Ile-Ile-Gly-Leu-Nle-NHzin the 0-5 kcal/mole interval.

No Backbone The relative energy interval ( kcal/mole)

form 0-1 1-2 2-3 3-4 4-5 >5
1. BBBBB - - - - 2 79
2. BBRBB - - - - 2 79
3. BBRRR - - - - 1 80
4. BBRBR - - - - 5 67
5. BRBBB - - - - 3 78
6. BRRBB - - - - 1 80
7. BRBRR - - 1 - 2 78
8. BRRRR - - - 1 - 80
9. RBBBB - - - 2 3 76
10. RBRRR - - - - 2 79
11. RBBRR - - 1 2 2 76
12. RBBBR - - - 2 2 77
13. RRBBB - - - - 2 79
14. RRRBB - - - 1 80
15. RRBRR - - 1 1 2 77
16. RRRRR 1 - 2 2 1 79
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Table 4. The energy of intra- and interresidues interactions of the stable conformations
of the Ile-Ile-Gly-Leu-Nle-NH: pentapeptide.I- R2R3RR22R32; 2- R2R32BR32R32; 3- R32B22BR32R32

[le! Ile2 Gly? Leu? Nle>
11 14 -2.5 2.2 -4.0 2.4
2l 0.0 -3.1 -0.9 2.3 0.0 Ile!
31 0.0 -3.3 -0.2 0.0 0.1
1.5 0.3 -1.1 -2.5
04 -0.7 -1.9 -0.1 Ile?
0.6 -1.0 -4.6 -0.1
1.2 -0.7 -0.8
1.2 -1.3 -0.5 Gly?
1.2 -1.3 -0.5
-1.0 -4.0 Leu*
-0.7 -1.8
-0.6 -1.7
2.5
2.7 Nle5
2.7

X B3

L e

-

LEU 4
——
—

o]

(a) (b)
Figurel. The molecular models of lowest conformations of Ile-Ile-Gly-Leu-MetNH2 Af3 (31-35)
pentapeptide (a) and its structural analog A (25-35) Met—Nle (b). Secondary structure — a-helix turn
shown in yellow thick line. Hydrogen bond is shown dashed line.

Conclusion

Our calculations of the conformational properties of biologically active A3 (31-35) and
its analog AP (25-35) Met—Nle demonstrated the energetically preferable formation of a-
helix turn the element of secondary structure at the both pentapeptides, perhaps, is necessary
for binding to other molecule. It is shown that substitution of Met amino acid by Nle do not
change the conformational behavior of Amyloid B-peptide (31-35) molecule. The comparison
of conformational analysis of both pentapeptide helped reveal that abrogation of toxic action
of AP (25-35) Met—Nle analog with replacement in 35 position cannot be explained by con-
formational factor, it must be due to the absence of an important chemical group located on
the side chain of Met35.
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ABSTRACT

Optical microscopy has emerged as an irreplaceable tool for the objects those are impossible to be seen in terms of
their sizes by human eye in order to identify, analyze, measure and etc.[1]. Regardless of any kind of technique, all
optical microscopes involve at least one microscope objective lens for the imaging process. Therefore, by means of
microscope objective lens it is achieved to get information regarding the directional emission or scattering from the
object, besides the information about the size, shape and position. It is accomplished with the technique referred as Back
Focal Plane (BFP) imaging [2] or, in other words, analyzing radiation patterns [3, 4] by investigating the Fourier plane of
the imaging lens. Furthermore, this research paper is devoted to study the properties of optical radiation pattern and
imaging of single 150 nm gold nanosphere in far-field. For this purpose, measurement activities are performed under
dark-field microscopy.

Key words: back focal plane imaging, optical microscopy, gold nanosphere.

Introduction

While a point dipole shows the emission characteristics only defined by the inherent emitter
properties considering free space Hertzian model, the situation changes when it is accommoda-
ted on microscope cover glass, generally speaking a dielectric interface, and is located in the
focus of a high numerical aperture (NA) objective lens which results in the al-teration of the
power dissipation emitted into the certain angular regions. Figure 1 illustrates the schematics of
this geometry and all significant parameters are used in theoretical calcula-tions [5]. Then, ® and
© represent the orientation angles for the dipole p, and 65 indicates the incident angle to the
emission angle 8 according to Snell's law:

. in @
0 = arcsm(%) 1)
1

BFP

N - - - [

i

y

Figure 1: Description of the geometry in order to calculate the Fourier pattern of a dipole g with the orientation
angles @ and © is located on the interface of the refractive indices n; and n,. Dipole emits light with different
angles © and the light impinges onto BFP with the in-plane momentum coordinates k,and k,, [6, p.2].
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Then it is possible to express the relation between the emission angle 6 and the k-vector
coordinate system in the BFP via the following equation:

|k'| = Znnfsina = kyn, sin6, 2)
ky = cos¢,ky, = —sing

So, in order to calculate the intensity distribution of a single dipole on the back focal
plane we use the equation:

Laipote (8, 9) o< —— (E,Ep + ESEY), 3)
We write the parallel and perpendicular field components E;, and E; as:

E, = ¢1(0) cos©sin 6 + ¢, () sin O cos 6§ cos(¢p — D), 4)
E; = c3(0) cosOsin(p — D)

The ¢ coeffcients are

2 cosé

(@) =n @tp (0)I1(8s),

c2(8) = nt? ((05)[1(65), 5)
0

a(0) = ~n oo t0sT1(65)

With

H(G) — e—ik0n1 cos(0g)6 6)

. . . n . . . .
here n denotes the relative refractive index n = n—2 . Then the Fresnel transmission coefficients
1

for p- and s-polarized light can be written as [7, 8]:

P = 2n4 cos(fs)

" n,cos@+n, cos(fs)
s _ 2n4 cos(bs)
nq cos(Bs) +n, cos 6

7)

Then, in the figures 2 and 3 intensity distributions of the dipoles with two different in-
plane orientations and also in figure 4 several dipoles with random orientation are calculated
[6, p.4]. Therefore figures 2 and 4 stand for the BFP patterns of two in-plane dipoles. From
the corresponding figures, it is obvious that the patterns present axial symmetry with the
symmetry axis oriented parallel to the dipole axis. The main feature of these radiation
patterns is that the highest portion of the radiated intensity accumulated in two lobes at
which the region between the critical angle 8.,;; and the maximum angle collected by the
objective lens 0,,4,. Since in equation the field functions have symmetry, in the case of
dipoles with random orientations, the BFP intensity can be expressed by summing different
dipolar patterns with different orientations. Then the BFP pattern for randomly oriented
dipoles should again possess rotational symmetry (figure 4).

In figures 2-4 the k values corresponding to the critical angle 8, , or |’;—| =NA=1 are
0

indicated by a black dashed circle. Namely, since the maximum acceptance aperture of the
objective lens is NA = 1.4 (corresponding to 6,,,,) , the main lobes of the intensity are in the
region between NA = 1 and NA = 1.4.
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Figure 2: Calculated BFP patterns for dipoles on a glass/air interface with the orientation
according to fig.1 ®=0° and ®=90° [6, p.4].

Figure 3: Calculated BFP patterns for dipoles on a glass/air interface with the orientation
according to fig.1 ®=90° and ©=90° [6, p.4].

Figure 4: The pattern for dipoles with random orientation according to fig. 1 [6, p.5].

Research method and research

The experimental setup is by far the most crucial point for the project. In order to perform
measurements, it is planned how to build up an appropriate setup from zero. The optical
setup is considered to be the Open Table Dark Field Microscope. The configuration for the
setup is depicted in figure 6. For this kind of configuration, we have the following procedure.
We have a continuous-wave green laser source with 532 nm wavelength. The measurement
with this laser source makes possible to achieve approximately 10 mW power. The laser
beam is directed to the lens system L1 and L2 which is the beam expander and is aimed to
expand the beam-size larger than the size of the back aperture of the first microscope
objective since it is needed to have a focused light onto the nanosphere (see figure 5). In this
kind of configuration the major issue is to separate the light comes from the sample
measured and the light from the laser source which does not interact with the sample, or in
other words the direct transmission. If the difference between the numerical apertures of the
microscope objectives were the same, then, it could be impossible to distinguish them. As a
result, we would see the mixed light on the imaging camera. As it is depicted in figure 5b,
utilizing numerical apertures of NA=0.5 for illumination and NA=0.9 for collection it is
possible to get signal only from our scatterer by obstructing the region of numerical aperture
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of NA=0.5. And the figure 5a illustrates schematically the illumination of the single dipolar
emitter and the generation of the second beam due to the interaction. Then we image the
back focal plane (BFP) to the imaging camera, since the BFP of the objective lens contains
information about the emission wavevectors from the sample plane. Imaging the BFP of the
objective lens is tricky as physically the BFP of the objective lens lies near-inside the metallic
case. Hence, in a typical optical microscope, it is needed to utilize relay optics, namely 4f
doublet lens system to project the BFP of the objective lens to the imaging camera. This 4f
Fourier optics is done with the help of two convex lenses with the same focal lengths. In this
case, the optical system under study consisted in two identical lenses, sharing a common
focal point. This is commonly called a 4f system (since the distance between the object and
the image will be four times the common focal length). Since the 4f imaging system consists
of two lenses, a Fourier transform is performed twice to produce an image on the image
plane that is identical with reversed replica to that on the object plane. In our case, we
decided to use two sets of 4f doublet lenses. The reason stems from the fact that in order to
obstruct the direct transmission on the Fourier plane we should locate the obstruction point
after the first 4f lens system as depicted in figure 6. This obstruction point is the silver layer
coated on the circular microscope cover glass and prepared specifically for the needs of our
setup. And the second 4f system then guides only the light emanates from the sample. In our
set-up the lens (L5) is managed to be as a flip-mount design owing to have a possibility to
image the real and Fourier plane simultaneously just by means of flipping in and out that
lens instead of changing the position of the imaging CCD camera each time. The light beam
then impinges on the CCD camera by means of the lens system L3, L4, L5, L6 which
determines the double 4f relay lens system. So, in this kind of configuration, f1 =3 cm, £2=10
cm, f3=f4=f5=f6=10 cm are the focal distances of lenses L1, L2, L3, L4, L5 and L6, respectively.

L 3
\"’:i;,f’ﬂ N.A=0.5
\ \\\ ‘/i/ | dlass
— A
\,?"'T_'_-_"*\; NAS0S NASOS
a) b)

Figure 5: a) [llumination and radiation of the single scatterer. The blue color represents the light emerges from the
scatterer, while the green color is for the direct transmission. b) Numerical aperture NA=0.5 is considered to illuminate
the sample, and NA=0.9 to collect both the direct transmission and the light from the emitter. The difference between
the numerical apertures enables to distinguish between the two kinds of light. Adapted from [9].
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Figure 6: The schematic view of the setup.

Sample preparation

The gold nanospheres are purchased in stabilized suspension in citrate buffer which
prevents nanoparticles to combine inside the box containing nanoparticles. The sample
preparation is done by using spin coating machine. In order to prepare our samples the
substrate is cleaned carefully and drops containing gold nanospheres are taken by using
pipette. These drops containing nanospheres are applied on the center of the microscope
cover glass substrate, which is either spinning at low speed or not spinning at all. After the
detailed analysis it is found that if the substrate is then rotated at the speed of 75 rps (rate per
second) for 2 minutes in order to spread the nanospheres by centrifugal force, it shows better
results. This process could be done without using spin coating machine by taking drops from
the box via the pipette, putting drops to the microscope cover glass (cleaning of the cover
glass remains the same), and leaving it for evaporating the water. However, when this
procedure is followed, results showed that nanospheres come closer to each other and,
therefore, the signal on the imaging camera comes from many particles, which is not desired.

Discussion of research method and its results

In order to prove the theoretical results obtained by [6, p.8] for the dipolar emission
characteristics, measurement activities are performed via our experimental setup
configuration. During measurements, gold nanosphere with the size of 150 nm diameter is
placed onto the thin microscope cover glass (thickness is 170 pm) and located between
microscope objectives with numerical apertures of NA=0.5 and NA=0.9. Therefore, in this
case we utilized dual objective configuration, which the numerical aperture of the
microscope objective collects light is NA=0.9. The expected difference between the calculated
and the experimental BFP patterns can be the width of the region at which the lobes with
major fraction of intensity concentrates. So that, in our setup the intensity mainly
accumulated approximately in between NA=0.75 and NA=0.9, or approximately between 49°
and 649, respectively. As a result, the blocked region is up to NA=0.75. During the
calculations, the numerical aperture of the objective lens is considered as NA=1.4 for both
illumination and collection in contrast to the case which experiments are carried out via our
setup. And the results are illustrated in figures 7-9. During the measurement, a polarizer is
inserted in the excitation path and controlled manually. The outcomes from the experiment
have a good agreement with the calculated patterns in terms of keeping the radiated
intensity concentration and the symmetry features discussed above.
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Figure 7: Measured BFP pattern for spherical gold nanoparticle with the diameter
of 150 nm on a glass/air interface with the orientation ® = 90° and © = 90°.

-0.5

Figure 8: Measured BEP pattern for spherical gold nanoparticle with the diameter
of 150 nm on a glass/air interface with the orientation ® = 0° and ® = 90°.

Figure 9: Measured BFP pattern for spherical gold nanoparticle with the diameter
of 150 nm on a glass/air interface with random orientations.
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ABSTRACT

The paper presents study results of the temperature dependence of high-pressure polyethylene specific volume
resistance, depending on the volume content of fish bones and metal nanoparticles.For measure the specific resistance,
a P-4053 DC bridge with additional measuring electrodes was used. Samples obtained by hot pressing method. Investi-
gated biocomposites HPPE + x vol% FB and HPPE+ x vol% FB+1vol%Al (Cu) with addition x =3, 5, 7, 10 and 15 vol.%
fishbone (FB) and 1 vol% Al and Cu nanoparticles with dimension 50 — 80 nm. The analysis of the results showed that it
is typical for all investigated composites in the entire studied temperature range that the resistivity monotonically
increases with increasing temperature. It was also revealed that in the studied materials, with an increase in the volu-
metric content of bio-filler — fish bone, the resistivity decreases. Thus, the specific resistance of HPPE is sensitive to the
introduction of additives of biological origin. The established increase in volumetric electrical resistance of biocompo-
sites when bio-fillers are introduced into its composition is explained on the basis of the formation of an optimal
supramolecular structure in them.

Key words: biocomposites, bionanocomposites, fish bones, fillers, nanoparticles, specific volume resistance,
HPPE.
BAVSIHUE BUOAOTMUYECKOI'O HATIOAHUTEASI U METAAANMYECKMNX HAHOYACTHULL HA XAPAKTEP
M3MEHEHWS Y AEABHOI'O OB BEMHOI'O COITPOTUBAEHVS ITOANDSTUAEHA BBICOKOI'O AABAEHMST

PE3IOME

B pabote M3105KeHBI pe3yAbTaThl MCCAEAOBAHVII TEMIIEpaTypHOI 3aBUCUMOCTH YA€ABHOIO OOBEMHOIO COIIPO-
TUBAEHVS TIOAUDTILAEHA BBICOKOTO AABAEHILI B 3aBYICMOCTI OT OOBEMHOTO COAEP>KaHIs PhIObell KOCTI M MeTaAAN-
9ecKOVI HaHOYaCTUIBL /A5 M3MepeHMsl YAeABHOIO COIIPOTUBAEHIT UCIIOAB30BaAM MOCT IIOCTOSTHHOTO ToKa P-4053 ¢
AOTIO/HUTEABHBIMI V3MEPUTEABHBIMU DAeKTpodaMu. OOpasipl MOAYIMAN METOAOM TOPSIEBOTO IIPEeCCOBaHIL.
Uccaeaosaancs 6GronaHokomito3utst [IIDHIT+ x 06% PK, TIDHI T+ x 06% PK+1 06% Al (Cu), ¢ a06aBaennem x = 3,5,7,10
1 15 06 % PK prioreitr koctu 1 1 06% Al (Cu )nanogacturst ¢ pasmepom 50-80HM. AHaAM3 TIOAYJeHHBIX Pe3yAbTaTOB
ITOKa3a/, YTO XapaKTepPHO AAs BCeX MCCAeA0BaHHBIX KOMIIO3MTOB BO BCEM JICCAeAOBAaHHOM TeMITepaTypHOM MHTepBale
yAeAbHO€e COIPOTUBAEHII MOHOTOHHO YBeANINMBAETCA C POCTOM TeMIlepaTyphl. BLIBAEHO, TakKe 4TO B MCCAeAOBaH-
HBIX MaTepHajax C ypeAndeHneM oObeMHOIO CcoAep>KaH!s OMOHAIIOAHUTeAsl —phIObell KOCTH, YAeAbHOeCOIIPOTIBAe-
Hue yMeHbInaeTcst. Taknm obpasoM, yaeabHoe corrpoTnsAeHne [19B/ 9yBcTBuTeABHO K BBeA€HMIO 400aBOK OMOAOTH-
9JeCcKOTO ITPOMCXOKAEHNs. YCTaHOBAEHHOe yBeAdeHre OObEMHOTO 9AeKTPIUIeCKOTO COIPOTUBAeHe O1IOKOMITO3UTOB
IIpU BBeAEHNI B €TI0 COCTaB OMOHAIIOAHNTEAEV! OOBACHIETCSI Ha OCHOBe 0Opa3oBaHILI B HIX ONTUMAABHON HagMOJe-
KYASPHOM CTPYKTYPBIL.

Karouesbie ca0Ba: G1I0KOMIIO3UTHI, OMOHAHOKOMITO3UTHI, PBIOBM KOCTH, HAIIOAHUTEAM, HAHOYACTULIB], yAeAbHOe
obnemHoe corrpotuBaenye, [IDBA.

BIiOLOJi OLAVONIN VO METAL NANOHISSOCIKLORIN YUKSOK TOZYIQLI POLIETILENIN
XUsusi HoCMi MUQAVIMOTININ DOYISMO XARAKTERINO TOSIRI

XULASO

Isde yiiksok tozyiqli polietilenin xiisusi hocmi miiqavimatinin temperaturdan asililigimn baliq siimiiyii ve metal
nanohissaciklarin hacm terkibindan asih olaraq tedqiqinin naticaleri verilmisdir. Xiisusi miiqavimati Slgmak iigiin slave
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Olgma elektrodlart olan P-4053 markali dayisen carayan korpiisiindan istifade edilmisdir. Niimunalar isti presloma
tsulu ile alinmugdir. 5, 10 ve 15 hacm% baliq stimiiyii ve &lciileri 50- 80 nm olan 1 hacm% Aliimiinium ve Mis
nanohissaciklari slave edilmis YTPE+Xhacm% BS biokompozitlar ve YTPE+XHacm% BS +1 hacm%Al(Cu) bionano-
kompozitler toedqiq edilmisdir. Alinmis naticalarin tohlili gostardi ki, biitiin kompozitlar {iciin tadqiq edilon temperatur
oblastinda temperaturun artmasi ilo xiisusi miiqavimet artir. Homginin askar edilmisdir ki, todqiq olunan materiallarda
biodoldurucunun — baliq siimiiyiiniin hacmde tutumu artdiqca xiisusi miiqavimet azalir. Belaliklo, yiiksok tozyiqli
polietilenin xiisusi miigavimati bioloji mangsli doldurucularin slave edilmasine hessasdir. Tarkibine biodoldurucu
alave edilmakls alman biokompozitlorde miisyyen edilmis hacmi elektrik miigavimatinin artmasi onlarda optimal
molekuliistu strukturlarn amols golmasi ilo izah edilir.

Acar sozlar: biokompozitlar, bionanokompozitler, baliq siimiiklari, doldurucular, nanohissacikler, xiisusi hacm
miiqgavimeti, YTPE.

Introduction

The wide distribution of polymeric materials that have won positions in all areas of human
activity is one of the characteristic elements of technical progress. The advantage of this type of
materials, which, first of all, should be attributed to its low specific weight, the ability to be
processed into products of complex configurations using high-performance and affordable
techniques, the ability to give them a complex of valuable technical properties, as well as the
availability of a wide raw material base [1.p.58, 2.p.-32, 3.p.131, 4. p.15.].

A good combination of physico-mechanical and electrical properties of polymeric materials
makes it possible to increasingly use them as electrical insulation and dielectrics in cable
technology, capacitor manufacturing, as well as in the manufacture of electrical machines and
apparatuses. For the rational use of polymers and composite materials based on them, a deep
knowledge of their electrical properties is necessary depending on the structure of polymer
composites and operating conditions. The electrical properties of polymer compositions depend
on the imperfection of the structure, the presence of impurities and regions with different cavity
densities, etc., which in turn depend on the aggregate and developed state of the material with a
polymer matrix [5.p.55, 6.p.373., 7.p.126, 8.p.1349]. Currently, it is clearly established the
influence of supramolecular structures on their electrical properties. It has been established that
polymer modification can serve as an effective method for producing electrical insulating
materials with the required properties.

The Experimental Technique

Sample preparation

The obtaining of HPPE+xvol%FB composites and HPPE+xvol%FB+ 1 vol% Al(Cu)
bionanocomposites were described in the manner [9.p.2]:

For the matrise of composites were used low density polyethylene mark M-158. As a bio-
filler is used fish bone of Caspian Kutum (FB). The powder of fish bones was obtained as follows:

The fish bone is carefully washed with clean water, cleaned from the residues on it, heated
to a temperature of 330K and dried for 24 hours, with using grinder mill is being turned into
powder. The dimension of fishbone particles is 100ukm.

Composite samples are obtained by mechanical mixing of fishbone powder with the HPPE
powder in porcelain mortar. The mixing is continued until we have obtained a homogeneous
mixture. The homogeneous mixture is poured into the selected mold, between the aluminum foil
and with the using hot pressing on the hydraulic press the mixture is kept for 3 minutes at the
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melting temperature (413K) of the polymer under pressure of 10 MPa. In the same temperature
by compacting the homogeneous mixture and the pressure slowly increases to 15 MPa. At this
temperature, the sample is maintained for 3 minutes and then is quickly cooled in ice-water. The
sizes of the samples are: thickness is about170pukm, diameter of the obtained samples is 50mm.

The HPPE+xvol%FB+1vol% Al(Cu) nanocomposites are obtained same by adding to the
high pressure polyethylene and fishbone mixture 1vol% aluminium (Al) and 1vol% copper (Cu)
nanoparticles dimension 50-80nm.

The measuring method of the surface and specific volume resistances of samples

To measure the specific volume and surface resistances of the materials, was useda P-4053
direct current bridge with additional measuring electrodes. Measurements are carried out on flat
samples having a disk shape with a diameter of 50 mm and a thickness of 170 ukm. The end
surfaces of the samples should be strictly parallel to each other and not have traces of machining,
cracks in the shells, creases, dents, scratches, foreign particles and other defects. For each
measured material, at least three samples are used. Samples before measurement must be aged
for 24 hours at a temperature of 20 +20° C and a relative humidity of 65 + 6%. For better contact
of the electrodes with the samples, an aluminum foil with a thickness of 0.05 mm, having the
shape of a sample, with which the sample is coated, was used. The foil is ground to the samples
using a chemically pure capacitor Vaseline.

Rx
]
+ o R=E

Figure. 1. The electrical circuit of the constant bridge current P-4053, where, R« - measured resistance;
Rin - insulation resistance; Rc - cathodic resistance.

We used the bridge consists of three main parts: an input divider, a DC amplifier and a
power device. The bridge input divider consists of the measured resistance R« and the calibration
resistance Re. The bridge has 10 switchable calibration resistances Ri + R, corresponding to 9
measurement limits. The input divider is connected to a DC amplifier with deep negative
feedback. When measuring resistances, of the order of 10 + 10% Ohm, a significant error is
obtained. To eliminate the influence of insulation resistance, the latter is reduced to one of Ris. by
a circuit solution. The entire amplifier is covered by negative feedback. Feedback is necessary to
increase the stability of the zero report, stabilize the coefficient of the amplifier, compensate for
insulation losses and reduce the influence of the grid current on the measurement error.

Results and Discussion

The results of the study of the specific volume electric resistivity of composites modified by
fillers of biological origin are shown in Fig. 2. The studies were carried out in composites HPPE +
x about% FB where, x = 5; 10; and 15. The results of the study show that Igo = f (103 T) the
dependences of these composites are identical ie at low temperatures @ - remains constant, and at
relatively high temperatures there is a slight increase in resistivity.

109



Alieva Sh.V.

15 -

2.8 3 3.2 34
103/T, K

Figure 2. The temperature dependence of the specific volume electrical resistance of composites
HPPE+ x vol%FB, where: 1-x =5; 2- x=10; 3-x =15
Investigations of ov(T) dependences were also carried out in HPPE biocomposites+x vol%
FB+1vol%Al (Fig.3.). As follows from Fig. 3.at low temperatures, a relatively strong increase in
resistivity is observed, and at high temperatures there is a slight increase in 0. Note that the
nature of the change in o (T) of biocomposites and bionanocomposites is significantly different.
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Figure 3. The temperature dependence of specific volume electrical resistance
of HPPE+xvol%FB+1 vol %Al nanocomposites, where: 1-x = 5; 2- x = 10; 3-x = 15

Biocomposites modified with fish bone and metallic copper nanoparticles were also
investigated. (Fig. 4.). The studies were carried out in pure HPPE, in HPPE+xvol% FB+1vol% Cu
with fillers 5; 10; and 15 vol.% FB. (fig. 4). As follows from fig. 4 is characteristic of all studied
composites and pure high-pressure polyethylene; in the entire investigated temperature range,
the resistivity monotonously increases with temperature. It was revealed that in the studied bio
and bionanocomposites with an increase in the volume content of bio-filler - fish bone, the
resistivity decreases. Thus, the specific resistance of HPPE is sensitive to the introduction of
additives of biological origin [10.p.12-14].
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Figure 4. The temperature dependence of specific volume electrical resistance of HPPE+xvol%FB+1 vol%Cu
nanocomposites, where: 1-x =5; 2- x=10; 3-x =15
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The introduction of low molecular weight additives reducing intramolecular interactions
into the polymer leads to an increase in molecular mobility and a significant decrease in Igov.
Note that all factors that change the intensity of the molecular motion of a segmental type affect
lgov. So, for example, during crystallization, the segmental mobility is hindered, and in this case,
lgov- increases.

On the other hand, on the basis of the results of a study of a number of partially crystalline
polymers [11.p.338, 12.p.11, 13.p.24], the ratios connecting the electrical conductivity with the
degree of crystallinity are obtained. If, during the orientation of amorphous polymers, their o
decreases, then during the drawing of crystalline polymers due to reorientation and partial
destruction of lamellas and fibrils, anisotropy of the laying of structural elements and a change in
lgov arise. The increase in volumetric electrical resistance of biocomposites that we established
upon the introduction of bio-fillers into its composition can be explained on the basis of the
formation of an optimal supramolecular structure in them.

Conclusion

Investigations of the temperature dependences of modified bionanocomposites of fish bones
showed that, with a change in temperature, the volume content of the bio-filler and metal
nanoparticles can produce materials with the required physical parameters for solving practical
problems.
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ABSTRACT

Ko945Ag0,055NOs monocrystals were got by isothermal crystallization and it was determined by an optical
microscope provided with a special heater that orthorhombic-rhombohedral polymorphic transformation
occurred in the obtained crystal in T>393K temperature. In the studied sample, the rate of growth of the newly
formed crystal during the conversion of orthorhombic—rhombohedral structure was measured depending on the
temperature and, as a consequence, the empirical dependence on the shape
,cm

sec

v = (0.0165AT +0.4491AT ? +0.00672AT %) -10

of the velocity and temperature. By the help of velocity measurements, the activation energy of the orthorhom-
bic—»rhombohedral structure conversion was calculated using E = 90.38 kC/mol.

Keywords: crystal, single crystals, polimorphic transition, modification, kinetics, activation energy

Ko15A8005sNOs MONOKRISTALINDA POLIMORF CEVRILMONIN KINETIKASI
XULASO
izotermik kristallasma iisulu ilo KosssAgoossNOs monokristallart alinmig ve xiisusi qizdiria ile temin olun-
mus optik mikroskop vasitasi ilo miisyyen edilmisdir ki, T>393K temperaturda alinan ktistalda rombik—rombo-
edrik polimorf ¢evrilme bas vermisdir. Todqiq olunan niimunade rombik—romboedrik qurulus ¢evrilmasi zamamni
yeni yaranan kristalin boyiims siirati temperaturdan asili olaraq 6lgiilmiis ve naticods siiratlo temperatur arasinda

v = (0.0165AT +0.4491AT ? +0.00672AT?)-102 1
san

formasinda empirik asililiq miisyysn edilmisdir. Siiret 6l¢molarinin kémay ilo rombik—romboedrik qurulus
¢evrilmasinin aktivlasma enerjisi hesablanaraq E=90.38 kC/mol alinmigdur.

Acar sozlar: kristal, monokristal, polimorf ¢evrilms, modifikasiya, kinetika, aktivlasma enerjisi

KMHETUKA TTOAVMOP®HBIX ITPEBPAIIIEHVISI B MOHOKPUCTA A1/ Ko,915A80,05sNO3
PE3IOME

MeToa0M U30TepPMIIECKOI KPUCTAaAAU3AINY OAydeHb MOHOKpucTaAasl KovsAgoossNOs 1 mpy mmomorru
ONTUYECKOTO MMKPOCKOIIa OOeCIIedeHHBIM CIelMalbHBIM HarpepaTedeM ycTaHOBAeHO, uTo mpu T>393K B Hmx
IIPOMCXOAUT MOAMMOpP(HOe IpeBpaleHne opTopomMobIdeckas—poMbosspudeckas. VsmepeHa ckopocTs pocTa
KpucCTadla TIpM TpeBpallleHuy OpTopoMOuyeckas—poMOoipuyeckas U OIpejedeHa SMIMpUYecKas
3aBUCHMOCTD MeXay L 1 AT caeayrommm obpasom:
cm

v = (0.0165AT +0.4491AT ? +0.00672AT *) -10 poos

ITpy momMonTy KMHETIIeCKUX M3MepeHNI BhIdyCcAeHa DHeprisl aKTUBalluy IIpoliecca OPTOpOMOIIecKasi—>poM-
H6osapuyeckas u moaydena E=90.38 xAxx/Moap

Karouesble caoBa: Kpucraaa, MOHOKpICTaAA, l'IO/lI/IMOpCl)HI)Ie IIpeBpaleHmsI, MOAI/Iq)I/IKaI_U/I}I, KMHeTUKa,
DHEPIVsI aKTUBaLINIL.
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1. Introduction

Investigation of the mechanism of polymorphic transformations requires the study of the
morphology of new phases occurring during the transformation, the crystallographic orientation
between crystallized mutations and the kinetics of the process. When optical-transparent crystals
are taken as a research object, morphological and kinetic studies are best suited for optical
microscopy.

Please kindly note that the relatively less stable modification transition to a more stable
modification during polymorphic conversion is due to the overload of the energy barrier, and if
the conversion occurs at a slower rate and with the formation and subsequent growth of the new
phase, the energy will be small. The energy that exists between the phases is eliminated by ther-
mal fluctuations. If the probability of fluctuations is low, as in the diamond-graphite conversion,
the modification that is less stable may remain metastable for a long time. As structure transfor-
mation passes through the stage of mother and newly created coexistence, there is an elastic
interaction between these phases, which affects the development of the transformation. This
interaction is more pronounced in marten site transformations. From what we have mentioned
in the past, it is clear that the study of the kinetics of structural phase transformations provides
us with information about the mechanism of transformations and the energy of the process.

It was devoted to investigation of kinetics of structure-phase transformations KogsAgossNOs
monocrystals got in result of partial replacement Ag*ions with K*ions in KNOs crystals. It is
known that in potassium nitrate there is a structure conversion from room temperature to mel-
ting temperature [1, 2]. Because of a transformation, the orthorhombic (modification III) cage
becomes rhombohedral (modification II). This transformation is enantiotropy, is rhombohed-
ral—>orthorhombic conversion occurs when the crystal cools [3, 4]. Depending on the choice of
temperature mode, in many cases there is a new modification with a rhomboid structure
between these two modifications. In silver nitrate, the same temperature range is converted into
an enantiotropy orthorhombic—rhombohedral scheme [5].

2. Running of Experiment and Discussion of the Results

KossAgoossNOs monocrystals that selected as a research object isothermal crystallized from
soda solution of AgNOs with “XY” and KNOs with “U4AA” mark. The crystals are mainly made
in the form of needles and flat plates. Needle crystals were used for kinetic measurements.
Preliminary X-ray studies have shown that, these sample parameters in the room temperature
has a=5.407 A, b=9.156 A, c=6.41 A orthorhombic cage rhombohedral cage with, a=5.405 A,
=9.712A parameter after the transformation of the structure. Temperature equilibrium between
mutually converted modifications is Te=393+1K.

During the structural transformations, the new phase crystal growth rate was measured
according to the method described in the MIN-8 polarization microscope [6-7], which is
equipped with a heater.

The results of the experiments performed on the six crystals were based on the MATLAB
program, and the following empirical dependence was established for the temperature
dependence of the growth rate of the new crystal growing within the core crystal during the
conversion of the orthorhombic—rhombohedral structure:

,cm
sec

v = (0.0165AT +0.4491AT * + 0.00672AT *)-10

114



Kinetics of Polymorphic Transformation in KosisAgoossNOs Monocrystalline

In this formula, AT= Teev-To is temperature drop, Tev- conversion temperature, To- is the
equilibrium temperature between the converted phases. The results from experience and em-
pirical formulas are presented in Table, graphically illustrating the speed dependence of tem-
perature. First, as shown in Table and Figure, the results from the experimental and empirical
formulas are in good agreement. Second, as the difference between the rotation temperature and
the equilibrium temperature increases, the rate of growth of the newly formed crystal increases.

Table. Experimental and empirical formulas for the dependence of growth rate AT on the new modification
crystal during the conversion of orthorhombic—rhombohedral structure in KovsAgoossNOs crystal

AT, K To,K U, -102cm/sec v, -102cm/sec
1 0,056 0,472
2 2,514 1,883
3 4,342 4,273
4 6,523 7,681
5 12,635 12,150
6 393£1 18,240 17,717
7 24,438 24,425
8 32,525 32,314
9 40,521 41,423

10 52,241 51,793

M. Folmerin's equation for crystal growth using a liquid phase two-dimensional mecha-
nism [8] was used to evaluate the polymorphic transformation process from the energy point
of view:

K3
T,AT

v = exp(—2) exp(— = °)
TO

In this formula, ki can be considered as the temperature-independent coefficient at the
first approximation, k2=E/R is stable and determines the energy limit required for the mole-
cule to reach the newly crystalline surface of the liquid phase. In this expression, E-1 brea-
kable activation energy, R-universal gas constant. In Folmer’s equation, ks-is energy used to
form a two-dimensional crystal bond and AT- is extreme cold. Applying the experimental re-
sults to the Folmer’s equation and make the appropriate calculations k2=10877.5deg™, ks=40-
28.4deg?and so E=90.38 kC/mol was obtained for activation of orthorhombic—rhombohedral
structure transformation. For comparison, the activation energy of this cycle in potassium
nitrate is 97.8kC/mol. In other words, partial replacement Ag+ ions with K+ ions in potassium
nitrate is resulted with reduction of activation energy of the phase transformation in the crystal
obtained.

Fig. Schedule of dependence of growth rate of new modification crystal on transformation
of orthorhombic—rhombohedral structure in Ko,s5Ago0ssNOs crystals, O-practical results,
O-calculated results of empricila formula

60 1 v-107 cmfsec
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Conclusion

So, practically it was determined that, orthorhombic—rhombohedral rotation rate incre-
ases with increasing temperature KosusAgoossNOs crystals and partial replacement Ag* ions
with K* ions is resulted with reduction of activation energy of the phase transformation in the
crystal obtained. So, the activation energy of this cycle in potassium nitrate is 97.8 kC/mol, but
for KovsAgoossNOsis 90.38 kC/mol.
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ABSTRACT

In this article in the theory of diffraction, as a particular case of the radiation transition, the electric quadrupole
transitions are discussed. These processes are observed in bineutron transfers. The formation of the bineutron is
typically observed as excited states close to the corresponding decay threshold. The origin of this phenomenon lies in
the effective nuclear interaction. The low energy states are expected to be populated strongly in nuclei having large
single-particle quadrupole moments of the same sign in the vicinity of the chemical potential. The article was limited by
the fact that the any intermediate states of the bineutron are fully balanced S-states, so that the corresponding
interaction of transmission of bineutron are diagonal in the spin states of the nuclei. The results are given in the work
related to the analysis of the probability of the electric quadrupole transitions for nuclei ®>'*Gd and %0 1%2Sm.

Key words: bineutron, difraction, electric quadrupole transitions, direct nuclear reactions.
DAEKTPUYECKUE KBA APYIIOAbHBIE ITEPEXOABI B BMHEMTPOHHBIX ITEPEAAUAX
PE3IOME

B saHHOI cTaThe Ha OCHOBe Teopuy AVpaKIMM OOCY>KAAIOTCS DAEKTPIIecKUe KBaJpPYIIOABHBIE IT€PEXOABI,
KOTOpBIe SBAAIOTCA YaCTHBEIM CAydaeM paJMalliOHHOTO Iepexoda. Takume mepexoabl HaOAI0AAIOTCA B ITpolieccax
IlepeHoca OMHEeTPOHOB. buHelTpoHHbIe CTPYKTYphl OOBIYHO HabAI0AAIOTCS U B BO30Y>KAEHHBIX COCTOSIHMAX, OAMBKIX
K COOTBeTCTBYIOIIeMy ITOpory pacrnaga. ITpomcxoxjeHme 9STOro sABAeHUsA CBA3aHO C DPQPEKTUBHBIM SIAePHBIM
B3auMogericTeueM. ITokasaHo, 4TO HM3KOAeXKallle YpoBHM OyayT Oolee CMABHO BO3DY>KAAThCS B sIApaX, B KOTOPBIX
OJHOYaCTM4HbIe KBaJpyIOAbHBIE IlepexoAbl BOAM3Y ITOBePXHOCTM XMMIUECKOTO ITOTeHIala UMeIOT OAMH M TOT Ke
3HaK. B cratee mpeamiosoraercs, 4to A100bIe ITPOMEXKYTOYHBIE COCTOSHNA OMHETPOHOB SABASIOTCA ITOAHOCTBIO
cOasaHCHPOBaHHBIMU S-COCTOSIHMAMM, TaK YTO COOTBETCTBYIOLIME II0CAejoBaTeAbHble B3aIMOAEIICTBIS OMHEeITPOHOB
SBASIIOTCSl AMaTOHAABHBIMM B CIIMHOBBIX COCTOSHIUAX sApa. IloaydeHHble pe3yAbTaThl HPUMEHSIOTCI K aHAAU3Y
BEPOSATHOCTY DAEKTPUIECKIX KBaAPYIIOABHBIX IIEpEX0A0B B siApax %21%Gd n 191%25m.,

Karouesbie caoBa: OuHeNTpoH, AupPaKINs, DAEKTpUYECKe KBaApPYIIOABHBIE IIEPEXOADl, MPAMBIE sAepHbIE
peaxIum.

BINEYTRON OTURULMOSINDS ELEKTRiK KVADRUPOL KECIDLORI
XULASO

Baxilan maqalade difraksiya nazeriyyssi asasinda radiasiya kegidlarinin xiisusi hali kimi elektrik kvadrupol
kecidlari tedqiq edilmisdir. Bels proseslar bineytronlarmn 6tiiriilmasi proseslarinds miisahids edilir. Bineytron qurulusu
parcalanma astanasma uygun galen hayscanlanma hallarinda da miisahids olunur. Bu effektiv niive garsihqh tesir
naticasinda bas verir. Asagt enerji soviyyalarinin niivalards kimyavi potensialin saviyyasinin yaxinliginda birzarracikli
kvadrupol kecidlerinin eyni isareye malik olmasi zamamni giiclii hayacanlanmasi gosterilmisdir. Maqalada
bineytronlarin ardicil araliq hallarmnin S —hallari ile tarazliq halinda olmast miilahizasi qebul edilmisdir. Buna gora da
bineytronlarin niive ile qarsihigh tesiri niivenin diaqonal spin hallarma uygun olur. Alinmis naticelar 1%21%Gd and >
1%2Sm niivelerinda elektrik kegidlarinin ehtimalinin hesablanmasina totbiq edilmisdir.

Acar sozlar: bineytron, difraksiya, elektrik kvadrupol kegidleri, birbasa gedan niive reaksiyalar1.
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1. Introduction

In nuclei, the nucleons have been observed to cluster together formingsubstructures 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 mechanism of
clustering in nuclei has not yet been fully understood [1]. 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].

In this article, in the theory of diffraction, as a particular case of the radiation transition,
electric quadrupole transitions in the processes of bineutron transfers are discussed.

2. Matrix element of electric quadruple transitions

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 [3]. As a result, the wave function is distorted.

We will discuss some aspects of particle-nucleus collisions without physical overlap, i.e.
collisions with impact parameters b larger than the sum of the nuclear radii, R, ie. 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. If the momentum transfers
from the nuclei are small enough (g<kc/R), the fields of nucleus and incident particle interacted
coherently to all nucleons.

This enhances the transfer matrix elements 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 matrix element of the quadrupole transition has the following form
¥Q¥,;
M = —< ‘ J> 7
NN,

Where

Q = z erYzo @ 9), )

quadrupole moment operator; N; and N the normalization integrals. The main feature of

the integrals appearing in expressions (1) is that the wave function of the relative movement and
distorted waves also depend on the relative different combinations of variables. Furthermore,
they are presented in nucleon variables. The problem of separation of variables 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 operatoré is not symmetric in all nucleons, since it acts only on the variables of the

incident particle. Taking into account the contribution of the spin or isospin part of the operator
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Q 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:
~ A 1 1
Q=2R%Yy (r)+ Izl{ﬁzYzo (r) *5 ufYoo (Uy) +EV'2Y20 v )}, (3)

where variables the Jacobi variables describe the motion of bineutrons inside the nucleus:
U =M=l Vi =l + 1y 4)

The term containing the quadrupole moment of the centre of mass of the nucleus is
discarded, since it does not correspond to any real physical transition of the nucleus from one
state to another, but leads to excitation of the canter of mass of the nucleus.

Since antisymmetric functions are in the (1) and the operator Q is symmetric with respect to

the nucleons, then we can write
M - A!<A\I’i ‘Q“PJ> ' (5)

ININ;
where A=Y (-1)PP the antisymmetrization operator (here the sum over all A!
p

permutations of the nucleons of the nucleus); Pi is a polynomial of degree ni that defines the shell
configuration of the nucleus, parity, total orbital angular momentum, its projection, etc. of the

state. Taking into account the form of the operator(j , it is possible to represent (5) in the form A!

of terms, one if which is a direct integral and has the form <‘Pi |Q‘TJ>, and the remaining

exchange ones - <P‘I’i |QA“PJ > .

Let us consider the calculation of the matrix element for the quadruple transition 0" — 2"
in rare-earth regions:

M(E2)= N<A\Foo‘é“{’zo> , (6)
VNOONZO

Where
1A21 1, A - - -

Woo =1€xp| -5 2 Z_(ui?"'vi? -=bY.R} |#(6.7)R(R)F°(F, P) X1/2,m, )
2|:1]:12 2 1=1

and

Fao Z\on(f)f (Fp ))Cllz,mp . (®)

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 (7) and (8) into (6) for the matrix element, we obtain for direct integral

—(L+2+M) P -1/2(3+n+n’) 1 2
M(E2)=r22 29 FI=(L—n);=(L—n');L+3/2 3. )
4sp 2 2 4sp
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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.

As an example, the table 1 shows theoretical and experimental values B (E2) for nuclei

152,154Gd and 150, 1528m.

Tablel. Theoretical and experimental ratios of the

B(E21 +2—2)
B(E2;2—0)

values

for nuclei 1%21%Gd and '™ 1%2Sm. The experimental dates give from [4].

Nuclei 92Gd 15Gd 1%05m 1525m
Theor. data 48.24 6.12 12.55 5.87
Exper. data 5245 5+0.3 13+2 604

3. Consclution

The article was limited by the fact that the internal states incident and emitted particles, and
any intermediate state associations are fully balanced S-states, so that the corresponding sequen-

tial interaction of transmission are diagonal in the spin states of nuclei. With this reasoning radial

wave functions bineutrons 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. In the bineutron 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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ABSTRACT

In this paper, we investigated the effects of some monohydric alcohols (methanol, ethanol, propanol) on the phase
diagram of the aqueous two-phase system. PVP-dextran-water. It was found that the phase diagram of binodals in the
presence of methanol (CH:OH), ethanol (CH3CH20OH) and propanol (CHsCH2CH20OH) the binodals are mixed in the
direction of increasing the heterogeneous region of the phase diagram. The results can be explained as follows: The
phase forming components of the system, and PVP and the dextran, to some extent structure the water.With the
presence of alcohols, their hydroxyl groups entering into a hydrogen bond with water molecules to some extent
destroys the structure of water, which leads to an improvement in the compatibility of the phase-forming components.

Keywords: water-two-phase system, dextran, polyvinylpyrrolidone, monohydric alcohols.

BOZI BIRATOMLU SPIRTLORIN POLIVINILPIRROLIDON-DEKSTRAN-SU
IKIFAZALI SISTEMLORO TOSIRI

XULASO

fsde bozi biratomlu spirtlorin (metanol, etanol, propanol) PVP-Dekstran-su ikifazali sistemin hal diaqramima
tosirine baxilmisdir. Mieyyen edilmisdir ki, metanolun (CH3OH), etanolun (CH3CH20OH) ve propanolun
CH3CH2CH2OH tesiri ilo ikifazali PVP-Dekstran-su ikifazali sisteminin binodal ayrisi homogen oblasta dotru siiriisiir,
yoni heterogen oblast boytiiyiir. Alinmis naticeni bels izah etmek olar: PVP-Dekstran-su ikifazali sisteminin
fazaosslagatiron komponentlari suyun strukturunu 6ziinemexsus sokilde dayisdirir. Spirtlarin miihite daxil olmasi
zamani onlarin hidroksil qruplart mehluldaki su molekullari ils hidrogen rabitesine girir ve suyun strukturunu dagdir,
naticade fazasmelagatiran komponentlarin birgs hall olmas: asanlasir..

Acar sozlar: su-ikifazali sistemlor, dekstan, polivinilpirrolidon, binodal ayrisi, biratomlu spirtlor.
BAMSHUE HEKOTOPbBIX MOHOTI'MAPUYECKNX A1KOI'OA10B B BOAHYIO BUIdMA30BYIO
CUCTEMY ITOANBUHUNAATINPOAANAOH-AEKTCPAH-BOAA
PE3IOME

B sT011 paboTe MBI M1CCA€40BAAN BAVISIHIIE HEKOTOPBIX O4HOATOMHBIX CIIMPTOB (METAHOA, STaHO, IIPOIAHOA) Ha
daszosyro amarpammy BoaHOU AByxdasHon cucremsl. [IBII-gekcrpan-Boga. Bplao oOHapyskeHO, 4TO (paszosas
AmnarpamMa OmHogaaeit B pucyrcrsun Metanoda (CHsOH), stanoaa (CHsCH20OH) u nponanoaa (CHsCH2CH>OH)
O1HOJaA€ell CMeIyBaeTcsl B HaIlpaBAEHNUV yBeANYeHMs TeTeporeHHOV obaacTy (pa3oBOl AMarpaMMBL. PesyabTaTer
MO>KHO OOBSICHUTH cAeayiolymM obpasom: Pasoobpasyromye KoMIIoHeHTHI cucteMsl, TIBIT u gexcrpaH, B HEKOTOPOIT
CTeTleH! CTPYKTYPUPYIOT Boay. IIpy HaAu|Imy ClIMpTOB MX TMAPOKCUABHEIE TPYIIIEL, BXOAAIINE B BOAOPOAHYIO CBSI3b C
MOJ€eKyJaM! BOABI, B KaKOJ-TO Mepe pa3pymIaioT CTPYKTypa BOABI, YTO IIPUBOAMUT K YAYYINEHUIO COBMECTMMOCTH
¢}pazoobpasyromyx KOMIIOHEHTOB.

Karouessle caosa: BOAa-AByXCl)aSHa}I crcreMa, AeKCTpaH, IIOANBUHNATINPPOANAOH, 0A4HOATOMHbBIE CIIMPTBI.

As is known, when mixing aqueous solutions of two polymers at certain concentrations of
components, the mixtures split into two liquid phases. This phenomenon was first observed in
[1]. In the future it became known that there are also other pairs of polymers that are thermody-
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namically incompatible in one common solvent (water) and above certain concentrations of these
polymers the systems are divided into two phases [2]. Studies of water-soluble polymers in a
common solvent confirmed that phase separation in polymer mixtures in water is a common
phenomenon [3] and the solvent in both phases is water, while its content in each phase can be
70 or more percent, and each of the phases System is enriched with one of the polymers.

For the first time, aqueous two-phase systems formed by two incompatible pairs of polymers
were systematically investigated by Albertson, the results of which were presented in the form of
a monograph [5]. The method of nonuniform distribution of matter in two-phase aqueous-
polymer systems, which was used in [5], allowed separation and purification of biological
materials of different nature (proteins, nucleic acids, cellular organelles, viruses, bacteria, etc.).

Recently, aqueous two-phase polymer-water-salt systems have been widely used for separa-
tion and purification of various substances and fractionation of high-molecular compounds. As
salts use both inorganic and organic salts. Such systems are characterized by a relatively high rate
of separation and a significant cheapness of the materials used. The role of the study of aqueous
two-phase systems and the method of distribution of substances in such systems has increased
significantly after the possibility of this method was demonstrated in [6] for evaluating the relative
hydrophobicity of aqueous solutions of various substances, a very important parameter that
determines the stratification process and also the possibility of directed control of the separation
The ability of these aqueous two-phase systems (polymer-polymer-water, polymer-salt-water).

According to the recently developed concept of the origin and separation properties, deter-
mined by the difference properties of the coexisting phases of the water two-phase systems, the
differences in the water structure of the equilibrium phases of the system are.

Since the water in such complex systems is influenced by many factors (temperatures, the
nature of the phase-forming components, various additives, the molecular-mass distribution of
the polymer component of the system, etc.) to study the influence of these factors, individually or
jointly, on the water structure And, accordingly, on the properties of aqueous two-phase systems
is very important for understanding the mechanism of phase separation of the system into two
phases and controlling the separation ability of such systems. For the description of aqueous
two-phase systems, it is customary to use phase diagrams (binodal curves, line connectors, etc.)
of these systems where the ordinate axis contains the content of one polymer (in weight
concentrations), the abscissa of the content of another polymer or salt. Of great importance is the
study of the influence of various substances on the phase diagrams of aqueous two-phase
systems, both from a practical and theoretical standpoint. We have studied the effects of some
monohydric alcohols (methanol, ethanol, propanol) on the phase diagram of the aqueous two-
phase system PVP-dextran-water). The results are shown in Figl. As follows from the figures in
the presence of methanol (CHsOH), ethanol (CHsCH20H) and propanol (CH:CH:CH:OH) the
binodals are mixed toward the increase in the heterogeneous region of the phase diagram.

The results can be explained as follows: The phase forming components of the system, and
PVP and the dextran, to some extent structure the water.With the presence of alcohols, their
hydroxyl groups entering into a hydrogen bond with water molecules to some extent destroys
the structure of water, which leads to an improvement in the compatibility of the phase-forming
components. However, hydrophobic functional groups of alcohols naturally structure water,
reducing the exchange frequencies between water molecules Connected with molecules of
alcohols and between bulk water molecules.This process leads to a deterioration in the
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compatibility of phase-forming components. The first of these processes, the occurrence of
hydrogen bonds between hydroxyl groups of alcohols and water molecules, destroying the
structure of water, leads to an improvement in the compatibility of the phase-forming
components, and the second process due to the hydrophobic hydration of the non-polar
functional groups of alcohols leads to a deterioration in the compatibility of the phase-forming
components of the two-phase system. In the competition between these two processes, as shown
by the results of the experiments, the influence of hydroxyl groups of alcohols, which first
destroys water structures, prevails first, then with the increase in hydrophobic groups of
alcohols, the influence of these groups compensates for the effects of OH groups and further
exceeds the effects of a single hydroxyl group of alcohols.
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Fig.1. Influences of some alcohols on the phase diagram of the two-phase system
PVP-dextran-water (basic binodal, 1-methanol, 2-ethanol, 3-propanol.
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ABSTRACT
In this work wereviewtheresultsofresearchontwo- andthree-particledecay channels Higgs bosonsin Minimal
Supersymmetric Standard Model: H(h,A)— ff, H* > if’, Ho>WW", H>z°2°, A—>hZO, H*—>hW*, H-hh,
HoZff, HoWiE', HoAff, Ashif, HE SHEf', HE >h(A)ff, HE >bbW*, H »>hbb , H—>Z%Ah, A z%n
, H* 5>W*hh. Here, f forff'isa pairoffundamentalfermions (leptons, quarks). In the framework of the Minimal

Supersymmetric Standard Model, taking into account the polarization states of fermions, analytical expressions
for the partial width soft hesedecays are obtained, the dependence of the decay width on the Higgs boson mas-
sisstudied, and various spinef fectsassociated with fermion polarization sarestudied.

Keywords: MinimalSupersymmetricStandardModel, Higgsboson, decaywidth, coupling constant, fermionpair.
MSSM-da HIQQS BOZONLARIN iKi- VO UC-ZORROCIKLI CEVRILMO KANALLARI
XULAS®
Bu isde Minimal Super simmetrik Standart Modelds Hiqgsbozonlarin iki- ve {i¢-zarracikli ¢evrilma kanallar1
todqigedilmisdir: H(h,A) > ff, H" > ff', HoWW*, H>2°2° A—hz®, H* ShW*, Hhh, HoZff, H 5>Wff’,
HodAff, Aohff, HE SHif', HE >h(Aff', H* SbbW*, H >hbb , H—>2Zz%h, A—Zz%h, H® >W*hh.
Burada f f voya f f'~ fundamental fermion (lepton, kvark) ciitiidiir. Minimal Supersimmetrik Standart Model ¢or-

¢ivasinda fermionlarin polyarlasma hallar1 nazars alinmagqla biitiin ¢evrilma kanallarinin enleri {i¢iin analitik ifa-
dalar alinmigdir. Proseslarin ¢evrilma enlarinin Hiqgsbozonun kiitlasinden asililiglari 6yranilmis ve fermionlarin
polyarlasmasi ila bagli miixtslif spineffektlari todqiq edilmisdir.

Acar sozlar: Minimal Supersimmetrik Standard Model, Higqsboson, ¢evrilmanin eni, rabits sabiti, fermion-

ciitiipair.
ABYX- 1 TPEXYACTNYHBIE KAHA /bl PACITAAA XNUITC BO30OHOB B MCCM
PE3IOME

B nacrosmeir pabote puBOAUTCS 0030p Pe3yAbTaTOB MCCAE€AOBAHMIT IO ABYX-U TPEXJaCTUYHBIM KaHaJlaM
pacriaga xurrc6o3onoss Munnmaastor Cynepcummerpuanort Cranaapraoit Mogean: H(h,A) —» ff , H™ — f ',
HoW W, H—>2%°% A—>hz® H*>hw*, H—>hh, H > Zff, H>Wif', Ho 4ff, Ashff, H* > Hff’,
H* >h(A)ff', H®* ->bbW*,H —>hbb , H—>Zz%ah, A—Z°hh,H* >W*hh.3aecs ff wman ff' —mapa Ppyn-
AaMeHTaABHBIX (PePMIOHOB (AeMTOHOB, KBapKoB). B pamkax Munnmaasnon Cynepcummerpraaoi CTanaapTHO
Mogeanc yueToM HOASPU3AIIMOHHBIX COCTOSIHUI PepMIOHOB IOAYYEHBI aHaAUTUIECKIE BRIPaskeHUs AAs Iap-

IMaAbHBIX HIVMPUH yKa3aHHBIX pacIladoB, M3y4YeHa 3aBUCMMOCTD IIMPVHBI paciiajoB OT MacCChl Xwurrc 6030HOB, a
TaK>Ke 1ccl1eA0BaHbl pa3ANdHbIe CIINMTHOBBIE 9(1)(1)8KTI)I, CBsI3aHHBIE C ITIOASPU3alVISIMU Cl)epMI/IOHOB.

Katouesbie caosa: Munnumaaptas CynepcumMmerpuyanas CraHaapTtHas Mogean, Xurrc 6030H, ImmupuHa pac-
ITajga, KOHCTaHTa CBA3Y, (PepMUOHHAA ITapa.

1. Bseaenme

CrangaptHast Mogeab (CM), ocHOBaHHAsI Ha AOKAABHON KaAMOPOBOYHON CUMMETPUNU
SU. (3) xSU | (2) xU, (1), xopormro onuceiBaeT GU3MKY CUABHBIX U DA€KTPOCAAOBIX B3aIMO-
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AEVICTBUIT KBapKOB, A€IITOHOB 1 KaAMOPOBOUHBIX 6030HOB [1,2].ITpn 9TOM KBapKm SIBASIOTCS
TPUILAETaMI, a A€NITOHbI- CUHIAeTaMu I1BeToBol rpymsl SU . (3), 2eBble KOMITOHEHTHI KBap-
KOB U AEIITOHOB IIPEeACTaBAsIOT co6oit agybaerst rpynmst SU,| (2), a mpaBble KOMIIOHEHTHI —
CHMHIAETBI, 1 Bce OHM 004ajaloT rurepsapsgoM coraacto rpymme Uy (1) . Otkpsituem xurr-
cosckoro 6o3oHa B 2012 r. koaaaboparusimu ATLAS u CMS [3,4] (cM. Taxoke 00630ps! [5-7])
HayaACs HOBBI 9TaIl B MICCA€A0BaHUM CBOVICTB PyHAAMEHTAAbHBIX B3alIMOAETICTBIIL. DKCIe-
PUMMeHTaAbHO ITOATBEPANACI MeXaHM3M reHepanuy Macc pyHAaMeHTaAbHBIX YacTHUIl-MeXa-
HI3M CIIOHTAHHOTO HapyllleH!s A0KaAbHOM KaAOpoBO4yHOM cuMMeTpun Xurrca. TeM caMbiM
CM noayunaa aormdyeckoe 3apepllieHre 1 npuodpesa craTyc cTaHAapTHON Teopun.B mepsoix
Ke DKCIIepUMeHTaX, IpoBoguMbIX Ha boasmomA gponnomKoaaanaepe (LHC), ycranosaeHsr
OCHOBHBIE CBOJVICTBA HTON YaCTULIBL. XUITCOO30H — BTO CKaAsdpHas JyacTUIla CO CIIMHOM HOAB,
o0aajarolas MoA0KNUTeAbHOM YeTHOCTBIO, Maccoit okoao 125 I'sB, B3anmMo-aericTByromieii c

+ o .
W=-n ZO -6030HaMI/I, a TakK>Xe KBapKaMI 11 A€IITOHaMU € KOHCTaHTOM, ITPO-ITOPpHIMMOHaAbHOU
X MaccaM.

Hapsay co CM B auteparype mupoxo oocyxaaercs 1 Munumaapnas CyrepcummeTpid-
Has1 CrangaprtHast Mogeas (MCCM) [8-15]. B a0l MOgeAM BBOAUTCS ABa AyO4eTa CKaAsSPHOTO
11041 C IIPOTUBONIOAOKHBIMUIKIIep3apsagamu —1 u +1:

HY ), Hj
1= - /P2 = '
1 H] 2 H(Z)
UroOp! moayunTsh Ppusmdeckye noas Xurrc 030HOB, ¢y U (@, 3aIICHIBAIOTCS B BUAE

1 (v +H) +iP! 1 Hj
"R Hy P2 2\ v, + HY +iP)

34ech H?,P? ,Hg u Pg — 105, OIMCHIBAIOIIVE BO3OY>KAEHMS CUCTEMBI OTHOCUTEABHO

BaKyyMHBIX COCTOSIHUIL (@;) = Lz)l n (@)= L1)2. CP-yetnbleXurrc 6030oHbI H - 1 hmoay4da-

2 2

10TCsT cMenrBarueM tiozeit HY u Hy (yroa cMenmmmBaHus o ):

H cosa sina H?

h —sina cosa Hg

Amazorvano, cvertsast rioaeit P u PY, a takxe Hi n Hj , moaydaior CP-HeueTHsIi T Xurrc

0030 A 1 3apskenHsie Xurre 6ozonst H™ u H™ (yroa cmenmsanus f3):

G cosfp sinp\ P (G* cosfp  sinf\ Hf

A \=sing cosp on H* - —sinf cosf | H;

s

rae G’ u G* —HeNTpaAbHbIN U 3apsKeHHble OeaMaccoBble 0030HbI.CAe0BaTeAbHO, IIOCAe CIIOH-
TaHHOro HapyIeHns cumMeTpuyt B MCCM mosBASIIOTCS TIATh XUITCOBCKMX dacTuil: CP-ueTHble

o +
h-u H -6030nb1, CP-HeueTHBII A -0030H, 1 3apsKeHHbIe H ™ -0030HEL

B MCCM XuITCOBCKUII CEKTOp XapaKTepusyeTcs IecTsio mapamerpamu M, , My, My,

M e o B . V3 H1x ToABKO gBa MapaMeTpa SBASIOTCS CBOOOAHBIMU, TaKUMM ITapaMeTpaMu

0OBIYHO BBIOMpAIOT tgf M , .
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o +
Maccor Henrpaastbixh - u H (3apspkeHHbIx H™ )-6030HOB BhIpakaiotcst Maccamu M, u

MZ(MA u My, ):

2 1.0 2 2 2.2 2a42 2 2 2 2
My =5 (M3 + M3 £ [(M5 + M3)? ~4MEME cos 28, M3, =M + M.
YTABI CMEIBAHS TT0Aeli ¢ U 3 CBSI3AHBI COOTHOIIIEHEM:

2 g2
tg2a = tg2p M+ Mz (

T
MatMz (L7 o).
M2 — M2 “ j

2

Xurrc 603061 MCCM MoryT pacriagarsbces 110 pa3ANMdHbIM KaHaaaM (cM. [12,16] Tam ccbrakm
Ha mepBuyHble MCTOYHMKM). B paborax [17-20] Hamu mccaesoBaHbI HEKOTOPBIE ABYX- WU
TpexyacTHyHble KaHaAbl pacllaga XUITCOBCKMX OO30HOB. 34eCh IIPUBOASATCA Pe3yAbTaThl HTUX
rccaeA0BaHmIt. PaccMOTpeHsI caeAyionye KaHaAbl pacriaja:

HhA)— f+f, H > f+f, Q)

Ho>W +W', H>Z2°+2°, A5 Z+h, H >W*+h, H>h+h, (2)
HoZ'+f+f , HoW +f+f, HoA+f+f, A>h+f+],

H* > H(A)+ f+ f, 3)

H—->h+b+b,H* >b+b+W*, A>Z+h+h, H* > W +h+h. (4

3aech f f u f f " — depMuOHHasI (A€IITOHHASI MAVMKBApPKOBasl) Iapa. DTu KaHaAbl pacriaja

Xurrc 6030HOB paHee pacCMOTpeHHI B psige padoT (cM. [12]). OaHako B 3THX paboTax noAspusa-
IIMIOHHBIE COCTOSTHMS (PepMIMOHHOI IIaphl He paccMaTpubaioTcsa. Hamr aHaams nmokaspisaeT, 4To
U3ydeHue IOAsIPU3allVIOHHBIX XapaKTepUCTUK (PEPMIOHOB B yKa3aHHBIX pacllajax MOXKeT AaTb
LIeHHYIO MHPOpMaIIIO 0 pupoge Xurrc 603oHoB. HaMm roayyeHs! aHaanTgeckue BeIpaske-
HILA AAs HIMPYH IIpUBeAeHHBIX pacilagoB C y4eTOM IOASAPU3alIVIOHHBIX COCTOSHMI (pePMIUOHOB,
M3ydeHa 3aBMCUMOCTD IIMPUHBI paciiagoB U CIIMHOBBIX aCMMMeTPUIii OT MacChl XUITC OO30HOB.

2. Pacmagst WH;A)— ff u H - ff'

Crieppa paccMOTpUM pacliaj, HeMTpaabHBIX XUITC OO30HOB Ha (pepMMOHHYIO T1apy. Takon
IIpolLiecc OIMchIBaeTCs Auarpammort OeltHMana, IpuBeeHHO Ha puc. 1, a (B ckoOKax 3armcaHb
4-yIMITy AbCBI YaCTHLL).

Coraacao MCCM, h n H-0ozonnl saBasgiorca CP-vetHpiMmu 4dactunaMy, a A-0oszon CP-
HeYeTHOM Jactuiien. B cBsasm ¢ TuM paccMoTpym Takon 0030H @, B3anMOAETICTBIIE KOTOPOTO C
(pepMMOHHOII TTAPOIT OAHOBpEeMeHHO coAep>KUT CP-ueTHYIO 11 HeYeTHYIO KOMIIOHEHTBI:

M@~ ff)= Saoplits(p1)(a+bys)os(p2)IP(p).  (5)

3Aech gqp — KOHCTaHTa cBsi3u P-OosoHa ¢ GpepMuOHHOI 1apoi, P(p) — HOpMUpPOBaHHAs K

eAVHMIIe BOAHOBasl PpyHKIM P-0030Ha, 4 1 b — HEKOTOpble MOCTOsIHHbIe mapaMeTpsl. [Ipna =1
u b=0 moayunm amnantyay pactaga CP-uernbix h- n H-Gosonos, a nmpu 4=0 u b=1 -
aMILAUTYAy pacliiaja IIceBAOCKaAsIPHOTo 0030Ha A.
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fp) V(p) hp)

h(p) H(p) A(p) g

a) Ap) ) Mp.,) ) Z'(p.)

Ap.) fip.)

Ap) )

,H(k) (h(k); A(k))

7'®)) 2 bip.)

e) Ap) ¢ b(p)

- h(p,)

-h(p,)

b(p))

Z'(k)
Puc. 1. Anarpammer PeriHMaHa 4451 Pa3AMIHBIX KaHAA0B pacriaja Xurrc 6030HOB

MIupuna pacnaga ®-60030Ha Ha PepMIOHHYIO ITapy IPONOPIIMOHAAbHA KBadpaTy MaTpid-
HOTO DaeMeHTa (5):

arE, &) _ B 7y = Neh &) (A
a0 eania, M@ PN = gy Mol A1+ (51 £2) = 2078 (382)] +

x[B°[1- (&)1 + 2Re(ab ) B/[(11&;) - (7€)1 + 2Im @b ) B, (AEE DY, (6)

rde N - nsetoBoit MHOXUTeAb (N =1 Hpu posxaeHnn AentoHHou mapsl 1 N =3 B caydae

2
m
POKAeHMsT KBApKOBOIL mapsl), m 1 Mg~ maccsr dpepmuona u @-GosoHa, Sy = \ 1—4M—£ -
®

ckopocTh epMIOHa, N — eAVHIYHBII BEKTOP BAOAb UMITyAbca dpepmumoHa, & u &, — eaqunny-

HbI€ BEKTOPDI, HalIpaBA€HHbIE BAOAD CIINTHOB (l)epMI/IOHa n aHTI/I(l)epMI/IOHa B X CrICTeMax ITOKOZI.

ITpeamoaoxmm, uto pepMUOHHAs ITapa ITOAApU30BaHa IIoIlepeyHo (T); U T), — Ionepey-

HblE KOMIIOHEHThI CIIMHOBBIX BEKTOPOB (DepMMOHHOI TIapbl). B 9ToM caydae mmpuna pacriaga
® — f+ f paBHa:

. 2
dr(ijy, 1i,) _ Ne8ayh
o 12872

L Mo (aP 21+ Tiyiiy) + P A -} (7)

Orcio4a caeayert, 4TO ecAn IoIepedHble HoAspu3any GpepMUOHHOI Haphl IlapaAleAbHbI
(i1, =1), TO pacnag P-0030Ha MOXKeT IIPOMCXOAUTH TOABKO 3a cyeT CP-yeTHOro B3anMOoAe ICTBIAL:

dU (i, =1) _

)
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Pacriag, >xe ®-6030Ha 3a cueT CP-HeyeTHOTO B3alIMOAETICTBISI MOXKET ITPOVCXOAUTH TOABKO
[PV aHTUIIAPaAAeAbHbIX IIOIIEPEIHBIX IOASpY3aIii GepMIOHHOI mmapsl (1)1, =—1):

dr(mn, =-1)

2
0 b B 9

Ecaun oriepevHbI€ BEKTOPDI HO/UIPI/IBaI_H/Iﬂ (l)epMI/IOHHOIZ IIapbl 1_71 u 1_’;2 COCTaBASIIOT YTOA

¢, To mmpuHa pacaja @ — f + f IPUMET BUA:

dr(iyy, i) _ Neh,

2
a0 1282 SorMe
x{laf* B3 (1+nym, cosg) + b (1= nym, cos) + 2Im(ab ) By, sing). — (10)

HpI/I HTOM MOIYT BOSHUKATDh ABYX BIAOB ITOII€PEIHBIX CIIITHOBBIX aCI/IMMETpI/IﬁIZ

dl'(p=7/2) dl(p=-7/2)

A= 1 a0 Ao _ 2Im(ab ) , (1)
i, dl(p =r/2) + dl'(¢p =—7/2) \a\z + \b\z
aQ aQ

_ 1 di(p=0)/dQ-dT(p=7)/dQ _|a* — ]
2y d(p =0)/dQ+dT(p=7)/dQ | +[p?

(12)

HonepeqHa;I CIINMHOBAsI aCIMMETPIILL Al OTANYaeTCI OT HyAsl TOABKO B TOM CAy4dae, KOorda

®-0030H sBAsieTCsl cMechl0 CP-ueTHOTO M HEYeTHOTO COCTOSIHMII UM 9Ta aCUMMETPUST MOXKET
AOCTIYb 3HAYEHUIT TIopsiAKa 1, ecan mapametpnt a u b oguoro nopsiaxa. Aast ancroro CP-coc-
TOSIHVISL OAVH U3 IlapaMeTpoB a 1 b paBeH HyaIO,TOrAa IoriepedHast CIIMHOBAsI aCMMETPIs
A, Oyaer paBHa Anbo +1, Anbo e —1 B 3aBUCUMOCTI OT TOTO, siBAsteTcsl Au Xurre 6030HCP-

yeTHOI nAu CP-HeueTHOI YacTULIel.

Teneps mpeArIoA0oxyuM, 4TO (PepMUOHHAsIIAPA MOASPU30BaHA IHPOAOABHO (AU A, -

crmpaabHOCTH pepMIOHa U aHTU(EePMIOHa).

HIupuna pacriaga pasHa:

Ncpy

a0 SogMolllal 57 + b7 11+ 42g) + 2Re(@b ) By (4 + Ap)). (13)

M(A4,)=

Onpeaeanm crereHs IPOAOABHON HoAspu3aryy pepMIoHa B pacriage ® — f+ f

“1)-T(4 =-1) 2Re(ab
P, - (4 - 1)-T'(4 - D _ 2e(z )ﬂzf . (19
L =1)+T(h=-1) |af g7 + |

Kak BuaHO, cTenieHb IIpOAOABHOM HOAsIpU3any (pepMIOHa, KaK 1 IOIIepeyHble CIIIHOBLIe
acummerpun A u A, , sABAseTcst UICTOYHNKOM nHGpopMain o narepdepentm CP — yeTHOI

n CP-HeueTHOI aMIIANTYA B paciiage ® — f+ f .

INoaHast mmpuHa pacraga @ — f+ f, CyYMMMPOBAHHASIIIO CIIHOBBIM COCTOSIHILIM (ep-

MMOHHOM I1aphl, OIIpeaeAsIe€TCi BbIpa’kKeHeM:

- N
r@ > £7) =" Myl g7 471 (19)
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KoncranTs csasu Hgy, -, i-, H-1 A -D030HOB ¢ (pepMIMOHHOII TTapoii ITpuBeJeHs! B [1, 12].

Ha puc. 2 ipeacraBaeHa 3aBUCUMOCTb IupuHb pacriagos [(H —> ) u T(A —> tt) o maccert

Xurrc 6o3oHa npu 3HayeHun napamerpa tgf=3 u m,=1732 I'sB.C pocrom maccer Xurrc
fosoHa mupuHbl pacriagos H —# n A —tt yseamansaiorcs. Kpome Toro, mupuna pacraga
A — tt peobaasaer Haa IMPUHON pactiagda H — .

3apsikeHHbI Xurrc 0030HMOXKeT pacilagaThCsl Ha AMITOHHYIO Mapy H* — 1" +v, (H -1 +v,)
uAM KBapkoByio mapy H* —t+b (H™ —b+t).

I, I>B
7 -

400 500 600 700 800 900 1000
Mg, 3B
Puc. 2. 3aBucumocts mmpunb pactiagos H — tt (kpusas 1) u A — tt (kpusas 2) ot maccst My,

MaTtpuyHbIi AeMeHT pacriaga H™ — f + f ' MO>KeT OBITh ITpeACTaBAeH B BIJe:
_ u.,.
M(H" - ff")= _\/*Tffnﬂf(pl)[metgﬂ(l"' ¥5)+metgf(1-ys)op(p2)H' (p) - (16)

34aech B caydae poxxAeHns Keapkosoit napst (ff'=4q') U g sBAs€TCS DAEMEHTOM MaTpULIbL

Kobasirn-Mackasbl, a Ipu pOXXAHIUN ATITOHHOM mapsl U g =1.

Aas mMUpMHBL pacriaga XuITc 0OO30Ha Ha IOASIPU3OBAHHYIO (PEPMIOHHYIO IIapy
H*' — f+ f' II0AY4EHO CAeAYIOLIIee BhIpaskeHIe:

2
ar,é) Uy Ne
dQ 1287°n*

x[1=1p =1 =2, [rrp (E18,) = (x1 = 21 = 2 [ryrp (1)) (1) + [myctg® B — mtg” B] x
X\ [xf — 4 [(1&) = (&)~ dmpmp [rerp + (A =7p —rp)[2mpm (8,8, +

+ (0 M2, —2m} —2mm ) (R )(i&)] - M2, () —4rp)(1E) (&)} . (17)

M, . J(l —Tp - rfr)2 —drrp {[mj%ctgzﬂ + m?tgzﬂ] X

3aech BBeAeHbl 0O03HaAYeHIs:

2 2
2E; iy iy

Ve=—35—, V= .
7f 2 7 f 2
M, MM,

x1=

B caydae poxaeHns nornepeyHo HOAsSpM30BaHHON (PepMMOHHOI IIaphl IIMpUHA pacliaja
HpuMeT BUA;
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() _ Uy ‘2 Nc

FTe) 1287227 M. \/(1 —rF— rfr)2 —4rsry {[mj%ctgzﬂ + m}%tgzﬂ] x
}[1=rp—rp =2 [rerp ()= 4mmg. [rere +2memp(1=rp =15 )(I172)} - (18)

OripeseAnM IOIEPEYHYIO CIIMHOBYIO aCIMMETPHIO B pactiagze H* — f + f' COOTHOIIeHVeM

4 = ATl =1)/dQ—dT (i}, ==1)/dQ _ 2.1y (=1 =1y rpctg’f-rstg’ B)

= = . 19
dl (i, =1)/dQ+dU (i, =-1)/dQ [1-r; —71p]- [rfctgzﬂ + rf,tgz,b'] —drprp ®)

Ha puc. 3, a npusesena 3aBycMOCTb IIOIIEPEYHON CIIMHOBBIN acummMeTpun (19) ot macch

Xurrc 6030Ha B pacriage H™ —t+bnputgf =3.

HpI/I poXxaeHnun IIpoaO0AbHO HOAHpI/ISOBaHHOI?I (l)epMI/IOHHOIZ IIappl HIMplMHa paciiada

H' > f+ j? BBIpa>kaeTcst popMyA011

2
U, Ne
F(A4A) = ;(27”72MH+ J(l —rp = 1) —drgrp {[myctg? B+ mitg? B]x

x[L=r1p =1 = (31 = 21p) (W )| + [mjetg? B —miptg? Bl

X x; —4r (4 +/12)—4mfmfrx/ﬁ+(1—rf —r)(a M3 —2mp)ad). (20)

A a) P, 6) I, T5B 6)
0.4 r 0.7 12 r
03 06 [ 10
02 05 F

01 F 04 F

0 03 tgp=3

01 . . V02 . . . . . . .
180 220 260 300 180 220 260 300 200 250 300 350 400
M, 9B My, , 9B M, , 5B

Puc. 3.3aBmcMOCTD: @) IIOIIePeYHO CIIMHOBOI aCMMMeTpu; O) CTerleHy POA0ABHOM HOASPU3aIY;

B) mmpunb pactiaga H™ — th ot maccst M,

Onpeseanm CTerleHu IpoA0AbHOI HoAspu3anyu |t -kBapka B pactiage H —t+b 1o dpop-
Mye (110 roAstpu3arysiM b -kBapka cyMMIPOBaHb!)

p _ T =1)-T(% =-1) _[netg’B=rtg” AL/ -1, —1,)* ~4r, 1)
C T =D+T(=-1)  [netg®-ntg’ B1(1 -1 —n)" ~4nn,

Ha pnc.3, 0 maarocrpupopaHa 3aBICUMOCTD CTeIIeH! ITPOAOABHOM HoAsipu3anun f -Ksapka

B pacriage H* —t+b or Maccer Xurrc 6030Ha ipu tg8 =3 u tg8 =30 .

Ormetnm, uto noarsysich getekropom ATLAS B niponecce poxxaenns tf -KBapKOBOJA Iapbl
B [IPOTOH-IIPOTOHHBIX CTOAKHOBEHVISIX IIPY DHEpINU +/s =7 T9B n3MepeHa cTereHp IpoA0ABHOI
noaspusauyu t -ksapka [21].

[MoaHast mmpuna pacraga H' — tb, cyMMupoBaHHas 110 IIOASPU3ALIOHHBIM COCTOSHISIM
KBapKOB, PaBHa:

130



Two- and Three-body Decays of Higgs-Bosons in MSSM

2
PN,
r(H* - )= Ye[ Ne . HzCMw JA=n )2 —4n, x

x[(mictg? B +mitg? B)(L~1, —1,) ~ 4y, frny 1. (22)

Puc.3, 6 MAAIOCTPUPYET 3aBUCMMOCTh ITOAHON IMPUHBL pacriaga H' — tb ot maccer Xurre
Oosona M. nputgp =3u tgf=30.

3. Pacmaaer H->W W' H— ZOZOI A—Z'h  H*>W*h H—>hh

Crieppa paccMOTpuMM paciiag, TsKedoro Xurrc 6o3oHa H Ha KaanOpoBOYHbIE OO30HBI

— + o o o
W W (ZOZO ). OTOT IpoIiecc onuceIBaeTcs Anarpammornt PeriHMaHa, IpyBeAeHHON Ha puc. 1, 6.
D101 AMarpaMMe COOTBETCTBYeT aMILAUTYAA:

M(H > VV) = igyy Hp) - U, (p) - Us ()8 (23)
TAe gy — KOHCTaHTa cBsi3y Xurrc 6osoHa H ¢ xaamnOposounsivu VV -6030HaM1, UL(pl) "
U; (p2) —4-BeKTOPHI TOASPU3ALINI KaAUOPOBOIHBIX W~ W™ ( 7°7°)-6030H08.

Aast mmpubsl  paciaga  H—>V+V, nmpocymmmpoBaHHas 110 IOASIPU3AIIOHHBIM
COCTOSIHIISIM BeKTOPHBIX OO30HOB, TTOAyJeHO BhIpaskeHe

3
I'(H—>VV)= (;%;’ -cos’(B-a)1-4r, +12r)). [1-4r, -5y,. (24)

3aech BBedeHO oboszHaueHme 1y, =(My /MH)ZI/I Sy =1B cayyae pOKAeHIUs 3apsKeHHbIX
W W™ -6030HOB, &, =1/2 Ipu posKAeHIM HETITPaABHBIX 7° -6030HOB.

Ha puc.4, a mpeAcTaBAeHa 3aBMCUMOCTb IIMPUHBL pactiazos H - W Wy H — 7°Z° or
maccel Xurrc 603ona My npu tgf =3 u My, =80,425 I'sB, u M, =91,1875I'sB. Kak BuaHo, ¢

pocToM Macchl XMrrc O030Ha IIMPUHBL paciiajoB MOHOTOHHO YBeAMYMBAEeTCs, IIVMPYHA paciaja
['(H - W W") npeobaagaet Haa HpuHoii pacraga ['(H — ZOZO) .

I,T5B a) I, T5B 6)
16 1 1
2
14 r 1 09
12 08 |
l L
07
08 |
2 06 |
06 |
04 | 05 |
02 04
0 1 1 1 1 J 0‘3 1 1 1 1
180 210 240 270 300 330 360 180 220 260 300 340

Mg, 2B M, ToB

Puc. 4.3aBUCUMOCTE: @) TIMPUHE pacriados T(H —W W) (xpusas 1) u T(H — 2°Z°) (xpusas 2);
6) otHomenmii T'(H W W")/T(H ->W W ") (xpusas 1)

Mupuua pacraga Xurrc 0o3oHa Ha Ilapy HPOAOABHO ITOASPU30BAHHBIX BEKTOPHBIX
6030HOB gaeTcst POPMYA0IA
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3
I(H->V, V)= gigj cos’(B-a)(1-4n, +4ry).[1-4r, 5. (25)

PaCCMOTpI/IM OTHOIIIEHIEe PNHBI pacrialoB

T(H—V, V)  1-4n, +4r;

> (26)
T(H—>VV) 1-4r, +127

Puc4, 6 naaocrpupyer 3asucumocts otHowmennss ['(H —VV;)/T(H —VV) or macco
My, . Kak BuaHo, ¢ pocroM Maccel Mp AaHHOe OTHOILIEHVE YBeAUYMBAETCS U IPU OOABIINX

My npubarkaercs k 1.

y o >0
deriHMaHOBCKasl AMarpaMMa pacliaga IICeBAOCKaAsIpHOro A -0030Ha Ha BEeKTOPHBI Z -
0030H U CKaAsApHBIT h -DO30H IIpuBedeHa Ha puc.l,6 M DTON AuarpaMMe COOTBETCTBYeT

aMILAuTyAa
M(A - Z°h) = ig sz, A(p)-H (p1)- U, ()R, (27)
TAe g4z, — KOHCTaHTa cBs13u, R, =(p+p;), — cymma 4-umryancos A u h -6osonos.Ha ocrose

MaTpUYHOIO BAeMeHTa (27) AAs1 IIMPUHBI paciada A — Z° +h I10Ay4eHO BhIpakeHue:

G 2 2 2 2.2 22 4213/2
WCOS (B-—a)[(My — M7z —M;,))" —4M7M;, T . (28)

+ +
Aas mupuHsl paciaga H™ — W™ + h moay4yeHo BbIpakeHue

(A —Z%)=

G
Wcosz(ﬂ—a)[(Mz . M2 —MZ)? —4MEMAP2. (29)

Ht

+ +
I'(H-—>W7h)=
OaHMM 113 BO3BMOXKHBIX KaHa/A0B pacriada TsKeAoro Xurrc 0030Ha sIBASETCA paciiaj ero Ha

ABa AeTKuil h -0o3oH: H —>h+h.

H_II/IPI/IHa paciiaga 5TOTO IIpoIecca paBHa:

G, M3
T(H—ohh)=—F "2 0 4y, -¢% . (30
(H — hh) 16\/§7Z'MHK/ 1, - &y - (30)

4. Pactaget H>Zff H->W=ff' H— Aff A->hff H* > H(;Aff’

Ecan macca Xurrc Gozona My MeHbIlle, YeM CyMMBI MacC KaAMOPOBOYHBIX OO30HOB
(My <2M,, My <2M,y,), 10 pactiaagst H ->Z+7Z w H—->W™ + W™ 3amperueHsl 3akOHaMu
coxpaHeHust sHeprum u umiyabca. Oaxako, H -0o30H MoxeT pacriagathest 10 KaHazam
HoZ+Z" >Z+f+f, HoW+W > W+f+f'rae Z° u W' - Bupryaasusie G030HSL.
Criepsa paccMoTpuM pactiag Tspkeaoro H -6030Ha Ha KaArOpOBOIHBLI Z° -Boson u Ppepmuon-
Hy10 TTapy f f . DTOT IpoIlecc onuCKHBaeTCs Auarpammoiit PeftHMaHa, TPHBeeHHOI Ha puc. 1, 2.

DTON AMarpamMme COOTBETCTBYeT CAeAYIOIINII MaTpUYHBIA ®AeMeHT (MaccaMy (PepMIOHOB
IpeHeOperaeTcsl, Py 5TOM (PepMUOHHBIN CAa0blii TOK COXPaHsIeTCs):

2G.)*M .
G2GTM; e ). Hip) =

M(H—)fo)zigsz-
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xu(py, 44)y [8L()A+75) + gr(F)A—=75)1(p2, 4), (31

TAe gp7, — KOHCTaHTa CBA3MA,

Se(f)=13(f)—Qpxw, gr(f) =—Qpxw

— JAeBas U IIpaBasi KOHCTaHTBHI CBA3M (PepMIUOHHON MHaphl ¢ Z -0030HOM, §=p; +p, =p—k —
4-MMITy ABC BUPTyaAbHOTO Z~ -0O30HA.

IIpy BBICOKMX Heprumsx mporieccy H —>Z+ f+f COOTBETCTBYeT ABe CIIMpaAbHBIE
aMILAUTYABL, OIVIChIBaIOIye rporieccst H — Z + f; + fR JH—->Z+ fr+ fL .

Aas SHepreTMYecKoro pacrpejeieHns (pepPMUOHHOI IIaphl B CIVMPAABHOM IIpoIlecce
H — Z+ f; + fr (pactipeaeaenne Jaaniipl) roaydeHa Gpopmyaa

dr(H - Zf, fr) _ GiMy

Ncsi(f)
M 20p_ c8L
dx,dx, 167> M cos(f-a)

(1-x, —x2)2 +1777

X[(1=2x1) (A=) +72(2(x1 + x5 +77) = 3)], (32)

2E, M, Y r, \
xj= o = DA Ly A
My My My

AHaZOTMIHO, A4St CTpaAbHOTO TIporiecca H — Z + fr + f; mMeeM pacripeseaene:
7 2 rd 2
dr(H_)ZfRfL) — GFM3Z MHcosz(ﬂ—a) NCgR(zf) %
dx,dx, 16z (1=x;=x5)" +1775

(L =x1)(1=x2) +72(2(%; +x, +77) = 3)]. (33)

DI pacpeeaeHns MOXeM OObeAVHUTD B O4HOI (popMyae:

dr(H > Zff) _ GiMj
dx,dx, 647°

x[87(AA=A)A+ )+ gr(FH)(L+ Ap)(1 - A)]%
(1 =x1)(A—x,) +77(2(x; +x, +77)=3)]. (34)

Nc

(1-x —x2)2 +1777

X

My cos*(f —a)

Ha ocHose 91051 (pOpMYABI MBI MOXKEM OIpeAeAUTb CTelleHb IPOAO0ABHON HOASIpU3aIIN
(pepMmIOHa cTaHAAPTHBIM 0Opa3OM:

2, 2
Pf=glzz(f) gli(f) (35)
gr(f)+8r(f)
CrenieHp 1poA0AbHON moAsspusaruy (35) 3aBUCUT TOABKO OT poaa ¢epMmoHa U OT

napamerpa BaitnGepra xyy, . Ilpn poxaennu nevirpuaHOi mapst v,V (V,v.,VV,) I3(v,)=1/2,

Q =0u creneHb NPOAOABHON MOAAPU3AIUM paBHa —1, YTO CBA3aHO C A€BO IOASPU3OBaH-
Vu

HOCTBIO HeNTpMHO. B caydae poxaeHms: AeNTOHHONM IIaphl Wt ee) (u)= -1/2,

Q, =—1u crenen» NpoAOAbHOI MOASPU3AIIMY MIOOHA IIPY 3HAYeHNM Tapamerpa BaiinGepra

Xy =0,232 pasna: P(u")=-0,14. B mpoueccax poxxaenns ui,cc(dd,ss,bb) xsapkos creneHn

IPOAOABHON Noasspusanyu cocrasaset —0,66 (-0,94).
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]_HI/IpI/IHa pactiaga, CcyMMHpOBaHHas IIO CINPAaAbHbBIM COCTOSHNAM Cl)epMI/IOHHOﬁI I1aphl,
OIIpeAeAsIETCA BbIpa>keHIEM

dT(H - Zff) _ GiMj 20 N¢ y
dvdr, | 16r M)
x[81(F)+ 8R(NI-T(L=x)A=x,) +12(2(x; + x5 +17) = 3)]. (36)

Ormetnm, uto pyHAaMeHTaABHBIMY PePMUOHAMY SIBASIOTCS f=v,,V,,, V., ¢ , 1 , T ,u, d,
s,cu b (poxaenne Z -6ozona ut-kBapkoBoil Iapbl BOSMOSKHO TOABKO TP M,, > M, +2m, =438
I'5B). YUto0bl HailTu MOAHYIO IMpUHY pactiaga H -Go3oHa 1O BceM BO3MOKHBIM KaHaaam
H—Z+ f+ f, neobxoammo Hairtu cymmy Y N[g7(f)+ gx(f)] 10 Bcem depmuonanm:

f
7 10 40

ENCISL(N) +8r(N]= 3( X+ X av)

f 4 3 9

Toraa aas pacripeseaenns Jaanmpinpy pacrageXurrc 6030Ha IT0 BCeBO3MOKHBIM KaHalaM
o cxeme H — Z+ 7 uimeem BoipakeHue

(7 10 N 40x2 )
. 2, 4 Xw 5w
A(H > 22) 3GEMY o o E 9

dx,dx, 167 (I=x1=x)" + 1277

(A =2x1)(1=2p) +77(2(x; + %, +77) =3)]. (37)

X

T paHaM1 MHTETPMPOBAHVA TIEPEMEHHDBIX xl n xz SIBASIIOTCSA

7.
2

1 MbI MO>KEM BBITIOAHUTD STU MHTETPUPOBaHVISI aHAAUTITIECKIL:

3G2M3} 7 10 40
I(H—>2ZZ)= 15” P2 My, cos?(f - )(4 Sty X2 jR(rZ) (38)
34ech BBegeHa PYHKIIVS

l_rz (2-13r, +47r3) . (39)
Z

_ 2
R(ry)= 17872+20% o [32 1

A4r, =1 2r, \/a

*
Ha puc5, a npeacrasaena sasucumocts mupusst pacraga ['(H—>ZZ') or maccst Xurrc

J ~(1-6r,+4r7)Inr, —

6osoHa My npu mapamerpe tgf =3. Kak BUAHO M3 pUCYHKa, C yBeANYeHMEM MacChl XUITC
6osona My mmpuHa paciiaja crepsa yBeAUYMBAeTCS ¥ AOCTUIaeT MaKCMMyMa BOAM3U
M,; =153 I'sB, aaabpHerinee yBeaydeHye Macchl XUITc O030Ha IIPUBOAUT K CIay IIVPVIHBI

pacraja.
— * — Y
erepb pacCMOTPUM paciias Xurrc 0030Ha 0 KaHaa * ", Tae
Tereps p puM p X 0 y Ho>W +W" W+ f+
7 + 4+ _+ 11
f:ve,vﬂ,v,,u,c,a f'=e",u",77,d,5,b.

Cy1ecTByer 1 Apyroii KaHaa pacriaga Xurrc 6o3oHa 1o cxeme H -»W*H+ W™ — W'+ f+ f'.

OOI11as1 BEPOSITHOCTh BCEBO3MOSKHBIX PACIIaoB II0 cxeMe H — W+ W’ paBHa (I10 CIIMPAaAbHOCTSIM
(pepMIMOHHOII TTapbl CyMMMPOBaHBI):
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AC(H > WW) 9 GEMM o5 (B=a) (1 )1~ 2y 4 1y 2y + 33 +1)—3)],  (40)

dx,dx, 167° (1-x;—x)* + 1w
My, Y r, V
34€Ch Ty =(Wj S Yw = { W J
My My
I, M>B a) I, MaB 6)
0.04 04 -
0.03 | 03 |
0.02 | 02
001 | 0.1
0 1 1 1 1 1 J 0 1 1 1
120 130 140 150 160 170 180 120 130 140 150 160
My, I'sB My, I'sB

Puc. 5. 3asycumocThb mpuHbI pactiagos T(H — 2Z™) (@) u T(H -WW™) (6) ot maccot M,

*
INoanast mmpuna paciaga H - W+W | unrerpnposanHast 1o mepeMeHHbBIM X U X,

nmeert BuA (puly, —0):

(H—)WW )= 69 GFMWMH cos (,B—a)R(rW), 41)

rae R(ry) omnpeaeasiercs BerpakerneM (39) ¢ 3aMeHOI 1, —> Ty

Ha puc.5, 6 mokasaHa 3aBUcHMOCTD mmpuHbl pactiaga ['(H —WW') ot maccet My, 1ipu

napamerpe tgf =3 u My, =80,425 I'sB. C yBeanuenneM maccel Xurrc 6030Ha IIMPUHA €TO

.
pacnaga 1o kanaay H - W+ W' ypeamausaetcs.
* o
Pacrtagy H - A+Z cootseTcTByeT (pelfHMaHOBCKasl AMarpaMma, IpusejeHHas Ha puc.l, 0.

HInpuna pacriaga Xurrc 6030Ha 110 BCeBO3MOXKHBIM KaHalaM 1o cxeme H — A+Z  umeer

Bpra>KeHI/Ie
dT(H — AZ) 3G:M:iM 7 10 40
(> AZ) _SCEMMitsin(a- (£ - Doy + 0, )
x,dx, 87 4 3 9
(1_xl)(1_x2)_rA . (42)

2
(A=x1—xp =14 +712) +1272
B pesyabraTe MHTErpMpOBaHIs ILAOTHOCTH paciipeseiennst Aaauiisl (42) 10 SHeprisiM Xq

u X, BIIpejeaax

,0<x, <114,

1-x,—14<x;<1-
1-x,

A1 TIOZHOYI IMMPUHEI paciiaja roaydena ¢popmyaa (mpul; =0)

7 10 402

SGFMZMH L 40
4 3Whyg

[(H— AZ')= S jFAZ (43)

(- (-
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3aech

Fuy =2(=1+71;—74)[Aaz Z+arc’cg r(1=77 +74) = Aaz +
2 (1=7ra)\|Aaz

+(Aaz —2r4)Inry +:13(1—rA){5(1+rA)—4rZ —ZAAZ}/ (44)
17

Apy =142, +2r, —(rys—1,)*. (45)

Amnarpamma pacriaga A > hZ — h+ f + f anaaormana guarpammve QeriHmana, IpUBeseH-

HOI Ha puc.1, 0 1 el COOTBeTCTBYeT IIMpIHa paclaja

dD(A > hf f) _ NcGEMIM , oS (f-a)- (I=x)(A=x,) —7,
dx,dx, 327° (L=x; =2, =1}, +17)° +1777

x[g1(AA=A)A+ )+ gr(HA+A)(1-4,)].  (46)

[Toanas mupuna pacriaga I'(A —hZ') 1o BCeBO3MOXKHBIM KaHaJaM ¥ MHTeTpYpPOBaHHAs

X

110 ITepeM€eHHbIM xl u xz , Aa€TCsI Cl)OpMyAOI?I

3GEMIM ,

[(A—hZ)= 0

7 10 40
cosz(ﬂ—a)'(4—3xw+9x§vj'FhZ, 47)
rAe F,, noay4aercs ot Beipakenust Fy; (44) 3ameHoit 7, Ha 1.

Ha puc.6,a mpeacraBaeHa 3aBUCMMOCTb IupuHbl pactiaga ['(A—>hZ') or maccer A-

6o3ona M, .
FAShZ)MB 4 F(H-HW), MB ) T(H'>AW™), MsB )
07 ¢ 4 ¢ 86
06
0s | 35 | 82 |
04 |
3 F 78 F
03 |
02 25 |} 74 }
01 }
0 . . . D, . . g . . . .
100 110 120 130 140 120 150 180 210 125 150 175 200 225
M,, I'>B M., B My, , B

Puc. 6. 3aBucMOCTb IIMPUHEI paciialos: a) A—> hz” or maccer M AS
6) H- — HW " or Maccht M, ;B) H" — AW™" or Macce! M.
3apsxennprit  H*-6030H MoXeT pacragatbcsi Ha Heirrpaabmbit  H(h,A)-Goson u
depmuonnyio napy mo cxeme H* — H (h, A)+W* = H(h,A) + f+f'. Auarpamma Qeitrvana
9TOIO pacllaja IpuBeJeHa Ha puc.l, e.
ITaotHOCTD pactpesesennst Jaaniisl 4451 AQHHOTO pacliala MeeT BUA:

dU(H™ — Hff) NcGiMy,
dx,dx, 3272°

sin?(f - a)M,, (1~ 231+ U g %

(I-x))(A-x) -1y . (48)

X
2
(I=xq = xp =7y + 1) + 1w
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V3 »roit $opMyasl caeayer, 9TO B pacrmage H~ — Hff' pepMUOH pPOXKAAeTCsl A€BOIL
(41 =-1), a anTudepmuon mpasoit (A, =+1) cIMpaabHOCTBIO. DTO SABASETCS OCHOBHBIM

CBOJICTBOM 3apsIPKEHHBIX CcAa0BIX TOKOB.

2
Cymmupys seipaskenne Y, N ‘U iz
I

, TV, du, su, bu, dc, sc u bc), aas auddepeHIMaibHON MIMPUHBL pacliaja UMeeM

I10 BCeBO3MO>KHBIM (pepMIOHHBIM T1apaM (e v, , i v,

BbIpa’keH1e (HO CIIMPaAbHOCTIM (l)epMI/IOHHOﬁ I1apbl CyMMI/IpOBaHI)I)Z

- - 2504 _ ) —
ANH > HW™) 9GEMy oy (A=m)-m)om )
dx,dx, 8r (=g —xy =1y +1)" + 1w

— _* o
[loanas mmpuna pacnaga H™ — H+W™ , wmHrerpupoBaHHas IIO CKeILAVHIOBBIM
SHepIIsIM (PePMUOHHOI ITaphl X1 U X, , AaeTcs BeipakeHneM (puly, —0):

214
I(H ->HW )= 9GF7M3WMH, sin®(f—a)- Fi, (50)

rae GyHxist Fyy,, noaydaercs u3 QyHKiun F,, (44) sameHamu 1, =71y, 1, =1y -

_ _*
Ha puc.6, 6 mpuBOAUTLCA 3aBUCUMOCTD IIMPVHEI paciiaja H - H+W~™ or maccet M -

npu tgf=3, My, =80,425 I'sB.

Aast vIHTerpaAbHBIX IMPUHBL pacrazos H Toh+WT u H 5 A+W7 [IO/y4eHBI

BI)Ipa)KQHI/ISIZ
. 9G: MM .
T(H" —>hW* ):$c052(ﬁ—a) Fw, (1)
. 9GEMiM . .
T(H" > AW = #-PAW, (52)

IA€e IIPOM3BeAS 3aMeH 7, —> 1}, T, —> Ty, MBI oayanm ¢yakuuio F,, or pyukumu F,, (44), a

dynkus F ., 11oaydaercst ot pyukuuu F,; 3ameHoit 17 Ha ry, .

Ha puc.6, 6 MAAIOCTPUpPYeTCs 3aBUCUMOCTh MMPUHB pactiaga H™ — A+ W* or maccs
sapspkeHHoro Xurrc 6osona M . mpu tg8=3 u M, =80,425 I'sB.

5. Pacmager H— hbb , H* 5bbW*, A - Z°hh , H > Whh

ITpu M, < My <2M,, BosmoxeH pacriag Xurrc 6osona H 1o kanaay H > h+h — h+b+b

, (eitHMaHOBCKasAMarpaMMa, KOTOpOI NpuBedeHa Ha puc.l, % (k' — BUpTyaabHBLT XuUrrc
0030H).

. 2E, 2E,
BBeaem ckeitanHrossie dHeprum b -xBapka x; = M b -anTHKBapKa x, = " h-
H H

2 2 2
2E, my, mny, Ly
DosoHa x, =" =2-x; —X,, a TaKKe O0O3HaueHus 1, = —— | 1, =| —— | , 7, =| ——1 -

Toraa aas mmpussl pactiaga H - h+b+ b umeem BBIpa’KeHue:
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dU(H — hbb) _ NcGiMym} sin’a 1—2x, +1, = 2n
( ): C F3 Zz™ 5 'ﬂ‘%{hlr'(1+/’l’lj'2) h 2h b. (53)
dx,dx, 647°My  cos” S (I=x,)" +n,7y,
34ech y4TeHo, 4TO

81241hh = 4\/§GFMé/1%,hh, Ay = 2sin 2asin(f + a) — cos 2a cos( S+ ).

3 mmpunbl pacriaga (53) caeayer, uto b -kBapk M b -aHTMKBAapK AOAXHBI 00JaAaTh
OAMHAKOBBIMU CITUPaAbHOCTAMIE: A4 = A, =11, 210 oHY MoAsTpU3YIOTCS TIPaBo (brby ), AMOO Ke

aeso (b by ).
MMupuua pacmaga H - h+b+b, cymmupoBaHHasl IO CIIMHOBBIM COCTOSIHUSAM KBapKOB,
nmMeert Bi/ (pacpedeaenne Jaaniipr):

dTC(H — hbb) NcGEMym; sin*a 5 % +x, —1+7,-27, . (54)

dudx,  162°M,  cos2 B M (A=x, —x,) 17y

CKelAMHIOBbIE YHEPINN KBAaPKOB MIBMEHSIIOTCA B ITpegeaax

-
T-xy -1, <xy<1——"
1-x,

, O0<xy, <1-1, .

TOrAa MHTETPUPOBaHNe ILA0THOCTU pacripeaeaenns Jdaanipt (54) IO 9TUM IIepPeMEeHHBIM MOXKET
OBITH MPOU3BEeAeHO aHaAUTIYecK!. B pesyabraTte Aas mmpuHe! pactiaga H >h+h — h+b+b
I0AY4MAOCH BhIpaskeHue (Ipn 7, = y;, =0) :
_ 2 4 .2
T(H - hbby = CF Mz 20 sin @
1677 My cos”

(55)

X {(1 -1, )(2 - %ln rh) - \;1__5;':}[ [arctg \/217‘11_;:# —arctg \/1_1747/’1]:|

Puc.7 maatoctpupyeT 3aBUCMMOCTD IIUMPUHBL pacriaga I'(H — hbb) ot Macchl Xurre 6o3oHa
My upu tgf=3. Kak BuMaHO, ¢ yBeAmdeHmeM Macchl Xurrc 0OO30Ha IIMpPHUHA paciala
H-—>h+b+b CIIepBa YBeAUYMBAETCS U AOCTUTaeT MakcumyMma ripu My =144,62 I'sB, a 3atem
IIMpPYHA AQHHOTO Pacliala MeAAeHHO YMEHBIIIAeTCs.

Ecan macca sapspkennoro Xurrc 6osona M. <1, +m,, TO BO3MOXKEH pacriaj STOTO
6030Ha Ha BUPTYaAbHBIN  -KBAPK U peaabHblil b -aHTHKBapK, a f -KBapK MOKeT paciiagarhcst Ha
BEKTOPHBIIT 0030H W'u b -kpapk. Takum 00pa3oMm, OAHUM U3 BO3MOXKHBIX PacIiasoB
sapspkeHHOTO Xurrc 6osoHa sBasercst mporiecc H' —b+t —b+b+W'. Dror pacriag
orchIBaeTcs Aviarpammornt PeitHMaHa, IprBeAeHHON Ha puc.1, 3.

Aas mpune pacriaga HY —b+b+ W™ noaydeno sbipaskeHue:

T(H—hbb), M>B
012

01

0 . . . . . . ,
130 135 140 145 150 155 160 165
My, B

Puc. 7.3aBucumocTs mupuHsl paciiada H — hbb ot Macest M,
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— 2
dT(H* —>bbW™*) 3GEM:,. U, |

20y 2
my [t Xy —21,) — 21, ] %
dx;dx, 327[3[(17x2+rb7rf)2+rfyt]{ oltg" Az v) 2

[y (B(L =2, —ty) +21,) + (1= x, — 1y )21+ [mir,ctg” B —mytg” B(1—x, +1,)]x

X[ =xp + 1y —21,) + (1 —x; — 1 )1 — x5 + 1)1} - (56)
+ TTAT+ 2

dr(H” > bbW7) _ My ‘ mictgp [rw (e +x, =D+ (1 —x1 =1y )1 — x5 +73y)]- (57)
dx;dx, 3273 [(1- xz—rt) +174]

MHTGI’pI/Ipy;I YTO BbIpa’ke€HIe II0 II€peMeHHbIM Xl u X2 , A5 TIOAHON IIVMPUHBI pacliajga

H" >b+b+W* I10/y9aeM BbIpakKeHe:

2 —
T(H" —b+b+ W)= wMW {Wg(zxrwrt +3n, —4r,)n W
64r 7 rw(n —1)

+ (312 —ar— 3 + i W 5 1w

\3r, — 1y — 2rtrw + 41 + rw[4 - ZYWJ} (58)

Ty ”t

OTMeTuM, 4TO Hapsily ¢ AByXYacTUYHBIMMpacmadamu Xurre Gosoma A —Z°+h wu
H* > W™ +h, BO3BMOXHBI 1 TpexJacTU4yHble pacragbl A — Z°+h+h u H* SW*+h+h.
[lpu »TOM AOMOAHMTEABHBIT N -DO30H M3AYIaeTcss BEKTOPHBIM VA (W™*)-6030H0M (CM.

puc. 1, iin k, rae TIpeAcTaBAeHbI peITHMaHOBCKIIE AVlarpaMMBI DTIX pacilajos).

Aast mmpuHsl paciaga A — Z° + h + h I0Ay4€eHO BhIpakeHue

o IM(A = 2%
dr(A—Z hh):\ ( >’ ) M, - GM} M Sn2(f—a)cos* (f—a)- f; i ) (59)
dx,dx, 2°r 28 A=X+ 5 =) + 1y,

3aech BBegeHa (PyHKLIVS

fr =—4r,(1+x; +7,)* +4(1-1,)° 2—1(1—x1 +r,1)+i2(1—x1 +1,)% |+
17 4r;

+(1+x, —xy —17)° —%(l—rh)(1+xz —xy—1,)1-x,—1,), (60)
V4

2E 2E 2E .
Xy =0y, =272y, =252 _ 9y _x, — ckeitanHTOBBIE HEprN Nt -Go30HOB 1 Z' -
My M,

2 2 2
6o3oHa, 7, :(AA//II;ZJ , 1y :(AA:IIZJ , Vs :(AI:IZJ .
A A A

Pacriagy H* — W™ + I + h cooTBeTCTBYeT Auarpamma, IpuBeAeHHas Ha puc. 1, «.
I[LaoTHoCTS pacnpeseaennst Jaauiist B pacriage H* — W™ +h+ h Boipakaetcst popmya0ii

* + GEMpM, .
dF(H W hh) — F 7W 5 H* . S].Ilz(ﬂ_a)' fW 5 , (61)
dx,dx, 2' A=xy+1,—1w) +rwrw

rae GYHKUMS f,, TIOAYJaeTcs OT PYHKIIUM f, 3aMEHOM 7, —> 1y -

6. 3akaroueHmne

Taxkmm oOpa3zom, MBI 00Cy>’KAaAu HEKOTOpble ABYX- M TpexdacTHMUHBbIe KaHaAbl pacllaja

Xurre 6ozonos MCCM: pacriaast Ha ¢pepmuonnyio mapy H(h;A) = f + f,H- > f+f';
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pacriaapl Ha KaanOposounble Gozomst H ->W ™ +W™*, H —Z7°+2° pacrtagsl Ha XUITC
Gosonst H —h+h; pacmager ma Xurrc 603on u xaamGposounbiii Goson A—h +7°
H* —>h+W?*; pactiaaer Ha xaanGposoussiit 6ozon u pepmuonnyio mapy H —Z°+f + f
H—->W+f+f'; pacmagss ma Xurre Gosom u epvmonnyio mapy H — A+ f+f,
A>h+f+f, H—>h+b+6,Hi—>h(A)+f+f',Hi—>b+5+Wi; pacriagpl  Ha

KaAMOPOBOYHBIIT OO30H U Aerkye Xurrc 603oHer A — Z °+h+h,H* >W*+h+h .B pamMKax

MCCM n ¢ yyeToM MOAAPU3AIIMOHHBIX COCTOSHMII (PEPMUOHOB ITOAYYeHBl aHAAUTIYEeCKye
BBHIPasKEHM A/s1 IMMPUHBI YKAa3aHHBIX pacIiagos. VI3ydeHna 3aBuCMOCTD IMMPUHBI PacIiaioB OT
Macchl Xurrc 0o3oHOB 1M mapamerpa tgB. YcraHoBaeHO, UTO IIMPHUHBI pacliajoB CUABHO

qyBCTBUTEABHBI K MaccaM Xwurrc 603oHOB 1 mapamerpetgf . Cpocrom maccer Xurrc 6030Ha

IIIMPUHA eT0 pacraja B OAHMX ITpolleccax yBeAndnBaeTcs, a B APyrux ymeHbIaetcs. Onpegeae-
HBI TaKXKe BBIPa’KeHUs A4S TIOIIePeYHBIX CIMHOBBIX aCUMMeTPMII M CTelleHU ITPOAOABHON
roAspusanyy (pepMIOHOB B paciiajax. BolsiBaeHO, 4TO M3ydeHMe MOASPU3AIMOHHBIX XapaKTe-
pucTux (pepMIOHOB B pacriagax MOXKeT JaTh LIeHHYI0 MH(POPMaLMIO O Ipupoae XUIrc 0030HOB.
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INFLUENCE OF SEMICONDUCTOR FILLER AND METAL
NANOPARTICLES ON ELECTRICAL PROPERTIES OF PVDF

MIRZAYEVA Aida Nadir kizi
Sumgait State University

aide-mirzeyeva@mail.ru

ABSTRACT

This paper presents the results of a study of the temperature dependence of the specific volume resistance of
PVDF+xvol.% TIInS: composites depending on temperature and the amount of semiconductor filler. Volume resistivity
studies were carried out in pure PVDF and in composites with fillers x = 0; 3; 5; 7 and 10 vol.%. It was revealed that at
low temperatures the specific volume resistance of pure PVDF and composites based on it decreases with increasing
temperature. In the range of 310-390 K, the specific volume resistance increases and reaches its maximum value at 390
K and monotonously decreases with a further increase in temperature. With an increase in the volume content of the
filler from TIInS, the specific volume resistance of the composites decreases over the entire temperature range studied.

This feature, the observed maximum in the A, (T ) dependence of the composites, is explained by intermolecular

interactions occurring at the matrix-filler interface. The change in specific volume resistivity depending on the amount
of fillers can be explained by the Maxwell-Wagner theory.

Keywords: specific volume resistance, electrical processing, composite PVDF+ xvol.% TlInS;, semiconductor, filler.

YARIMKECIRICI DOLDURUCUNUN VO METAL NANOHISSOCIKLORIN
PVDF-IN ELEKTRIK XASSOLORINO TOSIRI

XULASO

Taqdim olunan isds PVDF+xhacm% TIInS: kompozitlerinin hacmi elektrik miigavimatlarinin temperaturdan ve
yarimkegirici doldurucunun miqgdarmdan asili olaraq tedqiqinin naticalari barade malumatlar verilir. Xiisusi elektrik
miiqavimatinin tadqigi temiz PVDF-ds ve terkibinde 3, 5, 7, 10% yarimkegirici doldurucu olan kompozitlarda
aparilmigdir. Miiayyen edilmisdir ki, kicik temperatur intervalinda temiz PVDF-in ve onun ssasinda kompozitlarin
xiisusi hacmi miiqavimetleri temperatur artdiqca azalir. 310-390 K temperatur intervalinda artir ve maksimal
qiymeotlorini alaraq azalir. Torkibde TIInS: doldurucunun miqdarinin artmast ile kompozitlarin xiisusi hacmi miiqavi-
matlori todgiq olunan biitiin temperatur intervalinda azalmigdir. Kompozitlerin g, (T) asiliiglarinda miigahids edilen

bu xiisusiyyast onunla izah edilir ki, geyd olunan asililiqda askar edilmis maksimum matrisa ve doldurucu serhaddinda
bas veran molekullararasi qarsiliqh tesirle slagadardir. Xiisusi miigavimatin doldurucunun miqdarindan asili olaraq
dayismasi ise Maksvel-Vaqgner nazariyyasi asasinda izah oluna bilar.

Acar sozlar: xiisusi hocm miiqavimeti, elektrik emali, kompozit PVDF + xvol.% TIInS, yarimkegirici, doldurucu.

BAVISTHUE IIOAYITPOBOAHMKOBOI'O HATIOZHUTEAS 1 HAHOYACTULL META/AAA
HA DAEKTPUYECKVE CBOMCTBA IIBAD

PE3IOME

B Hacrosmeit paboTe 13105KeHBI pe3yAbTaThl MCCAeAOBaH TeMIIepaTypPHOI 3aBUCHMOCTH YA€ABHOTO OOHeMHOTO
conpotusaenysl komriosutos [IBA®+x 00.% TlInS: B 3aBMCHMOCTH OT TeMIIepaTypsl U KOAMIeCcTBa ITOAYIIPOBOAHIIKO-
ro HanoaHmreas. VccaeaoBaHUs yAeABHOIO OOBEMHOIO CONPOTMBAEHNS Oblam IposeseHbl B umcroMm [IBAD u B
KoMITO3MTaX ¢ HartoaHnTeAsMu x=0; 3; 5; 7 1 10 00.%. BrisBaeHo, 4TO IIpy HU3KMX TeMIlepaTypHax yAeAbHoe OOLeMHoe
conrpoTtusaeHue gucroro IIBA® 1 koMIIO3UTOB Ha €r0 OCHOBE YMeHbIIIaeTCsl C IIOBBIIIIeHNeM TeMIlepaTyphl. B mHTep-
Base 310-390 K yaeapHoe oOBbeMHOe COITPOTHBAEHNE YBeANYMBACTCA U JOCTUTaeT CBOETO MaKCMa/AbHOTO 3HAUYeHVI
npu 390K 1 ¢ gaapHeNIIIM POCTOM TeMIlepaTyphl MOHOTOHHO yMeHbIaeTcs. C yBeandeHneM oObeMHOIO coJepKa-
Hys1 HartoaHuTeAs u3 TlInS: yaeapHOe 06beMHOe COITPOTHBAEHE KOMITO3UTOB YMEHBIIIAETCS BO BCEM MCCAeJ0BaHHOM
TeMIlepaTypHOM MHTepBaJe. DTO OCOOEHHOCTh, HaDAIOAaeMbIil MaKCHMYM B P, (T) 3aBUCHMOCTY KOMIIO3UTOB, 00bsIC-
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HAETCS MEeXKMOAEKYASIPHBIMM B3aMMOAEVCTBUAMY, IMPOMCXOAAIIMMI Ha TpaHUIle MaTpuIla-HalloAHUTeAb. VI3mene-
HIle yAeABHOTO OOBEeMHOTO COITPOTHBAEHNUS B 3aBMCHMOCTH OT KOAMYeCTBa HaIlOAHUTEAel MOXKeT OBITh 0OBIACHEHO
Teopueit Makcpeaaa-Barnepa.

Karoudesbie ca0Ba: yaeapHOe 00beMHOE COIIPOTHBAEHME, DAeKTpudeckas oopaboTka, komrosut PVDF + xvol.%
TIInSz, MOAYIIPOBOAHMK, HATIOAHUTEAD.

Introduction

It is known that the level of actual work of products made of polymer composite materials
depends on their resistance to prolonged exposure to static and dynamic loads, various
emissions and climatic factors, among which the most significant are elevated temperatures. In
the manufacture of composite materials (CM) for structural purposes, the main purpose of filling
is to obtain a reinforced polymer material, i.e. material with an improved complex of physical
and mechanical properties. This is achieved by introducing both fibrous reinforcing fillers and
finely dispersed fillers, chopped fiberglass, aerosil and others. When creating CM with special
properties, fillers are usually introduced in order to give the material new mechanical and other,
for example, electrophysical properties [1, p.56-65, 2, p. 380, 3, p.194]. The first conductive
polymer materials were filled with graphite or carbon black compositions based on phenol-
formaldehyde and some other thermosetting resins used to make resistors. Following them
appeared conductive elastomers filled with carbon black, initially based on natural and then
synthetic rubber [4, p.82]. Currently, to give polymer materials special electrophysical properties,
a whole gamut of fillers of various nature, both dispersed and fibrous, is used. The temperature
and frequency characteristics of dielectric parameters PVDF composites + x vol.% TIlInS: were
studied [5, p.131-132].

The aim of this work is to study the specific volume resistance of PVDF + x vol.% TIInS:
composites depending on external factors, temperature, and volumetric content of TIInS: filler.

Experimental methods

To measure the specific volume resistance (p, ), a P-4053 DC bridge with additional

measuring electrodes was used. The tests were carried out on flat samples having a disk shape
with a diameter of 25 + 100 + 0.5 mm and a thickness of 2 + 0.2 mm. The end surfaces of the
samples should be strictly parallel to each other and not have traces of machining, cracks,
wrinkles, dents, scratches, foreign particles and other defects. At least three samples are used for
each test material.

Samples before testing should be aged for 24 hours at a temperature of 20 + 2°C and a
relative humidity of 65 + 5%. For better contact between the electrodes and the samples, you can
use aluminum and tin foil with a thickness of 0.05 mm, having the shape of a sample with which
the sample is coated, the foil is rubbed to the samples using a chemically pure capacitor Vaseline.

The principle of operation of the DC Bridge is that the measured resistance is connected to a
known calibration resistance, forming a divider, powered by a stabilizer voltage source. As a
result of dividing the voltage, the measured resistance value is obtained. The bridge consists of
three main parts: the original divider, DC amplifier and power supply.

The input divider of the bridge consists of the measured resistance and the calibration
resistance Re (Fig. 1). The bridge has 10 switchable calibration resistances R1 + Rio, corresponding
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to 9 measurement limits. The input divider is connected to a DC amplifier with deep negative
feedback. When measuring the resistance, which in its value (of the order of 10" + 10'> Ohm) is
comparable to the insulation resistance, a significant error is obtained. To eliminate the influence
of insulation resistance, the last circuit solution is reduced to one - Ris.

The entire amplifier is covered by negative feedback. Discharge volatility for zero voltages,
stabilization coefficients of oscillations, compensatory discharges on insulation, enhanced
viscosity of current coefficients of impurity. Overproduction is defective

_UgR, _

Rx
U3

R, .

Rounding out the overlap and overlap in the formulas
D;

=y—R
Z4bv

Pv

. . . d,+d .
Foreign Rv is a self-absorbing product, Ohm; D, = % , da - Diameter of the electrode,
cm; ds - intermittent diameter electrode, cm; b - Thin image, cm; g - fluorescence between electro-
magnetic and oxidative electrodes, cm.

Results and Discussions

Fig.2 presents Ig p, = f(7') dependence the PVDF modified by TIInS.. As follows from

Fig.2 specific volume resistance of the initial sample of PVDF film with increasing temperatures
up to 320 K are reduced. After the introduction of additives from TlInS: in the entire studied the
temperature range p, decreases. Typically for all studied composites, it p, increases with

temperature up to 390 K, reaches its maximum value and monotonously decreases. This nature
of the p, change depending on the temperature and volume content of the filler is due to the

fact that the introduction of low molecular weight additives reducing the intramolecular
interaction into the polymer leads to an increase in molecular mobility and a significant decrease
in Ig p, . It should be noted that all factors that change the intensity of the molecular motion of a

segmental type affect on Ig p, . So, for example, during crystallization, segmental mobility is
hindered and Ig p, of polymer composites increases. The electrical conductivity and degree of

crystallization is related by the formula
Ores = O'aexp(—lcx)

By facilitating the movement of segments, the electrical conductivity always increases. Note
that the type and size of supramacromolecular formations also affect the nature of the change in
electrical conductivity. With increasing sizes of spherulites, their packing density decreases and
ors decreases. A slight increase in o with a further increase in the diameter of spherulites is
associated with a change in the imperfection of the polymer structure. If during the orientation of
amorphous polymers there is an increase in their electrical conductivity, then when drawing
crystalline polymers due to reorientation and partial destruction of lamellas and fibrils,
anisotropy of the laying of structural elements and a change in electrical conductivity occur.
When using polymers as dielectrics, tend to maximum minimize their electrical conductivity. To
achieve this, the polymers should contain the maximum amount of foreign impurities, their
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dielectric constant should be as high as possible, cross linking of the macromolecules should lead
to an increase in the glass transition temperature (Tc), and finally, they should have an optimal
supramolecular structure, which would correspond to the smallest polymer of this chemical
composition and molecular structure o.
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Fig. 2. Temperature dependence of specific volumetric resistance of composites PVDF +
xvol.% TlInSz, where 1 -x=0;2-x=3;3-x=5;4-x=7;5-x=10.
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Fig.1. R-4053 DC bridge circuit scheme. Rm - measured resistance; Rins - insulation
resistance; R¢ - cathode resistance.

145



JOURNAL OF BAKU ENGINEERING UNIVERSITY - PHYSICS
2019. Volume 3, Number 2 Pages 146-149

UoOT: 539
PACS: 84.60.]t; 73.50.Pz; 79.60.Jv

EFFECT OF KOH + C:HsO TEXTURING ON THE ELECTRICAL
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ABSTRACT

In this paper the p-Si/textured-Si/ZnSixSex heterojunctions were fabricated by electrochemical deposition of ZnS1-
xSex (x = 0; 0.1 and 0.2) films onto the crystalline p-Si/SK substrates (SK are textured silicon etched in KOH+CsHsO).
Electrical properties of heterojunctions were investigated depending on the etching duration, solution temperature and
concentration of solids in solutions (KOH (1-5 wt%) and CsHsO (3-10 vol%).It has been established that the rectification
and serious resistivity of the p-Si/textured-Si/ZnSixSex heterojunctions depends on the etching regime. The optimal
concentration of solids (KOH-3wt% +C3HsO- 6 vol%), solution temperature (80°C) and etching duration (40 min) were
determined for the optimal electrical parameters of heterojunctions.

Keywords: electrochemical deposition, thin films, heterojunctions, texturing, electrical parameters.

BAVISTHVE KOH + CsHsO TEKCTYPHI HA DAEKTPYUYECKUE CBOVICTBA p-Si
TEKCTYPUPOBAHHOI'O-Si/ZnS1-XSeX TETEPOITEPEXO 0B

AHHOTAI VIS

B 9TOI1 cTaThe pacCMOTPEHbI BOIIPOCHI M3TOTOBAEHILS TeTepOIIepexoAoB p-Si / TekcTypupoBaHHBII-Si / ZnS1-xSex
DAEKTPOXUMIIECKIM OCa’KAeHreM IL1eHOK ZnS1-xSex (x = 0; 0,1 1 0,2) Ha kpucraaandeckue 1moaaoxku p-Si / SK (SK -
TeKCTypupoBsaHHoe KpemHuepoe TpasaeHue B KOH + C3H8O). Daexrpuyeckue cBOJICTBa IeTepoIlepexojoB ObLAM
JCCAeAOBaHbI B 3aBUICIMOCTHU OT HPOAOKUTEABHOCTY TPaBAEHIL, TeMIIePaTy Pl pacTBOpa ¥ KOHILIEHTPpAIUI TBePABIX
Bermects B pacrsopax (KOH (1-5 mac.%) M1 C3H8O (3-10 06.%). Brrao ycTaHOBAEHO, UTO BHIIPSMAEHME U CEphe3HOe
yAeAbHOe COIIPOTHBAEHMIE TeTepoIiepexoAsl p-Si / TekcTypuposaHHble-Si / ZnS1-xSex 3aBUCAT OT peXKMMa TpaBAEHUL.
A ocHOBe onTuMaAbHO KOoHIeHTparyy TeepAbix Berects (KOH-3 mac.% + C3H8O- 6 06.%), TeMItepaTypsl pacTBopa
(800 ° C) u mpogoaxkuTeabHOCTH TpabaeHMs: (40 MIH) oIpejeleHbl ONTUMAaAbHble DAEKTPUUECcKMe IapaMeTphl
reTeporepexoA0B.

KaroueBble caoBa: »AeKTpOXMMIUYECKOe OCaXKAeHUe, TOHKUE ILA€HKM, TeTepOoIlepeXOAbl, TeKCTYpUpOBaHIIE,
DAEKTPUUYECKIIe ITapaMeTpEL.

KOH + CsHsO TEKSTURASININ p-TEKSTURA OLUNMUS Si -Si/ZnS1-XSeX
HETEROKECIDLORINII ELEKTRIK XASSOLORINO TOSIRI

XULASO

Maqalads p-tekstura olunmus Si -Si/ZnS1»Sex heterokegidlarinin ZnS1xSex tebagalarinin (x = 0; 0.1 va 0.2) p-Si / SK
kristali asaslar1 tizerins elektrokimyevi ¢okdiirme yolu ils hazirlanmasi (SK-nin KOH+CsHsO-da silisiumla tekstura
olunmus emal1) masalalori arasdirilmisdir. Heterokegidlarin elektrik xassolori mohlullarin temperaturu, emal miiddati
ve (KOH (1-5 kiitlo %) ve CsHsO (3-10 hacmi%) mshlullarinda bark cisimlerin gatihgmdan asii olaraq tadgiq
olunmusdur. Miiayyen edilmisdir ki, p-tekstura olunmus Si -Si/ZnSixSex heterokecidlorinin diizlendirmasi ve ardicil
xiisusi miiqavimeti emal rejiminden asihidir. Bark maddalarin optimal gatihgi (KOH (1-5 kiitls %) ve CHsO (3-10
hacmi%), mahlulun temperaturu (800°C) ve emal miiddati (40 daq.) asasinda heterokegidlorin optimal elektrik
parametrlari toyin olunmusdur.

Acar sozlar: elektrokimyevi ¢okdiirms, nazik tabaqaler, heterokegidlar, teksturalama, elektrik parametrlori.

Introduction

It is well known that, improvements in the PV technology are required for further price
reductions and increased deployment. Solar cells based on crystalline silicon account for 95% of
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all solar panels installed today. They dominate the market because silicon is non-toxic and
abundantly available in the earth crust and silicon PV modules have shown their long-term
stability over decades in practice. For crystalline silicon solar cells, improving the efficiency is
one of the most important and challenging problems. But besides low-cost technologies
(chemical deposition methods), cell efficiency is the main lever to reduce costs even more. In
order to reduce the light loss via reflection, the texturing of front surfaces on crystalline silicon
solar cells is mostly performed for improvement of the cell efficiency, by means of its
antireflection properties and light trapping [1-5]. Since, application of wide-gap semiconductors
of CdS, ZnS, ZnSe and its solid solutions as optical window in silicon-based heterojunctions, to
some extent, allows minimizing the free charge losses due to surface recombination. Application
of the ternary and even quaternary solutions of above mentioned semiconductors has succeeded
in reducing the lattice mismatch, but it has not been possible to achieve sufficiently value of
efficiency due to the large value of silicon refractive index [6]. The use of textured silicon allows
solving problems with surface reflections related to refractive index of silicon.There are many
reports of p-Si/textured-Si/ZnS heterojunction solar cells [7, 8]. But textured silicon based
heterojunction solar cells with n- ZnS:1.Sex have seldom been reported.

Based on the above, this paper aims to improve the electrical parameters of p-Si/ZnS:-
xSexheterojunctions by developing improved surface texturing.

Experiment

p-Si (100) with thicknesses 800 um and resistivity (0.8-1) Q-cm were used as absorber. Before
texturization, the Si wafers were cleaned by acetone, ethanol, and deionized water and dried by
Nz gas. The texturing of wafers was carried out in two types of solutions: KOH (1-5 wt%) +
CsHsO (3-10 vol%) + H20 (100 ml). The samples with dimension of 2 x 2 cm? were separated from
one wafersof p-Si, and each sample was etched in different solutions, temperature and etching
time (Table 1). After texturing, the p-Si wafers were cleaned by ethanol, deionized water and
dried by N2 gas. Samples with 1x1 cm? dimension were separated from each textured Si wafers
and used as substrate (as a cathode) for electrochemical deposition of ZnSi«Sex films.
Electrochemical deposition of the ZnSixSex (x=0; 0.1; 0.2) films onto the textured p-Si substrates
was carried out at temperature of 80°C. The electrodeposition bath system is composed of ZnSOs
as source of cation, SeOz and Na25:0s as source of anions, H2SOs as pH control, K2SOx as inert
electrolyte and distilled water. Cyclic voltammetry was used to monitor the electrochemical
reactions in solutions of ZnSQOs, SeO: and Na:5:0s, then in their combined solution of the same
concentration and pH. The cyclic voltammograms was scanned in the potential range 1.2 V to —
1.2 V versus graphite (or Ag/AgCl) electrodes. Depending on the deposition time, ZnSi«Sexfilms
with thickness up to 520+530nm with different morphology were deposited from a solution.Pure
aluminium (Al) was used as the back electrode contact. The front contact was made by Al, and
indium (In) materials in a grid form.

Results and Discussions

Etching in KOH+ CsHsO (SK samples in Table 1) solutions results to formation of pyramids
on the silicon surface, which morphology and size depends on the solution temperature,
concentration of contents and etching time. SEM pictures show that the pyramids began to
appear after 20-30 min etching time (samples SK1, SK2 and SK3). The surface these samples were
uneven. It is established that the required distribution of pits and pyramids can be get by
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controlling the solution concentration. After the etching for 40 min the surface of silicon (sample
SK4) was covered with pyramids distributed relatively evenly and Si wafers was flat, which is
very important for improving the stability of solar cells (Fig. 1). There was no change in the
surface morphology of Si wafers at future increase of solutions concentration, etching time and
temperature (samples SK5 and SK6).

Table 1. Etching regimes of p-Si wafers.

Samples KOH concen-tration,wt% CSH?O Solution tempera- Texturing time,min
concentration,vol% ture,°C
SK1 1 3 80 20
SK2 1 3 80 30
SK3 2 6 80 30
SK4 3 6 80 40
SK5 3 10 90 50
SK6 5 10 80 60

Fig.1 shows also the cross section SEM pictures of textured p-5i/ZnSixSex junctions. As seen
the ZnSi«Sex films are uniformly deposited on the p-Si substrate.

It has been established that a small increase of KOH and CsHsO concentration in solution
results to decrease of serious resistance and an increase of rectification factor of p-Si/SK4/ZnSosSeo:
heterojunctions. Heterojunctions on the basis of SK4 show the best rectification (k =1800) (Table 2).

10pm  JEOL/BDU 07-Apr-17
sEM WD 15.0mm 12:34:34

tured SK4 wafers

X 2,200 10.0kv

Fig. 1 SEM pictures of tex

Table 2. Electric parameters of heterojunctions

Samples k R Ohm-cm n
as-cut p-Si/ZnS 90 2200 24
p-Si/SK1/ZnS 180 700 2.0
p-Si/SK4/ZnS 600 95 1.58
Pp-Si/SK4/ZnSosSeo: 1790 16 14
p-Si/SK4/ZnSosSeo2 1200 64 1.6

The subsequent increase in the concentration of KOH and CsHsO results to the increase
ofthin film resistance and, consequently, increasing the series resistance results to decrease of
rectification (SK5 and SK6). In spite of the increased Se content, however, the difference between
the lattice parameters leads to a reduction of rectification factor (Fig. 2).

All investigated heterojunctions solar cells based on textured silicon under standard test
conditions demonstrated photovoltaic performances under AM1.5 illumination (W=100
mW/cm?), which sign of open circuit photo-voltage (Uo) does not change in all region of
photosensitivity. However, the maximum values of Uoc and Jsc non-monotonically dependent on
the texturization regimes (Table 3).
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Fig. 2. Dark current-voltage characteristics of p-Si/ZnSixSexbased on SK wafers.

As seen the highest value of efficiency show the cells textured in KOH+CsHsO solution (SK4
samples), which can be explain by the flatness of the pyramids. A slight addition of selenium
(x=0.1) leads to sharp increase in efficiency and further increase in selenium concentration (x=0.2)
led to decrease in efficiency, which can be explain by the lattice matching between ZnSixSex and
Si. As seen from Fig. 2a and 2b, texturization in high concentration of solutions does not change
the efficiency (samples SH5, SK5, SH6 and SH6).

Table 3. Photoelectric parameters of heterojunctions

Samples Uoc(mV)  Lc(mA/cm?) FF 1 (%)
as-cut p-Si/ZnS 315 22 04 2.8
p-Si/SK1/ZnS 489 28.62 044 6.2
p-Si/SK4/ZnS 502 322 0.58 9.36
Pp-Si/SK4/ZnSosSeo1 510 345 0.6 10.6
p-Si/SK4/ZnSosSeo2 490 30 042 6.23

Conclusion

p-Si/textured-Si/ZnS1»xSex heterojunctions were fabricated by electrochemical deposition
Efficiency of heterojunctions can be regulate by etching duration, solution temperature and
concentration of solids in solutions of KOH (1-5 wt%) and CsHsO (3-10 vol%). Solar cells of p-
Si/SK4/ZnSosSeo1 show best efficiency (10.6%) after the etching in solution of KOH-3wt% +CsHsO
- 6 vol%.
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AHHOTAIUSA

OCHOBHBIMM TeXHOAOTVIAIMM M3roToBAeHNsT YHT ABASIOTCS AYTOBOI paspsid, AasepHas aOAsAnysl M XMMIIecKoe
ocakdeHre 13 rasosoil ¢aspl.HaMmObLA paspaboTaH HOBBII METOA XMMIUECKOTO OCa’KAEHNSI U3 ra30Boil (a3l IIpu
IIOMOIIY a®po304sl A4Sl CUHTe3a OOABIIIOrO KOAMYeCTBa BBICOKOKAYeCTBEHHBIX YIAepoaHbIX HaHoTpyOok (YHT) c
XOpOIIMMM CTPYKTypHBIMI TIapaMeTpamu.TakkeObLA0 1CCA€A0BaHO BAVSIHME TeMIIepaTyphl B TIOpsidell 30He
peakTopa, 1 B KauecTBe OITUMAaAbHOM TeMIlepaTyphl cuHTe3a O0b110 BeiOpaHo 830 — 1000 °C.brrLan mpoaHaau3upoBaHbl
YHT, noay4eHHble C pa3AMMIHBIMY PAcTBOPUTEASIMI B KauecTBe VICTOUHNKA YIAepoAa, 1 OBLI0O 113MeHeHOKOANYECTBO
deppouena B 1juKAOreKcaHOBOM pacrsopurese ¢ 15 4o 18 mr/ma, B pesdyabraTe KoTOpOoro 6niau Buiparterst MYHT
Aunametpom 10 — 85 um n Heboapimoi mpouentT OYHT auamerpom 0.85 — 1.14uMm.

Karouesbie caosa:Yraepoausle HavoTpyOkm (YHT) Xumnueckoe ocakaenmensrasopori ¢aser  (XOI'D),
Ckannpyroras »1eKTpoHHast MuKpockomst (COM).

SYNTHESIS OF MULTI - WALLED CARBON NANOTUBES BY AEROSOL - ASSISTED
CHEMICAL VAPOUR DEPOSITION METHOD AND THEIR SEM ANALYSIS

Carbon nanotubes (CNTs), Aerosol — CVD, Scanning Electron Microscopy (SEM)

The main manufacturing techniques for CNTs are arc — discharge, laser ablation and chemical vapour
deposition.We have developed a new Aerosol — assisted chemical vapor deposition method for synthesizing a large
amount of high quality carbon nanotubes (CNTs) with good structural parameters.The effect of temperature in the hot
zone of the reactor was also investigated, and 830 — 1000 °C was chosen as an optimum synthesis temperature. CNTs,
obtained with different solvents as a carbon source have been analyzed, and the amount of ferrocene in cyclohexane
solvent was changed from 15 to 18 mg / ml, as the result of which MWCNTs with diameters of 10 — 85 nm and a small
percentage of SWCNTs with diameters of 0.85 — 1.14 nmhas been grown.

COXQAT KARBON NANOBORULARIN AEROZOL 8SASLI KIMYSVI QAZ COKDURMO
USULU ILS ALINMASI VO ONLARIN SEM ANALIZI

Karbon Nanoborular1 (KNB - lar1), Aerozol asash KQC {isulu, Skanedici Elektron Mikroskopu (SEM)

KNB - larin istehsali {i¢lin, nozerds tutulmus osas sintez tisullar: Karbon Qo6vs — Bosalma tisulu, Lazerlo
Piiskiirtmo tisulu ve Kimyoavi Qaz Cokdiirme {isullaridir. Yaxst bir qurulus (struktur) parametrlorine vo yiiksok
keyfiyyats malik olan KNB - larimin alinmas: {igiin, bizim terafden Aerozol asasl KQC tisulu islenib hazirlandi.
Hamginin, reaktorun isti zonasinda temperaturun tasiri aragdirilmis ve optimal sintez temperaturu kimi T = 830 — 1000
°C temperatur aralig1 secilmisdir. Bir karbon manbayi olaragq, forqli halledicilardan istifads olunaragq, slds edilon KNB —
lar1 tahlil edildi va tsiklogeksan halledicisindaferrosenin miqdari, 15 ilo 18 mq / ml arasinda dayisdirildi. Bu da, diametri
d =10 — 85 nm Ol¢iistine malik ¢oxdivarli KNB — larmin vad = 0.85 — 1.14 nm 0l¢iistine malik birdivarli KNB - larimin
yetisdirilmasins gatirib ¢ixarir.

1. BBeaenme

Yraepogusle Hanotpyoku (YHT) aBasiorcs sameuaTeabHBIMU OOBeKTaMM, KOTOpBIE, 110 —
BUAVMOMY, AOAXKHBI PEBOAIOIIVIOHM3MPOBATh TEXHOAOTMYECKMII AaHAIadT B OAVDKaIeM
Oyaymem. Yraepogusle HaHoTpyOku (YHT) mpeacrasasior coboit TpyOuaTble CTPYKTYpBI,
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HOAyueuue MHOZOCTMEHHbIX ymepoaﬂblx Hanompyéox MemoIOM XUMUHECKOZO OCAXIeHUS U3 24306011 ¢tl3b1 Ha 0CHOBe AIPO30AS U UX COM AHAAU3bL

COCTOAIIME M3 aTOMOB YIAepoJa, MMeIOIVe AMaMeTp IIOpsAkKa HAaHOMETPOB, HO AAVHY B
mukpomerpax.YHT ro konpurypanmmsksiupaleHTHB AByMepHOMY ANUCTY TpadeHa,CBepHyTOMY
B TpyOy. Moayas IOnra YHT cocrasaser 60aee 1 Tlla, a mpeaea mpoyHOCTM COCTaBAsIeT OKOAO
200 ITla.B 3aBucMMOCTM OT aTOMHOIO PacIOAOXKEHIs aTOMOB yraepoda, cocrapasommx YHT
(XMpaabHOCTb), ~ DAEKTPOHHBIE  CBOMCTBA  MOIYT  OBITb ~ MeTaAAMYeCKMMMU  MAU
IIOAYIIPOBOAHMKOBEIMIL IIO CBOEM IIpupode. DTO JedaeT UX IIMPOKO MCIOAb3YyeMBIMU B
HEeCKOABKMX ITPMMeHeHIsIX OaJarogaps MX YHMKAAbHBIM DAEKTPUYECKUM, MeXaHNJecKUM,
ONTUYECKNM, TeraoBbIM U aApyrum cporictBam.lIpumenenne YHT oObrunHO onpeaeasiercs
crpykrypoit YHT, xoropas mpugaer mm ocoOble cBoiicTBa. Bosmosknble mpumenenust YHT
BKAIOYAIOT ITPOBOASINNE TIIA€HKM, COAHEeYHbIe DAEMEHTbl, TOILAVBHBIE 9AEMEHTHI, Cylep
KOHAEHCATOPhI, TPaH3MCTOPbl, 3allOMUHAIOIINE YCTPONICTBA, AVICILACY, Ppa3ieAuTeAbHble
MeMOpaHbl U (PUABTPBI, CUCTEMBI OYMCTKM, AATYMKM, OA€XKAQ, CEHCOPBl AAs MarHuUTHO —
cuaosoit Mykpockormmu (MCM) [1 — 3], MarHMTHBIe 3allOMMHAIONINE YCTpolicTa [4 — 6],
MeauIHa (A0CTaBKa AeKapcTB) [7 — 9]m T. 4./45 yCIiemHoro npuMeHeH sl B HaHO 9AeKTPOHHBIX
ycrporicTax BaxkHO nMeTh YHT ¢ oueHb BBICOKMM KauecTBOM, Oe3 KaKux — Anbonpumeceit. B
DTOM acIIeKTe TeXHOAOTVIS BhIpalliBaHIisl UTPaeT BasKHYIO POAb.

YHT MoryT ObITh IOAY4YeHBI pa3ANUHBIMU MeTOAAaMI; y KaXKAOTO eCTh CBOsI crienmQlKa,
IIpeUMYyIIlecTBa U MOCAeACTBIA. MeToAbI CMHTe3a MOXKHO KAacCU(PUIIMPOBaTh KaK (PU3MIecKye
AU BRICOKOTeMIIepaTypHBIe: MeToA Ayrosoro paspsida [10 — 13] u meToa aAasepHoit abasum [14
— 16]; xmmmyeckas mMAu CpeaHssl TeMIlepaTypa: MeTO/ XMMMIYECKOTO OCaXKACHMsS U3 Ta3oBO
daser (XOI'D) [17 — 22]. Pusnyeckre MeTOABI IO3BOASIOT IPOU3BOAUTH OAHOCTEHHBIE VAN
MHorocteHHele YHT; mnpouspoaar oueHb Maao AedeKTOB, HOCEAKTUMBHOCTb (HaAmdue
aMOpPQHOTO yraepoa 1 APyTUX BeIlecTs) ¥ MPOAYKTUBHOCTD YacTO HU3Ka.

Metoapr cuntesa YHT ¢ Toukm 3penms oOecrieyeHnsi HEOOXOAUMBIX —(PUBMYIECKMX
(MeXaHMYeCKMX M 9DAEKTPUYECKMX) IIapaMeTpOB, KadecTBa, YMCTOTBl, KOAMYECTBA U
BOCIIPOM3BOAVMMOCTY, a TakXXe pa3yMHOM CTOMMOCTH, SBASIIOTCS KAIOWOM K MX Oyayiiemy
UCIIO0AB30BaHUIO Ha ITpakTnke. Cpeau pasAMdHBIX CIIOCOOOB pa3pabOTKM MeTOZA XMMMJIEeCKOTO
OCaKAeHIsI U3 TIapoBoli (pashl ITpecTaBAseTcs Hauboee IIepCreKTUBHBIM. MeTo  X1MIdecKoro
OoCcaKAeHMs M3 ra3oBoil (aspl INpuBAeKaeT OO/bllle BHMMAHUS M3—3ae€ro  BBICOKOI
IIPOM3BOAUTEABHOCTI M HU3KOM CTOMMOCTH cyHTesuposaHHbeix YHT. Metoa xmmurdeckoro
OCa’KAeHM: 13 Ta30BOM (pasbl IIPY IIOMOIIY a9PO30Asl ABASETCS OAHUM 13 METOAOB I10CAeAHETO
nokoaenus: cuHresa umcreix MCYHT wm3 pasamyspix npumecein M uMeeT HeKOTOpbIe
IIpeuMYIIecTBa, TaKie KaK OTCYTCTBMe IIpeJBapUTeAbHONM ITOATOTOBKM KaTaAUTIIECKOTO
Marepuada, OTCYTCTBME HeOOXOAMMOCTHUIIpOLeCCa IIOCAEAYIOIIel OYMCTKUA OT Pa3ANMYHBIX
KIICAOT, HPUBOAAIIMX K paspymennio YHT, i orcyrcrBresonoannreasssix 3arpart [23]. B
AQHHOJ CTaThe MBI COOOIIaeM O IOAYYEeHUM YTA€POAHBIX HAHOTPYOOKIIPpM IIOMOIIM MeTOAa
XMMIUYECKOTO OCa’KACHIS 13 Ta30BOM (pa3bl U MX XapaKTePUCTUKIA

2. CTpyKTypa yraepoAHbIX HAHOTPYOOK

Ilo crpyktypHoit ocHose, YHT On1Bator aByx Tumnos: 1. Oauocrennble YHT:boabimHcrBO
oaHocTeHHBIX HaHOTPYOOK (OYHT) mmeror amamerp okoao 1 HaHOMeTpa, a AAMHA TPYOKM
MOXeT ObITb BO MHOIO MMAAMOHOB pa3 Ooabine. Crpykrypa OVHT wmoxer ObITh
Ipe/cTaBAeHaIlyTeMOOePThIBaHIs TPapUTOBOTO CA0sI TOAIIVMHONM B OAVH aTOM, Ha3bIBaeMOTO
rpadpeHOM, B IeAbHBIN IMANHAP.TO, Kak rpadeHOBbIN ANCT OOEPHYT, IpeACTaBAsSeTCs Iapoi
MH/AEKCOB (N, M), Ha3bIBaeMBbIX BeKTOpOM xupaabHOcTH. Lleaple uncaa n 1 moOoO3HaYaIOT YMCAO
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eAVHIYHBIX BEKTOPOB BAOAb ABYX HalpaBAeHMI B SYENCThII KPUCTAaAANYeCKON peleTke
rpapena (Puc.1).2.Muorocrennnie YHT:Muorocrennste nanorpyoku (MYHT) cocrosr us
HEeCKOABKIIX CA0eB rpadpiTa, HaKaTaHHBIX APYT Ha ApyTa, YTOOBI cpOpMIpoBaTh popMy TpyOKu
(Pnc.2).CytiectByIoT gBe MOJeAN, KOTOpble MOXKHO MCIIOAb30BaTh AAsl ONMCAHMUSI CTPYKTYPBI
MVYHT.B mogean «Pycckass mMarpéiika» AMUCTBI rpadpuTa paciioA0KeHbl B KOHIIeHTPUYEeCKIX
UMAMHAPAX, HaIpuMmep, ogHocTeHHas HaHoTpyOka (OYHT) BHyTpum Ooaee KpyIHOI
OJ4HOCTEHHOJ HaHOTPYyOK.B meprameHTHON MOAeau oAMH ANUCT rpadura OOOpauMBaeTcs
BOKpYT ceOsl, HallOMMHasl CBUTOK IepraMeHTa MAM CBePHYTYIO raseTy.MesKcA0MHOe pacCTOsHIe
B MYHT 0amM3ko K paccTOsSHMIO MeXAy TpaeHOBBIMU CAOSIMU B Tpadure M COCTaBAseT
npumepHo 3.4 A.

Puc. 2. Muorocrenssie YHT.

3. DkcnepmMeHTaabHasl 9acTb

Cxema MeTOAa«XMIMIYECKOTO ocakAeHns 13 ra3osoii ¢assl (XOI'P)» Ha ocHOBe aspO30s,
npegHa3HauYeHHbIN A4: cuHTe3a YHT, npeacrasaen Ha puc.3.

Cucrema AsposoapHoro — XOI'® cocrouT 13 TOpM3OHTAABHOIO KBaplIeBOTO peakTopa
(aamHOMT 2 M M KBapuLeBOll TpyOku AuameTpoMm 45 MM), OKpPY>KeHHOIOIIO/BMXKHOI
9AEKTPUYECKOI IIeYbl0 AAMHOM 35 cM.DTa TexXHOAOIMs OCHOBaHa Ha MHBEKIMI pacTBopa B
peaxkTop B BIJe a®po304s M €ro pa3AosKeHMM IIpu BbIcOKou Temmeparype (830 — 1000°C).B
KayecTBe pacTBOpa A4s a®po304sl IPUTOAHBI YTA€BOAOPOAHbIeXXIAKOCTI.VICcXoaHbIT MaTepraa
BapbUpYeTCs B MaKCUMaAbHbIX pedeaax 40 — 60 Ma.B saBucuMocTit OT yca0BMI DKCIIepUMeHTa
U KOAMYeCTBa MCXOAHOTO Martepuada, BBIXOZ IPOAyKTa cocraBasa 2.0 — 2.5 r / vac.Passutne
ClICTeMBI B Halllell AabopaTopuy IPUBOAUT K TOMY, YTO IIPM HEHPepLIBHOM J00aBAeHUN
JUCTOYHMKA yraepoga B TedeHme skcnepuMmenHra (50 - 150 ma) Mbpl  noaydman
nponssogureapbHocts 20 — 30r / uw.Koamugectso u Kadectso BbIpamieHHelx YHT 3asucur ot
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MHOIMX (PaKTOPOB, KOTOpBle OyAyT IIPOaHaAM3MPOBaHBI MO3Ke. MBI MCIIOAb30BaAM MHOTe
OpraHnJyecKyie pacTBOPUTEAN: IMKAOTeKCaH, CIINPT, alleTOH 11 0eH3041 B cMecH € peppOIIeHOBBIM
(Fe(GsHbs)2) karaamsaTopoM B pa3AM4HBIX KOHIJeHTpallusX. B kauecTBe TpaHCIIOpTHOIO rasa
ucroanr3oBadach cmech Ar/H:lIacucremsl OTKaumBaAy BO3AYXM 3aIlOAHAAUM aproHoM. Aas
IIOAY4eHIsI a9PO30s1 MICII0Ab30BaA0Ch BhicokouacToTHOe (800 KI'Ir) yABTpa3ByKOBOe YCTPOVICTBO
(mpeoOpaszosatean). IIpu gocTiokeHNM HeOOXOAMMOI TeMIlepaTyphl Ileud, oOpa3oBaBIIasiCs
avpo3045b II0CTyIIaa B CUCTEMY IIOCPeACTBOM OOIIIero OTOoKa ra3a co cKopocThio 850 cM®/ MyH.
Bo Bpems mporiecca cuHTe3a B cucreMy IIOCTyIlaa ra3zooOpasHblii Bogopod. Ilocae mporiecca
OocaXkKAeHUsA M OXAaXaeHms, cuHredupoBaHHble YHT, cockpeGaam co creHok TpyOok Oes
IpUMeHeH!sl KaKoil — AMDOBAaKHOM XMMIYecKol o0paboTky, Kak B Apyrux XOI'® merosax
[23]. Kaxapnit obOpaserr YHT, moAydeHHBINI HOpM PasAMIHBIX YCAOBMAX CHUHTe3a Obla
npoaHaau3uposaH. CkaHupymomas »AeKTpoHHasA Mukpockonm:a (COM) mcrnoanzoBasach AAst
Ha0AI0AeHMs MOP(POAOTUM U XapaKTePUCTHKI TeOMeTPIIEeCKIX ITapaMeTpoB (A1aMeTp, AAMHa)
noaydgenspix YHT.

max 1100°C

furnace

vel

High frequency US

Prrc. 3.ITpymiunmaabsHas cxema 060pya0BaHs aspo3oabHoro — XOI'.

4. Pe3yabTaTbl 1 OOCYXAE€HMsI

Temmieparypa BbIpaluBaHusl sBASETCS OAHUM M3 OCHOBHBIX IIapaMeTpOB M OKa3blBaeT
AOMMHMPYIOIIee BavsHMe Ha npouecc pocra YHT. Temmneparypapeipammpanussagasaaach B
ananasoHe 830 — 1000°C (cm. Puc.4). Boaee Huskme TemiiepaTypsl CUHTe3a IPUBOAAT K HU3KOMY
BBIXOAY YIA€POAHBIX HAHOTPYOOK, B TO BpeMsI Kak Ha0a10AeHnss COM NOKa3bIBaIOT, YTO ITOBBI-
IIeH/e TeMIIepaTypsl PUBEAO K 00pa3oBaHIIO APYTUX YIA€POAHBIX CTPYKTYP MUAM IIMPOAUTH-
94eCKOIO YI4epo4a, OTHOCUTEABHBIN BeC KOTOpBIX IT0 oTHOWIeHuIO K YHT yseananpaercs npu
BBICOKIX TeMIlepatypax (Bbirie 900°C). Habaogaercs, uro mpu 1000°C apyras cTpykTypa yrae-
poda MAM IUPOAUTUYECKUIT yraepod, Obian copMuUpOBaHBIHA KBaplieBoll TpyOke (puc.4s).
Kpome ToOrO, n1oBuIIIeHNe TemIlepaTyphl peakiun 04AKe K IpeJelylpuselo K 00pa3oBaHIIO
0oaee npsMbIX, raaakux 1 6oaee AavHHBIX YHT (mpn 830 °C ~ 90 mxm, 950 °C ~ 630 MKM (cM.
Puc.5)).
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Puc. 5. Burpamennsre YHT ripu temniepatypax 830 °C (caesa) n 950 °C (cripasa)

3akaoyeHue

Aas cunaresa uucteix YHTB Goapmom xoamdectse (20-30r / 1), Obla paspaboTaH MeTO4
XOI'® na ocHoBe aspo304s. Pazanynble MCTOUHUKI yTAepoJa U 9KCIIepUMeHTaAbHbIe YCAOBI
ObLAM MCTIOAB30BaHbI A/ BRIpAIMBaHNs 00A€e YUCTBIX, AAMHHBIX U raaakux YHT ¢ Menbmmm
AnamerpoM.Hamm skcnepumenTs 1okaspiBaioT, yto MetogoM XOI'®, YHTHe moryT OBITH
BhIpaIlleHbl B CAydae OTCYTCTBUS (eppolieHa B pactsope. Pesyaprarni anaamsza COM garor
OCHOBaHMe IIpearioJararh, YTO B HallleM ITpoLiecce CHMHTe3a JOMMHMPYeT MeXaHU3M «pocCTa C
KOHYMKa».
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ABSTRACT

Differential cross section elastic scattering of electrons, resulting in distorted-wave approximation, calculated on
the basis of the proposed mathematical method. Screening function in atoms selected as a function of the computed in
the approximation of Dirac-Hartree-Fock-Slater, a superposition of spherical symmetric potential Yukawa. Screening
function in atoms were studied In, Ga, Se and Yb atoms when the energies of electrons falling 80eV and calculated the
radii of these atoms.

Keywords: e (e,A) scattering; spatial structure; atoms.
MNCCAEAOBAHUE PACCESIHUE PEASITUBUCTUYECKUX DAEKTPOHOB HA ATOMAX
AHHOTAIIUSI

JuddepeHrnaipHoe cedeHe YIIPyroro paccesHys 1eKTPOHOB, TI0Ay9eHHOe B MICKa’KeHHO-BOHOBOM NpuOAN-
SKEHIY, BBIYVICAEHO Ha OCHOBe Ipes/J0XKeHHOTO MaTeMaTIJeckoro Metoda. PyHKIN ®paHMpPOBaHISI B aTOMaX BBIO-
paHO B BrAe (PYHKIIMM BBIIMCAEHHOTO B IIpnoAvkeHnn Jupaka-XapTpu-Poka-Caeiitepa, SBAIIOMETOCs CyIIepIIO3N-
et cpeprdeckyt CMMMeTpUIHOTO roTeHIMaAa OKkaBbl. ccaej0BaHmeM yIIpyroro paccestHIs DAeKTPOHOB B aTOMax
In, Ga, Se u Yb ripu sHepIusx rmajamomux 91eKTpoHos 805B, onpeseaers! 3¢ QeKTUBHbIE paAlyChl DTVIX aTOMOB.

RELYATIVISTIK ELEKTRONLARIN ATOMLARDAN SOPILMOSININ TODQIQI
XULASO

Elektronlarm atomdan sapilmasinin diferensial effektiv kesiyi tohrif olunmus dalgalar nazariyyasi ssasinda, toklif
olunmus riyazi metod ils hesablanmisdir. Atomun ekranlagdirma funksiyasi Dirak-Hartri-Fok-Sleyter yaxinlagmasin-
dan alinmis funksiya seklinds segilmisdir. Bu funksiya 6zii ise sferik - simmetrik Yukava potensialindan alinmis
funksiyalarin superpozisiyast seklinds verilmisdir. Enerjisi 80eV olan elektronlarn In, Ga, Se ve Yb atomlarmdan
elastiki sapilmasi todqiq edilmakls, bu atomlarin radiuslar tapilmigdir.

I. Introduction

One of the conclusions of interest made with studies of the properties of atoms scattering of
electrons, is the angular position lows of differential cross sections, which are considered one of
the fundamental properties of scattering in the broad field of energy [1].

As is known, the provisions of the diffraction minima allow you to determine the size of the
target (atom). But the depth of these minima depends mainly on the front falling electronic

waves.

Conducted numerous theoretical analysis of differential cross sections obtained from the
experiment on scattering of electrons on nuclei and atoms [2] have shown that the distortion in
the fronts of waves falling and leaving particles in the target box, fills diffraction minima and
moves them to the left side that leads to better agreement with experiment theories.

II. The Proposed Theory

To explore the properties of scattering atoms, electrons [3] in an analytical form of
expression for the differential cross section of elastic and inelastic scattering of relativistic
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electrons in atoms. As shown in this work, the wave function of the electron re-scattered
obtained from the solution of the Dirac equation. One of the important properties of this function
is that distortion is counted as in phase and amplitude of falling and going of waves. In addition,
these members a distorting function are function of the screening function of electric charge in an
atom.

Differential cross-section electrons scattering is determined by the standard way [4]:
do;, EE, k 1
dQ  @r)? k 2 23, +1ZZ

oiot MiM¢

The matrix element of the transition from initial state ( i)Atom in the final (f) in the high-
energy approximation is presented as

Ty = (M [ dre O (V) EO(nIM,) ()
The potential energy of Coulomb interaction scattering electrons with target Atom represent both

V(r) :—Zezj% NE))

For the matrix element of the process we get

Toy = —4n2e" (3, Mo 2 enpilax + 400Tp0OL M) - ()

Here
Ui (X) = +VD(X) , (5)
- effective impulse of transfer of incident electrons to the target atom.

In order to study the elastic scattering of electrons on atoms, express differential cross
section through the form factor atom

22— ED)IF@ ©

Where is

(d_a) (ZZe K.,

o) )2cos? 94 (7)

- electron scattering cross section at the point atom. Form-factor atom when it takes the form

F@)=qg Ig(xzd;( I 5 (v (R)dx (8)

In here, |q| = |k:- — ks | = 2ksind/2 is the momentum transfer falling electrons atom
target. This assumes that |k;| = |k}r| = k.

When calculating the three-dimensional integral (8), applying mathematical method
proposed in [5], express of atom form-factor resulting in distorted-wave approximation, via

plane wave form-factor - F_-[ (q ):

157



Mirteymur M.M., Aliyeva, M.H., Tagiyeva S.A., Saricanova V.K.

F(q) = 2mi(qR) X2 [ReBF” () + ImB,FS ()] (9)

- n - -
d" Fglq )
o , a flat wave form factor:

(n) _
HereF]-[ (q)— Ga

Falg)=R Z £ [ e'%ep (x)xdx (10)
g=11 6
To calculate the F;(q), it is necessary to select function charge density distribution in

atom. Using electrostatic potential property of an individual atom, computed in the
approximation of Dirac-Hartree-Fock-Slater, a superposition of spherical symmetric Yukawa
potential, sreening function in an atom we choose as

follows [6].
3 -
(=4 A
plx)=— ) A, a; —— . (11)
47 L
u=1
Ee= 80eV
1E-18
n
=10
1E-19 E x
x
1E-20
*
E 1621 Yo (Z=70)
8
(=]
In (Z=47
1E-22 T
Ll
Se (Z=34)
1E-23
Ga(Z=31)
1E-24
20 40 &0 80 100 120 140 160

Scaterring angle (deg)

Fig.1. The cross sections (DCS) for the elastic scattering of electrons on In, Ga, Se, and Yb atoms at Ee=80eV.
The solid line is the results of theoretical calculations, the points are the experimental data [7, 8]

Here, the parameters Apand o are determined by the analytical procedure of fitting to the
potential values found by the Dirac-Hartree-Fock-Slater self-consistent field method.

After taking into account this expression in (10), the form factor takes the following form:

3
21 A 2
Flg) = a;z:l ﬁ{qﬂ’ — [qR cos(qR) + (@,R)sin(qR)]e~*s"} (12)

p=

3. Resullts and discussions

The differential cross section for the scattering of electrons on In, Ga, Se, and Yb atoms at
energies of 80 eV is calculated and the radii of these atoms are determined:
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Rin=25A, Rca =4,0A, Rse = 1,4A, Rw = 1,4A. Figure 1 shows the progress of the differential

cross sections calculated by the above theory in comparison with experimental data. It has been
seen that it has been measured, and the theoretical curve was shifted to large angles. In contrast,
the In atom has two minima and in both diffraction angles the theory and experiment coincide.
In addition, the maxima in all three atoms, both in experiment and in theory, coincide. As can be
seen from expression (12), taking into account the distortions in both the amplitude and phases
in the wave functions of the incident and outgoing electrons allows us to obtain a convenient and
simple expression for the atomic form factor. This allows multiple calculations of differential
cross sections for numerous atoms and at the same time achieving good agreement with
experiment.

[1].
2]

[3].

[4]-

[5]-

[6]-

(71

[8].
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ABSTRACT

The meson-baryon coupling constants are the essential quantities in understanding the structure of SU (3) baryons
and in describing various productions such as meson-baryon scattering,photoproduction and electroproduction of
hadrons.

In this paper, we calculated the coupling constant between m meson- A baryon in the framework hard-wall AdS/
QCD model.

We find theA baryon’s profile function in the hard wall and use the chiral symmetry broken Lagrangian for defini-
tion of the g, coupling constant. All particles were taken inthe ground state.Profile function of A baryon differs from
one for nucleons by expression of v(z) function. We have carried out various numerical analyses, varying the model
parameters such as the IR cutoffz,, ,the quark condensates 05,0, , Yukawa coupling g and numerical value of v(z) for A
baryon. Numerical value of this constant is close to experimental value.It means, AdS/QCD models is rare for to
calculate couplings between elementary particles. The numerical calculations were made in “MATHEMATICA11”
programm.

Key words: AdS/CFT correspondence, hard wall model, meson, baryon, coupling constant.

AdS/KXD SORT DIVAR MODELINDO® nMEZON-ABARION QARSILIQLI TOSIR SABITI
XULASO

Mezon-barion qarsihigh tssir sabitinin hesablanmasi barionlarin SU (3) simmetriyasinin Syrenilmesinda ve
miixtalif hadisalerin tesvirinds mezon-barion sapilmalsrinds, hadronlarn daxili xiisusiyyatlarinin Syrenilmasinds asas
kemiyyaotdir

Bu maqaledsAdS/KXD-nin sart divar modeli ¢orgivesinda m mezon- A barion qarsiliqh tesir sabitini hesablamisiq.

Biz A barionun sart divar modelinde profil funksiyasin arasdirdiq ve g, qarsiligh tasir sabitini hesablamagq tigiin
kiral simmetriyasimn pozulma lagranjianindan istifade etmisik. Biitiin zarraciklar asas halda gétiiriilmiisdiir. Modelin
IQ sarhaddin z,,, kvark kondensatlarinun oy, o,, Yukava qarsiligh tasir sabitinin g ve A barion tigiin v(z)-in adadi qiy-
meotlari tetbiq olunmusdur. Sabitin adadi qiymati tocriibi qiymats yaxin almmisdir. Demoli, AdS/KXD modellari elemen-
tar zarraciklor arasindaki qarsiliqh tesir sabitinin hesablanmast tigiin yararli modeldir. Nazari hesablamalar “MATHE-
MATICA11” proqraminda aparilmisdir.

Acar sozlar: AdS/KSN uygunlugu, sart divar modeli, mezon, barion, qarsiliqh tesir sabiti.

KOHCTAHTA B3AVIMOAEVICTBYVISI 1 ME3OHA C ABAPYIOHOM B MOAEAM JKECTKOV CTEHBI A AC/KXA
PE3IOME

KoncranTa Me30H-0apMOHHOM CBA3M ABASETCS CYLIeCTBEHHOV BeAMYMHON AAs NMOHMMaHus crpykrypsr SU(3)
GaplOHOB M A4S OIMCAHMs Pa3ANIHBIX IIPOLIECCOB,TAaKMX KaK Me30H-OapMOHHOe paccesiHe0,pOTONPOAYKIL U
DAEKTPOIIPOAYKLIVIS aAPOHOB.

B 9TOI1 cTaThe MBI BEIYMCASAY KOHCTAHTY B3aMIMOAEVICTBISL MEXAY TT Me30HOM 1 A GapMOHOM B paMKax MOAeAN

sxectkoii crensr AaC/KXA.

Mg HaxoAuM 1IpoduABRHYIO PYHKIIMIO M MCHOAb3yeM /larpanKuaHa HapyIIeHIs] KUPaAbHOV CUMMETPUN A4S
oIpeje/eHNs KOHCTaHTBI B3aIMOAEIICTBIA g, 5. Bce 9acTuITs B3aThl B OCHOBHOM cocTosHuM. [IpoduasHas GpyHKImst A
Gaprona oramyaercst OT NpoduAHON QYHKIMM HyKAOHOB ¢yHKImeil v(z). Mbl IIpoBeAn pa3AMdIHbIE UMCAEHHBIE
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aHaAM3BI [TapaMeTPBl MOAeANTaKMe KaK, KBAPKOBbIe KOHAEHCATbIO, 0y, CBsI3b FOBaBbIg MuncaeHHOe 3HadeHnev (2)aas A
HaprioHa. YUricaeHHOe 3Ha4YeHIe DTOV KOHCTAHTbI 0AM3Ka DKCIIEPUMEHTAABHOMY 3HAUeHMIO. DTO O3HAYaeT, YTO MOAeAN
AaC/KXA HaaeXHBI A5l pacdeTa CBA3M MEXAY DAeMEHTAPHBIMI JacTuIjaMu. UncaeHHble pacdeTl CAeAaHbI B IIPOT-
pamme «Mathematica».

Karouesnie caoBa:AaC/KTTI mepernicka, MogeAb € JKeCTKO¥ CTEHOM, Me30H, OapVIOHOB, KOHCTaHTa CBSI3IA.

I. Introduction

In the twentieth century, physicists made much progress in the theoretical understanding of
many phenomena in nature,related to quantum theory and gravity. The basic building blocks of
the physical world are particles and their interactions.

The Anti-deSitter/ Conformal Field Theory correspondence (AdS/CFT) is one of the most
exciting discoveries in modern theoretical physics in the last two decades. The AdS/CFT
correspondence discovered by Maldacena in 1997 and this correspondence relate string theory in
10 dimensions with Yang-Mills theories in 4 dimensions[8]. In particular, the string theory can be
defined on AdSs x S° space ,where the n-dimensional Anti deSitter space is the Lorentziananalo-
gue of the hyperbolic space and constitutes the maximally symmetric vacuum solution of Einstein’s
equation in n dimensions, with a negative cosmological constant, A.Also, this correspondence may
be adapted to describe the low-energy dinamics of QCD. In the simplest modelis known as AdS/
QCD.

Recently papers are dedicated calculating couplings, form factors of particles. Mass spectra
of the baryon octet and their low-lying excited states are given in [4].

In this paper we are interested in calculation of the coupling between m meson and A baryon
using AdS/QCD models.

This article is organized as follows: In Sec. II, we present AdS/QCD hard-wall model and
action in this model. In Sec. Ill, we discuss profile function for fermions in hard-wall
model,which this profile functions are used in calculating 7 meson-A baryon coupling constant.
Next, in SecIV,wedefine m meson-A baryon coupling constant using introducing Yukawa
couplings between bulk spinors and bulk scalar. The result of the calculation are presented in
Sec. V.

II. The Model

The model uses an AdS space with a hard-wall cutoff in the IR as the holographic 5D
background. The metric is

ds? = gyndxMdx" = Ziz(r]wdx“dxv —z?) (1)

The 4-dimensional metric 7, has Minkowski signaturen,, = diag(1,—1,—1,—1)The
model is defined in the range: € < z < z,,,.

The 5D gauge action in AdS for the scalar X field is as below][5]:
S=[ d°xVGTr[|DX|? + 3|X|?] )
Where /G = 1 /z s, Covariant derivative Dy, is defined as follows:

Dy = 0yX —iAMX + XAY (3)
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X-is the 5 dimension bulk scalar fieldand can be written as:
~ 1 15,3
X(z) = Samgz + -0z 4)
In the chiral limit,we can write
X(2) = v(z)eP*?)

Where P(x, z)-is proportional to the pion fields upon the Kaluza-Klein(KK) reduction to
four dimensions.

The vector current of baryons can be calculated from the generating function Z which is
defined as an exponent of classical bulk action S:

Zyqs =e'Sint AdS/CFT claims that generating functionals of two theories are equivalent{8]:
Zgauge = Zaas @)

Where, Z ;4,415 the generating functional of a gauge theory,Z,,sis the generating functional
of a gravitational theory.

For the hard-wall model S;,,;is defined as following;:
Sine = Jo " A*xVGLine (6)

The value of the baryon current is vital in order to calculate coupling constant. The current is
expressed below inthe boundary QCD theory:

__ :0Zpgs
<]>_ —l 5PO |ﬁ°=0 (7)

Couplings of elementary particles are found using (8) expression in AdS/QCD models:
' p) = grali@)y* S u(®) ®)
III. Profile Function in the Hard Wall
The minimal bulk action for the Dirac spinor N:

Sy = fd5x\/§{élvleAMFAVMN1 —mgN;N; + (1 & 2&ms < —mS)} 9)

Where, e}’ is the vielbein,ms is the mass of the bulk spinors and I'? is the Dirac matrices
(A=0,1,2,3,5) and as [I'4,I'®] = 2148 is determined.

o=

o (0 -1
=5 )
ri=(_‘3ﬂ. fg) (i=1,2,3)

The gauge and Lorentz-covariant derivative V,is given by:
[
Vy= 0n — ZwﬁBZAB — i(ADut"
wii is the spin connection. The non-vanishing components of the spin connection are

1
o =—off =5
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The Lorentz generator "B = % [, TB]for spinor fields.
The 5D spinor is determined as
Ni = Nj, + Nir

Where, il'°N;;, = Ny, and il >Ny = —Nyp.
If we simplify (9) action ,we give:

(ie}'T4V,, —mg)N; = 0
We now Fourier-transform the bulk spinor as

Nir = f fir(® )WL r(p)e™P*

WhereW,; = y°¥;; and W1z = —y°¥ip
The corresponding Dirac equation can be written as

(az - 2+m5)f1L = —Iplfir

z

(0, —22) fir = Iplfus

z

If we take into account (11) expression in (10) formula:

, 4 6 + mg —m? 5
07 —=0;+————)fu=-1rfiL
VA VA
Similarly,
4 6+mg—m?
(02 =20, + T2 fip = —p2fir.

Near the UV boundary, z=¢ , we find
fir = ¢ (1 +2mg)z**™s + ¢, |p|23~™s

fir = c(2ms — 1)z%7™s + ¢1|p|z>*Ts

¢ 2is the normalization constant and was found in [4] and is equal to

V2

| =——.
| 12 | Zm J2(MnZm)

The normalizable solutions for nonzero modes are given by

fiLr(®, Z)~25/2]m5¢(1/2)(|P|Z)

(10)

(11)

(12)

Where, ], (x) is the Bessel function of the first kind. Thus, nonzero modes satisfy a Bessel

equation.

IV. m Meson- A Baryon Coupling Constant

For real world QCD theSU(3). group admits also the invariant €;;with ijk in the

fundamental representation so one can define the baryons[2]:

— i j k
BUX = €;.94"q) ¢

Where L],K are flavor indices (SU(Nf)) and ik are SU(3). indices. The excited states of
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1 0 4 ! A ot
/ﬁ V6 b \
) 1
Bi = i ——30 4+ —A n
, vz Ve
2
che =0 —-—A
V6

As in Ref [3], the bulk baryon fields B; can be written in the chiral form

The Bj,, g chiral components are written in the form[9]:

BjLr(x,2) = (271[)4 Jd*nfiir@ YL (p)e~P* (14)

where,fj; r(z)-are the Kaluza-Klein profiles of the baryon fields, ), (p) are the 4D spinors.
It was found the equation of motion for octet baryon and it was determined the expression of
v(z)for different barions in the baryon octet in [10]. For - A baryon v(z) was found in the
following form:

v(z) = (202 — %) v, (2) + (%1 + cz) v(2) (15).

In QCD we know that the bulk of the baryon mass comes from chiral-symmetry
breaking.Since the condensate < gq > is the order parameter of chiral-symmetry breaking, the
baryons should get mass through coupling to the condensate. In AdS/QCD [1] it was shown that
this can be easily achieved by introducing Yukawa couplings between bulk spinors and bulk
scalar:

Lyukawa = —gy[B1XB; + B,X* By] (16)
where gy-Yukawa couplingB; and B, are 5-dimensional spinors :B(p,z) = B;;, + B

By, r are decomposed by the Kaluza-Klein and Fourier decomposition as

1 i
BiLr(x,2) = 2mn* f d4pFiL.R (0, 2) YLr(p)e™P* (17)

If to take into account theformulas(14) and (17) in (6), final action will get a form[6]:
S = %fozm dz~\G [ d*p [ d*p’ ei(p_p’)xv(Z)Pn(P; Z)(fIZLflR —f'opfiL — fiLfor +
+f1’Rf2L)ﬂ(p,)V5 %u(P) (18)

From this action thecoupling constant between m meson- A baryon can be written as
following:

Irn = fozmgv(z)Pn(z)gY (fIZLflR - fIZRflL — fiLfor + f1'Rf2L) (19)

V. Result

In this section we present the numerical analysis of the physical observables of ther meson-
A baryon coupling constant.

The AdS/QCD has provided us a useful tool to calculate hadronic spectra and meson-
baryon transition couplings.Numerical values of the some parameters are taken as below:

m,=0.14 (GeV),3¢c, — ¢; = 14.8,m, = 0,2z, = (205MeV)~1.
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Furthermore, we take g5 = 0, = (198MeV)? and the last parameter c,was fixed by the mass

of - Abaryon to be ¢, = 4.52. We find formula of the v(z) using numerical values ¢; and c, for - A
baryon.

Finally, m meson- A baryon coupling constant is computed these numerical value taking into

account in “"MATHEMATICA11”. Numerical result for the value ofg,is 1,214. This consequent
is appropriate with experimental value[7]. Experimental value for m meson- A baryon coupling
constant is 1,115.

b

o © N o @
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AHHOTAL VST

B cpaBHUTEABHO IIMPOKOM MHTepBaJe KOHIIEHTpaIuil U3ydeHa 3aBUCUMOCTh AMHAMIYECKO BA3KOCTU BOAHBIX
pacTBOpOB geKcTpaHa ¢ MoAsipHoit Maccoit 40000 1/MOAb OT KOHIIEHTpaLiL IoAVcaxapria Ipu TeMieparypax 283,15,
293,15, 303,15,313,15 mn 323,15 K. /3 saBucuMOCTH HpUBeAEHHOI BSI3KOCTU BOAHBIX PacTBOPOB OT KOHIIEHTpPaLM
AeKCTpaHa OIIpe/eAeHbl XapaKTepUCTIMecKas! BSI3KOCTb 1 IIOCTOsIHHAsI XaITMHCA IIPY YKa3aHHBIX TeMilepartypax. [To-
Ka3aHoO, YTO KPMBBIE 3aBYICUIMOCT XapaKTePYCTUIECKOT BA3KOCTU ¥ TIOCTOSTHHO XaITUHCaA OT TeMIIepaTyPHI ITPOXOAST
COOTBETCTBEHHO Yepe3 MOAOTUI MaKCHMYM U MUHVMMYM, 9TO AO/KHO OBITH CBS3aHO C OAHOV CTOPOHBI YBeAUdeHIeM
qrcla KOHTAaKTOB MEXAY MOJeKyAaMU PacTBOPUTEAs VI HOBBIMU AOCTYIIHBIMU yJacTKaM¥ MaKpOMOAEKY/bI II0 Mepe
BO3PaCTaHIsI MHTEHCHBHOCTH TETL10BOTO ABVIKEHIIS U ITPOLIECCOM AerMApaTariiyi MaKpOMOeKyABI ITPY ITOBBIIIIEHHBIX
TeMIepatypax ¢ ApyToii.

Karouegvie cao6a: aexcTpaH, IOCTOsTHHAs XaITHHCA, XapaKTepUCTITdecKas BA3KOCTh, BOAHbIE PaCTBOPHI,
RHEOLOGICAL INVESTIGATIONS OF REPRESENTATIVE SOLVENTS OF DEXTRAN
ABSTRACT
The dependence of the dynamic viscosity of aqueous solutions of dextran with a molar mass of

40,000 g / mol on the concentration of polysaccharide at 283,15; 293,15; 303,15 and 323,15 K temperatures was
studied in a relatively wide range of concentrations. The apparent viscosity and Huggins constant were determined at
the indicated temperatures by using the dependence of the given viscosity of aqueous solutions on the concentration of
dextran. It was shown that the temperature dependence of the apparent viscosity and the Huggins constant pass
through a sloping maximum and minimum. It must be related, on one hand, to the increase in the number of contacts
between solvent molecules and new accessible sections of the macromolecule with the increase of thermal motion
intensity and, on the other hand, to the process of dehydration of the macromolecule at elevated temperatures.

Key words: dextran, Huggins constant, intrinsic viscosity,water solutions
DEKSTRANIN SUDA DURU MOHLULLARININ REOLOJi XASSOLORI
XULASO

Nisbaton genis qatiliq intervalinda 283.15, 293.15, 303.15 ,313.15 ve 323.15K temperaturlarda molyar kiitlasi 40000
q/mol olan dekstranin sulu mahlullarmn dinamik &zliilityiiniin polisaxaridin qatthigmmdan asililigi Syrenilmisdir. Sulu
moahlullarin gatirilmis 6zliiliiyiiniin dekstranin qatihigindan asililihiglarindan qeyd olunan temperaturlarda xarakteristik
ozliiliikk ve Xaqqgins sabiti toyin edilmisdir.Xarakteristik ozliilityiin ve Xaqqgins sabitinin temperaturdan asililiq
ayrilerinin miivafiq olaraq az meyilli maksimum ve minimumdan ke¢masi gosterilmisdir. Buda bir terafden istilik
harakatinin intensivliyinin artmasi, naticesinde makromolekulalinin temas {i¢iin miimkiin olan yeni sahaleriniin vo
halledicinin molekullar: arasinda kontaktlarin saymm artmast ve diger terafden makromolekulanin dehidratlasma
prosesi ile baghdir.

Acar sozlar: dekstran, Haqqins sabiti, xarakteristik 6zliiliik, sulu mahlullar.

BBeaenue

Kak mn3BectHO PpacTBOPHI IIOAMMEPOB B Pa3ANIHBIX PaCTBOPUTEAX, B 9aCTHOCTMI BOAHBIE
PpacTBOPBI IIOAMMEPOB MeZI,I/IKO-6I/IOAOFI/ILIECKOI‘O HallpaBA€HMsI, HaXOAJsT IINPOKOe IIpIMeEHe-
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Peorozuueckue ceéoiicmea 600HbIX pacmeopos dexcmpana

HIIe B Pa3AMYHBIX OTPAcAsX 4eA0Be4eCKON JesATeAbHOCTU. BaxkHOe MecTo cpeau Takux 1oau-
MepOB 3aHMMAIOT JAeKCTpaHbl, TpyIlla OaKTepuaabHbIX OAMCAXapUAOB, CTPYKTyPHOE pa3HO-
oOpasyue KOTOpPBIX 00yCA0BA€HO MHOTOOOpas3ueM IPOU3BOAAIINX AeKCTpaH IIITaMMOB OaKTe-
puii [1-2]. Ocoboe mecTo cpeau 9TUX MOAMCAXapUAOB 3aHMMAIOT TaK Ha3blBaeMble KAMHIJec-
KMe AEKCTPaHbl CO CPaBHUTEABHO MAaAbIMU 3HAYEHUAMU MOAeKyAsapHbIX Macc 40-70 TwIc.
2/M0Ab, KOTOpbIE UCIOAB3YIOTCS A4S IPUTOTOBAEHMS TlAa3MO3aMeHNTeAell IIPOTUBOIIIOKOBO-
TO VI TeMOAVHAMIYIEeCKOTO AeVICTBIIS, a X CyAb(aThI - KaK aHTUKOATyASHTH Kposu [3-4]. Cae-
AyeT OTMeTUTh UTO, HECMOTPsI Ha BaXKHOCTh KAMHUYECKUX AeKCTPaHOB, HEKOTOPbIe CBOMICTBa
VX BOAHBIX pacTBOPOB, B TOM YliCA€ ONTUYeCKue, OObeMHbIe, PeoAOTUYecKIe U Apyrue, He-
AOCTaTOYHO XOPOIIO M3y4eHbl. Mekay Tem, pe3yabTaThl MCCAeA0BaHNS BOAHBIX PacTBOPOB
AEKCTPaHOB Pa3AMYHBIMI MeToAaMl (PUBMKO-XMMUYECKOTO aHaAM3a MOTYT ObITh BechbMa
IIOAE3HBIMU AAsl TIOHUMAaHMs COCTOSHMSI MaKpPOMOAEKYA BTUX I0AMCaXapuAOB B BOAHBIX
pacTBopax U CTPYKTYPHBIX OCOO@HHOCTeI X pacTBOPOB.

Marepmaabl 1 MeTOABI MICCA€AO0BaHSI

Pabora 1ocBsieHa 1ccae40BaHIIO BA3KIX BOAHBIX PaCTBOPOB AKCTPaHa C MOACKYASPHOM
maccoit 40 000 2/moAb B CpaBHUTEABHO IIMPOKOM MHTepBalde KoHueHTpanuii (0-12 sec.%) u
pasanuHbIX TeMIleparypax (283,15; 293,15; 303,15; 313,15; 323,15 K.). Ilsmepenne BsA3KOCTU
BOAHBIX PacTBOPOB JeKCTpaHa IIpoBOAMAOCh Ha npubdope SVM 3000/G2 StabingerViscometr,
AntonPaar (Asctpus). B pabote Obla 1CII0AB30BaH AeKCTpaH IPOu3BoAcTBa beabrnn

(Chem-LabNV). PacTBOpBI TOTOBMAY Ha OMAMCTIAAMPOBAHHON BOAE B MOASPHBIX KOA0ax
Ha 25 MA, ¢ IpeABapUTEAbHO YCTaHOBACHHBIMM OObeMaMM € TOYHOCTBIO A0 * 0,005 mA mpu
temneparype 20 + 0,02°C.

Pe3yabTaThbl MCCaeAOBaHMS M X OOCYyXaeHue

IIpexxae Bcero caesyeT OTMETUTb, YTO BCA@ACTBME TIUIPOCKONMYHOCTM AEKCTPaHOB,
BO3HIKaeT HeoOXOAMMOCTh X CYIIKM Ilepe IPUroToBaeHueM pactsopos [5]. HeoGxoaumo
yKa3aTh, YTO BBICYIIIeHHbIEe AeKCTPaHbl HAYMHAIOT ITOrA0IaTh BOAY y>Ke NPV B3BeIIVBaHUU U DTO
CKa3bIBaeTCsl Ha TOYHOCTY MacChl B3BellleHHOTo oopasiia. /s onpeseaeHns cogep>KaHisl BOABI B
AEKCTpaHe MBI PellAU IIOCTYIIUTh HECKOABKO MHayde - M3Y9UTh KMHETUKY COPOINI ITapOB BOABI
AEKCTPaHOM, 4TO IPUMEHMMO KOHEYHO TOABKO B CAydae IIPUIOTOBAEHMSI BOAHBIX PacTBOPOB.
ITocae cymiku mpeasapuUTeABHO B3BEIIIEHHOTO oOpasiia gekcTpaHa (m=0,3975 rp.) B CyIIInMABHOM
mkady 1Ipu Temiieparype okoa0 90°C B TedeHme Tpex 4acoB, B3BeIIINBaA HaBeCKy B pa3AMYHbIe
MOMEHTHI BpeMeHH (t)11 ollpeseAsian MacCy cOpOMpPOBaHHOI BOABI Ha e4VHUITy Macchl oOpasiia
Aexcrpana(m). Jdasee ctpoum rpaduk 3aBMCUMOCTY MacChl COPOMPOBAHHONM BOABI OT BPEMEHIA.
Kpusast saBucuMocty Macchl cOpOMpOBaHHOI BOABI M OT BpeMeHN t IpeacTaBaeHa Ha puc.1.

Puc.1. 3aBucMOCTb MacChl COpOMPOBAHHOI BOABI Ha A€KCTPaHe OT BpEMEHIL.

m 208 R?=0.939
0.07
0.06
005
004
0.03
002

0.01

0

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

t MuH
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Kaxk Buano u3 pucynka kpupasi m= f(t) MMeeT Takoi1 Xe BlA, YTO U M30TepMa ajcopOIm
IIapoB BOABI Ha TBEPABIX agCOpOeHTax, CBOVICTBEHHAs 445 MOHOMOAEKYASPHON aacopOnun u,
KOTOpas 40A>KHa OIMChIBATLCSI ypaBHeHyeM Tuila /lenrmiopa [6]

kt

/e m —Macca COpOMPOBaHHOM BOABI B pa3AdHble MOMEHTBI BpeMeHH,
m max-MaKCMMa/bHasl Macca BOAbl, COPOMPOBaHHOM e AVHMIIeN Macchl 0Opaslia AeKCTpaHa,
K — KOHCTaHTa COpPOIYIOHHOTO PaBHOBECHSL.

Ypasnuenne (1) MOXKXHO IIpMBeCTU K CAeAYyIOIeNl AVHEHO 3aBUCUMOCTI

A S 10
m mmax'k Mmax

t oo
SaBI/ICI/IMOCTbE = f(t) A0A>KHO OBIT AVHEITHBIIL.

Prrc.2. 3aBucumoctst/m = f (t) 24451 caydas copOIM BOABI A€KCTPaHOM.

t/m

1000 7 y =10.374x + 248.51

R?=0.9999

900
800 -
700 o
600 -

o ; 1‘0 1‘5 2‘0 2‘5 3‘0 3‘5 4—‘0 4-‘5 SID 5‘5 EID EIS 7‘0 7‘5
t MHH

Kak BuaHO 13 pucyska szasucumocts t/m = f (t) auneiina. HailaeHpI KOHCTaHTBI 9TOTO
ypaBHeHI:1. Beananna oOpartHas TaHreHcy yraa HakaoHa (tg a = 10,374) paBHa MakcMaAbHOMY
3HaueHNIO COpOMPOBaHHOI BOAHI - awax= 0,0964 rp. CaesoBaTeabHO, BecoBast 4045 AeKcTpaHa 40 B
oOpaslie OyaeT cocTaBAsTh 75,745%. Takim oOpa3oM, Macca AeKcTpaHa B 0Opaslie, B3sTOIO AAs
IIPUTOTOBAEHNST pacTBopa, OyeT paBHa Macce HaBeCcKM m ymHOXKeHHOV Ha (,75745. BHOBB
HaIIOMHIM, YTO BTy METOAVIKY cAeAyeT IIPUMEHSTh TOABKO IIpY U3y4eHIM BOAHBIX PaCTBOPOB.

Ha puc.3 npuseseHa 3aBUCHMOCTh HPUBEAEHHO BSI3KOCTM BOAHBIX PacTBOPOB AeKCTpaHa
(M= 40 000 2z/moav) ot xoHneHtpauuu npu 303,15 K. Kkak BUAHO M3 PUCYHKA,3aBUCHMOCTD

5 M N
[IPUBEAEHHOI BSI3KOCTU OT KOHI[EHTparuu (Kpusast ?y = f(C)) oxasniBaercsannerinoit u

XOPOIIO ONMCHIBAETCS AVHEMHBIM ypaBHeHueM XarruHea [5-6]:

@z 2
o =l Kilafc 0

rae C- KOHIeHTpalus IIOAMMepa, BblpakeHHas B rpammax Ha 100 ma. pacrtsopa,Ki-
KOHCTaHTa XaITMHCa, [n]-xapaKTepMCqueCKaﬂ BSI3KOCTD.
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Peorozuueckue ceéoiicmea 600HbIX pacmeopos dexcmpana

Puc.3. 3aBucMOCTb IpUBEeAEHHOI! BAI3KOCTY BOAHBIX pacTBOPOB JeKCTpaHa OT KoHIeHTparuu mpu 303,15 K

Nw/c

045 -

04 - ¥=0.0244x +0.1564
035 R?=0.9972

03 -
025 4
02 -
] 1577
0.1 -
0.05 -

0 T T T T T 1
0 2 4 6 8 10 12

¢ (r/mn)

M3 AuHeNMHONM 3aBUCHMOCTU % =f(C), (R=0,9972) naitaeHst XapakTepucTudecKast

BSI3KOCTb |77| =0,1564 n xoHcranra XarrmacaKi = 0,998 npu ykaszanHoin temnieparype. ToT ¢axkr,

4TO AMHeIHas 3aBUCUMOCTb ITPUMBEAEHHON BA3KOCTM OT KOHIIeHTpaluy coDAI0AaeTcs B
IIIPOKOM HHTepBaJe KOHIIeHTpalMii, AOAXKeH OBbITh CBs3aH C OTHOCUTEABHON ITMOKOCTBIO
MO/€KyA AeKCTpaHa M TeM OOCTOATeABCTBOM, UTO CTPYKTypa BOAHBIX PacTBOPOB JeKCTpaHa He
IpeTeprieBaeT  CyIIeCTBeHHBIX M3MEHEeHMII C pOCTOM KOHUeHTpauym. V3 auneinon
3aBUCUMMOCTU TIPUBEAEHHONM BS3KOCTU OT KOHILIEHTpaLM pacTBopa AAs APYIMX TeMIeparyp
HallA€HBbl COOTBETCTBYIOIINE 3HaYEHIsI XapaKTepUCTIIEeCKON BA3KOCTM VM KOHCTaHThI XaITMHCa,
TeMIlepaTypHbIe 3aBMCHMOCTI KOTOPBIX ITpMBeAeHbl B Tabaune 1 1 mpeacrasaensl Ha puc.4 (a u

8).

Tabamiia 1. Xapakrepucrirdeckas BI3KOCTb U ITOCTOsIHHAsI XaITHHCA 4451 BOAHBIX PacTBOPOB AeKCTpaHa

#C. 10 20 30 40 50

[7] 00773 01282 0,1564 0,1670 01437
K 6,075 1,780 0,998 0,798 0,186
R 0,9905 09970 09972 09974 09925

Puc.4. 3aBucMOCTb XapaKTepUCTIUUECKO B3KOCTH (4) ¥ KOHCTaHThI XarTuHca (6) BOAHBIX PacTBOPOB AeKCTpaHa OT
TeMIlepaTyphl.
[n] mn/r

77 Kri/mn?

0.18 -
0.16 -
0.14 - 5
012 -
01 |
0.08 -
0.06 - 2|
0.04 -
0.02 | 0

t,C tlc
0 T T T T T | 0 T T T T T |

0 10 20 30 40 50 60 0 10 20 30 40 50 60
(@) (6)

Kak Bumano ms pucynka (pucd, a), Xapakrepucrudeckas BsI3KOCTb pacTBOPOB JAeKCTpaHa
BO3pacTaeT C yBeANdeHMeM TeMIlepaTyphl, IIPOXOAs Yepe3 IOAOIMII MaKCMMyM, a BeAndlHa
KOHCTaHTBI XarrmHca (puc.4, 6), yMeHbIIIaeTcs TakkKe C yBeAdeHVeM TeMIlepaTyphl, IPpOX0OAs
yepe3 MOAOIMII MMHMMYM (cM. TaOauily 1). VIsecTHO, 4TO BeAmuMHa XapaKTeplCTIYeCKOI
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BSIBKOCTH CBsI3aHa C ®(PPeKTUBHBIM 0OBbEMOM MaKpOMOJeKyA Ha eAUHHUIly e€ COOCTBeHHOII
Macchl 1 e€ opMOIi, a BeAMdMHa KOHCTaHTBHI XaITMHCA XapaKTepu3yeT MHTEHCUBHOCTD
B3alIMOJEVICTBIA MOAeKya IIoAuMepa U pacTtsopurteas. VIspecTHO Takke, 4TO uyeM Aydllle
pacTBopuTeAb, TeM OOAbIlle XapaKTepucTudecKkasl BA3KOCThb M MeHbIlle KOHCTaHTa XaITMHCA.
Teopernuecknn koHcranta XarrmHca pasHa 0,5. B maoxom pacrsopurese Ki Goablile, a B
xoporem Mens1e 0,5 [7-8]. Ha Ha1 B3rasg oTHOCUTeABHO MaJble 3HaueHIsl XapaKTepucTidec-
KOJM BSI3KOCTM M IIOBBIIIIEHME 3HadeHMsl KOHCTaHThI XaITMHCA IIpY OTHOCUTEABHO HU3KUX
TemIlepaTypax He 40/>KHbI yKasblBaTbh Ha I110X0e KadecTso pactsoputeas. [Ipuposa komrionen-
TOB, XOPOIIIasl paCTBOPUMOCTb A€KCTpaHa B BOAE YKa3bIBalOT Ha CPOACTBO II0AMMeEpa U PacTBO-
pureas. B pabore [9] 6b110 TTOKa3aHO, UTO 3HAUMTEABHBIN BKAaJ B TEILAOTY PacTBOPEHIs AeKCT-
paHa B BOAe BHOCUT ITPOLIeCC COAbBaTalliil MAaKpOMOAEKYA MOAEKyAaMI BOABI 3a C4eT BOAOPOA-
HBIX cBsaseil. IlosToMy Maable 3HadeHMsI XapaKTePUCTUYECKOM BA3KOCTM M IIOBBIIIIEHHBIE
3HaueHs1 KOHCTAHTHI XaITIHCa MOXKHO OOBSICHUTh OOpa3oBaHIeM MaKpOMOJeKyAaMI AeKCTpa-
Ha OoJee KOMIIAaKTHBIX KAyOKOB IIpM CpaBHUTEABHO HM3KIUX TeMIlepaTypax 3a CdeT JaAbHMX
B3alIMOJEVICTBIIT 11 ODOpa3oBaHMsI BOAOPOAH